komiuiekce MathCad. CrapToBble ycloOBHSI MPUHATHI PAaBHBIMK HYJIO. YCTAHOBJICHO, YTO MaKCHMAJIbHBIC
YCKOpEHHS, JICHCTBYIONINE HA HECYIIYI0 KOHCTPYKIIMIO BAroHA-TIATOPMBI COCTABISIOT 36,2 M/c’. JlanHas
BEJIMYMHA YCKOpeHus Ha 3,5 % HIKe TOM, 4TO MOoIydYeHa AL HeCyIled KOHCTpYKIMuU Oe3 HamoiHutens. [Ipu
9TOM KO3((HIHUEHT BS3KOTO CONPOTHBICHUS MaTepHana, KOTOPHIM 3alONHEHBI 3JIEMEHTHI PaMbl, JOJDKEH
HMeTh 3HaueHne okoo 118 kH-c/Mm, a skecTkocTh — okoi10 80 kH/M.

[TomyuenHast BeTMUrMHA YCKOPEHUS yYTEHA IPH pacyeTax Ha MPOYHOCTb HECYIIEH KOHCTPYKIIMU Baro-
Ha-atdopmel. [Ipu 3ToM ucnonb3oBaH mporpammubiil komiuieke SolidWorks Simulation (Cosmos-
Works), koTopeiii peanu3yeT METOA KOHEYHBIX 3IeMEHTOB. lIpu cocTaBieHMM KOHEYHO-3JIEMCHTHOM
MOJIJI MCIIOBb30BAHbl H30IapaMeTpuuecKkue TeTpasapel. OIpelencHUe ONTUMAJIBHOTO KOJMYECTBa
TETPa’ApOB OCYLIECCTBICHO MO TpadoaHamUTHYCCKOMY MeTony [S5, 6]. MaTtepuan KOHCTPYKLUMH — CTajb
mapku 0912C. Yuteno, uro Hecymiast KOHCTPYKIHS BaroHa-maaTopMBbl 3arpyKeHa IByMs KOHTeITHepaMu
tunopasmepa 1CC. Hannume marepuana ¢ ynpyro-Bs3KMMH CBOMCTBAaMHM B paMe MOJIEIMPOBAJIOCH IOCTa-
HOBKOH CBS3€H «TIpyXuHa-IeMidep» ¢ MoMOIIbI0 oMl mporpamMmmHoro komrekca SolidWorks Simulation.
3aKkpemieHue MOJAEIH OCYLIECTBISUIOCh B 30HaX ONMPaHMSA HAa XOMOBBIC dYacTH. MakcuManbHbIC
SKBUBAJICHTHBIC HANPSDKEHHUS TPU STOM BO3HUKAIOT MpH | pacueTHOM pekume (yaap) B 30HaX B3aMMO-
JECTBUS MIKBOPHEBBIX OAJIOK ¢ XpeOToBOH 1 coctaBisaroT 285,6 Mlla, uro Ha 17 % Hmke momycKaeMbIx
[7, 8]. MakcumalibHbIC ITEPEMEIICHIS BOSHUKAIOT B CPEIHEH YaCTH BaroHa-1aT)OpMbl ¥ PaBHBI 4,5 MM.

IIpoBeneHHble nccnenoBanus OyIyT CIOCOOCTBOBaTh YMEHBIICHHIO JMHAMHYECKOW HArpy>K€HHOCTH
HECYIIUX KOHCTPYKUHMH BaroHOB-TUNIATQOPM, YIYYLIEHHIO WX YCTAJOCTHOH MPOYHOCTH, pecypca
9KCIUTyaTallid ¥ YMEHBLICHHUIO 3aTpaT Ha coaepkaHue. Takxke pe3ynbTaTsl MPOBEACHHBIX MCCIIEAOBAaHUN
OyayT cIocoOCTBOBATH CO3JAHMIO PEKOMEHJIAIMK MO MPOSKTHUPOBAHMIO MHHOBAIIMOHHBIX KOHCTPYKLIWH
MOJIBUYKHOTO COCTaBa.
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TenneHIMN pa3BUTUSA MEKIYHAPOIAHBIX BHEITHEIKOHOMUYECKHX OTHOLIEHWI MEXIY €BpOoa3uaTCKIMH
TrOCYJapCTBAMH JTUKTYIOT HEOOXOIUMOCTh TIOBBIICHUS 3QPEKTHBHOCTH HKCIUTyaTallid TPAHCTIOPTHOW OT-
paciau. C Henbro pealn3aluyl JaHHON 3a7a4M 11e1ecoo0pa3HO BHEAPEHUE B NIEPEBO30YHBIIM Hpolece KOM-
OMHMPOBAHHBIX TPAHCIIOPTHBIX cucTeM. OHOM N3 HanboJiee YCIIEIHBIX U MTEPCIeKTHBHBIX TPAHCIIOPTHBIX
KOMOMHAIMH SIBJISTIOTCS KeJIE3HOJOPOXKHO-TTAPOMHBIE TIEPEBO3KH.
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IlepBast B MHpE 3KEJIE3HOIOPOKHO-TIAPOMHAs TIepenpaBa Obljla BBEACHA B SKCIUTyaTanmio B 1851 r. ue-
pe3 3amB Oropr-0h-Dopt Mexy pationom ['pantoH u bropHTaiiienmaom [1]. C tex nmop reorpadus xe-
JIE3HOAOPOXKHO-IIAPOMHBIX MapLIPYTOB 3HAYUTEIbHO paciuupuiack. JlaHHbINA BUI KOMOWHHPOBAHHBIX IIC-
PEBO30K TIOCTOSIHHO Pa3BHBAETCS M HAXOJIUT NPUMEHEHHE HE TONBKO 4Yepe3 MOPCKHE aKBaTOpHHU, HO U
pEdHbIe, 03EPHBIC U TaXKE€ OKEaHBI.

Baxno ckazaTh, 4TO A oOecrieueHUs1 0€30IMacHOCTH (QYHKIIMOHMPOBAHUS M 3KOJIOTUYHOCTHU JKeJe3-
HOJIOPOXXHO-TIAPOMHBIX MapIIPyTOB 3HAYUTEIHHOTO BHUMAHUS TpeOyeT TeXHUYECKas aJalTalis BarOHOB
K niepeBo3kaM MopeM [2, 3]|. HopMmaruBHas 6a3a, B COOTBETCTBHU C KOTOPOU OCYIIECTBIISIOTCS IIPOCKTUPO-
BaHHUE M pacueThl MOABMKHOTO COCTaBa, OCBELIACT HE B IMIOJIHOW Mepe 0COOCHHOCTH HArPYKEHHOCTH Baro-
HOB IIPU MEPEBO3KaX Ha JKEIE3HOJOPOKHBIX apomax. Takas CUTyalus BbI3BIBAET MOBPEXKACHNS HECYLIIUX
KOHCTPYKIUI BaroHOB, HCOOXOANMOCTh JOTIOJHHUTEIBHBIX CPEACTB Ha HKCIUIYaTaIHIo, YTO O00YCIIOBICHO
MIPOBEICHUEM BHEIUIAHOBBIX BUIOB peMOHTa. Kpome Toro, HapylieHue HaJeKHOCTH 3aKPEIVICHHUS BarOHOB
Ha Many0ax BeleT K HapyIICHUIO OCTOMYMBOCTH KEJIE3HOAOPOKHOTO APOMa M SKOJIOTHUECKON OMTACHOCTU
nepeBo3ok. I103ToMy akTyaabHBIM UM IEPBOOYEPEAHBIM BOPOCOM SBIISICTCSI HEOOXOIUMOCTD ONPEACICHUS
Harpy>KCHHOCTH BAarOHOB IIPH IIEPEBO3KE MOPEM, TEXHUUYCCKAsl aJanTalys UX K B3aUMOACHUCTBHIO CO Cpe/-
CTBaMH 3aKpCIUICHUH Ha manmy0ax, a TakKe KOPPEKTUPOBKH HOPMATUBHBIX IOKYMEHTOB, PETrJIaMEHTHPYIO-
X TpeOOBaHUS K MMPOSKTHPOBAHUIO M pacueTy HECYITUX KOHCTPYKIIUN BaroHoB [4, 5].

st yMeHbIIeHNsT TUHAMHUYECKOM HarpyKeHHOCTH Hecylleld KOHCTPYKIMH IMOJTyBaroHa MpH IKCIUTya-
TAIlMOHHBIX PEeXUMaxX HarpyXeHUs MPenIokKeHO ero yCOBEPIICHCTBOBAHNE, KOTOPOE 3aKIF0YACTCS B TOM,
YTO NMPOMEKYTOUHBIE OAJIKA paMbl ITOJIyBaroHa UMEIOT 3aMKHYTO€ KOpoOJaToe cedeHne, a MeXIy BEpTH-
KaJIbHBIMH JIACTAMH MIPOMEXYTOUYHBIX, KOHIEBBIX W INKBOPHEBBIX OAIOK MCIOJB3YIOTCS COTOBBIE TTaHENN
U3 MaTepHana, KOTOPBIi HMEET yIPYro-BsI3KUE CBOMCTBA (PHCYHOK 1).

C wenblo ucceoBaHus BO3MOXKHOCTH TIEPEBO3KM BaroHa Ha JKEJIC3HOJOPOKHOM IapoMe MPOBEACHO
oTpezeNieHNe €ro JMHAMUYIECKON HarpyKEeHHOCTH.

Ko BHMMaHHIO TIPHHSTHI HauOoliee pacIpOCTPAHECHHBIC CXEMbI HArpYyKCHUsS] HECYIIeld KOHCTPYKIHU
BaroHa MpH MEPEBO3KE Ha HKEJIE3HOIOPOKHOM MapoMe:

— YIJIOBBIE MEPEMEICHHS OTHOCUTENBHO MPOA0IBbHOM ock X Ha yroi § (0opToBast Kauka);

— Pa3BOPOT KEJIE3HOAOPOKHOTO IIAPOMa ¢ BarOHAMU MPH MOIXO0ME K IPUYAITy.

IIpu mpoBeneHNH pacdyeToB YUTEHBl TEXHUUYECKUE XapaKTEPUCTUKH JKEIE3HOI0pOKHOro napoma «I'e-
pou Hlunku». IIpu 5TOM IPHUHATEL KO BHUMAHUIO MAPAMETPhl BO3MYILAIOIIETO BO3ACHCTBUS, KOTOPHIE
MPUCYIIU aKBaTOpUU UEepHOro MOpsi: BBICOTA MOPCKOM BOJHBI — & M, JunHa — 120 M, AaBieHUE BETpa —
1,47 kIla, nepuon BosHbI — 9 c. B kauecTBe BaroHa-MpoOTOTUIIA PACCMOTPEH MOMyBaroH monenu 12-757
noctpoiik [TAO «KprokoBckuii BaroHoCTpOUTENbHBIH 3aBo» (T. Kpemenuyr, YkpanHa).

Pucynok 1 — Pama nosyBarosa ¢ y4eToM Npei0>KeHHbIX YCOBEPLICHCTBOBAHUI
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VY4ureHo, yTO COTOBas MaHeNIb U3TOTOBJIEHA M3 MaTepuana, KOTOPBIH UMEET YIpPYro-Bsi3KHE CBOMCTBA.
[Tpu 3TOM KO3 PHUIIMEHT BI3KOTO CONPOTHBICHH MaTepralla I0DKCH HAXOAUThCS B AnamaszoHe ot 150 mo
165 xH-c/m, a )xectkocTth — 0T 500 mo 520 xH/m.

Pemrenne chopMupoBaHHONH MaTEeMaTHUECKOW MOAENH OCYIIECTBICHO B MPOTPAMMHOM KOMILJICKCE
MathCad ¢ ucnonszoBanuem merona Pynre-Kyrra. Pesymbrathl pacdera mokaszaid, 4TO HCIOJNB30BaHHE
COTOBBIX MaHEJCH COCOOCTBYET YMEHBIICHUIO TWHAMUYECKON HAarpyXCHHOCTH BAaroHa IO CPAaBHCHHIO C
THUNOBON KOHCTpYKIMeH moutu Ha 25 %. IIpu 3ToM MakcUMallbHBIE YCKOPEHU:, NEHCTBYIOINE Ha HECY-
IyI0 KOHCTPYKIIHIO IONyBarOHa C THIOBOH paMoii, coctapimsior 0,38 M/C’, a YCOBEPIICHCTBOBAHHOM —
0,29 m/c’. C ydeToM yria KpeHa JKele3HOJOPOKHOro mapoMa 12,2° oblast BelMuHHa yCKOPEHHUs, AeiicT-
BYIOIIIET0 Ha HECYIIYI0 KOHCTPYKIMIO MOJMyBArOHA C TUIIOBOI paMoif, coctasiseT 2,45 m/c” (0,25g), a yco-
BEPILCHCTBOBAHHOM — 2,36 M/c” (0,24g). JlaHHas BEIMUMHA KPEHA PACCUMTAHA JUIA CIIydas CTATHIECKOIO
JeCTBUS BETpa Ha HAJBOJHYIO IIPOCKIHUIO KEJIE3HOAOPOKHOIO TIApOMa C BarOHAMHM, KOTOPBIE Pa3MEIICHBI
Ha BepxHeil naryoe.

Ha cnenyromem stane uccieqoBaHUsI MIPOBEACHO ONPEACICHUE HAIPY>XCHHOCTU HECYICH KOHCTPYK-
IIMM BaroHa Ipu pa3BOPOTE JKEIC3HOJOPOKHOTO MapoMa. Y CTaHOBJICHO, YTO COCTAaBJIAIOLINE LICHTPOOCK-
HOH CHIIBI, NeHicTByromue Ha pamy F, = 4,9 kH; F, = 8,4 xkH.

[TomydeHHbIe BEMMYUHBI HATPY30K YUTEHBI TPH OIIPEEICHNH MPOYHOCTH HECYIIeH KOHCTPYKITHH TO-
JyBaroHa ¢ COTOBBIMH NaHENsAMH. [Ipy 3TOM 3aKkperieHre BaroHa Ha nany0e oCyIIecTBISIETCS Yepe3 y3iIbl
3aKpeIUIeHHs, KOTOpble pa3MeIaloTcs Ha IKBOPHEBBIX Oankax. PacyeT Ha MPOYHOCTH MPOBEIEH 10 METO-
1y KOHEYHBIX 3JIEMEHTOB B IporpaMmmHOM komiuiekce SolidWorks Simulation. Pesynbsrats! pacyera mos-
BOJIMJIM YCTaHOBHTH, YTO MaKCHMMaJlbHbIE SKBUBAIIEHTHbIEC HAMNPSDKEHHsI BOZHUKAIOT B IIKBOPHEBOH Oayike U
cocTaisioT okoio 240 MIla, uto Hrmxe Ha 23 % OT HaNpPsHKEHUM, BOZHUKAIONUX B TUIIOBON KOHCTPYKIIUU
IIKBOPHEBOH Oanku. Pe3ynpTaThl pacyeTra Ha MPOYHOCTHh HECYIIEH KOHCTPYKLMH ITOJIyBaroHa Ipu pa3Bo-
pOTE JKEJIE3HOJOPOKHOTO TTapoMa IMOKa3ai, YTO MaKCHUMAaJbHbIC SKBUBAICHTHBIC HAPSIKEHUS COCTABIIS-
10T 0Kk0j10 185 MIa, T. €. IPOYHOCTH HECYyIIeH KOHCTPYKIMK oOecnieunBaercs [4, 5].

[IpoBeneHHbIe HcCeAOBaHUs OyIyT CIOCOOCTBOBATH NMOBBHIIICHHIO 0E30MACHOCTH M IKOJOTHYHOCTH
KENE3HOJOPOXKHO-TTAPOMHBIX MEPEBO30K, a TakKe d(P(HEKTUBHOCTH UX IKCILTyaTaLlUH.
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VYK 629.4.046:629.463
EBPOIIEVICKAE KOHCTPYKIIMA CBEMHBIX KY30BOB

A. B. ITUI'VHOB, B. B. IUI'VHOB, I1. A. JJALLIVK
bBenopyccruii eocyoapcmeennvuii ynueepcumem mpancnopma, 2. I omens

ITpuMeHeHNEe ChEMHBIX KY30BOB TO3BOJIIET ¢ MaKCHMMAIbHOW 3(p(HEKTHBHOCTRIO SKCIUTyaTHPOBATh Ba-
TOHBI B TCUCHHE CPOKa CIYKOBI. B eBpomeiickux cTpaHax OHU MOJTYYHIH JOCTATOYHO IIUPOKOE MPUMEHE-
HHUE B COYCTAHUH C MIATHOPMAMHU JIJIST UX TIEPEBO3KH.

Pa3pa60TKa KOHLOCTIIUH NIPUMEHEHUA ChbEMHBIX KY30BOB ITO3BOJIACT adallTUPOBAThL BAaroHbl IJIA MIEpPE-
BO3KHM pa3JIMYHbIX I10 CBOMCTBaM TPY30B: ChIIYYNX, KUIAKUX, CKAThIBAIOMINXCA U AP. Ee peanmn3anmng qacTt
BO3MOHOCTH TIOCTOSTHHO JKCIUTyaTHPOBATh BAarOHbI, 3aMEHsISI CheMHBIE Ky30Ba B 3aBUCHMOCTH OT CE30H-
HBIX TOTPEOHOCTEH B TIEPEeBO3KaX TE€X WIIM MHBIX TPY30B.

Kommanus «Wascosay paspaboTaia CHCTEMy NMPUMEHEHHs CheMHBIX KY30BOB, KOTOpas MOMy4YWiia Ha3Ba-
e «Wascosa flex freight system». OHa BkiIrOUaeT B cebst obneruennsie 60-, 54-, 52-, 48- wm 45-¢yToBbie
HJ'IaT(I)OpMI)I JJId TIEPEBO3KU KOHTeﬁHepOB C JOMOJIHUTECIbHBIMHA YIIOpaMHU IJId KPCIUJICHHUA CbEMHBIX KY30-
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