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A. A. Bypennn, JI. B. Kopra#tok, I JI. [lanuerko

BASKOIIJIACTNYECKOE TEYEHUE B IIJIOCKOM CJIOE ITPU YYETE
PA3OT'PEBA 3A CYUET JE®OPMUPOBAHUA N TPEHUSA HA TPAHUIIE

Hrnemumym mawunosedenus u memannypeuy JIBO PAH
Hremumym asmomamuru u npoyeccos ynpasaerus IBO PAH

Baadusocmoxcxuii 2ocydapcmeeﬂmnﬂ YHUBEPCUMEM IKOHOMUKU U CEPBUCA

AHxHOTarusA. B crarbe mpecTaBeHO pellleHre CBSI3aHHONM 339l TePMOYIPYTOILIACTUIHOCTH O
Pa3BUTHH TEUEHUS B IIJIOCKOM CJIO€ MaTepuaJia, HaXo/I[IIerocs B yCJIOBUSIX HAPACTAIONIETO IHCTOrO
CBUTA U TIOCJIEIYIOIEM TOPMOYKEHUN TE€YEHUsl IIPU MeJJIEHHOM CHSITUX Harpy3ku. Temiodusnde-
ckue u JiehbopManmoOHHbIE IPOIECCH B3aNMOCBSI3aHbI, IIPEJIE)T TEKYIEeCTH 3aBUCUT OT TEMITEPATYPHI.
B kadecTBe 1010 THUTEIBHOIO UCTOYHUKA TEILIa, IIPUHUMAETCS €r0 MIPOU3BOJICTBO 3a CUET TPEHUS
MaTrepraia CjIosi O TPAHUYHYIO MIEPOXOBATYIO IJIOCKOCTh. HalileHbl yC/IOBUsT 3apPOXKIEHUST BI3KO-
IJTACTUIECKOIO TeUYEeHUs, 3aKOHOMEPHOCTH ITPOJIBUZKEHUSI 110 CJIOK YIPYTOIJIACTUIECKAX TDAHMUII,
paccunTaHbl CKOPOCTH TedeHusi, bosIbIne gedopMaliui, Kak HeoOpaTumMble, TaK u obpaTtuMbre. Pac-
CMOTPEHO TOPMOXKEHUE TeUYeHUsl IIPU YMEHBIIEHUN HAIPYKAIOIIIX YCUJIMA C TIOCJIE Y OIIIM OCThI-
BaHUEM MaTepuaJia CJosl.

KuroueBbre cJI0Ba: yupyrocTh, MJIACTUIHOCTD, BSI3KOCTh, TEIJIOPOBOIHOCTD, OOIbIITE j1ehOop-
MallnH.

VIIK: 539.374

UseecrHo [1], uro mramiryeMblil MaTepraJl BBIUIABISEMON MOJIEIN, OCHOBHOE COJIepXKAHUe KO-
TOPOrO COCTABJISIET NAPAPDUHO-CTEAPUHOBAST CMECh, TIJIACTUIECKH J1e(POPMUPYETCS B IPUCTEHOYHBIX
obJacTsax mnpecc-popMbl, HArPEBAETCS JI0 OIJIABJICHUS, 3aII0JIHAS €€ KOHCTPYKTUBHBIE BOIHYTOCTH,
a TI0CJIe 9TOrO 3aCThIBAET, (POPMUDYsT YIIPOUHEHHBIH TPUITIOBEPXHOCTHBIH cioit. [lomobubie addek-
TBI [PUCYIIH MITAMIOBKE B MOPOIIKOBOI MeTasurypruu. B Ttakux mporeccax gedopMmariuu, Ipu-
obperaemble MaTepHajgaMu, OOJIBIINE, HAPSLY C YIPYTHMH CBOWCTBAMH MATEPUAJIOB HEOOXOIMMO
YUIUTBHIBATH IIJIACTUYECKNE, & B 00JIACTAX TedeHus u Bsiskue. [Ipu sTom pedopmupoBanue u TpeHne
0 >KeCTKHe CTEHKU BBbI3bIBAET 3aMETHBII Pa3orpeB MarepuaJia. Takum 00pa3oM, COOTBETCTBY O
331298 MaTeMaTUIECKOr0 MOJEJIMPOBAHUS OKa3bIBAeTCsl 3aJadeil Teopuu 0ONbINIX AedopMariuit
CcpeJl ¢ YOUPpyrumMu, jaaCTUIeCKUMU U BASKUMU CBOfICTBal\IH, B KOTOpOﬁ apejes TeKy41eCTu 3aBUCUT
OT TeMIIepaTyphl, a 1eOPMIPOBAHNE, TEILIOBbIIECICHIE U TEIJIoNepeIadua He pa3uessaiorcs. Ilocra-
HOBOK U PeIleHuil 3a/1at, BKJIIOYAIONMX B cedsi Bce OTMeUYeHHbIe 1ebOPMAIMOHHBIE U TeIIohu3ne-
CcKre 0COOEHHOCTH, TeOpHs OOJIBINNX JTepOPMAIIHIA O HACTOSIIErO BpeMeH! He coiepKuT. C 1esbio

ITocrynuna 12.10.2014

Pabora Bemosiena mpu duHaHCOBON mHOIIep:KKe MwuHoOpHayku Poccum B paMkax rocymap-
CTBEHHOI'O 33/1aHus By3aM Ha BbinosiHenne HUTP (Ne 2014/292).

Pabora Bemosnnena npu dunancosoit nojepkke Poccuiickoro domnia dyH/IaMEHTAIBHBIX UC-
caieioarnii (koz mpoekra 13-01-00283).
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MOJIEJIBHO OIEHUTH [IPOIECCHI, TPOUCXOJISIIIE B MaTepraJie IIPU MITAMIIOBKE BBIIIJIABIAEMbBIX MOJIE-
Jieft 1t COOTBETCTBYIOIIETO JINThs, PACCMOTPHUM ITPOCTERIITYIO MOJIETBHYIO 33/1a49y JAHHOI'O KJIacca
0 YHCTOM CJIBUTE, HO ¢ yderoM Takux ahdekron. Chopmymupyem 3aja1y B hopMe KBA3UCTATU-
YECKOT'O IPOIECcca MPU MEHSIOIIEHcs: CO BpeMeHeM BHEIHeH Harpy3ke Tak, KaK 3TO HPOUCXOIUT
[IPU TEXHOJIOTUYECKON OIEPAIUU: PA30IPEB M T€UEHHE BO3HUKAIOT M PA3BUBAIOTCS, 3aTE€M TEUCHUE
3aMe/IJISIeTCs] U, HAKOHEIl, MaTePUaJl OCTHIBACT.

1. Ilycrs B mpocTpaHCTBe € JIEKAPTOBOM CHCTEMO MTPSIMOYTOIBLHBIX KOOP/UHAT CJIOH MaTepHasa
zanogHsier obiacTb 0 < zg < h (b — mommmHa cos). C ofHON CTOPOHBEI OH OTDAHMYEH FKECTKOI
[IEPOXOBATON TIOCKOCTBIO o = 0, Jipyrast ero rpaHutHasl IJIOCKOCTb X9 = h Harpy»keHa

O12]p,—p = Ct 02|,y = a0

31ech 012 U 099 — KOMIIOHEHTHI TEH30Da Hanpsiykenuit Jitnepa-Komm, ¢ — Bpems, (, ap — 3a1a-
BaeMble TocTostHHbIe. CunTaeM, 9To B moc/eaytonme 3a t = () MOMEHThI BpEMEHU MATEePUAJI CJIOs
obpaTuMo J1epOPMUPYETCsi IPU OTCYTCTBUU IEPEMEIEHNIT Ha T'PaHUIEe Ty = 0 0 Tex mop, moKa
CJIO YIEPKUBACTCST 38 CUET TPEHUS

021 < floge| mpm z9 =0,

f — xoadpdunment tpenus. [oaraem, uto ag < kof ! (kg — npemen Texky4ecTn npu KOMHaTHOf
TeMIlepaType), T.e. IPOIECC CKOJIbIKEHHsI HAUNHAETCS PAHbIIE IJIACTHYECKOIO T€YEHUsI B MOMEHT
Bpemenn ¢ = t, = agf¢ L. Ilpu t > ¢, ycaoBHe HPHINTIAHUA 3aMEHSIETCS 3aKOHOM TPEHHSI CKOJIb-
2KEeHUSI

(012 - f |022| - f”)|¢2:0 =0, (1)

re & — koabduIHeRT BA3KOTO TPeHUs, v = vy (X2,t) — CKOPOCTh TOYEK Cpenbl. TPeHne CKOJbIKe-
HUsT BBI30OBET PA30rPEB CJIOSI HA €ro IPaHUIHON 1mrockocTu o = 0. Jlas dpopmupyrormierocs mosist
TeMIepaTyp IPUHUMAEM yCJIOBUsT

0= L 1 0lent), O(wat) =0, 0(0,8) =o(t), -2 =0. (2)

axQ ) =h

3aech 1y, 1" — KOMHATHAs 1 TeKyIrasi abcosFoTHas TeMuepaTypa, ¢(t) = u (0,1) — mepemerrenve Ha
IPAHUIIE CJIOsl, ¥ — HOCTOSIHHAST TEIIONPOU3BOACTBA 38 cUeT TpeHus. HarpyzkaeMyro rpaHuiLly cJiost
Z9 = h 1oIaraeM TEIIOM30JIMPOBAHHON, a MPOM3BOJACTBO TEILIa 34 CYET TPEHUS TaKUM, YTOOLI
TeMIepaTypa rpaHuipl £o = ( pOC/a MPOIOPIMOHAILHO CMENICHUIM TPYIIUXCSA TOBEPXHOCTE!H.
Takue CMEIIEeHUsT OTOXKIECTBIISIEM C MEePEMEIeHUsIMA TOYeK TPAHUIHOI IIIIOCKOCTH, Tak Kak ¢(t)
CUNTAETCH Jlajsee MOHOTOHHOIA.

TIpomorzKaiommeecs: HAPYYKEHUE B YCJIOBUAX IOBBIIICHHUs TEMIIEPATYPbI IPUBEJIET K 3apOXkKIIe-
HUIO ¥ PA3BUTUIO BA3KOILJIACTUYIECKOIO TEUEHUSI B OKPECTHOCTHU TOJJIOKKH, U, CJICJOBATEIHHO, K
6otpIM JlecbopMarusiM MaTepruasa B o0gacTu pa3suroro tedenus. Konkpernzaimio reriodusn-
YECKHMX U MEXaHWYIECKUX CBOMCTB MaTepuaJia CJIOg IPOBEJAEM B PAMKAX MOJE/N OOJIBIIMX yIIPYTO-
IacTHIecKuX JjiedbopManiuii, mocTpoeHHo B [2] u 0600IIeHHON Ha Hen30TepMUIecKuii ciryvaii [3]
1 Ha cjIydail yuera BsI3KOCTH IPH IIacTHIecKoM Tedernu [4]. B mosHOM o6beme MoJienb oapo6HO



BA3BKOIIVIACTUYECKOE TEYEHUE B IIJIOCKOM CJIOE IIPU YYETE PA3OI'PEBA 129

ommcana B [5]. Cunraem, 9To MaTepraJl CJI0s HECKUMAEM, TOIJIa

DtJ =gy — &y — 5 ((Eik — €y, + 2ik) Mg + mag(Exj — Eﬁj - ij)) )
Dpi; ) ] ]
TtJ = el —PikEh; — EpPris Mg = eij + o (T =To) 64,
dij = mij + pij — 5 Mk Mk — MikPkj = PikTMkj + MikPrsMsj,
1 ow
7 I T 30 (T Ty) oy, 9 — 2% mPm Py (3)
1 ow
i = —P10;; Opi — My i # 0,
i ! J*’l—%3a(1'—1b)an”k( ki~ Mk)  TPH i 7
1 du,- 871@ 871@
fij =5 (vij + i), 0= o U UG, U = E
J

g =g (vij = vji) + 2ij (Esks Msk) 5 = TikMj + MikThyj -

Dt dt

P . .
3mecs ¢, i d;; — KOMIIOHEHTHI TEH30POB CKOPOCTeH TTacTHIecKuX AedopMariuit i TOMHEIX JedopMa-
nuit AnpMancu, o — ko3¢ UuIneHT JUHeHHOro paciupennsi, P, P — riapocTaTuiecKne TaBIeHYs.
TpeboBaHme HEM3MEHHOCTH TEH30pa HeOOpPATHUMBIX jJedopManuil p;; TpH TepMOYIpyroM aedop-
MHUPOBAHUH U TIPU PA3rPy3Ke HMPUBOJUT K OOLEKTHBHON IIPOU3BOJIHON 110 BPEMEHHU OIPEJIETICHHOTO
Buza. B (3) oma 3anmmcana Jyist MpOM3BOIBHOIO CHMMETPHYHOIO TE€H30pa ¢ KOMIIOHEHTaMH 7. Ko-
COCUMMETPHYHBIH TEH30D 2;; B (2, 5| BbINICaH mosHOCTHIO. [losaras MaTepuas CjI0sk H30TPOITHBIM,
yupyruit norennuas W 3aganum B hopme

W = —2/LJ1 — /,LJQ + bJ12 + (b — M)Jljg — Xjf’ + I/1J109 + 1/2092—

(4)
—I/3J1092 — I/4J1209 — I/5J209 — 1/6093 + ceey Jl = dkk7 JQ = dikdki~

Basucumocts (4) 3ammcana s ciaydast p; = 0, g — Moayns casura, b, x, vpy,(m = 1,2,...,6)
~ TemIoMeXaHudeckrne nocrosHuke. Ilpw p;; # 0 cremyer cumrare J; = Iy = ¢, Jo = Iy =
CikChi, THE ¢ = my; — 0, 5mypmy;. B ciydae nzorepmmdeckoro medopmuposanus (§ = 0) umeem
m;; = €;j, TOIJIa TEH30P ¢ KOMIIOHeHTaMHu ¢;; — 0, Se;iep; ciejlyeT HasbIBaTh TEH30POM YIPYI'HX
nedopmaruii. B kadecTBe ycjI0BUs IIACTUYHOCTH Oy/IeM HUCIIOJIb30BaTh CJIEyIolee 000DIeHne
dyukiun Harpyxenust Tpecka

F (035,¢;) = max|o; — o] — 2k + 2pmax|e}| = 0,
=A

oF 02
. OAS0, k=ko 1 (5)

P
o

. T2
Jdoj; 09pl

re 0;, €7 — IIaBHbIE 3HAYEHHS TEH30POB HANPsZKEHHIT B CKOpocTeil iacTuyeckux AedbopMaliuii,
71 — Koa(p(puImenT BA3KOCTH, §); — TeMIepaTypa IUIaBIeHHs MaTepuata. lIpunnMasn 3aKon Temmo-

ripoBojtHOCTH DPyphe, COrVIACHO yPAaBHEHUIO OAJIAHCA SHTPOINN MOJIyIaeM YPABHEHUE TEIIOMPOBO/I-

HOCTH BHIa
Bi, B 20 B3 %0 l ,
1+ 20+ 22, ) & + Byjiai; = g=——r— — =060,
< + Vo + 1%5) Lig ot + 1%5) Yyitis qaZEJa,CEJ 21/20 JEU

(6)
B1=12(1—-3aTy) —3ve, Bo2=—v3, [z=—v—us,
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rie ¢ — kosddurpent remieparyponposoguoctu. Tam, rae aedopmupoBanue obpatumo, B (5)
P = g — 0 — Cas o= .. — P — 1
z;; = djj, yj; = €, | = 0; B obyacTn TeweHUs Tj; = Cjj, Yjj = Eij i l = 1; B obnactu

Pa3rpy3kKu Tjj = Cjj, Yj; = Eij, {=0.

Jj

T
Y T

71624 251625 33765 Ty 413675 T =311%

Puc. 1. 'panunma obsracTu BSI3KOIMIACTUIECKOTO TEIEHUsT

2. Kak yke 0TMeJalloch, KBa3UCTATHIECKOe YIIPYTroe PABHOBECHE CJIOsi OYJIEeT COXPAHSATHCS JIO
MOMEHTa BpeMeHU ¢ = {,, 0ocJie KOTOPOr0 HAYMHAECTCA [IPOCKAJIb3bIBAHUE U Pa3orpes. Bo BpeMena,
CJIeIyoIIe 3a ¢, , HOJIyuaeM CBSI3aHHYIO 33/[ady TepMoynpyrocTu. [1ose Temieparyp, HalpsizkeHHO-
JebOPMUPOBAHHOE COCTOSTHUE OIPEJIEIISIFOTCS IPH UCHOJIb30BaHUK (3) M3 ypaBHEHUH DPaBHOBECHSI
X COBMECTHBIM DeIlleHHeM ¢ ypaBHeHueM TeruronposojgHoctu (5). HavyaabHbIMU yCIOBUSIME SIB-
JISTIOTCSI yIIPYroe paBHOBECHe B MOMEHT BpeMeHw t = t, u 0 (zo,t,) = 0, KpaeBBIMU yCJIOBUSIMU
— coorHomenus (1), (2) u 3amaBaemble ycaoBus HarpyzKenus. Perienue 3a/a4u TePMOYIIPYTOCTH,
He cojieprKallee JIOTOJHUTEJBHBIX CIIOXKHOCTEl, Oy/IeT CIpaBe/yInBo JI0 MOMEHTa BpeMeHH {1 > t.,
KOTJ[a HAYHET Pa3BUBATHCA ILIACTUIECKOe TedeHre. MOMEHT U MECTO €ro 3apoxkIeHus HAXOIATCs
U3 [OJIyYE€HHOrO pellleHnst U ycaoBust (4), KoTopoe B JIAHHOM CJIydae UMeeT BHJ

(021 =k (0)] 1=, 2y—0 = 0- (7)

C momenTa Bpemenu ¢ = {; or rpaHunpl zo, = 0 passuBaercd 00/JACTb TEYEHUS, 3aAHUMAIO-
mast cnoit 0 < zo < r(t), xo = r(t) — ABMKyINAsicd O Cpesie TPAHUIA JaHHOI 06JacTH, B CI0e
r(t) < x9 < h marepuain jgedopmupyercsi obparumo. ITosioxKeHne yIpyromiacTuIeckoi IpaHnIbl
CBS3BIBAETCs C PABEHCTBOM HYJIIO Ha Hefl cKopocTell miacrudeckux jgedopmaiuii. YpasHeHue pas-
HOBeCHUsl Tellepb CJIeJlyeT IPOMHTErPUPOBATH B JBYX OOJIACTSIX OTJIEJIBHO; PABEHCTBO (6), ycaoBust
HAIPYYKEHUs U YCJIOBUs HEIPEPBIBHOCTH HAIIPSKEHUI Ha YIIPYTOIJIACTUIECKOH MPAHUIIE SBJISIIOTCS
KpaeBbIMU yCJIoBUAME. [10 HAJEHHOMY IOJII0 TEMIIEPATYD OLUPEIE/IAETCS KUHEMATHKA, TeUCHUs] 1
3aKOH IPOJBUXKEHUs YIPYTOILIACTUYIECKONH I'PaHuUIbl. VHTErpupoBanueM 10 BPEMEHU HANIEHHBIX
CKOPOCTE IIACTUIeCKUX JedopMaruil Ipu HAUaIbHOM YCIOBHH Py (t1) = 0 OIpeIesIsoTcst KOMIIO-
HEHTHI HeOOpATUMBIX JebopMarniuii p12, P11 U Paz. [locie vero us (3) nonyuaem nuddepennuaabHOe
yPaBHEHUE JIJIsl IEPEMENIeHUs B 00/IaCTH TeICHU

Ju t
= S+ 2 ®)

B obusactu obparumvoro jedbopmupoanus B (7) pia = 0. Iocrosinnas (pyHKIMsT BpemeHN )
UHTErPUPOBAHUSL OLPEIEIIACTCS YCJOBUEM HENPEPLIBHOCTH IIEPEMEICHII Ha yIIPYOILIACTUYECKOH
IPAHUIIE.

Eciu pmanee ¢ MomeHTa BpemeHu ¢ = lp [OJOXKUTH HEM3MEHHBIM HAIPYKAIOIIEEe YCUIUE
(012],,—, = Cita = const), TO 3TO MOPOKJAET BPEMEHHYIO Pa3rPY3Ky CPeJIbl: OT MJIOCKOCTH
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x9 = r(ty) upu ¢t > 1y OTHENSIETCS HOBasl yIPYTOMJIACTHYECKasi TpaHuIa o = 11(t), npojsura-
IOINAsICA K ILJIOCKOCTU CKOJIbyKeHUst. OIHAKO B HEKOTOPDIH MMOC/IEYIONMHA MOMEHT BpeMeHn ¢ = {3
JIBUZKEHUE JTAHHOM IPAHMILI MEHSIET HAaIIpaB/ieHre. B TaKoM IPOBUZKEHUN B MOMEHT BpeMenu ¢ = {y
OHa, JIOCTUTAET TUIOCKOCTH X2 = 7 (f2) M JIBUXKETCsI JIAJIbIe K HAIPY?KAeMOH IDaHUIe cJIos. Takum
obpa3oM, B IIPOMEKYTKe BpeMeHH lo < ¢ < {3 mMeeM TpH 00JIaCTH, B KOTOPBIX IIPOIiece Jedop-
MUPOBaHUsI OTBEYAET OTJIIMYHBIM JPYr OT JApyra cucreMaM ypapHeuii. B obmactn 0 < z9 < rq(t)
MaTepuas IacTuIecku Jgedopmupyercs, B obnacru 11 () < xo < r(ty) nedopmuposanue obparu-
MO, HO B IIPHCYTCTBHU HAKOIUIEHHBIX HEOOPATUMBIX JiedhopMaliuit, 06aactb r(ts) < zo < h ocraercs
yupyroit. [Ipu ¢ > t3 Takux objacreii ocraercs jBe: objactb Tedenus: 0 < xzo < 7 (t) U yupyrag
obuactb 71 (t) < x9 < h. ljist peleHns: CUCTeM YPaBHEHUH UCIOJIB3YIOTCS, KaK ¥ PaHee, KPAeBble
ycioBust (2), ycioBust HenpepbiBHocTH 6 u 06/0x, ma rpamunax 7 (t) u r(t3), u ycrosue Hempe-
poiBHOCTH 6 TIpUM ¢ = {5.

8 plry) v
T 1.3
M T,
~~ =
T
| i
N
1.35 - 724
I —
I
1 ™ ——
1
. ]
. T S ——
o ) e = S - x ol — = -ty
i} 25 L5 75 | 1¥ 25 L5 L75 1
Puc. 2. Pacnipesiestenne TemnepaTypsl B pas- Puc. 3. Pacupenenenue nepemerrennit B pas-
HbIe MOMEHTbI BpeMCEHU HbIe MOMEHTbI BpeMCEHU
C momenTta BpemeHu { = 14 pacCMATPUBAECTCS TEUYCHUE IPU yMEHBIIAIOMIEMCH HAIPIKEHUN

(o12],,_, = Gita — C2(t —ta), (2 > 0) u pasrpyska cpepl. Anasornano sddexTy npn nocTogHHoOI
Harpy3Ke BO3HHUKAeT HOBasi TPAHUIA 72 (1), KOTOpasl CHAYAJIA, JIBUXKETCSI OT CTAIIMOHAPHON IPAHMUIIbI
7(t4) K IUIOCKOCTHU CKOJIbYKEHHUSI, 32TeM MEeHsIeT HAIIPABJICHNE U JIBUXKETCsl BBepX. B MOMEHT BpeMeHH
t = t5 rpanuna r2(t) nepecTaeT yBeJIMUMBATHCS, T.e. BI3KOIIACTHIECKOE TeYeHHe MIPEKPAIAeTCs,
U TOSIBJISIETCsT HOBasl TpaHuna 3(t), JBUKYIIASCS BHU3 OT [IOBEPXHOCTH 7o (ts5). B HEKOTODBIH MO-
MEHT BpeMeHH ¢ = t,,. BHOBb BBITOJHUTCS YCJIOBHe NpUIMIAHUA O12|, _o = f o22|, _, u 1pm
JAJIbHEHAIIeM yYMEeHbIIeHNN HAIPAKeHHsT MaTeprasl HAdHET OCThIBaTh. B MOMEHT BpeMmeHHU ¢ = tg
rpaHura rg(t) JIOCTUTHET HUXKHEro Kpas cjios o = 0. Ilocie Toro, kak npu ¢ = {7 KOMIIOHEHTa
TEH30pa HAIPSIKeHHit 012, & IPH £ = t,, +; * Temmeparypa  cTamyT PABHLIME HYJIO TIPH Ty = 0,
JlaJIbHelIee OXJIaxKIeHue MaTepuaJia O KOHEYHOr0 MOMEHTa BPeMeHU ¢ = tj CBSI3AHO C 3aJaHUEM
IIOTOKA TeIlIa Ha BEPXHEH IpaHuIe CJIosT

00

-— = Yot, Yo = const.
812 zo=h

W nmocTpupyIolye perenne rpaduKy IPUBEIeHb I 3HaeHmit: fagu + = 0,00005, vh = 20,
pgl th=2 = 1207,1429, 12 (§Ch)71 = 35104, p? (77@")71 =2,8-10% By = 0,5, lu~ ! = 0,01,
vop~t =0,02, B3 = —0,5, ko' = 0,00229796, 6,; = 2,68261. ll3menenue ynpyromnacTuaecKoit
rpanuisl p = 7/h B 3aBUCHMOCTH OT Bpemenu 7 = (tu~ ' mpusegeno na puc. 1. Pacupesenenust
TeMIiepaTypbl  u nepemennenuii y = u/h B nponecce gedopmuposanus 0o ciaow 0 < x =z /h <1
ITOKa3aHbI Ha PHC. 2 1 3.



132 A.A.BYPEHUH, JI. B. KOBTAHIOK, I JI. TAHYEHKO

JINTEPATYPA

[1] Canuenxo, M. I. YupasiieHue CTpyKTypOil U CBOMCTBAME MOPUCTHIX KOMOMHUPOBAHHBIX yJa-
nsiembix mogeneit / W. T Canuenxo, C. T'. ZKumun, O. H. Komapos. — Baagusocrok: JlaibHayka,
2007. - 138 c.

[2] Bypenun, A. A. O6 omHOI IPOCTOH MOJEN JJIsl yIPYTOIUIACTHIECKOH CPeJIbl IIPU KOHEUHBIX
pecdopmarusix / A. A. Bypenun, I'. 1. Brikosues, JI. B. Kosrantok // Toxkn. PAH. — 1996. —
T.347. — Ne2. — C. 199-201.

[3] Kosmamnrox, JI. B. Mojenupoanue GOJIBIINX YOPYTOIIACTHIECKUX JlechopMalliii B HEM30Tep-
mudeckoM ciaydae / JI. B.Kosranok // JlaqbHEBOCTOUYHBIH MaTeMaTH4ecKuii KypHai. — 2004, —
T.5. = Nel. - C. 107-117.

[4] Kosmanox, JI. B. O Teopun GOJIBIINX YIPYrOMIACTUIECKUX JIeOPMAIMil MATePUAIOB TIPH
ydere TeMneparypHbix u peosiorndeckux ahdekros / JI. B. Koraniok, A. B. ITlutuxos // Becrh.
JIBO PAH. — 2006. — Ne4. — C. 87-93.

[5] Bypenun, A. A. Bouabinmme HeoOparumble jedopMalii M YIOPYroe MOCejieiicTBIe
/ A. A. Bypenun, JI. B. Kopraniok. — Baagusocrok: Jaasrayka, 2013. — 312 c.

Bypennn Anarosmii AnexcasapoBud,

yiaen-koppecnonaenT PAH, qokTop ¢gpusnko-MareMaTudecKux Hayk, 1mpogeccop, Uucruryr mamu-
HoBegenns: u Metautypruu /IBO PAH, r. Komcomoibck-aa-AMype

e-mail: burenin@iacp.dvo.ru

Kosranroxk Jlapnca BasreHTHHOBHA,

JIOKTOD (pU3HKO-MaTeMaTHIeCKux Hayk, WHcTuTyT aBroMaTuKd U IpoileccoB yinpabserus: /[BO
PAH, r. BraguBocTok

e-mail: lk@iacp.dvo.ru
Ilaavenko I'amuna JleoangosHa,
BJI&,HI/IBOCTOKCKHPUI FOCy,HapCTBeHHBH;'I yHuUBepcuTeT 9dKOHOMHUKW U CEPBUCA, I. BJI&HHBOCTOK

e-mail: panchenko.21@yandex.ru



BA3BKOIIVIACTUYECKOE TEYEHUE B IIJIOCKOM CJIOE IIPU YYETE PA3OI'PEBA 133

A. A. Burenin
L. V. Kovtanyuk

G. L. Panchenko

VISCOPLASTIC FLOW IN A FLAT LAYER WITH ALLOWANCE FOR
HEATING DUE TO DEFORMATION AND FRICTION AT THE BOUNDARY

Institute for Machine Engineering and Metallurgy of the Far Eastern Branch of Russian Academy
of Science

Institute of Automation and Control Processes of Far Fastern Branch of Russian Academy of
Science

Viadivostok State University Economics and Service

Abstract. The article presents a solution to the coupled problem of thermoelastoplasticity about
development flow in a flat layer of material is in terms of increasing pure shear and subsequent
deceleration of flow with slow removal of the load. Thermophysical and deformation processes are
interrelated, the yield point depends on a temperature. As an additional source of heat taken its
production due to the friction material layer on a rough plane boundary. Conditions for the birth
of a viscoplastic flow and regularities propulsion on the layer of elastoplastic boundaries are found,
flow rate, large deformation both reversible and irreversible are calculated. Braking current at
reducing the biasing force followed by cooling of the material layer is considered.

Keywords: elasticity, plasticity, viscosity, thermal conductivity, large deformations.
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