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Pasputie cOBpeMeHHOH MeXxaHHKH MaTepHaJoB XapaKTePH3VETCH CTpeM-
JeHueM K 06oJjiee NMOJHOMY Y4YeTy CBOHCTB peajibHblX MaTepHaAoB, paclinpe-
HHIO H YCOBepILEeHCTBOBAHHIO HX pacuetTHhix Mojedeil. Knaccuueckue deno-
MEHOJIOTHYEeCKHe MOJeJH YNPYFOH M NJIACTHUECKOH Cpej, HecMOTpPS Ha IUHU-
pOKOe NpHMEHeHHe B HHMKEHEePHBbIX NPHJIOKEHHAX, HepeldKo He BMeEIHAIOT
CYUIeCTBEHHBIX fIBAEHHH, HabJwofaeMblXx B npoueccax AedOpMHUPOBAHHS pe-
aJbHBIX MeTaJJHuecKux MmatepuanoB. Haubosabuive HeyBA3KM TakOro poia
00HapyXHBAIOTCH B MOBEeNEeHWH MeTallJIoB 3a mnpejeiamyu ynpyroctd. Ha-
KalJuBaeMble 3KCIePHMEHTaJNbHble JaHHble MO H3YUEHHIO NMOBEAEHUA peatlb-
HBIX MeTaJsJOB SABJSIOTCA OCHOBOH JJISI YCOBEPUICHCTBOBAHUA KaK (Hu3Hue-
CKHX TEOpHH, TaK H MEeXaHHKO-MaTeMaTHYeCKHX MOJeJiel yNnpyromnaactHue-
CKHX cpe/.

B nannoii paboTe paccMaTpHUBAIOTCA HEKOTOPhle BO3MOXKHOCTH CcOAHXKe-
HUS TEOPETHYECKOro ONHCAaHMUs ¢ AeHCTBHTEIbHBIM MOBEJeHHEM MeTaJJoB MpH
ydyeTe B3aMMOCBSI3AHHBIX $SIBJAEHHH MJACTHUECKOTO YNPOUHSIOIETOCsl MaTe-
pHaJsa: aHU30TPONHOCTH YyNpouHeHHsi, 3ddexra Dayuudrepa, uH3MeHeHHs
(OpPMBl TOBEPXHOCTH TEKY1€CTH.

Hcenenosanusamu bBayimunrepa eie B 90-X rofrax npoumioro CTo1eTHS Ha
MaJIOYTVIGPOLAHCTLIX CTaJAX OblJI0O OTMEYEHO CYLLeCTBEHHOE CHHIKeHHe Mpe-
jesla TeKy4ecTH NPH CXKATHH, TOC/Ae NMpefBapUTebHOrO pactskeHus. [losn-
Hee 3TO siBJEHMe, NMoJyuyuBuIee HasBaHHe s dexta bBayuwmbrepa, usyuanoch
H Ha APYTHX MeTaaJax H OblJIO NPH3HAHO XapaKTepHbIM CBOHCTBOM ILJIAcTH-
YeCKOH JedopMalHH yNPOUHAIOMIUXCS TeJl.

BecbMa BepOATHOI NPHYHHOII TIOLOBHOTO SIBJCHUS MOXKHO TNpeAmnosa-
raTh BO3UHKHOBEHHE OCTATOUNBIX HATPSKEHHH B MeTaJjse Iocje IpeABapH-
TeJLHOTO PacTAMKeHHS, KOTOpble, HaKJalbBasAch Ha pabouHe HANpsKeHHS,
NPUBOAAT K CHHXKEHHIO mpelesa TEKYueCcTH B npouecce HOCTAEAYIOUIEro cxkKa-
THst. OLHAKO MOJeJb YNpyromniacTH4eCKOrO YINPOYHSIOUIETOCS TeJa He Mpei-
noJaraetT NpU pasrpy3ke OAHOPOAHON cpelbl KAKHX-JTHOO OCTAaTOUYHBIX Ha-
npsaxennil. BoamoxHocTn TeopeTuueckoro npeponpenenerus s¢pdexkra bay-
[IMHTepa B paMKax MeXaHHYecKHUX MoJaesed MOryT ObITb MOJYydYeHbl Ha Iry-
TAX ydeTa BO3MOXKHOH HeOJHOPOLHOCTH IL1aCTHUECKH Ae(pOPMHPOBAHHOIO
TeJa.

Bonee coorBercrBylomeil gu3nueckoii kapTuHe AedopMaUuHH MOJTHKPHUC-
TaJJHYECKOTO MeTaJjJa SBJAETCA He YCHOBHE HHTErpajbHOrO OAHOPOXHOTO
COCTOSIHMS BCEX KPHCTaAa0B, OOBIYHO NPHHHMAeMOe TeopHeH, a pasiaHyHOe
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COCTOsSIHHE OTAeNbHBIX 3epeH, 4acTb KOTOPBIX MOXKeT elle OCTaBaTbCsl LaxKe
B YIPYyroM COCTOSTHHH, B TO BpeMsi KOrla Jpyrue IOJYyYHIH HeoOpaTHMble
pasyinuHble HcKar<KeHHs. [1oLOGHBII MOAXOA BHOCHT CYLUECTBEHHble TPVAHO-
CTH B MaTeMaTH4YeCKOe MNPEeACTAaBJEHHE JIOKAJAbHbIX YCJAOBHH - COBMECTHOCTH
negopmanuunii, OLHAKO MOXHO IOJaraTb, YTO YCJIOBHSI COBMECTHOCTH oGec-
[IeYUBAIOTCS NIPH 3TOM TPYINOBBLIM MOBeIeHHEM B HEKOTOPbIX 06beMax, BKJIIO-
YaIOHIHX ONpeJeJeHHOe KOJMHUeCTBO CYy63a7eMeHTOB, B BHAE YNPYro Wi nJjac-
THYECKH NpoJleOPMUPOBABIINXCA 3epeH KpucTaaaon. [lonslTki K nogo6HoMy
TO/XOMlY, BO BCAKOM CJayuae, y:Ke NpednpHHHManuch B psane pador f1] u mp.
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ByneM paccMaTpuBaTh MeTala 3a mpejefaMH YIPYrOCTH KaK KOMIO3HT,
COCTOSILINE M3 YNPYFHX M NMJACTHYECKHX cyOsajieMeHTOB. [IpuMeM noBeneHHe
1€PBBIX COOTBETCTBYIOIUMM MOJENH HAEeaJbHO YAPYIoro Tena, a BTOpHX—HJAe-
aJbHO IJIACTHYECKOTO Tesla € Pa3jHYHBIMH IpefesaMH TeKydeCcTH IJfl OT-
JeJbHbIX 3/ieMeHTOB. BBeleM NoHsiTHe KOHLEHTPAaUWH £ KaK OTHOLIEHHS 00b-
2Ma 3epeH, OXBaueHHbIX TMJIacTHUeCKOH AedopMalmedr, Kk obuemMy o6bemy
meranana. [ag ofHOPOAHON (paBHOMepHOH) cMecH BeldHuMHa & Gvaer onpe-
JeJATb M J0J10 INJIaCTHUECKHX 3JE€MEHTOB B CeueHMH crepxkHA. /s pacuer-
HOH cxeMbl (pHC. |) MOJKHO NPHHATH B MEPBOM NPHOAHXKEHUH (4TO HENMpHH-
HHIIHAJbHO JJISl BLIBOLA) JHHeHHCe pacrnpejlejleHHe Npe/lesioB TEKYYecTH B
Pa3JUYHBIX'3ePHAX OT 3HAUEHHS Cp, COOTBETCTBYIOIIETO Npejeny TeKyuecTH
HanGosee cnaboro 3epHa, A0 3HaueHHs 20 rs COOTBETCTBYIOLIETO AOCTH-
XKEHHIO CPeJIHNM HamnpsiKeHHeM B MeTaJ/e ¢ ilpefiefa NMPOYHOCTH o, (NpH
E=1 Bce 3epHa OYyIyT 3axBaueHbl MuacTHueckod AepopMauueit dofde=0).

CpenHee HampsiKeHHe B MeTaJsJie U3 YCIOBHS DaBHOBECHS ONPEAETSeTCs
BbIpaREeHHEM

c=§0x+ (1—§) oy, ' (1)
rie o, — CpellHee HanpskKeHHe B IJIACTHUECKOH YacTH cevyeHHs,

0y — B YNIPYyroH.

Tak xak ynpyrue smeMeHTbl AOCTHralOT GOJbIIKX YHPYTHX aedopma-
UMH, 4eM OTKIIouUarLiHecs OT YNPYroro CONPOTHBJEHHS TEKYLIHE IlacTHye-
CKHe 3epHa, TO TIPM Pasrpy3Ke 3Ta pPa3HHla B YNPYrux AedopMalusX NpH-
BelleT K BO3HMKHOBEHHIO OCTATOUHBIX HanpsiKeHHH CKATHA O B MJIaCTH-
UECKHX 3€pHAX ¥ pacTHaKeHUs ag B ynpyroi yacti. HauGoabuiee 3nauenue

CAKHMAIOLEro OCTaTOUHOrO HampsiKeHHA 0—a, GYAeT HMEeTb MeCcTO B 3epHax
C HAMMEHbIUHM TpeeJOM TeKyueCTH, HaHuMeHblllee, OYEBHAHO, PaBHO HYJII.
[Tpu paBHOU BepOATHOCTH Pa3JIMUHBIX 3HAYEHHH TIPE/leJ0B TEKYUECTH B I4c-
THUYECKOH 30He MaTeMaTHYeCKOe OXKHIaHHe ONPeReNHT cpellHee OCTATOUYHOE
NanpsiKeHne 3HayeHHeM
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IMpu HarpyKeHuu TOC/AENYIOUINM CHKHMAIOLWHM HaNpsi:KeHHueM Oy,
MOXKHO OJKHJAaTb NaJbHeHlllee pa3BHTHe IJIaCTHYECKOH AedopMalluu Mocie
TOTO, KaK CKHUMaloIle HaNpsizKeHHsT BMeCTe ¢ OCTATOUHBIMH B MJaCTHUECKOH
UaCTH AOCTHTHYT BEeJAHUMUHBl HAIIPSKEHHS, IPH KOTOPOM NpeKpalueH npouece
NJ1aCTHYECKOH JedOopMaluuu NpeABapPUTENbHBIM PaCTAKCHHEM,
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OTKyJAa

3aMellsia HEPABEHCTBO PABEHCTBOM, MOXKHO OMNpele]uTb BedHuHHy 3ddexTa
BayumHHrepa BblpaxeHHeM
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[ToBTOpHOE HarpyKeHue MOCHe pasrpy3kKH Ha OCHOBE PaccMOTPeHHOM
CXeMbl flaer

sIL“A(:a_’_sT =L 31. (3)

0p>0;

1. e. AadbHefiliee Pa3BHTHe IIACTHUecKOH AedopMalHH HAET NOcae NpeBbl-
HIeHH PACTATHBAIOUIHM HAMNpsDKeHHeM BeJHUHHBL MpeABapHTeNbHOro Ha-
npsiAKeHus.

Hau6osee 1n3BecTHOoe TeopeTHUeCcKoe pelleHHe, MOJAYy4eHHOe NpH CXOi-
HbIX MPEANMOCHIIKAX, COOTBETCTBYIOLlee npuHuuny Masunra [3], [6], ompe-
Aeasiet a¢pdext baywnarepa BoipakeHHSIMH '

B SR SR R & JY (4)

B skcnepumenrtax mo nposepke dopmyas Masunra [3] ormeuamoch ©6/u3-
KOe COOTBETCTBHE ¢ JAeHCTBHTENbHOCTbIO JHUIIb B 06JaCTH OUeHb MaJbIX IJia-
CTHYECKHX JedopMauuil.

B nanHoli paboTe NpuBOAMM pe3yabTaThl MOCTAB/JICHHLIX HAMH OTIBITOR
110 OonpeAeseHUI0 BeJHuHHbl 3¢ dekra bayuunrepa ans 3-x meTanaos: MaJgo-
yraepoaucTasl cTaldb, JaTyHb, AtopanioMHHui. OnbTH NPOBOAHJHCL Ha Tpec-
ce I'arapuna. [IpexBapuTe/bHO AJS BCEX MaTepuHasnoB ObUVIM IOJVYEHBl AHa-
rpaMMbl pactsizkeHusi. M3 pacTAHyTBIX L0 pas3/iHyHbLIX CTeleHeH jedopMauHu
o6pasuos BeIpe3ajuch 1o 2—3 ayGaupyeMbix ofpasua ans cxartus. [lpe-
JeJbl TeKyueCTH ONpefefsyHCh MO TOYKAM IepeceueHHs JHHHH YNPyrou u
rmracTHuecKo pedopmanuu, 1mo MeToAaHke, npeanoxenHoin JI. M. Kauano-
BHIM B pafote [4].

PesyabTaThl NpoBeLeHHBIX HCCJAELOBAHUUH NpelcTaBAeHbl Ha pHC. 2, rhe
TOUKAaMH IOKasaHbl 3KCHepuMenTaJsblible 3HaueHus: s¢pdexra baymmurepa,
\ApaKTepH3yeMOro OTHOIIelHeM 0., /0. 31ech XKe MpuBelLeHbl pacuyeTHble
KpHBBlE, MOCTPOeHHBIe HA OCHOBE AMATPAMM DACTAXKeHHS UCTBITAHHBIX Me-
TaJJIOB MO npeanaraeMoit pacuetHoll dopmydse (3} u dopmyae Masnnra (4).
OnbiTbl NOKa3bIBAIOT YIOBIETBOPUTEAbHOE NPUGJIHKEHHEe pacueTHBIX 3Haue-
HHH Ha OCHOBe HpeILJIO}KGHH()ﬁ 34BHCHMOCTH IJIsI TEOPETHUECKOIro NpeACKa-
3aHHs BeanuyuHbl 3¢ dekra baywuurepa. B to Xe Bpema ¢opvyna Masunra,
NpUGAMKAOWASCH K 3KCIEPHMCHTAJbIILIM 3HAUCHHAM H4a HaualJbHbIX CTa-
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OHSX MJI2CTHUECKOH AedpopMalnH, ¢ pOCTOM MOCAeAHEH MPHBOLHT K CYLULeCT-
BEHHBIM OTKJOHEHHAM. A NpPH CTeneHsix Ae(OpMaLHH B HECKOAbKO MPOUCH-
TOB npuHUMN MasuHra NpPHBOAHT K YTBEPIKAEHHIO, 4TO MNJacTHYeCKas je-
dopmMauus HAuHETCsH elle NIPH pasrpyske, H AJs NOCAEAYIOLIEro CxKaTHS
yOpyroe CONpPOTHBJIEHHe lle HMeeT MecTa. DTO NOJOKeHHe BCTVIIAeT B ABHOE
MPOTHBOPEUHE C 3KCHEPHMEHTOM, KaK TIpAaBHJIO, TIOKA3bIBAOWAM YIpyroe
noBeflenve CKHMaeMOro o6pasia Tnocae NMpeABaPHTENbHOTO PACTAKEHHS H
pasrpysku.
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Ecan annpokcHMMHPOBaTb AHarpaMMy pacTsmeHHs CTeneHHOH QyHKLH-
el BHIa

s=Aem™,

TO 3aBHCHMOCTb 3¢ ¢dexkra baywunrepa ot crernenn AedopMaLun ONpeaeJHTCs
BbIpakKeHHeM
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MOKAa3bIBAIOMMM aCUMATOTHUECKOe TNPUOJUMKEHHe K BeJHUHHEe 5 1—]—3—T)
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Tenpenuna K crabuansauxu sddexra Daymmnurepa oTMeuansach B 3KCNepH-
MEHTaX MHOTHX HCCJefoBaTeseH. .

A¢ ekt DayunHrepa wacto paccMaTpPHBaeTCs B TEOPHH MJIaCTHYECKOH
nedpopManuu Kak HauGogee spKoe BbipaKeHHe aHH30TPOIHOCTH MpoLecca
ynpouHenusi. 10 siBJeHHe GbJIO OTNPABHBIM /I THNOTE3bl O TPAHC/AALHOH-
HOM YMNPOUHEHUH — CMelllelUH TIOBEPXHOCTH TeKydyecTH 0e3 BpauUleHHH B Ha-
npaBjaendu HarpyxkeHus. [losTomMy nodyueHsabll pe3ylbTaT MOXKET HaHTH
NpUMeHeHHe B TE€OPHAX IIaCTHYHOCTH C TPAHCASLHOHHBIM YIpPOUYHEHHEM.

B Hawux uccaefoBalusx [5] Ha OCHOBe H3ydueHUs 3aKOHOMepHOCTeH
MJaCTHYECKOR AeOpMallui NpPH CIOXKHBIX HATPYKeHHAX, OGYCHOBJIEHHDBIX
HU3MCHCHHEM BHAZ HAfpsxKeHHOro COCTOAHHSA, OblJ0 TNOJYyUEeHO YpaBHEHHC
[IOBEPXHOCTH TEKYYeCTH MOCJAe NPOCTOrO0 HATPY:KeHHs (XOPOWOo CORIacylo-
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uieecst ¢ OMNbITOM), KOTOPOE B MOMAPHBIX KOOPAHHATAX BEKTOPHOTO MPOCT-
patcrBa A. A. Mnbrownna [2] npunuMmaer Bua
ASs
p=5——""¢, (6)

~

72
rie ASg= o (60— 135} npeanosarajJoch Kak 3KCNepHMeHTaJdbHOe 3Ha-
3

yenne 3¢¢exra baywnnrepa. [lonyuennoe B Hacrosiie#i pa6ore pacueTHoe
3HaueHHe BeJHYHHb 3(dpexra DayuinHrepa nospossier AaTh Ha 3TOH OCHOBe
H TEOPETHUYECKO® YPABHEeHHE NOBEPXHOCTH HATPYIKeHUS
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