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AHHOTAITUA B dannoti pabome nposeden cmamuyeckuil nNPOYHOCMHOU paciem Ky308a U pambl 6a20HA Kpblmo2o modenu 11-9962
cunot macecmu 6pymmo 0,922 MH. Pacuemnasi cxema 6a2ona yuumviéaem Cuibl, OeUcCmayloujue Ha He2o 6 YCA0GUSX IKCHIYamayuil.
Paccmompenut pesicumot nazpysrcenusi: |, 111 ocrhosuble pescumbl, pescum coyoapenust u pbleKa, PEMOHMHBLE PENCUMbL, PENCUM 3ACPY3KU
6a2oHa, nposepka npoyHocmu Kpviui. M3 pe3ynomamos pacuema cieoyem, Yymo HANPsidCeHusi 60 6Cex NeMEHmax Ky308a u pambl
sazona Kpvimozo mooenu 11-9962 npu ecex pacuemmvix pedcumax He npeeviuiarom odonyckaemvie. Pacuem nokazan xopouee
coomeemcmaue ¢ pe3yibmamam UCRbIMAHUSL HA RPOYHOCTb ONBIMHO20 00PA3Ya 6A2OHA.

Kniouesvie cnosa: 8azon Kpulmblil;, CMAMu4ecKuil NPOYHOCMHOU PACHEm, DeNCUMbL HAZPYICEHUsl, OONYCKAeMble HANPSACCHUSL,
MemoO KOHEYHbIX INeMEHMO8.
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ABSTRACT In this paper static strength analysis of body and frame of the covered railcar model 11-9962 with the weight of
0.922 MN is carried out. Numerical study of freight railcar is carried out by the finite element method. Calculation model consists of
plates and beams linked together at the nodal points simulating the elements of the railcar body. The main objective of the static
strength analysis was to evaluate strength and bearing capacity of railcar structure and to evaluate the conformity of freight railcar
structure to regulatory requirements. Typical for the static loading mode is a single and continuous application of an external load,
gradually increasing from zero to the maximum value. The calculation scheme of railcar takes into account forces acting on it in
operating conditions. Load modes considered are: I, 1l basic modes, collision and jerk mode, repair modes (when jacking up a
railcar by jacks), railcar loading mode (on possibility of using electric and autoloader for loading), roof strength test. From the
analysis results it follows that stresses in all body elements and frame of the covered railcar model 11-9962, for all design modes, do
not exceed the permissible values, and railcar structure conforms to the current regulations. Analysis showed good agreement with
the test results for strength of the prototype railcar.

Keywords: covered railcar; static strength analysis; modes of loading; allowed stresses; finite element method.

BBenenune

B nocnennee BpeMss B MUPOBOM BaroHOCTPOEHUU
HaOIr0aeTCs TSHICHINS aKTUBHOM PaOOTHI 110 CO3/IaHHI0
MHHOBAallUOHHBIX  TPY30BBIX BaroHOB, OTBEYAIOIIMX
COBpPEMECHHBIM TpeOoBaHMsM. [locTaBleHHYI0 BaKHYIO
3amaqy BarOHOCTPOUTENBHBIE 3aBOABI PEMIAIOT IPH
COTPYAHUYECTBE TIPOEKTHBIX u HAY4HO-
HCCIIEIOBATENIECKUX OPTaHU3aIlIH.

Jemo B TOM, 9TO OONBImIAs YacThb BPEMEHH,
OTBEJICHHOTO Ha pPa3paboTKy NpOeKTa WHHOBAIMOHHOTO
BaroHa, OTBOJAUTCS pacdeTHbIM pabortam. Ilpu s3TOM
ocoboe BHHMaHHE YJeNseTcs BOIpOcaM ONTHMU3AIUH.
Co3naBaeMasi KOHCTPYKIMSI BaroHa JOJDKHA OTBEYaTh
YCIOBUSIM ~ OKCIUTyaTalldd, BKJIIo4Yas TpeOOBaHHA K
MIPOYHOCTH M HAAEKHOCTH, M 00JanaTh BBHICOKUMHU

TCXHUYCCKUMU XapaKTCPHUCTUKAMU, O6eCHe‘II/IBaIOH_II/IMI/I
MNpUueMJIEMYI0 CTOMMOCTH TIEPEBO3OK. B 10 Xxe BpEMs
pacxoabl Ha HU3IroTOBJICHHUC u [[aﬂbHeﬁIHyIO
OKCILTyaTallui0 JOJIKHbBI OBbITh HE CIHUIIKOM BBEICOKHMH.
ITO COCTaBIIICT TJIaBHYIO LCJIb ITPOCKTUPOBAHUSA.
HpOBeHeHI/Ie pacyeToB HGO6XO,HI/IMO TAKXKE I
OLEHKU COOTBETCTBHUA KOHCTPYKOHH TI'PY30BBIX BAaroHOB

HOPMATHBHBIM TpeOOBaHUAM u obecnieueHHs
6e3zomacHocTH aBrkeHus [1-3].
B nmamHOIt paboTe TpoOBEemEH CTaTHYECKUI

HPOYHOCTHOM pacder Ky30Ba M pPaMbl BaroHa KPBITOIO
mogenu 11-9962 cunoit tsxectn 6pyTro 0,922 MH.
XapakTepHbIM UL CTATHYECKOrO  PeXKHMa
HArPYKEHHS SBISIETCS OMHOKPaTHOe W JUTMTEIBHOE
NIPUIOKEHHE BHEIIHEN Harpysku, IIOCTENEHHO
BO3pACTAIOIIEH OT HyJIsl 10 MAKCHMAJIBHOTO 3HAYCHHUS.
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CraTHdecKuil MPOYHOCTHON pacyeT MO3BOJISET:

- 1oapoOHO HCCIIeI0BaTh XapaKTEPUCTUKH
MIPOYHOCTH U YCTOMIHNBOCTD IPOEKTUPYEMON KOHCTPYKIIHH
BaroHa uji €ro KOHCTPYKTUBHBIX DJIEMEHTOB,;

- 000CHOBaTh MpaBUJIIBHOCTbL W PAIUOHAJIBHOCTDH
KOHCTPYKTHBHBIX pelieHui ele Ha cTaauu
MIPOEKTUPOBAHUS,

—  SIBIII€TCSI OCHOBOM JUIsl MOATOTOBKM CTaTHUECKUX
HCIBITAHUN BaroHa. B uacTHOCTH, B XOJ€ CTaTUYECKHX
IIPOYHOCTHBIX HCIIBITAHWH Ba)XKHO NPaBHIBHO BHIOpATh
MeCTa pACHOJNOKCHHS TEH30JaTYNKOB HA  OIBITHOM
obpasne. OHM JOIDKHBI HAKJIEUBATHCS B MECTax, I
OXKHMJAIOTCSl HAHOONbIINE HAaNpsDKEHUS, U B MECTax, I/
MIPEATIONAraoTCsl U3JUIIHIE 3aTPaThl METaula C ILENbI0
NajJbHEeNIIed ONTUMHU3AINH.

I/ICXOL[HI:IC JaHHBIC [UIA pacdye€Ta IMpPUBEACHBI B
tabn. 1. Marepuan 3eMEHTOB Ky30Ba U paMbl BaroHa u
JIOTTyCKaeMbIe HAMPsKEHUs IPUBEICHBI B Ta0. 2 [4].

PacyerHass cxema BaroHa Y4YHMTBIBA€T CHIIB,
JICUCTBYIOIIME HA HEro B YCJIOBUSIX OKCIUTyaTallvu.
PacueTHble pe;KUMBI HATPY)KCHHS periiaMeHTHPYroTCs [5].

Tabnuma 1 — MicxoaHble AaHHBIE IS pacyeTa

HaunmeHnoBaHue napamerpa 3HaueHue
JmmHa BaroHa mo ocsiM CLETUICHUS 18,325
aBTOCIENoK 2Lc, M
JlinHa BaroHa 1mo KOHIEBBIM Oaikam L, M 17,165
JniHa BaroHa MeXAy YIOPHBIMH IUTUTaMHU

16,325

aBTOCIENOK 2L, M
Basza Barona 2l, m 12,625
IupuHa Ky30Ba B, M 2,794
MakcumainbHasi ciiia TshKecTH (Bec) BaroHa 0.922
OpyTTO (C y4ETOM MaKCHMAJIBHOTO JOIyCKa (’9 4)
Ha Tapy) Qsp, MH, (TC)
Cuita TshxectH (Bec) rpy3a Qm, MH, (1¢) 0659 (67,2)

Ta6m/1ua 2 — MexaHn4ecKue XapaKTCPUCTHUKHU HUCIIOJIb3yCMbIX MATECPUATIOB

JlomycKaeMble HapsKeHUs
HanmeHnoBanue Tpezex [c], MITa
Y37I0B U 3JIEMEHTOB, MaTepHall Dot I pacuernsiit | Il pacuerHslit
? OoT, MIla
PEXIM PEXIM
XpebroBas 6anka — cranb Mapku 0912C 345 310,5 (0,9 o7) 210
[lIkBopHeBas Ganka — cTanb Mapku 0912C 325 292,5 (0,9 o71) 195
Iepennss 6anka paMbl, SIEMEHTHI ITONEPEIHBIX AUapparM pamMbl — CTalb 345 3277 (0.95 o1) 290
mapku 0912C
DNeMEHTHI BEPXHEH 0OBS3KH U PYTHE SIEMEHTHI Ky30Ba TOJIIHHOM
meree 10 MM P_ CTalb MapKu 03%(:-14 ! " 345 827,1(095 1) 220
Croiika 60k0BoIi cTeHbI — cTanb Mapku 0912C 305 |289,8 (0,95 o7) 198
BoKOBbIE ¥ TIPOIOJIbHBIC OANKH paMbl U3 IBesuiepa — ctaib Mapku 091 2C 325  |308,7 (0,95 o1) 205
Hwxuue cpenaue U BEDXHHE JIHCTI OOIMBKY GOKOBBIX CTEH, JICTBI 345 [327.7 (095 o) 290
OOIIIMBKH TOPIIEBO CTEHBI — cTaib Mapku 091 2C
Hactun nona Tonuuuoi 9 MM — cranb Mapku 0912C 345  |327,7 (0,95 o7) 220
OOG1IKBKa KPBILIY TOJMIIMHOM 1,5 MM — cTanb Mapku 0912C 305 289,8 (0,95 o7) 198
Jyru kpbimy — ctans Mapku 09121 325 |308,7 (0,95 o7) 205

I pacuemmnviii pescum. Ilpu 1 pacueTHOM pexume
MIpeAyCMaTpUBACTCS CIIAYIONIEe COYETaHUE PACUETHBIX
Harpy3oK:

1. BeprukanpHas craTHyeckass Harpyska OT Beca
Ky30Ba ¢ rpy3om P,..=0,659 MH.

2. IlpononbHble KBa3HCTAaTHUECKHE CHJTBI
pactsokenns Np=2,0 MH, npukiangsiBaeTcsi K INepeIHUM
ynopam, win cxkatusi Ne,=2,5 MH, npuknaapiBaercs K
3aTHUM YTIOpaM.

3. Harpy3ka, BbI3BaHHas pasHOCTBIO BBEICOT Oceit
asrocrernok 0,1 M, PI, MH. CueneHrie BaroHoB ¢ pa3HOCTHIO
BBICOT OCEH aBTOCLETIOK NPUBOIUT K B3aUMOJEHCTBUIO UX B
rmoe3sic He TOJNBKO B TPOJOJBHOM, HO M B BEPTHKAILHOM
HarpapjieHnd. JlomonHuTENbHAs BEpTUKAIbHAsS HArpyska,
00yCIOBJIEHHAs!  AKCIUTyaTallMOHHBIM ~ AKCLIEHTPUCHTETOM,
BBI3BIBAET M3IMO KOHCOJILHOM YaCTH paMhbl.

PacuerHas cxema JUIs ONpeNeNICHHS BEIWYHUHBI
JIOTIOJTHUTEIbHON BEPTUKAIBHOM Harpy3Ku oT

9KCIUTYaTaIMOHHOTO SKCIEHTPUCUTETAa NPH PACTSHKEHUH
MIpUBEJICHA Ha pHC. 1, a IpU C)KaTUM — Ha puUc. 2.
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Puc.1 — Cxema naepyscenus konconu pamol npu
HeYeHmpaibHOM 63AUMOOeUCMEUU A8MOCYENnoK 08YX
8020H08 NPU PACMANCEHUU
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Puc. 2 — Cxema naepyoicenus xonconu pamul npu
HeYyenmpanibHOM 83AUMOOCUCMBUU ABMOCYENOK 08YX
8A20HO8 NpU CorCamuu

JononnurensHas BepTUKaibHas Harpyska P, MH,
BBIUUCIIAETCS 10 hopMyJie:

_Ne
P==" 1)

rone b — mmHa kecTkoro crepxkHs, 0OpPa30BaHHOTO
JBYMsSI CLEIUVICHHBIMH aBTOCIENKAMH II0 YCIOBHBIM
apHupaM B Toukax omopel A u B, M. Jlnsg TUMOBBIX
4-X OCHBIX TPY30BBIX BaroHoB ¢ aBTocuenkoi tuma CA-3
npuanmaercst b =2,0 M — npu oxatim u b =181 m —
IIPU PACTSIKEHUH; € — Pa3HOCTb YPOBHEH aBTOCLETIOK
CLICTJICHHBIX BaroHoB, M; ¢ = 0,1 m.
[MoncraBuB 3HaueHus B popmyiny (1), momyuum:

— OAOTIOJIHUTCJIbHAsA BEpPTHUKaAJIbHAs Harpys3ka Ppl)’

MH, npu pactsiskeHuu B I pacueTHOM pexxume:

Pl = 20- 21 _o11mH;
181

el
— JOIIOJITHUTCIIbHASA

BCpTHKaAJIbHAA Harpyska

PCI , MH, npu cxxatuu B I pacueTHOM pexume:

Pl =25. ol 0,125 MH.
2,0

Paccrosume a,M Toukd mupmioxennms P! or
IUIOCKOCTH JI0O0BOr0 Opyca BeIYUCIAeTCA 0 hopMmyIie:

b
a=—-c=*h, 2
5 (2)

rac Cc— KOHCprKTHBHBIFI BBIICT ABTOCILICIIKHU 3a
IUTIOCKOCTh KOHIIEBOro Opyca, €= 0,61 m; h — monmsrii
XOJI MOTJIONIAONIEro anmaparta (3HaK «+» MPH CXKATHH,
3HaK  «-» TPH  pacTsHKEHHH), Ul Haubojee
pacmpoctpanenHoro ammapara [IMKIIT-110, h =0,11 m.

4. Topu30HTAIBHBIE COCTABJISIONIME IPOIOIBHBIX
CHJI B KPMBBIX YYaCTKax MyTH.

IMpu pacTSLKEHUU-CKATHM  BaroHa  MPOJI0JIbHBIMHE
CHJIAMH Ha KPHUBBIX Yy4YacTKax IIyTH pamMa BaroHa
HAXOJHUTCS MO IEHCTBHEM IMOIMEPEUHBIX COCTABIISIOIINX
9THX CHJ, BCJICJCTBUE OTKIIOHEHHs aBTOCICIIKH OT
TPOJIOJIEHOM och XpeOToBoi Oanku. [lomepedHbie CHITBI

MIPUWJIOKEHBI B TEX € TOYKaX, YTO WM JIONOJHHUTEIbHAS
BEpTHUKAJIbHAS Harpyska, COOTBETCTBEHHO npu
pacTSHDKEHUU U CHKaTUH.

Cxema HarpyeHusi KOHCOJIU PaMbl, IpU ACHCTBUU
TOPU30HTAIBHBIX COCTABIIAIOMIMX MPOJOJBHBIX CHI B
KPUBBIX ydyacTKax IyTH NPH PACTSHKEHUHU INIpHUBEICHA Ha
puc. 3, a Ipu CKaTUU — Ha puc. 4.

Puc. 3 — Cxema naepyorcenus konconu pamul npu
Oeticmauu 20pU30HMANbHbIX COCMABNSIOUUX NPOOOLLHBLX
CUJL 8 KPUBBIX YHACIKAX NYMU NPU PACMISANCEHUU

Puc. 4 — Cxema naepysrcenus koHconu pamol npu
Oeticmeuu 20pU30HMANILHBIX COCMABIAIOUUX NPOOOTILHBIX
CUTL 8 KPUBBIX YUACKAX NYMU NPU CHCAMUU

BokoBsIe cuibl B3aUMOJEHCTBUS MEXy BarOHAMU
Ha KPHMBBIX y4yacTKax IyTH TNpH JABWXKEHHM II0e3/la W
MaHeBpoBoi pabore Py, MH, Bemumcasercs 1o
CIIEAYIOIIM (hOpMyJIaMm:
— JUTSL CITydasi NEHCTBUS pacTATHBAIOIINX CHII (pHc. 3):

L
Pl,=H=N-—%, ®)

R
rac H — TOPU30OHTAJIbHBIC nonepeyHbIC CHUIJIBI,

neiictBytomue Ha nmatHukd, MH; R — paguyc kpuBoit, Mm;
R =250 m;
— JUTS CITydast AEHCTBUSI COKUMAIOLIHX cull (puc. 4):

Py, ENTRN S'ZL 1+t Lo -'—, (4)
L | a R|L

TIe O — BO3MOYKHOE 0OKOBOE TepeMeIIeHne
IIKBOPHEBOT'O CEYCHHUsSI Ky30Ba BaroHa 3a CHET 3a30pPOB
KOJICCHOU Mapbl B PEIbCOBOM KoJiee, OyKcax, MATHUKAX H
ynpyrux aedopmaiuii peccop, M; IPUHHMAETCs IpU
pacyerax rpy3oBbix BaroHOB 0 = 0,04 M; a — minHa
KOpITyca aBTOCLETIKH, M; @ = 1 M.

B cootserctBum ¢ tabu. 1 npunumaem | = 6,3125 M,
L. =9,1625m, L = 8,1625 m.
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IoacraBue 3HavyeHus B Qopmynst (3) u (4),
MOJTY4UM:
— mpu cxxatun Pne=0,216 MH,;
— mpH pacTsbkeHun Py,=0,073 MH.
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5.Pacnopnas  Harpy3ka. Tak  Kak  BaroH
MpeaHa3HaueH I MEPEeBO3KM B TOM YHCIIE M HACBHIITHBIX
Ipy30B, TO Ha OOKOBBIE M TOpLEBBIE CTEHHI BaroHa
JelcTByeT pacrnopHas Harpy3ka. [lpum 3arpyske 0e3
manky 1 0e3 ydera CHII TPEHHs Ipy3a O CTEHKH Ky30Ba
JaBJICHUE pacropa, Pa, MIla, Beramcisiercs o dpopmye:

Pa=(1+Kag)~v~n-y-t92(5—9j, 5)

4 2

rne Ky — KO3pOUIMEHT BEpTHUKAIBHON IHHAMUKH,
npuHuMaercs npu pacuere mo | pexumy Ky =0,1; v —
HacChINHAasl TUIOTHOCTh I'py3a NMPHUHUMAETCS KaK YacTHOE
OT JIeJICHUs TPY30I0ABEMHOCTH BaroHa Ha 00beM Ky30Ba
npu 3arpyske 10 BEpxXHEH 00BSI3KHY,
v =67,2/135,2 = 0,497 1/m3; Yy — paccrosinue oT
TTOBEPXHOCTU TPy3a O TOYKH, B KOTOPOH OIPENeIIeTCs
JIaBJICHUE; ( — yroj €CTEeCTBEHHOI0 OTKOca TIpy3a,
00pa3yeMBIii MMOBEPXHOCTBIO CBOOOTHO HACKHIITAHHOTO
rpy3a C TOPH3OHTANFHOW IDIOCKOCTBIO, TPHHAMAEM
paBaeiM ¢ = 0,73 pag, dYTO COOTBETCTBYEeT YTy
€CTECTBEHHOTO OTKOCa CyX0ro Topda.

[oncraBuB 3HaueHuss B (opmyny (5), moxydnm
P,=3,022-10"MI]a.

Il ocnoenoti pacuemmsiti pesicum COOTBETCTBYET
JIBIDKCHUIO [M0e3a ¢  HaumOONbIICH  JOMYyCTHMOM
CKOpOCThIO 33,3 M/C W MpeaycMaTpUBAcT COYCTAHHE
CJIE/TYIOLIUX HArpy30K:

1. BeprukanpHasi crarhdeckas Harpy3ka OT Beca
Ky30Ba ¢ rpy3om P, =0,659 MH.

2. BeprukanbHas TuHaMu4yecKas Harpyska Pg o, MH.
BeprukaneHas nuHaMuueckas Harpy3Ka BBIYHCISETCS
YMHOXXCHHEM BEPTHKAIBHOW CTaTHYECKOW HArpy3ku Ha
Koo uieHT BepTUKaIbHON muHaMuku. Cornacho [5]

KOD(pOUIMEHT  BEepPTUKAIBHOM  AWHAMHKHA  BaroHa
BBIYHCIISIETCS IO hopMyIIe:
K, |4 1
== |-In———— 6
“ p Az 1-P(K,) ©)
rae  Ko.— cpentee BEPOSITHOE 3HaYCHHE

koa(dduienTa BepTHKAIBHON TUHAMUKHY; 3 — Mapamerp
pacmpeneicHus, Ui Tpy30BBIX BaroHos; [ = 1,13;
P(Ko) — pacueTHass OJHOCTOPOHHSS BEPOSTHOCTB; MNPH
pacderax Ha MPOYHOCTH 10 JOIYCKAEMBIM HANPSHKCHUSIM
npuauMaercst P(Ky) = 0,97.

CpezHee BepOsTHOE 3HAUCHHE K o BHISHCIISETCS IO

¢dopmye:

Ko =a+3,6.10*“-b\% ()

rae  a— kodpduuueHT IS 3JIEMEHTOB
a=0,05; b — ko3¢ GHuIHEHT, YUYUTHIBAOIIUHA
YUCIIa OCEH N B TEIEKKE;

Ky30Ba;
BIIMAHUEC

b= nLZ , (8)
2n
rae V — ckopocts aBuwkenus, m/c; V = 33 m/c; f —
CTaTHYECKMH TMPOrud PeCCOPHOr0 KOMILUIEKTa IOJ
Harpy3koi OpyTTo, M.

Crartudeckuii mMporud peccopHOro KOMIUIEKTA IOJ
Harpy3Koil OpyTTO BeIYHCISETCS 10 opmyste:

Q;
f=l=-a|4 )

2
rme ( — CWIa TSHKECTH HEOOPEeCCOPCHHBIX dYacTei
Tenexku, T; 0=4,11 Tc; A — THOKOCTH pPECCOPHOTO

KOMILIEKTA TeneKku, M/T; A = 0,00113 m/Tc.
[oacrasus 3Hauenus B popmyist (6)—(9), nomyuum

b=1,  =0,0485, K, =0,186, K,, =0,348,
P, =0,229MH.

Jns IIKBOPHEBHIX (ONMOPHBIX) Y3JI0B pambl H
IIKBOPHEBBIX CTOEK (B MecTax 3aJelKd B paMy) OOKOBBIX
CTCHOK Ky30Ba 3HAU€HHE pacueTHOro Kod(h¢umnenra

BEPTUKAIbHOM JUHAMHKHM BBIYHCIAETCI C  YIETOM
BIIMSIHUS IEPEBAJIKH Ky30Ba 110 (hopMyIie:
P .
K{)e - K()s ' (1+ 7/)' (10)
rae Y — KOd(pQUIUEHT, KOTOPBIA  pPEKOMEHIyeTCs

npuHuMath ¥ = 0,2;
K} =0,418.

3. [lpofonbHas cuida pACTSHKEHHS WM CKATHS
N, MH; N = 1,0 MH.

4, Harpyska BbI3BaHHAs pPasHOCTBIO BBICOT OCeH
asrocrenok 10 0,005m P, MH, npu pacTsokeHun u

Pl MH, npu cxatnu, a Takoke Gokosast cuna N, MH,

paBHast pasHoCTH LEHTPOOESIKHOM
TOPU3OHTAIBHOM  COCTAaBIISIOIICH ~ CHJIBI  TSKECTH.
IMoncraBuB 3naueHus B Qopmymy (1), momyunm
JIOTIOJTHUTEIIbHBIC BEPTHKAJIbHbIC Harpy3Ku oT
AKCIUTYaTaIHOHHOTO AKCIICHTPHUCUTETA TUTS 1
PacyeTHOTO pexuMa:

1) mpu pacTsKeHHH Pp'” =0,0276 MH;

CHJIbI n

2) mpu cxxatun P — 0,025 MH.

5. BenmunHa OOKOBOW CHIIBI MPUHHMMAETCSl PaBHOU
7,5 % Beca rpy3a N6III =0,049MH.

6. AkTHBHOE (CTAaTHYECKOE) JaBJICHHE pacropa
HACBHIMHOTO Tpy3a Ha EIUHHUIYy IUIomagud OOKOBBIX W
TOpLEBBIX cTeH Ky3oBa. [Ipu pacuere mo Il pexumy,
YTOJI €CTECTBEHHOI'O OTKOCA NpUHUMaeTcs paBHbIM 0,2 ot
3HaueHus 1o | pexumy. Kosdduument BepTHKaIbHON
muHamukn Ky = 0,348 u Ky, = 0,418 nns mkBOpHEBBIX
Y3JIOB paMbl U LIKBOPHEBBIX CTOSK B MECTax 3aelKd B
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pamy. IloacraBuB 3Hadenus B (opmyny (5), moxydanm
P, =5,70-10° MIla.

Pacuemnvie pesicumvr coyoapenus u puvieka. B
pacyeTHOM pPEXHME COYIApPEHUs pPaccMaTpHBAIOTCA
MPOJOJBHBIE CHIBI yraapa, 3,5 MH, Ha mpsaMom ydacTke
YT C y4ETOM BEPTHUKAJIbHON Harpy3kd BO3HHUKAIOIIEH
pu pa3HOCTH BBICOT oceit aBTOCLIETIOK
B3aUMOJEHCTBYIOIMX BaroHoB paBHoi 0,1 m (ot
9KCIUTyaTallMOHHOTO KCIICHTPUCUTETA).

Cuna 0T HJKCIUTyaTallMOHHOTO 3KCLEHTPUCHUTETA
BeIYHCIIsAETCS 110 popmysie (1) u paBHa P =0175 MH.

TopueBble CTEHBI Ky30Ba pacCUMTBHIBAIOTCS Ha
PaBHOMEPHO paclpelesieHHyI0 10 BCed WX IUIOMIAIN
JuHamMu4eckyro Harpy3ky N,o, MH, paBayio 0,35
TIPOJOJIBHOM CHITEl HHepIn rpy3a N,, MH.

[IpomonbHas cuila MHEPLHUH Tpy3a BBIYUCISIOTCS
o opmyie:

u X Qﬁp ’ (11)

rne  Q, — cmima TKecTH rpysa, TC; Qg — cuia
TSKECTH OpyTTO BaroHa, Tc.
Otkyzna nony4aem N, = 2,502 MH.

BenuunHa npononbHON JUHAMUYECKOH Harpy3Ku
Ha TOPIEBYIO CTeHy paBHa N = =0,876 MH.

B pacueTtHOM pexuMe pBIBKa paccMaTpUBAIOTCS
MIPOJIONBHEIE CUJIBI pBIBKA, 2,5 MH, Ha mpsimMom yuacTke
IIyTH C y4E€TOM BEPTUKAIBHOW HAarpy3KH, BO3ZHHUKAIOLIEH
pu pa3HOCTH BBICOT ocei aBTOCIIECTIOK
B3aMMOJCHCTBYIOIMX BaroHoB paBHod 0,1 M (ot
9KCIUTYaTalHIOHHOTO SKCIIEHTPHUCHUTETA).

Cua OT 3KCIUTyaTallHOHHOTO 3KCIIEHTPHCUTETa
P,, MH, sBeumcngercs mo ¢opmyne (1) u paBHa

P! =0,14MH.

TopueBble CTEHBI Ky30Ba pacCUUTHIBAIOTCA Ha
PaBHOMEPHO paclpelesIeHHyl0 10 BCed HX IJIoLanu
OuHamMu4eckyro Harpy3ky N,o, MH, paBayo 0,35
MIPOIOTILHOM cHJIbl nHepimu rpy3a N, MH.

IIpononbHas cuna MHEPUUU Ipy3a BBIYUCISIOTCS
no popmyue (10). N, =1,79MH.

Benuunna npoaoiabHOW NTMHAMUYECKOW HArpy3KH
Ha TOPLEBYIO CTeHy paBHa N = =0,626 MH.

Pemonmuvie pescumvi. Ilpu nogbeme IpyKeHOro
BaroHa JBYMsS JIOMKpaTaMH, ITOJBEJCHHBIMHA TIOX Kpas
OIHOM IIKBOPHEBOW Oajku B 30HE YCTAHOBKHM IISITHI
JIOMKpaTHOH Ha pacctostHud 480 MM OT  CepevHBI
IIKBOPHEBOW Oanku, Ha pamy JAEHCTByeT BepTHUKAIbHAS
CTaTHYeCKasl Harpys3ka OT Beca Ky30Ba ¢ rpy3oM. [Ipu stom
OITpaHUE BaroHa MPOUCXOAUT Ha TOJIOBKU JIBYX TOMKpaToB
1 TIOATISITHUK TEJIEKKH JIPYTON MIKBOPHEBOM OAITKH.

IIpy noxbseme BaroHa OAHUM JOMKpPaTOM J0
OTpbIBa 00OMX IIATHUKOB OT HOJIMSATHUKOB TEJEKEK, BEC
TepepacIpeeNsIeTcsl Ha TPEX OMOPHBIX TOYKaX — OBYX
OOKOBBIX CKOJIb3YHAX M FOJOBKE JOMKpATa.

[Ipy mompemMe TOPOXKHEr0o BaroHa JBYMS
JIOMKpaTaMu 1o JIUaroHaH, BEC Ky30Ba
mepepacipenenseTcss Ha JABYX OINOPHBIX TOYKaxX —
rOJOBKAaXx JOMKparoB. Jlomyckaemble  HampsbKEHUS

IIPUHUMAIOTCA Kak 1o | pacueTHOMY pexuMy.

Peoicum 3azpysku 6azona. ITOT pacdeTHBIN pexUM
YUUTBIBA€T BO3MOXHOCTb HCIIOJIB30BaHUS ISl 3arpy3KU
BaroHa 3JeKTPONOrpy3YHKOB U aBTOIOIPY3UHKOB.

Ilon BaroHa paccUMTHIBAETCS Ha JBE OTCTOSILUE
npyr ot gpyra Ha 1,0 M cuiel, mo 0,03 MH kaxnas,

cocpemotodeHHple  Ha  mromangkax 0,15 x 0,15 m.
HanpsbkeHHOE  COCTOSIHME —[OJia  BaroHa, MOpPU  3TOM
pacueTHOM pexmuMme, TMoka3zaHo Ha puc. 15. 3oHa

MaKCHMaJIbHBIX HAIpPSOIKEHUH pacloyliaraeTcsi B MecTax
MIPUJIOKEHUS COCPEAOTOUCHHBIX CHJI, TA€ OHU JOCTHTAIOT
314 MIla. [TonyckaeMble HanpsbkeHust paBHbl 327,7 MIla
(xak a7 | pacueTHOrO pexuMa).

Ilposepxa  npounocmu  kpouuu. Ilpu  naHHOM
pPacueTHOM PEXUME 3JIEMEHTBI KECTKOCTH KPBIIIN BaroHa
JIOJDKHBl ~ JTONOJIHUTENIBHO K  OCHOBHBIM  pPAacdeTHBIM
pexrMaM pacCUUTHIBAaThCS Ha AeicTBre AByX cui mo 1,0 kH
Kaxnas, pacnpeneneHHelx Ha momiaake 0,25x0,25M u
TIPUIIOKEHHBIX Ha paccTosanu 0,5 M IpyT OT Ipyra B JF000H
qacTH KpbIIM. Jlomyckaemble HampsDKEHHS — PaBHBI
289,8 MIla (kax 115 | pacueTHOTO pexuma).

Onucanue pacuerHoii moaeau. /{11 mpoBeneHUs
pacdyera KOHCTPYKLUM METOJOM KOHEUYHBIX 3JIEMEHTOB,
co3aeTcs ee pacueTrHas Mojeib (puc. 5), cocrosmias u3
IUTACTUH U CTEP)KHEH, CBA3aHHBIX MEXIy OO0 B Y3JIOBBIX
TOYKaX, IMHTHPYIOIINX dJIEMEHTHI Ky30Ba BaroHa [6-8].

ANSYS
mis

AREAS

R 16 2013

REAL NUM Cti0n

Puc. 5 — Pacuemnas mooens

AHaiM3 pe3yJIbTATOB HMCCJHECAOBAHMN. 30HBI
MaKCHMAaIbHBIX HANpsHKEHWH B y3JlaX TIOJTyBaroHa
MpUBE/CHBI B Ta0I. 3

OmeHKa COOTBETCTBUS KOHCTPYKIMH  BaroHa
tpeboBarmsam [5] mo I wu Il pexumam, peKuMY
COyHapeHHs W PEMOHTHBIM peXHMaM IPOU3BOAMIACE
MyTeM CpaBHEHU pacyeTHBIX 9KBHBAJICHTHBIX
HAIPSKCHUHN, IPUBEICHHBIX B Ta0I. 3, C TOMyCKAaCMbIMU
BEJTMYMHAMU, IPUBEIEHHBIMU B Ta0II. 2.

Hanpsoxkenno-nedopMupoBaHHOe COCTOSIHUE
(HAC) ky3oBa BaroHa Uil BCEX pPacCMOTPEHHBIX
pacyeTHBIX PEKMMOB IIPEJCTABICHO HA pUCyHKaX 6 — 16.
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Tabmmma 3 — MakcumanbHbIE HAIPSHKEHHUS B 3JIEMEHTaX KOHCTPYKIMH BaroHa

| pacueTHbIN pexUM 11l pacueTHbIi pesxum Tlomrbem
Hormryc- JIoITyC- [omsem |ITompem| mByMs
HaumenoBanue pacts- KaeMble| pacTs- kaemble| Yaap | PeIBOK | omHuM | JIByMs |IOMKpa-
C)XaTue C)XaTue
JIIEMEHTOB HKEHUE |, p ) | HATIPS- | OKEHHE | ) o | HATIPS- 3,5 MH| 2,5MH | nomkpa- | ZOMKpa- | TaMH 10
20MH| ™ xenus | 10MH | 7 JKEHUS TOM TaMH | JUaro-
HaJIn
banka 111 | 290 | 3105 | 56 131 210 | 319 | 248 58 58 11
xpeOToBast
banka 46 | 238 | 2925]| 90 124 195 | 246 | 232 |268 | 92 43
IHKBOpHeBaH
baska 121 | 32 327,7 | 79 11 220 | 332 | 312 9 6 3
HCpeHHﬂﬂ
Pama Banxa
66 | 120 | 3087 | 54 84 205 | 234 | 243 | 160 | 165 | 134
OOKOBas
banka 79 | 131 | 3087 | 75 129 205 | 152 | 143 | 103 89 13
HpOHOHLHaﬂ
banka 106 | 76 327,7 | 121 | 108 220 | 136 | 124 | 127 |111 | 21
rorepeyHast
Tlon  |Hactun 99 95 327,7 | 99 88 220 | 138 | 142 97 64 38
Kopg | OOMIHBK 30 26 289,8 | 44 35 198 | 188 | 201 | 151 34 39
p Jlyra 32 35 308,7 | 21 29 205 | 201 | 178 | 120 | 41 43
OG6mmmBKa 97 15 327,7 | 54 15 220 | 337 | 324 15 5 5
bamkaep- | 4ne | 14 3277 | 45 9 220 [ 332 | 312 5 4 2
Crena |TUKaIbHaAsS
Topue- | CToiika 33 13 2898 | 20 10 198 | 298 | 278 | 34 9 12
Bast yIJIOBast
Obpsisia 15 | 10 |3277] 13 3 220 | 323 | 204 | 34 9 12
BEPXHSAA
ObmBKa 93 73 3277 | 100 81 220 | 188 | 166 | 160 | 68 42
Croiiwmpo | pa | 39 | 2898 | 55 | 51 108 108 | 97 |79 |51 |17
CreHa |MeKyIOuHblE
Goxosa | OGesska 23 | 35 |3277] 19 | 36 220 | 213 | 205 |135 | 35 | 30
a BerHﬂH
Croifiwzeep- | 405 | 79 2898 | 117 | 104 198 | 296 | 245 |312 |100 | 87
HOIO IpoeMa

ANEYS

NODAL SOLUTION e NODAL SOLUTION
20G 29 2013 STEP=2
9:57:20 SUB =1

AN S_‘{S'

TIME=2
SEQV (BVG)
DMX =7.35682
SMN =.06521
SMX =186.876

S (AVG)
DMX =9.36667

SMN =.06329
SMX =250.928

.06329

5.8

55.811 11.55
27.9372

111.559 167.306 223.054
83.6849 139.433 1

.06521 41.5788 83.0923 124.606 166.119
95.18 250.928 20.822 62.3355 103.849 145.363 186.876

Puc. 6 — H/[C 6azona npu I pacuemnom pesicume Puc. 7— HJ]C 6acona npu I pacuemuwiil pexcume (corcamue)
(pacmsoicenue)
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S ANEYS Pacuernsre 3HAYCHUS OILIEHHBAEMBIX
) XapaKTEePUCTUK HaInpsHKEHHO-1e(OPMUPOBAHHOTO
COCTOSHMSA OBUIH CBEPEHBI C pe3yJIbTaTaMH HCIBITAaHUS Ha
MPOYHOCTH OIBITHOrO oOpasna Barona [9] u mokazanu
xoportee coorBercTBUe. OTimiane coctaBuio 5—15%.

STEP=3
SUB =1
=3

(AVG)
1.592
SMN =.012849
SMX =203.359

SMN =.097899
SMX =654.034

—
.012849 45.2008 90.3887 135.577
22.6068 67.7947 112.983 158.171

180.765
203.359

Puc. 8 — HJ/IC sazona npu 11l pacuemnom pesicume
(pacmsoicenue)

ANEYE
NODAL SOLUTION i :

O 0 76.6667 153.333 230 306.667
R 00:32 38.3333 115 191.667 268.333 34

DMX =10.7554
SMN =.004142
SMX =225.105

Puc. 11 — HJ]C sazona npu pvigxe 2,5 MH

ANSYS
NODAL SOLUTION iy

Puc. 9 — HJIC sazona npu Il pacuemnom pesicume
(corcamue)

STS

AUG 29 2013
20:42:44

Puc. 12 — HJIC sazona npu nooveme 08yms
OoMKpamamu (PeMOHMHBIU Pexcum)

NODAL SOLUTION

SMX =221.272

0 76.6667 153.333 2 306.667
1 3

30
38.3333 15 191.667 268.333 45

Puc. 10 — HJ[C sacona npu yoape 3,5 MH

BuiBoabI

W3  pe3ynpTaToB  pacdera  CleLyer,  49To
HAIpPSUKEHHUST BO BCEX DIIEMEHTAX Ky30Ba M paMbl BaroHa
KpbIToro Mozxenn 11-9962 npu Beex pacueTHsIX pexumax L UC: 13 — HJIC sazona npu n?()be/we OOHUM DOMKpAMOM
HE TPEBBIIAIOT A0MycKaeMbie [5]. (pemonmmublii pesicum)
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mexnonozisx. — Xapkis: HTY «XTIID». — 2017. — Ne 23 (1245). — C. 47-55. — do0i:10.20998/2413-4295.2017.23.08.
AHOTALIA Y oaniti pobomi nposedeHo cmamuyHuil po3paxyHoK HA MIYHICMb Ky306a i pamu éazona kpumozo mooeni 11-9962
sazoro 6pymmo 0,922 MH. Po3paxynkoea cxema 6a2oHa 6paxogye Cuiu, wjo Oilomyv Ha HbO20 6 YM06ax ekcniyamayii. Posenanymo
pedcumu Hasanmaosicenns: I, Il ocnosui pesicumu, pesxcum 3imKHeHHA | pUKA, peMOHMHI PEHCUMU, PENCUM 3A8AHMAIICEHHS BA20HA,
nepesipka miynocmi daxy. 3 pe3ynibmamié po3paxyHKy 6UOHO, WO HANPYICEHHs 8 YCIX eleMeHmax Ky308a i pamu 8a20HA KpUmozo
mooeni 11-9962 npu 6cix po3paxyHkosux pescumax He nepesulyylomv HAnpydlceHHs, wo Oonyckaiomucs. Pospaxynox nokazas
Xopouty 8i0nosiOHICMb 3 pe3yibmamamu UNPOOYEAHHs HA MIYHICMb 00CTIOHO20 3PA3KA 8A2OHA.
Knwuoei cnosea: eazon Kpumui;, cmamuyHuli PO3PAXYHOK HA MIYHICMb, PeXCUMU HABAHMAIICEHHS, HANPYICEHHS, U0
00NYCKAloMuvCsl; Memoo CKIHUeHHUX eeMeHMmIg.

THocmynuna (received) 30.05.2017
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