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BBenenne
Bombmioe KOJIHNYECTBO JIe(eKTOB KaK
MIPOU3BOJICTBEHHOTO, TakK 9KCIyaTallMOHHOTO

MIPOUCXOXKICHUS B H3JETHSAX W3 KOMITO3UITHOHHBIX
MmatepuanoB (KM) oOycioBmmBaeT HEOOXOAMMOCTH
4acTOTO MPOBEACHUS KOHTPOJIS.

3HAYUTENBHBI WHTEPEC MPEICTABISIIOT CHCTEMBI
BCTpoeHHOTO  KoHTpoimst —  Structural — Health
Monitoring (SHM). OmsuM u3 MOAX0/I0B peaH3ain
koHuenimu SHM  sBisieTcs OIGHKa COCTOSHHS
MaTepualia TPU [OMOIIM JaTYMKOB JedopMaiuu
uarerpagpaoro  tuna (JAWUT) [1]. Omxako, B
JUTEpaType OMYOIUKOBAHBI PE3YyIbTATHI IPUMECHEHUS
JAUT  ams wuccrnenoBanus — aedopMamuu U
pa3pymeHs MeTAIUTMIECKHUX CIIIaBOB.

B nHacrosmiedt pabore mocTaBiieHa 3aava ONEHKH
Bo3MokHOcTH mnpumenenus JJAUT s ananuza
COCTOSIHUS LIMKIMYECKU Harpys>kxeHHbIX KM.

MarepuaJjibl 1 METOAUKA HCCJIe0BAHUS

Jns  IUKIMYeCKWX  WCMBITAHUW — MPUMEHSIIN
oopasubl w3 KM cHCTeMBI  «yrJeponaHOe
BOJIOKHO/?TIOKCHIHAST Matpuna» (YKM), c

MICEBAOM30TPONHOM  ykmamkoi [45°,0°,-45°,90°] ,s.
JUis 3aIMThl MOBEPXHOCTH MaTepualia B YKIAIKY B
Ka4yeCTBE BHEIIHUX CIIOEB J00aBlieHa CTCKIOTKAHb.

B xavectBe nmatdmka nedopmanuii BhICTyMana
ATFOMUHUCBAS MOJMKPUCTAIUTAYCCKAS ¢ombra,
KOTOpas HaKJIeWBaJach Ha IOBEPXHOCTH 00Opasia ¢
IMOMOIIBI0 IMaHAKPHIATHOTO Kiest ¢ Jo0aBKaMu
mractudukatopa (Puc. 1). Ilocie Hakmueiixku Qoxpru
Ha o0Opasern, TMPOBOAWIHM €ro MEXaHHYECKYIO
CTYNCHUYATyl0 NUIM(GOBKY M TIOJUPOBKY. Takoi
noaxon K noxaroroske JJIUT mo3BossieT MOIXY4YUThH
3epKATBHYI0 TOBEPXHOCTh (DOJIBIU C MUHHMAJIBHBIM
KOJINYECTBOM JIe(DEKTOB.
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Puc.1. UYeprexx oOpasma c¢ HaxieeHHBIM JJIUT
(pa3mep S npunumacs 3,4 mm, 4,5 MM, 5,6 Mmm)

[ToBepxHocTh  (OJBIM  OCBEIAJIACH  JBYMS
HMCTOYHUKAMMU: TaJIOT€HOBBIN CTYAUNHBIN OCBETUTENH
U TOYEUHBIH cBeroAnoAHbI  mctouHuk (LED).
T'anoreHoBbIli  OCBETHTENb  HUCHOJIB30BAJICSH  JJId
tdopmupoBarms obmero (ona wuzobpaxkenus. LED
pacnonarainu moj yrioM ~10° K TOBEPXHOCTH IS
YBEIUYEHUS KOHTpacTa (dbopMUpyOITUXCS
JIe(pOpPMaMOHHBIX CKIAMOK. Takas cxema OCBEIICHUs

3epKaJbHOW  (OJBrM  IMO3BOJISIET  IMOJYYUTh  HA
HayallbHBIX JTanax LUKINYECKOrO  HarpyXeHHs
TEMHOE OIHOTOHHOE H300pa)keHHe, Jajee 1o Mepe
HapaboTKu (opMupyeTcs NeOPMAIIMOHHBIA penbed,
Ha JJIEMEHTaX KOTOPOTO MPOMCXOJIUT paccesHHOE
oTpaxeHue, W oOmacTh co CcOpPMHUPOBABIINMCS
penbedoM BEITISAAT O0JIee CBETIIBIMH.
Hoaroroenennsie oopasuer ¢ JJUT ucnbIThIBAIH
10 CXEME OJIHOOCHOI'0 LUKIMYECKOTO PaCTSHKEHHS C

acuMMeTpuei IUKIIa R=0,1 Ha
CEepPBOTHIPABINYECKON  MCTBITATEILHON  MalluHe
UTM Biss-00-201. B xayecTBe BHIEONATYMKA

HCIIONIb30BaANI ITA(GPOBON 3epKabHBIA (oToanmapat
Canon EOS 550D ¢ ONOTHYECKHMM  TPakTOM
MHKPOCKOIIA MBC-9. Pasmep MOIY4aeMBIX
n306paxennii 12x8 mm’ (5184x3456 mukceneii).

YyBcTBUTENHHOCT (Goibru K m3MeHeHuto HJIC
HCCIIEZIOBAIIM, Bapbupys pa3Mep OOKOBOTO HaAIMIIA.
IIpu »TOM BenMYMHA BEpXHEH HArpy3kd B LUKIE
mooa0upanack TakuM 00pazoM, YTOOBI yCTaIOCTHOE
pa3pylleHHe  OPOMCXOJWIO  IpH  OAWHAKOBOM
3HA4YEHHN HapaOOTKH.

Jns ananusza mojdydaeMblX cepuil M300pa)keHHiH
JJUT paccuutbiBany ciieayronie HHGpOpMaTHBHbBIE
OpH3HAKK: CpeAHeKBaapaTHuHas omubka MSE [2],
Ourponus H [3] u ppakranshas pazmepaocts OP [4].
Jlnst pacdera BBIOMpATNCHh JBE OOJIACTH — BEPXHSISA
4acTh U LEHTPAJbHAs, TOKAa3aHHBIE HA pUC. 2.

BepxHan pacyeTHan ofnactb
2048%2048 nuKceneh

WexopHoe M3oBpaxese
5184x3456 nukcenei

UeHTpansHas pacyeTHan obnacte
2048x%2048 nukcenei

Puc. 2. PacnionosxeHne pacyeTHbIX o0nacTei

Pe3yJI])TaT])I IKCICPUMEHTOB
ITocne MpOBEACHUA JKCIICPUMCHTOB MOJJYUYCHBI

Tpu cepun u3oOpaxeHudd  Qonpr [lapameTpsr
UKIMYCCKUX MCIBITAHUIA IPUBEACHBI B Ta0. 1.
Tab6muma 1. [TapameTpsbl LUKIIAYECKUX
HCIBITAHUH.
Hapa6otxka no
Ne | paspymenus, Yacrota Pmaxi | Pmins
Harpyxenus, I'ny | kH xH
ITUKJIOB
1 |50-10° 10 111 |11
2 | 27.10° 10 9 0,9
3 | 48.10° 10 7 0,7
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PaccMoTpuM  pe3ynabTaThl  pacdyeToB  Tpex
WHQOPMATUBHBIX IPU3HAKOB, IIPEJCTABICHHbIE B
Buae rpa¢ukoB Ha pucyHkax 3,4,5. Bumgao, 9to B
MIPOIIECCEe ILUKJINYECKOTO HArpyXeHUs H3MEHECHHUE
MH()OPMATHUBHBIX NPHU3HAKOB HOCHUT TPEXCTAIMHHBIN
XapakTep: Ha 1-0il MX 3HA4YEHUs] NPAKTUYECKU HE
MEHSIOTCS, Ha 2-0i Habmromaercs: OBICTPHIN pocT, Ha
3-it 3HaUeHNsT NHPOPMATHBHBIX PU3HAKOB YMEPEHHO
PacTyT M OCTAIOTCA NPHMEPHO TOCTOAHHBIMH.
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HapaboTka, u1knos
Puc. 3. 3aBucumocts 3HaueHuil MSE oT BeanyuHbI
HapabOTKH

Ananu3 wm3MeHus 3anHdyenuii MSE mosBomser
BBIJICITATH CIICTYIOIINE 3aKOHOMEPHOCTH:

1. Ha rpadukax MSE (puc. 3) momoxxeHne TOUKH
Havaja l-i cTaguu He 3aBHCHT OT pa3Mepa HaJlia;

2. Touka oxoHYaHMA 2-M CTaIWM CMEIIAETCS B
HAMpaBJICHUH BO3PACTAHUS KOJHYECTBA IIUKIOB C
pOCTOM pa3Mepa HaIuiIa;

3. A6comoTHoe 3HaueHne MSE Tem BbIlle, Yem
MEHbIIIE pa3Mep HaIuIa,

4. HakmoH 2-# cTaguu najaet ¢ pOCTOM TITyOUHBI
HAQJAMWIA, YTO TOBOPUT O MECHBIICH CKOPOCTH

HakorieHus penabeda JJANUT.
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HapaboTka, uMknoe
Puc.4. 3aBucuMocTh 3HaYeHHH H OT BeTUYHHBI
HapabOTKH

AHanmu3 w3MeHus 3aHueHmd H
BBLJICJIATH CIICIYIOIUE 3aKOHOMEPHOCTH:

1. V rpadukoB sHTponMM Ha 1-ii cTamuum poct
Oonee 3HaumTeNnbHBINA, YeM y MSE, uyto roeopur o
Oonpmiel YyBCTBUTENBFHOCTH K HAYaIBHOMY JTaIly
HaKOTUICHHUS pesibeda;

2. Touka Hayana 2-i CTaIuK CMEIIAETCs BIIPABO,
o cpaBHeHuro ¢ MSE ;

3. AOCONIOTHBIE 3HAYCHHSA
pacueTHBIX  oOjacTeidl  SABISIOTCA
OJIMHAKOBBIMH, TIPU 3TOM OHH
YBEJIMYCHUEM pa3Mepa HaJIIua.

OcHoBHBle W3MeHeHusT 3Hauenuii P  (puc. 5)
MPOMCXO/IAT HA yIACTKE OT HAYANA HATPYKeHHs 10 10°-

MO3BOJIACT

OHTPOIINH ABYX
MpaKTU4ICCKU

CHHJKAKOTCA C

30

3-10% Ko, rie Bce TpH rpadKa IEMOHCTPHUPYIOT
ObicTpelii  poct. Ha  pampHeWmmii  ydactok  (OT
3-10°mKkioB W 40  paspymieHms)),  KOTOPBIf
MPEACTaBIACT HAHOOJBIINN WHTEPEC C TOUYKU 3PEHHS
BO3MOKHOCTH ~ WCIIONIB30BaHUSI Ui JMArHOCTHKH
COCTOSIHMSI MaTepHalioB, OCTAETCS JIMIIb HEOOIBIION
quara3oH m3MeHeHnss OP (ywactok mocme HapabOTKH
5 ThIC. TIMKIIOB 10 pa3pyIICHIs)

2,84
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10° 10
HapaboTka, uMKnos
Puc. 5. 3aBucumocts 3HaueHuii ®P OT BeIWYMHEI

HapabOTKU

3akiaouyeHue

B pabore wuccnenoBano BmastHMe HJC Ha
tdopvupoBanme pembpa JAUT mpum  OHKITIYECKHX
HCIIBITAHHSIX KOMITO3HIIMOHHBIX MaTepHaIoB.

Pa3pa6OTaHbI MHOT'OCTyII€HYaTass CHUCTEMa IIOATOTOBKH

JaTINKOB-(ONBI, a TAKKEe OpPHIMHAJbHAs —CcXeMa
OCBEILEHHS,  KOTOpass ~ COBMECTHO C  XOpOLIO
HOJTOTOBICHHOH MOBEPXHOCTBIO (DOIBI  MO3BOJAET

IIOBBICHUTH HaJICKHOCTb TOJTy4acMbIX  pE3YyJIbTATOB.
AHanm3 MeToJIoB pacuera NH)OPMATUBHBIX TIApaMETPOB
no wmobpaxkenusm mnoepxaocty JJAWNT mo3Bomser
ropoputh 0 npurogHoct MSE a1 uHTErpasibHOI
OLCHKM TIIOBEACHUA  MaTcpuala, PIH(I)OpMaI.[PIOHHOfI
OHTPOIIMMU UId OLCHKW TMOBCACHUA MarTepuajia Ha
HayaJIbHBIX 3Tanax paspyuieHus, npu 3ToM pacuer OP
npu Z[aHHOﬁ CXCMC HAIPY>XCHUA HCIIOJIb30BATb HE
PCKOMCHAYETCA B CBA3M € HU3KHMM  JUANA30HOM
YYBCTBHUTCJIbHOCTH, d TAKIKEC 3aBUCHUMOCTBIO IOJTy4acMbIX
PE3yNIbTATOB OT HAYAIHLHOTO COCTOSIHHHU (DOJIBIH.
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