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Temoii paboThI sBIsICTCs MpoOeMa obecrieueHUs: 0€30MaCHOCTH U COXPAHHOCTH INPH MEPEBO3KE
THIPOPE3HOT0 O0OpYAOBAHUS IKEJIE3HOJOPOXKHBIM M aBTOMOOWJIBHBIM TPAHCHOPTOM K MeECTy
IIpoBeAeHUs paboT MO JIMKBUJAIMU aBapHi ¢ omacHbIMU Tpy3aMu. C IeNIbI0 TapaHTUPOBAHHOU
JIOCTaBKH OOOpYIOBAaHUS K MECTY aBapHUH Mpejiaraetcs YCUJIUTbh UMEIOIINECs BHUJIbI KpeTuieHUuH
IyTeM HCIOJb30BaHUSA pa3paboTaHHON TpaHCHOPTHOW pamMbl. OOGOCHOBaHHE MPOYHOCTH H
HaJACKHOCTH KOHCTPYKIUMHM paMbl BbIIIOJHCHO AQHAJIUTHYCCKA W YHWUCJICHHO — TIPOBCIACHBI
MPOYHOCTHBIE PACYETHl KOHCTPYKIIMU PaMbl B MPOrpaMMe KOHEYHO-IJIEMEHTHOTO aHajiu3a B
YCIOBUSIX JCUCTBUS TPAHCIOPTHBIX CHHYCOMIAIBHBIX HArpy30K. Pe3yibTaThl BBIMOJHEHHBIX
pacyeToB MOKa3alu, YTO MpejJiaraeMasi KOHCTPYKIUSI TPAHCIIOPTHOW PaMbl YAOBIETBOPSET BCEM
HOPMATHBHBIM TPeOOBAHUSM ITPOYHOCTH.

Kniouegvie cnosa: onacHbli Tpy3, TPAaHCIOPTHUPOBKA, THAPOPE3HOE 000PyI0BaHNE, T€HEPATOPHBIH
MOJyJIb, HACOCHBIH MOAYJIb, 3JIEMEHTHI KPEMJICHUs, IPOYHOCTH, HAJIE’KHOCTb.

Iloctynuna B pegakuuto: 12.02.2018

Obecnieuenne Oe3zonmacHOocTM Tpu oOpamieHun ¢ onacHeiMH rpy3amu  (OI),
IIO/IBEPIILIUMUCS aBaPUUHBIM BO3ACHCTBUSAM, SIBISETCS aKTyalbHOU 3aJauei.

B kauecTBe pelieHus 1aHHOUW MPOOIEeMbl MPUMEHSETCS THAPOPE3HOE 000pyIOBAaHUE, B
COCTaB KOTOPOT'O BXOJAT I'€HEPATOPHBIA W HACOCHBIM Moaynu. ['mapopesnoe obopynoBaHue
oOecrnieunBaeT BBINMOJIHEHHUE IUPOKOTO CHEKTpa 3ajad Mo AUCTaHIMOHHON ruapoadpa3uBHOI
paspeske koprycoB OI' B MOJIEBBIX YCIOBHSX (B TOM YHCIIE M0KAapO-B3PHIBOONACHBIX) IS
JOCTyIla K OTAeNbHBIM 31eMeHTaM OI', moaBeprmmmcs aBapUWHBIM BO3JCUCTBUSAM, U
JIMKBHJIALIUU TOCJIEICTBUN aBapUi ¢ HUMH.

g noctaBku 00OpYIOBaHUS K MECTY BBINOJHEHUS PpadOT MO JIMKBUAALMU aBapuid C
OI ucnonb3yercs Keae3HOJOPOKHBINA U aBTOMOOUIIBHBIN TPaHCIIOPT.

B o0oux ciydasx npeabsBiiseMOe K TPaHCIOPTUPOBKE THAPOpE3HOE 000pyaoBaHHE
JOJDKHO OBITh TOATOTOBJIEHO TaKUM o0OOpa3oM, 4YToObl B IpoOIEcce IEePEeBO3KH ObUIH
obecriedeHbl  0€30IAaCHOCTb  JABMXKEHMsS  TPAHCIOPTHOIO  CPEIACTBA,  COXPAHHOCTh
obopynoBanusi ¥ caMoro TpaHcmopTHoro cpeactBa [1]. C 3Toil menpio mpu TEepeBO3Ke
000pyJ0BaHUs JIOJKHA ObITh OOecrieueHa MPOYHOCTh Y3JIOB M JieTallell, mpeJHa3HauYeHHbIX
JUIL KpeIJIeHWs B TPAHCIOPTHOM cpeacTBe. TpeOoBaHMA M TMOAXOABI MO OOECIEYECHHUIO
MMPOYHOCTH MPHUBEICHBI B [ 1-6].
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Jlis kperuieHus Tpy30B B BaroHaxX MPUMEHSIOTCS PACTSKKU, OOBS3KH, CTSHKKH, YBSI3KH,
JIEPEBSIHHBIE CTOMKU W JIPYTHe 3JEMEHTHI; JUIsl KPEIUIEHHS B aBTOMOOMJIBHOM TPAHCIIOPTE
MOTYT HCIIOJIb30BAThCSl CTSDKHBIE PEMHH, JCPEBSHHBIE PACIOpPKH, PACHOpHBIC ILJIAHKH,
BO3JIyIIHbIC TAKETHI U T. 1. [1, 7]

Kaxxaplii 13 mepedyrcleHHBIX AJIEMEHTOB KpEIUIEHUs HMEeT CBOM IPEeHUMYIlecTBa U
HesmocTaTku. Tak, JepeBsHHbIE PAcIOpKH M CTOMKH HE BCET/a CIIOCOOHBI BBIICPKHUBATH
BO3HHUKAIOIIIME HATPY3KH BO BPEMs TPAHCIIOPTUPOBKU rpy3a. M 3a4acTyro Macca KperexHoro
MaTepuana 3HAYUTEIbHO YBEIMUYMBAET MAacCy IOIPY3KH, a 3TO INPUBOAUT K IEpPErpysy
TpaHcnoptHoro cpenctBa [7]. CTsokHbIE peMHH, OOBSI3KHM, YBS3KH TPEOYIOT TOCTOSHHOMW
IIPOBEPKU, IIOCKOJIBbKY ITPU TPAHCIIOPTUPOBKE BO3ZMOXKEH M3HOC BCIIEICTBUE UCTUpaHus [4, 5].

[Tosromy nst oOecnieueHust Oonblleld HAJEKHOCTH B IPOLIECCE TIPY30MEPEBO3KH
JIOTIOJTHUTEIIBbHO PEKOMEHIYETCS NCII0JIb30BATh TPAHCIIOPTHYIO pamy.

Pama cnyxuT nns TpaHCHOPTHPOBKU TUIPOPE3HOTO O0OOPYAOBaHUS K MECTY CBOETO
Ha3HA4YeHMs, a TaKKe SBIAETCS MPOMEXKYTOUHBIM CKPEIUISIOLIUM 3JIEMEHTOM  JUIS
000py/sOBaHUs U TPAaHCHOPTHOrO cpeacTBa. [locKonbKy Takoe 0O0OpyIOBaHHUE SIBISETCS
CJI0KHBIM MAacCHBHBIM I'PY30M, TO JJI1 HEr0 TpeOyeTcsl CO3/laHne MHAWBUIYaIbHOU pambl. C
9TOM 1enbio OblIa pa3paboTaHa TPaHCHOPTHAs pama, KOTopas CIOCOOCTBYET Oe30MmacHOi
NIEPEBO3KE TEHEPATOPHOIO M HACOCHOTO MOJyJeil (ruapope3Horo oOopynoBaHUs) Ha
JKEJIE3HOJJOPOKHOM U aBTOMOOMIIBHOM TPaHCIIOPTE.

TpancmoptHass pama mnpeAcTaBisieT co0oil CBapHYIO OallOYHYI0 KOHCTPYKIIHIO,
ceuenueM koropou sBisercs mBemiep 1211 T'OCT 8240-97 [8], M3roToBIECHHBIA W3
marepuana — Ct3cn 5 TOCT 535-2005 [9]. Cxema pambl ipuBeicHa HA pUCYHKE 1.
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Puc. 1. — Cxema tpancnoprHoii pamsl [Transport frame schemel].

Ha cxeme no3unusimu 0603HaueHb! pe3p0oBbie coeannenus [10 — 12] nuamerpamu M10
(10 6onToBBIX coemuHeHUit), M16 (4eTpipe cTpeMsHKH H 7 OONTOBBIX coenuHeHwmit), M20
(mectp OONTOBBIX coenuHeHHWH) M M36 (ueTbipe Tpy30BBIX BHUHTA), BBIOJHEHHBIE M3
MarepuasioB ctaib 20, ctanb 45 u ctans 30XI'CA [6, 13].

I'JIOBAJIBHAA AJJEPHA S BE3OITACHOCTD, Ne 1(26) 2018



60 JIVIIIUHA n np.

KoHcTpykuuss paMbl oOecnieunmBaeT KpeIuleHWe K HeW T'MIPOpEe3HOro 000pynoBaHMs
nmocpeAcTBoM OonToBbIX coeauHenwid [11, 12]. DTo mMO3BOMSIET MPEABAPUTEIBHO TEpen
IOTPY3KOH yCTaHaBIMBaTh OOOPYAOBaHME Ha paMy M OCYILECTBIIATh €ro IEepeiBHKEHUE
COBMECTHO C paMOM.

[IpucoenuHeHne pambl C YCTAaHOBJIIEHHBIM Ha HEH THMAPOPE3HBIM OOOPYJOBAaHUEM K
TPAHCIIOPTHOMY CPEJICTBY OCYILIECTBIISIETCS CIENYIOLUIMMU 3JIEMEHTAMU KPEIUICHHUS:

— PpacTSKKaMH, KpEISIIMMU 4Yepe3 TIpPy30Bble BHMHTBI paMy C T'HMAPOPE3HBIM
000pYyZI0BaHUEM K JKEIIE3HOI0POKHOM TIaThopme;

— CTpeMsHKaMH, KpeIsIUMHU pamMy C THAPOPE3HbIM 000PYAOBAaHUEM K paMme Ipulena
Ipy30BOr0 aBTOMOOUJIS.

JU1s COXpaHHOCTH TPaHCIOPTHPYEMOrOo OOOpPYAOBaHMS M CaMOIO TPAaHCIOPTHOIO
cpeacTBa HEOOXOIMMO, YTOOBI ObUTa oOecredeHa MPOYHOCTh U HAJIeKHOCTb TPAHCIIOPTHOU
paMbl U €€ 3JIEMEHTOB KpPEIUICHUsI — pacTsKEK, CTPEMSHOK U Pe3bOOBBIX COEIUHEHUH B
IIpoLIecCe TPY30IEPEBO3KU. B COOTBETCTBUM € ATUM ObLIM IOCTABJICHBI CIEYIOIINE 3aJaUu:

— MPOBECTH AHAJIUTUYECKUH pacueT 3JIEMEHTOB KpPEIUIEHUS paMbl C THAPOPE3HBIM
000pyJIOBaHUEM K TPAHCIOPTHOMY CPEICTBY (KENe3HOMOpPOXKHAs IuIaTdopMa, TPHIIETT
IPy30BOTO aBTOMOOWJISI) M PacyeT 3JEMEHTOB KpPEIJIeHUs THUAPOPE3HOro O0OpYAOBaHHS K
TPAHCIIOPTHOM paMe 10 METOJIMKaM, IpUBEIEHHBIM B [ 1-3, 6];

— MPOBECTH pacyeT Ha IPOYHOCTh KOHCTPYKLUU pPaMbl B IPOrpaMMe KOHEYHO-
AJIEMEHTHOT'O aHAJIN3a B YCIOBUSX JEHCTBUS TPAHCIIOPTHBIX HArPy30K.

AHanuTHYECKUIl pacyeT 3JIEMEHTOB KPEIUIEHUS! paMbl ¢ TUAPOPE3HBIM 000PYAOBaHUEM
Ha JKEJIE3HOI0POKHOM Tu1aT(hopMe OB BBITIOIHEH C YI€TOM CIECAYIONHMX yCrui [1]:

— TPOJIOJIBHON UHEPLUOHHOM CHJIBI;

— TONEPEYHON MHEPLIMOHHON CUIIBL;

— BEPTUKAJILHOW MHEPLIMOHHOW CHJIBL;

— BETPOBOW HArpY3KH;

— CHJIBI TPEHUSL.

Pesynpratel pacdyera ycuiamil, J€HCTBYIOIIMX HAa TEHEPATOPHBIM M HACOCHBIM MOIYJIH,
Ha JKeJIE3HOI0pOKHOM Tu1aTdopme MpHUBeIeHBI B Tadbmume 1.

Tab6auna 1.— 3HaueHus ycuiauii, NEHCTBYIOIIMX HA T'€HEPATOPHBIM M HACOCHBIM MOAYIH
[Force values impacting on the generator and pump modules]

Yeunus . .
I'enepaTopHbIli MOIYITb HacocHslit Monynb

IIpononbHas MHEPIIMOHHAS 1,67 2.92
cHJIa, TC

ITonepeunast ”HEpPLMOHHAS 0,63 0.98
cHJIa, TC

BeprukanbHast ”HEPIIMOHHAS 0.67 115
cHJIa, TC

Berposas Harpyska, ¢ 0,20 0,21

[IpononbHas cuna TpeHus, TC 0,56 0,98

[Tonepeunas cuia TpeHUs, TC 0,29 0,52

[To paccunTaHHBIM yCWIHMSIM OBUIO ONPENEICHO MaKCUMAaJbHOE YCHIIUE B PACTSIKKAX,
KOTOpPOE COCTAaBUIIO R, = 615 Krc.

[losToMy nnsi mepeBO3KM MOAYJIEH PEKOMEHIYETCSl HCIOJIb30BaTh PAaCTSIKKH,
COCTOSIIIIME HE MEHEE YeM U3 JIBYX HUTEH MPOBOJIOKM AUAMETPOM He MeHee 5 mMm. Takxke
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BO3MOXHBI JIDYTHE COYECTAHUsSI CCUCHHS MPOBOJIOKH M KOJIMYECTBA €€ HUTEW B PACTSIKKE C
JOMYCKaeMbIMH  PACTATHBAIONIMMH  HArpy3KamMH,  TPEBHIIAIOIIMMUA  PACCUUTAHHOE
MaKCHUMaJIbHOE YCHIIHE B PACTSDKKaX (CM. Tabimiy 2).

Tadauna 2. — Jlomyckaemple pacTATHBAIOIIME HArpy3KH B PAaCTSDKKAaX B 3aBUCHMOCTH OT
JaMeTpa MPOBOJIOKH M KOJIMYECTBA ee HUTel B pacTsikke (krc) [Allowable
tensile loads in stretchings, depending on wire diameter and the number of
threads in the stretch (kgf)]

Yucno HUTEN B JnameTp npoBOJIOKH, MM
pacTsKKe 4,0 l 4,5 5,0 >5,5
2 He pexomenayercss npuMeHATh 680 > 840
3 660 840 1020 > 1260
>4 > 880 >1120 > 1360 > 1680

Kpome 3TOro, pacTspkKu KpemsTcsi 3a Tpy3oBble BHHTHI Ha pame. CrenoBarenbHO,
BO3HHKAIOIIEEe YCHWJIME B PACTSDKKE IepelaeTcs Ha BUHTOBOE coequHeHue. I[loaromy Obuin
BBINTOJIHEHBI PACYEThl HA MPOYHOCTH BUHTOBBIX COCAMHEHUH IO CIEAYIOIIUM KPUTEPHSIM [2,
3,6]:

— TI0 YCHJIMIO Cpe3a CTEePIKHSI BUHTA IIPU TObEME THAPOPEIHOTO 000PYIOBaHUS;

— 110 YCWIHIO Cpe3a CTepXHs BUHTA IIPU JEHCTBUM HA BUHTOBOE COEIMHEHHUE HAarpy3Ku
B TIONIEPEYHOM HAIIPABIICHHUM;

— 10 YCWIHIO Cpe3a pe3bObl BHHTAa WM OOHKU (BBINOJHSET (DYHKIMIO Tailku Ams
BUHTA) TIPH JICHCTBUH HAa BHHTOBOE COEMHEHNE HATPY3KH B MPOOIHHOM HAIPABICHHUH;

— IO pacTArUBaroIleil cTep>KeHb BUHTA CUJIE.

PesynbraThl aHANMTUYECKMX pAcueTOB TMOKa3alld, 4YTO TPOYHOCTh BHHTOBBIX
COEMHEHUI 00ecneunBaeTcss ¢ MUHUMAIBHBIM KOA(QQHUIIMEHTOM 3a1aca M, = 32, KOTOPbIH
onpenensics o Gopmyne [2, 3]:

n= npeo ,
0,
rie Qupeo — NIPENETBHOE YCUIINE, BBI3BIBAIOIIEE Pa3pylIeHHE PE3bOOBOTO COEJMHEHNS;
Q, — ycunue, AeHCTBYIOIIEE Ha pe3b00BOE COSMHEHNE.

Pacyer cTpeMsSHOK — 2JIEMEHTOB KPEIUIEHUS paMbl C THJIPOPE3HBIM 00OpYIOBAaHUEM K
IpHULENy ITPY30BOT0 aBTOMOOUJISI OCYIIECTBIISIICS 110 TPEM KpuTepusim [2, 3, 6]:

— MO0 YCWIMIO Cpe3a CTEp)KHS CTpEeMSHKM NpH JEWCTBUM Ha HEe Harpy3sku B
MOTIEPEYHOM HarpaBJICHUH;

— 1O YCWIHIO cpe3a pe3bObl CTPEMSHKH WIM Talku Npu JEHCTBUM Ha pPe3bOOBOE
COEJMHEHUE HAarpy3KH B MPOJOIHHOM HallpaBlICHUH;

— TI0 PacTATUBAIOLIECH CTEP)KEHb CTPEMSHKH CHJIE.

Pe3ynbTaThl 3THX pacyeToB MOKAa3ald, YTO MPOYHOCTH CTPEMSHOK OOeCcCreYnBaeTCs ¢
MHUHHUMAJIbHBIM K02 PHUITMEHTOM 3amaca n,,;, = 4,8.

Pacuer pe3b0OOBBIX COEAMHEHHWH, KpemslIMX TUAPOpe3Hoe Oo0OpyJOBaHUE K
TPAHCHOPTHOH pame, OCYILECTBIISJICS MO TEM € KPUTEpUsAM, YTO W IJIs CTpeMsHOK. B
pe3ynbTaTe ObUIO OINpEAeNeHO, YTO MPOYHOCTh PE3hOOBHIX COCIMHEHUN O0ECTeunBaeTCs C
MUHHUMAJIBHBIM KOA()(PHUITMEHTOM 3amaca #,y,;, = 15.

Kak BuaHO, k03(uimeHTsI 3amaca MpOYHOCTH PEe3bOOBBIX COCTUHEHUH Oojiee deM
noctatouHbl. [103TOMy KOHCTPYKLMIO pPaMbl MOXXHO ONTHMM3HPOBATH  CIEAYIOLIMMU
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criocobamu:

— YMEHBIICHHE KOJIHYeCTBa OONTOBBIX coenuHeHuit (¢ 23 mo 16);

— UW3MCHEHHE AUaMeTpa OOJTOBBIX COSAMHEHHUH (10 8 MM);

— MpHUMEHEHHE MEHee 3aTPaTHhIX MAaTEepPHaJoB JUIs OOJTOBBIX coeanHeHuH (ctanmb 10,
ctaib 20).

Jlnsi TOATBEep KICHHUST HAAECKHOCTH paboOThl BBIOPAHHOW KOHCTPYKLUHU paMbl OBUIH
MPOBEJICHBl pacueThl B MPOrpaMMe KOHEUHO-3JIEMEHTHOTO aHaiu3a [14-16] npu neiictBun
CHHYCOUJAJIBbHON TPAHCIIOPTHON HArpy3Kd B IMPOJOJIBHOM, IMOMEPEYHOM M BEPTUKAIHLHOM
HampapjeHUAX ¢ yactoToit f = 30 I'u.

[TocTpoennas koHeuHO-31eMeHTHasE Mojienb (KOM) KOHCTPYKIIMHM TPAaHCIIOPTHON PaMBbl
npuBeeHa Ha pucyHke 2, KOM KOHCTpyKIMH paMbl ¢ YCTAaHOBJIEHHBIM Ha HEH TMAPOPE3HBIM
obopynoBanueM MpuBeAcHA Ha pucyHke 3. Moxens coxepxutr ~ 200000 TBepaoTEIBHBIX
3JIEMEHTOB, 3JIEMEHTOB KOHTAKTA U OAJI0YHBIX 3JIEMEHTOB.

Puc. 2. — KOM tpancnioprroii pamsl [Finite element transport frame model]

Puc. 3. — KOM xonctpykimu pamsl ¢ rpy3oM [Finite element model of frame design with load]

[IpeaBapuTenbpHbIe pacdeThl B MPOrpaMMe KOHEYHO-3JIEMEHTHOTO aHaym3a [14, 15, 16]
OpU JCHCTBHUM BEPTUKAIBHOM CTaTUYECKOM HArpy3Ku IOKas3ajld, 4YTO BO3HHUKAIOIIHME
PE30HAaHCHBIE YacTOThI (CM. PUCYHOK 4) TPEBBINIAIOT IHUAMAa30H HaubOosee ITUHAMHYHBIX
TpancnopTHbIX 4acToT (f;<50T'm [17]). CnenoBarenbHO, BHOPOCTONKOCTh KOHCTPYKIHH
paMbl 00ecrieYnBaeTCs.

I'JIOBAJIBHAA AJJEPHA S BE3OITACHOCTD, Ne 1(26) 2018
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Puc. 4. — AMIUTUTYTHO-4aCTOTHASI XapPaKTEPUCTUKA KOHCTPYKIIUH PAMBI
¢ ruapope3HsiM obopyaoBanueM [Amplitude and frequency characteristic of frame design with hydraulic sharing
equipment]

[Tocnenyromume pacdeTsl B MporpaMMe KOHEYHO-3JIEMEHTHOIO aHaju3a MpH JAeHCTBUU
TPAHCIIOPTHON CUHYycOUAANbHON Harpy3ku [14—16] mokaszamu, 4to Hambojiee HarpykeHa
KOHCTPYKLMSI pambl IIpU ACHCTBUM MNPOAOJBHON Harpy3ku. Ha pucyHke 5 mnpuBeneHbl
JeHcTByoIee (BXOJHOE) YCKOPEHHME B HAlpaBIeHUM OCH X, B BHJE KOTOPOro 3ajaHa
TPaHCIIOPTHAsE Harpy3ka, M OTKJIMK LIEHTpa Macc paMbl MO Ocu X C THUIPOPE3HBIM
000py/I0BaHNEM Ha NMPUIIOKEHHYIO HArPy3KY.
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Puc. 5. — I'padmku BXOTHOTO YCKOPEHHUS W YCKOPEHUS IIEHTpa Macc
KOHCTPYKIIMH paMbl C THIPOPE3HbIM 0bopynoBanueM 1o ocu X [Diagrams of input acceleration and mass frame
center construction acceleration with the hydraulic sharing equipment along the X axis]
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W3 nocTpoeHHbIX TIpaUKOB MOMKHO 3aKIIOYUTh, YTO KOJeOaHUS LIEHTpa Macc
THJIPOPE3HOTO O0OPYAOBaHMS HE MPEBBIIIAIOT MPHJIOKEHHYIO HArpy3Ky — JUHAMUYHOCTD
KOHCTPYKLIMHU MeHblIe | (MakcUManbHBIN K03 HUIIMEHT AuHaMU4HOCTH k)™ =(,65 ).

oun
[To pesymbraTam pacuéroB HauboibIMe cMemeHus 1mo ocu X (CM. PUCYHOK 6) U
AKBUBAJICHTHBIC HAMPSDKEHUSI (CM. PUCYHOK 7) BO3HUKAIOT B MOMEHT BpeMeHH ¢ = 44 mc.

-.391143 —-.304183 -.217224 —.1302¢4 —-.043305
—.347¢é863 -.260704 -.173744 -.088785 -175E-03

Puc. 6. — CmenieHus TpaHCcTIOpTHOH pambl 1o ocu X mpu 44 mc [Transport frame offsets along the X
axis at 44 ms]

Puc. 7. — DxBuBaneHTHBIC HAaNpsDKEHMs pambl 1pu 44 mc [Equivalent frame voltages at 44 ms]

[Ipu >ToM MakcHUMajbHBbIE SKBHBAJEHTHBIE HAIPSDKEHUS BO3HUKAIOT B MECTE CThIKA
HOXKA W TUIAaCTHHBI pambl U cocTaBisitor 200 MIla, dro meHble mpenena TEKY4eCTH
matepuana Ct3cn 5 (o, = 255 Mlla). CnenoBarenbHO, NpH JEHCTBUM TpPaHCIOPTHOU
CUHYCOUJIAJIbHON HArpy3KH MPOYHOCTh paMbl oOecrieynBaeTcsi ¢ KodhpuimeHTom 3amnaca mo
Ipeseny TEKy4eCcTH HE MEeHee 1, = 1,3.

Takum oOpa3zom, mpemiaraeMas KOHCTPYKIHS TPAHCIIOPTHOW paMbl OOECTIeYHBAET
0€30MaCHOCTh MEPEBO3KH THAPOPE3HOT0 000PYIOBaHUS B TPAHCIIOPTHOM CPEIACTBE K MECTY
nmpoBeieHUs paboT mo nukBuaanuu aapuit ¢ OI, cokpamiaer BpeMsi TOITOTOBKH K
TPAHCIOPTHPOBKE, 3a CYET JOMOJHUTEIBHOIO KpEIJICHUS O00eCHeunBacT MNPOYHOCTh H
COXPaHHOCTh THAPOPE3HOTO 00OPYAOBAHUS U TPAHCTIOPTHOTO CPECTBA.

AHaIUTHYECKUE pPacyeThl 3JIEMEHTOB KPEIJICHUs paMbl K TPAHCIIOPTHOMY CPEJACTBY H
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TUAPOPE3HOro 00OpyHOBaHUS K pame IOKa3ajd, 4TO HMX HPOYHOCTh OOECHeurBaeTcs C
MUHUMAIBHBIM KO3 dummentom 3amaca n,; = 4,8. PacueTrsl B mporpamme KOHEYHO-
9JIEMEHTHOTO aHaJlh3a MOKa3aJd, YTO BO3HUKAIOIIME PE30HAHCHBIE YACTOTHI IMPEBBIIIAIOT
IUana3oH HauOoJee JTUHAMHYHBIX TPAHCHOPTHBIX YacTOT, TO €CThb BHUOPOCTOHWKOCTH
KOHCTPYKIIMM pambl oOecrneunBaercsi. Kpome »3Toro, mnpu JeHCTBUU TPaHCIOPTHOMN
CUHYCOWIAbHOM HArpy3Ku KoieOaHUs YCKOPEHHs B LIEHTPE MacChl THAPOPE3HOTO
000py/ZIOBaHUsI HE TMPEBBILAIOT MPUIOKEHHYIO HArpy3Ky: KO3(QQHUIMEHT JWHAMUYHOCTH
cocraisier 0,65. Bo3Hukawomye MakCUMaldbHbIE SKBUBAJICHTHBIC HANPSDKEHHUS MEHbBIIE
npeaena Tekydectu marepuana Crt3cm 5 (0, = 255 MIla), To ecTh NPOYHOCTH pPaMbl
obecrnieunBaeTcs ¢ KOAPHUITMEHTOM 3araca 1o Ipeaery TeKy4ecTH He MeHee 1, = 1,3.
CnepnoBarenbHO, pa3paboTaHHAass KOHCTPYKIMS TPAHCIOPTHOM paMbl C 3aJlaHHBIMU
XapaKTEPUCTUKAMU YIOBIIETBOPSET BCEM HOPMATUBHBIM TPEOOBAHUSM IIPOYHOCTH.
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Abstract — The article considers the provision of safety and integrity when transporting hydraulic
sharing equipment by road and rail to the place of dangerous goods accident consequences
elimination. It is offered to strengthen the existing kinds of fastenings through the use of the
engineered transport frame to ensure the equipment transportation reliability. The substantiation of
the strength and reliability of the frame is given analytically and numerically. Strength analysis of
frame construction is performed in the program of finite element analysis in the conditions of
transport sinusoidal loadings. The calculation results show that the proposed transport frame
design meets all normative requirements of safety.

Keywords: dangerous goods, transportation, hydraulic sharing equipment, the generating module,
the pump module, fastening elements, strength, reliability.
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