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BECTHUK BHUWDKT

Llenb xypHana — nybnvkauus pesynsTaToB NepefoBblX Hay4YHbIX UCCefOBaHUM B 06acTU COBepLIEHCTBOBAHMS
TpaHCNOPTHbIX, UHHOPMALNOHHBIX TEXHONIOMUIM N TEXHUYECKUX CPEeACTB XeNIe3HOLOPOXKHOro TpaHcnopTa. XXypHan agpe-
COBaH UccnefoBaTensim, aHanMTUKaM 1 MPaKTUKaM Xefe3HOA0POXHON U MaLLMHOCTPOUTENbHOM OTpacien, a TakxKe LWu-
pPOKOMY Kpyry UntaTenier, MHTEPeCyIoLLMXCS MpobieMaMm pasBUTUS XKeJTe3HOLOPOXKHOIO TpaHcrnopTa.

HayuHbI peueH3npyeMbIn XXypHan «BecTHMK Hay4HO-1ccne[oBaTeNbCKOro MHCTUTYTA XXeNe3HOA0POXHOMO TpaHCnop-
Ta» NybSIMKYeT opuUrnMHanbHble Hay4YHble CTaTbU, paHee He NybnnMKoBaBLIMEeCs B APYrUX U3LAHUSAX.

XXypHan npepocTtaBnsieT OTKPbITbIM JOCTYN K MOAHbIM TEKCTaM NyOGAMKaLUM, UCXoaa U3 cnepytollero NpuHUMNa: oT-
KPbITbIV JOCTYM K pe3yfibTaTam UCCiefoBaHu CnocobCTByeT yBeNMYeHNio rnobasbHoro obMeHa sHaHUAMMU.

«BecTHMK Hay4HO-1cCcneqoBaTeNnbCKOro MHCTUTYTA XKeNe3HOA0POXHOro TpaHcnopTa» BXxoguT B lNepeyeHb peLeH3u-
pyeMbIX Hay4YHbIX U34aHWUN, B KOTOPbIX JOJKHbI ObITb ONYyGIMKOBAHbI OCHOBHbIE HAaY4Hble pe3ysbTaTbl ANCCepTaLMiA Ha Co-
WNCKaHWe yYeHOU CTeneHn KaHamaaTa HayK, Ha COMCKaHMe y4eHOWN CTeNeHM JOKTOpa HayK Mo Hay4YHbIM CreunanbHoOCTIM
M COOTBETCTBYIOLWMM MM OTPACISIM HayKW:

2.5.2. MawwnHoBepeHMe (TeEXHNUYeCKMe HayKm)

2.5.3. TpeHue 1 U3HOC B MaLlUMHaX (TEXHUYECKNE HayKK)

2.6.1. MeTannoBefeHve 1 TepMmuyeckas oo6paboTka MeTanoB M CriaBoB (TeXHUYeCKMe HayKK)

2.6.17. MaTepuanoBefeHune (TexHUYeCKME HayKn)

2.9.2. )Kene3HofopOXXHbIN MyTb, U3bICKaHME U NPOEKTUPOBAHME XKeNE3HbIX AOPOT (TEXHMYECKME HayKN)

2.9.3. MoABUXXHOM COCTaB XeNe3HbIX 4OPOT, TAra NoesfoB 1 AneKTpuduKaums (TexHMYeckme HayKm)

2.9.4. YnpaBneHue npoueccamu nepeBo3okK (TEXHNYeCKne HayKK)
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POCCWICKUI MHAEKC
HAYYHOTO LIMTUPOBAHMA

Poccuickom nHaekce HayuyHoro untuposaHus (PUHLL) Setence Indes

MexayHapoaHo cnpaBodHo-6ubnmorpaduyeckon cucteme EBSCO N[ 6(0)

00
Kutarickon nnatpopme HayKoOMeTpuyeckux JaHHbix Baidu Bai.éb.ﬁﬁ

KuTarickon nnatpopme HayKOMeTpUYECKMX AaHHbIX ENKI';WE}Q;%
. . schelar
China National Knowledge Infrastructure WORLD OF CNKI CNKI OF WORLD

MexayHapogHon pedepatmeHon 6a3e Ulrichsweb Global Serials Directory g&ﬁ!gﬂ%&%%

MesxayHapopaHon 6ase oTKpbIThIX Nybnukaumii Google Akagemus GO gle

Scholar

The
- European
© Library

Connecting knowledge

Me>xxpyHapoaHom 3neKTpoHHO-6ubnmnoteyHom cucteme The European Library

DNeKTPOHHOM KaTanore Hay4Ho-TexHu4eckon nutepaTtypsl BAHUTU PAH

MexayHapoa+oi 6ase Dimensions {3 Dimensions

[rpeKTopunm >XypHanoB oTKpbiToro goctyna (DOAJ) [S)géﬂ
AreHTcTBe pernctpaumm unoposbix ngeHTudmnkatopos (CrossRef) -
Crossref

MaTepwuansl XxypHana AoCcTynHbl no nuueH3nn Creative Commons Attribution 4.0 License

(o ®)

MpaBo Ha opurnHan-makeT 1 opopMIeHVEe NPUHALNEXUT YUpeaUTENIO XypHaa, aBTopckoe NpaBo Ha cTaTby — aBTopam




RUSSIAN RAILWAY SCIENCE JOURNAL

The aim is to publish the results of research insights in the field of improving transport and information technologies
and technical means of railway transport. The journal is addressed to researchers, analysts and practitioners of the railway
and engineering industries, as well as to a wide range of readers interested in the problems of railway transport deve-
lopment.

The scientific peer-reviewed Russian Railway Science Journal publishes original scientific articles, which have not been
previously published.

The journal provides direct open access to full text issues — open access to research results contributes to the increase
of global knowledge sharing.

The Russian Railway Science Journal is included in the List of peer-reviewed scientific journals published by the Attes-
tation Commission in which major research results from dissertations of Candidate of Science and Doctor of Science degrees
are to be published. Scientific specialties and corresponding branches of science are:

2.5.2. Machine science (technical sciences)

2.5.3. Friction and wear in machines (technical sciences)

2.6.1. Metal science and heat treatment of metals and alloys (technical sciences)

2.6.17. Materials science (technical sciences)

2.9.2. Railway track, survey and design of railways (technical sciences)

2.9.3. Railway rolling stock, train traction and electrification (technical sciences)

2.9.4. Transportation process management (technical sciences)

THE JOURNAL IS INDEXED AND ARCHIVED IN:

POCCWICKUI MHAEKC
HAYYHOTO LIMTUPOBAHMA

Russian Science Citation Index Scicnice Index

EBSCO Information Services | ) :{®{0)

(]
Baidu Bai.éb.'EE

China National Knowledge Infrastructure FR{ESH
ey CINKIERGE

Ulrichsweb Global Serials Directory ULRICHSWEB™

GLOBAL SERIALS DIRECTORY

Google Scholar GO gle

Scholar

. The
— European
\ Library

Connecting knowledge

The European Library

Russian Institute for Scientific and Technical Information
(VINITI RAS)

Dimensions {3 Dimensions

; DOAJ
Directory of Open Access Journals (DOAJ) seaL
Digital Object Identifier Registration Agency (CrossRef) -
Crossref

Journal materials are available under the Creative Commons Attribution 4.0 License

(©HOM

The right to the original layout and design belongs to the founder of the journal, the right of authorship to the articles belongs to the authors




FnaBHbIN pepakTop

Kocapes AnexkcaHap BopucoBmY, [-p TeXH. HayK,

npog., Hay4HbI PyKOBOAUTENb MHCTUTYTa — Y4eHbIN ceKpeTapb,
AO «BHUWMXKT», MockBa, Poccuiickas ®epepaums,

Author ID: 352781, https://orcid.org/0000-0001-9684-036X

3amecTuTenb rNaBHOro pegaKkTtopa

KapaceB Muxann HukonaeBu4, KaHfj. lOpuA. Hayk,
AVpeKTop Hay4yHo-obpa3oBaTenbHoOro ueHTpa, AO « BHUMXKT»,
Mockga, Poccuinickas ®epepaumsi, Author ID: 337912,
https://orcid.org/0009-0008-5190-409X

PEAAKLUVNOHHASA KOJUIErng

AGpypaxmaHoB Ogun KanaHaapoBwMH, [-p 3KOH. Hayk,
npod., pektop, TalKeHTCKN FroCyAapCTBEHHbIN TPaHCMOPTHbIN
yHuBepcuTeT, TalkeHT, Y36ekunctaH, Author ID: 813993,
https://orcid.org/0009-0008-8033-4153

BeccoHeHKo Ceprei AHaTONbEBUY, [i-p TEXH. HayK,
poueHT, CIYNC, HoBocnbupck, Poccunckas ®epepaums,
Author ID: 719058, https://orcid.org/0000-0001-5782-1596
BepeckyH Bnapumup AAMutpueBundy, A-p TeXH. HayK, Npog.,
pekTop, PTYMNC, PoctoB-Ha-[oHy, Poccuiickas Pepepaums,
Author ID: 513710, https://orcid.org/0000-0002-9547-8167
rmio36epr Bopuc SAHUXOBUY, [i-p TEXH. HayK, Npod.,

AO «BHUWXXT», Mocksa, Poccuinckas ®esepauus,

Author ID: 298472, https://orcid.org/0000-0003-2430-7894
lNynamoe AGayna3sus AGaynnaeBu, 4-p 3KOH. HayK,
npodo., npopekTop no y4ebHon paboTe, TalKEHTCKUI
rocyfapCTBEHHbIN TPAHCMOPTHBIV YHUBEPCUTET, TallKeHT,
Y36ekucraH, Author ID: 583321,
https://orcid.org/0000-0002-4702-7468

AyHaeB Oner Hnkonaesuny, J-p 3KOH. HayK, Npod.,
MIMMO, Mockga, Poccuiickas ®epepaums,

Author ID: 315899, https://orcid.org/0000-0002-0593-1029
EpodeeB Muxaun HukonaeBuy, J-p TexH. Hayk,

npoo., UMALL PAH, Mockga, Poccuinckas ®epepauus,
Author ID: 836604, https://orcid.org/0000-0002-1048-3574
3axapos Cepren Muxannosuy, J-p TeXH. Hayk,

npoo., AO «BHUMXXT», Mockea, Poccuinckas ®enepauus,
Author ID: 731500, https://orcid.org/0000-0003-0077-8376
Kyapsasues Cepreii AHaTONbEBUY, YN1€H-KOPPECNOHAEHT
PAACH, p-p TexH. Hayk, npod., ABIYIC, Xabaposck,
Poccuiickas ®epepaums, Author ID: 614674,
https://orcid.org/0000-0001-9438-5033

Kymmep CebGacTbsiH, A-p 3KOHOMUKM, Npoo.,

BeHcKMI 3KOHOMUYeCKUI yHuBepcuTeT, IHCTUTYT TpaHcnopTa
M NIOrUCTUKK, BeHa, ABcTpus,
https://orcid.org/0000-0002-4840-5256

Kyuymoe Bnagucnas AnekceeBud, [i-p TeXH. HayK,
npodo., AO «BHUWXXT», Mockea, Poccuickas ®Penepauus,
Author ID: 700131, https://orcid.org/0000-0003-4025-4155

JIn CioB3m], A-p Hayk, Npod., MeKNHCKNIN TPaHCMOPTHbIN
yHusepcuTeT, NexknH, KHP

MupowHunuyeHko Onbra ®epopoBHA, A-p 3KOH. HayK, Npod.,
AO «BHUWXXT», Mocksa, Poccuinckas ®esepauus,

Author ID: 384947, https://orcid.org/0000-0002-3049-5476
HaymeHko Cepren HukonaeBmy, A-p TeXH. HayK,

SkcnepT AO «BHUUMXKT», MockBa, Poccunckas @epepavms,
Author ID: 722006, https://orcid.org/0000-0002-6097-9375
OB4apeHko Ceprer MuxamnnoBuy, J-p TexH. Hayk,

noueHT, pektop, OMIYNMC, Omck, Poccuinckas @epepauus,

Author ID: 211825, https://orcid.org/0000-0002-2985-3934
CaBuH AnekcaHap BnagnmuvpoBud, [-p TexH. HayK, AOLEHT,
nepBbI 3amMecTUTeNb ANpeKTopa Hay4yHoro LeHTpa AO «BHUMXT»,
Mockga, Poccunckas @epepaumsi, Author ID: 426312,
https://orcid.org/0000-0002-5561-5454

CupwuHa HnHa ®PpuapuxoBHa, A-p TeXH. Hayk,

noueHT, YprYNC, EkaTepuHbypr, Poccuiickas depepaums,

Author ID: 436265, https://orcid.org/0000-0001-9691-5181
dépopos Cepren BacunbeBunY, A-p TeXH. HayK, Npood.,

KITY, KanuHuHrpag, Poccuiickas ®epepaums,

Author ID: 617155, https://orcid.org/0000-0003-3104-9862
®dokc-PabuHoBUY lepmaH CUMOHOBMY, [i-p TEXH. HayK,
YHuBepcuteT Makmactepa, lamunstoH, KaHaga,
https://orcid.org/0000-0002-0258-587X

Waymapos Canp CaHaToBUY, J-p TEXH. HayK, Npod., MpopeKTop
no Hay4yHow paboTe 1 MHHOBaUMAM, TalKEHTCKUM FOCYAapCTBEHHbIV
TPaHCNOPTHbIN YHUBEPCUTET, TallKeHT, Y36eKkuncTaH,

Author ID: 914211, https://orcid.org/0000-0001-8935-7513
linmaHoBckun AnekcaHap OneroBmy, J-p TeXH. Hayk,

npodo., benopycckunii rocygapcTBeHHbIN YHUBEPCUTET TPAHCMNOPTa,
lfomensb, Benapycb, Author ID: 481473,
https://orcid.org/0000-0001-8550-1725

LWyp EBreHuin ABeneBud, J-p TexH. Hayk, npod., AO « BHUMXKT»,
Mockga, Poccunckas ®epepaumsi, Author ID: 764128,
https://orcid.org/0000-0003-4248-195X

3cBenba KoHpaa, A-p TexH. Hayk, Npod. )xene3HoA0pOXKHOM
NHXXeHepuu, [lenpTckunii TeXHONOrnyecknii ynusepcuteT, flendr,
HupepnaHnapl

PEAAKLUVNOHHbIA COBET

BuHorpapos Cepreii AnekcaHgpoBUY, NpefceaaTens,
KaHA. TEXH. HayK, reHepanbHbiv gupekTop AO «BHUKT»,
MockBa, Poccninckas depepaums

lopsyeBa UpuHa lNeoprueBHa, a-p dus.-maT. HayK, npod.,
akapgemuk PAH, MMex PAH, MockBa, Poccuninckas depepauns
AbiHbKUH Bopuc EBreHbeBUY, A-p TexH. Hayk, Npod.,
noyeTHbIV Npe3npeHT MATY ATP, PIYMNC, PoctoB-Ha-[loHy,
Poccunckas ®epepauns

KonecHukoB Bnagumup BaHOBUY, 4-p TEXH. HayK,
npod., akagemuk PAH, PIYTC, PoctoB-Ha-[loHy,

Poccunckas ®epepauns

JNanupyc Bopuc MouceeBunY, 4-p 3KOH. HayK, Npod.,
npepcepatens ObbeanHeHHoro yyeHoro coeta OAO «PX[»,
MockBa, Poccninckas depepaums

MaxyToB Hukonam AHapeeBUY, J-p TeXH. HayK, npod.,
uneH-koppecnoHgeHT PAH, UMALL PAH, MockBa,

Poccunckas ®epepauns

MauepeTt AMuTpu AneKcaHApPOBUY, [i-p 3KOH. HayK, Npod.,
AO «BHUWMXKT», MockBa, Poccuiickas ®epepaums
MyruHwTenH JleB AneKcaHapoOBUY, A-p TeXH. HayK, Npod.,
AO «BHUWMXKT», MockBa, Poccuiickas ®epepaums

HasapoB Oner Hukonaesuy, kaHg. TexH. Hayk, OAO «PXX[»,
MockBa, Poccninckas depepaums

Po3eH6epr E¢pym HaymoBuy, 4-p TexH. HayK, npod.,
nepBbIN 3amMecTUTeNb reHepanbHoro aupektopa AO « HUMAC»,
MockBa, Poccuinckas depepaums

CmonbAHNHOB AnekcaHap BacunbeBuy, a-p TexH. Hayk,
npodo., Ypl'YNcC, EkatepuHOypr, Poccunickas depepaums

PEOAKLUNA

AHoxoB Uropb BacunbeBuY, HauyanbHVK Hay4YHO-M3AaTENbCKOro OTAENa,
CupoTeHKo Nropb BacunbeBuY, HayuHbli pefakTop,
PepuHa AHHa DayapAoBHa, pPeAaKTop-KoppekTop,
BapawkoB Bnapucnas BnagumnpoBuY, pykoBoaUTeNb rpynnbl Au3aliHa

nOCTyI‘II/IBLLIMe B pefakuuio matepmualbl He BO3BpalLlaroTCa. rOHOpapr He BbINnnayunBaloTcs. Bce ctatbun I'|y6J1I/IKyIOTC9| becnnatHo.

MoanucaHo k neyatn 07.03.2025. Popmat bymarm 60x90 1/8. OdpceTHas neyatb. Y. ney. n. 8,88. Tupax 200 3k3. 3aka3 90425. LieHa cBobopHas



Editor-in-Chief

Alexander B. Kosarev, Dr. Sci. (Eng.), Professor,

Scientific Advicer — Scientific Secretary of the Railway Research
Institute, Moscow,Russian Federation, Author ID: 352781,
https://orcid.org/0000-0001-9684-036X

Deputy Editor-in-Chief

Mikhail N. Karasev, Cand. Sci. (Jur.), Director of the Science
and Education Center, Railway Research Institute, Moscow,
Russian Federation, Author ID: 337912,
https://orcid.org/0009-0008-5190-409X

EDITORIAL BOARD

0dil K. Abdurakhmanov, Dr. Sci. (Econ.), Professor, Rector

of the Tashkent State Transport University, Tashkent, Uzbekistan,
Author ID: 813993, https://orcid.org/0009-0008-8033-4153
Sergey A. Bessonenko, Dr. Sci. (Eng.), Associate Professor,
Siberian Transport University, Novosibirsk, Russian Federation,
Author ID: 719058, https://orcid.org/0000-0001-5782-1596
Vladimir D. Vereskun, Dr. Sci. (Eng.), Professor, Rector of the Rostov
State Transport University, Rostov-on-Don, Russian Federation,
Author ID: 513710, https://orcid.org/0000-0002-9547-8167

Boris E. Glyzberg, Dr. Sci. (Econ.), Professor, Railway Research
Institute, Moscow, Russian Federation, Author ID: 298472,
https://orcid.org/0000-0003-2430-7894

Abdulaziz A. Gulamov, Dr. Sci. (Econ.), Professor, Vice Rector
for Academic Affairs, Tashkent State Transport University,
Tashkent, Uzbekistan, Author ID: 583321,
https://orcid.org/0000-0002-4702-7468

Oleg N. Dunaev, Dr. Sci. (Econ.), Professor, Moscow State Institute
of International Relations, Moscow, Russian Federation,

Author ID: 315899, https://orcid.org/0000-0002-0593-1029
Mikhail N. Erofeev, Dr. Sci. (Eng.), Professor, Mechanical
Engineering Research Institute of the Russian Academy

of Sciences, Moscow, Russian Federation, Author ID: 836604,
https://orcid.org/0000-0002-1048-3574

Sergey M. Zakharov, Dr. Sci. (Eng.), Professor,

Railway Research Institute, Moscow, Russian Federation,

Author ID: 731500, https://orcid.org/0000-0003-0077-8376
Sergey A. Kudryavtsev, Corresponding member of the Russian
Academy of Architecture and Construction Sciences, Dr. Sci. (Eng.),
Professor, Far Eastern State Transport University, Khabarovsk,
Russian Federation, Author ID: 614674,
https://orcid.org/0000-0001-9438-5033

Sebastian Kummer, Dr. Sci. (Econ.), Professor,

Vienna University of Economics and Business, Vienna, Austria,
https://orcid.org/0000-0002-4840-5256

Vladislav V. Kuchumov, Dr. Sci. (Eng.), Professor,

Railway Research Institute, Moscow, Russian Federation,

Author ID: 700131, https://orcid.org/0000-0003-4025-4155

Li Xuewei, Dr. Sci., Professor, Vice-President of the Engineering
Union of China Transport System, Beijing Jiaotong University, China
Olga F. Miroshnichenko, Dr. Sci. (Econ.), Professor,

Railway Research Institute, Moscow, Russian Federation,

Author ID: 384947, https://orcid.org/0000-0002-3049-5476
Sergey N. Naumenko, Dr. Sci. (Eng.), Expert,

Railway Research Institute, Moscow, Russian Federation,

Author ID: 722006, https://orcid.org/0000-0002-6097-9375
Sergey M. Ovcharenko, Dr. Sci. (Eng.), Associate Professor, Rector
of the Omsk State Transport University, Omsk, Russian Federation,
Author ID: 211825, https://orcid.org/0000-0002-2985-3934
Alexander V. Savin, Dr. Sci. (Eng.), Associate Professor,

First Deputy Director of the Scientific Centre, Railway Research
Institute, Moscow, Russian Federation, Author ID: 426312,
https://orcid.org/0000-0002-5561-5454

Nina F. Sirina, Dr. Sci. (Eng.), Associate Professor,

Ural State University of Railway Transport, Ekaterinburg,

Russian Federation, Author ID: 436265,
https://orcid.org/0000-0001-9691-5181

Sergey V. Fedorov, Dr. Sci. (Eng.), Professor, Kaliningrad State
Technical University, Kaliningrad, Russian Federation,

Author ID: 617155, https://orcid.org/0000-0003-3104-9862
German S. Fox-Rabinovich, Dr. Sci. (Eng.), Chief Researcher

of McMaster Engineering University, Hamilton, Ontario, Canada,
https://orcid.org/0000-0002-0258-587X

Said S. Shaumarov, Dr. Sci. (Eng.), Professor, Vice Rector for Research
and Innovation, Tashkent State Transport University, Uzbekistan,
Tashkent, Author ID: 914211, https://orcid.org/0000-0001-8935-7513
Alexandr O. Shimanovsky, Dr. Sci. (Eng.), Professor,

Belarusian State University of Transport, Gomel, Belarus,

Author ID: 481473, https://orcid.org/0000-0001-8550-1725
Evgeniy A. Schur, Dr. Sci. (Eng.), Professor, Railway Research
Institute, Moscow, Russian Federation, Author ID: 764128,
https://orcid.org/0000-0003-4248-195X

Coenraad Esveld, Dr. Sci. (Eng.), Professor, Delft Technical
University, General Director of the “Esveld Consulting Services”,
Delft, Netherlands

EDITORIAL COUNCIL

Sergey A. Vinogradov, Chairman, Cand. Sci. (Eng.), General Director
of the Railway Research Institute, Moscow, Russian Federation
Irina G. Goryacheva, Dr. Sci. (Phys. and Math.), Professor,
Academician of the RAS, Institute for Problems in Mechanics

of the Russian Academy of Science, Moscow, Russian Federation
Boris E. Dynkin, Dr. Sci. (Eng.), Professor, Honored President

of the IATU APC, Rostov State Transport University, Rostov-on-Don,
Russian Federation

Vladimir 1. Kolesnikov, Dr. Sci. (Eng.), Professor, Academician

of the Russian Academy of Sciences, Rostov State Transport
University, Rostov-on-Don, Russian Federation

Boris M. Lapidus, Dr. Sci. (Econ.), Professor,

Chairman of the Joint Scientific Council of the Russian Railways
Company, Moscow, Russian Federation

Nikolay A. Makhutov, Dr. Sci. (Eng.),

Professor, Corresponding Member

of the Russian Academy of Sciences, Moscow,

Russian Federation

Dmitriy A. Macheret, Dr. Sci. (Econ.), Professor,

Railway Research Institute, Moscow, Russian Federation

Lev A. Muginshtein, Dr. Sci. (Eng.), Professor, Railway Research
Institute, Moscow, Russian Federation

Oleg N. Nazarov, Cand. Sci. (Eng.), Deputy Head

of the Technical Policy Department, Russian Railways Company,
Moscow, Russian Federation

Efim N. Rosenberg, Dr. Sci. (Eng.), Professor, First Deputy
General Director of the Research and Design Institute

for Information Technology, Signalling and Telecommunications
in Railway Transportation, Moscow, Russian Federation
Alexander V. Smolyaninov, Dr. Sci. (Eng.), Professor

of the Wagon Department, Ural State University of Railway
Transport, Ekaterinburg, Russian Federation

EDITORIAL STAFF

Igor V. Anokhov, Head of the Scientific Publishing Department,
Igor V. Sirotenko, Scientific Editor,
Anna E. Redina, Editor-proofreader,
Vladislav V. Barashkov, Head of the Design Group

Received materials are not returned. Fees are not paid. All articles are published free of charge.

Signed to print on 07.03.2025. Format is 60x90 1/8. Offset printing. 8.88 printed sheets. 200 copies. Order No. 90425. Free price



BectHuk BHUWMXKT. 2025. T. 84, Ne 1

COAEP)XAHMUE

TEXHWYECKUE CPEACTBA XEJIESBHO4OPOXXHOIO TPAHCIOPTA

AHanus Hanps)XeHHo-Ae(POoPMNPOBAHHOIO COCTOAHUA YAEPXKMBAIOLLEro YCTPOMCTBa
Ana ¢uKcauum apo4HOro AJIMHHOMEPHOIO rpy3a Ha YXene3HoAopoXXHoW nnatgopme
CL A T1ETPAUKOB, IV T TEIEIELL ..ottt e e e e e e e e e e e e e e sne e e e e e e e nn e e e e e eannnneeeeeaennnneeeeean 9-20

PaspaboTKa yCTpOMNCTBa yrpaBsieHUs NOTOKOM BO3AyXa A NPON3BOACTBEHHbIX
n coumanbHbiX 3aaHnn OAO «PXX»
C.H. HayMEHKO, T1. O. IMYCEPCKMIM ...eeeeeitieeeieeeeeieesieeeeeteeesseeeaseeeeanseeeanseeesneeesanseeesnseeeaasseesanseessnneeesanseesns 21-28

MpoekTpoBaHUE reoMeTpun CTPENoYHbIX KPUBbIX
G o 71T = P 29-41

KOHCTpYKLMM KOHTPPpEenbCcOBbIX Y3J/10B € yBeNIUMEHHbIM peCcypcom ANs NepCcrneKTUBHbIX
CTperioYyHbIX NepeBofoB
Y = ST 01T Yo=Y PP 42-50

OnpepeneHue Hanps)XXeHHOo-AedhOopMUPOBaHHOIO COCTOSHUA YNPYron KJieMmMbl
penbcoBoro ckpernneHus W30
B.C. Koccos, O.I. KpacHos, M. B. Tumakos, A.J1. Mpotononos, C.B. YyHUH, M. A. JINTBUHOB .......ccccceuuneeen. 51-59

O nogxopax K 060CHOBaHMUIO Lief1Ieco0Bpa3zHOCTU U3SMEeHEHNSl FeOMeTPUM Tpacchbl
CO C/IOXXHbIM MJIAHOM XeNe3HOAO0POXXHbIX INHUN
M. WN. Mexepos, B. A. AHTOHeL, B. A. YCTUHOB, B.T. @EAYIMMH......eeiiiiiiiiiee et 60-71



Russian Railway Science Journal. 2025;84(1)

000000000000 0000000000000000000000000000000000000000000000000000000000000000000000

CONTENTS

TECHNICAL MEANS OF RAILWAY TRANSPORT

Stress-strain state analysis of a fastening device for an arched long good on a flatcar
Siarhei A. Petrachkou, Maryna G. GEGEAESN .........coiuiiiiiei et b e e e nnee e 9-20

Development of air flow control device for industrial and social buildings
of JSC Russian Railways
Sergey N. Naumenko, ProKopiy O. IMIUSEISKIY........ciiuieiueiiieiiieesieeeeseeesteesteesseeseeesseeesseesseeeneessesenseesseeensens 21-28

Design of switch curves geometry
D TCY YL =12 o o YOS 29-41

Counterrail design with increased service life for advanced turnout switches
MIKN@IT E. BEIEZOVSKIT ....euteeeete ettt ettt sttt b et b et ae e b e e e e eae e e saeereesae e see et e s beenbenaeenbeennenes 42-50

Determining the stress-strain state of the elastic clip of rail fastening W30
Valery S. Kossov, Oleg G. Krasnov, Maksim V. Timakov, Andrey L. Protopopov, Sergey V. Chunin,
Y TS L o 1 AN Y g To Y PRSP PRR 51-59

Approaches to substantiating the expediency of changing routing geometry
with a complex plan of railway lines
Mikhail I. Mekhedov, Vladimir A. Antonets, Vladimir A. Ustinov, Vyacheslav G. Fedulin ...........ccccceceenenne 60-71



TEXHUYECKUWE CPEACTBA
XXENNESHOOOPOXHOTO
TPAHCIIOPTA

TECHNICAL MEANS OF RAILWAY TRANSPORT <




Russian Railway Science Journal. 2025;84(1):9-20

[@)5v 40|

TEXHUWYECKUE CPEACTBA XEJIESBHOOPOXXHOIO TPAHCIOPTA

OpurnHanbHas cTaTbs
YOK 629.463.3:004.94
EDN: https:/elibrary.ru/kfuact

Hay4Has cneumanbHocTb: 2.9.3. MoABMKHOM COCTaB XeNle3HbIX JOPOr, TAra Noe3fos U 3neKkTpudmrkaums E

AHanus Hanps)XeHHOo-Ae(dopMNPOBAHHOIO COCTOAHUSA
YAEpXUBaKoLero ycTpomcrea ana pykcaumm apovyHoro
ANVNHHOMEPHOIO rpy3a Ha )Xene3HoaopoXxHon nnardopme

C.A. NeTtpaukos', M.T. lerepew? <

'Benopycckuii rocynapcTBeHHBIN yHUBEPCUTET TPaHCMOpTa,

lfomensb, Pecnybnuka benapycb

2[OMenbCKMiA FOCYAaPCTBEHHbIN TeXHUYECKMIn yHBepcuTeT uM. M. 0. Cyxoro,
lfomenb, Pecnybnuka benapycb

AHHOTALMUA

BBegeHue. Heob6XoaMMoCTb COBepLIEHCTBOBaHUA CNOCOBOB pasMeLLeHMs U KPenneHus rpy30B Ha NoABMXXHOM COCTaBe
00ycNioBNeHa NOCTOSIHHBIM paclUMpeHNeM acCopTUMEHTa MepeBO3UMbIX IPy30B, YBENMYEHNEM MaKCUMManbHbIX CKOPO-
CTel ABUXEHMWS FPY30BbIX NMOE3[0B, a TaKXXe pa3paboTKoM 1 BHEAPEHMEM B MepeBO304HbIN MPOLECC HOBbIX KOHCTPYKLMIA
rpy30BbiX BaroHoB. MpeanaraioTcs HOBble KOHCTPYKLMK YCTPOWCTB AJS KPENeHWs rpy30B, B TOM Y1Cie ANMHHOMEPHbIX.
Mpwv 3TOM NpUHATbIE B MPaKTUKe NepeBO30K METOAbI pacyeTa CXem Morpysku U KpenneHus rpy3oB He No3BONAIOT cAenaThb
BbIBOJ, O HAAEXKHOCTWN TaKNX HECTaHAAPTHbIX YCTPOMCTB U UX YAEPXKUBAIOLLMX CBOWCTB.

MaTtepuanbl U MeToAbl. BbiNonHeHO MccefoBaHMe Hanpsi)XeHHO-AepOPMUPOBAHHOIO COCTOSIHUS, pa3paboTaHHOro
aBTOpaMu yAep>KMBAIOLLErO YCTPONCTBA AN PUKCALMM apOYHOTro ANMHHOMEPHOTO rpy3a Ha XXene3HOAOPOXHOM Moj-
BMXXHOM cocTaBe. Harpysku, AencTBytoLLMe Ha YCTPOWCTBO B NPOAOIBHOM U MONepeyHoM HanpaBleHuUsiX, ornpeaeneHbl
aHanUTU4ecKMM crnocobom.

Pe3ynbraTtbl. Mony4yeHbl 3Ha4eHUS HOPMalbHbIX, 3KBMBaNeHTHbIX (Mo Musecy) HanpsxxeHul n gedbopmaumin paspabo-
TaHHOW KOHCTPYKLMK NPU caMbIX HEBNAronpusTHLIX YCIIOBUSX €€ HarpyXXeHus.

OGcy)xpeHUe U 3aKnioHeHue. Pe3ynbsTaTbhl MONYYeHHbIX Ha OCHOBE KOHEYHO-3N1IEMEHTHOrO aHanM3a pacyeToB Mo3Bo-
nnnn BeipaboTaTh peKoMeHAaLMM Mo NPUMeHeHUIo NpegnaraemMol KOHCTPYKLUUN Ans dUKcaLmMm paccMaTpuBaeMoro AnnH-
HOMEepPHOro rpy3a OT ONPOKMABIBAHUS U NOCTYNaTeNlbHbIX MepeMeLLeHNI B NPOAOTBHOM U NOMepeyHOM HanpaBneHusx.

KJTIOYEBbIE CJIOBA: xene3HofaopoxHas nnatgopma, AJIMHHOMEpPHbIV Tpy3, GUKCUpYyloLLLee rpy3 ycTPONCTBO, KOMIMbIO-
TepHoe MofenvpoBaHue, 6e30nacHOCTb NePEBO3KU

Ang UUTUPOBAHWA: MeTpaukos C. A, lferegew M.T. AHan13 HanpsXXeHHO-AedOPMNUPOBaAHHOIO COCTOAHUSA YAepXKnBa-
loLero ycTporcTBa Anst puKcaumm apoyHoro AMHHOMEPHOTO rpy3a Ha Xefne3HoAopoXHon nnatdopme // BecTHMK Hayu-
HO-MCCNefoBaTENbCKOIO MHCTUTYTA XKENE3HOAOPOXHOro TpaHcnopTa (BectHuk BHUMMKT). 2025. T. 84, Ne 1. C. 9-20.
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Stress-strain state analysis of a fastening device for an arched
long good on a flatcar
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ABSTRACT

Introduction. The need to improve ways of placing and securing goods on rolling stock is determined by the constant
expansion of the range of goods transported, an increase in the maximum speeds of freight trains, as well as the deve-
lopment and implementation of new railway cars designs in the transportation process. New designs of devices for arched
loads, including long goods, are proposed. At the same time, the methods of analysing freight handling and cargo fas-
tening schemes adopted in the practice of transportation do not allow to conclude about the reliability of such non-stan-
dard devices and their retaining properties.

Materials and methods. A study of the stress-strain state of a fastening device for an arched long good on a rolling stock
is performed. The loads acting on the device in the longitudinal and transverse directions are determined analytically.
Results. The values of normal, equivalent (according to Mises) stresses and deformations of the developed structure under
adverse conditions of its loading are obtained.

Discussion and conclusion. The results of the calculations obtained on the basis of finite element analysis made it possible
to develop recommendations for the application of the proposed design to arched long goods to eliminate tipping and
translational movements in the longitudinal and transverse directions.

KEYWORDS: railway flatcar, long good, cargo fastening device, computer modelling, railway transportation safety

FOR CITATION: Petrachkou S. A., Gegedesh M. G. Stress-strain state analysis of a fastening device for an arched long good
on a flatcar. Russian Railway Science Journal. 2025;84(1):9-20. (In Russ.).
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BBenenne. B coBpeMeHHBIX yCIOBUSIX INIOOAIU3aLUU
TPAHCIIOPTHBIX MTPOIIECCOB MTPOUCXOINUT HETIPEPBIBHOE pac-
IIMpEeHNEe YKcia U TUIIOB TEepEeBO3UMBIX TPY30B, a TaKXKe
yBeJIMYEeHNE JJIMHBI, CKOPOCTH U MAaCChI XKeJIe3HOZOPOXK-
HBIX COCTaBOB, YTO TpeOyeT 0oJjiee COBEPIIEHHOIO BaroH-
HOTO TapKa ¥ HOBBIX CITOCOOOB pa3MelleHUs M KpPeTUIeHUS
IPY30B Ha KeJIe3HOIOPOXKHOM TTOIBUKHOM COCTaBe.

JloCcTaTOYHO 4YacTO TIPy3bl BBIXOIAT 3a IIpelelibl Of-
HOU MM 00euxX KOHIEBBIX 0aJloOK pamMbl BaroHa Ooliee
yeMm Ha 400 MmMm. B Takux ciaydasix UX OTHOCST K IJIMH-
HOMEPHBLIM M pa3MelaloT Ha CIerie BATOHOB C OIOpOit
Ha OJVH BarOH WJIM C OTIOPOi Ha ABa BaroHa B 3aBUCHU-
MOCTH OT WX JJIUHBI U Macchl. K 4mMciy Takux rpy3oB,
HampuMmep, OTHOCITCS XKeae300eTOHHbIE U3IETUST U Me-
TaJUIOTIPOKAT.

Cuibl MHEpLUWU, ACUCTBYIONIME HA IJTMHHOMEpPHbBIE
TPY3bl IPU MTPOXOXKIECHUU KeJIE3HOTOPOXKHBIM COCTABOM
CTPEJIOYHBIX TIEPEBOAOB U BXOJIe B KPUBbIE YYACTKU ITyTH
Maistoro pammyca (350—500 M), TIpUBOIST K CMEIICHHIO
IPY30B OTHOCUTEJIBHO MX MEPBOHAYATIBLHOTO MOJIOXEHMUS,
BCJIEICTBHE UETO CITOCOOHO TPOU30MTH pa3pyllIeHNe Je-
PEBSIHHBIX AeTajeil KpeIJieHWil 1 pacciiabjeHue TpoBO-
JIOUHBIX HUTEH, YTO MOXET IMPUBECTU K TOBPEXKIECHUIO
BaroHa ¥ rpy3a, a Takxke K BOSHUKHOBEHHMIO HEOOXOIMMO-
CTH TIOBTOPHOTO 3aKpeTIeHUs Tpy3a B Ipolecce TpaHC-
MOPTUPOBKU K CTAHIIMK HA3HAYEHMUSI.

INpungrasg B HacTosIee BpeMs METOAMKA pacyeTa
CPEICTB KPETIEHUST TPY30B Ha KeJIE3HOIOPOKHOM TOJI-
BIZKHOM COCTaBe MCITOJIb3YeT MOJIOKEHUSI, XapaKTepHbIe
IIJIST MEXaHWKW TBEPIBIX TeJ, OJMHAKO M JUIMHHOMEpPHbIE
Ipy3bl, U MHOTHE CpPEICTBA WX KpeIJIeHUs o00amarorT
VIIPYTO-TIJIaCTUYECKUMU CBOMCTBAMM, YUET KOTOPBIX BO3-
MOX€EH TOJILKO IPY UCTIOIB30BaHUM IU(MDPOBBIX TEXHOJIO-
ruii. B yCIIOBUSIX MOCTOSTHHO pacTyILEeTo YKNCia YCTPOMCTB,
MpeIHa3HAYeHHBIX JUIST KpeTUIeHUsI TPy30B, pacyeThl
Ha OCHOBE KOMITBIOTEPHOTO MOJEIUPOBAHUS TTO3BOJISIOT
JIOCTATOYHO TOYHO OLIEHUTh HAAEXKHOCTH TIpejiaraeMbIX
KOHCTPYKILIMI MIpU YCIIOBUM aleKBAaTHOCTU pa3paboTaH-
HBIX MOJEJel pealbHBbIM IIpolieccaM, MPOUCXOISIINM
MPY IBVKEHUUW BaroHa-1iaT@oOpMBL.

Kpatkmii 0030p mnpo6aembl. JTMHHOMEpPHBIC TPY3BI
OTHOCSITCSI K KATerOpuMu HeTabapUTHBIX U TPEOYIOT cIie-
LIMAJIBHBIX YCJIOBUI TIEPEBO3KM KaK KeJIe3HOIOPOK-
HBIM [1, 2], TaK 1 aBTOMOOMJIBHBIM TpaHCIopToM [3, 4],
MOCKOJIbKY WX JWHAMHWYECKOe TIOBEJIeHMe B IIpoliecce
MEePEeBO3KU OTJINYAETCS OT TPY30B MEHbIIEH IJIUHBI, UTO
MOXHO OOBSICHUTH BO3MOXXHOCTBIO BOSHUKHOBEHUSI BEp-
TUKAJBbHBIX KOJIEOAHWIA, T.€. TIPY YBEIWYESHUU JUTUHBI TPYy-
30BOM eIMHUILBI 3aKpeTJIeHe MOXET MOTEPITh YAeP K-
BaloIIIMe CBOMCTRA.

CyIIecTBYIOT pa3JIMUHbIC CIIOCOOBI pa3MeIIeHUS U Kpe-
TUIEHUS] IJIMHHOMEPHBIX I'PY30B MPU MEPEBO3KE UX KEIE3-
HOJIOPOXHBIM TPAHCIIOPTOM, KOTOpPbIE OMUCaHbl, HAIpU-
Mep, B TeXHUUECKUX YCIOBUSIX pa3MELIEHUs] U KPEeTUIEHUST
Ipy30B B BaroHax 1 KOHTeﬁHepaxl’z. Taxoke U3BeCTHBI pas-
JIMYHBIE BUJbI YCTPOMCTB 7151 KPETUIEHUSI JITTMHHOMEPHbBIX
IPY30B Ha OTKPBITOM XeJI€3HOIOPOXKHOM MOJABUXHOM CO-
CTaBe, KOTOpbIE MpeaHa3HAYeHbI 151 TTOrallleHUsT MHEPLM-
OHHBIX CUJI, IEUCTBYIOIIMX HA IPY3 B MPOJOJILHOM U TOIe-
pPEYHOM HaIpaBJIEHUSIX B IIPOLIECCE TIEPEBO3KH |3, 6].

HekoTopble aBTOpBI MpemjiaraloT U3BMEHEHUSI B KOH-
CTPYKILIMM KOHKPETHBIX BarOHOB IOJ MEePEeBO3KY OMpene-
JIEHHBIX BUJIOB TPy30B, Halpumep, B padorax [7, 8], on-
HaKO TaKOW BapUaHT HE MOXET ObITb MCMHOJIb30BAH IS
LIMPOKOM HOMEHKJIATYPhI TPY30B U B OCOOEHHOCTH JJIMH-
HOMEPHBbIX.

Hawnboiee yacto uccnenoBaTean Kak B ctpaHax CHT,
TaK U 3a pyOeKOM MCIOJIb3YIOT MAaTEMaTUUECKOE MOJIEIN -
pOBaHMeE JJIS1 ONTMCAHUS TOBEAEHUS Ipy3a, MO3BOJISIONIEE
y4ecTb KojiebaHUs Tpy3a Kak TBEPJOIo Teja B pa3IUuUHbIX
TTockocTsIX [9—11]. OgHaKo mpu 3TOM HE YIMUTHIBAIOTCS
YIIPYro-TjaacTUYeCKe CBOMCTBA 3JIEMEHTOB KpEIUICHMUS
TPy30B U CaMOT0 JUIMHHOMEPHOTO Ipy3a, KOTOPblE€ MOTYT
MPUBECTU KaK K YMEHBIIEHUIO, TaK U K YBEJIUUEHUIO OT-
HOCHUTEJIbHBIX CMELLIEHUH Tpy3a.

JlocTaTOuHO 4YacTo ISl KpEeIUIeHUsl JIMHHOMEPHBIX
TPY30B HCIOJB3YIOTCSI OTIOPHO-KPEIIeKHBIE (TYpHUKET-
Hble) ycTpoiicTBa [15, 16], omHaKO WIS JIMHHOMEPHBIX
Irpy30B OINpeNeSeHHON KPUBU3HBI C MaJIOW ILIOLIAIbIO
OMUpaHus U JJIMHOMN, 3HAYUTEIbHO MPEBBILIAIONIEN TOJI-
LIMHY, OHU HE MOTYT ObITh MPUMEHEHBDI.

CylIecTBYIOT MCCIeIOBaHNS, HallpaBJICHHBIC HA U3Y-
YyeHHe HaIPsSLKeHHO-Ie(OPMUPOBAHHOTO COCTOSTHUS He-
KOTOPBIX 2JIEMEHTOB KPEIJIEHWI TPy30B MPU UX NEPEBO3-
Ke aBTOMOOMJBHBIM [12, 13], mopckum [14] TpaHcIOp-
TOM, OJJHAKO B 00JIaCTH XeJIE3HOAOPOXKHOIO TpaHCIIOpTa
TaKue MCCleI0BaHMSI HE BBIMOJHSUIUCD.

Llenblo mpeacTaBaeHHOM pabOTHI SIBJISIETCS pa3padboTKa
crocoba pazMelleHUs U KperIeHUs JYIMHHOMEPHOTO Ipy-
3a KPUBOJIMHEITHOM (DOPMBI ¢ MaJIOH TIOIIAbIO OTTUPAHUS
C YIETOM YIPYTO-TUIACTUYCCKUX CBOMCTB (hUKCUPYIOIICH
KOHCTPYKLMM Ha OCHOBE KOMIBIOTEPHOIO MOJIEIMpPOBA-
HUs. 3amadyn, 0O0yCIIOBJICHHBIC IIEJIbIO, BKIIIOYAIOT B CEOS
aHAJUTUYECKUI pacyeT CWJI W Harpy3oK, BOCIIpUHMMAae-
MBbIX CPEICTBAMU KPETUIEHUS, pa3pabOTKy KOHCTPYKIIUH,
MO3BOJISIONIEH 3a(DUKCUPOBATH HECKOJIBKO €IMHMIL JJIMH-
HOMEPHOTO TPpy3a KpUBOJIMHEHHOM (DOPMEBI, a TaKKe aHa-
JIU3 MPOYHOCTU YCTPOMCTBA HA OCHOBE MapaMeTpPOB €ro
HanpsDKEHHO-1e(OPMUPOBAHHOTO COCTOSTHUS TION Ieii-
CTBMEM PACUYETHBIX HAIPY30K.

! TexHmuecKie yCIIOBHS pa3MELLEHIST i KPETUIEHHSI IPY30B B BArOHax 1 KoHTeitHepax: yrB. MITC Poccri 27.05.2003 . Ne LIM-943. M., 2003. 544 c.
2 Tiedown Handbook for Rail Movements / R. E. Kerr [et al.]; Transportation Engineering Agency; edited by R. E. Kerr. Virginia: Newport News.

2003. 97 p.
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MeToapl 1 HOBBIE IPHEMBI aHAIM3Aa. [1J1s1 pacueTa OCHOB-
HBIX XapaKTePUCTUK Ipy3a U CUJI, ACUCTBYIOLIMX HA HETO
B IIPOIOJILHOM M IONEPEYHOM HAIPABICHUSIX, UCIIOIb30-
BaHa CTaHOApTHAsl METOOMKA, MpUMEHseMas MpU pas3pa-
0OTKE CXeM pa3MelleHUsI U KPEIIEHUSI TPY30B U OIUCaH-
Hasg B CoralieHUu O MEXIYHApOIHOM XKEeIe3HOOOPOXK-
HOM Tpy30BoM coobmeHun (CMTIT C)3. Ona noapasymMeBaeT
pacueT MHEPLIMOHHBIX CUJI, NEMCTBYIOLIMX HA IPY3 B IIPO-
JIOJIbHOM U IOINEePEYHOM HAIpaBJICHUSIX, a TAKXKe 000D
YCTPOMCTB U DJIEMEHTOB KPEIUIEHMSI TPY30B, CIIOCOOHBIX
0Ka3aTh yIep:KMBAOIIee OT OTHOCUTEIHHOTO CMEIICHMS
rpy3a BO3ICHCTBME, OOECIEUMBAIOIIMUX TallleHUe 3STUX
MHEPLUOHHBIX CUJI, HAIIPUMEP, OPYCKOB, PACTSKEK, YBSI-
30K U T.A. [Ipy 5TOM aHAIUTUYECKUI pacyeT yaep:K1UBalo-
LIMX CUJI IIPY MCIIOIb30BAHMM KOHCTPYKLIMIA GoJiee CII0XK-
HOM KOH(UIYpaLK, B TOM YKCJIE, COCTOSILIMX U3 DJIEMEH -
TOB, U3rOTOBJIEHHBIX U3 MAaTEPUAJIOB C Pa3IMYHBIMU CBOM-
CTBaMU, MPEACTABIISIET COO0I BEChMa TPYIOEMKYIO 3a/1auy.

OOmas Macca rpysa (Q‘r’p) BKJTIOYAET MAaCCy YeThIpex
Y3KMX apOYHbBIX KOHCTPYKLIMII U MACCY CPEACTB KPEIUIEHUS
u cocraBisgeT 52 T. Cxema pa3MelleHUs] apOYHOro rpy3a
Ha OTKDPBITOM MOABMXHOM COCTaBe IpUBeleHa Ha puc. 1.
[Morpy3ka ueThipex AEPEeBSIHHBIX I10JYapOK MPOM3BOAUT-
cs Ha 4-ocHbIN TpaHcoptep Momenu 14-T302 (tum 3931)
Ipy30M0abeMHOCTbIO 64 T. C ABYX CTOPOH TpaHCIOpTepa
yCTaHABIMBAIOTCS IIaT(MOPMBI IPUKPBITUSL (110 OJHOMY
BaroHy nepen riaTdopMoii ¢ rpy3oMm u mocie Hee). Cuern
JUTSI TIEPEBO3KU IJIMHHOMEPHOI'O Ipy3a T0JIKEeH ObITh chop-
MUPOBaH TAKUM 00Pa30M, YTOObI B IIOPOXKHEM COCTOSIHUM
BBICOTA IIPOIOJIbHBIX OCEIi aBTOCLIEIIOK TPYy30HECYLIMX Ba-
FOHOB OT YpPOBHSI BepxXa TOJIOBOK pPEIbCOB ObLla OOJIbLIIE
BBICOTHI OCEi aBTOCIICTIOK BAaTOHOB TIPUKPBITUS U TIPOME-

TakuM 00pa3oM, 4TOObI CMeILeHNE LIEHTPa TSLKECTH Ipy3a
B IIPOAOJILHOM U MOINEPEYHOM HaIPaBIEHUSIX ObLIO PABHO
HYJIIO, LIEHTPBI TSKECTH IPY30B M BaroHa Ipv TAKOM pa3-
MeLIeHNU KPUBOJMHENHOI0 Irpy3a OyayT COBIIAAaTh.

Jnsa houkcauny KaxXmnol eMIMHUIE apOYHOTO [UTMHHO-
MEpHOro rpy3a Obula pa3paboTaHa KOHCTPYKIIMSI, OOLIMIA
BMJ KOTOPOI1 IpeacTaBjieH Ha puc. 2. YCTPOICTBO mpe-
CTaBJIsIeT CO0OI METa/LIMYECKYI0 paMy, ¢ PaBHOMEPHO
PaCIOIOXKEHHBIMU STUEMKAMM, YMCIIO KOTOPBIX COOTBET-
CTBYET YUCY €AVHULI IPY3a U C YCTAHOBJIECHHBIM ITPOKJIa-
JIOYHBIM MaTepUaioM, 3aIUIIAOIINM IPy3 OT MeXaHWUe-
CKMX TIOBPEXKIECHUN M TIO3BOJISIONINM OOECIICUMTh pac-
YETHBII KO3(MOULUMUEHT TPEHUSI MEXIy I'PY30M U PaMoii.
151 yaepskaHKsl rpy3a OT MOCTYIATeIbHbIX IIepeMelleHIiA
B IPOAOJILHOM U MOMEPEYHOM HAIpaBICHUIX KOHCTPYK-
LIMSI UMEET MPYKUMHbIE GalIKi, KOTOPbIE CO31al0T HEOO-
XOAUMYIO CHIIy TPEHHUSI MEXIYy IPy30M U paMoOi 3a Cuer
3aBEPThIBAHMS TaeK C PACYeTHbIM MOMEHTOM 3aTSIKKMU.
Pama BbIIOIHSIETCS U3 CTAaHAAPTHBIX IIBEJIJIEPOB, BKJIIO-
YaeT HECKOJIBKO CeKLIMI ISl pa3MelleHUsI KaXI0ro rpy3a
OT[E/IbHO M IPUBApUBAETCS K METAUIMYECKOMY JIMCTY,
MPUKPEIUIEHHOMY K ITOJIy JKeJI€3HOMOPOXHOM Iu1aTtdop-
Mbl. BpIcOTa paMbl COOTBETCTBYET BLICOTE IPy3a B MECTE
ee yctaHOBKU. [10CKOIBbKY rpy3 He CUMMETPUYEH OTHOCH -
TEJIbHO IOINEPEUYHO OCHU, UCIIONb3YIOTCSI PAMbl BBICOTOI
2,040 m 1 1,504 m.

AHaIUTUYEeCKKE pPAacyeThl, BBIMOJHEHHbIE IO CTaH-
JIAPTHOI METOAMKE, ITO3BOJIMIM CAEIATh BBIBOJ O TOM, YTO
BaroH ¢ Ipy30M YCTOMYUB OT OMPOKMUIBIBAHUSI.

[pononbHas nHepumonHas cuna Fy,, Tc, onpenens-
eTcs TI0 CTAaHIAPTHOU (popmyie:

F_=a 1
JKYTOYHBIX BaroHoB Ha 50—100 mvt, T py3 pacrionaraercs np THp TP (1
= :
\‘\ A= /"J‘—/ -
- -
)| \.\-\- -/'__’.—/
‘ =]
N 30455 N
—_— o n n o n n n n n n n n n n o o a. o n n I
|
- _/ g -’ 7 ;\_q:__ T
= ! 4 - b A L] a L] o o Ll L o o o o o o o L] ™ e L) o o ) a = e

Puc. 1. Cxema pa3mMenieHusi paccMaTpuBaeMoro JIMHHOMEPHOTO Tpy3a apouHoii hopMbr™
* UcTouHUK: pa3paboTaH aBTOpaMu

Fig. 1. The placement scheme for the considered arched long goods*
* Source: developed by the authors

3 TexHMYeCKNMe YCIOBUST pa3MELLEHNs 1 KpeTuieHust Tpy30B. [Ipiioxene 3 kK COMAIICHIIO 0 MEKIYHAPOIHOM KeJIe3HOIOPOKHOM TPY30BOM
coobuieHnu (CMTI'C) [DnekTpoHHBIit pecypc]: aeiictByet ¢ 1 HOsIOpst 1951 . ¢ UBMEHEHUSIMU U IOTIOJIHEHUSIMU 110 cocTosiHUIO Ha | utosist 2024 rona.
URL: https://osjd.org/ru/8978 /page/106077?1d=2845 (nata obparienus: 12.01.2025).

Tawm xe.
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Puc. 2. [Ipeanaraemoe ynepxuparoliee yCTpoicTBO
IUIS1 ITMHHOMEPHOTo Tpy3a*
* VIcTOYHUK: pa3paboTaH aBTOpaMK

Fig. 2. Proposed positioning device for long goods*
* Source: developed by the authors

rie ay, — yIelbHas POIOJIbHAS MHEPLMOHHAS CUJIa, TC,
Ha TOHHY MaccChl Tpy3a, onpeaesieMas 1mo hopMmyJie:

(]
0,,(ay, —ay,)
anp =ay— 72

; 2)

TI€ ayy, Aoy — 3HAYEHUS YAETBHOW IMPOIOIBHOW MHEp-
LMOHHOM CWIbl B 3aBUCMMOCTUA OT TUIIA KPEIUIEHUS
npu Macce 6pyTTo BaroHa 22 T U 94 T, COOTBETCTBEHHO,
a,, = 1,90 tc/t, ay, = 1,67 1c/1, TOrNa

—52(1’9702_1’67) =1,73 tc/T.

ay, = 1,90 —
[IponosibHass MHEpPLUMOHHAS CUJa, JCKCTBYIOLIAs Ha
OMIHY TPY30BYIO €IMHMILY Maccoii 11,5 T, cocTtaBisieT

F,=1,734-11,50=19,941 1c.

HpO,I[OJ'ILHaH MHEPIIMOHHAaA CHJIa I'Py30B C YUYCTOM
KPEIUICHUA paBHaA

Fop=1,734-52=90,168 1c.

[Monepeynast uHepuMOHHas cuna F,, TC, onpeness-
€TCsI 110 CTaHAapTHOM (hopMmyie:

Fy=a,0, &)

[Ie a, — yAeJbHas MoIepeyHas UHEPLMOHHAs cuia, TC,
Ha TOHHY Macchl Ipy3a, onpenessiemMasi 1o dhopmysie:
2a,—a.)
a =a, ——4—<°| 4)

n c / rp np?

6
roe /, — 06asa BaroHa; /, ;, — paccTosiHUE OT IIeH-
tpa Tsokectu rpysa (LIT,)) no BepTuKanbHO# IIOCKO-

CTH, ]'IpOXOI[HI]_[Cﬁ 4epe3 MONnepeyYHyro oChb ]'[I[aT(l)OpMI)I;

a,, a, — YyAeJbHBbIE TONEepPEeYHble MHEPLHUOHHBIC CHIIBI
mns ciydaes, korma LT, Haxomutes B BEpPTUKAIbHBIX
MOIEPEYHBIX IUIOCKOCTSX, IMPOXOASIINX COOTBETCTBEHHO
yepe3 cepearHy BaroHa 1 uyepe3 IMKBOPHEBYIO 0aJIKy, T.e.
a, = 0,330 rc/t, a,, = 0,550 Tc/T.
VoaenbHasi IorepedyHasi MHEPLMOHHAS CHUJIa OIHOM
eIVHULIBI TPYy3a:
2(0,550—-0,330)
19,00
[MonepeuyHast MHEpPIMOHHAS CWJa, ACUCTBYOIIAas Ha
OJIHY EIMHUILY Ipy3a:

F,=0,330-11,55 = 3,795 Tc.

a,, =0,330+ -0=10,330 Tc/T.

INomepeuyHass MHEPIIMOHHAS CUJIa, OEUCTBYIOIIAs Ha
BECh JUTMHHOMEPHBIN IPy3:

F?=0,330-52 = 17,160 Tc.

BerpoBas Harpyska W, Tc, npu pacuetax NpUHAMA-
€TCs1 HaIlpaBJIEeHHON 1O HOPMaJu K IOBEPXHOCTHU Tpy3a
U OTIpE/IeNISIETCST U3 pacueTa yleJIbHOW BETPOBOI HArpys3-
K1, paBHoii 0,050 Tc/M2, 1o hopmyite

W, =0,050S,,, (5)

e Sy, S TUIoIaabL OOKOBOI HaBeTPEHHOW MOBEPXHOCTU
rpysa, M-.

BetpoBast Harpy3ka, AeiCTByIOIIasl HAa OIHY EIUHUILY
rpy3a 1 Ha BeCb Ipy3 € 2JIeMEHTaMU KPETUIEHUsI, COOTBET-
CTBEHHO paBHA

W, =0,05-55 = 2,750 1c;
W™=0,05-63 = 3,150 Tc.

HueprimonHast cuiia, IefcTBYIOIIAsT Ha IPy3 1O BEPTH-
Kaim, F,, Tc, onpenensiercst no popmyJie

F,=a,0,,, (6)

rie a, — yAeJbHas BEpTUMKaJbHas WHEPLMOHHAs Cuia,
KTC.

BepTukanabHbie CUIIBI, IEHCTBYIOIIME HA ONHY €AUHM-
11y Tpy3a 1 Ha BECh IPy3 C 3JIeMEHTaMU KpeTUIeHUsI, COOT-
BETCTBEHHO PaBHBI

F, =0,291-115 = 3,347 1c;
F® =0,291-52 = 15,132 1c.

IMockonbKy paccMaTpuBaeMblii IJTMHHOMEPHBIN Tpy3
HMMeeT MaJIyio TUIOINAAb ONMPaHMsI, HEOOXOIMMO TakKe Tpo-
MU3BOIUTDH MTPOBEPKY HA YCTOMUYMBOCTb OT OMPOKUIbIBAHMSI.

B npononbHOM HampaBiIeHUU TPOBEPSIETCS BO3MOXK-
HOCTb OINPOKUABbIBAHUS T'Py3a OTHOCUTEIBLHO OMOPHOM
pambl. KoadguumneHT 3amaca ycTORYUBOCTUA B TIPOAOJIb-
HOM HarpaBJIeHUH 1, ONpesesisieTcs: o hopmyiie

(3]
= l“—P (7)

Ny s
p np
anp (huT - hLlT
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rae lonp — KpaTyaiilliee paccrosinue or mpoekiuu LT
rpy3a Ha TOPU30HTAIbHYIO IUIOCKOCTh OO0 pedpa OIMpOKu-
[IbIBAHUS BIOJIb BaroHa, IMpUHUMAETCd paBHbIM 7,890 M;
hy”p — BBICOTA IPOAOJBHOIO yIopa, MPUHUMAETCSI PaB-
Hoit 1,250 M; A, — BBICOTA LIEHTPA TSAXKECTU TPY3a OTHOCHU -
TEJIbHO I10J1a BarOHa, M.

3HaueHue Kod(pbulmeHTa 3amnaca yCTOMYMBOCTY B IIPO-
JI0JIbHOM U ITOIIEPEYHOM HAIPAaBJIEHUSIX COCTABIISIET HE Me-
Hee 1,250°.

Takum obOpa3omM, Koa(hdULMEHT 3amaca yCTOMYMUBO-
crtu tpy3a (h,, = 1,800 M) B MPOJOILHOM HaNpaBIEHUN
OTHOCHUTEJILHO OIMIOPHOM paMbl paBeH

7,890
1,734(1,800—1,250)

OTH.paMbl __

Mip

=8,273 >1,250.

Taxske MpoBepsieTCSI BO3MOXHOCTh OIPOKHUIBIBAHUS
rpy3a OTHOCHUTEJILHO TIOJIa BaroHa. B maHHOM ciydae
KpaTJaiiliiee pacCTOSTHUE OT MPOEKIUU IIEHTPA TSKECTH
rpy3a Ha TOPU3OHTAJIbHYIO TUIOCKOCTH JIO pedpa Ompo-
KMIbIBAaHUS BAOJIb BaroHa MpUHUMAETCS l‘r’[p =9,390 wm;
BBICOTA OOIIEro LIEHTPa TSKECTH Ipy3a U PaMbl OTHOCH -
TEJILHO T10J1a BaroHa A, = 1,757 M; BeIcOTa IPOIOJIBHOTO
ynopa paBHa 0 M, Torna

9,390
1,734(1,757—0,000)

OTH.I1oJIa

Mp = =3,080>1,250.

B nonepeuyHOM HampaBlIeHUU MTPOBEPSIETCS BO3MOXK-
HOCTh OINPOKUIBIBAHUSI IPy3a C OMOPHBIMM paMaMu OT-
HOCUTEILHO Toj1a TpaHcrmopTepa. KoadduimeHT 3amnaca
YCTOMYMBOCTU B TIOTIEPEYHOM HAIpPABICHUH 1), OTIpere-
JisIeTCs1 o hopmyJie

Qrpbﬁ

= - —, ®)
F.(h,, —hy)—i—Wn(hW —hy)

I

e by, — Kparuaiiiiiee pacctosiHue ot nmpoekiuu LT rpysa
Ha TOPU3OHTAJIbHYIO TUIOCKOCTD J0 pedpa OIMpOKMUIbIBa-
HUS TIOTIePEK BaroHa, M, mpuHuMaetcs by = 1,350 m;

hy — BbBICOTA MOMNEPEYHOrO YHOpa, M, MPUHUMAETCH
0,000 m;

h,, — BBICOTA MPUJIOKEHUSI BETPOBOil HATPY3KU, M;

Takum oOpa3oM, KoapGUUIMEHT 3amaca yCTOMYMBO-
CTU B IONEPEYHOM HAIPaBJICHUU OTHOCHUTEIBHO IOJjia
TpaHCIIOpTepa paBeH

OTH.IIOJNIA ___ 521335 o
T T 17.160(1,800—0)+2,750(1,800—0)
—1,960>1,250.

Kpome Toro, B monepeuHoM HarmpaBJIeHUU HEOOXOAUMO
Y4ECTh BO3MOXHOCTb OIIPOKHUIABIBAHMSI TPy3a OTHOCUTEIb-
HO OTIOPHOU paMHOI KOHCTPYKIIMU. B 3TOM ciyyae kpart-
yaiiliee pacCTOssHUME OT MPOEKIUM LIEHTPa TSKECTU Tpys3a

Ha TOPU30HTAIBHYIO TUIOCKOCTH 10 peOpa ONMPOKMIBIBAHMS
MorepeK BaroHa COCTaBJIseT / ﬁp = 0,175 M, BbICOTa TTOTIE-
PEYHOTO YIIopa MPUHUMAETCS] PaBHOMU h;' = 1,660 M, BbICO-
Ta NPWIOKEHUS BETPOBOii Harpysku A, = 1,800 m.

Torna koadduireHT 3anaca yCTOMUMBOCTU Tpy3a OT-
HOCHUTEJIbHO paMHOI KOHCTPYKIIMM B TIOIIEPEYHOM Ha-

IIpaBJI€CHUHN COCTAaBUT

o _ 11,500-0,175 B
" 3,795(1,800—1,660)-+2,750(1,800—1,660)
=2,200>1,250.

Takum 06pa3oM, TPOM3BeNCHHbBIC AHATUTUIECKHIE Pac-
YeThl TIOKa3bIBAIOT, YTO PacCMaTpUBAEMbIil KPUBOJIMHEH-
HBII JJIMHHOMEPHBIN TPy3 YCTOMYMB K ONPOKUIBIBAHUIO
B MPOJIOJBLHOM M TIOTIEPEYHOM HaIlpaBJICHMSIX KaK OTHO-
CUTEJIbHO MpeJiaraeMoii 1Jis ero uKcauy paMHONR KOH-
CTPYKIIMHU, TaK ¥ OTHOCUTEJILHO IT0JIa BaroHa.

I'py3 mMeeT OBYXCTOPOHHIOI BEpPXHIOK HeradbapuT-
HocTb Bropoii crerenu (H0020). Harpyska Ha och u mo-
TOHHAas Harpy3Ka COCTaBJIsIIOT COOTBETCTBeHHO 20,25 T/0Ch
u 3,21 T/M 1 He TIPEeBbIIAIOT JOMYCTUMbIX 3HAUSHU .

AHamm3 HanpspKeHHO-AeGOPMHUPOBAHHOTO COCTOSHUS
KOHCTPYKIIMM, YCTaHaBJIuBaeMoii Ha miardopmy. Pacuyers
HaIpsTKeHHO-1e(OPMUPOBAHHOTO COCTOSTHUST YIep>KMBa-
ollleli paMbl BBITTOJHEHBI B MoAayse Static Structural mpo-
rpaMMHOTO0 UHXeHepHoro Komrutiekca ANSYS Workbench.
Ha puc. 3 npuBeneHa KOHEYHO-3JIEMEHTHAsT MOJIEIIb TTPeI-
JlaraeMoi KOHCTPYKIIUM M3 MBeJiiepoB Tuia 1611, koro-
pas Bkitodaet 6osiee 160 ThICSIY KOHEUHBIX 3JIEMEHTOB.

KOHCTpYKIIMST COCTOUT M3 METaJNTMISCKUX IIIBEJIIe-
POB, BBITIOJIHEHHBIX U3 CTaJIM, BHYTPh KOTOPBIX BJIOKEHBI
JIEpeBSIHHBIE OpYCKU, TTO3WIIMOHMPOBAHHBIE 10 (hopMme
rpy3a, Kak roka3aHo Ha puc. 4.

Puc. 3. KoHeuHO-3/1eMeHTHast MOJIeJIb KOHCTPYKIIMU [UIst (hpuKcarmm
apoYHoro JuimHHOMepHoro rpy3a B ANSYS Workbench*
* ICTOYHMK: pa3paboTaH aBTOpaMM

Fig. 3. Finite element model of the device for the arched long goods
fixing in ANSYS Workbench*
* Source: developed by the authors

5 Tawm xe.
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Puc. 4. [To3unuu nepeBIHHbIX OPYCKOB B METAJLIMYECKOI pame
(BBIIEJIEHBI KPACHBIM)*
* VIcTOYHUK: pa3paboTaH aBTOpaMK

Fig. 4. Positions of wooden blocks in the metal frame (highlighted in red)*
* Source: developed by the authors

MopnenupoBaHue MPOU3BOAUIOCH ISl IBYX PACYETHBIX
pPEXMMOB, COOTBETCTBYIOIIMX ITapaMeTpaM Harpy:KeHUs
B IIPOJIOJIbBHOM U IIOIEPEUYHOM HampaBIeHUsIX. XapaKTe-
PUCTHUKM MaTEPHUAJIOB /I M3TOTOBJICHUSI YAEePKUBAIOILIE-
ro ycTpoiicTBa mpuBeaeHbl B Tada. KoapduimeHT Tpe-
HUSI MEXIY METAJUIMYECKUMM U NEePEBSIHHBIMU YACTIMU
KOHCTPYKIIMU TIPUHAT paBHBIM 0,4. Takke yIUThIBAIUCH
IPAaBUTALIMOHHBIC CHMJIBI JUIS 3JIEMEHTOB KOHCTPYKLUK
(yckopeHMe cBOOOIHOTrO MmaaeHus g = 9,8 M/Cz), Harpas-
JIEHHbIC BEPTUKAJIbHO BHU3.

Tabnuua

Hcxoauble JaHHBIE 1151 KOMIIBIOTEPHOTO MOJIETHPOBAHUSA ™

Table
Initial data for computer simulation®
DJIeMEHTbI WDEL Ll
T Marepuain YIPYrocTH, GbULMEeHT
Ila ITyaccona
MeTtaminueckue Cr3cn 200,0- 10° 0,300
LIBEJLIEPBI (I'OCT 380-2005)
JlepeBsiHHbIE cocHa 9,3 10° 0,3742
OpycKH (IF'OCT 2695-83)

* cTOYHUK: pa3paboTaHbl aBTOpaMu
* Source: developed by the authors

PacueTbl mpous3BOAMAUCH IS CXEMbl pa3MelleHUs
rpy3a, npuBeneHHoit Ha puc. 1. [Tpu aToM paccMmarpuBa-
JIOCh HaMpPsKEHHO-1e(OPMUPOBAHHOE COCTOSIHUE TOU
4acTM KOHCTPYKLMHU, KOTOpasi MMeeT 3JEMEHTbI 00Jib-
el mHbl (Ha puc. 1 oHa moaaepKMBaeT MpaBylo 4acTb
ApOYHOro Irpy3a), TO €CTb HauMeHee 0e30macHasi ¢ TOUKU
3peHMs1 TpoYHOCTU. KOHCTpyKIusl, ucrnojbdyemas st
duKcauuy 4YeThIpeX eIMHMII apoOyHOro rpysza c JIpyroi
CTOpPOHBI, (puc. 1, J1eBas yacTh rpy3a) nogodHa Mo Yucry

M PACIIOJIOKEHMIO 3JIEMEHTOB W MACHTUYHA IIO MCITOJIb-
3yeMbIM MaTepuaiaM.

[Ipu ompeneneHUM pacUYeTHBIX 3HAYCHMIT HaArpy30K
JUTSI UCTIONTb30BAHUST B KOMITHIOTEPHOI MOJIEN YIUThIBA-
JINCh BEC rpy3a, NpoaoJibHAasI, MOoMepevyHas U BepTUKab-
HasT MTHEPIIMOHHBIC CUJIbI, BETPOBAsI Harpy3Ka M Harpy3Ku
oT O6osiToB. PacueTHasi Harpy3ka Ha pamMHYIO0 KOHCTPYK-
LIMIO B TIPOIOJILHOM HAIIpaBICHUM IIPUHUMACTCSI paBHOM
98 xH, B monepeyHom Hamnpasienuu — 14 kH.

IlepBbIit pacyeTHBIM peXUM TMOAPA3YMEBAET COUe-
TaHWE HArpy3KW OT Beca Ipy3a M CIJI, JECTBYIOIINX
Ha Ipy3 B MPOAOJbHOM HarpaBiieHuu. CxeMa Harpyxe-
HUSI IpUBENeHa Ha puc. 5. MakcuMaibHble SKBUBAJIEHT-
Hble HaNpSDKeHUsI B METAJUIMYECKOl pamMe COCTaBIISIOT
126,27 MIla (puc. 6) 1 He IPEBBILIAIOT Mpeaesia TeKyde-
ctu Marepuaia (o, = 400,00 MIla), HopManbHble HaNIPs-
JKEeHUsI B NMPOAOJbHOM HarpaBieHuu (puc. 7) 10CTUTalOT
119,33 MIla 1 He TIPEBHIIAIOT AOITYCKAeMOTO 3Hade-
Hug ([o] = 125,00 MIla), makcumaibHble aedhopmMannu
He mpeBbiiaiT 1,6 MM (puc. 8).

Puc. 5. PacueTHast cxeMa Juisl IepBOTO PeXKMMa HarpyXeHUs
* VIcTOYHUMK: pa3paboTaH aBTOpaMu

Fig. 5. The calculation scheme for the first loading mode*
* Source: developed by the authors

Takum oOpaszoMm, B ajJeMeHTaxX MpeaiaraeMoil KOH-
CTPYKILIMU MMEETCsI 3HAUUTEJIbHBIN 3amac MPOYHOCTHU I10
9KBHUBAJCHTHBIM HAMPSDKEHUSIM MPU BO3AEHCTBUU MPO-
JIOJIbHBIX paCUETHBIX HAIPY30K.

Bropoii pacueTHBINi pexxuM IoAapa3dyMeBaeT coyeTa-
HUE Harpy3ku OoT Beca Ipy3a U CWI, IeMCTBYIOLIUX Ha IPy3
B IIOIIepeYHOM HampaBiaeHuu. CxeMa HarpyxXeHusl paM-
HOI1 KOHCTPYKIIMU NpUBEIeHa Ha puc. 9.

MakcuMaibHbIe 9KBUBAJICHTHbBIE HATIPSIKEHNSI B METaI-
JIMYECKOW paMHOI KOHCTPYKIUU cocTasisiior 121,94 MIla
(puc. 10), HoOpMallbHbIe HAMpPSKEHMST B MIPOJOJLHOM Ha-
npasieHuu (puc. 11) gocruraror 117,69 MIla u He npe-
BBIILIAIOT COOTBETCTBYIOIIMX JOIMYCKAeMbIX 3HAYCHMUIA.
[Ipu 3TOM 1O SKBUBAJEHTHBIM HAMPSIKEHUSIM MMEeTCsI
JIOCTaTOYHO OOJIBIION 3armac MpoOYHOCTU. MaKkcuMallbHbIe
nedopmaluu cocTapisior 3,3 MM (puc. 12).
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Type: Equivalent (von-Mises) Stress
Unit: Pa
1,2627e8 Max
1,2e8
1,05e8
9e7
7,5e7
6e7
4,5e7
3e7
1,5e7
2,1225e-7 Min

8,8701 e+007
Node 419010

1,0836+008

Node 541396

PI/IC. 6 PC3yJ'[BTaTbI pacyeTa 3KBUBAJICHTHBIX HaHpH)KGHHﬁ npu HGVICTBHH TIIPOOOJIbHBIX HarpysoK*
* VICTOYHUK: pa3paboTaH aBTOpaMU

Fig. 6. Calculation results for the equivalent stresses under the longitudinal loads action*
* Source: developed by the authors

i
5,6349e+007 \

Type: Normal Stress (X Axis) \
Unit: Pa ’
1,1933e8 Max ' \
8e7
5,4286e7
2,8571e7
2,8571e6
—-2,2857e7
-4,8571e7
-7,4286e7
-1e8

-1,6615e8 Min

1,1772e+008

Puc. 7. Pe3ynbrarhl pacueTa HOpMaTbHBIX HATIPSKEHUIA B TPOJIOILHOM HATIPABJICHUY TIPU IEHICTBUM TIPOJOJTBHBIX HATPY30K*
* MlcTouyHMK: pa3paboTaH aBTOpaMu

Fig. 7. Calculation results for the normal stresses in the longitudinal direction under the longitudinal loads action*
* Source: developed by the authors

Type: Total Deformation r '~—~-~«..,.;..J:L__,,
Unit: m

.
0,0015846 Max ,, ,
0,0014085 I '
0,0012324 I'
0,0010564

0,00088031 : :
0,00070425 2

0,00052819
0,00035213
0,00017606
0 Min

'

Puc. 8. PesynbraThl pacuera aecopMaliuii npu AeiMCTBUM TPOAOTbHBIX Harpy30K™
* VIcTOYHMK: pa3paboTaH aBTOpaMu

Fig. 8. Calculation results for the deformations under the longitudinal loads action*
* Source: developed by the authors
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Ha ocHoBaHMM TPOM3BENEHHBIX PAcueTOB OBUIO BHI-
ITOJTHEHO pa3MelleHNE U KpPeTUIEHUE PealbHOTO apOTHOTO
rpy3a Ha TpaHCIIopTepe TuiaTdhopMeHHoro tuma (puc. 13)
W OCYIIECTBIICHBI €ro IepeBO3KM, KOTOPBIE ITOKa3aan
HaIEXHOCTh paboTHl KperuieHHs. COXpaHHOCTH TIpy3a
1 0e30TMaCHOCTh TIEPEBO3KM OBLIN 00CCITeYeHBI B TTOJTHOM
Mepe, He OBUIO COCTaBJIEHO HM OIHOTO aKTa O HapyIle-
HUU COXPAaHHOCTH Tpy3a (aKT o0I1eit (popMbI, KOMMeEpUIe-
CKWI1 aKT).

Takum oOpazom, pelleHue 3agay 10 OE30MMaCHOMY
pa3MeIIeHNIO 1 KPEeIUICHUIO TPY30B Ha KEJIC3HOIOPOXK-
HOM TIOABIDKHOM COCTaBE MOXET OBITh YCTICIITHO BBITION-
HEHO C pUMEHEeHNEeM IU(PPOBBIX TEXHOJIOTHUIA.

Type: Equivalent (von-Mises) Stress
Unit: Pa
1,219e8 Max
1,1e8
9,625e7
8,25e7
6,875e6
5,5e7
4,125e7
2,75e7
1,375e7
4,5013e-7 Min

1,317e+008 3 1,2934e+008 &

Puc. 9. PacueTHas cxema [y1si BTOPOTO pexkrMma HarpyKeHus™
* VIcTOYHUK: pa3paboTaH aBTOpaMu

Fig. 9. Calculation scheme for the second loading mode*
* Source: developed by the authors

!
“

Puc. 10. Pe3ynbraThl pacuyeta 9KBUBAJIEHTHbBIX HATIPSDKEHUI MPU IEMCTBMM HArpy30K B MOMEPEYHOM HarpaBieHUn™®
* VlcTOYHMK: pa3paboTaH aBTOpaMu

Fig. 10. Calculation results for the equivalent stresses under the loads action in the transverse direction*
* Source: developed by the authors

Type: Normal Stress (Z Axis)

Unit: Pa
1,1769e8 Max 4,1225e+006 )¢
8e7
5,7143e7
3,4286e7 4,622e+007
1,1429e7
-1,1429¢e7
-3,4286e7
:gé7714387 1,0608¢+008
-1,1077e8 Min a

Puc. 11. Pe3ynbraTsl pacyeta HOpMaIbHBIX HATIPSDKEHUH B TIOTIEPEYHOM HATIPABJIEHUY TP AEUCTBUM MTOTIEPEYHBIX HATPY30K™
* MlcTouyHMK: pa3paboTaH aBTOpaMu

Fig. 11. Calculation results for the normal stresses in the transverse direction under the transverse loads action*
* Source: developed by the authors
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Type: Total Deformation
Unit: m
0,0032999 Max
0,0029333
0,0025666
0,0022
0,0018333
0,0014666
0,001
0,00073332
0,00036666
0 Min

Puc. 12. Pe3ynbrathl pacuera necdopMaliuii mpy AEUCTBUYU PACYETHBIX HATPY30K B IMTOTIEPEUHOM HaTIpaBJIeHUI™
* MIcTouHUK: pa3paboTaH aBTopaMu

Fig. 12. Calculation results for the deformations under the action of loads in the transverse direction®
* Source: developed by the authors

Puc. 13. ApouHblii rpy3 Ha TpaHcroprepe™®
* OTO aBTOPOB

Fig. 13. The arched goods on the transporter*
* Photo made by the authors

Oocyxnenue. [1onoGHbIe pacueThl BO3MOXHO ITPOM3BO-
AT IS KOHCTPYKIIMIA JIIOOOTO TUIIa, OMHAKO HEOO0XOau-
MO YUYUTBIBATh HE TOJILKO MPOYHOCTHBIE XapaKTEPUCTUKHU
MpeagaraéMbIX YIEpXXKUBAIOIIUX YCTPONCTB, HO U OCOOEH-
HOCTM MX MPaKTUYECKOTro MCIoyib3oBaHUs. OCHOBHBIMU
rnapameTpamu, KOTOPBIE CAENYET YUUTHIBATD, SIBJISIIOTCS BEC
U IOCTYITHOCTb MTPUOOPETEHM ST U U3TOTOBJICHUST COCTaBHBIX
yacTeil YCTpOICTBa, MPOCTOTa YCTAHOBKM W (DUKCALMU
KOHCTPYKIIMU Ha MTOJBMKHOM COCTaBE U rpy3a BHYTPU Hee,
HEOMYCTUMOCTD IMOBPEXAEHMSI M0JIa BATOHA MPU IKCILTY-
aTaluMM yCTaHaBJIMBaeMoOro ycrpoiictBa. Mcmnonb3oBaHue
COBPEMEHHBIX MHXKEHEPHBIX MPOTPAMMHBIX KOMILJIEKCOB
MPU YCJIOBUM CO3MIAHUS AJEKBATHBIX MOAECJICH MO3BOJISIET
MPOU3BOIUTH HEOOXOAMMBIEC PACUeThI TSI U3MEHSTIOILMXCS

18

ImapaMeTpoOB KOHCTPYKIIWIA, MaTepuajla M3TOTOBJICHMUS,
XapakTepa Harpy>KeHHUs 3JICMEHTOB YCTPOMCTBA, UTO T103-
BOJIIET JOCTATOYHO OIECPATUBHO TOJYYUTH HamboJee
palMOHABHBIN BapUaHT KOHEYHOTO M3AC/INS Oe3 3HAUM -
TEJIbHBIX BPEMEHHBIX 3aTpar.

3akmoyenne. AHaIM3 HaIPsSKeHHO-Ie(hOpMHUPOBaH-
HOTO COCTOSIHUSI TIpejlaracMoil KOHCTPYKIIMM IJIST pa3-
MEIIEeHUS U KPETICHUST JUTMHHOMEPHOTO apOYHOTO Ipy3a
ITOKa3aJl, 9YTO MaKCUMaJIbHbIC 3HAUYCHUS SKBUBAJICHTHBIX
HaIPSDKeHW MPU Harpy>XKeHWM pacueTHBIMU Harpy3Ka-
MM B TIPOIOJIHLHOM U TIOTICPEYHOM HAIIPaBJICHUSX COOT-
BETCTBEHHO cocTaBiistior 126,27 MIla u 121,94 MIla,
YTO HE TIPEBHIIIACT TIpefesia TeKydecTd MaTepuana W3-
rotosieHus pamsl (o, = 400,00 MIla). Takum oGpazom,
MpeTaraeéMoe YCTPOMCTBO ITO3BOJIUT ITOBBEICUTH 0€30-
IMACHOCTH TIpoIlecca TPAHCIIOPTUPOBKM M COXPAHHOCTHU
ITMHHOMEPHBIX TPY30B CJIOKHOM (DOPMBI IIPU TTIepeBO3KE
JKEJIC3HOMOPOXKHBIM TPAHCIIOPTOM 3a CUET OOCCITCUCHUST
WX YCTOMYUBOCTH OT OTIPOKMIBIBAHUS W TIOCTYIIATETbHBIX
TepeMeIleHNI TIpU IBIDKCHUM TT0e31a Ha TPSIMOJIMHEH-
HBIX U KPUBOJMHEIHBIX yIaCTKaX ITyTH.

I[MTpumeHeHne HUMPOBBIX TEXHOJNOTWIA TP BHITION-
HEHNM PacyeToB IO pa3sMEIICHUIO M KPEIJICHUIO TPy30B
ITO3BOJIUT TTOIO0paTh HEOOXOIUMBIC ITapaMeTphl (PUKCH-
PYIOIINX TPY3HI YCTPOICTB, OLICHUTh X IIPOYHOCTD 1 Ha-
JIEXKHOCTh, a TAKKE TTOBBICUTH TOUHOCTh PAacueTOB U CO-
KpaTUTh MaTepUajibHBIC 3aTpaThl Ha MIPOBEICHUE HATyp-
HBIX UCTTBITAHWUH B CITydae MX HEOOXOIMMOCTH.

Bnaronapuocm: aBTOPbI Bbipa><atoT 6J'IaFO,D,apHOCTb peueH3eH-
TaM 3a noJsie3Hble 3aMedaHud, cnocobcTBoOBaBLILME ynydweHuto
CTaTbW.
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Pa3zpaboTka ycTpOonCTBa ynpaB/ieHUs NTOTOKOM Bo3AyXa
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AHHOTALMA

BBepgeHue. PaccMOTpeHbl BO3MOXHOCTU CHUXXEHUS 3aTPaT Ha TEXHUYECKYHO 3KCMayaTaumio 34aHnn, Kak pelleHne ogHom
13 yenesbix 3agady OAO «PXX[O». 3a cyeT NCNONb30BaHUSA dHepreTUyeckm 3PEKTUBHbBIX BEHTUNALMOHHbIX CUCTEM HOpMa-
TUBHbIe NMOKa3aTenn BO3AYLWHOro NoTokKa MoryT ObiTb obecneyeHbl NpU MeHbLIMX pacxofax TerJoBOM U 3NeKTPUYECKON
3Hepruun. PaccMoTpeHbl aBTOMaTU3NPOBAaHHbIE CUCTEMbI YNIPABAEHWS MOTOKOM BO3JyXa NPUTOYHOM U BbITS)KHOW BEHTU-
nAUMU. AHaNU3 NpUHUMNA AENCTBUA 3TUX CUCTEM MO3BOJIUN pa3paboTaTh OnbITHbIM 0b6pa3sel, MHHOBALMOHHOIO YCTPOW-
CTBa M UCMbITATb €ro Ha pa3nnyHbIX oobekTax OAO «PX[», Mpy 3TOM AOCTUIHYB YMeHbLIEHMs dHepronoTpebneHus.
Martepuanbl u metogbl. [[pyMeHeHbl MeTOAbI HATYPHbIX UCMBITAHUA BEHTUNSILMOHHOW CUCTEMbI Ha cTeHAe ans ¢ousb-
TPOB OYUCTKM BO3[yXa, MOCTYMAlOLWEro B MNOMELLEHME MACCAXXUPCKOrO BaroHa, U HaTYPHbIX CPAaBHUTENIbHbIX UCMbITAHUI
Ha coumanbHoOM obobekTe — 3haHumM caHaTopust OAO «PXK».

Pe3ynbTraTtbl. HayyHo 06oCHOBaHa LLenecoobpasHOCTb MUCMONb30BaHMSA YCTPOWCTB perynnpoBaHusa BO3AYLHbIX MOTO-
KOB BEHTUMSLMOHHBIX CUCTEM, CPAaBHUTENbHbIE UCTMbITAHUSA KOTOPbIX, BbIMOJIHEHHbIE Ha MPOU3BOACTBEHHbIX U COLManb-
HbIX 06bekTax OAO «PXX[», MO CpaBHEHUIO CO WTATHLIMU PEXMMaMMN paboTbl BEHTUNSALMN, MOKa3ann HagexHylo paboTy
N CTabUNbHYIO 3KOHOMUIO MOTPEDBNAEMON 3NEeKTPUYECKON SHEPTUN.

06cyxaeHue U 3aKntoYeHne. Pe3ynstaTel paboTbl MO3BONAIOT yTBEPXAATb, YTO MPUMEHEHNE B CUCTEMAX BEHTUASALMMN
NMPOU3BOACTBEHHbIX U coumanbHbiX 3aaHnn OAO «PX[O» pa3zpaboTaHHOro onbiTHOro obpasLa yCcTponcTBa ynpaBneHus
BO3AYLIHbIM NMOTOKOM 00ecneynT ymeHbLIeHMe NoTpebnseMon 3NeKTPO3HEPrUKn NpU COXPAaHEHMN HOPMUPOBAHHbIX Na-
paMeTpOB NMPOXOAALLMX B BO3AYXOBOAAX OObEMOB BO3AyXa.

KJTIOUYEBBIE CJIOBA: npou3BoACTBEHHbIE U COUMaNnbHbIE 34aHUS, CMCTEMa BEHTUNALUUM 34aHUN, perynsTopbl NOToKa
BO3ayxa, TpybKa MnTo, CKOpoCTb MOTOKA, SKOHOMMUS SNEKTPOIHEPTUN

ANA LUTUPOBAHUA: HaymeHko C. H., Mycepckuii . O. PazpaboTka ycTporcTBa ynpaseHus MOTOKOM BO3ayxa s Npo-
W3BOACTBEHHbIX M coLManbHbIX 3gaHn OAO «PXK[» // BecTHUK Hay4yHO-MCCnefoBaTENbCKOrO MHCTUTYTA XKele3HOA0POX-
Horo TpaHcrnopTa (BectHuk BHUWMMKT). 2025. T. 84, Ne 1. C. 21-28.
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Development of air flow control device for industrial
and social buildings of JSC Russian Railways
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ABSTRACT

Introduction. The authors considered ways of reducing costs of building maintenance as a solution of one of the target
tasks of the JSC Russian Railways. The air flow standards may be achieved with lower heat and electricity consumption
through the use of energy efficient ventilation systems. Automated systems for controlling the flow of air supply and
exhaust ventilation were observed. Analysis of the principle of operation of these systems allowed to develop a prototype
of an innovative device and test it on various facilities of JSC Russian Railways, thereby achieving reduction of energy
consumption.

Materials and methods. Methods of field tests of ventilation system on a stand for filters to purify air entering passenger
car space and field comparative tests at sanatorium of JSC Russian Railways were applied.

Results. The feasibility of using air flow control devices of ventilation systems, comparative tests of which performed
on production and social facilities of JSC Russian Railways, were scientifically proven, demonstrated reliable operation and
stable savings in energy consumption, compared to the standard operating modes of ventilation.

Discussion and conclusion. The results of the work enable to affirm that application of the developed prototype of the air
flow control device in ventilation systems of production and social buildings of JSC Russian Railways would ensure reduction
of energy consumption while maintaining normalised parameters of the air volumes passing through the air ducts.

KEYWORDS: industrial and social buildings, ventilation systems, air flow regulators, Pitot tube, flow speed, energy saving
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Beenenne. OAO «PXK]I» sBasieTcsl KpYITHEUIITUM BJia-
neblieM MHGPacTpyKTyphl B Poccum, B TOM umciie 3paHmii
Pa3IMYHOIO HA3HAYCHMS: ITPOM3BOIACTBEHHBIX, OOIIECT-
BEHHBIX, XWIBIX. OT TIpodecCoHATbHON TeXHUUYECKOM
SKCIUTyaTalluy 3TaHWIl BO MHOTOM 3aBHUCHUT O0ecIICUeHIE
TEXHOJOTUYECKUX MTPOLIECCOB, YAOBIETBOPEHHOCTDb BHEIII-
HUX 1 BHYTPEHHUX KJIMECHTOB, a TAKXKE ONITUMAJIbHasI ceOe-
croumocTtb mpoayktoB OAO «PXK]I». Tak, o cOCTOSTHUIO
Ha Havayo 2020 roma Kommanwus pacromnaraia 99,3 Teic.
3MaHU, B COBOKYITHBIX pacXolaX Ha TEXHUYECKYIO DKC-
IUTyaTallMio KOTOPBIX, B yacTHOCTH, 3a 2019 rom, 3aTpa-
THI, OTHOCHUMBIE Ha CeOCCTOMMOCTh IePEeBO30K, COCTABH-
1 5,5 % wunu 83,1 mipa. pyb:eii.

B cBg3u ¢ 5TUM OOHOU M3 CTpaTerMyecKux liejei
OAO «PX» sBrmsgeTcss yMEHBIIEHHE Ce0eCTOMMOCTH
TeXHMYECKOM aKcryaTaunu 3gannii 1o 2030 roga Ha 7 %,
B TOM YHCJIC CHIDKCHUE UX 9HEPTOEMKOCTH 3a CUET OITH-
MM3aIIH PACXOIOB Ha SJIEKTPUICCKYIO U TETJIOBYIO HEP-
Mo He MeHee yeM Ha 10 % .

M3BecTHO, YTO HAMOOJBIIYIO YacTh OOILIMX PacXolIOB
3MaHMS 3aHUMAOT 9KCIUTyaTallMOHHBIE 3aTpaThl. [1pu aToM
aBTOMATHU3aIMsI 3MaHUI ITO3BOJIIET COKPATUTD SKCITIyaTa-
LIMOHHbIE 3aTpaThl 110 MeHbleil Mepe Ha 20 % |1, 2].

3nech He TUITHUM OyIeT 3aMeTUTh, UTO CYIIECTBEH-
Has IOJIsl SHEPTeTUISCKNX 3aTpaT B 3MAHUSIX IIPUXOIUT-
csl Ha pabOTy YCTPOICTB BEHTWISILIAM, COCTOSIICH TIpe-
WMYIIECTBEHHO W3 IIPUTOYHBIX, BBITSKHBIX WIIM TIPH-
TOYHO-BHITSDKHBIX KOMOWHMPOBAHHBIX CcHCTEeM. Tak,
HaIpuMep, TMPSIMOTOYHBIC CUCTEMBbl BEHTWISIIUUA I10-
Tpebisiior 50—60 % Bceil ayeKTposHepruu 3maHus [3].
VautweiBas, uto OAO «PXKJI» gaBnsieTcs KpyIMHENIITNM
paboTomaTeieM CTpaHBI, CO3MAIOIINM KOMMOPTHEIE yC-
JIOBUSI TSI TpyJa W OTAbIXa CBOMX PAaOOTHHMKOB, Tepe-
XOII Ha 3KOHOMMYHBIC PEXUMBI PaOOTHI BEHTWISITOPOB
TTO3BOJIUT JTOCTUYDb OXKUIACMBIX PE3YIbTATOB B 00JIACTHU
SHEProeMKOCTH 3maHuii. lleaplo mcciaenoBaHUS SIBIISI-
eTCsl OIleHKAa BO3MOXKHOCTH CHIDKCHUSI SHEPTOEMKOCTH
sganuit OAO «PXKII» 3a cyeT MCcnoab30BaHUSI dHEpPre-
THIeCKA 3(D(HEKTUBHBIX BEHTIISIITUOHHBIX CUCTEM, T103-
BOJISTIONINX 00ECIIeunBaTh HOPMATHBHBIC TTOKa3aTeIn
BO3IYIITHOTO ITOTOKA.

Tunbl aBTOMaTU3MPOBAHHBIX CUCTEM. B pa3BUTHIX CTpa-
HaX MHpa IMHPOKO MUCIONB3YIOTCS Pa3IMIHbIC TUITBI aB-
TOMaTH3NPOBAHHBIX CHUCTEM, ITO3BOJISTIOIINX KOHTPOJIM-
poBaTh HEM3MEHHOCTD ITOKa3aTeJIeil BO3MYIITHOTO MOTOKA
WIN WHIWBUIYAJbHBIC TEIIO-BIIaXKHOCTHBIC ITapaMeTphI
BEHTUJIMPYEMbBIX moMellieHnit. Hambomnee pacmpocTpa-
HeHHBIe cucteMbl — CAV, obecrieumBaroIme MOCTOSTH-
HbIIi pacxoj MoJaBaeMoro B ToMeleHre Bo3ayxa, 1 0ojee

cioxHble — VAV, peryaupyroiine nepeMeHHbI pacxo/,
BO3IyXa U151 KaXKI0ro BUaa OMELLEeHMIA [4].

Perynsitopsr mmoctostHHOTO pacxoma CAV (Constant
Air Volume) mosIBIIINCh Ha OTEYECTBEHHOM DPBIHKE BEH-
TWISILUOHHOTO 000pYIOBaHUSI OTHOCUTEJIbHO HEIaBHO
1 BO MHOTMX KOMITAaHMSIX €11I€ TOJbKO BXOMST B CTaHAApT-
HYIO MPAaKTUKY MPOEKTUPOBAHUS U COOPYXKEHUSI CUCTEM
BEHTWJISLIMM U KOHAULIMOHUPOBaHUs Bo3ayxa. KoHCTpyK-
tuBHO perynsaTop CAV mpencraBisieT co00it aBTOHOMHBIIN
MeXaHWYECKUI KJlaraH, KOTOPbIii MOHTUPYETCS Ha yyacT-
K€ BO3IyXoBoJa M paboOTaeT B pexXume caMoOalaHCh-
POBKM, MPUYEM TMOAKIIOYEHUE K BHELIHEMY MCTOUHMKY
3JIEKTPOIIMTAHUSI HEe TpedyeTcs [5].

B 3aBUCMMOCTH OT BeJIMUMHBI 1aBJAEHUS B BO3AYLIHOMN
cetu perynsitop CAV co3maer DOMOJTHUTEIBHOE a3pOan-
HaMMWYECKOE COINPOTUBIEHUE TakK, 4TOObl OOECIEeUYUTb
3aaHHBIM pacxoj BO3ayxa yepe3 BO3IyXOBOA, B KOTOPOM
OH ycTaHOBJIeH. YeM BblllIe 1aBleHUE BO3AyXa B CETU Te-
pen peryasiropoM, TeM 00Jibllie OYAEeT U COMPOTHUBIEHUE
peryisitopa, 1 Ha00OPOT — TPU YMEHbILIEHUN JAaBAEeHUS
PEryJsiTOp CHMXKAET CBOE COIpPOTHUBJIEHUE. MexaHu3Mm
camMOo0aTaHCUPOBKY TIPU ATOM OOECHEYMBAET MOCTOSTH-
HbI pacxol BO3Ayxa HE3aBUCUMO OT JIIOOBIX KoJieOaHUM
JaBJIEHUSI.

Cy1iecTByeT HeNBIA psi 3a1a4, TIPUCYIITNX ITPOU3BOI -
ctBeHHBIM TToMeneHusIM OAO «P2XK]I», KoTopble TTpOCTO
HEBO3MOXHO peain30BaTh 0€3 IPUMEHEHUS PETYJISITOPOB
CAYV, B 4aCTHOCTH, €CJIU TpeOyeTCsT 00eCIIeYNTh:

e TOCTOSIHHBII pacxoji BO3ayxa Ha OTAEJIbHbBIX y4acT-
Kax BEHTWJISILMOHHOM CETU HE3aBUCUMO OT U3MEHEHUS
paboyrx napaMeTpoB BCEU CUCTEMBI;

o CTAOMJIBHYIO TTOMauy U (MUIM) BBITSDKKY KOHTPOJIH-
pyemMoro o0beMa Bo3ayxa B MPOU3BOACTBEHHBIX TOMELE-
HUSIX, B KOTOPBIX TPEOYETCsI TapaHTUPOBAHHBIM nedanaHc,
B TOM 4YucJie 1151 MOAAepKaHUsl U30bITOYHOTO JaBAeHUS
WM pa3psiKeHUs

e OrpaHMYEHME MAKCMMaJIbHOTO 00beMa BBITSXKHOTO
BO3yXa, yIAJSIEMOTO YEPE3 MECTHBIE OTCOCHI MEPUOANYEC-
CKOTO ICUCTBUSI,

e BBINOJHEHUE MOJEPHU3ALIMU OTIEJIbHONW BETBU CU-
CTeMbl BEHTWISILIMU, HE Hapyllasi paboThbl CUCTEMBI B 1€~
JIOM.

IIpu Bceit mone3Hoctu peryasgtopoB CAV ux mpu-
MEHEHME, TEM HE MeHee, HE TIO3BOJISIET TOXKHBIM 0o0pa-
30M MHUHUMU3UPOBATH MOTPEOJEHUE DJIEKTPOIHEPTUM.
Jts 9TuX uenei, Kak npaBuiio, MPUMEHSIOT YaCTOTHbIE
npeodpazoBaTean (MHBEPTOPHI), XapaKTePUCTUKU KO-
TOPBIX HACTPaMBalOT Ha CTAOWJIbHYIO PabOTy BEHTUJISI-
LIMOHHOM CUCTEMBI C XapaKTEePHbIMU U151 HEE CPEAHUMU

106 yrBepxaeHur CTpaTternu TeXHUYECKOM sKcrutyaTaluu 3naHnuil u coopyxenuit OAO «PKJI» Ha nepuon 1o 2025 roga v Ha NMepCreKTUBy
1o 2030 roma: pacriopstkeHne OAO «PXKJI» ot 22.04.2021. Ne 896/p. [Dnekrponnsiit pecype]. URL: http://www.consultant.ru (mata oGpamieHus:

14.02.2025).

2 Tomn Pucrumsiku. DHeprernueckast sddexrnsrocts: Honeywell [Dmexrponnsiii pecype]. URL: https://masters.donntu.ru/2017/etf/

rozuvanov/library/h-energy-VDF.pdf (nata oopamenust: 14.02.2025).
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TEeXHUYECKUMH TapaMeTpamu-. B Takoil cucreme Mo-
TOP-BEHTUJISITOP COCIUHEH C TIpeodpa3oBaTesieM YacTOTHI.
[IpeobpazoBaTelb KOHTPOJIMPYET CKOPOCTH MOTOP-BEH-
TIJIATOpPA VTS TIOCTOSTHHOTO MO P>KaHUST HEOOXOIUMOTO
o0beMa/maBIeHNs] BO3MyXa, IepeIaBaeMoro 1o CUCTeMe
KaHaJIOB. YPOBEHb AaBICHUS KOHTPOIMPYETCS TaTINKOM,
OCYIIECTBJISIS TAKUM ITyTeM 0OpaTHYIO CBA3b C IIpeodpas3o-
BaTeJIeM 9acTOTHI. B ITOMOOHBIX cicTeMax SKOHOMUS 3JIeK-
TposHepruu gocturaer 15 % [6].

[[I1poKo M3BECTHHI TaKXKe PETYISITOPHI TEPEMEHHOTO
pacxoma Bo3myxa — VAV (Variable Air Volume)4. OcHOBHOM
TIPUHIINTI IeHCTBYSI BEHTUIISIITUOHHOM CUCTEMBI C PETYIISITO-
poM VAV monsiteH u3 puc. 1, rme VAV (5) aBTOMaTHuecKu
VIIpaBIIsIeT ITONIOKEHNUEM 3acJOHKHU (6), ycTaHABIMBAaeMOM
IUTS TTIOMaYy MHIWBHUIYaIbHOTO 00beMa BO3MyXa B TIOMeIIIe-
HMe, CO3IaBasi TP 3TOM JIaBJIeHIE B BO3MYXOBOJIE, 3HAUCHIE
KOTOPOTO OTIPENENAeTCs 10 TaTYMKY OaBlIeHUS (4) U mpeood-
pa3yeTcsl ¢ TIOMOIIIbIO aBTOMATUIECKOTO PETYIISITOpa daBiie-
Hus (3), OCHAIIEHHOTO KOMMYTAaTOPOM, B SKBUBAJCHTHBIN
3JIEKTPUIECKUI CUTHAJ, TIepeNaloIINiiCsl YJaCTOTHOMY TIpe-
obpasosareliio (2), Mo3BOJSIIOIIEMY U3MEHSTh CKOPOCTb Bpa-
IICHUST BEeHTUJISITOPA, MUHUMU3HUPYST TAKIM 00pa3oM ITOTpe-
OJIIeMYI0 MOIITHOCTD ABUTATeIsI (/) pOBHO HACTOJIBKO, YTOOBI
JaBJICHE B BO3AYXOBOJIE BEPHYJIOCH Ha MPEXKHUI YPOBEHb.

5 /

AR}

Puc. 1. Cxema ynpaBieHuUs BO3AYIIHBIMU ITOTOKaAMU cUCTeMbl VAV*:
I — nBUTaTENh BEHTUJISITOPA; 2 — YaCTOTHBIM MpeoOpa3oBarteib;
3 — aBTOMAaTHUYECKUI PETYIISATOP AaBJICHUS; 4 — NaTYMK TaBICHUS;
5 — peryasarop repeMeHHoro noroka VAV; 6 — 3acjioHKa
* IcTOYHMK: pa3paboTaH aBTOpaMH

Fig. 1. Scheme of VAV air flow control system*:
1 — fan motor, 2 — frequency drive, 3 — automatic pressure controller,
4 — pressure control device, 5 — VAV variable flow regulator, 6 — valve
* Source: developed by the authors

DTO DOCTAaTOYHO CIIOKHBIC W ITOPOTOCTOSIIINE aBTO-
MaTU3MPOBAHHBIC CHCTEMBbI Pa3IMIHON MepapXuu, C IMo-
MOIIIBIO KOTOPBIX TIPEACTABIISIETCS] BO3MOXKHBIM OpraHU-
30BaTh IMOAAYy BO3MyXa MO MOTPEOHOCTH B 3aBUCUMOCTH,
B TOM YHCJIe, OT OITpeIeSICHHBIX BHEITHUX (PaKTOPOB (TeM-
neparypa, BiaxHocTb, CO, U 1p.) U KOTOPbIE MO3BOJISIOT
9KOHOMUTS OT 30 % 1 GoJiee MOTPebIIeMOIL BJIEKTPOIHEP-
rui°. OHU MOTYT GBITh MHTEPECHBI TSI GU3HEC-LIEHTPOB,
HOMEPOB TOCTUHHUIL U T.A., TO €CTh IJISI T€X TTOMEIICHUIA,
B KOTOPBIX HEOOXOOMMO TapaHTHUPOBAHHOE ITOCTIDKCHUE
WHIWBUIYAJBHBIX TapaMeTpoB KoMdopTa [7—10].

Bwmecte ¢ tem, Ha nmpeanpusatusax OAO «PXK]I» mpo-
W3BOJCTBEHHON WMJIM COIIMATBHOM cephl IMIMPOKO BOC-
TpeOOBAaHHBIMU MOTYT CTaTh MEHee CIIOXHBICE W JHEp-
reTuaeck 3(MHEKTUBHBIC BEHTWISIIMOHHBIE CHCTEMBI,
ITO3BOJISTIOIIME 00eCIIeunBaTh HOPMATUBHBIE TTOKAa3aTeIn
BO3IYIITHOTO ITOTOKA B LIEJIOM IJIST 3MaHUIA.

Martepuansl 1 Metoabl. OIlCHKAa M3BECTHBIX TEXHM-
YeCKUX M KOHCTPYKTMBHBIX PEIICHUI, pacCMOTPEHHBIX
Boiie, a Takke CAV um VAV peryistopoB MO3BOIMIIA
OIpeNe/INTh HECKOJIbKO WHBIC MPUHIIUITEI yIIPABICHUS
ITOTOKOM BO3IyXa. B 4acTHOCTM, MCITOIB3YeMBbIl B yKa-
3aHHBIX CHCTeMaX B KaUeCTBE OTTIOPHOTO 3HAUCHUS TaTINK
ITaBJICHUsI, HACTpanBaeMbIil Ha HEKYIO CPEIHIO BEININ-
Hy, He 00JI1amaeT BO3MOXHOCTBIO (PUKCHPOBATh MTHOBEH-
HBbIE M3MEHEHUSI (DM3NIECKUX ITapaMeTPOB IMOCTYIAIOIIe-
ro B CUCTEMY BO3yxXa, a UX yUYeT IMO3BOJISIET 00ECIEUUTh
IIOTIOJTHUTENIPHYI0 SKOHOMUIO SHEPTUM.

B cBs13u ¢ 3TMM pa3paboTaHO M IIPEUIOKEHO HOBOE
TeXHUYECKOE pPEIcHNE, HAIIpaBICHHOE Ha ITOBBIIICHUE
HaIEeKHOCTH M TOCTOBEPHOCTH ydeTa M3MEHEHUM (hU3M-
YeCKMX MapaMeTPOB BO3AYITHOTO MMOTOKA, HEOOXOIUMOTO
IIJIST TIONACPXKaHUSI 3aIaHHOTO pacXoa BO3Iyxa, IPOIIop-
IIMOHAJTEHOTO MAacCOBOMY PAacXOMy, YTO ITO3BOJISICT TP
COXpaHEHUW HOPMHPOBAHHOTO IOTOKA BO3IyXa B 0OOJIb-
e CTeTIeHW ONTHMMU3MPOBATh IOTPEOICHNE 3JIEKTPO-
SHEPTHH 110 KPUTEPHIO MITHUMU3ALINHI SHeprosarpar’.

B npouecce pabothl ObLT pa3paboTaH U U3rOTOBJIEH
OIBITHBIM OOpa3er] yCTPOMCTBA, YCIOBHO Ha3BaHHBIN
«IToTok» (puc. 2).

YCTpoiicTBO yIpaBiIeHUsI TIOTOKOM BO3IyXa CONEPKUT
mpeobpa3oBaTeib 2 CKOPOCTH ITOTOKA BO3AyXa B HAIIPSIKe-
HHE TTOCTOSTHHOTO TOKa, ICTOYHHMK 00pa3110BOT0 HAIIPsIKe-
Hug 3 u nuddepeHIMaIbHbIIA YCUIINTENb 4 pa3HOCTH IBYX
HaNpsDKEHWI TIOCTOSTHHOTO TOKa, KOTOpPBIE pa3MelleHBI
B OTHCIBHOM KopItyce [. YCTpPOMCTBO CONEPKUT HaTUYUK

3 Cucremst BenTisiimn. TIpumep TroBoro mpumenenus: [TU-peryisitopa: 000 «<APMOC» [DnekrponHsrii pecype]. URL: https://www.

technowell.ru/info/articles/sistemy-ventilyatsii-primer-tipovogo-primeneniya-pi-regulyatora/?ysclid=m3yeiue2ht352483351

14.02.2025).

(mata oOpalleHus:

4VAV-cucrema: Breezart Shop [caiit]. URL: https://breezart.shop/about/vav/ (nata ooparnienus: 14.02.2025).

5 Pery/isiTopbl TIEPEMEHHOTO PacXoa BO3IyXa — SHEProa(h®EKTHBHAS CHCTEMA MHANBALYATBHOTO KITHMAT-KOHTPOSI B KAXIOM MTOMEIIEHNN:
Systemair [caitt]. URL: https://smtrading.ru/upload/goods/nVzee3cxObbL_Optima_VAV.pdf (nata obparnienus: 14.02.2025).

® Marent No 2824693 Poccuiickast Denepanust, MITK F24F 11/63, F24F 7/00. Crioco6 yripaBieHUs TOTOKOM BO3IyXa B BEHTUJISIITUOHHOM yCTa-
HOBKE U YCTPOICcTBO st ero peanuzanuu: Ne 2023118010: zassi. 07.07.2023 , omy6ur. 12.08.2024 / Haymenko C.H., KpsutoB A.A., Mycepckuii [1.0.;
3asiBUTE) b HayuHO-MCClienoBaTeIbCKUii MHCTUTYT XeJie3HOMopokHoro TpaHcnopta. EDN: https://elibrary.ru/dazpsi.
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Puc. 2. CxeMHoe pellieHue yCTpoiicTBa yIpaBIeHUsI TTIOTOKOM BO3IyXxa*:
1 — xoprryc ycTpoiicTBa; 2 — Mpeodpa3oBaTesib CKOPOCTH TOTOKA
BO3/IyXa B HANIPsLKeHNE; 3 — UCTOYHUK 00Pa3II0OBOTO HAIIPSKEHNST;
4 — nuddepeHIInaTbHBIN YCUIUTENTb PA3HOCTH ABYX HATIPSIKEHUI
MMOCTOSTHHOTO TOKA; 5 — MaTYMK TUHAMUYECKOTO TaBICHUST;

6 — IaTYUK TeMIIEpaTyphl
* VcTOYHUK: pa3paboTaH aBTOpaMK

Fig. 2. Circuit solution for the air flow controller*:
1 — body; 2 — air flow rate to voltage converter; 3 — sample voltage
source; 4 — differential difference amplifier of two DC voltages;
5 — dynamic pressure sensor; 6 — temperature sensor
* Source: developed by the authors

MTUHAMHWYECKOTO JaBJICHUs 5, BHITTOJHECHHBIN B BUAC Ha-
rmopHoii Tpyoku [1uTo, 1 DaTINK TeMITepaTypsl 6.

Cremyer 3aMeTUThb, YTO CETOAHSI Ha PBIHKE ITUPOKO
MIpeACTaBICHBI IMMPOBBIC JATUNKN TMHAMUIECKOTO TaB-
JIeHHs1, HO IUISI OTIBITHOTO 00pa3iia ObUIa MCIOIb30BaHa
TpyOKa [luTo.

[MpuHIIUN KeiicTBUS ycTpoiicTBa OCHOBAaH Ha (DOPMM-
POBAaHUU BBIXOIHOTO 3JICKTPHYECKOTO CUTHAJA, CBSI3aH-
HOTO JIMHEWHON 3aBMCHUMOCTBIO C MACCOBBIM PacXOIOM
BO3/IyXa M OITMCHIBAEMBIi BBIPAKCHUEM:

rae Oy — MaccoBblil pacxon Bo3ayxa, Kr/c; p — IJIOT-
HOCTb BO3yXa, KI/M>; V — CpemHsisi CKOpOCTb MOTOKa,
M/c; S — IIOMANb CeYeHMSI TOTOKA, M.

B kauectBe uzMmeputenbHON MHMDOPMALIUU HUKCUDPY-
I0OTCSI OCHOBHBIE MapaMeTpbl MOTOKA BO3AyXa BEHTUJISI-
LIMOHHOW CHCTEMBI: TEMIIepaTypa, oOIIee U CTaTUYeCKOoe
JTABJIEHWE, OTIPENEISIEMbIE, COOTBETCTBEHHO, C TTOMOLIBIO
TepMOMeTpa COMpoTUBIeHUs u Tpyoku Iluro.

Ha puc. 3. npuBeneHa pyHKIMOHATBbHAS cXxema pado-
ThI YCTPOWCTBA, Iie Py — 3HaYeHUe TMHAMUYECKOTO JaB-
JIEHWS, U3MEPSIEMOE C TTOMOIIbIO YCTAHOBJIEHHOU B BO3-
nyxoBoje Tpyoku [Tuto, MM BOA.CT., ONIpeneisieMoe KakK:

Pp=P,- P, 2)

rae P, — obuiee napneHue; P, — cTaTu4ecKoe NaBICHUE;
t — 3HAYCHME TeMIIepaTyphl BO3AYIIHOTO TTOTOKA, U3Me-
psieMoe ¢ TIOMOINBIO TepMOMeTpa compoTuBicHUs, “C;
V=f(Py; t °C)/U, — mpeobpasoBareib CKOPOCTH IMOTOKA
BO3IyXa B HampsDKEHHME TTOCTOSTHHOTO ToKa (13 M/c B B);
U,y — UCTOYHUK 0Opa3LOBOr0 HaMpsKEHUsI, 3a1a0UINi
3HaYeHNE CKOPOCTHU ITOTOKa Bo3myxa; 1Y — muddepeH-
IUATBHBIA YCWIIMTENIb PA3HOCTH IBYX HATIPSDKEHU TTO-
CTOSTHHOTO TOKa C KO3(P(UIIMEHTOM yCwieHUus k = 6;
U/F — mpeobpa3oBaTellb TOCTOSSHHOTO HAaIPSLKCHUS
B YACTOTy yIpaBJICHUS M TUTAaHUS aCMHXPOHHOTO IBU-
raTeiisi BeHTUISITOpa; Motor — aCHHXpOHHBIN TBUTATENb
BEHTUJISITOPA.

B

t°C<] -
- e
Pn
K -

Puc. 3. ®yHkimonanmbpHast cxema paboThl yeTpoiicTBa «[1oTok»*
* VIcTOYHUK: pa3paboTaH aBTOpaMK

Fig. 3. Functional scheme of Potok device*
* Source: developed by the authors

B onbiTHOM 00Opa3sie ycTpoiicTBa IPUMEHEH IIPUH-
LU PeryJupoBaHUS YaCTOThl MUTAIOIIETO HATIPSIKEHUS
IBUTATEJISI BEHTWISITOpA MPU UCIIOJIB30BAaHUM JBYX I1a-
paMeTpOB: 3aJaIOLIEro 00pa3LoBOro HampspkeHus U,
YCTaHABJIMBAEMOTIO IIPU €ro HACTPOMKE, M BBIXOZHOTO
HanpspkeHus U, N3MepUTEIbHOTO KaHaja, CO31aBacMOro
yctpoiictBoM «IloTok». MMeHHO UCIOIb30BaHUE MPUH-
LIUATIa PErYJIUPOBAHMUS YACTOTHI TTMTAIOIIETO HATIPSKEHUS
nBurates BeHTUgTOpa cuutaercss B OAO «PXKJ» ox-
HUM U3 NEPCIIEKTUBHBIX HATPaBJICHU CHUKEHUST PacX0-
J1a 3JIEKTPUUECKOI DHEPTUU, KOTOPOEe HAXOIUT Bce OoJjiee
LIMPOKOE HpI/IMeHeHI/ICS.

ITockoabKy BO3myX B BEHTUJIMPYEMOM MOMEILEHUU
JIETOM OXJIaXKIaeTcsl, a 3UMOil nmomorpesaetcs, B «IloTo-
Ke» TIpeaycMoTpeHa (YHKIUS PeryIupoBaHUs MU3MeHe-
HUS TJIOTHOCTH BO3IyXa O OT €ro TeMIepaTypsl ¢°, BhIpa-
KeHHas Kak (273 +1°)/293. Dra GyHKUMS IpU pacyeTe
CKOPOCTM BO3AYILIHOTO ITOTOKA YUYUTHIBACT MPUBEACHUE

7 Natanku quHamMmdeckoro gasienus:: AO «Teronpu6op» [caiit]. URL: https: //xn--90ahjlpcccjdm.xn--plai/catalog/datchiki-dinamicheskogo-
davleniya-zet-315-zet-801-802-803/?ysclid=m3zp34wo006761944163 (nata obparnienus: 14.02.2025).

806 YTBEepPXKIEHUU DHEPreTuueckoi crpaternu xouauHra « Poccuiickue xxenesnbie goporu» Ha rieprof 1o 2020 roma u Ha iepcrniektuBy 10 2030 ropa:
Pacniopstxkenne OAO «P2XKJI» ot 14.12.2016. Ne 2537p [Dnekrponnsiit pecype|. URL: http://www.consultant.ru (zata oopamenust: 14.02.2025).
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00BEMHOTO PACXOla XOJIOAHOTO WM TOPSYETO BO3MyXa
K HopMmanbHO# Temmnepatype 20 °C.

M3mepuTebHbIi KaHall YCTPOMCTBA MO3BOJISIET (OpP-
MMPOBAaTh CUTHAJI, CTAOMIM3UPYIOLIMIT MACCOBBII PacXom
BO3MYIIHOIO IIOTOKA, IJIOTHOCTb KOTOPOIO M3MEHSIETCSI
B 3aBUCHUMOCTH OT TeMIIEPaTyphl.

3a cueT yMeHbILUEHUs] KoJieDaHU CKOPOCTU IIOTOKA
BO3[yXa, KOTOPbIE B pe3yJbTaTe MPUBOIAT K CHUKEHUIO
DHEPromnoTpedaeHus:, YTO MOXHO YBUIETh Ha puc. 4, yCT-
POICTBO MO3BOJISIET MOAAEPKMBATD 3aJaHHbIE TTaPAMETPhI
MMKPOKJIMMATA.

V(m/c) BentunsaTop + MHeepTop

BeHTtunatop + MHeepTop + MNoTok

V cpenHsas

t(cek.)

Puc. 4. KosiebaHusi CKOPOCTH MOTOKA BO3IyXa B Pa3JIMUHbBIX CHCTEMax™
* VIcTOYHUK: pa3paboTaH aBTOpaMu

Fig. 4. Air flow speed fluctuations in different systems*
* Source: developed by the authors

PesynbraTel. [lyisi anpoOaiiuu paboThl yCTpoiicTBa
ObLT BBIOpAaH CACAYIOLIMI TMUJOTHBIM OOBEKT: CTEH],
JIUISI UCTIBITAaHUST (DUIIBTPOB OYMCTKU BO3[yXa, ITOCTYIa-
IOLLETO B MOMELICHNE MACCaXUPCKOro BaroHa’. CTeHI
cojiepajl IPUTOYHBIA BEHTWISITOP C MapamMeTpamu 3a-
ABJIEHHOM MolHoCTH N, = 4 KBT, cunoii toka /= 8,5 A
U uucioM oboporoB apuratenst # = 2800 00/MuH.
Jlst mpoBeieHUsI UCTIBITAHWM CTeHI ObLI TOMOJTHUTEIb-
HO 000pYyIOBaH YaCTOTHBIM Ipeodpa3oBartesieM Emotron
FDU 2.0. B cooTBeTCTBMU C MPOrpaMMOil UCTIBITAHUIA
MepBbIil 3Tall BKJIIOYal B ce0s McciaenoBaHUe pabOThI
BEHTUJISIIMOHHOM CHUCTEMbI B INTATHOM MCIIOJIHEHUU,
MpY 3TOM Ha CTEHJIE ITOCJIEeIOBAaTEIbHO MOICIMPOBA-
JIMCh peXXUMBbI ABUKEeHUS BaroHa (1—3) co ckopocTsiMu
0, 50 u 100 xmM/4 cooTBeTcTBeHHO. [l1dpoBbIM aHEMO-
metpoMm Aktakom ATE-1034 usmepsiiuch mapaMeTpbl
CKOPOCTH TIOTOKA BO3/yXa B HarHeTaTE€JIbHOM BO3IYXO-
BOJIE, a IITaTHBIM BaTTMETPOM — IOTpebIisieMast BEHTH -
JIITOPOM MOIIIHOCTb Ha KaXKI0M PeXXUMe MOISIUPYEMOil
CKOPOCTH.

Ha BTOpOoM »3Tame wucHbITaHWS B HarHeTaTeJIbHbIA
BO3IYXOBOMA ObLT Bpe3aH OINBITHBIN 00pa3el] yCTpoiicTBa
«IToTok», COeMMHEHHBbI KaHaJOM CBSI3M C YaCTOTHBIM

npeodpazoBateneM Emotron FDU 2.0, 1 B TeueHUe Tpex
CYTOK TIPOBEICHBI aHAJTOTUYHBIC U3MEPEHUS.

Pe3ynbraThl CpaBHUTEIBHBIX WCHIBITAHWN IIPEICTaB-
JIeHbI B Ta01. 1.

Tabnuua 1

Pe3y.l'll>TaTl)I CPaBHUTEJIbHbIX MCTbITAHUI paGOTbl
BEHTWISIIIMOHHO# CHUCTEMbI HA CTeHZle*

Table 1
Comparative results of ventilation system on test bench*
Pexum
MourHocTb CKOpOCTb MOTOKA
Yacrora MOJIEJI -
Ne JIBUTATEJISI Ha JIUHUU
BpalleHUsI, pOBaHUS
/1 BEHTWJISATOPA, HarHeTaHusl:
Ty TIBVKEHMST
KBT -4 MUH.—MakKc., M/c
BaroHa
IItaTHOE UCTIOIHEHUE CTeHIA
1 50 4,19-4,22 2,09-2,18 1
2 50 4,15—4,18 2,32-2,42 2
3 50 4,10—4,12 2,33-2,50 3
[lITaTHOE MCTIOTHEHUE CTEHA C YCTPOUCTBOM «[ToTOK»
1 46,0—46,2 3,25-3,27 2,00—-2,22 1
2 45,7-46,0 3,29-3,31 2,22-2,28 2
3 45,3—45,8 3,26—3,28 2,15-2,30 3

* ICTOYHUK: JaHHBIE aBTOPOB
* Source: authors data

B cooTBeTCTBMM C TPOrpaMMOil UCTTBITAHUIA OBLIY TT0-
JIyYEHBI CACIYIOIINEe Pe3yabTaThI:

o TIOTpeOJisieMasi MOIIIHOCThb IBUTATEIeM BEHTUIISITO-
pa Mo IITaTHOMY CUeTUMKY cocTaBuia 4,7 KBr-4.;

o TIOTpeOJisieMasi MOIIIHOCTDb IBUTATEIeM BEHTUIISITO-
pa Mo MITaTHOMY CYETUYMKY T1OCTIe YCTAHOBKHU YCTPOMCTBA
«ITotok» coctaBuiaa 3,3 KBt u.

Ha ocHoBaHMYM MOJIydeHHBIX PE3YJIbTATOB OBIT OIpe-
JieJIeH 9KOHOMUYECKUil 3(GEKT OTHOCUTEIHLHO PadOThI
CUCTeMbl BEHTWISILIMU TIO INTaTHOW cXeMe YIpaBIeHUS
ITOTOKOM BO3/yXa, B CpeaHeM paBHbIi 29 %.

[Touck muI0THOrO 0OBEKTA B OMHOM U3 IIPOM3BOICTBEH-
HeIx 3panuii OAO «P2K]I» mokasaji, 4yTo yCTaHOBJIEHHbIE
B HUX BEHTWJISIIIMOHHBIE CUCTEMBI TTPAKTUIECKU HE 000py-
JIOBaHbI YaCTOTHBIMM TIPe0Opa3oBaTe/isIMU, a Pacxol BO3-
JtyXa KOHTPOJIMPYETCST TPATULIMOHHBIM 00pa3oM — ¢ TTIOMO-
IIBIO IpOCCeieli, KJIallaHOB WM 3aCJIOHOK. B aToM ciyuae
00BEMHBIN pacxXoid BO3MyXa PEryaupyercsl 6e3 U3MEHEHMS
CKOPOCTM BpAIllEHUS IBUTATessI, M TIOCASIHUI BCE BpeMs
paboTaeT Ha MOJHOM ckopocTu. [TockombKy B cucTemMax
BEHTWISILIMM HEOOXOAMMOCTb B MAaKCUMAaJIbHBIX OObEMHBIX
pacxomax BO3myxa BO3HMKAET JOCTATOYHO PENKO, TO MPHU
OTCYTCTBUU PETyJIMPOBAHUS CKOPOCTHU BPAIIEHUS PACTOUM -
TEJIBHO TPATUTCS OOJIBIIIOE KOJTUYECTBO SHEPTUM.

® CTeHa MCIBITAHUS GUIBTPOB OYMCTKU BO3MyXa, IMocTyraoliero B BaroH. Padouass mokymeHrtauust 0420.01.08.000CO. IMpuHUMIIMAIbHBIE
cxeMbl 1 cxeMbl coennuenuid. Lutel ynipasnenust: [TKb duiran @TYTT BHUWXKT PO, 2010.
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DKcrepTHas OlleHKa TToKa3ajia, YTO BEHTWISILIMOHHBIC
CHCTEeMBI 00JIee TIOJTHO OCHAIIEHBI YaCTOTHBIMHU TIpeodpa-
30BaTeISIMM B 3MAHMSIX, TIPeIHA3HAYCHHBIX IS OTIBIXA
paboTHMKOB KoMmaHuu, B CBS3M ¢ YeM BTOPBIM ITHJIOT-
HBIM OOBEKTOM CTajl caHaTopwii ¢ JedeHHeM «bepeso-
Bas poma» Jdupeknuu corranbHoi chepbl MOCKOBCKOI
JKEJIC3HOI MOPOTH, PACIIONIOKEHHBIN B 1. AKCaKoBO Mo-
CKOBCKOI1 00J1acTH.

CpaBHUTEIbHBIC WMCITBITAHUSI TIPOBOAWINCH B MapTe
2020 r. B TITaBHOM KOPITyCe CaHaTOPUs B TeYEHUE TPEX CY-
ToK. B KauecTtBe 00beKTa UCIIBITAHUI OB BHIOpaH MpHU-
TOYHBI BEHTWISTOP C ITapaMeTpaMu 3asiBJICHHOM MOIII-
HoctH N, = 3 kBT, cunoii toka / = 6,3 A u yacToToii Bpa-
meHus apuratenst £ = 1420 06/MuH.

Llenpio mpoBeneHUS WUCTIBITAHWN SIBISIOCH TTPAKTH-
YeCcKOe TTOATBEPKIACHNE Pe3yIbTaTOB YMEHBIIICHUS SHEP-
TONOTPEOICHUST TIPUTOYHOTO BEHTWJISITOpPA TIPU YIIpaB-
JICHUM BO3AYIITHBIM HAITOPOM C TIOMOIIBIO yCTPOMCTBA
«[ToTok» ¢ coxpaHeHUEeM (HPaKTUICCKOIN ITPON3BOIUTEIb-
HOCTH. Pe3ynbTaThl cCpaBHMTEIBHBIX UCITBITAHWIA TTPUBE-
EHBI B TA0I. 2.

Tabnuua 2

Pe3yibTaThl CPABHUTEIBHBIX HCIBITAHMI BEHTH/ISIHMOHHOM CHCTEMBI
B canaropuu «Bepesosas poma»*

Table 2
Comparative test results of ventilation system in the Berezovaya Rocha
sanatorium*
Cko- TTotpe- DKOHO-
Temmepa- ”
pocThb oasiemast MUYECKUI
Pexxumbl Typa
. MOTOKa MOIIHOCTh abdexT
HCIIbITAHUI Hapy>KHOTO .
BO3/yXa, o~ | ABUraTess, | Mo akTUBHOM
Bo3myxa, ‘C
M/c KBT 4 sHepruu, %

ITarHblii pe- | 1,4—2,2 ) 2,20 —
JKUM paboThbl
BEHTUJISITOpa
Irarubrii pe- | 1,5-2,1 ) 1,58 28
JKUM pabOThI
BEHTUJISITOpA
C YCTPOMCT-
BoM «IToTOK»

* VICTOYHUK: IaHHbIE aBTOPOB
* Source: authors data

B pesynbrare mpoBeneHUS UCIBITAHUI OBIIO 3apUK-
CHPOBAaHO YMEHBIIICHNE SHEPTOMOTPEOICHUSI IIPUTOYHOTO
BEHTWISITOPA 10 aKTUBHOI SHEPTHUU.

OrnucaHHBIN BBIIIIE CITOCO0 YITPaBICHUS TIOTOKOM BO3-
IyXa U YCTPOMCTBO IJIST €T0 pean3aliiyd aHOHCUPOBAJINCh
B T. Makao (Kuraiickast Haponnast Peciyoimmka) Ha MexX-
JNYHApOIHOI BBICTABKE U300pETEHUII U MTHHOBALIMA, IPO-
menmreir B oktssope 2024 roga. I1o ee pe3ynbTaTaM MHHO-
BALIMK OTMEYEHBI cepeOpsiHOi Menaibio'’.

O0cyxnenne u 3aKiodenne. [IpruMeHeHe B cucTeMax
BEHTUJISIIIM TIPOM3BOACTBEHHBIX 1 COLMAIBHBIX 3MaHMUI
OAO «PX]JI» pa3pabotaHHoro yctpoiictBa «I[1oTok» 1mo-
3BOJISIET MOCTUYb YMEHBIIICHMST TTOTPEOJICHUS 3JIEKTPO-
SHEPTUM TIPU COXPAaHEHUHM 3aJaHHOI CKOPOCTU BO3IYIII-
HOTO MOTOKA.

Hcronp3oBaHne yCTPOMCTB pEryIMpPOBaHUS ITOTOKA
BO3MyXa, pean3yIOIINX pa3paboTaHHBIN CITOCO0, TTO3BOJIUT
CyIIECTBEHHO COKOHOMUTD 3aTpaThl OAO «PXK]I» mpu ero
MMPUMEHEHUW B CUCTEMaxX BEHTWISILIUU TIPOM3BOACTBEH-
HBIX ¥ COIMAJIbHO 3HAYMMBIX 3MaHUI, YBCIMYWB TIPU
5TOM TIPOM3BOIUTEIBHOCTh Tpylda paboTHMKOB Komira-
HUU 3a CUET CO3MaHMS 3aJaHHBIX KOM(OPTHBIX YCIOBHUI
IJIsI TPyAa U OTAbIXA.

BnarofapHOCTU: aBTOPbI BbipaXaloT 6rarofapHOCTb peLeH3eH-
Tam 3a fofesHble 3amMevaHusi, CnocobCTBOBABLUME YNyULLIEHWUIO
cTatbi.
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MpoekTpoBaHUE reOMeTPUU CTPENIOYHbIX KPUBbIX
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Mypowm, Poccuinckas Pepepanms

AHHOTALMA

BBepgeHue. [lomumo obecneyeHns HaféxXHOCTM 1 Ge3onacHOCT ocoboe BHYMaHUe Npu pa3paboTke KOHCTPYKLMK CTpe-
NOYHBIX YCTPOWCTB JONIXKHO OblTb yAeNeHO YAOBNETBOPEHNIO TPeboBaHUI K CKOPOCTU ABMXXEHUS YKEeNe3HOLOPOXHOMo
NOABMXXHOIO COCTaBa Ha OTBETCTBEHHbIX HanpasneHnsx. KOHCTPYKTUBHbIE PeLLIeHUs CTPENOYHOrO X03aMCTBa onpeaens-
lOTCS NOKa3aTensiMun AMHaMMUKU MOABUXXHOIO COCTaBa Npu ABMXXEHUN XKeNe3HOLO0POXKHbIX 3KMMaxen no nyTu. Mo MHeHuio
aBTOpa, METOAbI MPOEKTUPOBAHUS CTPENOYHbIX KPUBbIX HE OTBEYAIOT COBPEMEHHbIM TPebOBaHUAM K CKOPOCTU MOABUX-
Horo coctaBa. Llenbto JaHHOM cTaTbu fBNseTcs pa3paboTka HOBbIX MOAXOAOB K NMPOEKTUPOBAHMIO CTPENOYHbIX KPUBbIX.
Martepuanbl U MmeTopbl. /Icnonb3oBaHbl MeTOAbl aHanM3a AMHaMUKO-KMHEMAaTUYECKMX MapaMeTpOB CTPENOYHbIX KpU-
BbIX, MPUMEHSAEMbIX B KOHCTPYKLMAX CTPENOYHbIX NepeBooB. Mpy NpoBefeHNM UCMbITAaHUI CTPENOYHbIX NEPEBOLOB NpW-
MeHeHbl TEH30MeTpUYecKMe METOAbI NMONyYeHUs NCCNeayeMblX NapaMeTpoB.

Pe3ynbraThbl. BbiNnonHEH aHann3 MeTOL0B NPOeKTUPOBaHMS CTPENOYHbIX KPMBbIX. BbIMONHEHbI 3KCMNyaTaLMOHHbIE UCTbI-
TaHWA CTPENOYHOro NEPEBOJA C YNyULIEHHbIMU AUHAMUKO-KUHEMATUYECKMMUN XapaKTepucTukamu. MonyyeHHble pesynb-
TaTbl CBUAETENLCTBYIOT O LLeNecoobpa3HOCTM yCOBEPLIEHCTBOBAHUS METOAMKN NMPOEKTUPOBAHUA CTPENOYHbIX KPUBBIX,
3bHEKTUBHOCTU NPUMEHEHUS TEOMETPUYECKNX CXEM CTPENOYHbIX NMepeBOAOB C KacaTelbHON reoMeTpuen.
OGcyxaeHue U 3aknioveHue. CpaBHUTeNbHbIE 3KCMyaTaLMOHHbIe UCMbITaHWUs CTPENOYHbIX NepeBOfOB C Npepnarae-
MbIMW B paboTe KacaTenbHOM U cekylen popmMamMmn CTPENOYHON KPMBOKM NMOKA3bIBAIOT, YTO CPOK CNYXXObl KPUBOSIMHENHbIX
OCTPSIKOB yBenuuuncs. LienecoobpasHo npoBecT! aHanornyHble UCNbITaHUS U C 4PYrMMU MapKamm CTPENOYHbIX NEPEBOLOB.
YyuTbIBas pesynbraTbl UCTbITAHUIA U PacYeToB, CNefyoLMM 3TarnoMm niaHMpyeTcs pacCMOTPETb BOMPOC MO KOPPEKTUPOBKe
MeTOZMK NPOEKTUPOBaHNS CTPENOYHOW NPOAYKLMM, B 0COOEHHOCTU ANS BbICOKOCKOPOCTHOIO ABMXXEHMUS.

KJTIOYEBDBIE CJIOBA: cTpenoyHble nepeBoAbl, FeOMETPUS peNbCOBOW Koneu, AMHaAMUKO-KMHeMaTUYeckme nokasaTenu,
BMbl FEOMETPUYECKNX CXEM, KacaTeslbHas reoMeTpus, MeTobl MPOEKTUPOBAHMUS CTPENOYHbIX KPUBbIX, MPOEKT CTpesioy-
HOro nepesoja

Ang UNTUPOBAHWA: Epwos [1.C. lpoekTMpoBaHMe reoMeTpun CTpenoYHbIX KpmBbix // BecTHUK Hay4Ho-uccneposa-
TENbCKOrO MHCTUTYTA XKeNe3HOA0POXXHOro TpaHcnopTa (BectHuk BHUWKT). 2025. T. 84, Ne 1. C. 29-41.
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Design of switch curves geometry
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ABSTRACT

Introduction. In addition to ensuring reliability and safety, special attention should be paid to meeting the speed require-
ments of railway rolling stock in main lines in designing switch devices. Constructive solutions of switch facilities are de-
termined by indicators of the dynamics of rolling stock when railway crews move along the track. According to the author,
the design methods of switch curves do not meet modern speed requirements of rolling stock. The purpose of this article
is to develop new approaches to the design of switch curves.

Materials and methods. The author applied analysis method of dynamic and kinematic parameters of applied switch
curves used in turnout switches constructions. Tensometric methods of the investigated parameters of turnout switches
are obtained.

Results. The analysis of turnout switch design methods is performed. Operational tests of the turnout switch with
improved dynamic and kinematic characteristics were performed. The obtained results indicate the expediency of im-
proving the design methodology of switch curves, the effectiveness of using geometric schemes of switch switches with
tangential geometry.

Discussion and conclusion. Comparative operational tests of turnout switches with the tangential and secant shapes
of the switch curve proposed in the article show that the service life of the curved contact tongues increased. It is relevant
to conduct similar tests with other types of turnout switches. Considering the results of tests and calculations, the next
stage is planned to address the issue of adjusting the design methods of turnout switches products, especially for high-
speed traffic.

KEYWORDS: turnout switches, rail track geometry, dynamic and kinematic parameters, types of geometric schemes,
tangential geometry, switch curves design methods, turnout switch design

FOR CITATION: Ershov D.S. Design of switch curves geometry. Russian Railway Science Journal. 2025;84(1):29-41. (InRuss.).
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Beenenne. CTpetogHOE XO3SICTBO KaXIOTO BUOA PEITb-
COBOI'O TPAHCIIOPTa UMEET BaxkHelilllee 3HaYeHUe MO BJIM-
SIHAIO Ha TIPOIYCKHYIO CITOCOOHOCTb JMHMUI M 3aTpaThl
Ha yCTPOMCTBO U COAEPKAHUE XKETE3HOAOPOXKHOIO IyTH.
DDGDOEKTUBHOCTh TEOMETPUM CTPEIOYHBIX IIEPEBOIOB
TaKXKe OKa3bIBA€T 3HAYUTEJIbHOE BIAMSHUE KaK Ha TEXHU-
YyecKue, TaK U Ha 9KOHOMUYECKHE MOKA3aTeJIN XKeJIe3HbIX
mopor'.

AHanM3 pa3BUTUSI CTPEJOYHOTO XO34MCTBA IMOKAa3bl-
BAET, UTO KpOMe 00513aTeJIbHOTO TMOBBIIIEHUS HaAEXHO-
CTU U 06€30MacHOCTH 0CO00e BHUMAHUE CIEAYET YAEISITh
BOIIpOCaM CKOPOCTEM ABMXKEHMSI TOABMXKHOIO COCTaBa
Ha OTBETBJEHHOE HallpaBJIE€HWE W YMEHbIIEHUS 3aTpar
Ha OOCITy>KMBaHME CTPEJIOUYHBLIX mepeBonoB [1, 2]. KoH-
CTPYKTUBHBIE PELIEHUS, 00eCTIeYBaIOIINE BbITTOJHEHUE
TpeOOBaHUI1 G€30MaCHOCTU IBUXKEHUS TOABUXHOTO CO-
cTaBa U YPOBHSI TUIABHOCTU X0/1a, OTIPEAEsIIOTCS TToKa3a-
TeJSIMU TUHAMUKU U KMHEMaTUKU JBUXKEHHUS >KeJIe3HO-
JIOPOKHBIX KUTIAKEH 1O MyTHU.

CTpenouHbIe TIepeBOIbl B CHITy OCOOCHHOCTE! CBOCH
KOHCTPYKIIMM W Ha3HAuY€HUSI HE TO3BOJISIIOT MCMOJIb30-
BaTb OOJILIIMHCTBO U3 TEXHUYECKUX PEIICHUIA, TTpUMe-
HSIEMBIX JUISI TIPSIMbIX U KPUBOJMHEWHBIX Y4aCTKOB Ie-
peroHHBIX ITyTeil. OCHOBHBIMU OTIMYUSIMU T€OMETPHUU
PEeIbCOBOI KOJIEW CTPEOUYHBIX MEPEBOAOB OT MYTH Ha Te-
peroHax v CTaHUMSX ABJIAIOTCA:

e OTCYTCTBUE MEPEXOAHBIX KPUBBIX;

e CKAuKoOOpa3HbI€ TMepexolibl OT MPSIMbIX Y4aCTKOB
K KPUBOJIMHEHHBIM;

o HaJIMYME yIiia B TMJIaHE B MECTE PACIIOJOXEHHUS OCT-
pPUS OCTPSKOB (HAYaJIBHBINA CTPEJIOYHBIN YTOI);

e CKaukKooOpa3Hoe M3MEHEHUEe paauyca KpuBOi 0e3
MEePEXOAHOro yyacTKa;

e HaJWyMe YIJIOB «IOBOPOTa» B MeCTaX M3MEHEHUs
KPMBU3HBI KPMBOU WJIM Mepexoaa OT KPUBOM K MPSIMOIA;

e KOHCTPYKTMBHOE MECTHOE€ YUIMPEHUE KOJEU s
YKPBITUSI OCTPUSI OCTPSIKOB, MPENOTBPALLIAIOIIETO BKAThI-
BaHMe KoJec ¢ HeOlaronpusaTHON (GopMoii padboueit 1mo-
BEPXHOCTH Ha OCTpsIK [3];

e HaJM4yMe BEPTUKAJIbHOW HEPOBHOCTU B 30HE Tepe-
KaTbIBaHMSI KOJIEC C OCTPsIKA HA paMHbIi peJibC 1 00paTHO;

o OTCYTCTBHE BO3BHIIIICHUST HAPYKHOTO pefibea [4];

e HaJW4yMe 3JEMEHTOB, HAIPABISIOIIUX [BUXEHUE
KOJIECHBIX T1ap (KOHTPPEIHCOB);

o TpebOOBaHMSI K B3aUMHOMY TOJOXEHUIO OCTPSIKOB
U paMHBIX peJIbCOB Ha CTPEJIKE;

o TpebOOBaHMS K B3AMMHOMY MOJIOXKEHUIO KOHTPPEb-
COB U 3JIEMEHTOB KPECTOBUHBI (YCOBUKOB, CEPACYHNKA);

o OTCYTCTBME MOIYKJIOHKH PEbCOBBIX HUTEH (Y IIe-
JIOTO psifia KOHCTPYKUMI CTPETOUYHBIX ITEPEBOAOB).

B cuiy aTHX 0COGEHHOCTE METOIUKU ITPOEKTUPOBA-
HUSI TEOMETPUM IYTH Ha CTPEJOUHbIX IIePeBOJAX CYILECT-
BEHHBIM 00pa30M OTJIMYAIOTCSI OT METOAMK IIPOEKTUPOBA-
HUSI TEOMETPUM ITEPETOHHbBIX ITyTENA.

XapakTepuCTUKU CTPEIOYHbBIX IIEPEBOIOB ISl POCCHIi-
CKUX 3KeJIe3HBIX JOPOr HEMOCPEACTBEHHO CBSI3aHbl C COO-
JIIOIEHUEM IMHAMUKO-KMHEMATUYECKUX ITapaMETPOB ABU-
SKEHUST MOABMXKHOTO coctaBa. COBpeMEHHBIE CTPEIOYHbIE
MePeBOIbI JOLKHBI ObITh CIIPOSKTUPOBAHBI YIOBIETBOPS -
IOLIMMU CJIEAYIOLIMM IMHAMUKO-KMHEMATUYECKIM XapaK-
TEPUCTUKAM:

o BHE3AIIHO IIOSBIISIOLICECS YCKOPEHUE IIPU BXO-
Ie Ha OOKOBOil IyTh CTPEIOYHOro IepeBoda He Oosee
Jy = 0,640 m/c?;

e CKOPOCTb HapacTaHUsI YCKOPEHUS BaroHa IpU BXO-
JIe Ha OOKOBOil IyTh CTPEIOYHOro IepeBoda He Oosee
P = 0,800 m/c;

o HEMoraleHHOe LEHTPOOEXHOE YCKOPEHUE TP IBU-
KEHUHM TI0 TIEpeBOIHON KpUBOii He Gomnee v, = 0,690 m/c?
(akTruecKye 3HaAUYEHUS Ul MapOK KPEeCTOBUHbLL: 1/9 —
0,620 m/c%; 1/11 — 0,640 m/c; 1/18 — 0,513 m/c?; 1/22 —
0,690 m/c?);

o BesMuMHa (YCIIOBHAs), XapaKTepu3yloLiasi nU3MeHe-
HUE KMHETUYECKOM SHEepruu Ipu yuape (HaberaHum) Ko-
Jieca Ha ocTpsik He 6onee W, = 0,225 M/Cz.

BennunHbl 3THUX XapaKTepUCTUK ObUIM OIpee/IeHbI
DKCIIEPUMEHTAIbHBIM IIyTeM M HOPMUPOBAHBI B IIPOLIEC-
Ce UCIBbITAHUI CTPEIOYHOM MPOIYKLIMKU C YUeTOM (PyHK-
LIMOHAJIIBHOTO COCTOSIHMSI U pabOTOCIIOCOOHOCTU JIOKO-
MOTHUBHbBIX OpUrajl, BO3AeHCTBYSI Ha IMaCCaKUPOB U IPY3bI,
IUHAMUYEeCKKUX 3((HEKTOB, BOZHUKAIOIIUX B CTPEIOYHbIX
MepeBoaax U MOABMKHOM COCTaBe IIPU CKOPOCTU JBUKE-
Hus 10 40—50 kM/49. OHM HEOTHOKPATHO TIEPETIPOBEPEHEI
U IOOTBEPXKAEHbI MHOIOJIETHUM OIIBITOM 3KCILIyaTaLl-
OHHOI PabOThl CTPEIOYHBIX MEPEBOJOB HA OTEYECTBEH-
HBbIX X€JIE3HbIX JOPOrax.

B cooTBeTcTBUM C yKa3aHHBIMU IapaMeTpaMu, a TAKXkKe
C yueToM TpeGOBaHMI1 B3aMMO3aMEHSIEMOCTH (€CJIU OHU €CTh)
[IPOEKTUPYIOTCSI HOBbIE FEOMETPUYECKUE CXEMbI CTPEIOYHBIX
[IePeBOIOB, PACCUUTAHHbIE Ha 00JIee BHICOKYIO CKOPOCTb.

[pu IpOeKTUPOBAHUU HOBBIX CTPEIOUHbIX KPUBBIX ITPHU-
MEHSIIOTCSI pa3IMYHble TEXHUYECKUE PEIICHMUsI, IIPU ITOM
MOTYT MCITI0JIb30BaThCS ABE OCHOBHbIE KOHLICITLIIH.

HopmupoBanue HeCKOMIEHCHPOBAHHOTO YCKOPEHHS.
[lpy ABMKEHUM MO KPUBBIM BO3HMUKAET LIEHTPOOEXKHOE
YCKOpEHUE, 3aBUCSIIEE OT CKOPOCTU U pamuyca KpUBOIA.
J17151 KOMITEHCAllMY BbI3bIBAEMbBIX MM CUJI B KPUBBIX yCTpa-
MBAeTCs BO3BBILIEHNIE HAPYKHOIO pelibca. B cTpeouHoi
KPUBOI, B CBSI3M C OCOOEHHOCTBIO KOHCTPYKLIMHU CTpe-
JIOYHOTO ePEeBO/Ia, BO3BLILICHKIE HE YCTpAaUBaeTCs.

! Crparernst passurust xomaunara «PXKJI» mo 2030 roma [DnekTpoHHBIH pecype]: yTB. coetom ampektopoB OAO «PX]l» (mportokon Ne 19
ot 23 neka6pst 2013 roma). URL: https://ar2020.rzd.ru/pdf/ar/ru/strategic-report_strategy.pdf (nara oopamenust: 18.02.2025).
2 ZKete3HOMOPOXHBIN TYTh: | YUeOHUK Tst BY30B XK.1. TpaHcnopra] / I'. M. Illaxyustai. M.: Tpancxkennopusnat, 1961. 615 c.
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HeckomieHcpoBaHHAas 9acTh YCKOPEHMS MOXKET BbI-
paxartbCsl B BUAE HEOOCTAaTKa BO3BbIIIeHUS [5]. Bennuun-
HY pajuyca BXOJa Ha CTPEJIOYHYI0 KPUBYIO R, M, UCXO-
ISl U3 TOIYCTUMOM BEJIWYMHBI HETOCTATKA BO3BBIIICHUS
MOXKHO OIIPEIEIUTh U3 BBIPAKCHUS

2
12,5v
Ry ===, (1)
TH€ V. — MaKCHMaslbHasi CKOPOCTb ABMXKEHUS, KM/d;
H — ponycrumasi BeJM4yuMHA HEIOCTaTKa BO3BBILIE-

HUS, MM.

PaccMOTpuM KOHCTPYKIIMIO TaKMX CTPETOYHBIX KPU-
BbIX. BXOI Ha cTpesIouHYyI0 KPUBYIO B Mpeaeiax 30Hbl Ha-
OeraHusi KoJjieC Ha OCTPSIK BBIMIOJHSIETCS MOCTOSTHHBIM
paguycoM, omnpenesseMbiM 1o dpopmyse (1). HavanbHbli
CTPEJIOYHBINM YTOJI 1 YTOJ yaapa KoJjieC B KpUBOJUHEWHBIN
OCTPSIK OMpPeNesIeTCs UCXOIS U3 HOPMUPYEMBbIX BETUUUH
MOTEePU KUHETUYECKON SHEPTUU W BHE3AITHO TOSBIISIO-
1LIeTOCsl YCKOPEHUS 110 OOBIYHBIM MeTonukaM. Paauyc R
SIBISIETCSI MUHMMAJTBHBIM®.

3a mpeneisaMu 30HBI HaOeraHus KOJeC Ha KPUBOJIU-
HEWHBIA OCTPSIK paauyC CTPEJIOYHOW KPUBOW IUJIAaBHO
YBEJIMUMBAETCS 10 BEJIMUYMHBI, ONIpenessseMol 3alaHHOM
B MPOEKTE CKOPOCTU ABUXEHUS MO OTBETBJIEHUIO. MH-
TEHCUBHOCTb M3MEHEHMSI paauyca CTPEJIOYHOU KPUBOW
SKBUBAJIECHTHA WUHTEHCUBHOCTU OTBOJA BO3BBIIICHUS Ha-
pyxHoro penbca. OTBOA, KaK MPaBWIO, MPOU3BOAUTCS
C U3MEHEHUEM KPUBU3HBI 10 KyOUUecKoi napadoJse uiu
KJIOTOU/IE.

MHTEeHCUBHOCTh OTBOJA SKBUBAJIEHTHA WHTEHCUB-
HOCTM BO3BBILICHUSI HApyXHOTo peibca’. Ha nmHmsIx
dpaHiy3ckux xene3nbix gopor (SNCF) npunsra Benu-
YUHA U3MEHEHUs HeAOCTaTKa BO3BbILIEHUS Al OT Bpe-
MEHU Af W CKOPOCTU MOAbEMa KOJIEC Ha BO3BBILLIEHUE
Ai/At = 30 mm/c.

Hcxons u3 pomyckaeMoil BeTMYUHBI 3TOrO MoKa3are-
JIs1 ITMHA oTBoa L, M ompeessieTcst o opmyse’:

L= Hv,p, /(A/AD). )

HopmupoBanue KMHEMATHYECKMX MAPAMETPOB IBHIKY-
Ierocsi 3Kunaxa. PacueTHbie 3aBUCUMOCTU CTPETOYHOIA
KPHUBOW B COOTBETCTBUU C 3aJaHHBIMU TUHAMHUKO-KUHE-
MaTUYECKUMU TPEOOBAHUSIMU UMEIOT CJICAYIOLIUIA BUI.

Pagunyc KpUBOJIMHEHOTO OCTPSIKA HE MEHee

2
R} = @, (3)

Jo

r1e Rj — pamuyc ocTpsika B 30He HaberaHus Kojeca, M;
Vsox — CKOPOCTB IBIDKEHUSI 9KWTIaXa Ha OTBETBIEHHOE
HarpaBJeHne, M/C; j, — JOIlycKaemas BeIMYMHa BHe-

3aITHO TTOSIBJISTIOIIETOCS HETIOTAIIEHHOTO IIEHTPOOESXKHOTO
YCKOpEHMUS, M/C2.

HauasbHbIi CTpEI0YHbIA YOI U YIoJ yaapa B OCTPSIK
IIPY BXOJIE HA CTPEJIKY COCTaBJIsIET He OoJjiee

. 1
B, <arcsin| — WO2
6ok

- 26max‘jO ;
(4)

N4
By <arcsin|——|,
00K

rae 3, — HavyaJbHbII CTPEJIOYHBII YIOJl CTPEJIOYHON Kpu-
Boli (0e3 y4yeTa MOACTPOXKKHU OCTpsiKa IJIsI YKPBITUS OCT-
pust), Tpamyc; B, — yros HaberaHusi Kojieca Ha OCTPSIK
B PaCUeTHOM CEYEHUH, TPanyc; O,,,, — HauOOJbLIMI pac-
YETHBI 3a30p KOJECa OTHOCUTEJIBHO PaMHOIO peJibca
MPU BXOJIE HA CTPEJIKY, MM.
Pagnyc ocHOBHOI YacTH CTPEJIOYHOM KPUBOIH
2
RO > h’ (5 )
Yo
rae R — paauyc KpyuBoid, M.

M3 ykazaHHbBIX COOTHOILLIEHUI BO3BMOXHO ONpPeneUThb
OCHOBHbIE TTapaMEeTPbl FEOMETPUYECKOI CXeMBbI TPOEKTH-
PyeMOro CTpeJIOYHOTO TepeBoa:

e paanyc KpUMBOJMHENHOTO oCcTpsikKa (HayaabHbIN pa-
aunyc);

e paaunyc MepeBOTHON KPUBOW;

e HAYaJIbHBIA CTPEJIOYHBIN yTOJI.

HauanbHblii paauyc U paguyc MepeBOJHON KpUBOM
3aBUCSIT OT CKOPOCTM JBWKEHHWSI U JOIMYCTUMON BeJv-
YMHbI HEIMOTallleHHOro ¥ BHE3alTHO BO3HMKAIOIIETO MpU
HaberaHuM KoJieca Ha OCTpsIK ycKopeHus. HavanbHbIit
CTPEJIOYHbIN Yol HANPSIMYIO 3aBUCUT OT BEJIUUYMHBI, Xa-
paKTepU3YIOIIEH MOTeP0 KNHETUYECKOM SHEePruu. DTOT
rnokasaTejib MpU3BaH OTPAHUYUTbL YIroJ, TMOA KOTOPbIM
KOJIeCO OyIeT Hae3XaThb Ha KPUBOJMHEIHBIA OCTpsIK [6].

B nemom, cootHomeHus (3)—(5) MO3BOJSIOT TIPOCK-
TUPOBATh KPMBU3HY CTPEJIOYHOMN KPUBOI1, COOTBETCTBYIO-
LIYI0 OBUXKEHWIO MO HEeW TOYEYHOTO 3KHUMaxa, OIHAKO
MpU MPaKTUUYECKOM OIMpEAeIeHUN IapaMeTpoOB HYXHO
YUUTBIBATh, YTO 2JEMEHTOM, BOCIIPUHUMAIOIIUM 3aKpy-
[JIEHMS TIYTH, SIBJISIETCSI HE TOYEUYHBbI 00BbEKT, a 0a3a 9Ku-
naxa.

AHaiu3 TpakTUYECKUX pealu3aluii IeilcTBYIOLIeH
B HAcToslIee BpeMsi METOAMKU TMPOEKTUPOBAHUS MOKa-
3bIBA€T, YTO OHA OTBEYaeT 3agayaM BbIPAOOTKM TEXHU-
YECKMX peLIeHUl MPU HEBBICOKUX CKOPOCTSIX NBUXKEHMS
1o 50 KM/4 Ha OTBETBIICHME, HO 00J1aaeT PSIOM HEOCTaT-
KOB, KOTOpBIE ClIeyeT YYeCTb MpU NeTaJIbHON OTpabOTKe

3 TIpoekTHpoBaHME CKOPOCTHBIX CTPEIOYHBIX TiepeBoioB: mamsitka OCXK/I P 752/3. Bapasa, 2003. 13 c.

4Tawm xe.
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MeTona MPOSKTUPOBAHUS CTPEIOUHBIX KPUBBIX IS O0oJIee
BBICOKMX CKOPOCTEH.

Takum obpaszom, cootHomeHus (3)—(5) paccmaTpu-
BalOT BXOJ KHUIaXa Ha CTPEIIOYHYIO KPUBYIO TOJIBKO KaK
Mpolecc HaberaHusl HaMmpaBJISIOLINUX KOJIEC KOJIECHBIX Iap
Ha OCTPSIK. DTO CIIpaBeUTMBO, €CIIM PacCMaTpUBaTh KU~
Max KaK TOYEUHBI O0BEKT.

Ecnu paccmaTpuBaTh ABMDKEHHE SKMIIAaXa KakK IIPO-
TSDKEHHOTO 00BeKTa, MMEIOIIETO KeCTKyIo a3y, To ode-
BUIHO, YTO TTIOMUMO HaOeraHusl HaIlpaBJISIONIEro Kojeca
Ha OCTPSIK I BOSHUKHOBEHHUS IIPY 3TOM U3MEHEHUS KMHE-
TUYECKOW SHEPIuu MPU BXOME IKUIIaKa Ha CTPEJIOUYHYIO
KPUBYIO BO3HMKAET HECTAIlMOHAPHBIN IIPOIIeCcC, COIpPO-
BOXIAIOIINICA N3MEHEHNEM LIEHTPOOEKHOTO YCKOPEHUS
OT UCXOIHOU BEIMYMHBI (IO BXO/Ia B KPUBYIO) 10 BEIUUU-
HBI HETIOTAIlIeHHOTO YCKOPEHUSI, COOTBETCTBYIOIIETO ABU-
JKEHMIO BCEro 9KUMaxa Io CTpejoyHoi KpuBoii [7]. Cko-
POCTb M3MEHECHMSI YCKOPEHUU TIPW ABIDKCHUW TI0 3TOM
YaCcTU KPUBOU He aHATM3UPYETCSI.

CKOpOCTh M3MEHEHUST YCKOPEHUsI TIPU BXOIE XKECT-
KOIt 6a3bl 3KUTIaXKa Ha CTPEJIKY OTIPENESIeTCSI COOTHOIIIE -
HUEeM

V3

rae ) — cKopocTb U3MEHEHMUST YCKOPEeHUs, M/c3 ;d — nm-
Ha JKECTKO# 6a3bl PACUETHOTO SKMIIAXKa, M; J'— CKOpOCTh
IBUKEHMST SKUATIAXKa, M/C.

[Tpu 3TOM yros moBopoTa CTpeI0UYHON KPUBOI 10 Me-
CTa YCTAaHOBKM Ha Hel 6a3bl 3KWIMaxa (y4acTOK HecTa-
LIMOHAPHOTO JBMXKEHHUS) YX€ HEe MOXET ObITb MECTOM
yaapa KoJjiec B OCTpSIK. To eCTh 3TOT YroJ HeJIb3sl UIeH-
TH(UINPOBATH C YIJIOM yIapa — CMBICI HOPMUPOBAHMST
IMHAMHWKU BXOMa Ha CTPEJIKY 110 YIUIy yaapa B TaHHOW Me-
TOIUKE TePSCTCH.

Baxneitmmm ¢akTopoM SIBISIETCS TakKKe TO, YTO Tpa-
eKTOPUSI IBUKEHMST 0a3bl 9KUITaXKa IIPU BXOME Ha CTPEIKY
MOXeT ObITh pasznuuHoii. ITpuyeM, 3amHsist Touka 06a3bl
SKMITAXKa MOXKET CMEIIATHCSA B 3aBUCHUMOCTH OT KOHKPET-
HBIX OTHOIIIEHUI pa3MepoOB M CKOPOCTU IBIKEHUS, KaK
B CTOPOHY paMHOT'O peJibca, TaK 1 OT HEro.

TeopeTnyeckuii aHaIN3 KWHEMATUKU IBIKCHUS Oa3bl
9KMIIaXka Mocjie HaberaHus ero Ha OCTPSIK BO3MOXEH, Ofl-
HaKoO CJIeAyeT UMETh BBUIY, UTO (DAKTUIECKOE TBIDKCHUE
SKMITaKXa 3aBHCUT €I W OT CHJIOBOTO B3aMMOICHCTBUSI
C IyTeM U COCETHUMMU T10 MOe3ay dKUITaxXamu [8].

CKOpOCTh M3MEHEHUST YCKOPEHUSI OKa3bIBaeT CYIIe-
CTBEHHOE BJIMSIHME Ha TEOMETPHUIO CTPEIOUHBIX KpH-
BBIX IIPA CKOPOCTSIX IBVKCHHUS, TIPEBBIMIAOITNX 80 KM/,
U JBWKEHUM MO COYETAaHMSIM CTPEJIOYHBIX MEepeBO-
1oB [9, 10]. B ¢Bs131 ¢ M3710XKEHHBIM, IIEJIECO00pa3HO TP
MMPOEKTUPOBAHUN OCTPSIKOB JUISI BBICOKOCKOPOCTHBIX
CTPEJIOYHBIX TIEPEBOIOB U ChE3MOB COXPAHUTH IMIPUHSITOE

B Poccum HOpMUpoBaHUE BeTMYMH BHE3AITHO TTOSIBIISIIO-
LIErocsl YCKOPeHUs yaapa B OCTpPSIK, JOMOJHUB STUMU
IMOKAa3aTeISIMU KPUTEPUU TIPOSKTUPOBAHUS 110 CKOPOCTHU
U3MEHEHUs] YCKOPEHUs. DTO MO3BOJUT KOHTPOJIUPOBATH
TEOMETPUIO OCTPsIKA Ha y4acTKe OT OCTPHs O CEUYCHUS
30 mM. MMeer cMBICT MCHOJIB30BaTh TaKXKe KOHTPOJIb
CpelHel CKOPOCTM HapacTaHMsl YCKOPEHHUs Ha ydyacTke
BXoJa 0a3bl SKUTAXKa B CTPEIOIHYIO KPUBYIO, TPUHSITHIA
3a pyoe koM.

CrpoeKTUpoBaHHbIE TaKUM O0pa3oM OCTPSIKUA OyayT
OIHOBPEMEHHO YIOBJICTBOPSTH BCEM TPEOOBAHMSIM POC-
CUICKUX U 3apyO0eXXHBIX METOOUK MPOEKTUPOBAHMSI.

Kpome TpeboBaHMIT KWHEMATUKN U TUHAMUKU T€OMe-
TpUsI OCTPSIKOB I0JKHA 00eCIIeYnBaTh BOZMOXKHOCTb MX U3-
TOTOBJICHMSI TP MUHUMAaJIbHBIX TOTIOJTHUTEIBHBIX 3aTpaTax
Ha PEKOHCTPYKLMIO O0OPYIOBaHUA 3aBOJOB-U3rOTOBUTE-
JIeH CTPEJIOUHBIX MIEPEBOJOB U OCTPSIKOBBIX CITELIITPOpUIIECI.
BomonHeHne 3TMX TpeOOBaHWIT OOCTUTAETCS IIPUMEHE-
HUEM Pa3IUYHbIX KOHCTPYKTUBHBIX PELIEHUIA.

B mpuMmeHsIeMBIX B HAcTOsIIiee BpeMsI CTPEIOYHBIX
MepeBoax UCTONb3YIOTCS pa3Hble BapUaHThl TEOMETPUU
ocTpsikoB. Hanbosee pacpocTpaHeHbl OCTPSIKY, BBITION-
HEHHBIE 10 OIHO U3 CCIYIOIINX CXEM:

o OCTPSIKM C TOCTOSIHHOW WJIM CKauyKOOOpa3HOW W3-
MEHSIOIIENCST KPUBU3HOM, OgHOpamnycHbIe (puc. 1, a),
IByXpanuycHble (puc. 1, 6);

O0603HayeHus Ha puc. 1—4: x, — uiMHa ocTpus (CTpo-
raHoi 4acTW); /, — IMHA NMOBOPOTHOM 4acTu (IIOBO-
pauMBaloOIIascsl 4acTh OCTPsSIKA € TIOJHBIM TpoduiIem);
Y, — OpIMHATa B Hayaje MOBOPOTHOHN YacTH (B KOPHE);
Y, — OpIMHAaTa YNOPHOW HUTHU OOKOBOIO IyTU B MECTE
W3MeHeHus panguyca; /| — JIJiHaA TIepeBOTHOM KPUBOIA;
|, — IUITMHa yIIOPHOI HUTU OOKOBOTO ITyTU 10 MECTA U3ME-
HeHMs panuyca; R, — panuyc Ha BXOJE Ha CTPEJKy; Ry —
HavyaJbHBII paguyc NEpeBONHON KpuUBOW; R, — panuyc
B OIpeJe/IeHHOI TOUKe TepeBOIHONM KPUBOIi; R — paauyc
OOKOBOTO IyTH, | — MeCTO U3MEHEHUST KPUBU3HHI; 2, 3 —
MoJBapyuaHThl KPUBU3HHDI.

o KJIOTOMIHBIC C YBEIWYCHHEM KPUBU3HBI, C YMEHb-
LIeHWEM KPHUBU3HBI U KOMOMHUPOBaHHbIE (pUC. 2);

o OCTPSIKM B BUJI€ KOMOMHALIMU KJIOTOUIBI U KPYro-
BOI KPMBOIA ¢ YBeIMICHUEM KPUBU3HEI WA C YMEHBIIIC-
HUeM KpUBU3HBI (puc. 3);

o OCTPSIKH C KOCMHYCOMIAJIbHBIM M3MEHEHUEM KpH-
BU3HBI C HYJIEBOW HAaYaJIbHOW KPUBU3HOM WJIM C HEHYJIE-
BOI HauaJIbHOM KpUBU3HOI (puc. 4).

o OCTPSIKM C KOCMHYCOWIAJIBHBIM M3MEHEHUEM KpHU-
BU3HBI C HYJIEBOIl HaYaJIbHOI KPUBU3HOM UJIU C HEHYJe-
BOI1 HAYaJIbHOI KpMBU3HOI (puc. 4).

Kaxnast U3 mepeunciaeHHBbIX CXeM OCTPSIKOB MOXKET
OBITh OCYIIIECTBJICHA 10 OJHOMY U3 CJICAYIOIIMX BapyuaH-
TOB KPUBBIX, IPUMEHSIEMbIX Ha XeJIe3HbIX T0pOorax pas-
JIMYHBIX CTpaH (puc. 5).
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Puc. 1. F'eoMeTpuueckue cxeMbl OCTPSIKOB (CJIeBa) M KPMBU3HA CTPEJIOUHBIX KPUBBIX B 30HE ocTpsikoB K (cripaBa)*:
a — OCTPSIKHU C IMOCTOSTHHOM KPUBU3HOM; 6 — CO CKAUKOOOPA3HO M3MEHSIIOLLENCsl KPUBU3HOM
* PIcTOYHMK: pa3paboTaH aBTOPOM

Fig.1. Geometric schemes of contact tongues (left) and curvature of switch curves in the area of the contact tongues K (right)™*:
a — contact tongues with constant curvature; 6 — with intermittently changing curvature
* Source: developed by the author

K

5K - const
o/

Puc. 2. [eoMeTpuuecKrKe cXeMbl OCTPSIKOB (CJIeBa) M KPUBU3HA CTPEIOUYHBIX KPUBBIX B 30HE OCTPSIKOB (CIpaBa) ¢ KOMOMHUPOBAHHBIM
KJIOTOMIHBIM YBEJTUUEHUEM U YMEHBIIIEHUEM KPUBU3HBI*
* VlcTOYHMK: pa3paboTaH aBTOPOM

Fig. 2. Geometric schemes of contact tongues (left) and curvature of switch curves in the contact tongues area (right) with a combined clotoid
increase and decrease in curvature*
* Source: developed by the author

K

Ro
by o — —

Puc. 3. FeomeTpuueckiie cxeMbl OCTPSIKOB (CJieBa) ¥ KPUBU3HA CTPEIOYHBIX KPUBBIX B 30HE OCTPSIKOB (CIpaBa) B BUjie KOMOMHAIIMY KIIOTOUIBI
U KPYTrOBO#1 KPUBOII C YBeJTMYEHUEM KPUBU3HBI, MIIN C yMEHbBIIIEHUEM KPUBU3HBI*
* VlcTOYHMK: pa3paboTaH aBTOPOM

Fig. 3. Geometric schemes of contact tongues (left) and curvature of switch curves in contact tongues area (right) in combination of a clothoid
and a circular curve with an increase in curvature, or with a decrease in curvature*
* Source: developed by the author
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Puc. 4. F'eoMeTpuuecKue cXeMbl OCTPSIKOB (CJIeBa) M KPUBU3HA CTPEJOYHbBIX KPUBBIX B 30HE OCTPSIKOB (CMpaBa) ¢ KOCMHYCOMIAIbHBIM U3MEHEHUEM
KPUBU3HBI C HYJIEBOM HauyaIbHOI KPUBU3HOM, WJIM C HEHYJIEBOM HayalbHOM KPUBU3HOM™
* VIcTOYHUK: pa3paboTaH aBTOPOM

Fig. 4. Geometric schemes of contact tongues (left) and the curvature of switch curves in the contact tongues area (right) with a sinusoidal change
in curvature with zero initial curvature, or with non-zero initial curvature*
* Source: developed by the author

[\

O

MepecekatoLascsa reomeTpus
R \

OCTpVIe ocTpsika
KacartenbHas reomeTtpus

n\

OcTpue ocTpsika

Henepecekatowascsa reometpus

MpPAMONNHENHbIE OCTPSKM
CTPSIK

R

Puc. 5. Buapl cTpenoyHbIX KPUBBIX*:

1 — c nepecekaroleics reomeTpueit; 2 — ¢ KacareJbHOM reOMeTpueit;
3 — c HemepeceKarlleiics: reoMeTpueit; 4 — ¢ MpSMOJMHEHHBIMU
OCTpsIKaMM, @ — 3aceyka; 6 — obpaTHasl 3aceyka
* lcTouHMK: pa3paboTaH aBTOPOM

Fig. 5. Types of switch curves*:
1 — with intersecting geometry; 2 — with tangent geometry;
3 — with non-intersecting geometry; 4 — with rectilinear contact tongues,
a — notch; 6 — reverse gauge notch
* Source: developed by the author

Ilepecexarouasncs eeomempus (cekywas), puc. 5, 1.
OCHOBHOE MPEMMYIIIECTBO TaKOi T€OMETPUU — 3TO BO3-
MOXHOCTh CIIPOCKTHPOBaTh 00Jice KOPOTKHUI IepeBOI
3a cyeT OONBIIOro HavanbHOro yria. [Tpu aToM K oTpunia-

TEJbHBIM MapaMeTpaM MOXKHO OTHECTU BHICOKUI YPOBEHb
BHE3aITHO BO3HMKAIOIIETO YCKOPCHMSI.

Kacamenvnaa eeomempus, puc. 5, 2. Haubonbiimii
KOoMGOPT IBMKEHUSI ITOABIKHOTO COCTaBa 3a CYET MCHb-
XX YIJI0B BXoma. Micronb3yeTcs, B TOM YMCJIe, B BRICOKO-
CKOPOCTHBIX CTPEJIOYHBIX TepeBomax BenmukoOpurtaHuu,
®panunn, 'epmanum.

Henepecekarowascs eeomempus, puc. 5, 3. B nanHoit
TEOMETPHMU IIyTh HE IEPECeKaeTCs ¢ PaMHBIM PEIbCOM.
ITpuMeHsIeTCS B CTPEJIOYHBIX IepeBomax Bemmkobpura-
aun NR60 mk 1, BWG.

Ipsmonuneiinvie ocmpsaxu, puc. 5, 4. YcrapeBiias reo-
METpHUSI OCTPSIKOB, MCIIOJb3yeMasl B HACTOSIILIEEe BpeMsi
TOJIBKO B IIAXTHBIX WX CIIEIINATBHBIX KOHCTPYKIIUSIX.

Kpome Toro, mist Kaxxaoro BapuaHTa BO3MOXKHBI pa3-
JIMYHBIC TIOABApPHMAHTHI, CBSI3aHHBIE C OMOpMICHUEM
MMPaKTHIECKOTO OCTPUST OCTPSIKA.

HMTak, B pa3HBIX CTpaHaX CYIIECTBYIOT pa3iU4YHbIC
METOOBI IMPOSKTUPOBAHUS CTPEJIOUYHBIX KPHUBBIX, pPa3iin-
YaloTCs MOAXOMIbl K MPOEKTUPOBAHUIO CTPEJIOYHOU Mpo-
IYKIIMU B 3aBUCUMOCTHU OT CKOpOCTeit nBrkeHust. Ha ske-
JIE3HBIX JOPOTaX YCTAHOBJICHBI pa3Hble HOPMAaTWUBHEIC
mapaMeTpbl, B COOTBETCTBUU C KOTOPBIMU MPOU3BOIATCS
pacuethl. Llenbio maHHOM PabOTHI SIBIISICTCST YIydIIEHUE
NTMHAMMKO-KMHEMAaTUUYEeCKMX IlapaMeTPOB CTPEJIOYHOM
MIPONYKIINY, MCIIOJBb3yeMOM Ha OTCYCCTBCHHBIX KEJIC3-
HBIX JOpOrax, MOCPEACTBOM M3MEHEHUSI METOIUKH TPO-
€KTUPOBAHMS F€OMETPUU CTPEIOYHON KPUBOI HA OCHOBE
aHaJIN3a OTEYeCTBEHHOTO M MUPOBOTO OITBITA.

BrinonHeHe TMHAMMKO-KMHEMaTUYECKMX TpeOoBa-
HUU MOXHO OOCCIICYUTh IMPUMEHEHUEM IIPaKTUIECKU
BCeX MpeACTaBICHHBIX CXEeM, IMO3TOMY B Ipolecce Mpo-
eKTUPOBAaHUSI CTPEJIOTHOTO TIepeBOIa JOJIKHBI OBITh pac-
CMOTPEHBI M COTIOCTAaBJICHBI KOHCTPYKTUBHBIC PEIICHUS
BCEX 3TUX BUAOB. HammydimmuM BapuaHTOM SIBJISICTCS TOT,
KOTOPBII TIPU BHITTOJTHEHUN BCEX YCIOBUI 00ecTIcunBaeT
MUHMMAaJbHbIe IJIMHY MU CTOMMOCTb pa3padaThiBAeMOIO
CTPEJIOYHOTO TIepeBOIa.
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Puc. 6. Paznuuuisi reoMeTpUIecKuX CXeM CTPEJIOYHBIX TEPEBOIOB B 30HE CTPEJIOUHON YacTh™:
a — nipoekta MC3.8365; 6 — npoekTa 2750
* IcTOYHUK: TaHHBIE aBTOpa

Fig. 6. Differences in geometric schemes of turnout switches in the area of the switch part*:
a — MSP.8365 project; 6 — 2750 project
* Source: author’s data

OTeuyecTBEHHBIE CTPEJIOYHEIC ITEPEBOABI B aOCOTIOTHOM
OOJIBIIMHCTBE CIIPOCKTUPOBAHEI C MCIIOIH30BAHMUEM CXCMBI
C TIepeceKaroleiicss reoOMeTpUeid, B TOM YMCIIe U BEICOKOCKO-
poctHBIe. KOHCTPYKTOpHI, MMesT BO3MOXKHOCTD COOJIIOCTH
HOPMATHUB I10 TTOTepe KNHETUIECKO SHEPTMH TOABUKHOTO
COCTaBa MIpH yIape B KPUBOJIMHEHHBIN OCTPSIK M CTPEMSICh
YBEJIMINTD Paguyc KpUBOI, CO30aBaIi CTPEIIOYHBIC TTEPEBO-
IIBI C TIPAKTUIECKU MAaKCUMaJIbHBIMU 3HAYCHUSIMU Hayalb-
HOTO CTPEJIOYHOTO yIjla JaXke Ha CaMBIX ITOJIOTHMX MapKax,
MpeIHa3HAUYCHHBIX T BHICOKOCKOPOCTHOTO ABMKEHMS.

YUuTHIBasE MAPOBOI OIBIT SKCILIyaTAllU CTPEIOYHBIX
IIePEBOMIOB C KacaTeIbHOI FeOMETPHEH C IIe/IbI0 CHIDKECHMS
BO3IEHCTBUS KOJIEC MOABMKHOTO COCTaBa Ha KPUBOJIMHEH-
HBIC OCTPSIKM CTPEJIOYHBIX TICPEBOIOB, ITPOBEACHBI pacye-
THI TI0 BO3MOXHOCTU MOIEPHU3AIIUY TUIIOBOM Te€OMETPH-
YECKOM CXEMBI CTPEIOYHBIX IMepeBomIoB Mapok 1/9 u 1/11
CO CKOpPOCTSIMU IBIDKEHMSI Ha OTBeTBIeHUE H0 50 KM/4
¢ TIpUMEHEeHUEM KacaTeJIbHOM TeOMETPUU OCTPsIKa BMECTO
CeKyLIe.

36

B pesynabraTte Obula pa3dpaboTaHa HOBasl CXeMa CTpe-
JIOYHOTO IIepeBoda C KacaTeJbHOW IeOMeTpUeil OCTpsiKa
npoekra MC3.8365.00.000 (puc. 6). Ilpu paspabotke
CXEMBI YYUTBIBAJIOCH TPEOOBAHKE 110 B3aMMO3aMEHSIEMO-
CTU HOBOTO CTPEJIOYHOIO MEePEBOAa U TUIIOBOIO IIPOEKTa
2750.00.000. JInst mpUMeHEHUsT KacaTeJIbHOW TeOMETPUM
OCTpsiKa MOTPeOOBAIOCh YMEHBLIUTh MEPEIHUI BBLIET
paMHBIX pejbcoB ¢ 2765 mMm B mipoekTe 2750 mo 1635 MM
B HOBOM IpoekTe. [1pu 3TOM yBeIMuMIach IJIMHA CBap-
HBIX OCTPSKOB ¢ 13 320 mo 14 450 mm. Takke yBeTmImICs
pammyc 6okoBoro myTH ¢ 300 mo 305 m.

Pesyabrarbl. AHAIN3 pe3yJbTaTOB PACUETOB MOKA3all,
YTO IIPU KacaTeJbHOM OCTPSIKE YCJIOBHAsl 30HA, Ha KO-
TOPYIO MPUXOAITCS BCE yAaphl KOJIEC B KPUBOJIMHEHBII
OCTpsIK, CTAHOBMTCS [JIMHHEE, a COOTBETCTBEHHO BCE
yaapbl pacrpeaesissioTcs Ha GOJBLIYIO AJIMHY, YTO TOJIK-
HO 0JIarOIPUSTHO CKAa3aThCsl Ha pecypce ocTpsika. Kpome
TOrO, YroJl 3TUX YIAPOB MEHBIIE, YeM IIPU CEKYIIE reo-
METPUU C HaYaJIbHBIM YIJIOM (TabJ1. 1).
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Tab6nuua 1

VYribl CTPeIoYHOi KPUBO# B XaPAKTEPHbIX CEYEHHIX OCTPAKa ™

Table 1

Angles of switch curve in characteristic sections
of contact tongue*

T1pOEKT CTPEIOUHOTO CeueHust OCcTpsika Ha YPOBHE M3MEPEHUST, MM

nepeBosa 20 50
0°48'11,53" 1°8'27,36"
0°39'22,15" 1°2'14,92"

2750
MC3.8365

* VICTOYHUK: TaHHBIE aBTOpa
* Source: author’s data

B Tabn. 1 mokaszaHbl yriael paboyeil TpaHU OCTpsiKa
K OCH TIPSIMOTO 3KeJIE3HOIOPOKHOTO ITyTH B CEUCHMSIX, T
TOJIIIIMHA OCTpsiKa Ha YPOBHE M3MepeHuil coctasisieT 20
1 50 MM. BOIBIIMHCTBO yAapOB KOJIEC B OCTPSIK IIPOMUCXOIUT
MEXNIy YKa3aHHbIMU ceuyeHUsIMU. COOTBETCTBEHHO, YeM
MEHBIIIe YIJIBI yaapa B 30He HaberaHMWs Kojeca B OCTPSIK,
TeM MEHBIIUMU OYIyT KOHTAKTHBIC HAIPSIKEHUSI.

YuuThIBasl TOJOXUTEIbHBIE TEOPETUUECKUE PE3YJib-
TaThl, OBLIO TIPUHSITO PEIICHUE O IMPOBEICHNN HATYPHBIX
WCMBITAHWI M U3TOTOBJICHUM OTMIBITHOTO obpasia. [Tocie
MIPOBEICHUS 3aBOICKMX WCIBITAHWI CTPEJIOYHBIN IIe-
peBona ObLT yJoXeH Ha cTaHuuu BekoBka ['opbkoBcKoIt
JKEJIe3HOW MOPOTU ISl TIPOBEACHUST IKCIUTyaTallMOHHBIX
UCTIBITAHUN.

OCHOBHBIMM OTJIMYMSIMU B T€OMETPUYECKON cxeme
cTpesiouHoro nepesona npoekra MC3.8365 saisiercst yBe-
JIMYEHHBIA pamguyc OOKOBOTO XKEJE3HOMOPOXHOTO IyTU
1 YMEHBIIIEHHBIN HAYaJbHBINA CTPEJIOUHBINA YTOJ IO CpaB-
HEHMIO C TUTTIOBBIMM KOHCTPYKLIMAMU (Ta0JI. 2).

Yrosn B ocTpre OCTpsika B HOBOW T€OMETPUM YMEHb-
IIEH TIPAaKTUYECKU B JIBA pa3a B CPAaBHEHUU C TUTIOBOIA
(Tab. 2).

JI7sT OLIEHKW BIWSHUS PE3yIbTaTOB YAYYIICHUS TeOo-
METPUU CTPEJIOYHOIO MepeBoJa Ha MTUHAMUKY IPOXona
SKUIaKel ObLIN MPOBENEHBI CPABHUTEIbHBIE N3MEPEHUS

TOPU3OHTAIBHBIX TOMEPEYHBIX YCKOPEHUN KY30BHOM
yacTu JokoMmotuBa YMD3 npu NBUXKEHUM IO ABYM CTpe-
JIOYHBIM TepeBogaM MpoekToB 2750 n 8365 Ha craHUUMU
BekoBka ['opbKOBCKOI XeJIe3HOM JOPOTHU.

Crpenounbie miepeBoanl Ne 17 (mpoekt MC3.8365)
u Ne 19 (2750) paboTaoT B aHAJIOTUYHBIX YCIOBUSIX TTOM
BO3IEHCTBUEM OIHMX M TeX Ke IMOe310B, TTO3TOMY BEJIH-
YUHBl YCKOPEHWH, BO3HUKAIONIME B ABUTAIOIIEMCS TIO
CTPEJIOYHOMY TEepPEeBOAY JTOKOMOTUBE, MOJDKHBI XapakTe-
pU30BaTh OCOOEHHOCTU TE€OMETPUM CTPEJIOYHOMN KPUBOIA
TepeBoa.

Tabnnua 2
ITapameTpsi cTpesiouHbIx nepeBoaos npoektos MC3.8365 u 2750*

Table 2
Parameters of turnout switches of MSP.8365 and 2750 projects*
TTapamerp IIpoext MC3.8365 | IIpoekr 2750
HauanbHblii CTpeOYHBII 0°15'31,32" 0°27'19,56"
yroJ, rpaj
Panunyc 60koBOTO MyTH, M 305,00 300,00

* VICTOYHUK: JaHHBIE aBTOpa
* Source: author’s data

Bo Bpemst paGoThI B MyTH peSiIbCOBBIE JEMEHTHI 000-
HX CTPEJIOYHBIX MIEPEBOIOB ObLIN MOABEPXKEHBI O0KOBOMY
U3HOCY, TO3TOMY TIepe[l MPOBEACHUEM OIBITHBIX MOE3I0K
OBLIM TIPOBEIEHBI U3MEePEeHMST (DAKTUICCKOTO COCTOSTHUS
CTPEJIOUHBIX KPUBBIX 00OUX CTPEJOYHBIX ITEPEBOIOB He-
MOCPEICTBEHHO B IMyTH. MI3MepeHUsT MPOU3BOIUIUCH Me-
TOAOM XOPI — OT XOp.bl IMHON 10 M ¢ pacronoxeHueM
TOYEK M3MEPEHMS OT OCTPUSI OCTPsIKAa B CTOPOHY €ro KOp-
HsI C IIIaroM uepes3 5 M. Pe3yabTaThl U3MepeH it TTpecTaB-
JIEHBI B Ta0OJI. 3.

Kak BugHO u3 Taba. 3, reoMeTpuss OOKOBOTO IyTH
B 30HE KPMBOJMHEIHOIO OCTpsika GoJjiee OaronpusiTHasI
y CTpeJIoyHOoro mnepeBoaa mpoekrta MC3.8365, yem y Iie-
peBoja mpoekTta 2750. BenuyuHbl paaumycoB B TOUKax

Ta6auna 3

DaKTHyecKasi reoMeTpHsi CTPEJIOYHBIX KPUBbIX nepeBoqoB Ne 17 u Ne 19 Ha cranuuu BekoBka I'opbKoBCKoIi 2KeJie3H0ii J0POTrH NP NPOBeIeHUH
ONBITHBIX N0€3/10K JIOKOMOTHBA*

Table 3

Actual geometry of the switch curves No. 17 and No. 19 at the Vekovka station of the Gorky Railway during the experiment locomotive trips*

P Crpenounsiit nepeBo Ne 17, mpoekt MC3.8365.00.000 | Crpenounsiii mepesox Ne 19, mpoekt 2750.00.000
ACCTOSIHUE OT OCTPUSI OCTPsIKa
10 MecTa U3MEPEHMSI CTPeJIbl Pangnyc xpuBoit, M Panuyc kpuBoii, M
H3TH6A. M Crpena, MM Crpena, MM
? HOMUHAJIbHBII akTHuecKuit HOMUHATbHBIN hakTnueckmit
0 38 305 329 40 300 312
5 40 312 45 278
10 43 291 45 278

* VICTOYHUK: TaHHBIE aBTOpa
* Source: author’s data
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Ha pacctossHuu 0,5 M 1 10 M OT OCTpHSI B CTPEIOYHBIX TTe-
peBogax nmpoekta MC3.8365 1 2750 cocTaBisIIoT COOTBET-
ctBeHHO 329/312 M, 312/278 M 1 291/278 m. CooTHoOLIE-
HHE BEJIMYMH PaINyCcoOB COOTBETCTBEHHO paBHO 1,05, 1,12
u 1,05 pa3 B IMOJB3Yy CTPEIIOYHOIO IIEpPeBOIA IPOEKTa
MC3.8365.

B kxauecTBe MCHBITaTEIbHON TTOABIDKHON €TUHUIIBI
HCIIOJIB30BAJICST MaHEBPOBLIM TeruioBo3 UM®D3 No 5943,
0o0palIaroIIuiics Ha XKeJIe3HOTOPOXKHBIX ITYTSIX CTaHIIMU
BekoBka ['opbKOBCKOI keJie3Hoi goporu. /st mpoBeae-
HUS OMBITHBIX ITOE3I0K JJOKOMOTHUB OBLT 000pYIOBaH aK-
ceJiepoMeTpaMi, KOTOphIe OBUTM PACITONIOXEHBI Ha pame
Ky30Ba.

ITo pe3yiapTaTamM OIBITHBIX ITOE3IOK OBLIN TOYYEHBI
BEJIMUMHBI YCKOPEHMI Ky30BHOM YacTH JIOKOMOTHBA TIPU
IBUKCHHMU TI0 CTPEIOYHBIM KPUBBIM MCCIIEAYEMBIX CTpe-
JIOYHBIX TIepeBOAOB (Ta0:I. 4).

W3 maHHBIX, TIPUBEIECHHBIX B TaOIWIE, BUOHO, YTO
IIPY TIPOXONIE CTPEIKHU CTPEJIOYHOIO TEepeBOma MPOEKTa
MC3.8365, Kak B TPOTUBOIIEPCTHOM, TaK 1 B MOILIEPCT-
HOM HampaBJICHMSIX B SKUIMAXE BO3ZHUKAIOT YCKOPEHMUS
MeHbllle Ha BeanuuHy rnopsaka 10—13%, yem npu aHa-
JIOTUYHOM JBWKEHUM TI0 TiepeBomay mpoekrta 2750. D10
CBSI3aHO C TeM, UTO B ITPOIIECCe IKCILTyaTalIMOHHOM pabo-
Thl U M3HOCA PEJIbCOBBIX 3JIEMEHTOB PAaAUYC CTPEIOYHOI
KPUBOM, «BbIKATAHHOI» KOJIECAMU Ha IepeBojie IMPOoeKTa
MC3.8365, GoJiblile ¥ YTO HAYaIbHbBII CTPEIIOYHBINA YIOJI
Ha HOBOM TtiepeBoze mpoekra MC3.8365 MeHble, a pa-
INYC CTPEIOYHONM KPUBOI OOJBIIE COOTBETCTBYIOIINX
BEJIMUMH CTPEIOYHOro TepeBoma Tpoekra 2750. Taxcke
Ha CTPeJIOTHOM IIepeBoIe OB IIPOM3BEICHBI 3aMEPHI Be-
JIMYMH HATIPSDKEHUH B OCTPsIKaX, paMHBIX peIbcax, peilb-
cax COCNMHMTENbHBIX IMyTel, PeIbCOBOI M JTUTOM YaCTIX
KPECTOBUHBI Y KOHTPPEIbcax, MaKCUMAaJIbHbIC 3HAYCHUS
KOTOPBIX COCTaBMJIM COOTBETCTBEHHO 232, 185, 206, 150,

80 1 250 MITa. D1tu 3HaYeHU He MPEBLIIIAIOT AOITycKae-
MbIe, cocTapsonue 275, 240, 240, 240, 110 u 330 MI1a.

Kpome HaTypHBIX MCTIBITaHU ¢ TToMOIIbIO [Iporpam-
MHOI'0 KOMILJIeKca «YHUBEPCATbHBIN MEXaHU3M»> GBLIO
MMPOBENCHO MOMIEINPOBAaHNE NBIDKEHUS JIOKOMOTHBA
YMBD3 110 CTpesIOYHBIM KPUBBIM IT€PEBOIOB ITPOCKTOB
2750 1 MC3.8365. /laHHble, MMOJYYEHHBIE B PE3YJIbTATE
pacyeToB, TIPEICTAaBICHBI Ha puC. 7.

Kax BumHO u3 puc. 7, pe3yabpTaTbl MOACIUPOBAHMUS
MMOATBEPXKIAIOT IMIPEMMYIIIECTBA TEOMETPUM KacaTeIbHO-
ro OCTpsIKa CTPEJIOYHOro repesonaa npoekra MC3.8365
10 CPAaBHEHMIO C CEKYIIIUM OCTPSIKOM CTPEJIOYHOTO ITe-
peBoda mpoekrta 2750. MakcumalibHOe 3Ha4yeHUEe IT0-
epeyHoro yckopeHwmst mis nepesoma MC3.8365 cocra-
Buio 0,96 M/Cz, g 2750 — 1,09 M/C2, T.e. TIpUMCHe-
HUE KacaTeJIbHON TeOMETPHYECKON CXeMBI ITO3BOJISICT
YMEHBIINTb TOPU3OHTAJIBHBIC TOIEPEUYHBIC YCKOPECHMS
MMpY OBMKEHWU JIOKOMOTHBA II0 CTPEJIOYHON KPUBOI
Ha 13 %.

B HacTosI1Iee BpeMsT IIpOa0KaIOTCSI CPAaBHUTEILHBIC
SKCITyaTallMOHHBIC HAOMIONEHUS 3a PabOTOI CTpEeIod-
HBIX TIEPEBOIOB C KacaTeJIbHOW M ceKymiei (hopmamu
CTPEJIOYHOM KpUBOMA. JIaHHBIE ITOC/IeTOBATEIbHBIX UCIThI-
TaHWI KPUBOJIMHEWHBIX OCTPSIKOB mpoekta MC3.8365
u mipoekTa 2750 Ha TpexX CTpesIOYHBIX TepeBomax Ne 2, 4,
536 cranumu Spocnasnb-InaBHblii CeBEPHOI XKeIe3HOM
JIOPOTH TIpUBEAEHBI Ha puc. 8. Pa3dpoc cpoka ciayKObI
OCTPSIKOB J0 3aMeHblI 110 u3Hocy (14—44%) cBsi3aH ¢ 0CO-
OCHHOCTSIMHU PabOTHI KOHKPETHBIX CTPEIOIHBIX TIEPEBO-
IIOB, BIMSTHUEM OKpPYXKaIoIIeil TeMIIepaTyphbl, I3MEHEHU -
eM Tpy3oHanpsoKeHHOCTH. HabmromaeTcst ogHO3HAYHAS
TeHACHIIUSI — CPOK CIIYKOBI CTPEJIOYHBIX TIEPEBOIOB
C KacaTeJbHOW (OpMOI CTPEJIOYHOU KPUBOM BHIIIIE,
YyeM B TeX K€ YCIOBHUAX Yy TEepeBOIOB C CEKyIeil reo-
METpUEH.

Tabnuua 4

chope}mu paMbl Ky30Ba JIOKOMOTHUBA NP ABVKEHUH MO CTPEJIOYHBIM NEPEBOAaM Ne 17 u Ne 19 Ha cranu BekoBka rOpbKOBCKOﬁ XKeJie3HOM IlOpOI‘l/l*

Table 4
Acceleration of the locomotive body frame when moving along switches No. 17 and No. 19 at the Vekovka station of the Gorky Railway*
Mecto Hau6osb1ime ycKopeHusl, M/c2 COOTHOIIEHIE
HanpasneHue . Nel7
BESIIOIOREL LY cTpenouHblii mepeson Ne 17, | crpenounsiit mepesom Ne 19, | YOKOPEHWH JUIT NS
JIBVDKEHMS
akcesepoMeTpa npoext MC3.8365 1ipoexT 2750 oTHOCUTEIbHO Ne 19
IMpoTtuBoiepcTHOE Han repBoii 1o xoy Tejexkoit 2,6 3,0 0,87
(TTPILI) - -
Han BTopoii o xomy Tenexkoi 2,1 2,8 0,84
IMowepcrHoe (L) | Han nepBoit o Xoy TesexXKon 2,4 2,8 0,86
Han BTOpOIi 110 X0y TeJIexKKOit 2,2 2,5 0,88

* UCTOYHUK: JaHHBIE aBTOpa
* Source: author’s data

5 MozepoBaHie THHAMUKH XKeJIe3HOIOPOKHBIX SKHTaxeit: PYKOBOICTBO TToIb30BaTesst [ DIeKTPOHHBII pecype.
URL: www.universalmechanism.com/download/80/rus/08 um_loco.pdf (mata ooparnienus: 11.02.2025).
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Puc. 7. MoznennpoBaHye IBIXKEHNS MAaHEBPOBOTO TeII0Bo3a UM D3 10 cTpeIouHbIM KPUBBIM IIEPEBONOB IpoekToB 2750 u MC3.8365
B TIPOTPaMMHOM KOMIUIEKCE «YHUBEPCATbHBIN MEXaHU3M»*:
a — MOJIEJNb TEIUIOBO3a; 6 — 3aBUCUMOCTD IIOIIEPEYHBIX YCKOPEHMIA 10 [IUIMHE TIyTH; | — aKcelepoMeTphl; 2 — KpuBas yckopeHuit ast MC3.83635;
3 — KpuBasi yckopeHuit st 2750
* PIcTOYHUK: pa3paboTaH aBTOPOM

Fig. 7. Simulation of the movement of the ChME3 shunting locomotive along switch curves of turnout switches of 2750 and MSP.8365 projects
in the Universal Mechanism software package*:
a — locomotive model; 6 — dependence of transverse accelerations along the length of the track; / — accelerometers; 2 — acceleration curve
for MSP.8365; 3 — acceleration curve for 2750
* Source: developed by the author

Ilpumeuanue: PK 2750 — cTpeIOYHBII TIEPEBOL ¢ IPH-
MEHEHMEM pPEMOHTHOIO KOMILIeKTa ITo mpoekty 2750.
PK Ne (00521, PK Ne011 21, PK Ne 001 21 (1,2), PK 8365 —
CTpEJIOYHbBIC TEPEeBOIBI ¢ KacaTeJIbHOM (hOPMOIi CTpeiod-
HOI KpuBO#i 1o rpoekty MC3.8365.

Oocyxnaenne. MeToabl TPOCKTUPOBAHUS CTPEIOY-
HbBIX KPUBBIX, UCIOJb3yeMble ¢ 1960-X ronoB, B GoJIblLEi
CTEIICHM OTBEYAIOT 3amavyaM ITPOXOXKICHUS TTOIBIKHOTO
coctaBa co cKopocThbio 40—80 KM/4, MPUHSITON B Kaue-
CTBE MAaKCHMAJbHO IOITyCTUMO. JIJIsI COBpeMEeHHOTO

MMOABUKHOTO COCTaBa M BHICOKOCKOPOCTHOTO ABIDKCHUS
Heobxoauma pa3paboTKa HOBBIX ITOJIXOIOB K IMTPOEKTHUPO-
BaHMUIO.

CpaBHUTENIbHBIE DKCIUTyaTallMOHHbBIE HAOMIONeHMS 3a
paboTOI CTPEIOYHBIX TTEPEBOIOB C MpeIaracMbIMU B pa-
00Te KacaTeJbHOM 1 ceKyllel (hopMaMU CTPEJIOYHOMN Kpr-
BOIf Ha IpUMepe MepeBoaoB Mapku 1/11 moKa3pIBaoT, 4YTO
CPOK CIIYKObI KPUBOJIMHEWHBIX OCTPSIKOB YBEJIMYMJICS,
IIO3TOMY 1IeJIeCO00pa3HO MPOBECTH aHAJOTUYHBIC UCIIBI-
TaHUS U C IPYTUMU MapKaMU CTPEJIOYHBIX IEPEBONIOB.
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Puc. 8. CpaBHeHMe cpoka CiTykObl 10 3aMEHBI TI0 U3HOCY KPUBOJIMHEWHBIX OCTPSIKOB € OCTPsIKaMu TipoekTa 2750,
ct. SIpocnaBnb-I'naBHbIi CeBepHOI XXele3Hoit joporu™:
a — cTpesiouHblil epeBoa Ne 2; 6 — cTpesiouHslii iepeBoa Ne4; ¢ — cTpesiodHslii miepesoa Ne 536
* VlcTouHMK: pa3paboTaH aBTOPOM

Fig. 8. Comparison of the service life before replacement by wear of curved contact tongues with contact tongues of 2750 project,
Yaroslavl-Glavny station, Northern Railway*:
a — turnout switch No. 2; 6 — turnout switch No. 4; ¢ — turnout switch No. 536
* Source: developed by the author

YuuTeiBasi pe3ynabTaThl UCIIBITAHUI U pacyeToB, Clie-
IYIOIIMM 3TalloOM IUJIAHUPYETCST PacCMOTPETh BOIIPOC
M0 KOPPEKTUPOBKE METOMUK IPOSKTUPOBAHUS CTPEIOU-
HOI TIPOAYKIIMM, B OCOOCHHOCTU IS BBICOKOCKOPOCT-
HOTO NBMKEHMS. Y3Ke ceifiuac CTpeJIOYHBbIC ITepeBOIHI,
KOTOpBIE CO3MAIOTCS MJIST BHICOKOCKOPOCTHOM KEJIe3HO-
nopokHoit Maructpaau MockBa — Cankrt-IleTepOypr,
MMPOEKTUPYIOTCS HE TI0 TUTIOBBIM METOAMKAM, a C YYETOM
ITOJIXOMIOB, U3JIOXKEHHBIX B HACTOSIIIIEH CTaThe.

3akioyeHue.

1. Jlns ynydiieHus TeOMETPUM CTPEIOUYHBIX KPUBBIX
TpebyeTcsl CoXpaHuThb MNpuHsSIToe B Poccum HoOpMuUpo-
BaHMWE BEJIMYMH BHE3AITHO TOSBIISIIONIETOCS YCKOPEHMUS
yaapa B OCTPSIK, TOITOJTHUB 3TOT TTOKa3aTeNIb KPUTEPUSIMU
IMPOEKTUPOBAHUSI TI0 CKOPOCTU M3MEHEHUS YCKOPEHUS.
DTO MO3BOJUT KOHTPOJMPOBATH TEOMETPUIO OCTpsiKa
Ha yJacTke oT octpus 1o ceuyeHus 30 mm. MmeeT cMbIch
HCIIOJIb30BaTh TaKXKe KOHTPOJb CPEeIHEH CKOPOCTH Ha-
pacTaHusl YCKOPEHHUsI Ha y4JacTKe Bxoma 0a3bl SKHUITaxka
B CTPEJIOYHYIO KPUBYIO, IIPUHSTHIN 32 PyOEKOM.

40

2. B cTpenoyHbIX mepeBomax ISl BBICOKOCKOPOCTHO-
TO IBMKECHUS, a TaKkKe JUIT MapoOK IEPeBOIOB OOJBIINX
W paBHBIX 1/11, yauTsiBast TpeOOBaHMS K TUIABHOCTHU X0/1a
1 KoMGOopTabeTbHOCTU ABMKEHMS, 11e1ecO00pa3HO HC-
TOJIH30BaTh KacaTeIbHYIO0 TEOMETPHUIO CTpenku. st cTpe-
JIOYHBIX TEPEBOAOB MACCOBBIX KOHCTPYKILIMIT HEOOXOIUMO
MPOBOJIUTL CPABHUTEIbHBIN aHAIW3 C TOYKHW 3PEHUST IM-
HaMHWYECKUX M KOHCTPYKTUBHBIX ITPEMMYIIECTB MCXOMIS
13 IJTAHUPYEMBIX YCIIOBUI UX paOOTHI.

3. Pe3ynbraThl 3KCIUTyaTalllM CTPEJIOYHOTO TIepeBOIa
npoekta MC3.8365 1mokas3bpIBalOT MPEMMYILIECTBA HOBOM
reomeTpuueckoil cxemol. bojee HU3KUI ypOBEHb YCKOpE-
HMI B 9KMIaXe MPU IMPOXOIE CTPEIKM CTPEJIOYHOTO Tepe-
Boma MC3.8365 yMEHBIIUT U3HOC PEJBCOBBIX 3JIEMEHTOB,
a TakXKe ITO3BOJUT PEKOMEHIOBATh MOBBICUTH CKOPOCTH
NBUKEHMS TPY30BOTO TTOABIKHOTO COCTaBa 10 3TOMY Tie-
peBoay 1o 50 km/4.

4. PesynbTaThl UCCIEAOBAaHUI B COBOKYITHOCTH C TI0-
JIOXKUTEIbHBIMU Pe3yJbTaTaMi MOIEIMPOBAHUS 1 HATYypP-
HBIX UCITBITAHUN TIO3BOJISIOT CIEJIaTh BBIBOI 00 3pdex-
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TUBHOCTH ITPOBEIeHHOM padboThl. COBOKYITHOCTh MAHHBIX,
ITOJTYYCHHBIX TIPU UCCIICIOBAHUSX U UCTIBITAHUSIX, MOXET
1 TOJDKHA OBITH UCITOJIb30BaHa ITPU KOPPEKTUPOBKE METO-
TTOJIOTUM TIPOSKTUPOBAHNUS CTPEJIOUHBIX TIEPEBOIOB.

5. YunThIBast MOJlydeHHBIC PEe3yIbTaThl, OMHUM M3 Ha-
MIpaBJICHUM TSI JaTbHEUIITNX UCCIeTOBaHWI MOXET CTaTh
pacIpocTpaHeHUEe TMOJNyYeHHBIX PEe3yJbTaTOB Ha TeoMe-
TPUIO CTPEIOIHBIX TTEPEBOIOB ITOJIOTUX MaPOK TSI BBICO-
KOCKOPOCTHOTO IBIDKCHUSI TIOE3I0B.

BnarofapHOCTU: aBTOp BblipaXkaeT BnarogapHoOCTb peLeH3eHTam
3a noresHble 3amMedaHusi, CNocobCTBOBABLUME YNYULIEHWNIO CTAaTbU.
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KOHCTPYKLUMN KOHTPPENbCOBbIX Y3J10B € YBeJIN4eHHbIM pecypcom
ANA NepCcneKTUBHbIX CTPeNIoYHbIX NepeBoaoB

M. E. Bepe3oBckunl<

HoBocmbupckui ctpenoydHbiv 3aBog (AO «HC3»),
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AHHOTALUA

BBegeHue. OfHNM 13 KOHCTPYKTUBHBIX 31IEMEHTOB COBPEMEHHbBIX CTPENIOYHbIX MepeBOAOB, KOTOPLIN TpebyeT yBenuye-
HWS pecypca, SIBNSETCS KOHTPPENbCOBbIN y3ern. Bo3felicTBre Konec xene3HOA0POXXHOMo NMOABMKHOIO COCTaBa Ha KOHTP-
penbCbl Bbi3bIBAET BbICOKME U3rMOHbIE HAMPSHXKEHUS B 3fIeMeHTax KpenieHus K ornopamM — KOHTPPENbCOBbIM OMOPHbLIM
nogknagkam. CtaTbs NocBsilLEeHa NMPOBOAUMbIM B HacTOsILLEE BPEMS KOHCTPYKTUMBHBIM M OMbITHBIM pa3paboTkam Mo yse-
NNYEHUIO pecypca KOHTPPENbCOBbIX OMOPHbIX MOAKIAA0K.

Marepuanbl n meTtopbl. PacyeTbl NPOYHOCTM MOAKNAAOK BbIMONHEHBI HA OCHOBE MaTeMaTUYeCcKoro MOAENMPOBaHMS.
Bepudukaumus Mogenen nposefeHa nyTeMm npsmbix AMHAMUKO-MPOYHOCTHBIX UCMbITAHUIA KOHTPPENbCOBbIX MOAKNA[0K
B 3KCMIyaTUpyEMOM CTpeNoYHOM nepeBofe. Pecypc NoAKnafoK onpenensics nyTem yCcTanoCTHbIX PacieToB U C MOMOLLbIO
HemnocpeAcTBeHHOro HabnoaeHns 3a paboTol MOAKNaAoK B COCTaBE 3KCMyaTUPYeMbIX CTPENIOYHbIX MEPEBOAOB.
Pe3ynbraTtbl. Pa3paboTaHa ynyyleHHasi KOHCTPYKLUS OMOPHbIX 31EMEHTOB KOHTPPENbCOBbIX Y3/I0B CTPENOYHBIX Mepe-
BOJIOB — MOAKINAA0K € ynopoMm. OnbITHble 0OpasLbl NoAKIaA0K anpobrpoBaHbl HEMOCPeACTBEHHO B COCTaBE CTPENOYHBIX
nepeBOAOB, paboTaloWwmX B YCIOBUAX MOBbILEHHbIX HAarpy3oK MOABMXKHOMO cocTaBa. Pe3ynbTaTbl UCMbITAHUIA MOKasanm
XOPOLLYIO CXOAUMOCTb MPUMEHEHHbIX METOAMK MOAENVMPOBAHUS C MPaKTUKOW 3KCMyaTaLMn 1 MONOXMUTENbHbIN pe3ynb-
TaT NOBbILWEHWs pecypca KPeCTOBUHHBIX y3/10B.

0Gcy)xpeHue u 3aKkntoveHue. Pa3paboTaHHYIO yNyyLLeHHY KOHCTPYKLMIO KperneHWst KOHTPPEeNbCoB K ornopaM npej-
naraeTcsi UCMONb30BaTh MPU KOHCTPYMPOBaHMM HOBbIX OOpa3LOB CTPeNioYHON NpoayKumuy. MNoaxon v MeToAMKK paspa-
60TKM LenecoobpasHo UCNoNb30BaTh MPU KOHCTPYMPOBAHWUM 311EMEHTOB HOBbIX CTPENIOYHbIX MEPEBOJOB.

KJTIOUEBBIE CJIOBA: >efle3HOOPOXHbIN NyTb, CTPENOYHbIe MNepeBoAbl, KOHTPPEbCOBbIE Y3Ibl, KOHCTPYKLUUM NoaKna-
[OK, NOAKNAAKN C yNOPOM, MOAENMPOBaHNE, HaMpPsXKeHWUs, pacyeTbl MPOYHOCTU, pecypc

ANA LUTUPOBAHUA: bepesorckuin M. E. KOHCTPYKLMM KOHTPPENbCOBbIX Y3M0B € yBENYEHHBIM PeCcypcoM A nepcrek-
TUBHbIX CTPeNoYHbIX nepeBofos // BecTHMK HayyHO-uccnefoBaTenbCckOro MHCTUTYTa XeNe3HOAOPOXKHOro TpaHcnopTa
(BecTtHnk BHUWDKT). 2025. T. 84, Ne 1. C. 42-50.
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Counterrail design with increased service life
for advanced turnout switches
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ABSTRACT

Introduction. Counterrail is one of the constructive elements of modern turnout switches, which requires increased
service life. The impact of railway rolling stock wheels on the counterrails causes high bending stresses in the elements
of attachment to the counterrail pads with stop blocks. The article is devoted to the currently ongoing design and
development of counterrail support rail pads.

Materials and methods. The strength calculations of the rail pads are based on mathematical modelling. Verification
of models is carried out by direct dynamic-strength tests in the way of counterrail linings in the operated cross-link
railway track. The durability of the rail pads was determined by fatigue calculations and direct observation of rail pads
in the turnout switches.

Results. The improved design of the support elements of the counterrail axles of the hinged linkage, such as rail pads with
stop block was developed. The experimental samples of the backings are tested directly in combination with the turnout
switches operating under increased loads of railway rolling stock. The test results showed good similarity of applied
methods with the practice of operation and positive result of increase of service life of cross-link units.

Discussion and conclusion. The developed construction of the counterrails fastening to the rail guard supportis proposed
for use in the design of new samples of switch products. The approach and methodology of development is practical to use
in the construction of elements of new turnout switches.

KEYWORDS: railway track, turnout switches, counterrails, rail pad constructions, rail pads with stop block, modelling,
stress, strength analysis, service life

FOR CITATION: Berezovskii M.E. Counterrail design with increased service life for advanced turnout switches. Russian
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Benenne. CoBpeMEeHHBIC CTpPEJIOYHBIC TTEPEBOIBI pa-
00TalOT B YCIOBUSAX WHTEHCHMBHOTO ITWHAMHYECKOTO BO3-
NEMCTBUS TIONBIDKHOTO cocTaBa. HampspkeHHO-nmedopmu-
POBAaHHOE COCTOSTHME MX 3JIEMEHTOB OIpeaessieT UxX pabo-
TOCITOCOOHOCTD U pecypc [1—4]. KOHTppeTbCehl CTPETOYHBIX
TIePEBOIOB SIBIISIIOTCS BaKHEMINIEH YacThl0 KOHCTPYKIINH,
obecrieunBaloIIeit 6e30macHOCTb MPOX0a MOIBIKHOTO CO-
CTaBa 4yepe3 MX KPeCTOBUHHYIO 30HY. Mx ocHOBHas (DyHK-
LIMSI — HaTPaBJISITh KOJIECHBIC IMaphl B Xe00 KpeCTOBM-
HBI, O0CCIICUMBAIONINI IBMKCHUE SKUIAXa B 3adaHHOM
HampaBieHUM. B COBpeMEHHBIX CTPEJIOYHBIX IEPEeBOIAX
B KauecTBE KOHTPPEIBbCOB MCITOIB3YIOTCS CIICIIMATbHBIC
5JIEMEHTHI, KOTOPBIC M3TOTABIMBAIOT M3 ITPOKATHBIX CITEII-
mpoduiaeit M KpemaT K oropaM C ITOMOIIBIO TTOTKIATOK
¢ yrmopoM (KOHTPPETbCOBBIX OanMakoB). COBEepIIEHCTBO-
BaHUIO KOHCTPYKIIUU 1 TEXHOJIOTUH M3TOTOBJICHUSI KOHTP-
PEIBCOBBIX Y3JIOB YIEISETCS TOBBIIIEHHOS BHUMAaHUE.
bbby npenioxXeHbl HOBbIE KOHCTPYKIIUM KOHTppeJibca [ 5]
n ero npodwis [6, 7], KOHCTPYKIIMM TMOIKIAI0K [8, 9].
BrimotHeHO pacueTHOE MCCiIeI0BaHNE TTIPOYHOCTH HOBBIX
TTOKJIAAOK, TIPY 3TOM HArpy3KHU OBLUIH OTIpeIeIeHBI OITBIT-
HBIM TTyTeM JUTSI CTAaHIapTHOM moakiaaku [10].

KoHTppebCoBBIe Y31l UCTIBITHIBAIOT OOJIBIIINE HATPY3-
K1 13-3a OCHCTBUS TOPU3OHTAIBHBIX ITOMEPEUHBIX CUI,
BO3HUKAIOIINX TIPU CIOBHUTAX KOJIECHBIX Tap B XKejaoOax.
B cpemHem kaxmas TpeThsl KOJecHas Tapa, ITpOXOMIsIast
10 CTPEJIOYHOMY TIEPEBOMIY, B3aMMOMEHCTBYET C KOHTp-
penbcoMm. CHITBI, TEMCTBYIONIME HAa KOHTPPEIbC, TIepena-
JOTCSI Ha OIOPHBIC YaCTU KOHTPPETbCOBOTO y37a, BBI3BI-
Basl B HUX BBICOKUI YPOBEHb M3TMOHBIX HAIIPSIKCHMUIA.
B pesymnbrare mo Mepe HapaOOTKU B OTIOPHBIX JIeMEHTaX
BO3HMKAIOT YCTaJIOCTHBIC TPEIIWHBI, KOTOpPBIC, pPa3BU-
BasiCh, TIPUBOIAT K M3JIoMaM Tonkiamnok. Ha puc. 1 pu-
BeIeHBbI JaHHBIC IT0 BEPOSITHOCTH OE30TKa3HOM pabOTHI
KOHTPPEJIBCOBBIX y3JI0B CTPEIOUYHBIX TTePEeBOIOB (KOHTP-
PEeTbCOB M TIOAKIAIOK C YIIOPOM, OOECIIEUMBAIOIINX WX

14

0,9 Te «
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Puc. 1. YcnoBHast BeposiTHOCTb 6€30TKa3HOI paboThl KOHTPPEIbCOB U O~
KJIAJIOK C YIIOPOM (KOHTPPEJILCOBBIX OAIlIIMaKOB)*
* VIcTOYHUK: pa3paboTaH aBTOpaMK

Fig. 1. Conditional probability of trouble-free operation of counterrails and

rail pads with stop block (counterrail drag shoes)*
* Source: developed by the author
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MMpUKpeTUIeHue K ornopaM) R(f) B 3aBUCMMOCTH OT Hapa-
00TKM, MOJydYeHHbIe U3 HaOMIOAeHMUI 3a paboToll cTpe-
JIOYHBIX TTIepeBOAOB Ha moporax CHOMPCKOTo pernoHa.

3aBHCUMOCTH, TIPUBEACHHBIC HA PHUC. 1, TTOCTPOCHBI
He TI0 BCEM CTPEJIOYHBIM TTepeBOIaM, 3a KOTOPHIMU BEJIOCH
HaOJI0IeHNEe, a TOJIBKO IO TeM, Ha KOTOPHIX BO3HUKIIU
OTKa3bl KOHTPPEIbCOBBIX Y3II0B, TPEOYIOIINE WX 3aMEHBI
(Bcero 347 otka3oB). [1o3TOMy 3aBUCMMOCTH CJIEIyeT CUM-
TaTh ycinoBHbIMU [11]. TeMm He MeHee, U3 JaHHBIX, TIPUBE-
NIEHHBIX Ha pUC. 1, HATJISIAHO BUIHO, YTO BEPOSITHOCTH O€3-
OTKa3HOM pabOoTHI TMTOAKIIAIOK HIDKE, YeM Y KOHTPPETbCOB
Ha TIPOTSKEHUM BCETO TIeproIa pabOThI B 3KEJIe3HOTOPOXK-
HOM TIyTH, TO €CTh OTKa3bl MOAKIAI0K C YITOPOM OTpaHU-
YUBAIOT pabOTOCIIOCOOHOCTD y3J1a B LICJIOM.

Llenbio paboTHl sIBIsIETCS pa3paboTKa YJIy4IIeHHOM
KOHCTPYKIINY TTOIKJIAIKU C YIIOPOM, MCXOMIS U3 TpeOoBa-
HUU YBEIMICHUS TIPOYHOCTHU TIPU COXPAHEHUM CHUCTEMBI
OrpaHMYCHMI — TPAaHUYHBIX YCJIOBUI U pa3MepOB, OIIpe-
TEJISTIOIINX PACTIONIOKEHNE TTOOKIAAKNA ¢ KOHTPPEIbCO-
BBIM YIIOPOM Ha KPECTOBUHHOM Y3JI¢ CTPEJIOYHOTO IIe-
peBoma, MaTepraja M TEXHOJOTMYECKMX BO3MOXHOCTEH
3aBOIOB-M3TOTOBUTEIICH CTPEIOUHOM TTPOTYKIINH.

Marepuansl U Metoapl. B Hactosieill pabore ObLI
YCTaHOBJICH XapaKTep HarpyKeHHsS TOIKJIAIOK C YIIO-
POM — LIMKJIMYECKUIT, 3HAKOTIEpEMEHHBIA.

ITpu MOHTaXe CTPETOTHOTO MEePEeBOIA B ITyTh M COOPKE
€ro y3JIOB OT JICMCTBUS TIPUKPEITUTENICH B BEPXHUX KPOM-
Kax TIONKJIAJIOK BO3HUKAIOT PACTITHBAIOIINE HAIIpsDKe-
HUS 3aKPETUIEHUS — O,,.

IMonm meificTBMEM IIPOXOASIIETO TTOABIIKHOTO COCTaBa
Ha MOHTaXKHBIC HATIPSDKEHUS OT 3aKPETICHNS HaKJIaIbIBa-
I0TCSI LIMKJIMYECKUE HAMPSIKEHUST O, MPOTUBOIOIOXKHOTO
3Haka. O6LIMe HANPsSDKEHUS O;, BOZHUKAIOLINE [IPYU IPO-
XOXKIICHUH [-TOTO KoJieca Haj MOIKIAIKOM, OIpeaeIIsIioT-
¢S Kak ajredpanyecKkasl CyMMa MOHTAaXKHBIX HaITPSDKEHUIH

¥ HANIPSDKEHUIA OT TOE3IHOM Harpy3Ku O,;:

(1

3a LUK HarpyXeHWsl HamnpsoKeHUsT B TOAKIIANKe
U3MEHAIOTCS OT O,, 10 0;. KoadduuueHt acummerpuun
LMKJIA HArpYXeHUs r;=0,/0,, ¢ ydeToM (1) cocraBut
r;=1-0,/0,.

YucIto LMKIIOB 10 U3JI0Ma NOAKJIANKYU N; OIIPENeIUTCs
10 KPUBOW YCTAJIOCTHOU MIPOYHOCTHU:

N, = Ny(o,;/0)", Tip 0; >0,;, o

00, TIPU 0; < 0,

Iie 0,; — Mpelell IIUTEIbHON BBIHOCIUBOCTY ITONKIIANAKA
MpU LUMKJIAX HATPYXEHUSI C MAKCUMAIBHOW BEJIMYMHOUN
HaIIpsDKEHUH 0; U acuMMeTpuell uukia r;; Ny u m — xa-
PAKTEPUCTUKM KPUBOH yCTaJIOCTHOM IIPOYHOCTU: Ny —
0a30BO€ YMCJIO LIMKJIOB; M — MOKa3aTelb HaKJIOHA KpU-
BOM YCTaJIOCTH.
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HanpstxeHue 0,; MOXET ObITb BBIPAXKEHO Uepes mpeiest
ITATETbHOW BBIHOCIUBOCTH TIPU CUMMETPUIHOM ITUKIIC
HarpyxeHusi 0_; ¢ ToOMOLIbI0 KO3hPULMEHTa aCUMMET-

pum umkia [12]:
0,=0_1\2/(—=r). 3)

IMoncrasnss (2) u (3) B popmyay (1) st «moBpexaaro-
LIUX» LUKJIOB HATPYKEHU S, TOTYIUM
m

20g,- m
N;= 0_/(03_0gi) (0_1)" Ny, “®

3

r1€ 0, — HalpsDKEHUS OT 3aKPerUIeHMs MOAKJIALKK.

ITpu u3BecTHBIX NMapaMeTpax MaTepuraa, U3 KOToporo
M3TOTOBJIEHA NOJKJIaLKa O_;, U TapaMeTpax yCTaJlOCTHOM
3aBUCUMOCTH N U m 13 BbIpaXeHus (4) MOXHO onpere-
JINTh YUCJIO LIMKJIOB 10 U3JIOMa MOAKJIAAKU B 3aBUCUMO-
CTU OT MOHTAXHBIX PACTITMBAIOLIMX HAMNpPSDKEHUN 3a-
KPEIJIEHUS O,y U UBMEHEHU HANPSDKEHUI TI0J, TOE3AHOM
Harpy3Koii a,;. [10cKobKy Mp1 MPOXOXKICHNUH TTOS3AHO
Harpy3Ku B ITOJKJIaKe MOTYT BO3HUKATh pa3IuyHbIC LI~
KJIbl HArpyXkeHMsl, TO OOlIee YMCIO IMKIOB OO0 M3JoMa
MOJKIAAKUA CJAEAYeT OINMpPEeAessiTh C YyYETOM HAKOILJIECHMS
MOBPEXIEHUN 3a KaXKAbIA UK.

CylecTByeT HECKOJIBKO TEOPETUUYECKUX ITOIXOIO0B
K aHaJIN3y HaAKOIUJICHUs MOBPEXKICHUIN TPU LIMKINYE-
CKOM HarpyXeHWUM C [UKJIAMM, UMEIOIIUMHU pa3IndHbIe
XapakTepucTUK. OTHUM U3 pacIpOCTPaHEHHBIX CITOCO-
0OB SIBJISIETCS METOJ, CYMMUPOBaHUsI MOBpexxaeHu [13].
B cooTBeTCTBUM € 3TUM TTOAXOIOM BBIpakeHUE IJIST 00-
LIEr0 4ucjia LMKIOB OO M3JioMa IOAKJIAOKU A, Oyder
WMETh BUII

m=1/ S )
dny = —p(do)-do,, ®)

e 0,,, — NMoBpeXnatolue HanpsekeHust; p(do) =p(o, —
—0,) — IUIOTHOCTb BEPOSITHOCTH BO3HMKHOBEHHUSI pe-
3yJIBTUPYIOLINX HAMPSDKEHUI, paBHbIX (O, — O,) OT MOH-
Taxa W MOe3IHOU Harpy3ku; N — olliee YuciIo HUKIOB
MPU UCTIBITAHUSIX.

CymMupoBaHUe (MHTETpUPOBaHUE) BEAETCS MO BCEM
LIMKJIaM, HampsKeHUsT B KOTOPBIX SIBJISIIOTCSI TTOBpE-
XIAIOIUMU  (BbIIIE Mpenejia JUIMTEIbHOW BBIHOCIIU-
Boctu) [14]. Juddepenunan dn, sasnsgerca GyHkuuen
OT IUJIOTHOCTU BEPOSITHOCTM BO3HUKHOBEHUS IIMKJa
C HanpsDKEHUSIMU O,;, KOTOPYI0 MOXHO OIPENEIUTh,
WUCIIONb3Yys paclpefeeHUe HampsLKeHUM, MoydyaeMblxX
OT MOE3MHOI HArpy3Ku HEMOCPENCTBEHHO B UCITbITAHU-
SIX, WJIM PacUYETHBIM IMyTEM, MIEPEMECTUB 3TO pacrpene-
JIEHUE TI0 OCU O Ha BEJIMYMHY MOHTAXKHbBIX HaMPSKEHU

p(do) =p(o,—0,).

Ioncrasnsist hopmyibl (6) u (4) B (5), moaydum

ny=(0_)"x

x|Ny/ [ (050,60, 0 +0,50;/0,)p(d0) do,|.  (7)

(o)

nos

C yueToM (haKTOpPOB, BIUSIONINX Ha pabOTy SJIeMEH-
TOB CTPEJIOYHBIX IIEPEBONOB M CHIDKAIOIINX WX JOJITO-
BEUYHOCTh (BKJIIOYAsl KOPPO3WIO U T.O.), NMPAKTUUECKU
BCE LIMKJIBI HATPYKCHUS CIIEAYET CUMTATh «IIOBPEKIaI0-
muMu». O6palas BHUMaHUE Ha TO, YTO COMHOXUTEIb
B KBaZpaTHBIX CKOOKax cooTHomeHUs (7) HEe 3aBUCUT
OT CBOMCTB MaTepuaja, U3 KOTOPOIo IOAKIanKa M3ro-
TOBJICHA, 0003HAYMB €ro O, BhIpaxkeHue (7) MOXHO 3a-
McaTh B BUIE

ny=a(o_)". )

W3 (8) BUIHO, 9YTO B 3TOM CJIyJae YMCIIO [IUKIIOB, KO-
TOpBIC TIOAKIIAAKA BBIACPKUT 10 HACTYIUICHUST M3JI0OMa
(nmm 0oO6pa3oBaHMS TPEIIUHBI) B OMWHAKOBBIX YCIIOBH-
SIX paOOTHI, TIOJTHOCTBIO OMPEACISICTCS TIPEASIOM IIJTH -
TEJbHON BBIHOCIMBOCTM MaTepuajla O_;, U3 KOTOPOro
OHa M3roToBicHa. Torma, IMmpu M3BECTHOM pacIipeneiie-
HUM Tpeaea JIMTEIbHOW BRIHOCIMBOCTH MOXKHO Hali-
TH paclipefie/ieHe HapaOOTKU ITOOKIAOOK A0 M3JIoMa,
MOJIB3YSICh METOJIaMU ITPEOOPa30BaHUS CIyJYailHBIX Be-
auyuH [15]:

p(ng)=plo_y(np)] - 17" )

rae p(n,) — UCKOMasl TUIOTHOCTb paclpeesieHus] Ynucia
LIMKJIOB HApaOOTKM MOIKJIANOK IO U3JIoMa; p[o_ (ny)] —
TJIOTHOCTD pacrpeie/ieHusl TIpeiesia ITUTeIbHOM BBIHOC-
JIMBOCTH O_; MaTepuajia NOAKIAN0K JUIsl yCTATOCTHOM 3a-
BUCUMOCTH O_,(ny); | J| — sikoG1aH rpeoOpa3oBaHusl.

IMpenen mmTeTbHON BBIHOCIUBOCTU YTJIEPOIUCTHIX
cTajieil UMeeT pacrpenesieHne, 0JU3Koe K HOPMaJbHO-
My [14]. Mcxonst u3s 3toro, BeIpasuB o_;(#n,) u3 Gopmy-
Jibl (8) M MOACTaBUB BCE HEOOXOAMMBIE TapaMeTphl B (9),
TTOTY4YUM

1
P(Vlo)——\/gsG | . 5 —Suil

X (10)
mal/m . n(()l—l/m)

rae 0’ — cpenHee 3HaueHMeE Mpeea UINTEIBHON BbI-
HOCJIMBOCTH O_j, & S;  — CPEIHEKBAIPATUIECKOE OTKIIO-
HEHWUeE ero pacrpenesieHus.

IMoncrabnssa B dopmyny (10) pasnuuHble 3HaYECHUS
YHUCJIa HUKJIOB 10 U3JIOMA MOAKIAJ0K, MOXHO MOJYyYUTh
COOTBETCTBYIONIYIO UM IUIOTHOCTh BEPOSITHOCTU. Takum

45



M.E. Bepe3soBckun / BectHuk BHUMXKT. 2025. T. 84, N2 1. C. 42-50

00 0 0000000000000 000000000000000000000000000000000000000000000000000000000000000000 0

00pa3oM, UMesl TaHHbBIC MO0 TIPeIey JINTeTbHOI BEIHOC-
JUBOCTH O 1 S, » 13 dopmyiibl (10) MOXHO MOTYYUTH
pacripefie/ieHe YKClia IUKJIOB IO OTKa3za IOIKJIAIOK
no usnomam n,. Murerpupys soipaxenue (10) B nuana-
30He 3HaueHuil ot 0 10 n, ¥ yYUTbIBasl, UTO HApabOTKa
B ITyTH COCTaBIISICT

T= ronO’ (11)

rie O, — MakCUMajbHasl BepTUKalbHasl CTaTU4ecKasi
Harpy3ka Ha OCb, TO TIOJIyYUM [IOJII0 TIOJIKJIaI0K, M3JI0-
MaBIIIMXCSl HA MOMEHT HapaboTku 7, MiiH T OpyTTO. Eciin
HE BCE IIMKJIBI SIBJISTIOTCS TTOBPEXAAIOIIMMU, TO PacyeT
no ¢opmysie (10) maet 3aBbllIeHHbIE 3HaUYeHUs. B aTOM
cily4yae pacuer p(n,) ciemyeT NpoBOAUTH 1o (popmyie (9)
YUCJAEHHBIMU MeTogamu [16].

IMocTpoeHHast BEpoSITHOCTHAST MOJIENTb TIO3BOJISIET, MC-
noJb3ys 3aBucumMoctu Gopmyin (7) u (10), paccuuThiBaTh
pacripeneiieHusi OTKa30B TOMIKIAIOK IO M3JIoMaM Kak
GyHKIMIO OT HApaOOTKU C YYETOM CBOICTB MaTepuaia,
U3 KOTOPOTO OHU M3TOTOBJIEHBI, MOHTAXXHBIX HaIpsKe-
HUI B TONKJIAAKAaX W AOTOJHUTETHHBIX HATPSKeHUIA
B TMOJKJIAIKaX, BOZHUKAIOIINX TIPU TIPOXOJIE MOE30B 110
CTPEJIOUHOMY TIEPEBOTY.

Ilo pesynbraram M3ydyeHUs] OCOOEHHOCTel pabdoOTh
MOJKJIAIOK C YIOPOM ObUT pa3paboTaH BapUaHT KOHTP-
pebCOBOTO OalliMaka yCWJIEHHOW KOHCTPYKIIMU, TIOKa-
3aHHBIN Ha puc. 2.

IMoaxnanku uzrotosnaeHsl U3 ctanu 30JI METOAOM JTUThS
¢ nocjienyouei TepMoodpadboTKoii. MexaHuueckue Xxapak-
TEPUCTUKM MeTaJljia, TOJyYeHHbIe TIPU JIADOPATOPHBIX MC-
MbITAHUSIX 00Pa310B MOAKIIAA0K, TPEACTABIEHbBI B Ta0I. 1.

Pe3ynbrarhl J1aOOpaTOPHBIX MCTIBITAHUI TTO3BOJISTIOT
OTpeNIeINTh HEOOXOMMBIE JUISI pacueTa pecypca MmoaKiia-
IIOK xapakTepuctuku Marepuana. CornacHo [11] nst 06-
pa3iloB UMEET MECTO 3aBUCUMOCTh

0% =(0,55-0,00010,)0,, (12)

rae O'Cj)l — Cp€aHAA BCJIMYHHA IIpEacia JUTUTEJIbHOU BbI-
HOCJIMBOCTHU; Oy — MPEACII IPOYHOCTU MaTepuraja.

Puc. 2. KoHCTpyKLIMS yCUJIEHHOM MOAKIIAIKI KOHTPPEJIbCOBOrO OalmMaka
¢ ynopom*: [ — yrop
* ICTOYHUK: pUCYHOK aBTOpa

Fig. 2. Construction of the reinforced rail pad of the counterrail drag
shoe with stop block*: 7 — stop block
* Source: author’s layout

IMoncrapnsist B dopmyny (12) pe3ynbraTbl HCIbITa-
HUIi 00pa3loB, MOJIYYUM CPEIHIO BEJIMYMHY Ipeaesa
JUTUTEIbHOW BBIHOCJIMBOCTU MaTepuasa MOAKIaI0K MpU
CMMMETPMYHOM LIMKJIE HATPYXeHMUs, T.e. 0> =290 MITa.
Jis netaneit MaliMH Ko3(M@ULIMEHT Bapyaluu Mnpeaeia
JUTATEIbHOU BBIHOCJIMBOCTH pacroJjiaraeTcsl B [uamna3oHe
(0,05—0,15) [11]. IIpuHuMas cpenHee 3HAYEHUE, TMOJY-
unm S, =29 Mlla.

T'eoMmeTpuueckuie pazMepbl OMOPHOI YaCTHU MOAKIAT0K
ObUIM MPUHSATHI TAKUMU, YTOOBI HAMPSIKEHUST B HauboJiee
Harpy>k€HHbIX CEUEHUSIX HE MPEBbIIIATA MPOYHOCTHBIX
XapakKTEepUCTUK MaTepuayia, U3 KOTOPOTro MOJKIAAKa W3-
rotosjieHa. ONBITHBIE 00pa31ibl pa3padbOTAaHHOTO BapuaH-
Ta MOJAKJIAA0K C YIOPOM ObLIU U3roToBiaeHbl HoBocruOup-
CKUM CTPEJIOYHBIM 3aBOJOM.

Hnst oueHkU 3(PHEKTUBHOCTU MPEIIOKEHHOTO Bapu-
aHTa MOAKJIANOK C YIIOPOM ObLITU MPOBEIEHBI CPABHUTEb-
HblE€ WCMBITAHUS TUITOBBIX U Pa3pabOTaHHBIX BapUAHTOB
MOAKJIAN0K HEMOCPEACTBEHHO IOJ BO3JAEHCTBUEM MOE3M-
HOI Harpy3ku. McnblTaHUS MOAKIAAO0K C YIIOPOM MPOBO-
JIUJIKCH Ha DKcrepuMeHTalbHOM Kosble AO «BHUMKT»
MOA BO3JEHCTBUEM UCIBITATEBHOTO I0€3/1a, COCTOsI-
mero u3 JokomotuBa BJI80 M rpy30BBIX MMOJTyBaroHOB

Tabnuua 1

Mexanuueckue XAPAKTEPUCTHKH CTAIH, U3 KOTOpOﬁ H3roToBJICHbI OIIBITHBIC nonmamm*

Table 1

Mechanical characteristics of the steel of the experimental rail pads*

Mapamerps! BpemenHoe [penen OTHOCUTETbHOE OTHOCcUTeNbHOE | YmapHasi BI3KOCTh
P P conporusienue, MIla | rtekyuectu, MIla yuuHeHue, % cyxenue, % KCU, kJx/m>
Paz6poc rmokasatest 480—488 271-370 25-27 31-42 660—1260
CpenHee 3HaYeHMe TTOKa3aTest 485 307,3 26 37 970
Tpeodosanue FOCT 977-88 He menee He menee He menee He meHee He meHee
st ctanu 30J1 (HopManu3anus 471 255 17 30 343
WJTH HOPMAJTU3ALIUST C OTITYCKOM)

* IcTOYHUK: pa3paboTaHa aBTOPOM
* Source: developed by the author
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Puc. 3. Ctpenounsrii niepeBox Tima P65, mapku 1/11, 060pynoBaHHBI OIBITHBIMY MTOIKIATKAMU*
* MoTo aBTOpa

Fig. 3. Turnout switch type P65, grade 1/11, equipped with experimental rail pads*
* Photo made by the author

¢ Harpy3Koii 10 25 T/ocb. CKOpOCTH IBVKEHUST HE TTPEBbI-
manu 70 kM/4. VicribiTaHus POBOAVMIIMCE B JIBa 3Tara.

Ha mepBom aTtamne mpousBoawiach 3alich HarpsiKe-
HUI B TUTIOBBIX IMOAKJIAIKAX C YIIOPOM, BXOJSIIIIAX B COCTaB
9KCIUTyaTUPYEMOTO Ha KOJIbLIEBOM ITyTU CTPEJIOYHOTIO Ie-
peBoma Mapku 1/11 Ha keae300eTOHHBIX OpyChsIx (puc. 3).

ITo pesynbratam IepBOro sTana BbIOMPAIOCh MECTO,
B KOTOPOM MOJKJIAAKU C yIOpoM paboTaniu B HauboJjee
Harpy>keHHOM peXuMe W (PUKCUPOBAIUCH HATIPSIKEHUS
B HanboJIee Harpy>KeHHbBIX CEUEHUSIX ATUX TIOIKJIAI0K. 3a-
TEM Ha UX MECTO YCTAaHABJIUBAIUCH OIBITHBIE TTOMKIATKI
(puc. 4, au 4, 6) u TPOU3BOAUINCH UBMEPEHUST HATIPSIKE -
HUU B 3TUX MOAKJIAIKAX.

JlaTuuky HamnpsiKeHU (TeH30Pe3UCTOPhI) pacrioara-
JIUCh TI0 HU3Y TTOJIONIBBI TOAKJIAAKK. Bo BpeMst ycTaHOBKH
MOAKIANOK (PUKCUPOBAIMCH MOHTAXKHbIE HATIPSKEHUS
B TIOJTOIIIBE MTO/IKJIAI0K, BO3HUKAIOIIWE TIPU 3aTSKKE 00JT-
TOB, a TAKXKe KPETJICHUSI MOAKIIAAKU K OPYChSIM.

OO6pasell 3aMUCU HAMIPSKEHUI B MOJAKIAKE TTPU MPO-
XOJIE UCTIBITATEIbHOTO TT0e3/1a TTOKa3aH Ha puc. 5.

HWKIIbI HANpSDKEHWI, BO3HUKAIONIMX B MOIKJIAIKAX
OT TIPOXOMSIIETO TIOABMXHOTO COCTaBa, JBYMEpPHBIE,
TO €CTb OTIPEIEIISIIOTCSI HE TOJbKO BEJTMYMHON HaubOJIb-
IIET0 HAIpsSCKeHWST B LIMKJIE, HO W Ko3bdUIIMEeHTOM
acummeTpuun uukiaa. Kpome toro, Ha 3anucu (puc. 5)
OTUYETJINBO BUIHO, YTO IO BO3ACHCTBUEM TIPOXOISIIIETO
TOABUKHOTO COCTaBa B TOMKJIAIKe BO3HMKAET JiBa BUAA
HaNpsDKeHUI — IUKIMYECKUe HaMpsKeHWsT, BOBHUKATO-
1e TpU TIPOXOJe KOJIeC HaJ MOAKIIANKON, BbI3BAHHBIC
MPOTUOOM pesibca KPeCTOBUHBI IO/ HATPY3KOiA, 1 JOTION -

Puc. 4. OnbITHBIE KOHTPPEJIBbCOBbIE MOAKIIANAKU, YIOKEHHBIEC B TIYTh

HUTEJIbHbIE HAIpSKEHUs, BO3HUKAIOLIUE OT JOIMOJHU- JUIS IPOBEIEHHs UCTIBITAHUIT:
TeJIbHOr0 OOKOBOTO BO3JAEUCTBUSI KOJIEC Ha KOHTPPEIbC. a — Buz cO6OKY; 6 — BUI CBEPXY
Yucio HUKIOB ¢ JOMOJTHUTEbHBIM HATPY>KEHUEM B K- * ®oro aBTOpa
CIUTyaTallU{ 3aBUCUT OT IIapaMCETPOB I'COMETPUM DEJIb- Fig. 4. Experimental counterrail rail pads laid for testing*:
COBOI1 KOJIeu Ha CTpeJIOYHOM MepeBoje (LIUpuHa KOJeu, a — side view; 6 — top view
pa3Mephl KeJ00OB, PacCTOSIHUE MEXIy CepAeYHUKOM * Photo made by the author
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Puc. 5. Hal’[pH)KCHI/IH B ITOAOIIBE MOAKIIAAKHY ITPU IMTPOXOAE€ UCIILITATEIbHOIO noe3;1a*:
1— OUKINYECKUEC, 2— JOITOJTHUTEJIbHBIC (III/IHaMI/I‘IGCKI/IS ,I[068.BKI/I)
* ICTOYHUK: JaHHBIE aBTOpa

Fig. 5. Stresses in the sole of the rail pad during the passage of the test train*:
1 — cyclical; 2 — additional (dynamic additives)
* Source: author’s data

KPECTOBMHBI U KOHTPPEIbCOM), a TAKXKE IapaMETPOB KO-
JIeW TIPOXOMISILIETO MOABMXKHOIO cocTaBa (TOJIIIMHA rped-
Heii M HacaaKa KOJIECHBIX map). JJist cpeHeceTeBhIX YCII0-
BMii 91a mous coctanisieT 30—40% ot 001ero KoJInyecTBa
LIMKJIOB. B yCIIOBUSIX MPOBENEHHBIX UCIIBITAHUI MCIIOJIb-
30BaJICSl OAMH U TOT Xe€ IOABVKHOM COCTaB, a IapaMeTphbl
PEJIbCOBOM KOJIeH ObLIN OJMHAKOBBI, ITIO3TOMY J0JIsI KOJIeC,
JOTIIOJHUTEIHHO BO3AEMCTBYIOLIMX HA KOHTPPEIbC, TAKKE
oKasajlach OJMHAKOBOW, B cpegHeM 0Ko10 32,5—33%.
AHaIU3 JaHHBIX, MMOJYYEHHBIX OT BO3IEHCTBUS MC-
IMBITaTEILHOTO Moe3/a, IMoKa3an (Tabdi. 2.), 4To ImapamMe-
Tpbl pacrnpeneieHuit HaubOJbIINX HAMPSKEHU TepBO-
ro BUAA B LMKJIE JIsI TUIIOBBIX W OIBITHBIX ITOAKJIAIOK
COOTBETCTBEHHO COCTABJISIIOT: CPEIHUE BEJIMYMHBI

78 u 57 MIla, MmakcuMasibHbIE BEPOSITHBIE 3HAYECHUS Hau-
oonpinx HanpsokeHuii — 128 u 102 MIla, T.e. mpeumy-
IIECTBO OMBITHBIX — 25,5%. KoabduimeHTsl acumme-
TPUU IIUKIJIOB HArpy>eHusl MepBOTO BUIA C YYETOM MOH-
TaXHBIX HAMPSDKEHUM OT 3aTSDKKU OOJITOB KOJIEOMIOTCS
B mipenenax (—0,15)—(—0,25).

[Mapamerpsl pacripeneieHuil IUKIOB C JTOMOJHU-
TEJIbHbIM HArpyXeHWeM CJEeAylollue: CPeIHUEe BEeJIUYM-
Hbl HAaWOOJIBIIMX HATPSDKEHWH IS TUTIOBBIX U OTIBIT-
HBIX MOJIKJIAA0K COOTBETCTBEHHO paBHbI 215 u 172 MIla.
MakcumManbHble BEPOSITHbIE 3HAUEHUsT HAMOOBIITNX Ha-
npstkeHuit — 348 u 277 MIla, 1.e. mpenMyILIeCTBO OIbIT-
HbIX — 25,6%. KoadbulimeHTbl acUMMETPUU LIMKJIOB Ha-
rpyxenus ot (—0,68) o (+0,10).

Ta6auna 2

ITapameTpbl UMKJIOB HATPYKEHHUS NMOAKJIAIOK C YIIOPOM OT BO3J€iCTBUSA UCTIBITATENbHOrO noe3aa, MIla*

Table 2

Parameters of rail pad with stop block stress cycles from the exposure of the test train, MPa*

TunoBas nmoakiIagka OnbITHBIN 0Opa3zert

Bu nmkiia Harpy>keHust

HanpsKeHU

U3TUOHbBIE JIOTIOTHUTEJIbHBIE M3TUOHbBIE JIOTIOTTHUTENIbHbIE
MaremaTtnueckoe oxXXuaaHue HauOoJIbIIIeTo HATIPSIKEHUST 78 215 57 172
B IIUKJIe
CpenHekBaapaTuiecKoe OTKIOHEHUE 20 53 18 42
MakcuMasibHbIe BEpOSITHbIE 3HAUEHUST HAaMOOJIbILINX 128 348 102 277

KoadduumeHT acuMMeTpyun LKMKIa HarpyKeHust

(—0,15)—(+0,25)

(=0,68)—(+0,05) | (=0,15)—(+0,22) | (—0,60)—(+0,10)

Jlos1 LIMKIIOB HArpyXKeHUs.

67%

33% 67,5% 32,5%

* VICTOYHUK: JaHHBIE aBTOpa
* Source: author’s data
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[MomyuyeHHBIe MaHHBIE TIO TTPOYHOCTHBIM ITOKA3aTe-
JISIM MaTepuasia IMOAKIAI0K 1 HAIIPSKEHHOMY COCTOSTHUTO
WX B IyTH IO BO3IECHCTBEM MOE3THOM HATPy3KH MTO3BO-
JISTIOT TIPOM3BECTH C TIOMOIIIBIO TIPEIITIOXKEHHO BBIIIIE MO-
eI CpaBHUTEIbHBIC pacueThl pacIipefesieHUs pecypca
IMOIKIJIAIOK B BEPOSITHOCTHOM acCIIeKTe.

CpaBHUTEIbHBIE PECYpCHBIC ITOKA3aTeNIM TUIIOBBIX
U OTIBITHBIX TTOAKJIAMOK C YITOPOM OBUIM PacCYMTAHBI LIS
YCIIOBUI WCHBITAHUM, peaM3yeMbIX Ha DKCIEpPUMEH-
TaabHOM Kosiblie AO « BHUMXKT».

I1pu mpoBeneHNM pacyeToB JaHHBIE Ta0J. 2 OBUIN pa3-
BEpHYTHI B IByMEPHBIC PaCIIpeacICHNS:

0,=ko,(0,, 1), (13)

rae k — [0J UMKJIOB HarpyxeHus, T.e. k=0,67 misa un-
KJIOB M3TMOHBIX HampskeHWit, a k=0,33 m1g UMKIOB
«IIOTIOJTHUTEbHBIX» HANPSIKEHUI; 0, — HauOOoJIbILKe Ha-
MPSKEHMS IIUKJIA HATPY>XKeHUS ; ¥ — KO3(pDUIIMEHT acuM-
METPUH ITMKJIa HATPy>KeHUS.

IToka3zarep yriia HaKJIOHA YCTaJOCTHON KPUBOM IS
YIJIEPOIVCTHIX cTaneil m cocrasusier 5—6 [11]. Ilpu BbI-
IMOJJHEHUM HACTOSIIIMX PacyeTOB IIPMHSITA BEJIMYMHA
m=6. Pe3ynbTaThl pacueTOB ITOKA3aHbI Ha PUC. 6.

100

Yumcno otkasos, %
o ~
S ol

N
(6]

0 350

700
HapaboTka, MSIH TOHH 6pyTTO

Puc. 6. PacueTHbie pecypcHbIE TIOKA3aTeNN MOIKIANOK C yIIOpoM™:
1 — TUTIOBBIE TTONKIAAKK; 2 — OTIBITHBIE
* UcTOYHUK: pa3paboTaH aBTOPOM

Fig. 6. Estimated resource indicators of rail pads with stop blocks*:
I — standard rail pads; 2 — prototypes
* Source: developed by the author

M3 rpacduKoB MpOrHO3MpyeMbIX OTKA30B ITOAKIATOK
C YIIOPOM BHUIHO, YTO TIpemjiaracMbIii BapuMaHT ITOIKJIA-
JIOK C YIIOPOM TIO3BOJISICT 3HAUMTEIBHO CHU3UTH YUCIIO
MX OTKA30B B 3KCILTyaTallMOHHOU pabote. Tak, mist yc-
JIoBUiIT DKcnepuMeHTaIbHOro Koyblia AO «BHUMXKT»
K MOMEHTY HapaOOTKM CTPEJIOUHOrOo IiepeBoja, OJIM3KOoit
K cpeaHeceTeBoit HopMaTuBHOI (350 MIIH T OpYyTTO), YKC-
JIO OTKA3aBIINX TUITOBBIX ITOAKIATOK C YIIOPOM COCTaB-
nsieT 6oJee 25,5%, a 4MCII0 TAKKX XKe 0TKA30B MOIKIIAI0K
npeajaraeMoil KOHCTpyKuuu — Bcero 5,3%. Ilpu BaBsoe

GoJibleil HapabOTKe OTKAa3bl MoJydar g0 65% TUIIOBBIX
MoAKJIamoK 1 0K010 20% mpeniaraeMbix.

PesyabTaThl. [TocTpoeHHast Mozeb pacrpencsieHus Be-
POSITHOCTH OTKA30B KOHTPPEIBCOBBIX MTOAKIAIOK C YITOPOM
ITO3BOJISIET OMPENENATh TOKA3aTeIM pecypca ITOAKIamoK
B 3aBUCHUMOCTH OT IIPOYHOCTHBIX TTapaMeTPOB MaTepuala,
HaMpsKEHHOTO COCTOSTHUS TTOIKIIANAOK TI0J BO3IEHCTBIEM
TTOE3THOI Harpy3KM M MOHTAXXHBIX HaTPSDKCHUI, BO3HM-
KaIOIIUX IMPU YCTAHOBKE TOIKIIANKY B Y3€II.

JIMHaMUKO-TIPOYHOCTHBIC MCITBITAHUSI, TIPOBEICHHBIC
Ha DKcnepuMeHTaTbHOM Koibile AO «BHUMXKT», mo-
Kaszajqu, 4TO MOJA BO3AECUCTBUEM MPOXOASILIETO KeIe3HO-
JIOPOKHOTO TIOABIKHOTO COCTaBa B MOIKJIAIKE BO3ZHUKA-
eT JIBa BUIA HATIPSDKEHU — MUKIMYeCKUe HaPsDKEeHMS,
BO3HMKAIOIINE ITPH IIPOXOJIe KOJIeC Hall TTOMKIIAIKON, BbI-
3BaHHBIE IIPOTMOOM peibca KPeCTOBUHEI IO HaTPYy3KO,
W JTOTIOJIHUTEIbHBIC HAMIPSDKEHMS, BO3HUKAIOIINE OT H0-
ITOJTHUTEIFHOTO OOKOBOTO BO3ICHCTBHS KOJIEC Ha KOHTP-
peJnC.

Pe3ynbraThl MCIIBITAHWIA TUITOBBIX M OMBITHBIX TTOM-
KJIaIOK C YIOPOM B YCIOBMSIX DKCIEPUMEHTAIBHOTO
KOJTBIIA BBISIBWJIN, YTO TIPEUMYIIIECTBO OIBITHBIX ITOIKIIA-
IIOK TI0 YPOBHIO HAIIPSDKCHWI B HanboJIee Harpy>KeHHBIX
CEYEeHUsIX COCTaBIsIeT OKOJIO 25%. [1porHo3upyemsblii pe-
Cypc IpeajaraeMbIX MOAKIan0K ¢ yriopoM Ha 20% npeBbl-
IIaeT pPecypc TUTOBBIX MOIKIANOK, MCIIOIB3YEeMBIX B Ha-
CTOSIIIIeE BPEeMSI.

OO0cyxkaeHne n 3aKmoueHne. BepossTHOCTh 0€30TKa3HOM
PabOTHI KOHTPPEIHCOBBIX TIOIKIIANOK C YIIOPOM HITKE, YeM
Y KOHTPPEJIbCOB Ha MPOTSLKEHUN BCETO TTepHoaa pabOThI
B IIyTH, TO €CTh OTKA3bI IMTOAKIATOK C YIIOPOM OTpaHUYN-
BalOT pabOTOCIOCOOHOCTh KOHTPPEIHCOBOTO y37a B IIe-
JioM. JIyist pelreHusT 3amadyy ITOBBIIICHUS pecypca BCEeTo
KOHTPPEJIHCOBOTO y3J1a TIpeiaracTcsl Ipy MPOSKTUPOBa-
HUU UCTIOJIH30BaTh METO CYMMUPOBAHUS TTOBPEXKICHUIA,
MPEUIOKEHHBIN B TaHHOW padoTe.

Pa3paboTaHHYyI0 1 UCIIBITAHHYIO B paMKax BBITIOJIHE-
HUS JaHHOM padOThI KOHCTPYKIINIO MOIKJIANKHY C YIIOPOM
11eJIeCO00pa3HO MCITOJB30BaTh KaK IpHU pa3padoTKe HO-
BbIX 00pa3lLoOB CTPEJOYHOU MPOAYyKUMU, TaK U TPU MO-
JNIEpHU3ALMMU YXKE IKCIUTyaTUpyeMoii, TaK Kak oHa Oblia
pa3zpaboTaHa ¢ yIeTOM IIPUHIINIIA B3aNMO3aMEHSIEMOCTH.

BnaropapHocTu: ABTOpP BblpaXkaeT 6ﬂar0p,apHOCTb peueH3eHTaM
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OnpepeneHve Hanps)XeHHOo-Ae(PopMNPOBaHHOro COCTOSAHUSA
ynpyrom KsiieMmbl pesibcoBoro ckpernneHus W30

B.C. Koccos, O.l. KpacHoB!<, M. B. Tumakos,
A.JN. NpoTtononos, C.B. YyHuH, M. A. JiutBnHoB

Hay4yHo-uccnefoBaTenbCKUM U KOHCTPYKTOPCKO-TEXHONOMMYECKUI MHCTUTYT NoABMXKHOro coctaBa (BHUKTN),
KonomHa, Poccuiickas ®epepaums

AHHOTAL A

BBepeHme. [py NpoeKTUPOBaHUM YMPYrUX KNEMM MPOMEXYTOUYHbIX PeNbCOBbIX CKPEnieHU MPOBOANTCA OLeHKa
MX MPOYHOCTHbIX XapaKTEPUCTUK. B COBpeMEHHbIX YCIIOBUAX 3TOT BOMPOC pellaeTcs MoAenMpoBaHMeM Ha OCHOBE MeToja
KOHEeYHbIX 31eMeHTOB. [119 Nofly4eHns JOCTOBEPHbIX pe3ybTaToB paciéTa NpoBOAMNTCA BepUPUKaLNA KOHEYHO-3/TIeMEeHT-
Hon mopenu. Llenbio cTaTbyn ABNSETCS MofenpoBaHue ynpyron knemmbl Skl 14 npomexyTo4HOro penbcoBoro ckpernne-
H1a W30, a Takxxe BepuUPUKaLms Noslyd4eHHbIX pe3ynsTaToB NyTeM TEH30MEeTPUPOBaHUA KNEeMMbI MPU CTaTUYECKOM Harpy-
XEHUN Ha CTeHe.

Matepuanbl u metoabl. /111 MOAeNMPOBaHUSA HanpsXXeHHO-AePOPMUPOBAHHOIO COCTOSHMSA ynpyron knemmsl Skl 14
pa3paboTaHa KOHeYHO-3MeMeHTHas Mofenb KieMMbl, KoTopasi BkitoyaeT 450 000 aneMeHTOB TUMa «TeTpasap» pasme-
pom 1 Mmm 1 90 000 y3noB. [Ins npoBefeHUs BepudpuKaumm paspaboTaHHOM MoJeNn U pe3ynbTaToB pacdeTa NpoBeaeHbl
nabopaTopHble UCMbITaHWS HAaTYPHOW KIEMMbI C ONpefiefleHNeM HanpsiXKeHU KpyYyeHu s U u3rnba MeTogom TEH30MeTpU-
poBaHus. laTunku 6a3on / = 5 MM Ans perncTpaumm KacaTeNbHbIX HAaMpPsXXeHWU OT KpyYeHUst HaknenBanucb nog yrinom 45°
Ha guameTpasibHO NMPOTMUBOMOJIOXKHbIX y4acTKax NpyTKa Ha BHELIHEM U BHYTPEeHHEM paguycax B 30HaX TEXHONOrMYecKnx
nepernboB ynpyrov KneMmbl. Ans pernctpaumm U3rmbHbIX HaMpsKeHWU AaTYMKM HaKNEMBANM B BEPXHEN YaCTU HapyxX-
HbIX MOMEepeYHbIX y4acTKOB YNpPyromn KNemMmmbil.

Pe3ynbratbl. BoinonHeHa BUpTyanbHas 1 3KCNepuMeHTanbHas TapMpoBKa yrnpyromn KneMmebl. PacyeTHbIM nyTem onpe-
JeneHbl HanpsXeHWs KpydeHus, n3rnba v skBuBaneHTHble. MokasaHo, YTo Havbornee BbICOKMI YPOBEHb SKBMBANEHTHBIX
HanpshkeHUN HabniofaeTcs B 30HaX TEXHONOTMYECKMX NepernboB. BbINoNHeH cpaBHUTENbHBIN aHaN3 pacieTHbIX U 3KC-
neprvMeHTanbHbIX 3HaYEHUI HaNPSAXKEHNIN B KOHTPOMbHbIX TOUYKaX.

06Gcy)cpaeHue U 3akoueHue. CpefHss BeNYMHA PacxoXaeHU no 13 KOHTponbHbIM Toukam cocTtaBuna 10,1 %. 3T1o
Mo3BONSAET CAeNaTh BbIBOA, YTO pa3paboTaHHas KOHeYHo-31leMeHTHas Mogenb ynpyron knemmbl Skl 14 ¢ foctatouHowm ans
NPaKTUY4eCKOro NpMMeHeHMs TOYHOCTbIO MOXET NCMOJIb30BaThCA A9 onpeeneHns ee HanpsXXKeHHo-a4edopMMUPOBaHHO-
o COCTOSIHUS, YPOBHU HaMpPs)XeHWU MOTYT CTaTb 3TafloHaMu Npuy pa3paboTke HOBbLIX KOHCTPYKLMI knemm. ViccnefoBaHums
HanpshXeHHO-Ae(OPMUPOBAHHONO COCTOSIHUSA YPYrnX KNeMM LenecoobpasHo MpoAoIXUTb B YCIOBUSX 3KCMnyaTaLum
c onpepeneHneM BAUSHUSA CKOPOCTU ABMXXEHUS, OCEBOM Harpy3ku, KOHCTPYKLMM SKUMAXHbIX YacTen, COCTOSIHUS Konec-
HbIX Nap N COCTOSHMA MOBEPXHOCTU KaTaHUS PeNibCOB, a TaKXXe C UCMOoJIb30BaHNEM NPUMEHEHHON MeTOANKM aHanmnsa.

KJTIOYEBBIE CJIOBA: npomexyTO4YHOe pefibCoBOE CKpernjeHue, ynpyras KineMma, KOHe4YHO-31eMeHTHas Mogeslb, Kaca-
TenbHble, U3rMOHbIE, 3KBMBANIEHTHbIE HaMpPsXXKeHWs!, TEH30MeTpUpPOoBaHMe, BEpUPUKaLUS, CXOAUMOCTb

Ang UMTUPOBAHUA: Koccos B. C., KpacHos O.T., Tumakos M. B., MNpoTtononos A.J1., YyuuH C.B., JlIutenHos M. A. Ornipe-
JeneHne HanpsXeHHo-AehOpMUPOBAHHOIO COCTOSIHUS YNPYrol KnemMmbl penbcoBoro ckpennenus W30 // BecTHUK
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Determining the stress-strain state of the elastic clip
of rail fastening W30
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Research, Design and Technology Institute of Rolling Stock,
Kolomna, Russian Federation

ABSTRACT

Introduction. The article provides performance evaluation of the elastic clip of intermediate rail fastening during their
strength characteristics assessment. In modern conditions this issue is solved by modelling using the finite element method.
In order to obtain reliable calculation results, the authors carry out verification of the finite element model. The purpose
of the article is to model Skl 14 elastic clip of W30 intermediate rail fastening, as well as to verify the obtained results
of the clip under static loading on the test bench by strain-gauging method.

Materials and methods. For stress-strain modelling the researchers developed a finite element model of the elastic clip,
which includes 450,000 elements of the tetrahedron type of size 1 mm and 90,000 nodes. In order to verify the developed
model and the calculation results, laboratory tests of full-scale terminal were carried out while determining tangentional
and bending stresses by strain-gauging method of a full-scale clip were performed while determining torsional and bending
stresses by the strain-gauging method. Sensors with base of / = 5 mm for recording tangential stresses due to torsion were
glued at 45° on diametrically opposite sections of the bar on the outer and inner radii in the zones of technological bends
of the elastic clip. Sensors were glued on the upper part of the outer transverse sections of the elastic clip to register
bending stresses.

Results. Virtual and experimental calibration of the elastic clip was performed. Calculation tests were conducted
to determine tangential, bending and equivalent stresses. They showed that the highest level of equivalent stresses
is observed in the zones of technological bends. A comparative analysis of calculated and experimental values of stresses
at measuring points was performed.

Discussion and conclusion. The average value of discrepancies for 13 test points was 10.1%, which allows to conclude
that the developed finite element model of Skl 14 elastic clip with a sufficient accuracy for practical application could be
used to determine its stress-strain state, and the stress levels may become standards for the development of new clip
designs. It is advisable to continue studies of the stress-strain state of elastic clips under operating conditions with the
determination of speed influence, axial load, undercarriage design, condition of wheel pairs and tread of rails, as well as
to use the applied analysis methodology.

KEYWORDS: intermediate rail fastening, elastic clip, finite element model, tangential, bending and equivalent stresses,
strain-gauging method, verification, convergence
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BBenenne. PebcoBble CKpeTuleHUS CIy»KaT ST TIPH-
KPETUICHUST PeIbCOB K IITajaM, BBITIOIHSISI TIPA 3TOM PSIIT
BaXKHBIX 3a7a9:

o COXpaHSITb CTAOMIIBHOCTH PEIBCOBOI KOJICH;

e YIpyro mepefaBaTh JWHAMHUYECKHE BO3IEHCTBUS
OT KOJIEC KeJIe3HOIOPOKHOTO TTOBUXKHOTO COCTABA;

o TaCUTh BBICOKOTOYHBIC BUOpPAIINM, MHTCHCUDUIIN-
pyloIIre HaKOTUIEHNE OCTATOYHBIX IehopManinii 6amnacr-
HOTO CJI0SI 3¢MJISTHOTO TIOJIOTHA KeJIE3HOIOPOXKHOTO ITYTH;

» obecrieumBaTh MOCTATOYHOE COMPOTHUBICHUE TIPO-
TIOTBHOMY TIEpEeMEIICHIIO PeiTbca.

Ha poccuiickux Xene3HbIX J0porax C pesibCOBBIMU
ckpermeHussMu cuctembl W30 Vossloh (Poccito) akerry-
atupyetcs 2269 KM XeJe3HOOOPOXHOro mytu, win 2 %
OT 001Lel MPOTSKEHHOCTH [1].

Hemocratkom penbCcoBBIX cKperieHmit cucteMbl W30
SIBJIICTCSI HEMPOYHOCTh OOKOBBIX ITOJTMMEPHBIX YIIOPOB
Wip 30K-12NT [2].

Vrpyrag xiemMma Skl 14 gBasieTcst ajeMeHTOM y37a
penbcoBoro ckperuteHust cucteMsl W30 (puc. 1), KoTopast
co3maeT CTabMIbHOE MPMKUMHOE YCHIIME U COTIPOTUBIIC-
HUE YTOHY peibca. LleHTpanbHast meTiIst yIpyroi KIieMMBl
Ipe0TBpalllaeT PACKAHTOBKY pejibca, a TAKKE 3alUIIACT
CBOOOIHBIE KOHIIBI KJIEMMBI OT Ae(OpMaIInii.

Puc. 1. OG1mit BUI TPOMEKYTOUHOTO PEIbCOBOTO CKPETUICHUS
cucteMbl W30*:
1 — ympyrast knemma Skl 14; 2 — 1ieHTpabHast IETIIS YIIPYTOi KIIEMMBI,
3 — cBOOOIHBIEC KOHIIBI KIIEMMBI
* McTouHNK: caift kommanuy Vossloh'

Fig. 1. General view of the intermediate rail fastening of W30 system*:
1 — Skl 14 elastic clip; 2 — central loop of elastic clip; 3 — free clip ends
* Source: Vossloh company website

B cBs13u ¢ pasButHeM B Poccmm BBICOKOCKOPOCTHOTO
IBIDKEHUSI KOHCTPYKIINM 3KEJIE3HOTOPOXHOIO IYTH C pe-
CYpPCOM 2,5 MJIpA T OPYTTO IPOITYIIEHHOTO TOHHAXKA POCCHIA-
CKUMH KOHCTPYKTOpAaMM DPa3pabaTHIBAIOTCS HOBBIC THIIBI

TIPOMEXYTOUHBIX PETbCOBBIX KIIEMM. YUMTHIBASI ITOJIOXKHU-
TEJIBHBINA OTBIT 3KCIDTyaTalluy yrpyrux kieMm Skl 14, pas-
paboTynky penbcoBbix ckperuienuii 2KBP-65ITIIP (mo-
nepHusuposanHoe), 2KBP-65TILLT, MLT2I1.1, U1IT2Y.2
MIPUMEHWIN (POpMy YIIPYTUX KIEMM B BUIE IIPOCTPAHCT-
BEHHOTO KpuBOro Opyca. st oTpaOOTKM KOHCTPYKIIUI
BHOBb pa3pabaThIBaCMBIX YIIPYTUX KJIEMM BaXXHO HWMETh
BepU(DUIIMPOBAHHYIO KOHEYHO-3JIEMEHTHYO Mozaelb. Co3-
JlaHWe HAEXHBIX KOHCTPYKLUI YIIPYTUX KJIEMM MO3BOJIUT
TTOBBICUTD TTOTPEOUTEIBCKIE CBOMCTBA PETbCOBBIX CKpe-
IJICHWI 1 pecypc IyTH B IIEJIOM.

Martepuansl 1 MeToabl. JIJIsT ompenesieHus TOITyCTH-
MBIX YPOBHEM 3KBMBAJICHTHBIX HAIPSDKCHWI B HACTOSI-
e cTaThe TTOCTaBJICHA IIeJIb MCCIIEA0BATh HATIPSDKEHHO-
neopMUpPOBAaHHOE COCTOSIHUE yrpyroit kiemmbl Skl 14,
KaK TIpOIIeIIIei IMMPOKYI0 3KCIUTyaTallMOHHYIO ampo-
oanuIo.

Jnsa ompeneneHnss HaMpsKeHHO-AeDOPMUPOBAHHO-
o COCTOSTHMST yrpyrux kieMm Skl 14 TeopeTHdecKUMU
W 3KCIIEpUMEHTAIbHBIMU METOZAMU HEOOXOOUMO M3Y-
YUTHh 3aBUCUMOCTH HANPSDKEHUN M3TH0a W KPYyJdeHUs,
a TaKKe TIEPEeMEIIICHUST YCOB YIIPYTOM KJIEMMBI OT TIPUJIO-
JKEHHOU CcWIIbl. 11T IpoBeIeHUs TEOPETUISCKUX UCCIIe-
IOBaHUI ObLIa pa3paboTaHa KOHEUYHO-3JIEMEHTHAs MO-
JIeJTb YIIPYTOW KJIEMMBI, TIPECTaBICHHAsT Ha PUC. 2.

Bapumammum pasmepa M TuMa KOHEYHBIX 3JIEMEHTOB
IIpY Harpy>KeHUU SAIMHUIHOMN CUJIO TIPUBENIN K BEIOOPY
B ITOJIB3Y 2JIEMEHTA TUITA «TETPAdIP» pasMepoM 1 MM.

KoneuHo-31eMeHTHast MOZIETh YIIPYTOil KIIEMMBI BKJTIO-
yaeT 450 000 2716 MEHTOB THUIIA «T€TPA3IP», 00PA30BAHHBIX
90 000 y3mamu. beima BeIIONHEHAa BUPTYaldbHAsT Taph-
poBKa yrpyroii kiemMmbl Skl 14 1 mpousBeneHO cpaBHe-
HHUE PEe3yJIBTaTOB ¢ HATYPHBIM 3KCIlepuMeHTOM. KoHeu-
HO-3JIEMEHTHAsl MOJeidb KJIEMMBI B 30HE ILIEHTPaIbHOI
MeT 4epe3 IIaTUK, UMUTHPYIOIINN TUIOCKYIO IIaiioy,
HarpyXajgach BEPTHUKAJIbHOM CTyNEeHYaTOM HArpy3Ko.
[Mpu yBenmIeHUM CHMIIBI, UMUTHUPYIOIICH BETUYMHY 3a-
TSDKKHM TTyTEBOTO IITypyIIa, YBEIWYUBAJICS IMPOTHO IIEHT-
pabHOM METIIN, U C IIIaroM 1 MM (hMKCHpOBaIach BeTUUN-
Ha 3TO¥ CUJIBI B MTaHHBIN MOMeHT (puc. 2). ['paduk 3aBu-
CUMOCTH Mpornda yrpyroit kiaeMmbl Skl 14 oT BeTUIUHBI
BEPTUKAJIbHOM CHUJIBI, IIPUJIAaraeMoi K yIIpyrou KJIEeMMeE,
MpeACTaBJIeH Ha puc. 3.

W3 rpaduka BUIHO, YTO MpU NpOrude LeHTpaabHOKU
MEeTIU KIEMMBI 8 MM yCHIIME TIPUXKaTUsS UMUTATOpaA IIIy-
pyIIa K IIeHTpaJIbHOI TTeTye cocTasisteT 21 kKH. BenmmauHer
SKBUBAJICHTHBIX HAIIPSDKEHUI B KJIEMME U MX pacIipese-
JICHUWE TIPeCTaBICHBI Ha puC. 4. AHaIU3 HAITPSDKEHHO-Ie-
(GOpMUPOBAHHOTO COCTOSTHUS ITOKAa3aJl, YTO MaKCHUMaJlb-
HBbIe SKBUBAJICHTHBIC HAIIPSLKEHUS BO3HMUKAIOT B 30HAX
TEXHOJIOTUIECKUX TIEPETUOOB.

! Caiit kommanuu Vossloh [ D1eKTpoHHBLA pecype]: https://vossloh-rail.ru/wp-content/uploads/2020/10/1-%D1%81%D0%BA%D1%80%D0%

B5%D0%BF%D0%BB-scaled.jpg (nata obpaienusi:13.02.2025).
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Puc. 2. KoHeuHO-3/1eMeHTHasT MOJIENIb YITPYTOil KIIEMMBbI
TPOMEXYTOUYHOTO PEIbCOBOTO CKPEIIeHUs cucTeMbl W30*:
3€JIEHOM CTPEJIKOI 0003HAYEHA CHJIA, TIPUIOXKEHHAST K METAJUTHYECKOMY
IJTATUKY; KPACHBIMU CTPEJIKAaMK 0003HAYCHBI 3aKPETIIEHUST MOJIEIIN
OT BEPTUKAIbHBIX CMEIEHHI B 30HE KOHTAKTa CO CKPETUICHIEM;
CUHUMM CTPEJIKAMU 0003HAYEHBI 3aKPETIIICHUST MOJEITI
OT FOPU30HTAIBHBIX TIOMIEPEYHBIX CMEIIEHNI B 30HE KOHTaKTa
CO CKpEIUICHHEM; Ha TUIOCKOCTH CUMMETPUH MOJIeJTb 3aKperieHa
OT MMPOIOJIBHBIX TOPU30HTAILHBIX CMEIIEHUIT B 30HE KOHTaKTa
CO CKpETUICHIEM
* VIcTOYHUK: pa3paboTaHO aBTOpaMu

Fig. 2. Finite element model of the elastic clip of the intermediate rail
fastening system W30*: the green arrow indicates the force applied to the
metal pad; the red arrows indicate the anchoring of the model from vertical
displacements in the contact surface with the clip; the blue arrows indicate
the anchoring of the model from horizontal transverse displacements in the
contact surface with the clip; on the centre plane the model is fixed from
longitudinal horizontal displacements in the contact surface with clip
* Source: developed by the authors
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Puc. 3. 3aBucumoctu iporuda yrpyroii kieMMmbl Skl 14 oT BeTUIrHBI
BEPTUKAJIBHON CWIBL, PUJIaraeMo K yIpyroi KjieMme
TIPOMEXYTOYHOTO PEJTbCOBOTO CKpEeIIeHUsI cucteMbl W30*:
CUHSISI TUHUST — DKCTIEPUMEHT; KpacHast IMHUS — pacueT
* VIcTOYHUK: pa3paboTaHO aBTOpaMu

Fig. 3. Dependences of the deflection of Skl 14 elastic clip on the
magnitude of the vertical force applied to the elastic clip of the
intermediate rail fastening system W30*:
blue line — experiment; red line — calculation
* Source: developed by the authors
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Puc. 4. HanpstxeHHO-1e(hOpMUPOBAHHOE COCTOSIHUE YIIPYTOii
kaemMbl Skl 14 mpy BUPTYyaIbHOM MPOTMOe LEeHTPaIbHOM neTau™
* VIcTOYHUK: pa3paboTaHO aBTOpaMu

Fig. 4. Stress-strain state of Skl 14 elastic clip at virtual deflection
of the central loop*
* Source: developed by the authors

L1t GoJiee HArJISAHOTO IIPEACTAaBICHUS YPOBHEN 9KBU -
BaJIECHTHBIX HaMpsiKeHU I yrpyroii kjaemmbl Skl 14 paccmo-
TpPeHbI (PparMeHTHI ¢ KOHTPOJIbHBIMU TouKaMu. Haubonee
XapakTepHble MPENCTaBieHbl Ha puc. 5. B KOHTPOJIBHBIX
M3MEPUTENIbHBIX TOYKAX, PACIIOJOKEHHBIX B XapaKTePHBIX
30HAaX, OMNPENEISUINCh YCPEIHEHHbIE YPOBHU HaIpsiKe-
HMI1 IO HECKOJIBKMM Y3JIOBBIM TOYKAM, PacIOIOKEHHBIM
Ha IMOBEPXHOCTU KJIEMMBI, YTO XapaKTEPHO IS TEH30/aT-
YUKOB 0a30i1 5 MM, KOTOpbIE IPUMEHSITUCH IPU SKCIIEPHU-
MEHTaJIbHBIX UCCICTOBAHUSIX.

Jng Bepudukaluu paszpabOTaHHONW KOHEUHO-3Jie-
MEHTHOM MOJEIN IO BeJIMYMHAM MEXaHUYEeCKMX Harpsi-
>KEHMi1 OBUIM TTPOBEIEHBI SKCIIEPUMEHTAIbHbIE UCCIIEN0-
BaHUS O M3YYEHUIO 3aBUCUMOCTH HaIIpSDKEHMI M3ruda
U KPY4YeHUs OT MPWJIOXEHHON CUJIbl. BhIMOgHEHBI Jia-
OopaTopHbIE UCIIBITAHUSI HATYPHOM KJIEMMBI C OIpe/e-
JIECHMEM HaIlpSDKEHUI KpydeHMsl, a TakKe M3rubda MeTo-
JIOM TeH30MeTpupoBaHUs. JaTunku 6a3oii / =5 MM s
perucTpaluy KacaTeJbHBIX HAIpPSDKEHUM OT KpydeHUst
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Ne 10: (1346 + 1335 + 1352 + 1316 + 1339 + 1412)/6 = 1350 MIa
Ne 12: (1201 + 1248 + 1232 + 1241 + 1304 + 1302)/6 = 1255 Mla

Puc. 5. XapaktepHble (hparMeHTbl yrpyroii KiieMMbl SKI 14 TpoMeKyTOUHOTO peibcOBOro ckperuieHust cucteMbl W30:
OCpe/IHeHUe 3HAUYeHU I MeXaHUUECKUX HAMPsDKeHUI 1o y3/1aM, MOMafaloliuM B 30HY HakKJIeHKU TeH304aTurkKa 6a3oi 5 MM
B 3a/laHHOM HaIpaBJeHUH IO eTo [UIMHE U LIUpUHEe™
* UcToyHUMK: pa3paboTaHO aBTOpamMu

Fig.5. Characteristic fragments of Skl 14 elastic clip of the intermediate rail fastening of the W30 system: averaging of mechanical stress values over
nodes getting into the area of the strain-gauging sensor setting with a base of 5 mm in a given direction along its length and width*
* Source: developed by the authors

HaKJIEMBAJIUCh IMOJ1 yIJIoM 45° Ha TMaMeTpasibHO IIPOTUBO-
MOJIOKHBIX YYacTKaX MpyTKa Ha BHEITHEM W BHYTPEHHEM
paarycax B 30HaX TEXHOJOTUYECKUX MeperndoB ynpyroi
KiIeMMBbl. [Tt peructpaiiiu U3ruOHbIX HAMPSDKEHWH 1aT-
YUKW HAKJIEMBaJIU B BEPXHEW YaCTH HAPYXHbBIX MTOTEepey-
HBIX YYACTKOB YIIPYTOll KJI€MMBbI B COOTBETCTBUM CO CXE-
Mot (puc. 6). Ha knemmy ckperuieHust ObLTHA yCTaHOBJIE-
HbI TeH30pe3UCTOPhI No 1—8 1y1st u3MepeHusT HanpsKeHU it
KpydeHust 1 Ne 9—16 Ut u3MepeHus! HanpspsKeHW, aeii-
CTBYIOIIIMX B MPOIOJIBHOM OTHOCUTEJILHO OCH TIPyTKa Ha-
TpaBJIeHUM.

O6mmit Bua ynpyroii kiemmbl Skl 14 mpomexyrou-
HOTO PeJibCOBOTO CKperieHus: cucreMbl W30 ¢ ycTaHOB-
JIEHHBIMU T€H30PE3UCTOPaMHU MTOKa3aH Ha puc. 7.

Knemma Skl 14, obGopymoBaHHasi TeH30pe3MCTOpA-
MM UIS U3MEPEeHUs HaIPSDKeHWM KpydeHUS W U3ruoa,
YCTAHOBJIEHHAs! B JIOXKEMEHTe I Harpy>KeHWs Ha WC-
meITateTbHOM MammHe MK-100, mokaszaHa Ha puc. 8, a.
Knemma Skl 14 cryneHuaTo Harpyxkajach BEpTUKaIbHON
cwtoit ipu epeMertenusx 0, 1, 2...8 MM Ha UCITBITaTeIb-
Hoii mammHe MK-100. Tporecc HarpyxeHUs KIeMMBbI
BEPTUKAJIBHOW CUJIOM M TIEpEeMEILIeHUs LEHTPaTbHOU
TETJIN YIPYTOil KJIEMMBI OT TIPUJIOKEHHOM CUJTBI TTOKa3aH
Ha puc. 8, 6. [Ipu Kaxmoii CTyneHn Harpy>KeHUsl TTPOBO-
JIAJIACh PETUCTPAIIUST HATIPSIKEHUI C BBIBOIIOM pe3yJibTa-
TOB Ha U3MEPUTEJIbHBIN KOMIUIEKC.

Pe3ynbTatbl. Pe3ynbTaThl M3MepeHMI HaIIpsDKeHUI
MpeCTaBAEHbI B Tab. 1.
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Puc. 6. Cxema pacroyioXeHus! 1 HyMepalusi KOHTPOJIbHBIX TOUEK
(IaTYMKOB) JUIST U3MEPEHUST MEXAHMUECKUX HATIPSKEHUH B KJIeMMe
TTPOMEXYTOUHOTO PEJILCOBOTO CKpeTUieHUsT cucteMbl W30*:

1—8 — maruuku it U3MEPEHNUs HAMTPSDKEHU T KpydeHust; 9—16 — narauku
IUTST U3MEPEHUST HATPSDKEHU, IEHCTBYIOIINM B TIPOIOJIBHOM
OTHOCUTETLHO OCH TIPYTKA HATIPaBICHUY
* VIcTOYHUK: pa3paboTaH aBTOpaMK

Fig.6. Layout and numbering of measuring points (sensors) for measuring
mechanical stresses in clip of the intermediate rail fastening system W30*:
1—8 — sensors for measuring tangentional stresses; 9—16 — sensors
for measuring stresses acting longitudinally relative to the axis of the rod
* Source: developed by the authors

Puc. 7. PacrionioxkeHre U3MepUTEIbHBIX CXEM TEH30IaTYINKOB
Ha ynpyroii kiiemmMe Skl 14 TpoMeXyTOYHOTO PeTbCOBOTO CKPETUICHUST
cucteMbl W30*
* VUcToyHuUK: (hOoTO aBTOPOB

Fig. 7. Arrangement of the measuring circuits of strain gauge sensors
on Skl 14 elastic clip of the intermediate rail fastening of the W30 system*
* Source: authors photo

Puc. 8. CteHn0BbIE UCTBITAHUS YIIPYTO KJIEMMbl HA YHUBEPCAJbHOIN MalllMHe 1151 ucnibiTanuit MatepranoB MK-100.01M*:
a) yCTaHOBJIEHHAs! B JIOXKEMEHTE KJieMMa, 000pyI0BaHHAs TEH30PE3UCTOPAMU ISl U3MEPEHUST HAMPSIKEHUT KpYUYeHUsT U U3ruoa;
0) TIpOLIECC HATPYKEHUSI KIIEeMMbl BEPTUKAJIBHON CUJION U MepeMelleH s IEHTPaTbHOM MeTIN YIIPYroi KJIeMMbl
* UcTOYHMK: (pOTO aBTOPOB

Fig. 8. Bench tests of an elasticclip on a universal material testing machine IK-100.01M*:
a) clip installed in the base plate, equipped with strain gauges for measuring tangentional and bending stresses;
0) the process of loading the clip with vertical force and moving the central loop of the elastic clip
* Source: authors photo
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Tao6nuua 1

PesynbTaTel u3mepennii Hanpsukenuii (MI1a) B KOHTpobHBIX ToUKaxX (1—16) 1i1st pa3HbIX 3HAYEHMI MOIATOBBIX BEPTHUKAJIbHbIX NepeMelneHuii™

Table 1
The results of stress measurements (MPa) at measuring points (1—16) for different values of gradual vertical movements*
N TlepemenieHue, MM
0 1 2 3 4 5 6 7 8
1 —4 -70 —130 —195 —264 —337 —411 —485 —560
2 0 104 189 273 362 455 550 640 731
3 -1 —56 —105 —157 =215 —276 —337 —398 —462
4 -1 45 100 150 190 230 290 350 420
5 7 -23 —88 —161 —241 —331 —427 -520 —610
6 -4 41 142 258 385 523 657 794 929
7 -1 =30 -92 —162 —236 —313 -397 —484 —572
8 0 13 43 76 112 149 187 227 268
9 0 —119 —234 —355 —484 —607 -725 —850 —971
10 3 126 246 373 507 635 762 897 1040
12 3 136 264 399 540 672 791 925 1053
13 0 —47 —150 —265 —387 —509 —634 -762 —889
14 -1 66 212 378 552 726 906 1093 1289
15 1 —41 —130 —231 —333 —430 —533 —638 —740
16 -1 58 184 326 470 603 748 896 1039

* UcToyHUK: pa3paboTaHO aBTOpaMu
* Source: developed by the authors

OO0cyxaenue. AHaJT3 YpOBHEH KacaTeJIbHBIX HATIPSTKE -
HUI (KOHTPOJIbHBIE TOUKU |—8) mokaszai, 4To mocjaeaHue
U3MEHSIOTCS B IIMPOKOM Muaria3one. Jlarauku, pacrosno-
>KEHHBIC Ha IIPOTHUBOIIOJIOXHBIX CTOPOHAX TPyTKa, (PUK-
CHPYIOT KacaTeJbHbIC HAIIPSLKEHUST TTPOTHBOIIOIOKHOTO
3HAKA — HAMPSDKEHUS CKATUS «—» U HAMPSKEHUS pacTs-
KEHUST «+». CpemHMe BEeJIMYMHBI KacaTeJIbHBIX HaIIpsi-
KEHWI B 30HAX TEXHOJOTWYCCKUX TEPETHOOB COCTABIISI-
i 569 MIla, npu 3TOM MaKCHUMAaJIbHbI€ 3HAYEHUS TOCTH -
ranu 929 MIla. Mx BeIWYMHBI B 3HAUUTEJILHOW CTeTIEeHU
3aBUCENIM OT TOYHOCTHM ITPOCTPAHCTBEHHOUW OpPWEHTALINU
Nnpu HakJieiike naryukoB. CorjacHo [2] moaTBepxIaeTcs
BBIBOJI O TOM, UTO (PaKTHMIECKOE MECTO 1 BeJIMUMHA MAKCH-
MaJIBHOTO HaNpPSKeHUS YIIPYTOM KJIEMMBI HE MOTYT OBITH
TOYHO OTIpeieIeHbl TEH30JaTYNKaMMU.

B KOHTpoOJIbHBIX TOYKax 9—16, KOTOpble pacrioyara-
JINCh B 30HAaX TEXHOJIOTMYECKUX IIEPETHMOOB B IPYTKax
KJIEMMBI, BOBHMKaeT MHOTOOCHOE HaITPSKEHHOE COCTOSI -
HUE, KOTOPOE OTIpeesisieTcsl OMHOBPEMEHHBIM JICCTBU -
eM KPYTAIIUX W M3TU0AIOIMNX MOMEHTOB. MHOTOOCHOE
HAIIPSDKEHHOE COCTOSTHME B 30HAX TEXHOJIOTMYECKUX
IepernooB MPUBOAUT K BOZHUKHOBCHMIO BBICOKMX 3Ha-
YEeHUII 3KBUBAJICHTHBIX HAIIPSDKEHWI, KOTOPBIE HOCTH-
raioT 3HadyeHuit 1255...1289 MIlIa. IlpoBeaeHHBIE 2KC-
MeprUMEHTaJIbHbIE W3MEpPCHUsI, BHITTOJTHEHHBIC METOIOM

TEH30METPUPOBAHMS, TI0Ka3aM YPOBHU HAaIpSLKEHUI
B aTuX Toukax Huxke Ha 150...200 MIla. [1pu sTom cpen-
HUE YPOBHU SKBUBAJICHTHBIX HAIIPSDKEHWIH JOCTUTAIA
1003 MIla, makcumanbHbie — 1289 MIla. ITpu aTom co-
m1acHo [3] mpenesn MpoYHOCTU MaTepuaa yupyrux KieMm
paseH 1300 MIla. YuutsiBas, 4To ypOBHU AUHAMUYECKUX
HampsDKeHU B KJIEMMax OT BO3IEHCTBUS TTOIBVXXHOTO
COCTaBa B TPSIMBIX YYacTKax IyTW M KPUBBIX PaJNyCcOM
6ojiee 650 M ompeaesIIOTCS MPOrnbaMu MOAPEILCOBOTO
OCHOBAHMSI MOJ MOE3IHON HArpy3KOU, KOTopask JOCTUTa-
et 1...1,3 mm [4], cpenHue ypoBHU IUHAMUYECKUX HATIPSI-
SKEHMI HOCAT pa3rpy30UHbIi XapakTep W He MPEeBBIIIAIOT
30...40 MIla [5]. D10 onpenenseT KoapduiMeHT 3amnaca
T10 YCTAJIOCTH, OJTM3KUI K €TUHUIIE, YTO CYUTAETCS OTTY-
CTUMBIM ISl TIPYKUH [6] ¥ TTOATBEpKIACTCS YCIEITHBIM
OIBITOM KCITTyaTauunu ckperuieHuit Skl 14 kak Ha oTeue-
CTBEHHBIX, TaK U 3apyOCKHBIX XKeJIE3HBIX TOPOTax.

B Tabn. 2 mpuBeneHbl CpaBHUTENbHBIC HAIPSKEHUS
B KOHTPOJIBHBIX TOUKaX ynpyroi kjaemmsl Skl 14 mpu Be-
JIMYMHE CTaTUYECKOro Mporuba 8§ MM, TOJydeHHbIE TIpU
MPOBENEHUN MOJICIMPOBAHUS W SKCITEPUMEHTATbHBIX U3-
MEPEHUI.

K aHanmsy nmpuHUMaCch KOHTPOJIbHBIE TOYKH, B KO-
TOPBIX pa3iauyuue He mpeBbiano 25 %. Beiopocsl nmenn
MECTO B Tpex TOYKax u3 mectHaguatu: 4, 6, 8. Cpennsisa
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BEJIMYMHA PACXOXKIECHU 1O 13-TH KOHTPOJBHBIM TOYKAM
cocraBmwia 10,1 %. DT1o Mo3BOJSIET CAeNaTh BBIBOM, YTO
pa3paboTaHHass KOHEYHO-3JIEMEHTHAsI MOJEIb YIIPYroi
kieMMBI Skl 14 ¢ ocTaTOYHOM TSI TPAaKTUYECKOTO P~
MEHEHMS TOYHOCTHIO MOXKET MCITOJIb30BATHCS TS OTTPEIE-
JIEHUS €€ HANPsKEHHO-1e(OPMUPOBAHHOIO COCTOSTHUSI.

Tabnuua 2
CpaBHUTEJIbHbIE HANIPSIKEHHS] B KOHTPOJILHBIX TOYKAX, MOJIYYEHHBIX
PACYETHBIM H IKCIIEPUMEHTATBLHBIM ITyTeM*

Table 2

Comparative stresses in measuring points obtained by calculation
and experiment®

HanpsokeHus
Harnpsokenust
Ne B KOHTPOJIBHBIX
B KOHTPOJIbHBIX IMorpen-
KOHTPOJIb- TOYKAX 10 IKCIe-
. TOYKAX IO pacyeT- HOCTb, %
HOI TOYKU PUMEHTATBHBIM
HBIM JIaHHBIM, MTTa
naHHbIM, MIla
1 586 560 4,4
2 846 731 13,5
3 477 462 3,1
4 730 420 42,4
5 618 610 1,3
6 576 929 38
7 606 572 5,6
8 913 268 70,5
9 978 971 0,7
10 1350 1040 22,9
11 989 940 4,9
12 1255 1053 16
13 991 889 10,3
14 1437 1289 10,2
15 919 740 19,4
16 1298 1039 19,9

* UcToyHUK: pa3paboTaHa aBTOpaMu
* Source: developed by the authors

3akioyenue

1. Pa3paboTaHHas KOHEYHO-3JIEMEHTHAsI MOJEb YIIPYy-
roii kaemmbl Skl 14 ¢ mocTtaTouyHO# mJIsI MPaKTUYEeCKO-
IO MIPUMEHEHUsI TOYHOCTBIO MOXET MCITOJIb30BaThCs IS
omnpeneeHus ee HaIpseKeHHO-Ie(OpMUPOBAHHOTO CO-
CTOSIHMSL.

2. BeinmonHeHHOE MOJEIMPOBaHKE TTIO3BOIUIIO YCTAHO-
BUTb KOJJMYECTBEHHbIE BETMUMHDI KacaTeIbHbIX U 9KBUBa-
JICHTHBIX HAaMpsDKeHU B ynpyroit kaemme Skl 14 mpu Ha-
TPYKEHUY KBA3UCTATUYECKOM BEPTUKAIBHOM HArpy3KOM.

3. [lokazaHo, UTO B 30HE TEXHOJIOTMYECKHUX ITEPETMO0B
B MPYTKaxX KJIEMMbl BOZHHMKAeT MHOI'OOCHOE HampsiKeH-
HOE COCTOSIHUE, KOTOPOE OIPEACIIETCA OMHOBPEMEHHBIM
NEeUCTBUEM KPYTSIIMX U U3TMOAIOIIIMX MOMEHTOB.
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4. MHOTOOCHOE HaMIPSIZKEHHOE COCTOSTHIE B 30HAX TEX-
HOJIOTUYECKUX TIepernO0B MPUBOIUT K BO3HMKHOBECHUIO
BBICOKMX 3HAYCHMI SKBUBAJICHTHBIX HAIPSKCHMI, KO-
TOpBle JOCTUTAIOT 3HaYeHumii 1255...1289 MIla. IIpose-
IIeHHBIC M3MEPEHMSI, BHITTOJTHEHHBIE METOIOM TEH30Me-
TPUPOBAHUSI, TIOKA3AJIM, 9YTO YPOBHM HAIIPSDKCHUI B 3TUX
Toukax Hike Ha 150...200 MI1a.

5. YpoBHU OWHAMUWYECKMUX HAIPSDKECHWI HOCSIT pas-
IPY30UHBIf XapakTtep M He TipeBbimamT 30...40 MIla,
YTO oIpeneiseT Ko3DGUIIMEHT 3araca 10 yCTaJoCTH,
OMM3KUIT K eAMHUIIE. DTO CUUTACTCS MOITYCTUMBIM IUIS
MIPYXWH U TIOATBEPKIAETCS YCIIEITHBIM OITBITOM 3KCILIY-
aranuu ckperuienuii Skl 14 Kak Ha OTeYeCTBEHHBIX, TaK
1 3apyOEKHBIX JKEeJIe3HBIX JOPOTax.

6. [Ipennaraercst MPOAOJIKUTL UCCAEIOBAHUST HAIPSI-
>KEHHO-Ie(OPMUPOBAHHOTO COCTOSTHUSI YIPYTUX KJIEMM
B YCJIOBUSX 3KCIUIyaTallMM C OIPEIe/CHUEM BIUSHUS
CKOPOCTH IBWXKCHMSI, OCEBOIl HArpy3KH, KOHCTPYKIIMHU
SKMITAKHBIX 9aCTeH, COCTOSTHUST KOJIECHBIX Map U COCTO-
STHUST TIOBEPXHOCTHU KaTaHUS PEJIbCOB.
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O nopxopax K 060CHOBaHMIO LIeN1ecoo0pa3HOCTU U3MEHEeHUn
reomMeTpum TPAcChbl CO CZIOXKHbIM MNJIAHOM YXeJ1e3HOAOPOXKHbIX JIMHUIA
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AHHOTAL A

BBepeHue. PaccmoTpeHbl Npobnembl obecrneyeHUs HafeXHOW paboTbl BEPXHErO CTPOEHUS JXENe3HOLOPOXHOro nyTu
B KPMBbIX Manoro pajauyca Ha npumMepe Havbornee rpy3oHanpsXeHHbIX y4acTKoB TpaHccnbupcko maructpanu. OCHOBHOM
Lenblo IBNsieTcs pa3paboTka MeTOANKIU NPOBeAEeHUs CPaBHUTENBHOO aHaNN3a y4aCTKOB, HAXOASALWMXCS B Pa3HbIX YCIOBUSX
3KCMyaTauum no KpUTEPUSM NaHa XXenesHoJOPOXKHOM IMHUM U AJIMHBI y4acTKa. 3TO MO3BOUT OLEHUBATb Lienecoobpas-
HOCTb M3MEeHeHUS MNaHa XXene3HOA0POXHOW NMMHUN KPUBOJIMHENHBIX Y4aCcTKOB. B MccnefoBaHUM ObIIM UCMONb30BaHbI: MO-
Ka3aTenu BbIXOAa ocTpoaedeKTHbIX pefibcoB, HaNMyYne orpaHMyYeHnin ckopocti 15 1 25 Km/4, 3aTpaTbl BpEMEHU Ha PEMOHT
U TeKyllee cofepXaHue nyTu 3a Nepuog sKCnnyataumm ot NocneaHero KanutanbHOro peMOHTa XXene3HOA0POXKHOro Ny Tu.
Marepmanbi u metopbl. [TpeanoxeHa MeToAMKa CPaBHUTENIbHOIO aHanM3a y4acTKOB MO NMOKa3aTensiM U3bATUA U3 IKC-
nnyataumm octpogedekTHbIX PefibCoB, BblAauyM OrpaHNUYEHUI CKOPOCTU, a TaKxKe PaKTUYECKOro NpefoCTaBNEHNS KOKOH»
AN PeMOHTA U TEKYLLEro cofepXaHus NyTeBOM MHPPACTPYKTYpPbl Ha y4acTKax C pasnnUyHbIMU YCIOBUSMM SKCNTyaTaumm
33 UCTEeKLWI Nepuos XU3HEHHOTO LMKIIa XeJle3HOAOPOXHOro NyTW. Bbibop y4yacTka-aHanora Afis CpaBHeHUs ocyLLecT-
BJIEH MO BbIOpaHHbIM aBTOPOM KpuUTepuaM. VicxoaHble JaHHble Ans UccefoBaHUS NMosyyeHbl U3 aBTOMaTU3MPOBaHHbIX
nHpopmaunoHHbIX cnctem OAO «PXK».

Pe3ynbraTbl. YCTaHOBNEHA 3aBUCMMOCTb (GAaKTOPOB, HEFAaTMBHO BAMSIOWMX HA IKCMITyaTaLUMOHHYO paboTy ydacTka xe-
Ne3HOJOPOXHOM IMHUK OT NapamMeTpOB MNaHa XXele3HOLOPOXKHOro nyTw. MonyyeHHble JaHHbIe CPaBHUTENBbHOIO aHa-
Nn13a nokKasanu, YTo Ha y4acTKe, pacCMaTPUBAEeMOM A1 USMEHEHUS MNJIaHa XeNe3HOA0POXHOW IMHUM, OTMEYEHO 3HaYn-
TenbHoe npeBbllleHe 06beMOoB paboT MO PEMOHTY U TeKyLLEeMY COAEPXXaHUIO NMyTH, BbIXofa OCTPoAePEeKTHbIX PeflbCoB
W Hanuuus JTIMMUTUPYIOLUX OFPAHNYEHUIA CKOPOCTU MO CPABHEHMUIO C Y4aCTKOM, aHaNoOrMYHbIM BbIDpaHHOMY BapuaHTy
npoekTa crpsiMaeHus.

O6GcyxaeHne 1 3aksovYeHue. Pe3ynbTaThl UCCNeoBaHUS MOTYT ObliTb peKOMeHA0BaHbl K UCMOb30BaHUIO B KayecTse
OAHOrO U3 pa3faesioB TEXHUKO-3KOHOMMYECKOro 060CHOBaHMS LienecoobpasHOCTU U3MeHeHUs reOMEeTPUN TPacChl y4acTKOB
C HeGnaronpusTHBIMU 3KCMTyaTaLUMOHHBIMU YC/TOBUSMU, CBI3aHHBIMM € MapamMeTpaMu MiaHa KenesHo[0POXHON NMUHUMN.

KJTIOUYEBBIE CJIOBA: rpy30Hanpsi>XeHHOCTb, NPONYyLWeHHbIA TOHHAX, KPUBbIe Y4acTKM MyTWU, OrpaHUYeHUst CKOPOCTU
LBVKEHWS Noe30B, fedeKTbl PeNibCcoB, MiaH XeNe3HOA0POXKHON NNHUN

ANA WUTUPOBAHUA: Mexepnos M. ., AHToHeL B. A., YcTuHoB B. A., ®epynuH B.T. O noaxoaax kK o60cHOBaHMIO Lieneco-
006pa3HOCTU U3MEHEeHUsi TeOMETPUN TPACChl CO CIIOXKHbBIM MaHOM XeJle3HOAOPOXKHbIX NTMHWUI // BecTHUK HayyHo-uccne-
[OBaTENbCKOro MHCTUTYTA XeNle3HOLOPOXKHOro TpaHcnopTa (BectHuk BHUMDKT). 2025. T. 84, N2 1. C. 60-71.
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Approaches to substantiating the expediency of changing
routing geometry with a complex plan of railway lines
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ABSTRACT

Introduction. The subject of the study is the problems of ensuring reliable operation of the railway track superstructure
in small radius curves on the example of the most heavy-traffic sections of the Trans-Siberian railroad. The main purpose
is to create a comparative analysis methodology of sections under different operating conditions according to the criteria
of railroad line layout and section length, which would enable to assess the feasibility of changing the layout of the railway
line of curved sections. The parameters of the study include indices of a critical faulty rails output, presence of speed limits
of 15 and 25 km/h, actual time expenditures for repair and current maintenance of the track for the period of operation
after the last major repair.

Materials and methods. The author employed results of the analysis of actual indicators of withdrawal of critical faulty
rails from operation, issuance of speed limits, actual provision of break for repair and current maintenance of railway track
on sections with different operating conditions for the elapsed period of the life cycle. The source data for the study were
obtained from the automated systems of JSC “Russian Railways”.

Results. The conducted research established dependence of the factors negatively influencing the operational work
of the railway line section on the parameters of its layout. The obtained data of the comparative analysis showed a signifi-
cant excess of the volume of works on repair and current track maintenance, the output of critical faulty rails and the pre-
sence of limiting speed restrictions on the section considered for changing the alignment in comparison with the section
similar to the selected variant of the straightening project.

Discussion and conclusion. The results of the study could be recommended for use as one of the sections of the feasi-
bility study of the expediency of changing in the track sections routing geometry with unfavorable operating conditions
related to the parameters of the layout of the railway line.

KEYWORDS: traffic density, passed tonnage, curved track, train speed restrictions, rail defects, layout of the railway line

FOR CITATION: Mekhedov M. 1., Antonets V. A., Ustinov V. A., Fedulin V.G. Approaches to substantiating the expediency
of changing routing geometry with a complex plan of railway lines. Russian Railway Science Journal. 2025;84(1):60-71.
(In Russ.).
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BBenenne. TexHmueckoe comepKaHUe CETH JKEIE3HBIX
nmopor Poccuut TpeOyeT 00IbIINX 5KOHOMUYECKHUX 3aTpar,
CBSI3aHHBIX C MOIep>KaHNEM HaIeXKHOCTU OOBEKTOB MH-
dpacTpyKTypsl 1 obecrieueHreM 0e30ITacHOCTH IIepeBO-
304HOTO TIporecca’. HamexHOCTBIO KeJIe3HOLOPOXKHOTO
IyTH SIBJIIETCSI €TO CIIOCOOHOCTh 00eCcTIeYnBaTh B 3aMaH-
HBIX YCIIOBMSIX BKCIUIyaTalluM, TEKYIIETO COMep KaHUS
u peMOHTOB2 OecIiepeOOMHBIN TTPOITYCK TOE3I0B C yCTa-
HOBJICHHOM CKOPOCTBIO IBUKCHMSI.

B Hacrosiiiee BpeMst B yCIOBUSIX TEHACHILIMKA POCCUIAC-
KOH JIOTUCTUKU — TIEpEeHAIpaBICHUS OCHOBHBIX TPy30-
ITOTOKOB C 3aIlafia Ha BOCTOK — OOIIUIA Tpy30000pOT XKe-
JIE3HOIOPOKHOTO TPAHCIIOPTa COXPAHIII TTOJIOKUTEITBHYIO
muHaMUKY. [Ipym 3TOM 3HAUMTETHPHO BO3pPOCiIa Harpys3ka
Ha TIyTeByI0 MH(MppacTpyKTypy BocTouHoro monmrona, Ko-
TOpBIM BKJIIOUAeT B ce0s1 yuacTku TpaHCCUOMPCKON XKe-
JIE3HOMOPOKHOM MarucTpaiyd B TpaHUIIAX OOCITYy>KUBAHUS
yeThIpeX xkene3HbIX mopor (KpacHosipckast, Bocrouno-Cu-
bupckasi, 3abaiikanbckas 1 JlaTbHEBOCTOYHAST) M YIaCTKHU
baiikano-Amypckoil mMarucTpanu B rpaHuniax Boctou-
HOo-Cubupckoit 1 J1aTbHEBOCTOYHO KeIe3HBIX TOPOT.

Haubosee ciroxkHOI B opraHM3aliMy SKCIUTyaTalllOH-
HOI1 paboTH sABIsIeTcs 3abaiikaabcKasl XeJle3Hast J0pora,
YTO OOYCJIOBJIEHO PSIAOM OCOOEHHOCTENM TEXHUYECKOTO,
TEXHOJIOTUYECKOTO, TIPUPOTHOTO U IeMOrpachrIecKoro
XapakTepa, B TOM UYKCJIE CIIOXHBIM TUIAHOM 3KEeJIe3HOIO0-
poxkHoro myTH (6osiee 45% TPOTSKEHHOCTH TJIIaBHOTO
IyTU COCTABJISTIOT KPWBBIC YYACTKM, U3 KOTOPHIX OoJjiee
1oJ10BUHBI (58 %) — KpuBble paguycom 650 M 1 MeHee).

Yactp ocobeHHOcTEN 3a0ailKaabCKOM KEJIE3HOM 10-
porn MMeeT MCTopuYecKue KOopHH. [IpemBapuTenbHBIC
U TIOAPOOHBIC M3BICKAHUS TPACChl OYOyIIeil >Keae3HOM
noporu TnpoBoamnch emre B 80—90 rogax XIX BB., a He-
ITOCPEACTBEHHO COOPYKEHME KeIe3HOoi moporn B 3abaii-
KaJibe Havyajoch B 1895 r. Hanboiiee moapoOHO 0coOeH-
HOCTH M3BICKATEILCKUX M TIPOEKTHBIX padboT mist TpaHc-
cubupckoit maructpaau B koHue XIX u Hauyane XX BB.
M3JIOKEHHBI B [1, 2].

I1naH >xene3HOMOPOKHON JIMHUM 10 HACTOSIILIETO Bpe-
MEHU COXpaHWJICA TPaKTUYECKU 0e3 M3MEHEHW, deM
1 00yCJIOBJICHO HAJIM4YMe B TPAHUIIAX TOPOTU 3HAYUTEIIb-
HOTO KOJIMYECTBA ITPUKMUMOB, CKAJTbHBIX BBLIEMOK, KPUBBIX
MaJIoro pagmyca, oIbeMOB M CITycKoB. IIpm cyrecTBy-
IOIMX Ha CETONHSIIITHNI IeHb BECOBBIX HOPMaX M CKOPO-
CTSX IBVKEHUS TPY30BBIX TTOE3I0B, a TaKXKe IO TIPUIIHE
BO3pacCTaIOIINX OCEBBIX HATrPY30K JAHHBIE OCOOCHHOCTHU
JKEJIC3HOMOPOXKHOM JMHUM CHIDKAIOT 3(POEKTUBHOCTH
1 YPOBEHB 0€30ITaCHOCTH 3KCIUTyaTalliy ITyTeBOil MHDpa-

CTPYKTYDHI.

PaccMmoTrpeHbl yClIOBUsSI OKCIUIyaTallMU KeJIe3HOIO0-
poxHoro mytu Ha ydactke Cranmus A — Crannusa B
C MPOTSKEHHOCTBIO KPUBBIX 0K0J10 80 % 1ipu cpenHeceTe-
BOM Mapamerpe 32,5 % u nipeodJiagaHreM KPUBBIX MaJIOro
pammyca (<350 m). JlaHHBIC y9acTKU HamboJiee MOIBep-
JKEHBI CBEPXWHTECHCUBHOMY M3HOCY PEIbCOB U POCTY
KOJIMYECTBA OTCTYIUICHUIT OT HOPM COIEPKaHMS KeJIe3-
HOIOPOXHOTO ITyTH, YTO BeAET K 3HAUMTCIHHOMY POCTY
SKCIUTyaTallMOHHBIX PACXOI0B M CHIDKAET IPOIYCKHYIO
CIIOCOOHOCTH BCETO HAIIpaBJICHUS.

Ha yyactke yetHoro nytn Crannug A — Crannug B
MIPOTSCKEHHOCTBIO OKOJIO 43 KM TOJIBKO 3a TIepuof 7 JIeT
OT TIOCJICTHETO KalUTaJIbHOTO PEeMOHTA B OOIIIEil CIIOX-
HOCTHM CMEHEHO TIopsiaKa 125 KM peTbCOBBIX HUTEH. DTO
3HAYNUTEJIBHO TIPEBBIIIACT BCE YCTAaHOBJICHHBIC HOpMa-
TuBbl. KapnuHaabHOe pelleHre Mpo0eM SKCILTyaTalluy
MTAHHOTO yJacTKa BO3MOXKHO 3a CYET CIIPSIMJICHMS TIIaHa
JIMHUY W TUKBUOAIINY KPUBBIX MAJIOTO paanyca.

Llenpio pabOTHI BIsIETCS Pa3paboTKa METOIUKH TIPO-
BEeICHNS CPaBHUTEIHLHOIO aHajM3a y4acTKOB, HAaXOISI-
IIUXCST B Pa3HBIX YCIOBUSIX SKCILTyaTalluU 110 KPUTEPUSIM
TUTaHA JXeJIC3HOMOPOXKHOM JIMHUY U IJIMHBI yIacTKa.

Cremmammctamu PYT (MUUT) 1 TpoeKTHOTO MHCTH -
TyTa «[unporpaHcnyth» — (unuama AO «Pocxkemnmop-
IIPOEKT» COBMECTHO OBLIO PACCMOTPEHO HECKOJIBKO Ba-
PUAHTOB THUITOBBIX IIPOCKTHBIX PEINCHUI CIPSIMICHUS
JKEJIC3HOIOPOXKHOTO IMTyTH Ha IMTOA00HBIX yyacTKax. [1o pe-
3yJIbTaTaM aHajn3a TeXHUKO-3KOHOMMYECKHUX ITOKa3aTe-
JIel TIpeaBapuUTEIbHO OBUT BRIOpaH OOWH M3 BapMaHTOB,
Ipd KOTOPOM [JMHA Tpacchl COKpaliajach Ha 16 K
unu Ha 38 %. Kpusbie paguycom meHee 1000 M B tTaHHOM
BapHMaHTe OTCYTCTBYIOT, a TAKXKe JTUKBUIMPYIOTCS BCE JIe-
(eKTHBIE NCKYCCTBEHHBIE COOPYKEHUS (Iaiee — BapuaHT
MPOeKTHBIX pemreHWii Ne 1). PacueThl sKoHOMUYECKOI
3G GEeKTUBHOCTH peaiM3allii 3TOrO0 BapHWaHTa ITPOCKT-
HOTO pelIeHHUs MO PEKOHCTPYKIINH KEJIC3HOTOPOXKHOTO
myT Ha yaacTke Cranmus A — CraHnus B mokaszanu ero
KoMMepuecKylo 3 dekTuBHOCTh st OAO «P2KJI» [3].

BapuanT HOBOIT Tpacchl Ha ydactke CraHmus A —
Cranums B npencrasieH Ha puc. 1.

Kpome TOro, pasinmyHbple BapMaHTBI BO3MOXKHOU pe-
KOHCTPYKIIMU TPACChl Ha CIOXHBIX y4aCTKaX XKeJIe3HBIX
nmopor BocTouHOTO MOMMroHa paccCMOTPEHBI B pSife pa-
oot yuenbix ABIYIIC, PYT (MUUT), UpIl'VIIC, B TOM
YHCIIe MCCeNOBaH BapUAHT TUKBUAAIINN KPUBBIX MAJIOTO
pamuyca Ha neperodHe Cranums A — Cranuusa B. Tpen-
BapUTeNIbHBIC PE3YJIBTATHl UCCICIOBAHUIA TTOATBEPXKIAIOT
TEXHUKO-3KOHOMHMYECKYIO 3(PDEKTUBHOCTD CIIPSIMIICHUS
Tpacchl Ha TaKoM ydyacTke [4—10].

" Meronmueckme peKOMEHIALIIH 110 KOMIUTEKCHOMY YITPABICHHIIO HAZIEKHOCTBIO, Ge30MTaCHOCTBIO, PECYPCAMI HA OCHOBE OLICHKH PHCKOB Ha Xe-
JIE3HOJIOPOXKHOM TpaHCIopTe [DyeKTpoHHbII pecypc]: yTB. pacrnopsikeHueM OAO «PXK]I» ot 6 nekabpst 2016 r. Ne 2468p. Doctyr uz ACITVXKT.
2 I'noccapuit xene3HONOPOXHBIX TEPMUHOB U OTpelesieHu i [DeKTpoHHbI pecypc]: yTB. pacniopsikeHueM OAO «PXKI» ot 25 okts16pst 2023 r.

Ne 2663 /p. Hoctym uz ACITAXKT.
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Mocne kanutansHoro pemoxTa 2016 r. 4eTHOro Nyt -
neperoHa CtaHuus C — CtaHuus B (19 km) cmMeHeHO /
38 564 M HUTK (19,3 KM) nneTein 6ecCTbIKOBOro nyTu /

Mocne kanutanbHOro pemonTa 2016 r. YeTHOro NyTn
neperoHa CtaHumus A — CtaHuus C (23 km) cmMeHeHOo
86 400 M HUTK (43,2 kM) NneTet 6eCcCcTbIKOBOro Nyt

— — cyulecTByloLlas Tpacca

— npoekKTupyemas Tpacca

B pesynbTate cnpsiMieHns Kpuebix Ha ydacTke CtaHumsa A — CtaHuma C — CtaHumsa B:
— [JIMHa yyacTka cokpaTutcs Ha 16 Kkwm;

— MNOJIHOCTbIO IMKBUANPYIOTCS KpMBble paanycom meHee 1000 m;

— IEMOHTUPYETCS 54 NCKYCCTBEHHbBIX COOPYXEHWUIA, B TOM Yuncie Bce aedekTHbie MCCO.

Puc. 1. Bapuant HoBoIi Tpaccel Ha yyactke CtaHuus A — Cranius B*
* VICTOYHUK: PUCYHOK aBTOPOB

Fig. 1. Option for a new route on the Railway station A — Railway station B section*
* Source: author’s data

I[To psmy OOBEKTUBHBIX IIPUYMH JAHHBIA IIPOCKT
He MOJIyYWJT JAJIbHEHIIIEero pa3BUTUSI, HO B YCIOBUSX BO3-
pacTaplmx 00beMOB MEPEBO30K U Ne(hUIIMTA MPOITYCK-
HBIX cTOCOOHOCTEe ! BOCTOUHOTO MOJIMToHa pyKOBOACTBOM
OAO «PXK]I» npuHSTO pellieHre BEPHYThC K paCCMOTpe-
HUIO TAaHHOTO BOMpoOca C pa3pabOTKONl TEXHUKO-3KOHO-
Muyeckoro obocHoBaHus (nanee — TOO) ns TeKyLIUX
YCJI0BUM 3KCIUTYaTalvu.

B nonosHenue kK TpeGoBaHMsIM®, perIaMEeHTHPYIOLIM
COCTaB U colepxkaHhe OOOCHOBBIBAIOLIMX MaTepUaioOB
Mo MHBeCTULIMOHHBIM TTpoekTam OAO «PXK]l» npu paz-
pabdotke TOO, npeaoxKeHO BbIMOIHUTb CPaBHUTEIbHBII
aHanu3 cyuectBytoiiero ydyactka Cranuusi A — CraH-
uus B v yyacTka, aHaJlOrMYHOTO MO apaMeTpaM CpsiM-
JIEHWST BRBIOpaHHOMY BapMaHTY IMTPOEKTHBIX pereHmii No 1.
IIpemnaraemplii yyactok-aHajor CraHuuss X — CraH-
1usl Y MMEeT Te XK€ SKCIUTyaTallMOHHbIE XapaKTEPUCTUKH,
YTO U UCCIAEAYEMBIA YUaCTOK, MPU 3TOM MPOTIKEHHOCTh
KpuBbIX Ha 30 % MeHbIlle U OTCYTCTBYIOT KPUBBIE MaJlOTO
panuyca.

Marepuassi u MeToapl. [Ipeqiaracmasg MeTonrka cpaB-
HUTEJBbHOTO aHAIN3a YYaCTKOB C Pa3IUYHBIMU YCIOBUSIMU

9KCILIyaTallid OCHOBaHa Ha OLIEHKE MX TeXHUYECKOTo
COCTOSTHMSI U pe3yJibTaTaX aHaau3a MoKa3aTesleil U3bsi-
TUSI U3 IKCILTyaTalliu OCTPOAe(PEKTHBIX PeJIbCOB, BblIaun
OrpaHUYEHUI CKOPOCTHU ABUXKEHMS TTOE310B, a TAKXKE HOP-
MAaTUBHBIX U (DAaKTUUYECKUX 3aTpaT BpeMEHU JJIsl peMOHTa
U TEeKYLIEro COAEpXKaHMUsS YCTPOMCTB MHGPACTPYKTYphl
Ha pa3MYHbIX 3Tarnax >XKU3HEHHOTO ILIMKJA C TMOCeayto-
1€l SKOHOMUYECKOM OLIEHKO MOJYYEHHBIX PE3YIbTaTOB
ucciaenoBaHusl (HaXOAUTCS B CTaAUM pa3pabOTKM).

OCHOBHBIMU KPUTEPUSIMU BbIOOpA ydacTKa-aHajora
SIBJISIIOTCSI:

o JJIMHA y4yacTKa (JIOKHA MaKCUMaJIbHO COOTBET-
CTBOBAThb JUIMHE MPOEKTHOTO Yy4acTKa);

e MapaMeTpbl IIaHA JUHUU (MPOLEHT MPOTIXKEHHO-
CTU KPUBBIX yYaCTKOB, MMHUMaJbHasi U MaKCUMaJibHast
BeJIMYMHA PaNyCOB KPUBBIX);

o THUIT BEPXHErO CTPOCHUSI KEAE3HOAOPOXKHOTO MYTH;

o TOJ M BUJI NTOCJIEIHEr0 KanuTaJbHOIO PEMOHTA MYTH;

e TPY30HAMNpPSLKEHHOCTh B YETHOM M HEYETHOM Ha-
MpaBJeHUsIX;

o MPOMYIIEHHbIM TOHHAX MO COCTOSIHUIO Ha 1 ssHBapst
2024 1.

3 TpeboBaHuUs K COCTaBY M COfepKaHWIO 0OOCHOBBIBAIOIIMX MATEPUAJIOB 10 MHBECTUIIMOHHBIM MpoekTtaM OAQO «PXK]I» [DnekTpoHHBIN pecypc]:
yTB. pacriopsikeHueM OAO «PXK/I» ot 26 utonst 2023 . Ne 1597 /p (B pen. pacniopsikenust OAO «P2KT» ot 17.06.2024 Ne 1444 /p). Joctym uz ACITUKT.

63



M. U. Mexepos u ap./BectHuk BHANXKT. 2025.T. 84, N2 1. C. 60-71

00 0 0000000000000 000000000000000000000000000000000000000000000000000000000000000000 0

OCHOBHBIC TEXHUYECKME M 3KCIUTyaTallMOHHBIC Xa-
PaKTEePUCTUKN aHATU3UPYEMBIX YIACTKOB ITOJDKHBI MaK-
CHMAaJIbHO COOTBETCTBOBATh B YeTHOM HampaBICHUH, KaK
HauboJIee TPy30HAIIPSKEHHOM.

Br16op yyacTka-aHanzora mpou3BOIMIICS Ha OCHOBAHUN
aHamM3a JaHHBIX COOTBETCTBYIOIIETO TEXHWMYECKOTO ITac-
TopTa TUCTAaHIUK TMYTA W TUCTAHIIUU WHXCHEPHBIX COOPY-
xeHuit opmbl AT'Y-4, oTpakalomero KoJIM4eCTBEHHYIO
U KaYeCTBEHHYIO XapaKTePHCTUKY OCHOBHBIX 2JIEMECHTOB
IyTEBOTO XO3STCTBAa, OCHOBHBIX XapaKTEPUCTUK BEPXHETO
1 HIDKHETO CTPOSHMS KeJIe3HOIOPOXKHOTO ITyTH U T.1.

B pesyabrate aHanuTUueckoil paboThl ¢ 0a30ii mac-
IMOPTHBIX JAHHBIX M 3KCIUIyaTallMOHHBIX XapaKTePUCTUK
pPa3IMYHBIX YYACTKOB B IpaHUIIAX TJIABHOTO XOmda XKeJe3-
HO# moporu HamboJjee MOIXOMSIIINM B KadeCTBE yJacT-
Ka-aHajora npuHAT Teperod Cranims X — CraHums Y.

OCHOBHBIE TEXHMYECKHE XapaKTePUCTUKN ITPOSKTHOTO
yJacTKa M yJyacTKa-aHaJIora IpuBeIeHBI B Ta0. 1.

OCHOBHBIC SKCIUTyaTallMOHHBIC XapaKTEPUCTUKU CY-
mecTByomiero yaactka Ctanmusa A — Cranumst B u ygact-
Ka-aHajora IpuBeIeHBI B Ta0. 2.

B yeTHOM HarIpaBiIeHUM BBIOPAHHBIN MIJIST CPAaBHEHMUS
yJacTOK-aHAJOT Hamboyiee TIOJIHO COOTBETCTBYET TeX-
HUYECKUM M BKCIUIyaTallMOHHBIM TapamMeTpaM Kak Cy-
mecTBytomeMy yJactky Cranmus A — Cranumst B, tak
W BapHMaHTy TIPOCKTHHIX pemreHnii No 1. B HeueTHOM Ha-
MPaBJICHUN WMEETCS OTIWYME IO KOHCTPYKIIUU TIyTH
(3BeHBEBOIT TTYTh M OECCTHIKOBOM ITyTh) U IO CPOKY IKC-
ryatanuu (28 1eT/7 neT) ydJacTKa-aHajora OT CyIIe-
CTBYIOIIIETO yYacTKa, MPU 3TOM BBHIBOIBI O KOPPEKTHO-
CTU CpaBHEHMSI YYAaCTKOB B HEYCTHOM HaIpaBJICHUU
OymyT cejlaHbI IO pe3yIbTaTaM BBITIOJIHEHHBIX MCCIIEH0-
BaHUMU.

B manHOI1 paboTe OymeT mpeacTaBieH CPaBHUTETbHBIN
aHaJIM3 YY4aCTKOB B HambOoJiee I'py30HATPSIKEHHOM YeT-
HOM HaIIpaBJICHUN.

Tabnuua 1

OCHOBHBIE TEXHHYECKHE XAPAKTePUCTUKH MPOCKTHOI0 y4aCTKa U y4acTKa-aHajora

Table 1

Main technical characteristics of design site and equivalent site

No HanMeHOBAHIE TOKA3aTes Enunuia TTpoeKTHBII yyacToK Yuyacrok-aHaior
n/m WU3MEPEHUS Cranuust A — CraHuus B Cranuust X — CraHuust Y
1 JlnuHa KM 25,0 24,0
2 | ITpOTSKEHHOCTD MPSIMBIX KM/ % 14,0/58,0 14,1/59,0
3 | ITpoTsKeHHOCTh KPUBBIX BCETO KM/ % 11,0/43,0* 10,0/41,0
4 B ToMm uuciie o paguycam:
R 2500 m u Gosee KM/ % 0,6/2,6 0,8/3,4
R o1 2000 M 110 2500 M KM/ % 4,0/16,7 2,9/11,9
R ot 1000 M 110 2000 Mm KM/ % 6,0/25,1 3,6/14,7
R o1 650 M 10 1000 M KM/ % 0 1,6/6,5
R menee 650 m KM/ % 0 1,2/5,2*

5 Tun BepXHEero CTpoeHus MyTH, Y€TH./Hey.

6eCcCTBIKOBOI MyTh 0eCcCTBIKOBOI MyTh/3BEHbEBOI

yTH**

6 | Penbchl, 4eTH./HeY.

P65, xareropun 1T P65, kateropuu T/ P65,

3aKajieHHble 3; T1

7 IInansl, 4yeTH./Hey. KeJ1e300eTOHHbIE KeJie300e TOHHbIE/ IepeBTHHbBIC
8 TTpoMeXKyTOUHBIE CKPETUTEHUST, YETH. /HeY. XKBP-65 XKBP-65/10
9 basnact €0 HOYHBI 111e0EHOYHbII

* 0e3 yueTa KpUBBIX pagnycoM 6ostee 2500 M 0OLIuii MPOLIEHT KPpUBLIX cocTasiseT 41,7 %;

** MUHIMAJIbHBIN paguyc KpuBoit — 560 M, minHa — 65 M

Hcrounuk: Tabnuua copmMupoBaHa aBTOpaMU Ha OCHOBAHWMM IKCIUTyaTAllMOHHBIX XapaKTePUCTUK M JaHHBIX TEXHUYECKOro MacropTa pac-
CMaTPUBACMBIX YUYACTKOB XKEJIE3HOMOPOKHOTO MyTH U3 EnnHOI KOpropaTuBHON aBTOMATU3UPOBAHHOM CHCTEMBI yIpaBieHUs MHGPACTPYKTYpOit

OAO «PXK]I» (EK ACYH)

Source: formed by the authors based on the operational characteristics and data from the technical passport of the railway sections under
consideration from the Unified corporate automated infrastructure management system of JSC Russian Railways (UC AIMS)
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Ta6nauua 2

OCHOBHbBIE KCILTYaTAIMOHHBIE XapAKTEPUCTHKHU CYIIECTBYIOIIET0 Y4aCTKA U YYACTKA-aHAJIOrA 10 COCTosiHMIO Ha 1 ssuBaps 2024 r.

Table 2

Key operational characteristics of existing site and equivalent site as of January 1, 2024

Ne Ennnuia CyIIeCTBYIOIINI YIaCTOK ‘Yyacrok-aHaiaor
/o e M3MEPEHUST Cranuusa A — Craauusg C — Cranuus B* Cranuusg X — Craduusa Y*
1 I'py3oHanpskeHHOCTh MJTH TKM Op. 145,0/61,0 174,0/71,0
Ha KM
2 | I'ox mocaeaHero KamuTaabHOro 2016/2016—2017 2017/1996
peMoHTa
3 l'on v BUI OCIEAHETO MTPOMEXYTOYHOTO 9,5 km PI1 B 2022 r./He ipoBOaMIICS He ipoBonuics/B 2008 r.
pemonrTa (I1, C, PII, PC) CPEeIHUIT PEMOHT
4 HopmaTtuBHast HapaboTKa MJIH T Op. 1400/1400 1400/600
5 | IIpomyiieHHbII TOHHAX MJH T Op. 940—1020/360—410 1020/1130
6 | HambGosbinas gormyckaemast CKOPOCTh KM/4 60—65/60 80/80
IPY30BBIX [TOE3I0B
7 | CpenHsisi TeXHUYECKasi CKOPOCTb KM/4 39/38 41/45
IPY30BBIX [TOE310B
8 | KommyecTBo MOE310B B CYTKH 1IIT. 75:4;2/68;4;2 90; 6;0/83;6;0
(rp.; macc.; mpwur.)

* YUCIUTENIb — YETHOE HAMpaBJIeHUE, 3HAMEHATEIb — HEYETHOE HalpaBieHUe

HcrouHuk: Tabauua cchopMrpoBaHa aBTOpaMu Ha ocHoBaHUM naHHbIX EK ACYU

Source: the table was formed by the authors based on the operational characteristics and data from the technical passport of the railway sections
under consideration from the Unified corporate automated infrastructure management system of JSC Russian Railways (UC AIMS)

CpaBHHUTEIbHBIN AHAJIU3 BBIMOJHEHHBIX 00bEMOB PAdOT
10 PEMOHTY M TEKYIIeMy COIEPIKAHHUIO JKeJIe3HOAOPOKHOTO
nytd. HavaoMm aHaamM3mupyeMoro mepuoaa sSBiseTcs aaTta
OKOHYAHMSI TMOCJAEAHEro KalnuTaJlbHOIO PEMOHTAa IYTH,
KoH1IoM — 31 nekabps 2023 r. BkimounTeabHo. [Tpu mmpo-
BEICHUU aHaJIM3a BBIMOJHEHHBIX 00BEMOB paboT IO pe-
MOHTY M TEKYIIEeMY COIEPXKAHUIO KEJIE3HOMTOPOXKHOIO
MyTU, TPeOYIOIIMX MPEAOCTABICHUS CYIIECTBEHHbIX Ie-
pephIBOB B Tpaduke NBUKEHUS I10€3I0B, CpaBHMBAJ-
Cs CYIIECTBYIOIIMI YYacTOK KEJIC3HOMOPOXHOTO IYTH
Cranumst A — Cranuus B (3a nepuon ¢ 2017 o 2023 rr.
BKJTIOUUTENIbHO) C yJacTKoMm-aHajoromM Cranmus X —
Cranuus Y (3a nepuon ¢ 2018 nmo 2023 rr. BKIIOUUTEb-
Ho). PaccmarpuBanoch (hakTrueckoe BBINOJIHEHUE padoT,
MPEAYCMOTPEHHBIX JIEWCTBYIOIIEM PEMOHTHOU CXeMOU
(B, C, I, PC)4, CIUTOIIHASI CMEHA PEJIbCOB HOBBIMU, MTPO-
¢unbHOe NUTM(hOBaHWE PEIbCOB B ITYTH, a TAKXKE BBITION-
HeHue paboT Mo TeKylleMy coaepxaHuto myTu. O0beMbl
110 PEMOHTY MYTH YIUTHIBATINCH B (GDU3NIECKUX CIMHUIIAX
¥ TI0 BpeMeHU (B Yacax), 3aTpaueHHOMY Ha WX BBITIOJTHE-
Hue. PaboThl o TeKyIleMy coaepKaHUIO MyTU YYUThIBa-
JINCH TOJIBKO B Yacax, 3aTpauyeHHBIX HA X BEITIOJTHEHUE.

McTOYHUKOM NaHHBIX JUIS BBIITOJTHEHUS] MCCIIEA0Ba-
HUS IMOCTYKUIU OTUYeTHBIe (hopmbl EqnHOI1 KopriopaTuB-
HO¥1 aBTOMaTH3NPOBAHHOI CHCTEMBI YITpaBIIeHUS MHDpa-
crpykrypoit OAO «PXK]I» (EK ACYU) (06beMbl peMOHTa
o BuAaM pabOT 3a UCCeayeMblid mepuon), ABTOMaTU-
3UPOBAHHOM CHCTeMBbl aHaJM3a IJIAHUPOBAHWUSI W BbI-
nonHeHust «okoH» (AC ATIBO) «CeteBasi OTYETHOCTb»
(cbakTryeckast IPONOJIKUTEIBHOCTD «OKOH» JIJISI PEMOH-
Ta U TEKYILIEro COAepKaHUs KEJIE3HOMOPOXKHOIO IyTU
Ha paccMaTpHBaeMbIX YJacTKaX 3a UCCIeAyeMbIil TIepro,
cpenHsisl BbIpabOTKa B OAMH Yac «OKHa» JJIsI OCHOBHBIX
BUIOB PEMOHTa 3a (haKTUUYCCKUI MEepHON XKU3HEHHOTO
LIMKJIa).

Ha puc. 2 nipencraBneHbl faHHBIE O (PAKTUYECKU Bbl-
IMOJTHEHHBIX 00BbeMaxX IO PEMOHTY KEJIC3HOMTOPOXKHOTO
MyTU Ha paccMaTpUBaeMbIX YJyacTKax 3a Mepuoj OT IMo-
CJICITHETO KAIUTaJIbHOTO pEMOHTA.

Ha puc. 3 npeacrasiaeHbl JaHHbIE 0 DAKTUYECKUX 3a-
TpaTax BpeMEHU UISI BBHITIOJHEHUSI PEMOHTA U TEKYIIETO
ConepKaHUsI KeJIe3HOMOPOXKHOTO TYTHM Ha paccMaTpu-
BaeMbIX YyJacTKax MO romaM 3a Iepuoi 3KCILTyaTalluu
¢ 2017 mo 2023 IT. BKIIFOUUTEIBHO.

4B — rIaHOBO-TIpeyIpeanTeNbHAs BhirpaBKa; C — cpeaHuii peMoHT; [1 — moxbeMouHblit peMoHT; PC — CIUIOIIHASI CMEHa PelibcOB HOBBIMM
10 00EMM HUTSIM, COTPOBOXIaeMast paboTaMi B 00beMax CPEHEro PeMOHTA.
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B, kM nyTun PI1, km nyTun CmMeHa penbcoB, KM nyTn LLinndoska penbcoB, KM nyTu
¥ CraHums A — CtaHums B M CraHuma X — CtaHuma Y

Puc. 2. ®akTnueckue 00beMbl PEMOHTA KeJIE3HOMOPOXKHOTO MyTH Ha yyacTkax CtaHuus A — Cranius B u Craniusa X — Cranuus Y
3a repuon ¢ 2017 mo 2023 rr. BKIIOUUTEIBHO®
* VICTOYHUK: pUCYHOK pa3paboTaH aBTopaMu Ha ocHoBaHMM gaHHbIX EK ACYU

Fig. 2. Actual track repair volumes on Railway station A — Railway station B and Railway station X — Railway station Y sections
from 2017 to 2023 inclusive*
* Source: formed by the authors based on data from UC AIMS
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Puc. 3. @aktuueckue 3aTpathl BpeMeHH Ha yyactkax Cranuust A — Cranuus B u Cranuus X — Cranuus Y 3a nepuozn ¢ 2017 o 2023 rr.
BKJIIOUMTENILHO TSI BBITTOJTHEHUST*:
a — PEMOHTA KeJIe3HOTOPOXXHOTO MYTH; 6 — TEKYILETO COACPKaHMsI XKeJIe3HOAOPOKHOTO MyTH
* MlcTrouHuUK: pa3paboTaH aBTOpaMM Ha OCHOBaHUU JaHHBIX aBTOMAaTU3MPOBAHHO cucTteMbl «[l1aHupoBaHue, y4eT U aHaJIu3 MPOBEACHUSI «OKOH»
M BBITIOJIHEHUST X03s51icTBEHHOM paboThl» (AC ATTBO-2)

Fig. 3. Actual time expenditure on Railway station A — Railway station B and Railway station X — Railway station Y sections for the period
from 2017 to 2023 inclusive to perform*:
a — track repair; 6 — current track maintenance
* Source: developed by the authors based on data from Planning, accounting and analysis of break scheduling and the performance of labour activities
automated system (AS APVO-2)
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3aTparbl BpeMeHV Ha PEMOHT MyTn
3a Nepuog, aKkcnyaTaumm, 4ac

3aTpaTbl BpEMeHM Ha Tekylliee coaepxaHue nytm
3a Nepuog, aKkcnyaTaumm, H4ac

CymMmapHble 3aTpaTthl BDEMEHU Ha PEMOHT
Vi TEKyLLIEE coepXaHue nyTm
3a Nepuog, aKkcnyaTaumn, 4yac

| |
| |
| |
| |
| |
| | 2636
| 2002 |
| |
| |

634 : :

63 | 182 | 245
—_— | I | |
Yyactok A-B Yyactok X-Y | Yyactok A-B Yyactok X-Y | Yyactok A-B Yyactok X-Y

Puc. 4. ®akTuyeckue cyMMapHbIe 3aTpaThl BpEMEHU JIJISI PEMOHTA U TEKYIIIETO CONePXKAHUSI XKEeJIE3HOMOPOXKHOTO MyTH Ha yU4acTKax
Cranuus A — Cranuust B u Cranuust X — Cranius Y 3a nepuof ¢ 2017 1o 2023 rr. BKIIIOYUTEIBHO®
* cTOYHUK: pUCYHOK pa3paboTaH aBTOpaMu Ha ocHoBaHWY gaHHbIX AC AITBO-2

Fig. 4. Actual total time expenditure on track repair and maintenance on Railway station A — Railway station B
and Railway station X — Railway station Y sections for the period from 2017 to 2023 inclusive*
* Source: developed by the authors based on data from Planning, accounting and analysis of break scheduling and the performance of labour activities
automated system (AS APVO-2)

Ha puc. 4 npencraBiieHbl JaHHbIE O CYMMapHBIX (hak-
TUYECKUX 3aTpaTax BPEMEHU JISI BBIMOJHEHUS PEMOH-
Ta W TEKYIIETO COAepXaHUs KeJIe3HOIOPOKHOIO IMyTH
Ha paccMaTpUBaeMbIX yJacTKax 3a IMepUoJ IKCITyaTalluu
¢ 2017 o 2023 IT. BKIIOUUTEIBHO.

Jlnst mpou3BoacTBa pabOT MO PEMOHTY M TEKYIIEMY
comepXKaHWIO YETHOTO KEJIE3HOMOPOXKHOIO ITyTH CpaB-
HUBAeMBIX YJAaCTKOB, CXOXHUX IO 3KCIUTyaTallMOHHBIM
XapaKTepUCTUKaM, TUITY M1 KOHCTPYKIIMY BEPXHETO CTPO-
€HUSI MYTH, HO KapAWHAJIBHO OTIMYAIOIINXCS Tapame-
TpaMHu IUIaHA JIMHUM, CyMMapHbIe 3aTpaThl BpeMEHU
3a Tepro SKCIUTyaTalliy MOCJIE TTOCIeTHETO KAlTUTallb-
HOTO PeMOHTa Ha yJyacTKe-aHajore (MakKCUMaJbHO CXO-
KEeM TI0 TeXHMYECKUM XapaKTePUCTUKAM C IPOCKTHBIM
yuyactkoMm) B 10,5 pa3 MeHblIe, YeM Ha CYIIECTBYIOLIEM
y4JacTke.

CpaBHHUTEIbHBII AHAJN3 U3BATHS U3 IKCILTyaTALH OCT-
ponedeKTHBIX pebCcOB 3a MEPHO IKCILIyaTaldd Ha pac-
CcMaTPHBaeMbIX yyacTKax. OMHIM 13 OCHOBHBIX KPUTEPHCB
Ha3HaYeHUs KalIUTaTbHOTO PEMOHTA XKeJIE3HOTOPOXKHOTO
nyt | xmacca kareropun «O» (ocoOorpy3oHampsKeH-
HbII1 — cBbIIe 80 MJIH T KM OpyTTO Ha KM B T'OJI) SIBJISI€T-
Csl OMMHOYHBIN BBIXO 4 IIT/KM U 0oJiee 1eDeKTHBIX (1a-
nee — IIP) u octpomedeKTHBIX penbcoB (manee — OJIP)
B CPEIHEM Ha Y4aCTKEe PEMOHTA 33 CPOK CITYXKObI .

B manHOM pasnene mpoBeneH KpaTKU aHAJIN3 BBIXO-
J1a ocTpoaeeKTHBIX PEIbCOB Ha CYIIECTBYIOIIEM yJacTKe
M y4yacTke-aHazore 3a nepuon ¢ 2017 r. mo 2023 r. BKII0-
YUTEJBHO B YeTHOM HarpaBjieHUU. CBeIeHUsI O BEIXOIE
OJ1P nonyyeHbl HA OCHOBAaHUY OTYETHBIX TaHHBIX LIEHTpa
IMATHOCTHKN ¥ MOHUTOPUHTA MHDPACTPYKTYPHI.

Bcero 3a mepuon sKkcrutyatallid Ha CYLIECTBYIOLIEM
yuactke Cranuust A — Craduus B 6bu10 nsnsaro 764 OJ1P
o 25 konam aeheKTOB COrJIACHO MPUHSATON Kilaccubuka-
LMK, U3 KOTOPBIX 54,5 % — 3TO PesibChbl, U3BATHIE 110 KOAY
nedexrta 53.1 «TpelHbI B 11efiKe OT 00JTOBBIX OTBEPCTUIA
B pejibCe U3-3a MOBBIIIEHHOIO AMHAMUYECKOIO BO3IEeii-
CTBHSI B CTHIKax». B To ke BpeMsI IIpu CXOXeil HapaboTKe
TOHHaXa Ha yJacTKe-aHajiore Ob110 u3bsiTo Bcero 4 OLIP.

Ha puc. 5 npencrasineHsl gaHHble 1o Beixomy OIP
Ha yyacTtke CtaHuust A — CraHuus B 3a nepuon skcriya-
Taruu ¢ 2017 mo 2023 IT. BKIIOUUTEIBbHO ¢ AeTan3aluei
B 3aBUCMMOCTH OT ITapaMeTPOB IUIaHA JIMHUU B KOJIMYE-
CTBEHHOM U TTPOIIEHTHOM COOTHOILIEHUU.

Boixon OJIP 3a mepuon sKcIulyaTallud B YeTHOM Ha-
MpaBJeHWM Ha cyllecTBylolleM ydactke CraHuusi A —
Cranumsa B moutu B 200 pa3 mpesbiinaer Boixon OJIP
Ha yyactke-aHanore Cranuus X — CraHuug Y 0pu npak-
TUYECKM OAMHAKOBBIX YCJIOBUSIX dKCIUTyaTallMu, TEXHU-
YECKMX XapaKTepUCTUKAX YIACTKOB M KOHCTPYKIINU BEPX-
HETo CTPOEHMS TTyTH.

W3 Bcex m3bATBIX Ha cyuiecTByiomeMm ydactke OJIP
78 % pacronaraiuch B KpUBBIX paguycoM 650 M 1 MeHee,
13 KOTOPbIX 49,8 % — B KpuBBIX paguycoM 350 M 1 MeHee.
Ipu aTom 65,3 % O1P BbISIBICHO U U3BSTO 110 BHYTPEHHEN
HUTU KPUBOI, YTO TOBOPUT O BOZMOKHOM HECOOTBETCTBUU
BO3BBIIICHUST HAPYKHOTO peibca (PaKTHMUECKU peausye-
MBIM CKOPOCTSIM IIBUXKEHUS TIO€3I0B Ha TaHHOM Y4acTKe.
JlaHHO€ HECOOTBETCTBME MOXKET OBITh CBSI3aHO C OOIBIITUM
KOJIMYECTBOM OTPAaHWYCHUN CKOPOCTU, HE IIPEIyCMOT-
PEHHBIX HOPMATMBHBIM TIpachMKOM IBMXKEHUS TOE3I0B,
a IMEHHO OTPaHWYCHUI CKOPOCTH 15 1 25 Km/4.

5 IMpaBuiia Ha3HAYEHUsI PEMOHTOB XeJIE3HOAOPOKHOTO MyTH [ DJIeKTPOHHBII pecypc]: yTB. pacniopsikeHueM OAO «PXK/» ot 17 nekadpst 2021 r.
Ne 2888/p (B penakiu pacriopstkernst OAO «P2KJI» ot 27 nekabpst 2024 r. Ne 3347 /p). Hoctyn uz ACTTVKT.

6 WHcrpykuus «dedexrsl penbcoB. Kitaccudukanuus, katajaor u napameTpbl 1e(EeKTHBIX U OCTPoIedEKTHBIX PeJIbCOB» [DIEKTPOHHbII pecypc]:
y1B. pacriopstkeHreM OAO «P2XKJI» ot 23 okrsiopst 2014 r. Ne 2499p (B penakimu pacriopsikeHust OAO «PXKII» ot 13 Host6pst 2024 T. Ne 2804/p).

Joctyn uz ACITUXKT.

67



M. U. Mexepos u ap./BectHuk BHANXKT. 2025.T. 84, N2 1. C. 60-71

000000000000 0000000000000000000000000000000000000000000000000000000000000000000000

Pacnpepnenexve OP no nnany nuHum (764 WT.) U HATAM KpuBbIX (654 LuT.)
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78 % OJIP BbisiBNIeHbI B KPMBbIX paanycom 650 m 1 meHee,

13 H1x 49,8 % B KpMBbLIX paanycom meHee 350 m

Puc. 5. Pacnipenenenue Bbixona ocTponeeKTHBIX PETbCOB B 3aBUCUMOCTH OT TIaHa JIMHUK Ha yyacTkax Cranims A — Cranuus B
3a repuon ¢ 2017 mo 2023 rr. BKIIOUUTEIBHO®
* VICTOYHUK: pUCYHOK pa3paboTaH aBToOpaMu Ha ocHoBaHMM naHHbIX EK ACYU

Fig. 5. Distribution of critical faulty rails depending on the layout of line at Railway station A — Railway station B sections for the period from 2017
to 2023 inclusive*
* Source: developed by the authors based on data from the Unified corporate automated infrastructure management system
of JSC Russian Railways (UC AIMS)

CpaBHuTEIbHBII AHAJN3 BBIIAYH OTPAHNYEHHIi CKOPOCTH
15 u 25 Kkm/4 32 nepuox skcmIyaramui. OTHUM U3 OCHOB-
HBIX (paKTOPOB, HETATUBHO BJIMSIONINX HA TIEPEBO30YHBIN
IIPOIIeCC U IIPOITYCKHYIO CIIOCOOHOCTh YUacTKa, SIBJISICTCS
BbIIa4Ya OTPaHUIYCHUI CKOPOCTH CBEPX JIMMUTA, 3AJI0KEH-
HOTO B HOPMATUBHBIN rpaduK IBIKEHUSI TIOC3I0B.

HaunbGonee HeraTMBHOE BIMSIHUE OKAa3bIBAlOT OrpaHU-
YeHMSI CKOPOCTU 15 1 25 KM/4, BbImaya KOTOPBIX CBsSI3aHA
¢ Ie(EeKTHOCTbI0 OCHOBHBIX 3JEMEHTOB BEPXHEIO CTpPOE-
HUS KEJIe3HOTOPOXHOTO IyTH, 3¢MJISTHOTO TIOJIOTHA, MC-
KYCCTBEHHBIX COOPYKEHUIA, a TAKXKE C HATUINEM OTCTYILIC-
HHUII OT HOPM COIepKaHUSI TeOMETPUIECKUX IapaMeTpOB
PEIbCOBOM KOJIEH, TPEOYIOIINX OrpaHWYMBATH CKOPOCThb
JIBUXKEHMST TIOE3[I0B C 1IEbI0 o0ecrieyeHrsl 6€30MacHOCTH.

CpaBHUTEIBHBIC TaHHBIC O KOJWYECTBE W ITPOIOJIKI-
TEJTBbHOCTH JICHCTBHUSI OTpPaHUICHUI CKOPOCTH 15 1 25 KM/9
Ha yyactkax Cranmusg A — Cranuug B um Cranmusg X —
Cranuusg Y B 4eTHOM HampaBieHUHU 3a mepuoxn ¢ 2017
1o 2023 rr. mpuBeIeHbBI B TA0II. 3.

CyMMapHasi IpOIOJKUTEIbHOCTh JIEHCTBUSI OTPaHM-
YeHHUI CKOpocTH 15 1 25 KM/4 10 TogaM 3a Mepro. IKC-
ruryatauu ¢ 2017 1. mo 2023 1. BKIIOYUTENIHLHO Ha y4acT-
kax Cranuusa A — Cranumg B u Cranumg X — Crannug Y
B YETHOM HaIlpaBJIeHUM IIPEACTaBIeHa Ha puc. 6.

O6cyxnenne n 3aKmouenne. [1penmoxxeHHasT METOIM -
Ka JOTOJTHUTEIbHOM OIIEHKM 11eJIeCO00pa3HOCTH N3MEHEe-
HUS TOJIOXKEHMS TPACCH B IUIAHE Ha XeJIe3HOTOPOKHBIX
y4acTKax CO CJIOXHBIMHU YCIOBUSIMM SKCILTyaTallMU OC-
HOBaHa Ha aHaJM3e (paKTUUYEeCKUX 00BEMOB padOT IO pe-
MOHTY M TEKYyIIeMY COIEpKaHUIO ITyTH, 3aTPaT BPEMEHU

68

Ha UX BBIIOJIHEHUE, TUMUTUPYIOIIMX OTPAHUYEHUIA CKO-
POCTU U IPYIMX IapaMeTPOB, BIMSIOLIMX HA 9KCILIyaTa-
LIMOHHYIO PabOTy CpaBHUBAEMBIX YYaCTKOB.

[MonyyeHHble pe3yiabTaThl aHalIM3a I[OKAa3ald, 4TO
Ha yyactke CtaHumsa A — CraHumst B co cl1oXHBIM TI1a-
HOM 3KEJIE3HONOPOXKHOM JMHMUM (O0LIast MOJSI KPUBBIX
y4acTKOB — 78 %, 13 KOTOpbIX 81% COCTaBIAIOT KpU-
Bble paguycoM MeHee 650 M, a U3 HUX, B CBOIO O4epelb
37% cocTaBisiOT KpuBble paguycoM 350 M U MeHee)
1o cpaBHeHUIO ¢ yyacTKoM Ctanmusa X — CraHmus Y (00-
1ast J0J1s1 KPUBBIX Y4acTKOB — 41 %, 13 KOTOPBIX TOJbKO
6 % — KpuBble paguycoMm MeHee 650 M, a KpUBbIE paguy-
com 350 M 1 MeHee OTCYTCTBYIOT):

e CyMMapHble 3aTpaTbhl BPEeMEHM ISl BBIITOJIHEHUS
paboT IO PEMOHTY M TEKYLIEMY COAEPXKAHUIO KEJIe3HO-
JIOPOXKHOIO IIyTH, TPeOYIOLIUX IPEeIOCTaBIeHUs Iepe-
PBHIBOB B rpacuKe IBWXKEHUS MOe300B («OKOH»), BBIIIE
B 10,7 pa3a (2636 yacoB mipoTuB 245 4acoB);

 Bbixog OJIP Beiie B 191 pa3 (764 T npoTus 4 1IT);

o 0o0wIasi IPOAO/KUTEIbHOCTh OEHCTBUSI OTpaHuU-
YyeHul cKopocTy 15 kMm/4 Beimie 6oiee yem B 140 pas
(613,8 yacoB poTuB 4,3 4acoB);

o 0o0LIasl MPOJOJLKUTEIbHOCTD AEHCTBUSI OrpaHuYe-
HMIA CKOpOCTH 25 KM/4 Bbilie 6oiiee ueM B 40 pa3 (689,2 ya-
COB MPOTUB 4,3 4acoB).

CriefiyloliuM 3TallOM UCIIOJIb30BAHMS ITOJIy4EHHBIX
pe3yJIbTaTOB SIBJISIETCS CpaBHEHUE (haKTHUUECKUX DKO-
HOMMYECKHMX 3aTpaT Ha y4acTKe XKeJIe3HOI JOpOru, pac-
CMaTpUBaeMOM JiI KOPPEKTUPOBKMU IIPOEKTHOIO ILia-
Ha, C aHaJOroM IMPOEKTHOTO Y4YacTKa, MaKCUMAaJbHO
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Ta6auua 3
Orpannyenus ckopoctu 15 u 25 km/4 Ha yyactkax Cranuus A — Cranius B u Cranumus X — Cranuus Y B YeTHOM HanpaBJeHNH
3a mepuon ¢ 2017 mo 2023 rr.*
Table 3

Speed limits of 15 and 25 km/h on Railway station A — Railway station B and Railway station X — Railway station Y sections in up traffic route
for the period from 2017 to 2023*

Orpannyenusi ckopocty 15 Kv/4 (4€THOe HANPABIEHNE), IUT/MUH
2017 | 2018 2019 2020 2021 2022 2023 Hroro | Uroro | Hroro
IIT. MMHH. qac.
Cranuust A — Cranums C | 34/2543 | 32/3048 | 64/5117 | 75/2618 | 45/3959 | 58/5036 5/381 313 22702 378,4
Crannust C — Cranums B | 23/1499 | 24/1701 | 46/3018 | 32/1486 | 19/1140 | 43/4448 12/829 199 14 121 2354
Crannust A — Cranmms B | 57/4042 | 56/4749 | 110/8135 | 107/4104 | 64/5099 | 101/9484 | 17/1210 512 36 823 613,8
Cranumusa X — Cranmus Y 3/94 0 0 0 0 1/165 0 4 259 4,3
Orpannyennsi CKopocTy 25 KM/4 (4€THOe HanpaBJieHue), IT/MUH
2017 | 2018 | 2019 2020 | 2021 | 2022 2023 Hroro - Mroro ) Hroro
T, MMUH. qac.
Crannus A — Cranmusa C | 41/3203 | 40/2899 | 36/2745 | 30/1229 | 31/2521 | 45/5698 47/4118 270 22413 373,6
Cranmust C — Cranmua B | 23/1902 | 23/1840 | 34/2332 29/906 | 31/2178 | 25/2427 74/7348 239 18 993 315,6
Cranuus A — Cranums B | 64/5105 | 63/4739 | 70/5077 | 59/2135 | 62/4699 | 70/8125 | 121/11 466 509 41 406 689,2
Cranust X — Cranmms Y | 9/567 1/38 2/60 1/52 1/171 0 4/80 18 968 16,1

* McTouHMK: Tabnia pa3paboTaHa aBTOPaMU Ha OCHOBAHUU TAHHBIX MTOACUCTEMBbI «OTUETHOCTh» aBTOMATU3UPOBAHHO CUCTEMBbI BBIIAYM U OT-
MeHbl peaynpexneHuii (ACYBOII-3) o Bbimauu orpaHU4eHUin CKOPOCTH 15 KM/4 1 25 KM/4 Ha paccMaTpuBaeMBbIX y4acTKax.

*Source: developed by the authors based on data analysis from the Reporting subsystem of the automated system for issuing and canceling warnings
(ASUVOP-3) on issuing speed limits of 15 km/h and 25 km/h in the considered sections

293,5

152,2
n 0.6 1 09 2,9 2,8 13
2017 2018 2019 2020 2021 2022 2023

CraHumsa A — CtaHumsa B M CraHums X — CtaHupa Y

Puc. 6. CymmapHast IpoI0/DKATEILHOCTh OTpaHUIEHMIA cCKOpocTH 15 1 25 kM/4 Ha yuactkax Cranuust A — Cranmus B u Cranuums X — CraHius
Y 3a nepuon ¢ 2017 r. mo 2023 r. BKIIOYUTETbHO™
* VICTOYHUK: pUCYHOK pa3paboTaH aBTOpaMU Ha OCHOBaHMM aHaIn3a JaHHBIX oacuctembl «OTyeTHOCTH> ACYBOITI-3

Fig. 6. Cumulative duration of 15 and 25 km/h speed limits on Railway station A — Railway station B and Railway station X — Railway station Y
sections for the period from 2017 to 2023 inclusive*®
* Source: developed by the authors based on data analysis from the Reporting subsystem of the automated system for issuing and canceling warnings
(ASUVOP-3)

COOTBETCTBYIOILIETO TEXHUYECKMM IlapaMeTpaM MpoeK- Cneunamucrtamu AO «BHUMKT», xene3HbIX IO-
Ta ¥ 3KCIUTyaTallMOHHBIM ITapaMeTpaM CyIIecTByIomero por BocrouHnoro mommroHa u lleHTpanbHOI AUpeKIIN
ygacTka. JIpyrumMu cioBaMu, 3TO CBOETO poja Moaelnpo- UH@pacTpykKrypsl — dunanana OAO «PXKJI» Bemyrcs pa-
BaHME XXM3HECHHOTO IIMKJIA IIPOCKTHOTO YIaCTKa B Peayib- OOTHI IO aHAJINU3y TeXHUUECKOIO COCTOSTHUS KEJIe3HOI0-
HBIX YCJIOBMSIX 3KCILTyaTaIlUHU. POKHOTO IyTH B KPUBBIX MAJIOTO pannyca, hakKTUIeCKUM
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SKCIUTyaTallMOHHBIM 3aTpaTaM Ha ero coiaepxKaHue U Io-
TepsSM B 3KCILIyaTallMOHHOM paboTe, a TaKXKe IO TeXHM-
KO-3KOHOMUYECKOMY OOOCHOBAHUIO 1I€1€CO00PA3HOCTU
CIIpSIMJICHUST YJaCTKOB C HauboJyiee CIIOKHBIM TUIAHOM
JKEJIC3HOMOPOXKHOM IMHUM.

BnarofapHOCTU: aBTOPbI BbIpaXaloT 6narogapHoOCTb peLeH3eHTam
3a nonesHble 3aMeyaHusi, CocobCTBOBaBLLNE YNyYLLEHMIO CTaTbY.
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