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PaccMaTpHBAIOTCSA OCOGEHHOCTH DEIIEHHS 3aAaY O AHHAMHMKE
M IPOYHOCTH KOHCTPYKIMIH JKEAC3HOAOPOXKHOTO HMOABIKHOTO
cocTaBa B CAydYasX BBICOKOH AepOpMATHBHOCTH TPAaHCHOPTH-
PYEMOTO Tpys3a Ha OCHOBE KOMIIBIOTEPHOIO MOAEAMPOBAHHS B
HMHXKEHEPHBIX ITaKeTaX TBEPAOTEABHOTO M KOHEYHOIAEMEHTHO-
ro aHaamusa. IIpeacTaBAEHBI pe3yAbTaThl aHAAM3a KPEIACHHA
PeAbCOB IIPHM HMX TPAHCIIOPTUPOBKE Ha CIIENE JKEAC3HOAOPOIXK-
HbIX mAaTtdopm. MccaepoBaHbI HANpsDKEHHA U AedOpMaluK B
kxoHTelHepe-nucTepHe C11N17 T11, Bo3HUKaOLIHE IIPU yAAp-
HOM BO3AEHCTBHM Ha Hee. IIpuBeA€H aHAAM3 BAMSAHHUS KOTE3HH
CBINTYYero rpysa Ha CHABI, ACHCTBYIOIIME Ha Ky30B BaroHa Impu
ero coyaapeHuu. IToAydeHHbIE PE3yABTAThl IO3BOAAIOT AHAAH-
3UpOBaTh 6€30MACHOCTD IIEPEBO3KU H IPOTHO3HPOBATh COXPaH-
HOCTb I'PY30B C pa3AMYHBIMHU F€OMETPHUYECKUMH U GHSHIECKUMU
XapaKTepPHCTHKAMH IPH TPAHCIIOPTUPOBKE XKEAE3HOAOPOXKHBIM
TPaHCIOPTOM.

KAIOYEBBIE CAOBA:  eAC3HOOOPONCHOUL — NO0BUNCHOL  CO-
cmas, dedpopmupyemocms 2py308, KOMRIOMEPHOE MOOCAUPOBAHILE,
HATPINCCHHO-0ePOPMUPYEMOE COCTOIHILE, KPENLEHUE 2PY308, HUCIMED-

Ha, coLny4ul 2py3

BBEJEHNE

K nepeBo3ke pasAMYHBIMU BUAAMHE TPAHCIOPTA 4ACTO
HPEABSBASIIOTCS TPY3bI, KOTOPBIE B MPOIlecCce TPAHCTIOP-
THPOBKH 3HAYUTCALHO ACPOPMUPYIOTCS TTOA ACHCTBHEM
AMHAMHYECKUX HATPY30K PA3AMYHOTO MPOHCXOXKACHHUSA,
IPOAOAKUTEABHOCTH U xapakTepa. K qncay rakux rpysos
OTHOCATCS JKHAKHE, CBITYYHE, A TAKXKE AAMHHOMEPHBIE,
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The features of solving problems on the railway rolling stock
design dynamics and strength on the basis of computer mod-
eling in engineering packages of solid-state and finite element
analysis are considered taking into account high deformability
of the transported cargo. There are demonstrated the results
of the analysis of rails fastening dynamics for the case of rails
transportation on the coupling of railway platforms. The stress-
es and deformations in the C11N17 T11 tank container at the
longitudinal impact of cars are investigated. There is presented
the analysis of the bulk cargo cohesion influence on the forces
acting the car body at the collision of cars. The obtained results
make it possible to analyze the transportation safety and to
predict the safety of cargo with various geometric and physical
characteristics during rail transportation.

KEYWORDS: railway rolling stock, deformability of cargo, computer
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KOTOPBIE TIEPEBO3ATCA HA CIEMAX MAATPOPM U MOAYBATO-
HOB. AAS BBIABACHHS OCOOCHHOCTEH UX AMHAMHYCCKOTO
MOBEACHHSI BO3HUKAET HEOOXOAUMOCTD PEIICHUS. MEX-
AHUCIMIAMHAPHBIX 34A24 O B3AUMOACHCTBUH C 2IAEMEHTAMHU
KPEIACHUS U KOHCTPYKIIUEH TPAHCIIOPTHOIO CPEACTBA,
B YaCTHOCTH, O HAXOXXACHUU OTHOCHUTEABHOTO CMeEIIe-
HMsl JacTel IPy30B Anbo ux LEHTPOB MACC, €CAH pedb
HACT O HEPEBO3KAX HAAMBHBIX M CBIIYYHX IPy30B. Aas
HOBBILICHUA 0E30IACHOCTH TPAaHCHOPTUPOBKH TPY30B
HEOOXOAUM MTOAHBIE Y4ET BCEX ITUX ABACHUM Ha OCHOBE
HUCIIOAb30BAHUS AHAAMTHYCCKUX U YHUCACHHBIX METOAOB
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MEXAHHUKH TBEPAOTO U ACPOPMUPYEMOTO TCA, CIIAOLIHOM
CPCABL, JKHAKOCTEI 1 Ta30B € Y4CTOM OCOOCHHOCTEH Opra-
HU3ALNHU IEPECBO30YHON U MAHECBPOBOMU pa6OTbI.

HopmaruBHblME  AOKYMCHTAMH ~ PCTAAMEHTHPYETCS
KPCIIACHHE IPY30B B BATOHAX 0¢3 y4eTa BO3MOKHOCTH HX
Aedopmuposanmst. Mecaeposareasimu crpar CHI maans-
HEro 32pyOeKbsi HOOAHOKPATHO BBIIIOAHSAHCH PabOTHI 110
MOACAHPOBAHHIO TPAHCIIOPTUPOBKH JKEACSHOAOPOKHBIM
TPAHCIIOPTOM TBEPAOTCABHBIX CTAHAAPTHBIX [15, 31] u
AAMHHOMEPHBIX 4], rpysos. CymecTByer AnIub OTHOCH-
TEABHO HEHOABIIOE YUCAO NyOANKALMIA, B KOTOPBIX IIPH
pacdeTax pasMCIICHHS U KPCIACHUS AAMHHOMCPHBIX
IPY30B U TPAHCIIOPTUPOBKE JKHAKOCTEH KEACBHOAOPOXK-
HBIM TPAHCIIOPTOM NPHHUMACTCS BO BHHUMaHHE Acdop-
MUPYEMOCTb HEPECBO3UMbIX IPY30B JKHAKHX [8,18,23] u
HaCHIIHBIX [22], a TakoKe CpeacTs ux Kpenachus [3, 20].
Kak nokasbiBaer npakruka, yder AcpopMaLuii rpy3os B
TAKUX CAYYasIX [I03BOASICT BbISIBUTD IIPUYUHBI OBPEKAC-
HUSI TIOABEDKHOTO COCTABA, A TAIOKE CPEACTB KPCIIACHUS,
KOTOPbIC HE MOTYT ObITh IIPEACKA3AHbI [IPU PACCMOTPE-
HUH IPY30B KaK a0COAIOTHO TBEPABIX TCA.

LleAb mpeACTABACHHO! pabOTBI 3AKAIOYACTCS B aHa-
AM3¢ BO3MO>KHOCTCH MH)KCHCPHBIX IIPOrPAMMHBIX IPO-
AYKTOB AASI IPOTHO3UPOBAHHSI COXPAHHOCTHU MCPECBO3KH
Ipy30B, 00AAAQIOIIHMX HEBBICOKOI JKECTKOCTDIO, JKEAC3HO-
AOPO>KHBIM TPAHCIIOPTOM U IOBBILICHUS 6E30MACHOCTH
IICPEBO30YHOrO IIPOLECCa.

TPAHCTOPTHPOBKA JIMWHHOMEPHBIX TPY3O0B

Ha Beaopyccxoit sxeae3HOiT AOpOre AOCTATO4HO Ya-
CTO BO3HHUKACT HCOOXOAMMOCTD IICPEBO3KH PeAbcoB P65
AAUHBI 25 M 6e3 GOATOBBIX COCAUHCHHIL, KOTOPBIC TPY3SIT-
1, KAK [PABHAO, HA CLICII U3 ABYX MAATGOPM, HMCIOLINX
6asy 9,72 m. Eme ¢ 50-x roaos XX B. [2] ycranosacHo,
4yTo Hamboace IPOCTOM C TEXHUYCCKOU TOYKH 3PCHHS
SIBASICTCSI IICPCBO3KA PEABCOB HA CLICNAX MAATPOPM U Ha
naardpopmax couscHennoro tuna [16]. Ha sxeaesnbix A0-
porax koAeu 1520 MM pasmeleHHE U KPEIACHHE PEAbCOB
Ha MAaTGOPMAX OCYILICCTBASICTCS OSIPYCHO B COOTBCT-
crBun ¢ [14] ¢ momMompio MoAKA2AOK, OPYCheB, IPOBO-
AOYHBIX PACTSDKCK U OOBSI30K.

[IpakrrKa epeBO3KH PeAbCOB [OKA3IBACT, YTO Yepe3
HEKOTOPOE BPEMsi II0CAC HAYAAd TPAHCIOPTUPOBKH Ta-
KOTO IPy3a MOKCT HAOAKOAATHCSI Pa3phlB IIOAKAAAOYHOTO
Opyca ¢ OAHOH M3 CTOPOH HIDKHETO sipyca. B pesyasrare
ACPOPMHPYIOTCSI IPOBOAOYHBIC OOBSSKH, SIPYChI PEAb-
COB BBIXOASIT M3 COCTOSIHHSI PABHOBECHSI M PACIIAAAIOTCSL.
OTO NPUBOAUT K HEOOXOAMMOCTH IOBTOPHOTO 3aKpe-
IIACHHSI IPy3a, YTO TPeOYeT UCIOAb30BAHUS IIOABEMHO-
TPaHCIIOPTHOTO 0OOPYAOBAHNUS U 3AHUMACT AOCTATOYHO
MHOT'O BPCMCHH.

AAst aHAaAM32 AMHAMMKHM CLENa MAaTgopM C MOrpy-
JKCHHBIMH Ha HUX PEAbCAMH OBIAM CO3AQHBI KOMITBIOTEP-
usie Mopean B cpeac MSC ADAMS. B nux mpeaycma-
TPUBAAOCH, YTO PEABCHI YKAAABIBAIOTCS HA CLICII U3 ABYX
maarpopm 13-401 ¢ 6asoir 9720 MM B cooTBeTCTBUM C
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raaBoit 3 vacrpio 1 [puaoxenns 14 x [14] (puc. 1). [lpu
9TOM IPOM3BOAHAOCH SKECTKOC 3aKPCHACHHE OAHOTO
KOHIIA HIDKHETO SIPYCa, AASL APYTOTO HPEAYCMATPUBAAACH
BO3MOXKHOCTb CBODOAHOTO IIEPEMELICHHUS B IPOAOABHOM
HanpaBAcHUH. OTACABHO HIDKHHUI SIPYC 3aKPCIASACS
C HCIIOAB30BAHUCM PACTSDKCK M OOBSI30K, a OCTAAbHbBIC
SIPYCBI CBSI3AHBI MEKAY COOOH U C HIDKHUM IIPU IIOMOLIN
00BSI30K.

BbinoAHeH aHAAU3 ABIDKCHMSI CLICIA IO TIPSIMOAHHCI-
HOUl TPACKTOPHHU H IIPH BXOAC CLCIIA B KPUBYIO MAAOTO
(350 m) paamyca npu ckopoctn 5 M/ c. Pesyabrarst pacue-
TOB II0KA3aAH, YTO IIPU UCCACAOBAHUU ABIDKCHUSI TAKOTO
CILICIIa BAOAB ITy TH TPAHCIIOPTUPYEMbIC PEAbCHI, HMCIOLIHC
CAOXKHYIO FCOMETPUIO, MOSKHO 3AMCHUTb IIPU MOACAUPO-
BaHUH YIIPOILICHHBIMU ICOMETPHYCCKIMHU TEAAMH (I1apa-
ACACTIMIICAAMH) COOTBETCTBYIOICH MaCChl.

[lpu MoAcAMpPOBaHUH ABIKCHHSI B KPHBOH OIIPCAC-
ACHO MAKCHMAABHOC CMCIICHUE HIDKHCTO SIPYCa PEAbCOB
B CPABHCHHU C IICPBOHAYAABHBIM CTO ITOAOKCHHEM, T. C.
MaKCHMAABHOC OTKAOHCHHE IPOAOABHON OCH HIDKHETO
SPyCa PEAbCOB OT HPOAOABHOH OCH IAATGOPMBI, KOTO-
poe cocraBuao 115 mm. To ects Ha mpaxTuKe npu pas-
MCILICHUHE KOCTBIACI B ACPCBSIHHBIX NMOAKAAAKAX HA Ta-
KOM PaCCTOSIHUH OT HIKHETO SIPYca ¢ KAKAOU CTOPOHBI,
LICAOCTHOCTb [IOAKAQAKH OT YAQPa PCABCOB O KOCTBIAH
Hapymarbcs He AoAkHA. OAHAKO CACAYET IPEAYCMOTPETD
3aMCHY KOCTBIACH Ha APYTHE IPHCIOCODACHMS, Orpa-
HUYHBAIOIINE CBOOOAY NEPEMEILICHUS HIKHETO spyca B
IIPOAOABHOM HAIIPABACHUHM, IOCKOABKY B ACPCBSIHHBIX
IIOAKAQAKAX BOHUKAIOT 0OAACTH MOBBILICHHOTO HAIIPsi-
JKCHUSI U MUKPOTPCIIUHDI, KOTOPbIC IIPU MAACHILIEM He-
COOAIOACHHH TPEOOBAHMUIL, IPEABSIBASICMBIX K [ICPEBO3KE
PEABCOB, IPUBOAHT K Pa3pbiBy MOAKAAAKH M BO3MOXKHO-
My PaspyLLCHHIO SIPYCOB.

[lpu paccMOTPEHHOM CMEIICHUM KOCTBIASL PacCTOSI-
HHUE MCKAY HUM H KOHLIOM ACPEBSIHHON TOAKAQAKH YMCHb-
LIACTCS, 4 3TO MOKET HPUBECTH K 0OPA3OBAHUIO TPEIUH
M Pa3pbIBa MOAKAAAKH. AASI BBISBACHHS OCOOCHHOCTCH
B3aUMOACHCTBUSL IACMCHTOB CHCTEMbl <ACPCBSHHBIN
Opycox — kocTbiab» B cpeae ANSYS cosaana koHeuHOd-
AemeHTHasE MOAeAb. OHa BKAKOYAAA ACPEBSIHHBII OPYCOK,
PaccMaTpPUBAIOIIMIICS KAK OPTOTPOIHBIIA MATCPHAA, KO-

A

PIC. 1.

KomnbloTepHas Moaesb NepeBo3Kn penbCcoB Ha cuene Mx AByX
nnardgopm 13-401 B nHxeHepHoM nakete MSC ADAMS
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TOPBIA B CPCAHCH YaCTH MMECT TPCIIUHY C Pa3MCIICHHBIM
B HCH CTAABHBIM KOCTBIACM.

IIpu moascaupoBanuu wncroabsoBansl 10-y3aoBbie
TOTPadAAABHBIC OOBEMHbIC KOHEUHbIC dAeMeHThL. C 1ie-
ABIO 00CCIICYCHHST HAMAYYIIICH ANIIPOKCHMALIMH TICpeMe-
IICHUM M HAIPsDKCHUH B 00AACTH KOHTAKTA CTYIAAACh
CETKAa KOHEYHBIX 9AcMeHTOB. O6AACTH BO3MOXKHOIO CO-
IPUKOCHOBECHHS HOBEPXHOCTH APEBECHHBI C KOCTBIACM
IPOMOACAUPOBAHbBI IIAOCKUMH KOHTAKTHBIMU 9ACMCHTA-
mu. Ha pucynke 2 npusescH ¢pparMeHT HOAY4CHHOM KO-
HCYHOIACMCHTHOU MOACAH.

Ha pucynxe 3 npuseacHa ammopa pacrpeAcACHUS K-
BUBAACHTHBIX IO Mnsecy HAINPSDKCHUH B MCCACAYECMOK
CHCTEME I10 IIAOCKOCTH CCYCHHSA, HOPMAABHOH K IPO-
AOABHOH OCH KOCTBIASL. AHAAM3 PE3YABTATOB pacyeTa Io-
3BOAUA 3apHKCHPOBATH PACKPBITHE TPELIUHBI 10 BOAOK-
HAM APCBECHHBI M ITOKA3aA HAAHYUE BbICOKMX 3HAYCHHI
KOHTAKTHBIX HAIPSDKCHUH B TPAHMYHBIX 00AACTSIX MEKAY
ACPEBSHHOM IIOBEPXHOCTBIO U KOCTBIACM.

[ToAyueHHbIC pesyABTATHI TO3BOAHAN BHIPAOOTATH pe-
KOMCHAQLIMH [0 YCOBEPIICHCTBOBAHUIO CIIOCOOOB Kpe-
IIACHUFI AAMHHOMEPHDIX I'PY30B Ha CLCIIC BATOHOB.

OaHMM U3 TEPCICKTHBHBIX HANPABACHUII PasBH-
THS JKECAC3HOAOPOKHOIO TPAHCIIOPTA BO BCEX PETHMOHAX
SIBASIETCSL CTPOMTEABCTBO M SKCIIAYaTAlIMsl BBICOKOCKO-
POCTHBIX MAIUCTPAACH, AAS KOTOPBIX HCIIOAB3YIOTCS
PCAbCOBBIC IIACTH PA3AMYHOH AAMHBI AASL GOPMUPOBAHHS
GecersikoBoro myTH. CBapKa PeAbCOB MOXKET OCYILECT-
BASITHCS HEIIOCPEACTBECHHO Ha IIEPEIOHE, OAHAKO AASI AO-
CTIKeHHUs G0Ace BBICOKOTO KadeCTBa €¢ LIEACCOOOPasHO
IPOM3BOAMTD B CTAMOHAPHBIX yCAOBUAX. B pabote [1]
HCCACAYCTCS  TPAHCHOPTHPOBKA TOTOBBIX PCAbCOBBIX
naerei AoauHo# 100 M, aBTOpBI MaTeHTa (7] MPEAAATAIOT
YCTPOYCTBO AAS HEPEBO3KH PEABCOB, MMCIOLIUX AAHHY
A0 250 m. Ha reppuropun crpan CHI' ucmoassyiorcst
peabcosbic naeth AanHOI A0 800 M [10], koTopsie, Kax
IIOKA3bIBACT OIIBIT AMCPUKAHCKUX KOMIAHUH, MOTYT TaK-
JKe TPAHCIIOPTHPOBATCS B TOTOBOM K YKAAAKE HA CIICHH-
AABHBIX YCTPOMCTBAX, YAOSKCHHDIX HA )KCAC3HOAOPOXKHBIC
naargopmr. O6OCHOBaHNE MAKCUMAABHOM OE30IMaCHOM
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CKOPOCTH TaKOH IIEPEBO3KHU CBA3AHO C HEOOXOAUMOCTBIO
OIPEACACHHS] ONEPEYHBIX CHA, BO3HUKAIOMIUX MPH U3-
rube HEPEBO3UMBIX PEAbCOBBIX IACTCH, U HAXOXKACHHIO
YCAOBUU YCTOMYUBOCTHU ABHDKCHHUS BATOHOB I10 IICPCTOHY.
Pemenne AaHHON KOMIAECKCHOM 32A241 BO3MOXKHO TOAD-
KO Ha OCHOBE KOMIIBIOTEPHOTO MOACAMPOBAHMUS IIPOLIEC-
Ca TPAaHCHOPTUPOBKH.

MEPEBOIKA HAMWBHOIX TPY30B

TAaBHOI 0COOCHHOCTBIO IEPEBO3KH HAAUBHBIX TPY30B
SIBASICTCSL BO3MOXKHOCTb IICPEMCLICHUSI IPy3a OTHOCH-
TEABHO PE3epByapa, KOTOPOE MOKET IIPUBECTH K BO3HUK-
HOBCHHIO 3HAYMTCABHBIX AABACHHII Ha KOPIIYC pe3cpBya-
pa. 3aaaueit AAHHOI 4acTH PabOTbI ABASCTCS pa3paboTKa
Cr10Co60B, MO3BOASIOLIMX OIPEACASITD XaPaKTCPUCTHKU
HAIPSDKCHHO-ACPOPMUPOBAHHOTO COCTOSIHUSL SKCAC3HO-
AOPO>KHBIX LUCTCPH IPU HECTALMOHAPHBIX ABIKCHHSX
Ha OCHOBC KOMIIBIOTCPHOTO MOACAHPOBAHUSL.

3HAYUTEABHOE YHCAO HCCACAOBAHHI OTEYECTBEHHBIX
¥ 3apy0OCKHBIX aBTOPOB, IPUBEACHHBIX, HAIPUME, B [24,
25,27, 30], nocssieHo AHAAM3Y AUHAMHMKH M IPOYHOCTH
JKEACBHOAOPOYKHBIX BArOHOB-LMCTCPH. B TO ke Bpemst
AOCTaTOYHO 0OABLION 00BEM NMEPEBO3KH SKUAKUX Tpy-
30B OCYLICCTBASICTCSI C HCIIOAB30OBAHHEM KOHTCHHEPOB-
LUCTCPH, TPeOOBaHUS K MPOYHOCTH KOTOPBIX OTAHYA-
IOTCS BBUAY TOTO, YTO OHH MOTYT IICPCBOBUTBCS KAK
JKEACBHOAOPOKHBIM, TAK M APYTUMU BUAAMHU TPAHCIIOP-
Ta. KOHCTpPYKIHs TAKOI LICTEPHBI MOXKET OBPCAUTHCS
BCACACTBHUC CHABHBIX YAAPHBIX BO3ACHCTBUM, BbI3BAHHDBIX
COYAAQPCHHMEM BATOHOB, A TAKKE HMHBIX AMHAMUYCCKHUX
IPOLIECCOB, OOYCAOBACHHBIX H3MCHCHHCM KPUBH3HDI
JKEACBHOAOPOKHOTO IYTH B MAAHE U NMPOHAE, COCTOSI-
HUCM JKCAC3HOAOPOXKHOTO [IOAOTHA U Iy TH, PE3KHM HU3-
MCHCHHCM TSTOBBIX MAM TOPMOS3HBIX CHA, B TOM HHCAC
IPUBOASIIINX K BOSHUKHOBCHHIO BOAHOBBIX IIPOLICCCOB B
TPaHCIOPTUPYEMOM HaAuBHOM rpyse. Kpome toro, npu
pa3paboTKe KOHCTPYKLMIT PE3epByapOB KOHTCHHEPOB-
LIICTCPH CACAYET YIUTHIBATH OCOOCHHOCTH X AMHAMUYC-
CKOTO HAIPY>KCHMUSI, XAPAKTCPHBIC AASI YCAOBHI ABFDKCHUSI
¥ [0 aBTOMOOHABHBIM AOPOTaM.

PIC. 2.

DparMeHT KoHe4YHo3nemeHTHo moaenu 8 ANSYS
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PIC. 3.
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B pa6ore [28] aBropamu noaydcHsl 3HaYCHHUS TOPH-
30HTAABHBIX CHA, ACHCTBYIOIIUX HA AHHUIIC IICPECBOSUMOU
Ha mAaTGOpPME LIUCTCPHBI C BOAOH, AASL CAYYasi COyAape-
HISL BATOHOB H OIPCACACHO, ITO 3ABHCUMOCTb OT BpeMe-
HU CHA, ACHCTBYIOLINX HA TOPLICBYIO CTCHKY pe3epByapa
CO CTOPOHBI JKUAKOCTH, UMCET KOACOATCABHDII XapaKTep,
4TO, B CBOIO OYCPECAD, CYIICCTBCHHO BAMSICT HA YCTOHYH-
BOCTb U IPOYHOCTD LHCTECPHBL, A TAKKE HA HAIIPSDKCHIL,
BOSHHKAIOIIHE B CPCACTBAX KPCIIACHILL.

[Ipu paspaboTKe HOBBIX KOHTCHHECPOB, IPCAHA3HA-
YCHHBIX AAS TPAHCIOPTHPOBKH HA XKCACZHOAOPOKHOM
OTKPBITOM MOABH)KHOM COCTaBE, X HCOOXOAMMO HCIIbI-
TATb HA AHHAMHYCCKUH YAQP B TPOAOABHOM HATIPABACHH.
[Iporeaypa IPOBEACHIS UCIIBITAHUE PETAAMCHTUPYCTCS
PYKOBOACTBOM [13]. B xoae ucmbrTanuit HPOBEPSIETCS
IPOYHOCT KOHCTPYKIUH, KOTOPYIO TAKKEC MOXKHO HC-
CACAOBATH HA OCHOBE KOMIIBIOTCPHOTO MOACAHPOBAHHSI.

PaCCMOTpCH CAy9all YAQPHOTO BOSACHUCTBHA Ha
konreiinep-uuctepry tuma C11IN17 T11 [9]. Ha pu-
CYHKE 4 IIPCACTABACH TAHK-KOHTCHHCP U €TO MOACAD B
ANSYS. Ha pucynke 5 npuBeACHBI HEKOTOPBIC PE3YAb-
TATBI HCCACAOBAHHS IPOYHOCTH U XKECTKOCTH KOHCTPYK-
LUK [IPH YAAPHOM BO3ACHCTBUH, IIPH KOTOPOM BEAMYMHA
neperpysku coraacHo [5] cocrasaser 4¢. K topuesoii
CTCHKE I10 XOAY ABIDKCHIS II0€3AQ TIPUKAAABIBAAOCH AQB-
AcHHE, OOYCAOBACHHOC THAPOAMHAMHYCCKUM YAQPOM
TPAHCIIOPTUPYEMOTO SKUAKOTO IPy3a, KOTOPOE PACCUUTHI-
BaAOCH B COOTBETCTBUH ¢ 5] u coctaBuao 352,147 kI Ta.
Takoke B pac4eTHOM CXEME YIUTBIBAACS BEC JKHAKOCTH U
00wuit Bec OPYTTO TAaHK-KOHTCIHEPA C IPY30M, PaBHBIH
353,16 xH.

Pe3yAbTaTl pacueTOB MOKA3aAH, YTO [IPH CAUHHIHOM
YAAPHOM BO3ACHICTBUH MAKCHMAABHbIC ACPOPMALIHU BO3-
HUKAIOT B BEPXHEH YaCTH KAPKACHOMU PaMbl U HE IIPCBBI-
IIAIOT 1 MM, MAKCHMAABHBIC HALIPSDKCHUS B IPOAOABHOM
HanpaBacHuU cocraBuan 63,276 MITa, makcumaabHbie
9KBUBAACHTHBIC HanpspkeHust 1o Musecy — 83,68 Ml a,
MakcumaabHbie Acpopmarmu — 0,58 mm. Takum obpasowm,
TCOPETUUCCKU YCTAHOBACHO, YTO HAIIPSDKCHISL B MATCPU-
aA¢ HE IPCEBBIMIAIOT AOIYCKACMbIX 3HAYCHHUI. PesyabraTsl
IPOBCACHHBIX HCIIBITAHHH [OATBCPAHUAH IIPABHABHOCT
IPCACTABACHHOTO BBIBOAQ.

PUIC. 4.

O6LWMIn BUA M KOHEYHO-3NEMEHTHas MOAEeNb KOHTenHepa-
umctepHbl Tvna C11IN17 T11

BECTHUK POCCHACKOM AKALEMNI ECTECTBENHOIX HAVK

.B. IYTATO, A.O. IUMAHOBCKHUMH,

.. TETEAEII, I.M. AGAHACBHKOB
EPIUEHCTBOBAHUE KOHCTPYKLUUN
E3HOAOPOXHOTO IIOABUXHOTO COCTABA
CHOBE YYETA AEOCOPMUPOBAHUA
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OAHAKO pe3yABTaThl AHAAM3A YCTAAOCTHBIX SIBACHHIA
0 SKBUBAACHTHBIM HAINPSDKCHUSAM, PACCIMTAHHBIM B
COOTBETCTBUM € [5] Ha OCHOBE KOMIIBIOTCPHOTO MOAE-
AMPOBaHUS MOKA3aAH, YTO HAaUbOACE HArpyKCHHbIC 00-
AACTH KOHCTPYKUHMH KOHTCHHCPA-LIUCTEPHBI CIOCOOHBI
BHIACPIKATh He Goace 1650 yAapHBIX BO3ACHCTBHIA, TO €CTh
IIPH YaCTOH IKCIIAYaTALHH TAKUX PE3CPBYapOB B yAAPHBIX
PEKNMaxX 3HAYHTCABHO CHIDKACTCS CPOK 6e3aBapHitHON
9KCIIAYaTaLlMH KOHTCHHEPA-IIICTCPHBL.

TPAHCOOPTUPOBKA CoINYYUX TPY3OB

Homenkaarypa niepeBosuMbIX ChITy4UX IPY30B AOCTA-
TOYHO WHPOKA, & UX XAPAKTCPHCTUKH (YTOA BHY TPEHHETO
TPEHHS, IAOTHOCTD, HAIPSDKCHUE KOTE3UU U TIL) CyLIe-
crerHo pasanyatorcst. [Ipumensiemsiin 8 TOCT 33211
IIOAXOA AASL OIIPCACACHHS HATPY>KCHHOCTH SACMCHTOB
Ky30BOB BATOHOB OT ChIIIY4CrO IPy3a, OCHOBAHHBII HA
npuMeHeHun Teopun KyAoHa, He yquTBIBACT HEKOTOPbIC
PHU3HKO-MEXAaHUYCCKHE CBOMCTBA MATCPUAAL, HATIPHMEP,
CBSI3AHHbIC C HAAUYHCM KOTC3UU. JHAYCHUE €C HAIPSDKC-
HUSI MOXKCT U3MCHSITBCS B IIMPOKOM AMAIIA30HE: TAK AASL
HACAABHOTO CHIIyYCro MECKA OHA CTPEMHUTCS K HYAIO, AASL
CyXOro raMHHUCTOrO Iecka cocrtasasier 5 — 7 klla, a aas
cyrannka mosket pocturars 90 kI 1a [29]. B paGorax pas-
AMYHBIX HCCACAOBATCACH IIPOBOAUACS] AHAAU3 HATPYIKCH-
HOCTH Ky30Ba IIPU [IEPEBO3KE CBIIYYCTO IPy3a AASI CTaH-
aaptHoro [6, 12,17, 26], a take yBeandeHHOTO 06bemMa
sarpysku [19]. OaHako OLeHKa Harpy>KCHHOCTH Ky30Ba
BArOHA, B YACTHOCTH, TOPLICBON CTCHDBI [IPU U3MCHCHUH
KOT'C3HOHHBIX CBOICTB [ICPECBO3UMOTO ChIIYYEro Ipy3a He
OCYLIECTBASIAACD.

3aAa4a OLICHKH HATPY>KCHHOCTH TOPLEBOI CTCHBI I10-
AYBArOHA PCIIAAACH B IIAOCKOI [IOCTAHOBKE B IPOTPAMM-
rom kommaekce ANSYS, a aedpopmuposanne Mateprasa
oncsiBarock Teopueit Apykkepa-TIparepa[21]. Mcnoan-
30BaH 4-X y3a0B0I1 KoHeuHbIi saeMeHT PLANE42. Cpoit-
CTBA MATCPHAAA CBIIyYCTO IPy3a HPCACTABACHDI CACAYIO-
LIMMH XapaKTePUCTHKAMH: MAOTHOCTb Y = 1300 kr/m’%;
YTOA €CTECTBEHHOTO OTKOCA § = 30 MOAYAD YIPYTOCTH
E =10 H/m% koa¢uruent [ lyaccona p = 0,27. Crensi
Ky30Ba BATOHA BBIMOAHCHBI U3 CTAAW. AAsI AHAAM3A B3aH-
MOACHCTBUS IPy3a CO CTCHAMHU PCIIAAACH KOHTAKTHASI
3apaua. [eomerpust chitydero rpysa B pOAOABHOM AO-
CKOCTH IPECACTABACHA MIPSIMOYTOABHUKOM CO CTOPOHAMH
h=2m L =10 M (puc. 6). Aast MOACAHPOBaHUS H3ME-
HeHUs 00bEMa IPy3a U OLICHKH BO3MOKHOCTH PasTpy3KH
TOPLCBOI CTCHBI IIPCAYCMOTPCHA YCTAHOBKA CIIAOLIHOM
HOMNEPEYHON MEPETOPOAKH BBICOTOM hb Ha PacCTOAHUU
0<x<L/2(puc.6).

BbinoAHCHHBIC TECTOBbIC PACyCThl MOKA3AAU  YAO-
BACTBOPHTCABHYIO CXOAHMOCTb PE3yABTATOB, IIOAYYCH-
HBIX C HCIIOAB30BAHHMCM OIHMCAHHOM KOMIIBIOTCPHOU
MOACAH C 9KCIIepUMCHTaAbHBIMU AanHbiMu [11]. TTpo-
BCACHA OLICHKA HAIPY)KCHHOCTH Ky30Ba IPU COYAQPCHUH
BaroHoB. Ha pucynke 7 npuBeacHbI pesyAbrarbl pacyera
PACIPEACACHHS] AMHAMUYCCKOTO AABACHHUS HAa TOPLICBYIO
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PUC. 5.

nOyTiaTo, A.0O. IKUMAHOB

.B. CK
.. TETEAEIl, I.M. APAHACBHBKOB
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M
COBEPIIEHCTBOBAHMHE KOHCTPVKIHU
XKXEAE3HOAOPOXHOTIO ITOABHUIXHOTO
HA OCHOBE VYETA AE®POPMHUPOBAHHU
TPAHCIIOPTHUPYEMOTIO I'PV3A
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PesynbTaTthl pacyeta 3KBMBANEHTHbIX HaNPshxeHun Nno Mugecy 1 aedopmaumnin Ana KoHTeHepa-unctepHsl Tuna C11N17 T11 gna
cnyvas eAMHU4HOrO yaapa B MpOAo/bHOM HanpasneHny B MHxeHepHoM nakete ANSYS

HACPYIHCEHHAA ThopYesas Cimena

nepezopooxa

PUC. 6.

reOMeTpI/I‘-leCKaﬂ cxema paC‘-IeTHOVI mopenn

CTCHY U [ICPETOPOAKY IO BHICOTE AAST PA3AUHBIX 3HAYCHHIT
xnpu ¢ =20 kI Ta, a Ha pucynxe 8§ —npu ¢ =7 I la.

M3 npuBeACHHBIX 3aBUCHMOCTCH BHAHO, 4TO IIpH
¢ =20 xI'la mo Mepe yBeAHYECHHMS X CHIDKACTCS PABHOMEp-
HOCTb PACIIPEACACHHUS] HATPY3KH I10 BBICOTE M HAMOOABIIHE
AABACHHS OKA3bIBAIOTCS B CPCAHCH YacTH. DPPEKT TAKOro
HEPEPACTIPEACACHHS AABACHHUS O6Hapy>KCH npux > 022L.
B 10 »xe BpeMsi, AABACHHE HA TICPETOPOAKY AAST IPAKTHYC-
CKH BCEX PACCMOTPCHHBIX MCCT €C YCTAHOBKH OKA3BIBACTCSI
Ha OAHOM, AOCTaTOYHO BBICOKOM, YPOBHE (KOPHAOp C KpH-
BoivMu 10). OTMETHM, 9TO IPH YCTAHOBKE MEPETOPOAKH B
CPCAHCI 9ACTH BATOHA AABACHIUI HA TOPLICBYIO CTCHY U TI¢-
PErOPOAKY HMCIOT OAMHAKOBbIC 3HadcHNs (Kpusbic 8 1 9).

HeckoApko  MHBIC  3aBHCHMOCTH  IIOAYYCHBI  IIPH
¢ =7 kI'Ta. MakcumaAbHbIC AQBACHHUS HA TOPLICBYIO CTCHY
MMCIOT CYLICCTBCHHO MCHBLINE 3HAYCHUS U CTAOMAU3HpY-
otest mpu X > 0,15L. Kpussie pacmipeacacHusT AABACHHIT
Ha TOPLIEBYIO CTeHY IpH 3HaveHusx X > 0,152, a Ha nepe-
TOPOAKY OKa3aAHCh B KOPHAOPE 3HAYCHUIT, 0OO3HAYCHHBIX

HA PUCYHKE 8 IIO3HUIMCH S.

IloAyucHHBIC PE3YABTATBI IIOKA3aAH, UTO YCTAHOBKA
CIAOIIHOU TIEPErOPOAKH IIPHBOAUT K CHIDKCHHIO AMHA-
MHYECKOI HAarPy)KCHHOCTH TOPLICBOK CTCHBI IIOAYBArOHa,
IIPUYCM AASL PA3HBIX APAMETPOB IPY3a MECTO YCTAHOBKH
pasamaHo. B TO >Ke Bpemst AABACHIUSI CBIIyYEro Ipysa Ha
YCTAHOBACHHYIO IICPCTOPOAKY SKBUBAACHTHBI AABACHUIO
Ha TOPLICBYIO CTCHY BArOHa 0¢3 TaKOH IEPErOPOAKH, 9TO
CBUACTCABCTBYET O HELICACCOOOPA3HOCTH €€ HCIIOAB30BA-

HUA.

BECTHNK POCCHACKOM AKALEMUN ECTECTBENHOIX HAVK
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PUC. 7.

Pacnpenenerve pasneHns cobiny4ero rpysa no BbICOTE TOP-
LieBOV CTeHbl 1 neperopoakn npu ¢ = 20 kMa: 1 — x = 0,05L;
2-x=0075L; 3-x=0,1L; 4-x=0,15L; 5 - x = 0,2L;
6-x=022L;7-x=0,25L; 8,9 — x = 0,5L (Ha neperopoaky u
cTeHy); 10 — naBneHne Ha neperopoaky npm 0 < x < 0,51

AHaAM3 M3MCHCHMS AMHAMHYCCKOH HAIPY>KCHHOCTH
TOPLICBOH CTCHBI AASI IIUPOKOTO AUANA30HA 3HAYCHUH Ha-
NPsDKCHUI KOTE3UHU ChIITYYEro Ipy3a, a TAKKE IPH Pa3HbIX
MOAOXKCHUSIX IIEPETOPOAKH OKA3AA, YTO IIPH PA3MELICHUH
neperopoaku Ha paccrosinuu 0 < x < 0,12 3Hadenus cpea-
HUX AABACHMI HA TOPLEBYIO CTCHY AASL PA3AUYHBIX YPOB-
HCH KOIe3UH CBIIYYEro Irpy3a OAMHAKOBBL Aaace, 110 Mepe
YBEAMYCHUS 3HAYCHMS HANIPSDKCHUS KOTE3UH, HabAIOAACT-
Csl TIepBas CTAAMsL Pa3BETBACHUS 3ABUCUMOCTEE HA MHTEp-
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PUC. 8.

Pacnpenenexne faBneHvs cbinydero rpysa no BbiCOTE TOp-
LileBOW CTeHbl 1 neperopofdku npu ¢ = 7 klMa: 1 — x = 0,05L;
2-x=0,075L;3-x=0,1L; 4 —x = 0,125L; 5 — pasneHvie Ha
cTeHy npu x > 0,15L 1 Ha neperopoaky npu 0 < x < 0,5L

Baace 0,12 < x < 0,22, a npu snavenusx x > 0,2 MoxHO
BBIACAUTB BTOPYIO CTaAmio. OTMETHM, ITO IIPH PaccMo-
TpeHUM Marepuaaa ¢ xoresueit Meree 1,5 kl'la Bosnukan
CAOKHOCTH € nipuMeHeHneM Moaean Apykkepa-I Iparepa n
€€ YHCACHHBIM PELICHHEM B BUAY HAPYIICHUS CXOAUMOCTH
HCAMHCHHOHU 3aAQ4M.

I'ToayyceHHbIE PE3YABTATBI PACYCTOB IO3BOAHUAH YCTa-
HOBHUTb TaK Ha3bIBACMBII <«OIPCACASIOMI 00BEM» Cbl-
IY4ETo TeAd Vonp, COOTBCTCTBYIOIIUKI ITPOAOABHOH CHAC
MHEPLUUH, ACHCTBYIOIIMHM HA TOPLCBYIO CTCHY. OuyeBua-
HO, YTO AASL PA3AMMHBIX CBIYYHMX MATCPUAAOB OH OyAeT
oramdarscst. Tax, mampumep, mpu ¢ = 7 xlla moaydero
V. = 12..17 % ot 0buero o6bema 1epeBO3UMOro Ipysa,

onp

npuc=15klla~V,, ~25%,npuc=20xlla~ V=~ 30%.
[lpu ¢ > 40 kI Ta rpasuent pocra V,, okaspisaetcst BechMa
HE3HAYUTCABHBIM.

Taxum 06pasom, UMeET MECTO BBICOKHI pasbpoc 3Ha-
YCHUU Harpy>KCHHOCTH TOPLECBOM CTCHBI IIPU COYAAPCHUU
BATOHOB AASI MATCPUAAOB C PASAHYHBIMU KOTC3HOHHBIMU
ceoricTBamu. M3 rpaduxa (pnc. 9) BHAHO, 4TO HpH 1pO-
9HIX IPHHATHIX XAPAKTCPUCTUKAX CHIIYICIO TCAA 3HAICHUC
CPCAHCTO AHHAMHYCCKOTO AABACHHS HA TOPLCBYIO CTCHY
BaroHa crabuamsupyercs npu ¢ > 40 kITa. Takum o6pa-
30M, IIPH OLICHKE HATPY>KCHHOCTH TOPLICBOU CTCHBI IIPH
COYAAPCHHH BATOHOB H IIPOYMX IIPHHATHIX XapAKTCPUCTU-
Kax CBITY4ero rpysa sHaueHue V. coCTaBasieT mopsiaka
35%, 9TO COOTBETCTBYET PECKOMCHAALIUH, IPHBCACHHOMU B
HOPMATUBHON AOKYMCHTALIHH. BMecte ¢ TeM, caeayer oT-
METHTb, YTO LIEACCOOOPA3HO BBECTU AAANTHBHYIO OLICHKY
HAIPY>KCHHOCTH Ky30BOB BATOHOB, IIPCAHA3HAYCHHDIX AAS
IICPEBO3KHU CHITYIHX IPY30B B 3aBUCHMOCTH OT HX HOMCH-
KAATYpbl, YKA3aHHOH B TeXHUYCCKUX YCAOBUSIX HA BATOH.

Taxoi MOAXOA MPUBEACT K paspabOTKe HOBBIX KOH-
CTPYKIME, OTBCYAIOLUIUM YCAOBHSM HPOYHOCTH U OTAU-
YAIOUINXCS  YAYYIICHHBIMU — TCXHHKO-9KOHOMUYCCKIMU
TapamMeTpamy (CHIKCHUE MaCChl TAPbl, yBEAHCHHE TPY30-
HOABEMHOCTH).

BECTHUK POCCHACKOM AKALEMNI ECTECTBENHOIX HAVK

.B. IYTATO, A.O. IUMAHOBCKHUMH,
.. TETEAEII, I.M. AGAHACBHKOB
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COBEPIIEHCTBOBAHHUE KOHCTPYKIIUM
XEAE3HOAOPOXHOTIO MMOABUXHOTO COCTABA
HA OCHOBE YYETA AEGOPMHUPOBAHUI
TPAHCIHOPTHUPYEMOTO I'PY3A
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Pic. 9

IaMeHeHVe pcp Ha TOPLEBYIO CTEHY OT 3HAYEHWs Koreaun
(neperopofka OTCyTCTBYET)

JAKNOYERNE

B XOAC BBIIIOAHCHHBIX HCCACAOBAHMEL PACCMOTPCHBI
PABAMYHBIC CAY4aH, IPU KOTOPBIX TPAHCIOPTUPYCMBIIL
IPy3 B IPOLCCCE TPAHCIOPTHPOBKU CMCIIACTCS OTHOCH-
TCABHO Ky30Ba )KCAC3HOAOPOYKHOTO IIOABIDKHOTO COCTABA,
H [IOAYYCHBI CACAYIOIIIC OCHOBHbIC PE3YABTATHI:

1. AHaAU3 TPAHCIOPTUPOBKH PEABCOB HA CLICTIC ABYX
AaTGOPM MOKAZAAH, UTO IIPH ABIDKCHUH 110 KPUBOH AAS
IPCAOTBPALICHISI YAAPOB PEABCOB O KOCTBIAH, PA3MCIIICH-
HBIC B ACPCBSIHHBIX TIOAKAQAKAX, TAKHC KOCTBIAU AOAKHBI
Pa3sMCIIAThCs HA PACcCTOSIHMM, OoablueM, deM 12 cm ot
KPAITHETO PEABCA, YTO MO3BOAUT OOECIICYUTD LIEAOCTHOCTD
rpy3a. OAHAKO YKA3aHHOE CMCIIICHHE KOCTBIAS MOXKCT IIPHU-
BOAUTH K OOPa3OBaHMIO TPCIIMH U Pa3PbIBY MOAKAQAKH.
KoHe1H09A¢MEHTHOE MOACAHPOBAHICE IIO3BOAHAO YCTAHO-
BUTb OCOOCHHOCTH HAIPSDKCHHO-ACPOPMUPOBAHHOTO CO-
CTOSIHIUSI ACTAACH KPCIIACHHS B 3ABHCUMOCTH OT AMAMETPA
KOCTBIAS M Pa3MepOB OPyCcKa U BbIpabOTaTh PCKOMCHAALIMH
110 YCOBEPLICHCTBOBAHUIO CIIOCOOOB KPEIACHHIT AAUHHO-
MCPHBIX IPy30B Ha CLICIIC BATOHOB.

2. BbinoAHEHB! POYHOCTHBIEC PACYCTBI KOHTCHHEPa-
nuctepust C11IN17 T11 moa AcHicTBHEM HATPy30K, BO3-
HUKAIOIIHX IPU COYAAQPCHHH BATOHOB. Pesyabrarsr Moac-
AMpPOBaHIS B Cpeae mporpammuoro kommackca ANSYS
OKA3aAUCh OAMBKMMHU K AQHHBIM IKCIICPUMCHTOB M IOKa-
34AH, YTO HATIPSDKCHIS B MATCPHAAC KOHCTPYKIIUU HE IIpe-
BBILIAIOT AOITYCKACMbIC 3HAUCHHISL.

3. B X0AC KOMITBIOTCPHOTO MOACAHPOBAHHS AHHAMHUKE
BATOHA C CBIIYYHM IPY30M YCTAHOBACHO, YTO <OIIPCACASIIO-
i 06beM» 35%, YKAa3aHHbI B HOPMATUBHOM AOKYMCHTA-
LU, COOTBETCTBYCT HATIPSDKCHHUIO KOTC3HH CBIITYYCro Ipysa
¢ > 40 I'la. I'lpr MeHPIINX 3HAYCHISIX HAMPSDKCHHS KOTE-
3HH AABACHHC CBIIYYCrO IPy3a HA TOPLICBYIO CTCHKY Ky30Ba
MOSKCT OKA3aThCSI B HECCKOABKO Pa3 MCHBIIIUM. Y 4T AAHHOTO
{aKra py IPOCKTUPOBAHUU HOBBIX CIICIIHAAUZHPOBAHHBIX
BArOHOB I1O3BOAUT Pa3paboTarb KOHCTPYKLMH, 00A2AQIO-
IIUC YAYYIICHHBIME TEXHHUKO-SKOHOMUYCCKMMU IIapaMe-
TPAMH [0 CPABHCHHUIO C YHHBCPCAABHBIME BATOHAMHL.
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Paboma evinoanena npu noddepycxe beaopyccxozo
pecnybauxanckozo Ponda Pyndamenmarvuvix uccie-
dosanuii (npoexm T22M-073).
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