H3BECTHA

T()MCKOI‘"O OPAEHA TPYIJOBOIO KPACHOTO SHAMEHU TTIOJTMTEXHHUYECKOI'O
HHCTHUTYTA nvenun C. M. KMPOBA

Tom 114 ' 1964

O COOTHOWEHHH JONYCKOB HA OCTATOYHYHO
AE®OPMALHIO AJIs ONPEAEJAEHHUA NPEAEJOB TEKYYECTH
NPU PACTS)KEHHWHU U CABHUTE (KPYYEHHH)

. A, OOWMMHCKHFK

(Ilpeacrasaeno nayyHplM CEMHHApPOM Kageapbl CONPOTHBICHHS MATEPHAaIOB)

Oxanofl 13 nanbosece ynoTpeGHTeNbHBIX XapaKTePHCTIIK MaTepHa a, He-
110Jb3YEeMBIX /i TPOYHOCTHBIX DPACYETOB, ABJACTCH Npeac] TEKYYyecTH, T. €.
HanpsaxKenue, 1p4 KOTOPOM CHCTeMa Pa3BHBAIOULHXCS HEOOPATUMBIX CABHIOB
3axBaThlBaeT 3HAUYUTENDHBIT 06beM 1edopMUPYEMOTO MOJAHKPHCTANTHUCCKOTO
Teja. BHCLIHHM nokasaTeseM 3TOTO COCTOAHHA MaTepHaga MOMKeT SBHTBCS
3HaYUTEJABHOE BO2pacranne ,ZLE(})OPMHHHH IIpH MaJOM BO3pacTaluy UK AdxKe
ICCTOSTHIIOM 3HaueHHH Harpyaxku. [Ipu rpaduueckom nzoGparkeHHH TpoLiecca
deopmipoBaling nocaeHee XapakTepU3veTcs MOABJASHHCM Tak Ha3blBa-
eMOIl mAOLIaAKII TeKydecTH. Hanpsizkedue, COOTBETCTBYIOULEE ITOMY COCTOA-
HIIIO, IeT/1a HMCHYIOT «(PH3HYECKHM NPEeAeJOM TeKydecTHs.

Oxanako noao6rHoe siejdeHle HaOJOIACTCS YV OFPAHNUEHHON  TPYIIH

T MAaTepPHa0B, K UHC/EY KOTOPBIX NPHHALNEAHT OTOXIMKEHHAS MaJOYyTaepoid-

ctas cradb. [ GoAbLIMHCTBA MaTepHaJ0B XapaKTCPHLIM SIBJASIETCH TaKoe
pasBHTHe TIJIACTHYeCKOH AcdopMallliu, IPH KOTOPOM IOBejeHHe MaTcpHada
rpadguyecKn NpeacTaBJASACTCST MOHOTOHHON KpHROK 3-—¢ . Beauuuna mnpe-
Jlesia TEeKy4eCcTH MoJAo0HOro NoJHKPHCTaAAHUeCKOro Teja NoJdHOCTLIO JUlleHa
(QH3UUECKOH onpeeCHIIOCTH.

[IpakTuyeckass moTpefuoCTb 3HAHHS MNPOYHOCTHON  XapaKTepHCTHKH,
IpH MOMOIIY KOTOPOH Obl10 OB BO3MOXKIIO pasTpaHHYHBATL COCTOSHHUSA
c npeobaanawmuieil ynpyroi Aedopmanueil naj naacTHYeCKO H HaoOOPOT,
IIPUBOAUT K HEOOXOAMMOCTH HCMOJAb30BAHHS YCJIOBHBIX Ipeles OB TEKYUeCTH,
YCTaHAB/JAHBAEMBIX II0 HCKOTOPOMY JIONYCKY HA BEJAMYHHY OCTATOYHOH Je-
dopmaunu. Hanbosee ynoTpeOGHTesbHBIM B HACTOsLEe BpPeMs sABJSETCS
NpHHATHEe 3a YCJIOBHI)Iﬁ npenej TEKY4YeCTH B HCHOBITAHHAX HA pacTaXKeEHHe
TAKOTO HalpAKCHHUA, NPH KOTOPOM OCTaTouHoe yVaauiesue cocrarasetr 0,2%.

v A0 =10,002 =0,2 %.

,HJ'IH JIOCKOIro H 06’beMHOI‘O HaNpAXKEHHOIO COCTOAHHA H, B HACTHOCTH,
A TAKOro THNA J1edopMaliy, Kak CABUT (KpydeHHe), COOTBETCTBEHHOE CO-
CTOsINHe MaTepHaJsga YCTaHABJHBAETCH HAa OCHOBE TEOPHH 3KBUBAJCHTHOCTH
JedopMalHit NpU pasJAHYHBIX BHIAX HArPYXKeHHS.

Hcxons n3 npeictasaennii 06 SKBHBafi€HTHOCTH HANPSKEHHBIX COCTOSI-
HUH TIPH papubIX BeaHYHHAX MaKCHMAJbHBIX KACATEJbHBIX HANPSIKCHHI
Jlioasiikom B 1909 r. G110 Aano pewienke, YIBEPK IAI0UCE, UTO A5 L0NYCKa
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npH pactsxednn 0,2% paBHO3(h(PEKTHBHEIM AONVCKOM NPH KPYUEHHH OyaeT
0,49 OTHOCHTEJBHOTO CIABHTA, T. €.

Mocer = 2+ A0, (1)

‘OHaKo WIHPOKOe MPUMEHEHHe 3TOTO JOMycKa OBLIO CBSI3aHO ¢ HeL0pa-
3yMeHneM, H0O, HMes B OCHOBE TCOPHIO PaBEHCTBA MAKCHMAJbHBIX KACaTe/b-
HbIX HaHpH}KEHI/II”I NIpH DPEBHBIX MAaKCHMAaJbHBIX OTHOCHTEJbLHBIX CABHUrax,
oTHOWeHHe (1) coBepLIEHHO He COOTBETCTBYeT 3TOI TeopuH. [IwiTasdch aas
KpY4YeHHs1 HailTH PaBHOBEJHKHI CABHI IIPH pacTsizKeHUH, JIIOABHK OWIKHOOUYHO
BBLIpA3WJ ero ofMATh ¥*Ke U3 cxeMbl JdedopManuyu kpydenusi, Ita omubka Oblaa
saMedeHa aumb B 1944 r. larunenkosniM H. H., ykazapuwnM Ha HE0OXOAH-
MOCTb H3MEHHTbL COOTHOLUEHHE JO0MYCKOB A0 BHAA [3]

A]’ocr = 1.5-3’: = 0,3 %. (2)

CoorBeTcTBenHO yemMy  jgonycky 0,2% npu pacTAKeHUH 3KBUBAJEHTHBIM
JonyckoM npHu kpyuennd 6yaer 0,3Y% oTHOCHTENbHOrOo OCTATOYHOIO CABHTA.
Ecan 3a ocHoBY mpHHATH THIIOTE3Y 0 PaBEHCTBE OKTA3APHUCCKHX KacaTedb-
HbIX HANPAMXKEHHUI NPH PaBCHCTBe OKTa3APHUYECKHX CABHIOB, TO 3KBHUBAJIEHT-
HBIM AONYCKOM TIPH KpVYeHHH OYi1eT

Aier —= 0,35 %. (3)

CioeyeT OTMETHTD, UTO COOTHOLIEHHS (2) M (3) yCTaHOBJEHBI B PEANO-
LJTOKEHHH o HecXKUMaeMOCTH MaTepHaJoB NpH IJIACTHUECKOH JedopMaliiii.

«Jlanpueitnii, 6osee NoApOGHBIE aHaJMH3 IOKA3bIBAET, UYTO W 3TOT
Jonyck TpebyeT yrounenus. OkasbiBaercs, AJst TOrO 4TOOLl MPaBHIBHO yCTa-
HOBHTb JIONYCK Ha OCTATOUHYIO JedopMalHio NPH KPYYEHHH H CAOXKHBIX Ha-
NPAKEHHAX, HCXOAH M3 34/laHHOTO JOMYyCKa NMpPH PACTHKeHHH, HeOOX0AUMO
elle PpyKoBOACTBOBATLCS U BEAMYHHOH Ko3pduuuenrta Ilyaccona» [4].

3uadvenHsa Ko3QHIMEHTa nonepeyHoll AedopMalHy 3aBUCAT 0T 0OTLEM-
HOIl AeOopMUPYEMOCTH MaTepHaJdoB M cTeneHu dedopmauuu. lonyvuexie
0 HECXKHMAeMOCTH MaTepHaJjia COOTBETCTBYeT NMPUHATHIO AJS KO3bPuueuTa
NonepevyHol TuacTHueCckoll JedopMmallii, OnpejpensteMOr0 N0 OTHOWCHHIO
OCTATOUHBIX MONEpPevyHoll U npoAoabHON AedopManud 3nadeHus 0,5.

-
:Jl) ~ O:O'

HeusaeanbHas CIJIOMHOCTb PeaJbHBIX KOHCTPYKUHOHHBIX MaTcpuajos
(ocobeHHO neHOMAaTepHaJOB) CBsi3aHa ¢ BO3MOIKHOCTLIO OCTATOUHBIX 0OBEM-
HbIX AeOopMallid H COOTBETCTBEHHBIM OTKJOHeHHeM oT 0,5 3Haueniil v,
D10 00CTOATEABCTBO HE MOXKET ObIThb He YUHUTBIBACMO TIPH YCTAHOBJEHHH
SKBHBAJIEHTHOCTH JONYCKOB. ,

B ofulem cayuyae npH pemieHHH BONPOCa © COOTHOLIEHHH JIONYCKOB
JOJMKHA TIPUHEMATBLCST BO BHHMAaHHe W pasauyinasi COnpoTHBASEMOCTb MaTe-
pHaJoB pacTSKEHHIO W CXKATHIO. A pAL HaANps KEHHBIX COCTOSIHHH, B TOM
UHCJle CABHT, MOTYT NpeAcTaBasaTh cOO0I0 cOUeTaAHMUS PACTAKEHHS — CXKATHA.
YuuBepcadbHOCTh 3KBUBAJEHTHOTO JIONYCKA, YCTaHaBAWBaeMas rHioTe3aMi
MAKCHMaJibHbIX HJ/H OKTa3[APHYECKHX HAanpsKeHHl, HMed OJIHOCTOpPOHHEeE
pPeMMyllecTBO B OOIIHOCTH, BMECTE € TeM MOXKET OCTaBJsiTb H COMHEeHUS
B OTHOUICHHH HAJ€KHOCTH NPH obpalleHMH K OGLIHPHOMY KPYIry COBpPEMEH-
HbIX KOHCTPYKHHOHHEIX MaTEpPHAJOB. JTO MOZKET IPHBC/AHTHL K TOMY, 4TO
B pA/e ClydyaeB NPOYHOCTHBIE BO3MOXKHOCTH OT/AEMbHBIN MaTepHaJdOB OKa-
JKYTCH HEJOHCMOAb30BAHHBIMU. [1anpoTHB, BCsikoe 060CHOBAHHOEC MOBBIICHHE
JIONYCKOB HAa OCTAaTOYHYIO JAedOopMaLMI0 MOIKET HBJASTLCA  HCTOUHHKOM
JIOTIOJIHUTENbHBIX pe3epBOB NPOUHOCTH, B OCOOEHHOCTH JJ/sl  BBICOKOKade-
‘CTBEHHBIX (BBICOKONPOUHBIX) MaTepHaJjJoB ¢ KPYTOil XapakTepHCTHKOIL.

Kak HecoBeplieHCTBO MOYKET paccMaTpHBATbCA U TO 0OOCTOATENLCTBO,
qTO BeIpaxeHus (2) ©# (3) He VYUNTHIBAIOT HHTEHCHBHOCTL Pa3BUTHA TJacTi-
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4ecKHX AeQopMaluii B 3aBHCHMOCTH OT cTeneHH AedopMaliK K BHAA Hanps-
JKEHHOTo cocTosAHusA. [laacTnueckas aeopMallis NPOrPecCHBHO HapacTaer
10 Mepe pocTa cTeneHH obuiedl aedopMalLMK, TPHYEM HalpsKeHHble COCTOS-
HHS1 C/IBHTOBOTO THIa GOJjlee OGaronpHsSTHbl 115t €€ Pa3BHTUS, 4eM Hanps-
XKeHHbIe COCTOSIHHA, OJAN3KHEe K THIPOCTATHYCCKHM. Pacrtsxenue B 3TOM
OTHOLUEHHH 3aHUMAeT IIPOMENKYTOUHOE MOJOKEHHE.

CooTBeTcTBHE AONYCKOB Ha OCTATOYHYIO JAeOopMauio onpeleasercs
rIaBHbBIM 06pa3oM HaAeXHOCTBIO TEODHH, HA OCHOBE KOTOPOIl yCTaHaBJjH-
BaeTCsl 3KBUBaJEHTHOCTb COCTOAHHMI MaTephnaja npH pAa3duuHBIX  BIHIAX
Aedopmaniuii. HegocTaTkH 3THX TeOpHHl H NMPHHATbIE B HHX AONYULEHHS
COOTBETCTBEHHO YMEHbLIIAIOT HAA€XKHOCTb 3KBHBAaJEHTAa AONYCKOB. Moxuo
npejnoaararb, YTo HabJal0gaeMbili Hepelko paszbpoc B BeAWYHHe COOTHOLIe-
HHH TIpe/leoB TeKy4ecTH TpH CHBHIe H PAaCTAKEHHM, OTMEUYEHHBI, HanpH-
Mep, B paboTe [5], B 3HAUHTeNLHOH Mepe CBsi3aH ¢ NPHBEACHHBIMH Bblille:
HECOBEPIIEHCTBAMU H HETOYHOCTBIO COOTHOWEHWs Tuna (2) wau (3).

B pa6orax [1], [2] 6b110 paccMoTpeno 0Go6LIEeHHOe YCJIOBHE, YCTalaB-
JUBaAKWllee CBA3b MexXay HanpsaxKeHdHbIM H HC(pOpMHpOBaHHb]M COCTOAHHEM,.
VTOYHEHHOE NpPHBJIEUEHHEM JOMOJHHTENbHBIX CBEIEHHH O MaTepuaje, Mo3-
BOJISIfOLl€Ee YYECTb M OCTATOUYHYIO OOBEMHYIO 1eOPMUPYEMOCTb I, TJIaBHbIM
006pas3oM, XOpOWIO COTVIACYIOULeCSi C MHOTOUHCJCHHBIMH IKCHEPHMEHTA/b-
HbIMM JaHHbIMH, COriacHo 3TOI Teopunm Besikas JAedopMainus  ABASeTCS
YApYro-nJaacTHYeCKOH, NPHYEM FIJaBHble HallpsiKeHHsi Ha J000H cTaaun
ﬂeq)OpMHpOBaHI’IH CBA3aHBI C TJIaBHBIMH HallpsAAEHHUAMHT 3aBHCHMOCTLIO!

R A S
V.)] T3y 1 F

2 2 2 N
= (I) . €i -+ €3 T €3 WIH o = E (") * €3kn,

14 2p (1)2

—rae E£(}) nm p(}) —rekyne 3HaYEHWS CEKYILErO MOLYJAs JHarpaMMbi
pacTsikeHds u xK03(@uUueHTa monepeunoit gedopMmaiHH.

ITpu ynpyro#i dedopmalnu 5TH XapaKTEPHCTHKH MaTepHaJa COOTBET-
CTBYIOT 3HA4YeHUsiM KOHCT2HT YNPYTrOCTH — MOJAYJsi HOpPMaJbHOH ympy-
roctt E u kospduuuenta Ilyaccona wp.Ilo sT0ll Teophu caemyer, uto
ycJIoBHE, YCTaHABAMBAIOLIEE 3IKBHBAJEHTHOCTb HANPSIMKEHHBIX COCTOSHHI
B (popMe Museca-I'enkH, ecTb yC/JI0BHe, CBOHCTBEHHOE TaKMM CTAAHAM yike
pasBuTON AedopManuu, KOria MOXHO IpeHeGpedb YIPYroH 4acTbio gedop-
Manuu U ee BJUSHHEM Ha OOILYI0 3aKOHOMEPHOCTb B3aMMOCBSI3H MEKIY
Hanpsi>KeHHBIM H 1e()OPMUPOBAHHBEIM COCTOSIHHEM.

Ha ocHoBe 3Toli TeOpUH TNpeICTaBAsCTCH BO3MOMKHBIM = DPacCMOTPETh
1 BOIPOC 00 3KBUBAJEHTHOCTH JAONYCKOB IIPH 3KCIEPUMEHTANBHOM OHpele-
JIEHHH NPeNeNOB TeKYUYeCTH NPH pasJuuHbIX JeopMauusax.

['1aBHbie  KOMNOHEHTBl YNPYTO-ILIacTHYeCKoH (moawoii) aedopmaiuu
M MX YIpyrie M INIACTHYECKHE YaCTH COOTBETCTBEHHO .MOTYT GLITh OMpeje-
JIEHBl CAEeAYIOUNIUMH 3aBHCHMOCTSIMHU:

4y (1) — 20 (1)-
1+ 20 ()2

W

e 1 I~ 3 !
[Tonnas pnedopmamus  e;= E() 3;—w (M) (5 4+ 3)]. i‘/}
Ynpyras wactp ef = 11; [ — v (s + 3] \J )
ITracTuueckast 8= i])_ [o;—vo(s;+ 9], (/,i, k=12, 3).
Tlpu stoM p—-LW-E v, = Ev) —E@):p
E—E()) E—E(®})
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OTH 3aBHCHMOCTH HMEIOT MECTO IPH HArPYXKeHHsIX ¢ BO3pacTaHueM
BCEX TJIABHBIX HanpsDKeHHi (MOJHBIX, a He TOJNBKO JeBHATOPHBIX uyacTeil)
NPONOPUHOHAABHO OJHOMY IapaMerpy k.

KoMnoHenTel nosnof H ynpyroi aedopmalnu NPH DPaCTSITHBAIOIEM
HanpsKeHHH, COOTBETCTBYIOILUEM MpejeJy TeKYYeCTH, OJPelessioTcsd 3Haue-
HHAMH

1 v(})
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‘OcraTouHoe yjaJHHEHHE NPH PACTSKEHHH
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an COCTOsIHKHH, COOTBETCTBYIOILEM IIpeaeny TEKYyUYeCTH NpPH CABHIE

(kpyueHuu), nOJHBIA, YUPYIHA W NAACTHUECKHH OTHOCHTENbHBIA CABHIH
BbIPAKAIOTCA 3aBUHCHMOCTAMH

C c .( . 2—"T Y € — - - - QT'T
Thoan — €1 — €3 = E()x) [1 + i (,‘)].’ byap — °f—° °g = E (l + :J)s
ve —oo [1Ee®) 14w
locr T E()\) E .

I/ICHOJIBSYH TIOHSITHE [OKa3aTeas 3KBHBAJEHTHOCTH 7, IIpeAcTtaBafaio-
HIEr0 co60K COOTHOUIEHHE HpeAe/OB TEKYYECTHIIPH CIABHTE H PACTHKEHHH

BbIPA3UM OCTATOUHBI CABHT 1PH KpyueHud B (opme

oo = 2rp I L LR TR o1y,
E—E#) E (1) E

[lo Teopun MmakcHMMa/lbHLIX KacaTeAbHHX Hanpsxeduih = = 0,5, 1o
TEOPHU OKTA3APHYECKHX Hanpsa:xkeHui 7 = 0,577, no3TOMY 3KBHBaJEHTHHIE
JNONYCKH C yueToM O6beMHOM CXKMMaeMOCTH 1O 3THM TEOPHSM COOTBETCT-
BEHHO_OyAYT paBHH

M= (LoF )20 0 A7 = 1154 (1 -+ pg)- 33,

B Hawewm caydae B COCTOSIHHHM, COOTBETCTBYIOINEM TEKYUECTH,

ey O =20 L VI 20)
l// e L2002 Yo em)’

SKBUBAJACHTHBIA JONYCK IS CIBHIA
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T, €. MO JanHo#l TeopuH BeJHYHHA PAaBHO3(PEdEKTHBHOTO AONYCKa HAXO-
JMTCST B 3aBUCHMOCTH OT CTeneHd jgedopmauuil U BHAA Marepuasnd, uTo:
no3BosseTr 0o/ee NOJAHO V4eCTb OCOOEHHOCTH pPa3/iHUHbIX MAaTeDHAJOB. .
Honycky 0,27, npu pacTsix€HHN I8 pasiHuYHBIX MAaTePHaNOB NpPU

v (1) =0--0,5
SKBUBAMEHTOM OV/1€T OTHOCHTEJBHBIH CABHL
Ay = (1,41 =+ 1,154) - (1 + v,)- A3,
Jlast 0o6beMHO fJacTiUeCKH HeC:KHMaeMoro marepuana y, =.0,5
Ar = (0,42 -+-0,35)"/,.

B pabore [2] nano o6ofitenke paccMaTpUBAEeMO TEOpPHH Ha MaTe-
puasbl, HeOJAHHaKoBo pafoTalllie HA pacTsxKeHue H cxKarHe. Ecau Hcmods-
30BaThb COOTHOLIEHHE MEXAY IpeldedaMH TeKydyeCTH [pH pPaCTAXKeNHH:
I cxaTHil (COOTBETCTBYIOlEe OJMHAKOBBIM 3HAYEHHSM CEKYLIEro MOAY.IA)

=24 o 2 V21 + 2 (¥
~C ? L= 2 N (BN ¥
S (1 59)- :ﬂ_tﬂl (1) [14v (1]
- 2v (1)*
1 3KBUBaIeHTHBIH JONYyCK AAS PasjiuuHBIX MaTepuanos OyaeT onpeje-
JATBCS B OOILEeM CJayuae BblparkeHHEM

=

LV 2 2e
Y0 =) [T

JLast KpydeHHsl CIJIOWIMOIO BaJja, 4 Takxke Aasd U3rHba W APYrHX HeolI-
HOPO/IHBIX HaNpSMKEHHBbIX COCTOSAHHN BEJHYHHA JOINYCKa MOXKET ObITh yTOU-
HeHa YYeTOM BJHSIHIST OCTATOYHBIX HATPSIXKEHHH.

Ananoruyno MoKeT ObITh HailjleHO COOTHOLIeHHe NOMYCKOB HA OCTATOY-
Hy1I0 nedopManuo U LIS APYTHX HANPSKEeHHbIX COCTOSHHI.

(1 + p“)-_\a
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