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Jlonb6acckasi TocyAapCTBeHHAs: MAIIMHOCTPOUTEIbHAS aKaAeMuUs
B texHuke ruaponpuBoia pazaMuHAX MallUH IIUPOKO IPUMEHSIOTCS YIUIOTHUTENIbHAE

YCTPOMCTBA Pa3IMYHAX THIIOB, OCHOBHOE Ha3HauYEHHE KOTOPAX — 00ECTICUUTh TePMETU3AIUIO
MOJIOCTEH THAPOIMINHAPOB U THIPOAIIIapaTypA, 00eceYnTh MUHUMAIIBHOE TPEHUE U U3HOC
NP IBUKCHUH TIOJIBIDKHAX JIETAJICH.

OmauM M3 TEPCHEKTUBHAX THUIOB YIUIOTHCHHH SIBISIOTCS OCCKOHTaKTHAE IiesieBAe
VILTOTHEHHSI, KOTOpAe o0ecrneunBaloT mNpu padoTe MHUHUMAIbHOE TPEHHE W H3HOC. B
JlonOacckoil TocynapCTBEHHOW MAIIMHOCTPOUTEIBHOW akajgeMuu OAIM TNpeiokKeHA
perynupyemAe mieneBAe BTyaku-ymioTHenus (BY), koTtopAe obecreunBaiOT H3MEHEHHE
BEJIMYMHA 3a30pa B IIEAM BIUIOTH JO HYyIsS WIA Jaxe co3fanue Harsara[l]. D1o
obOecrieunBaeTcs MoJadyell Ha BHEIIHIO MOBEPXHOCTb BTYJIKH PETYIUPYEMOTO aBICHHS
JKUJKOCTH, KOTOpoe AehOopMHpYET BTYJIKY, TaKUM 0Opa3oM, H3MeHsss €€ BHYTPEHHUU
muametp. Brynka 1 ucnonb3yercst sl yIJIOTHEHUS CTAKA MIWIKMHAPA 2 U MITOoKa 3, C TTo1avyei

peryIupyeMoro JaBieHus skuakoct (puc. 1). OOmuit BUI BTYJIOK IPEJCTABICH HA PUC. 2

BY narpyxeHsl BHYyTpEeHHUM

T i JAaBJICHHUCM, pacnpeaciiCcHue

=
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KOTOpPOro YCJIOBHO HPHUHUMACTCA

[0  JIMHEWHOMY  3aKOHy IO

aHaJIOTUun C AOMMYLICHUSAMU,

OPUHSITHIMA B pabore [2]

peryiupyeMbIM J1aBiaeHueM. Panee

pacuér MOT00HBIX BTYJIOK-

YIUIOTHEHHM  TNPOBOAWIICA IO

METOJUKE pacqéTa TOJICTOCTCHHBIX

MUJIIMHAPOB, HU3BECTHOMU KakK

3apucumocty Jlsme[3]. s Manbix
COOTHOIIEHUHN BHYTPEHHETO
Puc. 1 — Cxema perynupyemMoro yrjioTHUTEIbHOTO ayaMerpa K TOJIIMHE CTEHKH

yerpotictsa [1] YIUIOTHEHHUS 3TH  3aBUCHUMOCTH
IpUEMJIEMBI, TO JJi OONBIIMX Pacu€T TaKUX BTYJOK II€JIECOO00pa3HO BECTH MO METOAMKAM
pacuéra TOHKOCTEHHBIX 000JIOUEK, Y KOTOPHIX TOJIIMHA 3HAYUTEIHHO MEHbILE JUaMeTpa U
uinHbl. Takum obpasoM, BY paccmarpuBaem Kak IMIMHAPHYECKYIO 00OJIOUKY, Y KOTOPOM
Harpy3ka CUMMETPUYHO paclpeielieHa OTHOCUTEIBHO OCU IUIMHApPA. ITockonbky B Takmx
CIIy4asiX BC€ TOYKHU CPEAMHHON IMOBEPXHOCTU OOOJIOYUKHM, JIeXKAlllMe B OJHOM IIONEPEUHOM

CE€UYCHUH, NEPNCHAUKYJIIIPHOM K OCH CUMMCTPUH, HMCIOT OJHO MU TO XK€ CMCIICHUC,



JOCTaTOYHO PAcCMOTPETh OJHY SJIEMEHTapHYIO MOJOCY €IUHMYHOHM mmpuHEI (puc. 3), T..

3aga4da CBOJHUTCA K OCCCHMMGTpH‘IHOfI.

a) 6)
Puc. 2 — O0mmii Bu BTYJIOK-yIUIOTHEHHIA U3 cTaiu (a) u karnpoHa (0)[1]

W(x) Peer Heabio AAHHOH padoTsI
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MMPOUCXOAUT IICPCKPBITUC HAYAIIBHOI'O
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3a30pa O, MEXIYy BHYTPEHHUM

N JUAaMETPOM  BTYJIKM W  HapyKHBIM

T I T I I T I T I INaMeTpOM LHMIMHAPUYECKOTO
CTEPKHSL:

Puc. 3 —PacuérHas cxema Harpy>KeHHs BTYJIKH

G(p,.. )= minw(x) +4, =0{p _,_, ®

pez
rac W(X) - (pyHK]_II/IH CMCIICHUA TOUYCK CpeHHHHOﬁ IMOBCPXHOCTH, II0JTydacMas B XOUC

perenus uddepeHInaaIbHOro ypaBHeH s n3ruoda [4]:

d‘w dW E-h 1
D- +N - + W=a(xX)—=-u-N 2
dx4 X dX2 az q( ) a ,U X ( )
rne D= E-h - IUIMHAPUYEcKas KECTKocTh, ((X) = p 1—1 p JaBJICHUE
12.-(1- 1 P ’ e L) ’
+
JEUCTBYIOIIEE HA TOBEPXHOCTh BTYIKH; N, = Pas -h - ynenbnas oceBas cuia; a= d“f4d“ -
. , d,—d _
pamuyc CpeIMHHOM MOBEpXHOCTH 000JI0ukH; h=—“—*% - TommuHa 00O0JIOYKH; P -
paboyee JaBieHHE B LWIMHJIPE, P,. - HAaBjleHUEe Ha obonouky (perynupyemoe),

yIOBJIETBOpSstOIee rpaHndHbIM yeaoBusiM (I'Y):



W(0) =W(L) =0

{W"(O) =W"(L)=0 ©
W'(0) =W'(L) =0
{W“'(O) =W(L) =0 @

I'pannunbie ycnoBust (3) 03HA4YalOT MIAPHUPHOE 3aKPEIJICHUE KOHIOB BTYNKH, (4) —
BO3MOXKHOCTbh [IEPEMEIICHUI B PaJIMabHOM HaIlPaBICHUH.

Ananutudeckoe peuieHue audp@epeHnranbHoro ypaBHeHus (2) ¢ y4éToM KpaeBbIX
ycnoBuii (3) u (4) npousBomwioch B makere Maple. Bpuio MmojiydeHO aHAIUTHYECKOEe
pelIeHne, KOTOpPOE HCIOJIb30BAJIOCH B KAdecTBE IEJCBOM (YHKUUHM IS ONpelesICHHs

OIITUMAJIBHOT'O 3HAYCHHUS BHCIIHCTO OABJICHHUA Ha O6OJ'IOLIKy P

e+ TIPU KOTOPOM IIPOHUCXOAUT
NEPEKPBITHE HAYAIBHOTO 3a30pa.

[TapamMeTpsl UCHOJIB3yEMBIX MATEpUATIOB W 3HAYEHUS HAYAJIBHOTO 3a30pa AJid BTYJIOK-
YIUIOTHEHUM MpUBEICHBI B Tabimie 1.

Tab. 1 - Marepuaiibl BTYJIOK-YIUIOTHEHUI U HadaJlbHbIE 3a30Pbl

Marepuan BY E, MIla H Op» MM
Crans 2.1*10° 0.26 0.08
Yyryn 1.5%10° 0.25 0.07
JlaTyHb 1.1*10° 0.35 0.07
Kanpon 2*10° 0.45 0.18
TexcToaut 6+10° 04 0.11

Ha puc. 4 npencraBiensl pe3ynpTarbl pacuéra aedopmanuii BY mno nosnyueHHBIM

AHAIIUTUYCCKOM 3aBUCUMOCTAM PCUICHUA YPABHCHU A (2)
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Puc. 4 - PezynbraTsl pacuéra nepopmanuu BY (aHanurudeckoe pemieHue)



Jns Gonee MONHOrO yd4é€ra CIOXKHBIX TPAHUYHBIX YCJIOBUH B BHJE€ KOHTaKTHOIO
B3aUMOJICHCTBUS, a TakXKe yd€Ta MpEeaBapUTEIHLHOTO OCEBOTO CxkaTtus mpu padore BY, ux
CIIO)KHOW T€OMETpHUH, OBbLIM CO3JaHbl KOHEUHO-3JIEMEHTHbIE MOJEIH JUIsl CUCTEM aHaiu3a
ABAQUSu LS-DYNA. HcxonHas pacuéTHasi o0CECUMMETPUYHAsE MOJIEIb JJIsi 00OUX MAaKETOB
cocTosna M3 OOOJIOYEUHBIX JJIEMEHTOB C TayCCOBOM CXEMOM HWHTETPUPOBAHUS IO
tosmuue [5].

B pesynbrare pacuéra ObLIM OJIYYCHBI 3HAUCHHS cMeneHui Touek BY mon neiictBuem

pa3Iu4HOro pabodvero JAaBlI€HUS B LWJIMHAPE P, . U PEryJIUPYyEMOro BHEIIHErO JIaBJICHUS Ha

pab

obonouky P, . Ha puc. 5 nokazansl rpaduku pacuéra cmemeHuii Touek BY u3 cramu B

pez *

pa3jIMdYHbIX CHUCTEMAX aHAJIM3a 110N JIelcTBHEM pa6oqer0 JAaBJICHUA B HUJIHMHAPC

P, =32Mlla v BHEUHEro AaBieHus Ha 000104Ky P, =SMlla .
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Puc. 5 - Pesynbratel pacuéra neopmanuu BY B nakerax ABAQUS (Abg) u LS-DYNA (LS),

a TaKXke ¢ UCroyib3oBanueM Gopmyiibl JIsiMe (BEpXHsISI U HUXKHSSL OL[CHKA)

Kak BuAHO U3 mpelcTaBieHHBIX pacnpezeneHuit, aepopmauuu BY, monydeHHble B
cucteme ABAQUS o0ka3pIBalOTCSI HECKOIBKO MEHBIIE, YeM pPe3yNbTaThl, IMOTYYCHHbBIC
aHAJIUTHYECKH U ¢ momoIibio cucteMbl LS-DY NA.

Jliis onpeieNieHusT ONTUMAILHOTO BHEIIHETO JABJICHHS HAa 000JIOYKY IMPOM3BOIHIACH

ONTUMM3AIHS 1IeTIEBOU (DYHKIIUU G(ppee)I min(W(x)) + 8, =0 no mapameTpy p,,, C LEIbIO

pee
MOJIyYCHHUsT HYJIEBOro 3a30pa. IlojydeHHbIC 3HAUCHHSI BHEIIHETO JABJICHUS IPEICTABIICHBI
B Ta0nuIe 3.

Ta6. 2 - OnTuMalIbHBIE 3HAYEHUS BHEITHETO TaBJICHUS



P, Mlla
Marepuan BY L4

Iy (3 'y (4
Crans 165.6 168.9
Uyryn 105.3 107.2
Jlatynp 80.9 79.3
Kanpon 9.7 5.9
TexcTomut 134 9.7

[IpuBenéunple onTUMajibHbIE 3HAYEHHWs] BHEIIHEIO JaBICHHS Ha  OOOJOYKY
UCIIOJIB30BAJIUCh  IIPU  pacu€re KOHEYHO-JIEMEHTHBIX Mozeined BY, nockonbky
AHAJTMTUYECKNE METO/BI PACU€Ta HE MTO3BOJISIIOT YYECTh UX CIIOKHOW F€OMETPHH.

PacxoxneHus B peElICHHsX, NOJYYEHHBIX B PAa3JWYHBIX IAKETAX, HE3HAYUTEIbHBI U
XOPOILO COTJIACYIOTCS C aHATMTUYECKHM pPEIICHHEM, MOJy4YeHHbIM B akete Maple, a takxke
BXOJAT B JWAIa30H 3HAYCHUI, pPAacCUMTaHHBIX Ha OCHOBaHMM 3aBucuMoctein Jlsme [3].
Orcroma ciemyer, 4ro MNpemIOKeHHAs Mojenb (2) aaeKkBaTHO ONHUCHIBaeT JedopMaruu
TOHKOCTEHHbIX BY mop nelictBueM pacnpencsi€HHOrO BHYTPEHHEIO M IOCTOSHHOI'O

BHEIIIHETO JIaBIICHUI.

BriBoabI
1. Pazpaborana mMeToAuKa OIpeAeTeHHs ONTUMAIBHOIO BHEIIHEro JaBieHus Ha BY,

IpY KOTOPOM MPOUCXOIUT MEPEKPHITHE HAYAIBHOTO 33a30Pa.

2. IlocTraBneHa 1 penieHa 3ajada B KOHEYHO-JIEMEHTHOH IMOCTaHOBKE JIe(OPMHUPOBAHUS
BY mnon BnusHHEM ABYXCTOpOHHEro pacmpeaeiaéHHoro nasieHus B cucremax ABAQUS u
LS-DYNA, mnosyueHHbIE YHCICHHBIE PELICHHS XOPOIIO COINIACYIOTCA C AHATUTHUYECKUM
pemrenneM (pacxoxxaenne Menee 10%), 4YTO IO3BOJISICT HCHOJNB30BaTh IPEIUIOKCHHBIC

KOHEYHO-3JIEMEHTHbBIE MOJIENHU JUIsl 00Jiee KOPPEKTHOIO y4eTa IPaHUYHbBIX YCIOBUH.
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