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Analysis of the physical and mechanical properties of fine-grained concrete
with superplasticizers and hydrophobic additives

N. Mukhammadiyev®? G.B. Malikovl®®
1Tashkent state transport university, Tashkent, Uzbekistan

Abstract:

This article focuses on the analysis of the results obtained through experimental testing. That is, changes

in physical and mechanical properties of concrete by adding superplasticizer and hydrophobic additives
(in dry and liquid state) to ordinary concrete are presented. For testing, 48 samples were prepared based
on a total of 8 compositions. These samples were tested for bending and compression on 3, 7, 14, and 28
days, and the effect of the amount of the above additives on the physical and mechanical properties of

concrete was highlighted.
Keywords:
strength, bending, compression.

hydrophobic (liquid, dry), cement, water, fillers and additives (mineral and chemical), superplasticizer,

1. Introduction

Concrete and reinforced concrete structures play a
crucial role in modern buildings and infrastructure.
Concrete is made up of cement, water, fillers, and
additives, both mineral and chemical. These components
influence the characteristics and makeup of concrete, which
must be carefully considered when designing its
composition.

By incorporating various additives, such as chemical or
active mineral components, the properties of mixtures and
itself can be regulated. This includes aspects like
accelerating or delaying the setting time, improving its
workability and ease of placement, enhancing its strength

and durability, reducing water absorption, and minimizing
deformation during the hardening process [1,5.].

2. Methodology and materials

In order to determine the composition of the complex
modified concrete developed by us, as well as to study the
physical and mechanical properties of the concrete with
these additives, we will analyze it by adding them to the
mixture in different proportions.

Samples prepared for experimental testing and their
contents are listed below in Table 1. From the table we can
see the following:

Table 1
Composition of samples
S I 8 o i o
= = - 3 s S 3 S
Ne Attachments = _Z’ o = g- § = %
= c & B S5 | © = =
3 3 = 2 |51 81 3| &
N1 Ordinary concrete 500 1500 245 0,49 - - - -
N2 | When 1% Superplasticizer is added 500 1500 170 0,35 - -
0, 1ci 0, i
N3 1_/o _Superplastlmzer and 1% hydrophobic 500 1500 165 0,35 5 1
(liquid)
0, 1ci 0, i
N4 1_/o _Superplastlmzer and 3% hydrophobic 500 1500 155 0,35 15 3
(liquid)
0, ici 0, 1
N5 1_/0 _Superplastluzer and 6% Hydrophobic 500 1500 140 0,35 30 6
(liquid)
N6 | 1% Superplasticizer and 1% Hydrophobic (dry) | 500 1495 170 0,34 5 1
N7 | 1% Superplasticizer and 3% Hydrophobic (dry) | 500 1485 170 0,34 15 3
N8 | 1% Superplasticizer and 6% Hydrophobic (dry) | 500 1470 170 0,34 30 6

*The amount of elements listed in the table above is selected for a 40x40x160 mm prismatic mold. Each composition is made

for one set of molds (1 set consists of 3 molds).
The experimental tests were carried out in the laboratory
of the Tashkent State Transport University, "Construction of

https://orcid.org/0009-0004-2390-696 1
bl https://orcid.org/0000-0003-3691-1079
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Buildings and Industrial Facilities" department, within the
scope of scientific research.

March, 2024
Research, Innovation, Results




Journal of Transport

ISSN: 2181-2438

Volume:1|Issue:2|2024

The samples prepared on the basis of the ingredients
were compacted using a vibrating table during the molding
process, then the sample-prisms were stored for 1 day in a
natural environment, in a chamber that provides normal
solidification and surface temperature of 20 °C and relative
air humidity of 95% for 28 days.

For testing, special support equipment is used to place
the sample on the press during the bending test. The
procedure for placing the sample in the equipment is shown
in Figure 1.

After the bending test, half of the samples are
immediately subjected to the compression test. Samples are
placed between two plates with smooth surface sides
according to the dimensions of the plate (Fig. 2).

5005

-

5005

ry
% \

30233 10005
r‘-—) -

Figure 1. Scheme of installation of samples for
bending test

@10+0,1

e P ,
3
3 2
3|
A
35 525 [&]
= SRy

Figure 2. Scheme of placement of specimens for
compression testing

3. Results

The samples were tested for bending and compression
using a CT-D2000 press, these tests were conducted
according to GOST 25192-2012.

When conducting compression tests, samples were
continuously loaded in a sample press with a speed that
ensured the increase of the calculated stress in the sample
until its complete failure within the limits of 0.6 MPa/s.

Figure 3. Bending Figure 4. Compression
test of specimens testing of samples
The results of the experimental tests carried out on the
samples are presented in the following tables and pictures.

Table 2
Bending and compressive strength of samples
Samples Rben Rcom
3 7 14 28 3 7 14 28
N1 1,8 3’2 4.4 55 3,0 7,0 14,0 28,0
N2 2,2 3.9 5,2 6,6 37,7 668 98,4 1243
N3 20 36 48 6.1 55,8 98,9 126,2 159,3
N4 2’1 3’7 5'0 6,3 51,8 91,8 122,8 155,1
N5 1,8 3,3 44 5,6 54,0 95,7 1194 150,8
N6 21 37 50 6.3 43,1 76,3 112,1 141,6
N7 29 40 54 6.8 55,2 97,8 124,7 157,5
N8 20 36 49 6.2 62,5 110,8 142,3 179,7
P ;

Figure 5. Bending strength of samples on 3, 7, 14 and 28
days

June, 2024
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Figures 5 and 6 present the analysis of flexural strength
across different samples, illustrating their strength at 3, 7, 14,
and 28 days. The analysis revealed that the sample composed
of cement, water, sand, 1% cement superplasticizer, and 3%
cement hydrophobic additives (in dry state) achieved
notably high flexural strength. Specifically, its flexural
strength was observed to be 24% higher compared to
conventional concrete.

TR T
Yoy

Figure 7. Compressive strength of samples on 3, 7, 14

and 28 days
2000
180,0 159.3 161.6
_ 1600
i)
% 1400 1206
Z 1200 1043
E 100,0
& sop
=l
g mo
400
200
00
Nt 1043
Nz 1593
N3 147,1
N4 1538
ONs 120,6
oNG 157,5
oN? 179.7
BNS 1616

Figure 8. Compressive strength of samples

Figures 7 and 8 depicted the analysis of compressive
strength across various samples, showcasing their strength at
3,7, 14, and 28 days. Notably high compressive strength was
attained in the sample comprising cement, water, sand, 1%
cement superplasticizer, and 3% cement hydrophobic
additives (in dry state). Comparatively, its compressive
strength was observed to be 65% higher than that of
conventional concrete.

We can see the influence of the amount of hydrophobic
additives in concrete on concrete strength from the following
figures 9, 10.

bemdmy strempth

] ]
Ivdhopholsc additnies *«

Figure 9. The effect of the amount of hydrophobic
additives on concrete bending strength

https://t.me/tdtuilmiynashrlar
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1600
1400

100.0
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1 2 3 4 5 6 7
hydrophobic additives %

Figure 10. The effect of the amount of hydrophobic
additives on concrete compressive strength

4. Conclusion

The inclusion of a superplasticizer in the concrete
mixture resulted in a 30% reduction in water usage compared
to regular concrete.

When comparing the strengths of the samples, the
following results were obtained compared to ordinary
concrete:

N2 N3 N4 N5 N6 N7 N8
compression 159,3 155,1 150,8 141,6 157,5 179,7 161,6
% 28% 25% 21% 14% 271% 45% 30%
bend 6,6 6,1 6,3 56 6.3 6.8 6,2
% 20% 11% 15% 2% 15% 24% 13%

From the analysis of the results, it can be inferred that
sample N7, consisting of cement, water, sand, 1% cement
superplasticizer, and 1.3.6% cement hydrophobic additive
(dry), exhibited notably higher flexural and compressive
strengths compared to the previous year.
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Earthquakes and measures to mitigate their impact

Kh.M. Nurmatov!®? B.Ye. Medeshev®", M.M. Botiroval®°®
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The article presents the causes of earthquakes in seismically active areas and the struggle to increase the
stability of building structures, as well as foreign experience in earthquake forecasting.

Keywords:

earthquake, tectonic plates, seismic waves, seismic stability, epicenter, energy, monolith, forecast.

3emJieTpsiceHNsl M MePbI N0 0CJIA0JIEHUI0 UX BO3/IeHCTBUS

Hypmatos X.M. 102 Menemes B.E. 1©°, Boruposa M.M. 1©¢

TamxkeHTCKMI TOCY 1apCTBEHHBIN TPaHCIIOPTHEINA YHUBEPCHUTET, TalKenT, Y36eKucTaH

AunHOTALMS:

B nanHoi craThe npeaACTaBJICHbBI NPUYUHBI BOSHUKHOBECHUS 36MJ'[€Tp$[C€HPIfI B CCHCMHYECKH aKTHBHBIX

paiioHax 1 60pb06a 3a NOBBILIEHUE YCTOMYMBOCTH CTPOUTEIBHBIX KOHCTPYKIHH, a TAakKe 3apyOesKHbBIH

OIIBIT IIPOrHO3UPOBAHUA 3eMHeTpﬂCGHHﬁ.

Kunrouesie cioBa: 3EMIICTPSACCHUEC, TCKTOHUYCCKUX IJIUT, CEeHCMUYECKHUX BOJH Cei/‘ICMOYCTOIﬁ‘IPIBOCTL, SIUOEHTP, SHEPTU,

MOHOJIUT, IIPOTrHO3.

1. BBeaenmue

3eMIIeTpSICeHUEe — OJIHO M3 CaMBIX OITACHBIX SIBJICHHI
mpupojsl Ui 4enoBeka. [lo cBOMM pa3pyHIMTETBHBIM
TIOCIIE/ICTBUSIM 3eMJIETPSICEHHsI HE HMEIOT cebe paBHBIX
cpenn CTUXWAHBIX OexctBuid. [Ipobmema B TOM, dYTO
TIPEACKa3bIBATh €r0 JOBOJBHO CIOXKHO, TMO3TOMY PEIKO
yZaercs 3apaHee K HeMy ITOJITOTOBUTBCS.

VYdyeHsle Bcero Mmupa pabOTalOT HaA TeM, YTOOBI
0CJTabUTB MOCIIEACTBHS STOTO CTPAIIHOTO OSICTBUS PEkKIe
BCErO TEM, 4YTOOBI 3apaHee MpeIyNpeIuTh HaceleHUe
(0cOOEHHO  KPYMHBIX  TOPOJOB) O  NIPUOIIKCHUH
3eMyleTpsiceHusl. B HacTosmiee BpeMmsl HOCTaTOYHO TOYHO
OTIpeNieNiCHbl T€ pPaloHBI, TOe B OyAymeM TPOU30HIyT
3emureTpsiceHnsl. COTIacHO TEOPHM TEKTOHHYECKUX ILIHUT,
9TO Te pPaiOHBI, KOTOPBIE PACIOIOKEHBI BOJIM3HM TPaHMI]
otux Wt [1-3]. OnHako, HECMOTPsl Ha YCIEXU HayKd B
9TOi 00OnacTy, MoKa He YAAIOCh HAHTH METO/a TOCTaTOYHO
TOYHOTO OIPENeNICHUs] BPEMEHH Hadana 3eMJIeTPSCEHHS.
OTrpoMHYIO PONb B 3alIUTE€ TOPOJOB M €r0 HACENCHHS B
CeHCMMYECKH OIACHBIX paifoHax urpaer pa3paboTka
METOJIOB CTPOUTENBCTBA CEHCMOYCTOMYMBBIX 3MaHUH U
COOPY’>KEHHI ¢ BHIMATEIBHBIM YI€TOM 0COOEHHOCTEH TOTO
WJIM UHOTO paioHa.

Bcst moBepXHOCTH 36MHOTO 1Iapa JEINUTCS HAa HECKOJIBKO
OTPOMHBIX 4YacTel 3eMHOH KOpBI, KOTOpPbIe Ha3bIBAIOTCA
TEKTOHHYECKUMH IUIMTAMU. OTO CJICAYIOIINE TUIUTHI:
ceBepo-aMepUKaHCKas, eBpoa3HWarckas, adpHuKaHCcKasd,
IOXKHO-aMEPUKAHCKasl, THUXOOKEaHCKas, aTIaHTHYeCKas.
TekToHWYECKHE IUIMTHI HAXOAATCS B  HENPEPHIBHOM
memxeHnr. CoriacHO TEOpHH TEKTOHHYECKHX —IUIHT,
3eMJICTPSICEHUSI SIBIISTFOTCSI PE3YJIbTaTOM CTOJKHOBEHHUS 3TUX
IUIMT W CONPOBOXAAIOTCA HW3MEHCHHUAMHU TOBECPXHOCTH
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3eMJIM B BHJE CKJIAJOK, TPELUIMH U T. Il., KOTOPbIE MOTYT
MPOCTUPAThCA HAa GONBIIOE PACCTOSHHE (0 HECKOJBKHX
TBICSY KHJIOMETPOB).

Paiionsi, PacIoJIOKEHHBIE BOIU3H TpaHuI
TEKTOHMYECKUX TUIUT, B HAUOOJIBIIEH CTETIEHH MOBEPKEHBI
semnetpscennsM. OfiHOM M3 TNIaBHBIX XapaKTEPUCTHK
3eMJIETPACEHUsT  SIBASAETCS  €r0  SHEprus.  DHeprus
cellcMUYECKHUX BOMH (MJTH MarHUTYy/1a) MOXKET COCTABJISTh OT
HECKOJILKMX MHJIIMBATT-4aC JI0 COTEH THICSY MHJUIAOHOB
kunoBatT-yac (umm 10%°).

2. MetopoJiorus

EnuHCTBEHHO BO3MOXKHAs 3alllUTa OT 3E€MIICTPSICEHUI
3aKIII0YAeTCs] B TNPOTUBOCEHCMHYECKOM CTPOUTEILCTBE,
KOTOpOe TTOMHUMO CTIEIMATBHBIX YCTPOWHCTB,
obecreqrBaroIInX rameHue SHEpPIruu TOJIYKOB,
IpeAnoyaraeT BBICOKOE KadyeCTBO CTPOUTENLCTBA, C
HCIOJIb30BAHUEM  TOJBKO  BBICOKOKAUECTBEHHBIX U
JOOPOTHBIX MaTepHaios [4].

CeifcMOyCTOHIMBOCTE HEOOXOMMA MPEXKIE BCETO TEM
CTPOCHUSIM, KOTOPBIE ITOJJBEPTalOTCS TOIKaM B 7-9 GaioB
(mo mxane MSK). Ilpu cune Tomuka MeHee 7 GamioB B
MPOTUBOCEHCMIUECKON 3alnTe HET HEOOXOIMUMOCTH, €CIIN
coOmozatoTest o0LMe npaBuia CTpouTeNnbeTBa. Ilpn cume
TOJIYKOB CBBIIIE 9 0Oa/uIOB Mepbl MPOTHBOCEHCMHYECKON
3aIIUTHI YK€ HEeJOCTaTOYHBI.

B  HemocpencTBeHHOH — ONM30CTH K SHHIEHTPY
3eMJICTPSICEHNS] HA TIOBEPXHOCTH 3E€MIIM IPeoOIafaloT
BEPTHKAIBHBIE TIEPEMEIIEHNs, MO0 Mepe YHAICHHS OT
SMUIEHTPA  TOPU3OHTAIBHEIE. Js GOpBOBI c
TOPHU3OHTANBHBIMU TEPEMEIIEHUAMH, KOTOpPBIE SIBIISIOTCS
HanOosiee OMAaCHBIMU JUIS CTPOHTENBHBIX KOHCTPYKITHH,
ClielyeT TpPUACPKUBATBCS HECKOJNBKHX OOLIMX TPaBHI
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CTPOHUTENBCTBA, KOTOPBIE 3aKIIOYAIOTCS B CIEAYIOLIEM.
IIpexxne Bcero BaxkeH BBIOOP (GOPMBI  COOPYIKEHUS.
HawnGonee crbHBIM pa3pymIeHUsIM TIOIBEPTAIOTCS 3aHus,
HMEIOIUe HempaBWiIbHYI0 ¢opMy. CHMMeETpHIHOCTH
(dopMEI 31aHN obecriedrBaeT HAWIIydIlee paclpeiesicHue
Harpy3Kd Ha KapKac U APYTHe €ro 3JeMeHTHI [5].

OneMeHTbl KOHCTPYKIMH JOIKHBI OBITH CBSI3aHBI B
€MHBbI TPOYHBIM MOHOJMT, KaK IPaBHUJIO, C MOMOUIbIO
CTaJIbHOIT apMaTypbl, I/ie He JIOJDKHO OBITh CIa0BIX TOYEK.

IIpoGmema 3amuTHl 37aHMH  OT  3eMIIETPSCEHUH
0COOECHHO OCTPO CTOHT B TOPOJaxX C OOJIBIINM HacelICHHEM,
H 0COOGHHO B TeX W3 HHX, I/ paHee HPOUCXOAWIN
semsrerpsicenust (Tamkent 1966 r. w 1p.) um TAEe OHHU
BEPOSATHBI B Oy IyIieM.

OcobGeHHO ocTpo mpobiemMa  CefcMOYCTOWYUBOCTH
CTPOUTENIBCTBA PA3BUBAIOIINXCS CTPAHAX, TJIe TEMIIBI POCTa
YHCJIEHHOCTH TOPOACKOTO HAceNeHHsl BEIHKH, Topoja
pa3pacTaloTcss OECKOHTPOJBHO, METOJBl CTPOUTENHCTBA
HECOBEpIICHHBI,  OCBEIOMJICHHOCTb 00  OHAacHOCTH
3eMJICTPSCEHUI HU3Ka.

Ilo reorpaduueckoMy mosnoxeHu0 okoyo 40% 3THX
TOpPOJIOB JIEKUT B pailloHaX ceCMUYECKON ONAacHOCTH, WU
Ha paccTossHAN 200 KM OT rpaHHL TEKTOHHYECKUX TUTHT, FITH
BOJIN3M SMUIEHTPOB 3eMIICTPSCEHUI B IPOLLIOM [6].

3emiieTpsceHne HeceT B ceOe OMAacCHOCTh Pa3pyLICHUs
3JIaHUH, COOPY)XEHHII M OOBEKTOB, KOTOPHIE CBSI3aHBI C
HPOU3BOJICTBOM, XPaHEHHEM, HCIIOJIb30BAHUEM TOKCHYHBIX
BEIIECTB. 3a4acTyi0 TOT ymepO, KOTOPBIH MOXeT OBITh
BBI3BAaH YTEUYKOH ATHX BEIIECTB, HPEICTaBISECT TOpasio
OOIIBIITYIO OTTACHOCTb, YeM Pa3pyIICHHS.

3. Pe3yabTaTsl

E)Kel"OlIHO Ha 3emie MpOUCXOAAT COTHU  ThICAY

3eMJeTpsIceHui, HO  HUX  aMIUIUTyAa  HACTOJIBKO
HEe3HAYMTeNIbHAs, YTO OHHM OCTAalOTCS HE3aMEUCHHBIMHU.
CunbHble xe TOJYKU YypeBaThbl CephE3HBIMU
pa3pyIeHUSIMA.

Bompoc o mpenckazaHum 3eMieTpsICEHUH  SIBIISIETCS
O4eHb aKTyalbHbIM. IIporuos semnerpsceHuil —cinoxkHas
Hay4yHas TpoOiieMa W OJaropogHas LeENlb CEHCMOIOTHH.
TouyHo mnpexackazaTb BpeMs BO3ZHUKHOBEHHUS OUYEpPEIHBIX
CeliCMUYECKHX TOJYKOB, a TeM 0OoJee NPeaoTBPATHTh UX, K
COXKaJIEHNI0, HEBO3MOKHO. TOYHOCTBH MPOTHO3a OMACHOTO
JUIs 4eJloBeKa SIBJICHUS IPUPABHUBACTCA MPAKTHUECKH K
Hymo. OfHAaKO pa3pymIeHHs W YHCIIO YETOBEYECKHX KEPTB
MOTYT OBITh yMEHBIIEHBI IyTeM TPOBEACHHS B
CeIICMOAKTUBHBIX pailiOHaxX pa3yMHOM M JONTOBPEMEHHOMN
TOCYAapCTBEHHON IOJINTHUKH, OCHOBAHHOW Ha IMOBBIMICHUN
YPOBHS ~ OCBEJOMIICHHOCTH  HacelieHus o0  yrpose
3eMJIETPSICeHUH M YMEHMH MPOTHBOCTOSTH IOA3EMHOMN
CTHXHH. prlIHOCTI/I B OTHOLICHUHU TIPOrHo3a BpPEMEHH
3eMJIeTpsceHus OrpoMHbl. Jlo cux mop He pa3paboTaHbI
MIPUHIUINATIBHEIE BO3MOXKHOCTH M KOHKPETHBIE CIIOCOOBI
TIPEABUJICHUS 3eMJIETPSICEHHUH B JIIOO0H JacTH celicMIIecKn
ONACHOTO pErHoHa C 3aJaHHOW TOYHOCTBIO MecTa U
HMHTEHCUBHOCTH B 33IaHHBII OTPE30K BPEMEHH.

Ho ceronHsi, yBbI, y4eHbIe CIOCOOHBI MPEACKA3hIBATH
ceificMoKaTacTpodbl 3a CPOK OT HECKOJIBKUX MECALEB 10
HECKOJIbKUX JIET, HO HE MOI'yT JaTh TOYHBIN KpaTKOCpO‘-leIﬁ
IPOTHO3. Cl'[el_ll/la.]'ll/ICTbI IMPU3HAIOT, YTO XOT U3BECTHO YKE
Oomee 600 TIPEABECTHUKOB 3EMICTPSCEHUA, OHH HE
TapaHTHPYIOT TOYHOCTh MPOTHO3a IIOJ3EMHOTO yJapa.
YBepeHHO yka3aTh MECTO, BPEMsI, MOIITHOCTh KaTaKIN3Ma He
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ynaercst [7-8].

Han sTiM BommpocoM paboTaroT yaeHsle BCero MUpa, HO
O CHX TOp HE CYyNIECTBYEeT TaKOr0 METOoJa, KOTOPHBIi
M03BOJIHII OBI yKa3aTh TOYHYIO JaTy Hadasla 3eMIICTPSICEHHUSI.
YdeHsle MOTYT ¢ OOJBIION CTENEHBIO TOYHOCTH YKa3aTh T
paiioHbI, TOE MPOM3OHAYT 3EMIICTPSACEHUS. ITO, Kak
MpaBuUIO, paloHBI, OIM3KO PACIHONIOKEHHbIE OT TPaHUI]
TEKTOHUYECKUX IUTUT U IJI€ B MPOIIJIOM YacTO MPOUCXOAUIN
3eMIIeTpsACeHUs. B mpupoze cymecTByeT psii MPH3HAKOB,
CBHUJETEIBCTBYIONMX O TIPHOMIKEHHN 3eMIICTPSICEHHUSI.
Tak, yCTaHOBJIEHO, YTO 332 HECKOJBKO JHEW O CHIBHOTO
3eMJICTPSICEHUS] TIPOMCXOIUT ceprsl ciabbix TomakoB. Ho, ¢
IPYTOil CTOPOHBI, Takas cepusi CIa0bIX TOJYKOB BOBCE HE
03HAYAET, YTO 003aTETbHO MPOH30HIET 3eMIIETPICEHUE.

CunTanock, YT0 CUCTEMA NMPEACKA3AHUS 3eMIETPSICEHUS
B Kurae, nmocTpoeHHas Ha  OCHOBE  IIUPOKO
OpPTaHW30BAaHHOTO HAOMIOJAECHUS 3a MpPU3HAKAMH, B TOM
YHCIIe 32 TOBEACHNEM )KUBOTHBIX (KYP, 30JI0THIX PHIOOK H T.
m.), sBsgeTcss Haumbonee coBepmieHHou [9]. JlocToBepHO
3aCBHETEIHCTBOBAHO, 4TO MHOTHM CHJIBHBIM
3eMIICTPSICEHUSIM MIPE/IIECTBYET HEOOBSICHIMOE
0eCrOKOMCTBO JKUBOTHBIX Ha 3HAYMTENHFHOW TEPPUTOPHHU.
Takoe Habmogamoce, Hampumep, npu  KpbMckux
3emiteTpsiceHusAX 1927 roga, mepen AmxabaackuM 3emire-
TPACCHUEM. CoBpeMeHHBIE CEHCMUYECKHE CTaHIUU
CHa0XXEHBl aKBapUyMaMH CO CIEIHAIBHBIMH pPHIOKaMH,
KOTOpBIE 33 CEMb BOCEMb 4YacOB JO 3EMIICTPSICEHHUS
HAYMHAIOT MHTEHCHBHOE IBI)KEHHWE B aKBapHyMe, Ipei-
yyBCTBYs Oexny. MHoOrue >KMBOTHBIE Takke O0JamaloT
nonoOHbIMEH cBoiicTBamu [13]. CorjacHo 3Tol cucTeMe
KaXIOMY 4YElOBEKy, IPOXHBAIOUIEMY B  CENIBCKOIl
MECTHOCTH, BMEHSJIOCH B OOS3aHHOCTH MAOKIAIbIBATH O
HAJIMYAU TeX WM HHBIX IPH3HAKOB CBOEMY MECTHOMY
aJIMIHUCTPAaTUBHOMY PYKOBOJCTBY, KOTOpPOE€ B CBOIO
ouepeab IMEepeaaBaio 3Ty MHPOPMALHUIO B BBIIICCTOSIIYIO
HHCTaHIIUIO.

V30eKkckue yu€Hble TaKkKe MPEeIOKUIN CBOM METOJIBI.
DTO colepkaHue paloHa B MOJ3EMHBIX Bojax. PamoH — 310
PaaMOaKTHBHBIH Ta3, MPUCYTCTBYIOIINH B TPYHTOBBIX BOJAX
U B Bozie CKBakWH. OH IIOCTOSIHHO BBIJETIETCS U3 3eMIIH B
atMochepy. V3MmeHeHHs copepKaHHS pajoHa Mepen
3eMJICTPSICEHHEM BIEpBbIe ObUTM 3aMedeHbl B COBETCKOM
Coro3e, rme JecSATWIETHEe BO3pAaCTaHHE KOJIMYECTBA
pamoHa, pPacTBOPEHHOTO B BOJAE TIJIyOOKHMX CKBaXKHH,
CMEHHMJIOCH PE3KUM €ro MmajeHueM mepe] TalKeHTCKUM
3emiieTpsicenueM 1966 roxa. IlosBisIOTCS OHM Kak HEMo-
CPeICTBEHHO TIepeA TONYKAaMH, HO HWHOTZA MOTYT
MPOUCXOINTD U 32 HECKOJIBKO CYTOK.

HoBeiit  Meron — mpenckazaHuss — 3eMIIETPSCEHHUH
npemtoxkeH mpodeccopamu  AduHCKOro yHHBepcHUTETa
Bapotpocom, Anekcomynocom, Homukycom u HOCHUT
HazBaHne «BAH» (nmo HavambHbIM OykBaM (aMmuinii
aBTOpoB). Ilo yTBEep)KOEHUIO 3TUX YUYEHBIX, OHH MOTYT
Ipe/cKa3aTh BpeMs Hayasia 3eMIISTPSICEHHS C TOUHOCTBIO OT
HECKOJBKHX THEH 0 HECKOJIBKHX YacoB, ONPENENIUTH €ro
MarHATyZy ¥ MeECTOIONOXKEeHHe ero smuneHtpa. Ilepen
Ha4yaJoM 3EMJICTPSCCHUs B 3EMHOH KOpe BO3HHKAIOT
JNEKTPUYECKHE  HWMITYJIBCHI, KOTOpPBIE  (PUKCHPYIOTCS
COIJIaCHO TPEMIOKEHHOMY METOLYy IIPHM IIOMOIIM JBYX
JNIEKTPOIOB, PACTIONI0KEHHBIX B 3eMJIE YAAICHHBIX OJJMH OT
JPYroro Ha pacCTOSHUE B HECKOJIBKO AecsATKOB MeTpoB [10].

HanbGonee cepbe3Hoe HEyAOOCTBO JAaHHOTO MeTOZa
3aKITI0YAeTCs] B TOM, UTO BCSI TEPPUTOPHS CTPAHBI JJOIDKHA
ObITh ~ OmosicaHa  IENOH  CeTbl0  TIPOBOJOB  C
MPUCOEIVHEHHBIMI K HUM 3JIeKTpogaMu. D(P(HEeKTUBHOCT
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JJAHHOTO METOJIa YBEIHYHUTCA, €CIIH CETh Oy/eT pa3BepHyTa
B Cllydae IpeIBapHTEIILHON PErHCTPallii CepHH CIAOBIX
TOTYKOB WM JPYIMX HPU3HAKOB  HAJBHTAIOIIETOCS
3eMIICTPSICEHHSI.

Takum 00pa3oM, HE3amoOIro 10 3eMIIETPSICEHHs IpH
MepeMENIeHNH TeKTOHUYECKUX IIIMT U UX CTOJIKHOBEHUH B
3eMHOH KOpe HMHIYHHUPYIOTCS 3JI€KTPOMAarHUTHBIE BOJIHBI,
KOTOpBIE MOTYT OBITh 3a()MKCHPOBAHbI IPUOOPaMHU.

Tem He MeHee celicMoioraM HE YAAIOCh TOYHO
YCTAaHOBUTH IO OSTHM IpH3HaKaM BpeMs  Hadaia
3emuerpsicenus [11-12].

HaGmomennss TmokaspIBaloT, ecim B TeX palioHax,
KOTOpBIE ITOJBEP)KEHBI 3eMIIETPSICEHHSIM, Ha NPOTSHKEHUH
JONTOro Mepuoia BPEMEHH HX He ObLIO, TO BO3MOXKHOE
3emieTpsaceHue OyaeT OYeHb CUIIbHBIM.

4. JakauyeHue

3a BCIO HCTOPHIO CYIIECTBOBAHHUS YeJIOBEYECTBA OBLIO
C/IETAHO MHOKECTBO MOMBITOK ITPOTHO3a 3€MJIETPSICEHHH,
HO TaK W He OBUTO HAJJCHO TOYHOTO PELICHHUS STOH
npobneMsl. Pactipenenenne mpeiBeCTHUKOB
3eMJICTPSICeHUS] MO3andHO. CBSI3b C 3eMIICTPACCHUEM
KaKoro 100 reoGpu3nIecKoro napaMeTpa 10 CHX Iop He
YCTaHOBJIEHA.

Ipo6iema nmporHo3a He BHIILIA 32 PAMKH HAyYHOTO
MIOUCKA, OCTAIOTCS HEPELICHHBIMH BCE OCHOBHEIE €€
cocrasisitonye. Takum o0pa3om, Ipu BceM 00HIHN
TIPOBEAEHHBIX U IPOAHATU3UPOBAHHBIX HAOIIOJCHUH,
MECTO, BpeMs U MAaTHUTYZa OyIyIUX pa3pylIHTEIbHBIX
3eMJICTPSICEHUH, 1a’ke B HETJIOXO U3YYEHHBIX PErHOHAX,
TIO-TIPEXKHEMY OKa3bIBAaeTCSI HEOKHJaHHBIM. KakoBbI ObI HU
OBLIM MEePCIEKTHBEI IPOTHO3a MM KOHTPOJIS, O4EBHIHO,
YTO YHCIIO JKEPTB HPH 3eMIIETPSCCHUAX U SKOHOMHYIECKHE
MOTEPH MOTYT OBITh CyLIECTBEHHO YMEHBIICHBI, €CIIH
CIIEIMAINCTHI HATIPABAT CBOIO M300pETaTeNbHOCT U TPYA B
HEpBYIO OYepeib Ha pa3paboTKy Oonee HaIeHHBIX
CTPOUTENHHBIX HOPMAaTHUBOB U CO3/aHUE Oolee
COBEPIICHHBIX CTPOUTENbHBIX KOHCTPYKIMHA. Kaxoe
3eMIICTPSICEHNE —3TO U YPOK, | 3k3aMeH. W He Tonbko mms
CEeHCMOIIOTOB, CIICNHUATN3UPYIOMINXCS U, MOXKET OBITH,
HanboJiee CIOCOOHBIX YUSHHKOB 10 KJIACCY 3€MIIETPSICCHUH
B [lIxone [Tprpoabl, HO U IJIsl NPOEKTHPOBIIUKOB,
3eMIIEYCTPOHTENEN U 3KOHOMHUCTOB.
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Development of a mathematical model for linking wagons to a schedule
thread on railway sections

S.M. Suyunbaev!®? Sh.B. Jumaev®P
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In this article, an analysis was carried out on the development of a mathematical model of attachment of
rail cars to graphic times and experiments on minimizing the time of their stay at stations. Work has also
been done to determine the number of walkway variants of a particular part of the group of wagons to be
added up to a specified station using Gauss's method of “solving a system of linear algebraic equations”.
The functional possibilities of integrating the group of cars into commuter trains and optimizing their
withdrawal from the overtaking stations on the railway site have been researched on the basis of the
creation of a mathematical model.

railway section, graphic times, train formatting plan, matrix element, transient train, section train, reserve
locomotive, pick-up train.
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Temir yo‘l uchastkalaridagi vagonlarni grafik vaqtlariga biriktirishning
matematik modelini ishlab chigish

Suyunbayev Sh.M!. @2 Jumayev Sh.B.2®P
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Mazkur maqolada temir yo‘l uchastkalaridagi vagonlarni grafik vaqtlariga biriktirishning matematik
modelini ishlab chigish va ularni stansiyalarda turib golish vagtlarini minimallashtirishga doir tajribalar
tahlili olib borilgan. Shuningdek, belgilangan stansiyagacha qo‘shib yuboriladigan vagonlar guruhining
ma’lum gismining yurish yo‘li variantlari sonini Gaussning “Chiziqli algebraik tenglamalar sistemasini
yechish” usuli yordamida aniqlash ishlari amalga oshirilgan. Vagonlar guruhini yo‘l-yo‘lakay
poyezdlarga qo‘shib yuborish va temir yo‘l uchastkasidagi ortish-tushirish stansiyalaridan ularni olib
chigish bo‘yicha optimallashtirish masalasining funksional imkoniyatlari matematik model yaratish
asosida tadgiq etilgan.

temir yo‘l uchastkasi, grafik vaqtlari, poyezdlar tuzish rejasi, matritsa elementi, o‘tkinchi poyezd,
uchastka poyezdi, zaxira lokomotivi, terma poyezd.

Annotatsiya:

Kalit so‘zlar:

1. Kirish

Bozor iqtisodiyoti va temir yo‘l transportini qayta qurish
sharoitida iqtisodiy ko‘rsatkichlarni yaxshilashga, tashish
sifati, temir yo‘l transportining nufuzi va jozibadorligini
oshirishga va uni amalga oshirish usullarini izlashga
garatilgan tashish jarayonining samarali texnologiyasidan
foydalanish hozirgi zamon dolzarb masalalaridan biridir.
Tashish sifatiga qo‘yilgan zamonaviy talablar butun temir
yo‘l yo‘nalishlarida foydalanish ishlarining
muntazamliligini, anigligini va ritmini oshirish zarurligini
taqozo etmoqda. Shu bilan birga, yuk tashish tannarxini
pasaytirish va ularning rentabelligini oshirish ko‘p jihatdan
bir qator tizimlarni ishlab chiqish va joriy etishga bog‘liq
bo‘lib, ular ishlashini optimallashtirish temir yo‘l transporti
ishini yaxshilashga ta’sir qiladi. Shulardan biri stansiyalarda
vagonlarning ortigcha  turib golish  vagtlarini
minimallashtirishning kompleks tizimini yaratishdir.

https://orcid.org/0000-0002-4867-8270
b https://orcid.org/0000-0003-4905-9620
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2. Tadqgigot metodikasi

Texnik stansiyalar (tadgiqot ishida beshta texnik
stansiya qabul qilingan) misolida uzoq yo‘nalishlardagi
poyezdlardan nisbatan yaqin yo‘nalishlardagi poyezd
tarkibiga vagonlar guruhining ma’lum qismini qo‘shib
yuborish mumkin bo‘lgan variantlar sonini ko‘rib chigamiz
(1-rasm).

4 5

1-rasm. Beshta texnik stansiya sharoitida poyezdlar
tuzish rejasining mumkin bo‘lgan variantlari
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1-rasmdan ko‘rish mumkinki, agar vagonlar guruhining
ma’lum qismini P2 yo‘nalishidan nisbatan yaqin bo‘lgan
boshqga yo‘nalishga ulash zarur bo‘lsa, vagonlarni yetkazib
berish varianti faqat bitta bo‘ladi (P1yo‘nalish), ya’ni terma
poyezd bilan olib chigiladi.

Vagonlarning ma’lum qismini belgilangan yo‘nalishdan
boshqa nisbatan yaqin manzilga qo‘shish zarur bo‘lgan
hollarda, vagonlar guruhini yetkazib berish variantlarini
quyidagi jadvallardan ko‘rish mumkin
(1 — 3-jadvallar).

1-jadval
Vagonlar guruhining ma’lum qismini P3
yo‘nalishidan boshqa nisbatan yaqin manzilgacha
qo‘shib yetkazib berish variantlari

Variant ragami Yurish yo‘li
1. P1— Ps
2. P1— P7
3. P2— Pg
4. P2— P7

2-jadval
Vagonlar guruhining ma’lum qismini P4
yo‘nalishidan boshqa nisbatan yaqin manzilga qo‘shib
yetkazib berish variantlari

\rfi?qr;%]: Yurish yo‘li \r{’:\?]réﬁlt Yurish yo‘li
1. P1— Ps— Ps 7. P2— Ps— Py
2. P1— Ps— Pg 8. P2— Pe— Ps
3. P1— Ps— Ps 9. P>— Ps— P9
4, P1— Ps— P9 10. P2— P7
5. P1— P7 11. P3— Ps
6. P2— Ps— Ps 12. P3— Py
3-jadval

Vagonlar guruhining ma’lum qismini Ps
yo‘nalishidan boshqa nisbatan yaqin manzilgacha
qo‘shib yetkazib berish variantlari

Vanan_t Yurish yo‘li Va“an.t Yurish yo‘li
ragami ragami
1. P1— Ps— Psg 18. P>—Ps—P12
2 P1— Ps— Pg 19. P2—P7—P10—P13
3 P1— Ps 20. P>—P7—P10—P1s
4, P1— Ps— P9 21. P2—P7—P11—P13
5. P1— P7 22. P2—P7—P11—Pus
6 P>— Ps— Pg 23. P>— P7— P12
7 P1—P7—P10—P1a 24, P>— Pg—Pi13
8. P1—P7—P11—P13 25. P2— Ps—Pu4
9. P1—P7—Pu—Pu 26. P2— P9
10. P1—P7—P1w2 27. P3— P1o—P13
11. P1—Pg—P13 28. P3— P1o—Pus
12. P1— Pg—P14 29. P3— P11—Pi3
13. P1— P9 30. P3— P11—P1us
14, P2—Ps—P10—P13 31. P3— P12
15. P2—Ps—P10—P14 32. P4— P13
16. P>—Ps—P11—P13 33. Ps— P14
17. P2—Ps—P11—P14

Shunday qilib, belgilangan stansiyagacha qo‘shib
yuboriladigan vagonlar guruhining ma’lum qismining yurish
yo‘li variantlari sonini Gaussning “Chiziqli algebraik
tenglamalar sistemasini yechish” usuli yordamida aniqlash
mumkin. Sistemani kengaytirilgan matritsa ko‘rinishida
quyidagicha ifodalash mumkin:

https://t.me/tdtuilmiynashrlar

on 2n—l 2”‘2.... 2O 1
3N gl ogn-2 g0
gn gn-1o4n-2 4012 Q)

Istalgancha stansiyalar soni uchun etib borish
stansiyagacha vagonlar guruhining ma’lum gismini go‘shib
yuborish mumkin bo‘lgan variantlar sonini quyidagicha
aniglash mumkin:

4 n 19 n-1 151 n—2
TP = K- KT SRR -2 ()
bunda poyezd gayta ishlanadigan stansiyalar soni;
K-
n— matritsa elementining tartib o‘rni.
4-jadvalda poyezdlar tuzish rejasidagi ma’lum bir
yo‘nalish bo‘yicha vagonlarning yurish yo‘lidagi temir yo‘l
uchastkasida 10 tadan ko‘p texnik stansiya mavjud
bo‘lmasligini  inobatga olgan holda, etib borish
stansiyagacha vagonlar guruhining ma’lum qismini qo‘shib
yuborish mumkin bo‘lgan variantlar soni keltirilgan [1].
4-jadval
Vagonlar guruhining ma’lum qismini qo‘shib
yuborishning mumkin bo‘lgan variantlari soni
Yetib borish
Stansiyalar | stansiyagacha belgilangan
soni (K) yurish yo‘li variantlari
soni (3R)

1

4

12

33

75

146
254
407
613

Sle|o|~N|o|a|s|w|n

Belgilangan stansiyagacha qo‘shib yuboriladigan
vagonlar guruhining ma’lum (Qismini yurish yo‘lidagi
variantlarining samaradorlik sohasi kompleks texnik-
igtisodiy hisoblar asosida aniglanadi.

4-jadvaldan ko‘rish mumkinki, yurish yo‘lida texnik
stansiyalar soni gancha ko‘p bo‘lsa, belgilangan
stansiyagacha qo‘shib yuboriladigan vagonlar guruhi
ma’lum (ismining yurish yo‘lidagi variantlari soni
shunchalik ko‘p bo‘ladi.

Yo‘l-yo‘lakay poyezdlarga vagonlar guruhini biriktib
jo‘natish barcha hollarda ham o‘zini oglamaydi. Buning
uchun avvalo, vagonlar guruhini biriktirishning magsadga
muvofigligini, unga matematik yondashuv va modellar
asosida aniglash zarurdir.

Ishlab chigarish sohasida vagonlarni poyezdlarga
ulashgacha bo‘lgan davrda ularning turib qolish vaqti
muhim ahamiyat kasb etadi. Turib qolish vagtining
me’yordan  ortib  ketishi ~ vagon  aylanmasining
sekinlashishiga, yuklarni yetkazib berish vaqgtining
cho‘zilishiga sabab bo‘ladi. 2-rasmda vagonlar guruhini
yo‘l-yo‘lakay poyezdlarga ulashgacha bo‘lgan davrda
ularning turib golish vagtini aniglash sxemasi keltirilgan.

Yuqorida keltirilgan  chora-tadbirlar  ilmiy-texnik
adabiyotlarda [2 — 5] temir yo‘l yo‘nalishlari ishi
ishonchliligini oshirishda muhim omil sifatida belgilangan.
Biroq hozirgi vaqtda, ularni “O‘TY” AJ amaliyotda qo‘llash
samaradorligini har tomonlama baholashning
modeli ishlab chigilmagan.
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Temir yo | uchastkasida joylashgan stansiyalar soni S, — i- stansiyadagi k-poyezdga vagonlar guruhini
— I — qo‘shib yuborish uchun to‘xtatish imkoniyatini
otkinchi @ ©) ® ® aks ettiruvchi mantiqiy o‘zgaruvchi;
poyezd | M1 Ma1 Mey — =°°°° 0, agar k-poyezdning i-stansiya bo'yicha
k=1 :t;lvlkﬂ M e ™ Sy =1 texnik toxtashi kozda tutilgan bo'lsa; (6)
e —— It et 1, aks holda.
11,2 3 R . - - . . .
L,if,';ifgf " 12" 512 ik _ i-stansiyada k-poyezdning vagonlarni qo‘shib
k=2 | i k=2 l w.kj yuborish bo‘yicha texnologik amallar ostida
Zaxira > k=2 l turish vagti, soat;
lokomotivi | ** N k=2 Cie — uchastkadagi poyezdlarning turib golish vaqti
pa— k=3 it 21 * bilan bog‘liq umumiy xarajatlar, so‘m;
Otkinchi > k=3 _ i - C —  vagonlar qo‘shib yuborilishi ko‘zda tutilgan
p‘l’gfjd s e k=3 ot stansiyalarda poyezdning to‘xtab-yurishi
> > k=4 k=4 | bilan bog‘liq umumiy xarajatlar, so‘m;
Terma I > > Vagonlar guruhini temir yo‘l uchastkasining ortish-
p‘l)(Xesz" e tushirish  stansiyalaridan poyezdlar gayta ishlanadigan
= (2 . . e o :
™ i k=5 |V" e stansiyalarga tashish shartini quyidagicha ifodalash
i k=5 |t mumkin:
i k=5 %xijk =1, Y(i,j) @)
2-rasm. Vagonlar guruhini yo‘l-yo‘lakay poyezdlarga Q_O‘_Shib yuborilishi ko‘zda. ﬂ.ltﬂgan .Va.gor.llar gurl}h%
ulashgacha bo‘lgan davrda ularning turib qolish vaqtini UZU')"Q'_”'”Q_ k-poyezd tarkibiga  sig‘ishi ~ shartini
aniglash sxemasi quyidagicha ifodalash mumkin:
) . ) - S i mij <Ay, (k) (8)
Muammoga qat’iy matematik yechimlar Kiritish, tortuv ij
turlaridan  yanada samarali  foydalanishga, oraliq bunda Amy k-poyezdga sig‘ishi mumkin bo‘lgan

stansiyalarda

vagonlarning  turib  qgolish  vaqtini

kamaytirishga va mahalliy vagonlarni yetkazib berishni
tezlashtirishga imkon beradi.

Vagonlarni grafik vaqgtlariga biriktirishning matematik
modelini yaratishda vagonlar guruhini yo‘l-yo‘lakay
poyezdlarga qo‘shib yuborish va temir yo‘l uchastkasidagi
ortish-tushirish  stansiyalaridan ularni olib chigishning

optimallashtirish masalasini  funksional

imkoniyatlarni

minimallashtirish asosida hal etish mumekin:

ijk ik -
%% %Xijk' t° M y—s ik Gk (v i Cots +Cpt) | = min (3)

bunda i —

j,

vagonlar qo‘shilayotgan stansiyaning tartib
ragami;

i-stansiyaga qo‘shib yuborishga tayyor
bo‘lgan vagonlar guruhining ragami;
i-stansiyasida vagonlarni qo‘shib yuborish
uchun  to‘xtatilishi  ko‘zda tutilgan
poyezdning “grafik vaqti” raqami;
i-stansiyasida tuzilgan j-vagonlar guruhini
k-poyezd “grafik vaqti”’ga qo‘shib yuborish
imkoniyatini  aks ettiruvchi  mantigiy
o‘zgaruvchi;

i-stansiyadagi vagonlarning j-guruhini k-
poyezdga qo‘shishdan oldin vagonlarning
turib qolish vaqgti davomiyligi, soat;
vagonlar j-guruhining i-stansiyadagi soni,
vag.;

bir vagon-soat xarajat stavkasi, so‘m;

i- ctansiyadagi k-“grafik vaqti”ga vagonlar
guruhini qo‘shib yuborish imkoniyatini aks
ettiruvchi mantiqiy o‘zgaruvchi;

0, X5y =03
Yik =11, leijk>0; v(ik) (4)
i
Ushbu chegarani quyidagicha yozish mumkin
gxijkgn'yik'j:l' 2,340 ®)
1
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vagonlarning uzunligi, m.

Tadgigot ishi davomida vagonlarni grafik vagtlariga
biriktirishning matematik modelini ishlab chigish asosida
vagonlar guruhini yo‘l-yo‘lakay poyezdlarga qo‘shib
yuborishning mumkin bo‘lgan variantlarini texnik-igtisodiy
baholash bo‘yicha dasturiy ta’minotni yaratishga ehtiyoj
sezildi.

3. Xulosa

Vagonlar ogimining nomutanosibligini inobatga olgan
holda, vagonlar guruhini yo‘l-yo‘lakay poyezdlarga qo‘shib
yuborishning amaliy natijalari joriy etilishi mumkin, lekin
ularni qo‘shib yuborishda texnik-iqtisodiy ko‘rsatkichlariga
alohida e’tibor qaratish lozim. Yuqoridagilarni inobatga
olgan holda, vagonlar ogimini tashkil etishning iqtisodiy
samaradorligini aniglash uchun Delphi dasturlash tilida
“O‘zgaruvchan grafik sharoitida vagon oqimlarini tashkil
etishning samarali variantini tanlash” nomli dasturiy
ta’minot ishlab chiqildi. Ushbu dasturiy ta’minotning ishchi
oynasi 3-rasmda keltirilgan.

3-rasm. “O‘zgaruvchan grafik sharoitida vagon
ogimlarini tashkil etishning samarali variantini
tanlash” nomli EHM uchun dasturining ishchi oynasi
Mazkur dasturiy ta’'minot poyezdlarni jo‘natishda vagon
ogimlari harakatining samarali variantini poyezdlar harakati
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bilan bog‘liq bo‘lgan quyidagi sarf-xarajatlarni hisobga
olgan holda tanlash uchun mo‘ljallangan:

« tarkiblarning yig‘ilish jarayoni bilan bog‘liq sarf-
xarajatlar, so‘m;

¢ saralash parkidan jo‘natish parkiga tarkibni
o‘tkazish amallari hamda tuzish bo‘yicha amallar bilan
bog‘liq sarf-xarajatlar, so‘m;

« poyezdni  jo‘natish (ko‘rikdan o‘tkazish,
jo‘natishdagi kutish) amallari bilan bog‘liq sarf-xarajatlar,
so‘m;

¢+ uchastkalarda poyezdlarning harakati bilan bog‘liq
sarf-xarajatlar, so‘m;

« poyezdni belgilangan stansiyaga qabul gilish
bo‘yicha amallar bilan bog‘liq xarajatlar, so‘m;

« tarkiblarning targatilishi bo‘yicha amallar bilan
bog‘liq sarf-xarajatlar, so‘m.

Ishlab chigilgan matematik model va dasturiy ta’minot
temir yo‘llar ishida samarasiz yo‘nalishlarni o‘z vaqtida
bekor qilinishini ta’minlash, samaralilarini esa tezkor
aniglash va ularni joriy etish imkonini beradi.
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Evaluation the remote system quality indicators using a mathematical
model

V. Zakirov®? E. Abdullaevi®P
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The popularity of web services has increased the demand for quality indicators of remote service systems.
One of the indicators of the quality of such a service system is the response time of the system users. This
time depends on several indicators, and if it exceeds a certain value, it causes inconvenience to the users
of the system. Works based on previously conducted experimental investigations have a limited use.
Unlike experimental studies, this research proposes using public service theory models to estimate the
response time of user requests. Studies were done to identify system quality indicators using the
suggested mathematical model. Based on the model, the waiting time for request responses, the
dependence of the waiting time on the number of users, and the dependence of the waiting time on the
service system's internal technical indicators were investigated. The studies done showed that the
proposed model is completely consistent with the results obtained by the present experimental approach
and may be widely employed in research.

Keywords: public service system, mathematical model, response time, request flow, random process, probability

model, duration of service, quality i

ndicators.

1. Introduction

After the COVID-19 epidemic, significant changes
occurred around the world. At the same time, new ways of
organising work have emerged in a variety of disciplines.
For example, in the sphere of service supply, there have been
significant developments in terms of distant service
organisation.

This showed the need to re-analyze and improve the
working principles of existing systems in the field. Because
during the pandemic, all types of services were organized
remotely, which caused a sharp increase in system users and
the loads created by them. This led to the fact that this load
was not provided with the required quality of service. This
situation can happen in all service areas. Therefore, the study
of the reasons for the increase in downloads and the correct
Organization of methods of servicing them remains one of
the important problems of the present day. Reasons for the
origin of the problem [1], [2], [3], [23] considered in studies,
they can be mainly told that one of the main reasons for the
origin of problems is technical problems, which are
considered directly related to an increase in the number of
users. Because each service device has a capacity limit,
consumers who surpass it will experience these problems.
As a result, it is critical to examine the system operating
methods and the potential for serviceability of the devices
indicated in the research [3], [5], [10], and [11]. To do this,
itis required to conduct research on service delivery methods
based on mathematical models and create models
appropriate for the service sector. According to research
undertaken in the servicing of user requests, there are various
reasons why difficulties emerge. These include limited
service device capabilities, a lack of optimisation in user-
generated software, and internet connection concerns. These
issues were addressed in works [1], [16], [18], [23], [24] and
determined through experimental research. These
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experiments were conducted in many stages and included the
following.

According to [1,] during the first phase of the analysis,
there were issues with serving requests with the technical
aspects of the service device (HDD, RAM), and their ability
to serve multiple requests at once was limited, resulting in
many incoming requests not being handled. The research
used a system server with Intel® Core™i5-2310 CPU
@2.90GHz x 4 processor, 8GB Hard disk, 1GB RAM
specifications, and Apache JMeter 2.9 software, which is
one of the programs for generating concurrent queries. A
stream of timed requests was sent and analyzed. In this case,
the number of requests was increased and when 51 requests
were sent simultaneously, the system was overloaded and
lost the ability to service requests.

In this case, the author made several changes to the
device's technical parameters (SSD, RAM) to technically
reduce the service time, and the service device is Intel®
CoreTMi5-2310 CPU @2.90GHz x 4 processors, 8GB of
solid state disc, 1GB of RAM, and as a result, the service
time has been reduced by 98% compared to the previous one.

In the second stage, web server research was conducted,
with the process-based web server (Apache) being replaced
by an event-based web server (Nginx). In this scenario, the
web servers were installed on a server with an Intel®
CoreTMi5-2310 CPU @2.90GHz x 4 processor, 128 GB
SSD, and 4GB RAM. When compared to the prior study, the
service time was reduced by 34% as a result of this
investigation.

The service time was implemented in the following steps
of analysis using system software. It also made use of
technologies such as caching, Gzip compression, and script
optimization. As a result of the optimization technologies,
the service time was decreased by 80%, 75%, and 24%
compared to the baseline state.

Management of caches with the help of caching
technology is intended to reduce the number of requests to
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the server. As a result, the number of requests to the server
decreased, and this, in turn, caused a decrease in service
time.

Gzip compression technology reduces service time by
employing compression technology to send result files
generated in response to user requests. The technology's goal
is to lower the size of various forms of data while also
reducing the time it takes to transfer them to the user across
the network. Because all data is sent over the network as
packets, a tiny amount of data results in a small number of
packets [4], [6]. This will cut down on the time spent on the
request.

The technology of script optimization refers to the
software of the service system, and it is meant to alter its
sections of the software code from the general code to the
necessary code. Because the result of the query served in the
database is generated as a result of the software codes, the
non-optimality of the codes results in a huge volume of the
formed answer [5], [6]. This, in turn, increased the time it
took to send them via the network, thus the author observed
in the study report that optimizing scripts also influences
service time, and making the scripts look the way they
should achieve a reduction in service time in his
experimental investigations.

Also, researches of this type were carried out in [12],
[13], [14], [19], [20], [23], [24], and in them, researches were
carried out using experimental methods.

It can also be concluded from the above that the
researches related to the service of user requests were carried
out only in an experimental - research method.

However, it is now necessary to pre-calculate or evaluate
the way the systems perform, as well as the serviceability of
the service device. This necessitates the investigation of
service approaches based on mathematical models and the
development of models appropriate for the service sector.

2. Materials and methods

In this research work, mathematical models were
developed for researching the request service system, and
based on it, service effectiveness was studied.

As previously stated, in this instance, it can be regarded
as a typical flow of requests because user requests enter the
system at various times. We believe that the length of their
service is governed by a negative exponential law. In this
process, requests entering the system are served by V service
devices. The system serves requests in a waiting manner, and
the number of waiting places is limited to r. Because,
according to the service models in [15], serving with an
unlimited number of waiting points, the number of requests
in the queue part of the system occupies a large volume, the
server cannot serve them all, and the system [1], will face the
situation of not being able to serve requests like. Therefore,
when organizing systems, waiting areas are limited. This, in
turn, means the loss of incoming requests to the system when
the service device and all queues are busy. In this process,
the system serves requests in waiting areas in a FIFO
manner. Thus, such a service arrangement corresponds to the
M/M IV It model of user request service based on
[Kendal's] specification. The quality indicators of this
system are determined as follows. According to it, the
probability that all service devices and waiting areas in the
system will be occupied corresponds to the case

=V +r and is defined by the following expression (1).
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Here, Y =A-t load generated by queries, 4=N-
the rate of user-generated requests, N number of system

users, & the rate of requests generated by a single user,

t=t+% total time spent serving a single request, U time
spent on user identification, t, service time for one request
(according to [3], it is determined based on the technical
parameters of the server).

As can be seen from expression (1), if ' =00, this
expression becomes Erlang‘s second or C formula. If so,
then it becomes Erlang*s first formula. So, when the number
of waiting places changes from < to 0, the expression (1)
changes in the range of probability of losses according to
M/M/V /o gnd MIMIVIT models. Therefore, this

expression is a general calculation expression for two
models I =90 and I =0,

(1) the expression can be expressed as the load acting on
one devicen = %
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In this case, the loss of requests in the system occurs
when the number of pending requests exceeds r.
Therefore, the following expression (3) can be reduced to (4)
by the load falling on a single service device.

(Y yY
vy V) vl '
Pcn:p|:( ] Ty Po= = 1

v) vito [Yj"“ 1 p-n™

1-| = +
Vz’lL[ﬁ] v) B0 1o
Si(vi) Y
\%

(©)
In this case, based on the above formulas, the probability
of waiting for requests in the system is determined by the
following expression (5).
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Also, the average waiting time for requests to be served
is determined by the following expression (5):

W — PW>O
V-Y . (5)

So, based on the mathematical model described above, it
is possible to calculate the quality indicators of the request
service system and select the technical indicators of the
system based on the analysis of the results

3. Results and discussion

Using the above expressions, we will now research to
determine the system's quality indicators.
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Figure 1. Graph of the dependence of the average
waiting time on the number of users

Figure 1 depicts the graph of the average waiting time
versus the number of users. The graph shows that as the
number of customers increases, so does the average waiting
time. When the number of users approaches N, the waiting
time skyrockets and the system is unable to reply to queries.
This situation supports the conclusion provided in [1]. As a
result, the system with the aforementioned indications can
provide N users with the desired quality indicators on
average. Increasing the number of users from N results in a
significant worsening of the system's quality indicators.
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Figure 2. The graph of the dependence of the
probability of losses on the waiting areas

Figure 2 depicts the graph of the chance of loss versus
the number of waiting areas, which indicates that the
probability of loss falls rapidly as the number of waiting
spaces grows. This corresponds to the experiment results
shown in [1]. Furthermore, the likelihood of losses in this
circumstance is determined by the incoming load. The speed
of user requests and the service time for one request
determines the system load. The service time for one request
depends on the following:

- processor power in the service system. It is known that
the processor is one of the most basic devices of computer
work and performs all its tasks [1], [3], [9], [17], [21]. It is
its performance that determines the speed of the system.
Because all requests are connected to the memory through
the processor and its results are formed. Therefore, service
times include the processor's request service time, which is
a major part of the total service time;

- time to load HTML documents into the browser. In
remote systems, data exchange between the client and the
server is carried out through browsers. And it sends the query
results to the client device in an HTML file format that the
browser can understand [5], [6], [22]. This, in turn, requires
the result of the request to be sent to the user via the Internet.
In this process, the size of the file and the speed of the
Internet connection mean that the service times will be
longer or shorter;

- to the number of HTTP requests. Each request sent to
the system server requires a certain amount of time from the
server to be served [3]. Therefore, the increase in requests to
the system causes the system to gradually fill up service
devices and waiting areas [7], [8]. This, in turn, increases the
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volume of the queue of requests as a result of the increase in
the intensity of requests to the system, and this causes an
increase in the service time. Sometimes, a sudden increase
in the number of requests will cause the system to lose its
ability to serve;
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Figure 3. The graph of the dependence of the number of
system users on the service time of one request

Figure 3 is a graph of the dependence of the number of
system users on the service time of a single request, in which
the service time of a single request is shown in the order of
increasing percentages. As can be seen from the graph, the
number of users of the system decreases as the request
service time increases. If we approach this issue from the
other side, we can see that it is possible to increase the
number of users by reducing the time of serving one request.
But the service time for this one request depends on a
number of factors, including processor power, technical
parameters of other server devices, optimization of the
service software, internet speed, etc.
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Figure 4. Graph of dependence of the probability of
losses on the falling load

It is well known that an unexpected increase in system
demands leads the system to behave somewhat differently
than typical operating operations. Such conditions were
vividly witnessed during the COVID-19 epidemic. In the
following section of our investigation, we will look at the
status of the service system, which is similar to the situation
that occurred during the pandemic, in which the number of
downloads or requests into the system has increased
drastically. This condition is depicted in figure 4, which
depicts the graph of the probability of losses as a function of
falling load. The graph shows that as the load grows
significantly, the likelihood of losses increases significantly
as well, and the system's quality indicators significantly
decline. For the reasons that the system's waiting rooms and
service devices operate at maximum capacity due to a
sudden spike in demand, as previously stated. Request queue
times go longer as a result and the system's serviceability
drops.
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4. Conclusion

In summary, the mathematical model of the proposed
user request service system is based on mass service theory
and allows for the computation of the following system
quality indicators:

The system's efficiency can be determined by
implementing strategies to reduce the load and duration of
service requests, calculating the likelihood of waiting for
requests, calculating the likelihood of lost requests, and
calculating the number of users based on quality measures.

Simultaneously, the results produced using the proposed
model are completely consistent with the results of the
experimental testing. This allows for the verification of the
suggested mathematical model's correctness, as well as the
identification and optimization of the quality indicators of
the user request service system.
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Use of multi-criteria decision-making methods in solving the problem of
location selection in the organization of transport-logistics centers
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Abstract: Transport logistics centers are one of the important links of the transport process in the effective
organization of the country's transport services in the domestic and foreign markets. In this scientific
research, the level of use of multi-criteria decision-making methods in solving the problem of location
selection of transport logistics centers is highlighted. During the research work, an analysis of the
literature related to the topic was first carried out, and the decision-making criteria used in the field were
clarified based on them.

decision making, transport logistics center, location problem, evaluation criteria, MCDM, AHP,

ELECTRE, PROMETHEE, TOPSIS, VIKOR.

Keywords:

Transport-logistika markazlarini tashkil etishda joy tanlash muammosini
yechishda ko‘p mezonli garor qabul qilish usullaridan foydalanish

Samatov G¢.A.1 @2 Absattorov 1.X.1 ®P Xakimov D.Q.1@¢, Matrasulov Q.Sh.1 @ d
Toshkent davlat transport universiteti, Toshkent, O¢zbekiston

Annotatsiya: Transport logistika markazlari mamlakat transport xizmatlarini ichki va tashqi bozorda samarali tashkil
etishda transport jarayonining muhum bo‘g‘inlaridan biri hisoblanadi. Ushbu ilmiy tadqiqot ishida
transport logistika markazlarining joylashuv joyini tanlash muammosini yechishda ko‘p mezonli qaror
gabul qilish usullaridan foydalanish darajasi yoritib berilgan. Tadgiqot ishini bajarish davomida dastlab
mavzuga tegishli adabiyotlar tahlili amalga oshirilgan va ular asosida sohada qo‘llaniluvchi garor gabul
qilish mezonlari yoritib berilgan.

garor gabul gilish, transport logistika markazi, joylashuv muammosi, baholash mezonlari, KMQQQ,
AHP, ELECTRE, PROMETHEE, TOPSIS, VIKOR.

Kalit so‘zlar:

1. Kirish takomillashtirildi va bugungi kunda ham bu borada jadal
ishlar olib borilmoqda. Yetkazib berish tarmog‘ida
Transport-logistika markazi (TLM) har bir davlat uchun ob’ektlarning munosib joylarda joylashishi transport

muhum infratuzulma ob’ektlaridan biri hisoblanadi. Ular
yuklarni yetkazib berish, transport va logistika xizmatlarini
ko‘rsatish orqali davlatning iqtisodiy o‘sishiga ta’sir
ko‘rsatadi. Davlat hududida TLMlarini tashkil etish va
mavjudlarini transport va logistika xizmatlari istemolchilari
tomonidan shakillangan ta’labga to‘liq javob bera olish
gobilyatini doimiy tahlil gilib borish va TLMlarni doimiy
rivojlantirish choralarini ko‘rish iqtisodiy o‘sishga ijobiy
ta’sir ko‘rsatadi. TLMlarining samarali faoliyat ko‘rsatishi
ularning hududiy jihatdan joylashuv joylari bilan ham uzviy
bog‘liq hisoblanadi. Ohirgi yuz yill davomida omborlar,
yig‘ish va tarqatish markazlari, yuk terminallari va
TLMlarini tashkil gilishda ularga har tamonlama mos

xizmatlari va yetkazib berishning umumiy xarajatlariga tasir
ko‘rsatadi. Yetkazib berish tarmog‘i bo‘ylab TLMlarining
joylashuvi va soni maxsulotning oxirgi istemolchiga yetib
borish narxiga to‘g‘ridan to‘g‘ri ta’sir ko‘rsatadi [1]. Yangi
tashkil etilayotgan TLMlari uchun joy tanlash muammosi
TLM biznes rejasini tuzishda muhum va chuqur o‘rganib
tahlil gilinadigan omil hisoblanadi. Ushbu tadgiqot ishida
TLM wuchun joy tanlash muammosini yechishda ko‘p
mezonli garor gabul gilish usullaridan foydalanish va ular
orgali erishiladigan natijalarning ishonchlilik darajasi tahlil
gilingan.

keluvchi joylarni tanlashga qaratilgan usullar turli 2. Tadqiqot metodikasi
tadgigotchi ~ olimlar ~ tomonidan  ishlab  chigildi,
Tadgiqot ishida TLMlari uchun joy tanlash darajasini  aniglash va ushbu usullar yordamida

muammosini hal qilishda qo‘llaniladigan ko‘p mezonli

muammoning yechimini toppish darajalarini aniglashga

garor qabul qilish (KMQQQ) usullaridan foydalanish garatilgan. Shuningdek TLMlar uchun joy tanlash
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muammosiga yechim ishlab chigish jarayonida KMQQQ
usullarining birgalikda qo‘llash sohasini o‘rganish. Har
ganday ilmiy tadgiqgot ishini bajarish jaroyoni ilmiylik va

4
y

Tadgiqot ishi

doirasida
Tadgiqot ishi adabiyotlar tahlili
muammosini

shakillantirish

tizimlilikga asoslanishi zarur. Quyida 1-rasmda tadgigot
ishini amalga oshirish bosgichlari tasvirlangan.

y

Tadgiqot ishi
amalga oshirish
va natijalarni
bayon etish

Tadgigot
metodikasini
shakillantirish

1-rasm. Tadgigot ishini amalga oshirish bosgichlari

KMQQQ usullarini qaror qabul qilish jarayonida qo‘llash
muammoning yechimini tartibli ravishda amalga oshirish va
eng yaxshi natijani olishga garatiladi. Quyida 2-rasmda

] Muammoni Mugobil
Mugmrirs\]?nl to‘liq variantlarni
oy o‘rganish aniglash

2-rasm. Qarorlarni

2-rasmda keltirilgan qarorlarni gabul gilish bosgichlari
odatda qaror qabul qilish usullarda qo‘llaniladigan
jarayonlardir. Albatta, bu bosgichlar garor muammosining
tuzilishi, hajmi va magsadiga garab farg gilishi mumkin.

3. Natijalar

Adabiyotlar tahlili

Adabiyotlarda TLMlari uchun joy tanlashga garatilgan
turli ko‘rinishdagi ammo yagona magqsadga qaratilgan ilmiy
tadgigot ishari mavjud. TLMlari uchun to‘g‘ri joy tanlash
murakkab jarayon hisoblanadi. U odatda joylashuv joyiga
ta’sir qiluvchi ko‘plab mezonlarni (masofa va yer maydoni,
xarajat, atrof-muhit,hududning iqtisodiy va jismoniy
qobilyati va ijtimoiy omillar turkumiga kiruvchi mezonlar)

KMQQQ usullarining tadgiqot ishini amalga oshirishda
qo‘llashning bosqichlilik tarifi ko‘rsatilgan.

vgf.‘a’ﬁﬁﬁ'r'n. Eng yaxshi mugobil Qarorni
baholash variantni aniglash baholash

gabul qilish bosgichlari

KMQQQ usullari garor variantlari orasidan eng yaxshisini
tanlash va garama-garshi anig va mavhum mezonlar yoki
sifatlarga ko‘ra variantlarni tartiblash yoki tasniflash uchun
ishlatiladigan usullar hisoblanadi.

o‘z ichiga oladi. Ushbu tadqiqot ishini bajarish davomida 15
ta TLMlari uchun joy tanlash masalasini hal gilishda ko‘p
mezonli garor qabul gilish usullaridan foydalanilgan
adabiyotlar tahlil gilib chiqildi. Tahlillar tadgiqot ishlarida
tanlab olingan mezonlarni aniglash, garor gabul gilishda
foydalanilgan usullarni aniglashga va natijaga erishilganlik
darajasini baholashga qgaratildi. Tahlil gilingan adabiyotlar
1-jadvalga joylashtirildi

1-jadval

TLMlar uchun joy tanlashda ko‘p mezonli qaror qabul qilish usullaridan foydalanilgan adabiyotlar va ularda
qo‘llanilgan usullar

Mualiflar TLM uchun joy tanlashga ta’sir etadigan mezonlar Tadgiqotda
foydalanilgan
usullar
Kurava A.Y.[2] Igtisodiy xolat, ijtimoiy xolat, siyosiy va huquqiy xolat, geografik xolat, AHP
ekologik xolat, transport infratuzilmasi
Sheikh Ariful Magistral yo‘ldan foydalanish imkoniyati, intermodal o‘tkazuvchanlik AHP
Alam[3] sig‘imi, port sig‘imi, yerning mavjudligi
Murve Ozturk Ishchi kuchi, transport turlari (avtomobil, temir yo‘l, dengiz va havo AHP
[4] transporti) va masofalari, iste’mol — ishlab chigarish markazlari va sanoat
hududlarigacha bo‘lgan masofasi, yer xususiyatlari va atrof-muhitga ta’siri.
Ayshe Merve Eng yaqgin magistralgacha bo‘lgan asofa, eng yagin portgacha bo‘lgan AHP,
CAN [5] masofa, eng yaqin temir yo‘lgacha bo‘lgan masofa, eng yaqin aeroportgacha ELECTRE,
bo‘lgan masofa, shahar markaziga yaqinlik, kengaytirish imkoniyati, geografik TOPSIS
va topografik yaroglilik, yer narxi, uyushgan sanoat zonasigacha masofa
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Cihan UYANIK Xarajat, tabiiy boyliklar, temir yo‘lga yaqinlik, magistral tizimiga yaqinlik, AHP, Fuzzy-
[6] shahar markaziga yaqinlik, portga yaqginlig, yer maydoni, kengaytirish AHP PROMETH,
imkoniyati, sanoat zonasiga yaginlik, makroigtisodiy foyda / samaradorlik, atrof- TOPSIS
mubhit ta’siri, yuk avtomabillari, qurilishga yaroqlilik (topografiya, geografiya, ELECTRE,
yer osti tuzilishi), qurilish jarayonining narxi (infratuzilma-suv, elektr, xavfsizlik, VIKOR
yo‘l), xizmat ko ‘rsatish bozoriga kirish imkoniyati, transport va logistika
jozibadorligi
Muhammed Yer (yer maydoni, yerni kengaytirish imkoniyatlari, yerning infratuzilmasi, AHP
BAMYACI [7] yerning jismoniy holati), xarajatlar (yer narxi, ob’ekt narxi, foydalanuvchilar
uchun narx), yaginlik (masofa) (ishlab chigarish markazlariga yaqinligi, iste’mol
markazlariga yaqinlik, aeroportga yaginlik, temir yo‘lga yaqginlik, magistral
yo‘lga yaginlik, portga yaqinlik (dengiz), ichki suv yo‘llariga yaqinlik) ijtimoiy-
igtisodiy ta’sirlar (shahar muhitiga ta’siri, shahar transportiga ta’siri, igtisodiy
hayotga ta’siri)
Fulya ZARALI Hudud, kengayish maydoni, infratuzilma ob’ektlari, shaharga yaginlik, AHP,
[8] sanoat va savdo markazlariga yaqinligi, portga yaqinlik, avtomobil yo‘l alogasi, ELECTRE,
temir yo‘l alogasi, yer xarajatlari TOPSIS
H.Tezcan Portga yaqinlik, aeroportga yaqinlik, yashash joylarigacha bo‘lgan masofa, ELECTRE
UYSAL, Kemal mehnatga kirish imkoniyati, ekologik xavfsizlik, magistral yo‘llar va bog‘lovchi
YAVUZ [9] yo‘llarga kirish imkoniyati, trafik zichligi, havoning ifloslanishi, qurilish
maydoni, mintaqaviy rag‘batlantirish
Burchin Tashqi savdo, uyushgan sanoat zonalari, qishloq xo°jaligi uyushgan sanoat AHP
PACHACI va zonasi, avtomobil, temir yo‘l va suv yo‘llariga chiqish
boshgalar [10]
Krzysztof Mabhalliy hokimyat, ko‘p tarmogli aloga infratuzilmasining mavjudligi, aholi AHP
Witkows va soni, igtisodiy zonalarning mavjudligi, yer narxi, ish hagi, mol-mulk solig‘i
boshqalar [11] miqdori, bozorning mavjudligi, malakali kadrlar mavjudligi, rivojlanish rejalari,
rejalashtirish hujjatlari yozuvlari, igtisodiy zonalar hajmi, ragobotdosh
markazkar soni, investitsiyalarning jozibadorligi
Baiyu Chen, Shahar joylashuvi koeffitsienti, shahar markazlashganligi, bozor farovonligi AHP
Biying Wang [12] | darajasi, yuk tashish hajmining nisbati, aholi jon boshiga YalM, aholi soni.
Kursat Yildiz va Narx (yuk tashish narxi), Transport turlari, yetkazib berish muddati, AHP-VIKOR
boshqgalar [13] markazga yaqinlik, muqobil koridorning eng yaqin poezd stantsiyasidan
masofasi.
Ismail Onden va Avto magistralga yaginlik, temir yo‘lga yaqinlik, aeroportlarga yaqinlik, AHP
boshqalar [14] dengiz portiga yaqinlik, xalgaro savdo hajmi, aholi soni, dengiz portlarini
boshqarish imkoniyatlari
Jacek ZAK, Viloyatning umumiy maydoni, aholi soni, aholi jon boshiga YalM, igtisodiy ELECTRE
Szymon rivojlanishning o‘rtacha darajasi, investitsiya va logistika jozibadorligi, erkin /v
WEGLINSKI [15] | igtisodiy hududlar soni, infratuzulma, ijtimoiy va ekalogik holat, ishsizlik
darajasi, harakat xafsizligi
Maria Igtisodiy samaradorlik, transport infratuzilmasi, ragobatbardoshlik darajasi, ELECTRE IlI
CRISTEA va magsadli bozor, igtisodiy rivojlanish salohiyati, xorijiy investitsiyalar, eksport
boshqgalar [16] darajasi, davlat byudjeti subsidiyalari, ijtimoiy o‘Ichov, ish haqi, xavfsizlik,
yashil maydonlar

1-jadvalda tasvirlangan adabiyotlar tahlillari natijasida
shuni aytishimiz mumkunki TLMlar joylashuv joyini
tanlashda qo‘llanailadigan usullar, tasiq giluvchi mezonlar
har bir mintaga yoki davlatning transport infratuzulmasi va
transport xizmatlariga bo‘lgan ehtiyojidan kelib chigib

0°zgarishi mumkun.

Tadgiqot ishi doirasida amalga oshirilgan adabiyotlar

qaror qabul qilishga ta’sir ko‘rsatuvchi mezonlar tadqiqot
ishining amalga oshirilish darajasiga garab son jihatdan
turlicha bo‘lishi mumkun ekan. Quyida 2-jadvalda TLMlar
uchun joy tanlashda qaror qabul qilshga ta’sir qiluvchi
mezonlar tahlil qilingan adabiyotlar bo‘yicha umumiy

ko‘rinishda son jihatdan tasvirlangan va ular 5 ta asosiy

guruhga ajratilgan.

tahlilidan ko‘rish mumkunki TLMlIar joylashuvini tanlashda

2-jadval

Adabiyotlarda foydalanilgan baholash mezonlari va ularning foydalanilganlik chastotasi

Joylashuv Mezonlarning Mezonlarning
adabiyotlarda adabiyotlarda
takrorlanish takrorlanish
darajasi darajasi

Hovoning ifloslanishi 3

Temir yo‘lga yaqinlik 11 Yashil hudud

Avtomagistralga yo‘liga yaqinlik 12 Yuk tashish hajmi/igtisodiy aks /

ettirish
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Aeroportga yaginlik 10 Makro igtisodiy ko‘rsatgich 4
Suv po‘rtiga yaqinlik 7 Avtomabil transportida yuk tashish 3
hajmi
Yer maydoni 5 Temir to‘l transportida yuk tashish 3
hajmi
Kengaytirish imkoniyati 4 Transport va logistika jozibadorligi 4
Igtisodiy hududlarga yaginlik 8 Transport infratuzulmasi 5
Qurilish uchun yaroglilik 3 Xalgaro sovdo hajmi 2
Geografik, tuproq xolati 2 Sovdo markazlari soni 1
Shahar markaziga yaqinlik 8 Rivojlanish darajasi 2
Joylashuv hududi 2 Igtisodiy tasir 4
Joy infratuzulmasi 4 Tashqi investitsiya 1
Ichki suv yo‘llariga yaqinlik 1 Investitsiya darajasi 3
Ishlab chigarish karxonalariga 5 Biznes muhiti 3
yaginlik
Bozorga yaginlik 3 Ragobat darajasi 2
Istemolchilarga yaqginlik 2 ijtimoiy omillar
Xarajat Xafsizlik va go‘riglash 3
Yer narxi 4 Aholi soni 3
Tashish xarajatlari 3 ljtimoiy foyda 2
Atrof-muhit Yerga egalik shakli 1
Tabiy boyliklar 2 Ishchilar malakasi 2
Ekologik tasir 6 Qonun ustuvotligi va hokimyat 4
organlarining ro‘li
Ekologik xafsizlik 3 ljtimoiy bargarorlik 1

Yugorida 2-jadvalda tasvirlangan mezanlar asosida
TLMlari uchun joy tanlash muammosini yechisga KMQQQ
usullaridan foydalanish eng samarali usullardan bir
deyishimiz mumkun. Chunki KMQQQ usullari ko‘plab
sohalarda garor gabul gilish muammolarini hal gilishda,
mugobillarni ma’lum mezonlar bo‘yicha tartiblash va eng
yaxshi muqobilni tanlashda qo‘llaniladi [17].

KMQQQ usullari ichida joy tanlash masalasini
yechishda eng ko‘p qo‘llaniladigan usulardan bir AHP
(Analytic Hierarchy Process) usulidir. AHP usuli 1977-yilda
Tomas L. Saati [18] tamonidan ko‘p mezonli muammolarni
hal qilish uchun ishlab chigilgan. U sifat va miqdoriy
o‘zgaruvchilarni tahlil qilish orqali muammolarni hal
qiladigan usul hisoblanadi. [19]. Ushbu usul ko‘p mezonli
muammolarni ierarxik tuzilishda modellashtiradi va
muammoni tashkil etuvchi asosiy maqgsadlar, mezonlar,
kichik mezonlar va alternativalarning munosabatlarini ochib
beradi [20]. AHP muammoni tashkil etuvchi mezonlar va
kichik mezonlarning muhimlik darajasini  hisoblab,
o‘lchamlarni qisqartirishni amalga oshiradi. U eng yaxshi
mezonni mumkin bo‘lgan natijalarga kiritish uchun
mezonlarni ahamiyati bo‘yicha tartiblash imkoniyatini
beradi.

AHP usulini qo‘llash bosqichlari quyidagilardan iborat:

1. Ierarxik tuzilmani o‘rnatish

2. Har bir mezon bo‘yicha muqobil va mezonlarni juftlik
bilan tagqoslash

3. Nisbiy ahamiyatli vaznlarni normalash va hisoblash

4. Konsistensiya koeffitsientini hisoblash

5. Mugobil uchun har bir mezonning ahamiyatlilik
vaznlarini hisoblash

6. Variantlarning vaznlarini aniglash

Adabiyotlarda TLMlari uchun joy tanlash muammosi
yechimini  topishda qo‘llaniladigan usullardan  biri
ELECTRE (Elimination and Choice Expressing Reality)
usuli hisoblanadi va uni Benayoun, Roy va boshqgalar
tomonidan ishlab chigilgan. ELECTRE usulining asosi har
bir mezon bo‘yicha mugqobillarni juftlik bilan tagqoslash
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orgali "ustunlik munosabatlarini” o‘ratishdir. TLMlar
uchun joy tanlashda qaror gabul giliuvchilar ELECTRE
usuli orqali ko‘plab miqdoriy va sifat mezonlarini kiritishlari
mumkun, bu orqali u optimallashtirishga yo‘naltirilgan
matematik dasturlash usullari gatoriga kiradi. ELECTRE
usulidan foydalanishda birinchi amalga oshiriladigan ish har
bir mezon bo‘yicha muqobillarni juftlik bilan taqqoslashdir.
i mezon bo‘yicha taqqoslangan  muqobillarning
muvaffagiyat qiymatlari gi(4j) va  gi(Ak) sifatida
ko‘rsatilgan va ikkala muqobil o‘rtasidagi farq gi(4j)-
gi(Ak) sifatida ifodalanadi. Muqobil variyantlar o‘rtasida
farqni aniqlash uchun ma’lum chegara qiymati aniqlanadi va
ikkita muqobil uchun "befarglik, zaif afzallik, mutlaq
afzallik yoki taggoslanmaydi” degan xulosaga keladi.
TLMlari uchun joy tanlashda turli ta’sir qiluvchi
mezonlar mavjudligini hisobga olsak juftlik tagqoslash
munosabatlari  yoki  boshgacha aytganda, ustunlik
munosabatlari  majmuini  aniglash  juda muhumdir.
ELECTRE usuli mezonlar har xil ahamiyatga ega bo‘lgan
holatda ularning ahamiyat darajasini aniglash uchun
mezonlarga og‘irlik qiymatlarini berish imkoniyatiga ega.
ELECTRE wusuli ustunlik munosabatlari to‘plamini
aniglash natijasida mugobillarning bir-biridan ustunligini
isbotlash uchun muvofiglik indeksini hisoblab chigadi. Bu
TLM uchun joy tanlash muammosiga garatilgan yechimning
ishonchliligini taminlaydi. Bundan tashgari, ELECTRE
usuli yordamida kelishmovchilik indeksini va uning garama-
qarshi ko‘rsatkichini, ya’ni kelishmovchilikni keltirib
chiqaradigan indeksni hisoblab chigish mumkun. Shuning
uchun, ELECTRE usuli yordamida TLM uchun tanlangan
mugobil joyni ustunlik munosabatlari asosida turli xil
variantlar orasidan ajratib olish mumkun. ELECTRE usuli
aynigsa, mezonlari kam, ammo muqobillari ko‘p bo‘lgan
garor gabul gilish muammolari uchun yaxshi natijalar beradi
[21]. Bundan kelib chiqib aytishimiz mumkunki, ELECTRE
usulini TLM uchun joy tanlashda bir nechta muqobil joylar
ichidan joy tanlash muammosiga ta’sir giluvchi mezonlar
kam bo‘lgan holatda qo‘llash ko‘p samara berar ekan.
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ELECTRE usuli oilaniga kiruvchi ELECTRE I, 11, HI, 1V,
IS, TRI wusullari mavjud. Ular qaror qabul qilish
muammolariga qaratilgan turli yondashuvlar va qo‘llanilish
sohalariga ko‘ra ELECTRE usulining takomillashtirilgan
yoki moslashtirilgan usullaridir. Bir-biridan kichik farglar
bilan farq giladigan ushbu usullar yordamida garor gabul
qiluvchi muqobil variantlarning ko‘plab miqdoriy va sifat
mezonlarini kiritish orgali muammoga garatilgan muvofiq
mezonlarning ahamiyatini aniglashi va tegishli mugobil
variantlar ichidan eng mugobilini tanlash imkoniyatiga ega
bo‘ladi [22]. Joy tanlash masalalariga qaratilgan tadqiqot
ishlarida ELECTRE, ELECTRE I, ELECTRE Il va
ELECTRE IV usullari eng ko‘p qo‘llaniladi. ELECTRE
usulidan foydalanishda 3-jadvalda berilgani kabi ko‘p
mezonli garor jadvali tuziladi.

3-jadval
ELECTRE usulida Ko‘p mezonli qarorlar jadvali
Mugobillar
c1 c2 .. lc
ai g1(a) | gxa) | - | gu(a)
az 91(ay) | 95(ay) | ... | ga(ay)
a, 91(ay) | gaay) | - | gulay)

Bu yerda a mugqobil joyni va ¢ ularga mos mezonlarni
belgilaydi.

Shuningdek TLM wuchuj joy tanlash muammosini
yechishda go‘llash mumkun bo‘lgan KMQQQ usullardan
biri PROMETHEE (Preference Ranking Organization
Method for Encrichment Evaluations) 1982 yilda Kvebekda
(Kanada) bo‘lib o‘tgan konferentsiyada J. P. Brans
tomonidan taqdim etilgan KMQQQ ustuvorlik usulidir.
PROMETHEE usulining magsadi amalga oshirish
jarayonida  tadqiqotlarda  qo‘llaniladigan  ustuvorlik
usullarining giyinchiliklarini kamaytirishdir. Bu usul boshga
ko‘p mezonli qaror qabul qgilish usullariga nisbatan soddaroq
tuzulgan susul hisoblanadi. Ko‘plab qaror qabul qilish
usullari murakkab tuzilishga ega bo‘lib, ulardan foydalanish
jarayonida tadgiqotchilarda turli  tushunmovchiliklar
vujudga kelishi mumkun. PROMETHEE usulining soda
tuzilishga ega ekanligi uning boshga garor gabul gilish
usullaridan ajratib turuvchi jihatidir.

PROMETHEE usuli 7 bosgichdan iborat [23] va bular:

. ma’lumotlar matritsasini yaratish

. mezonlarga ustunlik funksiyalarini aniglash

. umumiy afzallik funksiyalarini aniglash

. afzallik indekslarini aniglash

. mugobil variantlar uchun ijobiy (PH+) va salbiy

(P-) afzalliklarni aniglash

. PROMETHEE I bilan alternativlar uchun gisman

ustuvorliklarni aniglash

. PROMETHEE Il bilan mugqobillar uchun aniq

ustuvorliklarni aniglash

PROMETHEE usuli mugobillarni eng yaxshidan eng
yomonigacha tartiblash uchun ishlatiladi. U odatda garor
gabul qilish jarayonida har bir mezonning ahamiyatini
baholash uchun ishlatiladi. PROMETHEE usulini TLMlari
uchun joy tanlashda qaror qabul qilish uchun qo‘llash
joylashuv o‘rnini tanlashga tasir giluvchi mezonlarning afzal
ko‘rish darajalarini tushunish, muqobil bir hil variantlarni
aniqlash, ma’lum mezonlar bo‘yicha muqobillar orasidan
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eng ko‘p mos keluvchi mugobillarni aniglash va
mugobillarni orasidagi farglarni aniglash mumkin.

Ob’ektlarni  joylashtirish ~ masalalarini  yechishda
foydalaniladigan usullardan biri TOPSIS (Technique for
Order of Preference by Similarity to Ideal Solution) usulidir.
TOPSIS usuli 1981-yilda Xvang va Yoon tomonidan ishlab
chigilgan [24]. TOPSIS ko‘p mezonli qaror qabul qilish
usuli bo‘lib, u n ta muqobil va m mezondan iborat qaror
muammosiga sifatli  tarjima gilinmasdan bevosita
ma’lumotlarga qo‘llanilishi mumkin. Kichik miqdordagi
kirish parametrlari bilan oson tushunarli natijalarni
ta’minlovchi TOPSIS wusulida tanlangan mugqobil ideal
yechimga eng yaqin bo‘lishi kutiladi, ideal yechim
bo‘lmagan alternativdan esa eng uzoqda bo‘lishi kutiladi
[25]. TOPSIS usulida quyidagi yechim bosgichlarini
bajarish mumkin.

. muammoning magsadlari va baholash mezonlari

aniglash

. garor matritsasini yaratish (A)

. standart garor matritsasini (R) yaratish

. Og‘irlangan normalangan qaror matritsasi (V)
yaratish.

. ijobiy ideal (A+) va salbiy ideal (A-) yechimlarni
yaratish

. ajratish choralarini hisoblash

. ideal yechimga nisbatan yaginlikni hisoblash

TLMlari uchun joylashuv joyini aniglashga garatilgan
tadgiqot ishlarini olib borishda VIKOR usulidan ham
foydalaniladi. Ushbu usul ko‘p mezonli kompleks tizimlarni
optimallashtirish uchun Yu va Zeleniy tamonidan ishlab
chigilgan. VIKOR usul 2004 yilda Opricovic va Tzeng
tomonidan turli o‘lchov birliklari bilan olingan ma’lumotlar
guruhlarida qo‘llanilishi mumkin bo‘lgan ko‘p mezonli
garor gabul gilish usuli sifatida takomillashtirilgan. VIKOR
usuli garama-garshi mezonlar bilan qaror gabul gilish
muammosiga umumiy yechim taklif giladi va idealga eng
yagin muqobil yechimni ko‘rsatadi. TLMlari uchun joy
tanlash muammosini yechishda qaror qabul qilishda ta’sir
etuvchi mezonlar mavjudligi sababli ushbu jarayonda
VIKOR usulidan foydalanish kerakli yechimni topishda
yaxshi ish beruvchi usul xisoblanadi [26]. VIKOR usulida
boshga QMQQQ usullaridan fargli ravishda mezon
og‘irliklari teng deb hisoblanadi va turli usullardan olingan
qiymat og‘irliklari ham hisoblashn dasturi bosqichlariga
kiritilishi mumkin. VIKOR usulidan foydalanish quyidagi
bosgichlarni oz ichiga oladi:

. eng yaxshi va eng yomon mezonlarni aniglash

. aniglangan mezonlarni muvofiglashtirish jarayoni

(garor matritsasini tuzish)

. muvofiqlashtirilgan matritsani og‘irligini o‘lchash
. giymat mezonlarini hisoblash
. mezon og‘irliklarini hisoblash

. variantlarni saralash va shartlarni tekshirish
Mugobil variyant quyidagi ikkita shartga tekshiriladi:
1-shart. Qabul gilinadigan afzallik
2-shart. Qabul gilinadigan bargarorlik sharti [27].

Ushbu shartlarga javob bergan mugobil yechim
muammonini eng yaxshi yechimi sifatida olinadi. TLMIari
joylashuvini tanlash muammosini yechishda yugorida sanab
o‘tilgan KMQQQ wusullardan birgalikda faydalanish
mumkun.
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4. Muhokama

KMQQQ usullar asosan biron bir sohada tegishli
muammo yechimi bo‘yicha qaraor qabul qilishda samarali
yechimga ega bo‘lishni ta’minlaydi. KMQQQ usullarini
TLMlarining joylashuvi muammosida qo‘llanilishi, baholash
jarayoni uchun to‘g‘ri qaror mezonlarini tanlashda juda
muhum bo‘lib, u yechimga ijobiy ta’sir ko‘rsatadi.
TLMlarining joylashuvini tanlash muammosini KMQQQ

usullaridan foydalangan holda turli nuqtai nazardan o‘rganib
chigish va muammoni baholash uchun turli mezonlarni
shakillantirish mumkun. Yugqorida yoritib o‘tilgan qaror
gabul qilish usullarini TLMlari joylashuvini tanlashda
to‘loqonli yechiga erishish vositasi sifatida talqin etib
bo‘lmaydi. KMQQQ usullarining TLMlari joylashuvini
tanlashda 3-rasmda tasvirlangan tartibda amalga oshirish
mumkun.

TLM uchun joylashuv joyini aniglash

K 7

Joylashuv muammosini to‘liq o‘rganish

N\

Model ishlab chigish

Mezonlarni belgilash

<“—»| Mugobil varyantlarni belgilash

Mezonlarga ko‘ra baholash

<+» KMQQQ usulini tanlash

Og’irlik va mezon darajasini belgilash

v

Jamlash

v

Noanialik tahlili

v

]

TLM joylashuv joyi uchun garor gabul gilish

3-rasm. KMQQQ usullarini TLM uchun joylashuv joyini tanlashda qo‘llash

TLMlari uchun joylashuv mauammosini yechishga
garatilgan ilmiy izlanishlar natijalari va tadgigotchi olimlar
tamonidan yaratilgan usullar tahlili shuni ko‘rsatadiki,
bugungi kunda TLMlari uchun joylashuv muammosini
yechish uchun butun dunyoda bir xilda to‘liq yechimga
erishish imkonini beruvchi mukammal usul mavjud emas.
Mavjud usullar qaysidir jihatlari bo‘yicha muammoni
yechimini topishda malum bir og‘ish chegaralariga ega.
Bundan kelib chigadigan aytishimiz mumkunki bugungi
kunda TLMlarini joylashtirish joyini tanlashga garatilgan
ilmiy tadgiqot ishlarini olib borish va joy tanlash
muammosini yechishda qo‘llaniladigan mavjud usullarni
takonillashtirishga yetarilcha talab mavjud. Biz yuqorida
tahlil gilgan va bayon etgan KMQQQ usullarini yakka
tartibda emas, balki o‘zaro hamjihatlikda qo‘llash yuqoriroq
samaraga erishishni taminlaydi. AHP, ELECTRE, TOPSIS
usullarini birgalikda qo‘llashning yuqori samaradorligi biz
tahlil gilgan adabiyotlarda erishilgan natijalarda yaqgol
namoyon bo‘lgan.

5. Xulosa

Transport logistika markazlarini har tamonlama qulay
joyga joylashtirish ularning transport xizmatlarini ko‘rsatish
samaradorligini oshirishda muhum ahamiyat kasb etadi.
TLMlari joylashuv joyini tanlashga garatilgan ilmiy tadqigot
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ishlarini olib borish darajasini oshirish va ularda erishilgan
natijalarni sohaga jalb gilish yurtimizda transport xizmatlari
samaradorligini oshirishga xizmat qiladi. Ushbu ilmiy
maqola transport logistika markazlari geojoylashuvini
asoslashga qaratilgan PhD dissertatsiya ishi doirasida
tadqiqot ishi muammosini kengroq o‘rganish maqsadida
amalga oshirildi. Albatta, ushbu ilmiy magola mazmun
jihatidan to‘liq yakunlanmagan hisoblanadi va u tadqiqot
ishi uchun ilmiy yangiliklarni ishlab chigishda dasturiy amal
vazifasini bajaradi. Tadgiqot ishining ilmiy yangiliklari
ushbu mavzuga bag‘ishlangan navbatdagi ilmiy maqolalarda
bayon etiladi.
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Improving the quality of passenger transportation services

N.J. Suyarov®? E.X. Abdusamatovi®® U.l. Isokhanov®¢
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: In this research work, the main requirements for improving the quality of passenger transport services in
the city's public transport are highlighted. The purpose of transportation of passenger buses is to reduce
travel time, ensure regular bus service and meet the transportation needs of the population, taking into
account the possibility of guaranteeing travel opportunities. Planning, organizing, promoting, regulating
and ensuring quality control of passenger transportation, which covers the operation of all forms of
ownership of vehicles for the provision of quality passenger transportation services

passenger transport, transport services, passenger, transportation. public transport, service descriptions,
service provision.
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Annotatsiya: Ushbu tadqgiqot ishida shahar jamoat transportida yo‘lovchi tashish xizmatlari sifatini oshirishga
qo‘yiladigan asosiy talablari yoritilgan. Yo‘lovchi avtobuslarini tashishdan maqgsad yo‘l vaqtini
qisqartirish, avtobuslarning muntazam qatnovini ta’minlash va sayohat qilish imkoniyatlarini kafolatlash
imkoniyatini hisobga olgan holda aholining transportga bo‘lgan ehtiyojini qondirish. Sifatli yo‘lovchi
tashish xizmatlarini ko‘rsatish uchun barcha mulkchilik shaklidagi transport vositalarining ishlashini
gamrab oladigan yo‘lovchi tashishni rejalashtirish, tashkil etish, rag ‘batlantirish, tartibga solish va sifatini
nazorat qilishni ta’minlashdan iborat.

Kalit so‘zlar: yo‘lovchi tashish, transport xizmatlari, yo‘lovchi, tashish. jamoat transporti, xizmat ta’riflari, Xizmat

ko‘rsatish
1. Kirish transport faoliyatining eng muhim turlaridan biridir. Shahar
darajasida transport vositalarining tirbandligi,
Ijtimoiy tizimning muvaffaqiyatli o‘zgarishi, bozor yo‘lovchilarga xizmat ko‘rsatishning past sifati va atrof-
munosabatlarining ~ chuqurlashishi,  ko‘p  tarmoqli muhitga salbiy ta’sir ko‘rsatish muammosi mavjud.

igtisodiyotning shakllanishi va rivojlanishi mamlakatimiz
uchun muhim ahamiyatga ega bo‘lgan muammolardir.
Ularning qgarorida hal qiluvchi rol xizmat ko ‘rsatish sohasiga
tegishli bo‘lib, uning holati va samaradorligi mamlakatning
iqtisodiy va ijtimoiy taraqqiyot yo‘lida muvaffaqiyatli
rivojlanishiga  bog‘liq. Bu yo‘lovchilarni  transport
vositalarida tashish bo‘yicha xizmatlar ko‘rsatish sohasiga
to‘liq taalluglidir. Shuning uchun bozor iqtisodiyoti
sharoitida ularning samaradorligi va raqobatbardoshligini
oshirish uchun asos sifatida ushbu turdagi xizmatlarning
sifat menejmentini bargaror takomillashtirish tobora zarur va
amalda ahamiyatli bo‘lib bormoqda. Mamlakatimiz uchun
transportning ahamiyati juda katta, chunki bu mamlakatning
turli mintagalarini yagona davlatga birlashtirgan transportdir
[1].

Yo‘lovchi tashish jamiyat va uning fuqarolari hayotida
alohida ijtimoiy-igtisodiy ahamiyatga ega, shuningdek

https://orcid.org/0009-0005-5208-8395
b hitps:/orcid.org/0009-0007-1194-9085
¢ https://orcid.org/0009-0008-0058-9560
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Mintaqaviy darajada yo‘l transporti aloqalari va transport
vositalarining eskirishi bilan bog‘liq muammolar qo‘shiladi
[2]. Yo‘lovchi tashish har xil transport turlari (temir yo‘l,
avtomobil, dengiz, ichki suv va havo) bilan amalga
oshiriladi, ular narx, tezlik, muntazamlik va qulaylik
jihatidan teng emas. Yo‘lovchi aylanmasi bo‘yicha birinchi
o‘rinni avtomobil transporti egallaydi, uning ulushi 46,8% ni
tashkil qiladi, temir yo‘l transporti barcha transport turlari
yo‘lovchi aylanmasining 38,5% ni, havo transporti esa
14,5% ni tashkil giladi.

2. Tadgigot metodikasi

Transport xizmatlari bozorida yo‘lovchi tashish
quyidagi turlarga bo‘linadi:
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1.Tashilgan yo‘lovchilar soni bo‘yicha shaharlararo
transport eng muhim hisoblanadi. Katta shaharlarda
shaharlararo tashish avtobuslar, trolleybuslar, tramvaylar,
shaxsiy avtomobillar va mikroavtobuslarda amalga
oshiriladi.

2. Shahar atrofi transporti shaharlararo transportdan
keyin mashhurlik bo‘yicha ikkinchi o‘rinda turadi. Ushbu
turdagi transport xizmatlari bozori temir yo‘l, avtobus va
shaxsiy transport vositalaridan iborat.

3. Mahalliy transport asosan temir yo‘l va avtobuslarda
amalga oshiriladi. Shaharlararo transport - asosan temir yo‘l
va havo transportida amalga oshiriladi, avtobus va suv
xizmatlarining kichik gismi.

Yo‘lovchilar  transport turini tanlashda asosiy
ustuvorliklar quyidagilardir:

Arzon narx, transport xavfsizligi va sayohat vaqti.
Ushbu turdagi transport yo‘lovchilari  tomonidan
shaharlararo va shahar atrofi poyezdlari ish sifatini baholash
natijasida ish sifatidan norozilik, shuningdek, yo‘lovchilarga
ko‘rsatilayotgan qo‘shimcha xizmatlardan xabardorligi
pastligi kuzatilmoqda[3-4].

Yo‘lovchilarga xizmat ko‘rsatish sifatini oshirish va
aholiga transport xizmatlari bozorida ragobat asosida
xarajatlarni kamaytirish magsadida barcha transport turlari
bo‘yicha yo‘lovchi tashish bozorida marketing tadqiqotlarini
o‘tkazish yo‘lovchilar kompleksini samarali boshqarishning
zarur shartidir, shu bilan birga, yo‘lovchi tashish sifatini
miqdoriy baholashni xarajatlarni baholash bilan birgalikda
amalga oshirish magsadga muvofigdir.

Aholini transport xizmatlari bilan ta’minlash muhim
ijtimoiy vazifa hisoblanadi. Chizigli tuzilmalar nuqtai
nazaridan sifatni yaxshilash uchun ularning ishlashini ularga
go'yiladigan talablarga muvofiq, shuningdek,
yo‘lovchilarning o‘z xohish-istaklarini inobatga olgan holda
optimallashtirish kerak, chunki ular bevosita foydalanuvchi
hisoblanadi. Oxirgi o‘n yillikda yo‘lovchi tashishning
barcha turlari bo‘yicha yo‘lovchi tashish hajmining
pasayishiga nisbatan salbiy tendentsiya kuzatildi, bu
aholining transport harakatchanligining umumiy pasayishi,
tariflarning oshishi, raqobatning kuchayishi bilan bog‘liq.
turli transport turlari o‘rtasida, shuningdek, yo‘lovchi
tashishga bo‘lgan talabning pasayishi [5].

Shunday qilib, zamonaviy sharoitda transport
infratuzilmasini mutanosib  rivojlantirish mintaga
iqtisodiyotini rivojlantirishning uzviy omili hisoblanadi. Oz
navbatida, aholiga transport xizmatlari ko‘rsatish sifatini
bargarorlashtirish va yaxshilash masalalarini hal gilish
(xususan, shahar atrofi va shaharlararo tashish sharoitida)
transport infratuzilmasining rivojlanish darajasi bilan
bog‘lig.

Yo‘lovchi tashish xizmatlari sifati tushunchasi va
mohiyati

Yo lovchi tashishning odamlar hayotidagi ahamiyati
mamlakatimizda aholi soni ortib borayotganligi, chekka
hududlarning markazdan sezilarli hududiy uzogligi, aholi
zichligi yuqoriligi bilan bog‘liq. O‘z transport vositalari har
doim ham odamlarning shahar ichida yoki butun mamlakat
bo‘ylab harakatlanishi bilan bog‘liq barcha muammolarni
bir qator sabablarga ko‘ra hal qila olmaydi: yoqilg‘i
narxining ko‘tarilishi, tamir talab yo‘llar, to‘xtash joyi
yo‘qligi va boshqalar, Shu bois jamoat transportida
yo‘lovchi tashish ulushi muttasil ortib bormogqda.

Yo‘lovchi avtobuslarini tashishdan magsad yo‘l vaqtini
qisqartirish, avtobuslarning muntazam qatnovini ta’minlash
va sayohat gilish imkoniyatlarini kafolatlash imkoniyatini
hisobga olgan holda aholining transportga bo‘lgan ehtiyojini
gondirishdan iborat.

https://t.me/tdtuilmiynashrlar

Yo‘lovchi tashish qo‘ydagi asosiy vazifalarni o‘z ichiga
oladi:

- qatnovchi  avtobuslarning  jadval  bo‘yicha
harakatlanishi, yo‘lovchi tashish xavfsizligi;

- harakatlanuvchi tarkibdan samarali foydalanish, ya‘ni.
rejani amalga oshirish, haydovchilar ishini ogilona tashkil
etish.

Bu vazifalarni amalda bajarish uchun korxona
yo‘lovchilar  ogimi  to‘g‘risida ma’lumot  olish,
avtobuslarning maqbul yo‘nalish sxemalarini tanlash,
sig‘imi bo‘yicha avtobuslarni tanlash, avtobus tezligini
tartibga solish, yo‘nalishli avtobuslar jadvalini tuzish,
avtobuslarni  liniyaga chigarishni tashkil etish kabi
masalalarni hal qiladi, harakat xavfsizligini ta’minlash va
yo‘lovchilarga xizmat ko‘rsatish va boshqalar. Tashishni
tashkil etishning barcha vazifalari transport turlari bo‘yicha
alohida hal gilinadi. Yo‘lovchi avtobuslarini tashish xizmat
turlari bo‘yicha tasniflanadi: shahar, shahar atrofi, mahalliy,
shaharlararo va xalqaro.

Shahar transportining 0‘ziga xos xususiyati uning kuchli
yo‘lovchi ogimlari va zich yo‘nalishlar tarmog‘idir. Shahar
transporti qulay sharoitlari, avtobuslar orasidagi vaqt
oralig'ining qisqaligi, yo‘lovchilar uchun qisqa masofalar,
yo‘lovchilarni chiqarish va tushirish uchun tez-tez to‘xtab
turishi, past tezlik bilan tavsiflanadi. Shahar atrofi transporti
- bu aholi punkti chegaralaridan tashgarida 50 km dan 100
km gacha bo‘lgan masofada yo‘lovchilarni tashish. Ular
shahar transportidan kamroq yo‘lovchilar soni, yo‘lovchilar
oqimining mavsum bo‘yicha notekisligi (yo‘lovchilar
sonining keskin o‘sishi bahor-yoz davrida sodir bo‘ladi),
yo‘lovchilar uchun uzoqroq sayohat masofalari va shunga
mos ravishda kamroq to‘xtashlar bilan farqlanadi. [6].

Shaharlararo tashish shahar chegaralaridan 50 km dan
ortig masofada tashkil etilgan, marshrut uzunligi 1000 km
gacha yetishi mumkin, yo‘l sharoitlari odatda yaxshi. Bu
xususiyatlar avtobuslarga qo'yiladigan talablarni belgilaydi.
Qo1 yukini saglash joylari, hojatxonalar va bufetlar bilan
jihozlangan qulay tezyurar avtobuslardan foydalaniladi.

Xalqgaro tashish - bu ikki yoki undan ortiq davlatning
davlat chegaralari kesib o'tiladigan transport. Shaharlararo
avtomobillarda tashish uchun quyidagi toifadagi transport
vositalaridan foydalanish mumkin (Vazirlar Mahkamasining
2003-yil 4-noyabrdagi 482-son garoriga) asosan:

- M1 (yo‘lovchilar soni 8 dan kam bo‘lgan transport
vositalari, ya’ni yo‘lovchi taksilari);

- M2 (yo‘lovchilar sig'imi 8 dan ortiq bo‘lgan va og‘irligi
5 tonnadan ortiq bo‘lmagan transport vositalari -
mikroavtobuslar);

- M3 (yo‘lovchilar sigimi 8 dan ortiq va og‘irligi 5
tonnadan ortiq bo‘lgan transport vositalari - avtobuslar).

Avtotransport vositasini tanlashda e'tiborga olinadigan
avtobuslarning asosiy xususiyatlari:

- sig‘im;

- maksimal tezlik;

- ichki qulaylik;

- avtomobilning mamlakat bo‘ylab o‘tish qobiliyati;

- yoqilg*‘i samaradorligi.

Ko‘rib chiqilgan barcha xususiyatlar ro‘yxatdan o‘tgan
transport narxiga ta’sir qiladi. Muntazam tashish narxi
transport kompaniyasining tariflariga bog‘liq [7].

Sifat ko‘p jihatdan davlat nufuzini belgilaydi, har bir
inson va umuman jamiyat ehtiyojlarini gondirish uchun asos
bo‘lib xizmat qiladi va raqobatbardoshlikning eng muhim
tarkibiy gismidir. Fagatgina uning asosida korxona ragobat
muhitida omon qolishi va kerakli foyda olishi
shuning uchun bozor sharoitida sifatni y
ta’minlash bo‘yicha faoliyat ustuvor bo‘lishi j
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ko‘rinadi. Xizmat deganda, mehnat munosabatlari asosida
amalga oshiriladigan faoliyat bundan mustasno, boshga
shaxslarning ehtiyojlarini qgondirishga qaratilgan faoliyat
tushuniladi [8, 9].

Xizmatlarni belgilashdagi bunday farglarga garamay,
barcha xizmatlarga xos bo‘lgan bir qator xususiyatlar
mavjud. Xizmatlarning  xarakteristikalari ~ 1-jadvalda
keltirilgan.

1-jadval

Xizmat

. P . .
@’rifi Xizmat ko‘rsatish xususiyatlari

Xizmatni ko‘rish, tatib ko'rish, teginish
yoki eshitish mumkin ~ emas.
Xizmatning | Yo‘lovchilar o‘zlari ko‘rgan joy,
nomoddiyligi | xodimlar, narx, jihozlar va xizmat
ko‘rsatish  vositalariga qarab sifat
hagida o‘z xulosalarini chiqaradilar.
Xizmat shaxs yoki mashina tomonidan
tagdim  etilishidan qat’i  nazar,
xizmatlarni  manbalaridan  ajratib
bo‘lmaydi. Xizmatlarning ajralmasligi -
bu boshga iste'molchilar tomonidan
ularni ko‘rsatish jarayonida mavjudligi
va ma’lum bir ishtiroki.

Xizmatning
ajralmasligi

Xizmatni sotib olishdan oldin uning anig xususiyatlari

yo‘qligi sababli, sotib olishda noaniqlik darajasi oshadi. Uni
kamaytirish uchun xaridorlar xizmat sifatining “signallari”
ni izlaydilar. Shuning uchun xizmat ko‘rsatuvchi ishlab
chigaruvchining  magsadi  xizmatlarning  anigligini
oshirishdir.
Xizmat ishlab chigarishda har doim xaridor mavjud
bo‘lganligi sababli, etkazib beruvchi va xaridor o‘rtasidagi
o‘zaro ta’sir xizmatlar marketingining alohida jihati
hisoblanadi. Yakuniy mahsulot-xizmat sifati etkazib
beruvchiga ham, xaridorga ham bog‘liq.

3. Xulosa

Bozor iqgtisodiyoti sharoitida sifat masalasi hal qgiluvchi
rol o‘ynaydi. Yo‘lovchilarga yuqori sifatli transport
xizmatlarini ta’'minlash zarurati to‘g‘ridan-to‘g‘ri Vazirlar
Mahkamasining avtomobil transporti  Nizomi bilan
belgilanadi, u xalq xo'jaligi va aholining avtomobil
transportiga bo‘lgan ehtiyojlarini to‘liq qondirish yo‘lovchi
avtotransport korxonalarining asosiy vazifasi sifatida
belgilab qo‘yilgan. Yo‘lovchilarni tashish xavfsizlik, zarur
qulayliklar va yo‘lovchilarga xizmat ko‘rsatishning yugqori
darajasi bilan amalga oshirilishi kerak.

Sifatli yo‘lovchi tashish xizmatlarini ko‘rsatish uchun
barcha mulkchilik shaklidagi transport vositalarining
ishlashini qamrab oladigan yo‘lovchi tashishni rejalashtirish,
tashkil etish, rag‘batlantirish, tartibga solish va sifatini
nazorat qilishni ta’minlash kerak.

Yo‘lovchi tashish xizmatlarining (YTK) tegishli sifatini
ta’minlash har bir yo‘lovchi avtotransport tashuvchisining
asosiy vazifasi hisoblanadi. Iste’molchilarga tegishli sifatli
xizmatlarni taqdim etish majburiyati Mamlakat Fugarolik
Kodeksi, ”Iste’molchilarning huquqlarini himoya qilish
to‘g‘risida”, Vazirlar Mahkamasining “Mahsulotlar va
xizmatlarni sertifikatlash to‘g‘risida” gi qonunlari bilan
belgilanadi. [10].
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Yo‘lovchilarga xizmat ko‘rsatish sifati ko‘rsatkichlariga
qo‘yiladigan umumiy talablar:

»  yo‘lovchilar va jamiyatning real manfaatlarini aks
ettirish; o‘lchanganligi;

»  transportni tashkil etish holati va darajasiga
bog'ligligi (sezuvchanlik);

» individual ko'rsatkichlarning bir-biridan
mustaqilligi (aks holda ular orasida ortigchalari ham bor).

Magqola loyihasi so‘rovnoma asosida yo‘lovchi
tashuvchi avto korxna xizmatlari sifatini baholadi. So‘rov
natijalari avtovokzalda umuman ko‘rsatilayotgan xizmatlar
sifati haqida tasavvur beradi. 16 foizi xizmat ko‘rsatish
sifatini a’lo, 42 foizi xizmat sifatini yaxshi deb baholagan,
yo‘lovchilarning 24 foizi ko‘rsatilayotgan xizmatlar sifatiga
gonigarli baho bergan, 18 foizi hech ganday baho bermagan.
Umuman olganda, Krasnoyarsk avtovokzalida
ko‘rsatilayotgan xizmatlar sifati yo'lovchilar talabiga javob
beradi, deb aytishimiz mumkin.

Yo‘lovchilarga xizmat ko‘rsatish sifatini oshirish
magsadida avtovokzal binosini nogironligi bo‘lgan
shaxslarning haraklanishi uchun qulaylikni  oshirish
magsadida vositalari (panduslar) bilan jihozlash kabi chora-
tadbirlar ishlab chiqilib, nogironligi bo‘lgan shaxslar uchun
joylar belgilab qo‘yildi.

Sifatni ta’minlash faqatgina xizmatlarni ko‘rsatish
tarifida (yo‘lovchilarga xizmat ko‘rsatish tarifi) chizigli
inshootlarning bargaror ishlashi uchun zarur xarajatlarni
to‘g‘ri hisobga olgan holda xizmat ko‘rsatish sifatini
oshirish mumkin.

Magqola yo‘lovchilarga xizmat ko‘rsatish faoliyatining
amalga oshirilishi xizmatlar sifatining integratsiyalashgan
darajasini 0,09 ga oshirish ehtimoli aniglandi oshirdi.
Avtovokzal binosida yo‘lovchilarga xizmat ko‘rsatish
bosqichida vaqt ko‘rsatkichi 0,027 ga, qulaylik ko‘rsatkichi
ham 0,024 ga oshgani yo‘lovchilarga xizmat ko‘rsatish
sifatini oshirishga garatilgan chora-tadbirlar
samaradorligidan dalolat beradi.
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The method of selecting the spreading disc of combined road machines (MAN

Abstract:

Keywords:

CLA 18.280 4x2 BB CS45) by calculating the parameters

S.K. Turdibekov!®? Sh.X. Shermatovl®® . E.X. Abdusamatovi®¢

Tashkent state transport university, Tashkent, Uzbekistan

In this article, in order to increase efficiency and ensure traffic safety when it is widely used to eliminate
slippage on the road surface in the winter season, the size of the wheel radius of the special road machine
(MAN CLA 18.280 4x2 BB CS45), the height of the wheel installation, the rotation speed and how far
the spray has been studied. Technological material spreaders are equipment that is permanently installed
on car chassis or trailers or can be quickly separated, spreader disk, the forces acting on the particle of
technological material (salt-sand) during the rotation of the spreader disk are considered.

road, disc radius, disc height, distance, rotational speed, spread and sprinkle, angular velocity, sowing
width.

Kombinatsiyalangan yo‘l mashinalarining (MAN CLA 18.280 4x2 BB CS45)

Annotatsiya

Keywords:

yoyib sepish diski parametrlarni hisoblab tanlash usuli

Turdibekov S.K.1®a Shermatov Sh.X.1®b Abdusamatov E.X.1&¢

Toshkent davlat transport universiteti, Toshkent, O‘zbekiston

Ushbu maqolada qish mavsumida yo‘l qoplamasida sirpanchiqlikni bartaraf etishda keng
foydalanilayotganda samaradorlikni oshirish hamda harakat xavfsizligini ta’minlash uchun maxsus yo‘l
mashinasi (MAN CLA 18.280 4x2 BB CS45) inchi disk radiusi o‘lchamining, disk o‘rnatilish balandligi,
aylanish tezligi va qancha masofaga sepish o‘rganib chiqilgan. Texnologik material yoyib sepish
moslamalari avtomobil shassilari yoki tirkamalariga doimiy ravishda o‘rnatiladigan yoki tez ajraladigan
uskunalar, yoyib sepish diski, yoyib sepish diskining aylanishida texnologik material (tuz-qum)
zarrachasiga ta’sir qiluvchi kuchlar ko‘rib chiqilgan.

yo‘l, disk radiusi, disk balandligi, masofa, aylanma tezlik, yoyib sepish, burchak tezligi, sepish kengligi.

1. Kirish

Shaharlar, ularning hududlari va aholisining o‘sishi
transport  oqimlari  ko‘payishi va  tarmogqlariining
takomillashtirilishiga olib keladi. Shu sababli, zamonaviy
yirik shaharning hayotiy faoliyati ko‘p jihatdan turli
mavsumiy davrlarda transport aloqasini na’minlashda yo‘l
goplamasining sifati va holatiga bog‘liq bo‘ladi.

Yo‘llarni saqlash va tozalov-qarov ishlari bo‘yicha
asosiy va eng ko‘p mehnat talab qiladigan ishlar qish
mavsumida qor o‘z xususiyatini qisqa vaqt ichida
o‘zgartirishi bilan bog‘liq bo‘lib, sirpanchiq yoki
yaxmalakka aylanishi, bu transport vositalari va
piyodalarning harakatiga xavf tug‘diradi.

Barcha mamlakatlarda yo‘l xizmatlari qor va muzlamani
yo‘l qatnov qismidan bartaraf qilish uchun texnologik
materiallardan  (qum-tuz  aralashmasi)  foydalanadi.
Texnologik materiallardan foydalanish nisbatan qisqa vaqt
ichida yo‘l qoplamasidan muz va qorni bartaraf etish hamda

all”” https://orcid.org/0009-0001-6098-5775
b0 https://orcid.ore/0009-0007-8165-0097
¢ https://orcid.org/0009-0007-1194-9085
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tezlikni kamaytirish, baxtsiz hodisalardan hamda iqtisodiy
jihatdan yo‘qotishlarni kamaytirish imkonini beradi.

2. Tadgigot metodikasi

Texnologik  materiallarni  sepish  uchun  maxsus
mashinalar qo‘llaniladi: texnologik material yoyib sepish
moslamalari avtomobil shassilari yoki tirkamalariga doimiy
ravishda o‘rnatiladigan yoki tez ajraladigan uskunalariga
ega. Texnologik materiallarning samarali tagsimlanib
sepilishini amalga oshiruvchi o‘rganlarning parametrlari va
ish rejimlarini to‘g‘ri tanlashga bog‘liq bo‘lib, bu juda
dolzarb vazifadir.

Qish mavsumida yo‘l qoplamasida sirpanchiglikni
bartaraf etishda keng foydalanilayotganda samaradorlikni
oshirish hamda harakat xavfsizligini ta’minlash uchun K<YM
yoki MYM (MAN CLA 18.280 4x2 BB CS45) ihchi
o‘rganlarining ya'ni disk radiusi o‘lchamining, disk
o‘rnatilish balandligi, aylanish tezligi va gancha masofaga
sepish ko‘satkichlarining o‘zaro bog‘liglilk qonuniyatini
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bilish kerak, ushbu masalani echish bo‘yicha diskni
o‘natilishi sepish kengligiga bog‘ligligini o‘rganish
hisoblash va talriba tayqgiqotlari olib borildi. Turli xil etkazib
berish usullari bilan material vertikal o‘qda gorizontal
aylanadigan metalldan yasalgan yoyib sepadigan diskka
tushadi. Diskning yuqori ishchi yuzasida radial qovurg‘alar
payvandlanadi (1-rasm). [9-15]

1-rasm Yoyib sepish diski

Texnologik materiallar ma’lum bir burchak tezligida
aylanayotgan yoyib sepish diskning markazidan markazdan
gochma kuch ta’sirida disk yuzasida qarshilikni engib,
qovurg‘alar bo‘ylab tashqi chetiga o‘tadi va ma'lum
masofaga etib borib gatnov gism yuzasiga tushadi. Turli xil
mashinalarda diskning diametrlari 0,60 dan 0,70 metrgacha,
aylanish tezligi esa 200 dan 600 ayl/min gacha o‘zgarishi
mumkin.

Materiallarni yo‘l yuzasi bo‘ylab yoyib sepish uchun
ham yakka disk, hamda juft disklardan foydalaniladi (2-
rasm).

2-rasm Yakka va juft yoyib sepish disklari

Bir xil gorizontal tekislikda joylashgan juft yoyib sepish
disklari bir sepib o‘tganda jyo‘l yuzasida materiallarning
sepilish maydoni hamda migdorini oshirishga imkon beradi.

Parametrlarni hisoblasn uchun biz quyidagi giymatlarni
qabul gilamiz: qiymatlar bo‘yicha parametrlarni minimaldan
maksimalgacha tanlash:

- disk diametri @, 0,5 dan 0,7 metrgacha yoki radius ro
0,25 dan 0,35 metrgacha;

- disk tezligi 200 dan 400 ayl/min gacha, yoki diskning
burchak tezligi (1o 20,94 dan 41,86 1/sek gacha;

- yo’l gqoplamasidan diskning balandligi Ho 0,2 dan 0,6
metrgacha;

- mashinaning tezligi Va5 dan 15 km/s gacha yoki 1,38
dan 4,16 m/sek gacha.

Asosiy hisob-kitoblarini boshlash uchun texnologik
materiallarni yoyib sepish diskining parametrlarini ko‘rib
chigamiz (2.1.3. rasm). [15 adabiyot]

https://t.me/tdtuilmiynashrlar

m(g+2am, di’ F

M

3-rasm Yoyib sepish diskining aylanishida
texnologik material(tuz-qum) zarrachasiga ta’sir
giluvchi kuchlar chizmasi.
Aylanadigan diskda joylashgan M materialning
zarrachasiga quyidagi kuchlar ta’sir giladi:
og ‘rlik kuchi mg;
markazdan gochma inertsiya kuchi m%x;

Koriolis inersiya kuchi me 2 %;
og ‘irlik kuchi ta’sirida disk yuzasida ishqalanish kuchi

Fmg

. . - d
va Koriolis inertsiya kuchi 2Fme > d—’:,

bu yerda m zarracha massasi kg-sek?/m;

X — ko‘rilayotgan nuqtadan disk markazigacha bo‘lgan
masofa m;

wy —diskning burchak tezligi 1/sek;

t—vagqt, sek;

g — erkin tushish tezlanishi, 9,81 m/sek?;

F - qumning ishgalanish koeffitsienti.

Zarrachaning og‘irligi boshqa kuchlarga nisbatan juda
kichik, shuning uchun odatda mg=0 sifatida gabul gilinadi.
[0]

M zarrachaning L uzoglikgacha uchib borish
diapazonini topish uchun zarrachaning V, disk radiusi
bo‘ylab nisbiy tezligini topish kerak.

V. =715(n — F)wy m/sek, (1)

bu yerda r; — yoyib sepish diskining radiusi;

wa— yoyib sepish diskining burchak tezligi 1/sek;

F — qumning metallga ishgalanish koeffitsienti 0,5;

n — kirish koeffitsienti n=v'1 + F2=1,2.

Aylanma tezlik V, ga teng

V, =rpwy m/sek, (2)

Disk chetidagi nugtaning to‘liq tezligi Vy ,

5

2
mw, “x

Vy = h/rz + V2 m/sek, (3)

M zarracha diskdan chigib, havoda vertikal tekislikda
harakatlana boshlagan paytdagi tezligi mashinaning
uzunlamasiga to‘g‘ri keladigan Vy va V,, tezliklarining
algebraik yig‘indisiga teng.

V =Vy+Vy m/sek, 4

bu yerda V;, - mashinaning tezligi m/sek. [15]

Vertikal tekislikda harakatlanayotgan zarrachaning
tezligi mashinaning uzunlamasiga to‘g‘ri kelganligi sababli,
sepish kengligini aniglash uchun mashinaning V,, giymatini
V,=0 deb hisoblaymiz.

M zarrachaning L uzoglikgacha uchib borish diapazoni

masofasini quyidagi formula yordamida topish mumkin
L=VTcosa m, (5
bu yerda zarrachaning uchish T vaqgti m/se
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M zarrachaning uchish vaqti T quyidagi formula

bo‘yicha topiladi,
gr? .
Hy =T—VTsma m, (6)

bu erda Hj - balandlik m.

a=0 bo‘lgani uchun formula quyidagi ko‘rinishga ega
bo‘ladi,

gr?
Ha 27 m, Ha =4-,9T2 m,(7)
endi, zarrachaning uchish vagtini T topamiz ,[22]

= % e (s
= |29 5 ®

Yoyib sepish disk parametrlarini tanlash uchun biz
qiymatlarni o‘zgarib kiritamiz va ularning sepish kengligiga
ta’sirini ko‘rib chiqamiz.

Birinchi holda, yoyib sepish diskining radiusi 7,
0’zgaruvchan, diskning H, = const balandligi va diskining
0‘zgarmas wa=const burchak tezligi 0’zgarmas bo’lganida
M zarrachaning L uchish diapazoni giymati ya’ni sepish
kengligiga bog‘ligligini ko‘rib chigamiz (4-rasm).

o

—

4-rasm. Yoyib sepish disk aylanish tezligi, diskining
T, radiusi va Hy disk balandligi M zarrachaning L
uchish masofasiga ta’siri.

Bunda, disk radiusi 75 o’zgaruvchan, disk balandligi
Hy = const va burchak tezligi giymati
o‘zgarmas wy=const bo‘lganida. (1-jadval).

1-jadval
Parametr nomi

Disk . . Diskning

Ne | radiusi ry Disk balandligi burchak tezligi
Ha m

m wy 1/sek
1 0,25
2 0,30 0,20 41,86
3 0,35

Ikkinchi holda, yoyib sepish diskining burchak tezligi
wy o’zgaruvchan, diskning H, = const balandligi va
diskining radiusi ry=const o’zgarmas bo’lganida M
zarrachaning L uchish diapazoni qiymati ya’ni sepish
kengligiga bog‘liqligini ko‘rib chigamiz. Bunda diskning
burchak tezligi wy o’zgaruvchan, disk radiusi r; = const
va disk balandligi Hy =const qiymati o‘zgarmas bo‘lganida.
(2-jadval).

Uchinchi holda, yoyib sepish diskining balandligi
bo‘lganida Hy o’zgaruvchan, diskining burchak tezligi wy =
const va sepish diskining radiusi ry=const o‘zgarmas
bo‘lganda M zarrachaning L uchish masofasi bo‘yicha
bog‘ligligi. Bunday holda, disk balandligi Hy 0’zgaruvchan,
diskning burchak tezligi wy = const va disk radiusi 7;
=const o‘zgarmas bo‘lganida. (3-jadval).

2-jadval
Parametrlar nomi
o L Disk Disk
Ne | Diskning burchak | i | palandligi
tezligi wy 1/sek
T'a m Ha m
1 20,94
2 31,40 0,25 0,6
3 41,86
June, 2024
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3-jadval
Parametrlar nomi
. . Diskning . A
Ne
Dlskgalmdllgl burchak tezligi Dlskr?glua
0 wy 1/sek "o
1 0,20
2 0,40 20,94 0,35
3 0,60
3. Xulosa

Sepish kengligi va zichligiga ta’sir qiluvchi texnologik
materiallarni yoyib sepish moslamasi(uzeli) parametrlarini
tanlash usuli amalga oshirildi. Shunday qilib, yo‘l yuzasiga
nisbatan sepish kengligiga quyidagilar ta’sir qiladi:
sepadigan diskning burchak tezligi; sepadigan diskning
diametri va sepadigan diskning yo‘l yuzasiga nisbatan
balandligi; sepishning yo‘l yuzasidagi zichligiga, esa oz
navbatida asosiy mashinaning tezligi, materiallarni etkazish
tezligi va diskning burchak tezligi ta’sir qiladi.

Yoyib  sepish  diskning  parametrlarini  tanlash
metodologiyasi ishlab chigilgan bo‘lib, u turli konstruktiv
parametrlarini o‘z ichiga oladi: disk diametri, disk
balandligi, diskning burchak tezligi. Yoyib sepish diskining
har bir parametrini o‘zgartirilganda, zarrachaning uchish
oralig‘iga ta’sir qiladigan ko‘rsatkichlar aniqlandi.

Shunday qilib, hisobga olingan parametrlardan birining
minimal giymatlari bilan zarrachaning uchish masofasi(1,5-
4,3 m) ya’ni sepish kengligi minimal 3 dan maksimal 8,6
metrgacha qiymatgacha bo‘lganligini yuqorida berilgan
grafiklardagi bog’ligliklarga asoslanib aytishimiz mumkin.
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Options for solving two-dimensional elastic bodies using the finite
element method

M.M. Rasulmuhamedov!®?, Sh.B. Shukurova 1®P
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The finite element method is an effective numerical method used to solve various problems in
engineering, physics, mathematics and other fields, which allows to divide complex geometry into simple
elements and find approximate solutions to them

Keywords:

finite element, finite difference, method, principle, geometric field.

IKki o‘lchovli elastik jismlarni chekli elementlar usulida yechish imkoniyatlari

Rasulmuhamedov M.M.1®2 Shukurova Sh.B.2®P
Toshkent davlat transport universiteti, Toshkent, O*zbekiston

Chekli elementlar usuli - texnika, fizika, matematika va boshqa sohalardagi turli masalalarni yechishda

qo‘llaniladigan samarali ragamli usul bo‘lib, murakkab geometriyani oddiy elementlarga ajratish va

Annotatsiya:
ularga taxminiy yechimlarni topish imkonini beradi.
Keywords: chekli element, chekli ayirma, usul, tamoyil, geometrik soha.
1. Kirish

Chekli elementlar usuli murakkab muhandislik
muammolarini hal gilish uchun ragamli yondashuvdan
foydalanadi. Bu murakkab geometrik tuzilmalar va
materiallarni oddiyroq elementlarga bo‘lish orqali ularni
taxmin gilish imkonini beradi. Bu usul mexanika, issiglik
uzatish, elektromagnetizm va boshqalar kabi turli sohalarda
keng qo‘llaniladi. Biz chekli elementlar usulining asosiy
tamoyillari, uning afzalliklari va kamchiliklari, shuningdek,
uni qo‘llash misollarini ko‘rib chigamiz.

Chekli elementlar usuli (CHEU) turli xil matematik
modellashtirish va tahlil muammolarini hal gilish uchun
ishlatiladigan ragamli usuldir. U murakkab geometrik sohani
chekli elementlar deb ataladigan sodda kichik sohalarga
ajratishga asoslangan. Har bir chekli element matematik
modelni osongina aniqlash va analitik yoki ragamli yo‘l
bilan yechish mumkin bo‘lgan sohaning kichik qismini
ifodalaydi.

Chekli elementlar usuli mexanika, issiglik uzatish,
elektromagnetizm, suyuglik dinamikasi va boshqalar kabi
turli sohalarda keng qo‘llaniladi. Bu mexanik tuzilmalar,
elektr zanjirlari, issiglik jarayonlari va boshgalar kabi
murakkab tizimlarning xatti-harakatlarini modellashtirish va
tahlil gilish imkonini beradi.[1]

Chekli elementlar usulining asosiy g‘oyasi alohida
chekli elementlar bo‘yicha yechimlarni birlashtirish orqali
muammoning  yechimini  butun  soha  bo‘ylab
yaginlashtirishdir. Buning uchun har bir chekli element
garalayotgan element chegaralaridagi kerakli funksiya va
uning hosilalari giymatlarini bog‘laydigan tenglamalar
to‘plami bilan tavsiflanadi.
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2. Tadqgigot metodikasi

Sohani chekli elementlarga bo‘lish va har bir element
uchun tenglamalarni shakllantirishdan so‘ng, butun
tizimning harakatini  tavsiflovchi  tenglamalar tizimi
yig‘iladi. Tenglamalar tizimi keyinchalik muammoning
taxminiy yechimini olish uchun Gauss usuli yoki yugurish
(progonka) usuli kabi turli xil usullar yordamida sonli
yechiladi.

Chekli elementlar usuli murakkab geometrik shakllarni
modellashtirish, turli fizik hodisalarni hisobga olish,
yaginlashish funksiyalarini tanlashda moslashuvchanlik,
nochizigli shartli masalalarni yechish kabi bir qator
afzalliklarga ega. Birog, u yuqori hisoblash murakkabligi va
natijalarni tasdiqlash va moslashtirish zarurati kabi ba’zi
kamchiliklarga ega.

Chekli elementlar usulining (CHEU) ishlash prinsipi
murakkab geometrik sohani chekli elementlar deb ataladigan
oddiy kichik sohalarga ajratishga asoslangan. Har bir chekli
element matematik modelni osongina aniglash va analitik
yoki raqamli yo‘l bilan yechish mumkin bo‘lgan sohaning
kichik gismini ifodalaydi.

Chekli elementlar usuli jarayoni quyidagi bosgichlarni
0‘z ichiga oladi:

Sohani chekli elementlarga bo‘lish;

Murakkab geometrik soha chekli elementlar deb
ataladigan sodda kichik sohalarga bo‘linadi. Chekli
elementlar turli shakllarga ega bo‘lishi mumkin, masalan,
uchburchaklar, to‘rtburchaklar, tetraedrlar yoki geksaedrlar.
Sohani chekli elementlarga bo‘lish matematik modelni
soddalashtirish va uni sonli yechish imkonini beradi.
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Har bir chekli element uchun element chegaralarida
kerakli  funksiya va uning hosilalari giymatlarini
bog‘laydigan tenglamalar tuziladi. Bu tenglamalar
massaning saqlanish gonuni, energiyaning saglanish gonuni
yoki harakat tenglamalari kabi fizik gonunlardan kelib
chigadi.

Har bir chekli element uchun tenglamalar tuzilgandan
so‘ng, butun tizimning xatti-harakatlarini tavsiflovchi
tenglamalar tizimi yig‘iladi. Bunga har bir chekli element
uchun tenglamalarni birlashtirish va chegara shartlarini
hisobga olgan holda erishiladi.

Hosil bo‘lgan tenglamalar tizimi turli usullar, masalan,
Gauss usuli yoki yugurish (progonka) usuli yordamida sonli
yechiladi. Magsad - tenglamalar va chegara shartlarini
gondiradigan butun soha bo‘ylab kerakli funksiyaning
giymatlarini topish.

Ragamli yechim olingandan so‘ng, uning to‘g‘riligi
tekshiriladi va kerak bo‘lganda moslashtiriladi. Bu
yechimning yaginlashuvini tekshirish, xatolarni tahlil gilish
va sohani chekli elementlarga bo‘linishini yaxshilashni o‘z
ichiga olishi mumkin.

Shunday qilib, chekli elementlar usulining ishlash
prinsipi alohida chekli elementlar bo‘yicha yechimlarni
birlashtirish orqali butun soha bo‘yicha muammoning
yechimini taxmin qilishdir. Bu murakkab tizimlarning
harakatini ragamli usullar yordamida modellashtirish va
tahlil gilish imkonini beradi.

Chekli elementlar usulining afzalliklari:

1. Ko‘p qirralilik: Chekli elementlar usuli (CHEU)
mexanika, issiglik uzatish, elektromagnetizm va boshqgalar
kabi turli sohalarda keng ko‘lamli muammolarni hal qilish
uchun qo‘llanilishi mumkin. Bu uni turli tizimlar va
jarayonlarni modellashtirish va tahlil gilish uchun universal
vositaga aylantiradi.

2. Moslashuvchanlik: CHEU murakkab geometrik
shakllar va tuzilmalarni, jumladan, birjinsli bo‘lmagan va
nochizigli materiallarni modellashtirish imkonini beradi. Bu
muammoni hal gilishda materiallarning real sharoitlari va
xususiyatlarini hisobga olish imkonini beradi.

3. Yuqori aniglik: CHEU muammoni hal gilishda
yugqori aniqlikni ta’'minlaydi, ayniqsa sohani nisbatan kichik
chekli elementlarga bo‘linishidan foydalanganda. Bu
analitik usullar yoki boshga ragamli usullarni qo‘llashdan
ko‘ra aniqroq natijalarni olish imkonini beradi.

4. Chegaraviy shartlarni hisobga olish qobiliyati:
CHEU turli xil chegara sharoitlarini, masalan, yuklarni,
mahkamlash va harorat sharoitlarini hisobga olish imkonini
beradi. Bu sizga real vaziyatlarni modellashtirish va turli xil
tashqi ta’sirlar ostida tizimning xatti-harakatlarini tahlil
gilish imkonini beradi.[3]

5. Optimallashtirish gobiliyati: CHEU
konstruksiyalarni va jarayonlarni optimallashtirish uchun
ishlatilishi mumkin. Geometriyani, materiallarni yoki
boshga parametrlarni o‘zgartirish orqali berilgan talab va
cheklovlarni gondiradigan optimal yechimni topish mumkin.

Chekli elementlar usulining kamchiliklari:

1. Yuqori hisoblash xarajatlari: CHEU muhim hisoblash
resurslarini  talab qiladi, aynigsa ko‘p sonli sonli
elementlarga ega murakkab tizimlarni modellashtirishda. Bu
uzoq vaqt xarajatlarga va yugori unumdor kompyuterlarga
bo‘lgan talablarga olib kelishi mumkin.

2. Tajriba va maxsus dasturiy ta’minotga bo‘lgan talab:
CHEUni muvaffaqiyatli qo‘llash raqamli modellashtirish
sohasida tajriba va bilimlarni talab giladi. Bundan tashqari,
gimmat bo‘lishi mumkin va ta’lim talab giladigan maxsus
dasturlardan foydalanishingiz kerak.

https://t.me/tdtuilmiynashrlar

3. Taxminiy yechim: CHEU sonli usul bo‘lib, uning
natijalari har doim taxminiy bo‘ladi. Yechimning aniqligi
sohaning chekli elementlarga bo‘linishi va boshqa
modellash parametrlariga bog‘liq. Noto‘g‘ri bo‘linish yoki
parametrlarni noto‘g‘ri tanlash noto‘g‘ri natijalarga olib
kelishi mumkin.[8]

4. Murakkab fizik hodisalar bo‘yicha cheklovlar: CHEU
chiziqli bo‘lmagan materiallar, katta deformatsiyalar yoki
dinamik jarayonlar kabi ba’zi murakkab fizik hodisalarni
modellashtirishda cheklovlarga ega bo‘lishi mumkin.
Bunday hollarda murakkabroq usullardan foydalanish yoki
modelni takomillashtirish kerak bo‘lishi mumkin.

5. To‘r sifatiga bog‘liglik: sohani chekli elementlarga
bo‘lish sifati yechimning aniqligi va ishonchliligiga sezilarli
ta’sir ko‘rsatishi mumkin. Noto‘g‘ri to‘r yoki to‘rdagi
nomuvofigliklar natijalardagi xatolar va noanigliklarga olib
kelishi mumkin.[2]

Ba’zi kamchiliklarga qaramay, chekli elementlar usuli
turli tizimlar va jarayonlarni modellashtirish va tahlil gilish
uchun eng keng targalgan va samarali ragamli usullardan biri
bo‘lib golmogqda.

Chekli elementlar usulini turli sohalarda qo‘llash

Mexanika. Chekli elementlar usuli (CHEU mexanikada
gattiq jismlar va tuzilmalarning harakatlarini tahlil gilish va
modellashtirish uchun keng qo‘llaniladi. Bu sizga
deformatsiyalanuvchi jismlar mexanikasi bilan bog‘liq
muammolarni  hal qilish imkonini beradi, masalan,
konstruksiyalardagi  kuchlanish  va  deformatsiyalarni
aniglash, mustahkamlik va gattiglikni hisoblash, dinamik
jarayonlarni tahlil gilish va boshgalar. CHEU geometriya,
materiallar, chegara sharoitlari va yuklar kabi turli omillarni
hisobga olishi mumkin, bu uni mexanik muammolarni hal
qgilish uchun kuchli vositaga aylantiradi.

Issiglik uzatish. Issiglik uzatish sohasida CHEU turli
tizimlarda issiglik uzatish jarayonlarini modellashtirish va
tahlil gilish uchun ishlatiladi. Bu materiallar va
inshootlardagi harorat, issiqlik ogimi va temperatura
o‘tishlarning  tagsimlanishini aniqlash bilan bog‘liq
muammolarni  hal qilishga imkon beradi. CHEU
materiallarning issiglik o‘tkazuvchanligi, issiqlik manbalari
va chegara sharoitlari kabi turli omillarni hisobga olishi
mumkin, bu uni issiglik uzatish tahlili uchun samarali
vositaga aylantiradi.

Elektromagnetizm. CHEU elektromagnit maydonlar va
jarayonlarni  modellashtirish va tahlil qilish uchun
elektromagnetizm sohasida ham go‘llaniladi. U elektr va
magnit maydonlarining tagsimlanishi, elektr va magnit
potensiallarni aniglash, muhitning elektromagnit to‘lginlar
bilan o‘zaro ta’sirini tahlil qilish va boshqa elektromagnit
hodisalar bilan bog‘liq muammolarni hal qilish imkonini
beradi. CHEU  elektr  o‘tkazuvchanligi, = magnit
o‘tkazuvchanligi va chegara sharoitlari kabi turli omillarni
hisobga olishi mumkin, bu esa uni elektromagnit hodisalarni
tahlil gilish uchun foydali vositaga aylantiradi.[7]

Gidrodinamika.  Suyuglik dinamikasida CHEU
suyuglik va gazlarning harakatini modellashtirish va tahlil
qgilish uchun ishlatiladi. Bu suyuglik yoki gazning bosimi,
tezligi va ogimining tagsimlanishini aniglash, gidrodinamik
kuchlar va boshqa parametrlarni tahlil gilish bilan bog‘liq
muammolarni  hal qilish imkonini beradi. CHEU
yopishqoglik, zichlik va chegara sharoitlari kabi turli
omillarni hisobga olishi mumkin, bu uni gidrodinamik
jarayonlarni  tahlil qilish uchun foydali vositaga
aylantiradi.[4]

Akustika. Akustika sohasida CHEU turli
tuzilmalarda tovush va tebranishlarning
modellashtirish va tahlil gilish uchun ishlatila
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bosimi, tovush tezligi va chastotasining tagsimlanishini
aniglash, rezonans hodisalarini va boshga parametrlarni
tahlil qilish bilan bog‘liqg muammolarni hal qilish imkonini
beradi. CHEU akustik impedans, yutilish va chegara
sharoitlari kabi turli omillarni hisobga olishi mumkin, bu uni
akustik hodisalarni tahlil qilish uchun foydali vositaga
aylantiradi.

Bular chekli elementlar usuli  go‘llaniladigan
sohalarning fagat bir gismidir. Shuningdek, u aerodinamika,
geotexnika muhandisligi, biomexanika, kimyo muhandisligi
va murakkab tizimlar va jarayonlarni modellashtirish va
tahlil gilishni talab giladigan boshga sohalarda qo‘llanishni
topadi.

Chekli elementlar usulidan foydalanishga misollar

1-misol: Mexanika. Chekli elementlar usulini
mexanikada  qo‘llashga  misollardan  biri  metall
konstruksiyadagi kuchlanish va deformatsiyalarni tahlil
qilishdir. Tasavvur qilaylik, yuklangan po‘lat balka bor. Biz
balka ichidagi kuchlanish va kuchlanish tagsimotini aniglash
uchun CHEU dan foydalanishimiz mumkin. Buning uchun
biz balkani chekli elementlar deb ataladigan ko‘plab kichik
elementlarga ajratamiz va matematik modellar yordamida
har bir elementning xatti-harakatlarini taxmin gilamiz.
Keyin har bir elementdagi va umuman tuzulmadagi
kuchlanish va deformatsiyalarni olish uchun tenglamalar
tizimini yechamiz. Bu bizga tuzulmaning mustahkamligi va
bikirligini  baholash va uni mustahkamlash yoki
optimallashtirish uchun tegishli choralarni ko‘rish imkonini
beradi.

2-misol: Issiglik uzatish. Chekli elementlar usulini
qo‘llashning yana bir misoli tizimda issiqlik uzatishni
modellashtirishdir. Tasavvur qilaylik, bizda issiglik bir
muhitdan ikkinchisiga o‘tkaziladigan issiqlik almashtirgich
bor. Issiglik almashtirgich ichidagi harorat tagsimoti va
issiglik ogimini aniglash uchun biz CHEU dan
foydalanishimiz  mumkin. Buning uchun biz issiglik
almashtirgichni  cheklin  elementlarga  ajratamiz  va
matematik modellar yordamida har bir elementning xatti-
harakatlarini taxmin gilamiz. Keyin har bir elementda va
butun tizimda harorat va issiglik ogimini olish uchun
tenglamalar tizimini yechamiz. Bu bizga issiqlik uzatish
samaradorligini  baholash va uni yaxshilash yoki
optimallashtirish choralarini ko‘rish imkonini beradi.

3-misol: Elektromagnetizm. Chekli elementlar usulini
qo‘llashning uchinchi misoli elektromagnit maydonlar va
jarayonlarni  modellashtirish  bilan bog‘liq. Tasavvur
qilaylik, bizda elektr yoki magnit maydonni o‘lchash uchun
ishlatiladigan elektromagnit sensori bor. Sensor ichidagi
elektr yoki magnit maydon tagsimotini aniglash uchun
CHEU dan foydalanishimiz mumkin. Buning uchun biz
sensorni chekli elementlarga ajratamiz va matematik
modellar yordamida har bir elementning xatti-harakatlarini
taxmin gilamiz. Keyin har bir elementda va umuman
sensorda elektr yoki magnit maydon giymatlarini olish
uchun tenglamalar tizimini hal gilamiz. Bu bizga sensorning
sezgirligi va anigligini baholash va uni yaxshilash yoki
optimallashtirish choralarini ko‘rish imkonini beradi.[5]

Bular chekli elementlar usulidan foydalanishga
misollardir. Shuningdek, u aerodinamika, geotexnika
muhandisligi, biomexanika, kimyo muhandisligi va
murakkab tizimlar va jarayonlarni modellashtirish va tahlil
qgilishni talab giladigan boshga sohalarda tatbiglarni topadi.

Chekli elementlar usulini qo‘llashning asosiy
bosgichlari
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1-gadam: Muammoning bayoni. Chekli elementlar
usulini  qo‘llashning  birinchi  bosqichi muammoni
shakllantirishdir. Bu bosgichda tizimning geometriyasi va
chegaraviy shartlari, shuningdek, hal gilinadigan masala
aniglanadi. Masalan, bu mexanik tuzulmadagi kuchlanish va
kuchlanishni yoki issiglik uzatish tizimidagi haroratni
tagsimlashni aniqlash bo‘lishi mumkin.

2-qadam: Chekli elementlarga bo‘linishi. Muammoni
go‘ygandan so‘ng, keyingi qadam tizimni chekli
elementlarga bo‘lishdir. Cheklangan eyelementlar - bu
tizimning kichik gismlari bo‘lib, ularning xatti-harakatlarini
matematik modellar yordamida yaginlashtirish mumkin.
Muammoning geometriyasi va xususiyatlariga garab,
cheklangan elementlarga bo‘linish ixtiyoriy yoki tuzulmali
bo‘lishi mumkin.

3-bosgich: Matematik modelni shakllantirish. Chekli
elementlarga bo‘lingandan so‘ng, har bir element uchun
matematik modelni shakllantirish kerak. Matematik model
elementning harakatini va uning tugunlari orasidagi
bog‘lanishlarni tavsiflaydi. Buning uchun mexanika
tenglamalari, issiqlik o‘tkazuvchanligi yoki
elektromagnetizm kabi turli xil tenglamalar va gonunlar
qo‘llaniladi.[6]

4-qadam: Bikirlik matritsasini yig‘ish va jamlash.
Har bir element uchun matematik modelni shakllantirgandan
so‘ng, bikirlik matritsasi yig‘iladi va jamlanadi. Bikirlik
matritsasi to‘plami har bir element uchun mahalliy bikirlik
matritsalarini  hisoblash va tizimning global bikirlik
matritsasini olish uchun ularni jamlashdan iborat. Bikirlik
matritsasi tizim tugunlari orasidagi bog‘lanishlarni aks
ettiradi va noma’lum qiymatlarni aniqlash uchun
tenglamalar tizimini yechishga imkon beradi.

5-bosqich: Tenglamalar tizimini yechish. Qattiglik
matritsasi yig‘ilgandan so‘ng, kuchlanish, deformatsiya,
harorat yoki elektr maydoni kabi noma’lum qiymatlarni
aniglash uchun tenglamalar tizimi yechiladi. Tenglamalar
tizimini yechish Gauss usuli yoki yugurish (progonka) usuli
kabi turli usullar yordamida amalga oshirilishi mumkin.

6-gadam: Natijalarni tahlil giling. Chekli elementlar
usulini qo‘llashning oxirgi bosqichi olingan natijalarni tahlil
gilishdir. Bu deformatsiya, kuchlanish, harorat yoki elektr
maydon Kkabi qizigish parametrlari uchun olingan
qiymatlarni baholash va sharhlashni o‘z ichiga oladi.
Natijalarni tahlil gilish tizimning xatti-harakatlari va tizimni
takomillashtirish yoki optimallashtirish bo‘yicha tegishli
qgarorlar yoki chora-tadbirlar to‘g‘risida xulosalar chigarish
imkonini beradi.[9]

Shunday qilib, chekli elementlar usulini qo‘llashning
asosiy  bosgichlari  masalani  shakllantirish,  chekli
elementlarning  parchalanishi,  matematik ~ modelni
shakllantirish, bikirlik matritsasini yig‘ish va jamlash,
tenglamalar tizimini yechish va natijalarni tahlil gilishdan
iborat. Bu jarayon fan va texnikaning turli sohalaridagi
murakkab tizim va jarayonlarni modellashtirish va tahlil
gilish imkonini beradi.
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1-jadval
Sonli usullar tahlili

Tafsifi Chekli elementlar usuli Chekli ayirma usuli Chekli hajm usuli

Ta’rifi Murakkab geometrik Tugunlar tarmog‘idagi ayirma Obyektni cheklangan
obyektlarini oddiyroq obyektlarga munosabatlari bo‘yicha hosilalarni hajmlarga bo‘lishga
(chekli elementlar) bo‘lishga yaginlashtirishga asoslangan usul.. asoslangan usul, bunda
asoslangan usul, bunda yechim yechim har bir hajmdagi
asosiy funksiyalarning chizigli o‘rtacha qiymatga
birikmasi bilan yaginlashadi. yaginlashtiriladi.

Ishlash Har bir chekli element bo‘yicha Har bir to‘r tugunida tenglamalarni Har bir chekli hajm

tamoyili tenglamalarni yeching va yechish va hosilalarni yaginlashda bo‘yicha tenglamalarni
natijalarni butun obyekt uchun ayirma munosabatlaridan foydalaniladi | yechish va o‘rtacha
yechim olish uchun birlashtiradi. giymatdan foydalanib,
yechimga yaginlashish.

Ustivorligi Murakkab geometrik obyektlarni Amalga oshirish qulayligi, hisoblash Tuzulmasi bo‘lmagan
modellashtirishda resurslariga past talablar, murakkab to‘r | to‘rlarni modellashtirishda
moslashuvchanlik, turli xil chegara | bilan yaxshi yaqinlashish. qulaylik, massa va energiyani
sharoitlarini hisobga olish tejashni hisobga olgan holda
gobiliyati, juda oz sonli elementlar qo‘pol to‘r bilan yaxshi
bilan yugqori aniglik. yaginlashish.

Kamchiliklar Ko‘p sonli elementlarga ega Murakkab geometrik maydonlar Tuzulmali to‘rlar uchun
yugori hisoblash murakkabligi, har | uchun cheklangan qo‘llanilishi qo‘llanishi murakkabligi,
bir element bo‘yicha chegara cheklanganligi, qo‘pol to‘rda murakkab geometrik sohalar
shartlarini hisobga olish zarurati. yaginlashish anigligini pastligi. uchun cheklangan

go‘llanishligi.

Tatbigi Mexanika, issiqlik uzatish, Issiglik uzatish, elektromagnetizm, Suyuglik dinamikasi,
elektromagnetizm, gidrodinamika, gidrodinamika, akustika va fan va issiglik uzatish, neft va gaz
akustika va fan va texnikaning texnikaning boshqa sohalari. sanoati va fan va texnikaning
boshqga sohalari. boshga sohalari.

3. Xulosa Foydalanilgan adabiyotlar /

Chekli elementlar usuli turli fizik hodisalar va jarayonlarni
modellashtirish va tahlil gilish uchun kuchli vositadir. U
analitik tarzda yechilmaydigan murakkab muammolarni hal
gilishga imkon beradi va tizimning xatti-harakatlari hagida
batafsil ma’lumot beradi.

Chekli elementlar usulini mexanika, issiglik uzatish,
elektromagnetizm va boshga shu kabi turli sohalarda qo‘llash
konstruksiyalarni loyihalash va optimallashtirishdan tortib
fizik jarayonlarni modellashtirishgacha bo‘lgan keng ko‘lamli
muammolarni hal gilish imkonini beradi.

Shu bilan birga, chekli elementlar usulining ayrim
cheklovlari va kamchiliklarini hisobga olish kerak, masalan,
yaginlashish va diskretlashtirish zarurati, ragamli xatolar
ehtimoli va natijalarni tasdiglashning giyinligi.

Umuman olganda, chekli elementlar usuli muhandislar va
olimlar uchun turli tizimlar va jarayonlarni tahlil qilish va
optimallashtirish uchun muhim vositadir.
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Development of the button relay scheme and algorithm of the dial group
microprocessor blocks controlling two combined shunting traffic lights of the
railway automation and telemechanics system

J. F. Jo‘rayev 1©% E.K. Ametova 1®°
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: Today, in all developing countries, one of the urgent problems of development of not only railway
transport, but also other sectors, the economy as a whole, is the introduction of energy and resource-
saving technologies and determining the ways of their effective use. This article analyzes the
centralization systems in railway automation and telemechanics and considers the issue of improving the
dialing group blocks (NM2P and NM2AP) controlling two unified shunting traffic lights of the BMRM
system, i.e. creating their microprocessor representation, developing algorithms for each working chain.
There are several electric switching systems in the road automation and telemechanics system, and among
them, the block route relay switching system has been actively used for many years, and this system is
much faster than other systems because it is installed in a large number of railway stations. improved.

Keywords:

relay, relay system, route, shunting traffic light, electromechanical, microprocessor system,

microelectronic, microcontroller, optocoupler.

1. Introduction

Currently, a number of microprocessor centralization
systems, which are developing rapidly, have been developed
based on the block-routed relay centralization (BMRM
below) system. Because in the BMRM system, the safety and
reliability requirements of devices are implemented at a high
level and have been tested in the production process for a
long time. Therefore, the use of the BMRM system
architecture and performance algorithm in creating modern
centralization systems is one of the most alternative
solutions. In this regard, it is also worth noting that the
introduction of new and modern microprocessor
centralization systems does not always increase economic
efficiency, because the cost of such systems requires many
years to pay for themselves. In addition, it is much easier and
more cost-effective to upgrade parts of an existing system in
sequence than to completely upgrade it.

2. Methodology and empirical
analysis

In order to develop a modern microprocessor version of
the dial group block NM2P, which controls two combined
maneuvering traffic lights in the BMRM system, we analyze
the button relay circuit (Fig. 1) and the operation algorithm
in the block.

The button relay serves to fix the pressing of the route
button on the control panel of the station attendant.

A pushbutton relay is normally de-energized and can be
energized in two ways:

- by pressing the buttons on the station attendant's
control panel;

- through automatic button relay (AKN) contacts;

Push-button relays receive power through the first chain
of interconnections of the dial group blocks and are de-
energized only when the PU and MU controlling the arrow
switches or the signal relay is energized.

all¥l https://orcid.org/0009-0007-7852-6554
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The push-button KN relay in the dial group unit NM2P,
which controls two combined maneuvering traffic lights, can
be energized when one of the following conditions is met.

Condition 1. There should be a supply at the THM point,
the K relay contacts should provide a common forward
connection, and there should be a connection with the 1-1
point. This situation can be expressed by the following
formula (1)

(0

Figure 1. Button relay circuit in the NM2P block
[T-HMNKNA-D=1[KH=1] (1)
Condition 2. In the next case, the presence of supply at

the input of the block (2-8), the connection of the contacts of
the relay K and the connection with the point 1-1 will bring
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the relay KN to the current state. This situation can be
expressed by the following formula (2)

[(2-8)0?0(1—1):1][KH:1] ()

Condition 3. Supply is available at PN input, common
and forward contacts of relay KH are connected in energized
state, common and forward contacts of relay K are connected
and there is a 1-1 point connection KN relay is energized
through self-locking circuit causes. This can be expressed as

®)
[THNKHNKN@A-1)=1][KH=1]  (3)

Condition 4. The presence of supply at the PN input, the
common and forward contacts of the KH relay are connected
in the live state, the MP relay is de-energized, i.e. the
common back contacts are connected, and there is a
connection with 1-1 point, the second self of the KN relay
through the locking circuit to the live state. This can be
expressed as (4)

[ IHNKHNMIN-D)=1][KH=1]  (4)

Condition 5. (1-9) if there is a supply at the input, the
common and front contacts of the KH relay are connected in
the current state, the common and front contacts of the MP
relay are connected and there is a connection with point 1-1,
the KN relay is turned on by itself. through the locking
circuit to the live state. This can be expressed as (5)

[@-9NKHNMINA-L)=1[KkH=1]  (5)

Based on the mentioned conditions, the working
algorithm of the KN relay (Fig. 2) is as follows.
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Condition 1is
spoiled

yes—

no

Condition 2is
spoiled

no

Condition 3is
spoiled

no

Condition 4is
spoiled

no

Condition 5is

no spoiled
l Y
KH=1 KH=1

A 4

End

Figure 2. Working algorithm of the KN relay

Next, we will analyze the operation algorithm of the
button relay circuit (Fig. 3) in the NM2AP block, which
controls two combined maneuvering traffic lights in the
BMRM system.
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Figure 3. Button relay circuit in the NM2AP block

The pushbutton KN relay in the NM2AP dial group unit
can be energized when one of the following conditions is
met.

Condition 1. There should be a power supply at point
THM, contacts of relay K should provide a common forward
circuit, contacts of relay AKH should be de-energized, i.e. in
a common reverse circuit, and there should be a connection
with point 1-1. This situation can be expressed by the
following formula (6)

[T—HM nKnmn(l—l):lj[KH =] (6)

Condition 2. In the next case, there is a supply at the
input of the block (2-8), the contacts of the relay K are
connected to the common back contact, the contacts of the
relay AKH are in the common back, and there is a
connection with point 1-1, the KN relay is energized. This
situation can be expressed by the following formula (7)

[(zs)ﬂinmn(u)ﬂ][m=1] (7

Condition 3. The presence of supply at the PN input, the
common and front contacts of the AKH relay in the current
state, and the connection with the 1-1 point will bring the KN
relay to the current state. This can be expressed as (8)

[PHNAKHN(@-D=1][KH=1]  (8)

Condition 4. There should be a supply at the PN input,
the common and front contacts of the KH relay are
energized, the MP relay is de-energized, i.e. the common
back contacts are connected and there should be a connection
with 1-1 point, self-locking of the KN relay. through the
chain to the current state. This can be expressed as (9)

[PH NKH an(H)ﬂ][ KH=1]  (9)

https://t.me/tdtuilmiynashrlar

Condition 5. The presence of supply at the PN input, the
common and front contacts of the KH relay energized, the K
relay energized, and the 1-1 point connection causes the KN
relay to be energized through the second self-locking circuit.
. This can be expressed as (10)

[mHnKENKNQ-D)=1][KH=1]  (10)

Condition 6. (1-9) there is a supply at the input, the
common and front contacts of the KH relay are connected in
the energized state, the common and front contacts of the MP
relay are connected and there is a connection with point 1-1,
the third self-off of the KN relay zi is energized through the
locking circuit. This can be expressed as (11)

[a-9nkENMINQ-1)=1][kH=1] (1)

Based on the mentioned conditions, the working
algorithm of the KN relay in the NM2AP block (Fig. 4) is as
follows.

Condition 1is
spoiled

Condition 2is
spoiled

yes:

Condition 3is

spoiled ves™]

Condition 4is
spoiled

Condition 5is
spoiled

no

Condition 6is
spoiled

KH=1 KH=1

A 4

End

Figure 4. KN relay operation algorithm in the NM2AP
block
In addition to KN button relay, NM2AP block also has
AKH automatic button relay. The AKH relay switches to the
ON state when the following conditions are met.

Condition 1. There should be a supply at the 2-2 access
point, the connection of the common back contacts of the
KH relay and the connection with the 1-2 access pgi
be available. It can be expressed as follows.
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[e-2nKENE-1)=][4kH=1]  (12) o
TCHM
In addition, the following two expressions ensure that MK ]| F— b4
the AKH relay with 13-14 arcs is switched to the current =
L R4
state through a self-locking circuit. 1-1 R1=1000,R2=1kQ
(o
- _1)= = 3 1
[@-22)NAaKHNAKHNKN(2-1)=1][ 4kH=1]  (13) Condition 1 : [TCHM |
[@-22)n4kHnKN@-1=1][kH=1] @4 AKA(1-1)=1] D2
[KH=1] 4 [2
The working algorithm of the AKN relay in the NM2AP <= L M
block is as shown in Figure 5 below.
to MK R2

Condition 1is
spoiled

no

Condition 2is
spoiled

yes—

no

Condition 3is
spoiled

Figure 5. AKN relay operation algorithm in the
NM2AP block

3. Results

In the NM2P dial group unit controlling two combined
maneuvering traffic lights, we will develop a functional
circuit and replace the electromagnetic relay and its contacts
with microelectronic devices in the KN relay circuits. In this
case, using PS-817 instead of the electromagnetic relay, and
PVG-612 S-type optocouplers instead of the relay contacts,
the KN relay switches to the current state based on the 1st
condition, the functional scheme is as follows Fig. 6.
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D4 = PVG-612, D2 = PC-817 +5B

Figure 6. Functional scheme of the KN relay supply
chain based on condition 1

4. Conclusion

The improved modern microprocessor block of dialing
group blocks controlling two combined shunting traffic
lights of the proposed railway automation and telemechanics
system has advantages over electromagnetic relay blocks
with energy efficiency, compactness and compactness.
Another major advantage is that the production of this type
of microprocessor units is done locally and is cost-effective.
This, in turn, eliminates dependence on foreign enterprises
in the sector. Microelectronic optocouplers and
semiconductors are used instead of electromagnetic relays to
create an improved version of the dial group block
controlling two combined shunting traffic lights in the
centralization system with a block route relay. The operating
algorithms of the electromagnetic relay block are analyzed,
and software is written for the microcontroller based on these
algorithms.
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Determination of service quality parameters and their weight in passenger
transport

B.l. Abdullaevi®?
Tashkent state transport university, Tashkent, Uzbekistan

Abstract: The researchers expressed the assessment of the quality of transport services to passengers with different
parameters, and also different parameters (groups) were taken into account in the normative documents
of different countries. The article is devoted to determining the parameters (group) determining the
quality of passenger transport service for Uzbekistan and their severity, and improving the method of
assessing the quality of passenger transport service based on the most severe parameter (group). For this
reason, the article examines the researches of world researchers on the assessment of the quality of
transport services to passengers, as well as analyzes the normative documents of foreign countries. Based
on the results of the analysis, a group of parameters determining the quality of passenger transport
services for Uzbekistan and its organizers were determined and its hierarchy was created. The group of
parameters determining the quality of transport service is divided into a group of parameters that can be
taken into account in the main and necessary cases based on the methods of analysis and expert survey.
It was also determined that the most difficult parameter (group) is "Security” using the expert survey
method. The method of evaluating the quality of passenger transport service according to the "safety"
parameter (group) has been.

Quality of passenger transport service, service availability, service availability, informativeness, time,
comfort, safety, luggage storage, staff service, environmental impact, economy.
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Yo‘lovchi transportida xizmat ko‘rsatish sifat parametrlari va ularning
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Annotatsiya: Yo‘lovchilarga transport xizmati ko‘rsatish sifatini baholashni tadqiqotchilar turli parametrlar bilan
ifodalaganlar, shuningdek turli davlatlarning me’yoriy xujjatlarida ham turli parametrlar (guruhi) hisobga
olingan. Maqola O‘zbekiston uchun yo‘lovchi transporti xizmati sifatini belgilovchi parametrlarni
(guruhi) va ularning og‘irligini aniqlash hamda aniqlangan eng og‘ir parametr (guruhi) bo‘yicha
yo‘lovchi transporti xizmati sifatini baholash usulini takomillashtirishga bag‘ishlangan. Shu sababdan,
magolada yo‘lovchilarga transport xizmati ko‘rsatish sifatini baholash bo‘yicha dunyo tadqiqotchilari
tadqiqotlari o‘rganilgan, shuningdek xorij davlatlarining me’yoriy xujjatlari tahlil gilingan. Tahlil
natijalari asosida O‘zbekiston uchun yo‘lovchilarga transport xizmati ko‘rsatish sifatini belgilovchi
parametrlar guruhi hamda uni tashkil etuvchilari aniglangan va uning iyerarxiyasi tuzilgan. Transport
xizmati ko‘rsatish sifatini belgilovchi parametrlar guruhi tahlil va ekspert so‘rovi usullari asosida asosiy
va zarur hollarda hisobga olinishi mumkin bo‘lgan parametrlar guruhiga ajratilgan. Shuningdek, ekspert
so‘rovi usuli yordamida eng og‘ir “Xavfsizlik” parametri (guruhi) ekanligi aniglangan. “Xavfsizlik”
parametri (guruhi) bo‘yicha yo‘lovchi transporti xizmati sifatini baholash usuli takomillashtirilgan.

Yo lovchilarga transport xizmati ko‘rsatish sifati, xizmatning mavjudligi, xizmatdan foydalanish
imkoniyati, axborotchanlik, vaqt, komfortlik, xavfsizlik, bagajlarni saglash, xodimlar xizmati, atrof-
muhitga ta’sir, iqtisodchanlik.

Kalit so‘zlar:

Janubiy Koreya, Singapur kabi rivojlangan  xorij
mamlakatlarida yo‘lovchi transportlarida xizmat ko ‘rsatish

1. Kirish

Dunyo miqgyosida yirik shaharlarda aholiga transport
xizmati ko ‘rsatish sifatini oshirish, jumladan, yo‘lovchilarni
manzillariga xavfsiz, ishonchli, o‘z vaqtida, komfort
sharoitda, arzon narxda yetkazib qo‘yish masalalari, mavjud
muammolarning zamonaviy yechimlari muhim ahamiyat
kasb etmoqgda. Bu borada AQSh, Germaniya, Yaponiya,
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sifatini oshirishning yangi ilmiy-texnikaviy yechimlarini
ishlab  chigishga alohida  ¢’tibor  qaratilmoqda.
Mamlakatimizda aholiga transport xizmati ko‘rsatish sifatini
oshirishga qaratilgan, shahar yo‘lovchi transporti ishini
ilmiy yondashuvlarga asoslangan holda takomillashtirish
masalalariga yo‘naltirilgan ilmiy-tadgiqot ishlari ustuvor
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xususiyatga ega bo‘lmoqda. Jumladan, O‘zbekiston
Respublikasi Prezidentining 16.02.2023 yildagi “Jamoat
transporti tizimini isloh qilish chora-tadbirlari to‘g‘risida”gi
PQ Ne59-sonli Qarorida avtobusda yo‘lovchi tashish
xizmatlarini ko‘rsatuvchi tashuvchilar bilan hisob-kitoblar
“bosib o‘tilgan yo‘l” va “sifat” mezonlari asosida vakolatli
davlat organi tomonidan amalga oshirilishi belgilab
berilgan®. Ammo, jamoat transportlarida yo‘lovchilarni
tashishda xizmat ko‘rsatish sifatini baholovchi mukammal
mexanizm mavjud emasligi, tashish xizmati sifatini oshirish
yoki baholashda turlicha yondashuvlar kelib chigishiga
sabab bo‘lmoqda.

Mazkur magolaning magsadi shu muammoning
yechimiga yo‘naltirilgan bo‘lib, quyidagi vazifalarni gamrab
oladi:

- mamlakatimizda yo‘lovchi transporti xizmati sifatini
belgilovchi parametrlarni (guruhi) aniglash;

- yo‘lovchi transporti xizmati sifatini belgilovchi
parametrlarning (guruhi) og‘irligini aniqlash;

- eng og‘ir parametrni (guruhi) baholash usulini
takomillashtirish.

Sifat deganda 1SO 9000-2000 “Quality management
systems — Fundamentals and vocabulary”ga muvofiq o‘ziga
X0s xususiyatlarning umumiy talablarga javob berish
darajasi tushuniladi [1]. Yo‘lovchi transporti xizmatiga
iste’molchi sifatida yo‘lovchilar tomonidan gisga vaqgtda
manzilga yetkazish, maksimal xavfsizlik, yo‘nalishda
transport  vositasining ish  vaqti va tashuvning
kafolatlanganligi, harakatning muntazam bo‘lishi, komfort
sharoit va qulaylik, qo‘shimcha xizmatlar mavjudligi kabi
turlicha talablar qo‘yiladi. Transport xizmati sifati ana shu
talablarni maksimal darajada ganoatlantirish uchun amalga
oshirilgan tadbirlar natijalarining majmuidan iborat bo‘ladi.
Demakki, transport xizmati sifati uning yagona emas, balki,
ko‘plab parametrlari bilan bog‘liq bo‘ladi. Mazkur sohada
dunyo tadqiqotchilari tomonidan ko‘plab tadqiqotlar olib
borilgan bo‘lib, transport xizmati sifatiga turlicha tariflar
berilib, uni baholashga turlicha yondashilgan holda turli
ko‘rsatkichlar bilan bog‘langan [2-19]. Yo‘lovchilarga
transport xizmati ko‘rsatish sifatini baholash bo‘yicha ishlab
chigilgan mezonlarning tahlili, aholiga transport xizmatini
ko‘rsatish sifatini baholash bo‘yicha ko‘plab tadqiqotlar olib
borilganligi va tadgiqotchilar  turli  parametrlardan
foydalanishganligini ko‘rsatadi.

2. Metodologiya

Yo‘lovchilarga transport xizmati ko‘rsatish sifati
parametrlari (guruhi) va ularning og‘irligini aniqlashda tahlil
va ekspert so‘rovi usullaridan foydalanish maqgsadga
muvofig.

Quyida AQSh, Yevropa va Rossiya davlatlarining
yo‘lovchi transportida xizmat ko‘rsatish sifatini aniqlashda
hisobga olinadigan parametrlar guruhi (va parametrlar)
ko‘rib chiqiladi.

AQShda yo‘lovchi transporti xizmati sifatini aniqlashda
quyidagi parametrlar guruhi va parametrlar hisobga olinadi
[20].

1. Muntazamlik — ishning doimiyligi va o‘zaro
bargarorligi.

2. Javobgarlik — xizmat ko‘rsatuvchining xizmatni o‘z
vagtida bajarishga tayyorligi va unga godirligi.

2 O‘zbekiston Respublikasi Prezidentining 2023 yil 17-fevraldagi
“Jamoat transporti tizimini isloh gilish chora-tadbirlari
to‘g‘risida”gi PQ Ne59-sonli Qarori
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3. Malakaviylik — tashishni amalga oshirishda zarur
malaka va bilimga ega bo‘lish.

4. Kirishuvchanlik — aloganing osonligi (yengilligi).

5. Xushmuomalalik — mulogotda xushmuomalalik va
do‘stona munosabat.

6. Mulogotga kirishuvchanlik — istemolchilarni ular
tushinadigan tilda axborot bilan taminlash.

7. lIshonchlilik — hagiqatgo‘ylik va ishonchlilik,
shuningdek, istemolchilarga chin dildan xizmat ko‘rsatish.

8. Xavfsizlik — shubha, tavakkalchilik va xavfdan holi
bo‘lish.

9. Iste’'molchilarni bilish/tushunish —
chtiyojlarini tushunish uchun qayg‘urish.

10. Moddiylik — jismoniy muhit va xizmatlarni
namoyish qilish.

Yevropada yo‘lovchi transporti xizmati sifati 40 dan
ortiq davlatlar uchun yagona standart asosida 8 ta
parametrlar guruhi bilan aniglanadi. [21]:

1- va 2-guruhlar yo‘lovchi transporti xizmati sifatini
umumiy holda 3-, 4-, 5-, 6- va 7-guruhlar esa, batafsil
tavsiflaydi.

1. “Xizmat ko‘rsatish imkoniyati” guruhi geografiya,
vagqt, transport harakati chastotasi va rejimi bo‘yicha taqdim
etiladigan xizmatlar darajasini o‘z ichiga oladi.

2. “Kirishuvchanlik” guruhi esa, jamoat transporti
tizimiga kirish, shu jumladan boshga transport turlari bilan
o‘zaro ishlay olishini hisobga oladi.

3. “Axborotchanlik” guruhi transport xizmatlari haqida
ma’lumot olishning, transport ganchalik yaxshi ishlashini
bilishning, muammo tug‘ilganda muqobil yo‘nalish
topishning osonligi parametrlaridan tashkil topadi.

4. “Vaqt” guruhi o‘z vaqtida manzilga yetkaza olish
bilan xarakterlanadi.

5. “Mijozlarga xizmat ko‘rsatish” guruhi xodimlarning
kiyinishi, xizmatining foydaliligi va muammo yoki
shikoyatlarni hal etilish darajasi parametrlarini o‘z ichiga
oladi.

6. “Komfortlik” parametrlar guruhi o‘rindiglarning
komfortligi va yetarliligi, transport vositasi harakati va
qatnov komfortligi, me’yorga mos keluvchi tinchlik
(osoyishtalik), yoritilganlik, ventilyatsiya va haroratlarni
gamrab oladi.

7. “Xavfsizlik” parametrlar guruhi tashish jarayonida
yo‘lovchi uchun xavfsiz bo‘lishini nazarda tutadi.

8. “Atrof muhitga ta’siri” parametrlar guruhi atrof-
muhitga chigaradigan zaharli gazlarni hisobga oladi.

Rossiyaning «kHomeHKIaTypa mokasareneii kauecTBa»ga
muvofiq yo‘lovchi transporti xizmati sifatini quyidagi 6 ta
parametrlar guruhlari belgilaydi [22]:

1. Xizmat ko‘rsatish axboroti parametrlari guruhi
axborotlarni uzatish chastotasini, transport vositalarini
jo‘nashi va yetib kelishi, yo‘lovchilarga ko‘rsatiladigan
xizmatlar va ularning narxlari, zarur binolar, aloga vositalari,
umumta’minot ob’yektlarining joylashuvi haqida va boshqa
axborotlarni o‘z ichiga oladi.

2. Komfortlik parametrlari guruhi bir yo‘lovchiga to‘g‘ri
keluvchi maydon, transport vositasi va binoni tozalash
chastotasi, chexol-g‘iloflarni  almashtirish  chastotasi,
transport vositasi va binoda havoning harorati, transport
vositasi va binodagi yoritilganlik, shovgin miqdori,
vibratsiya va namlikning ruxsat etilgan darajasi, transport
vositasi saloni va binoning o‘rtacha (ruxsat etilgan)
to‘lganlik parametrlarini o‘z ichiga oladi.

istemolchilar
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3. Tezlik parametrlari guruhi qatnovda bo‘lish
davomiyligi, transport vositasining o‘rtacha harakat tezligi,
transport vositasi bekatlari chastotasi parametrlarini oz
ichiga oladi.

4. O‘z vaqtida bajarilish parametrlari guruhi: jadval
bo‘yicha jo‘natilgan transport vositalari ulushi; jadval
bo‘yicha qabul gilingan transport vositalari ulushi; transport
vositalari harakatining o‘rtacha intervali; transport vositalari
harakatining maksimal intervali parametrlarini o‘z ichiga
oladi.

5. Bagajni saqlash parametrlari guruhi jo‘natilgan va
buzilish bilan gabul gilingan bagajlarning foizi, bagajlarning
buzilishidan olingan yo‘qotishning o‘rtacha narxi,
bagajlarning buzilishi o°‘rnini qoplash narxi ko‘rsatkichlarini
o‘z ichiga oladi.

6. Xavfsizlik parametrlari guruhi transport vositalarining
harakatda  bo‘lishi  ishonchliligi, transport xizmati
ko‘rsatuvchilarning  kasbiy = mutanosibligi, transport
vositalarining muayyan tashishni amalga oshirishga
tayyorliklarini o‘z ichiga oladi.

Mamlakatimizda  yo‘lovchi  transportida  xizmat
ko‘rsatish sifatini belgilovchi mezonlar qanday bo‘lishi
lozimligi quyida ko‘rib chiqiladi. Yo‘lovchilarga transport
xizmati ko‘rsatish sifatini belgilovchi mezonlarni jamoat
transporti bilan cheklab qo‘yish kerak emas, balki, yo‘lovchi
transportiga nisbatan tatbig etish magsadga muvofiq
hisoblanadi. Shu sababli, yo‘lovchi transportida xizmat
ko‘rsatish sifati deb yuritamiz va xizmat ko‘rsatish sifatini
tizim deb qaralsa, parametrlar guruhi tagtizimlarni tashkil
etadi va ular yana tagtizimlar va parametrlardan tashkil
topadi. Yo‘lovchilarga transport xizmati ko‘rsatish sifatini
aniglovchi parametrlar guruhini (va parametrlar) asoslash
tahlil natijalari va ekspertlar fikri asosida amalga oshiriladi.

Tahlil natijalaridan aniqlangan parametrlarning og‘irligi
quyidagi ifoda orgali aniglanadi [23],

Rjj

M, = —4
Uy Ry

()

bu yerda: Rij — 10 ballik shkala asosida i-parameter
guruhi bo‘yicha j-ekspert bahosining absolyut giymati; n —
parametrlar guruhi soni.

So‘ngra (1) ifoda natijasi asosida anigqlangan eng og‘ir
parametrlar guruhi bo‘yicha yo‘lovchi transporti xizmati
sifatini baholash usuli takomillashtiriladi.

3. Natijalar

Olib borilgan tadgiqotlar natijasida mamlakatimizda
yo‘lovchi transporti xizmati sifatini belgilovchi 6 ta asosiy
va 4 ta zarur hollarda hisobga olinishi mumkin bo‘lgan
quyidagi parametrlar guruhidan (va parametrlar) iborat
bo‘lishi lozimligi aniqlandi.

Asosiy parametrlar _guruhi (va parametrlar). Jahon
tajribasidan kelib chiqib, birinchi navbatda yo‘lovchi
transportining xizmati mavjud bo‘lishi va u harakat
chastotasi, transport turi, transport vositasining Xizmat
ko‘rsatish hududi, transport vositasining xizmat ko‘rsatish
muddati kabi parametrlarni qarab olgan bo‘lishi va
“Xizmatning mavjudligi” deb nomlanishi magsadga
muvofig.

Ikkinchidan xizmatdan foydalanish imkoniyati mavjud
bo‘lishi lozim va mazkur tagtizim transport vositasiga
yo‘lovchilarning chiqishi va undan tushishning qulayligi,
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transport vositasi salonida harakatlanish qulayligi, zarur
muddatlarda zarur turdagi chiptalar mavjudligi, yo‘l haqi
to‘lashning imkoniyati, imkoniyati cheklangan
yo‘lovchilarning foydalana olish darajasi ko‘rsatkichlari
kabilarni nazarda tutishi lozim va “Xizmatdan foydalanish
imkoniyati” deyish lozim deb nomlanishi maqgsadga
muvofig.

“Axborotchanlik” parametrlar guruhi. Hozirgi kunda
dunyo bo‘ylab axborot almashish juda rivojlanib ketdi. Shu
bois “Axborotchanlik” jamoat transporti xizmati sifatini
belgilovchi asosiy guruhlardan hisoblanadi va transport
xizmatlari hagida ma’lumot olish imkoniyati, transport qay
darajada ishlashini bilish imkoniyati, muammo tug‘ilganda
muqobil yo‘nalish topish osonligi parametrlari bilan
tavsiflanadi.

“Vaqt” parametrlar guruhi. Jamoat transportiga chiggan
yo‘lovchi uchun svetoforlar, oraliq bekatlar, transport
tirbandliklarida ushlanib qolishlar yo‘lovchi uchun qiziq
bo‘lmaydi va uning uchun manziliga tezda yetib olishi
muhim hisoblanadi. Mazkur guruhga o‘z vaqtida manzilga
yetkaza olishi, qatnovda bo‘lish davomiyligi, transport
vositasining o‘rtacha harakat tezligi, transport vositalari
harakatining o‘rtacha intervali, transport vositalari
harakatining maksimal intervali kabi parametrlarni kiritish
lozim.

“Komfortlik” parametrlar guruhi transport vositasi
o‘rindiqlarining komfortligi va yetarliligi, transport vositasi
salonida maxsus o‘rindiq mavjudligi, transport vositasi
salonining o‘rtacha (ruxsat etilgan) to‘lganlik darajasi,
transport vositasi harakati (gatnovi) komfortligi, transport
vositasiga chigish, undan tushish uchun bekatlarning
qulayligi, transport vositasining tozaligi, transport vositasi
salonining yoritilganligi, transport vositasi salonida havo
harorati, transport vositasi saloni ichki gismining quyosh
nuridan himoya gilinganlik darajasi, transport vositasi
salonida namlik darajasi, transport vositasi salonida
vibratsiya darajasi, bekatlardan imkoniyati cheklangan
yo‘lovchilarning foydalana olish darajasi parametrlarini
gamrab oladi.

“Xavfsizlik” parametrlar guruhi. Jahon tajribasi
ko‘rsatishicha jamoat transportida xavfsizlik yo‘l harakati
bilan bog‘liq bo‘lmagan va bog‘liq bo‘lgan guruhlarga
bo‘linishi lozim. Yo‘l harakati bilan bog‘liq bo‘lmagan
xavfsizliklar tashish jarayonida turli ko‘rinishdagi terroristik
hujumlar, bosqinchiliklar, yong‘inlar va boshqa turdagi
baxtsiz hodisalardan yo‘lovchilarni himoyalanganlik
darajasini hamda qutqaruv xizmatlari bilan bog‘lanish, ular
xizmatidan  foydalanishning osonligi  kabilar  bilan
tavsiflanadi.

Yol harakati bilan bog‘liq bo‘lgan xavfsizliklar
yo‘llarda  yo‘l-transport  hodisalari  vujudga kelishi
natijasidagi yo‘lovchilar hayoti xavfsizligini nazarda tutadi
va quyidagilarni oz ichiga oladi: xizmat ko‘rsatuvchilarning
(haydovchilarning) kashiga mutanosibligi (ish staji, malaka
oshirganligi va shu kabilar), transport vositalarining
tashishni amalga oshirishga tayyorligi (qutgaruv vositalari
bilan  ta’minlanganligi, me’yoriy  xujjatlar  bilan
ta’minlanganligi va shu kabilar), transport vositasining 0‘z
ishini bajarish ishonchliligi, ya’ni yo‘nalishda buzilmasdan
ishlashi (resurs, ishlash muddati, buzilmasdan ishlash
ehtimolligi va shu kabilar).Zarur hollarda hisobga olinishi
mumkin bo‘lgan parametrlar guruhi (va parametrlar).
“Bagajlarni saqlash” parametrlar guruhi quyidagilarni
nazarda tutadi: jo‘natilgan va buzilish bilan gqabul qilingan
bagajlarning foizi, bagajlarning buzilishidan olingan
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yo‘qotishlarning o‘rtacha narxi, bagajlarning buzilishi
o‘rnini qoplash narxi ko‘rsatkichi.

“Xodimlar xizmati” parametrlar guruhi xodimlar
xizmatining foydaliligi, xodimlarning kiyinishi, muammo
yoki shikoyatlarni hal etilish darajasi kabilarni nazarda
tutadi.

“Atrof-muhitga ta’sir”ni hisobga oluvchi parametrlar
guruhini atrof-muhitni ifloslantirish darajasi, atrof-muhitga
shovqinli ta’sir darajasi kabilar tashkil etadi.

“Iqtisodchanlik” parametrlar guruhi jo‘nash punktidan
belgilangan punktgacha yo‘l haqi, yo‘nalishdagi qo‘shimcha
xizmatlar narxi, jo‘nash punktidan belgilangan punktgacha
umumiy yo‘l xarajatlari kabilarni o‘z ichiga oladi.

Olib borilgan tadqiqotlar natijasida yo‘lovchi transporti
xizmati sifatini belgilovchi tagtizimlar va ularning
parametrlarining iyerarxik tuzilmasi 1-rasmda keltirilgan.

Yo‘lovchilarga transport xizmati ko‘rsatish sifat
parametrlari guruhlarining og‘irligi bo‘yicha hisob natijalari
2-rasmda keltirilgan.

https://t.me/tdtuilmiynashrlar
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1-rasm. Yo‘lovchi transportida xizmat ko‘rsatish
sifatining iyerarxik tuzilmasi
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Atrof-muhitga ta'sir

Igtisodchanlik

2-rasm. Yo‘lovchi transporti xizmati sifatini
belgilovchi parametrlar guruhlarining og‘irlik
ko‘rsatkichlari

4. Olingan natijalar
muhokamasi

Amalda yo‘lovchi transporti xizmati sifatini baholash
mezonlarida harakat xavfsizligi parametri sifatida yo‘l-
transport hodisalari dinamik darajasi va unda yo‘lovchining
yo‘qotadigan vagqti hisobga olingan.

1
k= 1+aB, (2)

bu yerda: o - yo‘lovchining yo‘l-transport hodisasi

natijasida nisbiy yo‘qotgan vaqti: Bo — yo‘l-transport

hodisasining dinamik darajasi ko‘rsatkichi.

(2) ifodadan o°‘tgan davr uchungina foydalanish
mumkin. Ammo, yangi ochilgan yo‘nalishlarda qisqa davr
ichida (masalan, 1 sutka) YTH sodir etilish ehtimolligi
kamligi, shuningdek, yo‘nalishlarda harakat sxemasi
o°zgarishi, qolaversa, jamoat transporti yo‘nalishida harakat
xavfsizligiga ta’sir etuvchi parametrlarning
o‘zgaruvchanligi, ya’ni, (ko‘rilayotgan davr ichida)
yo‘nalish  sxemasi hududida yo‘lovchilar ko‘plab
yig‘iladigan ob’ekt hosil bo‘lishi (yoki aksincha), oraliq
bekatlarning soni o‘zgarishi, yo‘llarning kesishmalarida
yoki peregon uchastkalarida yo‘l harakatini tashkil etish
texnologiyasining o‘zgarishi (2) ifoda bo‘yicha mukammal
natija (ishonchli) olib bo‘lmasligiga asos bo‘ladi.

Jamoat transportining yo‘nalish bo‘yicha harakati
xavfsizligini quyidagi ifoda yordamida aniglash muallif
tomonidan tavsiya etiladi,

nyM =Xim K 3)

bu yerda: Ki — kesishmalar, peregonlar va bekatlarning
xavfsizlik koeffisiyentlari.

Ki har bir ob’yekt uchun alohida hisoblanib, tegishli
ob’yektlarning umumiy koeffisiyentini shakllantiradi,
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masalan yo‘nalishdagi barcha kesishmalarning yakuniy
harakat xavfsizligi koeffisiyenti quyidagiga teng bo‘ladi.
Kk, = Zj=1 K; 4

Avtomobil yo‘llarining bir sathli kesishmalari xavfliligi

quyidagi ifoda orgali aniglanadi,

_ 107GKy 5)
@ " 25(M+N) (

bu yerda: G — 1 yilda; M, N — asosiy va ikkinchi darajali
yo‘llardagi transport vositalari harakati jadalligi, avt./sutka;
Ki — ziddiyatli nugtalarning nisbiy halokatliligi; 25 —
kunlarning o‘rtacha sonini yilga ta’sirini hisobga oluvchi
koeffisiyent.

(5) ifodada sodir etilishining nazariy ehtimolligida fagat
transport vositalari nazarda tutulgan, vaholangki yo‘l-
transport hodisalari piyodalar, velosipedchilar hamda
aravalar ishtirokida ham sodir etilishi mumkin. ishtirokida
ham sodir etilishi mumkin. Shu nugtai-nazardan mavjud (5)
ifoda muallif tomonidan quyidagicha takomillashtirildi,

K _ 10GTBKﬁTE mnKnKGTBnKﬁn mBKBmGTBBKiB

- (M +Nr5) a(My+N;) a(Ma+N;)

M, Kok Orpakia
a(My+N;) ©)

bu yerda: G — 1 yilda transport vositalarining o‘zaro
ziddiyatli nugtalarida yo‘l-transport hodisalari  sodir
etilishining nazariy ehtimolligi; Gmn — 1 yilda transport
vositalari va piyodalarning o‘zaro ziddiyatli nugqtalarida
yo‘l-transport  hodisalari  sodir etilishining  nazariy
ehtimolligi; Gms — 1 vyilda transport vositalari va
velosipedchilarning o‘zaro ziddiyatli nugqtalarida yo‘l-
transport hodisalari sodir etilishining nazariy ehtimolligi;
Gma — 1 yilda transport vositalari va aravalarning o°zaro
ziddiyatli nugtalarida yo‘l-transport hodisalari  sodir
etilishining nazariy ehtimolligi; Kiw — transport vositalari
harakatining yillik notekislik koeffisiyenti; Kin — piyodalar
harakatining vyillik notekislik koeffisiyenti; Kis —
velosipedchilar harakatining yillik notekislik koeffisiyenti;
Kia — aravalar harakatining yillik notekislik koeffisiyenti;
Mus, Nz — asosiy va ikkinchi darajali yo‘llardagi transport
vositalari harakati jadalligi; Mn, Nn — asosiy va ikkinchi
darajali yo‘llardan chorrahani kesib o‘tuvchi piyodalar
harakati jadalligi; Ms, Ns — asosiy va ikkinchi darajali
yo‘llardan chorrahani kesib o‘tuvchi velosipedchilar
harakati jadalligi; Ma, Na — asosiy va ikkinchi darajali
yo‘llardan (kesib) o‘tuvchi aravalar harakati jadalligi; m, —
chorrahadan 10 mln. transport vositasi o‘tgunga qadar,
undan o‘tadigan piyodalar harakati jadalligi; ms -
chorrahadan 10 mln. transport vositasi o‘tgunga qadar,
undan o‘tadigan velosipedchilar harakati jadalligi; m., —
chorrahadan 10 mln. transport vositasi o‘tgunga qadar,
undan o‘tadigan aravalar harakati jadalligi; K -
chorrahadan 10 mln. transport vositasi o‘tgunga gadar,
undan o‘tadigan piyodalar harakati jadalligini tekislovchi
koeffisiyent; Kex — chorrahadan 10 min. transport vositasi
o‘tgunga qadar, undan o‘tadigan velosipedchilar harakati
jadalligini tekislovchi koeffisiyent; Kux — chorrahadan 10
mln. transport vositasi o‘tgunga qadar, undan o‘tadigan
aravalar harakati jadalligini tekislovchi koeffisiyent.

5. Xulosa

Mamlakatimizda yo‘lovchilarga transport xizmati
ko‘rsatish ~ sifatini  aniqlashda 1-rasmda keltirilgan
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parametrlar guruhi (va parametrlar) asos gilib olinishi lozim.

Yo‘lovchi transporti xizmati sifatini aniqlovchi
parametrlar guruhlari og‘irlik koeffitsiyentlari aniqlanganda
barcha asosiy parametrlar guruhlari giymatlari zarur hollarda
hisobga olinishi mumkin bo‘lgan parametrlar guruhlari
giymatlaridan yugori ekanligi aniglandi.

Avtomobil yo‘llarining bir sathli kesishmalari
xavfliligini baholash piyodalar, velosipedchilar va aravalar
ishtirokoda sodir etilishi mumkin bo‘lgan yo‘l-transport
hodisalarining nazariy ehtimolligini hisobga olish evaziga
takomillashtirildi.

Keyingi tadgigotlar transport vositalari, piyodalar,
velosipedchilar va aravalar harakatining yillik notekislik
koeffisiyenti, chorrahadan 10 min. transport vositasi
o‘tgunga qadar, undan o‘tadigan piyodalar, velosipedchilar
harakati jadalligini tekislovchi koeffisiyentlarni ishlab
chigish hamda chorrahaning xavfliligiga ta’sir etuvchi
ko‘rsatkichlarning bog‘ligligini aniqlashga, shuningdek,
oraliq bekatlar va peregon uchastkalar xavfsizligini baholash
usulini ishlab chigishga yo‘naltiriladi.
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Stages of application of the outsourcing matrix in the transport system

N.Sulaymonov!®2 M. Ikromov

limb

Tashkent state transport university, Tashkent, Uzbekistan

Abstract: This article discussed the sequence of steps of using the outsourcing matrix in the transport system.
Autorsing is a popular strategy in the transportation system, as it seeks to determine the processing and
efficiency of companies. One effective way to manage outsourcing decisions is the outsourcing matrix,
which helps companies decide which methods to outsource to whom and to whom. The use of the
outsourcing matrix in the transport system is analyzed, scientific-methodical and practical suggestions

and recommendations are given.
Keywords:

outsourcing matrix, transport system, cost reduction, efficiency, decision-making outsourcing.

1. Introduction

In today's advanced age, along with many other fields,
the need to introduce modern technologies and methods in
the modern transport system is emerging. In the use of
outsourcing services, along with the use of digital platforms,
the development of the outsourcing matrix serves as an
important factor. In particular, a number of reforms in this
regard are being implemented in our country. Republic of
Uzbekistan. Considering that Uzbekistan is currently in the
transition stage, it is appropriate to approve the digital
economy strategy. Uzbekistan "Digital Uzbekistan-2030"
and measures for its effective implementation. Decision PF
6079 of October 5, 2020 opened a new page not only in the
policy of developing the digital economy [1].

Transportation outsourcing is one of the most frequent
decisions in this trend, leaving transportation in the hands of
experts in the function allows companies to devote
themselves to their business and reduce fixed costs, resulting
in a competitive advantage.

But this delegation is not without risks, so various
analytical tools play a key role in making the best decisions.
Transport logistics plays an important role in the success of
enterprises in various industries. Evaluating the performance
of a transport logistics company is essential in ensuring
efficient operations, cost effectiveness and customer
satisfaction. To simplify this process and make an informed
choice, companies use an outsourcing matrix to evaluate
potential transport logistics partners based on predefined
criteria. The Outsourcing Services Matrix involves creating
a table that lists relevant criteria for evaluating transport
logistics companies and potential service providers. The
criteria we have chosen allow us to entrust outsourcing
services to evaluate the activities of a transport logistics
company. By creating an outsourcing matrix, any company
will have the opportunity to systematically analyze its
transport-related processes. Through the outsourcing matrix,
any enterprise or transport company engaged in outsourcing
services can manage its internal and external system more
optimally.

https://orcid.org/0009-0001-8201-0944
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2. Literature review

Several scientists have conducted research on the stages
of outsourcing matrix application in the transportation
system, using various research methods to understand the
complexities and challenges of this process. One of the key
researchers in this field is Dr. Anna Smith, a transportation
management expert who has extensive experience in
studying outsourcing practices within the industry.

Although there are prescriptive models in the literature
that provide cognitive approaches to logistics outsourcing, in
practice, cognitive and experiential search and evaluation are
used to make outsourcing decisions. International scholars
Mello J. E, Esper T. L and Stank T. P have expanded by
including personal factors such as experience and personal
interests as well as cultural factors such as organizational
values and norms as inputs to the process [2].

In addition, Asian scientists Scientists Li Y., Liu X.,
Chen Y. who carried out scientific work on the evaluation of
outsourcing services and transport logistics companies using
the decision matrix method [3].

In addition, in their articles,international scientists Fu S.,
Yu Y., Xu M. conducted scientific work on "Creating a
secure algorithm for outsourcing the calculation of matrix
multiplication in the cloud” [4].

3. Research methods and the
Received results

These scholars have developed best practices and
strategies for organizations seeking to optimize logistics
operations through effective carrier selection processes
using the decision matrix method, the Barnes matrix method,
and the Dornier matrix method. In our article, we used a
number of methods, including: comparative research and
questionnaire based on the theoretical analysis, we made a
sequence of creating an outsourcing matrix from the aspects
that we found important in the implementation of the
outsourcing matrix strategy. The outsourcing matrix itself is
a valuable tool for companies making decisions about where
to outsource processes. The matrix considers how complex
each process is and how important it is at a strategic level.

56
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At a very high level, the outsourcing matrix is used in the
context of business analysis, project management. To
outsource or not to outsource is a decision that every
growing company must make at some point. An impact
matrix can help. The impact matrix has two criteria on its
axis and the complexity of the process and the importance of
the process to the company. There are many tools to help us
make these decisions, but we rarely find such a simple and
intuitive approach. The matrix follows a general rule: the
most important and complex processes for the operation of
our transport company should be kept under our control.
When processes like these are sent elsewhere for
completion, any mistakes can be dangerous for the company.

However, less critical and less complex processes for
the proper functioning of the company can be safely
outsourced/automated.

It is always wise to make careful and educated decisions
when considering the company's well-being, therefore, in
any situation, an outsourcing matrix can be created by each
company, either in general or individually.

There are a number of things to do when first creating an
outsourcing matrix for a transportation system. We have
selected the 10 criteria that we consider the most important,
they are as follows:

1. ldentify key functions or activities in the
transportation system that can be outsourced, such as
maintenance, logistics, fleet management, or customer
service;

2. Determine the criteria for evaluating potential
outsourcing partners; for example, cost, experience,
expertise and geographic coverage.

3. Create a matrix with identified functions or activities
on one axis and evaluation criteria on the other;

4. Research and gather information about potential
outsourcing partners who provide services related to the
specified functions or activities;

5. Evaluate each potential outsourcing partner according
to the criteria in the matrix, assigning a score or rating for
each criterion;

6. Rank potential outsourcing partners based on their
overall score or rating;

7. Choose an outsourcing partner that best meets the
criteria and requirements of the transport system;

8. Negotiating an outsourcing contract with the selected
partner that specifies the scope, terms and conditions and
performance indicators;

9. Regularly monitor and evaluate the outsourcing
partner's performance to ensure compliance with agreed
standards and expectations;

10. Make adjustments or changes to the outsourcing
arrangement as needed to optimize the efficiency and
effectiveness of the transportation system.

But such trends are just emerging in the transport market
of Uzbekistan. The problem is that the outsourcing of
logistics services requires transport workers to first
restructure corporate management and ensure maximum
transparency of financial flows. This applies not only to
customers of services, but also to their performers.
Nowadays, many transport companies think about focusing
maximum effort and attention on the main business and
giving secondary functions to specialists: automation and
support of information systems - software developer or
system integrator, financial reporting - accounting and
consulting firm, organization of catering and banquets -
catering company, personnel selection - recruitment agency,
etc.

https://t.me/tdtuilmiynashrlar

In general, the application of the outsourcing matrix in
the transportation system can help organizations streamline
operations, reduce costs, and improve overall performance.
By following these steps, organizations can effectively use
third-party providers to improve transportation services.
Based on the conducted research and the work processes of
transport companies, we have drawn up the stages of using
the outsourcing matrix in transport, which looks like this:
The stages of using the outsourcing matrix in the transport
system are shown in (Fig. 1)

( Stages of application of the outsourcing matrix in the transport syﬂem)

(/dentiﬁcation of workers ) ( Evaluation and analysis )

(Study of additional servims) (Cammunicatian management}

System testing

(Leaming the selection criteria) ( )
( Create a customer surVey) (Creating a system presenta#ion)

(Conducf;fng personal survgys) (Mom’tan’ng and management)

(Selecf:r‘on of service providers ) ( Detailed analysis )

Fig.1. Stages of application of the outsourcing
matrix in the transport system

In order to understand more deeply the stages of using
the outsourcing matrix in the transport system, if we analyze
each of the 12 stages as a system, we will be able to create a
wax matrix, and we will describe these 12 criteria in detail
in our next articles.

If we turn to the general outsourcing matrix for most
business companies, it looks like the following, it is depicted
in (Fig. 2)

5 A
=
Retain

g

=

~

14

Z
5

(=

-]

£ Outsource
7

3

—
Low Contribution to Operational Performance High

Fig. 2. Outsourcing matrix

From the outsourcing matrix, in general, companies
want to eliminate or outsource high-cost activities of low
strategic importance. If the activity has a low contribution to
operational efficiency, it can be eliminated, and if it
contributes high to operational efficiency, it should be
outsourced. wants to control the activities that have. This can
be done by continuing business as usual or by forming
strategic alliances or improving efficiency [5].

In most cases, the way to do this is to reduce costs as
much as possible. Common cost reduction methods include:

1. Procurement: consolidation of purchases or revision
of supply contracts;

2. HR management: reduce labor costs through salary,
training, overtime, benefits and health, employee stock
ownership and downsizing;

3. Development of technology: use of IT and digital
technologies to reduce communication and organizational
Costs;

Use advanced production technology;
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4. Logistics: cooperate with distribution companies
(such as FedEXx).

5. Operations: outsourcing manufacturing to a cheaper
jurisdiction (eg China/India/other).

Increase the level of use of fixed assets;

Move the headquarters to a cheaper city, region or
country.

6. Finance: reduce working capital, including inventory
and accounts receivable, while refinancing outstanding debt
and divesting non-core assets [6].

At the same time, we can face some common problems
when using the outsourcing matrix in the transportation
system, they are as follows:

1. Lack of communication: If there is poor
communication between the transport company and the
outsourcing partners, it can lead to delays, confusion and
errors in the transport process.

2. Inefficient processes: If the outsourcing matrix is not
properly designed or implemented, it can lead to inefficient
processes and increased costs for the transportation
company.

3. Lack of Transparency: Without proper oversight and
monitoring, the outsourcing matrix may lack transparency,
leading to potential fraud or misuse of resources.

4. Quality Control Issues: If strict quality control
measures are not taken, the transport company may receive
subpar services from their outsourcing partners, leading to
customer dissatisfaction and reputational damage.

To correct the outsourcing matrix in the transport
system, they can be corrected by performing the following
steps:

1. Improve communication: Implement regular
meetings, registration and reporting mechanisms to ensure
clear communication between the transport company and
outsourcing partners.

2. Simplify processes: evaluate and streamline the
outsourcing matrix to eliminate redundancies and
inefficiencies, improve overall performance, and reduce
Costs.

3. Increasing transparency: implementation of
monitoring and reporting systems to monitor the activities of
outsourcing partners and ensure transparency in the
transportation process.

4. Implementation of quality control measures:
development and implementation of quality control
standards to ensure that outsourcing partners provide high-
quality services that meet the requirements of the transport
company [7].

By addressing these issues and implementing these
solutions, the outsourcing matrix in the transportation
system can be improved, leading to a more efficient and cost-
effective transportation process [8].

After creating the steps to apply the outsourcing matrix
in the transportation system, you can perform the following
additional steps:

1. Evaluate and select potential outsourcing partners:
Once you have identified the key criteria and created a
matrix, you can begin evaluating potential outsourcing
partners based on these criteria. This includes a thorough
assessment of each potential partner's capabilities,
experience, expertise, and pricing.

2. Negotiate contracts and agreements: Once you've
selected your outsourcing partners, negotiate contracts and
agreements that clearly define scope of work,
responsibilities, service levels, pricing, and performance
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metrics. negotiation is important. These agreements should
also include provisions for monitoring and managing the
outsourcing relationship.

3. Implement performance monitoring and management
processes: It is essential to establish performance monitoring
and management processes to ensure that outsourcing
partners meet agreed service levels and performance
indicators. Regular reviews and audits should be conducted
to assess the performance of outsourcing partners and
identify any areas for improvement.

4. Measuring and monitoring results: It is important to
measure the results of outsourcing in the transportation
system and to evaluate its effectiveness and impact on the
organization. Key performance indicators (KPIs) such as
cost savings, efficiency gains, service quality, and customer
satisfaction should be monitored regularly to assess the
success of an outsourcing initiative [9].

By taking these extra steps and effectively applying
the outsourcing matrix to your transportation system, you
can expect to see several results, including:

- Cost savings: Outsourcing helps reduce operating costs
by leveraging the expertise and resources of external service
providers.

- Improve efficiency: outsourcing can simplify processes
and improve the overall efficiency of the transportation
system.

- Enhanced service quality: By partnering with
experienced outsourcing providers, you can improve the
quality of services and deliver better results to clients.

- Increased flexibility and scalability: Outsourcing
allows organizations to scale up or down their operations
based on changing business needs and demand.

- Focus on core competencies: By outsourcing non-core
activities, organizations can focus on their core
competencies and strategic priorities [10].

Our research has shown that the application of the
outsourcing matrix in the transport system usually involves
several steps. The first step is to identify the functions that
are central to the company's operations and that can be
outsourced. This requires an in-depth analysis of the
company's business processes and identification of areas
where outsourcing can bring value.

The next step involves evaluating potential outsourcing
partners using criteria such as cost, quality, and reliability.
Companies should thoroughly analyze the capabilities and
reputation of potential vendors to ensure they can meet the
company's needs.

Once outsourcing partners are selected, companies must
establish clear communication channels and performance
metrics to track vendor performance. Regular evaluations
should be conducted to ensure that outsourcing partners are
meeting the company's expectations and delivering value.
And at the same time, according to the 12 selected criteria
that we indicated above, each transport company can build
its own matrix or, based on its internal work process, create
an alternative outsourcing matrix for itself. There are many
important elements to consider here, and taking them all into
account and analyzing them down to the smallest factors will
allow you to create a superior outsourcing matrix.
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4. Conclusion

The application of the outsourcing matrix in the
transportation system can help companies make informed
outsourcing decisions, reduce costs, and improve efficiency.
By following the steps outlined in this article, companies can
successfully implement an outsourcing matrix and reap the
benefits of strategic outsourcing. In particular, we hope that
in the transport logistics system of the Republic of
Uzbekistan, by using modern methods and methods, such as
this new outsourcing matrix, we will reduce costs and create
an optimal environment for further increasing our transport
potential.
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