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Po3rnsHyTo sBMLIE JAerpajauii KOHCTPYKUiHHMX MaTepianiB, fike MOiArae y 3MiHi ix
CTPYKTYPHO-(a30BOro CTaHy i HAKONMWYEHHI MiKpPOIOWIKOWKEHOCTI 3a TpUBaiol Ail TeMmnepa-
TYPHO-CHJIOBHX €KCIUTyaTaliHHUX YMHHUKIB Ta BIUIMBY po60oYoro (TeXHOJOriYHOro) cepe-
JOBHINA, WO 3yMOBIOE MNafiHHA iX (i3uko-MexaHIuyHUX XxapakrepucTuk. IlpoananizoBaHo
3aKOHOMIPHOCTI Jerpaiauii amoMiHieBUX CIUIaBiB i cranell Ta 1X 3BapHHMX 3’€JHaHb Pi3HOrO
NpU3HAYEHHS, MEXaHI3MH | CTAAifHICTh LBOro Npouecy, HOro eKCHEepHMEHTAIbHE MOMENIO-
BaHHSA B 1a0OpaTOPHMX YMOBax. 3anponOHOBAHO METOAM OLIHIOBaHHA Aerpazalii Marepiaiis y
PiI3HHMX €/IeMEHTAX KOHCTPYKLiM pyHHIBHMMHM MeTOAaMM Ta ii MOHITOPUHTY HepyHHIBHUMH
METOJAMM 3a 3MIHOK CTPYKTYPHO-4yTAMBHUX (i3MYHHX XapakTepucTHK MatepianiB. Chopmy-
NMHOBAHO YMOBH TEpeXody BiA cTamii Aerpajanii marepianiB Ao cTafii Aerpaiauii eJeMeHTIB
KOHCTPYKLIiit Ta 0OrpyHTOBaHO HEOOXiAHICTE ypaxyBaHHS Jerpajaiii Marepiaiis mig yac npo-
rHO3yBaHHsA poOOTO3AaTHOCTI €JIEMEHTIB KOHCTPYKIiH 3a JOBrOTPHBANIOT €KCIUTyaTallii.

Jlns HayKOBMX MNpALiBHUKIB Ta iHXKEHEpiB, SKi MPALIOKTh y ramy3i NMPOEKTyBaHHA i
eKCITyaTalii aBialifHOro TpaHCnopTy, HadTo- i ra30roHiB, TEIUIOBOI i ATOMHOI €HEPreTHKH Ta
IHIOMX rany3eil MPOMMCIOBOCTI, @ TAKOXK J/IsS BUK/IANaviB BUIIMX HaBYAJIbHUX 3aK/IajiB i acni-
PaHTIB BiAMOBIAHHX cHeLialbHOCTEH

In. 239. Ta6n. 80. Bibaiorp.: 610 Ha3s.

A phenomenon of structural materials degradation, that consists in the change of their
structural and phase state and accumulation of damages under durable effect of temperature and
force operation factors and under the effect of service (technological) environment that causes
degradation of their physicomechanical characteristics is considered. Regularities of degradation
of aluminium alloys and steels as well as their different-purpose joints, mechanisms and stages
of this process, its experimental modeling in laboratory conditions are analyzed. The method of
assessing materials degradation in different elements of constructions using fracture methods
and its monitoring by non-destructive methods regarding the change of the structural-sensitive
physical characteristics of materials are proposed. The conditions of the transition from the stage
of materials degradation to the stage of degradation of the elements of structures are formulated
and a necessity of considering materials degradation when predicting serviceability of structural
elements under long-term operation is substantiated.

The reference book is intended for workers and engineers in the field of design and
operation of rail and aviation transport, oil- and gas pipelines, thermal and nuclear power
engineering and other fields of industry and also for lecturers of high schools and post-graduate
students of corresponding specialities.

Fig. 239. Tabl. 80. Bibliogr.: 610 title.
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Bl PEOAKTOPA BUOAHHA

[Ipo6ieMa TeXHOreHHOI Ta eKOJIOTriYHOI Ge3nexH € rinobanbHOK M Cy4acHO-
ro pO3BUTKY JIFOACHKOI [IMBiTi3aNii, TOMy PO3BHHYTI KpaiHH HaAalOTh OMY MepLIOo-
4eproBoro 3HayeHHs. BaXTMBOIO 11 YaCTHHOIO € JIlarHOCTHKA MaTtepialiB i pospaxy-
HOK €JIEMEHTIB iH)KEHEPHHMX KOHCTPYKIiH Ha MILHICTh i JOBrOBIYHICTH, @ TaKOX
BCTAHOBJIEHHS MeXi iX poboTo31aTHOCTI (TIPOrHO3yBaHHsA pobodoro pecypey). Taki
PO3paxyHKH ChOTOJHI BCE YacTille IPYHTYIOThCS Ha Migxojax (i3HKO-XiMigHOI Me-
XaHiK¥ pyHHYBaHHS MaTepiaiiB i pe3ynbTarax HepyHHIBHOIO KOHTPOIIIO Je(eKTHOC-
Ti. B iX OCHOBiI HOBa KOHILIEMIsi BTPATH LTICHOCTI (pyHHYBaHHs) KOHCTPYKLi: pyi-
HYBAaHHS € HAC/IiIKOM 3apOJDKEHHs i PO3BHUTKY TPILLMH y MaTepiai, mlaHoMy Aii
pisHUX Qi3UIHMX MOJIB, @ TAKOXK (Di3UKO-XIMIYHUX YUHHMKIB JOBKLILIS.

Pi3Hi HELOCKOHAJIOCTI Ta Ae()EKTH MOXKYTh ICHYBaTH B MaTepialli BiJi CaMOro
MOYaTKy, BUHUKATH Ii/l 4ac Horo o6poOKH i MOHTaXY KOHCTPYKUIHHMX €IEMEHTIB,
a TAKOJK PO3BMBATUCH MiJ Yac C1y)KOM KOHCTPYKLii BHACTIOK Jii HABaHTaXEHb Ta
HaBKOJIMIIHBEOTO CepenoBHia. TOMY BH3HAUCHHS pEaJlbHOrO CTaHy JAe(pEeKTHOCTI
JIOCIiKYBaHOTO 00’ €KTa € HEMUHYYUM €TanoM TeXHIYHOI JIarHOCTUKH, HAYKOBE
3aBJaHHA SKOi HE JIMIIE BUABHMTH Ne(eKTH, ale W BHAATH peKOMeHJaulii mpo ix
Hebe3neKy Ui HOpMalbHOro (DYHKIIIOHYBAaHHS KOHCTpyKIiiHOro einemenra. Lle
03HAyae, IO CyyacHa TeXHiYHa JiarHOCTHKA HaiBaXTHBIIUX BUPOOIB i MOTEHIIIH-
HO Hebe3neyHux 00’ €KTiB OXOTUIIOE TEXHOT€HHHI MOHITOPHHI Ta CTAa€ BCE 3aTpe-
OyBaHIIMM HANPAMKOM Yy Tainy3i iHpopMauiiftHuX TexHosoriil. TakuM YHHOM, BHY-
TPIillHS JIOTiKa PO3BUTKY (DYHIAaMEHTAIBHUX JOCHIKEeHb, a TAKOXK Cy4YacHi IOTpe-
OM iH)KEHEPHOT MPAaKTHKU ChOTO/HI BHMAararmoTh (OpPMYyBaHHS BaXKJIMBOI HAyKOBOI
JUCLIMTLUIIHN — Q0iGZHOCIMUKU MAmMepianieé i KOHCMpYKyiu.

BpaxoByrouH, 10 OKpeMi eJIeMeHTH TaKoi AUCLMIUIIHU po3/1pibHeHi y Oara-
THOX iHILMX, 4 TAKOXK 3BAXKAIOYM HA MOSABY Py HOBUX CHHTE3YIOHMX Mpaib i3 Jia-
THOCTHUKU MaTepialiB i KOHCTPYKIIi, Ha3pija HEOOXiAHICTh BUKIACTH 1i CHHTE30-
BaHe DayeHHs B paMKaxX OJIHOTO JIOBIJHMKOBOTO MOCIOHMKA. ABTOPCHKHH KOJIEKTHB
[IbOr0 BHJAHHS, CMELiaJbHO MiATOTOBAHOIO 0 CTONITHBOro roBuleto Hauionais-
HOI akajzemil Hayk YKpaiHd, BpaxoBye€, IO 3rigHO 3 Jlep)kKaBHMM CTaHIApPTOM
Ykpaiuu 2389-94 «Texniune diaznocmyeannsi ma KOHmMpONb MEXHIYHO20 CMAHY.
Tepminu | 6usnauenns» TiJ TEXHIYHUM J[IaTHOCTYBAHHAM PO3YMilOTh BHU3HAUEHHS
TEXHIYHOr0 CTaHy 00’ €KTa 3 03HAYEHOIO (3aJaHOI0) TOYHICTIO. ABTOPH IPOIOHO-
BAHOIO JIOBIHHUKOBOI'O MOCIOHHMKA 30CEepeanSIi CBOIO yBary Ha HayKoeux 3acadax
TEXHIYHOrO JiarHOCTYBAaHHS — PO3IJIAHYJIH HOro (isuuHi OCHOBHM, MaTeMaTHYHI
Mojieni, anapatypHe Ta iHpopmauiiiHe 3a0e3neuenns. To0To, ieTbcs HacamIepea
Mpo rany3b HayKH, siKa BMBYA€ BIUIMB CHJIOBMX | TEMIEpPaTypHMX HABAHTaXEHb,
(hizuKo-XiMiYHy /IO CepeOBMIIA Ha MMOLIKOIKEHHs CTPYKTYPH Ta 3MiHY (Qi3HKO-
MEXaHIYHKMX BIIACTHBOCTEH MaTepialiB, HeCydy 3A2THICTh KOHCTpyKUiH. [Ipeame-
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TOM W€l ragysi HayKu € po3poGieHHs METOAIB 00’€KTHBHOTO OLIHIOBAHHS 110-
TOYHOTO Ta TPAHUYHOTO CTaHiB, PO3BHTKY pyitHyBaHHs MarepiaiiB i KOHCTPYKMii,
4 TAKOXK CTBOPEHHS HEOOXIJAHMX MiarHOCTHYHO-aHATITHYHMX MPpHJIaAiB, CHCTEM Ta
IX nporpamHoro 3abe3nedens. Takuii MIIXiJA MiAKpeCIoe BaXIMBIiCTh BpaxyBaH-
HS 3MIH (i3HKO-MeXaHIYHMX BIACTHBOCTEH CaMOro KOHCTPYKLIHHOTO Marepiany
Ta YMOB HOTO €KCIUTyaTalii MiJ 9ac BCTAHOBIEHHS pobouoro pecypey. Biu Bix mo-
HaTKy nepenbavae KiHIeBY MeTy BHUABIIEHHS AC(PEKTHOCTI — BUKOPHCTAHHS OTpH-
MaHMX PE3YJIbTATIB K BUXIAHUX JUIS MOMANBLIONO 3aCTOCYBAHHS y MeXaHilli pyii-
HYBaHHS.

[lin vac yknananus nociGuuka ABTOPH 3a3]1aJiETiAb BiIMOBMINCH BiJ KOH-
uenuii «besneunoi pobomu», ska nepenbdavae, mo Bill MOYATKY JKUTTEBOro LIHKITY
BUDIO (un enemeHT KOHCTPYKIII) € GesfeekTHNM, a TepMmin Horo GyHkuionyBaH-
Hil BU3HAYAETHCS HAKONMYEHHSM Pi3HOMAHITHHX [MOLIKOJUKEHb (BTOMHHX, BiJl [10B-
3y4OCTI, PO3CisiHHX B 00’ emi Marepiany, 0coGIHBO 3a il BOAHIO, TOLO), KOJIH I
4ac eKCIuTyaTaliifHuX HaBaHTAKEHb OCTAHHI MPU3BOJATE 10 MOCTYIOBOTO YTBO-
PEHHST MIKPOTPilIMH. 3 yacom MIKPOTPILLHHE PO3BHBAIOTLCS JI0 MaKpOTPILIKH, K]
BPEWITI CTIPHYMHIOITH pyliHyBanns. KoHuernwis «besneunoi pobomu» nexnapye,
IO MiJ yac ekcrayarauii BHPOOY He TOBHHHI YTBOPIOBATHCE MaKpOTPIIHHH (TOO-
TO, BUPI0 BBaXAaTHMETbCS HEMPHAATHUM, SKILO BUHMKIA TPILUMHA MEBHUX PO3Mi-
piB). 110 KoHUenwito inomi 3aCTOCOBYIOTH i goTenep. OfHAK HOCITIIKEHHIME B ra-
Jy3i MeXaHiKi PyHHyBaHHs BCTAHOBJICHO, 1110 npouec pyiHyBaHHsS MaTepiany mMae
CBOI JIOKPUTHYHY i 3aKkpuTHuHy cranii. Lle o3navae, mo poGora marepiany B yMo-
Bax PCrIaMCHTOBAHOIO PyHHYBAHHS € JOMYCTHMOIO, SKIIO MPUIIIATH HANEKHY
yBary KpUTHYHHM TapamMeTpam ae(ekTiB, siki XapakTepH3yIoTh Horo mepexin y
3aKpHTHYHY (HEKepOBaHy) cTaiiio. Take TPaKTyBaHHS J1a€ MOYKIIMBICTD TIepeiiTH Bix
KOHUeNUil «besneunoi pobomu» 10 KOHUCTIIT «6ezneuno2o nowkooxcennsy.
Buacne uiei napagurmu AOTPUMYIOTLCA aBTOPH NOBiAHKKA. Jlonyckaioun 6e3neuni
neeKTH, BoHa He Ma€ HU3KHM HENOMiKiB, XapaKTepHHUX JUIsi KOHUCHIT «be3neunoi
pobomu», i nae MOXIHBICTD 3HANTH KOMIIPOMIC MiXK HEOOXIIHOIO AKICTIO BUPOOIB
(OesneunicTio KOHCTpyKILi) Ta Tx BapTICTIO.

ExoxomiuHi Ta inwi nepesaru xonuenuii «be3neunozo nowkoodicenns» He
MOXHA peanidyBati 0e3 CyTTEBOro miaBHIEHHS Poiii HepyHHIBHOrO KOHTPOJIIO.
HoBsa kouuenuis Bumarae 6inpim IHQOPMALiiHO eMHHUX | HAMIIHUX MeTOLIB KOH-
TpOJIO, SIKi O rapaHTyBaiu KiJbKiCHE BH3HAYEHHS NapaMeTpiB K CaMOro mare-
piaiy, Tak i Horo medekris. Jlo Takux napamerpiB, 3 0AHOTO GOKY, BigAHOCSTbCS
(i3nko-mMexaHiYHi XapaKTepHCTHKY, 3a/IMIIKOB] T4 HaBEICH! HANpPYKeHHs MaTepia-
1y, a 3 iHWoro — tur, Gopma, PO3MipH, JIOKasi3awis, opieHTaLis Ta KiHeTHKa po3-
BUTKY e(eKTiB.

3rajaui BuIe 3acamm oGyMoBMIH CTPYKTYpY 1 3MICT JOBiJHUKOBOIO M0Ci6-
HHKA.

Y nepuomy Tomi — «Ekenmyarauiiina Aerpajaauiss KOHCTPYKIiHHUX MaTe-
pianis» 3a penakuii akazemika HAH Ykpainu €.1. Kpuxanisebkoro — npoaHai-
30BAHO 3MiHY CTPYKTYPHO-(Da30BOTO CTaHy i HAKONHYEHHS MIKPOMOIIKO/KEHOCTI
LIAPOKOro  Kiacy KOHCTPYKUiffHMX MaTepiajis 3a TPUBAJIOl Iii TemmeparypHo-
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CHJIOBHX ()aKTOpIB Ta BIUIMBY POGOUYOI0 CepefoBHIIIA, 1110 3yMOBMIOIOTH NaXiHHS iX
(hi3MKO-MeXaHiYHHX XapakTepucTHK. OUiHEHO MeXaHi3MH i cTamiliHicTs Aerpana-
i1, chopMyIbOBaHO YMOBM ii nepexoy Bix Martepiajy /10 eJIeMEeHTIB KOHCTPYKLi,
OOIpyHTOBaHO HEOOXIAHICTh ypaxyBaHHS LBOrO ABMILA MiJ yac NMPOTrHO3yBaHHA
POBOTO3ATHOCTI iHXKEHEPHHX 06’ EKTIB 3a JOBIOTPHBAIIOL eKCILIyaTalii.

JApyruii Tom BumaHHsS — «MaTeMaTH4YHe MOXETIOBAHHS B3a€MOIl piznu-
HUX nojiB i3 aedextamu marepiany» 3a pemakuii akamemika HAH VYkpaiuu
3.T. Hasapuyka — npucBsuennii popmainizamii B3aemonii 30H/IYBaJIbHOTO TOJIS 3
MaKpOHEONHOPIAHIM CEepeOBHILNEM, BJACHE MPOLECIB, 5K CKIANAIThH (bizuuny
OCHOBY THX METOAIB HEPYHHIBHOIO KOHTPOJIIO, 11O JAI0Th KUIbKiCHY iH(OpMaLiio
npo ieeKTH KOHCTPYKUIHHOro Matepiany i € HAWNPUIATHIIIAMY JUIS TOAANBIIOTO
3aCTOCYBaHHs B MexXaHili py¥HyBaHHs. CTPOTHM 3 TOYKH 30Dy €JIEKTPOIMHAMIKH
Ta MCTOAMYHO €IMHKM 3 OLJIANY MATEMATHKH MiAXOAOM POSIIISHYTO MOHOXpOMa-
THYHE CICKTPOMATHITHE ONMPOMIHEHHS y IIMPOKOMY (BiZ KBa3iCTATHKH 1O KBa3i-
ONTHKH) YaCTOTHOMY Jlialla30Hi. Bukopucranuit npu upoMy aHaliTHKO-YHCIOBHIL
anapat po3B’s3aHHA CHHTYJIAPHMX (YHKLIOHATBHUX PIBHAHB MaTeMaTHYHOT
(i3vKM MOIMMPEHO Ha B3AEMONII0 AKYCTHYHHX i NPY>XXHUX XBHJb i3 aedekTamu
KaHOHI4HOI (pOPMH B KYCKOBO-OJHOPIMHHX cepeoBHIax. OMHCaHO AU paKiiiHi
e(eKTH Ta BIaCTHBOCTI PO3CIAHUX MOJIB, BAXUIMBI LIS IHTEeppeTanii pe3yasTaTiB
HEpYHHIBHOro KoHTposto. Ha mixcrasi Teopii oGeprennx 3anay PO3CISSHHS OKpPEMO
POSIIISIHYTO MaTEMaTHYHI OCHOBH MOOYNOBH alrOPHTMIB ONpPALIOBAHHS JAHHX BH-
MIPIOBaHb [UIS HEPYHHIBHOTO BHSBJICHHS ne¢exTiB. 3anponoHOBaHO HOBi MaTeMa-
THYHI Mozeni (GoTo-, TepMO- Ta aKyCTONpPYKHOCTI, OMHCAHO MeTOJu Tomorpadii
CKaISPHUX | TEH30PHUX MOJIB Ae(eKTiB, MPOLIKCTPOBAHO 3aCTOCYBAHHS CYYaCHHX
YUCTIOBUX METOJIB aHAJli3y HaMpyXeHO-AeGOPMOBAHOTO CTaHy Tif i3 TPiIIMHAMM.

Y Tpersomy Tomi — «MoOHiTOpHHT HAMPYAKEHOr0 CTaHy eJIeMEeHTIB KOH-
CTPYKUiii 3 BHKOPHCTAHHSIM €JeKTPOMATHITHHX XBWJIb ONTHYHOLO aiana-
30Hy» 3a penakiuii akagemika HAH Yxpaiuu JL.M. Jlo6aHOBa — omucaHo Cy4acHi
ebexTHBHi ONTHKO-LHU(POBI METONM HEPYHHIBHOTO KOHTPOIIIO. 30kpema, po3riisi-
HYTO (ha303CyBHY NasepHy iHTepdepomerpiro MOBEPXHi BUPOOY CTOCOBHO noTpel
TEXHIYHOI JiarHOCTMKH, PO3BHHYTO HOBI METOIH €JIEKTPOHHOI CcriekJI-iHTepdepo-
MeTpii, wuporpadii Ta uudposoi kopemsii 300paXkeHb ISl BU3HAYCHHS 3aJIMIII-
KOBHX HAlpy’XCHb B CJICMEHTAX KOHCTPYKLUii Ta OLIHIOBAHHS 1X HANPyXeHO-Je-
dopmoBanoro crany. IpoaHanizoBaHo MeToau ronorpadiynoi inreppepomerpii
JUll BCTAHOBJICHHS MILHOCTi KOHCTPYKLIHHHX €leMEHTIB i BH3HAYECHHS OKPEeMHX
MapaMeTpiB MeXaHiku pyitHyBaHHs. J[eTalbHO ONMHCAHO METOXMKH Ta pe3ynbTaTu
3aCTOCYBaHHA iH(pauyepBOHUX 3aCOGIB MOHITOPHHTY HAIpy»>KE€HOro CTaHy imHKe-
HEPHUX 00’ €KTIB.

Yerseptuit ToMm — «Ejektpodisnuni meroan HepYHHIBHOIO KOHTPOJIIO
Ae(peKTHOCTI e/leMeHTIB KOHCTPYKHiii» 3a penakuii JOKTOpa TeXHIYHHX Hayk
P.M. Jikamu — npucsyeHuil ananisy (isuYHHX OCHOB, MaTeMATHUHHX Mozeei,
3aco0iB Ta iHdopmauiiinoro 3abe3neyeHHs CICKTPOQI3HYHUX METOLIB HepyitHiB-
HOTO KOHTPOJIO €)EKTHOCTI €1eMEHTIB KOHCTPYKIiii. 30Kkpema, Ha OCHOBI MaKpo-
CKOIIIYHMX CIIiBBiIHOLIEHD TEPMOJAMHAMIKH HEPiBHOBAYKHHX IIPOLIECIB, MEXAHIKH
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Ae(hOPMIBHOIO TBEPHOro Tina Ta (i3MKK NOBEPXHi 3amPONOHOBAHO MaTeMaTHYHY
MOJEIIb €1eKTPOPIZHUHUX MPOLIECiB Ha MeKi METalty 31 CepeloBHILEM, SIKa OMHCYyE
CHEPreTHYHI Ta €MHICHI XapaKTepHCTHKH MDK(A3HUX WIapiB, KOHTaKTH] pi3HHLI
MOTEHIIIaJliB 32 MEXaHIYHOrO HAMpPYXEHHS 1 €EKTPOAHOT NONSpH3anii as KOHTPO-
0 anresii NokpueiB, mudysii, penaxcaiii HanpyseHs, MoBsydocri, KOPO3ifHuX
BJIACTUBOCTEH Ta BU3HAYEHHS CTaHy IOBEPXHEBHX IIAPiB MeTaNeBUX AeTaeii. Po3-
TJBIHYTO TaKOX TEOPIko i 3ac00H BHXPOCTPYMOBOro KOHTPOJIIO Ta CTPYKTYPOCKOIif,
BIAIIOBIIHI EPETBOPIOBAYI CHIHAIB Ta amnaparypy.

Y m’stomy Tomi — «AKycTHYHI METOH KOHTPO.IIO Aerpanauii Mmatepiais i
AedexTHOCTI eemMenTin KOHCTPYKIiH» 32 penaxiiii WieHa-kopecnonnenta HAH
Ykpainu B.P. Ckanbcpkoro — MOAAHO HOBHHM MiAXiA 10 MiarHOCTHKH CTaHy MeTaiy
YJIbTPasByKOBUMH METOJAMH, B PaMKax SKOTO 3BOPOTHO DO3CISHUM BUMAAKOBMHIi
YIbTPa3sBYKOBMH BIAryK, IO (GOpPMYeThCS B PE3YNbTaTi B3aEMONII 30H/yBAIBHOIO
TOJIS 3 HOrO CTPYKTYPHUMH eleMeHTaMH, 3alIPOITOHOBAHO BUKOPHCTATH sK iH(Op-
Mauiiinuii curnan. Ha uiif mincrasi CTBOPEHO TEXHOJIOTII yJIbTPa3ByKOBOI KOMIT fO-
TEPHOI TOMOrpadii, BKIIOYAOYM HOB] IHCTPYMEHTalbHI 3aCO0H Ta MiarHOCTHYHi
KPUTepii, AKi Jar0Th MOMXIUBICTS OTPHMYBATH KUIBKICHI OLHKH 06’ €MHOT TOMIKO-
JUKEHOCTI MeTany. Buceitieno Takos TEOPETHYHI OCHOBH i METOOJNOTIIO MiarHoc-
TYBaHHA BHPOOIB i eleMEHTIB KOHCTpYKiH i3 BHKOPHCTaHHAM SIBULIA aKyCTHYHOT
emicii. 30kpema, onucano 3acoGu APOTOBOI i TeneMeTpHYHOI nepeayi iHpopMmarii
Ta IX 3aCTOCYBaHHS JUIS OLIHIOBAHHS CTaHy BIZNOBiaJIBHUX MPOMHCIIOBHX 06’ €KTiB.
3HayHy yBary npuuineno BiGponiarHocTuui Ta o6y 1oBi PO3paxyHKOBUX Mozene i
METOIHK aHani3y BibpauiliHux XapakTepHcTHK poTOpiB TYp6iH i3 TpilmHaMH. Ipo-
AHAJII30BAHO JIOCATHEHHS B rajysi MpaKTUYHOI Bi6POiarHOCTHKHY. [Tonano naui npo
PO3BHTOK METOJIIB i CTBOpEHHS anaparypHux 3aco6iB Bibpariiinoro JIarHOCTYBaHHS
CTany Typboarperatis. 3Haumy yBary NnpMZIieHo 3acobam BUMIprOBaHHs BiOpauiii,
noOy0Bi Ta hyHKLIOHYBAHHIO BiNTOBITHIX KOMII' FOTEPH30BaHUX CHCTEM.

[HocTuii Tom — «EnexkTpoxiMiuni meroan MOHITOPHHTY Jerpajauii maTe-
piany koucTpykuiii» 3a penakmii ‘WicHa-kopecnionaeHta HAH VYkpaiun B.1. [o-
XMYPCBKOTO — OITUCY€E MOHSATTS, BUAM Ta MEXaHI3MU 3arajbHOI 1 JIOKAJTbHOT KOPO3ii, y
TOMY YHCIIi KOPO3iHHO-MeXaHiuHOro PYHHYBAHHS, a TAKOX BHUIIISE 1HdopMaTHBHI
€NEKTPOXIMIYHI napamerpn, mio XapaKTEePU3YIOTh IHTEHCHBHICTL KOPO3ifHO-BOI-
HEBOI nerpajauii martepiany. Tyt POSMIAHYTO ENEKTPOXIMIYHI XapaKTepHUCTHKM
B3a€EMOZIii KOPO3HBHOTO CEPENOBHMILA 3 METATOM: CJIIEKTPOJIHHH TOTEHIliad, MmoTeH-
Liall MiTHHrOyTBOpEHHsI, CTpyM KOpO3ii, nonsipusautiiiauii OMip; OMHCAHO Cy4yacHi,
30KpEMa CKaHIBHI, METONH €IEKTPOXiMIUHIX (monspusauiiinux ta IMIIEJAHCHHUX) BH-
npoOyBaHb. JleranbHo PO3ITIAHYTO eNEKTPOXiMiYHI MeTomn MOHITOPHHTY, 1110
MOB’ A3aHi 3 KiHETHKOO KOPO31HHO-MEXaHIYHOro PYHHYBaHHS Ta, 30Kpema, HOro no-
YaTKOBOI CTaflii, 3 BHKOPHUCTAHHAM TaKHX iHhOpMaTHBHMX napameTpiB, K elek-
TPOAHHMH NOTEHUian i CTpyMH monspusanii Ta KOposii. 3HauHy yBary BimBeneHo
CJIEKTPOXIMIYHUM METONaM MPHUIBUIIICHOIO BH3HAYCHHA XapaKTEPHCTHK KOPO3iii-
HOI BTOMH Ta KOpPO3iiHO-epo3iiiHoro PYHHYBaHHS KOHCTPYKUIfHMX CTaneif 3i 3acTo-
CYBaHHAM K iHPOPMaTUBHOIrO fapameTpa 3apsiy, 1O ¥1e Ha OKHCHEHHS CBiXO1e-
(popmoBaHoOi noBepxHi. Oxpemo Buzineno 3acrocysauus CJICKTPOXIMIYHUX METO/IB
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JUlA OUIHIOBAHHS 3AJMIIKOBOTO PECYPCY METATOKOHCTPYKLii: MOKa3aHOo BHKOpPHC-
TaHHs €NEKTPOXIMIYHOTO IMITYTECHOTO METOY 3 TAKMMH iHDOPMATHBHHMH rapame-
TpaMH, K KUIBKICTb, 4aCTOTa Ta aMILIITY/a IMITyJIbCiB CTpYMy HosApU3auii; onuca-
HO TEXHOJIOTIi €IEKTPOXiMIYHOIO MOHITOPHHTIY 3aXHCHHX BIACTHBOCTEH OpraHiYHHX
MOKPHBIB; MPOLTIOCTPOBAHO IMITALIHHE MO/IEIIOBAHHS Jerpaziaiii Ta mporHo3yBaHHs
PeCypey CHCTEMH “MeTalI-TI01IMEPHHUIA TIOKPHB™ B YMOBAX €KCILTyaTallil.

Y ceomomy Tomi — «Indopmauniiini Texuonorii HepYHHIBHOr0 KOHTPOJII0»
33 pejakuii AokTopa (isHKo-MaTeMaTHYHMX Hayk L.M. SIBOpPCBKOro — OMHCaHO
BiOpauiiiHi curHamu 3 mosuuii Teopii mepioamuro HECTALIOHAPHUX BUIAJKOBUX
MPOLECIB Ta 10Ka3aHO MepeBark Takoro MiaXo/y JUisi PAHHBOIO BHUABIEHHS TOIIKO-
JukeHb obeproBux cucteM. IIpoaHanizoBano iHdopmauiiiHi TexHOMOT] BiOOpy Ta
ONpaLiOBaHHA HH3bKOCHEPIeTHYHHX IMIIYJIbCHHX CHIHAMIB (MOTOKIB). JleTanbHo
PO3IJIAHYTO Cy4YacHi crenianizoBaHi iHoOpMariiiHi TexHOmOrii OMpauOBaHHS K-
(DpoBHX ONTHYHMX 300pakeHb Ta BUCOKONPOLYKTHBHI MiIXOMH IO TPHUBUMIPHOT
pekoHCTpyKuii 306pakens nedexti. OcTanHi € 0cOBAUBO NEPCNEKTHBHUMH LIS
CTBOPCHHS aBTOMaTH30BaHUX CHCTEM aHali3y PEHTIeHiBChKHX 3HIMKIB Ta (pakTo-
rpadiii moBepXoHs 3a 1aGOPATOPHOrO MOCITIIKEHHS MOMIKOLKEHHX 3pasKiB.

Bocbmuid, octauHiit ToM — «MeToau OuiHIOBAHHS 32J1HIIKOBOT MinHocTi i
/I0BrOBIYHOCTI e/leMeNTiB KOHCTPYKUiii 32 JaHUMH HepyiiHiBHOTO KOHTPOJII0»
32 penakuii 4nena-kopecnonnenta HAH Vkpainu O.€. Anzpeiikisa» — nae aHanis
METOJIB JUISl BU3HAYEHHS MilHOCTi (3aJIMIIKOBOT i JNOBrOTPUBAJION), @ TAKOXK Bizmo-
BIJHOTO PecypCy €NeMEHTIB KOHCTDPYKLiil 3a AaHuMM HEPYHHIBHOTO KOHTPOJIIO.
Chopmy1b0BaHO METO/IH 3HAXOMKEHHS MIllHOCTI (3aMILIKOBOT) 32 OXHOKPATHOIO
HABAHTAXCHH, AOBrOTPUBANOI MIUHOCTI (3aJIMIIKOBOI JOBrOTPHBAIOI MiLHOCTI)
33 I0BTOTPUBAJION0 MEXaHIYHOro (CTATHYHOIO i LMKIIYHOr0) HABAHTAXKEHHS i il
(i3uKO-XIMIYHUX eKCIUTyaTaliHHHX YHHHHKIB, pecypcy (3a1MIIKOBOro) 3a IOBIO-
TPUBAJIOTO CTATMYHOTO i IHMKIIYHOTO HABAHTAXEHHS, a TAKOXK il (i3uKo-Mexa-
HIYHUX eKCIuTyaTauiiiux ¢akropis. Ix 3aCTOCYBaHHsS NPOJEMOHCTPOBAHO Ha
GaraTboX NpHKIagax pO3PaXyHKy €NEeMEHTIB, BiJOMHX B IHXKEHEepHIi NpaKTuli
KOHCTPYKLIi# JOBroTpHBaIOi eKCrTyaTalii.

l'oTyioun noBimHHKOBHI MOCIGHHK, aBTOPH CBiZOMI, MmO NPUAUTHIA HEIo-
CTAaTHBO YBArH CYYaCHHM IiJXOJaM PH3MK-aHANi3y, SKi MOPAN 3 EKOHOMIYHMMH,
CKOJIOTIYHUMH Ta {HIIMMHM YHHHHKAMH CHOTOAHI HEOIMiHHO OepyTbest 0 yBaru
MiJ 9aC MPUHHATTS OCTATOYHOTO PillIEHHs PO MOXKIHBICTD i TOLLIBHICTS NpOIOB-
JKEHHs poboyoro pecypcy BiamoBizanbHux o6’ekris. Lleif acmekT Texmiumoi nia-
THOCTHKHM TepeOyBae 3apas MiJl MOCHIEHOK yBarol0 HAayKOBL{B i Iue OUiKYy€
y3arajabHeHHS OTPUMAaHUX Pe3yJIbTaTiB.

3aranoM nponoHOBAaHe MOBiTHHKOBE BHIAHHA NpU3HAYeHe JUIs IIHPOKOro
KOIIa CrelialiCTiB — MeXaHiKiB, MaTepiano3HaBLiB, KOHCTPYKTOPIB, iHXKEHEpIB, 1110
MPaUIOIOTh Y raily3i TEXHIYHOT NiarHOCTHKHM, NPOTHO3YBAHHS MIllHOCTI i pecypcy
€JIEMEHTIB KOHCTPYKLIH, a TAKOXK 11l CTYNEHTIB ii acripaHTiB, SKi OMAaHOBYIOTh
CrewianbHiCTh “MaTepiano3HaBcTBO” (“miarHocTHKa MarepiaiiB i KOHCTPYKLiit”).

3.T. Hazapuyk
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EDITOR’S REMARK

The problem of anthropogenic and environmental safety is global for the
development of civilization therefore the developed countries pay primary attention
to this problem.Diagnostics of materials as well as strength and durability calculation
of the elements of engineering structures and also establishing of their serviceability
limits (service life prediction) is an important part of this problem. Such calculations
are based today more and more often on the approaches of physiochemical
mechanics of materials and results of non-destructive testing of damages. These
calculations use a new concept of the loss of structure integrity (fracture): fracture is
a result of cracks initiation and propagation in the material subjected to the effect of
different physical fields and physicochemical factors of environment.

Different imperfections and defects can exist in the material in the as-
received state, appear during its treatment and structural elements mounting or can
develop under operation of structures due to the effect of loading and environment.
Therefore the determination of the real state of defectiveness of the investigated
object is a necessary step of technical diagnostics, which scientific aim is to not
only to detect defects but also to give recommendations on their danger for the safe
functioning of a structural element. This means that modern technical diagnostics
of the most important products and potentially dangerous objects includes anthro-
pogenic monitoring and becomes a requested direction in the field of information
technologies. Thus, intrinsic logic of fundamental investigations development and
also problems of engineering progress require today the formation of the important
scientific discipline — diagnostic of materials and structures.

Considering that separate elements of such discipline are distributed in many
others and also considering the appearance of a number of new synthesized papers
on materials and structures diagnostics, the need arose to present its synthesized
vision within the frames of one handbook. According to the State Standard of
Ukraine 2389-94 — “Technical diagnostics and technical state control. Terms and
definitions” — technical diagnostics means the determination of the object technical
state with a defined (given) accuracy. The authors of the proposed handbook have
concentrated their attention on the scientific bases of technical diagnostics — they
considered its physical grounds, mathematical models, tools and data ware. Here
the branch of science that studies the influence of force and temperature loadings,
physicochemical effect of the environment on structure damaging and change of
the physical and mechanical properties of materials, carrying ability of structures,
is meant first of all. The subject of this field of science is the development of the
methods for objective appraisal of the current and boundary states, the
development of the process of materials and structures fracture and also the
creation of the diagnostic-analytical devices, systems and their software. Such an
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approach emphasizes the importance of considering the changes in the physical and
mechanical properties of structural material itself and the conditions of its
exploitation when assessing its service life. From the very beginning it foresees the
final aim of the defects identification, namely the use of the obtained results as
initial ones for their further application in fracture mechanics.

When preparing the handbook the authors beforehand abandoned the concept
of “safe operation” according to which a product (or a structural element) from the
beginning of its life cycle was defectless and the time of its operation was
determined by the accumulation of different damages (caused by fatigue, creep,
disposed in the material bulk, especially under hydrogen effect etc.) when under
service loading the last ones caused gradual micro-crack initiation. Micro-cracks
are developing with time to macro-cracks that finally cause fracture. The concept
of “safe operation” declares that in the process of the product exploitation the
macro-cracks should not be formed (that is the product is considered to be
unserviceable when a crack of a certain size has been formed). This concept is used
sometimes today. However due to the modern fracture mechanics investigation it is
established that the process of material fracture has its subcritical and overcritical
stage. This means that the operation of the material in the conditions of controlled
fracture is admissible if the critical parameters of defects that characterize its
transition to the overcritical (non-regulated) stage are considered. Such explanation
allows us to pass from the concept of “safe operation™ to the concept of “safe
managing”. The authors of this handbook follow this paradigm. Assuming the
presence of the safe defects this concept is free from many drawbacks that are
typical for the concept of “safe operation” and allows us to find a compromise
between the required quality of the products (safety of the structures) and their
COSL.

Economic and other advantages of the “safe managing” concept cannot be
realized without significant improvement of the role of non-destructive evaluation.
The new concept requires more informative and reliable test methods which would
guarantee quantitative assessing of the material parameters as well as its defects.
Such parameters include the physical and mechanical characteristics, the residual
and induced stresses of material. Also they include the type, shape, dimensions,
localization, orientation and kinetics of defect propagation.

The above presented ideas stipulated the structure and content of the
presented handbook.

In the first volume of the handbook — *“Operational degradation of the
structural materials” (ed. academician NASU Ye.l. Kryzhanivskyi) — the change
of the structural state and accumulation of micro-damage of a wide range of
structural materials under long-term effect of temperature and force factors and
under the influence of service environment that cause the decrease of their physical
and mechanical characteristics. The mechanisms and stages of degradation process
are analyzed, the conditions of its transition from the material to structural
elements are formulated and the necessity of consideration of this phenomenon
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when predicting serviceability of engineering objects under long-term operation is
substantiated.

The second volume of the handbook —*“Mathematical modeling of the
physical field interaction with material defects” (ed. academician NASU
Z.T. Nazarchuk) - is devoted to mathematical formalization of the probing field
interaction with a macro-heterogeneous material. The mentioned interaction forms
the physical base of such kinds of non-destructive evaluation that give quantitative
information on the structural material defects and are the most suitable for further
use in the fracture mechanics.

The monochromatic electromagnetic irradiation in a wide frequency range
(from quasi-statics to quasi-optics) is considered rigorously in the sense of electro-
dynamics and methodically general from the viewpoint of mathematics. Used in
this case the analytical-numerical approach for solving the singular functional
equations is expanded for the study of acoustic and elastic waves interaction with
cone-like defects in piece-wise environment. The diffraction effects and properties
of the scattered fields which are important for interpretation of non-destructive test
data are described. The fundamentals of the algorithms construction, based on the
inverse scattering problems theory, are considered for processing the measuring
data for non-destructive identification of defects. New mathematical models of
photo-, thermo- and acoustic elasticity are proposed. The methods of scalar and
tensor field tomography of defects are described and the use of modern numerical
methods of the stress-strain state analysis of bodies with cracks is illustrated.

The third volume of the handbook — “Monitoring of the stress state of
structural elements using the electromagnetic radiation in optical wave range”
(ed. academician NASU L.M. Lobanov) — presents the description of modern
optical-digital methods for non-destructive evaluation. In particular, a phase-shift
interferometry of the product surface is considered regarding the purposes of
technical diagnostics. Also new methods of electron speckle-interferometry,
shearography and digital image correlation are considered for determining the
residual stresses in the structural elements and evaluating their stress-strain state.
The methods of holographic interferometry for establishing the strength of struc-
tural elements and determining some important for fracture mechanics parameters
are analyzed. The procedures and results of using the infrared tools in monitoring
the stress state of engineering objects are described in detail.

The forth volume of the handbook — “Electrophysical methods of non-
destructive testing of the structural elements defectiveness” (ed. dr. sci.
R.M. Dzhala) - is devoted to description of the physical bases, mathematical
models, methods, means and data ware of non-destructive evaluation of the
structural materials defectiveness. Particularly, some mathematical model of
electrical processes at the metal-environment interface is proposed. This model is
based on macroscopic correlations of non-equilibrium thermodynamics processes,
deformed solid fracture mechanics, and surface physics. The model describes the
energy and capacitance characteristics of the interface layers, contact differences in
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potentials under mechanical stress and electrode polarization to control coatings
adhesion, diffusion, stress relaxation, creep, corrosion properties and determination
of the state of surface layer of metals. The theory and tools of the eddy-current
testing, the corresponding signal transducers and equipment are also considered.

The fifth volume of the handbook — “Acoustic test methods of materials
degradation and structural elements defectiveness” (ed. corresponding member
NASU V.R. Skalskyi) — presents a new approach to diagnostics of the metal state
by ultrasonic methods. It is supposed that the random inverse scattered ultrasound
response, formed as a result of interaction of the sounding field and metal structural
elements, to be used as an information signal. On this basis the technologies of
ultrasonic computer tomography, including new tools and diagnostic criteria
allowing us to obtain the quantitative estimation of the bulk metal damages, are
created.

Also the theoretical bases and methodology of products and structural
elements diagnostics using acoustic emission phenomenon is presented. In
particular, the means of wire and telemetric transfer of information and their use
for assessing the state of crucial industrial objects are described. Much attention in
this volume is paid to vibration-based diagnostics and construction of calculation
models and methods of the analysis of vibration characteristics of turbine rotors
with cracks. Achievements in the field of practical vibration-based diagnostics are
shown. Data on the development of the methods and tools for vibration-based
diagnostics of the state of turbogenerators is presented. Great attention is also paid
here to the vibration measuring means, design and operating of the corresponding
computer systems.

The sixth volume of the handbook —“Electrochemical methods of struc-
tural materials degradation monitoring” (ed. corresponding member NASU
V.I. Pokhmurskyi) — describes the ideas, types and mechanisms of general and
local corrosion including corrosion-mechanical fracture. Also the informative
electrochemical parameters that characterize the intensity of corrosion-hydrogen
degradation of material are distinguished. Electrochemical characteristics of the
interaction of corrosive environment and metal, namely electrode potential, pitting
formation potential, corrosion current, polarization resistance are considered here.
The modern polarization and impedance methods of electrochemical testing
(scanning in particular) are described. Electrochemical methods of monitoring
related with kinetics of their corrosion-mechanical fracture and establishing of its
initial period, using such informative parameters as electrode potential and
corrosion current, are considered in detail.

Much attention is paid here to the accelerated electrochemical methods of
determining characteristics of corrosion fatigue and corrosion-erosion fracture of
structural steels with application of the oxidation charge of the new-deformed
surface, as an informative parameter. Separately the problems of application of
electrochemical methods for assessing the residual life of metal structures are
considered. The use of the electrochemical pulse method employing such infor-
mative parameters as quantity, frequency and pulse amplitudes of polarization
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current is illustrated. The technologies of electrochemical monitoring of organic
coatings protective properties are described and simulation of degradation and
prediction of the life of the “metal-polymer coating” system in exploitation condi-
tions is shown.

The seventh volume of the handbook — “Information technologies of non-
destructive testing” (ed. prof. LM. Yavorskyi) — gives, first of all, the description
of vibration signals from the viewpoint of the theory of periodic non-stationary
random processes and the advantages of such approach to early detection of
rotating system damages is shown. The information technologies of extraction and
working out low-energy pulse signals (flows) are described. Modern specialized
information technologies for processing digital optical images and high-efficiency
approaches to 3D reconstruction of the defect images are considered in detail. The
last are very prospective in creation of the automated systems for analyzing X-ray
photos and surface fractography in laboratory investigations of the damaged
patterns.

The eighth, final volume of the handbook — “Methods for assessing
residual strength and structural elements life by the data on non-destructive
testing” (ed. corresponding member NASU O.Ye. Andreikiv) — presents the
analysis of the methods used for evaluation of strength (residual and long-term
ones) and also corresponding life of structural elements using the data of non-
destructive testing. The methods of determining the residual strength under one-
time loading, residual long-term strength under durable mechanic (static and
cyclic) loading and the action of physicochemical exploitation factors, residual life
time under long-term static and cyclic loading and also the action of the physical
and mechanical exploitation factors are formulated. Their use is demonstrated on
many examples of calculation of the elements of long-term exploitation structures
known in engineering practice.

While preparing the handbook the authors are aware that not much attention
has been paid here to the modern approaches of risk-analysis that alongside with
economic, environmental and other factors are inevitably considered today in final
decision making on the possibility and expediency of extension the service life of
responsible structures. This aspect of technical diagnostics is being now under
constant attention of the scientists and the generalization of the obtained results is
expected.

In general the proposed handbook is intended for a wide range of specialists
— mechanics, materials science researchers, designers, engineers who work in the
field of technical diagnostics, prediction of strength and life of structural elements
and also for students and post-graduate students specializing in “diagnostics of
materials and structures” orientation of materials science,

Z.T. Nazarchuk
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BIA PEOAKTOPA TOMY

TpuBana, BIPOAOBXK NECATKIB POKIB, EKCHIyaTallis MaTepiaiB 4acTo 3YMOB-
THOC 3MIHY IX CTPYKTYPH Ta (i3HKO-MEXaHIYHHX XapaKTepPHCTHK, 110 HeOOXiTHO
OpaT 10 yBaru. oOTpyHTOBYIOYH POGOTO3NATHICTH KOHCTPYKLiH Ha CTamisx ix
MPOEKTYBaHHs! 1 eKCITyaTallii (HANPHKIal, sIK B aTOMHiH eHepreTuui, ae 0608 f3-
KOBO BPaXxOBYIOTh nporH03OBaHi JI0 KiHIIA PO3paxyHKOBOTO TE€PMiHY BIACTHBOCTI
MeTany). 3BificH CTabLIBHICTh i MOHITOPHHT BJIACTHBOCTEH KOHCprKHlHHHX Mmare-
piaiiB ynponoBkK TPUBAJOi eKCIIyaTallii BakJIMBI He MeHIe, 5K i iX pIBEHb Y BH-
XinHomy crani. Ll npobrema ocoGiMBO akTyanbHa Tia 4Yac BHpilUEHHS 3anay
TEXHIYHOTO JIaTHOCTYBAHHS CTaHy KOHCTPYKLUiil, JOBrOBIYHICTb AKMX OIM3bKA 10
NPOEKTHOI 4M 11 nepesuiuye. Bona 3arocTpioeThes 3a aii Ha MaTepian excrutyara-
LifHIX CepeNoBMIL. OCKITBKH BOHH TIOCH/TIONTH HE TiMBKH Aerpajalilo, ane i uyT-
JHBICTh METaANy 10 PyHHYBaHHS.

CTpykTypy ToMy DOPMYIOTh BiCiM OPraHiuHO MOB’A3aHUX Mi%k COBOI0 po3ai-
7B, B nepiuoMy 3 HuX (aBrop O.J1. Ocmaw) posrasHyTo MOHSTTS eKCIITyaTauiiiHol
Aerpajauii marepianiB i KOHCTPYKLIi. AKLEHTOBaHO Ha poni eKcrmyaTauiiinmx
YHHHHKIB (4aCy, TeMIEpaTypH, MeXaHiuHIX HANPYsKeHb, TEXHONOTIYHOTO Cepeno-
BHIIA) B AeTpafallil KOHCTPYKUIHHNX MaTepianiB NOPIBHAHO 3 IX BUXIIHUM CTAaHOM
(nmocTavyaHHS).

Poznain 2 (aBTop O.71. Ocmau) NPHCBAYEHO Nerpasallii amoMiHIEBHX CII1aBiB
aBlalliHOTO Npu3Havenna. IToKasaHo. Wo 3MiHN B TOHKIH CTPYKTYpi LMX CTIaBiB
M Yac TpuBanoi excriyarauii (2040 pokiB) BH3HAYAIOTS iX MeXaHiuHy NOBEIIHKY
| MIKpOMEXaHi3MH pyiiHyBaHHsS. BCTaHOBNEHO pi3HY YYTAHBICTH MEXAaHIYHMX Xa-
PAKTEPHCTHK 10 AeTpanalii aTloMiHIEBHX CIUIABIB JUIs OGLIMBKH (GIO3ENKY i KpHm
TTAKiB | ONUCAHO aHOMAbHY NOBENIHKY (MPOTH BHXIZHOTO CTaHy) JerpasoBaHHX
CNJABIB 32 HU3BKHX TEMIEpaTyp Ta Aii KOPO3MBHOTO cepenoBuILa. PO3rsHYTO eKc-
pec-MeTon ﬂerpa.uaun aJTIOMIHIEBHX CITJIABIiB Yy naﬁopaTOpHm YMOBax.

Y posnini 3 (aBtopu €.1. Kpuxcaniecoruii i I'. M. H:mu(/)opwm) PO3rISHYTO
Aerpajaiiio craaeld KOHCTPYKUiH TpaHCTIOPTYBaHHs Ta 36epiraHns HadTh i rasy.
YkpaiHa € TPaH3UTHOIO AEpPKABOIO, TOMY 30epekeHHs y po0OTO31aTHOMY CTaHi
HaIol TpyOONpPOBiAHOT TPAHCIIOPTHOI Mepeski Mae BelHKe 3HAYeHHs. BUCBITIEHO
MPUHLMIOBI acrieKTH npobieMu: 3MiHa CTPYKTYpH cTaneil Ha HaHO- i MiKpOpiBHi
Ta PO3BUTOK PO3CISHOI B 06’ €MI MeTaly MOIIKOIKeHOCTI. [T M KyTOM OIMHCaHO
MeXaHi3M i cranii ekcrutyarauiiinoi merpapamii crameid, ii BaKOHOMlpHOCTeH pH
UBOMY BHIUIEHO POJIb BOIHIO, YTBOPEHOIO BHACHINOK €IEKTPOXiMIYHOI B3aeMoii
KOPOSHBHOIO CEPE/IOBHUILIA 3 METAJIOM Ta HUM a600p6013aHoro [TopiBHANBHO OLIHE-
HO YyTIMBOCTI Pi3HUX MEXaHIYHHUX Ta I{Op03lPlH0 MEXaHIYHHX BJIACTHBOCTEH /10 Oli-
HIOBAaHHS Jerpajauii merany. OerMO BHCBITJIEHO OCOOJMBOCTI eKCIyaTaliiHOl
Jlerpajialii MeTajly 3BapHHX 3’ €IHaHb, TPYO 3 03HAKAMH BOJHEBOTO MakKpopo3iia-
PYBaHHs Ta BEJIMKOEMHHX pe3epByapiB 30epiranHs HadTH.
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Posnin 4 (aBropu O.3. Cmydenm, I1.B. Scuiii i O.11. Ocmaw) nipucesgeHo
BHCOKOTEMIIEpaTypHiii nerpanaii crajeii TCIUIOCHEPIeTHYHOT 0, HAPTOXIMIYHOrO Ta
METaJlypriiiHoro ycrarkysauns: maporosis TEC, ix ruuis Ta 3BAPHHX 3’ €/IHaHb, Bijl-
MOBiAANBHUX KOHCTPYKIIHHHMX eIeMEHTIR NapoBUX TypOiH (omaTka i auck), KOpIIy-
CY FAPOKPEKiHry HadyTH, a TAKOK POJIMKIB MAIIMH Ge3MEPEPBHOIO INTBA 3arOTOBOK.
Buokpemnero poss IyCKiB-3y[IHHOK TEXHOJIOT1YHOTO NpoLeCy B eKCIUlyaTalliiiHiii
A€rpajalii TerioTpUBKUX cTajeil Ta (paxrorpadiuni acnextu PYHHYBaHHS.

ABtopu I M. Hukughopuun i O.3. Cmydenm y posnini 5 aHAT3YIOTh HACIIKH
Aerpazauii npodiabHuX METATOKOHCTPYKLIii, €KCIUTyaTOBaHMX 33 yMOB atmocdep-
HOTO BITMBY. Po3risinyTo MerasneBmit npokat enemenTis CITKOBHX Tinep6oioinHux
BEI, CKCIUTyaTOBaHHHl IIOHAaJ CTO POKIB, POIH MOPCBKOI aTMochepH B nporecax
MOro sierpanariii ta (bpakTorpadiuni o3Haku, Mo’ s3ani 3 ACTPa/ialli€l0 CTApOBHHHUX
craneit. [lpunineno ysary ocobnuBocTsm Jierpajiauii MeTaxonpokaty pI3HOTO BHjIY
MiAIAMaTbHO-TPAHCTIOPTYBAILHUX MEXaHI3MIB (30Kpema, I cKMamyBaHHS HacHII-
HOI CUIbCBKOTOCIIOAAPCHKOT MPOJYKIIi Ta BaHTAKHHX MOPCBKHX TOPTOBHX KOH-
CcTpyKiiii). TyT, ocoGnuBy posis Binseneno TPHBAJIIOMY IHKJIIYHOMY HaBaHTAXKEHHIO.

Y posnini 6 (asrop I7.B. Scnii) PO3ITISIHYTO OCHOBHI YMHHHMKH, 11O BILIHBA-
I0Th Ha €KCIUTyaTauidHy aerpajauiio crajieii i 3BAPHUX WIBIB KOPIYCIB aTOMHMUX
peakTopiB. OcobnnBO minKpecieHo BruHB BMICTY OMILIOK i OKpemux JIeryBaiib-
HUX €IEMEHTIB Ha nepebir pamiauiiinoro OKPUXYCHHS MaTepialiB KOPIyCiB peak-
TOPIiB Ha MiNSHII aKTHBHOT 30HM, a TAKOK [I0ZIaHO OCHOBHI (hOpPMy/IM Uit OLiHIO-
BaHHS pajiialifHOro OKpHXuYeHHs MarepiaiB i 3BapHMX ILBIB. [Ipoanamnizosano
OCHOBHi BHIAJKH €KCTLTyaTaLiiHOTO PO3TPICKYBaHHS eeMeHTIR KOpIIyCiB peakTo-
PiB Ta KOJNEKTOpIB nmaporeneparopis AEC.

Y posnini 7 (aBrop O.I7. Ocmaw) nokasano, wo 3mina CTPYKTYpPHO-MeXxa-
HIYHOTO CTaHy AerpasoBaHuX MaTepiaiiB 3yMOBIIOE MOMKIHMBICTh OLIHIOBAHHS X
CTYTCHS Jerpajauii 3a KOPEMsUiHHUME 3a1eXKHOCTIMH Misk napamMeTpamMH MiKpo-
CTPYKTYPH, MEXaHIYHHMH i CTPYKTYPHO-4y TAHBHMH bisnunumu, dizuko-xiMiynu-
MM Ta IHITMMH XapaKTepHCTUKAMH MaTepianis. HaBexeno npukmamu, xomu Taki
3aJ1eXKHOCTI U1 JIeTPaIoBaHKX ATIOMIHIEBHX CILIABIR I TEIUIOTPUBKHX cTasteil Kap-
AUHATLHO BIAPISHAIOTBCS Bifl BCTAHOBICHUX JUIS BHXIHOTO CTaHy (mocTayamus)
LUHX MaTepiaiB.

Posnin 8 (aBrop O.IT. Ocmaw) MPHUCBAYCHO BU3HAYCHHIO KPHTEPIIB MEpeXoy
BiZl cTafii merpanauii MaTepianiB 10 cragii Aerpazauii enementis KOHCTPYKILiH.
PosrisiHyTo nurtanms ix CKCIUTyaTalii 3a MPUHLMIIOM JOMYCTHMOT MOIIKOYKEHOCTI
Ta aKLICHTOBAHO MPH LIbOMY HAa HEOOXIiAHOCTI BPaXyBaHHs eKCILTyaTaliiiHOT merpa-
nauii MarepiamiB mig yac MPOTHO3YBAHHS 3AJTMIIKOBOTO PECYpCy eJIeMEHTIB KOH-
CTPYKILiii.

ABTOpPH BHCIIOBIIOIOTH NOJAKY 3a CHIBNPAIIO Y MOJAHUX HAayKOBHX JOCIHi-
JUKCHHAX Ta JIONOMOTY Yy MiArOTOBLI PYKOIHCY LBOTO TOMY JOBIZHHKOBOTO TOCi6-
HHKa JIOKTOpY TexHiYyHMX Hayk [I.0. Mapymaxy ta xaHmHzatam TexHiuHmX HayK
J1.O. Ba6iro, IO. B. ["onoBatroky, M.I. I penins, I'.B. Kpeukoschkiii Ta P.B. Yenimo.

€.1. Kpuscaniscoruii

18



FROM VOLUME EDITOR
R T e e A T B W S e o o]

Long-term, during decades, exploitation of materials causes often a change
of its structure and physical and mechanical characteristics as well what should be
taken into consideration at a ground of workability of constructions at the stages of
design and service (for example, in nuclear energy where predicted to the end of
designed term the metal properties are required for taking into account). Therefore
a stability and monitoring of properties of structural materials during its long-term
service are important unless than its level in as-received state. This problem is
especially actual at a solution of the tasks of technical diagnostics of a state of
constructions, which lifetime is closer or exceeds design one. It becomes pointed at
an action of exploited environments on material since they intensify not degra-
dation only but also a sensitivity of metal to fracture.

Eight organically connected between itself chapters form a structure of the
volume. In the first one (author O.P. Ostash) a concept of in-service degradation of
materials and structures is considered. A role of the exploited factors (time, tempe-
rature, mechanical stresses, technological environment) is drawn in a degradation
of structural materials in comparison with its as-received state.

Chapter 2 (author O.P. Ostash) is devoted a degradation of aluminium alloys
of aircraft purpose. It is shown that a changes in fine structure of these alloys
during long-term service (20...40 years) define its mechanical behaviour and
micromechanism of fracture. The different sensitivity of the mechanical characte-
ristics to degradation of aluminium alloys is established for fuselage skin and plane
wing and abnormal behaviour (in comparison with as-received state) of degraded
materials at low temperatures and an action of corrosion environment is described.
The express-method for a degradation of aluminium alloys in-laboratory conditions
is considered.

Degradation of steels of constructions for transportation and storage of oil and
gas is considered in chapter 3 (authors Ye.l Kryzhanivskyi and H.M. Nykyforchyn).
Ukraine is transit country, therefore a saving of our pipeline transport network has
important meaning. The principal aspects of the problem are lighted up: change of
structure at nano- and microlevel and a development of dissipated of in-bulk material
damaging. The mechanism and the stages of in-service degradation of steels, its
peculiarities are drawn under this angle including a role of hydrogen, generated as a
result of electrochemical interaction of corrosion environment with metal and its
absorbed. The comparative evaluation of a sensitivity of the different mechanical and
corrosion-mechanical properties concerning an assessment of metal degradation. The
peculiarities of in-service degradation of weld joints metal, pipes with features of
hydrogen macrodelamination and big volume storage of oil are clarified separately.
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different type lifting-transport mechanisms (namely, for storage poured agriculture
products and cargo sea port constructions). Here, in the first turn, the especial role
long-term cyclic loading is taken.

The main factors which effect on in-service degradation of steels and jts
welds of nuclear reactor shells are considered in the separate chapter 6 (author
P.V. Yasniy). Influence of the impurities content and Separate alloyed elements on
the motion of radiation embrittlement of the reactor shell materials in active zone

dation level on the base of correlation dependences between the parameters of
microstructure, the mechanica] and structural sensitive physical, physicochemical
and other characteristics of materials. The examples are given when such depen-
dences for degraded aluminium alloys and heat resistant steels are different cardj-
nally in comparison with the established ones for these materials in as-received
State,

Chapter 8 (author O.P. Ostash) is devoted a determination of the criteria of
transition from the stage of material degradation to the stage of degradation of
structural elements. A matter its exploitation due the principle allowed damaging is
considered and it is accented her on a necessity of a taking into account of in-ser-
vice material degradation at a prediction of residual lifetime of structural elements.

Authors express thanks Ds. P.O. Marushchak and PhD L.O. Babiy, Yu.V. Ho-
lovatyuk, M.I. Hredil, H.V. Krechkovska and R.V. Chepil for the Co-operation in the
presented investigations and a help in a preparing of manuscript of this volume of
engineering handbook.

Ye.l. Kryrzanivskyi
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PO3/11 1

3ArAllbHI OCHOBM EKCINITYATALIUHOI
AErPALALII MATEPIANIB

1.1. ToHATTA ekcnnyaTauitHoi gerpagauii martepianis
| KOHCTPYKLIN

CrBOpeHHsA KOHCTPYKIIiH, CIOPYA Ta MaIlIMH nepeadayae TPH €TarHu iX XKHUT-
TEBOTO LMKJTY: NPOCKTYBAHHs, BUPOOHHUTBO Ta ekcrulyarauiro. Ha mepmomy 3a-
NIeHKHO BiJl NPH3HAYEHHS PO3POOGISIOTE KOHCTPYKIiIO BHPOGIB Ta iX €1eMEHTIB,
OLIHIOIOTh iX HAaBaHTAXEHiCTb, PO6OYi YMOBM Ta, BHKOPHCTOBYIOYHM OBiIHHKH,
BH6HP8]0TB KOHCTPYKLUIHHI MaTepiany, sIKi MOBHHHI 3abe3nedyBaTH po6OTO3xAT-
HICTb, HalINHICT i IOBrOBIYHICTH (3a7aHuii pecypc) MX BHPOGIB.

Ha erani BupoOGHHMITBa BHOMPAIOTH TEXHOJIOTIIO BHTOTOBJICHHS EJEMEHTIB
KOHCTPYKLIiH, sika 3abe3neuye iX fAKiCHi MOKa3HHKH, 30KpeMa, Hamepe]l 3a/aHi Bia-
CTHBOCTI KOHCTPYKLIHHHX MaTepiaJIiB Ta BIJICyTHICTD TEXHOJOTITYHHX netbeKTiB
KoHCTpyKUii. TyT BaX/MBY posib Bilirpae TeXHi4Ha AiarHOCTHKA MaTepialliB i KOH-
cTpykuiii. Ii meTomu Ta 3aco6u nobpe Binomi [1, 2], KOJAH KOHTPOMIOIOTH AKICTH
HaniB(abpukaTiB i BUPOGIB Mmicis TepMOOGPOOKH Ta HIIMX TEXHONOr YHHX onepa-
Lii, @ TAKOX BUABNAIOTH TEXHONOTIYHI e)eKTH Y 3BAPHHX, MASHUX, KICCHUX BH-
pobax 3 MeTaniyHuX i KOMINO3MLIHHHX MaTepiajiB, BHOPAKOBYIOUM iX 3 MOJANb-
LIOr0 BUKOPUCTAHHS.

ITix yac excrutyarauii posb TeXHIYHOI JiarHOCTHKM CHOTOHI 3BOJUTHLCH B
OCHOBHOMY JI0 BUSABIICHHS 1| MOHITOPHHIY PO3BHTKY Ae(eKTiB THIMy TpillMH, 3y-
MOBJICHHUX BIUIMBOM excnnya*rauiﬁnnx YMHHMKIB, KOJTH PO3MipH LHX JAedekTin
3HaYHO (Ha MOPANOK i Ginblue) nepeBHUIyE CTPYKTYpHMii mapameTp MaTepianiB
(Hampukiaz, pozmp 3epHa). ToOTO 32 cBOEIO NPUPOIOIO — 1€ MaKkponedeKTH, SKi
BU3HAYAIOTh IHTETPAJIbHI BIACTHBOCTI €JIEMEHTIB rconcmpyrcum

IIpote 11e 3a10Bro 10 NosABM TakKX AedeKTiB Iij yac eKcruTyaTanii BiaGysa-
IOThCA 3MIHH B KOHCTPYKUIHHUX MaTepiaiax Ha MiKpOCTPYKTYPHOMY piBHi — T. 3B.
IX ;erpajauis. AJe y3aralbHIOBaJIbHI pe3yJIbTaTH JOCIiKEHb 1€l npobieMn Bu-
CBITJIEHI 1€ HEAOCTATHBO, MPOAHANI30BAHO JIMILE Okpemi ii acnektH [2—6], a
CyYacHi HOPMATMBHO-TEXHi4HI JOKYMEHTH, SIKi PErJaMeHTYIOTb OCOGIMBOCTI
TEXHIYHOI JIaTHOCTMKM MaTepiamiB i KOHCTPYKILiH, He PO3r/IsSHAOTh 1e MUTAHHS.
TexuiuHi i rpaHMYHI CTaHN €IEMEHTIB KOHCTPYKILIil ONiHIOIOTH 3a pe3yabTaTaMu
AePEKTOCKOMIYHOTO KOHTPOIIO i XapaKTepUCTHKAMH KOHCTPYKLiMHUX Marepianis,
OTPUMaHMMH Ha eTani BUPOOHMLITBA, TOOTO 6e3 ypaxyBaHHs; 1X eKcIulyaTtauiiHoi
Aerpanauii. e npu3BOANTL 10 HEAOCTORIPHMX OLIHOK 3AIMIIKOBOTO Pecypey elle-
MEHTIB KOHCTPYKILiH i 3pOCTaHHS PU3MKY iX pyiHYBaHHS.
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PO3/1J1 1. araneHi ocHOBW ekcnnyaTauiinHol Aerpagauil martepianis

HanifiHo ouwiHMTH Lel pecypc MOKHA TifbKH 3a XapakTepucTuKamu (Mitl-
HICTIO, BUTPMBAJICTIO, TPIlIMHOCTIHKICTIO TOLIO), 1110 BJACTHBI KOHCTPYKLIMHUM
MaTepianam y 3aZaHuii MOMEHT yacy iX cyx6u. Tomy HeobxinHo 3HaTH Monpas-
KOBI KOe(iUieHTH, 5IKi BCTAHOBIIOIOTH, HACKUIGKH 3MiHMTHCA Wi XapaKTePUCTHKH
NPOTH BUXiAHMX (y MaTepianax y cTaHi ImoctayanHs).

OTxe, OUIHIOIOYH TEXHIYHHH CTaH i 3ATHIIKOBHIA pecypc 06’ €eKkTiB TpuBasoi
€KCILTyaTallii, HeOOXiAHO PO3PI3HATH MOHATTA JAerpagarii KOHCTPYKUIAHUX MaTe-
piajiB 4 eneMeHTiB KOHCTpyKUil [7]. Jezpadayis KOHCMPYKyitiHo20 Mamepiany —
e 3MIHM MiJ Yac TPHMBANOI eKCILTyaTawuii #oro CTPYKTYPHO-(a30BOro craHy i
HAKOMUYEHHs MIKPOCTPYKTYPHOI PO3CisiHOT molukomkeHocTi (nop, MIKpOTPIlLKH
TOIO), 1O 06yMOBJIIOE 3HWKEHHS (DYHKLIOHAIBHUX (cimyx60BHX) XapaKTepUCTHK
marepiany.

Heepadayis enremenma konempyryii — e (hopMyBaHHs J10KaIbHHX MaKpo-
CKOMIYHMX KOpO3ifHMX (3arajibHa i MiXkKpuCTaniTHa KOpO3isl) Ta MeXaHiYHHX |
KOPO3iHHO-MeXaHiYHNX (MAaKpOTPilMHK) aedekTiB, sKi 3YMOBJIIOIOTh MaaiHHs
Horo Hecyyoi 31aTHOCTI. OUiHIOIOTE 1€ ABUIIE METOAAMH i 32C06aMMu nedhekTocko-
nii, To6TO BCTAHOBIIOIOTE MICLIE3HAXOMKEHHA, KUIBKICTD i po3mipu aedexTis,
Hanani neski 3 HUX ycyBaroTh mij yac PEMOHTY, a iHIlIi BpaxOBYIOTh, BU3HAYAIOYH
Harnpy>KeHO-1eOPMOBAHHH CTaH elieMeHTa KOHCTPYKIIi 3 TPIlMHO i Horo 3a-
JIMIIKOBHIA pecyps. Meronu aedektockonii npu upoMy aHanoriyui tum [1, 2], axi
3aCTOCOBYIOTh Ha €Tari BUPOOHHMIITBA €1€MEHTIB KOHCTPYKLIi. X0ua iX Ha CbOroa-
Hi IHTEHCMBHO PO3BMBAKOTh | BAOCKOHAMOIOTh, 1O BIOOPAXEHO y HACTYIIHUX
TOMax MociOHHUKa.

Excrutyarauifiny nerpanauiio KoHCTpyKuifiHux MaTepianis, ska 3a1eKHTb Bi
TeXHOJIOrii iX BUPOGHMLTBA i yMOB eKCIuTyaTalii (XapakTepy MeXaHiYHUX HaBaH-
T&KCHB, NPUPOJH EKCIUIYaTaLifHOrO CepENOBHINA TOLIO), OLHIOKTh PYIfHIBHHMH i
HepyHHIBHUMH MeToaamu. [TepiiumMu Ha OCHOBI BUNPOOYBaHb T. 3B. 3pa3KiB-CBIIKiB
4H 3pa3sKiB, BUPI3aHUX 3 TPUBAJIO EKCIUTYATOBAHHX CJIEMEHTIB KOHCTPYKILii, BU3Ha-
HaIOTh ICTHHHI PECYPCHI XapaKTepUCTHKH MarepiajiB i BiANOBiAHI MonpaBKoBi Koe-
OILEHTH JUISL PO3PaxXyHKY 3aJHMLIKOBOrO pecypcy. KpiM 1poro, Ha BianoBigHux
371aMax 3paskiB BMUBYAIOTL MIKpOMEXaHi3MM pyFHHYBaHHS, a Gi3nyHUMKH MeToamMK
MIKPOAHaNi3y CTPYKTYPHO-(Da30BOroO CTaHy BCTAHOBJIOIOTH MPUYUHKU 3MIHM MeXa-
HIYHMX XapaKTEPHCTHK | MEXaHi3My pyiiHyBaHHS.

Y baratbox BuMaAKkax ueil MiIXia 3acTocyBaTi npoGieMaTHYHO, OCKiIbKH
BHNPOOYBA/bHI 3pa3KH HEMOXIIMBO BHPI3aTH 3 AiH0YOro 06MafHAHHS. Lle moxHa
3AIACHATH TINBKM NIl 4ac PEMOHTY i 3aMiHH eleMeHTa KoHCTpykuii. [TpakTuky
3pasKiB-CBI/IKIB 2aCTOCOBYIOTH PifkO (HAMPHKIAA, B ATOMHIl €HepreTuui), npu
U50MY 32 BIACYTHOCTI BIUIMBY €KCILTyaTalliliHOrO MEXaHIuHOro YHHHHKA BOHH He
A2F0T 3MOTH JIOCTOBIPHO MOJENIOBATH peanbHuil cTan Marepiani. ToMy BikiBa-
fOTB HEPYHiHIBHI METOAM NiarHOCTHKH CTaHy MatepialliB, 30kpema meTtanorpadiio i
CTyKTYpOockonito. CTpyKTypOCKORis — L OLiHIOBaHHS MIKPOCTPYKTYPHHX | Mexa-
HIYHHX MapaMeTpiB MaTepiaiis 3a BUMipamy ix CTPYKTYPHO-UYYTIAUBUX (PI3HYHUX |
D13UKO-XIMIYHHUX XapaKkTepHCTHK. Takuil miaxix 3ne6inpi SAKICHUH, a 1781 KiJbKic-
HHX OLIHOK HEOOXiZHO BCTAHOBJIIOBATH KOPENSLiHiHI 3aMeKHOCTI MK LIUMHU napa-
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1.2. TepmoauHamika chopmyBaHHA maTepianie nig 4ac ix eupobHuyTEa

MeTpamu MatepianiB. IIpu 1bOMy cTpykTypocKomis Bifgirpae ocoGiuBy poib ajs
MOHITOPHHIY Jerpajalii BJaCTHBOCTEH MaTepialiB y KOHCTPYKLISX TPHUBAJIOI eKc-
njyatauii 1 BCTAHOBJEHHI MEPIOAHYHOCTI X KOHTPOJIIO 1€ 3aJ0Bro A0 MOsABU
MaKpOoAe(EKTIB, L0 A€ 3MOI'Yy OUIHWTH MOLIKODKEHICTL BUPOOIB HA paHHIX CTa-
nifgX, TOOTO 3MEHLIYE PU3HUK iX pyHHYBaHHS.

TaxuMm ynuHOM, HiarHocTHKAa MarepianiB nepeabavyae BCTAHOBIEHHS KOpeEs-
WIHHKX 3a/Ie)KHOCTEH MK CTPYKTYpOIO, MEXaHIYHUMH XapaKTEPUCTHKAaMH | po3-
CifiHOI0 B 00’ €Mi MiKpOMOLIKODKEHICTIO MaTepiasiB, 3 0AHOro GOKy, Ta 1X CTPyK-
TYPHO-YYTIHBUMH QI3UYHUMH | Pi3HKO-XIMIYHUMH BJIACTHBOCTAMM — 3 IHILOTO, a
TAKOXK po3pobieHHs 3aco0iB s BHABICHHS LMX 3B'A3KIB (3acobie cmpykmypo-
ckonii [2]).

JliarHocTHKa eNleMeHTIB KOHCTPYKLIi nepeadavyae BCTaHOBAEHHS 3aJ€KHOC-
Tel M napameTpaMu Gi3UUHUX TONIB y TBEPAUX Tinax Ta (OPMOID, PO3MIPOM i
MICLIE3HAXO/UKEHHAM MaKpoAe(eKTiB B €leMEHTaX KOHCTPYKLiH, a TAKOXK po3po6-
NieHHs 3aco0iB 115 BUSABIEHHS KX 3B’ A3KiB (3acobie deghexmockonii [1, 2]) i npo-
THO3yBaHHsS Ha LI OCHOBI 3alHIIKOBOTO Pecypcy KOHCTPYKLIiiH 3 ypaxyBaHHSIM
eKCIUTyaTaliiiHol aerpaaauii KOHCTPYKIIHHUX MaTepiaiB.

1.2. TepmoauHamika chopmyBaHHs maTepianie
nig Yac ix BUpobHuuTBa

BracTuBOCTI KOHCTPYKUIHHNX MaTepiaiiB 00yMOBIIEH] X XIMIYHAM (KOMMO-
HEHTHUM) 1 (pa3oBUM CKJIALOM, a TakoxK mopdonorielo ctpykTypH (hopmoio, pos-
MIipOM | pO3TallyBaHHAM CTPYKTYPHHX €JIEMEHTIB MaTpuili i BTOPHHHHMX (a3).
Crpykrypa matepianiB i X ¢a3zoBuii cknan GopMyroTeCs MiJ Yac KpucTanizanii 3
PO3MJIABY UM CITIKAHHS METOIAaMH MOPOILIKOBOI MeTanyprii, a TakoX TepMoMexa-
HiYHOT 06pOOKH (Ba/bLIIOBAHHS, KYBaHHs, IITAMIIYBaHHS TOLIO) NPH BUTOTOBJIEHH]
HaniB(aOpukaTiB i niJ yac TepMiuHOi 0OpoOKH rOTOBUX BUPOGIB. 3aKOHOMIPHOCTI
LMX MpPOIECiB BU3HAYAIOTH JiarpaMHu CTaHy METaliyHMX CruaBiB. Y pesyabTaTi
BJIACTHBOCTI MaTepiaiB 3a/eXkaTh Bifl CTPYKTYPHO-MEXaHIUHHUX 1 (PI3UKO-XIMIYHUX
napamMeTpiB METajJeBOi OCHOBH (MaTpHLi) Ta METAIypriiHMX BKIOYEHb (CyJibdi-
1B, pochIIB, OKCHAIB TOLLO), @ TAKOK BTOPUHHUX (a3 (IHTepMeTaNiAiB, KapOILiB,
KapOOHITPH/IIB TOLIO), SIKI YTBOPIOKOTHCS MiJl Yac LUX MPOLECIB 3riAHO 3 Aiarpama-
mu crany. Lli aiarpamu GyayroTh 3a TEpMOJAHHAMIYHHMH 3aKOHAMH PiBHOBAXKHHX
cuctem [8], 6asyrounce Ha npasui das ['i66ca

A (1.1)
1€ ¢ — yIIBKICTh CTyneHiB cBoOo/M cucteMu; f i k — KiIBKICTh (a3 i KOMIIOHEHTIB, a
TaKOK Ha TEPMOJMHAMIYHOMY TOTeHLiadi (BiTbHIH eHeprii ['160ca)
G=U-TS+PV, (1.2)
ne U — BHYTpilLHA eHepris cucteMu:; T — abcomoTHa Temneparypa; S — eHTporis;
P — tuck; V — 06’em. Tlin yac noBy1oBu Aiarpam crtaHy TepMOAHHAMIYHUI NOTEH-

iaa pIBHOBaXHUX CHUCTEM NMOBUHEH OyTH MiHiManbHuM. [ MeTaniB BiH € QyHK-
Li€0 TEMNEpaTypH, a Ui CIUIABiB 3aJIeKUTh HE TUIBKH BiJl TEeMIepaTtypH, a i Bix
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PO3[IN 1. 3aransbHi ocHoBU ekcnnyarauiiHoi aerpagauii matepianis

KOHUEHTpalll 1X KOMIOHEHTIB. OCKiIbKH B METalyprii CruiaBiB 3a3BM4aii MaoTh
CIpaBy 3 PIAKUMM i TBepaAMMHE (ha3aMu 3a OCTiiHOro aTMOC()EPHOTO THCKY, TOMY
B YMOBaX TepMOAMHAMIYHOI PiBHOBArM METaliYHMX CILTIABIR MIHIMAJTBHOK MMOBHH-
Ha OyTu BiNbHa eHepria [ensMronmia

F=U-TS, (1.3)

a npaBuJIO a3 Mae BHIIISI
c=f-k+1. (1.4)
3 TepMOAMHAMIKH, a Tako MPaKTHYHOIO JOCBiAy BiZOMO, 1O 6yab-sKka
ONHO(a3Ha PiBHOBaXKHA CHCTEMA MOBMHHA OyTn romorensomw. Ile BiI0yBa€eThCS
BHACIIIIOK IepeMilleHHs (mndys3ii) aToMiB KOKHOrO KOMIOHEHTa i3 30H Mi1BHLIIE-
HOT KOHUIEHTpPAMLIl B 30HH 3 HIKYUM ix BMICTOM, i Ui nmpolec Takox TEPMOAKTH-
BOBaHMH. ToMy Ha mpakTuui MeTaniuni cruiapm OTPUMYIOTh, PETyJIIOIOYH TeMIepa-
TypY Harpisy Ta IIBHAKICT OXOJOIKEHHS. 3aNexHO Bim XiMmiuHOro CKIIamy

(opmyroTs 3anannii dazosuii cxiax i MOPMOIIOTiI0 CTPYKTYPH, 5Ki BH3HAYAIOTH
hi3uuni, XiMiuHi i MexaHiuni BracTHBOCT] CILIaBIB.

1.3. BnnuB ekcnnyaTtauitHMX YUHHUKIB Ha CTPYyKTypy
i BnacTusocTi KOHCTPYKUIWHMX MaTepianis

Ha Biaminy Bin cranii METanypriiHoro BUpoOHUIITBA, i yac eKcIuryaTarii
Ha MeTal Nil0Th JOJATKOBI YHHHHKH, SIKi 3MIHIOIOTH HOTrO TepMOAMHAMIKY, 110
TNIPU3BOIUTE 10 HOBHMX 3aKOHOMIipHOCTEN TpaHcdopMmanii CTpykTypu MaTepiaiBb
MPOTH iX BUXIZHOTO CTaHy (mocravanns). Y Nepiry 4epry — ue Jis 30BHIlIHIX Me-
XaHIYHUX HABAHTAKEHb i TPUBANHIA yac eKCIuTyarauii. 30KkpeMa, MexaHiuHi Hanpy-
XKEHHA 1 fedopmanii 3MiHIOIOT BiJIbHY €Heprilo CIUIaBiB, a TAKOMNK andysiiiui npo-
uecH [9, 10]. 36inbwenns Tpusaocri €KCILTyaTauii (T) 3riHo 3 BioMum napamer-
pom Jlapcona-Mimepa [11, 12]
P=T(C+Ilgr), (1.5)
ne C — KOHCTaHTa Mmarepiajy, aHaJIOTiYyHe BIUTHBY MiABHUILEHHS Temneparypu (7),
TOOTO TaKOX 3MiHIOE TepMOAMHAMIYHUiL noreHuian I'i66ca. Hanpuknan, TpHBaja
s MEeXaHiYHHX HaNpyKeHb, sKa aKTHBY€e aH(QysiitHi nmpouecu, 3a TeMIeparTyp
540...560°C 3ymoBTI0€ B cTamsix TNapOrOHIB PO3Maj NEPITY, IO B3arai He nepesu-
bavaiots niarpamu crany TEIJIOTPUBKUX CTasIeH.
Ha Ttpancdopmaniro Buxignoi CTPYKTYpH METaliYHHUX MaTepiajiB BILIHBA-
FOTh TaKOX iHII eKCIIyaTaliiHi YHHHUKH — BOJICHBBMICHI cepeioBumIa i pajia-
LiiiHe onpominenHs. BomeHs — MPaKTHYHO MOCTIHHHH CKIAJHMK TEXHOIOrIYHUX
CCPEIIOBHIN HA €Tanax BUPOOHHUTBA, 06pPOGIEH S Ta eKCIUTyaTauii KOHCTPYKIiii-
HUX 1 QyHKUioHanbHuX Matepianis. Ha [IEpUIOMY i ApYromy Horo mpHMycoBo
BHAAIIIOTH 3 MeTally (BaKyyMyBaHHS CTajeil, ix NpoTH(IOKeHHa 06po6Ka). ITpore
MiJ{ Yac eKCIULyaTawii, BOJOIiI0YH 0CO0JIHBOIO aTOMHO-MOJIEKYJIAPHOIO OYI0BOIO i
}i3uKo-xiMiYHIMH BJIACTHBOCTAMHM, BOJEHb B3a€EMOJIE 3 MeTalaMH i 00yMoBIIO€
¢opmyBanns ix hazosoro CKJIaJy, KIHETHKY (ha30BHX MEPETBOPEHb 1 CTPYKTYpO-
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YTBOPEHHA, 0co0MMBOCTI iX aedopMyBaHHS | pyiHyBaHHs, 30Kpema, BOAHEBY
Kpuxkicts [10, 13-17].

BombapayBsanns wBHakuMu yacTHHKaMK B aTOMHHX PeakToOpax TaKoxk Cripu-
“MHSAE CYTTEBI 3MIHM BRacTHBOCTel MaTepianis [18]. 3 YCIX BHAIB L€l iT (HeiTpor-
He, O-, 3- i Y-BHIIpOMiHIOBAHHS) HalcUIbHIlA 3a HEHTPOHHOTO ornpominenHs. Kon-
CTPYKIifiHi MaTepianu 3a BryMBY pagiauiitnoro CEPEOBHULIA 3a3HAIOTH MEPETRO-
PEHb, SKi HEraTHBHO MPOSBIAIOTECS Y iX poborosaatHocTi. Paniauiiini nowkomkeH-
Hil — LIg, y nepuly uepry, Ae)eKTH KpHCTAIIYHOT I'PaTKH 3 YTBOPEHHSM JIOKAIbHUX
00’€MIB 3 BUCOKOIO KOHUEHTPALI€I0 BAKAHCIH | MiABHILEHOIO I'YCTHHOIO MIXBY3J10-
BMX aTOMIB. 3a HM3bKOTEMIIEPATYPHOTO ONPOMIHEHHS (HHXKYe TemnepaTypH peKpu-
cramisauii) MeTan 3MilHIOETbCS, MpOTE BTpAa4a€ MIACTHYHICTbL | B'A3KIiCTb, TOOTO
CTa€ CXUIILHUM 210 KPHXKOTO pyitHyBaHHs. BucokoremneparypHe onpomiHeHHs cTH-
MyJIto€ 1uQysiiiHi npouecu, 1o enpuse posnaty [IEPECHYCHUX TBEPAHX PO3YMHIB
(cTapintio) [9). AkTuBizauis audysiiiux MPOLECIB 3yMOBIIIOE 1OB3YYiCTh i 3HUIKEH-
HS KapOMILIHOCTI MaTepianiB, a BakaHciiii MOPH CIIPUSIOThL OMITHOMY 30iblLeH-
HIO X 00’ €My — sBHILe pajiauiiinoro po3nyxanns [18].

Takum unnom, okpema abo cymicHa ais Takux EKCIulyaTauliiHUX YMHHHUKIB,
SIK T/BMILEHA TEMIIEpaTypa, MeXaHiumi HaMpy>XEeHHs, Yac, BOAEHBEBMICHE TEXHOJ10-
rivHe cepesioBHIIe, pamiamiiiHe ONPOMIHEHHS MOKe 00YMOBIIOBATH 0cobMBy Tep-
MOJIMHAMIKY NpPOLIECIB CTPYKTYPOYTBOPEHHS METANIB | CrIABIE. 3okpema, iHTEeHCH-
dikyioTees mudysis i nepeposnonin JETYBaNbHUX €JIEMEHTIB, 3MIHIOIOTLCS 3aKO-
HOMIpHOCTi (ha30BHX mepeTBOpEHD, 3pocTac CrMOTBOPEHHS KPUCTANYHOT IpaTkw,
TPaHC(HOPMYETLCS AUCITOKALiITHA CTPYKTypa Towo. Lle cnpuunnse 3miny ix ¢izu-
KO-MEXaHIYHHX BIACTMBOCTEH, 5IKi BOHH MaloTh Y BHUXIIHOMY CTaHi, y TOMY 4ucii
IX noripuents, To6To Aerpajauiio. Tomy B ocTaHHI AECATHINITTS IHTEHCHBHO po3-
BHBAETLCSl HOBHH HAMPSMOK y MaTepiailo3HABCTBI — BUBYEHHS BIACTHBOCTEH KOH-
CTPYKUIHMX MaTepialliB nic/is J0BroTpusaioi €KCIUIyaTallii, OCKiJIbKH X CTPyKTY-
pa Ta Gi3HuHi i MeXaHiYHi XapaKTePHCTHKH, a TaKoK B3a€MO3B’ 30K MK HMUMH
CYTTEBO BI/PI3HSIOTHLCA Bifl BCTAHOBNEHUX BHXIZAHOMY CTaHi (mocTauaums), 30-
KpeMma, Iicjis TepMiuHOro o6pobieHHs,

Hikye npoananizosano 3akonomiprocri Jerpajauii aqtoMiHIEBHX CIUIABIB i
CTanei Ta X 3BapHUX 3’€IHAHL PI3HOTO MPU3HAYEHHS, MEXaHi3MU i CTanilHICTh
UbOro npouecy, Horo eKcrnepuMeHTaabHe MOJEIIOBANHS B nabopaToOpHUX yMOBaX.
3anpornoHoOBaHO METOAM OLIHIOBAHHS Aerpazauii marepiajais y pi3HUX elemMeHTax
KOHCTPYKIUIH pYHHIBHUMM METOAaMHM Ta ii MOHITOPHHTY HEPYIHIBHUMH 3a 3MiHOIO
CTPYKTYPHO-UYTAMBUX (I3HYHUX XapaKTePUCTHK MaTepiais. Cdopmynbosano
YMOBH Nepexoay BiA cTanii rerpagauii matepianis 10 cranuii aerpagauli eJqemMeHTiB
KOHCTPYKLiH Ta oOrpyHTOBaHO HeoOXimHiCTh YpaxyBaHHs jerpajauii marepianis
MiZ Yac NpOrHO3yBaHHA POGOTO3AATHOCT] ENEMEHTIR KOHCTPYKLi# 3a 10BroTpusa-
JI01 eKCIUTyaTalii.
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