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Anoranmia. Ilokazano, mo U1 JOCIHIKEHHS
KIHeTHKH EKCIUTyaTallifHOTO IOIIKO/KCHHS MaTepialiB
Ta CeJNEMCHTIB KOHCTPYKIiH HEOOXiZHO po3po0isaTi
cydacHi 3aco01 i METOAM IiarHOCTYBaHHS TOIIKOIKEHHS,
IO BHHHUKAaE y J1a0OpaTOpHUX 3pa3kaXx Ta eJeMEeHTax
KOHCTPYKIIHA. Y naHiii poOOTi,3 METOH  BU3HAUCHHS
nedopmaniiHoro CTaHy MOBEPXHEBOTO apy
KOHCTPYKLIHHOTO  Marepiaiy,Ha TPHKIaAi  3paskiB
AyCTCHITHOI cTalli, OyJI0 BUKOPUCTAHO METO] ONTHYHOIO
BUMIPIOBaHHS MIKpOIDIACTUYHOI  aedopMariiid, sKui
0a3yeTbcs Ha KOPEJAMIHHOMY 3B'SI3KYy €HEprii MpOMiHHS
KOTEPEeHTHOTO JDKEpena CBiTia, BiIOWTOrO IOBEPXHEIO
METaJICBOT'0 MOMIKPUCTANA, 1 aMILTITYIH MiKpPOIUTACTHYHOT
nedopmaniit 3neopMoBaHOl MOBEpXHi. 3TIAHO 3 NAaHUM
METOJIOM JIOCIIIIKYBaHy JIOKJIBHY 30HY MOBEPXHI 3pa3ka
Marepialy Ha TEBHHUX eTalax  HaBaHTaXXYBaHHS
ONPOMIHIOIOTh ~KOI'€PEHTHUM TIPOMIHHSAM CBiTIA 3
JIOBYKMHOIO XBUJI, SIKa BIAMOBIiZa€ MaciuTady JioKaizamii
MIKpOIJIACTUYHUX JeopMaliiii MoBepxHi 3paska. 3a
JIOTIOMOTOI0 ONTHYHOI CHUCTeMH (OPMYIOTH 300pasKeHHS
CHEKJIMO/AYJILOBAHOTO  MPOMIHHSIIO Ma€ MapameTpu
penbedy nmedopmoBaHOi TOBepxHi. Sk Mipa TIHOWHHU
neGopMamifHOTO penbe]y BHKOPHCTAHO IHTETpalbHE
3HAYCHHSA  [apaMeTpy  IHTEHCHUBHOCTI  SICKPaBOCTi
300pakeHHS Yy BUIISII BiHOIIECHHS KUTBKOCTI CBITIHX
MKCEeNIiB JIO 3arajibHOi KiITBKOCTI MIKCEINB 300paKeHHS
cnekjorpamMu. Y pe3ynbTaTi aHalmizy CTaTHCTUYHHUX
napaMmeTpiB  CHEKJIOTpaMM,  LI0  KOPENIOTh 3
XapaKTePUCTUKAMH CTaHy MIKpPOIJIACTHYHOTO
neGopMyBaHHS TOBEPXHI 3pa3KiB ayCTEHITHOI CTaji, OyIo
BH3HAYEHO XapaKTePHCTHYHI IapaMeTpud  PO3CiSHOI
MTOIIKO/KEHOCTI CTPYKTYPH JTUCKPETHHX Jedopmarii
MOBEPXHI ~ METaJeBOro mojikpucrasa. Ha  ocHOBI
OTPUMaHUX EKCIEPUMEHTAJIbHUX JaHuX Yy poOorTi
BUSIBJICHO  3aKOHOMIPHOCTI  BIUIMBY  CTaTW4HOTO 1
IUKJIYHOTO  aedopMyBaHHS Ha (QOpPMYy pPO3HOALILY
JMCKPETHUX  BIIACTUBOCTEH TMOBEpXHi. 30Kpema, B
pe3ynbTaTi  aHami3y =~ CTATHCTHYHHUX  XapaKTEPUCTHK
KOPeJLIMIHHUX JiarpaM OTPHMAaHO JiHIHHY 3aJeXHICTH
napaMmeTpiB  pO3MOAUTY  AWCKPETHUX  BIACTHBOCTEH
penbedy nmedhopMoBaHOI IMOBEPXHI  BiA  YHWHHHUKA
HABaHTAXXEHOCTI.

Kuarouosi cJ0Ba: MOIIKOKEHICTD
METaJIOKOHCTPYKIii,  IedopMamiiHuil  MiKpopembed
MIOBEPXHI, KOTEPEHTHO-ONTHYHE CKaHyBaHHS,

MIKpOIUTaCTHYHE Ie(OPMYBaHHS TOBEPXHI.

ITocTanoBKka npo0aemMu

YrponoBx exciulyaraiii TpakTOpiB Ta  IHIIOI
MOOLTBHOI CUTBCHKOTOCHONAPCHKOI TEXHIKH JeTali Ta
€JIEMEHTH  KOHCTPYKLiMl  3a3HAIOTh  ITOIIKOKCHHS.
[MomkomKeHIiCTh  IHTETpaNbHO  BimOOpaXka€  CTYHIiHB
3HIDKEHHS MeXaHIYHUX Ta eKCIITyaTaIifHuX
XapaKTEepPUCTHK KOHCTPYKLIHHOro Mmarepiaiy, 3 SKOTO
BUTOTOBJICHO  JIeTalb. |HTEHCHBHICTh HAKOITMYCHHS
MOMIKO/DKEHHsST  34e0UIbIIOr0  BU3HAYAIOTH  YMOBHU
eKCIUTyaTalil TeXHIKH (CHJIOBE HaBaHTAXXEHHS Y By3Jax,
KOpO3iMHMI BIUIMB JIOBKULIS, TEMIEPaTypHi PEXUMHU
pobotu metaneit Tomo) [1, 2].

JocimxeHHs KiHETHKH eKCILTyaTaliifHOro
MOIIKO/DKEHHsSI MaTepialliB Ta eJEeMEHTIB KOHCTPYKIIiH
BaXIUBI I PO3POONICHHS METOIIB  IIiABHIICHHS
HaJiMHOCTI ~ MOOUTBHOI  TEeXHIKHM,  MPOTHO3YBaHHS
3QIMIIKOBOTO  PECypCy  €JEeMEHTIB  KOHCTpPYKIIiH,
BCTAHOBJICHHSI PH3MKY HACTaHHS aBapiiHUX CHTYaIlid.
Jas BUKOHAHHS TaKUX JOCITIKEHb Ha
METaJIOKOHCTPYKIIAX HEOOXiTHO po3poliaTu 3acobm i
METOJIY JIIarHOCTYBaHHS MOLIKO/PKEHHS y J1a00paTOPHUX
3pa3kax Ta eleMeHTaxX KOHCTPYKIii, nae Oymo ©O
BPaxOBaHO EKCIUTyaTalliifHi YUHHUKH.

AHAaJI3 0CTaHHIX JOCTi:KEeHb

o0 KOHTPOJIIOBATH MTOIITKO[KCHICTh
KOHCTPYKLIHHOTO Marepially, HEOOXiJHO BiJICTEXyBaTh
KIHETHKY TOIIKOJDKEHHS Ha PI3HUX CTPYKTYPHUX PIBHSIX,
10 MOXHa 3a0e3NEeYUTH 3aCTOCYBaHHSAM CTPYKTYPHO-
IyTIMBUX MeTomiB mocimimkenns [3]. Omguak HuHi He
MOTO/PKEHO €IMHOI MPUITHATHOI KOHIEIII] 00 aHai3y
3aKOHOMIpHOCTEil ~ (OpMyBaHHS Ta  HAKOIUYEHHS
MOMIKO/DKEHHSI Y 3pa3kaXx METaJIOKOHCTPYKIiH, 10
YCKIIQHIOE BUOIp KPHUTEPIiB A OIiHEHHS TPaHUIHOTO
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HAKONMYCHHS IIOLIKO/UKEHHSA Ta IHTEHCHBHOCTI TaKOIro
HakonuyeHns [4].

OcTtaHHIM qacoMm 3aCTOCOBYIOTH
MDKIUCIIMIDTIHADHANA  TiOXiM, IO JO3BOJISE OIHCATH
KIHETHKY TIOIIKOKEHHSI KOHCTPYKIIIHHOTO MaTepiary 3
MO3MII MEXaHIKH Ta 3 BpaXyBaHHAM (i3UYHUX aCIIEKTIiB
MIOLIKO/KEHHS MaTepially Ha pi3HUX MacIITaOHHX PiBHIX
[5-7]. Tak, po3BUBArOTHCS HOBI MiAXOAM (CHHEPreTHYHHIA
miaxin, ¢pakragbHa rapaMeTpu3allis, BeWBieT-aHalli3 Ta
iH.), IO JO3BOJSIIOTH KOMIUIEKCHO  JOCIIJKYyBaTh
nedopmarniiiiny NMOBEAIHKY KOHCTPYKLIHHHMX MartepialiB
3a CTATMYHOTO Ta IIMKJIIYHOTO HAaBaHTaKyBaHHSI.

YucaeHHUMH OOCHIIKEHHIMHA HHHI TIOKa3aHoO, IO
3MiHEHHS (hi3UKO-MeXaHITHIX BIIACTUBOCTEH
TIOJIIKPHCTATIYHOTO MaTepiary 3a OUKIIYHOTO
HaBaHTA)XYBaHHS XapaKTEPU3YEThCSA CTAIIMHICTIO, IO
BIAMOBiZa€ TEBHUM CTPYKTYpHHM piBHsM [8]. s
MIPECTaBIICHHS 3aKOHOMIPHOCTEH BUABIICHOI CTAIIfHOCTI
HAKOMMYCHHS TMOINKO/KCHHS Ha PI3HHUX JOCIIHKCHUX
CTPYKTYPHHUX PIBHIB 3alpOIIOHOBAHO CTATHCTHYHI MOJIEINI
[9, 10].

Bcranosneno, 110 KiHEeTHYHI CTATUCTHYHI
XapaKTepPUCTUKU  3aKOHOMIpDHOCTEH  HaKONMYYyBaHHS
MIOIIKOKCHHS Y KOHCTPYKLIHHOMY MaTepiai BHACIHIIOK
LUKIIYHOT'O HAaBaHTA)XyBaHHS KOPEIIOKTh 3
nmapaMeTpamH, SKi XapaKTepH3ylOTb CTaH CTPYKTYpH,
30kpeMa MikpocTpykTypu [11]. BenuuwHa BusBIEHOI
KOpeJIii CYTTEBO 3aJCKUTh BiJ] UYTJIUBOCTI METOIY

KOHTPOJIIO ~ TOIIKO/DKEHOCTI ~ Marepially 3a  yMOB
LOUKIIYHOTO  eopMyBaHHs.  30KpeMma, UyTJIMBICTB
METONy  OLIHEHHS  KIHETUKHM  MIKPOIUIACTUYHOTO

neGopMyBaHHS MaTepialy 3a BTOMHU J03BOJISE OLIHIOBATH
3MiHM (Di3MKO-MEXaHIYHMX BJIACTMBOCTEH BiJIOBIAHOTO
CTPYKTYpHOTO piBHsI (MiKpo-, Me30-, Makpo-) [12].
KineTnka XapakTepUCTHYHOIO IapameTpa BiAINOBijgae
€BOJIIOIII CTPYKTYpH KOHCTPYKIIHHOTO MaTepialy Ha
KO)KHOMY  CTPYKTYpHOMY  piBHi, a  IHTerpajpHa
XapaKTepUCTUKA  IOIIKO/KCHHS  BHSBISIE  BEIIHKY
JUCKPETHICTh CTaMiH MOMIKOIKYBAHOCTI.

JI1st BU3HAUEHHS €BOJIIOIIMHOT ITOCIIIOBHOCTI 3MiHU
Tonorpadil CTpyKTypH HOBEPXHEBOTO Iapy MaTepiany 3a
MUKTIYHOTO HABAaHTAXYBaHHS, 3 METOK KIIBKICHOTO
OLIHEHHS! KIHETUKW  IOIIKOJUKEHHS, pPEKOMEHAYIOTh
BUKOPHCTOBYBAaTH  XapaKTEPUCTHKH, SIKi  BUOIPKOBO
YyTJIMBI 10 3MIHEHHS (i3MKO-MEXaHIYHHMX BJIACTUBOCTEU
KOHCTpYKIIifiHOTO Matepiany [13, 14].

[Ilo0 nocmimuTH BIUIMB IIOYaTKOBOI CTPYKTYPHOI

HEOJTHOPITHOCTI MaTepiary Ta IHTCHCUBHOCTI
HAKOMMYCHHS  TMOWIKO/pKeHHS  (HedekTiB)  pi3HOro
MacmrTabHOrO  piBHA HAa  yYMOBH IIEpeXoay  BiX
JUCHEPCHOTO 10  MAaKpOCKOIIYHOTO  pyHHYBaHH,

e(eKTUBHIUMH € MeToAu KinbKicHOi dpakrorpadii [15].
BoHM 103BOJISAIOTH BpaxyBaTH TII€BHI CTaaii IIbOTO
MEPEeX0Ay — 3apPOKEHHS 1 PO3BUTOK TPILIMH KPUTHIHOTO
po3Mipy, 1O MoOKe OYyTH BHKOPHUCTAHO IS OI[IHCHHS
pecypcy METaJOKOHCTPYKIiH 3a YMOB 0araTonukKIOBOi
BToMH [16].

AHamiz  Mopdornorii  MOBEpXOHb  PyHHYBaHHS
Marepialry Ha OCHOBI IPOCTOPOBO-YacCOBHMX iHBapiaHTIB
OyJl0 3amporoHoBaHO y poOoTi [17] Ha OCHOBI aHamizy
penbedy TOBEpXHI pyHHYBaHHS, IO CBIIYHTH PO
BJIACTHBOCTI camoadiHHOCTi, $Ki BiIOOpaKarOTbCS B
IHBapiaHTHUX  XapaKTepUCTHKaX peibedy IMOBEPXHi

(ImopcTKoCTi) Ha IMUPOKOMY CHEKTPi MPOCTOPOBHX
MacmrTabiB, 1 #AKi, y CBOIO Hepry, BiIoOpakaroTh
KOpPEJLILiHHY TMOBENIHKY Ne(eKTiB pi3HUX MacImTaOHUX
piBHIB.

ToMy akTyalnbHUM € pO3pOOJCHHS HOBHUX METOJIB
IOCIIIKEHHS HAKOIIMYEHHS eKCILTyaTalifHoTO
TMOIIKO/DKEHHSI B €IEMEHTaX KOHCTPYKIIH, 110 J03BOJIATh
OLIHIOBATM TPaHWYHI  PIBHI NUTOMOI  IIUIBHOCTI
MIKpOIIACTHYHUX  Aedopmaliif, MmO  3yMOBIIOIOThH
YTBOPEHHS ~ MakpoJe(eKTiB  KPUTHYHOTO  PO3MIpY.
Metonom KIJIbKICHOTO OLIIHEHHS MiKpo- i
ME30CTPYKTYPHHUX 3MiH MIOBEPXHEBOTO mapy
METaJIOKOHCTPYKLii € onTugHmid wmeronx [18], mo
JIO3BOJISIE  BUMIPIOBATH HE TUTBKHA  XapaKTEPUCTHKH
Mop¢ororii CTPYKTYypH IIOBepXHi, ajlleé W aMIUTTyIy
MIKpOIUTACTHYHUX JAehopMariiif, mo BilirparoTh BaXIIUBY
POJb y TOMIKOIKEHHI CTPYKTYpH METalliB Ta CIUIABIB 3a
HeCTaIlioHapHOTO HaBaHTaKyBaHHs [19, 20].

Meta gociaKeHn

Mera  #OCHiKEHHA —  JOCIHIAUTH  METOLOM
OITUYHOTO CKaHyBaHHS; MOBEPXHI Marepiany
3aKOHOMIPHOCTI HAKOMHYCHHS MOLIKOKCHHS BHACIIIOK
BTOMHOTO 1 CTATHYHO HABAHTAKYBaHHS.

Pe3yabTaTh nocaigxeHb

Y  paHiii  poOOTI  KIHETMKY  HAKOIUYCHHS
neopmaniiHux  AeeKTiB y  METaJOKOHCTPYKIi
OLIIHIOBAJIM Ha OCHOBI aHaJ3y IUCKPETHUX NapaMeTpiB
Mikpopensedy HOBEPXHEBOIO MHIapy, IO KOPEIIOITh 3
PO3CISTHUM MOLIKOJPKeHHSIM. OCKUIBKH 3MIHH penbedy
MOBEPXHI ~ Marepialy  TOB'SI3aHI 3  BEIHMYUHOIO
HOIIKOKEHHS, TO CTYHiHb MOIIKO/DKSHHS OLIHIOBAIH 32
pe3ynbTaTaMHd BUMIPIOBAHHS XapaKTEPUCTHK pesbedy
31e(hopMOBaHOT HOBEPXHI BHACIIIOK HABAHTAXKYBaHHS.

o6 KOHTPOJIIOBATH 3MiHH MIKpOpenbeD
MOBEPXHEBOTO [Iapy Marepialy, BHKOPHCTAHO MeETOJ
BUMIpIOBaHHS  AM(Y3HOTO  PO3CIIOBaHHS  JIa3epHOTO
NpOMEHI0,  BigOMTOrOo  Big  penbedy  MOBEPXHI,
copMOBaHOTO BHACJIiJIOK MIKpOIIJIACTHYHUX
nepopmamid. Y maHOMy — METOAI  peati3oBaHO
KOpEINSIIMHUA ~ 3B'I30K  IHTEHCHBHOCTI  IPOMIHHS

KOTE€PEHTHOTO [DKepena CBiTia, BiIOWUTOro IOBEPXHEIO

3pa3Ka METATOKOHCTPYKIIii, i BEMMYMHN MiKPOILTACTHIHOT

nedopmaniit 3neopmoBaHoi moBepxHi (puc. 1).
[pouenypa pospobieHoro meromy HactymHa [21,

22].  [HocnmipkyBaHy  JIOKalbHY  30HY  MOBEpXHi
METaIOKOHCTPYKIIii OTIPOMIHIOIOTh KOTE€PECHTHIM
CBITJIOBUM TPOMIHHAM 3 JOBXHHOIO XBWJIi, sIKa
BiMOBiAae wmacmTaby JoKami3amii MiKpOTUIACTUIHHUX

nedopmamniii TOBEPXHi, Ta OTPUMYIOTH CHEKJIOTpaMy
MPOMiHHS, BiIOMTOTO Bil c(hOPMOBAHOTO MiKpopenbeDy
moBepxHi.  Jlist  OIiHEHHS  IHTEHCHBHOCTI  3MiHH
nedopManiiHoro penbedy BHKOPUCTOBYIOTH TapameTp,
KM OOYHMCIIOIOTH SIK BIJHOIIEHHS KIJIBKOCTI IIEBHHX
THIIB CBITIMX IIKCENIB 10 3arajbHOI KiJIBKOCTI IKCEB
300paskeHHs CrieKICcTpyKTypH [23].

3  ¢opmyBaHHsM  nedopmamiiHOTO  penbedy
MIOBEPXHI PIBEHb SICKPABOCTI 300pa’KeHHS CHEKJIOrpaMu
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MOHOTOHHO 3MIHIOETECS B Aiana3oHi mkamu Bix 0 mo 255
«rpamamiii  ciporo». Jlms  30UTBIIEHHS  YYTIUBOCTI
BHKOPUCTAHO OiHApHY MOy CIEKJIOTPaMH, IO 301IbIIye
MMUTOME 3HAYCHHS KOXHOTO Tikcens. Ha cmexTpi mkamm

1/

SICKPaBOCTEH 3HMKEHHS BIII3EPKATIOBAILHOT 3aTHOCTI
MOBEPXHI  Marepialy BimoOpakaeTbCs  30UIBIICHHIM
KUTBKOCTI «TEMHHUX» TIKCETiB.

Puc. 1. Cxema peamizamii

METOJly ONTHYHOTO KOHTPOJIO MikpoaedopmaliiiHoro penbedy MNOBEpXHI

METAIOKOHCTPYKIIi: | — 3pa3ok MeTaJoKOHCTPYKLii; 2 — chopMoBaHUil MikpomehopMamiiHUN pernbed MMOBEpXHI,
3 — mpucTpiit IS OPOMiHEHHS MOBEPXHI 1 OTPUMAHHS BiIOUTOTO MPOMIHHSA; 4 — KEpeslo KOTePeHTHOTO CBITIIOBOTO
BHIIPOMIHIOBAHHS; 5 — CIPSIMOBaHWIA MOTIK KOTEPEHTHOTO CBITNIA; 6 — KOJMIMAaTOPHHUX JiH3a; 7 — CBITIOBOJOKOHHUMN
Kabenmp, IO CHIPSMOBYE IO CHCTEMH JIiH3 BigOWTEe BiA JOKaIbHOI 30HH AedopmariiiHoro penpedy HpPOMIHHS;
8 — cmcrema miH3, MO Qokycye BimOute mpomiHHA; 9 — mpuitmaneHA QoTomiogra Matpunsg; 10 — orpmmana

CHEKIICTPYKTYpa.

Fig. 1. The scheme of realization of a method of optical control of a microdeformation relief of a surface of a
metalwork: 1 — a sample of a metalwork; 2 — formed microdeformation relief of the surface, 3 — device for irradiating
the surface and obtaining a reflected beam; 4 — source of coherent light radiation; 5 — directional flow of coherent light;
6 — collimator lens; 7 — fiber optic cable that directs to the lens system reflected from the local zone of the deformation
relief of the beam; 8 — lens system that focuses the reflected beam; 9 — receiving photodiode matrix; 10 — obtained

speckle structure.

OTpumaHa y BHUIVISAI CHEKJIOTpaMH  JHCKpPETHA
CTPYKTYpa  pembedy  KOpemre 31 OIIIBHICTIO
neopManifHuX OeQeKTiB HAKOMUYCHOTO PO3CITHOTO
momKkokeHHs .  O0csr  iHpopMamiiiHOT  BUOIpKH B
aHaJi30BaHil JIOKaIbHIA 30HI miomero 200x200 MkM
cranoButs 4-10° mikcenis (1kc.).

Y pasi 3acrocyBaHHs  (OTOMIOAHOT  MaTPHIL
po3mipom  1920x1080 mkc. 3a JOBXKHHHA  XBHII
KOT€peHTHOro BHNpoMiHiOBaHHS A = 0,450 wMKkwm,

BHOKPEMiBHICTh METOAY CTaHOBUTH 0,2 MKM/IIKC.
Y  pobOTi OTpHUMaHO KOPEIAIIHI 3aJIekKHOCTI
JMCKPETHUX  PO3MOALIIB  CHEKIiB  BiJ  CTYHEHs

TIOLIKO/KEHHS TIOBEPXHI 3a ABOX BUJIB Je(OpMyBaHHS
3pas3KiB METAIOKOHCTPYKIii — MOHOTOHHOTO pPO3TATY 1
LOUKJIIYHOTO  po3rsry-ctucky.  1llo6  anHamisyBatn
CTaTHCTHYHI MHapaMeTpH po3MOoAiry MikpoaedopMariii
MOBEpXHi, OyI0 pPO3pOOJIEHO KOMIT'IOTEPHY IIporpamy
(poBOro 0OPOOISTHHSI CTIEKJIOTPaM.

JocmimkenHs HaKOIMYEHHS MOIIKO/>KEHHS
MIPOBOJIMII Ha TMOJIIPOBAHMX IJIOCKHX 3pa3kax KOPCETHOI
¢bopmu TOBIIMHOIO 3 MM 3 aycTeHiTHOi ctanmi X18HIOT
(Mexa MitHOCTI 66 = 628 MIla, yMOBHa MeKa IIMHHOCTI
ooz = 314 Mlla, mexa Bromu o6-1 = 230 MlIla; monyns
Oura E = 2,4 - 105 MIla [24]). Ha BunpoOyBaibHiit

MaIrHi «Amslery i3 CHIIO30YIKyBaueM
€JIEKTPOMArHiTHOrO THUITy OyJio BHIIPOOYBaHO y M'SIKOMY
PEeXMMi HaBaHTa)KyBaHHS [BI TPYNH 3pas3KiB: 32 PO3TATY
o HampyxeHHs o = 580 MIla Ta cumeTpu4yHOrO
OJTHOPIZIHOTO PO3TATY-CTUCKY Ha 0araTOLMKIIOBIA 0a3i
LUKJIIYHOTO HaBaHTa)XKyBaHHS.

Koedimient HaBaHTakeHocTi K BH3HAuallu: JUIst
LUKJIIYHOTO  HaBaHTaxyBaHHs  (Ky) y  Bursimi
Bigaomenust Ky, = N,/Ns, ne N, — moto4yna KibKiCTh
IUKTB  HAaBaHTAXYBAHHA 3a  HANpPYXEHHI  MeEXi
OaratonukioBoi BToMH; Ns; — 0a3oBa KiJIbKICTh IMKIIB,
JUIl CTaTMYHOTO HaBaHTaxyBaHHS (K.u) BH3Hauam Yy
BUMIIAAI BiTHOWEHHS Ko = Gruonl Onp, 1€ Gruon — HOMIHATIBHE
HaIpy>XeHHS; 0y, — HAIPYKESHHS MEXI IPYKHOCTI.

Pesynbratu BUMIpIOBaHHS 00po0ssy,
3aCTOCOBYIOUH BiJIOMi METOJM MaTEeMAaTHYHOI CTATUCTUKH
— pO3paxoByBaJM CEpeqHE 3HAYEHHS, TOXHOKY OKPEMOTO
BUMIPIOBaHHS, CEpPEeIHBOKBAIPATHYHUN  BIIXWI Ta
CepeHbOKBAPATUIHY TMOXHOKY 3a  KoedimieHToM
Criogenra t,n. Koeogimient CriogeHta BU3HAYanmM Ui
MPUIAHATOTO 3HAYEHHS JOBipdoi iimMoBipHOCTI P = 0,95 i
KispKocTi BuMiptoBans N = 100 3a TaOAWMYHIMH TaHUMH.
Moro 3HaueHHs CTaHOBHTHL tm = 1,646. Pesympratn
JIOCJIIZPKEHb SICKPABOCTI CHEKJIOrpaM JBOX IpYI 3pa3KiB
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3a MUKJIYHOIO 1 CTATHYHOTO HABAaHTa)KyBaHHS OTPHUMaHO
y ¢opMi TicTorpaM  aMmIUlITyaZ  SCKPaBOCTI  Ta
MPECTaBICHO Ha pUC. 2 Y BUTILAI HOPMOBAHHUX
KOPEeJLIMIHHUX Jiarpam, Mo BigoOpakatoTs MUPPOBI paau
aMIUTITYZ CHEKTPIB SICKPABOCTI 300pakeHb CIIEKIIOTpaM
neGopMOBaHOI TOBEPXHi. AMILTITYTy CIIEKTpa SICKPaBOCTi
| 300pakeHHs CrIEKJIOrpaMy MMOBEPXHI 3pa3ka BH3HAYAIH
3a IIKaIoo scKkpaBocTi GpoTtomioanoi matpuui (I = 0-255).
BukoHaHa ampoxcuMais giarpam JiHIHHEUME (GYHKIISIMA
3 koedinientoM kopensanii 6inbm R? = 0,91 nokxasye
BHCOKUI1 PiBEHb 3B'I3KY UL 000X IPYH 3pa3KiB.

ITapametpn  QyHKmii  aMmIUTiTyAn  SICKPaBOCTI
CIIEKJIOTpaMHu XapaKTepU3yIOThCS JUCKPETHUM
pPO3MOAITIOM i3 CepefHIiM 3HAUYEHHSM, MPOIOPIiHHIM
aMIUTITYOl ~ CepeaHbOKBAAPATHYHOTO  BIAXWIY  BiX
IUIOIIMHN CHMETpii penbedy TOBEpXHI AUCKPETHUX
nedopmariii.

Cucrema  fgiarpaMm  XapakTepH3ye  IOCIIJOBHE
3HW)KEHHS NTapaMeTpiB aMIUTITY/ SICKPaBOCTi 300payKeHHS
CHEKJIOrpaM 3i 301IbLICHHSIM HaBaHTaXXEHOCTI y Jiara3oHi
BiJ IuKIiyHOrO (miarpamu 1-3) mo craTmaHOTO (Aiarpamu
4-6) HaBaHTa)XyBaHHsI 3pa3KiB.

250

N

f 6

y=2,3569x + 10,875
R*=0,9832

150 y=2,3274x + 47,947
K R2=0,9164
100

/

y=1,4059x - 8,7703

RZ=10,9759
50 :
y=12,2647x - 19,657
R*=0,9673
100 80 60 40 20 0
1. MKcem

Puc. 2. Kopensuiiiai giarpaMu aycTeHIiTHOT cralli y pa3i HMKIIYHOTO HAaBaHTA)KYBaHHS 3a HanpyxkeHHs o, = 200

MIla i KiIbKOCTI IMKJIiB HaBaHTaKyBaHHA Biamosigao Ni = 3-10* muxiis (giarpama 1), N2 = 4-10* mukiis (miarpama 2) i
N3 = 5-10* mukimis (miarpama 3); y pasi CTaTUMHOTO HaBaHTa)KyBAHHS 3a HANpY:KeHHS ¢ = 56 MIla (miarpama 4), o =
170 MIla (miarpama 5) i ¢ = 280 MIIa (miarpama 6).

Fig. 2. Correlation diagrams of austenitic steel in the case of cyclic loading at stress o, = 200 MPa and the number
of loading cycles, respectively, N; = 3 - 10* cycles (diagram 1), N2 = 4 - 10 cycles (diagram 2) and N, = 5 - 10* cycles
(diagram 3)); in the case of static loading at stresses o = 56 MPa (diagram 4), ¢ = 170 MPa (diagram 5) and ¢ = 280
MPa (diagram 6).

Tadauusa 1. CtaTucTU4HI XapaKTePUCTHKH Pe3yIbTaTiB BUMIPIOBAHHS IIapaMeTPiB CHEKIOrpaMm.
Table 1. Statistical characteristics of the results of measuring the parameters of speclograms.

Howmep BuOGipkn 1 2 3 4 5 6
Ma“"“ﬁg:}‘;‘oﬂ?ﬂﬂwa 255 247 222 238 232 145
CepenHe 3HaYeHHs 165,48 129,9 115,97 94,71 75,4 62,23
CranmapTHa HOXHUOKa 7,05321 6,895988 5,815991 6,680173 6,355797 4,129002
CraHmapTHHH Bi XU 70,5321 68,95988 58,15991 66,80173 63,55797 41,29002
Mepniana 180 142 108 93 60 60
Acumerpis -0,79428 -0,20172 -0,0393 0,434038 1,008117 0,354511
Excuec -0,13281 -0,86963 -0,60828 -0,64768 0,510642 -0,763
KoeiuienT Bapiamii 42,62273 53,0869 50,15082 70,53292 84,2944 66,35067
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3HKCHHIO KyTa HaxWiy [giarpaM Ha pHc. 2

BiANOBimae 30UTBIIEHHS HABaHTAXEHOCTI 3pa3KiB i
3MEHIIIEHHS KITBKOCTI INKCENB TMEBHOI AaMILTITYIH
SICKpAaBOCTi, IO Big3HAUYEHO 3HIKCHHSAM 3HAYCHBb

OCHOBHHUX CTaTUCTUYHHUX XapaKTEPUCTUK (MakcHMasbHa
aMILTITYa SICKPaBOCTI, CEPEIHBOKBAIPATUYHE 3HAYCHHS
BHUOIpKH, CTaHJApTHA TOMWIIKA, MEIiaHa, CTaHIAPTHHN
BIIXWJ) OMUCOBOI  CTATUCTHKH, TPEACTABJICHOI Y
Tabmui 1.

3a pesynapTaTaMH BHKOHAHHX JOCIHIDKEHb OYyIIO
OIIIHEHO 3aKOHOMIPHOCTI  HAKONHMYCHHS  PO3CISHOTO
MIOIITKO/KCHHS y BUMPOOYBaHUX 3pa3zkax. Y TaOl. 2 s

JIBOX BUIB HABaHTA)KyBaHHS HABEJEHO y3aralbHEHI JaHi
3MiHEHHS AaMIUIITYOH SICKPaBOCTI y  JOCIHiIKECHOMY
qiarma3oHi TONIKO/DKEHHS, NOOYyIOBaHI 3a TOYKaMHU
KOpeJLSIMIHHUX [iarpaM Ha pHC. 2, MO BigNOBiZAarOTH
kinpkocTi mikceniB 80 mkc. 1 40 mkc. Ha ocHoBI mmx

JaHux OyJlo KUIBKICHO OI[IHGHO BIUIUB YWHHHKA
HABaHTaXXCHOCTI HA PO3MOJT TUCKPETHHUX BIIACTHBOCTCH
ne(pOpMOBaHOi  MOBEPXHI 32  XapaKTepUCTHKAMU

3aJIE)KHOCTI LIUIBHOCTI JIeOpPMAIifHOrO MOUIKOKEHHS
(po3cisiHOTO TOIIKOJDKEHHS) OBEPXHI ayCTEHITHOI cTaii
Bijl MapaMeTpiB HaBaHTAXKEHOCTI.

Tabauus 2. 3MiHEHHS aMILUTITYIN SICKPABOCTI K XapaKTePHCTHKA MOMIKOIKYBAaHOCTI ayCTEHITHOL CTalIi.
Table 2. Changes in brightness amplitude as a characteristic of austenitic steel damage.

[{ukitiuHe HAaBaHTAKYBaHHS CraruvHe HaBaHTaXXyBaHHS
KoeditienT HaBanTakeHOCTI, K 0,1 0,2 0,3 0.4
AMIUTITY 1A ICKPABOCTI, 180 nxc.. 230 200 170 110
AMIUTITY 1A ICKPABOCTI, 140 nxc. 150 100 80 40
BceraHoBneHO, IO HE3AIEXKHO  Bil  BHAY  METAIOKOHCTPYKIH  CLTBCHKOTOCIONAPCHKAX — MAIIHH.
HABaHTAXXYBaHHS MOBEPXHEBA IIIbHICTh AedopMariiinnx  KOHCTpylOBaHHS,  BHPOOHHITBO Ta  EKCIUTyaTallis

JeeKxTiB PO3CISIHOTO TMOIIKO/KEHHS HAKOMUYYETHCSA Y
Marepiani [0 TEBHOTO CTaHy MOIIKO/KCHHS, sKe
XapaKTePU3y€eThCSl  TMOTOYHMM  CTAaHOM  MapaMeTpiB
UIJILHOCTI €JICMEHTIB 300pa)KCHHS CIICKJIOTPAMU.

BucHoBku

1. Po3po0bieHo eKcIepuMeHTaNbHO-iHGOpMAIiHHY
CHCTEMY aHalli3y KUTbKICHHX XapaKTEPUCTHK PO3CISTHOTO
TIOIIKOIPKEHHS METAIOKOHCTPYKIi1 METO/IOM
KOTEPEeHTHO-ONTUYHOIO  CKaHyBaHHS  JedopmoBaHOl
MTOBEPXHI 3 BUOKpeMiBHicTIO 0,2 MKM/TIKC.

2. Orpumano KOpeJsiiHI XapaKTepUCTUKH
rapameTpiB IMOLIKO/PKEHHSI TIOBEPXHEBOTO IIapy 3pa3KiB
crami X18H10T y pa3i HaBaHTa)KyBaHHSI JIBOX BH[IIB: 3a
MOHOTOHHOT'O PO3TATY 1 CHMETPUYHOTO PO3TATY-CTHCKY.

3. IlpencraBiaeHi  JOCHIHKEHHS  CTaTUCTHYHHUX
XapaKTEePUCTUK CTaHy MIKpPOILUIACTUYHOTO JehOpMyBaHHS

MOBEpXHI  3pas3KkiB  JO3BOJSIIOTH  PEKOMEHIYBAaTH
po3pobIieHNid MeToJ| Ul BU3HAYCHHS IOLIKOIKECHHS
CIIEMEHTIB MAIlMH 32 KPUTEPIEM  HEOTHOPITHOCTI

MIKpOIDTACTUYHUX AedopMariiii MMOBepXHEBOTO IIapy
MeTaiy, a OTKe 3 IIEBHOIO JOCTOBIPHICTIO OLIHUTH PU3UK
HACTaHHS aBapiifHUX cUTyariil.
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METO/] BECKOHTAKTHOI'O U3BMEPEHU S
AMITINTY bl AE®@OPMALIMN HAKOIVIEHHOI'O
SKCIUTYATAIIMOHHOT O ITOBPEX/IEHU A
METAJUIOKOHCTPYKLIMN
I'. I'. Ilucapenxo, A. B. Botinanosuu, A. H. Maiino,

C. I'. Ilucapenxo

AnHoranus. IlokazaHo, 9TO I HCCIEAOBaHUSA
KUHETUKU 9KCIUTYaTallHOHHOTO TIOBPEKICHHS
MaTepuaiioB U JJIEMEHTOB KOHCTPYKLHMH HEO00X0AUMO
pa3palaThiBaTh COBPEMEHHBIE CpPEICTBA U  METOJBI
JIMarHOCTHKH TOBPEXICHNUS, BO3HHUKAIOIIETO B
mabopaTopHBIX 00pasmax W JJIEMEHTaX KOHCTPYKIIHH.
Jus  ompeznenenust  AeOPMAalMOHHOIO  COCTOSTHHMS
MOBEPXHOCTHOTO CJIOS KOHCTPYKIMOHHOTO MaTepuasa
(aycTeHUTHO¥H cTanm) B JaHHOW paboTe OBLT UCTIOIh30BaH
METOJl ONTHYECKOTO M3MEPEHHs] MMKPOIUIACTHYECKUX
nedopmanmii, OCHOBaHHBIM Ha KOPPEIAMOHHOW CBS3M
SHEPrHM M3JIyYeHUS KOTEPEHTHOTO HCTOYHHMKA CBETa,

OTPaXEHHOT'O MOBEPXHOCTHIO METaJNINYECKOTO
MOJMKPUCTAINIa, M aMIUIUTYAbl MHUKPOIUIACTHYECKOMN
nepopmanuii  1eOPMHPOBAHHBIA  MOBEPXHOCTH. B
COOTBETCTBUM C JIAHHBIM METOJOM HCCIENYyEMYIO

JIOKAJILHYIO 30HY MOBEPXHOCTH oOpasla marepuaia Ha
OIPEIEIEHHBIX Jramnax Harpy>XeHus 00y4aroT
KOTEPEHTHBIM CBETOM c JUTHHOM BOJIHBI,
COOTBETCTBYIOIIEH Macirady JIOKAIHU3aI|N
MHUKPOIUIACTHYCCKON neopmanuu MTOBEPXHOCTH
oOpazma. C MOMOINBI0 CBETOBOJOKOHHOTO KaOels W
CUCTEMBI (hOKYCHUPOBOYHBIX JUH3 MOJyYaroT
CHCKJIOTPaMMy  Jy4ed, OTpPaXKEHHBIX OT peibeda
TTOBEPXHOCTH. Kak crerneHpr MHTEHCUBHOCTH H3MEHEHHS
nehopMalMoOHHOTO pelbeda HCMOJIb30BaH MapaMmerp B
BUJ€ OTHOIICHUSA KOJIHMYECTBA CBETIIBIX NuKceJeln K
o0uemy KOJIMYECTBY MHUKCeNnein HU300paKeHUS
CHEKJIOTpaMMbl. B pesyibrare aHajam3a CTAaTHCTHYECKUX
IIapaMeTpoOB  CIEKJIOrPaMMbl,  KOPPEIUPYIOLIUX  C
XapaKTePUCTUKAMHU MHUKPOIUIACTHYECKOTO
Je(OPMHUPOBAHUS TTOBEPXHOCTH OOPA3IOB ayCTEHUTHOM
cTamy, OBUIM ONpEAEICHBl XapaKTepPHBIC MapaMeTph
paccessHHOH TOBPEXKICHHOCTH CTPYKTYPHI JTHUCKPETHBIX
nedopmanuit MTOBEPXHOCTH METaJUTHIECKOTO
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MOJMKPHUCTAILIA. Ha OCHOBE MOTY4CHHBIX
9KCIIEPUMEHTANbHBIX JAHHBIX B paboTe BBISBICHBI
3aKOHOMEPHOCTH BIIMSHHSA CTATHIECKOTO U IUKJINIECKOTO
negopMupoBaHIS Ha (GOPMY pacIpeneseHHIs JUCKPETHBIX
CBOMCTB IOBEPXHOCTU. B wyacTHOCTH, B pe3yibrare
aHanHu3a CTaTHCTHYECKUX XapaKTEePUCTUK
KOPPEIALMOHHBIX ~ JAWarpaMM  TOJYYEHO JIMHEHHYIO
3aBUCHMOCTb TapaMeTpOB PpaclpeeieHUs] IUCKPETHBIX
CBOHCTB penbeda nedopMUPOBAHHOW TOBEPXHOCTH OT
(bakTOopa HarpyKEHHOCTH.

KaioueBbie cjaoBa: MOBPEXKJICHHOCTD
METaTIOKOHCTPYKLUH, J1eOpMalMOHHBII MHUKpOpeibed
MIOBEPXHOCTH, KOTEPEHTHO-ONTHYECKOE CKaHHPOBAHUE,
MHKPOIUTACTHIECKOE Ae(hOPMUPOBAHIE TOBEPXHOCTH.

METHOD OF NON-CONTACT MEASUREMENT
OF THE DEFORMATION AMPLITUDE
OF ACCUMULATED OPERATIONAL DAMAGE
TO METAL STRUCTURE
G. G. Pisarenko, A. V. Voinalovych, A. N. Maylo,
S. G. Pisarenko

Abstract. It is shown that in order to study the
kinetics of operational damage to materials and structural
elements, it is necessary to develop modern means and
methods for diagnosing damage that occurs in laboratory
samples and structural elements. To determine the
deformation state of the surface layer of a structural
material (austenitic steel), in this work, we used the
method of optical measurement of microplastic
deformations, based on the correlation relationship
between the radiation energy of a coherent light source
reflected by the surface of a metal polycrystal and the
amplitude of microplastic deformations of a deformed
surface. In accordance with this method, the investigated
local area of the surface of the material sample at certain
stages of loading is irradiated with coherent light with a
wavelength corresponding to the scale of localization of
microplastic deformation of the sample surface. Using a
fiber optic cable and a focusing lens system, a
specklogram of rays reflected from the surface relief is
obtained. The parameter in the form of the ratio of the
number of light pixels to the total number of pixels in the
specklogram image is used as the degree of intensity of
the deformation relief change. As a result of the analysis
of the statistical parameters of the specklogram, which
correlate with the characteristics of the microplastic
deformation of the surface of the austenitic steel samples,
the characteristic parameters of the scattered damage of
the structure of discrete deformations of the surface of the
metal polycrystal were determined. On the basis of the
obtained experimental data, the work revealed the
regularities of the influence of static and cyclic
deformation on the shape of the distribution of discrete
surface properties. In particular, as a result of the analysis
of the statistical characteristics of the correlation
diagrams, a linear dependence of the parameters of the
distribution of discrete properties of the relief of the
deformed surface on the loading factor was obtained.

Key words: damage of metal structures, deformation
microrelief of the surface, coherent optical scanning,
microplastic deformation of the surface.
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