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KOHEYHBIE JTE@OPMAILINN B MATEPUNAJIAX
CO CTPYKTYPHBIMU NSMEHEHNAMN

A.A. Pozosoti

AnaHOTa U

Ha ocrose moxoma, mpuBOasIIero B paMKax KOHEYHBIX JedOopMariuii K ypaBHEHUIO TEII0-
TPOBOJAHOCTH, & UMEHHO K TOH €ro 4acTh, KOTopas CBA3aHa C MPOU3BOJACTBOM TeIljla HeyIpy-
TEMH UCTOYHUKAMH, PACCMOTPEHBI BOIIPOCHI Pa3/ie/eHud HeYIIPYroll SHeprum Ha TEIJIOBYIO I
CKDBITYIO, CBA3aHHYIO CO CTPYKTYDHBIMH M3MEHEHHAMMU B Marepuasie. IIpm sTom ¢ yuerom
9KCIEePUMEHTATbHBIX JAHHBIX M0JIAarajaoch, UTO YIPYyTHe CBOICTBA MaTepuajga He 3aBUCAT OT
M3MEHEHUH CTPYKTYPbI, CBA3aHHBIX € IacTudeckumu pedopmanusavu. Onucana sKCrepuMen-
TaJbHAsT KPUBasl IOJIM ODIIEro KOJMYeCTBA MJIACTHYECKON paboThl, TIepene el B Terio.

KuroueBrble cjioBa: KoHedHbIE Ae(OpPMAINHN, yPaBHEHNE TEIIONPOBOIHOCTH, TEII0Bas U
CKDBITasi HEYIIPYTast SHEPTHs, MepenIeas B TeIJIo IJIacTUIecKas pabora.

BBenenue

N3BecTHO, 9TO 9aCTh TMJIACTUYECKON pabOThI, 3aTpadeHHOi HA 1edOpMUPOBAHNE
MaTepUAJIOB, MEPEXOJAUT B TEIJIO, a YaCTh WAET HA W3MEHEHWe SHEPTHil TUCIOKAINA,
nedeKTOB U T. 1. W dHepruii mx B3ammojeiicTBusa. Ha MakpoypoBHE 3TO HOBOE COCTO-
sdHUEe CTPYKTYPbl MaTE€PUaJia MPOSBIAETCH B U3MEHEHUHU €r0 yIPYIUX U IJIACTHYECKUX
XapaKTepUCTUK. B mocennme robl MOSBAINACH CHCTEMATHIECKIE IKCIIEPUMEHTAIbHBIE
MCCIIeIOBAHMST, TTO3BOJISTIONTNE PA3IETUTE 3aTPAYEHHYIO MJIACTHYIECKYIO paboTy Ha 3ara-
CEeHHYI0 W TEIJIOBYI0 YacTW 3Hepruu. s MpaBUILHOW WHTEPTPETAIUN MOy IeHHBIX
B 3TUX paboTax Pe3yJabTaToOB HEOOXOUM IMOIXO/, TPUBOAANINN K yPABHEHUIO TEILIO-
MIPOBOIHOCTH, & UMEHHO K TOH ero 4acTu, KOTOpas CBA3aHa C MPOU3BOICTBOM TeILIa
HEYIPYTUMH UCTOYHHKAMHI B paMKaX KOHEYIHBbIX medopmarinii. Takoit momxom pazpado-
tan B [1-6], KpaTKO M3JI0XKEH B MEPBOM pa3jiesie HACTOSAIIEH CTaThbu W WCIOIh30BaH BO
BTOPOM pasjese Jjis OMUCAHUS IKCIEPUMEHTATBHBIX JAHHBIX O YACTH IJIACTHYIECKON
paboThI, Iepere e B TEmo.

1. IIpenBapuresibHBbIE CBEeJEHUS

1.1. KwuHeMaTu4decKue cOOTHoIeHHd. IIpuaepKnBadch MOIXOAA, M3I0KEH-
HOrO B paborax [2, 3] 1 OCHOBAHHOTO HA HAJIOXKEHNHM MaJbIX nedopmalmii Ha KOHed-
HBIE, TIPEICTABUM TPAJIMEHT MeCTa B BHIE MYAbTHILIMKAIMN MAJBIX YIPYTHUX, MAJbIX
HEYTPYTUX U KOHEYHBLIX yIpyro-Heynpyrux medopmanuii (cM. puc. 1):

F=fy fiy-F.. (1.1)

3mech ympyro-Heynpyruii rpagument mecra F, mepeBomuT HadYanbHYIO KOHMUrypa-
[UIO KQ, MOJIOXKEHUE TOYKU B KOTOPOI OMPEIENAeTCs PAInyCOM-BEKTOPOM I', B TIEPBYIO
MPOMEXKYTOUHYIO K1. L pagument fry mepeBoanT KOH(MUTYpANNO K1 BO BTOPYIO, TOXKE
MPOMEXKYTOUHYI0, KOHMurypanuo ko. U, Hakouer, rpaauent fr nepeBoant koHUry-
pammio kg B TEKYIIylo k ¢ pammycom-ekropom R. Ilpmuem konduryparmmm ki, ko
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Kol “1xe, IKE, F
1
Fin, Fe,

Fing Fe,—

Puc. 1. KunemaTuka u COOTBETCTBYIONINE €l HATIPSAKEHUS

U TeKyInast OJM3KM MeKIy cODOi, uTo (bopMan3yercs: BHIpAXKEHUSIMU
RKQZRK1+EUIN7 R:RH2+EuE7

rje € — Masblii napamerp (HOJIOXKUTeNbHAS BEJUYUHA), & Uy N U Ug — BEKTOPbI HEYIIpYy-
UX U yOPYTHUX [I€PEMEIEeHN, TOCIeI0BATEbHO ePeBosdiine KOHMUTYPAIUIO K1 B Ko
W K2 B TEKYIIYIO.

C TOYHOCTBIO JI0 JIMHEWHOTO TIPEICTABJIEHUS TI0 € KOH(MUTYPAIMKN K| U Ko HEpas-
JUYIAMBI:

fE-fIN:f1N~fE:g+5(e+d) =
= (g+ce)-(g+ed)=(g+ed) (g +ce),

rie g — eIWHWYHBIN TeH30p, € = ep + e;y u d = dg + d;jy — nomHas majas gedop-
Malys U MOJIHBIA MaJIblii moBoporT. B pesynbrare coornorrenue (1.1) npeacrasnsgercs B
BUJIE

F = [g+5(eE+e1N+dE+d1N)]-F*.

D710 npubINKEHHOE COOTHOIEHUE (MPU €ro MOJYIEHUH COXPAHIINCH TOJIbKO JTUHEHHBIE
OTHOCHUTEJIbHO € CJIaraeMble) TPEIEIbHBIM MEPEXOIOM MPU CTPEMJICHUN MPOMEYKYTOU-
HO# KOH(MUTYPAIUU K TEKYIIe# JIEFKO CBOAUTCS K TOYHOMY IBOJIIOIUOHHOMY

F=Dg+D;n+Wg+W;y) - F=P.-F+Q-F. (1.2)

Bnece Dp = ég, Dy = é;ny — aedopmanuu ynpyroii u Heynpyroi cKopocTeii nepe-
Merenuii (COBIaaioue B JAHHOM CJIydae CO CKOPOCTSAME COOTBETCTBYIONHX s1eHop-
maruit), Wg = dE Wiy =diy — YOPYTHit U HEYTPYTUil TeH30pbl BUXPs. TeH30pbI
xe P u Q — mro0ble JOCTATOYHO TIIAAKUE TEH30PHBbIE (DYHKINHU, YIOBIETBOPSIOIINE
yenouio P+ Q =A, A=Dg+ D;y + Wg+ W;n. B pa6ore [2] nokazano, 4ro Ha

ocuose npejcrapienus P = Dy + Wg pemenuem ypasaenus (1.2) Gyaer Tenzop
F=Fg Fy, (1.3)

Fp=[g+e(ep+dp) -Fp., Fin=[g+eFg  (eqnv+div) Fpl -Fiy. (1.4)

U TPAJIUEHTHI MECTA, TIOMEUEHHBIE «3BE3I0YKON», OTHOCITCS K MPOMEXKYTOIHON KOHMU-
rypauuu k1. IIpeacrasienue (1.3) copuagaer 1o popme ¢ u3BecTHbIM pasioxkenueM Jlu,
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HO CBOOOHO OT HEOCTATKOB MOCJETHEr0. B 4acTHOCTH, U3 3TOrO MPeACTABIEHNS CIIETY-
eT, 9TO MOTHaA 1eopMAaIis CKOPOCTH MepEeMeIeHnil eCTh CyMMa YIPyTroi 1 HeyIpyTroii
nedopmaruii CKOPOCTH W YIPYTHi IPATUEHT MeCTa HE MEHSAETCSA TPH IUCTO HEYIPYTOM
U3MEHEHUN KOHQUTypaInu.

Mepa nedopmanuii Komun—I'pura C = F? - F zamuceaerca B suge C = FTy -
Cg-F;ny,rme Cg = Fg -Fp. 91y mepy ¢ yuerom (1.4) MOXKHO NPEJCTABATH B BUJIE

C=C,+2FT . (eg+e;ny)-F., F,=Fp, -Fin., C,=FI.F,,
NJIN KaK
C=C,+2FT.ep -F,, F,=Fp,. -Frny, C,=FI.F,.

Benwawmst, momedeHHbIe %7, OTHOCATCS K TPOMEKYTOIHON KOH(MDUTYPAIUH K1 , & BEJIH-
YUHBI, IOMEYEHHBIE “*”, — K MPOMEKyTOUYHOI ynpyroit Koudurypamuu ko (cum. puc. 1).
B coorBeTrcTBUM C 3TUMU COOTHOIMEHUSME MOYKHO TIOJYYUTH MPEIEHHBIM MEPEX0I0M,
IpU CTPEMJIEHUM IIPOMEXKYTO4UHOil Kondurypauuu k1 K rekymei (F, — F, C, — C)
U [IPOMEXKYTO4YHO# yupyroit koudurypanuu ko K rexkymeii (F, — F, C, — C), asa
LpUpAILEHUs U JIBe CKOpocTH u3MeHenus Mepbl gedbopmanuu C [3]:

(dc)m = oFT. (deE + de[N) -F,
(C)p, = 2FT - (e + é7v) - F =2FT . (D + Dyy) - F

OTHOCHUTENBHO KOHMDHUrypamuu 1 (IOJIHOE IPUPAIIEHUE ¥ TOTHAST CKOPOCTh N3MEHEHH ST
renzopa C) u

(dC)., = 2FT .dep - F, (C)., =2FT .é5 -F=2FT .Dg-F (1.5)

OTHOCHUTEJIbHO KOoHpUrypaluu Ko (IpupaiieHue u cKopocrb uamenenus renzopa C 3a
CYEeT TOJILKO ynpyrux gedopmanuii).

YT00BI yuecTh BINSHUE TEMIepaTypPhl, PEICTABNM, aHAJOrn4HO pabore [3], KuHe-
MAaTHKY TepMOo-ynpyro-ueymnpyroro nporecca B Buge F = i -fi v -fo-F., rne fo — rpagn-
€HT MeCTa, COOTBETCTBYIONINI MAaIbIM TeMIepaTypHbiM medopmarmam, u F, — Temeps
TEPMO-yTIPYTO-HEYIPYTHil TPAJIUEHT MECTa, MePEBOAANINI HAYAIBHYI0 KOHMUTYPAIIHIO
B TIPOMEKYTOUHYIO. IIputeM TpagneHTsl MecTa, OmpeIessseMbie MATBIMA 1edOpMaITns-
MW, BCe KOMMYTHDPYIOT MeK Iy coboii. [TocTynas ananornano pabore [3], mosydaem, aro
F=Fg -F;n -Fo,rne Fp u F;y npencrasnsiorca coornomenusvu (1.4), a

Fo = (g+eFn, Ful he Fp. Fry.) - Fo.. (1.6)

3nech hg — rpaameHT TeMmepaTypHBIX MEPEMEINeHN OTHOCUTENIHHO KOH(DUTYDAIIUH,
cooTBeTcTByOmeil rpaguenty mecta F,. Ilogmbie masbe gedopMaliun u MOBOPOTHI
OTIPEIIEIAIOTCS Teleph BhIpaxkeHusiMu € = ep + e;y + eg, d = dg + djy + de,
rae eo n dg — cuMMeTpUYHASA W KOCOCUMMeTpudHasa dactu hg .

Coornomenns (1.4) n (1.6) yno6Ho nepenncars B opme

hg, i=FE,
F,=(g+eP;)-Fi,, P;=<SF.! h;y Fg, i=1IN,
Fr, Ful -hg Fp. -Fry., i=6.

Ha ocnose nmonapusix paznoxennit F = R-U = V - R nnga rpagmenTta Mecra ¢ Jio-
[ {2

OBIM WHIEKCOM 1" U TTpeICTABIEHNST TEH30POB, OMPEISISIONINX TOJISIPHBIE PA3JIOKEHNUS,
B BUjIe

3 3
u=>Y 088", v=> v
=1

i=1
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3 3
_ (2) 5(1) _ 5(2) 5(1)
R—E 6,70, F—E U;6,76,”",
i=1 i=1
rae U; — coOCTBEHHBIE 3HAYEHUST CAMMETPUYIHOTO TIOJIOKUTEIBHO OMPEIeIEHHOrO TeH30-
1
pa U (umu V), 65 ) _ coberpentbie BeKTOpPBI TeH30pa U, eIMHIIHBIE B OPTOTOHAIBHBIE,

2
(Sg ) _ cobersenmbie BEKTOPBI TeH30pa V , TaKKe eINHUIHBIE I OPTOrOHAIBHDBIE, B PA0O-
e [4] paccMOTpeHbl U3MEHeHHs STUX TeH30POB pH cJabbix Bo3MylieHusax. B yactHocry,
JIJIsl U3MEHEHUsI OPTOrOHAJIBHOrO TeH30pa R moydeHo BbIpayKeHue

U, —U;

R = {g+ : [Pc ~ T 07 Psa) 552>5§.2>} } R., (1.7)
i J

rne Pg n Po — cummerpuunada n kococummerpuanas gactu P . EcrecTtBenno, 9To mpu-
CYTCTBYIOIIAE B 3TUX COOTHOIIEHWAX TEH30PbI 4UCTON medopmaruu, uXx COOCTBEHHbBIE

3HAYEHUs] U BEKTOPbI, OPTOrOHAIBHBIA TEH30P OTHOCATCS K HEyHIPYrOW WM TeMIlepa-
TypHO# KMHEMATHKe, TO ecTh uMeroT uuiaekc “ IN” uium “ 0.

1.2. Omupegessitoinee ypaBHeHune. Kak n3pectHo [7], B COOTBETCTBUN ¢ Teope-
moii Cesnepbe — Puxrepa unm Teopemoit npusenenns Hosina onpejensiomniee ypaBHeHHe
JIJTsE TPOCTOTO MATEPHUAJIA, y/IOBIETBOPSIOIIEe TPUHITUITY O0bEeKTUBHOCTHU, HMEET BHU/T

T=R-g(U) R7,

rie T — rtensop mncrnunbix Hanpsikennit u g1 (U) — oTKAMK Marepmana Ha YHCTYIO
nedopmariio. DTO COOTHOIIEHUE MOYKET ObITh TMPEACTABICHO B HECKOILKUX SKBUBA-
gentHbix (opmax (cum. [5, 6]), B yacrHocTu B hopme

T=J'F-g; F, (1.8)

rae J = I3(F) — rperuii rmapupiii unapuant F, a yHkuus orkiamka marepuaia,
obo3HaveHHas 37ech W B paborax [5, 6] Kak gg, CBsi3aHA C €] COOTHOIEHWEM g =
= J U - gs - U. Byzem monarath, uto gs = g6(Cp, O, y;) tie © — abcomoTHas
Temmeparypa, p;, ¢ = 1,2,...,n — CKaJsgpHble TTapaMeTphl, OTpeeseMble CTPYKTYD-
HBIMY M3MEHEHUIMHU, TPOUCXOJANIIMEI B MaTepuasie B npomecce aedopmupobanus. [Ipu
9TOM g6 — 310 Ten3opHas dynkmus o1 Cp ¢ koaddunuenramu, 3apucammmu or O u
wi. Ipencrabisia kaxmaywo u3 sxopsamux B (1.8) Besnuun yepes ee 3HadeHue B mpome-
JKYTOUYHO# KOH(DUTYpAIUK U IpUpallienue Ipu nepexoe K 6m3koil rexymeit (A = A, +
+¢ea), nepenucbiBaem cootromnenue (1.8), coxpanss TOJbKO JTUHEHHBIE 110 € CJIaraeMble,
OTHOCHUTEJIbHO POMEKYTO4YHO¥ KoHburyparuu (cum. [2]):

T=[1-cl(e)]T.+ch T, +eT, h?l 49 (T o). +c¢ (T ) +eL) e (1.9)

31ech € u e — nojiHasg TepMO-yNpyro-Heynpyras U 9ucTo yrupyras majbie aedopma-
[UU OTHOCHUTEIBHO MPOMEXKYTOYHOM KoHUryparuu, /1 — NepBblii IJIaBHBI MHBAPUAHT,
h — rpajguenT OTHOCUTENIHBHO MPOMEKYTOIHON KOHMDUTY DA BEKTOPA MAJIBIX TepeMe-
TIeHNIH, TIePEBO/IAIIEr0 NPOMEKyTOUHYI0 KOH(PHUrypanuio B OJU3KYI0 TeKyIyio, ¥ u (;
~ MpUpAIeHHs TeMIePaTyphl U CKAJAPHBIX CTPYKTYPHBIX mapamerpos, LY — dbymnk-
us OTKJIMKA MaTepuasa (TeH30p 4eTBepTOro paHra) Ha Majible yupyrue jnedbopmanuu
OTHOCHTEJIbHO TTPOMEKYTOUHON KOH(MUTYypalun, KOHKPETHOE BhIPAYKEHHE JIJIsi KOTOPO-
ro mpuBesieHo B [2] mns cnabockmmaemoro marepuana, T, = 0T/0a, “*” B ungek-
Ce YKa3bIBAET, UTO 3HAYEHHE COOTBETCTBYIOUIEH BEIMUMHBI OTHOCUTCS K TIPOMEYKYTOU-

Hoit kouduryparmuu. pubauxkennoe coornomenue (1.9) npenesbHbIM MEPexogoM Ipu
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CTPEMJIEHUU MPOMEXKYTOUHON KOH(MUTYPAINU K TEKYINeil JIerko CBOAWTCSH K TOYHOMY
9BOJTIOMAOHHOMY . . _
T =9 (Te) + ¢ (T ) + LY - ép (1.10)

€ aBTOMATHYECKHU BBITEKAIOMIEil 06 beKTHBHOMN npon3Bonoil Tpycaenia. YanrsBas, 9T0
ep = e—ejN—€p Wi €g = €— €Ny — €9, U BBIIUCHIBAS OMPEJIEISIONINEe COOTHOIIEHUS
i ery (érn) u eo (€p), 3aMblkaem nocrpoerne ypasrenuii (1.9), (1.10).

B pa6ore [2] Bresen byHKIMOHAT

t t
W1 :/(F~P[[~FT) . -DEdT: /JTDEdT (111)
0 0

Baech Bropoit (cummerpuunbiii) ren3op [Muona—Kupxroda Py npeacrasiasiercs Buje

t
2
P, =4 / (F Sl -FT) ..Dg dr, (1.12)
0

acs,

rae W — yupyruit noreniuas, 3aBucdamuii or mepsl yupyrux gedopmanuit Cg, ¢ KoH-
CTAHTAMU, 3ABUCATIIUME OT TEMIIEPATYPBI © U CTPYKTYPHBIX mapaMerpos [i; . Oneparius
3
A o B!V o3mauaer mo3umonHOe CKaIAPHOE YMHOMKEHHE CeBa TeH30pa BTOPOTO PaHTa
A wa Tpermii Ga3ucHBIH BeKTOp Ten3opa wetepToro panra B!V . Kax moxasano B [2],
dynkuumonan (1.11), (1.12) npoussoaur oupenensioiiee ypasuenue (1.9).
1.3. CooTHoIlieHus, BbITEKAIOIAE U3 TEePMOAMHAMUKU. Bhinuiiem Tepmo-
nwHAMTYEecKoe HepaBeHcTBO Kiaysnyca— lorema

T-D—pW+6s)—q-VinO >0,

rae p, ¥, § — IJIOTHOCTH MACChl B TEKyIel KOHMUIypaluu, yaeJbHble (OTHECeHHBIE
K €JMHUIE MACChl) CBOOOJHAS SHEPIUs U SHTPOIUHA,  — BEKTOD TEILIOBOI'O MOTOKA,
V- oneparop lammiaprona B Tekymeit Koudurypanuun, D — tenzop monnoit nedpopma-
[N CKOPOCTH mmepeMertennii. 13 TpeboBannii mpuHIKAIA 00 bEKTUBHOCTH BBHITEKAET, ITO
aprymentamu y GyHKIuE ¥ MOrYT ObITh TOJBKO WHBAPUAHTHDLIE BEJUYUHBI, TO €CTh
KaKasi-Tn0O0 NHBAPUAHTHAS 110 OTHOIIEHUIO K YKECTKOMY BPAIIEHUIO TEKYIeil KOHPUry-
pamnyuy KHHEMATHIEeCKas BEJINYNHA, TeMIeparypa © u KOHEYHOE YHC/I0 BHYTPEHHUX Ma-
pameTpoB p; (i =1,...,m) — OObEKTUBHBIX CKANSPHBIX (DYHKIM, XapaKTePU3YIOMINX
U3MeHeHHe BHYTPEHHEH CTPYKTYpbl MaTepuaja B MPOMECCe TEPMO-yIPyro-Heynpyroro
nedbopmuposanus. B kavecrse kunemaruueckoii Besuuunbl Boibepem rerzop Cy, (1.5)
u npejcraBuM ¥ (C,,, i, ©) B Buge (cm. [3])

U (Cy,, pis ©) =1 (Cuy, pi, ©) + W2 (O) + 3 (115),

nonaras, ato ¥; = 0, econ ((-3),.€2 =0, ¥y, =0, eciu O = Oy, rme Oy — Temneparypa
npusesienns B rpagaycax Kembuna (00BIYHO, 3TO KOMHATHAsA Temieparypa), u Wi =
=0, ecmu p; = 0. [lepBoe ycaoBue TOBOPUT O TOM, 94TO €CJIM HET W3MEHEHWs yIpPyroi
nedbopmanyu (ép = D = 0), o u W7 He MeHsercd. TOMy yCIOBUIO YIOBJIETBOPSET
dynkumonan (1.11), (1.12). Ho on ornecen He K eIuHUYIHON Macce, a K eJAUHUIHOMY
umegedopmuposananomy oobemy. [TosTomy

U =Wi/po+ Pa2(O) + P3(u;),

rae po — IJIOTHOCTH MacChl B HadYaJ bHON KoHbuUrypamun. B pesyabrare, mOCTPOUB
JIOKAJIbHOE [POJOJIKEHUe 1poliecca [7] u cBa3aB €o ¢ M3MeHeHueM TeMmieparypbl 6
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MPOCTEHNINTUM 3aKOHOM JIMHEHHOTO TEMIEPATyPHOrO paciiupenns €g = 0O g, rae G —
K03 PUIUEHT THHEHHOTO TEMIIEPATYPHOTO PACIITHPEHNS, KOTOPBIit motaraeM GpyHKITHe it
TOJILKO TEMIIEPATYPBI, MOJTYYIaeM OTPEILIAIONEee COOTHOIEHUE

T=J'F.-P; -FT

(cpaBuu ¢ (1.8)), rme Py 3amaerca Boipaxkenuem (1.12), cooTHOImEHUE JI/id SHTPOIUH

&)
J g 1 oW, O / e
= —L(T) - — — In — In — ©1)dOy, 1.13
s % (T) 0 00 cro In 5 + Il91 cr1(01) d6, ( )
S
riae ¢crg ¥ Crp OIPEIeNsiOT TEIJI0eMKOCTh IPU HYJI€BOM HANPSKEHUU: ¢ = Cpo +

e
+ / ¢11(01) dO1, u, ucnonb3ys ypasuenue Oypbe Jjisd TEIJIOBOIO IOTOKA = — A 69,
[EH
rae A — K03 PUINEHT TemI0TPOBOTHOCTH, TEPMOINHAMUIECKOE HEPABEHCTBO
1 oWy 0¥s) .
— -+ 3) f1; > 0.
po Omi — Ou;

T - Dy —J *po < (1.14)

U3 nepsoro 3akona repmounamuku ¢ yaerom (1.11) (1.13) umeem ypasnenue rer-
nonposozaHocta (cM. [3])

cO=Qp+QiN+pR2+V-(AVO), (1.15)
rie TeIjJI0eMKOCTb
c=J""poer+0 [(Bo+28)L(T)+BL(T ) —J ' Wiee], (1.16)

CKOPOCTH MPOU3BOACTBA TETJIa YIPYTUMU NCTOYHUKAMMN

Qp=6 |T.6-28T-5(g-L{")| - Ds (1.17)

U CKOPOCTb IIPOU3BOJICTBA TeIljla HEYIPYTUMHA UCTOYHUKAMU U CTPYKTYPHBIMHU H3MeHe-
HUAMHU B MaTepua’ie

Qin=(1-280)T Diy +

ovs | .
+ J1 |:9 WL@M — WLIM —-pBJOeI (T,M) — pPo a—;] [ - (1.18)

STI/I COOTHOMEHNA TPpU MaJIbIX YUCTO YIIPYTUX ﬂe(bOpMaHHHX CBOOATCA K YPaBHEHUIO
O =—B6yI,(T)+pR+V-(AVO) (1.19)
nm K 0osiee N3BECTHOMY
ce©=-3KB60gL(&)+pR2+V-(AV6O), (1.20)

rIe C, U Ce — OTHECEHHBIE K eIWHUIE 00beMa TerJIOEMKOCTH TPHU HYJIE€BOM HAIpPs-
xeunn T u mpu HysneBoi medopMarnum €, CBI3aHHBIE I W30TPOIMHOTO MATEpUaJa
COOTHOIIEHUEM €y — Co = 3 32K Oy, K — MOIy/b U3MeHeHnd 06beMa.
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1.4. Orpanuyenusi, BbITeKaloIllne M3 TepMoAuHaAMuUKu. Bce cooTHOIEHMSs
MEXaHUKN JOJKHDBI yIOBJIETBOPATH MPUHIUIY OOBEKTUBHOCTH, TO €CTh ObITh MaTe-
pHUaTbHO HE3aBHCHMBIMU OT U3MEHEHHS CHCTEM OTCYETa, OTHOCHTETHHO KOTOPBIX Pac-
CMATPUBAIOTCS JIBUKEHUS. B ypaBHEHUS TepMOANHAMUKE BXOAAT MomHOcTH T - -Dp,
T - -D;y u T:-Dg. B pa6ore [3] mokazano, 410 6€3 TOMOJHUTEIHHBIX OrPAHUYEHHU
9TU CKAJISAPHI 3ABUCAT OT BHIOOpA CUCTEM OTCYUETa JIJIsi OMUCAHUS HEYIPYTOil U TeMIepa-
TypHO#l KunemaTuku. OObLEKTUBHOCTD K€ BCEX COOTHOIIEHMI OyIeT BLIIOJHATHCS, €CAU
rpaauentsl Mecta Fyy u Fg Oyayr uncteivu medopmanuamu 0e3 pparmmennit: Fry =
=Ujny = Vin, Fo = Ug = Vg, TO ecTb ecu B MOJIPHBIX PA3TOKEHUAX TEH30POB
F]N = R]N -U[N = V[N . R[N n F@ = R@ -U@ = V@ -R@ OPTOrOHAJBbHBIE TEH30PHBI
R;nv n Ro asngiorca eqmnnunsivun: Ry = Rg = g. [locnennne yciaoBus omnpese-
JITIOT HEJIOCTAIONNE CBA3M Mexkay ery u dyy u Mexay eg m deg. Hemocrarommmvn
OHHU ABJIAIOTCA B CHJY TOTO, UTO ONPEEsSIONNe YPABHEHNST U3BECTHBI TOJIBKO M Ma-
JIBIX HEYLPYTUX U TemiepaTypHbix gedopmanuii (ckopocreit). B reopuu miactuanocry,
HampuMep, 3TO ACCOIMMPOBAHHBIA 3aKOH, B TEOPUM BA3KOCTH — AUdpepeHnmanbHbIi
3akon €y = T/n, rme n — BA3KOCTh, B TEOPUH TEPMOYTIPYIOCTH — 3aKOH JINHEHHO-
r0 TEMIIEPATypPHOro pacimupenus. g Maabix Bpammenuii (ckopocreii) mogo6Horo Tumna,
COOTHOIIIEHU HET.

C yderoM BBIIIECKA3aHHOIO OPTOroHa bHbIE TeH30pbl Ry u Ro B nmonspubix pas-
JIOYKEHUSX ITUX TPATUEHTOB MECTA JIOKHBI ObITh €IUHUIHBIMA B JTI000H MOMEHT Bpe-
menu. Orciona cienyer, uro B coornomennn (1.7) R = R, = g u torna

_U-U;

Po= 2t i
© U1+U]

2 (2)) 5(2) 5
(67 Ps- 67826l

IIpencrasnssa rensop Po B 6asnce 652), MPUXOIUM K YPABHEHUIO
U-Pc+Pce-U=U-Ps—Pg-U,
KoTopoe as onpenenenns dyy m deo TpuMeT BUIT
A-d;y+d;y-AT=C, A=F,7.Ug. F,l, C=e;n-A" — A e/n;
A do+do-A=C, A=F.T.Ug, - F;!, C=ep-A—-A epo.

O6muit Bug s1ux ypasaennii A-X+X-B=C,rme B=AT wmu B=A,a X =d;n
nm X = dg, 1 Takoe ypaBHEHWE WMEET eIWHCTBEHHOE peIrieHne, eCau TeH30phl A n
—B ©e nmeror 061X cOOCTBEHHBIX 3HAUeHN (M. [8, 9]). PaccmarprBaemble ypaBHeHWst
VIOBJIETBOPSIIOT 9TOMY YCJIOBHIO.

2. SBOJIIOI_[I/IOHHaSI MoAeJib TEPpMOYIIPpYTIronJIaCTUYHOCTHA

2.1. OcuoBHBIe cooTHOIIeHHd. Vcnomb3yem onpenendonmee ypaBHEHHE OTHO-
CHUTEIFHO TPOMEKYTOYHON KoHburypannu (1.9) mim 3BOMIONHOHHOE ONpPEIETAIOIee
ypastenne (1.10):

T=[1-eh(e)]Ti+ech T, +eT, -hT +c9(To). +c¢(T,,).+eLl) - eg,
T =9 (Te) + 6 (T ) + LY - -éx

3nech ép = € — ég — €p, €9 = O g. B coorBercTBUN C aCCOIMMUPOBAHHBIM 3aKO-
HOM IIJIACTUYECKOTO TEUEHUsl CKOPOCTh ILIACTUYECKOH JedopManun €p ONpee/saercs
COOTHOIIIEHAEM

. V3¢ép oF _t —
ep = ﬂ\/m 35 fp—o/\/@/g)((%p ép)dt (2.1)
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JUIsi aKTHBHOTO mpoliecca Harpyxenust (F = 0, dF =0, (0F/0S)--dS > 0), a npu
Heiirpasbaom narpyxkeunuu (F =0, dF = 0, (8F/8S) --dS = 0), pasrpyske u3 yupy-
romnacrudeckoro cocrosuus (F = 0, dF = (8F/8S) -«dS < 0) wim nacCHMBHOM
(MpozIoMIPKEHHOM yTIpyroM) Harpysennn (F < O) ép =0.3mecs F = F(S,q) — byHk-
WS TEKy4YeCTH, S W ¢ — JeBWATOP WCTUHHBIX HANPSIKEHUI W MapaMeTp ympOIHeHW,
¢p — HAKOIJIEHHAs] MHTEHCUBHOCTH CKOPOCTEl myacrtudeckux naedopmarnmii (mapamerp
OJKBUCTA; MOXKET CJIyKUTh HAPAMETPOM YIPOUHEHUS ().

Coornomienue (2.1) — o6bekTuBHOE, Tak Kak €p = Dp — unguddepenrublii TeH-
30p, & YMCIUTENb W 3HAMEHATEh — MHBAPUAHTHBIE BEJIMIUHBL. [Iponssoanas xe F 1o
S oymer wHanddepeHTHBIM TeH30poM, ecan F(S) — nuBapmanTHas BenmunHa. Jleii-
creuTesbHo (em. [10]),

OF' _OF _OF . 58
os) o8 oS a8
Tak kak S = O7 - S’ - O B cuny 06BLEKTHBHOCTH S, TO

0S

T v
55 =07 -Cii fo.

3/1ech OIMHAKOBBIE BEJIUYUHBI CO MITPUXOM ¥ 0€3 MITPUXa — ITO OJUH U TOT Ke 00b-

€KT, 3allUCAHHBII B Pa3HbIX CHUCTEMAaX OTCYETA, Cf}/ — BTOPOI M3O0TPOIHBIA TEH30D

gerBepToro panra, O — mo00# OPTOrOHAIBHBIN TEH30P W UCIOTB30BAHO TIPABUIO TUQ-

bepeHnmpoBanms CKAISIPHOrO MPON3BeIeHNs MBYX TeH30pHbIX dyHukunii A(X) n B(X)

TeH30pHOro aprymenta X (u TO, U JApYroe BTOPOro TMOPsIKA) [0 apryMeHTy X
O(A-B) O0A 2 0B

X ox BTAax

2
Omneparmms BV ¥ A o3mavaer mosWIMOHHOE CKalsfpHOE YMHOMKEHHE CTpaBa TeH30pa
BTOpOro panra A Ha BTOPOH 6a3uCHBI BeKTOp TeH30pa terseproro panra B!V . Torma
B cunty coiicts Tensopa CLY (cm. [10])

(2~ (25) i o i o -

_ [(9F T.clV 2o — oF T oF T
<é)S> (0" -Ci; x0)=0 <é)S> oT.cly=o- 5 -0

B pe3synbpraTe 3BOMIOIMMOHHOE YpaBHEHHE TEPMOYNTPYTOMJIACTHIHOCTH MPUHUMAET
BU/I,

TTT = 79 (T,@) + é’i (T,;M) + f‘év t <e - ﬁ@g - \/§§P 8F> (22)

V2\/0F]0S - -0F]dS 08

U OMHUCHIBAET OOJIBINNE TEPMOYIPYTOMIACTHIeCKUE TePOPMAIIH C KOHEIHBIMU YIPYyTH-
MU U KOHEUHBIMU IMIACTHIECKUMU 1e(DOPMAIUIMHA C YIETOM CTPYKTYPHBIX M3MEHEHU
B MaTepuaJe, MPOUCXOAAIINX TTPU aKTUBHOM IPOTIECCe HATPYKEHUS.

Koukperuzupyem remeps GyHKINO TekydecTu F, 3a7aB ee B IPOCTEHIIEM BUIE

F(S,q) =0} —0t(q), 01 =+/(3/2)(S--8),
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rjae o; — WHTeHCWBHOCTh HANpsiXKeHWi n op — mpenen tekydecrtun. Torma OF/0S =
= (3/2)0(S--8)/0S = 38, ép (Bbipaenne (2.1)) NpuHUMAET W3BECTHBIN B €p =

= (3/2) (ép/oi) S, Boibpannas GbyHKIM TEKYyYeCTH YIOBJIETBODSET OJHOMY U3 CJIeJl-
creuii mocrynara JIpykkepa, a nmentuo (0F/JS)--ép > 0, u cooTHONIEHNs

o; =0T, o; = (aO'T/aq)(j, 0 >0,
oi=o0r, 0;=(00or/0q)q, ;<0 mn o;<or

ONPEJIENAIOT AKTUBHOE HArpyKenue (mepBas CTPOKA), HEATpAJbHOE HATPYKEHUE WU
pasrpy3Ky W3 ympyTOILIACTAIECKOTO COCTOSTHASA (TPU MEPBBIX COOTHOIIECHUS BO BTOPO#
CTPOKe) 1 maccuBHOe (IIPOJOJIZKAOIIEECs YIPYroe) HarpyzKenue (LocjeiHee HepaBeH-
CTBO BO BTOPOii CTPOKE).

U3 3aBucnmoctn o; = ®(€p) cmemyer, aro

. _0%(p) ¢ '
6i = ——&p =H(Ep)Ep,
dép
rae H(Ep) — MOy h TIACTHYECKOTO YMpouHeHns. Paspernasi 370 paBeHCTBO OTHOCH-
TeTbHO £p W TOJCTABJSSA €r0 B BhIpayKeHUe M7 €p , TMOIyIaeM

36,
6p = . 2.3
er QHO'Z ( )
B pesynbrare ypasuenue (2.2) npuBOIUTCA K BUJLY
. : ~ . 36;
T = (Te) + G (T,) + LY - (e~ 865 — 7778 ). (24)
2HO‘¢

DTO COOTHOIEHUE CIPABEJIUBO Jjisi AaKTUBHOTO MPOIECCa TEPMOYIPYTOMIACTHIECKOTO
HAIDYZKEHUS C JIIOOBIM YPABHEHUEM COCTOSIHUS JIJIsi KOHEYHBIX YIPYTHX HedOopMariuii.
Bribupas B KauecTse COOTHONIEHUS, ONUCHIBAIONIETO yIpyroe JedopMupoBanue, yipo-
nennbrit 3akon Cursopuan [11], konkpernsupyem tenzop LEY

Coornomenne (2.4) n ypaBHenue temonposogHoctn (coorrormenns (1.15)—(1.18)
UCTIOTB30BATUCH MPU UCCAEIOBAHUN MPOIEcca aanabaTHdaecKoro yrupyromracTuaecKo-
ro pacrsizkenusi crepxkus u3 craaun 30 XI'CA. Kunemaruka, u3noKeHHAsS B MPEJIbI-
JIyIIeM pasjesie, KOHKPEeTU3MPOBAIACH MPUMEHUTETLHO K PACCMATPUBAEMOl 3ajade.
Yucnennas peasn3aiius OCYIIECTBISIACh B PAMKaX BAapMUAIMOHHON MOCTAHOBKHU CBSI-
3aHHO¥ Mpob6IeMbl Tepmoynpyromaactuanoctu (em. [12]). Hauanbuas remneparypa O
nojaranack paBuoit 300 K. ITapamerpsr MmaTepuasa, BXOAAIINE B TEH30D iév, OpaJsnch
U3 CIPABOYHUKA W UMEJIA 3HAYEHUS

Ao = 8.8-10* MITa, Gy =28.0-10* MIIa mnpu remmeparype 300 K,
A=8.6-10" MIla, G =7.6-10* MIla mnpu temmeparype 400 K.

TMonarasock, 9TO 3TH MapaMeTpbl HE 3aBUCAT OT TPEIBAPUTEIHLHON TJIACTHIECKON e~
dbopmanun (o6ocHOBaHME Y€MYy JAHO B CAEAYIONIEM Da3Jene), TO eCTh B COOTHOMIEHHUH
(2.4) m B ypaBrenuu remnonpoogHoctu (coorHomienus (1.15)-(1.18)) rensop T wu
¢dbyuxunonan Wi me sasucar or p; (T, = 0, Wi, = 0), HO JuHe#iHO 3aBHCAT
OT TeMIepaTyphl B yKA3aHHOM [IHANa30He W3MEHEHHUs MOCIeTHeil:

A=A —0.002(6—6y), G=Go—0.004(0— Oy).

Bce ocranbuble (busnko-MexaHUYECKHE MapaMeTpbl MAaTepuaja TMOJAraiuch MOCTOSH-
HbIMU (He 3aBUCAILIUME OT TEMIIEPATYDbL U CTPYKTYPHBIX U3MEHEHUI) U IPUHUMAIIUCD
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700

600
500
400
T3, MTla
300
200

100

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Al/ly
Puc. 2. Hanpaxenne

308
307
306
305
304
303
302
301
300
299 | | | | | | | | |

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Al/l

Puc. 3. lI3menenne TemmnepaTypsl

B COOTBETCTBUHU C JIAHHBIMH CIPABOYHUKOB CIEAYIOMUMA: KOI(DMUIUEHT JTUHEHHOTO
TeMueparypHoro pacmupenus 3 = 12 - 1076 K_l, IJIOTHOCTH MaTepuaja B Ha4YaIb-
"ol Kordurypanuu py = 8.0-103 KF/MB, K03 dunment ynenbuoi (Ha eUHUILY MACCHI)
TEMJI0EMKOCTH TIpH HyJeBoM Hampskennu cr = 0.46 - 1073 MJIx/(kr - K), npezen
rekyuectu op = 640 MIla, moxynp miactugyeckoro ynpounenns H = 350 MIla.

Crep:xenb pacTarusascs ¢ nocroanuoil ckopocrsio 0.5-1072 ¢! 1o 5%-noro ymiu-
menug 3a 10* maros. Ha puc. 2 nmpusejena eJIuHCTBEHHAS HEHYJIeBas COCTAB/ISAIOIIAL
TEH30pa MCTUHHBIX HAMPSIKEHWH B 3aBUCHMOCTH OT Ge3pasmepHoro yiaymnuenus Al/lg,
rae lp — HavanbHas JJINHA CTEePKHA.

Kak u 101KHO OBITh, TIOCTe HEOOJBITOTO YNPYTrOro yYacTKa HACTYTAET TIaCTHY-
HOCTb, ¥ OOJIBIIIOTO WHTEPECa 3TOT PUCYHOK HE MPEeJCTABIsIeT B OTJWYHE OT PUC. 3,
[jie TOKA3aHa 3aBUCHMOCTH W3MEHEHUsl TEMIEPATYPhl OT 0e3pa3MepHOro y/IJIHHEeHUs!
B auabaTuueckoM mporecce. 31ech cuavana (Ha ynpyroil crajaun) TeMneparypa He3Ha-
YUTEIHHO YOBIBAET, & ¢ BOZHUKHOBEHUEM IJIACTUYHOCTH OHA, PACTET MPAKTUYECKU JIH-
HeliHo. YObIBaHMe TeMTIepaTypPhl TPOUCXOJANUT B TIOJHOM COOTBETCTBUU C COOTHOTIEHUSIMU
(1.19), (1.20), koropbie Jis aauabaTuaecKoro IMpoLecca IPUHUMAIOT BUJL

606:7690[1(’1‘), 069:73K69()Il(é)'

W3 nepBoro ypaBuenus cjemyer JWHEHHOE YMEHbBIIEHUE TeMIIePATyPhl IPU PABHOMED-
HOM pPaCTsiKeHuU (JUHEHHOM POCTe HANPIKEHUs ), a U3 BTOPOro — BO3pacTanue oobemMa.



220 A.A. POTOBOM

Y
0.6 \
0.4
//
0.2
0 0.1 Ap

Puc. 4. Tunuunaga 3aBucumocts 7y ot Ap

2.2. TIlnacruuyeckasi pabora, mepenregmiasg B Termo. VI3BecTHO, 9TO YacTh
MJIACTUYECKO pabOoThl, 3aTpadeHHoll Ha JehOpMUPOBAHNE MATEPHUAJIOB, TIEPEXOIUT B
TEII0, a 9acTh WIAET Ha W3MEHEHWe dHEePTHil AUCTOKAInii, 7epeKTOB U T. M. W HEPruit
ux B3ammogeiicreug. [Ipy HM3KMX ckopocTsax jgedopmMaluu CKOPOCTH HArpPeBa PaBHA
CKOPOCTH OXJIAXKJIEHUsT W TPOIECC CUUTAETCS m3oTepMmudeckum. [Ipm Oojiee BBICOKUX
CKOPOCTAX, OJHAKO, CKOPOCTHh TE€HEPAIMN TEIjIa HAMHOTO BBIIIE, 9eM CKOPOCTH OXJIa-
JKJIEHUST U anADATUYIECKWil TPOIECC SBJISETCS MPUYNHON BO3PACTAHUST TEMIIEPATYPbI
(upu ucubiTanugx Ha cxkartue). s oneHku 10siu O6IIEro KOJMYecTBa ILUIACTHYECKOl
paboThI, meperre/iieil B TeI0, BBOIUTCH, KAK OOBIYHO, OTHOIIIEHHE

o
7

7 9KCIIEPUMEHTATBHO OTpeesdeTcs 3aBUCUMOCTD Y OT HAKOIJIEHHON Mephl MJacThde-
cKoil medopmanuu, 3a KOTOPYI0 MOXKHO NMPUHATH BETUUNHY

., Wp=T-Diy (2.5)

Ap = /D]N(T) . -D[N(T) dr.
0

Jlo HemaBHEro BpeMeHu OOJIBITUHCTBO PA0dOT B 3TOH 00JaCTH MPOBOAUIOCH B YCJIO-
BUSIX KBAa3WCTATUYECKOTO HKCIEPUMEHTa. B pe3ynbrare dero ObLT CeslaH BBIBO, UTO
7Y €CTb MOCTOsIHHAS BeaWvuHa, npuHuMarormas 3nadenns mexay 0.8 u 1. Ilombitku
U3MEPUTH Y B AUHAMHUYECKUX IKCIEPUMEHTAX, BBIMOJHEHHBIX B IMUPOKOM JIUANA30HE
nedopmarmit u ckopocreit medopmaruii, mokasasu, 91o 7y Bapbupyercs ot 0.6 1o 0.9 B
3aBUCUMOCTH OT UCCJIETYEMOTO METAJIJIA, BeJTUINHBI 1epOpMAIIIi U CKOPOCTH aedopma-
uu. JTO SIBJIAETCS YOeUTeIbHBIM TIOTBEPIK IEHUEM BIUSHUS 1eDOPMAIINN 1 CKOPOCTH
nedopMarmu Ha pacupe/iesieHne 3aTPadeHHON IIIaCTUIeCKOH PabOThl HA 3aMACEHHYIO U
TEIJIOBYIO0 9ACTU IHEPTHUU. JKCIEPUMEHTATbHDBIE JAHHBIE 10 DOJBITUM JedopMarysiMm
[MOKA3aJ/Id, YTO MaTepuas He MOXKET HeOIDAHUYEHHO HAKAILJIUBATH SHEPIHUIO, IIPU HEKO-
TOPOM KPUTHYECKOM YPOBHE TJIACTUYECKON MedOopMaIuu moYTH BCsS SHEPTUs MpeBpa-
IIIAeTCsI B TEIJIO W 7y JOCTUTAET eIWHUIBL. Tunudnas 3aBUCHMOCTE v 0T Ap umeer Bu
(cm. [13]), mpeacraBienHblit Ha puc. 4.

B skcnepuMenTanbHBIX paboTax, CBI3AHHBIX C IACTHICCKAMA 1e(OPMAITHIMHT, 00-
CY2KIa€TCs BOMPOC 3aBUCUMOCTH YIPYTHUX [IAPAMETPOB MAaTEPHUaJia OT MPEeABAPUTETbHOM
naactuyeckoi medopmarmu. dkcrnepumentsl M.A. 2Kykosa u B.C. Jlernckoro moka-
3a/Ii, 9YTO yIpyTHe CBOWCTBA METAJJIOB 3aBUCAT OT TjIacTudeckoii medopmannn. Tax,
MpeIBAPUTEIBHAS TNIACTUIECKAS BBITAKKA HA 2% BhI3BAIA YMEHBITEHNE MOIYJIS CIBW-
ra na 19%, a npegsapurenbHasa mnacTudeckad gedopmanmsa casura Ha 4% yMmeHbmmaa
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momyab FOura na 20%. IIpoaosKuTenbHbIil OTABIX TJIACTUYECKH 1eOpMUPOBAHHOTO
METAJIIA TOYTH MOJTHOCTHI0 BOCCTAHABIMBAET MEPBOHAYATHHBIE YIPYTHE CBOKCTBA.

O.A. IMTumvapers u FO.A. Co30HOB coriiacHbl ¢ STUMHU BBIBOJAMHU B Ka4€CTBEHHOM
YaCTH, HO B YACTH KOJIMYECTBEHHON TOJNYYNaN He3HauwTesnbHoe (5-7%) yMeHbIeHne
MepBOHAYANBHBIX BenanH. OHU JAI0T 00bICHEHNE TAKOMY HECOOTBETCTBHIO C TAHHBIMI
pabor M.A. ZKykora n B.C. JleHckoro n ykas3bIBAIOT MPUHIUNHAILHBIE MOMEHTBI, HE
YUTEHHBIE B MOCTIEIHUX, KOTOPBIE ¥ MODJIM MPUBECTH K HEKOPPEKTHBIM Pe3yIbTaTaM.

Onwupasice Ha skcnepumentbl O.A. [Mummvapesa u FO.A. Cozonosa, OymeMm caurarh,
9TO yHnpyrue CBORCTBa MaTepralia He 3aBUCAT OT IIPEIBAPUTEIbHOI (He 0YeHb 1y1yGOKOiA)
MIACTHYIECKOi MedbopManmn. ITO MPUBOIUT K TOMY, YTO B COOTHOIIEHUH JIJIsi CKOPOCTH
NpPOU3BOICTBA Tera Heynpyrumu ucrounnkamu (1.18) (u B Ten3ope nanpsizkenuii (1.9))
BCE MTPOM3BOIHBIE OT HAMPSTKEHUS 1 0T (byHKIHOHAIA W 10 CKaISIPHBIM CTPYKTYPHBIM
napamMerpam paBHBI HYJIIO, U OHO MEPENUINeTCs B BUE

ovs |

Qin = (1_259)T"D1N—J_1P08—‘u_ﬂi-

(2.6)

B cooTBeTcTBHE €O BTOPBIM 3aKOHOM TepMoauHaMuku (1.14), BeTUIWHBI, BXOISIIHE B
(2.6), 1OJIKHBI YIOBJIETBOPIATH HEPABEHCTBY

ov.
T"DIN*J_lpoa—SﬂiZO-
i

B pesynbrare (2.5) 3anumiercs Kak

I po 25 i
=(1-230)— ——m " 2.7
V= (1-20) - 0 (2.7
Yuarem, 9to B Teopuu maacruaoctu (cm. (2.3))
36;
Dp = .
P 2HO‘¢
Torna
2Ho; 2Ho; .
T - -Dp=S-Dp= “(Dp--Dp) =" Ap. 2.8
P P 30, (Dp--Dp) 35, (2.8)

OrpanugmmMcst TOJBKO OJHUM MapaMeTpoM [ ¥ OYIeM CYUTATh, U9TO [i €CTh (DYHKIIUS
or Ap. Torma i = (du/OAp) Ap m coorwomenne (2.7) mepermmmercs ¢ yaerom (2.8)
B BHJE

30; % ﬂ (2.9)
02 Ho; op OAp '
PazymHO mosoknuTh, uro pu(Ap) caabo mMeHsiercst Tpu MaJbIXx Ap, 3aTeM CKOPOCTh 3TO-
ro0 U3MEHEHWS 3HAYUTEHHO BO3DACTAET W HAKOHEI] KPUBAS BBLIXOAUT HA HACHIIICHUE.
Takoe noeeznerne p(Ap) Ob10 Onmcano aByms crniocobamu. IIepBoiit nCmoab30BaAT TBE

9KCIIOHEHTBI, COCTHIKOBAHHBIE B TOYKEe Apg, B TOM 9HCIE U 1O MEePBOM TPOU3BOIHOII:

y=01-280)-J""p

cA
(17A) exp —(Appro) opu ApgApo,
= 1-A
1—Aexp[—c(Ap —Apo)] npu Ap > Apg.

I'paduk dyukumn p npusegen Ha puc. 5 B MEPEMEHHBIX T ~ Y, COOTBETCTBYIOIIAX
mepemeHHbIM Ap ~ p. 3meck kpuBas 1 moctpoena st mapamerpoB A = 0.3, ¢ = 3,
App=3,kpuBasi2 - A=03, c=5, App=3ukpuBags 3 - A=0.3, c=7, Apy =2.
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. 7

. 1/
b LA/
/

0 1 2 3 4 X

Puc. 5. 3asucumoctu p(y) or Ap(z) npu HEKOTOPBIX 3HAYEHHUSX APAMETPOB

0 0.0525855 0.110701 Ep
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Puc. 6. Pesysibrarsl onucanus KpUBOi CILIafiHOM

HenocraTkn sroif annpokcuMarmm cBsizanbl ¢ nosenennem byHkuun u(Ap) mpn
Ap — 0. TTosromy npexnonaraemoe noeezerne GbyHKnn ((Ap) anmpokKCHMHPOBAIOCH
erne 1 CIJIaiHOM

ap A% mpu 0 < Ap < Apy,
a; + b1 AP + A?; opu Apl < AP < APQ,

p= (2.10)
az+byAp+ca A} mpu Apy < Ap < Apg,

as+bsAp+csA3 mpm Aps < Ap < Apy,

rae 3a Apo mpuHMMaIACh TOYKA meperunba Ha KpuBoil puc. 4, a 3a Apy — camas mpaBast
TOYKA TOTO ¥Ke pucynka. Ha KoadduimenTs! criaiina HaKIaIbIBAIUCH YCIOBHUS COMPSI-
JKeHWsT Ha KOHIIAX KaXKJIOTO OTPE3Ka, B TOM YHCJIE W 10 MPOU3BOIHBIM, U TpebOBaHUE
OIPEJIEIEHHOT0 UX MOBEJEHUs Ha KaXKJOM ydacTke. [loJydeHHbIe CB3U ONPEIeIINn
He3aBUCHMbIe MapaMerpbl crtaitna. Iomaras, ato Ws(u) = ap + bp?, u ucnomn-
3ya 3asucumocth (2.10), coornomenue (2.9) 6bu10 Mpeobpasosano. Bxojgamue B 3TO
MpeodpPa30BAHHOE COOTHOIEHNE KOI(DMUINEHTHI HAXOIUINCH W3 YCJIOBUS HAUJIYUIIIe-
ro MpUOIMYKEHNST KPUBOH Ha PUC. 4 METOIOM CKAHUPOBAHHUS MO 3TUM mnapamerpam. Ha
puc. 6 npuBeeHa JOMaHas KpuBas u3 puc. 4, pe3yabTarThl ee CrIaKUBAHU U TPUOIHIKe-
ong crimaiinoM. Ha Bepxmeit ropu3oHTAIbLHOMN MIKATE yKa3aHa BETUIHHA [ITACTHIECKOIT
nedopmaruu. Hanbosnbiime MOrpernHocTH B alpOKCUMAIIUN IOy YUIUCh HA KOHIAX
obacTu.
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3akJiroueHue

Bce kunemarnyueckue u CHIOBbIE BEJINIUHBI TP KOHEUHBIX Ae(hOPMANIAX CI0KHBIX
CpeJl ONpeseal0TCA NCTOPUEH MPONCXOAANINX B 3TUX CpeJax TepMO-yIpPyro-Heynpyrux
nporeccoB. /I ommucanus 3Toit MCTOPUM MCITOTH30BAH TIO/IXO0/T, OCHOBAHHBIN HA KMHEMAa-
THKE HAJOXKEeHUs MaJjbix maedopmaruii Ha konednbie. [1oaxo okazascs npogayKTUBHBIM
14 TIOCTPOEHUA KaK KMHEMATUYECKUX COOTHOIIEHUH TepMO-yHpyro-HEyHnpyroro mpo-
1ecca, Tak U OIPe/Ie/IdIONINX YPaBHEeHHH, y/I0BIeTBOPAIONINX IPUHIIAIIAM TEePMOJIUHA-
MUKH ¥ 00BEKTUBHOCTH. B HacTOsIEH paboTe 3TOT MOAXO/ UCITIOIB30BAH IJIsT OTTUCAHUS
9KCIMEPUMEHTATHHON KPUBON 70N OOIIEro KOJMYeCTBA TIACTHIECKO pabOThI, mepe-
memieii B Tersio. [lorydennbie pe3yibTaTsl IO3BOIUIN UACHTUDUIIMPOBATD BBEIEHHBIE
B Pa3BUBAEMOM I10/IX0J€ MEPY CTPYKTYPHBIX U3MEHEHUl, IPOU3O0IIEIIINX B MaTepuae B
pe3yabraTe MIacTu9ecKoi gedpopmannm, u caaraeMoe B CBOOOIHOM IHEPIUH, CBA3aHHOE
€ 3TOI Mepoii.

JlanbHeiimme CC/IeI0BAHNS, KaK MPEICTABISIETCS, JOJKHBI ObITh HAPABJIEHBI HA,
YCTAHOBJIEHUE CBA3€l MeyK/Iy HeyNpyroil dHeprueil, 3aTpadeHHoil Ha N3MEeHEHNe CTPYK-
Typbl MaTepuaia, 1 napaMeTpaMu B COOTHOIIEHUAX, ONMCHIBAIONINX [LJIACTUYECKNHA TIPO-
ecc.

PaGora Bbimosinena B Beaylued nayunoii mkoje (rpantsl [pesumnenta Poccuiickoit
®enepanun HII-8055.2006.1, HITI-3717.2008.1 u HIII-7529.2010.1) B pamMkax nporpam-
MbI (byHIAMEHTATBHBIX UccaeaoBanuii OTaenennss SHEPreTUKH, MAITMHOCTPOCHUSI, Me-
xanuku u npoueccos ynpasienus PAH (Ne 09-T-1-1006), nporpamMmMbl COBMECTHBIX (DYH-
namenrtanbhbix uccsaeposanuii YpO PAH, CO PAH u JIBO PAH (Ne 09-C-1-1008),
TocynmapcrBennoro koutpakrta ¢ ®@emepajbHBIM Ar€HTCTBOM MO HAYKE W WHHOBAIIUSM
(Ne 02.740.11.0442) u npu dunancosoit nommepxkke Poccuiickoro dhonma dynaamen-
TanbHbIX uccaegoBanuii (mpoekt Ne 08-01-00184).

Summary

A.A. Rogovoi. Finite Deformations in Materials with Structural Changes.

The paper is concerned with the problem of dividing the inelastic energy into heat and
latent energy, the latter being connected with the structural changes in a material. Here we
use the approach leading, in the framework of finite deformations, to the heat conductivity
equation, namely, to that part of it, which defines heat production by inelastic sources.
Taking into account the experimental data, it has been supposed that the elastic properties
of a material do not depend on the structural changes caused by plastic deformations. The
experimental curve describing the fraction of plastic work transformed into heat has been
obtained.

Key words: finite deformations, heat conductivity equation, heat and latent inelastic
energy, plastic work transformed into heat.
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