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AHHOTAN NS
Beeoenue. 3apoxnaromuecs yCTAIOCTHBIC TOBPEKACHUS B METALITHYSCKUX TPOJETHBIX CTPOCHUSIX MOCTOB CO3IAIOT

OTIpENCTICHHBIE YIPO3bl O€30MacHOCTH JKCIUIyaTaluH. /[l WX CBOEBPEMEHHOTO BBIABICHUS W JIHarHOCTUKH
UCTIONIB3YIOTCST Pa3iIMYHbIe METOJbl Hepa3pyliaromero KoHTpoisisi. COBpEMEHHBIM W TOMYJISIPHBIM pELICHHEM Ha
JaHHBII MOMEHT siBisieTcsi Meton uHppakpachoit (MK) tepmorpaduu. B cuiry ocobennoctu padorst UK-kamep s
HOJIy4eHHs TOYHOTO pe3ylibTaTa TpeOyeTcs NOMONHHUTeNIbHas 00paboTKa 3amuceif, IOoIydeHHbIX ¢ 3TuX Kamep. Llens
JaHHON paboThl — MpPEACTaBUTh METO] 00pabOTKH TepMOQGHIBMOB M IMOKa3aTh BO3MOXXHOCTH €ro NPUMEHEHHUs! B
pEaJbHBIX YCIOBHSX.

Mamepuanst u memoodsl. IlpuBonurcs onucaHue crocodba o0paboTkn TepMorpaduuecKux (GHUIBMOB, MO3BOJISIOIIETO
BBISIBUTH TEMIIEpaTypHble aHOMAJIMH, HCIIOJb3Yys TOJIBKO HMHGOpPManuio ¢ Kamepbl. [IpuBeneHBI pe3ysbTaThl €ro
MIPUMEHEHHS Ha 3JIEMEHTaX JEHCTBYIOMNX METAIIINIECKUX IPOJIETHBIX CTPOSHUI MOCTOB.

Peszynemamut uccnedoganus. I1okazaHo, 4TO A CYIMIECTBYIOIIMX JIE(EKTOB MMEIOTCSI TEMIIEPATypHbIE aHOMAJINH.
D70 03HayaeT, 4To JieeKThl MMPOJIODKAIOT Pa3BUBATHCS, YTO MOJTBEPIUIIOCH TOCIENYIOUIMMHI HAOIIONECHUAMH 32 HX
cocrositHreM. KpoMe 3Toro ObuI BBISIBIIEH Cly4dail TeMIIepaTypHOW aHOMayuK B Oe3nedeKTHOW BHElIHe# obsacTu. DTo
MOXET OBITh MPU3HAKOM 3apOXKIAIoNIerocs nedekra, KOTOPbIil He MOT OBbITh IIPOJIUArHOCTUPOBAH JAPYTHMMHU METOJaMHU.
Ecnu Hanuuue sToro nedexra Oyaer MoATBEPIKACHO MPU MOBTOPHBIX 00CIIENOBAHUSIX, TO MPEACTABUTCS] BO3MOKHOCTh
JIMarHOCTHPOBAHHMS CKPBITHIX Ae()EKTOB, KOTOPBIE €llle He BBIIUIM Ha MIOBEPXHOCTb, H/WIM OOHAPYKEHHUS TIOTEHIMAIBLHO
pa3pyLIAIOIINAXCS MECT.

Obcyrcoenue u 3axnouenus. [lokazana 3¢ pexrusrocts MK-Tepmorpadum kak MeToa 0eCKOHTAKTHOTO Hepa3pyIIAOIIETO

KOHTPOJISL, & TAK)XKE €ro paboTOCIIOCOOHOCTh Ha pPeaTbHBIX 00BEKTaX, HAXOISIIUXCS 0]l CIIy4aifHOH Harpy3Koi.

Kaiouessie ciaoBa: MK-repmorpadusi, Hepaszpymaromuii KOHTPOJb, YCTaJOCTHBIE TPEIIUHBI, METAIIMYECKUE MOCTHI,
nedexTHocTh KoHCcTpyKumii, MK-kamepa.

BJaaronapHocTu: aBTOpHI BBIPAXAIOT OJIArOJAPHOCTh PELEH3EHTaM, Ybsi KPHTHYECKas OIIEHKa IPEJCTaBICHHBIX
MaTepHalioB U BbHICKa3aHHbIE MPEJIOKESHUS 110 UX COBEPLICHCTBOBAHHUIO CIIOCOOCTBOBAJIM 3HAUYUTEILHOMY MOBBIIICHHUIO
KauecTBa HACTOSAIIEH CTaThU.
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Abstract
Introduction. Incipient fatigue damage in the metal superstructures of bridges creates certain threats to the safety of

operation. Various methods of non-destructive testing are used for their timely detection and diagnosis. A modern and
popular on-the-day solution is the method of infrared (IR) thermography. Due to the specifics of the operation of IR
cameras, additional processing of recordings received from these cameras is required to obtain an accurate result. This
work aims at presenting a method for processing thermofilms and describing the possibilities of its application under
real conditions.

Materials and Methods. A method for processing thermographic films was described. It provided detecting temperature
anomalies using only information from the camera. The results of its application on the elements of existing metal
bridge spans are presented.

Results. It is shown that there are temperature anomalies for existing defects. This means that the defects continue to
develop, which was confirmed by subsequent observations of their condition. In addition, a case of temperature
anomaly in the defect-free external region was identified. This might be a sign of an incipient defect that could not be
diagnosed by other methods. If the presence of this defect is confirmed during repeated examinations, it will be possible
to diagnose hidden defects that have not yet come to the surface, and/or detect potentially collapsing places.

Discussion and Conclusions. The IR thermography performance as a method of non-contact non-destructive testing is
shown, as well as its operability on real objects under random load.

Keywords: IR thermography, nondestructive testing, fatigue cracks, metal bridges, structural defects, IR camera.
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BBeaenue. YcranocTHble TPELIMHEI B METANIMYCCKUX KOHCTPYKIHMSAX MOCTOB, 00pa3yroLIHecs M0J BO3ACHCTBHEM
Harpy3Kd OT TPaHCIIOPTa, BETPOBOW HArpy3KH M T. M., IPEACTABISIOT CEPbE3HYIO MPoOIeMy. XOTs 3TH TPEIIUHbI CaMU
1o cebe BIUSIOT TOJNBKO Ha JOJNTOBEYHOCTH COOPYXKCHHS, IPH ONpPEACNICHHBIX YCJIOBUSIX OHH MOTYT JaTh TOJIYOK
Pa3BUTHIO XPYIKHX TPELIMH, YTO Y’Ke HEOCPEICTBEHHO BIMSET HA 6E30MACHOCTD HCIIOIb30BaHUs KOHCTPYKIHiA [1].

OmHMM M3 COBPEMEHHBIX METOJIOB HEpa3pyLIAIOLIEro KOHTPOJIs, HAOMPAIOIIEro MOmyJsspHOCTh, siBisercs MK-
Ttepmorpadus [2—12]. [IpuHuun MeToa OCHOBBIBACTCS HA TOM (DaKTe, 4To JI00O0E TEeI0, HCTIBITHIBAOIIEE MEXaHUYECKOES
BO3/ICiiCTBUE, BBIAEISIET KOJIMYECTBO TEIUIA, IIPONOPLUHOHAJIBHOE WHTEHCHBHOCTH Bo3neicTBua. I[lostomy, mpu
o0CIeI0OBaHUN ydYacTKa KOHCTPYKLHUH, cOJepKalero Ae(eKThl, MOXHO cpa3y XKe IOIy4UTb HH(POPMALHIO O
pacnpeneneHHn HalpsDKEHUH MO 3TOMY ydacTKy. OTiMyaromeecss TeMIEpaTypHOe paclpeneieHue OyneT SBIATHCS
HHJHMKATOPOM MPOTEKAIOIIEro YCTaIOCTHOTO ToBpexaeHus [13, 14].

OcHoOBHOI cnoxHOCTRIO TIpH pabore ¢ MK-kamepamu (TemoBH3opaMu) SBISETCA MOJNYYCHHE PE3YIbTATOB C
MPUEeMJIEMOH TOYHOCTHIO. B cuily ocoOeHHOCTEH CTPOCHHS JETEKTOPOB HaubOJIbIIAsi TOYHOCTh JOCTHTAETCs TPH
UCIIOJIB30BAaHUN KaMep ¢ OXJaXIAaeMbIMH MarpuiiaMu. OIHAKO CIHMIIKOM BBICOKas CTOMMOCTH ITOJ0OHBIX
anrnaparoB SBJSETCS CEPbE3HBIM MPEMATCTBHEM /ISl UX HCIOIb30BaHus. [losBIeHHE KaMmep, HCIOJIb3YIOUINX
HEOXJIaXKJaeMble MaCCHBBI MUKPOOOJIOMETPOB, YIYUIIMIO CUTYallHIO, IOCKOJIBKY 3TH KaMephl OKa3aJIuCh 3aMETHO

JCIICBIIC. HeﬂOCTaTKOM TaKUX TCIJIOBU30pPOB CTajla MCEHbLIIAA TOYHOCTH IO CpPAaBHCHUIO C KaMepaMu C
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OXJIaXJaeMbIMH MaTpuuamu. IlodToMy U MOJNydeHHs YCTOMUYMBBEIX PE3yJIbTaTOB TpeOyeTcsl AONOTHUTENbHAs
00paboTKa MOIyIaeMBIX TEPMOTPAMM.
B nanHoii pabore mnpuBOAMTCS aNropuT™M KoppessinuonHod HMK-tepmorpadum ¢ npuMeHeHHeM CHTHaA,
T0JTy4EHHOTO HEMOCPEACTBEHHO C TEILIOBH3HOHHON ChEMKH , 4 TAKIKE HEKOTOPBIC PE3YJIbTATHI €T0 IIPHMEHEHHS.
Marepunansl m Meroansl. Merox UK-tepmorpaduu ocHOBaH Ha aHaidM3e paclpejesieHUus] TeMIlepaTypsl B
Marepuaie. [Ipu Bo3aeHCTBUHM pacTATMBAIOIINX WM CXKUMAOLIUX HANpPsDKEHWH Ha MaTepHall ero TeMmieparypa Oynet
M3MEHATHCS IPONOPIHOHATHHO BETHUMHE ITHX HATPSUKCHHH B COOTBETCTBHE CO CIIELYIOMEH GopMyIIoit:?

AT=—2 T Ao 1)
p-Cy

rae o — Ko3(QQUIMEHT TEMIOBOTO PACIIMPEHHUs; P — IUIOTHOCTh BemecTBa; C, — yzAenbHasd TENIOEMKOCTh IpH
MTOCTOSTHHOM JaBJICHUH; 1 — aOcoiroTHAs TeMiepaTypa, K; Ac — n3MeHeHne ri1aBHEIX HanpspkeHwi, MIa.

[Ipu coxpaHeHnn aguabaTHYECKUX YCIOBHH, a TakKe IPU Pa3BUTHH TOJBKO ynpyrux aedopmaunii cBssp (1)
SIBJISICTCS. INHEHHON U 00paTUMOM, IpU KOTOPON M3MEHEHHE TeMIepaTyphl ClIeayeT 3a U3MEHEHUEM HalpsuKeHHS.
Kak Tonpko B Marepuane Ha4YMHAIOT 3apOKAAThCA TMOBPEXKACHHUS, OH MepecTaeT ObITh YIPYTMM M pPa3BUBAET
iactuyeckue nedopManui. DHEPTUs CUCTEMBI, MTOABEPKCHHOI TakuM AeopMalusM, MHTCHCUBHO MEPEXOANUT B
TEIUIOBYIO, IPUBHOCS TaKMM 00pa3oM OCHOBHOHM BKJaja B TeruioBoil a¢dexrt. Takum obpazom, TemnoBas KapTHHA
CTaHOBHUTCS OTpPaXEHHEM BHYTPEHHETO COCTOSHHUS MaTepuaia (CTCIeHH pa3pylieHus) U, CJIeIOBaTEIbHO,
[10Ka3aTeleM ypOBHS HaNpsHKEHUH.

OTpe/euTh OTHOCHTEIbHY0 aMIuuTyny MK-CHrHana MOXHO C TOMOIIBIO METOJA HAMMEHBIIMX KBAIPaToB®.
[omoxuM, 9TO Ha KOHCTPYKIHUIO NEHCTBYyeT Harpy3ka F, Bo3melcTBHE KOTOpOil B HEKOTOPOH 00JacTH MOXKEM
u3MepuTh U 0003HauuM Kak f(t). Byaem cuurate 3T10T curnan onopHeiM. [lycth Takke umeercst MK-Bumeochemka 3toi
KOHCTPYKIIUH B TOT K€ MPOMEXKYTOK BPEMEHH, KOTOPYIO MOXXHO TpPEJICTaBUTh KaK IOCIEN0BATEIbHOCTh KaapOB
(kamp — martpuna 3naueHnii pasmepom M x K') Bo Bpemenu n oGosnaumm Yj(t) smauenus (i, j) snemenra sToii
Marpuip! (mukcenst) B MoMeHT Bpemern t, rie 1<i <M, 1< j<K.

O003HaYNM MPHUOIKAIOITYIO QYHKIUIO JIJIsl 3TOTO 3JICMEHTA Kak:

Y (t) =a; +b; f (t) )

e & — cMeleHne; bjj — ko3 GuIHeHT BIUAHIA OOPHOTO CUrHana f.

bynem npubmmkars ¢ nomomso GyHkimy (2) curHans! Yij(t) u3 TemnosusnonHoro duneMa. IlokaxeM, kak HaiTh
ot Ko>(duumentsl s Hekotoporo VYi(t), mmd ocTampHBIX — pacCyKIeHHs OyayT aHaloTH4HEL bynem
MHUHAMH3HPOBATh OTKIOHEHHE HAIIETro MPUOIIIKEHUS OT CUTHANA, TTOJYYeHHOTO C KaMephl:

& =3 (14(0) Y, ()F — min. ®

n=1

rae N — KoIMd4ecTBO KaJpoB B 3allHCH; N — HOMep KaJpa, COOTBETCTBYIomuil BpeMeHH. Otciona by MoxeT ObITH
HaMICHO CIIEAYIOIINM 00pa3oM:

b nﬁ;f(n) ni,yu(n)f(n) Ngyij(n)f(n)—gf(n)nzizyij(n). o
” N nZh:‘f(n) NZN:fZ(n)— Zf(n) 2
> 1) 31°0)

'Sakagami T, Nishimura T, Kubo S, et al. Development of a Self-reference Lock-in Thermography for Remote Nondestructive Testing of Fatigue
Crack (1st Report, Fundamental Study Using Welded Steel Samples). Transactions of the Japan Society of Mechanical Engineers. Series A.
2006;72:1860-1867. https://doi.org/10.1299/kikaia.72.1860

*Thomson W. (Lord Kelvin). On the dynamical theory of heat. Trans. R. Soc. Edinburgh. 1853;20:261-283.

* Lesniak JR, Boyce BR, Howenwater G. Thermoelastic Measurement Under Random Loading. In: Proc. SEM Spring Conf., 1998. P. 504-507.
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Tosropsis (3) u (4) wrs Beex (i, ) momydanm marpuny B = {bij } TOTO K€ pa3Mepa, YTO U NCXOIHBINH KaJp ChEeMKH.

Takum oOpa3oM monryuynMm HpuOImKeHHe Kaxkjgoro curhana Yij(t) MK-cbeMku o BpeMeHH MOCPEICTBOM OHNOPHOTO
curHana f(t). 3HaueHuss MaTpuipl B MOKa3hIBalOT OTHOCHTENBHYIO HHTCHCHBHOCTh H3MCHEHHUSI TEMIICPATYphl B
HEKOTOPO#l 00JacTH 1O CPaBHEHHIO C MHTCHCHBHOCTBIO HM3MEHEHHWsI OmopHoro curHaia. Omopueiii curhan f(t) He
00s13aTeNbHO MOKET OBITh TOJNYYEH CO CTOPOHHEH CHCTEMbl, Hampumep, ¢ TeH3oxardnka. ONMCcaHHBIN TOAXOJ,
HMEHYeMBIH aBTOKOppesauonHoii UK-Tepmorpadueii, MokeT OBITh IPUMEHEH U C OTIOPHBIM CUTHAJIOM, TTOYYEHHBIM
¢ Toif xe camoii UK-3ammcu” [15, 16].

PesyabTaTsl HccJaeqoBanus. Peanusamums IpeaioKeHHOTro arropurMa Obia BeImonHeHa B Buae Python ckpumnros.
C MOMOIIBIO ATHX CKPHUIITOB IPOU3BOAMIACE 00padOoTKa TepMorpaduIecKux GHUIEMOB, 3aIIMCAHHBIX HA METAJLTIYECKUX
MPOJIETHBIX CTPOCHUSIX [JCHCTBYIOIIMX aBTOMOOMIBHBIX MOCTOB, B KOHCTPYKIHSX KOTOPBIX OBUIM paHee
JIMarHOCTUPOBAHbI YCTAIOCTHBIE TpelMHbI. [IpoBepka pabdoTocrocoOHOCTH anroputMa Oblia IPOBEAEHA HA CTEHIOBBIX
UCTIBITAaHUAX, UMHUTHPYIOIINX IOBEACHHE pealbHBbIX KOHCTPYKIMH C M3BeCTHOW mHpopMmauumei o nedexre. Cbhemka
MIPOBO/AMIIACH C MOMOLIBI0 MH(PaAKpAaCHOW KaMmepsl ¢ HeoxJaxaaeMbiM MukpobosmomerpoMm Fluke Ti400, mmeromeit
TEMJIOBYI0 4yBCTBUTENbHOCTh MeHee 0,05 °C u uactory chémku 9 ' 3amucu caenaHbl B MOMEHT BO3JIEHCTBUS
aBTOMOOWJIPHOM Harpy3kd Ha MOCT. B KayecTBe ONOPHBIX CHUTHAJIOB JUIA KaXIOW 3allUCH HCIIOJIb30BalIacCh
Oe3medexTHas 30Ha pazMepoM 15X15 muKcemne# ¢ TOro ke KOHCTPYKTHBHOTO 3JEMEHTa HENaJeKO OT CYIISCTBYOMICH
W/WIA TIpEeNIoaraeMoil 30HbI pa3pymieHus. Pe3ynbTaTel 00paOOTKM HATJSIHO IPEACTABICHBI B BHIE W300paKCHHIA,
MIOTYYEHHBIX MTOCPEACTBOM 3HAa4deHUH Marpuipl B. KaxmoMy 3HaueHHIO MaTpPHUIBI COOTBETCTBYCT OJHMH ITMKCENh HA
n300pakeHnH, MpeoOpa3oBaHUe YHUCIA B I[BET OCYLIECTBICTCS C ITOMOIIBIO (PYHKIMH HAJUTPHI U3 ONpPEICICHHBIX B
makete matplotlib.

Ha puc. 1 usobpaxken (parMeHT CTajabHOW OaJKH MPOJISTHOIO CTPOEHMs. B MecTe coeanHEeHUs] TOPU30HTAIBHOTO
JIKCTA CO CTEHKON oOHapyskeHa Tpemuna (puc. 1 ¢). Ha puc. 1 a mokasan oaun u3 kaapos UK-dunbma 370l TpEUHHBIL.
Ha puc. 16 npencrasneH pe3yinbTaT 00pabOTKM, HAa KOTOPOM OTYETIMBO BHIHO IISITHO, CBUJIETEIBCTBYIOIIEE O
pasorpese, MPOUCXOIAIIEM B 0003HAUEHHOH 30He. DTa 30Ha COOTBETCTBYET 00JIACTH BOKPYT BEPLIMHBI TPELIMHBI, YTO
CBUJIETENBLCTBYET O MpOJAOJDKAIOIIEMCs pa3BUTHH jAedekTa. ITo ke ObUI0 TOATBEPXKICHO IOBTOPHBIMHU
00cIe10BaHUsIMHU, KOTOPBIC YCTAaHOBIIIHM yBEIHUIECHUE TPEIMHEI Ha 6ostee yeM 30 % 3a 4 roxa.

Puc. 1. Pe3ynbTaTs! nH}pakpacHOH ChEMKN:
a — xazp ¢puIbMa; 6 — n300pakeHue, MOCTPOSHHOE MO 3HAYEHHUSAM MAaTPULEI B; ¢ — (GoTorpadus TpermuHbl

* Galietti U, Modugno D, Spagnolo L. A novel signal processing method for TSA applications Measurement Science and Technology. 2005;16:2251.
10.1088/0957-0233/16/11/017
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Ha puc. 2, 3 n300pakeHb! TPEIUMHBI, 3apOJMBLINECS B CBAPHOM IIBE, 3aTEM Pa3/BaMBAIOIIMEC M YXOMALIUE B peOpo
KECTKOCTH M JIMCT HacTwia. CheMKa MPOBOIMIACHE BO BPEMS HCIBITAHUN MOCTA. 1 KOHTPOJS HAIPSDKEHWH B 9THX XKe

MecTax ObLIH YCTaHOBJICHBI TCH30METPUYCCKUE JaTYNKH, PE3YIBTAThI C KOTOPBIX MOATBEPANIIA PA3BUTUE OTUX TPEIINH.

a) 6)
Puc. 2. lnarHocTHpOBaHHAS YCTAIOCTHAS TPEIMHA:
a — n300pakeHue, MOCTPOSHHOE 10 3HAYEHHSIM MaTpHuIsl B; 6 — dororpadus

KonTponbHbIE MEeTKH A5

COBMEIILICHUS H300PaKSHUI

R
6)
Puc. 3. /lnarHoctHpoBaHHasl yCTaIOCTHAS TPELIMHA:
a — xazp ¢puIbMa; 6 — n300pakeHue, OCTPOSHHOE MO 3HAYEHHUSIM MAaTPHUIEI B; ¢ — (GoTorpadus TperuHbl

Ha puc. 4 u3o0paxxeHbI COBMEIICHHBIC MTOKA3aHUs TCH30JJATYMKOB U TEMIIEPATYPHI JJIsl OJHOTO U TOTO K€ yJ4acTKa
KOHCTpYKIMHU. TemnepaTypHbIe MOKa3aTelu ObUTH TOJTYYSHBl YCPEIHEHHEM B 001acTH 00CIeI0OBaHUS U MTOCIIE YIOITIM
CIUIXUBAaHUEM TI0 BpeMEHH. TEeH30MEeTpUYEeCKHe JaHHbIe Takke ObUIM CrulakeHbl. Kak BHIHO, YTO H3MEHEHHE

TEMIIEPATYPHI IOJTHOCTBIO ITOBTOPSACT U3BMCHECHUE Ha]'[pﬂ)KeHI/Iﬁ C TOYHOCTBIO 1O YyBCTBUTECIIbHOCTHU npn6opa.
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Puc. 4. I'padmky H3MEHEHNS HANPSDKEHUH, COBMEIIIEHHBIE C M3MEHEHHSMH TEMIIEPaTyphl (M3MEHEHHsI TEMIIEPATyphI IIPUHSTHI C
00paTHBIM 3HaKOM). BeJIMYHHBI 110 OCH OPIMHAT HOPMHUPOBAHBI OTHOCHUTEIBHO €AHHHUIIBI

Ha puc. 5 n300pakeH 3JIeMEHT KOHCTPYKLMH, HE MMEIOIINA BHUAMMBIX IOBPEKACHHH, KOTOPHIE TaKXKe HE ObLIH
OIHO3HAYHO OINpENeNieHbl ApyruMu Meronamu. OHako, B pe3yibTare OOpaOOTKM IakeTa TepMOrpaMM OBIIO
00HapyKEHO, YTO B MECTE COCAMHEHUS JIBYX JJIEMEHTOB MMEETCS TEIJIoBas aHOMaMs. DTO CBUJETEIBCTBYET O TOM,
9TO B 3TOM MECTE BEPOSTHO HJIET CaMOPa3orpeB MaTepuaia, U HOJ MOBEPXHOCTHIO NMPOUCXOAUT 3apoxcHHe NedeKTa,
KOTOPBIH B CKOPOM BPEMEHH J0JDKEH OyAeT BBIWTH Ha MOBEPXHOCTb. Takum 00pa3oM, AaHHbIH y4aCTOK KOHCTPYKIIMH
TpeOyeT HOMOIHUTENFHOTO BHUMAHUS NIPH OYIyIIUX 00CIeI0OBaHUSAX.

a) 6)
Puc. 5. Pesynbrarhl HHGpakpacHOH ChEMKH:

a — CBapHOH OB 03 BUANMBIX YCTATOCTHBIX MOBPEKICHHIA;
6 — n300paXkeHHe HOCKa CBAPHOTO 111BA, TIOCTPOCHHOE 110 3HAYCHHUSIM MaTpHIlbI B

OoOcy:xkmenne W 3aKkiaueHus. [IpoBeneHHbIE paOOTHI Ha MPOJETHBIX CTPOCHUSX IMMOKa3alud 3(PQPEKTHBHOCTH
aBTokoppersiuonHoi MK-tepmorpaduu kak Metoma OeckoHTakTHOW nuarHocTuku. [lokazaHa paboTOCIOCOOHOCTH
METO/Ia Ha peallbHbIX O0BEKTaX, HAXOMAIIUXCS TMOJ CIy4ailHOW Harpy3kod. MIMemo MecTo COOTBETCTBHE M3MEHEHHSI
HanpsHKeHUM B KOHCTPYKIMU C M3MEHEHHWEM perucTpupyemon temmeparypsl. [IpoBeneHa nMarHOCTHKAa HEKOTOPBIX
M3BECTHBIX Je(PEKTOB, HA KOTOPHIX OBLIO OTMEUYEHO TPOJOJDKAIONIEECS Pa3BUTHE MOBPEKICHUHN, YTO B TOCICACTBUU



/7 ] PY.Y;
Conogves A. JI. u op. Ilpumenenue asmoxoppenayuonnoi ungpaxpacnoiumepmozpaguu ona eviasnenus 0eghexknog 6 iue. X

MOJATBEPMIIOCH MOBTOPHBIMU OOCJIEIOBaHUSIMH 3THUX DJIEMEHTOB KOHCTpYKIMH. Kpome 3TOro, BBISBIECH Cirydai
camopasorpeBa BO BHeIIHe Oe3ae(eKTHOW 30HE, YTO YKa3bIBA€T Ha BEPOATHBIM IPOLECC 3apoXKACHUs aedeKTa,
KOTOPBI HA MOMEHT ChEMKH HE MOT OBITh OZHO3HAYHO ITUArHOCTHPOBAH JPYTMMH METOJaMH. JTO CBUACTEIBCTBYET O
TOM, YTO IAHHBIA y9acTOK TpeOyeT AomoiHHuTenbHOro HabmronmeHws. Ilpm ycrmoBum oOHapyxeHHs nedekTa Ha 3TOM
y4acTKe B IpoLecce MOCIeyOIIX HaOII0AeHHH MOKHO TOBOPHTH O BO3MOXKHOCTH HcIonb3oBanus UK-repmorpadun
IULSL BBISIBIICHUSI CKPBITHIX Je()eKTOB M IPOTHO3UPOBAHMUS UX ITOSBICHHS.
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