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AHHomayus. B 0630pe U310KeHbl METO/bI HCIBITAHUH HA KOPPO3UOHHOE PACTPECKUBAHUE, KOTOPBIE PEATHU3YIOT PA3IMUHBIE YCIOBHS HArpy>KEHUs
00pas3110B: PH OCTOSIHHON CTaTHUECKOM HArpy3Ke WK Ae(OpMaLMH; IPU ITOCTOSIHHOM MIIM BO3pacTalolliei Harpy3ke 00pasiioB ¢ IpeaBapUTEIbHO
BBIPAIICHHOH yCTAIIOCTHOM TPEIIUHOIL; ¢ IIOCTOSHHOH Majoll CKOpOCThIO Ne(hOpMHPOBAHUS OOpA3IOB B YCIOBHSAX pacTsxeHHs. [IpoBenenue
MOI00HBIX MCIBITAHUH HEOOXOMMMO JUIsl ONPEISNICHHUs CONPOTUBIIECHUS CYJOCTPOUTEIbHBIX MaTepPHAJIOB, KOTOPbIE JIOJKHBI IKCIUTYyaTHPOBATHCS
B COCTaBE HArpy:KEHHBIX CyHOBBIX KOHCTPYKIMH, CONpPUKACAIOUIMXCS C MOPCKOH Bonoil. IIpuBeneHbl KpaTkue HpecTaBIeHHS O MEXaHH3Me
KOPPO3HOHHOTO PACTPECKHBAHMS CTAJIed M CIUIaBOB. YKa3aHa HEOOXOIMMOCTH IMPOBEJICHHUsI CTEH/IOBBIX MCIIBITAHUH CTajell M MX CBapHBIX
COCIMHCHNUH, a TakKe Mojeleil, UMUTHPYIOIUX OTACIbHBIC y3IbI M JIEMEHTH KOHCTpyKimil. Ha naHHOM sTame 00eCIICUHMBAIOTCSA YCIIOBUS,
MaKCHMaJIbHO NPUOJIMIKEHHBIE K YCIOBHSM DKCILTYaTAIMHU 32 CUET SKCHO3ULUH B PA3IMYHBIX KIIMMAaTHYECKUX 30HaX MUpOBOro okeaHa (BapHaluu
TEMIICpPATyPbl, KOHIICHTPAIUH XJIOPUIOB, KOIMYECTBA PACTBOPEHHOIO KHUCIOPOa, CTEIICHN OHO0OpacTaHMs U UX OJHOBPEMEHHOE BO3IeiiCTBHUE).
IToka3ano, 4To B XO/1€ HATYPHBIX MCIBITAHWH (3aBEpPIIAIONIMI ITAl KOMIUIEKCHBIX 00S3aTeIbHbIX CHATOYHBIX MCIIBITAHWI) HOBBIE MaTepuabl,
MEPCIIEKTUBHBIE Ul MCIIONb30BAHUSI B MOPCKHX YCIIOBHSX, ITPOXOAAT OKOHYATENIbHYIO OLIEHKY KOPPO3MOHHOW CTOMKOCTH B BUJE DIEMEHTOB
CYJIOBBIX KOHCTPYKIMIA M CHCTEM B YCJIOBUSAX 3KCIUTyaTal[u1 Cy/Ha.
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Abstract. The review describes methods of stress corrosion cracking (SCC) tests that implement various conditions for samples loading: at a constant
static load or deformation, at a constant or increasing load of samples with a previously grown fatigue crack, with a slow strain rate. Such tests shall
be carried out to determine the resistance of shipbuilding materials to be used in loaded ship structures in contact with seawater. Brief descriptions of
the mechanism of stress corrosion cracking of steels and alloys are given. The necessity to carry out bench tests of steels and their welded joints, as
well as models simulating individual units and elements of structures, is indicated. At this stage, conditions are ensured as close to operating conditions
as possible due to exposure in various climatic zones of the world’s oceans (variations in temperature, chloride concentration, amount of dissolved
oxygen, degree of biofouling, and their simultaneous impact). It is shown that during verification field tests (final stage) new materials promising for
operation in marine conditions pass the final evaluation of corrosion resistance in the form of elements of ship structures and systems in the conditions

of ship operation.
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) BBEAEHME

Kopposzuonnoe pacrpeckuBanue (KP) siBisercs onHum
U3 HamOollee OIACHBIX BHIOB KOPPO3HOHHBIX MOBPEXK-
JICHUH, KOTOpBIE TPUBOIAT K CEPhE3HBIM pa3pyLICHUSM
Harpy>eHHBIX KOHCTPYKLHH HE TOJBKO B CYIOCTPOEHHH,
HO TaKXe B aBHAIMM, TEIUIOBOM M aTOMHOM 3HEpreTHKe,
CTPOUTENBCTBE, XHMHUYECKOH, He]Terazoqo0nIBarome
u He(TenepepadaThIBAIONICH, MUIECBONH U APYTHX OTpa-
cnsix nipombiuieHHOCTH [ 1]. Ha BhI3bIBacmbie KP paspy-
meHus: npuxoautcs okoio 30 % marepuanbHOTO yiepOa
oT koppo3ui [2]. Koppo3rnoHHOMY pacTpeCKHUBAaHUIO MOTYT
MOJIBEPraThCsl METAIMYECKHUE MaTepuabl B KOPPO3UOH-
HOM cpejie TOJBbKO MPH BO3ACHCTBUU PACTATMBAIOILUX Me-
XAHUYECKUX HalpsDKEHUI.

B cynmocrpourensHoii mpombinuienHocTH KPP MoryT
TOJIBEPraThCsl KOPIYCHBbIE KOHCTPYKIIUH, COMPUKACAIOIIN-
€Csl ¢ MOPCKOM BOJIOHM, B MECTax COCPEIOTOYCHUS HAauOo-
Jiee BBICOKMX MEXaHUYECKHUX Harpy30kK, KOTOPbIMHU CITyXKar,
Kak MpaBWJIo, CBapHble coeAuHeHus. s rryGoKoBOAHOM
MOPCKOH TEXHUKH HAMPSDKEHHS B KOHCTPYKIIMU BO3HUKAIOT
3a CyUeT T'MIPABIMYECKOrO JIABJIEHHUS, CO3/1aBa€MOIo IpH
norpyxenut [3 — 8].

[Ipu BHenpeHHH B MPOEKTUPOBAHHME U CTPOHUTEIHCTBO
Kopabieid, CyZIoB 1 MOPCKUX COOPYKEHUH HOBBIX KOPITYC-
HBIX CTaJICH ¥ CILIABOB 00S3aTEIbHBIM SIBJISICTCS OIIEHKA UX
cxonHoctH Kk KP [3, 8]. B TeueHne MHOTHX JECSITHICTHI
JUISL 9TOM LIeJM MPUMEHSUIMCh MCIBITaHUS C IVIaJKOW MO-
BEPXHOCTBIO TIPH MOCTOSIHHOM Harpyske uin jaedopMaruu
[1, 9—13]. [Ipu wucronp3oBaHUKM METOJA C TOCTOSHHOU
Harpy3koil B 00pasnax co3JaroT HalpsHKCHUS! ONpeesICH-
HOM BEJIMYMHBI U BBIIEPKUBAIOT B CHUHTETHYECKOH MOp-
ckoil Bozie min 3,5 %-HOM pacTBOpe XJIOpUAa HaTpus A0
paspylieHus] WIK 10 3aJaHHOW BpeMeHHOW 0Oa3bl. [1o pe-
3yJabTaTaM MCIBITAHUN CepUr 00pa3lOB CTPOUTCS KPHUBAS
JUIMTENBHON KOPPO3MOHHOM MPOYHOCTH B KOOpAMHATAX
«HaMpsHKEHUE — BpeMst 0 paspylieHus». Meton ucneita-
HUH C IIOCTOSIHHOH AepopManueii 3aKI09aeTcst B CO3IaHIH
HaNPsHKEHHOTO COCTOSIHUSL C IMOMOIIBI0 (DUKCUPOBAHHOM
nedopMaIi U KOHTPOJIE MOSBICHUS TPEIIMH B IpOLEcCe
ucnbiTaHuid. CuyuTaercs, 4To NMpyu TAKOM METO/E MCIIbITa-

HUN UMUTUPYIOTCS HAIIPSDKEHUSI, BOZHUKAIOIINE IPU U3TO-
TOBJICHUH KOHCTPYKIUI (OCTaTOYHbIE CBapOYHBIE, COOPOU-
ueie) [12].

Henocrarkamu ucnbITaHUN TIPU TOCTOSHHOW Harpyske
win geopManyim SIBISETCS HEOOXOIMUMOCTh B OOIBIIIOM
KOJIMYECTBE OOpaslloB M HCIBITATENbHBIX MAIIUH, [PH
9TOM JJIMTEIbHOCTh UCHBITAHUNH COCTaBISE€T THICAYM Ya-
coB. Ilepexos Ha Ooree YCKOpEHHbIE UCTIBITAaHHSI O3BOJIII
OJTy4Yarb OOJBIIHNI 00beM HHPOPMAITUH MPH 3HAYUTEITHHO
MEHBIIINX 3aTpaTax MeTalljia U BpeMEHH.

Tem ne menee, ucnpitanust Ha KP ipu mocrostHHON Ha-
rpy3ke uiau aedopMalyy BBITOTHSIIOTCS HA CTaIuH IMPO-
BEPKU KOPPO3UOHHBIX CBOMCTB CYIOCTPOMUTEIbHBIX Mare-
puaioB B IPUPOJHOM MOpCKOW Bozie. MopcKHe CTEHI0BBIE
WCTIBITAHUST CTAJIA TIPOBOAUTHCS ¢ 1946 1. Mo MHUIMATHBE
I'B. AkuMoBa, Korja MOJ €ro PyKOBOJCTBOM OBLIM IIO-
CTPOEHBI ClielnalbHble KOPPO3UOHHBIE CTaHIMU B bapen-
ueBoM mope ([Janbuue 3enenusr) u Yepnom mope (I'enenn-
KUK). B cremyromme necsiTuineT s ObIUTH CO3AaHBl MOPCKHE
Koppo3uoHHbIe cTanuuu B CeBacronone, Onecce u Branu-
BOCTOKE.

Mopckue HCHBITaHUS MAaTE€pPUAIOB  BBIMOIHIIOTCS
C IEJBI0 OTPEJICIICHNUS UX CTOMKOCTH K OOIIeH WiH Jio-
KaJbHONH KOPPO3UU (SI3BEHHOM, IIEIeBOM, KOHTAKTHOIL).
Hampsiokenuss B o0pasnax s MpOBEACHUS HCIBITAaHUN
Ha KP co3nator 3a cuet 00pa30BaHuUs CBAPHBIX IIBOB MIIN
HaIlJIaBOK.

3aBepUIAIONIUM ATANOM OICHKU KOPPO3UOHHON CTOM-
KOCTH HOBBIX MaT€pHaJIOB Ul CYJOCTPOEHHUS SABISIOTCS
HaTypHBIC UCIBITAHUS, KOTOPbIE MPOBOIATCS HA DKCILTya-
THpPyeMBIX cynax. Hampumep, 1isi OEHKH KOPPO3UOHHOM
CTOHKOCTH HOBBIX KOPITYCHBIX CTajel BO BpeMs MOCTPOM-
KU WM JOKOBOTO PEMOHTA Cy[JHA 00pasIlbl 3aKPEIUIIOT Ha
MOJIBOZHOM YacTH KopIyca Tak, 4TOObl OHM ObUIM MOJHO-
CTBIO IEKTPUUECKU H30JIUPOBAHbI OT KOPILyca JIsl HCKIIIO-
YEeHHUs1 KOHTAKTHOM Kopposuu [14].

- UCNbITAHUA HA KOPPO3UOHHOE PACTPECKUBAHUE

SIBnennto KP KOHCTPYKIMOHHBIX cTajedl U CILJIaBOB
yzaensercs: 00JbpIIoe BHIMaHWE MHOTUMH HCCIIEIOBATEIIs-
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mu [1, 2, 8 —19]. Ilpennoxen mexanusm KP B mMopckoit
BOJIE, NPEACTaBJISIOIIMN MOCIeI0BaTeIbHOE NPOTEKaHUE
MOBTOPSIOLINXCST TPOIECCOB B BEPIIMHE KOPPO3HOHHOMN
TPELLUHbI, a UMEHHO:

— JIOKAJIbHOTO aHOJHOTO PACTBOPEHMS METANIa;

— THIPOIH3a MPOIYKTOB KOPPO3HUH, BBHI3BIBAIOIIETO 00-
pa3oBaHue JIOMOIHUTELHBIX HOHOB BOJIOPOAA;

— BOZIOPOJHOI0 OXPYIUUBAHU METAJLIA MO/ IEHCTBUEM
pacTAruBaOLUX HANPSKEHUN ¥ BO3HUKAIOUIMX Y BEpILU-
HBI TPEIIUHBI JJOKAIBHBIX 30H IIACTUYECKOH Je(opMannu.

YcraHoBieHb! (DAKTOPBI, BIUSIONIME HA COMPOTHUBIISC-
MocTb KP, K KOTOpBIM OTHOCATCA MeETaJIypruiueckoe
Ka4eCTBO CTaJM, YPOBEHb KATOAHON MOISPU3ALUU TMPHU
MPUMEHEHUH DJIEKTPOXUMHUYECKOW 3allWThl, BEJIMYMHA
BHCHIHUX W BHYTPCHHHUX HaHpHH(CHHﬁ, B TOM 4YHCJIC CBa-
pounbIX. IToka3aHo, 4TO NEPBOCTENIEHHOE 3HAYEHUE B CO-
npotusieHun marepuanoB KP nmMeer ypoBeHb NpodyHOC-
™ [20 — 28].

B HacTosi1ee BpeMsi B CyA0CTPOCHUH IS OTIPEIeIeHUs
CTOWKOCTH cTajneil u craBoB k KP mmpokoe pacripoctpa-
HCHUEC MOJYYWIN PA3JTNYHBbIC BAPHUAHTBL I/ICHbIT&HI/Iﬁ, OCHO-
BaHHbIE Ha JIBYX METOAAX:

— METOJ HCIBITaHUN 00pa3IoB ¢ MPEABAPUTEIHHO BbI-
paleHHONW YCTaJOCTHOM TpPEIWHOW (OCHOBAaHHBIM Ha
MPUHIMIAX MEXaHUKU Pa3pyILICHUs) IPU Pa3INYHBIX CIIO-
cobax Harpyxenwus [29 — 36];

— METOJ MCHBITAHWI 00pa3IoB MpU MOCTOSHHOW Ma-
nou ckopoctu nedopmaru (SSRT — Slow strain rate tes-
ting) [13, 29, 37 —41].

OcHoOBaHUEM UTS TIPAMEHEHUST 00pasloB C yCTalOCT-
HOM TpEUIMHON SIBJISIETCSl MPEANOIOKEHHE O HaJUduu
TPEIIMHOIIOTOOHBIX Ie(PEeKTOB B PeallbHBIX KOHCTPYKIIMSIX
B BHJIC JIUTEHHBIX TOP, AC(PEKTOB NMPOKATKM, KOBKU WU
TIpH CBapKe M COOpKe M3JIeNINH, a TaKKe BCIISICTBHE 00pa-
30BaHUsA MMOBCPXHOCTHBIX JIOKAJIBbHBIX KOPPO3UMOHHBIX I10-
BPEXJICHUN IPU SKCIUTyaTallMH. DTO MOXKET COKPATUTh MU
HUCKIIOYUTh CTaIUIO O6p330BaHI/IH TPCUINHBI. CKJIOHHOCTh
k KP ycranaBnmBaeTcsi ¢ MOMOINIBIO ammapara JTUHEHHON
MexaHuku pazpyumenus (JIMP) mo cunoBoMmy Kputepuro
KI (ko3 uiinenTy MHTEHCUBHOCTH HATIPSYKSHUH WITH BSI3-
KOCTH pPa3pylIeHHs), KOTOPBIA OIMpeeNseT HaNpsKEHHOE
COCTOSIHHE y BEPLIMHBI TPELIMHbI. POCT TpeuuHsl B Kop-
pO3HOHHOU cpele HaynHaeTcs npu K| = K scc, Ha BO3/y-
xe mpu K, .. Yem Oonbime pasnnune mexay K scc u K.,
TeM Bbile CKIOHHOCTh K KP [42 —46]. [Ins ucneiranuit
Ha KP wncmomesyrorcss o0Opasmbl, KOTOpBIE TPUBEICHBI
B ['OCT 25.506, T'OCT 9.903, ASTM E 1681. IIpumene-
Hue metonoB JIMP no3BossieT olleHuBaTh CKOPOCTh POCTa
TPELIUHBI, YTO BIEPBBIC AKCIEPUMEHTAIBHO OINPENeIUI
bpayn [47].

11 cOBpeMEHHBIX KOHCTPYKLMOHHBIX MAaT€pUasoB,
oOJIaJIAFOINUX TIPU BBICOKOH MPOYHOCTH 3HAYUTEIILHOM
IJIAaCTUYHOCTBIO, peanu3auus ycioBuil JIMP npu ucnsl-
tanusx Ha KP cranoBuTcs HETOCTHXKUMOUN. DTO MPUBEIO
K Pa3BUTHIO METOJIOB HEIMHEHHOW MEXaHUKH paszpylie-
Hus [30 — 32], mpu NPUMEHEHWH KOTOPBIX OTPEACIISIOT
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J-unTerpan (aHanor K), pacKphITHE y BEPIIMHBI TPEIIUHBI
ee OeperoB & mwiu CTOD (Crack tip open displacement).
Jnsa ompeneneHus 3TUX BEITUYUH CTPOSATCS R-KpUBBIC Ty-
TE€M MHOTOKpPAaTHOTO Harpy>K€HHs U pasrpyxeHus odpasua
Y U3MEPEHHS C MOMOIIBIO SKCTEH30METPa PaCKPBITHS Tpe-
uHb (puc. 1).

OmnsIT npoBeeHus ucnbsitTanuii Ha KP o6pasios ¢ Tpe-
LIMHOM B CYJOCTPOEHUU BBIBUI UX CYIIECTBEHHBIE Orpa-
HU4eHus. K HUM MOXHO OTHECTH:

— TPYAOEMKOCTb H3TOTOBJICHHSI 00PA3IOB CIOKHOH reo-
METPHUECKOH (hOPMBI;

— HEOOXOIMMOCTh HAaHECCHHUS TPEIIUMHEI HA CIICIHAIIh-
HOM 00OPYIIOBAHUU;

— BBIXOJI U3 CTPOSI JaTYMKOB PACKPBITHS TPELIUHbI U3-32
BO3JIEHCTBUSI KOPPO3HUOHHOM Cpeibl;

— HCKa)XXCHUE Pe3yJIbTaToOB pacyera MapaMeTpoB paspy-
IICHHUs TIPU BETBJIICHUH TPEIIMHBI WK €€ IPOXOKICHUHU 10
OIpENEICHHBIM CTPYKTYPHBIM COCTABIISAIOLUIMM MeTaJlja.

O BO3MOXHOCTU IpoBeneHust ucnbitanuil Ha KP npu
pacTsbkeHuu oOpasia uccieyeMoro Marepuaia ¢ HOCTOSH-
HOU Majoil CKOpOCThIO AedopManiuy BIIEpBbIC TOSBHINCH
myOnuKanuu okoiio monyBeka Hazan [14, 33]. Hesnauwm-
TEJbHBIE 10 CPAaBHEHUIO CO CTATUYECKUMH HCIIBITAHUSIMHU
CPOKU UX IPOBEACHUS, a TAKKE YCTAHOBJIEHHOE COOTBET-
CTBHUE TIOTy4aeMbIX 000MMHU METOJaMHU JAHHBIX 110 CKJIOH-
HOCTH CTajiell K BO3/ICWCTBHIO KOPPO3MOHHOM cpenbl [48]
nenaroT npuMenenue merona SSRT Hanbonee mpeanodTH-
TEJIbHBIM TP CPAaBHUTENIBHBIX HCIBITAHUAX Pa3IMUHBIX
MaTepuaoB.

PexomeH10BaHHBIE CyII€CTBYIOLIUMH CTaHIapTaMU CKO-
poctu AedopMaliu Npy MPOBEICHUM HCIBITAHUN CTanei
U CINIAaBOB Haxomarcs B mpemenax 107 — 107 ¢! [49, 50].
B padore [40] ycTaHOBIEHO, YTO CYIOCTPOHUTEIBHbIE KOP-
MyCHBIC CTAJH B HANOOIBIICH CTENICHN MPOSIBILIIOT YYBCT-
BUTENBHOCTh K KP B MOpcKkoii Bojie npu ckopocTu aedop-
manuu £ =10 ¢!, VMenbmenne ckopoctu aepopManuu
1o 107 ¢! mpakTHYecKd He BIMSIO HA XapaKTEePHCTHUKU

u nocneoyrowel Hazpy3Ku
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Fig. 1. Determination of § with elastic compliance
method by R-curve construction



IZVESTIYA. FERROUS METALLURGY. 2022, vol. 65, no. 3, pp. 154-162.
Al’khimenko A.A., Davydov A.D., Khar’kov A.A., Mushnikova S.Yu., Khar’kov 0.A., Parmenova O.N., Yakovitskii A.A. Methods of corrosion testing ...

o, Mlla

600

400

200

0

Puc. 2. Jlnarpamma «HanpspkeHHE G — OTHOCHTENbHAS AehopMaliys £»,
MoJTy4eHHas 1pu uctbsitanny cranu D40S Ha koppo3noHHOE pacTpe-
CKHBAHHE METOJIOM PACTSDKEHHS C MAJIOH MOCTOSHHON CKOPOCTBIO
nedopManiy py pa3IHIHbIX YCIOBHSIX HCIBITAHUIH:

1 - 3.5 % NaCl, karognas nomsipuzanusi; 2 — 3,5 % NaCl; 3 — Bozayx

Fig. 2. Stress ¢ — strain & diagram obtained at corrosion
cracking test of D40S steel by low constant strain rate stretching
under different test conditions:

1-3.5 % NaCl, cathodic polarization; 2 — 3.5 % NaCl; 3 — air

cxionHocTu ctanu k KP, HO yBenmuuuBamo UIMTEIbHOCTD
skcriepumenTa B 10 pa3. [lpu ucneiTannm ¢ Mayioil cko-
poOCThIO NedopMaliy HArpyKEHHE HAYMHAIOT OT HYJCBOIl
Harpy3Kd 110 pa3pyIIeHHs oOpasla ¢ ITOCTPOCHHEM JIha-
rpaMMbl PACTSDKCHUSI B KOOPAWHATAX «HAMPSDKCHUE — JIe-
dopmarmss». UToOBI ONpeeTuTh BIUSHUE KOPPO3HOHHOM
cpelsl, i1 CPaBHEHUs aHAJIOTHYHYIO JMarpammy Hcclie-
JlyeMOTro MaTrepHala CTpOsIT B MHEPTHOU cpene (puc. 2).

[To OKOHYaHMM HCIBITAHUN H3MEPSIOTCS OTHOCHTENb-
HOE YIUTMHEHUE O M OTHOCUTEIILHOE CY)KEHHE |y 00pasIioB,
ocMarpuBaeTcs IMOBEPXHOCTh o0Opasia (Ha Haludhe Kop-
PO3HOHHBIX TPEUINH) M MPOBOASTCS (pakTrorpaduyueckue
MCCIIEI0BaHMS 3JIOMOB C TIOMOIIBIO ONITHYECKOTO M DJIEKT-
POHHOTO MHKPOCKOTIA.

ComocTaBieHHEe AUArpaMM PACTSDKCHUS M 3HAUCHUI
€p> Oma> 0, , IOJTYYEHHBIX Ha BO3AYXE U B UCIIBITATEIb-
HOU cpezie, I03BOJIIET ONPEAEIUTh CKJIOHHOCTh MaTepuaia
k KP.

Bonee TouHbIM KpuTEpueM, NMOIYYaeMbIM U3 JUarpam-
MBI, KOTOPBII ONpeseNnsieT cTeneHb CKIOHHOCTH MaTepuaia
k KP, siBnsieTcst oTHOCUTEnbHast aedopmalins, pu KOTOPO
HaYMHACTCS pa3pylieHne odpasia B KOPPO3HMOHHOH cpeze
(st). Hdpyrum KpurepueM MOXKET CILy>)KUTh HallpsDKEHUE,
MIpU KOTOPOM HAUWHAETCS POCT TPEIIMHBI (ka) [40, 41].
OTO HampspKEHHE OMNPEACTSIETCS MO TOYKE PACXOXKJICHHUS
KPUBBIX ISl MHEPTHOW M KOPPO3UOHHOM cpenbl. Taxxe
MOXXHO HCIIOJb30BAaTh OTHOILICHUEC SKP u GKP K OTHOCH-
TENFHON NeOpMaIlMid M pa3pylIaloieMy HalpsHKEHHIO,
MOTy4EHHBIM NIPH HCIBITAHUN B MHEPTHOI cperne. Jedop-
MAallMOHHBIA KPUTEPUH, 3aBUCSIIMI OT Cpeabl, Temiepa-
TYpBI U CBOWCTB MaTepHana, MOXKET XapaKTEepU30BaTh €ro
COCTOSIHHE B YCJIOBUSIX CTaTH4ECKOIo, KBa3UCTaTUYECKOTO
U LUKIUYECKOro HarpyxkeHus. 11o cpaBHEHHIO C CUIOBBIM
KPUTEpUEM OH JIydllle OTpakaeT (HU3UUECKYI0 HPUPOLY
KOPPO3MOHHO-MEXaHUUECKOTO PaspyILICHUS U BIMSHUC HA
HEro BHEUTHUX W BHYTPEHHUX (DaKTOPOB, a CHIIOBOM KpH-
Tepuil ynoOeH B KadecTBE HEMOCPEACTBEHHBIX XapaKTe-
PUCTHK TIpHU pacyeTax pabOTOCIOCOOHOCTH —H3IEHN
U KOHCTpyKuuit [2, 25 — 26, 51 — 54].

BaxxnbiM 3Tanom omnpeneneHuss KOPPO3UOHHOW CTOM-
KOCTU CYAOCTPOUTECIIbHBIX MAaTCPpHUAJIOB ABJIAKOTCSA CTCHIO-
BbI€ UCIIBITAHUS B IPUPOAHON MOPCKOM BOJIE MIIA MOPCKOM
arMocdepe, MAKCUMAJIbHO NPHOMIKCHHBIE K PEalbHBIM
yCcImoBUSAM  dKcruTyararud. OOpasmbl  ycTaHABIMBAIOTCS
Ha JUTUTENBHBIA CPOK (HE MEHEee OHOTO rofia), B TEUCHHE
KOTOPOTO TIPOBOZSTCSI TPOMEXYTOUHBIE OCMOTPHI C (BHIK-
canueil KOPpPO3UOHHBIX IOPAKEHUM € y4€TOM CTaHAapTa
ASTM [55]. Okcro3unus MeTaJUTMYECKUX 00pa3IoB B pas-
JUYHBIX palioHaXx MHpPOBOro okeaHa MO3BOJISIET OLIEHUTH
UX KOPPO3UOHHYIO CTOMKOCTh B 3aBUCUMOCTHU OT U3MEHSIIO-
IMIUXCST TApaMETPOB: TEMIEPaTypbl MOPCKOH BOJBI, COJIe-
HOCTH, KOJINUECTBA PACTBOPEHHOI'O KHUCIOPOAA U CTEHNEHU
O6uooOpacranus [56, 57].

o e

Puc. 3. HatypHble UCIIBITaHUS TP TOTPY>KEHUH 00pa3IioB B MOPCKYIO BOJLY C UCIIOJIb30BAaHUEM KaCCEThI

Fig. 3. Field tests for immersing samples in seawater using a cassette

157



N3BECTHUA BY30B. YEPHASI METAJIIYPTUA. 2022. Tom 65. Ne 3. C. 154-162.
Anvxumenko A.A, [lasvidos A./l., Xapvkos A.A., MywHukosa C.10., Xapbkos 0.A., [Tapmenoga O.H., Akosuykuii A.A. MeToabl KOPPO3UOHHBIX ...

Ha puc. 3 mpeacrapnen cTeH B BUJIE KaCCETHI C 3aKpe-
IUTCHHBIMH B Hell 00pa3naMu pa3iInyHbIX CYIOCTPOUTEIh-
HBIX CcTajiel, B TOM YHCJI€ CO CBAPHBIMU IIBaMH, pa3MEPOM
350%250%(4 + 20) MM Tiepesi Ha9aJaIoM UCTIBITAHWH U B MO-
MEHT HorpyxeHus [49].

B xagectBe mpuMepa KpYIMHOTa0apHTHBIX CBAapHBIX
00pa31oB KOPIYCHBIX CTajlel Ha puc. 4 mokazaHa MOJIENb
CBapHOIO COEJUHEHHUS C JIOTOJHUTENIBHO HaIUIaBIEHHBIM
KOHTYypoM. Ha Takux oOpasuax, TIOMUMO CTOMKOCTH K 00-
el Koppo3uu, OlleHnBaeTcs CKIIoHHOCTh K KP mox aeiict-
BHEM OCTaTOYHBIX CBAPOUYHBIX HAMpPSKEHUH.

Kak mnpaBuio, 3akmounTeNbHOW CTaauel TPOBEPKHU
KOPPO3MOHHON CTOMKOCTH MarepHalla sBJIsI0TCS HaTypHbIE
HCIBITAaHUs,, KOTOPBIE MPOBOIAT Ha DJIEMEHTaxX CYIOBBIX
KOHCTPYKUMH U CHUCTEM, BBITIOJHEHHBIX U3 HUCCIIENYEMOTO
MaTepuala, B YCIOBUAX AKCIUTyaTauuu cyiaHa. Haryphble
WCTIBITAHUS UISITCSL OT OHOIO T0J1a 10 HECKOJIBKUX JieT. 1o
HUM OKOHYAaTeJIbHO OLIEHUBAETCSl KOPPO3HMOHHAS CTOMKOCTD
CTaJIM UJIU CILJIaBa.

Ilocne nmpoBeneHUss HATYPHBIX HCHBITAHUN NpPUHHMA-
€TCsl OKOHYATEJIbHOE PEIIEHHUE O BO3MOXXHOCTH HCIIOJIb-
30BaHMsl HOBOTO MaTepuajia B CYIOCTPOEHMH B COCTaBe
KOHCTPYKLHUH, paboTaloIMX B MOPCKOM BOJE, U, TPH HEOO-
XOIIMMOCTH, O IPUMEHEHNHU CPEACTB 3alUThl OT KOPPO3UH,
a TaKOKe OIPENENAETCsl CPOK  IKCIULyaTaluu 10 OUEPEqHO-
'O IJIAHOBOTO PEMOHTA.

[l BbiBOAbI

CBapHble KOPIYCHBIE KOHCTPYKIMHM MOPCKHX CYIOB
U CTaLlUOHAPHBIX COOPYKEHUH OJHOBPEMEHHO UCIIbIThIBA-
0T BO3JEWCTBUE MOPCKOIM BOJBI U MEXaHUYECKHX Harps-
KCHUH, YTO MPUBOIAUT K HEOOXOAMMOCTH OLIEHKH HX CO-
MIPOTHUBIICHUS] KOPPOZUOHHOMY PacTPECKUBAHUIO.

B HacTos11ee BpeMs B CyAOCTPOEHUM Ul ONIPEEIEeHUs
cToiiKkocTH cTtanei u craBoB k KP mupokoe pacnpocrtpa-

Puc. 4. MoznenbHble cBapHBIC KOHCTPYKIUH JUTS UCIIBITAHNH IIPU T10JI-
HOM IIOIPY’>KEHHHU B MOPCKYIO BOZY

Fig. 4. Model welded structures for tests at full immersion in seawater

HEHME NOIY4YUIN pa3IuyHble BApUAHThI UCIIBITAHUM, OCHO-
BaHHbBIC Ha IBYX METO/IaX:

— METOJ WCIBITAaHWH 00pa3loB C TPEABAPHTEIHEHO
BBIPAIIEHHON YCTAJOCTHOW TPENIMHON, OCHOBAHHBIA Ha
IIPUHLMIIAX MEXAHUKU pa3pyLIeHUs, IPU PA3JINUHbIX CIIO-
co0ax HarpyKCHUS,;

— METOJT UCTIBITAaHHI 00Pa3IOB MPH MOCTOSHHON MaJIOH
ckopoctu aedopmaruu (SSRT).

Mopckue CTEHAOBBIC HCIBITAHUS CBAPHBIX 00pas3IoB
Y KOHCTPYKIMIA M HaTypHBIC UCIIBITAHUS B COCTaBe JACUCT-
BYIOIIUX CYJOBBIX CHCTEM IO3BOJISIIOT IPUHATH OKOHYA-
TEJIbHOE PElIEHHE O BO3MOKHOCTH HMCIIOIb30BAHUS HOBBIX
MaTepHualioB B CYIOCTPOECHUU.

1. Bacunenko W.M., Menexos P.K. KopposnoHHoe pacrpeckuBaHue
craneil. Kues: HaykoBa nymka, 1977. 265 c.

2. Boponenko b.1. KopposnonHoe pactpeckuBanue crajiei (063op) //
3ammra Metamuios. 1997. T. 33. Ne 2. C. 132-143.

3. Topsiaun U.B., I'pumenko JI.B., Coxkonos b.B. [IpoGnemsl BeiOopa
MarepualioB M TEXHOJOTUI CBApKH MPH CTPOUTEIBCTBE JIEAOCTOM-
kux iaropm // Peructp CCCP: Hay4yHo-TeXHUYECKHUiT COOPHHUK.
1977. T. 1. Boim. 20. C. 120-134.

4. Coxono O.I., Mansmuesckuii B.A., Jlerocraes 0.JI., I'pumien-
ko JI.B. CoBpeMmeHHbIE CBapHBaeMbIe CYIOCTPOUTEIIbHBIC CTaIN
B Poccun u 3a py6exom // CBapouHoe mpou3BoAcTBO. 1995. Ne 5.
C. 19-21.

5. Topeaua W.B, Mansimesckuit B.A., Jlerocraes 10.JI. Bricoko-
[POYHBIC CBapHBaeMble CTanud // Bompockl MarepHanioBelCHUsL.
1999. Ne 3(20). C. 21-29.

6. Mansmmescknit B.A, Cemuuesa T.I., Baagumupos H.®., Xmyco-
Ba E.M1. Xnanocrolikue ctanu [uis CyIOCTPOCHUS U MOPCKOM Tex-
Huky // Haydno-Texnmdeckuii cOopHHK Poccuiickoro Mopckoro
peructpa cynoxonctea. 2004. Ne 27. C. 134-149.

7. Jleroctaes O.JI. OcBoenue mopckoro mytu o Cesepromy Jlemo-
BUTOMY OKEaHy M CO3/IaHHE KOPITYCHBIX MaTepHajoB U CPEJICTB UX

158

1. Vasilenko LI, Melekhov R.K. Corrosion Cracking of Steels. Kiev:
Naukova dumka, 1977, 265 p. (In Russ.).

2. Voronenko B.I. Corrosion cracking of steels (Review). Zashchita
metallov. 1997, vol. 33, no. 2, pp. 132-143. (In Russ.).

3. Gorynin L.V., Grishchenko L.V., Sokolov B.V. Problems of choice
of materials and welding technologies in construction of ice-resis-
tant platforms. Registr SSSR: Nauchno-tekhnicheskii sbornik. 1977,
vol. 1, no. 20, pp. 120-134. (In Russ.).

4. Sokolov O.G., Malyshevskii V.A., Legostaev Yu.L., Grishchen-
ko L.V. Modern welded shipbuilding steels in Russia and abroad.
Svarochnoe proizvodstvo. 1995, no. 5, pp. 19-21. (In Russ.).

5.  Gorynin L.V., Malyshevskii V.A., Legostaev Yu.L. High strength
welded steels. Voprosy materialovedeniya. 1999, no. 3(20),
pp- 21-29. (In Russ.).

6. Malyshevskii V.A., Semecheva T.G., Vladimirov N.F., Khluso-
va E.I. Cold-resistant steels for shipbuilding and marine equipment.
Nauchno-tekhnicheskii sbornik Rossiiskogo morskogo registra su-
dokhodstva. 2004, no. 27, pp. 134-149. (In Russ.).

7. Legostaev Yu.L. Development of sea route along the Arctic Ocean
and creation of shell materials and their corrosion-erosion protec-



IZVESTIYA. FERROUS METALLURGY. 2022, vol. 65, no. 3, pp. 154-162.
Al’khimenko A.A., Davydov A.D., Khar’kov A.A., Mushnikova S.Yu., Khar’kov 0.A., Parmenova O.N., Yakovitskii A.A. Methods of corrosion testing ...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

KOPPO3HOHHO-OPO3HOHHON 3aIUThI TIPU IKCIUTyaTalllu JIEOKOIOB
U CTAaI[OHAPHBIX MOPCKHUX JICJOCTOHKIX OypOBBIX yCTaHOBOK // Bo-
npocsl Marepuanosenenus. 2012. Ne 2(70). C. 224-226.
Marepuaisl i CyfOCTPOCHUS H MOPCKOU TeXHUKH. CIIpaBOYHHK
B 2-x tomax / ITox pen. U.B. T'opeiauna. T. 1. Cankr-IlerepOypr:
HIIO «IIpodeccuonamy», 2009. 776 c.

Newman R.C. Stress-Corrosion Cracking Mechanisms // Corrosion
Mechanisms in Theory and Practice / Markus P., Oudar J. eds. USA:
Marcel Dekker, 1995. P. 311-368.

Ramamurthy S., Atrens A. Stress corrosion cracking of high-
strength steels // Corrosion Reviews. 2013. Vol. 31. No. 1. P. 1-31.
https://doi.org/10.1515/corrrev-2012-0018

Brown B.F. Stress Corrosion Cracking in High Strength steel and in
Aluminium and Titanium Alloys. NRL, 1972.

Asxorun ©.®. Koppo3uoHHoe pacTpeckuBaHHE U 3alllHTa BHICOKO-
MIPOYHBIX cTaneil. Mocksa: Merammyprus, 1974. 256 c.

Koppo3sus: CripaBounoe uznauue / Ilox pen. JIJI. llpaitepa. Mock-
Ba: Mertammyprus, 1981. 632 c.

Scully J.R., Moran P.J. Influence of strain on the environmental hy-
drogen-assisted cracking of a high strength steel in sodium chloride
solution // Corrosion. 1988. Vol. 44. No. 3. P. 176-185.
https://doi.org/10.5006/1.3583922

Boropan W.A., T'oman ['M., Kinumosa B.A. HccnenoBanue xoppo-
3MOHHOM CTOMKOCTH KOPITyCHBIX CTaJlell B HaTYpPHBIX YCIOBUSX //
Texuonorust cynocrpoenus. 1967. Ne 6. C. 19-25.

Prosek T., Iversen A., Taxen C., Thierry D. Low temperature stress
corrosion cracking of stainless steels in the atmosphere in presence
of chloride deposits // Corrosion. 2009. Vol. 65. No. 2. P. 105-117.
https://doi.org/10.5006/1.3319115

Marnsimes B.H. Koppo3sunonnoe pactpeckuBanmne cramn X18H10T
B OJHOHOPMAJIBHOM PAaCTBOPE COJISTHON KHCJIOTBHI IMPH KOMHATHOM
TeMIIepaType, HHUIHUIPyeMoe HaBOIOpoXKUBaHUEM // Bompocs! Ma-
tepuanosenenus. 2010. Ne 1. C. 117-125.

Ceprees H.H., Kyrenos C.H., I'Bo3ne A.E., Aree E.B. Mexanus-
MBI BOJOPOIHOTO PACTPECKUBAHHS METAIIOB M CIUIABOB, CBA3aHHBIC
C yCHJICHHEM JMCIIOKAalMOHHOH aktuBHOCTH // W3Bectus FOro-3a-
aJIHOTO rocynapcTBenHoro ynusepeurera. Kypek. 2017. T. 21. Ne 2.
C. 32-42. https://doi.org/10.21869/2223-1560-2017-21-2-32-47
Oryshchenko A.S., Mushnikova S.Y., Kharkov A.A., Kalinin G.Y.
Study of stress corrosion cracking of austenitic steels in sea water //
Proceedings of the European Corrosion Congress EUROCORR
2010. September 13—17. 2010. Moscow, P. 334.

Wang S., Martin M.L., Sofronis P., Ohnuki S., Hashimoto N., Ro-
bertson .M. Hydrogen-induced intergranular failure of iron // Acta
Mater. 2014. Vol. 69. P. 275-282.
https://doi.org/10.1016/j.actamat.2014.01.060

Novak P., Yuan R., Somerday B.P., Sofronis P., Ritchie R.O. A statis-
tical, physical-based, micro-mechanical model of hydrogen-induced
intergranular fracture in steel // Journal of the Mechanics and Phys-
ics of Solids. 2010. Vol. 58. No. 2. P. 206-226.
https://doi.org/10.1016/j.jmps.2009.10.005

Mapnues B.A. CoBpeMeHHbIE NPECTABICHNUS O BOJOPOIHOM OX-
PYMUYMBAHUM TP 3aMEUICHHOM Pa3pyLIeHHH // 3aluTa MeTaIoB.
1980. T. 16. Ne 5. C. 531-543.

Bulloch J.H. Same effect of yield strength on the stress corrosion
cracking behaviour of low alloy steels in aqueous environments at
ambient temperatures / Engineering Failure Analysis. 2004. Vol. 11.
No. 6. P. 843-856. https.//doi.org/10.1016/j.engfailanal.2004.03.006
Kobayashi K., Omura T., Ueda M., Nakamura K. Effect of testing
temperature on SSC properties of low alloy steel // Corrosion 2006,
Houston, TX. NACE, 2006. Paper no. 06127.

Ravindranath K., Tanoli N., Al-Wakaa D. Effect of long-term ser-
vice exposure on the localized corrosion and stress corrosion crack-
ing susceptibility of type 347 stainless steel // Corrosion. 2018.
Vol. 74. No. 3. P. 350-361. https://doi.org/10.5006/2612

Guo X., Gao W., Chen K., Shen Z., Zhang L. Corrosion and stress
corrosion cracking susceptibility of type 347h stainless steel in su-
percritical water / Corrosion. 2018. Vol. 74. No. 1. P. 83-95.
https://doi.org/10.5006/2459

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

tion during the operation of icebreakers and stationary marine ice-
resistant drilling rigs. Voprosy materialovedeniya. 2012, no. 2(70),
pp. 224-226. (In Russ.).

Materials for Shipbuilding and Marine Engineering. Handbook in
2 vols. Gorynin L.V. ed. Vol. 1. St. Petersburg: Professional, 2009,
776 p. (In Russ.).

Newman R.C. Stress-Corrosion Cracking Mechanisms. Corrosion
Mechanisms in Theory and Practice. Markus P., Oudar J. eds. USA:
Marcel Dekker, 1995, pp. 311-368.

Ramamurthy S., Atrens A. Stress corrosion cracking of high-
strength steels. Corrosion Reviews. 2013, vol. 31, no. 1, pp. 1-31.
https://doi.org/10.1515/corrrev-2012-0018

Brown B. F. Stress Corrosion Cracking in High Strength steel and in
Aluminium and Titanium Alloys. NRL, 1972.

Azhogin F.F. Corrosion Cracking and Protection of High-Strength
Steels. Moscow: Metallurgiya, 1974, 256 p. (In Russ.).

Corrosion. Shraier L.L. ed. Butterworths and Co Publishers Ltd.,
Canada, 1976.

Scully J.R., Moran P.J. Influence of strain on the environmental hy-
drogen-assisted cracking of a high strength steel in sodium chloride
solution. Corrosion. 1988, vol. 44, no. 3, pp. 176-185.
https://doi.org/10.5006/1.3583922

Bogorad 1.Ya., Goman G.M., Klimova V.A. Study of corrosion re-
sistance of shell steels in field conditions. Tekhnologiya sudostroe-
niya. 1967, no. 6, pp. 19-25. (In Russ.).

Prosek T., Iversen A., Taxen C., Thierry D. Low temperature stress
corrosion cracking of stainless steels in the atmosphere in presence
of chloride deposits. Corrosion. 2009, vol. 65, no. 2, pp. 105-117.
https://doi.org/10.5006/1.3319115

Malyshev V.N. Corrosion cracking of Cr18NilOTi steel in single
normal solution of hydrochloric acid at room temperature initiated
by hydrogen-charging. Voprosy materialovedeniya. 2010, no. 1,
pp. 117-125. (In Russ.).

Sergeev N.N., Kutepov S.N., Gvozdev A.E., Ageev E.V. Disloca-
tion induced mechanisms of hydrogen embrittlement of metals and
alloys. Proceedings of the Southwest State University. 2017, vol. 21,
no. 2, pp. 32-47. (In Russ.)
https://doi.org/10.21869/2223-1560-2017-21-2-32-47

Oryshchenko A.S., Mushnikova S.Y., Kharkov A.A., Kalinin G.Y.
Study of stress corrosion cracking of austenitic steels in sea water.
Proceedings of the European Corrosion Congress EUROCORR
2010, September 13—17, 2010, Moscow, Russia, p. 334.

Wang S., Martin M.L., Sofronis P., Ohnuki S., Hashimoto N., Ro-
bertson I.M. Hydrogen-induced intergranular failure of iron. Acta
Materialia. 2014, no. 69, pp. 275-282.
https://doi.org/10.1016/j.actamat.2014.01.060

Novak P, Yuan R., Somerday B.P., Sofronis P., Ritchie R.O. A statis-
tical, physical-based, micro-mechanical model of hydrogen-induced
intergranular fracture in steel. Journal of the Mechanics and Physics
of Solids. 2010, vol. 58, no. 2, pp. 206-226.
https://doi.org/10.1016/j.jmps.2009.10.005

Marichev V.A. Modern notions of hydrogen embrittlement in
delayed destruction. Zashchita metallov. 1980, vol. 16, no. 5,
pp. 531-543. (In Russ.).

Bulloch J.H. Same effect of yield strength on the stress corrosion
cracking behaviour of low alloy steels in aqueous environments at
ambient temperatures. Engineering Failure Analysis. 2004, vol. 11,
no. 6, pp. 843—856. https://doi.org/10.1016/j.engfailanal.2004.03.006
Kobayashi K., Omura T., Ueda M., Nakamura K. Effect of testing
temperature on SSC properties of low alloy steel. Corrosion 2006,
Houston, TX. NACE, 2006, paper no. 06127.

Ravindranath K., Tanoli N., Al-Wakaa D. Effect of long-term service
exposure on the localized corrosion and stress corrosion cracking
susceptibility of type 347 stainless steel. Corrosion. 2018, vol. 74,
no. 3, pp. 350-361. https://doi.org/10.5006/2612

Guo X., Gao W., Chen K., Shen Z., Zhang L. Corrosion and stress
corrosion cracking susceptibility of type 347H stainless steel in su-
percritical water. Corrosion. 2018, vol. 74, no. 1, pp. 83-95.
https://doi.org/10.5006/2459

159


https://doi.org/10.1515/corrrev-2012-0018
https://doi.org/10.5006/1.3583922
https://doi.org/10.5006/1.3319115
https://doi.org/10.21869/2223-1560-2017-21-2-32-47
https://doi.org/10.1016/j.actamat.2014.01.060
https://doi.org/10.1016/j.jmps.2009.10.005
https://doi.org/10.1016/j.engfailanal.2004.03.006
https://doi.org/10.5006/2612
https://doi.org/10.5006/2459
https://doi.org/10.1515/corrrev-2012-0018
https://doi.org/10.5006/1.3583922
https://doi.org/10.5006/1.3319115
https://doi.org/10.21869/2223-1560-2017-21-2-32-47
https://doi.org/10.1016/j.actamat.2014.01.060
https://doi.org/10.1016/j.jmps.2009.10.005
https://doi.org/10.1016/j.engfailanal.2004.03.006
https://doi.org/10.5006/2612
https://doi.org/10.5006/2459

N3BECTHUSA BY30B. YEPHASI METAJIAYPIUA. 2022. Tom 65. Ne 3. C. 154-162.
Anvxumenko A.A, [lasvidos A./l., Xapvkos A.A., MywHukosa C.10., Xapbkos 0.A., [Tapmenoga O.H., Akosuykuii A.A. MeToabl KOPPO3UOHHBIX ...

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

160

Ogawa Y., Takakuwa O., Okazaki S., Okita K., Funakoshi Y.,
Matsunaga H., Matsuoka S. Pronounced transition of crack initia-
tion and propagation modes in the hydrogen-related failure of a Ni-
based superalloy 718 under internal and external hydrogen condi-
tions // Corrosion Science. 2019. Vol. 161. Article 108186.
http://dx.doi.org/10.1016/j.corsci.2019.108186

Ma H.C, Liu Z.Y., Du C.W., Wang H.R., Li X.G., Zhang D.W.,
Cui Z.Y. Stress corrosion cracking of E690 steel as a welded joint in
a simulated marine atmosphere containing sulphur dioxide // Corro-
sion Science. 2015. Vol. 100. P. 627-641.
https://doi.org/10.1016/j.corsci.2015.08.039

UYepenanos I'II. Mexanuka xpynkoro paspynienus. Mocksa: Hay-
Ka, 1974. 640 c.

Paspymenne. T. 2: Maremaruueckue 0CHOBBI TEOPUH Pa3pyIIeHuUs /
Iox pen. I. JIubosuna. Mocksa: Mup, 1975. C. 204-335.

Wnbun A.B., ®unnn B.1O. [IpumeHeHne pacueTHBIX OLIGHOK MPOY-
HOCTH C HCIIOJNB30BAHHUEM MEXaHUKH Pa3pyLICHHs Ui CBapHBIX
KOHCTPYKILIM TITyOOKOBOIHOW TexHUKH // Jleopmanus u paspyuie-
Hue marepuanon. 2012. Ne 2. C. 9-15.

Zhu X.-K., Joyce J.A. Review of fracture toughness (G, K, J, CTOD,
CTOA) testing and standardization // Engineering Fracture Mecha-
nics. 2012. Vol. 85. P. 1-46.
https.//doi.org/10.1016/j.engfracmech.2012.02.001

[Tapkunc P.H., Mana ®., Poiiena X.JK. MeTob! ucnibITaHus Ha KOp-
posuto mox HampspkeHueM // 3amura metamios. 1973, T. 1. Ne 3.
C. 515-540.

Koctun C.K. Koppo3nonHoe pacTpeckuBaHue B MOPCKOH BOJIE BEI-
COKOIIPOYHBIX CTaJCH pa3In4HOro CTPYKTYPHO-(ha30BOro coCTa-
Ba: ABTopedepar AUCCEPTALHH ... KaHIUIaTa TEXHHYSCKUX HayK.
Cankr-IlerepOypr, 2018. 24 c.

Mushnikova S.Y., Kalinin G.Y., Kharkov A.A. Corrosion resistance
problems of low magnetic shipbuilding steels // Inorganic Materials:
Applied Research. 2016. No. 7. P. 892—-898.
https://doi.org/10.1134/S2075113316060113

Scully J.C. The interaction of stress corrosion cracking of austenitic
steels in seawater // Corrosion Science. 1980. Vol. 20. P. 997-1016.
Serebrinsky S.A., Duffo G.S., Galvele J.R. Effect of strain rate on
stress corrosion crack velocity: Difference between intergranular
and transgranular cracking // Corrosion Science. 1999. Vol. 41.
No. 1. P. 191-195. https://doi.org/10.1016/S0010-938X(98)00118-8
Toshinori O., Juichi . Stress corrosion cracking susceptibility and
cracking criteria of 13 Cr martensitic stainless steels in neutral
chloride solution at room temperature // Tetsu-To-Hagane / Jour-
nal of the Iron and Steel Institute of Japan. 1989. Vol. 75. No. 7.
P. 1201-1216. https://doi.org/10.2355/tetsutohagane1955.75.7_1201
Jleonos B.II., Illepounun B.®., IManoukuit [.A., ManuHku-
Ha F0.}O. Onpenenenne KpUTUIECKOI CKOPOCTH HATPYKCHHUS MPH
HCIBITAaHUAX Ha KOPPO3HMOHHO-MEXAHMYECKYIO HPOYHOCTH THUTA-
HOBBIX cruiaBoB // COopHHK 10KIamoB Bceepoccuiickoit koHbe-
PCHLHHK O HCIBITAHUSAM U HCCICAOBAHHSAM CBOMCTB MaTepHalioB
«TectMar-2013». Mockga. 28 despans — 01 mapra 2013. Mocksa:
BUAM, 2013. C. 20.

XappkoB A.A., HemunkoBa JL.I., Muxuesuu A.Il., bumuna C.1O.
OLeHKa CKJIOHHOCTH CTajeil K KOPPO3HOHHOMY PacTPECKUBAHUIO
[PU MCIIBITAHUH C MEUICHHOM CKOPOCThIO AedopmupoBanust // Tex-
Hosorus cypoctpoenust. 1990. Ne 3. C. 10-13.

Mymnankosa C.1O., XapekoB O.A., Koctur C.K. Mertoxs! onen-
KA KOPPO3MOHHO-MEXAHUYECKOH IPOYHOCTH KOHCTPYKLHOHHBIX
MaTepUalioB W CTEH/bI Ui UX ucnbiTanuil / COOPHUK TOKIAaI0B
Bceepoccniickoii KoH(GEpEHIMU 110 UCTIBITAHUSAM U HCCIICI0BAHMUSIM
cBoiictB MmarepuanoB «TectMar-2013». Mocksa, 28 despans —
01 mapra 2013. Mocksa: BUAM, 2013. C. 18.

Case R., Bezensek B. Fracture toughness assessment of the suscep-
tibility for sulfide stress corrosion cracking in high strength carbon
steels: A review // Corrosion. 2021. Vol. 77. No. 1. P. 48-59.
https://doi.org/10.5006/3610

Ali M., Pargeter R. Techniques for determining the effect of a sour
environment on fracture toughness of steel / Steely Hydrogen.
2nd Int. Conf. on Metals and Hydrogen. May 5 — 7, 2014, Gent,

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ogawa Y., Takakuwa O., Okazaki S., Okita K., Funakoshi Y.,
Matsunaga H., Matsuoka S. Pronounced transition of crack initia-
tion and propagation modes in the hydrogen-related failure of a Ni-
based superalloy 718 under internal and external hydrogen condi-
tions. Corrosion Science. 2019, vol. 161, article 108186.
http://dx.doi.org/10.1016/j.corsci.2019.108186

Ma H.C,, Liu Z.Y., Du C.W.,, Wang H.R., Li X.G., Zhang D.W.,
Cui Z.Y. Stress corrosion cracking of E690 steel as a welded joint in
a simulated marine atmosphere containing sulphur dioxide. Corro-
sion Science. 2015, vol.100, pp. 627-641.
https://doi.org/10.1016/j.corsci.2015.08.039

Cherepanov G.P. Brittle Fracture Mechanics. Moscow: Nauka,
1974, 640 p. (In Russ.).

Fracture. Vol. 2: Mathematical Methods in Fracture Mechanics. Li-
bovits G. ed. Moscow: Mir, 1975, pp. 204-335. (In Russ.).

I’in A.V,, Filin V.Yu. Application of design strength estimates us-
ing fracture mechanics for welded structures of deep-sea machinery.
Deformatsiya i razrushenie materialov. 2012, no. 2, pp. 9-15. (In
Russ.).

Zhu X.-K., Joyce J.A. Review of fracture toughness (G, K, J,
CTOD, CTOA) testing and standardization. Engineering Fracture
Mechanics. 2012, vol. 85, pp. 1-46.
https://doi.org/10.1016/j.engfracmech.2012.02.001

Parkins R.N., Matsa F., Roiela Zh.Zh. Stress corrosion test methods.
Zashchita metallov. 1973, vol. 1, no. 3, pp. 515-540. (In Russ.).

Kostin S.K. Corrosion cracking in seawater of high-strength steels
of different structural-phase composition: Extended Abstract of
Cand. Sci. Diss. St. Petersburg, 2018, 24 p. (In Russ.).

Mushnikova S.Y., Kalinin G. Y., Kharkov A.A. Corrosion resistance
problems of low magnetic shipbuilding steels. /norganic Materials:
Applied Research. 2016, no. 7, pp. 892—898.
https://doi.org/10.1134/S2075113316060113

Scully J.C. The interaction of stress corrosion cracking of austenitic
steels in seawater. Corrosion Science. 1980, vol. 20, pp. 997-1016.
Serebrinsky S.A., Duffo G.S., Galvele J.R. Effect of strain rate on
stress corrosion crack velocity: Difference between intergranular
and transgranular cracking. Corrosion Science. 1999, vol. 41, no. 1,
pp. 191-195. https://doi.org/10.1016/S0010-938X(98)00118-8
Toshinori O., Juichi I. Stress corrosion cracking susceptibility and
cracking criteria of 13 Cr martensitic stainless steels in neutral
chloride solution at room temperature. Tetsu-To-Hagane / Jour-
nal of the Iron and Steel Institute of Japan. 1989, vol. 75, no. 7,
pp-1201-1216. https://doi.org/10.2355/tetsutohagane 1955.75.7_1201
Leonov V.P., Shcherbinin V.F., Panotskii D.A., Malinkina Yu.Yu.
Determination of critical loading rate during tests for corrosion-me-
chanical strength of titanium alloys. In: I/ A/l-Russ. Conf. on Tests
and Research of the Materials Properties “TestMat-2013", Feb-
ruary 28 — March 1, 2013, Moscow. Moscow: VIAM, 2013, p. 20.
(In Russ.).

Khar’kov A.A., Nemchikova L.G., Mikhnevich A.P., Bilina S.Yu.
Evaluation of the tendency of steels to corrosion cracking during
testing with a slow deformation rate. Tekhnologiya sudostroeniya.
1990, no. 3, pp. 10-13. (In Russ.).

Mushnikova S.Yu., Khar’kov O.A., Kostin S.K. Methods of evalu-
ation of corrosion-mechanical strength of structural materials and
benches for their testing. In: /I All-Russ. Conf. on Tests and Re-
search of the Materials Properties, February 28 — March 1, 2013,
Moscow. Moscow: VIAM, 2013, p. 18. (In Russ.).

Case R., Bezensek B. Fracture toughness assessment of the suscep-
tibility for sulfide stress corrosion cracking in high strength carbon
steels: A review. Corrosion. 2021, vol. 77, no. 1, pp. 48-59.
https://doi.org/10.5006/3610

Ali M., Pargeter R. Techniques for determining the effect of a sour
environment on fracture toughness of steel. In: Steely Hydrogen. 2
Int. Conf. on Metals and Hydrogen, May 5-7, 2014, Gent, Belgium.


http://dx.doi.org/10.1016/j.corsci.2019.108186
https://doi.org/10.1016/j.corsci.2015.08.039
https://doi.org/10.1016/j.engfracmech.2012.02.001
https://doi.org/10.1134/S2075113316060113
https://doi.org/10.1016/S0010-938X(98)00118-8
https://doi.org/10.2355/tetsutohagane1955.75.7_1201%20
https://doi.org/10.5006/3610
http://dx.doi.org/10.1016/j.corsci.2019.108186
https://doi.org/10.1016/j.corsci.2015.08.039
https://doi.org/10.1016/j.engfracmech.2012.02.001
https://doi.org/10.1134/S2075113316060113
https://doi.org/10.1016/S0010-938X(98)00118-8
https://doi.org/10.2355/tetsutohagane1955.75.7_1201%20
https://doi.org/10.5006/3610

IZVESTIYA. FERROUS METALLURGY. 2022, vol. 65, no. 3, pp. 154-162.
Al’khimenko A.A., Davydov A.D., Khar’kov A.A., Mushnikova S.Yu., Khar’kov 0.A., Parmenova O.N., Yakovitskii A.A. Methods of corrosion testing ...

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55S.

56.

57.

L .U/ INFORMATION ABOUT THE AUTHORS

Belgium. Available at URL: https://www.twi-global.com/technical-
knowledge/published-papers/techniques-for-determining-the-ef-
fect-of-a-sour-environment-on-fracture-toughness-of-steel

Cravero S., Bravo R., Ernst H. A simplified transient approach for
modeling crack growth in DCB specimen testing / CORROSION
2010, Houston, TX. NACE International. 2010. Paper no. 10321.
Hadley 1., Karger S.A. Effect of crack tip constraint on fracture tough-
ness of A533B steel and validation of the sintap constraint procedure.
Ainsworth R. ed. Gloucester, UK: Nuclear Electric Ltd, 1999. Avai-
lable at URL: http://www.eurofitnet.org/sintap TWI-012.pdf
Thébault F., Gomes C., Millet J., Oliveira J., Kemtchou S. Sulfide
stress cracking fracture toughness of 125 ksi grade in mild sour ser-
vice conditions // NACE — International Corrosion Conference Se-
ries. 2017. Vol. 2. P. 1106-1112.

Brown B.F. Stress corrosion cracking: A perspective review of the
problem. Naval Research Laboratory. Report 7130. 1970. 27 p.
Anbxumenko A.A., XapekoB A.A., lllemsikunckuit b.A., Hlamom-
uukoB H.O. Pa3paboTka METOAMKH yCKOPEHHBIX UCTIBITAHUN TPYO-
HBIX CTaJell He(TIHOrO COPTAaMEHTa Ha KOPPO3HOHHOE PACTPECKU-
Banue // 3aBozckas maboparopust. Jluarnoctuka marepuaios. 2020.
T. 86. Ne 9. C. 70-76.
https://doi.org/10.26896/1028-6861-2020-86-9-70-76

ASTM G 129-21. Standard Practice for Slow Strain Rate Testing to
Evaluate the Susceptibility of Metallic Materials to Environmentally
Assisted Cracking. West Conshohocken, PA: ASTM International,
2021. 7 p.

GB 15970.7-2000. Corrosion of Metals and Alloys — Stress Corro-
sion Testing — Part 7: Slow Strain Rate Testing. National Standard of
China. 2000. 50 p.

Mustapha A., Charles E.A., Hardie D. Evaluation of environment-
assisted cracking susceptibility of a grade X100 pipeline steel / Cor-
rosion Science. 2012. Vol. 54. P. 5-9.
https://doi.org/10.1016/j.corsci.2011.08.030

Omura T., Kobayashi K., Ueda M. SSC resistance of high strength
low alloy steel OCTG in high pressure H,S environments // NACE —
International Corrosion Conference Series. 2009. Paper no. 09102.
Jiao Y., Mahmood J., Zheng W., Singh P.M., Kish J.R. Effect of ther-
mal aging on the intergranular stress corrosion cracking susceptibi-
lity of type 3108 stainless steel // Corrosion. 2018. Vol. 74. No. 4.
P. 430-443. https.//doi.org/10.5006/2544

Wu L., Takeda Y., Shoji T., Yamashita M., Izumi S. Effect of re-
versed austenite on the stress corrosion cracking of modified
17-4PH stainless steel. // Corrosion. 2017. Vol. 73. No. 6. P. 704-712.
https://doi.org/10.5006/2232

ASTM G 52-00. Standard Practice for Exposing and Evaluating
Metals and Alloys in Surface Seawater. West Conshohocken, PA:
ASTM International. 2020. 4 p.

Kapnos B.A, Kosamsayk 1O.JI., IToarapyxa O.I1., WUneua W.H.
KoMIIIEeKCHBII MOAXOA K 3aLUTE OT MOPCKOTO 0OpacTaHUs U KOp-
po3un. Mocksa: ToBapumectBo HayuHbIXx m3manuii KMK, 2007.
156 c.

Melchers R.F., Jiffrey R. Influence of water velocity on marine
immersion corrosion of mild steel / Corrosion. 2004. Vol. 60. No. 1.
P. 84-94. https://doi.org/10.5006/1.3299235

Anekceii Anekcandposuu AavbxumeHko, dupekmop HayuHo-mexHo-
J102uveckozo komnaekca «Hogvie mexHonozuu u mamepuassly, CaHKT-
[leTepGyprcKuil NOMTEXHUYECKUH YHUBepcUTeT [leTpa Besnkoro
ORCID: 0000-0001-6701-1765

E-mail: a.alkhimenko@spbstu.ru

Apmem JImumpuesuu /lagvldos, uHxiceHep-uccaedosameas HayuHo-
mexHo102u4eckull komnaekca «Hosble mexHo02uU U MAMeEPUAIbLy,
CaHkT-IleTepOyprckuil monuTexHudeckul yHuBepcutet [letpa Be-
JINKOTO

ORCID: 0000-0001-6288-5703

E-mail: davydov_ad@spbstu.ru

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Available at URL: https://www.twi-global.com/technical-know-
ledge/published-papers/techniques-for-determining-the-effect-of-a-
sour-environment-on-fracture-toughness-of-steel

Cravero S., Bravo R., Ernst H. A simplified transient approach for
modeling crack growth in DCB specimen testing. In: CORROSION
2010, Houston, TX. NACE International, 2010, paper no. 10321.
Hadley 1., Karger S.A. Effect of crack tip constraint on fracture
toughness of A533B steel and validation of the sintap constraint
procedure. Ainsworth R. ed. 1999. Available at URL: http://www.
eurofitnet.org/sintap TWI-012.pdf

Thébault F., Gomes C., Millet J., Oliveira J., Kemtchou S. Sulfide
stress cracking fracture toughness of 125 ksi grade in mild sour ser-
vice conditions. NACE — International Corrosion Conference Se-
ries. 2017, vol. 2, pp. 1106-1112.

Brown B.F. Stress corrosion cracking: A perspective review of the
problem. Naval Research Laboratory. 1970, report 7130, 27 p.
Al’khimenko A.A., Khar’kov A.A., Shemyakinskii B.A., Shaposh-
nikov N.O. Development of the methodology of accelerated testing
of oil-gas pipe steels for stress corrosion cracking. Zavodskaya labo-
ratoriya. Diagnostika materialov. 2020, vol. 86, no. 9, pp. 70-76.
(In Russ.). https://doi.org/10.26896/1028-6861-2020-86-9-70-76

ASTM G 129-21. Standard Practice for Slow Strain Rate Testing to
Evaluate the Susceptibility of Metallic Materials to Environmentally
Assisted Cracking. West Conshohocken, PA: ASTM International,
2021, 7 p.

GB 15970.7-2000. Corrosion of Metals and Alloys — Stress Corro-
sion Testing — Part 7: Slow Strain Rate Testing. National Standard
of China, 2000, 50 p.

Mustapha A., Charles E.A., Hardie D. Evaluation of environment-
assisted cracking susceptibility of a grade X100 pipeline steel. Cor-
rosion Science. 2012, vol. 54, pp. 5-9.
https://doi.org/10.1016/j.corsci.2011.08.030

Omura T., Kobayashi K., Ueda M. SSC resistance of high strength
low alloy steel OCTG in high pressure H,S environments. NACE —
International Corrosion Conference Series, 2009, paper no. 09102.
Jiao Y., Mahmood J., Zheng W., Singh P.M., Kish J.R. Effect of ther-
mal aging on the intergranular stress corrosion cracking susceptibi-
lity of type 310S stainless steel. Corrosion. 2018, vol. 74, no. 4,
pp. 430-433. https://doi.org/10.5006/2544

Wu L., Takeda Y., Shoji T., Yamashita M., Izumi S. Effect of re-
versed austenite on the stress corrosion cracking of modified
17-4PH stainless steel. Corrosion. 2017, vol. 73, no. 6, pp. 704-712.
https://doi.org/10.5006/2232

ASTM G 52-20. Standard Practice for Exposing and Evaluating
Metals and Alloys in Surface Seawater. West Conshohocken, PA:
ASTM International, 2020, 4 p.

Karpov V.A., Koval’chuk Yu.L., Poltarukha O.P., II’in L.N. Inte-
grated Approach to Protection against Marine Fouling and Cor-
rosion. Moscow: Tovarishchestvo nauchnykh izdanii KMK, 2007,
156 p.

Melchers R.F., Jiffrey R. Influence of water velocity on marine im-
mersion corrosion of mild steel. Corrosion. 2004, vol. 60, no. 1,
pp. 84-94. https://doi.org/10.5006/1.3299235

Aleksei A. AI'khimenko, Director of the Scientific and Technological
Complex “New Technologies and Materials’, Peter the Great St. Peters-
burg Polytechnic University

ORCID: 0000-0001-6701-1765

E-mail: a.alkhimenko@spbstu.ru

Artem D. Davydov, Research Engineer of the Scientific and Technologi-
cal Complex “New Technologies and Materials’, Peter the Great St. Pe-
tersburg Polytechnic University

ORCID: 0000-0001-6288-5703

E-mail: davydov_ad@spbstu.ru

161


https://www.twi-global.com/technical-knowledge/published-papers/techniques-for-determining-the-effect-of-a-sour-environment-on-fracture-toughness-of-steel
https://www.twi-global.com/technical-knowledge/published-papers/techniques-for-determining-the-effect-of-a-sour-environment-on-fracture-toughness-of-steel
https://www.twi-global.com/technical-knowledge/published-papers/techniques-for-determining-the-effect-of-a-sour-environment-on-fracture-toughness-of-steel
http://www.eurofitnet.org/sintap_TWI-012.pdf
https://doi.org/10.26896/1028-6861-2020-86-9-70-76
https://doi.org/10.1016/j.corsci.2011.08.030
https://doi.org/10.5006/2544
https://doi.org/10.5006/2232
https://doi.org/10.5006/1.3299235
https://www.twi-global.com/technical-knowledge/published-papers/techniques-for-determining-the-effect-of-a-sour-environment-on-fracture-toughness-of-steel
https://www.twi-global.com/technical-knowledge/published-papers/techniques-for-determining-the-effect-of-a-sour-environment-on-fracture-toughness-of-steel
https://www.twi-global.com/technical-knowledge/published-papers/techniques-for-determining-the-effect-of-a-sour-environment-on-fracture-toughness-of-steel
http://www.eurofitnet.org/sintap_TWI-012.pdf
http://www.eurofitnet.org/sintap_TWI-012.pdf
https://doi.org/10.26896/1028-6861-2020-86-9-70-76
https://doi.org/10.1016/j.corsci.2011.08.030
https://doi.org/10.5006/2544
https://doi.org/10.5006/2232
https://doi.org/10.5006/1.3299235
http://orcid.org/0000-0001-6701-1765
mailto:a.alkhimenko@spbstu.ru
https://orcid.org/0000-0001-6288-5703
mailto:davydov_ad@spbstu.ru
http://orcid.org/0000-0001-6701-1765
mailto:a.alkhimenko@spbstu.ru
https://orcid.org/0000-0001-6288-5703
mailto:davydov_ad@spbstu.ru

N3BECTHUSA BY30B. YEPHASI METAJIAYPIUA. 2022. Tom 65. Ne 3. C. 154-162.
Anvxumenko A.A, [lasvidos A./l., Xapvkos A.A., MywHukosa C.10., Xapbkos 0.A., [Tapmenoga O.H., Akosuykuii A.A. MeToabl KOPPO3UOHHBIX ...

Anekcandp Apkadvesuy Xapvkos, k.m.H., 3amecmumens dupekmopa
HayuHo-ucciedosamenbckozo U 06pasosamenbHo2o yeHmpa «Besep-
¢opo-IlonumexHuk», CaHkT-IleTepOyprckuil NOMUTEXHUYECKUHN YHU-
BepcuTteT [leTpa Besnkoro
E-mail: a.a.harkov@mail.ru

CeemsaaHa HOpveeHa MYyWHUKO08d, K.M.H., HA4a/AbHUK CeKkmopa,
UHUU KM «IIpomeTeit» umenu akagemuka U.B. Topsinnna HAUL «Kyp-
YaTOBCKUH MHCTUTYT»

E-mail: nnpk3@crism.ru

Os1e2 Anekcandposu4 Xapvkos, K.m.H., cmapwutl HayuHbLll compyo-
Huk, THUU KM «IlpomeTeii» nmMenu akagemuka U.B. TopeinrnHa HUL]
«KypyaToBCKUN UHCTUTYT»

E-mail: npk3@crism.ru

Osbza Hukonaesna IlapmeHosa, k.m.H., cmapwull Hay4Hbll compyod-
Huk, ITHUW KM «IIpomeTeii» umenu akagemMuka W.B. Topbinnna HULL
«Kyp4aTOBCKMI UHCTUTYT»

E-mail: npk3@crism.ru

Anexkceii AHOpeesuy Axosuykuil, unscerep 1 kamezopuu, THUU KM
«[IpomeTeii» uMeHu akagemuka U.B. lopeinuna HULL «KypuaToBckuit
HWHCTUTYT»

E-mail: npk3@crism.ru

Aleksandr A. Khar’kov, Cand. Sci. (Eng.), Deputy Director of the Re-
search and Educational Center “Weatherford-Polytechnic’, Peter the
Great St. Petersburg Polytechnic University

E-mail: a.a.harkov@mail.ru

Svetlana Yu. Mushnikova, Cand. Sci. (Eng.), Head of the Sector, Acade-
mician I.V. Gorynin Central Research Institute of Structural Materials
“Prometey” National Research Center “Kurchatov Institute”

E-mail: nnpk3@crism.ru

Oleg A. Khar’kov, Cand. Sci. (Eng.), Senior Researcher, Academician
L.V. Gorynin Central Research Institute of Structural Materials “Pro-
metey” National Research Center “Kurchatov Institute”

E-mail: npk3@crism.ru

Ol'ga N. Parmenova, Cand. Sci. (Eng.), Senior Researcher, Academician
LV. Gorynin Central Research Institute of Structural Materials “Pro-
metey” National Research Center “Kurchatov Institute”

E-mail: npk3@crism.ru

Aleksei A. Yakovitskii, Engineer of the 1 Category, Academician
L.V. Gorynin Central Research Institute of Structural Materials “Pro-
metey” National Research Center “Kurchatov Institute”

E-mail: npk3@crism.ru

L/ CONTRIBUTION OF THE AUTHORS

A. A. ArbxumeHko - ujiest paboTbl, pOPpMUPOBAHUE OCHOBHOMN KOH-
Lenuu o63opa.

A. /1. lagbl008 — HanKcaHUe TEKCTA PYKOIKCH, 000D HUIJIIOCTpa-
LU, 0pab0oTKa TEKCTA, pelaKTUpOBaHue QUHATBHOU BepCUur
o630pa.

A. A. Xapvkoe — HayuyHOe PYKOBO/ICTBO, HAllMCAaHHE TEKCTA PYKOIHCH,
noA6op UHGpOpPMaL KK, TOUCK U aHAJIU3 ONYyOJUKOBAHHBIX UCTOYHH-
KOB.

C. I0. MywiHUKo08a — HanrcaH1e TeKCTa PyKOIHCH, aHAIU3 AaHHBIX.
0. A. Xapbkoe — HanucaHue TeKCTa PYyKONUCH, aHaJIU3 JaHHbIX.

0. H. [lapmeHoea — IOATOTOBKA TEKCTA, 0630p My6IHKALMH 10 TeMe
CTaThH, JOpabOTKA TEKCTA.

A. A. AxosuyKuii — OVCK JAaHHBIX JJIs1 aHAJIK3a.

A. A. AI'khimenko - formation of the review main concept.

A. D. Davydov - writing and revising the text, selection of illustra-
tions, editing the review final version.

A. A. Khar’kov - scientific leadership, writing, selection of informa-
tion, search and analysis of published sources.

S. Yu. Mushnikova - writing the text, data analysis.

0. A. Khar’kov - writing the text, data analysis.

0. N. Parmenova - preparation of the text, publications review, revis-
ing the text.

A. A. Yakovitskii - search of the data for analysis.

[Mocrynmna B pepakmmio 09.06.2021
TTocne nopadorku 27.09.2021
Ipunsra x my6nukaun 27.01.2020

Received 09.06.2021
Revised 27.09.2021
Accepted 27.01.2022

162


mailto:a.a.harkov@mail.ru
mailto:nnpk3@crism.ru
mailto:npk3@crism.ru
mailto:npk3@crism.ru
mailto:npk3@crism.ru
mailto:a.a.harkov@mail.ru
mailto:nnpk3@crism.ru
mailto:npk3@crism.ru
mailto:npk3@crism.ru
mailto:npk3@crism.ru

