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KOJIOHKA PEJJAKTOPA

[Ila"oBHI ynTadi, aBTOPH, KOJIETH!

Mu po3nourHaeMo mei HoOMep BIIaHYBaHHIM
mam’siti BeceBonmoma  ApytioHoBuua  JlazapsiHa
(1909-1978), BumaTHOrO BYEHOrO-MeXaHiKa, CIie-
miajgicTa B rajxy3i JUHAMIKH PyXOMOTO CKIIady 3a-
J3HULB, 3aCHYKEHOTO [isua HAayKH 1 TEeXHIKU
YPCP, nokropa TeXHIYHMX HaykK, akajgemika AH
CPCP, naypeara [epxasnoi npemii YPCP B ramysi
HayKHd 1 TEXHIKH, TeHepaJ-AMPEKTOpa JOpOTH Ta
Ooyxnisaumrsa Il panry, pexropa [HinpomeTpoBchb-
KOTO IHCTUTYTY 1H)KEHEPIB 3aTi3HUYHOTO TPAHCIIO-
pry (AIIT, 1941-1958), aBropa monax 300 Hayko-
BUX Ipalb T2 BUHAXOZIB.

3 iM’sm akanmemika B. A. JlazapsHa moB’s3aHO
CTBOPEHHSI U PO3BUTOK HAYKOBOI IIKOJIM TPAHCIIO-
pTHOT MexaHiku Ha 6a3i JllTy, mo fgana myTiBKy
B KUTTSI COTHSIM YYE€HUX: KaHAWJIATIB 1 TOKTOPIB
TEXHIYHHUX HaYK.

JocuTh 3rajiaTy JHIle JeKibka 3HAKOBHUX IS
HayKOBOTO CBITy HAIPsIMKiB, SIKi peali30ByBaIIUCS
3aBOAKH 3ycWiUIsaM akajemika Jlazapsaa B. A.:
OpraHizailisi pyxy JOBrOCOCTaBHUX IOi3]IiB ITiIBU-
LIEHO] Macu Ha OCHOBHMX HANPsSMKax 3ali3HHLb,
OpraHizamisi yHiKalbHHX (Ha TOM MOMEHT) Teope-
TUYHUX W €KCHEPUMEHTAIBHHUX JOCIi/IKEHb BHCO-
KomBuakicHoro (mo 250 km/4) TpaHCHOPTY,
a TakoX (popMyBaHHS NUPOEKTHUX PIlICHb JUIS
IIBUIKICHUX 3ATI3HUYHUX JHHIA «UenTp-
[liBgenp», 3abe3nedeHHs] PO3paxyHKOBOI Ta €KC-
MEPUMEHTAIBHOT YaCTHHU Ha pealizallilo 3alli3HH-
gHOi CKIamoBoi, Tak 3BaHoro, bXKPK (6oiioBoro
3aJI3HUYHOTO PAaKETHOTO KOMIUIEKCY), SKHU Tie-
penbayaB He TUTBKM TPAHCIOPTYBAHHS MIKKOHTHU-

HEHTAJTLHUX OATICTUYHHMX DPAKET 13 SICPHUMH 3a-
psmamMu, a i 3a0e3medyBaB IyCK TaKUX paKeT
B MOJIbOBUX YMOBAax 0e3MocepeHbo 13 3a1i3HHYHOT
koxii. HaiiOinpm 3Hauymii HaykoBi poOOTH Bce-
TaK¥ TIOB’sI3aHi 3 Mpo0jJeMaMu MEXaHIKH 3ai3HU-
YHOTO TPAHCIOPTY: MO3IO0BXKHs AMHAMiKa Moi3na,
JTUHAMIKa BaroHiB, B3a€MOJisl PYXOMOTO CKIaay
3aJT1I3HALG Ta MUIAXY.

[lokazoBum € Takox i Te, mo Ha 6a3i HAlITy
akagemikom JlazapssHom B. A. OyB cTBOpeHMi
B 50-Ti poKH MUHYJIOTO CTONITTA mepmuii B JlHir-
poreTpoBcbkoMy  perioHi  OOumCIIOBANBHUAN
LEHTp, TporpaMHO-anapaTHe 3a0e3MeUYeHHs SIKOTO
JIO3BOJIMIIO BHPINITYBATH MAacIITa0HI HayKOBi 3a-
BIAHHS AJIs1 3aJII3HUYHOTO TPAHCIIOPTY.

3a wac pobotu B. A. JlazapsiHOM miAroTOBaHO
20 moxTopiB Ta Oinbine 100 KaHAMIATIB TEXHIYHUX
Ta (i3uKo-MaTeMaTHIHUX HayK. CaMe BOHU Ta BXKe
ix yuHi, HeopManbHUI TBOPUUIl KOJNEKTHB AOCITi-
JTHUKIB PI3HUX MOKOJiHb, MPOJOBKUIA W MPOJIOB-
XKYIOTh CIPaBy CBOTIO JiJiepa — PO3BUTOK HAyKOBOI
LIKOJIM TPAHCIIOPTHOI MEXaHIKH.

VY upomy HOMepi xkypHany «Hayka Ta mporpec
TPAHCIIOPTY» MH TyOIiKyeMo crioraau mpogdecopa
KazakeBnua Muxaiina IcaakoBnya, BHIATHOTO
BUYCHOTO B 00J1aCTi aepOJAMHAMIKH MOCTIB Ta 1HXe-
HEPHUX KOHCTPYKIIiH, SKi MiAKPECTIOI0Th MacIlTa-
onicte ocobuctocti B. A. JlazapsiHa Ta Horo cia-
BeTHUX Yy4HIB — mpodecopiB M. I'. bonnmaps ta
€. I1. broxiHa.

Mswminin C. B., o.1.H., npodecop
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HAYKA TA ITPOI'PEC TPAHCIIOPTY

VJIK 001:[378.4:656.2]

M. 1. KASAKEBUY

Kad. «Moctbl ¥ TyHHEN», J[HENPONETPOBCKHIl HALMOHANBHBIN YHHBEPCUTET JKEJIC3HOIOPOKHOTO TPAHCIIOPTA HMEHH aKaIeMH-
ka B. JlazapsHa, yi. Jlazapsina, 2, lnunpo, Ykpanna, 49010, ren. +38 (056) 373 15 61, »1. moura mkozakevich19@gmail.com,
ORCID 0000-0003-3396-1775

BOCIIOMHWHAHMUS O HAYYHOM HIKOJIE AKAJTEMHUKA
B. A. IABAPAHA

Tonpko ceifyac, B 30Xy BBICOKOCKOPOCTHOTO KEJIE3HOJOPOKHOI0 TPAHCIOPTA, MPUXOJUT OCO3HAHUE BEIMYHUS
MIMOHEPHBIX uccienoBanuii 50-neTHel naBHOCTH akagemuka B. A. JlazapsiHa, ero yueHUKOB-COPATHUKOB, UX BOC-
TpeOOBaHHOCTH, aKTYaJIbHOCTH B SBOJIFOLIMOHHOM Pa3BUTHU HKEJIE3HBIX Jopor B Mupe. Pabora npexacrasisier coboit
BOCIIOMHHAHHUSI aBTOpa O BBIJAIOMIUXCA IPEACTABUTENSAX HAYYHOH IIKOJBI TPAHCIOPTHOH MEXaHHUKH
(B T. 4. B HampaBICHWH IUHAMHKH WM YCTOWYHMBOCTH [BIDKCHHS JKEIE3HOJOPOXKHBIX COCTABOB) — aKaJIEMHKE
B. A. Jlazapsme, akamemuke H. I'. Bormape, mpodeccope E. I1. brioxune. IMeHHO OHH U yKe MX YU9eHHKH, He(pop-
MAaJIbHBIH TBOPUYECKUI KONIEKTHB HUCCIEA0BATENEH Pa3HBIX MOKOJIECHHUH, MPOJOLKUAIA U MPOJOIKAKOT JEI0 CBOErO

nuaepa — akageMuka B. A. JlazapsHa.

Knrouesvie cnosa: HayyHas 1IKoJia TPaHCIOPTHOM MeXaHWKH; akaaeMuk B. A. JlazapsH; akanemuk H. I'. bon-

napb; npodeccop E. I1. bnoxun; JUNUT

UYenoBeueckas MaMsTh Beeryia 0EpeKHO XPaHUT
caMble SIPKU€ SABJIEHHS U COObITUS . IMEHHO Takum
BOCIIOMHUHAHUSIM TTOCBSIIIIEHBI MOU 3aMeTKH 0 Bce-
Bojosie ApytioHoBuue JlazapsHe. Bymyum odeHn
YCHEUIHbIM yYeHUKOM akageMuka A. H. JlunHuka,
OH CO3/IAJT ¥ pa3BHBAJl HA MPOTSHKSHUN BCEH CBOEH
JIOJITOM  HAYYHOW JEATETHHOCTH 3HAMEHUTYIO
HAYYHYIO [IKOJY TPAHCIIOPTHON MeXaHHUKH (B T. .
HarpaBlieHHe JUHAMHUKH W YCTOWYHBOCTH JBHKE-
HUS JKEJIe3HOIOPOXKHBIX cocTaBoB) [1, 4, 6, 7, 12,
14-17, 22, 24].

O wmacmrabax guuHoctH B. A. Jlazapsna
Y 3HAYUMOCTH €r0 3acIyT JUII MEXaHUKH MOS Tep-
Basi HICTOPHSL.

Hcropus 1. B 1975 rogy MHe npeacTosio 10-
JIO)KUTh CBOIO JOKTOPCKYIO JUCCEpTAIUI0O IO
a’pOoMHAMUKE MOCTOB 3HAMCHHTOMY B HayYHOU
cpene CCCP mexaHWKY, W3BECTHOMY CBOMUMH DH-
LUUKJIONEANYECKUMU 3HAHUSIMU, — aKaJIeMUKY SIKo-

*CTHIHCTHKA aBTOpa COXpaHeHa

By [mnenesnuy IlanoBko, paboTaromemy B TOT
repro] 3aBeAylomuM Kadenpol TeopeTndecKon
MEXaHWKH JICHHMHTPaaCcKOro KOpabIecTpOUTETh-
HOTO WHCTHUTYTA.

[IpuexaB k Hemy, s 3acTan ero B pabodem Ka-
Ounere 3a Oecenoi ¢ HEM3BECTHBIM MHE ITOCETHTE-
JIeM BechbMa MPEeKJIOHHOro Bo3pacTa. B TOT e Mo-
MeHT pazpaincs tenedoHHbId 3BoHOK, U . I'. Tla-
HOBKO, M3BMHUBIIKCH TIepe]l HAMH, BBIIIEN BCTPe-
tuTh akanemukoB K. B. ®ponosa u B. B. bono-
tuHa. MM mpezacrosno mo nopyuyenuro Ilpesunmy-
Ma Axazemun Hayk CCCP pemuts cynpOy mpe-
vun AH CCCP nmenn akagemuka b. I'. I'anépku-
Ha.

B kabunere SlkoBa ['uneneBuya Mbl, €ro rocTH,
0e3MouiBHO cuzenu He MeHee 10 MUHYT, Kak BIPYT
MO¥i ViS-a-ViS 00paTHIICsi KO MHE C BOIIPOCOM, OTKY-
Iia s mpuexai. Sl BKpatie pacckasall eMy O el MO-
€ro Mpue3/ia U COBEPUICHHO HEOKUIAHHO yCIbIIIAI
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ero Oe3amnesUIHOHHBIE PAaCCyXACHUS 00 OTCYT-
cTBUHU B J[HENPONETPOBCKE CEPhE3HBIX UMEH B 00-
mactu MexaHukd. llocne HekoTopod may3bl OH
MIPOJIOJDKUII CBOM pacCy)KIEHUs, NMepeyucisas He-
KOTOpbIE UMEHA, U ele 0ojiee SMOLMOHAIBHO MO
TBEPIWI CBOE MHEHHE 00 OTCYTCTBHHM, KaK OH CKa-
3aJl, «HACTOSIIUX» MEXaHWKOB B HaIlleM TOpoje,
KOTOpBI OH HEOJHOKpATHO IMOCeIaji Mo Mpuria-
MIeHnI0 TeHepanbHoro KoHcTpykTopa Kb «tOx-
Hoe» akanemuka M. K. furens. Uto s emy mMor
BO3pa3uTh, TOJIBKO BCTyIas B Hay4HbIH Mup? B To
XKe BpeMs S CMYTHO [OTaJbIBajCs, YTO TaKHUe
OLIEHKM MOT IIO3BOJHUTH cebe He3aypsiIHBIH yue-
Heiid. [locienoBaBmias maysa Obula «pa3opBaHa»
MOIIHBIMH BOCKIMIaHUsIMU: «Kakoi ke 51 rynen!
Kak e, kak e, — y Bac €CTh BbIJAIOIINNCS yye-
HBIH-MEXaHUK, C MUPOBBIM UMEHEM, Jake OOJIbIle
— eMy HeT PaBHBIX B MHpE IO NMPOJOJLHON TUHA-
MUKE TOABIDKHBIX cucteM. 1o Jlazapesa!» (da-
MuIMs OblIa IPOU3HECEHA UMEHHO C TaKHM TBEp-
JIBIM 3ByYaHHEM CIIOTa — «PbsIH»). DTH CII0Ba ObLIH
IUIL MEHSI HEONHMCYEMBIM OTKPOBCHHMEM: B HallleM
JWTe ([uenporneTpoBCKOM UHCTUTYTE HHXKEHE-
POB  JKENIE3HOMOPOKHOTO TPAHCIOPTa) padoTaeT
BBIJIAIOIIASCS] JTMYHOCTD, @ S CIyIIall €ro JIGKLUH
[0 CONPOTHUBICHUIO MaTepHaiOB U Aa)ke HE AOTa-
JBIBAJICS O MaclITabax ero M3BECTHOCTH.

OTBeT Ha 3TOT €CTECTBEHHBIH BONPOC 5 y3HAI
B TOT MOMEHT, KOrza B KaOWHET BepHYJCS
5. T. TlaHOBKO, IpUIriIacuil CBOEr0 roCTs IMPHUCO-
€AMHUTHCSA K KoyieraM u3 MOCKBBI M CIPOCHII:
«Yem Bb1, Anaronmii McaakoBud, Tak BO30yXkie-
HBI?»

[lo mpousHeceHHOMY UMEHH S TOHSUI, YTO MO-
UM coOEecCeTHUKOM ObUI JIETeHJapHbI M aBTOpPU-
TeTHbI yueHbld — mexanuk A. W. Jlypwe, aBTOp
(coBmectHO ¢ JI. I'. JIoOWIIHCKHMM) KJIaCCHYECKOTO,
HENPEB30HIEHHOTO YHUBEPCUTETCKOIO Kypca IO
TEOPETUYECKON MEXaHHKeE.

B otBer Ha Bompoc f. I'. [TaHOBKO TOT mOBTO-
P CBOM JIMYHBIE OIeHKH 3achyr B. A. JlazapsHa.
SxoB I'mneneBny He MeHEE 3MOLMOHANBHO COTJIA-
cuics. A s, B CBOIO o4epellb, BCIOMHMII €ro BOC-
TOp)KEHHBIE CIIOBA, CKAa3aHHbIE, KOT/Ia OH Ye3Xall
3 JlaenponerpoBcka B 1967 romy, T/1e ONMIOHUPO-
BaJ Ha 3aIllUTE€ MOEW KaHAMAATCKOW AKcCepTaluu
[0 TEOpWUH HENWHEWHBIX Kosebanwii: «BceBomon
ApyTtioHoBHY JlazapsiH — 3TO HacTOSIIAs TIBIOAY.
WNwmenno akapemuky B. Jlazapsny npunamiexar
MaciTaOHble (yHAaMEHTaIbHbIE HCCIIeI0BaHuUS,

HE TOJIBKO TEOpeTHYeCKHe (KaKk aHaJMTHYCCKHUE,
TaK ¥ MOJENBHBIE — KOMIIBIOTEPHBIE M aHAJIOIO-
Bbl€), HO W HATYpHbIC HCIBITAHUS THHAMHUKH
1 YCTOMYMBOCTU JBMKEHUS 3KCIIEPUMEHTAIBHOTO
coctaBa B Havane 70-X roaoB, NPOBOIUBIINECS
BIIEPBBIE €CIM HE B MHPOBOM IIPaKTUKE, TO
B CCCP mpu BBICOKHMX CKOPOCTSIX 0 250 Km/4.

U 510 OBIT HE mpenen CKOPOCTH, MOCKOIBKY
COCTOSIHUE >KEJIE3HOIOPOKHOIO MOJIOTHA, 0COOEH-
HO Ha HMCKYCCTBEHHBIX COOPYKEHHAX, Ha MPOTS-
KEHHOM HCIHBITaTeIbHOM YyuacTke I[IpuaHenpos-
CKOM KeJIe3HOM JOPOTH HE MO3BOJISIO JajbIlIe €€
YBEJIHYUBATD.

OT0 HaJ0 3HATh, ITO HAJIO IOMHUTb, STUM HAJ0
TOPAUTHCA.

Tonpko ceifyac, B 3M0XY BBICOKOCKOPOCTHOTO
U JaXe CBEPXCKOPOCTHOTO >KEJIEe3HOIAOPOKHOIO
TpaHCIIOPTa, MPUXOAUT OCO3HAHME BEIMYHUS IMHO-
HEPHBIX UCCIEN0BaHUN 45-IeTHEH NaBHOCTH aKa-
nemuka BceBonoma ApytionoBuda JlazapsiHa, ero
YUCHUKOB-COPAaTHUKOB, BOCTPEOOBAHHOCTH, aKTY-
aNBHOCTH 3THX HMCCIEAOBAaHUI B 3BOJIOLHOHHOM
Pa3BHUTHH JKEJIE3HBIX JOPOT MHpa.

Hcropus 2. Crenyromas UCTOPUS MOCBSIIEHA
OTHOMY M3 CaMBIX YCIICIIHBIX M3 BCEM MHOTOYHC-
JICHHOH IIesapl YYEHUKOB akaaemuka B. A. Jlaza-
psAiHA — MOEMY YUYHUTENIO KaK B HayKe, TaK U B JKH3-
HH, akaaemuky Hukonato ['epacumoBnuy bonpa-
pIO, OCHOBAaTENI0O W3BECTHOW B HalleH CTpaHe
HAYYHOH IIKOJIbI AMHAMUKH MOCTOB [5, 8, 18, 23].

UckpomeTHblli  yM, OECKOMIIPOMHCCHOCTb
u 0esynpeunocts H. I'. Bonmaps xak y4eHoro, Tak
U PYKOBOJIHUTENS CIIOCOOCTBOBAIM €r0 BBICOKOM
penyTanuu B HayuyHOH ctepe. ['myOuna mccneno-
BaHMiA, OyJb TO TeopHs KoJeOaHWi, MaTemMaTHu4e-
ckasi (u3MKa WIM AMHAMHKAa MOCTOB, NPOHHKHO-
BeHHE B (hM3MYECKHE TPOIECCHl B3aUMOCHCTBUS
MPOJIETHBIX CTPOEHUW MOCTOB C TOJBHXKHOU
Harpy3skoii, nozgonuid H. I'. bongapio coBMecTHO
CO CBOMMH YYEHHMKaMH CO34AaTh HOBOE HAy4HOE
HampaBlieHHE B COBPEMEHHOM MOCTOCTPOEHHHU.
Ono okazanock 0cOOEHHO BOCTPEOOBAaHHBIM B HaI
BEK BBICOKMX CKOpPOCTEH Ha >KEJIEe3HOAOPOKHOM
TpaHCIIOpTE.

JocTurHyTele B HayKe pe3yibTaThl ObUTH CTOJb
yOeAUTEeIbHBIMHU, YTO TOCIYKWIN CEPbE3HBIM ap-
rymenToM u3bpanus H.I. Bommaps cpasy neit-
CTBUTENFHBIM WICHOM AKaJeMHH HayK YKpauHBI,
MUHYs 3Tall OY€Hb IOYETHOM, HO BCE )K€ IpOoMe-
KYTOYHOH, 8 B NOJABJSIONIEM OOJNBIIMHCTBE CIY-
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yaeB W KOHEYHOM  CTyNeHH —  YJIeHa-
KOPpPECHOHAEHTa. DTO PeIIalIIiiA CIIydail B mpak-
tnke HAHY.

Bnepssle a1 yBugen Huxomas I'epacumoBuua,
korzaa noctynui B 1961 rony Ha dakynerer «Mo-
CTBI U TOHHENW» JIHEMPONETPOBCKOTO HHCTUTYTA
WHXXEHEPOB  HKENE3HOJOPOKHOTO  TpaHCIopTa
(AWUUT). On O Torma HamuMm aekaHoM. Ilpo-
tdeccop H.I'. bormapsr mpomsBen Ha MEHS HEH3-
rmaauMoe BriedariieHue. llepen HoBoOpaHmamu
WHCTUTYTa NpPEACTal CTaTHBINA, KpacuBBIM, 3Jie-
TaHTHBIH ...

S mogpaxan eMy BO BceM, OH ObLII MOUM Ky-
MupoM. 1 310 cocTosiHEe MOl Iymu B OOIICHUH
¢ Hukomaem I'epacuMoBHYEM Ha MNPOTSHKEHUU
BCEH ’KM3HM HE TIOKHJAJIO MEHSI.

Bcenomunast MHOrOYHMCIIEHHBIE SMTU30/1bI HAIIUX
BCTpedY, s MPUBEAY OTAEIbHBIE HUCTOPUH, PACKPHI-
BalOIME €ro TEMIEpaMEHT, HWHTYWULUIO, yIWBH-
TEJIbHYIO CIOCOOHOCTH Pa30UpaThCs B JTFOMSX.

B nepuon moeii yuebbl B uHCTHTYTe HuKomnaii
I'epacumoBrd c OONBIIMM a3apTOM BKIIFOUYHIICS
B HCCIIEOBAaHUS HEKOTOPBIX OYEHb aKTyallbHBIX
pa3zmenoB MmareMaTH4yeckoi (u3ukM, a HMEHHO
B TEOPHIO HEITMHEWHBIX KOJNeOaHUH 1 0Oy Teo-
puto yctoitunBoctd. OH co3/1a] HOBBIA METOH Ma-
TEMaTHYECKOT0 aHAJIN3a U MOJIYYUIT HEOKHUTaHHbIE
pe3yibTarel ucciaegoBaHud. s JganbHEWInero
Pa3BHUTHUA TOTO METOJA OH CTall NPUBJIEKATh CTY-
JICHTOB, Ha KOTOpPHIX oOpaTtun BHUMaHue. Tak
s TIOTaJl B KPYT ero y4eHukoB. [loaTomy He ynuBu-
TEIbHO, YTO OH 33Jall MHE BMECTO IUIUIOMHOIO
MIPOEKTa, TPAJAULUOHHOIO JUI1  BBITYCKHUKOB
Hairero QaxysiabTeTa, TeMYy HAyYHOTO HCCIe/0Ba-
HUS B Ka4eCTBE AUIJIOMHON pabOoTHI.

Cnycra mnapy ner Hukomait I'epacumoBnd
MPEeJIOKIII MOCTYNUTh K HEMY B acCHHPaHTYPY,
pemMB A7 3TOTO psAJ BaXKHBIX MPEMATCTBHIM.
51 HacTONBKO YBJIEKCS HAyYHBIMH W3BICKaHUSIMH,
YTO Ha OJHOM JBIXaHHWU 3a JBa Toja CIpaBHIICS
C TIOCTaBJICHHBIMHU TIEPEI0 MHOIO 3a/1a4aMH.

Takum o6pa3oM 00pazoBajicsi pecypc BpeMEeHHU
B 0J1MH rof, u Huxonaii I'epacuMoBUY IIPeIIOKUI
MHE pEeIINTh MpOoOJeMy MEPEeXOIHBIX PEXIMOB
KoJIe0aHUI HETMHEHHBIX CHCTEM €r0 HOBBIM METO-
oM. CyTb 3akiro4anach B TOM, YTO MacIITaOHYIO
mpobiieMy yke pemrw akagemuk FOpuii Anekcee-
BUY MuTtponoisbckuil, nupekrop MHcTUTYTa MaTe-
MaTUKH AkaJeMHd HayK YKpawHbl, HO APYyTrUM
METOJIOM, U3BECTHBIM B MUPOBOM HAy4HOW JHTE-

patype Kak METO/ Majoro napamerpa ¢ JpoOHBIMU
CTENEHS MM, pa3pabOTaHHBIMH KM COBMECTHO
¢ akagemukoM Huxomaem Huxomaesumuem boro-
JO0OO0BBIM, TCHUAILHBIM MaTEeMaTHKOM H (DH3HUKOM
C MUPOBBIM UMEHEM.

[TorpysuBmuck B 3Ty npodiemy, st HOHSI, 4To,
BO-TIEPBBIX, OHA MHE «HE MO 3y0am», METOZ 5 He
[IOCTHT; BO-BTOPBIX, akajgeMuk 0. A. Mutpono:mis-
CKHH 3a €€ pelIeHre MOIy4YW OYeHb IPECTIKHYIO
no TeM BpemeHam JlenumHckyro (I"ocymapcTBeH-
HYIO) IPEMHIO.

Bce 370 s M31105K1, KaK MOT, MOEMY YYHTEIIO.
IIpenmonoxui, 9To, BO3MOYKHO, €r0 METOJ HE T103-
BOJIUT CIIPABUTBCS C IIOCTABJIECHHON MHE 3aJa4yei.
K ToMy ke s MO3BONWIJI YCOMHHTBCSH, 3a4EM 3TO
JenaTh, €ciad NpobjeMa yXe pelleHa, MpHU3HaHa
MHUPOBBIM HAy4HBIM COOOIIECTBOM, 3aMedeHa
Y OTMEYEHa BJIacThIO.

Celfyac MOHNMAr0, YTO, TO-BUANMOMY, OOHIET
ero. 51 BmepBbIe yBHJIET MOETO Y4WUTENs B THEBE.
Huxoumaii I'epacumoBHY cka3za, 4To s1 €My OTHBIHE
HE YUYCHMK M HE JOJDKEH HUTAE MHUCaTh O HEM Kak
cBoeM pykoBogurene. Ho mnpemnstcTBoBaTh MHE
B 3aIlUTE JUCCEPTAIMU OH HE OylIeT.

W MBI pasonumch, He NPUMHPHUBIINCE U HE
Haiias B3auMononumanus. S yexan Ha Kaskas, rae
B T€UECHHE JIBYX MECALEB MOKOPSII FOpPHBIE BEPILIU-
Hbl, a Hukomnaii ['epacuMoBHY, KaK MO3/IHEE BBISIC-
HWJIOCH C €0 CJIOB, PEIIMII MHE JOKa3aTh ...

B centa6pe oH BbI3Ban MeHs K ceOe M cKazal,
YTO «yOMI» JBa MeEcsIa, HO COTJIaCHIICS C MOUMHU
OLICHKaMH M BOCCTAHOBMJI MOif Status-Kuo, «xarpa-
IUB» MEHsI HOBOM 3amaueil. Ho ato yxe npyras
HCTOpUS], KACAIOMIAsC MEHSL.

CKOJIBKO K€ HaJI0 MY>KECTBa, UTOOBI MPU3HATH
CBOIO OLIMOKY Mepes YYeHHKOM. DTO HACTOSIIHMA
3TaJIOH MOPAJOYHOTO YeJOBeKa M YHCTOTHI Hay4-
HOTO IOMBICJIA.

IlonoGHast MCTOpPHUsST NPUKIIOYMIACH IIO3/IHEE
npu obcyxxaeHnn Ha cemuHape Hukomas ['epacu-
MOBHYA KaHIUAATCKOMN AHCCepTAIllMi MOEro JApyra
3. H. Ksaumm, yuenuka mpodeccopa Huenponer-
POBCKOT0 HHXEHEPHO-CTPOUTEIBHOIO WHCTHUTYTA
(JIMCN) A.TI. TIpycakosa. [luccepraims comep-
Kalla pelieHne OJHOM WHTEPecHOW TMpOoOIIeMbl,
kotopoe H. I'. bornaps He BOCIPHUHSII U OITOMY
3aIuUTy OTMEHMI. TaKoii mMoBOpOT COOBITHIT 3aTpa-
THBaJl MOI0 HAay4YHYIO PEIyTaIfio, W s 0OpaTHICS
Kk Huxonaro I'epacuMoBudy, 3aHHMaBIIEMY IOCT
npopekropa 1o Hayke JIMMTa, u yOeaui ero narhb
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MHE BO3MOKHOCTH BBIXOJIa Ha 3JIEKTPOHHBIC LU}-
poBble  BBRIUMCIHTENbHBEIE MamuHbl  (DIIBM)
JWWTa u pemnts 3TaioHHyto 3anaqy Jdyddunra.
Omma TeHnenOayM npeayokuil MHE B TOMOILb CTY-
IeHTa TpeThero Kypca axyibrera «Bpruucnu-
tenbHoi TexHukn» C. @. Penpko (BIOCIEICTBIM —
Hay4yHOTO COTPyAHHMKAa MHCTUTyTa TeXHHUYECKOU
mexanuku HAH VYkpaunbr). Korma Mbel BTpoem
MIPUHECTN PE3yNIbTaThl KOMIIBIOTEPHBIX PACYETOB,
Huxonaii I'epacuMoBuY cpasy Bce MOHSI, CHSUI BCE
cBou Bo3paxenus, 1 J. H. Kama ycnenno 3amu-
THJ CBOIO AHccepTanuio. bosee Toro, Ham pe3ymib-
TaT OBUI HACKOJIHKO HOBBIM M OPHUTHHAIBHEIN, 9TO
s OCMEJHJIICSI OOpaTUTh Ha HEr0 BHUMaHHE aKaje-
muka FO. A. Murpononsckoro. Hama coBmectHast
CTaThs, Kak cooOmmn MHe FOpuit Anekceeud, I
COXpaHEHUS MPHOPUTETA YKPAMHCKOW HaYKH, Oblia
ory0OnrKoBaHa B ero kypHaie «MaremaTrdyeckast
¢usuka». Hwukomait ['epacumoBHY TepBBIM IIO-
3paBUII HAC C MyOJIMKael B TAKOM IPECTHKHOM
Hay4YyHOM KypHaJe.

MHorue roasl Mbl PETryJSIPHO BCTPEYANINCH,
0OMEHHBANKCH UHPOPMAIEH HAYYHOTO, OKOJIOHA-
YYHOTO, MOJMTHYECKOTO W OBITOBOIO COJCPIKAHMSI.
51 moka3bIBasl MOM HAay4HBIE PE3YJIbTATHI B 00JIACTH
TEOPUH HETMHEHHBIX KOJeOaHUN U a’poTUHAMUKA
coopyxenuid. Muorue u3 Hux Hukomaii ['epacumo-
BUY PEKOMEHIIOBaJ i omyOnnkoBanus B «Jlo-
KJIagax AKaeMHH HayK YKpauHbD.

IlocrenenHo Hamm npodeccuoHaIbHbIE OTHO-
HIEHUS] CTAHOBWJICH Bce OoJiee JOBEPUTEILHBIMH.

C Moeli mojaun OH yBIIEKCA TOPaMH U Ha Mpo-
TSHYKEHUH MHOTHX JIET OTJBIXAJNl CO CBOEH CYNpYron
Bepoii BanoBHo# B ropax KaBkasza, Ha ciopTus-
HOI1 6a3e aJbIIUHUCTOB B YIIeNbe AJIBUI-CY.

Emy HpaBunace atmocdepa azapra, Ipy>KOBbI,
YBJIEYEHHOCTH CIIOPTOM, KOTOpas Iapwia Torjaa
B MOJIOZISKHOM cpesie, U BeCbMa CKPOMHBIE yCIIO-
BHS OTJIbIXa €70 HUCKOJIBKO HE CMYILIAJIH.

Kaxnpriit pas, Bo3Bpamasics u3 KaBkasza, on npu
BCTpeUe C HAIIUM KOJUIETOH, JIOIEHTOM AJEeKCaH-
npom CeMeHOBHYEM 3IO3UHBIM, JIETEHAAPHBIM
CIIOPTCMEHOM, 3aCIyKEHHBIM MacTEpOM CIIOpTa
CCCP mno anpnuHH3MY, YBJIEUYEHHO paccKa3bIBall,
B KaKMX YIIETbSIX M Ha KaKUX JIETHUKAX OH MOOBI-
BaJl Ha ceil pas.

Ob6menune ¢ Hukonaem I'epacumoBudemM Beceraa
JIOCTABJISLIO OTpOoMHOE Hachaxaeaune. O yem Obl HI
nuia Oecena, ero peusb Oblla BCerga coaepiKarelib-

Ha. C HUM OBUIO MHTEPECHO U WHXXCHEPY, U (QHUIIO-
JIOTy, ¥ YNHOBHHKY, ¥ T€HEpaIy.

Cpenu ero apy3eil ObLITM MHOTHE BBIIAOIIHECS
JIIOJTU; KPYr ero oOmieHust ObLT MMpOK. B TO ke
Bpemsi Hukomnait I'epaciMOBHY HUKOT/Ia HE MO3BO-
a1 ceOe MaHMOpaTcTBa, a TakKe COMMKCHUS
C JIIOAbMU COMHUTEIHLHOMN pemyTalui.

Coobmonas tpamuiuu JIMUToBckoro ropojxa,
OH OYCHH JIOOWI TPHHUMATH TOCTEH, OBUI TIpH
9TOM BCerjia BHUMATEJIeH, OCTPOYMEH U T00poke-
JIaTeseH.

C OrpOMHBIM YIOBOJIBCTBHEM S BCIIOMHIHAIO
MOH, C JKCHOM M AeThMHM, BHU3UTHI kK Hukonaro I'e-
pacumoBuuy u Bepe VBaHOBHE, a TakKe WX BU3U-
THI K HaM. Hamm 3acTonbst B Kpyry npy3ei ObLtn
HEeMpUHYXIeHHBIMH, a Hukomnait ['epacumoBud ObLT
B LICHTPE BHUMAHUS U OJIUCTAJ IPYAMIIUCH U yMOM,
oMopoM. M celiyac si cyacTiuB, YTO HAIlld CEMbBU
OBUTH JIPY’KHBI, YTO MBI BCIO JKU3HB MO KABAIH
TEIUTBIC OTHOIICHHUS C JIEThbMH, BHYKaMH U TIpa-
BHyukoi Hukomnas I'epacumoBuya u Bepsl MBaHOB-
HBI, 2 OHM XOPOIIIO 3HAJM HAIIAX JeTEH.

Kornma mo3agu y:xe MHOTHE TOJIbI U UCIIBITAHUS
Kak Ui KaXKJI0TO U3 HAaC, TaK W JIJIS BCEH CTpaHBI,
Takue moau, kak Hukonail I'epacumoBud, HaBce-
I/1a OCTAIOTCS B MAMSITH T€X, KOMY TOCYACTIHBH-
JIOCh WX 3HATh.

Hcropusi 3. IleperpyxeHHass COOBITHAMH,
(hakTaMu ¥ BIIEYATIICHUSMH MOS ITaMATh COXpaHs-
€T caMble MPUATHBIE BOCTIOMUHAHUS e1lie 00 OHOM
13 SAPKUX W BEChbMa IMPEYCIEBIINX YUCHUKOB aKa-
nemuka B. A. Jlazapsna — o Eerenun IletpoBuue
Bbroxune [2, 3, 13, 19-21].

o mpuxona B Hauane 90-x Tof0B MO IpHUIJIa-
menuro pekropa JIMWTa Toii mopsl mpodeccopa
B. A. KabnykoBa B MHCTUTYT, B Moto alma wmater,
HAaIllM OTHOIICHUS OBUIM Ha YPOBHE «IIAIOIIHOTO)
3HakoMcTBa. Ho oHM cpasy cranu Gornee yeM mpo-
W3BOJICTBEHHBIMH — OYE€Hb B3aMMOYBa)KUTEIbHBI-
MU.

Bnauane g E. II. bnoxuHa kak mepBoro mpo-
peKTopa Jerko yOemwsn B TOM, 4YTO Tpodeccop
BBICHIEH IIKOJbI, KOTOPBIN SIBISIETCS] aKTUBHO JEH-
CTBYIOIITUM YYCHBIM, PETYJISAPHO ITyOIUKYeTCs
B OTCUECTBEHHBIX JKypHajax Hu 3a pyOexowm,
y4acTBYeT B pa0boTe pa3iINMyHBIX HAYyYHBIX KOH{]e-
peHnuid u HOPyMOB, YICHBIX COBETOB WM acCOIlHa-
Ui, B TIOATOTOBKE MOJIOABIX HAYYHBIX KaIpoB
U T. 1., HE JIOJDKEH UMETh O(UIMANBHYIO Tearo-
TMYECKYIO Harpy3Kky cBeiie 600—650 gacoB B T'oJL.
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Korga s mpucTynun K ONUCaHUIO IITPUXOB K
nmoptpety E. I1. bnoxuna, ouens sipko u 3¢ppexTHO
B MOE€il maMsITH BCIUIBLIM €T0 3MOIMOHAIBHOCTD,
KOT'/Ia-TO BeChbMa aKTepcKasl, €ro XUBOH yMm, o0pa-
30BaHHOCTh W YMEHHE YCIBIIIATh COOECeTHUKa,
€ro apryMeHtsl B Mpo(ecCHOHAIHHOM CITOpe, He
COBIAJAIONINE C IPYTON TOUKOM 3pECHHUS.

OpHaxapl B Hadaje HOBOTO y4eOHOro roja
sT OOHAPYXUII, 9TO J[BA PA3HBIX MOTOKA M3 Pa3HBIX
(hakynbpTeTOB yueOHast 4acTh, BPOAE Obl 0OBEKTUB-
HO, oObenuHWIA B 00mui motok. Ho mpu stom
OblIa TpeIOKEHAa B pacHUCaHUM OECKOHEYHO
JUTMHHAS 1 TJI0CKAast, KaK TJIaMIbHAs OCKa, ayan-
Topusi. He coMHeBaroCh, 4To yueOHast 4acTh PyKo-
BOJICTBOBAIACH B TaKOM OOBEIUHEHHH ITOTOKOB
cepbe3HbIMU MOoTHBaMd. Ho y MeHs ObLTH COBep-
IICHHO OOOCHOBAHHBIC BO3PAXKCHHS, KOTOPHIC
sI ameJTUPOBal IEPBOMY MPOPEKTOPY UHCTUTYTA.

Egrenuii IletpoBud MOM BO3paKEHHSI HE MpU-
HAJ, MOXTOMY MHE MPHILIIOCH MPUTIACHTH €ro
03HAKOMUTHCS C MpoOIeMaMu Ha MECTe IPENCTO-
SIBIIMX MHE JEeKUUWA. MBI BOIUIA B IMyCTOBABUIYIO
MOCNE 3aHATUH ayauTopuio, U s nmompocun EBre-
Husa IleTpoBuua cecTh 3a 3aJHIOI0 TApTy, a cam
OTIIPABHIICS K JOCKE M TIPH JIBYX CIIEHAPHSIX ITOBE-
J€HUs JIEKTOpa — CIIMHOU U JIMLOM K IyCTOH ayJu-
TOpUM — Haydaj oOWAThCS C HUM B Pa3MEPEHHOM
JUIA JIEKLUU TEMIIE.

OH cpa3y Bce MOHSUI, BCTald M CKasall, 4TO Ta-
KOW BapuaHT HE MOXET YIOBIETBOPUTh HU CTY-
JIEHTOB, HU JIEKTOPA, HU, KaK CIEJCTBUE, U PEKTO-
pat. Bce B pe3ynbpTaTte BepHYIOCHh B MPEKHEE CO-
CTOSIHUE C JIByMsI IOTOKaMH.

Eme onna, 6osee BneyaTistonias, HCTOPHSL.

Y pyKOBOJCTBa MHCTUTYTa B CHIIY HEKOTOPBIX
OOBEKTUBHBIX OOCTOSTENHCTB BO3HUKIIA HIES CO-
KpaTUTh KOJUYECTBO KYPCOBBIX NPOEKTOB y MO-
CTOBHKOB. [Iy1s 00CYX/IeHUs 3TON MPOOIEeMbI MEHS
npurnacun E. Il. bnoxuH u, He BaaBasick B IMO-
JIPOOHOCTH ¥ JETalH, CIPOCHI, KAKUMH H3 ITHX
MIPOEKTOB MOXKHO «II0’KEPTBOBATHY.

MHue ynanock ero ybeauth XOoTs OBl Ha He-
CKOJIBKO JTHEW OTIIOKUTH 3TO OOCYXKICHHE, YTOOBI
sI TIOJTOTOBHIICSL.

Ha caenyromuii nenp s mpuHec emy «Otder
TrMOIIEHKO» — OTYET O MOE3JIKE MPOCIABICHHOTO
YYEHOT0, HAIIero OBIBIIETO0 COOTEUYECTBCHHHIKA
C.II. TumomreHko, TO 3aJaHUI0 IPABUTEIIHCTBA
CITA mocetuBmero CCCP B 60-e roabl ¢ LIETBIO
M3YYEHUS] ONbITA MOATOTOBKU HAYYHBIX WM HHXKE-

HEpHBIX KaJpoB. B TOT mepuon ypoBeHb BBICIIETO
obpazosanns B CCCP cunrancst oqHIM U3 TydIIIX
B MHpe.

«Otuer C.II. TumomieHko» B MepeBoAE Ha
pycckmii s3Ik akagemukoM O. M. ['purompkom
«TYJSID» TI0 pyKaM MOUX KOJIJIET, U TOJNbKO B 90-¢
rojel 0bL1 3naH B MUNTe npodeccopom kaden-
pbl crpoutensHor Mexanuku H. H. IllanomHuko-
BbIM, XOpo1Io u3BecTHbIM E. I1. baoxuny mu4Ho.

Ha yauBneHue, Kak TOT «posib B KyCTax»,
B 3T0T MOMeHT Opourtopa C. [1. TumomeHko Obua
B MOEM pacnopsbkeHuu, U s aan ee Esrenuro Ilert-
poBuuy s o3HakoMieHus. Ha cnenyronuii neHs
OH TIOCETOBAJI, YTO TaK OBUT YBJICYEH MOUM «CIOp-
MIPU30M», YTO MOKEPTBOBAJ CHOM M Ha OJHOM [Ibl-
XaHUU ¢ OONBLIMM MHTEPECOM M BHUMaHHMEM IIPO-
Yell 3TOT «CIOPIPHU3».

Heno B Tom, uto C. Il. TumMormenko, 3aHuMast
BBICOKME MOCTBl B KPYIHEWIINX YHHMBEPCHUTETAX
u 3HameHuTHIX kommanwmsx CIIA, mogmepxuBan
JIpy’)KECKHE OTHOLIEHHS CO MHOTHUMH BEeAYIIHMHU
yuenbiMu CCCP u He ciyvaifHO ObLT M30paH Ui
takoii muccun mpaBurenbcTBoM CIHA. On Obin
XOpOoIo WHPOPMHUPOBAH O JOCTIKECHHAX HAIIUX
YUEHBIX-MEXaHHKOB, O UYeM IHCAN MO3KE B CBOMX
BocioMMHaHuAX. [losTromy cBoe mnpeObiBaHnE
B CCCP oH mocTtpomsn TakuMm o0Opa3oMm, YTOOBI
O3HAaKOMHUTBCA C KOHKPETHBIMU IpOrpaMMaMu
MOJrOTOBKU CcrienuanucToB B KueBckoMm nonurex-
HUYECKOM HWHCTUTYTe, MOCKOBCKOM rocymnap-
ctBeHHOM yHuBepcuretre (MI'Y) u B Jlenunrpan-
CKOM HMHCTHTYTE WH)KEHEPOB >KEJIE3HOJOPOKHOTO
tpancmopra (JIMMXKT).

B mepBoM u3 HUX OH U3ydajJ MPOTrpaMMy HH-
KEHEPOB-MEXaHUKOB, BO BTOPOM — MEXaHHKOB-
TEOPETUKOB.

JIMWXT oH BbIOpan HE cay4aitHO, MOCKOJBKY,
10 €r0 MHEHUIO, CAMBIH BBICOKUI YPOBEHb IOAIO-
TOBKM HMHXEHEPOB CTPOMTEIBHOTO  MPOdHIIs
B CCCP 0Obu1 y MOCTOBHKOB. DTOT BBIOOp, IO-
BUIMMOMY, TOJICO3HATEIbHO HEC BOCIIOMMHAHUS
€ro Hay4HbIX cBsizel 1o Bbiezna u3z CCCP.

Kaxnas u3 mporpaMM HOATOTOBKH CHELHANIHU-
ctoB B CCCP conpoBokaanach CEpbe3HBIM aHAIIH-
30M. B wacTHOCTH, BO3Bpamasch K TeMe 0 Kypco-
BBIX mpoekTax MocToBukoB, C.II. Tumomenko
CZIeTIaJl TJIaBHBIM aKIeHT B MPOrpaMMe MOJTOTOBKH
nHxeHepoB-MocToBukoB B CCCP Ha mumpokuit
CHEKTP KYPCOBBIX IPOEKTOB MpPH HENPEMEHHOM
pa3HOOOpa3Hy pacyYEeTHBIX CXEM, MaTepuasioB
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W TEXHOJOI'MH pacueToB. BeHIIOM mNOAroTOBKH
CIELUAIIMCTOB OH CYWTAJl BBHIOJHEHHE, B 00s3a-
TEIBHOM TOPSAJIKE, KOMIUIEKCHOTO JTUIUIOMHOIO
MPOEKTa, BKJIIOYas pacyeT omnop u (yHIAMEHTOB,
BCE DTaIlbl IPOEKTHPOBAHNUSA U CTPOUTENBCTBA.

TakoBa Opw1a 100-meTHSAS TpaaUIHAS MTOATOTOB-
KM MOCTOBUKOB. B moarBepxkneHue MeIciel
C.II. TUMOIIEHKO U B MONB3Y MOEH MO3UIMH IO
HEJOMYIIEHUIO COKpAIICHUs KOJIMYECTBA KypCO-
BBIX MPOEKTOB, HA KOTOPBIX (YOPMHUPYETCsI MOTHO-
LICHHBII MH)KEHep, 1 npusen Esrenuto IletpoBuuy
HACTOPUI0 HAYAJIBHOTO CTaHOBIEHHWS HHXEHEpa
n yueroro Esrenns OckaposBuda [laTona.

[ocne 3aBepuieHust 00y4deHUs: B OMHOM U3 YHU-
BepcureroB ['epmarnu E. O. Ilaton permmn oboc-
HOBaTbCcs B Poccum M NpemIoKWI CBOM yCIYTH
B KauecTBE MH)KEHEpa-MOCTOBHMKa MUHHCTEPCTBY
nyTeil coobmennii. OgHaKO 0Ka3aloch, YTO €ro
JUIUIOMA, CyJs MO BKIAJABIINY MPEAMETOB M OIle-
HOK, OBUIO HENOCTaTO4HO, W €My HPeAIOKHIH
MPOITH TOAWYHBIH Kypc OOY4eHUs ISl CaMOCTOSI-
TEIBHOTO BBINIOJNHEHMS JNECATH KYpCOBBIX W IH-
IIJIOMHOTO ITPOEKTOB.

E. O. ITaTon MoCTynui B CaHkT-
[leTepOyprckuii HHCTUTYT WHKEHEPOB MyTEH CO-
OOIIeHNH, B TEYEHWE OJHOTO TroJa BBIIOJIHUI
MPeIOKEHHYIO €My MPOrpaMMy, YCHEIIHO 3alllu-
THJI JUIUIOMHBIM NPOEKT U MOJIy4HSI MecTo B Mu-

HUCTEpCTBe myTel coobmennii Poccun. Yepes He-
koTopoe Bpems, B 1905 romy on mepeexan B Kues
¥ CBOIO JalbHEHIIyro cyap0y cBsizan ¢ KueBckum
MOJMUTEXHUKYMOM (HbIHE HarnumoHanbHBIA TeXHU-
yecKUi yHuBepcuTeT YKpauHbl «KueBckuil nomiu-
TeXHUYECKUH WHCTUTYT uMeHH Uropst Cuxopcko-
ro»). JIroOombITHO, 4TO CyabOBI BYX 3aMedaTellb-
HBIX JItoJel mepeceknack B Kuese, 1 B cCBOUX BOC-
nomuHanusax C.II. Tumomenko c¢ O6osbmIoit
TEIUIOTOW M CEpAEYHOCTBIO OIMUCHIBAET YYacThe
B ero cynsoe E. O. [1atona.

3n1ech MOJE3HO HAIlOMHUThH, 4TO Korga Erre-
Huto OckapoBU4Yy NpeUIoKWIN nepeexars B J[He-
MPONETPOBCK U CO31aTh Kadeapy u GpaKyabTeT MO-
croB B [AMHTe, oH nenWKaTHO OTKa3ajcs, HO
B 3HaK NPU3HATEIBHOCTH M B KadecTBE IMOAApKa
nepenan JUWUTy cBow «ydeOHYI» MOCTOBYIO
(dhepMy 115 IPOBEACHUS NPAKTUYCCKUX 3aHATHUH 110
HCIBITAaHUSM KOHCTPYKUUHU. JI0 cUX MOp MOCTOBast
depMa — 3TO MAMATHHUK BBIAAIOLIEMYCS YUYECHOMY
1 uHxeHepy-mocToBuky E. O. Ilatony.

Hama uctopust B 3TOM CIOXKETe 3aKOHUYMIACH
cinoBamu EBrenus IlerpoBuua brnoxuna: «Iloka
st nepBbld npopexrop AW Ta, HU 0quUH KypcoBOi
MIPOEKT y MOCTOBUKOB He Oyzer oTrmeHeH». Coe
cioBo oH caepxkain! Uro OymeT majipie — IMOXKH-
BEM, YBUAUM.
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CIIOT'AIN ITPO HAYKOBY IIKOJY AKAJTEMIKA
B. A. IABAPAHA

Tinbku 3apa3, B €M0Xy BUCOKOUIBHAKICHOTO 3aJi3HUYHOTO TPAHCIIOPTY, MPUXOIUTH YCBIJIOMJICHHS BEJIUYI I1i0-
HEepHHX JoCiiDkeHb 50-pivHOl naBHUHU akajnemika B. A. JlazapsiHa, Horo y4HiB-COpaTHHMKIB, iX 3aTpe0yBaHOCTI,
aKTyaJbHOCTI B €BOJIIOI[ITHOMY PO3BUTKY 3aJIi3HHIIb Yy CBiTi. PoGOTa siBiIsie COOOIO CITOraan aBTOpPa MPO BUIAATHUX
NPE/CTABHUKIB HAayKOBOi MIKOJIM TPAHCIOPTHOI MEXaHIKM (B T. 4. B HANpsIMKy IUHAMIKH Ta CTIHKOCTI pyXy
moTsTiB) — akageMika B. A. JlazapsHa, akagemika M. I'. Bornmaps, npodecopa €. I1. Boxina. Came BoHH 1 Bike ix
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MEMORIES OF SCIENTIFIC SCHOOL OF ACADEMICIAN
V. A. LAZARYAN

Only now, in the era of high-speed railway transport, there is a realization concerning the greatness of pioneer-
ing research 50 years ago of Academician V. A. Lazaryan, his fellow students, their demand and relevance in the
evolutionary development of railways in the world. The work is the author's memoirs about the outstanding repre-
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HAVKA TA TTPOI'PEC TPAHCIIOPTY

sentatives of the scientific school of transport mechanics (including in the direction of the dynamics and stability of
the trains movement) — Academician V. A. Lazaryan, Academician M. H. Bondar, Professor Y. P. Blokhin. They
and their students, an informal creative team of researchers of different generations, continued and continue the
work of their leader — Academician V. A. Lazaryan.

Keywords: scientific school of transport mechanics; Academician V.A. Lazaryan; Academician N.G. Bondar;
Professor E.P. Blokhin; DNURT
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UMUTALIMOHHAS MOJEJB JUIA OHEHKU ITPOITYCKHOM
CHOCOBHOCTH KEJIE3HBIX 10POI'

Ieab. OCHOBHOW IIETBIO CTATHU SIBISETCS COBEPUICHCTBOBAHWE MMHTAIMOHHON MOJEIH JKEJIC3HOIAOPOKHOTO
HaIpaBJICHUS U OIIEHKH MCIOIb30BaHNUS MPOIYCKHOH CIIOCOOHOCTH OTAEIbHBIME Toe3namMu. MeToauka. B pabo-
T€ pacCMOTPEHBI BOMPOCH! OLEHKH MPOIYCKHON CIIOCOOHOCTH JKENe3HbIX Jopor YKpauHsl, EBpomneiickoro Coro3a,
CIIA. OtmedeHo, 4To peOpMHUPOBAHHE PHIHKA JKEIE3HOAOPOKHBIX IEPEBO30K BBI3OBET POCT TPeOOBaHMH K Kade-
CTBY OILIGHKH NPOIYCKHOM CIIOCOOHOCTH, MCHOJB3YEMOH TT0€3/1aMH Pa3INYHBIX NIEPEeBO3YMKOB. B kauecTBe OCHOB-
HOTO METOJIa JUI OIICHKH IPOITYCKHON CIIOCOOHOCTH B paboTe MCIIOJIB30BaHbI METOABI TATOBBIX PAacueTOB, OpPraHU-
3alMU IBWKCHUS Ha JKEJIEe3HOJOPOKHOM TPAaHCIOPTE M MMHTAIMOHHOTO MojenupoBaHus. PesyabsTarsl. Pa3zpabo-
TaHa UMHUTALMOHHASI MOJIENb JKEIEe3HOIOPOKHOTO HAIIPABICHUS, KOTOpask OTPakaeT KaK CTPYKTYpPY, TaK U B3aUMO-
Je¥icTBUE OTHENbHBIX €€ d3JIeMeHTOB. Mojenb BKJIIOYAET: IMOE3IHYI0 MOJEIb, MOJENb KEIE3HOJOPOKHOM
nH(pacTpyKTyphl, MOJIENb YIIPABICHUS JIBIKEHHEM, HHOOPMALMOHHYIO MOJieNb. MoenupoBaHie GyHKIIMOHUPO-
BaHU YKEJIEe3HOAOPOXKHOTO HAIIPABJICHUS OCYIIECTBIIAIOT MO3TanHO. Ha mepBoM 3Tare BBIIONHSAIOT MOJCIUPOBaHHUE
JIBIDKEHUS] OJTMHOYHBIX 1T0e3710B. Ha BTOpOM 3Tarie BHIMONHSIOT COTIACOBAHHE 3aHATHS JKEJE3HOIOPOKHOW HHPpa-
CTPYKTYpBI CTAaHIIMI M NleperoHoB noe3aamu. OTHpaBieHne TT0E3/10B Ha TIEPErOH OCYIIECTBISIOT IPH BO3MOXKXHOCTH
obecrieueHns TOMyCTUMBIX WHTEPBAIOB MEXKAY JaHHBIM, a TaKKe MPEIECTBYONMMHU W MOCIEYIOIINMH 0e3/1a-
MH, pa3paboTaHHas MOJAENb pealn3oBaHa B BUje nporpamMsl «I'paduk nmxenns». Hayunasi HOBU3HA paOOTHI co-
CTOWT B TOM, YTO B HEH MNpeIUIoKEeHa yCOBEPIICHCTBOBAHHASI MMUTAIIMOHHAS MOJIENb JKEJIEe3HOAOPOXKHOTO Hampasiie-
HUS, KOTOpasi OTpaskaeT MPOIECC MPOITyCKa MOEe3/10B 110 YJacTKaM M Yepes3 JKeJIe3HOJOPOXKHBIE CTAHINH M TTO3BOJISIET
OIIEHMBATH BIIMSIHUE CTETIEHH MCIIOIB30BAaHH MPOITYCKHONW CIIOCOOHOCTH Ha MPOAOIKUTEIIBHOCTD IBHKEHHS ITOE3/10B.
IIpakTHyeckast 3HaYUMOCTD. [lonyyeHHbIE B pabOTe Pe3yJbTaThl MO3BOJISIOT OLCHUTD BIMSHHUE TI0E3]I0B, CIEIY-
OIIHX 110 PACIIMCaHMIO, Ha YCJIOBHS IIPOIYCKa MOE3/0B, CISAYIOMNX 03 pacIHCaHus JBIKEHUS.

Kniouegvie crosa: »ene3HONOPOKHBIA TPAHCIIOPT; rpauK ABHIKEHHS; NPOIYCKHAsI CIIOCOOHOCTh; UMHUTAIIMOH-
HOE MOJICIUPOBaHHE

HudpactpykTypa xene3HbIX J0por YKpauHbl ObI-
na coszmaHa Bo BpemeHa CCCP mis obecrieueHus
MMOTPEOHOCTEH ero SKOHOMUKH. B TO ke Bpems

BBenenue

KenesHOOOPOXKHBIA TPAHCTIOPT SIBIAETCA OC-

HOBHBIM TMEPEBO3UYMKOM TIPY30B U OJHUM HU3 OC-
HOBHBIX TIEPEBO3UMKOB TACCAKHPOB B YKpawHe.

ObUTH pa3pabOTaHBl W METONBI OIEHKH €€ IIpo-
MyCKHOM CIIOCOOHOCTH, KOTOpbIE HE HpeTepIesu
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CYILIECTBEHHBIX M3MEHEHUH IO HACTOSIIETr0 Bpe-
MeHu. OHAKO MPOUCXOMASIINE CeHyac M3MEHEHHUS
CBsi3aHHBbIE C UMIUIeMeHTanuel Jlupexktus EBpo-
nefickoro Coro3a, KOTOPHIE PErNIaMEHTHPYIOT Op-
TFaHU3ALUIO PHIHKA >KEJIE3HOAOPOKHBIX EPEBO3OK,
TpeOYIOT COBEpPIEHCTBOBAHUS METOIOB OIEHKH
MPOITyCKHON CIIOCOOHOCTH JKETIE3HBIX JTOPOT.

Hean

OCHOBHO# TIENIBIO CTaThH SIBIIICTCSI COBEPIICH-
CTBOBAaHMC WMHMTAIIMOHHOM MOJENH JKCIC3HOIO-
POKHOTO HANpaBJICHUS JIsI OLIEHKU UCTIONB30BaHUS
MIPOIYCKHOM CITIOCOOHOCTH OTJICJIbHBIMH ITOE3IaMH.

MeToanka

B pabote paccMoTpeHbl BONPOCH! OLIEHKH IIPO-
MYCKHOM CITOCOOHOCTH JKEJIE3HBIX JIOPOT, HCIIOIb-
3yEMbIX Ha JKEJE3HBbIX Aoporax YKpauHsl, EBpo-
nefickoro Coroza, CIIHA. OtmeueHo, 4uro pedop-
MHUpPOBaHUE PBIHKA KEIE3HOJAOPOXKHBIX MEPEBO30K
BBI30BET POCT TPeOOBaHMH K KAdeCTBY OLCHKH
MPOITYCKHON CITOCOOHOCTH, WCIIONB3YyeMOH T0e3-
JlaMU pa3iIu4HbIX IIEPEBO3YMKOB. B kauectBe oc-
HOBHOTO METOJla Jig OLIEHKH MPOMYCKHOW CIIO-
COOHOCTH B pabOTEe MCHOIB30BaHBI METOIBI TATO-
BBIX PacueToOB, OPraHU3alMU JBIDKCHHUS Ha XKeJes-
HOOOPOXHOM  TPAaHCIIOPTE U HMHUTAITUOHHOI'O
MOJICJINPOBAHMS.

Pe3yabTathl

O1eHKY MPOIYCKHOW CIIOCOOHOCTH JKEIE3HBIX
JOpOT YKpawHBI BBHITIONHSIOT B COOTBETCTBHH C
WHCTpYyKIMeH [5]. B maHHOM JOKyMeHTe NeHCTBH-
TEIBFHON MPOMYCKHOW CIIOCOOHOCTHIO KEIEe3HOI0-
PO’KHOTO y9acTKa Ha MEpPEeroHax Ha3bIBACTCS MakK-
CUMAaJIbHOE KOJHMYECTBO TPY30BBIX IOE370B (Iap
MOE3/I0B) YCTAaHOBJIEHHON MAacChl W JIJTMHBI, KOTO-
poe MOXET OBITh MPOIYIIEHO Yepe3 ITOT YIaCTOK
3a eMHHIYy BPEMEHH B COOTBETCTBHH C €T0 TeX-
HUYECKOW OCHAIEHHOCTBIO W MPHHATHIM CIIOCO-
OOM oOpraHu3aluu JBWXCHHS. BenuuuHa Ipo-
MyCKHOW CIOCOOHOCTH ONPEACIIACTCS C MOMOIIbIO
AQHATMTUYECKOTO BHIPKEHUS
N, =Nt — €N —€,.N. —€,.N

nc' 'me nc' 'mc  Cmp' mp

_(SYCK _1) Nyex ~(&s —1)Nes, (1)

nap
Hall

l'[pI/I Hapa.]'IJ'ICJ'II)HOM rpa(pm(e JBWKCHHA I10C€370B,
n.n ,n_.n

mc’ mc’ mp’yck!

rac n — HaJIn4Has MIpOITyCKHas CITOCOOHOCTh

N — KOJMYECTBO MOE3/I0B, COOT-

BCETCTBCHHO, CKOPBIX MAaCCAXXUPCKUX, ITACCAKHP-
CKHX, IMPpUTOPOAHBIX, YKOPCHHBIX T'PYy30BbIX

CK
nc?

U COOPHBIX; €. ,€ ,€.,,E — KO3 PHULIHEHTHI

nc? “mp? ycx’gcﬁ
CheMa TPY30BBIX MOE3]I0B, COOTBETCTBEHHO, CKO-
PBIMH TTaCCaKUPCKUMH, NACCAKUPCKUMH, MPHUIO-
POIOHBIMH, YKOPEHHBIMU I'PY30BBIMH M COOPHBIMHU
MOe3JaMH.

HecmoTpst Ha nnuTenbHBIA TEpUOA MpPHUMEHe-
HUS BeIpakeHUs (1) I OIEHKU MPOIYCKHOH CITO-
COOHOCTH JKEJIE€3HBIX JIOPOT, OHO UMEET PSJ HEIO-
cTaTkoB. Bo-mepBriX, BenmuuuHa Kod(duimeHTon
CbE€Ma TIPY30BBIX IIOE3I0B MOE3AAMHU PaA3IHMYHBIX
KaTeropuii 3aBHCUT OT COOTHOIIEHHS CKOpPOCTEH
JBIDKEHHS 3TUX MOE3I0B, MApaMETPOB KeJIe3HOA0-
POXKHBIX JIMHUHA W B3aUMHOW IPOKIJIAJKHU MOE3I0B
Ha rpaduke. HeoOXoauMo OTMETHTH, YTO CyIIIe-
CTBYeT 0OJIBIIOE KOJHUYECTBO HAYUYHBIX padOT, CO-
JeprKalluX Ha OLEHKY BEJIMYMHBI KO3(duLueHTos
CheMa ISl Pa3IMYHBIX KaTeropuit moesmos [1, 7,
11], a Taroke ux coueranuit. OTHAKO POCT KOJIHUYE-
CTBa BapUaHTOB pacyera KOI(pQOHUIHMEHTOB CcheMa
MPUBOIUT K TOMY, YTO TPYHO3aTPaThl, CBSI3aHHbIC
C aHAJIUTUYECKUM PacueTOM MPOIYCKHOHW CHOCO0-
HOCTH JKEJIE3HOJIOPOKHBIX YYaCTKOB, MPUOIMKA-
IOTCSL K TpyZAo3aTpaTaM Ha ee rpaduieckoe ompe-
JeJiecHHe Ha OCHOBAaHUM IOCTPOEHHsI MaKCHMallb-
HBIX TpaUKOB JBIWXKEHUS. Bo-BTOpBIX, maxe
B IIpejieNiaX OJIHON KaTerOpHH MapaMeTphl MOe3/I0B
CYIIECTBEHHO OTiIM4aroTcs. Tak, moe3ga oTiauya-
FOTCSl MacCOM, YUCIIOM BaroHOB, TEXHUYECKUM CO-
CTOSTHHEM JIOKOMOTHBOB, YPOBHEM TIOATOTOBKH
JIOKOMOTHBHOHW Opuranst u ap. [9, 10]. Ykazanusie
(bakTOpHI MIPUBOAAT K TOMY, YTO CKOPOCTH JBHKE-
HUS pa3HbIX MOE3/]0B B IMOTOKE OTJIMYAIOTCS, YTO
TaKX€ BBI3bIBACT YMEHBILICHHE MPOIYCKHOH CIIO-
COOHOCTH.

Heobxogumo oTMETHTh, YTO B YKpauHe
VYKp3aJu3HBIIS SBISETCS OJHOBPEMEHHO M Ollepa-
TOPOM HMHQPACTPYKTYPHI, U €IMHCTBEHHBIM Mepe-
BO34HKOM. CTOMMOCTh €€ YCIIyT periJaMeHTHPYEeT
rocyIapcTBo. B 3THX yCIOBHSX pacueT MpOIyCK-
HOW CHOCOOHOCTHM BBINOJHSIOT B OCHOBHOM Ha
JTane MOCTPOeHHsA Tpaduka IBIKEHHUS IOE3]0B
C UeNbI0 OIEHKH JOCTATOYHOCTH WMEIOIIHXCS
TEXHUYECKUX CPEJICTB Ul OCBOCHHMS IJIAHOBBIX
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00bEMOB TIEpEBO30K. B ciywae HemocTaTka mpo-
MYCKHOM CIIOCOOHOCTH YKEJIe3HOA0POKHON HH(Ppa-
CTPYKTYpPbl B MPOLECCE BBINOJIHEHUS IEPEBO30K
JTUCIIETYEPCKUM ammapar HCMOIb3yeT pPa3IHMYHbIC
OpraHU3alMOHHBIC MEPOIPUITUS IJIS €€ YBeIude-
HUA, 4YTO, KAaK IpPaBWJIO, AOCTUTACTCS 3a CYET
YXYIOUIEHUs] [OKa3aTelied HCIONb30BaHUSA IO-
JBIYKHOTO COCTaBa, HO HE BBI3BIBAET IKOHOMUYE-
CKHX pPacyeTOB MEXKIY YYaCTHHKaMHU IE€PEBO30Y-
HOT'O IIpoLecca.

B Hacrosimiee BpemMsi OJHUM K3 OCHOBHBIX
HampaBleHUH peQOpMHUPOBAHUS OTPACITU IKEIIC3-
HOJOPOXKHBIX MEPEBO30K SIBISETCS pa3leicHUe
NEeSTeNFHOCTH T10 AKCIUTyaTaud HHQPACTPYKTYPHI
U BBINOJHEHUIO NEpeBO30K. B 3ToM ciydae Bbiie-
JIEHWE TPOITyCKHOW CIOCOOHOCTH SIBJISETCS YCITy-
rod, KOTOPYIO TpEAOoCTaBIsIeT omeparop uH(ppa-
CTPYKTYpPBI MEPEBO3YMKAM, YTO IMOBBIMIACT TPEOO-
BaHUsI K OICHKE MPOIYCKHOH CIIOCOOHOCTH, HC-
[0JIb3yEMOU MOE3JaMH PA3IUYHBIX IEPEBOIUUKOB.

[locne pedopmupoBaHusS (QYHKIHOHHPOBAHUE
JKEJIE3HBIX JIOPOr YKpauHbl OyIeT MPOUCXOIUTH B
YCIIOBUSIX, ONU3KHX K paboTe >KENE3HBIX IOpOT
EBpomeiickoro Coroza u CIIA, rae nHbpacTpyk-
Typy HUCIIONIB3YIOT pPa3HbIE IEPEBO3UUKH.

B EBpomneiickom Coroze peann3oBaHa MOJAEIb
BEPTUKAJIIBHOIO DPA3[CICHUs] PhIHKA KEJIE3HOIO0-
POXHBIX MEPEeBO30K. B 3TOi Mozenu NponycKkHyo
CIIOCOOHOCTH OTEepaToOphl MPEAOCTABIAIOT TEpe-
BO3UMKaM €€ KaK YCIYTYy >KEJIE3HOAOPOKHOH HH-
¢dpacTpyktypbl. Jlpyroifi 0COOCHHOCTBIO PaOOTHI
JKesne3Hex gopor EBpomeiickoro Corosza, xapax-
TEpPHOH Ui OONBIIMHCTBA TOCY/IapCTB — €r0 uJie-
HOB, SIBJsieTCS TpeobiamaHue MacCaKUPCKUX TIe-
PEBO30K M OpraHM3anys JABIKEHUS 0 paciuca-
HUIO KaK FPY30BbIX, TaK U MACCAKUPCKUX MTOE30B.

OCHOBHBIMM METOJaMH OLIEHKH IPOITyCKHOMN
CIIOCOOHOCTH KEJIE3HBIX JIOPOT TMPHU 3TOM SBJISIOT-
csl Mcnoib3yeMblii B Benukoopuranuu meron CUI
[15, 19], a Takxe paspaborannsiit MCXK]/] u mnpu-
usteiid 19 rocymapersamu mero UIC 406 [15, 16].
O6a meToa OCHOBBIBAIOTCS Ha CXKATHH pacIyca-
HUW, TpU KOTOPOM BBIMOJHIETCS MEPEHOC Nei-
CTBYIOIIUX HUTOK Tpaduka B MpeesaXx paccMar-
puBaeMoro BpeMeHHOTo uHTepBaia U TakuM oopa-
30M, YTOOBI MEXKITOE3THBIE MHTEPBAIBI OBLTH CO-
KpallEHbl 0 MUHUMAJIBHO JOMYCTUMBIX 3HAYCHUI.
Crernenp 3amoHEHUS TPOMYCKHOW CIIOCOOHOCTH
OTICHUBAIOT COOTHOIIICHUEM BPEMEHH 3aHATHS WH-

($pacTpyKTyphl IpU CKaToOM TpaduKe W MPOIOJI-
XKUTENbHOCTH MHTEpBana U.

IIpy moOBBIIEHUHM CTENEHU 3aroJIHEHHS IpO-
MyCKHOM CHOCOOHOCTH YCHUJIMBAETCsI BIUSHUE 3a-
JIEpKEK MOE37]0B OJJHUX NMEPEBO3UMKOB HA IMYHKTY-
JIBHOCTh IpadyiKa ABMKEHUS MTOE310B APYTHX Iie-
PEBO3YHMKOB, a TAKXE BJIMSHUE HA BEIMYMHY 3a-
JepKeK TMoe310B cO0eB, BBI3BAHHBIX OTKa3aMHU
3JIEMEHTOB HMHQPACTPYKTYphl U MEPONPUATHIMHU,
CBSI3aHHBIMM C €€ cojiepkaHueM. B 3Toil cBs3u
B CTpaHax, IJleé JBW)KEHHE BCEX IOE€3[I0B BBINOJI-
HAIOT MO0 PacHHUCAHUIO, 3HAYUTEIBbHOE KOIMYECTBO
HCCIIEI0BAHNUHN MOCBSIIEHO TOCTPOCHHIO TPauKOB
JIBIDKCHUsI, YCTOMUYMBBIX K momexam [13, 14],
a TaK)ke M3MEHEHHUIO PAaCIUCaHMs ABM)KEHUS 10e3-
7I0B B citydae cboes [18].

CpaBHEHHE MOAXOIOB K OLICHKE MPOIYCKHOH
CIOCOOHOCTH Ha JKeJIEe3HBIX J0porax YKpauHEI
u rocynapcts EC Beimonneno B [12]. Omnako
HEOO0XOIMMO OTMETHUTh IOIOJIHUTENBHYIO YEpTy,
OTJIMYAIOIIYI0 YCIOBHS PaOOTHI KEJIE3HBIX JOPOT
Ykpaunsl OT >kene3Hblx gopor rocynapcts EC,
KOTOpasi COCTOUT B TOM, YTO Ha JKEJE3HbIX JOPO-
rax EC opranuzoBaHo IBIKEHHE IOE3I0B IO pac-
MUCAHUIO OT CTAaHIUK (POPMUPOBAHUS IO CTAHIUH
pacopmupoBanusi. B 1o ke Bpems Ha oreue-
CTBEHHBIX JKEJIE3HBIX JIOPOrax IMPOIYCK I0E3/10B
[0 PACIUCaHUIO MPEHMYIIECTBEHHO paccMaTpH-
BalOT TOJBKO B Tpejesax OTAENbHBIX yYacTKOB
C LENbI0 ONTUMM3ALUU HCIOJIB30BAHUS JIOKOMO-
TUBOB. BBIXOJ Ha PBHIHOK HE3aBUCHMBIX I1E€PEBO3-
YUKOB NPUBEAET K HEOOXOIMMOCTH OpTraHM3aluU
MPOIyCKa UX IOE3/I0B Ha BCEM MapLIpyTe CJIEAO-
BaHUs 110 pacnucanuio [8]. B aToit cBsA3m Bo3HMKA-
€T 3aj1a4a OLIEHKH MPOIYCKHOH CIOCOOHOCTH Ke-
JIC3HOJOPOXKHBIX ~ HAIllpaBJIeHUH, YYWUTHIBAIOIIEH
B3aMMOCBSA3b  IPOLIECCOB, IMPOUCXOMAMIMX  Ha
y4acTKaxX U TEXHUYECKUX CTaHLUAX.

Ycnosus (yHKIIMOHUPOBAHUS JKEJIE3HBIX IOPOT
CIIIA uMeroT CyIECTBEHHBIE OTINYMUS OT YCIOBHI
pabotsl xene3nbix popor Eppomeiickoro Corosa.
XapakTepHO OCOOEHHOCTHIO JKETE3HBIX JIOPOT
CIIA sBisiercst mpeobnaiaHue TPy30BBIX MIEPEBO-
30K HaJ MaccaxupckuMmu. [Ipm 3ToM xene3Hono-
pokHash MHPPACTPYKTypa, KaK MpPaBUIIO0, MPHUHAMA-
JIE)KUT YaCTHBIM, BEPTHKAIBHO HHTETPHUPOBAHHBIM
JKEJIE3HOAOPOKHBIM KOMITAHUSAM, KOTOPBIE COJEp-
JKaT CeTh U OKa3bIBAIOT YCIYTH IO TIEPEBO3KE TPy-
30B. YUHTHIBas, 9TO OCHOBHOW I'PY30TIOTOK Kele3-
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HBIX JIOpOr (OPMHPYIOT MAaCCOBBIC TPY3bl, TO
HAaKOILUICHUE MOE3/I0B MPOUCXOAUT A0 JOCTHUKCHUS
VMU MaKCHMaJIbHOW MacChl WM JJTUHBI, a UX JIBH-
KEHHUE OCYIICCTBISACTCS 03 COOIIIOICHUS KECTKO-
ro pacnucanus. [Ipu 3TOM KOH(IUKTHBIC CHUTya-
MU pa3pelaeT OMepaTHBHO AWCIIETYEPCKUN Iep-
cora. IlepeBo3kn maccaxxupoB B CIIIA BwImONHS-
er kommannms AMTRAK, obecneunBaromias
nanbHee COOOIeHne, a TakkKe P KOMIAHHUHA, BbI-
TIOJTHSTOINX MECTHBIE W MPHUTOPOIHBIE MACCAKHUP-
ckue nepeBo3kd. OCOOCHHOCTBHIO MAaCCAXHUPCKHUX
nepeBo3ok B CIIA siBnsieTcst TO, 4TO, KaK IIPABUIIO,
WX BBIMONHSAIOT Ha HWHQPPACTPYKTYpPE TPY30BBIX
JKEJE3HbIX AOpor. B 3TUX yCHIOBUSX aKTyaJbHOM
SIBJISIETCSI 3a]laya MCCIIeNOBAHUS BIMSHUS HEOIHO-
POHOCTH TPAHCIIOPTHOTO IMTOTOKA HA PACXOJBI Ke-
JIE3HBIX JIOPOT, CBSI3aHHBIE C €r0 MPOITyCKOM IO
uHppacTpykrype. B kauectBe kputepus s
OILICHKH YPOBHS 3aIOJHEHHS MPOIYCKHON CIOC00-
HOCTH 3JIEMEHTa TPaHCIOPTHOH HH(PACTPYKTYPHI
WCTIONB3YIOT Pa3HUIy BPEMEHHU MPOCIEIOBAHUS
Moe3fia MpU JBIDKCHUHM B IMOTOKE IO CPaBHEHUIO
C YHCTHBIM BpPEMEHEM TIPOCIEIOBaHUS MOE3I0M
JAHHOTO 371eMeHTa. 11 OLEHKU MPOIyCKHOH CIOo-
cobonoctu B CLIA pa3paboTaH psiji SMIUPUIECKHX,
AHATUTUYECKAX M HMHTAIMOHHEIX Momeneit [17].
YunThIBas CIOXKHOCTH TPAHCIIOPTHOTO MpOIlecca,
HaJgu4he 3HAYUTEIHHOTO YHCIa B3aWMOCBS3EH
MEXIy OTICIBHBIMU TMOE37aMU B MOTOKE, OCHOB-
HBIM METOJIOM, NPUMEHSEMBIM I OLEHKU IPO-
IyCKHOM crmocoOHOCTH kene3Hbix jopor B CIIA,
SIBJISIETCSI METOJ] UMUTAIIOHHOTO MOJICITHPOBAHUSL.
OpauM U3 HanOoJee Y4acTO HCIONb3YeMBIX MpO-
TPaMMHBIX TIPOAYKTOB TIpU 3TOM siBisiercss Rail
Traffic Controller (RTC). IIporpamMmHBIH KOM-
mieke RTC Bkimovaer cieayromye OCHOBHbIE MO-
TTyJIH:

— MOIyJb (popMHpOBaHHS CITy4alHOrO paciu-
CaHUs JBUKCHUS TI0C3/I0B;

— MOJyJIb MOACITUPOBAHUS IBHKEHHUS TTOE37I0B;

— MOJyJb pa3pelnieHnss KOHQIMKTHBIX CHUTya-
UH.

Br16op odepemHOCTH MpoITycKa IOE3/I0B MPHU
3TOM OCYLIECTBJISIOT B COOTBETCTBUU C 3aJJaHHOM
CUCTEMO PUOPUTETOB.

YuuTeiBas TO, YTO TPY30BBIC JKEIC3HOIOPOK-
HbIE MEPEBO3KU B YKpauHE CBSI3aHbI B OCHOBHOM
C JIOCTaBKOW MAaCCOBBIX TPY30B, 3HAUUTEIHHYIO
JIOJTEO TPY30BEIX MOE37I0B KaK B HACTOSAIIEE BPEMsI,

TaK ¥ mocie peopMHUPOBaHHS OTPACIH OYAyT OT-
MpaBJATh 0e3 cOOMI0NEHUS )KECTKOTO PacIUCaHusl.
ITosTOMy XapakTep HCHIOIB30BAHUS IPOITYCKHOMN
CHOCOOHOCTH KeNEe3HOJOPOKHOM HHPPACTPYKTY-
pBl B YKpauHe OyJeT uMeTh Oosiblie o0MHX YepT
¢ paboroit xene3nsix qopor CIIA, geM skere3HbIX
nopor ctpad Eporeiickoro Coroza. B aTux ycmno-
BUSIX B KaueCTBE OCHOBHOTO METOJa OLEHKH IPO-
ITyCKHOW CITOCOOHOCTH JKEJIE3HBIX IOPOT IIENIeCo-
00pa3HO UCIIONF30BATh IMUTAITMOHHOE MOJIEIHPO-
BaHUeE.

[Ipobnembl MOAETUpPOBAaHUS IBIKEHHS TOE3-
JIOB MCCIIENYIOT B OOJIBIIOM KOJMYECTBE HAYUHBIX
paboT Kak B YKpaunHe, Tak U B APYTUX MTOCTCOBET-
CKUX TOCYapCTBaX, UMEIOIIUX CXOJHbIE C YKpau-
HOW MIPUHIIAIIEI OpTaHU3aINH JBMKEHUS TI0E3]I0B.

[To >kene3HOMOPOKHBIM IIYTSIM TIO€37a CIIEIy-
I0T He HE3aBUCHMO, a B moroke. [Ipu aTom cko-
POCTh JBWKEHHS OTAEIBHOTO TMOoe3[a SBISIETCS
CIy4yallHOM BEIMYMHOM, 3aBUCALIEH KaK OT €ro
mapaMeTpoB, Tak U OT MapamMeTpoB JBUKCHUS
cMexxHbIX moe3noB. B [10] ycraHoBieHO cyiie-
CTBOBAaHHE ONTHMAaJbHOW 3arpy3KH TEeperoHa Imo-
€3/1aMH, TIPEBBIIICHHE KOTOPOW MPHUBOJUT K Taje-
HUIO BEJTMYMHBI MPOMTYCKHOW CIIOCOOHOCTH.

B pabore [2] paccMoTpeHa 3amada TOCTPOSHUS
AMUTAIIMOHHOW MOJIENH Pa3BI3KH KEIE3HOTOPOK-
HBIX JIMHUM Ha TOAXO0A€ K cTaHluu. DyHKIMO-
HaJIbHAS MOJICNb Pa3BsI3Kd UMEET HepapXUvecKyro
CTPYKTYPY Y pa3zelieHa Ha TpH ypoBHs. Ha meTtay-
POBHE MOJIeb Pa3BS3KH PAacCMATPUBAIOT Kak
CMO, mnpenHazHaueHHYIO il OOCITYKHBaHUS
(mporycka) TTOTOKOB TO€3/I0B Ha MPUMBIKAIOIINX
nuHUAX. Ha mMakpoypoBHe B KadecTBe 3JIEMEHTOB
B MOJIEJTb Pa3Bs3KH BKJIFOUEHBI JIBE B3aUMOCBSI3aH-
Hble (PYHKIIMOHATIBLHBIE MOJIEITN: MOJIENb JBUKCHUS
IIOTOKA TI0E3/I0B U MOJEIh CUCTEMBI PEryJIHpOBa-
HUS JIBHOKEHUS TOE3JI0B W HMX TMPOIYCKa uepes
MYHKTHI TIepeceueHust (CUcTeMa aBTOOJIOKHUPOBKH
Ha TIEpPEerOHaX M JJIEKTPUYECKOW IEeHTpaIN3alnun
B MyHKTaxX IMepeceueHus/cnusaus). Ha wmwukpo-
YPOBHE OCYIIECTBIISIETCSI UMHUTAIIIOHHOE MOJIEIH-
pOBaHUE JBM)KEHUS OTAEIBHBIX TOE310B, KOTOPOE
peanu3oBaHO Ha OCHOBe peweHus audepeHu-
albHBIX ypaBHeHWil nBwkenus [2]. Cucrema
ynpasiieHus cBeTodopamu (HopMau3oBaHa C HC-
ITOJIb30BaHUEM KOHEYHBIX aBToMatoB. B [3] oTMme-
YEeHO, YTO JKEJIE3HOJIOPOXKHASI pa3Bs3Ka SBIISETCS
ynpasisiemoir CMO. IlosToMy s OLleHKH MOKa-
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3aTesiell paboThl Pa3BA3KH MPEAIOKEHO HUCTIONb30-
BaTh JIBa peXHMMa — aBTOMAaTHYECKHUH cO cIerua-
JIU3UPOBAHHBIM YIIPABIIOIUM aITOPUTMOM H HH-
TEepaKTUBHBIN, IJie MPUOPUTET MPOIYCKa IMOE310B
yepe3 pa3Bs3Ky YCTaHaBJIMBAET JIMIIO, BBITOJIHAIO-
niee MOIEINPOBaHME.

B [6] npencraBneHa MMHUTAlMOHHAs MOJEIb
paboThI HKEJIEe3HONOPOKHOTO HANpaBIICHHs, KOTO-
poe paccMaTpuBarOT KaK MHOTO(a3Hayr0, MHOTO-
KaHAJIbHYI0 CHCTEMY MAacCOBOIO OOCIYXHBAaHUS,
B KOTOpOH 00pabaThIBAIOT 3asBKM JABYX THIIOB —
MaccakHUpCcKue U rpy3oBele moesaa. [Ipu atom mac-
Ca)KMPCKHUE IMO0€3/1a UMEIOT IPHOPUTET Hak Ipy30-
BbIMU. Pa3paboTanHass Mozenb MO3BOJSIET OLEHU-
BaTh BpeMs MPOMYCKa MMOE3/I0B 10 YYacTKy B 3aBH-
CHUMOCTH OT CTPYKTYPBI O€30TOTOKA.

Takum 00pa3oMm, OCHOBHBIM METOAOM HCCIIE-
JIOBaHHA IPOLIECCOB JIBWKEHHS TOTOKOB I0OE3/10B
Ha KEJIE3HOJOPOKHBIX HAIPABICHUSAX WM OLEHKU
MPOITYCKHONH  CITOCOOHOCTH  KEJNEe3HOAOPOKHON
WHPPACTPYKTYPHI SIBISIETCS UMUTALMOHHOE MOJIe-
nupoBaHue. Pa3paboTaHHbie MOAETH TO3BOJISIOT
aJeKBaTHO MOJEIUPOBaTh CYLIECTBYIOLINE IIPO-
LECCHI JBW)KECHHS MTOTOKOB MOE3/I0B M ONPEIENATh
BEJIUYMHY JCHCTBUTEIBHON M HEOOXOIUMOMN TPO-
mycKHOU criocoOHOoCcTH. OMHAKO yKe B HACTOSIIEE
BpEMsI MPOLECCHl PECTPYKTYPH3ALMH Y Kp3alu3-
HBIIY IPUBEJIM K CO3JAHUI0 YKPAWHCKOW XKenes3-
HOJIOPOXKHOM CKOPOCTHOW KOMIIaHWH, KOTOPAs SB-
JIETCS IEPEBO3UMKOM MACCAXKHUPOB; TaKXKe CO3/1aH
LIEHTp TPAHCIOPTHOTO cepBuca «JIMCKW», OIHOMU
W3 LeJed KOTOpOro SIBJSETCS OpraHM3alus INepe-
BO30K T'PY30B B COCTaBE KOHTCHHEPHBIX NOE370B,
JIBWDKYIIMXCSL MO pacnucaHuro. [lanmpHeimee pe-
(dbopMHpOBaHUE PBIHKA KEJIE3HOJAOPOKHBIX Tepe-
BO30K IPHUBEAET K CO3/aHUIO0 HE3aBHCHMBIX Iepe-
BO3YMKOB I'PY30B H NTaCCAXHUPOB. B 3THX ycrnoBHX
BO3HHKAET MPOOJieMa pactpeiesieH sl TPOITyCKHOM
CIOCOOHOCTH JKEJIE3HOJIOPOKHON MH(PPACTYyKTYpHI
MEXIy NEepeBO3UYMKaMM, YTO TpeOyeT HcCienoBa-
HUS BOIIPOCOB HCIOJIB30BaHMs IPOIMYCKHOH CIIO-
COOHOCTH OTAENBHBIMU MOE€3/]JaMH U OLIEHKH BIIHS-
HUS OTIENbHBIX IOE€3[J0B Ha YCJIOBHS IpPOITyCcKa
JIPYTHUX MOE3/I0B.

KenesHogopoxxHOEe HampaBlIeHHE B MOZIETH
paccMaTpuBalOT KaK CIOXKHYIO, JMHAMHYECKYIO,
CTOXaCTHYECKYI0O U 3PraTHYECKyl0 CHUCTEMY Mac-
COBOT'O OOCITY)KHBaHHsI, COCTOSIIIYIO 3 MHOKECTBA
Pa3IMYHBIX 3JIEMEHTOB, KOTOPHIE B TpoIecce pa-

OOTBI BIMSIOT APYr Ha Apyra. Monenb (yHKIHO-
HUPOBAHUSL  KEJIC3HOJOPOXKHOTO  HAIpaBJICHUS
(M®H) nmomxHa oTpaxaTh Kak CTPYKTYpY, TaK
U B3aUMOJICUCTBHE OTICIBHBIX €€ 3JICMCHTOB.
B a70i1 cBsa3u M®H Bxirouaer:

— TI0E3HYI0 MOellb, B KOTOPOW IpelcTaBiie-
Hbl XapaKTEePUCTUKUA TIOE37[0B, CIIEAYIOIUX TI0
HaIpaBJICHUIO;

— MOJENTb JKeJIe3HOJOPOKHOW HH(PPACTPYKTY-
PBL, B KOTOPO# MpPEACTaBIEHBI JaHHBIE O T€OMET-
pUYECKUX TIapaMeTpax MEeperoHOB M CTaHIIUMH,
omnycaHa CHUCTEMa YOpPAaBIICHUS NBIKCHHEM II0€3-
JIOB Ha TIEPETOHAX U CTAHIIUAX, & TAKXKE COJepKaT-
Csl TaHHBIC O 3aHATHH TMOE3/IaMU ITyTe NMeperoHOB
U CTaHIIWM;

— MOJENb YIpaBleHHs] NBIDKEHHEM, KOTOpas
obecrniedurnBaeT BEIOOP MOPSAIKA 3aHITHS dJIEMEHTOB
HHPPACTPYKTYPHI OTJACTHHBIMHA MOC3JaMH;

— MH(QOPMAIIMOHHYIO MOJENIb, KOTOPYIO HC-
MIOJIB3YET BBIMONHSIONIEE MOAEITUPOBAHUE ITUIO
JUIST KOHTPOJISI TEKYIETO0 COCTOSIHUS KEJIe3HOMO-
POXHOTO HAIIPABJICHUA W NOAA4YU YIPABIIAIOLINX
KOMaH/I.

OtaenbHBI TMOE3] B MOJEIU IPENCTaBICH
CTPYKTYPOH JaHHBIX

tl'l z{nn’qn’mn’ fn’vn’kn’rn’sno’snﬂ7tn’pn’Tp’-|_c}l

rac nn — HOMCD 11oe3aa, qn' mn — COOTBETCTBCHHO
MacCa M YHMCJIO BAaroHOB B IIOC3/I€C, fn — THII JIOKO-
MOTHBa WJIX MOTOPBArOHHOI'O IMOABHKHOI'O COCTa-
Ba, Vn — CKOPOCTh ABWIXCHUA I10€3/14, kn — Ypo-
BCHb IPUOPUTECTA MPOITyCKa IM0e31a; rn — PECKUM

S . — COOTBETCTBCHHO HO-

o ' “1H

JBIDKCHHS O€37a; S
MEp CTaHUMHU OTIIPABJICHHs M Ha3HA4YCHUS I0€3]4;
t — BpeMs MOsABIEHUSA TIO€34a B MOJIEIH;

i

P, — KO3p(UIMEHT peanu3aliy MOITHOCTH JIOKO-

MOTHBA; Tp

T, — MaTpula 3HaYE€HUH BPEMEHH JIBHKEHMS I10-

— pacnucaHrue ABWKCHUA TI10€3/4,

€3/1a MeXAy CTAaHUUSIMU HaIPABIICHHUS.

IMapameTpsl  , M. U p, MOIEIUPYIOT Kak
CIy4JailHbICe BETWYMHBI C 3aJaHHBIMH 3aKOHAMH
pacrpeneneHusl.

Pacnicanue OBUKEHMS 1Oe3/ia 3a7aloT B BHUJE
BeKTOpa T, KXl 3JIEMEHT KOTOPOTO OIHCHI-

BAIOT CTPYKTYpOM:
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T, ={5.t,,t,,, F.}

IJIe S — CTaHIusA, Ha KOTOPOH MpeaycMaTpUBAIOT
OCTaHOBKa 1M0e371a; t, — MpeIyCMOTPEHHOE PacIH-
CaHHWEM BpeMsI OTIIPABJCHUS MOE31a CO CTAHIIUM;

tnp — MHUHHUMAaJIbHAaA MPOAOJKUTEIIBHOCTE IIPOCTOA

noesna Ha cTaHuuy; f, — mapameTpsl ciydaifHoi

BEIMYMHBl IPOJOIDKUTEIBHOCTH
00CITy>KUBaHHUS TI0€3/a Ha CTAHLIUH.

Mogens xKene3HOAOPOXKHOW HHQPACTPYKTYPEI
IpEeICTaBiIeHa ABYCBSI3HBIM CIHCKOM Ry snemen-
TOB HHQPACTPYKTYpHI Iy, [Ipu 3TOM Kaxablid sme-
MEHT CIIHCKa MPEJICTaBJIEeH CTPYKTYpOi

rn = {DI/I’ pn’nu}’

TEXHUYCCKOT'O

rre D

pl/l 1 nl/l
MEHTBI HHPPACTPYKTYPHI.

B xaudectBe 3nmeMeHTOB MH(PACTPYKTYpBI pac-
CMATPHUBAIOTCS TIEPETOHBI by W CTaHumu S, Npea-

— CIHMCOK IapaMeTpoB MHPACTPYKTYPHI;

u

— MNPEeALECTBYIOUMI U CIEOYIOIMM 3Je-

CTaBIIAIOIINE COOON MHOXKECTBA YYaCTKOB MyTeH
w. Ilpu 3TOM KaxAblii OTAENbHBIA MyTh Npea-
CTaBJISIETCS] CTPYKTYpOH

r.r

W:{nk’dk’l BK’ FK'VK’dn]'dHZ}'

X! IK’

rae N, — Homep myTH; 0, — HOMEp PesIbCOBOM Iie-

nu; |, i, — JUTMHA ¥ yKJIOH y4acTka myTu; I, I, —

paguycbl BEpPTUKalIbHOM KpHUBOM UM  KpPUBOH
B IUIaHE; V. — OIPaHUYEHUE CKOPOCTU ABMKCHUS;

d

Lenel ydyacTka yIoaJleHHUs.

ITeperonsl b, B Mopmenu HNpPeACTABISAIOTCS

d, — HOMepa mepBOHl M BTOPOH PEIILCOBBIX

nl?

CHMCKAMH Y4aCTKOB MyTei
b ={w;}.
CraHmum S; — 9TO MHOMKECTBA CTAHIMOHHBIX

nyreil D;, Kaxkaplii MX KOTOPBIX IpEACTaBIICH

CIIMCKOM YYacCTKOB ITyTeH, a Takke HoMepa Opuraz
MYHKTOB TEXHUYECKOTO OOCIYKUBAHUS PriToi

Sj:{bi’pHTOi}'

JInst MOJENUpPOBaHMs JIBMKEHUS OTAEIBHOIO
moe3aa MCojb3yT nuddepeHinaibHoe ypaBHe-
uue Broporo nopsimka S”= f(t,S,S"), B koTopom

B KauyecTBE HE3aBHCHMOW MEPEMEHHOW BBIOPaHO
Bpems t:
d’s
" ' -3
§"=—=g'(f.~w,—b,)-107,
dt
rae g'— YCKOpPEHHE CHIIBI TSDKECTH C y4eTOM
MHEpIMU Bpamaomuxcsa Macc; f — yznenpHas ka-
carellpHas CUJa TATM JIOKOMOTUBA; W, — obuiee

yIEIbHOE COMPOTHBICHHUE JABMKCHHUIO IMOE3/1a;
b, — yaenbHas TopMO3Has CHIIa O3/,

MonenupoBaare (GYHKIHOHUPOBAHHS IKEINe3-
HOJOPOKHOI'O HAaNpaBlICHUS OCYIIECTBIISIOT IO-
9TAIHO.

Ha nepBom 3Tane BBHINONHSIOT MOJEIUPOBAHUE
JIBIDKCHHUSA OJMHOYHBIX IOC3J0B M 3aITOJHSIOTCS
MaTpuIbl T, KaXIbIi 3JIEMEHT KOTOPBIX COOTBET-

CTBYCT MNPOAOJDKUTCIBHOCTH AOBHKXCHHA I10C300B
MEXIy CTaHLMSAMU C YY4ETOM 3aTpaT BPEeMEHH Ha
Pa3sroH U TOPMOXKECHHUE.

Ha BTOpOM 3Tame BBIMOJHSIOT COTJacOBaHUE
3aHATHS ~ JKEJIE3HOJNOPOXKHOM  MHQPACTPYKTYPHI
CTAaHUUU U MeperoHoB noeszgamu. [Ipoknaaky mo-
€3/10B Ha rpa)uke OCyLIECTBISIOT B MOPSIKE YBeE-
JUYEHHUs TapaMeTpoB K. .

OTnpaBieHne MOe3I0B Ha MEPETOH OCYIIECTB-
JIAIOT TPU BO3MOXKHOCTH OOECIICUCHUS JIOMYCTH-
MBIX WHTEPBAJIOB MEXIY TAHHBIM, a TAKXKe Ipell-
MIECTBYIOIIUMHY U TIOCTIEIYOIIIHMH TI0€3/1aMHU.

Kaxnmyio cTanmmio B MOJETH pPacCMaTPHUBAIOT
Kak JByX(a3HyH MHOI'OKaHAJIbHYI CHCTEMY Mac-
COBOTO OOCHY>XMBaHHUS C OTKa3aMH. Bxomsmiuit
Y UCXOMSIINN TOTOKU TPU 3TOM 00pa3yloT Mmoe3a,
NpUOBIBAIOIIAE HA CTAHIMIO U OTIPABJISIOIIMECS
¢ He€. AnmmapaTamu 0OCITy>)KUBaHUS B TIEPBOA (a3ze
spistoTest Opuragsl 11TO, Bo BTOpOil — meperos,
Ha KOTOPBII OTIIPABJISIOT MOE3].

[Ipu HEOOXOAMMOCTH OOCTYXKHUBaHHS TOE€3/a
Ha craniuu Opuranori IITO ero mpogomkuTens-
HOCTh MOJETUPYIOT KaK CIYYaiHyl0 BEIIMYUHY
B COOTBETCTBHH ¢ mapameTpamu f_ .

Ouepenp 00pa3syloT moesja, MpPOCTaUBarOLIUE
Ha CTaHIMOHHBIX MYTSIX B OKUAaHUHM 00CITyXKHBa-
Hus 6puranoii [1TO u orripaBiieHns Ha IEPETOH.

B kauecTBe OCHOBHBIX THIIOB TOE370B, 00pa-
LIAIOLIUXCS HA CETH, BEIOPaHBI:

— IaCCaKUPCKUE U IPY30BbIE 10€3/]a, KOTOPbIE
CJIEAYIOT 110 XKECTKOMY PaclUCaHHUIO;
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— IPYy30Bble I0€3/1a, KOTOpble CIEAyIOT 0€3 THYeCKOe OXKHIaHWUE MHTepBajia MEKAY | -M TOe3-
pacnucaHus JBUKCHHUS. JIOM U TIpeIpIIynmM; K — mapamerp OpiaHra.
Pacrnincanne ABWKEHUS MOE3I0B NIEPBOTO THIIA MareMaTryecKkoe 0’KMJaHUE UHTEpBaIa MEXIY

(GOopMHUpYET BBINONHAIONIEE MOJEIUPOBAHKE JIMIO.  [I0€3JaMHU Ha KaXKIOM IIare ONpeACIAIOT KaK:
MOMEHT MoCTyIUIeHHsI B MOJICTIb | -TO MOe3/a BTO-

poro tuma (i= 1...N,N — guci0 moe3mgoB BTOpo- M[At]= T, __tifl ,

'O THIIa) YCTAHABJINBAIOT KaK: N-1+1
t =t_, +At, rae T, — Iepuoj MOJEIUPOBAHHUSL.
1 - (I

ITocne pacuera 3HaueHuss At; s i-ro moeszia
rae t; ; — MOMEHT NOCTYIUIEHHs B MOAENb MPEbl-
BEIIMUYMHY MHTEPBaNa OKOHYATEIbHO KOPPEKTHPY-

min ) T W3 YCIOBHUSA BO3MOXHOCTH IOCTYIUICHHS
At; — cay4aliHBI MHTEpBAll BpEMEHH MEXIy HaH-  ocTaBmuxcs N —i moes3mos:

mymero moesga Broporo thma (t, =-—I

HBIM M TpenpayiuMm moezmamu; | .. — MUHH-

5 min At =min(At T, —t, —(N=i)l,.).
MaJIbHbIi MHTEpBA MOCTYIUIEHUS MOE310B B MO-
Ienb. Kpureprem a71s OLEHKH CTENEHH HCIOJIb30Ba-
Bennunny uaTepBana At HOCTYIUIEHHUS TIO€310B  HUSL IPOIYCKHON CIIOCOOHOCTH HAIPaBIEHHUS MO-
MOJEIHUPYIOT KaK: ’KeT OBITh CPEeHss MPOJOKUTEILHOCTD 3aAEPKKH
| M[AL] IPY30BOr0 MOE3/1a, CIEAYIOEro 0e3 pacuCcaHHs.

Ati* = MmHRj 1 IIpennoxenHass MOAENb pealn3oBaHa B BHIE
k i1 nporpammMel «I'paduk ABMKEHHS», TITaBHOE OKHO

KOTOPOW TIpeICTaBIeHO Ha puc. 1.
rae R; — ciydaiiHoe 4ncio, paBHOMEPHO pacrpe-

nenennoe B uHTepsane [0, 1]; M[At] — marema-

B Tpadux genxceHua: Yuactokl 120n.ltm o S

®aitn  Mogenmposanne  Ytunuter  Momowe

b || w]

I'Iueanaw Onucarie guacﬂ(a] Mporokan I'D
SFEIESHAEORD

Mpadie ws] 1

BOMEHOTORCK

TPMMMATRHO-BIATPARHS | L
TPHHMATEHO-BIATPABHA | 2
o [TPHAMATEHO-BIAIPABHA | 3
% TPMHMATEHO BIATIPARHA | 4 7
% TPHMMATEHO-BIIIPARBHS | 5 1»
.l'JZPIflI;Il\u‘IAJIbHOfBIJ]HPABHA é - |
FTRARTT A 00 O O 0 A5 2 [0
EPATALA T » g g T | [ e e | e e | e ||| e
4 !
« | v
N=120 noesaos [HYXT, 2018
Puc. 1. I'maBHOE 0kHO porpammsl «I paduK IBUKEHUSI
Fig. 1. Main window of the «Traffic Schedule» program
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WCcXOoMHbIMU  TaHHBIMU ISl MOJICTTUPOBAHUSI
CIy)KaT XapaKTEPUCTHKH JKEIIC3HOJOPOXKHON JTH-
HHU ¥ TI0TOKa M0e310B. Pe3ynabpratamu MOIenupo-
BaHUs SIBISIIOTCS TPaUKH CKOPOCTH IBHKCHHS
noe3noB V(S), pacxombl TOIUIMBA (AJIEKTPOIHEP-

TUH), BEIUYHHA PAOOTBI MEXaHMYECKHX CHI R

™M !
CHUJI CONPOTHUBJICHUA Rc U TOPMOXKCHUA RT oo

KaXIOMY TOe31y, TIpaduK ABWKEHHUS I0E370B,
a TaKKe MPOAOIDKUTEIBHOCTh WX ABIKEHUS IO
HarpaBJeHUI0. Pacuer mokaszaTteneil ocylecTBIeH
B COOTBETCTBUU C METOAMKOM, U3JI0KEHHOM B [4].
B kauectBe npumepa paccMOTpeHa ABYXIyTHas
KeJe3HomopokHas nuHus mnHOoN 120 kM, Ha KO-
TOPOH pacroyiokeHa oJlHa ydacTkoBast U 12 rpy3o-
BBIX M IIPOMEXYTOYHBIX cTaHIMi. Ha yuacTkoBoi
craanuu pabotarot nBe Opuranmel IITO, xoTOpbIe
BBITIOJTHSIOT TEXHUUYECKOE OOCIY)KUBAaHUE TpaH-
SUTHBIX T'PY30BBIX ITOC3/10B. Ilo pacimruCaHuiO BbI-
MONTHSAIOT TIpomyck 15 maccaxupckux u 4 Tpy3o-
BBIX 1M0e310B. [lJi1 OLEHKH BIHMSHUS CTEHECHU 3a-
MOJTHEHHUSI TPOITYCKHON CIIOCOOHOCTH y4acTKa Ha
YCIIOBHSL [JBWDKEHHS II0€3/10B BBIIIOJHEHA CEpPUs
MMHUTALHOHHBIX SKCIEPUMEHTOB C pa3pabOTaHHOM
MOJIeNIbI0. B pesynbraTe mosdydeHa 3aBHCUMOCTD
t,(N), xapakTepusyrommas JOMOTHUTEIBHBIE T10-

TEpU BPEMEHH IPU ABMKCHUU I0€37a B OTOKE 110
CPaBHEHHIO C YUCTHIM BPEMEHEM JIBHKECHUS 110€3-
na. YKa3aHHas 3aBUCHMOCTb IIPUBE/IEHA Ha puc. 2.

90
80

/
: /
: /

30 P—

20
10
0 T )

50 70 20 110 130

t o MUH

N. noezdos

Puc. 2. 3aBUCHUMOCTB AONOJHUTEIHLHOTO BPEMEHU
MIPY IBMKEHUH MTO€3/]a B IIOTOKE 110 CPaBHEHUIO
C YHCTHIM BpEMEHEM JBWKCHUS MOe3/1a
OT YKCJIa IT0e3710B

Fig. 2. The dependence of extra time when a train
moves in the flow compared to the net time of train
movement on the number of trains

Hayqnaﬂ HOBHU3HA U MPAKTHYCCKas
3HAYUMOCTDH

Hayunas HOBHM3HA pabOTHI COCTOWUT B TOM, HTO
B HEH MpeIoKEeHa YCOBEPIIICHCTBOBAHHASI UMUTA-
LUOHHAS MOJIENb >KEJIE3HOJOPOKHOIO HarpaBiie-
HUS, KOTOpasi OTpakaeT MpoIecc MpOIycKa Moe3-
OB IO yYacTKaM W depe3 IKeIe3HOJOPOKHBIC
CTaHIIMU U TO3BOJISCT OIICHUBAThH BIUSHUE CTEIIC-
HU HUCTIOJB30BAHMS IMPOITyCKHOW CIOCOOHOCTH Ha
MIPOJIOIDKUTEIHHOCTD JIBHKSHHS TTOE3/I0B.

[TomyueHnHsle B HeW pPE3yJbTAaThl MO3BOJISIFOT
OIICHUTH BIUSHUE TMOE3/I0B, CICAYIOIIUX IO pac-
MMMCaHWIO Ha YCIIOBHSI MPOITyCKa TIOE3I0B, CIIEY-
omuX 0e3 pacIucaHus JBUKCHUS.

BriBoabI

BeImosiHeHHBIE MCCIIEOBaHMS O3BOJISIOT Clie-
JaTh CIEIYIOIINE BBIBOIBI:

1. PeopMupoBanre pbIHKA IKEIE3HOIOPOK-
HBIX MEPEBO30K B YKpaWHE BBI3BIBACT HEOOXOMU-
MOCTh PacHpeNeNICHNs] MPOIMYCKHOH CHOCOOHOCTH
KENe3HOJOPOKHOM WHPPACTPYKTYphl MEXAy Iie-
PEBO3YMKAMH, YTO TpeOyeT MCCIEIOBaHUS BOMPO-
COB HCIIOJIb30BaHHS IIPOMYCKHOH CIIOCOOHOCTH
OT/CNBHBIMH TIO€3JaMH W OICHKH BIMSHHSA OT-
JENBHBIX IOE3/I0B Ha YCJIOBUSI MPOITyCKa IPYTux
MOE3/I0B.

2. IIpeioxeHHass MOJIENb HKEJIE3HOIOPOIKHOTO
HampabBJICHUA TIIO3BOJIACT HMMHUTHPOBATH MPOITYCK
MOTOKA I0€3/10B Pa3HbIX KaTeropHil depes xejes-
HOJZIOPOXKHbIE CTaHIMM M YYacTKH U OLICHWBATh
IPOAODKHUTECIIBHOCTh ABHUXXCHHUA B IIOTOKEC II0C3-
TI0B.
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IMITALITHA MOJIEJIB 1JI151 OLIHKU MPOIYCKHOI 3JATHOCTI
3AJIIBHULD

Meta. OCHOBHOIO METOIO CTATTi € BAOCKOHAJICHHS! IMiTalliifHOT MO/IeINi 3aJIi3HUYHOTO HANPSMKY JJIsl OLIIHKU BH-
KOPHUCTaHHS MPOIYCKHOT 3aTHOCTI OKpeMHMH moiznamu. Meroauka. Y poOOTI pO3IJISIHYTI IMUTaHHS OLIHKU IPO-
IMyCKHOT 3JaTHOCTI 3ami3HHULB YKpainu, €Bponetickkoro Cotosy, CIIA. BimzHaveno, mo pedopMyBaHHS PHUHKY
3aTI3HNYHUX MepEeBE3€Hb NPU3BEIE A0 3pOCTAHHS BUMOT JI0 SIKOCTI OIIHKH MPOITyCKHOI 3/IaTHOCTI, SIKY BUKOPHCTO-
BYIOTh TO{3/IM Pi3HHUX HEPEBI3HUKIB. SIK OCHOBHUH METOH AJISI OLIHKH MPOITYCKHOI 34aTHOCTI BUKOPUCTaHI METOIU
TATOBUX pPO3paxyHKIiB, oOprafizamii pyxy Ha 3alli3HHYHOMY TPAHCIOPTI W IMITamifHOTO MOJENIOBAHHS.
PesyasTaTn. Po3pobieHo imMiTaniifHy MoAeb 3a1i3HUYHOTO HAMPSIMKY, sIKa BimoOpakae K CTPYKTypy, Tak i B3ae-
MOJIiF0 OKpeMUX T eneMeHTiB. MoJenb MiCTUTh: MOI3HY MOJEb, MOJCIb 3ali3HHYHOI iHPPACTPYKTYpH, MOMACTH
YIpaBJIiHHS pPyXOM, iHpOpMaliiHy Mozeib. MojentoBaHHs QyHKI[IOHYBaHHS 3aJII3HUYHOTO HANPSMKY 31 CHIOIOTH
noetanHo. Ha mepuiomy erami npoBOJsTh MOJIENIOBAHHS PyXy OJMHOYHMX NO131iB. Ha npyromy erami BUKOHYIOTh
Y3TO/DKEHHST 3aMHATOCTI 3ai3HUYHOI iH(pacTPyKTypH CTaHLiH 1 meperoHiB moinamu. BinnpasneHHs moi3aiB Ha
neperiH 3IMCHIOITh 32 MOXIIMBOCTI 3a0e3Me4YeHHs] JOINYCTUMHX IHTEPBAJIB MK JaHHUM, a TaKOX IOTEPeIHIMU
W HAaCTYIHUMM TOi3gaMu; po3poOieHa Mojenb peaiizoBaHa y Burisiai nporpamu  «I'padix  pyxy».
HaykoBa HOBH3HA POOOTH IOJIATAE B TOMY, IO B Hilf 3aIIPOIIOHOBAHO BIOCKOHAJICHY iMITAIliifHY MOJIENb 3alli3HU-
YHOTO HAampsAMKy, sSKa BigoOpakae TMpolec MPOIYCKy IOI3AIB IO MJiNSHKAX 1 dYepe3 3ali3HUYHI CTaHIIL
W JI03BOJISIE OLIHIOBATH BIUIMB CTYNEHS BHKOPUCTAHHS NPOIYCKHOI 3/aTHOCTI Ha TPUBAIICT PyXy MOi3IiB.
IIpakTuuna 3HayuMicTh. OTprMaHi B poOOTI pe3ysbTaTH J03BOJSIOTH OL[IHUTH BIUIMB MOI3/IB, 10 MPSIMYIOThH 3a
PO3KJIaJI0M, Ha YMOBH HPOITYCKY MOi3/iB, 10 NPSMYIOTh 0€3 PO3KIIaLy pyxy.

Kurouesi cnosa: 3amizHUAHUI TpaHCHIOPT; Tpadik pyxXy; MPOITyCKHA 3aTHICTh; IMiTaI[iifHe MOJICITIOBaHHS

V. 1. BOBROVSKYI¥, R. G. KOROBYOVAZ, V. 0. BALANOV*

"Dep. «Transport Nodes», Dnipropetrovsk National University named after Academican V. Lazaryan, Lazaryan St., 2, Dnipro,
Ukraine, 49010, tel. +38 (068) 444 63 95, e-mail 1973bvi@gmail.com, ORCID 0000-0001-8622-2920

ZDep. «Operation Management», Dnipropetrovsk National University named after Academican V. Lazaryan, Lazaryan St., 2,
Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 70, e-mail rgkorobyova@outlook.com, ORCID 0000-0002-6424-1079

¥ Dep. «Operation Management», Dnipropetrovsk National University named after Academican V. Lazaryan, Lazaryan St., 2,
Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 70, e-mail vobalanov@gmail.com, ORCID 0000-0002-6137-3420

SIMUALTION MODEL FOR EVALUATING THE CARRYING
CAPACITY OF RAILWAYS

Purpose. The main purpose of the article is to improve the simulation model of railway direction to evaluate the
use of carrying capacity by separate trains. Methodology. The paper deals with the evaluation of the carrying capa-
city of railways used at the railways of Ukraine, the European Union, and the USA. It is noted that the reform of the
railway transportation market will cause an increase in the quality requirements for the evaluation of the carrying
capacity used by trains of various carriers. As the main method for evaluating the carrying capacity in the work, the
methods of traction calculations, the organization of movement at railway transport and simulation modeling were

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154819 © B. U. bobposckwii, P. I'. Kopobsesa, B. O. bananos, 2018

25


http://creativecommons.org/licenses/by/4.0/
mailto:1973bvi@gmail.com
mailto:vobalanov@gmail.com
mailto:1973bvi@gmail.com
mailto:vobalanov@gmail.com

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J[HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcmnopty, 2018, Ne 6 (78)

ABTOMATH30BAHI CUCTEMMU YIIPABJIIHHA HA TPAHCIIOPTI

used. Findings. The authors developed a simulation model of the railway direction, which reflects both the structure
and the interaction of its individual elements. The model includes train model, model of railway infrastructure, mo-
del of traffic management, information model. Simulation of the direction functioning is carried out by stages. At
the first stage, the movement simulation of single trains is performed. At the second stage, occupation coordination
of the railway infrastructure of stations and runs by trains is carried out. Departure of trains to the run is carried out
with the possibility of ensuring the permissible intervals between the data, as well as the previous and subsequent
trains, the developed model is implemented in the form of the «Traffic Schedule» program. Originality of the work
lies in the fact that it proposes an improved simulation model of the railway direction, which reflects the process of
trains passing through the sections and railway stations and makes it possible to evaluate the influence of the carry-
ing capacity use degree on the train movement duration. Practical value. The results obtained in this work allow us
to estimate the influence of trains that run according to schedule on the conditions for passing the trains that run
without schedule.
Keywords: railway transport; time-schedule; carrying capacity; simulation modeling
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ANTI-TERROR ENGINEERING IN THE CASE OF POSSIBLE
TERRORIST ATTACKS WITH CHEMICAL AGENTS

Purpose. This work aims to develop a method of local outdoor reduction of the concentration of a chemically
hazardous substance, which entered the atmosphere through a cafe roof vent. It also involves the creation of a nu-
merical model for calculating the chemical contamination zone that allows assessing the effectiveness of the screens
used to minimize its level. Methodology. To solve this problem, we used the velocity potential equation that al-
lowed to determine the air flow velocity field, and the equation of convective diffusion dispersion of a chemically
hazardous agent in the atmospheric air emitted through the ventilation system in case of a terrorist attack. The simu-
lation took into account the uneven velocity field of the wind flow, atmospheric diffusion, emission rate of a chemi-
cally hazardous agent. In the numerical integration of the velocity potential equation, we used the Liebmann meth-
od. For the numerical solution of the equation of convective diffusion dispersion of the impurity, an implicit alter-
nate-triangular difference splitting scheme was used. Findings. The developed numerical model allowed assessing
the effectiveness of building screens used to reduce the concentration of a hazardous substance and minimize the
risk of toxic damage to people outdoor during an initiated emission of a chemical agent. The constructed numerical
model can be implemented on computers of low and medium power, which allows it to be widely used for solving
problems of the class under consideration when developing an anti-terror engineering strategy. Originality. An ef-
fective numerical model for calculating the outdoor chemical contamination zone during a possible terrorist attack
using a chemical (biological) agent has been proposed. The model can also be applied to assess the effectiveness of
some protective measures aimed at reducing the air pollution level during a terrorist attack. Practical value. The
developed numerical model can be used to organize protective actions near social objects of a possible chemical
attack by a terrorist.

Keywords: terrorist attack; chemical air pollution of the atmosphere; anti-terror engineering; numerical simula-
tion

be its discharge into the ventilation system of vari-
Introduction ous cafes, which are located in city streets (Fig. 1).
Emission of polluted air from the ventilation sys-
tem of a cafe is usually carried out on the roof.
Scientifically, it is the emission from a low source.

Acts of terrorism with the use of chemical (bio-
logical) agents in the streets of cities are not
a groundless threat. One of the variants to emit
a hazardous chemical agent into the atmosphere,
which is sufficiently hidden from an observer, can
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Fig. 1. Scheme of outdoor chemical air contamination
at initiated entry of hazardous substances in
a cafe ventilation system;
1 — process equipment; 2 — place of hazardous

substance entry into the ventilation system,;
3 — polluted air discharging device on the cafe roof;

4 — outdoor chemical contamination zone;
5 — initiator of hazardous substance discharge into

the ventilation system; 6 — cafe building

With such an emission of a chemical agent
through a ventilation system, a sufficiently large
area of chemical contamination can form behind
the building. For example, Fig. 2 shows a photo of
the contamination zone near the mini-cafe. Emis-
sion is combustion process products from the
kitchen. It is clearly seen that the pollution zone
covers not only the sidewalk, but also part of the
roadway. If people get into this chemical contami-
nation zone, the risk of their toxication is extreme-
ly high. We emphasize that people will definitely
fall into the contamination zone, because cafes are
public places. In addition, such a scenario of a ter-
rorist attack ensures unexpectedness and secrecy.
In this regard, the question arises about the devel-
opment of engineering methods to protect people
from damage by reducing the concentration of
a hazardous substance in the street during a possi-
ble terrorist attack.

The theoretical solution to this problem is quite
complicated. When emitting a chemical agent from
a low source, it is necessary, first, to take into
account the influence of the building on the
formation of the chemical contamination zone.
Secondly, it is important that the mathematical
model would also make it possible to calculate the
effectiveness of the use of specific engineering
solutions to reduce the intensity of chemical
contamination of the air environment near the
facility. To estimate the level of air pollution in case
of a possible terrorist act, for example, Gaussian

Fig. 2. Air contamination zone near the cafe:
1 — polluted air discharging device on the cafe roof;
2 — visible boundary of the contamination zone
(Heroev Avenue, Dnipro)

models can be used as a zero approximation. But
these models do not allow to take into account the
influence of the building and various engineering
elements on the formation of chemical
contamination zones, that is, they cannot be used to
assess the effectiveness of various anti-terror
methods. The normative methods used in Ukraine
for solving problems of assessing the size of
chemical contamination zones (for example, the
OND-86 technique), for this reason, also cannot be
applied. The only theoretical method for solving
problems of this class is CFD modeling. Within
this scientific direction, specialized software
packages «ANSYS Fluent», «FAST», etc. have
been created. These packages are a powerful tool
for solving a wide class of problems. It should be
noted that the cost of licensed packages for
research is very high, so access to such packages is
limited. It is also known that the use of these
packages requires the use of powerful computers
and large consumption of computer time when
solving a practical problem — several days to
calculate one variant of the problem. This is
a definite obstacle, as the organizations of a special
focus conduct numerous serial calculations.

Purpose

This work aims to develop a method of local
outdoor reduction of the concentration of a chemi-
cally hazardous substance, which entered the at-
mosphere through a cafe roof vent. It also involves
the creation of a numerical model for evaluating
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the effectiveness of engineering methods for air
contamination protection during a terrorist attack
with a highly toxic chemical agent.

Methodology

The process of dispersing a highly toxic chemi-
cal agent outdoor can be described on the basis of
the following equation (profile task) [2-5, 7, 8]:

oC ouC ovC
—+—+—+0C=
ot ox oy
_i( %}2 €,
o anx oy Hyay

+QB(x—%5)8(y—¥o), (1)

where C — average concentration of chemical (bi-
ological) agent in outdoor air; o — coefficient tak-
ing into account the agent decomposition in the
atmosphere; u, v — components of the air flow

velocity vector; },tz(ux, uy) — coefficients of at-

mospheric turbulent diffusion; Q — agent emission
intensity during the terrorist attack;
8(x—%,)(y—Y,) — Dirac delta function; x,, y, —

agent emission source coordinates during the ter-
rorist attack; t — time.

The boundary conditions for equation (2) are
written as [3]: at t=0, C=0. At the boundaries
where the air flow enters the calculation area,
C=C,,, here C,, is the known value. We assume
that C;, =0. In the area where the air flow exits
the computational domain, in the numerical model
we set a «soft» boundary condition of the form:

G G here G, is the pollutant

i+1,j — vi, ) i+1, ]
concentration in the boundary (last) cell.

Aerodynamics model. To apply equation (1)
in the case of dispersion of a chemical (biological)
agent in the presence of a building, it is necessary
to know the uneven velocity field of the wind flow.
To determine the wind flow velocity field
u="f(x,y), v="1(x, y), we will use the ideal fluid
irrotational flow model [5]:

o’°P %P
—_— =
X2 8y2

where P — velocity potential.

0, (2)

The components of the air flow velocity vector
are determined by the dependence of the form:

oP oP
U=—, V=—.
oy

OX
For equation (2) there are such boundary condi-
tions:

3)

— on solid boundaries we set the condition
of the form:
oP

- :O,
on

where n — unit outer normal vector to the bounda-
ry;

— on the boundary of the airflow exit from the
computational domain, we set the boundary condi-
tion P = const;

— on the boundaries where the inflow of air oc-
curs, we set the boundary condition of the form:

Z—P =V, where V — the known wind flow velocity.
n

Numerical solution to the task. For the nu-
merical integration of the modeling equations we
will use finite-difference solution methods.

We will carry out the approximation of deriva-
tives, following [2, 5]. Approximation of the time
derivative is carried out as follows:

oC CIJ n+l C” n
ot At

The first derivatives are approximated by co-
relations [5]:

ouC _ou'C L uC

OX OX OX
8VC:6'V+C+8V_C
oy oy oy
where
Lo UHul ou=u v o vl
ut = U= V= Vo= —1
2 2 2 2

For approximation of the first derivatives, we
use the formulas [2, 5]:

+~ N+l
—Uu;C;

+ n+l
iCij -1,] _ L+Cn+l.
X 1

8u*C - ui+1,j ij
OoX

AX
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~ ) d 1 Y :L;Cn+ 1 —YJ z +—(L;C +L;/C )+_CI,] =
OX AX At 2 4
+ + n+l +~n+l
v'C VijaCij  —VaGija _LreM :l(MX—XCk +M1Ce+ M;ka +M,,C° ) (6)
oy Ay o 4
_ - n+1 —~ N+l H - 3 . 1
N C VijuGijn— V4G _ ¢ — in the third step (k:n+z,c:n+§) we
oy Ay ’ apply the dependence (6);

For approximation of the second derivatives,
we use the dependencies [5]:

i (u @) ~ U Cirz'lj _ Cini+l —u Cianrl B Cin_zli _
aX X aX x AXZ X AXZ

= M;x cmly M;—x Cn+l,
i(u %) ~ H Clrx];r-::-l - Cinrl _ u Cinrl - Clr:ljil _
ay ! ay y AXZ y AXZ

=M, cM 4 M;y cnl

Taking into account the above designations of dif-
ference operators, we write the difference analogue
of equation (1):

C_r_H—l _ Cn
i E— = LrLc™+Le™+ L+yC"+1+

+L,C™ +oCj* =

=(M,C"™ + L, C™ + L C™ + L, C™) +
+Qij8ij' 4)
We perform the splitting of the difference equa-

tion (4). The splitting equations at each step are
written as follows:

— inthe first step (k = n+%):

C_m_—k_C_n_ 1 c
ij ij +~k +~k k _
- +§(LXC +L,C )+Zci,j_

1, . _ 4 _
:Z(MXXCK +M,C"+ M C* + M, C"), (5)

— in the second step (k:n+%;c:n+%):

— in the fourth step (k=n+1;c=n+%) we

use the dependence (5).

The desired value of the function C at each
fractional step (5), (6) is determined by the point-
to-point computation formula.

In the last step, we solve the equation:

oC
'l =Q3(X —X%)8(Y — ¥p) -

To solve this equation, the Euler method is used.

For the numerical solution of equation (2), we
use the Liebmann method. The approximate equa-
tion for the velocity potential in this case is written
in the form:

i+1 i~ 2B +PR 4 _0
AX? '

Ay?

The value of the velocity potential PB; is calcu-

lated in the centers of the difference cells by the
formula:

{Piﬂ,j - Pi—l,j I:)i,j+1 - Pi,i—l}
P —

AX?
ij — A y

2,2
AXZ T AY? )

For the software implementation of the con-
structed numerical model, we used FORTRAN.

where A= (

Findings

The developed CFD model was used to solve
the following model problem. We consider the
emission of highly toxic chemical agent through
the ventilation system, the outlet of which is locat-
ed on the cafe roof. The scetch of the computation-
al domain is shown in Fig.3.
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It is necessary to evaluate the effectiveness of
the used screens to minimize the air contamination
level near the cafe.

The air contamination zone near the cafe for
each working scenario is shown in Fig. 6-8.

Y

SIS

Fig. 3. Sketch of emission of a chemical agent
on the cafe roof (no protection element):
1 —cafe building; 2 — point of chemical
agent emission

To minimize the air contamination level near
the cafe, as an anti-terrorist method, we use the
installation of a vertical (Fig. 4) or inclined screen
(Fig. 6) on the roof.

T777777777777777777777777

Fig. 4. Sketch of computational region (vertical screen

on the café roof is a protection measure, scenario Ne2):

1 — café building; 2 — point of high toxic chemical emission;
3 — vertical screen

SIS

Fig. 5. Sketch of computational region (inclined screen
on the café roof is a protection measure, scenario Ne3):
1 — café building; 2 — point of high toxic chemical
emission; 3 —inclined screen

0

Fig. 6. Isolines of toxic chemical concentration
near café building (no protection measures
are used, scenario Nel)

1

X

Fig. 7. Isolines of toxic chemical concentration near
café building (vertical screen on the roof is a protection

0

measure, scenario Ne2):
1 — vertical screen

X

Fig. 8. Isolines of toxic chemical concentration near

café building (inclined screen on the roof is
a protection measure, scenario Ne3)
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Fig. 8 shows that the use of the inclined screen
makes it possible to take a stream of contaminated
air away from the cafe. For a more detailed analy-
sis of the effectiveness of the used screens, the Ta-

ble 1 shows the concentration of the contaminant at
different distances from the building, the level of
1.7 m — the height of a person for all the scenarios
under consideration.

Table 1

Dimensionless concentration of toxic chemical
at different distance from the cafe building

Distance
fromfghe Concentration, Concentration, Concentration,
cate scenario # 1 scenario # 2 scenario #3
building,
m
25m 1.26 0.98 0.78
45m 1.16 0.93 0.75
55m 1.12 0.91 0.74
95m 1.02 0.86 0.70
11.5m 0.98 0.83 0.68

As can be seen from the Table 1, the use of
screens on the building roof allows to reduce the
concentration of a chemically hazardous substance
outdoor and thereby minimize the risk of toxic
damage to people during the terrorist attack. Obvi-
ously, for the case under consideration, it is more
effective to use the inclined screen (scenario
No. 3).

It should be noted that the task solution time is
about 5 seconds.

Originality and practical value

The numerical model has been developed that
allows to determine the effectiveness of engineering
methods for minimizing the outdoor air contamina-
tion level in the event of an initiated (terrorist at-
tack) pollution with a highly toxic chemical agent.

The distinctive feature of the constructed model
is the use of the equation of convective-diffusive
dispersion of a chemical agent together with the
equation for calculating the wind flow velocity
field near the building (potential flow model).

Computer time spent on the implementation of the
developed numerical model is a few seconds.

Studies conducted on the basis of numerical
simulation have shown that the use of screens on
the roof of a building can reduce the air contamina-
tion level in a certain area near the building.

Conclusions

The numerical model has been developed for
assessing the air contamination level near the
building in the event of the chemical agent emis-
sion on its roof. The model makes it possible to
assess the effect of screens on the protection of
atmospheric air against contamination during such
an emission. The basis for solving the problem is
numerical simulation based on the equations de-
scribing the dispersion of impurities and aerody-
namics.

Further improvement of this approach should
be carried out in the direction of developing
a three-dimensional numerical model focused on
solving the tasks of this class.

LIST OF REFERENCE LINKS

1. Anpvos, B. T. TexHoreHHbII pucK. AHalM3 U OlleHKa : y4uel. mocobue s By3oB / B. T. Aneivos, H. I1. Ta-

pacoBa. — Mocksa : Akagemknura, 2004. — 118 c.

2.  benses, H. H. 3amura 31a0uii 0T NPOHUKHOBEHMSI B HUX ONAcHBIX BemiecTs : MoHorpadus / H. H. Benses,
E. IO. I'ynbko, H. B. Poctounno. — JInenponerposck : Akuent I1I1, 2014. — 136 c.

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154034

© M. M. Biliaiev, O. V. Berlov, I. V. Kalashnikov, V. A. Kozachyna, 2018

33


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancrnopty. BicHuk J{HIIponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcmnopty, 2018, Ne 6 (78)

EKOJIOI'I HA TPAHCIIOPTI

10.

11.

12.

13.

14.

Mapuyk, I'. M. MaTtematuueckoe MOJAEIMpPOBaHUE B mpoOieme okpyxkaromeid cpexsl / I'. U. Mapuyk. —
Mocksa : Hayka, 1982. — 320 c.

OreHKa TEXHOTEHHOTO PHCKA TIPH SMHCCHH OIIACHBIX BEIIECTB Ha jkelne3HomopokHoM TpaHcmopte / H. H. be-
nses, E. 0. I'yapko, I1. C. Kupnuenxo, JI. . MynTsan. — Kpusoit Por : P. A. Kosznos, 2017. — 127 c.
UunciieHHOE MOZETHPOBAHUE PACIPOCTPAHEHMS 3arps3HEHHS B OKpyxatomieid cpeme / M. 3. 3rypoBckuii,
B. B. Cxoneuxkunit, B. K. Xpym, H. H. bensies. — Kues : Hayk. nymka, 1997. — 368 c.

Barret, A. M. Mathematical Modeling and Decision Analysis for Terrorism Defense: Assessing Chlorine
Truck Attack Consequence and Countermeasure Cost Effectiveness : Degree of Doctor of Philosophy / Antho-
ny Michael Barret ; Carnegie Mellon University. — Pittsburg, Pennsylvania, 2009. — 123 p.

Berlov, O. V. Atmosphere protection in case of emergency during transportation of dangerous cargo /
O. V. Berlov // Hayka ta mporpec tpancmopty. — 2016. — Ne 1 (61). — C. 48-54. doi: 10.15802/stp2016/60953
Biliaiev, M. M. Numerical Simulation of Indoor Air Pollution and Atmosphere Pollution for Regions Having
Complex Topography / M. M. Biliaiev, M. M. Kharytonov // NATO Science for Peace and Security. Series C:
Environmental Security. — Dordrecht, 2012. — P. 87-91. doi: 10.1007/978-94-007-1359-8 15

CEFIC Guidance on safety Risk Assessment for Chemical Transport Operations [Dmexrponnstii pecypc] //
Croner-i. — Pexxum moctyna: https://app.croneri.co.uk/news/cefic-guidance-safety-risk-assessment-chemical-
transport-operations?product=139 — 3aru. ¢ skpana. — [Iposepeno : 29.01.2018.

Development of advanced mathematical predictive models for assessing damage avoided accidents on poten-
tially-dangerous sea-based energy facility / Aleksandr Tumanov, Vasily Gumenyuk, Vladimir Tumanov // 10P
Conf. Series: Earth and Environmental Science. - 2017. — Vol. 90.
doi: 10.1088/1755-1315/90/1/012027

Effect of barriers on the status of atmospheric pollution by mathematical modeling / Zahra Naserzadeh, Fa-
riden Atabi, Faramarz Moattar, Naser Moharram Nejad // Bioscience Biotechnology Research Communica-
tion. — 2017. — Vol. 10 (1). — P. 192-204.

Multi-Objective Optimization Model of Emergency Organization Allocation for Sustainable Disaster Supply
Chain / Cejun Cao, Congdong Li, Qin Yang, Fanshun Zhang // Sustainability. — 2017. — Vol. 9. — Iss. 11.
doi: 10.3390/su9112103

Protective Action Criteria. A Review of Their Derivation, Use, Advantages and Limitations [DnexTpoHHbIi
pecype] /I Environmental Public Health Science Unit, Health Protection Branch, Public Health and Compli-
ance  Division, Alberta Health. - Edmonton, Alberta, 2017. - Pexum pgocryna:
http://open.alberta.ca/publications/9781460131213 — 3arn. ¢ skpana. — [Iposepero : 14.06.2018.

The analysis of the use of mathematical modeling for emergency planning purposes / Ondrej Zavila, Pavel
Dobes, Jakub Dlabka, Jan Bitta // The Science for Population Protection. — 2015. — No. 2.

M. M. BUIIEBY", O. B. BEPJIOB?, 1. B. KAJIAIIIHIKOB®*", B. A. KO3AUMHA*

Kag. «igpasiika Ta BOAONOCTa4aHHs», J[HINIPONETPOBCHKUIT HALIIOHALHUI YHIBEPCUTET 3JII3HUYHOTO TPAHCIIOPTY iMEHi
akaznemika B. Jlazapsna, Byn. Jlazapsina, 2, [lainpo, Ykpaina, 49010, ten. +38 (056) 273 15 09,

en. moita water.supply.treatment@gmail.com, ORCID 0000-0002-1531-7882

ZKad. «bes3neka ;KUTTEAISILHOCTIY, JlepkaBHuil BUIIUH HaBYaIbHUH 3aknaz «[IpuaIHIIpOBChKA JepKaBHA aKaeMis OyIiBHMII-
TBa Ta apXiTEeKTypu», Byl YepHumeBcskoro, 24 a, /Ininpo, Ykpaina, 49600, Ten. +38 (056) 756 34 57,

en. motrra berlov@mail.pgasa.dp.ua, ORCID 0000-0002-7442-0548

3 JITT «JIpOeKTHO-BUINYKYBaJIbHUI IHCTUTYT 3ali3HUYHOrO TPAHCIOPTY YKpaiHu «YKp3alli3HUUNpPOEKT», ByJ1. KoHapesa, 7,
XapkiB, Ykpaina, 61052, ten. +38 (057) 724 41 25, en. nowra uzp38@ukr.net, ORCID 0000-0002-2814-380X

#Kad. «igpasika Ta BOAONOCTauaHHs», JIHINPONETPOBCHKUI HALIOHAIBHUY YHIBEPCUTET 3aTi3HUYHOTO TPAHCIIOPTY IMEH]
akaznemika B. Jlazapsna, Byn. Jlazapsina, 2, JIninpo, Ykpaina, 49010, ten. +38 (056) 273 15 09,

eit. mourra V.kozachyna@gmail.com, ORCID 0000-0002-6894-5532

AHTUTEPOPUCTUYHUI THXKUHIPUHT ITPU MOXKJIUBOMY
TEPAKTI 3 BUKOPUCTAHHSAM XIMIYHOTI'O ATEHTA HA BYJINLI

Meta. [lana po6ota mepembdadae po3poOKy METOAY JIOKATHHOTO 3HW)KCHHS Ha BYJIMII KOHIIEHTpAIii XiMi4HO

Hebe3meyHo1 pevoBHHH, sIKa Halifma B aTMocdepy depe3 BEeHTWIALIHHUA BUKHI Ha Jaxy Kade, a TakoX CTBO-
PEHHS YHCETHHOT MOJIENI I PO3paxyHKY 30HH XiMI9HOTO 3apa)XCHHS, sIKa JO3BOJISE OLIHUTH €()eKTUBHICTH 3aCTO-
CyBaHHS €KpaHiB, 1110 MiHIMI3yIOTh oro piBeHb. MeToauka. [{J11 BUPIIIEHHS IOCTABIEHOT0 3aBJaHHs BUKOPHCTAHO
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PIBHSIHHSI JIJIsI OTEHIIATY MIBUAKOCTI, Ha 0a3i IKOT0 BU3HAYEHO I10JI€ IIBHJIKOCTI HOBITPSHOTO IOTOKY, i PIBHSHHS
KOHBEKTHUBHO-IH(Y31HHOrO pO3CIIOBaHHS XiMIYHO HeOE3IEeYHOro areHTa B aTMOC(EpPHOMY IMOBITPi, BUKHHYTOTO
B pa3si TepakTy depe3 cucteMy BeHTWIALII. [Ipn MomenroBanHI Oy BpaxoBaHi HEpiBHOMIpHE TI0OJIE MIBUIKOCTI BIiT-
pOBOTO TOTOKY, aTMocdepHa anudys3is, iIHTCHCHBHICTh BHKHUIY XIMI9HO HeOe3medHoro areHrta. lIpm dmcemsHOMY
IHTeTpyBaHHI PiBHAHHA TSI TIOTEHIIaTy MIBUIKOCTI BUKOpHCcTaHUA MeToy Jliomana. J[J1s 9rcenbHOTO pillleHHs piB-
HSHHS KOHBEKTHBHO-TU(Y31HHOTO PO3CIIOBaHHS ITOMIIIIKM BUKOPHUCTaHA HESBHA MOMEPEMIHHO-TPUKYTHA Pi3HUIICBA
cxeMa posmiervieHHs. PesyabTaTtu. Ha ocHOBI po3po0iieHoi urcenpHOT MOIeNi ToAaHa OiHKa e(eKTUBHOCTI 3aCTO-
CyBaHHS €KpaHiB Ha OyIiBIi 1JIs1 3HIKEHHsI KOHIIEHTpallii HeOe3IeuHOi peYOBHHHU Ta MiHIMi3allil pU3HKY TOKCUYHO-
T'O ypa)kKeHHS JII0JIel Ha BYJIHILI NPH iHIIIHHOBaHOMY BUKHII XiMiuHOTO areHTa. [1o0ynoBaHa 4ncesibHa MOZIEIb MOXKe
OyTu peasizoBaHa Ha KOMII'IOTEpaX Mayiol Ta cepelHbOl MOTY)KHOCTI, IIO J03BOJISE IIUPOKO BUKOPUCTOBYBATH
il s BUpIIEHHS 3aBJaHb JAHOTO KJacy IIpH po3poOmi crpaTerii aHTHTEPOPUCTHYHOTO IHXKUHIPHHTY.
HaykoBa HOBHM3HA. 3alipoOIOHOBaHO €()EeKTHBHY YMCEIbHY MOJENb Ul PO3paxyHKy 30HH 3apakK€HHs JIIoeH Ha
BYJIMII TIPY MOXIJIMBOMY TEPaKTi 3 BUKOPUCTAHHSAM XIMi4HOro (0iojioriuHoro) areHra. Mozeib TakoX Moxe OyTh
3aCTOCOBAHA I OIIHKM €(PEKTHBHOCTI NESKUX 3aXUCHHUX 3aXOJiB, CIIPSIMOBAHUX Ha 3HIKECHHS PiBHS 3a0pyTHEHHS
MOBITPSHOTO CepeloBHIIa I yac TepakTy. IlpakTuyna 3HaunmicThb. Po3pobieHa uncensHa MOJeTh MOXE OyTH
BHUKOPHWCTAHA JJIs OpraHi3amii 3aXUCHUX 3aX0MiB OIS ComialbHUX 00’ €KTIB MOXKIIMBOI XIMIYHOT aTaKH TEPOPHCTA.

Knrouosi cnosa: TepakT; XiMiuHe 3a0pyIHEeHHs aTMOC(hepH; aHTUTEPOPHCTUYHHHN 1HKHHIPUHT; YUCEIIbHE MOJIe-
JIFOBAHHS
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AHTUTEPPOPUCTUYECKHWIN MH)XUHUPUHT ITPU BO3MOKHOM
TEPAKTE C HIPUMEHEHMUEM XUMHNYECKOI'O ATEHTA HA YJIMIE

Hens. Jlannas paboTa mpeaycMaTpuBaeT pa3pabOTKy METOa JOKATBHOTO CHIDKEHHS Ha YIUIEC KOHIICHTPAINH
XUMHUYECKH OTMACHOTO BEIIeCTBAa, KOTOPOE MOCTYMUJIO B aTMocdepy uepe3 BEeHTWISAIIMOHHBIA BHIOPOC Ha KpBIIIe
kade, a TakKe CO3MaHUC YUCICHHOW MOJEH IS pacueTa 30Hbl XMMUYECKOTO 3apakeHUsI, TIO3BOJISIONICH OLCHUTh
3¢ (GEKTHBHOCTh MPUMEHEHHUSI YKPaHOB, MUHIMH3HUPYIOLIUX €ro ypoBeHs. MeToauka. J[jis perieHus moCTaBIeHHOM
3a/la4yl MCIIOJIb30BAHO ypaBHEHHWE JJIs MOTEHIIMajla CKOPOCTH, Ha 6a3e KOTOPOTO OMPEAeNeHO MoJie CKOPOCTH BO3-
JIYIITHOTO TOTOKA, ¥ YpaBHEHHE KOHBEKTUBHO-IH(DPY3MOHHOTO pacCerBaHMsI XUMHUUECKH OITACHOTO areHTa B aTMO-
chepHOM BO37yXe, BHIOPOIIEHHOTO B CiIydae TepakTa uepe3 CUCTEMY BEHTH/IIMU. [IpH MOJIEIUPOBAHHH OBLIH
YYTeHBl HEPaBHOMEPHOE II0JIE CKOPOCTH BETPOBOTO MOTOKa, aTMocdepHas aud(y3us, HHTCHCHBHOCTH BHIOpoca
XAMHWYECKH OMACHOTO areHTa. [Ipn 4iCIeHHOM WHTETPUPOBAHUM YPaBHEHUS IS MOTEHIHANAa CKOPOCTH HUCIOIB30-
BaH MeToJ JInOmaHa. J[1s1 YHCICHHOTO pelIeHUs ypaBHEHHsSI KOHBEKTUBHO-IH(P(PY3NOHHOTO PaCCEHBAHUS MIPUMECH
HCTIOJIb30BaHa HEsBHAsI IONEPEMEHHO-TPEYTONbHAs PAa3HOCTHAs cXeMa pacmieruicHus. Pedyabrarbl. Ha ocHoBe
pa3paboTaHHOI YHCIEHHOW MOJEH 1aHa OLeHKa d(PPEKTHBHOCTH NMPUMEHEHHS 3KPAaHOB Ha 3IaHUM JJIS CHIDKCHHS
KOHIIEHTPAIIMY OTIACHOTO BEUIECTBAa 1 MUHUMH3AIIUU PUCKA TOKCHYHOTO TIOPKEHUS JIFOJIeH Ha YIIUIe TP WHUIUH-
POBaHHOM BBIOpOCE XUMUYECKOTO areHTa. [locTpoeHHas YrcieHHas MOIEIbh MOXKET OBITh pealn30BaHa Ha KOMIIbO-
Tepax MaJIOH W CpeIHed MOIIHOCTH, YTO TO3BOJISET MUPOKO MCIONB30BATh €€ IS PEIIeHUs 3a7ad paccMaTpHuBac-
MOTO KJlacca Mpu pa3paboTKe CTpaTernu aHTUTEPPOPUCTHUECKOTO HHKHUpUHTa. Hayunasi HoBu3Ha. [Ipeamoskena
s dexTrBHAS YHCICHHAS MOJENb IS pacdeTa 30HbI 3apa)KeHUsl JIIOJIeH Ha YJIuIle P BO3MOXKHOM TEpPaKTe C MC-
MOJIb30BAHUEM XMMHUYECKOTO (OMOIOTHUecKoro) arenta. Mojienb Takxke MOXKET ObITh MPUMEHEHA JIJISl OLICHKH 3(¢-
(DEKTHBHOCTH HEKOTOPBIX 3allIUTHBIX MEPOIPUSATHIH, HANIPABICHHBIX HAa CHIDKCHUE YPOBHS 3arpsA3HCHUS BO3IYLTHOM
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Cpe€abl IpU TEPAKTEC. HpaKanecxaﬁ 3HAYUMOCTbD. Pa3pa60TaHHaﬂ YHUCJICHHaA MOJACIb MOXKCT OBITH KCIIOJIB30BaHA
JUIA OpraHrU3aliy 3alllUTHBIX MepOl'IpI/IﬂTI/Iﬁ BO3JIC COIUAJIbHBIX 00BEKTOB BO3MOXKHOM XUMUYECKOM aTaK! TEeppopuUcTa.

Kniouegvie cnosa: TepakT, XMMUYECKOE 3arps3HEHHE aTMOC(hEphl; aHTUTEPPOPUCTHICCKUI MH)XUHUPHHT; THC-
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ONTUMMU3AIIAA CHABXKEHUYECKO-CEBITOBOM JEATEJbHOCTH
HPEAITPUATUA ITYTEM HPUMEHEHUA JTIOTUCTUHYECKHUX
HNPUHLUIIOB

Heab. CHabGxeHHE MPEICTABIAET OYCHb BAXKHYIO c(epy AEATEIBHOCTH IMPOMBINUICHHOrO mpeanpuarus. Ilo-
3TOMY LEJBI0 HACTOSIIECH pabOTHI SIBISIETCS MOAPOOHOE M3yUCHHE M aHAJIW3 BO3MOXKHBIX IyTEH COBEpIICHCTBOBA-
HUsI CHaOKeHUYEeCKOH naesTenpHOCTH. MeTtoanka. B mpomecce nccinenoBaHUs HCIIOIb30BaHbI METOJBI CPaBHEHHS,
Hay4YHOTO TIOMCKa, aHalM3a W CHHTEe3a AJ M3y4eHHs CHAOXKEHUECKO-COBITOBOM MESTEIBHOCTH IMPOMBIIIJICHHOTO
npeanpusitus. PesyabTarel. B cratbe paccMOTpeHBI OCHOBHBIE JIOTHCTHYECKHE TPUHIMIBI U cepa UX MpUMeHe-
HUSI HA TIPIMEpe CHa0)KeHYECKOH JIeITeIbHOCTH TIPOMBIIIIIEHHOTO MPENPHATHS 110 TIPOU3BOJICTBY MSATKOI Mebenu.
IIpou3BeneHa OleHKA HECKOJIBKUX MOTEHIMATIbHBIX OCTABIIMKOB MaTepHAIBHBIX PECYPCOB U BHEIPEHUS METOAUKU
000CHOBaHHMSI ONTHMAJILHOTO BHIOOpA MOCTaBIMKa. B kadecTBe 00beKTa pacCMOTPEHHUSI BHIOPAHO MPOMBILIIICHHOE
MIpENpUsATHE, OCHOBHBIM BUJIOM JEATEIBHOCTH KOTOPOTO SBJSETCS MPOU3BOJICTBO MATKOH MeOenu. PaccMoTpeHb!
HEKOTOPbIE U3 er0 OCHOBHBIX ITOCTABIIMKOB I10 CX0XXHUM BHJaM IPOXYKIUHN — Oymaru nepgopupoBanHoi. [Ipousse-
JIeHA VX CPaBHUTENIbHAs OIIEHKA 110 OCHOBHBIM BJIMSIOIINM NapaMETPaM — PACIIOJIOKEHUE, KAYeCTBO M aCCOPTUMEHT
TIpeIaraeMbIX MaTepHAIBHBIX pecypcoB. [Ipyu 3TOM HCIIOIB30BaH METO/ IKCIEPTHBIX OlleHOK. [Ipu momomu mero-
JIMKX 000CHOBAHHSI ONTHMAJIbHOTO BBHIOOpA MOCTABIIMKA U C yYETOM OCHOBHBIX HPHHIIMIIOB JIOTUCTHUKHU U3 TIpesa-
raeMbIX BapHaHTOB MO PE3yJbTaTaM BBIIIOJHEHHBIX PAacUeTOB ONpPE/ENICH ONTHMAIBHBII BAPHAHT MTOCTABKHA MaTepH-
aJIOB JUIA OCYIIECTBIICHHS IPOM3BOJCTBA U BHIOPAH IOCTABIIMK, paboTa ¢ KOTOPHIM HauboJsiee BBITOAHA IS pac-
CMaTpPUBAEMOTO MpeAnpusaTHa. Taxke pacCMOTPEHbI BapHaHTHl MPEIOCTABICHUS CKUJIKA TOCTOSHHOMY MOCTaBINHU-
Ky ¥ BIHSHHE ee Ha CHIbKeHue 3arpar. Hayuynass HoBu3Ha. Ha ocHOBaHMM M3y4YeHHS METOAMYECKUX HCTOYHHKOB
1 HayYHBIX pa3paboTOK B 00JaCTH CHA0)KEHYECKOH JIOTMCTHKM NPEATIOKEHBI IMyTH ONTHMH3AIMN CHAa0KEHIECKO-
COBITOBOM JEATENTBHOCTH KOHKPETHOTO mpennpuatus. IIpakTHyeckass 3HAYMMOCTb. Pe3ynbpTaTel HCCIIEIOBAaHUS
MOTYT OBITh HCIIOJIB30BAHbI I OIIEHKH HECKOJIBKUX MOTEHIIHAIBHBIX IIOCTABIINKOB MaTEPHUAIBHBIX PECYpPCOB KOH-
KPETHOTO TPENPHATHS W OOOCHOBaHUS ONTHMAJIBHOTO BHIOOpa HAWIYYIIEro M3 HHUX C yYETOM JIOTMCTHYECKHX
MPUHOUIIOB. DTO MO3BOJUT YMEHBUINTH PACXOJbl IPENNPHUATHS, CBI3aHHBIE C OpraHU3alMel ITOCTaBOK HEOOX0/au-
MBIX JJIsI IPOMU3BOJICTBA MAaTEPHAIBHBIX pecypcoB. Takxke 3TO OTKPBHIBACT ISl MPEAIIPUATHS ITyTH TOBBIMLICHUS 00-
mei 3¢ GEeKTUBHOCTH €T0 AEATEIBHOCTH 32 CYET ONTUMH3ALUK PAOOTHI C ITOCTaBIIUKAMH.

Kniouegvie cnosa: cObIT; CHAOXKEHNE; IOTHCTHYECKNE TIPUHIIMITBL; TIOCTABIINKH; JIOTHCTHYECKOE MOJIEITMPOBAHNE
cObITa

BBenenne MPEICTAaBUTh OCYIIECTBICHHE COBITOBOM, CHaO-
JKEHYECKON NeSTebHOCTH MPEANnpHusITHiA 0e3 pac-
CMOTPEHHUS JIOTUCTUYECKUX MOTOKOB, YIPABICHUS
HMH, WCHOJB30BAHUA NPUHLMUIIOB JIOTUCTHUKHU.
VYemex OONBIIMHCTBA TMPOW3BOACTBEHHBIX IIPEII-

Ceromgasi TpUMEHEHWE JIOTUCTUKH SBIISETCS
MMOBCEMECTHBIM — MPAaKTHYECKH BO BCeX cdepax
HapOJHOTO XO34MCTBA HCIOJIb3YETCA DJIEMEHTHI
JIorucTuyeckoro mojaxoga. M tem 0ojiee CIIOKHO
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NPUATHIA B MPOMBIIIJICHHON cepe UMEET MPIMYI0
B3aMMOCBSI3b C MPOIYKTUBHOCTBHIO (PYHKIIMOHHPO-
BaHUs OTHeIa CHaOkeHus u cOpita [4, 6]. dus s¢-
(eKTHBHOM OpraHu3aluu cHa0KeHYeCcKo-
COBITOBOH [ESATENBHOCTH MPEANpHUITUS HE00Xo-
VMO COTJIacOBaTh U CHHXPOHU3UPOBATH (YHKLU-
OHUPOBAHUE CIIy’KO, OTBEYAIOLINX 3a 3T HalpaBs-
neHus: paboT — B MEPBYIO Ouepeb «CHAOKECHIIEBY,
MapKeTOJIOrOB U JIOTHCTOB.

Jlns  KavdecTBEHHOW oOpraHu3anud  paboThI
CITy>KObI CHaO)KeHUSI Ha TMPENNPUATHH HYKHO BbI-
MOJHSTH CIIEAYIOIIUE TPEOOBAHHMS:

— obecrieueHUE HEMPEPHIBHOIO IOTOKA IIPO-
AyKUu# (ChIPbsi, KOMIUICKTYIOIIMX) U MPEIOCTaB-
JICHHsI YCIIyT, HEOOXOIUMBIX sl KU3HEACATElb-
HOCTH IIPEIIPHUSITHS,

— yIOpaBlIeHHE 3amacaMu (CBeIEHHE YPOBHS
WHBECTHUIINH, CBS3aHHBIX C 3amacaMH MpPOIYKIIHH,
W 3aTpar Ha UX MOoJIepKaHue K MUHUMYMY);

— moAAep)KaHHe YpOBHS KadecTBa 0OCIy)KHBa-
HUS TOTpeOUTENEiH;

— pabora ¢ mocTaBmMKamMHu (IIOUCK KOMIIE-
TEHTHBIX ITIOCTABIINKOB);

— craHzapruzanuus  (MOKyIKa
MPOJYKIUU TaM, I7I€ 3TO BO3MOXHO);

— IOCTIDKEHHE MHUHUMAIIBHOW OOIIeH CTOMMO-
CTH oOCITyXWBaHHA (TPOLECC 3aKYIKH TpeOyeT
HAIMYMS ~ TPONYKIMH ¥ OOCITY)XKHBaHUS  TIO
HaVMEHBIIIEH CTOMMOCTH);

— obecnieueHHe KOHKYPEHTHOT'O IpenMylie-
CTBA MPEATIPHSITHUS;

— pa3BUTHE OTHOIICHUH M JOCTHXEHHUE rapMo-
HUYHBIX, NOPOXYKTHBHBIX M pabounx OTHOLICHUI
C COTpYIHHUKaMH IpyTrux (pyHKIMOHAJIBHBIX MOJI-
pa3zieneHuil NpeapusITs ;

— obecnieueHne CHaOXEHUS NPU CHIKEHUHU
YPOBHSI HAKJIQJHBIX pacxoioB [1].

Bomnpockl cHaOxeHHs TPaAUIIMOHHO HAXOISTCS
B 30HE 0COOOTO BHHMAaHHS CO CTOPOHBI PYKOBO/I-
crBa komnanuii [3, 5]. B nocneanue roapl 3HauM-
TENBHO  BO3POCJIO  BIMSIHME  3(PPEKTUBHOCTH
yIpaBJIeHUs] CHCTEMON CHaOXEHHUs Ha MpoOiiemMy
noJ/iep>KaHusg COOCTBEHHOH KOHKYPEHTOCHOCO0-
HOCTH npeAanpustuii. ONHUM U3 JTyYIIHX U MPOBe-
PEHHBIX CIIOCOOOB TOBBIIICHUSI PEHTAOEIHHOCTH,
MOJVIEP’)KKKA  BBICOKOTO KAueCTBO MPOHU3BOJIMMOIA
NPOAYKIMH U CTUMYJIMPOBAHHUS MHHOBALIMH SIBIISI-
€TCs CHIDKCHHE CTOMMOCTH 3aKyIaeMbIX MaTepua-
J0B ¥ yciyT. YToOBI TOOUTHCS 3TOT0, HEOOXOINM

CTaHAAPTHOMU

LEJIOCTHBIA TMOAXOJ] K YIPABICHUIO B3aWMOOTHO-
IICHUSIMH C TIOCTABIIUKAMU, KOTOPBIN TO3BOJIHII
OBI CBSI3aTh CTPATETHIO CHAOKEHUS C pealn3alueii,
YCWJIWJI y4acTHE TOCTABIIUKOB B paboTe KOMIa-
HUU.

Henn

CHaOxeHre 1o CyTH SBIISETCSI BOIPOCOM BbI-
0opa — Mo LeHe, Ka4yeCTBY, YCJIOBHSM OILJIATHI
U JOCTaBKM HYXXHOI'O TOBapa (ChIPbsi, KOMIUICKTY-
IOLIMX U T. II.), IPEeIaraéMoro BO MHOTHX CIIy4asx
JOCTaTOYHO HIMPOKUM KpPyroM MponaBLoB. B 3a-
BUCHMOCTH OT KOHKDPETHBIX TpeOOBaHWi, Tpenb-
SIBIISIEMBIX K CHIPBIO, KOMIUICKTYIOIIUM U IPYTUM
ToBapaM, (GopMupyercss HaOOp KadueCTBEHHBIX Xa-
PaKTEepUCTHK, KOTOPBIE M ONPEACISIIOT B KOHEUHOM
utore BeIOOp moctaBmuka. OT ypoBHSI opraHu3za-
UM IpoLecca CHa0XXEHHs, CBOEBPEMEHHOCTH IIO-
CTYIUICHHS MaTepUAIIbHBIX PECYPCOB B MPOHU3BO/-
CTBO B TpeOyeMOM acCCOPTUMEHTE, KOJNYECTBE
U JOJKHOTO KadecTBa B 3HAUUTENILHON Mepe 3aBU-
CSAT PAaBHOMEPHBIN U PUTMHUUYHBIN BBIITYCK TOTOBOU
npoaykiuu u  3(G(EKTUBHOCTD  JICATSILHOCTH
npennpusitusa. [loaToMy nenpro HacTosme pabdo-
THI SIBIIICTCS TIOJPOOHOE W3y4deHHWe CHa0)KeHYe-
CKOW JEATENIbHOCTH M aHaju3 BO3MOXKHBIX MYTEH
€€ COBEpILIEHCTBOBAHUSI.

MeToauka

B mpouecce UCCICA0BaHUA MCIIOJIb30BAHbI ME-
TOJAbl CpPAaBHCHHA, HAYYHOT'O IIOMCKa, aHalinu3a
W CUHTC3a I U3YUCHUA CHA0KEHYECKO-COBITOBOM
ACATCIIBHOCTH MPOMBIIIIJICHHOT'O MTPEAIIPUATHA.

PesyabTarsl

PanponansHast opranuzanusi CHabXKeHUsI B 3Ha-
YUTENBHOW Mepe 3aBUCHT OT pealu3aldu TMpel-
CTaBJICHHBIX HWXE JIOTUCTUYCCKUX TMPHUHIUIIOB
JIAHHOTO BUJIA JIESITEILHOCTH [2]:

1) m1aHOMEpPHOCTh  — TOCTaBKUA  HPOIYKIHU
OCYIIECTBJISIOT HAa OCHOBE ILIAHOBBIX TIpahuKoB
C ydeTroM paszHooOpaszus TpedyeMoro accopTu-
MEHTHOTO psijia JUIsi OPTaHU3alluu ITPOU3BOJICTBEH-
HOTO IpOIIecca;

2) pPUTMHYHOCTH — ITOCTABKU CBIPHEBBIX PECYp-
COB WJIM KOMIUICKTYIOIUX HYXHO OCYIIECTBISTh
Yyepe3 OTHOCUTEIHHO OJIMHAKOBHIE IMPOMEXKYTKH
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BPEMEHHU C y4eToM IpaduKa MPOU3BOJCTBA KOH-
KPETHBIX BHJOB POILYKIINH;

3)onepaTuBHOCTh — MPEIIONAraeT ocy-
LIECTBJIICHHE Mpolecca CHaOKEHUsT KOMIUICKTY-
IOIUMH (CHIPbEM) B 3aBUCIMOCTH OT U3MEHEHUS
NOTPEOHOCTH B HUX Yy NIPEANIPUATHUS;

4)3KOHOMHYHOCTh — TMOAPa3yMeBaCT MUHHUMH-
3alUI0 3aTpaT padovYero BPEeMEHHU, MaTepUaTbHBIX
U IEHEKHBIX PECYPCOB HA JOCTABKY MPOILYKLHUH;

5)nenrpanuzanus — CHaOKEHME IIPeIIPUITHS
Kak morpeburtens TpeOyeMbIMH MaTepUabHBIMU
pecypcaMH OCYIIECTBIJISAIOT MOCTaBIIMKH CBOMMH
CHJIAMH U CPEJICTBAMU;

6) TeXHOJIOTUYHOCT — XapaKTepH3yeTCsl HC-
MOJIb30BAaHUEM COBPEMEHHBIX TEXHOJOIMHA 3aKy-
MIOK U TIOCTABOK.

VYka3zaHHbIE JTOTUCTUYECKHE NMPHHLUIBI Xapak-
TEpHBI HE TOJIBKO JUISl TAKOM Ba)KHOM 4acTH Jesi-
TENBHOCTH MPEANPHSTHS, KaK OpraHu3anusi cHa0-
’KEHHUs, HO TakKe u 1 odyactu cObITa. Benp oc-
HOBHOU IIEJIbIO JIO00T0 CYyOBhEeKTa X035HCTBOBAHUS
SBIISIETCSl MONYyYEeHUE MPUOBLUTH, YTO JOCTHIAeTCs
B IEPBYIO O4epenpb uepe3 COBIT TOTOBOM MPOAYK-
LUH, COBIT SABIAETCS OAHUM U3 LIUKJIOB MPOU3BOJI-
CTBEHHO-XO35ICTBEHHON JESITEIBHOCTU IPEIIIPU-
SITUS, KOTOPBIM OIpenenser pe3yiabTaThl XO35i-
CTBOBaHMSA, 00MIYI0 3 (PEKTHBHOCTH MPOU3BOJICTBA
W 4YacTHble TokazaTenu 3(QdexkTuBHOCTH (B 3aBU-
CHUMOCTH OT IIeJIeil MPOU3BOJUMOI0 aHAN3A).

OT npaBWIBLHON OpraHu3alud CHAOXKEHUs, pe-
anu3anuyd (QYHKIHMA CHA0XEHUYECKOW AeSTeIbHO-
CTH BO MHOTOM 3aBHCHUT 3PPEKTHBHOCTh (PYHKITU-
OHUPOBAHUS HPEANPHUATHUS, MOBBILIEHHE €r0 KOH-
KYpEHTOCIIOCOOHOCTH Ha PBIHKE.

B coBpeMEHHBIX YCIOBHUSX XO3SHCTBOBaHUS
peanuzanys MPOU3BOIUMON MPEANPUATHEM IPO-
IOYKLUHU TIPOUCXOIUT B YCIOBHUSX JKECTKOW KOHKY-
peHIK MpoaaBloB. [l mocTmxkeHHus ycmexa oT
MpennpusaTus TpeOyeTcss MPeoJoJIeHne MHOTHX
npobieM, CBA3aHHBIX CO COBITOM CBOEH MPOAYK-
LUH: BBIOOP CEKTOPOB M CETMEHTOB PBIHKA, accop-
TUMEHTA MPOU3BOJMMOI TPOYKIINH, BBIOOP peru-
OHOB IPOAaX, a Takke 3peKTuBHOCTL OpraHu3a-
UMM W TEXHOJOIMHM TPOM3BOJACTBA. AHAIM3 Kak
OTEYECTBEHHOM, TaK M 3apyOeKHOMN cOBITOBOI Jies-
TEIHHOCTH MOKA3bIBAET, YTO JIOTUCTHYECKOE MOJIe-
JUpOBaHUE COBITA MOXET CIIOCOOCTBOBAaTH Obec-
MEYEHUI0 HEOOXOUMOTO ypOBHS 3(h(HEKTUBHOCTH
COBITOBOH NIEATENLHOCTH TPU COOJIIOJIEHUH OTIpe-

JICJICHHBIX TIPUHITUIIOB, KOTOPhIE HA3bIBAIOT MPHH-
[UIIaMH JIOTUCTUYIECKOro Moenuposanus [11, 13].

K OCHOBHBIM NMPHUHIHIIAM JIOTHCTHYECKOTO MO-
JICIUPOBaHUsL COBITa, OAa3UPYIOIIUMCS TaKXKe Ha
COOJIFOJICHUM OCHOBHOTO TMpaBHJIa JIOTUCTHUKHU
(HyXHBIN TOBap HEOOXOAMMOTO KadecTBa B HEOO-
XOJUMOM KOJIMYECTBE B HYXXHOE BpEeMS H B HYX-
HOC MECTO HYXHOMY IOTPEOUTENI0 C HYXHBIM
YPOBHEM 3aTpar), MOKHO OTHECTH cieayromue [8]:

1. Cucmemnocms. BaXHEHITUM TIPUHITUIIOM,
MTO3BOJISIONIUM CMOJISIIUPOBATH CIOMXKHBIN MO 3KO-
HOMMUYECKON TMPUPOJE MPOIECC COBITa, SBISICTCS
MPUHIATT cucTeMHOCTH. Cuctema cOblTa — 3TO HE
MIPOM3BOJIPHOE COYETAHHE DIIEMEHTOB, a COTPSDHKE-
HUE B3aUMOCBSI3aHHBIX U B3aUMOOOYCIIOBJICHHBIX
yacTedl 1enoro. B COOTBETCTBUU C ATUM MPUHLU-
oM J1t00ast IOTHCTUYECKasi MOJIENb COBITa AOIDKHA
BKJIFOYaTh BCIO COBOKYITHOCTBH 3JICMEHTOB (IIOJICH-
CTEM OPHCHTHUPOBAHHBIX HA JOCTHIKCHHUE OOIICCH-
CTEMHBIX IIeJIeH).

2. [lenocmuocms TpeanonaraeT HaJUMdue B CH-
cTeMe cObITa CBOMCTB, KOTOPBIX HET HU Y OJHOTO U3
COCTABISIOIIMX €€ dJeMeHToB. K mpumepy, HH
CKJTafl, HM TPAHCTIOPTHBIN 1IeX, HA [eX YIaKOBKU, HU
OTJIeN COBITA 10 OT/ICILHOCTH HE B COCTOSIHUM OCY-
IIECTBUTh 3aKOHYEHHBIA Tpoliecc cObITa, TO €CTh
YIOBIIETBOPUTH TUIATEKECTIOCOOHBIH CIPOC TIOKYTIa-
TeJIeH MyTeM MaKCUMHU3allM1 JI0X0A0B (PUPMBI.

3. Uepapxuunocmo. TIpuHIMI UEPapXUIHOCTH
AT BO3MOXKHOCTH OCYIIECTBHUTh MHOTOYpPOBHE-
BYI0 OpraHHM3allMi0 CUCTEMbI CObITA, CHSTh BO3-
MOJKHBIC TPOTHUBOPEYHS M KOH(JIMKTBHI B pacIpe-
JISJICHUW TIOTHOMOYMH Mexny snemeHtamu. [lo-
cleoBaTeNbHas peanm3ays 3TOTO IPHUHIUIA
MPeAIoiaraeT, 4ro B paMKax yCTaHOBJICHHOMU
KOMITETEHIINY KaX1asl TIOJICHCTEMa CaMOCTOSTENb-
Ha B OIPEJIEIICHUN CIIOCOOO0B U CPEJICTB PEIICHUS
[TOCTABJICHHBIX MEPE]T HEIO 3a/1a4.

4. dynkyuonanvnocms. IpuHiun  GyHKIHO-
HaJBHOCTH OOYCIIaBIIMBAET CYIIECTBOBAHHE y CH-
CTeMbI COBITa U KaXJIOTO M3 €€ AJIIEMEHTOB CBOETO
(byHKIIMOHABHOTO Ha3HaueHus. VIMEHHO pacmpe-
neneHne (pyHKIUH MpemonpenenseT OpraHu3allv-
OHHYIO CTPYKTYPY CIIy>KOBI COBITa, a2 HE HA00OPOT.
WHuave roBopsi, B JOrMCTUYECKOM MOICITMPOBAHUN
cObITa BCEM CTPYKTYPHBIM  IOAPA3ICIICHUAM
MTOJBICKUBAIOT (DYHKIUM, a MO OIPEACICHHYIO
COBOKYITHOCTh (DYHKIIMH CO3/1al0T (MOJCIHPYIOT)
CTPYKTYPHBIE TIOpa3ICICHU.
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5. [[enenanpasnennocms. IlpuHIMI 1ICNICHA-
MPaBJICHHOCTH O3HAYaeT, YTO KaK IMpolecc Moje-
JTUPOBaHUS, TaK W Tporecc (PyHKIIMOHUPOBAHUS
JIOTUCTUYECKUX MOJIeNIed CcObITa JODKEH OBITh
MTOTYMHEH OTPEACIICHHBIM IIEIISM.

6. Vnpaersemocmo. TIpuHIUT yNpaBIsieMOCTH
MOXXHO WHTEPIPETUPOBATh KaK COOTBETCTBHE
CJIOKHOCTH YIIPABJISIONIEH IMOJCUCTEMBI CIOMXHO-
CTH TIPOIIecca YIPaBICHHS COBITOM.

7. Adexeamnocmyo. IlpuHIIMTT aneKBaTHOCTH —
3TO MaKCHMaJbHOE OTOOpaXXCHHWE B JIOTHCTHYE-
CKO# Moziesii COBITa peaibHO MPOTEKAIONUX COBI-
TOBBIX TIPOIIECCOB.

8. Habnrwooaemocms. llpuniun HabIromaeMo-
CTH OCHOBBIBACTCS Ha TOM, YTO JIOTHUCTHYECKOE
MOJIETTPOBaHNE COBITA OXBATHIBAET BECH JUAITA30H
CYIIECTBYIOIINX MOJEIe — OT (OpManbHBIX Ma-
TEMaTHUYECKHX JIO SKCIICPTHBIX.

9. Anemepnamusrnocms. [lpuHIMI anbTepHa-
TUBHOCTH TIOAPa3yMeBaeT HAIMYHWE abTepHATHB-
HOM CHCTEMBI COBITAa B CBETC MCHSIOIIMXCS KaHa-
JIOB ¥ HEYCTOMYHUBOCTU PHIHOYHOM KOHBIOHKTYPBI.

10. Komnaexcrhocms. llpuHIMI KOMILIEKCHO-
CTH MIpeIyCMaTpUBAET 00s3aTeIbHOE 0TOOpaKEeHNE
B JIOTHCTUYECKMX MOJCIAX B3aMMOCBS3EH BCEX
JJIEMEHTOB CHUCTEMBI MEXIy COOOW W BHEIIHEH
CpemIoii, B3aMMHOTO BIUSHUS JPYT HA ApyTa.

W3 BhIIIIECKa3aHHOTO CJICAYET, YTO JUIsSl MOBBI-
meHus 3QPEeKTUBHOCTH CHAOXKEHUECKO-COBITOBOM
NEeSATeNLHOCTH TPEINPUATHS 11eJIecoo0pa3Ho MpH-
OCrHyTh K HWHTETPUPOBAHHUIO  JIOTUCTHUCCKUX
MPUHIIMIIOB,  peanu3anus  KOTOPbIX  BEIET
K YMEHBIIEHUI0 O0BEMOB BCEX BHJIOB 3aIlacos,
CHIDKEHUIO HEPaBHOMEPHOCTH MaTepUabHBIX TO-
TOKOB, a CJIe/I0BaTeIbHO, K COKPAIIICHHIO 3aTpaT Ha
XpaHEeHHe U TepeMelIeHre MaTepPHaIIbHBIX pecyp-
coB W rotoBoi mpoxykuuu [7, 9, 10, 12]. Takxe
MOBBIIIACTCS COATAHCUPOBAHHOCTD B YIIPABJICHUU
X034 CTBEHHOMU JIEATEIIbHOCThIO OPraHU3alnH.

B kauecTBe npumMepa 1 PHIIOKEHNST YKa3aHHBIX
TIPUHIAIIOB MOXHO PacCMOTPETh CHA0XEHYECKO-
COBITOBYIO JICSATEIILBHOCTh PEATBLHOTO MPEAIPHUITHS —
OAO «I'omensckas mebenbHast (adpuka «Iporpeccy.
OTO KOMMEPUYECKOE MPEANPHUITAE C YaCTHOU (op-
MO# COOCTBEHHOCTH, BXOJIUT B COCTaB KOHIICpHA
Benopycckoro mpon3BoJICTBEHHO-TOPTOBOTO KOH-
LIEpHA JIECHOMW, JepeBooOpadaThIBaOMIE U Iei-
JIF0JI03HO-OyMayKHOM MPOMBIIIUIEHHOCTH

«BEJUIECBYMPOM», chnenuanusupyercsa Ha
MIPOM3BOJCTBE MATKOM MeOeH.

[Ipennpusitue OCyIIECTBISET. MPOU3BOICTBO,
PEMOHT W pecTaBpupOBaHHE OBITOBOW MeOeny;
MPOM3BOJCTBO TOTOBBIX TEKCTUJIBHBIX M3ACTHH 3a
HCKJIFOUCHUEM OJE€KAbl; IPON3BOICTBO PA3ITUIHBIX
JIEPEBSIHHBIX WU3AENNH; NPOU3BOACTBO U3JETUN U3
MPOBOJIOKK; OMNTOBYIO M PO3HUYHYIO TOPTOBIIO
LIMPOKUM AaCCOPTUMEHTOM IPOM3BOAUMBIX TOBa-
POB; TIEPEBO3KU TIPY30BBIM CYXOIYTHBIM TpaHC-
nopT (BKJIIOYasi BHYTPUTOPOJACKHE TIEPEBO3KH aB-
TOMOOWJIBHBIM ~ TPaHCIIOPTOM, MEXAyHapOJHbIE
MIEPEBO3KU TI'PY30BBIM aBTOMOOHMJIBHBIM U JKeJle3-
HOJIOPOXXHBIM TpaHcmopToMm). Ha mnpeanpusrun
MOCTOSIHHO OCYILECTBISIOT MEXaHHU3ALUIO U aBTO-
MaTH3aLUI0 TPYAOEMKHX MPOLECCOB, NPOBOISAT
TEXHHYECKOE OCHAIEHHE IPOU3BOJCTBA COBpE-
MEHHBIM BBICOKOKaYECTBEHHBIM OOOPYIOBaHHEM.
3T0, B CBOIO OYepelb, OTpasKaeTCss U Ha CHaOKEeH-
YEeCKO-COBITOBOM MOMUTHKE — MPUBOAUT K ITOUCKY
HOBBIX IMOCTaBIIMKOB TOBAPHO-MaTepHAIBHBIX pe-
CYpPCOB, HOBBIX KaHAJIOB MPOJABMKCHUS M COBITA
MIPOU3BOINMOI IPOAYKIIHH.

B o0s3anHOCTH OTAENma cOBITa BXOJUT peann3a-
LSl IEPBOOUEPENHBIX CHAOKEHUECKUX U COBITOBBIX
(yHKIMHA, B YacCTHOCTH, I'PaMOTHas OpIraHU3aLUs
3aKyIOK MaTEepUAIbHBIX PEcypcoB. BakHOCTH BbI-
Oopa mocTaBIIUKa OOBICHSETCS HE TOJBKO (YHK-
MOHMPOBAHUEM Ha COBPEMEHHOM DBIHKE OOJBIIO-
ro KOJIMYEeCTBA TIOCTABIIMKOB OJMHAKOBBIX MaTepu-
ATBHBIX PECYPCOB, HO M TEM, YTO OH JOJDKEH OBITH
HAJISKHBIM ~ MApTHEPOM  TOBAPONPOU3BOAUTEIS
B pealu3aliy ero CTpaTeruy OpraHu3alluy Ipou3-
BozctBa [2]. IloaToMy paccMOTpHM TPaKTHYECKOE
MPUMEHEHUE BBIIICYKa3aHHBIX MPUHIIUIIOB HA MPH-
Mepe BbIOOpa MOCTaBIIMKA U3 HECKOJIBKUX MPHUCYT-
CTBYIOILMX Ha JAHHOM PBIHKE.

Ha cerogHsmHuil JeHb paccMaTpUBaeMOE
npeanpusaTHe 3akynaer Oymary nepdopHpoBaH-
HYIO [ aBTOMAaTH3UPOBAaHHOIO HACTHJIOYHO-
packpoiinoro kommuiekca (AHPK) B UYIITVYII
«Domneron, r. MuaCK. OTHAKO B CBS3U BBICOKUMU
LEeHAMU M HAJMYUEM IMOTEHIUAIBHBIX MOCTaBILHU-
KOB C Oojee yqoOHBIM TeorpauuecKuM IOJI0XKe-
HUEM aKTYaJIbHOCTh WMEIOIIEroCs MOCTaBIHKA
CTaBHUTCS TIOJ BOMpoc. B kadecTBe albTepHATHUB-
HOTO TIOCTaBIIMKa PACCMOTPUM HPEANPHUATHE
«Kopmycuast mebenn «Skify, r. Tomens [1]. TIpo-
BEJICM CpPaBHUTEJIBHBIA aHaNW3 YKa3aHHBIX TIO-
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CTaBIIMKOB IO OCHOBHBIM 3HAYUMBIM IO3UIUSIM
C WCIOJIb30BAHUEM METOJA PEHTHHTOBBIX OIICHOK
(taba. 1). ITockombKy y 00OHMX MpEANpPUSATHI-
MOCTABIUKOB TPOU3BOJUMAs TPOIYKIUS OIMHA-
KOBOTO KauecTBa, CTOUT YYECTh pa3jiuyus, T. €.
paccTossHUE MEXJy MOCTaBIIMKAMU M 3aKa34nKa-
MU, YCTAaHOBJICHHYIO TICHY.

Tabnuna 1

Pacuyer kpuTepueB OlleHKH MOCTABUIUKOB METO0M
PeiiTUHIOBBIX OLIeHOK (B 0aJL1ax)

Table 1

Calculation of criteria for evaluating suppliers
by rating method (in points)

Kpurepun otenkn | YIITYII «Don- «Kopmychas
[IOCTaBUIMKOB JIETOY mebenn «Skify
Lena mpoxykra 7 8
VY naneHHOCTH
A 2 10
CKJIaga
K K
OHTPOJIb CPOKOB 7 10
IMOCTaBKH
KauectBo mnpo-
P 9 9
JTYKIIAH
YcnoBus noctas-
A 8 9
KH
Cymma MUHH- 9 9
MaJILHOI'O 3aKa3a
VYcnoBus paboTet 9 8
M IIaTeKeH
Cpemumii 6armt 7,3 9

Pacxonpl Ha TpaHCHOPTUPOBKY 3aKYIOK B Tpe-
oyemom o6beme ot mocramiuka YITTYII «Domme-
TO» OoJbIIe Ha 35,35 py0., YeM aHAJOTHYHBIC pac-
xoxab!l «Kopmycnas me6ens «Skif.

OAO «I'omensckas mebenbHas ¢Gadpuxa «lIpo-
rpeccy 3akymnaet Oymary B oobeme 800 kr. Cneno-
BaTeJbHO, MPH CTOMMOCTU EIUHHUIIBI MPOIYKIUH
16py6. y UITVYII «Domnero» u 1,45 pyod.
y «Kopnycnas mebens «Skif» 3aTparsl Ha onHy 3a-
Kynky OyayT coctaBmats 1 280 u 1 160 py6. coot-
BETCTBEHHO, YTO O3HAYaeT CIeIyIolIee: 3aTpaThl Ha
3akynky y UITYIl «®omnero» Oonbmie Ha
120 py6., uem 3atpatsl Ha 3aKynKy y «KoprycHoit
mebemn «Skify. [lo meromy OalIbHBIX OIIEHOK
BUIHO, uTO cpepnuid Oamn y UIITVII «Domnero»
Menblie Ha 1,7, yem y «Kopnycnas meGenb «Skif.

Tabnuua 2

Pacuer COBOKYIIHBIX Pacxo/10B, CBA3AHHBIX
¢ MOCTaBKOIi TOBapoB

Table 2

Calculation of total expenses related
with the delivery of goods

HaumenoBanue noka- UIITYII Kopnycnast me-
3aTels «DoreTo» 6enb «Skif»
KonuuecTBo kuio- 304 7
METpPOB, KM
CTtouMOCTE OeH3H- 1,19 1,19
Ha 3a 1 1, pyO.
Heob6xoaumoe Ko-
JINYECTBO TOIIJIMBA 10 10
Ha 100 xM, 1
Heob6xonumoe ko-
JINYECTBO TOILJINBA, 30,4 0,7
11
TpancnopTHble
36,18 0,83
pacxofsl, pyo.

CymMa oOmmx 3arpar Ha TOCTaBKy Oymaru
nepdopupoBannoii s AHPK  cocraBnser
1316,18 py0. u 1 160,83 py6. mns UIITVYII «Don-
nero» u «Kopnycnas mebens «Skif» coorBer-
crBeHHo. [lpm 3akaze y «KopmycHas wmebenb

«Skif»  sxoHommueckuid  3¢p(deKT  cocTaBUT
155,35 pyo.
PenTabensHOCTh OT BHEIPEHUSI MEPOTIPUSTHS:
R=(5/3)-100 (1)

rae D — JKOHOMHYECKUI 3(PQeKT OT BHeIpeHHs
Meponpustusi, py0.; 3 — 3arpaTbl Ha BHEIPEHHS
MEpPONPHATHS, PYO.

R =(155,35/1 316,18) -100 =11,8%

Oddext oT n3MeHeHus: 00IIel BEJIWYHHBI JIO-
THCTHYECKUX 3aTpaT BCJCJACTBUE ONTUMH3AIHU
HPOIECCOB TOBAPO/IBIKCHHSI:

A3,=3..-3 (2

6a3 np

rae 3;

as !

3,,— CyMMa JIOTHCTHYECKHX 3aTpar o

0a30BOMY W MPOEKTHOMY BapuaHTaM (pyHKIIMOHH-
POBaHMS CUCTEMBI COOTBETCTBEHHO (yUTEHBI TOJb-
KO BHIBI 3aTpar, IOJBEPraroiifecs H3MEHEHHUIO
B ITPOIIECCE ONTHUMH3AIINHN), PYO.
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A3, =1316,18-1160,83=155,35 py6. B Mecs1l.

W3 BBIIEH3I105K€HHOTO MOXKHO 3aK/IIOYHUTh, YTO
MIPUMEHEHUE JIOTHCTUKHU II03BOJISIET CYIIECTBECHHO
MOBBICUTH 3P PEKTUBHOCTH TOProBiu. Jlorucruye-
ckuii 3ddekr or 3amensr mocraimka YIITYII
«Domnero» Ha «Koprmycnas mebens «Skif» noctu-
raercs IMyTeM COKpallleHHUs 3aracoB B LENIX TOBa-
POIBIXEHHS (32 CUET BBICOKOI CTENEHHU COTIaco-
BaHHOCTH MEX]y YYaCTHHKaMH B BOIIPOCAax CBOE-
BPEMEHHOTI'O IIOTOJIHECHHS 3alacOB) U COKpAILEHUS
TPAHCHOPTHBIX PacXooB (Jocturaercs Oiarogaps
BBICOKOM COTJIaCOBAHHOCTH B BOIIPOCAX HCIIOJIB30-
BaHUS TPAHCIIOPTA).

Taxoke MpeaIokeHO YCTaHOBUTH OoJiee BHITO-
wele B3aumootHomeHuss ¢ COAO «benHopa-
Craiin» myTeM AOTFOBOPEHHOCTH O IPEIOCTaBlie-
HUM CKHJIKU Ha 3aKyllaeMble MaTepualibl Ha B3au-
MOBBITOJTHOW OcHOBe. OCHOBHBIE NMPUHIMUIIBI TIPU-
MEHEHUSI CKHUIIOK, BBIIOJIHEHHE KOTOPBIX IOJDKHO
obecnieunth 3()(PEKTHBHOCTH BCEH CHCTEMBI CKHU-
JIOK, CJeyIollue:

— BO-TIEPBBIX, MPUMEHEHHE CHCTEMBI CKHJIOK
JOJDKHO IPUBECTH K IOJOXKUTEIBHOMY 3KOHOMU-
geckoMy 3¢ dekTy, To ecTh CKHIKH HE JOJIKHEI
BOCIIPHHUMATHCS KaK HEU30€KHOE 3710, C KOTOPBIM
MPUXOANUTCS MUPUThCS mpeanpustuio. Hanportus,
OHHU JIOJDKHBI CIY’)KUTh COXPAHEHUIO YPOBHS NpH-
OBUILHOCTH, @ JYYIlIe — €T0 TOBBIIICHUIO;

— BO-BTOPBIX, IPEAOCTABIsIeMasi CKHIKA JTOJDK-
Ha BBI3BIBATH PEANbHBIH MHTEPEC M CTPEMIICHHUE
K BBITIOJTHEHHIO OTOBOPEHHBIX YCIIOBHIA;

— B-TPETHHX, CHUCTEMa CKHJOK JOJDKHA OBITh
MPOCTa U MOHATHA KJIIMEHTAaM M COTPYIHHKAM KOM-
nanuu. Hanuure B 0HOM cUcTEME OJIHOBPEMEHHO
OOJIBIIIOTO KOJIMYECTBA Pa3HBIX BUIOB CKHJIOK MO-
XKeT CO34aTh IIyTaHUIy U HEIIOHUMAaHUE y MOKYyIa-
TeNs M 3HAYUTEIBHO 3aTPyIHUTH paboTy oTnena
MIPOJIaK.

PaccmoTpuMm cymiecTByone BUAbl CKHIO0K:

1. ®yHKkunoOHANIbHBIE CKHAKHA TPENOCTaBIISIOT
TeM TPOAABIAM, KOTOPHIE BBIMOJIHAIOT YacTh
GyHKIME peanu3aiuy TPOAYKIMH TOCTABIHKA.
[Ipy nmomMomy Takoro BO3HArpa)JA€HUS JOJIKHBI
OBITH OKPBITHI TOPIOBBIE PACXOIBI.

2.Cxkunku 3a konuuecTtBO. CHIKEHHE IIEHBI
B 3TOM Cllyyae NpeajararoT MOKynareiasiM Ooiib-
X KOJIMYECTB MPHU Kaxa0i nocraBke. CKUAKY 3a
KOJIMYECTBO JOJDKHBI CTHMYJIHPOBATh MOKYIIKY

OONBIINX KOJIMYECTB B paMKaX OJHOTO 3aKa3a. Tem
CaMbIM TOCTaBIIMK MOYKET CHU3WTH 3aTpaThl, MpHU-
XOZsIIecs Ha 3aKa3, U YMEHBLIMTh 3aTPaThl IO
odopMiIeHHIO 3aKa30B. DTU CKUAKH MPEIOCTABIIS-
0T B CTOMMOCTHOM WJIH HaTypaJlbHOM BBIPaKEHUU
(TocTaBKa JOTMOIHATEIHLHOTO KoimdecTBa). CKum-
KOH 3a KOJMYECTBO SIBIAETCS Takxke OOHYyC, KOTO-
pBIN yalle BCEro MpeJOCTaBISIOT OJUH pa3 B roj
3a ONpenesICHHOE KOJIMYECTBO KYIUIEHHOT'O TOBapa.
baza misa pacuera O0HyCa — JOCTUTHYTHIN B KOHIIE
KaXXO0ro rojila ypOBEHb MPOJIAXKH ONpPEACICHHOMY
[IOKYTIaTeN0 B HATYpPaJbHOM WM CTOMMOCTHOM
BBIPA)KEHHH.

3. BpeMeHHble CKUAKM NPEAOCTABISIOT, €CIH
3aKa3bl IOCTYHAlOT B OINpejeleHHbIE MOMEHTHI
WK B TOYHO ONpEAEIeHHbIE Tepuoabl. Tem cambiM
JOCTHUTaeTCsl M0 BO3MOXKHOCTH PaBHOMEPHOE pac-
npeneneHue o0bEeMOB COBITA MOCTABIIMKA B Teve-
HUE ToAa. ODTH CKHUIAKHM MPEIOCTaBISIOT TaKxke,
YTOOBI IIPOAATH ONPEEICHHBIC CTAPhIe MOAEIIH.

4. CKuIKM 3a «BEPHOCTH)» IMPEJOCTABISIOT 32
JIOJITOJIETHUE XO3SIMCTBEHHBIE CBA3U. Eciu KIMEHT
MOKyHaeT ONpEACICHHBIE NPOLYKTHl B TEUYEHHUE
YCTaHOBJICHHOI'O IEPHOAA Y OJHOTO ITOCTAaBIIUKA,
OH TaKXe MOXKET MOJYyYUTh CKUJIKY 32 «BEPHOCTHY.

5. CKuIKy 3a OIUIATy HAJUYHBIMHU MpEIararoT
C LEJIBI0 YCKOPEHHMs Ipolecca MOJydYeHus Iuiarte-
ke, X MOKHO TIPeoCTaBUuTh 3a OBICTPYIO OIlia-
Ty cueroB. CKHMIKM 3a OIJIaTy HaJUYHBIMH HC-
MOJIB3YIOT TaK K€, KaK U CKOHTO (CKHMIKa MPH J0-
CPOYHOM TIIIATEXKE).

6. Cnermanbubie ckuaku. CyliecTBYeT MHOTO
BUJIOB CIIELMAJBHBIX CKHIOK, HallpUMEp, CKHIKa
NepcoHany, paloTarolmeMy Ha HPEANPHUITHH.
Ckunka MokeT ObITh yCTaHOBIIEHA TAKXKe OIperie-
JICHHBIM TPYIIIaM JIML, B TOM YHCIIE 110 mpodeccu-
OHAJIbHOMY INPU3HAKY, TOTJa TOBOPAT O CKHIKaX
(denepanbHBIM M MECTHBIM UYMHOBHHKAM, YICHAM
COI030B HJTH 3a JalibHEeUIIyr0 00paboTKy ToBapa.

Tax xak OAO «l'omenbckas meOenbHas (hadpu-
ka «lIporpecc» TecHo corpymHumuaer ¢ COAO
«benHopaCraiiny 1 3akynaet 00JIbIIOe KOJTHIECTBO
MaTepHaioB UMEHHO Y 3TOrO MOCTABIIMKA, IETIECO-
00pa3HO OyAeT MepecMOTPETh UX JOTOBOPEHHOCTH
Ha TIOCTaBKy C BHECEHHEM CKHJIKH 3a KOJHYECTBO,
KOTOpPYIO OYAyT MPEAOCTABIATE pa3 B TOI.

OddexT oT u3MeHeHus: oO0IIel BETHMYUHBI JIO-
TUCTHYECKUX 3aTpaT BCIENCTBHE BHEAPEHUS Me-
POIIPHATHS TAKXKE PACCUUTHIBAEM IO (hopMmyie 2:
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A3, =196 344—(196 344-9 817,2) =9 817,2
pyo. B rom.

Ha mnepBblil B3rsiq MOXET IMOKA3aThCs, YTO
npenoctasiATh Takyo ckuaky COAO «benHopn-
Craiin» He BbIrogHO. OqHako OAO «I'oMenbckas
MeOenpHas (adpuka «lIporpecc» sBIsSETCSA ILIa-
TEXKECIIOCOOHBIM TPEIANPUATHEM U CBOCBPEMEHHO
pacruiauMBaeTcs 3a mocTapisieMble MaTepuaisl. Co
cBoeit cropoasl OAO «['oMenbckas MeOeIbHAS
dadbpuka  «[Iporpecc»  MOANMUIIET  JOTOBOP
¢ COAO «benHopaCraitn» Ha TOCTaBKY Ha LIEIIBIMA
roJ, 9T0 OyIeT SBIATHCS TapaHTOM COTPYIHUYE-
CTBa.

Haquaﬂ HOBU3HA U MPAaKTHYECKas]
3HAYNMOCTDb

Crnenyer OTMETHTh, YTO Ha PaccMaTpUBAEMOM
NPEONPHUATHN TIpeUIaracMblii aHaIn3 CHaO)KeHde-
CKO-COBITOBOH JIESITETLHOCTH HOCHT JIOCTATOYHO
MOBEPXHOCTHBIN XapakTep. B cBsizu ¢ 3tuMm mpu-
MEHEHUE COBPEMEHHBIX METOIUYECKUX pa3pado-
TOK W TOAXOAOB SIBISIETCS IUIsl HEro 0coOEHHO
Ba)KHBIM, & MPUMEHEHHUE JOTMCTUYECKUX MPUHIIU-
[IOB IPY OPraHU3alMH CHAOKCHHSA MaTepUalIbHbI-
MU pecypcamMyd U cObITa MPOU3BOAUMON MPOAYK-
MU BHOCUT D3JIEMEHT HOBH3HBI, TaK KaK OCY-
LIECTBICHUE TaKoW pabOThl Ha HAYYHOM OCHOBE
IUIsl TIPEATIPUATHS paHee He ocyIiecTBIsuiochk. [lo-
3TOMY Ha OCHOBAHHMU H3Y4YEHHUS METOJUYECKHUX
HUCTOYHMKOB M HAay4YHBIX pa3paboTOK B 001acTH
CHA0)KEHYECKOW JIOTUCTHKU TNPEAJOKEHBl IIyTH
ONTHUMM3ALNKA CHAOKEHUECKO-COBITOBON NEeATEIh-
HOCTHU TIPEIIPUATHS.

Ha ocHoBaHuu pe3ynbTaToB MPOBEAEHHOIO HC-
ClIeZIOBaHHUS MOTYT OBITH pa3paboOTaHbl PEKOMEH-
JallM 10 OIIEHKE HECKOJIbKUX MOTEHIIHAIbHBIX
MOCTaBIIMKOB MaTepHalIbHBIX PECYpCOB IJIsi KOH-
KPETHOTO MPEANpUATHs M OOOCHOBAaHHUIO OINTHU-
MaJbHOTO BBIOOpa HAWIYUIIEr0 W3 HUX C yYETOM
JIOTUCTUYECKUX  NPUHLHUIOB. OTO  IO3BOJIUT

YMEHBIIUTh PAacXoJbl NPEANPUATHS, CBS3aHHBIC
C OpraHM3alueil MOCTaBOK HEOOXOAMMBIX JUIS
MPOM3BOJICTBA MAaTepUANILHBIX pecypcoB. Takxke
9TO OTKpPBIBACT AJSl MPENNpPHUSTHSA MYTH IMOBHIILIE-
HuUs o01meit 3 (HeKTUBHOCTH ero AeATelIbHOCTH 3a
CUET ONTHMH3ALUH PAOOTHI C MOCTABIIUKAMH.

BriBoabl

U3 BhIIecKa3aHHOTO MOXKHO CZEJaTh BBIBOA
0 TOM, YTO C Y4€TOM IPHUMEHEHHUS] OCHOBHBIX JIOTU-
CTUYECKUX MPUHLUIIOB IIPU OpraHU3ally CHaO-
JKeHUYeCcKo-cObIToBOM  nesarenbHoct OAO  «lo-
MenbcKas MebenbHast pabpuka «[Iporpece» BbITOI-
Hee CMEHHUTH IOCTABILMKA U HAYaTh COTPYIHHYATH
¢ «KopmycnHas mebenp «Skif». ['maBHOE mpenmy-
mectBo pabotsl ¢ «KopnycHas mebens «Skify 3a-
KJIIOYaeTcsl B TOM, YTO NpeanpusiTue OyAeT Tpa-
TUTH MEHbILIEE KOJIMYECTBO (PMHAHCOBBIX PECYPCOB
Ha TPaHCIIOPTHPOBKY, & TAaK)Ke€ MEHBIIE BPEMEHH
Ha 3aKJIIOYEHHE JIOTOBOPOB, MpPU 3TOM OyAeT mo-
Jy4aTh MaTepHajibl BEICOKOIO KayecTBa MO MPHEM-
NeMOH 1ieHe. DTO O0JNeruuT NesTeNbHOCTh OTIIeNa
CHaOXKEHUSI U TO3BOJIUT MPEIIPUSITHIO COKPATUTD
3aTpaTrhl HA MaTepHaIbHbBIE PECYPCHI.

IIporHo3 BiaUSIHUS WU3MEHEHH TPaHCHOPTHBIX
3aTpaTr TOBOPUT O TOM, YTO MPEINPUATHE MOTyqaeT
OCHOBY JJISl TUIAHUPOBAHUSI JIOTUCTUYECKUX MEPO-
npusATHHA. [ TaBHOE NPEeNMYILECTBO MEPBOIO MEPO-
NPUATHST — 3HAYHUTENILHOE COKpAallleHHe BpPEMEHH
M 3aTpar Ha IOCTAaBKYy OJyiarojaps OJU3KOMY pac-
MIOJIOKEHHUIO TIOCTABLINKA.

IIpn BO3HMKHOBEHHUU COMHEHUH CO CTOPOHBI
MOTEHIMATBHBIX MOCTABIIMKOB IO TOBOJY BO3-
MO>KHOCTEH NPEAOCTABICHUS CKHUJIKH
(COAO «benHopaCraiiny) He0OX0IUMO 0OPAaTHTh
BHUMaHHe Ha IuiatexxecriocooHocte OAO «[o-
Menbckass MeOenpHass  (adpumka  «lIporpeccy»
U HaJeKHOCTh JAHHOTO NpeAnpusTHs, o0ycioB-
JICHHYI0 CBOEBPEMEHHBIMU OIJIaTaMU TIOCTaBOK
MaTepHaoB.
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ONTUMIBAILISA IOCTAYAJIBHO-3BYTOBOI JISIJIBHOCTI
HIAITPUEMCTBA HIVIAXOM 3ACTOCYBAHHA JOT'ICTUYHHUX
INPUHIIUIIIB

Mera. [locTayaHHs CTaHOBUTH JIyXe BOXIMBY c(epy AisIbHOCTI IPOMHUCIOBOTO MiJIPHEMCTBA. TOMYy METOO
uiei poOOTH € JOKJIajHEe BUBYEHHS i aHali3 MOMJIMBMX LUISIXIB YJOCKOHAJEHHS IMOCTavalibHOI [isUIbHOCTI.
Metoauka. Y mporeci A0CiiKeHHS BUKOPUCTaHI METOJIU MOPIBHSIHHS, HAYKOBOTO IOLIYKY, aHaTi3y 1 CHHTE3Y JUIs
BUBYEHHS I10CTavaJIbHO-30yTOBOT AiSAIBHOCTI MPOMHUCIOBOTO MiANIpHeMcTBa. Pe3yabTaT. Y CTaTTI pO3MISAHYTI OC-
HOBHI JIOTICTHYHI IPUHIMIHN Ta cepa IX 3aCTOCYBaHHS HA MPHUKIAI] TOCTaYalbHOI JisTIBHOCTI IPOMHUCIIOBOTO TIiJI-
MPUEMCTBA 3 BUPOOHHUIITBA M KX MeOIiB. [IpoBeneHa omiHKa AEKITPKOX MOTEHIIIHHUX MOCTavYalbHUKIB MaTepia-
JBHUX PECYpCiB 1 BIIPOBaLKEHHS METOJIMKH OOIPYHTYBAHHS ONTHMAJILHOTO BUOOPY MOCTavyalnbHUKA. SIK 00°€KT po3-
ISy BUOpaHO MPOMUCIIOBE ITiIPHEMCTBO, OCHOBHUM BHJIOM JiSUIEHOCTI SIKOTO € BHPOOHHITBO M’SIKUX MeOIiB.
Po3rsHyTO neski 3 HOro OCHOBHHMX MOCTAa4ajbHUKIB 332 CXOKMMH BHAAMH IPOAYKLII — manepy nephopoBaHOTo.
IMpoBeneHa iX MOPIBHsUIbHA OIIHKA 32 OCHOBHUMH BIUIMBOBUMH IapaMeTpaMHu — pO3TalllyBaHHsI, SKiCTh Ta aCOPTH-
MEHT MPONOHOBAHMUX MaTepialbHUX pecypciB. [Ipy 1IbOMY BHKOpPHCTaHHHA METOJA €KCHEPTHHX OIIHOK. 3a JOIIOMO-
TOI0 METOJIMKH OOTPYHTYBAHHS ONTUMAIBHOIO BUOOPY TOCTAYalbHHKA, 13 ypaxyBaHHSIM OCHOBHHX IPHHIUIIIB JIO-
TICTUKM 3 TPOIIOHOBAHUX BApiaHTIB 3a pe3yibTaTaMHM BHKOHAHUX PO3pPaxyHKIB BU3HAYEHO ONTHUMAJBHUI BapiaHT
ITOCTaBKU MaTepiamiB Uil 31HCHEHHS BUPOOHUIITBA 1 BUOpaHUil MocTavyalbHUK, poOoTa 3 SKMM HAaWOUIBII BUTiTHA
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JUIl PO3IJIIHYTOTO MiJANPHEMCTBA. TakoX pO3IJISIHYTI BapiaHTH HaJaHHS 3HW)KKH IOCTIHHOMY IOCTa4aJbHUKY
i BIUIMB 1i Ha 3HMKeHHs BUTpaT. HaykoBa HoBM3Ha. Ha mincraBi BUBUCHHS METOANYHUX JDKEPEIl 1 HAYKOBUX PO3-
poOOK y rayry3i MOCTaYaJbHOI JOTICTUKU 3alpOMOHOBAHO IIISXH ONTHMI3allii MOCTavyaibHO-30yTOBOI MisSUTBHOCTI
KOHKpeTHOro mifnpuemcrta. [IpakTuyna 3HauuMicTb. Pe3ynbpraTu 1ociiPkeHHS MOXKYTh OyTH BUKOPUCTaHI IS
OLIHKHU KiJbKOX MOTEHLIHHUX NOCTa4YalbHUKIB MaTepiallbHUX PEeCcypciB KOHKPETHOTO IiJNPHEMCTBA W OOIPYHTY-
BaHHS ONTHMAaJIbHOTO BHOOPY HAMKPAIIOro 3 HUX i3 ypaXyBaHHSM JIOTICTHYHUX NPHHUUMIB. L{e 103BOIHUTH 3MeEH-
IIATH BUTPATH MiATPHEMCTBA, TOB’53aHi 3 OpraHi3alli€lo MOCTaBOK HEOOXIMHWX IJIsi BUPOOHHUIITBA MaTepialbHUX
pecypciB. Takox 1e BiZKpHBa€ IS MiAMPUEMCTBA IUIAXH MIIBUIICHHS 3arajibHOI ()eKTHBHOCTI HOTO MisIIBHOCTI 3a
paxyHOK onTHMi3amii poOOTH 3 MOCTaYaThbHUKAMHU.
Knrouosi crosa: 30yT; IOCTavaHHS; JIOTICTHYHI IPUHIINIIHN; IOCTaYaIbHIKH; JIOTICTHYHE MOJEIIOBaHHS 30yTy
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OPTIMIZATION OF SUPPLY AND SALES ACTIVITIES OF THE
ENTERPRISE THROUGH THE APPLICATION OF LOGISTIC
PRINCIPLES

Purpose. Procurement is a very important field of activity for an industrial enterprise. Therefore, the purpose of
this paper is to study it in detail and analyze possible ways to improve supply activities. Methodology. In the pro-
cess of research, methods of comparison, scientific search, analysis and synthesis were used to study the supply and
sales activities of an industrial enterprise. Findings. The article discusses the main logistic principles and the scope
of their application on the example of the supply activities of an industrial enterprise for the production of uphol-
stered furniture. For this purpose, several potential suppliers of material resources were assessed and a methodology
for justifying the optimal choice of supplier was introduced. An industrial enterprise whose main activity is the pro-
duction of upholstered furniture has been chosen as an object of consideration. Some of its main suppliers for simi-
lar types of products - perforated paper are considered. A comparative assessment of them was made according to
the main influencing parameters - location, quality and assortment of the proposed material resources. In this case,
the method of expert evaluation was used. Using the method of substantiating the optimal choice of supplier based
on the basic principles of logistics from the proposed options, based on the results of the calculations, an optimal
variant of the supply of materials for production is selected and the supplier is selected, the work with which is most
beneficial for the enterprise in question. Options for obtaining discounts from a regular supplier and its impact on
cost reduction were also considered. Originality. Based on the study of methodological sources and scientific de-
velopments in the field of logistics, the ways of optimizing the supply and marketing activities of the particular en-
terprise have been proposed. Practical value. Results of the study can be used for the evaluation of several potential
suppliers of material resources for a particular enterprise and justification of the optimal choice of the best of them
based on the use of logistic principles. This will reduce the cost of the enterprise associated with the organization of
supplies necessary for the production of material resources. This opens up ways for an enterprise to increase its
overall efficiency by optimizing work with suppliers.

Key words: sales; supply; logistic principles; suppliers; logistic modeling of sales
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CHOOSING THE SYSTEM OF LOCOMOTIVE MAINTENANCE IN
VIEW OF THE EFFECT OF DEPENDENT FAILURES

Purpose. Improving the efficiency of the use of locomotives by choosing a rational maintenance system that
takes into account the assessment of the effect of dependent failures on the cost of their life cycle is the main pur-
pose of this paper. Methodology. The relevance of introducing LCC (Life Cycle Cost) approaches in locomotive
facilities is explained by the introduction of new locomotives with on-board control and diagnostic systems, as well
as the development of the theory of traction rolling stock maintenance systems. The cost of a locomotive as a trac-
tion unit ceases to be the determining factor. This is because the locomotive maintenance and repair cost for the en-
tire period of its operation is much higher than the initial cost of the locomotive. The paper analyses the existing
approaches to managing the cost of the life cycle of locomotives at the stages of selecting, updating, upgrading and
operating the traction rolling stock. The necessity of improving the methods for assessing the degree of influence of
reliability indicators of locomotive assemblies on the choice of the maintenance system and the cost of the locomo-
tive life cycle is substantiated. Findings. It is proposed to use the concept of «the effect of dependent failures» when
calculating the cost of locomotive renewal after unscheduled repairs and its life cycle cost. We improved the meth-
ods for determining the cost of unscheduled repairs, taking into account dependent failures and the coefficient of
assessment of the effect of dependent node failure on the locomotive maintenance system. The proposed coefficient
will determine the nodes, the failure of which affects the renewal cost more than their nominal value. It will also
help to take into account the probable losses due to node failure during the development and adjustment of the lo-
comotive maintenance system. Originality. For the first time, it is proposed to use the concept of the effect of de-
pendent failures to calculate the locomotive renewal cost when performing unscheduled repairs, as well as the loco-
motive life cycle cost. Practical value. The improved calculation method for determining the cost of unplanned
repairs with account taken of dependent failures can be used to compare and evaluate different variants of the loco-
motive maintenance system and to develop the locomotive diagnostic systems.

Key words: life cycle cost; maintenance system; locomotive; dependent failures; renewal costs; unscheduled
maintenance

panies. For the rail industry, minimizing such costs
Introduction increases the competitiveness of products and,
consequently, stimulates the expansion of the mar-
ket and increase in profits. For operating compa-
nies, thus, the economic efficiency of using rolling
stock rises [10].

The task of minimizing total costs at all stages
of the lifecycle of vehicles, improving the reliabil-
ity and safety of equipment is common to both lo-
comotive developers and operating transport com-

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154823 © B. E. Bodnar, O. B. Ochkasov, T. S. Hryshechkina, E. B. Bodnar, 2018

47


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpacnopty. Bicaux /IHinponeTpoBcskoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2018, Ne 6 (78)

EKCIIIYATAIIS TA PEMOHT 3ACOBIB TPAHCIIOPTY

When substantiating the choice of the most ad-
vantageous offer for the supply of traction rolling
stock, transport companies, along with comparison
of technical characteristics, are increasingly using
the LCC (Life Cycle Cost) indicator. Bemnunna
KamiTATBPHUX 3aTpaT Ha MNpUA0aHHSI HOBOTO
TATOBOI'O0 PYyXOMOTI'O CKJIaay IMOCTYIMOBO IMOYMHAE
3aMIHIOBATHCh BEINYHUHOIO BUTpAT Ha BCIX eTamax
’KUTTEBOTO UKy JJoKOMoTHBa The amount of cap-
ital costs for the acquisition of a new traction roll-
ing stock gradually begins to be replaced by the
cost of all stages of the locomotive life cycle [14,
17, 18].

Actuality of LCC approaches in locomotive
services is explained by the introduction of new
locomotives with onboard control and diagnostic
systems, as well as the development of the theory
of traction rolling stock maintenance systems. The
cost of a locomotive as a traction unit ceases to be
the determining factor. This is due to the fact that
maintenance and repair costs for the entire life cy-
cle of a locomotive considerably exceed its initial
cost.

The works [3, 5, 9, 11-13, 15, 16, 21] are de-
voted to the introduction of LCC approaches at the
stages of selecting, updating, modernizing and op-
erating the traction rolling stock. Despite a signifi-
cant number of research results on the use of LCC
indicators, the issue of assessing the degree of in-
fluence of reliability indicators of locomotive as-
semblies on the choice of the maintenance system
and the cost of the locomotive life cycle remains
unsolved.

Purpose

The main purpose of the work is to increase the
efficiency of the use of locomotives by choosing
a rational maintenance system that takes into ac-
count the assessment of the effect of dependent
failures on the cost of their life cycle. To achieve
this purpose, it is necessary to analyze the existing
approaches for managing the locomotive life cycle
cost, as well as to develop a method for assessing
the degree of influence of reliability indicators of

locomotive nodes on the choice of the maintenance
system and the cost of the locomotive life cycle.

Methodology

The most commonly used approach in develop-
ing life-cycle cost management systems is the
RAMS (Reliability, Availability, Maintainability,
Safety).

Let us consider its embodiment in the railway
standards of Europe, Russia and Ukraine.

The main characteristics, definitions and terms
relating to RAMS and LCC of rail transport facili-
ties are given in European Standard NF EN 50126-
1-2000 [20]. An example of the practical use of the
RAMS approach for assessing the safety status of
locomotive facilities using an integral indicator is
described in [19].

The basic provisions of the RAMS can be used
to assess the locomotive operation and mainte-
nance system in terms of reliability, availability,
maintainability and safety during their interaction.
The proposed approach defines the process based
on the life cycle of the whole system, and the tasks
in it; allows to effectively monitor and control the
interaction between the elements.

Standard EN 50126 [20] presents the system
(locomotive) life cycle that is a sequence of phas-
es, each of which solves the corresponding tasks,
which cover the entire system service life from the
original concept to decommissioning.

The life cycle provides a framework for plan-
ning, managing, controlling and monitoring all
aspects of the system, including RAMS. Fig. 1
shows the life cycle stages according to this stand-
ard.

At each stage of the life cycle, there are certain,
related to this stage, tasks: general, tasks of relia-
bility, performance, repairability, as well as also
safety-related tasks.

The issues concerning calculations of the sys-
tem life cycle cost are considered in the second
stage, while forming the profile of the system pur-
pose.
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Fig. 1. Life cycle phases of the locomotive
The scheme of the system life cycle costs ac-
cording to EN 50126 [8, 20] is shown in Fig. 2
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Fig. 2. Scheme of locomotive life cycle costs

The costs incurred during the design phase of
the system, as well as those planned during the
formation of the requirements for operation and
maintenance, constitute a significant part of the
locomotive life cycle cost.

It is impossible to determine the exact costs for
the entire life cycle. They can be evaluated only
with different degree of confidence.

Initial data for the analysis and calculation of
the life cycle cost of the traction rolling stock are:

1. During the reliability, availability, maintain-
ability and safety analysis (RAMS analysis):

— Service life;

— Average annual mileage of the locomotive;

— Average time of locomotive operation per
year;

— Other quantitative and qualitative indicators
of the use of locomotives.

2.When determining the life cycle cost (LCC
analysis):

— Specifications / technical manuals from the
component or subsystem provider (for example,
FIT rate, MTBF rate)

— Identification, collection and use of statistical
data (for example, failure rates, repair costs, part

X
CY_MP =>'N_MP, xQT,

i=1

where X — total number of elementary technologi-
cal operations; N_MP; —humber of i-th elementary
technological operations, which must be performed
throughout the life cycle; QT; — total number of
elements requiring the use of the i-th elementary

replacement statistics, part wear dynamics, etc.);

— Models for forecasting changes in the tech-
nical condition of the locomotive and its subsys-
tems;

Databases and statistical reports on the reliabil-
ity and operation of locomotives.

The [20] presents two methods for calculation
of costs for the life cycle components:

— Calculation of costs for preventive mainte-
nance (analogue of planned preventive repair sys-
tem);

— Calculation of costs for corrective mainte-
nance (after failures) (analogue of the current state
maintenance system).

Let us consider these methods in more detail.

Calculation of costs for preventive mainte-
nance. Preventive maintenance, in accordance with
European Standard EN 13306 (2001) [8], is
maintenance performed at specified intervals or
according to the proposed criteria. It is intended to
reduce the likelihood of a failure or deterioration of
the functioning of the technical unit.

Calculation of costs CY_MP for preventive
maintenance during a life cycle is carried out by
the formula:

x(CM_MP, + MH_MP, xCMH )

technological operation; CM_MP; — average cost
of materials to be used during the use of the i-th
elementary technological operation; MH_MP; —
number of working hours required for the imple-
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mentation of the i-th elementary technological
operation; CMH — cost of 1 working hour.

This method does not take into account the fol-
lowing time expenditures:

— for organizational, administrative and logistic
processes;

— for purchase / delivery of consumables;

— for emptying of wastewater reservoirs;

— in anticipation of service;

— for utilization duration;

— for external and internal cleaning of the vehi-
cle.

Calculation of costs for corrective maintenance.
Corrective (unscheduled) service according to [20]
is the maintenance performed after the fault recog-
nition. It is designed to restore a locomotive to
a technical state in which it can perform the neces-
sary functions.

Calculation of costs for corrective maintenance
CY_MC during the life cycle is performed accord-
ing to the formula:

QT =IN_FAI; xOT

X
CY_MP =3 N_MC, xQT, x(CM_MC; + MH_MC, xCMH ),

i=1

where QT — number of elements to be restored for
the entire life cycle; IN_FAI; — failure rate of the i-
th element; OT — operating time or run-time (de-
pends on failure rate); N_MC; — number of i-th el-
ementary technological operations to be performed
throughout the life cycle; QT; — number of ele-
ments that require the use of the i-th elementary
technological operation for renewal;, CM _MC; —
average cost of materials for the implementation of
the i-th elementary technological operation;
MH_MC; — number of working hours for the im-
plementation of the i-th elementary technological
operation; CMH — cost of a working hour.

Basic rules for determining the cost of life cy-
cle of rolling stock and complex technical systems
of rail transport on the Russian railways are given
in [11]. This method contains the main provisions
and formulas for calculating such indicators of the
efficiency of rolling stock and complex technical
systems of rail transport, as the life cycle cost, the
useful economic effect and the limit price of ma-
chinery.

The life cycle cost indicator is used in this
methodology to evaluate the effectiveness of inno-
vative measures, including those at rail transport.

The term «Life cycle cost» (LCC) of the tech-
nical equipment in [11] is defined as the total con-
sumer’s cost for the purchase and use of the
equipment for the duration of its service.

The life cycle costs of the technical equipment
include all consumer costs associated with its ac-
quisition and possession, that is, the purchase
price, the associated one-time costs, as well as the

operating costs for the entire life and the costs of
disposal.

The [11] proposes to limit the number of life
cycle stages of technical equipment by the follow-
ing stages:

1) Development of concepts and definitions;

2)Research and development works;

3) Manufacturing of technical means;

4)Putting technical equipment into operation
with accompanying measures to train the person-
nel, upgrade the repair base, etc.;

5) Operation and maintenance;

6) Retirement (liquidation, disposal).

The general LCC of a product (of all its six
stages) is divided into two main parts:

1) Costs associated with the acquisition (stages
1-4);

Costs related to operation and disposal (stages
5-6).

Initial LCC analysis is carried out at the acqui-
sition stage — comparisons are made with ana-
logues. Then, during the exploitation phase, the
monitoring of economic indicators is carried out in
order to confirm the initial life cycle costing.

LCC of rolling stock and complex technical
systems of rail transport is defined in [11] by the
formula:

T
LCC =P, +D_(O +AK, — D)

t=1
where Paq — 0bject acquisition price (initial value).

At the stage of new locomotive concept develop-
ment and R&D works (1-2 stages of the life cycle)
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the equipment acquisition price can be presented as
its limit price; O — annual operating costs;
AK, — accompanying one-time costs associated
with putting of machinery into operation;
D, — disposal value of the object; o, — discount

coefficient; t — current year of operation; 7 — final
year of operation, established in accordance with
the technical requirements or other documentation
(including the accounting policy of the enterprise
on whose balance the object is located).

The discount coefficient for the constant dis-
count rate is determined by the expression:

t

+t§'(mi' -RY 'oct)—i—

where i — investment variant number; m; — num-

ber of traction rolling stock units by the i-th in-
vestment variant purchased in year t of the lifecy-

cle; Pif — price of acquisition of the traction rolling
stock unit by the i-th investment variant in year t of
the life cycle, UAH: K™ — one-time associated

costs during implementation of the rolling stock by
the i-th investment variant in year t of the life

cycle, UAH; R°Y — price of overhaul of the trac-
tion rolling stock unit by the i-th investment vari-
ant in year t of the life cycle, UAH; R — price of

modernization of the traction rolling stock unit by
the i-th investment variant in year t of the life

cycle, UAH; O; — current expenses for operation

and maintenance in a technically sound condition
of the rolling stock by the i-th investment variant

in year t of the life cycle, UAH; D, - disposal

value of the traction rolling stock unit by the i-th
investment variant in year t of the life cycle, UAH;

o, — discount factor; t, — year of acquisition of
the traction rolling stock by the i-th investment va-

where t — step of the calculation period (t =0, 1, 2,
. T); T — time horizon (life cycle duration);
E — discount rate.

In [13] it was noted that despite the significant
number of research results regarding the use of the
LCC economic indicator as one of the main criteria
for evaluating and approving investment decisions
in the long run, the issue of adaptation of this indi-
cator to the operational features of Ukrainian rail-
ways needs further development. The paper pro-
poses to calculate the rolling stock life cycle cost
for alternate investment variants in its renewal as
follows:

—
>

i (mit -Oit ~at)—

1, . t

nai

(mil ~Dil -(xt),

A, M i
< Ei
=8

t

riant; t; — year of disposal of the rolling stock by
the i-th investment variant.

Findings

The conducted analysis of the life cycle costing
approaches allows us to conclude that none of the
considered methods takes into account the effect of
failure of one node on the failure of other connect-
ed nodes (dependent failures of system elements)
of the locomotive. According to researches [4, 6],
quite a significant part of failures (and, as a conse-
guence, of unscheduled repairs) occurs due to the
dependent failures of elements. Thus, when calcu-
lating LCC and costs for all types of maintenance,
it is necessary to take into account the effect of
dependent locomotive failures.

One of the LCC components is the locomotive
maintenance cost. The amount of these costs de-
pends on the reliability indicators and the accepted
technical maintenance system. Methods for as-
sessing the economic efficiency of a locomotive
maintenance system are given in [2, 3, 7]. In order
to improve the methodology for calculating the
locomotive maintenance system cost, the authors
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suggest taking into account the dependent failures
of nodes.

According to [3], the cost of unscheduled re-
pairs in a rational system without taking into ac-
count dependent failures can be defined as follows:

C= Cunsch 'Hp

where C — average cost of unscheduled repair
of the locomotive node; H, — average number of

unsch

failures during an hour of the locomotive life
cycle.

The average cost of one unscheduled repair
Cunsen 1S determined by the expression:

Cunseh = Ceen +Cin (ty +1g)

unsch sch

where C, - cost of one scheduled repair; C,, —
cost of one locomotive-hour; t, — time of locomo-
tive transportation to the place of repair; t;, — lo-

comotive repair downtime.

In order to calculate the renewal costs during
unscheduled repairs, it is necessary to take into
account dependent failures of the elements. To cal-

culate the life cycle cost of a locomotive with ac-
count taken of the dependent failures of its ele-
ments, it is necessary to determine the probabilistic
dependencies between the failures of its main
nodes, that is, with what probability the failure of
each node will affect the failure of other locomo-
tive nodes.

The average cost of one unscheduled repair C_,

taking into account the dependent failures, is de-
termined by the expression:

C3 = Csch + Z piC;ch + Clh (tlr + tdt)

ieV

i

where C, — cost of one scheduled repair of the i-
th dependent element; p, — probability of depend-
ent failure of the i-th element; V — set of dependent
elements.

Calculation of the probability of dependent
failures can be performed using expert research
methods [1], methods of fuzzy logic and neural
networks [22]. In general, the probability of occur-
rence of dependent failures is presented in the Ta-
ble 1.

Table 1
Probabilities of occurrence of dependent failures
; — o - =z
Locomotive 2 g 3 e
equipment S S 3 S
Node 1 P12 P1i PN
Node 2 P21 P2i P2n
Node i Pit piz pin
Node N Pn1 Pn2 Pni

Table 1 in the columns indicates the names of
nodes with primary failures, and in rows — the
names of nodes with dependent failures. The ele-
ments of this matrix (tables) are filled by experts,
which indicate the probability of dependent fail-
ures for each node of the locomotive.

For example: pi12 is the probability that a de-
pendent failure of Node 1 will occur in the event of
Node 2 failure. In general:

pav — probability that a dependent failure of the
Node i will occur in the event of the Node N fail-
ure.

It is obvious that the probabilities of the type
are always equal to one.

To estimate the influence of dependent failures
on the locomotive maintenance system and life

cycle cost, we propose to use a coefficient Py .
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This indicator of the dependent failure effect on
the after-failure renewal cost is calculated as fol-
lows:

Calculation of the coefficient P, for each node

of the locomotive can be performed according to
the Table 2.

C
Pdf = 3 '100%
unsch
Table 2
Assessment of the effect of dependent failures on the maintenance system
Assessment of
Cost of scheduled Cost of unsched- Cost O.f un_scheduled node the effect of
Node group Node name node repair uled node repair repair with account of dependent
dependent failures failures
Node 1 Csch Cunsch C3 Pdf
Node 2
Node i

Originality and practical value

For the first time, it is proposed to use the con-
cept of the effect of dependent failures to calculate
the locomotive renewal cost when performing un-
scheduled repairs, as well as the locomotive life
cycle cost.

The method of determining the unscheduled re-
pair costs with consideration of dependent failures
was improved in the work; and the coefficient of
assessing the effect of node dependent failure on
the locomotive maintenance system was intro-
duced.

The calculation method can be used to compare
and evaluate variants of the locomotive mainte-
nance system and to develop systems for their di-
agnosis.

Conclusions

The work analyzed the existing approaches to
the management of the life cycle cost of locomo-
tives at the stages of their selection, renewal, mod-
ernization and operation.

We substantiated the necessity of improving the
methods for assessing the degree of effect of relia-
bility indicators of locomotive units on the choice
of the maintenance system and its life cycle cost.

We conducted the analysis of modern ap-
proaches to managing the locomotive maintenance
system.

It is proposed to use the concept of «effect of
dependent failures» when calculating the locomo-
tive renewal cost after unscheduled repairs and the
locomotive life cycle cost.

The proposed coefficient of the effect of the
node dependent failure on the locomotive mainte-
nance system will allow determining the nodes, the
failure of which affects the renewal cost more than
their nominal value. Also, this coefficient will help
to take into account probable losses due to node
failure during the development and adjustment of
the locomotive maintenance system.
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BUBIP CUCTEMU YTPUMAHHSA JIOKOMOTHUBIB 13 YPAXYBAHHSAM
BIIJIMBY 3AJIEKHUX BIZIMOB

Meta. OCHOBHOIO METOI0 POOOTH € MiABHIICHHS e(EKTUBHOCTI BUKOPHUCTAHHS JIOKOMOTHUBIB 32 PaxyHOK BHOO-
PY pauioHaNbHOI CHCTEMH yTPHMaHHS, SiKa BPaxoOBY€ OIIHKY BIUIMBY 3aJIS)KHHX BI]MOB Ha BapTiCTh iX >KUTTEBOTO
Ky, Meroauka. AxryanbHicth 3actocyBanus miaxoaiB LCC (Life Cycle Cost) B 10KOMOTHBHOMY rOCHOAApCTBI
TIOSICHIOETBCSL BIPOBA/DKEHHSIM HOBUX JIOKOMOTHBIB i3 OOPTOBUMM CHCTEMAaMH YIIPaBIiHHS W JiarHOCTYBaHHS,
a TaK0XXK PO3BUTKOM TeOPii CUCTEM YTPUMAaHHS TATOBOTO PYXOMOTO CKJIaay. BapTicTe JOKOMOTHBA SIK TSATOBOI OH-
HUII epecTae OyTH BU3HAYAIBHUM (PakTOpoM. Lle NOsSICHIOETBCS THM, 110 BUTPATH Ha TEXHIYHE 0OCIYyroBYBaHHS Ta
PEMOHT JIOKOMOTHBA 32 BECh Iepioj eKCIuTyaTamii 3HaYHO MEePEBUIYIOTh HOTO MMOYaTKOBY BapTiCTh. Y poOOTi mpo-
aHaJIi30BaHO HasBHI MIJIXO/AU YNPAaBJIiHHS BapTICTIO )KUTTEBOI'O IMKIY JOKOMOTHBIB Ha eramax iX BUOOpY, OHOB-
JICHHS, MOJIepHi3aIlii i ekcrutyaraiii. OOrpyHTOBaHO HEOOXITHICTh YJIOCKOHAICHHS METO/IB OIIHKU CTYIICHS BILIHU-
BY NMOKa3HUKIB HaIHHOCTI BY3JIiB JIOKOMOTHBA Ha BHOIp CHCTEMH YTPHMaHHS M BapTICTh HOTO JKMUTTEBOTO IHKIY.
Pe3yabraTh. 3anpornoHOBaHO BUKOPUCTOBYBATH MOHSTTS «BILIMB 3aJ€KHUX BIJIMOBY MiJ 4ac po3paxyHKy BapTOCTI
BiZIHOBJICHHSI JIOKOMOTHBA ITiCJIsl TI03AIUIAHOBUX PEMOHTIB 1 BAPTOCTI HOT0 )KUTTEBOTO LUKITY. Y JOCKOHAJIEHO METO-
JIMKY BH3HA4Y€HHs BapTOCTI I103aIIAHOBOTO PEMOHTY 3 YPaxyBaHHSIM 3aJ€KHUX BIJIMOB, yBEACHO KoedilieHT
OLIHKH BIUIUBY 3aJIE’KHOI BIZIMOBH BY3J1a Ha CUCTEMY YTPHMAaHHS JIOKOMOTHBa. Lleit koedimieHT 103BOINTH BU3HA-
YaTy BY3JIH, BIIMOBA SKMX BIUIMBAE Ha BapTICTh BIAHOBICHHS OiNbIIe, Hi’K HOMIHAIIbHA iX BapTicTh. Takox 3arpo-
MMOHOBaHUU KOe(Illi€eHT JOMOMOXKE BpaxXxOBYBaTH WMOBIpHI BTpaTH BHACHIIOK BIAMOBH By3J1a IIijJ dac
pO3poOKHM I KOpWTyBaHHS CHCTEMH YTPHUMaHHs JIOKOMOTHBiB. HaykoBa HoBH3HA. Yriepiie 3anporOHOBAaHO
BUKOPHCTOBYBATH ITOKAa3HUK BIUIMBY 3aJIS)KHUX BiJIMOB JUI PO3PAaXyHKY BapTOCTI BiIHOBJIEHHS JIOKOMOTHBA i1 4ac
BUKOHAHHS II03aIUIAHOBHX PEMOHTIB, a TaKOX JUIl PO3PaxyHKY BapTOCTI JKMTTEBOTO LHKIY JIOKOMOTHBA.
IIpakTHyHa 3HAYMMICTh. YIOCKOHaJIeHAa METOJMKA BH3HAUYEHHS BapTOCTI MO3aIIAHOBOIO PEMOHTY 3 ypaxyBaH-
HSM 3aJISKHUX Bi]MOB MOX€ OYTH BUKOPHCTAHA JUIS MOPIBHSAHHA W OIIHKM Pi3HUX BapiaHTIB CUCTEMH YTPHMaHHS
JIOKOMOTHBIB 1 PO3POOKHU CHCTEM iX JIIarHOCTYBAaHHS.

Kntouosi cnosa: BapTiCTh JKUTTEBOTO IHKITY; CHCTEMA YTPUMAHHS; JIOKOMOTHB; 3aJIEKHI BiIMOBH; BapTiCTh BiJI-
HOBJICHHSI; [I03aIJIAHOBUH PEMOHT
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BbBIBOP CUCTEMBI COAEPKAHUSA IOKOMOTHUBOB C YHETOM
BJIUAHUSA 3ABUCUMBIX OTKA30B

Heab. OcHOBHOH 11ebI0 paOOTHI SIBISIETCS NOBBINIEHHE d(D(GEKTUBHOCTU UCIIOJIB30BaHUS IOKOMOTHBOB 33 CUET
BBIOOPA PallMOHAJIBHOW CUCTEMBI COAEPIKAHUS, YUNTHIBAIOLICH OLIEHKY BIMSHHS 3aBUCHMBIX OTKa30B HA CTOMMOCTb
UX XKU3HCHHOTO IUKIa. MeToaquka. AKTyalbHOCTh npuMeHeHus moaxoa0B LCC (cTouMOCTh JKU3HEHHOT'O IHUKJIIA)
B JJOKOMOTHBHOM XO3SHCTBE OOBSICHSICTCS BHEIPCHHEM HOBBIX JIOKOMOTHBOB C OOPTOBBIMH CHCTEMAaMH YIIPABICHHS
U TWATHOCTHKH, a TaKKe Pa3BUTHEM TCOPHH CHCTEM COJACPKaHUS TATOBOTO MOIBIKHOTO cocTaBa. CTOMMOCTS JIO-
KOMOTHBA KaK TATOBOW €IUHHIIEI TIEPECTAeT OBITH OMPEACIIIOMUM (HaKTOPOM. ITO OOBACHICTCS TEM, YTO PACXOIBI
Ha TeXHHYECKOe OOCITy’)KWBaHHE W PEMOHT JIOKOMOTHBA 33 BECh MEPUOJ IKCILTyaTallid 3HAYUTENBHO MPEBBIMIAIOT
€ro IMepBOHAYANBHYI0 CTOMMOCTh. B paboTe BBINIOJIHEH aHAIH3 CYMICCTBYIOIINX MOIXOIOB YIIPABICHUS CTOUMO-
CTBIO JXM3HCHHOTO IIMKJIA JIOKOMOTHBOB Ha JTamaxX WX BBIOOpa, OOHOBICHHS, MOJCPHH3ANHMU W JKCIDIyaTallHH.
O0ocHOBaHa HEOOXOJMMOCTh COBEPIICHCTBOBAHHS METO/OB OLCHKU CTENCHU BJIMSHHS IOKa3aTeliell HaJeKHOCTH
Y3JI0B JIOKOMOTHBa Ha BBIOOP CHCTEMBI CO/IEPIKaHUS U CTOUMOCTB €ro KHM3HEHHOro nukia. Pesyasrarsl. [Ipeno-
’KEHO UCIIOJIb30BaTh MTOHATHE «BJIMSHUE 3aBUCHMBIX OTKAa30B)» IPU pacyeTe CTOMMOCTH BOCCTaHOBJICHUS JIOKOMOTH-
Ba I0OCJIe BHEIJIAHOBBIX PEMOHTOB M CTOMMOCTH €T0 JKU3HEHHOTO LIMKJA. Y COBEPIICHCTBOBAHO METOJUKY OIpese-
JICHUSI CTOUMOCTH BHEIUIAHOBOT'O PEMOHTA C YYETOM 3aBUCHMBIX OTKa30B, BBEJCH KOA(P(GHULIUECHT OLIEHKH BIHSHUS
3aBHCHMOT0 OTKa3a y3Jia Ha CHCTEMY COJACPKaHHs JIOKOMOTHBA. DTOT KOX(P(HUIMEHT MO3BOJIUT OIPEICIATH y3IIbL,
0TKa3 KOTOPBIX BIUSACT HA CTOUMOCTh BOCCTAHOBJICHHUS OOJbBINE, YeM HOMHHAIBHAS WX CTOMMOCTH. Takke mpeuio-
KCHHBI K03((PHUIMEHT MTOMOXKET YUIUTHIBATh BEPOSITHBIC TIOTEPU BCIEACTBHE OTKa3a y3Jia IpU pa3paboTKe U KOop-
PEKTHPOBKE CHCTEMBI COJACpKaHHUs JOKOMOTHBOB. HayuyHasi HoBH3Ha. BriepBhle MNpeioskeHO HCIIONB30BaTh
MOKa3aTelb BIUSHUS 3aBUCHMBIX OTKAa30B JUIA pacyeTa CTOMMOCTH BOCCTAaHOBJICHHS JIOKOMOTHBA IIPH
BEITIOJTHCHUH BHEIDIAHOBBIX PEMOHTOB, a TaKKe U1 pacueTa CTOMMOCTH J>KH3HEHHOTO ITMKJIa JIOKOMOTHBA.
IIpakTHYyeckasi 3HAYMMOCTh. Y COBEPIICHCTBOBAaHHAS METOJMKA ONPEIETICHUS CTOUMOCTH BHETJIAHOBOTO PEMOHTA
C Y4ETOM 3aBHCHMBIX OTKa30B MOKET ObITh MCIOJIb30BaHA JJIsl CPAaBHEHHS M OLIGHKU Pa3jIMYHBIX BAPUAHTOB CHUCTE-
MBI COZIEPKaHUsI JOKOMOTHUBOB M IIPH Pa3pabOTKe CUCTEM MX JHAarHOCTHPOBAHMSI.

Knioueswvie cnosa: cronMoCTh KU3HEHHOTO IIUKIIA; CHCTEMa COACPKAHUS, TOKOMOTHB; 3aBUCUMBIE OTKa3bI; CTO-
MMOCTB BOCCTaHOBIICHHST;, BHETNIAHOBBIA PEMOHT
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IMPROVEMENT OF SUPERVISORY CONTROL OF TRAIN
MOVEMENT BY MEANS OF INTRODUCTION OF OPERATIONAL
ZONES

Purpose. The work is aimed to investigate the feasibility of transferring automatic control to low-density
stations of the sections (according to the principle of supervisory control of trainline) to the operators at principal
stations. Methodology. The article analyzes the work of heavy traffic sections of the Ukrainian Railways JSC. It
was found out that the information workload of dispatchers who control the train movement at the sections of the
main course, constantly exceeds the permissible level. The possibility of using the technology of supervisory control
of train movement by the introduction of operational zones has been investigated. Findings. The authors found out
that the capacity of receiving and departure tracks at the stations of the sections is extremely limited. The occupancy
of run-around tracks by the out-of-work trains hinders any regulatory measures at the sections. Trains pass one after
another without giving priority, that is, they pass through the section in the order in which they entered it. Due to the
limited number of tracks at the pre-section intermediate station, freight trains are placed for run-around by the
passenger ones at the distant approaches. This leads to a loss of service speed and reduces the level of utilization of
the sections™ working capacity. The introduction of operational zones will significantly reduce information flows
and facilitate the work of the train dispatchers, create the necessary conditions for creative decision-making on the
inter-sectional regulation, and will contribute to increase in the service speed of trains. Originality. The article
developed a new technology to improve the management of train sections by dividing them into operational zones.
In each zone, consisting of two or three run-arounds, the duty officer of the principal station, performing in this case
the functions of the train dispatcher, can control the train movement. Practical value. It has been proposed to put
trains from technical stations that idle due to uneven movement, especially the trains from the terminal stations
(division points) of the locomotive circulation sections, to reserve routes of the pre-section intermediate stations.
Laying the reserve tracks and their maintenance, taking into account the periodicity of use and reduced permissible
speed, can be allowed according to less tight standards for the construction of the roadbed, ballast section, sleeper
density, taking into account the use of switches and decommissioned tracks.

Key words: train schedule; dispatch control; freight trains; train delay time; principal station

process with the expansion of the range of
services, which contributes to the growth of
transportation  volumes.  Therefore, in the

Introduction
In our country railway transport has a

significant influence not only on improving the
economic and financial results, but also on the
results of other sectors of the economy.
Improvement of the system of interaction between
railways and production is carried out in the
direction of increasing the quality of transportation

conditions of competition, the total volumes of
railway transportations depend primarily on the
production volumes. In addition, they are also
influenced by the quality of transport services,
which in modern conditions is of particular
relevance. Thus, improving the quality of transport
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services with increase in the list of services
significantly expands the customers circle,
contributes to the growth of railways revenues,
strengthens the railway transport’s positions in the
market and positively influences the overall result
of economic transformations.

According to the experience of improving the
organization of railway operation in different
countries, in modern realities, they aim to fully
satisfy the requirements of customers regarding the
terms of goods delivery due to the high reliability
train movement schedule, which is the basis of the
transportation process technology [2]. Under
conditions of the existence of a multi-level
management system of transportations, the
separation of management at the level of the
transport corridors network becomes necessary.
This will make it possible to coordinate the
technological and infrastructural capabilities of all
units of PJSC «Ukrainian Railways» within the
defined railway line in order to form a rational
system for the promotion of specialized car traffic
volumes [10].

Railway transport directs its efforts to strict
adherence to the traffic schedule and the order of
use of rolling stock in accordance with the plan for
trains formation, technical regulation. On the other
hand, large financial-industrial groups, which
make up the majority of cargo owners, began to
minimize their expenses with the aim of
maximizing income, primarily transferring the
cargo storage costs to the state-owned company
PJSC «Ukrainian Railways» (PJSC «UZ») by
using public cars as «wheeled warehouse». The
financial-industrial groups began to include
railway transport in the management of the sales
process (and this is nothing more than the
management of freight traffic volumes) and
influence its technology [9]. So, whereas
previously the department of traffic management
exclusively dealt with the issues of the train
formation plan, in recent years — with the issues of
harmonization of the routes and conditions of
goods transportation in individual companies. Due
to the sharp decline in production and
transportations, the need to compete for custom in
the new economic conditions, railway transport has
increasingly become to take into account the
custom’s requirements and adapt to them.

The article [11] emphasizes that competition at
transport is a struggle for cargo owners and
passengers, obtaining the most beneficial effect on
the basis of the use of modern, more efficient
technologies, improving the quality of
transportations, their reliability and speed of
movement of goods and passengers. The
expediency of the use of modern dispatch train
movement control systems is confirmed by the
results of the study, set forth in the article [3].
Also, this study focuses on the fact that the task of
constructing and improving the transport
technologies and traffic management systems are
relevant.

The article [1] studies the influence of various
factors on the implementation of the technology of
car traffic volume passage under conditions of
rigid route schedules based on the criteria for
rationalization of fuel and lubricant costs, timely
goods™ delivery, etc. in order to identify
competitive variants of the organization of train
traffic volumes. Establishing priorities for the
provision of services at the section and the use of
the balance methodology makes it possible to
rationalize the work of a given railway station or
direction [8]. The authors™ thoughts on the network
effects that arise during the train operation are
quite interesting. The authors emphasize that one
section cannot be considered as a completely
independent part of the entire railway network.

The work [17] uses integration of software
products of micro and macro levels of simulation
was used, which allows estimating the influence of
the primary delay in train movement on the
distribution of general delay at the section and
improving the research accuracy. The analysis of
primary delays and the use of carrying capacity
shows that there is a high degree of dependence
between periods with a high frequency of delays
and bottlenecks in carrying capacity [16]. In the
article [12], the authors argue that the train
movement schedule is stable if any delay in the
train movement of can be compensated by time
reserves without the need to activate the work of
train dispatcher.

The paper [6] introduces the term «operational
reliability» in order to assess the stability of the
train schedule. The team of authors in the paper
[14] proposed to assess the adherence stability of
the train movement schedule, depending on the
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complexity of operations: the fewer conflicts in the
schedule, the higher the stability of the movement
schedule. The manual [5] presents the
methodology of determining the time reserve for
solving conflict situations that occur during the
laying of passenger and freight trains” movement
on the schedule.

The works [13, 15, 18-19] solve the task of
transportations dispatching at the level of
management not only to control the train schedule,
but also for the purpose of its operational
correction. In their research, scientists also attempt
to create a standard schedule of train movement on
the tactical level of planning.

In the study [4], the authors propose a method
for ranking trains and route schedules according to
priority. They attempted to develop an automated
system «Predicted train schedule» at the Belarusian
railway, with the help of which it is possible to
predict the schedule for 3 hours. Thus, the authors
resolved the task of increasing the operation
efficiency of a section by automating the
supervisory control of the train work. Research in
this direction is quite promising.

In the article [7], the authors developed
a method of algorithmic description of the process
of making managerial decisions by the train
dispatcher in relation to the determining the cross-
over stations taking into account the priority of
trains. In the future, this algorithm can become the
basis for creating a decision support system that
will be integrated into the automated work station
of the train dispatcher (AWS TD).

In today's realities, train dispatchers (DNCs)
operate under heavy load conditions. From time to
time, this affects the quality of their decisions
during the operational management of train work
at the sections. In view of this, it is expedient to
develop the measures that will allow transferring
the part of the functions of train management to
other participants in the transport process; in
particular, it may be duty officers at the principal
stations.

Purpose

For further development of the technical means
of Ukrainian railway transport it is necessary to
have several variants of the rational technology of

the main production process — the organization of
the train movement.

The purpose of the article is to investigate the
expediency of the automatic control transfer of
low-density stations of a section (according to the
principle of centralized traffic control) top the duty
officers at the principal stations.

Methodology

Already, in some areas of the railway network,
there is a tension in the work due to a significant
reduction of available capacity reserves. The work
carried out at the railways in order to maximize the
delineation of lines for freight and passenger
traffic, will significantly increase the operating
voltage on the lines where the concentration of
freight and passenger traffic takes place. The
growth of transportation volumes in the future will
further complicate the transportation on these lines,
will worsen the operation of railways, disrupt the
rhythm and quality of transport services. Taking
into account these circumstances, the development
of railway capacity under new conditions should
be addressed as an increase in the line power. To
do this one should have adequate financial
resources, as well as the search for new
technologies and reserves at each element of the
railway system.

The state of operational activity of railways
indicates a violation of the complexity of approach
to the capacity development of the lines, stations,
use of rolling stock, etc. Today, the construction of
train schedules is carried out as follows. At the first
stage, according to the established directive
documents and taking into account the set
priorities and constraints, the passenger and freight
lines are laid.

At the second stage (if it exists), it is attempted
to optimize the modes of train movement in certain
areas and routes to save energy resources, speed of
delivery of passengers and goods. At the same
time, these goals, as a rule, conflict with each
other.

As a result, the railway receives a plan that is
far from ideal, both in terms of costs and in terms
of the passenger service and operators of freight
commercial transportations.

We propose a solution to these problems, which
includes:
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— application of complex approach to the
construction of the schedule of passenger and
freight trains;

— accounting of resource-saving modes at the
stage of construction of schedules of passenger
(first of all, as a type of traffic with fixed schedules
and less energy-consuming) and freight trains;

— accounting of electricity billing to optimize
traction costs.

Findings

Train sections play an important role in the
transportation process. Suffice it to say that 25% of
the general time of car turnaround accounts for
movement at the sections.

Reduction of the lengths of block-sections
makes it possible to reduce the spacing of trains.
At some runs one can lay third and fourth main
tracks.

In connection with the non-synchronization of
train movement, the minimum calculation interval
cannot be realized both from departure and from
the arrival of trains at the section's final station. In
this case, the calculated value of the carrying
capacity is not achieved and the average speed of
the train traffic flow sharply declines.

The information workload of the dispatchers,
who control the train movement at the sections of
the main course, constantly exceeds the
permissible level. Under these conditions
dispatcher apparatus often manages only to fix the
train  situation. As a result, there are
miscalculations in the passage of trains at a
section, in the choice of the order of their entering
to the junction, which ultimately leads to an even
greater decrease in the service speed.

The number of trains that can be
simultaneously in motion and at the same time
move with the speed set for this section is strictly
limited. Accumulation of trains at the sections,
which exceeds a certain maximum value reduces
the speed of their movement. But in practice,
nobody sets this maximum permissible value and
nobody is guided by it, which sometimes leads to

unacceptable oversaturation of sections by trains
over the established limits.

If the excess of trains is insignificant and the
technical stations and stations, capable to cope
with the increased size of movement are in front,
then, certainly, one should force the transfer of the
train traffic volume. If there is no such opportunity
during this period, it is necessary to restrict the
movement of trains at such a section. To shorten
the number of trains, which are simultaneously in
motion on lines, to the established Ilimit in
exceptional cases can be due to the temporary
withdrawal of compositions at intermediate
stations of the district.

In exceptional cases it is possible to shorten the
number of trains, which are simultaneously
moving on lines, to the established limit due to the
temporary leaving of trains at intermediate stations
of the section.

Stable, reliable operation of intermediate
stations for the acceptance of trains can be
provided in the presence of free main and one
receiving-and-departure track (duplicate element).
In case of a failure (train stopping at the station for
any reason), it is always possible to let the next
trains to pass from this reserve track.

The maximum number of trains left at the
station should not exceed the total number of
available tracks, minus one track for each direction
at each intermediate station. In this case, one can
use sidings, branches of enterprises with seasonal
work.

Fig. 1 shows a fragment of the graph of traffic
delay. At the limited number of (only one) run-
around tracks at the pre-section and other
intermediate stations due to the delay of not
accepting the first train going in a pack, the
following trains are placed for run-around at the
previous intermediate stations. At this, even in the
case of favorable acceptance of trains from the
section, in the future there is a loss of carrying

capacity A’ %, caused by nonidentity of the runs

pas !
and the difference in the time of passage of the
freight and passenger trains.
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Fig. 1. Delay because of non-acceptance of the first train

Time losses not used for train movement will
equal to:

Ale =(I ) +t1f')—(t2pas +1+t"+ I)
or
A =t e

, (1)
where t" — is the time of freight train movement

on the first run (tz”— on the second, etc.); t/* —is
the time of passenger train movement on the first
run (t)*- on the second, etc); | - is the
succession time.

Accordingly, time losses during the passage of
freight train from the third station will equal:

r-a __¢fr _tpas
T l.

)

The negative value of the results obtained by
formulas (1) and (2) indicates that there will be no
time losses and, therefore, carrying capacity.

As a rule, the last runs before the section
stations has less time of movement than other runs
at the section. It should be pursued further, because
most often complications in train movement arise
because of their non-acceptance by technical
stations.

Fig. 2 shows that if there is a required tracks
reserve at the intermediate pre-section station,
trains freely pass to it. After passage of passenger
train under favorable conditions of its acceptance
by station, the run is used without losses of
carrying capacity. The general time of train delay
is reduced per value of the total value of losses
associated with the run-arounds of freight trains by
passenger ones.

In practice, a situation shown in Fig. 3 often
arises. Due to the non-acceptance by the section
station, freight trains are already placed for the
run-around by a passenger train, and it is possible
to receive a freight train from the section before
a passenger one.
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Fig. 3. Possibility of acceptance of a freight train before a passenger one

In this case, as shown in Fig. 3, after passage of
a passenger train at the pre-junction station, there
are no available trains and, even in case of
favorable acceptance, its carrying capacity is not
used. The availability of reserve receiving-and-
departure tracks at pre-section intermediate
stations will create the necessary «support» for
trains.

An analysis of the work of freight-loaded
sections also indicates the expediency to equip the
run-arounds before the technical stations by either-
direction automatic block system. In practice, there

is often a need to pass a passenger or other urgent
train, but the right run-around track is occupied.
Passing along the wrong track takes a lot of time
for execution of train documentation. Often, there
are no access tracks required for implementation of
this regulatory measure at both intermediate and
section stations. In this connection, one should
foresee double dispatching access tracks on both
sides of the pre-section intermediate stations, as
well as the floating specialization of the receiving-
and-departure tracks. Such rearrangement of the
necks of pre-section intermediate stations should
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be carried out now, without waiting for
a comprehensive solution of the issues of
improving the train sections reliability.

In future, the automatic control of the low-
density stations of the section can be transferred to
the principal stations (according to the principle of
dispatching centralization). This will make it
possible to quickly cover the costs of
modernization due to the payroll budget economy,
as well as to stimulate the work of the train
dispatchers, duty officers at the principal stations
of the operational zone.

The organization of the operational zone for
controlling the train movement on the ground
significantly reduces the information flows and
facilitates the work of the section's train
dispatchers, will create the necessary conditions
for creative decision-making for inter-sectional
regulation, will contribute to increasing service
speed of train movement.

The principle diagram of the transmission of
the source information may look in the following

way. In addition to the section stations, two pre-
section intermediate stations located at the ends of
the section and one or two principal stations of the
operational zone carry out the direct negotiations
with the train dispatcher of the section. The
allocation of the operational zone at the sections
does not require any capital investments, since the
existing communication lines can be used for data
transmission.

The reduction of the number of information
sources upon the availability of modern
communication of the principal stations with the
train dispatcher of the section also creates better
conditions for automation of the process of
movement graph plotting. With the allocation of
the operational area on the section, there is no need
to reflect the trains passing through the stations
located inside them, except the cases where these
stations carry out run-arounds and other regulating
measures. It will be sufficient to note only the time
when trains enter the operational zone and leave it,
as shown in Fig. 4.
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Fig. 4. Train passage through the operational zones
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Maintenance of the graph (displaying the lines
of train passage through the section) can be
entrusted to operators. This will considerably
extend the range of people who are in urgent need
of current information about the course of train
work at the sections (II'TI, chiefs and senior
dispatchers of the traffic departments, etc.).

The measures to improve the reliability of train
sections operation considered in the article will
accelerate the passage of car traffic volumes,
improve the conditions and increase the efficiency
of the work of train dispatchers.

The railways face a complex task of tying up
the forecast of electricity consumption with the
forecast of transportation volumes. Since the
transportation process is influenced by many
factors, the Ukrainian railways may have
additional ~economic costs due to the
overestimation or understatement of the declared
norms of electricity consumption.

The use of two-zone or three-zone tariffs gives
an effect not only with the steady and uniform
filling of the daily traffic schedule, but also at the
intensity of movement above the level determined
by the specific conditions. In this context, it is the
various optimization measures for regulating the
train movement schedule that are relevant.

The capacities of the receiving-departure tracks
at the section stations are extremely limited. The
occupancy of the run-around tracks by out-of-work
trains prevents carrying out any regulating
measures inside the section. Trains pass one after
another without giving priority, that is, they pass
through the section in the order in which they
entered it. Frequently, due to the limited number of
tracks at the pre-section intermediate station,
freight trains are placed for run-around by the
passenger ones at the distant approaches. This
leads to a loss of service speed and reduces the
level of utilization of the sections™ working
capacity.

Originality and practical value

To improve the management of train stations, it
is expedient to divide them into operational zones.
In each zone, consisting of two or three run-
arounds, the duty officer of the principal station,
performing in this case the functions of the train
dispatcher, can control the train movement. He

determines the order of train passage within the
zone, maintains a schedule of performed traffic,
informs the train dispatcher of the section about the
passage of trains through the operational zone
according to the established procedure, and
receives from him instructions on intra-zone
regulation of train traffic.

For the development of pre-section
intermediate stations, it is necessary to provide
construction of one or two tracks for receiving
multiple trains. Uncoupling them at the stations
runs always leads to lower carrying capacity. The
presence of stations capable of performing
separation operations at the ends of the sections
will facilitate the application of already well-
known at the railways method of inter-sectional
regulation of train movement. Thus, the
construction of reserve tracks at pre-section
stations increases the possibility of inter-sectional
regulation of trains, provides a significant
economy of train-hours and increases the service
speed.

One can also place the trains from technical
stations that are idle due to uneven traffic,
especially from the terminal stations (division
points) of locomotive circulation sections on the
reserve tracks of pre-section intermediate stations.
The laying of such tracks and their maintenance,
taking into account the periodicity of use and
reduced permissible movement speed, for example,
10-15 km/h, can be allowed according to less tight
standards for the construction of the roadbed,
ballast section, sleeper density, taking into account
the use of switches and decommissioned tracks,
etc. If necessary, the parks of reserve tracks
designed for hold of the out-of-work trains that are
placed for run-around, can be located outside the
station area, using a favorable terrain.

Conclusions

Increasing the capacity of all railways transport
enterprises of Ukraine in modern conditions and in
the future means, first of all, increasing the
carrying and transportation capacity of the most
freight-loaded railway lines. Taking into account
the projected volumes of transportation at railways,
considerable work should be done on the
modernization and replacement of outdated
equipment, to continue the electrification of
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freight-loaded lines, to introduce modern ATC
equipment, to extend the station tracks at the
courses of heavy, long and multiple trains, to
constantly improve the technology of cargo and
passenger transportation, etc. The phased
implementation of such a complex and wide-

ranging program will enable PJSC «Ukrainian
Railway» to master the growing cargo turnover in
the direction of transport corridors and seaports
and provide high-quality transport services to
cargo owners and population.
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YAOCKOHAJIEHHA JUCIIETYEPCBKOI'O PETI'YJIIOBAHHA PYXY
MOI3/IIB 3A JJOMMOMOI'OIO BBEJIEHHSI OIIEPATUBHUX 30H

Mera. Y po0oTi HEOOXiTHO MOCHIAWTH MOIIBHICTD Iepenadi aBTOMAaTHYHOTO KEpPyBAaHHS MAallOIisUTBHUMHU
CTaHIISIMH MUMBHULI (32 TIPUHIOWAIOM JOUCIIETYCPCHKOi IICHTpaii3alii) dYeproBUM [0 OMOPHUX CTAHIiSX.
Meronuka. Y crarti mpoaHaiizoBaHa po0OTa BaHTaXKOHANPYXeHUX MUIBHUIB [IAT «YkpalHCbKa 3aii3HHUI».
Busisnieno, mo indopmariiina 3aBaHTaKEHICTh JUCIETYEPIB, IO KEPYIOTh PYXOM IOT3/1iB HA TUIBHUISIX TOJIOBHOTO
X0y, TOBCSKYAC TICPCBUINYE JOMYCTUMHHA piBeHb. JIOCHIMKEHO MOXKIUBICTh BHUKOPUCTAHHSA TEXHOJOTIT
JIICIIETYEPCHKOTO PETYIIIOBaHHS PYXY IOI3/1B 3a IOIIOMOTOI0 BBE/ICHHS ONEpaTHBHUX 30H. Pe3yabTarn. BussneHo,
10 €MHOCTI NPUAMAaIbHO-BIAMPABHUX KOJIM HA CTAHISAX AUIBHUII BKpald oOMexeHi. 3aiiMaHHS OOTIHHHX KOJIii
«GIHIICHUMW) TOI3aMH 3aBa)Ka€ MPOBEJCHHIO Oy/b-IKUX PEryJOBAIBHHUX 3aX0/iB ycepeauHi AinbHuui. [1oizau
CIITYFOTh OJVH 32 OTHUM Oe3 HaJaHHS MPiOPUTETY, TOOTO CIIAYIOTH MO AUTHHHIN B TOMY IOPSIKY, B SKOMY BOHU
Hamidnun Ha Hel. Yepe3 oOMexeHy KUTBKICTh KOJiM Ha MepeAniTbHUYHIA MPOMDKHIN cTaHIii BaHTaXHI IMOI3IH
PO3CTaBISFOTH MiJ OOTiH MacakXHpPChbKUMHU Ha JaleKuX migxonaax. Lle mpu3BoauTh 10 BTpAT OUIEHUYHOI MIBHIKOCTI
1 3HIDKY€ piBEHh BUKOPHUCTAHHS MPOITYCKHOT 3MATHOCTI HUTGHUIG. Y BEJICHHS ONMEPATHBHHUX 30H 3HAYHO CKOPOTHTH
iHpOpMaNiliHi TOTOKM W TOJETMIHTh IMPalo IMOI3HUX AWCIETYepPiB TUILHUIN, CTBOPUTH HEOOXITHI YMOBH MIJIS
TBOPYOTO TPUHHATTS PIMICHb i3 BHYTPIITHBOIUIEHUYHOTO PETYIIOBAHHS, CHPUSATHME IMiJBHIICHHIO UTBHIYHOI
HIBUAKOCTI pyXy moi3nis. HaykoBa HoOBH3HA. Y crarTi po3poOiieHa HOBa TEXHOJIOTISI BIOCKOHAJICHHS YIIPaBJIiHHSI
MOI3HUMH JUTHHUISIMY HIJSIXOM PO3/UIEHHS 1X Ha OlepaTHBHI 30HU. Y KOXHIH 30Hi, 0 CKJIAIAETHCS 3 ABOX-TPHOX
MIePEeroHiB, PyXOM MOI3/iB MOXE KepyBaTH 4YeproBUil ONMOPHOI CTaHIil, N0 BUKOHYE B LIbOMY BUMAAKY (yHKIi
noizHoro aucrnerdepa. [IpakTuyHa 3HaYMMicTb. 3apPONIOHOBAHO HA PE3epBHI KOJii MepeiIbBHUYHUX IIPOMDKHUX
CTaHIIi{l BUCTABIISITH COCTABU 3 TEXHIYHHUX CTAHI[IH, SIKi IPOCTOIOIOTH Y 3B’53KY 3 HEPIBHOMIPHICTIO PyXy, OCOOIHUBO
3 KIHIEBHUX CTaHLii (CTUKOBHUX MYHKTIB) AUIBHUIL OOIry JIOKOMOTHBIB. YKJaJaHHS pe3epBHUX KoMk 1 ix
YTpUMAaHHS, YpPaXOBYIOUH MEPIOJUYHICTP BHUKOPHUCTAHHS W 3MEHIICHY JONYCTHMY IIBHIKICTH PyXy, MOXHa
JTO3BOJIMTH 332 MEHII >KOPCTKUMH HOPMaMH BIIAIITYBaHHS 3eMIITHOTO TMOJIOTHA, OAlaCTHOI MPU3MU, CHIOPH I,
3 ypaxyBaHHSIM BHKOPHCTaHHS CTPIJIOYHUX IIEPEBOJIIB T KOJIiH, 3HATHX 3 €KCIUTyaTallil.

Kniouosi crosa: rpadik pyxy NOi3ziB; ANCIETYEPChKE KEPYBaHHS; BAHTAXHI MOI3[H; 4ac 3aTPUMKH IOi3JIiB;
OTIOpHA CTaHIIis
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YCOBEPIIEHCTBOBAHMUE JUCIIETYHEPCKOI'O PEI'YJIMPOBAHUA
ABUKEHUA ITOE3/10B C ITIOMOIIIBIO BBEJIEHUSA OIIEPATUBHbBIX
30H

Hean. B pabGore HeoOXoauMO HCCIENOBaTh LENecOOOpPa3HOCTh Nepeqaddl aBTOMATHYECKOro YHpaBJICHHs
MaJo/eATEeIbHBIMU CTAHIMSIMM y4yacTKa (IO MPHUHIUILY AMCHETYEPCKOM LEHTpalM3allu1) AEKYPHBIM IO OIOPHBIM
cranuusaM. Meroauka. B cratbe mpoaHanu3upoBaHa paboTa Ipy30HANpsHKEHHBIX ydacTKoB AO «YkpauHCKas
KeJie3Has Jopora». BeisBiaeHo, 4yTo MH(OpMaNMOHHAS 3arpyKEHHOCTh JAWCIIETYEPOB, YIPABISIOIUX JBIKCHUEM
MOE3/I0B Ha y4acTKax IJIaBHOTO XO0Ja, MOCTOSIHHO MPEBBIIIAET NOMYCTUMBIA ypoBeHb. MccaenqoBaHa BO3MOXKHOCTD
HCTIONB30BAaHUSL TEXHOJIIOTUU JOUCIETYEPCKOrO PETYIMPOBaHMSA JOBIKEHHS IOE310B IOCPEACTBOM BBEICHUS
ONepaTUBHBIX 30H. Pe3yabrarbl. BhIABICHO, YTO €MKOCTH NMPHEMO-OTIPABOYHBIX MyTEeH HA CTaHLIMAX y4dacTKa
KpallHe OTpaHHYCHbI. 3aHATHE OOTOHHBIX IyT€H «OCTaBICHHBIMH» II0€3[JaMH MELIAET IPOBEACHHIO JIOOBIX
PETYIHPYIONNX Mep BHYTpPH ydacTka. [loe3na cinexyror apyr 3a Apyrom 06e3 mpefocTaBiICHNS NPUOPHUTETA, TO €CTh
CIEYIOT IO Y9acTKy B TOM MOPSAIKE, B KOTOPOM OHU MOCTYNUIH Ha Hee. [lo mpuunHe orpaHMYeHHOr0 KOJIUYECTBA
IyTell Ha Mepeay4acTKOBON MPOMEKYTOUHOM CTAHIIMM IPY30BBIE ITOE3/1a PACCTaBIAIOT MO OOrOH MacCcaXUPCKUMU
Ha JAJbHHUX IMOAXOAAaX. JTO NPUBOIUT K MOTEPSAM YYaCTKOBOM CKOPOCTH M CHM)KAET YPOBEHb MCIIOIB30BAHHUSA
MIPOIYCKHOM CITOCOOHOCTH y4YacTKOB. BBeleHHE ONepaTHBHBIX 30H 3HAYMTENBHO COKPATUT WH(POPMAlMOHHBIE
MOTOKH W OOJETYHUT TPYJ MOE3IHBIX AMCIETYEPOB yYacTKa, CO3/AaCT HEOOXOOMMBIE YCIOBUS JUI TBOPUYECKOIO
NPUHATHS PELICHHH 10 BHYTPEHHE-YYaCTKOBOMY DErYJIMPOBaHHIO, OyJeT CIoCOOCTBOBATH IIOBBIIICHHIO
YYacTKOBOM CKOpOCTH JABWXeHHs moe3foB. Hayunasi HoBM3Ha. B craree paszpaboTana HOBas TEXHOJOTHS
COBEPILICHCTBOBAHMSI YIIPABICHHS MTOE3AHBIMU y4aCTKaMH IyTeM pa3felieHHs UX Ha ONEepaTHBHbIE 30HBL. B kaxaon
30HE, COCTOSIIIMI U3 JBYX-TPEX TOHOK, ABHXKEHHEM MOE3JI0B MOXET YIPaBIATh AEXKYPHBIM ONOPHOM CTaHLUH,
BBITIOJHSAIOIINN B 3TOM cilydae (YHKIHMHM Ioe3Horo aucrietdepa. Ilpakrudeckasi 3HaunMocTh. [Ipeioxkeno Ha
pe3epBHblE IMYTH INEPENy4acTKOBBIX IPOMEXKYTOUYHBIX CTAHLUI BBICTABIATH COCTABbl C TEXHHUUYECKUX CTAHIUI,
KOTOpBIE MPOCTaWBAIOT B CBSI3M C HEPABHOMEPHOCTHIO IBHMKECHHS, OCOOEHHO C KOHEUHBIX CTaHLMH (CTBIKOBBIX
MYHKTOB) Y4YacTKOB OOpalleHHs JIOKOMOTHBOB. YKIaJKy pe3epBHbIX HyTed M HUX COJEp)KaHWe, YIUThIBas
MEPUOINYHOCTD HCIIONB30BAHNUSA M YMEHBIICHHYIO JOMYCTUMYIO CKOPOCTh JBIDKEHHS, MOXKHO TTO3BOJIUTH 32 MEHEE
KECTKUMH HOpPMaMH YyCTpOICTBa 3€MJITHOTO TIOJNOTHA, OanjacTHOW WPHU3MBI, SIIOPHl IIMaJ, C Y4eTOM
HCTIONB30BaHUS CTPEIOYHBIX IIEPEBOJOB U IMyTeH, CHATHIX C SKCIUTyaTaIliH.

Kniouesvie crosa: rpadyk IBIKEHNUS TTOE3]10B; AUCIIETUEPCKOE YIPABICHHUE; I'PY30BbIe M0€3/1a; BpeMsl 331€PIKKU
II0€3/10B; OTIOPHAS CTAHIIHS
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EKCIIIYATALIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

YJIK 656.078.5
B. O. IEUKOY
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OLIHKA AKOCTI JOCTABKH BAHTAXIB 3A TOIIOMOI'OIO
KOE®IIIEHTA BIIXUJEHHSA YACY IIPUBYTTSA MOI31A

Merta. [lochipkeHHs CTIPSIMOBAHO Ha PO3IILLI 0COOIMBOCTEH 0OUMCIEHHS Koe(illieHTa BiIXWICHHS Yacy MpHOyTTs
Moi3a Ha CTaHI[I0 Bil 3aIUIAHOBAHOTO IO BiTHOMICHHIO JO O4YiKyBaHOTO BinxmieHHA. Ha TemepimmHiii wac s
YIIPaBITiHHS NEPEBE3CHHSIMHI BaHTAXKIB 3aCTOCOBYIOTHCS MiJXOAM, B AKAX TAKHH ITOKAa3HUK SK KOe(IIi€HT BiIXWICHHS HE
OOYHCITIOETHCS Ta HE BPAXOBYEThCS. B mpakTHuHil peati3aliii 1ie 3yMOBJIIOE Te, 10 3aJTi3HHUIIA, 3IHCHIOI0YH TePEBE3CHHS
BaHTaXy, HE OTPUMYE 1H(GOPMAIIIFO OO BiJHOIICHHS HOMIHAIBHUX YacOBUX BIXWICHb 10 peanbHuX. L[ cutyaris
BUMarae BHPIIICHHS 3a7a4 yJOCKOHAJEHHS JAII0YMX TEXHOJIOTIH MepeBi3HOro mpolecy, MoB’s3aHuX i3 (opMyBaHHSM,
OpraHi3alli€l0 Ta BiJNPaBJCHHSIM BaHTaXIB. TOMy IOTpeOM B pO3paxyHKax TakKMX KOE(ILIEHTIB € aKTyaJbHUMH.
Metoauka. [l JOCSATHEHHS METH MOTPIOHO paHXKyBaTH 3i0paHi CTATHCTHYHI JlaHi, 3TPYIyBaTH H MPOAaHATI3yBaTH iX.
3amnpornoHOBaHO MaTEeMaTUYHy MOJENb PO3PaxyHKY BIAXWIIEHHsS dYacy NpUOYTTS TMOi3/IB BijJ 3aIUIaHOBAaHOTO Ta
3aJIeKHICTh JAHOTO BIIXIJICHHS Bill €TaITy TOCTABKH (CTAHIIiT) i KUTBKOCTI MOT3/IiB (Y BIICOTKAX Bil 3arajlbHOTO IX YHCIA).
Pe3ysnbTaTn. YBeneHO MOHATTS «KOCQIIIEHT BIIXWICHHSI», SIKUH XapaKTepu3ye BIIXIJICHHA 4acy MpuUOyTTA MOi3ia Ha
CTaHIIIIO BiJ 3aIDIaHOBAHOTO IO BiJHOIICHHIO IO OYIKyBAaHOTO BimxwieHHs. CHHUPAlOYACh Ha PE3yJAbTaTH aHAIIZY
BIIXMJICHHS Yacy NpHOYTTS MOI3MIB Ha CTAHIIIO 3aJIe)KHO Bil POTOHY, MOXKHA 3a3HAYUTH, IO MPOCTEKYETHCS MPSIMHIT
B3a€MO3B’S30K MK 3aIli3HCHHSM TIOTATIB Y TOJWHAX Ta HOMEPOM CTaHMii (ToOTO BifgcTaHHIO). Pe3ymbTar 3anmumaeTrses
CMpaBeJIMBUM TS JOBLTBHOI KUTBKOCTI m0i3iB (0yno posrisayto 0, 25, 50, 75 ta 100 %). HaykoBa HoBHM3HA. ABTOp
yIeplie BBIB MOHSTTS «KOE(DILIEHT BIIXIICHHS, IKUI XapaKTepu3ye BIIXUICHHS 4acy MPUOYTTS Moi3/a Ha CTaHIIIIO Bil
3aIUTAHOBAHOTO TI0 BiJHOIICHHIO JI0 OuiKyBaHOro BimxwicHHs. IIpakTuyna 3Haummicth. Ha ocHOBI HaBemeHoi
MaTeMaTHYHOI MOJIeJIi MOYKHA Mepe0AuUTH MPHOIM3HY BEIMUMHY 3aIli3HEHHS TOT3/iB TS 3aJIi3HIYHO] JIiHIT 3 OUIBIIOI0
KUIBKICTIO CTaHIiH, SKIIO OCHOBHI XapaKTEPHCTUKH BaHTAXKOIIEPEBE3CHHS 3AIIMIIATHCS O3 CYTTEBHX 3MiH, HAIIPUKIIA],
3HAYHOTO MOJIIIIICHHS a00 MOTIPIICHHS TEXHIYHUX XapaKTePUCTHK 3aTI3HUYHOT IHPPACTPYKTYPH.

Kniouosi  crnoea: BimxwieHHs; Koe(ii€HT BiIXWICHHS; CEpeNHE BIAXWICHHS, 3aralbHUN KoeilieHT
BIIXMJICHHS; TIO13]1

Beryn

Ha rtemepimHiii wac mist yrnpaBiiHHSA TiepeBe-
3eHHSIMH BaHTaXKiB 3aCTOCOBYIOTh IMiJIXOJIH, Y SKUX
TakWii TIOKAa3HHK, K KOEQIIIEHT BiAXWICHHS, HE
OOUHCITIOETECA W HE BPAXOBYETHCS. Y MPaKTHUYHIN
peaizailii e 3yMOBIIIO€ T€, L0 3aJIi3HUIIA, 3IiHC-
HIOIOUHM TICPEBE3CHHS BaHTaXYy, HE OTPUMYE iH(O-
pMariii 1ox0 BiAHOIIEHHS HOMiHAJBHUX YaCOBUX
BIIXWJIEHD JI0 peayibHuX. ToMy moTpedu B po3pa-
XYHKaX TaKuX KOeQiIi€HTIB € aKTyaJbHIMHU.

Meta

YpaxoByrouH BUIIE3TaJaHe, aBTOP MA€ 32 METY
PO3IJISTHYTH OCOOJIMBOCTI OOYMCICHHS KOe(illieH-
Ta BIAXWICHHA 4acy NpUOYTTS MOi3Ja Ha CTaHLiI0
BiJl 3aIJJTAHOBAHOTO IO BiJHOIICHHIO JIO O4YiKyBa-
HOT'O BiIXUJICHHS.

Metoauka

OOcsry BaHTaXOIEPEBE3eHb IOCTIMHO 301J1b-
IIYIOTBCSI, OTXKE 3pOCTAE 1 KOHKYPEHIIisl MiXK TIepeBi-
3HUKamMd. ToMy BHHHKae MoTpeda y HAYKOBOMY
MiAXOMI 110 aHaji3y, IJIAHYBaHHSA Ta 3MiHCHEHHS
3aJTI3HUYHKUX BaHTKHUX TICPCBE3CHb.

3aBmaHHs oOprasizaiii JIOTICTHKH, SIK BiJIOMO,
[OJIATAE B TOMY, 1100 BIIHOCHMHU MK OKPEMHMU
BUJIAMH JIOTICTHYHOI IisUIBHOCTI, 0cO0aMH Ta pe-
cypcaMu 3a0e3nevyBalid ONTHMAIbHE JOCATHEHHS
uini. OCHOBHOO IIJUTIO BAaHTAXKHOTO TEPEBE3CHHS
SIK JIOTICTHYHOI CHCTEMH € MaKCUMi3allis MpuoyT-
KiB 3a MiHiIMi3alil yacy ¥ BUTPaTHOCTI IEepPEBE3CH-
Hs. [nst i mocsrHeHHs HEoOXiNHO BpaxyBaTH 0a-
raro akTopis, sSKi BIUIMBAIOThH Ha SKICTh TPaHCIIO-
PTYBaHHSI.
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CBo€YacHICTh Bifirpae BEMUKY poJib Mg dYac
OIIIHIOBaHHsI SIKOCTI mepeBe3cHHs. Bona minBuiye
IMIIDK 1 KOHKYPEHTOCTIPOMOJXKHICTh SIK TIepPEeBi3HU-
KiB, TaK 1 iX KJII€HTIB Ha PUHKY W J1a€ 3MOT’Y 3MEH-
LIMTH JOJATKOBI BUTPATH Ha 30epiraHHs BaHTaXy
[2], Brpartm mim vac mepeBe3eHHS, iMMOOiTI3aIliio
TOBapHO-MaTepialbHUX IIHHOCTEH 31 chepu BUPO-
OHMITBA Ha 4Yac MEPEeBE3CHHS, MOXKJIMBE MOHH-
JKEeHHST e(PeKTUBHOCTI BUPOOHHUIITBA, MTOAOBKCHHSI
OpPEHAN BaHTAKHO-PO3BAHTAKYBAIBHOTO 00JIal-
HaHHA Ta iH. [9].

Takum 4nHOM, OIliHKA €(DEKTHBHOCTI JTIOCTABKH,
PO3MOJiTY BiIXMIIEHB Ta CKJIaJaHHs HOro MaTema-
TAYHOI MOJIEITi € aKTyallbHUM 3aBJIaHHSIM KITI€EHTO-
OPIEHTOBHOTO MIEPEBE3CHHS BAHTAXKIB.

VY 11iii cTaTTi pO3TNAHYTO BiAXWICHHS MPUOYTTS
MOI3IiB HA CTaHIil BiA TUIAHY, 3aJIEKHICTh IMX
BIIXWJICHB BiJl KUIBKOCTI CTaHIIM Ta NOCIIiIKyBa-
HUX 1oi3AiB. | mepmum Kpokom Oyne paHKyBaTH
310paHi CTaTHCTWYHI JaHi, 3rpyIMyBaTH W MpoaHa-
J3yBaTH iX, CKJIACTH MaTeMaTHYHy MOZENb pPO3-
MOJUTY BIAXWICHb, OLIHUTH OCHOBHI TapaMeTpu
7 BU3HAYUTH BHJ TAaKOTO PO3MOIUTY 3 TEBHOIO
iMoBipHicTIO. Lle, y cBOlO uepry, MacTb MOXKIH-
BICTh CHPOTHO3YBATH BiJXWICHHS Ha KOXXHOMY
eTami pyxy W OocTaTOYHE BiIXWIIEHHS B KiHIII Map-
mpyty. llicms dgoro MokHa Oyae mepemndavunTh
MOJKJIMBI BTpaTH W HaJlaJli pO3pOOUTH CTPATETIIO iX
MOCTYIOBOTO 3MEHIICHHS.

Jly1s mpaBUIIBHOT OIIHKY BCiX (paKTOpPIiB Ta MPO-
rHO3yBaHHS MOxJuBUX BUTpaT [10] 3anponoHoBa-
HO MaTeMaTH4YHy MOJIENb PO3PAXYHKY BIIXUICHHS
yacy npuOyTTs MOi3AiB Ha craHmii JiHii Kpusnit
Pir — Ogeca (K — O) Bix 3amnaHoBaHOro Ta 3aJekK-
HICTB IIBOTO BiJIXWJIEHHS BiJ] €Tamly OCTaBKH (CTa-
HIIiT) # KUTBKOCTI MOT37iB (Y BIACOTKAX BiJl 3arajib-
HOTO iX uucna). Monenb 6a3yeTbCsl Ha CTATUCTHY-
HUX OIIHKaX PO3MOLTY BiIXFJICHHS 32 YACOM.

PesyabTaTn

Orinka BigXWieHb Ha BCIX eTamax TPaHCIOop-
TyBaHHSI 3 BUKOPHCTaHHSAM CTaTHCTHYHHX METOJIB
[1, 7, 9] no3Bossie TouHime KBaTiDiKyBaTH TaKHit
MOKa3HHK, K SKicTh TpaHcrmopryBauus [3]. ITot-
peba mpuIinaTH yBary OUIbII SIKICHOMY TPaHCIIOp-
THOMY OOCIIyTOBYBAaHHIO 3yMOBJIEHAa 3pPOCTaHHIM
PiBHA KOHKYPEHTOCHPOMOXKHOCTI TPaHCIIOPTHHUX
mocayr [4-6, 8, 14].

OTtpuMaHi pe3ysbTaTH JAlTh 3MOTY 3POOUTH
MIPUITYIIEHHS CTOCOBHO 3aKOHOMIPHOCTI 3pOCTaH-
HSl BIIXWJICHB y pa3i 301IbLICHHS KiJIBKOCTI CTaH-
Li{ 32 MOPIBHAHO OJM3BKUX TEXHIYHUX YMOB Tpa-
HeropTyBaHHs. Lle mae 3mory mependaunTu MOX-
JUBI BUTpATH Yepe3 MOPYIICHHS rpadika mepese-
3€Hb Ta HOr0 HACJIIKH.

PignHi manHi cTOCOBHO KiNBKOCTI MOI3AiB (y Bin-
COTKax), JUIS SKWX HasBHE BIIXWIICHHS Bij 3aIlia-
HOBaHOTO rpadika pyxy, HaBeaeHo B Tadm. 1 [8].

Tabomums 1

Binxusnenns npu6yTTs noizaiB Ha cranuii Jinii K — O 3a1e:xxHo Bin eramy
3 KpokoM 25 % Bix kiibKkocTi moi3ais

Table 1

Deviation in the arrival of trains to the stations of K — O line depending on the stage
with a step of 25% of the trains number

Nesn Cranuis Ay 0% 25 % 50 % 75% 100 %
1 2 3 5 6 7 8
1 Kpusuii Pir 0,00 0,00 0,00 0,00 0,00 0,00
2 Kpuewnii Pir—3axigaunii 0,48 -0,07 0,10 0,15 0,27 40,65
3 MyciiBka 0,53 -0,20 0,12 0,17 0,32 40,70
4 IefikiBka 0,58 0,00 0,13 0,21 0,36 40,73
5 BucyHs 0,78 0,03 0,15 0,29 0,55 41,22
6 TumkoBe 3,37 —-0,22 0,79 1,81 4,00 44,71
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[MpoxgoBxeHHs TabuI. 1

Continuation of Table 1

Ne 3 Cranuis Ao 0% 25 % 50 % 75 % 100 %
1 2 3 5 6 7 8
7 Yeprone O3epo 3,36 -0,05 0,90 2,10 4,17 24,57
8 Bobpunens 4,01 0,25 1,57 2,68 4,73 25,69
9 KpomnueHuipska 6,46 -0,57 2,50 4,16 7,86 63,73
10 OmniifHrKOBE 6,67 -0,05 2,70 4,33 8,38 50,18
11 KaBynu 7,49 0,22 3,12 4,74 8,77 50,77
12 IOxHOYKpaiHChKa 7,25 0,23 3,13 4,75 9,37 50,77
13 Tpukparae 7,40 0,81 3,36 4,85 9,45 50,78
14 OnekcanapiBka 7,35 0,65 3,34 4,86 9,19 50,78
15 BosHeceHcrk 7,63 0,86 3,56 5,03 8,97 64,78
16 MapruHiBCbKa 7,90 1,02 3,90 5,37 9,94 51,45
17 Becenmnnose 8,04 1,01 3,92 5,42 10,15 51,46
18 KomociBka 16,85 0,10 3,52 6,40 14,20 237,77
19 BepesiBka 18,63 0,08 3,84 6,83 14,59 237,85
20 PayxiBka 18,87 0,15 3,90 7,13 14,83 237,93
21 Cep6xa 19,03 0,25 4,04 7,34 14,95 238,03
22 Bysutuk 19,29 0,05 3,91 7,17 14,87 237,86
23 YopHOMOpPChKa 18,69 0,10 4,02 7,14 15,04 237,90
24 Kynunnpose 21,66 0,20 4,84 8,39 18,52 237,95
25 Oneca—CxinHa 26,91 1,10 6,39 11,78 27,78 310,22
26 Opneca—CopryBasibHa 26,41 1,35 7,53 14,12 27,87 310,47
27 Ouneca—Tlopt 45,08 7,05 22,61 33,13 49,91 337,88
TyT A,,— CepelHE BiIXWIECHHA I KOKHOI I'padiune 300paXkeHHs BIAXWICHHS HPUOYTTS
cTammii, OGuMCTCHE 3a piuHOK0 iHGOPMAIiEr moi3iB Ha jinii K — O HaBemeno Ha puc. 1 [8].

3 KpokoM y 25 %.
3HailnemMo ouikyBaHe BiAXWMJIEHHS A, IS KO-

JKHOI CTaHIii K CepefHE BiAXWieHHS A s 25,
50 ta 75 % noi3xiB, okpyrieHe 1o minux [11].

Binxunenns npuOyTTs moizna Ha craHUii JiHii
K — O 3anexHo Bif eramy 3 KpokoM 25 % Big Kisb-
KOCTI TOi3/iB Ta O4YiKyBaHE BIIXUJICHHS HaBEICHO
B Tabm. 2 [8].

Ak GaunMo, BIIXWJICHHS 3POCTAIOTh 31 30111b-
[IEHHSIM KUTBKOCTI CTaHIH, TOOTO A mepmux 5
CTaHIii rpadiku KoIuBarThesa 0ins 0, HA cepenu-
Hi Mapupyty — OJIM3bKO 5, a B KiHIII BXKe MepeBU-
urytoTh 20. I pi3HOT KiTbKOCTI MOi3/1iB OCTaTOY-
Hi pe3ynbpTaTi po3tamoBani Mix 20 Ta 50 roj.
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Tabnuus 2

OuikyBaHe BigXujIeHHs NPUOYTTH NOI3AIB
Ha craHnii Jginii K — O

Table 2

Expected deviation in the arrival of trains
to the stations of K - O line

Ne CraHis A A ou
311

1 Kpuswii Pir 0,00 0
2 KpI/IB?II\/'I Pirf 0,17 0

BaxigHun

3 MyciiBka 0,20 0
4 TelikiBKa 0,23 0
5 Bucysb 0,33 0
6 TumMmkoBe 2,20 2
7 Yeproue O3epo 2,39 2
8 Bobpuners 2,99 3
9 KpommBaumpka 4,84 5
10 OniiHUKOBE 5,14 5
11 Kapynn 5,54 6
12 IOxHOYyKpaiHChKa 5,75 6

BipxuieH s, Tog,

70.00

IponoBxeHnus Tabx1.2

Continuation of Table 2

]:j Crarmis A A,
13 Tpukpatae 5,89 6
14 OnekcanpiBka 5,80 6
15 BosHecencrk 5,85 6
16 MapTHHiBCEKa 6,40 6
17 BecemnaoBe 6,50 6
18 KomociBka 8,04 8
19 BepesiBka 8,42 8
20 PayxiBka 8,62 9
21 CepOxka 8,78 9
22 Bysunuk 8,65 9
23 YopHOMOpChHKa 8,74 9
24 Kynuunpose 10,58 11
25 Oneca—Cxinna 15,31 15
26 Opneca—CopryBanpHa 16,51 17
27 Opeca—IlopT 35,22 35

Puc. 1. Bigxunenns npubyTts noiznis Ha ninii K — O

Fig. 1. Deviation in the arrival of trains on the K — O line

~S—mean delta

—p— “25%"
“50%"

—k—75%"
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YBenemo koediuieHT B, sKnil Xapakrepusye
BIXWJICHHS Yacy MpUOYTTA MM0i3/1a HA CTAHIIIO Bif
3alUTAaHOBAHOTO MO BiJHOLIEHHIO JIO OYiKyBaHOTO

BiIXFUTEHHS 32 (popMyIIoIo:

- 1
i —A—Dq, D
ne i — Homep craHiii, a j— Homep kpoky (0, 25,

50, 75, 100 %); Ay - BIJIXMJICHHS 4acy MPHOYTTs

HOi3[ja Ha BIANOBIAHY CTaHLII; A, — CepexHe
BiJIXVMJICHHS Yacy.
YumMm Ommxye Pij o 0, THM ONMKYUM € pealb-

HUI Tpadik pyxy JH0 3alulaHoBaHOTO. SKIIO Koe-
¢inienT kommuBaeTses MK 0 Ta 1, TO BimXwiIeHHS
€, aJie BOHH HE MePEBHIIYIOTh OYiKyBaHUX 3HAYCHb
[12]. Konu koeodimient Oinbmmii 3a 1, rpadik pyxy
moMiTHO TopymeHnid. OCKUTBKH BiIXWICHHS Ha-

KOITUYYIOTCS, TO KOS(DIlliEHT 3pOCTa€ K 3i 3011b-
MIEHHSAM KUIBKOCTI CTAHI[H, TakK 1 31 301IbIICHHIM
KimekocTi moizmis [11].
3Haitnemo koedimientu K; Ta K j » SIKI XapakTe-

PU3YIOTh PiBEHb BIIXWJICHHS I KOXKHOI CTaHIIi
Ta st KokHOoro Kpoky (0, 25, 50, 75, 100 %) 3a

hopmynamu:

(2)

3)

Koeditientn BigxuneHHs NpuOyTTS MOI3AIB Ha
cranuii niHii K — O HaBeneno B tabi. 3.

Tabuuns 3
KoegiuienTu Binxunenns npudyrrs nmoizais Ha cranuii ainii K — O
Table 3
The coefficients of deviation in the arrival of trains
to the stations of K - O line

i\ﬁ Cranuis P P Rs Py Pis Ki

1 Kpugwuii Pir — — - - - -

2 Kpuswuii Pir—3axinuuit -0,40 0,57 0,87 1,56 234,52 47,42
3 MyciiBka -0,99 0,57 0,84 1,59 201,82 40,77
4 IefikiBKa 0,00 0,56 0,90 1,54 174,56 35,51
6 Bucynp -0,09 0,45 0,88 1,67 124,91 25,56
7 TumkoBe -0,10 0,36 0,82 1,82 20,32 4,64
8 UYeprore O3epo -0,02 0,37 0,88 1,75 10,28 2,65
9 Bobpunens 0,08 0,52 0,90 1,58 8,58 2,33
10 KpomnusHuibka -0,12 0,52 0,86 1,62 13,18 3,21
11 OuiiiHUKOBE -0,01 0,53 0,84 1,63 9,77 2,55
12 KaBynu 0,04 0,56 0,85 1,58 9,16 2,44
13 HOxHOYKpaiHChKa 0,04 0,54 0,83 1,63 8,83 2,37
14 Tpukparae 0,14 0,57 0,82 1,61 8,63 2,35
15 OuekcanpiBka 0,11 0,58 0,84 1,59 8,76 2,37

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154686

© B. O. Leiiko, 2018

75


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J[HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2018, Ne 6 (78)

EKCIIIYATALIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

MaroTh criBnacTu) 3a ¢popmymnamu [10]:

k

I[MpongoBxeHHs Tabx.3
Continuation of Table 3

]:r(_; Crammis P P Pa Py P K

16 Bo3neceHcbk 0,15 0,61 0,86 1,53 11,07 2,84
17 MapTuHiBCbKa 0,16 0,61 0,84 1,55 8,03 2,24
18 Becenunose 0,16 0,60 0,83 1,56 7,92 2,22
19 KomnociBka 0,01 0,44 0,80 1,77 29,58 6,52
29 Bepesieka 0,01 0,46 0,81 1,73 28,26 6,25
21 PayxiBka 0,02 0,45 0,83 1,72 27,60 6,12
22 CepOxa 0,03 0,46 0,84 1,70 27,13 6,03
23 Bysuuk 0,01 0,45 0,83 1,72 27,50 6,10
24 YopHOMOpCHKa 0,01 0,46 0,82 1,72 27,24 6,05
25 Kynuuapose 0,02 0,46 0,79 1,75 22,48 5,10
26 Oneca—CxinHa 0,07 0,42 0,77 1,81 20,26 4,67
27 Oneca—CopryBaiibHa 0,08 0,46 0,86 1,69 18,81 4,38
24 Opeca—Ilopt 0,20 0,64 0,94 1,42 9,59 2,56
25 Bucyss -0,09 0,45 0,88 1,67 124,91 25,56
26 TumkoBe -0,10 0,36 0,82 1,82 20,32 4,64
27 UYeprore O3epo -0,02 0,37 0,88 1,75 10,28 2,65

K; -0,02 0,51 0,84 1,65 42,26

OO0uncIMO 3HAYEeHHS 3aralbHOTO Koe(illieHTa
BIIXWJICHHS Yy pAIKaX Ta CTOBMYUKAX (BIIMOBIII

=1

ﬁ
5

27 k 5
Z ZJ 4)
i=1 27 j=1 5
0,02+051+084+1,65+4226 _ ¢ o
5
_ 474244077 +..+4,38+256 _ o

27

XHUJICHHS BiZIOOpaXeHO Ha pHC. 2.

I'padiune 300pakeHHS IMX KOEQIIiEHTIB Bij-

Ak 6aunmo, KoedillieHTH BiTXHUIEHHS 3pOCTa-

FOTh 31 30UJIBIIEHHIM KUIBKOCTI HOI311B, TOOTO s
0 % moi3aiB KOeRIIIEHTH KOJIUBAOTHCS 0JM3bKO 0,
st 25 % — omusbko 0,5, a s 75 % Bxke nepeBu-
mytoTs 1,5 [13].

[Ipoananizyemo Bci JaHi PO BIAXWIICHHS Yacy

npuOYyTTS MOI3/IIB Biji 3aIUIAHOBAHOIO, IO IMOAaHI
B Tabm. 1.
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Puc. 2. KoeimienTH BimxuiaeHHsS IpuOyTTA moi3/aiB Ha ctaHMii ninii K — O

Fig. 2. The coefficients of deviation in the arrival of trains to the stations of K — O line

OCKUIbKH 3arajibHa KiIbKICTh 3HA4€Hb JOCHUTH
Bemuka (N =135), cowarky 3rpymyemo Bci oTpu-
MaHi CTaTHCTHYHI maHi [1].

KinpkicTh Tpynm HaOIMKEHO BU3HAYAEMO 32
¢dhopmynoro Crepkeca:

m=1+3,2lgn=1=3,2lg135~8
Toni noBxuHA iHTEpBaTY Oyze:
min _ 337,88 (-0,57)
m 8

e Xpa =337,88  —

BIAXMIEHHS; X, =—0,57 — MiHIMaJlbHe 3HAUEHHS

X

h= max ~ X

=42,31,

MAKCHUMAJIbHC 3HA4YCHHA

BIIXUJIEHHS.

Ortxe, yci nani po30uBaeMo Ha 8 iIHTEpBaJIiB MO
42,31 rogunu. 3a MOYATOK MEPIIOTO IHTEPBATY VIS
CHpOIIEHHS OOYMCICHb BI3bMEMO MiHIMaJIbHE

3HaueHHS X, =—0,57 [18]. [Jna koxHOro

yacTuHHOro iHtepBany |, 1=18 mnigpaxyemo

4acTOTH N; (KUIBKICTb 3HAUYEHb, SKi MOTPAILIAIOTH
y BkazaHui iHTepBan). OCKIIBKH 1 KIJIBKICTb
1HTEepBaJIiB, 1 KPOK OyiHM OO4YMCIIeHI HaOJIMKEeHO,
MEepeBipuMO  OXOIUICHHS  iHTepBajaMH  BCiX
3HayeHb. Hailibinpme 3HaYeHHA X, =337,88

HaJIe)KaTh 10 OCTAHHBOTO IHTEPBAITY.

IHTepBaNbHUN CTATUCTHYHHMEA PSJl PO3MOALTY
BIIXWJIEHDb HABEJAEHO B Ta0II. 4.

Tabnuus 4
InTepBaJbHUI CTATUCTUYHMI PSA po3nOALTY
BiZXuieHn
Table 4
Interval statistical series of distribution of deviations
I n;
| 1 -0,57-41,74 114
| ) 41,74 — 84,05 11
| 3 84.05 - 126,36 0
| A 126,36 — 168,67 0
| 5 168,67 —210.98 0
| 6 210,98 — 253,29 7
| ; 253,29 — 295,6 0
| 8 295,6 — 337,91 3

I'padiune 300paskeHHs IHTEPBAILHOT'O CTATHC-
TUYHOTO PSAJy TIOKa3aHo Ha puc. 3.
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HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYHMICTh

VY crarti Briepuie O6yno BBEIEHO MOHATTS «KOe-
(bIMieHT BiIXWICHHS», SIKUM XapaKTepHU3ye BiaXu-
JIeHHS Yacy NpuOyTTs MOi3/a Ha CTaHIiIO BiJ 3a-
TUTAHOBAHOTO TIO BiJHOIIEHHIO 0 OYiKyBaHOTO
BIIXWJICHHS.

BucnoBxku

Ha ocHOBI HaBeneHOI MareMaTU4YHOI MOJIENl
MOJKHA TIepe0auYuTH MPUOTU3HY BEITUYHUHY 3alli3-
HEHHS IOI3AIB JUIA 3aJI3HUYHOI JHII 3 OUIBIIOIO

KUTBKICTIO CTaHIIIH, SKIIO0 OCHOBHI XapaKTepUCTHU-
KA BaHTa)XOIIEPEBE3CHHS 3aJUINAThCS 0€3 CyTTe-
BHX 3MiH (HaIpUKJIaa, 3HAYHOTO TOJINIIeHHS a0
MOTIPIICHHS! TEXHIYHUX XapaKTePHCTHK 3ajli3HUY-
HOT iHPPaCTPYKTYpH).

Crmparodnch Ha pe3yNbTaTH aHawi3y BiIXu-
JICHHS Yacy MpUOYTTS MOI3/iB HA CTAHIIIIO 3aJICK-
HO BiJl IPOTOHY, MOYHA 3a3HAYHTH, IO MPOCTEXKY-
€TBCSI TPSMHH B3a€MO3B’SI30K MiX 3aIli3HEHHSIM
O3B y TOAMHAX Ta HOMEPOM CTaHIll (TOOTO
BifictanHio) [15-17]. Pesynprar 3amumaerbes
CIpaBeUIMBAM IS JOBUTBHOI KiBKOCTI IOI3IiB
(6ys0 posrisiryTo 0, 25, 50, 75 Ta 100 %).
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OIEHKA KAYECTBA JOCTABKU I'PY30B C IOMOLIBIO
KOPPUIHUEHTA OTKJIOHEHUSA BPEMEHU ITPUBBITUSA ITOE3JIA

Henab. HccnemoBanwe HampaBlIeHO Ha PacCMOTPEHHE OCOOCHHOCTEH ucumclieHus kodddummenta
OTKJIOHCHUA BPEMEHH l'IpI/I6I)ITI/I$[ moe3ga Ha CTAaHOWUIO OT 3alVIAHUPOBAHHOTO IO OTHOIICHUIO K OXHIAACMOMY
OTKJIOHEHHIO. B HaCTOAIIEC BPEMA JIA YHPABJICHHA TEPEBO3KAMH I'PYy30B HNPHUMCHAIOTCA MOAXOABI, B KOTOPBIX
TAKOW IOKa3aTeslb Kak KO3(1)(1)I/ILII/ICHT OTKJIOHCHHA HE€ HNCUYUCIACTCA W HE YYUTBIBACTCA. B HpaKTI/I‘ICCKOI‘/'I
peanm3anyy 3TO TPUBOAWT K TOMY, YTO JKENe3Has JOpora, OCYIIECTBISSI TEPEBO3KH Tpy3a, HE TMOIydaeT
HHPOPMALIMIO 10 OTHONICHHIO HOMHUHAJNBHBIX BPEMEHHBIX OTKJIOHCHHWHA K peajbHBIM. JTa CUTyalus TpeOyer
pelleHus 3aiad  COBEPILIEHCTBOBAHUS JAEHUCTBYIOIIMX TEXHOJIOTUH MEPEeBO30YHOrO MpOLEecca, CBSI3aHHBIX
¢ (hopMUpOBaHUEM, OpPTraHU3ALUCH U OTIIPABKOW Ipy30B. [103TOMYy MOTPEOHOCTH B pacdeTaxX TaKUX KOA(PPHUIHESHTOB
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SBISIFOTCSL  aKTyanbHbIMH. MeToauka. J{ns JOCTWKeHHsT LenM HEOOXOAMMO PpaHKMpPOBaTh COOpaHHBIC
CTaTUCTUYECKHUE JaHHbIE, CTPYIIHUPOBATh U MpOaHaIU3UpoBaTh ux. [IpennokeHa MareMaTHueckast MOJeb pacyera
OTKJIOHEHUsI BPEMEHHU IPUOBITUS MOE37I0B OT 3aIlJIAaHUPOBAHHOTO M 3aBHCUMOCTH JIJAHHOTO OTKJIIOHEHHs OT dTama
JIOCTaBKM (CTaHIIMK) M KOJHMYECTBa MOE310B (B MpoleHTax oT obiero ux yucia). Pesyabrarsl. Beneno nonsitue
«x0d(pPUIMEHT OTKIOHEHHUS», XapaKTePU3YIOMIMII OTKIOHEHHE BPEMEHM NPHUOBITHS [oe3Ja Ha CTAaHIHMIO OT
3aIUIAHUPOBAHHOTO 110 OTHOLICHHUIO K OKHJAEMOMY OTKJIOHEHHIO. ONHpasch Ha pe3yIbTaThl aHAIN3a OTKIOHECHUS
BPEMEHH TPHOBITHA IOE3/0B HAa CTAHIMIO B 3aBHCUMOCTH OT NPOTOHA, MOYKHO OTMETHTH, YTO MPOCIEKHUBACTCS
IpsiMast B3aNMOCBSI3b MEX/Ty OIIO3/1aHHEM II0€3/I0B B YacaX U HOMEPOM CTaHIUH (TO €CTh paccTOAHUEM). Pe3ynpraT
0CTaeTCs CIPaBEUTUBBIM ISl TIPOM3BOJIBHOTO KOJNMYECTBA 1M0e30B (ObU1o pacemotpero 0, 25, 50, 75 u 100 %).
HayuHasi HOBH3HA. ABTOp BIEPBBIC BBEI MOHATHE «KO3()(DUIIMEHT OTKIIOHECHNY», XapaKTEPU3YIOIINI OTKIOHEHHUE
BpPEMEHHU IPUOBITUS MOE31a Ha CTAHIMIO OT 3allJIAHUPOBAHHOTO IO OTHOMICHHIO K OXKHJIAEMOMY OTKJIOHEHHIO.
IIpakTnyeckasi 3HaYMMocThb. Ha ocHOBaHMM IpeACTaBIEHHOM MaTeMaTH4ecKOll MOJETH MOXHO HpeABHICTH
NPUOIM3UTENBHYIO BEIWYMHY OMNO3JAaHUS IOE3ZI0B JUIA JKEIE3HOJOPOKHOM JHMHUM C OOJBLIMM KOJHYECTBOM
CTaHIMM, €CJIM OCHOBHBIE XapaKTEPUCTUKU IPY30TIEPEBO3KH OCTaHYTCs 0€3 CyIIeCTBEHHBIX M3MEHEHHH, Harpumep,
3HAUUTEJIBHOTO YIYUIICHHS WM YXYALICHUS TEXHUYECKUX XapaKTEPUCTHUK KEJIE3HOOPOKHONU HHPPACTPYKTYPHL.

Kniouegvie croga: OTKIOHEHHE; KO3(OUIMEHT OTKIOHEHHS; CpeAHee OTKIOHEHHe;, oOmuid Kod(pduuueHt
OTKJIOHEHUSI; TT0e3]]

B. A. TSEYKO""

Dep. «Transportation Managementy, State University of Infrastructure and Technologies, Kotelnikov St., 29/18, Kyiv, Ukraine,
03115, tel. +38 (093) 811 09 20, e-mail boris16@bigmir.net, ORCID 0000-0002-2636-6321

EVALUATING THE QUALITY OF CARGO DELIVERY USING THE
COEFFICIENT OF DEVIATION IN THE ARRIVAL TIME OF TRAINS

Purpose. The research is aimed at considering the features of calculating the coefficient of deviation in the
arrival time of trains to the station from the planned one relative to the expected deviation. Currently, for the
management of cargo transportation, one uses the approaches in which such an indicator as the coefficient of
deviation is not calculated and not taken into account. In practical implementation, this leads to the fact that the
railway transporting cargo does not receive information on the ratio of nominal time deviations to real ones. This
situation requires solving the problems of improving the current technologies of the transportation process related to
the formation, organization and shipment of cargoes. Therefore, the requirements for the calculation of such factors
are relevant. Methodology. To achieve the purpose, it is necessary to rank the collected statistics, group them and
analyze them. A mathematical model is proposed for calculating the deviation of the train arrival time from the
planned one and the dependence of this deviation from the delivery stage (station) and the number of trains
(as a percentage of their total number). Findings. The concept of «deviation coefficient» has been introduced, which
characterizes the deviation of the time of train arrival to a station from the planned relative to the expected deviation.
Based on the results of the analysis of the deviation of the train arrival time at the station depending on the run, it
can be noted that there is a direct relationship between the lateness of trains in hours and the station number (that is,
distance). The result remains valid for an arbitrary number of trains (0, 25, 50, 75 and 100% were considered).
Originality. The author first introduced the concept of “deviation coefficient”, which characterizes the deviation of
the time of train arrival to a station from the planned relative to the expected deviation. Practical value. Based on
the presented mathematical model, it is possible to foresee an approximate value of the lateness of trains for
a railway line with a large number of stations, if the main characteristics of cargo transportation remain without
significant changes, for example, a significant improvement or deterioration of the technical characteristics of the
railway infrastructure.

Keywords: deviation; deviation coefficient; mean deviation; total coefficient of deviation; train
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PO3POBJIEHHSA AJITOPUTMIB ®OPMYBAHHA
EHEPIOONTUMAJIBHUX PEXKUMIB PYXY IOI3/1IB

Mera. Po6oTa nepenbadae po3poOIIeHHS aNTOPUTMIYHOTO 3a0e3MeueHHs I MOJCIIOBaHHSA W ONTHMI3amii pe-
KUMIB pyXy moizaiB. Meroauka. /lyis onmucaHHs NpoLecy pyXy Moi3aa B MPOCTOPOBUX KOOPAMHATAX i3 po3moisie-
HOO MacoOI0 B3JIOBXK TPAEKTOPIl pPyXy 3alpoOlOHOBaHA CUCTEMHA MOJielib. BoHa BpaxoBye TATOBI ¥ OMIpHI mapaMeT-
pH Ta IX 3MiHY 3aJI€XKHO BiJl 30BHILIHIX 1 BHYTpIIIHIX (akTopiB. J{JIsl YHCIOBOTO iHTErpyBaHHS MOEJI CUCTEMH BH-
KOPUCTaHHMH METOJ| CKIHYEHHUX pi3HUIb. KpiM 1poro, po3polbiieHi iTepariiHi npoueaypy Ui 3aJOBOJICHHS Kpano-
BUX YMOB, (hOpMYBaHHS MOCTIJOBHOCTI 3 PEXKHUMIB TSTH, TIbMYBaHHS W XOJOCTOTO XOXYy 3 BiIIIOBIIHHUMH
napaMeTpamH, o0 3a0e3neyuTd BUKOHAHHS KPUTEPI0 ONTUMAJbHOCTI PyXy W TeXHIYHMX OOMEXEHb i3 JocTat-
HBOFO TOUHICTIO. KpHUTepill ONTHMaIEHOCTI MiCTUTH MAaJHBHO-CHEPTETHYHI PECypPCH, YaCTOTY 3MiHH PEKUMIB PoOo-
TH TATOBUX 3ac00iB (CYTTE€BO BIUIMBAE Ha 3HOIICHICTH MPHUBOJIB), 3aTpaTHI cTaBku Tomo. Pe3yabpraTu. Po3pobiene
aNTOPUTMIYHE, IPOTpaMHe 1 iH(popMariiiHe 3a0e3eYeHHS TO3BOIIIIO IIPOBECHHS: PO3PaXyHKIB PEXKIMIB BEICHHS
OBUTPHUX TOi31iB, 30KpeMa HOPMATHUBHEX, UIs (opMyBaHHS TpadikiB pyxXy, po3paxyHOK MDKIOI3HHX 1 CTaHIIiH-
HHX IHTEpBaJiB, JOCITIPKCHHS BIUIMBY €KCTPEMaJbHUX HAapaMeTpiB MOi3/iB HA PEKUMH iX BeleHHS. Y cHCTeMi me-
penbadeHa MOMJIMBICTH ajamTarlii MmapaMeTpiB MOJENi pyXy Ioi3a 3a pe3ylbTaTaMd TOCHITHUX TOi3/I0K.
HaykoBa HOBH3Ha. Y po0OTi 3alpOIIOHOBaHA MIOCTAHOBKA PO3PaXyHKY PEXKHUMIB BeJICHHS MOT3MIB SIK 3a7a4l ONTH-
MaJIbHOTO KepyBaHHsl, 3’ICOBaHMH IIBUIKWIT Meron ii po3s’si3yBanHs. Lle 3a0e3meunso aBToMaTu3allilo Ipouecy
PO3B’sI3yBaHHs BEJIMKOTO HA0OPY NPSAMHX Ta 00EPHEHUX PEKUMHUX, 13 PI3HUMHU KPUTEPISIMHU ONTHMAJIBHOCTI, 3a/1a4.
IpakTHyna 3HAYMMIicTh. 3alpPONOHOBAHUI MiJXiJ] IIOJI0 MOCTAHOBKH I PO3B’S3yBaHHs 3aj1ay MOJICIIOBAHHS Ta
ONTUMI3AIT PSKUMIB BEJCHHS MOT3/iB MPOMIIOB anpoOaIlito B MPoIEeCci po3paxyHKy OCHOBHHX CKIaJ0BHX i (o-
pMyBaHHs rpadikiB pyxy, BUOOPY ONTUMAaJIbHUX IapaMeTpiB PEKOHCTPYKIIi MOJIOTHA ISl BCiX, NIBUAKICHUX 1 HO-
BUX, THIIB ITOT3/IiB.

Knrouogi crosa: TAT0BO-eHEPreTHYHI PO3paxyHKH; ONTHMAJIBHIN PEKUM; MaTeMaTHYHe 3a0€3IIeUCHHS; MaTeMa-
THYHA MOJIEITh MMO13/1a; iMeHTH(IKAIliA TapaMeTpiB MOJIEINi; psiMi i oOepHEHi 3aaadi

1 indopmaniiHux TexHoxnorin. Tomy mepmr mia-
Beryn XOJM BHMAaraiiii CYTTEBOTO CIIPOLICHHS IMOCTaHO-
BOK 3a/a4 1 CIeIiagbHo MOJAHUX BXIJTHMX ITaHUX,
sKi O JO3BOJNIMIIM 3HAWTH aHAJITUYHE MPECTaB-
JICHHST PO3B’SI3KY YW TOOYIYBAaTH MPOCTI «PYUHI»
iTepamiiHi METOAM PO3B’SI3yBaHHS BiJIMOBIIHUX
piBHsHb. Tak, JAOBIAHUKHU 3 TATOBUX PO3PaXyHKIB
[4] mporonyBanu 300pakeHHs TOi31a y BUIIISAII
(i3UYHOT TOYKH, PEKOMEHIYBAJIM BUKOPHUCTOBYBA-
TH TUIBKM HOMIH&JbHI TArOBI W  MaJUBHO-

TsaroBO-CHEpPreTHYHI  PO3paxyHKH — OJHA
3 HEHTPAIBHHUX MPOOJIeM e(PEKTUBHOTO YIPaBIiHHS
MEePeBi3HUMH TIpollecaMy Ha 3amizHumi. Hax moc-
TaHOBKOIO Ta PO3B’A3yBaHHSAM IIi€l MpoOIeMH Ipa-
IIOBAIM W TIPOJIOBXKYIOTH POOOTY OaraTo KOJEKTH-
BiB [1-11]. Ilporarom ychoro yacy mOCTaHOBKa
3aJad 1 MeToAM iX PO3B’s3yBaHHS Oynu TICHO
MPUB’si3aHi JI0 PO3BUTKY OOYHCIIIOBATBHOT TEXHIKH
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CHEepPTreTHYHI XapakTePUCTUKU IMPHBOMAIB JOKOMO-
THBIB, a JJIs 3MEHIICHHS BXIJJHAX JaHUX MPOBOJIH-
TH CTIPSIMJICHHS TUIaHY Ta TIpoQiII0 TpaekTopii py-
Xy (xomi#t). Lli Ta iHmIi crpomeHHs 3a0e3nedyBaiu
MMOCTAaHOBKY OJIHI€l 3ajadi — 32 MiHIMaJIbHHN 4Yac
MPOXOJDKEHHS TOi3[1a MK PO3AUTFHUMH ITyHKTa-
MH. Y TakuxX BUNAIKaX TOYHICTb MOJIEIIOBAHHS
CYTTEBO 3aiexala Bij Aiana3oHy 3MiHH MapaMeT-
piB TpaekTopii pyxy moi3ga. TsAroBo-eHepreTHdHi
PO3paxyHKH HPOBOIMIN TUIBKH Ul TIEBHOTO Ha-
0Opy HOPMATHMBHUX MOI3iB HE OUIBINEC HIK OIUH
9yl 71Ba pa3dw Ha pik. JIOBIIHMKH 3 TSTOBO-
€HepreTHYHNX PO3pPaxyHKiB peKOMEHayBaiu Oara-
TO OOMEKEHbB, SIKi CIIPOIIYBaIH aJTOPUTM PO3pa-
xyHKy. Cepen pekomeHpamniii Oyno 6arato BapiaH-
TiB aHAMITUYHUX 1 TEOMETPUYHHX IMiJXOMIB, SKi
JO3BOJISUTM TIPOBOJUTH PO3PAXyHOK KPHUBOI Jiar-
paMM IIBUAKOCTI PyXy «py4HHM» crocobom. Ile-
pII TmporpaMHi KOMILIEKCH OyJIM CTBOpEHi 3 ypa-
XYBaHHSIM PEKOMEH/IAII{ 111010 HassBHUX BHMOT JIO
TATOBUX po3paxyHkiB. Ilig wac cnpobu mpoBecTn
OLIIHKY MaJTHBHO-CHEPTETHYHHUX PECYpCiB 3a 3HaH-
JIEeHUMU KPUBUMH IMIBUAKOCTEH BHSABHIOCSH, IO iX
BEJIMYMHA € CYTTEBO BHINOK BiJl pPE3yJIbTaTIB,
OTPUMaHMX 13 BUKOPHUCTAHHSIM TUHAMOMETPUYHUX
BaroHiB. Y BHUMAJKy HIBUIAKOTO HAPOIIECHHS BapToO-
CTI TIANIMBHO-EHEPTETUYHUX PECypCiB Taki po3pa-
XYHKH yKe Oynu He3anoBimbHUMHU. CKa3aHe 3yMo-
BWJIO TPOBEJICHHS AOCIIKEHb s TT0OYJ0BH ajie-
KBaTHUX MOJEJEH Ta aJrOpuTMIYHOTO 3ade3re-
YeHHs, K¢ O BPaxOBYBAJIO BCi OCHOBHI (haKTOpH
BIUIMBY Ha PEXKUM PyXy I0i3/1a i JO3BOJIMIIO I1OC-
TaBUTH MaKCHMAJIHO TOBHUI Halip HpsAMHX Ta
00EpPHEHUX ONTHMI3aIiiHKUX 3a/1a4.

[ligsumienHs epeKTUBHOCTI €KCIUTyaTallii Has-
BHOTO H NEPCIEKTHBHOTO TITOBOTO PYXOMOTO
CKlay B  yMoBax  JAe(dinuTy — HaJUBHO-
eneprernunux pecypciB (ITEP) i mocriitHo 3MiH-
HUX HOPMATHBIB CTaHOBUTH Ba)KJIMBY HAayKOBO-
TexHiuHy 1pobnemy. Ii mpakTHuHa peanizamis 1o-
JISiTa€ y CTBOPEHHI KOMIUIEKCHOI CUCTEMH ONTHMA-
JTBHOTO TUIAHYBAaHHS Ta KepyBaHHs PyXOM I0i3a.
KpiMm Toro, po3B’s30k Ha3BaHOI HpoOJIeMH
MOB’SI3aHUM 13 BUPILICHHAM HU3KU BaXJIMBUX IH-
TaHb, TAKUX K (POPMYBAHHS ONTUMAIBHUX PEXKU-
MiB BEICHHS MOI3/1B, pO3pOOJICHHS ONTUMAIBHOTO
rpadika pyxy MOI3IiB, CTBOPEHHS TPEHAKEPHHUX
HaBYAJIBHUX  CHCTEM Ta  aBTOMATH30BaHUX
KOMIT FOTEpHUX CUCTEM HOpMyBaHHS BuTpart I1EP.

Po3pobrnenHio meroniB ¢GopMyBaHHS ONTHMA-
JMFHUX PEXHUMIB PyXy IOI3/iB MPHUCBSUYEHA 3HAYHA
KiTeKicTh pobiT [1-11]. V HEHX MOKHA BHIiIATH
TaKi HAIPSIMKHU AOCIIIKEHb: ONTUMANIBHI CTpaTerii
¥ METOIM HEIHIMHOTO MPOTrpaMyBaHHSI JISl OTTH-
Mi3amii TpaeKkTopii MIBUAKOCTI pyXy MOI3iB; Mia-
XOAM OO PO3pOOJEeHHS AOpaguuX CHUCTEM JUIS
MAalIMHICTIB; 1HTETPOBaHI MOJIEII JUTsl ONTHMI3aIli
pexxuMiB 1 TpadikiB pyXy MOi3IiB; METOAN JUHAMI-
YHOTO MPOrpamMyBaHHS sl 3a0e3MeueHHs] eHepro-
e(eKTHBHUX PEXHUMIB PyXYy MOI3/iB 3 OOMEXKCHHSI-
MU IIBUAKOCTEH 1 MPOITyCKHOO 37]aTHICTIO; OCHOB-
Hi TIPUHIWIN ONTHMAIBHOTO YIIPABIIHHA PYXOM
oi3/a; Po3poOJICHHS MO i pO3paxyHOK OITH-
MaJbHUX KOOPJUHAT 3MIHU PEKHUMY POOOTH JIOKO-
MOTHBIB TOIIIO.

[IpakTiaHO BCi 3rajaHi METOMW W MiAXOTU HE
MIPOMIILIN anpo0arliro B peajbHUX YMOBaxX €KCILIY-
aTarlii, TOMy HaBeICHi pe3yJabTaTH B MUX poOOTax
€ YHCTO TEOPETUYHUMH. PO3pOoONCHHS MakchMa-
JIBHO YHIBEPCAIbHUX MPOTPAMHUX KOMIUIEKCIB, SIKi
0 00’eqHyBas 3ac00M MOJICIOBAHHS, TUIAHYBAH-
Hi, igenTudikamii, aganrtamnii # ONTUMAIFHOTO Ke-
pyBaHHs TpoliecaMd Ta Oyl IHTErpOBaHHMH
3 iH(popMarlliiinuM 3a0e3meyeHHsIM 1 3acobamMu ix
MIOCTIHHOT aKTyali3aii, BUMarae HassBHOCTI JTOCBi-
Iy B MOOYZOBI MaTeMAaTUYHHUX Ta IMITAIHHAX MO-
JieJield, METOIB Ta aNrOPUTMIB MiHIMAIBHOI CKia-
JTHOCTI, PO3MOAUIEHUX 1H(QOPMAIIHUX CHCTEM
tomo. KpiM 1poro, 1me HeoOXiHI CHCTEMHI 3HaH-
Hs (TeXHIYHI, TEXHOJIOT14HI, €KOHOMIYHI), SIKi CTO-
CYIOThbcs 00’€kTa nociipkenns. Jlocsin peatizarii
HIMPOKOMACHITAOHUX MPOEKTIB TMOKa3aB, IO Tpa-
OUIIWAH] MOXoad W BIIOMI KJIACHYHI METOOM HE
JIAI0Th 3MOTH CTaBUTU U C€(EKTUBHO PO3B’SI3yBaTH
3anadi, siki 06 32I0BOJILHIIINA Cy4acHI BUMOTH IIIO/I0
X stKOCTI 32 (PYHKIIOHATBHICTIO, HATIHHICTIO, 3pY-
YHICTIO BUKOPUCTAHHS, MPOAYKTHBHICTIO, aJlalTH-
BHICTIO TOIIO. Y 3B’SI3Ky 3 IIMM 3aBEpIlCHI HAYKO-
€MHI TMPOTrpaMHi MPOJYKTH MPOMHUCIOBOTO 3Ha-
YEeHHsI, HEOOXIIHI JJIs MPAKTUYHOI'O BUKOPHCTAH-
Hsl, B OCHOBHOMY € BiJICYTHIMHU.

B okpemux poborax [7] 3amporoHoBaHO, st
PO3B’sI3yBaHHS 3aad ONTUMI3alil peXuMiB pyxy
MOT3/[IB BUKOPUCTOBYBATH KJIACHYHI MaTeMaTHUHI
IHCTPYMEHTH; TPOTE HE HABEACHO OYyJb-SIKUX TPHU-
KJIaJiB 1X BUKOpUCTaHHS. Pe3ynbraTu npuBeneHi
B MoHorpadii [1, 186-191] narote po3ymiHHS TO-
ro, MO Ui PO3B’A3yBaHHA 3aJja4 TAaKOTO PiBHS
CKJIaJHOCTI peani3yBaTH KJIACH4HI MiIXOAU Npak-
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TUYHO HepeanpHO. s OTpUMaHHS pe3ynbTaTiB
HEOOXITHO PO3pOOIATH HOBI METOIH, SIKIi O Mak-
CUMAaJIbHO BUKOPHCTOBYBAJIM OCOOJIMBOCTI 00’€KTa
JOCHIKEHHS: (i3UKY MPOLEeCciB, HASBHI eMIipHYHi
3aJIeKHOCTI, pe3ysIbTaTH aHajli3y 3aMipiB OTpHMa-
HHUX 13 BUKOPHUCTAHHSIM JWHAMOMETPHYHHX Baro-
HiB, TOIIIO.

Po3B’s3aTn 3amavuy ONTUMAanbHOTO KEpyBaHHS
PYXOM TIOi37a HE BHAETHCS KIACHYHHUMHU METOJa-
MH, OCKIIIBKH BCi 3MiHHI, SIKi HOTO XapaKTepHu3y-
10Th, € HENiHIHUMU, OararonapamMeTpUYHUMHU, 3i
3MIHHUMH OOMEXEHHSIMH, a JOesAKl BXIAHI HaHl
€ c1ab0 mporHo3oBaHUMH. KpiM 1IbOTO, BaKIIMBHM
€ YHIKaJNbHICTE 00’€KTa 3a HabopoMm (axTopiB
BIUIMBY, 30CEPEIKCHUX 1 PO3MOIIICHUX, AUCKPET-
HUX 1 HETIEpEPBHUX, SKi HENIHIHHUM YAHOM BILIH-
BaIOTh Ha Tporiec pyxy [14].

Merta

VYpaxoBylouH BUINE3a3HAUYCHE, METOK CTATTI €:
moOyayBaTH MaTeMaTU9IHI MOJIENIi OCHOBHHX THIIIB
TATOBHX 3aCO0IB 1 MOI3/IB i3 PO3MOIIICHOI) MacOk0
B3JIOBXK TPAEKTOpii pyxy; po3poOuTH edeKkTuBHE
QITOPUTMIUHE 3a0e3Me4eHHs] ANl MOJEIIOBAaHHS
W ontuMizallii mpoiecy pyxy Moi3liB 3a 3aJaHUMHU
KPUTEPISIMA ONTUMAIILHOCTI; PO3B’S3aTH HEOOXiI-
HUH HaOIp MpsAMUX Ta 0OEPHEHUX TATOBHX i €HEp-
TeTUYHUX 3a/1a4 JJIs1 CUCTEM MOOY0BH ONTHMAITb-
HUX rpadikiB i po3paxyHKy mapaMeTpiB Oe3neyHo-
IO pyXy Ha MeperoHax i po3aIbHUX MyHKTaX.

MeToanka

JIJis TOCSTHEHHsI MOCTAaBJIEHOI METH BUKOPHC-
TaHl 3acO0M MaTEMAaTHYHOIr0 M IMITAllIHHOTO MO-
nemoBaHHs. Po3poOjieHa MaTeMaTHyHa MOJeTb
PyXy Moi3za B MPOCTOPOBUX KOOPIMHATAX 13 PO3-
MOJIIJICHOI0 MaCcOI0 B3JIOBX TPAEKTOPIT pyxy peati-
3yEThCS 32 JIOMIOMOTOI0 YHCIIOBOTO 1HTErpYyBaHHS
METOJZIOM CKIHUEHHHX pi3HHIb. J[1s mporecy Ke-
pYBaHHSI JIOKOMOTHBaMH PO3pOOJIEHi JeTanbHi iMi-
TaliHi MOJemni, sKi BIATBOPIOIOTH iX pPOOOTY
3 ypaxyBaHHSAM peallbHUX TATOBUX, CHEPreTUYHUX
XapaKTepPUCTUK 1 HAsIBHUX 30BHINIHIX BILTUBIB TO-
mo. [TocraBneHi ontumizaliiiiHi 3amaui po3B’si3aHi
PO3pOOJIEHUME METOJaMU JUCKPETHOI (KOoMOiHa-
TOPHO1) oNTHUMI3aLii.

PesyabTaru

MaremaTinyHe ONMCaHHS MOJETI MOi3aa IPyH-
TYETHCSI Ha KJIACHYHUX MOJOKEHHAX TEOopii JIOKO-
MOTHUBHOI TSITH, YSBJICHHI PO MOI3A 5K 00 €KT Ke-
pYBaHHsI, a TAaKOX BPaxOBYE OCHOBHI pO3paxyHKO-
Bl 3QJIGKHOCTI, BU3HAYCHI B HOPMATUBHIN JHiTepa-
Typi [12]. [IuTaHHS TEOPETUUHOTO OMHCAHHS PYXY
moi3a JTOKJIQJAHO PO3poOJieHi y 3rajaHux IKepe-
nmax. OgHak y HUX 0araTo MOJIOKEHB, SIKI CTOCY-
IOTBCA PyXy T0i3/1a sIK (pi3UIHOT TOYKH 3 BUKOPHC-
TaHHAM TUIBKH HOMIHAJIBHUX TATOBHX XapaKTepu-
ctuk. [leBHI 0OMeXyBabHI peKOMEHAIII] JOBEJO-
csl BUAO3MIHMTH, ©O0 BOHM HE J03BOJISJIM
MOCTAaBUTHU KOPCKTHO MAaTEMAaTU4YHY 3aaady OIITU-
MaJBHOTO KEpPYBaHHs IOI30M i3 PO3MOALICHOO
Macor0 B3JIOBX HOTO CKJIQIy 3 ypaxyBaHHSM IIOB-
HOI MHOXWHH BaXXUIMBUX OOMEXKEHb 1 TATOBO-
SHEPTeTUYHNX XapaKTEePUCTHK. Y OLIBIIOCTI BU-
MajKiB peKOMEHJalii, HaBeJeHI B HOPMAaTHUBHIH
JiTEpaTypi, JO3BOISUIH TOCTAHOBKY TiJIbKU OZHi€q
3azadi, sIK BxKe OyJIO CKa3aHO, pyXy IMOi3la 3a Mi-
HiMaJlbHUH Yac.

[Mapamerpu pyxy noizga v, F,, B (mBugkicts
pyXy, CWJIa TSATU i rajJbMiBHA CHJIA) 3a0BOJIbHS-
I0Th PiBHSTHHSL:

d’s _dv_n(Fm W -B)

1
dt? dt Q+P @

3a 0OOMEXEHD
vy (s), T, 0-eN)+1eT <T., (2

tyr F, (1) — msroea cuna, H; B — ransmiena cuna,
H; Q — maca Baronis, H; P — maca iokoMoTHBa,
T, T, — PI3HUILA MDXK TEMIEpaTypor OOMOTOK Ts-
rOBUX JIBUTYHIB 1 Temmeparypoto nosirps, °C; t_,
T — 3Ha4YeHHS TEIUIOBHX MapameTpiB, MO 3ale-

XKaTh BiJI BEIMYMHU CTPYMY, SKHH BHKOPHCTOBYE

TSATOBUM ABUT'YH; Tm — MaKCUMaJIbHO J0ITyCTHUMa

TeMIlepaTypa HarpiBaHHs OOMOTOK TSTOBUX JIBH-
ryHiB, °C; n — koedillieHT iHepii 00epTOBUX Mac
noizma, km/ron, Wy =F,, +F,,,(i,,R.T,V,,n), ne

Fz)od
Big yxuiy, (%o); paniyca kpuBu3Hu R Tpaekropii

— CWJIa OOJATKOBOI'O OIIOpY, sKa 3aJIC)KUTH

MepeMillieHHsI, M; TEeMIIepaTypH HOBITPS Tp, °C;
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HIBHJKOCTI 3yCTpiuyHOTO BiTPY V,, M; KiIBKOCTI
YBIMKHEHUX IIiIBATOHHUX reHepaTopiB N; t — gac,
TOZ.

Iloizam - wme  ymopsakoBaHuit — Habip

(|l,...,|j,dl,d2,...,dk) OJTHOTHITHHX JIOKOMOTUBIB |,
(izirj) i BaroHiB d; (lzﬁ) [Mopsimox po3mi-

IICHHS JIOKOMOTHUBIB Y MO13/1i MOXe OyTH Pi3HUM.
JIOKOMOTHBH € Pi3HUX THITIB. THIT IOKOMOTHBA

BU3HAYAIOTH 3a MapaMeTpaMu: MacCoro mj , JOBXKH-

KUTBKiCTIO oceii K

HOIO I jo

i CHJIOI0 HATUCKY Ta-
NbMIBHHX KOJIOZIOK Ha Bick K, KOHCTpYKTHBHOIO
WIBHAKICTIO Vi, 3aTpaTaMu MajiuBa B PEKUMI XO-
nocroro xomy G, (ama TemmoBosis i mu3ens-
MOT3/iB), 3aTpaTaMu eJeKTPOeHeprii Ha BHYTPIMIHI
notpebu E;, xoedimienrom 3uennenns xomic i3
peiKamMu 10poru ;.

[ToBHa rajbMiBHA CHJIA TI0I3/1a € TAKOKO:
Br= Z(Pk (KK, ,

ae ¢, — KoeQillieHT TepTs raabMIBHUX KOJIOJOK;
K, — cHJIa HaTUCKY rajbMiBHHX KOJOJOK Ha OaH-

Tax.
OcHOBHHI OITip PYXOBi JIOKOMOTHBA B PEXHUMI
TSATH BU3HAYAIOTH 38 EMIIPHYHOI0 (POPMYIIOIO:

W, =m; (aj +ij+cjv2),

OITip PYXOBi B PEKHUMIi XOJIOCTOTO XOJY:
— 2

W, =m,; (ej + fjv+gjv )

ae aj,bJ,CJ,eJ, fJ!
MEBHOT'O THUITY JIOKOMOTHBA 1 TUITy KOJii (JITaHKOBa

a00 6e3CcTUKOBA).

9 - KoedilieHTn IS

KoeimieHT 3ueruieHHs Kojic i3 pedkaMu v
00MEKye MaKCHMAJbHY CHJIYy TSITH JIOKOMOTHBA
(Frax <W(v,R)P). Lleit koediuieHT € pi3HUM A
PI3HHUX THIIIB JJOKOMOTHBIB.

[IpuBia KOXXKHOTO JIOKOMOTHBA Ma€ Haoip i3 N i
nosuiii {p jk,k=1,r1 j}. JIJia KOXHOI MO3uIii Bifo-
Mi iHTepBaaM ii il 3a MIBHAKICTIO, CHJIOK TSTH

Fj(pjk,v), CTpyMOM |j(pjk,V). Jins cuioBux

MO3MLIA € BIJOMUMH TEMJOBI XapaKTEPHCTHKH

IBUTYHIB: TeMIlepaTypa MeperpiBy ij(pjk,v)

#i Teruiosa nocriitna T, ( Pk ,V) (U151 €NeKTPOBO3iB,

MOTOPHHMX BaroHiB €JEKTPOIOI3/iB, TEIIOBO3iB,
MOTOpPHHMX BaroHiB JW3eNb-TIOI3/iB), MaJMBHI Xa-

PaKTEpUCTUKH Gj(pjk,v) (1 TETUIOBO3iB, Tem-

JIOBO3iB i3 TiIpaBIiuHOIO MEpeAayero, MOTOPHHUX
BaroHiB JU3€Jb-TIOI3/iB, MOTOPHUX BaroHiB IH-
3€IIb-TIOT3/IiB 13 TIIPaBIIYHOIO TTepeaaveio).

TsTOBI XapaKTEPHCTHKH JIOKOMOTHBIB MarOTh
0oOMEXEHHS 3a pecypcamu U HaJilHICTIO poOOTH;
TEIUIOBO3iB — 3a KOHCTPYKTHBHOIO IIBHKICTIO
W TmapameTpaMH AM3eNd, TATOBOI Iepeaadi, 34er-
JICHHST; €JeKTPOBO3IB — 32 KOHCTPYKTHUBHOIO IIBH-
JKICTIO W MapaMeTpamMy TATOBHX JBUTYHIB, 34ell-
JICHHSL.

XapaKkTEepUCTUKH TATOBOTO PEXUMY EJIEKTPO-
BO3a MOJAUISIOTH Ha €IeKTPOMEXaHiuHi, eeKTpOTS-
roBi i TAroBi. EMekTpoMexaHiuHi XapaKTepUCTUKA
Ha3WBAIOTh XAPAKTEPUCTUKAMU TATOBHX JIBUTYHIB,
BIJTHECCHHX IO BaJly SIKOPSI, a came:

n, = fl(l()); M= fz(la); M = fs(la),

TOOTO, 3aJIeKHICTh 4YUCIa OOepTaHHsA sKops N,
momenty M 1 KK/l n, Big ctpymy |, 3a mocriii-
HOro 3Ha4eHHs U, Ha KjIeMax JBUIYyHA.

EnexTpoTsroBi XapakTepUCTUKU € BiJHECEHU-
MH 710 000ly pyXOMOT0 KoJieca:

v=1(1,). F=1(1,) yno=1e(1,)

TOOTO, 3QJIEXKHICTh IIBHAKOCTI V, CHIM TIrd F
1 KKJI nBuryHa 3 mepenadero m, Bil CTpyMy SIKO-

psal,.

EnexTpoTsroBi xapakTeprCTHKH PO3PaXOBYIOThH

Ha OCHOBI €JIEKTPOMEXaHIYHUX XapaKTEPUCTHK

TSATOBOTO JIBUTYHA, 3ajaHoro aiametpy D pyxo-

MHX KoJic, mepeaaTousoro uucna p i n, — KK/

nepenaui abo AP, — BTpar y nepeaadi. llIBuaxicny

XapaKTepUCTUKY JIOKOMOTHBA PO3PaXOBYIOTh 3a
hopmymoro:

_ nDn60 D [ KM }

,

V= ~0.188—n
100p n

200
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a JOTUYHY CUITY TSI MOXXHa 3HANUTH 13 piBHHHHH:

a m,=m,—AP,. Brpatu eneprii B nepeiaui Mox-
Ha 3HAWTH HA OCHOBI maHux Tabm. 1 [5].

F = 2% Mn, = 0.367%71,[[H] ,
Tabnuns 1
Brparu eneprii B nepeaayi Big TAroBuX ABUTYHIiB 10 KOJicC
Table 1
Energy losses in the transmission from the traction motors to the wheels
0,60 0,70 1 1,25 15 2

y 0,25 0,30 0,40 0,50
Ieoz)

AP 0,085 | 0,067 | 0,044 | 0,032 | 0,027 | 0,025 | 0,025 | 0,027 | 0,030 | 0,035

n

Tsrosi xapakrepuctukn V= f(F.) orpumy-
I0Th i3 ENEKTPOTArOBMX BHUKIIOYEHHAM |,. 3a
YCTAJICHOTO EIIEKTPUYHOTO PEKUMY ILIBHAKICTH
PYXy €IEeKTPOBO3a 3HAXOIATh 32 (POPMYJIOKO:
U-—Ir
Co

3a maHOrO CTpyMy Ha BXOJi ABUTYHA WHOTO
MIBUIKICTh MOKHA MIiHATH 3MiHOO Hampyru U Ha
KOJIEKTOpi a00 3MiHOI MarHiTHOTO MOTOKYy @ Ts-
TOBOT'0 JBUTYHA.

Baronu XapakTepu3ylOThCs THIIOM |, MAacOk

M, THIIOM TaJbMIBHUX KOJIOJIOK, Ta0apuTaMH, JI0-
BXKHHOIO | j» Macoro Tapu My, KinbkicTio oceif K i

CHJIOI0 HATHCKY KOJIOZIOK Ha Oangax K j-

OcHOBHMI oOmip pyXy BaroHiB Ha JIAHKOBIH
1 O€3CTUKOBIN KOJisIX BU3HAYAIOTH TAKOK EMIipH-
YHOI0 (HOPMYJIOHO:

2
bj +C;v+e;v

W, =|a, +
° Uo

j m,

ne a; b i Cj, € — Koe(ilieHTH, 3aIeXKHI BiJl TH-

Iy BaroHa, V — IIBMAKOCTI PyXy, (, — MacH, sika
MPUIIA/IAE€ HA OAHY BiCh KOJIICHOT MapH.
Posrnsiremo cunw, ki IpOTHIIIOTE pyXoBi. Po-
3pI3HSIOTH OCHOBHUM 1 JIOJATKOBUE OMIp PYyXOBI.
3a ocHOBHMIA OEpyTh OIIip, KU Ji€ HA O3 Mij
qac pyxy B3JOBX NPSMOI0 TOPU30HTAIBHOTO LIS
Xy 3 PIBHOMIPHOI MIBHJKICTIO 3a HOPMaJbHHX
METEOPOJIOTIYHUX YMOB. [[Jisi TOKOMOTHBa poO3pi3-

HSIOTH III€ OTIOPH PyXy B PEKUMI TATH ¥ 3a 1i Bi-
cyTHOCTi. Jlo OCHOBHOTO HaleXaTh TAaKOX OIOPH
BHACJIIJIOK: TEPTSA MK IIMHKAMH OCEH 1 IiIIIHUII-
HUKaMH{, KOYEHHsI KOJIIC 10 peiKax, yaapiB KOIlic
00 cTuKH peiok, MOBITpsIHOTO cepenopuma. Jlo
JOJATKOBUX BiJIHOCATH OMOPU BHACTIJIOK: YXHIIY
Ta KPUBH3HU TPAEKTOPil PyXy, 3MiHH METEOPOJIO-
TIYHAX YMOB, POOOTH IMiJBarOHHUX TEHEPaTOpiB,
PYXY 3 MicLsl.

Cuny omnopy pyXxoBi 0OYHCIIOIOTH 3a (opmy-
JI010:

_ ' "
W =(W'+W")K,, K, +W +W +W, +W
L
! " : :

ne W' ta W" — ocHOBHI onopu JIOKOMOTHBIB
1 BaroHiB BignosigHo; K, Ta K, — koedimieHTn
OIIOPY BHACHTIJIOK HU3BKOi TEMIIEpaTypu W HasB-
HOCTI BITpY (3a/ie’KaTh BiA Temmeparypu t, , Ty-
CTUHHM IOBITPS P, HIBUAKOCTI BITPY V, Ta IIBH[-
KOCTi pyxy mnoizma V); W, _ omip Bix yxmiy
(W, =£iM , ne +i — 3HaueHHS yXWIy OIIAHKH py-
xy B mpomisne (%o), M — maca BaroHa (JJOKOMoO-
thBa)); W, — omip, 3yMOBJIEHMH KPHUBH3HOIO
Tpaekropii; W, , — omip Bij MiJBarOHHUX I'eHepa-
— omip miJ Yac pyImaHHS 3 MicCIs.

topis; W,,,

S
W :(lliao—}_l'Srkj IKp M[KZC/m]' e R’SKP o

r
n

pazaiyc Ta JOBKHMHA KpWUBOI BiamoBimaHo, M; | —

n

JOBXXHHaA n0‘1‘3;[a, M; T, — HCIOramcHC IMPUCKO-

K

PCHHA B KpI/IBif/i, sike OOYHCITIOITH 3a HAaCTYIIHORO
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2

dopmyoro: rkzj_é—R—ﬂg[M/cekz], ne h —

M ABHILEHHS 30BHIIIHBOT perkw, MM;
S. — BiACTaHp MK KpyraMH KOYEHHS KOJIC, MM;

K

W _

ne

Omip BiJ TMiJBarOHHUX TEHEPATOPiB.

136P’ ,
W, = M, ne P’ — cepemHs MNOTYXHICTh
Qov
IIBATOHHOT'O reHeparopa, kBT.
a .. .
W,. =k M, ne a — koedilicHT, IKHUI 3a-
Qo +7

JISKUTH BiJl THUITy MiAIIMIHUKIB BaroHa (JIOKOMO-
THBa); K — xoedilieHT, AKUIl 3aJIe)KUTh Bifl KiJlb-
KOCTI BaroHiB y MOi31i.

s BciX THITIB BaroHiB (JJOKOMOTHBIB) BCTa-
HOBJICHI €MITIpUYHI 3aJIeKHOCTI, SIKI J03BOJISIOTH
BU3HAYaTH OCHOBHY W JOJATKOBY CHJIM OTOPY PY-
xy. Ilim yac po3paxyHKiB yBa)KalOTh, III0 BCi CHIIH,
SIKi JIFOTh HA BaroH 4u JIOKOMOTHB, 30C€PE/HKEHI
B ioro nentpi mac. Koopnunartu neHrpa mac na-
I0Tb MOXJIHMBICTH ifeHTH(IKYBaTH (BCTAHOBHUTH
KOOpJMHATH) MiCIIe pO3TallyBaHHS BaroHa YH JIO-
KOMOTHBA Ha TPAEKTOPIT pyXy.

PexxuM pyxy moi3ga 3miHCHIOETHCS YepryBaH-
HSIM PEXHMIB TSATH, XOJIOCTOTO XOAy (32 BiACYTHO-
CTI peXHuMy TSITH) W raibMyBaHHS. Pexxum Tsrm
MOKe BifIOyBaTHCS 3a PI3HUX TATOBUX MO3HIIIH.
TsAroBUM BIATIOBIAAOTH BIATOBIMHI CTpyMEHEBi
no3uuii. PexxuM ransMyBaHHS BU3HAYA€THCS BEJIU-
YHHOIO TaJIbMIBHOT CHJIH, SIKa 3aJIS)KHUTh BiJl CyMa-
PHOI CHJIM NPUTHCKAHHS TajbMiBHUX KOJIOJOK IO
OaHgaxiB KoJiic ado 10 JMCKIB, BCTAHOBJIEHHX Ha
ocsix. [abMiBHA cuila BUHHMKA€E TaKOX Y TMpoleci
NepeBe/IeHHs TATOBUX EJIEKTPOJBUTYHIB y TeHepa-
TOpU CTpyMYy (EJEeKTpUuYHEe rajbMyBaHHs). ['anb-
MYBaHHS MOKE CYNPOBOJUKYBATHUCS PEKYIIEPaLi€0
(TIOBEpHEHHSIM €JIEKTPOCHEPTril B MEPEKyY) i pobo-
TOIO TSTOBUX EIIEKTPOJBUTYHIB Ha OMIp PYXOBi
(peocTaTHe ralbMyBaHHS).

Tpaexropis pyxy mnoizpa S(X),X €[Xy,X,], ze
Xy, X, — IOYATKOBA 1 KiHIEBA KOOPAMHATHU CYCia-
HiX PO3OUIBHUX NYHKTIB (craHmii). TpaexTopis
pyXy MpeAcTaBileHa SK MOCIIIOBHICTE [X;, X 4]
JIHIAHUX Lij (I,1), sxi BM3HAYAIOTBCSA YXHMJIOM |
i 1OBKMHOW | Ta KpPHBONIHIHHMX elNeMEHTIB
Rij (R,1), mo BusHauaroThCs moBxkuHOW | 1 pamiy-

coM KpuBHM3HM R. VY31m0BX TpaekTopii pyXy

S(X), X €[Xy,X,] 3amar0Th MaKCHMMaJIbHO JOIIyCTH-

My MIBUIKICTB PYXy

Vj,j+1(x)’ X€ [Xj ' Xj+l] c [XO’ Xn]-

Bynemo BBakatw, IO THIK JIOKOMOTHBIB 1 iX
TEXHI4HI, TATOBO-€HEPTeTUYHI i OMipHI MapaMeTpu
€ BiZIOMi, TaKkOX Uil KOXKHOTO BaroHa 3aJaHuil
THUII, Maca BaHTAXy Ta HOTO OIIpHI mapamMeTpH.

IaTerpyBanHs  gudepeHIianbHOTO  PIBHSHHS
pyxy (1) Bumarae GaraTOKpaTHOTO PO3B’SI3yBaHHS
MIPSAAMUX Ta 00CpHEHUX 3amad. ITepaliiitHuid mpoIec
1o0yJOBaHO TaKUM YMHOM, IO BiH IIPOXOAUTH 3a
TPAEKTOPi€l0 PyXy HEOOXIAHMH IUIAX yHepen, Mo-
TiM TIOBEpPTA€ETHCSI HEOOXiHY KUIBKICTh pa3iB Ha-
3a]], IOKU HE 3aJ0BOJIBHUTh yCi YMOBU Ha ONTHMa-
JIbHICTh, BUKOHAHHS TEXHIYHHMX 1 TEXHOJIOTIYHHX
00MeKeHb, HENEepPEePBHICTh TPAEKTOPIl MIBUAKOCTI.
BaxnuBo, 1m0 Takuii alrOpuTM HE BUMArae 3a3ia-
JIETi(b 3HAHHS BCIX YMOB, SIKi BIUIMBAaIOTh Ha OI-
TUMaJIbHICTh PYXY, i TOMYy BiH € aJallTHBHUM JI0
MOJKJIMBUX 3MiH Y MPOIECi pyxy. AJTOPUTM y Ma-
KCHMAaJbHIN Mipi peami3oBye HasBHUHA IOTEHITial
oInrTuMizarii.

TpaexTopis MBUAKOCTI peXUMY PyXy I0i3/1a 3a
MiHIMaJIbHUHA 4Yac € MaKCHUMAaJIbHO OJIN3BKOIO 10
MaKCUMAalbHO JomycTuMoi. Takuil pexuMm pyxy
(hbopMyeThCs Tij YaC BUKOPUCTAHHS MaKCHUMAIbHO
MOJKJIMBUX CHJIOBUX XapaKTEPUCTHK TSITU W ralib-
MIiBHOI CHJIM Ta MiHIMaJbHO MOXIWUBOI YacTOTH
3MIHM TATOBUX IMO3UILH. /)i 1[bOTO KPUTEPIIO OII-
TUMAaJbHOCTI E€KOHOMisl TMaJIMBHO-CHEPTETHYHHUX
pecypciB He mependoaueHa.

OnTumizalfiss peKUMY 3IIHCHIOETHCS TUIBKH
y BHIAJKy HasBHOCTI 3aJlaHHS Yacy Ha Iepemi-
IIeHHs, SKWA TIepeBUINye MiHiManbHUA. EHepre-
TUYHI 3aTPaTH HENIHIHHO 3aJeKaTh BiJl IIBUAKOCTI
pyxy. Y pa3i 3MiHU HIBHIKOCTI pyXy (3MiHH CHJIO-
BHX TIO3UI[iH) y HAMIPSIMKY 1i 301JIBIIIEHHAS 3aTPaTHi
BEJIMYMHHU 3pOCTAIOTh Ha 3HAYHY BEIMUYHUHY. ToMy
JUIE 3MEHIICHHS 3aTpaT TPOBOJAATH MiHIMI3allifo
KUTBKOCTI ¥ BENWYMHU TEPEXiIHUX PEKUMIB.
Brpatu inepuii pyxy #, BiANOBigHO, €Heprii Bia-
OyBarOTbCsS B PEKUMI BHKOPUCTAHHS TalbMiBHOI
cuii. SIKIo JI03BOJISIE Yac, BapTO EKOHOMHTH iHE-
pUiHUI TOTeHIiaml y PEeXuMi XOJOCTOrO PyXy
i ranpMyBaHHS (IPUTaIbMOBYBAHHS) MPOBOAUTH
MaKCHMAaJIHLHO IT3HIIIE 1 TIALKH I TOTO, 00 3a-
Oe3IeunTH pyX 3a 3aJaHuil Jac.

Anroput™ onTuMizanii BUMarae OaraTokpart-
HUX PO3PaxyHKIB PEXHUMY PyXy. 3MCHIICHHS CHe-
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PTeTHUHMX 3aTpaT MPOBOAATH 33 JOMOMOTO0: KO-
PUTyBaHHS B CTOPOHY 3MEHIIEHHS MaKCHUMaJIbHUX
IIBUIKOCTEH Ha OKpEeMUX MISTHKAX IMeperony (mpu
BOMY 3MEHIIYETHCS KiNBKICTh 1 BEIMYMHU Tepe-
X1IHUX PEXHUMiB), BAKOPHCTaHHS MiHIMaJbHO MO-
XIJIMBUX TATOBUX ITO3MLIN 1 pSKUMY raJbMyBaHHS;
BUKOPUCTAaHHS B MaKCUMaJIbHIM Mipi iHepuil pyxy
Ha migiiomax i cimyckax Tomno. [Iporec po3paxyHky
3aBepIIYEThCS 32 YMOBH JOCTaTHBOI OJIM3BKOCTI
PO3paxoBaHOro 4acy pyxy IO 3a4aHOTrO.

Hnst 3abe3neyeHHss MaKCUMalbHOTO PiBHS aB-
TOMaTH3alii Tpolecy po3B’sI3yBaHHA ONTHMi3a-
HiHHUX 337129 (OopMyBaHHS ONTHMAIBFHUX PEKUMIB
MOCTaBJIEHa SK 3a/la4a ONTHUMAaJbHOTO KepyBaHH:
pyxoM moi3ga. Po3poOieHHS MiaXodiB MIOAO ii
PO3B’sI3yBaHHS J03BOJIMIIO 3a0€3MEUYUTH MaKCHMa-
THEHUN piBeHB aBTOMaTH3aIlii porecy
PO3B’sI3yBaHHS BEJIMKOTO HA0OPY ONTHMi3alliiHUX
3amad. KepyBaHHS — MOCiIOBHUM HaOip mapameT-
PiB 3MiHH PEXHUMIB TATH, XOJIOCTOTO X0y ¥ Taib-
MyBaHHS. 3MiHa KepyBaHHsS (OPMYETHCS 32 YMOB
JNOCSTHEHHS ~ MEX  KOPUAOPY  HIBHIKOCTEH
[Viax (S): Vimin (S)] Ha 3amaHOMy iHTEpBai TPa€eKTO-
pii pyxy se[s;,s;,,]. Bubip mmpunn Mex 3MiHH
LIBUIKOCTEH 103BOJISIE PETYNIOBATH YACTOTY 3MiHU
kepyBaHHs. KoperyBaHHs BepXHBOi MEXIi IIBUAKO-
CTI B HANPSIMKY ii 3MEHILICHHSI, ISl OKPEMUX J10]1a-
TKOBHUX YMOB, € OJHHM 13 BaXKJIUBHX CKJIQJIOBHX
QITOPUTMY PO3B’A3yBaHHS ONTHUMI3ALIIHKX 3a/1ad.
XonocTHii XiJ Ha iHTEpBaJl Yacy XapaKTepu3yeTh-
csl KOOPJIMHATOIO MOYaTKy W IIBHJKICTIO B KiHIlE-

Bili KoopauHari [S,,V(S,)], ranemyBanus BusHAUA-

€TBCS CHJIOI0 HATUCKY TabMIBHHX KOJOJOK Ha
0aH/aX, TIOYATOK — KOOPMHATOI YH IIBHKICTIO
PYXY, a 3aBepIICHHS] — KOOPAMHATOIO 1 MBUIKICTIO
PYyXy.

VY 3aranbHOMYy BHIAJIKy 3a7ada pPO3paxyHKY
PEKHUMIB BEJICHHS 0i3/iB BUMAarae 3aJaHHs:

— TpaekTopii pyxy moizga S(X),Xe€[X,,X,]
y IPOCTOPOBHX KOOPHHATAX;

— moizaa, To0To BropsakoBaHoro Habopy (I,
vy bi, dg, d2, ..., dk) omHOTHIHEUX 7TOKOMOTHUBIB i

i

(i:]Tj) i BaroHiB d; (i:ﬁ);

— 30BHIIIHIX YMOB — HalpsiM BiTpY, TeMIIepa-
Typa TMOBITPsA, CTaH MiABarOHHUX T€HEPaTOPIiB TO-
1110;

— JIOAAaTKOBUX YMOB — YacC PyXy, 4aCTOTa 3MiHU
CWJIOBHUX TO3UIIIH TOIIIO;

— KpailoBUX yMOB JUIsl TTIOYATKOBOi ¥ KiHIIEBOI
KOOPJIMHATH TPAEKTOPIT pyXy Ha MIBHJIKICTb.
3a 3aIaHUMU TaHUMU HEOOX1HO 3HANTH:

— TPAEKTOPiI0  MIBUAKOCTI  PYXY

V(X), x €[Xg, X, 15

— TPAaEKTOpil0 3MiHM MaIMBHO-CHEPTETHUHUX
MapaMeTpiB Y3[0BXK TPAEKTOPIi pyxy;

— PEeXHUM pOOOTH TATOBUX 3aCO0IB;

— TPa€EKTOPil0 3MiHU TeMIepaTypu HarpiBaHHS
00MOTOK SIKOPiB IBUTYHIB 3a €IEKTPUIHO]I TSTH;

— tin (X0, X,) — MiHIMaIbHUM Yac Ha HPOXO-
JDKEHHS TPAEKTOPIT pyXy;

— MiHIMaJIbHI MaTMBHO-CHEPTETHYHI 3aTparu
1 pamioHaNbHY eKCIUTyaTallilo TATOBUX 3acOo0iB 3a
3amaHoro 4acy t(X,,X,) (t(Xy,X,) =t (X, X,)) Ha
MepPEeMIILICHHS;

— CyMapHi 3aTpaTH MAJIUBHO-CHEPTETUYHHX
napameTpiB (3a BUTpaTHUMH CTaBKaMH Ha IepeBe-
3€HHA);

— MAKCHMaJIbHY Macy Noi3fa;

— 3AJEKHICTh MK Maco0, 4aCOM pyXy U eHep-
TeTHYHUMH 3aTpaTaMH IOi3Aa JUisl PI3HUX THUIIB
JIOKOMOTHBIB;

— ONTHMAJIBHHUN Yac pyXy TUIBKH 3a €HepreTH-
YHHUM KPHUTEPIEM;

— HeoOXiJHy MiHIMaNbHY JOJATKOBY TATY IIiJ|
9ac NMPOXO/KEHHS IepeBaJliB;

— MiHIMaJIbHY MIBUJKICTh HA OKPEMHUX IEPEro-
HaxX pyxy, fKa rapaHtye pyx 0e3 3ylnuHKH Ta 0e3
JI0/TaTKOBOI TSTH.

Cucrema po3paxyHKy PeXHMIB pyxy IOi31iB
CKJaaeThcs 3 iH(pOpMAIiiHOrO 3a0e3MeyYeHHS,
3aJaHHs PO3paxyHKy, aJrOPUTMIYHOrO M mporpa-
MHOTO 3a0e3ledyeHHs, Ta0nuyHoro i rpadivyHoro
MpeJCTaBICHHS. PEe3yJbTaTiB MOJICNOBaHHS (pHC.
1-5).

noizga
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Puc. 1. Jlianorose BikHO BUOOPY IUIAXY PyXy 1 3a/laHHS Ha PO3PaxyHOK PEXHUMY pyXy Moi3zaa

Fig. 1. Dialog box for choosing a way of motion and task for calculation of the train’s operating condition

Tarcsi xapakrepmcTiic
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Puc. 2. Tsrosi (2, 3, 4), ctpymesresi (1, 5) i manusHi (6) XapakTepHCTHKA JJOKOMOTHBA 2M62

Fig. 2. Traction (2, 3, 4), jet (1, 5) and fuel (6) characteristics of the locomotive 2M62
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Fig. 4. Presentation of information support and simulation results
by the given criterion of optimality
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Ha puc. 4 naBenena HactynHa rpadiuHa dop-
Maris:

1. mo3MOBKHIH TIIaH KOJMii B elleMeHTax (TIpsiMi,
KPHBI TiTSHKH);

2. eJIeMEeHTH NPOQio Komii (JOBXKHHA eleMeH-
Ta, yXuin);

3. IO30BXKHIH MPOQisk KOIii;

4. niarpaMa pEeXUMIB BEICHHS JIOKOMOTHBA
(BUKOpPHUCTAHHS TATH T10 TIO3HIIIAX);

5. KijJoMeTpoBa po3MiTKa JIiHii;

6. mocaakoBa muargopma Ha IEPEroHi,

7.po3OiMBHUN TYHKT (CTaHIlisA, OJIOKIIOCT,
po3’i3m);

8. BXiJTHa CTpijKa PO3AiILHOTO MYHKTY;

9. Mexa po3IiIBHOTO MYHKTY;

10. momycTuMa MIBUAKICTH PYXY;

11. miarpama mBHIKOCTI pyXy Moi3za;

'8 PesynbTaTH pospaxyHky

Tpaik Tanuui| Posknan

S TR ‘ CrsopHTH dopmy LA | EmET G TR TS

12. nmiarpama CIIOBUIBHEHHS MOi37a 3a YMOBHU
3YIUHKHU Ha PO3MITFHOMY ITyHKTI!

a) CIIiIyBaHHS 110 TOJOBHIHM KOJIiT;

0) crigyBaHHA 10 O1YHIN KO,

13. niarpama po3roHy moizzia 3a yMOBH 3YIHH-
KU Ha PO3iTBHOMY ITyHKTI:

a) CJTiIyBaHHsI [0 TOJOBHIH KOJIii,

0) crigyBaHHA 10 O1YHIN KO,

14. nmiarpama cumu cTpymy, A;

15. miarpama MHTTEBHUX BHUTpAT IAINBa, KI/XB,;

16. mkana oci cunm cTpymy;
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Puc. 5. PozpaxoBaHa pe’kMMHa KapTa pyxy Ioi3/ia B TaOJIMYHOMY BHUIJISAI

Fig. 5. Calculated mode map of the train motion in a tabular form
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HaBenemo npuxnaayu po3s’si3yBaHHs OCHOBHHUX
PEXUMHUX ONITUMI3AMIHIX 3a/1a4.

Ipuxnao 1 — po3paxynox maxkcumanvHoi macu
noizoa. Po3paxyHOK MakKCHMalabHOI MacH TMOi3Ja
MPOBEJICHO IS 3a/1aHO0I cepii IOKOMOTHBIB, po3pa-
XYHKOBOI AUTFHUII 32 YMOB MaKCHUMAaJIbHOI peai-
3alii KiHeTH4HOi eHeprii pyxy moizzaa i Horo Tsro-
BUX XapaktepucTuk. Ha puc. 6 HaBeneHi pe3yib-
TaTH YUCIOBOTO EKCIIEPHUMEHTY.

VY pesynbrari po3paxyHKy OTPUMAaHO, IO IS
JIOKOMOTHBIB Tury 2M62 #t M62 MakcuMmanbHa
JonycTiMa Maca € piBHoro — 1 782 i 892 Bimmo-
BiIHO. 3OUIBIICHHS MacW MPHU3BEAC N0 3YIMUHKH
moi3za y BKa3aHWX KOOPAMHATAX TPAEKTOPIl pyxy
(puc. 6 ). Jlns 30inblICHHS MacH I0i3aa HeoOXiaHa
JIOJTATKOBA TATA.
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Puc. 6. I'padiune npencTaBieHHs pe3yJbTaTiB YUCIOBOTO €KCIIEPUMEHTY

Fig. 6. Graphical representation of the results of the numerical experiment

IHpuxnao 2 — pospaxynox noi3dis i3 pizHoio
Kinokicmio 6aeownig. Po3paxyHKM TIpOBE/IEHI Ha
ninpaunsax YepwiBmi IliBnenni — Bemukuit Ky-
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Puc. 7. TpaexTopist IBUIKOCTI pyXy Mpoi3ay: 57 BaroHiB — 31iBa, 15 BaroHis — crpasa

Fig. 7. Trajectory of the speed of trains: 57 cars - left, 15 cars - right
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HaBeneHo mo 1Ba npukiaan BeACHHs 1Moi3aa Ha
PI3HUX AUIBHHISX 13 Pi3HOIO KiIBKICTIO BaroHiB.
B 000x BHITamkax BUKOPUCTAHUM JOKOMOTHB Cepii
2M62, cxnan moizga macoro 1250 T, pexxum Be-
JCHHS TOi3Ja — 3 MaKCHUMaJbHO JOMYCTHMOIO
MIBUAKICTIO (MIHIMYM Yacy). Y MepioMy BapiaHTi
PO3paxyHKy CKIIaj Moi3za 57 BaroHis, y Apyromy —
15 BaroniB. Ha ninpaumi Yepnisni IliBnenni — Be-
muknii KydypiB wac Xomy moi3ma 31 CKIIagoM
y 57 BaroHiB Ha 2 XB OUIBIINIA, HIX y KOPOTKOTO
CKJIaJy, BUTpaTa TNajiBa TaKoX 30UIbllIeHa Ha
12 %. Ha minpHuni Burnanka — [Naguukisui — Ko-
MMAYHHII 9ac X0y 000X CKIIaJiB MOI3/iB MPaKTH4-
HO He BiIpi3HAETHCS, a BUTpATa MaIMBa Y AOBLIOTO
CKJIajy moi3aa BusiBHiacs MeHmor Ha 3,8 %. s
noi3zna 3 OUIBIIOI KUNBKICTIO BaroHiB HeoOXimHa
MEHIIIa TATa JJIsl pyXy MO MICHEBOCTI 31 3HAYHUMU
nepenagamMmu BUCOT.

Ilpuxnao 3 — ennus oxpemux obmedxiceHb Ha
pedxcum pyxy. IlpoBeneni 4UCIIOBI eKCIIEPUMEHTH
JUIsl OLIIHKY BIUIMBY Ha PEXHUM pPyXy Ioi3/a OoKpe-
MHX OOMEXeHb. [ BbOro B3ATI MIIBHHUI 310JI-
OyniB — KiBepuiB i moi3[ i3 57 BaroHiB 3araibHOIO
Macoro 1 438 1 i nokomotuBoM BJI-80k. [loBxuHa
nuaxy nopisHioe 81,130 kM. KinbkicTh 3ynmuHOK
Ha mpoMikHHX cTaHlisax — 4. Ilepexomutu B pe-
XKUM TaJbMyBaHHS JO3BOJWJIM 32 IIBUAKOCTI
60 xkM/rox. OTpuMaHi Taki pe3yJabTaTH PO3paxyH-
KiB:

— 3MiHa YaCTOTH TATOBUX MO3WLIH BeIMYMHA-
MU IHTEpBaly MIBUAKOCTI pyXy B Mexax 5-15 %
30ibInye Ha 2,8 % yac pyxXy 1 3MEHIIye eHepre-
TUYHI 3atpaTu Ha 2,35 %;

— BUKOPHCTaHHS PEKUMY TallbMyBaHHS 3a
mBuakocteit 40 1 20 kM/roj 301IbIIYye Yac pyxy Ha
4 i 10 xB 1 3MeHIIye 3aTpaTd eleKTPOeHepril
B Mexax 51 7,5 % BiANOBIIHO;

— 3MEHIICHHS BEpPXHiX OOMEKeHb Ha IIBUJI-
Kicth 70 15 % NpU3BOAUTH 10 3MEHIIEHHS €HEep-
roButpar Ha 3,5 % i 30iIbIIEeHAS Yacy Ha pyX Ha
9,7 %.

IHpuxnao 4 — enausé 3minu mseu. Po3paxyHku
mpoBeeHi Ha mainpHUI YepHisui IliBnenHi — Be-
mukuit KydypiB i3 3minoro tumy tsaru. Ckian mo-
i3ma — 57 BaroniB, maca — 1 254 t. Kpurepiii pyxy
— 3a MiHIMaIILHUI Yac XO1y.

3amiHa TerioBo3a 2M62 (4yac xony 14 xB, Bu-
Tpata masmBa 100 Kkr, BUTpaTH Ha MaIWBO —
696 rpH, 3a BuTpaTHHMMH cTaBKamu 1 423 rpH) Ha
terwioBo3 2TE10x, 3riqHo 3 po3paxyHKOM, JT03BO-
JIsi€ He3HAYHO NPHUIIBUAIINTH PyX I0i3/1a Mo mepe-
rOHy, aje 30UIbIIEHHS BUTpaTH IajuBa CKJIaze
24 %. Ilpu upoMy BUTpaTH Ha TATY CKIAAyTh
873 rpH, a 3a BUTpaTHUMHU cTaBKamu — 1 423 rpH.
Hua termmmoBoza TE33a wac xomy 3MeHIIEHO Ha
1 xB, a BuTpara nmanuBa — Ha 17,6 %. Burparu Ha
TATY ckiaayTb 598 TpH, a 32 BUTpAaTHUMHU CTaBKa-
mu — 1 422 rpu. JIns enekrporosa BJI-80k uac xo-
Iy 3MeHIIeHo Ha 1 XB, a BUTpaTa eleKTpOoeHeprii
Ha TATY Moi3fga cTaHoBuTh 446 kB1/ron. Burparu
Ha TATY CKIaAyTh 245 TpH, a 32 BUTPATHUMH CTaB-
kamu — 1 185 rpH.

Ipuxnao 5 — onmumizayitni po3paxyHku Ha
nepezoni. IlpoBe/ieHI YUCIOBI €KCIIEPUMEHTH JUIS
PI3HHX THITIB TSTH, MacH TOI3/IiB 1 CEpeIHbO1 IIBH-
nxocti. OTpuMaHi 3aTpaTHI BEIMYHMHA HA PyX TO-
13/1iB i MaKCHMaJIbHI MacH 1moi3aiB (puc. 8).

PesynpraTn ekcriepuMeHTy MmoKas3aiy, 1io:

— MakcuMallbHa Maca IO0i3[a 3al1eXHUTh BiA TH-
Iy TSITH,

— 31 301IBILIEHHSIM MAacCH 1013712 3pOCTYTh 1 eHe-
preTHYHi 3aTpaTH;

— GHEepPreTWYHi 3aTpaTH 3POCTAOTh 31 3011b-
IICHHSIM CEepPEAHBOI IMIBUAKOCTI PyXy IMOi3/a Hei-
HIWHO;

— 32 HE3HaYHMX Mac IOi3JiB €HEeproBUTpaTu
MOXYTh OYTH HENPOIOPIIHHUMH X 3pPOCTAaHHIO,
I MOB’SI3aHO 5K 13 JUCKPETHICTIO TATOBUX CHJIO-
BHX TIO3UIIIH, TaK i3 GopMaizaiiero MOHATTS «pe-
UM (ONTHUMAIBHUNA PEKUM) PYXY HOi3aa».

Ilpuknao 6 — cymapui eumpamu, po3paxosami
3a GUMPAMHUMU CMABKAMU HA 6AHMACHI U Na-
canxcupcoki nepesesenns. bynmn 3amaHi BUTpaTHi
CTaBKH, MITLHMILI, ITOYATKOBA i KiHIIEBA CTAHIII,
3YNUHKH, TIOi3]l 1 Yac Ha WOTO MepeMIllleHHS BiJ
ITOYaTKOBOI 110 KiHIEeBoi craHIii. [loTpiOHO 3HaiTH
TaKUi pEeXUM PyXy I0i371a, IKUI 3a70BOJIBHSE 3a-
JlaHi YMOBH i 3a0e3reuye MiHiManbHi BUTpaTH Ha
Horo mepemimenHs. Ileperik BUTpaTHHX CTaBOK
HaBeIeHUH Ha puc. 9, a pe3ynbTaTH JOCITIHKEHb —
y Tabi. 2
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Fig. 8. Graphical representation of the results of the experiments conducted
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Fig. 9. Form of presentation of calculation of total expenses at cost rates
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Tabnuus 2
EHepreTu4Hi BUTPaTH Ta BUTPATH 32 CTABKAMM
Table 2
Energy costs and costs at rates
Eneprernyni Burpatu 3a BuTpaTHUMHU CyMapHi BUTpaTH, Yac pyxy,
BUTpPATH, TPH CTaBKaMH, TPH IpH XB
2776,67 18 332,89 21 109,56 195
2629,09 19 310,1 21 939,19 226
2631,59 20 571,88 23 203,47 254

Sx OaunMo, cymMapHi BHTpaTH 3a CTaBKaMu 3i
301TBIIEHHSM Yacy pyXy MOi3/1a 3pOCTarTh, a Cy-
MU TAJIIMBHO-CHEPTETUYHUX BHUTPAT 1 BUTpATH 3a
CTaBKaMHU, SIK TIPaBUJIO, 3aBXAH OYIyTh 31 3017b-
IIEHHSM 4acy pyxy Ioi3/1a 3pocTarTy.

2200

Ilpuknao T — xapakmep 3MiHU eHepeemMUYHUX
sumpam 6i0 muny mszu i uwacy pyxy. Ha puc.10
HaBeJICHI pe3yNlbTaTH PO3paxyHKy 3MiHU eHepre-
TUYHUX BUTPAT JUIS Pi3HUX TUIIB TATH SIK QYHKIIT
BiJl 33JaHOTO Yacy Ha pyX, SKUH € OimpIImMM 3a

MIHIMaJIEHUH.
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Puc. 10. Xapakrep 3MiHI €HEPreTUYHUX BUTPAT 3AJIEKHO BiJI 33J]aHOTO HA PyX YaCy
o nineHUII [BaHO-®paHKiBChK — PaxiB Jyis 3alaHUX THIIIB MOi3/IiB 1 IOKOMOTHBIB. BaHTaXXHUI, 2M62;
BaHTaxkuuii, BJI-11; sanraxxuunii, BJI-80, 3 000 T; BanTaxxuuii, 2M62

Fig. 10. Nature of the change in energy costs depending on the defined time for the motion
in the Ivano-Frankivsk-Rakhiv section for the specified types of trains and locomotives: cargo, 2M62;
cargo, VL-11, cargo, VL-80, 3000 tons; cargo, 2M62
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Sk 6aunMo, XapakTep 3aJeKHOCTI MaJUBHUX Ta
CHEpPreTHYHUX BEJIMYHUH BiA 4acy pyxy Ul Pi3HHX
TUTIIB TSTHU CYTTEBO BiNpi3HAETHCA. YacTKOBO Ha
TAaKW{ XapakTep 3aJIe)KHOCTi BIUIMHYB HasBHUUI
UTaH 1 MpoQiib TPAEKTOPII PyXy.

Tlpuknao 8 — suxopucmanms 0 cucmemu npo-
eKmy6anHs U1l MoOepHizayii koaii. 3amporoHOBaHO
ITOPUTM PO3PaXyHKY OOMEKEHb LIBHIKOCTEH Ha
He3aJaHuX IHTepBaJlaX TPAEKTOPii pyXy 3a 3aJaHo-
r0 Yacy Ha pyX 1 BU3HaYeHHS MPUAHATHOCTI Ipoe-
KTOBaHUX paliyciB KPHBHX 32 PpO3PaXOBaHUMHU
MIBUAKOCTSAMHU PyXy ¥ HEOOXiZHE A IHOTO Tij-
BUIIIEHHS 30BHIIIHBOI PEWKH B KPUBIH 1 JTOBXHUHY
MEepexigHOi KPUBOI 3 YpaxyBaHHSM AOMYCTHMOTO
HETIOTallIeHOTO TPHUCKOPEHHs. YKa3aBIIU JOMyc-
TUME 3HAYCHHS HEMOTAaIIEHOTO MPUCKOPEHHS, MO-
KHa OTpHMAaTd iH(OPMAII0 TPO NPUIHHATHICTH
paniyca KO>KHOI KpHBOi. SIKIIO 3ampoekToBaHi pa-
niycu OyayTh HEIPUHHATHUMH, KOPUCTYBaud OTpPU-
Mae 3py4yHy ¢GopMy I BHOOpY HapaMeTpiB KpH-
BO1 (pajiyc KpuBoi, MiABUIICHHS 30BHIIIHBOI pei-
ku abo jgomyctuMmy WBUAKICTE). KopucryBadesi
moTpiOHO Oyze BKa3aTH, SKi mapaMeTpu € He3MiH-
HuUMH ((iKCOBaHMMH), a CUCTEMa 3allpOTOHYE pe-
LITY MapaMeTpiB aBTOMATUYHO.

Jnst po3paxyHKy 3HAUCHHS HENOTalleHOro
MPUCKOPEHHS BUKOpUCTaHa popmyita [4]:

V2

T, =13—R—S—g[M/ceK2].

K

JloBxkrHa mepexigHoi KpUBOi IMOBUHHA 33]I0BO-
JBHSTH HACTYITHI YMOBH:

h . .
— |y >—, oOMexeHHS Ha YXWI 30BHIIIHBOI
|

perKH, MM;

I > hvmax

0= B
f

MmiiioMy KoJieca Ha TIiIBHIIEHHs 30BHINTHBOI peii-

KU, M/CeK2,;

— 1, =0.56v,

max >

OOMEXEeHHS Ha IIBUAKICTH

OOMEXKEHHS Ha MIBUIKICTD

301IBIICHHS HETTOTAIIEHOTO TPUCKOPEHHS, M/CEK2;
3

\"
— 1y = 0.08%, oOMexxeHHss Ha ymap 00
30BHIILIHIO peiKy TpeOeHs nepioi oci;
h°R
1000° °

HEMOramcHOIro NpruCKOPECHHSA,

- 1,210 OOMEXEHHs Ha BEIMYUHY

— 1,>0.7JR, oOMexeHHs, sIKe BHIUIMBAE 3

MOJKJIMBOCTI TMPaKTHYHOI PO3OMBKM KpWUBOi Ha
MICIIEBOCTI.

Tyt h, v
30BHIIIHBOI PEWKH, MM; MaKCUMAaJIbHO JOIyCTUMA
IIBMIKICTE Y KpUBil (M/cex?) i pamiyc KpuBOi, M.
HopmatusHi Benuuunu i ta f — yxunm 30BHINIHBOI
peiiku Ta HalbinbplIa JOMYCTHMA IIBUAKICTH Mil-
oMy KoJieca Mo 30BHIMHIN pefimi. s koxHOT
KpHBOi M€l MITBHUIN cHCTeMa OOYHCIUTh MiHIMAa-
JIBHY JOBXHHY HepexigHoi kpuBoi. [Ipm mpomy
KOPHCTYBa4 3MOK€ HACTPOIOBATH, SIKi 13 3aJaHHX
IecTH OOMEeXEHb BPaxOBYBaTH. TakoxX KOPHCTY-
Ba4y 3MOXE pearyBaTH 3HAUY€HHS HOPMATHBHUX
KOHCTaHT, 5IKi BXOAATH Y (popMyITH.

IIponiec BcTaHoBIEHHS OOMEXEHb Ha MaKCHU-
MaJbHY WIBUIKICTP Ha IEBHUX IUISHKAaxX, MpOBe-
JCHHSl TSATOBO-CHEPreTUYHUX PO3pPaxyHKIiB 3a 3a-
JAaHUM KpUTEpieEM Ta aBTOMAaTH4HA OI[iHKa 3aTpaT
Ha MOXUIABI PEMOHTHI POOOTH JAIOTh MOXKIIUBICTh
3’ACyBaTH MiHIMAIIbHI pecypcH s 3a0e3nedeHHs
3aJlaHol IIBUJAKOCTI Ha 3aJaHOMy TIIEPEroHI s
3aJIaHOTO HAOOPY MOi3/iB.

max» R — BIIMOBLIHO BUCOTA IITHATTS

HaykoBa HOBH3HA Ta IPAKTUYHA
3HAYMMICTH

Y po0oTi 3amporoHOBaHAa MOCTAaHOBKA 3ajadyi
PO3paxyHKy PEXHMIB BEICHHs TOI3/IB SK 3ajadya
ONTUMAJILHOTO KepyBaHHsS. Po3pobieHo anroputm
MIHIMaJIBHOI CKJIaJTHOCTI, SKHM 3a0e3neunB edek-
THBHE DPO3B’S3aHHS NPSIMUX Ta OOCPHEHUX Helli-
HIHHUX ONTHMI3allifHAX 3a/1a4d y BCiH ramysi ix
MAJIMBHUX, CHEPrEeTUYHUX 1 TATOBUX XapaKTepHUC-
tik. lle 3a0e3medmsio aBTOMATH3AIiIO TPOLECY
PO3B’sI3yBaHHS BEIMKOTr0 HaboOpy MpsMHUX Ta ole-
PHEHUX PEXUMHHUX, 13 PI3HUMH KPUTEPiSIMH ONTH-
MaJIbHOCTI, 3a7a4. Po3po0iieH0 mporpaMHuii KOM-
IJIEKC, SIKUH TIPOMIIOB ampoOallito B mporeci pos-
paxyHKy OCHOBHHX CKJIaJOBUX sl (opMyBaHHS
rpagikiB pyxy, BHOOPY ONTUMAIBHUX HapameTpiB
PEKOHCTpPYKIIi NOJIOTHA i (POPMYBaHHS PEKUMHHX
MapaMeTpiB pyXy HOBHUX IIBHJIKICHHUX TTOT3/IiB.

BucHoBku

3anpornoHoBaHa MOJIENIb Ta AITOPUTMIYHE 3a-
Oe3medyeHHs Jar0Th MOXKJIMBICTh ypaxyBaTH CyMa-
pHMII BIUIMB Ha EKCTPEMalbHI TapameTpu pyxy
noi3iB pisHUX (akTopiB: 3MiHy KoedimieHTa (3a-
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JISKHUThH BiJ 0araThOX 30BHINIHIX (QaKTOPIB) 3uem-
JIEHHS KOJIC JJOKOMOTHBA 3 KOJIMHHM II0JJOTHOM;
CIIIy ¥ HampsIMKy BITpy; TeMIlepaTtypy MOBITpS;
BIIXWJIGHHSI Hamlpyrd B KOHTAaKTHUX MeEpEkax Bij
HOMIHAJIBHUX XapaKTEPUCTHK; KOC(PIiEHT TeXHiu-
HOTO CTaHy JIOKOMOTHBA 3a TATOI0; 3MIHY pajiycy
TATOBUX KOJIiC TOIIO.

Koxna 3agaua ontumizamii BuMarae MEeBHOTO
pecypcy (4acoBOro, MOXKJIIFBOCTI BUOOPY JIOKOMO-
THBa i3 33/1aHOT MHOXXHHH JIOKOMOTHBIB, KOpETY-
BaHHs MacH TOi3/iB, BUOOPY TPAEKTOPIl pyXy Mix
3aJaHUMHU PO3IUIBHUMH IIyHKTaMH, MOXKIIMBOCTI
BCTAHOBJIIOBAaTH UM KOPHUTYBAaTH OOMEXKEHHS 3a
IIBUJIKICTIO HA TICBHHUX JIIISTHKAX TOIIO), e(hEeKTUB-
HE BUKOPUCTAHHS SKOTo 3a0e3nedye MiHiMi3allio
BHUTpPAT HA MEPEMIIICHHS MK JBOMa PO3IUTBHIMUA
IIYHKTaMH.

BinburicTs 3amad onTuMi3anii MOKHA 3BECTH 10
e(EeKTUBHOTO BUKOPHCTAHHS HASBHOTO YacOBOTO
pecypey. Hns mporo HEoOXigHO eeKTHBHO BHKO-
pHUCTaTH KIHETUYHY CHEpril0 pyXy MOi3IiB i MiHi-
Mi3yBaTH 3aTpaTH Ha MEPEeXiJHi PeXKUMHU CIIOCOO0M
iX 3MEHIICHHS 3a KIJIBKICTIO W BelIWYMHON0. JIjs
PO3B’si3aHHs 3a/1a4 onTuMizanii (IpsMux Ta obep-
HEHHMX) OCHOBHA yBara Oyia HpuaiJicHa IEeHTpallb-
HIil 3a7a4i — ONTUMI3aIlis 32 3alaHuX YMOB Ha Ya-
COBHH pecypc.

st po3po0iieHOro anropuTMIiYHOTO i Tporpa-
MHOT0 3a0€3IeUeHHS XapaKTepHO:

— MaTeMaTUYHa MOJIeJIb TATOBUX 3aC00IB € Ma-
KCHMAaJIbHO IMMOBHOIO — BUKOpPHCTaHa IOBHA MHO-
KHHA TATOBUX, CTPYMOBHX, EHEPrOBHTPATHHX,

TETJIOBUX, OMIPHUX XapaKTEPUCTHK JAJIS BCIX TUIIB
MIPUBOMIB 1 BaroHiB, a TaKOXX PO3MOJIiJICHA Maca
B3JIOBXX JIOBKHHU I10i3/1a, sIKa TIPHB’s3aHa 10 IIEH-
TPy Mac TATOBUX 3aC00iB 1 BaroHiB;

— BpaxOBaHMWH BIUIMB OCHOBHHX 30BHIIIHIX
(hakTOpiB — TEMIepaTypH MOBITPS, CHIJI 3yCTPIYHO-
ro BiTpY, MiIBATOHHUX I'€HEPATOPIB TOLIO;

— JUIS PO3paxyHKiB 3aCTOCOBaHA TPAEKTOPIs
pyxy moi3aiB 0e3 ii cpsaMIieHHS;

— ycl 3aa4i MOCTaBlieH] SK 3a7adi ONTHMAallb-
HOTO KEPYBaHHS;

— 3aMpOTIOHOBAHE AJTOPUTMIYHE 3a0e3MeUeHHS
JI03BOJIMJIO TIOCTAaBUTH W PO3B’SA3aTH IOCTAaTHBO
MOBHUH HaOip MpsAMHUX Ta 00EPHEHUX 3a7ad ONTHU-
Mi3allii;

— 3a0e3neyeHa MOBHA aBTOMAaTH3allis 3aJaHHS
BXIJHUX JaHWUX 1 MPOIECY PO3B’A3yBaHHS IMOCTaB-
JICHUX 33]1a4;

— CTBOpEHI 3acO0M IS TIPOBEICHHS YHCIOBHX
€KCIIEPUMEHTIB Ta MOPIBHIBHOTO aHANI3Y Pe3yib-
TaTIB;

— yci 3aa4i MOXyTh OyTH PO3B’si3aHi B ONTH-

MI3amiiHIA HOCTAaHOBIII 3a MaJIUBHO-
EHEepTeTHYHIMH pecypcamu 0e3 T0JaTKOBUX YMOB,;
— aIrOpUTMIYHE  3a0€3MEYCHHS  JI03BOJISIE

pPO3B’sI3aTH ONTHMI3aIliifHI 3a7a9i 3 JOJATKOBHUMH
YMOBaMH 1 BpaxyBaHHSIM YCiX CYTTEBUX TEXHOIIO-
TIYHUX OOMEKEHb,

— po3pobiieHa edekTrBHA cucTeMa rpadidyHOTo
#  TaONMMYHOTO  TPEACTAaBICHHS  pE3YJIbTaTiB
pO3B’s3yBaHHS 3a7ad.
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Z'TTI «JIpOeKTHO-KOHCTPYKTOPCKOE TEXHOIOTMYECKOE OFOPO [0 ABTOMATH3ALMK CHCTEM YIIPABICHHS Ha HKEIE€3HOA0POKHOM
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PA3PABOTKA AJITOPUTMOB ®OPMHUPOBAHMUSA
JHEPI'OOIITUMAJIBHBIX PEXKUMOB IBUKEHUA IIOE3/10B

Hean. Pabora mnpexycMmaTpuBaeT pa3pabOTKy aJTOPUTMHUYECKOrO OOECHedeHusl JUIl  MOJEIHPOBAHMS
U ONTHMHU3ALMH PEXUMOB JBWXKEHUS moe3noB. Meroamka. [l omnucaHus IpoLecca ABHKEHHSA I0€37a
B MPOCTPAHCTBEHHBIX KOOPAMHATAX C PacTIpeIeIeHHOW MacCOi BAONb TPAEKTOPUH ABIKECHHUS MTPEI0KEHa CHCTEM-
Hasi Mozenb. OHa yYMTHIBAEeT TATOBBIE M OIOpPHBIC MapaMeTphl M WX HW3MEHEHHE B 3aBHCHMOCTH OT BHEUIHHX U
BHYTpeHHUX (akTopoB. JlJsi YMCIEHHOrO WHTErPHUPOBAaHMS MOJIENIU CHCTEMbI HCIOJIb30BaH METOJ KOHEYHBIX
pasHocteil. Kpome 3Toro, paspaboTaHbl HMTEpallMOHHBIE IMPOIETYPHl JUISI yIOBIETBOPEHHUS KPAaeBBIX YCIOBHH,
(OpMHUPOBaHUs TOCIIEIOBATEILHOCTH M3 PEKUMOB TATH, TOPMOXKEHHSI M XOJIOCTOTO XOJa C COOTBETCTBYIOIIUMHU
rapaMeTpamMH, 4TOObI 00ECIIEUNTh BHITOJIHEHHE KPUTEPHUS ONTUMAIBLHOCTH JIBH)KCHHS M TEXHMUECKUX OTPaHNYCHUH
C JOCTaTOYHOM TOYHOCTHIO. KpHTepuil oNTHMMalbHOCTH BKIIOYAET TOILIMBHO-D)HEPTETHUECKUE PECYPCHI, YaCTOTY
CMEHBI PEKMMOB Pa0OTHI TATOBBIX CPEICTB (CYIIECTBEHHO BIMSET HA M3HOC NPHBOJIOB), 3aTPAaTHBIE CTABKU U TOMY
nogo6Hoe. Pe3yabrarsl. PaspaboraHHoe aiaropurmMuyeckoe, NMporpaMMHOE M HH(OpPMALMOHHOE obecredyeHue
MO3BOJMJIO MPOBEIEHHE: PACUETOB PEKUMOB BEIEHHS MPOU3BOJBHBIX MOE30B, B TOM YHCIIE HOPMATHBHBIX, OIS
(opMupoBaHUs rpaKOB ABMKEHHS, PACUET MEXIY HOE3AHBIMH M CTAHIIMOHHBIMH WHTEPBAJaMH, HCCIIECAOBaHUE
BIIMSTHASL SKCTPEMAIBHBIX MTapaMEeTPOB TOE37I0B HA PEKUMBI HX BeleHUs. B cucteme mpemrycMOTpeHa BOSMOYKHOCTh
ajanTanyy [apaMeTpoB MOJEIM JABIKEHHS II0€34a 10  pPe3yidbTaTaM  HCCIEIOBATENbCKUX  IOE3/I0K.
Hayuynasi HoBm3Ha. B pabGore mpeanoxeHa IOCTAaHOBKA pacueTa PEXKUMOB BEICHMS I0E37I0B Kak 3aJaddd
ONTHMAJIBHOTO YNPABJICHUs, ONpeieNéH ObICTPhIA METOA €€ pelIeHus. DT0 00eCHEeUnI0 aBTOMaTH3AIHIO TIpoliecca
pemeHus 60ypIIOro Habopa MPSAMBIX U 00PAaTHBIX PEKUMHBIX, C PA3IMIHBIMUA KPUTEPUSIMH ONTHMAIBHOCTH, 331ad.

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154641 © M. T. Ilpuryna, O. A. TTaceynnk, 2018

98


http://creativecommons.org/licenses/by/4.0/
http://orbit.dtu.dk/en/persons/joergen-thorlund-haahr(c3e6850e-3c3f-4a02-b903-4fd6e7ee696e).html
http://orbit.dtu.dk/en/publications/a-dynamic-programming-approach-for-optimizing-train-speed-profiles-with-speed-restrictions-and-passage-points(ea1633f1-4e92-438c-82c9-f82f6de65865).html
http://orbit.dtu.dk/en/publications/a-dynamic-programming-approach-for-optimizing-train-speed-profiles-with-speed-restrictions-and-passage-points(ea1633f1-4e92-438c-82c9-f82f6de65865).html
http://orbit.dtu.dk/en/journals/transportation-research-part-b-methodological(98af7cd8-0d34-48aa-88ed-306990ff5573).html
https://doi.org/10.1016/j.trb.2016.12.016
mailto:myroslav.prytula@gmail.com
http://orcid.org/0000-0001-9259-4114
http://orcid.org/0000-0001-7303-0145

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tTpascropry. BicHuk J{HIIpOneTpoOBCHKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2018, Ne 6 (78)

EJIEKTPUYHUIA TPAHCIIOPT

IIpakTHyeckass 3HaAYUMOCTb. IIpeyioskeHHBI MOAXOJM K MOCTAHOBKE M PEIICHUIO 3aJady MOJICIHPOBAHUS U
ONTHUMU3AIMU PEKUMOB BEACHHUS IT0E3/J0B MPOIIEI arnpoOalyio B MPOLEcce pacyeTa OCHOBHBIX COCTABIISIONINX JUIs
(dopmupoBanus rpaduKOB JBIKEHHUS, BBIOOpPAa ONTHMAIBHBIX IapaMETPOB PEKOHCTPYKIHMH IIOJIOTHA ISl BCEX,
CKOPOCTHBIX 1 HOBBIX, THIIOB ITO€37I0B.

Kniouegvie cnosa: TATOBO-3HEPTeTHUECKNE PACUETHI; ONTUMAIBHBIN PEXHUM; MaTEMaTHIECKOe 0OeCIIeUeHHE;
MaTeMaTHIecKas MOJIENb 10e3/1a; NACHTU(HUKALHUS [TapaMeTPOB MOAENH; TIPSIMbIE M OOpaTHBIE 3aJa4un
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DEVELOPMENT OF THE ALGORITHMS FORMATION OF ENERGY-
OPTIMIZED TRAINS TRAFFIC MODES

Purpose. The paper involves the development of algorithmic support for simulation and optimization of train
traffic modes. Methodology. To describe the process of the train movement in spatial coordinates with the distribut-
ed mass along the trajectory of motion, a system model is proposed. The model takes into account traction and sup-
port parameters and their changes depending on external and internal factors. For a numerical integration of a sys-
tem model, a finite-difference method is used. In addition, iterative procedures are developed to meet the boundary
conditions, the formation of a sequence of traction, braking and idling modes with appropriate parameters to satisfy
the criterion of optimality of traffic and technical limitations with sufficient accuracy. The criterion of optimality
includes fuel and energy resources, the frequency of changes in the modes of work of traction means (significantly
affect the wear of drives), cost rates, etc. Findings. The developed algorithmic, software and information support
provided: calculation of driving modes of arbitrary, including standard ones for formation of traffic schedules, cal-
culation of inter-station and station intervals, and research of influence of extreme parameters of trains on their
modes of operation. The system provides for the adaptation of the parameters of the train model based on the results
of experimental trips. Originality. The paper proposes the task of calculating train driving modes as a problem of
optimal control and proposes a quick method for its solution. This ensured the automation of the process of solving a
large set of direct and inverse modes with different optimality criteria. Practical value. The proposed approach to
the formulation and solution of tasks of modeling and optimization of train driving modes was tested in the process
of calculating the main components for the formation of traffic schedules, the selection of optimal parameters for the
reconstruction of the roadbed for high-speed and new types of trains.

Key words: traction—energy calculations; optimal mode; mathematical support; mathematical model of train;
identification of model parameters; direct and inverse problems
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YYET HEOJHOPOJIHOCTHU 3EMJISAHOI'O ITIOJIOTHA
AKEJEZHOAOPOKHOTI'O ITYTHU TP ONNPEJAEJEHUUA ET'O
HAIIPAXKEHHO-ZE@OPMHUPOBAHHOI'O COCTOSAHUA

Heab. YBenudeHne CKOPOCTH JIBIDKCHHS U TPY30IIOABEMHOCTH OE370B MPUBOAUT K YBEIMUCHHUIO HaIPy3KH Ha
KEJIE3HOJIOPOXKHBIN MyTh M, B CBOIO OYepellb, HArpy3KHd Ha 3€MJISIHOE MOJIOTHO. DTO BBI3BIBAET HEOOXOIMMOCTb
YTOYHEHHSI METOJIOB PacyeTa, Kak BEpXHEro CTPOSHHs, TaK U 3eMJITHOTO MTOJIOTHA JKeIe3HOA0POKHOTro ImyTH. L{emnsto
paboThl ABJIsIeTCsT pa3paboTKa METOJa ONpelesieHNs] HaNpsHKEHHO-Ie()OPMHUPOBAHHOTO COCTOSHHS 3€MIISTHOTO I10-
JIOTHA KEJIE3HOIOPOXKHOTO IIYyTH HA OCHOBAaHMHM y4YeTa OTPaHMYEHHOH paclpeeNnTeNIbHON CTocOOHOCTH, KOHEUHO-
CTH 30HBI 1e(OPMUPOBAHUS 110 TIyOWHE 3eMJITHOTO IIOJIOTHA M €ro HeopHopoxHocTH. Meroauka. Ha ocHoBaHMM
cmemannoro Merona b. H. XXemoukuHa, cormacHo ¢ KOTOPBIM AE€HCTBUTENBHYIO KPUBOJIUHENHYIO SMIOPY OTIIOPOB
10 HYDKHEH TTOCTEIH IITall 3aMEeHSIOT CTYIIEHYaTOl, pacCMOTPeHa COBMECTHas paboTa penbCo-IINaIbHON PEHIeTKH
1 3eMJITHOTO TOJIOTHA JKEJIe3HOAOPOXHOro nyTH. Pe3yabrarsl. JlaHO pa3BUTHE OCECHMMETPHUYHON CTOI0YATOMN
MOJIEJIM TPYHTOBOI'O OCHOBAHUS, KOTOpasl yYUTHIBAET TAKHE BayKHBIE €r0 CBOMCTBA, KAK OFpaHMYEHHAs PAaCIpeesn-
TeJIbHasl CIOCOOHOCTh, KOHEYHOCTh 30HBI 1e()OPMUPOBAHUS U HEOJHOPOJHOCTh (CJIOMCTOCTh). Ha ocHOBaHMM Juc-
kpeTtHOro Meroaa JI. I1. BuHokypoBa u 0ceCMMMETPUYIHOM CTOJI09aTON MOJETN IPYHTOBOTO OCHOBAHMS IOIYy4EHBI
ypaBHEHHS [UTs TIEPEMEIICHUI U HATIPSDKSHUH [Tt i-T0 CIiosi OCHOBaHusl. B pesynbraTe pereHus: cucteMsl audde-
PEHIMAJIbHBIX yPaBHEHUH UCKPETHOTO METO/a YMCICHHBIM METOJIOM, B KOTOPOM (YHKIMM OT MaTpHI IPEJCTaB-
JISIOT PsIaMH, OIIpe/iesICHbl BePTUKAJIBHBIE U paJHalIbHBIC TIEPEMEIICHUS CIIOMCTOTO OCHOBAHMS, ITOCIIE YEro OIpe-
JIeJIeHbl HOPMaJIbHbIE U KacaTebHbIe Halps KeHHWs B ocHOBaHWU. Peammzarus cMemanHoro metoma b. H. XKemou-
KMHa TI03BOJISIET ONpPENENUTh OTIOpP IO IOAOMIBE INMal W IPOrHObl IEHTPANBHBIX CEYEHHH OaJloK-IImal.
Hayunas HoBu3Ha. Pa3paboran MeTo] pacueTa HanpsHKeHHO-1e(OpPMHUPOBAHHOTO COCTOSIHUS 3€MJISTHOTO TIOJIOTHA
KEJIe3HOIOPOXKHOTO IYTH ITPHU UX COBMECTHOH paboTe Ha OCHOBAHHUHM OCECHMMETPHYHOI cronbuaToit moxemu. I1pu
9TOM YUYTEHBI OTPaHMUYCHHAs! paclpeeIuTeNbHas CIOCOOHOCTh, KOHEYHOCTh 30HBI JIe()OpPMUPOBAHNS U HEOIHOPOI-
HOCTh N0 TI'TyOMHEe TpyHTOBOro ocHoBaHMA. IIpakTHyeckasi 3HaYMMOCTh. [loirydeHHbIE Pe3yIbTaThl MO3BOJISIOT
MOBBICHTh TOYHOCTH PEIICHUI NMPH MPOEKTUPOBAHUH 3€MJITHOTO TTOJIOTHA KEJE3HOJOPOXKHOTO IyTH, YTO, B CBOIO
oudepenIs, MPUBEET K HOBBIIICHHUIO €r0 Hae)KHOCTH U JOJITOBEYHOCTH.

Kntouegvle cnosa: HanpspKEHHO-Ie(OPMUPOBAHHOE COCTOSHHE; 3€MIISTHOE MOJIOTHO; JKEIEe3HOIOPOKHBIN MYTh,
HaNpsDKCHUS, IePEeMCIICHU, OCaKa
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Beenenue

WnTencudukanus rpy3omnepeBo30K Ha Keles-
HBIX JJOPOTrax BO3MOXHA 3a CUET YBEJINYEHUS CKO-
POCTH | TPY30II0ILEMHOCTH TOABHKHOTO COCTABA.
3TO MPHUBOAUT K YBEITHMUEHHUIO HATPY30K Ha XKeJe3-
HOJIOPOXXHBIM IyTh, YTO, B CBOIO OYEpellb, BbI3bI-
BaeT HEOOXOAMMOCTh YTOUHEHUSI METOOB pacuera
KaK BEpXHET0 CTPOCHUS, TaK 1 3eMJISIHOTO MOJIOTHA
xesne3nogopoksoro mytu [1, 2]. Ciemyer orme-
TUTh, YTO MPOYHOCTHh M AOJITOBEYHOCTh XKEJIE3HO-
JOPOXKHOTO MyTH BO MHOTOM 3aBHCUT OT MPOYHO-
CTH 3eMJISTHOTO TIOJIOTHA.

Hast OIIpEAEICHHS HalpspKeHHO-
1ehopMUPOBAHHOTO COCTOSIHUSL 3€MJISIHOTO IIOJIOT-
Ha KEJIC3HOJOPOKHOTO MyTH CTPOST MaTeMarhuye-
CKYIO MOJIENb, KOTOpasi MPHU3BaHa OTPakaTh peallb-
HOE TIOBEJICHHE TPYHTA o Harpy3koil. Paspabora-
HBl Pa3IMYHBIC PAaCUeTHBIC MOJEIH TPYHTOBBIX OC-
HOBaHWM, CPaBHUTEIIBHBIM aHAIN3 HEKOTOPBIX W3
Hux npuBesieH B [10]. Yarne Bcero mpuMeHsSIOT MO-
nenu BrHKIIEpa WM ypyroro MoJympoCTPaHCTBA.
[epBast MoJeTb COBCEM HE YUMTHIBACT pacIipeaciu-
TENBHYI0 CIOCOOHOCTB, TO €CTh CIIOCOOHOCTH [ie-
(hopMupoBaThCS BHE 30HBI MPHUIOKEHHS HArpy3KH,
a MOJENb YHPYroro MOJYIMpPOCTPAHCTBA CHIIBHO
NpeyBeJIMYUBaeT ee. Pa3znuuHble acHeKThl ompene-
JICHUs! HaIPsDKEHHO-1€(OPMUPOBAHHOTO COCTOSIHUS
3eMJISIHOTO  TOJIOTHA  JKEJIE3HOJOPOKHOTO  ITyTH
nmpuBezieHb B padorax [7, 9, 12, 13, 20, 21]. Yuer
HavyaJIbHbIX HANPSDKEHWH B MOJIYIPOCTPAHCTBE MPH
BO3JICHCTBUN KOJBIIEBBIX IITAMIIOB PacCMOTPEHO
B [14]. Bonpocsl BOJHOBBIX MPOIIECCOB B TPYHTO-
BOM cpenie oTpakeHsl B padorax [8, 15, 18]. Bius-
HHUEe KoH(urypauun QyHIaMeHTOB HA HaIlPsHKEHHO-
neopMHpoOBaHHOE COCTOSSHUE OCHOBaHHS —pac-
cmotpeno B [16, 17]. HMccrnenoBaHue pa3inyHbIX
Mojienelt  kod(UIMeHTa Hecyleld CIOCOOHOCTH
rpyHra orpaxkeHo B [19]. OmHako B HaBeIECHHBIX
paboTax He y4TeHbl OTPAaHMYEHHOCTH 30HBI Jedop-
MHUPOBaHHS M HEOJHOPOAHOCTH TPYHTOBOIO OCHO-
BaHMA IO IIyOmHe. Pe3ynpTaThl MHOTOYHCIICHHBIX
9KCIIEPUMEHTOB CBUICTEIBCTBYIOT, YTO peaIbHbBIC
TPYHTBl O0JaJal0T OrPaHWYEHHOW pacIpeaeiu-
TEJILHOM CHOCOOHOCTBIO U KOHEYHOCTBIO TOJIIMHBI
neopMHpPOBaHHOTO CIIOS. YYeT 3THUX XapakTepu-
CTHUK pEalbHBIX TPYHTOB TOBBICHT TOYHOCTH IIPO-
eKTHBIX PELICHHH, YTO, B CBOIO OUepe/ib, IPUBEIET
K TIOBBIIICHUIO HAJIGKHOCTH M JIOJITOBEYHOCTH HKe-
JIE3HOAOPOXKHOTO TTYTH.

Hean

Harpysky oT moABM»KHOTO cOCTaBa 4epes3 pellb-
CO-TIMMaJBHYI0 pENIeTKy OaylacTHBIA CIOoil BOC-
OpUHUMAeT M YOPYro IMepeJaeT Ha OCHOBHYIO
IUIOIIAAKY 3€MJISIHOTO MOJOTHA. IlocKonmbKy ToII-
IHA 0aJUTACTHOTO CIIOS, KaK MPaBWIIO, HE3HAYH-
TeTbHA TI0 CPAaBHEHUIO C TOJIIMHON TPYHTOBOTO
OCHOBaHUSI, B KOTOPOM MPOUCXOJIUT JIOKATN3ALHS
HanpspDKeHUH u aedopManuid, TO BIHMSHHEM II0-
CIIETHETO Ha HAINPSHKEHHO-AE(QOPMUPOBAHHOE CO-
CTOSTHHE 3EMJISTHOTO TIOJIOTHA MOYKHO ITpeHeOpeyb.

Jns onpeneneHus 0cajoK 3eMIISIHOTO MOJIOTHA
[IOJT HWYKHEW TIOCTENBIO MITNANl U er0 HaINPsKEHHO-
nehOpPMUPOBAHHOTO COCTOSTHHUS TIPHUBIIEKAEM OCe-
CUMMETPUYHYIO CTONOYATyI0 MOZEIh OCHOBaHHS
[3, 4], xoTopasi y4uThIBa€T KaKk KOHEYHOCTH TOJI-
IUHBL e(OPMUPOBAHHOTO CJIOA, TaK M €ro orpa-
HUYEHHYIO PAaCHpElCIUTENbHYI0 CIIOCOOHOCTb.
Onnako B pabotax [3, 4] oHa mocTpoeHa s O
HOPOJHOTO IO TUIyOWMHE OCHOBAaHHA, B TO BpEeMs
KaK peajlbHBIM OCHOBAHHSM, KaK Y€ OTMEeYanoch
BBIIIIE, CBOMCTBEHHA HEOAHOPOTHOCTD IO TITyOuHE,
CIIOUCTOCTb.

[ToaTomy 1enbto paboTHI SABIIAETCS 0000IICHNE
OCECUMMETPHYHOM CTOIOYATON MOMIETH ISl OIpe-
JeNieHus HanpspKeHHO-Ae(OpMUPOBAHHOTO COCTO-
SIHASL 3MJISTHOTO TIOJIOTHA YKEJIE3HOIOPOXKHOTO Y-
TH Ha OCHOBaHWHM y4eTa OrpaHWYEeHHOW pacrpejie-
JUTEIBHON CIOCOOHOCTH, KOHEYHOCTH 30HBI Jie-
(hopMupoBaHUs MO TIyOMHE 3eMJISTHOTO TOJOTHA
U €ro0 HEOAHOPOJHOCTH.

MeTtoauka

3eMIISTHOE MOJIOTHO >KEJIE3HOJOPOKHOTO MYTU
B OOJBIIMHCTBE CIy4YaeB MPEICTABICHO CBS3aH-
HbIMH I'pyHTaMHu, MOIyJb nedopmaiuu £ u k03d-
¢urment llyaccora | KOTOpBIX IEPEMEHHBI TI0
[ITyOWHE WIIM OHU SIBIISTIOTCS CJIOUCTBIMU C pa3iind-
HBIMH 3HaueHUsIMU E U | i kaxaoro ciost. [Ipu
PEIICHNH 3aJ1a4M O MEPEMEIICHUSIX U HAMPSHKCHUSIX
HEOJTHOPOJHOTO TI0 TIIyOWHE OCHOBaHHS KPHBYIO
HU3MEHEHUs MOy jaedopmarimu E(X) anmpokcu-
MHpPYEM CTyNEHYaTo! NpsiMod. Takas anrpokcuMa-
LK TOYHO COOTBETCTBYET CJIOHUCTOMY OCHOBAHMIO
C T€M TOJBKO OTJIMYMEM, YTO JUIS PEATLHOrO CIIOU-
CTOI'0 OCHOBAaHHUS MOJKET OBITH TaKO€ OOCTOSTEIb-
CTBO, YTO MOIYJb JAc(OopMalMHi HIKEISIKAIINX
cJIoeB OyZIeT MEHBIIIUM, YEM BBIIEIICKAIUX.
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PaccmoTpuMm  coBMecTHYI0 paboTy penbco-
HINATHHOM PEIIEeTKH, COCTOSIIEH (MCXOAs U3 orpa-
HUYEHHOW CIOCOOHOCTH TPYHTa) M3 TPEX INIai C
pPacloJOKEHUEM OCH KOJIECHOW Mapbl TENeXKU
BaroHa HaJ MPOAOJbHOW OCBIO CPEIHEW IIMabl.
IImamer paccMaTpuBaeM Kak THOKHE OalKy Ha I10-
IaTINBOM OCHOBaHWU. /[ mx pacueTa mpuBieKa-
em cMmerrandbiii metoq b. H. XKemoukuna [6], co-
[JIACHO C KOTOPBIM JIEUCTBUTEIBHYIO KPUBOJUHEH-
HYIO 3MI0PY OTIOPOB 3aMEHAIOT cTyneHyaroil. He-
MPEPHIBHBIA  KOHTAKT IIHAJBI C OCHOBaHHEM
3aMEHAIOT KOHTAKTOM B OTJIEIbHBIX TOYKaX MyTeM
BBEJICHUS MKy IIMajJol U OCHOBaHWEM IIapHUP-
HO TIPUKPEIUICHHBIX BEPTHKAIBHBIX CTEPXKHEH-
CBsI3eH, pAaCMHOJOKEHHBIX B CEpEeJUHE Y4YacTKOB
CTYTIEHYaTOM SIIOPHI.

Kpaiinue mmansl HaXoAsTCsS B CUJIOBOM U Ieo-
METPUYECKON CHMMETPUU OTHOCUTEIIBHO CPEIHEH,
no3ToMy OyJieM paccMaTpuBaTh CPEIHIOI0 HIMATY
W OmHY W3 KpaiHux. PasOmBaeM mmHBI Oanok-
IMNajg Ha yYacTKU C pa3MepaMu, paBHBIMH IIMPUHE
mrnajl, B Cep€aArHax KOTOPBLIX CTAaBHM OIIOPHBIC
cTepxHHU-CBs3U. [locepenunae O6anok-Iiman BBOJUM
N00aBOYHBIC CBSI3M MPOTHB JIMHEHHOTO U YTIIOBOTO
nepemenieHuil. PacueTHas cxema NpuBefeHa Ha
puc. 1.

ra I

Puc. 1. PacueTHas cxema IIIajbl
Fig. 1. Beam desing diagram

BcenepcTBre cumMMeTpun JieBble U NIpaBbIe He-
M3BECTHBIE CHIIBI Xj IONIAPHO PaBHBI MKy COOOH,
a yIJIoBO€ TEpeMEIIeHUE CeYCHHs CepeHHbI Oa-
JIOK-IITTa paBHO HyJr0. HewsBecTHbIMEH OymyT
ycunusi B crepykHeBbIX cBs3sax Xi (1=0, 1,2, ..., n)
Y TIPOTHOBI O TIEHTPAITBHBIX CEYeHUH OalOK-IIITIA.

CucremMa KaHOHHYECKHUX ypaBHeHI/Iﬁ CMCIIaH-
HOro Me€roaa B Ma’I’pI/I‘{HOI\/'I (bopMe HUMEeT BU.

T-Y=Ng, 1)

rae T — marpuna ko3dduumeHToB, KOTOpas Cco-
CTaBJISICT:
’ /

&; S O
I’kp ,
i Toc Top
smecs1=0,1,2,3,...,n;j=0,1,2,3,...,n;k, p—
COOTBETCTBEHHO HOMEpA CTEpXKHEH-CcBs3el, pac-
MOJIOKEHHBIX Mmocepeanne mmait; Y, Ne — cooTBeT-
CTBEHHO BEKTOpP HEWU3BECTHBIX W BEKTOP IPaBBIX
yacTen.

Takum obpazom:

X Aie
T= 6ik ; N|: e ||
ip The
31€ch §;; — mepemellenne ToukH i (o Hampasie-

HHIO CHIIBI Xi) OT €IMHUYHOTO ycuus X, paBHOE
CyMMe TepeMelIeHui Oanku 85 (B ocHOBHOH cH-

CTeMe) U MOAATIINBOTO OCHOBAHUS 8{} (Ha ocHOBa-

HUE JICUCTBYeT €JWHUYHAS CHIIA, PABHOMEPHO
pacrmpe/eieHHas o yIacTKy j):

8; =8 + 85
8k, Oip — COOTBETCTBEHHO IIEPEMEINEHHE TOYUKH
B OCHOBHOW CHCTEME OT €JAMHHYHOTO HepeMelle-
HUA CBsi3eH K 1 P; I'kj, I'pj — COOTBETCTBEHHO pPeaK-
UK B CBS3SX K ¥ P OT €AMHUYHOTO YCHIIHUS, TIPH-
JIO)KEHHOTO K OCHOBHOM CHCTEME B CBSI3H |; Tk, lkp,
ok, Fpp — COOTBETCTBEHHO pPEaKIMH B CBS3SIX
K ¥ p OT €qMHUYHOTO MEepEeMEIIEHHs 3TUX CBSI3EH;
Air — mepeMernieHue OalKU-IIMAIbl B OCHOBHOM
CUCTEME OT BHEIIHEHN Harpy3kH; I'r, I'oF — COOTBET-
CTBCHHO PEaKIMK B CB3sSX K W P OT BHEIIHEH
HaArpy3KH.

IMpu ompeseneHNH 0CaI0K 3eMIITHOTO TOJIOTHA
MOJT TOJOIIBAMHU INMay 0% W €ro HampsHKeHHO-
1eOpMHUPOBAHHOTO COCTOSIHUSI, COTJIACHO OCe-
CUMMETPUYHON CTOJIOYATON MOIECIN OCHOBAaHHS
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[3, 4], 30HYy, B KOTOPO¥ TPOUCXOAUT JTOKATH3AIUSI
MEPEMEIICHUI ¥ HANpsHKCHUHA OT PaBHOMEPHO
pacrpesenennoil Harpysku =F /-T2 B mpene-
JaX TEHTPAIbHO PACHOJIOKEHHOHN IJIOMAIKH pa-
maycoM I | MOJeIHpyeM KPYrOBBIM LHITHHIPHYC-
CKUM CJIOUCTBIM CTOJIOOM BBICOTOW H M KOHCYHBIM
paamycoM R>T B momepewynom ceueHuu (puc. 2),
COBIIAJAIONINM C PAJNyCOM 3aTyXaHUs IepeMelne-
HUW HA TPaHUYHOHN TUIOCKOCTH OcHOBaHus. [lio-
[a/1b TPY30BOM IUIOIIAIKUA PAaUycoOM [ corjacy-
€TCsl C IJIOIAIbI0 YIaCTKOB, Ha KOTOpBIE pa3dnTa
MOJIOIIBA OAJTKU-IITIABI.

CoBMECTHM HaYaJlo MWJIUHAPUICCKON CUCTEMBI
KoopauHaT X, Y, 6 ¢ Toukoi mpuiioxeHus cuibl F,
MpUYeM BEPTUKAJBHYIO OCh X HamlpaBUM IO
HaIpaBJIECHUIO CHIIBI F K HIKHEMY TOPIY LIMJIHH-
npa. PaccmaTtpuBaeMoe CIIOMCTOE IWJIMHIpUYC-
CKOE€ Tell0 HaXOJUTCS B YCIOBHUSIX OCEBOM CHIMMET-
puH, MO3TOMY OYAYT HAOIIOAATHCSI TOJBKO PajH-
aJbHBIC W ¥ BEpTHKAJIbHBIC U TIepeMelleHus (TaH-
rerimaneapie V. = 0), sBisronpecs (QyHKIAAMA
TIEPEeMEHHBIX X U I.

Pewmenne ypaBHeHuii JIssmMe, KOTOPBIMHU OIUCHI-
BalOT Je(OPMHUPOBAHHE KAXKIOTO CIIOS IIHIHHIIPH-

YeCKOro Telna, OyeM MPOBOIUTH AUCKPETHBIM Me-
togom JI. B. Bunokyposa [5]. [To nepemeHHO# X
pellieHHe HINEM B aHAIUTHYECKOW ¢opme, a 1O
MEPEMEHHON I — B KOHEYHO-pa3HOCTHOH. OOBeM
paccMaTpuBaeMOro CJIOMCTOrO LMJIMHIPUYECKOTO
TeJla ampoOKCUMHUPYEM MPU3MaMH IIyTEM JEICHUs
€ro MPOAOJIHBIMU CEYEHUSMH, MPOXOASIIIMHU de-
PE3 BEPTUKANBHYIO OCh X U COCTaBISIOLIMMHU MEX-
Iy co00ii yriel 0, 1 KOHIIEHTPUYECKUMH OKPY>KHO-
crsimu. [lepemernenust pebep Hpu3M NPHUHAMAEM
B KadyecTBE HE3aBHCUMBIX HEHM3BECTHHIX. Tak Kak
paccMaTpuBaeMoe CIOMCTOE LIIMHAPUYECKOE Te-
JIO HAXOIUTCS B YCIIOBHSIX OCEBOM CHMMETPHH, TO
B nuddepeHIranbHbIX YPaBHEHUSX JUCKPETHOTO
MeToja OyIyT coAep:KaThesl IepeMENIeHNs Ha Bep-
TUKaJbHBIX IJHHUSAX-peOpax (JUHUAX, 00pasyro-
LIMXCSI B PE3yJIbTaTe NEepPeceyeHus MPOJOIBHOTO
CeueHHs C KOHLEHTPHUUECKHUMH OKPYKHOCTSIMH),
PAacIIOJIOKEHHBIX B OJHOM JHaMeTpalbHOM ILIOC-
koctH. J{yst pebpa j i-ro ciiosi OCHOBaHHs IPH He-

PaBHOMEPHOM 1ILIare JAEJEHUs pajualbHOW KOOp-
auHaThl (puc. 3) Mbl MOMYYHIH CIICAYIOLINE ypaB-
HEHUS AMCKPETHOIO MeToja A IepeMelleHHH
1 HaIIPSDKEHUN!

Puc. 2. Pacuernas cxema OCGCI/IMMGTPI/I‘IHOI\/‘I cTo049aToi MOACIN AJIs1 CJIOUCTOTIO TPYHTOBOTO OCHOBAHUSA

Fig. 2. Beam desing diagram of axisymmetric columnar model for layered subgrade
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rj-\l\

)

Puc. 3. Cxema pacmionoxxeHus pedep 0CeCHMMETPHYHOM CTOIOYATON MOACTH
IIpY HEPAaBHOMEPHOM LIIare JEJICHUS paJualbHON KOOPAUHATEI

Fig. 3. Arrangement diagram of axisymmetric columnar model ridge
at non-uniform step of radial coordinate interval
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E(i), p(i) — coorBeTcTBEHHO MOIYIB YIPYrOCTH

u kodp¢unuent Ilyaccona marepuana i-ro cios
OCHOBaHMS.

IIpu paBHOMEpPHOM I1are ACJICHUS paaralibHOU
koopauHatel Y =1 ypaBHenus (2) u (3) npuHuMa-
10T B!

d?w. 1
212 J
a’jb o +20Lu(xj[wj+l(ocj +E)+

1 9 1
Wi, o= —W; aj+a— +

d2u;, 1 1 4)

ox (5)

i) | a W,
Trx. :LI)- _J(uj+1_uj—l)+_J .
Y 1+u(i)]| 2 OX

JuddepeHnnaibable YpaBHCHHUS U BBIPAKEHUS
HanpspKeHU# 1711 ueHTpansHoro pedpa 0 (ummuH-
JIPUYEeCKONW TTOBEPXHOCTH, IS KOTOpOi o = 0) Te-
PSIIOT CMBICI, TaK KakK pajuajibHas KOOpAMHATA [
BXOJWT B 3HAMEHATENIN HEKOTOPBIX CIaraeMbIX.
ITosTOMy ypaBHEHHSI NEpPEMEIICHUA WU HampsKe-
HAW U1 TeHTpaidbHOro pebpa 0 cocTaBieHBI
B MPSIMOYTOJIBHBIX KOOPJMHATAX, IPU 3TOM TIepBast
aNMpPOKCUMHUPYIOMIAas [WIHHAPUYECKass TOBEpX-
HOCTh 3aMEHEHa MPU3MATHYECKON MTOBEPXHOCTHIO,
KOTOpasi UMeeT B IIaHe (OPMY MHOTOYTOJNBHHUKA.
[locne mepexonma OT HPSMOYTOJBHBIX KOOPAMHAT
K IUIHHAPUIECKIM YpaBHEHHS IS TIepeMeIIeHUN
Y HaNpsDKeHAN IS LeHTpainbHOTO pedpa 0 mMeroT
BU/I:

2

d<u dw,
20 Uy -
a,b v +2(ul—u0)+2[3uba—xl—0, (6)
i) (2
zeil)_ &Wl_Fa % ,
1+p@)\ r *oox
E@) |«
Op =00, =7 /1y —w
T+n()| n SN0
+p lW +%
Ml x|
T =0.
PesyabTarsl
Pemas 3amaqy 0 HaIpsHKEHHO-

1e(OPMUPOBAHHOM COCTOSIHUH 3€MJISTHOTO IOJIOT-
Ha KeJEe3HOAOPOKHOTO IYTH, IMPEICTaBICHHOTO
OCECUMMETPUYHOM CTONOYAaTOH MOeNbio, Oepem
YeThIpe JIMHUHU-PeOpa, PACHON0KEHHBIX Ha IHIUH-
JPUYECKHAX TIOBEPXHOCTAX B OJHOHM JHaMeTpalib-
HOW IIJIOCKOCTH, OKPY)KHOCTH KOTOpBHIX B IIOIIe-
PEYHBIX CEUCHHUSIX UMEIOT paauychl fo = 0, rp = b,
r2=2b, I"3=3b=R.

3anuceiBas ypaBHenust (3) u (5) mns pebep
0, 1, 2 (mns pedpa 3, pacrosoKeHHOTO Ha HAPYXK-
HOW LWJIMHIPUYECKOH MOBEPXHOCTH NpH I3 = R,
ypaBHEHUS MIEpEeMEIEHIH HEe COCTaBIIsIeM, TaK Kak
COTJIACHO YCJIOBHIO 3aTyXaHHsl IMepeMelIeHuil mpu
r = R w = 0, u = 0), nomydaem s
i-TO CJIOSI OCHOBAHHSI CHUCTEMY JIMHEHHBIX OJIHO-
POIHBIX MU GEepeHIMATEHBIX YPaBHEHUH C MOCTO-
SIHHBIMH KO3 HLIMEHTaMH, KOTOpasi IOCie Tmepe-
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. X
Xo/1a K Oe3pa3MepHoii koopanHate & = ™ C y4eToM

WnterpupoBanne cucteMsl ypaBHeHui (8) mie-

ri = jb, oj = j umeer Bux:
71€CO00pa3HO TMPOBOJUTH YHCICHHBIM METOJIOM

dzu0 dw, [11], B kKOTOpPOM (PYHKI[MHM OT MATPHIl MPEACTAB-
ay, o€? +2(u; — o) + 2B, a_a =0 0T psagamu. Ilocie mpuBeacHUST CUCTEMbI aud-
) (depeHIMAaNbHBIX ypaBHEeHUH (8) K HOpMaIbHOMY
j2 d V\;j +2a j'{wjﬂ( j+ 1 j + BUAY TMOCIIEAHIO0 3.anmueM B BUJIC OJHOTO MaT-
dg " 2 PUYHOT'O YPaBHEHHUSL:
o1 1 dy (i) . .
+W, —Zl-w | 2j+= ||+ —==A)-Y(), 9
a(i-3)-w (243 O ORT0 ©
. d . . . .
Jzﬁud—é(ujﬂ—uj_l)zo, 8 rae Y (i) = {ug (i), u; (i), w; (),
i) du; (i) dw(i
dzuj 1 1 du, (I), i€ ), 0 — cToNOLOBasl MaTpHIA
200, —+ | Ujy| 2+ |+ dg dg dg
degz 2| ! j
HCKOMBIX (DYHKIMH U UX TPOU3BOJHBIX;
o 2_1_ —au, +2jﬁui' A(i) — xkBa3uMarpuIa BUJIA;
s 0 E
1 1 Ai) = ,
1 =W +—_(Wj+l—wj71) =0, A A
] 2] _
. 0 u E — COOTBETCTBEHHO HyJIeBasl M CAMHUYHAS
(=12). MaTpHIIB;
2_ - 2_ 0 0 0
o, (i) o, (i)
3 0,2-5 1- 0, 7-5 0 0
A= a,() o) o)
0 _0,37.5 1- 0 0
o, () a,)
0 0 0 6o, (i) —3a,, (i)
0 0 0 —1,25a, (1) 4,50, (i)
2., (i) JIIst KaXK/IoTo CII0Sl 3alIMCBHIBAIOT CBOIO CHCTEMY
0 0 0 - ”(i) 0 ypaBHeHuit (9).
%u Pemenne cuctemsl ypaBHeHuit (9) Oynem
0 0 0 ~ B?) ~ 0-5(13_; OTBHICKUBATH B BUJIIE!
o (i a (i . Ny .
A = g g . Y ={exp[ A()Ag(i) ]} Yo (i), (20)
0.58 0.5
0 0 O £t . .
a, (i) o, (i) e Y0(|)={Dm(I)},(m=L2,3,...,10) — cTONION0-
[3“ 0 _Bu 0 0 Basg MaTpulla IOCTOSHHBIX HMHTCIPUPOBAHUS,
h(i
0 B, O 0 0 Ag(T) =# — mar uHTerpuposanus; h(i) — Tomn-
m
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muHa i-ro cinosti; (N =1, 2, 3, ..., 17) — YMCIIO TOYEK

h(i
Ha oTpe3ke uHTerpupoBanus 0<§E < Q;

b
exp[ A(i)Ag(i) ] = E+ A(i) A& (i) +
(A()AZ(0))" | (A()ag(i)

2! 3!

N

E- eIMHUYHAST MaTp UIa.
Tpu £(1) = 0, V() (0)=E-Y, (). (11)

W3 Beipaxenus (11) cnemyer:

dugg) duy, AUy :
— = DBsiy— =Driyi— =Dy
dg dg dg
dw, dw,
10 _ i) _ Dy

e

Takum 00pa3om, Ui KaKIOTO CJIOS peraeTcs
cBosi cucreMa auddepeHIMAaTBHBIX YpaBHEHHH,
n 06mee YHCJIO HEU3BCCTHBIX INTOCTOAHHBIX HHTC-
TPUPOBAHUS COCTABIISIET U Dm(i). Jlnst ux ompepe-

JICHUA NIPUBJICKAEM YCJIIOBHA Ha I'PAaHUYHBIX IJIOC-
KOCTSX OCHOBAHHUA U YCJIOBHUA COIPSHKEHHSA CIOCB
Ha JJMHUHU UX KOHTAaKTa:

IMlpn £=0; 1, =0
—F/n(F)? npuO<r<r
) 0 npu ¥ <r<R,

Ha rpaHuIle cuoes i mi+1
Gxo(i)(E.ai =h /b)= Oy (i+1) (&.1=0),
ij(i)(éi =h/b)= Oyxj(i+ (&1 =0),

Trxj(i)(é:}i =h /b) = Trxj (i+1) (&1 =0);
npu E=H/b u=0,w=0.

(12)

Crnenyer OTMETUTh, YTO PaBEHCTBO HOPMallb-
HBIX U KacaTeJbHBIX HaNpsHKeHWH Ha JIMHUU CO-
MPSDKEHUS CIIOEB HEOJHOPOJHOTO OCHOBAHUS M03-
BOJISIET y4YecTh pasHylo /1e(OpPMAaTUBHOCTH CIIOCB
OCHOBaHUSL.

VY noBneTBopsist TpaHUYHBIM ycoBusiM (12), no-
JYYUM CHCTEMY ajreOpanyecKux ypaBHEHHM:

M .Y, =F, (13)

rue EZ{—F/TEFZ,O,O,...,O} — BEKTOp TPaBbIX

JacTel,

Yo ={ Yo Yoz Yo
MaTpHIa MOCTOSHHBIX HHTETPUPOBAHHS;
M — xBazumarpuiia Ko3pUIIMCHTOB.
Tak kak KBazuMmarpuua M HMEET JEHTOYHYIO
CTPYKTYpYy, To cuctema (13) xopomro oOycioBieHa.
[locne pemenust cuctemsl (9) cocTaBisrOIIUe
nepemerieruit U(i), W(i) 1 UX TIPOU3BOJIHBIC ONIpe-
JeTIsIeM TIPH TIOMOIIH 3aBUCUMOCTH:

cToibIoBast KBasu-

(14)

(M ey —| _F_(aA0)azi))"
Yoy Q)= Ein;(e ) Yo

[ToncTanoBkoil 3HAUEHUUH Y(E;') B (5) u (7)

OIIPE/ICIISIEM HAIPSDKSHUS B I-TOM CJI0€ OCHOBAHHSI.

N3510KeHHBI aIrOpuT™M ONpPENEICHUs Hampsi-
XKEHHO-1€()OPMUPOBAHHOIO COCTOSIHUSL HEOJHO-
POOHOTO TO TAyOMHE OCHOBaHHsS JIETKO MOXET
OBITh peaM30BaH MPU TMOMOINM KOMITBIOTEPHBIX
MIPOTPaMM.

[Ipu npoexTUpOBaHUU U NPOBEPKE MPOUHOCTH
3eMJITHOTO TOJIOTHA JKEJIEe3HOJOPOKHOTO MYyTH
HE00XOMMO paccMaTpuBaTh COBMECTHYIO paboTy
PEABCO-IINANBHON PELIETKH U OCHOBHOM IIOIIA-
KM 3eMJISTHOTO TOJIOTHA. BynemM yuuThIBaTh TOJNBKO
BEPTUKAJIBHYIO COCTABIISIONUIYIO MOE3/HOI Harpys-
KM, TepeJaBacMOi Ha OCHOBHYIO IUIOIIAJKY 3EM-
JISHOTO TIOJIOTHA Yepe3 3JIEMEHTHI BEPXHETO CTPO-
€HUS Iy TH.

[loe3nHy!0 Harpy3Ky 4epes penbCo-IINalIbHYIO
pemieTky  OanjacTHBIA €O BOCIIPHHUMAET
U YIpYro TMepesacT Ha OCHOBHYIO IJIOMIAAKY 3€M-
JISHOTO MOJIOTHA. banacTHeIM cllol mon penbco-
LIMaJIbHON peIeTKON HaXOIUTCA B HEOIHOPOJHOM
HaIpsDKEHHOM COCTOSIHUH, T. K. JIAaBJICHHUE 110 HUXK-
HEW IOCTENH IIIajbl pa3imyHo. B ceyenun nore-
PeK Lmanbl JaBieHHE OOJbLIe HOJ MPOAOIBLHON
OCBIO U YMEHBIIAETCA K KpasiM IOCTeNH. 30Ha pac-
MpeeNICHNs TaBJICHUS OT MBI 10 TIIyOouHe 6ai-
JIACTHOTO CJI0S MTOCTENEHHO PACIIMPSAETCS, YTO To-
BOPHUT O €r0 HEKOTOPOW paclpeAeTuTeNbHON CIIo-
COOHOCTH, TIpY 3TOM JaBIICHHE TO TITyOHMHE H3Me-
HSETCS HEJIMHEHHO. OKCTepUMeHTaIbHbBIE
HCCIIEIOBaHMA MTOKa3bIBAIOT, YTO MPH 3IIOpE LINall
1600 wr/kM (TPH PaAcCTOSHUM MEXKIY OCSIMHU
mmai 60 cM) [MOJHOE BhIPAaBHUBAHUE HAMPSKEHHI
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MPOUCXOJNT Ha TIyOHHE 75 CM MOJ IITaIaMH.

bannacTHeIN CI0W, BOCIIPUHUMAs 4acTh MOE3/I-
HOW HAarpy3Ku, CHIDKAeT IaBJICHHE Ha 3eMIISIHOE
MIOJIOTHO CO CTOPOHBI PENBCO-IINAIbHON PEIIETKH.
[ToaTomMy mpu OmpeneneHnn HanpsbKeHU B Tele
3eMJISIHOTO TIOJIOTHA HEOOXOIMMO PaccMaTpHBaTh
COBMECTHYIO paboTy 0ayuracTHOTO CIIOS M 3eMIIsi-
HOTO TOJIOTHA. DTO MPHUBOJUT K PacueTHOW cXeme
IBYXCJIOHHOIO YIIPYTrOro OCHOBaHHS C Pa3HbIMH
3HAYEHUSIMM MapaMeTpoB JlsMe mpu OmHOPOIHO-
CTH O TIJIyOuMHE 3eMiIsiHOro monoTHa. Ecmm xe
3eMJISIHOE TIOJIOTHO 1O TITyOMHE HEOJHOPOAHO, TO
NPUXOJUM B PACUETHOM CXE€ME K MHOT'OCIOMHOMY
OocHOBaHUIO. TONIIMHA BEPXHETO CII0S OCHOBAHUS
COOTBETCTBYET TOJIIUHE OajIaCTHOTO  CJIOS,
a HIKHHX COIJIACYeTCs C YCJIOBHEM 3aTyXaHHs
nedopMaIiii ¥ HaNpsHDKeHUH Mo TIIyOMHE TPYHTO-
BOT'O OCHOBAHHS.

Hwmxe paccmoTpena mpakThdeckas peann3anus
W3JI0’KEHHOTO aJITOPUTMa IIPU IPOBEPKE MPOIHOCTH
3eMJISIHOTO TOJIOTHA JKEJIE3HOJOPOKHOTO IyTH B
paitone cknanoB JIBX mexa momuctupona Ha of-
HOM XMMHYECKOM 3aBoze. [lyTh BBINONHEH U3 pellb-
coB Tumna P-43, yinoxeHHBIX Ha JepeBsIHHBIE 00pe3-
HBIE INManbl HepBoro tuma. Jmropa mman 1 600
mt/kM. bammact u3 rpaHWTHOTO ImIEOHS CpeaHeil
KpynHoctd TtonmuHoi 20 cMm. IIpomexxyrouHoe
KpeIryieHne KOCTBIILHOTO THMa. I1yTh BBINMOMHEH U3
3BeHbeB 12,5 M. [loIBIIKHOM COCTaB — 3TO TEIIOBO-
3bl ¢ 0ceBoil Harpy3koit 200 kH u uuctepHamu Tpex
THUIIOB C Pa3HbIMU 3HAYCHUSIMU KOJIECHOW 0a3bl M C
OJIMHAKOBBIMHU 3HAYEHUSMH KECTKON 0a3bl, KOTOpast
cocrasisier 1 800 mM. OceBas Harpy3ka COCTaBIsLIa
or 217,5 kH mo 237,05 xkH. 3emisiHOE€ I10OJIOTHO
CIIOEHO M3 CYTJIMHKOB MOIIHOCTBIO 6 M cO crey-
IOLUIMMH HOPMAaTUBHBIMH 3HAYEHUSIMH OCHOBHBIX
XapaKTEePUCTHK:

— ko3¢ uument nopucroctu ¢ = 0,65;

— Moxyib nedopmarun E = 19 Mlla;

— yros BHyTpeHHero Tpenus ¢ = 220;

— ynaenbHOe criemienne ¢ = 0,028 MITa.

CBsi3HBIE TPYHTHI, K KOTOPBIM OTHOCATCS U CY-
[JIMHKH, O0JaaloT PaclpeeuTebHOM Coco0-
HOCTBIO, T.€. CHOCOOHOCTBIO J1ehOPMHUPOBATHCS
BHE 30HBI NIPUWIOKEHUS Harpy3ku. J{aHHbIE 3KCIE-
PUMEHTOB CBHJACTCILCTBYIOT, UTO IIPU HArpyske,
pacrpeieleHHOM PaBHOMEPHO T10 KPYTY PaanyCcoM
T, 3arTyxaHHe TEepPeMEIICHHI W HaNpsDKeHUH Ha

TPAaHUYHON MOBEPXHOCTH OCHOBaHHS MPOHUCXOAUT
Ha PaccTOsSHUU 6F , Mo TIyOMHE OCHOBAaHUS — Ha
pacctosiauu 8T .

YunutbiBas, 4TO B JAaHHOM CIydae TOJIIUHA
OayutacTHOro cnosi He3HauuTenbHa (20 cM) 1O
CPaBHEHHIO C TOJIIIMHOW TPYHTOBOI'O OCHOBaHHUS,
W wm nmedopmaruii, BIWUSHHEM IIOCJICIHETO Ha
HaNpsHKeHHO-1e()OPMHUPOBAHHOE COCTOSHHE 3EM-
JITHOTO TIOJIOTHA MOXKHO IpeHeOpeus. Mamnasi Toi-
IMHA 0aJTACTHOTO CJOS MPUBOAUT K 3HAYHATEINb-
HOM HEpaBHOMEPHOCTH, B MPOJOIHHOM HampasJie-
HUM TYTH €ro JIaBJICHHUS Ha 3eMJISIHOE MOJIOTHO.
[Ipu 3TOM OCHOBHASI YacCTh NABICHHS MPUXOIUTCS
Ha IJIOMIA/IKY, COBIANAIONIYI0 C MPOEKINEH HUXK-
HEell MmocTeNn mmaibl MOA MOJOMIBOM penbca Ha
OCHOBHYIO IUIOUIA/IKY 3€MJISIHOIO TOJOTHA. JTO
TaK)Ke TOBOPUT O BO3MOXKHOCTH B JAHHOM CITydae
HE YYUTHIBATh BIMSHHE OaJIaCTHOTO CJOS TPH
OTIpPENICICHNH OCAJ0K M HANPSHKEHUH 3eMIISTHOTO
mosioTHa. Cxema Harpy3oK Ha pPehCO-INMaIbHYIO
pelIeTKy ¥ Ha OCHOBHYKO IUIOMIAAKY 3E€MIISTHOTO
moJIoTHa mpuBeneHa Ha puc. 4. [Ipu pemennu 3a-
Jauyd CMEIIAaHHBIM METOJOM HW)KHIOIO TIOCTENb
mmansl pa3douBaeM Ha TIPSIMOYTOJBHBIE YYaCTKH,
pasMepsl KOTOPBIX COTJIaCyeM C HIMPHUHOM IITajbl
U JUIMHOW IMyTEeBOH MPOKIAIKU AJis peibca P-43
T. €. Ha ydacTku ¢ pasmepamu 250 X 290 mm. U3
SKBHUBAJICHTHOCTH IUIOMIAJCH ydYacTKa IIIMajbl
U Kpyra paguycoMm I, moixydaem I = 15,1 cm. To-
rraR=6,7 =90,6cm,H=8, T =120,8 cm.

Paccrostare Mex Ty mmaiaMu TpH 3ITFOpe TIma
1600 mt/km coctaBiser 60 cMm, Mo3ITOMYy pac-
CMaTpuBaeM COBMECTHYIO pPa0OTy Tpex mimai
C PAacIONIOKEHHEM OCH TENEeKKH ITUCTePHBI Hal
cpenHeil mmasnon (puc. 5). OnopHble peakuuu 1o
cxeme a (puc. 5) ompenenuTh BeChMa 3aTPYIHU-
TENBHO, T. K. OTOPHI (IMaja Ha 6aJIaCTHOM CIIO€)
SIBIITFOTCS  YIIPYTOMOIATIIMBBIMH, U TIPU JIEHCTBUH
HArpy3KH Ha ONopy B MpPOHWCXOIWT €€ CMEIIeHUEe
10 BEPTHUKAIIN. DTO CMEIIEHUE 3aBUCHUT U OT OCaJI-
KM 3eMJISTHOTO TIOJIOTHA, KOTOpasi Ha 3TOM CTaauu
pacdera emie HewsBecTHa. Ecnu omopsl paccmart-
pHUBATh Kak KECTKHE, TO BCIO HArpy3Ky OyJleT Boc-
MIpUHUMAaTh omnopa B, a peakuuu B onopax 4 u B
Oy/ayT paBHBI HYJIO, YTO MPOTHBOPEUYHT JEHCTBU-
TenbHOCTH. [loATOMY pacyeTHyr0 cXxemy Ha puc. 5,
a 3aMEHsIeM pacueTHOH cxemoil puc. 5, 6. Onopsl
CUMTaeM >KEeCTKMMH. lIpencraBisis peibc Ha Tpex
oropax Kak Hepas3pe3Hyl Oallky W MpHBJIeKas
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ypaBHEHUsS TpEeX MOMEHTOB, HaxoauM: Rg = 1,375
Fi/2 = 0,69 Fi; Ra = 0,313; F1/2 = 0,1565 F1. J{nu-
Hy OaJIkul mmaisl pa3dbuBaeM Ha JIEBATh YYaCTKOB,
TOTJa PACCTOSHUS MEXKAY CTEPKHIMHU-CBI3AMU
Oynet coctaBisTh ¢ = 2,75/9 = 0,306 m.

PacyeTHas cxema cpelHeW mimayibl MpUBEacHA
Ha puc. 6, KpaitHe#i — Ha puc. 7. HemsBecTHBRIMU
OyAyT YCHIIHS B CTEPIKHEBBIX CBA3IX Xo, X1, ..., Xo,
a TaxKe Mporudsl 6, U O; LEHTPATBHBIX CEYECHHUI

Oayok-mmair. Matpuna ko3¢ dunueHToB 7 u Bek-
TOPBI HEM3BECTHBIX Y U mpaBoii yactu Nr cuctemsl
KaHOHMYCCKUX YpPaBHEHUS CMEIIAHHOTO METOoJa
(1) umeroT BUI:

8p0 B0 B 899 g0 Ogs
80 01 Oy 89 O 05
8 8y Oy 8y Oy 8%
O3 O3 O3 83 O3 Og
T-=

Ogy Doy Ogp 899 g0 Ogs
o Too T o Too Tos
/N R o Tso  Tss

Xo Aor

X, A

Y = N =

X, Agr

S lor

Os Ise

[lepememenus 83 3eMJISIHOT'O IIOJIOTHA XKeJle3-

HOJIOPO)KHOTO TyTH OMpEAesieM IpH TMOMOIIH
0CEeCHMMETPUYHOHN cTOI09aToi Moaenyu pu F = 1.
N3 paBeHCcTBa MIOIAAEH IPSIMOYTOIBHOIO y4acT-
ka (0,306 x 0,23) momoUIBhI MINATBI U KPYTa paau-
ycoMm T umeem I =0,15 m.

[lepemeniennss TOBEPXHOCTH 3EMIITHOTO TIO-
JIOTHA Ha pedpax OCECUMMETPUYHON CTOIOUATOMH
Mozenu 0, 1 u 2, KoTopble MOyYEHB! MIPU peasIn-
3a0uM  W3J0KeHHoro anroputma npu w=0,3,

MpUBEICHBI B Ta0II. 1.

Tabnuua 1

OTHocUTe/IbHBIE TlepeMellleHUsI TOBEPXHOCTH 3eM-
JISTHOT 0 MOJIOTHA HA pedpax ocecUMMeTPUYHOI
CT0JI0YATON MOJeTH

Table 1

Relative displacement of the subgrade surface on the
ridges of axisymmetric columnar model

r 0 c=b 2c=2b 3c=3 | 4c=4
b b
N 1,777 | 0,3054 | 0,0641 0 0
1

B nanHoM ciyuae paccTOSHHE MEXIY CTEPXK-
asamu-ces3amu ¢ = 0,305 m = 0,30 M coBmagaer ¢
paccTossHuEM MEXTY pebpamu
(b=2r=2.0,15=0,30 ™). Torma mpu E =19
MIla umeem:

ﬁ:—ﬁ;mnzLuivfwn.
Enr

[Ipu mpursaTomM pammyce R =67 =3C 3aryxa-
HHUs NIEPEMEILICHUM HA TPAaHUYHON TUIOCKOCTH 3€M-
JITHOTO TIOJIOTHA MEPEMEIIEHHs KpaiHuX IIman He
OKa3bIBalOT B3aUMHOTO BIIUSHUS Ha CBOU IepeMe-
mienus. [loaTtoMy mpu cOBMECTHOM pacueTe Tpex
0aJOK-1ITall HY>)KHO yYUTHIBATh BIMSHUE KpalHUX
Lirajg Ha CPeIHIO U HAao0OpOT — BIIMSHHUE Cpel-
HEW 1naibl Ha KpailHue.

Envnnunas ocagka OCHOBaHMS paBHa:

80 =855 =2u(0)
89, =83 =8y, =8, =83 =85 =u(0);
805 = 4u(2c);
8g; =895 = 4u(2,83c) ;
85y = 8% =u(0) +u(2c);
895 =15 = 4u(2,24c) ;
895 = 04 = B0g = gg =y =81y =89 =
=830 =8y = 8gg =835 =80y = ey =0 =

_ 0 _ g0 _ g0 _ g0 _ g0 _ g0 _ g0 _
_859 _664 _669 _680 _885 _690 _891 -

:685 :686 =0.
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: A
2 I Ik 2 Fos P il )
DAY ()
I I B F Y s
G2 [} 42 G 473
4 £ £ A 4

Puc. 4. Cxema Harpy30K Ha pesibCO-IUNANBHYIO PEIETKY U Ha OCHOBHYIO IUIOIIAIKY 3€MIISIHOI'O NIOJIOTHA:
F — naBnenue xoneca Ha penbc; F1 — qaBieHHe co CTOPOHBI pejibca Ha IIIaly 0o/ KOJIecoM;
F2 — naBneHue co CTOPOHBI penbca Ha minany; £ — pacCTOSIHAE MEKY InanaMu; 1 — peibChl; 2 — HIMaITbI

Fig. 4. Loading case on beamrail grate and basic subgrade area:
F — wheel pressure; F1 — pressure from the rail side under the wheel; F2 — pressure from the rail side on the sleeper; € — distance
between sleepers; 1 —rails; 2 — sleepers

y B\ c
£=60cm £=060cm
F2 yaves
A B C
eos wad o e bz
R 42 /2 /2 £2 Re
£ £

Puc. 5. PacueTHas cxema COBMECTHOU pabOTHI
Tpex Imma

Fig. 5. Design diagram of joint operation of three
sleepers

AmnagoruyHo ONpeACIAIOT OCTAJIbHBIC NICPCME-

IIEHUS] OCHOBAHUS 6% .

Enuanunble mepeMernieHus Si"j OaJIKU-IITIAJIBI

OTpeIeICHBI 1o TadImIe v (@)

b. H. XKemoukuna [6] (Hrke MpUBEACHBI 3HAYECHUS
HEKOTOPBIX U3 HUX):

8o =84y =84, =853 =85, =0;
8¢5 = 8% =857 =0 =88y =0;
8, =2n; 8, =5n; 8 =8n; 83, =16n;

85, =54n; 8% =40n;

3
C

= 6En,

I'pysoBele mepemelieHust Az ONPENEICHBI 110

crioco0y Bepemaruna (puc. 6, 6 u puc. 7, 6).

s naHHOW OCHOBHOU CHUCTEMBI IIEpEMEILEHUE
TOYKH | OCHOBHOHM CHCTEMBI OT €IHHUYHOTO IEpe-
MeleHns CBs3H «0» Win «S5» paBHBI:

8y =10 (1=0,1, ..., 4);
85 =10 (j=5,6, ..., 9).

B namem ciyuae Tj; sBsieTcsl peakiyei B jiu-

HEWHOU CBSI3M OCHOBHOM CHUCTEMBI OT €IUHUYHOTO
YCUJIHS, TIPUIIOKEHHOTO B CBSI3H |:
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h=—1(n=0,1,...,4); £ a
ro_ i = .
I5; = 1(G=56,...,9); T7TTT7 7777777
' ’ ' ’ ’ ’ ’ 278
fos = Tos = To7 =Tog =Tog =TF50 =I5 = F 121
g
_ ! _ v _ ' _
=l =l =Ty =0. . b—of
SENEREN RN
BeptukanbHasi peakius B 3alleMJICHUU OCHOB- Xe %5 Xy %, by % %o %
HOM cucTeMsl 0T X; =1 HanpaBiieHa BHU3. |
Koaddurmentsr rp u Iss, MpencTaBISIONINE baclelelele leleleln
co00# peaknuio B JIMHEHHOH cBI3U «0» U «5» OT 50128
CIMHUYHOTO MIEPEMEILICHUS 3TUX CBSI3CH, PaBHBI:
MF 2 KHM vy
foo =rss = 0. %) E )_qk
Peakiinu B nuHEeHMHBIX CBI3IX «0» U «5» oc- i 8’2%
HOBHOW CHCTEMBI OT BHEIIHEN HAarpy3ku paBHbI ‘(1),%2
CyMME BHEIIIHEH HAarpy3KH: T ele
O = =~
6) === e
fye =77,8 kH; e =17,7 xH. s
3 S| = k10" MH/™
= =]

B pesynbrare peleHus cUCTeMbl anredpaude-
ckux ypaBHenuidl (1) ompegensiem ycumus X
B CTEP)KHEBBIX CBA3AX M NPOrHOBI O, M Oy LEH-

Puc. 6. PacueTHas cxema cpeiHel Imnabl U 31opa
OTIOPa OCHOBHOM IIOMIAZKH 3€MJITHOTO ITOJIOTHA

Fig. 6. Design diagram of the middle sleeper and re-

TpaJbHBIX CEUCHHUI CpeHEN U KpallHel mimail. - .
sistance epure of the basic subgrade

HHTEHCHBHOCTE OTIOpa IO HUYKHEH IIOCTENIN
LIMaibl HOJXyYnM, pa3ienuB Xi Ha JUIMHY ydacTKa 12 I
c.

Ocanxy OCHOBaHUS TOJ IIMAJIaMH OTIPEIesieM v -
C TIPUBJICUCHUEM TIPHUHIIUIIA CYTIEPIIO3HUITHH: 2,75 ™

u; (0) szi6ij .

OIIopel  OTIIOPOB  3€MIISIHOTO IIOJIOTHA IO W p
CpelHel W KpailHeW InalaMHu IPHUBEAECHBI COOT- a) | e X X%
BETCTBEHHO Ha puC. 6, 6 M puc. 7, 6.

MaxkcuManbHble HOpMaJlbHBIC HAIMpPSHKEHUS Ha c2elclclelc|clelepn
MOBEPXHOCTH 3E€MIISIHOTO IIOJIOTHA IIOJ CpeaHei
LITTAI0H COCTABUINA o, =0,141 MIla. Makcu-

Pt

1 Xg Ry Xg Xg

MajlbHbI€ KacaTelbHblE HANPsKEHUS B IPYHTE CO-
crapui T, =0,0115 MIlla. IIpunas B xauecTBe

KpHUTEepHsl TPOYHOCTH ycioBue KyioHa, npu jaH-
HBIX  XapaKkTePUCTHKAX  TPyHTa,  IOJYyYHM
=0,03 MIla. ComocTaBicHHE paCUETHBIX

051
L0587

Tnpe() 1
x10™ MH/m

HanpspKEHUH ¢ HOPMAaTUBHBIMU TIOKa3bIBAET BbI-
IOJIHEHUE YCIIOBUS MPOYHOCTHU 3E€MIISHOIO IIOJIOT-
Ha )KeJIe3HOJOPOKHOTO My TH. Puc. 7. PacueTHas cxeMa KkpaiiHell mnaisl 1 3mopa

OTIIOPa OCHOBHOM IJIOIIAAKK 3€MJISTHOTO MOJIOTHA

Fig. 7. Design diagram of the last sleeper of resistance
epure of the basic subgrade
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3AJIIBHMYHA KOJIIA

Hay4yHnasi HOBU3HA ¥ MpaKTHYeCKasi
3HAYUMOCTh

Pa3paboran wmerom pacuyera HampSKEHHO-
1e(OPMUPOBAHHOTO COCTOSIHUS 3€MJISTHOTO MOJIOT-
Ha JKEJIE3HOJOPOKHOIO IIyTH IIPU Y4YETE UX COB-
MEeCTHOH pabOTHl Ha OCHOBAaHWU OCECUMMETPHY-
HOM cTONOYATOW MOJENH TPYHTOBOTO OCHOBAaHHSA,
KOTOPAasl YYUTBIBAECT TAKUE BaXKHbIE CBOWCTBA pe-
aJIbHOTO TPYHTOBOIO OCHOBAHUS, KaK OIpPaHUYEH-
Has paclpenelnuTelIbHas CIOCOOHOCTh, KOHEY-
HOCTB 30HBI JIe)OPMHUPOBAHUS U HEOAHOPOTHOCTD
(cmouctocts) Mo rayOMHEe ocHOBaHuUA. llpu 3TOM
NPEAJIOKEHHBIA alITOPUTM TMO3BOJISIET OMPEEISATh
KakK IMepeMEelIeHUs] OCHOBAHUS, TaK U €ro Hamps-
JKEHHOE COCTOSIHUE, YTO, B CBOK O4Yepelb, [103BO-
JII€T OUEHUTh €ro MPOYHOCTh MPHU IPOCKTHPOBA-
HUU KEJIE3HOIOPOKHOTO IMyTH.

IIpuBeneHo panbHEHIIEE pPA3BUTHUE OCECHM-
METPUYHOU CTOJIOYATOM MOJEIM TPYHTOBOTO OC-
HOBaHUA.

Pa3paboran anroputm pacuera BEpXHEro CTpo-
€HUS U 3EMIIIHOIO IIOJIOTHA KEJIE3HOIOPOXKHOTO
ITyTH TIPA y4eTe UX COBMECTHON pabOTHI.

B xauecTBe MaremaTrnyeckol MOAEIH TPYHTO-
BOTO OCHOBaHHMS TPHHATA OCECHMMETpPHYHAS
cronmbyarasi MoOZeNb, KOTOpas YYUTHIBAET TaKHe
Ba)KHbBIC MapaMeTpPhl IPYHTOBOTO OCHOBAHHS, Kak
OIPaHUYEHHYI0  PACIpPeAEIUTENbHYI0  CIOCO0-
HOCTb, KOHEYHOCTH TOJIIMHBI Je(hOPMUPOBAHU
IO TITyOHHe.

BriBoabI

B nannoif paboTte ocecHMMeTpHUYHAS CTOJIOYA-
Task MOJIEIb Pa3BUTa HA CIOUCTOE (HEOTHOPOIHOE
0 TIIyOMHE) OCHOBaHKE, KOTOPOE OOJIBIIIE OTBEYA-
eT peasbHOCTU. CleayeT OTMETHTh, YTO OCECHM-
MeTpU4Has cTon0Yaras MOJAENb MO3BOJSET OIpe-
JeJISTh KaK NEpPEeMEIICHUS OCHOBAaHUA, TaK U €ro
HaIpsKEHHOE COCTOSIHHE, YTO, B CBOIO O4YEpeb,
MO3BOJISIET OLICHUTh €r0 MPOYHOCTh HPU MPOEKTHU-
POBaHUU KEJIE3HOAOPOKHOTO MY TH.

B nmanphelimem 1menecooOpa3HO pa3BUTH pac-
CMOTPEHHBIA AJTOPUTM Ha JEWUCTBUE JUHAMHUYE-
CKOIO0 HAarpyXeHus, TaK Kak IMOe3QHasl Harpys3ka
MpU ABMXKCHUH MOABUKHOTO COCTaBa IPEIICTaBIIsS-
€T co00H UIMEHHO TMHAMHYECKYIO Harpy3Ky.
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3AJIIBHMYHA KOJIIA

YPAXYBAHHA HEOJHOPITHOCTI BEMJIAAHOI'O IIOJIOTHA
SAJIIBHUYHOI KOJIII ITPU BUBHAYEHHI NOI'O HAIIPY KEHO-
JAE®OPMOBAHOI'O CTAHY

Mera. 30impIIeHHS MIBUAKOCTI pyXy # BaHTAXOMIAWHOMHOCTI TOTATIB MPH3BOOUTH 10 301NBIICHHS
HAaBAaHTa)XCHHS HA 3aJi3HWYHY KOJIIO 1, Y CBOIO Yepry, HaBaHTAXXCHHS Ha 3eMJIIHE MHONOTHO. Lle BHKIMKae
HEOOXITHICTh YTOUHEHHSI METOIB PO3PaxyHKYy SIK BEPXHbOI OYZOBH, TaK i 3eMJISIHOTO IOJIOTHA 3aJli3HUYHOI KOJIil.
Meroto poboTH € po3poOKa METOAYy BH3HAYEHHS HANpyKeHO-1e()OPMOBAHOTO CTaHY 3EMJITHOTO IIOJIOTHA
3aJTI3HUYHOI KOJIiT Ha MiZcTaBl BpaxyBaHHS 0OMEKeHOI pO3MOJUIBLHOT 34aTHOCTI, KIHIIEBOCTI 30HHU JAedopMariii mo
rMOMHI  3eMJSIHOTO IOJIOTHA 1 Horo HeomHopimHocTi. Meroamka. Ha migcraBi  3mimaHoro Mertomy
b. H. Xemouxkina, 3rifHo 3 SKUM JIiHiCHY KPUBOJIHIHHY €HIOPY BIINOPY HO HYDKHIA MJIOIIMHI IIMaj 3aMiHIOIOTh
CTYIIIHYACTOI0, PO3TJISIHYTA CIUIbHA PoOOTa PEHKO-IINANBHOI PEIIiTKA M 3eMJITHOTO MOJIOTHA 3aJi3HIMYHOI KOJIil.
PesyabraTn. OTprMana po3BHTOK BiCECHMETPHYHA CTOBITYACTA MOJENb IPYHTOBOI OCHOBH, SIKa BPAaxOBYE TaKi
Ba)XKJIMBI 11 BIACTHUBOCTI, SIK 0OMEXEHa PO3MOAUTBHA 3aTHICTh, KIHIIEBICTh 30HHU JAcQOpMyBaHHA H HEOIHOPITHICTH
(mmapysaricts). Ha mincraBi muckperHoro meroxy JI. I1. BunokypoBa # BiceCHMETpHYHOI CTOBIYACTOI MOJEINI
TPYHTOBOi OCHOBM OTPHMAaHi pIBHSHHS IS TEPEMINICHb 1 HAampyKeHb IS i-TO IIapy OCHOBH. Y pe3yibTaTi
PO3B’s3aHHS CHCTEMH AM(EPEHLIAbHUX PiBHIHD AUCKPETHOTO METOJY YHCEIBHUM METOJOM, B IKOMY (QYHKIIT BiJ
MaTpHLb MPEJCTABISIOTh PSJaMy, BU3HAUCHI BEPTHKaJbHI M pajiaibHi MEepeMillleHHs IIapyBaTOi OCHOBH, MiCI
YOro BHM3HA4YEHI HOpPMaJIbHI W JIOTWYHI HampyXeHHs B ocHOBi. Peamizauis 3mimanoro merony b. H. JKemoukina
JIO3BOJISIE  BM3HAYMTH BIANOPY IO TMJOIMIBI IIMan Ta TMPOTMHM LEHTPAJIbHUX TMepepi3iB  OaoK-Iima.
HaykoBa nHoBHM3HA. Po3po0ieHuii MeToJ]] pO3paxyHKYy HampyKeHO-Ie(OpMOBAaHOTO CTaHy 3€MJISTHOTO MOJIOTHA
3aJi3HWYHOI KoJdii mpHW iX CHibHIH poOOTI Ha mifgcTaBi BicecMMeTpuuyHOI crToBmuactoi Mmozeni. [lpu 1pomy
BpaxoBaHi OOMeXeHa pPO3MOALIbHA 3JIaTHICTh, KIHLEBICTH 30HU Je(OpMyBaHHS W HEOMHOPIJHICTH MO TIIMOMHI
rpyHTOBOi OcHOBH. IIpakTHYHAa 3HAYMMicTh. OTpUMaHI Pe3yJIbTaTH JO3BOJIOTH MiABUIIUTH TOYHICTh PIllICHb Mij
4ac MPOEKTYBAHHS 3EMILIHOTO ITOJIOTHA 3ali3HMYHOI KOJIi, IO, Y CBOK 4Yepry, IpH3BeAe IO MiJBHIUNCHHS Il
HaIIMHOCTI i JOBTOBIYHOCTI.

Knrwouosi crosa: HanpyxeHO-nehOpPMOBaHHI CTaH; 3eMIISIHE IIOJIOTHO; 3aNli3HWYHA KOJIsl; HAIPy>KCHHS,
TIepeMIIIeHHs; OCiTaHHg
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THE SUBGRADE HETEROGENEITY CONSIDERATION OF A
RAILWAY TRACK WHEN DETERMINING ITS STRESS-STRAIN STATE

Purpose. Increase of the speed and train carrying capacity causes the increase in the load on the railway track
and, in turn, loads on the subgrade. This makes it necessary to clarify the calculation methods, both the upper struc-
ture and the subgrade of the railway track. The purpose of the paper is the development of a method for determining
the stress-strain state of railway subgrade on the basis of taking into account the limited distribution capacity, the
extremity of the deformation area along the subgrade depth and its heterogeneity. Methodology. Based on the
mixed method of B. N. Zhemochkin, according to which the actual curvilinear resistance diagram on the lower flat
of the sleepers is replaced by a stepwise one, the joint operation of the rail-sleeper grate and the subgrade of the
railway track is considered. Findings. The development of an axisymmetric columnar model of the subgrade is con-
sidered, which takes into account such important properties of the subgrade as the limited distribution capacity and
the extremity of the deformation area on heterogeneous (layered) base. Based on the discrete method of
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3AJIIBHMYHA KOJIIA

L. P. Vinokurov and the subgrade axisymmetric columnar model, the equations for displacements and stresses for i-
th foundation layer have been obtained. As a result of differential equation system solution of the discrete method by
a numerical method in which the functions of the matrices are represented by series, the vertical and radial dis-
placements of the layered base are determined, after which the normal and shearing stresses at the base are deter-
mined. The implementation of B. N. Zhemochkin mixed method allows to determine the resistance from the bottom
of sleepers and the deflections of the central sections of the sleepers-beams. Originality. Method for calculating the
stress-strain state of railway subgrade during their joint operation on the basis of an axisymmetric columnar model
has been developed. At this the limited distribution capacity, the extremity of the deformation area and the hetero-
geneity according to the depth of the base have been taken into account. Practical value. The results obtained make
it possible to increase the accuracy of design solutions in the design of the railway subgrade, which in turn, resulting
in increased reliability and service life of the railway track.
Keywords: stress-strain state; subgrade; railway track; stress; displacement; settling
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BJIUSIHUE MOJIUMEPHOM OCHOBBI HA CBOMCTBA
PE3MHOBOJIOKHUCTBIX KOMIIO3UTOB

Heanb. B nanHoit paboTe npennonaraeTcs UCCIEAOBATh BIMSIHUAE KaydyyKOB OOIIEro M CIEIHalbHOrO Ha3Haue-
HUS B KauecTBE MOJMMEPHON MaTPHUIIBI Ha )KECTKOCTHBIE, TPOYHOCTHBIE CBONCTBA PE3MHOBOJIOKHUCTHIX KOMIIO3UTOB
U UX COIIPOTHUBJIICHHE TEIIOBOMY CTapeHHI0. MeToanka. Pe3HOBOIOKHUCTEIE KOMIIO3UTHl M3TOTABIMBAJIN Ha OC-
HOBE KaydyKoB 0OIIero (M30NpEHOBbIH, OyTaJneH-CTUPOJIBHBIA, TUBHHWIOBBIA) W clenuaibHoro (OyraaneH-
HUTPWIBbHBIN) Ha3HAYCHUs. B KauecTBe apMUPYIONIMX BOJOKOH HCIIOIH30BANIHN TTOJUAMUIHOE, XJIOTIKOBOE U CTEKIIO -
BOJIOKHA. [ oOecredyeHust BBICOKOW NMPOYHOCTH CBA3HM APMHPYIONIMX BOJIOKOH C MaTPUIEH B PE3WHBI BBOAMIN
XUMHUUYECKHH MoAnGHUKaTOp M—(pEeHUICH—ONC—MaIenHIMUA. Pe3MHOBBIE CMECH M3TOTaBINBAIHN B PE3NHOCMECHUTEE.
BookHO B pe3nHOBYI0 MaTpuUIly BBOAWIM HA BaJbLiax MpH 3a30pe Mexay Baikamu 1,0—1,5 mm. B xoHue cMemenus
MOJYy4EHHYI0 CMeCh 3 pa3a MpoIlycKaiu depes 3a30p BanbleB 0,3—0,5 MM, He MEHss HalpaBICHHs BaJbIICBAHUS.
Bynkanu3aiuio 00pa3iioB MPOBOAMIM B THIPABIMYECKOM MPECCe ¢ MapoBbIM 000rpeBoM mpu Temmeparype 143 °C
U ONTHUMAJIEHOM BPEMEHHM BYJIKaHM3aLuH. {1 onpeneneHuss MOy s AKECTKOCTH PEe3NHOBOJIOKHUCTHIX KOMIIO3UTOB
npu Manbix nedopmanusix (5, 20 %) pacTskeHHs CHUMaIM Harpy304HYIO KPUBYIO (3aBUCHMOCThH Harpy3ku OT Je-
¢dopmarmun) aas o0pasina B BUAC JBYXCTOPOHHEH JiomaTku. 10 MoyydeHHON KPHBOH OMPEACISUIN HAMPSHKCHHE
B 00pa3ie, cooTBeTcTBYIOIEee Aedopmain. TemnIoBoe cTapeHue BYJIKAHU3aTOB OCYIIECTBISUIM B BO3AYIIHOM Tep-
moctare nipu 120 °C B Teuenue 96 yacos. Pe3yabrarsl. [lokazano, 4To apMUpoBaHHE KOPOTKUMHU BOJIOKHAMU pe-
3MH Ha OCHOBE Kay4yKOB HE TOJBKO OOIIEro, HO M CHEIHaIbHOTO Ha3HAUYEHHS MO3BOJIET 3HAYMTENIHHO TOBBICHTH
MX )KECTKOCTHBIE CBOMCTBA M CONPOTHBIICHHE TEIUIOBOMY CTAPEHHIO IPH COXPAaHEHUH HEOOXOANMOTO YPOBHS MPOY-
HOCTHBIX XapaKTEpUCTHK. MakCUMalbHBIE JKECTKOCTHBIE XapaKTEPUCTUKU PE3UHOBOJIOKHHCTBIX KOMIIO3HTOB J0-
CTHTAIOTCSI IPU NMPUMEHEHNH KOMOWHAINK apMHUpyomuX BojokoH. Hayynasi HoBu3Ha. Briepsrle Obuta rmoxaszaHa
BO3MOXKHOCTh CO3JIaHHSI PE3MHOBOJIOKHHUCTBIX KOMITO3UTOB Ha OCHOBE OyTaIMeH-HUTPUIBHOM 3J1aCTOMEPHOH Mat-
PHIIBI ¢ BBICOKMMU MOKA3aTEIsIMH JKECTKOCTHBIX, IPOYHOCTHBIX CBOMCTB, a TAK)KE CONPOTHUBIICHUS TEIJIOBOMY CTa-
pernto. IIpakTnyeckasi 3HaYMMOCTb. [loydeHHBIE pe3ynbTaThl OTKPBIBAIOT MEPCIEKTUBHI pa3paboTKu MaTepua-
JIOB JUIS IIEBPOHHBIX YIJIOTHUTEIEH M APYTHX KOHCTPYKIIMOHHBIX 3JIEMEHTOB, I'/leé HEOOXOIMMBI BHICOKHE ITOKa3a-
TEJIU HE TOJIBKO ’KECTKOCTHU U TEIJIOCTOMKOCTH, HO U MacJIOCTOMKOCTH.

Kniouesvie cnosa: pe3sMHOBOJIOKHUCTBIE KOMIIO3UTHI, MOJMMEpPHAas MaTpHlla, OyTalueH-HUTPUIBHBIM Kaydyk;
KECTKOCTHBIE CBOWCTBA; COIIPOTHUBIIEHNE TEIUIOBOMY CTapeHHUIO

BBenenue a TaKKe CHU3UTH TEIUI000pa30BaHWE, ONTHMHU3U-
pys rucrepesucHsie cBoiicTsa [4]. OqHako 3TH Hc-
CIIEIOBAaHMUS TPENyCMATPHBAIOT  ONTHMH3AIIIO
IIMHHBIX PE3WH, MO3TOMY B Ka4eCTBE MOJIMMEPHON
MaTpHIIBl UCTIOJIB30BaHbl KaydyKd OOLIero HazHa-
yennst (HK, CKU u ero kom6unanms ¢ bCK).
Bwmecre ¢ Tem Kaydykd CHENUaJbHOTO Ha3HA-
YeHus1, 00JIaAaouIne psiioM YHUKaJIbHBIX CBOMCTB,

Co3naHne KOMIIO3UTHBIX MaTE€PUAIIOB SIBJISIETCS
HauOoJIee MEPCIIEKTHBHBIM HAlpPaBJIEHUEM COBpE-
MeHHOTO MatepuaioBenenus [10, 11]. Taxk,
HarpuMmep, apMHUPOBAHHE PE3MH KOPOTKUMH BO-
JIOKHAMHU TTO3BOJIMJIO 3aMETHO YBEIIUYHTH JKECT-
KOCTh Marepuana [8, 9], ero TemmocToHKOCTS,
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TaKXe MPECTABISIIOT WHTEpEC AJISi CO3JaHus pe-
3MHOBOJIOKHHCTBIX KOMIIO3UTOB, HAaIIpUMeEp, Kak
MaTepuana AJid IIEeBPOHHBIX yIuioTHeHuid. IlleB-
pPOHHBIC YIUIOTHEHUs [6] HIMPOKO HCMOIB3YIOT
B MAalIMHOCTPOCHHWH, XMMHYECKOH, (hapMareBTu-
gecko W HedTenepepadaTHIBAIONICH TPOMBIII-
JEHHOCTH. WX yCTaHaBIMBAIOT B IUTYH)KEPHBIX
Hacocax, U3MEPUTENILHBIX PUOOpax, THApaBINYC-
CKMX LWIMHIAPAaX W BPAINAIOIIMXCA MEXaHU3MaXx.
PesxxuM paboThl Takux AeTaliell ompeaensieT KecT-
KHe TpeOOBaHMs K MaTepHaly Uil WX H3TOTOBIIE-
Hus. OH 1omKeH 00aaaTh, HapAIy ¢ JOCTaTOYHOU
MIPOYHOCTBIO, BBHICOKOH >KECTKOCTBIO U COIPOTHUB-
JICHHEM TeIUIOBOMY crapeHHio. M3BecTHa pabora,
OIMCBHIBAIOIIASL PE3MHOBOJIOKHUCTHIE KOMITO3HTHI
Ha OCHOBE OyTaJNeH-CTHUPOJBHBIX KaydyKOB, OJI-
HAKO CBOMCTBa MMpEACTAaBJICHHBIX TaM KOMIIO3UMTOB
HE OTBEYAIOT HEOOXOAMMBIM TpeboBaHHsAM [5].
Kpome Toro, ecim ymjaoTHUTENb KOHTaKTHPYET
C MacJIaMH, HEMaJIOBa)KHOE 3HaUeHUe MprodperaeTt
MacJIOCTOMKOCTh MaTepuaia. OJTUM KauyeCTBOM
B ropaszio OoJbIIeH CTENEeHH, YeM PEe3UHbI Ha OCHO-
BE Kay4dyKOB OOIIEero Ha3Ha4YeHWs, 00Iaar0T pes3n-
Hbl Ha OCHOBE HUTPWIBHBIX KaydykoB. OHaKO pa-
60T, IMOCBAIICHHBIX HCCIICA0OBAHUIO HUTPUIIBHBIX
pe3uH, apMUPOBAHHBIX BOJIOKHAMHM, KpaiHE MaJo.
[peanpuHUManack NONBITKA HAMOJIHATH JJIACTOME-
PBI Ha OCHOBE HUTPUJIBHBIX KAy4yKOB OYEHb MaJIbl-
MM KOJIMYECTBAMH YTJIEPOJHBIX BOJIOKOH [3, 7], HO
3aMeTHOTO A deKTa ITO He AaJj0.

Hean

OCHOBHO# 1eNbI0 JaHHOW pabOTHl SBISAETCS
WCCIIEIOBAHNE CBOMCTB PE3NHOBOJIOKHHUCTBIX Ma-
TEpUAJIOB HA Pa3JIN4YHON IIOJUMEPHOU OCHOBE.

MeTtoauka

Brun mccnenoBaHbl pe3nHBI HA OCHOBE Kaydy-
KOB OOILIETO ¥ CIIEIMaTbHOTO Ha3HAYEHHUs, COJep-
JKalllie Pa3IMYHbIe THUIBI BOJIOKHUCTBIX HATOIHH-
TeJei: TONMAMHIHOE U XJIOIIKOBOE BOJIOKHO KO-
POTKOH JUTHHEI (4—6 MM), a TaK)Ke CTEKIIOBOJIOKHO,
anmpeTUPOBAHHOE Y— aAMHHOIPOIMITPUITOKCHCH-
snanoM. HavanpHas mmHa crexsioBoiiokHa 90-110
MM, OJTHAKO B MPOLIECCE U3TOTOBIEHUS PE3HMHOBO-
JIOKHUCTBIX KOMITO3UTOB [UIMHA CTEKJIOBOJIOKHA
ymeHbIraercst 10 1-3 mm. CBOWCTBa KOMITO3UTOB
B 3HAYUTENBHON CTEINEHU ONPECNISIOT YPOBHEM
aJiIre3uu KOPOTKHUX BOJIOKOH K pesune [12]. B ka-

yecTBe MOAM(DUKATOPa, 00ECIEUNBAIONIIETO BHICO-
KyI0O TPOYHOCTH CBSI3UM apPMHUPYIONINX BOJOKOH
C AJIaCTOMEPHOM MaTpullel, B KOMIIO3UThI BBOIUIIN
M—penmnen—ouc—manenuumun [1]. Pesunsr co-
JepKaId TakKe cepy, YCKOPHUTENH BYIKaHU3AIUN
Y HarmoHuTeNu. s moBsImeHus 3 GeKTHBHOCTH
M—(peHWICH—OUC—MaJICHHUMUAa B  PE3UHOBYIO
MAaTpHITy BBOIMJIN cTeapaT HaTpus [2].

M3roroBiieHre pe3WHOBBIX CMECe MPOU3BOAU-
JI1 B PE3MHOCMECHUTEIIE, a apMUPYIOILIUE BOJOKHA
BBOJMIIM Ha BaybllaXx. HeoOxoaumo ObuTo oOecte-
YUTHh HANPABJICHHOE, a HE XaOTHYHOE PaCIOI0XKe-
HHE BOJIOKOH B KOMITO3UTE. JTO OBLIO TOCTUTHYTO
peXuMoM BasblieBaHus. BonokHa nepemenuBanu
C PE3MHOBOM MaTpuLEll Ipu 3a30pe BaJbLEB
1,0-1,5 mM. B KkoHIle TIepeMeNInBaHUS TTOyICH-
HBIM KOMIO3UT 3 pas3a MpOITycKalld 4Yepe3 3a30p
BanepileB 0,3-0,5 MM, He MeHSI HaIpPaBICHUI
BaJIbIICBAHMS.

[ony4yennsle 0Opa3ibl BYIKAaHU30BAIU B THI-
paBIMYECKOM TIpecce € MapoBBIM O00OTPEBOM.
Temneparypa Bynakanuzanuu 143 °C.

KectkocTHbIE CBOICTBA PE3MHOBOJIOKHUCTHIX
KOMITO3UTOB OMNPEIENIAIN 10 MOJAYJIO KECTKOCTH
mpu 5 u 20 % nedopmarmu pactsokeHus. s 3To-
0 CHUMaNHd KPUBYIO 3aBUCUMOCTH HAarpy3Kd OT
nedopmaru Juis odpasiia B BHJIE JBYCTOPOHHEH
JIONIATKH, U IO IOJYYEHHOW KPHUBOW OIpeeIsiv
HaIpspKeHUe B 00pasiie Ipy JaHHOU JiehopMaIivii.

s TeruioBoro crapeHus 00pasIoB HCIIONB30-
BaJIM BO3YILIHBII TEPMOCTAT.

Pe3yabTarbl

Pe3rHOBOIOKHUCTBIE KOMIIO3HUTHI, CO3/aHHBIE
Ha ocHOBe couetanus noiaumepos CKN-3 + BCK
+ CKJI (60 + 30 + 10), BCK (100) u BCK + CKJ
(70 + 30), obOmagany BHICOKUMHU MPOYHOCTHBIMHU U
JKECTKOCTHLIMH CBOMCTBaMH. BBeneHue BOJIOKOH
MO3BOJIMJIO TOBBICHTH MPOYHOCTh Marepuana Ha
5-60 % mo cpaBHEHHIO C MOJUMEPHON MAaTPHIIEH.
KecTrocTh ke MaTepmalia BBIPOCIA TOPa3No Cy-
mectBeHHee. CBoiicTBa MaTpull U KOMITO3UTOB
MpUBEICHBI B Ta0m. 1.

ComocraBuTenbHAas OLEHKA CBOMCTB PE3UHOBO-
JIOKHHACTBIX KOMIIO3UTOB HA OCHOBE MAaCJIIOCTOMKHX
kayuykoB Mapok CKH-18 m CKH—40 mnokasana
npenmyiiectBo kayuyyka CKH—40.

Beuto mccieoBaHo Takke BIMSHEE COATCHTOB
pa3IM4YHON MOPUPOJBI HAa CBOMCTBA KOMIIO3UTOB.
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YCTaHOBICHO, YTO ONTHMATbHBIA KOMIUIEKC MPOY-
HOCTHBIX M JXECTKOCTHBIX CBOMCTB PE3HHOBOJIOK-
HHUCTBIX KoMmIto3uToB Ha ocHoBe CKH—40 mocrura-
€TCsSl TMPU BBEACHHUU TIEPEeKHCH TuKymuia. Kpome
Toro, komrno3utel Ha ocHoBe CKH—40 nmeror cy-

LIECTBEHHOE MPEUMYIIECTBO TEepell KOMIIO3UTAMH
Ha OCHOBE KaydyKOB OOIIEr0 Ha3HAYECHUS MO CO-
XPaHEHHIO CBOMCTB B YCIIOBUSX JUIMTEIBHOTO CTa-
peHus pu BeICOKOi Temmepatype (120° X 96 yac).
[ToryueHHble TaHHBIE TIPEACTABICHBI B TA0MI. 2.

Tabnuma 1
BiiMsiHMe THIIA Kay4YyKa HAa CBOICTBA Pe3HHOBOJIOKHHUCTBHIX KOMIIO3UTOB
Table 1
Influence of the rubber type on the properties of rubber-fiber composites
ITonumepHas ocHoBa!
CKH-3 60 - -
CKMC-30 APKM-15 30 100 70
CKI 10 - 30
CaoiicTBa MaTpHIIBL:
IIpounocts cBs3u o H-meToxy ¢ kopaom 23 k cyp, kH/m 13,0 17,7 18,8
YcnoBHoe HanpspkeHue npu yymmaenuu 300 %, MIla 11,8 7,1 7,0
VYcoBHasg NpOYHOCTH NpH pacTshkeHnu, Mlla 20,4 16,4 15,0
OTHOCHUTENBHOE yATMHEHUE IIPH Pa3peIBe, Yo 490 610 560
Comnpotusienue pa3aupy, kH/m 67 69 -
Caoticta komMmo3uToB (10 00. % I1A BoJOKHA):
Mopaynb xectkocTy ipu 5 % ynnunenus, MlIla 79,0 90,6 108,5
Mopnyns xectkoctu ipu 20 % ymmHenus, MIla 61,3 69,2 90,4
YcroBHAsS IPOYHOCTH MPH pacTshxeHnu, MIla 21,5 24,2 24,4
OTHOCHUTENBHOE yATMHEHUE IIPH Pa3peIBe, %o 43 44 32
Tabnuma 2
CBoiicTBa pe3HHOBOJOKHHCTHIX KOMNO3UTOB Ha ocHoBe CKH—40
Table 2
Properties of NBR-40 rubber-fiber composites
CBolicTBa MaTpHLIBIL:
[Tpounocts cBs3u o H-metony ¢ kopaom 23 k cyp, kH/m 14,8
YcnorHoe Hampspkerue npu yuiuHenun 300 %, MIa 9,8
YcroBHAS POYHOCTH MPH pacTshkeHnu, MIla 20,1
OTHOCUTENBbHOE YAJIMHEHHE MIPH pa3pbiBe, %o 580
Cgoiicta kommo3uToB (10 00. % ITA BomokHa)
Monyns xkecTtkocTd ipu 5 % ymmaenun, MIla npu =H. y.
nocnue crapenus 1200 x 96 uac 94,0
Monayns xkectkoctu npu 20 % ynnunenun, MIla npu n,y. 127,0
nocie ctapenust 1200 x 96 yac 147
VYcnoBHas npouHOCTh NpH pacTskeHnu, MIla npu H.y. 110,4
nocie ctapenust 1200 x 96 yac 237
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[poxoBxkeHHs TabuI. 1

Continuation of Table 1

OTHOCHUTENBHOE YAJIMHEHNE NIPH Pa3pbiBe, %o
mocie craperns 1200 x 96 gac
Haxoruienne oTHOCHTEIBHON OcTaTOYHOM Aedopmarmu ipu 20 % coxatus

mocye craperus 1500 x 24 gac

[IpencraBnsyio HHTEpeC HCCIEI0BaTh BO3MOXK-
HOCTH JANBHEUIIIET0 TOBBIMICHUS >KECTKOCTHBIX
XapaKTEepUCTUK MaTepuana. YBEIHYeHHE KECTKO-
CTH OBLIO JOCTUTHYTO JBYMS IIyTSMH:

— TIOBBIIIEHUEM KOHIICHTPAIIMA TEXHUYECKOTO
yTIepoaa;

296
43
23
13

— BBEJICHHEM BOJIOKOH C BBICOKHM MOZYJIEM
JKECTKOCTH (XJIOTIKOBOTO M CTEKJIOBOJIOKHA) JO-
MONHUTENBHO K ITA BoJIOKHY.

Pe3unnl usroraBnmuBanu Ha ocHoBe 100 M. 4.
BCK u 100 m. u. CKH — 40. IToy4eHHbIe pe3yib-
TaThI IPEJICTABIIEHBI B Ta0M. 3 1 4

Ta6numa 3
BiansiHde THIIA HATIOJIHATEJISI HA CBOCTBA PE3HHOBOJIOKHHCTHIX
KoMII03uTOB Ha ocHoBe BCK
Table 3
The influence of the type of fillers on the properties of styrene butadiene
rubber-fiber composites
Hanonuutenu

11324, m. 4. - 50 60 70

11234, m. u. 50 — — -

ITA BosokH0,00 % 10 10 10 10

XJ10MKOBOE BOJIOKHO,00 %0 - - 20 -

CBoiicTBa MaTpHIIBL:

[pounocts cBs3u o H-metoxy ¢ kopaom 23 k cyp, kH/m 17,7 — 13,1 16,1
VYcnoBHoe Hanpspkenue npu yanimHeHuu 300 %, Mlla 7,1 10,4 13,3 13,6
VYcnoBHast MPOYHOCTH MPH pacTshkenun, MIla 16,4 16,3 18,0 15,8
OTHOCHTENBHOE yIIHHEHHUE IIPH Pa3phIBe, %o 610 490 390 340

Comnporusienue pa3aupy, kH/m 69 65 57 62

CBoliCcTBa KOMIIO3UTOB:

Mopynb sxxectkoctd ipu S % ynnunenus, Mlla 90,6 87,9 130,9 92,6
Moayinb xectkoctu ipu 20 % yanunenus, MIla 69,2 77,9 73,9 78,8
YcnoBHas IPOYHOCTH TIPH pacTsbkenuu, MIla 24,2 22,2 18,6 20,3
OTHOCHTENBEHOE YIUTHHEHHUE TIPH pa3peiBe, % 44 31 22 34

Kak cnenyer u3 nmpuBeleHHBIX JAHHBIX, YBEIIH-
YeHHEe KOHLEHTPAUU TEXHUYECKOT0 yriepoja A
PE3MHOBOJIOKHUCTHIX KOMITO3UTOB Ha ocHoBe CKH
—40 ¢ 50 7o 70 M. 4. MOBHIIIAET MOIYJb KECTKO-
CTH MaTepHuaia npumepHo Ha 15 %. Hanbonee BbI-
COKHE KECTKOCTHBIE XapaKTEPUCTUKH KOMIIO3UTOB

(xax Ha ocHoBe CKH—40, tak u Ha ocHOBe BCK)
JIOCTUTAIOTCS TPU NPUMEHEHUH KOMOWHAIMHM BO-
JIOKOH TIOJIMaMHUHOTO M XJIOMKOBOro. B aTtom ciy-
gae MOJYJb KECTKOCTH YIAJIOCh TOBBICUTE Ha 30—
40 %, ipu 3TOM IPOYHOCTHEIE CBOCTBAa MaTepHa-
Jla OCTAIOTCS Ha JOCTATOYHO BHICOKOM YPOBHE.
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Ta6bnuna 4
BiansiHue THIA HATIOJTHATEJIEH HA CBOICTBA PE3NHOBOJIOKHHCTHIX
KoMmo3utoB Ha ocHoBe CKH-40
Table 4
The influence of the type of fillers on the properties
of NBR-40 rubber-fiber composites
Hanmonuurenu:
11324, m.u. 50 70 50 50
ITA BosokHO, 00 % 10 10 10 10
XJI0MKOBOE BOJIOKHO, 00 % - - 20 -
CTeKII0BOJIOKHO, 00 % — - — 10
CBoiicTBa MaTpHIIBL:
IIpounocts cBsi3u mo H-metony ¢ kopaom 23 k cyp, kH/m 14,8 11,9 12,2 11,8
VYcnoBHoe Hanpspkenue mpu yanuaenuu 300 %, Mlla 9,7 — 11,8 11,0
VYcnoBHast MPOYHOCTH MPH pacTskeHun, MIla 20,1 19,0 20,5 19,0
OTHOCHTENBHOE yIIHHEHHE IPH Pa3phIBe, %o 580 280 480 490
Comportusnenue pa3gupy, kH/m - 59 61 58
CBolicTBa KOMIIO3HTOB:
Monyns sxxectkocta ipu 5 % ymmaerns, MIla 94,0 119,3 124,2 104,0
Monaynp xectkoctu nipu 20 % yanunenus, MIla 74,7 106,2 83,0 79,4
VYcnoBHas MPOYHOCTH IPpH pacTsokernd, MIla 23,7 27,9 19,4 19,5
OTHOCHTENBHOE yIIHHEHHUE IPH Pa3phIBe, %o 43 30 30 34

Haquaﬂ HOBU3HA U MPAKTHYECCKas]
3HAYUMOCTDb

BriepBeie ycTaHOBI€HAa BOBMOXKHOCTD CO3JaHUS
PE3MHOBOJIOKHHUCTHIX KOMIIO3UTOB HAa OCHOBE Mac-
JIOCTOMKOTO0  OyTaJueH-HUTPUIIBHOTO  KaydyKa
mapku CKH-40, o6magarommx ONTHMAaIbHBIM
KOMILIEKCOM JKECTKOCTHBIX, MIPOYHOCTHBIX
CBOICTB M CONPOTHBICHHEM TEIUIOBOMY CTape-
HMIO. DTO JIaeT BO3MOXKHOCTh CO3JaBaTh KOMIIO3H-
[IMOHHBIE MaTEPUANBI I MACIIOCTOHKUX HIEBPOH-
HBIX ymioTHeHW. Kak mpaBwio, IeBpOHHEIE
YIUIOTHEHUS apMHUPYIOT OOpPE3WHEHHBIMU TEXHU-
YEeCKHMMHU TKaHIMHU JUIs1 oOecledyeHuss HeoOXOIu-
MO K€CTKOCTH. Pe3MHOBOIOKHUCTHIE KOMIIO3HUTEI

MO3BOJIAIOT OTKa3aThbCA OT TKAaHCBBIX IIPOCIIOCK,
3aME€THO CHHU3HMB, TCM CaMbIM, TPYJOCMKOCTb HU3I0-
TOBJICHUSA IIEBPOHHBIX yr[J'IOTHeHPIﬁ.

BrIBoabI

[TokazaHo, YTO BBEAEHHE BOJIOKOH DPA3INYHOMN
MPUPOABI B MOJIMMEPHYIO MAaTPULLy HA OCHOBE Kay-
YYKOB HE TOJBKO OOIIEro, HO M CIELHaIbHOTO
Ha3HA4YeHHs TO03BOJISIET 3HAYUTENBHO IIOBBICHTH
JKECTKOCTHBIE CBOICTBa MaTepuajia U €ro Cormpo-
TUBJICHHE TEIUIOBOMY cTapeHuto. CylecTBEHHO
B)KHBIM SIBIISIETCS TOT (aKT, YTO MPH 3TOM yAaeT-
Csl COXPaHUTh HEOOXOIUMBIH YPOBEHb MPOYHOCT-
HBIX XapaKTepUCTUK MaTepuaa.
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BIIJIUB MOJIMEPHOI OCHOBU HA BJIACTUBOCTI
I'YMOBOJIOKHUCTHUX KOMIIO3UTIB

Mera. VY it po0oti mependadeHo JOCHITUTH BIUIMB KaydyKiB 3arajbHOTO Ta CIELIaTbHOTO MPU3HAYCHHS SK
MOJIIMEPHOi MaTPHUIl Ha >KOPCTKICHI BJIIACTHBOCTI, MIITHICTh TYMOBOJOKHHUCTHX KOMITO3HTIB Ta iX OIIp TEIUIOBOMY
crapinHio. MeToguka. ['yMOBOJIOKHUCTI KOMIIO3UTH BUTOTOBIBLIM HAa OCHOBI Kay4yKiB 3araibHOrO (i30MpeHOBUH,
OyTallieH-CTHPOIHHUM, IUBIHIIOBHN) 1 criemianbHOTO (OyTagieH-HITPHIIbHU) MpU3HAYeHHAS. SIK apMyBallbHI BOJIOK-
Ha BUKOPUCTOBYBAJIM TIOJIiaMiJiHe, OABOBHSHE Ta CKJIO - BOJOKHA. [l 3a0e3MeueH s BUCOKOT MIITHOCTI 3B 3Ky ap-
MyBaJIbHIX BOJIOKOH i3 MAaTPHIICI0 B TYMH BBOIWIH XiMiuHUI Moaudikatop M—peHiteH—Oic—Maneinimia. ['ymoBi
CyMillli BATOTOBJISUTH B TyMO3MilllyBadi. BoJIOKHO B TyMOBY MaTpHIIO BBOJWIN Ha BAIBLSX 33 3a30py MiXk BaJKaMu
1,0-1,5 mM. HampukiHii 3MillyBaHHSI OTPUMaHy CyMill 3 pa3u NpOIycKalu Kpi3b 3a30p BanbuiB 0,3-0,5 mm, He
3MIHIOIOYHM HaNpsSMKY BaJIbIFOBaHHs. BynkaHi3aiito 3pa3kiB MPOBOJMIM B TiJIPaBIidYHOMY Mpeci 3 mapoBUM 00irpi-
BOM 3a TeMrieparypu 143 °C Ta onTUMaJbHOTO 4Yacy ByJsikaHizauii. [yt BU3HaYEHHsI MOJYJIs JKOPCTKOCTI T'yMOBOJIO-
KHUCTUX KOMIIO3MTIB 3a Manux nedopmauiii (5, 20 %) po3TsaryBaHHs 3HIMaJIM HaBaHTAXYBalIbHY KPUBY (3aJiexk-
HICTh HaBaHTa)XeHHS BiJ Aedopmanii) s 3pa3Kka y BUIVISIlL ABOCTOPOHHBOI JIONATKU. 32 OTPUMAHOIO KPHBOIO BH-
3HaYaJi HANIPYTy y 3pasKy, MO BiAmoBimae nedopmarii. TermioBe crapiHHS BYJIKaHI3aTIB 3MiHCHIOBAIN B MOBITPS-
HoMmy Tepmocrtari 3a 120 °C npotarom 96 rogus. PesyapraTn. [lokasaHo, o apMyBaHHS KOPOTKUMH BOJIOKHAMH
T'yYM Ha OCHOBI Kay4yKiB HE TUIBKH 3araJIbHOTO, ajie i CIeliaJbHOr0 ITPU3HAYCHHS JJO3BOJISIE 3HAYHO IIBUILUTH X
YKOPCTKICHI BJIaCTHBOCTI I OMIp TEIUIOBOMY CTAapiHHIO 31 30epe’KeHHSIM HEOOXIIHOTO PiBHS MilIHOCTI. MakcHUMabHi
KOPCTKICHI XapaKTepUCTUKH I'YMOBOJIOKHHCTHX KOMIIO3UTIB JIOCATAIOTHCS B pa3i 3aCTOCYBaHHS KOMOiHamii apmy-
BaJIbHUX BOJIOKOH. HaykoBa HoBHM3Ha. Yriepie Oyia nokazaHa MOXJIMBICTh CTBOPEHHSI T'YMOBOJIOKHHCTHX KOMIIO-
3WTIB Ha OCHOBI OyTali€H-HITPMIBHOI €aCTOMEPHOI MAaTPHIll 3 BHCOKHMH ITOKa3HHUKAMH YXOPCTKOCTi, MIITHOCTI,
a TAKOX OMOPY TeIIOBOMY cTapiHHi0. IIpakTHYHa 3HaYMMicTh. OTpHMaHi pe3yNNbTaTH BiIKPUBAIOTH NEPCHEKTHBH
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PO3p0o0KH MarepialiB Uil MIEBPOHHUX YIIUIBHIOBAYIB Ta IHIIMX KOHCTPYKLIHHHUX €IEMEHTIB, A€ HEOOXiTHI BUCOKI
TIOKa3HUKH HE TUIBKU JKOPCTKOCTI M TEIUIOCTIMKOCTI, ajie i MacJIoCTIHKOCTI.

Kntouosi croea: TyMOBOJIOKHHCTI KOMIIO3UTH; TIONIMEpPHA MATPHUILL;, OyTadi€eH-HITPIIBHUNA KaydyK; KOPCTKICHI
BJIACTHUBOCTI; OIIip TEIUIOBOMY CTapiHHIO
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"Dep. «Chemistry and Engineering Ecology», Dnipropetrovsk National University of Railway Transport named after
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ORCID 0000-0001-7867-5380

INFLUENCE OF THE POLYMERIC BASIS ON THE PROPERTIES OF
RUBBER-FIBER COMPOSITES

Purpose. This study investigates the influence of common and special rubbers as a polymer matrix on the stiff-
ness, strength properties of rubber-fiber composites and their resistance to heat aging. Methodology. Rubber-fibre
composites were made on the basis of general (isoprene, styrene-butadiene, divinyl) and special (nitrile-butadiene)
rubbers. Polyamide, cotton and fiberglass were used as reinforcing fibers. To ensure high bond strength of the rein-
forcing fibers with the matrix, the chemical modifier m-phenylene-bis-maleimide was introduced into the rubber.
Rubber mixtures were made in a rubber mixer. The fibre in the rubber matrix was introduced on the rollers with
a gap between the rolls of 1.0 + 1.5 mm. At the end of mixing, the mixture was passed three times through the gap
of rollers 0.3 = 0.5 mm without changing the direction of rolling. Vulcanization of the samples was carried out in
a hydraulic press with steam heating at a temperature 143 °C and the optimum time of vulcanization. To determine
the stiffness modulus of rubber-fiber composites with small deformations (5%, 20%) of tension, the load curve was
received (strain deformation dependency) for the sample in the form of a double-sided blade. According to the ob-
tained curve, the tension in the sample corresponding to the strain was determined. Thermal aging of the vulcaniza-
tes was carried out in an air thermostat at 120 °C for 96 hours. Findings. The article shows that the reinforcement of
vulcanized rubbers based not only on common rubbers, but also on the rubbers of special purposes by short fibres
allows significantly increasing their stiffness properties and resistance to heat aging at maintaining the required level
of strength characteristics. The maximum stiffness characteristics of rubber-fiber composites were achieved by using
a combination of reinforcing fibres. Originality. For the first time, the possibility of creating rubber-fibre compo-
sites based on a nitrile-butadiene elastomer matrix with high rates of stiffness, strength properties, as well as re-
sistance to heat aging was shown. Practical value. The obtained results open the prospects for the development of
materials for chevron seals and other constructive elements where high rates of not only stiffness and heat re-
sistance, but also oil resistance were necessary.

Key words: rubber-fibre composites; polymer matrix; nitrile-butadiene rubber; stiffness properties; heat aging
resistance
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OPTIMAL ROUTE DEFINITION IN THE NETWORK BASED ON THE
MULTILAYER NEURAL MODEL

Purpose. The classic algorithms for finding the shortest path on the graph that underlie existing routing proto-
cols, which are now used in computer networks, in conditions of constant change in network traffic cannot lead to
the optimal solution in real time. In this regard, the purpose of the article is to develop a methodology for determin-
ing the optimal route in the unified computer network. Methodology. To determine the optimal route in the comput-
er network, the program model «MLP 34-2-410-34» was developed in Python using the TensorFlow framework. It
allows to perform the following steps: sample generation (random or balanced); creation of a neural network, the
input of which is an array of bandwidth of the computer network channels; training and testing of the neural network
in the appropriate samples. Findings. Neural network of 34-2-410-34 configuration with ReLU and Leaky-RelLU
activation functions in a hidden layer and the linear activation function in the output layer learns from Adam algo-
rithm. This algorithm is a combination of Adagrad, RMSprop algorithms and stochastic gradient descent with
inertia. These functions learn the most quickly in all volumes of the train sample, less than others are subject to re-
evaluation, and reach the value of the error of 0.0024 on the control sample and in 86% determine the optimal path.
Originality. We conducted the study of the neural network parameters based of the calculation of the harmonic
mean with different activation functions (Linear, Sigmoid, Tanh, Softplus, ReLU, L-ReLU) on train samples of dif-
ferent volumes (140, 1400, 14000, 49000 examples) and with various neural network training algorithms (BGD, MB
SGD, Adam, Adamax, Nadam). Practical value. The use of a neural model, the input of which is an array of chan-
nel bandwidth, will allow in real time to determine the optimal route in the computer network.

Keywords: computer network; optimal route; neural network; sampling; harmonic mean; activation function; op-
timization algorithm

shortest path on the graph used in modern routing
Introduction protocols cannot do this. One of the approaches to
solving routing problems in computer networks is
the use of neural network technology [8, 15-16].
For example, in [12] it is shown that with the help
of a neural network (NN) it is possible to find
a solution, close to the optimal, to the travelling
salesman problem and to find the shortest path on
the graph. In [3] for solving routing problems there

One of the main requirements for routing algo-
rithms is their rapid matching to an optimal solu-
tion, dictated by the need for their protocol realiza-
tion in real time in the conditions of continuous
change in the characteristics of network traffic,
topology and load of computer networks used in
the rail transport. Classic algorithms for finding the
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is studied the possibility of applying the following
neural networks: Multi Layer Perceptron; RBF
network; Hopfield network. It is established that
the most promising means for solving the routing
problem are the direct distribution neural network
and the Hopfield network, which are capable of
operating under conditions of dynamic change in
the topology of the computer network and the
characteristics of the data transmission channels
[1-2]. In particular, when using the Hopfield net-
work, additional research is required on the trans-
fer functions of the neurons and on the energy of
the neural network [18]. In [7], it was discovered
that the Hopfield network finds a satisfactory route
that differs from the optimal one by 7-8% in ave-
rage (in the case of more than 15 seats). The possi-
bility of using the Hopfield network to find the
shortest path on the route graph in the computer
network of railway transport is analysed [5-6]. In
[3], the use of the direct distribution neural net-
work created in MatLAB for the purpose of deter-
mining the route in a computer network of five
nodes was investigated. But the integrated comput-
er network of rail transport consists of a much
larger number of nodes, which requires additional
research. In particular, [20] proposed an intellectu-
al control subsystem with the use of network tech-
nology, [17] — a subsystem of prediction based on
a neural fuzzy network.

Purpose

To develop a methodology for determining the
optimal route in the unified computer network
based on the created software model «MLP34-2-
410-34» using the TensorFlow framework.

Methodology

A combined computer network that works on
different technologies can be represented as an
unoriented graph G (V, W), where V is the set of

graph vertices, the number of which is N, with
each vertex modelling a node (router) of the com-
puter network; W is the set of graph edges, the
number of which is M. Each graph edge is assigned
with a certain weight corresponding to the band-
width (the maximum amount of data transmitted
by the network per unit time):

C={c;}, (1)
where ¢; - bandwidth of the communication
channel between the i-th and j-th network nodes,

Mbps.

To solve the routing problem, it is necessary to
find the optimal path between the two routers as-
signed to the unified computer network. As an
example, we will consider a hypothetical computer
network whose structure is shown in Fig. 1

Let us introduce the array:

X ={x}, 2

— availability of traffic transmitted
within the network between the i-th and j-th
vertices. As a limit x; €{0.1}, i.e. the variable

takes value 1, if the traffic flows through the
channel (i, j); otherwise — 0.

As the criterion of optimality, the following
expression is supported:

mXinF-X, 3

where  x;

125000000
Gy
search for a path with the maximum bandwidth.
If there is no connection between the nodes of
the unified computer network, then cij=c;i=0
(hence, f; =).

where f , Which guarantees the

ij

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154443

© V. N. Pakhomova, I. D. Tsykalo, 2018

127


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancrnopty. BicHuk J[HiIponeTpoBchKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HMYHOTO TpaHcmopry, 2018, Ne 6 (78)

MOJJETIOBAHHA 3AJJAY TPAHCIIOPTY TA EKOHOMIKI

e E3
L. 3 / \
. \21 —
ifiifyy %§%*ié%i = E3 g3
a | \;g
ES
\18 23
11\\ 12 %3.\ ﬁ 26 27
E3 &3 iy E3-E3
A Nz

Fig. 1. Graph of router connections of unified computer network

Findings

Neural network as the main mathematical tool
for solving the problem. In the unified computer
network there are 30 routers and 34 communica-
tion channels. As an example, let us consider the
solution to the problem of determining the optimal
route between the nodes «12» and «1». Generally
between the indicated nodes there are 14 unique
paths.

Path 1: [12, 11, 13, 14, 15, 20, 21, 23, 1];

path 2: [12, 11, 10, 9, 8, 7, 6, 19, 2, 1];

path 3: [12, 11, 10, 9, 8, 7, 6, 5, 2, 1];

path 4: [12, 11, 10,9, 8, 7, 6, 5, 3, 2, 1];

path 5: [12, 11, 13, 14, 15, 16, 17, 18, 19, 2, 1];
path 6: [12, 11, 13, 14, 15, 20, 21, 22, 24, 26, 1];
path 7: [12, 11, 13, 14, 15, 16, 17, 18, 19, 6, 5, 2,

1];
path 8: [12, 11, 13, 14, 15, 16, 17, 18, 19, 6, 5, 3,
1];

path 9: [12, 11, 10, 9, 8, 7, 6, 19, 18, 17, 16, 15, 20,

21,23, 1J;
path 10: [12, 11, 10, 9, 8, 7, 6, 19, 18, 17, 16, 15,
20, 21, 22, 24, 26, 1];

path 11: [12, 11, 10, 9, 8,7, 6, 5, 2, 19, 18, 17, 16,

15, 20, 21, 23, 1];

path 12: [12, 11, 10,9, 8,7,6,5, 3, 2, 19, 18, 17,

16, 15, 20, 21, 23, 1];

path 13: [12, 11, 10, 9,8, 7,6, 5, 2, 19, 18, 17, 16,

15, 20, 21, 22, 24, 26, 1];

path 14: [12, 11, 10,9, 8,7,6,5, 3, 2, 19, 18, 17,

16, 15, 20, 21, 22, 24, 26, 1].

To solve the routing problem, we used the NN,
whose structure is shown in Fig. 2. To the NN in-
put, there is applied a vector of bandwidth of the
channels of the unified computer network X, which
characterizes its current state X = {xi}, where
i =1, .., m(m=34). For example, for NN, when
using the train sample of 1,400 examples, the
number of required neurons in the hidden layer is
estimated as follows:

) 34-1400
(1+log,1400) - (34 + 34)

<L<

34-(1220+1)-(34+34+1)+34

<

34 +34
Hence, 62 <L <1456.
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Output layer

Input vector Output vector

Fig. 2. Structure of multilayer NN

Sample preparation (preparatory stage). For-
mation of the sample is carried out according to the
fixed structure of the unified computer network
(see Fig. 1). The input vector X is constructed by
randomly generating channel bandwidth values
¢; » while these values are formed by a uniform

distribution onto the segments [100; 100,000,000].
The response vector Y is generated by calculating
the optimal path according to the Dijkstra algo-
rithm using the Python language of the Networkx
library (open source software library used to work
with graphs and networks).

The samples are constructed so that each of 14
unique paths is present at the same frequency. The
test sample has 700 examples, validation sample
has 700 examples, the first train sample has 140
examples (10 examples for each path), the second
train sample has 1,400 examples (100 examples for
each path), the third training sample — 14,000 ex-
amples (1,000 examples for each path), the fourth
train sample — 49,000 examples (3,500 examples
for each path).

All data is initially normalized to the range
from 0 to 1 by the formula:

X—min(X)

= — (4)
max(X) —min(X)

The structure of the resulting vector is as fol-
lows: Y =[yi2, Y126, Y120, Y1,23, Y219, Y23, Y25, Y2.4,
Y35, Y56, Y619, Y6,7, Y7.8, ¥8,9, Y910, Y1011, Y1112, Y1113,
V13,14, Y1415, Y1516, Y1520, Y1617, Y17,18, Y1819, Y2021,

Vo122, Y2123, V22,24, Y2425, Y2426, Y2627, Y2728, Y2930,
where y; €{0.1}, that corresponds to using or not

using the appropriate channel in the route.

Justifying the choice of modelling tools. To
solve the routing problem in the unified computer
network, the Keras library was selected using Ten-
sorFlow and Numpy in the Python programming
language [9-11, 13-14, 19].

Keras is an open neural network library in Py-
thon language capable of working on top of
Deeplearning4, TensorFlow and Theano, designed
for quick neural network deep learning experi-
ments.

TensorFlow is an open source software library
for machine learning. It is the second-generation
GoogleBrain machine learning system released as
open source software.

Numpy is an extension of the Python language
that supports large, multidimensional arrays and
matrices, along with a library of high-level mathe-
matical functions for operations with these arrays.

Python is an interpreted object-oriented high-
level programming language with strict dynamic
typing. High-level data structures, along with dy-
namic semantics and dynamic linking, make it at-
tractive for rapid development of applications, as
well as a tool for existing components. Python
supports modules and module packages, which
facilitates modularity and reuse of the code. Python
interpreter and standard libraries are available both
in compilation and in source form on all major
platforms. Python programming language supports
several programming paradigms, including: object-
oriented; procedural; functional; aspect-oriented.

Structure of MLP 34-2-410-34 software model.
MLP 34-2-40-34 software model, created for mo-
delling and research, consists of the main module
«Main» and the following classes: Generator,
MLPModel, NetworkX, Matplotlib, Keras.Model,
Metrics, Tensorflow. The main module «Mainy
provides the menu tasks: 1 — sample generation;
2 — neural network training; 3 — neural network
testing. «Generator» performs a sample preparation
in two modes: random (calculating the random
number of examples for each path, Fig. 3, a); bal-
anced (the same number of examples for each pos-
sible path, Fig. 3, b). For example, a sample of 140
examples in balanced mode takes 5 minutes, while
in random mode it takes less than one minute.
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a b

&) Figure 1 = B %)

Figure 1

Fig. 3. Generation of sample:
a —random; b —balanced

«MLPModel» creates a neural network of 34-2-
X-34 configuration (where X is the possible hum-
ber of hidden neurons) and performs the following
steps: training; testing; control on the correspond-
ing samples and their normalization.

«NetworkX» (standard class) builds a graph of
the computer network (Graph), calculates the exist-
ing paths between stations (all_simple_paths), the
path between the specified stations according to
the Dijkstra algorithm (bidirectional_dijkstra).

«Matplotliby (standard class) builds a pie chart
and histogram to show the ratio of the number of
examples for each path.

«Keras.Model» (standard class) performs com-
pilation in accordance with the given configuration
of the neural network (compile), represents the
standard functions (fit, predict) that are used during
the training and testing of the neural network.

«Metrics» performs the calculation of the pro-

bability of the optimal and of correct answers.

«TensorFlowy (standard class) is called by the
«Keras.Model» class when performing the appro-
priate calculations.

The overall structure of MLP 34-2-40-34 soft-
ware model is shown in Fig. 4

In order to be able to unambiguously compare
the NN models in two parameters — the probability
of optimal responses and the probability of correct
responses, we entered the value of the harmonic

mean, which is calculated by the following
formula:
_ 2poptpcor (5)
popt +pcor !

where p°® — probability of optimal responses,
p™" — probability of correct responses.
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Fig. 4. Structure of MLP 34-2-40-34 software model

follows:

which corresponds to the following connection of
routers in the network:1-23, 11-12, 11-13, 13-14,
14-15, 15-20, 20-21, 21-23. The resulting path is

shown in Fig. 5
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Fig. 5. The resulting optimal path consisting of channels:
12-11, 11-13, 13-14, 14-15, 15-20, 20-21, 21-23, 23-1

Study of the NN training effectiveness for dif- epochs for different numbers of hidden neurons:
ferent number of neurons in the hidden layer. The L:{62,410, 760,1110,1456}.
study on the NN model was performed using the
stochastic gradient descent algorithm (batch size
64) with Adam optimization (training speed
a = 0.001, inertia B, =0.9, RMSprop 3, =0.999,

decay =10") on 1,400 study examples, over 1,000

The results of the experiment are shown in
the Table 1. From the table it is clear that for the
train sample the best result of 0.99 is already
achieved with 410 neurons in the hidden layer.

Table 1
Study of NN for different number of hidden neurons

Number of hidden neurons 62 410 760 1110 1456

p"pt 0.77 | 0.99 | 0.99 0.99 0.99

Train sample e 081 | 0.99 | 0.99 | 099 | 0.992

H 0.79 | 0.99 | 0.99 0.99 0.99

po 055 | 052 | 051 | 052 0.51

Test sample p™ 0.71 0.7 0.69 0.7 0.71

H 0.62 0.6 0.59 0.6 0.59
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The NN training process is illustrated in the ob-
jective function-epoch dependency graphs for the
train and test samples in Fig. 6-10.
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Fig. 6. The 34-2-64-34 NN error-epoch dependency graph on samples:
a — train; b — test
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Fig. 6. The 34-2-410-34 NN error-epoch dependency graph on samples:
a —train; b — test
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Fig. 6. The 34-2-760-34 NN error-epoch dependency graph on samples:
a —train; b — test
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Fig. 6. The 34-2-1110-34 NN error-epoch dependency graph on samples:
a — train; b — test
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Fig. 6. The 34-2-1456-34 NN error-epoch dependency graph on samples:
a — train; b — test

Figures 6-10 show that all of the proposed NN
models feature re-training after the 200" epoch.
Since the NN model of 34-2-410-34 configuration
gives the best result for a relatively small number
of neurons, it is selected for further research as the
most promising one.

Study of the NN training effectiveness for vari-
ous activation functions and train sample sizes.
The efficiency of the 34-2-410-34 NN model is
studied for various neuron activation functions in
the hidden layer. The output layer has a linear acti-
vation function. The training was carried out using

the stochastic gradient descent algorithm (batch
size 64) with Adam optimization (learning speed o
= 0.001, inertia B,=0.9, RMSprop ,=0.999,

decay =10"°) for 1,000 epochs. Experiments were

performed for various activation functions in the
hidden layer (linear, sigmoid, hyperbolic tangent,
Softplus, ReLU, Leaky-ReLU o = 0.1; Table 2)
and for different train sample sizes (140, 1,400,
14,000 and 49,000 examples). The results of NN
modelling are given in Table 2-4, the NN training
process is illustrated in Fig. 11-14.
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Fig. 11. The MSE error-epoch dependency graph for train and test samples of 140 examples:

The study showed that NN training for Softplus  further training. In addition, one can see the attri-
and Sigmoid activation functions did not stop, and  butes of the NN re-training for Tanh and Softplus
it is possible to achieve greater accuracy during activation functions.

Table 2
Study of NN for various activation functions on train sample of 140 examples
Activation function Linear Sigmoid Tanh Softplus ReLU L-ReLU

p* 0.28 0.58 1 0.78 1 1
Train sample %" 0.32 0.61 1 0.78 1 1
H 0.3 0.6 1 0.78 1 1

p 0.07 0.17 0.03 0.1 0.16 0.16

Test sample e 0.11 0.29 0.05 0.18 0.25 0.28

H 0.09 0.21 0.04 0.13 0.19 0.2

The table shows that on the small volumes of in training data was shown by the activation func-
data the activation functions Sigmoid, ReLU and tions Tanh, ReLU, Leaky-RelLU, so they can be
Leaky-ReL U showed themselves the most success-  considered promising for larger sample sizes.
fully on the test sample. The best result of accuracy

0.120 0.170 &4 O tanh
\ * 0150 (O softplus
0.0800 \ 0.130 (O leaky-ReLU
0.0400 | \\ e p - O FRelt
:k \ 0.0900 () sigmoid
0.00 0.0700 (O linear
0000 3000 6000  900.0 0.000 200.0 400.0 600.0 800.0 1.000k

Fig. 12. The MSE error-epoch dependency graph for train and test samples of 1,400 examples.
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Table 3
Study of NN for various activation functions on train sample of 1,400 examples
Activation function Linear Sigmoid Tanh Softplus RelLU L-RelLU

p 0.2 0.98 1 0.99 1 1
Train sample pe" 0.24 0.99 1 0.99 1 1
H 0.22 0.98 1 0.99 1 1

p 0.19 0.53 0.06 0.3 0.46 0.46

Test sample p* 0.24 0.7 0.06 0.35 0.61 0.61

H 0.21 0.6 0.6 0.32 0.53 0.52

test sample. Except for the linear activation func-
tion, all functions have given maximum accuracy
on the training data.

The table shows that on the average data
volumes, Sigmoid, Tanh, ReLU and Leaky-RelLU
activation functions were most successful on the

Table 4
Study of NN for various activation functions on train sample of 14,000 examples
Activation function Linear Sigmoid Tanh Softplus RelLU L-RelLU

p™ 0.2 1 0.99 0.99 1 1
Trainsample | joor 0.24 1 0.99 0.99 1 1
H 0.22 1 0.99 0.99 1 1

p™ 0.19 0.66 0.57 0.61 0.76 0.74

Test sample p™r 0.24 0.78 0.63 0.67 0.86 0.83

H 0.21 0.71 0.6 0.64 0.81 0.79

The table shows that on the data volumes big- the test sample. Except for the linear activation
ger than the average, Sigmoid, ReLU and Leaky- function, all functions have given maximum accu-
ReLU activation functions were most successful on  racy on the training data.

0.0700 % O tanh
0.0600
O softplus
0.0600
0.0400 () leaky-ReLU
0.0200 0.0500 ¥ () RelU
v sigmoid
0.00 0.0400 . O 9
O linear
0000 3000 6000 9000 0.000 200.0 4000 600.0 800.0 1.000k
Fig. 13. The MSE error-epoch dependency graph
for train and test samples of 1 14,000 examples
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Table 5
Study of NN for various activation functions
on train sample of 49,000 examples
Activation function Linear Sigmoid Tanh Softplus RelLU L-ReLU
p* 0.2 1 0.96 1 1 1
Train sample p®" 0.24 1 0.96 1 1 1
H 0.22 1 0.96 1 1 1
po 0.19 0.81 0.8 0.76 0.83 0.85
Test sample p™" 0.24 0.86 0.84 0.8 0.9 0.9
H 0.21 0.83 0.82 0.78 0.86 0.88
O tnh
0.120 0.120 e
o () softplus
0.0800 0.0800 () leaky-ReLU
0.0400 0,0400 Gt
() sigmoid
0.00 - 0.00
| () linear
0.000 300.0 600.0 900.0 0.000 300.0 600.0 900.0

Fig. 14. The MSE error-epoch dependency graph for train
and test samples of 49,000 examples

The resulting NN of 34-2-410-34 configuration
with the activation function Leaky-ReLU (a = 0.1)
in the hidden layer and the linear activation func-
tion in the output layer after training with 49,000
examples for 1,000 epochs reached MSE value of
0.0024 on the control sample and in 86% deter-
mines the optimal path.

Originality and practical value

The NN of 34-2-410-34 configuration with ac-
tivation function Leaky-ReL.U (o = 0.1) in the hid-
den layer and with linear function in the output

layer was studied. Experiments were conducted for
various training optimization algorithms during
100 epochs for the sample size of 49,000 exam-
ples. The results of experiments are shown in the
table 6, the training process is illustrated in Fig. 15.

According to the results of experiments, it is
evident that the NN in the classical gradient de-
scent learns very slowly; the NN in the stochastic
gradient descent shows a significant improvement.
Adam, AdaMax and Nadam training algorithms
showed almost identical results.
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Table 6
Study of NN of 34-2-410-34 configuration by different algorithms
Algorithm BGD MB SGD Adam Adamax Nadam
opt 0 0.09 0.99 0.96 0.99
Train sample eor 0 0.1 1 0.97 0.99
H 0 0.1 0.99 0.96 0.99
p°pt 0 0.11 0.87 0.85 0.87
Test sample eor 0 0.12 0.92 0.9 0.92
H 0 0.11 0.89 0.87 0.9
0.450 \‘ 0.450 \. VRS Adam
0.350 0.350 () BGD
0250 0250 () MBSGD
0.150 0.150 ﬂ (") Adamax
00500 | N 00500 N o O Nadam

. -8
0.000 20.00 40.00 60.00 80.00 100.0

0.000 20.00

40,00 60.00 80.00 100.0

Fig. 15. The MSE error-epoch dependency graph for train
and test samples for different training algorithms

Conclusions

1. The routing problem in the unified com-
puter network is solved based on the developed
software model «MLP 34-2-410-34» using the Py-
thon language and the TensorfFow framework,
which allows generating the samples: train (140, 1
400, 14,000, 49,000 examples); test (700 exam-
ples); control (700 examples), as well as modelling
the work of the neural network and studying its
parameters.

2. Efficiency was studied based on the har-
monic mean of the NN of 34-2-X-34 configuration
with sigmoid activation function in the hidden lay-
er and linear function in the output layer for differ-
ent number of hidden neurons: 62; 410; 760;
1110; 1456. During NN training we used the

modern Adam algorithm for optimizing stochastic
gradient descent with recommended hyperparame-
ters: learning speed a = 0.001; inertia 3, =0.9;

RMSprop B, =0.999; decay=10"°. The study

showed that the accuracy of the neural network can
be reached with 410 hidden neurons, and the fur-
ther increase does almost nothing to improve the
results.

3. Efficiency was studied based on the har-
monic mean of the NN of 34-2-410-34 configura-
tion under different activation functions: linear;
sigmoid hyperbolic tangen-som; Softplus, ReLU;
Leaky-RelLU using the Adam algorithm on train
samples of different size (140, 1 400, 14,000, 49
000 examples). The study has shown that the acti-
vation functions ReLU and Leaky-ReL U train the
most rapidly at all levels of the train sample and
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less than other activation functions are subject to
re-training. The NN of 34-2-410-34 configuration
for activation functions Tanh and Softplus can
achieve 100% accuracy on the train sample, but
these functions are less slowly learned than ReLU
and Leaky-ReLU and are strongly subject to re-
training with insignificant sizes of the train sample
(140, 1,400 and 14,000 examples). When using the
sigmoid activation function, the neural network is
also retrained, but with a large size of train exam-
ples (49,000 examples) it is able to achieve accura-

cy (83%) close to Leaky-ReLU (88%) or ReLU
(86%0).

4. Efficiency of the NN of 34-2-410-34 con-
figuration was studied with activation function
Leaky-ReLU (a = 0.1) in the hidden layer and with
linear function in the output layer. Experiments
were conducted by different optimization algo-
rithms (BGD, MB SGD, Adam, Adamax, Nadam)
during 100 epochs with the train sample of 49,000
examples. Adam, Adamax, and Nadam algorithms
showed almost identical results, with 89, 87, and

10.

11.

12.

13.

14.

90% accuracy, respectively.
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BU3HAYEHHSI OITUMAJIBHOI'O MAPHIPYTY B KOMIT’IOTEPHI
MEPEKI 3ACOBAMU BATATOIIAPOBOI HEMPOHHOI MOJIEJII

Meta. Kitacu4Hi arOpuT™MH MOIIYKY HAHKOPOTIIOro HIIAXY Ha rpadi, 110 JiexaTh B OCHOBI HassBHUX MPOTOKO-
JIB MapuIpyTHU3allii, sIKi CbOroJ{HI BAKOPHCTOBYIOTh Yy KOMII' IOTEPHUX MEpexax, B yMOBaX MOCTIHHOI 3MiHM 3aBaH-
Ta)XEHOCTI Mepeki He MOXKYTh NPUBECTH IO ONTHMAJILHOTO PIICHHS B peaJbHOMY 4aci. Y 3B’S3Ky 3 MM METOIO
CTaTTi € PO3pPOOHUTH METOIWKY BH3HAUCHHS ONTHUMAIBFHOIO MapHIpyTy B 00’€THAHIM KOMIT IOTCpHIH Mepexi.
Metoauka. /11 BU3HAYCHHS ONTAMAITEHOTO MapIIPYTy B 00’ €THAHIE KOMIT TOTePHI Mepexi, ITI0 TIPAIFOE 32 PI3HUMH TEXHOO-
rismy, po3pobneHo Ha Mol Python i3 Buxopucranusm ¢dpeiimBopky TensorFlow mnporpamMHy Mojenb
«MLP 34-2-410-34». Bona no3Boiisic BAKOHYBAaTH HACTYIIHI €TaIly: TeHEepaIlilo BHOIpKH (BUMAIKOBY abo 30amaHco-
BaHy); CTBOPCHHS HEHPOHHOI MEpekKi, Ha BXiJ SKOi MOJal0Th MAaCHB MPOIYCKHHUX CIPOMOYKHOCTEH KaHAJIB
KOMIT FOTEPHOI MEpeXi; HaBYaHHS W TeCTyBaHHs HEHPOHHOI Mepexi Ha BianoBigHux BuOipkax. Pesyabrarn. Heii-
poHHa Mepexa koHdirypauii 34-2-410-34 3 ¢pynkuismu aktuBauii ReLU ta Leaky-ReLU y nmpuxoBanomy mapi ta
NiHIAHOK (YHKIIEI0 akTUBalii y BUXIZIHOMY Iapi HaBYaeThes 3a anroputMoM Adam. Lleit anropurm € komOiHali-
eto anroputmiB Adagrad, RMSprop Ta cToXacTH4HOTrO IpaJieHTHOTO CITyCKY 3 iHepiii€to. 3a3HaueHi (QyHKIIT HaB-
YarThCs HAMOIIBII IMBUIKO HA BCiX 00Csrax HaBYajgbHOI BHOIPKM, MEHII 3a iHII MiAJAIOThCS MEPEHABYAHHIO,
i nmocsraioTh 3HadeHHs noMmwikd B 0,0024 Ha KoHTpoOnbHIM BuOipmi W y 86 % BH3HA4Yae ONTUMAaNbHUH NUIAX.
HayxoBa HoBu3Ha. [IpoBeneHo mociikeHHs ITapaMeTpiB HEHPOHHOI MepeXi Ha OCHOBI pPO3paxyHKy CEpelHbOTO
rapMoHIHHOTO 32 pi3HMX QyHKIIH aktuBanii (Linear, Sigmoid, Tanh, Softplus, ReLU, L-ReLU) na HaB4ansHux
BUOipKax pizHoro ob6esry (140, 1400, 14 000, 49 000 npuknaniB) Ta 3a pi3HUMHU aJropuTMaMy ONTHMI3alii HaB-
vyaHHs HeiipoHHoi Mepexi (BGD, MB SGD, Adam, Adamax, Nadam). IIpakTu4yHa 3HauuMicThb. BukopucranHs
HEHpOHHOT MOJeli, Ha BXif SKOI I0JIal0Th 3HAYCHHS MPOITyCKHUX CHPOMOXKHOCTEH KaHaNiB, JO3BOJHThH Yy peab-
HOMY 4aci BU3HAYUTH ONTHMAJIbHMAN MapIIPyT B 00 €IHAHIN KOMIT IOTEpHIN MEpexKi.

Kniouosi crnosa: KoMI’l0oTepHa Mepexa; ONTUMAILHANA MapIIpyT; HEHPOHHA Mepexa; BUOIpKa; CepeHe TapMo-
HiliHe; QYHKIlisl aKTHBAIlii; aITOPUTM ONTUMI3AIlil
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OHNPEJAEJIEHUE OIITUMAJIBHOT'O MAPIIPYTA _ _
B KOMIIbIOTEPHOU CETH CPEACTBAMU MHOI'OCJIOMHOU
HEWMPOHHOU MOJEJIN

Heas. Knaccuyeckne aaropuTMbl MOUCKa KpaT4anIIero MmyTH Ha rpade, 9To JIS)KAaT B OCHOBE CYIIECTBYIOIINX
MPOTOKOJIOB MapUIpyTH3alluH, KOTOPbIE CErOAHS MCIOJIb3YIOT B KOMIBIOTEPHBIX CETSAX, B YCIOBHUIX MOCTOSIHHOTO
W3MEHEHHMs 3arPY)KEHHOCTH CETH HE MOTYT IIPUBECTH K ONTHMAJIbHOMY PEIICHHIO B PEalbHOM BpeMeHH. B cBsizu
C 9THM LEJbI0 CTaThH SBJISIETCS Pa3padoTaTh METOAMKY OIPEJeNIeHNs] ONTUMAJIBHOTO MapIlpyTa B 00beJMHEHHOM
KOMITbIOTepHOU ceTd. MeToauka. J[is onpenenenns ONTUMAIBHOTO MaplipyTa B 00beIUHEHHOW KOMIbIOTEPHOM
CeTH, KoTopas paboTaeT MO pa3sHBIM TEXHOJOTHSAM, HamMcaHa Ha s3pike Python c¢ ucmone3oBanueM QpeiiMBopKa
TensorFlow mporpammuas moaenb «MLP 34-2-410-34». Ona m03BONSET BBIMOIHATH CICAYIOIINE ITAlbl: TeHEpa-
LU0 BBIOODPKH (CITydaiHyI0 MM cOalaHCHPOBAHHYIO); CO3ZaHHEe HEHPOHHOM CETH, Ha BXOJ KOTOPOH MOAAIOT Mac-
CHB MPOITYCKHBIX CIIOCOOHOCTEH KaHAJIOB KOMIIBIOTEPHOM CEeTH; 0OydeHHE W TECTHPOBaHHE HEHPOHHOW CETH Ha
COOTBETCTBYIOIUX BeIOOpKax. Pe3yabTaTsl. HeliporHas cetb koHurypanun 34-2-410-34 ¢ pyHKIUIME aKTHBa-
un ReLU u Leaky-RelLU B ckpbITOM clioe ¥ TMHEWHOH (pyHKIMEH aKTHBAIIMY B PE3yJIbTUPYIOIIEM cJIoe 00ydaeTcs
no anroputMmy Adam. Dtot anroputm siBiseTcs komObuHanueit aaropurmoB Adagrad, RMSprop u croxactuueckoro
TPaJMEHTHOTO CITyCKa C MHEpILMeH. YKa3aHHble (pyHKINHU ydarcst Hauboiee OBICTPO Ha BceX 0ObeMax ydeOHOH BBI-
OOpKH, MEHBIIIC IPYTHX MOJIAIOTCS MEPEOOYUCHHIO, U JAOCTHraroT 3HaueHus omuOku B 0,0024 Ha KOHTPOIBHOM
BBIOOpKE U B 86 % ompenessioT onTuMaibHbd yTh. HayuHnast HoBu3Ha. [IpoBeneHoO nccienoBaHue mapamMeTpoB
HEWPOHHOM CETH Ha OCHOBE pacyeTa CPEHEr0 TapMOHHYHOTO MPHU pa3HbIx GpyHKIMIX akTuBanuu (Linear, Sigmoid,
Tanh, Softplus, ReLU, L-RelLU) na yueOubIX BoIGOpKax pasuoro oobema (140, 1 400, 14 000, 49 000 npumepoB)
M 3a Pa3IMYHBIMU aJrOPUTMAMH ONTHMHU3ANWU 00yueHus Heiiponuou cern (BGD, MB SGD, Adam, Adamax,
Nadam). IpakTuyeckasi 3HAYUMOCTh. VC0Ip30BaHNE HEHPOHHOW MOJENH, HA BXO/ KOTOPOM IMOJAI0T 3HAYCHUS
MIPOITYCKHBIX CHOCOOHOCTEH KaHaJIOB, TIO3BOJIMT B peajlbHOM MacITabe BPeMEHN ONPEIeNUTh ONTUMAIbHBIN MapI-
PYT B 00bEANHEHHON KOMITBIOTEPHOH CETH.

Kniouegvie cnosa: xoMublOTEpHas CETh; ONTUMAIBHBIA MapIIpyT; HEHPOHHAS CETh; BHIOOpKA; CpelHee rapMo-
HUYHOE; (DYHKIHS aKTHBAIMH; aJITOPUTM ONTUMU3AINH
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FORMALIZATION OF ROLLING STOCK DISTRIBUTION PROCESSES
BY USING DYNAMIC MODEL

Purpose. The scientific article formalized process improving the efficiency of rolling stock distribution in
railways for loading goods by introducing concentration of loading at the terminal by using a dynamic model.
Methodology. According to the experience, the distribution of rolling stock by the infrastructure operator is
a complex process. The questions on transport expeditionary service, working technologies of separate subjects of
railway industry and the question of forming organization principles of running carriages with different patterns of
ownership are considered. The system of rolling stock distribution based on logistical control principles on railways
should meet the next methodological criteria: reduction of empty run and waiting time under one freight operation,
forming the correct informative area for all participants of the transportation, arranging conditions for rapid and
maximally profitable decision-making as for the further movement of the rolling stock. Findings. Created a list of
the necessary conditions under which there must be a dynamic development of the transport sector and meet the
current market requirements. The algorithm and process logistic control allocation of railway rolling stock are
considered. Proved that relationship between the participants of the transportation process of initial conditions for
reform be composed based on non-discriminatory access to cargoes resources. Originality. The work of dispatcher
staff in transportation process management as an employee of the transportation department in terms of demand for
rolling stock at all stages of transportation management analyzed. For the first time proposed a dynamic model, that
reproduces the information field for all participants in traffic. It established that the railways have to create a system
of distribution of rolling stock, which must meet the following criteria: reduction in empty mileage and waiting time
under one cargo operation; create conditions for rapid and most profitable decision for further movement of rolling
stock. Practical value. Application of the developed method of rolling stock distribution for the formation of unit
trains will significantly reduce the logistics costs in the supply chain and increase its competitiveness in foreign
markets. The development of such a system is intended to create a truly independent regulator of the logistic —
transportation process in the conditions of creation of the unified information space.

Keywords: logistics technology; rolling stock; railway transport; management of railway; dynamic model of
resource distribution

Rational use of infrastructure resources [12] in
Introduction general and the rolling stock resources in particular
is the absent chain in the branch reforming now. So
nowadays according to the LLC Ukrzaliznytsia
data the total waiting time of technological
operations is nearly 30% more than the execution

Increasing the efficiency of cargo transporting
by rail and water transportation is one of the key
tasks that be addressed to reduce logistics costs.
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time of these operations, while this index is 60%
less than in the European countries. This statistics
visually displays the level of operating
consumptions, which connected with the
infrastructure maintenance in waiting time.

Taking into account a swift tendency to
integrate railway industry into market conditions,
which related to considerable reduction of the
majority of the qualitative work indexes and deficit
of budgetary investments, the guidance of the
industry had to solve questions for overcoming this
problem as soon as possible. The most important
task is to create favorable conditions for involving
investors and to set up preconditions for logistic
infrastructure development.

Purpose
The scientific article formalized process
improving the efficiency of rolling stock

distribution in railways for loading goods by
introducing concentration of loading at the
terminal by using a dynamic model.

Methodology

The main regulations of a new law «On the
railway transport of Ukraine» [1] worked out
exactly for the solution of the question. So, it is
planned to substitute the term «railway» into the
new one « infrastructure operator», to form a new
organ the National Commission on Transport
Adjusting (NCTA) for correcting the rate
compound and involving private ferrymen for
transportation. Now days there are a lot of non-
solving problems which concern investment
constituent, calculation of the railway rate (NCTA)
without customer and others like that, but the
obvious thing is to solve problem concerning the
creation of equivalent terms for ferrymen in the
real conditions of the operative transportation
planning.

Findings

The distribution of rolling stock by the
infrastructure operator is a complex process. A list
of scientific sources that contain solutions to the
problem of rolling stock management analyzed.
Having regarded to the setting task in the context
of reformatting in modern terms, the questions on

transport expeditionary service [4], working
technologies of separate subjects of railway
industry and the question of forming organization
principles of running carriages with different
patterns of ownership [1], [10] are considered. The
economic constituent at forming the transport-
logistic system of carriages control taking into
account the internal generalize economic
efficiency and corresponding quality of services
are important [6]. This approach takes into account
the economic component and can used by
developed EU railways. The geographical position
of Ukrainian railways as a whole obligates to
examine any innovations in management with
a review on further integration of the accrued
system into international transport network [5], [7]
using the up-to-date information and intellectual
technologies.

Taking into account the orientation of today's
reformation and raising of our task as one of the
basic principles is introduction the EU railway
experience to the existent realities [13]. For this
reason, reform the rolling stock distribution
process along with European railways.

Thus, make the system of rolling stock
distribution based on logical control principles on
railways. The system should meet the next criteria:

— reduction of empty run and waiting time
under one freight operation;

— forming the correct informative area for all
participants of the transportation;

— arranging conditions for rapid and maximally
profitable decision-making as for the further
movement of the movable unit.

Developing of such system is to make really
self-contained regulator of transporting process
without changes in staff constituent and significant
[8].

Relations between the participants of the
transportation ~ process  under  reformation
conditions must base on the principles of non-
discriminatory access to the infrastructure
resources [9].

According to the prospective state of the
relationship  between  participants of the
transportation [11] on the domestic railways, each
of them is able to influence on the transportation
quality in whole. The participants of the
transportation process as for the degree of
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responsibility and influence on the transportation
insurance in right quality distributed in relationship
shown in Figure 1. This approach can use as
a basis to ground the distribution of financial
results in terms of improving quality, due to rolling
stock supply.

Shown in Figure 1 system on the today's stage
of the industry reformation divides the functions of
infrastructure management and rolling stock
management, the eventual result must be the
acceptance of existent EU directives within the
framework of the real conditions of LLC
«Ukrzaliznytsia» (UZ). New methods in client
relations, fundamentally new strategic approach in
transportation planning [7], cooperation of the
comprehensive efforts of the industry with
economic strategy of the country development on
the whole, and others like that belong to the basic
requirements and standards of the railway system
which must be formed as a result of the
reformation process.

As the infrastructure owner (UZ) is responsible
for the compliance of the main indicators quantity
of the transportation quality, it is the owner has the
priority right to financial result. However, it means
that the most cost of transportation activity be take
into account in the results of the participant work.
Thus, when applying specific transport technology
and providing rolling stock for each participant of
the transportation process, the share of financial
results (revenue rate) for freight transportation be
calculate individually depending on the performed
transportation work and activities.

The practical objective of this system is to
create conditions for putting the carriage under
loading which is under unloading at the particular
ground.

Look at the work of dispatcher staff in
transportation process management as an employee
of the transportation department in terms of
demand for rolling stock at all stages of
transportation management.

Taking into account, the existing operational
management model the hierarchical scheme of
rolling stock management levels on the railway

and the allocation of responsibilities for
commitments show in Figure 2. In this context, the
ground of active work that subordinates to the
employee who associated with transportation
within his competence is considered as hierarchical
level of transportation.

The process of the system running begins with
the instructions on the freight operation completion
provided by the consignee, after unloading car or
group of cars. For the time that remains to prepare
the car commercially (removal mounting elements,
removal of freight residues, etc.), to supply
shunting locomotive, the employee of the
transportation department must make the right
decision on further «destiny» of the car. A similar
problem concerns the distribution of empty rolling
stock on the sorting and polling stations but in
reverse hierarchical direction.

The authors suggested presenting and
formalizing information as to distribution of the
rolling stock on the operating domain using the
method of dynamics of averages. The choice of the
method is due to the possibility of its application to
practical purpose in the form of the system of
automated workplace. Taking into account the set
tasks, the rational method of solving the problem
will be the application of the classical Runge-Kutt
method. Among many methods for solving tasks
with method of dynamics of averages the most
common in practical application will be Runge-
Kutt method of the fourth order, which has
necessary parameters. It is this method that allows
to obtain necessary results required by the
accuracy of the calculations and it differs from
others by relative simplicity.

Model activities of the dispatcher staff as
a queuing model system, which aims to create a
right market competitive condition of using rolling
stock. Thus, an approach to modeling operational
activities of the dispatcher staff according to the
distribution of cars based on the principles of the
gueuing theory. The main objective of the model is
to get an important information to assess transition
probability of the cars state from empty to load
considering initial system parameters.
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Fig. 1. Rolling stock management operator in the existent railway system on the way of reformation.
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Fig. 2. Hierarchical scheme of rolling stock management levels on the railway.
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In the model (1):
U (t) — part of loaded cars involved in the i-th

loading area, which is equal n; UF (t) — part of

empty cars that can be used in the i-th loading area
is accepted that » U (t)=1; W,; — probability
n

that the empty car of the i-th loading area will be
used for loading in the loading area j in the time
interval (t; t + At); W, — probability of discharging
the loaded car in the loading area i, is accepted
that D W, =1.

For calculating the model work the conditional
data are taken, W; parameters are hypothetical,
calculations in real time scale are connected with
heavy implementation expenses and can be used
without big error.

The system (1) is linear, in matrix form can be
written U(t)=WU(t) and was shown in normal
Cauchy form. The problem of the stability
simulation in providing loading resource of
railway ground is come to a range forecasting of
eigenvalues in W matrix. An important task of the
system is that the railway ground saved not only
resistance of some of its state as a whole and will
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have stable operation at the variation of
parameters, which consists of the following:

— type of freight and its transportation
requirements;

— car specifications, such as type, carrying
capacity, design features, etc. ;

— technological requirements for loading;

— economic component as the primary goal of
customer and owner of rolling stock.

For calculating the model work the conditional
data are taken, W parameters are hypothetical,
calculations in real time scale are connected with

heavy implementation expenses and can be used
without big error.

U@ = [ (B.B,-B.).®) ], 2

where B,, — vector constraint requirements for

a car.

One of the most important examples of the
restriction on space 1520 mm is the index of
throughput and estimated capacity.

The states matrix is:

{_Wl 0 s 0 Wl,l W2'1 Wn,l
0 _WZ P 0 Wl,Z W2'2 Wnlz
W= 0 0 -W, Win Win Wan 3)
oW w, W, —Wyi—.—Wy, 0 .. 0
w; w, W, 0 W= . —Wop ... 0
lw, w, w, 0 0 e —Wpa—. =W

When solving this problem, modeling of stable
and control system of the particular ground
acquires eigenvalues Ai from possible probabilities
of the W, and W,; matrix (3). Characteristic

feature of this dependence is function A; from W,
and W, ; that can be evaluated through its own

vectors Ri and Si of the W matrix.
Vector of loading resources N (t) can be shown
as

n
u () => ce"r ;. ke[Lm], (4)

i=1
where r.; — components with number k of
eigenvector Ri, m — matrix dimension (2),

¢, =S;U, — is determined by the initial values
vector of loading resource (loaded, empty) UO and
eigenvectors Si of the transpose matrix state (3).

Examine the conventional railway ground E,
which consists of three directions and has
a working gondola park numbered 1000 units.
Assume that all gondola cars are interchangeable.
If using cars on each direction is equal for rolling
stock operator (U (t)=UJ (t)=U; (t)=1/3),
then the system come to a relatively steady state in
10 hours from the beginning the cars distribution
actions with a coincidence of all three schedules in
one (Figure 4).

Table 1

Tabulating general given data for subsequent
calculations in evident comparison.

Distribution of
rolling stock in the
first variant

Directorate on the
conventional ground

Distribution of
rolling stock in the
second variant

Uln 1/3
U217 1/3
U:,{] 1/3

1/2

3/10

1/5

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154410

148

© D. V. Lomotko, D. V. Arsenenko, N. A. Nosko, O. V. Kovalova, 2018


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. Bichuk J{HinponeTpoBcbKoro

HaL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO Tpancnopty, 2018, Ne 6 (78)

PYXOMMI CKJIAJL I TATA TTOI3/11B

Fig. 4. The simulation results for conventional ground IT and
three equal- weighted directions (U,” (t) =U, (t) =U. (t) =1/3)

If using cars on each direction is not equal for
rolling stock operator, the first conventional
direction has the highest priority, the third one has

through the day from the starting the cars
distribution actions (Figure 5) the system will not
come to a steady state (the state of the gondola

— the least priority (i.e is approved distribution comes to a relatively steady state only
U//(t)=05U7(t)=03 U7 (t)=02 ), even in30hours.).
e
sl
)
I 4 A I R "
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150 NG \'\,
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Fig. 5. The simulation results for the conventional ground IT and three directions
with different weight characteristics (U,” (t) =0.5,U,’ (t) =0.3,U;’ (t) =0.2)

It points out to the necessity to consider the
uniformity while reallocating rolling stock along
the ground in terms of non-discriminatory access
to their infrastructure.

Originality and Practical value

Thus, the model allows conclude about the
ability to manage some parameters over time that
is it will characterize the process stability to ensure
railway ground by the loading resource. Further
development of the model may be carried out by
taking into account the interchangeability of
rolling stock and its state.

The task set solve owing to the modern
methods of statistics and mathematical simulation.

The analysis of methods and facilities, which use
by the author of the thesis work for solving the set
task, afford ground for the conclusion as for the
authenticity of results, received in the researches.
It can be confirmed by the representativeness of
the statistical material selection, considerable
amount of grounds researches and carrying out the
verification model test for adequacy and accuracy
according to the known criteria.

This result used as a basis to ground the
distribution of financial effect in terms of
improving quality. Model of decision support
system for optimal distribution of rolling stock in
the transportation process shown in Figure 6.
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3

AWP ofinfrastructul?(é? a
manager
on the level of

AWP of carriage
facilities employee

Working intrface of the

AWP of infrastruct
manager

on the level of

gofconcentration poi

AWP of client

rolling stock owner

Fig. 6. Model of decision support system for optimal distribution of rolling stock.

Conclusions

The offered logistic model, in terms that
formed towards restructuring the rail transport,
allows developing optimal technology work of the
concentration point with rational use of rolling
stock and the work of locomotive with all transport
network requirements. Using the offered models
allows infrastructure operator to reduce operating
costs while managing (W) rolling stock, to reduce
local car circulation and as a result, the period of
delivery. The offered approach is its use in the
intellectual control system of optimal distribution
of rolling stock. The model allows us to predict
rolling stock location by the type and stat in each

period of time that will significantly increase the
rate of useful work on the railway ground.

Conclusions, methods and practical
recommendations are collect personally by the
author at the direct analysis of the work of the
Railway Transport Directorate. The authors
developed the main functions of the automated
workplace, improved the model for the distribution
of rolling stock using the method of dynamics of
averages, taking into account the condition of the
car, identified the basic conditions for forming new
approach to the management of rolling stock
among which the creation of a competitive market
of grain cargoes transportation.
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POPMAJIIBALIS TPOUECY PO3IIOALLY PYXOMOI'O CKJIALY
3 BUKOPUCTAHHAM JUHAMIYHOI MOJIEJIT

Meta. CtarTs cripsiMOoBaHa Ha (opMalizallito MpoIecy MmiIBHIEHHSI e(PEKTUBHOCTI PO3MOIIITY PYXOMOTO CKIay
Ha 3aJi3HUIIX ITi]] 3aBaHTKEHHS NUITXOM KOHIIEHTpaIlii HaBaHTaKyBaJbHUX POOIT HA TepMiHaIaX 3a JOMOMOTOIO
IuHaMigHOT Mozemi. MeToauka. Sk moka3ye IOCBil, Ui ornepaTopa iHGPaCTPYKTYPH PO3MOIUT PyXOMOTO CKIary
€ CKJIAJHUM TIporecoM. Y poOOTI MpoaHai30BaHO TPAHCIOPTHO-SKCIEAMINIHHE OOCIYrOByBaHHS, TEXHOJIOTIIO
poboTn okpeMux cyO’€KTiB 3ali3HMYHOI ramy3i i (opMyBaHHS OpraHizallifHUX MPUHLHUIIB KepyBaHHS BaroHAMHU
MIAPUEMCTB Pi3HHX (OPM BIACHOCTI. YCTaHOBJICHO, MIO CHCTEMa PO3MOJTY PYXOMOTO CKIIAAy, 3aCHOBaHAa Ha
MPHUHIUITAX JIOTICTHYHOTO KOHTPOJIIO Ha NUIAXY NPSMYBaHHS, IIOBUHHA BiIOBINATH HACTYIHHM METOOJOTIYHIM
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KPHUTEpIisIM: CKOPOYEHHS Yacy IPONYCKy W OYIKYBaHHS BaHTa)XHUX oOIllepanid, (OpMyBaHHS JOCTOBIPHOTO
iH(pOPMAIIHOTO CEepeOBHIIA IS BCIX YYaCHHUKIB TPAHCIIOPTYBAaHHS, CTBOPEHHSI YMOB JUIS NPUHHATTS IIBUIKOTO
1 MakCHMaJbHO BHTITHOTO PillIeHHs MIOA0 MOAAJIBIIOTO PYXy pyXoMoro ckiaxy. Pesyapraru. CTBOpEHO Ieperik
HEOOXiTHUX YMOB /ISl TUHAMIYHOTO PO3BHTKY TPAHCHOPTHOTO CEKTOPA BIAMOBITHO IO MOTOYHHX BHMOT PUHKY.
Po3risHYTO anropuT™ JIOTICTUYHOTO YIIPABIIHHS IPOLIECOM PO3IOILUTY 3aJIi3HHYHOTO PyXOMOTo cKiany. JloBeneHo,
10 BiTHOCHHH MK yYaCHHKaMHU TPAHCIOPTHOTO MPOIIECy Ha MOYATKOBHX eTanax pedopM GpopMyrOThCsS Ha OCHOBI
HEIMCKPUMIHAIIHHOTO JOCTymy 10 pecypciB BaHTaxiB. HaykoBa HoBu3Ha. IIpoanamizoBaHa poOora
JHUCIETYEPCHKOTO MEPCOHATY 3 TOYKH 30pY IOIMHUTY Ha PyXOMHH CKJIaJ| Ha BCIX eTarax yNpaBiiHHS TPaHCIIOPTHUM
mporecoM. YTepiie 3arpolloHOBaHa IWHAMi4HA MOJEJb, SKa BIATBOPIOE iH(OpMaIlliiiHe moJie JUIs BCIX y4aCHHKIB
MepeMillieHHsI PYXOMOTo CKJaay. 3a il JOMOMOrol0 BCTaHOBJIEHO, IO 3aJ3HMLI MOBHHHI CTBOPIOBATU CHCTEMY
PO3MOITy PYXOMOTO CKJany, sika Ma€ BIANOBINATH HACTYHMHHUM KpPUTEpisM: 3MEHIIEHHs NpoOiry i TpuBanocti
OUiKyBaHHS BaHT)XXHHX ONEpalliil, CTBOPEHHS! YMOB IPUUHSATTS IIBUKOTO i BUTIHOTO PiLlIEHHS I10]10 NOAAIBIIOTO
IpoCyBaHHS pyxoMoro ckiaany. IIpakTuyHa 3HauymMicTh. 3acTOCyBaHHA pPO3POOJIEHOrO METOAY PO3MOILLY
pyxomoro cknangy misi (GOpMyBaHHS OJUHMYHMX IIOI3IIB JO3BOJIMTH 3HAYHO 3MEHIUUTH JIOTICTHYHI BHTpPATH
B JIAHLIOTY ITOCTaYaHHA W MiIBHIIMTH HOTO KOHKYPEHTOCIPOMOJKHICTH Ha 30BHILIHBOMY PHHKY. PO3BHTOK Takoi
CHCTEMH MOKJIMKAHMI CTBOPUTH CIIPaBAi HE3aJEKHHUH PEryisTop TPaHCIOPTHO-JIOTICTUYHOrO MPOLECy B YMOBAaX
(hopMyBaHHS €IMHOTO iH)OPMAIIHHOTO CepeOBHUIIIA.

Knrouogi cnosa: noricTHYHA TEXHOJIOTIS;, PyXOMUH CKJIalm; 3aji3HUYHHMI TPAHCIOPT; YHPABIIHHS 3aJi3HULCIO;
JUHAMIYHA MOJEIb PO3MIOALTY pecypciB
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POPMAJIMBALINA HPOUECCA PACHIPEAEJEHWA HOABUKHOI'O
COCTABA C UCITOJB30OBAHUEM IUHAMHNYECKHUX MOJIEJIEN

Hens. Crates mpegmoiaraer (GOpMaIH3alMI0 TIpolecca NOBBIMCHUS 3(PPEKTHBHOCTH pacIlpeIeIeHus
MOJIBIDKHOTO COCTaBa Ha J>KEJNE3HBIX JOporax IMOJ MOTPY3KYy IyTeM KOHIIGHTpAIMM TMOTPY30YHBIX paboT Ha
TEepMHHAJIaX C T[IOMOIIbI JAMHAMHUYecKOM Mojenun. Meroaumka. Kak mokasbiBaeT OIBIT, ISl omepaTropa
UHQPACTPYKTYpPHl  pacmlpeielieHue TMOABIKHOTO COCTaBa SIBISIETCS CJIOXKHBIM — TIporieccoM. B pabore
MIPOAHATM3UPOBAHO TPAHCTIOPTHO-IKCIIEAUIIMOHHOE OOCTY)KUBaHUE, TEXHOJOTHSI pabOTHl OTIENBHBIX CYyOBEKTOB
JKEJIE3HOJJOPOKHOM OTpaciu U (GOPMHUPOBAHKUE OPTaHU3AIMOHHBIX MPUHITUIIOB YIIPABJICHUS BarOHAMH MPEATNPHUATHI
pasTuIHbIX GOPM COOCTBEHHOCTH. Y CTAaHOBJIEHO, YTO CHCTEMa paclpeaesieHus MOABMKHOTO COCTaBa, OCHOBAaHHAs
Ha IPUHIMUNAX JOTUCTUYECKOTO KOHTPOJIS B IIyTH CJIEAOBAHUSA, IOJKHA OTBEYATh CIAEAYIOUIUM METOI0JIOTHYECKUM
KPUTEPHsIM: COKpAIIEHUE BPEMEHH IIPOIyCKa W OXKHUJIAHUS TPY30BBIX olepanuii, GopMUpOBaHHE JOCTOBEPHOU
WH(POPMAIMOHHOW CpPEABI JUIS BCEX YYACTHHUKOB TPAHCIIOPTUPOBKH, CO3JaHUE YCIOBHU ISl MPHUHATHS OBICTPOTO
M  MAaKCUMaJlbHO  BBITOJAHOIO  pEUIeHHs MO  JalbHeWlIeMy  MpPOJABIKEHHIO  MOJBHUXKHOTO  COCTaBa.
PesyabsTaTsl. Co3an niepedyeHb HEOOXOAUMBIX YCIOBHU JIJIsl TMHAMUYECKOTO PAa3BUTHS TPAHCIIOPTHOTO CEKTOpa B
COOTBETCTBUS C COBPEMCHHBIMH TPEOOBaHUSIMH pPBIHKA. PaccCMOTpPEH alrOpHTM JIOTUCTHYECKOTO YIIPABICHHS
MPOIIECCOM pacIpeAesIeHHs] KEJIE3HOJOPOKHOTO TOJBMKHOIO cocTaBa. Jloka3zaHO, YTO OTHOLIEHUS MEXIY
YYacCTHUKAMH  TPAHCIOPTHOTO TMpollecca B  HAYAIbHBIX  YCIOBHAX pedopM  CTPOSATCS HA  OCHOBE
HEIUCKPUMHUHAIIMOHHOTO JIOCTyna K pecypcam Tpy3oB. HayuHas HoBu3Ha. I[Ipoanamm3upoBaHa pabora
JHACTETIYSPCKOr0 TEePCOHAja ¢ TOYKHM 3pEHMs CcIpoca Ha NOABIKHOM COCTaB Ha BCEX JTallax VIpPaBJICHHS
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TPaHCIIOPTHBIM  IIpOLIECCOM. BriepBble MpeanokeHa JWHAMHUYECKas MOJeNb, KOTOpas BOCIPOHM3BOAUT
nH(pOpMaMOHHOE MPOCTPAHCTBO JUISI BCEX YYACTHHKOB IIEPEMELICHUS IMOJBIKHOTO cocTaBa. C ee MOMOIIBIO
YCTAQHOBJICHO, YTO JKEJE3HBIE IOPOTH [OJDKHBI CO3MaBaTh CHUCTEMY DACIPENCNICHHs MOIBHXHOTO COCTaBa,
COOTBETCTBYIOIIYIO CIEAYIONINM KPUTEPHAM: YMEHBIICHHE NMPOOera W BPEMEHHU OKHMIAHUS TPY30BBIX OINCpalHi,
CO3JIaHNE YCIIOBHH ISl IPUHATHS OBICTPOTO M BBITOJHOTO PEIICHHS IO JaTbHEHIIEMY MPOIBIDKCHUIO TTOIBHKHOTO
coctaBa. IIpakTHuyeckass 3Ha4YMMOCTb. lIpuMeHeHHE pa3pabOTaHHOTO METOAA PACIPEAEICHHS ITOABMKHOTO
coctaBa sl (POPMHUPOBAHHMA OAMHOYHBIX IOE3I0B IO3BOJHUT 3HAYUTENHBHO YMEHBIINTH JIOTUCTHUECKHE 3aTPaThI
B IIETIOYKE MMOCTABOK M MOBBICUTH €r0 KOHKYPEHTOCHOCOOHOCTh Ha BHELIHEM pHIHKE. Pa3BHTHE Takoil cHCTEMBI
NIPU3BAHO CO3/aTh JICHCTBUTEILHO HE3aBUCHMBIH PETYJISTOP TPAHCHOPTHO-JIOTHCTHYECKOTO MPOIECCca B YCIOBHAX
(bopMUpOBaHUs eAMHON NHPOPMAIIMOHHOHN Cpebl.

Kniouegvle crosa: noructudeckass TEXHOJOTHS; IOJBIDKHOM COCTaB; IKEJIE3HOJOPOXKHBIA TPAHCIIOPT;
yIIpaBJIeHUE )KEJIE3HO! IOPOToif; AMHAMUYECKast MOZIEb PACIpeeNICHNs] pECYpCOB
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TEOPETH‘IHO-HPAKTI{‘IHI/IPI BA3UC NTIPABKU JE®OPMOBAHUX
BAT'OHOKOHCTPYKIIN TEPMIYHUM BIIVIMBOM

MerTa. 3anpornoHoBaHe JOCHTIHKEHHS CIIPSIMOBaHe Ha OOIPYHTYBaHHs JOLIJIBHOCTI BUKOPHCTAHHS METONY Tep-
MIYHOI NpaBKU U1 yCyHEHHs nedopmariii BATOHHUX METaJOKOHCTPYKIi, sSKi MaloTh Micle Mmij yac iX BHTOTOB-
JICHHS, eKCIUTyartallii Ta peMoHTy. MeToauka. [1jis JOCATHEHHs 3a3HAYEHOI METH CTBOPCHO MaTeMaTHYHUI amapar,
SKUA 0a3yeThcsl HA METO/aX MaTeMaTHYHOrO IUIAaHYBaHHS €KCIepUMeHTY. Po3po0ieHo y3aranbHeHHH yHiBepcallb-
HUM MaTeMaTHYHHHA 3alpc ONTHMI3AIlifHOrO JOCII/KEHHS TEpPMIYHOTO NpaBKa BaroHOKOHCTpyKuiil. Ilposenene
MO/JICTIFOBAHHS TEPMIYHOTO IPaBKa 3 BUKOPHUCTaHHAM IPOTPAMHOTO KOMIUIEKCY CHCTEM aBTOMAaTH30BAHOTO IPOCK-
tyBaHHA SolidWorks, a Takok eKcriepuMeHTalbHE JOCIiIKEHHS HATYPHOTO 3pa3Kka BEPXHBOTO 00B’sS3yBaHHS HaITi-
BBaroHa. Pesyabrarn. Ha ocHOBI y3araqbHEHOro MaTeMaTHYHOTO 3alUCYy ONTHMI3aliiHOTO JOCIHIIKECHHS TepMid-
HOTO IpaBKa BarOHOKOHCTPYKIiH CTBOPEHO MaTEeMaTH4HI 3aJI€XKHOCTI I TEPMIYHOTO MpaBKa XpeOTOBOI Oanku Ta
BEPXHBOTO O0B’sI3yBaHHs yHIBepCaJIbHUX HariBBaroHiB. Li 3aneXxHOCTI ONKUCYIOTh 3MiHY BEIMYHMHH JedopmaniiiHo-
T'O MPOTHHY 3 BiJNOBIIHUMH F€OMETPUYHIMH [TapaMeTpaMH 30H HarpiBaHHs (MPoruHy XpeOToBoi Oanku Ta npodi-
JIF0 BEPXHBOT'O OOB’S3YBaHHSI) 3aJI)KHO Bijl BAPIFOBaHHS KEPOBaHUX 3MIHHUX (F€OMETPUYHUX MApaMeTpiB IUISIM Ha-
rpiBaHHs i Temneparypu). [loOynoBani nonomixHi rpagiku (OiHapHi nepepisn) Juisi 0OIpyHTOBaHOTO BHOOpPY OII-
TUMaJbHUX 3HAYCHb T€OMETPUYHMX NApaMeTpiB 30H HArpiBaHHsS y pasi 3aCTOCYBaHHS TEPMIYHOTO MpaBKa jaedop-
MaIlifi eJIeMEHTIB BaHTa)XHUX BaroHiB, sKi BUHHKAIOTh IiJ] Yac iX BUTOTOBJCHHS, PEMOHTY Ta eKciutyaraiiii. Ha
OCHOBI PO3pOOJICHUX CKiHIYCHHO-EJIEMEHTHHX MOJICNICH BUKOHAHO ITiITBEPKEHHS e()EKTUBHOCTI TEPMITHOTO TIpaB-
ka. EkcriepMeHTaNbHIM HIJTSIXOM JIOBEJICHA TOUHICTh OTPUMAHOTO B XOJIi KOMIT IOTEPHOTO MOJICIIIOBaHHS e(DeKTy —
BiZI3HAYEHO YCYHEHHS NPOTHHY €IEeMEHTa BarOHHOI KOHCTPYKIiI, SIKHM BUHUK IIiJ] Yac HaKJIaIaHHS 3BapHOTO IIBa.
HaykxoBa HOoBM3Ha. Po3po0OisieHnii MaTemMaTHyHU amapar i CTBOpeHa Ha HOTO OCHOBI MOJIENb AJISL JTOCIIJUKEHHS
TEPMIYHOTO IpaBKa BarOHOKOHCTPYKIIiH 103BOJIIIOTH OOIPYHTOBAHO MiIXOAUTH A0 BUOOPY ONTHMAIBHUX MapameT-
PpiB 3a3HaYEHOTO IIPaBKa IIiJ 9ac HOro 3acTOCyBaHHS JUIs yCyHEHHs AedopMalliii, sKi BAHUKAIOTh B €JIEMEHTaxX BaH-
TaXHUX BaroHiB. [IpakTHYHA 3HAYMMICTB. YpaxyBaHHsS OTPUMAHUX Pe3yJIbTaTiB CHPUITUME 3HIDKEHHIO BUTPAT Ha
TEXHOJIOTIYHI MPOIeCH MOOYA0BH il PEMOHTY BaHTa)XKHUX BAaroHIB, SIKi CKJIaJal0Th OCHOBY BaroHHOTO TapKy 3aji3-
HUITH YKpaiHU.

Kniouosi cnosa: BaHTaXHUM BaroH,; BArOHOKOHCTPYKIIS, Aedopmaltii; TepMidHa mpaBKa; ONTUMI3aIliifHe 10CITi-
JOKEHHS; MaTeMaTHYHe MOJICIIOBaHHS; eKCIIEPUMEHTAIbHE TOCIIDKEHHS

MUTaHHsI TMiJBUIICHHS TEXHIYHOTO PIBHS BaroHIB,
Beryn SIKOTO MOXXHa JIOCSATTH 32 PaXyHOK 3aCTOCYBaHHS
HETPATUIIHHUX MaTepiamiB 13 OUIbII BHUCOKHMHU
CTIMKMMU XapaKTEPUCTUKAaMHU, HOBUX METO/IIB 3Ba-
PIOBaHHS, a TaKOX MPOTPECHBHHUX TEXHOJOTIYHUX
MIPOLIECIB.
30epexeHHs] MPOBIAHOTO Micls Yy IepeBe3eH-
HSIX BaHTAXIB 3QII3HHUISEIMU BHUMAara€ MOCTIMHOIO

OnHi€ro 3 BaXJIMBUX Ta MEPCHEKTHBHUX Tally-
3eii TPAHCIOPTHOTO MAIIMHOOYTyBaHHSA, SKOMY
BIJIBOJMTHCS OCHOBHA POJIb B IPUCKOPEHHI collia-
JbHO-€KOHOMIYHOT'O PO3BUTKY KpaiHH, € BaroHO-
OynyBanHs. Ha ocoOimBy yBary 3aciyroBylOTb
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MOJIMIIeHH e()eKTUBHOCTI iX (PyHKIIOHYBaHHS.
OnHuM i3 KJIIOUOBHX MOMEHTIB 3a0€3M€UCHHS BU-
COKOTO PiBHS MPOAYKTUBHOCTI pOOOTH 3alli3HUIIb €
3aCTOCYBaHHS OUTBII EKOHOMIYHUX TEXHOJOTIN
BHPOOHUIITBA I PEMOHTY BaHTa)XHHX BaroHis. [lpu
OBOMY Ha eTamax >XUTTEBOTO IMKIY BaHTaXHHUX
BaroHiB (IiJ 4ac BUT'OTOBJICHHS, PEMOHTIB U eKc-
TTyaTarnii) iX KOHCTPYKIIi 3a3HAf0Th PI3HUX BHIIB
nedopmartiii.

[Nomyk nmsxiB mpoTUAil BUHUKHEHHIO Aedop-
MyBaHb KOHCTPYKIII BAaHTQXXHUX BaroHiB Ta edek-
TUBHOTO IX IIpaBKa € BaXJIMBOI HAyKOBO-
NPUKIAIHOI mpobiemoro. Bigmiuene oOrpyHTO-
BY€ETBCSI MIPSIMUM 3B’S3KOM 3MEHIIEHHs nedopma-
il BATOHHUX KOHCTPYKIIIH 13 MiABUIIICHHAM PiBHS
Oe3neku pyxy Ta 30CpeKCHHS BAHTAXIB ITiJI 4Yac
TpaHCHOPTYyBaHHS. L[UM MUTaHHSAM OPHIUIAIOTH
0COONMBY yBary He JIMIIE B HAYKOBIH MisNTBHOCTI,
TiB. [locTiliHO IPOBOMATH HAYKOBO-IOCIIHI ¥ 110-
CJIiTHO-KOHCTPYKTOPCBhKI POOOTH, CKEpoBaHi Ha
YAOCKOHAIIEHHSI METOIIB TIpaBKa JedopMartiii eme-
MEHTIB OJMHHIb PYXOMOTO CKJaay 3a pPaxyHOK
YIPOBa/KEHHS PI3HUX TEXHOJNOTIYHUX MiAXOMIB 1
TEXHIYHUX PIllICHb.

AHaJi3 OCTaHHIX TOCTIKEHb 1 MyOmiKaIlii 10-
3BOJIMB BIJ3HAYMTH HAcCTymHe. Tak, y poOori [6]
HaBeJIeH] MEePCIeKTHBHI NUISIXH TOMIMIICHAS TeX-
HIKO-€KOHOMIYHHX TIOKa3HHKIB BaHT)XXHUX Baro-
HIiB, cepe/l SIKUX BUAUICHO e(EKTHBHY MPOTHIIO
BUHUKHEHHIO JedopMalliii ix emeMeHTiB. Ane npu
OMY HE 3a3Ha4yeHi MOXKIIMBI 3aCO0M BHpIIICHHS
MOCTaBJICHOI 33/1a4i.

3axoau MIOJ0 BAOCKOHAIEHHS HECHOI KOHC-
TPYKUii Ky30Ba MiBBaroHa 3 METOI0 3MEHIICHHS
nedopmariiii y Micusgx Horo KpirjieHHs Ha mainy0i
3aJII3HUYHOTO MOpoMa HaBejeHi B pobori [8]. Pe-
3yJBTAaTH PO3pPaxXyHKIB Ha MIIHICTh Ky30Ba 3 ypa-
XYBaHHSAM KpiIUIEHHS HOro 10 manxyOu 3a 3amporno-
HOBaHi KOHCTPYKIIHI BYy3JIM B yMOBaX MOPCBHKOT
Ka4K{ O3BOJMJIM 3pOOMTH BHCHOBOK PO JOLiJIb-
HICTh YKa3aHHX PillIeHb.

VY crarri [3] po3rasHYyTO MEPCHEKTHBH BJIOCKO-
HaJICHHsI MPOTHIePOPMAIliiHUX BJIACTHBOCTEH Ba-
HTa&)KHUX BaroHiB, 301IbLIEHHS SKUX MOXKHa J0-
CSATTH NDISIXOM YAOCKOHANIEHHS X KOHCTPYKIIiH,
HATIPUKIIA]], 33 PaXyHOK YIPOB/KCHHS MaTepiaiB
13 MOJINIIEHUMH XapakTepructukami [10].

VY po6ori [2] BUCBITIIEH] TUTAHHS IPOEKTYBAHHS
PYXOMOTO CKIIaJy JUIS NIEPEBE3CHHS BEIMKOBArOBHX

BaHTAXIB 13 ypaxyBaHHIM IehOopMaIiifHUX 3aXO/iB.
JocmimkeHHs AWHAMIKK ¥ MIITHOCTI 3IifiCHEHe 3a
JONIOMOT'OI0 CYYacHHUX 3ac00iB IporpaMHoro 3abes-
neaeHHst ProMechanica i CosmosWorks. Takox iz
Yac MPOEKTYBaHHA HECHOI KOHCTPYKIIi TpaHCHIOp-
Tepa TMPOBEACHO JOCIIIKEHHS MOXIUBOCTI HOTO
BUKOHAHHS 3 PI3HOTUITHUX MaTepiaiB.

VY HaykoBi#f mpami [7] poO3rNIAHYTI KOHCTPYK-
LiAHI OCOOJIMBOCTI BaroHa Jjisi IHTEPMOIATbHHUX
nepeBe3eHb. BinzHaueHo, 10 BaroH Mae 3HWKCHY
CEpEeHIO YaCTHHY, a HasgBHICTh 3BOPOTHOI YACTUHU
A€  MOXKIIUBICTh  3MIMCHIOBATH  3aBaHTaXCH-
HsI/pPO3BaHTAKCHHS aBTOTEXHIKM Ha/3 HHOT'O CaMo-
katoM 0e3 nedopmarriii.

VY pobori [9] HaBeneHi pe3ynbTaTé AOCHIHKEHb
i3 BU3HAYCHHS XapaKTepy ¥ CTyNEHsl BIUIMBY pi3-
HHUX BaHTa)XKHUX BI3KIB Ha MII[HICTH HECHUX CHCTEM
BaroHiB. OfHaK 10 3aBJaHb TAKOTO JIOCIIKEHHS
He BKJIIOYEHI IUTAaHHS BU3HAYEHHS BIAIIOBIIHOIO
BIUIMBY PECOp Ha MPOTHIII0 eKCIUTyaTaliiHuM Jie-
dhopmartism.

VY nmocmimxeHHi [1] HaBeneHi pe3yabTaTH 11010
OTPUMAaHHS MaTeMAaTUYHHUX MOJICICH 3MiHU OCHOB-
HUX TIOKa3HUKIB 0a30BHX HECHUX E€JIIEMEHTIB BaH-
TaXHUX BaroHiB. lIpu 1poMy MUTaHHA iX TepMid-
HOTO MpaBKa HEe PO3IJISHYTI.

Y crarti [4] mpencraBieHi Marepianm Mpo
BILTUB MPOQLITI0 KOYSHHS MTEPETHIX 32 PYXOM KOJiC
Bi3Ka Ha 3arajibHy JWHAMIKYy OJHWHHUIIl PyXOMOTO
ckinany. OfHak B3a€EMO3B’SI3Ky 3 BUHHKHEHHSIM
MOXKITUBUX JieopMalliii BCTAaHOBIIEHO He OyI10.

Y nmocmimkenni [11] mpoaHanmizoBaHi 0coOH-
BOCTI pyXy U B3a€EMOJii OJIMHUIIb PYXOMOTO CKJIa-
Iy 3 [apamMeTpamu, SKi BiJTIOBiIalOTh HAsSBHUM
TEXHIYHUM DIMIEHHSIM. A JTOCIIDKEHHS JUIS OIH-
HUIIb i3 TapaMeTpaMHu, sIKi BiOOpakaroTh MOMKIIU-
BOCTI BIPOBAKCHHS MEPCIICKTUBHUX TEXHOJIOT1Y-
HUX pillIeHb, HE ITPOBE/ICHi.

HayxoBa pobora [5] mpucBsiueHa BHCBITIEHHIO
pe3yJIbTaTIB YIOCKOHAICHHS JUHAMIYHHUX SKOCTEH
PYXOMOTO CKJaIy IiJl 9ac MPOXOJDKEHHS KPUBUX
MUTSTHOK KOMiT MUISXOM MHOJINMIIEHHS BiIMOBIIHUX
KOHCTPYKTHUBHHUX €JIEMEHTIB. Takox BH3HAYCHI
MOJKJIMBOCTI 1 BIUITMB BIPOBAJKCHHS TaKUX 1HHO-
Ballill HAa 3HOLIEHUI PYXOMHIA CKIIa.

Pesynbratn mpoBeneHOro aHamildy JiTeparyp-
HUX JPKEpeJ 3aCBIIYMIIM, 110 MUTAHHS HAYKOBOI'O
OOI'pyHTYBaHHS TEPMIUYHOTO NpaBka Aedopmariii
BaroHHMX KOHCTPYKIIiH y NOBHil Mipi He Oynu po-
3TISTHYTI.
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Meta

OCHOBHHM TEXHOJIOTIYHUM MPOLIECOM BaroHO-
OyayBaHHS Ta MOJAIBIIOIO PEMOHTY BaHTAXKHUX
BaroHiB € 3BapioBaHHA. [Ipu 1pOMy #oro Haciija-
KOM € TOsiBa B 30HI HarpiBaHHS TeMIepaTypHUX
3aJIMIIKOBUX HANPYXKEHb, SIKi B CBOIO YEpry IpHU3-
BOJSATH A0 MOSBU 3aJMIIKOBHX Aedopmariii y Ba-
TOHHUX eJleMEHTaX. Yce [l BU3HAYMIO METy J0C-
JDKEHHS, AKa TOoJIAra€ B HAYKOBOMY OOIPYHTY-
BaHHI MpoIeCcy TEPMiYHOTO MpaBKa I1epOPMOBAHUX
BaroOHOKOHCTPYKIIiH.

MeToanka

Oryisig HassBHUX MMIJXOZIB, CKEPOBAaHHUX Ha yCY-
HeHHS AedopMalliii BATOHOKOHCTPYKIIIH, TO3BOJIUB
OOTpYHTOBAaHO BHIIJUTH 3aCTOCYBAaHHS METOMIB
mpaBKa, cepell SIKUX Ha OCOOJMBY yBary 3aciyro-
By€ TepMidHE MpaBKa, 3aCHOBaHE Ha MICIIEBOMY
HarpiBaHHI BHIUICHUX 30H i3 MOAAIBIIAM iX OXO-
soxeHHssM. OCHOBHI eTany BUHUKHECHHS W TIPaB-
Ka micnszBapHuX aAedopMmanid y NpuB’s3li 110
yMOBHO1 Oanku HaBenieHi Ha puc. 1. 3a ¢popmy 30-
HU HarpiBaHHs Oyli0 0OpaHO PiBHOOIYHHIA TPUKYT-
HUK, IKUH OTPUMAaB Ha3BYy «KJIUH.

1. ITowamosuii (00 y6apoeanns) cman ymosnol baku
Micye

J6aPIOBANKA "\,

\

| (npocux) = 0 xen
/

L/

2. Ilposedenns 36apro6aisux podim

woui

A (npoeun) = 0.aexe

7 4 7

i
4

3. HMicanseaprosansnuit depopmosanuii cman ymosnor barku

A (npaeur) = 100....500 xv

i

3 MeTOr0 AOCTIIKEHHsI TIPOIECiB, SKi MaloTh
MicCIle MiJ] 4Yac TePMIYHOro MpaBKa BarOHHUX eje-
MEHTIB, aBTOPY PO3POOUIN MaTeMaTHYHUH anapar,
SIKUHM TPYHTYETHCSI HA METO/ax ONTHMi3allii Ta mMa-
TEMAaTUYHOTO IUTAHYBaHHS ekcrepuMeHTy. Hase-
JICHO Yy3arajbHCHHI YHIBEpCAJIbHUNH MaTeMaTh4-
HUH 3alyC ONTUMI3aI[ifHOTO JTOCIIiPKSHHS TEePMi-
YHOTO TpaBKa Ui Oy/b-sIKO1 BAarOHHOI METAIIOKO-
HCTPYKIIIi:

F(X) — extremum

Xed ek, 1)

ne F— romoBHmWiA KpuTepili ONTHMAaIBHOCTI;
M, — obnacTh NpuUImycTUMHX pimens; /[ — o00-

JIACTh MOKITUBHUX PillICHB.

Pe3yabTaru

[IpoBeneni momnepeaHi TOCTiKEHHS TTOKa3alH,
o I 3afayl ONTHUMI3aLifHOro IOCIIIHKEHHS
TEPMIYHOTO TPaBKa BarOHHUX METAIOKOHCTPYKIIIN
3 METOI0 3MEHIIICHH iX MiCIsI3BapHuX Aedopmanii
32 TOJIOBHHH (OCHOBHMIA) KpUTepili onrumizamii
JOITiTbHO obupaTH fAedopmartiro (mporun) f .

4. Tepmiunuit 6naus 2azosum pizaxom na degpopmosany 6arxy

cuMempusni namua wazpiey

1 (npoeun) = 100....500 su N

A kk l

2asoeui

}_ S me
)_ / ¢
/nona’s °

nazpiey

S. Kinuesuit cman (nicas oxo100xcenns) ymosnoi 6aixu 3
GUNDPABAENUM 1t NICARISAPIOSATLH UMM DepopManinmu
Memodom mepmiunol npasku

A (npoaun) = 0301

A A A /7

Puc. 1. [IpunimnoBa cxeMa BUHUKHEHHS 1 TPaBKa TEPMIYHUM IpaBKaM
nicisi3BapHUX Jedopmariiii B yMOBHIM Oasilli BAHT@)KHOI'O BaroHa TEPMIYHOIO IPABKOIO

Fig. 1. Principle diagram of the development of post-welded deformations in a conventional
beam of a freight car with thermal leveling

3 ypaxyBaHHSAM OOpaHOTO KpUTEpPilO y3araib-
HEHMH yHIBepCcallbHUI MaTeMaTUYHUH 3amuc 3a/1a-
Yi ONTUMI3ALIHHOrO JOCIIIKEHHS TEPMIYHOI Ipa-
BKHM 3 METOIO 3HIDKEHHS MicHs3BapHUX aedopma-
1iit OyJae MaTH HACTYIHUM BUTIISA:

f(X) —min,

Xel el 2)

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154830

© ®owmin, O. A. Jlorsirenko, O. B. Bypnynpkuit, A. M. domina, 2018

157


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tTpancrnopty. BicHuk J{HipomneTpoBcsKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2018, Ne 6 (78)

PYXOMMI CKJIAJL I TATA TTOI3/11B

Y HaBemeHOMY MaTeMaTHYHOMY 3amuci 00-
JacTh MOXJIMBHX pillleHb // BH3HAYAIOTHCS Tpa-
HUISIMA BiATOBIAHMX 3Ha4Y€Hb 3MIHHUX (aKTOPiB
X, (napamempuunumu obmedsxcennsamu), a came
3MIHHUMH TlapamMeTpaMH, SKi XapaKTepH3YIOTb:
TEOMETPUYHI PO3MIpH IUISIM HarpiBaHHA (BHCOTY
Xpy> NOBKUHY X, , WHUPUHY X, ); KUIBKICTb

<

WisM HarpiBauus (X;; ); TEMIEpaTypy HarpiBaHHs
T ipu TepMidHii paBIi ( Xy ).

3 ypaxyBaHHSAM BHIIEHABEICHOTO 00aCcTh MO-
JKIJIMBUX PillleHb /] MOXHA MPEICTaBUTH Y HACTY-
ITHOMY BUTJISII:

xBa min — xBa < xBamax 4 xﬂd min < xﬁd < xﬂd max ’

— X

A=1X

Lllemin < X11e < X [lfemax » xHjmin < xHj < xHjmax’

@)

Xpemin < Xpe < Xpgmax’ @ €[Lon] d €1 c],

eel:s],je[l:hl,k e[l: m].

OG6nacTh npumycTUMMX pimeHb J[,, B sKii
3HAXOJUTHCS IIyKaHE PIIIeHHS, BUIUISIOTH i3 00-
nacti J gyukyionanvnumu sumozamu (0OMeXKCH-
HSMH BTOpUHHHX Kputepii). [lomepenni mocmi-
JDKEHHS TTOKa3aly, 10 3a 3a3Ha4eHi KpuTepii Ta ix
BIJIMTOBITHI OOMEKEHHS JOIIILHO 00MpaTH: HalOi-
JblI€ HATIPYKEHHS G, B HeOe3MeuHoMy mepepisi
METAIIOKOHCTPYKIii, SIKe HE MOBHHHO MEPEBHIIY-
BaTH JIONYCTHME HampykeHHs [G]ans oOpaHoro

MaTepiaiy; *OpCTKICTb C 3Ha4YeHHA SKOi He

MOBUHHO TEPEBHIIYBaTH aomycTuMe [C]; Hampy-

XKEHHS CTIHKOCTI O SIKE HE MOBHHHO Ilepe-

cm.max 2
BHILyBaTH JAOMyCcTHME [G,,]; MOmynb MO3IOBXK-
HBOT TIPYXKHOCTI E , KMl 0OUParOTh 3aJICIKHO BiJl
Mmarepiary i no3HauaroTh Ui cran E,, ; epeKTu-
BHUI KOSQIIiEHT KOPUCHOI Jii 1 HarpiBaHHsS Me-
TaJIOKOHCTPYKIII.

Toni obnacte npunmycTuMux pimens /J{ Haly-

J€ HAaCTYIIHOT'O BUIJISY.

max ?
Omax <101, Crax <[C], OLmax < [csmmx],
E=E., M2Npins M= Ninax
ﬂx _ )? X Bamin = XBa = XBamax ’ xﬂd min = xﬂd = xﬂd max ’ (4)
X [17emin < X 1re < X [17e max ’xHj min < xﬂj < xl]jmax ’
Xremin < X1 < Xpemaxs @ €[Lon],de[l:clee[l:s],
jell:h],ke[l:m].
Ha ocHOBi HaBeneHOro BHILE y3arajJbHEHOTO _
MaTEeMaTHYHOTO 3aIllUCy TePMIYHOI MpPaBKH CTBO- Ay =1304,30333-55,074-b +25,86856 - h -
peHi MaTeMaTH4Hi 3aJeKHOCTI I TEPMiYyHOTO —0,90952 -t +0,21511-b? —0,13489-h? + 5)

BUIIpaBIICHHST JedopmMariiii xpedTtoBoi Oanku Ta
BEPXHBOTO OOB’sI3yBaHHS yHIBepCAIBHUX HaIliBBa-
TOHIB, sIKi OMUCYIOTh 3MiHY OCHOBHOTO IMOKa3HHKA
(medopmarniiiHoro nporuny Ay xpeOTOBOi Oanku
(4.5) Ta npodinmo BepxHBOro 00B’si3yBaHHS (4.6)
3aJIeKHO BiJI BapilOBaHHS KEpOBaHUX 3MIHHHX (Te-
OMETPUYHUX MapaMeTpiB «KIMHA» — IMUPUHU D Ta
BUCOTH N, a TAKOXX TeMIepaTypHu HarpiBaHHs t):

0,00108-t* +0,115-b-h +0,0056-b -t —
—0,00805-h-t,

Ay =—1889,03858 + 25,19875-b +18,71944-h +
+2,57497 -t —0,08472-b? +0,1403-h? —
-0,00108-t* —0,17688-b-h—0,00142-b-t —
-0,01692-h-t.

(6)
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[Ipencrarneni BHUIle MaTeMaTHYHI 3aJI€KHOCTI
J03BOJISIIOTH OOYAyBaTu AONOMiKHI rpadiku (Oi-
HapHUX Tepepi3iB) i MPOBECTH 1X MOJANbIINN aHa-
T3 13 METOI0 OOTPYHTOBAHOTO BHOOPY T€OMETPHY-

HHUX TapaMeTpiB 30H HarpiBaHHs (IMpUHH D Ta

b, mm

Bucot h ). Tak, Ha puc. 2 i 3 HaBeleHI MPHUKIIa-
I Takux TpadikiB mist XxpeOTOBOI OaJku Ta Bepx-
HBOTO OOB’SI3yBaHHS yHIBEpCalbHUX HalliBBarOHiB.
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Puc. 2. Jlonomixkuuii rpagix BUOOPY pO3MIPIB «KIMHA»

JUTS TIpaBKH O0anku xpedToBoiza t =710C
Fig. 2. Additional diagram for sorting out the dimensions

of a «wedge» for the center sill leveling at t =710"C
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Puc. 3. Jomomixkauit Tpadix BHOOPY PO3MIPIB «KITHHAY

JUTS IPaBKH OOB’sI3yBaHH

s1 BepxHboro 3a t =610 C

Fig. 3. Additional diagram for sorting out the dimensions of a «wedge»
for the top cord leveling at t =610'C

OtpumaHi pe3ysibTaTH JO3BOJIIN NepeiTn 110
HACTYIHOTO €Taly HAyKOBUX JOCIIKEHb, KU
MOJISITa€ B MiATBEpKEHHI €(eKTUBHOCTI Tepmiu-

Hoi mpaBku. [Ipu npomy aBropamu Oyno Bimmide-
HO, IO TaKe MiATBEPIKEHHS MOXKJIHBO OTPHUMATH
3a pe3yJbTaTaMH MOJENIOBAHHS TEPMIUHOI MPaBKU
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3 BUKOPWCTAHHIM BiAMOBITHUX MPOTPaMHUX KOM-
IUIEKCIB CHCTEM aBTOMAaTH30BAaHOTO MPOEKTYBAHHS
takux sk ANSYS, Nastran, MARK, SolidWorks,
T-flex ta in. Tak aBropamu OyJI0 MPOBEACHO MO-
JIETFOBAaHHS TePMIYHOI MIPaBKU OOB’SI3yBaHHS BEP-
XHBOTO HalliBBaroHy Ta XpeOToBoi Oajku (Ha oc-
HOBi pO3pOOJIEHNX CKiHUEHHO-EIEMEHTHHUX MOJie-
JicH) 3 BUKOPUCTaHHAM Kominiekey SolidWorks.
TakoX BUKOHAHO MiATBEPAKEHHS TOYHOCTI Ta
OTPUMAHOTO B XOAi TaKOTO MOJIEJIOBaHHS €(PeKTy

(BigMiueHOTO yCYHEHHs, OTPUMAHOTO TPW HaKIa-
JaHHI 3BaprOBAJIbHOTO IIBA, MPOTHHY EJIEMEHTY
BaroHHO1 KOHCTPYKILii) B paMKaX eKCIIepUMEHTa-
JBHOTO  JOCHIMKEHHS  HATypHOIo  3pasKa
00B’sI3yBaHHS BEPXHHOT'O HaITIBBaroHy.

ETtanu KoMI’roTepHOrO0 MOJEIIOBAHHS Ta €KC-
MEPUMEHTANBHOTO JIOCTIIKCHHS! OCHOBHHX eJeMe-
HTiB KOHCTPYKIlii HaIliBBaroHy MpPEACTaBJICHI Ha
puc. 4.

ETAIIH KOMIIBIOTEPHOI' O MOJE/TIOBAHHA

ETAITH EKCIIEPUMEHTA/IBHOI'O

FBanka xpebmosa

006’33y6aHHS 66PXHE

JOCTIKEHHA TEPMITYHOI ITPABKH
OBBA3YBAHHA BEPXHbBOI O

,ZIO HAKNA0aHHS 36aApro6alibHOCO Ui6ea

&

IIpoyec nposedenns 36apro6ansHux podim

7

IIpoyec naknaoanns ma HAZPi6aHHs KIUHIE

ITicnsa 30ilicHeHHs MexXHON02iuHOT onepayii mepmiunHoi npasxku

——
=

e
o

Puc. 4. Etanu MoientoBaHHS MIPOLIECY TEPMITHOI IPABKU KOMIT IOTEPHOTO
Ta eKCHEePUMEHTAIBHOTO JIOCHIPKeHb BAarOHHUX KOHCTPYKIIIH

Fig. 4. Stages of the thermal leveling process of computer
and experimental research into car structures

ExcrniepuMeHT IIpOBOJUBCS Ha HATYPHUX 3pa3-
Kax, sIKi OyJI0 BUKOHAHO 3 ypaxyBaHHSIM KOHCTpY-
Kuii, TeXHOJIOTI] Ta Marepiany, aHaJOTIYHUX pea-
JbHUM  Oanku  XpeOTOBOI  Ta  BEPXHBOMY
00B’513yBaHHIO HAIliBBATOHY.

ETamu ekcriepuMeHTaIBHOTO TOCTIKCHHS Ta-
Ki:

— 10 BCii JIOBKHHI JOCJIHOIO 3pa3ka Hakia-
JAETHCSL 32 JIOTIOMOTOI0 3BaplOBAaJIBLHOTO 00Ja-
HaHHS 3BaprOBaJIbHUHN 1IOB;

— MiCJsl OCTHTaHHs 3pa3ka (DiKCyeThCs BEINYH-
Ha POTHHY, SIKHH TIPH I[bOMY BUHHKAE;

— 3BQJICKHO BiJ BEJIWYMHH NPOTUHY BCTAHOB-
JIIOIOTBCS PO3MIPH IUISIM HarpiBaHHs (y HaIIiomy
BUMNAAKY (OPMOIO IUISIMUA HarpiBaHHS € PiBHOOiY-
HUA TPHUKYTHHK, SIKH OTPHMaB Ha3BY «KIIUHY)
1 TeMIreparypa HarpiBaHHS;

— 3a JIOTIIOMOTOI0 HAarpiBajIbHOTO OO0JIaJHAHHS
(i3 BUKOpPHUCTAHHSIM Ta30KHCHEBOT'O MOJYM’s) BH-
KOHY€ETBCS TPOTPIBAHHS «KJIUHIBY» 10 HAOYTTS BH-
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IIHEBO-YEPBOHOTO — BHUIIHEBOTO KOJBOPY CTali
y 30Hi IPOTpiBaHHS;

— Micisi BAKOHAHHS MPOLIECY MPOTpiBaHHs ycix
CKJIMHIB» JOCTITHUN 3pa30K 3alUIIAEThCS IS
OCTHTaHHS,

— MiCHsI OCTUTaHHS 3pa3ka KOHTPOIIOETHCS
Mpolec YCYHEHHs NMPOTHHY, SIKMM MaB Micle Ha
eTarni HaKJIaJaHH 3BapIOBAJIBHOTO IIIBA.

[licna excrnepuMeHTaNbHUX AOCHIIKEHb OYIIO
MPOBENEHO MIKPOCKOIIIO CTPYKTYPH METally B 30Hi
HarpiBaHHS JIsS TIATBEPHKEHHS IpaIle3aaTHOCTI
craini 091'2C, 3 sixoi BupoOiieHo OanKy, Ticis mpa-
BOYHHUX POOIT Ta AOCHIIKEHO CTPYKTYPHI CTaHH
MaTepialiB HeCyuYnX KOHCTPYKI[i BaHTa)KHHUX Ba-
TOHIB Yy MICIIX TEMIEpPaTypHOTO BILTUBY IIPU
TEPMIYHIi paBIIi.

MiKpoIOCIiPKEHHST TPOBOAMIUCS TICIIS MpaB-
KU TIpu Temrieparypi HarpiBanHs Big 450-900°C Ha
Mmikpouutipi 3a momomoror Mikpockorna Digital
Microskope CELESTRON 44302-B-CGL Deluxe
Handheld. MikpocTpykTypy 3pa3KiB BHUSBISLITH
METOJIOM XIMIYHOTO ¥ ENEeKTPONITUYHOTO TpaB-
JICHHS.

BusHayeHHS MeXaHIYHMX XapaKTEpUCTUK 3Ba-
PIOBaNBHOTO 3’€IHAHHS MPOBOJMIOCS BiATIOBITHO
no sumor (OCT 28840-90, TOCT 1497-84,
I'OCT 9651-84, 'OCT 6996-66). 3pa3ku Bupizani
3 mpo0 31 3BapOBANBHOTO IIBa Ta MPOO Micis
MPaBKH 32 CXEMOI0, HAaBEJICHOI0 Ha pHC. 5 (BUpi3a-
JIMCS 3aTOTOBKH JUISI BATOTOBJICHHSI TUIOCKHX 3pa3-
KiB, Ha SIKUX BHBYAJHCS BIACTUBOCTI METAIly IIBa
Ta OCHOBHOT'O METAJTy KJIMHA ITiCJIsl TIPABKH).

Puc. 5. Cxema mnockoro 3paska Uit BAIIPOOYBaHb
MaTepialiB Ha PO3TATaHHS

Fig. 5. Scheme of a flat sample
for tensile materials testing

3a 10MOMOTO00 YHIBEpCalTbHOT BUIIPOOYBaIbHOT
MmammHi 2054 P-5 (puc. 6) BUTOTOBIIEHI 3pa3Ku
BUIPOOOBYBAJIMCS HA PO3TSATaHHS MPU TEMIIEpaTy-
pax 500°C, 600°C, 700°C, 800°C 3ycwmuiaMm a0
50kH .

N ]

o
=

T

|

Puc. 6. YHiBepcaibpHa MalllMHa J1j1 BUNPOOYBaHHS
3pa3KiB Ha CTATUYHE PO3TATaHHS

Fig. 6. Universal testing machine
static tensile specimens

Otpumani B X0Jli BUNIPOOyBaHb MEXaHI4HI Xa-
PaKTEepHCTUKNA METaly B 30HI HarpiBaHHS TiCIS
MPaBKH HATYpHOTO 3pa3Ka BaroHHOI METaIOKOHC-
TPYKLIT MIATBEPIAMIN X HE3HAYHE BiAXUICHHS BiJl
THX, 0 OyJM BU3Ha4YeHi o npaBku. Lle aprymen-
Ty€ThCS 3a0e3MeYeHHsM HeOoOXiTHOTO PiBHS Xapa-
KTEPUCTHK MaTepiaiy.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYUMICTh

Y poOoTi HayKOBO OOIPYHTOBaHO HAIPSMOK
BUTIPaBJICHHS JeopMalliii BATOHHUX METaIOKOHC-
TPYKILIH 3a JOMOMOTOI METOJy TEpMIYHOTO BH-
npaBlieHHs. Pe3ynbTraTH NmpoBEAEHUX OCIIKEHb
JIO3BOJISIIOTh yJIOCKOHAIIOBATH TEXHOJIOTIT BUPOO-
HUILITBA i PEMOHTY BaroHiB.

BucnoBku

3amponoHOBaHU y CTaTTi METOJA TepMidHOL
MIPaBKH JIO3BOJIAE yCyBaTH Aedopmarii Oyab-sKux
BaroHHWX KOHCTPYKIii. HaBenmenmit maremarwd-
HUI amapar i moOyJoBaHi 3 HOrO0 BUKOPUCTaHHSIM
JOTIOMIXHI Tpadiku T03BOJNSIOTH €PEKTHBHO Ta
LIBUIKO MigiOpaTtn HeoOXinHi A TepMiyHOI mpa-
BKHM TapaMeTpy W peani3yBaTH BKa3aHUHU MigxXif
3 YCyHEHHsI 3BapHHX JedopMalliii y HasiBHUX BU-
POOHHYMX YMOBax.

Marepianu naHoi myOsikauii oTpuMaHo B XOi
BHUKOHAHHS 3as8BKH MpoekTy P84 JIOD/I.
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Takox pe3ynbTaTHl MPOBEICHOI ONTHIHOI MiK-
pockomii Ta OTpuMaHi B XOAi BHIIPOOYyBaHb MeXa-
HIYHI ~ XapakTepUCTUKH  3pa3Ka  BEPXHBOTO
00B’sI3yBaHHS HAMiBBaroHa O3BOJIIA 3pOOHTH
BHCHOBOK, ITIO IIiCJIS TIPOBEACHHS TEPMITHOI TIpaB-

KU TIPAaKTHYHO HE BiIOYBA€THCS 3MIHH CTPYKTYPH
OCHOBHOTO METaJly €JICMCHTA, a BiIXUJICHHS B Me-
XaHIYHUX XapaKTePUCTUKAX JIO 1 MICIs TpoIecy
MPABKH € HE3HAYHUMH.

10.

11.

CIIMCOK BUKOPUCTAHUX JIKEPEJI

MaremaTiyHi MOZAeNi 3MIHM OCHOBHHMX MOKa3HHKIB 0a30BHMX HECYYHX €JIEMEHTIB Ky30BiB HaIliBBAaroHiB /
0. B. ®owmin, O. A. Jlorsinenko, P. 0. Ipomin, I'. I1. Boponaii, B. B. ®owmin, O. B. bypnynpkwuii // 3amizH.
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TEOPETUKO-TIPAKTUUYECKHA BA3HC ITPABKH
JAE®@OPMUPOBAHHBIX BATOHOKOHCTPYKIIMUA TEPMUYECKHUM
BJIMAHUEM

Heas. [IpeqioxenHoe Bccie0BaHNE HANIPaBIeHO HA 000CHOBAaHHE 1I€JIECO00PAa3HOCTH HCIIOIB30BAHUS METOAA
TEPMHUUYECKOM MPaBKH I YCTpaHEHUs AedopManiil BATOHHBIX METANIOKOHCTPYKIUH, KOTOPbIE HMEIOT MECTO IIPH
MX U3TOTOBJIICHUH, KCIUTyaTaluy ¥ peMoHTe. MeToanka. [y 1oCTIKeHNsI OTMEIEHHO LIENN CO3/1aH MaTeMaTnyie-
CKHH ammapaT, KOTOpbIH 0a3zupyercss Ha METOJax MaTeMaTHYeCKOTo IUTAHMPOBAHMS SKcHepuMeHTa. PaszpaboTaHa
0000mEHHasT yHUBEpCaNbHas MaTeMaTH4ecKasl 3alich ONTHMH3ALHOHHOTO HCCIEIOBAHUS TEPMHUYECKON IPaBKH
BaroHOKOHCTPYKIMH. [IpoBesieHO MoJennpoBaHNE TEPMUYECKON MPABKH C MCIOJIb30BAHHEM IPOTPAMMHOTO KOM-
IUIeKca CHCTEM aBTOMATHU3MPOBAaHHOTO mpoektupoBaHus SolidWorks, a Taxke s3KcIepuMeHTaIBHOE HCCIIEIOBAHNE
HaTypHOTO 00pa3ia BepxHel o0Bs3ku nosyBaroHa. Pe3yasTarbl. Ha ocHOBe 00001IEHHON MaTeMaTHYeCKOi 3amu-
CH ONITHMHU3AIMOHHOIO MCCIIEJOBaHHUS TEPMUUCCKON NMPaBKH BarOHOKOHCTPYKIMH CO3/IaHbl MaTeMaTHYECKHUE 3aBH-
CHUMOCTH JUIsl TEPMUYECKON TPaBKH XpeOTOBON OaJIKU M BEpXHEH 0OBS3KM YHUBEPCAIbHBIX MIOJIYBaroHOB. DTH 3aBH-
CHUMOCTH OIIMCBIBAXOT U3MCHCHUC BCIIMYUHBI L[e(bOpMaHI/IOHHOFO nporHGa C COOTBETCTBYIOIIUMH I'€COMETP UUCCKUMU
napaMeTpamH 30H Harpesa (mporuda XxpeOToBoi 0anku 1 npoduiisi BepXHeil 00BSI3KHM) B 3aBUCUMOCTH OT BapbUpPO-
BaHWS YNPABISIEMBIX NEPEMEHHBIX (T€OMETPHUYECKUX MapaMeTpoB IIATEH HarpeBa M Temrmeparypsl). IlocTpoeHs
BCIIOMOTaTebHBIE rpauky (OMHAPHBIE CeUeHH) Al 0OOCHOBAHHOTO BBIOOPA ONTHUMAIBHBIX 3HAYEHHH FeOMETPH-
YECKMX IapaMeTpoOB 30H HarpeBa MpH IMPUMEHEHUH TEPMHUYECKOW IPaBKH BO3ZHUKAIOIINX Ae(hOpMaIHii 3JI€MEHTOB
TPY30BBIX BaroHOB BO BpPEMS MX H3TOTOBJICHHUS, pEMOHTa M 3KCIuTyaTanuu. Ha ocHOBe pa3pabOoTaHHBIX KOHEYHO-
9JIEMEHTHBIX MOJENEH BBINOIHEHO MOATBEPXKICHUE 3(D(PEKTUBHOCTH TEPMHUYECKOM NMPaBKH. DKCIEPUMEHTAIEHBIM
IyTeM J0Ka3aHa TOYHOCTh IIOJYYEHHOTO B XOJE KOMIIBIOTEPHOTO MojenupoBaHus 3ddekra — oTMedeHo
YCTpAaHCHUE BO3HUKIICTO IIPU HAJIOKEHUHU CBAapOYHOTO IIBa nporHGa 3JIEMEHTAa BaroHHOM KOHCTPYKIHH.
Hayuynas HoBu3Ha. Pa3paboTaHHBI MaTeMaTHYECKUH anmnapar M Co3JaHHas Ha ero OCHOBE MOJENb JJIsl UCCIIE0-
BaHUS TCPMHUYCCKOW MPABKM BAarOHOKOHCTPYKIIMHA MO3BOJISIOT OOOCHOBAaHO MOIXOAMTH K BBHIOOPY ONMTHMAIbHBIX
napamMeTpoB OTMEYEHHOM IMpaBKU IMpHU UX UCTIOJIB30BAHUU JI1 YCTPAHCHHSA BO3HHKAIOMIUX B 3JIEMEHTAX I'PYy30BbIX
BaroHoB nedopmanuii. [IpakTHdeckasi 3HAYNMOCTBb. YYET IOJyYCHHBIX PE3YJIbTaTOB OyAET CII0COOCTBOBATH
CHUIKCHHUIO 3aTpaT Ha TEXHOJOTHUYCCKHUEC IMPOUECCHI U3IrOTOBJICHUA U PEMOHTA I'PY30BbLIX BAI'OHOB, KOTOPBIE COCTaB-
JISIFOT OCHOBY BarOHHOTO TTAPKa JKEJIE3HBIX A0POT Y KPauHBI.

Kniouegvie cnoea: Tpy30BOW BaroH; BarOHOKOHCTPYKIMS; IeOpMalny; TepMHUYECKas IpaBKa; ONTHMH3A-
LIHOHHOE MCCIIEI0BaHNE; MaTEMaTHIECKOE MOICIIMPOBAHIE; SKCIICPUMEHTAIBHOE HCCIICI0BAHNE
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THEORETIC-PRACTICAL BASIS OF LEVELING OF DEFORMED
CARRIER CONSTRUCTIONS BY THERMAL INFLUENCE

Purpose. The proposed study is aimed at justifying the expediency of using the thermal leveling method to cor-
rect deformations of car metal structures that take place during their manufacture, operation and repair.
Methodology. To achieve this purpose a mathematical apparatus was created, which is based on the methods of
mathematical design of the experiment. A generalized universal mathematical record of the optimization study of the
thermal leveling of car structures has been developed. Modelling of thermal leveling, using the software complex of
CAD systems of Solid Works was carried out, as well as an experimental study of the full-size sample of the can-
trail in the gondola car. Findings. On the basis of a generalized mathematical record of the optimization study of the
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thermal leveling of the railcar constructions, mathematical dependencies were created for the thermal leveling of the
center sill and the cantrail in the universal gondola cars. These dependences describe the change in the magnitude of
the deformation deflection with the corresponding geometric parameters in the heating zones (deflection of the cen-
ter sill and the profile of the cantrail) depending on the variation of the controlled variables (geometric parameters of
the heating spots and temperature). Auxiliary graphs (binary sections) have been constructed for a reasonable choice
of the optimal values of the geometric parameters in the heating zones when using thermal leveling of the occurring
deformations in the elements of freight cars during their manufacture, repair and operation. Based on the developed
finite element models, the efficiency of thermal leveling has been confirmed. The accuracy of the effect obtained in
the course of computer simulation is proved experimentally — elimination of the occurred deflection when applying
the welding seam in the element of the car structure was noted). Originality. The developed mathematical apparatus
and the model created on its basis for the study of the thermal correction in the car structures allow us to justify the
selection of the optimal parameters of the marked correction when they are used to eliminate the deformations that
occur in the elements of the freight cars. Practical value. Accounting of the obtained results will help to reduce costs
in technological processes in the manufacture and repair of freight cars, which is the basis of the rail car fleet of
Ukraine.

Keywords: freight car; car structure; deformation; thermal correction; optimization study; math simulation; ex-
perimental research
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HUMAN FACTOR INFLUENCE ON PERFORMING TECHNICAL
MAINTENANCE AND REPAIR OF FREIGHT CARS

Purpose. The scientific work is aimed to: 1) study the indicators and criteria for evaluating the influence of hu-
man factor on failure-free operation of freight cars; 2) theoretically describe the probabilistic model of the human
factor role during the maintenance and repair of freight cars according to technical state; 3) consider the model of
situation development for the case of a critical defect of the freight car unit taking into account the human factor.
Methodology. In order to achieve this purpose, the methodological approaches were considered: 1) to evaluation of
the reliability indicators in the system «man — freight car» during maintenance and repair; 2) to evaluation of the
level of traffic safety in case of transition from the existing system of maintenance and repair of freight cars to the
system according to technical state. The model of the situation development for the case of a critical defect of the
freight car unit with the consideration of the human factor was described. Findings. The approach to the evaluation
of risk indicators of potential failures of freight cars is given. The probability of occurrence of negative events
(risks) and possible economic damage from their manifestation were taken as the indicators. In the developed model
of situation development for the case of a critical defect of the freight car unit with the consideration of the human
factor, three possible states are shown: workable and limited workable, unworkable and emergency. Each initial
state is characterized by the development of events, which is associated with designers’ errors, with defects during
manufacture of parts and units, with human factor. Originality. It is proposed to consider the value of the failure
probability, which is related to the human factor, as a certain proportion of the overall probability of failure of the
system «man — freight car». The interpretation of Harrington's desirability function for the case of application to
freight cars is given. During maintenance and repair, it is suggested to introduce an indicator that characterizes the
observance of the technology of use of maintenance services for freight cars, taking into account the human factor.
Practical value. Based on the conducted research it is possible to evaluate the influence of the human factor on the
maintenance and repair of freight cars. According to the developed model of situation development for the case of
a critical defect it is possible to determine the critical level of the defect of the freight car unit taking into account the
human factor to limit the risk of an accident or transport event.

Keywords: freight car; reliability; human factor; critical defect; maintenance; repair

Introduction a man carries out his/her activities according to
deterministic and random procedures or rules, in-
structions, technological schedule. In the first case,
this activity is strictly regulated. In the second
case, during the maintenance or repair process the
occurrence of unexpected events is possible, for
example, the deterioration of the natural environ-
ment. In some processes, such events predict and
prepare the appropriate guiding activities [4, 6, 17].

Mental work (intellectual activity) is associated
with the reception and processing of information,
and mainly requires concentration of attention, ex-
ertion of the sensory apparatus, memory, as well as
the activation of thinking processes and emotions.
The work of inspectors and mechanics during

The main duties of the railway transport work-
ers are the satisfaction of the requirements for the
passengers and cargo transportation subject to un-
conditional compliance with traffic safety [9].

Many scientific works are devoted to the im-
provement of designs, maintenance, repair tech-
nology and rolling stock diagnostics, which greatly
affect the traffic safety [1, 3, 5, 15]. According to
research data, the human factor significantly influ-
ences the traffic safety level [16, 18].

The activities of railway transport workers,
which are aimed at ensuring traffic safety in the
system «man — freight car», are connected with
mental and physical functions. At the same time,
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maintenance and repair requires increased respon-
sibility and high nervous-emotional tension. Such
work is recognized by the high degree of infor-
mation dynamism, its volume, the lack of time to
prepare and make the right decisions, the need to
resolve the conflict situations that arise occasional-
ly during the maintenance and repair of freight cars
[8].

The role of the human factor manifests itself in
the influence on the process of training inspectors
and mechanics for the maintenance and repair of
freight cars (operation process) and in evaluating
the results of its implementation. The human factor
can be defined as a set of peculiar psychophysio-
logical features that must be taken into account in
order to exclude the causes of wrong actions [2,
11].

The human factor that caused erroneous actions
is not always due to the psychological and psycho-
physiological characteristics of a person and does
not always correspond to the level of complexity of
tasks or problems. Mistakes caused by a human
factor, as a rule, occur unintentionally. A person
performs actions that are regarded by he/she as the
most appropriate or correct.

The reasons for the erroneous actions of a per-
son can be classified in the following groups:

— limitations of information provision, absence
or lack of information support;

— mistakes caused by external factors;

— errors caused by the physical and psycholog-
ical state and human properties;

— the limited resources of support and imple-
mentation of the taken decision;

— emotional tension;

— loss of attention that occurs when performing
the necessary actions, especially in the event of
unexpected equipment failure or a sudden change
of situation.

It is necessary to improve the methods of facili-
tating the work of inspectors and mechanics and to
take the necessary measures to reduce the human
factor influence. For this purpose, it is necessary to
develop a methodology for assessing the influence
of the human factor on performing maintenance
and repair.

Purpose

The scientific work is aimed to: 1) study the in-
dicators and criteria for evaluating the influence of
human factor on failure-free operation of freight
cars; 2) theoretically describe the probabilistic
model of the human factor role during the mainte-
nance and repair of freight cars according to tech-
nical state; 3) consider the model of situation de-
velopment for the case of a critical defect of the
freight car unit taking into account the human fac-
tor.

Methodology

The main indicator of the reliability of work in
the system «man — freight car» during the mainte-
nance and repair is the probability that the time
between failures will not exceed the given tem-
poral restriction. It can be determined by the fol-
lowing expression:

P(T<t) ={Re (T <)-Re(T<t)}, (1)

where P, and P — the value of the failure prob-

ability, which is determined by the reliability of the
freight car and the influence of the human factor,
respectively;
T —is the time of freight car operation to the first
failure; t — is the period of time during which the
failure probability of freight car is established.

The regularities of the dependencies of the fail-
ure probability P, and B, when T s less or

equal to t for the inspector or mechanic of the
freight car, are determined by the biological nature
of the human body, on the one hand, and the de-
sign, material properties and conditions of freight
car operation — on the other.

During analysis of the reliability of the system
«man-freight car», the research objects are differ-
ent occasional events and values that influence re-
spectively both the state of a person and the freight
car. The typical failure rate function of the freight
car is shown in Fig. 1. One can distinguish in it
three characteristic areas:

— from the beginning of operation to t; — the
time interval at which the failure rate function de-
creases as a result of design improvements of
freight cars in the process of production tests, run-
ning of parts and units and other technical reasons;
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— ti—t; — the time interval at which the failure
rate function is practically constant and character-
izes the stable operation of freight car;

— from t; to the limiting state — the time of the
failure rate increasing due to the physical wear of
freight car.

\.

/ 4
N

#

A

W
%\Af\\§f

Fig. 1. Dependence of the failure rate function of freight
car on the time between failure at 1 = const

The human body, in accordance with the 1-st
and 2-nd laws of thermodynamics of biological
systems, is in a steady unbalanced thermodynamic
state, unlike freight cars, which are always in an
unstable unbalanced thermodynamic state. It is
provided by human biorhythms throughout his/her
work. In this regard, a person is periodically in
workable and unworkable state. Researchers dis-
tinguish a daily alternation cycle of these states. As
a result of loadings, after a change of workable
state to unworkable one, a person needs rest for
restoration.

The failure rate of freight cars due to the human
factor during the workable period, consisting of
erroneous solutions or actions, in the form almost
coincides with the graph shown in Fig. 1.

The work of the inspector or mechanic, as well
as the freight car failure rate, can also be divided
into three time intervals [7]:

— characterizes the period of operative adapta-
tion of man to the working process after the rest;

— characterizes the basic working process, dur-
ing which it takes place a smooth, close to linear
transition of person’s thermodynamic state from
weakly to a highly unbalanced one;

— characterizes a highly unbalanced thermody-
namic state as a result of fatigue, in which the body
loses its ability to work and goes to rest.

Graphically, daily changes in the failure rate of
the inspector’s or mechanic’s body are shown in
Fig. 2

0,
A

‘max

A

‘min

hitw h R htw i R hhtw T R b VT

Fig. 2. Dependence of changes in the failure rate of in-
spector’s or mechanic’s body during the day:
tw — work; tr — rest

One can see from the dependence (Figure 2)
that during the tw time in the work of the system
«man — freight car» there is a change in the ther-
modynamic state of the body of inspector or me-
chanic from a weakly unbalanced at the beginning
of work to a highly unbalanced one at the end of it.
During the rest tz in the body of inspector or me-
chanic there is a complete restoration of its state,
and from the beginning of the next day the pro-
cesses are repeated. From the position of failure
rate, the most favourable time of work in most cas-
es is the work that begins in the morning, because
before this, during sleep, usually the most com-
plete restoration of all functions of the body oc-
curs. However, the production processes associated
with the maintenance of freight cars are around the
clock, and inspectors and mechanics who carry out
such maintenance tend to work double shifts. In
this case the failure rate due to the human factor
will correlate with the time of shift. Dependences
of daily changes in the failure rate of inspector or
mechanic, performing the freight car maintenance
in the case of double-shift work, are shown in
Fig. 3.

A1)

1

—

Fig. 3. Dependences of daily changes in the failure rate
of inspector or mechanic, performing the freight car
maintenance in the case of double-shift work:

A (t) — probability of failure rate;

t — work shifts duration
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The work of inspectors and mechanics in night
shift during the freight car maintenance is charac-
terized by significant fatigue, which reaches the
maximum value until the end of the shift.

As can be seen from the dependences shown in
Fig. 3, the first shift of work is characterized by the
minimum failure rate function, the greater one falls
to the second shift. The average ratio of the failure
rate function is determined by the work conditions
of inspector and mechanic, who carry out technical
maintenance, technical parameters and operation
conditions of freight cars [7, 19].

The value of failure probability associated with
the human factor (P,.) can be presented as a pro-

portion of the overall failure probability of the sys-
tem «man — freight car» in this form:

Pee = ZkHFPP ’ (2)

where k. — is the significance coefficient the hu-

man factor affecting the reliability of the freight
car during maintenance.

Failure indicators that have occurred under the
influence of the human factor are almost the same
as reliability indicators of freight cars. Here are the
main ones:

— number of failures or violation of organiza-
tional and technological processes of freight cars
maintenance, caused by negative events associated
with the human factor;

— the probability of failure or violation of the
organizational and technological process of freight
car maintenance at a time interval less than the
predetermined P (T<t) caused by a negative event
associated with the human factor;

— the failures rate or violation of organizational
and technological processes of freight car mainte-
nance due to the human factor;

— time of restoration of the workable state or
organizational and technological processes of
freight car maintenance after the influence of nega-
tive factors that arose as a result of the human fac-
tor;

— failure rate function of freight cars caused by
negative events related to human factor (number of
failures per unit time);

— failure rate function of freight cars, which
occurred under the influence of the human factor
(the rate of failure per t/km).

In this case, to control the human factor, it is
necessary to consider and account the following
indicators:

— the probability of negative event associated
with human factor potentially capable of causing
a freight car failure;

— the probability that in the freight car failure
the human factor will not be detected;

— the probability of erroneous attribution of the
freight car failure to the human factor cause;

— costs for restoration of the workable state of
freight car after the failures that occurred under the
influence of human factor.

Let us give one of the possible approaches to
evaluating the above-mentioned indicators of the
risks of potential freight car failures. We take the
probability of occurrence of negative events (risks)
and possible economic loss from their manifesta-
tion as indicators. By risk, we mean the events
identified as probabilistic (stochastic) factors of
negative influence on freight cars, causing viola-
tions of the maintenance process, reducing the reli-
ability and durability of the structural elements of
freight cars, traffic safety, financial and economic
losses of the railway.

The probability of risks of freight car failures
may serve as a criterion for quantifying additional
financial costs for their elimination. In the first ap-
proximation of the zone of qualitative risks as-
sessment one can take the generalized Harrington's
desirability functions for the processes of freight
car maintenance [12]. The Table 1 shows the
interpretation of Harrington's desirability function
for the case of application to freight cars.

Table 1
Scale ranges of risk assessment
Desirability Probability of risk
Unlikely critical risk 1.00-0.80
Expected minor risk 0.80-0.63
Expected moderate risk 0.63-0.37
Possible critical risk 0.37-0.20
Expected critical risk 0.20-0.00

The quantitative assessment of the risk of po-
tential freight car failures is now hampered by the
lack of information on the costs necessary for their
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recovery. In the first stage, the assessment of eco-
nomic losses can be determined expertly.

The maximum economic loss averaged by ex-
perts will be determined by the formula:

Ri
G = zPij Cij ' (3)
j=1

where i — is the certain number of freight car, i = 1,
2,3 ...; B; —the probability of potential risk for

the i-th freight car; j — number of risk type, j = 1, 2,
3...; C; —economic damage from the j-th number

of the risk type for the i-th freight car.

We can also propose to assess the quality of in-
dicator of the train traffic safety in the form of a
coefficient, which will be determined by the ratio
of the probability of freight car being in the work-
ing condition and the design probability of failure-
free operation of freight car at the appropriate time
interval [20]:

Kpsi =P /' Ry, (4)

where Ky, — is the coefficient of decrease of
traffic safety indicator (failure-free) P, — is the

design probability of failure-free operation of a
freight car.

In addition, during maintenance and repair, one
can enter an indicator characterizing compliance
with the technology of carrying out maintenance
work for freight cars taking into account the human
factor:

ry=tE3a-, ®
i=1 ki

where t, — is the number of violations of the work

technology of the i-th maintenance of the freight
car; t,; — is the number of parameters and modes

of technology, which is controlled during the
works of i-th maintenance of freight car; n —is the
number of maintenance of freight car.

Then, in order to compare the maintenance
and repair of freight cars according to the available
technology and technical state, it is possible to ob-
tain an assessment as follows:

_ tiexs
P . ¢ ti )
OM — — HFexs kiexs (6)

PHFtc i=1 (1_'[ii)
1:kitc

In the last expression, the indices exs and tc de-
note the existing maintenance and repair system
and according to the technical state.

Then the coefficient (4), taking into account the
expression (6), will have the following form:

t

(1_ iexs )
P, P : hi
KDSI __P HFexsZ Izlexs . (7)
Po Pype T (1)
tkit(:

The obtained expression allows assessing the
traffic safety level during the transition to the sys-
tem of maintenance and repair of freight cars ac-
cording to the technical state [10].

Findings

The available methods of forecasting the influ-
ence of the human factor during the analysis of the
freight car reliability should include the following
stages, which lie in [13, 14]:

— compilation of the lists of basic failures of
freight car units;

— compilation of technology works for inspec-
tors and mechanics, and similarly for other in-
volved employees;

— estimating the frequency of human errors dur-
ing the execution of technological operations;

— determining the effects of the frequency of
human errors on the failure rate of the freight car
units;

— developing recommendations and making the
necessary changes in normative documentation.

The basic method, which takes into account the
reliability of human work, can be set by construct-
ing a probability tree (or results). The use of such a
method involves some conditional probability as-
sociated with the successful or erroneous imple-
mentation of a particular technological operation
by inspector or mechanic, or the probability asso-
ciated with the occurrence of the relevant event. In
this case, branches or links of the probability tree
can represent the result of any event. It is possible
to calculate the full probability of successful com-
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pletion of a certain task by summarizing certain
probabilities that will be known for the end point
of the path (in the case of a successful result) on
the probability tree.

In this method, one can consider the factors
with some refinements, for example: stress caused
by lack of time; a load that determines the need for
decision-making and its implementation in differ-
ent non-standard situations; emotional load, etc.

It should be noted that the application of this
method can provide a good visibility, and the
mathematical calculations associated with it are
quite simple, which also leads to a decrease in the
probability of errors that can occur in this case.

In addition, the given method allows us to as-
sess the conditional probability of performance of
maintenance and repair work, which otherwise can
only be obtained on the basis of solutions of com-
plex equations of undefined nature.

We give an example related to the task perfor-
mance by inspector or mechanic for the mainte-
nance and repair of freight cars according to the
available technology x and the technical state y. It
is known that an inspector or mechanic can per-
form the task correctly or incorrectly. That is, the
tasks performed incorrectly are errors that appear
in a particular situation.

In this case, one can construct a tree of possible
finals and reach the definition of the overall proba-
bility of improper performance of the set task.
Then it is necessary to take statically independent
probabilities of the task performance X, y as the
basis.

In the tree of possible results, it is necessary to
provide the following designations related to:

— probability of successful performance of the
task (Ps);

— probability of non-performance of the task
(Pe);

— successful performance of the task s;

— non-performance of the set task f;

— probability of successful performance of the
set task x (Py);

— probability of successful performance of the
set task y (P,);

— probability of non-performance of the set
task x (P/x);

— probability of non-performance of the set
task y (Py).

According to the tree of possible results, the
probability of successful performance of the set
task will be equal to: P, =P, (PR,). Similarly, it is

possible to find the probability of non-performance
of the set task, which will have the following form:
P, =1-P.(R)).

From the given formulas and the tree of possi-
ble solutions, one can conclude that the only way
of successful performance of the complex mainte-
nance and repair task is to perform successfully
both tasks — the x and y. In addition, the above
mentioned formulas show that for the probability
of correct performance of the complex task there is
a definition in the form P, (P,).

The assessment of the work reliability, includ-
ing the human factor (inspectors and mechanics),
should be performed taking into account the fac-
tors associated with:

— the quality of teaching and practical training;

— the availability of quality instructions that
exclude misinterpretation;

— the ergonomics of work stations;

— adequate work environment;

— the degree of independence of the actions of
inspector or mechanic;

— psychological stresses.

It should be noted the need for human error da-
tabases to analyze and further forecast correctness
of the maintenance and repair of freight cars with
traffic safety compliance, as well as to prevent
dangerous situations.

Such information bases are divided into catego-
ries:

— experimental data, including experimental
results. However, despite the thoroughness of the
formation of such databases, a subjectivity is in-
herent in them;

— operational data obtained in real operating
conditions. Formation of such bases is difficult to
implement, since registration of actions must be
carried out in different conditions of freight cars’
operation. Such databases are characterized by sat-
isfactory results, better than the previous ones;

— subjective data based on expert assessments.

While creating such databases, one can do rela-
tively small financial costs, and obtaining a large
amount of information is possible from a small
number of interviewed experts.
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To use subjective data in order to analyze the
work reliability of inspector or mechanic one needs
to bring into compliance:

— the required level of data accuracy;

— the reliability of expert assessments.

Subjective data should come from individuals
who are highly skilled and able to cope with such
work.

The main advantage of a database with subjec-
tive data is the multifaceted coverage of various
parameters requiring availability of the information
on errors.

We will construct a model of the situation de-
velopment for the case of critical defect of the
freight car unit taking into account the human fac-
tor, Fig. 4

At this, the types of technical states of freight
cars are as follows:

W — workable;

LW — limited workable;

U — unworkable;

E — emergency;

P;, P,, P; — are the probabilities of the relevant
events.

The developed model shows 3 possible states:
workable and limited workable, unworkable and
emergency. Each initial state is characterized by
the development of events associated with design-
ers” errors, with defects during manufacture of
parts and units, with the human factor.

Then the border level of defect in the freight
car unit g, taking into account the human factor
with the limiting of the risk of accident or transport
event at the railway, can be determined as follows:

[FoRe@—Py)+ RRe(-Pp)+ BBy (- Byl ,

Uo

where P (A) — is the probability of transition of
design, a freight car unit or a technology into a
failure state of different gradation.

In this case, the failure probability due to hu-
man factor, in the case of improper actions of in-
spector or mechanic for the maintenance and repair
of freight cars, are determined by expression (i = 1,
n;j=1,n;;#i):

Powe =R [0 P), ©)
j=1

[nitial negative|Critical defect|] Designers’ | Material | Error Final | Final state probability
event error defect, |caused by| state
load re- | human
jection | factor
DD Pcl PD PHF
No No [ No LY w(Ww) (I-q) P, (1- Ps)(1-Po)
Failure Yes Yes W(LW)  (1-q) Pp (1- Pg)(1- Py)
Yes W(LW)  (1-g) Ps (1- Pp)(1-Pyg)
LW q(1-Po)(1- P)(1- Pyy)
Defect No [ No LY _ U q Poe (1- Po)(1-Po)
= Vs Yeo U q Pof1- Po)(1-Pye)
u q Pu(1- Pp)(1- Pys)
No
Defect Yes
Yes Yes A q Po Py (1- Ps)
No
Yes [ L_Yes a4 q Py Py (1- Pp)
= A q PoPys(1-Py)

Fig. 4. Model of the situation development for the case of a critical defect of the freight
car unit taking into account the human factor
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Originality and practical value

The proposed value of the failure probability,
which is related to the human factor, is considered
as a certain share of the overall probability of fail-
ure of the system «man — freight car». For this
purpose, the significance coefficient of the human
factor that affects the freight car reliability during
the maintenance is introduced. For a qualitative
assessment of risks one can take an interpretation
of the Harrington's desirability function for the
processes of freight car maintenance.

During maintenance and repair, it is proposed
to introduce an indicator characterizing compliance
with the technology of performing maintenance
works for freight cars taking into account the hu-
man factor.

According to the developed model of situation
development for the case of a critical defect it is
possible to determine the border level of deficiency
of the freight car unit due to the human factor for
limiting the risk of accident or traffic event.

Conclusions

The complexity of modern technical systems
increases the probability of errors. The human fac-
tor is often interpreted and used during examina-
tion of the causes of accidents and transport events
that have caused human losses or material damage.
On the basis of the conducted research it is possi-
ble to estimate the influence of the human factor
on the maintenance and repair of freight cars.
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B. 10. HIATIOITHUK!

Kad. «Baronu Ta BaroHHe TOCTOIapCTBOY, JIHIMPONETPOBCHKHIT HAIliOHAEHHI YHIBEPCHTET 3aTi3HMYHOTO TPAHCHIOPTY iMeHi
akazgemika B. JlazapsnHa, Byn. Jlazapsiaa, 2, [IHinpo, Ykpaina, 49010, ten. +38 (056) 373 15 19,
en. morura vladislav.sh9 1 @gmail.com, ORCID 0000-0003-4701-649

BIIJIMB JIIOACBKOT'O ®PAKTOPA HA BUKOHAHHSA TEXHIYHOI'O
OBCJIYI'OBYBAHHSA TA PEMOHTY BAHTAKHUX BAI'OHIB

Mera. ¥V HaykoBiit po60Ti HeOOXiHO: 1) TOCTIAUTH TIOKa3HUKHU i KpUTEPii OLIHKU BpaxyBaHHs BIUIUBY JIFOJICh-
Koro ¢akropa Ha 0€3BiIMOBHICTh BaHT@)KHUX BAaroHIB; 2) TEOPETUYHO OMKCATH WMOBIPHICHY MOJEIb POJIi JIIOJCh-
KOro (aktopa IiJ| 4ac BUKOHAHHS TEXHIYHOTO OOCIYroBYBaHHS i pEMOHTY BaHTa)KHHUX BAaroHIB 3a TEXHIYHHM CTa-
HOM; 3) pO3IIISTHYTH MOJAENb PO3BUTKY CUTYyalii IJIsl BHIAAKy KPHUTHYHOTO Je(EeKTy By3lla BaHTa)KHOTO BaroHa
3 ypaxyBaHHSM JIIOJICbKOTO (akTopa. MeToauka. J{is TOCATHEHHS MOCTaBJIEHOT METH JTOCHI/PKEHHS! OYJIM pO3IJIsi-
HYTI METOMOJIOTIUHI MiaAXou: 1) 10 OIIHKH MMOKA3HHUKIB HAIIIHOCTI B CHCTEMI «JIFOJMHA — BAHTQKHUN BaroH» IIif
Yac BUKOHAHHS TEXHIYHOTO OOCIyTOBYBaHHS i pEMOHTY; 2) 10 OIIIHKY PiBHA OE3MEKH pyXy B pasi Mepexoy 3 Has-
BHOI CHCTEMH TEXHIYHOT'O OOCIYrOBYBaHHS W PEMOHTY BAHTAXXKHHX BaroHiB Ha CHUCTEMY 3a TEXHIYHHM CTAaHOM.
Onwncana MOJIeTIb PO3BUTKY CUTYaLlil IS BUINAAKY KPUTHYHOTO Je(eKTy By3Ja BAHTAXKHOTO BaroHa 3 ypaxyBaHHIM
moackkoro ¢dakropa. Pesyabrarun. HaBemeHo miaxia 1o OMIHKK MOKAa3HHUKIB PU3UKIB MOTCHIIHHIX BiTMOB BaHTaX-
HUX BaroHiB. 3a MOKAa3HHUKH B35ATO HMOBIPHICTh TOSBA HETATHBHUX TOMIH (PU3HKIB) i MOKIMBHI €KOHOMIYHUI 30H-
TOK BiJl X NposiBY. Y po3po0IieHiit Mojiesni po3BUTKY CUTYyalii JJisl BUNAAKY KPUTHYHOTO JedeKTy By3Jia BAHTaKHO-
IO BaroHa 3 ypaxyBaHHSM JIIOJCHKOTO (hakTopa MOKa3aHO TPU MOXKJIMBI CTaHH: Npale3IaTHUI Ta 00MEXEHO Ipale-
3MATHUN, HEMpare3gaTHHii 1 aBapifiHuil. [ KOXXHOTO BHXIJHOTO CTaHy XapaKTePHHUH PO3BHTOK MOMIN, IO
OB’ sI3aHUH 13 TOMMJIKAMH IPOEKTYBAIBHUKIB, 13 Ae(eKxTaMu IiJ 9ac BUTOTOBIICHHS JeTalei Ta BY3JiB, i3 JIOJICH-
kuM (akropoMm. HaykoBa HoBU3HA. 3arIpONOHOBAHO BEITHYMHY WMOBIPHOCTI BiIMOB, IO TOB’A3aHA 3 JIFOACHKUM
(hakTOpoM, PO3MIIAIATH SIK MEBHY YaCTKy 3arajibHOT iMOBIPHOCTI BiJMOB CHCTEMH «JIIOJMHA — BAaHTAXKHUW BaroH.
Hagenena inrepnperanis pyHKmii 6askanocti XappiHrToHa Uit BUMNAAKY 3aCTOCYBAaHHS /10 BAHTQ)KHUX BaroHiB. [1in
Yac MPOBEJCHHS TEXHIYHOTO 0OCIyroByBaHHS i PEMOHTY 3allpOIIOHOBAHO BBECTH ITOKAa3HHMK, 10 XapaKTepHU3YeE J10-
TPUMaHHS TEXHOJIOTii BUKOPHUCTAHHsS POOIT 13 TEXHIYHOrO OOCIYyroBYBaHHS BaHTa)KHHX BaroHiB 3 ypaxyBaHHSIM
mojcekoro ¢akropa. IlpakTuuna 3HaummicTb. Ha OCHOBI mpoBeneHOrO AOCIIKEHHS MOXKHA OLIIHWUTH BIUINB
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PYXOMMI CKJIAJL I TATA TTOT3/11B

JIFOJICHKOTO (paKTOpa Ha BUKOHAHHS TEXHIYHOTO 00CIyrOBYBaHHS Ta PEMOHTY BaHTa)KHHX BaroHiB. 3a po3po0JIeHOO
MOJIEIUTIO PO3BUTKY CUTYyalii Uil BUMAAKY KPUTHYHOTO JIeeKTy MOXKHA BU3HAYUTH IPaHUYHHUN PiBeHb JedeKTHOC-
Ti By3Jla BAHTKHOTO BaroHa 3 ypaxyBaHHSM JIFOJICBKOTO (haKTopa JJsi OOMEXEHHSI PU3HKY aBapii YM TPaHCIIOPTHOL
noii.

Kniouosi crosa: BaHTaXHWII BaroH; HaJIHHICTB; JIIOACBKUH (DaKTOp; KpUTHYHUI NedeKT; TeXHIiuHe 00CIyroBy-
BaHHS; PEMOHT

B. 0. HIATIOIITHUK

"Kag. «BaroHsl 1 BATOHHOE XO3SHCTBOY», JIHENPONETPOBCKUI HALMOHAIBHBIA YHUBEPCHTET HKEIE3HOA0OPOKHOIO TPAHCIIOPTA
nMeHH akafgemuka B. Jlazapsaa, yin. Jlazapsna, 2, Jaunpo, Ykpauna, 49010, ten. +38 (056) 373 15 19,
a11. moura vladislav.sh91@gmail.com, ORCID 0000-0003-4701-6491

BJIMAHUE YEJIOBEYECKOI'O ®AKTOPA HA BbIIIOJIHEHUE
TEXHUYECKOI'O OBCOYXNUBAHUA U PEMOHTA I'PY30BbIX
BAI'OHOB

Heasb. B HayuHoit pabore HeoOxomuMo: 1) rccenoBaTh MOKa3aTeNy U KPUTEPHH OLIEHKH Y4eTa BIIMSHUS Yelo-
BEYECKOTo (hakTopa Ha OE30TKA3HOCTH IPY30BBIX BArOHOB; 2) TEOPETUYECKH OIMCATh BEPOSITHOCTHYIO MOJICIb POJIH
YEJIOBEUECKOTO (PAKTOpa IPH BHITOJHEHUH TEXHUUECKOTO O0CTY)KMBaHHUS M PEMOHTA TPYy30BbIX BarOHOB IO TEXHH-
YECKOMY COCTOSIHHIO; 3) pacCMOTPETh MOJIENb PAa3BUTHS CUTYALMH VISl CITydast KpUTHIECKOro JedeKTa y3ia rpy3o-
BOT'O BaroHa C y4eToM denoBedeckoro (akropa. Meroauka. s TOCTIKEHUS IOCTABICHHON ETH MCCIIEAOBAHUS
OBUIH PacCMOTPEHBI METOAOJIOTHYECKUE MOIXOMbL: 1) K OLIEHKE MOKazaTeJeld Halle)KHOCTH B CHCTEME «UYENIOBEK —
I'py30BOil BaroH» MpH BBINOJHEHUH TEXHHYECKOTO OOCITYKUBAaHHS U PEMOHTA; 2) K OIIEHKE ypOBHA 6e30IacHOCTU
JIBHDKEHUS TIPU IIepexo/ie OT AeHCTBYIOMIEH CHCTEMBl TEXHUUECKOI0 OOCIYKUBaHUA M PEMOHTA IPY30BBIX BarOHOB
Ha CHCTEMY 0 TEXHHYECKOMY cOcTosHHUIO. OmnucaHa MOJIENb Pa3BUTHA CUTYaIllUH AJs Clydas KpUTHYECKOIO Jie-
(exTa y3na rpy30BOro BaroHa ¢ y4eToM uesioBedeckoro ¢akropa. Pesyasrarnl. [IpuBenen moaxos K OleHKe NOKa-
3areneil pUCKOB MOTEHIMAIBHBIX OTKAa30B IPY30BBIX BaroHOB. B kauecTBe mokasaTesneil MpUHATH BEPOATHOCTH IO-
SIBTICHUS] HETaTUBHBIX COOBITHII (PHCKOB) M BO3MO>KHBIM SKOHOMUYECKHH ymepd oT uX mposiBiieHus. B pazpaboTan-
HOW MOJIENTM Pa3BUTHS CUTYAIIMH JUIA CIydas KPUTHUYECKOTro JedeKTa y3ia rpy30BOrO BaroHa ¢ y4eTOM YeloBede-
ckoro ¢akropa IOKa3aHbl TPH BO3MOXKHBIX COCTOSIHHSI: pabOTOCHOCOOHOE M OrpaHH4YeHO paboTocrocoOHOE,
HepaboTocnocoOHOe U aBapuitHOe. [l KaX10r0 MCXOXHOTO COCTOSIHUS XapaKTEPHO Pa3BUTHE COOBITHH, CBI3aHHOE
C OMMOKaMH MPOEKTUPOBIIUKOB, C Je(eKTaMu MPH W3TOTOBJICHHUHN JETaJel M y3JI0B, C YEJIOBEYECKUM (hakTOpoM.
Hayunas HoBu3Ha. [IpennoxkeHo BeJIMUMHY BEPOSTHOCTH OTKA30B, CBS3AaHHBIX C YEJIOBEYECKHM (pakTopoMm, pac-
CMaTpHUBaTh KaK OMPEICICHHYIO OO 00IIel BEpOSTHOCTH OTKAa30B CHCTEMBI «UEJIOBEK — Ipy30BOii Barony. Ilpu-
BeJIeHAa MHTEpIpeTays QyHKIMU JKeNaTeJbHOCTH XappHHITOHA Ui Ciydas NPUMEHEHHS K I'PY30BBIM BaroHaM.
IIpu npoBegeHNH TEXHUYECKOTO OOCITYXHBAHHSA U PEMOHTA NPEIOKEHO BBECTH IMOKa3aTellb, XapaKTEePHU3YIOIIUH
cOOJTI0/IEHHE TEXHOJOTHH ITPOBEACHUS paboT M0 TEXHHYECKOMY 0OCTYKHBAHHIO TPY30BbIX BATOHOB C YYETOM Y€JIO-
Beueckoro Qakropa. Ilpakrnyeckas 3HaunMocTh. Ha 0CHOBaHMM NMPOBEJICHHOTO MCCIIENIOBAHUS MOXHO OLIEHHUTH
BIIMSTHHE YEJIOBEYECKOT0 (PaKTopa Ha BBIIOJIHEHHE TEXHUYECKOTO 00CITYKHBAHUSA U PEMOHTA IPy30BbIX BaroHoB. I1o
pa3paboTaHHOW MOJIENIM PA3BUTHSI CUTYAIMH JUIS CIydasi KpUTHYECKOTo nedekTa MOXKHO OIPEAEINUTh NpeiebHbII
YpOBeHb Ae(EKTHOCTH y3Jla TPY30BOT0 BaroHa ¢ y4eTOM 4YeIOBEYECKOro (akropa /s OrpaHNYeHHs PHCKA aBapuu
WJIN TPAHCTIOPTHOTO TPOUCIIECTBHS.

Kniouegvie cnosa: Tpy30BOH BaroH; HaJEKHOCTb;, YEJIOBEUECKUI (AaKTOP; KPUTHUECKUI AE(PEKT; TEXHHIECKOE
o0cIryKUBaHHUE; PEMOHT

REFERENCES

1. Babaiev, A. M., & Shaposhnyk, V. Y. (2017). Vizualnyi kontrol hranychnykh znosiv vuzliv vahoniv.
Zaliznychnyj transport Ukrajiny, 2, 32-38. (in Ukrainian)

2. Kapitsa, M. I., & Bobyr, D. V. (2007). Neruinivni metody kontroliu stanu izoliatsii elektrychnykh mashyn ta
vysokovoltnykh sylovykh kabeliv. Zbirnyk naukovykh prats Donetskoho instytutu zaliznychnoho transportu,
12, 127-138. (in Ukrainian)

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154031 © V. Y. Shaposhnyk, 2018

174


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOro TpaHcnopty, 2018, Ne 6 (78)

PYXOMMI CKJIAJL I TATA TTOT3/11B

3.

4.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Makarenko, L. M. (2010). Vplyv liudskoho chynnyka na bezpeku rukhu zaliznychnoho transportu.
Zaliznychnyj transport Ukrajiny, 1, 46-51. (in Ukrainian)

Baranovskyi, D. M., & Muradian, L. A. (2016). Vyznachennia parametriv ekspluatatsiinoi nadiinosti
vantazhnykh vahoniv u systemi tekhnichnoho obsluhovuvannia ta remontu. Zaliznychnyj transport Ukrajiny,
5/6, 47-52. (in Ukrainian)

Muradian, L. A., Shaposhnyk, V. Y., & Mischenko, A. A. (2016). Methodological Fundamentals of
Determination of Unpowered Rolling Stock Maintenance Characteristics. Science and Transport Progress,
1(61), 169-179. doi: 10.15802/stp2016/6104 (in Russian)

Muradian, L. A. (2015). Pobudova systemy doslidzhennia nadiinosti vantazhnykh vahoniv. Electromagnetic
Compatibility and Safety on Railway Transport, 10, 90-95. (in Ukrainian)

Myamlin, V. V. (2014). Teoreticheskie osnovy sozdaniya gibkikh potochnykh proizvodstv dlya remonta
podvizhnogo sostava: monografiya. Dnepropetrovsk: Standart-Servis. (in Russian)

Pikh, B. P., & Dums’kyi, V. P. (2004). The reliability of the human element as the basis of train driving safety.
Medytsyna zaliznychnoho transportu Ukrainy, 3, 60-61. (in Ukrainian)

Pravyla tekhnichnoi ekspluatatsii zaliznyts Ukrainy. (2007). Kharkiv: Industriia. (in Ukrainian)

Miamlin, S. V., Muradian, L. A., Babaiev, A. M., Pulariia, A. L., & Shaposhnyk, V. Y. (2016). Problemy
isnuiuchoi systemy tekhnichnoho obsluhovuvannia ta remontu vantazhnykh vahoniv v Ukraini. Problemy
mekhaniky zaliznychnoho transportu. Bezpeka rukhu, dynamika, mitsnist rukhomoho skladu ta enerhozbere-
zhennia: tezy dopovidei KhlV Mizhnarodnoi konferentsii. Dnipropetrovsk: Dnipropetrovsk National University
of Railway Transport named after Academician V. Lazaryan. (in Ukrainian)

Sydorenko, H. H., & Nykyforova, O. A. (2013). The Human Factor as a Basis for Traffic Safety Railway
Transport: Analytical Review. Transport Systems and Transportation Technologies, 0(6), 86-89.
doi: 10.15802/tstt2013/24457 (in Ukrainian)

Kharrington, D. (1990). Upravlenie kachestvom v amerikanskikh korporatsiyakh. Moscow: Ekonomika. (in
Russian)

Kristensen, Zh., Meyster, D., Fouli, P., & Salvendi, G. (Ed). Chelovecheskiy faktor. (VVol. 1). Moscow: Mir. (in
Russian)

Chernetskaya, N. B., Krasnikova,Y. A., & Volchok, L. G. (2010). Vliyanie chelovecheskogo faktora na
bezopasnost dvizheniya na zheleznodorozhnom transporte. Bulletin of Engineering Academy of Ukraine,
3-4.168-172. (in Russian)

Bodnar, B., Ochkasov, A., & Bobyr, D. (2016). Improving Operation and Maintenance of Locomotives of
Ukrainian Railways. Technologijos ir Menas = Technology and Art, 7, 109-114. (in English)

Cerniauskaite, L., Podagelis, I., & Sakalauskas, K. (2005). Research into safe traffic of Lithuanian railway
lines. Transport, 20(4), 154-159. (in English)

Britton, M. A., Asnaashari, S., & Read, G. J. M. (2016). Analysis of train derailment cause and outcome in
Victoria, Australia, between 2007 and 2013: Implications for regulation. Journal of Transportation Safety &
Security, 9(1), 45-63. doi: 10.1080/19439962.2015.1088906 (in English)

Markovié, M., Pavlovi¢, N., & Ivié, M. (2012). Fuzzy Renewal Theory About Forecasting Mistakes Done by a
Locomotive  Driver: a  Serbian  Railway Case  Study.  Transport, 26(4), 403-409.
doi: 10.3846/16484142.2011.641183 (in English)

Roets, B., & Christiaens, J. (2017). Shift work, fatigue, and human error: An empirical analysis of railway
traffic control. Journal of Transportation Safety & Security, 1-18. doi: 10.1080/19439962.2017.1376022 (in
English)

Shaposhnyk, V. Y. (2018). Theoretical studies on the process of change of the technical condition of freight
cars in operation. Science and Transport Progress, 4(76), 134-141. doi: 10.15802/stp2018/140782 (in English)

Received: August 06, 2018
Accepted: Nov. 15, 2018

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2018/154031 © V. Y. Shaposhnyk, 2018

175


http://creativecommons.org/licenses/by/4.0/

Tematnunuit noka3uuk xxypHaiy «Hayka ta nporpec tpancnopty. BicHuk
JIHIMPONEeTPOBCHKOTO HAIIOHAJILHOTO YHIBEPCUTETY 3aJ1I3HUYHOTO
TpaHCIOPTY iMeH1 akazeMika B. Jlazapsaa» 3a 2018 pik

Ha3zga crarti Ne Crop.
KypHAITY
Hayka Ta nporpec Tpancnopry
Po3smomin TpaHCIIOpTHUX MO HA 3aII3HUILIX YKpaiHu 3a KaTeropissMH 3aJICKHO
BIJT TSDKKOCTI HACJIIIKIB
O. M. Ocap, O. B. Poscoxa, I'. B. Illlanosan, FO. B. Cmauuno 3 7
Crorazu npo HayKoBY IIKoiy akagemika B. A. Jlazapsina
M. 1. Kazaxesuu 6 8
ABTOMATH30BaHi CUCTEMH YNIPABJIIHHA HA TPAHCHOPTI
Merton mmaHyBaHHS HeIETEPMiHOBaHHX MPOIIECIB eKCIDTyaTallil MapKiB 3ai3HHIHAX
TEXHIYHUX CHCTEM
B. B. Cxanosyo, 1. B. Knumenxo 5 7
ImiTamiitaa MoIeNb U OIIHKY MPOITYCKHOI CITPOMOKHOCTI 3aJi3HUIIL
B. I. booposcokuil, P. I'. Kopobtiosa, B. O. bananos 6 16

Exousorisi Ha TpancnopTi

Po3paxyHOK TepHUTOpIaTbHOTO PU3UKY i Yac TEPAKTY: EKCIIPEC MOJEIb

M. M. binses, I. B. Kanawmnikos, B. A. Kozauuna 1 7
MonentoBanHs 0i0JIOTIYHOT 0OPOOKYU CTIYHOI BOJM HA OCHOBI IIBUAKOIIFOYOT

YHCeNIbHOI MOIEN]

M. M. Binses, M. B. Jlememn 1 15
[NeperopomyacTtuii 3MilryBad KOpUIOPHOTO TUMY 3 TTONEPEUHUMH TOPHUCTUMH

HIeperopoIKaMH

C. M. Enosn, B. A. Apxin, I'. 1. Cyxopykos, C. I1. babenko 1 24

Monens KOOpAUHALIT B3a€MOJIi1 OpraHiB yIpaBIiHHS IPH JKBigamii
BEJIMKOMACIITAOHUX HAJA3BUYAHHUX CUTYaIlil

O. M. JIawenko 1 33
OuuileHHs CTOKIB MPOMHCIOBUX MiJIPUEMCTB IPUPOTHUMHU METalaMU

JI. @. lonuna, T. Il. Pewiemnsx 2 7
3d gncenpHa MOJIENB IS OMIHKH TEPUTOPiaIbHOTO PU3HUKY MIPH TEPAKTi

M. M. Binses, I. B. Karawnixos, I. B. Knivenxo, B. A. Kozauuna 3 20

Orinka HaI3BUYARHUX TOJIH 1M1 4ac NePEeBE3CHHs HeOe3MeUHNX BaHTAXKIB y
KOHTEKCTI TEXHOT€HHOTO HABAHTAKCHHS PETiOHIB

fO. B. byy, O. B. Kpaiinwk, /[. C. Kozoodoi, B. B. Bapbawun 3 27
OunnieHHs! BOJI BiJl 3aJIMIIKIB JIIKAPCHKHX MPETapaTiB
JI. @. Jlonuna, o. I1. Casina 3 36

MaremaTHyHe MOJICITIOBaHHS HACII/IKIB BUITAPOBYBAaHHS aBapiifHOTO MPOIUTTS
TOKCHYHHX PEUYOBHH Ha 3ali3HUYHOMY TPaHCHOPTI

0. O. Cxo6, M. JI. Yepromos 3 52
BusHaueHHs Mex noscy Oe3MeKd Py TepaKTax i3 BAKOPUCTAHHSAM XiMiYHUX areHTiB

M. M. binses, 1. B. Kanawmnixos, B. A. Kozauuna 4 7
Tepmiuna 06poOKa TBEpIUX BIAXOIB, IO YTBOPIOIOTHCS HA 3aTI3HUYHOMY

TpPaHCHOPTI

O. II. Kpom, O. I. Posencoxuii, B. B. Koues 4 15
O1iHKa BIUTMBY 3a1i3HUYHOTO TPAHCIIOPTY HA HAKOITMUYCHHS BAXKKUX METAJIB Y

IPyHTa

A. B. Camapcoka, FO. B. 3enenvko 4 25

Po3paxyHOK 30HH «ypa3IMBOCTI» 00’ €KTa 3a MOKIIMBOTO TEPAKTY 13 3aCTOCYBAHHIM
XIMIYHOI'O areHTa
M. M. Binses, O. B. bepnos, 1. B. Kanawmnikos, B. A. Kozauuna 5 19

176



Has3ssa crarTi
KypHATY

AHTUTEPOPUCTUYHHIA IHKHHIPUHT IIPH MOXKIMBOMY TEPAKTi 3 BAKOPHCTAHHSIM

XIMIYHOTO areHTa Ha BYJIHII

M. M. binaes, O. B. bepnos, 1. B. Karawmnikos, B. A. Kozauuna 6
Exonomika Ta ynpasJjiHHA

[ligBumieHHs: peHTabeTHHOCTI MiAMPHEMCTBA TaTy31 aBTOMOOLTFHUX MTEPEBE3CHD 3a
HanpsMaMy KOMEpUiiHOI AisIIbHOCTI

1 I Abepunixina, H. B. Baneniok, I. O. Cybomina 2
AmnamitnyHe 3a0e3nedeHns (HiHaHCOBOTO aHaJi3y Ha 3aJli3HUYHOMY TPaHCIIOPTI
O. A. Tonopxosa, JI. A. [lluno 2
OcobmuBocTi popmyBaHHs (PpiHAHCOBUX PECYPCiB MaT «yKpaiHChKa 3aJTi3HULISH)
1 M. Jlommeesa, M. II. Cnauos, O. A. Tonopxosa, JI. A. [Lluno 3

OnTuMizarlis MocTavyanbHO-30yTOBOT MiSITFHOCTI MiAPHEMCTBA IISIXOM
3aCTOCYBaHHS JIOTICTUYHUX ITPUHIIAIIIB
0. A. Xooockina, B. /. Anacosuu 6

Excnuyaranisi Ta peMOHT 3ac00iB TPAHCIIOPTY

Y I0CKOHAJICHHS CHCTEM JKUTTE3a0€3MeUCHHS TACAKUPCHKOT0 PYXOMOTO CKIIAAY:
OTJISLI IATEHTIB

C. P. Konecruxoe 1
MaremaTuyHa MOJieiIb BaroHa au3eib-noizaa JI1Kp-2

C. A. Kocmpuys, IO. I'. Cobonescora, A. A. Kysuwun, A. B. bamie 1
Bu3HaveHHS XapaKTEepUCTHK APOCEIIOI0YOr0 MPUCTPOIO JUTS MHEBMATUYHOI PECOpH

O. I'. Peiioemeticmep, A. B. Jlazysa 1
Po3nozin pyxoMoro ckiay Uist BIICTOIO MiX IUIIXaMH 3arajibHOrO Ta He3aralbHOTO
KOPUCTYBaHHS

1. O. €nosun, €. M. [Nlomunxin 2

[Iponozunii moa0 yaockoHaneHHs npouecy GopMyBaHHs mporpam i3 pehopMyBaHHs

raysi 3aJi3HUYHOTO TPAHCIOPTY

A. M. Oxopoxos, M. O. bynax 2
Oco0nMBOCTI OpraHi3allii aBapiiHO-BiTHOBIIIOBAJILHUX POOIT IiJ] Yac HaJI3BHYAHHUX

CUTYallili Ha 3aTiI3HHYHOMY TPaHCIIOPTI

B. I'. Jloza 4
MopentoBaHHs OpraHizaiii peMOHTY JIOKOMOTHBIB METOJIAMH TEOPii CHCTEM MacOBOTO
00CITyTOBYBaHHS

b. €. boonap, O. b. Oukacos, €. b. boouap, T. C. [ puweuxuna, M. B. Ouepemniox 5
Bubip cucremu yrpumMaHHs TOKOMOTHBIB 13 YpaxXyBaHHSM BIUIMBY 3aJIS)KHUX BiIIMOB
b. €. boonap, O. b. Ouxacos, T. C. I puweuxina, €. b. Boonap 6

Y I0CKOHAJIEHHS TUCIIETYEPCHKOI0 PETYJIIOBAHHS PyXY MOI3/IiB 32 J0MOMOI0I0

BBEJICHHS OTICPATHUBHUX 30H

I I. Hecmepenxo, I1. B. bex, M. I. My3uxin, C. I. Aspamenxo 6

OriHKa SKOCTI JOCTaBKHM BaHTAXIB 32 JOTIOMOT'0I0 KOS(IIli€HTa BIIXMIICHHS Yacy

mpuOyTTA Moi3/a

b. O. Heuixo 6
EnexkTpuyHuii TpaHcnopt

[lepcnekTHBHA TPaHCIIOPTHO-EHEPreTHYHA CUCTEMa Ha OCHOBI 1HTerpaii
MAarHiTOJEBITAI[IITHOT TEXHOJIOTIT Ta pO3MOiIeHOT (POTOCTEKTPUYHOI eNEKTPOCTAHIIIT

B. O. /[zenzepcokuii, O. b. I'nunenxo, C. B. [Inaxcin, JI. M. Iloeopina, IO. B. Hlxins 1
InenTHdikaiis napaMeTpiB MPUCTPOIB CUCTEM EIEKTPUYHOI TATH METOJIOM YaCOBUX

pamiB

T. M. Miwenko 2

Crop.

28

18
31

67

37

44
56

66

44

57

36

28

47

99

71

77

67

177



Has3ssa crarTi
KypHATY

Di3MKO-TEXHOJIOTIYHI aCTIeKTH POOOTH 3MallyBaIbHUX MIAPiB y TpUOOCHCTEMI

«KOHTAKTHHH MPOBiJ — KOHTAKTHA BCTaBKA CTPYMOIIPHIMAaYa)

. B. Yemumenko 3
MerToposnorisi BU3HaYCHHS MapaMeTpiB BiAMOB TATOBUX €IEKTPUYHUX ABUTYHIB i

Yac eKcIUTyaTallii TpoJeiidyciB

T. I1. Ilasnenko, B. M. [llaskyn, B. I. Cxypixin, H. I1. Jlykawosa 4
Po3pobenns anroputmiB GopMyBaHHS €HEPTOONTHMAIBHUX PEXKUMIB PyXy MOi3/IiB
M. I'. Ilpumyna, O. A. llaceunux 6

3aJizHUYHA KOJIis

JocnimkeHHs mapaMeTpiB 3aIi3HUYHOI KOJIi1 y IJIaHi 3a pi3sHUMHU METOAAMHU 3HOMKHU

M. b. Kypean, /]. M. Kypean, C. IO. batioax, H. 1. Xmenescoka 2
CrientianbHANA MeTO Ta00PAaTOPHUX BUIIPOOYBAHb AJIS OLIHKH PYHHYBaHHS 9aCTOK

MaTepiay 3ali3HHYHOTO Oanacty

C. Diwep, A. Hemec 2
CriertiatbHAN METOJI OI[IHKK PyHHYBaHHS YaCTOK 3aJII3HUYHOTO 0alacTy Ha OCHOBI
YHIKaJIbHOTO 1a00paTOpHOTO BUMPOOYBAaHHIKH

C. Diwep, A. Hemec, /I. Xappau, E. IOxac 3
YpaxyBaHHS HEOJHOPITHOCTI 3eMIISTHOTO ITOJIOTHA 3aJiI3HUYHOT KOJIii P BU3HAYEHHI

Horo HampyXeHO-1e(GOpMOBaHOTO CTAaHy

JI. I1. Teninko, JI. M. Mamaes, C. B. Paxwa 6

Marepiajio3HABCTBO
[TigBuieHHst 00'eMHOT TBEPAOCTI CTAJIEBUX MOJIOJIBHUX KYJIb BUKOPUCTAHHSIM J-N-P
TEPMIYHOT 0OPOOKH
B. I 3ypraoorcu, B. I'. €ghpemenxo, €. B. /[ynaes, A. Jlexamy, P. O. Kycca 2

MeTo/MKa BU3HAYCHHS TEXHOJIOTTYHUX XapaKTEPHUCTUK MPOLIECY 3BAPIOBAHHS TEPTIM
13 IepeMilTyBaHHSIM

C. O. IInimuenxo 3
BB nosimepHOi OCHOBY Ha BIACTHBOCTI TYMOBOJIOKHUCTHX KOMITO3UTIB
1. B. Mapxosa 6

MopenoBaHHA 3224 TPAHCIOPTY Ta EKOHOMIKH

JochimkeHHs pallioHaTbHAX XapaKTePUCTHK KaHaJIB epeaadi JaHnux iHhopMaltitHo-
BUMIpIOBaJIbHOT CUCTEMHU

1. A. Kniownux 1
BusiBiieHHs 3arpo3 y KOMIT FOTepHIi Mepexi Ha OCHOBI OaraToiapoBoi HEHPOHHOT

Mepexi

1. B. ’Kyxosuywkuii, B. M. Ilaxomosa 2
Jloci/pKeHHS TPAaHUYHHUX YaCOBHMX MOKA3HUKIB MPOTPAMHUX CEPEIOBHII ONEpaIlitHUX

CHCTEM pealibHOro 4acy

B. /. Heuaii, /. O. Borowun, O. 1. Heaxcymipa 3
Peasizaris nuHaMiYHUX, KOHKYPEHTHHX 1 HEUITKAX MOJIETIEH IIaHyBaHHS
0araTonpoIyKTOBHUX MMOTOKIB Y TPAHCIIOPTHUX MEPEKax

B. B. Cranosyo, JI. O. Ilanix 3
OnTuManbHe CTPYKTYpHE PEe3ePBYBaHHS TEXHIYHUX CHCTEM
C. M. Cemeneys, C. C. Haconosa, I'. I. Cemeneys 4

[HTeNneKTyanbHe yIpaBIiHHSI COPTYBAIbHUMH CTAHIIISIMU MPHU MEPEBE3CHHAX
HeOEe3IEeYHNX BAaHTAXKIB Ha OCHOBI 0araTorias0Bo1 onTUMI3arii

T. B. Bymoko, B. M. [Ipoxopos, /[. M. Yexynos 5
CuHepreTHUHMIA MiAXiA 10 po3paxyHKy IiaHy (OpMyBaHHs OJHOTPYIOBHX MOI3/iB
B. A. Heepeti, K. M. llIxypin 5
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Has3ssa crarTi
KypHATY

Bu3Ha4yeHHs ONTUMaIbHOTO MapIIPyTy B KOMIT FOTEPHiH Mepexi 3acobaMu

OararomnrapoBoi HEHPOHHOI MOEITI

B. M. Ilaxomosa, 1. J]. Luxano 6
Herpaaunuiiini Buau Tpascnopry. MammHn Ta MexaHi3Mu

Buxopucranns 6yzaisensHo-opieHToBaHOTO [IK SCAD 1151 anamnizy poborun
MaIIWHOOYAIBHUX KOHCTPYKIi

/. O. baunikos 1
BB omopy KOYeHHIO Ha AMHAMIKY MEXaHI3MiB i THOMY TPAHCIIOPTYIOUNX MAIITHH
B. M. bozomas, JI. M. bonoapenxo, O. B. bocomas, M. I". Bpunvosa 2

Hecranionaphi pe>xuMu poOOTH TOJIOBHOTO MPHBOJA KapyceIbHOTO BepcTaTa s
00pOOKH CYIITPHOKATAaHUX 3aTI3HUIHUX KOJIC

P. I1. Ioepebnsx 3
Y 10CcKOHaJIEHHST MEXaHIYHOT CUCTEMH €JICKTPOAOTpUMAYa Ik SMEHIIICHHS BiOpartii
eJIeKTpoJIa

A. O. Baacos, C. B. 30anesuuy 4

[ToBTOpIoBaHi 3B’A3KH y cXeMaX CTPHKHBOBOTO MOB3YHHO-IIATYHHOTO MEXaHi3My
3aXOIUTIOBAJIBHOTO MPUCTPOIO

P. II. Iloepebnsax 4
BusnaueHHs BapiiOBHIX KOHCTPYKTUBHUX ITapaMeTpiB 3piBHOBAXKYBaTbHIX

MPUCTPOIB MOPTATHLHUX KPaHiB

B. B. Cyenobos, C. B. Paxwa, K. B. Tkauyx 4
CrpykTypHUil aHami3 i pamioHaIbHE MPOSKTYBAHHS MEXaHI3MiB KOCOBAITKOBUX
TpyOOIIpaBIWIbHUX MAalINH

C. C. 30anesuy, P. I1. [loepebusix, C. B. 30anesuu 5
Crioco6u 3aBIaHHS TPaHUYHUX YMOB 1 TeoMeTpii rpedHoro reuHTa y flow vision

O. M. Kopneniok 5
MoienroBaHHS MPOSIBIB JIFOJCHKOTO (DAKTOpa y KOMaHAU MOPCHKOT0 TPAHCIIOPTHOTO

3aco0y

II. C. Hocos, I. B. llanamapuyx, M. C. Caghonos, B. I. Hosukog 5

IIpoMuc/ioBHMii TPAHCIOPT

EBpuctrunmii MeTOT BiTOOPY Cy/ICH TSl y3TOKEHOT pOOOTH BOJTHOTO TPAHCIIOPTY
O. B. l]epbuna, O. I'. [llubacs 1

Pyxomuii ckiaj i Tsira noi3ais

MareMaTH4YHa MOJIETTh HECTAIIOHAPHOTO TEIII000MIHY MAaCaXXUPCHKOTO BaroHa 3

CHCTEMOIO OTAIEHHS

E. B. Binowuybxuii 1
TeopeTnuHi Ta eKCIIepUMEHTAIBHI JOCHTIKEHHS MIIHICHUX SKOCTEeH XpeOTOBOI OaKu
BAHTAXXHOI'O BaroHa

JI. O. Heoyorca, A. O. [lseys 1
CrpykTypHO-(DYHKITIOHAIEHE OMUCAHHS KOHCTPYKIIiT KPHUIIKH JIFOKA
O. B. ©omin, M. 1. I'opoynos, H. C. Kouewxosa, B. B. Kosanenxo 2

KommnekcHuii po3paxyHOK BUKOHAHHS KPHIIKH JIFOKA HAIIIBBATOHA 3 PI3HOTHITHIX

MaTepialiB i3 MPOMIKHUM II-MIOJIIOHUM O0B’SI3yBaHHSM

M. 1. I'opoynos, O. B. @omin, A. O. Jloscvka, B. B. Kosanenko 3
JlocipKeHHsT IPUYHH TIepe4acHOro pyHHYBaHHs KOJIHYACTOrO BaJla TEIIOBO3a

2TE116

B. JI. I'opobeys, B. B. Kosanenko 4
EdexTuBHICTS MOZEpHI3aLil KOJTICHO-MOTOPHHX OJIOKIB TEIIOBO3a 3 BUKOPHUCTAHHAM
MOTOPHO-OCHOBUX MIMUITHUKIB KOUSHHS

M. 1. Kaniya, O. M. I'nennuii, /. B. bobup 4
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UyTIMBiCTh HANPYKEHb JIO CHJI, IO JIFOTh HA JIMTI JCTall Bi3KiB BAHTQ)KHUX BaroHiB
O. I. Pesioemeticmep, O. A. [Lluxynos

TeopeTtnyHi OCTIIKEHHS MPOIIECY 3MIHM TEXHIYHOTO CTaHy BaHTAKHHUX BarOHIB ITiJT
4ac eKCIuTyaTarii

B. IO. lllanownux

CTilKicTh pyXy 3aJi3HUYHHX KiMaXxiB, 0 OMHUCYIOTH piBHAHHA Jlarpamka I poxy
O. I'. Peiioemeiicmep, C. 1. Jlesuyvra

JlocipKeHHs MOBEAIHKN MEXaHI9HOT YaCTHHU JIOKOMOTHBA

B. A. Tamapinosa, A. Kanisooa, JI. O. Hedyorca

BruiuB mo310BKHBOIO Ta MOMEPSUHOTO 3MIIEHHS [IEHTPY Bard BaHTaXY B
MiBBaroHax Ha IX JMHAMIYHI ITOKa3HUKHU

A. O. Llseys

dopmarrizalisi MPoIeCcy PO3MOIIITY PYXOMOTO CKIIaTy 3 BUKOPUCTAHHSIM JHHAMIYHOT
Mol

. B. Jlomomsko, []. B. Apcenenxo, H. A. Hocxo, O. B. Kosanvosa
TeopeTrnuHO-TIpaKTHYHMI 6a3uC MPaBKH JePOPMOBAHNX BaTOHOKOHCTPYKIIIN
TEPMIYHHM BILTUBOM

O. B. @owumin, O. A. Jlocsinenxo, O. B. Bypayyvxuii, A. M. @omina

Brmus moickkoro akTopa Ha BUKOHAHHS TEXHIYHOTO 00CTYTOBYBaHHS Ta PEMOHTY
BAaHTAKHUX BaroHiB

B. 1O. Ulanowmnux

TpancnopTHe Oy1iBHHITBO

PanionanpHa BUCOTHA CIIOpY/ia IJIsl PO3MIIIICHHS BITPOBOTO 00JIaJIHAHHS B YMOBaX
Ykpainu
P. A. Caguenxo, [. O. banuikos, 1. I. Kupna
Oco6mmBoCTi POpMyBaHHS EKCIUTyaTaliHHAX BIACTHBOCTEH MOAH(iIKOBAaHOTO OETOHY
JUISL CTIOPY/I CTIeLialIbHOTO MPU3HAYCHHS
. B. Pyoenxo
Honii
[HKeHep TPeThOoro THCAYOMITTS
A. B. bespykog
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Temaruueckuii ykazarens )xypHana «Hayka ta mporpec TpaHcnopry.
BicHuk /IHImpOneTpoBChKOro HAI[IOHATBLHOTO YHIBEPCUTETY 3aJI13HUYHOTO
TpaHCTIOPTY iMeH] akaaemika B. Jlazapsuay 3a 2018 ron

Howme
HasBanue ctatsu p Crp.
KYPH.
Hayka u nmporpecc Tpancnopra
Pacnpenenenue TpaHCIIOPTHBIX MPOUCIIECTBUIN Ha KEJIE3HBIX Joporax Y KpauHbl
10 KaTErOpHUsSM B 3aBUCUMOCTH OT TSIKECTH MOCIEACTBUIN
A. H. Ozap, A. B. Po3zcoxa, A. B. lllanosan, FO. B. Cmauuno 3 7
BocnomMuHaHus 0 HaydHO# miKoJie akameMuka B. A. Jlazapsaa
M. U. Kazaxeeuu 6 8
ABTOMATH3HPOBAHHBbIE CUCTEMBbI YIIPABJIEHHS HA TPAHCIIOPTE
MerTo/ mmaHUpOBaHYS HEJETEPMUHUPOBAHHBIX MIPOIIECCOB IKCIUTyaTallly MapKa
JKEJIE3HOIOPOKHBIX TEXHUUECKUX CUCTEM
B. B. Cranosy6, 4. B. Knumenxo 5 7
NmuTanmonHast MOAEIs IS OIEHKU IMPOIYCKHOM CITOCOOHOCTH JKEIEe3HBIX JOPOT
B. U. bobposckuii, P. I'. Kopobvesa, B. O. bananos 6 16

IKOJI0TUS HA TPAHCIIOPTE
Pacuet TeppUTOpHATEHOTO PUCKA ITPH TEPAKTE: IKCIIPECC MOJICIH
H. H. bensies, 1. B. Kanawnuros, B. A. Kozauuna 1 7
MoenupoBaHue OHOJIOIHYECKOM 00pabOTKH CTOYHOM BOJIBI HA OCHOBE
OBICTPOICHUCTBYIOIIEH YHCICHHON MOIETTH

H. H. bensies, M. B. Jlemew 1 15
[eperopomuateiii cMECUTENb KOPUAOPHOTO THIIA C TIONIEPEYHBIMU TTOPUCTHIMU

HeperopoIKaMH

C. M. Dnosn, B. A. Apkun, I'. U. Cyxopyxos, C. I1. Baberko 1 24

Mojenp KOOpAMHALKMH B3aUMOJICUCTBUS OPTaHOB YIIPABJICHUS IIPU JIMKBUAAIIUN
KpYITHOMACIITAOHBIX YPE3BbIUaiHBIX CHUTYaIHN

E. H. Jlsuwuenxo 1 33
OuHnCTKa CTOYHBIX BOJ| MPOMBIIIJICHHBIX MPEANPUATHI TPHUPOTHEIMH METAIUIAMH

JI. @. Jlonuna, T. Il. Pewemnsx 2 7
3d yucnenHas MOJEIb JJIs OICHKH TEPPUTOPHATIBHOTO PUCKA TIPU TEPAKTE

H. H. benses, U. B. Karawnuxos, 1. B. Knumenxo, B. A. Kozauuna 3 20

Orenka uype3BbIUaitHBIX COOBITHIA TTPU MEPEBO3KE OMACHBIX I'PY30B B KOHTEKCTE
TEXHOT€HHOH Harpy3KH pErHOHOB

10. B. byy, E. B. Kpaunwk, /. C. Kosoooti, B. B. Bapbawun 3 27
OuncTKa BOJI OT OCTATKOB JICKAPCTBEHHBIX MTPEIapaToB
JI. @. Jlonuna, O. I1. Casuna 3 36

MareMaTH4YecKOe MOJICIIMPOBAHUE TTIOCIIEACTBUI NCTIAPSHHUS AaBAPUITHOTO MPOJTUBA

TOKCHYHOT'O BEIIIECTBA HA KEJIE3HOJI0POKHOM TPAHCIIOPTE

0. A. Cxob, M. JI. Yepiomos 3 52
Omnpenenenue rpaHumil Mosica 6€30MacHOCTH MPH TEPAKTaX C MPUMEHEHHUEM

XUMHAYECKHAX ar€HTOB

H. H. bensies, 1. B. Kanawnuros, B. A. Kozauuna 4 7
Tepmuueckast 00pabOTKa TBEPIBIX OTXOI0B, 00Pa30BABIIMXCS HA JKEJIC3HOIOPOKHOM

TPaHCIIOPTE

O. Il. Kpom, A. U. Posenckuii, B. B. Koneg 4 15
OrieHKa BIHMSHUSA KEJIE3HOIO0POKHOTO TPAHCIIOPTA HA HAKOTUICHUE TSKEIIBIX METAJIIIOB

B IPyHTax

A. B. Camapcxas, FO. B. 3enenvko 4 25
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Howmep
KYPH.

Ha3Banwne cratben

Pacyet 30HBI «ys3BUMOCTH» 00BEKTA IIPH BO3MOKHOM TE€PAKTE C IPUMEHCHHEM

XAMHYECKOI0 areHTa

H. H. Fenses, A. B. bepnos, U. B. Kanawnukos, B. A. Kozauuna 5
AHTHUTEPPOPHUCTUIECKII WHXHHUPHUHT TP BO3MOXXHOM TePaKTe C MPUMEHEHUEM
XMMHUYECKOTO arcHTa Ha YJIUIe

H. H. Fensies, A. B. bepnos, U. B. Kanawmnurxos, B. A. Kozauuna 6

IKOHOMMKA U yYunpasBJjieHue

[oBkllicHHE PEHTA0CIBLHOCTH MPEANPUATHS OTPACIH ABTOMOOMIBHBIX IIEPEBO30K 110
HaIPaBJICHUSIM KOMMEPYECKOH eATEIIbHOCTH

U. I'. Abepnuxuna, H. B. Baneniok, A. A. Cybbomuna 2
AHamuTHYecKoe oOecrieueHne (PMHAHCOBOTO aHAIM3a Ha JKEJIE3HOAOPOKHOM

TpaHCIOpPTe

E. A. Tonopkoea, JI. A. lIuno 2
OcobGennoct GpopmupoBanns (HUHAHCOBBIX PECYPCOB ITA0 «yKpaWHCKast yKeJle3Has

Jopora

U. H. Jlommesa, H. II. Cnaues, E. A. Tonopxosa, JI. A. [Lluno 3
OnTumu3aims CHa0XKEHIECKO-COBITOBON NEATEILHOCTH MPEAIPHUATHS TyTEM

MPUMEHEHUS JIOTHCTUYCCKUX TPUHIIUTIOB

0. A. Xooockuna, B. JI. Anacosuu 6

3ch.11yaTamm U PEMOHT CPEACTB TPaHCIIOPTa

Y CoBEpIICHCTBOBAHUE CHCTEM JKU3HEOOECTICUSHHUS TACCAKUPCKOTO TTOIBIKHOTO
cocraBa: 0030p MAaTEeHTOB

C. P. Konecrnuxos 1
Maremarnyeckas MOZIENTb BaroHa JTU3eIb-110e3/1a JITKP-2

C. A. Kocmpuya, F0O. I'. Cobonesckas, A. A. Kysviuun, A. B. bamue 1
OnpenereHne XapakKTePUCTUK JPOCCEIUPYIOIIET0 YCTPOUCTBA AJIsl THEBMATUYECKON

peccopsl

A. I'. Peiidemeticmep, A. B. Jlazyza 1

Pacnipesienenue moIBUKHOTO COCTABA JIJISl OTCTOSI MEXAY IyTSIMHU OOIIETO U HEOOIIero
MOJIb30BAHUS

U A. Enosou, E. H. Ilomviikun 2
[pemoskeHns 1Mo COBEPIIEHCTBOBAHMIO Tporiecca (POPMUPOBAHUS IPOTPaMM
pedopMHUpOBaHHS OTPACIIH JKEIE3HOIOPOKHOTO TPAHCIOPTA

A. M. Oxopoxos, M. A. Bynax 2
Oco0eHHOCTH OpraHu3aIiy TPOBEEHIS aBapUITHO- BOCCTAHOBUTENBHBIX padoT B
Ype3BhIYAHBIX CUTYAIMSIX Ha )KEIEe3HOI0POKHOM TPAHCIIOPTE

B. I Jloza 4
MopenupoBaHue OpraHu3alui PEMOHTA JIOKOMOTHBOB METOJAMU TEOPUHU CUCTEM

MacCcOBOTO 00CTYKUBaHHS

b. E. Boouaps, A. b. Oukacos, E. b. boonapw, T. C. I puweukuna, M. B. Ouepemmiox 5
Br16op cuctemsl cofepxkaHus JOKOMOTUBOB C YY€TOM BIUSHUS 3aBUCHMBIX OTKa30B
b. E. Boouaps, A. b. Oukacos, T. C. I puweuxuna, E. b. boonaps 6

Y COBEpPIIICHCTBOBAHKUE JUCIIETYCPCKOTO PETYIUPOBAHMUS JIBHKECHUS TTOE3/I0B C

MTOMOIIIbIO BBE/ICHUS OTICPATUBHBIX 30H

I Y. Hecmepenxo, I1. B. bex, M. U. My3vixun, C. . Aépamenko 6
OreHKa Ka4ecTBa JOCTABKH IPY30B C IIOMOIIBIO KOd(h(DHUIIMEHTa OTKIIOHCHHS BPeMEHH
NpUOBITHA TTOE3a

b. A. Ieiixo 6
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DJIEKTPUYECKHUI TPAaHCIIOPT

[lepcriekTrBHAS TPaHCIOPTHO-PHEPTETUIECKAS CUCTEMa HAa OCHOBE WHTETPAIHH
MAarHHUTOJICBUTAIIMOHHON TEXHOJIOTHH U PACTIPEACICHHON (HOTORICKTPHICCKOM
BIEKTPOCTAHIIUU

B. A. /[zenzepckuii, A. b. I'nunenxo, C. B. Ilnaxcun, JI. M. Ilocopenas, FO. B. Ilxuno
Unentndukanms mapaMeTpoB YCTPONCTB CUCTEM JJIEKTPUIECKON TSATH METOIOM
BPEMEHHBIX PSIOB

T. H Muwenko

DU3NKO-TEXHOJIOTHYECKUE aCTIEKTHI Pa0OTHI CMa304YHBIX CIOEB B TPUOOCHCTEME
«KOHTAKTHBIN MPOBOJT — KOHTAKTHAs! BCTaBKa TOKOMIPUEMHUKA»

. B. Yemumenko

MeTo107I0THS OTIPEIeIIEH S TTApAMETPOB OTKA30B TATOBBIX IJIEKTPUIECKUX
JBUTATENEN IIPH AKCIUTyaTallluy TPOJUIEHOyCcOB

T. II. Ilasnenxo, B. M. lllasxyn, B. U. Cxypuxun, H. I1. Jlyxawosa

Pa3paboTka anropuTMoB OpMUPOBAHUS SHEPTOONTUMAITBLHBIX PEKUMOB JIBIIKEHUS
MOE3/10B

M. I'. [Ipumyna, A. A. Ilaceunux

7Kes1e3HO10pPOKHBIH Y TH

HccnenoBanne mapaMeTpoB jKeJIe3HOJOPOKHOTO MTyTH B TNIaHE HA OCHOBE Pa3HBIX
METOJIOB CHEMKH

H. b. Kypean, /. H. Kypean, C. IO. Bauoax, H. I1. Xmenesckas

CrienuabHBIN METO/T JIA00OPATOPHBIX UCTIBITAHUH JUIS OIICHKH Pa3pyIICHUS 9aCTHUI]
MaTepuaa KeJIe3HOA0POKHOTO OaiacTa

C. Quwep, A. Hemec

CrieruabHBIN METO/T OLIEHKH Pa3pyIIeHU YaCTHII KeJIe3HOIOPOKHOTO OanmacTa Ha
OCHOBE YHUKAIHHOTO JJA0OPATOPHOTO MCTIBITAHUS

C. Quwep, A. Hemec, /. Xappau, E. FOxac

Y4er HEeOJHOPOJHOCTH 3EMIITHOTO TIOJIOTHA KEIE3HOAOPOKHOTO ITyTH IIPH
OTIPE/IETICHUH €r0 HaNpPsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHHS

JI. II. Tenunxo, JI. M. Mamaes, C. B. Paxua

MaTepI/IaJIOBeIleHI/Ie

[ToBsbIIeHre 0OBEMHON TBEPAOCTH CTATBHBIX MEIIOIINX [IAPOB IPUMEHEHHEM (-N-P
TEPMHUYECKOH 00paboTKU
B. 1. 3ypuaoowcu, B. I'. E¢ppemenxo, E. B. [{ynaes, A. Jlexamy, P. A. Kycca

MGTO,I[I/IKB, OnpeACJICHNUA TEXHOJIOTUUCCKUX XAPAKTECPUCTUK MIPOLECCa CBAPKU TPEHUCM

C TIepeMEeNInBaHUEM
C. A. llnumuenxo
BnusiHne nmonmmepHOH OCHOBBI Ha CBOMCTBA PE3MHOBOJIOKHUCTBIX KOMIIO3UTOB
U. B. Mapxkosa

MoaenupoBaHue 3a1a4 TPAHCIOPTA ¥ IKOHOMHUKH
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