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YK 629.4.015.7
OI'JIAJI HAITPSAIMKIB MIJIBUINEHHS CTIMKOCTI BATOHIB-IIUCTEPH

OVERVIEVW OF WAYS TO IMPROVE THE STABILITY OF TANK
WAGONS

kano. mexu.nayk 10. B .Il]epouna,
acnipanm B. B. Mamonmos
Heporcasnuii yrisepcumem inghppacmpyxkmypu ma mexuonoeit (m. Kuig)

Y. V.Shcherbina, PhD(Tech.),
V. V. Mamontov, postgraduate student
State University of Infrastructure and Technologies (Kyiv)

[linBuiieHHsT CTIMKOCTI BaHTAKHOTO PYXOMOTO CKJIaJdy Ha 3ali3HUYHOMY
TPaHCIIOPTI — Il HEe JIMIIe TeXHIiYHAa ToTpeba, ane W TUTaHHSA OE3IeKH,
€KOHOMIYHOCTI Ta €KOJIOT1YHOI BIIITOBIJAIHOCTI.

[To-nepiie, cTiKicTh O€3MOCEPEAHBO BILUIMBAE HA Oe3meKy BaHTaxy. Ha Bucokux
MIBUAKOCTAX OyJlb-SIKE€ BIAXUJICHHS YM HECTAOLIBHICTH PYXY MOXYTh MPU3BECTH /10
CXOJIPKeHHS 3 perok abo aBapii, 1110 MaTUME CEPil03H1 HACITIIKH.

[To-npyre, cTabuUTIbHUN PyX BaHTXXHOTO 3aJII3HUYHOTO PYXOMOTO CKIIAaJly 3HUXKYE
BUTpATU Ha OOCIYroByBaHHs. MeHIIle HaBaHTaXEHHS Ha PEWKH, 3HUKEHUN DPIBEHBb
Bi1OpalIiii Ta 3HOC €JIEMEHTIB X0/I0BO1 YaCTHHU — I1€ 3MEHIITY€ HEOOX1THICTh Y YaCTHX
peMoHTax. OKpiM TOro, PyXOMHM CKJIaJa 13 BHCOKOI CTIMKICTIO BHUTpayae MEHIIE
€HEPrii, 0 CTIPHUsE 3HIKEHHIO OTIePalIHIX BUTPAT.

Tperst mpuYMHA TOJIATAE y 3aXHCTI HABKOJHWIIHBOTO cepenoBuina. IlmaBHiCcTh
X0y 3MEHIIye IIyM 1 BIOpamii, [0 BaXJIWBO [Jisi 30€pEeKEHHS MPUPOIHHUX
CEpelOBUILl 1 3HWKEHHS BIUIMBY TpaHCHOPTY Ha ypOaHizoBaHi Teputopii. Tomy
M1JBUILIEHHS CTIMKOCT1 BaroHIB — I1€ YaCTHHA II00AJIbHUX €KOJOTTYHUX 3yCHUIIb.

TakuMm 4uHOM, 3a0e3MedYeHHs CTIMKOCTI BaHTAXXKHOTO PYXOMOTO CKIIagy — IIe
1HBECTHUIIISI B O€3IEKy, EKOHOMIIO Ta 30€pexeHHsI MPUPOIH, 110 BUMAra€e yBaru Ta
PECYPCIB 33 ISl CTIMKOTO PO3BUTKY 3aJII3HUYHOTO TPAHCIIOPTY.

Y BaHTaXHUX TMEPEBE3CHHSAX CTIHKICTh PYXOMOIO CKJIaJy Ma€ oOCOOJIuBe
3HAYEHHS, aJ[Ke 3a0€e3IeueHHs O€3IeUHOr0 TPAHCTIOPTYBAHHS BEJIMKUX Mac BaHTaX1B
BUMAara€e 4iTKOIo KOHTPOJIO 3a JMHAMIKOI Ta CTallIbHICTIO pyXy BaroHiB. Ha
KPyTHX JUISHKAX 1 TOBOPOTaX 3HMXKEHHS CTIMKOCTI MOKE MPU3BECTH 10 KPUTHUHHX
CUTYyaIlli, TaKuX SK TEpeKHJaHHS BaroHiB a0o 3CyB BaHTaxiB. Bucoka CTIHKICTb
CIpusie TUIAaBHOCTI pyXy, IO JO03BOJISIE YHUKHYTH PalTOBUX yAapiB Ta KOJIMBaHb,
30epiraloyuM BaHTaXI BiJ TOMIKOMKEHb 1 3a0e3medyroun CTaOUTbHUIA JIaHIIOT
TTOCTaBOK.

Y mepeBe3eHHI HEOE3MEYHMX BaHTaXIB, TaKWX K XIMIYHI PEYOBHUHH,
BHOYyXOHEOE3MeuHI MaTepiaan abo JErK03aiMHUCTI MPOAYKTH, CTIHKICTh BAaHTXKHOTO
PYXOMOTO CKJIaJy Ma€ BHUpIlIaIbHE 3HAYeHHS. /{15 TaKuX BaHTaXIB 3aCTOCOBYIOTHCS
CrieliayibHl TEXHIYHI BHMOTH, 110 BKJIIOYAIOTh JOJATKOBY CTabili3allil0 BaroHiB,
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CUCTEMY KOHTPOJI 32 TEMIIEpaTypHUM PEXKHUMOM 1 aMopTH3aliero, 1100
MIHIMI3YBaTU PU3UK HENepea0adyBaHUX MO/IH 1 30€perT BaHTaX y IUIICHOCTI.

Y  ramy3i 3ali3HMYHHX ~TI€PEBE3€Hb, OCOOJIMBO KOJIM MOBa WJe Tpo
TPaHCIIOPTYBAaHHS HEOE3NCYHNX BaHTAXIB, BArOHU-IUCTEPHH MalOTh OCOOJUBE
3Ha4YeHHs. BoHM  BiAIrparOTh KJIOYOBY poJib y  3a0e3nedyeHHl  Oe3neKku
TPAaHCIOPTYBAaHHS TaKUX MaTepialliB, SK XIMIYHI CHOJYKH, HAPTOMPOIYKTH,
3piKeHM Ta3 Toio. O HIEI0 3 TOJOBHUX MPOOJIEM IIUX BAroHIB € iX Bpa3UBICTh 10
MEXaHIYHUX TOMIKO/KEHb, K1 MOXXYTh BUHUKHYTH TIiJ] Yac aBapiil, HAMpUKIIaJ, TIpu
CXO/I1 3 KoJIii abo Mpu yaapax MijJ yac pyxy depes Meperrko/Im.

Baron-nucrepau MaroTh MeBHY cielIU(iKy, MOB'3aHy 3 yMOBAMH €KCILTyaTallii:

1 HecTaOuIpHICTh NMPHU MEPEBE3CHHI PIIMH: PIIUHA BCEPEAMHI LUCTEPHU MOKE
CTBOpIOBAaTH €(eKT XBWJIb, 10 30UIbIIYE PU3UK MIEpEeBEPTAaHHS BaroHa Ha MOBOPOTax
abo0 mpu pi3KOMy rajibMyBaHHI.

2 3axucT BiJ BUTOKIB: OCOOJIMBO Il HEOE3MEUHUX BAaHTAXIB, TAKUX K HadTa,
XIMIYHI PEUOBMHU, BAKJIMBO 3a0€3MEUUTH F€PMETUYHICTh LIUCTEPHHU, 1100 3amo0IrTu
BUTOKY Ta 3a0pYIHEHHIO HABKOJIUIIIHHOTO CepeNoBHIIA.

3 3MiHHI HaBaHTaXCHHS: 3MiHA 00'€My PITUHU Yepe3 KOJWBAHHS TEMIEpaTypH
Y HEPIBHOMIPHUMA pPO3MOJIII HABAHTAKEHHS MOXE BIUIMBATH Ha CTIMKICTH 1
MaHEBPEHICTb.

[Tpuknagom HEOOXiTHOCTI BUPIMICHHS TakKWX CHEMU(BIYHUX MPOoOJeM, 3 SKUMU
CTHUKAIOThCS BAarOHU-IUCTEPHHU TPU TEPEBE3CHHI HEOE3MEYHUX BaHTAXIB, MOKHA
HABECTU BUMNAAOK y KaHaJcbkoMmy MicTi Jlak-Merantuk B 2013 poiii, Kkonu aBapis 3
BaroHamu DOT-111, mo mnepeBo3unu HadTy, BUKIMKAIa MaclITaOHUN BUOYX,
BHACJIJIOK SIKOTO 3arunyio 47 moaei [1, 2].

3 METOI0 3MEHIICHHSI OMUCAHWUX PHU3HKIB PO3POOISIOTHCS BIOCKOHAJEHI MOl
BaroHiB. Hanpuknan, momenr DOT-117, ska wMae mokpamieHy CTIMKICTh [0
MOIIKO/IKEHb, 3aMiHWIA B ekcrutyaraiii mojenb DOT-111. 1li Baronu ocHaiieHi
€JIEMEHTaMH TOCUJICHHS JHUI Ta MOCUJICHOK KOHCTPYKIII€H 000JIOHOK, 1110 pOOUTH
ix Ol cTikuMU 10 TpoOoiB [3]. KpiM TOro, BOpOBaKYIOThCS TEJIEMAaTHUHI
CHUCTEMH JJII MOHITOPUHTY Ta BIJACTEKEHHSI CTaHY IUCTEPH y pPealbHOMY 4aci, 0
JIOTIOMarae BUSIBJISTH MTOTEHIIMHI Tpo0JieMH 3aB4acHoO [4].

[Ile oaHi€r0 BaXXJIMBOI PO3POOKOI0 € BUKOPUCTAHHS HOBUX MaTepialiiB, sIKI HE
MOCTYIIAKOTHCS 32 MIIHICTIO, aJi€ € JICTITNUMHU, 110 JO3BOJISIE MABUIIUTH €()EKTHUBHICTh
TpaHcnopry [4].

[Ilnsxu BUpILIEHHS ONMHUCAHUX MPOOJIEeM MOXKHA 00 €HATH y KUIbKa IMIJIXOMIB,
CIPSIMOBAaHUX Ha MOKpaileHHs Oe3neku. OAMH 13 HUX MOJISITa€ B yJIOCKOHAJIEHHI
KOHCTPYKIIIi IUCTEPH, 10 BKIIOYA€E 3MIITHEHHSI MaTepiaiiB, 3 SKMX BUTOTOBIISIIOTHCS
TaHK-KOHTeHepu. Taki BIOCKOHAJIEHHS 3HUXKYIOTh WMOBIPHICTh BHUHHMKHEHHS
po0oiB MiJ Yac cxoay 3 pelok. Hampuknan, BUKOPUCTAHHS CTICIAIbHUX CTajell 13
3HIKEHUM BMICTOM CIPKU Ta KOHTPOJIb 32 (HOPMOIO BKIIIOYEHB y METAalll T03BOJISIOTH
3MEHINMUTH WMOBIPHICTh BUHUKHEHHS TpPIIIMH Yepe3 3HWKEHY KPHUXKICTh Ta
MOKpAIlleHy MILHICTh Ha 371aM [5].

Takox BaXJMBUM AacleKTOM € YJIOCKOHAJICHHS KOHCTPYKTHUBHUX €JIEMEHTIB
UCTEPH, TAaKUX SIK 3aXMCHI IIApU Ta TOAATKOBI Oap'epH, MO CHPHUSIOTH 3HUKEHHIO
PU3HMKY BUTOKY BaHTaXy y pa3l MEXaHIYHOrO MOLIKOUKeHHS. [IpumipoM, 1CHYIOTH
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PO3pOOKH, IO BKJIIOYAKOTH CHEIiajibHI TKAaHWHU a00 KOMIIO3WTHI MaTepiaiu s
1BUIIEHHS CTIMKOCTI 10 TIPOKOJIB [6].

VY ONOBHEHHS 10 3MILIHEHHS MaTepialiB, BIPOBAIKYIOTHCS HOBITHI TE€XHOJIOTI]
JUTSL MOJICTTIOBAHHS 1 TECTYBaHHS NPOTHYAAPHHUX XapaKTEPHUCTUK. BUKOpuCTaHHS
METOJy CKIHYEHHUX EJIEMEHTIB Ui MOJCJIIOBAHHS MEXAHIYHUX YyAapiB J103BOJISE
OUTBII TOYHO OLIIHUTH W MIABUIIMTH HAAIMHICTE KOHCTPYKLIM IUCTEPH y peallbHUX
yYMOBaX, BKJIIOUAIOYH BUCOKOIIBHAKICHI 31ITKHEHHS 200 yaapu o0 TBepii 00'ekTH [6].

[li 3axoaM € 4YacTMHOIO CTpaTerii MOKpalleHHs Oe3MeKu TPaHCHOPTYBAHHS
HEOE3MEeYHNX BAHTAXIB, M0 AKTUBHO PO3POOJISETHCSA B paMKax TaKUX IHIIIATUB, SK
Next Generation Tank Car Project (NGRTC), cnpsiMoBaHMX Ha YAOCKOHAJICHHS
KOHCTPYKUINA 3aJi3HUYHUX IIUCTepH JIs 3a0e3nedeHHs OuIbIIol HaaliHOCTI Ta
CTIMKOCTI y pa3i aBapiiHUX cuTyarii [7].

PimenHs, 1o 3’SBASIOTHCS 3aBISKH CITIBIIpAIll HAYKOBI[IB, 1H)KEHEPIB 1 OpraHiB
pEryJIIOBaHHS, € BaXJIMBUM KPOKOM JI0 3MEHIIEHHS PU3UKIB IIPU TPaHCHIOPTYBaHHI
HEOE3MEUYHUX BaHTAXIB 3aJI3HUYHUM TpaHcrnoptoM. [Ipore Bci i pilieHHA
MEepPEeBAXKHO CIPSMOBaHI Ha 3MIITHEHHS BaroHiB, 3amobiranus aedopmariii, mpoooi Ta
BUTOKY HEOE3MeuyHuX peuoBUH. [IpoTe HAWTONOBHINIUM MUISIXOM BHPIIICHHS
po0JIeM Mae€ 3aJUIIaTHCS 3armo0iraHHs aBapii.

BanTaxkHi BaroHu, 30KkpemMa IHCTEPHH, MIITAIOTHCSA JIOJATKOBUM JHHAMIYHUM
CUJIaM TIPU TIPOXODKEHHI KPUBHUX, IO € 30HOI0 MiJIBUIIEHOTO PU3HUKY TEPEKUIaHHS
Ta BUTOKY HEOE3MEUHUX BAaHTAXKIB.

BukopucTtaHHs €leKTpOHHO KEpPOBAaHUX MHEBMATUYHUX TrajbM MOKa3allo CBOIO
€(pEeKTUBHICTh Yy 3HWXKEHHI PHU3UKIB, MOB’S3aHUX 13 TajibMyBaHHSIM IIiJ 4Yac
MPOXO/IKEHHS KPUBUX MPU BUCOKUX MIBUAKOCTIX [8].

[HIIMM HAMPSIMKOM € 3HWKEHHS MIBUAKOCTI Y KPUBHX MUISHKAX KOl Majoro
paaiycy. 3HWXKEHHS IIBHAKOCTI pPyXy Ha TaKuX AUISSHKAX 3HAYHO 3MEHIIYE
HMOBIPHICTD 31HACHHS 3 PEHOK 1 3HMKY€E CEPHO3HICTH MOIIKOKEHD MPU MOKIMBHX
aBapisix. JlogaTkoBo, poO3pOOJIEHI TEXHOJIOTII MOHITOPUHTY CTaHy KOJii, sKi
BUSIBJISIIOTH JI6(DEKTH Ta HEPIBHOCTI HA peMKax, M0 MOXYThb CIPUUYMHSTH aBapii.
CBoeuacHa /11arHOCTHKA Ta YCYHEHHS MPOOJIEM 3 KOJIIE€I0 3HAYHO 3HUKYIOTh PU3UKH,
OB’ s13aHi 3 11 CTapiHHSAM 200 HE33J0BUIBHUM TEXHIYHUM CTAHOM.

I1i TeXHOJIOT14H1 JOCSITHEHHS Pa30M 3 BUKOPUCTAHHSIM CTATUCTHUYHHMX MOJIEJeH 1
OI[IHKM PHU3HKIB, SIKI PO3pPOOJSIOTHCS B paMKax JIOCHIIKEHb, TaKUX SK TMPOCKT
RailTEC [9], nmomomararoTh BUSBIISTH HEOE3MEUHI JUISHKA Ta BIPOBAKYBATH
3axX0au O€3MeKH.

OpmHi€ro 3 BaxJIMBUX pO3pOOOK € BIPOBAKEHHS CHUCTEM 3 HE3aJCKHUM
obepTaHHAM KoJjiic. BOHU H03BOJISIIOTH 3HAYHO 3MEHIIUTH MO3J0BKHE KOB3aHHS
KOJIC MO peiKkax, M0 JONOMara€e 3HIXKYBAaTH OMIp PyXy, OCOOJMBO Ha KPUBHX
ninsgakax [10].

B Vxkpaini € nampaiioBanHs 3 BUKOPHCTaHHS MEPCHEKTUBHOT KOHCTPYKTHBHOI
cxemu (ITIKC), sxa qo3B0oIISIE KOJIecaM Bi3Ka 00epTaTHCh HE3aJIeKHO OHE BiJ OJTHOTO.
Lls TexHomoris BUpIilIye KUTbKa MpoOJIeM TPagUIifHUX KOJICHUX KOHCTPYKIIIH,
30KpeMa pHU3HMK ITiJIHIMAHHS OOOJIB KOJIC Ha PEHKH NpHU MPOXOMKCHHI PI3KHX
noBopoTiB. 3a nornomororo [TKC 3MeHITyeThCsl MO30BAKHE KOB3aHHSA MK PEHKOIO Ta
MOBEPXHEI0 KOUEHHS KoJieca, 0 TAKOXK 3HIXKY€ eHepreTuyH1 Butpatu [10].
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Bupimennss npo6ieMu MIIBUINEHHS CTIMKOCTI BaHTaXXHOTO PYXOMOIO CKJIAAy
MOKJIMBE 4epe3 KOMIUICKCHUHM minxia. KirouoBuMu HampsMKam# € BIOCKOHAJICHHS
KOHCTPYKLI{ BaroHiB, 30KpeMa BHUKOPUCTAaHHS HOBITHIX MaTepiayiiB 1 MOCHICHHX
000JIOHOK, BIPOBAKECHHS CJICKTPOHHO KEPOBAHHMX MHEBMATHYHUX TajbM 1 CHCTEM
MOHITOPUHIY CTaHy BaroHiB Ta KOJIli, & TAKOX BIPOBA/KEHHS CUCTEM HE3aJIEKHOTO
00epTaHHs KOJIiC.

EdextuBne BupiteHHs MpoOieMH MiABUIIECHHS CTIMKOCTI BAHTAXXHOTO PYXOMOTO
CKJIaJy MOXJIMBE 3aBJASIKM BIPOBAKCHHIO MEPCIEKTUBHOI KOHCTPYKTUBHOI CXEMHU.
[ls TexHoMOrIs 3a0e3neuye He3zaldekHe 00epTaHHs KOJIIC, J03BOJISE 3HAYHO 3HU3UTU
MO3/70BKHE KOB3aHHS, MOKpAIlye CTAOUIbHICTh pyXy Ha KPUBOJIHIMHUX IUISTHKAX 1
3MCHIIIy€ EHEPTeTUYHI BUTPATH.

i TexHOJIOTI B CYKYIMHOCTI CIPUAIOTH MIABUIICHHIO O€3MEKHU TPAHCIOPTYBaHHS,
3HIDKEHHIO ~ eKCIUTyaTallliHUX BHUTpaT 1 MiHIMI3aIii €KOJIOT1YHOTO  BIUIMBY,
3a0e3Meuyouy CTIMKUNA PO3BUTOK 3aJI13HUYHOTO TPAHCIIOPTY.
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