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B crarbe mpencraBieHbl METOMbI, KOTOPbIE MO3BOJISIIOT OLIEHUTh KOCBEHHO HEOZHOPOI-
HOCTb pacrpeesIeHUs JJOKAJIbHBIX nedopMalivii M HalpsDKeHW Yepe3 3HaYeHUsT paciipe-
JeJISHUST TeMITepaTyphl B TepMorpaMmax. [1py 3ToM UCIOoIb30BaHbl METOIBI (hpaKTaIbHO-
ro aHaju3a B BUIE MyJIbTU(PaKTAbHBIX CIIEKTPOB, KJIaCTepU3alvsl U300paKeHUId U KpaT-
HO-MacIITaOHOTrO aHalM3 JUCKPETHOrO BelBIeT-pasiioxeHusl n3oopaxenuit. [TokasaHo,
YTO MPHU YBEJIMUYSHUU MOBPEXKICHHOCTU MaTepuaja yBeJIMUMBAETCS IITMPUHA MYJIbTUDpaK-
TaJIbHOTO CNIEKTPA U KaK JIOKAJIbHBIE ehopMalliM 110 Mepe Harpy>KeHusl nepepacrnpenessi-
FOTCSI TIO IIJIUHE TIJIACTUHBI. A C TIOMOIIBIO KPaTHO-MaCIITAOHOTO BEMBJIET-Pa3IOXEeHMS
HaXoasITCS MacIITaOHbIE 3JIEMEHTBI, KOTOPbIE UMEIOT HauOOJIbIIE U3MEHEHHS B YPOBHSIX
nedopmanuu.

Karouesule crosa: TepMorpaMma, Temieparypa, aedhopmanus, HarpsikeHue, MyJabTudpak-
TaJIbHBIA CITEKTp, CTATUCTUYECKUE XapaKTePUCTUKM, KPAaTHO-MaCIITAOHBIN aHaIN3 Beii-
BJIET-pa3JI0KeHHNE
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Ileab cTaTby ONIPEACINTD METOIbI, KOTOPBIE TTO3BOJISIT 1aTh KOJTWIECTBEHHBIE OIIEHKH JIO-
KaJbHOMY pacrpeeeHUIo AedopMaliuy MpY Harpy>KeHWM IeTajeil 1Uisl OLleHKH MX TTOBpe-
KIEHHOCTH.

dyHnaMeHTaTbHOM 3amaveil aHaIu3a HanpsDKeHU (nedopmaliuii) siBisieTcs onpenese-
HUE WX pacrpenesieHus 1o BCeMy OOBEKTY MCCIeNOBaHUsI C YUeTOM ACHCTBYIOIINX Ha Hee
BHEIIHUX cui. st netaneil U3 MIaCTUYHBIX MaTepUIOB MPU CTATUYECKOM HarpyKeHUu
JIOKaJIbHAs1 KOHLIEHTPALMsI HANPSDKEHUI He CHUXKAET HeCyIlue CITOCOOHOCTH, T.K. MECTHbIE
riacTudeckue aedopManny TepepacnpenessiioTess Mo Mepe ux HarpyxkeHus. [Ipu sTtom
TUTACTUYECKUI MaTeprall UMeeT HECKOJIBKO CTaluii M3MeHEeHUs] KpUBOM TUTACTUIECKOM Je-
(bopManmy B 3aBUCUMOCTH OT BEJIMUMHBI CTATUYECKOI Harpy3ku. st popmanmsanuu cra-
MUITHOCTH 3TOTO TpoIlecca MOXHO UCITOIb30BaTh ypaBHeHUe JIlonBuKa

o(e) = o, + 0¢”,

rae G, — npeaen Tekydectu, 0 — koaduimeHT neopmMamoHHOTo YIIPOUHEHUSI, # — TTOKa-
3aTesib MapaboJIMYHOCTY KPUBOU TIACTUYECKOM Aedopmaniuu. B 3aBUCMMOCTH OT Tokasa-
TeJisk TTapaboOIMYHOCTA HAa KPUBOU 1e(DOPMUPOBAHUS BBIACSIOT CAeAyIOIIUe CTaauu Mpo-
necca: 1) n = 0 — momanka Tekydectd; 2) n = 1 — ctagust TMHEHHOTO YIIPOYHEeHUS;, 3) n =
=~ 1/2 — cragusa napaboandeckoro ynpouHeHus; 4) 0 < n < 1/2 — ctagus npeapa3pylIeHus.

CTraaguitHBIN TIPOLIECC YCTAJIOCTHOIO pa3pyllIeHUsI CBSI3aH C 3BOJIIOIMEN CTPYKTYPhI Me-
taya. [Ipy 3ToM ycTraiocTHOE pa3pyllieHUue NMPeACTaBiIsieT cCoO00if MHOTOYPOBHEBbBI U pa3-
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Puc. 1. 3HaueHnst NpoNONIBbHOl AedopMaLuu B1oIb ocu O), IIPU PAa3TUYHOM YPOBHE HarpyxeHust obpasua: 1 — fp;

2—t1;3—f2;4—t3;5—t4.

HOMAacCHITaOHbII KWHETUYECKUI TTPOLIECC M XapaKTepu3yeTcsl 00si3aTeTbHBIM TTPOXOXKIACHM -
€M CTaauii oO0pa3oBaHUs IIOJOCOBBIX CyOCTPYKTYpP, MUKPOTpPEILIMH, (DOPMUPOBAHUEM KO-
poTKMX U MakpoTpemmH. Kakpgass craausi JaHHOIO TIIpollecca OTJIMYAeTCsl CBOUMMU
buznyecKkMMM MexaHu3MaMHu, U TIPOLEeCC pa3pyllieHUs TTPOUCXOAUT B pe3y/IbTaTe B3auMO-
JNEUCTBUS 00BEKTOB, UMEIOLIMX Pa3HbIii MAaCIITaOHbII YPOBEHb — OT aTOMHOTIO 10 M€30- 1
MaKpOCKOIUYECKOT0. DTOT IIPOLIECC SIBISIETCS CTOXacTU4IeCcKuM [1].

B uccnenoBaHusIX, IpOBEIEHHBIX paHee, ObLIO MOKa3aHO, YTO B 3TUX CTaJUSIX TIPOSIBIIsI-
FOTCSl pa3IMyHbIe CBOMCTBA JIOKanu3auu nedopManvu. B Bume mpuMepa mpuBeneM pac-
peaesieHusl JIOKaJIbHOM aedopMaliiy 110 Harpy>keHHOMY o0beKkTy. Hampumep, pa6ora [2],
IJIe Ha OCHOBE MOJYyUYE€HHBIX TaHHBIX IIOCTPOEHBI SITIOPHI IPOAOIbHBIX nedopmariuii (puc. 1)
BIOJIb OCU HarpyxeHust (ocb 0,,), 32 HAYaI0 KOOPIMHAT MIPUHSITA CPEHSAS YacTh 00pasia.

Kpussie (puc. 1) ObIIM NOCTPOEHBI MPU KOHTPOJIBHBIX 3HAYEHUSIX #;, KOTOPBIE COOTBET-
CTBYIOT 3HAUYE€HMSIM OCEBOM Harpy3ku Ha ypoBHsax: P = 10, 20, 30, 40 u 50 xH. ITyHKTUpHBI-
MU JIMHUSIMM OTMEUeHbI rpaHullbl Aedekra. OHM TTOKa3bIBAIOT, YTO aAedopMalius no JIMHe
oOpa3slia HepaBHOMEpPHasl.

Jlpyroii mpumep, B paboTe [3] mpuBeneHbI pacnpeaesieHUs ITPOa0JILHOM AedopMaliuiy 00-
pasiia CWJIBBUHUTA TSI PA3IMYHBIX MOMEHTOB BpeMeHU. CUJIIBBUHUT — OCalloYyHasi TopHast
OpOoJIa, COCTOSIIIAS U3 YepeayIOIINXCS CJIOEB TaJuTa U CUJIbBMHA M HEKOTOPBIX IIpUMeceit
(reMaTwT u Op.).

HeonHopomnHoCTh et OpMUPOBaHUS CUITLBUHUTA MPOSIBIISIETCS B BUIE CUCTEMBI SKBUIM -
CTAaHTHO PACITOJIOKEHHBIX 30H JIOKAJIM30BAaHHOW nedhopMallii, OpUeHTUPOBAHHBIX K OCHU
Harpy>XeHMUs MO YIJIOM OKOJIO +54°. DTu 30HBI (QOPMUPYIOTCSI C CAMOTO Hayaja pacTsiKe-
HUS 1 OCTAIOTCS HEMOABUKHBIMU B Tpoliecce HarpyxkeHus1. [TokazaHo, 4To 061acTu mMaTe-
puaja BHE 30H JIOKAJIM3allMu HaXoAsTCsl (PaKTUYEeCKU B HeneOPMUPOBAHHOM COCTOSIHUM.
ITpu 3TOM BHYTPU HEKOTOPBIX 30H JOKAIU3alUK aeopMains rocturaet ypoBHs 0.5% mipu
ob1eit nepopmaru obpasia 0.36%.

BoJIBIIMHCTBO aBTOPOB OIMUCHIBAJIM TTPOLIECC HEPABHOMEPHOCTHU JTehopMaIliM KakK MoTe-
pIO CTaOMJIBLHOCTH ITIJIACTUYECKOTO TeYEHMSI M 0Opa3oBaHUE TeOMETPUYECKU BhIpaXKeHHBIX
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30H (0obJiacteit) mokanuzauuu aedopmaiiiu. Takske MHOTOUMCIIEHHbIE UCCIEA0BaHUS ITOKa-
3aJid, YTO B JIOKAJIbHO-Ae(OPMUPOBAHHBIX 30HAX TaKKe HAOJI0MAaI0TCs CYIIECTBEHHbIE U3-
MEHEHMUSI CTPYKTYpbl U (DU3UKO-MEXaHUUYECKUX CBOWCTB MaTepuayia. DTO MO3BOJUIIO CO-
3/1aTh HOBOE HAMpaBJIeHUE TT0 U3YYEHUIO TIACTUUECKOTO TeUeHUSI, B KOTOPBIX C(hopMUpOBa-
HbI TPEICTaBI€HUSI O IJIACTUYECKOM TEUYEHUM KaK O CaMOOPraHu3ylollemcs IMpolecce
pa3BUTHUS 00JaCTell JJOKaaU3alliu CO CTPYKTYPHOM HEYCTOMYMBOCTBIO 1 MOATAITHOM Mepe-
CTPOMKOI CTPYKTYpPbI BEIIIECTBA.

B HacTosiiiee BpeMsi cUMTaeTCsl, YTO pa3Mep CTPYKTYPHBIX 3JIEMEHTOB 1eOpMUPYEMOTO
Tejia omnpenessieT pa3Mepbl 30H JOKaIUu3auuu necopMaiiui U COCTOSIHUE BEIIeCTBa B OTUX
30Hax. A ppakTajgbHasi pa3MEepPHOCTb 30H JIOKaIU3aluu a1ehopMaliuu OoTpeaessieTcsl CTpyK-
Typoii MaTepuaja u cj1abo 3aBUCUT OT TPAaHUYHBIX yciaoBuii. Ha ocHOBaHUM MpoOBeneHHOTO
aHa/IM3a SKCIIEPUMEHTAIBHBIX U TEOpEeTUUEeCKNX paboT [4] cdhopMyIrpoBaHbI OOIINE 3aK0-
HOMEPHOCTU Pa3BUTUS JloOKanu3auuu nedopmauuu: 1) gokanuzaius nedopmaiuu — oc-
HOBHOI CTPYKTYpPHO-3HEPreTMYeCKnii OpraHu3ylomnmii dpakTaabHbIil 3J1€MEHT pa3BUTHUS
IUIAaCTUYECKOIO TeYEHUST TBEPABIX TeN; 2) JJoKaau3alus aedhopMaliiu ¢GopMUpyeTcs Ha pas-
JIMYHBIX CTPYKTYPHBIX YPOBHSIX Ne(DOPMUPYEMBIX TBEPABIX T U HOCUT (DpaKTadbHBII Xa-
pakTep; 3) necdopMallMOHHbIE HEPABHOBECHBIC TMPOIIECChl — CAMOOPTaHMU3YIOIIeecs Pe30-
HAHCHOE COCTOSTHME MaTepuajia, KakK peakiiusi ero Ha BHelllHee MHOro(aKTOpHOe BO3/Ieii-
CTBUE.

OTH 3aKOHOMEPHOCTH JIOKAJIbHOTO pacripenesieHus nedopMaiinii B Harpy>keHHOM 00beK-
T€ KOHTPOJIS TIPOSIBIISIIOTCS MIPU TETJIOBOM KOHTPOJIE 3a CYET TEPMOYIPYTOoro M TepMoruia-
ctuyeckoro 3ddexToB, Korga npeBpalleHrue SHePruu MeXaHW4ecKoro nedopMUpoOBaHUS
MeTajla B OKPECTHOCTU AedeKTa, TPeIIUHbI B TEIJIOBYIO HEPTUIO TPUBOJIUT K BeCbMa Cy-
IIECTBEHHOMY MOBBIIIIEHUIO TEMIIEpaTyphl B JaHHOT 061acTu.

Kak uzBectHO Tepmoynpyruii adpdekT onucat opaom KeabBMHOM B ypaBHEHUU, KOTO-
poe CBSI3bIBaET U3MeHeHUe TemIepatypbl AT ¢ CcyMMOI U3MEHEHUI TIaBHBIX HAMPSLKEHU I
Ac [5]. To ecTb cyliecTBYeT CBSI3b MEXIy TEIUIOBBIMU IpolieccaMu U aecopMalusiMu (Ha-
MIPSDKEHUSIMM ) B HATpy>KeHHOM meTtanu. Yem Boie nedopManys (I1acTUIecKasi) TEM BbIIIe
TeMmriepatypa B obsiactu nedopmaiuu. TakuM oOpa3oM, YYUTHIBAs MPOMOPUUOHAIBHYIO
CBSI3b TEMIEPATyphl U nedopMaliu, MO paclipele/IeHUIO0 TeMIlepaTypbl MOXHO KOCBEHHO
OLICHUTb JIOKaIM3aluio aepopmauuu. [1py 3TOM HYy>)KHO yYUTBIBaTh, YTO MPU HArpy>KeHUU
obpasia B JaHHOM Ipoliecce UMEIOTCSI TPU CTaAuu: 1 — oxJaxaeHue oopasiia Mpy yrnpyrom
nedopMUPOBaHUHU, 2 — HArpeB MpHU IUIAaCTUYECKON nedpopManinu; 3 — HarpeB U OXJIaKIeHUE
B CTaaAuU pa3pylieHus (Hanbosbliee M3MEHEHMEe TeMITepaTyphl oopasia) [6].

[IpuBenem npumep. B pabote [7] mccienoBaich TepMOrpaMMbl Harpy>kKeHusI TOHKUX
TUJIACTUH C OTBEPCTUSIMU U 0e3 oTBepcTHii. [TokazaHo, 4TO MIacTUHBI 6€3 OTBEPCTHUSI Harpe-
BarTCs ObICTpee U 10 6oJiee BBICOKOIT TeMIiepaTypbl. K MOMEHTY 3apoXaeHust pa3pylieHust
ITOJIOCHI 6€3 OTBEPCTHI UMEIOT TeMIlepaTypy MoBepXHOCTH Ha 3—4°C MpeBHITIAOIIYIO TEM-
rnepatypy pabouyeil 30HBI MOJIOCHI C OTBepcTHeM. PaspyllieHue 3apoxnaercs B Tojioce,
0CJ1a0JIEeHHOM OTBEPCTUSMU. A B MOMEHT 3apOXXIACHUS U Pa3BUTHS pa3pylLIeHUs TeMIepary-
pa cKaukooOpa3Ho TMOoBbIIIaeTcs MpuMepHO Ha 4°C 1 nocJie pa3pbiBa 3a 10U CEKYHIIbI Ma-
naet Ha 10—11°C. To ecTb npu 1ecOpMUPOBAHUHN BbIIEJICHHBIN 00bEM MaTepraia MPOsIBIIsI-
€T CBOMCTBO aIalITUBHOCTU K BHEIIHUM YCJIOBUSIM MyTEM HEMPEPHIBHOTO aKTUBHOTO TMPU-
Ccroco0IeHUs 3a CYeT BHYTPEHHEH MepecTpoilkM K TOCTOSIHHO MEHSIOIIMMCS BHEUTHUM
dakropaM. Ilpu a3TOM Ipoliecc amanTalliu IIPOTeKaeT B COOTBETCTBUM C HMpUHLIMIIOM Jle
aTtenre—bpayHa, cormacHo KOTopomy peakiius 1epopMUpPyeMOil CUCTEMbI CBOIUTCS K Ta-
KOl MPUCHOCOOISIEMOCTH, YTOOBI MPOUCXONUIO OciablieHre BHEIIHero BosneiictBusa. To
€CTh, €CJIM Ha CUCTEeMY, HaXOsIIyIOCs B YCTOMYMBOM paBHOBECUM, BO3IEHCTBOBAThH N3BHE,
U3MEHSsIsI KaKoe-JIM00 U3 YCIIOBUIA paBHOBECUS, TO B CUCTEME YCUJIMBAIOTCS MPOLECCHI, Ha-
TpaBJIeHHbIE B CTOPOHY MPOTUBOIEHCTBUSI 3TUM U3MEHEHUSIM.

IMpusenem emie npumep. Ha puc. 2 mokazaHbl TepMOTrpaMMBbl, CHSTBIE B pa3IUYHbIE MO-
cllemoBaTeIbHEIE MOMEHTBI HarpyeHus1 o6pasna [8]. Haubonbmue 061acTi ¢ MOBBIIICH-
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Puc. 2. PacrnipesenieHre TeMriepatypbl Ha MOBEPXHOCTH 00Opa3siia Py TPeX pa3IMuHbIX MOCIEI0BATEIbHBIX MTHOBE-
HUSIX HarpyxeHust (a)—(B).

HOI TeMIepaTypoii IOSIBJISTIOTCS] PSIMO B CpeHeil yacTh obpasia (6oJiee CBETIbIe 30HBI —
5TO 30HBI C HAMOOIBIITUMU TeMITepaTypaMM) TTOCe HECKOIbKUX CEKYHI YITTMHEHUS (OKOJIO
90-i1 cekyHibl). 3aTeM HaMnpsKeHUe B 00pasiie yBeMUMBaeTcs, TeMIeparypa MoBbIIIAeTCs B
NIaHHOW 00J1acTU, OXBaThiBasl BCIO IIMPUHY oOpa3lia, U CTAHOBUTCS Bce Oosiee U Oosee 3a-
METHOI 32 HECKOJIBKO CEKYHJI 10 pa3pyllieHust. [paHu uzjaoma OTXOAsT APYT OT Apyra, u 00-
pasell HaYMHaeT OCThIBATh.

Ha puc. 3 npuBeneHsl TepMOrpaMMbl 00pa3siia o1 Harpy3Koi (IIacThHA CTaJibHasl C OT-
BEPCTUSMU, MaTepual TiaacTuHbl CT3CI) MpU pa3IMyHOM YPOBHE TJIaCTUYECKOi aedopma-
uu (craguu I1 u I1T). OHY cMTbHO pa3MYaloTCs TI0 TEMITepaType U paclpeieieHUIo obia-
CTell C MOBBIIIIEHHOM TeMmepaTypoii [7]. MuHuManbHast TeMIiieparypa Tepmorpamm 8.47°C,
a MakcuMalibHast TeMIiepatypa 49.99°C. MuHuMabHasl TeMIlepaTypa MeHsUIach HE3HAYM -
TeTbHO, 2 MaKCUMaJIbHas TeMIlepaTypa U3MeHUIach Ha BennunHy 19.84°C, mo mepe Harpy-
JKeHUsI TUTACTUHBI IO €€ pa3pyllIeHus.

B Ta6n. 1 mpuBeneHbl CTaTUCTUYECKUE JaHHBIE 3TUX TepMorpaMM. Hanbosiee nHTEpeCcHBI
JMaHHBIE IO KO3(MOUIIMEHTY Baprallii, KOTOPBII BO3pacTaeT Mo Mepe YBEJIMYeHUsT Harpys3-
ku. B MoMmeHT paspymeHus ko3(p¢GUIIMeHT Bapyallii CTAHOBUTCSI MUHUMAJIbHBIM. Takast
K€ TeHACHIIMS IO CPeTHEeKBaapaTUYeCKOMYy OTKJIOHeHUIo. [ToBbIllIeHNe STUX XapaKTepu-
CTUK TIOKa3bIBaeT, YTO HEOMHOPOJHOCTh JIOKAIbHBIX NechopMallvii MOBBIIIAETCS MO Mepe
HarpyXeHwusl TJIaCTUHBI U YMEHBIIIAeTCs MIPU €€ pa3pylIeHUH.

Ha puc. 4 npencraBiieHbl 3TH TEPMOTPAMMBI B BUJIE KJIACTEPHOTO pacrpenesieHus JIo-
Kaausanuu aedopManum (TemmnepaTyphbl) IJIaCTUHBI ¢ OTBEPCTUSIMU. bojiee cBeTIbie 30-
HbI ¢ HAUOOJBIIMMU TEeMIIepaTypaMu, T.e. ¢ HAUOOJBIIUMU TIACTUYECKUMU Aecdopma-
ousMu. B kiactepbl ornpenesitor 30Hbl ¢ OJMHAKOBBIM TeMIePaTypHBIM WHTEPBAJIOM.
OO0I1Iee KOJIMYSCTBO KJIACTEPOB OBLIO onpeneiacHO BeanunHoil 10. OHM OBIIM BHIYUCICHEI

Taomuna 1. CtaTucTrYecKre JaHHbIE TEPMOTPAMM B Tpafalivsix ceporo nukcesei nzoopaxenusi (0, ..., 255)

VYposeHb obuIeit nepopmauuu, €
CratucTuyeckye JaHHbIe

€ & €3
Maremarnueckoe oXuaaHue 87.823 89.295 85.363
CpenHekBagpaTUUECKOe OTKIOHEHE 17.579 22.155 6.902
Mopa 86 86 84
Koadbdunnent Bapuanuu, % 20.01 24.81 8.08
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(a) () (B)

Puc. 4. TepMorpamMMbl mocJjie KjiacTepusaluu nNpu oblieil nedopmanuu: (a) — €145 (0) — €23 (B) — €35

3 2 1
(g > €5 > &)

metonoMm K-cpemmaHbIx 3HadyeHuit (mporpamma Gwiddion). KiactepHoe pacmpeneiieHue
(puc. 4) XopollIo BU3yaJIU3UPYyeT, KaK IepepaclpenesIioTcs JOKaIbHbIe aedopManuu mo
Mepe HarpyxkeHus1 obpasiia.

HarmomHuMm, 4TO BCe MBMEHEHMS JIOKATU3aK AedopMaliii B TUIACTUYECKOM MaTepuasie
HOCAT (ppakTajbHbI (MaciiTabHbI) xapakTep [4]. [ToaToOMy pacCMOTPUM HEOTHOPOIHOCTh
TerioBoro nosst (nepopManun) MeTogaMu Teopun GpakTaaoB — HUccieayeM MyJbTUdpaK-
TaJIbHbIE CTIEKTPBI f (), TIOJTyYEeHHBIE JUTSI 3TUX TETUIOBBIX Tosieit. MyabTrudpakTaaibHbIe CIIeK-
TPbI OTPAXKAIOT CTPYKTYPY TETUIOBOTO TOJIST — €ro MacIITaOHy0 HEOMHOPOTHOCTH [9, 10].

MynbTudpakranibl — HEOTHOPOIHBIE (hpaKTadbHbIe OOBEKTHI (ITPOLIECCHI), ST OTTUCAHUS
KOTOPBIX, B OTJIMYME OT MOHO(PAKTAIIOB HEIOCTATOUHO BBEACHMSI BCETO JIMIIb OMHOM BEJIN-
4MHBI (PpaKTaANIBHOI pasMepHOCTH, a TpebyeTcs CHeKTp pasmepHocTeit D; Mynbrudpak-
TaJILHOCTB Tpoliecca OObIYHO MPEACTaBIISIETCS MYJIbTU(MPAKTATbHBIM CITIEKTPOM f{CL), KOTO-
DBIIT XapaKTepusyeTcsl IIIMPUHOIL S, acuMMeTpueiil, KPUBU3HOM U T.1I.
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[TpuBeaeM npuMephl UCIOJIb30BaHUSI MYJAbTU(MPAKTAUTLHOTO (hopMain3Ma IMpy U3y4eHU 1
CTPYKTYPHBIX XapaKTEpUCTUK U3o0paxeHuii. B pabote [11] mpencrasieH MyabTUdpaKTaIb-
HBII OAXOM K OMMUCAHUIO CTPYKTYP MPOCTPAHCTBEHHOU CaMOOpPTraHU3aluu CIOXKHBIX TTPU-
POIHBIX CUCTEM B paMKax KOHILIEMIUM CaMOOPraHM30BaHHOU KpuTu4yHOCTHU. [IpoBeneHa
OlIeHKa BBIOPOCOOMACHOCTU YIJIeit, KOTopasli 3aBUCUT KaK OT YBEJIWYEHUS] TOPHOTO IaBJjie-
HUS, MOBBILLIEHHOI rA30HOCHOCTH YIJISl M TIOPOJI, a TAKXKE UX MPOYHOCTHU U CTPYKTYPHOI He-
OnHOpOoAHOCTHU. B cTaThbe BEIOPOCOONACHOCTh aHATU3UPYETCS MOCPEACTBOM MCCIIETOBaHUM
IIUPUHBI MYJIbTUdpPaKTaTbHOTO criekTpa S. To ecTh, MPOUJITIOCTPUPOBAHA CBSI3b MEXITY
MYJIbTU(DPAKTATbHBIMU XapaKTepPUCTUKAMU CTPYKTYPbI YIJiell U UX TIpeapacrioioXeHHO-
CTHIO K BHE3AITHBIM BBIOpOCaM YTJISI U Ta3a.

B pa6ote [12] Takke ImoKa3aHO, YTO CTPYKTYPHYIO OPTraHU3AIIMIO 3JIEMEHTOB ITOBEPXHO-
CTU YIJIel MOXHO TIPENCTaBUTb MYIbTU(MPAKTAIOM C COOTBETCTBYIOIIMM €My CITEKTPOM
(bpakTasbHBIX pa3MepHOCTEl, TMO3BOJISIIONIMM YCTAaHOBUTH KOJMYECTBEHHBIE OTIIMYUS B
MUKPOCTPYKTYpE YIJIeil U3 BRIOPOCOOTIACHBIX IJIACTOB. YTJIM U3 BHIOPOCOOMNACHBIX TJIACTOB
UMeEIOT OOJIBIIINI HAOOp CTPYKTYPHBIX 3JIEMEHTOB U, cieaoBaresibHO, B 1.5—2.0 pa3a Gojee
LIIMPOKUI CIIEKTP COOTBETCTBYIOIINX UM (DpaKTaJIbHBIX pa3MepHOCTE, YeM YIJIM U3 HEBbI-
GPOCOOITACHBIX TTAacTOB. B pabGoTe BBeIeH KpUTEepHii IJIsT OLIEHKN BEIOPOCOONIACHOCTH YIJIeH —
yBeJIWYEHUE IMPUHBI MYJIbTU(PaKTAUILHOIO criekrpa S mo 3HadeHus 1.5. Cuuraercs, 4To
IIMPUHA CTIeKTpa S OTpaKkaeT CTeneHb MacllITaAOHOM YIOPSIAOUEHHOCTH M HApyIIeHUs] CUM-
METpUU ISl UCCIIeMyeMOM CTPYKTYphl B 1LieJoM. Bo3pacTtaHue 3HaYeHUsT 9TOTO MapameTpa
O3HayaeT, YTO CMCTeMa HakKayuBaeTcsi MHPopMalueil, 1 B Heil Bo3pacTaeT CTeneHb Hapy-
IIIEHHOU cCMMMeTpUH (HaJanuue O0JIBIIIOrO KOJIMYECTBA ITOBPEXIACHUIA).

B pa6ore [12] ncnonb3yeTcsa MyJIbTU(PPaKTAIbHBIA HapaMeTp CKPBITOM MepUOIANIHOCTH
CTPYKTYPHI (YIOPSIIOYeHHOCTH) MHOXecTBa Ag = D) — D,. YeM Goinblie ero 3HadeHue (o
MOJYJII0), TeéM OOJIbllle CTPYKTYypa YIJIE CONepKUT B cebe MacIITaOHbIX JIEMEHTOB.

Ha puc. 5 nipencraBieHbl MynbTU(dpaKTaIbHbBIE CITIEKTPhI f{0l) TEPMOrpaMM TMOKa3aHHbBIX
Ha puc. 3. OHUM OTJIUYAIOTCS APYT OT JApyTa IO MIMPUHE CIIeKTpa, aCUMMETPUM U 3HAYCHUIO
MaKCHUMaJILHOTO pa3Mepa pakTaabHOI pasMepHOCTH B criekTpe (1.511, 1.058 u 1.377), Ko-
TOpbIe MOXHO OXapaKTepu30BaTh KaK MEPCUCTEHTHBIE W aHTUIIEPCUCTEHTHBIE 3HAYCHUS
(pakTanbHOII pa3MEPHOCTU U ONpeAesieMble 3HaUeHUEM nokasarenst Xepcra H =2 — D,,.
MynbpTrdpaKkTanbHbIi CIEKTP Ha pUcC. 5a Moka3blBaeT KBa3uciyyvaitHoe (D, ~ 1.5, moka3a-
Tesb Xepcta H ~ 0.5) pacnipeneneHue JoKaJabHbIX U3MEHeHU B necopMaliusix. KoandecTBo
(pakTaapHbIX pazMepHOCTeil D; TOKAa3bIBAET YMCI0 MACIITAOHBIX 3JIEMEHTOB Y4aCTBYIOLIUX
B Mpoliecce JIoKaau3aluu aedopMalii.

MynbTudpaKkTadbHbIil CIEKTP HAa PUC. 5a aCUMMETPUYHBI, 3TO 03HAYaeT HEPABEHCTBO
BKJIAIOB MacCIITA0OHBIX (haKTOPOB (OOJBIINX U MAJIbIX) B Ie(OpMalIMOHHOE MOoJIe.

MynbTudpaKkTaIbHBINA CIIEKTP Ha pUC. SO MOKa3bIBaeT, YTO IUIACTUYECKUE NedopManun
3aHUMaIOT OOJIBIIYIO 00IacTh UcciienyeMoro oobekTa. KommuecTBo MactabGHbIX (haKTOPOB
YBEJIMYMBAETCSI, 1 BBIDABHMUBAETCSI UX BIWSHUE Ha MAaHHBIN mpoliecc (CMEKTp CUMMETPpUY-
HbIA). PacrionoxeHue JIOKalbHBIX 30H YCIOBHO “IMagkoe”, (pakTaibHBIl pasmep Dy =
= 1.058. llIupuHa criektpa S yBeaudeHa.

[Tpu yBeIMUEeHUM HArpy3KH MPOUCXOIUT NaJibHe1Iee nepepacnpeieieHue MeCTHBIX JIO-
KaabHBIX nedopmanuii. B MoMeHT paspymieHus (puc. 5SB) M3MEHSIETCS BIMSHUE MEJIKUX 1
GOJIBIIIMX MACIITAOHBIX 2JIEMEHTOB (ACUMMETPUST CIIeKTpa), a IMMPUHA CITeKTpa .S HeCKOJIb-
KO YBEJTMIMBAETC.

OCHOBHBIE XapaKTepUCTUKU MYJIbTU(DPAKTATLHBIX CIIEKTPOB IMPUBEIACHBI B TA0. 2, KOTO-
phIe TTIOKa3bIBAIOT, YTO MPHU YBEJIMYSHUN HATPYXKEHUS B CTAIUM YIIPOYHEHUS U pPa3pylIeHUs
MYJIbTU(hPAKTATbHBIE CIIEKTPBl UMEIOT XapaKTepHbIC OTJIUYMSI, UBMEHSIIOTCSI BCe XapaKTep-
Hble 3HaYeHUSI (ILIMPUHA CITIEKTpPa S, aCUMMETPUs, YMCIIO DpaKTaTbHBIX pa3MEPHOCTEN, BXO-
ISIIIVX B BETBU CIIeKTpa, Ag). [1epen paspyieHrem oopasiia IMprHa crieKTpa S yBeInJrBa-
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Puc. 5. MynstudpaxranbHbie ClIEKTPbI TEPMOTpaMM Mpu od1eit nedopmanu: (a) — €1 ©) — € (B) — €3

€TCs BBIIIIE 3HaYeHU 1.5 Kak n IIprU USMEHCHUM CTPYKTYPbI yrnel‘/'l P11 BOSBHUKHOBCHUWMU BbI-
6pOCOOHaCHOCTI/I.

JJ1st TOro 4TOOBI OTPENEIUTh B KAKMX MACIITAOHBIX 3JIEMEHTAX MTPOUCXOAST HAUOOJIbIIE
U3MEeHEeHUsl YPOBHSI JIOKAJIbHBIX MehopMalinii, pacCCMOTPUM KpaTHO-MacCIITaOHOE TUCKPEeT-
Hoe BeiiBieT-pasnoxenue (KMA) Brime ykazanHbIX TepMorpamm [13]. KMA nosBonsier
Pa3iaoXuTh N300paKeHne B I€PEBO C pa3IMUYHBIMU YaCTOTHBIMU M300paXkeHUSIMH (pa3mep
9JIEMEHTOB U300paXkeH!s) U OLEHUTh MX KOJMYECTBEHHO MO KPUTEPUIO SHEPTUM WIM DH-
TPOTUU.

9Heprm/1 COCTaBJIAIOIINX MOXHO OINPCACIIUTD UCXOOd U3 CYLICCTBOBAHUA IJId BelBET-
npeoopa3oBaHus aHajora reopeMsl [lapceBans. Teopema IlapceBans ycTaHaBIMBaeT paBeH-
CTBO MEXIY SHEprueil CurHaja u Hepruei ero criekrpa. M3 TeopeMsl ClieayeT, 4To B IPO-
CTPAHCTBE ACHCTBUTENbHBIX (DYHKIINI ITOJIHYIO SHEPTUIO, HATIPUMEDP CUTHAJIa, MOXHO 3allu-

Ta6muua 2. XapakTepuCTUKU MYJIbTU(PAKTATBLHOTO CIIEKTPa TEPMOTPpaMM IIPU Pa3IMYHOM YPOBHE 00-
et necopmanu

XapaKTepHCTHKY YpoBeHb 0011eit necopmannu, €
MYJbTU(hPaKTAIBHOTO CITeKTpa N & &
®pakTanpHblii pasmep, D 1.511 1.058 1.377
IIupuHa criekrpa, S 1.05 1.48 1.55
[TokazaTenb MacLITAOHO OMHOPO - 1.31 0.91 1.25

HOCTH pacrpeneieHust, Ag




66 AXMETXAHOB

Tabmuua 3. DHeprusi cocrapisiioinx KMA BeiiBieT-pasioxeHust

DHeprus coctapusonmx KMA BeiiBiaeT-pasioxeHus, %
HomMmep TepMorpamMmbl
Dgyy Dgpp Dgy; Apn Dy, Dy D
1 0.01 0.02 0.0 99.87 0.02 0.08 0.0
2 0.06 0.09 0.0 99.17 0.26 0.37 0.4
0.05 0.08 0.0 99.35 0.23 0.24 0.4

caTh Yepe3 aMIUTUTYIbI (Ko3GhUIIMEHTHI) BEMBIIET-TIpeoOpa3oBaHusI, KaK MPEICTAaBICHO B
pab6ote [14].

B Ta6n. 3 mpencraBiieHsl pesdynbTathl KMA-pasimoxeHus (pas3jioxeHue 2-To MOpsiaKa).
KMA mnpoBomunack ¢ momomibio nporpamMmmbl MATJIAB, ucrnosb3oBaH OpPTOrOHAJIBHBIM
cumiieT. Mcrionb3oBaHue ApyTUX BEWBIETOB HE TIPUBEIO K MU3BMEHEHUIO pe3ybTaTa pacrpe-
NeJIEHUI SHEePTUIA MO COCTABJISTIONINM U300pakKeHUSIM.

[Tpn KMA ucxonHoe n3o0paxeHne packyIaAblBae€TCsl Ha COCTABIISIIONINE BEUBIIET-IepeBa:
anmpokcuMupyiouee Az, u aeranusupyiomue Dg;. KMA nokasaino, 4to Haubonbume u3-
MEHEHUSI B YpPOBHE SHEPTUU MPOSIBJISIIOTCSI HA MAJIbIX MaCIIITAOHBIX 3JIEMEHTax, KOTOpbIe 00-
pasyloT neranusupylone nzoopaxenust Dg;. Eciu ncmosb3oBarh YaCTOTHYIO TEPMUHOIIO-
TMI0 — BBICOKOYACTOTHBIE cocTaBJsole. To ecTh 3TO comIacyeTcsi ¢ MOSIBJIEHUEM MEJTKUX
MaciITaboB MpU YBEJIWYEHUM MOBPEXICHHOCTU MaTepuayia (yBeJUudeHUU MHpopMauuu o
CTPYKTYpe MaTepuasia).

BoiBoa. [TokazaHa BO3BMOXHOCTH TTIPUMEHEHUST TETUIOBOTO METOAa KOHTPOJIS ISl pellie-
HUS 3a7a4y aHaJIM3a pacrpeneeHus JOKATbHBIX JedopMaliiii — yIpyrux U MIaCTUIeCKuX.
Hanuuue Tepmoymnpyroro m TepMoIUIacTUUecKoro 3¢d@ekra IMo3BOJsSIeT KOHTPOJMPOBATH
KOHCTPYKIIMU B IMpOIlecce IKCIUTyaTallMi U OMNpPeneauTh 00JacTh C MaKCUMAaJIbHBIMU JIO-
KaJIbHBIMU JicpopMativsiMu (HaMpsLKeHUSIMU ), HaTTpaBJIeHUe TUIAaCTUYECKUX AedopMaliunii.

[TpuMmeHeHUMe Ki1acTepu3aliny TepMOrpaMM TTO3BOJISIET BU3YaJIbHO MTOKAa3aTh, KaK pacripe-
neJisieTcsl JIoKaiubHasl nedopMaius Mo HarpyXkKeHHOMY OOBbeKTy KOHTpoJjst. [lpu pasHom
YPOBHE HarpyXXeHusl BO3HUKAIOT CBOU KOH(MUTYpaluu JoKaJIbHBIX nedopmaruii. [To mepe
HarpykeHus1 00beKTa KOHTPOJISI BOSHUKAET HOBasi KOHGUTypallvsi MTPOYHOCTH obpaslia o
npuHumity Jle Illatanse—bpayHa.

MynbTrdpaKTaibHbIe CIIEKTPHI OTPAXKaOT XapaKTepHble 0COOEHHOCTH B pacripeesieHUn
JIOKAJIbHBIX Je(OopMallnii, TTO3BOJISIIOT OLIEHUTh UHTETPATbHYIO XapaKTepUCTUKY MacCIlTab-
HBIX (PaKTOPOB, BIUSIONINX HAa JIOKAJIbHBIE M3MEHEHUS IehOpMaIllMOHHOTO TOJIsI 00BheKTa
KOHTPOJISI. A yBeJIMYeHUE IMUPUHBI MYIbTU(MPAKTATLHOTO CIeKTpa S MOXHO TPaKTOBaTh
KakK OLIEHKY MOBPEXXIEeHHOCTU MaTepuaia. A BeJInuyuHa Ag MOKa3bIBaeT, CKOJIBKO M3ydyaemas
CTPYKTYpa I10Jisl JIOKaJbHBIX JeOopMaInii COAESPKUT MACIITAOHbIC 30HBI JIOKAJIM3ALIUU Je-
opmaly ¢ THAMBYAYAIBHBIMU (paKTAIBHBIMU CBoOMicTBaMu D;.

KMA B nomojHeHHe K JTaHHBIM, HOJIYYeHHBIM IIPHU aHAIN3€ MYJIbTU(DPAKTAIBHBIX CIIEK-
TPOB, MOKa3bIBAET, YTO HAMOOJbIIINE DHEPreTUYeCKUe MU3MEHEHUs] MPOUCXOASAT Ha Oosee
MEJKUX MacllTadax.

Hcnonb3o0BaHHBIE METOIBI aHAIM3A JIOKAJBHOTO pacIipee/ieHus] TeMITepaTyphl, TOKa3bl-
BalOT, YTO MOXHO TTOJIYYUTh KOCBEHHYIO MH(MOPMAIINIO 06 OCOGEHHOCTSX pacIpeneIcHMs
JIOKAJIbHBIX eopMaliii 1 UX U3MEHEHUI 110 Mepe Harpy>kKeHus1 00beKTa KOHTposis. Tou-
HYIO OLIEHKY MOHO TTOJTYYUTb C TOMOIIIBIO pellleHUsI 0OpaTHO 3a1auu.

nOJ’[y‘{CHHBIC PE3YJbTAThI MOXKHO MCITOJIB30BaTh ITpU CO3JaHNU METOAUK OLICHKU ITOBPEC-
XKOEHHOCTU AeTajeil TEXHUYECKUX CUCTEM U BEPOATHOCTU NJOCTUKCHUSA MPEACIBHOTO COCTO-
SAHUWA ITPU HEpA3pyIaromeM TEIIJIOBOM KOHTPOJIC.
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