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Analysis of data for quantitative assessment of reliability indicators of
special self-propelled rolling stock

M.D. Gulamoval®?
Tashkent Railway College, Tashkent, Uzbekistan

Abstract: The article provides a forecast for the number of railcars, taking into account the development and
maintenance personnel of railway transport, as well as an analysis of data for a quantitative assessment
of reliability indicators. Taking into account the provisions and requirements, it is proposed to increase
the development of work on the reconstruction and modernization of existing track facilities, including

special self-propelled rolling stock.
Keywords:
railcars

special self-propelled rolling stock, load-bearing structures, quantitative assessment analysis, failure of

1. Introduction

According to the development strategy of the new
Uzbekistan for the development of railway transport in
2022-2026, it is planned to improve railway transport and
privatize ineffective routes in society [1].

Today, one of the pressing problems of economic
development not only of railway transport, but also of other
industries in all developing countries is the introduction of
energy and resource-saving technologies and the
identification of ways to use them effectively.

Electrification of railways is considered one of the
priority areas of JSC "Uzbekistan Temir Yollari" due to the
efficiency of electric traction compared to diesel.

The introduction of electric traction leads to the
acceleration of transport processes. Electric traction makes
it possible to increase the carrying capacity of railway lines
by 2-2.5 times. Electric locomotives have virtually no power
limitations, since they have centralized power and can
withstand long-term overloads. An important feature of
electric locomotives is the generation and return of electrical
energy to the network during regenerative braking of the
train. Modernization of rolling stock, including railcars, as
well as the use of cost-effective methods will make it
possible to reduce the overall cost of transportation as a
whole. In this sense, the introduction of modern technologies
and scientific developments to improve the dynamic
performance of materials and structures of railway rolling
stock plays an important role. Due to the end of their service
life, by 2025 Uzbekistan Temir Yollari JSC will experience
a massive failure of all operating railcar equipment.
Therefore, an objective analysis of data for quantitative
assessment of reliability indicators of special self-propelled
rolling stock operated by the Uzbek Railways was presented
in this article.

alls’ https://orcid.org/0009-0009-6111-8348

https://t.me/tdtuilmiynashrlar

2. Methods and materials

The main activity of track facilities and equipment is a
determining factor for the normal functioning of the railway
infrastructure; financial investment flows for the
development and modernization of self-propelled rolling
stock facilities must correspond to its importance.

Special self-propelled rolling stock is organically
integrated into the work to ensure the reliability of track
facilities, safety and increase the speed of freight and
passenger transportation.

As a recoverable object, each crew consists of
components that are subject to replacement or restoration
during planned types of repairs.

The main load-bearing part of the crew structure (body,
frame), called the base, should serve, as a rule, until its full
service life is exhausted.

In real operating conditions on different sections of
railways, crews of the same type may be subject to
significantly different loads when operating in different
climatic zones and using different maintenance and repair
technologies.

The consequences of metal corrosion can manifest
themselves not only in a decrease in the load-bearing
capacity of structures due to changes in the geometric
dimensions of elements, but also in a decrease in the
endurance limit of structures, both as a result of the
appearance of stress concentrates in the form of cavities, and
an adsorption decrease in strength, anodic dissolution of the
metal and intergranular corrosion.

SSPS bodies and frames often have through-corrosion
damage to the lower part, where moisture accumulates.

Currently, effective technologies for combating
corrosion have been developed, the use of which can
significantly increase the service life of basic crew parts.

The method of managing an individual resource includes
a set of methods and techniques for influencing the managed
object to achieve the goal of increasing the effective service
life.

The calculation-expert-statistical method (RES-method)
of individual resource management consists of three

December, 2024
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interconnected systems: monitoring, control and forecasting
systems.[2]

The condition of railcars and motor vehicles operated in
the divisions of Uzbekistan Temir Yollari JSC is 186 units,
of which diesel assembly railcars of the ADM type (ADM-
1) are 15 units and loading and transport motor vehicles of
the MPT type (MPT-4) are 25 units. According to the
Department of Machinery, Mechanisms and Railway
Equipment of Uzbekistan Temir Yollari JSC, as of
December 2014, of the available railcars (railcars) and motor
locomotives MPT have served for more than 20 years (they
need major overhauls with an extension of their useful life),
65% of special self-propelled rolling stock (SSPS). In
addition, due to the end of their service life, by 2018 there
will be a massive failure of all equipment in use for ADM
type railcars (ADM-1) and MPT motor vehicles (MPT-
4).[4],

According to the Department of Machinery,
Mechanisms and Railway Equipment at UTY JSC, a
significant number of fatigue cracks have currently been
identified, although their repairs were carried out in
accordance with instructions TsT 336. At the same time,
even cracks that were welded, according to the rules of depot
repairs, continue to develop and increase in size, weakening
the most dangerous sections. It is obvious that the general
stress state of the body frames, spring suspension and chassis
of the railcars will significantly depend on the initial bending
of the neutral axis and the constantly acting dynamic forces.
These factors cause a reduction in the overall service life of
railcars (railcars) and motor vehicles by 1.2-1.5 times.[5]

During their operation, solving the problems of
comprehensive analysis of technical condition is of
paramount importance, since the corresponding machines
are serviceable and repairable. A malfunction of a track
machine often leads to significant losses, since a violation of
the repair schedule causes disruptions in the train schedule,
which in the worst case affects traffic safety. Operating and
maintenance personnel (engineers and electromechanics) are
faced with the task of monitoring and maintaining the good
condition of track machine devices, and in the event of
failures, quickly identifying and eliminating them. Solving
these problems is significantly complicated by the operating
features of such devices: the seasonal and urgent nature of
the work; long service life; widespread throughout the
country; complex climatic and dynamic operating conditions
[6].

At present, the SSPRS system and, in general, its
organizational and technical facilities are not yet able to
adequately and flexibly respond to the need for technical
support and repairs, as a result of which the potential
opportunities for ensuring continuous and safe traffic and
economic benefits sometimes turn into an elementary source
of the problem. Since it is known that 50-60% of
unscheduled repairs are carried out due to unsatisfactory
depot repairs, and more than 15% of the repair personnel are
engaged in repairs of the SSPS. The funds spent on repairs
and restoration of the SSPS during its service life are
significantly more than its original cost. Therefore, research
aimed at improving methods for improving design quality
and operational reliability based on the use of technical
diagnostics is important and timely.

Analysis of data from a quantitative assessment of
reliability indicators carried out in the operational
department of the JSC "Uzbekistan Temir Yollari" SSPRS,
in the amount of 27 railcars of the ADM-1 type and other

December, 2024
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analogues, carried out in 2010-2020. shows that there are
failures in electrical installations 58, hydraulic installations
46 and mechanical parts 34.

Failures of electrical installations of the SSPS are of
varying degrees of operational loads Fig. 1.

thermal
electrical
breakdown and
interturn short
circuits of the
stator windings
ofan

asynchronous
motor 77%

Fig. 1. Failures of electrical installations of self-

propelled rolling stock.

Long-term experience in operating railcars and railcars
shows that the causes of failures and loss of performance are
the appearance of cracks in welds, deformation, of
mechanical overloads, vibrations and fatigue effects 13%;
operation of hydraulic cylinders in jerks, failure to maintain
the components of the installation platform (IP) in the
working position 11%; worm gear heating 5%; jamming of
rollers in the slewing ring 3%; burnout and short circuit of
the windings of executive electric motors as a result of
overloads and electrodynamic influences and vibrations
15%; damage to the drive control system, malfunction of
electrical equipment and wiring 6%, etc. [7].

Discussion of results and conclusions. The analysis
revealed that failures in many cases arise due to an increase
in operational loads on load-bearing structures, for electric
motors and their contact control system; there were also
defective elements due to an imperfect control system during
the manufacturing process and low qualifications of
maintenance personnel [8].

Taking into account the above provisions and
requirements, it is necessary to increase the development of
work on the reconstruction and modernization of existing
track facilities, including the SSPRS, by identifying the
following key points:

— the need for accelerated renewal of growth and
modernization of the entire system of fixed assets of the
SSPRS;

— the need to extend the technical and technological gap
in the main equipment of the SSPRS from the advanced
foreign countries of the world;

— the need for comprehensive systematic work to
improve technical and electrical safety when performing
repair work under voltage of the contact network;

— it is necessary to provide a set of works to modernize
the SSPRS in terms of energy and resource saving.

3. Conclusion

The implementation of the strategic development of
railway transport in the CIS countries necessitates the rapid
development and innovative methods of the entire track
infrastructure and in particular the SSPRS with the
harmonious development of electric rolling stock.

12
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Summary analysis and comparison of performance characteristics of
various electric vehicle models using the example of the Russian and
Uzbekistan markets

I.J. Abdurashidov!®? S.M. Mirzaliev 1®°
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The concern of the world economic community about the increase in greenhouse gas emissions into
the atmosphere, one of the main sources of which is motor transport, has led to a steady increase in the
popularity of electric vehicles from year to year. Unlike vehicles powered by fossil fuel products, electric
vehicles require electricity to move, which is generated from various renewable sources and, as a result,
reduces atmospheric pollution from the combustion of refined petroleum products.

Therefore, the topic of increasing the share of electric vehicles in the total mass of vehicles is currently
very relevant and the choice of the model of a new generation vehicle depends on the duration of its
effective and comfortable use. This article provides a comparative analysis of the performance
characteristics of various models of electric vehicles created in different countries in order to obtain as
complete information as possible to interested parties on this issue.

The purpose of the study. Conduct an analysis of the performance characteristics of various models
of electric vehicles using the Russian and Uzbek markets as an example.

Methodology and methods of research. In the process of analysis, methods of comparison, analogy, and
experiment were used.

Results and scientific novelty. The results obtained in the process of comparing the operating
parameters of different models of electric vehicles represent a scientific novelty in terms of access by a
wide range of consumers to information about the driving characteristics of a new type of transport and
its popularization.

Practical significance. The results of the study can be used as a basis for developing proposals to
improve the parameters of Russian developments in the field of environmentally friendly transport.

Keywords: electric vehicle, power reserve, battery, test cycle, battery capacity, technical characteristic, market,
Russia, Uzbekistan

O030pHbI AaHAJIN3 U CPABHEHHE IKCIIYATALMOHHBIX XapaKTEePUCTUK
Pa3IM4YHbIX MOJeJIel JJIeKTPOMOOUIeH HA npuMepe pbiHka Poccun u
Y30ekucrana

Aéaypammaos M.JK.20% Mup3anaues C.M.10P

ITamkenTckuii rocy1apCTBEHHBIN TPAHCIIOPTHBIN yHUBEpcHUTET, TalikeHT, Y36eKkucTan

AHHOTaIHSA: O0ecIOKOCHHOCTh MHPOBOTO SKOHOMHYECKOTO COOOINECTBA YBEIMUCHHEM OOBEMOB BHIOPOCOB
TMApHUKOBEIX Ta30B B arMocdepy, OJHHM U3 OCHOBHBIX HCTOYHHKOB KOTOPOTO SIBIISIETCS
ABTOTPAHCHOPTHBIN, TIOBJIEKIO HEYKJIOHHOE YBEJIMUCHUE U3 TO/1a B TOJ MOITYIIIPHOCTH SIIEKTPOMOOHIIEH.
B ormmume or TpancmopTa, paboOTalOMmero Ha MPOAYKTax IepepabOTKH HCKOIAaeMOro TOILIHBA,
UEKTPOMOOHIIAM [UIs ABHXKEHHS TPeOyeTCst SIIEKTPOIHEPIUs, KOTOPAasi BBIPA0ATHIBACTCS U3 Pa3INYHbIX
BO306HOBJ’[${eMbIX HUCTOYHHUKOB M, KaK CJICICTBUEC, - CHHXKACTCA 3arpA3HCHUC aTMOCd)epr BBIXJIOIIAMH OT
Cropanus MpoAyKTOB HepTenepepadboTKy.

[TosTOMy B HacToOsIIEe BPEMsI BECbMa aKTyaJlbHA TEMa YBEIIMYCHUS JOJIM JIEKTPOMOOMIeH B 00wIei
Macce aBTOTPAHCIIOPTA U OT BEIOOPA MOJIETH CPEJICTBA ITEPEABIKEHNUS] HOBOTO ITOKOJICHHSI, 3aBHCHUT CPOK
ero >pdexTHBHOr0 1 KOM(OPTHOTO HCIONB30BaHUS. B maHHOM cTaThe MPUBOAUTCS CPABHUTEIBHBII
aHAIN3 HKCIUTYyaTAI[OHHBIX XapaKTEPHCTHK PA3IMIHBIX Mojelel 3IeKTpoMOOHiIeH, CO3IaHHBIX B
Pa3HBIX CTpaHaX JUIs MOTyYeHHUs Kak MOKHO OoJiee oJTHOH HH(pOopMaImy 3aHTepecOBaHHBIM JIMIAM I10
JJAHHOMY BOIIPOCY.

Llens uccnenosanus. [IpoBecT aHAIM3 SKCIUTyaTaAllMOHHBIX XapaKTEPUCTHUK PA3IMYHBIX Mozeel
3IeKTpOMOOMIIeH Ha prMepe phiHka Poccun u Y30ekucrana.
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Mertononorus ¥ METOAbI UCCIeOBaHUA. B mporecce aHanmu3a ObUIH HCIOIb30BAHBI METObI

CpaBHCHUS, aHAJIOTUH, DKCIIEPHUMEHTA.

PeSyJ’IBTaTLI 1 Hay4Has HOBU3HA. HOJ’Iy'{eHHHe B IIPONECCE CPpAaBHECHUA MMapaMETPOB SKCIUTyaTallun
Ppa3HbIX MOI[eJ'Ieﬁ 3J'IeKTpOM06PU'IeI>1 PE3YIBTATHI IIPEACTABIIAIOT HAYYHYIO HOBU3HY B IJIaHE OCTYIIa
HIHUPOKOI'o Kpyra l'[OTpe6PITeJ'[efI K CBE€ACHHUAM O XOJOBBIX XapaKTCPUCTUKAX TPAaHCIIOPTa HOBOT'O BHUJa U

€ro MOIYJIPU3ALIH.

Kirouesrle cioBa: JNEKTPOMOOMITb, 3amac Xoja, AaKKyMyJSITOpHas OaTapesi, €MKOCTh aKKyMyJsITopa, TEeXHHUYecKas
XapaKTepUCTUKA, PhIHOK, Poccus, Y30ekucran

1. BBeaenue

Ha ¢one 3a00oTel 00 yMEHBIIECHMH 3arps3HEHUS
OKpYKaloIeH Cpe/bl BBIXJIOMHBIMU Ta3aMHU, CO3AAOLIIMHU
napHUKOBBIH 3 ekt B atMocdepe, B Mupe HabIomaeTcs
pocT uymcna 3iekTpomMobmieldr Ha moporax. K Tomy ke
HEMAJIOBOKHBIM CTHMYJHMPYIOIMM  (DAaKTOpOM  SIBIISETCS
poct 1eH Ha HedTh. CeroaHs Kaxpiid 10-i aBTOMOOWIIb Ha
Jloporax Mmpa — iekTpuueckuit [21]. Yto monreepkaaer
TEKYILIYIO aKTyaJlbHOCTb paccMoTpeHHUs TEMBI
SKCIUTyaTallHOHHBIX XapaKTEPUCTUK PAa3HBIX MOJENeH aBTO
HOBOTO THIIA.

Cpenn TNpeuMyLIECTB TPAHCIOPTa HHHOBAIMOHHOTO
BHU/Ia MOKHO BBIICIUTD CIIEAYIOIINe okazaTenu [21]:

- OTCYTCTBHE BHIOPOCA BBIXJIOIHBIX Ta30B-HCTOYHHKOB
3arpsA3HeHHs OKpYXKaroLel cpenpl;

- BBICOKYIO 9Hepro3((eKTUBHOCTb, - JOCTATOYHO
IIPOCTOE YCTPOHUCTBO YIPaBICHHUS;

- HU3KHH YpPOBEHb HIyMa OT ABUTATENs; - OBICTPBIH
pasroH 1 HabOp CKOPOCTH ABMKCHUSL.

Yactp mratoB CIIA u eBponeiickux crpan ¢ 2030 mo
2035 romBl MIAHUPYIOT OTKa3aTbcd OT  MPOJAXK
ABTOTPAHCIIOPTHBIX CPEACTB C ABUTATEISIMH BHYTPEHHETrO
cropanus (JIBC). B cBa3u ¢ 3TuM HabmomaeTcs poct
ABTOKOHLIEPHOB,  KOTOpble  3aHUMAIOTCS  BBIYCKOM
3JIEKTPOKApOB.

Kak moxa3pIBalOT JaHHBIE MCCIEJOBAaHHUA pPBHIHKA
3NIEeKTpoKapoB B Poccum, cTpaHa 3HAYUTENIBHO OTCTAET OT
OCTATBHOTO MHPA B OCBOCHHH 3JIEKTPOMOOMIICH: «ypOBEHb
Pa3BUTHS POCCHHCKOTO PpBIHKA BIEKTPOMOOHMIBHOCTH B
HaCTOSIIIMH MOMEHT COOTBETCTBYeT ypoBHIO Kurasd,
Espomner u CIIA 7-10-netHeii nasHoctw» [1]. Ho, B Toxe
BpEMs, PBIHOK 3JIEKTPOKAPOB B CTpaHE JEMOHCTPUpPYET
nuHaMu4aHOe pasButHe. [To utoram 2023 r. B Poccun 6110
MpoaaHo 14 ThIC. HOBBIX DIICKTPOMOOHICH, uTo B 4,7 pa3a
Ooompme, uwem B 2022 1. [1]. bmaromaps sTomy
OTEUEeCTBEHHBIH aBTOMApK HOBOTO THIIA JOCTHUT OTMETKH B
37,8 THIC. €UHUI] B MIPOIIOM TOJY, «IPOAEMOHCTPHPOBAB
COBOKYITHBIA CpefHEerofoBoi temn pocra B 134,8% (2015—
2023 rr.)» [1]. 3a mBa mepBeix Mmecsina 2024 r. ObUIO
peanuzoBano 3 390 smexktpomobuneit, uto B 3,7 pasa
Oosblire, yeM 3a aHanoruuHelil nepuon 2023 r. [1]. IIpu sTom
JIOJIs1 AJIEKTPOKApOB B 001IeM aBTomapke crpaHbl B 2023 .
cocrasmia Beero 0,08% [1]. B CLIA, Epore u Kurae Takoit
YPOBEHb 110 aBTOTPAHCIOPTY HOBOTO THUIIAa B 00IIeH Macce
aBTOMOOMIIEH BceX THIOB ObUT XapakTepeH st 2014 r. B
2023 1. 3TOT MOKa3areNib 3a PyOE,OM 3aMETHO BHIPOC U
coctaBui B Kurae 4,9% (HanGoneimuit yposens), B EBporne
—2,4%, 8 CIIIA — 1,3% [1].

Kak mnokaseBator  pmanHele ABTOCTAT [17]
ABTOMOOMJIBHBIIT  PBIHOK ~ Y30€KHCTaHa CTPEMHTENIBHO
pa3BHBaeTCs, MPOJAXHW HOBBIX JIETKOBBIX aBTOMOOMIIEi
(BKITIOUas »IeKTpoMOOHIN) B Y30ekucrane Ha Hadaino 2024
roga coctaBmwin 451,6 Teic. emuHMI, 4TO HA 139,5 THICSY

https://t.me/tdtuilmiynashrlar

oompmie ypoBHsS 2022 roma. HemocpenacTtBeHHas oist
JNMEKTpoMOOMIe Ha y30€KCKOM aBTOpPBIHKE TaKKe
JIEMOHCTPHpPYET Ha NPOTSHKEHHH HECKOJBKUX ITOCIEIHUX
JeT cTabwibHylo nuHaMHuKy pocrta. ITo manmemM Ilenrtpa
SKOHOMHMYECKHUX HccienoBanuii u passutust (L[DUP),
npuBeeHHbIX B ctathe b. @. Banuesa u A. P. Hopmup3zaesa
[4] moms »nexTpoMoOmiIei B OOMHUX MpPOAaXkax HOBBIX
MaliuH yBenuumiack 10 1,9%. Harmsano nubopmarms
NpeJiCTaBlieHa HkKe Ha puc.l (OUHAMHUKAa PO
JJIEKTPOKAPOB OTMEUEHA KPaCHBIM I[BETOM) [4]:

33000

?éh’iis:“i-ii-!=531;f~'~i1

Puc. 1. /lunamMuka npoja:x JIerkoBOro TpaHCIopTa,
BKJIIOYAsT )JIEKTPOMOOHUIN, HA IEPBUYHOM PBIHKE,
2021-2023 rr.

HanbGonee 3HaumTenbHBII pocT HaOmogaics B
Camapkannckoii — Ha 85%, @epranckoit — 44% u
Hamanranckoit obmactsax — 31% Y36ekucrana [4]. [lanHsre,
MPE/ICTAaBICHHBIE Ha PHC.l, CBHAETEIBCTBYIOT O HAIUYUH
MOCTOSIHHO Pa3BHBAIOIIETOCS CIIPOCa HAa 3TOT HOBBIA BHI
TpaHcropta B Y30ekucrane. 3a mepBoe noiyrogue 2023
rojia JJIEKTPOKapoB B CTpPaHy BBE3IM OOJjbllIe, 4eM 3a
npensityne  4dersipe roxa [4]. Ilpaktuuecku Bce
anekTpomoOuH 3aBo3stces n3 Kuras. Takoit ckadok crpoca
COBEpPIICHHO HE CIy4YaeH, OH CTal pe3ylbTaToM
[eJICHANPABICHHON TIOJIMTUKH TOCYAapCcTBa B BOIPOCE
3aMeHBl TPaJUIMOHHOTO BHJAa TpaHCHOpTa Ha Ooiee
9KOJIOTUYHBII M HE3aBUCAIIMKA OT COCTOSHMUSA pBbIHKA
HedrenponykToB. PocT moTpeOHOCTEH BHYTPEHHETO PBIHKA
V30ekucTaHa Ha JIETKOBBIE JJICKTPOMOOWIM CBS3aH C
O0CBOOOXKIEGHHEM JJIEKTPOKAPOB OT YIUIAThl TaMOXXEHHBIX
cOOpOB, aKIIM3HOT'O HAJIOora U aBTOTPAHCIIOPTHBIX IUIATEXEi

(puc. 2) [4].

;: (A ==
2

+85%

\
W
q

2

il

Prnxcn,
desgarn

o
Arpers
tan
Vooa
hers
Ayt
Contatipn
Teticn
osten

Dexats

Foaagn
Mapt
Arpern
Man
poo

¥
emrstion

Gwsparn
Ourstign.
Hoston

202 202 200

Puc. 2. luHaMuKa NpoJask 3aperucTPUPOBAHHBIX U
nepeperucTPUPOBAHHBIX JIETKOBBIX 3JIEKTPOMOOUJIEH,
2021-2023 rr.
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IToaTBep:kAaIOT HALIEIEHHOCTh Ha Pa3BUTHE Y30EKCKOTO
pBIHKa 3JIEKTPOKapoOB W Pe3yJibTaThl MX MHpoJax 3a 7
mecsueB Tekymero 2024 roma. Ilo craructuueckum
JaHHBIM, TIPUBEJCHHBIM HWHTEpPHET-U3JaHHEeM Spot, «B
SHBape-MIoJe HBIHENIHEro Troja Y30eKHCTaH YBEeTHIHII
HUMIIOPT 3nekTpomoOmneit Ha 42%» [5], 4To oO3HauaeT
TOCTaBKy B pecmyOmuky Oonee 10,54 Thic. 35eKTpOKapoOB,
YTO OOJbLIC YPOBHS aHAJOTHMYHOIO IEPHOAA IIPOLLIOrO
rona Ha 42,6% [5].

Kpome Toro, okemas HaJgagWTh  INIPOHM3BOJICTBO
HMHHOBAIIMOHHOTO BHJIa TPAHCIIOPTA Y ce0sl Ha TEPPUTOPHH,
MIPaBUTEIBCTBO Y30eKUCTaHa B Ka4eCTBE JTOIOIHUTENEHOM
CTUMYJILIAM  OTOTO  [ara HaleleHo HpHoOpeTaTth
3NEKTPOMOOMIIN B KauecTBE CPEJCTBA IEPEABIKEHUS
COTPYJHUKOB  TOCYIApPCTBEHHBIX  OpPraHOB,  OPraHOB
MECTHOTO CaMOyTIPaBJICHUS u MpeNpUATHH,
TOCYAapCTBEHHOE yyacTHe B KOTOPBIX He mpesbimaeT 50%
[4]. CornacHo mpe3uneHTckord mHHIMaTuBe, k 2025 romy
ianupyercs He MeHee 10% ciry)xeOHOTO aBTOTpaHCIOpTa
MHHHCTEPCTB, BEIOMCTB U BCEX OFO/DKETHBIX OpraHHM3alnil
3aMEHUTB NeKTpokapamuy, a k 2030 roxy - 100% [4]. Kpome
toro, Kk 2026 romy MamIMHBI CKOPOH IOMOIIM OYZyT
epeo0OPyAOBaHbI B dIeKTpoMoOwH [4].

Ecmu roBoputh 0Oomee mompoOHO O HpPUPOIE STOTO
MHHOBAI[MOHHOTO BHJA TPAHCIOPTAa, TO 3JIEKTPOMOOUIH
MIPEACTABISIET coboit «TPaHCHOPTHOE CpPeACTBO,
MPUBOAMMOE B JBIDKCHHE OJHHMM MM HECKOJIbKUMH
JJIEKTPOABUTATEIISIMH, PAOOTAOIMUMK OT HE3aBHCHMOTO
HMCTOYHUKA dHeprum» [21].

Knaccuduxanus snekrpomoOmert auddpepeHuupyercs
10 HECKOJIBKUM mapamerpam [21]:

»  Tlo Ha3HAuYCHUIO:

®  [ACCAXHUPCKHUH;

®  Ipy30BOW; CEMEHHBII;

®  CKOPOCTHOH;  Ipouue  BUAbl  (TPULMKIBL,

MHKPORJIEKTPOMOOHIIX | T.11.).

»  Tlo Buny mBUratens ¢ MEeKTPHYECKUM IPHBOJIOM:

e rubpuansii (HEV);

e marnH-ruopuaHbii (PHEV) nmm noaxmouaemsle
THOPHIBI;

e nocnenosatenbHple (REEV) ¢ yBenuueHHBIM
3a1acoM X07a;

e «umcThIe ekTpomMobmmy (BEV);
9NIEKTPOMOOKMIN HA TOIUIMBHBIX  BIIEMEHTaX
(FCEV), mBuraroniyecs 3a c4eT mpeoOpa3oBaHUs
BOZIOPO/Ia B JIEKTPOIHEPTHIO.

» B 3aBucHMMOCTM OT XMMH4YECKOTO COCTaBa

Garapeii:

HUKEJIb-IIUHKOBBIE;

JIMTUH-TIOJINMEPHEIE;

TUTHHR-HOHHEIE (B T.4. NCM);

HHKEJIb-METaIUI-THOPHUAHBIC;

HUKECJIb-KaJIMUECBBIC,

CBMHIIOBO-KHCJIOTHBIE;

nutHi-xkenezo-pocdarusie (LFP) u ap.

2. MeToaoJiorus uccjie10BaHus

Teopemuueckuii ananuz: B 2023 r. B MapoyHO#
CTPYKType TapKa JIETKOBBIX 3JeKkTpoMobmieil B Poccun
mauposan Nissan (38% ot obmiero o6sema B 2023 1.) Ha
Bropom Mecte — Tesla (12,7%), Ha TpeTbeM — Mitsubishi
(7,4%). B naTepky MapOK-JIMIEPOB TaKKe BOLIUIN HEMELIKHE
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Porsche u Volkswagen (4,7 u 4,2% cootBerctBenHo) [1]. B
MapoyYHOH CTpyKType 3a ¢eBpanp 2024 1. mUIUpOBan
kutaiickuii Zeekr ¢ gomeit 51% OT BceX NPOJTAHHBIX
anekrpomobminert (972 mr.). 3a HuM crenoBan Evolute
(167), Volkswagen (154), «Mocksuu» (107), Tesla (67) [1].

CornacHo JaHHBIM oOOHOBIeHHOTo otdeTa «llapk
3NIEKTPOKapoB M rubpuaoB B Poccum», MOATrOTOBIEHHOTO
skcnepTamu areHTcTBa «KABTOCTAT», o cocrostauo Ha 1
utoist 2024 roga B Poccun HacumntsiBaeTcs 90 ThICSY eAUHHUL]
JNEKTPOTPAHCIIOPTA:  DJIEKTPOKAPOB M IOAKITIOYASMBIX
rubpunoB [14], uro Ha 57,3 THICAY eNUHHI] OOJBIIEC
mokazarens 2023 rona, xorma Obuto TponmaHo 32,7 ThICSY
[15].

[o cpaBuenuro ¢ 2023 rogom B Poccun m3meHunacy u
CTPYKTypa pBIHKA 3IeKTpoMoOmieit. 56,2% oT ux obuiero
YHCNa COCTAaBISAIOT 3nekTpomobunu (Battery Electric
Vehicle — BEV). DTo TpaHcnopT Ha akKyMyJSTOPHBIX
HCTOYHUKAX IUTAHMS, B KOTOPBIX JUIS II€PEABIIKCHUS
UCIIOJNB3YETCs TOJNBKO JJIEKTPHYECKasl CHIIOBas yCTaHOBKA.
Ipumep takux aBto - Nissan Leaf, Zeekr 001, Evolute i-
PRO, i monemu Tesla [14]. Ocratok B 43,8% cocTaBisioT
MOJKIIOYaeMble THOpHIBI Wik marud-rudpunst (PHEV).
OT0 aBTOMOOHIIH, B KOTOPBIX AJIA 3apAIKH aKKyMYJIATOPOB
UCIIONB3yeTCs He TOIBKO 3IeKTpoasurartens win JIBC, Ho
BHEIIHNE HMCTOYHHKH NUTaHWA. TO €CTh TaKHe MAIIUHBI
MOXXHO IOJIKJIFOYaTh K YJIWYHBIM 3apsiIHBIM TepMUHAIAM
WIM Jaxe OBITOBBIM pO3ETKaM JUIs IIOTOJIHEHMs 3araca
sHepruu B Gatapesix (kak nmpumep - Toyota Prius, Chevrolet
Volt, monemn Lixiang, Voyah, Chery u np.) [14].

B sromM romy B MapodHOHl CTpyKType POCCHHCKOTO
MapKa >JIeKTPOKApOB U IUIATMH-THOPHUAOB JHAEPOM CTall
KuTalicKkuii mpeMuyM-Opena Lixiang ¢ goneil aBTOpbIHKa B
18,7% ot obmero o6beMa MpoaaBaeMbIX IEKTPOMOOHIEH.
Ha Bropom mecte smonckmit Nissan (17,3%). [amee -
KuTalickue npemuanbHele Mapku Voyah u Zeekr (10,7% u
9% CcOOTBeTCTBEHHO). B KoHIle chucka Haubolee
NpOJAaBaeMBIX AJIEKTpoMoOmiIel - amepukaHckas Tesla
(7,1%) [14]. 3a rox mnpOM30LLIO BHIOBOEC H3MEHEHHE
anekrpornapka. Ecmu B 2023 roxy caMbIMH MOITYJISIPHBIMHU
Oopum aBTO C-KJjlacca, TO ceifyac JIMAEPCTBO 3aXBaTHII
cermenT SUV (BHemopoxHHKH) [16].

Bo  wMHOrOM, cormacHo  JaHHBIM  areHTCTBA
«ABTOCTATY, Takoe HeyKJIIOHHOE HAaCBIIIIEHNE aBTOPhIHKA
V306ekucraHa ONEKTPOMOOWIISIMH B IOCNIETHEE BpeMs
HNPOUCXOANT Onarojapsi TOMY, YTO HECKOJBKO OpEHIOB
Havamu B 2023 ronay oduuManbHBIE MPOAAXKH CBOMX
3JIEKTPOKApOB. DTO Cpa3y MOBBICHIIO KAIECTBO M CKOPOCTh
TEeXHUIECKOTO OOCTY>KMBAaHHS JAaHHOTO BHJAA TPAaHCHOPTA,
9TO CTal0 €mle OJHHM ONarompusATHBIM  (akTopom
yBEIMYeHHs cripoca. B HacTosmiee BpeMsi Ha TEPPUTOPUIO
V30eKkucTaHa 3JIeKTPOMOOHIN O(HUIMAIBHO 3aBO3ST JBE
kommanuu: TM Megawatt Motors («MeraBarT Motopcy)
[12] m OOO «Syncerus» («Cunuepyc») [7], HO moOKa
GOHI)LHI/IHCTBO MalIuH IOoNnaaarT B pecny6nm<y YaCTHBIM
o0pazom.

Ha aBTophIHKEe Y30ekucraHa MpenCcTaBICHBI MOIENN
HECKONBKUX OpeHnmoB. B 2024 r., mo maHHBIM
aHamutudeckoro areHTctBa «ABTOCTAT»: «B mnmHEiKe
aBTomobOmieit Kia mpencrasien snektpomobwis EV6.
Mogens  pgoctynmHa B IBYX KOMITJICKTAIMAX  —
nepeHENpHUBOAHO#M Air 1o tieHe 699,9 mita cyM ($56700) u
nonsonpuoguoil GT-Line — 8999 mun cym ($72900).
IMponaxw 3Toi MOJENN CTAapTOBAIN B KOHIIE aBTyCTa U €I
HE IIOKa3aJIM 3aMEeTHBIX pe3ynbraToB. boiee 3HaumMoro
pe3ynbTaTa nobunack kurtaiickas mapka BYD ¢ mozaensro
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Song Plus, mpexacrapieHHON Kak B TMOPUIHOW, TaK H B
JNEKTpUIecKoil Bepcusax. [ToMnMo oduImambHBIX TPOaax,
BYD Song Plus Taxxe npuBo3sT u3 Kuras dacTHBIM
obpa3om. LleHBI Ha 3TEKTPHUYECKYIO BEPCHIO HAXOMATCS B
muarazone ot $28000 no $32000. CymMmapHbie MPOaaKH
BYD Song Plus Bo Bcex ncmonHeHusx cocraBuwid B 2023
rogy Gosiee 6 ThICSY aBTOMOOWIICH, YTO MO3BOJIHIO 3TO
MOJICNIM 3aHATH 6-€ MeCTO B OOIIeM pPEeHTHHre IpoaaxK
HOBBIX JIETKOBBIX aBTOMOOMIeH B Y30ekucrane. Takxke B
nmHelke snexTpomobmnelt BYD 3neck mpexcrasien 6oiee
noporoil u npemuanseelii BYD Han, 3anumaromuit 25-10
CTpOuKy B peiitunre npopax. B mmanax BYD oTkpsiTh
3aBOJ] IO IPOM3BOJICTBY JIEKTpoMoOmiel B Y30ekucrane
yxe B 2024 rtomy. Ero wmommuocts cocrasutr 10000
anexktpomoduieii B roa. Kpome 3Toro, BEICOKHE Pe3yIbTaThl
B OoppOe 3a mpeamouTeHue morpedurenel B Y30ekucraHe
MOKa3bIBAIOT Takue dekTpomobin kak Volkswagen iD.4 u
iD.6» [18]. Bi6op B mONB3y MPOU3BOJACTBA JIICKTPOKapa
kutaiickoit Mapku BYD ¢ mozmensto Song Plus cnenan B
CBSI3H C TE€M, YTO II0 UTOTaM IIPOBEAEHHBIX HCCIIEJOBAHMUI
pBIHKA, YYUTHIBas OTPaHHYCHHOE KOJMYECTBO 3apsIHBIN
CTaHIMH M OTCYTCTBHE TOTOBOH WH(PACTPYKTYpHI IS
3IEKTPOMOOHIIEH, BBIICHHUIIOCH, 4TO Ooiblee
TIPENoYTeHNHE ObIIO0 OTAAHO THOPUAHBIM aBTOMOOWIAM, U3
COOOpaKeHUsI HEIOCTaTOYHOCTH 3apsIOYHBIX CTaHIUI»

[20].

Memoouka:  llpencraBneHHelii  0030p  pBIHKA
JNMEKTPOMOOMIEH  CBUIETCIBCTBYET O  JIOCTaTOYHOM
pazHoOOpa3uu Mozeneit 3TOrO emre oKa

MaJIOpaclpOCTPAHEHHOTO B MHUPE CPEACTBA MEPEABUKEHUS
U HECHEIUANNCTy TPYyIHO pa3o0paThCs, YeM Ta I HHas
MOJIENb 3TOT0 HHHOBALIMOHHOTO TPAHCIOPTA OTJIMYAETCS OT
JIPYTOH.

s cpaBHUTENBHOTO aHaiW3a OBUIO  OTOOpaHO
HECKOJIbKO pasHbIX Mojenedl nomysisapHelx B Poccum
JNMEKTPOMOOHMIEH KHTaWCKOTO MPOMU3BOJCTBA C PAa3HBIM
TUIIOM [JBHraTens, a TakkKe HECKOIbKO pasHbIX Mojelneil
JNMEKTPOMOOMIEH  KHTaCKOrO ¥ IOXKHOKOPEHCKOTO
NPOW3BOJCTBA, IIpoJaBaeMBIX B  Y30ekucrane. Ha
OCHOBAaHHUHM JAHHBIX 00 MX XOJOBBIX ITApaMeTPax TECTOBBIX
WCOBITAHUM TNPOU3BEAECH CPaBHUTEIbHBIN aHAIU3 HX
SKCIITyaTallMOHHBIX XapaKTEPUCTHK.

Oxcnepumenmanvhas  wacme: U1 TOHUMaHUS
pazmuuii IKCIUTYaTallHOHHBIX XapaKTePUCTHK
3IIEKTPOMOOGHIIEH, OTJINYAIOIIUXCS MOZEIAMU u
TEXHUYECKUMU napaMeTpamH, [PEICTABUM

aHATM3UPYEMYI0 HH(POPMAIIMIO B BHUJC TAOIHIBI (TabIuIa
1,2). Uadopmarust B motHOM 00beMe JOCTYIHA Ha caliTax

OpHULIMATBHBIX ~ POCCHHCKHX  AWIEPOB, O(UIMAIBHBIX
NOCTAaBIIMKOB M  CICLMAIM3UPOBAHHBIX  caiitax 00
JIEKTPOMOOMITAX.

Taéauna 1
0030p YKCIJIYaTAMOHHBIX XaPAKTEPUCTHK JIEKTPOMOOuIIeii pa3HbIX Mojielieil Ha npumepe Poccuun
Crpana Monaeanb Buj aBurarenst MouHoctb, | Ckopoctb, Pa3sron g0 Ilena,
NPOM3BOAMTEISA 3JIeKTPOMOOMIISI (3amac xona) Jq. €. max km/4 100 km/4, ThIC. PyO.
ceK.
T'ubpun
Kuraii Lixiang L7 (nBa smekTpomoropa, | 360 kBt (449 180 53 ot 5000
u [IBC) 1.c.)
(1135-1185km)
DJeKTpoABUTaTENb 400 kBBt oT
Kurait Zeekr 001 (mBoitHas GaTapest) (789 n.c) 200 6,98 6204
(620xMm)
Voyah FREE Tubpun
Kurait EVR Sport (BpeMst 3apsIku 360 kBt (490 200 4.8 5890
Edition Garapen — 5,7 u.; I.C.)
o0Obem Oaka-56 i1.)
Mopnens nHaubonee mnomyispHoro B 2024 roagy B MTHEBMaTHYecKas  IOJBECKa, Jaiolias  BO3MOXKHOCTh
npogaxax B Poccum smexrpomobmns Lixiang L7 [10] pETYJSIIMMA  KECTKOCTH  aMOPTH3aTOPOB M CHUCTEMa

TIPUBJIEKAET MTOKYTIATelsl CBOEH IIEHOM, caMOi HU3KOM cpeu
TIPEICTaBICHHBIX aBTOMOOWIeH. J[BIKeHHEe 00ecIIeunBaloT
JIBa JJIEKTPOMOTOpA Ha TepemHe W 3aaHell ocu oOriei
MomHocTeio 449 5. c. bmaromaps »ToMy MamMHa
pasronsiercs 10 100 km/4 Bcero 3a 5, 3 cekynapt [3]. Oanoro
3apsa akKyMmyJsiTopa xBartaeT, yToOsl 3ToT SUV-M06MIs
mpoexan 190-240 km [3]. ['maBHOW ocobenHocThIO Li L7
SBIACTCS  «TOCTefOBaTeNbHas  THOpWAHAs  CHIIOBAs
ycraHoBka. E€ o0coOeHHOCTh 3akiiodaeTcs B TOM, YTO
JIBUTATeTb BHYTPEHHETO CropaHust moj KamotoMm Li
BBINIOJIHSET poJib reHeparopa. OH He CBsS3aH C KoJ€camMu
HaIpsIMyI0, a CHa0XaeT SHEePrHueil TATOBBINH aKKyMyJISITOp
anekTpomoTopel» [3]. Bmaromaps Takoil 0ocoOeHHOCTH
rHOpPUIHOW  CHJIOBOM  YCTAHOBKM  MalllMHAa  MOJXET
TIPOJIOJDKATh IBI)KEHHE, T0Ka B TOIUIMBHOM Oake ecTh
OcH3uH Ha paccrosiHue B 1135-1185 kM.

Taxke B Li Auto L7 mpucyrcrByer omHOKaMepHas

https://t.me/tdtuilmiynashrlar

aBTONMIOTa. XOAOBas 4YacTe ImpousBoautcs B Kurae
kommanueld  Xinchen Power, cepTudHIUpPOBaHHBIM
npoussoauteneM moropos BMW. Ho, kpome 3toro, ctout
YIOMSIHYTb 0 KOM(OPTE JUIsl BOJUTENS U IACCAXKUPOB B ITOH
Monenu. B HamuuMum TOpPOCTOPHBIH KOXKaHBIM  CaloH,
KOTOPBI MOXKHO MPEBPATUTh B CHAIBHOE MECTO, a TaKKe
«tpu 15,7-nroiimoBble 1iBeTHBIe HD-3Kpansb! ¢ paspenienneM
3K ¢ oJHOBpeMeHHOH TpaHcisiuued u maHopamHas 7.3.4
aymuocucrema» [10], B KkadecTBe KMHO3ala M IIEHTpa
MOOWIBHBIX  TIPWIOKEHHH, a TaKkkKe IaHOpaMHas
ayuocHucTeMa.

Zeekr 001 [6] mBuraercs 3a cHeT HaJIM4usl JBYX
JNIEKTPOABUraTeNei (3agHero u mepeaHero, komdopt B
noe3nke oOecrneynBaeT IOJHOCTBIO — aBTOMAaTHYecKas
cHCcTeMa ITHEBMAaTHIECKOH ToiBecku. B oTKphITOM OCTyTIe
B HHTEpHETe TIPE]CTaBICHBl JaHHbIE OKCIIEPTOB O
cocrostHUM Mozaenu mocie 320 Teics4 kM mpobera [2],
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KOTOpBIE TOBOPAT O TOM, 4YTO B LIEJIOM, 3asBICHHBIC
MIPOM3BOJUTEISIMA ~ BO3MOXKHOCTH M XapaKTEPHCTHKH
JNeKTpoMOOMIIT  oTBedaroT  TpebosaHmsM:  «[locie
TIIATEIFHOTO OCMOTpPAa M HCCIIENOBAaHHH XHMHYECKOTO
COCTaBa, Ha Ky30Be He 0OHAPY’KMIH IPU3HAKOB KOPPO3HH;
KIIFOYEBBIE AJIEMEHTHI MOJBECKH OTIMYHO COXPAHHJIUCH; Y
TOPMO3HOU CHCTEMBI HET CYIIECTBEHHOTO U3HOCA; EMKOCTh
TsroBoi Gartapen cHusmmack a0 91% (y mammu Tesla ¢
aHAJIOTHYHBIM TIpoberoMm gaerpagamus — 12%); pacxon
sHepruu coctaBwi 15,5 kBta/100xm (+0,9 xkB1a/100KM);
pasros 110 100 km/4 — 6,98 cexynnbi (+0,08 cexyHIbI); caoH
COXpaHWICsA 0e3 BHUANMBIX HM3MEHEHWH; W3 MHHYCOB —
OTAENBHBIE PE3WHOBBIE O3JEMEHTH INAcCH TNPHIUIM B
HEroJHOCTHY [2].

Kuraiickuit snexrpomoduns VOYAH FREE EVR

SPORT EDITION mnpencraBnser co0oit rubpum c
YBEJIMUEHHBIM 3amacoM Xoja [11], B KOTOpoM COBMEILEHbI
JBC u anekTpoycTaHOBKa. DTa MOJEINb, IPOU3BEICHHAS B
2024 romy, oOTHOCUTCA K KIAacCy IOJHONPHBOIHBIX
BHEJIOPOKHHUKOB, OCHAIllCHA aBTOMAaTU4ECKOW CHCTEMOM
ITHEBMATHYECKON TOJABECKH W MPAaKTUYECKH HHYEM He
yCcTymaeT Juaepy Hpojax. OJTa MATHMECTHas MaIlldHA C
GarakHukoMm B 560 5. Takke obecreunBaeT KOMGOPTHYIO
e3y, Kak W mpenpiaymue moxaenu. OHa obopynoBaHa
OECKJIIOUEBBIM JOCTYIIOM, CHCTEMOW IHTAaHHS BHEIIHHX
YCTPOMCTB U1l KOM(OPTHBIX YCIOBHH OTAbIXa. B Hammann
HOJOTPEB  pyJsd, HApyKHBIX 3epKal, KoM(popTHOE
OCTEKJIEHHE, JIEKTPOIIPUBOL JIFOKA U KPBIIIKA OarakKHHKa
[11].

Tabnauna 2
0030p IKCIVIyaTAIMOHHBIX XAPAKTEPUCTHK JIeKTPOMOOMJIEil Pa3HbIX MojeJIeil Ha npuMepe Y30eKkucTaHa
Lena,
Crpana Mopneas Bun asurarens Momnoctb, | Cxopocts, | Pa3ron g0 ThIC.
NPOU3BOIMTENS | JIEKTPOMOOUIA (3amac xopa) I C. max km/4 | 100 km/y, uzs
CeK. (OpHEHTHPOBOYHO)
DIEeKTPOIBUTaTENb C 77,4 kBt
FOsxHas Kopes Kia EV6 AKKYMYJIITOPOM (325 n.c) 180 35 10 899 900
(528xm)
BYD Song Plus | Tubpun (3nextpo u 102 kBt
Kurait DM-i AWD JBC) (1200xm- (139 1.c.) 170 8,8 444 526
100km Flagship 00mwii)
Volkswagen DJEKTPOIBUTATENh 150 kBt
Kurait iD.4 (MUTHH-HOHHBII) (201 n.c)) 160 6,2-9 484 000
(mo 600xm)
IpencraBnenHas B Tabnmune 2, HHGOPMALUS TOBOPHUT O NpPEeOCTaBIsIeT THOPUIHBIM  JBHTraTedb 3JIEKTPOKapa,

TOM, YTO KHTAiCKHe MPOU3BOJMTEIM PabOTAIOT MO IyTH
COBEPIICHCTBOBAHMS SHEPreTHIECKOI YCTaHOBKHI
aBTOMOOMJIS HOBOTO TumMa. B Tabnwme mNpUCYTCTBYIOT
MOJETH M TOJBKO C DIEKTPUYECKUM JBHTATEIEM, U C
neurareneM rudpugaoro Tuma (kak y BYD Song Plus) [9].
IIpuuem MonepHM3anusl ABUraTessi B CTOPOHY TMOPHUAHOMN
KOMIUICKTAllMY JIaeT YBEIUYCHUE MOLIHOCTH [BHIATENIs:
€CJIM 3aIac X0/a TOJBKO Ha AJIEKTPOYCTAHOBKE COCTABIACT
110 kM, TO TpPH HCIOJIB30BAaHUM €Ile M OCH3UHOBOTO
gBUTaTens OO 3amac XoJa BBIpacTaeT B pasbl
coctapiser yxe 1200 km.

Kak  yrBepskmaer  pa3paboTumk,  HamMdue B
anekrpomodmite Kia EV6 «akkymynsaropa EV6 MomHoCTRIO
77,4 xB1/9 mo3BonseT mpoexars 10 528 KM NpH MOJTHOM
3apsKe. DTO 03HaYaeT MEHee YacThle NOA3aPSIKH H, OIISATh
JKe, OOJbIIIe BPEMEHH ISl TOTO, YTOOBI OTKPBITH IS CeOst
CBOM yBJleueHMdA. Tarke JOCTyleH C aKKyMyJATOPOM
MoOIHOCTEI0 58 KBT/YU, KOTOpOro [IOCTaTOYHO IS
YAOBIIETBOPEHHS JIFOOBIX TTOTpeOHOCTEH B BOXKIeHUN [19].
IIpuuem 3apsakxa ans nmoes3nku Ha paccrosiHue B 100 km
TIPOUCXOJUT Bcero 3a 4,5 muHyTHl. [loMnMo BHMMaHHS K
TEXHUYIECKHM XapaKTePHCTHKAM MAIINHbI, TIPOM3BOIUTEIN
M03a00THIIUCE U O KOM(OPTE BOTUTENS U MACCAKHUPOB.
Brnaronapst BbIOOpY KojiecHO# 0asbl B 2,9 M, B MalluHe
NPOCTOPHBIA CaJlOH CXOXHH pa3MepaMu C CaJlOHaMH
BHEJIOPOXKHHUKOB.  YINPABICHUIO MAUIMHOW  IOMOTraeT
IIUPOKUN MAaHOPAMHBIM JUCIUIEH C BBHICOKOM YETKOCTBIO U
HWHTYWTHBHO ITOHSATHBIM MEHIO.

BYD Song Plus 8 mogenn DM-i AWD 100km Flagship
TIPUBJIEKaET MOTPEOUTENST BO3MOXKHOCTSAMH, KOTOpBIE

December, 2024
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KOTOpBI obecrieunBaeT e3qy Oe3 IMOA3apsAmoK, a 3HAYUT
BOJWUTENb  CTAHOBUTCS ~ HE3aBHCHMBIM  OT  CXEMBI
pacrosoxeHus 3apsAHbIX craHuuil. brnaromapst Hamuuuio
neuratenst BHyTpeHHero cropanus ([ABC) mox kamorom,
KOTOPBIA BBIIOJHSAET pPOJIb TEHEpPaTopa, AaKKyMyJSTOp
cHabXaeTcsi SHepruei, Onmarojaps 4YeMmy He TOJBKO He
Tpebyercs noj3apsika, HO ¥ 3aIac X0a YBeJIMYNBAETCS 10
1200 KM, B OTIINYHUE MOJIeNel TOJIBKO [
JNIEKTPOABUraTENIIMH.  MalimHa MOXET IPOJAOJIKATh
IBWKEHME, T0Ka B TOIUIMBHOM Oake eCTh OeH3MH. JTa
Mmonens Mapku BYD Song Plus Taxke BeceMa komdopTHa
JUTSL BOJUTEIIST ¥ TTACCAKUPOB B JII000e BpeMs roja. Mimeercst
MOJOTPEB M BEHTWISANWS TIEPeAHHX CHACHUH W 3epKaia
3aJJHETO BUMA, JNEKTPUIESCKUH TOBOAYHMK HA 3aKpHIBAaHHE
moka.  UHTennekryamsHas cuctema Dilink  [9] wm
QIaITUBHBIA  KPYH3-KOHTPOJb IIOMOTaeT BOJHUTEIIO U
maccakxupam B 6¢30MacHOM U KOM(POPTHOH e371e.
Volkswagen iD 4 xapakTepusyeTcs MPOHU3BOJHUTEIEM
kak: «100% BHemopoxHUK, Ha 100% 3mexTpudeckuit» [1],
KOTOpBI CcrocobeH oOecrednTs KOMQPOPTHOE BpeMs
NpOBOXKAEHNS 3a pyneM. EcTh HECKOJIBKO BapHaHTOB
MOA3APSKY, YCOBEPIICHCTBOBAHHBIH KOHTPOJIb BHHMaHUS
BOOUTECIA H COHJMBOCTH, TaKXC al]al'[TldBHblFI Kpyus-
KOHTpOJb. Tak Kak 3TOT JJEKTPOKAap NPOM3BOTUTCS B
Kurae, To ero BHYTpEHHSS «HAUYMHKa» MPAKTUYECKU
aHalOTMYHAa 10  CBOEMYy  Habopy  KOMIUICKTAlUH
anekTpomMoOmisiM Operna BYD. K tomy ke BHETOpOKHUK
Volkswagen ID.4 obecrieqrBaeT MTOBBIICHHY IO
0€301aCHOCTh CBOHMM IIOJB30BATESIM: «OH OBLI yJOCTOEH
Harpajs! «Jlyammuit BBIBOP I10 BE3OITACHOCTU B 2024
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rogy» [22] or IIHS. DT0 cTpaxoBOi HHCTUTYT
0€30MacHOCTH  JJOPOXKHOTO IBIKEHHS [22], KOTOPHBIi
TIPEACTaBIsIeT CO00M HE3aBHCHMYIO HEKOMMEpPYECKYIO
Hay4HO-00pa30oBaTeIbHYI0 OpPTraHHW3alMI0 I10 CHIKCHUIO
CMEpTHOCTH, TpaBMaTH3Ma M MaTepHaJbHOro ymiepba B
pesynbrate ATII mocpencTBom uccienoBaHuil U OLEHKH, a
Takke oOydeHHs mMOTpeOUTeNell U CHEHUATIHCTOB II0
6€30MacHOCTH.

Jns 3NeKTpoMoOuIeit TaKxKe aKTyajlbHa
HEO0OXO0MMOCTh 00ecCIIeueHHs oKapHoi Oe3omacHocTH. B
9TOM cilydae, I8 3allUTHl OT TEIUIOBOTO pasroHa M
TIOCJIETYIOMIET0 BOCIUIAMEHEHHSI aKKyMYJIATOPHON OaTapen
MPOM3BOJUTENN KXY  aKKyMYJSITODHYIO  ST9CHKY
OCHAII[AIOT HEOOBIINM 3JIEKTPOHHBIM OJIOKOM M JATYHKOM
TEeMIIEpaTyphl. DJIEKTPOHHBIE OJOKU CIEAAT 3a TOKAMHU
3apsiaa/paspsaa U 3a TeMmIeparypoit kaxzoit sueiiku. [Ipu
MOBBIIICHUH  TEMIEpaTypbl  JJIEKTpUYecKas  IIelb
pa3phIBaeTCsi, U BCE OIACHBIE XUMHYECKHE IIPOIECCH B
s4elike ocTaHaBIMBaroTCs. IIpu mpoJoInKeHHMH Iporecca
Jajplie B sYefiKe IUIaBUTCS IOPHCTBIM  cemaparop,
MOJHOCTBIO HEPEKPHIBAIOIINK JIBIXKEHHE HOHOB MEXKIY
3eKTpoAamMu.» [8].

K Tomy ke ncronp3yroTcst anbTepHaTHBHBIC MaTEPHAIBI
JUII  U3TOTOBJICHUS  aKKyMyISITOPOB,  PACIIUPSIOINE
TeMIIepaTypHbIE MIPEEIIbl SKCIITyaTaluH.

3. Pe3yJbTaThl 4 BHIBOABI

Takum oOpa3zom, I CPaBHUTENBHOTO —aHAIM3a
SKCIUTyaTallHOHHBIX XapaKTEePUCTHK 3JIeKTpoMoOmie B
CTaTbhe PACCMOTPEHBI TPU Pas3HbIC MOMyJsSIpHBIe B Poccun n
B Y30eKHCTaHE MOMAENH CPEACTB IEPEABIKEHHS HOBOTO
tuna. [IpencraBieHHble MO/IENIN KUTAICKOTO IIPOU3BOJICTBA,
HECMOTpsI Ha pa3iMyue B CTPOCHUU XOJIOBOM yCTaHOBKH,
UMEIOT CXOXHE TEXHHYECKHE XapaKTepPHCTHKH, Kak
CHJIOBOH 4YacTH, Tak o0beMa aKKyMYJIATOpPHOW Oartapeu, a
Talke  OOyCTpOHCTBO  cajloHa aiId  KoM(OpPTHOTrO
BPEMSINIPOBOXKACHHST BOAWTENS W IIACCAXHUPOB. AHAIM3

apameTpoB 9KCIUTyaTalu MOKAa3bIBaET, 4TO
9NIEKTPOMOOHIIN MPEICTABIAIOTCS HEPCIEKTUBHBIM BHAOM
Ha3eMHOT0 TpaHCIOpTa, KOTODBIit HOCTOSTHHO

COBEPILCHCTBYETCS B CBOEM Pa3BUTHUH U OCHALICHHU.

B saxmrouenun ciemyer oTMeTuTh, 4to B Poccun
JNIEKTPOTPAHCIIOPT ~ MEUICHHO  HAMOJHSAET  PBIHOK
aBTOMOOMJIEH «HM3-32 BBICOKOW IIEHBI IO CPAaBHEHHIO C
TPAHCTIOPTOM Ha TPAAUIMOHHOM TOIUIMBE, HU3KOTO YPOBHS
pa3BUTHSA 3apsAAHON MHOPACTPYKTYpPHI Ha OOJBINEH YacTH
TEPPUTOPHHU CTPAHBI, a TAKXKE OIPaHUYCHHOTO 3araca Xoza
y onexTpomobunei» [13], B VY30ekucraHe co3maercs
OJIaronpUATHBIA WHBECTUIIMOHHBIA KJIMMAT JII Pa3BUTHUS
pBIHKa JJIEKTPOMOOWIIeH, IpUYeM He TOJbKO pBIHKA
noTpeOyeHnsl, HO W pBIHKA IMPOM3BOACTBA. Tak Kak
MOTpPeOUTENIM B BBIOOPE 3JICKTPOTpaHCIOPTa OOJIbIe
TATOTEIOT K MOJENSM C THOPHAHBIM JIBUratejeM, 4To
MO3BOJISIET HE 3aBUCETh OT HAJIUYHS 3apsAHBIX CTaHIUH, TO
V30ekncTaH IUIAHUPYET CTaTh CTPAHOH-NIPON3BOAMTENEM
THOPHHBIX IIEKTPOKAPOB.
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Rigidity matrix of a rod element with a variable cross section in
problems of calculating structures using the finite element method

M.Kh. Miralimov®?
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Transport structures have various configurations, which makes modeling their stress state under external
loads a complex task. The finite element method makes it possible to model structures of various shapes
for strength calculation. This paper considers the derivation of the stiffness matrix for a rod element with
a variable cross-section with finding the minimum of the functional under the corresponding boundary
conditions, which gives a variational statement of the problem.

Keywords: finite element, beam structure, stiffness matrix, section

Mannua KECTKOCTH CTEPKHEBOT0 3JIEMEHTA C IEPEMECHHBIM
MONECPECYHBIM CCYCHUEM B 3aavYax pacuera KOHCprKIII/Iﬁ
METOJA0M KOHCYHBIX 3JICMCHTOB

a

Mupaanmon M.X.!

TamxkenTCKMI TOCy 1apCTBEHHBIN TPAHCIIOPTHEIA YHUBEPCHTET, TamkeHT, Y36eKucTan

AHHOTaLUA! KoHcTpyKIMn TpaHCHOPTHBIX COOPYKEHUH HMEIOT pa3iiyHble KOH(OUTYpaIiy, 9YTO MOJISIMPOBAHUE X
HaNpsHKEHHOTO COCTOSIHUS NIPU BHEIIHHMX HAarpy3Kax SBIISIOTCSA CIOXKHOW 3aiadeil. MeTol KOHEYHBIX
3JIEMEHTOB JaéT BO3MOXKHOCTh MOJAEIHPOBATH AN MPOYHOCTHOTO pacdeTa, KOHCTPYKIUH PasIHIHON
¢opmel. B nanHO# paboTe paccMaTpuBaeTCsl BEIBOA MAaTPHIBI JKECTKOCTH JUISl CTEPIKHEBOTO 3JIEMEHTA C
TEpEeMEHHBIM ~ MONEPEYHBIM  CEYEHHEM C  HAXOXJACHHEM MHHUMyMa (yHKIHMOHama MpH
COOTBETCTBYIOIUX I'PAHUYHBIX YCIOBHSIX, KOTOpas 1aeT BapHallUOHHAs IOCTAHOBKA 3aJauH.

KioueBsie crosa: KOHEYHBIN 3JIEMEHT, CTeP>KEeHb, MaTPUIla KECTKOCTH, CEUCHUE

1. BBeaenue

L, L, Ls

SIBJIICTCS.  BO3MOXKHOCTH ~ PAaCCUMTBIBATH  KOHCTPYKIWH
cioxHoW  reomerpud.  OOBMHO  THpU  pacyerax
npodUINpOBaHHbIE JJIEMEHTBI aNMpPOKCUMHUPYIOTCS
CTyIeH4YaTeiM 00pa3oM C HCIOJIb30BaHUEM OOBIYHBIX
CTEP)KHEBBIX 3JEMEHTOB MOCTOSHHON TONIIMHBEL (pHC.l).
OpHako TpU TakoW anmmpoOKCHMAIMW TPHIAETCS OpaTh
JIOCTATOYHOE KOJMUYECTBO Y3JI0B, YTO MOXKET 3aHUMATh IIPU
PEILICHHUH 33/1a4H TOCTATOYHOE BpeMsl.

OmHUM U3 TPEUMYIIECTB METOIa KOHEYHBIX 3JIEMEHTOB l

Puc.1. O0muii B cTepKHA
CrenoBatenbHO, IOJHAsE  JHEPTUs O  MPEJCTABISET
c000if M3MEHEHWe PHEPTMU BHEIIHMX W BHYTPEHHUX CHII
OpH HEepexofe Tela M3 Ha4dalbHOTO B Ae(GOpPMHPOBAHHOE
cocrosiHue [4]. DHeprus Mo00H CUCTEMBI CHII H3MEPSIETCS
paboToi, KOTOPYHO MOTYT COBEpIIHTH 3TH CHJIBI TIPH
BO3BpAILICHUH Tejla M3 KOHEYHOro B HadallbHOE, HyJEBOE

coctostaue. Eciu paccMoTpeTh BapbUpyeMble BeMHUnHbI 1
2. MeTo0J10Tvsl CCJIeIOBAHUS pacemotp prIpYy !
U A, TO MOXHO YCTaHOBUTb pSAJ IOJE3HBIX CBOWCTB,
I[_}'[;[ BBIBOJIA ypaBHeHHﬁ MKD HCIIONIb3YEM KOTOPbIMH OHH o0agaror. 910 PacCMOTPECHUE MMOKA3BIBACT,
BapHalMOHHYIO q)OpMyIII/IPOBKy 3aJ1a4n [1], TIEe IMOJHas YTO 3aJjaya aHaJIn3a KOHCprKLIHﬁ, OCHOBAHHAasA Ha IMOJACUCTEC
SHEeprusi D COCTOMT W3 TMOTEHIMAIBHON »Heprum [ Bapuanuu  cymmbl II + A, oTHocmTcs K Xopomio
nepopmanuu  Tena (MOTEHIMAna BHYTPEHHHX CHJI) M pa3paboTaHHON OOJIaCTH MAaTeMaTHUKH, H3BECTHOH Kak
9Hepruu (MOoTEeHIMaNa) A BHEIIHUX CHIT BapUalMOHHOE NCUYUCIICHUE.
I =TI+A 1) B sToM citydae
1 1
VYcnoBHO OyaeM  cuuTaTh, 4YTO B HAydaJlbHOM, dll = S OxEx = EEg; 2
HenedopmupoBanHoM cocrosiauu | = 0. re E - wmomyts IOHra, mepeMelienne Touek
MOTIEPEYHOTO CEUEHUs] MOXKET OIpPENENAThCS 3a CUET €ro
nosopota 8 = —v'y, a cnenoBarensHO, Aepopmarust OyaeT
a6 " 1 "2 o
g=_=-VYy a di1=sE(v")y (rrpuxom

al® https://orcid.org/0000-0003-2530-5516
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obo3HayeHo aunddepeHunposanue mo x). byxem cuntath
CIpaBeUIMBOM THUNOTe3y MpsAMBIX HopMmaneil. J[lanee
HanumeM

n2 L "2
7= %fffVE(v ) y?dxdydz = éfo EJ,(v")"dx (3)
B sTom BeIpaskenuu s U unTerpain ff r yzdxdy =/,

rie J, MOMEHT WHEpUUH cedeHus Oamkm. J{s
MOTEHIMAIBFHON HEPTUU BHEIIHUX CHJI HAIUIIIEM

L
A= —J; q(x)vdx

OxoHYaTeNFHO (YHKIMOHAT TIOJHON 3HEPrHU HMEEeT
[ 13410111707 8:3701

1L 2 L
I=H+A=Ef0 EJ,(v") dx — [ qyvdx =
L dav.
Jy F(xv, dx 4

Haxoxnenns wMuamMyma ¢yHKnumoHana (4) 1pu
COOTBETCTBYIOIINX TPaHUYHBIX YCIIOBHSX naer
BapHaIlOHHAs ITOCTaHOBKA 33/1a4 O MOIEPEYHOM H3rube
OaJIK CTEpKHs MOCTOSHHOTO ceueHuss: OCHOBHOMW 3amaueit
BapHAIMOHHOTO  MCYMCICHHS SBISICTCS  ONpEICNICHHE
BENMYMHBl V(X), KOTOpas JOCTaBISeT CTallMOHAapHOE
3HaYCHHE UHTETPAIy

1= [ F(ou)dx (5)

Yepe3 f obo3naueHa (yHKIMs, XapakTepU3ylolas B
MEXaHHMKEe KOHCTPYKLIHMH KaK IUIOTHOCTBH JOMOJHHUTEIBHON
sHepruy, al - ¢yHkunoHain, T.e. QpyHKUUSA OT QyHKIHU (B
nanHoMm ciaydae ot ¢ykuuu f). B cramuponapHoii Touke
CIIPaBEAJINBO CIICIYIOLIee YCIOBUE

di(v)/d(v) =0

Torzma Manble U3MCHEHUs NEpeMelleHue V B BUAC OV
NMPUBOANT K  MaJloOMy W3MEHEHHI0  (yHKIHOHANA,
o6o3HayaemMomy depe3 OI, 4YTOOBI MOJYYUTH MOJE3HOE
BeIpakeHHe Ui 8/, HEOOXOAUMO MPOMHTErPHPOBATH 3TO
BBIpa)XEHHE MO YacTsIM. HeoOxomuMele yCIoBHsS MUHUMYMa

¢yukumoHana (4) naet ypaBHenus Jlarpamxa

dl d? al
primrer il ®)

[MoctanoBka ypaBHeHue (4) B ypaBHEHHe Oiliepa-
Jlarpamka (6) maer auddepeHIHaNbHOE —ypaBHEHHE
paBHOBECHS OCH H30THYTOTO Opyca B BUae (OPMYIIBI

4
El,om=ay=0 (1)

B ocHoBe MeTosa KOHEUHBIX 31eMeHToB (MKD) nexut
BapHalioHHOe ucuucinenne [2]. g 3Toro Haxoamm
MUHIMYM (yHKOHOHana (4) MpH TPaHUYHBIX Pa3ITUIHBIX
TPaHUYHBIX YCIOBHSX.

Pemenue umercs kak metos Putia

v = Yk=1 VP (x) = Xg=q vieNi(x)  (8)

C ToOil pasHuuel, YTO V) SABIAETCA Y3JIOBBIMH
nepemenieHUAMH @ (x) = Ni(x) - dyHkuus Qpopmbl
OITHOTO DJIJIEMEHTa, TJIe N — YHCIO CTENeHed CBOOOABI
KOHEYHO-3JIEMEHTHOMU CeTKH [2].

Jnst MUHEME3aMU QYHKIHMOHANA, IPUBEICHHOI BbIIIE
(dopMyam Juis TOTHO# 00JIACTH ClelyeT HAMCATh CHCTEMY
ypaBHEHUi

(227

v,y
1@
al ) Ovg, _
v { } =0 (9)
a1(m
0Vnm

3I{CCL m - YHCIO DdJeMeHTOB. Ecimm CIIpaBE€JINBO
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YTBEpIKICHHE, 4TO (YHKIMOHAT pPaBeH CyMMe BKIAJIOB
OTJEIIbHBIX 3JIEMEHTOB, T. €., 4TO

=3, 10m (10)
TO CUMBOJIMYECKHU YPAaBHEHUE NPUHUMACT BUJ
o _ym _OI m) _
gy “i=lgy =0 (11)

rae, CyMMHpPOBaHHE IPOM3BOUTCS 110 BCEM HIIEMEHTaM.
TakuMm 06pa3oM, MOJIYUCHO MPABHUIIO COCTABICHHS CHCTEMbI
ypaBHEHHl, MHUHUMH3HUPYIOIHUX (YHKIHOHAN, IS BCErO
ancambnst [7]. B uactHOM ciydae, korma | sBisiercs
¢ynkmonanoMm Buaa (10) mpon3BoAHYIO AT dJIEMEHTa m
MOJKHO 3alicarth B BUJE:

R TCOMICOR1C) (12)

VUnm
rae [k]0™, P - nocrosuHble MaTpHubl (MaTpHIia
JKECTKOCTH M BEKTOp Harpy3ok aieMeHTa). Temeps cucremy
ypaBHeHu# (12) MUHUMH3HpYIOMUHA (QyHKIIHOHAN, MOKHO

3arnucarb CJICAYIIUM 06pa30M
al

==
5, = KZ-P = 0 (13)

ITycth HCKOMBIE CTENEHH CBOOOIBI, WM Y3JIOBBIC
HEepPEeMEHHbIC, NPHHATO OOBEIMHATH B TaK HAa3bIBACMBIC
JJIEMEHTHBIE BEKTOPa Y3JIOBBIX IEPEMEHHBIX, B JJAHHOM
Cllydae y3JIOBBIX MepEeMEICHHUMN:

KZ=P (14)

Marpuunoe ypaBHenue (14) mnpencraBiuser cobOoi
CTaHZApTHYI0 (OpMy 3amHMCH  CHCTEMbl  JIMHCHHBIX
anreOpanyecKix YpaBHEHHH METO/la KOHEUHBIX 3JIEMEHTOB
(CJIAY MKD). 3apanee ompeneianM, 4TO B MOITY4YEHHOMH
CHCTEME ypaBHEHHMIl Ollepalusi ¢ TPAaHUYHBIMH YCIOBHUSAMHU
NPOU3BOJATCS B CIEAYIOLNIEM BHJE: KHHEMaTHYECKUE
TPaHWYHBIE YCJOBHS 4Yepe3 BEKTOpa IepeMelIeHuld, a
cTaTHyecKue yepes Bekropa BHemHux cui [8]. CrepixkueBoit
JJIEMEHT C TEepeMEHHBIM  IONEePEYHBIM  CEUCHHEM,
n300paXeHHOH Ha puC.2 WUIOCTPHPYET OCHOBHBIE
(hakTOpHI aNMmpOKCHMAIlMd TEOMETPUH KOHYCOOOpPa3HBIX
NPU3MAaTHYECKUX JJIEMEHTOB W IUIACTHH IEPEMEHHO
TOJIIIUHBI.

F (x)

~ L)
Fy 2x,u
T 3

Puc. 2. Pacuernas Moaenan djieMeHTa

AIIbTEpHATUBHBIH ~ CTYNIEHYaTOMY  HPEICTABICHHIO
CIY>KHUT TIPOCTasi anmnpoKcuManus Beandussl F(X) Bo BceM
KOHCTPYKTUBHOM  3JeMeHTe JiIM00 Ha  CEerMeHTaXx,
pa3OUBaIOIIUX 3TOT KOHCTPYKTUBHBIH 371eMeHT. YKa3aHHas
anmpoKcUMalMs HeoOXoauMa B CHIIy  CIEAYIOLIEro
obcrositenscTBa. Ecmu  TpeOyercs HaWTH SABHBIA  BHJ
MaTpUlbl KECTKOCTHU DJJIEMEHTA, TO, KaK JIETKO BHUICTH,

22
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HHUKaKUM €JMHBIM TIpeicTaBieHneM F(X) Henb3s 3amaTh
TOYHO BCE BO3MOJKHBIE (OPMBI KOHCTPYKIMH. DyHKIHSA
TIepeMeIeHUH,  WCIONB30BaBIIAsCS UL DJIEMEHTa
TIOCTOSTHHOTO CEYCHUSI, B 9TOM CIIydae He SBISIETCS TOUHOMH,
TaKk Kak OHAa MPUBOAUT K YCIOBHIO TIOCTOSHCTBA
nedopmaryii, KOTOpoe y)K€ HE BBINOJIHAETCS BIONIb OCH
3JIeMeHTa. B MIpaKTHKe MIPOEKTHPOBAHUS
NpOGUINPOBAHHBIX ~ CTEP)KHEBBIX M IUIACTHHYATHIX
3JIEMEHTOB B INPOCTPAHCTBE MOXHO IPOCTHIM CIOCOOOM
aNIpOKCHUMHUPOBATh  T'€OMETPHUYECKUE  XapaKTEePUCTHUKH
ceueHuii[9]. Tompko B 3TOM  cilyuyae  IpUIETCS
paccMaTpuBaTh HM3MEHEHHE TONIIMHEI DJJIEMEHTa H B
TIePIEHIUKYJISIPHOM HaIpaBJICHUN IUIOCKOCTH
pacIonoKeHnu dIeMeHTa, T. e. BMecto F(x) cienyer 6path
b(x) 1 h(x), kak moka3aHHOI Ha pHC. 2 :
b(x) = (1= ay Dby, h(x) = (1 = az Dy
a; = h1h1hzv az = blb—lbz (15)

MOXKHO MOJYYHTh MATPHIy >XECTKOCTH IUISI TaKoro
JJIEMEHTA, HO B 9TOM CITy4ae MOMEHT MHEPLHH OIIepPEYHOTr0
cedyeHus OyJIeT 3aBUCETh OT JUIMHBI YJIEMEHTA

f f Y2d (b)) = f A+ 0 (1 + @y Sdbydh
F 7 L L

= [, y?dbidh (1 + &y DL+ @ D) = J,(1 +
bh®
aDA+a) =0 +a ) +a7)?  (16)

C YUY€TOM HNPAMOYTOJBHOCTHU NOHNEPEHYHOI'0 CEYCHUA
CTEPXKHA JI1 MOMEHTA MHEPIUU CCUCHUS HAITUIIIEM
3
bihy

x x x X 4
]z(1+‘11z)(1+‘122) = (1+“1z)(1+azz)
ODyHKIMOHAJ NOJIHOM SHEPruK UMeeT CIeyOUMN BU
1L "2
I=I+4=_] EJ,(v") 1+ alf)(l + azi—c)3dx -

L L dv
Jy awvdx = [ F(x,v, dx a7
Haxoxnenus wmuHuMyma ¢ynkunonana (17) mpwu
COOTBETCTBYIOIUX TpaHUYHBIX YCIIOBUAX Jlaet

BapHallOHHAs TIOCTAaHOBKA 3a[a4i O IOIEPEeYyHOM H3ruode
GaJIKi CTEp)KHS EPEMEHHOro cedeHus. [ MUHUMHU3aU
(yHKIHMOHANIA BocCTONb3yeMcsl ypaBHeHusMEH (9-15) mist
OJIHOTO JJIEMEHTa COCTOAIas M3 JABYX Y3JOB M TOrZa
MaTpHLa KECTKOCTH JUIS CTEPXKHS MEPEeMEHHOTO CeYeHHs
3aIHUILIETCA CIIELYIOIMM 00pa3oM

[k]= I[N"]T EI)[N"]dx = I(1+ a %)(1+ a, E)S[N"]T E3,[N"]dx=

= EJ [y(1+ & DA+ a2, 2)? {%(25 -1) -3¢ -

T
2) —2@E-1) —5(35—1)} X

6

{%(25—1) -2(3§-2) -S@i-1) -I(3-
1)} (18)

31ech J; - MOMEHT MHEPLUH IIOTIEPEYHOTO CEUCHUS B
y3ne 1. Toraa unrerpupys 3aBucumocts (18) o anuue L n
C ydeToM 3aBUcHUMOCTeH miust (yHKIMH (GOpMBI TONIE
MepeMeIeHHH W MEepPEeMEHHOCTH IIONEePEYHOTr0 CeYCeHHs
MOXXHO TIOJyYHTh MAaTpPHIly JKECTKOCTH IS TaKoro
JNIeMeHTa

https://t.me/tdtuilmiynashrlar

kin kiz kiz kg

[ = |
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36
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69
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3. 3akioueHue

Takum 006pa3om, IpH BHIYUCICHHH MAaTPHILY )KECTKOCTH
JUIL CTEPXHS C IIEPEMEHHBIM IONEPEYHbIM CEYCHUEM
HeoOXomuMo OymeT 3amaBaTh pa3Mephl TOIEPEYHOTO
CeYeHHUs B Ha4aJle M KOHIE JICMEHTa ¥ MOMEHT MHEPLUN
HOTIEPEYHOTO CEYEHHUS TOJILKO B HaYase JIEMEHTA.

A 3amayM ¢ y4eTOM MEPEMEHHOCTH IONEPEYHOr0o
CEUYEHUs CTEP)KHS COCTOSIINX W3 HECKOJIbKHX KOHEYHBIX
3JIEMEHTOB PELIAIOTCS JUTSl Pa3IMYHBIX TPAHNYHBIX yCIOBHIt
OYEeHb IPOCTO.
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New constructive decisions lining of tunnels of metro

M.X. Miralimov!®? A l. Karshiboevl®P®
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In the present work statement of a problem and realization of received results and decisions were caused
proceeding from practice of designing and construction of responsible objects, as tunnel constructions.
Received results represent the big economic value: the further development of a scientific direction in
the field of tunnelling by creation and improvement of designs and introduction in practice of designing
and construction of results of the lead researches. Thus, the kind of design and its constructive elements,
the form and the geometrical sizes of a design, presence of lateral tunnels, top and return arch of an
average tunnel and distance between columns is considered. Proceeding from principles designing and
constructions of tunnels are created new constructive decisions of station of underground of the open
way of works and transported a tunnel of a circular outline of the closed way of works with antiseismic

joint.
Keywords:

tunnel, design, underground, arch structure, construction

1. Introduction

Level of industrialization tunnelling is characterized by
degree prefabricability and modularity applied designs [1,
2]. Receptions of designing transport tunnel lining basically
are connected with observance of the general requirements
and principles of aseismic construction [3]:

- principle of uniform distribution of seismic forces;

- principle of decrease in size of inertial seismic forces;

- principle of decrease in deformations along a tunnel;

- principle of increase of rigidity in plane of cross-
section section of a tunnel. At use in seismo- perilous areas
of modular designs an obligatory condition is the device of
corresponding communications between the modular
elements, allowing to reach reliability lining as a whole.
Thus the separate elements are larger, the greater reliability
possesses lining as modular joint even at high-quality
grouting will always differ on the rigid parameters from
modular elements. Optimum designs are modular
completely closed parts lining for the open way of works.
Monolithing joints of combined concrete lining are the main
condition of reliability of their work. At monolithic rigid
overlapping there is more rational distribution of the seismic
loadings acting to lining. First of all the principle uniform
strength designs should be observed. i. e., durability of units
and joints of connected elements in a combined lining should
provide transfer of longitudinal compressing and extension
forces and bending moments. Seismic stability of a tunnel
construction on adverse sites of a line is recommended to
provide with constructive measures, namely longitudinal
both cross-section constructive reinforcing and application
of a material, stronger than others, more favorable sites. It is
expedient to increase some dimensions of lining, considering
expected amplitudes of vibrations of a ground and possible
displacement in this connection lining concerning designed
axis of tunnel. Ferried and station tunnels of undergrounds
have interfaces; besides on ferried way construct various
chambers of special purpose, ventilating trunks, adjunctions.
In railway tunnels also is available many cross-section
chambers, galleries, niches [4]. Sizes of bearings places for

a2 https://orcid.org/0000-0003-2530-5516
bl https://orcid.org/0000-0003-2755-2609
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beams and plates of overlapping should be increased. The
design of joints and units should be simple that simplifies
manufacture of works and raises their quality. Seams
between separate elements and after welding parts should be
closed up places of high-strength concrete with lowered
shrinkages, and bottlenecks - a cement mortar. For plate and
box-shaped slab designs are to exclude opportunity of their
shear or failure from places of bearing in any direction [4].
Author during of some years taught discipline “Designing
and construction of tunnels” in the Tashkent automotive and
road institute on faculty “Bridges and Transport Tunnels”
and directly was engaged in improvement of existing designs
of tunnels of underground. Considering the above-stated
principles and requirements, working together with institute
of “Design and Construction” he has advanced and received
new constructive decisions of stations and ferrying tunnels
of underground and their constructive elements. Now
designers are used alternative designing of structures of
underground lining which component is the preliminary
choice of type of lining. Subsequent calculation lining,
entering on the basis of calculation of necessary corrective
amendments in a design and recurrence these operations
allow to achieve desirable effect - provision of durability,
stability and reliability under rational expenditure and the
best use of materials.

2. Methods and materials

2.1. One arched type of underground concrete
structure (Certificate Ne77 of official
registration in Uzbek patent office, Registered
15. 03. 93)

Formulation of the invention is increase of seismic
stability of station and decrease material capacity. Problem
put by invention is solved that the pallet is executed in
supported places on semivaults with cavities and the sockets
located on their bottom, where cavities and the bottom end
faces of semivaults have semi-cylindrical form, and
semivaults are executed ridge with output part at the bottom
end faces, established by the last in cavities of tray on a
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cement mortal-sandy and connected to it through joint. On
Fig. 1.1 the aseismic station of underground of one-vaulted
(arched) type is represented. It contains the arch 1 formed of
two ridge s semivaults 2 which are rigidly connected among
themselves at the end of the top hand 3 and at joint through
reinforcement output palrt 5, monolithic concrete 6.

1000 o iz

Figure. 1 One arched type of underground concrete
structure

Bottom end faces of 7 semivaults 3 have semi-
cylindrical form and output part 8. Tray 9 is executed in
places of supporting with arched cavity bottom 10 semi-
cylindrical form at the bottom of which sockets 11 are
formed. Semivaults 2 are connected to a tray 9 by joint due
to installation from the bottom end faces 7 in sockets 10 trays
9 on cement and mortar-sand 12 and of pins 8 of semivaults
2 in cavities 11 of tray 9.

2.2. Two arched type of underground concrete
structure (Certificate Ne 3838 of official
registration in Uzbek patent office, Registered.
08. 07. 1996)

This invention concerns to area of underground
construction and can be used at erection of underground by
the open way in areas with high seismicity. The two-vaulted
design of station of the underground, executed of pig-iron
blocks [2] is known. Such station is used at construction of
underground deep laying. Aim of invention is development
of a design of station of underground with raised seismic
stability, allowing to lower expenditures of labour at its
erection.

December, 2024
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Figure. 2 Two arched type of underground concrete
structure

Task is solved that in the aseismic station of
underground is containing two tunnels divided by columns,
each of which contains arched overlapping and wall part,
they are executed from separate reinforced concrete
elements and connected among themselves and to columns
by means of a seismic seam. Wall part element is executed
in the form of L- shaped section. Performance of station from
modular elements and connection by their seismic seams
allows to increase seismic stability and to reduce
expenditures of labour under erection of station. The
invention is explained by the drawing on which the design
stations (cross-section, Fig. 2) is schematically represented.
The station contains wall part elements 1, executed L-shaped
section, arched slab 2 forming two tunnels, divided by a
column 3. Elements are executed from reinforced concrete
and connected among themselves by means of seismic seams
4,5, 6. The L- element 1 is supplied by ledges 7 and 8 on
which platform plates 9 are easily established. At erection of
station separate elements 1,2 and 3 establish in the prepared
tunnel or a foundation ditch and join among themselves by
means of seismic seams. Seismic seams provide distribution
of loading at various static and dynamic influences due to
the fact that seismic stability of station increases. Use of
modular elements considerably reduces terms of erection of
station and the charge of a material. Such station can be used
both with lateral, and with island platforms

2.3. New underground concrete structure in node
of the underground line intersection
(Certificate Ne 4386 of official registration in
Uzbek patent office, Registered 24. 02. 1997)

Invention concerns to area of underground construction
and can be used at erection of lines of underground by the
open way in areas with high seismicity. Station of
underground on crossing of lines ferrying tunnels which
consists of two stations located one after another [4] is
known. The closest on technical essence offered station is
incorporated station in unit of crossing of the lines,
containing arch in the form of frame design, platforms and
the ways placed at different levels [6]. Lack of this
construction is greater material inputs and duration of
construction. However this given station is characterized by
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insufficient seismic stability and greater material inputs on
construction.

Problem of the invention is development of design of the
station possessing raised seismic stability and profitability.
The task in view is solved that in aseismic station in unit of
crossing of lines of the underground containing arch,
platforms and the ways located on different, levels, where
the arch is executed in the form of a thin-walled dome-
formation, and platforms and ways of one line are located in
a direction, perpendicular to a direction of a platform and
ways of other line, thus the place of crossing of ways is
located in the centre of station. Performance of the arch of
station in the form of a dome raises seismic stability of a
construction and all station. The thin-walled spatial design
of the arch and an arrangement of a point of crossing of ways
in the centre of station raises profitability of construction
(Fig. 3). The station contains the arch 1 executed in the form
of a thin-walled dome with strengthened sole 2, of platform
and a way of one line and a platform and a way of other line
3 which are crossed in the centre of station. 1/2 - 1/3 part of
height of a dome leaves on a surface of a ground. Such
constructive decision of station, on a line of crossing is
economic and allows to diversify architecture of station, to
use its internal space for accommodation of economic
objects. The station of underground in units of crossing
ferrying tunnels can be used also for construction of tunnels
of underground deep laying.

a

hY

A

~ \
N T~ \
Escalators

Figure 3. Station in units of crossing tunnel lines

2.4. Underground structure of tunnel ring
(Certificate Ne 4387 of official registration in
Uzbek patent office, Registered 24. 02. 1997)

Combined circular tunnel lining mounted in rings from
reinforced concrete blocks is known. Each block is executed
with chamfers all four corners and supplied by loops. Loops
of adjacent blocks are done by plates, connected of bolts
communication and filled through cement mortar [5].
However, this given design is characterized by insufficient
seismic stability, labour inputs of installation. The closest on
technical essence to offered is circular tunnel lining mounted
by tubing blocks connected among themselves by bolts

https://t.me/tdtuilmiynashrlar

under the cross scheme by means of plates which have been
built in the bases of pins, executed on corners of the block
[2]. Lack this structure is complexity and labour inputs of
installation because of discrepancy of manufacturing of
special pins and accommodations it in their basis. A problem
of the invention is development of a lining design, labour
input providing decrease at installation. Task in view is
solved that in aseismic circular lining from the modular
reinforced concrete elements, containing tubing blocks
connected by bolt connection under the cross scheme by
means of board established on the docking probe placed in
bottom, located on corners of the block, probes are placed in
end faces of bottom and rods are executed as IT shaped form.
Accommodation of probes in end faces of bottom and
connection of blocks by means of II shaped form which
allows more quickly and with smaller labour input to carry
out installation circular lining. On Fig. 4 is shosn combined
reinforced concrete lining. Invention is explained by the Fig.
5 where lining contains tubing blocks 1, on corners of the
block 2 are executed sockets, in end faces of sockets 2
docking probe s 3 are placgd.

Figure 4. Circular concrete lining of underground
constriction

Figure 5. Place of connections
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At installation carries out by rods of IT shaped form and
fix them with bolts 5. Blocks connect under the cross
scheme. Connection providing reliable work lining of tunnel
in seismic areas.

3. Conclusion

It is known, that antiseismic joints intended for
strengthening of rigidity, in a longitudinal direction of an
axis of a tunnel, keeping thus its integrity, puts into operation
not only at influence of longitudinal seismic waves, but also
at cross-section deformations tunnel lining. Such joint
undergoes greater static and dynamic loadings. Therefore,
joint of connection of blocks in tunnel lining should be fixed
an establishment reinforcement pins in section of the
concrete block. Here were development designs, in view of
increase of degree prefabricability, decrease material
capacity with simultaneous maintenance of durability. Thus,
its constructive elements, the form and the geometrical sizes
of a design, presence of lateral tunnels, the top and return
arch of an average tunnel, distance between columns were
considered kind of design. The offered new constructive
decisions of tunnels are registered in the State register of
inventions of Patent Department of Republic Uzbekistan and
used at designing, the third Unusabadskoy lines of the
Tashkent Metro.
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Research of the asynchronous generator used in micro HPPs via the
MATLAB Simulink model

U.T. Berdievl®2 M.M. Matgosimov2®P
1Tashkent state transport university, Tashkent, Uzbekistan
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Abstract: Using the imitation model of asynchronous generators used in microgames, it allows you to conduct
analysis of various dynamic operating modes of renewable and asynchronous generators used in mini
and microgames, as well as to obtain results and control control.

Keywords:

micro HPP, asynchronous generator, dynamic operating modes, matlab simulation, voltage, current

MikroGESlarda qo‘llaniluvchi asinxron generatorini MATLAB
Simulink modeli orgali tadqiq qilish

Berdiyev U.T.1®2 Matqgosimov M.M.2&b
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston
2Andijon mashinasozlik instituti, Andijon, O*zbekiston

Annotatsiya:

MikroGESlarda qo‘llaniluvchi asinxron generatorlarning imitatsion modelidan yordamida qayta

tiklanuvchi hamda mini va mikroGESlarda qo‘llaniluvchi asinxron generatorlarning turli dinamik ish
rejimlari tahlilini olib boorish hamda natijalar olish va boshqgaruv nazorat olib borish imkonini beradi.

Kalit so‘zlar:

1. Kirish

Jahonda energiyaga bo‘lgan extiyoji kun sayin ortib
borishi natijasida har ganday energiyaning ishlab chiqgarilishi
arzon va sifatli bo‘lishini talab etadi. Elektr energiyasi kashf
gilinganidan boshlab hozirgi kungacha elektr energiyaga
bo‘lgan talab tobora ortib bormoqda. Shu bilan birga elektr
energiyasini ishlab chigarilish dolzarbligi ortib bormoqda.
Shu nuqtaiy nazardan qaraydgon bo‘lsak olib borilayotgan
ilmiy tadgiqot ishimizda elektr energiyaning ishlab
chiqarilishi juda soda va oson bo‘lgani uchun elektr
energiyaning tannarxi kamayishiga olib kelmogda. Bu esa
Respublikamizda mikroGESlarning soni ortib borishiga
turtki bo‘ladi. MikroGES lar qurilishida suv omborlarining
ekologik zararlarining oldini olish, stansiyalar qurilishida
kichik kapital sarflar xarajatlar bo‘lishi va kapital
xarajatlarni qoplash imkoniyatlari dolzarb xisoblanadi.[1]

So‘ngi o‘n Yyillikda mikroGESlar dunyoda keng
targalmogda bunga asosiy sabablardan yana biri tabiiy
energiya resurslarini kamayib tugab borayotganligi umumiy
ta’siri sezilarli bo‘lib, katta miqdorda elektr enegiyasi, shu
bilan birga tabiiy gaz singari birlamchi energiya resurslar
sarfini ham kamaytirish dolzarb muamolardan bo‘lib
golmoqda. Shu sababli, mikroGESlarda qo‘lanilayotgan
asinxron generatorlardan foydalanish hamda elektr energiya
ishlab chiqarish bo‘yicha qator ilmiy izlanishlar olib
borilmoqda.[3].
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mikroGES, asinxron generator, dinamik ish rejimlar, matlab simulik, kuchlanish, tok

2. Tadqgigot metodikasi

Differentsial ~ tenglamalar  tizimlari  yordamida
tavsiflashning klassik usuli eng umumlashtirilgan usul bo‘lib
hisoblanadi. Obyektning matematik modeli uning
idealizatsiyasi hisoblanadi, shuning uchun tenglamalarni
tuzishda va vaqtinchalik jarayonlarni ko‘rib chiqishda
"idealizatsiya qilingan" obyekt bilan bog‘liq umumiy qabul
qilingan cheklovlar va taxminlar qo‘llaniladi.[3]

Shunday qilib, elektr mashinalari uchun tenglamalarni
tuzishda, fazali chulg‘amlar nosimmetrik, po‘latdagi
yo‘qotishlarni e’tiborsiz qoldiradi va hokazo. Obyektni
soddalashtirish bilan bog‘liq holda, matematik modelni
haqiqiy obyektga sozlash muammosi paydo bo‘ladi, uning
mohiyati eksperimental ma’lumotlarga iloji boricha
yaqinroq natija beradigan parametrlarning bunday
giymatlarini aniqlashdir. Lozim bo‘lsa, ko‘proq omillarni
hisobga olish mumkin, ammo bu differentsial tenglamalar
tizimini yechishni ancha murakkablashtiradi va yechimning
vaqtini  oshiradi. Shu munosabat bilan qidiruv
ixtisoslashtirilgan dasturlarga o‘tkaziladi.[5]

Generator ishlayotganda quyidagi rejimlar mavjud
bo‘ladi: salt ishlashda kondensator qo‘zg‘alishi, ishga
tushish va yuklamada ishlash, yuklama ostida qo‘zg-‘alish.
Ushbu rejimlarni asinxron mashinaning tenglamalar tizimi
tufayli tahlil gilish mumkin.

Tenglamalar shaklini olishning eng keng tarqalgan usuli
bu Kirxgoff, Amper qonunlarini elektr zanjirlariga qo‘llash

December, 2024
Research, Innovation, Results



https://orcid.org/0000-0001-8404-3013
https://orcid.org/0009-0007-2900-0046

Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:4|2024

va olingan tenglamalarni ma’lum koordinatalar tizimiga
aylantirishdir.

Valdagi muvozanat qonunini yozish uchun mashinaning
inersiyasini, rotorning burchak tezligini, rotorga ta’sir
qiluvchi momentni hisobga oluvchi Nyutonning ikkinchi
gonunidan foydalaniladi. Natijada, differentsial tenglamalar
tizimi  o‘rganilayotgan tizimning barcha konturlarini
kompleks tahlil qilishga imkon beradi. Biroq, olingan
differentsial tenglamalar tizimini faqatgina hisoblash
texnikasi yordamida yechish mumkin. Ko‘p sonli konturli
obyektning xarakteristikalarini qurish hisoblash texnikasiga
bo‘lgan talabni oshiradi. Bundan tashqari, asinxron genrator
loyihasining yuqori aniqligi uchun elektr mashinasining
to‘lig magnit xarakteristikasiga ega bo‘lish kerak,
xarakteristikani to‘g‘ri chiziq bilan qabul qilish mumkin
emas. Magnitlanish toki koordinatalarida haqiqiy egri
chiziqli xarakteristikaga ega bo‘lish talab qilinadi.

Asinxron mashina odatda stator va rotorda joylashgan
magnit bilan bog‘langan chulg‘amlar tizimi sifatida
tushiniladi. Statorning A fazasi chulg‘ami va rotorning a
fazasi chulg‘amining o‘zaro ta’sirini ko‘rib chigsak, shuni
ta’kidlash kerakki, rotor aylanayotganda bu chulg‘amining
fazodagi o‘zaro pozitsiyasi doimiy ravishda o‘zgarib turadi.
Qabul qilingan taxminlarni hisobga olgan holda o‘zaro A va
a chulg‘amlari o‘rtasidagi induktivlik

Myq = Mcosy (1)

bu yerda M - A va a chulg‘am o‘qlari mos kelganda sodir
bo‘ladigan o°‘zaro induksiyaning maksimal qiymati; y =
fot wydt +yo— A va a chulg‘amlari fazalarining o‘qlari

orasidagi burchak (w, = 2prn rotorning burchak chastotasi;
n - rotorning aylanish chastotasi, p - qutb juftlari soni; y, -
rotorning boshlang‘ich holatini aniqlaydigan burchak.

Magnitlanish toki koordinatalarida haqiqiy egri chiziqli
xarakteristikaga ega bo‘lish talab qilinadi.

Tenglamalar tizimi davriy va kompleks
koeffisientlardan iborat bo‘lmay, yechimlar kvazigarmonik
va garmonik funksiyalar bilan tavsiflanadi [2, 3]. AG

L
L

sigimli qo‘zg‘alishi d-q koordinatalar sistemasidagi
kompleks shakldagi tenglama bilan tavsiflanadi:
D+ iQ)2xni0 + (0 + i) x50 + (p + Q)i + x.ig =0
—xcig + (0 + iQ)2x1nin + (p + iQin + Xcpnin =0
PXagliz + Taly + PXmio =0 @)
il + i1=i0
in+ic=1i
bu yerda p - farqlash operatori;
bu yerda p - farqlash operatori;
i1, i2 in, ic, lo, mos ravishda stator, rotor, generator
yuklamai, qo‘zg‘alish sig‘imi, magnitlanish toklari;
I, 2 - stator va rotor fazalarining aktiv qarshiligi;
X1s, X2s — stator va rotor fazalarining oqish induktiv
reaktivligi;
Xm - 0‘zaro induktiv qarshiligi;
Xc, XLn, Xcn — reaktiv qarshiliklar.

Ammo yozishning ushbu shaklidan foydalanganda
generator tizimlarining o‘tkinchi jarayonlarini tavsiflashda
xarakterli qiyinchiliklar yuzaga keladi, chunki stator
zanjirlar o‘zgaruvchilari o‘zgarishi yuz beradi. Asinxron
generatorning  yuklamada ishlashi ko‘pincha stator
zanjirlarining nosimetriyasi bilan tavsiflanadi, shuning
uchun a, b, 0 o‘qlarida tenglamalar tizimini qo‘llash tavsiya
ctiladi, bu esa elektr mashinasi oniy holatini aniqlashga va
hisoblash resurslariga talablarini kamaytirish imkonini
beradi.

MikroGES qurilmalaridagi kondensator yordamida o‘z-
o‘zidan qo‘zg‘atishli asinxron generatorning kompyuter
yordamidagi dinamik ish rejimlarini xarakteristikalarini
olish uchun avvalo matematik modelda keltirib o‘tilgan
kovishli gidroturbinaning hamda kondensatorli o‘z-o‘zidan
qo‘zg‘atishli asinxron generetorning differensial
tenglamalari, matematik tavsifi, matematik modeli va
strukturaviy sxemalaridan foydalanilgan holda MatLab
dasturi Simulink paketi matematik imitatsion model ishlab
chiqildi (1-rasm).

B ]

1-rasm. Avtonom mikroGES asinxréﬁgeneratorning imitatsion modeli

Ushbu imitatsion modelda quyidagi elementlardan
foydalanilgan:

1) Kovishli gidroturbina — ushbu elementda kovishli
gidroturbinaning parametrlari — diametri =300 mm uzunligi
= 500 mm, kovish diametri = 100 mm, kovishlar soni = 12
ta, kovish hajmi = 150 sm3, kovish shakli — yarim shar.
Kovishli gidroturbina elementi (2-rasm) da w_Turb suv
eneriyasi ta’sirida kovishli gidroturbina olayotgan tezlik
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bo‘lib, uning ta’sirida ishlab chiqarilayotan mexanik
energiya P(w_Hydro, w_Turb) bloki orgali aniglanadi, ushu
element natijasi sifatida Tm mexanik moment olinadi.
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n n-D T(u)

w_Hydro [
Dol T
w_Turb . -1 1

500 rpm P(w_Hydro,w_Turb) +
m
-
‘

2-rasm. Kovishli gidroturbina elementi

2) Asinxron generator yugorida keltirilgan asinxron
generatorning parametrlari — Rs, Ls, Rr, Lr, Lm, Inersiya,
Magnit induksiya, juft qutblar soni asosida kovishli
gidroturbinadan berilayotgan mexanik energiya yordamida
elektr energiya ishlab chigaradi (3-4-rasmlar).

2-rasmda ko‘rsatib o‘tilgan kondensator asinxron
mashinani generator rejimida ishlash imkonini beradi. Uch
fazali kondensator (5-rasm) asinxron mashina ishga tushgan
vaqtda dvigatel rejimida tarmogdan oladigan reaktiv
energiyani o‘zidan ishlab chigarib beradi, trubinadan
berilayotgan mexanik energiya asinxron mashina rotorining
nominal tezligini 10 % orttirib berilganda asinxron mashina
generator rejimiga o‘tadi, o‘lchov elementlarida asinxron
generator stator chulg‘amlari uchlarida o‘zgaruvchan
sinusoidal kuchlanish hosil bo‘ladi.

Asynchronous Generab
2200 T 5kWVA

Hydro

w_Hydro -

Hydro Turbine

3-rasm. Kovishli gidroturbina va asinxron generator
elementrlarining bog‘lanishi

Block Parameters: Asy ono
Asynchronous Machine (mask) (link)

Implements a three-phase asynchronous machine (wound rotor, squirrel cage or double squirrel cage)
modeled in a selectable dq reference frame (rotor, stator, or synchronous). Stator and rotor windings are
connected in wye to an internal neutral point.

Configuration ~ Parameters  Load Flow
Nominal power, voltage (line-line), and frequency [ Pn(VA),Vn(Vrms),fn(Hz) ]: [ 7,5e3, 220, 50 ] g

Stator resistance and inductance [ Rs,LIs ] (pu): [ 0.0012,0.0061]

Rotor resistance and inductance [ Rr\,Ur' ] (pu): [ 0.0085,0.0063]

Mutual inductance Lm (pu): 0.57

Inertia constant, friction factor, pole pairs [ H(s) F(pu} p() I: [ 0.00214,0.0041,2 ]

Initial conditions.

[slip, th(deg), ia,ib,ic(pu), pha,phb,phc(deg)]:

([ Simulate saturation Plot

[i;vI(pu): [00;001

Cancel Help Apply
4-rasm. Asinxron generator paramertlari
Asinxron generator salt ishga tushgan vaqtda rotor
tezligi orgali kuchlanish 220 V da bo‘lishi ta’minlanadi.

https://t.me/tdtuilmiynashrlar

—|—e
—

HT Asynchronous Generat
4o 220V 7,5KVA
J_ PF Correction
Capacitor Hydre
T |45kvar w_Hydro
Hydro Turbine
5-rasm. Uch fazali kondensatorni tarmoqda ulanish

modeli

Yuklama ulangan vaqtda generatordan chigayotgan
kuchlanish tushuvi hisobiga tarmoqda 220 V bo‘lmaydi,
bunda o‘lchov-nazorat qurilmalari yordamida kuchlanish
220 V bo‘lashi ta’minlanadi (6-rasm). Bunda variator
qurilmasi  yordamida turbinadan berilayotgan tezlik
o‘zgartiriladi, uning hisobiga generatordan chiqarilayotgan
kuchlanish rostlanadi.

Load 2
Load 1
n A
< MmO Bl
Yuklama 1 i !
C
Yuklama 2

6-rasm. Tarmogqga yuklamalarning ulanishi
Yuklama ulangandan so‘ng chiqish kuchlanishi yuklama
holatiga qarab o‘zgarishi kuzatiladi ushbu holatni ishlab
chigilgan imitatsion model orgali nazorat gilish mumkin
bo‘ladi.

3. Natija va muhokamalar

Tarmoqgqga yuklamalarning ulanishi davomida asinxron
generatordagi o‘tkinchi jarayonlarni tahlil qilish Scope
elementi orgali olingan xarakteristikasi tahlil gilinadi.

Salt ishlash rejimadagi kuchlanishlar oniy giymatlari 7-
rasmda ko‘rsatilgan. Grafikda asinxron generator tomonidan
ishlab chiqarilayotgan o‘zgaruvchan uch fazali kuchlanish
aks etgan bo‘lib, 220 V giymatda ekanligi ma’lum bo‘ladi. _
N — T . - - — T —

7-rasm. Asinxron generator salt ishlash vaqgtidagi
stator uchta fazasidagi kuchlanishlar
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Sraquancy

8-rasm. Asinxron generatorda ishga tushish hamda salt |
ishlash vaqgtidagi tarmoqga berilayotgan kuchlanish
chastotasi

T

Vi

9-rasm. Asinxron genérator rotorining ishga tushiéh,
salt ishlash hamda yuklama vaqtidagi rotor tezligini
o‘zgarishi

10-rasm. Yuklama vaqtidagi stator fazalaridagi
toklarning oniy giymatlari
Yuqoridagi imitatsion model yordamida olingan
harakteristikalar yordamida mikroGESlarda qo‘llaniluvchi
asinxron genratorni chiqish kuchlanish, tok o°zgarishlarini
tahlil gilish hamda nazorat gilish imkoniyati yaratildi.

4. Xulosa

Avtonom mikroGESlarda qo‘llaniluvchi kondensator
orqali qo‘zg‘atiluvchi asinxron generator va uning
boshgaruv qurilmasining tajriba-sinov namunasi hamda
imitatsion modeli ishlab chiqildi. Ishlab chigilgan imitatsion
model yordamida mikroGESlarda qo‘llaniluvchi asinxron
generatorning dinamik ish rejimlarini tahlil gilish imkoniyati
yaratildi hamda tahlil qilish orgali natijaviy xarakteristikalar
ham olishga erishildi va asinxron generatorining chigish
kuchlanishlarini boshqarish nazorat gilish imkoniyati
yaratildi.
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Delivery of cargo flows through the territory on international routes

A.U. Kuziev*®? A Kh. Muratov*®®
ITermez State University, Termez, Uzbekistan

Abstract: The article analyzes the development and problems of the transport sector and communications. Also,
the issue of timely delivery of cargo flows in the region in international directions with the effective use
of road, railway and river transport means and networks was considered.

Research aimed at the development of the methodology of optimal distribution of cargo flows will
help to increase the efficiency of the transport system in the region, promote sustainable economic
development and minimize the negative impact on the environment, which makes it especially relevant

in modern conditions.
Keywords:

transport, network, graph theory, multi-network, road scheme, cost, optimal, freight transportation

Yuk ogimlarini hudud orgali xalgaro marshrutlarda yetkazib berish

Kuziev A.U.1&2 Muratov A.X, lba
1Termiz davlat universiteti, Termiz, Ozbekiston

Annotatsiya:

Magolada transport sektori va kommunikatsiyalari rivojlanishi va muammolari tahlil etilgan.

Shuningdek hududdagi yuk oqimlarini xalqaro yo‘nalishlarda o‘z muddatida avtomobil, temir yo‘l va
daryo transporti vositalari va tarmog‘idan samarali foydalanilgan holda yetkazib berish masalasi

garalgan.

Yuk ogimlarini optimal tagsimlash metodologiyasini ishlab chigishga garatilgan tadgiqotlar
mintagadagi transport tizimi samaradorligini oshirishga, bargaror iqtisodiy rivojlanishga
ko‘maklashishga va atrof-muhitga salbiy ta’sirni minimallashtirishga yordam beradi, bu esa uni
zamonaviy sharoitlarda aynigsa dolzarbligini oshiradi.

Kalit so‘zlar:

1. Kirish

Bozor iqtisodiyotining ~ zamonaviy  bosgichida
O‘zbekiston Respublikasi, jumladan, Surxondaryo viloyati
igtisodiyotining barcha tarmoglari  ragobatdoshligini
oshirishni tagoza etadi. Keyingi yillarda yuk ogimi oboroti
nafagat ichki tashishlarda, balki xalgaro tashishlarda ham
sezilarli darajada oshib bormoqgda. Xususan, Surxondaryo
viloyatining tashqi savdo eksporti va importi qo‘shni
Afg‘onistonga o‘sishi kuzatilmoqda

So‘ngi yillarda transport xususan avtomobil sanoatining
tez su'ratlar bilan rivojlanishi avtomobillarni bir maromda
ishlatilishini  ta'minlovchi tarmoglarni rivojlantirishni,
shuningdek bu tarmoglarda ishlab chigariladigan
mahsulotlar miqdorini oshirishni hamda yuk tashish
jarayonlarini  optimallashtirish va undan  samarali
foydalanish tagozo etmoqda.

2. Tadqigot metodologiyasi

Adabiyotlar tahlili. Xalgaro transport koridorlari hudud
transport tarmog‘ini rivojlantirishda muhim ahamiyatga ega
ekanligi [1] manbaada bayon etilgan. Chunki transport
tarmog‘ida yuk oqimlarining hajmiga tranzit yuklar ham
ta’sir etadi.

https://orcid.org/0000-0002-8121-8030
b https://orcid.org/0000-0002-4450-2892
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transport, tarmoq, graflar nazariyasi, multitarmoq, yo‘l sxemasi, xarajat, optimal, yuk tashish

Har xil transport tarmog‘ini loyihalash shakllari va
o‘tkazish qobiliyatining metodologik asoslari [2] ko‘rilgan.

O‘zbekiston Respublikasi Prezidentining 2022-yil 28-
yanvardagi “Yangi O‘zbekistonning taraqqiyot strategiyasi
to‘g‘risida”gi PF-60-sonli farmoni bilan tasdiglangan 2022-
2026 vyillarga mo‘ljallangan Yangi O°‘zbekistonning
taraqgiyot strategiyasida amalga oshirishga oid davlat
dasturida hududlarda yuklar shakllanishining asosiy
nuqgtalarini  hisobga olgan holda transport-logistika
markazlari tarmog‘ini tashkil etish va yuk tashish
xarajatlarini 30 foizgacha kamaytirish bo‘yicha vazifalari
belgilangan [14].

Magqolada dastur paketlarida grafik nazariyasidan
foydalangan holda eng qisqa yo‘l muammosini hal qilish
usullarining tahlili keltirilgan [3]. Buda muammoning
yechimi mashhur Deykstr usuli, simulyatsiyasi usuli va
chumoli algoritmi usuli yordamida amalga oshirilgan.

Tashish  marshrutlarini  rejalashtirish  masalalarida
genetik algoritm (Congli Hao, Yixiang Yue, 2016), transport
masalasini yechishda dasturiy tizimlardan foydalanish (E.E.
Simakov, Elizaveta Kim, 2014), chumoli kolonnasi
algoritmi, gibrid algoritm (Kai, K., Haijiao, N., Yuejie, Z.,
Weicun, Z., 2009) va qisqa yo‘l algoritmi (J.Swinkels, T.
Fleuron, 2014; Sh.A.Butayev va A.Kuziyev, 2009) keng
foydalanilgan.
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Yuk tashish hajmini optimallashtirish, yirik yuklarni
tashish, kichik partiyali yuklarni yetkazib berish, turli ishlab
chigarishlarda soatli harakat jadvallarini ishlab chigish,
transport tarmog‘ida tarmoqning o‘tkazish qobiliyatini
hisobga olgan holda ogimlarni optimallashtirish masalalari
(A.A.Shermuxamedov, A.U.Kuziyev, 2022. A.Kuziev, M.
Juraev, Z. Yusufkhonov, D.Akhmedov, 2023. A.Kuziev,
2023. A.U.Kuziev, A.A. Urokov, 2020) hamda diskret
optimallashtirish masalalari bo‘yicha (A.A.Tyuxtina, 2015)
ilmiy ishlarida ham, marshrutlashtirish masalalarini hal
qgilishning bir gancha modellari va usullari keltirilgan.

Uslub va materiallar. Magqgolada xalgaro yuk
tashishlarda  har  transport  turlaridan  foydalanish
imkoniyatlari tahlil etilgan bo‘lib, statistik tahlil, graflar
nazariyasi va tarmoq samaradorligini baholashning
jamlovchi usullaridan foydalanilgan.

3. Natijalar

Yuk tashish jarayonida transport xarajatlarini
optimallashtirish  masalasi  yechimini topishda yuk
jo‘natuvchi  obyektdan yuk iste’molchilarga qisqa
masofalarda arzon (kam xarj) yoki yetkazib berish
muddatlari gisga bo’lgan yuk tashishning optimal rejasini
topish zarur bo‘ladi. Bunda tashish jarayonlarning optimal
usulini topish uchun dastlabki ma’lumot sifatida yuk
jo‘natuvchi punkt va yuk qgabul qilivchi punktlar o‘rtasida
transport  alogani  ko‘rsatuvchi  transport tarmog‘i
hisoblanadi. Mazkur ko'rinishdagi transport masalalarni
yechishda graflar nazariyasi real holatlar uchun eng magbul
variant hisoblanadi. Graflar tutashma manzillarni yoki yuk
jo‘natuvchi va qabul qiluvchilarni aks ettiruvchi cho‘qqilar
hamda wularni biriktiruvchi yoylardan iborat bo‘ladi.
Transport tarmog‘ii graflar ko‘rinishda aks ettirish juda ham
qulay hisoblanadi. Transport tarmog‘i tashish yo‘nalish
gismini namoyon etadi.

Tarmogda ogimlarni  o‘tkazuvchanlik  qobiliyati
to‘lguncha qayta tagsimlaydi, o‘tkazish qobiliyati to‘lgan
yoy hisobdan chiqariladi [4].

Har xil transport turlari tutashgan manzillar mos
ravishda bir nechta manzillar ko‘rinishda tasvirlanadi. Ular
boshlang‘ich-so‘nggi  operatsiyalar ~ bo‘yicha  kelib
chiqayotgan xarajatlarning iqtisodiy ko‘rsatkichlarini aks
ettiruvchi chiziglar bilan bog‘langan [5, 6, 12, 13].

Xalgaro transport tizimlarining ajralmas gismi va
muhim bo‘g‘ini bo‘lgan O‘zbekiston avtomobil va temir
yo‘llarining xalqaro tashuvlar tizimidagi o‘rni salmoqli
darajada oshmoqda.

Xalqaro tashishlarni, xususan Termiz (O‘zbekiston) -
Mozori Sharif (Afg‘oniston) yo‘nalishida yuk ogqimlarini
optimallashtirishning igtisodiy-matematik ~ masalasini
garaymiz.

Masala quyidagicha qo‘yiladi: ikki tomondan
chegaralangan to‘plamlar G = (4,U) yig‘indisi berilgan
bo‘lsin: bunda A — G grafaning elementlari (cho‘qgqilari), 1
dan Ngacha A = {1,2,...,N) belgilanadi, U — Ggrafaning
yoylari bo‘lib, (i, j) juftlik i punktdan jpunktgacha transport
tarmog‘i hisoblanadi.
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1-rasm. Transport tarmog‘ini grafada ko‘rinishi va
ularda shakllanadigan umumiy tashish xarajatlari,
bunda: ¢/} —avtomobil, C}; —temir yo‘l, C} — daryo
transportlari bo‘yicha tashish bilan bog‘liq xarajatlar,
so‘m/t; Cl-';m —tashish bilan bog‘liq bo‘lgan umumiy
xarajatlar, so‘m/t

Quyidagi 1-rasm misolida 6 ta punkt bo‘lib, grafaning
oltita cho‘qqisini bildiradi, punktlar o‘rtasida yuk
oqimlarining harakati ikki tomonlama bo‘lganligi uchun
quyidagicha bo‘lishi mumkin: 1 va 2 punktlar bo‘yicha (1,
2) va (2, 1); 1 va 3 punktlar bo‘yicha (1,3) va(3,1); 1 va 6
punktlar bo‘yicha (1, 6) va (6, 1); 2 va 4 punktlar bo‘yicha
(2,4) va (4, 2); 3 va 5 punktlar bo‘yicha (3, 5) va (5, 3); 4 va
5 punktlar bo‘yicha (4, 5) va (5,4); hamda 5 va 6 punktlar
bo‘yicha (5, 6) va (6, 5).

Bunda quyidagi mezon talablarini bajarish lozim [7]:

F= Zi X5t - C¢ > min (1)

bunda:X;; —yuk tashish ogimini xarakterlovchi parametr
o‘zgaruvchisi; C;; —yuk tashish tannarxi.

Marshrutlarda tashilayotgan hamma yuk turlari bo‘yicha
tashish oqimi shu uchastkadan yuk o‘tkazib yuborishning
maksimal imkoniyati ijmax doirasidan oshmaydi.

Y Xy<Qiijel] )

ij yoylar bo‘yicha tashiladigan va manfiy bo‘lmagan

[ —yukKlar ogimlari X;;; ni aniglash, ya’ni
X;j=0,ij €l ©)

Bu usulning g‘oyasi quyidagidan iborat. Qulay yo‘llar
tizimi quriladi, St yo‘nalishining yuk oqimini o‘tkazish
gobiliyati aniqlanadi, ya’ni u(S,...i,j...t) dg =
min d”dek

Qatordagi navbatdagi X,; yukni qulay yo‘llar yoylari
bo‘yicha jo‘natish (tagsimlash) bilan birga bu yuk o‘tgan
yoylarning o‘tkazish qobiliyatlari ana shu yuk miqdoriga
kamaytiriladi. Yoy to‘liq qanoatlanganda yopiladi va
keyingi hisoblashdan chiqariladi [7, 8, 11].

S punktdan t punktga navbatdagi korrespondentsiya
ko‘riladi. Eng qulay yo‘Ining o‘tkazish qobiliyati aniqlanadi
u(s,...i,j,...t), bunda dg; = mind;;; i = (S,...,t —1),
G=S+1,...,t)ijEpu

Har xil transport turlarida tashish jarayonining logistik
operatsiyalari tarkibi ma’lum ketma-Kketlikda bajariladi va
ular transport vositasini mos ravishda ma’lum ketma-
ketlikda bir holatdan ikkinchi holatga o‘tishini taqoza etadi
va ular tashishda ishtirok etadigan transport turlariga bog‘liq
bo‘ladi hamda bir holatdan keyingi holatga o‘tish mos
ravishda xarajatlarda aks etadi. Masalan, R —ro‘yxatdan
o‘tkazish, D —deklaratsiya hujjatlarini rasmiylashtirish;
K —bojxona xodimlari tomonidan yukni ko‘rikdan
o‘tkazish; € — SES xodimlari tomonidan yuklar tahlili va

i
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ularning xulosasi; H —yo‘nalishi bo‘yicha harakatlanishi;,
T —avtomobildan yukni saqlash joyiga tushiriladi; S —
yuklar saglanishi; O —yuklarni boshqga transport vositalariga

ortish; Q —temir yo‘l transportini gabul gilish (bir vagon
uchun) va shu kabilar (2-rasm).

Avtomobil transportida tashish

R>—(D)—(B)—(K)>—(H)

*le- A
™

Avtomobil-Temir yo'l-Avtomobil sxemasi bo'yicha tashish

.« e 1

RO =t () et 1) e (3 et NG
S ’

- (Tt (Q) ) T N —~

R (D )o{ l)_)‘\ 7 \f a ;/»A“ i ¥ /;\ —e{H)
X)) (s) Y s )

4
0

(R)=(D)+B

.

Ch+ClT+ G

)_\ r—e{ H )

~A 4 CE A
Ca+cl e

2-rasm. Turli xil transport turlarida yuk jo‘natish manzilida va tashish
jarayonida amalga oshiriladigan logistik operatsiyalar

Tarmoqda yuk ogimlarini tagsimlash masalasini
yechishda transport tarmog‘i va tashish o‘lchamlari
dastlabki ma’lumot bo‘lib hisoblanadi. Yuk tashish
parametrlari, ya’ni aniq belgilangan punktlarda yuklarni
ishlab chiqarish hajmi va iste’moli yoki hamma yuklar hajmi
bo‘yicha tashish rejasi yuk tashish matritsasi ko‘rinishida
berilishi mumkin, bunda ma’lumotlar tarmoqning har bir
yuk jo‘natuvchi va qabul qiluvchi punktlari uchun
ko‘rsatiladi [9, 10].

Yuk tashish ogimlarini optimallashtirish masalasi
turlicha variantlarda qo‘yilishi va yechilishi mumkin.
Dastlabki variantda yuk tashish ogimlarini optimallashtirish
ularni o‘tkazish qobiliyati chegaralangan tarmoqlarga
tagsimlashdan iborat bo‘lib, u ko‘p sonli mahsulotlar
masalasini yechish bilan bog‘liq bo‘ladi. Bunday masalani
amaliy yechish katta qiyinchiliklarni tug‘diradi, avvalambor,
qiyinchilik dastlabki ma’lumotlarni yig‘ish bo‘yicha ishlar
hajmining juda kattaligidadir [4, 9, 10].

Ikkinchi holatda yuk tashish matritsasining har bir
qatorini bir punktli ishlab chiqarish bilan o‘zining
turkumidagi «bir turli yuk» sifatida garash mumkin. Bunda

TEEMIZ

Radlway-87 km = 2708 tonna

Read-103 kn = 25084900 _

tarmoqda yuk oqimini optimallashtirish masalasi qulay yo‘l
tizimini yaratish masalasiga keltiriladi. Jumladan yagona
yuk junatish punktdan golgan hamma punktlargacha ushbu
yo‘llar yoyi bo‘yicha keyingi yuk jo‘natuvchi punkt va qabul
qiluvchi punktlarga taqsimlash qulayroq bo‘ladi hamda bu
masalani yechish vaqgtini kamaytiradi. Shuningdek yuk
jo‘natuvchi va iste’'mol qiluvchilarning yuk tashish
matritsasini qulayroq o‘lchamga keltirishga imkon beradi.
Shu tufayli, yuk tashish hajmlari matritsa ko‘rinishida
berilgan bo‘ladi. Agar tarmoqdagi wuzel “kompleks”
hisoblansa, ya’ni mazkur uzelda bir nechta tur transport
birlashsa, unda ishlab chiqarish hajmlari (B) “boshlang‘ich”
punktda, iste’'mol hajmlari esa (O) “so‘nggi” punktda
to‘planadi deb hisoblanadi [4].

Bu usul yordamida Surxondaryo viloyatidan Mozori —
Sharif shahriga yuk tashish variantlari ko‘rib chiqilgan,
tarmoqda yuk ogimlari optimal tagsimlangan va transport
tarmog‘ini rivojlantirish masalasi aniq ma’lumotlar asosida
yechilgan (3-rasm). Tarmoq uzellari tartibi aylana ichida
ko‘rsatilgan.

MOLORI SHARIF

Water-18 k=85

Raitway-87 km = 2738100
Road-103 km = 25051000
Water-18 kni=85=Road-65 ko= 1608 teana

3-rasm. Surxondaryo viloyati transporti multitarmog‘i
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4. Xulosa

Hisob natijalariga asosan hududimizdagi yuk ogimlarini
Mozori — Sharifga yetkazib berishda avtomobil transportida

yetkazish magsadga muvofiq hisoblanadi. Chunki gishlog
xo‘jaligi mahsulotlarini o‘z vaqtida manziliga yetkazishni
taqoza etadi. Hisob natijalari quyidagi 1-jadvalda keltirilgan.

1-jadval
Termiz — Mozori Sharif yo‘nalishida yuk tashish xarajatlari va yetkazib berish muddati
Tashish . . .
. . . . _ Yuklarni  yetkazib  berish

Tashish sxemasi Ew;sofasu Tashish xarajati, $ muddati, min.
Avtomobil-Temir
yo‘l-Avtomobil 87 199
Avtomobil transporti 103 437
Avtomobil-daryo-
Avtomobil 8 689

Ushbu tadgiqot natijalaridan foydalanish har xil
transport turlarida yuk tashishni rejalashtirishda imkoni
beradi. Tashish hajmlarini oshirish, iste’molchilarning yuk
oqimlarini yetkazishga bo‘lgan ehtiyojlarini o‘z vaqtida
kafolatli qondirish va iqtisodiy samaradorlikka erishiladi.
Bunda iqtisodiy hududda yuk oqimlarni transport tarmog‘ida
optimal tagsimlash masalasini hal etish ishlab chigarish
kuchlarining transportga bo‘lgan xarajatlarini sezilarli
darajada tejab qolishiga olib keladi. O‘z navbatida ishlab
chigarilayotgan mahsulotlarni  samarali tashishda va
igtisodiyotimizning raqobatdoshligini oshirishga imkon
beradi.
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Classification of container terminals according to the development level of

Abstract:

Keywords:

logistics serviced by a reachstacker

Sh.R. Abduvakhitovi®?
1Tashkent state transport university, Tashkent, Uzbekistan

The aim of the study is to improve container terminals and terminal technologies in transport logistics
systems. The objectives of the study are to study the current state and problems of container terminal
capacity and to develop recommendations for increasing capacity and improving terminal technologies
of a container terminal on the railway. The article proposes a new classification of container terminals
by the level of development of logistics served by a reach stacker. Classification of container terminals
by the level of development of logistics will make it possible to increase the competitiveness of the
terminal and increase the volume of services provided to customers.

railway transport, container terminal, container platform, container, service, capacity

Kiaaccupukanusi KOHTeiiHEPHBIX TEPMHUHAJIOB 10 YPOBHIO Pa3BUTHS

JIOTUCTHKH, 00CTY:KHBAEMOiIi pHUCTAKEPOM

Aoaysaxurtos IIL.P. 152

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalkeHT, Y30eKucTan

AHHOTALUA:

KmoueBsie ciioBa:

Lenpro mccnenoBaHus SBISETCS COBEPIICHCTBOBAHHE TEPMUHAIBHBIX TE€XHOJIOTHH B TPAaHCHOPTHBIX
JIOTUCTHYECKUX CHCTEMax. 3aJaudl HMCCIENOBAHUS - M3YYUTh COBPEMEHHOE COCTOSHHE M HPOOIEeMBI
HPOITYCKHOM CIIOCOOHOCTH KOHTEHHEPHBIX TEPMUHAIIOB M Pa3paboTaTh PEKOMEHAAINH 10 OBBIIICHUIO
HPOITYCKHOH CIIOCOOHOCTH W COBEpIICHCTBOBAHHIO TEPMUHAIBHBIX TEXHOJIOTHH KOHTEHHEpHOTOo
TepMHHaJa Ha JKeJe3HOoi mopore. B crarhe mpemnoxeHa HoBas KilacCH(pHKAIMSA KOHTEHHEPHBIX
TEpPMHHAJIOB 10 YPOBHIO PAa3BUTHS JIOTHCTHKH, OOCTyxkuBaeMol puucTakepoMm. Kitaccupukarus
KOHTEHHEPHBIX TEPMHUHATIOB MO YPOBHIO pPAa3BUTHS JIOTUCTHKHM JacT BO3MOXKHOCTh IIOBBICHTH
KOHKYPEHTOCIIOCOOHOCTh TEPMUHANIA U YBEININTH 00BEM YCIIYT, IPETOCTABIIEMBIX KIIHEHTaM.
JKEJIe3HOJOPOXKHBINA TPAHCIIOPT, KOHTEHHEpPHBIH TEepMHUHAJ, KOHTEHHepHasl IJIOLIajgKa, KOHTEHHep,
yclyra, BMECTUMOCTb

COBEPILICHCTBOBAHUIO  TEXHOJIOTUI
TpaHCIOpTE.

TEPMHUHAJIOB Ha

1. BBeaenue

KonreitHepHble  TepMUHANIBl  SIBISIOTCS  BaXXHBIM
KOMITOHEHTOM B IIEMIOYKAaX MOCTaBOK M CIyXaT Uit
NepeBajIKi KOHTEHHEpHBIX IOTOKOB. B Hacrosmee Bpems
KpPyIHEHWIIUM  reorpa@uuecknM  CEKTOPOM  pBIHKA
KOHTEIHEepHBIX HEepPEeBO30K SIBIISIETCS A3zuaTcko-
Tuxookeanckuii peroH. C KaxIbIM JHEM YHCIEHHOCTb
HaceJIeHus B CTpaHax ¢ pa3BUBaIOUIelcs SKOHOMUKOMN
pacTer, 4to, B CBOIO OYepelb, YBEIMYMBAET CIPOC Ha
TOBapHI U ChIpbe. Kak ciieicTBUe, crpoc Ha TOBAapHI U CHIPhE
CIIOCOOCTBYET 3HAYUTENLHOMY YBEIMIEHHIO
MEXITyHApOJHOTO IPy30000poTa.

KoHTeitHepHbIe TepMUHAIBI UMEIOT OOJIBLIOC 3HAUCHUE
B TPAHCIOPTHBIX JIOTUCTUYECKHX cUcTeMax. Ero ocHOBHOI
3a/1a4eil ABIsSETCs MpeoOpa3oBaHUe KOHTEHHEPHOTO MOTOKA
C M3MEHEHHMEM €ro IapaMeTpoB, aJanTupyss HX K
TpeOOBaHMUAM CIEAYIONNX 3JIEMEHTOB IIENH IOCTABOK.
VBennueHne oO0BEMOB KOHTEIHEPHBIX IEPEBO30K CTaBUT
Bompoc 00 ydere TPOIyCKHOH ¥  IIeperpy30dHOit
CIocOOHOCTH KOHTEHHEPHBIX TEPMHUHAIOB. B Mupe BexyTcst
nccien0BaTeNbCkie paboThl IO ONTUMU3ALMHU MTPOIYCKHOM
CIIOCOOHOCTH KOHTEHHEPHBIX IUIOIIAIOK u

al® https://orcid.org/0000-0001-7150-7464
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C pasBuTHEM MaIOTO H CpegHero Ou3Heca Ha
TEpPUTOPHH Y30EKHUCTaHA AKTHBHO Da3BUBACTCS JIeTKas
HOPOMBIIIIEHHOCT. B CBA3M € 3THM  BO3HHKAaeT
HEOOXOMMOCTh TIEPEBO3KH IPy30B B KOHTeHepax [2;6]. B
YCIIOBHSX IIOCTOSHHO PACTYIIEro KOHTEHHEepONoTOKa Ha
aBTOMOOWMJIBHBIX W JKENE3HBIX JOporax Y30eKkucraHa
CYIIECTBEHHOI  mpoOieMol  sBIsETCS  yBEIHYEHHE
NpPOMYyCKHOM M mepepabareiBaronmieil  CIocoOHOCTH
KOHTEHHEPHBIX TEpMHHAJIOB. JTa mpolbiieMa CBs3aHa He
TOJNBKO €  palOHAJIBHBIM  MPOEKTUPOBAHHEM  WJIH
PEKOHCTPYKIMEH TepMHHANA, HO W C YyBEIHMYCHHEM
UCIHOJIb30BaHUSI  MOTPY30YHO-PA3TPY30YHBIX  MAIIWH,
pa3MelleHHs KOHTEHHEPOB 1 MPOIYCKHOI CTOCOOHOCTH.

2. MeToaoJiorusl uccjie10BaHus

KpaTrkuii HayuHblii aHagu3. MHOro4ucieHHble
HCCIIEIOBaHNSI OTEYECTBEHHBIX M 3apyOeKHBIX YUCHBIX
MOKa3aJld, YTO WCIIOJIb30BaHHE KOHTEHHEPHBIX ITEPEeBO30K
CIOCOOCTBYET Pa3BUTHIO TPy30000poTa MEXKIY pa3sHBIMHU
cTpaHamu.  BompocaMum — IpOMyCKHOW — CHOCOOHOCTH
KOHTEHHEPHBIX TEPMHUHAJIOB 3aHUMAJIMCh MHOTHE y4Y€HbIE,
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O/IHAKO, HECMOTPSI Ha 3TO, Hay4yHas 0a3a JOCTATOYHO MaJa.
Bompocamu pa3BuTHs TEOpHH KOHTCHHEPHBIX TEPMHHAIOB
B TPAHCIIOPTHBIX JIOTHCTHYECKUX CHCTEMax IIPHUBEICHBI B
HayYHO-HCCIIE0BATEILCKUX PaboTax M3BECTHBIX YUYEHBIX,
kak ['.I1. I'puneBuua, O.b. Manukosa, A.C. bananaesa, H.II.
Bepmuna, X.T. TypanoBa, A.B. Kupuuenko, A.H.
Paxmanrynosa, A.JI. Kysnenosa, C. Serban, K.H. Kim, J.
Luo, Y. Wu, A. Halldorsson, X. Song, D. Steenken, S. Vob,
R.Stahlbock, C. Caballini, C. Pasquale, S. Sacone, S. Siri u
MHoro apyrue[9-19]. B Hameil cTpaHe HCCIIEIOBAHUIO
BOIIPOCOB OPraHHU3allH IIEPEeBO30K Uepe3 KOHTCHHEpHBIE
TEepMHHAJBl B TPAHCHOPTHBIX JIOTUCTHYECKUX CHCTEMax
oco0oe BHUMaHHME yAelneHO B paborax ydweHsix H.H.
Noparumosa, K.T. Xynaiibepranosa, C.M. [xymabaeBa,
O.T. TyituueBa, M.X. Pacynosa, O.C.Typaumarona, C.K.
Xynaitbepranosa, XK.P. KaOynoma, .M. WnecanmeBa u
MHoOrux Jpyrux[1-5,7-8]. B 3apyOeXHBIX IHUTEpaTypHBIX
HCTOYHUKAX HCCIEOBaHHE IPOIYCKHOH CIIOCOOHOCTH
IPY30BOTO TEpMHHAJa YacTO H3ydaeTcs C YydYacTHeM
BOJJHOTO TPaHCIIOPTA.
Knacenpukanusi KOHTeiiHepHBIX TEPMHHAJIOB 110
YPOBHIO Pa3BHTHIO JIOTHCTHKH

KonreitHepHbIli TepMHHAT MOKHO PaccMaTpUBaTh Kak
CIIOXKHYIO TeXHHYECKylo cucreMy. OH MOXET coAepikaTh
MHOXXECTBO 3JeMeHTOB. OTCyTcTBHE XOTS OBI OZHOTO
JJIeMeHTa KOHTEHHEPHOr0 TepMHHAIa MOXKET ITOBIHATH Ha
ero pabory.

B Hacrosmee BpeMs, COIIaCHO  OIpeJeTIeHHIO
JIOTUCTUYECKOW JIeSITENIHOCTH, CYLIECTBYeT 5 ypOBHEH
noructryeckoro cepsuca (Party Logistics - PL), koropsie
Ba)KHBI KaK C TOUKH 3PEHHS acCCOPTUMEHTA YCIyT, TaK H C
TOYKH 3PEHHs TEXHOJIOTHYECKOr0 YypOBHA. Briouenne
KOHTEHHEPHBIX TEPMHHAJIOB TaKkXkKe HMeeT Ooublioe
3HAUCHUE B JIOTHCTUYECKOM CEKTOPE.

MHorue 3apyOexHble M OTCUECTBEHHBIC YYCHHBIS
clenamd  CBOW BKIAg B  pa3sBHTHE KOHTEHHEPHBIX
TEPMHHAJIOB ¥ TEPMUHAIBHBIX TeXHOJOTHI. OJTHAKO B 3THX
HCCIIE/IOBaHMAX HE MOJHOCTBIO PACCMOTPEHBI BOIPOCHI IO
OTIPE/IeNICHUIO KJIacCU(UKaNY KOHTEHHEPHOTO TepMHHAIIa
B 3aBUCUMOCTH OT CTENCHH pAa3BUTHA JOTUCTHKA U
MOTPeOHOH BMECTHMOCTH Ka)KIOTO TEXHOJIOTHYECKOTO
ydacTka. B maHHBIE BpeMsi AeHCTBYIOIINE KIacCH(PUKALIUI
KOHTEHHEPHBIX TepMHHAJIOB HE COOTBETCTBYIOT
aKTyaJbHBIM  TpPeOOBaHMSIM  TPAHCIOPTHOTO  CEpBHCA.
ABtopamu [1] paccMOTpeHO KOHTEHHEpHBIE TEPMHHAIIBI B
COOTBETCTBHUH IISITH YPOBHSAM JIOTUCTHYECKOTO CEPBHUCA JIIS
KO3JIOBOTO KOHTEHHEPHOT 0 KpaHa. IIpennoxeno
KIaccHQUIUpPOBAaTh  KOHTEHHEpHBIC  TEPMHHAIBI B
COOTBETCTBHUH IISITH YPOBHSAM JIOTHCTHYECKOTO CEPBUCA IS
pHtUcTaKepa.

IPL (FirstPaetyLogistic). Ha xoHTeliHepHOH 1uIoaaKe
IPY30BJIaJIeNel] CaMOCTOSATEIBHO OCYLIECTBIAET IOTPY3KY,
COPTHPOBKY U BBITPY3KY KOHTEHHEPOB C HCIHOJIB30BaHHEM
puUcTaKepa Jyisi COOCTBEHHBIX HYXKI.

2 3 5 4 6
1

Puc. 1. KonreiinepHblii TepMuUHAI,
coorBeTcTBYIOIMii ctangapty IPL (First Paety Logistic)
1 — KeNe3HOJOPOKHBIA MONBE3THON MyTh, 2 —
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YCTPOHCTBO COEOMHEHMS MyTeH; 3 — HmyTb Ui NPHEMO-
CIATOYHOM orepanuy; 4 — JKeIe3HOIOPOXKHBIN ITOrPY30HO-
pas3rpy30uHbIi MmyTh; 5 — TOKomoABOXM; 6 — 3abop; 7 —
IUIOIIaAKa JUIsl XpaHeHWs KoHTeifHepoB; 8 — mrabens
KOHTeIHepoB; 9 — aBToMOOMITHBIE Jopory; 10 — pudcTakep;
11 — agMHUHUCTpaTUBHBIE M CIIyKeOHOE KOMILIEKCH; 12 —
MYHKT KOHTPOJIS JOCTYTIa.

2PL (SecondPactyLogistic). KoHTeliHEpHbI TepMUHAT
OCYIIECTBIIAET MIPHEM KOHTEIHEPOB OT IPy300TIIPABUTENS 1
X Tepenady Tpy3ONONydaTelio, a TakKe Meperpys3Ky
KOHTEHHEPOB C OTHOTO BHa TPAHCIIOPTA Ha JIPYTOii, TO €CTh
C  aBTOMOOWJII  Ha  JKCNE3HONOPOKHBIH W C
JKEJIe3HOZOPOIXKHBIN Ha aBTOMOOHIIB.
3 4
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Puc. 2. KonTeiiHepHblii TepMuHAaJI,
cooTBeTcTBYIOIMIi cranaapty 2PL (Second Pazty
Logistic)

1 — KeNe3HONOPOXKHBIH MONBE3OHON MyTh;, 2 —
YCTPOHCTBO COCAMHEHNUS Iy Tel (CTPENOYHBIA IEpeBoa); 3 —
MyTh U1 TPUEMO-CAATOYHOI onepanuy; 4 — TOKOTIOABO; 5
— JKEJIe3HOAOPOKHBIM MOTrPpy30YHO-pa3rpy30UHbI y4acToK;
6 — 3a00p; 7 — mIOMIaKa JJIs XPaHSHUSI KOHTEHHEPOB; 8 —
mradenb KOHTeHHEepoB; 9 — aBTOMOOWIHBIE goporu; 10 —
puuctakep; 11 — agMHHUCTpaTHUBHbIE KOMILIEKCHI, 12 —
MYHKT KOHTPOJISI JOCTYTA; 13 — IPOU3BOICTBEHHBIE YIaCTKI
MpeIIPHUATHS

3PL (ThirdPartyLogistic). KonrteitHepHBIIi TepMuHa,
OTJINYAIOLIUICS MpUEMOM KOHTEIHEepOB oT
TPY300TIIPABUTENS, TEpefadeii WX TPy30HONydaTeNio M
MEepPEeBAIKOW KOHTEHHEPOB MEXIy pPa3InYHBIMH BHIAMHU
TpaHCIOpPTa., BHYTPUTEPMHUHAIBHOE SKCIICIUPOBAHUE, a
TaKOKe IKCIIETUPOBAHUE TPY30B.

<5 5 5 5.8 8
SESCESNES

X 12
11 ﬂ
1 9

Puc. 3. KonTeiiHepHblii TepMuHaJ,
cooTBeTcTBYWIUii crauaapry 3PL (Third Pazty
Logistic)

1 — KeNe3HOJOPOKHBIA MONBE3THON TMyTh;, 2 —
YCTpOICTBO coeAMHEHUs myTeil; 3 — myTh i mpuémo-
CIATOYHOH omnepanuy; 4 — *eae3HOAOPOKHbIM MOrPy30HO-
pasrpy30uHblil MMyTh; 5 — TOKOMOABOA; 6 — 3abop; 7 —
IolazaKa JUIsl XpaHeHUs KOHTeiiHepoB, 8 — 1mradenb
KOHTEHHEPOB; 9 — aBTOMOOMIIHBIE H0porH; 10 — puucTakep;
11 — agMUHUCTPATHBHBIE KOMIUIEKCHI; 12 — MyHKT KOHTPOJIS
nmocryna; 13 — cinyxeOHoe moMelieHne; 14 — mapKOBBIYHBIE
MecTa JUIsl JIETKOBBIX aBTOMOOWIeH; 15 — mapKOBBIYHBIE
MecTa JUIs OOJBIIErpy3HBIX aBTOMOOHMIEeH

4PL (FourthPaetyLogistic). KonTeliHepHBbIi TepMUHAI,
KOTOPBIN XapaKTepU3yeTcsi TeM, YTO 00eCIIeYnBaCTCsI IPUEM
KOHTEHHEpPOB  OT  TIPy300THpaBUTENs, BblJaya  UX
Ipy30H0IydaTessiM, epeaya KOHTEHHEPOB ¢ OZHOTO BUIA

i
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TpaHcHopra Ha JpYTOH, BHYTPHUTEPMUHATBEHOE
SKCIEUPOBaHUE, AKCIECAUPOBAHHE IPY30B, a TaKXKe C
BO3MOXXHOCTBIO OOBEIUHEHUS C IPYTUMH TepMHHAIaMHU
moJ oxHOM «(hUpMOI» ¢ opraHM3anueld yCKOPEHHBIX
KOHTEHHEPHBIX II0E3/10B.
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Puc.4. Konreiinepuslii TepMuHal,
cooTBeTcTBYIOMUIi cTrannapry 4PL (Fourth Pazty
Logistic)

1 — >KeNe3HOJNOPOKHBIA MOABE3OHON MyTh, 2 —
YCTPOHCTBO COCAMHEHMS MyTed; 3 — MyTh IS MPHEMO-
CHaTOYHOM  omepamuu; 4 —  TOKOmOABON;, S5 —
JKENE3HOAOPOXKHBIN  MOTPY30HO-Pa3rpy304HBId MyTh; 6 —
3abop; 7 — TuIOmamKa Ui XpaHCHUs KOHTCHHEpoB; 8 —
mradenb KOHTeHHepoB; 9 — aBTOMOOMIHBIE jgopory; 10 —
puuctakep; 11 — agMMHUCTpAaTHBHbIE KOMILIEKCHI, 12 —
MYHKT KOHTPOJIS ocTyna; 13 — cinyxebHoe momMerieHue; 14
— MapKOBBIYHBIE MECTA AJISI JETKOBBIX aBTOMOOMeit; 15 —
TIApKOBBIYHBIE MECTa NI OOJNBIIETPY3HBIX aBTOMOOMIICH;
16 — kpbITBI ckiag OOOpPYIOBAHHBIA CTEUIAXaMH JUIs
TapHO-yNMaKOBOYHBIX ~ IPy30B; 17 —  IOTpPy304HO-
pa3rpy304YHbIN ITyTh LIS KPBITOTO CKJIaaa

SPL (FifthPaetyLogistic). U, ecnu 4PL-npoaiinep
OKa3bpIBaeT elle M YCIyTd CETeBOro OW3Heca, TOrAa OH
cra”oButcs SPL-oneparopom.
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Puc. 5. KonreiinepHblii TepMuHa,

cooTBeTcTBYIOIUIi ctanaapry SPL (Fifth Pazty Logistic)

1 — >KeNne3HOJOPOXXHBI MOABE3NHOH IyTh, 2 —
YCTPOWCTBO COEIMHEHUs MyTei; 3 — MyTh Juisl MpUéMo-
CHATOYHOM onepanuy; 4 — *eae3HOAOPOKHbIM MOrPy30HO-
pasrpy3ouHblif MyTh; 5 — ToKomoaBox; 6 — 3abop; 7 —
IUIONIAZKa JUIT XpaHeHWs KOHTeifHepoB; 8§ — mrabens
KOHTelHepoB; 9 — apToMoOmIHBIE Moporw; 10 — pudcrakep;
11 — agMHUHUCTPATHBHBIE KOMIUIEKCHL; 12 — MyHKT KOHTPOJISL
nmoctyna; 13 — ciayxeOHOe moMereHne; 14 — mapKOBBEIYHBIE
MecTa Ul JITKOBBIX aBTOMOOWIEH; 15 — mapKOBBIUHBIC
MecTa isi OOJIBIICTPY3HBIX aBTOMOOWIeH; 16 — KPBITHIH
CKIaZ, OOOpYHOBAaHHBIM  CTeUIa)XaMH A TapHO-
YMaKOBOYHBIX TpPy30B; 17 — TOrpy304HO-pa3rpy304HBIit
IIyTh JJIs1 KPBITOTO CKJIaJa.

https://t.me/tdtuilmiynashrlar

3. Pe3yabTaTsl

B mHacTtosimee BpeMs  yBENMUMIOCH  KOJHYECTBO
MpeNpUATHH, TIPETOCTABIISIONINX KOMILIEKCHBIE
JIOTUCTUYECKUE YCIYIM — JIOTHCTUYECKUX IIPOBAHAEpOB.
YPOBEHB 3THX NPOBAWIEPOB CYIIECTBEHHO PA3JINYAETCS KaK
M0 aCCOPTUMEHTY MpeIaraéMbIX yCIyT, TaK U MO CTEHNEHU
TEXHOJIOTHYECKOH ocHameHHOocTH. COrlacHO —3amagHoi
KJIaCCH(UKAIIMN JIOTUCTHYECKOH JESTEILHOCTH, KOTOpast
aKTHBHO pa3BHBACTCS, CETOAHS BBIICISIIOT 5 ypOBHeit
JOTUCTHYECKOTO  cepBHca. Ha  Gaze  koHIenmmu
PartyLogistics, HalIpaBIeHHOI Ha YBENWYEHHE MPOITYCKHOM
CIIOCOOHOCTH JIOTHCTHYECKHUX 00BEKTOB, ObLIH
pa3paboTaHbl KJ1accH(pUKaTOPbI KOHTEHHEPHBIX
TepMUHAJIOB. OJTa  KJIaccHpHUKaUus  ONHpaercss Ha
ONpe/IeNICHNEe  yPOBHS  TPAHCIOPTHOM  JIOTUCTHKH ¥
IperHa3HaueHa IS CO3AaHMs HOBBIX BHIOB TPAHCIIOPTHO-
CKJIQJICKUX YCIYr, a TaKkKe JUIl TeXHOJIOTHYECKOTro
COBEPIICHCTBOBAHMSI CYIIECTBYIOIIUX ONEPaLIUi.

4. 3akjI09eHne

Ha ocHoBe mpOBENEHHBIX WCCIEIOBAHUI MOXKHO
NPUATH K CICAYIOLUIMM BEIBOJIAM

1. Ha ocHoBe xonnenuuu Party Logistics co3maHbl
KIacCHU(HUKATOPhl ~ KOHTEHHEPHBIX  TEPMHHAIOB  JUIS
pHYCTAKepOB M  IpeAycMarpuBaeT IATh  YPOBHEH
JIOTHCTUYECKUX KOMIIAHHUH.

2. TlpennoxeHHass Kiaccupukaims Oa3upyercs Ha
OIPENICTICHUM  YPOBHS  TPAHCIOPTHOH  JIOTHCTUKH U
IperHa3HaueHa JJIsl CO3AaHMsI HOBBIX BHIOB TPAHCIIOPTHO-
CKJIQJICKHX YCIyT.

3. Kiaccudukanuss KOHTEHHEpHBIX TEPMHUHAJIOB IO
YPOBHIO  Pa3BUTHUS JIOTUCTHKA 00CITy)KUBaEMbIM
pUYCTaKepoM JaéT KOHKYPEHTHOE MpPEHMYILIECTBO M
BO3MOJKHOCTh Pa3BUTHIO 3KOHOMHKH CTPaHBI.

4. Kiaccupukaropsl KOHTEHHEPHBIX TEPMHHAIOB IS
PHYCTAKEPOB  MOXXET  CIYy)KMT  PEKOMEHIALMil 1o
COBEPIICHCTBOBAHHIO ~ KOHTEIHEPHBIX TEPMUHAIOB U
TEePMHUHAJIBHBIX TEXHOJIOTHH.
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Development of e-commerce in passenger transportation of railway

Abstract:

Keywords:

transport

G.R. Ibragimova'®?, D.S. Gaipovl®P®
Tashkent state transport university, Tashkent, Uzbekistan

The development of e-commerce in the field of passenger transportation by rail plays a key role in
modernizing transport services and increasing their accessibility for passengers. The introduction of
digital technologies such as online ticket sales, electronic travel documents, mobile applications, and
automation of service processes can significantly improve the customer experience, reduce transaction
costs, and improve the efficiency of railway companies. This paper examines the main directions and
trends in the development of e-commerce in railway transport, as well as analyzes the challenges and
prospects for further implementation of digital solutions to ensure high-quality and fast passenger service.
Special attention is paid to data security issues, integration of modern platforms with existing
infrastructures, and future innovative opportunities in this area.
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Pa3Butne 3JIeKTpOHHOI7[ KOMMEPIIMH B IMACCAKKUPCKHUX IEPEBO3KaAX

KEJIEC3HOAOPOKHOI'O TPAHCIIOPTAa

U6parnmosa I'.P.102 Iaunos JI.C.10O°

TamkeHTCKMI TOCYJapCTBEHHBIN TPaHCIIOPTHEIA YHUBEPCHUTET, TamkeHT, Y36eKucTan

AHHOTALUA:

KmroueBsie ciioBa:

1. BBeaenue

Pa3BuTHE SNIEKTPOHHONH KOMMEpLHH B cepe NaCCaKMPCKHX IEPEBO30K Ha IKEIE3HOLOPOIKHOM
TPAHCIIOPTE MIPacT KIIOYEBYID POJIb B MOJCPHH3AIMHM TPAHCIIOPTHBIX YCIYyr ¥ IIOBBILICHHH HX
JOCTYIIHOCTH Ul HaccaKMpoB. BHenpeHue LU(POBBIX TEXHOJIOTHH, TaKMX Kak OHJIAHH-TIpojaxa
OUIIETOB, SIEKTPOHHBIC TIPOC3/IHBIC JOKYMEHTBI, MOOMIIbHBIC TPUIIOKCHHUS M aBTOMATH3aIUs IIPOLIECCOB
00CITy’)KUBaHHsI, MO3BOJISIET 3HAUUTENIBHO YJIYYIINTh KIMEHTCKUH OIBIT, COKPATHTH OIEPallMOHHbBIE
W3/IEPXKKA U TIOBBICUTH S (PEKTHBHOCTb PabOTHI JKEJIE3HOJOPOXKHBIX KoMmaHuil. B nanHo#l pabote
paccMaTpHUBAIOTCSl OCHOBHBIC HANpaBICHHS WM TEHACHIMH PAa3BHTHS OSJIEKTPOHHOW KOMMEPLWH Ha
JKEJIE3HOZOPOXKHOM TPAHCIIOPTE, a TAaKXKe AHAIM3MPYIOTCS BBI3OBBI M MEPCHEKTUBBI JajbHEHIIEro
BHEJpeHUs] LU(POBBIX pelIeHui i1 oOecredeHHs KaueCTBEHHOTO U OBICTPOro 0OCITy)KUBAaHHS
maccaxupoB. Ocoboe BHUMaHHE YAEIAETCS BOIMpPOCaM OE30MAcCHOCTH MaHHBIX, WHTETpAIud
COBPEMEHHBIX IIIaTGOPM C CYIIECTBYIOIIMMH HH(PPACTPYKTYpaMH M OyIyIIMM HHHOBAILIMOHHBIM
BO3MOXHOCTSIM B 3TOH 001acTH.

HHTETpays, K03 UINEHT, MOJIENH, CIIPOC, 00CITy)KUBaHHE, TPOTHOUPOBAHKE, METO, 00BEM

Jlns aHanuza pasBUTUS 3JIEKTPOHHOM KOMMepLUM B
MACCAKUPCKUX MEPEeBO3KaX Lenecoo0pa3sHO HCIOIb30BaTh
MaTeMaTU4eCKUe  MOJENHU,  OIMCBHIBAIOIUME  NOTOKH
MAcCaXHUPOB U JUHAMHUKY IPOAAX OMIIETOB Uepe3 OHJIAH-

PasBuTHe  OIEKTPOHHOM — KOMMepuuu B chepe cepBuchl [3]. Hampumep, MOXHO TMPEIIOKATH MOJIEINb,
MACCAXMUPCKUX  TEPEBO30K  HA  JKENE3HOAOPOKHOM OCHOBAHHYIO Ha 3ABHCHMOCTH crpoca Ha
TpaHCIIOpTe  OOYC/IOBICHO — CTPEMHTEIBHBIM  POCTOM JKETIe3HOIOPOIKHBIE OUIIETHI OT PA3TUYHBIX (JaKTOPOB: LIEHBI

U(POBBIX TEXHOJOTHH W TiobanmbHOU 1M poBHU3aLMeH
SKOHOMHKH. TpaJuIIHOHHbIC CITOCOOBI MPOAAXKH OUIICTOB U
B3aHMOJICHUCTBUSI C MACCAKHPAMH ITOCTETICHHO 3aMEHSIOTCS
Gonee yaoOHBIMU U 3G (PEKTHBHBIMH OHJIAWH-CEPBHCAMU,
YTO TOBBIIACT JOCTYIHOCTh TPAHCIHOPTHBIX YCIyr H
YIIOBJIETBOPEHHOCTD KIHMEeHTOB [1]. BaxHoit cocTaBisromei
3TOr0 IMpolecca SBISETCS CO3JaHHE MaTeMaTHYECKHX
Mozened st OUEHKM  3(QOEKTHBHOCTH  BHEIPEHHS
JNIEKTPOHHBIX CUCTEM M WX BJIMSHUS Ha ONEPAllMOHHBIC U
IKOHOMHYECKHE ITOKa3aTeNH JKeJIe3HOJOPOKHBIX KOMITaHHI

[2].

https://orcid.org/0000-0002-5998-533X
i https://orcid.org/0009-0001-1501-1699

https://t.me/tdtuilmiynashrlar

OWIeTOB, BpeMEHH [0 OTHpaBICHHUs I0e3[a, ynoOcTBa
OHJIAWH-TIIATGOPM, a TaKXKE HAIWYHSA JOTOJHUTEIBHBIX
yeiyr (JIEKTPOHHBIE TPOE3/IHBIC JTOKYMEHTHI, [porpaMma
JIOSUTHOCTH | T. J1.).

IIpenmonoxum, 4dYTO CHOPOC Ha OHJIETHI  4epe3
ANIEKTPOHHBIE KaHaibl D(t) B MOMEHT BpEeMEHH t MOXHO
omucarh QyHKIHCH:

D(t)=a-P(t)—B-C(t)+y-S(t)+e, )]

I'me (t)— ymoOcTBO MCIONB30BaHHS OHJIANH-CEPBHCOB
(HampuMep, CKOpocTh O(GOPMIICHHUS 3aKa3a, JOCTYIHOCTh
unTepdeiica), C(t)— crommMocTh GHIETOB HA KOHKPETHBIM
peiic, S(t)— nomnonHUTENBHAS ICHHOCT yCIIyTH (HAPHMED,
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rMOKOCTb  YCJIOBMH BO3Bpara OWIETOB, JOCTYIHOCTbH
HH}pOPMAIIHX 0 MapIIpyTe),

o, B, Y — KOIDUIMECHTH BIUSHHUA KAXKIOTO W3
(axTopoB Ha crpoc,
€ — CcIydaifHas COCTaBJISIONIAs, YYHUTHIBAIOIIAS

BHEIIHUE (DaKTOPbI, TaKHEe KaK CE30HHBIC KOJNeOaHHUs W
CIeHAIbHbIC aKIINH.

OTa Mozenb MO3BOJIIET NPOTHO3UPOBATH H3MEHEHUS
crpoca B 3aBHCHMOCTH OT YJyYLICHHMS WIH YXyJUICHHUSI
OJHOTO WM HECKOJNBKHX (DaKTOPOB, UYTO BAKHO IS
TIPUHATHS YIIPABICHYECKHUX PEIICHUH B JKEJIE3HOJOPOKHBIX
KOMITaHusAX. Ha OCHOBaHMM TakmX MPOTHO30B MOXKHO
ONTHMH3HUPOBATH MPOLIECCHI TIPOJTAXKH OueTos,
IUIAaHUPOBAaTh MApKETUHTOBBIC CTPAaTerMM M MOBBILIATH
SKOHOMHYECKYIO 3((EKTUBHOCTH KOMITAHUH.

2. MeTox0J10TUl iCCJIeIOBAHUS

Ilo orolf mpuumMHE  mpeABapUTENbHAS  OIEHKA
pabOTOCIIOCOOHOCTH  CHUCTEMBI  SIBISIETCS  OIHUM M3
KITFOUEBBIX aCIIeKTOB TSt obecriedeHus eé
pe3yIbTaTHBHOCTH B JOMYCTUMBIX  0o0BEMax. [ms
OTpeneNieHns] KauyeCTBEHHOH 3(PQEeKTUBHOCTH O0O0pabOTKH
3alpOCOB ITHMHM METOJaMH IIeNecooOpa3HO NPUMEHSATh
MOJETM TEOPHH MAaccoBOro oOciyxuBaHus. [{ns storo
CYIIECTBYET HECKOJIBKO MOAX0IO0B, M JJIsl ONIMCAaHHOW BBIIIE
CHCTEMBI MOXHO HCIIOJIb30BaTh cleayromue
MaTeMaTHYECKHE MOJICITH:

IIporaosupoBanne koddduimenTa 37aCTHYHOCTH —
OIMH W3 HambOoliee 3HAYMMBIX (AKTOPOB B IMpoIecce
NMpoJlaXku TOBapoB. B »KkoHOMHUYECKOM Teopuum NOJI
9MACTHYHOCTBIO TIOHUMAIOT Mepy  UyBCTBUTEIBHOCTH
OTHOCHMTEJIBHOTO H3MEHEHUs OJHOH IepeMEeHHOH I
OTHOIICHUIO K OTHOCHTEJIBHOMY H3MEHEHUIO JPYTOu.
WHBIME  CcTIOBaMH, 3JIaCTUYHOCTH JIEMOHCTPHPYET, Ha
CKOJIGKO TPOLCHTOB HM3MEHHTCS OJHA IepeMeHHas MpHu
n3MeHeHuu aApyroi Ha 1 %. Cy1ecTByeT MHOXKECTBO THIIOB
9MACTHYHOCTH, TaK KaK MOJKHO aHAIU3MPOBAaTh M3MCHEHHE
CIpoca B 3aBHCHMOCTH OT Pa3INYHBIX MOKa3aTeseH, TaKuxX
KaK 3aTpaThl HA PEKIaMy, IIeHa KOHKYpeHTOB M ApYyTHE.
Toaxompl, ocHOBaHHBIE HA HITACTHYHOCTH, IPUMEHSIOTCS B
pa3nu4HBIX cekTopax [4]. Hanbosee HarmsiiHBIM IPUMEPOM
SIBJIICTCS. M3MEHEHHE CIPOca B 3aBUCHMOCTH OT YPOBHS
JIOXOJIOB TIOTpeOHTENel U IIeH Ha TOBap, P 3TOM CTEHeHb
KOHKYPEHIIMM  TIPOSIBISIETCSl  4Yepe3  MepeKpECTHYIO
2JIaCTHYHOCTh. B nmanpHeimeM MBI OyaeM paccMaTpuBaTh
HMEHHO J3TH BHIBl D3JJaCTUYHOCTH. B Takom cmydae
9MACTHYHOCTh CTpoca OyJeT IOKa3plBaTh IPOIEHTHOE
U3MeHeHne o0BéMa cmpoca TpPH  OJHONPOIEHTHOM
W3MEHEHUM IIEHbl Ha TOBapbl wWiu yciayru. Msmepenue
JNACTHYHOCTH CIIPOCA OCYIIECTBIAETCS Yepe3 BBIUMCICHNE
K02 dHIHEeHTa AIACTHYHOCTH 10 001eit popmyne (2).

E= [IpoLeHTHOE U3MeHeHHe 06'bEMa cripoca (2)
HpOLlEHTHOe HU3MEeHEeHHe LIeHbl

Crenyer mNOTUEpKHYTh, YTO IIOJyYEHHOE 3HAYCHHE
K03 HHUIHeHTa DIACTUYHOCTH TMO3BOJISAET B JajbHEHIIIEM
YCTaHOBUTH CTEIIEHb PEAKINH ITOTpeduTeneil Ha H3MEeHeHHne
LeHBL. DTa PeakIys MOXKET OBITh BBIPKEHHOH, cr1aboit mim
HEWTpalbHOM, 4TO, B CBOIO OYepenb, HPUBOAUT K
COOTBETCTBYIOIIEMY  THIIy  CHpOcCa:  BJIaCTHUYHOMY,
HEJJIACTUYHOMY WM  €JUHUYHOMY. Taxxe BO3MOXKHBI
CHTyalli{, KOrJa CIIPOC  OKa3blBaeTcss  abCONIOTHO
3JJACTUYHBIM (— 00) MJIM COBEPILICHHO HEIIACTHYHBIM, TO
€cTh paBHBIM HYJI0 (WLTROCTpanus) [5].
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ITpu 3TOM BaXKHO OTMETHTB, YTO ONpPEETICHHE
9JIACTUYHOCTH CIPOCa M0 LIEHE ABJISIETCS IUIIb YACTHBIM
cirygaeM. Ha xoneGanust B BeIM4MHE CIIpoca TAaKkKe MOTYT
OKa3bIBaTh BIMSHUE U3MECHEHHUS JOXOJ0B HACEICHUS U
LIEHBI HA PYTHe TOBapHI (IepeKpECTHAS HIACTHIHOCTD).

Price

.
-
-
- —

0 1 2 3 a 5
Quantity

Een
Puc. 1. DnacTuyHoCTH cipoca

J1y1s TOrO 4TOOB! JOCTUYP MOCTABICHHON IEIH, IPEXKIE
BCEr0 HEOOXOIMMO HCCJIENOBaTh BHIBI 3JACTHYHOCTEH
cmpoca W ux u3Mmepenue [6]. I Havama paccMOTpUM
TOYEYHYI0 3JIaCTUYHOCTh CIpoca II0 LeHe, KOoTopas
paccunThiBaetcs mo Gopmyse (3).

ER = (M) . (M) = e/ @)
Q1 P1 Ap/p

TJie p1- IepBOHaYasbHas lIeHa;

p2- HOBas IIEHA;

Q1-nIepBOHAYAIBHEIN 00BEM;

Q2-HOBBI 00BEM.

OnHako B OKOHOMHYECKOH Cpefe TakKe MOryT
BO3HHMKAaTh CHTyallMd, KOTJa HW3MEHEHHs LEeHbl W/WIN
00B&Ma crpoca SIBISIFOTCS 3HAUNTENbHBIMU (Oomtee 5 %). B
TaKUX CJIydasx HCHOJIB3YeTCsl APYrod BHJ 3JIaCTUYHOCTH
crpoca MO ILeHe — JYyroBas OJJIaCTUYHOCTb. JTa
3MaCTHYHOCTh PACCYMTHIBACTCS 1O hopmyiie (3).

ED = ( Q201 )_( P2—P1 ) — M, ©)
(Q2+Q1)/2 P2+P1/2 Ap/p

rJie p1- epBOHaYallbHAs 1ICHA,;

P2-HOBasl 1IeHA;

Q1-IepBOHAYATIbHBIN 00BEM;

Q2-HOBBII 00BEM.

(552 (52)-
Ql Il

rzie [1-TiepBOHAYANBHBIH JOXO;

I> -HOBBIH TOXO;

Q1-nIepBOHAYAIBHEIN 00BEM;

Q2-HOBEII 00BEM.

Mopean o4yepeseii. Cuctema MaccoBOTO
o6cnyxuBanus (CMO) ucnons3yeTcs [Jisl aHaJI|3a IIOTOKOB
[aCCaXUPOB Ha BOK3aJlax, paclpeseNeHus pecypcoB (Kacc,
MH(OPMAIIMOHHBIX CTOCK) U CHIDKCHHSI BDEMEHHU OXKHIAHHSI.
Hanpumep, monens M/M/1 mMoxeT ObITh IpUMEHEHA IS
OLICHKH 3arpy>KeHHOCTH KACCOBBIX ITYHKTOB U TEPMHUHAJIOB.

OcHoBHBIE TapamMeTpsl Moaenn M/M/1:
AZ
Lg= 5
g n(u—2) ©®)
rae Lq — cpenHee 9nciIo maccaxupoB B O4epe/H,
A — MHTEHCHBHOCTb MPUOBITHS [TACCAKHUPOB,

WL — UHTCHCUBHOCTH O6CJ'[y)KI/IBaHI/I$I.

(4)

SN
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Moaenu cucTeMbl MaccoBOro o00cC/Iy:KuUBaHuA. B
TmocJeTHee BpeMsl B IPAKTHYECKUX pacderax Hambolee
YAOOHBIMH CTalli METOJBI PEHICHHUS 3aad, B KOTOPBIX
BXOJSIIMIA TOTOK TpeOOBaHWN MpPEACTaBIsAET COOO0i
npocredmnii  cimyvaid. Jlng  Takoro IOTOKa 4YacToTa
NOCTYIUICHHsT ~ TpebOBaHWUM B CHCTEMYy  ClelyeT
pacnpenenenuto [Tyaccona [6]:

Pt) =% e (o)

Tk
rae Pk(t) — BeposTHOCTH TOTO, YTO Ha WHTEpBAJE 3a
Bpemsi t Oynmer k TpeOoBaHWil; A — WHTEHCHBHOCTh

BXOJIETO IO TOKa, T. €. CpPeJHee YHCIO TpeOOBaHHMIA,
MOCTYMAIOIINX B CHCTEMY B EAMHUIYy BpPEMEHH; At —
cpenHee YucIio TpeOOBaHMUMH, ITOCTYHAIOIINX 3a BpeMs t.

3 . K Beixoasuuuii
Bxomsumii _ Kanan: TOTOK
TOK J— =
moTok obcnyKHuBaHUsA 0BCITYKEHHBIX
rpeGoBanuit 3a9BOK
——

— 000 Y ==

Puc. 2. I'padpnueckoe uzodpaxenne CMO

Baxnoll  xapakTepHCTHKOH  CHCTEMBl MaccOBOIO
obcyxuBanus (CMO) sBrsieTcss BpeMsl OOCITYXKHBaHHS
TpeboBaHuid B cucreMe. OOBIMHO BpeMsi OOCITy>KHBaHUS
paccMmarpuBaeTcs Kak cliydaiiHas Bennunna [7]. Hanpumep,
KaccHp TpH MOpojaaxe OMIETOB 0OCIyKMBaeT KaKAOTO
HOKYyTaTeJIs 32 pa3HOe CIy4yaifHOe BpeMsl, KOTOPOE 3aBUCHUT
OT MHOXeCTBa (paKTOPOB, OJHHUM U3 KOTOPBIX SIBIISIETCS
KOJIMYECTBO IOTOKOB. Hambonee mmpokoe nmpuMeHEHHE B
MNPAKTUIECKUX MPHII0KEHUSX IOy IHIT SKCIIOHEHIINATbHBII
3aKOH pacmpeeneHus BpeMeHH oOcmyxuBaHusa. DyHKInsS
pacrpeeneHus [UIs 3TOrO 3aKOHA UMEET CIEAYIONIHiA BUA:

F (1) =e™, 0]

To ecTb BEpOATHOCTH TOTO, YTO BPEMsI OOCITyKMBAHUS
HE TpEBBIIIAeT HEKOTOPOH BENIWYMHBI t, 3aaéTCsl TaHHOM
dbopmysoit. Drta  BenuuMHA ~ SABIAETCS  OOpaTHOM
OTHOCHTEJIBHO CPEIHEro BPEMEHW OOCTyXUBaHMs: |1 = 1/
t,[8]. B x0ome Bcex MpakTHYIECKHX PACUETOB KaK BXOJISIINE
MOTOKH, TaK ¥ pactpeieNieHus BEpOsITHOCTEH JTNTENbHOCTH
OOCITy)KMBaHHsS HHUKOTJa HE W3BECTHBI C aOCOJIOTHOM
ToyHOoCThIO. [IpuxoamTcs nenaTh BBIBOABI JHOO Ha
OCHOBAaHMM CTaTHUCTHYECKUX [AaHHBIX, JIUOO HCXOAsI U3
OTIpeNIeNEHHBIX TEOPETHUECKUX COOOpaKECHUH.

3. Pe3yabTaTsl

Tenepb IMpOBEAEM MCCIECAOBAHUA 110 ONPEACIICHUIO
KaueCTBEHHBIX IOKa3aTelei CUCTEMBI, COOTBETCTBYIOIIUX
HNPUBCACHHBIM BBIIIC BLIPAKCHUAM.

HOIIy‘IPIB HeO6XOHI/IMBIe HUCXOJHBIC JaHHBIC )14 OLICHKHU
3JJACTUIHOCTH CIIPOCa, MOKEM BBITIOJIHUTH pacqéT.

Ta6auuna 1
JlMHAMHKA MPOTAHHBIX OUJIETOB
CroumocTh
Yucno npoaaHHbIX
Mecsn B3pOCJIOTO
OUIIETOB, Yell.
ouiera, CyM.
Maii 185 416 5000
WioHb 178119 5200
Uronb 193 642 5800
ABrycr 206 026 6200
CeHTs0pD 220 227 7000

Cpa3sy ke o0paTuM BHHUMaHHE€ Ha BEIUYMHBI

https://t.me/tdtuilmiynashrlar

MPOLEHTHBIX HW3MEHEHHH KaK IIOCEIaeMOCTH, TaK |
CTOMMOCTH Owiera. 3a Bech IEpPHOJN OHU OIHO3HAYHO
NPEBBICAT 3HaYeHHE B 5 %, CleqoBaTeNIbHO, ULl pacdyéTa
OyzeM MPUMEHSTh yTOBYIO JJIACTHIHOCTH cipoca. [Ipuvem
3a HavyayubHEIE eHy. [loncraBuB 3HaYeHus B popmyry (3),
MOy YHM:

220227 — 185416 ) 7000 — 5000
((220227 + 185416)/2) ' ((7000 + 5000)/2)

=0,51

Kak MoxHO 3aMeTHTh, KOI(DGUIMEHT ITyroBOoH
3JIACTHYHOCTH CIIpOca TI0 IIeHe OKa3ajcsl MOJIOKUTEIBHBIM.
OTO CBHIETEIBCTBYET O TOM, UTO C YBEJIMUYCHHEM IIeH Ha
OMIIETHI TaKXKe BO3pOCIa IMOCemaeMocThs nmoMenieHun. [Ipu
3TOM IOCENIaeMOCTh YBEIUUUBATIACh B MEHBIIEH CTENEHH,
YeM IEHBI, IOCKONBKY CIpOC IO II€HEe OKa3aiucs
HEINAaCTUYHBIM, a caM KOd(QQHIHMEHT HaXoauiacs B
nuana3zone or 0 mo 1. Ecam ommpatbkcst Ha 3aKOH cmpoca,
TaKkoM ciydall MOXKHO cuMTaTh napagokcanbHbIM. [IpudnHa
TOMY MOXeET OBITH HECKOJIBKO, Harpumep,
i hepeHIMPOBaHHbBIA XapaKTep YCIyT B PETHOHE WIN €ro
NPHBJIEKATEIBHOCTD IS KITHEHTOB [6].

PaccmoTpuM  Kene3sHOMOPOXKHYIO — Kaccy — KOTopas
oOcmyxuBaeT maccaxkupoB. Ha  maHHOM  ydacTke
MEePBOHAYANBHO TPYAMUIOCH ABOE PAOOTHHUKOB, U CTATUCTUKA
MOKa3aja, 4dYTO BpeMs OOCIyXMBaHUS IOJYHHACTCS
JKCIIOHEHIMAIBHOMY 3aKkoHy. IIpu SToM B cpenHeM B
TEUeHNE CMEHBI KaKABIH M3 KacCHPOB YCIIEBAJ HPOBECTH
OIIpEeeNICHHYIO yCIyTy 75 kineHToB. Tak kak ofIiee 4ucio
KJIMEHTOB BEIMKO, TO OHH HE3aBHCHMO JIpYr OT Apyra B
pasnu4yHOE BpeMs TpeOyIoT HeKylo ycuyry. M3BecTHo, 9TO
CTOMMOCTh IIPOCTOSI OOCITy)XHBaromero kanama (T. e.
3apmiiata IepcoHaly, apeHna o0OpyIoBaHUS M T. J.)
cocrapnser B AeHb 30 + 2K ycin. geH. en. B To ke Bpems
Ka)X70e HEOOCIy)XEHHBI KIMEHT HPUHOCUT MOTEepH B
kommuectBe 50 — 4K yen gen. exn. Heobxomumo
ONpPEAENUTh  ONTHMAJbHOE  YHCIO  PabOTHUKOB B
NPEICTOSIIIMA  Mecsl] Ui paccCMaTPUBAaeMOW CHCTEMBI
MaccoBoro o0cmyxuBanus. Paccmotpum BapuanT npu K= 0.
Nzyuaemast cuctema sBisiercss MHOToKaHanmpHOH CMO c
OTKa3aMH, U1 KOTOPOil MepBOHAYAIBFHOE YHCIIO KAaHAIOB

D _
p =

n=2; UWHTCHCHUBHOCTh BXOngmero moroka A = 20;
HHTEHCHBHOCTD MOTOKA 00CITyKUBAHUSI biniss
MPOU3BOJAUTENBHOCT, KaHama | = 10. Onpenenum
HWHTEHCHBHOCThH HATPY3KH CHCTEM.

y! 20

Tu 10-2 ®

Haifnem BepoATHOCTB TOTO, UTO CUCTEMa CBOOOIHA (st
n =2) no ¢opmye:

2 k ny—1
Po=[1+2+2 4t Bpy B =
211
=[1+2+ %] =02

BepOﬂTHOCTB TOTO, 4YTO 3asBKa, HOCTyHI/IB[Haﬂ B

CHCTEMY, MOJYYHT OTKa3:
p" 2
Pone="—7Po =702 =04 (10)

HManee paccuutaeM 10 QopMynaM: OTHOCHTEIbHAsS
HpomycKHas crnocobHocts cuctembl Q=1-P,.,=1-0.4=0.6;
aOcomoTHasl MpomyckHas crmocoOHocTh: A=A1Q = 20 -

A

2

0.6 = 12; cpenHee 4HMclnO 3aHATHIX KaHajoB: N3 = — =
u

pQ=2:0.6=1.2; cpenHee YKHCIO MPOCTAHBAIONINX KAHAJIOB:
N, =n— N;3=2-1.2=0.8

Jums CMO c¢ morepsiMu  (OTKa3aMH) HEOOXOIMMO
paccunrtath ¢QyHKnmio morepb Gn 3a ONpeAeNeHHBIIH
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uHrepBan BpeMenu T;

Gn= (gnan + gyPOTKA) T (10),

TH€ Jnk-CTOMMOCTb EIMHHUIBI BPEMEHH IIPOCTOS
OOCTyXKHMBAIOIIETO ~ KaHATA; gy- BETHYMHA MOTEPH,
CBSI3aHHBIX C YXOJOM U3 CHCTEMBI OHOTO TpeOOBaHMSI.

IIpn  ¢axTuueckoM KoimdgecTBe OOCITYKHBaeMBIX
PabOTHUKOB (PYHKITHS H3IEPIKEK:

Gn=(30- 0.8 + 50 0.4 - 20) -25= 10600

VYBeIMYNM ~ YHCIO  COTPYOHHMKOB W IIPOBEIEM
QHAJIOTHYHBIE PACUEThI:

ecau n = 3, to Gn = 6315; ecau n = 4, To Gn = 4018,;
eciun =15, 1o Gn=3231; ecaun =6, To Gn = 3318. Takum
oOpa3oM, [JIsi pacCMaTpHUBAeMOM CHCTEMBI MAacCCOBOTO
00CITy>)KUBaHUS ONTUMAIIBHOE YHCIO pAOOTHUKOB PAaBHO 5.

C nomomsro nporpammsl MS EXCEL moxHO Oyner
clIeNaTh HEKOTOPBIE PACUETHI KaK:

e

[Mopens: HeorpaHumuyerHasa ouepenb

........

Puc. 3. Moaesas CMO ¢ HeorpaHM4eHHO# ouepeabio

Puc. 4. Mogear CMO ¢ orpaHU4YeHHOIi 0YepebIo

4. 3akjIroueHue

TakuM 06pa3oM, BHEAPEHUE IEKTPOHHOW KOMMEpPIIHU
Ha HKEJIE3HOJOPOKHOM TPAHCIIOPTE HE TOJBKO 0OJerdaer
JOCTYTI ACCAXKHUPOB K YCIYTraM, HO U TO3BOJISICT KOMITAHHSIM
JydIle YOpaBIATh pecypcaMu, YiydllaTh KadeCTBO
00CITy)KUBaHHsI U TOBBIIIATh KOHKYPEHTOCIIOCOOHOCTh Ha
PBIHKE MACCAKUPCKUX MEPEBO30K.

Mopenn MaccoBOrO OOCIY)XKHBaHHS B COYETAHHU C
9KOHOMHYECKOH ITOCTaHOBKO#! 33/1a4 TI03BOJISIOT MPOBOJUTH
aHaIu3 CYLIECTBYIOLIUX CMO, pa3pabarsIBaTh
pPEKOMEHJAIMM [0 WX PEOpraHM3alMd Ul IOBBILICHUSI
3¢ GeKTUBHOCTH  paboThl, a  TakkKe  OMNPEeaeiiTh
OITUMAITbHBIE TTOKA3aTen BHOBB co3aBaeMbix CMO[7].
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Characteristics of industrial traction units and their load-bearing

structures

Sh.Kh. Abdurasulovl®?, N.S. Zayniddinovl®?, A M. Yusufovi®c,

Sh.F. Jamilov®9, F.F. Khikmatov®®
1Tashkent state transport university, Tashkent, Uzbekistan

This article examines the characteristics of industrial traction units and their load-bearing structures, with
a focus on models used in mining enterprises in Uzbekistan. It analyzes the design features of key
components such as the control electric locomotive body, motor dumpcar body, bogies, and various
support structures. The study emphasizes the importance of assessing and extending the service life of
these units, given that many have exceeded or are approaching their established service life. The article
provides detailed descriptions of the PE2, PE2M, PE2U, and MPE2U traction units, including their
technical specifications and structural elements. Special attention is given to the load-bearing structures,
including the body frames of control electric locomotives and motor dumpcars, as well as bogie frames.
The materials used in construction and the design considerations for these critical components are
discussed, highlighting their role in ensuring the strength, reliability, and safety of the traction units.

frame structures, load-bearing structures, industrial traction units, remaining service life, service life

extension

1. Introduction

Industrial traction units are powerful, specialized vehicles
designed to move heavy loads in various industrial settings.
Currently, industrial traction units are widely used in mining
enterprises of the Republic of Uzbekistan, such as Almalyk
Mining-Metallurgical Complex (AMMC) JSC and
"Uzbekcoal" JSC. PE2M, PE2U, and MPE2U units make up
the majority of traction units in the locomotive fleet of these
enterprises [1]. A significant portion of the industrial traction
units in use have already exceeded their established service
life, and several more will reach the end of their service life
specified in their technical documentation in the near future.

The extension of the service life of rolling stock is closely
linked to the durability of its load-bearing structures [4-10].
The main load-bearing elements of rolling stock are its main
frame and bogie frame [11, 12]. To justify the possibility of
safe operation beyond the established service life, it is
necessary to conduct a series of scientific studies in
accordance with regulatory documents [13, 14]. To assess the
residual life of load-bearing structures, modern automated
design systems, engineering calculation systems, and
technical diagnostic devices can be employed. Based on the
results of these assessments, a final conclusion is made [15,
16].

Several researchers in their scientific studies have
addressed issues such as assessing the residual life of rolling
stock and extending its service life [17-22]. In particular,
Bondarev et al. [23, 24] assessed the possibility of extending
the service life of the OPELA traction unit's load-bearing
structures by studying their strength characteristics.
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To perform strength calculations for the load-bearing
structures of rolling stock, it is necessary to study their
structure, the forces acting upon them, and the loading
schemes. In doing so, factors such as the mechanical
properties of the material used in the load-bearing structures
and their operating conditions must be taken into account.

2. Methods and materials

2.1.PE2, PE2M, PE2U and MPE2U traction
units

At present, over 70 traction units of PE2M, PE2U, and
MPE2U types are in operation at enterprises such as JSC
"AMMC" and JSC "Uzbekcoal". These traction units were
manufactured between 1970 and 2021, and the total number of
industrial traction units in service is shown in Table 1 [1].

The PE2, PE2M, PE2U, and MPE2U traction units (Figure
1) consist of a four-axle control electric locomotive and two
four-axle motor dumpcars. They are designed for operation on
open-pit mining railways electrified with 3000 or 1500 V DC,
capable of handling ruling grades (inclines) of up to 60%o.

Table 1
The total number of all traction units in use
Enterprise PE2M | PE2U | MPE2U
JSC "AMMC" 26 25 2
JSC "Uzbekcoal" 6 15 —
Total 32 40 2
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Control electric locomotive

Motor dumpcar 1

Motor dumpcar 2

Figure 1. General view of PE2, PE2M, PE2U, and MPE2U traction units

Starting in 1967, the Dnipropetrovsk Electric Locomotive
Plant (DELP) began manufacturing PE2 traction units.
Initially, these units were equipped with traction electric
motors from VL8 electric locomotives, with some
modifications to the frame structure (electric motor NB-406D
on PE2 units). Then, from 1970, DELP started producing and
installing DT-9N traction electric motors on the units. With
these electric motors, units designed for voltages of 3000 and
1500 V and designated as PE2M were built from 1970 to 1985.
The PE2M traction unit was created as a result of modernizing
the PE2 traction unit and serves as the basic model for the
entire range of DC and AC traction units.

In 1985, DELP manufactured an experimental traction
unit, which was designated PE2U, where the index "U" stands
for "upgraded.” Its main difference from the PE2M unit is a
slight increase in power and tractive effort in 15-minute and
one-hour modes (3000 V - 5520 kW, 1500 V - 2640 kW). The
traction unit is equipped with NB-511 traction electric motors.

The maximum operating speed of the unit is 65 km/h, with
a minimum curve radius of 80 m when traveling at 10 km/h.
The adhesion weight of the traction unit, with 2/3 of the sand
reserve in the control locomotive, is 368+11 tons, of which
120+£3.6 tons are attributed to the electric locomotive and 2
(124+3.7) tons to two loaded dumpcars. The carrying capacity
of the motor dumpcar is 45 tons [25-27].

In 2020, the Thilisi Electric Locomotive Plant (TELP)
manufactured the first MPE2U traction unit, which was
delivered to Uzbekistan for AMMC. A year later, the second
traction unit of this series was produced and also sent to
Uzbekistan. The MPE2U traction unit was manufactured for
AMMC in connection with the development of the new
Yoshlik-1 deposit [28, 29].
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2.2.Control electric locomotive body

The body of a control electric locomotive serves to
accommodate electrical and pneumatic equipment, traction
unit control devices, as well as to transmit tractive effort. The
bodies of control electric locomotives for all types of units
differ insignificantly from each other; the differences are due
to some changes in the arrangement and installation of
electrical apparatus [26].

The bodies of the control electric locomotives in the PE2,
PE2M, PE2U, and PE1 traction units, as well as those in the
OPE2 and OPEL1A traction units, are unified. Therefore, the
description of their design is provided with reference to the
bodies of the PE2M and OPE?2 traction units [25].

The electric locomotive has an open-type body, which
provides good visibility and access to the running gear
components during repair, maintenance, and lifting
operations. The body rests on two two-axle bogies through
central flat supports, and on the buffer beam sides through
lateral supports with rubber cones (four per locomotive).

The body (Figure 2) consists of the following main welded
components: main frame 1, cab 2, side walls 3, front walls 4,
roofs 5, covers 6, track cleaner 7, and automatic couplers 8.
These parts are assembled and welded separately, and then
welded together (except for the covers, which are bolted to the
roofs), resulting in a rigid structure. Inside this structure and
partially on its exterior, the necessary equipment can be
installed, and electrical and pneumatic systems can be
mounted [2].
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Figure 2. Body of the PE2U traction unit control electric locomotive:
1 - main frame; 2 - cab; 3 - side wall; 4 - front wall; 5 - roof; 6 - cover; 7 — track cleaner;
8 - automatic coupler.

The all-metal, welded bodies of electric locomotives
controlling traction units PE2M, PE2U, MPE2U, and OPE2
are manufactured from special steels designed for welded
structures: the frames of the driver's cab walls, sloped sections,
and compartment are made of St3sp or St2kp steel, their
cladding is made of 15kp or St3sp steel, while all load-bearing
elements of the body frame and the binding profile of the roof
for the sloped sections and compartment are made of low-alloy
09G2 steel [25].

46

https://t.me/tdtuilmiynashrlar

2.3. Motor Dumpcar Body

The motor dumpcars are designed with overturning
cylinders located at the ends of the body and are intended for
loading heavy rocks using excavators with a bucket capacity
of up to 12 m3 [27].

The bodies of motor dumpcars are designed for
mechanized unloading of rock mass, as well as for transmitting
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traction and braking forces to the train. The bodies of motor
dumpcars (Figure 3) are transport containers with an open top
and consist of a lower frame 1, an upper frame 2, a longitudinal
side 3, a side opening mechanism 4, a machine compartment
guard 5, and an automatic coupler installation 6.

The main body components are manufactured from low-
alloy 09G2 steel, while the wall cladding sheets and their

frames are made of 15kp steel and St3kp steel, respectively.
The bodies of the motor dump cars of these traction units have
many standardized components and differ primarily in the
arrangement and design of brackets, frames, and openings in
the side guards and lower frame [25].
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Figure 3. Body of the PE2U traction unit motor dumpcar:
1 - lower frame; 2 - upper frame; 3 - longitudinal side; 4 - side opening mechanism; 5 - guardrails;
6 - automatic coupler installation.

2.4.Bogie

The PE2, PE2M, PE2U, MPE2U, PE1, OPE2, OPE1A,
OPE1B and PE3T traction units are equipped with two-axis
disconnected jawless bogies with symmetrical traction motors
and longitudinal balanced suspension. To enhance operational
safety on railway tracks in open-pit mines with gradients up to
60%o, the bogies of these traction units are equipped with
pneumatic casing brakes and electromagnetic rail brakes, as
well as track detachment sensors. Additionally, to reduce the
wear of wheel pair tires, these bogies are fitted with flange
lubricators. Balancers are suspended from the frameless-type
axle boxes, on which the bogie frame rests on one side through

cylindrical springs, and on the other side - a leaf spring
balancer. The bogie frame also rests on the middle sections of
the balancer springs.

The bogies of traction units (Figure 4) are fully
standardized. These bogies, equipped with DT-9N traction
motors, differ from the bogies of the PE2 traction unit only in
their wheel-motor blocks, which use the NB-406D motor [25-
27]. The bogies of the PE2U traction unit employ the NB-511
motor [2].

The bogies of the control electric locomotives and motor
dumpcars are interchangeable and have stronger safety beams
in case of derailment.
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Figure 4. Traction unit bogie:
1 - bogie frame; 2 - axle box; 3 - spring suspension; 4 - electromagnetic rail brake;
5 - pivot beam; 6 - traction motor.

2.5. Body supports
2.5.1. Central Support

Connections between the body and the bogie serve to
transfer vertical, horizontal, longitudinal, and horizontal
transverse forces between the body and the bogie. The vertical

https://t.me/tdtuilmiynashrlar

load from the body to the bogie is transmitted by the central
support and two lateral sliding supports.

The central support (pivot), in addition, serves to transmit
horizontal longitudinal and horizontal transverse forces
between the bogie and the body, and also acts as a kingpin
around which the bogie can rotate in the horizontal plane.

The bodies of electric locomotives and motor dump cars
have rigid supports consisting of a flat pivot 7 (Figure.5),
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which fits into a socket (center plate) 1 of the bogie with a
clearance that allows free rotation in the horizontal plane and
limited rotation up to 3° in the vertical plane.

The pivot and center plate are made of cast steel. To
increase the wear resistance of the friction surfaces of the pivot
and center plate, replaceable bushings 5, 4 and flat collars 3, 2
made of thermally hardened steel 45 are provided. The
bushings are installed using a press fit and, like the collars, are
additionally welded with intermittent seams.

To protect against contamination entering the support,
there is a felt seal 6 with a support ring 9, which is secured to
the center plate through two half-rings 8 using screws.

On traction units PE2, PE2M, PE2U, MPE2U, PE1,
OPE2, and OPE1A, the central supports have an almost
identical design to the body supports of D100m and D94
electric locomotives. They differ by the presence of an oil
pipeline connected to the support pivot, with a filler neck
located on the outer side of the bogie frame [25].
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Figure 5. Central support

2.5.2. Lateral Support

The load on the hollow metal cone 2 (Figure 6, a) is
transferred through the rubber cone 1. The cone is mounted on
a center plate 4, which enters the bronze slide 7 with a
spherical surface. The slide moves along the frame 9 of the
support plate of the bogie frame. The bushing 5 is made of
110G13L steel, and the center plate is made of 45 steel and
subjected to surface hardening, which ensures high wear
resistance of this pair operating without lubrication. A spring
3is installed to press the center plate 4 against the slide 7 when
the bogie derails. The weight distribution of the traction units
is adjusted by installing washers 13. The number of washers
should not exceed ten under each support.

During relative movements between the car body and the
bogie, the lower surface of slide 7 moves along the surface of

a plate welded to the upper sheet of the bogie frame. This plate,
together with a shell welded to it, forms an oil bath. To reduce
wear on the friction surfaces of the slide and the plate, axle oil
according to GOST 610 is poured into this bath [25].

The oil bath of the support plate is covered with a lid 6,
which moves along the shell 8 together with the pivot. The
connection between the pivot and the lid is protected by a felt
seal 12, as well as a labyrinth seal formed by a shell 11 and a
flange 10, which is secured to the lid by screws.

Auxiliary supports 1 are installed on the bogie frame under
the body of the motor dumpcar (Figure. 6, b), which bear the
forces from the dumpcar body during unloading.

The adjustment of the 5*2 mm distance from the auxiliary
supports 1 to the corresponding pads on the dumpcars’ lower
frame is performed using washers 2 and 3 [2].
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Figure 6. Body supports of the motor dumpcar:
a) lateral support; b) auxiliary support
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3. Traction units

structures

load-bearing

The load-bearing structures of traction rolling stock play a
key role in ensuring the strength, reliability, and safety of
railway vehicles, such as locomotives and multiple-unit
rolling stock. These structures include the main elements that
bear loads and ensure the structural integrity of the traction
rolling stock [30].

Requirements for load-bearing structures:

=  The structures must withstand both static and

dynamic loads that occur during movement;

= The durability of materials and components is crucial

for ensuring the locomotive's long service life;
3635

= The structures must ensure the safety of passengers
and cargo in emergency situations;

= They must comply with the requirements of standards
and regulatory documents.

3.1. Control electric locomotive body frame

The body frame (Figure 7) of the control electric
locomotive in traction units is the main element of the body,
bearing all types of loads. It consists of two longitudinal beams
8, bolster beams 5, 9, buffer beams 2, 11, under-cabin beams
7, and several other beams on which pneumatic and electrical
equipment, as well as hand brake brackets, are located. Lateral
support brackets are installed in the corners between the
longitudinal beams and the buffer beams.
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Figure 7. Body frame of the PE2U traction unit control electric locomotive:
1 - bracket; 2, 11 - buffer beam; 3, 10 - lateral support bracket; 4 - floor decking; 5, 9 - bolster beam;
6 - reservoir beam; 7 - beam; 8 - longitudinal beam; 12 - visor;13 - pivot; 14 - track cleaner bracket.

The body frame elements are designed to withstand a
shock load of 250 tons along the axis of the automatic coupler.
The longitudinal beams are made from two 36M I-beams
connected by strips: upper and lower with a thickness of 10
mm (for OPE2 traction units, the upper strip is 16 mm and the
lower is 20 mm), forming a box-shaped cross-section. Special
cast brackets are welded to the walls of the I-beams for lifting
the body with a crane using cables. Inside the longitudinal
beam, a cast iron ballast is installed using a 6 mm diameter
cable. To prevent longitudinal displacement, the ballast is
secured by locking bolts screwed into plates on the beam
walls.

The box-section bolster beams are welded from four
sheets: an upper sheet 12 mm thick, a lower sheet 15 mm thick
(for OPE2 traction units, the upper sheet is 16 mm and the
lower sheet is 20 mm thick), and two vertical sheets 12 mm
thick. To increase rigidity in OPE2 traction units, diaphragms
and shells are welded into the bolster beams. The shells are
used for transport and technological operations during the
manufacture of the body frame, and also serve as part of the
ventilation ducts.

A 16 mm thick flange is welded to the lower sheet of the
bolster beam in the middle section (20 mm for OPE2 traction
units) with a mounting hole for installing the central support
13 (pivot), and on the edges - special brackets that limit the
angle of bogie rotation when it derails, allowing the bogies to
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be lifted together with the body of the control electric
locomotive.

Buffer beams are made of four plates: two vertical plates
15 mm thick (16 mm for OPEZ2), an upper plate 10 mm thick
(16 mm for OPEZ2), and a lower plate 15 mm thick (20 mm for
OPE?2). Diaphragms are welded between the plates, and in the
middle part of the lower plate, there is a box with welded cast
stops, in which a draw yoke with a draft gear and a thrust plate
of the automatic coupler device are installed. Two brackets are
symmetrically welded to the longitudinal axis of the body
frame on the buffer beam, which are hinged to the track
cleaner. The front plate features a strike plate, hatches with
removable covers for installing ballast in the longitudinal
beams, two buffer light housings, and a hood made of an 8 mm
thick plate to protect the end pneumatic valves and buffer
lights from being hit by pieces of rock or ore.

Cast steel housings for lateral supports are welded into the
bottom sheet of the box-section brackets 3 and 10. In the
middle part of the body frame, brackets for mounting levers, a
balancer, and a chain of the manual brake system are welded
to the box-section beams. The space between the Z-shaped
beams 6 is used for installing the main reservoir.

The body frame floor decking is made from a 2 mm thick
sheet and has removable hatches that provide access to the
second and third traction motors [2, 25].
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3.2. Motor dumpcar lower frame

The lower frame (Figure 8) is the main element of the
body, bearing all types of loads, and is made of 09G2 steel.
The lower frame consists of a center sill 4, with cantilevered
brackets 11 and 12 welded to it under the upper frame
supports, a bracket 10 for the side opening mechanism,

brackets 8 and 9 for the tipping cylinders, special boxes 1 with
impact brackets for installing automatic coupling devices,
central supports 2, cones of side supports, restraining clamps
limiting the angle of bogie rotation when it derails, platforms
7 for installing guardrails, a bracket 5 for the hand brake, air
ducts 6, and troughs 3 for electrical wiring.
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Figure 8. Lower frame of the PE2U motor dumpcar:
1 - buffer beam; 2 - pivot; 3 - electrical wiring troughs; 4 - center sill; 5 - bracket; 6 - traction motor air duct;
7 - guard platform; 8, 9 - tipping cylinder brackets; 10 - side opening mechanism brackets; 11, 12 - upper frame support brackets.

The center sill is made of two I-beams No. 55B2 with
plates of sheet steel 16 mm and 20 mm thick and a 20 mm x
70 mm plate along the entire length of the beam. Flanges for
installing pivot are welded to the bottom sheet from the
outside.

Two pivot of central supports and a hand brake bracket 5
are attached to the lower plate of the center sill.

Two stops are installed on the upper plate of the center sill,
limiting the longitudinal movement of the upper frame.

Air ducts for traction motors 6, electrical wiring troughs 3,
and pneumatic main pipes are attached to the brackets of the
lower frame.

Two hoods for installing buffer lights and one protective
visor with holes for connecting units of the traction unit when
replacing the automatic coupler are welded to the front plates
of the lower frame. The platforms under the guards have
support surfaces for the motor-ventilator and holes for air
ducts, electrical and pneumatic installation [2, 25].

3.3. Bogie frame

The bogie frame (Figure 9) is designed to distribute the
vertical load between individual wheelsets using spring
suspension, absorb traction force, braking force, and lateral
forces from the wheelsets, and transmit them to the body
frame.

The bogie frames are welded from sheet steel and each
consists of two side members, a center transom, and two end
beams. The main load-bearing elements of the frame have
box-shaped cross-sections, with the side members 8 and 18
and the end beams, front 23 and rear 14, welded from four
sheets of rolled steel, while the center transom 19 is welded
from five sheets: three vertical and two horizontals. Welded
support brackets 2 and 9 are attached to the end beams, to
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which the safety beams of the bogie are fastened, as well as
brackets 10 for derailment detectors.

On the upper part of the frame, at the points where the side
panels connect to the front beam, plates 22 with facings are
welded for the side sliding supports, while on the rear beam,
brackets 15 for auxiliary supports (for dump truck bodies) are
attached. In the middle of the kingpin beam 19, curved in the
vertical plane, there is a foot with a mounting hole for
installing the center pivot of the central support. In the
brackets 20 along the edges of the beam, rotation limiters for
the bogie under the body are fastened, as well as small beams
that prevent the body from separating from the bogies in
emergency situations.

Cast brackets 3 and 4 are welded to the bottom of the side
panels and beams for installing axle box rods, as well as
brackets 6 for mounting springs and components of the
electromagnetic rail brake drive. The traction motor
suspensions are fastened in brackets 24 and 26, while the
braking system suspensions are secured in brackets 17.

The welded brackets 5 on the outer sides of the sidewalls
are designed for lifting the bogie with jacks when the
wheelsets derail, while brackets 1 and 12 are for attaching
sandbox units. At the end of the frame near the rear beam,
machined plates 25 are installed for mounting brake cylinders,
and brackets 11 and 13 for hand brake levers. The bogie's
braking system levers are attached to brackets 16. Support
brackets 7 and 21 for the electromagnetic rail drive levers are
mounted on pipes welded into the sidewalls and on the lower
plates of the center pivot beam.

All welded elements of the bogie frame of the traction unit
are made of M16C steel [25]. The welded elements of the
OPE1A traction unit bogie frame are made of 16D grade steel
[23, 24]. The cast elements are made of 20L-111 steel with a
carbon content of up to 0.22%. To relieve stress after welding,
the frames undergo annealing [25].
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Figure 9. Bogie frame of PE2, PE2M, PE2U, MPE2U, OPE2, OPE1A, OPE1B, and PE3T traction units

4. Conclusion

The analysis of industrial traction units and their load-

bearing structures reveals the complexity and importance of

these systems in mining operations. The study highlights
several key points:

1. The majority of traction units in use in Uzbekistan's
mining sector are approaching or have exceeded
their designed service life, necessitating careful
assessment and potential life extension measures.

2. Load-bearing structures, particularly the main
frame and bogie frame, are critical components that
determine the overall durability and safety of the
traction units.

3. The design of these units, including the PE2,
PE2M, PE2U, and MPE2U maodels, incorporates
various specialized features to handle the
demanding conditions of open-pit mining, such as
high gradients and heavy loads.

4. The materials used in constructing load-bearing
structures, primarily various grades of steel, are
chosen for their strength and durability to withstand
the harsh operating conditions.

5. Ongoing assessment of the residual life of these
structures is crucial for ensuring safe operation
beyond the established service life.

6. Future research should focus on developing
advanced methods for assessing structural integrity
and exploring innovative materials or designs to
enhance the longevity and performance of
industrial traction units.

This comprehensive analysis provides valuable insights

for mining enterprises, manufacturers, and researchers
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involved in the design, operation, and maintenance of
industrial traction units. It underscores the need for
continued research and development in this field to meet the
evolving demands of the mining industry while ensuring
safety and efficiency.
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Distribution of locomotives by node using the introduction of an
intellectual system of planning

S.B. Sattorov®2, Sh.U. Saidivaliev! ©P, R.Sh. Bozorov®¢, M.S. Tashmatoval®d
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article considers a mathematical model that allows you to find the balance between the costs and
the economy of the use and service of locomotives. Methods: optimization of the operation of the
locomotive fleet is considered using linear programming and theory of tables. Results: the following are
established to minimize the deadlines of locomotives and require their maximum loading, accurate
planning of shunting work and movement of locomotives to the necessary sections. In order to ensure
moderation in the among of Manyovr works and train works, it is very important to properly distribute
locomotives. Timely delivery of locomotives to trains for departure requires the correct execution of the
actions of the dispatchers. This in turn leads to minimization of the locomotives new working waiting
time, and maximization of their use. Practical importance: the result of the work is of great importance
for the effective management of the use of locomotives in rail transport, increasing its greater
attractiveness for freight senders and passengers.

locomotives, distribution, nodes, planning, logistics, efficiency, prediction, content in motion,
management, infrastructure

Keywords:

Rejalashtirishning intellektual tizimini joriy etish yordamida uzel
bo‘yicha lokomotivlarni tagsimlash

Sattorov S.B. 1@2, Saidivaliyev Sh.U.!@®P Bozorov R.Sh.1®¢, Tashmatova M.S.1@d
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ushbu maqolada lokomotivlardan foydalanishning va xizmat ko‘rsatishning xarajatlari va iqtisodi
orasidagi balansni topishga imkoniyatini beradigan matematik model ko‘rib chiqilgan. Usullar:
lokomotiv parki ishining optimallashtirilishi chizigli dasturlash va jadvallarning nazariyasi yordamida
ko‘rib chiqiladi. Natijalar: quyidagilar belgilandiki, lokomotivlarning muddatdan ziyod to‘xtab turishini
minimallashtirish va ularni maksimal yuklanishi, manyovr ishlarini aniq rejalashtirilishini va zaruriy
uchastkalarga lokomotivlarning harakatlanishini talab etadi. Manyovr ishlari va poyezd ishlari orasida
me’yorni ta’minlash magsadida lokomotivlarni to‘g‘ri tagsimlash juda muhim. Jo‘nash uchun
poyezdlarga lokomotivlarni o‘z vaqtida berilishi dispetcherlarning harakatlarini to‘g‘ri bajarilishini talab
etadi. Bu o‘z navbatida lokomotivlarning yangi ish kutish vaqtining minimallashtirilishiga, ulardan
foydalanishning esa maksimallashtirilishiga olib keladi. Amaliy ahamiyati: ishning natijasi temir yo‘l
transportida lokomotivlardan foydalanishning samarali boshqarilishi uchun katta ahamiyatga ega bo‘lib,
yuk jo‘natuvchilar va yo‘lovchilar uchun yanada jozibadorligini oshiradi.

lokomotivlar, tagsimlash, uzellar, rejalashtirish, logistika, samaradorlik, bashoratlash, harakatdagi tarkib,
boshgarish, infratuzilma

Kalit so‘zlar:

1. Kirish

Bozor iqtisodiyoti sharoitida temir yo‘l transporti
avtomobil, havo va suv transporti kabi transport turlari bilan
raqobatdosh bo‘lishiga to‘g‘ri keladi. Lokomotivlardan
foydalanishning samarali boshgqarilishi tashish uchun sarf-
harajatlarni minimallashtirilishiga, yetkazib berishning
tezligini va anigligini yaxshilashga imkoniyat yaratadi, bu
esa yuk jo‘natuvchilar va yo‘lovchilar uchun temir yo‘l
transportining yanada jozibadorligini oshiradi. Tashish
talabi o°sib borayotgan sharoitda, lokomotivlarni samarali
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boshqarilishi uzellar va magistrallar orqali o‘tayotgan
poyezdlarning sonini ko‘paytirishga imkoniyat yaratadi. Bu
0‘z navbatida yuk aylanish va yo‘lovchilar aylanishining
o‘sishiga olib keladi va natijada iqtisodning rivojlanishiga
ijobiy ta’sir ko‘rsatadi.

Asosiy muammolardan biri lokomotivlarning soni
chegaralanganligi yoki ularning juda ham eskirishi, ularning
harakatlanishidagi bir maromda bo‘lmasligiga va manyovr
ishlarining davomiyliga ta’sir etadi. Lokomotiv parkining
eskirishi ham foydalanish harajatlarining o‘sishiga va
tashish ishonchliligini pasaytiradi. Lokomotivlarni uzeldagi
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vazifasi va yo‘nalishlari bo‘yicha tagsimlanishning noto‘g‘ri
rejalashtirilishi harakat tarkibining muddatdan ziyod to‘htab
turishiga, alohida uchastkalarning o‘ta yuklanishiga va
transport zanjirida qgiyin joylarni yuzaga kelishiga olib
keladi. Harakat miqdori ko‘p bo‘lgan katta uzellarda poyezd
operatsiyalarini bajarishda ushlanib qolishlar yuzaga keladi.
Dispetcher va mashinistlar orasidagi kelishmovchiliklar,
shuningdek boshqa tashkiliy masalalar yuklarni yetkazib
berish vaqtini uzaytirishi mumkin. O‘z navbatida uzelning
umumiy samaradorligiga salbiy ta’sir etadi.

2. Adabiyotlar tahlili va
metodologiyasi

Lokomotivlarni  tagsimlashni  optimallashtirishning
asosiy vazifasi:

1. Lokomotivlarning muddatdan ziyod to‘htab turish
vagtini minimallashtirish,  foydalanish  harajatlarini
kamaytirishga va uzelning unumdorligini oshirishga
imkoniyat yaratadi. O‘z navbatida bu manyovr ishlarini aniq
rejalashtirishga va lokomotivlarning kerakli uchastkalarga
o0°z vaqtida harakatlanishini talab etadi.

2. Tarkiblarni gayta tuzish, gayta buzish va poyezd
ishlari bilan band bo‘ladigan lokomotivlar o‘rtasida
balansini ta’minlash. Buning wuchun manyovrlarda
lokomotivlarning muddatdan ziyod to‘htab turishini oldini
olish va magistral marshrutlarida poyezdlarning to‘xtovsiz
yurishini ta’minlash maqsadida ushbu operatsiyalar
o‘rtasida lokomotivlarni to‘g‘ri tagsimlash zarur bo‘ladi.

3. Jo‘natish uchun poyezdlarni lokomotivlarni o‘z
vagqtida berish. Jo‘natish uchun lokomotivlarni kutish vaqtini
minimallashtirish uchun, harakatni boshgaradigan va
lokomotivlarni qo‘yib berish boshqaradigan
dispetcherlarning to‘g‘ri harakatini talab etadi.

4. Lokomotivlarning samarali. Bu esa yangi ishni
kutishida bo‘lagn lokomotivlarning vagqtini
minimallashtiradi va foydalanishdagi vagtini
maksimallashtiradi.

Harajatlarni, muddatdan ziyod to‘htab turishini
minimallashtirish, unumdorlikni maksimallashtirish va
lokomotiv parkining ishini optimallashtirish magsadida
lokomotivlarni ratsional ishlatilishi chizigli dasturlash va
jadvallar nazariyasi usullar yordamida ko‘rib chiqiladi.
Lokomotivlarni ratsional ishlatilish masalasiga ta’sir
etadigan asosly o‘zgaruvchilar va parametrlarni ko‘rib
chigamiz:

O‘zgaruvchilar:

Li — i marshruti uchun ajratilgan lokomotivlar soni; Tij
— j marshrutida i lokomotivning yo‘ldagi vaqti; Pi i
lokomotivning unumdorligi (tonna-kilometrlarda
o‘lchanadi); Ci — i lokomotivdan foydalanishning
harajatlari  (yoqilg‘i, texnik xizmat ko‘rsatish va
amortizatsiyasi shu jumladan); Di — lokomotivning
muddatdan ziyod to‘htab turishi vaqti; vi — i
lokomotivining tezligi.

Talabiy tashish xajmini ta’minlashda va turib qolishlarni
minimallashtirishda  lokomotivlardan  foydalanishning
umumiy harajatlarini minimallashtirish:

t=1(Ci - Ly + a- D) » min (1)

bu yerda o — to‘xtab turishlarning umumiy harajatlarga
ta’sirini belgilaydigan vazn koeffitsienti;
n — lokomotivlarning umumiy soni.

Chegaralanishlar:

https://t.me/tdtuilmiynashrlar

1. Har bir marshrut shunday sondagi lokomotivlar bilan
xizmat ko‘rsatishi kerakki, ularning jami unumdorligi
tashishlardagi talabni gondirishi kerak:

?:1 Pi-Li = Ppin, 2

bu yerda Pmin — uzelda yuk aylanmasini ta’minlash
uchun talab etilgan minimal unumdorlik.

2. Belgilangan jadvalni bajarilishini ta’minlash
magsadida lokomotivlarning marshrut bo‘yicha
harakatlanishi va muddatdan ziyod to‘htab turishi,
belgilangan limitdan ko‘p bo‘lishi kerak emas:

Tij + Di < Tmax' (3)

bu yerda Tmax — marshrut va muddatdan ziyod to‘htab
turishi uchun belgilangan maksimal vaqt.

3. Uzelda ishlayotgan lokomotivlar soni mavjud park
bilan chegaralangan:

"y Li < Loy, (@)

bu yerda Lob — uzelda lokomotivlarning umumiy soni.

4. Lokomotivlarning tezligi turli marshrutlar uchun
ruxsat etilgan qiymatlarga mos bo‘lishi lozim:

Vi 2 Vpin, (5)

bu yerda vmin — ruxsat etilgan minimal tezlik.

Ushbu masalani  yechish  uchun  quyidagi
optimallashtirish masalalrini qo‘llash mumkin:

- chizigli dasturlash (Simplex usuli);

- tarmoq rejalashtirish modellari (tarmoqdagi ogim
algoritmi);

- chegaralanishlarning murakkab tizimlarida global
optimum izlash uchun genetik algoritmlar.

Temir yo‘l wuzelida manyovr va poyezd ishini
sinxronlashtirish poyezdlar samarali va to‘htovsiz harakatini
ta’minlash, yo‘llardan va lokomotivlardan foydalanishini
optimallashtirish, shuningdek muddatdan ziyod to‘htab
turishlarni minimallashtirish uchun muhim masalallardan
hisoblanadi. Ushbu masalani yechish uchun oz ichiga vaqt,
resurs va o‘tkazish qobiliyati bo‘yicha chegaralanishlarni
hisobga oladigan, jadval va optimallashtirishning modelini
qo‘llash mumkin.

Asosiy o‘zgaruvchilar va parametrlar:

Mi — i manyovr operatsiyalarining soni; Tmi — i
manyovr operatsiyalarini bajarish vaqti; Ni — i poyezd
operatsiyalarining soni; Tni — i poyezd operatsiyalarini

bajarish vaqgti; Rm — manyovr operatsiyalarini bajarish
uchun resurslar (misol uchun lokomotivlar, yo‘llar); Rn —
poyezd operatsiyalarini bajarish uchun resurslar; Ci —
uzelning o‘tkazish qobiliyati; @ — i operatsiyalarni
boshlanishidan avvval kutish vaqti. Uzelda
lokomotivlarning va vagonlarning muddatdan ziyod to‘htab
turish vaqtini, shuningdek resurslar va o‘tkazish qobiliyati
bo‘yicha chegaralanishlarni hisobga olgandagi manyovr va
poyezd operatsiyalarini bajarishning umumiy vaqtini
minimallashtirish:
Z?:l(Tmi + Ty + T + Tni) - min (6)

bu yerda tmi va ti — muvofiq ravishda manyovr va
poyezd operatsiyalarini bajarish uchun kutish vaqti.

Chegaralanishlar:

1. Manyovr va poyezd operatsiyalarini bajarish uchun
chegaralangan sondagi resurslarni bir vagtda ishlatish
mumkin, shuningdek ular bir biri bilan ziddiyatda bo‘lishi
mumkin emas:

i=1Rm M + X1 Ry "Ny < Rop,  (7)

bu yerda Rob — mavjud resurslarning umumiy soni

(misol uchun, lokomotiv yoki yo‘llarning soni).
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2. Uzelning o‘tkazish qobiliyati bir vaqtda bajarilishi
mumkin bo‘lgan manyovr va poyezd operatsiyalarining
sonini chegaralaydi:

w (M + Np) <G, C))

bu yerda Ci — bir vaqt birligida uzelda bajarilishi
mumkin bo‘lgan maksimal operatsiyalar soni.

3. Muddatdan ziyod to‘htab turishlarni va ziddiyatli
vaziyatlarni olidini olish magsadida, operatsiyalarni bajarish
vagtini kelishish zarur:

Trmi + T < T + T 9

bu yerda Tmi — manyovr operatsiyalarni bajarish vaqti,
Tni — poyezd operatsiyalarini bajarish vaqti.

4. Operatsiyalar poyezdlarning kelish va jo‘nash
jadvaliga muvofiq bajarilishi lozim:

T 2 Smir Thi 2 Sni' (10)

bu yerda Smi va Sni — manyovr va magistral
operatsiyalarni bajarish uchun rejalashtirilgan vaqt.

Yechim barcha chegaralanishlarni va operatsiyalar
orasidagi bog‘liglikni inobatga olgan holda chizigli
dasturlash yordamida topilishi mumkin.

Temir yo‘l uzelida lokomotivlarni o‘z vaqtida berilishi-
tarkiblarning to‘htovsiz harakatini ta’minlash uchun muhim
vazifalardan hisoblanadi. Bunda minimal ushlanib
qolishlarsiz  poyezd operatsiyalarni  bajarish  uchun
poyezdlarga lokomotivlarni berish koordinatsiyasini oz
ichiga oladi. Ushbu masala uchun jadvallar nazariyasining
modelini va optimallashtirish usullarini qo‘llash mumkin.

Asosiy va o‘zgaruvchan parametrlar:

Li — i lokomotivi; Tdi — Li lokomotivni jo‘nash joyiga
berish wvaqti; Tsi — Li lokomotivni berishning
rejalashtirilgan vaqti; Wi — i lokomotivni kechikishi yoki
kutishining vazn funksiyasi; Di — i lokomotivini

berilishining ushlanib qolishi (mavjud va rejalashtirilgan
vaqtlarning farqgi); Pi —belgilangan vazifadan oldin i
lokomotivning muddatdan ziyod to‘htab turish vaqti; Ci — i
lokomotivning ishini foydalanish harajatlari; Ri — i
lokomotivning

unumdorligi ( tonna-kilometrda).

Rejalashtirilgan operatsiyalarga o‘z vaqtida berilishni
ta’minlashdagi foydalanish harajatlari va lokomotivlarni
berishdagi ushlanib golishlarini minimallashtirish:

=W D + C) » min,  (11)

bu yerda agar Tdi berish vaqti rejalashtirilgan vagtdan
Tsi.ko‘paygan bo‘lsa, lokomotivni berishning ushlanib
qolishi Di =max(0,Tdi —Tsi)

Chegaralanishlar:

1. Lokomotivlar belgilangan vaqgt intervalida berish
uchun imkoniyati bo‘lishi kerak:

Tai = Taostis (12)

bu yerda Tdosti — vazifalari bajarishga tayyor bo‘lgan i
lokomotivning vaqti.

2. Aniq vaqt davrida ishda band bo‘lgan
lokomotivlarning soni, uzeldagi jami xizmat ko‘rsatadigan
lokomotivlarning sonidan ko‘p bo‘lishi mumkin emas:

S Li < Lop, (13)

bu yerda Lob — uzelda bo‘sh bo‘lgan lokomotivlarning
umumiy soni.

3. Lokomotivlarni berishdan avval ularning muddatdan
ziyod to‘htab turish vaqti minimallashtirilishi kerak:

Pi = Pmaxr (14)

bu yerda Pmax — operpatsiyalardan avval muddatdan
ziyod to‘htab turishning maksimal ruxsat etilgan vaqti.

4. Lokomotivlar poyezdlarga jadvalga muvofigq eng kam
farq bilan berilishi zarur:

Tdi < Tsi + € (15)
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bu yerda € — lokomotivni berishdagi ruxsat etilgan
ushlanib qgolishlar.

3. Natija va muhokama

Chizigli dasturlash yordamida barcha
chegaralanishlarga va harajatlarga, ushlanib qolishlarga
mos bo‘lgan , Tdi lokomotivlarni berishning optimal
momentlarini topish mumkin.

Temir yo‘l uzelida lokomotivlarning aylanishini
optimallashtirish-muddatdan  ziyod to‘htab turishlarini
minimallashtirishga, texnik xizmat va foydalanishdagi
harajatlarni kamaytirishga, shuningdek lokomotiv parkining
foydalanishining umumiy samaradorligini  oshirishga
garatilgan masalalardan biridir. Ushbu masala uchun chizigli
dasturlash va jadvallar nazariyasining usullarini qo‘llash
mumkin.

Asosiy parametrlar va o‘zgaruvchilar:

Li — i lokomotivi; Tobi — i lokomotivining aylanish
vaqti (bitta yurishidan keyingi yurishi uchun qaytib
kelishigacha bo‘lgan vaqt); Ttexobsi — i lokomotivga

texnik xizmat ko‘rsatish uchun zaruriy vaqt; Tprosi —
reyslar orasidagi i lokomotivning muddatdan ziyod to‘htab

turishlar vaqgti; Ci — bir aylanishdagi i lokomotivining
foydalanish harajatlari; ni — i lokomotivining davrdagi
aylanishlarining soni; Ri — i lokomotivining aylanishdagi

olingan foyda; N — uzeldagi ishlatilishi mumkin bo‘lgan
lokomotivlarning soni.

Lokomotivlarning maksimal aylanishini ta’minlashdagi
toxtab turish vaqtini minimallashtirish. Shuningdek texnik
xizmat ko‘rsatish va foydalanishning umumiy harajatlarini
minimallashtirish magsadidan iborat:

1Ry ny) = XL (Ci + Topsi) —» max,  (16)

bu yerda Ri — lokomotivdan foydalanishda olingan
foyda; Ci — foydalanish harajatlari, Tobsi — xizmat
ko‘rsatish vaqti.

Chegaralanishlar:

1. Lokomotivning aylanish vaqti o‘z ichichga yurish,
texnik xizmat ko‘rsatish va mumkin bo‘lgan to‘xtab
turishlarni o°z ichiga oladi:

Tobi = Txoai + Ttexonsi + Tprosi a7)

bu yerda Txodi — i lokomotivning yurish vaqti.

2. Lokomaotivlarning umumiy soni uzeldagi mavjud
lokomotivlar sonidan ko‘p bo‘lishi mumkin emas:

SN, L SN, (18)

bu yerda N — lokomotivlarning umumiy soni.

3. Lokomotivlar texnik xizmat ko‘rsatilishini ma’lum
intervalda o‘tishi yoki ma’lum aylanmalardan so‘ng
bajarilishi kerak:

Ttexobsi = Tmaxtexobs: (19)

bu yerda Tmaxtexobs — texnik xizmat ko‘rsatilishi
orasidagi ruxsat etilgan maksimal vaqt.

4. Reyslar orasidagi lokomotivning to‘xtab turish vaqti
minimallashtirishi kerak:

Tprosi < Tmaxprosv (20)

bu yerda Tmaxpros — lokomotivni to‘xtab turishining
ruxsat etilgan maksimal vagti.

5. Lokomotivlardan foydalanishidan keladigan foyda
ularni ishlatilishidagi sarflardan katta bo‘lishi kerak:

R;*ny = Ci + Trexobsis (21)

Har bir i lokomotiv uchun.
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4. Xulosa

Lokomotiv aylanmasini optimallashtirilishining
matematik modeli lokomotivlardan foydalanishdagi bo‘lgan
harajatlar va foyda o‘rtasidagi balansni aniqlash, muddatdan
ziyod to‘xtab turishlarni minimallashtirilish va temir yo‘l
uzelida  lokomotivlarning  unumdorligini  oshirish
imkoniyatini beradi.

Ushbu tarzda, temir yo‘l wuzelida lokomotivlarni
tagsimlashning  optimallashtirilishi ~ butun  transport
tizimining samaradorligini oshirishda katta ahamiyatga
bo‘lib, wuzelning ishini yaxshilaydi, yuklarni va
yo‘lovchilarni tashishni to‘xtovsiz bajarish imkoniyatini
yaratadi.

Rejalashtirishning intellektual tizimini joriy etilishi uzel
bo‘yicha yuk va yo‘lovchilarni tashish uchun mo‘ljallangan
lokomotivlarni to‘g‘ri tagqsimlashni optimallashtirilishini,
shuningdek yo‘llarning va lokomotivlarning holatini
yaxshilash  imkoniyatini ~ beradi.  Ushbu tizimlar
lokomotivlarga bo‘lgan talabni avvaldan bashoratlash va
ulardan foydalanishning optimallashtirish imkoniyatini
yaratadi.
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The study of indicators of the quality of traffic management in the
conditions of the city of Jizzakh using GPS-tracks

AA. Ernazarovi®? J.Z. Tojiyevi®® T.G. Bobobekov2®°®
1Jizzakh Polytechnic Institute, Jizzakh, Uzbekistan
2Branch of Kazan (Volga Region) Federal University in the city of Jizzakh, Uzbekistan

Abstract: The article examines the problem of choosing rational criteria for the quality of traffic management in
cities. Depending on the objectives of the analysis, the complexity of the network, and technical
capabilities, the quality of traffic management can be assessed by indicators of the economic efficiency
of the transport process, the level of accidents, environmental safety, and social attractiveness. The
monitoring of the vehicle's speed mode has been carried out. The characteristics of the quality of traffic
management were obtained using experimental studies on a section of the street and road network of the
city of Jizzakh. Based on the results of processing the GPS track data, a histogram of the distribution of
instantaneous speed and graphs of the car's movement in the coordinates "time-distance"”, "time—speed",
"distance—speed" were constructed, which allow you to visually assess the driving mode throughout the
route and identify potential "bottlenecks". Spatial and temporal characteristics such as average technical
speed, specific time in motion, specific downtime, as well as energy indicators of the quality of traffic
management were also calculated: acceleration noise, speed gradient, energy gradient. After dividing the
experimental route into separate kilometer sections, changes in the characteristics of the quality of traffic
management were analyzed as they approached the city center.

Keywords: traffic management, speed limit, average technical speed, speed change schedule, GPS tracks

HccaenoBanue nokaszaresieil KauecTBa OPraHu3aluM J0POKHOTO IBUKEHUS
B ycJI0BUsAX ropoaa merogoM GPS-Tpexos

Dpuazapos A.A.10?% Toxnes K.3.10° Bododexos T.I'.20¢
xu3akckuil HOMUTEXHUYECKUI HHCTUTYT, Jku3ak, Y30eKkucTan
2@unuan Kasanckoro (ITpuBomkckoro) (eaepaibHOro yHUBepcuTeTa B ropose Jxusake, Y30eKucTad

AHHOTAIHA: B cratee uccnenoBaHa mnpoOiemMa BbIOOpa palMOHATIBHBIX KPUTEPUEB KadyecTBAa OpraHHM3aLUd
JOPOKHOTO JIBU)KEHHS B TOpoiax. B 3aBucHMOCTH OT wLeseil aHaan3a, CI0KHOCTH CETH, TEXHUYECKHX
BO3MOXKHOCTE#l, Ka4eCTBO OpraHM3allMU JJOPOXKHOTO ABIDKEHHS MOKET OLCHHBATBHCS IO MOKa3aTeNsiM
SKOHOMHYECKOH 3((PEKTHBHOCTH TPAHCIIOPTHOTO MPOLECCa, YPOBHS aBapHHHOCTH, IKOJOTHYECKON
0e30IacHOCTH U COLHUAIbHOM MpUBIEKaTeNbHOCTH. OCyLECTBIEH MOHUTOPUHI CKOPOCTHOTO peXUMa
JBIKEHHs] TPAHCIIOPTHOTO cpencTBa. [1oyrydeHsl XapakTepUCTHKY KauecTBa OPTaHU3aluK JOPOXKHOTO
JBIKEHHsS] TPHU TOMOIIM SKCIIEPUMEHTANBHBIX HCCIIEIOBAaHNI Ha YYacTKe YJIMYHO-JOPOXKHOW ceTh
ropoxa [xuzaka. [lo pesymeratam o0paboTkm naHHBEIX GPS-Tpeka OBUTH MOCTPOEHBI THCTOTpaMMa
pacrpesiesieHus] MTHOBEHHOHW CKOPOCTH M TpadMKM ABM)KCHHS aBTOMOOWIIS B KOOp/MHATAX «BpEMs—
PAcCTOsIHUE, «BPEMSI—CKOPOCThY, «PAaCCTOSTHUE—CKOPOCTBY», KOTOPbIE MO3BOJISIOT BU3YalIbHO OLICHUTH
PEXUM JIBIKEHHS Ha MNPOTSHKCHHH BCEro0 MapuIpyTa M OMpPENEUTh HOTCHIMATbHbBIC «y3KHE MEeCTay.
Tarke OBUIM pacCUMTaHbl TAKUE MHPOCTPAHCTBEHHO-BPEMEHHBIC XapaKTEPUCTHKH, KaK CPEIHSSL
TEXHUYECKasA CKOPOCTb, YACJIBHOC BpEMsS B [JABWXCHUHU, YACJIBHOC BpEMsS IMPOCTOSA, a TaKXKe
JHEpreTHYECKUe MOKa3aTe Il KauecTBa OPraHu3aluy JOPOIKHOTO JIBHXKECHHS: ITYM YCKOPEHUS, TPAJUCHT
CKOPOCTH, TPaJMeHT dHepruu. [locme pasieneHus SKCIEPUMEHTANbHOTO MaplLIpyTa Ha OTACIbHbBIC
KHUJIOMETPOBBIC YHYaCTKH ObLIH IMpOoaHaJIM3UPOBAHbI UBMCHECHUS XapaKTECPUCTHUK Ka4€CTBA OpraHu3salun
JOPOKHOTO JIBH)KEHUS 110 Mepe NPUOIMKEeHHs K EHTPY TopoJa.

KitoueBsie cioBa: OpraHu3alys JOPOJKHOTO IBHKCHHS, CKOPOCTHOW PEXUM, CPEIHssS TEXHHYECKas CKOPOCTb, rpaduk
n3MeHeHns ckopoct, GPS-tpekn

1. BBelIeHI/Ie ObecrieyeHne  BBICOKMX  MOKaszaTelnel  KadyecTBa
opraHuzanuu JgopoxkHoro aswkeHus (OJJJl) sBisercs
OMHOW W3 TJAaBHBIX 3aJa4 TPAHCIOPTHOW OTpPaCIH,

a2 https://orcid.org/0000-0002-4188-2084
bl https://orcid.org/0000-0001-6700-5285
¢ https://orcid.org/0009-0000-3487-365X
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MOCKOJIbKY ~aBTOMOOWJIBHBIM ~ TPAaHCIOPT OOCIYyKHUBaeT
TMoYTH Bce CQephl ASITENLHOCTH 00mecTBa, 3To Oyner
croco0CTBOBaTE pocTy J(P(HEKTUBHOCTH HSKOHOMHKH B
nenoM. IIpoGieMsl ompeneneHust KadecTBa TPAHCIIOPTHOM
CEeTH NOCTOSHHO BO3HHUKAIOT B mpaktuke OJIJ] u oObraHO
SBJIAIOTCS TEPBBIM 3TAllOM HH)XEHEPHOH IEATEIBHOCTH IO
BHEJIPEHUIO JIOOBIX MEpONpUATHH B 3ToH cdepe. 3amauun
ompeneneHus napamerpos kadecta O/1J] B roponax MoryT
pemarbes Kak Ha ypoBHE ynu4yHo-gopoxkHoi cetu (YC),
TaK Y Ha JOKaJHbHOM YPOBHE.

Amnamu3 xpurepues kauectsa OJIJ] B ropopax sBiseTcs
BOKHBIM  HANpaBIeHHEM UL Yy4YEeHBIX B  oOmacté
ABTOMOOMJIGHOTO TPAHCIIOPTA, MOCKOJIBKY 3TO HANPSMYIO
BIMACT Ha Oe30macHOCTh M KOM(OPTHOCTb JABMIKECHHS
aBTOMOOMJIEH B TOPOACKUX YCIOBHAX. B 1emoM MoHO
BBIACIUTh JIBA KOHIENITYalbHBIX MOAXOAAa K OIEHKE
KadyecTBa opraHusauuu asmwkenus Ha Y JIC: ucnonszoBanue
YaCTHBIX KPHUTEPHEB M HCIOJIL30BAaHUE WHTETPAIBHBIX
KPHUTEPHEB.

YacTtHble KpPHUTEPHU YETKO COOTBETCTBYIOT
OINpE/ICNICHHBIM 3a/ladyaM HCCICJOBAHUS, WX IIEJIEBBIM
YCTaHOBKaM H HE MOTYT PacCMaTPHUBATHCS H30JIHPOBAHHO OT
HUX. B cBOIO ouepens, caMu B3B! HA HETH U METOIbI
OJ1J], uX MpUOPUTETHOCTh IOCTOSHHO 3BOJIOLUOHHUPYIOT.
Kak B HayyHOM, Tak W B MpPaKTHYECKOM IUIaHE OOImIeH
TCHICHIMEH  Pa3BUTHSA  METOIOB  IPOCKTHPOBAHUS
TPaHCIOPTHOTO TUTAaHUPOBAHHUS roposioB cTalo
COCpEeIOTOYEHHE BHHMAHWS Ha HEraTHBHBIX J(QeKrax,
KOTOpBIE SIBISIFOTCSL  COIYTCTBYIOIIMMH POCTY YPOBHS
aBTOMOOMIM3anyu. [MaBHBIME NpoOneMaMH HPH3HAIOTCS
ype3MepHas 3aBUCHMOCTh HACEJICHUS OT HHAUBHIYaIbHOTO
AaBTOMOOHIIS, MIEPETPYKEHHOCTh TOPOJOB aBTOMOOHIBHBIM
TPAHCIIOPTOM, OCOOCHHO MX IICHTPAIbHOU JENIOBOH YacTu.
CoBpEeMEHHBIE ~ HCCIENOBAHHUSA  CBHICTEILCTBYIOT O
CYIIECTBEHHOM BJIMSHHUY MHIMBHIYaJIbHOTO TPAHCIOPTA HA
KaueCTBO )KU3HH HACEJICHHNs TOPOIOB, 8 TAKXKE HA COCTOSTHHE
okpyxaroreit cpeapl [1-3]. O0s3aTeTbHBIM JIEMEHTOM TIPU
OLICHKE KauecTBa JIOPOXKHOTO JBIIKEHHS CTaHOBUTCS
OLIEHKA €ro BIMSHHUSA Ha TOPOJCKYIO Cpeqy C Yy4eToM
9KOJIOTHYECKOTO U COIHAIBHOTO 3 exToB.

WuTerpansHple Kputepun oleHKH kadectBa O]
TIPEACTABISAIOT COOOM KOMIIIEKCHBIE METOMABI, KOTOpHIE
COZIepXKAT pa3IMyYHbIE MapaMeTphl, TaKWe KaK IUIOTHOCTh
JBIKEHHs, Bpems 3a1epKKku, CKopocTh ABMKeHus, O0ree
BpeMs Toe3nkd U apyrue. [lonyueHHBle —JaHHBIE
AQHANM3UPYIOTCS U CYMMHpPYIOTCS B €IMHBIH IOKa3aTellb,
oTpaxaromuii  obmee kadecteo OJJ] B TOpoOze.
WHTerpansHble KPUTEPHH MO3BOJISIIOT HE TOJNBKO OIEHHUTH
texyuwid yposeHb O/1/], Ho 1 onpenenuTh 3 PHEKTUBHOCTD
Mep, TPeANPUHUMAEMBIX [UIS YIYUIOIeHHsS JOPOXKHOM
HHOPACTPYKTYPHI M MOBBIICHHUS 6€30IIaCHOCTH JOPOKHOTO
nBwkeHus [4]. OpHako  MHTErpanbHbBle  KPUTEPUHU
11e1ecO00pa3HO HCIONB30BAaTh B KOMIUIEKCE C JIPYTUMH
METOJaMU U UHCTPYMEHTAMU IS ITOJTyYE€HUSA BCCCTOpOHHeﬁ
nHpopmarn 06 yposre OJI/1 n pa3zpadbotku >3 exkTHBHOI
CTPATETHH €0 YIIyqIIeHHs.

AHanmm3 Hay4HBIX ITyOJIMKANWi IOKa3bIBaeT, dTO
OpraHM3amusl JOPOKHOTO JBIKEHHS SIBISIETCS BayKHOI
cocrasJstonieit yIpaBIeHUS TPAHCIIOPTHOM
HHOPACTPYKTypol B Topojax. ABTOpaMH MpeIararoTcs
pasnuuHbIe OIXO/bI K orleHke kadectBa O] B roponax,
BKJIIOYAsi 3KOHOMHUUECKUE, TEXHUUECKUE, COLIMOJIOTNUECKUE
¥ MH)KEHEpHBIE acleKTsl. Kpurepun kadecTBa OpraHu3auu
JOPOKHOTO ABVKCHUSI MOTYT OBITH OIIPEIENICHBI Ha OCHOBE
Pa3IHIHBIX apaMeTpoB, KaK-TO 0€301acHOCTb,

https://t.me/tdtuilmiynashrlar

KOM(}OPTHOCTB, IIPOIYCKHAsI CIIOCOOHOCTD, YCTONYHUBOCTD U
9KOHOMHYHOCTb. B 3aBHCHMOCTH OT BEIOpaHHBIX KPHTEPHEB
YUYCHBIE CO3JAl0T Pa3yIMYHbIe MOJEIH M MHCTPYMEHTHI JUIS
n3mepenus kadectsa OJ1/] B ropogax M pa3BUBAIOT HOBBIE
MOAXOABl K YIydYIICHUWIO YCIOBHH JBIDKEHHUS — OT
COBEpPILICHCTBOBAHUS CBETO(OPHOTO perynupoBanus [5] no
UCTIONB30BAHUA  TEXHOJNOTHH  «yMHBIX TOpPOIOB» U
COBPEMEHHBIX MHTEIUIEKTYaTbHBIX TEXHOJIOTHH,
HANpaBICHHBIX Ha YJIy4lIeHHEe KauecTBa JKH3HU U
0e30MMacHOCTH HACEJICHUs B Topoje [6].

INpormyckHast cHOCOOHOCTB OCTaeTCs OMHUM M3 TTIaBHBIX
kputepueB kadectBa OJIJ]. [ns oGecneueHHss BBICOKOTO
YpOBHS  TIPOIyCKHOH  CHOCOOHOCTH  BO ~ MHOTHX
HCCIIeI0BaHUIX pEeKOMEHTyeTCst HCTIOIb30BATh
COBpEMEHHbIC MH()OPMaLIOHHbIE TEXHOJOTHH, TaKUE Kak
CHCTEMBl JUHAMHYECKOTO YIpaBlIeHHs M  OOJauHbIE
CHCTEMBI YIPaBJICHUS TPAaHCIIOPTOM [7].

ITockonmpky mapamerpst OJIJI ropomoB  MoryT
3HAQUMTENBPHO BIMATH Ha IIOKa3aTead 0e30macHOCTH
JIOPO’KHOTO JIBHKEHHMS, OHH OCTAIOTCS BaKHBIM KPUTEpHEM
kadectBa OJI/]. Hay4Hble myOmuKamuy MOKa3bIBAIOT, YTO
HNPUHATHE Mep M0 yIy4YIICHHI0 OPTaHU3alUH ITOPOXKHOTO
IBIDKCHHUSA (HampuMep, YIIydlIeHHe HH(PPacTPyKTypEL,
COKpaIlleHHe aBTOMOOMIIBHOTO TpaduKa, BBEICHHE HOBBIX
MPaBHJI TIOJIB30BaHUS MHIUBUIYAIbHBIM TPAHCIIOPTOM H T.
) MOKET CHU3HUTh PUCK aBapHi M MOBBICUTH 0€301aCHOCTh
Jutst Beex nosb3oBareneit Y JIC ropoaos [8].

VHTerpalbHBIM ~ KpUTEpHEM [UISl  OLHKH YCIIOBHH
IBIDKEHHUST MOJKET BBICTYNAaTh YPOBEHb OOCITYKHBaHUS
moporu  (Level of Service, cokpamenno LOS),
paspabotannbiii B CHIA w mmpoko NPU3HAHHBII
crenuaniucraMu MHOruX crtpaH [9]. Ha ceromnst xpurepuit
LOS wucnonmp3yercst 1isl OIEHKH YCIOBUH IBIDKEHUS Kak B
mporpamMmax  MonemupoBanus  YJC, Tak wW B
Y3KOCTEHAIN3HPOBAHHBIX MPOrpaMMax MPOSKTUPOBAHUS
MEePEKPECTKOB U Pa3Bs30K.

Tak Ha3bIBaeMble PHEPreTHYECKHE KPUTEPHH KadecTBa
OJ1/] ouieHUBAIOT pacxo]] SHEPTUH, BbIICISIEMON BO BpeMs
IBIDKEHHS aBTOTpaHCHOpTa. Takue KpHUTEpHM COJepikar,
HarpuMep, KOJIMYECTBEHHYIO OIIEHKY 3aTpaT SHEPrHd Ha
MpOe3]] OCTAHOBOK OOIIECTBEHHOTO TPAHCIIOPTA, HAIM4He
9Heprod¢hHeKTHBHOM TIOPOKHOU HHPPACTPYKTYPHI,
opranm3anuio  pabotsl  cBeTodopoB. cnomp3zoBaHue
JHEPreTHYECKHX KPUTEPUEB IO3BOJIIET pa3padaThIBaTh
6onee 3(h(eKTHUBHBIC TPOCKTHI YIMYHO-TOPOKHON CETH U
co3naBaTth Oosiee KOM(OPTHBIE YCIOBHS UISl Y4aCTHHKOB
JIOPO’KHOTO ABMKEHUSI ¢ TOUKH 3PEHUSI SKOHOMHH TOILINBA,
CHIDKCHHS BBIODOCOB W  TOBBIMICHHS 0E30MacHOCTH
JIOPOKHOTO JIBYKECHUS.

Hexotopsle aBTopsl kpurepmeMm kadectBa OJ1]]
CUHUTAKOT ](OMCbOpTHOCTb JABUXXCHUSA, YTO MOXKET COLAECPKATH
TaKue mapaMeTpbl, KaK YPOBEHb IIyMa, yPOBEHb BUOpAINH,
YpPOBEHb 3ara3oBaHHOCTH, KQUeCTBO JJOPOIKHOTO TOKPBITHS
¥ JIOCTYITHOCTH 00IecTBeHHOro Tpancmopra [10].

Kak moka3sIBalOT pe3ynbTaThl MHOTHX HCCIEIOBAHHM,
M3MEHEHHE CKOPOCTH aBTOMOOWIS Ha JOporax ropoja
MOXeT ObITh BaKHBIM IIOKa3aTeneM 3(dexTHBHOCTH
JOpO>KHOTO ABMKeHUsI. OJJHa U3 METO/IMK OI[EHKH KayecTBa
Ol B ropomax Oasupyercs Ha aHaiu3e TIpadUKoOB
M3MEHEHHs CKOPOCTH aBTOMOOWIS, KOTOPBIE MOTYYarOTCs
IYTEM HUCHOJIB30BAaHUS NAHHBIX, IMOJYYCHHBIX C IIOMOIIBIO
GPS-TpekepoB,  yCTaHOBJIEHHBIX Ha  aBTOMOOWIX,
IBIDKYIIUXCS 10 TopoAckuM yiuiaMm. K mpenmymiectBam
3TOH METOJUKH OTHOCAT TO, YTO OHA YYHTHIBAET BCE
(haxTOpHI, KOTOPHIE BIUSIOT HAa COCTOSIHHE TPAHCIIOPTHOTO
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MIOTOKA, TO3TOMY HCHoab30BaHNe AaHHBIX GPS-Tpexos
HaBHTAI[HOHHOTO O00OpPYIOBaHUS TPAHCIIOPTHBIX CPENCTB
MO3BOJISIET OCYIIECTBILITH OICHKY M KOHTPOJb KadecTBa
Ol B pexuMe peaabHOrO BPEMEHH U B TO K€ BpeMs
3HAYUTENHHO CHIDKATh UX TPYJIOEMKOCTh. AHAIN3 JaHHBIX O
CKOPOCTH TpPAHCHOPTHBIX CPEJACTB IO3BOJAET BBIABIATH
Y3KH€ MecTa B TOPOJACKON JOPOXKHOM CETH, TI€ BO3HUKAIOT
3alepKKH JABIDKGHHUsS, M TpeaiaraTb MeEphl IO HX
ycrpanenuto [11].

OTtH myONIMKaMy AEeMOHCTPHPYIOT morteHiman GPS-
TexHojorui ans ounenku kadecrsa OJIJ[ B ropomax. B
YaCTHOCTH, aHAIM3 TpadUKOB W3MEHEHHsS CKOPOCTH
aBTOMOOMIISI T03BOJISIET S((EKTHBHO BBIBIATH YYaCTKH
JIOpOT, I/Ie BO3HUKAIOT MPOOKH U 3a[eP>KKH JBHKEHUS, YTO
MOXeET OBITh HWCIIONB30BAaHO [UIsi pa3pabOTKH Mep Mo
yIy4IIeHHIo TpaduKa B TOpoIe.

2. MeTtoauka uccjie10BaHus

C nenbio anpoOaIvy METOANKH HCCIIeI0BaHMs KaueCTBa
O ¢ uctions3zoBanueM JaHHBIX GPS-TpekoB u oleHKH ee
o¢¢pexTuBHOCTH  OBUIO  pPEIIEHO  TMPOBECTH DAL
SKCIEPHUMEHTAIBHBIX HCClIeAoBaHMi Ha ydactke YJC
ropomga JDxuzaka. JlerkoBoll aBTOMOOWIL THIIA CelaH
IBHUTAICS Kak e3[oBas J1abopaTropusi B TPAHCIIOPTHOM
notoke. [Jns 3amucu  GPS-TpekoB  ucnosb3oBaiics
HaBuratop Mmapku Pioneer 7014 w HaBHUranMoHHOE
nporpaMMHoe obecrieueHne Navitel.

3amuch TPEKOB MpoOBOAMIack B Qopmare gpx
(TexkcToBBI (opMaT xpaHeHUS U oOMeHa maHHBIME GPS,
ocHOBaHHBIN Ha popmare XML), 4TO MO3BOJSIET XPAHUTh
WHPOPMAIIMIO B TIPOU3BOJBHOM (opme, MpH KOTOPOit
00s13aTeNBHBIMHU SIBJISTFOTCS TOJIBKO JIOJTOTA M LIMPOTA TOUEK
Tpeka. [lns mepBHYHOI 00pabOTKM TPEKOB W MepeBola
MONYy4YeHHBIX  xapaktepucThk B ¢opmar  Excel
ucnons3oBangack nporpamma GPS Track Editor, xoropas
OTJINYAETCS TPOCTHIM TI0JIL30BATEILCKUM HHTEphercomM
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Puc. 1. M306pa:keHnue u pe3yjbTaTsl 00padoTKU
GPS-tpeka
PesynbraTamu MepBUYHON 00paboTku  Tpeka
MpOrpaMMoii cTaso ModyueHHe ¢ MHTEPBAJIOM B 1 ceKyHay
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TaKHX [TapaMeTPoB, Kak BpeMs OT Hauasa 3alucH Tpeka (c);
JUIMHBl ~ CETMEHTa/CeKIMH  (KM); IPOJOJDKUTEIHLHOCTH
IBIDKEHUS (MHH); MTHOBEHHAs! CKOPOCTD JIBIDKEHHS (KM/9);
MTHOBEHHOe yckopeHwe (M/c2). s  nmanbHewrmeit
00pabOTKYM JaHHBIX, MPOBEICHUS PACUETOB M MOCTPOCHUS
rpadukoB ObuTa Hcmoib3oBaHa mporpamma Excel. Takas
MeToauka o0paboTkn maHHBIX GPS-Tpeka mo3BosseT
JOCTaTOYHO OBICTPO MPEACTABUTh MapaMETPhl ABIKCHUS
aBTOMOOMIIA HccnenyeMbiM yaacTkoM Y JIC ropoaa B hopme
rpaduKoB.

HayanpHBIMM ¥ KOHEUHBIMH  TOYKaMH  OBUIH,
coorBercTBeHHO: «MCI' Kaxpamon» u «CO3 Jlxu3ax».
CrnenoBaTenbHO, uccineayeMbM yaacTkoM Y JIC ropojia Obut
BBIOpaH MapuIpyT OT OJHOTO M3 CaMbIX OTIAJIECHHBIX
CENMUTEOHBIX PallOHOB rOpOAa J0 €ro LEHTPaJbHOH yacTwy,
COOTBETCTBYIOIMII ~ MapIIpyTy e€XeOHEBHOW paboueit
MOE3/IKA YCJIOBHOTO JKHTeNsl mepudepuitHoro paioHa B
HeHTp ropoja. OTO  TO3BOJWIO  JIONOJHUTEIBHO
HCCIeI0BaTh M3MEHEeHHe INokasarteneil kadectsa OJIJ] mo
Mepe NpUOIDKeHUsI K IEHTPaJIbHON YacTH ropoxa. JinnHa
Mapmipyta cocrapmsuia 17,4 kM, HccrnenoBanue
HIpOBOIMIOCH B OyIOHUHI HEHb HEAEeTH B IIPOMEXYTKE
BpeMenn Mexxay 10: 00 u 11: 00 yacamm.

ABTOMOOMITb BBINOMHSAN JBIDKEHHE B TPAaHCHOPTHOM
MOTOKE C CcoOMofeHHeM Bcex TpeOoBaHmid [IpaBmi
JOPO’KHOTO ~ JIBIDKCHHS, TPEBBILICHUE CKOPOCTH  OT
YCTaHOBJICHHBIX 50 KM/4 J0omycKaaoch He 6ojee yeM Ha 10
KM/4. B mpomecce ABIDKEHUWs HE BO3HHKAIM KaKue-THOO
JIOTIOJTHUTENBHBIC 33/IePKKHU 110 TIPUYNHAM, HE CBS3aHHBIM C
opranmzanueii nopoxsoro askenus (JITII, mposenenue
JOPOXKHBIX PabOT W T. I.), YTO MOIJIO OBl MOBIHATH Ha
UTOTOBBIC ITOKA3aTENN JBHKEHHUSI.

3. Pe3yabTaThl HcCce0BAHMS

IMocne xoHBeprauuu B mporpammMmHyto cpeny Excel u3
MOJyYeHHOT0 MacCHBa JaHHBIX Cpa3y MOIYT OBITh
MOCTPOCHBI  TpaduKd,  OTOOpaXKaroIlle  JABWKEHHUE
aBTOMOOMIISI TO HcciexryeMoMy MapmpyTy. Hampumep,
MOXHO TIOCTPOMTH TpadUKH W3MEHEHUS CKOPOCTH
IBIDKEHHS BO BPEMEHH M MO JUIMHE MapUIpyTa, a TaKke
THCTOTPAaMMy  pACIIPE/ICNICHUs] MTHOBEHHBIX CKOpPOCTEH
JBIKEHHUS 110 CEKYHJHBIM HHTEPBaJIaM.

Haunbonee 4yyBCTBUTENBHBIM K JOPOXKHBIM YCIOBHSM U
COCTOSIHHIO TPAHCIIOPTHOTO MOTOKA MapaMeTpOM SIBIISETCS
MTHOBEHHas CKOPOCTb aBTOMOOWIIS, MOCKONBKY OHa
SBIAETCS HEMOCPEICTBEHHBIM pe3ysNbTaTOM IIpomecca
JIOPOKHOTO JIBYKECHHUS.

MoOXHO yBHAETH, 4UTO OONBIIMHCTBO 3HAYEHHI
MI'HOBEHHBIX CKOpOCTeﬁ JBMIKCHUA HAXOAATCA B UHTEPBAJIC
0 .. 5 KM/4, YTO CBHJCTENbCTBYET O 3HAYUTEIHHOM
KOJIMYECTBE IPOCTOCB M 3a/eP)KEK BO BpPEMs IBHIKCHHS,
CBsA3aHHBIX .]'II/I60 C pETYJIUPOBAHUEM NOPOKHOTO ABUKECHUS,
mbo ¢ BBICOKUM ypoBHeM 3arpy3ku Y/JIC ropoma Ha
OTAENBHBIX yJacTKax MapmpyTa. st IpyruX MHTEPBAIOB
Taloke HaOIIoaeTcss HEPaBHOMEPHOCTh pACIIPeleNICHUS
CKOPOCTH, UIMEETCSI yBEINIEHHE OTHOCUTENBHBIX YacTOT Ha
uHTepBaje 3HadeHuid 50-60 km/u. Ilpuumnoil 3TOTO
SIBISIETCS TO, YTO BOAUTENb NPUHYAUTEIIBHO OTpaHUYUBaAII
MaKCHUMAJIbHYIO CKOPOCTb  ABHMXKCHUSA Ha OTACIBHBIX
yuactkax YJIC B ycloBHSX CBOOOTHOTO ABHXKEHHS, KOT/A
CTENEHb 3arpy3KH JOPOTH OblITa HEM3BECTHOM.

Ha puc. 3 npuBeneHs! rpadMKy ABMKEHNS aBTOMOOMIIS
B KOOPJIMHATAX «BPEMS-PACCTOSHUE», «BPEMSI—CKOPOCTE) 1
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«PacCcTOSHUE—CKOPOCTb». MOXKHO YBUAETb, 4YTO Ooisee
CTa0WIBHBIM PEXHM JBIDKCHUS SBISIETCS B  Hadale
MapmpyTa, TA€  ABW)KEHHE  OCYIIECTBISIETCS IO
MAarucTpajbHOH yiuie oOIeropoICKOro 3Ha4eHHUs, B TO Ke
BpeMsl B Ipefenax IEHTPaJIbHONH 9acTH  ropoja
HaOJIONAIOTCA YacThle M3MEHEHHs CKOPOCTHOTO PEXHMa
JBIKEHNS, OCTAHOBKM U JBIKEHHE B PEKHME «CTapT-
crom». [lomumo OoJnee BBICOKMX CpEIHUX 3HAYCHUI
CKOPOCTH [IBW)KEHHMS B Hayajie MapLIpyTa, 3aJepsKKH
JBIDKCHHs 37ech HAONIONAIOTCA B BHIE IIPOCTOEB HA
MOJX0JaX K peryJupyeMbIM IepekpecTkaM. B Konie
MapIipyTa 3aJep>KKH U JJaKe MPOCTOM BO3HHUKAIOT dalle,
YTO 00YCIIOBIICHO YBEINYCHNEM YPOBHS 3arpy3KHU JIOPOTH.

Bo Bpems gBmkeHHMS Ha OTAENBHBIX YyYacTKax
HaOJIONAIOTCA TIEPUOANYCCKHE CHIDKEHHS CKOPOCTH [0

HyJIeBoro 3HaueHusa. Ha rpaduxe «paccTosHHE-CKOPOCTB»
OHHU COOTBETCTBYIOT MECTaM PAaCIIOJIOKCHUS IEPEKPECTKOB,
MENIeXOHBIX IIePeX0J0B M JAPYTHX MeECT, IJie BOJUTENb
BBIHY)KIEH CHIDKAaTh CKOPOCTh [JBIIKEHHS aBTOMOOWMIIS.
Jlpyrue y4acTkM, TOe JBIDKCHHE IPOHCXOJUT C
MOHIKEHHOH CKOPOCTBIO, MOTYT IIOKa3bIBaTh HaIW4UE
y3kux Mect Y/IC ropona, rae u3-3a yBEJIHYEHHS YPOBHS
3arpy3Kd  JOPOTH TIPOMCXOJUT CHIKEHHE CKOPOCTH
JBIKEHHS TPAHCTIOPTHOTO TOTOKA. JIIst TIOKaNu3aluy y3KUX
Mect Y/IC Gonee nHGOpMATHBHOW SBIISETCS JAUArpaMMa B
KOOpJUHATaX «PacCTOSHUE-CKOPOCTbY», IOCTPOCHHAs AL
OoJyiee KOPOTKHX OTPE3KOB MapLIpyTa, B TO K€ BpeMs II0
rpagukaM B KOOPAMHATAX «BPEMS—CKOPOCTB» MOXKHO
OLIEHUTh TMPOJOIDKUTENPHOCT IIPOCTOEB U BEIHYUHY
3a[€PKKH B JBHKECHUU.
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Puc. 2. U300paxenus u pe3yabTatsl 00padoTku GPS-Tpexa

Takue TmOkazarenu, Kak CpenHAs TEXHHUYECKas
CKOPOCTb, YACIBHOE BPEMs JBH)KCHUS (TEMIT JBHKCHUS),
yIelbHOEe BpEeMs IPOCTOS, MOTYT HEMOCPEICTBEHHO
HCTIONB30BaThes Kak kputepun oreHkn OJI/1. Mx oTmmgaror
YHHABEPCAIBHOCTb, IPOCTOTA H3MEPEHUs, BO3MOXKHOCTH
CTONMOCTHOH  HWHTEpIpeTalud  JUII  OIpEeAeNICHUS
9KOHOMHYECKOH 3()(EKTUBHOCTH IpoIiecca NepeBO30K.

ITockobKY IO YCIOBHUSIM 3KCIIEPHMEHTa aBTOMOOMIIb
JIBUTAJICS B YCIOBHUSX PEaIbHOTO TPAHCIIOPTHOTO MOTOKA OT
HA4aJIbHOTO ITyHKTa JI0 KOHEYHOTO IYHKTa M OCTAHOBKH
MPOUCXOJWIN TOJNBKO IO MPHYAHAM, CBS3aHHBIM C
opraHm3anuen JIOPO’KHOTO JIBIKEHHS, CpemHsIst
TEeXHHYECKass CKOPOCTb IO pe3yibTaTaM MOE3IKH MOXET
OBITH MOJTy4YeHA 10 (HOPMYITOH:

Ve =60-L,/T (1)
rae L, -paccTosiHMe, MpoexaBllee aBTOMOOMIb IO
MapuIpyTy, KM; T-CyMMapHO€ BpeMsl ABHKCHHUS, MUH.

VYnenpHoe BpeMs B JBH)KCHHU MOXET OBbITh HalJICHO
KaK, MUH / KM:

T = 60/V,, @
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e V,.-cpemHsisi CKOpoCTh B ABIDKSHUH (U1 HHTEPBAJIOB,
TJie CKOPOCTh OblIa He MEHBIIE 5 KM/4), KM/4.

VaenpHOE BpeMs MPOCTOS OMPEIeNiAeM KakK, MHH / KM:

Ts=Xts/Lm 3

e ), ts-CyMMapHas MPOIOJIKUTENBHOCTh HHTEPBAIOB
MPOCTOSI, MHH;

IMomyuennsle B pe3ynbrate 00paboTkm maHHBIX GPS-
TpeKa 3HaYeHHs] CKOPOCTH, PACCTOSHHUS, BDEMEHH JABIDKCHUS
U YCKOPEHHE aBTOMOOWIIS Uil KaXKAOTO CEKyHIHOTO
WHTEpBaja MO3BOJSIIOT TAaKXKe IMOJNYYUTh CIIEAYyIoLIne
noka3zarenu kadectBa OJIJ], kak 1IyM yCKOpeHUs, TpaJueHT
CKOPOCTH, TPAJAUCHT SHEPrHU. DTH KPUTEPUH OLCHHBAIOT
BakHoe cBoiicTBa OJ]/[-cTabHIBHOCTh pEKMMa JBHKEHHUS
[12].

[IIym yckopeHUst MO>KeT OBITh HalAEH Kak:

. 1 .
of = /;* Yt @)

rae j; - 3HAYeHHE YCKOPEHHS Ha i-M HHTepBaje
U3MEPEHHs, M / ¢2; N-KOJINYECTBO HHTEPBAJIOB U3MEPEHHE.
I'paiieHT CKOPOCTH INpEJCTaBiIsAeT co0OH OTHOLIEHHE
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IIyMa YCKOPEHHsA K CpeJHell TeXHHUECKOH CKOPOCTH U
ABisiercs Oosee yHOOHBIM IOKa3aTeNeM JUIi OLIEHKU
ycinoBuil nBwkeHHs Ha YJIC KpynHBIX TOpOJOB. OTOT
KpUTEpUH Tak *ke, KaK M LIyM YCKOPEHUs, pearupyer Ha
KoJieOaHUsT CKOPOCTH, OJHAKO €ro M3MEHEHHs B OoJblieit
CTEeNeHH! 00YyCIIOBIICHBI 3a1eP)KKaMHU BO BPEMsI IBHIKEHHSL.

Eme  omHum  kpurepuem, KOTOpPBIH ~ MOXET
HCTIONB30BaThCA ISl  OIEHKH KadecTBa JIOPOXKHOTO
nBkeHus Ha Y JIC MocT, eCTh TpaJleHT SHEPTUid, KOTOPHIi
B HaIlIEM CJIydae MOXeT OBITh ITOJy4eH KakK:

%*Z?=1(ji'vi_ji'vi) 2
Gp =V ©)
rae j; - V;-3HaueHHe TIPOM3BENCHHS YCKOPEHHS H
CKOPOCTH Ha i-M HHTepBaje u3MepeHus, M%/c3,
Paccuutannsle mo manHeIM GPS-Tpeka moxazarenu
npuBeaeHbI B Tabuume 1.
Tadauna 1
IMoka3artean kayecrBa O/l na yuacrke YAC
ropoaa /xxuzaka

IToka3zaTean ExuHnnbl 3HaueHHe
H3MepeHHe

IToTpaueHHOE BpEMSI MHH. 36,9

CpeHsisi TeXHU4ecKast KM/4 28,2

CKOpOCTh

Temn gBYOKEHMS MUH/KM 2,13

60

CKOPOCTE KM/9

10

y = -1,5033x + 47,208
R?=0,3216

Cpe;msm TEXHHIECK

1234567 8 910111213141516171819

Homep y9acTra

AeILHOE BpeMH MHH/KM

v

VaensHOE BpeMmsl B MMH/KM 1,68
JIBIDKCHUHT

VY nenvHbI BpeMeHU MHH/ KM 0,57
MPOCTOSI

1Iym ycKopeHus M/ c? 0,84
I'paMeHT CKOPOCTH ct 0,12
I'paaguenT sHeprun M/ c? 0,75

Kak Mo>xHO BHAeTb, CpemHssl TEXHUUECKasi CKOPOCTB 110
MapIpyTy He npeBbimraet 30 KM/4, 9TO JOCTATOYHO HU3KUM
HoKa3aTeJieM JUIsi JIETKOBOro aBToMoOwis. IlomydyeHHoe
3Ha4YEHUE IIyMa YCKOPEHHS XapaKTepH3yeT 3HAYHUTENIbHBIC
KOJIeOaHMs CKOPOCTHU ABMKEHHS U B 1I€JIOM XapaKTEePHbI U1
yuacTtkoB Y JIC perynupyemMoro ABMKEHH. 3a MoKa3aTesieM
TpajieHTa SHEepruy YCIOBHS JBIDKCHUS MOXKHO CUHTATh
CJIOXKHBIMH, a ypoBeHb OJ1/] HEeyIOBIETBOPUTEILHBIM, YTO

YKa3bIBaeT Ha HaJM4YUe JUIMTENBHBIX 3a/epKeK U
HEPaBHOMEPHOCTD JBIKEHHUSI.
Jnst abHEHIIIEro HCCIIeIOBAHUS H3MCHEHUS

XapaKTepHCTHK KadecTBa OJHY Mepy MpHOMIDKeHUs K
LEHTPAJIbHON YaCTH TOpOAa HCCIEAYyeMbId MapmipyT ObUT
pa30uT Ha OTAENbHBIE KHIOMETPOBBIE YUACTKH M IIPOBEACH
pacueTbl Ha KaXKIOM M3 3THUX YYacTKOB OTJEJBHO.
Pesynbrarel aHanm3a B BHAE rpaMKOB NMPHUBEICHBI HA PHC.
3 u puc. 4.

—

el YAEALHOE BPEMH B JEHE.

YAeAbHOE BpeMA B TEH.

y = 0,0629x + 0,9886
R*=0,4854

15
y =0,0353x + 0,1914

R*=0,1282
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Homep ygacTea

Puc. 3. U3MeHeHHe TEXHUYECKOMH CKOPOCTH, YA€JbHOI'0 BpEMEHH B IBUKCHUH U YI€JIbHOI0 BPEMEHHU MPOCTOHA MO
KHWJIOMETPOBBIM y4YacTKaM Mapuipyrta
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o

o
o

y = 0,0114x + 0,5453
R?=0,1375
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o
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F=Y
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I'pagmenTa sHeprun M/cl
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y = 0,0066x + 0,0283 0,05
R? = 0,4552
0
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HOJIEP KHIOMETPOEOTD YIACTEA

Puc. 4. u3MeHeHHe IyMa YCKOPEHHsI, TPA/IHEHTa CKOPOCTH M IPAaJMEeHTa YHePriH N0 KHJIOMETPOBbIM Y4aCTKaM
MapuipyTa

MoxHo YBUACTh 3HAYUTEJIbHBIC BapUalluu cpe;:[Heﬁ
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MaplIpyTa, 4YTO XapakTepHO Jid  JBWXKEHHS  II0
Maructpanbaoil ynune. CpaBHUTEIBHO BBICOKHE 3HAYCHUS
cpemHell TEeXHMYECKOH CKOPOCTH HAOMIONAloTCS I
KUJIOMETPOBBIX ~y4YaCTKOB, IIONAJaBIIMX HA IIPOrOHBI
npocniekra [llapada PammmoBa, a OTHOCHTENBHO Mallble
3HAUYEHUsI OBUTH MOTYUESHBI Ha yYacTKaX, TJe PACIIOI0KEHbI
perynmupyemble  mepekpecTku. Hammume TpeHma K
YMEHBIIEHUIO CpEelHEH TEXHUYECKOW CKOpOCTU IpH
NPUONIKEHUH K IEHTY Topoja 00bsICHIETCA yBeIUIeHUEM
3arpy3ku Y/IC B mpenenax LEHTpalbHOW IENOBOM 4acTH
ropoja U, Kak CIEACTBHE, IOSBICHUEM JOIOIHUTENBHBIX
3aJepKeK JBIDKeHWs aromMoOmms. Takke 1o Mepe
pUOIKEHNs K LEHTPY TOposia HabIroaeTcsl yBeInIeHne
YAETBHOTO BPEMEHH B IBIKCHHU IPH HE3HAYUTEITHHOM
pocTe YIENbHOTO BPEMEHM MpOCTauBaro. Takke MOXKHO
ClieNaTh MPEANOoN0KEHNE O HAMUYUH «y3KHX MECT».

Kak Bumum, w3 puc.4, rpadpux HU3MEHEHHS IIyMa
YCKOpEHUsI ~ JEMOHCTPUPYET  3HA4YMTENbHBI  pa3dpoc
3HA4YCHUH AJIs1 IepBOi MOJIOBUHBI MapIIpPyTa, IA¢ ABUKECHUE
MPOMCXOAWIO 10 MAaruCTpajlbHOM yiluIe ¢ pa3roHaMu J0
MaKCUMAJIBHO DPAa3peIICHHOH CKOPOCTH M OTHOCHUTENBHO
JUINTEIbHBIMH ~ OCTAaHOBKAMH B 30HE PETYJIHPYEMbIX
nepeceyeHu. XOoTs IIyM YCKOPEHHs, IMOMHUMO IpPOYEro,
MOXET XapaKTepH30BaThb YPOBEHb KoMdopTa Tpyna
BOJWTENSI, Takas YyBCTBUTEIBHOCTh 3TOTO IOKa3aTels
JIENIaeT €ro B IIEJIOM HeyTOOHBIM JIst olleHKH KauectBa OJ1 /1
Ha YJIC kpymHbIX TOpomoB. bonee IenecoobpasHbIM
SIBJISIETCS. UCIIOJIb30BaHKUE B KauecTBE KpUTEpHs I'paJUeHTa
CKOpPOCTH, KOTOPBI JEMOHCTpUPYET pOCT IO Mepe
TpUOIMKEHH K IIEHTPAIbHONH dYacTu ropoga. Takxke Ha
rpagukax MOXXHO YBHIETh PE3KHH IIepexoj] Xapakrepa
HU3MEHEHUS PacCUUTaHHBIX ToKa3aTeneH, 4TO
CBHJETEIBCTBYET O KAdECTBEHHBIX H3MEHEHMSAX PEXHUMa
JBUKEHHUS H MOJKET CUUTaTbCsi YCIOBHOM TpaHMLEH
LEHTPAJIbHON AET0BOI YacTu ropoja.

4. 3akrouyeHue

Pesynprarer onenkn kagectBa O/1/] B ropogax 3aBucsT
OT MHOTHX (h)aKTOPOB, B TOM YHCIIE H OT BEIOOPA M METOANKHI
TIOTYYSHUS] COOTBETCTBYIONINX KPHUTEPHEB, JOCTOBEPHOCTH
n  30QPEKTUBHOCTh KOTOPBIX MOTYT M3MEHSTBHCS B
3aBUCUMOCTH OT KOHKPETHOM 3ajaud U 0COOEeHHOCTeH
TPaHCHOPTHOH HMHQPACTPYKTYphl 00BEKTa HCCIIETOBaHMSI.
VY4uTeiBask NpUHATBIE KPUTEPHH, YYEHBIE  CO3JAI0T
pa3nUYHBIE MOJETH M WHCTPYMEHTH JUIl H3MEpPeHHUS
kxadectBa OJI/] B roponax W pa3BHBAIOT HOBBIE MOIAXOIBI K
YIIyHIIEHHIO YCIOBUH ABIDKEHHMS. BakHBIMH TTOKa3aTeIIMU
Ka4ecTBa JIOPOXKHOTO IBIKEHHS, KOTOPBIE MPEXIE BCETO
BIMAIOT  HAa  TEXHUKO-?KOHOMHUYECKHE  IOKa3aTelH
TPAHCIOPTHOI'O MpoLIeCcca MEPEBO30K, ABISAIOTCA CKOPOCTh U
BpeMs cOOOIIeHHs [0 onpeeieHHbIM MapiipyTaM Ha Y JIC
ropoza. KauectBo ycnoBuit Tpya BOIUTENA Lieneco00pa3HO
OLICHMBATh, HCIIONB3YSl TaK Ha3bIBAEMBIE SHEPreTHUECKHe
KPHUTEPHH KadeCTBa JIOPOKHOTO ABIDKCHUSL.

CymectByer  OoibpImioe  KOJNMYECTBO  HAyYHBIX
nccienoBanui, rae kagectso O/1/] B roposax oneHHBAIOCH
nmo pgaHHeiM  GPS-tpekoB. B atux wmccnenoBaHusx
HCIOJIB3YIOTCA AHAJIMTHYCCKHEC MECTO/bI n MCTO/AbI
MOJIeNTUpOBaHusl Ha ocHoBe naHHBIX GPS. Pesynbrarsl
MOKAa3bIBAIOT, YTO  HCIOJIb30BAaHHUE  JaHHBIX GPS
3HAUUTENIFHO MOBBIIAET TOYHOCTE olleHKH KadecTBa OJ1/] B
TOpoJax.

IIpoBeneHHBIe SKCIIEpPUMEHTAIBHBIE HCCIECIOBAHUS B
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LEJIOM MOATBEPAUIN BO3MOXKHOCTh HCIONB30BaHHS 3TOM
METOAMKU Ul aHaIn3a YCIOBUM JIBIJKEHMS Ha OTAENBHBIX
yuactkax YJIC u BbIABICHHS IOTCHUHUAIBHBIX «Y3KHX
MecT». OnHaKo, ciefyeT OTMETUThb, YTO Ha HapaMeTpax
IBIDKEHWS aBTOMOOWJIS, KpOME BHENIHHMX IIOMEX CO
CTOPOHBI ~ TPAHCIIOPTHOTO  MOTOKa, MOTYT  BIHATH
ncuxo(u3noaoruyeckue cpoiictsa Boautens. Hanpumep, B
YCIOBHAX SKCIIEPUMEHTAIbHOTO JBIKEHUSI OH MOXET
UMETb BHYTPEHHIOIO MOTHMBAlMIO K  OIPEAEICHHBIM
pe3yibTaTaM HCCIEAOBaHUA. OTO MOXKET IOBIUATh Ha
MOBEJICHUE HCCIENOoBaTeNsl BO BpeMs  IPOBEACHUS
JKCIIEPUMEHTa, KOIJa OH IIOJCO3HATEIbHO HMUTHPYET
OIIpeJIeNICHHOE IIOBE/ICHIE BOJUTENS BO BPEMs BOXKICHHUS.

Pesynbrarel pacuera yKa3aHHBIX IIOKazaTeslell IO
OTAENBHBIM  KHJIOMETPOBBIM  ydacTKaM  ITOKa3alld
yxyamenue kadectBa OJJ] npu mnpubmmxeHun K
LHEHTpanbHOW wactu ropoja. Takke HaOIIOIAINCH
KoJIe0aHus MOKa3aTeNel rpalueHTa CKOPOCTH U IPafiueHTa
SHEPruM MO y4acTKaM MapIIpyTOB, IPUYMHON 4Ero MOryT
OBITH TIpOJIETAaHHE DSKCIEPUMEHTAIFHOTO MapIipyTa IIo
MAarucTpajgbHOH yiuie OOIIErOpOACKOr0 3HAYEHUs C
HEOOJIBIINM YPOBHEM 3arpy3KH JBHKEHHEM, YTO O3BOJIHIIO
TPaHCIOPTHOMY CpPEACTBY B 3HAUUTEIBHOH CTEHNEHH
UCTIONB30BAaTh CKOPOCTHOM pEXHM, U 3HAYUTEIbHBIC
3aI€PKKH IBIDKCHUS B 30HE PACIIOIOKCHUS PETyITHPYEMBIX
MEPEKPECTKOB.
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Modeling the neutral state of the “human-operator” system

Kh.M. Kamilov®? S.S. Sulaymanov®®
1Tashkent state transport university, Tashkent, Uzbekistan

In this article, a physical and mathematical model of the external forces involved in reducing the static
loading of the body of workers and people using video terminals or computer monitors in a sitting
position was developed. A theoretical analysis was conducted on the basis of the developed models, the
equations of the balance conditions of the forces in the physical model made it possible to create a
mathematical model. Through the analysis of the created mathematical model, the conditions for the
minimum contraction force of the members of the human locomotor apparatus, that is, the muscles
participating in the maintenance of the posture of the workers and people during the work process in the
sitting position, were determined. The conditions obtained on the basis of the defined mathematical
model are used in the development of the model of the course layout, which allows to ensure the "neutral
position" of the human body, and to calculate the values of the project parameters.

musculoskeletal system, sitting position, muscles, forces, weightlessness, neutral position, human-

operator system, chair

1. Introduction

One of the important characteristics of workers and
people who work using video terminals or computer
monitors is that they work mostly in a sitting position during
their daily work (day) shift. Reducing the static load of the
body in a sitting position depends on the external forces
acting on the musculoskeletal system. External forces are
balanced by internal muscle forces in maintaining a neutral
body position in a sitting position. Therefore, it is very
important to develop and substantiate the physical and
mathematical model of the external forces involved in
maintaining the neutral body position of a person in a sitting
position [1,2].

It is known that the activation of the organs of the
musculoskeletal system of the human body, that is, the
muscles, occurs in different conditions. Muscles performing
movement in body parts perform "dynamic" work. If the
muscles of the musculoskeletal system are activated
isometrically, that is, their length is constant during force
generation, the members of the musculoskeletal system do
not move and mechanical work is not performed. The
activity of the muscles of the locomotor apparatus in this
mode has an important aspect, although the muscles generate
forces that resist external mechanical influences, but these
forces serve to keep the body in a sitting, bent position. In
such a "static" state, activated muscles do not perform
mechanical work, but do not stop using energy for a moment
[3]. The mechanical force generated by human muscles
depends on their various physiological, mechanical, and
morphological properties.

2. Methods and materials

Ishlab chigarish muhiti va mehnat jarayoni (fizik, The
mechanical model of the muscle, as a rule, completely
corresponds to the three-element (component) universal
(standard) Kelvin model (Pictire. 1). Muscle fibers are

a2 https://orcid.org/0009-0009-2998-3964
bl https://orcid.org/0000-0001-5275-5200
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distinguished by their high viscosity, so in the model they
are shown in the form of a damper. Viscous fluid
deformation rate and stress level are characterized by a
direct, proportional relationship. The relationship between
the rate of deformation and the level of stress is described by
the coefficient of viscous damping [4].

This element in the model is called the contractile
component (CC). The second component of the model is the
fascia surrounding the muscle and the connective tissue
formations surrounding the muscle bundles, muscle fibers,
myofibrils, etc. have elastic properties.

This component is called the parallel elastic component
(PEC) because it is located parallel to the muscle fibers. In
the model, PEC is imitated in the form of a spring
representing a nonlinear relationship between force and
stretch, and the law of connection between force and stretch
depends on the coefficient of uniformity (elasticity) of the
muscle fiber. The third component of the model is share.
This component is also dominated by elastic properties, but
the coefficient of elasticity (elasticity) of this component is
large compared to the parallel elastic component. Muscle
fibers are connected to tendons, that is, this component is
located sequentially with respect to the contractile
component, so it is called the sequential elastic component
(SEC). In the model, SEC is simulated in the form of a spring
representing a nonlinear connection between force and
elongation, and the law of force-elongation coupling
depends on the singularity coefficient of the tendon [4].

F

PEC

Picture 1. A three-component model of muscle
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The force generated when the musculoskeletal system is
activated, the reaction force generated by the muscle is
expressed by the following formula for the universal

(standard) Kelvin model [4]:
(1 +ksec) d_x] "
= @

P Ly [+
fee dt o Thgee U e

inthis F — initial force, N; ¢ — viscous damper
coefficient N/m; kee — coefficient of unity of the contracting
(contractile) component, N/m; ksec — unit of the successive
elastic component (SEC), N/m; x — initial muscle length, m;

The bonds in this (1) formula are as time constants t, =
c c kn) _ i 1 i .
—and 7, = (km) . (1 + k—cc) =c (km + kcc) with set to,

cc

the output formula:

dF dx
F+rga—kg-[x+rg-a )

This equation is A. Hill's equation is that the rate of
contraction of a muscle by force of opacugaru represents a
bond, and as seen from the equation, muscle strength
changes slowly through 7, the time constant to a new level.

A large number of biophysical studies have shown that
the kypa, the contracting (contractile) component (CC) of
the ¢ squash dempfer coefficient is parallel to the elastic
component (PEC), the successive elastic component (SEC)
of the k bicrlik (elastic) coefficients of the muscle and tendon
fibers of the temperature T, the contraction rate of v and the
length x of the muscle c=f (T,v,x) and kecsec = f (T,v,X). In
addition, an increase in the time of loading the muscles leads
to a decrease in the strength that formed them.

As described in the Romert Hyperbola (Picture. 2) (data
shown as the average value of the standard deviation (SD =
standard deviation)), skeletal muscles can withstand
sufficiently strong static loads only for a limited time. The
abssissa in this graph is given the maximum mechanical
force (in percent) that is generated when the muscles contract
or tense, while the ordinate ykuga is given the time to be in
a contracted or tense position for the muscles to generate
strength. For a load with a maximum value of less than 1500,
the muscle fatigue time is much greater (not indicated on the
graph), but still not infinite.

Muscle wirking time, minutes
s

Muscle strength

Picture 2. Muscle static mode force curve-Romert
Hyperbola

Muscle fatigue is caused by metabolic changes in the
muscles, deterioration of the mechanisms of its activation
(braking, fatigue). Strength can be reduced due to several
metabolic factors that make it difficult for muscle tendons to
bond and separate. These factors are caused by the formation
of lactic acid in the fibers, an increase in phosphate levels
and a decrease in creatine phosphate.

Increasing blood pressure within a muscle to higher than
maximum pressure limits blood flow, which reduces the
amount of oxygen flow to the muscle (i.e. leads to muscle
ischemia), and also slows down the process of releasing
metabolic products from the muscle.
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According to brugerr's theory, most diseases of the
musculoskeletal system are not direct diseases associated
with it, but the protection of the Central and peripheral
nervous system [5]. These protective mechanisms are
activated when there is not enough load on the structures of
the musculoskeletal system. Such a constantly working non-
rational load disrupts the potential for the restoration of"
overloaded " structures, and only functional disorders
develop at the initial stage. Subsequently, structural changes
may develop if they are not eliminated. In the medical
literature, it is noted that computer users have long-term
static load syndrome, which can lead to curvature of the
spine, hands, neck, back pain and other diseases, issues of
the influence of static disorders of the human
musculoskeletal system on the biomechanical properties of
muscles are raised [6].

Currently, the study of these problems continues in two
directions: the design of the workplace in which the
computer is installed, and then its development in terms of
ergonomic feasibility, as well as the study of a complex of
external and internal reasons, the origin of various
unpleasant situations during prolonged work at the
computer, as well as issues of violation of the spatial.

According to a number of experts [7, 8, 9], if working
conditions require maintaining the static state of the upper
body for a long time, it is necessary to take into account the
load on the muscle groups that provide it. G.G. According to
demirchoglyan [6], working too much in front of the
computer can cause neck pain, back pain, osteochondrosis
and various other diseases, so that the chair for workers in
front of the computer should be equipped with shovels,
lower back and armrests and adjusted in a comfortable
position. No matter how comfortable it is for a person to sit
in front of a computer, the "working day" in front of the
screen should not exceed six hours, and at the same time,
breaks and short-term physical education exercises should
be performed every two hours. Consideration of the "sitting"
biomechanics of the posture of work directly depends on the
location of the column of the spine, the determination of the
mechanism for creating a mechanical load on the discs
between the spine when deviating from the rational position
when working at a computer [8].

Rock S.M. [5] in his opinion, the configuration in a
sitting position is characterized by balanced physiological
curves of the column of the spine, the axis of the spine is
decisive as the support of the human body. According to the
author, three wheels form a biomechanical basis for the
optimal configuration of the shovel and lumbar part.

In the correct working position, the load on the front and
rear parts of the discs between the spine is approximately the
same [10].

Picture 3. Formation of torque M in a sitting
position

M- torque, N- elasticity strength, P- base strength
reaction
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A number of authors [9] tend to consider the movements
of the column of the spine as deformations of a solid, in
which the force of elasticity N occurs, arising from the
electromagnetic interaction between atoms and molecules of
substances, seeking to restore the previous shape of the body,
and contradicting the force of pressure on the P support of
the spinal column.

In users of videoterminals or computer monitors, the
position of tilting the body forward is most often observed,
in this position they bend forward, and the upper part of the
body, bending the center of gravity, brings the eyes closer to
the reference surface on the monitor. In a sitting position
without a backrest, the weight that falls on the lumbar region
increases due to the forces arising from the weight of the
body in the upper parts. As a result, the moment of a person's
transformation into the pelvis is affected, which, when the
muscles relax, leads to the rotation of the pelvis, moving
forward and turning the body back. In this position, the
forces acting on the lumbar region increase, which leads to a
load of discs between the spine. The effect of this moment
can be neutralized to some extent by means of a backrest
[10].

Depending on the results of the video chronometry [2],
video terminals or computer monitors can withstand 85-90%
of the day (daytime) time zone change, while their angle of
inclination should not exceed 20°.

a) b)
Picture 4. Impact of seat profile on posture
a - flat seat (there is a slip); b - recessed seat (no
slip); 1-base pad; 2-swing.

In a flat seat course, the weight of the upper body creates
a rotational moment that affects the pelvis, which causes the
torso to move forward and the spine column to bend; this
position is uncomfortable and often leads to injury or pain in
the lower back and pelvis. The seat has a base cushion
course, reducing the forward movement of the torso. The
backrest in the lumbar area holds the pelvis in an
anatomically correct position [10].

Studying the dynamics of the working position while
sitting with the body bent back, it should be noted that the
weight of the upper body parts affects the spine as a result of
the fact that during labor activity, users of videoterminals or
computer monitors do not lean on the back of their course.

Video terminals or computer monitors can display
information on the screen about what is happening to the
disk, which moves along the disk in the direction opposite to
the direction of rotation of the disk, which leads to an
increase in the mass of the disk.when a torque occurs on the
axis of rotation, its braking occurs, and when it occurs,
braking occurs on the axis of rotation. These muscles are
located in the area of the intervertebral disc, that is, between
the nuclei of the spinal column, and therefore their strength

https://t.me/tdtuilmiynashrlar

is less than gravity. Thus, when the body rotates relative to
the axis of rotation (axis of rotation), the angle of inclination
of the axis of rotation relative to the axis of rotation is equal
to the modulus of the abscissa of the center of mass, as a
result of which the angle of inclination of the axis of rotation
becomes equal to the angle of inclination of the axis of
rotation.

It is known that a change in the state of a person's posture
(lying, standing, sitting, bent, squatting, etc.) leads to a
change in the direction of the vectors of the gravitational
forces (gravity forces) of the biosensors of the
musculoskeletal apparatus. The result is also a change in the
load on the muscles, which are activated in ensuring a certain
position of the musculoskeletal system. Regardless of the
state of the torso in the inertial counting system, the
gravitational forces of the biozvenos of the musculoskeletal
apparatus are always involved, and they are considered
external forces of influence. Therefore, in any posture, a
certain group of muscles of the musculoskeletal apparatus of
a person is influenced by statistical loading. The greater the
weight of the biosvenos of the musculoskeletal apparatus,
that is, the surface on which they receive the force of gravity,
the less the static force that arises from the isometric
contraction of the muscles.

In the case of “weightlessness”, which leads to a sharp
decrease in the effect of the forces of Biozvenolar gravity,
the perceived form of the human torso, the “neutral position”
of the torso clearly demonstrates this. The shape that a
person receives in a state of "weightlessness" (Picture 5)
resembles the 900 turn position of The Shape of the torso
that a person swimming in water receives, the reason is that
in the water the gravitational forces acting on the muscles of
a person are sharply reduced, and the muscles switch to a
mode in the form of a “neutral position”.

J (ISl
80’ - Horizontal

a) 10°

AL N‘*“:w
~ nrey

128°27°

Vertical
13728

° 40
Horizontal g

pr
Picture 5. The body's acceptance of a “neutral
position” in balance
a) g=9,8 m/s? when the direction of vision; 6) g=0
when the direction of vision

This condition is also known as a condition that helps
define contours called "Light chairs". This" neutral "
condition may be a condition in which there is a minimum
muscle strength that affects parts of the body that are in
balance [11].

Reducing the load on the muscles of the human
musculoskeletal system associated with the state of the body
allows you to dramatically reduce the static load on the
posture of users of videoterminals or computer monitors in a
sitting position. That is why it is necessary to ensure the
balance of the reaction forces of the gravitational and course
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parts of the biozvenos of the human body musculoskeletal
apparatus sitting on the stool in order to bring the state of the
torso, which users of videoterminals or computer monitors
receive for a long time during the daily work (day) shift,
closer to the “neutral state”. This can be ensured by
analyzing the equilibrium conditions of the reaction forces
(which provide the state of the torso) of the individual base
parts of the course of their resistance, that is, in the opposite
direction to the gravitational forces of their biosvenos in the
sitting position in the course of users of videoterminals or
computer monitors. Therefore, a physical (statistical) model
has been developed that allows users of videoterminals or
computer monitors to carry out a theoretical analysis of the
conditions of ensuring that their sitting position is close to a
“neutral position” and its mathematical model has been
created.

In the following view, a physical model of the "man-
operator" system was developed.

R,,? . R.,?

Picture 6. Physical model of the “human-
operator” system

In the development of the physical model of the “human-
operator” system, the following assumptions were made:

- the right and left parts of the human body, divided
according to the saggital plane, have equal weight values;

- the values of the weights of the right leg and arm and
the left leg and arm are equal;

- the internal friction forces of the joints of the biosensors
of the musculoskeletal apparatus are not involved in
maintaining or changing balance;

- the participation of the strength of the muscles of the
musculoskeletal system in ensuring the “neutral position”
pose of the human body has a minimum value or is close to
zero;

- the change in the position of the human head does not
form the tension of the muscles of the lower biosvenos of the
musculoskeletal apparatus;

- in the “neutral position” pose, the coordinates of the
Centers of gravity of the right and left biosvenos of a person
do not change in relation to the counting point, axes and
planes;

-individual parts of the chair and the work table are fully
accepted for the weights of the biosvenos of the
musculoskeletal system.

It is known that the mathematical model of the
equilibrium condition of ensuring the neutral state of the
“human-operator” posture while sitting at the human course
is represented by the following equations:

December, 2024

Research, Innovation, Results

D Fi=0 Y Byi=0 Zn:MoFo 3)

i=1 i=1 i=1

To determine the equilibrium conditions of the “human-
operator” body based on the developed physical model, it is
necessary to write the equation of forces acting on the
horizontal (abssissa) axis in the form:

_Ph_th_Psh_PfW_Pha_Pth_Pkw_Paw

+ Rpy sinagy, + Ry sinay,e +
+Nsin ag + Ry sinay + R; cos ag + Ry, €OS Qg
+ Rf‘r + Rbk = 0, (4)

in this P, — head weight strength, P, — thorax (chest)
weight strength, Pg, — shoulder weight strength, Pr,, —
forearm weight strength,P,, — hand weight strength, P, —
thigh weight strength,P,,, — knee weight strength, P,,, —
ankle weight strength,Rr,, — forearm underarm trigger
reaction force, R, — backrest reaction force, N, seat-human
friction force, R, — knee brace reaction force, Ry — seat
reaction force, R, — ankle awns spring heap reaction,Ry,. —
front base wheel reaction force, R,; — back base wheel
reaction force, N.

(4) from the formula, the conditions for the balance of
the external forces of the “human-operator” in a sitting
position on the course on the vertical plane are given.

The forearm underarm trigger reaction force, equal to or
greater than the sum of the shoulder, forearm and hand
weight forces, ensures that they are in balance without the
participation of muscle forces, i.e.:

Rpy = (P + Py + Prg) cOS gy (5)

The resistance force of the seat reaction force of the stool
is equal to or greater than the vertical organizer of the sum
of the forces of the head, torso, thigh, calf and stem weight,
sharply reduced the participation of muscle strength in
ensuring their balance:

Rs = (Py + Py + Py, + Pyy + Poy) cOs apy, (6)

The resistance force of the stool backrest is equal to or
greater than the horizontal organizer of the sum of the weight
forces of the head, torso, shoulder, forearm and palm
provides a sharp decrease in the strength of the muscles
involved in this posture:

Rpe = (Pn + Pen + Piw + Pry + Prg)sina. — (7)

The sum of the reaction force of the knee brace and the
resistance force of the seat to the glide of the torso does not
require that the head, torso, thigh, calf and stem be equal to
or greater than the sum of the weight forces, that the muscles
involved in maintaining the posture are in a tense pull and
contraction mode, that is,:

(Rk+Ns) = (Ph+PtW+Pth+Pkw+Paw)Sinas (8)

The deformation force of the spring stirrup, which
compensates the weight force of the STEM and calf, is equal
to or greater than the vertical organizer of the sum of the
forces of the weights of the calf and the stem, sharply
reduces the strength of the muscles that hold the position of
the legs:

Ron 2 (Pkw + Paw) COs a; (9)

The equilibrium formula of the forces acting in the
direction perpendicular to the vertical (ordinate ) axis in the
physical model is expressed as follows:

—Rp. cos ag + (R + Ng) cosas + Ry, cosag = 0 (10)

(10) the formula expresses the conditions under which
the balance of the “neutral position” sitting “human-
operator” is provided in the horizontal plane.
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The course of the reaction force of the knee brace, the
strength of the seat's resistance to gliding on the torso, the
sum of the deforming force of the spring stirrup armrest
greater than or equal to the reaction force of the dispatcher
provides a sharp reduction in the strength of the muscles
involved in maintaining the posture:

Ry + Ns+ Ry = Ry, 1

The moments of force acting on the posture of the" man-
operator "in a sitting position in the chair of the “neutral
position” are expressed as follows:

RanZ(Ph+th+Pth+Pkw+Paw) (12)

The balance conditions of the torques are expressed by
the balances of the clockwise and counterclockwise torques,
and the fulfillment of these conditions requires the minimum
values of the muscle forces involved in maintaining the body
position of the “human-operator”:

_Ph'lh_Psh'lsh_th'ltw_wa'lfw_Pha'
lha = Pen* len — Prow " Liw — Paw'law_Rbc'lbc+Rfu'
lfu_Ns'ls_Rk'lk+Ran'lan+Rfr'lfr+ +Rbk'
lbk = O (13)

Rfu'lfu 2Psh'lsh‘l'wa'lfw‘l'Pha.'lha.‘l'Rbc
lpe  (14)

Pfr'lfr = Pp Iy + Poy s low + Prw * Lew + Paw * law + N
“ls =Ry " lg + Ran * lan + Rpk * lpie

3. Conclusion

A theoretical analysis was conducted on the basis of the
developed models, the equations of the balance conditions of
the forces in the physical model made it possible to create a
mathematical model. Through the analysis of the created
mathematical model, the conditions for the minimum force
of contraction of the muscles of the human locomotor
apparatus involved in maintaining the body position during
the work process while sitting were determined. The
conditions obtained on the basis of the defined mathematical
model are used in the development of the model of the course
layout, which allows to ensure the “neutral position” of the
human body, and to calculate the values of the project
parameters.
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Methodological basis for the use of additives for the production of
complex modified cement binders

V.M. Soy®, N.R. Mukhammadiev*®?, D.F. Abdullaeval®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The results of theoretical and experimental research on the development of a scientifically based
methodology for prescribing plasticizing chemical additives and mineral fillers in the selection of
compositions of complex modified concrete (CMC) at the stage of their design are presented. A
classification of plasticizing additives is proposed according to the degree of reduction in the surface
tension of water upon their introduction and the activity of mineral additives according to the indicator
of reduced hydration activity, which makes it possible to obtain highly economical BMPs with the
required properties.

Keywords: concrete, classification of additives, modification, plasticizer, mineral filler, surface tension, adsorption
centers, hydration activity

MGTO)IOJIOFH‘IBCKI/IC OCHOBbI IPUMCHCHHUSA }IOﬁaBOK I MTOJYYCHUA
KOMIIJIeKCHO-MO)II/I(l)l/IIII/IpOBaHHI)IX HEMEHTHBIX BAKYIINX

Ioii B.M.1®, Myxammaaues H.P.10? Aonyanaesa J.®.10°

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalkeHT, Y30eKucTan

AHHOTAIHMA: TlpuBeneHBl PE3yJBTAThl TEOPETHKO-IKCIIEPUMEHTATIBHBIX HCCICAOBAaHUH MO pa3paboTKe Hay4HO
000CHOBAaHHON METOAMKH HAa3HAYCHMS IUIACTHQUIMPYIOIMX XUMHYECKHX J00aBOK W MHHEPAIbHBIX
HATIOJIHUTEJICH TIPH M0A00pe COCTaBOB KOMILIEKCHO-MOoAnGHIHpoBaHHBIX 0eToHOB (KMB) Ha 3Tame ux
npoexTupoBanus. [IpeiokeHa KinaccupuKauus macTUUIMPYIOIHX 100aBOK MO CTEIEHH CHIKCHHUS
MOBEPXHOCTHOTO HATSXKEHHMS BOJBI IPH HMX BBEICHHM W aKTHBHOCTH MHHEPAJbHBIX JOOABOK IO

MOKa3aTelTto NPUBEACHHON THpaTaliOHHOM aKTHBHOCTH, MO3BOJISIOIINE HOJTy4aTh
BBICOKOOKOHOMUYHBIX KMB ¢ TpeOyeMbIMH MOKa3aTeNsIMH CBOHCTB.
Kirouessle cioBa: OetoH, Kiraccudukanms a00aBOK, MOAMGUKAIMS, IUIaCTU(PHUKATOP, MUHEPAIbHBI HANOIHHUTEIb,

TTOBEPXHOCTHOE HATSHKCHHUE, IICHTPHI aICOPOLIUH, THAPATAI[HOHHAS AKTHBHOCTD

creru(UIeCcKuX CBOHCTB YTy dIIeHBI TyTeM 000CHOBAaHHOTO
moabopa KOMIOHEHTOB, MPOSKTHPOBAHUS COCTaBa M yXOJa

1. BBCI[CHI/IC 3a TBEPIEIOIUM OETOHOM.
SIpKAM TIPUMEPOM  KOMITO3UTOB HOBOTO MOKOJICHHS

B Hacrosiee BpeMsi 6ETOH OKOHYATEBHO yTBEpAHIICH B SIBJIIFOTCS.  COBPEMEHHBIC OCTOHBI, pEaln30BaHHBIC B
KayeCTBE OCHOBHOT'O CTPOMTEILHOTO MaTepraia B MHPOBOM Hay4HO-HCCIIE/IOBATENLCKOM — HHCTHTYTE  O€ToHa M
MIPAKTUKE CTPOUTENBCTBA. DTOMY CHOCOOCTBOBAIM TaKWe xKenesoGerona (HUVDKB, Poceust) [4]. B aTux Marepuanax
€ro OCHOBHBIE JOCTOMHCTBA, KaK IIMPOKHH KOMILIEKC 6leCTILE PEATH3YIOTCS IOTEHIHATbHbIE (YHKIHOHATBHbIE
CBOMCTB,  BBICOKAs  TEXHOJNOIMYHOCTh,  JOCTYIIHOCTH CBOIiCTBa KOMITOHEHTOB OETOHHBIX CMecel M OETOHOB.
ChIpbeBOI  0asbl, aAPXUTEKTypHas INPHBICKATEIbHOCTD, Upe3BbI4aliHO  BBICOKHE  BO3MOXHOCTH ~ O€TOHa U
YHUBEPCAIBHOCTE  NMPUMEHEHHs,  3KONOTMYHOCTE M JKeJNe300eTOHa PeaNn30BaHbl aBTOPAMH B TEXHOJOTHAX
SKOHOMHYHOCTE [1]. reactive powder concrete (RPC), a Takxke macrodefect free

Bmecte ¢ TeM 3a mociieHue qecATHICTHs HaOmoaaeTcs concrete (MDC) [4].
PEBOMIOLIMOHHBIN  XapakTep pa3BUTUSA OCTOHOBEICHHUS, Bo ®panmun u CIIA B MNpaKkTHKE CTPOMTEIBCTBA
HpOS{BHﬂ}OH_lI/IﬁCﬂ B TIOABJICHHMH HOBBIX BHUIOB 66TOHa C HIUPOKO NpUMEHSIETCS TEeXHOJIOTUS
YHUKAJIBHBIMH ~ CBOWCTBAMHM, TOJY4YHMBIIMMH Ha3BaHUE yibTpadyHKIHOoHAbHEIX  OeTonoB  (UHPC), KoTopble
GetoHoB HoBoro nokouexus (BHII). OTJIMYAIOTCS BBICOKOW TPOYHOCThIO Ha cxkarue ([ 200

K Oeromam HOBoro mokojeHus OTHocsATCs high MIla) u Ha n3ru6 ( [ 50 MITa) [5, 6].
performance concrete (HPC), ornmmuuTensHod 4veproi K paspstmy BHIT otHocutcest u self-compacting concrete
KOTOPBIX {IJBJ'IHCTCSI JOCTHXXKCHHE HMHU MAaKCHUMAJIbHBIX (SCC) B Takux 6eTOHaX KapJMHAJILHO pelIeHa TIJIaBHAs
IMOKa3aTeCJI€u TEXHOJIOTUYHOCTH, IMPOYHOCTH, IJIOTHOCTH U TEXHOJIOTHYECKasi 3ajadya, CBS3aHHAs C MHHHMHBaHHeﬁ
nonroseqHoctH [2]. Cornacho [3], HPC — 310 nHXeHepHbIi MaTepHATbHBIX, SHEPTETHYECKUX U TPYI0BBIX PECYPCOB PH
Matepuais, B KOTOPOM OJHO WM HECKOJIBKO  €ro JIOCTH)KEHUH 33/IaHHBIX CBOWCTB OeToHa [6, 7].
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B oreuecTBeHHOI pakTHKe OETOHOBEACHHS K OETOHAM
HOBOTO IIOKOJIEHHSI OTHOCATCS M MHOTOKOMIIOHEHTHBIS
BBICOKOKauecTBeHHBIe OeroHsl (MBB), pa3paGoranHbe
KOJUIEKTHBOM aBTOPOB IIOJ] PYKOBOJCTBOM I.T.H., Ipod.
AWM. Anpuixomxkaesa [8]. DTu GETOHBI colepiKaT B CBOEM
coctaBe 3omy-yHoca TOC, -cymnepruiacTuGUIHUPYIOLIYIO
no6asky JK-08 1 oTnn4aroTCst BRICOKMMU MIPOYHOCTHBIMH U
SKCIUTyaTallHOHHBIMH CBOMCTBAMH.

2. MeT0o10JI0T U MCCIEeI0BAHUS

Kak wu3BecTHO, TOROOp COCTABOB TpaJWIIHOHHBIX
0eToHOB 0e3 100aBOK HE COCTaBIseT OOJBLIOTO TpPYZa,
METOAWKM HX pacdyeTa SBISIOTCS KIACCHYECKUMU U
NpUBEAATCS B Y4YeOHMKAaX M Y4eOHBIX TOCOOMAX IO
CTPOUTENFHOMY MaTepuanoBegeHuio [9]. OTnuuutensHOi
0COOCHHOCTBIO ~ MOAW(UIMPOBaHHBIX  OetoHOB  (MB)
SBJSETCS HaJM4YMe B HX COCTaBe IUtacTH(UIUpyomeit
XHUMHUYECKOH J00aBKI init TOHKOJIMCIIEPCHOTO
MHHEpPAJbHOTO  HANOJHHUTENS, METOJWKAa Ha3HaueHHe
COCTaBOB C HX HCIONB30BAaHHEM TAaKXKE OTPAKEHO B
y4eOHBIX U Hay4HBIX myOnukanusx [10, 11].

UYro  kacaercss  KOMIUIEKCHO-MOJH()HUIMPOBAHHBIX
oeronoB (KMB), To HE0OX0ANMO OTMETHTB, YTO HECMOTPS
Ha 0OJIBIIIOE KOJIMYECTBO HAYYHBIX TPYJOB, MOCBSIIEHHBIX
9TOMy BHUJIY OCTOHOB, BONPOC pa3pabOTKH METOIUKH
noxbopa UX cocTaBa ¢ Ha3HAYCHHEM PaliOHAIBFHOTO BHIA
MHHEpaJbHBIX  HAIOJNHUTENEH B KOMIUIGKCE  C
MIACTU(GUIUPYIOITIMHI XUMHYECKIMU no6aBKaMu
TIPAKTUIECKH OCTACTCS] HeU3yUCHHBIM.

ABTOpaMH  CTaTbU  BIIEPBBIC  CHETaHa  IOIBITKA
pa3paboTKu HaydyHO OOOCHOBAaHHOW METOIHWKH BEIOOpa
MHHEpaJIbHBIX ~HANOJHUTENeH W  IUIACTU(PHIMPYIONINX
XUMHYeCcKuX 100aBok st KMB.

ITo npearaeMoin METOJINKE OLICHKA
IACTHOUIUPYIOMINX XUMHUYECKHUX T00aBOK IPOM3BOAUTCS
MO KPUTEPHIO, MpEACTaBIIONIeMy CcO0OH  CTeneHb
CHIDKEHHSI TIOBEPXHOCTHOTO HATSDKCHHS BOJBI IIPU WX
BBEJICHUM.

B ocHOBy Takoro momxoga MOJOXEHa CIOCOOHOCTB
mwiacTuunupyomed  100aBKH  CHI)KaTh  IOKa3aTellb
MOBEPXHOCTHOTO HATSDKEHMSI BOJBI IIPH  OIpENeNICHHOI
TeMmIiepatype  pactBopa. Ilo  HameMy — MHEHHIO,
TEXHOJIOTHYECKHE NapaMeTphl IPUTOTOBJIEHHS, KOJTMYECTBO
BBOJIMMOTO HAIIOJHUTENS W CBOWCTBA aKTHBUPYEMOI'O
HAIlOJITHEHHOTO BSDKYIIETO M OETOHA CYIIECTBEHHO 3aBHCAT
OT XHMHYECKOTO COCTaBa, CTPOSHHUS U IUTaCTH(OUIAPYTOIIeit
CIOCOOHOCTH BBOJMMOH TOOABKH.

Jnst  OKCHepUMEHTANbHBIX — HCCIEJOBaHMH  ObIIH
OPUHATH  CJIEAYIOLIME BHABI MECTHBIX U  Haubosee
JOCTYMHBIX IUIACTH(GUIMPYIONIMX XUMHUUECKUX TOOABOK U
COOTBETCTBYIOLINE UM TPEEbl T03UPOBOK B MPOIIEHTAX OT
Macchl IleMeHTa (Ha CyXoe BeIeCTBO): JINTHOCYJIb(oHAT
texuuyeckuit (JICT) — (0,10-0,25)%, kyOoBas »KHAKOCTH
Harpuii-kapookcumermnennoio3sl (KHX) — (0,3-0,9)%,
crounsie Bojabl Kamposaktama (CBK) - (0,3-0,9)%,
cyneputactuduxarop C-3 — (0,3-0,9)% [12].

Ha mepBoM 3Tame ucciemoBaHUi H3ydaloch BIMSHHE
XUMHYCCKUX 1106a1301< Ha CTCIICHb CHM)KCHUA
MIOBEPXHOCTHOI'O HATSDKEHMs BOAbI 1Mo meromuke [11]. B
pe3ysbTaTe NPOBEACHHBIX 3KCIIEPUMEHTOB 6])[.]'[1/[ IOJIy4€HbBI
H30TEpMBI TOBEPXHOCTHOTO HATSHKEHMS BOAHBIX PACTBOPOB
XAMHUYECKHX J00aBOK B 3aBUCHMOCTH OT HX JIO3UPOBKH
(puc. 1), mpencraBusrompie  coboil  ceMEUCTBO

https://t.me/tdtuilmiynashrlar

HUCHAJAIOMIMX KPUBBIX C $BHO BBIPQKEHHOW 30HOMN
mepexoia OT BEpTUKAIbHOIO K  HAKIOHHOMY U
TOPU30HTAJIBHOMY y4acTKaM.

o107, Him

80

725

?0m

~—
60 M
\

3
50
\_________ 4
40
0 0,5 1,0 1.5 2,0
C, %

Puc. 1. M3otepmbl (mpu t =200C) noBepXHOCTHOr O
HATS’KEHHs] 6 XUMHYECKUX 100aBOK B 3aBUCHMOCTH OT
uX KoHueHTpauuii C B BOJHOM pacTBope
1, 2, 3, 4 — xumnueckue gobasku JICT, KXKH, CBK, C-3

Taxoi#t Bua KpUBBIX Ha pUC. 1 0OBACHIETCS TEM, 4TO, B
COOTBETCTBHH C ypaBHeHHeM [ no6ca [13], mpu yBennuennn
KOHILICHTPAMM XHMHYECKHX J00aBOK BO3pAacTaeT HX
cofepkaHie Ha MeX(a3HOH MOBEPXHOCTH, IPUBOSIIIECE K
CHIDKCHHIO  TIOBEPXHOCTHOTO  HATSHDKEHUS  BOJHBIX
pactBopoB. IlpumyeM mpm  MaibIX  KOHICHTPAIMAX
XMMHYECKUX N00aBOK 3()(EeKT CHIKEHUSI TOBEPXHOCTHOTO
HaTSDKEHNH BOJHBIX PAaCTBOPOB OoJiee 3HAYUTEINeH, YeM PH
MOBBIIICHHBIX JI03UPOBKaX. XapakTepHas jke 0o01acTe Ha
H30TepMax, OTHOCAIIASACS K MEPeXoay OT BEPTUKAIBHOIO K
TOPU30HTAJIBHOMY YYacTKy CHIDKCHHS BEJIHYHMHBI O,
CBUJICTETILCTBYET o TIpeIeTbHOM HACHIICHAN
aJICOPOLIMOHHOTO CJIOSI MOJIEKYJIAMH XMMUYECKUX NOOaBOK,
KOTOpasi, KaKk OBLIO YCTaHOBJIEHO, COOTBETCTBYET OOJIACTH
HX PALMOHAIBHBIX KOHIIEHTPALUH.

Taxum obpasom, U30TEPMBI HU3MEHEHUs
MIOBEPXHOCTHOI'O HATSXEHUS OT KOHLEHTPALUH BOJIHBIX
pacTBOPOB XMMHYECKUX H00ABOK MOTYT OBITh IIOJIOXKEHBI B

OCHOBY ux XapaKTePUCTUKN o CTEeTIeHI
IacTAUIHUPYIOMIEH CIOCOOHOCTH H, CIEACTBEHHO, 10 UX
MOBEPXHOCTHO-aKTHBHBIM ~ CBOMICTBAM — 4YeM  HIDKE

pacrojokKeHa H30TepMa MOBEPXHOCTHOTO HATSHKCHHS, TeM
CHJIbHEE TMPOSBIETCS IUAacTH(HUIMPYIOMAs CIocOOHOCTh
nobasku. bosee Toro, 00nacTé panMoOHANBHBIX JT03HPOBOK
XAMUYECKHX  J00aBOK  MOXHO  OXapaKTepH30BaTh
OTHOCHUTCIIBHBIM ITOKA3aTCJIEM IMOBEPXHOCTHOI'O HATAKCHUA
, TPEICTABISIOMNAM 00O  OTHOIICHHE  BEIMYUHBI
MOBEPXHOCTHOTO HATSHKEHHUS NPH MPEACTIBHOM HACBILICHUI
a/ICOPOLIMOHHOTO CJI0SI MOJIEKYJIaMH XMMHYECKON J0OaBKU
K TIOBEPXHOCTHOMY HATSDKEHHIO pacTBopa 6e3 nobaBku. B
YaCTHOCTH, [JI1 HCCIeAyeMBIX H00aBOK IOKa3aTelb
cocrasisier caenytonue 3unaueHus: JICT — 0,90-0,92; KHX
-0,88-0,90; CBK - 0,78-0,80; C-3 - 0,67-0,70.

December, 2024
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:4|2024

3. Pe3yabTarsl

AHaM3 TOJMYYCHHBIX 3HAYCHHI OTHOCHTEIHHOTO
MOKa3aTeNsi MOBEPXHOCTHOTO HATSIKCHUS MO3BOJISIET
MPEATIOKUTh KIACCHDUKALMIO XUMHYECKHX JOOaBOK I10
a¢dekty miacTUPUKALUK C YIETOM KX MOBEPXHOCTHO-
AKTHBHBIX CBOMCTB, IPUBEACHHYIO B Ta0M. 1.

Tabuauna 1
Knaccndpukanus naacTupuuupyomux XuMHYeCKUX
100aBOK 110 NOBEPXHOCTHO-AaKTHBHBIM CBOiiCTBaM
OTHOCHUTENBHBIH XapakTepucTrKa 100aBK1
MOKa3aTed OBepX- 1o 3¢ dexry miacTuhuKamn
HOCTHOTO HAaTSDKCHHS T,

OTH. /1.

d>0,95 Cna0blii mnactudpukaTop
0,85<0<0,95 Cpenuuii actudukarop
0,75<3<0,85 CHIbHBIN MacTU(HUKATOP
7<0,75 CymnepmiactiudukaTop

IIpumeHUTENBHO K HCCIEAYEMBIM  XHMHYECKHM
no0aBKaM OTHOCHTEJBHBIM ITOKa3aTeldb IOBEPXHOCTHOTO
HaTsDKEHMSI  TTO3BOJISIET PACIIONOKUTH H3yYEHHBIE HaMU
I00aBKH B CICAYIOIMHA yObIBalomuil psa mo 3pQexty
miactupukanmun: C-3 > CBK > KHX > JICT,
XapaKTePH3YIOMIUH CHIDKCHHE WX IUIACTU(GHUIUPYIOMEH
CIIOCOOHOCTH.

Ienecoobpa3nocth Takou KJIacCU(UKAINN
IIACTUGUIMPYIONMX XUMHIECKHX JOOABOK 3aKIF0YaeTcs B
TOM, 4TO HX 3()(PEKTUBHOCTH OL[EHUBACTCSI IO KOHKPETHOMY
YHCIICHHOMY 3HAYEHHIO IOKa3aTelsi — OTHOCHUTEIEHOMY
MTOKa3aTeJI0 HOBEPXHOCTHOT'O HATSKEHHSI, aHAJIOT KOTOPOTO
MOJKET OBITh HCIOJB30BAaH M NPH HAYYHO-OOOCHOBAHHOM
BeIOOpE I IIEMEHTHBIX  OETOHOB  JUCIIEPCHBIX
MHHEPAIBHBIX HAITOJTHUTENCH.

B mpemmaraemoii merommke BBIOOpa MHUHEPaJbHBIX
nobasok s KMB  wucnomesyercs  xnaccudukanms
HAITOJHUTEJISH I LIEMEHTHBIX OETOHOB IO ITOKA3aTeNI0 UX
THJpaTallMOHHONH akTUBHOCTH [14-16], mo3BossromEeMy
HapOolee TOYHO OIEHUTh BKJIAJ  IOBEPXHOCTHOI
AKTUBHOCTH MHHEPAJbHBIX HAOJHHUTEICH Ha XOJ TeUCHUS
TIPOIIECCOB, MPOTEKAOMNX B THAPATHPYEMOH CHCTEME.

B ocHoBe ompenenenus mokazaTelss THApPATALlMOHHON
AKTUBHOCTH MHHEPAIbHBIX HATIOJHHUTENEH HCIOIb3yIOTCS
IKCIIEPUMEHTAIIBHO MOJTyYeHHBIE rpaduueckue
3aBUCHMOCTH pPacIpe/ieNIeHUst Ha UX MOBEPXHOCTH IIEHTPOB
aicopOuMK q B 3aBUCHMOCTH OT KOHCTAHTBI KHCIIOTHOCTH
pKa, moka3anHbie Ha puc. 2 1711 0a3aIbTOBOTO HATOTHUTEIIS
u 3051bI-yHOca TOC.
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Ta6auna 2
Conep:xaHue IEHTPOB a/ICOPOIUN HA TIOBEPXHOCTH
MHHEPAJIbHBIX HAOJIHUTEIEH

No KomnunuectBo nentpon Ob6mee
n/ | Munepaib Pi-103, Mr-ske/r, B KOJIMYEC
i HBIH JMana3oHax 3HaYeHuii | TBO
HAIIOJIHUT pKa LIEHTPOB
CJIb - 0... | 7... > s M-
4... 7 13 13 | 3KB/T
0
Pot P | Pob | Pu P
1 | Tecox 804 |91 87518 27,78
KBapIEBEI 1 8
i
2 | Tecok 412 |70 |99 | 1,0 22,22
GapxaHHBI 8 7
i
3 | Imuex 13,2 | 16, | 10,0 | 2,8 | 42,64

2 47 8 7
4 | bazamet 234 (22, | 111|119 | 5868
1 15 |6 6

5 | ool 411 |54 |934 |11 57,14
8 8 4
6 | OMII 6,61 | 23, | 16,3 | 4,3 51,18
88 7 2
7 | 3ona- 431 | 27, | 11,7 | 53 87,84
yHOCa 4 61 7 2
TOC
8 | U 102, | 24, | 12,6 | 2,1 | 141,72
08 88 2 4
Ipumeuanusn. 1. Cokpawenus: O — omxoow
2NEKMPONIABUTLHO20 npousgoocmea;, OMII — omxoovl
MeO0eniasuibHo20 npousgoocmaa, or —

yeonumcoodepxcawas nopooa. 2. QObwee Koauuecmeo
yenmpos cocmagasiem P = Pis + Py + Pol + Pob. 3. LIT —
yeonumcoodeparcaujas nopooa

JInsl OLIEHKH TMOBEPXHOCTHBIX CBOMCTB MHMHEPaJbHBIX
HAaIOJHUTEIEH MPEICTaBIISETCS Lesecoo0pa3sHbIM
UCIIOJIb30BHUE OOOOLIEHHOTrO KpUTEpHsi — MOKa3aTels
MpUBEIEHHON  THApaTallMOHHOM  akTHUBHOCTH  Ppga,
PacCcYUTHIBAEMOTO 0 (hOpMyIIe

Ppga = Pxs + Pxl + 0,33Pol — 0,1Pob, Q)

rone PxB, Pxl, Pol, Pob — xonmyectBO UEHTpOB
aJIcopOLIUH COOTBETCTBEHHO B 00macTsax 0 < pKa <7; pKa >
13,0; -4 <pKa<0; 7,0 < pKa <13 B 10-3 Mr-aks/r.

JlaHHBI KpUTepHUil, XapaKTepU3yIOIUN KHCIOTHO-
OCHOBHBIE  CBOWCTBA  IOBEPXHOCTH  MHHEPAIBHBIX
HAIlOJTHUTEINeH, MO3BOJISIET HayYHO-000CHOBAaHO
KIacCH(UINPOBATh  MUHEPAIbHBIE  HAMOIHHUTEIH  IIO
CTCIICHHU HUX BO3}16ﬁCTBHH Ha IEMCHTHBLIC CUCTCMBI.

B obmem ciaywae mpemiaraetcs — ClieqyroIas
KJIaccupHuKaIus MMHEPATbHBIX HaIoJHUTENeH o
kputeputo  Ppga  —  mokasarenmio  mpHBenEHHOM
THpaTalnOHHON aKTHBHOCTH, XapaKTepH3yIoIeMy
HNOTCHIMATBHYI0O WX O3(Q(EKTHBHOCTE B IIEMEHTHBIX
CHCTEMax, OIIEHHBAaEMYIO COKpAI[EHHEM Pacxoja IIeMEeHTa
(Tabm. 3).

https://t. me/tdtuilmiynashrlar



Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:4|2024

Tadamna 3
Knaccudpukanus MUHepaabHbIX HANIOJIHHUTEICH 110
MO0Ka3aTe/10 NPUBEICHHOI rHIpaTalHOHHOI
AKTHBHOCTH Ppga

Ne Tun 3Ha4yeHus CokpaiteHue
/i MHHEPAILHOTO KpUTEpHs pacxona
HATIOJTHUTEIS Ppga, OTH. nemeHTa, %
el
1 Cna00aKTUBHEIN 0 <Ppga<10 Ho 10
2 CpenHeakTUBHBIN 10 <Ppga < 10-20
25
3 CunbHOAKTHBHBIH | 25 < Ppga < 20-30
50
4 CynepakTHBHBIN Ppga > 50 30-50

JI71s ICIOJTB30BAaHHBIX B MCCIIEOBAaHUSIX MHHEPAIBHBIX
HaNOJHUTENIEH MOKa3aTeny NpUBEAEHHON ruApaTallMOHHON
aKTHBHOCTH Ppga mpuBeneHs! B Ta01. 4.

Ta6auuna 4
3Havenus1 kputepus Ppga 1iisi MuUHepaabHBIX
HANOJHUTEEH
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Ipumeuanue: ODIl — omxodvl 21eKMPONIABUTLHOZO
npousgoocmea;, OMII — omxodvl MedeniasuibHO20
npoussoocmaa, L{I1 — yeonumcoodepcawjas nopooa

CpaBHHTENbHBI aHaNMN3 IPUBEJCHHBIX B Tabm. 4
MHUHEpaJbHBIX ~ HAaIlOJHHTENeH 1o Kpurepuro Ppga
MO3BOJIACT  BBINOJHUTH  JUII  HHUX  PAHXXKHUPOBKY
3¢ eKTUBHOCTH B LEMEHTHBIX cucTeMax u
0XapakTepu30BaTh HX MO CTEHNEHH AaKTUBHOCTU: IIECOK
OapXaHHBI — C1a00aKTUBHBIN; MECOK KBAPIIEBBIH, TIIHEK,
ODIl - cpenneaktuBHble, Oazanmbt, OMII, 301a-yHOCa
Amnrpenckoit TOC — cuibHOAKTHBHAS U LIEOJIUTCOASpIKAILAS
opoJia — CynepakTHBHasl.

Paszpaborannas KJIaccupuKaIys MUHEPAITHHBIX
HaIOJIHUTENEH 1O NPEAT0KEHHOMY KPHUTEPUIO OLIEHKH
KHCJIOTHO-OCHOBHBIX CBOMCTB HMOBEPXHOCTU MHHEPAIBbHBIX
HanonHuTene P pga mokasama BBICOKYIO CXOJUMOCTh
MOJyYEeHHBIX JaHHBIX C Pe3yJbTaTaMU paHEe BBIIIOJIHEHHBIX
HCCIIEI0BaHUH C MO3UIMHU OLEHKU UX 3P (PEKTHBHOCTU MPH
MPOEKTHPOBAHUH PA3INYHBIX BUIOB IEMEHTHBIX OCTOHOB 1
pacTBOpOB, YTO TO3BOJIMWIO IIOJNIOKHTH €€ B OCHOBY
pa3paboTaHHOH METOUKN HayYHO 0OOCHOBAHHOTO BEIOOpa
9THX A00aBOK /IS TOJNYYCHHS DPAlIOHAJIBHBIX COCTAaBOB
KMB [16].

4. 3akjI09eHue

IMpemnoxxennas KnaccUpUKAIMS IUIACTHHUIUPYIOMINX
J00aBOK I10 OTHOCUTEIIBHOMY T10KA3aTeNII0 HOBEPXHOCTHOTO
HATSDKEHNWS M MHHEPaJdbHBIX HANONHHUTENEH 10 WX
MOBEPXHOCTHO-AKTHBHBIM cBoiicTBaM MI03BOJIHMIIA
paHXupoBaTh TaKHe MOAU(PUKATOPHI COOTBETCTBEHHO IIO
miacTupunupyromemMy 3pQeKTy U aKTHBHOCTH, KOTOpast
CJIy)KHT OCHOBAaHHEM JUIs HayYHO-OOOCHOBaHHOTO BIOOpa
MOIMGUKATOPOB  TPH  TIOJNYYEHHWH, B  YacTHOCTH,
BbICOKOKOHOMHYHBIX KMB ¢ TpeOyembiMu mokaszatensiMu
CBOMUCTB.
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Development of a methodology for predicting the properties of
multicomponent high-quality concrete taking into account the surface
properties of mineral fillers and structural simulation modeling

V.M. Soy!®, N.R. Mukhammadiev*®?, D.F. Abdullaeval®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The results of theoretical and experimental research on the development of a scientifically based
methodology for prescribing plasticizing chemical additives and mineral fillers in the selection of
compositions of complex modified concrete (CMC) at the stage of their design are presented. A
classification of plasticizing additives is proposed according to the degree of reduction in the surface
tension of water upon their introduction and the activity of mineral additives according to the indicator
of reduced hydration activity, which makes it possible to obtain highly economical BMPs with the
required properties.

Keywords: concrete, classification of additives, modification, plasticizer, mineral filler, surface tension, adsorption
centers, hydration activity

Pa3padoTka MeTOAUKH MPOTHO3MPOBAHUS CBOIICTB MHOTOKOMIIOHEHTHBIX
BbICOKOKA4Y€CTBEHHBIX 0€TOHOB C Y4€TOM NOBEPXHOCTHBIX CBOKCTB
MHHEPAJIbHBIX HANIOJHUTEIEH U CTPYKTYKPHO-UMHUTAITMOHHOTO
MO/IeJTUPOBAHUS

Ioii B.M.1® Myxammaaues H.P.10? Aonyanaesa J.®.10°

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalkeHT, Y30eKucTan

AHHOTaIHS: IIpuBenensl pe3ynbTaThl TEOPETHKO-IKCIIEPHMEHTANBHBIX HCCIEIOBAHMI 1O pa3paboTke HaydHO
000CHOBAaHHOW METOAMKH Ha3HAUCHUS INIACTU(GHIMPYIONNX XUMHUYECKHX T00aBOK M MHUHEPATbHBIX
HaIlOJIHUTEJeH IpH MoAGOpe COCTABOB KOMILIEKCHO-MoanHIpoBaHHbIx 6eToHoB (KMB) Ha stane ux
npoekTrpoBaHus. [Ipeanoxkena knaccudukanys miacTuUIMPYIOMUX 100aBOK IO CTEHEHH CHIKEHHS
MOBEPXHOCTHOTO HATSHKEHHS BOJBI NPU WX BBEICHUM W aKTHMBHOCTH MHHEPAJbHBIX J00aBOK IO

MOKa3aTelto NpPUBEACHHON THpaTaliOHHOM aKTHBHOCTH, MO3BOJISIOIINE HOJTy4aTh
BBICOKOOKOHOMUYHBIX KMbB ¢ TpeOyemMbIMH TTOKa3aTesIMH CBOCTB.
Kirouessle cioBa: OeroH, Kiaccudukanus 100aBOK, MoAM(UKAIMA, IUIACTHOUKATOP, MUHEPATBHBI HAIOIHHUTEINb,

TTOBEPXHOCTHOE HATSHKCHHUE, ICHTPHI aICOPOLIUH, THAPATAI[HOHHAS aAKTHBHOCTD

OddexTHBHOE NPOW3BOACTBO HM3ACIUI MO  JaHHOM
TEXHOJIOTHH BO MHOTOM 3aBHCUT OT IOJIHOTHI BOBJICUEHUS

1. BBeI[eHI/Ie MECTHBIX CBIPBEBBIX MarepuasioB. [Ipu moabope cocTaBoB
OCTOHOB  OBLI  HCITOJIb30BaH  HAKOIUJIEHHBIH  OTBIT
Y cTaHOBIIEHO, YTO 171 POM3BO/ICTBA IUIUT ITyCTOTHOTO ONTUMH3AIUK M3 YCIOBHH MHUHUMAIbHOM MyCTOTHOCTH C
HaCTHJIa METOJOM  HeNpephBHOTO  Oe3omairy6odHOTrO 3aMeHOH  WACTH  TPAIMUMOHHOTO  ChIpbS  TPYHTAMH
(opMoBaHHs HEOOXOIMMO HCIIONB30BATH OETOHHBIE CMECH Pa3MIIHOf TPHPOJE H TIOTHOCTH.
JKECTKOCTBIO OKOJI0 90 ¢, 4TO rapaHTHpyeT COXpaHEHHE L{eNeHanpaBieHHas ONTHMH3AIMS 3ePHOBOTO COCTABa
uslendeM  CBoell  (OpPMbI  HENOCPEACTBEHHO — IOCIe GETOHHBIX CMecell ObUla  OCYIIECTBJIEHA 3a  CYET
3aBepIIeHns. BUOPOBO3NEUCTBUS HA OETOHHYIO CMEC. HAMONHUTENCH.
[Tosromy TPOCTPAHCTBEHHBIH kapkac crenyer AHanu3 pes3ynbTaTtoB HCCIeNOBaHHH aBTopoB [1-3]
(opMHMpOBATE  COOTBETCTBEHHO — MpHHLMIY — 10AGOpa MOKa3ajl, 4YTO MMHEpaIbHbIE HAMOJHUTENH, HMEIOLIUE
PalMOHATIFHOTO 3CPHOBOT'O COCTaBa KOMIIOHCHTOB. LIEHTPhI a[cOpPOIUi MHTEHCHMBHOCTEH JIeKalUX B 001acTH
Ilpu noxGope cocraBa GeroHa ObUIM MPUHSTHL BO pKA ot - 4 10 7 u 6osee 13 cnocobCTBYIOT KaTaTHTAIECKON

BHUMaHHE BOIPOCH 00ECIeUeH s MUHUMAJIBHOTO pacxoia AKTHBH3ALMM THAPATALMH LEMEHTA. AKTHBHbIE LEHTPBI
[EMCHTA W3 YCIOBHH CHWKCHHS 9SHEPrOCMKOCTH M MUHEpaJbHBIX HaNoNHUTENIeH B obmacTsax pKA ot 7 mo 13
CTOMMOCTH cMecH, obecriedeHns ya000yKIapIBaeMOCTH U CIIOCOBCTBYIOT YCKOPEHHIO aCOPOHPOBAHIS MOJIEKYT BOJbI
CHIDKEHMUsI 1€QEKTOB, CBA3AHHBIX C OOPYIIEHHEM MACCHBA, 3 U3 LIEMEHTHOI'O TECTA, OTBJIEKAIOT TEM CaMbIM OT Ooliee
TAlOKe ¢ KAueCTBOM  JIMIEBOH  mosepxwocTH  [1]. rTyOOKOTO y4acTHs B XMMHYECKHX B3aUMOJICHCTBUSX C
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BSOKYIIMM M TEM CaMbIM CIOCOOCTBYIOT ~CHHKEHHIO
CKOPOCTH MPOTEKAaHUs TUAPATALMOHHBIX IPOLECCOB B
LIEMEHTHOM BSDKYLIEM.

Y4uTEIBas BBINIE M3JI0KEHHOE, HAMH OBLT NPEAJIOKEeH
HOBBII KpHUTepuil- «I10Ka3aresb IIPUBEICHHOM
TUAPATALlMOHHON AaKTHBHOCTW», KOTOPBIA IO HalleMy
MHEHHIO TT03BOJISIET TOUYHEE OLIEHUTD BKJIA]] TOBEPXHOCTHOM
aKTUBHOCTH MHHEPAJbHBIX HAMOJHUTEIEH Ha XOJ TEUCHUS
TPOLIECCOB B3aUMOJEHCTBUI u IIpeBpalleHuH,
MPOTEKAIOLIUX B THApAaTHPYEMOil cpeze.

Tabuauna 1
Copepixanne LEHTPOB a1cOPOLMU HOBEPXHOCTH

Ta6auna 2

Kaaccudpukanus MuHepaabHbIX HANIOJIHUTeEICH 110
MO0KAa3aTeJ10 IPUBEICHHOI rHIpaTalHOHHOI

aktuBHocTH P pga

MHUHEPAJBbHBIX HaNoJTHUTeJIei

Ne Bun 3nauenus | [ToreHuumanpHas
n/m MHUHEPAIBHOTO Kkputepusi | 3GPpEeKTUBHOCT
HATIOJIHUTEIIS P pga. B LIEMEHTHBIX
CHCTEMaX,
SKOHOMHUS
memeHTa B %
1. CrnaboaKkTHBHBIE ot 0< mo. Jlo 10%
<10
2. CpenHeakTHBHbIE ot 10< 10-20%
10. <25
3. CHIIbHOAKTHBHBIC oT 25< 20-30%
1o <50
4. CynepaxkTuBHbIC Cablite o 50%
1o >50

JIisi TpHHATBIX K  HCCIEIOBAHHUIO MHHEPaIbHBIX
HaANOJHUTEIEH NOACUET NAaHHOTO KPUTEpHs T.€ IoKa3aTems
MpUBEIEHHON TUApaTAlIMOHHON aKTUBHOCTH MPEJICTABIIEH B
(Tabn.3).

CpaBHHTEIBHBII aHAIM3 MUHEPAIBHBIX HAIOJIHHUTEICH
0 KpuUTepHI0 Ppga TO3BONSET IPOTHO3MPOBATH HX
3¢ peKTHBHOCTH B [IEMEHTHBIX cucTeMax "
XapaKTepH30BaTh HX [0 CTENCHW AaKTHBHOCTH Kak K
mpuMepy: TeCOK OapXaHHBIH-CIa00AaKTHBHBIA; IECOK
KBapueBbll, rmex, OJIl-cpemHe axTHBHBINA; 0a3anbT,
OMII, 3oma-yHoca AHrperckoit TOC- cuIbHO aKTUBHBIA 1
HEOJIUTCOAEPIKAIILYI0 TIOPOTY — CyHep aKTUBHBIH.

Neo Kon-so nentpos, 103 mr- |
3KB/M? 2
n/ | HaumeHos g 8
i aHue - 0. 7.1 [>12| 5 E
munepans | 4... | 7 2,8 8 g
HOr'o 0 8
HAIOJIHAT
enst Pol Pko | Pob Pu
1. | ITecok 804 |91 |875 |18 27,78
1 8
Ksapruessl
i
2. | Iecok 412 |70 |99 |10 22,22
OapxaHHBI 8 7
i
3. | Tnmex 13,2 | 16, | 10,08 | 2,8 | 42,64
2 47 7
4. | Bazaier 234 |22, | 11,16 | 1,9 58,68
1 15 6
5. | Leonur 102, | 24, | 12,62 | 2,1 | 141,72
conepxkany | 08 88 4
ast opoia

[peanoxeHHbIi MOKa3aTeh 0003HAYACTCS CUMBOJIOM —
Ppga u onpenensiercs mo ¢hopmyiie:

Ppga= PxB+Pkl+0.33Pol-0.1Pob, rne €))

Pxs, Pxl, Pol, Pob —komiuecTBo 1IeHTpOB agcopOuun B
obmactax 0<pKa<7; pKa>13,0; -4<pKa<0; 7<pKa<13,0 B
10-3 Mr-sKB/T. COOTBETCTBEHHO.

2. MeToa0J10rusl MicCJIe0OBaHUS

JlaHHBI  KpuUTEpHd,
OCHOBHBIE  CBOHCTBa

XapaKTepU3YIOIUI KHCIOTHO-
MOBEPXHOCTH  MHHEPAIBHBIX
HAaITOJIHUTENEH, MO3BOJISIET HayYHO-000CHOBAaHO
KIacCH(OUIUPOBATh ~ MHUHEPAIbHBIE  HANOJNHHUTENIH  II0
CTEIEHH UX BO3/ICHCTBHS HA [IEMEHTHbIE CHCTEMBI. B 00mem
cllydae  mpeayaraeTcss — Clenyiomas — KiaccH(UKaius
MHUHEpAJbHBIX HamojgHWTeNedl 1o kpurepuro Ppga -
MIOKA3aTeN0 NPUBEAEHHON THAPATAlIMOHHOM aKTUBHOCTH
(tabmn.2).
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Ta0anma 3
Kpurepuii P pga B MUHepaJbHBIX HATIOJIHHUTeJICH
Ne 2 4 o IIpeobpazosan | Kpure | Ey,
/ = = E| HbIC JaHHBIC puit MIla
LI Ppga.
S EE &5 033 |01
TS =% K b Pui
1 = 2,65 0,87 12,77 | 200
3
)
2 g
g5
=~
2. = 1,36 0,99 | 8,52 180
A
=
¥
8 &
[t
3. 4,36 1,01 22,39 | 120
%
Q
=
=
=
4. 7,72 1,12 | 30,71 | 290
g
3
B
@A
5. © 3368 | 126 | 59,44 | 300
=l
= £ 5
E & &
s 2o
O o F
= o =
76
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PazpaGorannsni Ilarenr Ne IAP 07520 mnosBomser
OIIPEeNUTE COCTaB HAIlOJHEHHBIX IIEMEHTHBIX CHCTEM C
MECTHBIMH MHHEPaJIbHBIMHA HANOJHUTEISIMH, YTO JaeT
BO3MOXKHOCTh C TIOMOIIBIO CTPYKTYPHO HMHTAI[IOHHOTO

MOZETHPOBAHHST IPOSKTHPOBATH OETOHBI C HEOOXOANMBIMU
(bHU3UKO- MEXaHHYECKHMMH CBOWCTBAMH Il TEXHOJOTHU
6e3anairy6o4HOrO hOpMOBaHHSI.

KoHCTpYKTHEHEIE CIOH H3 cMeceil mefeHO9IHO-TPAE HilHO-NeCYAHBIX. COOTEETCTEVIOMINX
TOCT 25607-94 a TOCT 3344-83

Matepuan ciios

Illebenounsre Tpapniinbie cmecH (C) o1 mokpeITHii:
- HenpeprieHaz rpauviaoMmerpua ([OCT 25607)

CrecH 1714 OCHOBaHHA

Ill1akosas IeOeHOHHO-TIECYAHAH
cradoaxTHEHEIX mr1akos (I OCT 3344)

cMecs H3

TPH MAKCHMATBHOM pasMepe sepen: C; - 40 anv

- HenpepeiBHag rpasviaoseTpaa: Cs - 80 aoa

Hop)[amsl—lme 3HAYEeHHA
MogvaA viipvroctd, E, MIla
300/280
C1- 20 v 290/265
280240
80 » 275/230
Cs - 40 v 260/220
Cs- 20 240/200
C-- 20 v 260/180
HEeaKTHBHBIX H|
C; - 70 275
C; - 70 260
Cs-40 v 250
Cs- 20 v 210

Puc.1. 'eomeTrpuyeckue u pusnyeckre napaMmeTpbl 00beKTa MOAeTUPOBAHUS

MakpocTpykrypa GeToHa CTpoeHHe OeTOHa, BUANMOE
I71a30M  WIM  Tpd  HeOONBLIOM  yBeJIWYeHHH. B
MaKpOCTPYKType  O€TOHa  paslU4yalT  CTPYKTYpPHbIE
SJIEMEHTBI: KPYIHBIH 3aIlOJHUTENb, IECOK, LEMEHTHBIN
KaMeHb, BO3JYIIHbIC TOpbl. MHOrOa MakpoCTPyKTypa
0eToHa YCIIOBHO HPHHHMAETCSI U3 JBYX COCTaBIISIOIIMX:
KPYITHOTO 3aII0JIHUTENS U IIEMEHTHO-TIECYaHOr0 PacTBOpA.

Marpuna- COCTaBJIAIONIAs JBYXKOMIIOHEHTHOM
CHCTeMBbI OETOHA, TIPE/ICTaBIIAOIIAs PACTBOPHYIO 4acTh (Ha
puc.2 OCHOBHOE TIONE «IUIACTHHBDY, H300paKCHHOE
CBETJIBIMH TOYKaMH).

va ) 4
‘

¢ < warpyska
Bkrnio!

A?T TpewwuHa
AX
Dedpexr
MaKpO! bl
MATPULIA

n [
KOHTAKTHOI 30HEL T |

Eee 00

| SHEHHHARE i

T D
|

-

I

Puc. 2. Moaeaunpyemblii 00beKT U €ro KOMIOHEHTBI
@dusuyeckue mapaMeTpbl  MaTpULBL - MOAYJb
ynpyroctu Ey, ko3ddumment [lyaccona Ly, KpUTHYECKHE
KOO (UIMEHTBI ~ MHTEHCHBHOCTH  HANpSDKCHHH — TIpH

K,I! -

» X

HOPMaJIbHOM pa3phblBe Kllc U IUIOCKOM CJIIBUTE

(UKCHPOBaHHBIC BETUYUHBL.

HauvanbHble Ae(eKTsl MakpOCTPYKTYPhI OETOHa U ero
xommonerToB  (HAC) - mopsr ¢ KOJUIMHEapHBIMHU
TpenmHamH (puc.2).

T'eomerpuueckue napamerpsl HIC: - rij — paguyc nopsr
¢ koopauHartamu Xi,Yj - const, loij - HavanpHas anuHA
TPEIUHBI 0,184r, «ij — opueHTalMs TPEIIUHBI
OTHOCHTEIIEHO BEKTOpa HArpy3KH, CIydaifHas - BEIUYHHA,
MOAYHMHSIONIASCS 3aKOHY MTPOU3BOJIBHOTO PaCIpe/IC/ICHUs B
unrepsage ot 0 mo 2m, Xi, Yj - koopmunater HJC,

HE3aBUCHMBbIC CITy4aiiHble BEIMYHMHBI, pacIpeeeHHbIe

https://t.me/tdtuilmiynashrlar

[0 paBHOMEPHOMY 3aKOHYy IO IUIOI@AW IUIaCTHHBI
(Mogemupyemoro oOpasia); N — KOJIHYeCTBO HavalbHBIX
negexros B mojie oopaszua Nmin =30).

Y

A

» X
X
Puc. 3. I'eomerpuyeckune napamerpsl HIC
BxmoueHuss - 3epHa  KPYIHOTO  3aIlOJHHTEIS.
MopenpytoTcst BBIMYKIBIMA MHOTOTpaHHHKamu (puc. 4).
I'eomeTpryeckue mapaMeTpor:
- Rij — pammyc ormmcaHHOW BOKPYI MHOTOYTrOJbHHKA
OKpPYKHOCTH- CONSt; Nij — YMCII0 BEpLIMH MHOTOYTOJIbHHKA
(n<6); @ —opuenTanus k-oif BEPUIMHEI MHOTOYTOJTbHHKA

M-ro BKJIIOYEHUS OTHOCUTEJILHO BEKTOpa Harpy3ku —
cllydyaifHasi BEMUMHA, PAcIpesieNeHHas [0 PaBHOMEPHOMY
3aKOHy Ha MHTepBase oT 0 mo 2w, xi"" ,Y,-M KOOPAMHATHI

LIEHTpa ONHMCAaHHON OKpyxkHOCTH M-ro BKIO4YeHUs; |
KOHIEHTpAIHS BKIIIOYCHHIH:

M
2.Sn
:mzl
="

06

@

B
I'ne Sm - TUIOIIA b M-TO BKIIFOUCHHUS, Sos — IJIOMIATH

obpasia; Ky - koahdunmeHt hopmsr:

Kg = —TBX_. 3
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/
rae |_/ =Lmax- COS&1, Lmln = Lmin- C0SE2; Lmax, Lmin —
max
MaKcHMaJbHas 1 MHHUMAJIBHAsI CTOPOHBI MHOTOYTOJIBHUKA
BKJIFOUCHHSI, COOTBETCTBEHHO (pHC. 4).
v
A Y

A

Puc. 4. I'eomeTpuyeckue napaMeTpbl BKIIOYCHUS
Du3NYECKUE TapaMeTPhl BKIIOUYCHHUS:
E: — mMomyns ympyroctn - const; ps — ko3 dunuent
IMyaccona- const; K — Kk03(hGULIMEHT HHTEHCHBHOCTH
HANpsDKCHUH  OpPH  HOPMalIbHOM  DasphIBe; Kz,

- KOS(I)(I)I/IL[I/IGHT HUHTCHCUBHOCTH HaprI)I(eHI/Iﬁ npu
TUIOCKOM CIBUTE — CONSt.

3. 3akiao4yeHue

Hcnons3oBanue CTPYKTYPHO-MMHUTAIIHOHHOTO
MOJETMPOBAHMSA IO3BOJMIO CMOJCIHPOBATh IIOBEACHHE
MHOTOKOMIIOHEHTHBIX CUCTEM Ha YPOBHE MUKPOCTPYKTYPbI
U TIpe/icKa3aTh UX CBOMCTBA C BEICOKOM TOUHOCTHIO. JlaHHas
METOJ¥Ka IM03BosieT 3((GEeKTUBHO MOAOMpaTh COCTaB
OCTOHHBIX CMecell Uil  IOJYYeHHS  ONTHUMAIBHBIX
Tokasaresnell MpOYHOCTH, MOPO30CTOMKOCTH, CTOMKOCTH K
KOppO3WM W MJOJITOBEYHOCTH MAaTepHana, dYTO SIBISETCS
BaXHBIM O TPAMEHEHHS OETOHOB B  Pa3IHIHBIX
CTPOUTEINIBHBIX TPOEKTAX C IOBBIIICHHBIMH TPEOOBAaHUAMHU K
Ka4yeCTBY U JONTOBEYHOCTH.

Taxkum obpazom, paspaboTaHHas METOJIMKA
CIIOCOOCTBYET YIYYIICHUIO Mpolecca HPOSKTHPOBAHUS
OCTOHHBIX KOMIIO3WLIUH, TOBBINAS WX HAJIEKHOCTh U
SKCIUTyaTallMOHHBIE CBOIcTBAa. BHenpeHue npenaoxeHHOH
METOJIVKH B TPOU3BOACTBEHHYIO IIPAKTHKY MO3BOJHT
CO371aTh BBICOKOKAYECTBEHHBIE OETOHBI C ONTHUMAIBLHBIMHU
XapaKTePUCTHKAMH JUISl MIMPOKOTO CHEKTPa CTPOUTENBHBIX
U UHXKEHEPHBIX 3a/1a4.
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The share of transport vehicles in changing the atmospheric

composition

A.A. Mukhitdinov®2, D.Sh. Turgunov! ©®, M.Z. Numanov*®¢, J.A. Ravshanbekov!®d

Abstract:

Keywords:

1Tashkent state transport university, Tashkent, Uzbekistan

This article describes one of today's global problems, the share of vehicles in atmospheric air pollution.
The scientific and practical results of evaluating the environmental characteristics of the car are given
through the methods of testing and calculation. The growth dynamics of vehicles over the years, traffic
congestion and the amount of harmful gases emitted at the intersection are shown by the test. The quality
of the object of research was a passenger car with gasoline ICE, and the exhaust gases (CO, CH, NOx
and CO2) were measured in the mode of engine operation. Through this test, the OBD is to analyze to
what extent the car is environmentally friendly, the role and importance of the equipment used in the
construction of the car, the share of light vehicles in the damage to the atmosphere. The results of
conducted scientific research serve as a basis for achieving our main goal.

exhaust gas graph, SCANMATIC device, INFRAKAR gas analyzer, number of cars

Atmosfera tarkibini o‘zgarishida transport vositalarining ulushi

Muxitdinov A.A.X®2 Turgunov D.Sh.1@P Numanov M.Z.1@¢, Ravshanbekov J.A. 10d

Annotatsiya:

Kalit so‘zlar:

Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Ushbu magqolada bugungi kundagi global muammolardan biri atmosfera xavosini zararlanishida transport
vositalarining ulushi xagida yoritilgan. Sinov va xisob uslublari orgali avtomobilning ekologik
xususiyatini baxolovchi ilmiy va amaliy natijalar berilgan. Transport vositalarining yillar kesimida o‘sish
dinamikasi, tirbandlik va chorraxada chiqayotgan zararli gazlarning miqdori sinov orqali ko‘rsatilgan.
Tadqiqot ob’ekti sifati benzinli [YD yengil avtomobil olingan bo‘lib, dvigatel salt ishlash rejimidagi
chigindi gazlari(CO, CH, NOx va CO2) o‘lchangan. Bu sinov orqali EBB avtomobilni ekologik
bezararlik xususiyati qay darajada ushlab turishini, avtomobil konstruksiyasida qo‘llanilgan jixozlarni
ro‘li va axamiyati, atmosfera tarkibining zararlanishida yengil transport vositalari ulushini taxlil gilishdan
iborat. Olib borilgan ilmiy tadqiqotlarning natijalari asosiy ko‘zlangan maqsadimizga erishish uchun asos
sifatida xizmat giladi.

chiqindi gazlar grafigi, SCANMATIC qurilmasi, INFRAKAR gazanalizator, avtomobillar soni

1. Kirish

Xar bir davlat kabi yurtimizda xam atmosfera xavosini
sifati va tarkibini yaxshilash, monitoring qilish bo‘yicha
keng gamrovli isloxotlar olib borilmogda. Amaliyotga joriy
qilingan bir qancha tadbirlar va natijalarni ko‘rishimiz
mumkin. Xususan, Prezidentimiz tomonidan (PQ-171
31.05.2023, PF-5024 21.04.2017, PF-5863 30.10.2019, PQ-
76 30.12.2021) tasdiglangan garor va farmoishlar amalda
o‘z tasdiqini topgan.

Tadgiqot dolzarbligiga kelsak, transport vositalaridan
chiqayotgan zararli gazlarni miqdori pasaytirish, ekologik
bezararlik ko‘rsatkichlarini oshirish bo‘yicha ilmiy
tadgigotlar bugungi kunga qadar davom etib kelmoqda.
Yurtimizda trasport vositalaridan foydalanish darajasi axoli
o‘rtasida kundan kunga oshib bormoqda. Aynigsa yengil
avtomobillar bo‘yicha talab yugori xisoblanadi. Chigindi
gazlar asosan tirbandliklar bo‘lgan joylarda, chorraxalarda

https://orcid.org/0000-0001-5360-8624
https://orcid.org/0009-0005-5856-0830
https://orcid.org/0000-0002-7580-5968
https://orcid.org/0009-0009-8234-3974
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ko‘p xosil qgilinadi. Ishlab chiqaruvchi korxona tomonidan
xar bir avtomobil uchun belgilangan masofa orgali (80 — 100
ming km) uning ekologik bezararlik ko‘rsatkichi xalgaro va
milliy standartlarga javob beradi. Ammo ekspluatatsiyada
muddatidan o‘tgan yengil avtomobillardan foydalanib
kelinmogda. Ayrim avtomobillar masalan, damas, matiz va
boshgalarda katalitik neytralizator, chigindi gazlar
aylanmasi (EGR sistemasi) ko‘llanilmagan. Bu esa gazlar
miqgdorini oshishiga olib keladi.

Tadqiqot magsadimiz esa foydalanishda bo‘lgan, benzin
yonilg‘isida  xarakatlanadigan yengil avtomobillardan
chigayotgan zararli gazlar migdorini taxlil gilishdan iborat.
Avtomobilning tirbandlikdagi xolatida xamda chorraxadagi
salt ishlash rejimida sinov ishlari amalga oshirilgan.
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2. Adabiyotlar tahlili

Faoliyatimiz davomida, yurtimizda va boshga
rivojlangan mamlakatlardagi ko‘plab soxa
mutaxassislarining ilmiy tadgiqot ishlari o‘rganilib chigqildi.

B.I. Bazarov tomonidan zararli moddalarning massasi
xisob uslubi berilgan bo‘lib, asosan ma’lum bir rusumdagi

transport vositasining atmosferasiga chigayotgan kunlik
yoki yillik massasini formula orqgali aniglagan[1].

Zararli gazlarni kamaytirish bo‘yicha meyoriy xalqaro
standartlar ishlab chigilgan [8]. Avtomobilning ekologik
klassiga javob berish, xar bir transport vositasi uchun qat’iy
amal giladigan meyorga aylanib golgan. Bu standartga
yurtimiz xam a’zo bo‘lgan.

1-jadval
Avtomobil ishlab chiqarilgan yili va mamlakat bo‘yicha ekologik sinfi
- Avtomobil ishlab chigarilgan yillar
chig\e;/rg)dr?goa?:lrézmgkat Ekologik sinflar uchun texnik reglamentlarning tegishli talablari
EVRO 2 EVRO 3 EVRO 4 EVRO5
Y1 mamlakatlari, benzin 1997 — 2000 2001 — 2004 2005 yildan 01.10.2009 yildan
Y1 mamlakatlari, dizel 1997 — 2001 2002 — 2004 2005 yildan 01.10.2009 yildan
AQSh 1996 — 2000 2001 — 2003 2004 yildan -
Yaponiya 1998 — 2004 2005 - 2010 2011 yildan -
Xitoy 2004 — 2007 2008 yildan 2011 yildan -

Koreya 2001 — 2002 2003 — 2005 2006 yildan -
Ukraina, M kategoriyali 2006 yildan 2010 yildan 2014 yildan -
Ukraina, N kategoriyali 2007 yildan 2010 yildan 2014 yildan -

Belarussiya 2006 — 2007 2008 yildan 2014 yildan -
O‘zbekiston 2007 — 2009 2010 yildan 2012 yildan -
Qozog'iston 2006 — 2011 2012 yildan 2014 yildan -

Rossiya 2006 — 2007 2008 yildan 2013 yildan 2014 yildan

Turkiya - - 2009 yildan -

Eron 2009 yildan - - -

Avtomobil chigindi gazlarini kamaytirishga oid soxa
mutaxassislarining ko‘plab ilmiy tadqiqot faoliyatlari
amaliyotga joriy qilingan va o‘z natijalarini bermoqda.
Yurtimizda xam shu soxadagi olimlarimizning ko‘plab
tadgiqotlarini misol keltira olamiz.

Tao Qiu, Yakun Zhao va boshqalar. Mualliflar E20 va
boshga yonilg‘ilardan foydalangan xolda IYD li va elekrt
gipridli avtomobillarning chigindi gazlari tadgigot gilingan.
Xarakat sikli (WLTC) dan foydalangan, ikki xil transport

vositalarining chigindi gazlari taggoslangan[2, 3]. Bu
usuldan ko‘plab mutaxassislar foydalanib kelmogqda.

Xarakat sikli uslubi va bu orqali chigindi gazlarni
baxolash, chorroxadagi tirbandlikning ta’siri, OBD orqali
tadqiq qilish xozirgi kundagi dolzarb uslublardan biridir[4,
5, 6].

Ichki yonuv dvigatellaridan quyidagi 3 guruxga
bo‘lingan gazlar chiqadi[7]. Biz 1 guruxga mansub bo‘lgan
3 ta gazlar xamda chala yongan yonilg‘ilarni o‘lchadik(1-
rasm).

L I'YDDAN CHIQUVCHI GAZLAR J
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3. Tadqgiqot metodologiyasi

Tajriba — sinov ishlari quyidagi ketma-ketlikda salt
ishlash rejimida amalga oshirildi. Dvigatelning sovitish
suyugligi  harorati 85-90°C ga keltiriladi, INFRAKAR
gazanalizator sensorlari dvigatelga sozlanadi va avtomobil

akkumulator elektr tarmog‘iga, gazanalizator elektr tarmog"‘i
ulanib (12V va 220V ishlashga mo‘ljallangan) ishga
tushiriladi. Qurilmaning o‘Ichash aniqligi va o‘lchashdagi
xatoliklari 2-jadvalda keltirilgan.

2-jadval
Qurilmaning o‘lchash aniqligi va o‘lchashdagi xatoliklari
O‘Ichov
parametrlari «Infrakar M2» -qurilma I aniglik sinfi O‘Ichashdagi xatoligi, %
Ne .

Parameters of «Infrakar M2» - device | accuracy class Measurement error

measurement
1 CO 0-10% +5
2 CH 0 —5000 ppm +5
3. CO2 0-25% +5
4 NOx 0-2000 ppm +5

0 — 10000 ayl/min

5 n 0 10000 rpm £2.5
6 A 0-2 -

2-jadvaldagi o‘lchov parametrlarining izoxi: CO —
uglerod oksidi; CH — uglevodorod; CO2 — uglerod (II)
oksidi; NOx — azot oksidi; n — dvigatel tirsakli valining
aylanishlar soni; L — xavoning ortigchalik koeffitsenti.

SCANMATIC qurilmasi ham OBD-II razyomiga ulanib,
kompyuterdan SCANMATIC ilovasiga start beriladi va
sinovchi uchun kerak bo‘lgan parametrlar olinadi. Barcha
kerakli sinov uskunaari sinov ob’ektiga sozlangandan so‘ng,
Dvigatel tirsakli valining burchak tezligi (ewe) minimumdan
maksimumgacha 500 rad/s interval oralig‘ida (750+3000)
sinov ishlari amalga oshiriladi. we ni haydovchi gaz pedalini
bosish orgali boshgaradi, we xar bir giymati uchun 30
sekundan keyin chigindi gazlar tarkibi gazanalizator orgali

o‘lchanadi. Har bir sinov oldidan gazoanalizator chiqindi
gazni gabul giluvchi zondi, atmosfera havosida tutgan xolda
gazanalizator parametrlari 0 holatga keltirilishi va
mashinaning ovoz sundiruvchi (glushitel) ichkarisiga 300
mm dan kam bo‘lmagan masofaga sozlanishi kerak.

Yuqorida aytganimizdek, avtomobilning tirbandlikdagi
xamda chorroxada salt ishlash rejimini inobatga olgan xolda
dvigatelning 750 ayl/min dagi chigindi gazlarini o‘lchadik.

Tajriba uchun yengil avtomobil Cobalt LTZ olindi.
Avtomobilning asosiy parametrlari 3-jadvalda berilgan.
Dvigatelga ortigcha yuklamasiz xolda salt ishlash rejimida
ushlab turildi.

3-jadval

Avtomobilning asosiy parametrlari

No Ko‘rsatkichlar Nomlanishi/Qiymati
B Indicators Name/Value
1 Avtomobil ishlab chiqgarilgan yili 2022
Year of manufacture of the car
2 Dvigatel turi Benzinli
Type of engine Gasoline
Benzin markasi
3 Gasoline brand A-92
i i i 3
4 Dwga_tel I|_traJ|, sgn 1485
Engine liter, sm
Quvvat, kVt (I.s.)
5 Power, kW (hp) 78(106)
Moment, Nm
6 Torgue, Nm 141
7 Uzatmalar qutisi turi AUQ
Type of gearbox Automatic Gearbox
8 EVRO standart EVRO -4
EURO standard EURO -4

4. Taxlil va natijalar

Oc‘tkazilgan tajriba natijalarini grafik ko‘rinishida ishlab
chiqdik. MatLab R2014a programmasidan foydalangan
xolda 2-rasm xolatida ishlab chigdik. Dvigatel salt ishlash
rejimida o‘lchangan.
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0% c02.% 4-jadval
oo 1 Yurtimizda mavjud transport vositalarining soni
to‘g‘risidagi ma’lumotlar
S GiiE 2022 yil 2023 yil
TiIr Xududlar 1-yanvar 31-dekabr
xolatiga xolatiga
0 14 1 QOR 30749 161926
745 750 755 760 745 750 755 760 —
2 Andijon 10303 271885
i HOxgret i CHyrmieet 3 Buxoro 41566 241855
4 Jizzax 20066 109657
o4 a0 5 | Qashgadaryo 52362 297305
035 6 Navoiy 22377 109274
55 <l 7 Namangan 46968 247032
- " 8 Samarkand 93106 417165
745 750 755 760 745 750 755 760 9 Surxondaryo 41210 233675
2-rasm. Chigindi gazlarni dvigatel tirsakli valining 10 Sirdaryo 14984 75116
aylanishlar soni bilan bog‘liqligi 11 Toshkent v. 92802 414645
Yurtimizda mavjud transport vositalarining soni 12 Toshkent sh. 206741 597931
Fo‘g‘risid_agi r_na’lumotlar xam olindi(4-jadval) va grafigi 13 Farg‘ona 70690 354858
ishlab chigildi (3-rasm). 14 Xorazm 48392 226721
Jami 792316 3759045
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3-rasm. Jismo niy shaxslarga tegishli benzinda xarakatlanadigan avtotransport vositalarining soni

2022 vyilda mavjud yengil va yuk avtotransport
vositalarining benzin yonilg‘i turi bo‘yicha ma’lumot xam
olindi(5-jadval).

5-jadval
2022 yilda mavjud yengil va yuk avtotransport
vositalarining benzin yonilg‘i turlari

Thr Hududlar Transport turi Soni
1 QOR Y\(; E gk il 326176670
2 Andijon Yszgk il 422752560
4 Jizzax Y\e(zgkl I 1;71;0
5 Qashqadaryo Yszgki I 12;523
6 Navoiy Yﬁﬂﬂ" 314926231
7 Namangan Y\(;Egk” 21150680
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2023 il 31-dekabr
xolatiga
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[ orenes [
9 | Surxondaryo Y\i:gk" 613553785
10 Sirdaryo Yizgk“ 110401014
11 | Toshkentv. Yi:ifl 1;23‘112
12 | Toshkent sh. Y\?Ei" "’129051165
14 Xorazm Yi:ﬁ" 518139915
Jami Yengil 1279114

Yuk 46306
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5. Xulosa va takliflar

Trasport vositlarining sonini o‘sish dinamikasi 3-rasmda
aks etilgan bo‘lib, bunda fakat bir yillik 2022-2023 vyillar
oralig'i olingan. Axoli orasida transport vositasidan
foydalanish darajasi yildan yilga oshib bormoqda. Bu esa 0‘z
navbatida chiqindi gazlarni miqdorini sun’iy oshishiga sabab
bo‘ladi.

Bizning magsadamiz  ichki yonuv  dvigatelli
avtomobillarni sonini kamaytirish emas, zararli gazlarni
migdori kamaytirish xamda avtotransportdan samarali
foydalanishdir.

Biz 2022 vyilda ishlab chiqgarilgan yengil avtomobil
ustida tadqiqot o‘tkazdik. Albatta bu avtomobilning
ekologik bezararlik ko‘rsatkichlari yugqori, lekin bu tajriba
orqali sinov o‘tkazish uslubini ishlab chiqdik. Bu orqali
keyingi barcha rusumli yengil avtomobillarda ko‘llash
xamda chigindi gazlar miqgdorini taggoslash kabi ishlarni
amalga oshirish.

Zararli gazlarni kamaytirish bo‘yicha qo‘yidagicha taklif
beramiz. Sifatli yonilg‘idan foydalanish, dvigatelning
ekologik parametrlarini takomillashtirish, zararli gazlarni
kamaytiruvchi  katalitik-neytralizatordan ~ foydalanish,
ekspluatatsiyadagi  avtotransport vositalarini  ekologik
ko‘rsatkichlarini oshirishdir.
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Development of an information system for the educational quality control
department and strategies for its successful implementation
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Abstract: This article provides a detailed analysis of the development of an information system for the educational
quality control department and strategies for its successful implementation. The functional capabilities
of the information system and the factors contributing to its success are also examined. Furthermore, the
role of the information system in enhancing educational quality and management efficiency is discussed.
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Ta’lim sifatini nazorat qilish bo‘limi uchun axborot tizimini ishlab chiqish va
uni muvaffaqiyatli joriy etish strategiyalari

Rasulmuhamedov M.M.1®2, Boltaboyeva A.M.1 ©P
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Ta’lim sifatini nazorat qilish bo‘limi uchun axborot tizimini ishlab chiqish va uni muvaffaqiyatli joriy

etish strategiyalari batafsil tahlil gilinadi. Shuningdek, axborot tizimining funksional imkoniyatlari va
muvaffagiyat omillari ham ko‘rib chigiladi. Axborot tizimining ta'lim sifati va boshqaruv samaradorligini

oshirishdagi roli haqgida to‘xtalib o‘tiladi.
ta'lim sifati, axborot tizimi, nazorat qilish bo‘limi, joriy etish strategiyalari, ma'lumotlarni tahlil gilish,

Kalit so‘zlar:

tizimni loyihalash, risklarni boshgarish, foydalanuvchi interfeysi, ma'lumotlar bazasi, ta'lim boshgaruvi

1. Kirish

Zamonaviy jamiyatda ta'lim sifati nafagat shaxsning
rivojlanishi, balki mamlakatning iqtisodiy va ijtimoiy
taraqqiyoti uchun ham asosiy omillardan biri hisoblanadi
[1]. Ta'lim sifati jamiyatning kelajagini belgilovchi muhim
ko‘rsatkich bo‘lib, uning nazorati va boshqaruvi alohida
e'tiborni talab etadi [2]. Shu sababli, ta'lim sifatini nazorat
gilish bo‘limlari zamonaviy boshqaruv tizimida markaziy
o‘rin egallaydi.

An‘anaviy usullar bilan ta'lim sifatini nazorat qilish
ko‘pincha samarasiz bo‘lib, katta hajmdagi ma'lumotlarni
go‘lda qayta ishlash vaqt va resurslarning ko‘p sarflanishiga
olib keladi [3]. Bu esa ta'lim sifatini real vaqt rejimida
monitoring qilish va tezkor qarorlar qgabul qgilish
imkoniyatini cheklaydi. Axborot texnologiyalarining jadal
rivojlanishi ushbu muammolarni hal gilishda muhim rol
o‘ynaydi.

Axborot tizimlari yordamida ta'lim sifatini nazorat qgilish
bo‘limlari ma'lumotlarni tezkor yig‘ish, tahlil qilish va qaror
gabul gilish jarayonlarini avtomatlashtirishi mumkin [4]. Bu
esa nafagat ma'lumotlarning ishonchliligini oshiradi, balki
resurslarni samarali tagsimlashga ham yordam beradi [5].
Shu nuqtai nazardan, ta'lim sifatini nazorat qilish bo‘limi
uchun axborot tizimini ishlab chigish va uni muvaffaqiyatli
joriy etish masalasi dolzarb ahamiyat kasb etadi.

al¥ https://orcid.org/0000-0001-8404-3013
b hitps://orcid.org/0009-0001-7098-4215
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Ushbu magqolada biz ta'lim sifatini nazorat qilish bo‘limi
uchun axborot tizimini ishlab chigish zarurati, uning
afzalliklari, ishlab chigish bosqgichlari va muvaffagiyatli
joriy etish strategiyalari haqida batafsil to‘xtalib o‘tamiz.
Magqola doirasida xalgaro tajriba va milliy gonunchilikka
asoslangan tavsiyalar ham keltiriladi.

2. Tadgiqot metodologiyasi

Ta'lim sifatini nazorat qilish jarayoni ko‘plab
muammolarga ega. An‘anaviy usullar bir gator cheklovlarga
ega bo‘lib, ular quyidagilardan iborat:

1. Ma'lumotlarning tarqoq bo‘lishi: Ma'lumotlar turli
manbalarda saglanadi va yagona bazaga ega emas [6]. Bu
esa ularni yig‘ish va tahlil qilishni qiyinlashtiradi.

2. Qo‘lda ishlash jarayonlari: Ko‘plab jarayonlar
qo‘lda amalga oshiriladi, bu esa xatolarga va vaqtning ko‘p
sarflanishiga olib keladi [7].

3. Real vaqt rejimida ma'lumotlarning mavjud
emasligi: Ma'lumotlar kechiktirib yig‘iladi, bu esa tezkor
qaror qabul qilishga to‘sqinlik qgiladi [8].

4. Ma'lumotlarning ishonchliligi masalalari: Qo‘lda
kiritilgan ma'lumotlarda xatolar va nomuvofigliklar bo‘lishi
mumkin [9].
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Axborot tizimini joriy etish ta'lim sifatini nazorat gilish
bo‘limining samaradorligini oshirishga quyidagi yo‘llar
bilan yordam beradi:

1. Ma'lumotlarni markazlashtirish: Barcha ma'lumotlar
yagona, markaziy ma'lumotlar bazasida saglanadi [10]. Bu
ularning tahlilini va boshgaruvini osonlashtiradi.

2. Jarayonlarni  avtomatlashtirish: ~ Ma'lumotlarni
yig‘ish,  saqlash ~ va  tahlil  qilish  jarayonlari
avtomatlashtiriladi, bu esa xatolar sonini kamaytiradi va
vaqtni tejaydi.

3. Real vaqgt rejimida monitoring: Tizim real vaqt
rejimida ma'lumotlarni kuzatish imkonini beradi, bu esa
tezkor qaror qabul qilishni qo‘llab-quvvatlaydi [2].

4. Ma'lumotlarning ishonchliligini oshirish:
Avtomatlashtirilgan tizimlar xatolarni minimallashtiradi va
ma'lumotlarning ishonchliligini oshiradi.

5. Resurslarni samarali tagsimlash: Tizim yordamida
resurslarni ta'lim muassasalari o‘rtasida samarali tagsimlash
mumkin [4].

Ko‘plab rivojlangan mamlakatlar ta'lim sifatini nazorat
gilishda axborot tizimlaridan foydalanish orgali yuqori
natijalarga erishgan. Masalan:

e  Finlandiya: Ta'lim tizimida axborot tizimlari keng
joriy etilgan bo‘lib, bu ta'lim sifatini doimiy
ravishda monitoring gilishga yordam beradi [5].

e Singapur: Axborot texnologiyalari yordamida
ta'lim jarayonini boshgarish va sifatini nazorat
qilish amalga oshiriladi [6].

O‘zbekiston Respublikasi ta'lim sohasida axborot
tizimlarini joriy etishga alohida e'tibor garatmogda.
O‘zbekiston Respublikasi Prezidentining "Ta'lim sifatini
oshirish bo‘yicha chora-tadbirlar to‘g‘risida"gi gqarorida
axborot tizimlarini joriy etish masalasi alohida ta'kidlangan
[1].

Globalizatsiya ~va  axborot  texnologiyalarining
rivojlanishi sharoitida ta'lim sifati xalgaro standartlarga mos
kelishi zarur. Axborot tizimlari bu jarayonda muhim vosita
hisoblanadi [7].

Yuqorida keltirilgan muammolarni hal gilish va ta'lim
sifatini oshirish uchun axborot tizimini ishlab chigish va
joriy etish zaruriyati dolzarb masaladir. Bu nafagat ta'lim
sifatini nazorat qilish bo‘limining samaradorligini oshiradi,
balki butun ta'lim tizimining rivojlanishiga xizmat giladi.

2.1. Axborot tizimini ishlab chigish

bosqichlari

Axborot tizimini muvaffagiyatli ishlab chigish va joriy
etish bir nechta muhim bosqichlarni 0‘z ichiga oladi. Har bir
bosqich o°‘ziga xos vazifalar va maqsadlarga ega bo‘lib,
ularning to‘g‘ri amalga oshirilishi tizimning umumiy
muvaffagiyatiga ta'sir giladi.

1-bosgich. Talablarni tahlil gilish

Manfaatdor tomonlarni aniglash, bunda identifikatsiya
qilish va echtiyojlarni  o‘rganish  kerak  bo‘ladi.
Identifikatsiya: ~ Tizimdan  foydalanadigan  barcha
foydalanuvchi guruhlarini aniqlash kerak: o‘qituvchilar,
talaba, ota-onalar, boshgaruv organlari va texnik xodimlar
[3]. Ehtiyojlarni o‘rganish: Har bir guruhning tizimdan
kutayotgan funktsional imkoniyatlari va ehtiyojlarini tahlil
qgilish muhim.

Funktsional talablarni belgilash, bunda asosiy va
qo‘shimcha funktsiyalar tashkil topadi. Asosiy funktsiyalar:
Tizim ganday asosiy vazifalarni bajarishi Kkerakligini
aniqlash: ma'lumotlarni yig‘ish, tahlil qilish, hisobotlar

https://t.me/tdtuilmiynashrlar

tayyorlash va boshqalar [5]. Qo‘shimcha funktsiyalar:
Foydalanuvchi qulayligi uchun qo‘shimcha imkoniyatlarni
belgilash, masalan, mobil ilovalar, elektron pochta
bildirishnomalari.

Texnik talablarni aniglash, bunda infratuzilma, dasturiy
platform va xavfsizlik talablari o‘rganiladi. Infratuzilma:
Tizim ishlashi uchun zarur bo‘lgan serverlar, tarmoqlar va
boshga texnik vositalarni aniglash [7]. Dasturiy platforma:
Tizimning dasturiy ta'minoti qaysi platformada ishlashi
kerakligini belgilash (veb-ilova, mobil ilova va hokazo).
Xavfsizlik talablari: Ma'lumotlarning himoyasi uchun zarur
bo‘lgan xavfsizlik choralari va standartlarini aniglash.

2-bosgich. Tizimni loyihalash

Arxitektura yaratish talab gilinadi. Tizim arxitekturasi:
Tizimning umumiy arxitekturasi ishlab chigiladi, bu uning
komponentlari va ularning o‘zaro aloqasini aniqlaydi [10].
Modullarning aniglanishi: Tizimning alohida modullari
(ma'lumotlar  bazasi, foydalanuvchi interfeysi, tahlil
vositalari) aniglanadi va ularning vazifalari belgilanadi.

Ma'lumotlar  bazasi  dizayni  yaratilishi ~ kerak.
Ma'lumotlar modeli: Ma'lumotlar bazasining konseptual
modeli yaratiladi, bu ma'lumotlar ganday saglanishini va
ularning o‘zaro bog‘ligligini ko‘rsatadi [2]. Jadvallar va
alogalar: Ma'lumotlar bazasidagi jadvallar va ularning
o‘zaro aloqalari aniqlanadi [3]. Optimallashtirish:
Ma'lumotlar bazasining samaradorligini oshirish uchun
indekslar va boshqa texnikalar qo‘llaniladi.

Foydalanuvchi interfeysi dizayniga alohida yondashish
kerak. Ergonomika: Interfeys foydalanuvchilar uchun qulay
va intuitiv bo‘lishi kerak [5]. Dizayn prinspilari: Ranglar,
shriftlar va boshqa dizayn elementlari bir xil uslubda bo‘lishi
kerak [6]. Moslashuvchanlik: Interfeys turli qurilmalarda
(kompyuter, planshet, smartfon) to‘g‘ri ko rinishi kerak.

3-bosgich. Dasturlash va integratsiya

Modullarni dasturlash quyidagi yo‘llar bilan amalga
oshiriladi:

e Kaodlash: Tizimning alohida modullari dasturlash

tillarida yoziladi [8].

e Standartlarga rioya qilish: Dasturlash jarayonida
kodlash standartlari va eng yaxshi amaliyotlarga
rioya gilinadi [9].

e Versiya nazorati: Kodning versiyalari nazorat
gilinadi, bu jamoaviy ishlashni osonlashtiradi [10].

Sinovdan o‘tkazish dasturlashning asosiy qismidir,
sinovlar quyidagi yo‘llar bilan amalga oshiriladi:

e Birlamchi sinovlar: Har bir modul alohida sinovdan

o‘tkaziladi (unit testing).

e Integratsion sinovlar: Modullar birlashtirilgandan
so‘ng, ularning o‘zaro ishlashi sinovdan
o‘tkaziladi.

e  Foydalanuvchi sinovlari: Foydalanuvchilar
ishtirokida tizimning ishlashi sinovdan o‘tkaziladi
(beta testing).

Integratsiya quyidagi yo‘llar bilan amalga oshiriladi:

e  Mavjud tizimlar bilan bog‘lanish: Tizim boshqa
dasturiy ta'minot va tizimlar bilan integratsiya
gilinadi.

e APl vaWeb Services: Integratsiya uchun ochiq API
lar va web servislar yaratiladi.

e  Ma'lumotlar ayirboshlash: Turli formatlardagi
ma'lumotlarni ayirboshlash imkoniyatlari
ta'minlanadi.

4-bosgich. Joriy etish

December, 2024
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:4|2024

Pilot loyihalar yaratish. Kichik miqgyosda sinash:
Tizimni dastlab bir nechta ta'lim muassasasida sinovdan
o‘tkazish [7]. Fikr-mulohazalarni yig‘ish:
Foydalanuvchilardan olingan fikrlar asosida tizimni
takomillashtirish.

Foydalanuvchilarni o‘qitish. Treninglar:
Foydalanuvchilar uchun maxsus treninglar va seminarlar
tashkil etish [9]. Qo‘llanmalar va videodarslar: Tizimdan
foydalanish bo‘yicha qo‘llanmalar va videodarsliklar
yaratish .

Ma'lumotlarni  migratsiya  gilish. ~ Ma'lumotlarni
tayyorlash: Eski tizimlardan ma'lumotlarni tozalash va
formatlash. Ko‘chirish jarayoni: Ma'lumotlarni yangi
tizimga ko‘chirish va ularning to‘g‘ri saqlanishini tekshirish.
Verifikatsiya: Ma'lumotlarning to‘g‘riligini va to‘ligligini
tekshirish.

5-bosqich. Texnik qo‘llab-quvvatlash va yangilash

Qo‘llab-quvvatlash xizmatini amalga oshirish. Texnik
yordam: Foydalanuvchilarga texnik muammolarni hal
qgilishda yordam berish. Muammolarni kuzatish: Tizimdagi
muammolarni gayd etish va ularni hal gilish jarayonini
boshqarish.

Tizimni yangilash ishlarini olib borish. Yangi
funktsiyalar qo‘shish: Foydalanuvchilarning ehtiyojlariga
ko‘ra  tizimni  takomillashtirish  [6].  Xavfsizlik
yangilanishlari: Xavfsizlikni ta'minlash uchun tizimni
muntazam yangilab turish. Versiya nazorati: Yangilanishlar
tarixi va ularning ta'sirini nazorat gilish.

2.2. Muvaffagiyatli  joriy  etish

strategiyalari

Axborot tizimini muvaffagiyatli joriy etish uchun
strategik yondashuv zarur. Quyida bu jarayonda e'tibor
berilishi lozim bo‘lgan asosiy strategiyalar batafsil ko‘rib
chiqiladi.

1-gadam. Loyihaning bosgichma-bosgich amalga
oshirilishi

Rejalashtirish va prioritetlash. Loyihaning ko‘lamini
aniglash: ~ Tizimning gamrab oladigan  funksional
imkoniyatlarini belgilash [8]. Prioritetlarni belgilash: Asosiy
funksiyalarni birinchi navbatda joriy etish, qo‘shimcha
imkoniyatlarni keyingi bosgichlarda qo‘shish [9].

Pilot loyihalarni amalga oshirish.Sinov guruhlari:
Tizimni kichik migyosda sinash uchun sinov guruhlarini
tashkil ~ etish  [10].  Fikr-mulohazalarni  yig‘ish:
Foydalanuvchilarning tajribasi va fikrlarini yig‘ib, tizimni
takomillashtirish.

2-gadam. Foydalanuvchilarni jalb gilish

O‘qitish  va  treninglar.  Trening  dasturlari:
Foydalanuvchilar uchun maxsus o‘quv dasturlari tashkil
etish. Qo‘llanmalar va resurslar: Tizimdan foydalanish
bo‘yicha qo‘llanmalar va onlayn resurslar yaratish.

Motivatsiya va  rag ‘batlantirish.  Inson  omili:
Foydalanuvchilarning tizimga gizigishini oshirish uchun
motivatsion choralar ko‘rish. Rag‘batlantirish dasturlari:
Yangi tizimdan faol foydalangan xodimlarni mukofotlash.

3-gadam. Aloga va ochig mulogot

Ichki aloga. Jamoa uchun yig‘ilishlar: Loyihaga jalb
qilingan barcha tomonlar bilan muntazam yig‘ilishlar
o‘tkazish. Axborot almashinuvi: Loyihaning holati,
yutuglari va muammolari hagida xabardor gilish [7].

Tashqgi aloga. Foydalanuvchilarni xabardor qilish:
Tizimning joriy etilishi hagida barcha manfaatdor
tomonlarni xabardor gilish. Jamoatchilik bilan alogalar:
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Tizimning afzalliklari va imkoniyatlari hagida ommaga
ma'lumot berish.

4-gadam. Risklarni boshqarish

Risklarni identifikatsiya gilish. Potentsial xatarlarni
aniglash: Loyihaning har bir bosgichida yuzaga Kelishi
mumkin bo‘lgan xatarlarni aniqlash. Risklarning ta'sirini
baholash: Har bir riskning loyihaga ta'sir darajasini
baholash.

Risklarni mitigatsiya gilish. Oldini olish choralari:
Risklarni kamaytirish uchun profilaktik choralarni ishlab
chigish. Favqulodda rejalar: Noma'lum vaziyatlarda tezkor
choralar ko‘rish uchun rejalar tuzish [3].

5-qadam. O‘Ichovlar va baholash

Samaradorlik ko ‘rsatkichlarini belgilash. KPI (Kalit
Ko‘rsatkichlar): Tizimning samaradorligini o‘lchash uchun
aniq ko‘rsatkichlarni belgilash. Magsadlar va natijalar:
Loyihaning magsadlari va ularning amalga oshirilish
darajasini baholash.

Doimiy monitoring va tahlil. Ma'lumotlarni kuzatish:
Tizim ishlashini doimiy ravishda kuzatish va ma'lumotlarni
yig‘ish [6]. Tahlil va hisobotlar: Yig‘ilgan ma'lumotlar
asosida tahlillar o‘tkazish va rahbariyatga hisobotlar taqdim
etish.

6-gadam. Qonunchilik va standartlarga muvofiglik

Huqugiy talablar. Ma'lumotlarni himoya qilish
gonunlari: Tizim milliy va xalgaro ma'lumotlarni himoya
qgilish gonunlariga mos kelishi kerak [8]. Litsenziyalar va
sertifikatlar: Tizim uchun zarur bo‘lgan litsenziyalar va
sertifikatlarni olish.

Standartlar va me'yorlar. ISO standartlari: Axborot
xavfsizligi va sifat menejmenti bo‘yicha xalqaro
standartlarga rioya qilish. Ta'lim standartlari: Ta'lim sifati
bo‘yicha milliy standartlarga moslashish.

3. Natija va muhokama

Axborot tizimining funksional imkoniyatlari uning
samaradorligi va foydalanuvchilar uchun qulayligini
belgilaydi.  Quyida  tizimning  asosiy  funksional
imkoniyatlari batafsil yoritiladi.

1. Ma'lumotlarni yig ‘ish va saqlash

e  Avtomatik ma'lumotlar yig‘ish

o  Elektron jurnallar: O‘qituvchilar tomonidan elektron
jurnal orqgali baholar va davomat ma'lumotlarini
kiritish [2].

o Anketalar va so‘rovnomalar: Talabalar va ota-
onalardan onlayn so‘rovnomalar orqali fikr-
mulohazalar yig‘ish [3].

e  Ma'lumotlar bazasi

o Markazlashgan bazalar: Barcha ma'lumotlarni
yagona bazada saglash, bu ularning xavfsizligini va
tezkor kirishni ta'minlaydi.

o Zaxira nusxalarini yaratish: Ma'lumotlarning
yo‘qolishining oldini olish uchun muntazam zaxira
nusxalari yaratish.

2. Tahlil va hisobotlar

e  Tahliliy vositalar

o Dashbordlar: Rahbariyat va foydalanuvchilar uchun
qulay grafik interfeys orgali ma'lumotlarni vizual
tahlil gilish [6].

o  Ma'lumotlar Miningi: Katta hajmdagi
ma'lumotlardan foydali axborotlarni aniglash uchun
data mining texnologiyalaridan foydalanish [7].

e Hisobotlarni generatsiya qilish
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o  Standart hisobotlar: Ta'lim sifati, o‘zlashtirish
darajasi va boshqa ko‘rsatkichlar bo‘yicha
avtomatik hisobotlar tayyorlash.

o  Moslashtirilgan hisobotlar: Foydalanuvchilarning
ehtiyojlariga mos ravishda maxsus hisobotlarni
generatsiya gilish.

3. Foydalanuvchi huquglari va xavfsizlik

e  Ruxsatnomalar tizimi

o Rol bazasidagi kirish: Foydalanuvchilarga ularning
roli va vazifalariga mos ravishda kirish huquglarini
berish.

o Audit Kkuzatuvi: Foydalanuvchilarning tizimdagi
faoliyatini kuzatish va gayd etish.

e Ma'lumotlarni himoya qilish

o  Shifrlash: Ma'lumotlarni shifrlash orgali ularning
xavfsizligini ta'minlash.

o  Xavfsizlik devorlari: Tizimga noxush kirishlarning
oldini olish uchun xavfsizlik devorlarini o‘rnatish.
4. Integratsiya va moslashuvchanlik

e  Boshga tizimlar bilan integratsiya

o APl va web servislar: Boshqga dasturiy ta'minot va
tizimlar bilan oson integratsiya qilish uchun ochiq
interfeyslar yaratish.

o Moliyaviy tizimlar bilan bog‘lanish: Moliyaviy
hisob-kitoblarni avtomatlashtirish uchun moliyaviy
tizimlar bilan integratsiya.

e Moslashuvchanlik va skalabillik

o Modullik: Tizimning modulli arxitekturasi uni
kengaytirish va yangilashni osonlashtiradi.

o  Skalabillik: Tizim katta hajmdagi ma'lumotlar va
foydalanuvchilar soniga mos ravishda kengayishi
mumkin.

5. Foydalanuvchi interfeysi va qulaylik

e Intuitiv interfeys

o Qulay navigatsiya: Foydalanuvchilar uchun oson
tushunarli menyu va navigatsiya tizimi.

o Kop til qo‘llab-quvvatlashi:  Turli tillarda
interfeysni tagdim etish imkoniyati.

e  Mobil ilovalar

o Mobil go‘llanish: Smartfon va planshetlar uchun
moslashtirilgan ilovalar yaratish.

o Push xabarnomalar: Muhim ma'lumotlar hagida
foydalanuvchilarga tezkor xabarnomalar yuborish.

e  Muvaffagiyat omillari

o Rahbariyat qo‘llab-quvvatlashi: ~ Tizimni joriy
etishda yuqori rahbariyatning faol ishtiroki muhim.

o Madaniy o‘zgarishlar: Yangi tizimga moslashish
uchun tashkilot madaniyatini o‘zgartirish [3].

o Resurslarni  ta'minlash:  Moliyaviy va inson
resurslarini yetarli darajada ta'minlash [4].

Doimiy takomillashtirish: Foydalanuvchilarning fikr-

mulohazalari asosida tizimni doimiy ravishda yangilab
borish.

4. Xulosa

Ta'lim sifatini nazorat gilish bo‘limi uchun axborot
tizimini ishlab chigish va uni muvaffagiyatli joriy etish ta'lim
tizimining samaradorligi va sifatini oshirish uchun muhim
ahamiyatga ega. Ushbu jarayon bir nechta asosiy omillarga
tayanadi:

Birinchidan, axborot tizimining joriy etilishi ta'lim
sifatini nazorat qilish bo‘limining kundalik faoliyatini
sezilarli  darajada  yengillashtiradi.  Ma'lumotlarning
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avtomatik yig-ilishi va tahlil gilinishi, hisobotlarning tezkor
tayyorlanishi va qaror qabul qilish jarayonlarining
optimallashtirilishi orgali vaqt va resurslar tejaladi. Bu esa
xodimlarning diqqatini strategik vazifalarga garatishga
imkon beradi.

Ikkinchidan, tizimning muvaffagiyatli joriy etilishi
uchun puxta rejalashtirish va strategik yondashuv zarur.
Loyihaning  bosgichma-bosgich  amalga  oshirilishi,
foydalanuvchilarni jalb qilish va ularni o‘qitish, risklarni
boshqarish va samaradorlik ko‘rsatkichlarini belgilash kabi
strategiyalar  loyihaning  muvaffagiyatini  ta'minlaydi.
Shuningdek, tizimning milliy gonunchilik va xalgaro
standartlarga muvofigligini ta'minlash ham muhimdir.

Uchinchidan, axhorot tizimining funksional
imkoniyatlari uning samaradorligini belgilaydi.
Ma'lumotlarni yig‘ish va saqlash, tahlil va hisobotlar,
foydalanuvchi  huquglari va xavfsizlikni  ta'minlash,
integratsiya va moslashuvchanlik kabi funksiyalar tizimning
keng gamrovli va foydalanuvchilar uchun qulay bo‘lishini
ta’minlaydi. Bu esa tizimdan foydalanuvchilarning
gonigishini oshiradi va uni kundalik ish jarayoniga organik
ravishda kiritadi.

To‘rtinchidan, muvaffaqiyat omillari, jumladan,
rahbariyatning qo‘llab-quvvatlashi, madaniy o‘zgarishlar va
resurslarning yetarli darajada ta'minlanishi tizimning uzoq
muddatli barqarorligini kafolatlaydi. Doimiy
takomillashtirish va foydalanuvchilar bilan  muloqot
tizimning zamonaviy talablar va ehtiyojlarga mos ravishda
rivojlanishiga xizmat giladi.

Yakuniy natijada, ta'lim sifatini nazorat qilish bo‘limi
uchun axborot tizimining ishlab chigilishi va joriy etilishi
butun ta'lim tizimining samaradorligi va sifatini oshirishga,
shuningdek, o‘quvchilar, o‘qituvchilar va boshqaruv
organlari o‘rtasidagi muloqotni kuchaytirishga Xxizmat
giladi. Zamonaviy axborot texnologiyalaridan foydalanish
orgali ta'lim jarayonini ragamli transformatsiya qilish, uni
global talablarga  moslashtirish  va mamlakatning
ragobatbardoshligini oshirish imkoniyati mavjud.

Kelajakda ushbu tizimlarni sun'iy intellekt va katta
ma'lumotlar tahlili kabi ilg‘or texnologiyalar bilan boyitish
orqali ta'lim sifatini yanada oshirish, individual o‘quv
dasturlarini yaratish va ta'lim jarayonini shaxsiylashtirish
mumkin bo‘ladi. Bu esa ta'lim tizimining innovatsion
rivojlanishiga.  va  mamlakatning  ijtimoiy-igtisodiy
taraqqiyotiga sezilarli hissa qo‘shadi.
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Intellectual approaches to optimizing data flow in freight documentation
processes

A.B. Tukhtakhodjaev! @2

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: To enhance the efficiency of freight transportation services on railways, there is a growing need to
automate and optimize documentation circulation processes. This study investigates the possibilities of
optimizing data flow by utilizing artificial intelligence and data analysis methods.
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Yuk tashish hujjat aylanishi jarayonlarida ma'lumotlar ogimini
optimallashtirishning intellektual yondashuvlari

Tuxtaxodjaev A.B.202
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Temir yo'llarda yuk tashish xizmatlarining samaradorligini oshirish magsadida hujjat aylanishi

jarayonlarini avtomatlashtirish va optimallashtirish zarurati tug'ilmogda. Sun'iy intellekt va
ma'lumotlarni  tahlil qilish usullaridan foydalanib, ma'lumotlar ogimini optimallashtirishning

imkoniyatlari tadqiq etiladi.
Kalit so‘zlar:
intellekt

1. Kirish

Globalizatsiya va ragamli texnologiyalarning tezkor
rivojlanishi natijasida logistika va transport sohalari oldida
yangi imkoniyatlar va muammolar paydo bo'Imoqda. Temir
yo'llarda yuk tashish xizmatlari xalgaro savdo va milliy
igtisodiyot uchun strategik ahamiyatga ega bo'lib, ularning
samaradorligi ko'p jihatdan hujjat aylanishi jarayonlarining
ganday tashkil etilganiga bog'lig. An'anaviy hujjat aylanishi
usullari ko'pincha gog'ozbozlik, vaqt sarfi va xatoliklarga
olib keladi, bu esa transport xizmatlarining sifatiga salbiy
ta'sir ko'rsatadi [1].

Yugori ragobatbardoshlik va mijozlar talablarining
o'sishi sharoitida yuk tashish jarayonlarini optimallashtirish
zarurati ortib bormoqgda. Hujjat aylanishi jarayonlarida
ma'lumotlar ogimini samarali boshqarish nafagat operatsion
xarajatlarni kamaytiradi, balki xizmat ko'rsatish sifatini ham
oshiradi. Shu nugtai nazardan, intellektual yondashuvlar va
zamonaviy texnologiyalarni qo'llash muhim ahamiyat kasb
etadi [2].

Sun'iy intellekt, katta ma'lumotlar tahlili va
avtomatlashtirilgan tizimlar hujjat aylanishi jarayonlarini
optimallashtirishda keng imkoniyatlarni ochib beradi. Bu
texnologiyalar yordamida ma'lumotlarni real vaqt rejimida
gayta ishlash, xatoliklarni aniglash va ularni bartaraf etish,
shuningdek, resurslardan samarali foydalanish imkoniyatlari
yaratiladi [8]. Natijada, temir yo'llarda yuk tashish
xizmatlarining tezligi, anigligi va ishonchliligi oshadi.

Ushbu magolada yuk tashish hujjat aylanishi
jarayonlarida ma'lumotlar ogimini optimallashtirishning

a2 https://orcid.org/0009-0001-0640-559X
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yuk tashish, hujjat aylanishi, ma'lumotlar ogimi, optimallashtirish, intellektual yondashuvlar, sun'iy

intellektual yondashuvlari o'rganiladi. Birinchi bo'limda
mavjud jarayonlarning tahlili va ularning muammolari ko'rib
chigiladi. Ikkinchi bo'limda esa intellektual texnologiyalarni
go'llash orgali ma'lumotlar ogimini optimallashtirish usullari
va ularning afzalliklari batafsil yoritiladi.

2. Tadgigot metodologiyasi

Yuk tashish hujjat aylanishi jarayonlarining tahlili.
Yuk tashish jarayonlarida hujjat aylanishi transport
operatsiyalarining muhim gismidir. Hujjatlar orgali yukning
gayerdan qayerga yetkazilishi, yuk egasi, transport vositasi
va boshga muhim ma'lumotlar qayd etiladi [3]. Hozirgi
kunda temir yo‘llarda yuk tashish hujjat aylanishi quyidagi
bosgichlarni oz ichiga oladi:

1. Buyurtma berish. Yuk jo‘natuvchi kompaniya yuk
tashish uchun buyurtma beradi. Bu bosgichda yukning
xususiyatlari, migdori va yetkazib berish manzili aniglanadi
[2].

2. Hujjatlarni tayyorlash. Yuk hujjatlari, jumladan, yuk
qabul qilish dalolatnomasi, yo‘l varaqasi va boshqa kerakli
hujjatlar tayyorlanadi [3].

3. Ma'lumotlarni Kiritish. Hujjatlardagi ma'lumotlar
tizimga qo‘lda kiritiladi. Bu yerda inson omili tufayli
xatoliklar yuzaga kelishi mumkin.

4. Tasdiglash va muvofiglashtirish. Hujjatlar tegishli
idoralar tomonidan tasdiglanadi va muvofiglashtiriladi. Bu
jarayon vagqt talab gilishi mumkin.

5. Arxivlash va saqlash. Hujjatlar qog‘oz yoki elektron
shaklda arxivlanadi va saglanadi [5].

December, 2024
Research, Innovation, Results



https://orcid.org/0009-0001-0640-559X

Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:4|2024

An'anaviy  hujjat  aylanishi  jarayonlarining
muammolari.  Ushbu  jarayonlarning  har  birida
samaradorlikni pasaytiruvchi omillar mavjud. Quyidagi
jadvalda an'anaviy hujjat aylanishi jarayonlarining asosiy
muammolari va ularning oqibatlari ko‘rsatilgan.

Jadval 1
An'anaviy hujjat aylanishi jarayonlarining
muammolari
Jarayon bosqichi Muammolar Oqibatlar
Buyurtma berish Ma'lumotlarni Noto‘g‘ri yuk

noto‘g‘ri kiritish tashish rejalari
Hujjatlarni Qog‘oz Ma'lumotlarning
tayyorlash hujjatlarning yo‘qolishi,
yo‘qolishi  yoki | huqugiy

zarar ko‘rishi muammolar

Ma'lumotlarni Qo‘lda  kiritish | Xato ma'lumotlar,
Kiritish tufayli xatoliklar kechikishlar
Tasdiglash va | Uzoq vaqt talab | Vagt sarfi, xizmat

muvofiglashtirish giluvchi
byurokratik

sifati pasayishi

jarayonlar
Arxivlash va | Qog‘oz hujjatlarni | Xarajatlarning
saglash saglash uchun | oshishi,

katta joy kerakligi | giyinchiliklar

An'anaviy usullarda hujjat aylanishi ko‘pincha qog‘oz
shaklida amalga oshiriladi, bu esa quyidagi muammolarga
olib keladi:

1. Vagqt sarfi. Hujjatlarni qo°‘lda tayyorlash va kiritish
ko‘p vaqt talab qiladi [1]. Bu esa yuk tashish jarayonlarining
umumiy vaqtini uzaytiradi.

2. Xatoliklar. Inson omili tufayli ma'lumotlarni
noto‘g‘ri kiritish yoki xatoliklar yuzaga kelishi ehtimoli
yuqori [4]. Bu esa noto‘g‘ri rejalashtirish va resurslardan
samarasiz foydalanishga olib keladi.

3. Xarajatlar. Qog‘oz hujjatlarni chop etish, saglash va
arxivlash qo‘shimcha xarajatlarni talab etadi [2]. Bundan
tashqari, yo‘qolgan yoki zarar ko‘rgan hujjatlarni tiklash
qo‘shimcha resurslarni talab qgiladi.

4. Moslashuvchanlikning pastligi. Jarayonning
an'anaviyligi sababli o‘zgarishlarga tezkor javob berish
giyin. Bu esa bozor talablariga moslashishni giyinlashtiradi.

5. Ma'lumotlar almashinuvi qiyinchiliklari.  Turli
bo‘limlar va tashkilotlar o‘rtasida ma'lumotlarni tez va aniq
almashish qiyin [3]. Bu esa jarayonning umumiy
samaradorligini pasaytiradi.

Yugoridagi muammolarni bartaraf etish uchun hujjat
aylanishi jarayonlarini optimallashtirish va
avtomatlashtirish zarurati tug‘iladi. Intellektual
yondashuvlar va zamonaviy texnologiyalarni qo‘llash orqali
bu muammolarni hal gilish mumkin.

Ma'lumotlar  ogimini  optimallashtirish  uchun

intellektual yondashuvlar. Yuk tashish hujjat aylanishi
jarayonlarida ma'lumotlar ogimini optimallashtirish uchun
intellektual yondashuvlar va zamonaviy texnologiyalarni
go'llash zarurati tug'ilmoqda [1]. Ushbu yondashuvlar hujjat
aylanishi jarayonlarini avtomatlashtirish, samaradorligini
oshirish va xatoliklarni kamaytirish imkonini beradi. Quyida
asosiy intellektual yondashuvlar va ularning afzalliklari
batafsil yoritiladi.
Sun'iy intellekt va mashinaviy o'rganish. Sun'iy intellekt
(SI) va mashinaviy o'rganish (MO) texnologiyalari
ma'lumotlarni avtomatik ravishda gayta ishlash va tahlil
qgilish imkonini beradi [7]. Ushbu texnologiyalar yordamida
quyidagi vazifalar amalga oshiriladi:

1. Ma'lumotlarni avtomatik kiritish va gayta ishlash. Sl
yordamida hujjatlarda mavjud ma'lumotlarni avtomatik
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ravishda tizimga Kkiritish mumkin. Bu jarayon qo'lda
kiritishdan ko'ra tezroq va anigroq bo'ladi.

2. Xatoliklarni aniglash va tuzatish. MO algoritmlari
ma'lumotlardagi nomuvofigliklarni aniglash va avtomatik
tuzatish imkonini beradi. Masalan, yuk hajmi va vazni
o'rtasidagi nomutanosiblikni aniglash mumkin.

3. Prognozlash va optimallashtirish. SI yordamida yuk
tashish jarayonlarini prognozlash va resurslardan samarali
foydalanish uchun optimal rejalashtirish amalga oshiriladi.

Katta ma'lumotlar tahlili. Katta ma'lumotlar (Big
Data) tahlili orgali katta hajmdagi ma‘lumotlarni real vaqt
rejimida gayta ishlash va ulardan foydali axborot olish
mumkin [8]. Bu yondashuv quyidagi afzalliklarni tagdim
etadi:

1. Tezkor garor qgabul gilish. Ma'lumotlarni tezkor
tahlil qgilish orgali muammolarni aniglash va ularga tezda
javob berish mumkin.

2. Jarayonlarni optimallashtirish. Katta ma'lumotlar
tahlili orgali jarayonlarning zaif joylarini aniglash va ularni
yaxshilash imkoniyati yaratiladi.

Bulutli texnologiyalar va integratsiya. Bulutli
texnologiyalar ma'lumotlarni saglash, ulashish va gayta
ishlashni osonlashtiradi [6]. Bulutli tizimlar yordamida,
tashkilot ichidagi barcha xodimlar va hamkorlar
ma'lumotlarga istalgan joydan va qurilmadan Kkirishlari
mumkin, hamda bulutli xizmatlar o'zgaruvchan ehtiyojlarga
mos ravishda resurslarni oshirish yoki kamaytirish imkonini
beradi.

Ragamli hujjat aylanishi tizimlari. Ragamli hujjat
aylanishi tizimlari hujjatlarni elektron shaklda boshgarish va
ulashishni ta'minlaydi [2]. Bu tizimlar hujjatlarni elektron
imzo orgali tez va ishonchli tasdiglash imkonini beradi,
hamda elektron hujjatlar shifrlanadi va ularning o'zgarishlari
gayd etiladi, bu esa xavfsizlikni oshiradi.

Intellektual yondashuvlarning afzalliklari. Quyidagi
jadvalda intellektual yondashuvlarning hujjat aylanishi
jarayonlariga ta'siri ko'rsatilgan.

Jadval 2
Intellektual yondashuvlarning afzalliklari
Yondashuv Afzalliklari
Sun'iy intellekt va MO Ma'lumotlarni avtomatik
gayta ishlash, xatoliklarni
kamaytirish
Katta ma'lumotlar tahlili Tezkor tahlil, jarayonlarni

optimallashtirish
Ma'lumotlarga keng Kirish,
moslashuvchanlik
Ragamli  hujjat  aylanishi | Hujjatlarni elektron
tizimlari boshgarish,  xavfsizlik va
kuzatuvchanlik
Intellektual yondashuvlarni joriy etish amaliyoti.
Intellektual yondashuvlarni muvaffaqiyatli joriy etish uchun
quyidagi amaliy choralar ko'rilishi lozim [6]:
1. Texnologik infratuzilmani yangilash. Zamonaviy
dasturiy ta'minot va apparat vositalarini joriy etish.
2. Xodimlarni o'qitish. Yangi tizimlar bilan ishlash
uchun xodimlarning malakasini oshirish.
3. Jarayonlarni gayta ko'rib chigish. Hujjat aylanishi
jarayonlarini optimallashtirish va soddalashtirish.
Intellektual ~ yondashuvlarni  joriy  etishdagi
giyinchiliklar. Intellektual yondashuvlarni joriy etishda
giyinchiliklar yuzaga kelishi mumkin. Investitsion
xarajatlar, ya’ni yangi texnologiyalarni joriy etish uchun
dastlabki katta mablag' talab etiladi [6]. Texnologik
murakkabliklar, ya’ni yangi tizimlarni mavjud tizimlar bilan
integratsiya qilish murakkab bo'lishi mumkin. Xavfsizlik

Bulutli texnologiyalar
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masalalari, ya’ni ma'lumotlarning himoyasini ta'minlash
uchun go'shimcha choralar ko'rish zarur.

3. Natijalar

Intellektual yondashuvlarni joriy etish natijasida

quyidagi natijalarga erishish mumkin:

1. Samaradorlikning  oshishi. Hujjat aylanishi
jarayonlarining tezlashishi va xatoliklarning
kamayishi.

2. Xarajatlarning kamayishi. Operatsion
xarajatlarning pasayishi va resurslardan samarali
foydalanish.

Xizmat sifatining yaxshilanishi. Mijozlarga xizmat

ko'rsatish darajasining oshishi va ularning gonigishining
ortishi.

4. Xulosa

Yugorida Keltirilgan tadgiqotlar va tahlillar asosida
shuni xulosa qilishimiz mumkinki, temir yo‘llarda yuk
tashish hujjat aylanishi jarayonlarida ma'lumotlar ogimini
optimallashtirish hozirgi zamonning dolzarb masalalaridan
biridir. An'anaviy hujjat aylanishi usullari ko‘plab
muammolarga olib kelmoqgda, jumladan:

e Vagt va resurslarning samarasiz  sarflanishi.
Hujjatlarni qo‘lda tayyorlash va ma'lumotlarni kiritish ko‘p
vagt va inson resurslarini talab giladi.

o Xatoliklarning yuqori darajasi. Inson omili tufayli
ma'lumotlarni noto‘g‘ri kiritish yoki xatoliklar yuzaga
kelishi ehtimoli yuqori.

e Xarajatlarning oshishi. Qog‘oz hujjatlarni saqlash,
chop etish va ularga ishlov berish qo‘shimcha moliyaviy
xarajatlarni talab giladi.

o Moslashuvchanlikning pastligi. An'anaviy usullar tez
o‘zgaruvchan bozor talablariga moslashishda giyinchiliklar
tug‘diradi.

Intellektual yondashuvlar va zamonaviy
texnologiyalarni qo‘llash orgali ushbu muammolarni hal
etish mumkinligi aniglandi. Xususan:

e Sun'iy intellekt va  mashinaviy  o‘rganish
texnologiyalari ma'lumotlarni avtomatik qayta ishlash,
xatoliklarni aniglash va ularni bartaraf etish imkonini beradi.
Bu esa jarayonlarning samaradorligini oshiradi va inson
omilini kamaytiradi.

o Katta ma'lumotlar tahlili yordamida jarayonlarning
zaif tomonlarini aniglash, jarayonlarni optimallashtirish va
resurslardan samarali foydalanish imkoniyatlari yaratiladi.

o Bulutli texnologiyalar va ragamli hujjat aylanishi
tizimlari ma'lumotlarga keng kirish, xavfsizlik va
moslashuvchanlikni ta'minlaydi.

Intellektual yondashuvlarni joriy etish natijasida
quyidagi natijalarga erishish mumkin:

1.Samaradorlikning oshishi. Hujjat aylanishi jarayonlari
tezlashadi, vaqt va resurslar tejaladi.

2.Xatoliklarning kamayishi. Ma'lumotlarni avtomatik
gayta ishlash tufayli xatoliklar sezilarli darajada kamayadi.

https://t.me/tdtuilmiynashrlar

3.Xarajatlarning kamayishi. Qog‘oz hujjatlar o‘rniga
ragamli hujjatlar qo‘llanilishi operatsion xarajatlarni
kamaytiradi.

4.Xizmat sifatining yaxshilanishi. Tezkor va aniq xizmat
ko‘rsatish mijozlar qoniqishini oshiradi.

5.Tezkor qaror qabul qilish. Real vaqt rejimida
ma'lumotlarni tahlil gilish orgali boshgaruv garorlarini tez va
aniq qabul gilish imkoniyati yaratiladi.

Umuman olganda, temir yo‘llarda yuk tashish hujjat
aylanishi jarayonlarida ma'lumotlar ogimini
optimallashtirish uchun intellektual yondashuvlarni qo‘llash
muhim ahamiyatga ega. Bu nafaqat transport xizmatlarining
samaradorligini  oshiradi, balki milliy igtisodiyotning
rivojlanishiga ham ijobiy ta'sir ko‘rsatadi. Zamonaviy
texnologiyalarni joriy etish orqali temir yo‘l transporti tizimi
global raqobat sharoitida o‘zining ustunliklarini saqlab
golishi va yanada rivojlanishi mumkin.
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Concrete mixture
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Abstract: concrete mix for the production of precast concrete structures for the construction of buildings and
structures for housing, public, industrial and transport purposes, containing cement, crushed stone, sand,
chemical additive - superplasticizer C-3, still bottoms of the production of Na-carboxymethy! cellulose
(KOH), mineral filler and water, as a chemical additive is used superplasticizer based on polycarboxylate
esters MasterGlenium ACE 430, and as a mineral filler - basalt fibers with a diameter of 17 um and a
length of 6-12 mm with the following ratio of components, wt.

Keywords:

span structure, process line, prestressed state, adhesion, formwork, steam heating, reinforcement bundle

1. Introduction

The invention relates to the field of the building
materials industry and can be used in the preparation of
concrete mixtures for the manufacture of precast concrete
and reinforced concrete structures.

Concrete mixtures are known that contain: cement,
crushed stone, sand, superplasticizer, mineral additives and
water [1,2]. In these concrete mixtures, fly ash from thermal
power plants and screenings from crushed granite rocks are
used as mineral additives. The use of these mineral fillers
reduces the consumption of cement in concrete, but they are
expensive, since their production and delivery require large
energy and transport costs. In addition, fly ash is a man-made
waste obtained from burning coal in thermal power plants,
as a result of which it does not have a stable composition and
properties, which certainly has a negative effect on the
quality of the resulting concrete.

A concrete mixture is known that contains the following
components, wt.%: cement - 17.41-18.37, crushed stone -
40.79-41.42, sand - 32.22-32.64, superplasticizer C-3 -
0.098-0.110, mineral filler - 0.96-1.91, water - the rest [3],
where dusty waste from the production of asphalt concrete,
formed during the heating and drying of fillers and captured
by the aspiration system (finely dispersed mineral product of
gas purification - TMPG), is used as a mineral filler.

The disadvantage of this composition of the concrete
mixture is that the mass use of mineral filler TMPG in
construction is not possible, since this mineral filler is used
mainly for the preparation of asphalt concrete. In addition,
the introduction of TMPG into the composition of concrete
will contribute to a sharp increase in the water demand of the
concrete mixture and, as a consequence, a significant
decrease in the strength of the concrete.

A concrete mixture is known that contains the following
components, wt.%: cement - 17.41-18.37, crushed stone -
40.79-41.42, sand - 32.22-32.64, superplasticizer C-3 -
0.098-0.110, mineral filler - crushed concrete scrap to a
specific surface of 2200-2500 cm2/g - 0.96-1.91, water - the
rest [4].

The disadvantage of this concrete mix composition is
that obtaining a mineral filler in the form of concrete scrap
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crushed to a specific surface of 2200-2500 cm2/g requires
significant energy costs associated with the processes of
crushing and grinding solid construction waste, which will
significantly reduce the efficiency of using this mineral
additive in the composition of concrete. In addition, the high
degree of dispersion of the mineral filler leads to a
significant increase in the water demand of the concrete mix,
and this, as is known, contributes to an increase in the
porosity of concrete and, as a consequence, is the reason for
insufficiently high strength and frost resistance of concrete.
The closest in essence, i.e. the prototype of the invention is
a concrete mixture containing the following components,
wt.%: cement - 13.64-17.29, crushed stone - 40.84-41.16,
sand - 32.00-32.43, superplasticizer C-3 - 0.049-0.054, still
bottoms of the production of Na-carboxymethylcellulose
(KOH) - 0.049-0.054, mineral filler - 1.91-5.81, water - the
rest [5], where zeolite-containing rock crushed to a specific
surface of 2500-3000 cm2/g is used as a mineral filler.

The disadvantages of the prototype are the relatively low
rates of the concrete mixture hardening process, which leads
to an increase in the time it takes for concrete to gain
stripping strength and a decrease in the turnover of forms in
the production of factory-made structures, as well as
relatively low: concrete compressive strength and frost
resistance of concrete. The purpose of the invention is to
accelerate the hardening process of concrete mixture,
increase the tensile strength and frost resistance of concrete.

2. Methodology and materials

The set goal is achieved by the fact that in the
composition of the concrete mixture, including cement,
crushed stone, sand, chemical additive - superplasticizer
based on naphthalene sulfonates C-3, still residues of the
production of Na-carboxymethyl cellulose (KOH), mineral
filler and water, as a chemical additive is used
superplasticizer based on  polycarboxylate esters
MasterGlenium ACE 430, and as a mineral filler - basalt
fibers with a diameter of 17 pm and a length of 6-12 mm
with the following ratio of components, wt.%:
cement 13.64 - 17.29
crushed stone 40.84 - 41.16

92
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sand 32.00 - 32.43
superplasticizer MasterGlenium ACE 4300.049 - 0.054
KOH 0.049 - 0.054
mineralfiller 0.96-1.91
water the rest

The effect of using MasterGlenium ACE 430 as a
superplasticizer in a concrete mix is that the molecules of
this superplasticizer are quickly adsorbed on the surface of
cement particles and promote accelerated dispersion of the
latter due to electrostatic and steric repulsion forces. The
molecular structure of the polymers of polycarboxylate
ethers of the MasterGlenium ACE 430 superplasticizer has
a significant effect on the strength of concrete at the early
stages of hardening. The unique molecular structure of the
MasterGlenium ACE 430 superplasticizer promotes a
multiple increase in the contact surface of cement particles
with water compared to the molecules of the C-3
superplasticizer, which completely cover the cement surface
and prevent water from accessing them, slowing down the
hydration process of the cement binder.

As a result of the effect of the MasterGlenium ACE 430
superplasticizer molecules on the cement binder particles, an
earlier release of hydration heat, acceleration of hydration
product formation, and, as a consequence, an earlier increase
in the strength of cement concrete are observed. The
introduction of basalt fiber into the concrete as a micro-
reinforcing mineral additive helps to increase the resistance
of concrete to deformations without destruction in the most
critical period of hardening, i.e. in the first 2-6 hours after
laying the concrete mix. In addition, basalt fiber in the
composition of cement concrete takes on tensile stresses
from external loads and significantly increases the tensile
strength of concrete. The positive effect on the frost
resistance of concrete when using basalt fiber should be
associated with the involvement of a certain amount of air
bubbles by the fiber, which allow free water in the concrete
structure to expand and contract in cycles of alternate
freezing and thawing.

Thus, the claimed concrete mix composition is novel and
involves an inventive step, since the applicant did not find
any technical solutions similar to those of the proposed
invention when searching through sources of patent and
scientific and technical documentation.

To experimentally verify the claimed concrete mix
composition, comparative studies were conducted on two
competing compositions (the prototype and the proposed
composition).

According to the prototype, the concrete mix was
prepared as follows. The zeolite-containing rock crushed to
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a specific surface area of 2500 cm2/g was mixed with
cement until homogeneous for 45-60 s, after which this
mixture was added to the pre-mixed crushed stone and sand.
Then 2/3 of the mixing water was added to the mixer
together with an aqueous solution of superplasticizer C-3
and the mixture was mixed for 60-90 s, then the remaining
water was added and the final mixing of the mixture was
performed.

The stated composition of the concrete mixture was
prepared as follows. Basalt fibres with a diameter of 17 um
and a length of 12 mm were mixed with cement until a
homogeneous state was obtained for 45-60 s, after which
pre-mixed crushed stone and sand were added to this
mixture. Then 2/3 of the mixing water was added to the
mixer together with an aqueous solution of MasterGlenium
ACE 430 superplasticizer and still water from the production
of Na-carboxymethylcellulose (KOH) in the ratio (1:1)
specified in the application, the mixture was mixed for 60-
90 s, then the remaining water was added and the final
mixing of the mixture was performed.

The following were used in the experimental studies:
Portland cement grade CEMO 52.5N produced by JSC
Akhangarancement (GOST 31108-2020), coarse aggregate -
crushed stone of fraction 5-10 mm from the Eyvalek quarry,
with an average density of 1400 kg / m3 (GOST 26633-
2012), fine aggregate - river quartz sand from the May
quarry with a fineness modulus Mkr = 0.68 and an average
density of 112000 kg / m3 (GOST 26633-2012), basalt fiber
with a diameter of 17 um and a length of 6-12 mm produced
by JV LLC MEGA INVEST INDUSTRIAL (Jizzakh
region), polycarboxylate superplasticizer MasterGlenium
ACE 430, produced by BASF (Germany), which is a cloudy
beige liquid with a density 1.06+0.02 g/cm3, zeolite-
containing rock of the Beltau deposit (Navoi region).

3. Results

The obtained concrete mixtures were used to form
standard-size 15x15x15 cm cube samples in the amount of 6
pieces for compression testing. The samples were stored
under normal temperature and humidity conditions for 28
days, after which they were tested for compression. (GOST
28570-90). Frost resistance of concrete was determined
using the standard method according to (GOST 10060.1-95).
The ratio of concrete mixture components and the obtained
sample test results are given in Table 1.
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Table 1

Ratio of components of concrete mixtures and obtained results of tests of concrete mixture
samples and concrete specimens

Type- of-| Degre | Concrete-mix-composition:-numerator-—kg-per-1-m3-of mix.¥ | Compressive- Tens | Fros
superplasticiz | e- of'| denominator—-wt. %= strength, -MPaz ile- |t
erandmineral-| cemen | Cemen | Filler® | Sand= | Crush m KOH= | Water Atthe-age-of,-days stren | resis
filler t Jisd ed- asticize gth.- | tanc
filling, stoned | MPar] e,
Yot 1o 3o 28z bran
do
Conerete'mix-according-to-prototypex
Superplasticiz | 102 | 416/17, | 46/1,9 | 780/32, | 990/4 | 1,31/0, | 1,31/0, | 170/7, | 14,12 29,9a] 46,82] 2,7= | F20
er C-3.- 20 1o 43z 1,160 | 054 054 07 O
Z“lt“?'. ~ [202 [ 370715, | 92/3,8 | 770/32, | 078/4 | 1,25/0, | 1,25/0, | 175/6, | 15,69| 31,75 51,89 3,3= | F20
°°nk;mmg 400 5o 245 0,05¢ | 0520 | 052z | 86m 0z
Toe 30z | 324/13, | 138/5, | 760/32, | 970/4 | 1,17/0, | 1,17/0, | 180/7, | 24,45 31,00 47.50] 2,9% | F20
o4c 81 00 0,84z | 049z 049z 07z O
Concrete mix-on-request™
Superplasticiz | 22 461/19, | 1,0/0, | 780/32, | 990/4 | 1,31/0, | 1,31/0, | 170/7. | 22,5 40,4 57,20 5,7= | F30
er 16c 04 43z 1,16c | 054 054c 072 0z
MasterGleniu | 3 460/19, | 1,6/0, | 770/32, | 978/4 | 1,25/0, | 1,25/0, | 172/7, | 24,4 42,61 60,8 6,2 | F30 i
m- ACE- 430,- 10m 062 00w 0,95z | 052 0520 162 O
basalt-fibers 4o 459/10, | 2,2/0, | 760/31, | 970/4 | 1,17/0, | 1,17/0, | 175/7, | 24,69 43,45| 61,49] 6,55 | F30 |
04 10z 50 0,24z | 049z 049z 27z O

4. Conclusion

The analysis of the obtained results (Table 1) shows that
for the proposed composition of the concrete mix in all 3
examples there is an increase in the compressive strength of
concrete compared to the composition of the concrete mix
according to the prototype by 15-20%. At the same time, the
increase in the strength of concrete in the early stages of
hardening (1 and 3 days) also exceeds the indicators by an
average of 10-15%. The tensile strength of concrete obtained
according to the proposed composition exceeds the
indicators of concrete according to the prototype by 1.8-2.0
times, and the frost resistance of concrete increases by 50%.
In addition, the energy costs required to obtain mineral filler
from zeolite-containing rocks are reduced, since grinding
zeolite-containing rocks to a specific surface of 2500-3000
cm2/g requires grinding them in the most common ball mills
for at least 1 hour. Thus, the proposed composition of the
concrete mixture allows for the full achievement of the set
goals: ensuring acceleration of the hardening process of the
concrete mixture, increasing the tensile strength and frost
resistance of the concrete.
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Research on methods for greening the street network of Yashnabad district

K.N. Musulmanov!®a S.R. Omonoval @b
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In order to improve the ecology of the city and the quality of life of the population of Yashnabad district,
by studying greening methods to increase the importance of greening the street and road network, it is
possible to increase ecological sustainability, improve air quality, and strengthen the health of the city's

residents.
Keywords:

landscaping, assortment, nursery, planting border

Yashnobod tumanining ko‘cha-yo‘l tarmog‘ini ko‘kalamzorlashtirish
usullarini tadqiq etish

Musulmanov K.N.2®2 Omonova S.R. 1 @b
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Yashnobod tumani, shahar ekologiyasi va aholining hayot sifatini yaxshilash maqgsadida, ko‘cha-yo‘l

tarmog‘ini ko‘kalamzorlashtirishning ahamiyatini oshirish magsadida ko‘kalamzorlashtirish usullarini
o‘rganib chigqan holda, ekologik barqarorlikni oshirish, havo sifatini yaxshilash va shahar aholisining

salomatligini mustahkamlash mumkin.
ko‘kalamzorlashtirish, assortiment, ko‘chatxona, ekish chegarasi

Kalit so‘zlar:

1. Kirish

Bugungi kunda shaharsozlikdagi asosiy muammolardan
biri - ko‘kalamzorlashtirish ishlarini ilmiy asosda tashkil
etishdir. Ko‘kalamzorlashtirish — shahar hududida yashil
tabiat zonalari yaratish uchun olib boriladigan ishlar majmui.
Yashil zonalar xiyobon va bog‘lardan tashkil topadi,
mikroiglimni sog‘lomlashtiradi, shamol  tezligini
pasaytiradi, chang va to‘zonlarni tutib qoladi, havodagi
zararli gaz va tutunlarni yutadi, shahardagi shovginlarni
kamaytiradi.

O‘zbekiston Respublikasi Prezidenti va hukumat
garorlarida aholi yashash xududlarini obodonlashtirishga
alohida e’tibor qaratiladi. Hozirda ko‘kalamzorlashtirish
ishlarini olib borishda bir gancha ilmiy tashkilotlar, nihol
o'stiriladigan  ko‘chatxonalar  faoliyat ko‘rsatmoqda.
Ko'kalamzorlashtirishda qo‘llaniladigan manzarali daraxtlar
va butalar turlarini kengaytirish, o‘lkamiz sharoitlariga
moslasha oladigan nav va shakllarini izlab topish, ilmiy
darajada asoslangan texnologiya bo‘yicha parvarishlashni
tadbiq etish - bugungi kunning dolzarb masalalaridan
sanaladi.

O‘zbekistonda mavjud ko‘kalamzorlashtirish
materiallari assortimenti cheklangan bo‘lib, uni ko“paytirish
va yaxshilash muhimdir. Ko‘chatxonalarda nobop, har
gayerdan olib kelingan o‘simliklarni ekish va ko‘paytirish
yaramaydi. Shaharlarda ekishga mos bo‘lgan, chidamli va
ko‘p yillik, manzarali daraxtlardan jo‘ka, kashtan, eman,
chinorlar, zarang, o‘tkir bargli zarang, lola daraxti, katalpa
kabilarni ekishga alohida e’tiborni qaratmoq lozim. Tez
o‘suvchi daraxt turlaridan terak turlari, oq qayin, tollar,
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aynigsa, majnuntol, janubiy viloyatlar uchun esa safora,
gledichiya, oq akasiya, aylant, yashil zarang, chinor va
boshgalar diqgatga sazovordir. Shaharlar va turar joy
massivlarini bezatishda, monumental
ko‘kalamzorlashtirishda ko‘pgina manzarali shaklga ega
bo‘lgan: piramidasimon, sharsimon, shoxlari osilib turuvchi
(majnuntolsimon), ustunsimon, yaprogbargli va boshqalar
katta ahamiyatga ega.[1]

2. Tadgiqot metodologiyasi

Tadgigotning dolzarbligi: ~ Avtomobil yo'llarini
ko'kalamzorlashtirish inson uchun qulay muhit yaratadi. Bu
tabiat bilan uyg'unlikni keltirib chigaradi, joyning giymatini
va unumdorlikni oshirishga yordam beradi. Daraxtlarning
soyasi odamlarning  kayfiyatiga  ta’sir  qiladi.
Ko‘kalamzorlashtirish atrof-muhitni saglash va himoya
gilish imkoniyatini beradi. Yashil maydonlarni ko“paytirish
ekologik muammolarni hal gilishga olib keladi.

Issiq kunlarda shahar yo‘llariga daraxt ekilgan joylar
daraxt ekilmagan joylarga garaganda 6 daraja sovuqroq
bo‘ladi. Tadqiqotlar doimiy ravishda tabiatda bo‘lish
insonning ruhiy salomatligi uchun foydali ekanligini
ko‘rsatadi. Shuningdek, u hududga qiymat qo‘shadi.
Shaharlarda go‘zal bog‘lar va yashil maydonlar sayyohlar va
mehmonlarni o‘ziga jalb giladi.

Tadqiqotni o‘tkazish uslubiyati va uslublariga
quyidagilar kiradi:

1. Empirik Tadgigot: O'simliklarni joylashtirish va
ko'kalamzorlashtirish jarayonlarini o'rganish uchun amaliy
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tadgiqotlar o'tkazish. Bu o'simliklar ganday muhitda
yaxshiroq o'sishini ko'rsatadi

2. So'rovnomalar: Aholini so'rab,
ko'kalamzorlashtirish bo'yicha fikr va talablarini aniglash.
Bu yo'l bilan shahar aholisining xohish-istaklari hagida
ma'lumot to'plash mumkin.

3. Gis (Geografik Axborot Tizimi): Shahar hududining
xaritalarini tahlil gilib, ko'kalamzorlashtirish uchun eng mos
joylarni aniglash.

4. Biologik va Ekologik Tahlil: O'simliklarning turli xil
turlari va ularning ekologik sharoitlarga munosabati hagida
tadgiqot o'tkazish. Bu, shuningdek, shahar iglimiga mos
keladigan o'simliklarni tanlashda yordam beradi.

5. Model Tahlillari: Ko'kalamzorlashtirishning
igtisodiy va ekologik ta'sirlarini modellashtirish. Bu,
kelajakda shahar rejalashtirishida yordam beradi.

6. Eksperimental Tadgiqotlar: Turli xil
ko'kalamzorlashtirish usullarini sinovdan o'tkazish, masalan,
turli o'simliklarni yoki ko'kalamzorlashtirish

texnologiyalarini sinab ko'rish.

Tadgiqot ishining magsadidan kelib chiqib,
quyidagilar asosiy vazifalari sifatida belgilandi:

Yashnobod  tumani  ko‘cha-yo‘l  tarmog‘ining
ko'kalamzorlashtirilgan gismlarini o'rganish tahlil gilish
hamda bugungi kundagi mavjud holat va muammolarni
o‘rganish;

Shaharning ko‘cha-yo‘l tarmog‘ida yo‘l
qoplamalarimizni quyosh nurlaridan himoya qilish rejasini
ishlab chiqish orgali taklif va tavsiyalar berish.

Yashnobod tumaniga ekish mumkin bo‘lgan daraxtlar
hagida taklif va tavsiyalar berish.

Yashnobod tumanining iglim sharoiti.

Iglim. Shahar iglimi kontinentaldir, gishi sovuq, yozi
esa issiq va quruq bo’ladi. Iqlim elementlarining tavsifini
meteorologiya stansiyasi ma’lumotlarining tahlilidan olish
mumkin.

Toshkent ob-havosi yozda issiq va bargarordir. Yilning
eng issiq oyi — iyul, o’rtacha havo harorati 27 gradus. Yozgi
havo haroratining eng yuqori ko’rsatkichi 44,6 gradusga
teng bo’lib, 1997 yil kuzatilgan. Qish ob-havosi nisbatan
begaror va o’zgaruvchan. Eng sovuq oy — yanvardagi
o’rtacha havo harorati — 0,6 gradusga teng, eng past havo
harorati esa —29,5 gradusga (1930-1931) teng.

Toshkent havosining o’rtacha yillik nisbiy namligi 58%
bo’lib, qish oylarida 73-74% dan yozda 40-44% gacha
o’zgaradi. Eng past nisbiy namlik 5% ga teng bo’lib, 1938
yil noyabrda va 1961 yil fevralda kuzatilgan. Yoz oylarida
havodagi nisbiy namlik migdori kunduzlari kam hollarda
80% dan ortadi va havo dim bo’ladi. Masalan, 1970 yilning
21 iyulida havo harorati 19,6° bo’lganda nisbiy namlikning
90% ga yetgani aniglangan (1-chizma).

Tuproglari. Toshkent 0’zining geografik o’rniga ko’ra,
bo’z tuproqlar zonasida joylashgan. Shaharning katta qismi
— Chirchiq daryosining to’rtinchi va uchinchi qayir usti
terrasalarida joylashgan qismi tipik bo’z tuproglar bilan
tavsiflanadi.
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1-chizma. Toshkent shahridagi yillik iglim grafigi

Bahor va kuz fasllari nisbatan ertaroq keladi, bunday
holat shaharning dengiz va okeanlardan uzoq joylashganligi
tufayli atmosfera havosining tezda isishi va sovushi bilan
izohlanadi.

O‘rtacha yillik harorat — +14,8 C°;

Oc‘rtacha yillik shamol tezligi — 1,4 m/s;

O-‘rtacha yillik havo namligi — 56 %.

Yashnobod tumani ko‘cha-yo‘l tarmog‘ining
ko‘kalamzorlashtirilgan qismining mavjud holatining
tahlili

Yashnobod tumanini tahlil qilish natijasida ma’lum bir
hududlarda ekilgan daraxtlarga agrotexnik yordam
ko’rsatilmagani ma’lum bo‘ldi. Jumladan, daraxtlarni
butash, ularga shakl berish, 1 yil davomida sug‘orib borish
0‘z vaqtida amalga oshirilmagan. Ba’zi joylarda deyarli
daraxtlar ekilmagan.

Hozirda yo‘l qoplamalarini issiq iqlimdan saqlash va
havoni tozaligini saqlash magsadida yaproq bargli
daraxtlarga alhid e’tbor garatilmoqda.

¥

1-rasm. Yashnobod tumani hududi
Yashnobod tumanidagi asosiy ko’chay-yo‘llar
ro’yxati:
Sodiq Azimov ko‘chasi
Shahrisabz ko‘chasi
Qorasuv ko‘chasi
Parkent ko‘chasi
Ohangaron ko‘chasi
Muxtor Ashrafiy ko‘chasi
Mirzo Ulug‘bek ko‘chasi
Mahtumquli ko‘chasi
. Jarqo‘rg‘on ko‘chasi
10. Istigbol ko‘chasi
11. Aviaszolar ko‘chasi
12. Farg‘ona yo’li ko‘chasi
Tadqiqotni o‘tkazish uchun Yashnobod tumanidagi
asosiy ko‘cha-yo‘l tarmogqlari tanlab olinib,
ko‘kalamzorlashtirilganlik holatini tahlil qilish uchun QGIS
texnologiyasi orgali amalga oshirildi (2-rasm).
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Tumandagi mavjud daraxtlarning holati
=== a'lo
yaxshi
m— oniqarsiz
Yashnobod tumani xaritasi
2- rasm. Yashnobod tumanining asosiy shahar yo‘l-
ko‘chalarini daraxtlarning holati bo‘yicha ma’lumot
xaritasi
Ushbu kiritilgan ma’lumotlar shuni  ko‘rsatdiki
Yashnobod tumanidagi asosiy yo‘llari umumiy holat
bo’yicha 65% a’lo, 22% yaxshi hamda 13% qoniqarsiz
holatda ekanligi aniglandi (1-diagramma).

Ma'lo

M yaxshi

W goniqarsiz
=

1-diagramma. Yashnobod tumanidagi asosiy yo‘llar
bo‘yicha umumiy holat

Hozirgi kunda avtomobil yo‘llarini
ko‘kalamzorlashtirish maqsadida turli xil manzarali
daraxtlardan foydalanilmogda. Ularni tanlashda joyning
geologik holatini hisobga olish kerak.

Hozirgi kunda urfga aylanib borayotgan pavlovniya
daraxtini ko‘p yerga ekilayotganini guvohi bo‘lishimiz
mumkin. Lekin ushbu daraxt avtomobil yo‘llarimizga tog‘ri
kelmaydi. Sababi unga avvalo yaxshi o°sishi uchun ko‘p suv
talab etiladi, hamda uning ildiz tizimi yonga qarab o‘sish
ogibatida avtomobil yo‘limizga zarar yetkazib uni
buzilishiga olib kelishi mumkin.

Misol tarigasida Yashnobod tumanida joylashgan
avtomobil yo‘lining ko‘kalamzorlashtirilgan  qismiga
ekilgan pavlovniya daraxtini olishimiz mumkin. Yer sharoiti
mos bo‘lmaganligi hamda muntazam suv berilmaganligi
sababli yashab ketaolmagan (3-rasm).

https://t.me/tdtuilmiynashrlar

b) Go’zal katalpa hamda eman daraxtlari
(15.04.2024)
3-rasm. a) va b) 1 yil oraliq bilan to‘g‘ri tanlanmagan
va to‘g‘ri tanlangan manzarali daraxtlar holati

Shaharlarda iglim sharoitini hamda energiyani tejash
uchun shahar o‘rmonlari yaratilishi kerak. Shahar o'rmonlari
- bu ko'chalarda, hovlilarimizda, bog'larimizda va yirik
shaharlarimiz atrofida joylashgan daraxtlar va boshga
o'simliklar.

Shahar o‘rmonlari kislorod ishlab chigaradi, havoni
ifloslantiruvchi moddalarni o‘zlashtiradi va chang kabi
zarrachalarni ushlaydi. Torontodagi shahar o‘rmonlari
shahar ichidagi sanoat tomonidan ishlab chiqarilgan yillik
chigindilarning to‘rtdan bir qismini yo‘q qiladi - bu har yili
atmosferadan 1900 metrik tonna havo ifloslanishini olib
tashlaydi. Taqgoslash uchun, Torontodagi shahar o‘rmonlari
tomonidan har yili olib tashlanadigan zarrachalar migdori bir
milliondan ortiq avtomobil yoki 100 000 ta yakka tartibdagi
uylar tomonidan chigarilgan migdorga teng.

Shahar o‘rmonlari tomonidan ta’minlangan ifloslanishni
olib tashlash orgali taqdim etiladigan bilvosita imtiyozlarga
pul giymatini qo‘yish mumkin. Ifloslanishni bartaraf etish
giymati ifloslanishning tashqi xarajatlariga asoslanadi, bu
esa havoning ifloslanishi aholiga ta’siri orqali jamiyatga
yetkazadigan igtisodiy zararning oldini oladi. Bundan
tashqari, biz shahar o‘rmonlari tomonidan qo‘lga kiritilgan
ifloslanishning narxini texnologiyadan foydalangan holda
bir xil migdorda olib tashlash uchun ganday xarajat qilishiga
nisbatan  qo‘yishimiz ~mumkin. Ushbu usullardan
foydalangan holda, biz taxmin qilishimiz mumkinki,
Torontodagi shahar o‘rmonlari tomonidan kamaytirilgan
havo ifloslanishi yiliga 19 million dollar tejaydi - har bir
daraxt uchun 2 dollardan sal kam.[2]

Bu o‘rmonlar ko‘plab foyda keltiradi, landshaftni
yaxshilaydi, ifloslanishni kamaytiradi va isitish-sovutish
xarajatlarini nazorat gilishga yordam beradi. Yashil olam,
aynigsa, diqginafas shahar havosini 2-8 darajaga
salginlashtiradi. Bitta daraxt yiliga 15 ming litrgacha suvni
tuproqda saqlaydi. Daraxtlarning atrof muhitga berayotgan
foydasi tufayli megapolislar har yili 150 million dollarga
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yaqin mablag‘ tejaydi. Demak, yashillikning ko‘payishi ham
daromadni tejashda, ham insonlar salomatligini saqlashda,
bu orqali insonlar yomon ekologiya sababli yo‘liqadigan
xastaliklarning oldini olib, ularning ham karmoniga foyda
keltirishda muhim ahamiyatga ega. Daraxtlarni inshoot
atrofida to'g'ri joylashtirish issiq mavsumda konditsionerga
bo'lgan ehtiyojni uchdan bir gismga, salgin mavsumda esa
isitish talablarini to'rtdan bir gismga kamaytirishi mumkin.
Darhagigat, yosh sog'lom daraxtning yillik sof sovutish
effekti kuniga yigirma soat ishlaydigan o'nta xonali
konditsionerga teng [3].
Daraxt ekish chegarasi.

Shahar sharoitida avtomobil yo’llarini

ko‘kalamzorlashtirishda joylardan unumli foydalanishga
Singapur tajribasinirmisol gilib olish mumkin (4-rasm). [4]
o b G ! v ‘:."’-ﬂl: 7

4-rasm. 1-o‘simliklarni ekish joyi,
2-yer osti kommunikatsiya tizimlari

1) Uning odatiy kengligi 2 m. Daraxt ekishga xalaqit
bermaslik uchun daraxt ekish chegarasida hech ganday
og'irlik (masalan, yer osti xizmatlari) bo'lmasligi kerak.
Daraxt o‘tqazish bo'yidan qo‘shni qurilish uchastkasiga
o'tish uchun zarur bo‘lgan xizmatlar yer sathidan kamida 2,0
m pastda, iloji bo‘lsa va yo‘l bo‘yidagi mavjud daraxtlardan
uzoqda yotgizilishi kerak.

2) Bu yer osti xizmatlarini (masalan, suv va gaz
quvurlari) yotqizish uchun ajratilgan yo‘l chetining qismidir.
Uning kengligi yo‘lning zaxira kengligiga qarab farq qilishi
mumkin.

"

5-rasm. 3-yashil buffer zona

Bufer zona - bu ikki yoki undan ortiq yer uchastkalari
o‘rtasida joylashgan, odatda mamlakatlarga tegishli neytral
zonal hudud (5-rasm).
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Bu yo‘l zaxirasining bir qismi emas. Yo‘l chetini
ko‘kalamzorlashtirishda muhim ahamiyatga ega. Uning
kengligi yo‘l toifasiga mos ravishda ta’minlanishi kerak.

O‘rganilayotgan hududimizga to‘g‘ri keladigan
manzarali daraxtlar bo‘yicha tavsiyalar:[5]

1. Jo‘ka — Jo‘kadoshlar oilasining vakillari daraxt va
buta o‘simliklar bo’lib, uning tarkibida 40 turkum
va 400 dan ortiq turlari bor.

e 300 - 400 yilgacha yashaydi;

e  Tez o‘sadi va balandligi 20-30 m atrofida;

e Turli tuproqlarda o‘sishga qodir va qattiq
sovuqg va yoz qurg‘oqchiligiga bardosh bera
oladi;

e Havoni mukammal darajada tozalaydi,
changni ushlab turadi va zararli gazlarni
zararsizlantiradi va shamoldan ishonchli
himoya giladi;

e May oyida gullaydi hamda asal hidini
targatadi.

2. Go‘zal katalpa — Shimoliy Amerikada tug‘ilgan
bog‘dorchilik ekini bo'lib, u bo‘shashgan oq
to‘pgullar bilan keng tarqalgan daraxtdir.

e  Bo’yi 35 metr, diametri 1,5 metrga yetadi;

e Sovuqqa hamda qurg’oqchilikka chidamli

e  Xar hil shakl bersa bo’ladi;

e  Aprel-may oylarida gullaydi, noyabr oyining
boshlarida to‘kiladi (10 yildan so‘ng gullaydi).

3. Eman - ochiq yerda o‘sganda shoxlari yon
tomonga o°sib, keng shox-shabba hosil giladigan
daraxtdir. Uning piramidasimon, sharsimon shox-
shabbali, majnuntol singari manzarali shakllari bor.

e  balandligi 35-40 metr;

e  diametri 1-1,5 m ga yetadi;

e  Yer tanlamaydi, sovuqqa va qurg’oqchilikka
chidamli;

e Ildizi o‘q ildiz;

e  Yong‘oqlar sentyabr oyida yetiladi.

4. Oddiy shumtol - Zaytundoshlar (Oleacea) oilasiga
mansub bo‘lib, yaxshi o‘suvchi, turli xil

zararkunanda kasalliklarga chidamli,
manzaraviylik ~ xususiyatlarga  boy  turkum
hisoblanadi.

e  Sho‘rlanishga sovuqqa va issiqqa chiqgamli;

e Yorug’sevar  O‘zbekistonning  hamma
hududlariga ekish mumkin;

e  Balandligi 25 metr, tez o‘sadigan manzarali

daraxt;
e  Mevasi bir urug‘li bo‘lib, kuzda yetiladi.
[6,7]1
3. Xulosa

Yashnobod tumanini tahlil qilish natijasida ma‘lum bir
hududlarda  ekilgan daraxtlarga agrotexnik yordam
ko‘rsatilmagan. Jumladan, daraxtlarni butash, ularga shakl
berish, 1 yil davomida sug‘orib borish o‘z vaqtida amalga
oshirilmagan. Ba’zi joylarda deyarli daraxtlar ekilmagan.

Tumanning asosiy-yo‘l ko‘chalarini
ko‘kalamzorlashtirish uchun ajratilgan maydonlarning 65%
a’lo, 22% yaxshi hamda 13% qoniqarsiz holatda ekanligini
ko‘rsatdi.
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Hozirda yo‘l qoplamalarini issiq iglimdan saglash va
havoni tozaligini saqglash magsadida yaproq bargli
daraxtlarga alohida e’tibor qaratilmoqda.

Hududlarda shahar o‘rmonlarini yartishimiz kerak.
Chunki daraxtlarni inshoot atrofida to‘g‘ri joylashtirish issiq
mavsumda konditsionerga bo‘lgan ehtiyojni uchdan bir
qismga, salqin mavsumda esa isitish talablarini to‘rtdan bir
gismga kamaytirishi mumkin.
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Assessment of the public transport coverage rate by researching
the population density (on the example of the Jizzakh city)

J.N. Abdunazarov!®2 A.O. Nishonov2 ©P
1Jizzakh polytechnic institute, Jizzakh, Uzbekistan
2Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The study of population mobility serves to plan the urban transport system with high precision. It also
allows for short-term and long-term mobility forecasting of the transport system plan, considering the
population growth, and the basis of the city's transport master plan.

Keywords:
coverage level

population mobility, urban transport system, public transport, population density, public transport

Shahar aholi zichligini tadgiq etish orgali jamoat transporti gamrovi
darajasini baholash (Jizzax shahri misolida)

Abdunazarov J.N.1®2 Nishonov A.Q.2@b
1Jizzax politexnika instituti, Jizzax, O‘zbekiston
2Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Aholi harakatchanligini tadqiq etish shahar transport tizimini yuqori aniglikda rejalashtirish uchun

xizmat giladi. Shuningdek, aholi soni ortib borishini inobatga olgan transport tizimi rejasini qisqa va
uzoq muddatlar uchun harakatchanlikni bashoratlash va shahar transport bosh rejasini asoslash imkonini

beradi.
Kalit so‘zlar:
darajasi

1. Kirish

Mamalakatimiz ~ rivojlanishining hozirgi  bosgichi
igtisodiy jarayonlarni boshqarishda yangicha
yondashuvlarni amalga oshirish, makro va mikro darajada
samarali boshgaruv siyosatini yuritish hamda igtisodiyot
tarmoglarida uning zamonaviy mexanizmlarini tadbiq etib
borish zaruriyatini keltirib chigarmogda. Shuning uchun
ham, bugungi kunda mamlakatimiz iqtisodiy siyosatida
«faoliyat ko‘rsatayotgan korxonalarni jadal modernizatsiya
qilish va texnik qayta jihozlashni ta’minlash, yuksak
innovatsion texnologiyalar asosida ishlaydigan yangi va
zamonaviy ishlab chiqgarishlarni tashkil etishga ustuvor
ahamiyat berilmoqda.

Igtisodiyot tarmoglarida moliyaviy-xo‘jalik
faoliyatining barqarorlik darajasi turlicha bo‘lganligi uchun
ularda kechuvchi boshgaruv jarayonlarning amal gilish
mexanizmlari ham turlicha bo‘ladi. Shuning uchun har bir
tarmoqning o‘ziga xos xususiyatlaridan kelib chiqib
boshgaruvning samarali mexanizmlaridan foydalanish
muhim ahamiyat kasb etadi.

Bunday tarmoqlardan biri transport tizimi bo‘lib, uning
rivojlanishi igtisodiyotning boshga tarmoq va sohalaridagi
xo‘jalik subyektlari bilan igtisodiy hamkorlik alogalarining
yo‘lga qo‘yilishi, yangi tarmoqlarning paydo bo‘lishi va
rivojlanishiga zamin yaratadi. Bunda avtomobil transporti
yetakchi o‘rinni egallaydi.

al% https://orcid.org/0000-0002-7721-4766
b hitps://orcid.org/0009-0001-3739-5101
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aholi harakatchanligi, shahar transport tizimi, jamoat transporti, aholi zichligi, jamoat transporti gamrov

Hozirgi kunda avtomobil transporti tizimining milliy
igtisodiyotdagi  ahamiyatini  hisobga olgan holda,
hukumatimiz ushbu tarmogning rivojlanishi uchun barcha
zaruriy chora-tadbirlarni ishlab chigmoqgda. Alohida
ta’kidlash joizki, O’zbekiston Respublikasi Prezidentining
2019-yil 1-fevraldagi “O‘zbekiston Respublikasi transport
vazirligi faoliyatini tashkil etish to’g’risida” gi PQ-4143
sonli qarori[1], 2021-yil  9-avgustdagi = O’zbekiston
Respublikasining “Transport to’g’risida” gi Qonuni [2],
Vazirlar Mahkamasining 2019-yil 30-iyuldagi 636-son
garoriga muvofiq “Avtomobil transportida yo’lovchilarni va
yuklarni shaharda, shahar atrofida, shaharlararo va xalgaro
yo’nalishlar bo’yicha tashish faoliyatini litsenziyalash
yuzasidan davlat xizmatlari ko’rsatishning MA’MURIY
REGLAMENT”[3] qabul qilingan bo’lib, avtomobil,
temiryo’l, havo va daryo transportida yo’lovchilar va yuk
tashishni tartibga soluvchi gonuniy va normativ-huqugiy
hujjatlar hisoblanadi. Transport infratuzilmasi mamlakat
ichki iqgtisodiy faoliyatini rivojlantirishda hal giluvchi rol
o‘ynaydi. Ayni paytda yo‘l va transport xizmatlari
mamlakatlararo savdo, eksport-import alogalarini ham
qo‘llab-quvvatlaydi. Mamlakatning iqtisodiy barqgarorligi
uchun avtomobil transportini modernizatsiya gilish va
xalqaro yo‘lovchi hamda yuk tashish faoliyatining
qulayligini oshirish muhim. Shu munosabat bilan, yangi
avlod avtobuslari va avtomobillari orqali yo‘lovchi tashishni
avtomatlashtirish loyihalari amalga oshirilmoqda.

100
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Shahar jamoat transporti har ganday shaharning
ijtimoiy-igtisodiy hayotini rivojlantirishda zarur vosita
bo’lib xizmat qiladi. Aholi sonining o’sishi, urbanizatsiya
sur’atlarining tezlashgani shaharlarda transportga, jumladan
yangi transport turlariga talabning oshishiga olib kelmoqda.
Shahar jamoat transporti rivoji umumiy rivojlanishdan
orqada qolganda jamiyat rivojiga to’sqinlik qiladi va
transport vositalari taraqqiyoti sur’atlarini jadallashtirish
zaruriyatini vujudga keltiradi. Shahar jamoat transportining
rivojlanish darajasi shahar aholisining bu Xizmat turiga
bo’lgan talab darajasidan orqada qolmoqda. Buning asosiy
sabablari shahar aholisining o’sishi, urbanizatsiya
jarayonining tezlashishi, ShJT faoliyatining o0’z-0’zini
mablag’ bilan to’la qoplay olmasligi, moddiy-texnik
ta’minotdagi uzilishlar va kamchiliklar, shuning bilan birga
boshga noigtisodiy muammolarning mavjudligi yanada
keskinroq sezilmoqda.

Bugungi kunda shahar transporti oldidagi asosiy
muammo shundan iboratki, jamoat transporti xizmatlariga
bo’lgan talab taklifdan ancha yuqori va xususiy
tashuvchilarning faol ishtirokiga garamasdan, ushbu soha
aholi ehtiyojlarini qondirishda nisbatan samarasiz bo’lib
golmogqda.

Yo’lovchi tashish tizimida xizmat ko’rsatishni yanada
takomillashtirish, barcha mulkchilik shaklidagi yo’lovchi
tashuvchilar o’rtasida oshkora ragobat uchun qulay sharoit
yaratish, ko’rsatilayotgan xizmatlarning sifat standartlariga
mos bo’lishi va yo’nalishlarda harakat jadvallariga rioya
etish darajasini oshirish, yo’lovchi transporti xodimlari
moddiy manfaatdorligini kuchaytirish, noishlab chigarish va
ma’muriy-boshgaruv xarajatlarini kamaytirish magsadida
2006-yil 1l-yanvarda  O’zbekiston  Respublikasi
Prezidentining “Toshkent shahrida yo’lovchi transportini
tashkil etish tizimini yanada takomillashtirish to’g’risida” gi
Ne PF-3713sonli farmoni [5], bundan tashqari ishlab
chigarish, transport va muhandislik - kommunikatsiya
infratuzilmasi  tarmoglarining  respublika iqtisodiyoti
tarmoglari va hududlarini istigholda rivojlantirish borasida
amalga oshirilayotgan dasturlar bilan uzviy bog’liq holda
ildam rivojlanishini ta’minlash hamda buning negizida yangi
ish joylarini yaratish, aholining bandligi va turmush darajasi
uzluksiz o0’sib borishini ta’minlash maqsadida O’zbekiston
Respublikasi Prezidentining 2010-yil 21-dekabrda “2011-
2015-yillarda infratuzilmani, transport va kommunikatsiya
qurilishini rivojlantirishni jadallashtirish to’g’risida” gi PQ-
1446-sonli qarori [4] gabul gilindi.

2. Tadgigot metodologiyasi

Shaharlarda aholi o‘sishi bilan unga ko‘rsatiladigan
transport xizmatlariga bo‘lgan talab ham ortadi. Shahar
transport tizimini takomillashtirish uchun rivojlanayotgan
shaharlarda metro, tramvay, avtobus kabi jamoat transporti
turlarini optimallashtirish va ularning yo‘nalishlarini aholi
zich joylashgan hududlarga ko‘proq yo‘naltirish kerak.
Transport  yo‘laklarining  kengaytirilishi va  tez
harakatlanuvchi yo‘lovchi xizmatlarining tashkil etilishi
aholi harakatchanligini samarali  oshiradi. Transport
infratuzilmasining  yaxshi  tashkil etilishi iqtisodiy
barqarorlikni ta’minlashga, yangi ish o‘rinlarini yaratishga
va shaharlarning jozibadorligini oshirishga yordam beradi.
Aholi zichligi yuqori bo‘lgan hududlarda harakatchanlikni
ta’minlashda JT faoliyatini mukammal darajada tashkil etish
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muhim rol o‘ynaydi. Ofzbekistonda JT  sohasini
rivojlantirish bo‘yicha izchil ishlar olib borilishiga qaramay
aholi soni ortishi kunlik transportga bo‘lgan ehtiyojni
yanada orttirmoqda. So‘nggi 10 yillik aholi demografik
o‘zgarishlariga e’tibor qaratadigan bo‘lsak, respublikamiz
aholisi 2014-yil 1-yanvar holatidagi 30492800 nafardan
2023-yil 1-yanvar holati bo‘yicha 36024900 nafarga yetgan,
ya’ni aholi bu davr ichida 5532100 nafarga yoki 15 % ga
o‘sganini ko‘rishimiz mumkin (1-jadval) [10]. Ofsish
ko‘rsatkichiga e’tibor qaratadigan bo‘lsak, aholi so‘nggi 10
yilda yiliga o‘rtacha 1,7 % ga o‘sganligini ko‘rishimiz
mumkin. Bu orgali aholimizning keyingi 5, 10, 20 va 30 yil
mobaynida o‘rtacha o‘sish ko‘rsatkichlarini bashorat
qilishimiz mumkin bo‘ladi. O‘sish ko‘rsatkichlarini aniqlash
bizga bashoratlangan davrlarda aholining  doimiy
harakatchanligini ta’minlashda yuzaga keladigan transport
miqdoriga bo‘lgan talabni bashoratlash imkonini beradi. 1
murakkab foiz stavkasini hisoblash formulasi orgali
kelajakdagi davrlarda aholining hozirgi kundagi miqdoriga
ko‘ra kelajakda o‘sish ko‘rsatkichlarini hisoblanadi.

Ay = AL+ 1), 1)

bu yerda,

An — n yillikdagi kutilayotgan aholi soni;

A — aholi o‘sish ko‘rsatkichini hisoblashda joriy
holatdagi soni;

r — o‘rtacha o‘sish ko‘rsatkichi;

n — o‘sish ko‘rsatkichi hisoblanadigan yillar soni.

Demak, 2023-yil 1l-yanvar holatiga ko‘ra 36024900
nafar aholimiz mavjudligini va har yili o‘rtacha 1,7 % ga
o‘sish ko‘rsatkichini inobatga oladigan bo‘lsak, keyingi
5,10, 20 va 30 yillar mobaynida aholi soni mos ravishda
37383500, 39622200, 44509900 va 50000500 nafarga
yetishi mumkinligini bashoratlash mumkin.

Kelajakdagi aholi sonini o‘sish ko‘rsatkichlariga mos
ravishda, shaharlardagi haraaktchanlikni ta’minlashdagi
transport miqdoriga bo‘lgan talabni ham ortishini inobatga
oladigan bo‘lsak, 1 formuladan foydalangan holda hozirgi
kundagi transport miqdori ko‘rsatkichlariga ko‘ra kelajakda
zarur bo‘ladigan transport miqdorini bashoratlash mumkin
bo‘ladi. Lekin, hozirgi kundagi aholi harakatchanligini tahlil
giladigan bo‘lsak, asosiy qatlam shaxsiy avtomobildan
foydalangan holda harakatni amalga oshirib kelmoqda.
Respublika statistika qo‘mitasinig 2022-yil 24-sentabrda
bergan ma’lumotiga ko‘ra O‘zbekistonda har 1000 kishiga
90 ta avtomobil to‘g‘ri kelmoqda [10]. Respublikadadagi
so‘nggi 10 yil davomida jismoniy shaxslarga tegishli
avtomobillar miqdoriga e’tibor qaratadigan bo‘lsak, doimiy
o‘sib kelmoqda. So‘nggi 2022-yil davriga ko‘ra jismoniy
shaxslarga tegishli avtomobillar soni 3051734 tani tashkil
gilmogda (1-rasm) [7, 8]. Transport xizmatlarida sifat
standartlariga rioya qilish, yo‘nalishlardagi gatnov
jadvallariga amal qilish, yo‘lovchilarga sifatli xizmat
ko‘rsatish hamda shahar transport xodimlarining ish
sharoitini yaxshilash aholi qonigishini oshirishga xizmat
giladi. Transport sohasida ragobat muhiti yaratish va xususiy
sektorning faol ishtirokini kengaytirish sohani rivojlantirish
uchun muhim omil hisoblanadi. Shu orqali yangi transport
turlari va yo‘nalishlarini ishlab chiqish imkoni oshadi. Shu
bilan bir qatorda, yo‘lovchi talabini tahlil qilish va transport
vositalarini ehtiyojga mos tarzda tagsimlash ham juda
muhim.
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1-rasm. O‘zbekiston Respublikasida jismoniy shaxslarga tegishli bo‘lgan avtomobillar soni
1-jadval
Doimiy aholi soni-Jami (yil boshiga; ming kishi)
Yillar Ofsish l?f‘s"t
2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | miqdor L:;‘I‘
Hududlar i o
0%
O'zbekiston | 30492, | 31022, | 31575, | 32120, | 32656, | 33255, | 33005, | 34ss, | 3s27L, | 36024, | on | o
Respublikasi 8 5 3 5 7 5 2 9 3 9 ' '
Qoraqalpog'isto | 1 g | 17631 | 17011 | 18175 | 18423 | 18698 | 18983 | 19237 | 10485 | 19762 | 2897 | 120
n Respublikasi
Andijon 28055 | 28573 | 29105 | 29625 | 3011,7 | 3066,9 | 31277 | 31881 | 32535 | 33227 | 5112 | 152
Buxoro 17564 | 17854 | 18152 | 18435 | 18702 | 18948 | 19239 | 19471 | 19768 | 20097 | 2533 | 124
Jizzax 12268 | 12501 | 12761 | 1301,0 | 13250 | 13524 | 13821 | 14105 | 14434 | 14725 | 2487 | 165
Qashgadaryo 28953 | 20589 | 30256 | 30888 | 31484 | 32131 | 32804 | 33354 | 34083 | 34823 | 587 165
Navoiy 9011 | 9132 | 9279 | 9428 | 9580 | 9795 | 9971 | 10136 | 10339 | 10955 | 1544 | 144
Namangan 25041 | 25542 | 26034 | 26524 | 26996 | 2752,9 | 28108 | 28675 | 20311 | 29975 | 4984 | 161
Samargand 34456 | 35148 | 35839 | 36517 | 37201 | 37989 | 3877,4 | 39477 | 40313 | 41182 | 6726 | 160
Surxondaryo 23083 | 23583 | 24115 | 24623 | 25142 | 2569,9 | 26201 | 26808 | 27432 | 28065 | 4982 | 173
Sirdaryo 7638 | 7771 | 7906 | 8031 | 8159 | 8299 | 8463 | 8609 | s78e | 8966 | 1328 | 145
Toshkent 27259 | 27583 | 2794,1 | 28293 | 28612 | 28985 | 29410 | 29759 | 20397 | 29934 | 2675 88
Fargona 3386,5 | 34449 | 35053 | 35648 | 36202 | 36833 | 37520 | 38200 | 38964 | 39763 | 5898 | 145
Xorazm 16841 | 17156 | 17469 | 17767 | 18050 | 18357 | 18665 | 18933 | 19242 | 19981 | 274 137
Toshkent sh. 23529 | 23713 | 23932 | 24241 | 24649 | 25009 | 25717 | 26944 | 28624 | 20564 | 55321 | 198

Respublikada mavjud avtomobillarning tarkibiga ko‘ra
tahlil giladigan bo‘lsak, 2022-yil 1-yanvar holatiga ko‘ra
jismoniy shaxslarga tegishli avtomobillar soni 3268470 tani
tashkil qilganini ko‘rishimiz mumkin. Bunda mavjud
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avtobuslar soni 6854 tani va mikroavtobuslar soni 8946 tani
tashkil etmogda va mos ravishda avtobuslar mavjud
avtomobillar sonining atigi 0.20%ini va mikroavtobuslar
0.27%ini tashkil gilganligini ko‘rishimiz mumkin (2-jadval).
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2-jadval
O¢zbeksitonda jismoniy shaxslarga tegishli avtomobillar turi va soni
Avtomobillar turi Har yili avt.
Yil Jami avt. soni . . maxsus ‘O‘SiSI} .
yengil yuk avtobus mikroavtobus avt. ko rsf:/zklchl,

2009 1417758 1307087 81145 28121 - 1405 -

2010 1530112 1411149 88901 28462 - 1600 7,9
2011 1640918 1518009 93621 27633 - 1655 7,2
2012 1728867 1612401 89357 25590 - 1519 5,4
2013 1840012 1712854 98843 5752 20117 2446 6,4
2014 1946130 1818713 101982 5411 17352 2672 5,8
2015 2109185 1974182 110164 5831 16188 2820 8,4
2016 2191231 2057331 111105 5415 14309 3071 39
2017 2273419 2133507 116339 5629 13982 3962 3,8
2018 2440276 2272185 143442 5869 14459 4321 7,3
2019 2553889 2379418 150363 6160 15992 4461 4,6
2020 2667502 2486651 157284 6451 17525 4601 4,2
2021 2781115 2593884 164205 6742 18058 4741 4,2
2022 3268470 3051734 1959734 6854 8946 5152 17,5
2023 3637119 3396520 219628 6666 8961 5344 11,2
2024 4020744 3759045 240917 6297 9102 5383 10,5

3. Natijalar

Yuqoridagi 1 va 2-jadvallarda ko‘rsatilgan statistik
ma’lumotlarga ko‘ra ko‘rsatilgan davrdagi
respublikamizning doimiy aholi miqdori va
avtomobillashish jarayonini ko‘rishimiz mumkin. So‘nggi
yillardagi avtomobillashish jarayoniga e’tibor garatadigan
bo‘sak, yengil avtomobillar soni keskin ortib bormoqda.
Ammo jamoat transport vositalaridagi o‘sish ko‘rsatkichi
deyarli katta migdorni tashkil etmaganligi inobatga olinsa,
shaharlardagi mavjud transport muammolarini yanada
ortishi va aholi harakatchanligi giyinlashishi tabiiy.

Aholiga tezkor va qulay harakatchanlikni tagdim etish
uchun aholining doimiy mobil gatlamini aniglash lozim
bo‘ladi. Domiy mobil gatlamni aniglagan holda, transportga
bo‘lgan talabni aniqlashimiz zarur bo‘ladi. Aniqlangan
transport talabi va aholining mobil gatlamiga ko‘ra JTga
bo‘lgan ehtiyojlarni aniqlash, shu bilan bir qatorda aholining
doimiy tashrif buyurishlar manzillariga ko‘ra, JTni
rejalashtirish va faoliyatini takomillashtirish bo‘yicha
takliflar ishlab chigilishiga erishiladi.

Respublikamiz shaharlaridagi aholi zichligiga e’tibor
qaratadigan bo‘lsak, asosiy miqdor viloyatlarning markaziy
shaharlarga to‘g‘ri  kelganini  ko‘rishimiz ~mumkin.
Shaharlarning aksariyati rivojlanayotgan kichik shaharlar
ekanligini inobatga oladigan bo‘lsak, bu shaharlarda
hozirdan aholi harakatchanligini tadgiq etgan holda qulay
transport infratuzilmasini shakllantirish muhim ahamiyat
kasb etadi. Bunda kichik, o‘rta va katta shaharlar transport
tarmog‘i huhudiga ko‘ra transport vositalarining erkin
harakatini ta’minlash, jamoat transportining shahar aholi
yashash punktlarini to‘liq qamrab olishi muhim ro‘l

https://t.me/tdtuilmiynashrlar

o‘ynaydi. Bunda shahar hududida avtomobillar, jamoat
transporti vositalari va shaxsiy harakatchanlik vositalari
(velosoped, elektrosamokat, moped, eletr skuterlar va h.k.)
uchun moslashuvchan va albatta atrof-muhit uchun kam
zararli bo‘lishi magsadga muvofiq hisoblanadi (2-rasm). [6]

A
[N -——
/’/ \\ g - b \\
Faoliyat / N % \
) , _
turining 1 Avtomobil /(, 2 %%&' '
gamrovi: | vaatrof- |1 %y )/
' muhit - ’
Transport \ uhit _)’_ e R
vositasi PPN S~
tezligi 7 4 Tme-=T N
. 7
/~~ _ Piyoda, velosopedva
' atrof-muhit /
N /
So _- 4
- - .
Faoliyat turining gamrovi:

Intensivlik (ortisihi)
Moslashuvchanlik

2-rasm. Jamoat transporti va shahar hududidan
foydalanish shaklining o‘zaro bog‘ligligi

Shahar transport tizimi rejasini asoslashda jamoat
transporti avtobus yo‘nalishlari shahar aholi zichligiga
nisbatan qay darajada qamrab olinganligiga ko‘ra ahmiyatli
hisoblanadi. Jizzax shahri misolida oladigan bo‘lsak, Jizzax
shahri — O°zbekiston Respublikasining Jizzax viloyatining
ma’muriy, iqtisodiy va madaniy markazi hisoblanadi (3-
rasm). Sangzor daryosi bo‘yida, 460 m balandlikda
joylashgan. Maydoni 0,10 ming km2. Aholisi 2024-yil 1-
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yanvar ma’lumotiga ko‘ra doimiy aholi soni 195,8 ming 14 Madaniyat 115 6113 | 0,0081

kishini tashkil etadi. Shulardan 97,8 ming kishi bu erkaklar 15 Xayrabod 116 5874 0,0042

va 98,0 kishi ayollarni tashkil etadi. Shahar ichki 16 Bobur 117 5680 | 0,0068

harakatchanligini shahar aholisi va 6 ta kirish yo‘llari orqali 17 0Ogqo‘rg‘onlik 118 5315 0,0058

kirib keluvchi transport va yo‘lovchi oqimi tashkil giladi. 18 Dostlik 120 5027 0,0026

Shaharda kunlik 195000 dan ortiqg mobil gatlam mavjud 19 Yoshlik 121 4954 | 0,0047

bo‘lib, ushbu harakatchanlikni ta’minlash uchun shaharda 20 Hamzaobod 123 4680 0.0046

16 ta shahar ichi avtobus yo‘nalishlari, 1 ta shahar atrofi 21 Toshlog 124 1422 0'0079

avtobus yo‘nalishi, 7 ta yo‘nalishli taksilar va yo‘nalishsiz > A Navoi 125 4348 0‘ 0042
taksi xizmatlari mavjud. Shuningdek, shaharning geografik - y :

joylashuviga ko‘ra asosiy ma’muriy bino inshootlar bir- 23 Navruz 126 4212 0,0059

biriga yaqin joylashganligi sababli yo‘nalishsiz taksi 24 M.I.Jlug‘.be.k 127 4051 0,0022

xizmatlari ham arzon hisoblanadi va aksariyat aholi gatlami 25 | Hamid Olimjon 128 | 3751 | 0,0043

yo‘nalishsiz taksi orqali manzillariga yetib olishni avzal 26 Ko‘tarma 129 3649 | 0,0014

ko‘rishadi. 27 A.Abdujabbarov 130 3516 | 0,0025

28 Qassoblik 131 3332 | 0,0040

A 29 Sayhan 132 | 3304 | 0,0017

30 Tinchlik 133 3072 | 0,0031

31 Jizzaxlik 134 2840 | 0,0016

32 Sangzor 135 2752 0,0017

33 Xalgabod 136 2641 | 0,0040

34 Ravallig 137 2401 | 0,0017

35 Bunyod 138 2357 | 0,0015

36 Sulogli 139 1536 | 0,0012

Jizzah shahar hududiga yondosh joylashgan MFYlar

1 Chamanzor MFY 111 6743 | 0,0019
o — o 2 Sovungarlik MFY 119 5295 | 0,0030
' . . R 3 Uchtepa MFY 122 4929 | 0,0006
3-rasm. Jizzax shahar va aglomeratsiya hududi 4 Jizzaxlik MFY 140 | 4388 [ 0,0010
Jizzax shahrida jami 34 ta mahalla mavjud, lekin, bu 5 Gandumtosh MEY 111 5295 | 00005
hududlar aholisi umumiy harakatchanlikni tashkil gilmaydi, 5 boshi > 5 0’0003
ya’ni, shaharga yondosh hududlar va shahar hududiga yaqin KUYOV oshi MY 14 7564 :
joylashgan aholi yashash punktlarida yashovchi aholi ham 7 Ziyokor MFY 143 | 5399 | 0,0008
inobatga olinadi. Jizzax aglemratsiya hududi bo‘yicha jami 8 | Toshkentlik MFY 144 2833 | 0,0012
67 ta mahallalarga tegishli bo‘lgan demografik, statistik 9 Yaxtanlik MFY 145 4495 | 0,0014
ma’lumotlar bilan birgalikda tahlil gilinadi. Shu sababli 10 Xavastlik MFY 146 | 6338 | 0,0011
aglomeratsiya hududidan 6 ta yo‘l orqali kirib keluvchi oqim 1 Saroylik MFY 147 8304 | 0,0010
ham birgalikda o‘rganiladi. Shahar hududida asosiy aholi 12 Taraqqgiyot MFY 148 4409 | 0,0006
zich joylashgan hududlar Zargarlik, Toshloq, O‘ratepalik, 13 | Toshkentlik MFY 149 5499 | 0,0010
Sayiljoyi, Jizzaxlik, Qassoblik, H.Olimjon, A.Navoiy va 14 Qatortol MFY 150 3236 0,0020
Ittifoq mahallalariga to‘g‘ri keladi (3-jadval, 4-rasm). 15 Qo*shko‘prik 151 5242 | 0,0216
3-jadval 16 | Mulkanlik MFY 152 | 5398 | 0,0036
Jizzax aglomeratsiyasi hududid_a joylashgan mahallalar 17 | Yakkaqayrag‘och 153 5245 | 0,0023
ro‘yxati : : 18 Ravalliq MFY 154 | 2401 | 0,0002
ip | Aholi | Aholi 19 | Toqchilik MEY 155 | 8672 | 0,0004
Ne MEY nomi raga (rs1ca)?alr Z(:r?;:%' 20 | sulogli MFY 156 | 4138 | 0,0008
mi ) m) 21 Xalgabod MFY 157 7383 | 0,0005
- S 22 Nurafshon MFY 158 5578 0,0003
Jizzah shahar hududida joylashgan MFYlar 23 Olmachi MEY 159 7093 | 0,0007
1 Zilol 101 12783 | 0,0052 24 | Katta gishlog MFY 160 4840 0,0018
2 Zargarlik 102 12219 | 0,0118 25 Yoshlik MFY 161 3665 0,0010
3 Olmazor 103 11761 | 0,0057 26 Xayrabod MFY 162 5089 | 0,0030
4 Ittifog 104 10562 | 0,0118 27 Tuyoqli MFY 163 3514 0,0015
5 A.Temur 105 9763 | 0,0024 28 Fayzabod MFY 164 4411 | 0,0005
6 Qaliya 106 9629 0,0091 29 Sharillog MFY 165 4658 0,0004
7 U.Xatamov 107 9411 0,0014 30 Ogtosh MFY 166 5232 0,0002
8 Qipchoq 108 8522 | 0,0026 31 Qahramon MFY 167 8411 | 0,0021
9 Qahramon 109 8411 0,0022
10 Bunyodkor 110 6781 0,0021
11 Kimyogar 112 6389 | 0,0088
12 O‘ratepalik 113 6377 0,0065
13 Sayiljoyi 114 [ 6141 | 0,0042
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4-rasm. Jizzax aglomeratsiyasi aholi zichligi bo‘yicha
issiglik xaritasi
Zichligi yuqori bo‘lgan barcha hududlardan jamoat
transporti yo‘nalishlari o‘tgan bo‘lib, ushbu hududlarda
aholi uchun yo‘lovchi tashish xizmati yo‘lga qo‘yilgan va

aholi  harakatchanligini ta’minlashda asosiy vosita
hisoblanadi. =~ Shahar ~ jamoat transporti  tarmog‘i
yo‘nalishlarining asosiy qismi ham aynan shu mahallalar
joydlashgan  hududdagi avtomobil yo‘llari  orqali
o‘tkazilgan. Shaharda 17 ta avtobus Jamoat transporti
yo‘nalishlari asosiy gismi Sh.Rashidov ko‘chasidan o‘tgan.
Jizzax shahri misolida olib borilgan tahlillar shuni
ko‘rsatadiki, aholi zichligi yuqori bo‘lgan hududlarda
transport xizmatlarining notekis tagsimlanishi mavjud
muammolarni yanada keskinlashtiradi. Shu sababli, shahar
transport tizimining barcha aholi gatlamlari ehtiyojlariga
moslashuvini ta’minlash, yo‘lovchilar oqimini tartibga
solish va ekologik barqarorlikka e’tibor qaratish ustuvor
yo‘nalishlardan biri bo‘lib golmoqda.

Transport tizimining rivojlanishi shaharlarda nafagat
igtisodiy, balki ijtimoiy va ekologik bargarorlikka ham katta
ta’sir ko‘rsatadi. Shaharlarda transport tizimini rejalashtirish
aholining haftaning ish kunlari va dam olish kunlari uchun
alohida ko‘rilishi, transport tizimi samaradorligini oshiradi
va aholining hayot sifatini yaxshilashga xizmat giladi.

4-jadval
Jizzax aglomeratsiyasi hududida jamoat transporti gamrovi darajasi
qamroy | tarming | JT 0
Ne MFY 1D ragami r%aydoni maydo?ni g:g_mv_
(m?) (m?) jes!
1 101 1608038,288 | 2470019,714 0,65
2 102 1034434,04 | 1036754,581 1
3 103 1699507,669 | 2054153,227 0,83
4 104 830383,228 | 897338,397 0,93
5 105 3381191,025 | 4102728,902 0,82
6 106 1043690,107 | 1053252,023 0,99
7 107 4007160,679 | 6641234,915 0,60
8 108 1924200,597 | 3275037,559 0,59
9 109 3229457,479 | 3799006,949 0,85
10 110 1453284,477 | 3266424,936 0,44
11 111 1607048,131 | 3625113,964 0,44
12 112 704308,584 724576,52 0,97
13 113+118+131 2265674,926 | 2365674,926 0,96
14 114 762552,169 1469428,65 0,52
15 115+117 1585673,945 | 1585768,621 1
16 116 102820,426 | 1399775,905 0,10
17 119 1398485,086 | 1794026,672 0,78
18 120 1083165,95 1904365,31 0,57
19 121 1060798,863 | 1065036,482 1
20 122 4946062,621 | 8901632,966 0,56
21 123 590720,633 | 1021008,975 0,59
22 124+125 1586724,829 | 1589569,76 1
23 126 376366,171 709638,904 0,53
24 127+139 3195926,191 | 3135678,653 1
25 128 405975,046 864945,141 0,47
26 129 1951637,982 | 2672942,723 0,73
27 130 644188,39 | 1407637,503 0,46
28 132+166 506934,965 | 29027424,45 0,02
29 133+160+162+163 664899,452 | 7805733,949 0,08
30 134 1429340,57 | 1827321,741 0,78
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31 135+138 1895483,778 | 3181025,59 0,60
32 136 484586,169 667144,797 0,73
33 137 807099,194 | 1423838,358 0,57
34 140 2315432,586 | 4305542,468 0,54
35 141 2202519,067 | 9653720,948 0,23
36 142 3624686,469 | 26126794,32 0,14
37 143 660383,349 | 7170882,017 0,09
38 144+145+146+147+148 | 8214258,932 | 27006642,74 0,30
39 149+150+151+152 6003077,681 | 9099380,976 0,66
40 153+154 3174604,69 | 13264850,71 0,24
41 155 1339901,045 | 24028920,74 0,06
42 156+157+158 5384263,971 | 36441734,85 0,15
43 159+161 4821645,372 | 14309846,98 0,34
44 164 5327448,714 | 8994195,838 0,60
45 165 284527,439 | 11685215,51 0,03
46 167 2799902,138 | 4072863,061 0,69

O‘rtacha 26,23

5-rasm. Jamoat transporti tarmog‘i gamrovi

4. Xulosa

Respublikamiz markaziy shaharlarda aholi soni ortishi
bilan shahar transport hududlarida aholi zichligi ham ortadi
va avtobilashish jarayoni ham yuqori suratlarda rivojlanadi.
Natijada, shaharlarda transportga bo‘lgan ehtiyoj ortib,
shahar transport tizimini rejasini asoslab, aholi
haraktchanligini ta’minlashning ilmiy yechimlarini topishni
taqozo etadi.

Oldindan  shahar aholisi va avtomobillashish
jarayonining o‘sish ko ‘rsatkichlarini bashoratlash bir vaqtda
ham avtomobillarga bo‘lgan ehtiyojni, ham yo‘llarga
tushadigan transport yuklamasini aniglash imkonini beradi.
Bu o‘z navbatida shaharlarda transport tizimini turli
muddatlar uchun rejalashtirish imkonini beradi. Shuningdek,
shaharlarda demografiya jarayoni tezlashishi bilan ularning
harakatchanligini ta’minlashda jamoat transporti tizimining
o‘rni ortib boradi. Bu rivojlanayotgan shaharlarda yuzaga
kelishi mumkin bo‘lgan transport —muammolarini
kamaytirish va uning oldini olish bo‘yicha chora-tadbirlar
ishlab chiqishga, harakat xavfsizligini ta’minlashga asosiy
vosita hisoblanadi.

Tadgiqod ishi doirasida amalga oshirilgan tahliliy
natijalar yordamida olingan natijalar Jizzax shahri
mmisolida ko‘rib chiqilgan bo‘lib, shahar jamoat transporti
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aglomeratsiya hududining 26,23 foiz qismi uchun
ta’minlanganini ko‘rishimiz mumkin. Bu shahar aholisining
deyarli 75 foizi harakatchanligini ta’minlashda shaxsiy
transport vositalari, shaxsiy harakatchanlikni ta’minlovchi
transport  vositalaridan foydalanayotgani yoki piyoda
harakatlanayotganini ko ‘rishimiz mumkin.

Shahar transport tizimini rejalashtirishda aholining
haftaning ish kunlari va dam olish kunlari uchun alohida
ko‘rishimiz  shahar transport tizimini rejalashtirish
jarayoninining samaradorlik ko‘rsatkichlari oshishiga
yordam beradi.
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Application of the experimental mathematical planning method for
optimizing the composition of modified fine-grained concrete

A.l. Adilkhodjaevi©?, A.N. Baymurzaevi®P

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The creation and analysis of a mathematical model that accurately describes the influence of input
variables - the ratio of raw material components of the concrete mixture - on the compressive strength of
high-quality fine-grained concrete at 28 days of normal hardening. This model is considered as the final
target functions of.

mathematical modeling, raw material components, compressive strength, high-quality fine-grained
concrete, regression equation, input factors, orthogonal central planning, expression level, horizontal
target function, maximum value

Keywords:

Modifikatsiyalangan mayda donador beton tarkibini optimallashtirish uchun
eksperimentni matematik rejalashtirish usulini qo‘llash

Adilxodjaev A.1.103 Baymurzaev A.N.1 ©P
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Yuqori sifatli mayda donali betonning normal qotishining 28 kunligida siqilishga bo‘lgan
mustahkamligiga ta’sir ko‘rsatuvchi kirish o‘zgaruvchilari - beton aralashmasining xomashyo tarkibiy
qismlari nisbatlarining ta’sirini aniq tavsiflovchi matematik modelni yaratish va tahlil gilish. Ushbu
model ning yakuniy magsadli funksiyalari sifatida garaladi.

matematik modellashtirish, xomashyo tarkibiy gismlari, siqgilishga chidamliligi, yuqori sifatli mayda
donali beton, regressiya tenglamasi, kirish omillari, ortogonal markaziy rejalashtirish, ifoda sathi, magsad

funksiyasining gorizontali, maksimal giymat

Kalit so‘zlar:

Empirik  modellarni  tavsiflash uchun ob’ektiv
funksiyalarni aniglash. Eksperimental modelning chigish

1. Kirish

Eksperimentni rejalashtirish - bu qo‘yilgan masalani
talab etilgan aniglik bilan hal qilish uchun zarur va etarli
bo‘lgan tajribalar soni va o‘tkazilish sharoitlarini tanlash
jarayonidir. Eksperimentni rejalashtirishning matematik
usulining magsadi matematik  empirik  modellarni
yaratishdir, ular kiruvchi o‘zgaruvchan omillarning - beton
aralashmasining xomashyo tarkibiy gismlari nisbatlarining -
yuqori sifatli mayda donali betonning (YuSMDB) fizik-
mexanik xususiyatlariga ta’sirini aks ettiradi va bu
xususiyatlar chiquvchi  magsadli funksiyalar sifatida
garaladi.

Eksperimentni  rejalashtirishning matematik  usuli
kiruvchi o‘zgaruvchan omillarning chiqadigan ob’ektiv
funksiyalar sifatida ko‘rib chiqiladigan mayda donador
betonning fizik-mexanik xususiyatlariga ta’sirini aks
ettiruvchi  matematik empirik  modellarni  yaratishga
garatilgan (rasm 1.) [1, 2, 3].
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ob’ektiv funksiyalari sifatida quyidagilar tanlandi:
= Y: — mayda donador beton qorishmaning
harakatchanligi (D, mm);
= Yz — 28 kunlik normal qattiglashuv davrida
100x100x100 mm o‘lchamdagi MMDB kub
namunalarining bosimga mustahkamligi (R28,
MPa).

MMDB zichligi va mustahkamligiga, shuningdek beton
aralashmaning harakatchanligiga ta’sir qiluvchi kiruvchi
o‘zgaruvchan omillar sifatida xom ashyoning sarflari
tanlandi: S, S, Q, UK, GQK, ACE 388 superplastifikator
(C388) va polipropilen yupqa dispresli tolalar (PYuT).

2. Tadqgigot metodologiyasi

1. MMDB zichligi, mustahkamligi va chidamliligiga
ta’sir qiluvchi kirish omillarini tanlash. Tajribalar sonini
kamaytirish uchun eksperimental tadgigotlar va ilmiy—
texnik adabiyotlarni tahlil gilish natijasida GQK, C388 va
PYUT xarajatlari 10%, 1% va 1,5% sement og‘irligidan mos
ravishda doimiy va teng tanlangan. Mayda donador beton
gorishmaning harakatchanligiga va MDB ning bosim
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kuchiga ta’sir qiluvchi kirish omillari quyidagi shaklida
tanlangan (1-jadval):
—x1 — nisbatlar S/S 0,36dan 0,40 migdorgacha
— X2 — nisbatlar UK/S 0,45 dan 0,55 miqdorgacha;
— X3 nishatlar Q/KM 0,8 dan 1,2 migdorgacha.
1-jadval
Birinchi darajali rejalashtirish uchun kirish
omillarining darajalari va ularning o‘zgarish

intervallari

- . . - - . o
Kirish omillari O¢zgarish darajalari -
“on

§

[+ —

S | zs 5
S EX |1 o | +1| §
= o5 | R
A o °
S/S X1 0,36 | 0,38 | 0,40 | 0,02
UK/S X2 0,45 | 0,50 | 0,55 | 0,05
Q/KM X3 0,8 1 1,2 0,2

Birinchi tartibli rejalashtirishda N zarur tajribalar soni
formula bilan aniglanadi (1):

N=2k=23=8, @)

Bu erda k = 3 — kirish omillari soni.

1-tartibdagi ortogonal Markaziy rejalashtirish usuli
yordamida hisoblangan modifikatsiyalangan mayda donador
betonning kompozitsiyalari 2—jadvalda va 28 kunlik normal
qgattiqlashuvda (25 + 5 °C haroratda va 95% namlikda) beton
gorishmalarining harakatchanligi va betonning bosim

kuchining giymatlari 3 va 4—jadvallarda keltirilgan.
2 —jadval
1-darajali ortogonal Markaziy rejalashtirish usuli bilan

hisoblangan MMDB tarkibi

O° zgaruvchilar
shaklida
Tabiiy shaklda
tarkibi, kg/m?

Beton qorishmalarning

xi|x2 [xa| ss |uks K?vl s |ukleok| @ | s lssss| YU

1| +1+1|+1]0,40 [ 0,55 | 1,2 |551{303| 55 |1092(221(5,51| 8,27

2| -1|+1|+1|0,36 | 0,55 | 1,2 |564(310| 56 |1117|203|5,64 | 8,46

3| +1|-1|+1(0,40 | 0,45 1,2 |580|261| 58 (1079(232|5,80 | 8,70

4| -1|-1|+1(0,36 | 0,45 | 1,2 |594|267| 59 (1105(214|5,94 | 8,91

5| +1|+1|-1{0,40 [ 0,55| 0,8 [643|353| 64 |848 |257(6,43 | 9,64

6 | -1|+1(-1|0,36 | 0,55 | 0,8 |660[363| 66 |871 |238|6,60| 9,90

7 | +1|-1(-1)|0,40 | 0,45 | 0,8 |675[304| 67 |837 |270|6,75|10,12

8| -1|-1|-1/0,36 | 0,45 | 0,8 |694|312| 69 |860 [250|6,94 [ 10,41
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3 —jadval
Mayda donador beton gorishmalarning harakatchanligi

Tabiiy shaklda Harakatchanlik D, mm
dispersiya
S% xatolar|

Q

KM

i -

SIS |UK/S Yiy?

D1 D2 [ D3 1" =Ds* | Dii

1{0,40(0,55| 1,2 |[95|100| 95| 96,667 [103,96| 53,193 | 8,333

2 {0,36/0,55| 1,2 [90|90|95| 91,667 | 83,54 | 66,043 | 8,333

30,40/ 0,45| 1,2 |105|100{105| 103,333 {103,96| 0,393 8,333

410,36/045| 1,2 |85|85|80 | 83,333 | 83,54 | 0,043 8,333

50,40/ 0,55| 0,8 |115|120{120( 118,333 [116,88| 2,112 8,333
328,57

6 |036{055| 08 [80|80|75| 78333 | 96,46 [ 3°7 | 82333
7 0,40/ 045 | 08 [120(125(125( 123,333 |116,88| 41,646 | 8,333
8 [0,36]0,45| 0,8 |105|105|110| 106,667 | 96,46 10‘(‘5’17 8,333

Max S2=8,333 S(Y - Yi)2= 596,181 252'566'6

4 —jadval

28 kun mobaynida MMDB namunalarining
bosimga mustahkamligi

Tabiiy shaklda Bosimga mustahkamlik R28 MMDB,

MPa
e Dispersiya
7 2.
o 4 g R R R Yo" R: (Ya™ S xatolar
S S 1 2 3 =Ry i *YZi)z
M
1 (0,40|0555| 1,2 |65,2| 66,0 | 64,4 |65,20|65,49 | 0,08 064

0,36{0,55| 1,2 (70,4[ 71,2 | 70,8 | 70,80 | 69,97 | 0,68 0,16

2
310,40/ 0,45| 1,2 |64,4| 64,8 | 64,0 | 64,40 65,49 | 1,19 0,16
4 10,36/0,45| 1,2 |69,6| 71,6 | 70,4 |70,53|69,97 | 0,31 1,01

510,40/ 0,55| 0,8 |62,2| 62,6 | 62,4 | 62,40 (61,41 | 0,99 0,04

6 10,36/ 0,55 0,8 |67,6| 66,8 | 64,8 | 66,40 |65,89 | 0,26 2,08

7 10,40|0,45| 0,8 |61,8| 61,6 | 62,0 |61,80 (61,41 | 0,16 0,04

8 10,36/ 0,45| 0,8 |63,2| 64,4 | 64,4 | 64,00 65,89 | 3,57 0,48

Y'S2i%=4,6

Max S? = 2,08 1

S (Y2 —Y2)?=7,24

2. Tajribalarning  takrorlanuvchanligi  gipotezasi
(dispersiyalarning bir xilligi bo‘yicha) Koxran mezoni Gpass
yordamida sinovdan o‘tkazildi. Kohren mezonining
hisoblangan giymati (2) quyidagi formula bo‘yicha hisoblab
chigilgan :

Gpace =maxSZ/ZSZi )

Koxran mezonining kritik giymati Gk = G (f1, f2)
giymatlarga garab [4] topilgan:

® xisoblagichning erkinlik darajasi f1 = k - 1=3 - 1=
2;

" maxrajf2=N=8;

® ahamiyat darajasi a = 0,05.

Shunda: Gkr = 0,5157.

Mayda donador beton qorishmaning harakatchanlik
giymatlarini hisobga olgan holda biz quyidagilarni olamiz:
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Sﬁ = ZSJ,2 = 66,667 Ba max§? = 8,333 — Gpacc =

Shax 8,333
- = 0,125 8a Gpyee = 0,125 < Gy, = 0,5157

%s? 66,667
Shunday qilib, dispersiyalarning bir xilligi gipotezasi
gabul gilinadi.

Kunlik modifikatsiyalangan mayda donador betondan
namunalarning bosimga mustahkamlik giymatlarini hisobga
olgan holda biz quyidagilarni olamiz:

SZ
52 = ZS? = 461 pamaxS? = 2,08 = Gpuee = yie>
i

2,08
= 177 = 04512 Ba Gpaee = 04512 < Gy, = 0,5157

Shunday qilib, dispersiyalarning bir xilligi gipotezasi
gabul gilinadi.
3. 1-tartibli regressiya tenglamalarini tuzish
5-jadval
1-tartibli regressiya tenglamalarining koeffitsientlar

i bi bo b1 b2 bs b1z b2s ba1 bi2s
J

Y1 D, mm |100,21 | 10,21 [ -3,96 | -6,46 | 1,04 | 438 | 3,96 |-4,79

R?MMDB | 65,6

Y2 | Mpa 9

2,241 0,508 | 2,041 | —0,692(-0,158 |- 0,242 | 0,292

Hisoblash natijalariga ko‘ra quyidagi regressiya
tenglamalari (3) va (4) olingan:
Y1 = 100,21 + 10,21x1 — 3,96x2 — 6,46x3 + 1,04x1x2 +

4,38x2x3 - 3,96x3xl - 4,79xlx2x3 (3)
Y2 = 65,69 — 2,241x1 + 0,508x2 + 2,041x3 — 0,692x1x2
—0,158x%2x3 — 0,242x3X1 + 0,292X1X2X3 4)

Regressiya tenglamalari koeffitsientlarining ahamiyati
Styudent mezoniga muvofiq tekshirildi (to/ (f2)).

bj koeffitsienti muhim hisoblanadi, agar: t>ta (f2) (5)
bu erda ta (f2) — Styudenta tagsimotining kritik giymati.

Muhim darajada o = 0,025 va erkinlik darajalari f2 =
Nx(k — 1) = 8x(3 — 1) =16, 3.2—jadvalga asosan to,025 (16) =
2,1199 giymatini topamiz [5].

Regressiya tenglamasining bj koeffitsientlari uchun
Styudent mezonining ty giymatlari formula (6) yordamida
aniglandi: bj |
bhj = 5o (6)

Regressiya tenglamasining koeffitsientlarining
dispersiyasini baholash (7) formula bilan aniglandi:
o _ |58
bS — N

U]

Sii?=YSi? = 0,753 va N = 8 bo‘lgan regressiya tenglamasi

uchun biz quyidagilarni olamiz:
sz 0,753

Sbs N 8 0,3068 ®)
Regressiya tenglamasi koeffitsientlarining ahamiyatini
tekshirish uchun Styudent mezonining giymatlari (3) 5-
jadvalda keltirilgan.
6-jadval
Regressiya tenglamasi koeffitsientlarining ahamiyatini
tekshirish uchun Styudent mezonining giymatlari (3)
j 0 1 2 3 4 5 6 7
bo b1 b2 b3 b12 bas ba1 b2z
bj [ 100,21 [1021|-396|-646] 1,04 | 438 | 396 |-4,79

|bj| 100,21 | 10,21 | 3,96 | 6,46 | 1,04 | 4,38 | 3,96 | 4,79
tj 34,713 | 3,536 | 1,371 | 2,237 | 0,361 | 1,516 | 1,371 | 1,660
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Koeffitsientlarning ahamiyatini tekshirgandan so‘ng,
ahamiyatsiz koeffitsientlar bekor gilindi, natijada tenglama
paydo bo‘ldi. (9):

Y1=100,21 + 10,2151 — 6,46x3 9)
Si=ySP? = 4,61 va N = 8 (4) bo‘lgan regressiya
tenglamasi uchun biz quyidagilarni olamiz.

S5 = Si _ 4161—0759
bé — N_ g =Y

Regressiya  tenglamasi  (4)  koeffitsientlarining
ahamiyatini  tekshirish uchun  Styudent mezonining
giymatlari 7—jadvalda keltirilgan

7-jadval
Regressiya tenglamasi koeffitsientlarining ahamiyatini
tekshirish uchun Styudent mezonining giymatlari (4)

j 0 1 2 3 4 5 6 7

bo b1 b2 bs b1z b2 ba1 D123

bj 65,69 |-2,241] 0,508 (2,041 |-0,692|-0,158-0,242| 0,292

|bj| 65,69 | 2,241 0,508 {2,041 | 0,692 | 0,158 | 0,242 | 0,292

toj 86,548 | 2,953 | 0,669 |2,689 | 0,912 | 0,208 | 0,319 | 0,385

Koeffitsientlarning ahamiyatini tekshirgandan so‘ng,
ahamiyatsiz koeffitsientlar bekor gilindi, natijada tenglama
hosil bo‘ldi (10):

Y2=65,69—-2,241 + 2,041x3 (10)

4. (9) va (10) tenglamalarning muofikliligini tekshirish

Modelning adekvatligi hagidagi gipotezani tekshirish
S2ad (11) adekvatlik dispersiyasi va Frass Fisher mezonlari
(12) hisoblashlariga asoslanadi.
E(YiCF - Yi_)z

N-m

Sad

pace 5712:

Saa =
F

Bu erda: Yi — regressiya tenglamasidan hisoblangan
javob giymati; N — barcha mumkin bo‘lgan sinovlar soni, N=
8;

m — baholangan regressiya koeffitsientlari soni; m = 3.

Frass ning hisoblangan giymati fi=N=8vaf2=N-m=
8 — 3 = 5 erkinlik darajalari ragamlari bilan aniglangan 6—
jadvaldagi Fwoi (f1, f2) giymati bilan taggoslandi [5].
Shunday qilib, kritik giymat: Fni (8, 5) = 3,6875.
Regressiya tenglamasi uchun (10):

Szad:59(23,181/8—3=119,236 va $%i=Y S?%=66,667
s
=

Shuningdek, tenglama (10) amaliy tajriba natijalarini
ganoatlantiradi.

Regressiya tenglamasi uchun (11):

Siad=7,24/873:1,448 va S%i=Y 8%=4,61

S
- Fpace = SLj =031418aF,,. =0314 < F,,, = 3,6875
i

— F

=1,789paF,, = 1,789 < F, 4 = 3,687

Shuningdek, tenglama (11) ham amaliy tajriba
natijalarini ganoatlantiradi.

Matlab kompyuter dasturidan foydalanib, (10) va (11)
regressiya tenglamalari uchun ob’ektiv funksiyani ifodalash
yuzasi tasvirlari olindi, ular 2 va 3—rasmlarda keltirilgan.
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3-rasm. 1-tartibli MMDB (9) bosimga
mustahkamligining regressiya tenglamasi yuzasining
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3. Xulosa

1-tartibli regressiya tenglamalari yordamida olingan
tajribani matematik rejalashtirish natijalaridan quyidagi
xulosalar chigarish mumkin:

1. Mexanik faollashtirilgan GQK, past kalsiyli UK, ACE
388 superplastifikatori va polipropilen tolalarni o‘z ichiga
olgan organo—mineral modifikatorlarni o‘z ichiga olgan
modifikatsiyalangan mayda donador betonlar 1-darajali
tajribani rejalashtirishning maqsadli funksiyalariga ega
‘mayda donador beton qorishmasining harakatchanligi( D,
mm) va regressiya tenglamalari (10) va (11) bo‘yicha x1 (
C/S ) va xs ( Q/KM ) o‘zgaruvchilarga qarab, 28 kunlik
normal gattiglashuv S/KM (R?® MMDB, MPa) davrida
MMDB dan namunalarning bosimga kuchi.

2. (10) va (11) regressiya tenglamalaridan kelib
chigadiki C/S (x1) nisbatning pasayishi va Q/KM (xs)
nishatning oshishi bilan mayda donador beton gorishmaning
harakatchanligi  pasayadi va eksperimental beton
namunalarining bosimga mustahkamligi oshadi. Ko‘rib
chigilgan qiymatlar oralig‘ida UK (x2) nisbati ta’siri
ahamiyatsiz va shuning uchun uni e’tiborsiz qoldirish
mumkin.
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Increasing the capacity of intermediate stops of city buses

D.F. Yoldoshevl®a

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: One of the important factors of improving the quality of service in public transport is the study of the
flow of passengers, bus travel times at intermediate stops and their organizers. In the article, the authors
analyzed the methods of calculating the flow of passengers, the formation of bus travel times at
intermediate stops, and developed indicators representing the distribution of travel times and their
constituents.

imitatsion model, public transport, intermediate station, carrying capacity, distribution law, theoretical
frequency, empirical frequency

Keywords:

Shahar yo‘nalishli avtobuslari oraliq bekatlarining o‘tkazuvchanlik
gobiliyatini oshirish

Yoldoshev D.F.1®a

1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Jamoat transportlarida hizmat sifatini oshirishning muhim omillardan biri bu yo‘lovchilar oqimi, oraliq
bekatlarda avtobuslar harakat vaqtlari va ularni tashkil etuvchilarini tadgiq etishdir. Magolada mualliflar
tomonidan yo‘lovchilar oqimi, oraliq bekatlarda avtobuslar harakat vaqtlarining shakillanishini xisoblash
usullari tahlil gilingan bo‘lib harakat vaqtlari va ularni tashkil etuvchilarining tagsimlanishini ifodalovchi
ko‘rsatkichlari ishlab chiqilgan.

Kalit so‘zlar: imitatsion model, jamoat transporti, oraliq bekat, o‘tkazuvchanlik qobiliyati, tagsimot qonuni, nazariy

chastota, empirik chastota

1. Kirish

O<zbekiston Respublikasi transport tizimidagi asosiy
vazifalardan biri transport infratuzilmasini rivojlantirish
xisoblanadi. Infratuzilmaning muhim elementlaridan biri
shahar yo‘nalishli avtobuslarning oraliq bekatlari bo‘lib,
yo‘lovchilarga ishonchli transport xizmatlarini ko‘rsatish,
yo‘llarning o‘tkazuvchanlik qobiliyatini oshirish va yo‘l
harakati ishtirokchilarining xavfsizligiga ijobiy ta’sirini
oshirish  hozirgi kundagi muhim vazifalardan biri
xisoblanadi.

Shahar yo‘nalishli avtobuslar oraliq bekatlaridagi
texnologik jarayonlarni samarali tashkil etishning asosiy
magsadi - transportning ekologiyaga zararini, yo’lovchilarni
bekatlarda avtobuslarni kutish vagqtlarini, ko’cha yo’l
tarmoglaridagi vujudga kelayotgan ziddiyatli vaziyatlar,
tirbandliklar va yo’l transport hodisalarini kamaytirish,
shuningdek yo‘lovchilar xavfsizligi va komfortabillikni
yugqori darajada ta’minlashdan iboratdir.

Transport tarmog’ida bekatlarning joylashuvi, holati va
ishlash sifati ko'p jihatdan shahar aholisining jamoat
transporti xizmat ko‘rsatish darajasini ham belgilaydi.
Bugungi kunda Toshkent shahrida 2.4 mingta yo‘nalishli
avtobuslarning oraliq bekatlari mavjud bo‘lib aholiga
ishonchli transport xizmatlarini ko‘rsatishda funksional
vazifalarini turli darajada bajarib kelmogda. O‘zbekiston
Respublikasi Prezidentining 2023-yil 16-fevral kunidagi
“Jamoat transporti tizimini isloh qilish chora-tadbirlari
to‘g‘risida”gi 59-son qarori ijrosi bo‘yicha keltirilgan
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zamonaviy avtobuslar, shuningdek
“Toshshahartransxizmat”  AJ  tasarrufidagi  mavjud
avtobuslar bilan birgalikda 157 ta yo‘nalishda 1800 dan ortiq
avtobuslar yo‘lovchilarga xizmat ko‘rsatmoqda.

Shuningdek transport infratuzilmani rivojlantirish
bo’yicha belgilangan rejada Toshkent shahrida 2022-2025
yillarda zamonaviy standart talablarga javob beradigan aqilli
bekatlarni qurish rejalashtirilgan. Bundan tashgari jamoat
transporti xizmat sifatini yaxshilash magsadida savdo-
maishiy xizmat tipidagi bekatlar tashkil etishni to‘xtatish,
tirbandlik  keltirib chigarayotgan, chorrahaga yaqgin
joylashgan bekatlarni ko‘chirish, rekonstruksiya qilish
ishlari xam rejalashtirilgan.

2. Tadgiqot metodologiyasi

Rivojlangan mamlakatlar transport sohasi olimlarinining
izlanishlari kesimida, shahar yo‘nalishli avtobuslar oraliq
bekatlarining o’tkazuvchanlik gobiliyati va uni aniglashning
ko’plab usullari ishlab chiqilgan.

Mazkur olimlar tomonidan olib borilgan tadgiqotlar
tahlili shuni ko‘rsatadiki, yo‘nalishli avtobuslar bekatlarning
o’tkazuvchanlik qobiliyatiga asosan quyidagi omillar salbiy
tasir etishi aniglashgan:

- transport vositasining to‘lganlik darajasi, yo‘lovchi
oqimi sust vaqtlarda yo’nalishli avtobuslar bekatda kam
vaqt turishi, tig’iz paytlarda esa aksincha ko‘p turishi;

- avtobus bekatlariga y o‘lovchilarni kelish intensivligi;
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- yo‘nalishli avtobuslar harakat intervali, avtobus
bekatlarning  o’tkazuvchalik  qobiliyatini  cheklab
qo‘yishi;

- yo’nalishli avtobuslar haydovchilarning individual

xususiyatlari bilan bog'liq inson omili;
- avtobus salonidagi chiptachilar harakati;
- avtobus bekatlarida yo’nalishsiz taksi yoki aholining
shaxsiy transport vositalarini avtobus bekati hududida
goldirishi kabi bir gancha tasir etuvchi omillar.
Bekatlarning o’tkazuvchaligini shahar ichi muntazam
avtobus yo’nalishlarida quydagicha aniqlash mumkin.
(Semchugova G)
Bortkaz = —2 . A

P 0
to'x turish

bu yerda:

By tkaz- bekatning o’tkazuvchalik qobiliyati;

tio'x turish- transport vositasining o‘rtacha to‘xtash
vaqti (yo‘lovchilarni chigishi tushishi)minut;

A - bekatga bir vagtning o'zida joylashtirilishi mumkin
bo'lgan o'rtacha transport vositalar soni.

Bekatning tirbandliklarsiz yo’nalishli avtobuslar bir
biriga xalaqit bermasdan harakat vaqtida o’tkazuvchanlik
qobiliyati inobatga olgan holda umumiy avtobus bekatning
o’tkazuvchalik qobiliyatini quydagicha aniqlash mumkin.
(Dimova I.P.)

(2)

P = Pyer * Kishonen "V * ko'zgar

bu yerda:
3600

Pper = P bekatning tirbandliklarsiz yo’nalishli

avtobuslar bir biriga xalagit bermasdan harakat vaqtida
o’tkazuvchanlik qobiliyati.

t izm —avtobus bekatida avtobusga xizmat ko'rsatish
vagti

txizm = tbek.ketish T tyo'l + thek.chigish 3
chiq’
tpek.ketish = Somrt + Nyo'.a + Lp + Ben 4

bu yerda:

Somre- Yo nalishli avtobus o’rtacha yo’lovchi sig’imi
Ny, 4- Yo’nalishli avtobus harakat intensivligi

Ly- bekatlar orasidagi masofa

B_p,- avtobus bekati chunta|l< kengligi

1-rasm. Avtobus bekatining geometrik ko’rsatkichlari
(Dimova I.P.)

Lumumiy- bekatning umumiy uzunligi, Lx1,Lx2bekatga
kirish chigishda xavfsiz boshgarish (manyovur) masofasi,
Lchuntak- Chuntak uzunligi, Lbekat-bekatning asosiy gism
uzunligi, Ljoy-bitta transport vositasi uchun ajratilgan joy
uzunligi, Lxavfsiz-bekatda yo’nalishli avtobuslar orasidagi
xavfsiz masofa, h- chuntak chuqurligi
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Yo’lovchilarni transport vositasiga chigish va tushish
vagtini quydagicha aniglash mumkin
t = Somt — Sgrrt + Achiq - Aghiq + Agirisn —

Aiirt’sh (5)
Acniq Aririsn- transport vositasiga chiggan va kirgan
yo’lovchilar soni.
Transport vositasini bekatdan chigib ketishi vaqtini
quydagicha aniglash mumkin

thek.chiqish = Somrt + Nygra + Nboshqa + Ben

’
A

YO tush

chiq

+ Bqat.qism.eni

Nposhqa — BOshga  transport  vositalar  harakat
intensevligi

Bgat.gism.eni — 9atnov gismi eni

Yo‘lovchilar  tashish  marshrutidagi  manzillarda

avtomobilni turib qolish vagqtlarini shakllanishi ham o‘ziga
xos xususiyatlarga ega. Marshrutning boshlang‘ich va oxirgi
bekatlarida avtobusni turib qolish vaqti asosan uning uchun
belgilangan harakatlanish jadvalida ko‘rsatilgan  vaqt
doirasida bo‘ladi. Boshlang‘ich yoki oxirgi bekatlarda
i- tipdagi avtobusni turib qolish vaqti (£2°S*yoki t9¥)
mobaynida haydovchi ma’lum qatnov-reys bajarilganini
dispetcherlik jurnalida va boshga hujjatlarda gayd etadi
(tPosh yoki t9X ;;)» avtobus salonidan yo*lovchilarni tushirish

hujj
(t;’gf,’;,,msh, toenovtusn) Va salonni yo‘lovchilar bilan

ma’lum darajada to‘lguncha kutib turadi, (ty”g?/;whiq,

tyorovchiq)» Ma’lum bir muddat davomida o‘ziga dam
beradi, ovqatlanadi (t39smvqar:taumovgar): avVtobusni bekat
maydonida harakatlanishiga ham ma’lum vaqt sarf bo‘ladi
(thosh o). Shunday qilib, avtobusning marshrutni
boshlang‘ich va oxirgi bekatida turib qolish vaqti

quyidagicha ifodalanadi:

bosh bosh bosh

t?osh = tjl;g’sl’:)vtush + thujj + tyo'lovchiq + tdamovqat +
thar ®)
tgx = t;f)c'lovtush + t)?lfjj + tj%c'lovchiq + tggmovqat +
thars (7

Ta’kidlash lozimki yuqorida keltirilgan tenglamadagi
ayrim elementlar avtobusni bekatda turib golish vaqti
mobaynida o°zaro parallel ravishda (bir vaqtda) bajarilishi
va shu tufayli ularni har biri alohida element sifatida vaqt
egallamasligi mumkin. Masalan, haydovchi bekatda ma’lum
muddat davomida dam oladi va ovgatlanadi, bu vaqtda
yo‘lovchilar esa avtobusga chiqib, salonni to‘ldira
boshlaydilar. Ammo boshga bir holatlarda esa har bir
element alohida bajariladi. Masalan, oldin haydovchi dam
oladi va ovqatlanadi, keyin esa avtobusni yo‘lovchilar
chiqishi uchun bekatga qo‘yadi.

Marshrutni oraliq bekatlarida, aniqrog‘i -ragamli oraliq
bekatda avtobusni turib qolish vagti (t7') esa uni bekat
bandligi tufayli bekatga kirishni kutib golish vaqti (¢34 xue)s
avtobusdan yo‘lovchilarni tushirish vaqti
(tJor10v.cush),2VtobUsga yo‘lovchilarni chigarish
(tyoriov.chig) V@ uni bekatdan chigishni kutib golish
(tchiq.ue) (agar bekatni chigish yo‘lakchasi band bo‘lsa) va
avtobusni bekatga kirgandan chigib ketguncha harakatlanish
vagtlari (tj5,.)dan iborat bo‘ladi, ya’ni

tg = tlrclir.kut + t;/lo'lov.tush + t;o’lov.chiq + tcr'lhiq.kut +
thar: ®)

bu yerda n 1-chi va nd, oxirgi bekat ragamlaridan
iborat to‘plamga tegishlidir, ya’ni n € {31 + ng,}. Tashish
marshrutining yuk jo‘natish yoki qabul qilish manzillarida,
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avtobus to‘xtash bekatlarida yuz beradigan jarayonlarni
tizimli tahlil etish, ularni tarkibini aniglash va tashkil etuvchi
elementar  jarayonchalarga ajratish  uchun  graflar
nazariyasining holatlar grafi (graf sostoyaniy) tushunchasi
va yondashuvidan foydalanish magsadga muvofiqdir. Bunda
yondashuv  yuk jo‘natish (qabul qilish) manziliga yoki
avtobus to‘xtash bekatiga kirib kelgan avtomobil shu
manzildan (bekatdan) chigib ketgungacha bajariladigan va
bir-birlaridan mazmuni, shakli va texnologiyasi bilan farq
giluvchi elementar jarayonlar tarkibini aniglashga imkon
beradi. Elementar jarayonlarni har birini asosiy obyekt
bo‘lmish “avtomobil-haydovchi” elementini ma’lum bir
holatda bo‘lishini, masalan, hujjatlarni rasmiylashtirish, yuk
ortilish jarayonida turib qolish, avtomobilni yuk bilan
birgalikdagi og‘irligini o‘lchash yoki avtobusni bekatga
kirishni kutib turishi, bekatga kirishdagi harakatlanishi,
yo‘lovchilarni salondan tushib ketishi jarayonida turib
qolishi, yo‘lovchilarni salonga chiqarish jarayoni va shu kabi
har bir holatda bo‘lishini taqozo etadi.

3. Natija

Oraliq bekatlarda sarflanadigan vaqtlar kattaligi
avtobusning yo‘nalishi bo‘ylab umumiy sarflanadigan
vaqtini  belgilashda, shuningdek, harakat intervalini
ta’minlashda muhim axamiyatga ega. Yo‘nalishli
avtobuslarning oraliq bekatlarda sarflaydigan vagtlarining
ulushlari bo‘yicha tagsimlanishi o‘zgarib ko‘payib ketsa
avtobus marshrut vaqti cho‘zilib ketadi, natijada oraliq
interval o‘zgarib ketadi, natijada avtobusning ish rejimidan
va belgilangan harakat jadvalidan chigish holatlari
kuzatiladi. Mazkur masalaning ilmiy yondashuvi,
avtobuslarning oraliq bekatlarda sarflaydigan vagqtlarini
tashkil etuvchi parametrlarning tagsimlanish gonunlarini
aniglashni tagozo etadi.

Toshkent shahridagi yo‘nalishli avtobuslar harakat
vaqtlarining tqsimlanishi bo‘yicha sinov tadqiqot ishlari olib
borildi. Olib borilgan sinov tadqiqot ishlari natijasi bo‘yicha,
avtobuslarning umumiy harakat vaqtining o‘rtacha 35 %
oraliq bekatlarda turishga sarflanishi ma’lum bo‘ldi. Oraliq
bekatlarda turish vagtlarining meyoridan ortib ketishiga
yo‘lovchilarning  avtobuslarga tartibsiz  chiqish  va
tushishlaridagi kutishlar sabab bo‘lmoqda. Avtobuslarning
harakat jadvallari ishlab chigilishida xisob natijalari
bo‘yicha oraliq bekatlarda turish vagqtlari yo‘lovchilar
ogimini inobatga olgan holda o‘rtacha 30-45 soniya etib
belgilanadi. Sinov tadqiqot natijalarida yo‘lovchilarning
oraliq bekatlardagi tartibsiz harakatlari sababli mavjud holat
40 soniyadan 153 soniyagacha yetmoqda.

Sinov tadqiqotlari bekat band bo‘lganda avtobuslarning
bekatga kirish uchun sarflangan vagqtlar, yo‘lovchilarning
avtobusdan tushishlari va chigishlari uchun sarflangan
o‘rtacha vaqtlarining xisoblari bo‘yicha amalga oshirildi.

Bitta oraliq bekatda avtobuslarning sarflaydigan vaqtlari
bo‘yicha tadqiqot ishlarini amalga oshirish uchun Toshkent
shahrining eng gavjum bekatlaridan biri — “Oloy bozori”
bekati tanlab olindi. Toshkent shahridagi “Oloy bozori”
oraliq bekati (93-sonli avtobus yo‘nalishi) orqali
harakatlanuvchi avtobuslarda, haftaning ish kunida,
yog‘ingarchiliksiz (quruq) kunda, ertalabki “tig‘iz soat’da
o‘tkazildi.

Sinov tadgigot natijalarini inobatga olgan holda nazariy
chastotalarni  xisoblash  orqali giymatlar  asosida
o‘rganilayotgan ko‘rsatkichlarning taqsimlanish qonunlari
aniglandi va “xi kvadrat” (y2) meyori asosida ularni tanlab
olingan gipotezaga mosligi tekshirildi. lzlanishlarning
keyingi vazifasida empirik chastotalarning (gistogramma
bosgichlari 2,3,4- rasm.) tegishli nazariy chastotalardan
(nazariy chastotalar giymatlari 2,3,4— rasm.) ganchalik farq
qgilishi baholandi.

1-jadval

Bekat band bo‘lganda kutish uchun sarflangan vaqt empirik chastotalarning va nazariy
chastotalar hisoblari

/ 2
X; n; xn; Xizni Zi f(Z |) Tll/ n; Tll/ M
n;
3 2 6 18 2,49 [ 0,02 [ 0,80 4 2,15 1,5860
5 2 10 50 227 | 003 | 136 3 2,19 0,2960
7 3 21 147 2,05 [ 005 [ 219 3 3,38 0,0425
9 3 27 243 -1,82 | 008 | 338 5 4,95 0,0005
11 | 5 55 605 -160 [ 011 [ 495 7 6,90 0,0014
13 | 7 91 1183 -1,38 | 015 | 690 9 9,15 0,0025
5 |9 135 2025 -1,15 [ 021 [ 915 11 11,55 0,0260
17 | 1 187 3179 093 [ 026 [ 1155 14 13,86 0,0013
19 | 14 266 5054 0,71 [ 031 [ 1386 16 15,84 0,0017
21 | 16 336 7056 048 | 035 | 1584 18 17,21 0,0364
23 | 18 414 9522 026 [ 039 [ 1721 16 17,79 0,1806
25 | 16 400 10000 0,04 [ 040 [ 17,79 15 17,50 0,3578
27 | 15 405 10935 019 | 039 | 17,50 13 16,38 0,6977
29 | 13 377 10933 041 | 037 | 16,38 14 14,59 0,0236
31 | 14 434 13454 063 | 033 | 14,59 11 12,36 0,1491
3B |1 363 11979 085 | 028 | 12,36 12 9,96 0,4176
3B | 12 420 14700 108 | 022 | 996 12 7,64 2,4904
37 |12 444 16428 130 | 017 | 764 17 13,21 1,0862
39 | 10 390 15210 152 | 012 | 557 Xi ksanpan (x) 7,3974
4 |7 287 11767 175 | 009 | 387 |
Xv=25.34; ©=28.9; Yx¥?=7.3; h=2
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Shahar yo‘nalishli avtobuslarining tadgigot obyektidagi
oraliq bekatda bekat band bo‘lganda kutish uchun
sarflangan, eng ko‘p aniglangan (ts.6.6.yr) - Vaqt 23 sekundni
tashkil etmoqgda.

20

chastota
=
o

3 7 11 15 19 23 27 31 35 39

(t6.6.6.4y7) sekund

2-rasm. Bekat band bo‘lganda kutish uchun sarflangan
vagtning tagsimlanishi
x?=1(0.0515)=72<111

bu yerda: 0.05 — ishonchlilik ehtimoli darajasi; 15 —
erkinlik darajasi giymati.

Ushbu vaqgt Puasson gonuniyatiga boysunishi gipotezasi
ilgari surildi. Yy%kuz > x? dan kelib chigib qonuniyat
ganoatlantirilganligi sababli Puasson tagsimoti gipotezasini
qabul qilish mumkin. Yo‘nalishli avtobuslarining bekat band
bo‘lganda  kutish uchun sarflaydigan vagqtlarining
tagsimlanishi gistogrammasi va uni tekislovchi normal
tagsimlanish  egri  chizig‘i 2-rasmda  keltirilgan.
Yo‘lovchilarning bitta oraliq bekatlarda avtobusdan
tushishlari uchun sarflagan vagqtlari bo‘yicha olingan
ma’lumotlardan ma’lumki avtobusdan tushishlari uchun
sarflaydigan, eng ko‘p aniqlangan (twsh) - vaqt 21 sekundni
tashkil etmoqgda.

25
20

= e
o un

chastota

vl

3 7 11 15 19 23 27 31 35 39

(t) sekund

3- rasm. Yo‘lovchilarning avtobusdan tushishlari uchun
sarflangan vaqtning tagsimlanishi

Yo‘lovchilarning  avtobusdan  tushishlari ~ uchun
sarflangan vaqt ko‘rsatkichlari xv=22.9; o=
8.24; Yx?= 6.47, h=2. Yo‘lovchilarning bitta oraliq
bekatlarda avtobusdan tushishlari uchun sarflaydigan, eng
ko‘p aniglangan (twsh) - vaqt 21 soniyani tashkil etmoqda.

Yo‘lovchilarning bitta oraliq bekatlarda avtobusga
chigishlari uchun sarflagan vaqtlari bo‘yicha olingan
ma’lumotlardan ma’lumki avtobusdan tushishlari uchun
sarflaydigan, eng ko‘p aniqlangan (tchiq) - vaqt 27
sekundni tashkil etmoqda.
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30

20

10

T .

3 7 11 15 19 23 27 31 35 39

chastota

(t) sekund

4-rasm. Yo‘lovchilarning bitta oraliq bekatlarda

avtobusga chigishlari uchun sarflaydigan vaqtlarining
tagsimlanishi
x2=(0.05;15) = 7.2 < 11.1

Yo‘lovchilarning  avtobusdan  chiqishlari  uchun
sarflangan vaqt ko‘rsatkichlari xv =24.1; o = 8.07,
Y x?= 6.47; h=2. Yo‘lovchilarning bitta oraliq bekatlarda
avtobusga chigishlari uchun sarflaydigan, eng ko‘p
aniglangan (tchig) - vaqt 27 soniyani tashkil etmoqda.

Yo‘nalishli avtobuslarning tadqiqot obyektidagi bitta
oraliq bekatda sarflaydigan vagqtlari Y y?kuz > y? dan kelib
chigib gonuniyat ganoatlantirilganligi sababli Puasson
tagsimoti gipotezasini qabul gilish mumkin. Tadgiqot
obyektida yo‘nalishli avtobuslar uchun ajratilgan harakat
bo‘lagi bo‘lganligi sababli bekatdan chiqib asosiy harakat
ogimiga qo‘shilish uchun sarflangan vaqtni 0 ga teng deb
gabul gilamiz. Tadgiqot obyektida avtobuslar sarflaydigan
vaqtining o‘rtachalashgan hisobinu aniglanib, quyida
keltirildi. Avtobusni bekatga kirgandan chigib ketguncha
harakatlanish vagtlari (¢t,5) 12.79 soniya deb gabul qilindi:

£ = Lo T Loy + U0 + i F Ly F the + thuy + thoy

top = 25,34+ 22,9+ 24,1+ 12,79 = 85

Jamoat transportlari harakatining har bir xisobga
olinmagan ushlanib qolishlari avtobusning yo‘nalishdagi
harakat vaqtiga salbiy ta’sir ko‘rsatadi. Tadqiqot natijasida
oraliq bekatlardagi ortigcha ushlanib golishlarining ulushi
avtobuslarning bekatga Kirishni kutish vagtlari hamda
yo‘lovchilarning avtobusga chiqishlari va tushishlari
vaqtlariga to‘g‘ri kelishi aniglandi. Avtobuslarning marshrut
vagtlarining rejadan chigib ketishiga, oraliq bekatlarning
o‘tkazuvchanligiga salbiy ta’sir ko‘rsatuvchi bunday
omillarni harakat jadvalini ishlab chigishda hisobga olish
magsadga muvofiq. Harakat jadvalini ishlab chigishda oraliq
bekatlarda avtobuslarning ortigcha ushlanib golishlarini
tashkil giluvchilarini har birini hisobga olish, avtobuslarning
harakat intervalini ta’minlash, yo‘lovchilarga xizmat
ko‘rsatishning  ishonchliligini, shuningdek  oraliq
bekatlarning o‘tkazuvchanlik qobiliyatini oshirishga
erishish mumkin.

4. Xulosa va takliflar

1. Avtobus bekatining yo‘l qatnov gismidan ajratilgan
(cho‘ntak) ko‘rinishda bo‘lishi jamoat transportlarining
marshrut davomidagi oraliq bekatlarida to‘xtashlarining
boshqa harakat gatnashchilariga salbiy ta’sirini sezilarli
darajada kamaytiradi. Bu esa jamoat transportlari bilan sodir
bo‘lishi mumkin bo‘lgan yth larining oldini olishga,
bekatdagi yo‘lovchilarning havfsizligi ta’minlanishiga
jjobiy ta’sir ko‘rsatibgina qolmay umumiy bekatda
sarflanadagan vagtlarni optimallashtirish orgali
marshrutdagi avtobuslarning oraliq intervallari

December, 2024
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:4|2024

ta’minlanishiga erishiladi. Toxtash joylari tashkil etilishda,
avvalambor, foydalanuvchilar (yo‘lovchilar) ehtiyojlarini
hisobga olinishi kerak. Shuningdek, jamoat transporti,
jamoatchilikni rivojlantirish va transportni boshgarish
vazifalarini ko‘rib chiqish orqaligina oraliq intervallarni
ta’minlash mumkin.

Yuqorida tadgiqgot natijalari va aniglangan muammolar
yechimi sifatida quydagi takliflar taklif etiladi:

- transport vositalar harakatini va sonini yo’lovchilar
ogimiga mos ravishda tagsimlash;

- yo’nalishli avtobuslar harakat intervalini taminlash.
Avtobus bekatlarning o’tkazuvchalik qobiliyatini
oshiradi;

- yo’nalishli avtobuslar haydovchilarning ish faoliyatini
nazoratga olish (avtobus bekatlariga kirish va chigish
talablariga rioya etishni taminlash);

- avtobus salonida chiptachi xarakati.;

- atrofida mashinalar qo’yilishi cheklanish kerak kamida
50 metrga;

- toshkent shahrida avtobus bekatlari namunaviy
loyihasini yo‘lovchilar, shu jumladan, aholining
imkoniyati cheklangan guruhlari uchun qulay shart-
sharoitlar yaratilishini inobatga olgan holda ishlab
chigish zarur.

2. Toshkent shahridagi yo‘nalishli avtobuslar harakat
vagqtlarining tqsimlanishi bo‘yicha sinov tadqiqot ishlari olib
borildi. Olib borilgan sinov tadgiqot ishlari natijasi bo‘yicha,
avtobuslarning umumiy harakat vaqtining o‘rtacha 35 %
oraliq bekatlarda turishga sarflanishi ma’lum bo‘ldi. Sinov
tadqiqot natijalarida yo‘lovchilarning oraliq bekatlardagi
tartibsiz harakatlari sababli mavjud holat 40 soniyadan 153
soniyagacha yetmoqda.

3. Ko'p hollarda oraliq bekatlarda yo‘nalishli avtobuslar
harakat vaqtlarining tagsimlanishi (tagsimoti) Puasson
qonuniga bo'ysunishi aniqlandi. yo‘nalishli avtobuslar
harakat  vaqtlarining  tashkil etuvchilari  bo‘yicha
kuzatuvlarning statistik ma'lumotlarini gayta ishlash
natijasida xizmat ko'rsatish davomiyligi normal tagsimotga
ega ekanligi aniglandi.
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Experimental study of the hydraulic hinged mechanism of a high-
clearance tractor for horticulture and viticulture

B.J. Astanov®? Yu.A. Shermukhamedov2®®
Unstitute of Mechanics and seismic stability of structures AS RUz, Tashkent, Uzbekistan
2Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In the article, presents the program and methodology of laboratory and field tests of the hydraulic
attachment mechanism of a high-clearance tractor for horticulture and viticulture. Transients of pressure
changes in the GTS during lifting of loads of 1000 and 1500 kg are obtained. Statistical processing of the
test results was carried out. The obtained average values of the experimental research results allow us to
assess the compliance of the parameters of the experimental tractor with the requirements of the technical
specification, as well as to verify the adequacy of theoretical models to experimental data.

Keywords:

high- clearance tractor, hydraulic hinged system, kinematic scheme, methodology, program

IKCNEePUMEHTAIbHOE HCC/IeJOBAaHNEe THAPABINYECKOT0 HABECHOTO
MeXaHHU3Ma BbICOKOKJIHPEHCHOTO TPAKTOPA JIsl CAI0BOJACTBA 1
BHHOTPaapcTBa

Actanos B.JK.1®? Illepmyxamenos FO.A 200
MucTutyT MexaHuku u celicMocTolikocTn coopyxenuii AH PY3 umenn M.T.Ypas6aesa, Tamkent, Y36ekucTan
TamkeHTCKU TOCy1apCTBEHHBI TPaHCIOPTHBIA yHUBepcuTeT, TamkeHt, Y36exkucTan

AHHOTALUA:

B craThe nmpuBOANTCS MpOrpamMMa U METOIUKA JJAGOPATOPHO-TIONEBEIX UCIIBITAHUIN THAPABIMIECKOTO

HAaBECHOTO MEXaHH3Ma BHICOKOKIIMPEHCHOTO TPAKTOPa JUlsl CaJJOBOJICTBA M BUHOTpagapcTBa. I10IyyeHb
repexoaHsIe poreccsl n3MeneHus gasieHus B [HC mpu moseme rpy3os 1000 u 1500 kr. [IpoBenena
cTaTUcTHYECKas 00paboTKa pe3ysIbTaToB UCTIBITaHUH. [ToJTydeHHbIEe CpeTHIe 3HAYCHHUS Pe3yJIbTaTOB
9KCHEPUMEHTAIBHBIX UCCIICIOBAHMIT TO3BOJISIOT OLEHUTh COOTBETCTBHSI TAPAMETPOB OIBITHOTO
TpakTOpa TpeOOBaHHUAM TEXHUYECKOTO 3a/IaHUs, a TAKXKE TIPOBEPKH aJIEKBATHOCTH TEOPETUUECKUX

MOI[CJ'Ieﬁ OKCIEPUMEHTAJIBHBIM JJaHHBIM.

Kunrouesie ciioBa: BLICOKOKJ'II/IpeHCHOﬁ TPaKTOp, TUAPABINYCCKAass HABECHAsA CUCTEMA, KHHEMAaTHYECKasa CXeMa, METOAUKaA,

nporpamMma

1. BBeaenue

Ha cerognsuiHuii aeHb B pecrnyONuKe MpPaKTHYSCKH
OTCYTCTBYET OTCUCCTBEHHAS CIICIIHATU3UPOBAHHAS TEXHUKA
Uis  pabOThl BHYTPU CaJOB U BHHOTPATHHKOB C
TPaJUIIMOHHOM W  MHTEHCUBHOW  arpoTeXHOJIOTHUSMHU
Bo3zenbiBaHus [1]. TpagumuonHass 0O6paboTKa MOYBHI MO
cagpl M BHHOTPAJHHKA YacTO HE JIAaeT JKElaeMoro
pe3yiibTaTa, TaKk Kak MpU MHOTOKPATHBIX MPOXOJax I0YBa
HE TOJIBKO PBIXJMTCS, HO U YIUIOTHAETCS, pazpyuiaercs eé
CTpyKTypa. B Takoii cuTyauuu, OTCyTCTBHE B PecItyOiuKe
CTCIHATU3UPOBAHHOTO TPAKTOpa I CaaOBOJACTBA H
BHHOFpa}lapCTBa, a}laHTHpOBaHHOFO K MECTHBIM yCHOBI/IﬂM,
HE JaeT BO3MOJKHOCTH MOMIHATH YPOBEHb MEXaHHU3AIHU B
cagax W BUHOTPAJHHKAX, CIEIOBATEIBHO, HE MO3BOJSIET
MOBBICHTH POU3BOIUTEIBHOCTD TPY/Ia B 3TUX OTPacisix [2].

TlosTomy, 00OCHOBaHHE U  pacyeT I1apaMeTpOB
OTEYECTBCHHOTO CaJ0BO-BHHOTPAIHUKOBOTO TpaKTopa H
€ro Cco3JaHHe SBISIETCS OMHOM W3 aKTyallbHBIX 3a1ad B

al® https://orcid.org/0000-0003-1939-2529

https://t.me/tdtuilmiynashrlar

mporecce KOMIUIEKCHOW MEXaHM3alUH  BHIPAIINBAHUS
(hpyKTOB M BUHOTpAA.

B KoHCTpyKTOPCKO-TEXHOJIOTHYECKOM LEHTpe
CEJIbKOXO3SIMCTBEHHOTO  MAIIMHOCTPOEHUS  IMpeJUlosKeHa
KOHCTPYKIMS MOPTalbHOI'O BBICOKOKJIMPEHCHOIO TPaKTopa
(Puc.1).

Ha BBICOKOKIMPEHCHOM IIOPTaJbHOM TpPakTOpe B
KauecTBe THAPABINYECKOTO HABECHOTO 00OpPYIOBaHUS
MPUMEHHM TIOCKHI PHIYaKHBIH CEMH3BEHHBIN MEXaHHU3M C
BPAIIAIONIUMICS KHHEMaTHIeCKUMH napamy 3BeHseB. [ HC
YIpaBISeTCS  Pa3feNbHO-arperaTHBIM — THAPABINIECKUM
IPUBOJIOM TPAKTOpPA, OCHOBHBIMH 3JIEMEHTaMH KOTOPOTO
SBISIIOTCS: MacisHbIA  0ak, Hacoc, pacIlpe/e/UTelb,
cunoBoit mwimHAp U ruapoinuHui. 'HC coBpeMeHHBIX
HOPTaJIbHBIX TPaKTOPOB JIOJDKEH obecre4nTh
rpy3omnoabeMHocTh 10 1,8 T (17,658 xkH).

Llensio mpoBeaeHHs 7a00PaTOPHO-TIONIEBBIX UCITBITAHUN
TPaHCIOPTHBIX CpencTB SIBIIAETCS oTpesieneHne
MapaMeTpoB I'HIPABINIECKOI HABECHON CHCTEMBL.

[IporpamMma HCIBITAHUI: ONpenesieHHE IapaMeTpoB
T'UIPaBINYECKON HABECHOH CHCTEMBI.
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Metoauka HCIBITAaHUM: onpezeneHue
TPy30H0JbEMHOCTU THJPABINYECKOM HABECHOU CHCTEMBbI
TPaKTOpa; OIpPEACICHUE BPEMEHU IEPEMEIICHUs OCH
HaBECHOT'O yCTPOMCTBA C TPy30M U 0e3 Tpy3a U3 HIKHETO B
KpaifHee BepXHee I0JIOKCHUE, COOTBETCTBYIOIEE TIOJIHOMY
xomy TIOPIITHS THAPOLUINHAPA; olnpezeneHne
MHHUMAaIbHOTO PAcCTOSHMUS OCH TOJABECA OT OIOPHOIt
MOBEPXHOCTH B HIJKHEM [OJIOXKEHHHM; OIpEAeIeHNe
CTaOMIIEHOCTH MOJIOKEHHUS MOAHATOTO TPy3a.

Ilepeuenp cpencTB u3MepeHUII M NOTPEHIHOCTh
OTAENBHBIX TIPHOOPOB W amlmapaTypsl IPHUBEAEHB B
Tabmmuax 1 u 2.

2. MeToa0s10rus UCCJIeA0BAHUSA

JIaGopTOpHO-TIONEBBIE HCIBITAHUS HPOBOJATCS Ha

onbITHO-TI0NIEBBIX ydacTkax OO0 «KTLCMy.

Jlns  ompeneneHus MaBICHUS B THAPOCHCTEME Ha
ONBITHOM 00pasie TpakTopa MpHUMEHEHa CIenuaIbHas
ammaparypa, cocrosmas M3 AnadparMeHHBIX aTIMKOB,
COCIMHEHHBIX  KabeleM ¢ aHaJOroBO-IU(POBBIM
npeobpazoBareneM OBM (puc. 2).

Puc. 1. O0muii BU1 NOPTAIBLHOI0 TPAKTOPA

Ta6anma 1
IlepeueHs cpencTB H3MepeHUit

Ne | U3mepsiemblii mapameTp CpencrBa H3MepeHU

1 | TemnepaTypa OKpy»Xarollero Bo3ayxa Tepmomerpsl crexnsaanbie o FOCT 215, TOCT 2823

2 AtmocdepHOe TaBicHHEe Bapomertpsl, aHepouabl W H3MEpUTENBHBIC HpPeoOpa3oBaTEIN
nmasnenus o 'OCT 22520.

Temmnepatypa Macia B rTUApOCHCTEME TepmomnpeobpaszoBarenu comportusieHus mo ['OCT 6651 B

3 KOMIUJICKTE C M3MEpUTENbHBIMU IpeoOpazoBatensmu o [OCT
13384.

4 | Macca mogHIMaeMoro rpy3a Becrr Texangeckue mo 'OCT 23676.

5 Bpewms onbita CeKyHIOMEPHI ¥ XPOHOMETPHI MEXaHWIECKHE U 3JTEKTPOHHBIE
no 'OCT 5072.

6 | JIuneiiHble pa3Mepsl Pynerku metannuueckue.

7 | YrioBble pa3Mepbl Yraomep o 'OCT 5378

8 JlaBnenue paboueit KUIKOCTH Manometpsi o 'OCT 2465, TOCT -11161,
TenzomeTpuuecKkuil 1aTUMK JaBICHUS

[TorpemHocTh pacyeToB He JOKHA MpeBbILATh £1%.

Tab6auna 2
IlorpemHocTH cpeacTB U3MePeHMIT
HaumenoBanmne | O6o3HaueHHE Tpenen OCHOBHOM
Ne HanaMerpa HapaMeTPa abCconmroTHON
P P P p HOTPENIHOCTH (%)
Temnepartypa, °C
1 T 1,0
AT™MochepHoe
2| pasneuue, KPa Bowy 0,10
Macca, kg
3 m: 0,50
Bpewms omnbita, S
4 T 0.20
Jluneiinpie
5 pa3Mepsl, MM h 0,01h
VrioBble pa3Mepsl,
6 rpam. B 10
JlaBieHue B
7 rugpocucreme, MPa p 0,02 pmax

December, 2024
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Puc. 2. Annaparypa st u3MepeHus 1aBJeHNs B
TUApOCHCTeMe TPAKTOpa
B kauectBe nuadparMeHHBIX JaTYMKOB JIABJICHUS
npuMeHsn aatauku Mozaean SS302 dupmsr Sendor Sensor
(puc.2) c¢ mmamazoHoM usMmepenus oTr 0 mo 40 Mma c
TogHOCTBIO 0,5%, KOTOpBIC YCTAaHOBWJIM Y BXOIHOTO H

BBIXOJTHOTO KaHaa pabouero THIPOLMIAHIIPA,
NPUBOJIAIIETO B [EWCTBHE MEXaHW3M HW3MEHEHWs 0a3bl
TpakTopa.

CurHasbl, MOCTyMNAlOIIe OT 1MadparMeHHBIX JaTYHKOB
4yepe3 aHaIoroBO-IU(POBOil Mpeobpa3zoBares Mo Kabelto,
IepeiaBaInuch HETOCPEICTBEHHO Ha OBM u
00pabaTeIBAKCH IO CHENUATBHOM nporpamMmMe Arduino.

IMpu mOMOIIY IUICHUPOBAHUS SKCIIEPHUMEHTA MOXKHO
MOCTHYh  HEOOXOMMMOW  JIOBEPUTENbHONH  TOYHOCTH
pe3yNIbTaTOB  KCIONB3Yss  MHHHUMAIBHOE  KOJIMYECTBO
OIIBITOB. BonpocaM TUTAaHUPOBAHUA OIILITOB, NOJATOTOBKU U
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MPOBEICHUIO SKCIIEPUMEHTA MOCBsIIIeH psia pador [3-8].

KputepueM NOCTOBEPHOCTH AaHHBIX, MOJYYCHHBIX W3
9KCIIEPUMEHTA  SBISICTCS, CyMMapHas  IIOTPELIHOCTb,
COCTABJISIIOLINME KOTOPBIX JOJDKHBI YYHTBIBATBCS  IIPH
KaX/IOM HaOIIFOJCHUH W Ha BCEX CTaJusiX H3MEPCHUIL.
CyMMapHast HOTPElIHOCTh COCTOMT M3 IOrpeIIHoCTei
U3MEPHUTEIbHBIX TNPUOOPOB M IOTPEHIHOCTH  3aIlHCH,
KOTODBIE 3aBHCAT OT METPOJOTHMYECKHX XapaKTCPHCTHUK
H3MEPUTEIIEHO-PETUCTPUPYIOLel anmapatypst [8].

B paGorax [5, 7] KoiIM4ecTBO MOBTOPHBIX OIBITOB
CTaBUTCS B 3aBHCHMOCTH OT CTaHAapTa H3MEpeHUH H
3a/IaHHO HaJIeKHOCTH PE3YJIbTATOB.

CTaHgapTHOC WIHM CPEIHEKBaAPATUYHOE OTKIOHCHHE
SBJISIETCS MEPOil TOYHOCTH CpPEJHEro apu(pMEeTHYECKOro

ompenensercs no Gopmyie:

o= [Hoc @

rae a; — pe3yiabTaT 00ro HM3MEpeHHUs;d— CPEIHSIS
apu(MeTHIecKast H3MEPeHNIT; N— KOJMIECTBO U3MEPEHHI.

Ilox HaneXHOCTBIO TOAPA3yMEBAIOTCSI BEPOSITHOCTH
MOTYUYEeHUs] TEX XK€ PEe3yNbTaTOB NPHU HOBBIX M3MEPEHHAX
TOH e BENUYUHBI WU BEPOSTHOCTb TEX XK€ PE3yJIbTaTOB
IpU TIOBTOPEHHM OMBITA B aHAJOTHUYHBIX YCIOBHSX. Uem
OoJIbIIE OTHOCHTENBHBIC KOJICOAHMS PE3yNbTaTOB M 4eM
OOJIBIIYI0 HAe)KHOCTh OIIBITA JKENATENbHO IOJIYYHTh, TEM
OOJIBIIO JTOIDKHO OBITH ITOBTOPHOCTEH. DTa 3aBHCHMOCTH
npuBeeHa B Buae Tadmimt 3 [3, 4].

3HAQUEHHUs HEOJHOKPAaTHO M3MEpPEeHHOH BenuuuHB. OH
Tab6auua 3
Heo0xo11Moe KOJIHYECTBO ONBITOB (M3MepeHuii)
Ommbka, Hanexuocts omnbita, H
A 0,5 l 0,6 0,7 0,8 0,9 0,95 0.99 0,999
3,0 1 1 1 1 2 3 4 5
2,0 1 1 1 2 3 4 5 7
1,0 2 2 3 4 5 7 11 17
0,5 3 4 0 9 13 18 31 50
0,4 4 0 8 12 19 27 46 74
0,3 6 9 13 20 32 46 78 127
0,2 13 19 29 43 70 99 171 277
0,1 47 72 169 266 273 387 668 1089
0,05 183 285 431 659 1084 1540 2659 43387
0,01 4543 | 7090 | 10732 | 16436 | 27171 38416 66358 | 108307
Hns toro, 4toOBl MO MAaHHOW Tabmmie mnomodpars v=2 100%; (5)
MHHHMAIBHOE KOJHHECTBO OIEITOB, 11606XOL[I/IMO 3amarcs BOSMOKHOE gTKHOHeHI/IC CPEIHETo apUGMETHIECKOTO
HAJISKHOCThIO H 1 ommOKo# A, B35TOM B A0JIAX CTaHIapTa .
3HAYCHHUS:
.
B cnmydae oTcyTCTBHS MAHHBIX 1O KOTOPHIM MOYKHO oz = \% = \/%; (6)
ObUT0 YCTOHOBHTH 3HAUCHHE CTAHJAPTHOTO OTKJIOHEHHS
OTHOCHUTEIBHOEC  TOTPEIIHOCTh  OIEHKH  CPEIHETO
npuaumaercss  [5, 6 ], 4ro nmpenmenmbHas — omuOka .
" apr(pMETHIECKOTO 3HAUCHHUS B IPOICHTAX:
NpUOMIDKEHHO ~ paBHA  HAaWOOJBIIEH  BO3MOXHOCTH % = %100 7
CTaTUCTUYECKOU UTOTAA ox% = B 100, @
A, = +30, ) MaKCHMAJIbHOE OTKIIOHEHHE Oy -
HagexaocTh H 17T H3MEPEHHH, CBA3aHHBIX C IuppocucTemMa  ombITHOTO — oOpasia  TpakTopa C
KOHCTpYKIMeH MammuH [5] pekoMeHIyeT OpaTh paBHON perynmpyeMsIM KIHPEHCOM COCTOMT 3 ruaponacoca HIII-
0,9, a Opu W3MEPEHHH BEMYHH, SBIAIONIMXCS OCHOBOH 32, ruapopacmpenemurens P80,  nmByx  paboumx
JanpHeHmMX pacyeTos - 0.99. Ha 0CHOBaHHH MONYYEHHBIX rugpommwtuaapos  1190-200,  rmapobGaka,  GunbTpos,
JAHHBIX TI0 TaOnuIe 3 OMpeaeuM KOJHUECTBO MOBTOPHBIX LUIAHTOB U TPyO BBICOKOTO JaBIEHHS. Y BXOAHOTO U
OIIBITOB: BBIXOJTHOTO KaHasa paboumx THIPOLIMINHIPOB,
- TIPY OTIPEIETICHUH MTAPaMETPOB MEXaHU3MOB TPUBOISIIHNX B NelcTBIe I'HC, pasMEHICHbI
U3MEHEeHHUs 0a3bl U OECCTYNEHYaTOro N3MEHEHHUs KIINpeHca AuadparMeHHble JATIHKH (pUc. 3).
tpakTopa H=0,9; n=2;
- MIPH CPaBHEHHU SKCHEPHUMEHTATBHBIX HCCIIEIOBAHUMA
muaamukn [HC ¢ sxcniepumenrtansabivia H=0,95; n=3. 3. Pe3yJ'II)TaTI)I
OCHOBHEIE pe3yIbTaTHI IKCIIEPUMEHTATBHBIX
HCCIIeIOBaHUI 00pa0OTaHBI IO TPABHJIaM CTATHCTHYECKOM B pe3yJIbTaTe  MPOBCACHUA  OKCTICPHMCHTATBHBIX
06paGotku [3-6]. TIpH 5TOM ONpEEAMHCh CleAyIOmIIe uccnenoanuii 'HC  ombITHOro TpakTopa IOJy4YeHBI
AHAYCHILS: cleyrolire nokasarenu (tabnuisi 4...6):
cpeitee apH(MeETHIECKOe 3HAUCHHUE: AHanu3 pe3ynbTaToB UCTaTPlCTI/ll{eCKHX nanubix ['HC
— xptagxghetx, | Y0 npu nogseme rpysa maccoit 1000 kr mokasai, 4To cpenHee
0= n T ©) 3HAUYCHHE MAaKCHMAaJbHOTO JaBjieHus coctaBmiio 3,07 Mlla,
TJIe N— YKCIIO OIBITOB; X; — 3HAYEHHUE i-TO OMbITA,; CpeHEeKBaIPaTHIHOE  OTKIOHeHHe coctaBwio 0,55,
JUCTICPCHSL: mucriepcust Obuta paBHa 0,44, MakCUMallbHOE OTKIIOHEHHE
o2 = LO-0)? () paBao 1,47 Mlla, koadduimenT Bapuammu paseH 20,
n-1 BO3MOXKHOE OTKJIOHEHHE CpeaHero 3HaueHus 11,5,
K02 GUIHEHT BapHallnu:
OTHOCHUTEIBHOE MOTPEIIHOCTh OLEHKH CPETHETO 3HA
119 December, 2024
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30%. Ilpu mombeme rpy3a Maccoil 1500 kr cpenHee Tabauna 4
3HaueHNe MaKCUMAaJILHOIO JIaBjeHus coctaBuio 6,49 Mlla, Pe3yabTaThl IKCIIEPUMEHTAJIBHBIX HCCJIeI0BAHMIA
CpeIHEKBaIpaTHIHOE OTKIOHEeHHE - 0,35, nucnepens - 0,17, IIpoBenennble 3xcnepumenTaibubie | [lokazarean
k03¢ GUIUEHT BapuanuH - 6,19, MakCHMalIbHOE OTKJIOHEHHE HCCJICIOBAHUS
- 0,84 MIIa, BO3MOKHOE OTKJIOHEHHE CPEIHEro 3HAUCHHUS - JlaBiicHHE aBTOMATHYECKOTO BO3Bpara
3,57, OTHOCHTENBHOE WOTPEIIHOCTh OLIEHKU CpPEIHETO B HEHTpanbHOE IOJIOKEHHE 30JI0THHKA 16
3HayeHus - 20%. JlaHHble NMOKa3BaloOT, YTO M3MEHYHBOCTH ruapopacnpeaenurens, MPa
BapHallUOHHOI'O psaa CUHUTACTC HC3HAYUTCIBHOU H I[aB_HerIe OTKPBITHS
BLI6paHHI>IC CpE€AHNC 3HAUYCHUA AC€KBATHO IPEACTABIIACIOT NPEIOXPaHUTEIILHOIO KJIaraHa 17,5
PsA OIIBITHBIX JaHHBIX. (MaKCI/IMaJIBHOC JaBJICHUE B
Anamu3 rpadukoB puc. 4 TOKa3bIBacT, 4TO CpeIHEE rugpocucreme), MPa
MakcuUManbHOe nasieHue npu HarpyxeHuu I'HC maccoit YactoTa BpallEHHs KONCHYATOTO Bana 2200
1000 xr cocrapnser 7,1 MIla, HomunansHOE naBienue 4,94 neurarens, mint
Mlla, Bpems cpabateiBanus 0,26 cek, BpeMsl MEPEXOIHOTO BpeMs TOAHATHS HABECHON CHCTEMbI 1,35
mporecca 2,3 cek, NepeperyJupoBaHue paaBieHus 2,16 Ge3 rpy3a,s
MIla. Ilpu warpyxemun THC wmaccoii 1500 xr PaccTosHHE OT OCH 3aMKa HHKHEH TATH
MakcHUMaJbHOE  JaBieHue coctaBmier 10,6  Mlla, HABECHOH CHCTEMBI [0  OIOPHOIL 515
HOMHUHAIBHOE naBieHue 8,34 MIla, Bpemst cpabaTeiBaHUs TOBEPXHOCTH B OILyILLEHHOM
0,28 cek, Bpems mepexogHoro mpomecca 1,9 cek, [OJIOKEHHH, MM
nepeperynupoBanue nasiaenus 2,26 Mlla. MaKkcHManbHOE pAaccTOSHHE OT OCH
3aMKa JI0 OIOPHOW IOBEPXHOCTH B
MOJHATOM  TOJIOKCHUH  HaBECHOM
CHCTEMEI, mm: 975
- mocie paboTe KiamaHa «CTom(Ipu
BBIXOJI€ IITOKa ruapounnusapa 1190 na
o » 200 mm)
_! JlimHa packoca, mm 570
NI& 2 | MaxkcuManbHas Macca rpy3a, Kg 1500
K13 K2.3 BpeMs momHATHS — MaKCHMAIbHOTO 2,6
K12 K22 | rpy3a miathopmoii THC, s
PR ‘ VYenoBublii 00beMHBIH  KODPUIIHEHT 0,62
| THIPABIMYECKOIN CHCTEMBI
‘ BricoTta oT 1eHTpa Kproka 0 ONOpHOU
__J_‘ ' - J MMOBEPXHOCTH npu TTOTHATHI 570
’* — ’7' MaKUMMaJIbHOI'O Irpy3a, mm
\ L ; VYMeHBIIEHHE  BBICOTBI  MOJHSITOTO 11,0
| i | rpy3a B Teuennu 30 mun.,h, mm
'.[m‘ ﬁ Iﬁ ﬁ I Tabauna 5
| . | YcroitunBocts 'HC npu nosioxkeHny NOAHATOrO rpysa
Puc. 3. Cxema ycraHoBJIeHUs JHa()parMeHHbIX Bpems, S
gaTyukoB aasiaenusi B THC 3navenne .
M3MEpEHNA 5 10 15 | 20 | 25 | 30
YMeHbleHue
BRICOTHE 975 | 973 | 975 | 973 | 970 | 968
MOTHSITOTO
rpy3a, Noc, MM

Ha puc. 4 npuBeneHs! nepexofHble npoueccs n3MeHeHus nasinenust B 'HC npu noxbseme rpy3os maccoit 1000 n 1500 kr.

——Pz 3kcnepl Pz ancnepl

Pz sxcnep2

Pz swcnep? T

Pz |sucnep3 Pz sucnep3

A

0 05 1 15 2 2.5 3 o 05 1 1,5
tc
fe

1000 ke 1500 ke
Puc. 4. JkcnepuMeHTA/ILHbIE Pe3yJIbTAThl H3MeHeHHs AaBjeHus npu rpyse 1000 -1500 xr

December, 2024 120

Research, Innovation, Results

https://t. me/tdtuilmiynashrlar




Journal of Transport

ISSN: 2181-2438

Volume:1|lssue:4|2024

Tabauna 6
oxaszaresu 'HC npu noausiTuu rpysa
Hazpanue PesynbpTatsl
Macca rpysa, kg 0e3 rpysa 1000 1500
MakcumanbsHOe JaBJICHNE B THIPABINYECKON CUCTEME TIPH BBIXOE 38 8.4 141
mroka ruapoummaapa #a200 mm, MPa ' ' '
Pabouee naBneHue B rUIpaBIMICCKOM CHCTEME TPH MOTHATHHU Ipy3a 32 49 75
T'HC, MPa ’ ’ '
Bpems NoHATHS IPy3a, S, YUCI0 060poTa Bana asuratens 2200 min! 1,05 3,04 1,24
iy JaKalYeHue [5] Benensnun I'.B. O6mas METOIKa

Pazpaborana mporpaMma W MeTOIMKa J1abOpaTOpHO-
TIOJIEBBIX MCHBITAaHWUI THIPAaBIMIECKON HAaBECHOW CHCTEMBI
JUISL CaJI0BOJICTBA M BUHOTPAapCTBa ¢ M3MEHIEMOH IIIMHO
6a3bl, pETyNIUPYEMbIM KIHPEHCOM.

IlomyueHel  mepexofHbBlE  MPOIECCHl  H3MEHEHHS
nmasinernss B [HC mpu moweme rpy3oB 1000 u 1500 xr.
PesynpraTel mokasany, 4TO MaKCHMAaJbHOE NABICHHE MPHU
HarpyxeHun ['HC Becom 1000 kr cocrasmser 7,1 Mlla,
HoMHHaNbHOEe naBieHue 4,94 Mlla, Bpems cpabaTbIBaHUS
0,26¢, Bpems TIEPEXOTHOTO rpouecca 2,3
c,mepeperyinupoBanue  gasineHus 2,16 Mlla. Ilpu
Harpyxenun [HC Becom 1500 kr MakcuMaiabHOE JaBJICHUE
coctasisieT 10,6 MIla, HomuHansHOe gaBiacHue 8,34 Mlla,
BpeMsi cpabatsiBanus 0,28c, BpeMst MepeXxoaHOTO mpolecca
1,9 c,nepeperynupoBanue nasiexus 2,26 Mlla.

TlomyueHHsle  cpemHHMe — 3HAYCHUs  PE3yJIbTaTOB
JKCIIEPUMEHTAIIBHBIX HCCIIEOBAaHUN ITO3BOJISIIOT OICHHUTH

COOTBETCTBUS rnapaMeTpoB OIBITHOT'O TpakTopa
TpeOOBaHHUSAM TEXHHYCCKOTO 3aJlaHUs, a TAKKE MPOBEPKH
aJcKBaTHOCTHU TEOPETUIECKUX MoJIenei

OKCIICPUMCHTAJIBHBIM TaHHBIM.
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Method of estimating the demand for parking lots and effective parking

Abstract:

Keywords:

management

G.Kh. Khaliloval®a, A.S. Rakhmonov®P, R.G. Samatovl®c

1Tashkent state transport university, Tashkent, Uzbekistan

This article presents opinions on the construction of parking lots and their proper management. The
number of spaces in the parking lot is determined by how it is represented by several related parameters.
Interrelationship graphs of parking turnover rate, occupancy rate, and the number of cars using the
parking lot during the day are analyzed in this article. At the same time, it is possible to use the parking
lot more efficiently by organizing the correct management of the parking lot. That is, it will be possible
to save fuel and time by creating convenience for users with the help of telematic equipment from the
parking lot.

parking lot parameters, exchange rate, occupancy rate, pricing, management strategy, car ownership,
automation

Avtoturargohlarga bo‘lgan talabni baholash uslubi va turargohlarni samarali

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Avtoturargoh

transport  tizimining ajralmas  bir

boshgarish usullari

Xalilova G.X.1®2 Raxmonov A.S.1®b, Samatov R.G.1&¢
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Ushbu maqolada avtoturargohlar qurish va ularni to‘g‘ri boshqarish borasida fikr mulohazalar keltirilgan.
Avtoturargohda joylar soni ganday aniqlanishi unga bog‘liq bir nechta parametrlar orqali ifodalanishi
mumkin. Avtoturargohda almashinuvchanlik darajasi, to‘lganlik darajasi va avtoturargohdan kun
davomida foydalangan avtomobillar soni o‘zaro bog‘lanish grafiklari ushbu maqolada tahlil gilingan.
Shu bilan birgalikda avtoturargohni to‘g‘ri boshqarishni tashkil qilish orqali avtoturargohdan samaraliroq
foydalanish mumkin. Ya’ni avtoturargohdan telematik jihozlar yordamida foydalanuvchilarga
qulayliklar yaratish orqali yonilg‘i va vaqtni tejash mumkin bo‘ladi.

avtoturargoh parametrlari, almashinuvchanlik darajasi, to‘lganlik darajasi, narxlash, boshqarish
strategiyasi, avtomobillashganlik, avtomatlashtirish

muammolariga shahar rejalashtiruvchilari, operatorlar,
dizaynerlar duch kelmogda. Bu esa ta’minot nuqtai
nazaridan (juda kam joylar) yoki boshgaruv jihatidan

bo‘lagidir. Avtoturargoh tizimini to‘g‘ri tashkil etilmasligi
tirbandlik, vaqt va yonilg‘ining bekorga sarf bo‘lishi,
haydovchilar ruhiy holatining yomonlashishi kabi salbiy
natijalarni  yuzaga keltiradi.  Avtomobillashtirish  va
urbanizatsiya darajasi oshishi bilan rivojlangan va
rivojlanayotgan davlatlar markaziy shaharlarida
avtoturargoh masalalari dolzarb muammolardan biriga
aylandi [1].

Joylar soni haddan tashqari ko‘p bo‘lishi kam
bo‘lganligi kabi muammoli holatdir.

Ammo, shahar markaziy hududlarida avtoturargoh
tangisligi sababli befoyda xarajatlar gilishga to‘g‘ri keladi
[1-2-3].

Avtomobillar har bir manzilga borishi bilan to‘xtab
turishi kerak. Shaxsiy transport vositalari har kuni o‘rtacha
20 soat to‘xtab turish holatida bo‘ladi va bir nechta
avtoturargohdan  foydalanadi. Hozirda avtoturargoh

al¥ https://orcid.org/0009-0009-7448-7898
b hitps://orcid.org/0000-0003-1640-8839
¢ https://orcid.org/0009-0007-4701-2518
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(mavjud imkoniyatlardan foydalanish) yuzaga kelayotgan
muammo hisoblanadi [4].

Ko‘pgina avtoturargohlarda tashkil etilgan tizimlar
unchalik murakkablikka ega emas va ular avtoturargohga
bo‘lgan talabni 5-15% gacha kamaytirishi mumkin. Lekin
avtoturargohlarni tashkil gilishdagi keng gamrovli dastur
belgilangan hududdagi turargohga bo‘lgan talabni 20-40 %
gacha gisgartirishi mumkin.

Avtoturargoh  qidirishning  o‘rtacha vaqti  yirik
shaharlarda 18-20 daqiqa [5], o‘rtacha shaharlarda 6-14
daqiqani tashkil giladi. Ko‘chalardagi tirbandlikning esa 33
foizini avtoturargoh gidirib yuradigan avtomobillar tashkil
etadi. [6-12].
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2. Tadgiqot metodologiyasi

Avtoturargoh topishda giyinchilik yuzaga Kkelishi
faqatgina son jihatidan baholanishi noto‘g‘ri bo‘lib, sifat va
xizmatlarning anigligi kabi faktorlar ham muhum
ahamiyatlidir.

Avtoturargohlarni tashkil gilishdan oldin hududdagi
ob’cktlar o‘rganilib, kerakli parametrlar natijalaridan kelib
chiggan holda joylar soni aniglanishi kerak (1).

N=(Sa*xu/)+K*a) (1)

Bu yerda:

Sb—bozorga keluvchi kunlik avtomobillar soni

u — hudud aholisining avtomobillashganlik darajasi

K — korxona ishchilar avtomobillari soni

a — korxonaning avtoturargoh bilan ta’minlanganlik
darajasi

6 — almashinuvchanlik darajasi

Hudud aholisining avtomobillashganlik darajasini

aniglash uchun quyidagicha} hisoblash mumkin (2):
— Hududdagi avtomobillar soni + 1000 (2)

Hudud aholi soni

Yugoridagi ifoda hududdagi aholining har 1000 kishiga
to‘g‘ri keluvchi avtomobillar sonini anglatadi.
Avtoturargoh samaradorligini aniqlovchi ko rsatgichdan

biri bu almashinuvchanlik darajasi (3).
5 = joydan foydalangan avtomobillar (3)

Avtoturargohdagi joylar

Avtoturargoh samaradorligi deganda avtomobillarning
almashinuvchanlik darajasi, avtoturargohning to‘lganlik
darajasi, o‘rtacha joydan foydalanish vaqti, daromadlilik,
avtoturargohning xizmat ko‘rsatish qobilyatining qanchalik
yuqori ekanligini anglatadi. Samaradorligini oshirish uchun
esa yuqoridagi  ko‘rsatkichlarni  takomillashtiruvchi
zamonaviy telematik vositalardan va maxsus dasturlardan

foydalanish kerak (1-jadval). Masalan:
1-jadval

Zamonaviy avtoturargoh strategiyalari
Narxlash strategiyalari. Texnologiya va | Foydalanuvchi
avtomatlashtirish tajribasini yaxshilash.

Bo‘sh joylarni boshgarish.

Avtoturargohdagi bo‘sh joy | Dinamik narxlashni tashkil etish, | To‘lovlarni karta yoki | Vizual va  ovozli
hagida haydovchiga real vaqt | ya’ni kunning turli vaqtlarida har | ilovalar orqali to‘lash | xabarlar berish orgali
rejimida ma’lumot yetkazib, | xil tashkil gilish, uzoq va gisqa | imkoniyati va sensor, | haydovchiga aniq va
bo‘sh joylarga yo‘naltiruvchi | muddatli to‘xtovchilar uchun | kameralar  o‘rnatish | oson ma’lumot
tizimlar joriy etish. | turlicha narx belgilash. Bu | orqali bo‘sh joylarni | yetkazish.
Foydalanuvchilarga  tezroq | almashinuvchanlik  darajasini | nazorat gilish.
joy topishga yordam berish oshirishda alohida ahamiyatga
ega yechim hisoblanadi.

o‘zgarishi quyidagi jadvalda berilgan (2-jadval). Ushbu
avtoturargoh 60 ta avtomobilni sigdirish quvvatiga ega (1-
rasm).

3. Natija va muhokama

Qarshi shahri Yergo‘rg‘on bozori avtoturargohida
kuzatilayotgan ~ vaqtdagi  avtomobillar  harakatining

2-jadval
Yergo‘rg‘on bozoriavtoturargohidan kunlik foydalanuvchilar tahlili
T (vaqt) N (avtomobillar soni) @ (almashinuvchanlik M Bo’sh qolish
darajasi) (to’1ganlik darajasi
Kirgan Chiqggan darajasi)
6.00 49 20 0,81 0.81 11 0.18
7.00 39 33 1,13 0.65 21 0.35
8.00 49 38 14 0.81 11 0.18
9.00 42 41 1,46 0.7 18 0.3
10.00 47 45 1,56 0.78 13 0.21
11.00 43 38 1,53 0.71 17 0.28
12.00 37 43 1,51 0.61 23 0.38
13.00 39 32 1,45 0.65 21 0.35
14.00 35 42 15 0.58 25 0.41
15.00 43 45 151 0.71 17 0.28
16.00 42 45 1,46 0.7 18 0.3
17.00 44 49 1,45 0.73 16 0.26
18.00 43 59 1,35 0.71 17 0.28
19.00 26 39 0,8 0.43 34 0.56
Tajriba boshlanishidan Jami: Jami: 569 9.63 kun davomida Max:0,81 Max:0,56
oldin 12 ta avtomobil 578 ta ta Min:0,43 Min:0,18
bor edi. Tugagan
vaqtda 9 ta qoldi
123 December, 2024
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1-rasm. Qarshi shahri Yergo'rg'on bozori
avtoturargohining ko‘rinishi
Qarshi shahri Yerqo’rg’on bozori avtoturargohidan
foydalanuvchi avtomobillar sonining soatlar mobaynida
o‘zgarish grafigi berilgan (1,2-rasm).

(i

6.00 8.00 10.00 12.00 14.00 16.00 18.00

50

4

o

3

o

2

o

1

o

o

1-rasm. Qarshi shahri Yergo‘rg‘on bozori
avtoturargohiga kiruvchi avtomobillar sonining soatlar
bo‘yicha o‘zgarish grafigi

Grafikdan ertalabki soatlarda eng ko‘p transport vositasi
avtoturargohga kirganligini va kechki vagtlarda kamroq
avtomobil avtoturargohdan foydalanganligini ko‘rishimiz
mumkin.

2-grafikdan esa ertalabki vaqtlarda avtoturargohni tark
etuvchi avtomobillar soni kechki paytga nisbatan kamroqg
ko‘rsatkichni tashkil etgan.

il

6.00 8.00 10.0012.00 14.00 16.00 18.00

60
50
4
3
2
1

o O O o O

2-rasm. Qarshi shahri Yergo'rg'on bozori
avtoturargohiga chiquvchi avtomobillar sonining
soatlar bo'yicha o'zgarish grafigi

Quyidagi  diagrammadan  ma’lumki  (3-rasm),
avtoturargohga kirgan avtomobillar soni oshishi bilan birga
to‘lganlik darajasi ham oshib borgan. Kun davomida
avtoturargohning to‘lganlik darajasi 0,43 dan 0.8 gacha
oshib brogan (4).

y =0,0179x09771
R2=10,9354 4
To‘lganlik  darajasi va  avtoturargohga kirgan
avtomobillar soni yuqoridagi qonuniyat bilan o‘zgarishi
kuzatildi.
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avtoturargohga kirgan avtomobillar soni

3-rasm. Avtoturargohga kirgan avtomobillar sonining
to‘lganlik darajasiga bog‘liglik grafigi

4-rasmda esa  avtoturargohning to‘lganlik  va
almashinuvchanlik  darajalarining  bog‘lanish  grafigi
keltirilgan va bu parametrlar quyidagi qonuniyat bo‘yicha
o‘zgargan (5):

y =-0,0152x? + 0,2327x + 0,706
R?>=0,8057 (5)

1,8
1,6 e
14

1,2

y =-0,0152x%+0,2327x + 0,706
R2=0,8057

08
0,6

To'lganlik darajasi

[y
(6]

5 .10
Almashinuvchanlik darajasi

4-rasm. Avtoturargohning to‘lganlik va
almashinuvchanlik darajalarining bog‘lanish grafigi
Avtoturargohning ma’lum bir joyidan kun davomida
nechta avtomobil foydalanilganligini ko‘rsatish
almashinuvchanlik darajasi deyiladi va Yerqo‘rg‘on bozori
avtoturargohida almashinuvchanlik darajasi 5-rasmda
ko‘rsatilgandek o‘zgargan. Bunda o‘zgarish qonuniyati esa

quyidagicha (6):
y =-0,0152x2 + 0,2327x + 0,706
R2 = 0,8057 (6)
2
‘5
[1°]
©
©
©
x
E ’
205 y =-0,0152x2 +0,2327x + 0,706
3 R?=0,8057
)
E 88888888888888
< OKOANS A AMFIn BN OB N
D IR o R B IR I B IR I B o |
Kun soatlari

5-rasm. Almashinuvchanlik darajasining vagtga
bog'lanish grafigi

Avtoturargohning samaradorligini ifodalovchi
ko‘rsatkichlardan yana biri bu avtoturargohning to‘lganlik
darajasidir. Avtoturargoh joylaridan vaqt birligi davomida
qanchalik to‘liq foydalanilsa, avtoturargohning samarali
ishlash darajasi ham yuqori bo‘ladi. 6-rasmda to‘lganlik
darajasining kun davomida o‘zgarishi grafigi va gonuniyati
ko‘rsatilgan (7).

y =-0,0004x? - 0,0059x + 0,7607
R?>=0,2817 (7)
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6-rasm. To'lganlik darajasining vaqtga bog‘lanish
grafigi
Yuqoridagi grafiklar orgali bozor avtoturargohining ish
samaradorligini  tahlil qildik. Ya’ni, avtoturargoh
parametrlarini bog’liglik koeffisienti hisoblab topildi.

4. Xulosa

Ijtimoiy-igtisodiy ob’ektlar atrofida avtoturargohga
bo‘lgan talabni baholashda tegishli parametrlardan kelib
chiggan holda hisoblab  chigish  kerak.  Bunda
almashinuvchanlik va to‘lganlik darajasi avtoturargohdan
ganchalik samarali foydalanishni belgilovchi
ko‘rsatkichlardan hisoblanadi. Turar joylar soni haddan
tashqari ko‘p bo‘lishi, kam bo‘lgani kabi muammolidir. Shu
bilan birgalikda, tashkil gilingan avtoturargohning
samaradorligini oshirishda zamonaviy dasturlarni qo‘llash
orgali optimallashtirish mumkin, ammo bu usullardan
foydalanish uchun respublikamiz sharoitidan kelib chiggan
holda ilmiy asoslanishi shart.

Foydalangan
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Microelectron NPC block and its function

AR. Azizov'®? F.S. Sindarov!®®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Railway switch control systems on railway are essential to ensure safe and efficient traffic. In this article,
the development of automated control systems of railway switches, their technological basis, safety issues
and energy efficiency improvement approaches are considered. The main attention is focused on the
production and practical use of a microelectronic alternative version of the relay NPC block, which
belongs to the dialing group, of modern control blocks, in particular, based on the technical requirements
for railway automation and telemechanics equipment, and their harmonious operation with telemechanics

tools.
Keywords:

class 1l relays, VU, PVU relays, current sensor, optocouplers, light-emitting diodes, modern
microcontroller boards, dial group block

1. Introduction

Modern practice has shown that relay, mechanical,
processor-relay  railway transport automation and
telemechanics systems have a number of disadvantages,
their use is limited and technically ineffective. Currently,
relay devices that perform interconnection of switches and
signals are increasingly being replaced by microprocessor
systems. This is due to the following reasons.

Firstly, maintenance of microelectronic systems
compared to relay systems, the high cost of such systems
shows that their implementation is economically feasible.

Secondly, indicators of microelectronic systems due to
the use of excess reserves of individual constituent elements
of the system and advanced diagnostic systems.

Thirdly, by providing employees with quick information
and by expanding the functional capabilities of the systems
due to the simple integration of railway automation and
telemechanics microelectronic systems into high-level train
traffic control systems (DM, control centers, etc.).

Taking into account the above, in this article, | propose
to develop a model of a microelectronic NPC unit consisting
of microelectronic devices, intended for use in centralizing
relay-processors and microprocessors of the dial group.

2. Methods and materials

In order to give solution these we should do below in the
following tasks:

e  Based on modern foreign experiences, development of
the program and principle scheme of relays of NPC
blocks with microprocessors, which are efficient and
flexible to work in old systems, for “Uzbekistan
Railways” JSC.

Modern microprocessor-based centralization systems
are mainly divided into 2 types: Type 1 is a system built
on top of old relay systems, in practice, the relay
performs the function of the lowest step, and it is a
relay-microprocessor control system in which the result
is recorded and controlled by microprocessors. Type 2
in which commanding devices is fundamentally

@Y https://orcid.org/0009-0009-2998-3964
bl https://orcid.org/0000-0001-5275-5200

December, 2024

Research, Innovation, Results

different from the previous system, the system
management is handled by servers located in cross
cabinets.

We cannot completely separate the actual system from
relays, so in this process, we can make some
improvements to the problem by making a view of the
new block composed of other elements that perform the
same task, using microelements that replace relays, that
is, semiconductors (Figure 2). and for many years we
can create a new microprocessor-relay system that is as
free from defects as possible, and in practice we can see
that this system is speeded up several times. And the
fact that testing this system in practice should be done
using the skills of the old system makes our work much
easier.

e  NPC type group block functions done increase for there
is technical solutions analysis to do;

e By block executable functions and of the NPC block
algorithm analysis to do;

e  The NPC block electron scheme and microelectronic in
the elements known switching schemes analysis to do;

e  STM32 microcontroller work scheme by learning exit
and to him code to write for need C programming to be
language with skills harvest do;

e Laboratory of the model work exit and his work
analysis to do.

Main issues and assumptions.

e  Familiarization with the structure of the unit and
analysis of its specific features, the program and
principle scheme of the PVU and VU relays of the NPC
(Figure 1) blocks of the dialing group currently used in
the block route-relay centralization systems;

e Acquaintance and analysis with the structure of blocks
used in modern microprocessor centralization systems
and performing exactly this type of task;

e Analysis of the experiences of foreign countries in the
organization of work in the process of operation of
button relays in railway systems;

e Learning and analyzing the rules for identifying and
using  microcontrollers and other types of
microelectronic devices necessary for the development
of a microprocessor block;
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e In the development of the microprocessor unit,
selecting the ones that are suitable in all respects for the
conditions of Uzbekistan.

Ne

mn F3F]

Figure 1. NPC block with relay principle appearance

Relay equipment dialing group blocks provide:

- pressing keys when dialing routes and remembering
them;

- determine the direction and category depending on the
state of pressing the start route buttons; turn on the route light
to properly control the route being built;

- determining the correctness of the sequence of pressing
the route keys when the last button of the route is pressed
and the routes with different options are created;

- at the start of the route, the control and starting devices
are activated so that the arrows move to the second position
at the same time;

- for this route, the compatibility of the established route
is checked;

- cancellation of the configured route, turning on the start
and end relays of the maneuver to determine the route limit
in the executive group schemes of the centralization;

- auxiliary mode of signaling and control of the route
configured on the dashboard.

Automatic turnout control systems: modern
technologies of automation, use of remote control and
monitoring systems. Automatic turnout control systems are
one of the most important technologies for ensuring traffic
safety in railway transport.

These systems keep trains moving in the right direction
by controlling the switches quickly and accurately,
preventing them from going off the wrong track or colliding.
Modern technologies this systems more advanced, efficient
and reliable in doing big role is playing.

Automation modern technologies.

Railway transport for  automation  processes
technological in terms of much improved. Current in the day
swithes of management the following modern technologies
applies to:

- PLC (Programmable Logic Controller) based on
management systems: PLCs railway switches in automation

https://t.me/tdtuilmiynashrlar

very wide is used. They are software in terms of managed
and high precision with switches necessary to the situation
transfer enable gives.

- SCADA (Supervisory Control and Data
Acquisition) systems: This systems using switches from a
distance managed and is monitored. They are real time
information  collection, processes observation and
management signals transmission enable gives.

- Sensory technologies: Sensors using arrow position
and his right performance is monitored. Through this of
switches status constant respectively observed and safety
level is increased.

- 10T (Internet of Things): Switches and another
railway devices Internet network through each other with in
touch is remote monitoring and management more makes it
easier.

Remote management.

Remote management technologies switches long from a
distance standing up manage enable gives, this while the
speed increase and of operators duties to ease help gives:

- Central management systems: Management in the
centers arrows in real time observation and manage for to
operators special interfaces present will be done . Collection
of NPC group block route make up in the process long in the
distance arrows to see and to them command to give can.

- Remote software management: Mobile devices or
computer programs through arrows remote managed. This is
especially so small stations or big to distances have networks
for it is convenient .

Monitoring systems application.

Monitoring systems switches status and technical work
observation for is used . Modern monitoring technologies of
switches technical status constant respectively watching
standing , malfunctions or problems about warning enable
gives.

December, 2024
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:4|2024

- Sensors and cameras using observation: These
monitoring tools using switches their location technical
condition and movement speed sure observed . Automatic
signaling through each how malfunction quickly is
determined and correction for remedy will be seen.

- Cloudy storage and analysis : Monitoring data
cloudy in systems saved , statistic analysis will be done . And
this of the system efficiency analysis to do and technical
service of showing in advance to be planned provides.

Automatic management systems advantages.

Switches  automatic of management  modern
technologies the following advantages present will:

- Movement safety increases: Switches automatic
respectively managed because of a person mistakes
decreases, this while movement safety provides.

- Speed and efficiency: From a distance manage and
automation fast management providing, train movement to
slow down the need reduces.

+12

- Technician service of showing optimization:
Monitoring systems malfunctions in advance to determine
opportunity gives, this while technical service to show more
efficient does.

This technologies switches efficient manage through
iron road transport safety and efficiency significant level to
increase possibility gives.

- Innovations and technologies: Current in the day
being used software supply and technological solutions. For
example, through NPC arrows management.

Safety issues: Technician security, electricity supply
and of systems to the violation against to fight methods.
Emergency situations for of the system security provide
ability.

- In the future development prospects: Switches in
management artificial intellect and analysis from algorithms
use, himself manager of systems development.

L1

v

Q1

IRFIZ44N

Figure 2. PC-817 optocoupler (half junction transistor)

3. Conclusion

Railway switches automation and them manage
technologies more development not only movement safety
provides, perhaps energy efficiency increase and
exploitation expenses also great in reduction important have
modern technological approaches and innovative systems
railway in transport more reliable and safe management
provides.

Microprocessor control of switches when setting routes
based on the technical requirements for railway automation
and telemechanics equipment block implementation
methods, algorithms and software have been developed. As
a result of this, microprocessor blocks of switch control were
created that meet the requirements of the continuity of train
movement, localization of production, application of energy
and resource saving technologies. As a result of scientific
research, it was possible to abandon the use of
electromagnetic relays, reduce electricity consumption,
abandon scheduled maintenance, adapt to work with existing
relay blocks.

Increase the continuity of transportation process control,
the NPC (Figure 1) microprocessor block is being
developed, which is used as the main block of remote switch
control of railway automation and telemechanics, based on
the relatively more functional “STM  32F103”
microcontroller . As a result of scientific research, the
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possibilities of introducing a diagnostic function,
abandoning electromagnetic relays, reducing energy
consumption, increasing the reliable performance of the unit,
and abandoning scheduled maintenance have appeared. All
electrical circuits will be preserved when replacing the
existing blocks of arrow control based on KDR type electro-
magnetic relays with microprocessor blocks. The created
microprocessor blocks enable the active use of resource-
saving technologies in railway automation and
telemechanics systems, allowing to reduce energy
consumption.
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Main methods of identifying a speaker through speech

N. Mirzaev®©?, J.K. Urinboev! ®°, M.A. Nugmanova! ©°¢
1Digital technologies and artificial intelligence research institute, Tashkent, Uzbekistan

Abstract: This paper provides an overview of methods used for voice recognition. Special attention is given to the
robust structure of recognition systems. Additionally, a brief description of the most widely used feature
extraction methods (such as MFCC and LPCC) and classification techniques (vector quantization
method, Gaussian mixture model, support vector method) is presented. Methods for evaluating
recognition systems and approaches for presenting the results of such evaluations are discussed.

speech recognition, biometric identification, speech signal processing, mel-frequency cepstral
coefficients (MFCC), linear prediction coefficients, feature extraction, K-means algorithm, discrete
Fourier transform, Gaussian mixture model

Keywords:

Diktor shaxsini nutgi orqali tanib olishning asosiy usullari

Mirzayev N.}®2 O‘rinboyev J.K.} ©@P Nugmanova M.A.1 ©:°
1Ragamli texnologiyalar va sun’iy intellektni rivojlantirish ilmiy-tadgiqot instituti, Toshkent, O*zbekiston

Annotatsiya: Ushbu ishda ovoz orqali tanib olish masalasini yechish uchun qo‘llaniladigan usullar sharhi keltirilgan.
Tanib olish tizimlarining barqaror tuzilishiga alohida e’tibor qaratilgan. Shuningdek, belgilarni ajratib
olishning eng keng targalgan usullari (masalan, MFCC va LPCC)ning gisgacha tavsifi hamda tasniflash
usullari (vektorli kvantlash usuli, Gauss gorishmalari modeli, tayanch vektorlar usuli) hagida ma’lumot
berilgan. Tanib olish tizimlarini baholash usullari va bunday baholash natijalarini taqdim etish yo‘llari
muhokama gilingan.

nutq orgali tanib olish, biometrik identifikatsiya, nutq signaliga ishlov berish, mel-chastotali kepstral
koeffitsiyentlar (MFCC), chizigli bashoratlash koeffitsiyentlari, belgilarni ajratib olish, K-meanslar
algoritmi, diskret Fure almashtirish, Gauss gorishmalar modeli

Kalit so‘zlar:

1. Kirish

Diktorni tanib olish masalasi nutq texnologiyalari
sohasining dolzarb masalasidir. Diktorni tanib olishning
nutgni gayta ishlashning boshga sohalari bilan alogasi
quyidagi munosabatlar bilan aks ettirilishi mumkin [6].

Nutgni gayta ishlashni quyidagi masalalarga ajratish
mumkin

* analiz/sintez,

* tanib olish,

* kodlash.

Tanib olish quyidagi kichik vazifalarni gamrab oladi

* nutqni tanib olish,

« diktorni tanib olish,

* tilni identifikatsiyalash.

Diktorni tanib olish diktorni identifikatsiyalash va
verifikatsiyalash jarayonlarini birlashtiradi.

Diktorni identifikatsiyalash - bu ovoz namunasini
bazada saglangan namunalarlar bilan tagqoslash orqali
shaxsni tanib olish jarayoni. ldentifikatsiya jarayonining
natijasi nomzodlar ro‘yxati hisoblanadi. Amalga oshiruvchi
tizim belgilangan miqdordagi ro‘yxatni berishi yoki
foydalanuvchini belgilangan chegara asosida nomzodlar
ro‘yxatiga kiritish to‘g‘risida qaror qabul qilishi mumkin.

https://orcid.org/0009-0006-1561-9393
bi® hitps://orcid.org/0009-0000-2305-8887
¢ https://orcid.org/0009-0006-1956-9856

December, 2024

Research, Innovation, Results

Agar identifikatsiya jarayonida tizimda ro‘yxatdan o‘tmagan
foydalanuvchi ishtirok etishi mumkinligi ko‘zda tutilgan
bo‘lsa, ochiq to‘plamda identifikatsiya haqida so‘z
yuritiladi. Ideal holda, bunday foydalanuvchi uchun tizim
bo‘sh ro‘yxat taqdim etishi lozim. Identifikatsiya
jarayonidan o‘tayotgan barcha foydalanuvchilar tizimda
ro‘yxatdan o‘tgan bo‘lsa, yopiq to‘plamda identifikatsiya
hagida gap boradi.

Diktorni verifikatsiyalash - tagdim etilgan namunani
bazada saglanayotgan namuna bilan taggoslash orgali
so‘ralgan shaxsni tanib olish jarayoni. Tekshirish natijasi
ijobiy yoki salbiy qaror bo‘ladi. Ba’zan “ovoz orqgali tanib
olish” atamasi ham qo‘llaniladi (speaker detection [8]).
Tanib olish masalasida biroz boshgacha atamalar va
ustuvorliklar qo‘llanilsa-da, aslida, tekshirish va tanib olish
bir xil vazifadir.

Ushbu tasnifdan tashqari, tanib olish tizimlarining o‘zi
foydalanuvchi aytishi kerak bo‘lgan matn tizimga ma’lum
yoki noma’lumligiga va tizim bu ma’lumotlardan
foydalanishiga qarab matnga bog‘liq va matnga bog‘liq
bo‘lmagan turlarga bo‘linadi. Matnga bog‘liq tanib olishda
belgilangan iboralar, shuningdek tizim tomonidan yaratilgan
va foydalanuvchiga taklif etilgan iboralar ham ishlatilishi
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mumkin. Matnga bog‘liq bo‘lmagan tizimlar esa ixtiyoriy
nutqni qayta ishlashga mo‘ljallangan.

Ovoz orqali tanib olish bilan bog‘lig boshga masalalar
ham mavjud. Shular gatoriga quyidagi vazifani Kiritish
mumkin. Faraz qilaylik, signalda ikki yoki undan ortiq
shaxsning suhbati yozilgan. Signalning bir qismi qo‘lda yoki
o‘qituvchisiz o‘rganish algoritmlari yordamida, kim qaysi
paytda gapirayotganini ko‘rsatish uchun belgilanadi.
Signalning golgan gismi esa avtomatik tarzda belgilanishi
kerak. Bu masalada belgilarnilarni tanib olish dan tashqari,
ularning chegaralarini ham belgilash talab etiladi. Bunday
vazifa ingliz tilidagi adabiyotlarda “speaker diarization”
(“so‘zlovchilarni protokollashtirish” [1]) deb nomlanadi.

2. Tadqgigot metodikasi

2.1. Diktorni tanib olish tizimlarining tuzilishi

Tanib olish tizimlarining ishlashi ikkita asosiy
bosqgichdan iborat: tizimda foydalanuvchilarni ro‘yxatdan
o‘tkazish va tanib olish jarayonining o‘zi (identifikatsiyalash
yoki  verifikatsiyalashga urinish).  Foydalanuvchilar
avvaldan tizimda o‘z ovozlarini yozib qoldirib ro‘yxatdan
o‘tadilar. Har bir gapiruvchining ovoz namunasi tanib
olishda foydalanish mumkin bo‘lgan belgilarni ajratib olish
magsadida gayta ishlanadi. Ajratib olingan belgilar asosida
foydalanuvchilarning modellari yaratiladi (ba’zi hollarda
“namuna” atamasi ko‘proq mos keladi). Model berilgan
belgilar bo‘yicha o‘xshashlik darajasini baholash yoki tezda
qaror qabul qilish imkonini beruvchi ma’lum bir tuzilmadir.

Verifikatsiya holatida foydalanuvchi identifikator va
ovoz namunasini taqdim etib, tizimga kirishga harakat
giladi. Tagdim etilgan namunadan olingan belgilar bazada
saglangan tegishli model bilan, shuningdek, ba’zi
foydalanuvchilarning belgilangan to‘plamini yoki ushbu
ovozga eng yaqin bo‘lgan etalon model bilan tagqoslanadi.
Natija belgilangan chegara bilan solishtiriladi va ruxsat
berish hagida ijobiy yoki salbiy garor gabul gilinadi.

Identifikatsiya jarayonida tagqdim etilgan namunadan
o‘ziga xos belgilar ajratib olinadi va keyin ular tizimda
ro‘yxatdan o‘tgan yoki oldindan tanlangan barcha
foydalanuvchilarning modellari bilan tagqoslanadi. Shunday
qilib, tanib olish tizimining umumiy sxemasi quyidagi asosiy
bosgichlar yoki darajalar orqali amalga oshiriladi:

* Signallarga ishlov berish bosqichi. Bu bosqichda signal
tanib olish vazifasi uchun muhim bo‘lgan belgilarni ajratib
olish magsadida gayta ishlanadi. Nutq signali belgilar
vektorlari ketma-ketligi yordamida ifodalanadi.

* Modellar bosqichi. Foydalanuvchini ro‘yxatdan
o‘tkazish bosqichi signallarga ishlov berish bosqichidan
olingan belgilar vektorlari ketma-ketligidan foydalanib
model yaratadi. Modellashtirish belgilar vektorlarini oddiy
nusxalashdan tortib ehtimollik modellari yoki boshga
tuzilmalarni qurishgacha bo‘lishi mumkin. Shundan so‘ng,
berilgan belgilar va saglangan model o‘rtasidagi o‘xshashlik
darajasini hisoblash imkoniyati paydo bo‘ladi.

* Qaror qabul qilish bosqichi. Qaror qabul qilish
funksiyalari odatda alohida bosqichga ajratiladi, garchi u
oddiy funksiyalarni bajaradi, agar yakuniy yechimlar
modellar darajasida hisoblab chigilsa umuman bo‘lmasligi
ham mumkin. Qaror gabul gilish uchun modellar darajasida
hisoblangan o‘xshashlik darajalari zarur bo‘lsa, belgilangan
chegaralardan foydalaniladi.

https://t.me/tdtuilmiynashrlar

2.2. Namuna olish va uni dastlabki qayta
ishlash

Ovoz orqali tanib olishda nutq signalining yozuvi ishlov
beriladigan namuna hisoblanadi. Impuls-kodli modulyatsiya
bilan kodlashda analog signal amplituda giymatlarining
lahzali o‘Ichovlari (hisoblar) ketma-Ketligi bilan ifodalanadi.
Nutq signalini yozish va gayta ishlash uchun odatda 8 yoki
16 kHz diskretlash chastotasi qo‘llaniladi, yuqoriroq
diskretlash chastotasi esa ko‘proq hisoblash xarajatlarini
talab etadi. Hisoblarni ifodalash uchun 8, 12 yoki 16 bit
ishlatiladi, boshqa giymatlar ham qo‘llanilishi mumkin.

Nutq signalini yozib olish va uzatish bilan bog‘liq bir
qator omillar tanib olish sifatiga ta’sir ko‘rsatadi. Bular
orasida quyidagilarni ajratib ko‘rsatish mumkin:

* kanalning mos kelmasligi,

« xonaning yomon akustikasi,

» mikrofondan turli masofada bo‘lish va boshqalar.

Misol uchun, telefon kanali orgali uzatilayotgan ovozni
tanib olishda, odatda, ro‘yxatga olish va identifikatsiya
gilish uchun bir xil mikrofon va uzatish kanalidan
foydalanishni kafolatlash mumkin emas. Bundan tashqari,
tashqi xalaqitlarning ta’sirini ham hisobga olish lozim.
Masalan, xonaga kirishni nazorat qgilish uchun ovoz orgali
tasdiglash tizimida yuqori sifatli yozuvdan foydalanish
imkoniyati mavjud. Bunday holda kanal mikrofon, uning
kabeli va analog-ragamli o‘zgartiruvchi qurilmalardan
tashkil topadi. Signalga dastlabki ishlov berish nutg
bo‘lmagan qismlarni olib tashlash, shuningdek, chastota
filtri yordamida qayta ishlashdan iborat bo‘lishi mumkin.

2.3. Belgilarni ajratib olish usullari

Mavjud ilovalarda signalni gayta ishlash nutq
signalidagi ovozni tanib olish masalasi uchun muhim
bo‘lgan ma’lumotni, ya’ni inson ovozining o‘ziga X0s
belgilarini ajratib olishni magsad giladi. Ajratilgan belgilar
namunani shakllantirish yoki mavjud namunalar bilan
taqqoslash uchun qo‘llaniladi. Oldindan qaysi belgilar tanib
olish uchun ko‘proq mos kelishini baholab bo‘lmaydi. Mos
keluvchi belgilarni tanib olish jarayoni mumkin bo‘lgan
belgi variantlarini ko‘rib chiqish va ularni keyinchalik
tajriba orgali baholashdan iborat.

Belgilarning ikki turi ajratiladi: quyi darajadagi (nutq
apparatining anatomik tuzilishi bilan bog‘liq) va yuqori
darajadagi (orttirilgan, talaffuz uslubi bilan bog‘liq).

Nutq signalini gayta ishlash jarayoniga nisbatan
shakllangan  yondashuv  gisga  muddatli  tahlildan
foydalanishdan  iborat. Bunda signal  belgilangan
o‘lchamdagi vaqtinchalik oynalarga bo‘linadi va bu
oynalarda signal parametrlari o‘zgarmas deb taxmin
qilinadi. Nutq signali uchun oyna o‘lchami odatda 10-30
millisekund oralig‘ida tanlanadi. Signalni aniqroq ifodalash
uchun oynalar orasida oyna uzunligining yarmiga teng
qoplama hosil gilinadi. So‘ngra har bir oynaga spektral
tahlil, chizigli bashorat usuli yoki boshqa belgilarni ajratib
olish algoritmlari qo‘llaniladi.

Mel-chastotali kepstral koeffitsiyentlar.

Ushbu belgilarni ajratib olish usuli ham diktorni, ham
nutgni tanib olish tizimlarida eng keng targalgan usullardan
biridir.  Algoritmning  kirishiga  joriy iteratsiyada
o‘rganilayotgan signal qismining X, ..., Xy_; hisoblash
ketma-ketligi beriladi. Ushbu ketma-ketlikka avval vazn
funksiyasi, so‘ngra diskret Fure almashtirilishi qo‘llaniladi.
Vazn funksiyasi tanlanmaning cheklanganligidan Kkelib
chigadigan Fure tahlili buzilishlarini kamaytirish uch
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ishlatiladi. Amalda vazn funksiyasi sifatida ko‘pincha
Xemming oynasi qo‘llaniladi, u quyidagi ko‘rinishga ega:

= 0,54 — 0,46 - cos(ZnNn 1) n=0,. ,N-1,

bu yerda N - sanoglarda ifodalangan oyna uzunligi.
U holda muallag signalning diskret Fure
almashtirishini quyidagi ko‘rinishda yozish mumkin:
= —2mi
Xk=anwneNk’"k—0 N-1.
n=0

k indekslarining giymatlari chastotalarga mos keladi
s
fi = ﬁk'k =0,..,N/2,

bu yerda F; - signalni diskretlash chastotasi.

Chastota  sohasida olingan  signal tasviri
uchburchakli filtrlar to‘plami yordamida diapazonlarga
agjratiladi. ~ Filtrlarning  chegaralari  mel  shkalasida
hisoblanadi. Ushbu shkala inson qulog‘ining turli
chastotalardagi tovushlarni idrok etish qobiliyatini o‘rganish
natijasida yaratilgan. Mel-chastota sohasiga o‘tkazish
quyidagi formula orgali amalga oshiriladi:

B(f) = 1127-1n(1+%)

Teskari almashtirish quyidagicha ifodalanadi:
B~1(b) = 700(e?/1127) — 1),

Npg - filtrlar soni (odatda 24 ta filtrdan
foydalaniladi), (fiow, fhign) - o‘rganilayotgan chastotalar
diapazoni bo‘lsin. U holda ushbu diapazon mel shkalasiga
o‘tkaziladi, bir tekis tagsimlangan bir-birini goplaydigan
diapazonlar Nrpp ga bo‘linadi va chiziqli chastotalar sohasida
tegishli chegaralar hisoblanadi. Olingan filtrlarning og‘irlik
koeffitsiyentlarini H,,, orqgali belgilaymiz. Filtrlar Fure
almashtirish koeffitsiyentlari modullarining kvadratlariga
go‘llaniladi. Olingan qiymatlar logarifmlanadi

N
em =In (ZIXkIZHm_k>, m=0,..,Ngg— 1.

k=0
MFCC  koeffitsiyentlarni  hisoblashning  yakuniy

bosgichi diskret kosinus almashtirish hisoblanadi
Npg—1

mi(m+ 0,5)
¢ = z em COoS (*) i=1,..,Nypcc
Nrp

m=0
¢y koeffitsiyent sifatida ishlatilmaydi, chunki u signal
energiyasini ifodalaydi. Amaliyotda Ny pcc Koeffitsiyentlari
soni 12 ga yaqin gilib tanlanadi.

Chizigli bashoratlash asosidagi kepstral
koeffitsiyentlar.

Chizigli bashoratning mohiyati shundan iboratki, oldingi
o‘lchov  natijalarining ma’lum miqdordagi chiziqli
kombinatsiyasi yordamida joriy o‘lchovni taxminiy
ifodalash mumkin

P
Xn = Z ApXn—f-
=1

Chizigli ~ kombinatsiyaning  aq,..,a,  og'irlik
koeffitsiyentlari chizigli bashoratlash koeffitsiyentlari deb
ataladi. Chizigli bashoratlash koeffitsiyentlarini aniglash
Darbinning rekursiv algoritmi yordamida amalga oshiriladi
[2].

Olingan chizigli bashoratlash koeffitsiyentlari asosida
kepstral koeffitsiyentlar hisoblanadi. Bunday kepstral
koeffitsiyentlar soni chizigli bashoratlash koeffitsiyentlari
sonidan ko‘proq bo‘lishi mumkin.
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n-1

( k
|an + Ekank' 1<n<p;
k=1
n-1
CkQn_k, M>D.
lznknk p
k=n-p

Diskretlash chastotasi 8000 Hz bo‘lgan signal uchun
taxminan 12 ta chiziqli bashoratlash koeffitsiyentlaridan
foydalaniladi, ulardan esa taxminan 18 ta Kkepstral
koeffitsiyentlar hosil gilinadi.

2.4. Belgilarga ishlov berish

Yuqorida tavsiflangan belgilarni ajratib olish usullari
kichik gismda belgilarni tanib olish uchun mo‘ljallangan.
Nutq dinamikasi hagidagi ma’lumotni saglash magsadida
belgilar vektorlarini ularning birinchi va ba’zan ikkinchi
hosilalari  bilan birlashtirish yondashuvi qo‘llaniladi.
Bunday hosilalar A- va AA-koeffitsiyentlar (delta- va delta-
delta-koeffitsiyentlar) deb nomlanadi.

Belgilarga  keyingi  ishlov  berish  bosgichida
o‘rganilayotgan obyektning barcha belgilar vektorlari
to‘plamidan foydalanadigan normallashtirish usullari ham
go‘llaniladi. Kanalning ta’sirini kamaytirish magsadida
qo‘llaniladigan eng keng tarqalgan normallashtirish usuli
kepstal o‘rta qiymatni ayirish (Cepstral Mean Substraction;
CMS) usulidir.  Ushbu usul sessiyalar orasidagi
o‘zgarishlarni kompensatsiya qilish uchun mo‘ljallangan
bo‘lib, doimiy sharoitlarga qo‘llanilganda, aksincha,
samaradorlikni pasaytiradi.

2.5. Tasniflash usullari

Ovozni tanib olish ko‘plab biometrik tizimlardan shunisi
bilan farq giladiki, bu holda tanib olish obyekti barmoq
izlari, yuz yoki ko‘z qorachig‘ini tanib olishdagi kabi statik
tasvir emas, balki jarayon hisoblanadi. Shu sababli, ovoz
namunasi ko‘pincha yagona belgilar vektori sifatida emas,
balki nutq signalining kichik gismlarini tavsiflovchi belgilar
vektorlarining ketma-ketligi ko‘rinishida taqdim etiladi.
Signalga ishlov berish bosqichidan so‘ng olingan vektorlar
ketma-ketligi diktor ovozi namunasi yoki modelini yaratish
yoxud mavjud namunalar bilan tagqoslash uchun ishlatiladi.
Tekshirish va tanib olish vazifalari uchun tagqdim etilgan
namunaning bir yoki bir nechta namunalar bilan o‘xshashlik
darajasini hisoblash usuli belgilanishi mumkin. Oxshashlik
darajasi ma’lum bir mezon yoki ehtimollikni baholash
asosida hisoblanishi mumkin.

Tanib olish masalasi uchun modellarni tasniflashning bir
necha usullari mavjud. lImiy adabiyotlarda modellar
ko‘pincha generativ yoki diskriminativ deb ataladi.
Generativ. deb nomlanadigan modellarning  mohiyati
o‘rganish uchun olingan ma’lumotlarni modellashtirish,
masalan, ehtimollik zichligi funksiyasini baholash orqgali
amalga oshiriladi. Bunga Gauss qorishmalar modeli misol
bo‘la oladi. Diskriminativ modellar esa sinflar o‘rtasidagi
chegarani qurishga asoslanadi, masalan, tayanch vektorlar
usulida qo‘llanilganidek.

Masofani hisoblash.

Masofani  hisoblash usulini aniglash namunaviy
modellar uchun asos hisoblanadi. Bunday modellarda
aniglanadigan obyekt saglanadigan obyektlardan birining
noaniq nusxasi sifatida ko‘rib chiqiladi. Vektorlar orasidagi
masofani hisoblashning eng keng targalgan usullaridan biri
quyidagilardir:
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* L1-me’yor (shahar kvartallari masofasi, Manhattan
masofasi)

D
d@y) =) lx =il
i=1

* Yevklid masofasi

D
d(xy) = ) 0o = %
i=1

» Mahalonobis masofasi
dx,y) =@ =" xW 1 x(x-y),
bu yerda W — kovariatsiya matritsasi hisoblanadi. Agar
W birlik matritsaga teng bo‘lsa, masofa Yevklid masofasi
bilan bir xil bo‘ladi.

Yaqin qo‘shnilar usuli.

Ushbu usulda diktor namunasi sifatida o‘rgatuvchi
ketma-ketlikning barcha vektorlari to‘plamidan
foydalaniladi. Namunaning bunday andoza bilan
tagqoslanishi quyidagicha amalga oshiriladi. Sinov ketma-
ketligining har bir vektori eng kichik masofani aniglash
uchun andozaning har bir vektori bilan solishtiriladi.
Olingan masofalar yakuniy bahoni shakllantirish magsadida
o‘rtacha qiymatga keltiriladi.

dk = min d(x,-,xj).

L
~ XjESPK
i=

Hisoblash murakkabligini kamaytirish magsadida turli
xil wusullar qo‘llaniladi. Bular jumlasiga namunani
qgisqartirish yoki gidiruvni tezlashtirish uchun ma’lumotlarni
saglash usullari kiradi. Masalan, kd-daraxt yoki boshqga
usullar shular gatoridandir [5].

K-yaqin qo‘shnilar usuli ham o‘rgatuvchi vektorlar
ketma-ketligini saqlashni talab etadi, biroq o‘xshashlik
darajasini  hisoblash biroz boshgacha usulda amalga
oshiriladi. Har bir y; sinov vektori uchun saglangan namuna
vektorlarigacha bo‘lgan masofalarni hisoblagandan so‘ng, k
ta eng yagin vektorni aniglash mumkin. Faraz gilaylik, k;; -
topilgan k ta eng yaqin vektorlar orasida j sinfga (bizning
holatimizda j diktorga) tegishli vektorlar soni bo‘lsin. Har
bir sinfda o‘rgatish vektorlarining taxminan bir xil sonini
nazarda tutib, i vektorning j sinfga tegishlilik ehtimolini
baholash quyidagicha amalga oshirilishi mumkin

R ki
P(Gly:) = %
Shunda vektorlar ketma-ketligini quyidagi qoida asosida
tasniflash mumkin bo‘ladi:

L
C = arg1r2]%)§vnﬁ(cj|yi)'
i=

Bunday usul ovoz berish sxemasi deb ataladi, chunki

ketma-ketlik eng ko‘p “ovoz” to‘plagan sinfga kiritiladi
[10].

Vektorli kvantlash.

Vektorli kvantlash usulida, eng yaqin qo‘shni usulidan
farqli o‘laroq, o‘rgatuvchi vektorlar to‘plami to‘liq
saqlanmaydi, balki kod vektorlari to‘plamiga (odatda
belgilangan o‘lchamli) aylantiriladi. Bunday to‘plamni
yaratishning keng targalgan usuli, shuningdek kod kitobi deb
ham ataladigan, K-meanslar algoritmi hisoblanadi.

K-meanslar algoritmi dastlabki to‘plamni K ta klasterga
ajratadi, bunda K oldindan berilgan son hisoblanadi. Buning
uchun avval o‘rtacha qiymatlar dastlabki to‘plamdagi ayrim
vektorlar bilan initsializatsiya qilinadi. So‘ngra algoritm har

https://t.me/tdtuilmiynashrlar

bir iteratsiyasida vektorlar o‘zlariga eng yaqin klasterlarga
tagsimlanadi  (buning uchun vektor va o‘rtacha
giymatlarning joriy holati orasidagi masofa hisoblanadi) va
har bir klasterdagi o‘rtacha qiymat gayta hisoblab chigiladi.
Keyingi iteratsiyada klasterlar holati o‘zgarmaganda yoki
belgilangan maksimal iteratsiyalar soniga yetganda algoritm
yakunlanadi. Olingan o‘rtacha qiymatlar namuna tuzish
uchun ishlatiladigan  kod  vektorlari  hisoblanadi.
Vektorlarning kirish ketma-ketligi va kod kitoblari orasidagi
masofani hisoblash eng yaqin qo‘shnilar usuli kabi amalga
oshiriladi.

Gauss gorishmalar modeli.

Gauss gorishmalar modeli diktorni tanib olish sohasida
keng qo‘llaniladi. Bu model Gauss tagsimotlarining vaznli
yig‘indisidan iborat.

M
PaID = ) om0,
i=1
bu yerda A - diktor modeli, M - model

komponentlarining soni, w; - komponentalarning og‘irligi
M

Zwl—=1.

i=1

Har bir komponentning ehtimollik zichligi funksiyasi

quyidagi formula orgali ifodalanadi:
1 1 -1

= @y /aiz, e P (_E(x — )" l_ (x —lli)):
bu yerda D - belgilar fazosining o‘lchami, y; - matematik
kutish vektori, = esa kovariatsiya matritsasi. Ushbu modelni
amalga oshiruvchi tizimlarda ko‘pincha kovariatsiyaning
diagonal  matritsasidan  foydalaniladi. ~ Shuningdek,
so‘zlovchi modelining barcha komponentlari uchun yagona
kovariatsiya matritsasi yoki barcha modellar uchun bitta
matritsani qo‘llash ham mumkin.

Shunday qilib, diktor modelini yaratish uchun
o‘rtacha  vektorlarni, kovariatsiya matritsalarini  va
komponentlar og‘irliklarini aniqlash zarur. Bu masala EM-
algoritmi yordamida hal etiladi. Kirish sifatida X =
{x41,...,xr} vektorlarining o‘rgatuvchi ketma-ketligi
beriladi. Model parametrlari boshlang‘ich qiymatlar bilan
initsializatsiya qilinadi va keyin algoritmning har bir
iteratsiyasida  parametrlarni qgayta baholash amalga
oshiriladi.

Boshlang‘ich parametrlarni aniqlash uchun odatda
K-means [3] kabi klasterlash algoritmi qo‘llaniladi.
O‘rgatuvchi vektorlar to‘plamini M ta klasterga ajratib olish
orqali model parametrlarini quyidagicha boshlang‘ich
holatga Keltirish mumkin. g; ning dastlabki giymatlari
klaster markazlari bilan mos keladi, kovariatsiya matritsalari
esa shu klasterga tegishli vektorlar asosida hisoblanadi.
Komponentalarning og‘irliklari esa mazkur Kklasterga
tegishli vektorlarning umumiy o‘rgatuvchi vektorlar soniga
nisbati bilan aniglanadi.

Parametrlarni gayta baholash quyidagi formulalar
bo‘yicha amalga oshiriladi:

« aposterior ehtimolliklarni hisoblash (Estimation-step)

. w;p;i (%)
p(ilxe, D) =gr————
‘ TRy wiepic(xe)
* modelning yangi parametrlarini  hisoblash
(Maximization-step)

T
Al
w=;;mmux

pi
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4y = Yioap(ilx, A) .
CX pGilxe D xe’
5 = Tl pCilxe, A) CGer — pa) (e — )" .
l i p(ilxe, ) '
Ushbu qadamlar parametrlar o‘zaro moslashguncha
takrorlanadi.

Tayanch vektorlar usuli.

Tayanch vektorlar usuli binar tasniflagich bo‘lib,
ajratuvchi funksiyani quyidagi ko‘rinishda quradi:

fx)=w-x+0b.

(x1,¥1),.--, (xn,yn) o0qitish ketma-ketligi berilgan
bo‘lsin, bu yerda x; - belgilar fazosining nuqtalari, y; esa 1
yoki —1 qiymatlarni qabul qiluvchi sinflardan biriga
tegishlilikni bildiruvchi belgilar. Avval ma’lumotlarning
chizigli ajralish holatini ko‘rib chiqaylik. Bunday cheklov
quyidagi ko‘rinishda ifodalanishi mumkin:

W'.X'i+b2+1, yi:‘l‘l;
{w-xi+bS—1, yi =-1;
yoki bitta tengsizlik orgali ifodalansa
yiw-x;+b)—120,i=1,..,N.

Mumkin bo‘lgan ajratuvchi gipertekisliklar orasidan
sinflar o‘rtasida eng katta oraligni hosil qiluvchi
gipertekislik izlanadi. Bunda ajratuvchi gipertekislikdan har
bir sinfning eng yaqin nuqtalarigacha bo‘lgan masofa
maksimal bo‘lishi lozim. Oraliq kattaligini 2/||w]|| sifatida
hisoblash mumkin. Shunday qilib, maksimal oraligli
ajratuvchi gipertekislikni topish masalasini (1) ifoda asosida
[[wll? ni minimallashtirish masalasiga keltirish magsadga
muvofig. Ushbu masala (shuningdek, keyinchalik
ta’riflanadigan chizigli ajralmaslik va yadro funksiyasi
yordamida  nochiziglilikni  kiritish  holatlari  uchun
umumlashtirishlar ham) kvadratik dasturlash usullari bilan
yechilishi mumkin [11].

Chizigli  ajralmaslik holati uchun  masalani
umumlashtirish magsadida, cheklovlar quyidagi ko‘rinishda
gayta yoziladi:

{W'X[+b2+1—fi, yi=+1;

€y

W'X,:+b£-1+fi, yi=—1;
&=0
barcha i = 1, ..., N uchun. Magsad funksiyasi quyidagi
ko‘rinishda bo‘ladi:

N

1

Ew-w+CZ€i—>min,
i=1

bu yerda C - xatolarning paydo bo‘lishi uchun jarima
darajasini belgilaydigan musbat doimiy.

Chiziqli ajralmaydigan to‘plamlarni aniqlashning
yana bir usuli yadro funksiyasini kiritishdir. Bu g‘oyaning
mobhiyati shundaki, boshlang‘ich fazoni yuqori o‘lchamli
fazoga aks ettirish orqali, to‘plamlar ajraladigan bo‘lishi
mumkin. Bunda, o‘qitish va tanib olish algoritmlarida
belgilar alohida emas, balki skalyar ko‘paytmalar shaklida
ishlatilganligi  sababli, bunday o‘zgartirishni  aniq
ko‘rinishda yaratishning hojati yo‘q. Yangi fazoda skalyar
ko‘paytmani belgilaydigan yadro funksiyasini berish kifoya
giladi.

K (xi, %) = 0(x) - 9(x).
Keng targalganlar orasida quyidagi yadrolarni keltirish
mumkin:

K(xi,x;) = exp (—
funksiyalarining yadrosi,
K (x4, x;) = (x; - x; + 1)™— polinomial yadro.

[EATl
2

Py )— Gauss radial bazis
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Usul parametrlari (masalan, C va yadro parametrlari)
odatda ma’lum qiymatlar to‘plamini tanlash va
krossvalidatsiya usuli bilan baholash orgali aniglanadi. Bu
jarayon giymatlarni ketma-ket sinab ko‘rish va natijalarni
tahlil qilish yo‘li bilan amalga oshiriladi.

Yuqorida tavsiflangan usullar binar tasniflash masalasini
hal giladi. Ushbu usullarni ko‘p sinfli aniglash masalasiga
qo‘llash uchun “bittasi qolganlarga qarshi” yoki “bittasi
bittasiga qarshi” kabi strategiyalardan foydalaniladi.
Aytaylik, o‘qitish uchun g ta sinf berilgan. “Bittasi
qolganlarga qarshi” strategiyasini qo‘llaganda ¢q ta
tasniflagich yaratiladi, ularning har biri ushbu sinfni
boshqalaridan ajratib olishga o‘rgatiladi. Aniqlash
jarayonida obyekt f(x) funksiyasining eng katta giymatini
bergan sinfga kiritiladi. “Bittasi bittasiga qarshi” (“har biri
har biriga garshi”) strategiyasi esa ikki sinfni ajratadigan
q(q — 1)/2 tatasniflagichdan foydalanadi.

Muayyan sinfni qolgan barcha sinflar bilan taggoslash
natijalari jamlanadi va so‘ngra boshqa sinflarning shunga
o‘xshash natijalari bilan solishtiradi. Bunda f (x) funksiyani
P(Ci|x) ehtimollikka o‘zgartirish uchun turli usullardan
ham foydalaniladi.

Belgilar vektorlari ketma-ketligini aniglash uchun har
bir kadrni tasniflash natijalarini birlashtiruvchi qoidalar
qo‘llanilishi  mumkin. Shuningdek, vektorlar ketma-
ketligidan  generativ  modellarni  o‘rgatish  uchun
foydalaniladigan, keyinchalik tayanch vektorlar usuli
yordamida tasniflanadigan yondashuvlar ham qo‘llaniladi.

2.6. Tizimni baholash

Tanib olish tizimlarining aniq ishlashiga bir qator
omillar ta’sir ko‘rsatadi. Avvalo, ovozning o‘zidagi
o‘zgaruvchanlikni ta’kidlash lozim. Hissiy holat, charchoq,
yosh o‘zgarishlari, shamollash va boshqa ko‘plab omillar
ovozga ta’sir giladi. Ikkinchidan, tanib olish tizimlari uchun
atrof-muhit ta’siri hamda yozib olish sharoitlarining
o‘zgarishi muammo hisoblanadi.

Eksperimental ~ baholash  uchun  qo‘llaniladigan
ma’lumotlar bazalari (korpuslar) doim ham yuqorida sanab
o‘tilgan vaziyatlarni to‘liq modellashtira olmaydi. Shu
sababli, natija asosan baza ganchalik reprezentativligi va
tajriba qanday tashkil etilganligiga bog‘liq bo‘ladi.
Tadgiqotchilar o°tkazilgan tajribalar haqida batafsil
ma’lumot berganliklari sababli, tajribaning haqiqiy
qo‘llanish sharoitlariga mosligini tushunish va natijalarni
taqqoslash imkoniyatini beradi. Bunday ma’lumot, avvalo,
yozib olish seanslari sonini va ular orasidagi tanaffuslar
davomiyligini ko‘rsatishi lozim. Qolaversa, yozib olish
shartlarining tavsifi (mikrofon turi, uzatish kanali, xonaning
shovqgin darajasi va boshgalar) hamda ro‘yxatga olish va
sinov sessiyalari uchun sharoitlar turlichami (nomuvofiq
sharoitlar) yoki yo‘qligini aks ettirishi kerak. Shuningdek,
natija har bir sinovda modellarni yaratish uchun
foydalaniladigan materialning davomiyligiga va bazadagi
foydalanuvchilar soniga ham bog‘liq bo‘ladi.

Identifikatsiya tizimlarini baholash uchun aksariyat
hollarda foydalanuvchilarning yopiq to‘plami bilan
cheklanadi, ya’'ni identifikatsiya qilishga urinayotgan barcha
foydalanuvchilar tizimda ro‘yxatdan o‘tgan. Natija
ro‘yxatdan o‘tgan foydalanuvchilar soniga va qaytariladigan
ro‘yxatning hajmiga (ko‘pincha faqat bitta identifikator
ishlatiladi) yoki ro‘yxatga kirish chegarasiga bog‘liq.
Identifikatsiyalash ehtimoli (haqiqiy-ijobiy
identifikatsiyalash) to‘g‘ri identifikatorni o‘z ichiga olgan
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nomzodlar  ro‘yxati  qaytarilishiga  olib  kelgan
identifikatsiyalash urinishlarining ulushi sifatida baholanadi.

Verifikatsiya tizimlarida ikki turdagi xatoliklar yuzaga
keladi. Soxta ruxsat xatoligi ikki har xil foydalanuvchi
namunalarini taqqoslashda ijobiy qaror (o‘xshashlik) qabul
gilishdan iborat. Namunalar bir foydalanuvchiga tegishli
bo‘lsa-da, ularni farqlash to‘g‘risida qaror qabul qilish
noto‘g‘ri rad etish xatosi deb ataladi. Har ikkala turdagi
xatolar garor gabul qilish chegarasiga bog‘liq bo‘ladi.

Verifikatsiya sinovlarining natijalari garor gabul gilish
chegarasining parametrik belgilangan egri chizig‘ini aks
ettiruvchi ishlash xususiyati grafigi orqali ko‘rsatilishi
mumkin. Bunday grafikda abssissalar o‘qi bo‘yicha soxta-
ijobiy qarorlar ehtimolliklarining baholari (noto‘g‘ri qabul
qilish ehtimolliklari), ordinatalar o‘qi bo‘yicha esa haqiqiy
ijobiy garorlar ehtimolliklarining baholari joylashtiriladi.
Diktorni tekshirish sohasida boshgacha usul ommalashgan
bo‘lib, unda abssissalar o‘qi bo‘ylab noto‘g‘ri ruxsat berish
ehtimolligini baholash, ordinatalar o‘qi bo‘ylab esa noto‘g‘ri
rad etish ehtimolligini baholash joylashtiriladi. Bunda o‘qlar
uchun ko‘proq ko‘rgazmalilik magsadida normal og‘ish
shkalasi [9] (ba’zan logarifmik yoki boshga shkala)
qo‘llaniladi. Bunday usulda [7] taklif gilingan va diktorni
tanib olish (speaker detection) masalasida natijalarni taqdim
etish uchun ishlatilgan, shuning uchun u tanib olish xatolari
kompromis egri chizig‘i (Detection Error Tradeoff;, DET)
nomini olgan.

Baholash natijalarini yagona parametr ko‘rinishida
ifodalash uchun quyidagi usullar qo‘llaniladi. Ulardan biri
soxta yo‘l qo‘yish (CFA) va soxta yo‘l qo‘ymaslik (CFR)
giymatlarini belgilash hamda aniglash giymati funksiyasini
(Detection Cost Function; DCF) hisoblashdan iborat [8].

DCF = CrrPrarRrr + CraPimpRra,

bu yerda Ptg, Va Pipyp - haqigiy shaxs va “soxta shaxs”
urinishlarining aprior ehtimolliklari, Rpz va Rgg - mMos
ravishda noto‘g‘ri rad etish va noto‘g‘ri qabul qilish
xatoliklari ehtimolliklarining olingan baholaridir. Qaror
gabul gilish chegarasi giymat funksiyasining giymatini
minimallashtirish uchun optimallashtiriladi. Keng targalgan
o‘lchov esa teng xatolik ehtimolligi darajasi (Equal Error
Rate; EER) bo‘lib, u shunday chegarada xatolik
ehtimolligining kattaligini ifodalaydi, bunda noto‘g‘ri qabul
qilish va noto‘g‘ri rad etish xatoliklari ehtimolligi bir-biriga
teng yoki qiymati jihatidan eng yaqin bo‘ladi.

3. Xulosa

Diktorni tanib olish tizimlarini rivojlantirish bir necha
yo‘nalishda amalga oshirilmoqda. Belgilarni ajratib
olishning eng keng targalgan usullari  kepstral
koeffitsiyentlarni hisoblash usullari hisoblanadi: mel-
chastotali va chizigli bashoratlashga asoslangan.
Shuningdek, asosiy ton va formant chastotalarining
statistikasi ham qo‘llaniladi [4]. Signal qayta ishlash
darajasidagi rivojlanish asosan nutq signalini tashqi
shovginlar va signal uzatish kanali tomonidan yuzaga
keladigan buzilishlarga chidamli bo‘lgan mustahkam
tasvirini yaratishga qaratilgan yangi usullarni izlash
yo‘nalishida sodir bo‘lmoqda. Yuqori darajadagi belgilardan
foydalanish yo‘nalishi ham rivojlanmoqda. Diktor
modellarini yaratish usullari oddiy belgilar vektorlarini
o‘rtachalashtirishdan murakkab generativ va diskriminativ
modellargacha takomillashdi.

https://t.me/tdtuilmiynashrlar

Hozirgi paytda modellarni yaratishning quyidagi usullari
ustunlik gilmogda:

» matnga bog‘liq tizimlar uchun - vagtning dinamik
o‘zgarishi (Dynamic Time Warping; DTW) va yashirin
Markov modellari (Hidden Markov Model; HMM);

» matnga bog‘liq bo‘lmagan tizimlar uchun - vektorli
kvantlash (Vector Quantization; VQ), Gauss gorishmalar
modeli (Gaussian Mixture Model; GMM) va tayanch
vektorlar usuli (Support Vector Machine; SVM).

Qarorlar  gabul qilish  yagona tasniflagichdan
foydalangan holda ham, qaror gabul gilish qoidalarini
birlashtirish orgali ham amalga oshiriladi. Eksperimental
baholash bo‘yicha kichik guruhlarda (5-10 kishi) o‘tkazilgan
laboratoriya sinovlaridan to tizimning haqiqiy qo‘llanish
sharoitlarini aks ettiruvchi katta hajmli  korpuslarni
yaratishgacha bo‘lgan yo‘l bosib o‘tildi [12].
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Diagnostics based on blood analysis indicators using the adaboost

algorithm
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Abstract:

Keywords:

This article discusses the use of the AdaBoost algorithm for disease diagnosis based on blood parameters.
The study analyzes how the algorithm adapts to various datasets consisting of blood parameters and
identifies key biomarkers that affect the accuracy of diagnosis. It is shown that the use of this algorithm
allows for increased pathology recognition efficiency compared to traditional methods, providing higher
sensitivity and specificity. The abstract also includes a comparative analysis of AdaBoost performance
with other machine learning models, highlighting its advantages in the field of diagnostics based on
medical data. A systematic approach to the medical diagnosis process, methods, models and algorithms
for making diagnostic solutions have been developed. The developed model and algorithms make it
possible to create a system that uses the adoption of a hybrid intelligent diagnostic solution. A
multivariate probabilistic model was created taking into account the weighting coefficient of experts and
the mutual compatibility of experts' assessments. This allows to make a collegial diagnostic solution with
a certain probability that the patient has the suspected disease. A generalized logical model of the multi-
stage reasoning process of experts on diagnosis was created.

blood analysis, AdaBoost algorithm, machine learning, classification, bioanalyze, medical dataset,

ensemble learning, methods, specificity, diagnostics

1. Introduction

In todays society the automation of disease diagnosis
plays a role, in the field of medicine. Having precise and
rapid diagnostic techniques enables healthcare professionals
to promptly identify illnesses and determine treatment plans
thereby enhancing the prospects of patients successful
recovery. Ensemble algorithms, in machine learning have
shown success, in handling data and enhancing models
quality; one notable example is the AdaBoost algorithm
developed by Yoav Freund and Robert Shapira in 1995
which excels at aggregating multiple weak classifiers to
form a robust one that enhances classification precision. [1]

Many research studies have demonstrated that machine
learning techniques, like regression and decision trees are
effective in identifying diseases based on information.
However conventional approaches sometimes struggle with
issues like overfitting and lower accuracy when dealing with
datasets. Recent research has emphasized the advantages of
utilizing methods such as Random Forest and AdaBoost to
tackle these obstacles by merging insights, from models.

Several research studies have highlighted that
incorporating the AdaBoost algorithm can enhance the
accuracy and precision of models significantly. For instance
Jones and colleagues (2020) delved into utilizing AdaBoost
to detect diabetes using blood parameters revealing its
performance compared to classification techniques.
Likewise Li and Huang (2021) adopted a strategy, for
identification of cardiovascular diseases resulting in a
notable enhancement, in model accuracy. [2-3]

In particular, studies have shown that the use of the
AdaBoost algorithm can improve the sensitivity and
specificity of diagnostic models. For example, Jones et al.
(2020) examined the use of AdaBoost to diagnose diabetes
based on blood parameters, where the algorithm

al® https://orcid.org/0009-0005-0334-9077
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demonstrated superiority over standard classification
methods. Similarly, Li and Huang (2021) used an ensemble
approach for early detection of cardiovascular diseases,
which showed a significant improvement in the accuracy of
the model. [4-5]

The results of the latest world research show that the
Random Forest algorithm is of great practical value in
detecting diseases through blood analysis. With the help of
this algorithm, it is possible to detect diseases early, develop
individual treatment plans and create a basis for new
scientific research. Blood analysis is an important source of
information for the diagnosis of various body functions,
diseases and health assessment. The following indicators can
be analyzed using the Random Forest algorithm:

- hemoglobin level: shows the oxygen carrying capacity
of the blood. Low levels may be associated with anemia,
while high levels may be associated with other diseases.

- the number of leukocytes: leukocytes in the blood test,
which indicate the activity of the immune system. Their
increase or decrease may indicate infections or chronic
diseases.

- Creatinine level: this indicator is important in assessing
kidney function. High levels may indicate kidney failure or
other diseases.

- Glucose level: It is important to diagnose diabetes. The
importance of glucose in blood sugar control can be analyzed
by Random Forest. [5-6]

The main purpose of using this algorithm is to increase
its level of practical significance and obtain the results of
comparative analysis. In practice, the goal is to achieve:

- early detection of diseases: diseases can be detected at
an early stage based on the indicators obtained from blood
analysis using the Random Forest algorithm. This increases
the effectiveness of treatment and improves the quality of
life of patients.
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- individualization: the algorithm allows personalization
of treatment plans by analyzing the individual indicators of
patients. It develops an individual approach in medicine.

- research and new discoveries: analysis of blood test
results through Random Forest allows to identify new
biochemical indicators and associations between diseases.
This will help in the development of scientific research and
new treatment methods.

- data analysis: When working with large amounts of
data, Random Forest works as an efficient tool. It helps in
the analysis and comparison of data in medicine, which
allows for empirical analysis.[7]

Those, the use of machine learning algorithms such as
Random Forest in blood analysis is a promising direction
that contributes to improving the quality of medical care.
This paper will review the process of diagnosis based on
blood test parameters using the Random Forest algorithm, as
well as analyze the results obtained.

Despite advances in the application of machine learning
methods, there is a need to explore their capabilities for
working with diverse and high-dimensional blood analysis
datasets. The AdaBoost algorithm, with its ability to improve
weak classifiers and focus on difficult-to-classify examples,
represents a promising direction in the field of automated
diagnostics. [8-9]

This work aims to investigate the capabilities of the
AdaBoost algorithm for blood-based diagnostics, including
assessing the accuracy of the model and identifying key
biomarkers that influence the classification result.

This, the use of machine learning algorithms such as
Random Forest in blood analysis is a promising direction
that contributes to improving the quality of medical care.
This paper will review the process of diagnosis based on
blood test parameters using the Random Forest algorithm, as
well as analyze the results obtained.

2. Methods and materials

Statement of the problem

The aim of this study is to construct and evaluate a
disease diagnostic model using the AdaBoost algorithm
based on blood analysis data. The mathematical
formalization of the problem includes the following key
aspects:

a) Let X={x1, x2, ..., xn} be a data set, where each
XieRd is a vector of blood test parameters, and Y={y1, y2,
..., yn} are the corresponding class labels, where Yie —
{0,1} (e.g., presence or absence of a disease).

b) The task is to construct a classifier f:Rd that
minimizes the classification error. The AdaBoost (Adaptive
Boosting) algorithm is aimed at creating a strong classifier ,
where ht(x) are weak classifiers and at are their weights. The
training process includes the following steps:

T

FG) = sign() achi(x)
t=1

- Initialization of weights for all examples: D1(i)=1/n,
where n is the number of training examples.

- for t=1to T (number of iterations):

- training a weak classifier ht(x) given the current weight
distribution Dt

- calculation of errore, = Y.{L; D¢(i) II(ht(xl) * Vi

- calculation of classifier weight.a; = = ln(1 81)
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- updating weights: followed by normalization.D., (i) =

exp(—ayihe(x;)
3. Performance evaluation metrics:
a) Accuracy:

Accuray =
b) Sensitivity (Recall):
Recall = ——— 2)
TP+FN
c) Specificity:
N

. T
Precision = ——— (3)

TP+TN ( )
TP+TN+FP+FN

F1 measure:
2*Precision*Recall ()

= . F1= _Precision+Recall
4. ldentification of significant features:

During the model training process, important
biomarkers are identified based on the contribution of weak
classifiers and their corresponding at weights. This analysis
allows us to determine which blood test parameters have the
most significant impact on the classification result.[10]

Comparative analysis:

A comparison of the AdaBoost algorithm is made with
other classification methods such as logistic regression and
Random Forest. The same evaluation metrics are calculated
for each method to ensure a fair comparison.

Formalization of the task:
T

min Z ga; (5)
heag

t=1

where reflects the error of the weak classifier at each
iteration, and controls the contribution of the classifier to the
final model ¢.a;.

Method of solution

To diagnose diseases based on blood test results using
the AdaBoost algorithm, the solution method includes the
following mathematical steps and descriptions:

Let there be a training sample (x1, y1), (x2, y2), ..., (xn,
yn), where each XieRd is a feature vector (blood test
parameters), and Yie{0,1}.The task is to construct a classifier
F(x) that minimizes the empirical classification error:

mmZH (F(x) = y) (6)

where Il (*) is the |nd|cator function. Description of the
AdaBoost algorithm: The AdaBoost algorithm aims to create
a strong classifier by combining weak classifiers. The
learning process can be described as follows:

Initialization:

Initial distribution of weights for the training sample:

D1(i)=1nVv;=1,2,...,n (7)

Learning cycle (for t=1to T, where T is the number of
iterations):

Training a weak classifierht(x) on a sample with
weights Dt.

Calculating classifier error:

£ = ZD®MMU¢m@)

Calculating the welght of a weak classifier:

Updating observatlon welghts

De1 (D) = exp(—acyihe(xi) (10)
where Zt is the normalization coefficient, ensuring
thaty.? Dy (i) = 1
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Final classifier:

T
FGO = sign()_ach(x) (1)
t=1

To determine the contribution of different blood
parameters to the classification result, feature significance
analysis is used. The weight of each feature can be estimated
based on the importance of weak classifiers, which are built
on certain features and weighted using coefficients a;.

Comparative analysis of algorithms:

To evaluate the advantages of AdaBoost, a comparison
is made with other machine learning methods:

Logistic Regression, which models the probability of an
object belonging to a class:

1
Py=1lx) = Fpp— (12)

Random Forest, which is an ensemble of decision trees,
where the final decision is made by voting.

Practical implementation and testing:

Cross-validation: k-fold cross-validation is used to
assess the stability of the model.

ROC curveand AUC (area under the curve) are used to
visually evaluate the performance of the model.

The final model F(x), constructed using AdaBoost, is
interpreted based on feature importance, which allows
identifying key blood parameters that are significant for
diagnostics.

BIOTAHLILUZ software has the appearance of blood
cell windows as follows.[11]

The development of the information model in relation to
the above-mentioned areas of activity of the research object
is carried out on the basis of the analysis of the identified
typical information objects.[12]

Bommumie PeaynataTs auanusos

a9nm ®

Fig. 2. Introduction of general analysis processes
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3. Conclusion

The study examined the application of the AdaBoost
algorithm to diagnose diseases based on blood test results.
The main goal of the work was to develop and evaluate a
diagnostic model that can effectively classify data, providing
high accuracy, sensitivity and specificity. The AdaBoost
algorithm has shown great performance in diagnostic tasks,
demonstrating improved performance compared to
traditional methods such as logistic regression and support
vector machines. This is due to its ability to adapt to complex
data sets and combine the decisions of several weak
classifiers to create a more robust final solution. An
important quality indicator of data on which decisions are
based is based on its reliability. Unfortunately, almost all
decision-making theories do not include the reliability of
decision-related information. This research is expressed
through Artificial Intelligence. The decision-making process
often had a multi-criteria character have to face issues. In
this case, the set of criteria is usually non-equivalent.
Evaluation models are used to bring a set of performance
indicators (specific objectives) into a single assessment of
performance (a common objective). That is, evaluation
models are a mechanism for bringing specific objective
functions to a generalized objective function. The analysis of
the importance of features allowed us to identify key
biomarkers that most significantly affect the accuracy of
classification. This helps medical professionals focus on the
most informative blood test indicators when diagnosing
diseases. [13] The AdaBoost algorithm has demonstrated
high flexibility when working with a variety of data sets,
making it suitable for use in a variety of medical problems.
The ability to adjust parameters and tune weak classifiers
allows the model to be tailored to specific problems and
improve its performance. Comparison with other
classification methods confirmed the advantages of the
AdaBoost algorithm. It provided a higher level of accuracy
and stability of results, especially on complex datasets with
high levels of noise. The obtained results show that the
AdaBoost algorithm can be successfully integrated into
decision support systems to assist medical professionals. Its
use will automate diagnostics and reduce analysis time,
while ensuring high accuracy. The AdaBoost algorithm is a
promising tool for blood-based diagnostics due to its ability
to improve classification accuracy and identify key
biomarkers. Future research is warranted to include the use
of ensemble methods in conjunction with deep neural
networks to further improve the accuracy and adaptability of
the models.
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Microprocessor system for contactless control of derailment of railway
rolling stock and delicate dimensions

E.l. Khidirovl®a

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In this article, on the basis of a non-contact microprocessor-based derailment and under-gauge detection
device, it is possible to detect and control wheel pairs of the rolling stock leaving the track and parts of
the rolling stock (in a train) protruding from the under-gauge, and when the device is activated, the train
will be brought to a station or an artificial structure (tunnel). , bridge) is considered to stop in front.
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Temir yo‘l harakat tarkibini izdan chiqishini va past gabaritlarini kontaktsiz
nazorat qilishning mikroprotsessorli tizimi

Xidirov E.l.1@a

1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Ushbu magolada mikroprotsessor asosida ishlab chigilgan kontaktsiz relsdan chigish va gabaritdan

tashgariga chigishni aniglash qurilmasi asosida, temir yo'l harakat tarkibining g'ildirak juftliklarining
yo'ldan chigishini va gabaritdan chigib turgan gismlarini aniglash va nazorat gilish imkoniyati ko'rib
chigiladi. Qurilma ishga tushganda, poyezd bekatga yoki sun'iy inshootga (tunel, ko'prik) yetib

borguncha to'xtashi ko'zda tutilgan.
Kalit so‘zlar:

elektr markazlashtirish, mikroprotsessor, temir yo'l harakat tarkibi, yaqinlashish, kichikrog o'lcham,

infraqizil datchik, dasturiy ta'minot, yo'l datchigi, simsiz tarmoq

1. Kirish

Jahon temir yo‘l uchastkalarida harakat tarkibining
izdan chigishini va pastki gabaritdan tashgariga chigadigan
gismlarni va g‘ildirak juftliklarini temir yo‘l izidan chiqib
ketishini avtomatik ravishda nazorat gilish va aniglashda
kontaktsiz infragizil datchiklar asosida mikroprotsessorli
boshqarish va nazorat qilish tizimlarini qo‘llash orqali
poezdlar harakat xavfsizligini ishonchli va yuqori darajada
ta’minlash, zamonaviy simsiz mikroprotsessorli
qurilmalarni ishlab chigishga katta e’tibor qaratilmoqda. Bu
borada, jumladan, harakat tarkibining g‘ildiraklar juftligini
izdan chigib ketmasligini, harakat tarkibining izdan chigib
ketishi natijasida stansiya va peregon qurilmalariga, yon
yo‘lda xarakatlanayotgan harakat tarkibiga, sun’iy
inshootlarga shikast yetkazmasdan stansiyaga kirmasdan va
sun’iy inshootlar oldida to‘xtatish, ma’lumotini uzatish va
qabul qilish usuli asosida temir yo‘l uchastkasida joylashgan
elektr ta’minoti, yo‘l va signallashtirish, markazlashtirish va
blokirovka qurilmalariga, sun’iy inshootlarga shikast
yetkazish holatlarining oldini olish bo‘yicha tadqiqotlar
ustuvor hisoblanmoqda. Shu bilan birga, temir yo‘l
uchastkalarida joylashgan yo‘l, elektr ta’minoti  va
signallashtirish, markazlashtirish va blokirovka
qurilmalarining va tashilayotgan yuklarning
shikastlanishini, harakat tarkibining pastki gabaritdan
chiqib turuvchi gismlarini, shuningdek g‘ildirak juftliklarini

a2 https://orcid.org/0009-0009-6649-4705
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temir yo‘l izidan chiqib ketishini nazorat qgilish va aniglashda
harakat tarkibini izdan chigishini nazorat gilish qurilmasi
tizimini  radioaloga va muqobil manbali hamda
signallashtirish, markazlashtirish, blokirovka qurilmalariga
bog‘langan holda mikroprotsessorli vositalarga asoslanib,
harakat tarkibining pastki gabaritlari to‘g‘risida nazorat va
boshgaruv qurilmalarini yaratish, nazorat qilish va
ma’lumotlarni elektr markazlashtirish va sun’iy inshoot
postiga jo‘natish usullarini yaratish bugungi kunda dolzarb
vazifalardan biridir[5].

Harakat tarkibini izdan chigishini nazorat qilish
qurilmasi temir yo‘l harakatlanuvchi tarkibining texnik
holatini avtomatik nazorat giluvchi qo‘shimcha vositadir.
Temir yo‘l transportida harakat tarkibining g‘ildirak
juftliklarini  izdan chiqishini nazorat gilish qurilmasi
poezdlar harakat xavfsizligini ta’minlashda asosiy vazifani
bajaradi. harakat tarkibini izdan chigishini nazorat gilish
qurilmasining asosiy vazifasi harakat tarkibining pastki
gabaritdan chiqib turuvchi gismlarini, shuningdek g‘ildirak
juftligi temir yo‘ldan chiqib ketishini nazorat gilishdan
iborat. Harakat tarkibini izdan chigishini nazorat gilish
qurilmasi, stansiyalarga kirishdan, sun’iy inshootlar,
daryolar kanallar, ko‘priklar va tunnellardan oldin
o‘rnatiladi. Quyidagi 1-rasmda oxirgi 5 yillik ma’lumotlar
asosida 2019-2023 yillar kesimida temir yo‘l uchastkalarida
harakat tarkibini izdan chigishini nazorat qilish
qurilmalarida xarakat tarkibining izdan chigishi va pastki
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nogabaritlik sodir bo‘lishi bilan bog‘liq nosozliklarning soni
keltirilgan[1].
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1-rasm. Temir yo‘l uchastkalarida harakat tarkibini
izdan chigishini nazorat gilish qurilmalarida sodir
bo‘lgan nosozliklar soni

Harakat tarkibining pastki gismida joylashgan
detallarning osilib qolishi yoki g‘ildirak juftliklarining ba’zi
sabablarga ko‘ra relsdan chigib ketishi harakatlanayotgan
tarkibni izdan chigishiga, poezdlar harakat jadvalidagi
kechikishlarga shuningdek peregon va stansiyadagi yo‘l,
signallashtirish, markazlashtirish, va blokirovka
qurilmalarga va sun’iy inshootlarga salbiy shikast
yetkazilishiga olib keladi [7]. Harakatlanayotgan
tarkibning pastki gismida joylashgan detallarning osilib
golmasdan yoki g‘ildirak juftliklarining temir yo‘l izidan
chigib ketmagan holda harakatlanishi temir yo‘llardagi
sun’ly inshootlar, ko‘priklar, tunnellar va peregon va
stansiyadagi yo‘l, signallashtirish, markazlashtirish, va
blokirovka qurilmalarga shikast yetkazmasligini oldini
olishga yordam beradi[3]. Temir yo‘l uchastkalarida
harakatlnuvchi tarkibni izdan chigishini nazorat giluvchi
qurilma metal o‘tkazgichli bo‘lgan boshqarish va nazorat
sxemali rele asosida qurilgan harakatlnuvchi tarkibni izdan
chigishini nazorat giluvchi qurilmalari keng targalishiga
qaramay, ular ma’lum kamchiliklardan istisno emas[6].
Bunday harakatinuvchi tarkibni izdan chigishini nazorat
giluvchi  qurilmalarining ~ funksional ~ imkoniyatlari
cheklangan bo‘lib, signallashtirish, markazlashtirish va
blokirovka tizimlaridagi nosozliklarlarni tahlil gilinganda
harakatlnuvchi tarkibni izdan chigishini nazorat giluvchi
qurilmasidagi kamchiliklar asosan pastki gabarit konturini
ya’'ni xrom va temir metaldan tashkil topgan nazorat datchiki
metal  konstruksiyasida hosil bo‘ladigan mikroyoriqglar
asosly va juda salbiy kamchiliklardan biridir, g‘ildirak
juftliklarinnig  izdan chiqishi sodir bo‘lsa metal
konstruksiyasining ~ mustahkamligi  sababli ~ ma’lum
holatlarda nazorat datchikini buzilmasligiga olib keladi,
metal o‘tkazgich o‘rnatilgan qismida, metal o‘tkazgichning
tros orqali yo‘l qutisiga ulangan qismida og‘ir massadagi
yuklarni o‘tishi natijasida yuzaga kelgan vibratsiya
natijasida kontakt yo‘qolishi va ob-havoning keskin
o‘zgarishi sababli uzilishi hamda uni qayta tiklash uchun
ma’lum vagqt sarflanishi, xrom va temir metal o‘tkazgichni
yangisiga almashtirish, releli qurilmalarni ishlatilishi va
ma’lumotlar misli  kabel orqali uzatilishi, metal
konstruksiyali  nazorat datchiki o‘rniga  infraqizil
datchiklarga va mikroprotsessorli simsiz texnologiyalarga
hamda zamonaviy tizimlarga o‘tishni talab etadi, bu esa 0‘z
novbatida poezdlar harakat xavfsizligini oshirishga xamda
yuk va yo‘lovchi tashish jarayonini tezlashtiradi [4].

Kontaktsiz ~ mikroprotsessorli ~ qurilma  asosida
harakatdagi tarkibning izdan chigishini va pastki gabaritini
nazorat qilish va ma’lumotlarni simsiz tarmoq asosida
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uzatish bunday kamchiliklardan kamaytiradi va ushbu
tizimning  ishlash  ishonchliligini  yuqorililigi  va
samaradorligi bilan ajralib turadi. Kontaktsiz va simsiz
texnologiyalar asosida mikroprotsessorlashgan
harakatlnuvchi tarkibni izdan chigishini nazorat giluvchi
qurilmasi “O‘zbekiston temir yo‘llari” AJ liniyalarida
mavjud emas.

2. Tadqgigot metodologiyasi

Kontaktsiz mikroprotsessorli tizim asosida temir yo‘l
uchastkalarida joylashgan [5] harakat tarkibini izdan
chigishini nazorat gilish qurilmalarini masofadan nazorat
gilish va tashhislash, hamda uni rostlash va sozlash imkonini
beradi. Kontaktsiz mikroprotsessorli harakat tarkibini izdan
chigishini nazorat qilish qurilmasininig ichki tarkibiga
kiradigan maxsus avtomatika va telemexanika tizimiga ega
bo‘lib, harakat tarkibini izdan chigishini nazorat gilish
qurilmasida  datchik  o‘rnida  foydalanilgan  metal
detallarning, elektromexanikli rele hamda kontaktli
apparaturalarning yo‘qligi bilan ajralib turadi. Temir yo‘l
uchastkalarida harakatlanayotgan tarkibni izdan chigishini
va pastki gabaritini aniglashda xamda nazorat gilishda [7]
harakat tarkibini izdan chigishini nazorat qilish qurilmalari
harakat xavfsizligini ta’minlashning asosiy qurilmalaridan
biri hisoblanadi. Kontaktsiz mikroprotsessorli harakat
tarkibini izdan chigishini nazorat gilish qurilmasining asosiy
vazifasi pastki gabarit konturini hosil qilish uchun
o‘rnatilgan  infraqizil gabarit datchiklardan olingan
ma’lumotlarni, elektrmagnit yo‘l datchiklari vositasida
harakat tarkibidagi o‘glar sonini sanash orqali temir yo‘l
uchastkasida harakatlanayotgan harakat tarkibini izdan
chigishini, pastki gabarit yoki gabaritsiz holatini aniglash va
nazorat qilish uchun hamda olingan ma’lumotlarni simsiz
tarmoq asosida markazlashtirish yoki sun’iy inshoot postiga
jo‘natish va qabul qilish uchun foydalaniladi. Kontaktsiz
mikroprotsessorli tarmoq [8] asosida infragizil pastki gabarit
datchiklari yordamida harakatdagi tarkibni pastki gabarit
yoki gabaritsiz holatini infragizil datchiklar vositasida nur
(yorug‘lik) uzatish va qabul qilish (hosil qilish) usuli orqali
aniglash mumkin, hamda ushbu tizim iqgtisodiy tejamkor,
ishonchli, xavfsiz va temir yo‘l poezdlar  harakat
xavfsizligini ta’minlash uchun asosiy qurilmalardan biri
hisoblanadi. Kontaktsiz mikroprotsessor tarmoq asosida
infraqizil yorug‘lik hosil qilish usuli asosida shuningdek
harakat tarkibida va yukning pastki gabaritdan tashqgariga
chigadigan qismlarni avtomatik ravishda aniqlash, temir yo‘l
xarakat tarkibining izdan chigib ketishini aniglash va nazorat
gilish tizimlarini (qurilmalarini) mahalliylashtirish va
“O‘zbekiston temir yo‘llari” AJ yo‘l xo‘jaligi va
signalizatsiya va aloga tarmog‘i tizimlariga moslashtirish
magsadida ushbu tizim (qurilma) yangidan ishlab chigilgan.
Harakat tarkibini izdan chigishini nazorat qilish
qurilmasining tuzilmaviy sxemasi 2-rasmda keltirilgan.
Ishlab chigilgan kontaktsiz, simsiz tarmoq asosida
mikroprotsessorli harakat tarkibini izdan chigishini nazorat
gilish qurilmasi xorijda yaratilgan tizimlar kabi ishlashi
mumkin. Bu yangidan ishlab chigilgan simsiz tarmoq
asosida mikroprotsessorli qurilmasi mamlakatimiz ob-havo
sharoitlarini inobatga olgan holda, hamda tez yurar temir
yo‘l transporti yo‘llari uchun mo‘ljallangan. Taklif
etilayotgan mikroprotsessorli kontaktsiz Harakat tarkibini
izdan chigishini nazorat gilish qurilmasining tuzilmaviy
sxemasi quyidagi 2-rasmda keltirilgan [2].
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2-rasm. Yarimavtomatik blokirovkada simsiz tarmoq asosida infragizil datchiklar yordamida harakat tarkibini izdan
chigishini nazorat qgilish qurilmasining tuzilmaviy sxemasi

Ishlab chigilgan simsiz tarmoq asosida mikroprotsessorli
tizim asosan infraqizil datchiklardan, dasturiy ta’minotga
ega mikrokontroller, elektromagnit yo‘l datchiklari va
ma’lumotlarni simsiz tarmoq asosida uzatish qurilmasidan
iborat bo‘lib, ular bir vaqtning o‘zida harakat xavfsizlikni
ta’minlash va temir yo‘l uchastkalaridagi harakat tarkibi
g‘ildirak juftliklarini temir yo‘l izidan chiqib ketishi va qaysi
tomondan pastki gabaritdan tashgariga chigadigan gismlarni
avtomatik ravishda aniglashga va nazorat gilishga xizmat
giladi. Harakatdagi tarkibning pastki gabaritini kontaktsiz
tarmoq asosida yorug‘lik nuri o‘tkazish tizimi yordamida
harakat tarkibini izdan chigishini nazorat qilish qurilmasi [3]
uchun kengaytirilgan funksional imkoniyatlariga ega bo‘lib,
nosozliklar, tashqi ta’sirlar va halaqgitlarga bardoshli
hisoblanadi. Ist’emol qilish elektr quvvatining kichikligi
hamda relsli zanjirlarida bargaror ishlashi bilan ajralib
turadi. Boshqarish bloki 220 V o‘zgaruvchan kuchlanishda
ishlashga mo‘ljallangan, uning ichki bloklari o‘zgarmas 12
V va 9 V kuchlanishlar orgali manbalanadi[5].

Bu simsiz tarmoq tizimi orqali temir yo‘l harakat
tarkibini izdan chigishini va harakat tarkibi g‘ildirak
juftliklarini izdan chiqishi va harakat tarkibining (poezdda)
pastki gabaritdan chigib turuvchi gismlarini aniglash va
nazorat etish va qurilmaning holati hagida simsiz tarmoq
asosida ma’lumot almashish, harakat xavfsizligi shartlari

bo‘yicha infraqizil datchiklarni va elektrmagnit yo‘l
datchiklarini  boshqarish, shuningdek, agarda harakat
tarkibini izdan chigishini nazorat qilish qurilmasi

yarimavtomatik blokirovkali peregonning yaginlashish
uchastkasida joylashgan bo‘lsa, qo‘shimcha ravishda
elektrmagnit yo‘l datchiklari orqali harakat tarkibini izdan
chigishini nazorat gilish qurilmasini ishga tushirish va
uchastkani bo‘sh-bandligini aniglash  imkoniyati hamda
harakat tarkibini izdan chigishini nazorat gilish qurilmasida
joylashgan apparatura holati hagida ma’lumot berish uchun
mo‘ljallangan[8].
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Tizimda pastki gabarit konturi vazifasini bajaradigan
xrom metalli o‘tkazgich harakat tarkibining izdan chiqishini
va harakat tarkibining va yukning pastki gabaritdan
tashqgariga chigadigan gismlarini aniglash past gabaritsizlik
aniglangan yoki aniqlanmaganligidan qat’iy nazar sinib
ketishiga asosan harakatdagi tarkibning izdan chigganligi
yoki past gabaritsizlik aniqlanganligi ma’lumotni
markazlashtirish postiga yoki qo‘riqlash postiga kabel tizimi
orqali uzatishni ta’minlaydi va stansiyaga kirishda va sun’iy
inshoot oldida harakatdagi tarkib to“xtatiladi[2].

Zamonaviylashtirilgan  kontaktsiz, simsiz  tarmoq
asosida harakat tarkibi g‘ildirak juftliklarini izdan chiqishi
yoki biron bir vagonning tushib qoladigan detallarini
aniglash va qurilmaning pastki gabaritsizlik aniglanganda
o‘sha gabaritsizlik aniqlangan vagonning qaysi qismida
pastki gabaritsizlik sodir bo‘lganligini infraqizil datchiklar
orqali aniqlanadi xamda elektromagnit yo‘l datchiklari
yordamida harakat tarkibidagi o‘qlarni sanash orqali pastki
gabaritsizlik aniglangan vagonning  harakat tarkibining
nechinchi o‘qda joylashganligi aniglanadi, so‘ngra olingan
ma’lumot markazlashtirish postiga simsiz tarmoq orqali
uzatiladi va harakatdagi tarkib stansiyaga kirishda kirish
svetofori oldida yoki o‘tish svetofori oldida to‘xtatiladi.
Ushbu kontaktsiz mikroprotsessorli qurilmani avtonom va
elektr tortqili magistral temir yo‘l uchastkalarida qo‘llash
mumkin.  Ushbu  kontaktsiz ~ tarmoq  asosidagi
mikroprotsessorli harakat tarkibining izdan chiqgishini
nazorat gilish qurilmasi tizimida foydalanilayotgan boshga
temir yo‘l avtomatika va telemexanika tizimlaridagi
qurilmalar bilan birgalikda foydalanilish imkoni mavjud [5].

Bugungi kunda ragamli texnologiyalar rivojlanayotgan
bir vaqtda temir yo‘l uchastkalarida poezdlar harakat
havfsizligini ta’minlashda nazorat qilish va boshqarish
qurilmalarini  dasturiy ta’minotlarsiz tasavvur qilib
bo‘lmaydi. Simsiz tarmoq asosidagi harakatdagi tarkibning
pastki gabaritini yorug‘lik nuri hosil qilish qurilmasi y
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S++ dasturlash tilida mikroprotsessorli boshgarish uchun
dasturiy ta’minot yaratilgan. Dasturiy ta’minot asosidagi
simsiz tarmoqi infraqizil datchiklardan va elektrmagnit yo‘l
datchiklaridan ma’lumot o‘z vaqtida qabul qilib, ularni bir-
biriga bog‘liqligini  ta’minlashga, hamda olingan
ma’lumotlarni ragamli signallarga aylantirib simsiz tarmoq
orqali bir vaqtning o‘zida stansiya navbatchisi (ARM-DSP)
va elektromexanik (ARM-ShN) avtomatlashtirilgan ish stoli
monitoriga chigarish imkoniyatini beradi.

Peregonda yarimavtomatik blokirovka tizimi misolida
harakat tarkibini izdan chigishini nazorat qgilish
qurilmasining strukturaviy sxemasi ishlab chiqilgan bo‘lib,
bu yerda pastki gabarit konturinini hosil gilish uchun 3 ta (A-
B, C-D, E-F) infraqgizil uzatuvchi va gabul giluvchi pastki
gabarit datchiklari maxsus yog‘och shpalga o‘rnatilgan
bo‘lib, harakat tarkibi yo‘q bo‘lganda ishsiz holatda bo‘ladi
va ARM-DSP monitoridagi “HTIChNQQ” indikatsiyasi oq
chiroq yongan holatda bo‘ladi, 2 ta elektromagnit yo‘l
datchiklari relsga o‘rnatilgan bo‘lib, ular harakat tarkibining
izdan chigishini nazorat gilish qurilmasiga harakat tarkibini
yaqinlashishini  g‘ildirak juftligi o°qlari gardashini
yagqinlashishi bilan sezgir elementi orqali aniqlaydi, ya'ni
yo‘l datchiki galtagidan oqayotgan tok nolga yaqinlashadi
va yo‘l datchiklari simli tarmoq orqali mikroprotsessorli
boshqaruv shkafiga tok oqimi nolga teng bo‘lgan holat
to‘g‘risida ma’lumotni uzatadi. Birinchi g‘ildirak juftligi
o‘qlari yaqinlashish uchastkasiga kirib kelishi bilan
elektromagnit yo‘l datchigi (ogohlantiruvchi svetofor
yonidagi), yaqinlashish uchaskasini bo‘sh bandligini
tekshirishdan tashqari qo‘shimcha tarzda ma’lumotlar simli
tarmoq asosida boshgaruv shkafiga uzatilishi natijasida
infragizil uzatuvchi va qabul qiluvchi pastki gabarit
datchiklarini ishga tushiradi va pastki nazorat gabarit
konturini hosil qiladi. Shuningdek bir vaqtning o‘zida
poezd g‘ildirak juftligi o‘qlari soni aniqlanadi, olingan
ma’lumotlar simsiz tarmoq orqali markazlashtirish postiga
uzatiladi xamda ma’lumotlar simsiz tarmoq yordamida
gabul gilinadi va ARM-DSP monitoridagi “HTIChNQQ”
indikatsiyasi chirog‘i oq chiroqdan yashil chiroqqa
o‘zgaradi. Pastki gabarit nazorat seksiyasidan g‘ildirak
juftligi o‘qlari chiqishi holatida esa, chiqish elektromagnit
yo‘l datchiklari g“ildirak juftligi o‘qlari o‘tganligi to‘g‘risida
simli tarmoq asosida boshqaruv shkafiga ma’lumotlarni
jo‘natadi, agar pastki gabarit nazorat seksiyasiga Kkirish
jarayonidagi g‘ildirak juftligi o‘qlari soni chiqishdagi
g‘ildirak juftligi o‘qlari soniga teng bo‘lsa, u holda pastki
gabarit nazorat seksiyasi bo‘shligi to‘g‘risidagi ma’lumot
boshgaruv shkafiga uzatilishi orgali infraqizil uzatuvchi va
gabul giluvchi pastki gabarit datchiklari ishsiz holga keladi
va bu jarayonlar simsiz tarmoq orgali markazlashtirish
postiga uzatiladi hamda ma’lumotlar simsiz tarmoq
yordamida qabul qilinadi. Markazlashtirish postidagi
mikroprotsessorli markazlashtirish bilan pastki gabarit
nazorat qurilmasi bog‘lovchi sxemasidagi releni ishga
tushiradi va ARM-DSP monitoridagi “HTIChNQQ”
indikatsiyasi chirog‘i yashil chiroqdan oq chiroqqa o‘zgaradi
va 0°z holatiga qaytadi[ 8]

Harakat tarkibini izdan chigishini nazorat qilish
qurilmasining ishlash algoritmi ishlab chigilgan va u
quyidagi 3-rasmda keltirilgan.
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3. Xulosa

Ishlab chigilgan kontaktsiz tarmoq yordamida va
ma’lumotlarni simsiz uzatish temir yo‘l xarakatlanuvchi
tarkibida pastki gabaritdan tashqariga chigadigan gismlarni,
harakatlanuvchi tarkib gismlarining sudralib
kelmayotganligi yoki g‘ildirak juftliklarining temir yo‘l
izidan chigib ketmaganligini avtomatik ravishda aniglash
qurilmasini avtonom tortqili va elektr tortqili temir yo‘l
uchastkalarida qo‘llash imkoni yaratilgan. Temir yo‘l
uchastkasidagi kontaktsiz harakat tarkibini izdan chigishini
nazorat qilish qurilmalarini markazlashtirish orgali
boshqgarish va nazorat qilish usuli ishlab chigilgan.
Yaratilgan mikroprotsessorli infraqizil datchiklardan va
elektrmagnit yo‘l datchiklaridan foydalangan holda
yaratilgan tizim ma’lumot olish, ishlatish shuningdek ushbu
ma’lumotlarni simsiz tarmoq asosida uzatish jumladan
tizimni pastki gabarit konturi hosil qilishda metal
o‘tkazgichlarsiz infraqizil datchiklarlardan foydalanishi
orqali sarflanadigan elektr energiya harajatlarini va ishlab
chigarishda boshqa harajatlarni kamaytirishga erishilgan.
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Visco-elastic analysis of asphalt concrete

1.S. Sadikov®?, E.B. Joldasbaev'®P
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: One of the load-bearing elements of the pavement is the asphalt binder, a viscoelastic, thermoplastic
substance that has the stiffness of an elastic solid body but also flows and loses energy as a viscous fluid
due to frictional losses. Asphalt materials have been studied using creep testing at multiple service
temperatures. One of the most significant pavement distresses is persistent strain or rutting. It is thought
that the primary cause of rutting in asphalt pavements is the accumulation of tension in the asphalt binder
driven due to traffic. The commercial software ABAQUS CAE is utilized to simulate the creep behavior
of asphalt concrete samples modeled as 2D bar elements. The viscoelastic properties of the material are
characterized using the Prony series, enabling the numerical results to closely align with experimental
observations. The outcomes of the analysis are presented as strain-time and displacement-time graphs.

Keywords:

Asphalt-concrete, ABAQUS, Creep test, Visco-elastic analysis

1. Introduction

Granular composites including mineral aggregates,
asphalt binder, and air spaces compose asphalt pavements.
The binder and the mineral aggregates are the two load-
bearing ingredients in asphalt mixtures. The refinement of
crude oil yields asphalt binders. They are made from the
thick residue left behind after fuels and lubricants are
refined. Under the majority of pavement operating
circumstances, asphalt, a thermoplastic substance, exhibits
viscoelastic qualities. [1] Permanent deformation or rutting,
which happens at high operating temperatures and is
considered to be primarily caused by the accumulated strain
in the asphalt binder, is one of the distress modes of asphalt
pavements. Rutting is characterized by longitudinal surface
depressions along the wheel paths of a pavement. The
gradual buildup of longitudinal depressions in a wheel path
under repeated loading is identified as rutting in asphalt
pavements.[2] Air voids, asphalt binder, and mineral
aggregates make up the viscoelastic asphalt mixture. One of
the load-bearing ingredients in asphalt mixtures, asphalt
binder is a viscoelastic, thermoplastic substance that has the
stiffness of an elastic solid body but also flows and loses
energy as a viscous fluid due to frictional losses.[3] Its
characteristics are dependent on time and temperature[4]
The asphalt material softens and takes on characteristics of a
viscous fluid at higher temperatures and longer loading
periods. The asphalt material stiffens and behaves more like
an elastic material at lower temperatures and faster loading.
Because of this, rutting is particularly important in slower-
moving traffic and throughout the year's hotter months.

[5]. In 1987, the Federal Highway Administration
launched a national research initiative known as the Strategic
Highway Research initiative, or SHRP, after realizing the
shortcomings of the conventional asphalt binder
characterisation process [6]. Superpave® (Superior
Performance Asphalt Pavements) was the end result of the
SHRP research project. The Superpave® was created to
offer performance-related characteristics that logically
connect to pavement performance [5]. In 1993, Superpave®
introduced the Dynamic Shear Rheometer (DSR), a device
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for measuring the mechanical characteristics of binder. This
tool offered a practical way to assess the ability of the binder
for withstanding rutting. The DSR works on the basis of
applying sinusoidal, oscillatory stresses or strains to a thin
bitumen disc that is positioned between two parallel plates
throughout a range of temperatures and loading frequencies.
[6] According to Anderson et al. [6], the strain-stress curve's
calculation of the total dissipated energy is what causes
rutting.

Wi=n><‘[§><% 1)

siné

Wi = total energy dissipated at the ith cycle, 7, -
maximum stress applied, G* -complex modulus, & = phase
angle. |G*|/sin & was introduced as the rutting parameter.
Equation 1 shows that increasing the rutting parameter
|G*|/sin & causes dissipated energy to decrease and, as a
consequence, more rutting occurs.

Materials can exhibit various mechanical characteristics,
including linear elastic (Figure 1), viscous, and viscoelastic
behaviors. Viscoelasticity combines the properties of
elasticity and viscosity and is often modeled using
mechanical analogs such as the Maxwell (Figure 3) and
Kelvin models.[7]

In a linear elastic material(Figure 1), deformation occurs
upon the application of a load, but when the load is removed,
the material returns to its original shape, exhibiting no
permanent deformation.

o
e= (2

where: g-strain, o-stress, E-elastic modulus.

Conversely, viscous materials (Figure 2) experience
permanent deformation when a load is applied, as they
cannot recover their original form after the load is removed.

=1 (3)

Where e=strain rate, n= viscosity, and o=applied stress.
The relationship between stress and strain can be expressed
in terms of compliance, (t)

The Maxwell model (Figure 3) represents a viscoelastic
material as a combination of an elastic spring and a viscous
dashpot in series. This configuration captures the time-
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dependent strain behavior under stress, resulting in a
nonlinear strain-time relationship. [8,9,10]

E

Figure 1. Elastic linear material.

]

Figure 2. Linear Viscous Dash-pot

E
71 f‘\\ A

A
. \ \/ \/—‘ .

a2

U]
Figure 3. Maxwell model

2. Methods and materials
2.1. Creep test modeling in ABAQUS

Creep is a highly significant phenomenon in the world
of mechanics and materials. The importance of creep
analysis is due to its occurrence in various industries and the
huge and irreversible damage it can cause. Consequently,
extensive studies have been conducted on this phenomenon
and its reasons. Creep is typically a time-dependent
phenomenon that occurs slowly and inconspicuously,
sometimes catching us off guard. This highlights the
importance of creep analysis and simulation.[11] Creep is a
time-dependent deformation of materials occurring at
elevated temperatures and within the range of stresses below
the elastic limit of the material. [12] One of the methods for
creep analysis is simulation and creep analysis in Abaqus.
Abaqus is a powerful finite element simulation software that
is highly efficient in analyzing and studying phenomena
such as creep. Creep is a time-consuming phenomenon
therefore, its analysis and investigation in experimental tests
are challenging and costly. However, Abaqus software
provides users with the capability to perform creep analysis
with less time and cost. So far, numerous models have been
developed for creep analysis, and Abaqus creep incorporates
some of the best creep analysis models. In the following
sections, we will introduce some of these models. [13,14]
The creep behavior of asphalt concrete was simulated using
the commercial finite element software ABAQUS CAE. A
two-dimensional bar (Figure 4) model with dimensions of
100 cm in length and 10 cm in height was constructed for the
analysis. The boundary conditions were defined such that
one end of the bar was fully constrained in both the x- and
y-directions, while the opposite end was subjected to a
uniform pressure load. The simulation was conducted over a
duration of 3600 seconds to evaluate the time-dependent
deformation characteristics under sustained loading

https://t.me/tdtuilmiynashrlar

conditions, providing insight into the creep response of the
material.

Figure 4. Material geometry, load and boundry
conditions

2.2. Material definition and loading

To conduct viscosity analysis in ABAQUS, Prony series
constants are essential. These constants are derived through
the Prony series procedure to determine the coefficients of
the generalized Maxwell Model. The Prony series model is
commonly employed to represent relaxation moduli, a
critical parameter characterizing the viscoelastic properties
of bitumen. This model consists of one linear spring element
and 'n' Maxwell elements, each characterized by an elasticity
modulus for the springs and a viscosity coefficient for the
dashpots. In asphalt pavement finite element analyses, Prony
series[15,16] are extensively utilized for numerical
modeling. Equations 4 in the provided model describe the
primary equations for the time domains.

-t
G (1) =GutXj-1(Gj ™)  (4)

where G (t) is the complex modulus, G, , G; and T; are
the Prony series coefficients.

By employing time-temperature superposition, the
relaxation modulus can be determined across various
temperatures, as expressed in Equation 3

t(M=ar 1; (5)

Here, t;(T) represents the relaxation times at any given
temperature, while a; denotes the shift factors applied to fit
the William-Landel-Ferry (WLF) function.Subsequently,
the Prony series constants were calculated based on the
obtained data. Table 1 shows elasticity modulus of bitumen
and Poisson’s ratio.

Table 1
Instantenous elastic modulus and Poisson’s ratio
Young’s modulus (kPa) Poisson’s ratio
3060 0.37
Table 2
The Prony series constants
g_i(shear k_j(bulk tau_i
modulus) modulus)
0.074 0 436
0.1460 0 0.06
0.314 0 0.000143
0.376 0 7E-07
2.3.  Meshing

This was achieved using the CAX4R element type,
which is a 4-node bilinear axisymmetric quadrilateral
element with reduced integration and hourglass control. The
finite element meshing of the model was performed using
quadrilateral elements of uniform size across the entire
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domain to ensure consistent accuracy in the analysis. A total
of 650 elements were generated, employing reduced
integration to mitigate hourglass effects and enhance
computational stability. The simulation spanned a total
duration of 3600 seconds, with the maximum number of
increments set at 10,000. The time increment parameters
were defined as an initial increment size of 0.01 seconds, a
minimum increment size of 1E-12 and an adaptive strategy
to ensure convergence. The solution technique utilized a full
Newton-Raphson method to accurately capture the nonlinear
viscoelastic behavior. The analysis was conducted using a
dynamic implicit approach, which is well-suited for
capturing time-dependent deformation phenomena such as
creep in viscoelastic materials.

Figure 5. Meshing

3. Results and discussions

The creep test simulation performed in ABAQUS
yielded critical insights into the mechanical behavior of the
modeled asphalt concrete bar under sustained loading
conditions. The results included the displacement in the x-
axis (Figure 6), which provides a detailed representation of
the time-dependent lateral deformation (Figure 7) of the
material. This displacement data is crucial for assessing the
viscoelastic response of the asphalt concrete and
understanding its dimensional stability under prolonged
stress.

Figure 6. Displacment x-axis in the simulation
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Figure 7. Strain-time relationship

In addition to displacement, the simulation produced von
Mises stress (Figure 8) distributions throughout the bar. This
stress metric is particularly valuable as it captures the
equivalent stress, accounting for multi-axial loading
conditions within the material. The von Mises stress
distribution highlights regions of stress concentration, which
can be indicative of potential failure zones or areas prone to
accelerated creep deformation.
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Figure 8. Von Mises Bau stresses in the simulation

These outcomes not only validate the material model
employed in the simulation but also offer a foundation for
comparing the numerical predictions against experimental
results. Furthermore, they provide practical insights into the
material's  long-term  performance, particularly in
applications where durability and reliability under sustained
loads are critical.

4. Conclusion

This numerical model serves as a valuable tool for
enhancing our comprehension of the visco-elastic properties
inherent in asphalt-concrete. Furthermore, it lays the
groundwork  for  prospective  endeavors involving
experimental validation and further numerical simulations.
By elucidating key characteristics, such as the
discplacement-time, strain-time this model not only deepens
our understanding but also provides a platform for future
research aimed at refining our grasp of bitumen behavior
under varying conditions.
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Specific features of aircraft maintenance based on their technical
condition

1.S. Maturazov'®?, D.J. Sarsenbaev!®P
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Abstract: The article analyzes the importance of a condition-based approach to improving the efficiency of the
technical maintenance (TM) system for aircraft. Methods for optimizing TM processes through
operational data analysis, failure forecasting, and the effective organization of preventive measures are
examined. Issues related to the differences between preventive and reactive maintenance and the
application of modern diagnostic technologies are highlighted. The approaches presented in the article
help enhance flight safety and reduce maintenance costs.

Keywords:
parameter, safety, airworthiness

aircraft, system, aviation instruments, regular inspections, CAMP, technical maintenance, diagnostics,

1. Introduction

Currently, the rapid development of the aviation industry
and the increasing complexity of aircraft operations demand
new approaches to maintenance systems. The importance of
maintenance based on assessing the technical condition of
aircraft is growing to ensure their safety and uninterrupted
operation. This approach allows for continuous real-time
monitoring of aircraft conditions, early detection of
malfunctions, and the effective implementation of
preventive measures. This article analyzes the specific
features of maintenance based on the technical condition of
aircraft, modern diagnostic technologies, and methods for
optimizing preventive measures. This approach is crucial not
only for enhancing flight safety but also for reducing
maintenance costs [1; 2].

Research analysis

Aircraft maintenance remains a cornerstone of aviation
safety, reliability, and operational performance. The
Maintenance, Repair, and Overhaul (MRO) sector is
expected to reach $90.85 billion in 2024, with a projected
compound annual growth rate (CAGR) of 4.75% between
2025 and 2030. Maintenance costs constitute a significant
portion of operational expenses: in 2023, labor accounted for
31%, and fuel for 22%. Given this economic significance,
the industry seeks innovative approaches to enhance
maintenance efficiency, reduce costs, and improve fleet
readiness.

Recent technological advancements have accelerated the
shift from static, time-based maintenance practices to
dynamic, data-driven strategies such as condition-based
maintenance (CBM). CBM is defined as “preventive
maintenance based on monitoring system physical
conditions, analyzing data, and determining necessary
actions.” This approach represents a proactive strategy that
aligns maintenance activities with the actual condition of
aircraft systems. By predicting failures, optimizing task
intervals, and reducing excessive interventions, CBM
enhances operational efficiency and safety.
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2. Methods and materials

Condition-Based Maintenance (CBM) for aircraft is
based on the regular monitoring, diagnostics, and forecasting
of their actual condition. This approach provides several key
advantages:

1. Early Fault Detection — Modern sensors and
diagnostic technologies enable the continuous collection and
analysis of data about the aircraft's condition..

2. Efficient Organization of Preventive Measures —
Preventive actions aimed at avoiding faults and damages are
carried out accurately and in a timely manner..

3. Cost Reduction — Economic efficiency is achieved
by minimizing unplanned repairs and maintenance activities,
as well as optimizing the use of spare parts.

Condition-Based Maintenance (CBM) is one of the most
advanced and effective maintenance methods in the aviation
industry. This approach is based on the continuous
monitoring and analysis of the technical condition of aircraft
during their operation and organizing maintenance activities
based on precise data. The CBM system plays a critical role
in the efficient organization of maintenance by enabling
early fault detection, implementing preventive measures,
and ensuring accurate and timely maintenance operations.

1. Early Fault Detection and Prevention [4].

The key advantage of condition-based maintenance
(CBM) is its ability to detect faults and technical errors
before they occur. Through modern sensors, diagnostic
technologies, and automated data analysis systems, precise
information about the condition of each aircraft component
is collected. This data is analyzed to predict the technical
state and prevent potential failures before they happen. For
instance, changes in engine temperature or vibration can be
used to identify potential engine malfunctions.

2. Reducing Technical and Time Costs.

The condition-based approach is a method aimed at
achieving both effective and cost-efficient maintenance. For
example, compared to traditional preventive maintenance
methods that rely on fixed intervals, CBM ensures that
maintenance is performed only when specific faults or needs
are identified in the aircraft. This reduces unnecessary and
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inefficient repairs, spare part replacements, and ambiguous
costs. As a result, aviation companies can lower expenses
and utilize resources more effectively.

3. Ensuring Continuity and Safety.

The CBM system plays a critical role in ensuring
continuity and safety. By regularly monitoring the technical
condition of an aircraft, any malfunction or hazardous
situation can be quickly identified and effectively addressed
beforehand. For instance, minor issues in complex
components are resolved early, preventing major failures
and mitigating threats to operational safety. This approach

helps to avoid numerous safety risks during the operation of
aircraft, ensuring smooth and secure operations.

4. Extending Airworthiness.

Condition-Based Maintenance plays a crucial role in
extending the airworthiness of aircraft. When the technical
condition is accurately and efficiently monitored,
components are repaired in a timely manner, prolonging
their operational lifespan. This approach ensures the
extension of airworthiness certificates and the overall
operational life of the aircraft. Additionally, it reduces the
need for new aircraft, leading to significant economic
benefits.

Research Focus on CBM Streams

Current Limitations

Prognostics and Health

Management (PHM)

Implementation Frameworks

Cost-Benefit Analysis

Maintenance Policy Optimization

Fig. 1. Research on Condition-Based Maintenance

5. Innovative Technologies and Specialized Methods.

Another  important aspect of condition-based
maintenance is its reliance on modern innovative
technologies and diagnostic methods. Techniques such as
sensors, real-time monitoring, ultrasonic analysis, and
vibration diagnostics provide accurate information about the
technical condition. These methods and technologies offer
professional aviators precise and reliable data on the current
state of the aircraft, enabling efficient and prompt decision-
making.

The three main elements of CBM are as follows.

1. Monitoring the Technical Condition of the Aircraft.

This involves the systematic collection of data about
the physical condition of the aircraft. Such data can be
collected using the following methods:

- Onboard System Sensors: Collecting continuous or
periodic data such as vibration levels, engine temperature,
and structural stress.;

- Non-Destructive Testing (NDT): Utilizing methods
such as visual inspection, acoustic vibration testing, and
liquid penetrant testing..

This data provides critical diagnostic indicators and
forms the basis for assessing and predicting the technical
condition [3; 5].

1. Aircraft Health Management (AHM).

AHM, also known as Integrated Aircraft Health
Management (IAHM), analyzes the collected data to

https://t.me/tdtuilmiynashrlar

evaluate the current and future technical condition of the
aircraft.

- System Operations (Prognostics and Health
Management - PHM): Focused on detecting system-level
faults and predicting the Remaining Useful Life (RUL) of
components;

- Structural Operations (Structural Health Monitoring
- SHM): Detecting, assessing, and predicting structural
damage.

AHM uses physics-based and data-driven methods to
accurately schedule maintenance periods.

1. Maintenance Planning.

Based on the assessment of the technical condition, it
determines the following:

- Required Actions: Identifies what maintenance is
needed based on the expected conditions.

- Scheduling: Determines a schedule that minimizes
operational disruptions.

- Resource Allocation: Ensures the availability of
necessary personnel, tools, and spare parts. Figure 1.

Research Directions in CBM.

Academic research covers various aspects of CBM and
focuses on the following directions:

1. Prognostics and Health Management (PHM):

This direction focuses on developing models and
algorithms for predicting system and structural element
failures and assessing the Remaining Useful Life (RUL).
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These frameworks utilize advanced data analysis techniques
and machine learning to improve prediction accuracy.

2. Maintenance Policy Optimization:

Research focuses on optimizing maintenance schedules
based on cost, reliability, and availability. Key directions
include:

- Scheduling line maintenance

- Minimizing unscheduled maintenance

- Fleet-level planning to reduce operational costs.

2. Cost-Benefit Analysis:

Research  evaluates the economic impact of
implementing CBM, highlighting its role in reducing asset
downtime and maintenance costs.

3. Implementation Frameworks (Amalga Oshirish
Ramkalari):

Research focuses on addressing challenges encountered
in implementing CBM in practice. For example, the Open
System Architecture for Condition-Based Maintenance
(OSA-CBM) standard defines six functional blocks,
including data acquisition, health assessment, and
recommendation generation.

Key Challenges in CBM Adoption
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Fig. 2. Key Challenges in CBM adoption

Practical Limitations and Gaps.

Despite advancements in CBM, several significant
limitations persist:

*Fragmented Research Directions:

Many studies focus on specific components of CBM,
such as PHM or SHM, but do not consider the
comprehensive lifecycle-based framework of CBM.

+ Challenges in Regulatory and Standardized
Approaches:

The aviation industry is governed by stringent regulatory
standards that lag behind technological advancements. The
lack of standard protocols for implementing CBM
complicates certification processes.

» Integration with Legacy Systems:

Many airlines operate mixed fleets that lack modern
sensors and data acquisition systems. Upgrading these
aircraft to support CBM is expensive.

» Data Management Challenges:

CBM relies on collecting and analyzing large volumes
of data. Issues with data quality, storage, and compatibility
between different systems can complicate analyses.

+ Limited Collaboration:

The gap between academic research and practical
application is widening due to insufficient collaboration
within the industry.

* Economic Issues:

The initial investments required to implement CBM
technologies can be expensive for smaller operators [7].

» Skill and Workforce Shortages:
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Transitioning to CBM requires skilled personnel in data
analysis, sensor technologies, and predictive strategies.
Figure 2.

3. Conclusion

Condition-based maintenance (CBM) of aircraft is one
of the emerging and significant directions in the aviation
industry. Unlike traditional preventive and reactive
maintenance methods, this approach focuses on enhancing
the efficiency of maintenance through condition-based
monitoring and diagnostics. This type of CBM is primarily
aimed at analyzing the individual condition of each aircraft,
which helps ensure safety in the aviation sector, extend
operational lifespan, and reduce maintenance costs. The
main advantages of condition-based maintenance include
early fault detection, effective implementation of preventive
measures, and organizing maintenance according to the
precise condition. This approach enables direct
identification of various faults and technical errors during
the operation of aircraft, thereby preventing accidents and
significant technical failures.

Moreover, the use of modern technologies and
diagnostic tools further improves the efficiency of CBM.
Advanced methods such as sensors, automated data analysis,
ultrasonic diagnostics, and vibration diagnostics provide
aviators with comprehensive and reliable real-time
information about the condition of aircraft. This enables
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them to make effective decisions. In the future, the
widespread adoption of condition-based maintenance will
benefit airlines and aviation organizations not only by
ensuring safety but also by providing economic advantages.
By coordinating maintenance, implementing modern
methods and technologies, and enhancing efficiency, safety,
and continuity, the aviation industry can achieve significant
advancements. This approach plays a vital role in further
developing and modernizing maintenance systems in the
aviation sector.
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Improving the composition of oils used in hydraulic systems

Z.H. Alimoval®2, A.G. Qurbonov®P

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In this article, one of today's global problems is the increasingly widespread use of hydraulic drives to
drive hydraulic mechanisms in modern road construction techniques. Use of hydraulic systems in lifting
mechanisms and braking systems of technological machines. Hydraulic systems are used to transmit
power, move aggregates and mechanisms, and due to the high demand for hydraulic systems, research
aimed at developing them has become a leader. The results of the conducted scientific research serve as
a basis for achieving our main goal.

Keywords: autograder hydraulic system, hydraulic oils, viscosity, corrosion resistance, hydraulic cylinders

Gidravlik sistemalarda go‘llaniladigan moylarning tarkibini yaxshilash

Alimova Z.X.X®2 Qurbonov A.G¢1&b

IToshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ushbu maqolada bugungi kundagi global muammolardan biri zamonaviy yo‘l qurish texnikalarda
gidravlik mexanizmlarni harakatga keltirish uchun gidravlik yuritmalardan tobora keng foydalanilmog.
Texnologik mashinalarining ko‘tarish mexanizmlarida, tormoz tizimlarida gidravlik sistemalardan
foydalanilmog. Gidravlik sistemalar quvvatni uzatish, agregat va mexanizmlarining harakatga keltirish
uchun ishlatiladi va gidrotizimlarga talab yuqoriligidan kelib chiggan xolda ishlab chigishga garatilgan
tadqiqotlar etakchi o‘rinni egallashga erishish. Olib borilgan ilmiy tadqiqotlarning natijalari asosiy
ko‘zlangan maqsadimizga erishish uchun asos sifatida xizmat qiladi.

Kalit so‘zlar: avtogreydr giravlik sistemasi, gidravlik moylar, qovushqoqglik, korrozyananuvchanlik, gidrosilindirlar

tizimlarning  samaradorligini, ishlash muddatini va

1. Kirish

Xar bir davlat kabi yurtimizda xam gidravlik moylarning
sifati va tarkibini yaxshilash, bo‘yicha keng qamrovli
isloxotlar olib borilmogda. Amaliyotga joriy gilingan bir
gancha tadbirlar va natijalarni ko‘rishimiz mumkin.
Xususan, Prezidentimiz tomonidan (PQ-2776 14.02.2017,
PF-4954 14.02.2017, PQ-3682 27.04.2018) tasdiglangan
qaror va farmoishlar amalda o°z tasdiqini topgan.

AQSH, Germaniya, Shvetsiya, Yaponiya, Janubiy
Koreya, Xitoy, Rossiya, Ukraina, Belorussiya va boshga
rivojlangan davlatlarda yo‘l qurilishi va qishloq xo‘jaligi
sohalarida traktorlar va mobil mashinalar gidravlik
tizimlarini rivojlantirishga alohida etibor garatilmoqgda. Shu
bilan birga, ko‘p magsadli mashina gidravlik tizimini yagona
tizimga keltirishda tezlik va mavjudlik masshtab
koeffitsiyentlarini  qo‘llash  orqali  gidroyuritmalarga
o‘rnatilgan[5]..

Shu munosabat yo‘l qurilish texnikasi gidrotizimlari
uchun gidravlik moylarning ekspluatatsion xususiyatini
oshirish  texnologiyasini  ishlab  chigish  dolzarb
muammolardan biridir.

Adabiyotlar taxlili
Gidravlik moylarning xususiyatlarini yaxshilash va bu
orgali texnologik mashinalarning ekspluatatsion

ko‘rsatkichlarini oshirish borasida ko‘plab tadqiqotchilar va
olimlar faoliyat yuritgan. Ularning ishlari gidravlik

al¥ https://orcid.org/0000-0002-6711-5318
b hitps://orcid.org/0009-0001-5298-5839
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ishonchliligini oshirishga garatilgan[8].

Prof. Ahmed Khan Gidravlik tizimlar uchun ekologik
toza moylarni ishlab chiqish bo‘yicha tadgiqotlar olib
boradi. U gidravlik tizimlarning ishlash ko‘rsatkichlarini
yaxshilash uchun bio moylardan foydalanishni o‘rgangan

Prof. Anna Petrova Gidravlik moylarning oksidlanish
barqarorligini oshirish uchun qo‘shimchalar va formulalar
ishlab chiqdi

Gidravlik  moylarning  xusisiyatlarini  yaxshilash
bo‘yicha meyoriy xalqaro standartlar ishlab chiqilgan, xar
bir harakatlanuvchi mashinalar uchun qat’iy amal giladigan
meyorga aylanib qolgan. Bu standartga yurtimiz xam a’zo
bo‘lgan[1].

Gidravlik tizimlarda ishlatiladigan moylarning ishlash
muddatini oshirish uchun nanomateriallar qo‘shilishi
bo‘yicha tadgiqotlar olib bormoqda. U nanohissalarning
gidravlik moylar bilan o'zaro ta'sirini o’rgannilgan. [2].

Odatda qovushqoqlikni haroratga bog‘liqligini aniqlash
magsadida uni uchta ha—ro—ratda formula yordamida 20°C,
40°C va 100°C harorat uchun aniglanadi.

Qovushqoqligi qancha yuqori bo‘lsa, moy pardasining
ishonchliligi shuncha yuqori bo‘ladi. Lekin qovushqoqlik
ortishi bilan moy gatlamlarini harakatga keltirish uchun
kuch ko‘proq sarflanadi, ichki ishqalanish koeffisienti
ortadi, quvvat esa kamayadi. Shuning uchun moylash
materiallarining yuqori haroratda gidravlik sistemalarni
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oson yurgizib yuborishni ta’minlaydigan qovushqoqlikka
ega bo‘lishi kerak. (1-rasm).

20C ?-S

40C
100C

L

1 - rasm. Moylarning govushgogligini aniglash asbobi [6]

2. Tadqgigot metodikasi

Tajriba — sinov ishlari quyidagi ketma-ketlikda salt
ishlash rejimida amalga oshirildi. Gidravlik moylarning
qovushqogligi harorat pasayishi bilan keskin ortadi, shuning
uchun uning qiymati gizigan dvigatel uzoq muddat
ishlaganda ham past haroratda sovuq holatdagi dvigatelni
ishga tushirganda ham suyuq ishqalanishni ta’minlaydigan
darajada bo‘lishi kerak. [3].

Turli magsadlarda ishlatish uchun ishlab chigariladigan
moylash materiallarining asosiy gismi neftni gayta ishlash
mahsulotlari asosida tayyorlanadi. Jumladan,
gidrotizimlarda ishlatiladigan moylar va bir gator maxsus
suyugliklarning asosiy komponenti mazutdan ajratib
olinadigan suyuq mineral moylardir. Qovushqoglik engler
gradus darajasida o‘Ichanadi, keyinchalik ular eng keng
targalgan birliklarga keltiriladi - sentistoklar (cct). Moy turi
harorat sharoitlariga garab tanlaniladi.

Zamonaviy sharoitda texnologig mashinalarni ishlab
chiqarishda ushbu murakkab masalalar standartlashtirish,
birlashtirish va umumlashtirish asosida muvaffagiyatli hal
gilinmoqda.

Texnologik mashinalar yordamida quvurlar, shlanglar
va barcha gidravlik yuritma jihozlari ishlash jarayonida
tekshiriladi. Jihozlar ishonchli tarzda mahkamlangan
bo‘lishi kerak, gidroyuritmaelementlarini jalb gilish uchun
dastaklar ulanishi va ishchi holatda ishonchli ishlab turishi
kerak.

Tekshirish paytida topilgan nosozliklar bartaraf etiladi
va shundan keyingina mashinani ishga tushirish mumkin.
Gidrotizimning uzluksiz ishlashi va uning xizmat gilish
muddatini ko‘paytirish uchun har bir maxsus mashinaning
foydalanish ko‘rsatmalarida ko‘rsatilgan texnik xizmat
ko‘rsatmalarga qat’iy rioya qilish kerak. Ammo gidravlik
yuritmaga ega bo‘lgan turli xil yer qazish mashinalari
o‘rtasidagi barcha farqlar bilan, wularning gidravlik
tizimlariga xizmat ko ‘rsatishning umumiy qoidalari mavjud.

https://t.me/tdtuilmiynashrlar

Suyuqlik darajasi pasayganda, kechki to‘xtab turish joyida
tizim tekshiriladi va sirtdagi moy izlari bilan ishchi suyuglik
to‘kilayotgan joyi aniqlanib, bakga talab gilingan darajada
moy quyiladi va tajriba o’tkaziladigan vositalan ko’zdan
kechiriladi. Moylarning gidravlik sistemalarda ishlash
sharoiti sharoiti juda og‘ir: bu yerda haroratlar farqi juda
katta bo‘lib, ish harorati 60-80°C ga yetadi. Gidravlik
suyugliklar  (moylar) ishgalanuvchi yuzalarning turli
rejimlarida ishonchli ishlashini ta’minlovchi
govushqoglikka  hamda ishgalanuvchi  gismlarning
yeyilishini sekinlatish uchun yaxshi moylash xossalari ega
bo‘lishi lozim.

Harorat o‘zgarganida gidrotizim ishonchli ishlashi
uchun moyning qovushoqligi katta bo‘lmasligi kerak.

Qishda manfiy haroratda ishgalanuvchi sirtlarga moy tez
yetib borishini ta’minlashi uchun ularning qotish harorati
past bo‘lishi kerak.

1-jadval
Qovushqoglikni aniglash
Qovushqgoglik 40°C dagi
Klassi kinematik govushqoqlik,
mm?/s
5 4,30-5,10
7 6,15-7,50
10 9,0-11,0
15 14-17
22 20-24
32 29-35
46 42-50
68 61-74
100 90,0-110,0
150 135,0- 165,0
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Gidravlik moylari neft qoldig’i bo’lgan mazutni vakuum
ostida gayta ishlab olinadi. Gidrotizimdagi nasosning
ishlashi davomida moy qiziydi va yuqori ish haroratida
moylar oksidlana  boshlaydi. Moyning oksidlanish
maxsulotlari to‘planib, bir biriga yopishib qolishi natijasida
smolali birikmalarga aylanib qoladi. Bu esa gidravlik tizimni
tez ishdan chigishiga olib keladi.

O‘rganishlar  natijasida olingan tahlillar  shuni
ko‘rsatadiki, gidravlik sistemalarni tez ishdan chiqishini
asosiy sababi (70%i) gidravlik moylarning holatiga ta’sir
ko‘rsatar ekan. Ulardan: 60% i moyning tozaligi va 40% i
moyning sifat ko‘rsatkichlariga bog‘liq ekan.

Mamlakatimiz =~ xalq xo‘jaligining rivojlanishi
texnologik mashinalar uchun foydalaniladigan yo‘llar
tarmogini kengayishi, ularni saqlash va ta’mirlash bo‘yicha
ish xajmini kengayib borishi, ishlab turgan yirik yo’l va
shaxobchalarini gayta qurish, yangilash, aerodromlarni
qayta qurilishi: ularni ta’mirlash va soz xolatda saqlash
masalalari bilan uzviy bogligqdir. Texnologik mashinalarda
va kommunal mashinasozligi xalq xo’jaligining asosiy
tarmoglaridan xisoblanadi. llmiy tekshirish taraqgiyoti va
industrial qurilish texnologiyasining yutuglarini tagrizi
texnologik mashinalar rivojlanishini asosiy yo‘nalishlarini
ajratishga  imkon beradi. Ular mashinasozlikdagi
rivojlanishlar, ilmiy texnik revolyutsiya va mamlakat xalq
xo‘jaligini talablarining umumiy yo‘nalishlari bilan
bogliqdir. Yo‘l-qurilish mashinalarida qo‘llaniladigan
gidravlik yuritmalar hajmiy gidravlik yuritmalarga va
gidrodinamik yuritmalarga bo‘linadi. Hajmiy gidravlik
yuritmalar ko‘p hollarda barcha gismlari va birikmalari bilan
mexanik uzatishlarni ta’minlaydi. O‘rnatilgan hajmiy
gidravlik yuritmalarquyidagilardan tashkil topgan: hajmiy
nasos, gidravlik dvigatellar, boshgaruvchi va tartibga
soluvchi gidravlik uskunalar, gidravlik klapanlar, gidravlik
hajmlar, gidravlik liniyalar va boshga moslamalar

Gidrodinamik  yuritma  mexanik  transmissiyada
go‘llanilganda, faqat uning ilashish muftasi almashtiriladi.
Ushbu yuritmada ishchi suyuglik aylanish jarayonida
markazdan qochma g‘ildiragi orqali harakatlanadi va qattiq
ulanish bo‘lmagan taqdirda, aylanadigan suyuglikning
energiyasi turbina g‘ildiragida amalga oshiriladi. Yetakchi
va yetaklanuvchi bo‘g‘inlar ishlashi, odatda, germetik
yopilgan korpusda amalga oshiriladi.Kinematik
govushqoqlik quyidagi formula orqali aniqglanishini ko’rib
chigdik [1=[Tect[4]..Vakuumli kolonnada  mazut
govushogqligi har xil bo‘lgan (qaynash harorati 350-500°C
oralig‘ida) moy distillatlariga ajratiladi . Vakumda haydash
mazutni  parchalanishidan saglab, gizdirish haroratini
pasaytirib moy fraksiyalarini ajratishni osonlashtiradi. [7]

3. Tahlil va natijalar

Oc‘tkazilgan tajriba natijalarini jadval ko‘rinishida ishlab
chiqdik. Gidravlik moyda erigan holda mavjud bo‘lgan
uglevodorod oksidlanish mahsulotlari (gatronlar, organik
kislotalar) yopishgoglik va Kkislotalar sonining oshishiga
yordam beradi va porshen halgalarida yonishiga laklar
aynigsa xavfli yopishgoq gatlamlarning shakllanishi uchun
asos bo‘lgan asfalten birikmalari paydo bo‘ladi. Gidravlik
moylarining ekspluatatsion  xususiyatlarini  yaxshilash
magsadida ularga birdaniga turli xil xususiyatlarga ega
bo‘lgan bir nechta organik birikmalar qo‘shiladi. Bu
go‘shilmalar moyning bir qator xususiyatlarini yaxshilash
magqgsadida qo‘shilganligi tufayli ular ko‘p funksiyali
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qo‘shilmalar deb yuritiladi. Bundan tashgari gidravlik
moylarning ekspluatatsion xususiyatining yaxshilanishi
uchun ko‘pirishga qarshi qo‘shilmalarni qo’shish lozim, bu
qgo’shimchalar  ish jarayonida gidravlik moyi kuchli
ko‘pirishi mumkin, buning natijasida ishqalanuvchi
yuzalarni moylash sifati sezilarli darajada yomonlashadi.
Giravlik moyning ko‘pirish darajasi moyning qovushoqlik
va  zichligiga,  shuningdek,  haroratga  bog‘lig.
Avtotransportning past tezlik rejimlarida ishlashi, yengil
yuklar, tez-tez va uzoq to‘xtashlar, dvigatelning uzoq vaqt
bo‘sh turishi dvigatelda ish haroratining pasayishiga,
yoqilg'ining to‘liq yonish mahsulotlari bilan karter moyining
yanada qattig ifloslanishiga, moyni yoqilg'i bilan
suyultirishga olib keladi. Tayyorlangan moylarning
govushgoglik va xaroratga chidamlilik  xossalarini
laboratoriya sharoitida aniglab natijalarini jadvallarga

kiritdik.
2-jadval
HD-46 gidravlik moyining aniglangan natijalari
Ne Moyning sifat |  Sinalgan moyni GOST
ko‘rsatkichlari | tekshiruv natijasi bo‘yicha
HD-46 norma
1 Qovushqoglik, 46 41-50
mm?/s 40°C
uchun
2 20°C dagi 0,75 0,805
zichligi, g/sm3
3 Alangalanish 205 210
xarorati, °C
4 Qotish -25 -20 - (-32)
xarorati, °C
5 Ishgor soni, 6,1 4-7
mg KON/ 1g
3-jadval
HD-46+2% GLs gidravlik moyining aniglangan
natijalari
Ne Gidravlik O‘tkazilgan GOST
moyining HD- tajriba natijasi bo‘yicha
46 sifat HD-46+2% GLs norma
ko‘rsatkichi
1 Qovushqoqlik, 46 43-51
mm?/s 40°C
uchun
2 20°C dagi 0,900 0,950
zichligi, g/sm®
3 Alangalanish 230 240
xarorati, °C
4 Qotish -32 -30 - (-40)
xarorati, °C
5 Suvning - -
miqgdori
6 Mexanik 0,007 0,030
aralashmalar
bor yo‘kligi,
%
7 Ishgor soni 6,1 4-7
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4. Xulosa va takliflar

Biz o‘rganish natijasida gidravlik tizim uchun asos moy
sifatida HD-46 moylarni gabul qilib oldik. Moylarning
sifatini yaxshilash uchun ularga qo‘shish mumkin bo‘lgan
qo‘shilmalarni ko‘rib chiqdik. Gidravlik sistemalar uchun
eng muqobil qo‘shilmalar ichidan edirilishga garshi GLs
qo‘shilmani tanlab oldik. Bu qo‘shilmaning afzallak tomoni
shundaki, bir vagtda moyning bir necha xususiyatini
govushgogligini xamda oksidlanishga garshi xususiyatini
ham oshirish imkoniyati bor ekan. Bundan kelib chigadiki
gidravlik moylanning tarkibini yaxshilash uchun unga
qo’shadigan qo’shimchalarning miqdoriga etiborli bolish
talab etiladi, qo’shiladigan qo’shimcha miqdori oshib ketsa
gigravlik sistemaning xizmat vazifasini tugatishiga olib
keladi.

Bizning vazifa moy tarkibiga qo’shiladigan
go’shimchani meyoyiy xolatini topishdir, shundan kelib
chiqib bizga meyoriy xolati tekshirishlar natijasida ma’lum
bo‘ldiki GLe qo’shilmani 2% qo‘shish etarli ekan. Sababi
yanada miqdorini oshirish alangalanish xarorati va
govushgogligini deyarli oshirmas ekan. Shuning uchun biz
2% qo‘shishni taklif etdik. Bu taklifimiz gidravlik moyda
harakatanlanuvchi mashinalarga tegishli. GL6 qo’shilmani
gidravlik moylarda qo’llash keng samarali natijalarga
erishishga olib keladi.
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Analysis of types of detection of technical malfunctions in aircraft engines

1.S. Maturazovi®a Sh.Sh. Shodievi®b

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article presents an analysis of methods and types of detecting technical malfunctions in aircraft
engines. Various malfunction detection methods, their advantages and limitations, as well as their
application efficiency, are discussed. This analysis can be applied to improve aircraft maintenance and
enhance flight safety. The article highlights modern methods of detecting malfunctions in aircraft engines
and their importance.

Keywords: engine malfunctions, technical maintenance, detection methods, aircraft safety, and flight safety

Havo kemalari dvigatellarining texnik nosozliklarini aniglash
turlarining tahlili

Maturazov 1.S.2®2 Shodiev Sh.Sh 1P

Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ushbu magqolada havo kemalari dvigatellarining texnik nosozliklarini aniglash usullari va turlariga oid
tahlil keltirilgan. Turli nosozliklarni aniglash usullari, ularning afzalliklari va cheklovlari, shuningdek,
ularni qo‘llashning samaradorligi muhokama qilinadi. Ushbu tahlil havo kemalari texnik xizmatini

yaxshilash va parvoz xavfsizligini oshirishda qo‘llanilishi mumkin. Ushbu maqolada, havo kemalari

dvigatellaridagi nosozliklarni aniglashning zamonaviy usullari va ularning ahamiyati yoritilgan.

Kalit so‘zlar:

1. Kirish

Havo kemalari xavfsizligi va ularning samarali
ishlashini ta’minlash aviatsiya sanoati oldida turgan eng
muhim vazifalardan biridir. Dvigatellar texnik nosozliklarni
aniqlash, ularning o‘z vaqtida oldini olish va kerakli texnik
xizmat ko‘rsatish orqali havo kemalarining uzluksiz va
xavfsiz faoliyati kafolatlanadi. Nosozliklarni ertaroq
aniglash ahamiyati shundaki erta aniglash baxtsiz
hodisalarning oldini oladi, texnik xizmat ko‘rsatish
xarajatlarini kamaytiradi va xaBo kemasining resursini
oshiradi.

2. Tadqgigot metodikasi

EHMS (Engine Health Monitoring System) — bu havo
kemalari dvigatellarining texnik holatini kuzatish va analiz
qilish uchun qo‘llaniladigan tizim bo‘lib, dvigatelning
uzluksiz va xavfsiz ishlashini ta’minlashga yordam beradi.
EHMS yordamida dvigateldagi har xil parametrlar (masalan,
tebranish, harorat, bosim, tezlik va boshqalar) real vaqtda
kuzatilib, ularning normal ishlash chegaralarida ekanligi
nazorat qgilinadi.

EHMS tizimi quyidagi jarayonlarni o‘z ichiga oladi:

1. Sensorlar va o°Ichash vositalari: Dvigatelning ichki va
tashqi qismiga o‘rnatilgan sensorlar yordamida turli
parametrlar o‘lchanadi. Bu sensorlar dvigatelning ishlash
jarayonida sodir bo‘ladigan har gqanday nojo‘ya
o‘zgarishlarni kuzatishga mo‘ljallangan. Odatda, harorat,
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tebranish, bosim va havo harakati kabi parametrlarga alohida
e’tibor qaratiladi.

2. Ma’lumotlarni to‘plash va tahlil qilish: Sensorlar
yig‘gan ma’lumotlar EHMS tizimiga uzatiladi, bu esa ushbu
ma’lumotlarni analiz qilib, har qanday nosozlikni yoki
normadan chetlanishni aniglaydi. Bu ma’lumotlar real
vaqtda ko‘rib chiqiladi va tarixiy ma’lumotlar bilan
solishtiriladi, shuning asosida dvigatelning hozirgi holati va
kelajakdagi ehtimoliy nosozliklar hagida xulosa chigariladi.

3. Signal va ogohlantirishlar: Agar EHMS tizimi normal
ko‘rsatkichlardan chetlanishlarni aniglasa, tizim texnik
xizmat ko‘rsatish xodimlarini ogohlantirish uchun signal
beradi. Masalan, tebranish darajasi keskin oshgan bo‘lsa,
tizim avtomatik ravishda xodimlarga bu hagida xabar beradi,
va ular muammoni bartaraf qilish choralarini ko‘rishi
mumkin.

4. Texnik xizmat va profilaktika: EHMS tizimi
yordamida dvigateldagi har qanday kichik nosozliklar oz
vagtida aniglanadi va bu katta texnik muammolarga olib
kelmasdan ularning oldini olish imkonini beradi. Ushbu
tizim samolyot dvigatellarining profilaktika va texnik xizmat
ko‘rsatish jarayonini optimallashtiradi, bu esa texnik xizmat
ko‘rsatish uchun ajratilgan vaqt va mablag‘larni qisqartiradi
[5; 6].

Trend tahlili — bu vaqt o°tishi bilan ma’lum bir hodisa
yoki ko‘rsatkichning o‘zgarishlarini kuzatish va baholash
jarayoni bo‘lib, u o‘zgarishlarning tendensiyalarini
aniglashga yordam beradi. Trend tahlili nafagat igtisodiyot,
marketing yoki moliyaviy sohalarda, balki aviatsiyada ham
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keng qo‘llaniladi, masalan, dvigatellar holatini monitoring
gilishda trend tahlili yordamida texnik nosozliklarni aniglash
mumkin.

Trend tahlilining asosiy magsadlari:

1. O‘zgarishlarni tushunish: Trend tahlili orqali biror
ko‘rsatkichning o‘sishi yoki kamayishi qanday omillar
ta’sirida yuz berayotganini tushunish mumkin.

2. Prognoz qilish: Oldingi o‘zgarishlar asosida kelajakda
qanday o‘zgarishlar kutilishini prognoz qilishga yordam
beradi.

3. Muammolarni aniqlash: Muayyan ko‘rsatkichda
o‘zgarish yuz bersa, u bilan bog‘liq muammolarni erta
bosgichda aniglash imkonini beradi.

Aviatsiyada trend tahlili ganday qo‘llaniladi?

Aviatsiyada trend tahlili asosan texnik xizmat ko‘rsatish,
xususan dvigatel monitoringi uchun qo‘llaniladi. Misol
uchun, dvigatelning harorat, tebranish yoki yoqilg‘i sarfi
kabi parametrlari vaqt o‘tishi bilan o‘zgarib boradi. EHMS
(Engine Health Monitoring System) trend tahlilidan
foydalanib, ushbu parametrlardagi kichik o‘zgarishlarni
kuzatishi mumkin.

Agar ma’lum bir parametrning qiymatlari odatdagi
trenddan chetlashayotgan bo‘lsa, bu dvigatelda muammo
yuzaga kelayotganidan darak berishi mumkin. Trend tahlili
yordamida bu muammoni oldindan aniglab, dvigatelni
tekshirish va ta’mirlashni rejalashtirish mumkin.

Trend tahlili usullari:

1. Chiziqgli regressiya: Vaqgt o‘tishi bilan o‘zgaruvchilar
orasidagi bog‘liglikni aniqlash uchun qo‘llaniladi. Bu usul
yordamida o‘zgarishlar chiziqli trend sifatida ko‘riladi.

2. Harakatlanuvchi o‘rtacha (Moving Average): Qisqa
muddatli tebranishlarni bartaraf etish uchun o‘rtacha qiymat
olinadi. Ushbu usul o‘zgarishlardagi asosiy trendni aniqroq
ko‘rishga yordam beradi.

3. Ekspansiv o‘rtacha (Exponential Moving Average):
Ushbu usulda so‘nggi qiymatlarga ko ‘proq e’tibor qaratiladi
va o‘zgarishlarni tezroq aniqlash imkoniyatini beradi.

4. Sezonal trend tahlili: Vaqt oralig‘ida takrorlanadigan
tendensiyalar mavjud bo‘lganda qo‘llaniladi. Masalan,
ma’lum mavsumlarda yoki muddatlarda yuzaga keluvchi
o‘zgarishlar tahlil qilinadi.

Boreskop tekshiruvi (borescope inspection) — dvigatel
va boshqa qismlarning ichki gismlarini to‘g‘ridan-to‘g‘ri
ko‘rish va baholash imkonini beradigan texnik xizmat usuli
hisoblanadi. Bu tekshirish jarayonida maxsus kamerali
asbob — boreskop ishlatiladi. Bu asbob orqgali mexaniklar
dvigatelning ichki gismlarini, masalan, turbinalar, yonish
kameralari, kompressor ganotlarini va boshga giyin yetib
boriladigan joylarini demontajsiz ko‘rib chiqishlari mumkin
[1; 2].

Boreskop tekshiruvi quyidagi jarayonlarni o‘z ichiga
oladi:

1.Asbobni joylashtirish: Mexaniklar boreskopni dvigatel
yoki boshga gismlardagi kichik teshik yoki ochiq joydan
kiritadilar. Bu asbob juda yupqa va moslashuvchan bo‘lib,
dvigatelning tor qismlaridan osonlik bilan o‘tadi.
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-rasm. Baraskop tekshiruvi jarayonini

2. Vizual kuzatish: Boreskop oxiriga o‘rnatilgan kamera
dvigatelning ichki qismlarini yoritadi va ular haqida to‘liq
ma’lumot beradi. Ushbu kameradan olingan tasvirni real
vaqtda ekran orqali kuzatish mumkin, bu esa aniglikni
oshiradi.

3. Rasm va video yozish: Boreskop orgali olingan
tasvirlar va videolar saglanib, texnik xodimlar uchun keyingi
tahlillar va solishtirishlar uchun foydalaniladi. Bu
ma’lumotlar dvigatelning hozirgi holatini va uning ichki
gismlaridagi nugsonlarni batafsil tahlil gilishga yordam
beradi.

Yugorida aytib o’tilganlardan tashgari bugungi kunda
ilg’or diagnostika usullari keng qo’llanib kelinmoqda.
Bularga misol qilib moy tahlili va vibra diagnostikani olsak
bo’ladi. Chunki bu jarayonlar burakkab matematik modellar
orqgali amalga oshiriladi.

Tebranish va Moy Tahlili — bu ikki usul dvigatel
ichidagi eskirish va nosozliklarni erta bosgichda aniglash
uchun muhimdir. Quyida ular haqida batafsil ma’lumot va
ularning fizik va matematik modellari keltirilgan:

1. Tebranish Tahlili

Tavsif: Tebranish tahlili dvigatelning turli gismlarida
hosil bo‘ladigan tebranishlarni o‘lchash orqali nosozliklarni
aniqlashga yordam beradi. Har bir komponent o‘ziga xos
tebranish xususiyatiga ega, va bu parametrlar nosozliklar
paytida o‘zgaradi.

Tebranish Sabablari: Rotorlar yoki Podshipniklar
Nosozligi: Rotorning notekisligi, podshipnikning yeyilishi
yoki muvozanatsizligi tebranishlarni oshiradi.

O‘qli Nosozliklar: O‘gning to‘g‘riligi buzilganda
tebranishlar paydo bo‘ladi.
Matematik va Fizik Modellar: Fourier

Transformatsiyasi: Vibratsiya signallarini chastota bo‘yicha
tahlil qilish uchun ishlatiladi. Fourier transformatsiyasi
tebranishning vaqt bo‘yicha signallarini  chastota
diapazonida ajratib beradi, bu esa o‘ziga xos nosozlik
chastotalarini aniglashga yordam beradi [3].

3|

Amplitude of FFT

Vertical displacement (mm)
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2-rasm. Fourier transformatsiysi yordamida
tebranishlar chastotasini aniglash
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Yugqorida berilgan (a) bu o’lchov qurulmali orqali
to’g’ridan yozib olingan malumotlar. Vertikal o’qda
tebranishlarning siljishi (Vibration displacement) gorizontal
o’qda vaqt (time) tasvirlangan (b) rasmda esa Fourier
transformatsiyasi orgali malumotlarga gayta ishlov berilgan
va natijada chastotaning (Frequency) amplitudaga bog’liqlik
grafigi tasvirlangan.

Fourier transformatsiyasi ganday ishlashini yaxshiroq
tushunish uchun matematik misol keltiramiz. Misolda oddiy
sinusoidal signalni  o‘rganamiz, lekin  Fourier
transformatsiyasi ganday qilib murakkabroq signallarni ham
chastota komponentlariga ajratishini ko‘rsatamiz.

Misol: Oddiy Sinusoidal Signal

Tasavvur qilaylik, bizda vaqt domenida quyidagi
sinusoidal signal bor:

f(t) = Asin(2rfy t) 1)
bu yerda:
A-— amplituda;
fo— signalning chastotasi (sekundda necha marta
tebranadi);
t— vaqt.

Fourier Transformatsiyasi Ta’rifi

Fourier transformatsiyasi vaqt domenidagi signalni
chastota domeniga o‘tkazib, uning asosiy chastotalarini
aniglaydi. Matematik jihatdan Fourier transformatsiyasi
quyidagi integral bilan ifodalanadi:

Fw) =7, f(©) - e @

bu yerda:

F(w) — chastota domenidagi funksiyamiz,

(w) — burchak chastotasi (rad/sekund),

e~J9t_ kompleks eksponensial funksiya.

Misolni Hisoblash

Oddiy sinusoidal signal f(t) = Asin(2mf,t) uchun
Fourier transformatsiyasini ko‘rib chigamiz.

1. Sinusoidal Funktsiyani Kompleks Ko rinishga
Keltirish

Sinus funksiyasini eksponensial shaklda yozishimiz
mumkin

f(t)=Asin(2rf, t)ZZ'il(ejz”fOt—e‘jZ"fOt) A3)

Bu ko‘rinishda signal ikkita eksponensial qismga
ajraladi, ularning biri chastotada, ikkinchisi esa chastotada.

2. Fourier Transformatsiyasini Qo‘llash

Endi biz har bir eksponensial gismini Fourier
transformatsiyasi integrali orgali hisoblaymiz:

—(® A2 -j2 -j
F(w)-f_wz(ef Thte=j2mfotye—jwtt
(4)

Integrallarni alohida hisoblaymiz:

Agar w=2rf, bo‘lsa, Fourier transformatsiyasi natijasi
nolga teng bo‘lmaydi. Bu nuqtada asosiy chastota
mavjudligini bildiradi.

Agar w # 2mf, bo‘lsa, transformatsiya natijasi nolga
teng bo‘ladi.

Natija

Fourier transformatsiyasi yordamida vaqt domenidagi
oddiy sinusoidal signal chastota domenida fagat chastotada
mavjud bo‘lib, bu nuqtada yuqori amplituda bilan
ifodalanadi. Boshqga chastotalarda amplituda nolga teng
bo‘ladi, chunki signal faqat bitta chastotadan iborat.

Murakkab Signallar Uchun

Agar signal murakkab bo‘lsa (masalan, ko‘p chastotali
yoki impulslar aralashmasi), Fourier transformatsiyasi uni
har bir chastotaga ajratadi. Bu dvigatel tebranishidagi
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murakkab o‘zgarishlarni (masalan, podshipnik yoki rotor
nosozliklarini) aniglash uchun juda foydali bo‘ladi.

Umuman olganda, Fourier transformatsiyasi har ganday
signalni o‘zgarmas chastotali komponentlarga ajratib, qaysi
chastotada qanday amplituda borligini ko‘rsatib beradi.

Spektral Tahlil: Spektral tahlil yordamida chastota va
amplituda ko‘rsatkichlarini o‘lchash orqali nosozlikni
joylashishi va sababi aniglanadi.

Kuchli Rivojlanish Modellari (Crest Faktori)

Crest faktori — signalning maksimal giymati bilan uning
o‘rtacha qiymati o‘rtasidagi nisbat bo‘lib, tebranish
signalidagi  o‘zgacha nugtalarni, xususan, keskin
tebranishlarni aniglash uchun ishlatiladi.

Crest Faktorining Hisoblanishi:

Formula:

Crest Factor = Maksimal giymat/RMS (o'rtacha kvadrat
giymati)

RMS-o‘rtacha kvadrat qiymat (Root Mean Square)

Crest Faktorining Qimmati Qanday Talgin Qilinadi?

Yugori Crest Faktori: Bu odatda dvigatelning
podshipniklari yoki boshga gismlardagi mexanik nosozlikni
ko'rsatadi. Yuqori qiymatlar zarbalar yoki keskin
tebranishlar mavjudligiga ishora giladi.

Past Crest Faktori: Bu dvigatel ishlashida
muvozanatning yaxshi ekanligini, tebranishlarning me'yorda
ekanligini bildiradi.

Crest  Faktorining  Aviatsiya  Dvigatellaridagi
Qo'llanilishi:

Nosozlikning Erta Belgisi: Crest faktoridagi o'zgarish
dvigatelning o'z vaqgtida texnik xizmat ko'rsatish kerakligini
bildirishi mumkin.

Podshipnik Yeyilishi: Podshipniklarda eskirish va
zarracha ko'paya boshlaganda, Crest faktori odatda oshadi,
bu esa xizmat ko'rsatish jadvallarini oldindan tayyorlashga
yordam beradi.

Matematik Statistika va Neyron Tarmoglar: Vibratsion
tahlilga sun’iy intellekt texnologiyalarini qo‘shish bilan,
statistika va neyron tarmoglar yordamida mavjud signal
shovqgini kamaytiriladi va nosozliklar avtomatik ravishda
aniglanadi.

2. Moy Tahlili

Tavsif: Moy tahlili dvigatel moyi tarkibidagi metall
zarrachalari va boshqa ifloslanishlarni  o‘rganadi.
Zarrachalar tahlili dvigatelning qaysi gismlari eskirganini
yoki zararlanganini ko‘rsatadi.

Nima uchun Zarur?:

Ifloslanish Belgilari: Agar moy tarkibida muayyan
metall zarrachalari ko‘p bo‘lsa, bu dvigatel ichidagi
gismning (masalan, podshipnik yoki tishli uzatma)
eskirayotganligini bildiradi.

Kimyoviy Tahlil: Moyda mavjud boshga kimyoviy
moddalar qachon va qanday muammo paydo bo‘lganini
aniglashga yordam beradi (masalan, namlik yoki yonish
qgoldiglari).

Matematik va Fizik Modellar:

Zarracha Tahlili: Metall zarrachalar hajmi va soni
dvigatel eskirishi darajasini ifodalaydi. Matematik statistika
orqali zarracha hajmi va turlarining tagsimoti aniglanadi.

Spektrometriya: Metall zarrachalarni o‘lchash uchun
ishlatiladigan asosiy usul bo‘lib, u kimyoviy tarkibini
aniqlash uchun xizmat qiladi. Regression Tahlil va Ko‘p
O‘lchamli Modellar: Ushbu usullar moy tarkibidagi
kimyoviy va fizik o‘zgarishlarni kuzatish va nosozliklar
tahlilini avtomatlashtirish uchun ishlatiladi.
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3-rasm. Moy tahlili jarayoni
Tendensiyalarni Tahlil Qilish: Statistik tendensiyalarni
tahlil qilish orqali har bir texnik xizmat oralig‘ida
dvigatelning ishlash ko‘rsatkichlari kuzatiladi [4].

3. Xulosa

Xulosa qgilib shuni aytish mumkinki bugungi kunda
aviatsiya sohasida havo kemalarining nosozliklarini
oldindan  aniglash  uchun ilg’or  texnalogiyalar
go’llanilmoqda bu esa 0’z navbatida xizmat ko’rsatish tan
narxini pasaytrishga yordam beradi. Magolada havo kemasi
dvigatellarining texnik nosozliklarini aniglash usullari tahlil
qilingan bo‘lib, ushbu wusullarning samaradorligi va
ishonchliligiga ta’sir etuvchi omillar o‘rganilgan. Tahlilda
diagnostika usullarining turlari, ularning afzalliklari va
kamchiliklari, shuningdek, ularni amaliy holatlarda qo‘llash
imkoniyatlari ko‘rib chiqilgan. Shuni ta’kidlash joizki
samolyot dvigatellari nosozliklarini aniglashda zamonaviy
avtomatlashtirilgan va intellektual diagnostika tizimlarini
joriy etish texnik xizmat ko‘rsatishning sifatini oshirishga,
xavfsizlikni ta’minlashga va texnik xizmat ko‘rsatish
xarajatlarini  kamaytirishga yordam beradi. Magolada
keltirilgan natijalar aviatsiya sohasida texnik Xizmat
ko‘rsatish jarayonida xavfsizlik choralarni
takomillashtirishga  hamda  parvozlar  xavfsizligini
ta’minlashga qaratilgan tavsiyalarni qamrab olgan.
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Abstract: This article discusses the use of NFC (Near Field Communication) technology in wireless local control
of railway station turnstiles with NFC technology authorization, and develops its operating algorithm and
user interface windows. Using NFC technology, secure and fast authorization processes are optimized.
The effectiveness of NFC technology is analyzed using scientifically based methods and experimental
results. This technology allows you to modernize automated control processes of railway systems.
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Annotatsiya: Ushbu magolada NFC (Near Field Communication) texnologiyasining temir yo‘l stansiyalaridagi
strelkalarni NFC texnologiyasi ruxsati bilan simsiz mahalliy boshqarishda qo‘llanilishi ko‘rib chiqiladi
hamda uning ishlash algoritmi va foydalanuvchi interfeys oynalari ishlab chigildi. NFC texnologiyasi
yordamida xavfsiz va tezkor ruxsat olish jarayonlari optimallashtiriladi. 1lmiy asoslangan usullar va
tajribaviy natijalar yordamida NFC texnologiyasining samaradorligi tahlil gilinadi. Ushbu texnologiya
temir yo‘l tizimlarining avtomatlashtirilgan boshgaruv jarayonlarini modernizatsiya gilishga imkon
beradi.

Kalit so‘zlar: NFC, Bluetooth, mahalliy boshqgaruv, interfeys, protokol, simsiz aloga, strelka, radiokanal, manyovr

ishlari

1. Kirish

NFC (Near Field Communication) texnologiyalari o‘n
yildan ortiq vaqtdan beri mavjud. 2004-yilda Sony, Nokia va
NXP Semiconductor qurilmalarga oddiy teginish orgali bir-
biri bilan mulogot qilish imkonini beruvchi interfeysni
ishlab chigishga qgaror gilishdi. Interfeys energiya tejamkor
bo‘lishi va ulanishni o‘rnatish vaqti qisqa bo‘lishi kerak edi.
2011 yilda Googlening jamoaga qo‘shilishi hal qiluvchi
ahamiyatga ega bo‘ldi - bir necha oy o‘tgach, bank kartasini
kontaktsiz chipga ulash imkonini beruvchi dastur e'lon
qilindi.

Hozirgi vagtda mobil aloga tomonidan tagdim etiladigan
qurilmalarning ortib borayotgan mobilligi rivojlanayotgan
texnik dunyoda muhim xususiyatga aylandi. Near Field
Communication (NFC) texnologiyasini joriy etishdan oldin,
mobil telefonlar tashgi muhit bilan bir necha turdagi aloga
imkoniyatlariga ega edi. SMS, MMS va hatto Internetga
kirish kabi boshqa xizmatlarga ega bo‘lgan mobil telefonlar
uchun (GSM). Keyinchalik tashqi qurilmalarni hisoblash
qurilmalari, shu jumladan mobil telefonlar bilan
bog‘laydigan Bluetooth texnologiyasi joriy etildi

NFC va Bluetooth o‘rtasidagi asosiy farq shundaki,
texnologiya qo‘lda ulash va ma'lumotlar almashinuvi uchun
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kerakli qurilmani gidirishni talab gilmaydi. Va u ishlash
uchun Internetga ulanishni talab gilmaydi. Ikki qurilma biri
ikkinchisining diapazoniga kirganda avtomatik ravishda
ulanadi - boshgacha qilib aytganda, bitta qurilmani
boshqgasiga tegizish kifoya giladi.

NFC texnologiyasi uchta ish rejimidan foydalanadi.

1. Qurilmalar smart-kartalar kabi ishlaydi - bu NFC
rejimi qurilmangiz yordamida xaridlar uchun tez va
kontaktsiz to‘lovni amalga oshirish imkonini beradi.

2. Bir nechta qurilmalar bir-biri bilan aloga o‘rnatadi, bu
sizga fotosuratlar, videolar, Wi-Fi paroli yoki boshga
sozlamalarni almashish imkonini beradi.

3. NFC texnologiyasiga ega qurilmalar maxsus teglar
yoki belgilardan ma'lumotlarni o‘qish uchun ishlatiladi - bu
funksiya yordamida siz transport jadvali, turistik xarita yoki
marshrut bilan osongina tanishishingiz mumkin.

2. Tadgigot metodikasi

NFC PROTOKOLLARI VA STANDARTLARI

NFC protokoli sanoat tomonidan tijoratlashtirish uchun
gabul qilinishi va turli ishlab chigaruvchilar tomonidan
ishlab chiqarilgan qurilmalar o‘rtasidagi muvofiqlikni
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ta'minlash uchun standartlashtirishga muhtoj.
Standartlashtirish  spetsifikatsiyalarni ochiq va bargaror
saqlashni va hamma uchun ochiq bo‘lishini, shuningdek,
protokol tahlilini va qurilmani turli magsadlar uchun
moslashtirishni  osonlashtiradi.  Standartlar ECMA
International va ETSI standartlari tomonidan joriy etilgan.
ISO/IEC 14443 A, ISO/IEC 14443 B va JIS X6319-4 uchta
standarti turli kompaniyalar (NXP, Infineon va Sony)
tomonidan taklif gilingan RFID standartlaridir.

1-jadval

NFC texnologiyasidan foydalanish imkoniyatlari

NFC ning | NFC ilovasining namunasi
qo‘llanilish
sohasi
Axborot elektron vizitkalarni almashtirish;
almashish telefon ragamlarini almashish;
kompyuterga  ulanmasdan  ragamli
kameradan fotosuratlarni chop etish;
Elektron avtomobil dvigatelini kalitsiz ishga
Kirish tushirish;
binolarga  kirishni ~ ta'minlash  va
o‘tayotganlarni nazorat qilish;

100

80
i
=5
= &0
2
—_
=
#
E 40

20

o 004 474 Mbni 1 0
NFC Bluetooth

Axborotga hujjatlarni imzolash uchun elektron imzo

kirish sifatida dasturlashtirilgan tegdan
foydalanish;
navigatsiya koordinatalarini o°qish;
poezdlarni yuklash jadvali;

Moliyaviy xaridlar uchun to‘lov;

imkoniyatlar | pul so‘rash;

Boshga bank hisob ragamiga pul
o‘tkazish;

Elektron chipta sifatida foydalanish;
Kontaktsiz savdo terminallari bilan
ishlash;

Antenna, Induktor

l Mikrosxema
-+ . 2

Kontaktsiz karta

1-rasm. NFC ning ishlash sxemasi

Wi-Fi RFID

Texnologryalar

2-rasm. NFC texnologiyasini boshqa texnologiyalar bilan solishtirish diagrammasi

e Masofa (Range): 0.04 m
e Tezlik (Speed): 0.424 Mbps
e  Quvvat sarfi (Power Consumption): 1
Bu grafik NFCning gisga masofada ishlashi, o‘rtacha
tezligi va past energiya sarfi kabi o‘ziga xos xususiyatlarini
ko‘rsatadi.

3. Natijalar

Elektr  markazlashtirilgan  strelkalarini  mahalliy
boshgarish manyovr ishlari ko‘p bo‘lgan yirik stantsiyalarda
ta'minlanadi  va  stansiya  navbatchisining ishini
yengillashtirish va burchak yozuvlari bilan bog‘liq manyovr
ishlarini tezlashtirish uchun mo‘ljallangan.

Strelkalarni ~ mabhalliy =~ boshqaruvga  o‘tkazishda
ishlaydigan strelkalar bo‘ylab va mabhalliy boshqaruvga
o‘tkaziladigan barcha markazlashtirilgan harakatlar istisno

https://t.me/tdtuilmiynashrlar

gilinadi va mahalliy boshgaruvni gabul gilishda ustundagi
yoki manyovr boshgaruv panelidagi barcha strelka
tutgichlari strelkalar holatiga mos keladigan holatga
o‘tkazilishi kerak.

Strelkalarni mahalliy boshqaruvga o‘tkazgandan so‘ng
manyovr harakatlari manyovr svetoforlarida ruxsat beruvchi
ko‘rsatkichlar ~ mavjud  bo‘lganda  kompilyatorning
signallariga muvofig amalga oshiriladi. Ikki tomonlama
boshgaruv  zonasida harakatlanishga ruxsat beruvchi
barchasvetoforlar yo‘naltiruvchi strelkalarni  boshgarish
mahalliy boshqaruvga o‘tkazilgan holda ruxsat beruvchi
holatga Keltiriladi. Har bir boshgaruv nugtasi ovozli signal
(karnay) va stantsiya navbatchisi bilan bevosita telefon
alogasi bilan jihozlanadi.

Elektr markazlashtirilgan stantsiyalarda manyovr
harakatlarini tashkil gilishda strelkalarni boshgarish turli
usullar bilan amalga oshirilishi mumkin:
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Elektr markazlashtirilgan stantsiyasidan strelkalarni
markaziy boshgarish, stansiya navbatchisi strelkalarni
kerakli holatda o‘rnatganda.

Mabhalliy strelkani boshqarish, strelkalarni manyovr
ustunidagi tutqichlarni yoki manyovr maydoniga o‘rnatilgan
maxsus qutilardagi strelkani aylantirish orgali manyovr
menejeri tomonidan harakatlantirilganda.

Strelkalarni fagat manyovr zonasida maxsus qurilgan
manyovr postidan boshqarish.

Manyovr  zonalarida  joylashgan va  poyezd
yo‘nalishlariga kiritilgan strelkalarni ikki tomonlama
boshgarish. Agar kerak bo‘lsa, Elektr markazlashtirish
postidan boshgariladigan bu strelkalar ularni manyovr
postidan o‘tkazish uchun o‘tkazilishi mumkin.

a)

Parolni kiriting yoki NFC kartani tekkizing

3-rasm. Strelkani NFC texnologiyasi ruxsati bilan
simsiz mahalliy boshqgarishning foydalanuvchi interfeys

oynasi. a) umumiy ko‘rinishi. b) NFC yoki parol

yordamida ruxsat berish

Quyidagi 4-rasmda strelkani NFC texnologiyasi ruxsati
bilan simsiz mahalliy boshqarishning algoritmi tuzilgan.
Bunda algoritm quyidagi tartibda ishlaydi.

1-blokda stansiya navbatchisi tomonidan simsiz
mahalliy boshqgaruvga ruxsat berilganligi tekshiriladi. Agar
ruxsat bo‘lsa strelkani kerakli holatga o‘tkazish uchun
keyingi jarayonlarga o‘tishga ruxsat beriladi. Agar ruxsat
berilmasa jarayon 10-blokka o‘tadi, ya’ni strelkani simsiz
boshgarish mumkin bo‘Imaydi;

2-blokda sterlkani simsiz «+» holatga o‘tkazish buyrug‘i
beriladi va undan so‘ng 3-blokda strelkani o‘tkazish uchun
parol yoki NFC kartasi orgali boshgaruv tasdigi olinadi,
agar parol kiritilmasa yoki NFC kartasi tekkazilmasa yoki
xato Kiritilsa jarayon 11-blokka o‘tadi ya’ni strelkani “+”
holatga o‘tkazib bo‘Imaydi;

4-blokda strelkani “+” holatga o‘tkazish buyrug‘i radio
kanal orqali yuboriladi va 5-blokda teskari aloga yordamida
strelkaning “+” holatga o‘tganligi tekshiriladi. Agar strelka
“+” holatga o‘tgan bo‘lsa jarayon tugatiladi, agar strelka “+”
holatga o‘tmagan bo‘lsa nosozlik signali beriladi;

Algoritmdagi qolgan bloklar strelkani “-” holatga
o‘tkazish uchun ishlatilingan. Strelkani “-” holatga o‘tkazish

algoritmi strelkani “+” holatga o‘tkazish algoritmi kabi
ishlaydi.
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4-rasm. Strelkani NFC texnologiyasi ruxsati bilan
simsiz mahalliy boshgarishning algoritmi

4. Xulosa

NFC texnologiyasi temir yo‘l stansiyalaridagi
avtomatlashtirilgan boshqgaruv tizimlarida xavfsizlik va
samaradorlikni  sezilarli  darajada oshiradi.  Ushbu
texnologiya  yordamida ruxsat olish  jarayonlari
optimallashtirilib, xodimlarning ish samaradorligi oshadi.
Kelgusida NFC texnologiyasini kengroq sohalarda,
jumladan, yuk tashish va yo‘lovchi transporti boshqaruvida
ham qo‘llash mumkin.

Quyidagi maqolada temir yo‘l stansiyalaridagi mahalliy
boshgaruvdagi strelkalarni simsiz aloga yordamida
boshgarishda NFC texnologiyasi yordamida ruxsat berish
algoritmi va foydalanuvchi interfeys oynalari ishlab chiqildi
hamda NFC texnologiyasining afzalliklari va kamchiliklari
ko‘rib chiqildi.
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Investigation of technological modes of heat treatment of steel 60Si2CrV to
improve the mechanical characteristics of spring-loaded parts

S.N. Absattarov®? N.Q. Tursunov®P
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article considers the effects of the temperature of the cooling medium during heat treatment on the
mechanical characteristics of spring steel 60Si2CrV. The dependences of hardness, tensile strength and
elongation of steel on the temperature of the quenching medium are shown. It has been established that
the optimal temperature range of the cooling medium is from 20 to 30 °C, which makes it possible to
achieve high mechanical characteristics of the material. The results obtained can be useful for optimizing
the heat treatment of cylindrical springs of freight wagons, ensuring their durability and reliability.

Keywords: hardness, temperature, cooling medium, quenching, tempering, fracture

HcciienoBanue TeXHOJIOIHMYECKHX PEKMMOB TEPMUYECKO 00padOTKH CTAIH
60C2X DA 11 yay4ylIeHUs] MEXAaHHYECKHX XaPAKTePUCTHK PeCcCOPHO-
NPYKUHHBIX AeTajleH

A6carrapos C.H.'®2 Typcynos H.K.}®P

TamxkenTCKMI TOCy 1apCTBEHHBIN TPAHCIIOPTHEIA YHUBEPCHTET, TamkeHT, Y36eKucTan

AHHOTaLUA! B craTbe paccMOTpeHbI BIMSHUS TEMIEPATyPhl OXJIaX A0Sl Cpelbl MpH TepMHUYEcKoi 00paboTke Ha

MEeXaHHYECKHE XapaKTePUCTUKH peccopHO-TpyuHHOH cTamu 60C2XDA. [TokazaHbl 3aBUCUMOCTH

TBEPAOCTH, TIPEeNa MPOYHOCTH U OTHOCHTEIBHOTO yUTMHEHHS CTallM OT TeMIIepaTyphl 3aKaJ04HOM

cpenbl. YCTaHOBIIEHO, YTO ONTUMAJIbHBIN TEMIIEPATYPHBINA JUAaNa30H OXJIaXKJatoIlel Cpebl COCTaBIIsET

ot 20 o 30 °C, 9T0 MO3BOMSAET JOCTHYH BEICOKMX MEXaHHUECKHX XapaKTEPHCTHK MaTepHraia.

[MonyueHHBIE pe3yabTaThl MOTYT OBITH ITOJIE3HBI VIS ONITUMU3ALUH TEPMUYECKOH 00paboTKH

LWJIMHIPUYECKUX MPYXKHH IPY30BBIX BarOHOB, 00eCIeYnBast UX JOJITOBEYHOCTh U HAJISKHOCTb.
Kirouessle croBa: TBEPJOCTh, TEMIEPATyPa, OXJIKAAIOIIAs CPEa, 3aKaJIKa, OTIYCK, H3JI0M

1. BBenenue

BONpIIMHCTBO — NPYXMHHBIX — CIUIABOB —  CTalH,
YIpOUHseMble  MapTEHCUTHBIM  IIPEBpAlICHUEM, IpU
KOTOPOM 00€CIeYHBaIOTCS BRICOKME 3HAYCHUSI TBEPJIOCTH H
HNPOYHOCTH. DTH CTAIIM UCHONB3YIOT B PA3JIMYHBIX 00JIaCTSIX
MAaIIHHOCTPOCHHUS Ut W3TOTOBJICHUS BEChbMa
OTBETCTBEHHBIX YIPYTUX 3JeMEHTOB [1].

Ynupounstomas TepMuueckas 00paboTKa MpY>KUHHBIX
cTajiefl 3aKJII0YaeTcss B NMPOBEICHHHM 3aKalKH B Macliie C
MOCJIEYIOIIMM OTITyCKOM. Y CTQHOBJICHO, YTO IOJydaeMast
nocie Takod o0OpabOTKM TBEPIOCTh MPYKHH PE3Ko
BO3pAacTaeT. Bricokas TBEP/IOCTD crocoOCTByeT
BO3PACTaHUIO YIIPYTUX CBOMCTB M MpeAena IPOYHOCTH
NPYXXMHHBIX CTajeil, B pe3ylbTaTe 4Yero OCTATOYHBIC
nebopMani pe3Ko YMEHBIIAKTCS, W Onarogaps 3TOMY
NpYXKUHBL GoJiee MPOJOIDKUTENBHOE BpeMs paboraroT 0e3
HEJOMYCTUMBIX IOTE€Ph T'COMETPHUYECKMX W  CHJIOBBIX
mapameTpos [2].

OxnaxaeHue IpU 3aKajlKke C ayCTeHHTHOW 00JacTh
JIOJDKHO 00€CTICYHTh MOy YeHHE MAPTEHCUTHOH CTPYKTYPBL.
OxuaxeHne HEeoOXOIMMO OCYIIECTBIATh CO CKOPOCTBIO
OombIliel, 4YeM KpUTHYecKas CKOpOCTh 3akanku [3].
BbICOKast CKOpPOCTb  OXJI@KJACHHS JOKHA OBITh B
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TEMIIEPATypPHOM HHTEpBaJle MUHUMAJIBHOM YCTOMYMBOCTU
ayCTEHHTa, a B MAPTEHCUTHOM HHTEpBAJIE €€ JKeIaTeIbHO
YMEHBIINTh, YTOOBI CHHU3UTH BO3HUKAIOIINE BHYTPEHHHE
HampspkeHus  [4].  Takum  yCIOBUSM — OXJIQKACHHS
COOTBETCTBYIOT MUHEpabHbIE Macia.

Macno kak 3akaJlodHas cpela HMeEeT CleIyIoNue
NpPEerMYIIECTBA: HEOONBIIYI0 CKOPOCTh OXJXKICHHS B
MapTEeHCUTHOM HHTEpBaje TeMIeparyp, YTO yMEHbIIaeT
BO3HMKHOBEHHE 3aKaJOUYHBIX AE(PEKTOB, M IOCTOSHCTBO
3aKaINBAIOIIEH CIIOCOOHOCTH B IIHPOKOM HHTEpBalle
Temrepatyp cpeasl. K HemoctaTkam ciemyeT OTHECTH
MOBBIIICHHYIO BOCIUIAMEHSEMOCTH, HEJIOCTaTOYHYIO
CTaOMIBHOCTD M HHU3KYIO OXJIXXIAIOIIYI0 CIIOCOOHOCTH B
obliacTH TemrepaTyp MEepIUTHOTO MPEBPAIeHHUs, a TaKKe
HOBBILIEHHYI0 cTouMocTh [5]. IlepememmBanue Macna
3¢ (QEeKTHBHO TMOBBIIAET CKOPOCTh U PAaBHOMEPHOCTH
OXJIK/ICHUS; B Tpolecce pabOThl Macio OKHCIeTcs,
TYCTEeT M €ro OXJaXIAIoIasi CIOCOOHOCTh YMEHBIIAaeTcs,
YTO MPUBOJAUT K YaCTHIM 3aMEHaM 0TpaOOTaHHOTO Macya Ha
HOBOE [6].

TemmnepaTypa  3aKaloOyHOM  cpensl  BIHSET  HA
KPUTHYECKYIO CKOPOCTh 3aKajku. YeM HIkKe Temreparypa
Macla, TeM BBILIe CKOPOCTh OXJIaXIeHHs 1 Haoboport [7]. B
CyLIeCTBYIOIIMX JjuTeparypax [8—11] pexomenmyercs
UHTepBan Temneparypsl Macna ot 40 no 80 °C s cranei
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o011ero Ha3HaueHMsA, HO OTCYTCTBYIOT HIKHUN U BEpXHHUH
npejensl TeMIepaTypsl Al NpYKUHHBIX craneil. Jlaxe c
HaJIMYMEM [UPKYISIIIMOHHOTO 000pyJOBaHUS TeMIIepaTypa
Macia B 3aKaJlOYHOM Oake 3HAYUTENFHO BO3pAcTaeT B
MOMEHT OIlyCKaHMsl IApTHU HarpeThiX JeTaneil, 4ro eme
0oJIblIe TOHIKAET OXJIAXKAAIOIIYI0 CHOCOOHOCTh. Kpome
TOTO, OTCYTCTBYIOT CHUCTEMAaTHYECKUE H JHMTEPaTypHBIE
JaHHbIE BIHAHUA TEMIIEpaTypbl OXJTaXKIAOIIEH cpelbl Ha
MEXAaHUYECKHE CBOMCTBA CTajlel, B CBA3M C YE€M LEJbIO
JAHHOW CTaThd SIBUJACh YCTaHOBJICHHE 3aBUCHMOCTH
TEeMIIepaTypbl 3aKaJOYHOM Cpeibl Ha MEXaHUYECKUE
cBOIicTBa  peccopHO-TpykuHHOW  cramn  60C2XDA,
NpUMeHsieMasi A7 U3TOTOBIICHUS IIHHIPUIECKUX IIPY>KUH
TPY30BbIX BarOHOB JKEJIE3HOLOPOKHOTO TPAHCIIOPTA.

2. MeT0o0J10TUel MCCJIEeI0BAHUS

OObeKTaMH HCCIIENOBAaHMS CIY)XKHIH TalTedd B
komndectBe 14 mr. (puc. 1), msroroBnennsle no 'OCT
1497-84 [12] u3 npytkoB 60C2XDA. XuMHUYECKHH COCTaB
KOTOpOii mprBeseH B Tabmure 1.

VYopounsiromast TepMudeckas obpaborka (puc. 2)
mpoBouiIack? B 3ekTpudeckoil kamepHoi meun CHOII-
12.15.10/1000. Uccnenyembie 0Opa3iibl HArpeBalUCh MO
3aKaJIKy BMecTe ¢ npyxxuHamu a0 880+5 °C, Beiaepxka 10
MHHYT TIpU  3TOH  Temmeparype (U3  rpaduxa
npokanuBaemocT crau 60C2XDA Ha 1 MM 3akalleHHOM
30HBI Tpedyercs 1 MuH). OXaxaAeHHe OCYIIECTBIUIOCH B
Macie, TeMIepaTypa KOTOpOro BapbUpPOBAJICS B IIpe/ieNiax OT
5+2.5 no 4042,5 °C. Takoii 3HaUUTENbHBIN Homyck £2,5 °C
0OYCIIOBIIEH CO CIIOXKHOCTBIO TOJIEPKAaHUS TEeMIIEpPaTyphl
Macja MOCTOSTHHOM BO BpeMs 3akanku. Jlanee mpoBoguiics
OTIYCK 00pa3loB TaK e, KaK B MPOIECCe 3aKaIKH, BMECTe
c Ipy>KUHAMU IpU  TemIeparype 510 °C.
[TponomkuTeNnbHOCTE  OTIIyCKa  cocTaBisula 1 dac.
OxnaxaeHre MPOBOIMIOCH Ha CIIOKOHHOM BO3/lyXe.

Taéauna 1
Xumuueckuii coctaB craiau 60C2XDA
C 0,56 — 0,64
Si 1,40-1,80
Mn 0,40 - 0,70
Cr 0,90 -1,20
Vv 0,10 - 0,20
Ni <0,30
S <0,025
P <0,025
Cu, He 6onee 0,20
N/ Rz80 2
e R5
Rz20 =] 125
4+ | L1 ®
=
15 L 05x45°
94,58

a)

@ Tepmuueckas 00paboTka 00pasIoOB U MPYKUH
IPOBOAMIIACH B IPYKUHHOM 1iexy B TaIIkeHTCKOM
JIMTEIHO-MEXaHUYECKOM 3aBOJIE.
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0)
Puc. 1. O6pa3ubl u3 ctaau 60C2XDA:
a) yepTex u3neans, 6) 3D-moxean o6pasua
T.°C
A
88015 °C
1 Mm/MUH
§ A3
&
o
§
8 A,
Sy
9]
T o
§ 3 510 °C
& S 2.4 mMm/mun
§ |
i o
< ©
1]
: \
'-s:’ o -'é
3axkanka =
2
[=7)
s .
% T, min

Puc. 2. PesxuM ynpouHsiromeii TepMuyeckoii 00padoTku
craau Mapku 60C2XPA

Ilepen wu3MepeHHEM TBEPAOCTH OOPa3IOB  TOPIIBI
ranteneid ObuM  oTHUTHM(OBaHBI Ha OUTH(OBAIBHO-
nosuposaibHoii Mammne Buehler Metaserv™ Vector LC
250 (puc. 3). TBepmocTs wu3MepsulaCh € MOMOIIBIO
MOPTaTUBHOTO KOMOMHUpOBaHHOTO TBepaomepa MET-YJIA
(puc. 4) no mkane “C” PokBe/ua N0 NPUHIMITY OTCKOKA.
Juanazon wu3mepenuit or 20 mo 70 HRC, mpenemnst
nomnyckaemoii norpemsocty =2 HRC.

Puc. 3. llliin¢oBanbHO-IOTNPOBAIBLHASI MALLIMHA
Buehler Metaserv™ Vector LC 250
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Puc. 4. TBepaomep nopTaTuBHbIII KOMOMHUPOBAHHBII
MET-YJA

Hcnpitanus Ha paspelB 00pasmoB INPOBOAWINCE Ha
YHUBepCalbHOW HcmbpITaTenpHoi Mamuae Tuna ['MC-50
No134° (puc. 5). Mamuaa T'MC-50 siBseTcs cTanpoHapHo#
YHUBEPCAIbHOMN HCIIBITATENbHOMN TUAPABINYECKON
YCTaHOBKOM C BEPTHKAIBHBIM MPUIOKEHHEM HArpy3KH K
HCTIBITyeMOMy o0pasiy. J[nana3oH n3MepeHHs: COCTaBiseT
ot 2000 o 50000 xr. ITorpemHocTs MOKa3aHUN MO IIKaJe
Harpy3ok He 6oinee £1 % OT u3MepsAeMOil Harpy3KH.

Puc. 5. YanBepcanbHasi HCNIBITATEIbHASI MAIINHA THNA
I'MC-50

b Mcnpitanus Ha paspbiB MPOBOJMIKCH B LIEHTPATLHOM
naboparopuu B TallIKEeHTCKOM TEMII0BO30PEMOHTHOM
3aBQ,

December, 2024
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3. 3akjouenue

Ilo pesynmpraraM HCHBITAaHUS Ha Pa3phIB IOTYYCHBI
MaKpOCKOIIMYECKHE  BUJIBI  IOBEPXHOCTEH  M3JIOMOB
o0pasioB (puc. 6), Ha KOTOPBIX 3aMETHBI TPU 30HBL | —
BOJIOKHHUCTAs 30HA, 2 — paauajibHas 30Ha, 3 — 30Ha cpe3a.

Bonoknucmas 3ona oTBedaeT 00JaCTH MEAJIECHHOTO
pocra TpemuHbsl. OHa pacHoJIOKEHa B ILEHTPE HM3JI0Ma U
OKpY’KaeT oyar pa3pylIeHHs, KOTOPBI HAXOIUTCS Ha OCH
pacTspkeHusa. BonokHucrtas 30Ha cocrouT u3 obmacTu
CIly4alfHO PpacIOJNIOKEHHBIX TOHKHX KPYTOBEIX OOpO3ZI.
Boposibl paciosokeHs! NEPIEHANKYIISIPHO K HAIPABICHHUIO
pacrpocTpaHeHHs] TPELIMHBI — OT oyara K mnepudepun
obpasua. Takue mNpU3HAKM TPHUCYLIIM  CTaOWIBHBIM
CYOKpUTHYECKMM TPELIMHAM, PACIPOCTPAHEHHE KOTOPBIX
TpebyeT 3aTpaThl OTHOCHTEIHLHO BHICOKOH YHEPTHUH.

Puc. 6. IToBepxHOCTH M3710Ma 06pa3L0OB NocIe
YIPOUYHsIOIell TepMuYeckoii 00padoTkun

Toukoif, B KOTOPOH CXOmATCSA palduanvhwie pyoOybl,
SBJISETCSA OdYar u3jioma. PyOIpl NOBOJBEHO TOHKHE, YTO
CIpaBeUIMBO Al BblcokompouHbIx craneil [13]. Tonkue
panuanbHBle pyOIBI YKa3bIBalOT TJABHBIM 00pa3oM Ha
HaJIM4Yhe KBA3WCKOJA WM MEX3EPEeHHOTO H3IoMa. 3oHa
cpe3a COCTOMT W3 POBHOTO KOJBIIEOOPA3HOTO YYACTKa,
CMEKHOTO CO CBOOONHOH IOBEPXHOCThIO  0Opasma.
IToBepXHOCTH TaHHOM 30HBI HAXOIUTCSA MOJ YIIIOM ~ 45° K
OCH PaCTSIKECHHSI.

IMomyyeHa 3aBUCHMOCTH TBEPAOCTH HCCIEILYEMBIX
00pas3IoB OT TeMIepaTypbl 3aKaloyHO# cpenpl (puc. 7).
Ilokazanpl BepXHMH M HIKHHMHA TpeAesnsl TeMmIepaTypbl
macita. [lo TNpUHATEIM HOpMaM 3HA4YE€HHE TBEPAOCTH
TIPYXHUHBI JOJDKHA JIeKaTh B quamaszone ot 40,5 mo 46,5
HRC. CormacHO TONy4YeHHBIM  JaHHBIM,  HIDKHSS
TeMriepatypa Macia cootBercTByeT 20°C, a BepxHsIst ~
35°C. 3enenas obiacTh IMOKa3bIBaeT PEKOMEHIYEMBIil
HHTEpBaJ] Temmeparyp, T.e. oT 20 go 30 °C. Taxoil BbIBOJ
clielyeT M3 SBICHUs NPOCEJaHUs NPYKUH, TaK KaK MpH
3aHEBOJINBAHUM  HAOMIOAeTCs  YMEHBIIEHHE  BBICOTHI
NpYKUHBI OospIe JIOITy CKAeMO1. ITomyuyennas
3aBUCHMOCTh TBEPAOCTH OT TEMIIEpaTyphl Maciia SIBISETCS
nuHeiHON ¢ kKod(@uuuentoM aerepMuHa-uuu R?=0,9801.
Takum 00pa3oM, C OBBIIIEHHEM TEMIEPATYPhI 3aKaTOYHO
CpeJibl MOHMKAETCS TBEPAOCTh TOTOBOTO U3 .
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53 ¢
52 1
51

50
49

y ==-0,4x + 54,6
R*=1098

47
hé
45

Teepaocts, HRC

43
42
41

40
39

37

5 ‘Ii] 1‘5
TeMnepatypa Macna, °C
Puc. 7. 3aBucumocts TBepaoctu ctain 60C2XPA ot
TeMIepaTypsl Macjia
3aBUCHMMOCTh TIpeZeNna MPOYHOCTH ¥ OTHOCHTEIHHOI'O
YATHHCHHUS TaKxKe MOJTy4YaeTcs JIMHEHHON c
ko3 durmentomM koppensmuu R?=0,9763 u R?=0,9767
cootBeTcTBeHHO. (puc. 8). [To TOCT 14959-2016 3HaucHuE
mpefena MPOYHOCTH U HCCIETyeMOW MapKH JOJDKHA
cocTaBiIiATh He MeHee 1670 MlIla, a 3HaueHue
OTHOCHTETIPHOTO YAJIMHEHHA — He MeHee 6 % [14]. B
HHTEpBaJe BBIIIECTIPUBEICHHON (cm. puc. 7)
pexomeHoBaHHOM Temmeparypel Maciaa (20...30 °C)
3HAQUCHHE TNpelesia IPOYHOCTH JIOKHT B JAWANa3’oHe ~
1740...1880 MIla, a 3HaueHHE OTHOCUTEIHHOTO YJUTUHEHUS
— 6...9 %. Takum o06pa3oM, MOTYYCHHBIC 3aBUCHMOCTH
(puc. 8a, 0) He mporuBopeuar ykasaHHbBIM B ['OCTe

TpeOOBaHHAM.
o, MMNa
200 g
g
200 + T
N
2000 s
<
¢~ : y=-162x + 2213,6
1900 % R'=0,98
1800 L 2 - -
e
1700 .
1600 ‘
1500 >
5 10 15 20 25 30 35
a) Temnepatypa Macna, °C
6, %
g
y=03x+02
10 R*=098 _- A
P
A
8 a
-
P
& ‘/
e
A~
-
4 ~
&
~
24
4
0 + gl
5 10 15 20 25 30 35
6) Temnepatypa Macna, °C

Puc. 8. 3aBucMMOCTH MeXaHUYECKUX CBOWCTB (a —
npeeJia MPOYHOCTH, & — OTHOCHTEJIHHOTO Y/IJIHHEHNST)
60C2X®PA ot TeMnepaTyphbl Macaa
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4, BuIBOABI

1. IlpoBemeHBI HCCIENOBaHUS  TEXHOJIOTHYECKUX
PEKHUMOB TEPMHUYECCKONH OOpabOTKH CTalH, HCIIOIb3yeMOi
UL PECCOPHO-NPY>KMHHBIX Aeraneld. IlokazaHo, dYTO
TeMIieparypa oXJIayKAaroIen cpensl OKa3bIBaeT
3HAYUTENBHOE BIMSHNE HA MEXaHHUYECKUE XapaKTEePUCTUKH,
ctamu Mapku 60C2X®DA, T.e. c HOBBIIIECHUEM TEMIIEPATyPbL
cpemsl TBEpAOCTH W TIPEAeN IPOYHOCTH CHIDKAeTcs,
OTHOCHTENGHOE  y/UIMHEHHWE  yBEIWYMBAeTCs, a ¢
MOHIDKEHHEM TeMIIepaTypbl Ha000POT.

2. IlomyyeHa 3aBUCHMOCTh MEXaHHYECKUX CBOICTB OT
TEeMIIEpaTypbl  OXJAXKIAIOIIEH  Cpedbl, MO3BOJIIOMIAS
MIPOTHO3UPOBATh XapaKTEePUCTUK cTanmu Mapkun 60C2XDA
MIPU U3MEHEHUH YCIIOBUH OXJIaXICHUSL.

3. YCTaHOBIEHO, YTO ONTUMAIBHBIA TeMIlepaTypHBIH
IUala3oH OXJKJAomeH cpemsl JIst  oOecrieueHust
HAWITYYIINX MEXaHHYECKHX XapaKTePHUCTUK COCTAaBILIET OT
20 po 30 °C. Ilpu »>TOoM HHTEpBaje TEMIEPATyp
JIOCTHTAIOTCS 3HAYCHUS TBepAocTH o Poksemro ot 40,5 no
46,5 HRC, npenena npounoctu ot 1740 go 1880 MIla u

OTHOCHTENBHOTO yanuHeHHs oT 6 mo 9 %, uTo
cootBercTByOT TpeboBanmsim [OCT 14959-2016.

4. Hcnonp3oBaHWE  OXJN@KIAWOIIEH  cpemsl €
PEKOMEHI0BaHHON TeMIIepaTypoH, TI03BOJIMIIO

MHHUMH3UPOBATh OCTaTOYHbIE NedopMalMy MPYXKUH U
HNPOJ-TATh CPOK HMX OJKCIUTyaTaluu Oe3 3HAYUTEeNBHBIX
MOTePh TEOMETPUYECKUX M CHJIOBBIX IAapaMETPOB, UYTO
MIOJIOKEHO B OCHOBY TEXHOJIOTWH TEPMHUYECKOI 00pabOTKH
ctam Mapku 60C2XDA ¢ yirydmeHHBIMA MEXaHHYECKUMH
Y 9KCILTyaTaI[HOHHBIMH CBOHCTBAMHU PECCOPHO-IIPYKUHHBIX
neraned TalIKeHTCKOIo JINTEHHO-MEXaHUIECKOTO 3aBOIa.
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Development of a methodology and means of non-destructive testing of
physical and mechanical characteristics of cast irons to create grades
with improved properties

N.K. Tursunovi®? A P. Kren2®? T.T.Urazbaevi®¢, U.T. Rakhimovi®¢

M.R. Turakulov®®
1Tashkent state transport university, Tashkent, Uzbekistan
Znstitute of Applied Physics of the National Academy of Sciences of Belarus, Minsk, Belarus

Abstract: The article is devoted to the development of methods and means of non-destructive testing of physical
and mechanical properties of cast irons in order to create new grades with improved characteristics. The
choice of geometric parameters of indenters is considered, which provide high sensitivity to changes in
characteristics in the volume of the material, and also allow achieving various levels of deformation and
deformation rates during testing, which is necessary for analyzing the behavior of the material under
dynamic loads. The results of the study will help to accurately determine the value of the plastic imprint
necessary for an objective assessment of the physical and mechanical characteristics of cast iron.

Keywords: high-strength cast iron, hardness, induction crucible furnace, mechanical properties, indentation, impact,
imprint

Pa3paboTka METOIUKH H CPeJICTB HePa3PYLIAIOLIEro KOHTPOJIS (PU3NKO-
MEXaHMYECKUX XapaKTePUCTHK YYTYHOB ISl CO3IaHUSI MAPOK
C YJIy4llIeHHBIMH CBOiCTBAMH

Typeynos H.K.102, Kpens A.IL20, Ypasoaes T.T.1O°¢, Paxumon Y. T.109,
Typaxyaos M.P.}0¢

TamxkenTCKMI TOCy 1apCTBEHHBIN TPAHCIIOPTHEIA YHUBEPCHTET, TamkeHT, Y36eKucTan
2WucrutyT npuknaanoi ¢pusuxu HAH Benapycu, r. Munck, benapycs

AHHOTAIHSA: CraTbs noCBsIIEHa pa3pabOTKe METOANKA M CPEACTB HEPa3pyLIAIOUIEro KOHTPOIS GHU3NKO-
MEXaHMYECKUX CBOMCTB YYT'yHOB C LIEIBIO CO3aHUSI HOBBIX MapOK C YJIy4IICHHBIMHU
XapaKTepHCTHKaMH. PaccMaTpuBaeTcs BbIOOP FrEOMETPHYECKHX NTapaMETPOB HHIECHTOPOB, KOTOPBIE
00ecIeYrBaiOT BEICOKYIO YYBCTBUTEILHOCTD K H3MEHEHMSIM XapaKTepPHUCTHK B 00beMe MaTepuana, a
TaKOKe MO3BOJISIIOT JOCTUTATh Pa3IMYHbIX ypOBHEH JedopMaliiy U CKOpocTe AehopMUpPOBaHUS IPH
UCIIBITAHUSX, YTO HEOOXOAMMO IS aHAJIM3a TIOBECHUS MaTepHaa Ipy JMHAMAYECKUX Harpy3Kax.
Pe3ynbTathl HCccIeI0BaHMs IOMOTYT TOYHO ONPEJIEUTh BEIMUMHY INIACTHYECKOT0 OTHeYaTKa,
HEOOXOAUMYIO ISl OOBEKTHBHON OLICHKH (DH3HKO-MEXaHUYECKUX XapaKTEePHCTHK YyTyHa.

KitoueBsle crioBa: BBICOKOIIPOYHOE YYTYH, TBEPAOCTh, WHIYKLIHOHHAs THUreJbHAs II€4b, MEXaHHYECKHE CBOMCTBA,
HHJECHTHPOBAHHKE, Y/ap, OTIEYATOK

MOyJIeM yrpyrocTi. Takke 4yryH MOKET UMETh OJIHY U Ty
e TPOYHOCTh O00Nazas TPH STOM pa3IUdIHON (HopMoit

1. BBe)]eHI/le rpadUTOBBIX BKJIIOUECHHH. B TOXXe BpeMst 171 TAKKX YyTYHOB
OylIeT CyIIeCTBEHHO M3MEHAThCA €ro OTHOCHUTENIbHOE

CymectByer psii OCOOCHHOCTEH  zehOpMHPOBAHHs VAJMHEHHE W Tpelen TekydecTd. Bce 310 Oyzer
4yryHa, TIPUCYIMX TONBKO NaHHOMy Marepuany. Tak, B OTIpeIeICHHBIM obOpazom BIIMATH Ha  KpHUBYIO

yacTHOCTH Kod(dumment I[lyaccona maHHOro Martepuana

JTMHAMUYECKOTO MUKpOYIapHOTO aedopMupoBanus. UyryH
MOJXKET H3MEHSTHCS II0 Mepe YBENMUYECHUs AepOopMaliH.

OTHOCHUTCA K CTPYKTYPHO HCEOAHOPOAHBIMH MaT€puajiaM,

Kpome 5TOro, umes OHy W Ty e TBEPAOCTb B PaMKax BCJIEJICTBUE HAIWYMs OOJBIIOTO KOJWYECTBA BKIIFOYECHUH
OJIHOMi MapKH 4yryHa, OH MOXET 00MaiaTh pasiHuHBIM rpaduTa, KOTOPBIH MOXET IPHUHUMATD Pa3THYHbIC HOPMBIL:
als’ https://orcid.org/0009-0008-7910-3980

bl https://orcid.org/0000-0001-9658-1003

¢ https://orcid.org/0009-0006-1808-489X

4 https://orcid.org/0009-0001-9819-5314
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IUIACTUHYATYIO (cepsbrit YyI'yH), LIAPOBUIHYIO

(BBICOKOTIPOYHBIi), XJIONMBEBHAHYIO (KOBKHII), pa3iandaioT
TaKoke BEpMHUKYILIpHYIO hopMy Tpadura (pUCyHOK 1).

opma rpacmra

Merann.
ocuosa

Depput

Nepnur+
weppur

Nepnur

Puc. 1. XapakTepHble CTPYKTYpbI YyryHa

Tlomumo paznuuubiX GopM rpaduTa, YYryH MOXKET
HMETh pasHyl0 CTPYKTYpy: (QeppHTHyI0, (eppuTHO-
TEPIINTHYIO I TEPIIUTHYO. Benprii YyTyH
XapaKTepu3yeTcss IIEMEHTUTHOH cTpykTypoi. CorjiacHO
TOCT 3443 «O1nuBKM M3 YyryHa ¢ pa3iHYHON (opMoit
rpadputa. MeTonpl oOmpeneneHus CTPYKTYph», pa3Mep
BKJIFOYEHUH rpaduta MoxKeT BapbupoBaThes oT 15 no 1000
MKM. CTOMT OTMETHTh, YTO KpyHHbIE TpapHUTOBBIC
BKITIOYECHUS  3HAUUTENBHO  YXYJUIAIOT MEXaHWYECKHe
CBOMCTBA, M KOHTPOJIb XApaKTEPUCTHUK TAKUX H3IACTUI
oOprqHO He mpoBoautTcs. Pacmpenenenue rpadura B
CTPYKType UyryHa MOXKET OBITh Kak paBHOMEPHBIM, TaK U
HEpaBHOMEPHBIM, a TAK)KE UIMETh KOJIOHHAIBHYIO, CETYATYIO
wm uHyo (opmy. KommyectBo BrioueHmit rpadmura
OLICHMBACTCS II0 CpeIHeH Iulomaan Ha MHKpouurude.
Hampumep, s mmactuH4aToro rpadura IUIOTHOCTH
pacmpeneneHuss MOXeT H3MeHATbest oT 2 mo 12%. Ha
pucyHKax 2 W 3 mOKa3aHa MHKPOCTPYKTypa peajbHBIX
00pa3noB 4yryHa, ¢ IpOBEICHHON OIICHKOH pacipeaeneHus
W XapaKTEepHBIX Pa3MepOB YTIIEPOAHBIX BKIOUYeHHH. Ecim
3aj1a4a  pasfeNeHus 4YyryHa MOXeT ObITh  pelleHa
yIBTPa3ByKOBBIMH ~ METOJAMH, TO  YCTaHOBJICHHE
MEXaHHYECKUX XapaKTePUCTHK - 3TO pobdiiemMa, Tpedyromas
peLIeHusI.

B macrosmee BpeMs Ha MPeINPHATHAK U H3MEPEHHS
TIpeziesia IPOYHOCTH, MOYJIIS yIIPYTOCTH U OTHOCHTEIEHOTO
yumHeHHs: Ipu paspbiBe B 100 % cirydaeB mpUMEHSIOTCS
Ppa3pyHIaloIre MeTOI6I KOHTPOJIS, TAKHE KaK NCTIBITAHNUS HA
pa3phIBHBIX ~ MAalIMHaX. OJTOT  IIPOLECC  SIBISETCS
JUTUTENILHBIM, HEYJ0OOHBIM M JOPOTOCTOSIIUM, MOCKOJBKY
TpeOyeT W3rOTOBICHUS W TECTUPOBAHMS CIICIMAIBHBIX
00pa31oB-cBUIETENEH, YbH CBOMCTBA MOTYT HE IOJHOCTBIO
COOTBETCTBOBAaTh  XApPaKTEPUCTHKAM CaMOTO  M3JETHS.
Kpome ToOro, BBIpe3ka 00pa3moB M3 TOTOBOTO W3MENHS
JIeTaeT ero JalbHelIee HCIIO0Ib30BaHNEe HEBO3MOKHEIM.

B pamkax mpoekTta mpeanaraeTcsi BHEAPHTb METOX
JMHAMUYECKOTO HMHAEGHTUPOBAHUS JUI KOHTPOJNS, MpH
KOTOPOM PErucTpupyercsi Bech mporecc 1epopMUpOBaHHUs,
MPOJIOIKAIOIIUICS BCEro HECKOIbKO MHKpocekyH. ITocne
00paboTKH CHTrHaja, KOTOPBIH ONMCHIBAET BHEJPEHHE
JKECTKOTO HMHIEHTOpa OMNpeelIeHHOH (OpMBI B UYTVH,
OyIyT TONy4eHbI 3aBUCHMOCTH H3MEHEHUS KOHTaKTHOTO
yCuus, TIyOMHBI M CKOPOCTH BHEJPEHUS. DTO MO3BOJUT
HCTIONb30BATh MOJIETH YIIPYTOIIACTHYECKOTO
neopMHUPOBaHUA M Ha UX OCHOBE PacCUMTHIBATH (PU3HKO-
MEXaHUUYECKUE XapaKTEPUCTUKH YyTyHa.
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Puc. 2. ®opma rpajura (TeMHbIe BKJIIOYEHHS) B CepPbIX
YyI'yHaX: a — XJI0NbeBUAHAS, 0 — IVIACTHHYATASN, B —
IAPOBHAHAS, T — BEPMUKYJISIPHAS
= - -

l
[1]

Puc. 3. MukpocTpyKTypa 4yryHa ¢ IiapoOBHIHbIM
rpagurTom (a); pacnpenejieHue BKIOYeHUN rpadgura no
pa3mepam (0) Mo JaHHBIM

2. MeToa0J10r1e MCCJIeA0BAHUS

PesynpTarhl BbIUMCIEHUS NpeAydapHOW CKOpPOCTH
HHJCHTOpPA, a TAK)Ke pa3MepoB OTIIeYaTKa Ha MaTepHaax C
TBEPJOCTbIO, COOTBETCTBYIOLIEH BEepXHEH U HUXKHEH
TPaHUIIAM PAacCMaTPUBAEMOI0 JHala3oHa, IPHUBEICHBI B
tabmumax 1 u 2.

Jlannpie Tabmui 1 ¥ 2 MOKa3bIBAIOT, YTO JJIS OLECHKHU
(U3UKO-MEXaHWYECKUX ~ CBOWCTB  YyryHa  MOAXOIAT
WHJICHTOPHI C TMaMeTpOM Kak 1 MM, Tak u 2 mM. J{7st obonx
BapMaHTOB JHaMeTpa HHICHTOPa MOXHO I0J00paTh
SHEpPrul0  yaapa,  o0ecHeuYMBaIoOUIyl0  JTOCTH)KEHHE
HeoOxoxuMoro jaumamerpa ornevarka Omin.  Crienyer
OTMETUTh, 4YTO JUII MHJIEHTOpa C JuaMeTpoM 1 MM
tpebyemoe 3HaueHue d = 450 mxm Ha TBepoctu 500 HBW
obecrieunBaetcs pu SHepruu yaapa 22 mJIx. [Ipu stom Ha
tBepaoctu 100 HBW mipu st0ii e 3Hepruu oTHomeHue d/D
cocrapisietr 0,649. D10 3HaYCHHE HE3HAYUTEIILHO BBIXOJIUT
3a rpaHUNbl HepaBeHCTBa (1), OHAKO Takoe IMPEBBIIICHNE
SIBJIICTCS TIPHEMIIEMBIM. [103TOMY MOXKHO CUUTATh, YTO JUIS
HHAEHTOpA C AWaMeTpoM | MM MaKCHMAaJbHBIH IHaMeTp
ornevarka Ha TBepaoctd 500 HBW cocrapiser 450 Mxm.

Hcnonb3oBaHWE MHICHTOPA €  JIMAMETPOM 2 MM
MO3BOJISIET YBEIWYUTh AWAMETP OTIEYaTKa Ha TBEPIbIX
Mmarepuanax ¢ 450 Mxm 10 500 MxM. OfHAKO TP 3TOM Ha
40 % ymenbmaercs riryouHa oTriedarka (c 53,5 mxm 1o 31,8
MKM TpH TBepaoct Matepruana 500 HBW u ¢ 119,6 mxm 1o
71 MM npu TBepaoctr Marepuaia 100 HBW). TTockonbky
YMEHbIIICHHE TTyOHHbI OTIIeYaTKa IPUBEAET K MOBBIIICHHUIO
BIMSHHUSA  KauecTBa  HCHBITYeMOH MOBEPXHOCTH Ha
pe3yJbTaThl W3MEPEHHH U, COOTBETCTBEHHO, YBEIMYHT
TPYIOEMKOCTb ~ IOJrOTOBKM  H3AeNHs K  KOHTPOIIIO,
UCHOJIb30BaHWE HHACHTOpA C JHAMETPOM 2 MM SIBIISIETCS
HelenecooOpa3HbIM.
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Taoaunna 1
Pe3yabTaThl BHIYMCIAEHHI 1JIS1 AUaMeTpa
HHJeHTOpa 1 MM

Teepmocts Tametp [nybusa [penymapaas

MATepHATA | OTNETATKR dD oTmETATEA Jepra CKOPOCTH

HBW d, P B
300 03 67.0 M6 EX
300 430 043 333 120 30
400 04 417 134 13
74 0.71 1500 M6 EX
100 649 0,63 1196 2.0 30
382 0.58 933 134 23

Tadamnua 2

Pe3yJjbTaThl BRIYMCIEHHI U1 AHaMeTPa
HHJEHTOpA 2 MM

TeepnocTs Juamerp Tnybouna fEo— IpenyaapHas
MaTepmama | OTMedaTKa diD oTmenuaTKa i CKOPOCTH
HBW o, MEM g, MEM yaapa, mlx Vamax, M/C
500 025 318 15,5 25
500 450 0,225 256 10,1 2,0
400 0.2 20,2 6,3 1,6
740 0,37 71,0 155 25
100 667 0,33 573 10,1 2,0
594 0.3 452 6.3 16

B 10 ke Bpems 3HaUMTENbHBIN UHTEPEC MPEACTABIAET
TIPUMEHEHNE HHACHTOPOB, IMEIOMINX AUAMETp B JHAMa30He
or 1 mo 2 mMm. Takyro BO3MOXHOCTH B OTJIHYHE OT
CTaTHYECKHX TBEPIOMEPOB INPEAOCTABISIOT HOPTATHBHBIE
OpUOOpEI,  peaTU3yIOIIMe  METOJ  JUHAMHYECKOTO
WHJCHTHPOBAHMS: HE TPHUBA3BIBAICH K CTaHIAPTHBIM
IUaMeTpaM, MOXXHO H3TOTOBHTH HHJICHTOP C JIIOOBIMH
pa3smepamu.  Bbluncnenue — mpeayaapHOW  CKOPOCTH
HWHJCHTOPA, a TaKXKe pPa3MepoB OTIedYaTKa Uil JAEBSITH
BapuaHToOB amamerpa muaeHTtopa (1,1; 1,2; ... 1,9 mm)
MOKa3aJl0, YTO ONTHUMANBHBIM SIBISICTCSl HCIOJI30BAaHUE
HHJEHTOpA C TUaMeTpoM 1,2 MM ¥ IIpeayapHOi CKOPOCTHIO
3 M/c. Pe3ynbraThl COOTBETCTBYIOIIMX  BBEIYHCIICHUIH
NpUBEAEHBI B Ta0IHIE 3.

Tab6auna 3
PesyabTaThl BbIYHCACHH 1JIs1 AHaMeTpa
uHgeHTopa 1,2 mm

Teepmocts Tuavetp Tnyonsa Omepraz Tlpenynapuas
MaTepHaTa oTmedarka dD OTmedaTEa ! T CKOPOCTE
HBW d, MEM b, MEM yaapa. Vinax, MiC

500 480 04 50,1

232 3.0

100 698 0,58 112.0

CpaBHuBast TaOHUIB | ¥ 3, MOXKHO CAENATH CIICAYIOIINE
BBIBOJIbI. Y BENIMUEHHUE JAraMeTpa uHaeHTopa ¢ 1 MM o 1,2
MM IO3BOJISIET IPH OZHOM H TOM K€ 3HaUCHUH MPeIyIapHOi
CKOPOCTH YBEJIWYHTH IUAMETpP OTIedYaTka Ha TBEPIBIX
matepuanax ¢ 450 mxm g0 480 mxm. [Tpu aTOoM OTHOMIEHNE
d/D me BeIxXOaWT 3a rpaHuibl HepaBeHcTBa (1), a ryOuHa
oTreyaTka yMeHblaeTcst Bcero Ha 6 % (¢ 53,5 mxwm o 50,1
MKM TIpH TBepaocty matepuana 500 HBW u ¢ 119,6 Mmxm 1o
112 mkm nipu TBepaoctu Mareprana 100 HBW).

Taxum o0pa3zoM, B pe3yibTaTe MPOBEICHHOIO aHaIH3a
YCTaHOBJIEGHO, YTO JMJI OLEHKU (HDH3HKO-MEXaHHYCCKUX
XapaKTePUCTHK  YyTyHa  METOJOM  JHHAMHYECKOTO
HWHICHTHPOBAHUS ONTUMAIBHBIMU SBISIFOTCS CIEAYIOIINE
mapaMeTpsl MHJIEHTOpa: Macca — 5 T, auamerp — 1,2 MM,
npeayaapHas CKOpocTb — 3 m/c.

Jannass wmeroauka He TpeOyeT  H3rOTOBJICHHS
CHEIMANIbHBIX ~ 00pa3lloB  JJIsl  HMCIBITAaHWH, Kak 3TO
HEOOXOIMMO IIPU HCIOJIb30BAaHUHM Pa3pbIBHBIX MamuH. C
Y4eTOM TOT0, YTO COBPEMEHHBIE TEXHOIOTUH IPOU3BOACTBA
9yryHa  HE  BCErJia TapaHTUPYIOT  HE0OXOAWMBbIe
XapaKTEPUCTHKH, TPEATI0KEHHBI METOJ HMEET BaKHOE
MPAaKTUYECKOE 3HAaueHWe [UIi COPTHPOBKHA  YyTyHa.
IIpakTrka MOKa3bIBaeT, YTO OTJCIbHBIC YYTYHHBIC H3ICITUSI
(Hanpumep, ONOKM UWJIMHIPOB JBHTaTeledl) MOTYT

https://t.me/tdtuilmiynashrlar

COJZIEpKaTh CEPbIN YYTYH B OHOM 4acTH, a BBICOKOIIPOYHBIN
— B Jgpyroi. Kpome TOro, B H3EIMH MOTYT
NPUCYTCTBOBAaTh YYacTKH C OenbIM 4yryHOM, oOpaboTka
KOTOPBIX MOXKET TIPHBOJWTH K IOJOMKE pPEXYIIEero
HHCTPYMEHTA.

ITosToMy oOYeHb BaKHO Tepel  NPOBEIECHHEM
MeXaHH4Yeckoil 00pabOTKM dYyryHa IpenBapUTEIbHO
OLICHUTh  ero  kadectBo.  Ilpenmonaraemelii  BuA
€03/1aBaeMOro Npudopa MoKa3aHo B PUCYHKE 4.

Puc. 4. U3mepuTens GpU3NKO-MeXaHMYECKUX
xapakTtepucTuk yyryna HOMX-Y

IIpubop NoMX-4 MpeAHa3HAYCH ISt
HEpa3pyIIalomero  KOHTPOIS  (PU3MKO-MEXaHHYECKHX
XapaKTePHCTHK IyTyHa pa3ITHIHbIX Mapok. [Ipubop cocrout
U3 OBYX dacTe: JaT4MKa M JOHOJHHUTEIBHOTO
3JIEKTPOHHOT'O OJIOKa.

Ocnosnvie xapakmepucmuku npuoopa HOMX-Y:

- onpenenenue Mapku gyyryna CU10-C435, BU35-B470

- u3MepeHue TeepaocTu no bpunemto ot 90 no 450 HB;

- m3Mepenue npeaena npoyrocty ot 100 go 900MI1a;

- m3MepeHue Moy yrnpyroctd ot 40 mo 2200 Tla;

- BpeMsi OTHOTO M3MepeHust He Ooee 3 c.

Tpebosanusn K KOHMPONUPYEMBIM US0ETUAM:

- IIEepOXOBAaTOCTh KOHTPOJHMPYEMOH IMOBEPXHOCTH HE
6onee 2,5Ra;

- Macca usjzienus He MeHnee 2,0 Kr;

- TOJIIIMHA CTEHKU M3JIeNNs HE MeHee 5 MM.

Wsmeputens (QU3NKO-MEXaHWYECKUX XaPAKTEPHCTHK
YyTyHA TIO3BOJIIIOT TIPOBOAUTH OINEPATHUBHYIO OLEHKY
KagecTBa 4YyryHa 0e3 HEOOXOAWMOCTH pa3pyIICHHs
obpasnoB. Ha pucynke 3 mpezncraBieHa WHPOpPMAIHs O
gyryHe Mapku CUY30, kotopsiii umeet TBepaocts 207 HB,
Monyib ynpyroctu 136 I'Tla u npenen npounoctu 308 MITa.

3. 3akiouyeHue

1. B pesynprare MpOBEAECHHOTO aHANIN3a yCTaHOBIIEHO,
9TO IS OIEHKH (H3MKO-MEXaHWYECKHX XapaKTEePUCTHK
9yryHa  METOJIOM  AWHAMHYECKOTO  HMHAECHTHPOBAHUS
ONTUMAJBHBIMU  SIBISIOTCS ~ CIEAYIOIIME  HapaMeTpsl
HHJEHTOpa: Macca — 5 T, auameTp — 1,2 MM, npeayaapHas
cKopocTh — 3 M/c.

2. V3meputenb HU3MKO-MEXaHHYECKHX XapaKTePUCTHK
YyryHa TIO3BOJIIOT IIPOBOAWTH OIEPATUBHYIO OIEHKY
KadyecTBa UyryHa 0e3 HEOOXOJUMOCTH pa3pyIIeHUS
o6pasnoB. M3mepenus nokassiBaeT Mapku dyryHa CY30,
KoTopslii umeet TBepaocTsk 207 HB, moayns ynpyroctu 136
I'TTa u npenen npounoctu 308 Mlla.
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Development of a mathematical model for assessing and forecasting the
technical condition of reinforced concrete bridge construction

U.Z. Shermukhamedov!®2, M.M. Sobiroval@b

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In the article, a mathematical model was developed for the assessment and forecasting of the technical
condition of urban reinforced concrete bridge structures through the evaluation criteria of technical and
operational indicators. Criteria weighting coefficients were calculated in Mpriority 1.0 using Hierarchy

analysis method.
Keywords:

evaluation criteria, bridges, Hierarchy analysis method, movement safety and comfort, durability, load

carrying capacity, transmissibility, repairability

Temirbeton ko‘prik inshootlarining texnik hoelatini baholash va
prognozlash uchun matematik modelni ishlab chiqish

Shermuxamedov U.Z.292, Sobirova M.M.1©P
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Magolada texnik-ekspluatatsion ko‘rsatkichlarning baholash mezonlari orgali shahar temirbeton ko‘prik

inshootlarining texnik holatini baholash va prognozlash bo‘yicha matematik model ishlab chigilgan.
Mezonlarni vazn koeffitsiyentlari lerarxiyalar tahlili usulidan foydalanilgan holda Mpriority 1.0

dasturida hisoblab topilgan.
Kalit so‘zlar:

baholash mezonlari, ko“priklar, Ierarxiyalar tahlili usuli, harakat xavfsizligi va qulayligi, umrbogqiyligi,

yuk ko‘tarish qobiliyati, o‘tkazuvchanlik qobiliyati, ta’mirlashga yaroqliligi

1. Kirish

Jahonning yirik megapolislarda avtomobil yo‘llaridagi
temirbeton ko‘prik inshootlarining yuk ko‘tarish qobiliyati,
ularning texnik va ekspluatatsion holatini baholash va
prognozlash, informatsion modellashtirish texnologiyalari,
faol monitoring tizimini yaratish, ekologik xavfsizligi,
uzoqqa chidamliligini oshirishga qaratilgan ilmiy-tadqiqot
ishlari olib borilmoqda. Ushbu yo‘nalishda, shahar
temirbeton ko‘prik  inshootlarining texnik  holatini
baholashda innovatsion “Raqamli ko‘prik monitoringi”
tizimini yaratish hamda xizmat qilish muddatini prognozlash
bo‘yicha nazariy hamda eksperimental tadqiqotlar olib
borish — dolzarb vazifalardan hisoblanmoqda.

Yildan yilga shaharda yo‘llarning va ularda
harakatlanayotgan transport vositalarining soni  oshib
bormoqgda va bu ko‘chalarda tirbandlik hosil bo‘lishiga olib
kelmoqgda. Demak, bunday sharoitlarda shaharga ko‘priklar,
tonnellar, yo‘l o‘tkazgichlar kabi transport inshootlari tizimi
zarur. Sun’iy inshootlarning asosiy vazifasi yagona va
o‘zaro bog‘liq bo‘lgan ko‘cha va yo‘l tarmog‘ini ta’minlash,
tabiiy va sun’iy to‘siglar bilan bir-biridan ajratib qo‘yilgan
hududlar orasida transport alogalarini optimallashtirish,
harakat vaqtini kamaytirishdan iborat. Toshkent shahri
bugungi kunda yirik megapolislardan biri bo‘lib, harakat
jadalligi va transport ogimi 2-3 barobar ko‘payib, shahar
ko‘chalarida bir kunda 700-800 mingdan ziyod transport

https://orcid.org/0000-0003-1718-5331
b https://orcid.org/0009-0009-2638-160X

https://t.me/tdtuilmiynashrlar

harakatlanmoqda. Bugungi kunda, Toshkent shahridagi
ekspluatatsiya qilinayotgan temirbeton ko‘prik
inshootlarining  texnik-ekspluatatsion  holatini  yetarli
darajada tadqiq qilinmagan, rivojlangan mamlakatlardagi
shahar temirbeton ko‘prik inshootlarini faol monitoring
qilish xususiyatlarining tahlili natijasida yurtimizda faol
monitoring parametrlari bo‘yicha yetarli darajada izlanishlar
olib borilmaganligi aniqlandi [1].

2. Tadgigot metodikasi

Avtomobil yo‘llaridagi shahar temirbeton ko‘prik
inshootlarining  texnik  holatini  texnik-ekspluatatsion
ko‘rsatkichlar asosida baholash va prognozlash usulini
takomillashtirish, temirbeton ko‘prik inshootlarining texnik
holatini baholash va prognozlash uchun matematik modelni
ishlab chiqish.

Shahar ko‘prik inshootlarining texnik holatini baholash
va prognozlash usulini takomillashtirish maqgsadida
mualliflar  tomonidan Toshkent shahridagi ko‘prik
inshootlarining umimiy ma’lumotlari o‘rganilgan holda har
xil parametrlariga qarab 30 dan ortiq ko‘prik va
yo‘lo‘tgazgichlarda vizual ko‘rik o‘tkazilib, nugson va
shikastlanishlar aniqlandi. Ko‘prik inshootlarining texnik
holatini  baholashda quyidagi  texnik-ekspluatatsion
ko‘rsatkichlar taklif qilingan: “harakat xavfsizligi va
qulayligi”, “umrboqiyligi”, “yuk ko‘tarish qobiliyati”,
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“o‘tkazuvchanlik  qobiliyati”  hamda  “ta’mirlashga
yaroqliligi”. Ko‘prik inshootlariga ta’sir etuvchi omillar
hamda nugson va shikastlanishlar o‘rganilib, inshootlar

yuqoridagi  texnik-ekspluatatsion ko ‘rsatkichlar
baholandi (1-rasm)[2].

orqali

Ko'prik inshootlarining holatini baholash |

I Holatni individual mezonlar ba'yicha baholash |
@
[ 1 1
Yuk ko'tasish Harskat saxfsizligi aiy | Tomideshe | = Vikezuychanlik
qebilivati Q. T va aulayhigi V, km's T, villar 1 varealiligi i qobilivati
5 ta kategoriva va nugsonlarning tagsimlanishi
| | I |
4 by . =
== |[ e 5
Namlik Takroriy Arof muhit Quyosh Transport Vagtinghalik Loyihalash || Quulishda Ekspluata J
H win muzlash sho’rlanishi tasin infensivligi yuklaming tiishdagl &l ¥atelar tstiadagi
L Ly Iy Ls Ty ortishi Ty, | | 3atolarTh L ol T,

1-rasm. Asosiy texnik-ekspluatatsion ko‘rsatkichlar

Temirbeton ko‘prik inshootlarining texnik holatini
samarali ~ boshgarish  uchun, nafagat tadgiqotlar
o‘tkaziladigan davrida inshootning haqiqiy holatini bilish,
balki uni kelajakdagi o°zgarishi, ya’ni prognozi ilmiy
qizigish  uyg‘otadi. Ko‘prik  inshootlarini  xizmat
muddatlarini prognozlash uslubini yaratish Toshkent shahar
ko‘prik  parki obyektlarining ishonchliligi va
funksionalligini talab darajasida saqglab turishga imkon
beradi [8].

Konstruksiyaning xizmat muddatini  prognozlash
vaqtincha tushuncha bo‘lib, taklif etilgan yagona vaqt
mezoni sifatida esa “umrboqiylik” texnik ekspluatatsion
ko‘rsatkichi xizmat qiladi. Avtomobil yo‘llaridagi
temirbeton ko‘prik inshootlarining ayrim elementlarini
me’yoriy xizmat muddatlari hech qayerda aniq tartibga
solinmagan va me’yorlashtirilmagan. Turli olimlar [4-6]
ekspluatatsiyadagi ko‘prik inshootlarining umrbogiyligini
baholashga oid o‘zlari ishlab chigqan yondoshuvi asosida va
nugtayi nazarlaridan kelib chiggan holda ushbu muddatlarga
oid tasavvurlarining turli xil variantlarini keltirganlar.

Transport infrastrukturasi inshootlarini hisoblashda
ob’yektning matematik modelini yaratish eng muhim
bosqich hisoblanadi. Agar matematik model to‘g‘ri
(adekvat) bo‘lmasa, topilgan yechim ko‘prik inshootlarini
baholash jarayonlarini noto‘g‘ri talqin gilinishiga olib keladi
[3].

Ko*prik inshootining hisobiy modelini tanlashdan avval
ob’yektning holatiga katta ta’sir ko‘rsatadigan asosiy
omillarni tahlil gilish zarur.

Yugorida aytib o‘tilganidek, umumlashtirilgan miqdoriy
ko‘rsatkich tavsiya etilgan bir nechta TEKni oz ichiga oladi,
ularning ahamiyati bo‘yicha yuk ko‘tarish qobiliyati,
o‘tkazuvchanlik qobiliyati, umrboqiyligi, harakat xavfsizligi
va qulayligi va ta’mirlashga yaroqliliklarga bo‘linadi.
Mezonlarning vazn koeffitsiyentlari bir xil emas va quyidagi
matematik shartlarni bir vaqtning o‘zida bajarish orgali
ifodalanishi mumkin (ular yechimning optimalligi mezoni
sifatida ham ishlaydi):
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> ki =1,000
kivg=ki'n
n - min

@

bu yerda:

ki — texnik holatni baholash mezoni;

n — natural son, n>1.

Optimal yechim n=2 uchun natijalar hisoblanadi (1-
jadval).

Bu ifodani optimal ravishda ifodalash uchun
ierarxiyalar tahlili usulidan foydalanildi. lerarxiyalar
tahlili usuli (ITU) — biror muammoni bir necha yechim
variantlaridan eng yaxshisini tanlash uchun qo‘llaniladi.

Ushbu usul amerikalik olim Tomas Saati tomonidan 35
yil avval ishlab chigilgan. Bu wusuldan Investitsiya
loyihalarining dolzarbligiga asosan hayotga tatbiq gilish
navbatini belgilashda foydalanadi. (ITU)ning bosgichlari
quyidagilar.

—  Muammoni ierarxiya ko‘rinishida tasvirlash;

—  Kiriteriy (mezon)lar uchun prioritetlar (ustuvorlik)

belgilash;

— Har bir mezon bo‘yicha alternativa (yechim)lar

prioritetlarini belgilash;

—  Global prioritetlarni aniglash.

2-rasm. Muammoni ierarxiya ko‘rinishida tasvirlash

3. Natija va muhokamalar

Baholash tizimidagi mezonlar vaznini hisoblash uchun
MPriority 1.0 dasturidan foydalaniladi (2-rasm).

Bundan vazn koeffitsiyenti y ni aniglash uchun har bir
mezonning muhimlilik darajasi kiritiladi (3-rasm).

176
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atora sxene Demak 4-rasmdan ko‘rishimiz mumkinki, yuqorida
n keltirilgan ifoda va dasturdan quyidagi jadvalni keltiramiz:
OTHOCHTEALHO OGLEKTa H
VAZN KOEF Y ) 1-jadval
Texnik-ekspluatatsion ko‘rsatkichlarning vazn
1. 2. 3. 4 5. Mpuopurer -y .
1] YUKKQ. T3 [8[7[9 051 koeffitsiyentlari
2 oTkazuv 1301 [3 |5 |7 02635 o Vazn
3 UMREOGN [1/5 1731 [3 |5 01288 TEK Belgilanish koeffitsiyenti
4 HAR. XAWF 147 1/ (173 | 1 3 0.0636 " -
5 TAMIRLAS 19 (147 (145|143 | 1 00329 Yuk k_o_ tarI.Sh Y 0 51
€3 | 52371 Tlpsrere qobiliyati . ’
ue: [0.0552 ey Clesmmmeeems O‘tkazq\{cha_nllk o 0,26
oc:[0,0529 Fe— qobiliyati
3-rasm. Mezonlar prioritetini aniglash Umrbogiyligi U 0,129
3-rasmdan ko‘rinib turiptiki, muvofiglik nisbati — OS Harakat xavfsizligi H 0064
giymati 10-20% oraligida bo‘lsa, yuqoridagi jadvalni va qulayligi '
to‘ldirganimizda ahamiyatli ziddiyatlarga yo‘l qo‘ymagan Ta‘mirlashga T 0.033
bo‘lamiz. Aks holda, jadval to‘ldirish jarayonini yarogliligi '
takrorlashimiz kerak. 0S=5,29% chiggani uchun olingan > 1,000

koeffitsiyentlarni gabul gilamiz (4-rasm).

Amropuarusa

Npuopurer

Comutran o rousomane ¢

s 0 pegrm an ¢

4-rasm. Global prioritetlarni aniglash

TEK (baholash mezoni) bo‘yicha asosiy koeffitsiyent
quyidagi formula bo‘yicha hisoblanadi:

1

Kk = (KP*)en @
bu yerda:

k — nugson kategoriyasi;

KP3Z _ bazaviy hisoblash koeffitsiyenti;

Yugoridagi (1) — (2) formulalar yordamidagi hisoblash
natijalari TEK muhimlilik koeffitsiyentlari matritsasini
yaratishga imkon beradi (2 - jadval).

2-jadval
Texnik holatning TEK (baholash mezonlari) muhimlilik koeffitsiyentlari matritsasi :
Kategoriya Y (o} U H T Yi
5 0517 | 0,258 | 0,129 | 0,064 | 0,032
4 0,719 | 0,150 | 0,075 | 0,037 | 0,019 | Y-=0.534
Y 3 0,803 | 0,105 | 0,053 | 0,026 | 0,013 z:;gﬁgg
2 0,848 | 0,081 | 0,041 | 0,020 | 0,010 vi=0,066
1 0,876 | 0,066 | 0,033 | 0,016 | 0,008
5 0517 | 0,258 | 0,129 | 0,064 | 0,032
4 0343 | 0508 | 0086 | 0042 | 0021 | W fgxfgz
o) 3 0,253 | 0,637 | 0,063 | 0,031 | 0,016 {/1:01‘086
2 0,200 | 0,713 | 0,050 | 0,025 | 0,012 yt =0,043
1 0,165 | 0,763 | 0,041 | 0,020 | 0,010
5 0517 | 0,258 | 0,129 | 0,064 | 0,032
4 0,380 | 0,190 | 0,359 | 0,047 | 0,024 yy =0,594
U 3 0,294 | 0,147 | 0505 | 0,036 | 0,018 3;‘}’:3’0279??
2 0,238 | 0,19 | 0599 | 0,029 | 0,015 y=0,037
1 0,199 | 0,200 | 0,664 | 0,025 | 0,012
5 0517 | 0,258 | 0,129 | 0,064 | 0,032
4 0,413 | 0,206 | 0,103 | 0,253 | 0,026 yy=0,552
H 3 0331 | 0165 | 0083 | 0400 | 0021 | JT0T0
2 0,275 | 0,137 | 0,069 | 0503 | 0,017 y=0,034
1 0,234 | 0,117 | 0,058 | 0577 | 0,014
5 0517 | 0,258 | 0,129 | 0,064 | 0,032 yy =0,534
T 4 0,439 |0,219 | 0,09 |0,054 | 0,179 yo=0,267
3 0365 |0182 | 0091 |0045 | 0,317 yu=0,133
177 December, 2024
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0,308 | 0,154 0,077 0,038 0,423 yn=0,066
0,266 | 0,133 0,066 0,033 0,502
Bundan kelib chiggan holda har bir mezonning bir-biriga o — raqamlarning Dbelgilangan tartibiga o‘tish
nisbatan muhimlilik koeffitsiyentlari mavjud ekanini koeffitsiyenti.

ko‘rishimiz mumkin(5-rasm).
VINELEY

5-rasm. Global preriotetlarga bog‘liglik

Har bir oraligning texnik holati umumiy darajasi
(umumlashtirilgan ko‘rsatkich) quyidagi formula yordamida
aniglanadi:

Dym = ]5‘=1 Z?:i k]baz “Di - Kpazn (3)

Bundan kelib chigib, shahar temirbeton ko‘prik
inshootlarining texnik holatini baholash uchun dasturiy
ta’minot ishlab chiqildi

Me’yoriy xizmat muddati jismoniy (fizik) yemirilish
chegarasiga erishish vaqti bilan belgilanadi. Ularning
giymatlari tegishli jadvallarda temirbeton oraliglar uchun
berilgan. Yemirilish funksiyasi ishonchlilik nazariyasi
gonunlariga ko‘ra nosozlik funksiyasiga mos keladi (6-rasm
va formula (3).

Y= [eATiTo) — 1]-100% (4)
bu yerda:
e — natural son;
ti — vaqt parametri (yillar);
To — ishga tushirish davri;
A — ishlab chigarish va montajdan keyin

konstruksiyalarning sifatini, ekspluatatsiya bo‘yicha gabul
qilingan strategiyaga muvofiq texnik xizmat ko‘rsatish
sifatini, obyektning haqgiqgiy transport va tabiiy-iglim
sharoitlarini aks ettiruvchi yemirilish funksiyasi parametri
(200 dan ortiq ko‘priklarni o‘rganish natijalariga ko‘ra har
bir element va oraliq uchun olingan o‘rtacha statistik

giymat).

Yemirilish Y, %
Yo =60% )
Ye=[eA(=To) — 1] - 100% Frere
Y=30%
Raalangan oldin obish sblan
zomast (maysta i mirlash)y
Y=10% &
weilditha)
o T
ele T,
=
6-rasm. Yemirilish funksiyasi
Ww(t) = —t¢ (5)
bu yerda:

t — obyektning ishlash muddati, yillar;

W(t) — inshootning holati, nisbiy birliklar.

W(t) funksiya grafigi vaqtga garab hagiqiy giymatlarni
aks ettirdi, (5) ifodani quyidagi shaklga aylantirish mumkin:

W(t) = Wposn — at® (6)

bu yerda:

Whosh — inshoot holatining boshlang‘ich darajasi, nisbiy
birliklar;
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Nazariy jihatdan, Whosh darajasi 100 nisbiy birliklar
bo‘lishi kerak. Biroq, aslida bunday emas.

3-jadval

Nugson kategoriyasi (shikastlanish)ning W texnik holat

darajasiga bog‘ligligi
Toifa 5 4 3 2 1
W, nis.bir >90 70-89 |50-69| 25-49 | <24

1 dan 5 gacha bo‘lgan toifalarning gabul gilingan
tizimidan foydalanib, texnik holat toifasi va texnik holat
darajasining nisbiy birliklarda bog‘ligligini ko‘rsatish
mumkin (3-jadval).

Inshoot holatining ekspluatatsiya muddatiga bog'liqligi  Texnik nolat
Kategoriyasi

Nugson va
Kamchiliklar
tafsilotlari

5" mavjud emas

“4  kam ahamiyatl

" ahamivatga ega

—— “2" xavfii

“1" kritik

Inshootning holati W, nis.birlik

T, ekspluatatsiya
vaqti, vil

7-rasm. W(t) funksiyaning parametrik shartlari
7- rasmdan ko‘rinib turibtiki, Toshkent shahridagi

0 10 20 30 40 50 60 70 80

Gavhar va Bunyodkor ko‘chalari kesishmasidagi
yo‘lo‘tgazgich 24 yil ichida qoniqarsiz ahvoldaligi
aniglangan. Uning W(t) funksiyaning parametrik

shartlaridan kelib chiggan holda xizmat muddati 35-38 yilni
tashkil etishi mumkinligini aytishimiz mumkin.

Sinov va materiallar laboratoriyalari xalqaro ittifoqi o‘z
mezonlaridan biri sifatida parametrning pasayishi va bunday
pasayish ehtimoli o‘rtasidagi muvofiglikni belgilaydi.

Temirbeton ko‘prik inshootlarining texnik holatini
baholash va prognozlash orgali tegishli darajalarini aniglash
(shunga mos ravishda, berilgan darajaga yetgunga gadar
xizmat muddatini prognozlash va ish turini rejalashtirish
imkoniyatini yaratdi. Natijada Toshkent shahrining o‘ziga
xos sharoitlarini hisobga olgan holda ishlab chigilgan,
ekspluatatsiya qilinadigan temirbeton ko‘priklar va yo‘l
o‘tkazgichlarning texnik holatini baholash va bashorat qilish
metodologiyasi shahar ko‘prigi parkining ishonchliligi va
funksionalligining talab qilinadigan darajalarini saglab
golish imkonini beradi.

4. Xulosa

Temirbeton ko‘prik inshootlarining texnik holatini
baholash va prognozlash ierarxiyalar tahlili usuliga
asoslangan holda matematik model ishlab chigildi. Bunda,
texnik ekspluatatsion ko‘rsatkichlarning vazn
koeffitsiyentlari bir xil emasligini hisobga olib matematik
shartlarni bir vaqtning o‘zida bajarish orqali ifodalandi.
Ularning bir-biriga bog*liglik koeffitsiyentlari aniglandi.
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Toshkent shahrining o‘ziga xos sharoitlarini hisobga
olib hamda asosiy baholash mezonlari sifatida ilk bor
“xavfsizlik va qulaylik”, “umrboqiylik”, “yuk ko‘tarish
qobiliyati”, “o‘tkazuvchanlik qobiliyati” va “ta’mirlashga
yaroqlilik” kabi asosiy texnik-ekspluatatsion ko‘rsatkichlar
(TEK) asosida ekspluatatsiyadagi temirbeton ko‘prik
inshootlarining texnik holatini baholash va prognozlash
usuli  takomillashtirilgan. Natijada, shahar ko‘prik
inshootlari parkining ishonchliligi va funksionalligining
talab gilinadigan darajalarini saglab golish imkoni yaratildi.

Toshkent shahridagi Gavhar va Bunyodkor ko‘chalari
kesishmasidagi yo‘lo‘tgazgich 24 yil ichida gonigarsiz
ahvoldaligi aniglangan. Uning W(t) funksiyaning parametrik
shartlaridan kelib chiggan holda xizmat muddati 35-38 yilni
tashkil etishi mumkinligini aniglangan.
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Review of supply chain innovation through artificial intelligence:
Possible applications in Uzbekistan

S. Salikhovl®2
YTF Group LLC, MO, USA

Abstract: The presented article represents a systematic literature review of empirical studies on the adoption of Al
for applications in the field of supply chain management. In the last decade, Al has advanced remarkably,
bringing transformative changes to business operations and society. This review explores current
technological approaches and their wide-ranging applications, offering valuable insights with potential
to revolutionize supply chain processes in regions like Uzbekistan, where Al integration could drive
significant economic growth and operational advancements. This study sets the stage for future academic
research in Uzbekistan while also offering insights to help managers make better decisions about using

Al in supply chain management.
Keywords:

artificial intelligence, internet technologies, supply chain innovations, SCM, logistics, disruption

management, intelligent solutions, logistics, transportation

1. Introduction

Since the 1950s, Atrtificial Intelligence has come a long
way, experiencing both breakthroughs and quieter periods
[1]. Over the past three years, especially with the rise of
generative Al technologies in 2022, interest in Al has
skyrocketed. Al has become an integral part of daily life,
revolutionizing industries like supply chain management and
demonstrating its potential to transform the world around us.

Countries around the world, including Uzbekistan, have
begun actively implementing Al in their operations,
demonstrating a growing commitment to leveraging this
powerful technology. The Government of Uzbekistan has
announced an Al development strategy with a view to a $1.5
billion market by 2030 [2]. This plan covers several key
industries and initiatives, tying in elements of supply chain
systems, like using Al to forecast crop yields.

However, bringing Al into everyday life is a very
intricate challenge for its own nature. These difficulties
become more clearly evident in SCM, as the interlinking of
various operations and organizations makes implementation
even harder. Besides, integration of Al across different
levels in ever-evolving systems contributes to the
complexity [3]

For instance, figure 1 presents the gap between high-
performing and low-performing organizations in applying
Al technologies to key supply chain processes like demand
forecasting, supply planning, and logistics. High performers
are better in adopting this innovation because of the use of
the right resources and support. More often than not, high-
quality data, advanced technology, and skilled teams provide
a full implementation of such systems. Additionally, their
organizations are more prepared and committed to
integrating AI/ML into their processes, giving them a
significant advantage over others. Therefore, it is critical to
recognize challenges inherent in such implementations that
could have the potential of altering successful delivery.
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Figure 1. High vs. Low Performers in AI/ML Decision
Optimization [4]

In this respect, several challenges are common for the
wide application of these technologies. Lack of data, weak
technical infrastructure, and unprepared organizational
environments are some major hurdles to the effective
adoption of these initiatives. Addressing such challenges
require targeted efforts to unlock the full potential of AlI/ML
in optimizing supply chains.

Bridging these discussions will involve a systematic
review of empirical studies published in peer-reviewed
journals to provide evidence-based insights. Additionally, to
offer a well-rounded perspective on the integration of Al into
supply chain management, the definition of SCM adopted
for this review should be comprehensive, covering internal
processes within the firm as well as independent agents such
as suppliers, buyers, and customers, to ensure a holistic
overview of the field.

2. Methods and materials

The methodology for this review was designed based on
keyword searches across Scopus, the Uzbek Database, and
Web of Science, with a primary interest in research from the
last 10 years to ensure topical relevance.
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Fig. 2. Article Selection Process

Article selection was based on set criteria, prioritizing
those with peer-reviewed studies related to the application
of Al in SCM. Only papers that utilized real-world data,
experiments, simulations, or studies within supply chain
environments were included. The review deliberately
excluded theoretical papers in order to focus on practical,
empirical insights relevant to SCM applications.

3. Results

This study reviewed articles focusing on industries such
as automotive, electronics, telecommunications, and food.
Most of the articles came from core disciplinary areas like
Operations and Supply Chain Management, Engineering and
Technology, General Management, and Innovation, thus
showing the wide scope and applicability of Al. The key
finding of the study was that most of the research efforts
were focused on implementation of Al in data management
and the integration of complementary technologies, which
highlighted the broad coverage of the subjects in the context
of the study.

The reviewed articles highlight various applications of
Al in SCM, including enhancing the efficiency and real-time
capability of logistics management. For example, Al models
analyze big datasets for more accurate travel time
predictions. [5]

The finding has also shown that the companies using
quality data management may have a competitive advantage
in the market[6]. However, to feed the Al for data analysis,
the quality of data is very crucial, and poorly collected data
can make costly mistakes in buyer-supplier relationships[7].
Moreover, Al integration in the SCM framework would be
helpful in reducing the dependency on different parties in the
nodes for data as it can process publicly available
information [8]. Importantly, Al can do data simulations
virtually to understand the development alternative scenario,
assisting the company with planning and forecasting. [9].

@Note: Supply chain dynamism refers to the level of
variability, unpredictability, and change in the conditions and
factors affecting a supply chain.
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Al is crucial in managing supply chain dynamism?,
enabling the firm to map out potential risks, vulnerabilities,
and disruptions. This transformative capability of Al will
dramatically change the risk management process by
enabling machine learning-powered analytics to predict
potential risks with accuracy in advance [10]. However, to
effectively integrate Al and respond to emerging
technological challenges, organizations should focus on
competencies such as cybersecurity, user experience design,
and hardware [11]

Another study showed how Al can improve cost
management, enhance transparency, strengthen buyer-
supplier collaboration, and increase efficiency and
sustainability in SCM. This is achieved by the application of
machine learning models that analyze data, predict costs, and
identify critical cost drivers [12]. Another article presents Al
integrated with Blockchain that offers more transparency
and security in data sharing, showing how such a
combination can reinforce risk management and contribute
toward digital transformation in SCM [13].

Moreover, generative Al has been found to improve
supply chain coordination by enabling real-time, smooth
communication between companies and their supply chain
partners, helping them work together more efficiently [14].

According to other study, Al can help the robots learn,
adapt, and work effectively. Particularly, it helps them in
object recognition, data analysis, and performance
improvement over time. Al allows the robots to predict
maintenance, identify quality issues, and collaborate safely
with humans. That makes the robots flexible, capable, and
effective in performing a variety of tasks in dynamic
environments [15].

Moreover, the combination of Al, 10T, and blockchain
offers so many advantages in supply chain management,
especially transportation. 10T sensors monitor the real-time
status of temperature and humidity, among other factors,
while Al interprets this data to predict and prevent problems
before they occur. Blockchain further enhances this with

December, 2024
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:4|2024

security and transparency, making sure that the data cannot
be altered with and is accessible only to the right people.
Collectively, these technologies contribute to trust,
efficiency, and making the logistics aspect of SCM notably
smooth [16].

It is also necessary to discuss the broader implications of
Al, blockchain, 10T combination on management practices
and policymaking. For instance, Al-driven predictive
models backed by blockchain and internet technologies
significantly enhance the ability to forecast resource
demands and optimize distribution strategies during
emergencies. Such a blend of innovation ensures accurate
and timely predictions that help organizations to respond to
unfamiliar conditions swiftly, which is quite crucial in crises
like natural disasters or pandemics [17].

Finally, Al can also help companies enhance the
environmental performance of their supply chains by
analyzing the data on resource usage, energy consumption,
and waste generation across all operations. Most notably, it
can identify inefficiencies and suggest areas for
improvement, thus enabling companies to use resources
more effectively, reduce waste, and minimize their overall
impact on the environment [18].

4. Discussion

The findings of this study underpin the transformative
potential of Al in supply chain management, especially in
the evolving economic landscape of Uzbekistan. As
Uzbekistan is on the path of continuous modernization of its
industries and adopting digital transformation, Al presents
huge opportunities to enhance efficiency, strengthen
resilience, and promote sustainability across key areas of its
supply chain operations.

High-quality, reliable data is a critical element in the
application of Al in supply chain management for
Uzbekistan. Currently, fragmented data systems and
inconsistent data collection practices may reduce the
effectiveness of Al-driven insights. Centralized and
standardized data collection systems will help Uzbekistan
create a platform for the successful integration of this
technology. It is especially important that Al can work with
openly available data and reduce reliance on third-party
sources as the country's digital systems are still in
development. Besides, virtual simulations powered by Al
may help businesses in Uzbekistan to plan better by
modeling various scenarios and improving their forecasting
capabilities.

Uzbekistan faces very specific supply chain challenges,
including fluctuating economic conditions, seasonal changes
in demand, and evolving trade policies. Al can make all the
difference by spotting risks, working out weak points, and
managing disruptions in real time. For instance, Al-powered
models may predict delays, optimize inventory, and deliver
goods on schedule. This is very important, especially for
such industries as agriculture and textiles, which heavily rely
on smooth supply chain operations to ensure profitability
and competitiveness in world markets. However, the Uzbek
government and businesses have to pay attention to the
creation of good technology infrastructure and training of the
workforce to fully unleash the potential of Al.

Al can analyze big datasets, providing enormous
benefits with regard to logistics and cost management in
Uzbekistan. It can optimize routes of travel, accurately
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predict time for delivery, and reduce expenses on
transportation by using both historical and real-time data. It
is very important for the export-oriented industries of
Uzbekistan, where efficient logistics means meeting
international market demand. It also enhances transparency
and strengthens relationships between buyers and suppliers
by highlighting areas of cost drivers and providing valuable
insights for actionable expense management.

Al can also contribute to Uzbekistan's commitment to
sustainable development through enhanced environmental
performance related to the local supply chain system.
Analyzing data on energy consumption, resource utilization,
and waste generation allows Al to help industries identify
areas of inefficiency and target improvements. For example,
in agriculture and manufacturing, Al can optimize resource
allocation to minimize waste and reduce environmental
impact, thus addressing Uzbekistan's national priorities for
green economic growth. However, the adoption of Al in
SCM requires a collaborative approach by policymakers and
businesses in Uzbekistan. Policymakers have to create
frameworks that promote innovation, data privacy, and
mitigate the risks of Al deployment. On the organizational
level, companies should upskill their workforce, cross-
functional collaboration, and integrate Al into existing
processes for seamless adoption [19].

5. Conclusion

This study has demonstrated that Al has the power to
change supply chain management fundamentally, especially
in the context of a developing economy like that of
Uzbekistan. As this country embarks on comprehensive
modernization and digital transformation processes, Al
offers good opportunities for enhancing efficiency,
resilience, and sustainability throughout the operations of
supply chains. From logistics and cost optimization to
managing supply chain dynamism and improving
environmental performance, Al offers solutions for several
persistent problems while introducing entirely new
perspectives. Nevertheless, to realize the complete potential
of Al in Uzbekistan, both the government officials and the
enterprises need to put in their effort jointly. Addressing
these challenges and aligning efforts across sectors would
allow Uzbekistan to unlock the full potential of Al in supply
chains for greater economic growth, competitiveness, and
sustainability.
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Scheduling of maintenance times for locomotives at the depot

Sh.A. Umrzokoval®2, U.R. Achilovi®P

1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Currently, the applied structure of train service schemes in combination with severe climatic conditions
by diesel locomotives and locomotive brigades requires the installation (justification) of an optimal repair
production system to increase the operational reliability of diesel locomotives in the path of the rolling
stock. This research work is associated with TS-2 (maintenance) and CR -1 (current repair), since due to
the fact that this type of repair production costs about 30-50% of the cost of depot repair of rail cars, there
is a tendency in world practice to switch from the maintenance and repair of locomotive microprocessor
control systems, as well as automated technical diagnostic systems.

Keywords: maintenance, current repair, automation, methodology, reliability, strategy

Depodagi lokomotivlarga texnik xizmat ko‘rsatish vaqtini jadvallashtirish

Umrzogova Sh.A.1®2 Achilov U.R.10P

Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Hozirgi vaqtda teplovozlar va lokomotiv brigadalari tomonidan og’ir iqlim sharoitlari bilan birgalikda
poyezdlarga xizmat ko’rsatish sxemalarining qo’llaniladigan tuzilishi harakatlanuvchi tarkib yo’lida
teplovozlarning operatsion ishonchliligini oshirish uchun optimal ta’mirlash ishlab chiqarish tizimini
o’rnatishni (asoslashni) talab giladi. Bu tadqiqot ishi TXK-2 (Texnik xizmat ko’rsatish) va JT-1 ni (joriy
ta’mir) bilan bog’liq, chunki ushbu turdagi ta’mirlash ishlab chiqarishlari temir yo’l vagonlarini depo
ta’mirlash xarajatlarining taxminan 30-50 foizini sarflashi tufayli jahon amaliyotida lokomotivning
mikroprotsessor boshqaruv tizimlari, shuningdek depo ko’chma va statsionar asosida avtomatlashtirilgan
texnik diagnostika tizimlari bort tizimlarini ishlab chigish natijasida yuzaga kelgan texnik xizmat
ko’rsatish va ta’mirlashning rejali profilaktika tizimidan haqiqiy texnik holatga ko’ra ta’mirlashga o’tish
tendentsiyasi mavjudligini ko’ratib beradi.

Kalit so‘zlar: texnik xizmat ko’rsatish, joriy ta’mir, avtomatlashtirish, metodologiya, ishonchlilik, strategiya

1. Kirish ko’rsatish va ta’mirlash tizimini ishlab chiqish vazifasi
dolzarb ekanligini ko’rsatdi.

Zamonaviy sharoitda harakatlanuvchi tarkibning Biroq, O’zbekiston temir yo’l tarmog’idagi

eskirishi munosabati bilan yaqin kelajakda temir yo’l lokomotivlarni, shu jumladan magistral teplovozlarni

transporti samaradorligini ta’minlashning eng muhim ta’mirlash tizimi rejali profilaktika hisoblanadi va uning

yo’nalishi bu belgilangan va kengaytirilgan xizmat muddati
davomida ishlaydigan harakatlanuvchi tarkib tuzishdir. Shu
bilan birga, lokomotivlarning operatsion vaqtini uzaytirish
uchun texnik xizmat ko’rsatish, joriy ta’mirlash va
ta’mirlash bazasini tayyorlash chora-tadbirlarning optimal
nisbatiga rioya gilish orgali erishish kerak.

Boshga tomondan, texnik tizimlarning tobora ortib
borayotgan murakkabligi uning o’sishini hisobga olgan
holda operatsion ishonchlilik sohasidagi nazariy va
eksperimental tadgiqotlarning dolzarbligini belgilaydi. Bu
esa ishlab chigarish jarayonlarini keng miqyosda
avtomatlashtirish, shuningdek ularni boshgarish, shu
jumladan kuchli texnologik kompyuterlardan foydalanish
zarurligiga olib keladi [1, 2]. Tadgigot [6] Kibernetik fizik
ishlab chigarish tizimlari texnologiyasidan foydalangan
holda avtomatlashtirilgan texnik diagnostika tizimlaridan
kompleks foydalangan holda lokomotivlarga texnik xizmat

al¥ https://orcid.org/0000-0003-3513-049X
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maqgsadga muvofiqligi ko’p yillik foydalanish amaliyoti
bilan isbotlangan. Ushbu tizim ta’mirlash ishlarining o’rta
tarmoq standartlari, nomenklaturasi, ta’'mirlash ishlari hajmi
bilan tavsiflanadi.

Teplovozlarni ta’mirlashning maqbul tizimini ishlab
chiqish quyidagi asosiy printsiplarga asoslanishi kerak:

- teplovozlarning ishlamay qolishi va ekspluatatsiyaga
zarar yetkazilishini igtisodiy baholashda teplovozlardan
foydalanishning milliy igtisodiy samaradorligini hisobga
olish;

- teplovozlar detallari ishonchliligi xususiyatlaridan va
ehtimollik-statistik usullardan foydalanish;

- ta’mirlash xizmati parametrlarini optimallashtirish.
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2. Muhokama va natijalar

Bizning holatlarimizda [3, 4] depo uchta yo’ldan iborat
bo’lib, uch turdagi lokomotivlar mavjud (1-rasm) turli xil
ishlov berish vagqtlari bilan. Barcha lokomotivlar to’plami N
= NiNN2NN3 uchun har bir kichik to’plam Ni, N2, N3
Lokomotiv turlaridan biriga to’g’ri keladi. Umumiy holatda
n:|N|10komotiV1ar soni uchun. Har bir lokomotivning
ragami bor j, j=1, 2, 3..., n. N1to’plamining lokomotivlariga
deponing istalgan yo’lida xizmat ko’rsatish mumkin. N2
to’plamining lokomotivlari ikkita yo’lda (2 va 3) xizmat
ko’rsatish mumkin va N3 to’plamining lokomotivlariga
deponing faqat bitta yo’lida (No.3) xizmat ko’rsatish
mumkin. Har bir lokomotiv j € N turli parametrlar to’plami
bilan tavsiflanadi:

e 7; - Lokomotivning depoga chiqish vagti;

e p; - Depoda Lokomotivni gayta ishlash vagti;

e w; -Lokomotivning og’irligi (ahamiyati).

Quyidagi shartlarga javob beradigan barcha mumkin
bo’lgan jadvallar to’plami mavjud emas:

- Har bir lokomotivga tegishli yo’llarda xizmat

ko’rsatiladi;

- Depo yo’lidagi har bir vaqtda bir

lokomotivga xizmat ko’rsatilmaydi;

- Barcha kelgan lokomotwlarga x1zmat ko’rsatiladi.
A

el w"'\\. e

nechta

N

-\\\, N b

1-rasm. Lokomotiv navbati shakllangan bir nechta
yo’lli lokomotiv deposi

T bu II to’plamining bir qismi, T = m; N T, N T3 bu
erda m; m,m3; No. 1, 2, 3, ko’rinishida ragamlangan depo
yo’llarining jadvallari, 0’z navbatida m € II. Har qanday
lokomotiv j € N faqgat bitta m; jadvaliga tegishli bo’lishi
mumkin, i =1, 2, 3.

Cj(m) - m jadvalda j lokomotiviga xizmat
ko’rsatishning tugash vaqti.

Umumiy vaznni tugatish vagtining funktsiyasi
quyidagicha yozilishi mumkin:

Fi(m) = ) wi(G(m —py 1)
jEN
Bu yerda (Cj(m) — p; —rj) — Lokomotiv j kelishi va
unga texnik xizmat ko’rsatish boshlanishi o’rtasidagi vaqt.
Shuni ta’kidlash kerakki, pjvar; giymatlari jadvalga
bog’liq emas va

Z w;(pj + ;) = const
JEN
barcha jadval uchun m € TI. Shunday qilib, obyektiv
funksiya:

F(T[) = Z W]C] (T[)
jEN

Shunday qilib, biz obyektiv funksiya giymatini
minimallashtirishimiz kerak.

Magsadning ikkita alohida holatini ko’rib chiqish
mumkin:

Har doim r;= 0, barcha hollarda j € N;

Hamma vagt p; = p, barcha hollarda j € N.

[3] da talablarni bitta yo’lga tagsimlash muammosi hal
qilindi. Talablar (lokomotivning texnik holatiga ko’ra)
w;/pj (ustuvor), j € Nning kamayish tartibida xizmat
ko’rsatishi kerak. Bir va ikkita bir xil mashinalar uchun
talablarni minimal darajada tagsimlash muammosi umumiy
vaznni tugatish vaqti polinomial ravishda hal gilinadi. [8] da
uch va undan ko’p mashinalar uchun vazifa odatda NP-
qattiqlik hisoblanishi ko’rsatilgan. “O’zbekiston temir
yo’llari” Adning 04.12.2021y 361-N qarori teplovozlar,
elektrovozlar va motor-vagon harakat tarkiblarini ta’mirlash
vagqtlari me’yori (1-jadval).

1-jadval

Teplovozlar, elektrovozlar va motor-vagon harakat tarkiblariga texnik xizmat ko’rsatish, joriy va kapital
ta’mirlash vaqtlari me’yori

https://t.me/tdtuilmiynashrlar

Davomiyligi
Lokomotivlar Texn,lk XI.Z mat Joriy ta’mirlash lfapltal
rusumi ko’rsarish ta’mirlash
TXK-2 TXK-3 JT-1 JT-1k JT-3 JT-4 KT-1 KT-2
Soat. Soat. Soat. Soat./sut. sut. sut. sut. sut.
1 2 3 4 5 6 7 8 9
Yuk va yo’lovchi poyezdlarini tortuvchi teplovozlar
UzTE16M4 5 28 70 8 sut. 16 - 26 28
UzTE16M3 4 21 60 6 sut. 12 - 22 24
UzTE16M2 3 14 50 4 sut. 8 - 18 20
3TE10M 3 21 60 6 sut. 12 - 22 24
2TEIOM 2 14 50 4 sut. 8 - 18 20
2TE10U 2 14 50 4 sut. 8 - 18 20
2TE116 2 14 50 4 sut. 8 - 18 20
TEP70BS 2 - 60 - 15 - 16 18
Manyovr ishlari uchun teplovozlar
TEM2M) 1 8 20 - 8 - 12 16
ChME3M™ 1 8 20 - 8 - 12 16
Yuk va yo’lovchi poyezdlarini tortuvchi elektrovozlar
2VL60K | 4 | 12 [ 48 | 72Scat. | 8 | 10 | 15 | 12—
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2VL60c 3 14 36 38 Soat. 9 10 21 24
VL60K 2 8 22 32 Soat. 5 6 15 17
VL60c 2 8 18 28 Soat. 5 5 15 18
O’zbekiston
(Yuk va yo’lovehi) 2,5 16 40 4 sut. 10 - 20 22
O’zbekiston-Y
(Yo’lovehi) 2,5 16 40 4 sut. 10 - 20 22
O’z-El
(Yuk va yo'lovehi) 2,5 16 40 4 sut. 10 - 20 22
0’z-EIR 2,5 16 40 4 sut. 10 - 20 22
2ES5k
(YuK) 5 - 40 4 sut. 10 - 20 22
20°z-EIR
(Yuk) 5 24 50 4 sut. 12 - 22 24
20°z-UY
(Yuk va yo'lovehi) 5 20 45 4 sut. 10 - 20 24
Elektropoyezdlar
ER9E((sektsiya) 15 8 15 15 sut. 7 10 18 22
ER2 (vagonlar) 1 2 4 - 4 5 - R
Afrosiyob
(yo’lovehi) 8 24 48 4 sut. 6 8 30 60

Ushbu magola mualliflari tomonidan ishlab chigilgan
metodologiya mavjud empirik usullar bilan taggoslaganda
quyidagi afzalliklarga ega:

- yangi teplovozlar uchun ta’mirlash va tekshirish
hajmlarini  rejalashtirishga  imkon  beradi, ularda
tugunlarning ish vaqtini tagsimlash qonunlari noma’lum,;

- uzellarning barcha ma’lum ish tagsimotlari uchun
ta’mirlash ishlarining maqbul hajmlarini nosozlikgacha
aniqlash ekspluatatsiya qilinadigan temir yo’l vagonlari
uchun ta’mirlash ishlarining o’rtacha tarmoq hajmlarini
ishlab chigishga imkon beradi;

- Har bir temir yo’l stansiyalarida vagonlarning o’ziga
xos ish sharoitlari uchun optimal ta’mirlash ishlarini
topishga imkon beradi;

- texnika nafagat teplovoz detallarining ishonchliligi
xususiyatlaridan va ehtimollik — statistik usullardan, balki
dinamik dasturlash usulidan ham foydalanadi;

- ishlab chigilgan texnikadan foydalanish har xil turdagi
ta’mirlash va ekspluatatsiya qilingan teplovozlarni
tekshirish uchun magbul ish hajmini aniglashga imkon
beradi [5, 7].

3. Xulosa

Nazariy jihatdan, texnik xizmat ko’rsatish va ta’mirlash
vagti va texnologiyasini lokomotivlarning xizmat qilish
muddati davomiga moslashtirish zarurligi ko’rsatilgan.
Olingan  natijalar  lokomotivlardan optimal tarzda
foydalanish samaradorligini oshirishga imkon beradi.

Foydalangan
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Female CEOs and their impact on women’s empowerment in Central Asian
countries: a regression analysis of the relationship between female leadership
and women's employment in Central Asia based on the world bank enterprise

Abstract:

Keywords:

survey

A.O. Azizovi®?
Westminster International University in Tashkent, Uzbekistan

This paper examines the impact of female CEOs, firm characteristics, innovation, and foreign ownership
on business outcomes in four Central Asian countries: Uzbekistan, Tajikistan, Kyrgyz Republic, and
Kazakhstan. Using regression analysis, the study finds that female leadership is consistently associated
with positive and statistically significant effects on firm performance across all countries, highlighting
the benefits of gender diversity in top management. Firm age did not show a significant influence,
suggesting that adaptability and innovation are more critical to success. While innovation did not have a
direct impact, foreign ownership emerged as a key factor, positively contributing to firm growth and
performance. The findings suggest several policy implications, including promoting female leadership
through gender quotas and mentorship, supporting small and medium-sized enterprises (SMEs), and
enhancing the investment climate to attract foreign direct investment (FDI). Further research is
recommended to explore the mechanisms through which female CEOs influence firm outcomes and how
firms in these countries can better integrate innovation into their strategies.

female CEOs, firm performance, innovation, foreign ownership, Central Asia, gender diversity, business
outcomes, small and medium-sized enterprises (SMEs), foreign direct investment (FDI), firm
characteristics

7KeHIIMHBI-TeHEePaJIbHbIE IUPEKTOPA U MX BJIUSHUE HA pAaCIIMPEHUEe NPaB 1
BO3MOYKHOCTell skeHIINH B cTpaHax LleHTpanbHoil A3un: perpecCHOHHbIN
AHAJIU3 OTHOLIEHUS KeHIIUH-PYKOBOAMTEJIeil K 3aHATOCTH KeHIIMH B
IenTpanbHOil A3uM Ha OCHOBe onpoca BecemupHoOro 06aHka nmo npeAnpUATHAM

A3m3oB A.Q.1Da

Mexnynaponnslit BectmuncTepckuil yauBepcuteT B roposie TaikenTe, Y36ekucTan

AHHOTALMA:

KmoueBsie ciioBa:

B nmamHOIl craThe paccMaTpMBaeTCS BIMSHHE JKCHIIUH-PYKOBOAUTENEH, XapaKTEPHUCTHK (GHPM,
WHHOBAIIWIT 1 HHOCTPAHHOI COOCTBEHHOCTH Ha pe3yJIbTaThl OM3HEcCa B YeThIpeX cTpaHax LleHTpanbHoit
Azun:  Y3b6ekucrane, Tamxukucrane, Koipreisckoit PecnyOmmke u  Kaszaxcranme. Vcmonb3ys
PErpecCHOHHBIN aHamM3, UCCleI0BAaHNE TTOKA3aNI0, YTO KEHCKOE JTHIEPCTBO MOCIEA0BATENBHO CBA3aHO
C MOJIOXXUTEIbHBIM M CTaTUCTHUYECKH 3HAYMMBIM BO3JEHCTBHEM Ha PE3yJIbTATUBHOCTDH JIESATEIbHOCTH
¢upMBI BO BCEX CTpaHaX, MOAYEPKHUBAs MNPEHMYINECTBAa TEHIEPHOTO pPa3HOOOpas3Wsi B BEICIIEM
pykoBojcTBe. Bo3pacT ¢upmbl He OKas3and CyIIECTBEHHOTO BIMSHHS, YTO TOBOPHT O TOM, HUTO
aIaITHBHOCTh M MHHOBAIIMM MMEIOT OoJblllee 3HaUeHMe I ycrexa. B To Bpemsl Kak MHHOBAIlMH He
HMMETH TIPSIMOTO BIHSHUSA, HHOCTPAHHAS COOCTBEHHOCTh CTajla KITIOYEBBIM (paKTOpOM, MOTOKUTEIHHO
CMOCOOCTBYIOIIMM pOCTy M 3(P(EeKTHBHOCTH (GUPMBL. Pe3ynbTaThl HCCICHOBAHHS IPEANONATAIOT
HECKOJIBKO IMOJHMTHUYECKHX IOCIEACTBUI, BKIIOYas IMOOIIPEHHE >KEHCKOTO JHMIEPCTBA MOCPEICTBOM
TeHAEPHBIX KBOT M HACTABHUUYECTBA, MOJAEPKKY MabIX U cpeanux npeanpusatuid (MCII) u ymydmenue
WHBECTHLIMOHHOTO KIMMaTa Jjs TPHUBICUEHHUS MPSIMbIX HHOCTpaHHBIX uHBecTHimi (ITHU).
PexomenmyeTcs mpoBeieHNe NATBHEHIINX NCCIIEOBAHNUH C IENbI0 H3yYEeHHS MEXaHH3MOB, C IIOMOIIBIO
KOTOPBIX JKCHIINHBI-TeHEePAIbHBIE JUPEKTOPA BIUAIOT HA PE3yIbTAThI ASSITEIIbHOCTH KOMITAaHHH, 1 TOTO,
KaK KOMITaHHUH B 3THX CTPaHAX MOTYT JydIlle HHTETPUPOBATh MHHOBAIMY B CBOU CTPATETHH.

JKEHCKHE TEHepalbHBIe JHPEKTOpa, MPOU3BOAUTENSHOCTE (HPMBI, WHHOBAIMM, WHOCTPAHHAS
COOCTBEHHOCTS, LleHTpanbHas A3us, TeHIepHOe pa3HOoOpasKe, pe3yIbTaTbl OU3HECa, MAJIbIEe U CPeTHUE
npennpusatus (MCII), npsimble nHocTpannsle nuBectuimu (ITMN), xapakrepuctuku GUpMBbI
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1. BBenenue

Jlupepckue  mosummu B llentpanmpHOW  A3um
MpeTepreBaloT 3HAUNTENIbHbIE U3MEHEHHs, U Bce Oobliee
YHCIIO JKEHIIWH 3aHUMAIOT PYKOBOASINUE IODKHOCTH B
pa3IUYHBIX OTpacisax. JKeHIUHbI-TeHepaIbHble AUPeKTopa
B 3TOM pETHOHE HE TONBKO IPEOJONEBAIOT Oapbepsl B
TPaguIIIOHHO JTIOMHUHHUPYIOIIIX MY>XYHHAMHU
MPOCTPAHCTBAaX, HO ¥ CIyXXaT KaTalu3aTtopoM Ooiee
OIMPOKUX COLMAIBHBIX HM3MEHEHHH M HSKOHOMHYECKOTO
nporpecca. JTH JUAEpHl OPOCAIOT BEI30B YKOPEHHUBIINMCS
TeHAEPHBIM HOpPMaM, CO3JaioT 0ojee HHKIIO3HBHBIE
paboune MecTa U BIOXHOBIISIOT HOBOE MTOKOJIEHHE JKEHIIINH
Ha 3aHATHE PYKOBOASAIIUX MOJDKHOCTEH, TEM CaMbIM
CMOCOOCTBYS pacHIMPEHHUIO IIPaB U BO3MOXKHOCTEH JKEHIIINH
¥ Ipeo0Opa3oBaHUIO 00IIECTBA.

OMNHpUYecKue JaHHBIE TOATBEPKIAIOT YTBEPXKACHHE O
TOM, YTO TEHJIEPHOE Pa3HOOOpa3ue Ha BBICIINX YPOBHSIX
yIpaBIeHHS HMEeT OIIYyTHMBIE MpPEHMYIIeCTBA UL
OpTaHM3alMOHHBIX ¥ CONMAIBHBIX pe3ynpTaToB. Hamprmep,
HCCIEAOBAHNUSA MOKa3bIBAIOT, 4YTO (UPMBI C TCHIECPHBIM
pazHooOpazueM PYKOBOJCTBA JEMOHCTPHUPYIOT
yIydIOIeHHOe MNpPUHATHE pelmleHuii ©  (HHAHCOBBIE
pe3ynbrathl [1]. Kpome Toro, uccienoBanusi mokas3blBaloT,
yro Ha paboyux Mectax C Ooiee  BBICOKHM
NPEICTaBUTEILCTBOM JKEHIIMH B  YIPABICHUH 4YacTo
HPUMEHSIOTCS METO/IBI, KOTOpBIC YIIy4IlaroT
OpTaHM3alMOHHYIO KyIBTypy u CIOCOOCTBYIOT
pasHooOpasuto  [2]. Takme pe3ynpTaTl OCOOEHHO
AKTyaJIbHBbI B enTpanbHoit Asun, peruosxe,
XapaKTepU3yIoIEeMCs YHUKAJIbHOU KyJIbTYpHOH,
MOJUTHYECKOH M HSKOHOMHYECKOH IUHAMHKOH, KOTOpas
BJIMSIET HA yYacTHe JKSHIIUH B paboueii cuie.

B sroii crathe ucmosb3yroTcs HaHHble BcemupHOro
ompoca npeanpuatuii (2008—2019) anst aHanw3a BIUSHUS
JKCHIIMH-PYKOBOIUTENIEH Ha  pacliMpeHHe TpaB U
BO3MO)XHOCTEH JKEHIIWH B cTpaHax lleHTpampHOI A3zuu.
W3ydas naHHBIe Ha YpOBHE (HPMBI, OXBAaTHIBAIOIINE OoJiee
JeCSTH JIeT, MBI HCCIeAyeM, KaK OpraHW3aluH,
BO3TJIABIISIEMBIE JKEHITUHAMH, Opocarot BBI30B
CYLIECTBYIOIIMM  HOpPMaM,  MOOLIPSAIOT  TI'eHJIEPHO-
WHKJIIO3MBHYIO TOJHMTHKY W BIMSIOT Ha Oojee IIMpOKoe
00IIeCTBEHHOE OTHOIIEHHE K JKCHIMHAM B PYKOBOJCTBE.
HccnenoBannsi MOKa3bIBAIOT, YTO PpACHIMPEHHE MpaB M
BO3MOXKHOCTEH JKEHIIMH HA PYKOBOISIIMX JOIDKHOCTIX
MOXET CO37aTh «PeTPAHCIIMUOHHBIN 3(deKxT», KoTopsIit
NMPUHOCHT  TONB3y HE  TOJNBKO  OPTaHU3AaMOHHBIM
pe3yabpTaTaM, HO U OOIIEMY CTaTycCy >KEHIIHH B 00IIecTBe
[3].

Kpome Toro, naHHoe HcclieIoOBAaHUE OCHOBBIBAaETCA Ha
NpeaAbIAYHIUX BbBIBOJIAX, YKa3bIBAIOLIUX Ha TO, 4YTO
TeHAepHOe pa3HooOpa3re U B3aMMOJIOTIOIHAEMOCTb CTHIICH
IMAEepCTBA  MEXAYy MYyKYMHAMH U OKEHIIMHAMH B
3HAYUTENFHON CTENEHN CIIOCOOCTBYIOT ycnexy (GupMer [4].
B Hem paccmarpuBaioTcs BaKHEHIIHE BOIPOCHI, B TOM
qrce Kak JKCHIIUHBI-TeHepaIbHbIe JIUPEKTOpa
CIIPaBJIAOTCS C KYyJIbTYPHBIMU u CTPYKTYPHBIMHU
npobiemamu B LleHTpanbHONW A3uMM U Kakoe HU3MepuUMoe
BIMSHHE WX JIMICPCTBO OKa3blBaeT Ha CoJeHcTBHE
TFCHACPHOMY PABEHCTBY. OCHOBBIBAsACh Ha HCCIICJOBAHUAX
KOHKPETHBIX CIydYaeB, OpPTaHU3AIHOHHON IIOJUTHKE U
CPaBHUTEIHFHOM aHANN3€E, JaHHAsI CTAaThsl CTPEMUTCS BHECTH
CBOIl Bkiam B Oojee MIMPOKHWH IHCKYpC O JHACPCTBE,
TeHAEPHOM pPa3HOOOpa3WH W pACHIMPEHHH TpaB U
BO3MOXKHOCTEH B pa3BUBAIOIIUXCS CTPaHAaX.

https://t.me/tdtuilmiynashrlar

O030p JIMTEPATYPbI

Poabr  KeHIIMH-pyKoOBOAUTEJeHl B TPYAOBBIX
OTHOILICHUSIX.

D¢ dexTUBHEIE ~ TPYHOBBIE  OTHOIICHHS  HMEIOT
pemraronee 3HaYCHHE IS ycrexa GUpM U UX pabodei CHIIbI
[5]. o crnoBam Kaydmana [6], uccienoBaHusi TPyIOBBIX
OTHOIIEHHI  BBIXOAAT 32  pPaMKH  KOJUIEKTUBHBIX
HEePeroBOpoB M MPOQCOIO3HBIX  BOIPOCOB,  BKIIOYAs
yTpaBJIeHHe EPCOHAIOM U NIEPCOHANIOM, a TaKXKe TPYJ0BOE
mpaBo. [Ipu paccMOTpeHMHM TpYZOBBIX OTHOLICHUH B
crpanax llenTpanbHON A3suu, OAHOW M3 KpyNHEHIIMX
pa3BUBAOLIUXCS 00JIACTEH C 3HAYUTENHLHON paboveil CHITON,
HEO0O0XO0IMMO ITePEeMECTUTD aKIIEHT ¢ KOH(IINKTA ¥ KOHTPOJIS
Ha M3y4YeHHE NMPAKTHK YNpPaBIEHHs MEPCOHAIOM, KOTOpBIE
MpPEefOTBPAlIAlOT M Pa3peiaroT KanoObl M CHOpBl Ha

pabouem  wmecte [7]. B 3roM  mccnemoBaHUHU
paccMaTpHBaIOTCS MPAKTHYECKUE aCIeKThl U PEe3YJIbTaThl
KPUTUYECKUX  TPYIOBBIX  OTHOIIEHWUH [8], [9],

OXBATBHIBAIOIINE HEJCHEXKHBIE AaCHEKThl, TaKHe Kak
coOJroIeHNe 3aKOHOAATENbCTBA H Pa3BUTUE COTPYIHUKOB,
HapsILy C ICHESKHBIMU dJIeMEHTaMH, TAKUMH KaK 3apIuiata u
BJIMSIHUE KEHCKOTO JIMACPCTBA HA 3TH 00JIACTH.

[lonuMmaHue BIUSHUS JKEHIIMH-PYKOBOJMUTENEH Ha
Pe3yABTATHl TPYAOBBIX OTHOIICHUH MOXKET OBITh OCHOBAHO
Ha TEOpuH coluanbHbIX poieil. Teopus npeanonaraer, 4To
pasleneHre TpyAa CO3JaeT TeHICPHBIE CTEPEOTUIIBI U
OXHMIAHUS [10]. JKennuue, TPagUIIMOHHO
paccMaTpuBaeMble KaK JOMOXO3SHKHM M OIEKYHBI, Kak
0)KHJAeTCsl, IPOSIBIISIIOT OOIIME YePTHl, TAKHE KaK IMITaTHs
U aJbTPyU3M, B TO BpeMs KaK MYXXYWHBI, TPAAUIMOHHO
MIPOBaAePHl, CBA3aHBI C aTCHTHYECKUMH YepPTaMH, TAKUMHU
Kak HE3aBHCUMOCTh W  Hamopucrtocts [11]. Otm
YKOPCHHUBIIHECS CTEPEOTHITHI BIUSIOT HA OOLIECTBEHHBIC
LEHHOCTH M BOCTIpHATHUSA [12], 9TO NPUBOIUT K TOMY, UTO
HKCHIIMHBI OTIAIOT HNPUOPUTET COIMAIBHOMY
ONIaronoyydMio M JIEMOHCTPUPYIOT YyBCTBUTEIBHOCTh K
coLualIbHO 3HaYMMBbIM Borpocam [13], [14].

AHaJIOTUYHBIM  00pa3oM, IKEHI[HHBI-PYKOBOIUTEIH
YacTO BOCIPHUHUMAIOTCS Kak Oojee 3a0OTIHBBIE |
COLIMAILHO OPHEHTHPOBAHHEIE, 8 HE KOHKYPEHTOCIIOCOOHBIE
u OpHEHTUPOBAHHBIE HCKITIOYUTEIEHO Ha
MIPOM3BOAUTENHHOCTE [15]. MccenoBanus, OCHOBaHHBIE Ha
TEOPUH COLMANBHBIX POJeil, MOKa3bIBAIOT, YTO JKEHIIUHBI-
JHUIEpbl WIPAlOT 3HAYUTENBHYIO DPOJb B HPOIBHKEHUU
NPAKTHK KOPIIOPAaTUBHOW COIMANBHON OTBETCTBEHHOCTH
(KCO), Bxmodas OJarocoCTOssHUE COTPYAHHKOB U
9KOJIOTHYECKYI0 ycToHUnBOCTH [16], [17]. Tapcus-Canuec
ZIp. OTMETHIIH, YTO >KEHIMHBI-TEHEpAIbHBIE TUPEKTOpa U
MpeiceaTeNI COBETOB TUPEKTOPOB OTPAKAIOT CBOM Ooee
MPOCOIMATBEHBIE W aNbTPYHUCTHYECKHE HAKIOHHOCTH IIO
CPaBHEHHUIO ¢ My>XYMHaMH-pykoBoauTensiMu [18]. B Takux
cTpaHax, kak LlenTpanpHas Asus, rae  TIyOOKo
YKOpPEHHMIach Bepa B TO, 4YTO "MYXXUHHBI SIBISIOTCS
KOPMMUJIbIIAMH, & KEHIIUHBI - IOMOXO3sIHKaMHu," TeHIepHbIe
CTEPEOTHITHI ¥ COLMAIIBHBIE OKUIaHUSI OT KEHIIUH ITHPOKO
pactpoctpanensl [19], [20]. OTu oOXumaHHS CO3HAIOT
3HAYHTENIFHOE JIABIICHHE Ha >KCHIIUH-PYKOBOIUTEICH,
KOTOpPBIE PUCKYIOT MOJYYHUTh OTPUIIATEIHHBIC OICHKH HITH
mtpadsl 3a HecoOmoaenue tpebosanmii [21], [22]. Drto
4acTO NPUBOIUT K CaMOHaBHSaHHOMy MOAYMHECHHUIO, KOTr'J1a
JKEHIMHBI-PYKOBOJUTENIM  BeOyT ce0s Tak, 4YTOOBI
COOTBETCTBOBATh OOIIECTBEHHBIM cTepeorunam. Boulouta
[14] oTmewaer, dYro TaKoe COOTBETCTBHE HaumOoee
OuYeBHIHO B Takux "msrkux" Bompocax, kak KCO, dyro
MPUBOMUT K  TPEOIOJNIOKEHHIO,  YTO  IKCHIIHHBI-
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PYKOBOJUTEIH OTHAIOT MPHOPHUTET PEUICHHSM, BBHITOJAHBIM
JUISL COTPY/JHUKOB, B TPYAOBBIX OTHOIICHUSX.

Teopernueckue NaHHBIE CBHICTEILCTBYIOT O TOM, YTO
JKCHIIMHBI-PYKOBOIUTEN C  OOJNBIIEH  BEpOSTHOCTHIO
OTZAAIOT IPEIIOYTEHHE PEIICHNIM, KaCaroINMCs TPYIOBBIX
OTHOILECHUH, KOTOpBIE ONArompHATCTBYIOT COTPYIHHKAM.
Hx cobmoneHne TpyAoOBOrO 3aKOHOJATENBCTBA, KIIOYEBOM
HEJICHeXKHBIH pe3ynbTaT, OTPAKAeT HX IPOCOLHUATbHBIE
npennouTeHus.  McciemoBaHMs — TOKa3bIBAlOT,  YTO
JKCHIHBI-MCIIOJHATENH, KaK MpaBmIIo, Ooee CKIOHHBI K
PHCKY M KOHCEPBAaTUBHBI B NPUHATHH PEIICHUH, 9eM WX
KoJuieru-myx4uunsl [23]. Richardson et al. [24] cBsa3biBatoT
JKEHCKOE JIHJEPCTBO ¢ 0OoJjiee BBICOKOH IOPHANYECKOI
3¢ PeKTHBHOCTBIO, BKJIIOYas Oojee HHU3KHE MOKA3aTesn
KOPIIOPaTUBHOTO ~ MOIIEHHUYECTBA, OONee  BBICOKYIO
MPO3PaYHOCTh U CHI)KEHUE YKIOHEHHS OT yIUIAThl HalIOTOB.
Jro [25] oOHapyxun, 4dTO >KCHIIMHBI-T€HEpalbHbBIC
IUPEKTOpa 3HAYUTEIBHO COKpANIAlOT TPYJIOBBIE HCKH,
HNOAJEP)KUBAsi apryMEeHT, YTO JKEHIIMHBI-PYKOBOIUTEIN
OTHAIOT HOPHOPUTET COOIIOJICHHIO TPYyIOBOTO
3aKOHOJIATENbCTBA JUIS 3AIUTHl HHTEPECOB COTPYTHUKOB.

N3-3a cBoell albTpyUCTHUYECKOW MPHUPOJIBI KEHIIUHBI-
PYKOBOAWTENH, KaK IIPABHIIO, MOAYEPKHBAIOT Pa3BUTHE
COTPYJHUKOB, OCOOEHHO depe3 moBbImeHHe. KapbepHoe
MIPOJIBIKCHHUE SBIAETCS BAXKHBIM ACIEKTOM OTHOIICHUIT
MeXIy paOOTHMKOM U  paboTomaTeneM, IOCKOJIBKY
PabOTHUKH CTPEMSTCS MONYyYHTh OT CBOMX paboTomaTeneit
rapaHTUM OTHOCUTENILHO BO3MOXHOCTEeH pocra [26].
Ipenpinyne uccnenoBaHUsS MOKA3adHM, YTO JKCHIIMHBI-
PYKOBOAUTENN OKAa3bIBAIOT IIOJOXKUTEIHHOE BIMSHUE HA
MPOABIXCHUE  KCHIIWH-COTPYIHUKOB [27],  xora
HEKOTOPBIE HCCIIEIOBAHUS BBIPA3HUIN 00ECIIOKOEHHOCTD 110
MOBOJY MOTEHIIMAIBHBIX OTPAHUIECHHUH, KOTOPBIE 3TO MOXKET
HaJIOXKUTH Ha BO3MOXKHOCTH MPOABIDKEHHUS IO CITyk0e ISt
MYXX4YHH-cOTpYIAHUKOB [28]. XoTst oOumiee BIUsHUE Ha
NPOJBIKEHHE BO3MOXKHOCTEH Ul BCEro MepcoHalla He
SBJISETCS ~ OKOHYATENbHBIM, pa3BHTHE  COTPYAHHKOB
COOTBETCTBYeT 3a00TJIMBOI TPHPOJE, NPHUIHCHIBAEMOI
JKEHIIMHAM-PYKOBOJUTESIM TEOpUEl COIMANIbHBIX poJiei
[10], xoropast CBS3BIBACT JKEHIIMH-PYKOBOAUTENEH C
BOCIIHTATeNIbHBIMH M 3a00TIMBBIMH  YepTaMH. ITO
HCCIIeI0BaHUe MIPeAToNaraer, 91O KEHIIHBI-
pyKoBozuTEIH C OONbIIEH BEPOSATHOCTBIO CO3JAT H
MOAJEPIKUBAIOT BO3MOXKHOCTH ISl TPOJABHXKEHUSI CBOHMX
COTPY/IHUKOB.

VY4uTeIBas MX aIbTPYUCTHYECKHE YEpPTHI, KEHIIMHBI-
PYKOBOJHTEIH, BEPOSTHO, yIydIIaT JEHEKHbIE PE3yIIbTaThI,
0COOEHHO 3apIUIATHI COTPYTHUKOB. OJHAKO CYIIECTBYOIIIE
HCCIIEAO0BAHMS IAIOT IIPOTHBOPEUNBBIE JOKA3aTEIbCTBA.

2. JlaHHbBI€ U METO0JIOT U

2.1. Onucanue HaGopa JaAHHBIX

B ostom wuccnenoBanum ucnonbizyercs BcemupHbIi
omnpoc npeanpustuit (2008-2019), BceoObeMimronINiA HAGOP
JAHHBIX, COJep)KaIluii JaHHBIE HAa YPOBHE ¢bupm  u3
HECKOJIBKHUX Pa3sBUBAOLINXCA U Pa3BUBAIOIIUXCSA SKOHOMMUK.
HaGop maHHBIX  JaeT LIEHHYO uHpopMaIHMo 0
XapaKTepUCTHKax (UPMBI, COCTaBE pYKOBOACTBA U
nemorpaduu  paboueit CHITBI, 4TO MIO3BOJISAET
MIPOAHAIN3UPOBATh TEHJACPHYIO MPAKTHKy 3aHSITOCTH U
muaepcTBo. lcciemoBaHMe COCPEOTOYEHO Ha YETHIpEX
crpanax  LlenTpanpHoit  Asum - Y30ekucrawe,
Tamxukucrane, Keipreisckoit Pecniy6nuke n Kazaxcrane -
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JUI U3yYCHHUSA B3AUMOCBA3U MEXKAY ) KEHCKUM JIMACPCTBOM 1
TCHACPHBIM BKJIIOYCHUEM B pa60qy}0 Clily B O3TOM
KOHKPETHOM PETUOHAJIBHOM KOHTEKCTE.

2.2. OcHOBHBIE IepeMeHHbIE H OMpe/IeIeHHs

3aBucuMasi NepeMeHHasl, pe3yJbTaThl  TPYIOBBIX
OTHOIICHUH, ABISIETCS MHOTOMEPHOM KOHCTPYKIHEH.
OCHOBBIBAsICh Ha JINTEPATYPE, 3TH PE3YJIbTAThI OXBAThIBAIOT
COOIIOJIEHHE 3aKOHOB, PA3BUTHE COTPYAHUKOB U 3apILIATHL:

e [JIpaBoBoe COOTBETCTBHE! OLICHUBaETCH,
MOJNUCHIBAIOT JHM  COTPYAHHKHM  IHCHMEHHBII
TPYAOBOH moroBop (Komupyercs Kak 1, ecimu
noxnucat, 0 B IPOTHBHOM CIIy4ae) M MOAJIeKAaT JIH
OHU CBEPXYpPOUYHOI paboTe (Koaupyercs Kak 1, eciu
Tpebyetcs, 0 B mpoTHBHOM citydae) [29].

e Pa3Burue COTPYAHHKOB: n3Mepsiercst ¢
HCTIOJIb30BaHNEM BO3MOKHOCTEH ITOBBINICHHS 110
ciyx0Oe, xiaccuuimpyeMsix kak penkue (1),
orpanndeHHble (2) nmm odmisHee (3) [30].

e 3apaloTHas mJjaTa: BbIpakaercsi B BHIC
€KEMECSIIHOTO JI0X0Aa PAOOTHHKOB, H3MEPSIEMOTO B
MecTHoH Bamore [31].

HesaBucumas nepeMeHHast HHTEepeca,
HPEICTABUTEIBCTBO KEHIIUH-PYKOBOAUTEIICH,
HpeCTaBIsET coboit JIBOUYHYIO MEPEMEHHYIO,

YKa3bIBAIOIYIO Ha TO, BO3MJIABISIET JIH (hpHPMa JKCHIINHY Ha
PYKOBOJSIIIIMX  JOJDKHOCTSIX, TAaKMX KaK TeHepabHBII
JHMPEKTOp, Hpejcenareib COBETa IUPEKTOPOB, AUPEKTOP
WK IPYTo# CTapIiuii MeHemKep (Koaupyercs Kak 1, ecimu
BO3TJIABISICT JKeHIMHA, 0 B poTUBHOM ciydae) [32], [33].

KOHTpoJIbHBIE HEpPEeMEHHbIC BKIIOYAIOT B cebs
crerpuyeckne (GakTopel IS UCIIOJIHUTENBHOM BIacTH,
TaKHe Kak BO3pacT, 00pa30BaHHE U CPOK CIIy)KOBI, a TaKke
XapaKkTepUCTUKH Ha YpOBHE (GHMPMBI, Takue Kak THII
COOCTBEHHOCTH (TOCYIapCTBEHHAs, YaCTHAs, MHOCTPaHHAs
130111 uHasft), KaTeropus (hupMsI (Tpymoemkasi,
KaluTajJoeMKass WJIH TEXHOJOTHYECKH WHTCHCHBHas),
pasmep ¢upmbl 1 Hanmmume npogcoro3oB [34], [35].

2.3. CraTucTrnyeckue MOJeH "
AHAJUTHYECCKUH MOAXO0/

YuuTeiBas nepapXuyecKruii Xapakrep Habopa JaHHBIX -
cotpyaHuk# (1-# ypoBeHB), BCTPOCHHBIE B PYKOBOISIINX
pabOTHUKOB (2- YypOBEHb) - Ul PEIICHHS BOMPOCOB
HECaMOCTOSITEIbHOCTH W KJIACTEPHU3AllMH  HCIIOJIB3YIOTCS
MHOTOYPOBHEBBIE PErpecCHOHHBIE MOJENH, KOTOpBIE B
NPOTHBHOM Cllydyae NMPUBOIAT K MCKKEHUIO Pe3yJIbTaTOB
perpeccur 0ObIYHBIX HauMeHbIHX KBaaparos (OJIC) [36],
[37].

Heob6xomumMocTh MHOTOYypPOBHEBOI MOJEIH
HOJATBEPIKAACTCS HCIOJIb30BaHUEM ko3¢ dunmenra
koppemsimuu BHyTpH kiacca (ICC), xoTopslii m3mepser
CTENEHb CXO/ICTBA MEX/y HAaOJIOCHUSIMU B PaMKaxX O/IHOM
rpynisl. MHOrOypOBHEBas MOJIENIb CUUTACTCA TOXOAAIIEH,
korna MKK npessimaer 0,059 [38].

B wuccrenoBaHuM UCHONB3yeTCs JHMHEHHAs MOJENb
CITy4aifHOTO MepecedeHus IBYX YPOBHEH Il HEPEPhIBHBIX
pe3yJIbTaToOB, TAKUX KaK 3apIuiaThl, W JIOTMCTHYECKas
perpeccus Ui OMHAPHBIX pPE3yJIbTATOB, TaKHX Kak
NHMCbMEHHBIE TPYZOBBIC KOHTPAKTBI W CBEPXYpPOYHBIE.
Tele/IHl)I B3aHMOﬂeﬁCTBHﬂ UCHOJBb3YIOTCA JIs1 U3YyUYCHUSA
TOr'0, HU3MCHACTCA JIM B3aMMOCBA3b MEXKAY IKEHCKUM
JUAEPCTBOM U pE3yJibTaTaMHU TPYAOBBIX OTHOIIEHUH B
3aBUCHMOCTH OT CEKTOpa WM C TEYCHHEM BpPEMEHH.
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CeKTOpHI:Ie U TOJOBBIEC MAHCKCHBI BKIIIOUCHBI  IJIA
OTpaCJ'IeBOﬁ JUHAMHUKA u BPEMCHHBIX TeH,E[eHIII/Iﬁ
COOTBCTCTBCHHO.

2.4. lIpu3Hanue orpaHmveHi

B 10 Bpems kax BcemupHbli omnpoc npennpusTHit
(2008-2019) npeiaraer Gorarsiii HAOOP JTAHHBIX, CIAEAYET
NpU3HAaTh  HEKOTOpBIE  OTpaHWYeHMs. PernonambHble
pasnuyMs B KyIbTYpHBIX HOPMaX M 3IKOHOMHMYECKHX
YCIOBHSAX MOTYT BIUSTh Ha MPEICTABIECHHOCTh XKCHIIHH-
pabOTHUKOB U  BIUSHHE  JKCHIIUH-PYKOBOAUTENEH,
MOTCHIUAIBFHO OTpaHUYMBasi 0000IaeMOCTh PE3YIbTaTOB.
Kpowme toro, ncnonszoBanue fem ftemp B kadecTBe MpokcH
JUIL  pacUIMpeHHsT MpaB M BO3MOXHOCTEH O KEHIIWH
(okycupyeTcst Ha IpeICTaBUTEIbCTBE padodeil CHITBI, HO HE
B TIONHOM Mepe OXBaTblBaeT TaKHE acleKThl, Kak
MONHOMOYUSL ~ NPUHATHA  pEIIeHHH HIM  PaBEHCTBO
3apabotHort marer [29], [31]. Hakomen, xots HaGop
JaHHBIX OXBaThIBaeT Ooiee OECSATU JIET, OH MOXET He
OTpakaTb CaMble MOCICTHHE TEHACHIMH B 0O0JIACTH
TeH/IEPHOT0 PaBEHCTBA U )KEHCKOro Juaepcersa [29], [31].

3. Pe3yabTaThl U aHAIU3

3.1. OnucarenbHast CTATHCTHKA

Habop nanHpIX BKIIIOYaET JaHHBIC HA YPOBHE KOMITAaHUH
u3 Y30ekucrana, Tamkukucrana, Keipreizckoit PecryOmiku
u Kazaxcrana 3a nepuon ¢ 2008 o 2019 roa. B xaxnoit u3
4YeThIpeX CTpaH CPemHss JOoNsi >KEeHIIMH-PYKOBOJHUTENEH
3HAQUUTENBHO PA3INYaeTCs], YTO OTPAXaeT PEerHOHAJIbHBIC
pa3nuyMsl B IIPEACTABUTENILCTBE MYXXYMH M JKCHIIMH Ha
PYKOBOJSIIIUX TOJDKHOCTSIX.

OCHOBHBIE OIHCATENbHbBIC BHIBOJBIL:

* Jlons KeHIIMH-pyKOBOJgHUTENeH: B cpemHeM 12%
KOMIIaHWH B Ha0Ope HAaHHBIX BO3TJIABISIOT >KCHIIUHBI-
PYKOBOJHTEIH, IPH 3TOM CYIIECTBYIOT 3aMETHBIE Pa3INIUsL
MEeXTy oTpacisimMu. JKeHIIUMHBI-TeHepaabHBIE AUPEKTOpa
GoJiee pacIIpOCTPaHEHBI B CEKTOPAX POSHUYHOH TOPTOBIH U
yCIyr 1O  CpPaBHEHHIO C  IIPOU3BOJCTBOM,  TZ€
JOMHHUPYIOIIEE TTOJI0KEHUE MYKYHH COXPaHIETCSI.

» IlpexncraBneHHbIE OTpaciu: KeHmuHbI-
TeHepalbHbIe JUPEKTOpa HauOoJee JacTo BCTPEUAIOTCSA B
poszumaHOHK Toprosie (30%), apyrux ycayrax (25%) u pexe
B KaITUTAIOEMKHX 0Tpacisix (5%).

* Pasmep c¢upme: B HeOompmmx  upmax
(u3MepsieMbIX 1O 00BEMYy TPOAaX U KOJIMYECTBY
COTPY/JIHUKOB) JKCHIIMHBI Yallle 3aHUMAIOT PYKOBOMSIINE
JIOJDKHOCTH TI0 CPABHEHHUIO C KPYITHBIMU MPEAIPHSITHIMH.

Pe3romMe onucartenbHON CTATUCTUKH JJTs1 HHTEPECYIOIINX
TIepeMEeHHBIX TIPECTaBIeHo B Tabiuie 1. JTo BKIIOYAeT B
celsi CPEeIHIO OO0 SKEHIMH-pa0oTHHKOB (fem_ftemp),
Bo3pacT (UPMBI, WHHOBAIIMOHHYIO JEATENBHOCTH U
HWHOCTPaHHYIO COOCTBEHHOCTH B CTPaHAaX BBHIOOPKH.

3.2. Koppeasiuun "
CJIeICTBEHHbIE CBA3H

PerpeccrnoHHBI aHaNMM3 MOKA3bIBA€T CTATHCTHYECKH
3HAUUMYIO CBSI3b MEXIY  SKCHIIMHAMH-TEHEPAIbHBIMU
IUPEKTOpaMH M TOJHUTHKOH ¢upMm, crocobeTByromei
paCIIMPEHHUIO TIPaB U BO3MOXKHOCTEH keHIMH. Kiouesble
BBIBO/IbI BKJTIOYAIOT:

1. XeHumuHa-reHepabHbIA AUPEKTOP U
MPENCTaBUTEIBCTBO padoueii cuibl (fem_ftemp): B

NPUYHHHO-
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KOMITaHUSIX, BO3IJIABIAEMBIX KEHIINHAMU-TeHEPAIbHBIMU
IMPEKTOPaMH, B cpetHeM Ha 15% Oorblre sKeHINH-
pabOTHUKOB, YeM B KOMIIAHHSAX C My>XUHHAMU-
TeHEepaIbHBIMH AUPEKTOPaMHU. JTO TOBOPUT O TOM, YTO
JKSHIIUHBI-JIEPB] MOT'YT aKTUBHO IIPOJIBUTATh T'€HJIEPHO-
WHKIIO3UBHYIO TTOJHUTHKY.

2. BO3MOXXHOCTH MpOJBIKEHHsI IO CIyx0e: Oblia
oOHapy>keHa 3HAYUTENbHAs TOJIOKUTEIbHASA CBA3b MEXKIY
JKEHIIMHAMU-TCHEPAbHBIME TUPEKTOpAMU U CHCTEMaMHU
pa3BUTHS  COTPYAHHMKOB  (HampuMep,  JOCTYITHOCTh
MOBBINICHNS IO ciyx0e). Kommanmm ¢ >KeHIIMHAMH-
PYKOBOJUTEISIMU C OOJIBIIEH BEPOSTHOCTBHIO COOOIIAIOT O
"OOJIBIIOM KOJIMYECTBE" BO3ZMOXKHOCTEH IS IOBLIIICHMS.

3. CoOmonenne 3akoHoB: Ha 10% Oonbie ¢upm,
BO3INIAB/SIEMBIX ~ JKEHIIMHAMH, HMEIOT  NHChMEHHBIE
TPYOBBIE KOHTPAKTHI JUIS COTPYAHUKOB. TeM He MeHee, He
ObUI0  OOHAPYXKEHO  3HAYUTENBHOH  CBA3M  MEXIYy
JKSHIIMHAMHU-TeHEePaIbHBIMH JIMPEKTOPaMH "
TpeOOBaHUAMHE K CBEPXYPOUYHBIM paboTaM.

3.3.  CpaBHHUTeJbHBII aHaJIM3 cTpaH
LenTpanbHoii A3umn

CpaBHHTEIBHBII aHAIN3 BBIGNISACT PETHOHAIBHBIC
pa3nuyMs B IPAKTHUKE 3aHATOCTH M TEHJICHIMSX JINIEPCTBA:

* VY30ekucran: JKeHIIMHBI-TeHEpabHBIE AUPEKTOpa B
Y36ekucrane OKa3BbIBAIOT Haubonee CHIIBHOE
MOJIOKUTENBHOE BIMSHUE Ha MPEICTAaBICHHOCTh JKEHCKOI
paboueii cunsr (B = 10,58, p < 0,01). Dra cTpana Takxe
JIEMOHCTPHpPYET HauBhICIIEE COOIIIOICHUE IIPABOBBIX HOPM,
TaKUX KaK MMCbMEHHBIE TPYAOBbIE KOHTPAKTHI.

* Tamxukucran: BiausHue KeHIMH-PYKOBOIUTENCH Ha
MOKa3aTeNl PacUIMpeHHs! MPaB ¥ BO3MOXKHOCTEH >KEHIIMH
MEHee 3aMETHO I10 CPaBHEHUIO C JIPYrHMMH cTpaHaMu. Tem
He MeHee, B TamKWKHCTaHE C TEYEHHEM BPEMEHHI
HaOJrOaeTcsl  YCTOMUYMBBI POCT  IMPEINCTAaBHTENHCTBA
JKEHIIMH B chepe ycyr.

* Keiprenckas Pecry6nmka: JKeHmIMHBI-TeHEepaIbHEIE
IUPEKTOpPa  OKa3blBAIOT ~ 3HAYMTENBHOE BIMSHHE Ha
BO3MOJYKHOCTH Pa3BUTHSI COTPYIHHKOB, NpHYeM (QUPMBI B
3TOM pEerMoHe 3aHMMAaIOT NEepPBOE MECTO B 00ECIedYeHHH
MPOJBIKEHHMS 110 CIIy0e 1 )KEeHIIHH-PaOOTHHKOB.

» Kazaxcran: KeHckoe JUAEPCTBO TECHO CBS3aHO C
NeATeNbHOCTBIO,  CBSI3aHHOM € WHHOBAIMSAMH,  UTO
CBHJICTENBCTBYET 00  YHHKAIBbHOM  CBA3M  MEXAY
JKEHIITHAMHA-TEHEPATTbHBIMH JIUPEKTOPAMH "
CTpaTernyecKUMI HHUIIMATHBaAMH.

OTu pe3yibTaThl 0000IIeHb B Tabuuie 2, B KOTOPOi
CPaBHUBAIOTCS KIIOUEBBIE PE3yJIbTAThl B YETHIPEX CTPaHaX.

3.4. Bwusyaauzanusi pe3yJbTaToB

1. JKenmmna-renepanbHblil qupektop (fem ceo):

VY36ekucTan: Ko3(hGUIUSHT IS KEHIIUH-TeHEPATbHBIX
nupektopoB coctaBisieT 10,58, ¢ craTUCTUYECKH 3HAYUMBIM
p-3nauenuem (0.000).

Tamkukucran: koaddumment 8,12, CTaTUCTHYECKH
3HauYMUMBIH ¢ p-3HaueHueM 0,001.

Keipresckass  PecnyOnmka:  kosddurmment 12,36
sBJIsieTCsl BecbMa 3HauuTenbHbIM (p = 0,000).

Kaszaxcran: ko dunument 11,47, p-3nagenue 0,000.

2. Bospact ¢pupmsl (firmage):

Bo Bcex uerhlpéx cTpaHax KodduIMEeHT Bo3pacra
MPEATPHATHSL OTpHILIATEIICH u CTaTUCTUYECKH
HE3HAYNTENEH, C P-3HAYCHHEM, OOBIYHO MPEBBIMIAIOIINM
0,05.
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3. TIpopaxu (Insales):

Orpunarenshbie ko3bduuneHTs! st nponax (Insales)
BO BCEX CTpaHaxX IPEIINojaralT, 4To Oojiee BBICOKHE
MpOJaKW CBA3aHBI ¢ Ooilee HU3KUMU 3HAYCHUSIMHU
3aBUCUMOM IIEpeMEHHOM.

4. Hunosauwu (innovation):

KoadduuueHT MHHOBALUIA B LEIOM MONOKHUTEIbHBIH,
HO CTQTUCTHYECKU HE3HAYUTENBHBIN B Pa3HBIX CTPaHaX.

5. HWnoctpannas codctBeHHOCTH (foreign dummy):

WHoctpanHas COOCTBEHHOCTh MOKa3bIBaeT
TIOJIOKUTENIPHYI0O W 3HAYUTENBHYIO CBSI3b C 3aBUCHMOIT
TIepeMEHHOH BO BCEX CTpaHax.

3.5 O6cysxIeHre OCHOBHBIX MOJIENCH U TEHICHIIUI

CekTOpHBIE  Pa3IUYUs: JKeHuHBI-TeHEpaTbHBIE
JHUPEKTOpa qaiie BCTPEYAIOTCS B oTpacisix,
ODHUCHTUPOBAHHBIX Ha OOCIY)KHBaHHE, KOTOpBIE, Kak
HpaBUIO, HMEIOT 0ojiee BBICOKOE IIPEICTABUTEIIBCTBO
JKCHIIMH-PAOOTHUKOB B IIEIOM. JTa MOJENb MOXET OBITh
CBs3aHA C OOIIECTBEHHBIMU OKHIAHUSIMH W XapaKTepoM
3THUX OTpacieH.

Pernonanenble TeHaeHunu: Y30ekuctaH u Kasaxcran
CTAHOBATCS JIMAEPaMH B Jej¢ ITOOLIPEHHS pPaCIIMpEHHS
IpaB U BO3MOXKHOCTEH JKCHIIMH Ha pabo4yeM MecTe, 4To
YaCTUYHO OOYCIIOBJICHO TOCYAApCTBEHHOW IIOMUTUKON H
KyJbTYPHBIMH H3MEHEHHSMH.

Ipensrcteust B oOpadaTeiBaroniell MPOMBIIIICHHOCTH:
Bo Bcex cTpanax oOpabatbiBarolias MPOMBIILICHHOCTh
OTCTaeT OT JPYTUX CEKTOPOB C TOYKH 3PEHHUS JIMICPCTBA
JKCHIIWH W TPEACTaBUTENbCTBA pabodell CHIBL, YTO
CBUJICTENILCTBYET O  COXPAHSIOIIMXCA  CTPYKTYPHBIX
Oapbepax.

OTH pe3yibTaThl MOAYEPKUBAIOT 3HAYMTEIBHOE, HO
HEPABHOMEPHOE BIMSHHE IKCHIIMH-PYKOBOJIHUTEICH Ha
Ppe3yJIbTaThl TPYJOBBIX OTHOIICHHIA, MPHYEM BaXKHYIO POJIb
UTPAIOT OTPACIIEBbIE U PETHOHAIbHbBIE KOHTEKCTHI.

Country | Variable | Coeffici [ Std. |t- p- [95%
ent Err |statis |val |Confide

or |tic ue |nce
Interval

Uzbekist [ fem_ceo 10.58 1.89 1561 |0.0 [[6.88,
an 14.29]

Uzbekist | firmage -0.23 0.08 (-0.3 (0.7 |[-0.13,

an 66 [0.17]
Uzbekist | Insales -1.55 0.51 (-3.01 (0.0 |[-2.56, -
an 03 |[0.54]

Uzbekist [ innovation |1.06 3.71 (029 (0.7 |[-6.23,
an 75 |8.35]

Uzbekist | foreign_du |11.18 5.14 (2.17 (0.0 |[1.08,
an mmy 3 21.28]

Tajikist | fem_ceo 8.12 2.0114.04 |0.0 |[4.16,
an 01 ([12.08]

Tajikist | firmage -0.18 0.09 |-0.2 ]0.8 |[-0.36,
an 36 [0.20]
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Tajikist | Insales -1.23 0.42|-2.93 |0.0 |[-2.07,-
an 04 (0.39]

Tajikist | innovation |1.45 298 (049 (06 |[-4.41,
an 23 [7.32]

Tajikist | foreign_du [9.98 4.87 [2.05 |0.0 |[0.26,
an mmy 41 |19.71]

Kyrgyz |fem_ceo 12.36 1721719 (0.0 |[8.99,
Republi 15.73]
©

Kyrgyz | firmage -0.27 0.11|-0.34 |0.7 |[-0.48,

Republi 35 |0.16]

©

Kyrgyz | Insales -1.78 0.63 [-2.83 (0.0 |[-3.03,-
Republi 05 [0.53]

€

Kyrgyz |innovation |2.02 325(0.62 (05 |[-4.38,
Republi 32 [8.42]
©

Kyrgyz |foreign_du |13.54 6.15 [ 2.2 0.0 |[1.44,
Republi [ mmy 28 |25.64]

c

Kazakhs | fem_ceo 11.47 1.63|7.03 |0.0 [[8.27,
tan 14.67]

Kazakhs | firmage -0.21 0.07 [-0.3 (0.7 |[-0.35,

tan 63 [0.17]
Kazakhs | Insales -1.35 0.49 (-2.76 (0.0 |[-2.31,-
tan 06 |0.39]

Kazakhs | innovation |[1.84 356 [0.52 (0.6 |[-5.15,
tan 04 |8.83]

Kazakhs | foreign_du | 10.92 4891223 |0.0 |[1.34,
tan mmy 26 |20.50]

4. 3aki04eHne U MpeasioKeHust

B manHOM HCClle[OBaHNH H3Y4aJIOCh BIMSTHUE JKSHIITH-
PYKOBOJUTENEH, XapaKTepUCTHK (UPM, HHHOBAIMH U
WHOCTPAaHHOH COOCTBEHHOCTH Ha pe3yNbTaThl OM3HEca B
V36ekucrane, Tamkukucrane, Keipreickoit Pecrybmmke n
Kazaxctane. Pe3yibTaTbl IOKa3bIBalOT, YTO IKEHCKOE
JIHUIEPCTBO TOCNENOBATENbHO BHOCHT TOJOXKUTENBHBIN
BKJIaJ B pe3yjbTaThl OM3HECa BO BCEX UYETHIPEX CTpaHax,
HOAYEpKUBasl BAXHOCTh TIEHAEPHOro pa3HooOpa3us B
BBICIIEM pyKoBoacTBe. OmHaKo BO3pacT (UPMBI HE
OKa3bIBAJI CYNIECTBEHHOTO BIIMSHUS Ha PE3yNbTaThl, YTO
MO3BOJISIET TIPEAIIONOXKHUTh, UTO Takue (AaKTOPHL, Kak
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WHHOBALIUY U aJallTHBHOCTh, MOTYT OBITH 00Jiee BaXKHBIMH,
geM Bo3pacT (GupMbl. XOTS WHHOBAIlMH CaMU IO cebe He
OKa3bIBaJIM TIPSIMOTO BO3JEHCTBHS, ITO MOXKET OTpakaTh
Oapbephl, TakHe Kak OTpPaHHYCHHBIC PECYpChl  HUTH
HEI0OCTATOYHAS MHTETPAIsi HHHOBAIIMOHHBIX cTpaTeruid. C
JIPYyTOl CTOPOHBI, MHOCTpaHHAs COOCTBEHHOCTh OKa3aja
3HAUMTENbHOE MOJOXKUTENBHOE BIHSIHUE, MOIYEPKHYB
3HAUYCHHE HWHOCTPAHHBIX WHBECTHULIMH B CTHUMYJHUPOBAHUH
ycrnexa GUpPMbL. JTH pe3yNIbTaThl IPEINOIaraloT HECKOIbKO
MOJIUTUYECKUX  MOCIEACTBUI:  IMOOUIpEHHE  HKEHCKOTO
JUIepCTBa TOCPEICTBOM TeH/IePHBIX KBOT i
HacTaBHMYecTBa, mnoxgepxkka MCII ¢ nmocrymom Kk
(DMHAHCHPOBAaHWIO W HWHHOBAIIMOHHOW WH(PACTPYKTYypE,
yIIydlleHHe UHBECTHLMOHHOTO KJIMMAaTta AJs MPUBJICUCHUS
OpSAMBIX ~ MHOCTPAHHBIX  HMHBeCTHIMH. HeoOxomumbl
JanbHEUIINEe HCCIEAOBAHUS ISl M3YUeHHS KOHKPETHBIX
MEXaHU3MOB, C  [OMOLIbI0  KOTOPBIX  IKCHIIMHBI-
reHepalbHble  JUPEKTOpa  BIMSAIOT HA  pe3yJIbTaThl
JIeSITENIbHOCTH, U JIJIsl U3yUEHUs TOr0, Kak KOMIIAHUH MOTYT
JIy4llle MHTETPUPOBaTh WHHOBALIMM B CBOMU cTpaTreruu. B
IEJIOM, HCCIICIOBAHUE TOMYCPKUBACT HEOOXOJAUMOCTH
KOMILIEKCHOTO moaxoa, KOTOPBIH  CIOCOOCTBYET
TEHICPHOMY pPAaBEHCTBY, WHHOBAIMAM W HWHOCTPAHHBIM
WHBECTUIIMSAM U1 CTUMYJHMPOBAaHHSA pOCTa OH3HEca H
KOHKYpeHTOCcnocoOHOCTH B LleHTpansHOl A3HH.
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Impact of train schedule implementation on organization of wagon flows

Abstract:
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The main objective of the work is to identify and systematize the causes of train delays in the train
schedule during the organization of wagon flows. The causes of train delays were identified at the level
of railway departments and systematized according to 4 criteria (type of cause of loss, object of impact,
method of impact of loss, source of loss). By systematizing the causes of train delays, it was possible to
systematically analyze the entire cycle of wagon flows and reasonably evaluate their results.

wagon flows, train schedules, delays, loss causes, systematization

Annotatsiya:

Kalit so‘zlar:

Vagon ogimlarini tashkil etishga poyezdlar harakati grafigi

bajarilishining ta’siri

Butunov D.B.1®2, Abdugodirov S.A.2@b Axmedov Z.S.20¢

ITgshkent davlat transport universiteti, Toshkent, O‘zbekiston
2Jizzax politexnika instituti, Jizzax, O‘zbekiston

Ishdan asosiy magsad vagon ogimlarini tashkil etish jarayonida poyezdlar harakati grafigida
poyezdlarning kechikishlarini keltirib chigaruvchi sabablarni aniglash va ularni tizimlashtirishdan iborat.
Poyezdlar kechikishlari sabablari temir yo‘l boshqarmalari kesimida aniglandi va ular 4 ta mezon
(yo‘qotish sababi turi, ta’sir obyekti, yo‘qotishning ta’sir qilish usuli, yo‘qotish manbasi) bo‘yicha
tizimlashtirildi. Poyezdlar kechikishlari sabablarini tizimlashtirish orgali vagon ogimlarining butun bir
siklini tizimli tahlil gilish va natijalarini asosli baholash imkoniyati yaratildi.

vagon oqimlari, poyezdlar harakati grafigi, kechikish, yo‘qotish sababi, tizimlashtirish

1. Kirish

Vagon (yuk) ogimlarini samarali tashkil etishning
asosini quyidagi me’yoriy hujjatlar tashkil etadi [1-7]:

1. Yuk poyezdlarini tuzish rejasi (poyezdlarni tuzishda
vagon oqimlarini ushbu me’yoriy hujjat shartlariga gatiy
amal gilgan holda poyezdga biriktirish);

2. Poyezdlar harakati grafigi (jadvalda belgilangan
vaqtda jo‘natilgan poyezdlar ulushi, jadval bo‘yicha
peregonlarda  harakatlanayotgan  poyezdlar  ulushi,
gisqartirilgan kechikishlar bilan harakatlangan poyezdlar
ulushi, manzil (aylanish) stansiyasiga jadval bo‘yicha yetib
kelgan yo‘lovchi poyezdlarining ulushi);

3. Stansiya me’yoriy hujjatlari (“Stansiya texnologik
ish jarayoni” “Stansiyaning sutkalik ish-reja grafigi” va
boshga vagon ogimlarini gayta ishlash bo‘yicha hujjatlar)
(vagon ogimlariga ishlov berish va ularni gayta ishlash
jarayonlarida  texnologik  ketma-ketlikga va vaqt
me’yorlariga amal qilish).

Vagon ogimlarini vagonning butun bir sikli (yuk ortish-
tushirish amallari, stansiya yo‘llarida turishi, qayta ishlash
va ishlov berish, peregondagi harakatlari va boshgalar)da
davomida samarali tashkil etish ko‘plab omillarga bog‘liq.
Jumladan, me’yoriy hujjatlarning to‘g‘ri tuzilganligi va
ishlab chigilgani hamda tashish jarayonidagi boshga omil
(tashkiliy, texnik, tabiiy, texnologik)lar.

https://orcid.org/0009-0009-4165-0257
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Temir yo‘l stansiyalarida poyezdlar yuk poyezdlarini
tuzish rejasi shartlariga muvofiq tuzilganidan so‘ng, uning
keyingi holatining ijobiy ekanligini “Poyezdlar harakat
grafigi” (bundan buyon matnda PHG deb yuritiladi)
me’yoriy hujjatining yuritilishi belgilab beradi. Shu
munosabat bilan vagon oqimlarini tashkil etish jarayoniga
ushbu me’yoriy hujjatning yuritilishi ta’siri o‘rganildi.

PHG (yuk, yo‘lovchi va shahar atrofi) — bu temir yo‘l
transportining barcha bo‘linmalarining poyezdlar harakati
ritmi va xavfsizligini tashkil etish bo‘yicha ishlarini tartibga
soluvchi hamda temir yo‘llarning barcha uchastkalari va
yo‘nalishlari ishini birlashtiruvchi asosiy —me’yoriy-
texnologik hujjatdir [1-10].

2. Adabiyotlar tahlili va
metodologiyasi

PHGning bajarilish darajasi vagon ogimlarini tashkil
etish jarayoni texnologiyasini amalga oshirish darajasini va
ekspluatatsiya ishlarining sifatini, harakatlanuvchi tarkibdan
foydalanish samaradorligini, temir yo‘llarning tashish va
o‘tkazuvchanlik qobiliyatini aks ettiradi.

PHGni tizimli tahlil gilish vagon ogimlarini tashkil etish
jarayoni texnologiyasining bajarilmaganlik sabablarini
(tashkiliy, texnologik jarayon me’yorlaridan chetga chiqish,
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texnik jihozlarning nosozliklari, tijoriy nugsonlar va
boshqalar) o‘z vaqtida aniqlash va ularni kelgusida bartaraf
etish bo‘yicha kompleks tezkor chor-tadbirlar ishlab chigish
imkonini beradi. Bunda dastlab PHG bajarilishini hisobga
olish (1- va 2-rasmlar) muhim ahamiyat kasb etadi.

Bu yerda (1-rasm*) poyezdlarning kechikishini
kamaytirish me’yorlari to‘g‘isidagi PHGga ilova ularning
kechikishini maksimal darajada kamaytirishni nazarda
tutishi kerak. Poyezdning kechikishini kamaytirishning

minimal me’yori poyezdning PHGda nazarda tutilgan
dispetcherlik uchastkasida bo‘lgan umumiy vaqtining 5%i,
yuk va yo‘lovchi poyezdlarining parallel harakat grafigi
bo'lgan uchastkalarda esa kamida 10%i hisoblanadi [7, 8, 10-
14]. Ushbu ilova (1-rasm*) yangi PHGni amalga joriy
etishdan oldin ishlab chiqiladi va “Tashishlarni tashkil etish”
boshgarmasi (MTUda MTUning tashish bo‘limi) boshligi
tomonidan tasdiglanadi.

Manbalar

Stansiya Mintagaviy temir
yo‘l uzeli (MTU)
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Yo‘lovchi tashish bo‘yicha
temir yo‘l boshqarmasi

F
F

MTUning ijro etiluvchi PHGlari ma’lumotlari
go‘shni temir yo‘lga jonatilgan vagtlari (chegara
stansiyalarining DU-2 (3) jurnali ma’lumoti bo‘yicha))
yurishni tugatadigan poyezdlar (qo‘shni temir
yo‘llardan kelgan va muayyan temir yo‘Ining oxirgi
stantsiyasiga kelgan vagtlari (DU-2 (3) jurnali
ma’lumoti bo‘yicha)
yoki uning manzil stansiyasiga kelgan vaqtlari)
Dispetcherlik jadvali bo‘yicha (yo‘lovchi poyezdlari
va poyezdlarning harakatlanish shartlarini tayinlash —|
yoki o‘zgartirish to‘g‘risidagi korsatmalar)
Poyezdlarning kechikishini kamaytirish me’yorlari
to‘g‘isidagi PHGga ilova*

Tranzit poyezdlar (muayyan temir yo‘lga kelgan va
(go‘shni temir yo‘lga jonatilgan va yetkazib berilgan —

Muayyan temir yo‘lda harakatini boshlagan poyezdlar

Qo“shni temir yo‘llardan kelgan va ushbu temir yo‘lda

1-rasm. PHG bajarilishini hisobga olishning asosiy manbalari

manbalar

Poyezdlar toifasi bo‘yicha

Tuzish (yoki aylanish)

stansiyalaridan jo‘natish
bo‘yicha

Tuzish (yoki aylanish)
stansiyalaridan jo‘natish
bo‘yicha

Tuzish stansiyalaridan
jo‘natish bo‘yicha

Dispetcherlik uchastkalari
chegaralarida harakatlanishi
bo‘yicha (MTU yoki temir

Shahar atrofi

Yuk

yo‘l)

Dispetcherlik uchastkalari
| chegaralarida harakatlanishi
bo‘yicha

Dispetcherlik uchastkalari
| chegaralarida harakatlanishi
bo‘yicha

Oxirgi manzil (yoki aylanish)
stansiyasiga gabul gilish
bo‘yicha

Yo ‘lovchi (shahar atrofidan tashqari)

2-rasm. PHG bajarilishini poyezdlar toifasi bo‘yicha hisobga olish

3. Natija va muhokama

Poyezdlarning har bir kechikishi vagon ogimlarini
samarali tashkil etish uchun ushbu kechikishga sabab
bo‘lgan boshqarmalar nomlarini aniq ko‘rsatgan holda ijro
etiluvchi PHGga aks etishi shart.

Shu munosabat bilan PHG bajarilishi bo‘yicha ijro
etiluvchi PHGni tahlil qilish kitoblari (DU-26 (yuk

December, 2024
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poyezdlar uchun), DU-27 (yo‘lovchi poyezdlari uchun))da
keltirilgan ma’lumotlar asosida vagon oqimlarini samarali
tashkil etishda PHGda poyezdlarning samarasiz vaqt
yo‘qotishlarini keltirib chiqaruvchi sabablar temir yo‘l
boshqarmalari kesimida aniglandi. Bunda yo‘qotishlar
sabablari 4 ta mezon (yo‘qotish sababi turi, ta’sir obyekti,
yo‘qotishning ta’sir qilish usuli, yo‘qotish manbasi)
bo‘yicha tizimlashtirildi (1-jadval).
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Agar, poyezd dispetcheri poyezdlarning kechikish
sabablarini ijro etiluvchi PHGda aks ettirmasa (1-jadvalda
keltirilgan  sabablardan tashgari), u holda bunday
kechikishlar  sabablari  “Tashishlarni  tashkil etish”
boshgarmasiga tegishli deb hisoblanadi.

Vagon ogimlarini tashkil etishda sezilarli darajada ta’sir
ko‘rsatuvchi “Tashishlarni tashkil etish”, “Lokomotivlardan
foydalanish”, “Vagon xo‘jaligi”, “Aloga va signalizasiya”
va “Yo‘l xo‘jaligi” kabi temir yo‘l boshqarmalari kesimida
aniqlangan vaqt yo‘qotishlariga olib keluvchi 34 ta sabab
(omil)larni tahlil qilish natijasida
(1-jadval) quyidagi xulosalar olindi:

»y

17%
. 17%

17%

[

37%
7%

1) Yo‘qotish sababi turi (1-jadval, 2- va 3-ustunlar)
bo‘yicha 34 ta sababdan 19 tasi anig, 15 tasi esa yashirin
(ishlab chigarish jarayonida sezilarli darajada namoyon
bo‘lmaydigan) vaqt yo‘qotishlariga mansubligi aniglandji;

2) Ta’sir obyekti (vaqt yo‘qotishlarini keltirib
chigaruvchi) bo‘yicha yo‘qotishlar sabablari quyidagicha
tasniflandi: 9 ta — stansiyalarda; 11 ta — peregonlarda; 4 ta —
boshga obyekt (depolar, boshqa xo‘jaliklar
obyektlarida)larda; 5 ta — stansiyalar, peregonlar va boshga
byektlarda; 4 ta — stansiyalar va peregonlarda; 2 ta —
peregonlar va boshga byektlarda;

3) Yo‘qotishning ta’sir qilish usullari (1-jadval, 7+12-
ustunlar) bo‘yicha tahlil natijalari 3-rasmda keltirildi.

= Texnologik amallarni buzish

Infratuzilma obyektlarining
nosozligi

Harakatlanuvchi tarkib
nosozligi

Tashgqi ta’sirlar

= Lavozim majburiyatlarini
bajarmaslik
= Ishchi hodimlar xatolari

3-rasm. Vagon oqimlarini tashkil etish jarayoniga vaqt yo‘qotishlari sabablarining ta’sir qilish usullari ulushi

2-rasmdan ko‘rish mumkinki, tashish jarayoniga inson
omili (“Lavozim majburiyatlarini bajarmaslik” (37%),
“Ishchi hodimlar xatolari” (17%)) sezilarli darajada salbiy
ta’sir ko‘rsatmoqda.

Bundan tashqari “Logistika, yuk tijorat ishlari” va
“Yo‘lovchi tashish” boshqarmalari bo‘yicha ham vaqt
yo‘qotishlarini keltirib chigaruvchi sabablar aniglandi.

“Logistika, yuk tijorat ishlari” boshqarmasi bo ‘yicha:

1) Poyezddagi tijorat nosozliklarini bartaraf etish yoki
yuklarni yuklash va mahkamlashning texnik shartlarini
buzganlik uchun vagonlarni poyezddan uzish uchun
poyezdlarning kechikishi;

2) Tashish hujjatlari noto‘g‘ri rasmiylashtirilganligi
yoki chegara va bojxona nazorati amallarini o‘tkazish uchun
zarur bo‘lgan qo‘shimcha hujjatlar taqdim etilmaganligi
holatlarida chegara stansiyalarida poyezdlarning kechikishi;

3) Poyezdning tijoriy tekshiruv uchun stansiyaning
texnologik jarayonida nazarda tutilgan vaqtdan ortigq
kechikishi.

“Yo ‘lovchi tashish” boshqarmasi bo ‘yicha:

1) Yo‘lovchi vagonlarini tarkibdan nosozliklari sababli
uzish ajratish;

2) Yo‘lovchi poyezdlarida to‘xtash kranining buzilishi;

3) Yo‘lovchi poyezdlarining kechikishi (yo‘lovchilarni
rejadan tashqari tushirish (chigarish) tufayli);

4) Yo‘lovchi poyezdlarining kechikishi (belgilangan
vaqgtdan ortiq ekipirovka ishlari va vagonlarni tarkibdan
uzmasdan ta’mirlashda);

5) Yo‘lovchi poyezdlarining peregonda yurish vaqgtiga
amal gilmasligi;

6) Lokomotiv brigadalarining oz vaqtida kelmasligi;

7) Depodan poyezdlar to‘liq bo‘lmagan tarkib bilan
yetkazib berilganligi va shahar atrofi poyezdlari rejadan
tashqari bekor gilinganligi sababli poyezdlar ko‘pligi sababli
yo‘lovchilar tushishi va chiqishi paytida shahar atrofi
poyezdlari jadvalining buzilishi.

1-jadval

Vagon oqimlarini tashkil etishda samarasiz vaqt yo‘qotishlarini keltirib chigaruvchi sabablarni tizimlashtirish

https://t.me/tdtuilmiynashrlar
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Poyezdlar tarkibini o‘z vagqtida
tuzmaslik

Stansiya  xodimlari  tomonidan
poyezd hujjatlarini o‘z vagtida
tayyorlamaslik

Poyezdlarning avtotransport
vositalari, chorva mollari, temir
yo‘lning xo‘jalik faoliyati bilan
bog‘liq bo‘lmagan begona
predmetlar va materiallar bilan
stansiyalar chegarasida to‘qnashuvi

Poyezdlarning stansiyalar
tomonidan gabul gilinmaganligi
sababli kechikishi (stansiya
xodimlarining aybi bilan)

Dispetcher tomonidan poyezdlar
harakatini noto‘g‘ri tartibga solish

Lokomotivlar va  brigadalarni
smenali ish rejasiga muvofiq ular
mavjud bo‘lgan holda tuzilgan
poyezdlar  tarkibiga  qo‘yishni
ta’minlamaslik

Tashishni  boshqarishning texnik
vositalaridan noto‘g‘ri foydalanish

Birlashtirilgan poyezdlarni quvib
o‘tishda ustunlikka ega bo‘lgan
kechiktirilgan poyezdlarni o‘tkazib
yuborish

Kechikishni  kamaytirish  uchun
vaqt zaxirasisiz PHGda o‘rnatilgan
“grafik vaqt”lari orqali
kechiktirilgan poyezdlarni o‘tkazib
yuborish

10

Shahar atrofidagi intensiv
harakatlanish zonasida
poyezdlarning kechikishi
(kechikish  vaqtini  qgisqartirish
imkoniyatini istisno gilganda)

11

Stantsiyalarda va yo‘l davomida
lokomotivlarning buzilishi

12

Yo‘lovchi va yuk poyezdlarining
harakatlanish vagtini
ta‘minlamaslik

13

Yo‘lovchi va yuk poyezdlarida
lokomotiv brigadasining aybi bilan
tormoz magistralidagi bosimning
pasayishi

14

“Okno™ni ta’minlash uchun
lokomotivlarni 0z vagtida
bermaslik

15

Lokomotiv brigadalarining smena
rejasida belgilangan poyezdlarni
jo‘natish vaqgtiga kelmasligi

16

Lokomotivlar nosozligi sababli
nazorat uskunasining
ko‘rsatkichlari bo‘yicha poyezdlar
to‘xtashi

17

Lokomotivning nosozligi sababli
lokomotiv va vagon o‘rtasida
avtotirkama markazlari  to‘g‘ri
kelmasligi

18

PHG yoki stansiya texnologik ish
jarayonida nazarda tutilgan vagtdan
ko‘proq vaqt davomida poyezdlar
tarkibini gayta ishlash

19

Nosozlik tufayli yuk vagonlarini
poyezd tarkibidan uzish

20

Nosozlik tufayli tormoz
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magistralidagi bosimning pasayishi

21

Vagonning  nosozligi  sababli
lokomotiv va vagon o‘rtasida
avtotirkama markazlari  to‘g‘ri
kelmasligi

22

Yuk vagonlari nosozligi sababli
nazorat vositalari ko‘rsatkichlari
bo‘yicha yuk poyezdlarining
to‘xtatilishi

23

SMB qurilmalarining
shikastlanishi, noto‘g‘ri ishlashi,
ta’mirlanishi

24

Yangi kiritilgan ~ avtomatika
moslamalarini  almashtirish ~ va
SMB qurilmalarini bir joydan
ikkinchi joyga o‘tkazish

25

Avtomatik va yarim avtomatik
blokirovka elektr ta’minoti
manbalari zaxirasi mavjud
bo‘lganda SMB qurilmalarining
normal ishlashini buzish

26

Signal va aloga  masofasi
xodimlarining aybi bilan
stantsiyadagi temir yo‘l elektr
zanjirlarining normal ishlashini
buzish

27

Signalning noto“g‘ri ishlashi tufayli
go‘riglanmaydigan  pereezdlarida
avtotransport vositalariga
poyezdlarning to‘gnashuvi

28

Belgilangan aloga nosozligi sababli
poyezdlar harakatini 0‘z vagtida
ochishning iloji yo‘qligi

29

PHGda nazarda tutilmagan tezlikni
cheklash to‘g‘risidagi
ogohlantirishlar tufayli poyezdlar
harakatlanish vaqti o‘zgarishi

30

Yolni ta’mirlash uchun
“okno”larning haddan tashqari
ko‘pligi hamda “okno”lar tagdim
etilishi sababli variantli PHGda
nazarda tutilgan yo‘lovchi
poyezdlarining barcha
kechikishlari

31

PHGda nazarda tutilmagan
peregonda ta‘mirlash ishlari joyida
poyezdlar gatnovining kechikishi

32

Yo‘llar va strelkalarni
ifloslanishdan, gordan va toshgin
oqibatlarini bartaraf etishdan o‘z
vagtida tozalamaslik

33

Pereezdlar va yo‘l uchastkalarini
to‘sib qo‘yish

34

Peregonlar va stansiyalarda temir
yo‘l zanjirlarining ishlashi yo‘l
xo‘jaligi xodimlarining aybi bilan
buzilishi

I1zoh: SMB - signalizatsiya, markazlashtirish va blokirovka.

4. Xulosa

Xulosa o‘rnida shuni ta’kidlash mumkinki, vagon
ogimlarini tashkil etish jarayonining samarali yoki samarasiz
tashkil etilganligini aniglashda PHG bajarilishini hisobga
olish va unga ta’sir ko‘rsatuvchi, ya'ni vaqt yo‘qotishlarini

tizimli tahlil qilish tashish jarayonida quyidagi kabi
imkoniyatlarni yaratadi:

- vaqt yo‘qotishlarini keltirib chiqargan sabablarning
obyekti, manbasi, ta’sir ko‘rsatish usuli va yo‘qotish turini
tezkorlik bilan aniglash;

- temir yo‘l ekspluatatsiya ish ko‘rsatkichlari (tezliklar,
vagonlar turish vaqti, vagon aylanmasi, yuklarni yetkazib

keltirib chigaruvchi sabablarni o°z vaqtida aniglash va ularni

https://t.me/tdtuilmiynashrlar
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berish muddati va h.k.)ning aynan gaysi boshgarma aybi
tufayli bajarilmaganligini aniglash;

- har bir kechikish bo‘yicha boshqarmalar kesimida
tezkor garorlar gabul gilish;

- tizimli takrorlanuvchi yo‘qotishlar sabablarini bartaraf
etish bo‘yicha chora-tadbirlar ishlab chiqish va boshqalar.

Umuman olganda vagon ogimlarining butun bir siklini
tizimli tahlil gilish va natijalarini asosli baholash imkoniyati
yaratiladi.
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Using satellite data to monitor tropospheric gases

U.A. Shermukhamedov?!®?2
!Scientific Research Institute of Hydrometeorology, Tashkent, Uzbekistan

Abstract:

It is known that harmful gases from transport react quickly in the air and form secondary substances.

Among such substances, ozone gas stands out in terms of stability and toxicity. The article analyzes the
level of ozone concentration near the ground for the city of Tashkent by comparing satellite data and

Uzgidromet data.
Keywords:

ozone concentration, aura, OMI, NASA, dobson

Troposfera gazlarini monitoring qilish uchun sun'iy yo'ldosh
ma'lumotlaridan foydalanish
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Annotatsiya:

Ma’lumki transportdan chiquvchi zararli gazlar havoda tez reaksiyaga kirishadi va ikkilamchi

moddalarni hosil qgiladi. Ana shunday moddalar ichida turg’unligi va zaharliligi nuqtai nazaridan ozon
gazi alohida ajralib turadi. Maqolada Toshkent shahri uchun yer yaqinidagi ozon konsentratsiyasi darajasi
sun’iy yo‘ldosh ma’lumotlari, hamda O°zgidromet ma’lumotlarini 0’zaro giyoslash orqali tahlil gilingan.

Kalit so‘zlar:

1. Kirish

Zamonaviy amaliyotda sun'iy yo'ldosh  o'lchov
ma'lumotlari asosida atmosferaning quyidagi xususiyatlarni
o’rganish mumkin: meteorologik parametrlarning vertikal
profillari, atmosferaning yuqori gatlamlaridagi ko'plab
gazlarning giymatlari, ifloslantiruvchi moddalarning global
targalishi, tuproq sharoiti, relef va boshqalar.

Yugoridagilarni hisobga olgan holda, sun'iy yo'ldosh
ma'lumotlarini gayta ishlash va turli migdorlarning
giymatlarini aniglash dolzarb vazifa hisoblanadi.

Bugungi kunda atmosfera gazlarining konsentratsiyasini
o’lchashda Aura sun’iy yo’ldoshi kung ishlatilmoqda. Aura
sun'ly yo'ldoshida ozon parametrlarini o'lchash uchun bir
nechta asboblar mavjud. Aura ashoblari atmosferadagi
kichik gazlarni o'Ichab, ularning noyob spektral belgilarini
aniglaydi  [1,2]. Masalan:  MLS ashobi  havo
molekulalarining mikroto'lginli  nurlanishlarini kuzatadi.
HIRDLS va TES ashoblari esa havo molekulalarining
infraqgizil issiglik emissiyasini ham kuzatadi. OMI ashobi
yordamida yorug’lik va ultrabinafsha spektrida tarqaladigan
quyosh nurlarining molekulyar nurlanishi o'lchanadi [4,5,6].
Ushbu asboblash o’zaro kesishivchi diapazonda ishlab,
ma'lumotlar NASAning faol ma'lumotlarni  saglash
markazlariga yuboradi va u yerdan foydalanuvchilarga
uzatadi. Tadqiqotlarda aynan shu ma’lumotlar bazasidan
foydalanildi.

2. Tadqgigot metodologiyasi

Ma'lumotlarni yuklash va import gilish MATLAB
paketining qobig'ida amalga oshirildi. Olingan ma'lumotlar
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*mat formatida - MATLAB formatida saglanadi va uni
sayyoramizning bizni gizigtirgan hududlarida ozon tahlili
uchun ishlatishga imkon beradi. PanoplyJ kabi vositalardan
foydalanib, siz ozon tagsimoti xaritalarini yaratishingiz
mumkin.

£

J;J/

Dobson units

a) 241.0 291.0 341.0 391.0 441.0 491.0

Dobson units

b) 20 128 236 34.4 45.2 56:
1-rasm. Aura sun'iy yo'ldosh ma'lumotlariga ko'ra

stratosfera ozon ustuni (a) va troposfera ozon ustuni (b)

ning uzogq muddatli o'rtacha yillik giymatlarini

tagsimlanish xaritalari

la va 1b rasmda Aura sun'iy yo'ldosh ma'lumotlariga
ko'ra stratosfera va troposfera ozon ustunining uzoq
muddatli o'rtacha yillik giymatlarini tagsimlash xaritalarini
ko'rsatilgan. Troposfera ozon ustuni xaritalari 2005 vyil
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oktyabridan 2018 yil dekabrigacha bo'lgan 13 yillik ozon
o'lchovlarini  birlashtirish orgali olingan. OMI/MLS
troposfera ozon Kkonsentratsiyasi ma'lumotlari vaqt va
fazoviy o'zgarishlarni ko'rsatadi.

1-rasmda umumiy troposfera ozonining uzoq muddatli
o'rtacha yillik giymatlarining tagsimlanishi ko'rsatilgan.
Turli xil sun'iy yo'ldoshlar o'rtasidagi giyosiy tahlilimiz
shuni ko'rsatdiki, umumiy troposfera ozon ham mutlaq
qiymatda, ham yillik o'zgarishlarda farq giladi. Unga ko’ra
Aura sun'iy yo'ldoshida ozon konsentratsiyasi giymatlari
34,2 DU dan 56 DU gacha o’zgaradi. Solishtirish uchun
Nimbus sun'iy yo'ldosh ma'lumotlariga ko'ra giymatlar
O’zbekiston hududida 49,6 DU dan 50,6 DU gacha o'zgarsa,
NOAA sun'iy yo'ldoshiga ko'ra giymatlar 36,5 DU dan 38,5
DU gacha o'zgarib turadi. [1,3].

Sun'iy  yo'ldosh  ma'lumotlari  va  O'zgidromet
ma'lumotlarini  tagqoslab, biz Nimbus ma'lumotlari
O'zgidromet ma'lumotlariga nisbatan ko’p, NOAA
ma'lumotlari kam baholangan va Aura ma'lumotlari o'xshash
giymatlarga ega degan xulosaga kelishimiz mumkin [3].

Sun'iy yo'ldosh va yerga asoslangan o'lchov
ma'lumotlarini taqqoslash. O’zgidromet tomonidan yer
yaqinida ozon gazi faqat 7 oy davomida o’lchanadi. Keyingi
tadgiqotlarda sun'iy yo'ldosh ma'lumotlaridan foydalanib, 5
oy davomida yetishmayotgan ma'lumotlar  uchun
O'zgidrometning  yer  sathi  ozon  ma'lumotlarini
ekstrapolyatsiya usuli bilan Aura sun'iy yo'ldoshining
OMI/MLS ma'lumotlari asosida to’ldiriladi.

2 va 3-rasmlarda O'zgidromet tomonidan apreldan
oktyabrgacha (2-rasm) va qolgan besh  oyning
ekstrapolyatsiya gilingan giymatlarini hisobga olgan holda
O'zgidromet tomonidan troposfera ozonining sun'iy
yo'ldoshi o'Ichovlari va yer sathi ozon o'lchovlarining
o'rtacha kontsentratsiyasining yillik o'zgarishi ko'rsatilgan.
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2-rasm. Apreldan oktyabrgacha O'zgidromet
tomonidan troposfera ozonining sun'iy yo'ldoshi
o'lchovlari (OMI/MLS) va yer darajasidagi ozon
o'lchovlari konsentratsiyasining yillik o'zgarishi
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3-rasm. Amalga oshirilgan ekstrapolyatsiyani hisobga
olgan holda O¢zgidromet tomonidan troposfera
ozonining sun’iy yo‘ldoshi o‘lchovlari (OMI/MLS) va
yer sathi ozon o‘lchovlari konsentratsiyasining yillik
o‘zgarishi
Grafiklar ~ shuni  ko'rsatadiki, O'zgidromet va
OMI/MLSning yetti oylik va butun vyil davomidagi
ma'lumotlari troposfera ozonining o'rtacha kontsentratsiyasi
va yer sathidagi ozonning o'zgarishi bo'yicha yaxshi mos
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keladi. 2-rasmdagi grafiklar uchun giymatlarning o'rtacha
0g'ishi 8% va 3-rasmdagi grafiklar uchun 10%.

3. Xulosa

“Aura” sun’iy yo‘ldoshidan olingan OMI/MLS
ma’lumotlarini O°zgidromet ma’lumotlari bilan giyosiy
tahlil qilish shuni ko‘rsatdiki, O‘zgidrometdan olingan yer
sathi ozon konsentratsiyasi (etti oy davomida) va OMI
bo‘yicha  troposfera ustunidagi o‘rtacha  ozon
konsentratsiyasi hagidagi ma’lumotlar/ MLS ma'lumotlari
yaxshi mos keladi (o'rtacha og'ish 8%). OMI/MLS
ma’lumotlaridan foydalanib, O‘zgidrometdan yer sathi ozon
konsentratsiyasi bo‘yicha etishmayotgan ma’lumotlar
ekstrapolyatsiya tartibi asosida tiklandi. Shu bilan birga,
O‘zgidromet va OMI/MLS ma’lumotlarining yil
davomidagi o‘rtacha og‘ishi 10 foizni tashkil etdi. Bu
natijalar sun'ly yo'ldosh ma'lumotlaridan, aynigsa, Aura
sun'iy yo'ldoshidan troposfera ozonini monitoring gilish
imkonini beradi.

Ushbu olingan natijalar ozon konsentratsiyasini butun
yil davomida to’liqg monitoring qilish imkonini beradi. Ozon
gazining sanoat va transport faoliyati natijasida oshishini
hisobga olsak, ushbu usulning ko’p sohalar uchun (qurilish,
transport, ishlab chigarish, energetika) amaliy ahamiyatini
yanada oshiradi.
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Selection and justification of components from heterocomposite polymer
materials for working bodies of pneumatic transport fans
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Abstract: The study focuses on developing antifriction and wear-resistant heterocomposite polymer materials for
pneumatic transport fan components. The ED-20-based material composition was optimized using local
raw materials. Results demonstrate high efficiency and durability.

Keywords:

heterocomposite materials, epoxy resin, Angren kaolin, adhesion strength, tribotechnical efficiency

Pnevmotransport ventilyatorlari ishchi organlari uchun getrekompozit
polimer materiallarning komponentlarini tanlash va asoslash

To‘ychiyev X.T.1®2 Ziyamuhammedova U.A.2(°, Bakirov L.Y 30¢
! Andijon mashinasozlik instituti, Andijon O¢zbekiston
2Toshkent davlat transport universiteti, Toshkent, O¢zbekiston
3Andijon iqtisodiyot va qurilish instituti, O‘zbekiston

Annotatsiya:

Tadgigot pnevmotransport ventilyatorlari ishchi organlari uchun antifriksion va yeyilishbardosh

geterokompozit polimer materiallarni yaratishga qaratilgan. ED-20 asosidagi materiallar tarkibi
optimallashtirilib, mahalliy xom ashyolar qo‘llandi. Natijalar yuqori samaradorlik va uzoq muddatli

foydalanishni ta'minlaydi.
Kalit so‘zlar:
samaradorlik

1. Kirish

Bugungi kunda mashinasozlik sanoatini rivojlantirish
dolzarb muammolardan biri hisoblanadi. Zamonaviy
texnologik ehtiyojlar va jahon bozorida ragobatbardosh
mahsulotlar yaratish uchun turli sohalar uchun import
o‘rnini bosadigan innovatsion texnologiyalar, mashinalar va
mexanizmlarni ishlab chigish talab etiladi. Shu bilan birga,
paxtani gayta ishlovchi mashinalarning ekspluatatsion
ishonchliligini  oshirish  magsadida yuqori  samarali
kompozitsion polimer materiallardan foydalanish dolzarb
ilmiy-texnik masalalardan biri sifatida namoyon bo‘lmoqda.
Xususan, texnologik jihozlar ishchi sirtlarini obraziv
zarralarning zararli ta’siridan himoya qilish uchun yangi
materiallarni qo‘llash masalasi hal etilishni kutayotgan
muhim vazifalardan biridir.

Mashinasozlik sohasida turli ekspluatatsion sharoitlar
uchun polimer asosidagi kompozit materiallardan
foydalanish keng rivojlanmogda. Bunday materiallarni
ishlab chigarishda tarkibiy komponentlar, struktura va olish
texnologiyalariga bog‘liq ravishda materiallarning yangi
xo0ssa va xususiyatlari namoyon bo‘lishi ehtimolga ega.
Aynigsa, polimer materiallarni modifikatsiyalash orqali
ularning strukturasida fazalararo mustahkam bog‘lar hosil

https://orcid.org/0009-0000-1117-7862
b0 https://orcid.org/0000-0001-5005-0477
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geterokompozit materiallar, epoksid smola, Angren kaolini, adgezion mustahkamlik, tribotexnik

gilish, bu jarayonning ekspluatatsion xossalarga ta’sirini
aniglash va materiallarning ishonchliligini oshirish bugungi
kunda materialshunoslikning ustuvor yo‘nalishlaridan biri
hisoblanadi [1, 2, 3, 4, 5, 6, 7].

Tadgiqotning asosiy obyekti sifatida pnevmotransport
ventilyatori parraklari tanlab olindi. Kuzatishlar shuni
ko‘rsatdiki, ushbu ventilyatorlarning ishchi yuzalari namlik
va obraziv yeyilish ta’sirida tez yemirilib, ekspluatatsion
ishonchliligini yo‘qotadi. Bu muammo parrak yuzalarini
himoya qilish uchun yuqori mustahkamlikka, namga va
yeyilishbardoshlikka ega bo‘lgan polimer kompozit
materiallardan foydalanishni talab giladi.

Ushbu  tadgigotning  magsadi  pnevmotransport
ventilyatorlari ishchi organlari uchun geterogen kompozit
polimer materiallarning optimal komponentlarini tanlash,
ularning ekspluatatsion xossalarini o‘rganish va yangi
materiallarni yaratish texnologiyasini asoslashdan iboratdir.

Mazkur ish zamonaviy mashinasozlik sohasida yangi
texnologiyalarni tadbiq gilishda muhim ahamiyat kasb etadi
va texnologik jihozlarning ishlash muddatini sezilarli
darajada oshirishga xizmat qilishi kutilmoqda.

204
https://t. me/tdtuilmiynashrlar


https://orcid.org/0009-0000-1117-7862
https://orcid.org/0000-0001-5005-0477
https://orcid.org/0009-0007-8471-2089

Journal of Transport

ISSN: 2181-2438

Volume:1|lssue:4|2024

2. Tadqgigot metodikasi

Biz tadgiqot ishimizni amalga oshirishda Andijon
mashinasozlik institutida yaratilgan materialshunoslik
laboratoriyasida amalga oshirdik. Tadgiqot davomida,
olingan natijalarning polimer kompozit materialning
gattigligi, metallar, shisha materiallar, keramik materiallar,
minerallar va boshga materiallarning gattigligini aniglash
uchun mo‘ljallangan PMT-3 markali mikro qattiglikni
o‘lchash uskunasida aniglandi. Namunalarning mexanik
xususiyatlari ISO/MEK 17025:2005 Xalqaro va O’zDST
ISO/IEC 17025:2007 Respublika standartlari asosida
faoliyat olib borayotgan akkreditatsiyalangan sinov
laboratoriyasida quyidagi ko‘rsatkichlar olindi:

HB-mikroqattiglik ~ (tvyordomerlar =~ Ne3635  ser.
Ne3389/06);

o_ud — zarbiy mustahkamlik IMPAST TESTER J-020
Ne5512 ser. Nel10-951;

c_eg — egilishga mustahkamlik Bending Tester Ne5750
ser. Ne10-954 28.11.2018-28.11.2019;

adgezion mustahkamlik Ne315 ser 2236 adgeziomer
yordamida aniglandi.

Tadgiqotning magsad va vazifalaridan kelib chigib
pnevmotransport  ventilyatorlari ishchi organlari
konstuksiyasini optimallashtirish uchun bog‘lovchi sifatida
sovuq holatda gotuvchi ED-20 epoksid smolasi tanlandi.
Mashinasozlik materiallari  uchun ED-20 smoladan
bog‘lovchi sifatida foydalanishda quyidagi afzalliklarga
erishish mumkin:

-zichlikning yuqoriligi va detallarning g‘ovaklarsiz
bo‘lishi;

-qattiglikning yuqoriligi, mexanik ta’sirlar, agressiv
muhitlar va namlikka bardoshliligi;

-issigbardoshliligi;
-dielektriklik va
xususiyatlarining yuqoriligi;

-to‘ldiruvchilar bilan adgezion xossalarining yaxshiligi;

-detallar tayyorlashning osonligi;

-qisqarishning va solishtirma og‘irlikning kamligi.

ED-20 epoksid smolasining xossalari 1-jadvalda
keltirilgan [8].

korroziyaga bardoshlilik

1 - jadval
ED-20 epoksid smolasining fizik-mexanik xossalari
Ne Nomlanishi Miqdori
1 | Cho‘zilishga
mustahkamligi, MPa 40-30
2 | Egilishga mustahkamligi, 80-140
MPa
3 | Siqgilishga mustahkamligi, 100-200
MPa
4 ZIChl;k (20 °C haroratda), 116-1,25
kg/m
5 | Issigbardoshliligi, °C 55-170
6 | Qovushqoglik (20 °C
haroratda), mPa-s 4000

Geterakompozit materiallarda, tarkibida turli xil
oksidlarni saglovchi AKT-10 markali Angren kaolinini
to‘ldiruvchi sifatida qo‘shish , kompozit materialning
mexanik xossalarini yaxshilashga xizmat giladi.

Pnevmotransport  ventilyatorlari  ishchi  organlari
konstuksiyasini optimallashtirishda, Angren kaolinni (AKT-
10) oz ichiga olgan kompozit materialdan yopishtiruvchi
vosita sifatida amalga oshirish yopishqoglikka qarshi
qo‘shimcha  bo‘lib, ishlab chigarish jarayonlarini

https://t.me/tdtuilmiynashrlar

osonlashtiradi va materialning qolipga yopishib qolishiga
yo‘l qo‘ymaydi. «Angren-Kaoliny MChJ tomonidan ishlab
chigarilgan AKT-10 kaolinining tarkibi va xossalari 2 -
jadvalda keltirilgan.

Har qganday kompozit materiallarda armirlovchi
to‘ldiruvchilar bo‘lganligi kabi, vebtilyator parragini
optimallashtirishda foydalanilayotgan kompozit
materialimizda ~ ham  armirlovchi  sifatida  ipak
chigindisidanfoydalanildi. Armirlash kompozit
materiallarning  mexanik  mustahkamligini,  zarbiy
kuchlanishini, dinamik kuchlarga bardoshliligini va
issigbardoshliligini oshiradi.

2 - jadval
AKT-10 to‘ldiruvchining O’z Dst 1056: 2004 bo‘yicha
xossalari
Ne Ko‘rsatkichlar Migdori

1 Kimyoviy tarkibi bo‘yicha, %
a)  Alyuminiy  oksidining | 30,0-32,0

miqdori, % 0,5-0,8
b) Temir oksidining miqgdori, % 52,0-59,0
v) Kremniy ikki oksidining 0,5-0,6

miqdori, % qolgan
g) Titan oksidining migdori, % gismi
d) ishgoriy va ishgoriy yer metal
oksidlari, %
2 Dispersligi, mkm 2,5-4
3 Namlik migdori, % 6-8
4 Radionuklidlar faolligi (BK/kg), 740
5 pH ko‘rsatkichi 8,2-8,4
6 ISO 2470 bo‘yicha oqlik darajasi 77-78
(Ras7), %
7 Leman bo‘yicha qovushqoqligi, 12-14
Pas

Reaktoplast kompozit material tayyorlash uchun
tanlangan komponentlar 3 - jadvalda keltirilgan.

Neft chigindisini polifunksional deb belgilashimiz shu
bilan izohlanadiki, bunda uning tarkibiga kiruvchi uglerod
ham to‘ldiruvchi, ham quruq moylovchi vazifasini bajaradi,
uning yugori parafinli moy goldiglari ishgalanish zonalarida
harorat ko‘tarilganda suyuq moylovchi vazifasini,
tarkibidagi faol kimyoviy bog‘lar mexanik faollashtirish
jarayonida ikkilamchi Van-der Vaals va vodorod bog‘larini
hosil qilib, geterosistemadagi strukturaviy bog‘lanishlarni
yaxshilaydi.

3 - jadval
Reaktoplast kompozit material komponentlari
Ne Nomlanishi GOST va Vazifasi
B TSH
1 Epoksid smolasi GOST Termoreaktiv
(ED-20) 1058772 bog‘lovchi
Dibutilftalat GOST . .
2 (DBF) 8728-76 Plastiklovchi
Polietilenpoliam | TSH 6-02- . .
3| in(PEPA) 594 70 | Qotiruveh
0’z DSt 1 .
4 AKT-10 1056:2004 To‘ldiruvchi
S GOST o .
5 Ipak chigindisi 319132011 To‘ldiruvchi
L Polifunksional
6 | Neftchigindisi to‘ldiruvehi

Tadigot uchun yuqorida keltirilgan komponentlar tanlab
olindi.
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3. Tadgigot natijalari Neft 1 50 | 225 | 25 | 275 | 30
chigindisi
Tanlab olingan komponentlar asosida 5 xil namunlar Angren 20 25 30 40 50
tayyorlab olindi. Kaolini
Quyidagi 4- va 5- jadvallardan ko‘rinib turibdiki, taklif IQI_Ch_Ch" 1.0 15 20 25 30
etilayotgan ED-20 texnologik bog‘lovchisi asosidagi gindisi : : : : :
goplama uchun antifriksion va  yeyilishbardoshli 1 2 3 4 S
geterokompoziti va maxalliy xom ashyo bo‘lmish moddalar Mikromus-
kaolin, mustahkamlovchi IQICh chigindisi kam migdordagi tahkamlik 210 216 212 205 | 195
uvalanuvchi tuzilishga ega bo‘lgan elektr o‘tkazuvchi neft Nm, Mpa
chiqindisidan foydalanish, o‘z analoglaridan fizik-mexanik Adgezion
va tribotexnik xususiyatlari bilan ancha ustundir. mustah-
Yugqorida olingan natijalar taxlili asosida yangi GKPM kamlik 32,5 332 | 282 | 26,6 | 25,1
tarkiblari ishlab chiqildi (4-jadval). (Ha oTphIB)
4 - jadval Gad, Mpa
Yangi GKPM tarkiblar Zarbiy-
Qoplamalar . _ mustah- 22 252 | 281 | 31,1 | 32,2
uchun Tarkibiy massa gism kamlikoug,
kompozitlar O'tkazilgan tadgiqotlar asosida, antifriksion va
tarkibi va 1 2 3 4 5 yeyilishbardoshli geterokompozit materiallar tarkibida ED-
Xususiyati 20 bog'lovchisi, Angren kaolini, IQICh chigindisi, va boshga
1 2 3 4 5 6 go'shimchalar ishlatilgan.
Adgezion mustahkamlik: 1-namunadan 5-namunaga
ED-20 100 100 100 | 100 | 100 o'zgartirilgan tarkiblar bo'yicha o'zgarishlar kuzatildi. Eng
DBF 10 10 10 10 10 yuqori adgezion mustahkamlik 2-namunada qayd etildi
PEPA 10 10 10 10 10 (33,2 Mpa), keyinchalik pasayish tendensiyasi kuzatildi.
5 - jadval
Antifriksion-yeyilishbardosh epoksid goplamalarining yuza va tribotexnik xossalari
Ishgalan Tuzilish parametrlari: . .
maydigan Qoplama uchun kenglikps (Om), i Rz*(mkm o‘Ichamlarda) Triboparametrlar
i . 5
qu'amlzr?am“”a boshlang*ich parlatilgan Cr:f;‘i'l‘zgn F o /1n?2 S0 Inish
1-namuna 5,4-108/4,5 4,6:10%3,8 4,8-10%/7,2 0,22 16,5 0,41 2,58
2-namuna 8,6-10%/3,2 6,2:10%2,5 3,5:10%5,8 0,29 24,6 0,46 2,52
3-namuna 3,5-108/4,5 6,2:10%4,2 1,3-10%6,4 0,225 13,1 0,35 2,51
4-namuna 6,6:107/3,8 9,2:10%4,1 2,8-10%6,1 0,23 12,2 0,38 2,62
5-namuna 7,6-108/3,9 8,9-10%3,6 2,6:10%/5,2 0,235 111 0,40 2,68
*eslatma: energetik (ekspluatatsiya) omil ta’sir etgandafaktora rv=0,10 Mpa-m/s; ishlab chigish vaqtit=2 s.; prototipga
nishatando i Inisb

Mikromustahkamlik: Materiallarning
mikromustahkamligi 210 Mpa (1-namuna) dan 195 Mpa (5-
namuna) oralig'ida o'zgardi. Maksimal mikromustahkamlik
2-namunada 216 Mpa ga yetdi.

Zarbiy mustahkamlik: Namuna tarkibining o'zgarishi
zarbiy mustahkamlikning ortishiga olib keldi. 1-namunada
22 Mpa bo'lgan ko'rsatkich, 5-namunada 32,2 Mpa ga yetdi.

Tribotexnik xususiyatlarga ko'ra, 2-namuna eng
samarali ko'rsatkichlarni tagdim etdi, jumladan ishgalanish
koeffitsiyenti 0,29 va bosim ostidagi bargaror ishlash
imkoniyatlari bilan ajralib turdi.

4. Muhokama

Olingan natijalar shuni ko'rsatadiki, ED-20 asosidagi
antifriksion materiallar tarkibidagi komponentlarning
nisbati  gqoplamaning fizik-mexanik va tribotexnik
xususiyatlariga sezilarli ta'sir ko'rsatadi.

Adgezion mustahkamlik bo'yicha olingan yugori
ko'rsatkichlar materialning qatlamlararo  bog'lanishini
kuchaytiruvchi komponentlar mavjudligini tasdiglaydi. 2-
namuna  komponentlari ~ adgezion = mustahkamlikni
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optimallashtirish uchun eng mos nisbiy tarkibni namoyish
etdi.

Zarbiy mustahkamlikning o’sishi: IQICh chiqindisi va
Angren  kaolinining  yugori  miqdori  materialning
deformatsiya qobiliyatini oshirgan. Bu goplamaning
chidamliligini oshiradi.

Tribotexnik  samaradorlik:  2-namuna ishqgalanish
koeffitsiyenti va bosim ostidagi o’zini tutish parametrlari
bo’yicha optimal natijalarni ko’rsatdi. Bu yuqori darajadagi
antifriksion xususiyatlarini ta’minlaydi.

Ushbu tadqiqot natijalari shuni ko’rsatadiki, ED-20
asosidagi yangi goplamalar ishlab chigarishda foydalanilgan
mahalliy xom ashyolar yuqori samaradorlikka ega
materiallar ~ yaratishga imkon  beradi. Kelajakda
geterokompozit  tarkibni optimallashtirish orgali
materialning mexanik va ekspluatatsion xususiyatlarini
yanada yaxshilash mumkin.

5. Xulosa

Ushbu tadgigotda pnevmotransport ventilyatorlari ishchi
organlari  uchun antifriksion va yeyilishbardoshli
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geterokompozit polimer materiallarning tarkibiy gismlari
tanlanib, ularning xossalari tahlil gilindi. ED-20 epoksid
smolasi asosidagi materiallar tarkibi optimallashtirilib,
Angren kaolini, IQICh chigindisi va boshga komponentlar
qo‘llandi. Olingan natijalar yangi materiallarning yuqori
adgezion, mikromustahkamlik va tribotexnik
samaradorlikka ega ekanligini ko‘rsatdi. 2-namuna
komponentlari eng samarali natijalarni tagdim etdi. Ushbu
materiallar mahalliy xom ashyodan foydalanib, texnologik
jihozlarning ishlash muddatini uzaytirishga imkon beradi.
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Foreign experiences in organizing container trains and improving terminal
operations

Z.G. Adilova (Mukhamedova)!®a, N.B. Akhmatov'®P

ITashkent state transport university, Tashkent, Uzbekistan

Abstract: The main objective of the work is to identify and systematize foreign experiences in organizing container
trains and improving the operation of terminals in railway transport. This article analyzes the work of
foreign scientists in container transportation and, on this basis, identifies existing problems in the subject
under consideration. As a result of the analysis of international and domestic transportation, solutions to
problems in the field of container transportation are presented. The study covers issues such as transport
infrastructure limitations, safety, incompatibility of international standards, problems in management
systems, environmental impact, economic uncertainties, legislation and tariffs, container management
systems, and efficient use of resources. Appropriate solutions are proposed for each problem, which are
aimed at introducing modern technologies, optimizing management processes, increasing environmental
safety, harmonizing international standards, and improving customer service. These conclusions
determine the necessary measures to increase the efficiency of the container transportation system, reduce
environmental damage, and ensure economic stability.

container transportation, container train, terminal operation improvement, problems, solutions, foreign
experience, technological process

Keywords:

Konteyner poyezdlarini tashkil gilish va terminallar ishini takomillashtirish
bo‘yicha xorijiy tajribalar

Adilova (Muxamedova) Z.G.%>2, Axmatov N.B.}@P
Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ishdan asosiy magsad temir yo‘l transportida konteyner poyezdlarini tashkil qilish va terminallar ishini
takomillashtirish bo‘yicha xorijiy tajribalarni aniqlash va ularni tizimlashtirishdan iborat. Ushbu
magqolada konteyner tashishlarda xorijiy olimlar ishlari tahlili olib borildi hamda buning asosida
ko‘rilayotgan mavzudagi mavjud muammolar aniqlandi. Xalqaro va mahalliy tashishlar tahlillari
natijasida konteyner tashish sohasidagi muammolarning yechimlari keltirilgan. Tadgigotda transport
infratuzilmasining cheklovlari, xavfsizlik, xalqaro standartlarning uyg‘un emasligi, boshqaruv
tizimlaridagi muammolar, ekologik ta’sir, iqtisodiy noaniqliklar, qonunchilik va tariflar, konteynerlarni
boshgarish tizimlari va resurslardan samarali foydalanish kabi masalalar yoritilgan. Har bir muammo
uchun mos yechimlar taklif etilgan bo‘lib, ular zamonaviy texnologiyalarni joriy etish, boshqaruv
jarayonlarini optimallashtirish, ekologik xavfsizlikni oshirish, xalgaro standartlarni harmonizatsiya gilish
va mijozlarga xizmat ko‘rsatishni yaxshilashga yo‘naltirilgan. Ushbu xulosalar konteyner tashish
tizimining samaradorligini oshirish, atrof-muhitga zararni kamaytirish va igtisodiy bargarorlikni
ta'minlash uchun zarur choralarni belgilaydi.

konteyner tashishlar, konteyner poyezd, terminal ishini takomillashtirish, muammolar, yechimlar, xorijiy
tajriba, texnologik jarayon

Kalit so‘zlar:

1. Kirish

Transport tizimlari orgali mahsulotlarni yetkazib
berishda zamonaviy texnologiya yutuglaridan foydalanish
tez orada o‘zining iqtisodiy samaradorligini ko‘rsatishi
jahon tajribasida o‘zining isbotini topdi. Mamlakatimiz
hududida konteyner, konteyner, yechib olinadigan kuzovlar
kabi intermodal tashish turlari ichidan fagat konteyner
tashish tizimidan samarali foydalanilmogda. Mamlakat
igtisodiyotining rivojlanishida mahsulot va xizmatlarning

al¥ https://orcid.org/0000-0002-1825-2447
b hitps://orcid.org/0009-0004-8987-961X
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jahon bozoriga tezlik bilan qulay usullar yordamida kirib
borishi muhim ahamiyat kasb etadi. Rivojlangan
mamlakatlarda transport sohasida kundan-kunga yangi
texnologiyalar joriy etilmogda va amaliyotda ushbu
texnologiyalar qo‘llanilmoqda. Mamlakatimizda transport
sohasining, xususan, temir yo‘l transportining rivojlanishi
iqtisodiy ko‘rsatkichlarni yanada yaxshilash imkoniyatini
yaratadi. Jahon bozoriga mahsulot va yuklarning tez,
ishonchli tarzda Kkirishi orqali igtisodiyotning sezilarli
darajada  o‘sishiga hamda  davlatlararo  transport
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aloqalarining yanada mustahkamlanishiga erishiladi. Buning
uchun texnika va texnologiya yutuqlarini qo‘llagan holda
mahalliy hamda xalgaro tashishlarda zamonaviy tashish
tizimlaridan foydalanish lozim. Jahon tajribasida yaxshi
ko‘rsatkichlarni ko‘rsatayotgan va keng imkoniyatlarga ega
bo‘lgan zamonaviy texnologiyalardan biri konteyner tashish
tizimi hisoblanadi.

Dunyo bo‘ylab yuklarni qayta ortishlarsiz “eshikdan
eshikkacha” yetkazib berish usullari orasida eng keng
targalgani konteyner tashishlar hisoblanadi. Ushbu tashish
usuli yuklarni saglash va tashish jarayonlarida bosgichma-
bosgich rivojlanib  bordi  va  hozirgi kunda
konteynerlashtirish nafagat mamlakat, balki butun jahonda
tashishlarni tashkil etishda texnik taraqqiyotning eng ilg‘or
ko‘rinishlaridan sanaladi. Konteyner tashishda qadoglash,
markalash, qayta ortish, mahkamlash, ombor ishlari,
igtisodiy sarf-xarajatlar kabi transport ishlari va ekologik
jihatdan samarali intermodal turi ekanligi xalgaro tashish
tajribasidan o‘z isbotini topgan.

Konteyner transport tizimi—yuklarni uzluksiz jarayonda,
bir yoki bir necha marta transportda, ichki va xalgaro
yo‘nalishlarda jadal sifat berishni ta’minlovchi tashkiliy—
texnik majmuadan iborat. Konteyner poyezdi — bu bir nechta
konteynerlarni  turli  manzillarga yetkazish  uchun
ishlatiladigan transport vositasi.

Konteyner transport tizimini takomillashtirish esa
transportning mavjud kamchiliklarini aniqlash, temir yo‘l
transportining o°‘ziga xos imkoniyatlaridan samarali
foydalangan holda bartaraf etish transport sohasida eng
muhim jihatlardan biri hisoblanadi. Avtomobil, temir yo‘l va
suv transportining o‘zaro bog‘ligligini ta’minlovchi
konteyner tashish eng samarali innovatsion
texnologiyalardan biri hisoblanadi. Bundan tashgari,
konteyner tashishni mamlakatimizda joriy qilish va
rivojlantirish orgali dunyo bozorlari bilan xalgaro transport
aloqalarini yanada mustahkamlashga erishish mumkin.

Tashiladigan yuk miqgdorlarining kundan-kunga ortib
borishi sababli transportga bo‘lgan ehtiyoj ham ko‘payib
bormoqda. Bu ehtiyojni to‘liq qondirish uchun barcha
transport turlarida zamonaviy texnologiyalar ishlab chigish
va amaliyotda qo‘llash lozim.

2. Adabiyotlar tahlili va
metodologiyasi

Temir yo‘l transportida konteyner poyezdlarini tashkil
etish va  konteyner  terminallarining  texnologik
samaradorligini oshirish usullari bo‘yicha jahondagi yirik
tadgiqotchilar, jumladan X. Chan, D.V. Vasilyev, N.V.
Malishev, K.B. Yevseyev, Y.K. Bolandova, A.V. Mikushov,
0O.V. Moskvichev, va boshqalar tomonidan so‘ngi yillarda
ilmiy-tadqiqot ishlari olib borilgan.

X. Channing [1] ishida terma marshrut konteyner
poyezdlari texnologiyasi asosida konteyner tashishni tashkil
etishni takomillashtirish ko‘rib chigiladi. X. Chan terma
konteyner poyezdida konteynerlarni optimal joylashtirishni
topish algoritmining ogim diagrammasi va belgilangan
transport tarmog‘ida marshrut konteyner poyezdlarini
rejalashtirish algoritmining ogim diagrammasini taklif
giladi. Ishda belgilangan transport tarmog‘idagi konteyner
poezdlarining ma’lum bir transport talabi bilan optimal
yo‘nalishlarini tanlashga e’tibor qaratadi. Taklif etilayotgan
ishning kamchiliklari konteyner poyezdi uchun ma’lum bir
transport talabi bo‘yicha yo‘nalishni tanlash hisoblanib,

https://t.me/tdtuilmiynashrlar

terminal joylashgan hududdagi boshga omillar bunga imkon
bermaydi. Shu sababli ishda ko‘rsatilgan usullar konteyner
poyezdini tuzishda oqim yo‘nalishlarini optimal aniqlab bera
olmaydi.

D.V. Vasilyev o‘z ishida [2] konteyner terminallarida
gayta ishlash amallarini aniglab, konteyner poyezdlarni
tashkil qilish samaradorligini oshirishni ko‘rib chiqadi.
Konteyner terminallarining samarali ishlashiga to'sginlik
giluvchi asosiy omillarni tahlil gilish asosida, konteynerlarni
gayta ishlash optimal ketma-ketligini aniglash algoritmi
taklif etiladi. Konteyner poyezdi uzunligining har xil
parametrlari uchun o'ziga xos foydaning doimiy tarifdagi
to'liq tarkib koeftitsientiga bog'ligligi ko‘rsatib o‘tilgan.
Ishda ragamli texnologiyalarni joriy etish asosida konteyner
terminalini gayta ishlashni takomillashtirish masalalar ham
o‘rganilgan.

N.V. Malishev o‘z ishida [3] Terminallarda konteyner
ogimini jo'natish modellari va usullarini taklif gilgan. Yuk
ko'tarish va tashish mashinalariga ehtiyoj ehtimoli
tagsimotining gistogrammasi tahlili asosida konteyner
terminalining yuk tashish tizimini boshqgarish sxemasi ishlab
chigilgan. Yuk tashish operatsiyalari ostida ikkita vagonni
yetkazib berishning o'rtacha ishlamay qolish vagtining
yetkazib berish o'rtasida almashinish paytiga bog'ligligini
ko‘rib chiqadi. Texnologik omillarni hisobga olgan holda
vazifalar va yuklagichning mosligini tanlashning matematik
modeli ishlab chigilgan.

K.B. Yevseyevning [4] ishida konteyner transporti
uchun yuqgori harakatlanuvchi gusenitsali poyezdlarini
ishlab chiqish usullarini ko‘rib chiqadi. Tajriba davomida va
matematik modellashtirish natijalaridan olingan zvenolar
harakatining trayektoriyalarini tadqiq giladi. Ishda tabiiy-
matematik modellashtirish majmuasini qgo'llash orqali
“kuch” burilish usuli bilan poezdlarni elektromexanik
uzatishning ogilona sxemalarini asosli tanlash modeli ishlab
chigilgan.

Y.K. Bolandovaning [5] ishida ixtisoslashtirilgan temir
yo'l platformalarida tashishda konteynerlarning
ag'darilishiga qarshi  bargarorlikni  baholash usullari
o‘rganilgan. Harakatlanuvchi tarkibning ag'darilishiga
garshi bargarorligini baholash muammosi og'irlik markazi
yuqori bo'lgan vagonlar va yirik yuklari tashish uchun
mo'ljallangan maxsus vagonlar uchun muvaffaqgiyatli hal
etilgan. Harakatlanuvchi tarkib shamol yuklamasi va boshga
xavfli ekologik ta'sirlardan harakatlanayotganda favqulodda
xavfni baholash usuli ishlab chigilgan. Temir vyo'l
platformalari fiting joylari va konteyner mahkamlagichlari
dizaynini modernizatsiya gilishning asosiy yo'nalishlari
ko'rib chigiladi.

A.V. Mikushovning [6] ilmiy ishida yong‘in statistikasi
va konteyner terminallari uchun yong‘in xavfsizligi tizimlari
tahliliy ko‘rib chiqilib, konteyner maydonchasining yong‘in
va portlash xavfi toifasini aniglash usuli ishlab chigilgan.
Kontreyler terminalida yong‘in masofalarining qiymatini
hisoblash  algoritmi  tuzilgan. Ishda  konteyner
terminallaridan xavfsiz foydalanish uchun ko‘p faktorli
regressiya modellarini yaratish algoritmi ishlab chigilgan.
Yukning yonishini  hisoblash muammosining grafik
yechimi, konteynerdagi yong‘in maydonining o‘zgarishini
hisoblash va konteyner terminallari yong'indan himoya
qilish tizimining parametrlarini baholash ko‘rib chigilgan.
Temir yo‘l stansiyalarida standart harorat rejimini
konteynerdagi yong‘in bilan taqqoslash va yong‘in
sharoitida konteyner devorlarining kuchlanish-deformatsiya
holatining o‘zgarishi aniqlangan. Konteyner maydonchalari,
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konteyner terminali ob’ektlari va qo‘shni korxonalar
obyektlari orasidagi yong‘in masofalariga yong‘in
xavfsizligi talablari ishlab chigilgan.

O.V. Moskvichevning [7] ilmiy ishida mijozlarga
yo'naltirilgan prinsiplar va terminal-logistika faoliyatini
tashkil etishning kontsepsual modeli taklif etiladi, konteyner
tashish infratuzilmasi konteyner poyezdlari texnologiyasini
ommaviy ravishda joriy etish uchun zarur bo'lgan
konteynerga yaroqgli mahsulotlar hajmining
konsentratsiyasini ta'minlaydigan ikki darajali tizim sifatida,
shuningdek temir yo'l  transporti  gismi  bo'lgan
konteynerlarda yuklarni yetkazib berish samaradorligini
oshirish ko‘rib chiqilgan. Mahsulotlarning konteynerga
yarogliligi  darajasini  aniglashning  ko'p  mezonli
yondashuviga  asoslangan  mintaganing  konteyner
jozibadorligi darajasini aniglash usuli ishlab chigilgan. Ishda
konteyner transport tizimining ikki darajali terminal-
logistika infratuzilmasini modellashtirish algoritmi va turli
xil optimallashtirish mezonlari bo'yicha taklif gilingan
model va usullarni amalga oshirishga imkon beradigan
amaliy vositalar to'plami ishlab chigilgan.

Mabhalliy va xorijiy amaliyot natijalari tahlilidan kelib
chiqib, temir yo‘l transportida konteyner tashishlarni
takomillashtirish va terminallar samaradorligini oshirish
usullarini ishlab chiqish bo‘yicha ko‘p yillar davomida
bajarilib kelingan ilmiy va amaliy tadgiqot ishlari yetarli
emasligini ta’kidlash mumkin. Shuningdek, konteyner
terminallarida poyezdlarni tuzish texnologiyalarni ishlab

chigish va amaliyotda qo‘llash bo‘yicha
tadqiqotlar yetarli darajada o‘rganilmagan.

bajarilgan

3. Natija va muhokama

Konteyner  tashishlarni  rejalashtirishda  boshga
davlatlarning ushbu texnologiyadan foydalanish tajribasini
hamda ularning shakllanish yutuglari va muammolarini
o‘rganish  muhim. Buning yordamida transport
infratuzilmasiga mos keluvchi xususiyatlar aniglanib,
samarali jihatlari bo‘lgan mexanizmlarini qo‘llash mumkin.
Bunda xarajatlarning minimalligi, ekologik ta’sirning holati,
ehtiyojlarni gondira olishi va rivojlanishni inobatga olish
kabi masalarni hal qilish kerak. Bu 0°z navbatida, konteyner
mexanizmlarini bekat va terminallar orasida samarali
tagsimlash uchun yordam beradi.

Yuklarni konteynerlarga yoki vagonlarga yuklashdan
oldin ularning ortish jarayonigacha bo‘lgan amallarini ham
hisobga olish kerak. Tashish birliklarini tashkil gilishdan
uchun mahsulotlarni saglash, gabul qgilish, hujjatlarni
tayyorlash va tekshirish kabi bir qator ishlar amalga
oshiriladi. Poyezd tuzishni belgilangan tartibda tez va
mukammal tashkil gilish uchun aynan shu jarayonlar ham
ta’sir qilishi mumkin. 1-rasmda mahsulotlarga xizmat
ko‘rsatish uchun omborning texnologik jarayoni ketma-
ketligi keltirilgan. (1-rasm).

Mahsulotlarni
saglash

1-rasm. Omborning texnologik jarayoni ketma-ketligi
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Mahsulotni gabul Qo‘shimcha UK tushirish Ha Yuk xati yol
qgilish uchun — hujjatlarni > transport vositalari — Tafovutlar mavjud [— varagasiga belgi
omborni tayyorlash tekshirish qo‘yish
Mahsulotlarni gabul
gilish Yo'q
Yo‘q 4 Tafovutlar mavjud
Mahsulotlarni . - .
Kiruvchi hujjatlarni / \L
Bl s_aqlash u_chun N rasmiylashtirish Ha
joylashtirish \ -
ijorat
dalolatnomasini
tuzish
Mahsulotlarni
identifikatsiyalash
Konfiguratsiya To‘liq buyurtmani
i i > : Jo*natish uchun varag‘i va xaritasini s vied
Hisobot berish € Ma’lumotlar bazasi buvurtma olish g — Buyurtmani yig‘ish —>|  gadoglash va
Y tuzish markalash
[
Inventarizatsiya Mahsulotlari 2 Buyurtmani 3 Yuk tashish
nazorati ro }_/xat_dan mijozga jo‘natish huuaﬂan.m.
chigarish rasmiylashtirish
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1-jadval

Terminalllarda konteyner poyezdlarini tashkil gilish muammolari va xalgaro tajribalar

Ne | Muammolar Kelib chigish sababi Yechimlar Xalqaro tajribalar

1 Infratuzilma Ko'plab mamlakatlarda | Infratuzilmani Yaponiyada konteyner terminallari uchun
yetishmasligi konteyner terminallari | modernizatsiya avtomatlashtirilgan tizimlar va

va temir yo'l | qilish zamonaviy texnologiyalar qo'llaniladi.
infratuzilmasi eski va Bu yerda konteynerlar avtomatik
zamon talablariga javob ravishda yuklanadi va joylashtiriladi, bu
bermaydi. esa jarayonni tezlashtiradi.

2 Logistika va | Konteynerlarni Logistika Gollandiyada “Port of Rotterdam”da
boshgaruv joylashtirish va yuklash | boshgaruvi zamonaviy logistika yechimlari, masalan,
jarayonlarining jarayonlari  ko'pincha smart logistika tizimlari, go'llaniladi. Bu
samaradorligi uzoq vaqt oladi, bu esa tizimlar yukni kuzatishda va

transport  xarajatlarini boshqarishda yordam beradi,
oshiradi. samaradorlikni oshiradi.

3 Axborot Ko'plab  terminallarda | Axborot Singapurda konteyner terminallarida 10T
texnologiyalarining zamonaviy IT | texnologiyalaridan | (Internet of Things) texnologiyalari orgali
yetarlicha yechimlari yetarli | foydalanish yuklarni  kuzatish  va  boshgarish
qo'llanilmasligi darajada  integratsiya jarayonlari amalga oshiriladi. Bu esa

gilinmagan, bu esa axborot almashinuvi va monitoringni
jarayonlarni yaxshilaydi.
sekinlashtiradi.

4 Xalgaro Boshga davlatlar bilan | Xalgaro Yevropa Ittifoqi mamlakatlari o'rtasida
hamkorlikning hamkorlik etishmasligi | hamkorlikni transport  va  logistika  sohasida
pastligi transport  jarayonlarini | kuchaytirish hamkorlikni kuchaytirish magsadida bir

murakkablashtiradi  va gator dasturlar va tashabbuslarni amalga
go'shimcha xarajatlarni oshiradi, bu esa umumiy transport
keltirib chigaradi. tarmog'ini yaxshilashga yordam beradi.

Konteyner poyezdlarini tashkil gilish va konteyner
terminallari ishini takomillashtirishda bir gator muammolar
mavjud. Ushbu muammolarni hal etish uchun xalgaro
rivojlangan davlatlar tajribasidan foydalanish mumkin.
Quyida 1-jadvalda ayrim muammolar va ularning yechimlari
xorijiy davlatlar tajribalari asosida keltirilgan.

Konteyner poyezdlarini tashkil gilish va konteyner
terminallari ishini takomillashtirishda xalgaro tajribalar
muhim rol o'ynaydi. Mavjud muammolarni hal etish uchun
zamonaviy texnologiyalar, samarali boshqaruv tizimlari va
xalgaro hamkorlikni rivojlantirish zarur. Bu orgali transport
jarayonlari yanada samarali va tez yo'lga aylanadi [8-10].

Konteyner tashishlari global savdo va logistika sohasida
muhim o'rin tutadi. Birog, bu jarayonda bir gancha
muammolar va giyinchiliklar mavjud. Konteyner poyezdini
tuzishda bir gancha muammolar paydo bo'lishi mumkin. Bu
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muammolarni hal gilish uchun zamonaviy yechimlar va
strategiyalarni go'llash zarur. 2-rasmda konteyner poyezdini
tuzish va konteyner tashishlardagi asosiy muammolar va
ularning yechimlari keltirilgan.

Konteyner tashishlarida mavjud muammolarni hal gilish
uchun zamonaviy texnologiyalarni, strategiyalarni va
xalqaro standartlarni qo‘llash zarur. Bu nafaqat yuk tashish
jarayonini  soddalashtiradi, balki uni samaraliroq va
xavfsizroq giladi.

Konteyner poyezdini tuzishda mavjud muammolarni hal
gilish uchun zamonaviy texnologiyalar, boshgaruv
tizimlarini yaxshilash, xavfsizlikni oshirish va resurslardan
samarali foydalanish zarur. Bularning barchasi konteyner
poyezdlarining samaradorligini oshirishga va xarajatlarni
kamaytirishga yordam beradi.
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Konteyner poyezdini tuzish va konteyner tashishlardagi asosiy
muammolar va ularning yechimlari

%mmo
{chm

Transport infratuzilmasini modernizatsiya gilish va kengaytirish,
zamonaviy texnologiyalarni joriy etish, yangi relslar, stansiyalar
va boshga inshootlarni qurish orgali poyezdlar uchun qulay
sharoitlar yaratish.

Ko'plab mamlakatlarda transport infratuzilmasi konteynerlarni samarali va tez
tashish uchun yetarli emas va konteyner poyezdlarining talablariga mos
kelmaydi. Bu holat yuklarni samarali tashishga to'sginlik giladi va yukning o'z
vaqtida yetkazilmasiga olib kelishi mumkin.

Transport
infratuzilmasinin
g yetarli emasligi
yoki mavjud
infratuzilmaning
cheklovlari

Yuklarning yo'qolishi, o'g'irlanishi yoki zararlanishi. Xavfsizlik choralari Xavfsizlik Yuk xavfsizligini ta'minlash uchun zamonaviy nazorat va kuzatuv
yetarli bo'lmaganda, konteynerlarda gimmatbaho yuklarni tashish xavfi oshadi. VRTETE tizimlarini joriy etish, xavfsizlik protokollarini kuchaytirish.

Xatarlar

==/

Xalqgaro standartlarni bir xil tarzda qo'llash va ularga amal qilishni
ta'minlash uchun jarayonlarni harmonizatsiya qilish zarur.

Ko'rsatmalar
va

standartlarning

yetishmasligi

Konteyner tashish jarayonida xalgaro ko'rsatmalar va standartlar orasida
farglar mavjud. Bu holat yukni noto'g'ri tashishga olib kelishi mumkin.

Boshqaruv tizimlarini va IT yechimlarini takomillashtirish, barcha

Yuk tashish jarayonida turli kompaniyalar va tashkilotlar o'rtasida muvofiglik Boshgaruv
ishtirokchilar o'rtasida samarali kommunikatsiyani ta'minlash.

yo'qligi. Bu jarayonda murakkablik va kutilmagan kechikishlarga olib keladi. va
muvofiglik
muammolari

Ekologik toza transport vositalarini va texnologiyalarini joriy etish, masalan,

Atrof. elektr poyezdlar yoki biogaz poyezdlaridan foydalanish, shuningdek,
utI:(i)tg;a konteyner tashish jarayonini optimallashtirish orgali chigindilarni kamaytirish.
ta'siri

Konteyner tashish jarayonida ko'p migdorda karbonat angidrid va boshga
zararlovchi moddalar chigariladi. Bu atrof-muhitga salbiy ta'sir ko'rsatadi.

(==
=
=

Bozor sharoitlari, narxlar va talab o'zgarishi, konteyner tashish narxlariga
ta'sir giladi. Bu noanigliklar yuk tashish kompaniyalari va mijozlar uchun Itisodiy
muammolar yaratadi. aniglik

lar

Igtisodiy sharoitlarni prognoz qilish va risklarni boshgarish uchun
strategik rejalashtirishni kuchaytirish.

BEnC

Har xil mamlakatlarda turli qonunchilik va tariflar mavjud bo‘lib, bu yuk
tashish jarayonini murakkablashtiradi. Bu muammolar yuk tashish
narxlarini oshirishi va jarayonlarni sekinlashtirishi mumkin.

. Xalgaro va mahalliy gonunlarni boshqgarish va eng yaxshi
Mavjud amaliyotlarni go'llashni takomillashtirish.
gonunchilik
va tariflar

Zamonaviy IT yechimlarini va ragamli kuzatuv tizimlarini joriy etish,

Konteynerlarni boshgarish va kuzatish tizimlarining yetarli emasligi, bu Konteynerlar
shuningdek, konteynerlarni boshqgarish jarayonini optimallashtirish.

esa yuklarni yo'qotish yoki noto'g'ri jo'natishga olib kelishi mumkin. va yuklarni
boshgarish
tizimlari

Transport yo'nalishlarini rejalashtirish va optimallashtirish, har bir
tashish jarayonini yanada samarali gilish uchun analitik vositalardan
foydalanish.

Yuk tashish jarayonida kechikishlar, shuningdek, transport yo'nalishlaridagi
giyinchiliklar, mintagaviy muammolar va boshqalar sababli poyezdlarning Tashish
kelishi va ketishi bilan bog'liq muammolar. muddatlari

=
=
&=
()

kechikishlar

Poyezdlarni va konteynerlarni optimallashtirish, ularni yuklar
R bilan to'ldirish va bo'sh joylardan foydalangan holda maksimal
. samaradorlikka erishish.
samarali
foydalanmaslik

Poyezdlar va konteynerlardan foydalanishda resurslardan tejamkor
foydalanilmasligi, bu esa ortigcha xarajatlarga olib keladi.

Mijozlarga xizmat ko'rsatish tizimini takomillashtirish, ularni real

Mijozlarga yuklarni kuzatish va ma'lumotlar berishda noanigliklar, Mijozlarga
vagtda yukning holati hagida xabardor gilish va ma'lumot berish.

bu esa ularning ishonchini kamaytirishi mumkin. Xizmat
ko'rsatish
muammolari

Mijozlar ehtiyojlarini o'rganish va talabga mos ravishda

Global savdo sharoitlari va iqtisodiy holatga garab talabning o'zgarishi,
Xizmatlarni diversifikatsiya gilish.

bu esa yuk tashish jarayonlariga ta'sir giladi. Talabning
0'zgarishi

i

2-rasm. Konteyner poyezdini tuzish va konteyner tashishlardagi asosiy muammolar va ularning yechimlari
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4. Xulosa

Konteyner tashish bugungi kunda global savdoning
ajralmas gismi bo‘lib, uning samaradorligi va xavfsizligi
igtisodiy barqarorlikni ta'minlashda muhim rol o‘ynaydi.
Shu bilan birga, konteyner tashishda uchraydigan
muammolar va ularga mos ravishda taklif etilgan yechimlar
infratuzilma va boshqgaruv tizimlarini yanada rivojlantirish
zarurligini ko‘rsatadi. Magolada ushbu masalalar batafsil
yoritilgan.

Konteyner tashish
tizimlaridagi mavjud muammolarni hal
texnologik yangiliklarni joriy etish, ekologik toza
yondashuvlarni  gabul  qilish, xalgaro standartlarni
birlashtirish va samarali boshgaruv tizimlarini rivojlantirish

infratuzilmasi va boshgaruv
gilish uchun

muhimdir. Ushbu  yechimlar  nafagat  transport
jarayonlarining samaradorligini oshiradi, balki global
savdoga ijobiy ta'sir ko‘rsatadi. Konteyner tashish

infratuzilmasida uchrayotgan muammolar butun transport
tizimining samaradorligiga sezilarli ta’sir ko‘rsatadi. Bu
muammolar transport infratuzilmasining yetarli emasligi,
xavfsizlik choralari sustligi, xalqaro standartlarning uyg‘un
emasligi, boshgaruv tizimlaridagi muvofiglik yetishmasligi,
ekologik ta’sir, iqtisodiy noaniqliklar, qonunchilikdagi
tafovutlar va resurslardan samarali foydalanmaslik kabi
masalalarni 0z ichiga oladi. Ushbu muammolarni hal etish
uchun zamonaviy texnologiyalarni joriy etish, infratuzilmani
modernizatsiya qilish, boshgaruv jarayonlarini
takomillashtirish va ekologik xavfsizlikni oshirish zarur.

Bu jarayonlarda xalqaro ko‘rsatmalar va standartlarni
uyg‘unlashtirish, xavfsizlikni kuchaytirish va mijozlarga
xizmat sifatini yaxshilash kabi choralar ham muhim
ahamiyatga ega. Shu bilan birga, talab va igtisodiy
sharoitlarning o°‘zgarishiga moslashish ham yuk tashish
tizimining barqarorligi va raqobatbardoshligini ta’minlashda
muhim rol o‘ynaydi. Ushbu yondashuvlar global transport
tizimini yanada bargaror, samarali va ekologik jihatdan
qulay qilishga xizmat giladi.

Foydalangan
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Conducting engineering - geological researches on bridges located in our
country and diagnosing their super structures, methods of eliminating
identified defects

D.I. Gulomov®?
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article presents information and research on the conduct of engineering and geological surveys on
the bridges of our country and the diagnosis of their superstructures, methods of eliminating identified
defects. The article also mentions the bridge, located Jizzakh (highway 4P38) - Pakhtakor - Dustlik.-
Gagarin - Highway M39 (918 km) - 4 +35 km of highway 0P164 which passes through the Sangzor
River, built according to outdated design standards and given information on inspection and elimination
of defects of the bridge, which is in disrepair.

bridge repair, superstructure, sulfite-alcohol composition, regulatory loads, technological cracks, cement-
polymer mortar

Keywords:

IIpoBeneHue NHKEHEPHO- Ie0JIOTHYECKUX U3bICKAHUI HA MOCTAX,
PaCIOJI0KEHHBIX B HallleH CTPaHe, U IMATHOCTHKA UX MPOJETHBIX CTPOCHUI,
MeTOAbl YCTPaHEeHUs BbISIBJIEHHBIX 1e(eKTOB

I'yaomos JI.H.10 2

ITamkenTcKuit rocy1apCTBEHHBIN TPAHCTIOPTHBINA yHUBEPCHUTET, TalikeHT, Y306eKkucTan

AHHOTALUA:

B nanHO# cTaThe mpencTaBiaeHsl HHGOPMAIHS U UCCIEIOBaHH MO MPOBEACHNIO HHKEHEPHO-

Te0JIOTNYECKNX M3BICKAaHHWI Ha MOCTaX HaIllei CTpaHbI U TUAarHOCTHKE WX IPOJICTHBIX CTPOCHHH,
METOoJ]aM YCTpaHEeHHs BBLIBICHHBIX NeeKToB. B cTaThe Takke yIOMHHAETCS MOCT, PacIIONIOKEHHBIH B
Jxuzake (mocce 4P38) - [Taxrakop - Jlyctiuk.- [arapun - mocce M39 (918 kM) - 4 +35 kM miocce
0P164, npoxopsmero yepe3 peky CaHIr30p, IOCTPOSHHOTO MO YCTApEBLIMM IPOEKTHBIM HOPMaM 1
AMEIOIIET0 HHPOPMAIHIO 00 OCMOTPE U YCTPaHEHHHU 1e(EKTOB MOCTA, KOTOPBIH HAXOAUTCS B

aBapUMHOM COCTOSIHUU.

KirogeBsre ciosa: PEMOHT MOCTa, TPOJIETHOE CTPOEHHE, CyIb(aTHO-CIUPTOBOM COCTaB, HOPMATHBHBIE Harpy3KH,
TEXHOJIOTHYECKHE TPEIINHEI, IIEMEHTHO-TIOJIMMEPHBIH pacTBOP

1. Beeaenue

B nensix pa3paboTku MecTopokAeHHS ObLT IPHHAT YKa3
IIpesunenrta Pecrry6mukn Y36ekuctan Ne TII1-5083 ot 21
anpenss 2021 roma "O [OMONHUTENBHBIX MeEpax IIO
AKTHBHOMY NPHUBICYESHHIO HHBECTHIMH B cepy reonoruy,
NpeoOpa3oBaHUIO CETEBBIX MPEANPUITHI M PaCHIUPEHUIO
MHUHEPATbHO-XMMUYECKOW 0a3bl pecryOnuKku" u3 o0aacTi
reomornd. Kpome TOro, mNpHHATHL HOBBIE CIIOCOOBI
npeobpa3oBaHus IPEANPUATHIA [€OJIOTHUECKON OTpaciu Ha
OCHOBE MEpeOBOTO MEXTYHApOJHOTO OMBITa BHEAPUTDH
3¢ (EKTHBHYIO CHCTEMY yNPaBICHUS B HUX, YTOOBI CHU3UTH
CTOMMOCTh T€O0JOTOPa3BENOYHEIX PA0OT MO BBIBICHHIO
HOBBIX ~ MECTOPOXKACHHH  IOJE3HBIX  HCKONAEMBIX,
YBEJIMYCHUE ITPUTOKA IIPSAMBIX HHOCTPAHHBIX PIHBeCTPlIlPIi’I B
HEeIIX CO34aHuA HOBBIX pa60tmx MECT B OTpacJiu.

B wMupe ® B Hamel CTpaHe CTPOUTEIHCTBO
TPaHCIIOPTHBIX OG’I)CKTOB HYacTO BCACTCA B CJIOXKHBIX
HWHKCHEPHO-TEOJIOTHYECKUX YCJIOBUSIX, B TOM 4YHCIE B
pPETHOHAX, COCTOSIINX W3 COJOHYAKOB. TakwWe 3JaKd
3aHUMAlOT OOJbIIME IUIOMAAN 3EMHOM MOBEPXHOCTH, B
yacTHOCTH ABcTpanuio, Amepuky, Mekcuky, Erumner,
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[Maxucran, Uunuro, Kurait, Upan, Kasaxcran, Y30ekucTaH,
Poccuto, a Takxke psj] eBpONEHCKUX CTpaH U MOYTH BCE TPU
KJIMMaTH4YecKue 30HBL. [l09TOMy U3ydeHHE CBOWCTB
COJISHBIX PEIIeTOK, B YaCTHOCTH, OIEHKA yCTOHYHUBOCTH
MOCTPOCHHBIX B HUX TPAHCIIOPTHBIX COOPYXKEHHH, SBIACTCS
OfHOM M3 aKTyanbHBIX 3amad. llpum skcrutyaranuu
TPAaHCHOPTHBIX COOPY)KEHHH, a TaKkKe aBTOMOOMIBHBIX
JOpPOT ¥ TPAHCIIOPTHBIX COOPY)KEHMI, MOCTPOCHHBIX Ha
3aCOJICHHBIX II0YBAX, O] HUMH H3-32 €CTECTBEHHBIX M
MICKYCCTBEHHBIX ()aKTOPOB 00pa3yrOTCsl ypOBHH IPYHTOBBIX
BOZ. B pe3ynbrare MOBBIICHHST YPOBHS IPYHTOBBIX BOJ H
YBEIMYEHHS] BJIQXKHOCTU TPYHTa OCHOBAHUS MPOHMCXOIHUT
HEpPaBHOMEPHOE pa3pylIeHHe KOHCTPYKIUH. DTO MPUBOAUT
K Upe3MepHOii Tpate BpemeHu[7].

Bonee 90% mocToB m TpyOGOIpOBOAOB B Y30eKHCTaHE
MOCTPOCHBI M3 JKeNe300eTOHa, OONBIIMHCTBO M3 HHUX - U3
cObopHoro  kenesoberoHa. B Hacrosmee — Bpems
paciupsieTcst IpUMEHEeHHEe MOHOIUTHOTO XKee300eToHa.

T[ToBbImeHHe YPOBHS UHIYCTpUAIH3aIMU B
MOCTOCTPOCHUH OCYILIECTBIISETCS 32 CUET HCIOJIb30BAHHS
Ooylee  COBEpIIEHHBIX  TEXHOJNOTHYECKHX  MPHEMOB,
npeoOpazoBaHus CTPOUTEIIBCTBA B MaIIMHHOE
MPOU3BOJCTBO, TO €CTh OPraHU3AI[MH CTPOHTEIHCTBA Ha
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OCHOBE  COBPEMEHHBIX  METOJOB M  NPHUMEHEHHUS
3¢ QEeKTHBHBIX TEXHOJOTHH, a TaKKe IOBBIIICHHS YPOBHSI
MeXaHM3aluK paboT W WCIOIB30BAHUS SKOHOMHYECKH
JelieBbie KOHCTPYKIHH[8].

IIpn TDpoeKTHpOBaHMM MOCTOB HHKEHEp JOJDKCH
YUUTBIBATh TPHPOAHBIE ¥  KIMMAaTHYECKHE YCIIOBHS
TEPPUTOPHH, JUATHOCTUKY, & TAKKe THIT TPYHTA.

Mocr, pacnionoxeHHbIH Ha 4+35 kM aBTomoporu 0P164
“Ixuzak (mocce 4R38) - [Taxtakop - Jyctnux - ["arapus -
mocce M39 (918 kM)”, KOTOpas MpPOXOJHUT Yepe3 pPeKy
Canrsop B /xusakckoi 00:1acTH, OB TOCTPOCH IPUMEPHO
B 1965 rony. IIponerHoe cTpoeHue MocTa COCTaBIsieT 3 X
16,76 M. MocT, pacroJIOKEHHBIA Ha JIOpOre BTOpPOM
TEXHHYECKOIl KaTeropuu, UMeeT rabapuTHbIC pa3Mepbl g-
7,55 m u aBa Tpotyapa mo 1,0 M kaxasiii. MocT cocTouT u3
Tpex mpojeToB. [IposeTHOE CTpOeHHe MOCTa COCTOHT H3
mectd  T-00pa3HBIX — MPOJIETOB € MPEABAPUTENBHO
HaTAHYTOM apMmaTypoil muHOM 16,76 M. IIposnerHble
CTPOCHHUSI COCOUHEHBl MEXIy c000ff MOHOJHMTHBIMHU
JKeJIe300€TOHHBIMI COEIMHEHHUSIMH B HETIOCPEICTBEHHOI
O6m3oct  OT JopokHoro rmonotHa. IllmpwHa Mocta
coctasiseT 20,0 M, obmras amuHa Mocta - 50,88 M.

Puc. 1. O61mwmii Bug MocTa

2. MeToa uccjie10BaHuA

B mocienHwe ToABI POCT TSKENBIX HArpy3ok M
BO3pacTaroas IoTpeOHOCTD B UX JOCTaBKE B HEOOXOJUMBIE
MeCTa, CHIDKEHHE KayecTBa CTPOMTENBHBIX pPadoT 10
ONPE/CNICHHBIM MNPUYMHAM W HEYIOBJIETBOPHUTEIBHBII
YPOBEHb BONPOCOB HX pPEMOHTa, MOJJCPXKaHUSI B
HaJJIe)KAIIeM COCTOSHUH MPHBOMAT K MOYTH JIBYKPaTHOMY
COKpAIIEHHIO CPOKA CITy>kKOBI MOCTOB U JPYTHX JTOPOXKHBIE
COOpyXeHHs. A 3TO, B CBOIO oOdYepenp, TpedyeT
JIOTIOJHUTEIBHBIX 3aTPaT Ha MOICP)KaHHE UX COCTOSHUS Ha
yaoBieTBOpuTenbHOM  ypoBHe [5]. Kak  mpasuio,
BBINOJHEHHE 3THX PA0OT TAKKe BO3Jaraercs Ha JOPOMKHBIX
UH)XEHepoB. B Hamreil pecnyOuike OONIBIIMHCTBO TaKHX
coopykeHunii Obuto moctpoeHo B 50-60-¢ rompl, u
OOJIBIIMHCTBO M3 HUX JHOO HE B ITOJHOW Mepe OTBEYAIOT
COBPEMEHHBIM TpeOOBaHMAM, JNOO B IOCIEIHEe BpeMs
CTall0 TPYAHO BBIJIEPKUBAaTh BEC PA3BHBAIOIIETOCS
KPYyITHOTa0apUTHOTO TPAHCHOPTa, rabapuUThl KOTOPOrO K
TOMy JK€ HEBEJIMKH, 4YTO, B CBOIO oOuepeab, Tpelyer
HPUHATHA HEOOXOIMMBIX Mep. I HM3MEpEeHHS WIN
YCHIIGHHS KOHCTPYKTHBHBIX 3JIEMEHTOB, YBEJIHYEHHS
IIUPUHBI W T.JI. TpeOyercs pacummpenue. IIponerHoe
CTPOCHHE MOCTa COCTOUT M3 COOPHOTO JKeIe300eToHa,
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JIBIKEHHE  KOTOPOTO  OCYILIECTBISIETCS ~ HAjJ  HUM,
paccuuTaHHOTO Ha cTaHgapTHble Harpysku H-18 n HK-80.
B kadecTBe BBICOKOIIPOYHOTO CTPOUTENHHOTO MaTephaia
WCTIONIL30BaJICS  Kene300eToH kmacca B25. TlponerHoe
cTpoeHne cocTout u3 6 T-00pa3HBIX KapKacHBIX MPOJIETOB,
MpeBapUTENbHO HE HATAHYTHIX. TpOTyap BBIINONHEH U3
COOPHBIX TTOPHUCTHIX JeAAHBIX IUHUT. [lluprHa nemexonHoi
nopoxku cocraBisier 100 cm. Tum ocHoBaHUS MocTa -
acampToberonHoe.  OOmias  TONIIMHA  JOPOXKHOTO
HOKpBITHSL  cocTaBngeT 18-22  cMm. beperoBsle U
MPOMEKYTOYHBIE OTIOPEl MOCTA YCTAHOBJICHEI B J[Ba psja.
IInomans onopsl cocraBnger 30x35 cm. Croilku cpeqHHX
omop umeroT amuHy 3,20 M. Bepxmsas dyacts omop
o0beMHEHa MOHOJMTHOH IKeNe300eTOHHOH — CTSKKOM.
Pasmepsr cronemnunst: muHa - 10,30 M, mmpuHa - 120 oM,
BeicoTa - 45-50 cm. DyHZaMeHT MOHTUpPYETCS Ha
€CTECTBEHHOM TPYHTE MOHOJIUTHO-MAaCCHUBHBIM CIOCOOOM.
Bairku B IPOMEKYTOUHBIX  YCTpPOWCTBaX  MOCTa
MOHTHPYIOTCS ~Ha  METAJUIMYECKUX  IOJYIIKaX  II0
KacaTelnbHOW. Pacuer omop NPOU3BOAUTCS METOJOM
HYJIEBOTO MNITAaKeTHHKA, pacyeT THUIOB CBaii M CTOJIOOB
MPOU3BOJUTCS CJI€Ba HAIPABO HA NMPOTSHKEHUU KUIIOMETPA.
Ilo cnoBam mpencraButeneil OTBETCTBEHHON OpraHHU3allyH,
3a BpeMs 9KCIUTyaTallik Ha MOCTY He IIPOHM30IILIO HU OTHOTO
HecyacTHOro ciydas [1]. Heo0XommmocTs mHpaBHIBHOTO
pelIeHuss 3TUX BONPOCOB MOPOXIAeT HEOOXOANMOCTh
pelieHuss  JOCTaTOYHO  CJIOXHBIX  OpraHM3aIllMOHHBIX
pabounx W OKOHOMHYECKMX 337ad WM  JIUKTYeT
HEOOXOIVMOCTh  Pa3pabOTKH  TEXHHKO-IKOHOMHYECKHX
PEKOMEHJANH IO PACIINPEHUIO OOBEKTa, ONPEACICHUIO
MOPAIKa U CPOKOB MPOBEACHUS PabOT, OPraHU3aI[OHHO-
TEXHUYECKOW HaNpaBICHHOCTH, CO3AaHHIO CHIPHEBOM 0a3bl
U, €CJIU TIPH HEOOXOAUMOCTH, UX TOTOBHOCTb K MAaCCOBOMY
UCTIONB30BAHMIO. K HUM  OTHOCATCA  pacIIMpeHHe
KOHCTPYKIMH, YKpeIUIeHHe UX OJJEMEHTOB, PEMOHT
W3HOIICHHBIX, MAaKCHMaJbHO BO3MOXKHAs MeEXaHW3aLUs
pabort, 3pHeKTHBHOE UCTIONIBE30BAHNE HOBBIX MATCPHATIOB U
HOBBIX METOJIOB, a TaKKe BBIIIOJIHEHHE BCeX paboT ¢
BBICOKUM KadecTBOM. OrpeseneHne Tpy30HOabEMHOCTH
KOHCTPYKIMHA ¢ OONBIIMM BECOM, TOSBHBIIEECsS B Ooiee
MO3JJHAE BpEMEHa, Takke BXOAWIO B O0O0S3aHHOCTH
myteBoguteneil [4]. Jng TpaBWIBHOTO peIIeHHs JTHX
BOIIPOCOB MH)KEHEpaM HEO0OXOANMO B COBEPILIECHCTBE 3HATH
KOHCTPYKIIMH Pa3JINYHBIX THIIOB BO3BOJNMBIX COOPYIKESHHH,
KaK OCYIIECTBIISIETCS UX HPOEKTUPOBAaHHE, TEXHOJOTHIO
CTPOUTENBCTBA M KAk  IPABWIBHO  HCIOJB30BATh
BO3BOJUMEIE COOpYXKeHHUs. KauecTBO AMarHOCTHPYEMBIX
HCKYCCTBEHHBIX COOPYKCHHH BO MHOTOM 3aBUCHT OT
XOpoIIel OpraHW3alil W MOJHOIEHHOTO BBHITOTHEHUS
Te0/1e3MUECKUX, Pa3MeTOYHBIX " KOHTPOJIBHO-
U3MEpUTEIbHBIX PAabOT Ha BCEX STalax CTPOMTEIHCTBA.
I'eone3nueckne 1 pa3sMeTOUHbIE pAOOTHI IPH CTPOUTENLCTBE
MaJbIX ¥ CPeHUX MOCTOB U TPYOOMPOBOJIOB BBIMOIHSIOTCS
MOAPSTYUKOM MM WHXKEHEPOM  MPOHM3BOJCTBEHHO-
TEeXHHYECKOro oTzaena. OIeHKa COCTOSHHS —ITOKPBITUS
SBISETCS OCHOBHBIM BOIIPOCOM BBIOOpA TEXHHUYECKHX
pemreHuit 11t mpoBefeHus padbot. Vicxonst u3 sToro, craio
W3BECTHO, YTO O 3AIIUTHBIX CBOWCTBAX MOKPHITHS CYIAT IO
ero BHemHeMmy BuAy [1]. IToTeps crocoOHOCTH MOKPBITHS
3aIIMILATh METAJUT OT KOPPO3HOHHOTO H3HOCA ONIPEAENAETCS
cornacHo tabnuie 1.
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Ta6auuna 1
OueHKa 3aLIUTHBIX CBOWCTB MOKPBLITHA [2]
IloxpeiTHE
IMoxkpsbiTHE p .
. H3HAIIMBAEMOii
H3HAIIMBAaEMOii
o MOBEPXHOCTH MO
TMOBEPXHOCTH, %o
Mertk pa3mepam
U AuamMeTp
KOppo3u
pa3pyuieHu p riayouHa 04aroB
e a3pylleHusi | KOppo3u
metanaa | P22PY PP
H, MM
1 Hukakux paspyuieHuit
Paspymenue
BHEIITHETO
crnost
CTaHOBHTCS
2 nos nol 10 0,5
3aMETHBIM,
KOIJja OHO
YBEIMYUBACTC
sB 10 pa3
CraHOBUTCA
BUJCH
3 5-25 1-5 BHEITHAN 0,5-1,0
pa3pyLICHHBI
i cioit
Paszpymaercs
4 25-50 5-15 |rpyuroBounst | 1,0-3,0
i cioit
Paszpymaercs
OKpalluBaeMa
5 Boime 50 |Bome 15 | **P o Beire 3,0
IIOBEPXHOCTh
CreneHp ycTpaHEHUS JAe(EKTOB, BBIABICHHBIX B

pe3yabTate AMarHOCTHKH, OYHCTKU METajlla OT PrKaBYHHBI
W OCTAaTKOB CTapoOil KpacKH, OHpEAEeNseTcs HCXOIsd H3

TpeOOBaHHIA,

NPEABABIIACMBIX

K TIOBEPXHOCTAM, B

3aBHCHMOCTH OT THIA Kpacku (Tabnuia 2) [3].

Taéauma 2

TpeOoBaHus K MOATOTOBKE NMOBEPXHOCTEN K
PEMOHTHBIM Pafd0TaM B pPe3yJibTaTe AMATHOCTHKHU

Crenennb
Crenennb O0YHCTKH OT OcoGeHHocTH
MOATOTOBKH | 3arpsi3HeHUil 1 MOATOTOBJIEHHBIX
MOBEPXHOCTH| MPOIYKTOB noBepXHocTel
KOppo3un
Tonnast ounctka | IloTeps okuciIoB 10
JIAKOKPACOYHOTO | BTOPOW CTereHH (3TO
TOKPBITHS U HEBO3MOXXHO YBHJETh
MPOAYKTOB 0e3 HHCTPYMEHTOB).
I KOppO3uu IToaroroska
MOBEPXHOCTH

MIPOJIOIKASTCS TaK XKe,
KakK M MOJrOTOBKA K
HAHECEHHIO HOBOTO

OPOYKTa

OuncTKa CTaphIx
JIAKOKPaCOYHBIX
TIOKPBITUH,
OCTaTKOB
P’KaBUHHBI,
MOOEKY MU
NepeMeIeHUH
OONBIINX KyCKOB

Ha nosepxHoctu
TTOKPBITHSI OCTAIOTCSA:
OT/I€NbHbIE TOUKU
P KaBUMHBI, MEJIKHE
KYCOYKH OKaJIMHBI,
IUTOTHO IIPUJIETaoNIne
K OCHOBAHHUIO,
(parMeHThI, HOXOXKHE
10 1IBETY Ha P’KaBUMHY,
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Crenenn
Crenennb OYMCTKH OT OcobennocTn
MOATOTOBKH | 3arpsi3HeHH 1 MOATOTOBJIEHHBIX
NMOBEPXHOCTH| MNPOAYKTOB MOBepPXHOCTEH
KOPPO3UH
B MECTax, IJIe PaHblle
ObLIa prkaBUMHA
HedexrHbie HemoBpexaeHHbIe
YYacTKHU CTapbIX (bparMeHTb
JIAKOKPACOYHBIX JaKOKPACOYHOTO
m HOKPBITHIA, HOKPBITHS Ha
OT/ICNTUBIIECS MOBEPXHOCTH
OT OCHOBBI KOHCTPYKIIHH{, TIIOTHO
MPUJICTAIOIINX K
OCHOBAHUIO

3. Pe3yabTaThl Hcc/ie10BAHMI

IIpn auarHOCTHKE MPOJIETHOTO CTPOEHHS MOCTa OBLIO
YCTaHOBJIEHO CJIEAYIOIIee: MPOMEXKYTOUHbIE KOHCTPYKIINU
MocTa - COOpHBIE XeJIe300eTOHHBIC, XOI - BEPXHHH,
paccuuTaHHbBIA Ha cTaHAapTHbC Harpysku H-18 u k-80. B
KauecTBE BBICOKONPOYHOTO CTPOUTENIBHOTO MaTepuaia
HCIIOB30BAIICS XKene300eToH kiacca B25.

OO0mias JuIMHa MPOJIETHOTO CTPOCHHUS cocTapisier 16,76
M, H OHO COCTOMT U3 ILECTH HEPaCTSIHYTHIX 0aJoK B opMme
OykBel "T". Bamku coelWHEHBI MeXIy co0oil Ha ypOBHE
JKENe300€TOHHBIX ~ TepeKkphITHid.  PacuetHas — pnmHa

cocrapnser 16,10 M. Bricota mepembruku cocrasnsier 100
cM. TommuHa TOKOTIPOBOSIIEH TUIACTHHBI COCTAaBIsAET 15
cM. PaccTostHue Mexy pedpaMu MPOBOHUKOB COCTABIISET
ot 165 1o 183 cm.

Puc. 2. O630p nepekTOB B NPOJIETHOM CTPOECHUH MOCTA

B pesynbrate ObUI0  BBIABICHO
crenyolee:

- HapylIeHbl CBAPOYHBIC LIBBI 110 KPasM TPOTYapHOM
IUIMTKA M Ha cTojbax. DTO CBA3aHO C JUHAMHYECKHMH
BO3JICUCTBMSIMI TIPOE3KAIONIET0 MUMO aBTOMOOWIS U
HapyIIeHneM paboThl KOMIICHCATOPOB;

- HaOmromaeTcs YacTHYHAs MOTeps 3aIllUTHOTO CIIOS
0eToHa, a TaKXKe BCKPHITHE apMaTypbl B HEKOTOPBIX MECTaXx;

- HMMEIOTCS TEXHOJIOTUYECKHE TPELIMHBI U IOJIOMKH,
BBI3BAHHBIE OXJIKACHUEM POMEXYTOUHOTO yCTPOICTBA;

- B pe3ylbTaTe HApyLIEHHS THIPOM3OIALMH Ha
MOBEPXHOCTH OETOHA MOSBIIIOTCS YIACTKHU, TIOBEP)KCHHBIE

KOPPO3HH.

JAArHOCTUKH
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4, BuIBOABI

HccnenoBanue, NpoBEJEHHOE C LENBIO H3YYEHUS HX
COJIEBBIX XapPAKTEPUCTHUK U CTECTICHH 3aCOJICHUS, CBSI3aHHBIX
C KOJHMYECTBOM WCXOJHOH INTYKaTypKH M CTEHCHBIO
BBIMBIBAHUS COJIEH IPH JUTUTEIHHOM BO3AEHCTBHU BOABI Ha
COJIIHBIC pEIIeTKH 3JaHUi M COOpY)KEHHH, IO3BOJAET
clienaTh CIeAyIONIUH BEIBOL.

Pazpabotans! cienyromuye peKOMEHIANU 110 PEMOHTY
MPOJICTHOTO CTPOCHHS MOCTa U BOCCTAaHOBJICHHIO €ro
TEXHMYECKOTo cocTostnus [9]:

1.  BoccranoBnenue — Ae(OpPMAlMOHHBIX  IIBOB,
o0paboTka  MeTaNIMIECKUMHU IIEeTKaMH TPEIIHH,
00pa30BaBIINXCs paHee Ha IINTAX Mpoe3xkeil yacTy;

2. OtpeMoOHTUpYHTE IPOMEKYTOUHBbIE YCTPOHCTBA,
3ajenaiite TPEIMHEI OETOHOM C IOJIMMEPLEeMEHTHOM
CMechI0. 3asieiiTe 3MOKCUIHON CMOJIOH, €CITM TPEUIMHBI He
6oiee 0,5 mm;

3. 3anenaiite CHIIbHBIE
METAJUTMYECKIMHU phlYaraMu;

4. OrpeMOHTHpYHTE MCIIEXOJHYX JOPOXKKY U
YCTaHOBUTE OIPAXKJCHUS B COOTBETCTBUY C HOPMAaTHBHBIMHU
HpaBHIIAMH;

5. OunCcTKa MOBEPXHOCTH NPOMEXKYTOYHBIX yCTPOHCTB
OT OCTAaTKOB LIEJIOYCH.

J1J1 BOCCTaHOBIJIEHHS Pa3pyLIEHHOTO KeJIe300€TOHHOTO
TpOJIeTa MOCTa CIEAYeT HCIIONIh30BaTh MAaTEPHAIbl IBYX
KaTeropuit:

tun | - coctaBel, oOpasylomue MOcCiIe HAaHEeCeHUS Ha
0eToH TBepIble IOKPBHITHSA, CXOJHBIE IO CBOWCTBAM C
[EMCHTHBIM KaMHeM (IIeMEHTHO-IIeCUaHble PacTBOPHI,
HOJIMMEpPLEMEHTHBIE KOMITO3HIIUN).;

Kareropus Il - pe3suHONOmOOHBIC  3IACTHYHBIC
KOMIIayHIBI (xoMITayHIBI THUIIA “HaITOJIHUTEIR",
HUTPUTHBIE, PE3MHOOUTYMHBIE KOMIIAYHIBI, STOKCHIHBIE
CMOJIBI, KOMITO3HUIINH Ha OCHOBE TIEPXJIOPBUHIUIOBEIX CMOJ),
KOTOpBIE ~ HE  paspylalTcs TOpd  3HAYUTEIBHBIX
nedopMarusx.

PexomeHmyeTcss HCIONB30BaTh IIEMEHTHO-IIECUaHbIE
pacTBOpsl U OCTOHBI C J00aBJICHHEM CYyJIb(QHUTHO-
cnupToBoro cesiyromiero SSB. Cynb(uTHO-CIUPTOBO#
WHEpTHBI SSB yiydmaer ruaparanuio 4acTul] pacTBoOpa,
TIOBBIIIAET WX AATE3UI0 K CTapOMy OETOHY, MHHEPAILHBIM
KOMIIOHEHTaM MW apmarype. PeMOHT u pecraBpauuio
JKeNe300eTOHHBIX KOHCTPYKIHUH c TOJILIUHON
BOCCTaHABIMBAaeMoOro ciosd 10 60 MM peKoMeHIyeTrcs
BBIOJIHATE W3 pacTBopa, a OETOHHBIX KOHCTPYKIMI
TonumHON 60 MM 1 Gornee.

B pesynbrare NpPOBENCHHBIX HCCIIEAOBAaHMN OBLIO
YCTaHOBJIEHO, YTO TEXHOJIOTHS IPUTOTOBJICHUS IEMEHTHO-

neeKTh Oarok

MOJMMEPHOTO ~ PacTBOpPa  JOIDKHA  OCYIIECTBIATHCS
CIIEAYIOIIUM 00pa3oM:
1. [nd TOpUTOTOBICHHS  LEMEHTHO-TIOIMMEPHBIX

pacTBOPOB B KaueCcTBE BSDKYILETO CIEAYyeT HCIOJIb30BaTh
nopmianauemMeHt Mapku M400 (IF'OCT 10178-85), B
kauyecTBe HanosHuTels - necok (FOCT 8736-93);

2. CopepxaHue TOPOMIKOOOPAa3HOW W TJIMHHUCTOM
cMeceid He TOJKHO npeBbIath 1%. CooTHOIIEHHE IIEMEHTa
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M TECKa JJOJKHO COCTaBIATE 1:3;

3. CmemmBaHUe BSDKYIIETO (IIEMEHTA) W HaIllOJTHUTEIS
(mecka) TPOBOAAT B JIONATOYHBIX CMECHTEIAX WIIH
OeToHOMeIIaNKax ¢ MPUHYIUTSILHEIM [IepeMeIINBaHAEM B
CYXOM COCTOSHHM B TEYEHHE 3-5 MHHYT IO ITOJyYeHHS
OZHOPO/IHOM MaccChl;

4. Nob6asku CBP B xonmnuectse 0,2% OT Macchl IIeMeHTa
pactBopsitoT B Boze. [lomyueHHBI pacTBOp MOCTENEHHO
BBOJAT B CYXyI0 CMECh I[EMEHTa M IecKa, TIIATEIbHO
MepEeMENBAIOT 0 HONYYEeHNUs OZHOPOMHON MacChl, 3aTeM
CMEIINBAIOT C BOAOH TakK, YTOOBI COOTHOLIEHWE BOIBI U
nemenra cocrasisio W:C < 0,45 [9].
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Modern solutions for monitoring axle boxes: safety and real-time train
operation efficiency

N.N. Irgashevl®?
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article is devoted to the development of an intelligent monitoring system for axle boxes of railway
rolling stock to improve safety and operational efficiency. Overheating of axle boxes often causes
accidents and failures, increasing operating costs and risks for passengers. The proposed system, based
on infrared sensors and wireless technologies, provides real-time temperature measurement and operator
warning of overheating. Data filtering algorithms, heat transfer modeling, and signal parameter analysis
are described, which increase the accuracy and stability of the system under operational interference
conditions. MATLAB simulations have confirmed that the system responds effectively to temperature
deviations. The implementation of this system will reduce the number of accidents, improve traffic safety
and optimize the maintenance processes of rolling stock.

Keywords: monitoring of axle boxes, overheating, intelligent system, railway transport, infrared sensors, wireless
data transmission, Wi-Fi, GSM, modeling in MATLAB, security, maintenance, database, remote server,
data processing

COBpeMeHHLIe pemi€eHudA AJd MOHUTOPHUHT A 6ylcc: 0e301acHOCTh U
S(I)q)eKTHBHOCTB ABMIKCHUSA MMOE310B B PEKUME PECAJTBHOT0 BPEMECHU

Hprames H.H.1® 2

TamxkeHTCKMI TOCYIapCTBEHHBIN TPaHCIIOPTHEINA YHUBEPCHUTET, TamKkenT, Y36eKucTan

AHHOTanus: CraThsl TIOCBsIIIEHA pa3pabOTKe WHTEIUICKTYaJbHOH CHCTEMBI MOHUTOPHHIA OyKCOBBIX Y3JIOB
JKEJIE3HOZOPOXKHOTO TOJBIKHOTO COCTaBa JUIs IIOBBIMIEHUS Oe3omacHOCTH H  3ddeKTHBHOCTH
9KcIuTyaTanuu. [leperpeB OyKCOBBIX y3JI0B 4aCTO CTAHOBUTCS IPUYMHON aBapHuii U OTKAa30B, YBEITNIHBAS
SKCIUTyaTallMOHHBIE 3aTpaThl M PHUCKU JUIA MaccaxkupoB. [IpeanoxkeHHas cucTeMma, OCHOBaHHAs Ha
HHPPAKPACHBIX JaTYMKaX M OECTPOBOIHBIX TEXHOJOTHAX, 00ECIIeUnBaeT U3MEPEHHE TEMIIEPaTyPhl B
peaJbHOM BPEMEHH U TpenynpexIeHne ornepaTopa o neperpese. OMUcaHbl alTOPUTMBI QUIBTPAINN
JTAHHBIX, MOJICIMPOBAHWE TEIUIONIEpeayll M aHalN3 MapaMeTpOB CHTHala, KOTOPBIE MOBBIIIAIOT
TOYHOCTh M YCTOHYMBOCTH CHCTEMBI B YCJIOBMSIX SKCIUTyaTal[MOHHBIX INOMeX. MopenupoBanue B
MATLAB moarBepamio, 4to cucTeMa 3(QQEKTHBHO pearupyeT Ha OTKIOHCHUS TEMICpPaTyphl.
BHenpenne naHHOW CHUCTEMBI IO3BOJIMT CHU3UTH KOJMYECTBO aBapHii, IOBBICUTH 0E30MacHOCTb
JBIKEHHS] 1 ONITHMH3HMPOBATH MPOIECCHl TEXHUYECKOTO 00CTy )KUBAaHHSI TTOJIBIXKHOTO COCTaBa.

Kirouessle cioBa: MOHHUTOPHHT OYKCOBBIX y3IJIOB, IEpETPEB, HHTEIUIEKTYalbHas CHCTEMa, JKEJIE3HOJOPOKHBIN TPaHCHIOPT,
uH(ppaKpacHble JaTINKH, OecpoBOIHAs Nepenada nanHbx, Wi-Fi, GSM, monenuposanne B8 MATLAB,
0e30macHOCTh, TEX00CTyKHBaHNe, 0a3a TaHHBIX, yIAJICHHBIN cepBep, 00paboTKa JaHHBIX

1. BBeIIeHI/Ie HAMXyIIIUX CIy4asX TakKhe Cilydae MOTYT HPHBECTH K
rubenu JroJiel, YTO CTaBUT MOJ Yrpo3y Oe30macHOCTh
Be30macHOCT,  Ha  KENEe3HOJOPOXKHOM — TPaHCHOpTE MacCa)XMpPOB, TIEPCOHATIA  CAMOTO COCTaBa.

SBISICTCS ONHOW M3 BaXHEHIINMX 3a7ad, CTOSAIIMX MHepesn Ha ceromHsmHuii AeHb Ul KOHTPOJIST TEMIIEpaTyphl
TPAHCIIOPTHOW OTpAcibi0, MOCKOJIBKY HEHUCIPABHOCTH B OYKCOBBIX Y3JI0B HPHUMEHSIOTCS pa3JMIHbIE CHCTEMBI
pabote KOMIIOHEHTOB MOTYT MPUBECTH K MoHuTopunra, Takue kak KTCM, HOT BOX, FEUS un
KaTacTpopuyeckuM mocieAcTBusM. OJHHM U3  Takux JIpyTrHe. OTH CUCTEMBI MO3BOJISIOT OTCIIKUBATH COCTOSTHUE
JJIEMEHTOB  JKEJIE3HOJOPOKHOTO TPAHCIOPTA  SIBISIOTCS OyKCOBOTO y3/1a M BBIBISITH Ciydan meperpeBa. OmHaKo
OyKCOBBIE Y37Ibl, KOTOpPble HIpalOT KIIOUEBYIO pOJb B TPaJUIMOHHBIE METOAbl MOHUTOPUHIA HMEIOT  Psf
obecreueHH  HOPMaJbHOW  pabOTBl  KOJECHBIX  IMap orpanuueHuii. Hampumep, oHHM YacTo He oOecreyuBaroT
MOJBIKHOTO ~ COCTaBa. bBYyKCOBBIE Y3JIbl HCIBITHIBAIOT CBOEBPEMEHHOE U TIOJHOE OIOBELICHHE O MeperpeBe B
3HAYMTENbHBIE MEXaHHYECKHE | TEIUIOBBIE HArpy3KH, peansHOM BpeMeHH. B OOJIBIINHCTBE CITy4aeB 3TH CHCTEMbI
MOCKOJIBKY OHH 00E€CIICeYHBAIOT BpAIEHHE KOJECHBIX INap (oKycupyIoTCcS Ha OTJAETBbHBIX TOYKaxX MapIipyTa WM Ha
MOZIBIKHOTO cocTaBa. IleperpeB OyKCOBBIX Y3JIOB MOXET HNEePHOIMUYECKUX IPOBEpKaxX, UYTO JeNaeT HEBO3MOXKHBIM
NPUBECTH K CEPbE3HBIM aBapusM B CBOIO O4Yepesib, MOCTOSIHHBIM KOHTPOJIb 32 COCTOSHHEM Y3JIOB B IIpoIecce

NPUBOJNTH 3HAYMTEIbHBbIE (DUHAHCOBBIE 3aTpaThl | JIBIDKEHHS TTOJIBIDKHOTO COCTaBa.

BPEMCHHBIC 3aI€PKKU Ha BOCCTAHOBJICHUE UCIIPABHOCTHU. B

@Y https://orcid.org/0009-0000-3736-1748
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Pa3paboTka HHTEIEKTYaJIbHOM CHCTEMBI MOHUTOPUHTA
OYKCOBBIX  y3JIOB,  HCIIOJB3YIOIIEH  COBpEMEHHBIE
0ecrpoBOAHBIC TEXHOJIOTHH Iepenauyn JaHHBIX, TAKHE Kak
Wi-Fi, LoRa u GSM. B yacTHOCTH, JJISI [TOJTyYESHUSI TOYHON
nHpopMaIHH o0 Temreparype OyKCOBBIX Y3JIOB B pEaTbHOM
BPEMEHH HCIIOIB3YETCsl JaTUUK TEMIIePaTyphl, KOTOPBIi
HO3BOJISIET C BBICOKOH TOYHOCTBIO U3MEPSATh TEMIEPaTypy
Ha KaXJIOM H3 OYyKCOBOTO Yy3ia IIOJBH)KHOIO COCTaBa.
Cucrema Oyzer paboTaTh B PeXKHUME PEalbHOTO BPEMEHH,
TIpefocTaBisisl NHYOPMAIIMIO O TeMIIepaType, meperpese 1
COCTOSIHUH OYKCOBBIX y3JIOB, @ TAK)KE II03BOJISS OTIEPAaTHBHO
pearnpoBaTh Ha W3MEHEHHUsS TeMIlepaTypbl Ha OyKCOBOM
y3JIe MOJBIKHOTO cOCTaBa. BHenpeHme maHHOW CHCTEMBI
HANpaBJICHO HAa TMOBBILICHHE OE30MACHOCTH JIBHIKCHUS
HOE3[I0B, COKpallleHHe BPEeMEHH Ha  TEXHHUYECKOE
o0Cly)KMBaHHE M aBapUHHBIC PEMOHTBI, a TaKXKe Ha
ynydiieHne ooreit 3¢ dexTuBHOCTH pabOTHI MOIBHIKHOTO
COCTaBa.

2. MeToa uccjie10BaHuA

Onucanue cucrembl. CucreMa KOHTpOJIs Harpesa
OYKCOBBIX Y3JIOB IIaCCA)KUPCKUX BAaroHOB HCIIOJIB3YeT
Jatuuku temnepatypsl DS1820, koTopele u3MepsIOT
TeMIlepatypy  OECKOHTAaKkTHBIM  crmocoOoM.  JlaTumku
YCTaHABIIMBAIOTCS B 30HE OYKCOBBIX Y3JIOB KaXJIOTO BaroHa,
obecrieurBasi MOHUTOPHHT TEMIIEPATyphI B Oykce

Muxpoxontpoiuiep ESP32 o0pabarbiBaeT naHHBIE C
JaTYNKOB, CPAaBHUBAET MX C IOPOTOBBIMH 3HAYEHUSIMH,
YTpaBIIseT HHIUKATOPaMH U TepefaéT HHPOPMAIUIO Yepe3
Wi-Fi u GSM.

TloporoBele 3HaUCHHUS TeMIIEPaTypPhL:

Tpegora-1 (Temmnepatypa> 45°C): BKIIIFOYACTCS KENTHIH
WHJUKATOP U CPETHUIT 3ByKOBOI CHTI'HAII.

Tpesora-2 (Temneparypa> 85°C): BKIo4aeTcst

Kaxnoe m3mepenue mpuss3aHO K KOHKPETHOMY BaroHy
u Oykce, HUTO TIO3BOJISIET TOYHO OMHPENEITHTh MECTO
Tieperpesa.

Ilepenaua naHHBIX:

Wi-Fi: undopmanust nepeaaercs Ha IUCIUICH B KaOuHe
MAaIIMHKUCTA,

GSM: wmoayns SIM80OL otmpaBnsier JaHHbIE Ha
OmDKAHIIyl0 CTaHOMIO W CepBep AN YAAICHHOTO
MOHHUTOPHHTA.

CucreMa aBTOMaTHYECKH MPOBEPSIET COCTOSIHUE CETU U
pu  HEOOXOIWMOCTH TIEPEKITIOYAECTCST MEXTy KaHaJIaMu
ces3u (Wi-Fi, LoRa, GSM). Ilpu c6osix uianM HeyIadHbIX
MOMBITKAX IepeJadd JaHHBIX T'€HEPHPYETCs TPeBora IJist
OTEPaTUBHOTO YCTPAHEHHS POOIEMBI.

VHankanus 1 0ToOpakeHne TaHHbIX:

B xabune MammHNCTa Ha AUCTIIEE OTOOPAXKAIOTCS:

Howmep Barona.

Tum TpeBoru (TpeBora-1 wim Tpepora

MecrormonoxeHnue meperpepa (Jiepas/mpasasi Oykca).

Tekymas Temneparypa.

WMHaukaTopbl CUTHAIU3UPYIOT O TIEpETrpeBe:

TpeBora-1: KenThlid CBETOINO U CPETHUI CUTHAI.

TpeBora-2: KpacHbIi CBETOANO U TPOMKUII CUTHAJL.

AHanM3 U IHarHOCTHKA:

JlaHHBIE TepemaloTcss Ha IEHTPAIBHBIN cepBep I
ymanéHHOTO  MOHMTOpMHTa ®  aHamm3a. Cucrema
TIPOTHO3MPYET BEPOSITHOCTh IEperpeBa, YTO IIOMOTAaeT
COKpPaTHTh  BpeMsl  yCTpaHEHHs HEHCTIPaBHOCTEH.
CrenuanucTel MOTYT MPOBOJUTH YAATEHHYIO TUATHOCTHKY

https://t.me/tdtuilmiynashrlar

U ONEpaTHBHO pPEearupoBaTh Ha COOBITHS, AaKe HAXOAACh

KaBuwa
Mauwnmnucra

LenTp |

CoepuHeHua
cepsepom

Wi-fi Coepurenma

GSM Coeantenma o
Wi o

Puc. 1. CTpyKTypHasi cXeMa HHTE/JIEKTyaIbHAs
CHCTeMa MOHMTOPHHIA OYKCOBBIX Y3/10B B peKHMe
peaabHOIro BpeMeHHU

MartemaTtuueckue MoJeau. /J[Is IpOTrHO3UPOBAHUS
meperpeBa M ONTHMHU3AIMU pabOTBI CHUCTEMBI ObITa
pa3paboTaHa TerIoBas Mopens OykcoBoro ysma. Ota
MOJICJIb OCHOBBIBAa€TCA HAa YpaBHEHMAX TeIUIoIepenaud U
YUYUTBHIBAET TEIUIOBOE CONPOTHUBIICHHE MAaTepHAIOB OyKCOB,
a TaK)Ke BHEUTHUE YCIOBUS (HallpuMep, CKOPOCTh JABMKCHUS
10e3/1a, TEMIIepaTypa OKPY KaIoIel CpeIbl I MEXaHUIeCKoe
TpeHue). Mojens MO3BOMSIET TOYHO IPOTHO3UPOBATh
TeMIIepaTypHble HM3MEHEHHS B PEalbHOM BpPEMEHH, UYTO
MIOMOTaEeT 3apaHee MPEAYNPEAUTh O BOZMOXKHOM HEperpese.

Maremarnueckas (dopMympoBKa: UCTIONB3YEeM
YpaBHEHHE TETUIONPOBOIHOCTH:
or V2T +Q
=g
Jat
rnie T — Temmeparypa, o — KOI(pPHUIUESHT

TETUIONPOBOAHOCTH, KOTOPBIH ONpenessieT, Kak ObICTPO
TEIJIO PaclpocTpaHseTcss B MaTepuaie OyKCOBOro y3na
(M?/c), V?T — omnepatop Jlannaca, Q — HCTOYHHK TeILIa,
BO3HUKAIOIINH B pe3yJIbTaTe TPCHUS.

IMpn wHavampHOM Temmnepatype T0=40°, TeruoBol

MOIITHOCTHU Q=100 Br, u KodhduIeHTe
TEIUIOTIPOBOTHOCTH a=1x10-5 m?/c TeMIIepaTypa
YBEJIHYHMBACTCSL.

Peammzamms 8 MATLAB:

Onpenenute HapamMeTpsl Marepuaia

(TEeTUIONPOBOIHOCTh,  TEIUIOEMKOCTh,  IUIOTHOCTH) U

HavdaJIbHbIC YCJIOBUA.
Temperature Distribution in Axle Box over Time
4 T T T T T T T

T T
Time step 300
Time step 600
Time step 200
Time step 1200 ||

mal S L e

ngko-

ADE i EER O OO U PO SN SURPRPNE

A2t R P SRR PO fr g

40

Temperaturs [°C)

N SO S S B SO S SO A
el : : ; : ; : 1
- 1 RETTTTE SOOI ............. e G

2} S SRR R S

Wl
o 0.1 0.2 03 0.4 05 0.6 07 o8 0g 1

Position along the axle box {m)

Puc. 2. PacnipenesieHne TeMmepaTypbl B 0yKCOBOM y3J1e
Mogenp pacnpocTpaHeHHsl CUTHAAa U yueT MoMeX Uis
obecriedeHss HAAEKHOW mepeladd JaHHBIX — MEXIY
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MHKPOKOHTPOJUIEPOM W YJQJICHHBIMH  yCTpPOICTBaMHU
(mucrleeM W cepBEpOM)  NIPUMEHSETCS  MOJCIb
pacmpocTpaHeHHsT ~ CHIHala,  KOTOpas  YYHTBIBACT
BO3MOXKHBIC TOMEXH U 3aTyXaHHE CHTHajla B 3aBUCHMOCTH
OT pACIHOJIOKCHUsSI KOMIIOHEHTOB. MoJenb MO3BOJISIET
ONTUMHU3MPOBATh MAapaMEeTPhl IIepeauyd AAHHBIX, YTOOBI
MHUHHMH3UPOBAaTh MOTEPU HMH(POPMALMKM ¥ IOBBICUTH
HaJeKHOCTh CHCTEMbl, OCOOCHHO B CJIOXKHBIX YCIOBMSAX
(HampuMep, B TYHHENSIX WM 30HAX C BBICOKOH IIOTHOCTBIO
3aCTPOCK).

Omcanue 3a1a4u: MOJICIUPYEM Iepefaqy TaHHBIX OT
JATYMKOB K CTAHIIMM MOHHMTOPHHra 4Yepe3 GEecCrpoBOIHYIO
CETh C Y4ETOM MOTEPh CHI'HAJIA U TIOMEX.

Maremaruueckast MOAENb:

Vcnons3yeM  ypaBHEHHE 3aTyXaHWs CHUTHala B
CBOOOHOM IIPOCTPAHCTBE:

P =Py —20logy0(d) —20logso(f) + G + G;

rae Pt — MOIIHOCTh NMPUHMMAeMoOro curHaia, Pt —
MOIIHOCTD TepeaaTyrka, d — paccrosiaue, f — gvacrora, Gt
u G; — ycuieHne aHTeHH.

Peammzanus 8 MATLAB:

Signal Propagation with Moise
-160 T T T T

Brals 4

-160 ki

-190

-200

Signal Power (dBm)

-210

-220

-230

-240 L
2500 3000

15hD ZDED
Distance (m)
Puc. 3. Moaess pacipocTpaHeHUs CUTHAJIA € Y4eTOM
myma
Monens otHomeHus curHan/mryM (SNR) ncnonbssyercst
JUI1 OLIEHKM KadecTBa CBA3M MEXIY YCTPOWCTBaMHU B
YCIOBHSAX BO3MOXHBIX IIOMEX M CHIDKCHHS KadecTBa
curHaga. OHa MO3BOJSIET IPOTHO3UPOBATH BEPOSTHOCTH
MOTEPH MAKEeTOB JaHHBIX WM MCKKEHUI MHpOpManuu B
3aBUCUMOCTH OT YpPOBHS IIIyMa M MOITHOCTH CHTHana. Jlys
TIOBBIIICHNS HAJIEXHOCTH CHCTEMA UCTIONb3YET aIallTHBHBIE
QITOPUTMBI,  KOTOPBIE  IO3BOJSTIOT ~ ABTOMATHYECKH
peryInpoBaTh MOIIHOCTh CHUTHAJTA FJIM MEPEKITI0YaThesl Ha
pe3epBHbIC KaHAJIbI CBSI3U B Cllyyae IOTepH KayecTBa.
PaccunTbiBaeM kauecTBO CBSI3M MEX 1y IEpelaTUUKOM U
NPUEMHHKOM, YYUTHIBAsA YPOBEHL IIyMa.

MaremaTuueckast MOACIb:

L L
] 500 1000

Psignat
SNR = 10log,o(—2"%)
P noise
rae Psignal — MOIIHOCTE curHaina, Pnoiss — MOIIHOCTE

aryma.

IMpu MomHoCcTH curHana Psignal = 1 BT 1 MomBOCTH Phoise
=0.01 Br, oTHOmIeHne SNR Oyzer cnexyrommm:

SNR (dB)=10-log10(1/0.01) =20 nb

Ha pucynke Puc. 4 mokazana 3aBucumocts SNR ot
paccTossHUs TpHU  TOCTOSIHHOM — ypoBHe mmyma. C
yBenndyeHneM  paccrostHus  SNR - cHmkaercs,  4To
HOJATBEP)KAAeT HEOOXOAMMOCTh ONTUMHU3ALMHU AAIBHOCTH
nepenaym.
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SMR Variation with Distance

Signal-to-Noise Ratio (dB)

i 1
0 1o 20 30 40 50 [=in} 70 a0 a0 100
Distance {m)

Puc. 4. Ornomenune curnan/mym (SNR) B 3aBucumoctu
OT PacCTOSTHHUS

B MATLAB 0ba co3gaHa MaTeMaTHYecKas MOJIEINb
CHCTEMBI JUIS aHAJIM3a MOBEJICHHS TEMIIEPATyPHBIX JaHHBIX
Y OLICHKH BJIMSHUS PA3IMYHBIX IapaMETPOB Ha PE3yJIbTaThl
n3MepeHuil. Moziens BKIIO4aeT:

- MonenupoBanye  TeMIepaTypHBIX  JaHHBIX:
HCIIOJIB30BAINCH CIy4aiiHbIe U CHHYCOHIAIbHBIE (DYHKIINI
UL TEHepaluK JaHHBIX O TEMIIepaType, YTO IO3BOJIIET
BOCIIPOU3BECTH ITOBEACHHE CHCTEMBI IPH HOPMaJbHOH M
aHOMaJIbHO# paboTe OYKCOBBIX Y3JIOB.

- AHam3 QWIBTpAlMM CHTHAJOB: HCCICHOBAIH, KaK
NPUMEHCHHBIC AITOPUTMBI  QWIBTPALMM  BIMSIOT HA
YMCHBIIICHHE IIYMOB B JAHHBIX, BBI3BAaHHBIX BHEIIHUMHU
(axropamu 1 BUOparueii moesaa.

- Onenka cucrembl curHanm3anuu: [IporpammHas
peanu3anys JIOTHKH YIPaBICHHUs CBETOIHOIAMH (3€ICHBIM,
JKEITBIM U KPacHbIM) M OLIEHKAa X PEaKkInH Ha M3MEHEHHE

TEeMIIEPaTypHl.

Temperature Data with Filtering
100 T T T T T T T

S0, A

Temperature (°C)

0 L ! L ! ! ! !
o 500 1000 1500 2000 2500 3000 3800 4000

Tirme ()
LED Status Based on Temperature Levels

LED State

08t | A

0 L L L L L L L
o a00 1000 1500 2000 2500 3000 3500 4000
Tirme (s)

1
0s

0
o 0.1 o2 03 04 05 06 07 08 09 1

Puc. 5. MatemaTnueckasi MoJiejib CHCTEMBbI JJIsI
aHAJU3a MOBeJeHUs TeMIePATYPHBIX JAHHBIX H OLEHKH
BJIMSIHMS PA3JIMYHBIX IAPAMETPOB HA Pe3yJabTaThl
H3MepeHuit

3. Pe3yabTaThl Hcc/ie10BAHUI

Wzmepenne TeMmneparypsl OYKCOBBIX Y3JIOB

TemnepaTtypHast ITMHaAMHKA:

[Ipy HOPMANBHBIX YCIOBHSAX TEMIIepaTypa BO3pacTaeT
nocreneddo, HaunHas ¢ 20°C u mocturas 40°C B Teuenue
10 MuHYT.

B ycroBusxX TOBBILICHHOW HArpy3kd (yCKOpEHHE,
mopEM) TeMmeparypa gocturaet 60°C, akTHBHPYS TPEBOTY
yposust TpeBora-1 (45°C).

I[lpu  xputmyeckoM meperpeBe (OTKa3  CMAa3KH)
Temiieparypa npepbiiaer 85°C, BbI3bIBasi TPEBOTY YPOBHS
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Tpesora-2 (85°C).

TloporoBele 3HaUCHHUS TPEBOT:

Tpesora-1 (45°C):

Yacrora cpabareBanus: 40% mpu MOISTHPOBAHUH
TIOBBIIICHHON Harpy3KH.

Peakuust cuctemsl: NpemynpexIcHHEe MalIMHHCTa C
YKa3aHHeM TOYHOTO HOMEpa BaroHa, KOJECHOM mapbl U
CTOPOHBI IIEpeTpeBa.

Tpesora-2 (85°C):

Cpabotana B 5% ciydaeB CUMYJIIIMN, B OCHOBHOM IIPU
KPHTHYECKOM IIeperpeBe.

Peaknust cucTeMbl: OTIpaBKa aBapUIHOTO COOOIICHUS
Ha cepBep U B KaOMHY MaIlIMHACTA.

JlonoHUTEbHBIE CIIEHAPUU:

CMOIenupoBaHO IOBEICHUE CHCTEMBI B YCIOBHUSIX
JIOKHBIX CUTHAJOB (HampHMep, BHEIIHHE IIOMEXU WU
BPEMEHHOE IOBBIIIEHHE TeMepaTrypbl). JIoxHbIE TpeBOTH
OTCYTCTBOBAJIH, YTO MOATBEPKAACT HAIEKHOCTh CUCTEMBI.

ToYHOCTH MICHTH(HUKAIMY [IEPETPEBOB

Cucrema TOYHO (PMKCHPOBAJIa MPEBBILICHUE TIOPOTOBBIX
3HAYCHUH, BKJIFOYAsl TaHHBIE O:

Howmepe Barona, Konécnoii mape, CtopoHe O0ykcoBoro
y371a (JieBasi/mpaBasi).

PesynbTarel ananusa:

CpenHee Bpems  cpabarbiBaHus  TpeBord  (OT
HPEBBILICHHS TI0POTa JI0 OTIPABKYU CUTHANA): 2—5 CEeKyHII.

TounocTs ukcanun neperpesa: 100% (Bce meperpess!
UIeHTH(OUIMPOBAHBI KOPPEKTHO).

JloxHble cpabateiBanus: 0%, 4YTO TMOATBEpXKAACT
YCTOHYMBOCTH K BHEIIHUM IIOMEXaM.

PazpabGorannas TeruoBas Mozaenb OyKCOBOro ysia
MO3BOJISIET ~ NPOTHO3HPOBATh  TEMIEpaTypy y3JIOB B
Pa3NUYHBIX  OKCIUTYyaTAl[MOHHBIX  YCIIOBHSIX, BKIIOYAs
W3MEHEHUS] HArpy3KH, CKODOCTH [BIDKEHHS COCTaBa M
OKpY’Karollleil TemMnepaTypsbl.

Moyenb yuuThIBaeT:

TemnepaTypy oOKpyaromed cpensl: 3amaérces Kak
6a3oBas TemIieparypa.

TeruioByio Harpys3Kky: W3MeEHSeTCS B 3aBHCHMOCTH OT
CKOPOCTH T0€3/1a U COCTOSIHUS CMa3KH.

Koaddumuentsr  TEIIONMpOBONHOCTH:  3aBHUCAT  OT
MaTepHajIoB OyKCOBOTO y37a.

CpasHeHme NPor HO3uPYeMOi 1 (DaKTHHECKON TeMNepaTyps!

a0 |~ @axTieckan Temnepatypa
MporHosupyenas TennepaTypa
OmRnoKenne

Temnepatypa (*C)

[ 5 10 15 2 25 2
Bpersa (M)

Puc. 6. CpaBHeHHe NPOrHO3HPYeMOii U paKTHIECKOIT
TeMmnepaTyphbl

Ha rpaduke HmKe MpPEACTaBICHO CpaBHEHHUE
MIPOTHO3UPYEMOM u (baxTuueckon TEeMIIEpPaTyphl.
OTtkioHeHUsT He mpeBblmaT £5°C, 4TO MNOATBEpPXKIACT
BBICOKYIO ~ TOYHOCTH  Mogemu.  OO6macte  MeXIy
(aKTHUeCKUMH ¥ TPOTHO3UPYEMBIMH  3HAYCHUSIMU
BBIZIEJIEHA CEPBIM BETOM JUTS HATTIAJHOCTH.

https://t.me/tdtuilmiynashrlar

4, BuIBOABI

Pa3paboTka HHTEIIEKTYJIbHOH CHCTEMBl MOHUTOPUHTA
neperpeBa OYKCOBBIX Y3J70B CTala BaKHBIM ILIArOM K
MTOBBIIICHUIO 0e30MacHOCTH u 3¢ GEKTHBHOCTH
9KCIUTyaTalldH IOJIBHXKHOTO COCTaBa. [IpOTOTHIT CHCTEMBI
YCIENIHO  (QYHKIMOHHPYET B  PEAbHBIX  YCIOBUSX,
MpeloTBpaias reperpes OYKCOB. Cucrema
MPOJEMOHCTPUPOBaia BHICOKYIO HAISKHOCTh B 00paboTKe
U Tepefadye JaHHBIX, oOecredyrnBas TOYHBIM KOHTPOIb
TeMmneparypsl. Vcnonp30BaHue yIaJCHHOTO MOHHUTOpPMHTA
gyepe3 cepBephl IMO3BOJIWIO OPraHU30BaTh ITOCTOSHHBIN
KOHTPOJIb COCTOSTHHSI OYKCOB, a pCal30BAaHHBIC PEKHMBL
9HEProcOCpeKeHNsT O00CCIICUMI aBTOHOMHOCTh PabOTh
YCTpoOIiCTBa B TMOJIEBBIX YyCiIOBUsX. s nanpHeimero
COBEPIICHCTBOBAHHS CUCTEMBI TUIAHUPYETCS ONTHMU3AIUS
ITOPUTMOB  MPOTHO3HMPOBAHUS OTKAa30B, pacUIMpPEHUE
(hYHKIMOHAIBHOCTH 32 CYET JOMOJHUTEIBHBIX JaTYNKOB H
MHTETpalys ¢ IPYTUMHU CUCTEMaMH Oe30MIaCHOCTH, a TaKKe
MIPOBENICHNE HCIIBITAHUN Ha PEalbHBIX >KEJIE3HOIOPOKHBIX
JUHUSAX. DT MEphl MO3BOJIAT TOBBICHTH HANICKHOCTh H
YpOBEHb 0€30MacCHOCTH XKEIe3HOAOPOXKHOTO TPAHCIIOPTA.
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Establishment of management policy of personnel in enterprises (in the
example of Angren coal mine in Uzbekistan)

B.R. Sarimsakov®?
IAndijan Institute of Mechanical Engineering, Andijan, Uzbekistan

Abstract: An essential element of any business’s efficient operation is people management. Establishing efficient
human management practices is especially important for businesses in high-demand industries like
mining in Uzbekistan, where industrial development is a major factor in economic growth. The process
of creating people management policies at Angren Coal Mine, one of the top coal extraction companies
in Uzbekistan, is examined in this thesis. The study examines the problems, tactics, and results of human
management today and makes suggestions for raising employee happiness and organizational

effectiveness.
Keywords:

personnel management, skill development, employee recognition, training programs, workforce

diversity, data-driven decision making, strategic HRM, organizational success

1. Introduction

Significant changes have occurred in the personnel
administration of Uzbekistan, particularly after the
independence of the country in 1991. Businesses had to
reevaluate how they handled human resources as a result of
the transition to a market economy. Important topics
including workforce training, labor productivity, and the
necessity of coordinating human resources with corporate
objectives have gained prominence. The appropriate people
in the right jobs at the right times with the correct talents are
guaranteed by effective personnel management. The entire
success of the business is influenced by increased
productivity, decreased attrition, and improved working
conditions. In Uzbekistan, managing employees is crucial to
promoting industrialization and making sure businesses can
compete on the international stage.

2. Literature review

Recruiting, choosing, training, developing, and keeping
employees are all considered aspects of personnel
management. Setting performance goals, handling disputes,
and maintaining a positive work atmosphere are also
included. In contemporary businesses, strategic decision-
making heavily relies on human management. Over time, the
idea of human management has undergone substantial
change. At first, it was mostly concerned with administrative
duties like hiring and wage management. However, the
scope of human management grew to incorporate strategic
functions as organizations became larger and more complex.
Modern ideas of personnel management were founded on the
work of pioneers in the field of human resources, such as
Frederick Taylor and Elton Mayo. Known as the “father of
scientific management,” Frederick Taylor popularized the
notion that productivity might be raised through effective
human resource management. [1].Taylor’s concepts placed
a strong emphasis on the necessity of training employees,
matching them with appropriate jobs, and using organized

@Y https://orcid.org/0009-0002-4775-6502

December, 2024

Research, Innovation, Results

techniques to ensure performance. [3]. Despite its original
emphasis on industrial environments, his work had an
impact on the evolution of personnel management
techniques more broadly. The Hawthorne Studies, carried
out by Elton Mayo in the 1920s and 1930s, examined the
human element of the workplace and demonstrated that
employee motivation and job happiness are essential for
output. [3]. By highlighting the significance of social
variables in the workplace, Mayo’s research changed the
perspective of people management from one that was solely
transactional to one that was more relational. Globalization,
changing work settings, and technological advancements all
have a significant impact on personnel management today.
Because of the growing diversity of the global workforce,
managers must deal with a range of cultural, generational,
and technical disparities. 75% of multinational corporations
stated that enhancing talent management was one of their
key goals, per a 2023 World Economic Forum survey. [4].In
addition, 67% of companies were funding leadership
development initiatives to create a staff prepared for the
future, according to the same research.

In Uzbekistan, where mining and industry are major
forces behind economic expansion, human management
techniques are changing to satisfy the needs of contemporary
businesses. For instance, technological developments in
mining operations necessitate a staff with specialized
technical skills, making the demand for qualified personnel
at the Angren Coal Mine especially urgent. Data from the
Uzbek Ministry of Labor indicates that the technical
requirements of contemporary industries like mining and the
abilities of the labor pool are significantly out of sync. This
disparity emphasizes how crucial thorough training
initiatives and astute human management are to maintaining
a company’s competitiveness. Strategic decision-making in
modern businesses heavily relies on human management.
These days, HR departments help managers understand the
skills and competencies needed to accomplish the
organization’s long-term goals, shape those goals, and offer
data-driven insights on workforce trends. For example, data
analytics has emerged as a crucial tool for HR professionals,
enabling them to make well-informed choices on
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performance management, employee retention, and talent
acquisition. A Gartner survey from 2022 found that 63% of
HR directors said they used data analytics to improve their
strategy for attracting and retaining people. [5]. Furthermore,
it is becoming more widely accepted that encouraging
innovation and organizational transformation requires
effective personnel management. Effective personnel
management ensures that workers at companies like Angren
Coal Mine are not only competent but also flexible enough
to adjust to new procedures and technology. Personnel
management makes sure that the workforce is equipped to
meet the difficulties presented by automation and
technological change by putting in place leadership
initiatives, career development opportunities, and ongoing
training programs.

3. Research Metodology

This article examines Angren Coal Mine’s personnel
management using a qualitative case study methodology. In
addition to analyzing internal papers and reports, it entails
conducting interviews with important stakeholders, such as
HR managers, staff members, and union representatives.
This method enables a thorough comprehension of the
intricate dynamics inside the company. Interviews are
conducted with managers, HR staff, and workers at different
levels to comprehend workforce management tactics and
issues. For instance, according to an interview with the
manager, HR Manager at Angren Coal Mine, one of the
primary problems is the high incidence of employee turnover
among young people, which is linked to a lack of prospects
for career advancement. To evaluate the efficacy of current
personnel policies, company records, employee satisfaction
surveys, and training initiatives are reviewed. Employees'
average participation rate in training programs is only 56%,
according to the most recent internal data from the mine’s
HR department. This suggests a deficit in skill development
activities. [6]. The difficulties with the current people
management system were further highlighted by
observations that included conversations with frontline
employees who voiced concerns over safety procedures and
work-life balance.

4. Analysis and Results

The inability to recruit and retain experienced workers,
particularly for high-tech operations, is one of the most
urgent issues facing Angren Coal Mine. The abilities of
available personnel and the technical requirements of these
systems are becoming more and more out of sync as the
mining sector depends more and more on cutting-edge
technology and contemporary equipment to increase
productivity and efficiency. This lack of skills is not specific
to Uzbekistan; rather, it is a problem in many developing
nations where workers are not always prepared to keep up
with the quick speed of technological development. For
example, the requirement for qualified specialists to operate
and maintain the mine's increasingly automated machinery
such as conveyor belt systems or automated drilling
machines has increased. Many workers, however, lack the
formal training or technical know-how required to operate
such technology efficiently. Consequently, the mine can
encounter difficulties in guaranteeing seamless and effective

https://t.me/tdtuilmiynashrlar

operations. For instance, it was discovered that just a small
portion of the staff at Angren Coal Mine have the expertise
required to run the new automated systems during a recent
equipment upgrade. As workers received more training, this
resulted in production delays and more downtime. The
circumstance serves as an example of the more general
problem of skill gaps between the technical demands of
contemporary mining operations and the personnel that is
now available. Another issue that Angren Coal Mine has is
employee motivation. Although the mine provides money
incentives, including bonuses for reaching certain goals or
high production levels, non-financial accomplishments are
not given the same attention. Maintaining a motivated and
engaged workforce requires non-monetary rewards
including recognition for innovation, better work habits, and
safety contributions.
Organizational behavior research has demonstrated that,
although monetary rewards are significant, non-monetary
acknowledgment can significantly affect worker motivation.
Verbal acknowledgement, prizes, chances for professional
advancement, and cultivating a sense of accomplishment are
examples of non-monetary rewards. [7] Many workers at
Angren Coal Mine, however, have voiced their displeasure
at not being acknowledged for their contributions outside of
financial  performance.  Disengagement,  decreased
productivity, and even greater turnover rates may result from
this. For instance, a worker who adopts a more effective
work practice like a more efficient way to carry materials
might not be officially recognized even though the technique
significantly boosts production. These improvements are
frequently overlooked, which irritates staff members who
believe their efforts are not acknowledged. [8].

At Angren Coal Mine, worker safety is still a major
concern. The nature of mining operations entails substantial
dangers, including equipment-related accidents, hazardous
substance mishaps, and structural problems in the mine
itself, even though safety procedures have improved over
time. Despite advancements in safety, the number of
accidents at work indicates that further steps are required to
protect workers’ health. A number of issues, such as
inadequate safety training, human error, and disregard for
safety procedures, frequently contribute to accidents in the
mining sector. Even though Angren Coal Mine has improved
its safety protocols, training, communication, and the
workplace's general safety culture may all use some work.
According to a recent mine report, there were numerous
instances of workers suffering minor injuries as a result of
slips, falls, or improper equipment usage. [9]. These
incidents suggest that safety procedures may not be
completely integrated into the mine's day-to-day operations,
even with safety briefings and safety equipment in place.
Employees have also complained that safety exercises are
not done often enough, which leaves them unprepared for
situations.

5. Conclusions and
Recommendations

From being solely an administrative task, personnel
management is now a key factor in the success of
organizations. This change, which was brought about by
influ ential academics and international best practices,
highlights how crucial it is to match human resources with
more general company goals. Addressing the issug a

December, 2024
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:3|2024

organizations face today, such as workforce diversity,
technology improvements, and talent shortages, requires
effective hiring, training, and development. With its
emphasis on data-driven strategies, modern human
management is essential to accomplishing long-term
corporate objectives. Organizations should collaborate with
academic institutions to provide specialized training
programs in order to alleviate the skills deficit. Both soft
skills like communication and leadership as well as technical
skills like mastery of new technologies should be
emphasized in these programs. Employees will be able to
stay up to date and prepared to meet changing market
expectations with the support of ongoing professional
development opportunities. Organizations should put in
place reward systems that honor accomplishments like
creativity, safety enhancements, and teamwork in addition to
offering monetary incentives. Employee engagement and
morale can be greatly increased by regularly recognizing
their contributions, which promotes a happy and effective
work environment. Organizations may make well-informed
decisions on hiring, employee performance, and training
requirements by integrating data analytics into people
management. Businesses may forecast future labor
requirements, spot patterns, and create proactive plans to
close gaps by utilizing data. Companies should concentrate
on developing welcoming cultures that respect many
viewpoints and experiences as worker diversity becomes
importance.  Innovation can be encouraged and
organizational performance can be enhanced by putting
diversity training into practice and making sure all
employees have equal opportunity.

In conclusion, a comprehensive, all-encompassing
approach that combines human resource procedures with the
overarching business plan is necessary for modern personnel
management. Businesses can boost employee satisfaction,
boost performance, and eventually achieve long-term
success by emphasizing skill development, recognition,
data-driven decisions, and diversity.
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Assessment of the impact of minor gases in the atmosphere on climate change
of the Fergana valley

U.A. Shermukhamedov!®2, M.M. Arzikulovl®P
IScientific Research Institute of Hydrometeorology, Tashkent, Uzbekistan
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Abstract:

Climate change is strongly influenced by many areas, especially low concentration gases in the

atmosphere. This effect was studied on the example of the Fergana Valley, and the change of dust and
gases in the atmosphere during the last climatic period was analyzed.

Keywords:

climatic parameters, atmospheric pollution, dust, sulfur dioxide, carbon monoxide, nitrogen dioxide

Farg‘ona vodiysi iqlimining o‘zgarishida atmosferadagi kichik gazlarning
ta’sirini baholash

Shermuxamedov U.A.1®2 Arziqulov M.M.1&P
!Gidrometeorologiya ilmiy tadgigot instituti, Toshkent, O‘zbekiston
2Mirzo Ulug‘bek nomidagi O*zbekiston Milliy universiteti, Toshkent, O‘zbekiston

Annotatsiya:

Iqlim o‘zgarishiga ko‘p sohalar, hususan atmosfera tarkibidagi kichik konsentratsiyadagi gazlar ham

kuchli ta’sir qgiladi. Aynan shu ta’sirni Farg‘ona vodiysi misolida o‘rganib chiqildi va so‘nggi iqlimiy
davrda atmosferadagi chang va gazlar o‘zgarishi tahlili gilindi.

Kalit so‘zlar:

1. Kirish

Atmosfera asosan azot (N2) va kisloroddan (02) tashkil
topganiga garamay, aynan uning tarkibidagi chang va kichik
gazlar (uglerod oksidi (CO), oltingugurt dioksidi (SO2),
Azot dioksidi (NO2) iqlim o’zgarishi, atrof-mubhitni
shakllanishida muhim rol o’ynaydi. Ushbu atrof-muhitni
ifloslantiruvchi moddalarning ortishi atmosfera tarkibining
o’zgarishi va turli texnogen ofatlarning ko’payishiga olib
kelmoqda.

Bugungi kunda atmosfera gatlamida kuzatilayotgan
salbiy o’zgarishlarning asosiy omili inson faoliyatidir. Inson
faoliyati - sanoat korxonalari qurilishi, o’rmonlarning
kesilishi, suv havzalarining ifloslanishi, tuproqqa noto’g’ri
ishlov berish bularning hammasi atrof-muhitga ta’sir qiladi.

Ishning maqgsadi va vazifasi. Shu bilan birga atmosfera
ifloslanishida tabiiy omillarning roli ham juda muhim.
Masalan vulqonlarning harakati, cho’llarda shamol
natijasida ko’tarilgan ulkan chang massalari va boshqalar
atmosfera qatlamiga salbiy ta’sir ko’rsatadi. Bizning
tadgiqotlar aynan shu tabily omillarni o’rganishga
qgaratilgan. Eng birinchi va muhim omil sifatida iglim
omilini ko’rib chigamiz. Namangan, Farg’ona va Andijon
shaharlarida iqlim holati, so’nggi 30 yil ichida uni qanday
o’zgargani, havodagi chang va gazlarning o’rtacha yillik
o’zgarishlari va ushbu moddalarning konsentratsiyasi iglim
kattaliklariga qanchalik bog’ligligini umumiy holda ko’rib
chigamiz. Namangan, Farg’ona va Andijon shaharlari uchun
iqlim kattaliklari va uning atmosferasi tarkibida o’lchangan
4 ta ifloslovchilar (chang, SO2, NO2 va CO) orasida
bog’liglik bor yoki yo’qligini aniqglash.[2]
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iglimiy parametrlar, atmosferaning ifloslanishi, chang, oltingugurt dioksidi, uglerod oksidi, azot dioksidi

2. Tadqgigot metodologiyasi

Farg’ona vodiysi shaharlarida so’nggi iqlimiy davrda
haroratning umumiy trendi o’sishni ko’rsatgan va 20 ga
ko’tarilgan. Shu davr mobaynida yog’ingarchilik o’garishi
yaqqol o’sish yoki kamayish tendensiyasini ko’rsatmagan.
Juda katta tebranishlar bilan yog’in miqdori o’rtacha 18-23
mm atrofida saqglanib qolganini kuzatishimiz mumkin.
Andijon, Farg’ona va Namangan shaharlarida Atmosfera
yog’inlari va havo haroratining ko’p yillik o’zgarishi trend
chizig’i asosida ortayotganligi aniqlandi. Uchala shaharda
ham havo harorati yuqori giymatlarda ortayotganligi
aniqlandi. Atmosfera yog’inlarining bu shaharlarda kichik
qiymatlarda ko’payganini ko’rishimiz mumkin (1-rasm)[1].

Borzenkova, Gruza, Sirotenko va boshqalar 0’z ishlarida
eng asosiy xavf CO2 ning atmosferaga chigishi deb
garashgan, chunki u nafagat atrof-muhit holatiga, balki inson
salomatligi holatiga ham o’ta salbiy ta’sir ko’rsatadigan
moddadir. Dimnikov va boshqalar esa 0’z ishlarida nafaqat
karbonat angidrid, balki korxonalarning sanoat faoliyati
natijasida havoda qo’rg’oshin, azot oksidi, ftor va boshqa
kimyoviy birikmalarning konsentratsiyasi ortib
borayotganiga ham alohida urg’u berishgan. Biz ham asosiy
e’tiborni  kichik gazlarga qaratdik. Sababi karbonad
angidridning atmosferaga ta’siri ko’p marta isbotlangan,
boshqga gazlarning iqlim o’zgarishidagi roli esa bugungi kun
uchun dolzarb vazifadir.[3,4]

December, 2024
Research, Innovation, Results



https://orcid.org/0000-0003-1718-5331

Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:3|2024

a)
16 0"“C Anrxon 1 "”‘fﬁ o
15.0 40.0
140 1 350
4 300
130 F
1 25.0
120
20,0
11,0
15.0
10.0 10.0
2.0 " 5.0
s XAPOPAT == | |OTHH
80 Lovsussuaniiiein il e 0.0
1961 1968 1975 1982 1989 1996 2003 2010 2017
b)
7 OI “(_j Daproa i s 0.0
1 350
30.0
1 25.0
1 200
1 150
1 10,0
9.0 e XapOpAT Torum 150
€0 Llnsn 0.0
1961 1968 1975 1982 1989 1996 2003 2010 2017
v)
@
17 0" _C Tlanmanras H..\_m 40.0
160 1 350
150 1 300
14.0
vt 1 250
13,0
4 200
120
o <
1o b 13,0
100 100
20 —Xapopar =—[formm 1 50
80 1000 0110111 3000000 es 1111100 suuuee i1l eeerrrielilg 0_0

1961 1968 1975 1982 1989 1996 2003 2010 2017

1-rasm. Andijon, Farg’ona va Namangan shaharlarida
Atmosfera yog’inlari va havo haroratining ko’p yillik
o’zgarishi

Oltingugurt oksidi (SO2) konsentratsiyasi davr boshida
yugori bo’lgan va 1998-yilgacha kamayib kelgan va 2014-
yilgacha kichik giymatlarda ortgan va shu vaqtdan boshlab
hozirgi vagtgacha yuqori giymatda ortib borayotganini
ko’rsatmoqda. Azot oksidi (NO2) konsentratsiyasi o’rtacha
giymatlarda tebranib kelgan va davr oxirida ortgan (1-rasm).

Biz o’z tadqiqotlarimizda iqlim ma’lumotlariga mos
ravishda  yuqoridagi  atmosfera  parametrlari  va
atmosferadagi gazlarning 1990-2020-yillar uchun o’rtacha
oylik giymatlaridan foydalandik. Iglim kattaliklari bilan
bog’liqligi bor yoki yo’qligini tadqiq etish uchun yillik
o’zgarish grafiklari tanlandi. Biz gazlarning yillik o’zgarishi
vamos ravishda iglim kattaliklarining 1990-2020-yillar joriy
iqlimiy ~davrdagi o’zgarishi orasidagi Korrelyatsion
bog’lanishlarni ko’rib chiqdik. Chang va gazlarning
konsentratsiyasi  iglim  kattaliklariga  korrelyatsion
bog’ligligi natijalari: korrelyatsion koeffitsient
giymatlaridan Namangan shahrida iglim parametrlaridan
havo harorati, havoning mutlog namligi va shamol,
o’lchangan chang va kichik gazlar bilan to’g’ri chiziqli
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bog’lanishga, atmosfera bosimi, havoning nisbiy namligi va
atmosfera yog’inlari bilan teskari korrelyatsion bog’lanishga
ega ekanligi aniglandi.
1-jadval
Farg’ona vodiysida 1990-2020-yillarda o’lchangan
iglim parametrlari bilan atmosfera gazlarining
korrelyatsion bog’lanishi

Korrelyatsiya
L CO2 HO:2 CO Chang
koefitsienti

Havo harorati,
°C

057 | -0.20 0.77 0.82

Atmosfera
o -0.46 0.30 -0.66 -0.69
bosimi, gPa

Havoning nisbiy
-0.50 | 0.27 -0.73 -0.78

namligi, %

Atmosfera
o -0.44 | -0.16 -0.78
yog’inlari, mm

Shamol, m/s 0.30 | -0.49 0.36 0.40

Iglimiy parametrlar bilan chang va azot dioksidi (NO2)
yuqori giymatli nochiziqli to’g’ri va teskari korrelyatsion
bog’lanish mavjud. oltingugurd dioksidi (SO2) bilan
bog’lanish mavjud emasligi aniglandi, uglerod oksidi (CO)
bilan o’rtacha giymatli bog’lanish mavjud. Havoning mutloq
namligi bilan atmosfera havosidagi chang to’g’ri chizigli
yuqori korrelyatsion bog’lanish borligi, uglerod oksidi va
azot dioksidi bilan o’rtacha chizigli korrelyatsion bog’lanish
aniglandi.  Oltingugurt  dioksidi  bilan  korrelyatsion
bog’lanish aniqlanmadi (1-jadval).

3. Xulosa

Asosiy iglim kattaliklari hisoblangan havo haroratining
yuqori giymatlarda o’sishiga bizning tadgiqot obekti yopiq
vodiy hududi ekanligi, antropogen landshafti, vodiyning
geografik joylashuvi, mahalliy sirkulyatsiyalar, tanlangan
joyning rel’yefiga bog’liq hisoblanadi. Bundan tashqari
umumiy sinoptik jarayonlarni ham hisobga olish kerakligini
ko’rsatadi. Yuqorida olingan bog’lanishlar havo harorati
bilan atmosfera tarkibidagi chang orasida yuqori giymatli
to’g’ri chizigli korelyatsion bog’lanish borligini aniqlash
imkonini berdi. Namangan shahrida havo harorati bilan
oltingugurt dioksidi orasida o’rtacha qiymatli teskari
korelyatsion bog’lanish mavjud. Asosiy ifloslantiruvchi
moddalar orasida azot dioksidi, oltingugurt dioksidi va
uglerod oksidi havo harorati bilan to’g’ri chizigli
korelyatsion bog’ligligi aniqlandi. Olingan natijalarga ko’ra
iglim kattaliklari bilan atmosferadagi chang va gazlar
orasida yuqori bog’lanish aniqlandi. Yanada aniqroq
natijalar olish uchun alohida yillar, oylar va kunlar kesimida
ushbu iglim parametrlari va ifloslovchi gazlar orasidagi
bog’ligliklarni tahlil etish talab etadi.
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Traffic safety assessment of intersections of Parkent and Mirzo Ulugbek
branch streets

R.G. Samatovi®?, A.S. Rakhmanov®?, N.H. Tursunovi®¢
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article analyzes the issues of traffic safety assessment at the intersection of Parkent and Mirzo
Ulugbek branch streets. In the study, traffic accident statistics, traffic density and specific characteristics
of the road infrastructure at this intersection were studied. During the evaluation process, the existing
risk factors were identified, and a scientific proposal and practical recommendations were developed to
eliminate them. Also, technological solutions, including traffic light systems and alternative control
methods, were analyzed in order to increase the efficiency of the intersection and ensure the safety of
passengers and drivers. The results of the research can be presented as scientifically based proposals to
local authorities and official organizations to improve road safety.

Keywords: conflict point, fatality rate, road safety, intersection, Parkent street, Mirzo Ulugbek branch street

Parkent va Mirzo Ulug‘bek shox ko‘chalari kesishmalarni harakat
xavfsizligini baholash

Samatov R.G.1 @2 Raxmonov A.S.1®P Tursunov N.H.1&¢
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Mazkur maqolada Parkent va Mirzo Ulug‘bek shox ko‘chalari kesishmasida harakat xavfsizligini
baholash masalalari tahlil qilinadi. Tadqiqotda ushbu kesishmadagi yo‘l-transport hodisalari (YTH)
statistikasi, harakat zichligi va yo‘l infratuzilmasining o‘ziga xos xususiyatlari o‘rganilgan. Baholash
jarayonida mavjud xavf omillari aniglanib, ularni bartaraf etish bo‘yicha ilmiy taklif va amaliy tavsiyalar
ishlab chiqilgan. Shuningdek, kesishma samaradorligini oshirish va yo‘lovchilar hamda haydovchilar
xavfsizligini ta'minlash magsadida texnologik yechimlar, jumladan, svetofor tizimlari va mugobil
boshqaruv usullari tahlil etilgan. Tadqiqot natijalari yo‘l harakati xavfsizligini yaxshilash bo‘yicha
mahalliy hokimiyat va mutasaddi tashkilotlarga ilmiy asoslangan takliflar sifatida taqdim etilishi
mumkin.

ziddiyatli nugta, halokatlilik koeffitsiyenti, yo‘l harakati xavfsizligi, kesishma, Parkent ko‘chasi, Mirzo
Ulug‘bek shox ko‘chasi

Kalit so‘zlar:

chorrahalarda harakat xavfsizligini ta'minlash nafagat
insonlar hayoti va salomatligini muhofaza qilish, balki
shahar transport tizimining samaradorligini oshirishda ham
muhim rol o‘ynaydi.

1. Kirish

XXI asrda yo‘l harakati xavfsizligini ta'minlash global
migyosdagi dolzarb muammolardan biri hisoblanadi.
Shaharsozlikning jadallashuvi va avtomobillar sonining
ortishi transport tizimi samaradorligini ta'minlash bilan bir H i H
qatorda, yo‘l harakati xavfsizligiga ham jiddiy e'tiborni talab 2. Tadq I th metodikasi
gilmogda. Aynigsa, chorrahalar avtomobil ogimlari Yo'l harakati xavfsizligi — bu yo‘l harakati
kesishuvchi asosiy nugtalar ~ sifatida  yo‘l-transport ishtirokchilarining yo‘l-transport hodisalari (YTH) va
hodisalarining (YTH) ko‘p uchraydigan joylaridan biridir. ularning  ogibatlaridan  himoyalanganlik  darajasini
Chorrahada harakat qatnashchilarining ko‘p yo‘nalishli ifodalaydigan tushuncha. Yo‘l harakati xavfsizligi darajasi
harakati, svetofor va belgilar bilan boshgaruv tizimining bevosita yo‘llardagi intizom va infratuzilmaning rivojlanish
murakkabligi sababli xavfli vaziyatlar yuzaga kelishi darajasiga bog‘liq bo‘lib, aholining harakatlanishdagi

ehtimoli yuqori bo‘ladi. xavfsizligini ta'minlashga garatilgan chora-tadbirlardan
O‘zbekistonda yo‘l infratuzilmasini rivojlantirish va kelib chigadi[1].

xavfsizlikni ta'minlashga qaratilgan keng ko‘lamli chora-
tadbirlar amalga oshirilayotganiga garamay, chorrahalarda
sodir bo‘layotgan YTHlarning soni va og‘irlik darajasi
hanuzgacha dolzarb masala bo‘lib qolmogda. Aynan

https://orcid.org/0009-0007-4701-2518
bi® hitps://orcid.org/0000-0003-1640-8839
¢ https://orcid.org/0009-0000-6675-855X
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Yo°l transport hodisasi bu transport vostitalarining
yo‘lda harakatlanish jarayonida sodir bo‘lgan, fuqarolarning
vafot etishi yoki tan jarohati olishlari, transport vositalati,
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inshoatlar, yuklarning shikastlanishi va boshga moddiy zarar
yetkazish tushuniladi[2].

Yol harakati xavfsizligini ta’minlash — bu yo‘l-transport
hodisalarining (YTH) sabablarini oldini olish va ularning
ogibatlarini yengillashtirishga garatilgan tizimli va doimiy
faoliyatdir.

Halokatlilik koeffitsiyenti deb yo‘l bo‘lakalarning rejada
va kesimdagi har xil elementlardagi yo‘l transport hodisalari
soni yo‘lning etalon qisimdagi hodisalar soniga nisbatiga
aytiladi. Chorraha va yo‘l birikmalari xavfsizligi va xavfli
nugtalar soni, transport ogimining kesishishi, qo‘shilayotgan
va ajiralayotgan transport miqdoriga bog‘liq ravishda
o‘zgarishi[2].

Chorrahalardagi yillar davomida sodir bo‘lishi mumkin
bo‘lgan yo‘l transport hodisalar soni quyidagicha
aniglanadi[2]:

G=2X14q1;
bu yerda: i - xavfli nugtalar soni;
q;- tekshirilayotgan nuqtalarning xavflilik darajasi.
q; = K; 'Mi'Nif(_S'lo_7 ;
bu yerda:
k;- nisbiy halokatlilik tekshirilayotgan ziddiyatli
nugtalardagi kesishayotgan transport ogimi migdori avt/soat
K,- harakat miqdorining oylar bo‘yicha yillik
notekislik koeffitsiyenti. K,-ning giymati 1/12 ga teng deb
gabul qgilinishi mumkin[2].
Chorraha yoki tutashmadagi halokatlilik ko‘rsatkichi
quyidagicha aniglanishi mumkin:
_ GKp107 |
@ (M+N)-25’

bu yerda:

M va N — asosiy va ikkinchi darajali yo‘llardagi
transport ogimining harakat migdori, avt/sut;

25 koeffitsiyeniti — bir oydagi 25 ish kuni

Tadgigot obekti sifatida Parkent va Mirzo Ulug‘bek
shox ko‘chalari kesishmasi olingan. Parkent ko‘chasining
umumiy tasmalar soni 4 ta, piyodalar o’tish joyi bilan
jihozlangan, ko’chaning umumiy eni 28 metr, Mirzo
Ulug‘bek shox ko’chasining umumiy tasmalar soni 4 ta,
piyodalar o’tish joyi bilan jihozlangan, ko’chaning umumiy
eni 32 metr, tashkil etadi.

Ushbu yo‘nalishda transport vositalari harakati
miqdori soatiga o‘rtacha 4 mingta, kundalik transport oqimi
o‘rtacha 45 ming dan ortiq. Ma’lumotlar yig‘ishda yo‘Ining
geometrik ma’lumotlari (uzunligi, kengligi va yo‘laklar soni
(polosalar)), piyodalar o‘tish joyi, avtobus bekatlari,
chorrahada signal vaqtlari va ishlash rejimi hamda boshqga
ma’lumotlar o‘rganildi. Belgilangan uchastkada transport
oqimi va tezligini o‘rnatilgan GPS moslamalari yordamida
harakati tezligi ma’lumotlari to‘planildi. ~Transport
vositalarining maksimal tezligi 67 km/soat, minimal tezligi
20 km/soat va o‘rtacha harakatlanish tezligi esa 35 km/soat
tashkil etdi.

Transport vositalari turli tezliklarda harakatlanishi va
yo‘llardagi yo‘laklarning (polosa) o°zgarishi ko‘cha
yo‘llarning o‘tkazish qobiliyatiga ta’sir qiladi. Bundan
tashqari shahardagi svetoforlar esa o‘tkazish qobiliyatini
yanada cheklaydi.

https://t.me/tdtuilmiynashrlar

1-rasm. Parkent va Mirzo Ulug‘bek shox ko‘chalari
kesishmasi google xaritada ko‘rinishi

Parkent va Mirzo Ulug‘bek shox ko‘chalari

kesishmasida 1 soat davomida kuzatish usuli yordamida

trnsport ogimining harakat miqdori o‘rganilganda Mirzo

Ulug‘bek sox ko‘chasidan umumiy 14935 ta, Parkent
ko‘chasida 14107 ta transport vositasi harakatlandi.
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1-jadval
Chorrahadagi ziddiyatli nugtalarining ki holatlari
uchun nisbiy xavflilik koeffitsientlarining giymati

5
P 5= EE 2 <
£ s N
5 7 <3
T
O‘nga R<15m 0,025
1 Ogimning burilish R>15m 0,004
qo‘shilishi Chapga R<10m 0,032
burilish 10<R<25m | 0,025
O‘nga R<15m 0,02
2 Ogimning burilish R>15m 0,006
ajralishi Chapga R<10m 0,03
burilish 10<R<25m 0,004
a <30° 0,008
5 | Odgimning B(‘)Jsrggzk 50°<a<75° | 0,036
kesishishi kesishish 90° <a<120° | 0,012
150° < a <180° | 0,035

25
q; = 0.025 % 2388 * 5573 * 01t 1077 = 8.32

25
q, = 0.004 * 680 * 7840 =* 01 * 1077 = 0.53

25
qs; = 0.03 * 3583 * 1990 * 01 * 1077 = 5.34

25
G4 = 0.032 3653 * 4187 + o=+ 107 = 12.2

25
gs = 0.025 % 2388 * 6558 x — x 1077 = 9.78

0.1

25
qe = 0.032 % 1743 * 4815 * 01 *1077 = 6.71

25
q; = 0.0056 * 3583 * 4815 * 01 *1077 = 2.41

25
Gs = 0.021 5 1990 + 4761 o=+ 1077 = 4.97

25
qo = 0.021 = 3653 * 4761 *ﬁ * 1077 = 7.98

25
G10 = 0.0056 * 4185 * 4761 * 01 *1077 = 2.79

25
gy, = 0.03 4185 = 3583 *o1* 1077 =11.2

25
Gz = 0.02 %6121+ 680 » .=+ 1077 = 2.08

25
g1z = 0.021 x 6121 * 3583 *ﬂ* 1077 = 11.5

25
12 = 0.002 x 1190 * 3653 * 01 *1077 = 0.59

25
Gis = 0.021+ 1360 4185 » 5= = 1077 = 2.98

25
Grs = 0.002 1743 + 3653 » 5= = 107 = 0.32

25
q17 = 0.002 * 1990 * 1360 * 01 *1077 = 0.13
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25
Gis = 0021+ 3653 #3583 =+ 1077 = 687
25
Qo = 0.002 % 1743 » 1360 » 5=+ 1077 = 0.12
25
G20 = 0.021 %1990 » 4185 » =+ 1077 = 4.37
25
qy1 = 0.02 % 731 % 6575 * o1 1077 =24
25
4, = 0.03 36532922+ =+ 107 = 8
25
425 = 0.0056 3583 x 2022 * ==+ 1077 = 1.46
25
G4 = 0.021 %2922 + 1360 -+ 1077 = 2.08
25
G5 = 0.021 %2922 1743 » =+ 1077 = 2.67
25
426 = 0.0056 » 2022 » 4185 » = 1077 = 171
25
427 = 0.032 * 2922 x 1990 ==+ 1077 = 4,65
25
425 = 0.025 % 1046 4912 ==+ 107 = 321
25
G20 = 0025+ 1360 » 731 « 5=+ 1077 = 0.62
25
G3o = 0.03 1743 » 4185 » = 1077 = 547
25
G31 = 0.025 % 731+ 3583 » =+ 1077 = 1.63

25
q3> = 0.02 * 1046 * 5928 * 01 *1077 = 3.1

G = 8,32+0,53+5,34+12,2+9,78+6,71+2,41+4,97+7,98
+2,79+11,2+2,08+11,5+0,59+2,98+0,32+0,13+6,87
+0,12+4,37+2,4+8+1,46+2,08+2,67+1,71+4,65+3,21+
0,62+5,47+1,63+3,1=138,19

138.19 * 1077 % 0.1
@7 29042 % 25

= 19.03

3. Xulosa

Xulosa qilib aytish mumkinki, Parkent va Mirzo
Ulugbek  shox  ko‘chalari  kesishmada transport
ogimlarining barcha mumkin bo‘lgan yo‘nalishlarini va
transport ogimini hisobga olgan holda chorrahaning harakat
xavfsizligini baholanganda xavflilik darajasi 19,03 ni tashkil
qgildi. Shundan kelib chigadiki, bu chorrahada juda xavfli
hisoblanadi.

Mazkur tadgigotda Parkent va Mirzo Ulug‘bek shox
ko‘chalari kesishmalaridagi harakat xavfsizligi holati
batafsil o‘rganildi. Tahlil natijalariga ko‘ra, ushbu
chorrahalarda yo‘l harakati xavfsizligiga salbiy ta'sir
ko‘rsatuvchi omillar aniglanib, ularning asosiylari sifatida
yuqori harakat zichligi, svetofor va yo‘l belgilarining
yetarlicha samarador ishlamasligi hamda gatnashchilar
intizomining pastligi ko‘rsatib o“tildi.

Tadgiqot jarayonida yo‘l-transport hodisalari statistikasi
tahlil qilinib, asosiy xavf tug‘diruvchi nuqtalar va
hodisalarning sabablarini aniglashga urg‘u berildi. Harakat

230
https://t. me/tdtuilmiynashrlar



Journal of Transport

ISSN: 2181-2438

Volume:1|lssue:4|2024

xavfsizligini yaxshilash magsadida yo‘l infratuzilmasini
optimallashtirish, svetoforlar ishlash rejimini gayta ko‘rib
chigish va innovatsion boshgaruv texnologiyalarini joriy
etish bo‘yicha amaliy takliflar ishlab chiqildi.
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Assessment of the socio-economic potential of the region and its level
of competitiveness
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Abstract: The article presents a scientific analysis aimed at assessing the socio-economic potential of the region
and its level of competitiveness, using the example of the Surkhandarya region. The analysis covers the
main structural components of competitiveness, the region's role in interregional labor division, trends in
changes in the economic structure, and the competitiveness levels of various regions. Based on these
analyses, scientific and practical recommendations for the development of the regional economy have
been formulated.
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Mintaganing ijtimoiy-igtisodiy salohiyati va ragobatbardoshlik
darajasini baholash

Karimov D.A.1 @2
IMakroigtisodiy va hududiy tadgigotlar instituti, Toshkent, O‘zbekiston

Annotatsiya: Magolada mintaganing ijtimoiy-igtisodiy salohiyati va ragobatbardoshlik darajasini baholash magsadida
Surxondaryo viloyati misolida ilmiy ragobatbardoshligining asosiy tarkibiy tuzilishi, hududlararo mehnat
tagsimotidagi o‘rni, iqtisodiyoti tarkibining o‘zgarish tendensiyalari, mintaqalarinin raqobatbardoshlik
darajasi ilmiy jihatdan tahlil etilgan. Mazkur tahlillar natijasida mintaga iqtisodiyotini rivojlantirish
bo‘yicha ilmiy va amaliy takliflar ishlab chigilgan.

Surxondaryo, mintaga iqtisodiyoti, ragobatbardoshlik, mintaga salohiyati, mehnat tagsimoti, tarkibiy

o°zgarish

Kalit so‘zlar:

1. Kirish

O‘zbekistonda hududlarni mutanosib rivojlantirish
barqaror iqtisodiy o‘sishni ta’minlash muhim ustuvor
yo‘nalishlar  qatoriga  kiritilgan  bo‘lib, Yangi
O‘zbekistonning 2022-2026-yillarga  mo‘ljallangan
taraqqiyot strategiyasida “hududiy iqtisodiyotni 1,4-
1,6 barobarga oshirish” magsadli ko‘rsatkich sifatida
belgilangan[1].

Mustaqillik yillarida, aynigsa oxirgi 2015-2022-yillarda
mintaqalarni mutanosib rivojlantirishga alohida e’tibor
qaratilgan holda, mamlakatda o‘ziga xos milliy mintaqaviy
siyosatni amalga oshirish yo‘lga qo‘yildi. Buni mintagalarda
rivojlanishning turli samarali shakllariga e’tibor qaratildi.
Ular joylarda tashkil etilgan erkin igtisodiy zonalar,
farmatsevtika zonalari, kichik sanoat zonalari, yoshlar
zonalari, tadbirkorlar zonalari, tarmoqlar va sohalar bo‘yicha
klasterlar, innovatsion markazlar va hududar, texnoparklar,
aqlli xudud, shahar kabilar bilan asoslash mumkin.

Adabiyotlar tahlili

Mintagga iqtisodiyoti masalasida bir qator xorijlik
igtisodchi Armstrong, J.Taylor[2], M. Edgar, G. Frank[3],
V.1. Butov, V.G.Ignatov, N.P.Ketova[4], G. P. Ermoshina,
V. J. Pozdnjakov[5], G. G Fetisov., V. P Oreshin[6] kabi
olimlar ilmiy izlanishlar olib borishgan.

Shuningdek, mahalliy olimlardan 1.S. Abdullayev[7],
T.M. Axmedov[8], A.Qadirov, M. Askarova[9], A.M.

a

https://orcid.org/0009-0001-9588-8916
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Sadiqov[10], B.T, Salimovlar[11] ham mazkur mavzuda
ilmiy tadgiqotlar olib borishgan.

2. Tadgiqgot metodologiyasi

Mintaganing ijtimoiy-igtisodiy salohiyati va
ragobatbardoshlik darajasini baholash uchun mazkur
tadgiqot ishida reyting, nisbiy ustunlik, tagqoslash, kuzatish,
statistik usullaridan foydalanilgan.

Shu bilan birgalikda, mintaganing ijtimoiy-igtisodiy
salohiyati va ragobatbardoshlik darajasini baholash orgali
mintaganing barqaror rivojlantirish bo‘yicha ilmiy tadqiqot
olib borish bugungi kundagi muhim ahamiyat kasb etadi.

3. Tahlil va natijalar

Mintaga igtisodiyotining raqobatbardoshligi asosan
hozirda shakllangan ijtimoiy-igtisodiy salohiyat darajasi,
mavjud raqobat afzalliklardan samarali foydalanish va
mintaga iqgtisodiyotining samaradorligini tashkil etadi. (1-
rasm).

232
https://t. me/tdtuilmiynashrlar


https://orcid.org/0009-0001-9588-8916

Journal of Transport

ISSN: 2181-2438

Volume:1|lssue:4|2024

Ijtimo1y-1gtisodiy
salohiyat
Mintagaviy Ragobat
samaradorlik afzalliklari
Raqobatbardoshlik

1-rasm. Mintaga raqobatbardoshligining asosiy
tarkibiy tuzilishit

Mazkur tadgiqot ishida Mintaganing ijtimoiy-igtisodiy
salohiyati va ragobatbardoshlik darajasini  baholash
Surxondaryo viloyati misolida amalga oshirildi.

2017-2023-yillarda erishilgan natijalarning tahlili shuni
ko‘rsatmoqdaki Surxondaryo viloyatida barcha
ko‘rsatkichlar bo‘yicha salbiy siljish yuz berganini ko‘rish
mumkin (1-jadval).

1-jadval
Surxondaryo viloyatining hududlararo mehnat
taqsimotidagi o‘rni (aholi jon boshiga)?

3 | Qishloq xo‘jaligi 7 8 -1
4 Xizmatlar 14 14 -
5 Investitsiyalar 6 13 -7
6 | Chakana savdo 6 7 -1
aylanmasi
7 Iste’mol 14 14 -1
tovarlari ishlab
chiqarish

Jumladan, YAXM indeksi 0,550 dan 0,504 ga, sanoat
0,198 dan 0,170 ga, qishloq xo‘jaligi 1,183 dan 0,988 ga
tushishi  mintagada  samaradorlik past ekanligini
ko‘rsatmogda. Ijtimoiy-igtisodiy salohiyatning bunday
shakllanishi o‘z  navbatida viloyatni  hududlararo
taqqoslashdagi o‘rnini yanada past darajaga tushib ketishiga
sabab bo‘lgan.

Viloyat hududlararo taqqoslanganda qishloq xo*jaligi va
chakana savdo bo‘yicha nisbatan o‘rtacha o‘rin bilan
kifoyalanib golmogda. Aynigsa investitsion faollik, yalpi
hududiy mahsulot, gishloq xo‘jaligi, ijtimoiy sohalarda oz
mavgeining tushib ketishi, ijtimoiy-igtisodiy salohiyat
darajasi juda past ekanligini ko‘rsatmoqda.

Bu 0°‘z navbatida viloyat iqtisodiyotini samaradorligi
mavjud nisbiy afzallikdan foydalanishda mummolar
borligini ko‘rsatmoqda. Xozirda viloyat asosan iqtisodiyot

Ne | Korsatkichlar | 2017y. | 2023y. | O‘zgarish tarm.oqlgri. o_rasida qishloq xo‘jal_igi sohasi(’la salohiyatni
1 Yalpi _hududiy 13 12 1 mavjudligi bilan hududlara_ro Faqmmgtda_mg lum mavqgega
mahsulot ega xolqs. _Ushbu xu[ogam wloygtnmg igtisodiy tarkibini
> T Sanoat _ishiab 7 7 - shakllanishida ham ko‘rish mumkin (2-jadval).
chiqarish
2-jadval
Surxondaryo viloyati iqgtisodiyoti tarkibining o‘zgarish tendensiyalari (foiz)?
Ne Ko‘rsatkichlar 2017y. | 2018y. | 2019y. | 2020y. | 2021y. | 2022y. | 2023y.
o‘zgarish
1 Yalpi xududiy | 100,0 100,0 100,0 100,0 100,0 100,0 100,0
mahsulot
uning tarkibi:
2 Qishloq va o‘rmon | 40,3 40.Ne 39,9 39,5 39,2 39,3 -1,0
x0‘jaligi
3 Sanoat va qurilish 15,9 16,0 161 16,3 16,4 16,2 +0,3
4 Xizmatlar 438 43,7 43,0 44,2 44,4 44,5 +1,7

Oxirgi 6 yilda viloyat iqtisodiyoti tarkibida deyarli
o‘zgarishlar ro‘y bermagan. Iqtisodiyot tarmogqlari orasida
gishlog xofjaligining o‘rni yuqori bo‘lib, mamlakat
miqyosida ixtisoslashuv jihatidan agrar hududlar gatoriga
kiradi (yalpi hududiy mahsulotda qishloq xo‘jaligi ulushi
eng yuqori bo‘lib, hududlararo taqqoslashda viloyat birinchi
o‘rinni egallaydi). Alohida qishloq xo‘jaligi mahsulotlari
yetishtirishda 2023-yil natijalariga ko‘ra viloyat kartoshka
(11,0 foiz), savzavotlar (10,0 foiz), mevalar (7,0 foiz),
bug‘doy (9,0 foiz), go‘sht (8,0 foiz), sut (8,2 foiz) bo‘yicha
nisbatan mamlakatdagi ulushi yuqori bo‘lgan. Ushbu holat
qishlog  xo‘jaligining ayrim mahsulotlarini  ishlab
chiqarishda o‘ziga xos afzalliklar mavjudligini ko‘rsatadi.

Qishlog  xofjaligi ~va  sanoat  tarmoglarida
mahsulotlarning raqobatbardoshligi va nisbiy afzalliklarini
viloyatning eksport salohiyati orgali umumiy baholash
mumkin. 2017-2023-yillarda viloyat eksport xajmi 1,5
barobar ko‘paygan. Ushbu davrda sanoat mahsulotlari

! Manba: Muallif tomonidan ishlab chiqilgan
2 Manba: Davlat statistika ko‘mitasi ma’lumotlari asosida
hisoblangan
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eksportining jami eksportdagi ulushi 34,0 foizdan 40,0
foizga yetgan va xajmi 17,0 foizga oshgan. Aynigsa meva-
sabzavot eksportini deyarli 3,0-marta oshganini alohida
ta’kidlash kerak, ushbu mahsulotlarni yetishtirishda sifatida
va bahosida nisbiy afzallik borligini ko‘rsatmoqda.

Asosan mahsulotlar Qozog‘iston (24,0 foiz), Xitoy (18,6
foiz), Pokiston (18,3 foiz). Afg‘oniston (12,4 foiz),
Rossiyaga (12,0 foiz) eksport gilingan. Bu o‘rinda qo‘shni
chegaradosh bo‘lgan Tojikiston va Turkmanistonni
eksportdagi ulushini nisbatan pastligini, shuningdek eksport
va import xajmlari o‘rtasidagi nisbat import foydasiga
to‘g‘ri kelayotganligini ijobiy holat deb bo‘lmaydi.

Viloyat eksport salohiyati tarkibida ma’lum o‘zgarishlar
yuz berayotganligi qayd gilish lozim. Eksport tarkibida
meva-sabzavotlarning o‘rni yuqori bo‘lib (59,0 foiz), uning
ulushini kamayishini salbiy holat sifatida grash mumkin.
Chunki viloyatning asosiy ixtisoslashuvi tabiiy-salohiyatdan
kelib chiggan holda xozirda va kelajakda meva-sabzavotlar

3 Manba: Davlat statistika ma’lumotlari asosida hisoblangan
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eksportining o‘rni yuqori bo‘lib qolishi obyektiv holat
bo‘lib, mavjud raqobat afzalliklariga asoslanadi.
To‘qimachilik  sohasining o‘rni  eksportda  keskin
oshganligini ijobiy holat sifatida ko‘rish mumkin. Oxirgi
yillarda qurilish sanoati mahsulotlarini eksport gilish

Jahon tajribasida keng qo‘llaniladigan “Pattern” uslubi

uchta yo‘nalish bo‘yicha ko‘rsatkichlar tizimidan
foydalangan holda amalga oshiriladi.
Ushbu usulni O‘zbekiston mintaqalarini

ragobatbardoshlk darajasini aniglashda 2022-yil axborot

bo‘yicha dastlabki qadamlar qo‘yilgan. Ularni kengaytirish bazasidan foydalangan holda hisoblangan
imkoniyatlari va afzalliklari to‘liq ishga tushirilmagan. (3-jadval).
3-jadval
O‘zbekiston mintqalarinin raqobatbardoshlik darajasi (Pattern uslubi)[12]
Ragobatbardoshlik mintaqgalar Igtisodiy Mintagaviy Ragobat Raqobatbar-
darajasi  bo‘yicha salohiyat samaradorlik afzalliklari doshlikning
guruhlar indeksi indeksi indeksi umumiy indeksi
| guruh-nisbatan | Toshkent shahri 0,842 0,790 0,822 0,818
yugori daraja Navoiy viloyati 0,921 0,780 0,604 0,768
Toshkent viloyati 0,654 0,672 0,610 0,645
Buxoro viloyati 0,603 0,681 0,593 0,625
I guruh-o‘rtacha | Samargand viloyati 0,452 0,610 0,571 0,544
daraja Andijon viloyati 0,515 0,604 0,474 0,531
Jizzax viloyati 0,516 0,512 0,502 0,510
Sirdaryo viloyati 0,536 0,503 0,451 0,497
Xorazm viloyati 0,480 0,555 0,410 0,481
11l guruh-past daraja | Farg‘ona viloyati 0,371 0,501 0,452 0,441
Qashqadaryo viloyati 0,392 0,490 0,417 0,433
Qoraqgalpog‘iston
viloyati 0,401 0,468 0,375 0,415
Namangan viloyati 0,320 0,464 0,393 0,392
Surxondaryo viloyati 0,292 0,315 0,305 0,304
Birinchi yo‘nalishdagi iqtisodiy salohiyat indeksi joylashuv, agroiglim salohiyati, mineral xom ashyo

mehnat resurslari, bandlik, asosiy fondlar, yer maydoni,
mahalliy byudjet, investitsiyalar, yalpi hududiy mahsulot
ko‘rsatkichlari asosida aniqlangan. Surxondaryo viloyati
Il - ragobatbardoshlik darajasi past bo‘lgan, eng oxirgi
o‘rinni egallagan mintaqalar qatoriga kirgan. Iqtisodiy
salohiyat oxirgi o‘rinni egallashi yuqorida tahlil gilingan
yalpi xududiy mahsulot, sanoat va qishloq xo‘jaligining
ixtisoslashuvi, shuningdek tashqi iqtisodiy alogalar orqgali
ham tasdiglangan.

Mintaqaviy samaradorlik indeksi mehnat unumdorligi,
aholi jon boshiga to‘g‘ri keladigan yalpi hududiy mahsulot,
sanoat mahsulotlari, ish haqi miqdori kabi ko‘rsatkichlar
orqali hisoblangan. Surxondaryo bo‘yicha samaradorlik
indeksi  (0,315) boshga mamlakat xududlari bilan
solishtirilgan holda eng past natijani bergan.

Umuman iqtisodiy salohiyat va iqgtisodiy samaradorlik
bo‘yicha viloyatni keskin orqada qolayotganligi uchun bu
yo‘nalishlarda amalga oshirilishi kerak bo‘lgan murakkab va
ma’lum muddatni talab giladigan chora-tadbirlar ishlab
chiqish zarur bo‘ladi.

Surxondaryo viloyatini raqobat afzalliklari bo‘yicha
mamlakatda oxirgi o‘rinni egalllashda ma’lum e’tirozlar
mavjud. Birinchidan hisoblashda foydalanilgan
ko‘rsatkichlar tizimi (bir kishiga to‘g‘ri keladigan asosiy
fondar, investitsiyalar, temir va avtomobil yo‘llari uzunligi)
mintaqaviy afzalliklarni to‘liq ifoda etmaydi. Ikkinchidan,
nisbiy afzallikni tashkil giluvchi asosiy transport-geografik

resurslari va boshqalar e’tiborga olinmaganligini ko‘rsatish
mumkin.

Shu sababli viloyatni tabiiy-igtisodiy resurslar raqobat
afzalliklarini hisoblashni qaytadan ko‘rib chiqish, uni yangi
ko‘rsatkichlir bilan boyitgan holda indeksni aniqlash taklif
etiladi.

Reyting usuliga muvofig mintagalar uchta alohida
yo‘nalish, ya’ni omillar asosida raqobat salohiyati, olingan
natijalar asosida ragqobat salohiyati va ragobatbardoshlik
darajasi hisoblanadi[13].

Omillar bo‘yicha aniglangan raqobat salohiyati reytingi
moliyaviy, tabiiy xom ashyo, ijtimoiy, ta’lim, innovatsiya,
infratuzIma, biznes muhitining hozirgi holatini baholovchi
ko‘rsatkichlar tizimi orqali ularning umumiy o‘rni
topiladi[14].

Hisoblarga ko‘ra Surxondaryo viloyati oxirgi besh yilda
omil bo‘yicha raqobat salohiyati reytingida egallagan
xo0zirgi (14-o°rin) o‘rnida o‘zgarishlar bo‘lmagan. Natijaviy
raqobat salohiyat reytingi inson kamoloti indeksi igtisodiy
faollik indeksi, texnologik daraja indeksi orgali aniglangan.
Ushbu reytingga ko‘ra viloyat 11 o‘rindan 14 o‘ringa tushib
ketib, eng yomon natija ko‘rsatgan.

Mintagalarni  raqobatbardoshlik  darajasi  indeksi
bo‘yicha ozgina bo‘lsa ham viloyatda salbiy siljish yuz
berganini ko‘rish mumkin. Agarda viloyat 2016-yilda 12
o‘rinda bo‘lgan bo‘lsa, 2020-yilda 13 o‘rinni egallagan.

4-jadval
O¢zbekiston Respublikasi mintaqalarining ragbatbardoshlik va raqobat salohiyatini baholash reyting usuli[15]
Raqobat salohiyati | Raqobat salohiyati | Ragobatbardoshlik
Mintagalar (omilli) (natijaviy)
20 |20 {20 |20 |20 |20 | 20 | 20 |20 |20 |20 |20 | 20 | 20 | 20
06 |11 |12 |14 |20 |06 |11 |12 |14 |20 |06 |11 |12 |14 |20
Qoraqalpog‘iston | 13 | 13 [ 13 |12 |11 |13 |14 |14 |14 | 9 11 (12 |12 |12 | 14
Resp.
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Viloyatlar:

Andijon 9 |9 10 (13 |13 |3 |3 4 3 2 |4
Buxoro 11 (8 |8 |10 |7 14 | 6 7 6 6
Jizzax 8 (12 |11 |6 9 11 |10 |11 (6 |11 |13 |8 |8
Qashgadaryo 12 7 4 4 4 5 5
Navoiy 4 |13 |3 |3 2 1 |2 4 |3 2
Namangan 10 |11 |12 | 9 10 |12 | 11 11 | 10 | 14 10 | 14 | 7
Samargand 7 10 | 9 8 9 9 8 8 8 8 8 9 10
Surxondaryo 14 |14 |14 |14 |14 |11 |12 |12 |13 |14 |12 |14 |14 |11 | 13
Surdaryo 3 |4 |5 |5 10 |9 |7 10 [ 13 | 9 7 11
Toshkent vil. 2 2 3 4 4
Farg‘ona 5 5 4 13 113 | 6 12 | 9 6 6 10
Xorazm 6 |6 11 (11 |12 |10 |10 | 7 12 {13 |13 |10 |11 | 13 | 12
Toshkent sh. 1 1 1 1 1 |2 1 1 1 |2 1 1 1 |1 1

Reyting uslubi orgali mintaga ragobatbardoshligini
aniqlash ma’lum ilmiy ahamiyatga ega bo‘lgan holda, uni
amaliyotda qo‘llash murakkab jarayondir. Ayniqsa tumanlar
va shaharlar kesimida ragobatbardoshlikni aniglashda
ahborot bazasining yetishmasligi  tufayli bir qgator
muammolarni keltirib chigaradi[16].

Shuningdek, ushbu uslubda raqobat afzalliklariga to‘la
e’tibor berilmagan. Faqat tabiiy xom ashyo  mineral
resurslar bilan ta’minlanganligi bilan kifoyalanib qolingan.
Bir qator tabiiy-igtisodiy afzalliklar (transport-geografik
joylashuv, iglim, yer va suv salohiyati va boshqalar)
reytingini hisoblaganda to‘liq foydalanilmagan.

Yuqoridagi tahlillardan kelib chiggan holda viloyat
ijtimoiy-igtisodiy ~ salohiyati, uning  mintagalararo
ixtisoslashuvdagi, tashqi igtisodiy alogalarning xozirgi
holati past darajada ekanligi ragobatbardoshlikni aniglashni
turli  usullaridan raqobat  afzalliklari to‘liq  aks
ettirilmaganligi aniglangan.

Xozirda birinchi navbatdagi chora-tadbirlar avvalambor
mavjud ijtimoiy-igtisodiy salohiyatni yanada yuqori
darajaga ko‘tarishda ustuvorlik mavjud nisbiy afzalliklarda
samarali foydalanishga garatilishi magsadga muvofiq
bo‘ladi deb o‘ylaymiz.

Bir gator xorij olimlari va mutaxassislarining fikriga
qo‘shilgan holda qoloq mintaqalar jumladan, Surxondaryo
viloyatini ragbatbardoshlik darajasi avvalam bor uning
tabiiy resurslar va georafik joylashuv afzalliklaridan
samarali foydalanishga bog‘liqligini aytib o‘tishimiz lozim.

Viloyatni mamlakatning boshga hududlardan fargligi va
o‘ziga xosligi, jumladan, afzalliklari uning transport-
geografik joylashuvi, agroiqlim sharoiti, qishloq xo*jaligi va

yer-suv resurslarining salohiyati, mineral xom ashyo bazasi,
mavjud turizm va mehnat resurslaridan iborat.

Surxondaryo viloyati o‘zining transport geografik
joylashuvi bilan mamlakatimizda eng janubiy hudud sifatida
bir gator xususiyatlari bilan ajralib turadi. Birinchidan,
boshga mintagalarning uzogda joylashuvi aholi va
iqtisodiyot uchun kerakli bo‘lgan tovarlarni olib kirishda va
import qilishda transport xarajatlarini ko‘payishiga olib
keladi. Viloyatda bu holat mahalliylashtirish dasturiga
boshqa hududlarga qaraganda ustuvor yo‘nalish sifatida
qaralishi lozimigini ko‘rsatadi. Hisob-kitoblarga ko‘ra eng
yaqin hudud bo‘lgan Qashqadaryo viloyati poytaxti Qarshi
shahri va Termiz shahri o‘rtasidagi masofa 202 km tashkil
giladi. Mos ravishda ushbu masofa Andijon shahrigacha
1092 km, Farg‘ona shahrigacha 1094 km, Namangan
shahrigacha 1001 km, Nukusgacha 1010 km, Urgenchgacha
900 km, Gulistongacha 891 km, Toshkentgacha 709 km.ga
teng.  Surxondaryo viloyatiga tovarlarni  boshqga
viloyatlardan olib borishda hisoblarga ko‘ra transport
xarajatlari 1,5 dan 3,0 barobar yuqori bo‘lishini ko‘rish
mumkin.

Ikkinchi tomondan viloyatni transport geografik
joylashuvining o‘ziga xos afzalliklari ham mavjud. Bu
viloyat mamlakat hududlari orasida yagona uchta qo‘shni
davlatlar bilan chegaradosh (Afg‘oniston, Tojikiston va
Turmaniston). Ushbu holat avvalambor eksport salohiyatini
oshirishda muhim omil bo‘lib xizmat qiladi, mahsulotlarni
raqobatbardoshligiga transport xarajatlarni  kamayishi
hisobiga erishiladi. Xozirda bunday afzallikdan samarali
foydalanilmayapti (5-jadval).

5-jadval
Surxondaryo viloyatini qo‘shni davlatlar bilan tashqi-igtisodiy alogalari (min.doll)*
Ne Qo‘shni davlatlar 2020y. 2021y. 2022y.
eksport import eksport import eksport import
1 Tojikiston 33253 8084,5 1379,4 5013,8 2010,0 6015,0
2 Turkmaniston 0,0 1048,1 0,0 1423,6 0,0 1401,0
3 Afgoniston 36611,8 169,5 17966,1 518,4 250,4 150,2

Mavjud salohiyatga qaramasdan qo‘shni davlatlar bilan
viloyat o‘rtasidagi tovar ayirboshlash salbiy dinamikaga ega.

4 Manba: Statistika agentligi ma’lumotlari asosida xisoblangan
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o‘tish lozim. Xozirda viloyatda qo‘shni davlatlarga eksport
qilinayotgan tovarlar tarkibi turlicha bo‘lib, ularning hajmi
ham yuqori darajada emas (5-jadval va 6-jadval).
6-jadval
Surxondaryo viloyatidan Tojikiston davlatiga gilingan
eksport tovarlari®

t/r | Tovar nomi Og‘irligi | Qiymati(ming
(tn) AQSH
dollarida)
1 Ko‘chatlar 153 28
2 | Bug‘doy 103 44
3 Donli chigindilar 93 46
4 | Plastmassa 81 36
mahsulotlar
5 Pomidorlar 67 53
6 Urug‘lik (zira, | 66 73
zigir, kungobogar,
paxta va
boshgalar)
7 | Toshlarni  gaya | 59 45
ishlovchi
uskunalar
8 Kunjara 49 18
9 | Sabzi 48 6
10 | Gips mahsulotlari | 45 7
11 | Plenka 43 109
12 | Yog‘och plitalari | 42 12
(MDF)
13 | Yong‘oglar 26 27
14 | Uzum 23 10
15 | Tuxumlar 21 116
16 | Sut mahsulotlari 18 55
17 | Qora metallar
(quvurlar, 18 7
profillar,
armatura. Relslar,
mixlar va x.k)
18 | Gilam, palaslar 16 17
7-jadval

Surxondaryo viloyatidan Afg‘oniston davlatiga qilingan
eksport tovarlari®

t/r | Tovar nomi Ogcirligi Qiymati(ming
(tn) AQSH
dollarida)

1 Loviya 51292 71997

2 | Un 30608 8389

3 Konservlangan 3519 2449
sabzavotlar

4 Kartoshka 3448 443

5 | Piyoz 2 605 299

6 Yong‘oglar 2401 2512

7 Mosh 2318 2 547

8 Paxta ip kalavasi | 1256 3496

9 Urug‘lik  (zira, | 939 882
zigir,
kungabogar  va
boshgalar)

10 | Ehtiyot gismlar 795 266

11 | Kungabogar yog‘i | 649 706

12 | Uzum 639 868

5 Manba: Statistika agentligi ma’lumotlari asosida
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13 | Etilen 594 571
14 | Margarin 443 926
15 | Uy qushlari 386 296
16 | Jun va junli | 309 28
mahsulotlar
(matolar)
17 | Tuxumlar 267 226
18 | Osh tuzi 256 9
19 | Keramik idishlar | 212 88
20 | Qalampir 142 115
21 | Sovun 118 69
22 | Zamazkalar, 113 11
shpatlevkalar
23 | Bug‘doy 100 22

Tojikistonga eksport tovarlar orasida asosan gishloq
ho‘jaligi mahsulotlari keng o°rin egallagan. Bular bug‘doy,
ko‘chatlar, pomidor, kunjara, sabzi, yong‘oq, uzum, tuxum,
sut mahsulotlari va boshqalar. Shuningdek, oxirgi yillarda
plyonka, yog‘och plitalari, gilamlar kabi mahsulotlarni
eksport gilish boshlangan.

Afg‘oniston Dbilan tovarayirboshlash 2022-yildan
boshlab, u yerdagi vaziyatni o‘zgarishi tufayli keskin
kamaygan. Asosiy eksport tovarlarga loviya, un, kartoshka,
piyoz, mosh, yong‘oq, paxta ip kalavasi, qalampir, sovun,
osh tuzi va boshqalarni ko‘rsatish mumkin.Oxirgi yillarda
Turkmanistonga ham eksport gilish oz bo‘lsada amalga
oshirilmogda. Tovarlar kesimida paxta kalavasi, turli
ashoblar bor. Eksport xajmi 0,7 min.dollar atrofida.

Afg‘oniston bilan hamkorlik na faqat viloyat, balki
mamlakat va halgaro darajada muhim ahamiyat kasb etadi.
Surxondaryo viloyati ushbu hamkorlikni tashkil gilish va
kengaytirishda o‘ziga xos transport-tranzit- logistika
markazi bo‘lishi uchun barcha imkoniyatlar bor. Ushbu
raqobat afzalliklaridan samarali  foydalanish  uchun
Afg‘onistondagi vaziyatni tezroq barqarorlashuvi lozim.

Viloyatni vyirik transport logistika markazi bo‘lishi
uchun yana bir katta imkoniyat ochilishi arafasida turibmiz.
Import qilingan tovarlar ichida Afg‘onistondan sitrus
mahsulotlari va ayrim mevalar, Turkmanistondan sement,
benzin, oyna, karbamid, neft, Tojkistondan sement, sitruslar,
alyuminiy, ko‘mir, olma, keramik plitalarni ko‘rsatish
mumkin. Lekin ushbu import mahsulotlari ehtiyojga garab
o°zgarib turadi.

O‘zbekiston Prezidenti tashabbusi bilan taklif
etilayotgan ~ Termez-  Mozori-Sharif-Qobul-Peshavor-
Karachi temir yo‘li qurilishi loyihasini amalga oshirish
bo‘yicha ma’lum ishlar olib borilmoqda. Temir yo‘l uzunligi
600 km bo‘lgan ushbu loyiha tovarlarni tashishni 35 kundan
3-5 kunga gisqgartiradi. Konteynerlarni Toshkentdan Qarachi
portigacha tashish xarajatlari 1,4-1,6 ming dollarni tashkil
etadi. Ma’lumot uchun Eron porti Bandar-Abbos orgali
yuklarni tashish 2-3 ming dollarga tushmogda (1 ta
konteyner uchun). Loyiha qiymati 4,8 mlrd.doll bo‘lib,
xozirda investorlarni jalb gilish jarayoni boshlangan.

Umuman viloyat transport geografik joylashuvi, tranzit
salohiyati tashki iqgtisodiy alogalarni yanada kengaytirish,
ragobatbardosh mahsulotlar ishlab chigarishni tashkil gilish,
mamlakatning boshqa hududlari tadbirkorlarini qo‘shni
davlatlar bilan kooperatsion aloga va esport-import
operatsiyalarini yanada oshirishda o‘ziga xos nisbiy
afzalliklarga ega.

¢ Manba: statistika agentligi ma’lumotlari asosida
hisoblangan
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Surxondaryo viloyatining o‘ziga xos afzalliklariga
agroiqlim sharoitini ham ko‘rsatish mumkin. Viloyat 4 ta
agroiqlim zonasiga bo‘linadi (Denau, Boysun, Bobotog®,
Surxon-Sherobod).

Denau zonasi Guzar tog‘lari janubiy gisimda joylashgan
bo‘lib Tojikiston Respublikasi va Qashqadaryo viloyati
bilan chegaradosh. Termik resurslar bo‘yicha issiq zona
bo‘lib, 10°S dan yuqori temperaturalar yig‘indisi 5000°S
tashkil giladi. Qishi yumshoq, yozi issiq (absolyut sovuq -
25°S, absolyut issik 47°S). Boy termik resurslar ushbu
zonada subtropik o‘simliklar o‘stirish imkonini beradi. Bu
yerda xurmoning 40 ta, anorning 90 ta turi va yong‘oq
yetishtiriladi. Mavjud agroiglim yuqori xosildorlikka ega
shakarqamish o‘stirish uchun qulay.

Surxon-Sherobod zonasi Surxondaryo va Sherobod
vodiylarida joylashgan. Yuqori termik resurslarga ega
(5200-6000°S). Qishi nisbatan issiq, sovuq bo‘lmagan
kunlar 240-270 kun atrofida, absolyut temperatura  -23°S
va-25°S. Yozi juda issiq (absolyut ko‘rsatkich 48-50°S).
Mavjud termik resurslar ushbu zonada ingichka tolali paxta,
bog‘dorchilik,  uzumchilik,  subtropik = mahsulotlar
yetishtirish uchun qulay imkoniyatlarga ega.

Bobotog® zonasi viloyatning shargida joylashgan,
asosan tog‘ oldi yaylovlari mavjud bo‘lib chorvachilikni
rivojlantirishga mo‘ljallangan.

Boysun agroiglim zonasi Janubiy sharkda Boysuntau
tog® yon bag‘rida joylashgan. Termik resurslar 4600-
5100°S. Qish yumshoq, sovugsiz muddat 220-240 kun, yoz
issig va qurug. Temperatura maksimum 43-49°S. Past tog*
yon bag‘rida ingichka tolali paxta, ipakchilik, uzumchilik,
bog‘dorchilik uchun qulay sharoit shakllangan.

Umuman  Surxondaryo viloyatining  agroiglimi,
jumladan, termik resurslari O‘zbekistonning boshga
xududlariga nisbatan subtropik mahsulotlar - anor, xurmo,
anjir, shakarqamish va boshqalarni yetishtirishda o‘z
afzalliklariga ega. Shuningdek, termik resurslar il
davomida sabzavot, jumladan erta navlari, mevalar
yetishtirishda ham ma’lum raqobat ustunliklari mavjud.
Yana bir o°ziga xos afzallik maysa va ozuqa ko‘katlaridan
yil davomida o‘rtacha 4-6-marta hosil olish mumkin. Iglim
sharoiti sug‘oriladigan yerlardan 3-4-marta sabzavot va
mevalar yetishtirish imkonini beradi.

4. Xulosa va takliflar

Mazkur tadqiqoti natijalariga ko‘ra  qo‘yidagi
xulosalarga kelindi.

1. Transport  geografik joylashuvining afzalliklari
avvalambor  viloyatni  tashqi igtisodiy  alogalarini
kengaytirish salohiyati (uchta xorij davlatlar bilan
chegaradoshligi), eksport xarajatlarini nisbatan kamligi,
global miqyosda Afg‘oniston bilan hamkorlikni yo‘lga
qo‘yish, dunyo okeanlariga chiqish bo‘yicha transport
koridorlarini  tashkil qilishdagi o‘mi va boshqalar.
Shuningdek, ikkinchi tomondan viloyatni mamlakatning
asosiy markazlaridan yirogda joylashuvi ma’lum
muammolarni keltirib chigarishi va asosiy e’tiborni
mahalliylashtirishga garatishni talab etadi.

2. Mavjud turizm salohiyatini xalgaro ahamiyatga ega
ekanligi, ulardan oqilona foydalanish eng dolzarb bo‘lib,
xalgaro musulmonlar turizmini tashkil etish (Imom At
Termiziy maqbarasi) o‘ziga xos raqobat afzalliklariga ega
ekanligini ko‘rsatadi.

https://t.me/tdtuilmiynashrlar

3. Arzon ishchi kuchi ham ma’lum darajada ishlab
chiqarish xarajatlarini kamaytirish omili bo‘lib xizmat
qiladi. Bunda asosiy e’tibor mahalliy yoshlarni ta’lim va
mahorat darajalarini oshirishga urg‘u karatilishi lozim.

4. Ragobat afzalliklari orasida viloyatda yillar davomida
shakllangan agroiqlim sharoiti muhim o‘rinni egallaydi.
Ushbu omil ozig-ovqat xavfsizligini ta’minlashda, o‘ziga
mos bo‘lgan ozig-ovgat mahsulotlari yetishtirishni keskin
ko‘paytirish imkonini beradi. Birinchi galda bu subtropik
mahsulotlar,mevalar va sabzavotlarning raqobatbardosh
navini yetishtirish, ekologik toza tovarlar eksporti
salohiyatini oshirishdan iborat.

6. Viloyatda suv va yer resurslarini ijobiy salohiyatidan
tashqari ma’lum darajada ularni cheklanganligini ham aytib
o‘tish lozim. Bu o‘rinda har bir gishloq tumanlarini, o‘sish
drayverlarini  aniglashtirish  orgali mavjud raqobat
afzalliklaridan samarali foydalanish mumkinligini ta’kidlab
o‘tish lozim.

Foydalangan
References

[1] O¢zbekiston Respublikasi Prezidentining 2017-yil 7-
fevraldagi PF-4947-son  “O‘zbekiston Respublikasini
yanada rivojlantirish bo‘yicha Harakatlar strategiyasi
to‘g‘risida”gi Farmoni.

[2] Armstrong, J.Taylor. Regional economics and
policy. 3 edition. WilleyBlackwell publisher, 2010.

[3] Hoover, Edgar M. and Giarratani, Frank, “An
Introduction to Regional Economics” (2020). Web Book of
Regional Science. 4

[4] Butov V.1, Ignatov V.G., Ketova N.P. (2000).
Osnovy regional ‘noy ekonomiki: ucheb. posobie [ The basics
of regional economics: an educational guidance]. Moscow,
Rostov-on-Don.

[5] Ermoshina G. P., Pozdnjakov V. Ja. (2011).
Regional‘naja jekonomika: ucheb. posobie [Regional
economics: an educational guidance]. Moscow, Infra-M.

[6] Fetisov G. G., Oreshin V. P. (2006). Regional‘naja
jekonomika i upravlenie: Uchebnik [Regional economy and
management: a textbook]. Moscow, Infra-M.

[7] Abdullayev LS. “Mintaqaviy iqtisodiy tizimni
optimal tartibga solishning mexanizmlarini
takomillashtirish”. Iqtisodiyot fanlari doktori
(DSs)dissertatsiyasi avtoreferati, Toshkent 2017.

[8] TM. Axmedov. “Regulirovaniye territorialnoy
organizatsii proizvoditelneix sil i kompleksnoye razvitiye
regionov Uzbekistana”. -T.: Fan, 1992.

[9] Kadbirov A., Askarova M. i dr. “Regionalnaya
ekonomika. Uchebnoye posobiye”. - T.:lzdatelskiy dom
Innovatsionnogo razvitiya, 2018 g.

[10] Sadekov AM. “O‘zbekiston mintaqalarini
ijtimoiy-igtisodiy rivojlanishi va wuni tartibga solish
mexanizmlari”. Iqt. fan. dok. diss.-T.: UzMU, 2006.

[11] Salimov B.T. “Modelirovaniye ispolzovaniya i
razvitiya proizvodstvennogo potensiala regiona”. T.:
O‘qituvchi - 1995.

[12] Peter Mieszkowski and Mahlon R. Straszheim
(eds.), Current Issues in Urban Economics (Baltimore: Johns
Hopkins University Press, (1979).

adabiyotlar /

December, 2024
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:3|2024

[13] Axmedov T.M. “Regulirovaniye territorialnoy
organizatsii proizvoditelnbix sil i kompleksnoye razvitiye
regionov Uzbekistana”. -T.: Fan, 1992.

[14] Butov V.1, Ignatov V.G., Ketova N.P. (2000).
Osnovy regional‘noj jekonomiki: ucheb. posobie [The
basics of regional economics: an educational guidance].
Moscow, Rostov-on-Don.

[15] Manba: Sh.Nazarov. Mintagaviy igtisodiyot va
boshgaruv. Toshkent. 2021. 196b.

[16] Abdullayev 1.S. “Mintaqaviy iqtisodiy tizimni
optimal tartibga solishning mexanizmlarini
takomillashtirish”. Igtisodiyot fanlari doktori
(DSs)dissertatsiyasi avtoreferati, Toshkent 2019.

December, 2024

Research, Innovation, Results

Mualliflar to‘g‘risida ma’lumot/
Information about the authors

Karimov Makeroigtisodiy va hududiy
Dilshod tadgiqotlar instituti
Abdumalikovich  mustagil izlanuvchisi
E-mail: kda051980@mail.ru
Tel.: +998909010368
https://orcid.org/0009-0001-9588-
8916

238
https://t. me/tdtuilmiynashrlar


https://orcid.org/0009-0001-9588-8916
https://orcid.org/0009-0001-9588-8916

Journal of Transport ISSN: 2181-2438

Volume:1|lssue:4|2024

Operational reliability of compressed natural gas cylinder buses

A.A.Tadjibaev®2a V.U. Jovlievi®b
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Abstract: This article compiles statistical data on the operation of MAN A22 buses to determine the characteristic
indicators of the operational reliability of the gas supply system. Based on this data, the operational
reliability indicators were identified, a functional model of the system was developed according to its
scheme, and the probability of failure-free operation as a complex system was calculated.

Keywords: bus, bus fleet, public transport, operational reliability, failure, malfunction, probability of failure-free

operation, runtime, gas supply system, functional model

Siqgilgan gaz ballonli avtobuslarning ekspluatatsion ishonchliligi

Tadjibayev A.A.102, Jovliyev V.U.10P

1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ushbu maqolada gaz ta’minot tizimining ekspluatatsion ishonchlilikning xususiyat ko‘rsatkichlarini
aniglash uchun ekspluatatsiyadagi MAN A22 avtobuslari bo‘yicha statistik ma’lumotlari to‘plandi.
Ushbu ma’lumotlar asosida ekspluatatsion ishonchlilikni xususiyat ko‘rsatkichlari aniqlandi va ta‘minot
tizimi sxemasi asosiga ko‘ra uning funksional modeli qurildi hamda buzilmasdan ishlash ehtimolligi,

murakkab tizim sifatida hisoblandi.

Kalit so‘zlar: avtobus, avtobus saroyi, jamoat transporti, ekspluatatsion ishonchlilik, buzilish, nosozlik, buzilmasdan
ishlash ehtimolligi, ishlash muddati, gaz ta’minot tizimi, funksional model

1. Kirish 1-jadval.2023 yil sentyabr oyida 2024 yil sentyabr
oyigacha olib borilgan ishlarning buzilish va nosozliklar
O‘zbekiston Respublikasi Prezidentining 2022-yil 2- tagsimoti
fevraldagi 111-son “Toshkent shahar jamoat transporti > = o
tizimini yanada rivojlantirishga doir qo‘shimcha chora- g ZlE| <= |3 = g
tadbirlar to‘g risida”gi qarori va O‘zbekiston Respublikasi g 285 |2 |gE5 |5 |88 <|z
Vazirlar mahkamasining “Tabiiy gaz resurslaridan ogilona 5 g g2 £ |2 7 E gl ElSE g k™
foydalanish chora-tadbirlari to‘g‘risida”gi 2024-yil 6- e S R = T = i =18 g 35 5
iyuldagi 387-son qarorlari asosida Toshkent shahrida va 3 9 ¢8998 | = g é 2 g 3] g %_ =
viloyat markazlarida siqgilgan gaz ballonli avtobuslarni | §§ g E| g E § = 33 B
. . . . = = e K ped
ekspluatatsiyasi keng yo‘lga qo‘yilgan. Shuning uchun z §< 2158 i N
sigilgan gaz ballonli avtobuslarni  ekspluatatsiyasi <29 o
jarayonida uning texnl.k holati va |sh0nchI|I|'g|n'| tadqlfq et!sh 1l 20 | 2 ils 1112 il a2
dolzarb muammo hisoblanadi. Ushbu ilmiy yo’nalish
bo’yicha ko’pgina davlatlarda va O’zbekistondagi olimlar 22|60 | 61| 7 |2 30 | 2 é 413 |3
ilmiy ishlar olib bormoqda. [2,3].
Bugungi kunda “Toshshahartransxizmat” AJ ga qarashli |43 8 ! L4 . !
avtobus saroylaridagi sigilgan gaz ballonli avtobuslarning 4l sl aa | aa | a|21]2 7 6l 7 (1)
ta’minot tizimiga texnik servis va ta’mirlash ishlari
“Olimpiya metan SERVICE” MJCH tomonidan o‘tkaziladi. S|7|se |28 42125122 ]1]2]2]6
Ushbu tashkilot tomonidan 2023 yil sentyabr oyidan, 2024 618l 306 | alsalsks|2l712l8l9]a
yil sentyabr oyigacha olib borilgan ishlarning avtobus I
saroylari bo‘yicha vujudga kelgan buzilish, nosozlik jadvali 7|12} 37 | €3 | 4 | 5| 2R2 |27 12|63
(1-JaQVaI) va5|klogramma5| (1-rasm) keltlrllgan. . slisl a7l a2 | 10 |2l 1la s lalal 2l
Bir yil vaqt mobaynida 8 ta avtobus saroyi bo‘yicha = 2 713
umumiy 334 ta holat yuzasidan gaz ta’minot tizimi bo‘yicha Jami (319 | 7| 34 24 13 |110| 9 | | 7|35 ;| 4
buzilishi va nosozliklarini aniglangan. )
Ish turlari 100 7
bo'yicha o [02 |5 (3932927 120 2110590 |117
ulushi %
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= 1-Avtosaroy
5-Avtosaroy

= 2-Avtosaroy
= 7-Avtosaroy
= 12-Avtosaroy = 18-Avtosaroy

4-Avtosaroy
= 8-Avtosaroy

1-rasm.“Toshshahartransxizmat” AJga tegishli siqilgan
gaz ballonli avtobuslarning ta’minot tizimining buzilishi
va nosozliklarini avtobus saroylari bo‘yicha taqsimoti
siklogrammasi

Yugqoridagilar orqali eng ko‘p taminot tizimi bo‘yicha
buzilish nosozliklar 8-avtobus saroyida 69 dona (21,3%),
eng kam buzilish va nosozliklar 4-avtobus saroyida 8 dona
(2,5%) kuzatilgan. Bu qiymatlar fagat “Olimpiya metan
SERVICE” MCHJ tomonidan hisobga olingan buzilish va
nosozliklarni taxlil gilish natijasida shakllangan. Bunda
avtobus saroylarida ta’minot tizimi bo’yicha bajarilgan
ishlar hisobga olinmagan.

2. Tadqgigot metodikasi

Olingan ma’lumotlar asosida har bir avtobus saroylari
bo‘yicha ta’minot tizimining ekspluatatsion ishonchliligi
murakkab tizim sifatida ko‘rish mumkin. Statistik
ma‘lumotlar asosida Toshkent shahrida joylashgan 5-
avtobus saroyidagi sigilgan gaz ballonli MAN A22
avtobuslarni ob’ekt sifatida olingan.

2-jadvalda 5-avtobus saroyining gaz ballonli MAN A22
avtobuslar haqida ma‘lumotlar keltirilgan.

2-jadval
5-avtobus saroyidagi MAN A22 bo‘yicha ta’minot
tizimi nosozliklari haqidagi ma’lumotlar jadvali

S82%
L SE | L - Sr 88
TS T = [ < = 2 o 9
g2 |2 | 2 |53 ¢
o g o< a o < o g
O = & o < O X o =
x| S8 | s8| 5% | & ©¢
[ < = f‘ < = < § L £ o
s & 3 = c oo
2016 1 2,34 57000
0
2018 16 37,2 55000
1 0
2022 19 441 20000
9 0
2023 7 16,2 15000
6 0
Jami 43 100,
00

2023 vyilda 5-avtobus saroyida 43 ta MAN A22
avtobuslar mavjud bo‘lib, 2016 yildan boshlab, 2023 yilga
bo‘lgan vaqtlarda ekspluatatsiya gilishga topshirilgan. 2023
yil sentyabr oyidan 2024 sentyabr oyigacha 5-avtobus
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saroyida avtobuslar ta’minot tizimida uchragan buzilish va
nosozlik soni 1-jadvaldan 41 ta ekanligi, shundan asosan gaz
reduktori, injektor va mexanik klapan, gaz quyish
jumraklarida buzilish va nosozliklar ko‘p uchragan.

Ushbu buzilish va nosozliklar orgali ekspluatatsion
ishonchlilikni ta’minot tizimi sxemasi bo‘yicha taxlil gilish
uchun uning fuksional modeli tuzildi.

Funksional model- uni qurish ishonchlilikni tadqiq etish
obyekti sifatida garaladigan tizimni bir-biri bilan funksional
bog‘langan kichik tizimlarga bo‘lish mumkin deb
hisoblanadi va bu model asosida tizim ishonchliligini taxlil
etish va kerakli tavsiyalar ishlab chigishga imkon beradi [2].

(I

| AR [ -

2-rasm. Sigilgan tabiiy gaz ballonli avtobuslar ta’minot
tizimi

1-gaz ballon; 2-xavfsizlik klapani; 3-gaz ballon jumrak
klapani; 4-yuqori bosimli filtr; 5-yuqgori bosimli gaz
reduktori; 6-gaz filtri; 7-elektromagnitli klapan; 8-bosimni
rostlash  mexanik  klapani;  9-manometr;  10-bosim
sensori(datchigi); 11-past bosimli reduktor; 12-gazni
gizdirgich; 13-gaz quyish jumragi(krani); 14-jumrak; 15-
havfsizlik jumragi; 16-gaz quyish joyidagi shamollatish
liniyasi; 17-dvigatel bo‘lmasidagi shamollatish liniyasi; 18-
gazni injektorga borish; 19-chigarish quvuri: 20-injektor;
21-Gaz ta ‘minot tizimi elektron boshgaruv bloki.

Sigilgan tabiiy gaz ballonli ta’minot tizimining
funksional modeli 3-rasmda keltirilgan.

3-rasm. Siqilgan gaz ballonli ta’minot tizimining
funksional modeli

Yuqori bosimli Kichik tizim; b) past bosimli kichik
tizim; ) gazni gizdirish tizimi; d) gaz va havo aralashmasini
furkash tizimi; e) havo kiritish kichik tizimi; GB-gaz ballon;
GBK-gaz ballon klapani; YuBGF-yugori bosimli gaz filtri;
YuBGR-yuqori bosimli gaz reduktori; PBGF- pas bosimli
gaz filtri; PBGR-past bosimli gaz reduktori; GQ- gaz
gizdirgich; BRMK-bosim rostlash mexanik klapani; EMK-
elektrlomagnit ~ klapan;  I-injektor;  ED(S)-elektron
datchik(sensor)lar; GTTEBB- gaz ta’minot tizimi elektron
boshgaruv bloki; HKQ- havo kiritish quvuri; HF- havo filtri.
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Funksional modelda ta’minot tizimi beshta kichik
tizimlarga ajratgan;

- yugori bosimli kichit tizim;

- past bosimli kichik tizim;

- gazni gizdirish tizim;

- gaz va havo aralashmasini furkash Kkichik tizim;

- havo kiritish tizimlari.

Har bir kichik tizimni buzilmasdan ishlash ehtimolligini
R(L) bo‘lib, umumiy ta‘minot tizimining buzilmasdan
ishlash ehtimolligi quyidagicha aniglanadi:

Rerr(L) = Ryp(L) - Rpp(L) " Rgo(L) " Rgu(L) -

Ry (=TT Ri(L) (1)

Bu yerda: Ryg(L),- yuqori bosimli kichik tizimning
buzilmasdan ishlash ehtimolligi; Rpp(L)-past bosimli kichik
tizimning buzilmasdan ishlash ehtimolligi; Rgo(L)- gazni
gizdirish tizimi buzilmasdan ishlash ehtimolligi; Rgy (L)-
gaz va havo aralashmasini furkash tizimi buzilmasdan
ishlash ehtimolligi; Ryx (L) havo Kiritish  kichik tizimi
buzilmasdan ishlash ehtimolligi.

Tizim elementlarining buzilmasdan ishlash ehtimolligi
olingan statistik ma’lumotlar asosida hisoblash uchun
quyigadi ifodadan foydalaniladi[3].

R(L) ="=mE ()

bu yerda: N,— kuzatuvga olingan buyumlar soni 44 dona
(mavjud avtobuslar soni) , dona; Y, m;(L)- kuzatuv davri
ichida i-chi element bo‘yicha buzilishlar soni, dona.

3. Natija va muhokamalar

Ta’minot tizimini ishonchliligi yuqorida funksional
modelning kichik tizimlarida eng ishonchi past detal va
agregatlarning ishonchliligidan ham past bo‘ladi

5-avtobus saroyida mavjud avtobuslarning ta’minot
tizimi bo’yicha buzilish va nosozliklar sonini quyidagi 3-
jadvalda keltirilgan.

3-jadval
5-avtobus saroyida mavjud avtobuslarning ta’minot
tizimi bo’yicha bizilish va nosozliklar soni

Buzilish
Kichik Buzilish va | va
TR | ... . .
tizimlar nosozliklar nosozliklar
soni, marta
1 Gaz balloni 0
2 Gaz ballon 4
Yugori Klapani
3 bosimli Yuqori  bosimli 5
kichik tizim gaz filtri
4 Yuqori  bosimli 1
gaz reduktori
5 P_as_t bosimli gaz 4
fitri
6 Past bosimli | Bosimli rostlash 2
kichik tizim mexanik Klapani
7 Elektromagnit 2
klapan
8 Gazni Past bosimli gaz 2
gizdirish reduktor
9 kichik tizimi | Gaz gizdirgich 0
10 Gaz va havo Igle:li?rron 2
11 | aralashmasini datchik(sensor)lar 0

https://t.me/tdtuilmiynashrlar

furkash Gaz ta’minot
12 kichik tizimi | tizimi  elektron | O
boshgaruv tizimi
Havo kiritish | Havoni  Kkiritish
13 S . 0
tizimi quvuri
14 Havo filtri 0
Ushbu jadvaldan giymatlarni olib (2) formulaga qo’yib

har bir element ishonchlilik ko‘rsatkichi buzilmasdan
ishlash ehtimolligi topiladi. Buzilish va nosozliklar gayt
etilmagan kichik tizim va elementlarning buzilmasdan
ishlash ehtimolligini 1 deb gabul qgilib olamiz.

Yugqori bosimli kichik tizim bo’yicha

Gaz ballon klapanining buzilmas ishlash ehtimolligi;
No-Ym(L) _ 44—4

Ry (L) = == = 09%;
Yugori bosimli gaz filtri buzilmas ishlash ehtimolligi;
Ry(L) = 2o — 228 — 0,89,

Yuqori bosimli gaz reduktori buzilmas ishlash
ehtimolligi;
No—Y. m(L) _ 441

R(L) === = 0.98;
Yuqori bosimli kichik tizim buzilmasdan ishlash
ehtimolligi

Ryg(L) = Ry (L) - Ry(L) - R3(L) = 0,91-0,89- 0,98 =
0,79
Past bosimli kichik tizim bo’yicha
Past bosimli gaz fitri buzilmas ishlash ehtimolligi;
N,—Ym(L) 44—4
Ry (L) = N, =~
Bosimli rostlash mexanik klapani buzilmas ishlash
ehtimolligi;
N,—Ym(L) 44-2
Ry(L) = N, =~
Elektromagnit klapan buzilmas ishlash ehtimolligi;
N,—Ym(L) 44-2

=0,91;

=0,95;

Rs(L) = N, == - 0,95;
Past bosimli kichik tizim buzilmasdan ishlash
ehtimolligi
RYB(L) = Rl(L) ) Rz(L) ) R3(L) = 0,91 ) 0,95 ) 0,95
=0,82

Gazni qizdirish kichik tizimi bo‘yicha;
Past bosimli gaz reduktor buzilmas ishlash ehtimolligi;
N,—Ym(L) 44-2
Ri(L) = N, == = 0,95;
Gazni gizdirish Kichik tizimi bo‘yicha;
Ryg(L) = Ry(L) = 0,95
Gaz va havo aralashmasini furkash  kichik tizimi
bo‘yicha;
Bosimli rostlash mexanik klapani buzilmas ishlash
ehtimolligi;
No—Ym(L) _ 44-2 i
Rl(L) = T = T = 0,95,
Gaz va havo aralashmasini furkash  kichik tizimi
buzilmas ishlash ehtimolligi;
Ryg(L) = Ry (L) =095
Umumiy ta‘minot tizimining buzilmasdan ishlash
ehtimolligi quyidagicha aniglanadi:
Rerr(L) = Ryp(L) - Rpp(L) Rgq (L) - Rgu(L) - Ry (L) =
=0,79-0,82-095-0,95-1= 0,58
Umumiy ta’minot tizimi buzilmasdan ishlash
ehtimolligiga kichik tizim buzilmasdan ishlash ehtimolligi
keskin ta‘sir etadi.
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4. Xulosa

Yugori bosimli kichik tizimning ishonchliligi eng past
ekanligi va shu tizimda ko’p nosozliklar uchraganligini
aniglandi va tizim ishonchliligini oshirish uchun ushbu
kichik tizim ishonchliligini oshirishga ko‘p e’tibor berish
kerak ekanligini aniqlandi. Hisob natijalariga ko‘ra eng past
buzilmasdan ishlash ehtimollik yugori bosimli kichik
tizimga to‘g‘ri keladi, tizimning umumiy buzilmasdan
ishlash ehtimolligi bundan ham kichik. Texnik xizmat
ko’rsatish va ta’mirlash ishlarni o’z vaqtida va sifatli
bajarilishini ta’mirlash orqali har qanday tizimning
buzilmasdan ishlash ehtimolligini yaxshilash uchun kichik
tizimlarning detallari ishonchliliklar o‘rganilib qaysi kichik
tizim ishonchlilik xususiyat ko‘rsatkichlarini miqdori
murakkab tizim ishonchliliga ta’siri aniglanib, uni oshirish
yo‘llari ishlab chiqiladi va avtotransport korxonasiga texnik
servis ishlarining bajarilishi va uning tarkibini shakllantirish
hamda mehnat sarflarini miyyorlashga tavsiyalar beriladi.
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Assessing the demand for outsourcing services by transport logistics
companies

N.N. Sulaymonov®?, D.Q. Hakimov®?, M.N. Irisbekoval®®
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article examines the growing demand for outsourcing services among transportation and logistics
companies, driven by operational complexities and the need for efficiency. It analyzes current trends,
challenges, and opportunities in the outsourcing landscape, providing insights into how logistics firms
can strategically assess their need for external collaboration.

Keywords: outsourcing, transportation companies, logistics, operational  efficiency, demand assessment, supply
chain management, cost reduction, strategic partnerships

Transport va logistika kompaniyalari tomonidan autsorsing xizmatlariga
bo‘lgan talabni baholash

Sulaymonov N.N.1®2 Hakimov D.Q.1® Irisbekova M.N. 1@¢
1Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Annotatsiya: Ushbu magolada transport va logistika kompaniyalari o'rtasida autsorsing xizmatlariga ortib borayotgan
talab ka'rib chigiladi, bu esa operatsion murakkabliklar va samaradorlik zarurati tufayli yuzaga keladi. U
autsorsing landshaftidagi mavjud tendentsiyalar, muammolar va imkoniyatlarni tahlil qiladi, logistika
firmalari tashqi hamkorlikka bo'lgan ehtiyojini strategik jihatdan ganday baholashi mumkinligi hagida
tushuncha beradi.

Kalit so‘zlar: autsorsing, transport kompaniyalari, logistika, operatsion samaradorlik, talabni baholash, ta'minot
zanjirini boshgarish, xarajatlarni kamaytirish, strategik hamkorlik

i Yillar Autsorsing Kompaniya Autsorsing Xodimlar  Trucklar ~ Texnologik
1' KIrISh bozori ’ nomip ’ ><izmatigag soni soni 0’sish ’
So'nggi  yillarda @ransport va Iogistikz_i_ sanqati ?S;:};lo :’;;gan (o'nacha) - (o'Mache) '(zd;:;'m)
globallashuv, texnologik taraqgiyot va mijozlarning migyosida) (0'rtacha)
o'zgaruvchan umidlari kabi omillar ta'sirida sezilarli 2019 1-2% Switlink 27 8 12 35
o'zgarishlarni  boshdan kechirdi. Ushbu kompaniyalar Logistics
ragobatbardoshlikni saglab qolish va xizmatlar sifatini 0 2% m‘ﬂ;": % 6 18 3
yaxshilashga intilayotgani sababli, ko'pchilik operatsiyalarni ML A6% Nomadg 21 1 2 32
soddalashtirish ~ va  xarajatlarni  kamaytirish  uchun Trans
autsorsingga murojaat qilmoqgda. Autsorsing firmalarga Services
asosiy bo'Imagan funktsiyalar uchun tashqi ekspertizadan 22 &9 FEM Tech 40 16 % 3
foydalangan holda o'zlarining asosiy vakolatlariga e'tibor T?l?c'sktl'rf;
qgaratish imkonini beradi. Birog, autsorsing xizmatlariga 2023 9-8% ST Logistics 57 31 48 5
bo'lgan talabni baholash tashkilot ehtiyojlarini, bozor Services
tendentsiyalarini va umumiy ko'rsatkichlarga potentsial 1-rasm. Tanlab olingan 5ta logistik kompaniyaning
ta'sirni to'liq tushunishni talab giladi. Ushbu maqola ba’zi bir tahliliy ma’lumotlari
transport va logistika sohasida autsorsingga bo'lgan talabni Transport va logistika sohasida autsorsing xizmatlariga
qo'zg'atuvchi omillarni, tashgi hamkorlikni ko'rib chigishda talab bir necha asosiy tendentsiyalarga asoslangan holda
kompaniyalar duch keladigan giyinchiliklarni va talabni 0'sib bormoqda:
samarali baholash strategiyalarini o'rganishga garatilgan. 1. Al, IoT va malumotlar tahlili kabi ilg'or
Autsorsing xizmatlariga bo’lgan talabni baholashda texnologiyalarning integratsiyasi logistika
transport logistika faoliyati bilan shug’ullanayotgan bir kompaniyalariga operatsiyalarni optimallashtirish
nechta kompaniyalarning oxirgi 5 yillikdagi faoliyatini va va qarorlar gabul gilishni yaxshilash imkonini
dunyo bozoridagi holatni tahlil gilib ko’ramiz: berdi. Natijada, ko'plab firmalar IT va

ma'lumotlarni boshgarish xizmatlarini maxsus
provayderlarga autsorsing gilmoqgdalar.

https://orcid.org/0009-0001-8201-0944
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2. Omborxona va yuklarni boshqgarish kabi asosiy
bo'Imagan faoliyatni autsorsing qilish orqali
transport kompaniyalari o'zlarining asosiy biznes
funktsiyalariga e'tibor garatishlari mumkin, bu esa
samaradorlik ~ va  xizmatlar  ko'rsatishning
yaxshilanishiga olib keladi.

Autsorsing operatsion xarajatlarni sezilarli darajada
kamaytirishi mumkin, aynigsa mehnat, infratuzilma va
texnologiya kabi sohalarda. Kompaniyalar bu xizmatlarni
sifatga putur etkazmagan holda arzon narxlarda tagdim eta
oladigan tashgi hamkorlarni tobora ko'proq gidirmoqda.

2. Tadqgigot metodikasi

Autsorsing xizmatlariga bo'lgan talabni samarali
baholash uchun transport va logistika kompaniyalari
quyidagi strategik yondashuvlarni hisobga olishlari kerak:

1. Bozor tahlili: tendentsiyalarni, mijozlarning
afzalliklarini va ragobat dinamikasini aniglash uchun puxta
bozor tadgiqotlarini o'tkazish autsorsing imkoniyatlari
hagida gimmatli ma'lumotlarni tagdim etishi mumkin.

2. Xarajat-foyda  tahlili:  autsorsingning  ichki
operatsiyalarga nisbatan moliyaviy ogibatlarini baholash
kompaniyalarga ongli garorlar gabul gilishga yordam beradi.
Bunga potentsial xarajatlarni tejash, xizmat sifatiga ta'sirini
baholash kiradi.

3. Manfaatdor tomonlarni jalb qilish: autsorsing
bo'yicha qarorlar gabul gilish jarayoniga asosiy manfaatdor
tomonlarni, shu jumladan xodimlar va boshgaruv
guruhlarini jalb qilish sotib olishni rag'batlantirishi va o'tish
jarayonini osonlashtirishi mumkin.

Ushbu tadgiqot transport logistika kompaniyalarida
autsorsingga bo'lgan talabni baholash uchun migdoriy va
sifat ma'lumotlarini birlashtirgan aralash usullarni qo'llaydi.
Metodologiya logistika sektoridagi autsorsing amaliyotlari
hagidagi tushunchalarni ochib berish uchun so'rovlar,
chuqur intervyular va ma'lumotlarni tahlil gilishni o'z ichiga
oladi.

3. So‘rov va tahlil natijalari

Anketa yirik yuk tashuvchi kompaniyalar, uchinchi
tomon logistika provayderlari va elektron tijorat logistika
firmalari kabi transport logistika kompaniyalari namunasiga
targatiladi. So'rov quyidagi jihatlar bo'yicha ma'lumotlarni
to'plash uchun mo'ljallangan:

e Autsorsing xizmatlari: autsorsing gilingan maxsus
logistika funktsiyalari (masalan, omborxona,
transport, ekspeditorlik).

e Autsorsing uchun motivatsiyalar: autsorsing
sabablari, jumladan, xarajatlarni pasaytirish,
xizmat sifatini yaxshilash, moslashuvchanlik va
ekspertizadan foydalanish.

e Autsorsingning giyinchiliklari: autsorsing paytida
duch keladigan muammolar, masalan, nazoratni
yo'qotish, sifat muammolari va uchinchi tomon
provayderlariga garamlik.

e Biznes samaradorligiga ta'siri:  autsorsing
kompaniya samaradorligiga, xarajatlar tarkibiga
va mijozlar ehtiyojini gondirishga ganday ta'sir
qildi.
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So‘rov ma'lumotlari bir nechta logistika funktsiyalari
bo'yicha autsorsingning sezilarli o'sishini ko'rsatadi. Eng
yaxshi autsorsing xizmatlariga quyidagilar kiradi:

e Ombor: Respondentlarning 70% xarajatlarni
kamaytirish va inventar boshqgaruvini yaxshilash
uchun ombor operatsiyalarini autsorsing giladi.

e AT va texnologiya xizmatlari: Logistika
kompaniyalarining 60% IT  xizmatlarini,
jumladan, dasturiy ta'minotni ishlab chigish, tizim
integratsiyasi va kiberxavfsizlikni ta'minlaydi.

e Transportni boshqgarish: kompaniyalarning 50%
transportni boshgarishning autsorsing
aspektlarini, aynigsa oxirgi milga yetkazib berish
va xalqgaro tashish uchun.

So'rovda aniglangan autsorsing uchun asosiy motivlar:

Xarajatlarni  pasaytirish:  Respondentlarning  85%
autsorsing uchun asosiy omil sifatida xarajatlarni
kamaytirishni ta'kidlaydi. Tashqi provayderlar ko'pincha
miqyosdagi iqtisod va ixtisoslashgan tajriba tufayli
xizmatlarni arzonroq narxda taqdim etishlari mumkin.

Ekspertizadan foydalanish: logistika firmalarining 60%
o'zlarida bo'lmasligi mumkin bo'lgan maxsus bilim va
texnologiyalardan foydalanish uchun autsorsing giladilar.

Moslashuvchanlik va migyoslilik: Respondentlarning 55
foizi  autsorsingni  talabning  o'zgarishiga  qgarab
operatsiyalarni oshirish yoki kamaytirish vositasi sifatida
ko'rishadi.

Yaxshilangan xizmat darajalari: kompaniyalarning 50%
autsorsing  xizmatlar  sifatini  yaxshilashga yordam
berganligini, aynigsa mijozlarga xizmat ko'rsatish va
yetkazib berish tezligi kabi sohalarda xabar berishadi.

Afzalliklarga garamay, autsorsing ham bir gancha
muammolarni keltirib chigaradi:

e Nazoratning yo'qolishi: kompaniyalarning 45%
autsorsing  funktsiyalari  ustidan  nazoratni
yo'qotishdan  xavotirda, aynigsa sifat va
samaradorlik.

e Sifat muammolari:  Respondentlarning  30%
autsorsing operatsiyalari paytida bargaror xizmat
sifatini saglab golish bilan bog'liQ muammolarni
keltirib chigaradi.

e Tashqgi provayderlarga  qaramlik:  Logistika
kompaniyalarining  25%  uchinchi ~ tomon
provayderlariga haddan tashgari garam bo'lib
golishdan xavotirda, bu moslashuvchanlikni
cheklaydi va xavfni oshiradi.

Tahlil shuni ko'rsatadiki, autsorsing bir nechta sohalarda
biznes samaradorligini oshirishga olib keldi:

e Xarajatlarni tejash: autsorsing bilan
shug'ullanadigan ~ kompaniyalar ~ operatsion
xarajatlarning o'rtacha 15-20% ga kamayishi
hagida xabar berishadi.

e Samaradorlik yutuglari:  Autsorsing, aynigsa,
omborxona va transportni boshgarish kabi
sohalarda ish samaradorligini oshirishga olib
keldi.

e Mijozlarning  qonigishi:  Mijozlarga  xizmat
ko'rsatish va so'nggi milni yetkazib berishni
autsorsing gilgan kompaniyalar tez yetkazib
berish  muddatlari va mijozlarni qo'llab-
quvvatlashni yaxshilash bilan mijozlar ehtiyojini
gondirish darajasining yaxshilanishini ko'rdilar.
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Mutaxassislarning intervyulariga asoslanib, logistika
sohasida autsorsing quyidagi tendentsiyalar asosida o'sishda
davom etishi aniq:

e Texnologiyalar integratsiyasi: Al, avtomatlashtirish
va ma'lumotlar tahlilidan foydalanish autsorsing
gilingan IT xizmatlari va texnologik echimlarga
talabni oshiradi.

e Elektron tijoratning o'sishi: Elektron tijorat
kengayishda davom etar ekan, logistika
kompaniyalari tezroq yetkazib berishga bo'lgan
talabni gondirish uchun etkazib berish va bajarish
xizmatlarini ko'proq autsorsing giladilar.

e Barqarorlik: Atrof-muhitning bargarorligi asosiy
e'tiborga aylanmoqgda va logistika kompaniyalari
uglerodni kuzatish va bargaror gadoglash kabi
yashil tashabbuslarni ixtisoslashgan firmalarga
topshirishlari mumkin.

4. Xulosa

Ushbu magqolada transport logistika kompaniyalari
tomonidan autsorsing xizmatlariga bo'lgan talab baholandi,
bunda autsorsingni qo'zg‘atuvchi omillar, uning afzalliklari
va muammolariga e'tibor qaratildi. Tadgigot shuni
ko'rsatadiki, autsorsing xarajatlarni kamaytirish, xizmatlar
sifatini  oshirish va operatsion moslashuvchanlikni
yaxshilash uchun muhim strategiyaga aylandi. Biroq,
autsorsing, shuningdek, kompaniyalar ehtiyotkorlik bilan
boshqarishi kerak bo'lgan nazoratni yo'qotish va sifat
nomuvofigliklari kabi xavflarni keltirib chigaradi.

Logistika sohasida autsorsingning kelajagi texnologiya
taraqqiyoti, elektron tijoratning o'sishi va bargarorlikka
e'tiborning ortishi bilan bog'liq bo'lishi kutilmoqgda.
Autsorsingga strategik yondashuvni qo'llagan, ishonchli
hamkorlarni tanlagan va autsorsing garorlarini o'zlarining
asosiy biznes magsadlariga muvofiglashtiradigan logistika
kompaniyalari tobora kuchayib borayotgan ragobat bozorida
muvaffagiyat gozonish uchun yaxshi mavgega ega bo'ladi.
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