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PaccmarpuBaeTcst HanpskeHHO-1e()OpPMUPOBAHHOE COCTOSTHUE M OTIPENIEIISIETCST BpeMsI 10
pa3pylIeHUsI COCTABHOTO PACTSITUBAEMOTO CTEPXHS MpH Toa3ydecTu. CTepKeHb COCTOUT
U3 TpeX YacTeid, pacroioKeHHBIX CUMMETPUYHO 1O ToluHe. [IpUHATO 1ONOIHUTEbHOE
YCJIOBHE: BCE YaCTM COCTABHOTO CTEPXKHSI JKECTKO, 0e3 IMPOCKaIb3bIBAHUSI COENUHEHBI
Mexay coboit. [Ton3ydyecTb KaXkIoil 4acTU CTEPKHST OMKMCHIBAETCSI CTETMIEHHON MOIENBIO C
pa3MYHBIMU MapaMeTpamu. s onpeneaeHus BpeMEHU 10 pa3pylleHUs MCIOIb3yeTCs
KWHETUYECKOE YpaBHEHUE, KOTOPOE OMUCHIBAET HAKOIUIEHUE MOBPEXIECHUI B Mpoliecce
noJ3ydyectu. Js1 Kaxkaoit 4acTu CTEPXKHSI PUHST ONUHAKOBBIN BUI KUHETUYECKOTO ypaB-
HEHUS, HO HAKOIUIEHUE MOBPEXIACHUU MPOUCXOAUT MO NCUCTBUEM HANPSIKEHUM, pas3-
JIMYHBIX JUTST KaXKIIOM U3 YacTeil. AHATU3UPYIOTCS pacIipeneeHus HalIpsiKeHUI 1 TIpo1iec-
Chl HAaKOIUICHUSI TTOBPEXIEHUI BO BPEMEHM B PA3JIMYHBIX YACTSIX COCTABHOTO CTEPXKHSI.
Onpenensitorcs 3HaYeHUs] MaTePUAIbHBIX KOHCTAHT B CTENEHHbIX 3aKOHAX IMOJI3yYeCTH U
JUTUTEIbHOTO pa3pyllieHus, NPUBOISIINE K YBEJIWYECHUIO BPEMEHU 10 pa3pyllIeHUs CO-
CTaBHOTO CTEPXKHSI.
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Benenne. CoBpeMeHHbIE MaTEpUAJIbl U DJIEMEHTBI KOHCTPYKIIMIA JOJIKHBI 00eCcreuruBaTh
HAJIeXXHOCTh U Pab0OTOCIIOCOOHOCTD U3/IC/INIA, BHIMOJHEHHBIX U3 HUX, B TECYEHUE BCETO CPOKa
CIy>XObl. B CBSI3M ¢ 9TMM HayKOeMKHe MCCIIeIOBaHUSI BBICOKOTEMIIEPATYPHOI MPOYHOCTHU
MaTepHaioB M KOHCTPYKIIWI JOCTAaTOYHO aKTyaJibHbl. Hanboiiee 4yacTo mist TOMOJTHUTEb-
HOI 3aIIUTHI 3JIEMEHTOB KOHCTPYKIIUI OT MEeCTPYKTUBHOTO BO3ICICTBUSI BHEIIIHEW, YacTO
paboyeil, aKkTUBHOM Cpenbl MPUMEHSIOTCS] TUTIOBBIE 3JIEMEHTBI COCTABHOTO THUITAa. BHEITHMIA
CJIOM TaKOi COCTaBHOM KOHCTPYKLIMM, KaK MPaBUJIO, KOHTAKTUPYET C arpeCCMBHBLIM BEllIe-
CTBOM M 3allIMIIACT OCHOBHBIC 3JIEMEHTBI KOHCTPYKIIMU OT €r0 pa3pylIUTeIbHOTO BO3Ieii-
CTBUSI.

JlaHHast cTaThsl TIOCBSIIEHA MCCIEIOBAaHUIO HAMPSLKEHHO-Ie(OPMUPOBAHHOTO COCTOSI-
HUS U MOACJIMPOBAHUIO MPOIIECCOB pa3pylIeHUs] TAKOW TUITOBON KOHCTPYKIINU, KaK CTep-
XEeHb, HAXOISIINICS B yCJIOBUHU TTon3ydectu [1—3] mpu pactsokeHuun. M3ydyeHue u momenm-
pOBaHME TaKUX TPOLIECCOB SIBJISIETCS MPEABAPUTEIBHBIM OMOPHBIM MCCIIEIOBAaHUEM TIep-
CHEKTUBHOM 3a/1a4u O 3alIUTHOM 3((deKTe BHEITHUX YacTeil COCTABHOIO CTEPXKHSI IMPU €T0
KOHTaKTe ¢ paboueii aKTUBHOI CPeloil B YCIOBUSIX IJIMTEILHOTO ACUCTBUSI HATPY3KU U MO-
BBIIIIEHHBIX TeMreparyp. B Takux ycnoBusix (kak B HEHTpaJbHOM cpefe, Tak Y Mpy BO3eii-
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CTBUU aKTHUBHBIX cpeﬂ) I METAJDIMYCCKUX MaTEPHUAJIOB U CIJIaBOB, KaK U3BECTHO, ITPOsB-
JISIFOTCSI CBOMCTBA UX MOJI3yU4EeCTH, KOTOPbIE MOTYT MPUBOAUTH K pa3pylIeHWIO OTBETCTBEH-
HbIX 2JIEMEHTOB KOHCTPYKLIMWA.

ITpoGaema usyyeHus MOA3Y4ECTU U JJIUTEBHOTO Pa3pyllIeHUs] KOHCTPYKLUI COCTaBHOTO
TuMa BecbMa akTyajbHa. [IpuBeneM HEKOTOPBI 0030p M3BECTHBIX HAYYHBIX pa0OT U cTaTeid
110 YKa3aHHOU Teme.

B pabote [4] paccmarpuBaeTcss KpydeHHE COCTaBHBIX BaJIOB IEPEMEHHOIO CECYCHMS B
YCJIOBUSIX YCTAaHOBUBLIEHCS MOA3y4yecTu. [1pu 3TOM CJIOM COCTaBHBIX BAJIOB CHAsTHBI MEXIY
cob6oii. PerteHne paccMarprBaeMoit 3a1a4d UILETCS C TIOMOIIbIO eMUHOM (hyHKIIMM HaTIpsi-
KEHUMN.

B pa6orax [5—10] ucrnonb3yeTcst HacaenCcTBeHHAas TeOPpUsI TIOJI3yYEeCTH ST OMUCAHMSI T10-
BeIEeHMsI COCTaBHBIX KOHCTPYKLMM moa Harpy3koil. Tak, B paborte [5] paccMaTpuBaeTcs
MOIXO0A MOACIMPOBAHUS BI3KOYIPYTMX CBOMCTB MaTepuaa, KOTOPHIi MO3BOJISET CIIPOTHO-
3MpOBaTh TNepepacripeie/ieHe yCUINii BO BpEMEHU B CJIOSIX COCTABHBIX KOHCTPYKIIMIA. AB-
TOpaMU CTaThM [5] onpeneneHbl HOBbIE SApa IS ONMCAHUS TTOJ3YYECTU CTAPEIOIINX MaTe-
puasoB. [lomydyeHHBIE B CTaTbe PE3yJabTaThl SBISIIOTCS TEOPETUUECKUM OOOCHOBAHUEM pe-
LIeHU HeNWHENHBIX 3a1a4y AehOpMUPOBAHUS COCTABHBIX IJIACTUH U 000JIOUEK C yYETOM
MOJI3y4YECTU, YTO MO3BOJISIET MTOJYUYUTh MMPOTHO3HBIE OLIEHKU MOBENEHUSI KOHCTPYKIIM B pe-
aJIbHBIX YCJIOBUSX 3KCIUTyaTallMU.

B cratbe [6] paccMoTpeHa HEYCTaHOBUBINASICS TTOJI3Y4eCTh OMHOPOIHBIX U METAJLTOKOM -
MO3UTHBIX CTepXKHE (0aJIoK) HeperyIsipHOM CIOMCTOI CTPYKTYphl. ballki cOCTOSIT U3 TOH-
KMX CTEHOK U MPUKPEIUIEHHbIX K HUM CBEPXY U CHU3Y MOJOK (Hecymux cioeB). CTeHKU U
HECYII1e CJIOM U3TOTOBJIEHBI M3 OAHOPOIHBIX U30TPOITHBIX MaTepuaaoB. MexaHU4ecKoe Mo-
BeleHUE 3TUX MaTepUaIOB ONUCHIBAETCS HEJIMHEMHOM HACJIeACTBEHHOM TeopUeil MmoJi3yde-
ctu FO.H. Pa6otHoBa. Ha 6a3e runore3 reopuu TUMOILIEHKO C TIPUBJIEYEHUEM UIEU METOAa
111aroB 10 BpeMeHU chopMyJIMpOBaHa 3aiada HeyIpyroro u3sruoHoro aecopMrupoBaHusl Ta-
KUX CTEPXHEN C y4eTOM OClIabJIeHHOIO CONMPOTUBIIEHUS! UX CTEHOK MOTMEPEYHOMY CABUTY.
B HNCCJICJOBAaHNU ITOKAa3aHO, YTO B Oajikax ¢ YCUJICHHBIMU HECYIITUMU CIIOAMU MMOJIBYYECTH B
OCHOBHOM pa3BUBaeTcs 3a cueT nedopmMalinii onepeyHbIX CABUTOB, KOTOPbIE aKTUBHO Ha-
KaruIMBarOTCs B CTEHKAaX TAKUX KOHCTPYKIIUHA.

B paGore [7] mocTpoeHO TOUHOE pellleHre KBa3uCTaTUYECKOU 3amaun o0 ornpenaeaieHun
HaIMpPsKEHHO-1e(POPMUPOBAHHOTO COCTOSIHUST TOJCTOCTEHHOM TPYObI, COCTOSIIIEN U3 JIto-
06oro KojMyecTBa (COENMHEHHBIX 0€3 HaTsra, HEHAIPSIKEHHBIX) CJIOEB HEJMHEHO-BSI3KO-
VIPYTruX M30TPOIMHBIX MaTePUAiOB, KaXIblid U3 KOTOPBIX MOMUMHSIETCS OTNpPEAeIsIoleMy
cootHomeHno KO.H. PaboTHOoBa ¢ pa3HbIMU TTapaMu TTIPOU3BOJIbHBIX MaTepUATIbHBIX (hyHK-
LIMI ¥ MOCTYJIaTy HECKUMAEMOCTHU TIPU HArpy>KeHUU JaBJICHUSIMU Ha BHYTPEHHEU 1 BHeElI-
Hell MOBEPXHOCTSIX TPYObI, MEMJIEHHO MEHSIIOIIIMMUCS BO BpeMEeHU. ABTOPOM TTOJTyYEHO pe-
IIEHHWE 3a1auM O TTOJ3YYECTH U JJIUTEbHOM MPOYHOCTU MHOTOCOMHOM TpyObl. BeiBeneHO
YpaBHEHME IS BpeMeHU pas3pyllieHUs! TpyObl MPU TMOJI3Y4EeCTH C UCITOJIb30BaHUEM TpeX Ba-
pUaHTOB Ne)OPMAITMOHHOTO KPUTEPUsST Pa3pyIlICHUs: B KaueCTBE Mepbl MOBPEXIEHHOCTHU
BBIOpaHbI MaKCUMaJIbHAS AeopMalivs pacTsKeHUs B KaXKJA0M CJI0€ TPYObl, WJIM UHTEHCUB-
HOCTb AedopManuii, WM MakcuMmalbHas nedopmaiivs caBura.

B pa6Gote [8] MeTomamMu CTpOMTENBHOIT MEXaHUKU TPOBEIEHO MOJEJIMPOBaHUE HATIPsI-
JKEHHOTO COCTOSTHMSI MHOTOCJIOMHBIX KOHCTPYKIIMI. ABTOpaMU MPOBEACHBI PACUYEThl TPEX-
CIIOMHOM IMIMHIAPUIECKO 000JI09KY (CTajlb, OSTOH, CTaJb).

B craTbe [9] Ha ipuMepe pelleHus] KOHTAaKTHBIX 3a/1a4 MOJI3y4ecTH Tipeajaraercs 00600-
LIeHWe MOJEIM OCHOBaHUSI BUHKIIepa Ha ciiydaii moyisydyecTu MaTepuraia 1eopMupyeMoro
nokpwiTus. Mcnonb3oBaHa HacleACTBEHHAs Teopusl nmoy3yyectu. PaccmarpuBaloTcs BSI3KO-
VIIpyroe ONHOPOAHO CTapelollee OAHOCIONHOE, MHOTOCIOWHOE U KOMIIO3ULIMOHHOE T10-
KPBITUS, a TAKXKE ONHOCJIOMHBIEC TTOKPBITHS C HEJTMHEMHON MOJI3y4eCThIO.

B pa6ote [10] nccieqoBaHa moa3y4ecTb TOMOT€HHBIX U TUOPUIHBIX KOMIIO3UTHBIX OaioK
HEpeTyJISIPHOI CIOUCTO-BOJIOKHUCTOM CTPYKTYpPhI. Banku cocTOSAT M3 TOHKUX CTEHOK U TO-
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JIoK (Hecyux ciaoeB). CTeHbl MOTYT ObITh YCUJICHBI TPOAOJILHO WM MOIMEPEYHO B IIOCKO-
CTH, a HecylIue CJIOM apMUPOBaHbI B TIPOJOJILHOM HarpaBjieHUU. MexaHudyeckoe ToBee-
HuYe (a30BbIX MaTEepPUATIOB ONMUCHIBACTCSI HEJIMHEWHONM HACENCTBEHHOW TeopUeil MmoJ3yde-
ctu PabGoTHOBA ¢ y4yeTOM pa3HO MX YCTOMYMBOCTHU K pacTskeHUIo U cxkatuto. Ha ocHoBe
TUNoTe3 TeOpuu TUMOIIIEHKO C UCIIOJIb30BAaHMEM METO/Ia BPEMEHHbBIX 11aroB chopMyIupo-
BaHa 3aJa4ya O HeYIpyroM M3rude Takux 0aJiok ¢ y4YeTOM OCJIabJIEHHOTO COMPOTUBICHMS UX
CTEHOK TTONEPEYHOMY CIBUTY.

MHTepecHbIl MoaXoa K OLIEHKE pejlakCallui OCTAaTOYHBIX HATPSKEHUI B TIOBEPXHOCTHO
YIIPOYHEHHBIX JIONATKaX ra30TypOMHHBIX ABUTATEICH MPU MOJI3yyecTu pa3paboTaH aBTopa-
mu pa6or [11, 12]. B ocHOBe MeToaa JIEXKUT TUITOTe3a, MO3BOJISIoIIas TPOU3BECTU TEKOMITO-
3UIIMIO JIOTIATKW Ha “Tesio” JIOMAaTKW M TOHKUWIA YITPOYHEHHBIN MTOBEPXHOCTHBIN CJIO, YTO
JIaeT BO3MOXHOCTb pa30UTh pacCMaTpUBAEMYIO 3a/1auy Ha psiji KpaeBbIX 3a/1a4, KOTOPhIE pe-
LIAI0TCS TTOCIE0BATENbHO.

AHaJIOrMYHbBIN TTOAXOM TpUMEHeH aBTopamu [ 13] mpu pa3paboTke MeToaa pelieHus Kpae-
BOI 3a71a4y peJlaKCallui OCTATOYHbBIX HAMPSIKEHUI B TOBEPXHOCTHO YITPOYHEHHOM CIUIONI-
HOM LIWIMHAPE B YCIOBUSIX Mon3yuecTu. B naHHOI paboTe yuuThiBaeTcs KecTkast (pukcauus
MepBOHAYaJILHO 3aIaHHBIX OCEBOM AeopMalliu U yIJie 3aKpydyruBaHus LHuanHapa. Pazpabo-
TaHHasl aBToOpaMU (peHOMEHOJIOrnYecKasi METOIMKA MPUMEHSIETCSI IIPU UCCIeIOBAaHUN Ha-
MPpsKeHHO-Ae(DOPMUPOBAHHOTO COCTOSTHUS LIMITMHAPUYECKOro oopasiia u3 crutaBa 2KCO6KIT
nocJjie MHEBMOIPOOEeCTpYiHO 00pabOTKU.

M3BecTHO, UTO MOJMUMKPUCTAIIIMYECKOE TeJIO MPEACTaBIsIeT cO00il COBOKYITHOCTb CpPOC-
LIUXCS IPYT C IPYTOM XaOTUYECKU OPUEHTUPOBAHHBIX MAJICHBKUX KPUCTAJLIOB — KPUCTAJI-
JUTOB. PazMepsl KpuctajumuToB (3epeH), nx dopMa U OpUEHTAINSI KPUCTAIUIOTpapUISCKIX
oceit UMEIOT ciIyJaiiHbIi Xxapaktep. Ha MUKpoypoBHE 1 Me30ypOBHE MOJTUKPUCTAIIINYECKOE
TEJIO MOXXHO CUUTATh COCTaBHBIM, 3JIEMEHTBI KOTOPOTO COCTOSIT U3 MHOXECTBA OPUEHTUPO-
BaHHBIX B pa3HbIX HaIlpaBJIECHUSIX KpUCTa/UIMTOB. B paboTte [14] paccmaTrpuBaeTcsl BOIIPOC
OLICHKM KMHETUKM HaIpsKeHHO-1e(hOPMUPOBAHHOIO COCTOSIHUSI U Mpoliecca HAKOTUICHUS
MOBPEXIEHUI TOJUKPUCTALUIMYECKUX KOHCTPYKIIMOHHBIX MaTepuajioB MpU BO3IEUCTBUU
HECTallMOHAPHOTO JUTUTEIbHOTO TEPMOCUIJIOBOTO HarpyxeHus. [1py Takom Harpy>xxeHuu oc-
HOBHBIM JeTrpamalliOHHBIM MEXaHM3MOM SIBIISIETCS ITOJI3y4ecTh MaTepuana. ABropaMu [14]
MpUBEAeHA MaTeMaTu4yecKasi MOfe/lb, MOCTPOEHHAas Ha 0a3e KOHLIEMUU MEXaHUKHU TTOBpe-
KIIEHHOM cpenbl U MO3BOJISIIONIAs ONMUCHIBATh MPOLIECCHI TPU HECTALIMOHAPHOM MOJI3y4eCcTH
B YCJIOBUSIX CJIOXXHOTO HarpyxeHwusi. [lyrem comocTtaBjieHUsI pe3yJbTaTOB YMCJIEHHOIO MC-
CJIeIOBaHUS C OKCIEPUMEHTATbHBIMU TaHHBIMU ITPUBOAMUTCS 10KA3aTeIbCTBO MPUMEHNMO-
CTU MaTeMaTUUYECKOUN MOJIEJIU JJIsi OHOOCHBIX 1 MHOTOOCHBIX 3HAKOTIEPEMEHHbBIX YCJIOBUiA
HarpyeHwus.

[Ton3ydecTh 6ETOHOB, apMUPOBAHHBIX CTAJIBHBIMU CTePKHIMH [15, 16] 1 momMMepHBIMU
BOJIOKHaMM [17], 1 cocTaBHBIX KOHCTPYKIIMI M3 HUX PACCMATPUBAIOTCS B YCIIOBUM JIJTUTEIb-
Horo cxatus. B pa6ore [16] mpousBeneH yuyeT HauaIbHbIX HAMPSKEHUH 1 nedopManuii mpu
OLICHKE HeCcyllel CIMOCOOHOCTHU CTaJIeXKeJIe300€TOHHBIX KOHCTPYKIIMIA Ha 3KCIUTyaTalluOH-
HbIE Harpy3KHu.

Yuer npeaHanpskKeHUl apMUPYIOLIUX 3JIEMEHTOB U UX BIUSHUE Ha TOJA3Y4YeCTh U U~
TeJIbHbIE XapaKTEPUCTUKU COCTABHBIX KOHCTPYKIUI MONEPEeUYHO-KIEEHbIX OpPYCheB MTPOU3-
BeleH B paborax 3apy0eXHbIX aBTOpOB [18, 19]. B aTux ucciienoBaHUsSIX yYUTHIBAIOTCSI PEO-
JIOTUYECKHE CBOMCTBA IPEBECUHBI MIPU MPOJIOJBLHOM U MorepedHoM cxkatuu [20].

IIpoBeneHHbI 00630p MOKa3ai, YTO B UCCIENOBAHUSIX YUEHBIX B OCHOBHOM M3Yy4aeTcs U
MoIeaupyeTcst HanpsikeHHO-nedopmupoBaHHoe coctosinue (HJIC) cocTaBHBIX KOHCTPYK-
LM ¥ UX 37eMeHTOB. M3yyeHU0 BpeMeH! 10 pa3pylIeHUsT TAKUX COCTaBHBIX KOHCTPYKIIWA
B YCJIOBUM [IJTUTEJIBHOTO NEMCTBUS HArpy30K yIeJisieTcsl HelOCTaTOYHOe BHUMAaHUE.

Hacrosiimast cratbst iocBsieHa Kak ornpenesieHuto HJIC, Tak 1 mporHo3upoBaHUIO Bpe-
MEHMU JI0 pa3pylIeHUs] COCTAaBHOTO METALIMYECKOTO PACTITMBAEMOIO CTEPXKHS, HaXos1e-
rocsi B yCJI0BUU Tos3ydecTy. MccienoBaHre OCHOBBIBAETCS HA KUHETUUYECKOM TEOPUHU T10JT-
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Puc. 1. Cxema PacIioJIOXKEeHHUS YacTeil B COCTaBHOM CTEPXKHE.

3y4ecT U juTenbHoii npouHocTtu FO.H. Pa6oTtHoBa [1]. B KauecTBe CTpyKTypHOTO Iapa-
MEeTpa, OINUCHIBAIOLIET0 HAKOIUIEHWE MOBPEXIECHUN B Mpoliecce MOJA3YyYeCcTU, B JaHHOU
CTaThe UCITOJIb30BaH MapaMeTp MOBPEXIEHHOCTH, KOTOPBIM UMEET CMBIC/I HAKOTUICHUS TTOP
1 MUKPOHECTIJIOITHOCTEH B MaTepuaie.

1. ITocTanoBka 3agauu. PaccMaTpuBaeTcsi COCTaBHOM METAINYECKUI CTep>KeHb, HAXO/s-
LIUIACSI B COCTOSTHUU YCTAHOBUBILIEICS MOJI3yUeCTH 1O/ ACCTBUEM TTOCTOSIHHO pacTsirnBa-
folIei cuibl P, MpUJIOXKeHHOH K ero TopiaM. CTepxKeHb UMEEeT MPSIMOYTOJIbHOE ToTepey-
HOE CeuyeHMe, IJIMHA CTEPXKHS L, IIMpUHA CTEpXXHS H W TONIIMHA b yIOBJIETBOPSIOT IBOM-
HOMYy HepaBeHcTBYy L > H > b. PacrnosioxeHue yacteii CHUMMETPUYHO OTHOCHUTEIbHO
CPEAVHHOM MIOCKOCTU, MPOXOISIIEN Yepe3 TeoOMEeTpUIECKYIO cepeAnHy IupuHbl H . LleH-
TpaJibHAsl YacCTh CTEPXHS BBITIOJIHEHA U3 MaTepuasa, o0Jianarollero OqfHMMHU CBOMCTBAMU
MOJI3yYeCTH, IBE KpaitHe ONMHAKOBBIC YACTU BBITIOJTHEHBI U3 APYTOro MaTepuaia, KOTOpblit
o0JagaeT IpyruMu CBOMCTBaMU TMOJ3y4yecTU. JJOMOMHUTENIbHO TPUMEM Cliedyiollee ycao-
BHME: BCE YACTU COCTABHOTO CTEPXKHS KECTKO, 0€3 MPOCKaIb3bIBAHUSI COEMHEHBI MEXY CO-
6oii. PacrionoxeHue yacteil B cTepXKHE MpencTaBlieHo Ha puc. 1.

Ha puc. 1 o60o3HaueHUue A COOTBETCTBYET OpAMHATE TPAHULIbI IEPBOM (LIEHTPAJIBbHON) U
BTOpBIX (KpaitHux) yacteil B cuctreme KoopauHat x0y. [lpu 3ToM mMpuHa nepBoit yactu
paBHa 24,.

[Ipy MpUHSTOM YCIOBMU XKECTKOTO COCAMHEHUSI YacTeil B COCTaBHOM cTepxHe (6e3 ux
B3aMMHOTO TIPOCKAJIb3bIBAHMSI) HAIIPSKEHHBIE COCTOSTHUST BOJIM3U MECT COSIMHEHUST CJTOEB
CTAHOBATCS OTJIMYHBIMU OT OAHOMEPHBIX M1 HEOMHOPOTHBIMK. HeomHOPpOTHOCTh HATIPSTKEH -
HOTO COCTOSTHUSI BOJIU3M MECT COSIMHEHUI YacTeil MOXeT BOZHMKHYTh, B TOM YMCJIE, U TI0
MPUYMHE €CTECTBEHHBIX HECOBEPILICHCTB TEXHOJIOTMUECKUX CITOCOOOB COENUHEHUS YacTei
MexXay coboit. PacripocTpaHeHHBIMU CIOcO0aMU COeOMHEHMUST SIBJISIIOTCS nuddy3noHHast
CBapka, criaiika, ckjeiika, pa3JIMdyHbIe CITOCOObI Ta30JMHAMUYECKOTO HATIbIJIEHUS.

OO011Ke TeHASHIIMY Pa3BUTUSI METOJIOB UCCIIENOBAaHUS U OTIpee/IeHUsT HapsiKeHHO- e~
(OpMUPOBAHHOTO COCTOSIHMSI TUITOBBIX 3JIEMEHTOB KOHCTPYKLMIA (CTep>KHU, TUIACTUHBI,
TOHKOCTEHHbIE 000JIOUKN ) TPUBOIST K CBEACHUIO PEIIEHUST TPEXMEPHBIX 3a/1a4 K PEIICHUIO
6oJiee MPOCTHIX 3aa4 — IByMEPHBIX M OMHOMEPHBIX. HBIMU CIOBaMM, 9acTO TIPU COOTBET-
CTBYIOIINX YCIOBUSIX Pa3MEPHOCTh pelllaeMoit 3anayu moHmxkaeTcs. Tak, HalmpuMmep, MaJTblii
pasMep 3eMeHTa KOHCTPYKIIMU B MIOTIEPEYHOM HAIPaBJIEHUM MOXET MO3BOJUTh UCCIIEN0-
BaTeJIsIM N30aBUTHCS OT MOTEPEYHOM KOOPAMHATHI B MATeMaTUYECKHX IMOCTAHOBKAX 3a1a4 1
ux pemieHUU. KpoMe 3Toro, UCIOIb3yIOTCS METOIbI YIPOILIEHUSI, CBSI3aHHbBIE C UCITOJIb30Ba-
HUEM TUIOTE3 U U3BECTHBIX MPUHIIMIOB. Pean3alis MeToI0oB C MCTIOIb30BaHUEM U3BECT-
HBIX U TIPUHATBIX B MEXaHWUKE TUTIOTEe3, KaK MPaBUJIO, HE COAEPXKUT MPOLIEAYP PETYJISIPHOTO
YTOUYHEHMUS PEIICHUSI.

BosBpaiiiasich K TOCTaHOBKE pacCMaTpUBaeMOM 3a/1auM, YYUTHIBASI MAJIOCTh TTOTIEPEUHBIX
pa3MepoOB COCTABHOTO CTEPKHS TTO0 CPABHEHMIO C €T0 JUTMHOM, TPUMeM OJHOMEPHBIN XapakK-
Tep HaMPSKEHHOTO cOCTOSTHMSA. B TIpoliecce pelieHust 6ymeM UCITOIb30BaTh TUIIOTE3Y TIIOC-
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KMX ceuyeHUil u ob6oOmeHue npuHuuna CeH-BeHaHa aJjisi paccmMaTpuBaeMoi 3agadyu, 4TO
MO3BOJISIET CUMTATh HAMPSDKEHHOE COCTOSIHME OMHOPOIHBIM BIAJIM OT MECT COCIMHEHUS Ya-
CTeil COCTABHOTO CTEPXKHSI.

2. Onpeaensironme U KHHETHYECKHE cooTHOMEeHusA. [TycTb cooTHomeHust (2.1) onuchiBarOT
CKOpOCTb AehopMaliK MONI3Y4eCTH, COOTBETCTBEHHO, TTEPBOi (LIEHTPaJbHOI) YaCTU U IBYX
KpailHUX JacTei

n n

. (¢ . o
h =B —L , Db =58 — 2.1

11— 1-w
I1e G; — HalpsDKeHUe B MepBOi (LIEHTPaJIbHOM) YaCTU CTEPXKHS, G, — HaIpPsSKEHUE B IBYX
KpallHMX 4acTSAX CTEPXKHS, () — IapaMeTp MOBPEXIEHHOCTU AJI LIEHTPAJIBbHOW YacTu
CTEPKHS, (0, — MapaMeTp MOBPEKAEHHOCTH OAVUHAKOBBII 1J1s1 IByX KpalfHUX YacTeil CTepxk-
HA, B, B,, n — MaTepuaJbHble KOHCTaHThI, TOYKA HaJ CUMBOJIAMU p; U p, O3HAYaeT MPOuU3-
BOIHYIO 110 BDEMEHU .

B cootHomeHusix (2.1) Ha OCHOBE KMHETHMYECKOI TEOpUHU IIOJ3YYEeCTU U UIUTEIHLHOI
npouyHoctu IO.H. PaGoTHOBa BBeleH CTPYKTYPHBIM MapaMeTp — IapaMeTp MOBpeKIeHHO-
CTU (0, KOTOPBII OMUCHIBAET HAKOTUIEHHUE MOBPEXIECHU B IIpoliecce noyu3ydyecTu. Jtst Kax-
IO YaCTU COCTaBHOTO CTEPXKHSI IPUMEM OJUHAKOBBIN BUJI KWHETUUECKOTO YpaBHEHUS JJIsI
), HO TOCKOJIBKY B KaXKIO YaCTU COCTABHOTO CTEPXKHS NEMCTBYEeT CBOE MEXaHUUECKOE Ha-
NPSIKEHUE G; U Gy, TO CKOPOCTM HAKOIUIEHUS OBPEXIEHUI B HUX B IIPOLIECCE MOJI3YyYECTH
OyIyT pa3InYHbIMU

d m
—‘”le[Lj, o =), o0)=0 of=oC=f)=1 2.2)
dt 11—
9% 4|92 | | e =0,(), ®(0)=0, wf=wt=r)=1 23)

dt 1—(02

Tae 4 — BpeMsl 1O pa3pylIeHUs HEeHTPATBHOIN YacTH CTepXKHS, £5 — BpeMs 10 pa3pylICHUS
KpaiHMX YacTeil CTepXHsl, A, m — MaTepruabHbie KOHCTAHTHI.

Kpurepuem paspyiieHus: KaxI0i 4acTH CTEPXKHSI SIBJISIETCS] YCIIOBUE NOCTDKEHUS Mapa-
METPOM TOBPEXIEHHOCTU [UISl COOTBETCTBYIOLIEH YacTU 3HAYEHUsI, PABHOTO EOWHMUIIC
of =0 =1)=1u o5 =w,(f =15) =1. BpemeHeM [0 pa3pylIeHUsI BCETO COCTaBHOTO
CTEpXKHS t* OyleM CUMTaTb BpeMs MUHUMAJIBHOE U3 MOJYYEHHBIX BPEMEH 1O pa3pyLICHUS
OTZEJIBHBIX YacTell CTepKHS: 1* = min{f, £} .

CucreMma, cocrosias u3 ypaBHeHuid (2.1), (2.2), (2.3), MmogeaupyeT paccMaTpuBaeMylo
MOJyCBsA3aHHYIO 3anayy. CKOPOCTh HAaKOIUIEHUS MOBPEXAEHUI B MIpoliecce MOA3yYecTH 3a-
BHUCUT OT YPOBHSI HamnpspkeHil. B cBolo ouepenb cKopocTs nedopmaliny MmonsyyecT Kax-
JIO¥ 4acTH COCTaBHOTO CTEPKHSI 3aBMCHUT KaK OT YPOBHSI MEXaHMUYECKOTO HarpsDKeHUST B
Hell, TaK ¥ OT HAKOIUJIEHHO! MOBPEXIEHHOCTH, XapaKTEPU3yEMOIA TapaMeTPOM (.

B cuy oceBoit cuMMmeTpuu 3amauy, OMMHAKOBBIX 3aKOHOB YCTAaHOBHUBILIEHCS TIOI3y4eCTH
IBYX KpailHMX 4acTeii MU CMMMETPUM MPOLIECCOB HAKOIJIEHUSI MOBPEXKIEHHOCTH OTHOCHU-
TEJIbHO F€OMETPUYECKOIN OCU CTEPXKHS, BHEIIHUE HATPY3KU PACIIPEICIISIOTCS MEXIY JABYMS
KpalfHUMHU 4acTSIMU TOPOBHY, U HANPSDKEHUSI G, B HUX OyAyT OOMHAKOBBIMU. [TocKonbKy
BCE YaCTU COCTABHOT'O CTEPXKHSI XeCTKO CBSI3aHbl MeXIly COOOIt, TO AJIs1 AaJIbHEHIIIero perie-
HUS IPUMEM TUTIOTe3y TUIOCKUX CEeYeHUH, T.e. nedopmaius MmoasydyecTy JUIsl CeYeHU, op-
TOTOHAJIBHBIX OCU CHUMMETPHUH, TSI BCEX TOUEK KaKIO0TO CEUEHUsT OMMHAKOBAsl, U OHA He 3a-
BHICHT OT ITOIIEPEYHON KOOPIWHATEI ).

BBenem 6e3pa3mepHbIe TepeMeHHBIE:
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G, =—L, G,=-2, T =Boy, I =Bo (2.4)

TIe G, — HEKOTOPOe XapaKTepHoe HanpskeHue pasmepHocty MIla, HaripumMep, TTOJIOBUHA TIpe-
JeJ1a KpaTKOBPEMEHHOMN MPOYHOCTH G, (G = 0.5G, ) TP COOTBETCTBYIOLIEH TEMITEpaType.

C yuyeToM Oe3pa3MepHBIX HAIIPSDKeHUI B (2.4) olpenessionine cCOoTHoIeHus (2.1) OynyT
MMETDb CJICAYIOLLUIA BUI:

dn__ G dn_ T 2.5)
dr (1 — Q)l)” dr (1 — wz)n
Bripasum 6e3pazmepHoOe Bpems 7
Tk, k=2
B

Torna onpenensiolre cooTHoleHus (2.5) WISl HEHTpaJIbHON U IBYX KpailHUX 4yacTeil co-
CTaBHOTO CTEePXKHS OyIyT UMETh CJIEAYIOIINIA BUI:

dp _ S dp _ kS) (2.6)
dt (1 _(,)1)" dr (1 _(02)"

Kak orMeuanoch paHee, TpoliecChbl HAKOTICHUs TIOBPEXIESHUI 1 pa3pylIeHUsT OTIPEeIs -
IOTCSI KWHETUYSCKUMHU ypaBHeHUAMHU (2.2) 1 (2.3). 3anuiineM KUHeTUIeCKIe YpaBHEHMS Ha-
KOTIUJIEHUS TTOBPEXIEHHOCTH C UCITOJIb30BaHMEM EIMHOTO IJIs 3a1adyM 6e3pa3MepHOro Bpe-
MEHM [ 1 Oe3pa3MEPHBIX HAIIPSIKEHWIA:

—m —=m
doy _ : (1 doy _ C G, 2.7)
m’ m :
dr (1-a) dr (1- )

A _m-
rme C; = Ecg' " — Ge3pasMepHas MaTepUaIbHAsI KOHCTAHTA.
1

HauanbHble ycnoBust 11s1 ypaHeHuit (2.7): o, (0) = 0, @, (0) = 0.

B pesynbrate cuctema ypaBHEHU 1151 IEHTPAJILHOM YaCTU UMEET BUI:

dp _ O o _ o

1

i (1-o)" df(1-w)"

CucreMa ypaBHEHU1 ISl IBYX KpaltHUX YacTeii:

dp, __koy  dw, _, O
i (1—w) AT (-

Kaxnas u3 JABYX CUCTEM ABJISICTCA HE 3aMKHyTOI‘/JI. B kaxkaoi 13 HUX HEM3BECTHBIMU BEJIMUM -
HaMU ABJIAIOTCA MEXaHMYCCKOC HAIIPAXKECHUEC, MMOBPECKACHHOCTb U CKOPOCTb I[C(bOpMa]_[I/II/I
I10JIZYy4YECTHU B paCCManHBaeMOﬁ JaCTU CTCPKHA.

HpI/IHSITOG YCJIOBUE XKECTKOI'0O COCANMHCHUA qacrteu CTECPXKHA oe3 IIpOCKa/Ib3bIBaAHUA U TU-
noTe3a MJIOCKUX CEYCHUIT JaeT BO3MOXHOCTb IIPUHATb €CTECCTBCHHOC YCJIIOBUE paBC€HCTBA

AedopMalLuii MON3yYecTH p; = p, C yUETOM 3a1aHHOTO HayabHOro ycnosus p (f = 0) = 0.
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% = 5 dpl dt_

ar (1-oy)" (1-o)
V21 7 5 7 614
[dp=[—t—dr, p=[—'—dr
0 o(1-o)

AHAJIOTUYHO:
dpy _ k<‘f" ] 55
it (1-w, 0 1—(1)2

W3 ycrioBust paBeHCTBA ZLC(bOpMaL[I/H/I MOJIBYYECTH p; = p, CIICAYET:

t
j d_ k —dt
o( - )"
3anuileM ypaBHEHHUE PABHOBECUS
Iy H[2
P= 2{] body + | bc2dy} = 2b [hlcl + (% - hl)cﬂ (2.8)
0 h

BBenem BenuuuHy X = biH’ Toraa

2y
H

C yueToM BbIpaXXeHUii [Uisl 6e3pa3MepHbIX HAMpPSDKeHU G, U G, ypaBHEHUE PaBHOBECHSI
(2.8) OyneT uMeThb BUI:

Y=[oo +(1-0)0,], o=

% =[06, + (1 - ) G,] 2.9
TIe ZO = E = P A
(o)) bHGO
Bripasum u3 (2.9) G5:
S
5, = 2o~ o] (2.10)

(1-a)

Takum o6pa3oM, 3aMKHYTast CUCTeMa YpaBHEHU I OyIeT UMeTh CIIeHyIOIINit BUI:

doy _ qi
- (1-w)"
d& =C ([20 B O(c_sl])m (211)

— 1
dt (1= a)(1 - )"
ra — n
[t Xy — 00

J' J’( [ 0 1] j dr

o 1-0)(1-o)
1€ MCTIOTb30BaHbl KOHCTAHTH C| = AGB"_", k= &, o= %, 2y = P .

B B H bHo,

HagansHBIe ycrmoBus misi KUHETUYECKMX COOTHOIIEHUIT B cucTteMme (2.11) mMeroT cienyro-

uuii Bua: o (0) = 0, @, (0) = 0.




O JJIMTEJIBHOM PA3PYIHIEHWK COCTABHOI'O 109

B ykazaHHOI1 cucTeMe M3 TpeX ypaBHEHUI TpeMsi HEM3BECTHBIMU SIBJISIIOTCS: TTOBPEXKICH-
HOCTb O = 0 (7 ) — B ICHTPAJIbHO! YaCTH CTEP3KHSsI, TOBPEKICHHOCTb M, = M, (7 ) — B IBYX
KpailHUX 4acTdaX COCTaBHOTO CTEPXKH, HANPsKEHUE G = G (t_) Hanpsxenue 6, = G, (t_)
ompenesieTcss B COOTBETCTBUM C cooTHolleHueM (2.10). YkazaHHBIe XapaKTepUCTUKU Ha-
MPSKEHHOTO COCTOSTHUSI M TTIOBPEXIEHHOCTHU SIBJISIIOTCSI 3aBUCUMBIMU OT BpEMEHH.

Heob6xonumo oTMETUTB, UTO MaTepUalbHbIE TapaMeTpsl A, By, By, m, n, BXOASILLKE B COOT-
HomeHud (2.1), (2.2), (2.3) u B cucteMy ypaBHeHuit (2.11), B o0O111eM cayyae MOXHO oTipee-
JIUTh Ha OCHOBE OOPabOTKU 3KCTIEPUMEHTAJbHBIX JAHHBIX T10 TOJ3YYECTH U IJIUTETbHOU
MPOYHOCTU CTAHAAPTHBIX 00Pa3L0B U3 MaTepUaIOB, N3 KOTOPBIX U3TOTOBJIEHBI paccMaTpu-
BaeMbl€ YaCTH COCTaBHOTO CTEPXKHSI.

KpurepreM paspylieHUsT Kaxkaoid YaCTU CTEPKHSI SIBJISIETCSI YCJIOBUE NOCTUKEHUS Tapa-
METPOM TTOBPEXACHHOCTU JIJISI COOTBETCTBYIOIIIEI YaCTU CTEPXKHS 3HAYEHUs, PABHOTO e~
Hute of = o(F = 4*) =1 u 05 = 0,(f = %) = 1. BeapasMepHbIM BpeMeHEM 10 paspyliiie-
HMS BCETO COCTABHOIO CTEPXKHs 7 * OyIeM CYMTATh BPEMS MUHHMMAJIbHOE M3 I1OJYYEHHBIX
6e3pa3MepHBIX BPEMEH 10 pa3pyLICHUs OTIEbHBIX YacTeil CTepxkHs: 7 * = min{f*, 5*}.

3. IIpumep yucJieHHOTO pacyeTa. AHAJM3 MOJYYEHHbIX pe3ybTaToB. B KauecTBe nmpumepa
YUCJIEHHOTO pacyeTa W JaJbHEHIero aHajau3a MpUuMeM MOJeIbHbIe 3HaUeHUSI KOHCTAHT B
cooTHoweHusix cuctemsl (2.11): C; =2, k£ = 0.5, oo = 0.5, £, = 0.5. 3HayeHUss m = n Npu-
MEM PaBHBIMU JIPYT IPYTY, NPOAHAIU3NPYEM KUHETUKY HAKOTUIEHUSI MOBPEXICHUN U pac-
npeneaeHns HalpsKeHU BO BpEMEHU TIPU pa3IMYHbBIX 3HAYEHUSIX M = A.

B nmepBom BapuaHTe pacueTa ipuMeM m = n = 3. Torna YMcJIeHHBIM CITOCOOOM TTOJIyYUM
CIeayIolIe paclpeieieHUuss UCKOMbBbIX XapaKTepucTUK. B aToMm ciiyyae 3aBUCUMOCTH
o =0, (7), ®, =0,(f), 6, =6,(7), 5, =G, (7) OT BpeMeHU 7 IPeICTaBICHBI B BUIE CO-
OTBETCTBYIOIINX KPUBEIX [ Ha puc. 2, 3, 4, 5. HeoO6xonMo OTMETUTh, YTO B JAHHOM CJIydae
rnapameTp MOBPEXIEHHOCTH (, TOCTUTAeT 3HAYEHMSI, PABHOTO €IMHULE, ObICTpee, YeM Ia-
pameTp . B cBs3U ¢ 3TUM, COIaCHO, IPUHATOMY KPUTEPUIO pa3pylleHue yacTu 1 u, cooT-
BETCTBEHHO, BCEI'0 COCTABHOTO CTEPKHS HACTYIMAeT B MOMEHT BpeMmeHu 4* = 0.926. B naH-
HBIII MOMEHT BpPEeMEHM YUCJIEHHBIA cyeT o = o (7) IpeKpaiaercst (IpU IOCTIKEHUM
o (#*) = 0.5), mOCKOJIbKY HE UMEET NaTbHEHIIIETO CMBICIA.

Amnanornynsliii pacuet (mpu C; = 2, k = 0.5, o0 = 0.5, X, = 0.5) ObUI TPOU3BENEH IS 3HA-
YyeHUl KOHCTaHT m = n = 4, 5, 6, 7. Ha yka3zaHHbIx puc. 2, 3, 4, 5 COOTBETCTBYIOIIME KPH-
BEIe IMEIOT HOoMepa 3, 4, 5, 6.

3nech HeOOXOIMMO OTMETHUTH Clieyrolne 0ocooeHHOCTU. C TedeHeM BPEMEHU C pOCTOM
HamnpsDKeHUs G; = G, (7) B LEHTPAIBHOM YacTM COCTaBHOIO CTEPXKHS HAarpsDKeHUe
G, = 0, (7) B OBYX KpaliHUX 4acTsX yMeHbluaercs. IIpu 3ToM cymMa G| U G, B JII060i1 MO-
MEHT BpEMEHU OIMHAKOBA 1 PaBHA eIUHUILIC.

IlokazaHHbIe 3eCh pe3yabTaThl ObUIM TOJYYE€HbI MPU OTHOIIEHUU KOHCTAHT B COOTHO-
weHusix nonsyvectu (2.1) k = B,/B, = 0.5.

IIpumeuanus. Ha puc. 2, 3, 4, 5 BBeZIeHHI ClIeayIOlIMe 0003HAYCHUSI:

1 — pacueTHble KpUBbIEC IPU m = n = 3; 2 — pacyeTHble KpuBble ipu m = n = 3.170; 3 —
pacyeTHbIe KpUBBIE IpU m = n = 4; 4 — pacueTHbIe KPUBBIE TIpPU m = n = 5; 5 — pacueTHbIe
KpUBBIE IPU m = n = 6; 6 — pacUyeTHbIC KPUBBIE IPU m = 1 = 7.

[MpencrapisieT MHTEpEC MPOAHATU3UPOBATh MPOLIECChl HAKOTUICHUSI TOBPEXIEHUI U pac-
npeaeaeHus HanpsKeHUi BO BpeMEHU TIpU 3HaYeHusix k = 1 u k = 2.

Ecnu coctaBHOM cTepXeHb clejlaH M3 OJUHAKOBBIX MaTepPUAJIOB C PAaBHBIMU JIPYT JAPYTY
MaTepUaJIbHBIMU NIApAMETPAMU, B TOM uucie B, = B, B cooTHoLIeHusIX (2.1), To k=B, /B, = 1.
B sTroMm ciyyae paccmaTpuBaeMblil COCTaBHOI CTEpXKEeHb TMOJ JEMCTBUEM PaCTITHUBAIOIIEH
Harpy3Ku Ipu 1oasydyectu aechopMupyeTcs: Kak earHoe 1enoe. [1pu aTom Best muioiaap mo-



110 ®dOMMUH, FACAJIOB

1.0
09r
0.8
0.7r

0.6r

Puc. 2. 3aBucumoctu TIOBPEXICHHOCTHU 0)1 B HCHTpaJTBHOﬁ YHaCTU COCTaBHOIO CTEPXKHA OT 6e3pa3MepH0ro BpEMCHU

1 TIpU pa3TUYHBIX TapaMeTpax M = A.

MePEYHOTO CeYEHUsI CTEPXKHS BOCITIPUHUMAET BHEIITHIO HArpy3Ky “6e3 YyBCTBUTEIbHOCTH”
K COCTaBHOMY XapaKTepy 3Toit KOHCTPYKIIMHU. 31eCh, KaK U paHee, JOTTOJTHUTEIbHO ITPUHSTO
YCIIOBHE KECTKOTO, 6€3 MPOCKAJIb3bIBAaHUS COSAMHEHUSI MEXIY COOOI BCex YacTell cocTaB-
HOTO CTEPXHSI.

Jnsa onpenesieHUs] BpeMEHHM 10 pa3pyllIeHUsT TAKO KOHCTPYKIIMK TIpU K = 1 JOCTaTOYHO
IIPOUHTErPUPOBATH MIEPBOE ypaBHEHUE cucTeMbl (2.11) npu 3HaueHuu G, = X,. B paccmar-

puBaeMoM ciydae 6; = Xy = 0.5

do " a .
= = C] L, J. (] - (,01 )m d(i)l = .[Cl6lmdt_
dr (1-a)" o 0

B pesynbTaTe 3aBUCUMOCTD O (7 ) MMEET CJIeYIOIIMii BUIL:

o =1-[(m+ )] o7

m +
C yuetoM yciosust o, (7*) = 1 onpenensiem 7 * (mpum =3, C; = 2):
*=1.

Takum o6pasom, npu NpuHATEIX MapaMeTpax C; =2, k=1, 00=0.5%, =0.5n=m =3
BpeMs 10 pa3pyLIEHUsI COCTAaBHOIO CTEPXKHA, KOTOPBIHA ¢ yueToM k = B, /B, =1 Benet cebs
IOl HArpy3KOi KaK MOHOJIMTHAsI KOHCTPYKIIUSI, PABHO eMHULE 7 * = 1.

Ha ocHoBe npoBeneHHOro aHaiM3a MOXHO OIpEeNesiTh MaTepualibl YacTeil COCTaBHOTO
CTepXHsI, B KOTOPBIX TpeOyeMble MaTepuaibHble ITapaMeTphbl MOJIEJNE MOJI3y4eCTU U JUIU-
TEJILHOTO pa3pylleHUs] MPUBOIIT K YBEJIWYEHUIO BPEMEHHU IO Pa3pylLIeHUs] COCTABHOTO
CTEepP>KHSI IO CPABHEHUIO C MOHOJIMTHBIM. Takoro poja uccljiemoBaHUsI MOTYT CIIOCOOCTBO-
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Puc. 3. 3aBUCUMOCTH TIOBPEXIEHHOCTH () B KPailHUMX YACTSIX COCTABHOTO CTEPXHS OT 6€3pa3MepPHOTO BPEMEHH 7

MPH Pa3INYHBIX TApAMETpax M = A.

1.0

0.9
0.8
0.7
0.6

6 0.5

0.4

0.31

0.1

Puc. 4. 3aBUCHMOCTH HaNpspKeHUs1 O] B LEHTPAIBHOI YaCTH COCTABHOTO CTEPXKHsI OT Ge3pa3MepHOro BPEMeHU £

TIpY pa3/IMYHBIX ITapaMEeTpax m = n.

BaThb OMpPeNeIEHNI0 HEOOXOMUMBbIX MaTEPUAIOB COCTABHBIX KOHCTPYKIIMI, MTPUMEHEHUE KO-
TOPBIX MMPUBEACT K YBEJIUUCHUIO UX IJTUTEJIBHON pabOTOCITIOCOOHOCTH.

Tak, 11l paCUETHBIX JAHHBIX, MICTIOIB3YEMBIX NP MOCTPOEHMN COOTBETCTBYIOIIMX KPH-
BBIX 3aBUCUMOCTell @y = o (7 ), W, = 0, (7 ), 6; = 6;(7), G, = G, (7) OT BpeMeHU 7 Ha pu-
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Puc. 5. 3aBUCHMOCTHM HanpsUKEHUsI Gy B KPAiiHUX YaCTSIX COCTABHOTO CTEPXKHS OT 6e3pa3sMEPHOTO BPEMEHH f TIpK

Pa3INYHbIX MIapaMeTpax m = n.

CyHKax 2, 3, 4, 5, 6110 ornpesesieHo 3HaueHue m = n = 3.170, KOTOpoe COOTBETCTBYET BpEMEHU
10 paspyiteHus 7 * = 1. CooTBETCTBYIOLIME KPUMBbIE 0603HAYEHBI HOMEPOM 2 Ha puc. 2, 3,4 1 5.

3HavYeHMs TTapaMeTpoB m = n > 3.170 TIpuBeneT K YBeJIMUCHUIO BpeMEHU [0 pa3pylie-
HUSI COCTaBHBIX CTEP>KHEH 1O CPaBHEHUIO C MOHOJIMTHBIMM.

PacueT 1 aHaJIN3 MPOIIECCOB HAKOIUIEHUsI TOBPEXXACHUN U pacnpeneseHus HanpsiKeHuit
BO BPEMEHHU IIpU 3HAYECHUU Kk = B, / B, = 2 nokasajl UHTepecHbIi1 pesynbratr. Kpusble Ha-
KOTUIEHMSI TIOBPEXKIEHHOCTU U pacipenesieHus HapsiKeHU i pu kK = 2 MeHSIIOTCSl MecTaMu
MO CPaBHEHUIO C COOTBETCTBYIOIIMMM KpuBbiMU Tipu k = 0.5. Kpuas 3aBucuMoctu
o = o, (7) oT BpeMeHH I1pu k = 0.5 CTAHOBUTCSI KPUBOW , = , (7 ) Ipu kK = 2, B CBOIO O4e-
penb KpuBast , = , (7 ) npu & = 0.5 cTAaHOBUTCSI 3aBUCUMOCTBIO @ = ) (7) mmpu k = 2.
AHaJIOTMYHasl CUTYyallusi HAGTIONACTCS M JUISl paclipelesieHusl HanpspkeHuit 6 = (1) u
G, = G, (7). B pesynbrate npu k = 2 MOBpeXAEHHOCTb @ = @ (7 ) AOCTUTaeT NPEAETbHOTO
3HayeHus o = | GbIcTpee, 4yeM M, = m, (7). B ciayyae npu k = 0.5 HaG0naeTCA NPOTUBO-
TOJIOXKHAsI CUTYaITHs.

3akmovyenue. [TpoBeaeHo uccaenoBaHue HaNPsKeHHO-1e(OPMUPOBAHHOTO COCTOSTHUS 1
MPOIIECCOB pa3pyllIeHUs] CTEPXHs (TUMOBON 2JEMEHT KOHCTPYKIIMM), HaxXOHASIIErocs B
YCJIOBUY MOJ3YYECTU MPpU pacTsixkeHUu. M3ydeHre 1 MoleaupoBaHUe TaKUX MPOLIECCOB SIB-
JISIETCST TPeIBapUTEIbHBIM OMIOPHBIM MCCIIeI0OBaHUEM TIePCIIEKTUBHOM 3a1a4 O 3allIUTHOM
addeKTe BHEITHUX YacTell COCTaBHOTO CTEPXKHS MPU €ro KOHTaKTe ¢ paboyeil akKTUBHOM
Cpenoit B yCIIOBUSIX JUTMTEIBHOTO NEUCTBUSI HArpy30K M TTOBBIIIIEHHBIX TEMIIEPaTyp.

Ha ocHoBe KnHeTH4YeCcKoii TeOprU IOJA3y4ecTU U IauTeabHoi npouHoctu FO.H. Pabor-
HOBAa TMOJY4YeHbI 3aBUCUMOCTH HAKOTIJIEHUsI MOBPEXIEHHOCTU OT BpEMEHU B LICHTPATLHOMN 1
NIBYX KpalfHUX 4aCTSIX COCTABHOTO CTEPXKHSI.

IMon meiicTBHEM pacTITHBaOIIE HATPY3KW MPU TMTPUHSATOM YCJIIOBUHU XECTKOTO, 6e3 Mpo-
CKaJIb3bIBaHUs COENMHEHUSI YacTe COCTABHOTO CTEPXKHS B MECTax COCOTWHEHMsST JacTeid
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MPOUCXOIUT HapyllIeHVe HeMPEePHIBHOCTHU (pa3pbliB) MEXaHUYECKUX HATIPSKEHUI MTPU Iepe-
XOJI¢ OT OHOI YaCTH COCTAaBHOTO CTEPXKHSI K JIPYTOid.

B 3aBMCMMOCTM OT KOHCTAHT B OMPEESIONINX COOTHOIIEHUSX TTOJI3yYeCT Y KUHETUIe-
CKUX ypaBHEHUSIX HAKOTIJIEHUsI OBPEXIEHHOCTU HATIPSIKEHUSI B YACTSIX CTEPXKHSI C TeUeHU-
eM BpeMeHU MeHstoTcs. [1pu a3ToM cymma 6e3pa3MepHBIX HAIpSIKEHU B LIEHTPaJIbHON U
NIBYX KpalfHUX 4acTsIX B JJIOOO MOMEHT BpEMEHU OJMHAKOBA U paBHA €IMHUILIE.

B MoMeHT BpeMeHH, TIpEAIIeCTBYIONINI pa3pyllIeHNI0, HAabIoIaeTcsl pe3Koe U3MEHeHUe
HaMpsDKeHWH B 4acTsX cTepkHs. JJaHHBIN 3 deKT 0ObsICHsSIeTCS] pe3KUM HapacTaHUEM IT0-
BPEXIEHHOCTH B YaCTSIX CTEPKHSI U, KaK CJIECTBUE, PE3KUM YMEHbIIIEHUEM TuIomanu 3¢-
(hbeKTUBHOTO CeueHUs 3a CUET YBEJIUICHUST MUKPOIIOP ¥ MUKPOTPEIINH B TIPOIIecce O3y~
YEeCTH.

B pesynbrare mpoBeIeHHOIO UCCAEA0BaHUS MPOAHAIM3UPOBAHO BIUSIHUE KOHCTAHT B
MOJIENISIX TIOJI3YYECTU W JUTMTETBHOTO pa3pyllieHHUsT Ha BpeMsl JO Pa3pylIeHUs COCTaBHOTO
cTepxkHs. Pa3zpaboTaHbl OCHOBHI MTOAX0A TSI OTIpEeICHHUS ITapaMeTPOB YKa3aHHBIX MOJIe-
JIel, MPUBOIAIIMX K YBETMYEHUIO BPEMEHH O Pa3pylIeHUs] COCTABHOTO CTEPKHSI IO CpaB-
HEHUIO C MOHOJUTHBIM. Takoro poja ucciaenoBaHUsI MOTYT CITOCOOCTBOBATh OINMpeNeIeHUIO
HEOOXOAMMBIX MaTepHajioB COCTaBHBIX KOHCTPYKLMIA, TPUMEHEHNE KOTOPBIX MPUBEIET K
YBEJIMYEHUIO UX IUIMTEIbHOI pab0TOCTIOCOOHOCTH.

JlaHHast HaydHasi paboTa UMeeT Kak (hyHIaMeHTalbHbII XapaKTep UCCIeI0BaHMs ONpee-
JISTIOIIMX Y KWHETUYECKUX COOTHOIIEHU B MeXaHUKe nehOpMUPYyEeMOTo TBEPIOro Tejla, Tak
U TipuKiIagHoe 3HauyeHue. [IpoBeaeHHOE ncciiemoBaHe MOXKET ObITh IPUMEHEHO B 9HEpre-
TUYECKOM MAaIIMHOCTPOEHUHU, aBUAIIMOHHO-KOCMMYECKOM OTPacCiiv, CYTOCTPOSHUN U Hed-
TEXUMHUYECKOM MAIIMHOCTPOCHUH.

Pabora BbITIOJIHEHA TIpM YacTUYHOI noaaepxke Poccuiickoro hoHaa pyHmaMmeHTaaIbHbBIX
ucciaenoBaHuii, mpoekt Ne 20-08-00387.
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