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Mpefno><eH cnocob OLUeHKN AerpafalnoHHOr0 COCTOSHNUS U3AENNS B MEPUOA €ro >KU3-
HEHHOrO LMKNa B pasNnyHbie nepuogpi >KCnayaTauunu Ans CBOEBPEMEHHOrO YCTaHaBNeHUs W
NPOrHO31POBaHNSA XapakTepa CTPYKTYPHNUX U3MEHEHUA, KOTOpPbie COOTBETCTBYIOT rpaHuLe
X NpeapaspyLLeHns U XapakTepnu3yeTCs NOsBNEHNEM 30H C KO3PLUMTUBHON CMIOI MO YPOBHHO
HU>Ke UCX0AHOro. BbinonHeHo MoAenpoBaHe aerpagalnoHHbIX NPOLECCOB, CBS3aHHbIX Cpas-
BUTWEM BO3HMKAIOLLMX HANPAXKEHUI U CTPYKTYPHUMU U3MEHEHUAMMN.

KntoueBbie cnoBa: ferpafjauus, pacTs>KeHue, KO3pUWTWBHAS cuna, CTPYKTYpa,
Hanpsi>KeHUe, YNPOYHeHWe, pasynpoyHeHe, NeEPUOAN >KcnayaTauuw.

BcTynneHune. [na OLEHKM Hanps>XeHHO-Le(hOpPMUPOBAHHOIO COCTOAHUA B YCNOBUAX
3KCnyaTauny NPUMEHSAIOT pasinyHbie MeToabi [1]:

- HaTypHbie HAbNIOAEHNA U CbeMKM NMPOCTPAHCTBEHHOIO MOMOXEHHA, Hanpumep, Tpy-
60MpoBOLOB C MOCNeAYHOLEN aHAMMTUYECKON OLLEHKOW ero Harnps»XeHHo-4e(hopMUPOBaHHOTO
coctosaHua (HAC);

- onpegfesieHne YPOBHA Ae/CTBYOLWMX HaMPsHXKEHWUA B CTEHKAX MU3Aennid, paboTaroLwmx
nof AasfieHneM, MeTofaMmn 1 CPeAcTBaMUN HepaspyLLAKoLLEro KOHTPONS (MarHUTHbINA, akycTu-
YeCKUI, BUXPETOKOBbIW 1 ap.);

- HaTYpHbie MeToAbi TEH30MEeTPUPOBAHUSA, BbiMONHAEMbIE B NpoLecce 3Kcnyaralmm.

K 0CHOBHMM MeTOZaM Hepas3pyLUaoLero KOHTPOAS MOXHO OTHECTU: MarHUTHbIE, aky-
CTUYECKME METOLbi KOHTPO/A, KOHTPO/Ib MeTOAaMU BUXPEBbIM TOKOM M NPOCBEYMBAHUEM.

MocTtaHoBKa npobnemun. Llenbio uccnefoBaHWs ABMANOCL NPOBEAEHME aHam3a u
0606LLEeHME BbiMOMHEHHLIX Pa3paboToK N0 MCMOMb30BaHMIO 3(h(DeKTUBHOIO crnocoba v ornpe-
AeNeHVIo NoKasaHuii N3MEHEHWNIA CTPYKTYPHOW Jerpajaumm MeTanInyecknx n3genunin u3 yrie-
POAMCTbLIX CMMaBOB B MEPUOL NX XXU3HEHHOTO LMKNa B 3KCNyaTauuu.

PesynbTaTtu nccnefoBaHuii. C NOMOLLbIO aKyCTUYECKMX METOAOB B 3aroTOBKax U 13-
[enusx, N3roToB/IEHHbIX NMPAKTUYECKMN U3 H0ObIX MaTepuanios, MOXHO 06HapY>KMBaTb NOBEPX-
HOCTHbIE WU BHYTPeHHMWE fedeKTn, NpeacTaBnsowme cobom HapyLleHne CnIOLWHOCTU, Heos-
HOPOLHOCTb CTPYKTYpPW, 30HbI MOPaXKEHHS MEXKPUCTAININTHON KOoppo3uen, AeteKTbi
CK/IEMKK, NaKK, CBAPKM U T. N. AKYCTUYeCKMEe MeTObi NO3BONAIOT U3MePATb FreOMeTpUYECcKme
napamMmeTpu, Hanpumep, TONLWMHY NPY OAHOCTOPOHHEM AOCTYMe K U3LENNI0, a TaKkxKe PU3NKo-
MexaHu4ecKune CBOMCTBA MaTepuanoB 6e3 Ux paspyLueHus Npy npeLsapuTesIbHOM yCTaHOB/Ie-
HWI1 6PaKOBOYHBLIX HOPM NapameTpOoB.

B nocnegHee BpemMsa 3TV MeTOAM YCMELHO WCMOMb3YIT ANA U3YYEHUS KUHETUKU
HayYaNbHON CTaaun paspyLleHns 06pa3LoB U U3L4eNIA NPU YCTAIOCTHLIX MeNbiTaHWsX, YTO OT-
paxkeHo B paboTax [2-4].

BaXKHbIM MPenmyLLecTBOM aKyCTUYECKMUX METOLOB ABMAETCA BO3MOXHOCTb MpUMeHe-
HUS NS KOHTPONSA 3/IEMEHTOB KOHCTPYKLMIA B YCNOBUAX 3KCMJyatauumn 6e3 nx LeMOHTaxa,
0COBEHHO B Tex Cny4asx, Korfa Tpebyercs 06ecrneuntb HafleXXHYH paboTy LOpOrocToAwmnx v
YHUK&/IbHbIX 06bEKTOB, & TaK)Ke MauTUH U KOHCTPYKLWIA OTBETCTBEHHOIO Ha3HaYeHWs.
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K npenmyLlecTsam KOHTPONS aKyCTUYECKMMU METOLAMUN OTHOCATCA:

- BUCOKAs YyBCTBUTENIbHOCTb, MO3BONAIOLLAA BbiBNATH MeJiK/e AeeKTbi;

- 60NbLUAA NPOHMKAKOLWAA CNOCOOHOCTb AN 0OHAPYXXEeHUSA BHYTPEHHUe fedekTn B
KpynHorabapuTHbIX U3aenunsx;

- BO3MOXXHOCTb OMpefeneHns Mecta u pasmepa LedeKTa,;

- MTHOBEHHAA UHAMKaUWA Le(heKTOB Npy aBTOMaTU3MPOBaHHOM KOHTPOJIE;

- BO3MOXXHOCTb KOHTPONS NPV OAHOCTOPOHHEM AOCTYME K U3LENNIO;

- NPOCTOTA U BbiCOKas NPON3BOANTENBHOCTL KOHTPONS;

- NoNHaa 6e30MacHOCTbL PaboTbi OMepaTopa Y OKPYXXKAKoLLLero nepcoHana.

K HepocTaTkaM akyCTMYeCKMX METOLO0B OTHOCATCH HEeOOXOAUMOCTb pa3paboTKu cne-
LMaNbHbIX METOANK KOHTPONSA AeTaneil OTAeNbHbIX TUMOB, Y X BbiCOKas YacToTa 06paboTkm
MOBEPXHOCTU, Ha/IMUMe MePTBbiX 30H, CHKAKOLLNX 3(PPEKTUBHOCTb KOHTPOSIS.

Mpn KOHTpO/Ie MeToAamK BMUXpeBbix TOKoB (MBT) B paboTax [2, 3] MCnosb3yroT 3aBu-
CUMOCTb aMnAnUTypi, (hasbi, TPAEKTOPUIA, MEPEXOHLIX XapaKTepUCTUK 1 CNeKTpa 4acToT To-
KOB, BO36YX[aeMbix B U34enMKn, OT ero (hopMbi U pasMepoB, PU3NKO-MeXaHNYECKNX CBOMCTB
1 CNJIOLLHOCTY MaTepuana, pacCTOAHUA 40 AaTYMKa, YaCTOTbi U CKOPOCTY NepeMeLLeHniA, B TOM
yncne Bubpaymu.

K ocobeHHocTam MBT oTHocATCS:

- BO3MOXXHOCTb MPOBEPKM 60/bLIOr0 Yncia napaMeTpoB U3LeNuns,

- BO3MOXXHOCTb OLeHKM KayecTBa OTAeNbHbIX C/10eB MaTepuana He60NbLLION TOMLMHbT;

- 60onbLLas CKOPOCTb U He3HaUNUTEeNbHAA TPYLOEMKOCTb KOHTPOS;

- CpaBHUTE/IbHAas NPOCTOTA peanu3aLny AUCTaHLMOHHOIO KOHTPO/IA AeTasel, yCTaHOB-
NeHHbIX B ManofoCTYyMHUX MeCcTax MaLlvH;

- BO3MOXHOCTb MU3MePEHUs TONLWMHBLT NNCTa, CTEHKKN TPY6 1 feTanein npu 04HOCTOPOH-
HeM AocCTyne;

- UCMO/Ib30BaHMeE 3MeKTPUYECKON NPMPOLbi CUTHaa, ero 6biCTPoAeCTBMUE, YTO NO3BO-
NAeT Nerko aBToMaTU3NPOBaTb KOHTPO/b;

- BO3MOXXHOCTb KOHTPO/A ObIiCTPO ABMXKYLLUXCS U3LENNIA.

MeToAbi MPOCBEYMBAHUA OMTUYECKWU HEnpo3payHbiX 0ObLEKTOB OCHOBAHbLI Ha 3aKOHE
0CNabNeHHA MHTEHCUBHOCTU U3TyUYeHUS, NPOXOAALLEr0 Yepe3 KOHTPONNPYeMbiA 0ObeKT. VIH-
TEHCUBHOCTb WU3/yYEHUNS MEHAeTCA B 3aBMCUMOCTU OT MNJIOTHOCTM mMaTepuana v TONWUHbT 13-
MepseMOro 0bbekTa.

Mo pe3ynbTatam M3MepeHUs UHTEHCUBHOCTW U3MTyYEHNA ONPefensatoT HaMume B Hem
[e(heKTOB (PaKOBUH, BK/KOYEHUIA 1 T. 4.).

MarHuTHbie MeTofbi KOHTPONA OCHOBaHbi Ha permcTpaumMm MarHUTHbIX MoNein pacces-
HWS, BOSHUKAIOLWLNX Haf AedeKTamu, Uav Ha onpefeneHn MarHUTHbIX NoKasaTesieil KOHTPO-
NMpyembix n3gennin. MarHutHbie MeTofbi KOHTPONS KnaccuuumpyroT no cnocobam peru-
CTpaLMn MarHUTHbIX NOMel paccesHUs, KOTOpbie MO3BONAOT ONpesensaTb CBOMCTBA.

[ns BbisiBNEHUA AeheKTOB TUNa HapyLLUEHMW CNIOWHOCTA MeTan1a B heppoMarHUTHbIX
N3LeNnAX NPUMEHAIOT MeTO/bi, NOLPOOHO M3N0XKeHHbIe B paboTe [2].

Kpome o6HapyXeHUs aedeKToB Tuna HecrniowHOCTein matepuana (TpewuH, Boo-
COBWH, 3aKaToB, (P/IOKEHOB U Ap.), MarHUTHbIe MeTOAbi MO3BONAKOT pewlaTh 3ajayn uccne-
[0BaHNA CTPYKTYpU, ONpesensTb kKa4ecTBO TepMoobpaboTKy feTanei, Hanmume 1 Konuye-
CTBO OCTATOYHOrO ayCTeHWTa, MarHUTHYH aHW30TPOMUI0, KOHTPONMPOBATL MpoLece pac-
naja TBEpAOro pacTeopa 1 AUCNEPCMOHHOI0 TBEPAEHNSA, ONPELENATbL MEXAHWYECKNE XapaK-
TEPUCTUKN (DEPPOMArHUTHLIX CTaslell M YYyryHOB MO WU3MEHEHUID WX XapaKTepucTuk, a
TaK)Xe KOHTPONNPOBaTh TOJLUNHY LLeMEHTOBAHHOIO UM a30TUPOBAHHOIO C/I0EB U 3aKasleH-
HOro NOBEPXHOCTHOTO.

OfHVM 13 cnocob0oB HepaspyLLaKLLero MarHUTHOro KOHTPO/IA KayecTea ABMAETCA W3-
MepeHMe KO3PLUTMUBHOW cunbi. HEKOTOpbie aBTopa cumTalo, YTO yYMeHbLUEeHVEe KO3PLUTUBHOIA
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CWUNbi B MpoLecce 3KCniyarauun, CBUAETENbCTBYET O U3MEHEHUN HAMNPSAXEHHOTO COCTOSHNUS.
Ha camom e fene - 370 B 60/bLUEN CTENEHW CBUAETENIbCTBYET 0 Aerpajauumn metaina.

Haunbonee pacMpocTpaHeHHbIMI MeTOLaMU OLENKN COCTOSAHWUSA MeTanna u3genunii B 3Kc-
nnyarauum ABNAOTCA paspyLuaroLine, Npyu KOTOPbiX UCNOMNb3YIOT KOHTPO/b Ha 06pasuax, oT-
Bupaembix OT HUX 418 MeTannorpaguyeckoro aHanmnsa [5], Ho Takve MeToAbi HEBO3MOXHO UC-
nosib3oBaTh NPY AMarHOCTUPOBaHWUM CTPYKTYPHOrO COCTOSAHUA B MEPUOS XXMU3HEHHOIO LMKNa
n3aenui.

Mcnonb3ytoT 1 HepaspyLLaloLWwmnin MeTo KOHTPOSISA, HanpuMep, YbTPa3ByKOBOM, KOTO-
Pbiil NO3BONSIET BbIABUTL NUTTTL AeheKTbi. Hanbonee 3ppeKTUBHLIM METOA0M AN U3MEPEHNIA,
ABNSAETCA MArHUTHBLIA C OLEHKON KO3PUUTUBHOW cuibi. OH MO3BONAET ONpefe/inTb YPOBeHb
rnokasaTens A9 Ka4eCTBEHHOr0 MeTasia U 30Hbi C OTK/IOHEHUAMW MO CTPYKTYPHUM U3MeHe-
HUAM M HanNpsHKeHWAM, BO3HUKAKOLLUM B MeTa/lfie Npy 3KCrayataunum usgennii.

Mcnonb3yoT cnocob OLeHKM KayecTBa Y CBOMCTB U3Ae/IMil HepaspyLlatoLwmm MeTo40M
Nno KO3pUMTMBHOWM cune [6], KOTOpbil nNpefycmaTpuBaeT ornpefesieHne MarHUTHOW aHM30Tpo-
nun. MpeasapuTeNbHYHO OLEHKY BIUAHUA NIACTUYECKON AehopMaLim Ha aerpajaumio CTpyK-
TYPU MOXHO NONYYUTb MO aHann3y o6pasLoB Ha pacTsHXKeHUe NyTeM COBMeLLEHUS METOLOB
MUKPOPEHTIeHOCMNEKTPaIbHOr0 UCCNef0BaHMA C OLEHKON NoKa3aHWin MarHUTHON XapakTepu-
CTUKM pa3/IMYHHX 30H, Cpasy nocse UcnHTaHuin. Mpu 3Tom Matepran (Mapka) ob6pasLa LO/MKeH
COOTBETCTBOBATb MCMO/Ib3YyEMOMY B 3KCMyaTauun U3LeINI0 WU HENOCPEACTBEHHO Ha HEM
nocne oTkasa B 3kcnyaTtaymu [7]. Cnocob oueHKM MOAeNnMpoBaHMEM 3aK/ovaeTcs B no3Tan-
HOM aHasin3e U3MeHeHUs CTeneHu gedopmMaLum Npy pacTHXKEHUN CTaHLAPTHOrO N0CKOro 06-
pasua. Mpu 3TOM, Ha KaXXA0M 3Tane yBeNIMUMBAKOT YPOBEHb AedopManumn Harpyskon o 5 kH
1 LOBOAAT obpasel, O CTafuM pa3BUTMA NAacTUYecKux fedopmaunid. Focne Kaxaoro 3rana
Harpyskun geopMmpoBaHMe NpekpaLlatoT U OCYLLECTBNAOT U3MEPEHNA KO3PLUTUBHON CUn
C ornpegenieHneM rnokasatesieil B NPOAOSILHOM U MONEepeYHOM HarpaBfieHHsX, & TakXe OLeHU-
BatOT CTeMeHb aHU30Tponum (a) KO3pLMTUBHON CUIN COOTHOLLEHUEM:

roe // ', #Ai- nonepeyHHe 1 NPoAo/bHbIE 3HAYEHHS KO3PUUTUBHOWN CU/bI COOTBETCTBEHHO.

HepocTtaTkom 3TOro cnoco6a MoXeT 6biTb HEBO3MOXHOCTb €ro MCnonb30BaHWS Ha 13-
Aenuax, paboTatowmnx B NPOMbiLLIEHHBIX YCNOBUSX, FAe AeNCTBYIOT pa3finyHbie pakTopu, oa-
HOBPEMEHHO BNMAOLLINE Ha CTeneHb Aerpagaunn metanna. No3ToMmy NnporHo3vpoBaHne cocTo-
AHUA U3LeNns, CornacHo MoJe/lbHNUX 06pasLL0B He BCerja no3BoseT HafeXXHO OLEHMBATL ero
COCTOSAHME B 3KCM/lyaTauuK, a To/IbKO N03BOJIAET NONYUNUTb NPeLCTaBNIEHNE O BO3MOXHHX fe-
rpafauMoHHHX npotieccax.

MeToz He MOXeT MCNOoNb30BaThCA ANA U3genuii (TpybonposoLos, 6ypusibHOro obopy-
[0BaHWA), B KOTOPHX (POPMa NOBEPXHOCTWN OT/IMYAETCA B NPOLO/SILHOM U MOMNepeyHoM Hanpas-
NEeHHAX B 30HaX U3MepPEeHWIA.

3BecTeH cnocob OLeHKM CTeneHu ferpajauny metanna U3 ManoyriepogucTHx cTanei
[8], koTOpHI Ga3upyeTcA Ha UccnefoBaHUAX YCTaHOB/IEHHA BUAHUA XOIOLHOTO NiacTuye-
CKOro gedopMmpoBaHms Ha 06pasLax Npu pacTsXKeHUM B KOMMNJIEKCe C METOLaMM OLEHKM MUK-
POPEHTreHOCNEeKTPa/IbHOr0 aHam3a U MaTeMaTUYeCcKOro OnncaHHsA CTPYKTYPHUX U3MEHEeHUIA
Ha YPOBeHb KO3PLUTUBHOW cunn. HeaocTaTKOM NPUMEHEHNS TaKOro MeToja SBMISETCA TO, UTO
OH He yyYuMTMBaeT O[HOBPEMEHHOe BO3[eWCTBME YPOBHSA MNACTUYECKOro [AethopMMpPOBaHUS
(pacTskeHue, cXXaTue) U CTPYKTYPHHE U3MEHEHNSA, KOTOPHE NMPONCXOAAT BMECTe UNTL B 3KC-
nnyatauuu.

BHsBNEH cnoco6 OLEHKM HanpsXXeHHOro COCTOAHMS U3Aenunii npu geopmauny TuTa-
HOBOrO cnnasa [9], BKOYAOLWMIA Harpy3Ky U3genmna pacTyLwumy pacTAarmBaroLL MM Hanpsxe-
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HUAMU C YBeNUYeHWEM ee cTeneHn 1 warom 20-50 MIMa, dukcaymein U3MeHeHNUs KO3pLMTUB-
HOI cunbl, cHWXKaroLwelca Ha 20-30% OT Hava/ibHUX 3HaYeHWiA. Mony4YeHHble NokasaTenum co-
OTBETCTBYHOT rpaHuLie, 3a KOTOPOI NMPOUCXOAUT paspyLLEHNE.

3T0T MeTOZ 3DPEeKTUBEH A1 KBA3UTOMOIeHHOr 0 CrnJiaBa v He MOXET B NO/IHOM 00beMe
ObiTb MCNOMb30BaH A1 HU3KOYTNEePOAMNCTbIX CTanel ¢ reTeporeHHon (heppuTo-nepanTHOW
CTPYKTYPOMI, TaK Kak Mnpu yBeIM4eHUU Harpy3Ku Takue CTPYKTYpPHbie COCTaBNAoLLME B pasHbie
nepuoabi 3KkcnayaTauny OTANYAKTCA YINPOUYHEHWEM 1 pa3ynpoyHeHnem. Kpome Toro, B npo-
Llecce cneumguUecknx ycnoBuin 3kcniyataumm feopManuns B U3LENUAX COMPOBOXAAeTCA
Pa3IMYHbIMU CTPYKTYPHUMMN U3MEHEHUAMU [aXKe B HU3KOYTNepoLUCTON CTan: paspyLuaeTcs
LEMEHTUT NepanTa, U3MEeNbYalTCA 3epHa, UMetoT MeCTO pasBuTue AUdEY3MOHHLIX npoLuec-
coB. [1ns nonyyeHus LOCTOBEPHOM MHOPMALMK O pa3BUTUY LerpajalvoHHbIX ABMIEHUIA B HU3-
KoyrnepoamncTon ctanu 20 n n3MeHeHNAX NoKa3aHUn MarHUTHON XapakTepuCcTUKM B npoLiecce
3KCnnyaTauuy pesepeyapos, paboTatoLMX NoL BUCOKUM AaBfieHNEM, NMPOBein U3MEPEHUs B
TeyeHune LNTENbHOrO nepuoga ux 3kcnnayaraymm. O4HOBPEMEHHO OLEHMBAIN [erpajalMoH-
Hbie M3MEHEHWSA B TaKOW CTa/IM Ha pa3IMYHOM PacCTOSAHUM OT MecTa pa3pHBa B M/I0CKOM 06-
pasLe 13 TakoW >e CTanu Npu UCNHTAHMAX Ha pacTskeHue. o KonnyecTsy NoLO6HHX Noka-
3aHuiA [8, 9] B MccnefoBaHUAX ero NpUHAAN 3a 6a30BUIA BapuaHT.

[N OLEeHKN COCTOAHMA MeTasina U3LeNNiA Npu 3Kcnayartaumm B JaHHOW paboTe NpoBo-
AU CTaTUCTUYECKME W3MEepeHus Ko3puuTusBHOW cunu [10], KoTOpue XapakTepusyroTcs
CTPYKTYPHUMM M3MEHEHUSAMMW B pasHbie Mepuoamn XU3HEHHOTO LMKAa U MOryT 6uUTh pasfe-
NEHWN Ha TpW CTaAuu Jerpagaunu.

Ha nepBom HayasibHOM 3Tare u3mMeHeHUn (puc. 1, a), MPOUCXOAALLMX MPKU 3KCMyaTa-
UMW, OHN XapakKTepu3yrTCs YMNPOUYHEHWEM CTPYKTYPHUX COCTaBNAOLWMX MeTania u Ccylle-
CTBEHHWUM pa3bpocom rnokasarenein Ko3pumTuBHO cunm (ot 6 0 40%) OTHOCUTENBHO UCXOL-
HOI0 COCTOSIHWSA M 3TO COOTBETCTBYET BUCOKOMY YPOBHIO AOCTUTaeMUX Harps>KeHui,

BTopoit 3Tan n3meHeHunin B 3kcnayataymm (puc. 1, 6) otanyaetcs popMmMpoBaHNEM 30H
N3MEHEHNS, B KOTOPUX MMEET MeCTO KaK NMOBULLEHME YPOBHA KO3PLUTUBHOW cuin (COOTBeT-
CTBYET YMNPOYHEHNIO), TaK N - ee CHUXKeHME (COOTBETCTBYET pa3ynpoyHeHuto). Mpu 3Tom pas-
6poc nokasarenent HcrmeeT cMeTaHHMWIA xapakTep 1 n3meHsetcsa ot 10 go 15%).

TpeTunin 3Tan nsmeHeHWi nNpu 3KkcnayaTauum (puc. 1, B) 0TiMyaeTcs TeM, YTO B JaHHOM
nepuoje n3fenve Haxo4ATCA Ha rpaHuLLe paspyLLEeHNs 1 UMeeT NNLLL eANHUYHUE 30HU YNPOY-
HEHUS, @ OCHOBHME - pa3ynpoyHeHus. B Takoi nepmnog skcnnyarawlmm pasbpoc nokasaHuin Ko-
3pUUTUBHON cUnun sBnseTcs 6onee y3KUM (cocTaBnseT NumTb 3-8%), 1 3HAYEHHSA MO YPOBHIO
CYLLECTBEHHO HWXE COCTOSHUA, JOCTUTHYTOr0 B NepBOM Mepuose 3KcnayaTauuu.

Takve gaHHWe Nosly4YeHn Ha OCHOBE CTAaTUCTUYECKMX UCCNeA0BaHMIA annapaToB KO0H-
HOro TUNa, UCMoNb3yeMUX B XMMUUYECKOM MPOU3BOLCTBE U3 HU3KOYTNEPOAMCTUX CTanen, ba-
3MPOBA/IUCb Ha M3MEPEHMUAX KO3PLUTUBHOM CUMAN NPU NPOLOSIbHOM Hamnpas/IeHU YCTaHOB/e-
HHA MarHWTHOro npeobpasoBaTens (xapakTepusyeT HaubONbLUYHO 30HY ero KOHTaKTa C u3mMe-
pseMUM 06bEKTOM) NPU KOHTPOJIE B OAMHAKOBUX 30HAaX U3AeNni, 3a KOTOpUMN Habnoganm B
TeyeHuM nepuoja 6 neT 3Kkcnayarayuu.

B npovecce 3kcnnyartaumm CTPYKTypa annapaTos KONOHHOIO TUNa rnojsepraertcs gerpa-
Jaunn 3a cYeT AeiCTBUSA HanpsXeHWUW (Leopmaums BO BpPeMsi 3arno/IHEHUS) U BO3LENCTBUA
KOPPO3NOHHOM cpefu. Mpu 3TOM, BaXXHO YCTAHOBUTb BK/AL BHOCAT Harps>KeHUs.

BnvsaHne nnacTnyeckon geopmanmn nsyyanm mMogenupoBaHneM pacTsXeHUs paspus-
HUX 06pasLax ¢ OLEeHKOM 0COGEHHOCTeW N3MEHEHNS CBOWCTB U CTPYKTYpu B CTanu 20nc.

3BecTHO, 4TO X0/M104Haa niacTuyeckas gedopmauus conpoBoXhaeTcs 06pa3oBaHNeEM
HOBUX AMCNOKaLuin, apobreHnem 3epeH (hopmrupoBaHneM cy63epeH), BOSHUKHOBEHWEM HEO[-
HOPOAHOCTU CTPYKTYpu [11].
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YcTaHaBNMBaaU BAUSHWA XON0AHOM NnacTMyeckoi fedopmaumm (pacTsXkeHus) Ha 3Ha-
YMTENbHOE W3MEHEHWE YPOBHS KO3PLMTUBHOM CUbI C NPUMEHEHUEM MUKPOPEHTreHOCMeK-
TPa/IbHOIO aHaNn3a 1 ONTUKO-MAaTEMATUYECKOTO OMUCAHHS CTPYKTYPHUX N3MEHEHWIA.

3oHa  ViTepban versranHuii
MUHUME/TBLLIX

fechopmaLm
B

Puc. 1- 3MeHeHWe ypOBHA KO3PLUTUBHOW CyAbi B MpoLecce 3KcryaTauymm

WccneposaHus npoBoAvnn Mo paHee pas3paboTaHHOW MeTOAMKE OMTMKO-Maremarmye-
CKOr0 OMUCaHHA CTPYKTYpPW, OCHOBAHHOW Ha MMAPOLMHAMUYECKUX aHANorusx, ¢ npuMeHe-
HVeM ypaBHeHWI HaBbe-CToKca, Npoucxoaswmx npu gopmuposaHun ¢a3 (ANQPEY3MoHHHIA
npowece ¥ U3MeHeHWe NJ0THOCTKM, ONUCbiBaeMbIX CTPYKTYpP MO abCOMOTHUM BeIMYMHAM KO-
HEeYHO-pPasHOCTHHX nannacuaHaun ausepreHymm). 3To NogpobHO N3N0XeHO B paboTtax [12-15].

B pe3ynbTare OUEHKU pacCUMTHBa/M TMCTOrpaMMH MO OAMHHAALATW rpynnaM Yyc/foB-
HUX UBeToB (B %), OTIMYAIOLLUXCA COAepXaHNEM KOMMOHEHTOB. PeppuT onucmMean TEMHUM
LIBETOM, a HaCbilLleHHHI Yrnepoaom - pa3IM4YHHMM OTTEHKaMy TEMHO-Ceporo, KapouaH - ot-
TeHKamu 6en0ro. Mpu 3TOM HaCcbMUEHHOCTb YrNepooM 1ccnesyemori 061acTv yBennumnBaeTcs
OT MeHbLUEero K 60nbLleMy HOMepy UBeTa: ycnoBHHe ugeta 0, 7, 8, 73, 82, 91- OTHeCeHbI K
(epputy; 164,246, 247 n 255 - K kKapbugHoi ase [14].

MUWKpPOPEHTreHOCNEKTPa/bHbI aHann3 CTPYKTYPHUX COCTaBAKOLWMX MPOBOAUIN HA
3MIEKTPOHHOM MMKpOCKomne-MukpoaHanusaTope JEOL JSM-6390LV npu yBennyeHuax 500-
10000 kpaT 1 B pacTPOBOM 3/1eKTPOHHOM MuKpockone JSM-820 Link “JEOL” ¢ cuctemoit
PEHTreHOBCKOro mukpoaHanusa Link AN10/85S “Link Analytical”.

Mpun 3NeKTPOHOMUKPOCKOMMYECKOM aHasim3e 06HapYy>XeHH 30HU 3KCTPY3uM Ha MoBepx-
HoCTu (puc. 2), chopMUpOoBaHHHE B pe3yfibTaTe N1acTUYeCKoW AeopMaLnn, Kak B UCXOLHOM
COCTOSAHUM (MpY MPOKAaTKe), Tak 1 B AeopmMnpoBaHHOM o6pasLe [15].
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a 5
Puc. 2 - CTpykTypa MeTanna Ha NoBepxHOCTK obpasua:
a) UCXOAHbIN; 6) nocne fedopmaymm
[eTanbHO HCcefoBaHa CTPYKTYpa NOBEPXHOCTU TaKMX 30H U - MPUErarLmnx K HAM,
MeTOL0M MUKPOPEHTIeHOCNeKTPaibHOro aHanmsa (puc. 3). YCTaHOB/EHb: [jBe OT/IMYaKoLMecs
0651acTu B 30He 3KCTpy3un: nepsas (cnekTp 10, puc. 3, am cnektp 1, puc. 3, 6) - C NOBbiLLEHHOW
KoHueHTpauven C (36,44 n 38,13%), O (12,58 1 26,16%) 1 04HOBPEMEHHO MOHMXKXEHHOW L0-
nen Fe (49,38 n 25,14% cooTBeTCTBEHHO). Kpome TOro, B 3TOM 30HE BbiSIBIEHO 1 HEGO/bLLIOE
konun4yectso Na (1,06 n 0,92%), Si (0,22 n 2,75%), B cnektpe 10: Mn (0,32%), B cnekTpe 1. Zn
(2,11%), Al (0,6%), CI n Ca (1,02% kaxgoro), Cr (0,59%), K (0,93%) n S (0,55%). Hab6nto-
Aaemoe (cM. puc. 3, a n 6), obbAcHAETCA ANDdY3nein 3N1eMeHTOB B pe3y/ibTaTe NIacTUYecKoin
aeopmMauun, a Takke BbifaBnvBaHNEM TBEPAbIX HEMETaN/IMYECKMX BK/IOUYEHMI K Kpato 06-
pasua (B 4aCTHOCTW, yBeNMYeHNe KPEMHUA B 30He 3KCTpy3uu nocne feopmauuu ~ B 3 pasa
Bbillle N 3HAYMTE/IbHOE MOHWXKEHWE ero KOHLUEeHTpauumn B nepnute). Bropas o6nactb (cnektp
2, CM. puc. 3, 6) - NpUHAANEXUT okMcnam KpeMHus - SiCb (Kpyr/ibie MUKPOBK/KOUYEHNS, pas-
MepoM 4-6 MKM, KOTOpbie He flehOpMUMPYIOTCA B NpoLecce NpokaTku (cMm. puc. 3) 1 Bbigasnu-
BAtOTCA Ha MOBEPXHOCTb MPWU YCMIOBUN UX PACMOJIOXKEHNSA Y NOBEPXHOCTN MPU PACTIKEHMNN).
OHu cogepxat 57,41% O ¢ MUHUMabHON foneid xenesa (1,27%). 3neKTPOHOMUKPOCKOMMYe-
CKas KapTuHa BbisiBW/A, YTO Takue 3epHa OKalMJieHbi Npoc/ioikaMu (heppuTHOM COCTaBAA-

LLel.

0T 1 3nekipsvHe™: 1 1 438P 1 3nmaunLL HMAPaniHHG i

a 6

Puc. 3- MukKpocTpyKTypa Ha MOBEPXHOCTN 06pa3LLoB:
a) UCXOAHbIN; 6) nocne fedopmammn
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B wncxogHoM o6pasue (mocne npokaTku) WCCnefoBaHbi NPUMNOBEPXHOCTHbIE 30HbI
(cnekTtpbi 7,8,9,11, cm. puc. 3, a). CogepxkaHue yrnepofa B 3TUX 30Hax cocTaBnseT 16,25-
20,49%, xene3a 79,09-83,17%, mapraHua 0,42-0,58%. OuyeBMAHO, YTO B HUX ECTb [0NA Le-
MeHTUTa, 06pa3oBaBLUerocs y noBepxHocTy obpasua B pesynbTare gedopmauun B npoLecce
ropsvein nNpokaTky nncTa.

[na onpefeneHvs ¢opmmpyemMbix a3 6biN10 BbiMOMHEHO ONTUKO-MaTeMaTUYeCcKoe
onucaHue CTpPykKTypwu [12].

PaccunTaHbi rucTorpammbi B BbifiefleHHbIX 06nactax oTtorpagumii (puc. 4, 5). F'ucto-
rpaMmmbi CTPOMINCH MO ONUCAHHOMY paHee BapnaHTy LBETOB (He KpaTHbiX 17). B cymme nony-
yaeTca 100%. Bcero 6bio npoaHann3nMpoBaHo 17 BbifeneHHbIX obnacten oTtorpaduii (Tabs.

).

Puc. 4 - Ananusnpyemas MUKpocTpykKTypa CTtanu 20uc rnocse npokaTku

Puc. 5 - Ananusmpyemas MnMKpocTpykTypa Ctanu 20nc nocne geopmanmu

Y CTaHOB/EHO YMEHbLLUEHWE [0 NePSIUTHON COCTaBNAOLLEN N pa3pyLUeHMe B Hel Lie-
MEHTUTHbLIX MNNacTVH B AehopMMpPOBaHHOM 006pasLie, YTO CBA3AHO C UX ApobneHuneM. Mpu 3ToM,
rpaHuLa 3epeH nepanTa BbifBAETCA Pa3MbiTOM, XOTS penbed ee NIacTuH coxpanseTca. CTpyk-
Typa nepnuTta u eppuTa nocne geopmauuv npu LUKINYECKOM PacTHXKEHUN UMEET BIN3KYHO
KOHUeHTpaumto yrnepoga (~ Ha 10% 6onbwyto B (eppuTe). MonyyveHHbI pe3ynbTaT MOXHO
00bACHUTL AM((y3Meinl 0CBOOOXAEHHbIX aTOMOB yrineposa no AUCMIOKAUNOHHLIM CTEHKaM ©
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NOrnoweHne nx AUCNOKaUMAMN y rpaHunL, 3epeH, a Takke 06pasoBaHMeM (hynepeHOBbiX KOM-
MN/IEKCOB C Xene3om. B pesynbTaTe 06pa3yeTcsa nepecbillleHHas (asa, KoTopas SBASeTCA Mnpo-
MEXYTOUHON (NepexofHON) Mexay GheppuTom 1N LEMEHTUTOM U, B psge Cly4vaes, N0 KOHLEH-
Tpauuu yrnepoga 61m3Ka K ayCTeHUTY.

Tabnuua 1

PacnpegeneHue uBetoB (0TTEHKOB) ha3, % B Ctanum 20nc

0 8 9 73 82 92 155 164 246 247 255 dorto- BbigeneH.
1 2 3 4 5 6 7 8 9 10 11 rpadma  obnactb

000 011 000 00.2 185 29.4 180 201 000 079 048 puc.4 l.a
000 00.0 00.0 00.0 09.9 57.0 237 06.6 00.0 004 025 puc.4 2.a
00.0 00.0 00.0 000 163 738 07.3 00.2 000 000 025 puc. 4 3.a
00.0 00.1 00.0 00.0 09.7 66.6 128 06.0 00.0 014 034 puc.4 4.a
00.0 00.0 00.0 00.0 29.0 659 020 00.0 00.0 000 031 puc. 4 5.a
000 00.0 00.0 00.0 051 593 231 056 000 014 055 puc. 4 6.a
000 078 059 000 150 26.6 121 089 091 047 099 puc.4 7.a
000 139 037 000 218 116 069 163 051 114 09.2 puc.4 8.a
000 00.0 00.0 00.0 00.9 146 269 439 000 000 137 puc.4 9.a
000 167 049 000 013 082 216 161 064 133 116 pwuc.4 10.a
000 426 130 004 024 018 020 039 094 102 141 pwuc.5 l.a
00.1 155 010 009 059 084 137 281 002 214 049 puc. 5 2.a
023 269 069 034 055 036 054 153 055 199 055 puc.5 3.a
022 163 114 026 032 024 034 195 189 106 094 pwuc.5 4.a
000 308 141 000 013 00.2 000 219 104 21.0 002 pwuc.5 5.a
000 159 044 006 105 123 100 181 039 116 127 pwuc.5 6.a
00.6 20.7 076 003 016 03.0 03.7 153 119 136 217 pwuc.5 7.a

OfHOBPEMEHHO (DMKCUPOBaNN U3MEHEHWNA NOKa3aTeNnein no KO3puMTUBHOW Cune, KOTO-
pbie COOTBETCTBOBA/IN 30HAM YNPOYHEHWs, pa3ynpoyvHeHus, Havana gerpajaumm metanna (co-
OTBETCTBYeT paspyLlUeHUIO LeMeHTUTa MepauMTa M Hadany auddysun yrnepoga), rpaHuLe
npespaspyLleHns (CONpPOBOXAAETCA UHTEHCUMBHON Anddy3uneil yrnepoga). Bee 3Tm 3tanbi u
TUMbi U3MEHEHWUIA BO3MOXXHO KOHTPONMPOBaTb METOAOM JIOKA/IbHOTO CMEKTPa/IbHOMO aHanm3a,
OMTUKO-MATEMATUYECKUM OnucaHueM (pasoBoro CocTaBa W NMoKasaHHAMU U3MEHEHWIA Ko3pLie-
TUBHOW CW/IbI.

Buisoasi. [1PEAN0XeEH CNOCO6, KOTOPbLIA NO3BOMSET HALEXHO 3KCNyaTUpoBaTh U3fe-
NS NYTEM OLEHKM UX COCTOSHUS B MepPUOS, BCEro XXMU3HEHHOrO LMK/Ia U CBOEBPEMEHHO YyCTa-
HaB/MBaTb, W NPOrHO3MPOBaTb XapakKTep WM3MEHEHWI, KOTOPbiiAi COOTBETCTBYET rpaHuLe WX
npeapaspyLleHns 1 nosiBieHNeM 30H C KO3PLMUTUBHOW CU/ION MO YPOBHIO HUXKE WUCXOLHOro
(85 maHHOro nepuofa 3Kcnyarauum).

Pa3paboTKa OTHOCUTCS K TEXHOI0rMYECKUM MpPoLeccam KOHTPOSA COCTOSHUA U3aeNnii
U3 YrnepoaucTbix cTaslell HepaspyLlalowmMm MeTOLOM N0 KO3PLUTUBHOW CUle Y MOXET UC-
no/b30BaTbCA NPY 3KCMyaralmm pesepsyapos, Tpy60npoBoLoB, 6ypuibHOro 060pyaoBaHuUs
(npw gocTyne B NpoLecce peMOHTHbIX paboT), KOTOPbie OT/IMYAKTCS TOLLUHON CTEHOK U AMna-
MeTpoM. [pu 3TOM BO3MOXHO (PUKCUPOBATb CTeMeHb Aerpajauuy metansia, NPoMCXoasaLLen
nog AerCTBUEM HaNPSXeHU U CTPYKTYPHUX U3MEHEHUIA MeTaslna.

NnTtepatypa:

1 PypauyeHko A.B. VccnepoBaHus Hanps»keHHO-4eOpMMPOBAHHOIO COCTOAHUA TPy60onpoBo-
[0B: y4yebHoe nocobue / A.B. PygaueHko, A.J1. CapyeB // TOMCKWIA NOIMTEXHUYECKWIA YHU-
BepcuTeT. - TOMCK: M134-B0 TOMCKOro NofIMTEXHUYECKOTo YHMBepcuTeTa, 2011. - 136 c.
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Summary

Scoblo T., Sidashenko A., Rybalko I., Marchenko A., Tihonov A. Evaluation of the
degradation of metal of products in the process of operation

A method is proposedfor assessing the degradation state ofan article during its life
cycle in differentperiods ofoperation in order to timely establish and predict the nature ofthe
structural changes that correspond to the boundary of their pre-destruction and is character-
ized by the appearance ofzones with a coerciveforce below the initial level. The modeling of
degradation processes associated with the development of arising stresses and structural
changes is performed.

Keywords: degradation, stretching, coerciveforce, structure, stress, hardening, soften-
ing, periods ofoperation.
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