SN -

JOURNAL OF TRANSPORT

".II'.'
iy,
ALIET

.....

ISSUE 2, 2026 vol. 3
E-ISSN: 2181-2438
ISSN:3060-5164

RESEARCH, INNOVATION, RESULTS



TOSHKENT DAVLAT
'I r TRANSPORT UNIVERSITET!
Tashkent state

transport university

JOURNAL OF TRANSPORT

RESEARCH. INNOVATION. RESULTS

E-ISSN: 2181-2438
ISSN: 3060-5164

VOLUME 3, ISSUE 2
JUNE, 2026

jot.tstu.uz



TASHKENT STATE TRANSPORT UNIVERSITY

JOURNAL OF TRANSPORT
SCIENTIFIC-TECHNICAL AND SCIENTIFIC INNOVATION JOURNAL
VOLUME 3, ISSUE 2 JUNE, 2026
EDITOR-IN-CHIEF
SAID S. SHAUMAROV
Professor, Doctor of Sciences in Technics, Tashkent State Transport University
Deputy Chief Editor
Miraziz M. Talipov
Doctor of Philosophy in Technical Sciences, Tashkent State Transport University

The “Journal of Transport” established by Tashkent State Transport University (TSTU),
is a prestigious scientific-technical and innovation-focused publication aimed at disseminating
cutting-edge research and applied studies in the field of transport and related disciplines. Located
at Temiryo‘lchilar Street, 1, office 465, Tashkent, Uzbekistan (100167), the journal operates as a
dynamic platform for both national and international academic and professional communities.
Submissions and inquiries can be directed to the editorial office via email at jot@tstu.uz.

The Journal of Transport showcases groundbreaking scientific and applied research
conducted by transport-oriented universities, higher educational institutions, research centers, and
institutes both within the Republic of Uzbekistan and globally. Recognized for its academic rigor,
the journal is included in the prestigious list of scientific publications endorsed by the decree of
the Presidium of the Higher Attestation Commission No. 353/3 dated April 6, 2024. This inclusion
signifies its role as a vital repository for publishing primary scientific findings from doctoral
dissertations, including Doctor of Philosophy (PhD) and Doctor of Science (DSc) candidates in
the technical and economic sciences.

Published quarterly, the journal provides a broad spectrum of high-quality research articles
across diverse areas, including but not limited to:

Economics of Transport

Transport Process Organization and Logistics

Rolling Stock and Train Traction

Research, Design, and Construction of Railways, Highways, and Airfields, including
Technology

e Technosphere Safety

Power Supply, Electric Rolling Stock, Automation and Telemechanics, Radio Engineering
and Communications

Technological Machinery and Equipment

Geodesy and Geoinformatics

Automotive Service

Air Traffic Control and Aircraft Maintenance

Traffic Organizatsion

Railway and Road Operations

The journal benefits from its official recognition under Certificate No. 1150 issued by the
Information and Mass Communications Agency, functioning under the Administration of the
President of the Republic of Uzbekistan. With its E-ISSN 2181-2438, ISSN 3060-5164 the
publication upholds international standards of quality and accessibility.

Articles are published in Uzbek, Russian, and English, ensuring a wide-reaching audience
and fostering cross-cultural academic exchange. As a beacon of academic excellence, the "Journal
of Transport” continues to serve as a vital conduit for knowledge dissemination, collaboration, and
innovation in the transport sector and related fields.

jot.tstu.uz Research, Innovation, Results



mailto:jot@tstu.uz

Journal of Transport ISSN: 2181-2438 Volume:3|lIssue:2|2026

Improving the wear resistance of internal surfaces of slurry

pumps in the flotation

M.Z. Ubaydullaev?, E.1. Ruklinskaya?, U.D. Kosimov?, N.N. Yodgorov?, N.I. Khavasova'
1 Branch of the National University of Science and Technology MISIS in the city of Almalyk, Almalyk, Uzbekistan

Abstract:

Keywords:

2Tashkent state transport university, Tashkent, Uzbekistan

The paper addresses the wear of the internal surfaces of the flow-path parts of slurry pumps operated in
the flotation process at the Almalyk Mining and Metallurgical Combine (JSC «AGMK»). A comparative
analysis of three chemical-thermal treatment (CTT) methods — nitriding, carbonitriding and boriding —
was carried out for hardening of structural steels 45 and 30KhGSA. The structure, microhardness and
wear resistance of the diffusion layers were studied. It was established that boriding provides the
maximum surface microhardness (up to 20000-22000 MPa) while forming a thin (~70 um) brittle two-
phase layer prone to spalling under impact loading. Low-temperature carbonitriding in a salt melt at 570
°C forms a ~200 pm layer with a microhardness of 5000-8000 MPa that combines increased hardness
with toughness, corrosion resistance and a smooth transition to the core. It is shown that carbonitriding
provides uniform treatment of the internal cavities of geometrically complex parts that are inaccessible
to line-of-sight methods, with minimal distortion. Carbonitriding is justified as the principal hardening
method and boriding as a supplementary one for zones of tangential abrasive wear. The expected increase
in service life of the parts is 2.4-3.6 times, with a payback period of less than one year.
chemical-thermal treatment, carbonitriding, boriding, nitriding, wear resistance, slurry pump, flotation,
microhardness, hydroabrasive wear, diffusion layer

IToBbIIEHHE H3HOCOCTONKOCTH BHYTPEHHUX MOBEPXHOCTEH IPYHTOBBIX

HacocoB (JIOTALMOHHOIO NepenesIa MeToAaAMM
XHMHKO-TEPMHU4YeCKOi 00padoTKu

Yéaiinynnaes M.3.., Pykannckas E.N.L, Kocumos V.JI.2, Exropos H.H.!, XaBacosa H.1.!

TA® HUTY «MUCHUCY B . AnManbIK, AIMabIK, Y30eKHcTaH

2TamkeHTCKUI rOCy1apCTBEHHBIN TPaHCIIOPTHBIN yHHBEpcUTeT, TallkeHT, Y30eKuCTaH

AHHOTAINA

KnroueBsie cioBa:

Paccmotpena mpo0nema M3HOCA BHYTPEHHHX MOBEPXHOCTEH JeTaneil MPOTOYHOM YacTH I'PYHTOBBIX
HAcOCOB, OJKCIUTyaTHpyeMbix Ha (oraimonHoM mepeneie AQO — «AJManbIKCKMH — TOPHO-
METaJUlypruueckuii  KoMOMHaT». BbINONHEH CpaBHUTENBHBIM aHAaIM3 TPEX METOAOB XHMMMKO-
tepmudeckoi 06padotku (XTO) — a3oTupoBaHus, KapOOHUTPALMU 1 OOPUPOBAHHS — MPUMEHUTEIBHO
K YIPOYHEHUIO KOHCTpYKUMOHHBIX cTaneit 45 nu 30XI'CA. HccnenoBaHbl cTpoeHHe, MUKPOTBEPIOCTh U
HU3HOCOCTOMKOCTh  MU(D(GY3MOHHBIX CIOEB. YCTAHOBJIEHO, 4YTO OOpHpPOBaHHE OOeCHeYHBaET
MaKCHMaJIbHYIO TOBEPXHOCTHYIO MHKPOTBEpAOCTh (mo 2000022000 MIa) mpu toHKOM (~70 MKM)
XpYNKOM  1BYX(a3HOM CJIO€, CKJIOHHOM K BBIKPAlIMBAaHHMIO IIPU YIApHOM BO3JEHCTBUM.
Huskoremneparyphas kapooHuTpanus B paciuiase coneit npu 570 °C popmupyer cioit Tomuunoii ~200
MKM ¢ MHKpOTBEpIOCcThIO 5000—-8000 MIla, coveraromiuil HOBBILIEHHYIO TBEPAOCTh C BA3KOCTHIO,
KOPPO3HOHHOM CTOMKOCTBIO M IUIABHBIM IIEPEXOJOM K cepauleBuHe. [lokazaHo, 4TO KapOOHHMTpaLus
obecrieurBaeT pPaBHOMEpPHYIO 00pabOTKy BHYTPEHHHX [MOJNOCTeH Jeraneil CIIoXHOW (opMbl,
HEJOCTYIHBIX JUIsl METOJIOB PSMOl BUAMMOCTH, IPU MHHUMAJIBbHBIX Aedopmanusix. OO0CHOBaH BEIOOp
KapOOHHUTpALMU B KAYeCTBE OCHOBHOI'O METO/Ia YIIPOUYHEHUs,  OOPUPOBaHUS — KaK JIOIIOJIHUTEIBHOTO
JUIsL 30H KacaTelbHOro a0pa3uBHOrO u3HamMBaHWsA. O)KugaeMoe yBEeIMYEHHE pecypca jaeranel
cocrasnser 2,4-3,6 paza pHu CPOKe OKYNAeMOCTH 3aTpaT MEHEe OJJHOTO ro/ia.

XUMHUKO-TepMHYeckas 00paboTka, KapOOHUTpalLws, OOPUPOBaHKE, a30TUPOBAHUE, W3HOCOCTOHKOCTS,
TPYHTOBBII HAcOC, (hIOTAILKSA, MUKPOTBEPAOCTD, THAPOAOpa3HBHOE 3HAIIMBAHKE, TH(D(Y3HOHHBIN CITOM

1 BBeIleHl/Ie MPOM3BOJUTENBHOCTh Tepefena, TMOCKONbKY BBIXOI U3

I'pyHTOBBIE (ITyTBIOBBIE) HACOCHI SBIISIOTCS KITFOUEBBIM

CTpOS OJHOTO Hacoca B TEXHOJNOTHYECKOH LETouKe
MPUBOIUT K OCTaHOBKE YydacTka. OCHOBHOH NpHUYMHOMN

obopymoBaHueM oOoraTuTenbHbIX (abpuk, obecrieunBast BBIXOZa HAaCOCOB M3 CTpod ABJACTCA MHTCHCHBHOC
MEXKOIEPAHOHHBIN TPaHCHOPT abpa3uWBHOM IMyNbIBI HA THPOabpasHBHOE H SpO3HOHHOC H3HANINBAHHC
BCeX CTaausax wu3MenbueHus W (roramuu. HanéxHocTh BHYTPCHHHMX IIOBEPXHOCTCH ACTANCH IIPOTOYHOH 9acTH —

HACOCHOTO  O0OpY/MOBaHMA  HANpsSMYK  ONpenensier

pabounx Kkoméc, OpOHEONCKOB U  KOpIyca-yJIUTKH,
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KOHTAaKTHPYIOIUX C TOTOKOM ITyJIbIIbI,
TBEPbIE MUHEPAIbHBIE YacTUIH [ 1, 2].
VIHTCHCHBHOCTh HM3HAILIMBAHMS JETalied BO3pacTaer ¢
YBEJIMYCHHEM  CKOPOCTH  MOTOKa  (TPUOIIM3HUTENBHO
MPONIOPIMOHATEHO  TPEThEH  CTENEHH  CKOPOCTH),
KOHIICHTPAIMK U KPYIMHOCTH TBEPAON (asbl. Dpo3noHHOE
paspylIeHHue 3aBUCHT TaKKe OT yIJla aTaku YacTHIL ULt
[UIACTHYHBIX MAaTEpPHAJIOB MAKCHMYM H3HOCA IMPUXOIHUTCS
Ha cpemnue ymisl (okomo 30°), misg Xpynmkmx — Ha
HOpMAaNBHEIN yrap [2, 3]. [lepepabarpiBaemble Ha Gpabpukax

cozeprkauien

AO «Anmaneikckuii I'™MK» MeaHO-MOIMOAEHOBEIE |
MOJIUMETAUIMUECKUE  PyAbl  COJEp)KaT  3HAYUTENbHOE
KOJIMYECTBO KBapIla, 4YTO OOYCIOBJIHMBAET BBICOKYIO

a0pa3uBHOCTB ITYJIBIT ¥ MAJIBIH PECypc JeTalei.

TpamuumoHHEIe cOCOOBI GOPHOBI C M3HOCOM HMEIOT
cymiecTBeHHBle  orpaHmdeHusi.  OOBEMHO-YIIPOYHEHHBIE
MaTepuanbl  (BBICOKOXPOMECTBIE W HHKEIbXPOMHCTBIE
YyTyHbl) 00J1aJal0T BEICOKOI aOpa3uBHON CTOMKOCTBIO, HO
XpYIIKH, TUIOXO 00padaTeIBAalOTCS W YyBCTBHTEIBHBI K
yaapHeIM Harpy3kam [1]. OmacromepHsle (yTepoBKH
9 (QEeKTHUBHB JHIIF HAa TOHKOAWCIIEPCHBIX ITyJbllax M
HETIPUTO/IHEI TIPH HaJIMYIWH KpymHoro abpasmsa. Hamraska
n rasorepmuueckoe Hampuienne (HVOF) ¢opmupyror
TOJICTBIE HW3HOCOCTOMKHE CJIOH, OJHAaKO paboTalT 110
MPUHLMUITY TOPSIMOW  BHIMMOCTH W HE  TO3BOJSIIOT
Ka4yeCTBEHHO 00padaThIBaTh BHYTPEHHHE IOJOCTH U y3KHE
KaHaJIbl IeTajei CJI0XKHOM OpPMBI; KpOME TOT0, HOKPBHITHIM
CBOWCTBEHHBI OCTATOYHASI IOPHUCTOCTH M PUCK OTCIIAMBAHMUS
[4].

XUMHUKO-TepMHUYECKast obpabotka  (XTO)
1 dy3MOHHOE HACHIIIEHNE TOBEPXHOCTHOTO CJIOSI MEeTallIa
a30TOM, YIJepoJoM WIH OOpOM — JIMIIEHa YKa3aHHOTO
HEJOoCTaTKa. YTPOUHEHHBIH CIO0H (opMupyercs B caMoM
MeTajule IeTalll, IPOYHO CBA3aH C OCHOBOM M HE CKIIOHEH K
oTciauBaHuio 5, 6]. [Tpu nposeneHuu npolecca B paciuiaBe
coseil HachlllleHHEe NPOMCXOAWT OAHOBPEMEHHO Ha BCEX
CMOYCHHBIX IIOBEPXHOCTAX JETald HE3aBHCHUMO OT HX
JIOCTYITHOCTH, 4TO obecrieunBaeT paBHOMEpHOE
yOpOYHEHUE BHYTpeHHUX mnosocTeil. Llenpio Hacrosmei
paboThl sABISIETCA CpaBHHUTENbHAas oOleHKa MeronoB XTO
(a3oTupoBaHMs, KapOOHHTpAalMd U OOpPHUPOBAaHHS) U
000CHOBaHME  pPALMOHAIBHOIO  CHOCO0A  NOBBILIEHHSA
HM3HOCOCTOMKOCTH BHYTPEHHUX I[OBEPXHOCTEH I'PYHTOBBIX
HAcOCOB.

2. MeToauka uccjieI0BaHNA

OOBEKTOM  HUCCIIENOBaHUS  CIY)KWIH 00pasipl  u3
yraepoaucToit cranu 45 u neruposanHoi cranu 30XI'CA,
MOJICIMPYIOIE MaTepuasl JAeTajell NpOTOYHOH YacTh
HAcOCOB. XMMHUYECKHIA COCTaB CTajell MpuBeAEH B TabIuLe
1. Cranp 30XI'CA mepea  XHUMHKO-TEPMHUYECKOH
00paboTkoit MoJIBEpraiu MpeABaPUTEIILHOM
TepMooOpaboTKe — 3aKajike C BBICOKMM OTIIyCKOM Ha
CTPYKTYpPy  3€pHHCTOrO copOura, 00eCHeYHBaIOIIyIO
MPOYHYIO U BSI3KYIO CEPALICBUHY.

June, 2026
Research, Innovation, Results

258

Tab6aumna 1

Xumuuecknii cCOCTaB HCCJIeAyeMBbIX cTaJeii, %o (Macc.)

AEIE) C | cr | Mn |Si/npoune
CTaIH

0,42— 0,50- | 0,17-0,37,

Crame 45 050 | <025 080 | Fe— och

0,28- | 0,80- | 0,80- | 0,90-1,20;

30XTCA 034 | 110 | 110 | Fe— oci.

CpaBHUBaIM  TpH  BHOA  XHUMHKO-TEPMHYECKOU

obOpaborkn. ['a3oBoe a30THpOBaHHWE IPOBOMWIN IIPU

temneparype 500520 °C.  HuskoremneparypHyro
KapOOHHTpAIHNIO BEITTONHSUTH B pactuiae coureil npu 570 °C
B TeueHue 1,5-2,5 4 ¢ HOCIEAyOIUM OXJAaXKACHUEM Ha
BO3AyXe WM B Macje; B KadecTBE OCHOBBI pacIUIaBa
WCTIONB30BAIM IIMAaHAT M KapOoHaT Kamws, a B Ooiee
Oe3ormacHOM BapHaHTe — KapOaMHI B COYETAaHHH C
kapOoHaToM Kamma. JKuIOkocTHOe — 0Oe33JIeKTpOIH3HOE
O6opupoBanue npoBoH Tipu 950 °C B TeueHue 4 9 ¢
OXJIQKIACHHEM Ha BO3JyXeE.

CrpoeHnne YIPOYHEHHBIX CII08B U3yJan
MeTaIorpaMyeckl Ha ONTHYECKOM MHKPOCKOIIE TPU
ysenuuenuu 200 kpat rocie TpaBieHus B 3—4-IIpOLEHTHOM
pacTBOpe a30THOW KHCIOTBI B JTHJIOBOM  CIIUPTE.
MHUKpOTBEPIOCTE M3MEPSUTH METOJOM BOCCTAHOBJICHHOTO
ornevaTka no Bukkepcy npu Harpyske 0,98-1,96 H c
TOCTPOSHHEM TIPOodHIIe pactpeieNeHUst IO TONIIHHE CIIOS.
M3HOCOCTOMKOCTD OIIEHUBANIN MO Pe3yabTaTaM HCHBITaHUI
Ha TUapoabpa3WBHOE W3HAIIMBAHHE B  CYCIICH3WH
KBapLEBOro MecKa MpH Pa3IMYHBIX yriax aTakh MOTOKa;
MEpON CIyXKUJIa OTHOCHTEIbHAas M3HOCOCTOMKOCTh —
OTHOLICHUE IOTEPH MAacchl HEYNPOYHEHHOro obpasma K
noTepe Macchl ynpouH&HHoro. Pe3ynbrarsl oOpabarbiBanu

MeToJaMu MaTeMaTH4eCKOH CTaTUCTHKU pu
JoBepuTenbHON BeposiTHocTH 0,95.
3. Pe3yJIbTaTbl u oﬁcyxmemm
MerastorpadpuuecKumMu HCCIIEeIOBAHUAMU

YCTAQHOBJICHO, 4YTO a30THPOBaHHE W KapOOHUTpALH
¢dopmupyrot 1uddy3ronnsie cnou TonmuHoi 200300 MM
C TOHKHM BEPXHHMM CIIOEM XHMHYECKHX COCAMHCHHH H

MPOTSKEHHOM b y3noHHOM 0/I30HO,
obecrieunBaroLIeil IUIABHOE CHW)KEHHE TBEPAOCTH K
cepaueBuHe.  bopupoBaHue — co3ma€T  XapakTepHbIi

nByx(dasHplii  GOPUAHBIA CIIOW HroNBYaTOr0 CTPOCHHS
o0meil  ToMIMHON OKOoimo 70 MKM, COCTOSIIMH U3
MOBEPXHOCTHOHU 30HBI 6opraoB FeB (~35 MkMm) u moaciost
Fe:B (=30 wmkm). Ilepexomnas muddysnoHHas 30Ha
MPaKTHYECKH OTCYTCTBYET, BCIEACTBHE YEro TBEPIOCTb
PE3KO CHWXKAeTCst 10 3HAUSHUH TBEPJOCTH CEpJLICBHHBIL.
Paznuune K03pUIMEHTOB TEPMHUYECKOr0 paCIIMPEHUS
OOpHIOB M pPACTATMBAIOIINE OCTATOYHbIC HAINPSDKEHHS B
¢dasze FeB 00ycioBIMBaIOT MOBBIIICHHYIO XPYIKOCTh
GOPHUIHOTO CJIOSI M €r0 CKJIOHHOCTb K BBIKpaInBanuio [ 7, 8].
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MNoBepxHOCTHaa MUKPOTBEPAOCTL cTanen 45 n 30XICA
nocne pasnuyHbix eugoe XTO

| Ctank 45
B Cranb 30XICA

20000 4

15000 A

10000 A

5000

MosepxHOCTHaA MUKPOTBEPAOCTL, MMa

U E
AzoTwpoBaHue

KapboHuTpauma

22000

BopupoeaHue

Puc. 1. TloepxnocTHas MuKpoTBEPAOCTD cTanei 45 u 30XI'CA nocie pazanunbix Buaos XTO

Pesynbrars U3MEpeHHs MOBEPXHOCTHOM
MHKPOTBEPJIOCTH TpHBE/EHb! Ha pucyHke 1. bopupoanue
obecrieunBaeT HauWBBICIIYIO TBEPHOCTH — 10 20000 MIla
s cramu 45 m go 22000 MIla s cramm 30XT'CA.
A3soTHpoBaHHUe U KapOOHUTpALHS JAI0T YMEPEHHO BBICOKYIO
TBEprocTh: 5500 1 5000 MIla mis cranu 45 u 8900 u 8000
Mlla nns cramu 30XI'CA  coorBercTBeHHO. IIpupoct

TBEPIOCTH TPU TEpexoje OT YIVICPOMUCTOW CTalu K
JIETMPOBaHHOM cocTaBisier okoio 60 % u oObscCHAeTcs
00pa3oBaHMEM JUCHEPCHBIX CIELMATbHBIX HUTPUIOB U
KapOOHUTPHUJIOB XpPOMa, MapraHIia ¥ KpeMHHUs, 00J1aJat0IHX
Oomee  BBICOKOM  TBEPNOCTBIO U TEPMUYECKOM
CTaOWJIBHOCTBIO, UM COCIMHEHHMS JKene3a [5].

PacnpefneneHne MUKpPOTBEPAOCTU NO TONLWUHE
YMNpO4YHEHHOro cnos ctanum 30XICA

m— A30TUpPOBAHUE
- KapboHuTpauns

8000 A
1]
=
=
£ 6000 4
o
o
=}
o
B
IO- 4000 A
(=1
b4
s
=

2000 A

0 T T T T T
0 50 100 150 200 250 300

PaccTosiHwe oT NOBEPXHOCTW, MKM

Puc. 2. Pacnpenesienne MUKPOTBEPIOCTH 0 TOJIIIMHE YHPouHEéHHOTO cJiosi cramn 30XI'CA

Ipodunu  pacrpeneneHuss  MHUKPOTBEPIOCTH IO
TOJILIMHE ciost (pucyHok 2) TIOATBEPKIAIOT
NPUHIMIUATIBHOE DPA3IMYde METOJOB: A30THPOBAHWE U
kapOoHHUTpanus GOPMHUPYIOT IUIABHBIN MEepPeXo.] TBEPIOCTH
OT MOBEPXHOCTH K cep/ueBuHe Ha riayoune 200250 MM,
YTO 00ECIeYMBACT XOPOIIYI0 HECYIIYIO CIIOCOOHOCTD CIOS
U COMPOTHBJICHHE BBIKPAIIMBAHUIO, TOTNA KaK OOPHIHBIN
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cJI0i1 XapakTepu3yercs pe3koil rpanuneid. [loBepxHOCTHBIH
KapOOHHUTPUAHBIH CIIOHN MPEACTABIICH MPEUMYIIECTBEHHO &-
kapOonutpuznom  xkenesa  Fe»s(N,C), obGnamarommm
TIOBBIIIIEHHON KOPPO3MOHHOM CTOWKOCTBIO, YTO Ba)KHO B
YCIOBHSIX  KOPPO3HOHHO-3PO3HOHHOIO BO3/EiCTBUS
myJsIsI [9].
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OTHOCNTENbHAA U3HOCOCTOMKOCTb YNPO4YHEHHBIX CNOEB
npw ruapoabpasMeHOM W3HaLIWBaAHUN

OTHOCHTENBHAR M3HOCOCTONKOCTL

bes
YNPOYHEHHA

A30TH-
poeanne

KapboHuT- KapboHuT- Bopupo-
pauua pauma BaHue
(cTans 45) (30Xrca)

Puc. 3. OTHOCHTe/IbHASI H3HOCOCTOHKOCTD YIIPOUHEHHBIX CJIOEB MPU THAPOA0Pa3HBHOM M3HAIIUBAHUU

PesynbraTtel  ucnblTaHMH ~ Ha  ruApoaOpa3suBHOE
W3HaImVBaHue (PUCYHOK 3) TMOKa3ajH, YTO HanOOJBIIYIO
OTHOCHTEIIBHYI0 ~ W3HOCOCTOMKOCTb IIPU  KacaTelIbHOM

a0pa3uBHOM BO3/ICHCTBHM oOecrieunBaeT OOPHUIHBIA Cioi
(4,5). Opmmako it OOpUIHOTO  CIOST  MaKCHMYM
MHTCHCHBHOCTH M3HAIIMBAHUS CMEIIEH B 00JIACTD TIPSIMOTO
yaapa (=90°), rae Xpynkuil clioll BBIKpalIMBaeTCs, U €ro

npeumy1ecTBo HuBenupyercs [10]. KapGoHuTprpoBaHHbIe
cion, ocoberHo Ha nerupoBanHoi ctamn 30XT'CA (3,8),
00€ecIIeunBaroT BHICOKYIO U CTa0MIBHYIO0 H3HOCOCTOHKOCTh
BO BCEM JIMaNa30He YIJIOB aTaky 0e3 MPU3HAKOB XPYIKOIO
paspyIIeHus. O60061EHHEIE XapaKTEePHCTHKH
YIPOYHEHHBIX CIIOEB NTPUBECHBI B TabuIe 2.

Tabnnna 2
CpaBHuTeibHbIe XapakTepucTuku MeTo10B XTO ucciienyembIx craJeit
Temmneparypa, | Toammua cjiosi, | HV nos., MIla (45 /
Meton oC MEM 30XT'CA) XapakTepHCTHKA CJIOS

A30THpOBaHHE 500-520 200-300 5500 / 8900 BASKHH, TIABHBI MICPEXOML, JUTHTCITBHAIM
nporiecc
BSA3KUM, KOPPO3MOHHO-CTONKUIA; Majible

KapOonurpanus 570 ~200 5000 / 8000 nedopmarn; 00paboTKa BHYTPEHHUX
MOJIOCTEH

Bopuposanune 950 ~70 710 20000 / 10 22000 | SBEPXTBEPABIH, XPYIKHH, PasyTPOUHCHHC
CepJILIECBUHBI

Jlns ynpouHeHUs BHYTPEHHHMX [OBEPXHOCTEH JeTanei
CIIOXKHOM  (opMBI  peluaroliee  3HAUYCHHE  HUMEET
COBOKYITHOCTb TEXHOJIOTUYECKMX M 3KCILIyaTallMOHHBIX
cBoiicTB. HuskoremneparypHast KapOOHHTpaLys B paciuiaBe
colell YHMKalbHO COYETaeT JOCTaTOYHYIO TBEPIOCTH C
BA3KOCTBIO M IUIABHBIM IIEPEXOJOM K CepJlEBHHE,
MOBBIILIEHHYI0 ~ KOPPO3HOHHYIO  CTOMKOCTb,  MaJble
nedopmanuu (BCIeICTBHE HU3KON TeMIepaTypsbl mpoiecca
570 °C) ¥ NpUHUMIHAIBHYIO BO3MOXXHOCTh PaBHOMEPHOI
00paboTKH IITyXUX BHYTPEHHHX MOJIOCTEl paboyero Koieca
U ynuTKH. bopupoBaHHMe, HECMOTpS Ha MAaKCHMAJbHYIO
TBEpHOCTh, mpoTekaer mpu 950 °C, BbI3bIBaeT
pa3ylnpo4yHEeHHE CEepALEBUHBI U KOPOOJICHHE, a XPYIKHUi
CIIOW  BBIKpAlMBaeTcsi IOJ yJapaMd 4YacTHL, 4YTO
orpaHu4uBaeT obnacts ero npumenenws [7, 8, 10].

Ha ocHOBaHMM TIOJNy4YEHHBIX JaHHBIX B KauecTBe
OCHOBHOT'O METO/Ia YIIPOYHCHHS BHY TPEHHHUX OBEPXHOCTEN
TPYHTOBBIX HACOCOB OOOCHOBaHa KapOOHUTpauus, a
6OpHpOBaHHE PEKOMEHIOBAHO KaK JJOTIOJHUTEIbHBINA METO.
JUISL 30H KacaTeJIbHOTrO aOpa3svBHOIO W3HALIMBAHMS TPH
MaJbIx YZIapHBIX HarpysKax. Lenecoobpasen
i depeHnnpoBaHHbIi (30HATBHBIN) TOXO, IPH KOTOPOM
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B KaXIOH 30HE JETAIN PEAIU3YIOTCS CHJIbHBIE CTOPOHBI
cootBercrByomero Mmerona XTO. Oxunaemoe yBenuueHue
pecypca aerayied Npu KapOOHUTPALMU COCTAaBISAET OKOJIO
2,4 pa3a, a mpy KapOOHUTPALIMHK C OJJHOBPEMEHHOM 3aKaJIKON
CeplIeBUHBl — JI0 3,6 pa3a, 4TO COIOCTaBUMO C YPOBHEM
BBICOKOXPOMHCTOI'O 4yryHa IIpY CYLIECTBEHHO MEHbIUEH
CTOMMOCTH M OOJbIIEH TEXHOJIOIMYHOCTH. TEXHHKO-
SKOHOMHUYECKasi OLEHKA II0KA3bIBACT, YTO KalUTalbHbIC
3aTpaThl HA OPraHU3aLMIO YYaCTKa YIIPOYHEHUs OKYIAKTCS
MEHee YeM 32 OJIMH I'0Jl SKCIUTyaTaluH.

4. 3akaoueHue

— OCHOBHOHI TNPUYMHON BBIXOJA U3 CTPOs AeTaieit
MPOTOYHOW YacTH TPYHTOBBIX HAcOCOB (HIOTALMOHHOTO
nepenena SIBIICTCA IHAPOaOpa3sUBHO-3PO3HOHHOE
W3HAIIMBAaHUE BHYTPEHHUX IIOBEPXHOCTEH, YTO ONpeensieT
HEOOXOMMOCTbD MX TIOBEPXHOCTHOTO YIPOUHEHHUS.

— bBopupoBanue  obecreuuBaeT — MaKCHMAIbHYIO
TIOBEPXHOCTHYI0 MHUKpPOTBEpHOCTH (mo 22000 MIla), HO
(dopmupyer ToHKHH (~70 MKM) XpyNKUA 1BYX(pa3HbIH cinoi
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6e3 Mepexo/HOM 30HBI, CKJIOHHBIH K BBIKPALIMBAHHIO TIPU
yIapHOM BO3JICHCTBUH u COIPOBOKIAFOLIHIACS
pa3ynpoYHEHHEM CEPALICBHUHBI.

— Huskoremneparypsast kapOoHuTpanus hopMupyer
cioii TomuHo# ~200 MM ¢ MukpotBEépaocThio 5000-8000
MIlIa, couetaromuii TBEPIOCTH € BA3KOCTbIO, KOPPO3ZHOHHOM
CTOMKOCTBIO U TIJIABHBIM IIEPEXOJIOM K cepliiieBUHE; ekt
ynpouneHust nerupoBanHoi cramm 30XI'CA npumepHO Ha
60 % BbIIIIE, YeM YTIICPOAUCTOMN cTau 45.

— B kauecTBE OCHOBHOTO METOJa YIPOYHCHUS
BHYTPEHHHX IOBEPXHOCTEHl [eTaneil rpyHTOBBIX HACOCOB
00ocHOBaHa KapOOHHTpanys, obecrieunBaroas
paBHOMEpHYI0O 00pabOTKy BHYTPEHHHX IIOJIOCTEH IIpH
MUHHMAaJIBHBIX nedopmarisx; OGopupoBaHHe
PEKOMEH/IOBAHO KaK JIONOJHUTENbHBI METOA Ui 30H
KacaTeIbHOro abpa3uBHOTO N3HAIIHBAHHSL.

— IIpumenenue KapOOHUTpAIHN TIO3BOJIIET
YBEIMYUTh pecypc Aetaied B 2,4-3,6 pasa Ipu cpoke
OKYIIaeéMOCTH  3aTpaT MeEHee OJHOrO Toja, YTO

moaTBepxkaacT 3(pPEeKTUBHOCTE MpeIaracMoro penicHust
qutst yenoBuit AO « Amvasikekuii TMK».
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