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PEKOHCTPYKIIUS PACCJOEHUM B KOMIIO3UIIMOHHBIX MATEPUAJIAX
HA OCHOBE TEMITIEPATYPHOM MHTPOCKOITUH

CoaosbeB A.H., Cnoxakun A.C., Makapuuk H.C.
(kag. «<CM», II'TY, 2. Pocmos-na-/lony, Poccust)

B pabote mpemiokeH MeTo1 peKOHCTPYKLUHU TPEUIUH B CIIOMCTBIX KOMIIO3UIIMOHHBIX
MaTepuanax, OCHOBAaHHBIH HAa MOJEIMPOBAHUM UX BHYTPEHHUMHM HCTOYHHMKAMM TEIUla M
U3MEpPEHUN TeMmueparypHoro mnoprpera tena. C  MOMOLIBIO MCHIOJIB30BAHUS TEOPEM
B3aMMHOCTH JUJIS Teja ¢ JeeKTaMu U 0e3 HUX, a TAaKKe HEKOTOPBIX aHAIMTHUECKUX MPOOHBIX
pelieHUi TOodydeHbl (GOpMyNbl s ONpeAesieHUs HoMepa HHTep(EHCHONW TI'paHHIIbI,
conepxaiieil neekT U KOOpAUHAT BHYTpeHHEH Touku JedexTa. [IpoBeeHHbIC YHCIEHHBIE
pacyeTsl OKa3aiyu BHICOKYIO TOYHOCTbh Pa3pab0TaHHOIO METO/A.

BBenenne. OCHOBOIl pEKOHCTPYKIMM BHYTPEHHUX J€(PEKTOB B yIOpyrux U
TEIUIONPOBOAHBIX TEIaX MOIYT CIYXUTh MEXaHUYECKHE WIM TEMIIEpaTypHbIE II0JI,
M3MEpEHHBIE Ha MOBEPXHOCTH Tena. B ciaydyae BHOpPAIIMOHHOTO BO3/ACHCTBHS HA 3JIEMEHTHI
KOHCTPYKLUH BHYTpPEHHHE NEPEKTHI SBISAIOTCS 30HAMU IOBBIIIEHHOTO TEIJIOBBIIEICHUS, U
3TO CIIY’)KUT OCHOBOM UX OIPENEIECHMsI C IOMOILBIO TEMIIEPATYPHOTO MOPTPETA IIOBEPXHOCTH
anemeHTa. Panee B mureparype [1] Obun pa3zpaboTaHbl METO/ABI TAKOH MACHTHU(DUKAIIMH IS
OJIHOPOJHBIX TEJ, OCHOBAHHBIE HA IPUMEHEHUM TEOPEM B3aUMHOCTH JJISl TIOBPEXKACHHOTO U
HETOBPEKJICHHOTO COCTOSIHUSL C MPUMEHEHHEM Habopa MpOOHBIX aHAIMTUYECKUX DPELICHUN
OJIHOPOJHOTO YpPaBHEHHs TEIUIONPOBOJHOCTH. B ciydae HEOJHOPOAHBIX TeJl, HAIpHUMED,
CIIOMCTBIX KOMIIO3UTOB, HA0Op TakUX PpEIICHUWH OrpaHMYCH, OJHAKO €CIIM PaccCMaTpHUBATh
YacTHBIM ciydail nedekToB, a UMEHHO MHTEpP(EHCHBIX paccIOCHUH, TO C MOMOIIBIO ITOU
METO/IMKH yJAeTCs IPOBECTU UX YACTUYHYIO PEKOHCTPYKIIMIO.

IHocTanoBka oOpaTHOM 3a1a4n
[TycTh KOHEYHOE COCTABHOE YIPYroe TEIUIONPOBOAHOE TEJO, 3aHMMAloIIee 00JIacTh

L
V=U_.Y ¢ rpanmmeit S (momo6macti V| mnpeacTaBusior co6oif cIom), coBepuIaeT
KoJebaHus TOJ JAEHCTBUEM HEKOTOPOW MEXaHWYECKOW Harpy3Kd, H3MEHSIOMEHCS 10
rapMOHUYECKOMY 3aKOHY C KpPYroBOW YacTOTOW @, TMPUYEM TEJIO OCIa0JIEHO CHCTEMOMN

tpemun 1 =U'\;;T-F (L, T ; UT',), KOTOpbIE PACTIONOXKEHB! HA BHYTPEHHUX MOBEPXHOCTAX
(pacciioenus). bepera TpemuH B3aMMOJCHCTBYIOT MEXAy COOOH, B pe3yJabTaTe uYero
MPOUCXOTUT UX pa3zorpeB. TakuMm o0pa3oM, TPEIIUHBI MOT'YT MOJICTUPOBATHCS HEU3BECTHHIMU
MCTOYHMKAaMU Teruia. [Ipeanonoxkum, 4To yepe3 HEKOTOpPOe BpeMs Mociie Havyajaa KojieOaHun
B TeEJE€ YCTAaHOBMJICA CTAl[MOHAPHBIA TEMIIEPATYPHBIA pEXUM, KOTOPBIM OIPEEIsIeTC
Heu3BeCTHbIM McTounukoM Termma W (X,®). 3ameTum, uYTO HCTOYHMKM TeIjla HMEIOT
KOMIAKTHBII HOCHTENb, a (POPMYITHPOBKA MPSAMON 3a7auu M0 HAXOXKJICHHIO TEMIEpaTyphbl B
paccMaTpuBaeMOM  Teje  ONpENeNsIeTCs  KpaeBOM  3aJadedl  HEeCBA3aHHOM  TEopuu
TEPMOYIIPYrOCTH, IPUYEM I OIPEICICHUS pacIpeNelieHus TeMIlepaTypbl B Tele
noJry4aercsi 0000IIeHHOE YpaBHEHUE TETUIONPOBOJHOCTH

kPO, -W,i 4231 12..,l=xeV, (1)

[
rae k@ - TEH30p K03()(DUIIMEHTOB TETUIONPOBOIHOCTH CIIOEB COCTABHOTO Tea.
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KpaeBble ycioBusi Ha BHELIHEH rpaHuIe S, Ha KOTOPOH MPOUCXOIUT CBOOOIHBIN TEMI000MEH
C OKpy’KaloIelt cpeioit, umeromeit Temneparypy O
— 1M
¢ =k ®,|=ﬂi |s _h(®_®o) |s (2)
[Ipu 1mocTaHOBKE OOpaTHOM 3amadd, B KOTOPOM ompenessercs

T€OMETPHS (TPEIIUHBI-UCTOYHUKA», OyIEeM CYHTaTh, YTO Ha TpaHuIlEe S
U3BECTHA TeMIieparypa ©

®|s:l// 3)

Perucrpanus TpemmH
Tpemmuel B Tene MOTyT OBITh OOHApyKEHBI IO HECOIIACOBAHHOCTH MEXKIY
IPAaHUYHBIMU PACIpEIeICHUSIMUA TEMIIEPATyphl AJIs TeNa ¢ "TpelnHaMH-UCTOYHUKaMHU"' 1 0e3
HUX. B kadecTBe Mepbl 3TOM HECOINIACOBAHHOCTH BBEIEM B PACCMOTPEHUE JIMHEHHBIN
GbyHKIMOHAT
FO3 [K"e\ny-o'¢)ds (4)
S

Ha MHOJKECTBE MPOOHBIX pemieHnd ® , yIOBIETBOPSIOMIMX OJHOPOIHOMY ypaBHeHHIO (1) B
obnactu V 6e3 TpemyH u 0€3 UCTOYHUKOB

k@, 6xeV ()
[IpumeHss TeopeMy B3aHMHOCTH B TEPMOYIIPYTOCTH, HETPYAHO II0Ka3aTh, YTO
j W (X, 0)®'dS= F(O) ©)
1—v+

B caywae, korma “TpeUIMHBI-UCTOYHUKH' ~ OTCYTCTBYIOT, (PYHKIIMOHANT F(©)

TOKJIECTBEHHO PaBEH HYIIIO.
Br100p npoOHBIX penieHuii U onpeaeeHue MeCTONO0JI0KeHus AedekTa

U3 paBencrBa (6) npu pa3nuyHOM BBEIOOpE MPOOHBIX PEIICHUH MOXET OBITh MOJy4eHa
cucteMa ypaBHeHHl gns  HaxoxjaeHus Hocutens W (X,®)  wucrounukos  Temna,
MOJICIMPYIOIIMX TPELIMHBI C B3aUMOJAEHUCTBYyIomMMH Oeperamu. IlepBbIM 3Tamom 3TOM
IpoIeIypsl SIBISETCS ONpeAeieHHe Homepa UHTeppeiicHOM TpaHUIbl ¢ JedeKTOM
(paccTosiHUS OT HaYasia KOOPAMHAT JI0 ATOM IPaHMIIbI), BTOPHIM - KOOPAWHAT IIEHTPA TSHKECTH
TEIJI0BOI'0 UCTOYHHKA.

B xauectBe mnpoOHBIX pemieHuli, B ciaydae, korga ocbk OX, HampasieHa

NEPICHINKYIISIPHO TPaHUIAM CJIOEB, MOTYT OBITh HCIIOJIb30BAHBI CJCAYIOIIUE JIMHEWHO
HE3aBHCUMBIC peleHus ypaBHeHus (5):
0,=10,=x,0,=X,,0,="1(x;) (7)
dyukuua f(x,) gaBagerca KyCOYHO-AMHEHHOH, IpHUYeM TeMIlepaTypa Io
CAOSIM paclpeeAeHa 10 CAEAYIONIeH 3aBUCUMOCTU
T. =aX, +b npux, =V, (8)
YCJIOBUSI CTBIKOBKY Ha MHTEPPEHCHBIX TPAHUIIAX UMEIOT BUI:
- PaBEHCTBO TEMIIEPATYp

T.

i+1

Sint S Sint (9)

- IIOTOK TCILJIAa OT CJI0A K CJIOIO OJJMHAKOB
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i 0 9T (10)
on on
YcaoBug (9),(10) orrpeneadioT CAEAYIONIME 3aBUCHMOCTU MeXAYy IlapaMeTpaMu

a,.h

K®
ai+1 = ai W (11)
bi+1 = bi - hi (ai+1 - ai)

rae h - paccTrogHHe OT Hadasa KOOPAHWHAT 10 I-0i MHTepdeiCHOM I'paHHUIIbI.

[TogcraBuM mpobOHBIE penieHUs: (7) UCIOAB3YS TEOPEMY B3aUMHOCTU B
(6) u obo3HAYUM
H, = [Wds, H, = [Wxds, H, = [Wxds, H, = [Wf(x)ds (12)
r r* rt rt
TOT'/1a KOOPAMHATHI BHYTPEHHEH TOUKH («IIEHTpa TSHKECTH» TEIIOBOTO UCTOYHHKA)

H H
N T,
1 1 (]_3)

*

® . . X, =C o
a 3HaYCHHE MPOOHOTO pemeHns 4 Ha MHTepQelicHON rpaHuLe 3 , cozepxareit nedexr,

H,/H
BBIPA3UTCS C MOMOIIBIO OTHOMICHUsT 4 ° 'L, TakuM 00pa3oM, paBEeHCTBO
H
fc)=—"*
Hl
CITy’)KUT YPABHEHHMEM JUIs OTIPEAENeH st KOOpAuHaThl C .
YuciieHHBIN NPUMeEP PEKOHCTPYKIUH TPeluH
B kauecTBe 4MCIEHHOW peanu3aluu IPEJJIOKEHHOIO METOJa paccMaTpUBACTCA
PEKOHCTPYKLUS «TPEIIUHBI-UCTOYHUKA» B TPEXCIONHOM KOMIIO3UTHOM IPSMOYIOJIbHUKE
pa3mepa 0.05x0.003 (m) npu tomuuue cioeB 0.001 M B mitockoii mocraHoBke. HensBecTHbII
MCTOYHMK HAxXOIMTCS Ha NEepBOM HHTEp(eHCHONH TpaHHIIE U OIpeNeNsieTcss OTPE3KOM

X, €[0.02,0.022], nHTEHCUBHOCTH NCTOYHMKA 3aaHa QYHKIHEH
W =W, exp(=s(x, —h,)?) (15)
Ha BepxHel n HWKHEH IpaHUIax 00JIaCTH MPOUCXOIHUT TEIUIOOOMEH C OKPYKaIOILIeH cpesoi,
Ha OOKOBBIX CTOPOHAxX 3aJiaHa TOCTOSIHHAs TEMIIepaTypa paBHas TEMIIEpaType BHEIIHEH
Cpebl.
[MpsiMast 3amaya pemiaeTcss ¢ MOMOIIBIO KOHeuHO-3yeMeHTHOTo mnaketa FIexPDE u
MOJICIIUPYET U3MEPEHUE TeMIepaTypHoro moprpera — pyukuui ¢, v (2), (3). Tak Ha puc.l

(14)

(cBepxy) mpencTaBiIeHa KOHEYHO-3JIEMEHTHAas MOJeib, coiaepxkamias 6911 y3moB npu
KBa/IPATUYHBIX TPEYrOJIbHBIX JIEMEHTax, Ha puc. 1 (CHU3y) mpeacTaBlieHO pacrpeelicHue
TEMIIEPATYPHI B TEIIE.

I O s O O P
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Puc.1. KoneuHo-3meMeHTHast MOZEIb U paclpeielIeHUe TEMIIEPATyphI

Ha puc.2 npeacraBiieHbl pacipee/icHus] TeMIIEpaTypbl Ha BepXHEH (ClieBa) ¥ HIKHEH

(cripaBa) CTOpPOHAX, MOJICIHPYIOIIKE MPOIECC U3MEPEHHUS TEMITEPATypHOTO MOPTPETA.
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Puc.2. Pactipenienienrie TeMnepaTypbl Ha BEpXHEH U HIKHEH CTOpOHax Teja
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Puc.3. Onpenenenne Homepa
UHTEepEHCHON rpaHuIlbl
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BHyTpeHHel Touku uctounuka X, = 0.021

COOTHOIIEHUS (13)
NOTPEITHOCTBIO  MEHee

Pexonctpykuusi uHTepheicHON

npsMoit 2
temmepatypsl (14).

TpaHUIBl TpPEACTaBICHA TpapHUyuecKH Ha
puc. 3. B BHJEe nepeceyeHHus JTuHMA 1 —
3amaHHOe TpoOHOoe pemenue f(X,)

HalileHHOE 3HayeHUe

3akia0ueHue. B pabote
METOZ  HMJACHTH(HKALUN
«TPEUIMH-UCTOYHUKOBY» TEIUIA B CIIOMCTHIX
KOMITO3UIIMOHHBIX MaTepHalax, KOTOPbIi ¢

MpeII0KEH

aHAJTUTUYECKUX (QopMyl, OONBLIIOW TOYHOCTHIO YKa3blBa€T Ha HOMEp

uHTepdelicHON TpaHuIlbl, colepKamieil nedekT, u onpeaesieT ero BHyTPESHHIOI TOYKY, 4TO B
cllydae MalblX pa3MepoB JedeKTa SBISETCS IOCTATOYHBIMU XapaKTEPUCTHKAMHU €ro
PEKOHCTPYKLIHUH.

08-01296-a, Ne 10-01-00194-a, Ne 10-08-00093-a).
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Cnucox qureparypsl: 1. Batynssan A.O., ConoBseB A.H. O peKOHCTpYKIIMHU TpELUH
¢ B3auMmoeiicTBytommmu oeperamu. // ledpexrockomms 2004. Ne 10. c. 62-69.
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	Заключение. В работе предложен метод идентификации «трещин-источников» тепла в слоистых композиционных материалах, который с помощью аналитических формул, большой точностью указывает на номер интерфейсной границы, содержащей дефект, и определяет его внутреннюю точку, что в случае малых размеров дефекта является достаточными характеристиками его реконструкции.





