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^JieH AH yCCP
EsaAHMHp BacHJibeEKq nAHACSK 
DffiS MsaHOBUH EAEES
4>H3HK0tóexauH'je0KHÍí HHCXuxyi AH yCCP, KhsBj CCCP

OCHOBHHE HAUPABJIEHHH $yHBAMEHTAJIBHHX HCCJIĘHOBAHHi 
B OEJIACTH K0PP03HQHH0-MEXAHSHECK0r0 PA3PymEHHH 
KOHC EPyKDJÍOHHHX MATEPEAJIOB

PesioMe. B paG oie odcysyieHH MexarasMU 3aposcfleHHa. h pacnpocipaHeHHJŁ 
K0pp03H0HHHX ipeąHH , IipoaHaXH3JípOBaHHHe Ha OCHOBe JDłHefiHOa MexaHHKH 
B03HHKH0BeHHH TpeiĘHH, HpHHHMaŁ BO BHHMaHHe SfleKXpOXHMHHeCKHe <J>aKIOpH. 
yiBepwieHO, hxo 4>paKTorpa£¡HHecKHfi aHaxH3 koppo3hohhoh xpenpsHH oaeHB 
HeoSxoflHM ajiji HCoaeAOBaHna pacnpocTpaHeHiŁŁ Koppo3HOHHofi xpeupiHOBaTO- 
oxH. OSpameHo BHHMaHHe laKKe Ha poJiB HHraSHTopa b saMe^jieHHH Koppo- 
3HH. Pa3pa6oxaHH Ha OOHOBe COSciBeHHHX HCCJieSOBaHHli H0BK6 IHUH HHrH- 
CHXOPOB K0pp03HH.

3$$eKxoM HconeAoBaHHa, npoBOflHMux b oCaacTH KopposHOHHoa npoGjieMa- 
XHKH HBJiaeiCHi 06fl3aiejIŁHaH. B CCCP HOpMa B HCCJieAOBaHHH ipeąHHOCTOZKO- 
C.XH B yCJIOBHHX K0ppO3HH nOA HanpHKeHHeM AZS- KOHOTpyKqHOHHHX CTajiea. 
C yąeciB ya i Taicsce pa3paGoiKH b oSaacTH yo.xajiooiHOH Koppo3HH, no3BoaH»- 
ąne ycxaHOBHTB cooTBeTCXByK>¡¡me HopMH. B CCCP paspaSoxana la k s e  MexoAH- 
Ka HccjieflOBaHHíí h cooxBexcxByiomaji an napaiypa b oBjiaoxH HOCjieAOBama 
Koppo3HOHHoñ TpeąHHOOTofiKocTH [n o3 . 1 ,  7 ,  8 b nepenne jiKxeparypH) .

ño MHeHH» aBiopoB, pe3yjiŁxaTH necjie,ąoBaHna b oGjtacxH Koppo3HH, npo- 
BOflHMHX B CCCP HO3B0JIH£)X OOCTaBHXL B HeKOIOpHX CJiyMaSX, rpaqpKKH KOp- 
posHOHHoü xpenHHOoxoMKocxH aab. onpeflexeHHHx napaMexpoB Koppo3BOHHoro 
npoiíecca.

Koppo3HH h rxaBHHM p6pa30M Koppo3H0HHo-nexaHHHecKoe pa3pymeHHe MeTaxxoB 
h cnjiaBoB HaHOCHx ejíBa jzh ne  HaHdoJTBinHS ypon p a 3 jxhhhhm oxpacJisM npoMHBJieH- 
hooxh, xaKHM Kax He$xera3oao6H Baioąefi h H e$iera3onepepa6aiH B aM ne2 , xHMznec- 
Koñ h He$xexnMEHecKoa, SHeprexavecKoM , oyfloCTpoHxejibHOü h spy raM . üH orae 
aoneKTH a io r o  onaoH oro B asa pa3pymemiH e ą e  ne  hchh , hxo 3axpy,ąH.aer He io jib -  
ko pacK pH ine mexaHH3Ma B3aHHo,neácrBHH HanpaatSHHoro h fle$opMnpoBaHHoro Mexajir- 
xa  C arpeCCHBHHMH CpexaMH B páSJIHHHHX yCJIOBHHX, HO H pa3paSOTKy 3$$eKTHBHHX
Mep 3aąHTH. HHTeHCHBHNñ pocT M eTaxxyprnHecKoro $0H í,a, bc§ ycxosHHxiiíHeoa 
ypxoBHH oKonxyaxaijtHH pe3Ko yBejm<iHBaxix noxepa Mexajuia ox Koppo3HH h xpeSyux 
yoKopeHHH paspafioxKH onoooSoB 6opb6h  c hkmh, OcxaHOBHMca n a  HeKoxopKS so n p o - 
oax  KopposHOHHO-MexaHHHecKoro paspy iienza . c ia x E .

Koppo3HOHHO-MexaHHHecKoe paspym eHHe, kak  H3BecxHpj BKxrraaex b  ce&s n p o - 
Ę ecc  s a p o s a e n a a  s  pacnpocxpaH esH a xpespaH» OxHaxo, neoM oips Ha óoxhwoe 3 s a -  
neuztt exaííHH aapoK^eiíHK h nepeAKO eS KOHTpojiEpjToąyi) pors> b oGneá xaByaecTii
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KOHCTpyKijHH i npoiteco p ocia  Koppo3HOHHoß TpemHHa bo mhothx cxyqaax HBxaexca 
onpeAejiHiouHM (Koppo3HOHHaa ycTaxocib, Koppo3HOHHoe pacipecKHBaHHe u Ap.J . 
OnHTH noKa3aan [l , 2] , hto a m  AaHHoro cayaaa MexaHHica pa3pymeHHa, Öaaro- 
Aapa pa3BHTOMy HHCTpyMemapHio motct cymeciBeHHo pacmapHiB bo3mojkhocxb ajis 
öojiee rayöoKoro H3yneHHa 3aK0H0MepH0CTeä h KoJiHHecxBeHHax oneHOK p ocia  Kop- 
po3HOHHbDC TpeąHH. Äaa 3T0T0 HMeeTCH HecKOJiBKo npHHHH• Bo-nepBux. npoAecc 
po c ia  xapaKiepen jioKajiH3auHeä pa3pymeHHH, a cyöKpHTHHecKoe pa3BHTHe reHe- 
pajiBHofi MHKpoxpemHHH HMeeT, KaK npaBHjio, xpyiiKHä oxpHBHCXbiii- xapaicxep, noA- 
Aa»ąKHca onncaBnio Ha ocHOBe KHHeTHHecKHx 3aBHCHMocxefi, noxyaeHHHx na one- 
pHa.iBHbix oöpa3uax c BHBeAeHHHMH MaxpoTpeuHHaMH. Bo-btophx. Aaa paAa H3Ae- 
nHM c ia^ aa  cyöKpHXHHecKoro pocia  ipemaHH MoxeT cocxaBHTB ocHOBHyxi aoaio hx 
AoaroBeHHOciH ^CBapHue raBu, MexaxxyprHHecKHe, lexHoxorHaectcHe h KOHOipyK- 
THBHue KOHiieHTpaiopu HanpaaceHHH, pe3Koe noHHsceHHe npoHHociH, H3MeHeHH6 y c- 
aobhü HarpyxeHHa) . B-ipexbHx. KoxHHecTBeHHbie AaHHne o c iasn a  cyßicpHTHHec- 
Koro pocia  xpemHH c HHxerpaxbHHMH oueHKaMH AoaroBeHHociH 6e3 xpemHHOBHAHHX 
KOHueHipaxopoB no3Boaajox xaK*e nojiyaaiB KocBeHHue CBefleraa o npoAOAJSHxeab- 
HocxH h oooßeHHocxax cxa^HH 3aposcfleHHa ipeięHHH, Koxopue ceroAHa noxa He 
noAAaroTca xoHHOMy H3yHeHHK>. B-HeTBepTax. H3yaeHHe KHHeimcH HOKycciBeHHO 
COSAaHHHX xpemHH Aaël B03M0JKH0CTB ÖOaee TOHHQ OIIHCaiB MexaHHHeCKHe 3 (JxJ>eK- 
ibi, Koxopue HeaB3a BnaBHiB npn HcnmaHHH raaAKHx o6pa3H0B, a  xaKxe oąeHHiŁ 
BaHHHHe Koppo3HOHHnx cpeA Ha AOjiroBeHHocxa Mexaaaa. B-naxux. Mexannica Kop- 
po3HOHHoro pa3pymeHHH BnepBue Aaxa bo3moschoctb' npoBeciH HHxenepHHe pacaëiK  
pecypca floaroBeHHOCTH H3AexHÄ h npefleaBHUX pa3MepoB AonyciHMHx AejieKTOB,
HTO oaeHB BajfCHO AM OUeHKH HaAëïCHOCTH KOHOlpyKUHä, OOOßeHHO OTBeiCTBeHHOrO 
Ha3HaHeHHH.

riO A X O A U  MexaHHKH KOppOÖHOHHO—MexaHHHeCKOrO pa3pyneHHH CTHMyjLHpOBaXH pas- 
BHiHe hobhx MexoAHK hccjieAOBaHHÜ, co3AaHHe HHCxpyMeHxapHa a m  H3yneHHa 
aaeKTpoXHMHHeCKHX npoi;eccoB b BepmHHe xpemHHH, no3Boaa»mero yHHXHBaxi cxpyic- 
TypHO-HanpaxëHHoe cocToamie Mexaxaa, CBenceo6pa30BaHHyio nosepxHocTb h paA 
Apyrax çaKTopoB. Tax B03HHKaa cxpyKxypHaa MexaHHKa Koppo3HOHHo-nexaHK<iecKo- 
ro pa3pymeHHa, a eë Maxpo- h MMKpotJpaKTorpaJiHHecKHii aHajiH3 c Hcnoab3oBaHHen 
3 AeKTpOHHOk t ipaHCMHCCHOHHOii H paCXpOBOÍÍ MHKpOCKOnHH n03B0aaei BO MHOTHX 
cayaaax pacKptiTB MHKpoMexanH3ml: pa3pyiueHHa b pa3aHHHHx cpeAax, hxo Heoöxo- 
AHMo Aaa nporno3HpoBaHHa paÖoTocnocoÖHociH h3A£ahü• 'SpaKTorpaíH'JecKoe onpe- 
AeaeHHe cKopociH pocia ipenpiH, HanpHMep, npn Koppo3HOHHoit yciaaocxH aa oc- 
HOBe KOJiHHeciBeHHoä oaeHKH Öopo3AOK B H3A0Me, npeACxaBjiaex HHxepec am: hh- 
»teHepoB u HCCJieAOBaTeaeii, xax xaa Aaëx AonoAHHxexBHyn HH$opMauHK) a m  Ana- 
THOCTHKH ITOBpeSCAeHHÍÍ., paCKpHTHH npHHHH aBapHHHHX pa3pynieHHÜ H paHJEHpOBKH 
KOHCTpyKHHOHHHX CnaaBOB. B03M0JfCH0CTi> H3yaeHHa 3AeKlp0XHMHHeCK0ä CHXyaHHH 
b BepmHHe pa3BHBaK>Ae8ca xpemHHH BecBMa aeHHa a m  pa3pa6oTKH hobhx 3$$eK- 
THBHbtX HHIHÖHTOpOB K0pp03HH H K0pp0 3H0HH0—MexaHHHeCKOrO pa3pymeHHH, A M  
nporH03HpOBaHHH HX 3amHTHOä CnoCOÖHOCTH B pa3AHHHbIX yCAOBHHX, paHXHpOBKH 
cymecTByxmiHx hhthShtopob h Apyrnx cpeAOXB hah MexoAOB 3anHiH.

B oSaacxH co3AaHHH xaKHx hhthCkxopob nepcneKTHBHtiM aBaaexca HcnoxB30Ba- 
HHe npHHAHna AHHeüHocTH cboSoahmc SKeprnS pa3ahhhîjx xhmhhêckhx coeAHHeHHä,
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KOTOpafl noSBOJISei yOTaHOBHTB KOXHZeCTBeHHHe 3aK0H0MepH0CTH BJIZKHHH XKMZZeC- 
KOfl H 9JieKTpOHHOfi CTpyKTypbl nOBepXHOCIHO-aKTHBHHX BeąeCTB Ha ZX aflOOpfimiOH- 
Hbie CBoiioiBa z HHrn6npyK>nyK> cnocodHocib. 3th  HCCJieflOBaHHH yxce no3BojizjiH 
pa3pa60iaiL HeCKOJIbKO 3$$eKTHBHhIX HHrafiHTOpOB KOppO 3HH , HaBOAOpOJKKBaHHfl H 
Koppo3HOHHO—MexaHHHecKoro pa3pymeHHH CTajiz b  cepoBoAopoAocoAepscamzx cpe- 
Aax ajw Hyka He$Tera30flo(5iWH, TpaHcnopTHpoBKH He$Tz h ra30K0HAeHcaTa.
B oSjiacTH noBepxHociHoit o(5pa6oTKH H 3jeraii| pe3K0 noBumajonefi conpoTHBjieHze 
MeTajuia Koppo3zoHHo-MexaHzzecKOMy pa3pyuieHzio cjie^yeT oiMeiHTB HMnyxtoHoe 
ynpoHHeHze, HMnjiaHiaiiHio, C03AaHze aMop$Hbix CTpyKTyp Ha noBepxHOCTH MacczB- 
Hbix fieTaxeft h Apyrze aHaxorzzHbie MeToflu ¡3-5] . 3 to , OTMeTHM, BascHHz acneKi 
(JjyH^aMeHTajibHHx zccxeAOBaHzz b o6 xacTz TexHOJiorzfi. IIpzBeAeM HeKJiopue npz- 
Mepn flxH nofliBepxfleHHH BtnnecKa3aHHoro

Oiihth  noKa3ajiH, zto  3xeKTpoxzM zzecKze y c x o bzh b BepmHHe CTaizzecK H H a- 
rpyxeHHo2 CTaKzoHapHoił TpeiąHHu h ipenzH H , pa3BHBaK)neiicH npz nzKjizzecKOM 
HarpyxeHHH M eiaxjia  cymecTBeHHO o u izza io T ca  ot a x  3HazeHzz Ha noBepxHocxz 
o 6 p a 3 iia . 3 to p a 3 jiz z z e  3aBzczT ot nepBOHazajibHbix ycxoB zii zcnbiTaHzz h BpeMe- 
hh AeftcTBHK cpeflH« C TezezzeM  BpeMeHH ycT aH aB jizB aeich  MZHHMajibHoe 3HazeHze 
pH opeAH, T ax , H a n p zu ep , ajw  CTajiH 4X13 (3aK axxa ot 1050°C + oTnycx 300°c) 
b 1%-m p aciB o p e  H3B03+KOH (pH=8) AJia OTaaHOHapHoft TpenHHU pH =2,3 a jih  pa3BHBaio 
mefiOiE yCTaAOCTHOfi TpeąHHbl pH = 0,4. C AOCTaTOZHOZ AJIk npaKTHKH TOZHOCTbB

P h c .  1 .  TznzzHHe AnarpaMMH liZKJizzecicofi TpenHHOCTOiiKoOTH M aiepzajia  b  HHepT- 
ho& (la, 2a, 16) z  Koppo3zonHo8 (26) cpeAe

la, 16 - npz co6jzoAeHHH ycxoBza aBTOMOASJibHoCTz, 2a, 26 - npz HeBbinojiHeHHz
yCAOBHg aBTOMOA®AbHOCTZ

Rys. 1. Typowe wykresy cyklicznej odporności na pękanie materiału w środo
wisku inercyjnym (1 a, 2 a, 1 b ) i korozyjnym (2 b)

1 a, 1 b - przy zachowaniu warunku automodelowania, 2 a, 2 b - przy niezachowa
niu warunków automodelowania

Fig. 1. Typical diagrams of cyclic crack resistance of the material in in- 
intertical (1 a, 2 a, 1 b) and corroding (2 b) medium

1 a, 1 b - when automodelling conditions are maintained, 2 a, 2 b - when auto
modelling conditions are not maintained



34 3  .B .  U a H ä c a K ,  ! D . K .  Ba6 ei£

3jteKTpozHMir?ecKHe ycxoBza b BepmzHe TipeĄZHŁi mosho oneHHBaTB boaopoahhm no~ 
Ka3aiexeM cpeAH z sxeicrpoAHHM noreHUzaxoM M eiaaxa. flpz coSxjoAeHHH zo c to h h - 
CTBa sthx napaMeipoB b czcieM e Koppo3HOHHaz cpeAa-Meiaxx KZHSTZHeeKHe Aza- 
rpäMMbl p a 3 pyE6 HHH CTaHOBXTCS HHBapzaHTHHMH (pKC , l) , TaKHM 0ßpa30M, CTaÖH- 
jiH3anHK sAeKrpoxHMHtecKHx ycxoBkfl b BepmHHe TpemzHH B npoueooe HonHTaHHä 
Ha K0pp03H0HHyK) TpeUHHOCTOÜKOCTB HBXHeTCH 0ÖH3aTeXBH0Ü. JiHrZÖHTOpH THUa 
TH-3 cyEjecTBeHHO noBumarcT miKxzHeCKyjB TpeiAZHOCTOÜKOOTB ciaxefi. (ciaxB  40X, 
200$, 3%-U pacTBop NaCl) BcxeACTBze lopM oaeraa npouecca BHAexeHHa boaopo- 
M.S., OAHaKO OHH Moryi GkTŁ pBKOMSHAOBaHbl TOXBKO AXS HHrHÖHpOBaHHS OXaÖOHa- 
BOAopoxHBaiosiHx cpeA, nocKOABKy HHiencz^HKanzH npouecca BHAexeHzx BOAopoAa 
b sepmzHe pa3BZBaiomeüca TpenKHH c noMOĄBio KaTOAHok noxapzaanzz npzBoAHT k 
noTepe 3aąziHHx cboäctb  ZHrzóHTopa [ l ,  6} (p zc . 2 h p z c . 3) .

PHC. 2 .  3aBHCHMOCTB CKOpOCTH paCnpOCTpaHeHZH TpemZHH (V) OT K03$$HUHeHTa 
HHieHCHBHOCiH HanpaxeHzä (ü ) c ia x z  4X13 b 1%-m pacTBope H 3 BO 3 +KOH c pH =
= 8 ( a ) , v  o t pH cpeAH (6 ) z v o t 3xexTpoAHoro noieHUzaxa M eiaxxa V (B ).  
la c T o ia  HarpyaeHza 0 ,2 5  Taj OTHyxeBofi uhkx ( r  = 0) paCTHseHza, ßaaoHHHe

o6pa3ąa
R-s. 2. Zależności prędkości rozprzestrzeniania się pęknięcia (V) od współ
czynnika intensywności naprężeń (K) stali 4X13 w jednoprocentowym roztwo
rze H 3 BO 3 +KOH z pH = 8 (a) V od pH środowiska (5) i V od potencjału elektro
dy metalu *P (b) . Częstotliwość obciążenia 0,25 Hz; cykl odzerowy (R = 0)

rozciągania wzorców belkowych
Fig. 2. Dependences of velocity of crack propagation (V) on coefficient of 
stress intensity (K) of the steel 4X13 in one percent solution H 3 BO 3 +KOH 
with pH = 8  (a), V on pH medium (6 ) and V on a potential of metal electrode 
(b). Load frequency 0,25 Hz; cycle starting from zero (R = 0) of beam stan

dard tension
Eojiee S ĵleKTZBHLIM ÄXH IIOBHffleHZÄ COnpOTBBXeHZX. CiaXH K0pp03Z0HH0-MexaHZ- 

vecKOMy pa3pyiueHHK> OKa3axcx ZHrzÓHTop X0CI1-10 (p u c . 4) .  A MaxczMaxBHyio p a -  
ÓOTOCnOCOÓHOCTB, B TOM HHCXe CiaTHZeCKy» H UHKJIZHeCKyK) K0pp03H0HHyK) TpeHJH- 
HOCToiłKocTb, oöecnevzB aeT  KOMnxejtCHas saiiH Ta, 3aKxx>Haioąaa b ZHrzózpoBaHzz 
cpeAH z HMnyxBCHOM ynpoHHeHHH M eiax x a . IIpz zen m a H zz  b xopposzoHHoft cpe^e  
Ha KHHeTHvecKOfi ABarpaMMe ycraxocxH oro pa3pymeHza ( p a c ,  4 KpzBtte l a  z  2a) 
ecxoahhx 00pa3U0B Ba6xmAaeTca ABa nepexow a, CBZAHTexBaTByioinHX oó H3M8HeHZH. 
MHKpoMexaHH3Ma pa3pyneHHH. Pe3Koe noHzxeHae UHKxzvecicoä xoppoazoHHoü ip e -  
ĄHHooTofiKOCTB npa v  < 10“ 7 m/ uhkx, xax noKasHBaei <SpaKtorpaiiHHeckbS a s a -
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j i h 3 ,  cBH3aH0 c npeBaAKpyioąiiM b j i h h h h b m  BOAopoAHoro oxpynEHBamiH s o h u  n p e A -  

pa3pymeHHH. rjiaBHoü npnvnHoü TopMoxeHHH p o c ia  TpemaHu b AHana30He CKopoc- 
Teft v  = 10"8 -  1 0 - i  m/i;hkx îib ahotch  MHKpoBeTBxeHue MarHOTpajibnoi: xpenEKi.

Ph o . 3. KnHeTHEecKHe AvarpaMMH Koppo3HoHHO-ycTaAocTHoro pa3pymeHHH CTaxH
40X B 3%-m  paoiBope NaCl

1 - B 0 3 A y x ;  2 - 3 % -ti paCTBop Nacl; 3 - 3 % -a  pacTBop NaCl + hhth6htop TK-2 
^2,5 T/a) . yCAOBHH HOnUTaHHS CM. PHC , 2

Rys. 3. Wykresy kinetyczne korozyjno-zmęczeniowego niszczenia stali 4X13
w 3% roztworze NaCl

1 - powietrze; 2-3% roztwór NaCl; 3 - 3 %  roztwór NaCl + inhibitor cieczy
ciężkiej (2,5 g/l). Warunki badań patrz na rysunku 2

Fig. 3. Kinetic diagrams of corrosive - fatigue destruction of steel 4X13
in 3% solution NaCl

1 - air; 2 - 3 %  solution NaCl, 3 - 3 %  solution NaCl + inhibitor of heavy
liquid (2,5 g/1). Research conditions are in Fig. 2

MHKpo(})paKTorpa$HqecKHii aHaÂH3 noKa 3 aA, vio HaSxioAaeMhiH 3g?$eKT noBhmieHna
AHKAHHeCKOfl TpeipiHOC TOËKOC TH CiaAH TeCHHM 0fipa30M CBS3aH C H3MeHeHHHMH B 
MHKpoMexaHH3Me pacnpoCTpaHeHHH TpeąHH, £aa hcxoahoë (HeynpovneHHoft) cteah 
Ha 1 h 2 yvacTKax KHHeravecKoft AnarpaMMU aOMHHiipyioAHM SAeMenTOM MHKpocipoe- 
hhh H 3 AOME HBAKeTCH cneufiçpnvecKaji ycTaAociHas nepAHTHaa noAocaaTociL. 1'cko- 
peHHio poCTa ipenHHH no Mepe noBumeHHH A K  cooTBeTCTByeT nocieneHKoe y Beah— 
veHHe KOAHvecTBa (JaceTOK bh3khx ockoakob (paccAoeaHË no nAOCKOCTKM ckoab- 
seHiia) , a Tarae yvacTKOB hmovhoto oipuBa Ha noBepxHocth H3A0Ma. yvacxKH H3- 
AOMa, HenoepeAOTBeHHO npHMUKaaąHe k Sokoboë noBepxHOCiH o6pa3ua, HMeBT Apy- 
roe MHKpocTpoeHne no cpaBHeHHio c ijeHTpaAbHHMK y vac tkemh h3aome. Pa3pymeHHe 
noBepxHOCTHHx oSbeMOB o6pa3na ocymeciBAHeica nyxëM pocia a cahhhhh MHkpo-
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nycTOT, a Taiace nyTeM JiOKajitHux paccjioeHuS no njioCKOCTHM CKOJiBateHHfl. 06 
OTOM CBHAeTeJILCTByeT HMOHHOe OTpoeHHe H3JI0Ma. nepBŁia MHKpOMexaHH3M HBJIHei- 
ch AOMHHHpyiomHM y npHnoBepxHoo th h x  oOteMax Ha 1 ynaciKe AnarpaMMŁi, Torjia 
KaK Ha 2 ynaOTKe AOMHHHpyiOUHM OJieMSHTOM MHKpOCTpOeHHH H3JI0Ma HBJIHJOTCH .<J>acei- 
KH BH3KHX OKOJIOB .

Pho.  4 .  KnHeTHHecKHe xaarpaMMhi Koppo3HOHHo-yoiajiocTHoro pa3pymeHHH CTajiH 45  
b xadopaiopHOM B03Ayxe (a) h maxTHoB Bo^e (6) i

1 - HCxoflHoe cooToaHHe; 2 - nocjie HMnyjiBCHoro ynpoHHeHHHj 3 - ncxoAHoe oo- 
OTOHHHe npa HHrn6HpoBaHHH MO,ąejinpoBaHHo8 maxiHoB boah (3»-fl paoiBop NaCl +
+ 0,7 h . H SO , pH ~0,35) Ao6aBKo8 XCC7T—1 0 , 6 r / a j  4 - noejie HMnyjibCHoro 

ynpOHHeHHH H HHrHÓHpOBaHHH cpeflu
Rys. 4. Wykresy kinetyczne korozyjno-zmęczeniowego niszczenia stali 45 w po

wietrzu laboratoryjnym (a) i w wodzie kopalnianej (b)
1 - stan wyjściowy, 2 - po impulsyjnym umocnieniu, 3 - stan wyjściowy przy 
inhibitorowaniu modelowanej wody kopalnianej (3% roztwór NaCl + 0,7 n H SO,, 
pH~0,35) dodatkiem XCC7T - 10, 6 g/l; 4 - po impulsyjnym umocnieniu i in

hibitorowaniu środowiska
Fig. 4. Kinetic diagrams of corrosive - fatigue destruction of steel 45 in 

laboratory air (a) and in mine water (b)
1 - initial state, 2 - after impulsing strengthening, 3 - initial state at 
inhlbitoring of model mine water (3% solution NaCl + 0,7 n H2 SO4 , p H ~ 0,35 
the addition XCCJT -10, 6 g/1; 4 - after impulsing strengthening and inhibi-

toring of the medium

PacnpocTpaHeHHe ipeąHH b HMnyabCHO ynpoiHeHHOM cjioe npoHCxoAm nyieii 
peaj!H3apHH BucoKosHeproemcoro MHKpouexaHH3Ma pa3pymeHHH - nyieu sapojweHHH, 
poeta u KoajiecueHHHH MHKponycioT, IIosioMy h 3jiom peaxo oiaHHaeicfl no cipyx-
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T y p e. IIpx 3 to h  p a su e p  oSbëM a, b k otopom  p e a jiH sy e ic a  AaHHufi xnKpouexaHHSM 
noBumaex xoxxxHy ynpoHHëHHoro c a o a .  npxnoBepxHocTHyx) nojiocy Huo'JHoro p e -  
x be iia  m ozho pa3xeAHTb x a  ABe oTAHHannuiecH no MHKpoc TpyKType s o h u . H enocpeA - 
CTBBHRO K SoKOBoft nOBepXROCTH 0 S pa3pa  npHMUKaeT 3 0 Ha paBHOOCHUX, OTpUBHUX 
b u o k , $opuapyx>aaxcR no eAXHofi nAOCKocTH oxpuB a. UiHpHHa oto B  3 ohu c o o iB e x -  
c iB yeT  TOAAXxe ynpoHHëHHoro c a o x .  HenocpeACTBeHHO k Heü npHuuKaex 3 0 H a  

paBHoocHux xm ok, Koxopue oSpasoBaAHCb n a  HaBHOHanpasjieHHUx nxoCKOCTHx o x -  
p u s a .  Tbkhm o S p a so u , nyxëu  B ucoK osxeproëuK oro hm orhoto  oxpuBa pa3pymaeTCH 
■e xoxbKo ynpoHHëHHufl oxofl, xo xaxxe npH A erasaae  k Heuy oSbëMu u ax ep H ax a ,
HTO yCBAHBaeT »(JXpeKT noBUmeHHH UaKAKHeCKOS ipemHHOCTOÜKOCTH ^npoHHëHHOÎt 
c t a a h . 3 xo oS ycxoB A exo ocxaxoHHUUH HanpHxeuHHUH cx a iH H , rxySHHa p a c n p o c x p a -  

x e x x x  K oxopux npeBw naex xoxxH xy ynpoHHëHHoro c a o h .
EaxTHafl B oxa cyxecTBeH H o rtHTeHCH<J)nuHpyeT pocT to a h h h u  rjiaBHUM o S p a 3ou b 

o S x a c x x  BB3KHX CKopocxeft (V < 1 0 "  m /uhkji) ■ ueHbme b oOxacTH cpeAHHx 

( 1 0 - 7  h / u m k x  < v < 1 0 - 6  m /ubka) .  CyaecTBeHHaH HHieHCHiHtcauHH p o c ia  y c x a -  

a o c x x o S  x p eu x a u  b Koppo3 KOHHOft c p e x e  Ha 1 y n acx ice  K aaeTHiecKott AHarpaMuu 

■axoABX CBoë o x p a x e H ie  b p e 3Kou x 3ueHeHHH xapaK Tepa uKKpocxpoeHHH hsjiomob 
no cpaBHeHBD c HcnuxaRaHux Ha Bo3A y x e . Ha noBepxHOCTH hsaom ob HaÔAioAaeTCH 

S o x b a o e  KOAXHeCTBO HH3 KO 3 HepTOëlIKXX 3 AeMeHTOB MHKpOC TpOeHHH -  BH3KHe CKOAU 

■ a  a x e  {JjaceTKH uexsepeH H U x c k o a o b . B o3AeftcxBHe cpeA u ycxpaH fleT  HaôABAaB— 

■ x e c x  n o c x e  Hcm^Taxxil Ha B03A yxe nuoHHue MXKpooSpaaoBaHHX Ha n p a n o b ep x H o cx -  

x u x  ynaoxK ax h sa o m o b . H xK pocxpyK xypa sx h x  yxacTKOB H ueex cB o e o S p a 3Hu» K aa- 

3BCK0 AbHufl x a p a x x e p :  Me*3epexH ue ckoau, paccaoeHHH no nAocKocxflu C K oxbxe- 
Kia, AoxaAbHue xuoH xue oOpaaoBaHHH. 3 xh uaKpouexaHHauu peaAH3y m c x  b n p o -  

neoce p o c x a  xpeaxHu b npxnoB epxH ociH ux o S të u a x . PeaaH 3auHH UHKpoMexaHH3x a  

■ e z 3«p eH xoro  cxoA bH oro pacTpecKKBaHxx b sH axnT eabhux o S të u a x  o S p a sn a , k o -  
'Topue He x b a k d tc x  xxnxHHuua a  ah x a x o r o  cxp yK iyp H oro  c o c to h h h h  cp eA H e y r a e -  

p o x a cx o B  c x a x x  b H esaK axëxxox  bxab v oStHCHHexcH boaopoahum  oxpynHHBaHxex. 

A a a b x ettx ee  n o B u x ex x e  c x o p o c x x  p o c x a  xpenxHU conpoB oxA aexcH  B osp a cx a H x ex  k o -  

AXXeCTBa CKOXbHUX 3XeM6 HT0 B B MHKpOCTpoeHHX X3A0H a, HT0 CBHAeTeAbCIByei 0 

p e a x x a a n x x  e x ë  o a h o to  HK3K O »xeproëxK oro xexaH xau a  p a 3pymeHHH -  xpaacK pK cxaA - 

J tx x ecx o ro  CKoaa. 3A ecb  x a x x e  bhaxo x a  x x  noB epxH oexx Soxbm oe K oxxaecTBo  

BTOpHHHHX MHKpOTpeXHH, tparxeHIHpyBUHX CKOAbHUB «aC erK X , npaBOAXKXX K x o p -  

x o x e x x B  p o c x a  xpexH xu x a  a x o x  y x a c x x e .
ÜHrx6 a p o B a x x e  c p e x u  ycTpaHHex HXSKosHeproëuKxe sA eu ex x u  M xxpocipoeHHX  

x s x o x a  a ,  b nepsyxi oaep eA B , u exsepeH H ue c k o a u , n p x n o B ep x x o cx x u e  yxacTK x  

a a x o x a  x a p a x x e p x x  xaAXHxeM hmohhhx xxK poo0 p a 3OBaHxât xep eA yon B xca  c x e S o x b -  

oxxx ÿacexK au a  b x sk x x  c k o a o b , h oaoS xo  c x p o e x a n  x sA o x a  o S p a a u o e , xcnuxaxH ux  

xa a o B x y x e . C noB xxeH xex  c x o p o c ta  p o c x a  xpeiiBH xxxeHca<tixuBpyi>Tca n p o u eccu  

n y cx o x o o O p a so B a x a x  a x x  K oaxeciieH U xa. K oA xxecxB o ÿacex o K  b x sk x x  c k o a o b  s a a -  

x x te A b x o  yxexbBH A ocb no cpaBHeHxi) c  xcnuxaHHHMH b m axm ofl boa* S e s  H x m S x -  

x o p a . AoxxHxpyiniBM sA eu ex x o u  HHKpocxpoeKxx h 3aomob npw KounAeKCHoS 3anHTe 

HBAxexcx ycxaAOCTHax nepAHTHax noA O caaxocT b, b o ia c a b h u x  x e c x a x  n e p e u e x x -  

BajanascH xm oxhukx koaohhhmh h $ aceiK au H  b h sk o ro  CKoaa.
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Ü3 npHEeAëHHHx HOCJieAOBaHHÜ TpenHHOCTOÜKOCTH OTaHOBHTCH noHHTHLiM cym e- 
CTBeHHoe noBumeHHe conpoxaBJieHaa CTaxa y c x a jio c x a , Koppo3aoHHo8 yoiajioC TH , 
K0pp03H0HH0My paOTpeOKHBaHHB H APyTHM aHajIOrHHHHM BHflaM pa3pymeHHH. TaK, 
HanpHMep, conpoxzB jieH ae ynpozHëHHoii c x an a  Koppo3aoHHO-y.cxajiociHOMy p a 3 p y -  
meHHjo MoaceT A o cx zrH y ib  10 p a 3 . OniHMajiBHoe coaepxaH ue y raep o A a  b naaHe 
o S ecneaeH aa MaKcuMajiBHoro conpoxaBjieHZH y c x a jro c ia  h Koppo3zoHHoit y c ia x o c x a  
b cauTexHaecKofi MopcKoz BOAe npa repMonxaciHaecKOM ynpo'JHeHaa HaxoAzxca b 

npeA ejiax 0 ,4 5 -0 ,6 5 % . XapaicxepHO., hxo aah pa3jiaHHbix njiaBoa oaho2 h xofi xe 
MapKH c x an a  (y rn e p o A z c itie , x p o u a c m e ) Ha6nœAaexcfl 3aMeiHHH p a3 6poc  n p e n e -  
jiob BbiHocjiHBocxH, ynpo'JHëHHufl cjiog pe3Ko coKpamaex e r o .  H ezoxopoe CHaxeHae 
npeAeaoB bhhocjuibocih npa coAepxaHaa y ra e p o n a  b hcxoaho8 cx an a  BHme o n x a -  
MajibHog kohueHTpaiizz odycnoBneHO yBenzaeHaeM a o n a a e c iB a  o c x a io aH o ro  a y o x e -  
Hzxa b ynpozHëHHOM o x o e . ripa coAepxaHaa y rn e p o n a  b c x an a  ueHbme onxzMajiB— 
hoto CHHsceHHe conpoxaB neH aa y c x an o c x a  oôM C H sexoa yxyAmeHHeu K aae c iB a  
ynpo'JHëHHux cnoëB .

Ha npzMepe H3yzeHnz bahbhhh nonapHHX oboAcib 3aM ecxaienei$ B MOJieKyjie 
napaAHHa Ha SijxieKiHBHOcib 3anaib i oxajia  ox Koppo3aoHHO-MexaHaaeoKoro pa3py~  
raeHHH b cepoBOAopoAOCOflepxamea cpeAe o acnonb30BaHaeM npaHUanoB naH e2H ocia 
oboSoahux BHepraa Shah acnojiB30BaHU npaHaanH a  e ro  npoa3B0AHue c 3aM ecxa- 
xejiHMH pa3naaH o8 n o napH oexa . K oH neH ipanza 3aMemëHHux napaAaHOB cocxaB nana.
5 . 1 0 " 3 r .  m ojib /am 3 . H cnm aH aa npoBeAeHbi npa xeM nepaxype 30°C b A zcx a n n a - 
poBaHHog BOAe, HaobHBeHHog cepoBoAopoAOM. HccAeAOBaHHH no K a3 an a , ax o  Bce 3a-r 
MenëHHbie napaAaHa oxasuBaïox BAaflHae Ha Koppo3HOHHy» oxoftKOCiB cx an a  b c p e -  
Ae oepoBOAopoAa. 0 AHaao, 3amaxHaa cn ooodH ocib  napaAaHOB c sneKipoHOAOHopHH- 
mz 3aMeoiaxeAHMH Btune, a e u  c 3jieKxpoHoaKHenTopHUMz oAZHaKOBoa no BexaazHe 
nonap H o cx a . .Una 3 -  h 4-3anen;ëHHHx napaAaHOB 3aBzcHM0ciB AorapaJiMOB k o s iJ -  

(JjaiizeHTOB xopMoxeHHH Koppo3aa ox É^-KOHCxaHi TaMMexa a ah 3 a M e cx z ie n e a , o n p e -  
Aenajomax 3AeKxpoHHyK) njioTHOCXB Ha axoMe a3 o x a  re x ep o n a K n a , aMeex v -o d p a 3 -  
Hbia x a p a a x e p  a  B H A enaeica AByMa npHMHMH, nepeceKaiOAHMHCH b  T onne, c o o iB e x -  
OTByMAeg He3aMenëHHOMy napaAHHy ( p a c .  5 a  p a o .  6 ) .  B o in a z a e  ox 3aKOHOMep- 
HooxeH bxhhhhh nonapH ocxa 3aM ecxzxenez Ha Koppo3aio x e n e 3 a  b KzcjioiHbix c p e -  
A ax , aHradapoBaHHHX npoz3BOAHfciMH aH anana  a  b HeaxpanbHbix 3auemëHHbiMH deH 3o- 
xâM a, b oepoBOAopoAHog cpeAe yrnoBHe KoaÿfJaiiaeHiH 3aBaoaMooxa îg Y - <oR a ah 
HyKAeoÿaABHbix a  3jieKTpoÿaAbHtix n p o a 3boahhx napaAHHa HeoAaHaKOBH. Ilpa yB e- 
AaaeHaa SAeKipoHHofi im o ih o c iz  Ha axoMe a 3 0 ia ,  yMeHbmeHaa £>r _ KOHOiaHi, 
3anm H ue napaAaHOB ohabho B ospaoxaiox, a  npa BBeAenaa saeK ipoH oaK aenxopH ux 
3aM ecTHieJieii, yB enaaeH aa -  KOHCTanx, MeHaœicH He3HaaaxeABHo, HecaoAbKo
y BeAHHHBajOTCH .

T aaaa  saKOHOMepHooib H3ueHeHaa 3 an aiH ax  o b o h c t b  npoa3BOAHHx napaAHHa o b h - 
A eT ejib c iB y ei o HaAaaaa pa3naaHHX Mexana3MOB ax aAOopduaa Ha noBepxHooxa 
c i a a h .

I lp ao y io iB ae  b Koppo3aoHHofi cpeAe noBepxHociHO-aKiaBHiix h s aHaoHOB, 
xewocopdapoBaHHHx Ha noBepxHooxa cxaabH oro  sa e ax p o A a , CABaraex e ro  3ap«A 
b oxpaaaxeAbHyio cx o p o n y . IIosiOMy, yueHbraeHae saeKxpoBHoB nao iH o cx a  a a  aA - 
copdaHOHHofl aeHTpe npaBOAHi k yBeazaeHaio $H3aaecKo2 aA oopfiaaa, onpeAeaaeM oS
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Lglu
1,6 ■

IgK*

P h C . 5 ,  M3MeHeHHe K09$$HIiHeHT0B TOpMOaceHHH aapoameHHH K0pp03H0HH0-yCTajI0CT-
h u x  TpemiîH 3aKajiëHHO0 h cpeÆHeoTnymeHHOH cTajiH 40X b AHCTHJijmpoBaHHoft Bo^e» 
HacMneHHoü cepeBOAopoAOM, b 3aBHCHMoct h o t eR _ KOHCTaHT TaMMeTa ajih 3aMe- 

CTHTejieft h BejiH^HH o c h o b h o c t h  nupH^HHOB - pKa
1 -  nnpn.ii.HH; 2  -  MeTHJinnpHAHH; 3 -  4 -M eTH JinnpH A H H ; 4  -  2 ,4-A H M eTH JinnpH A H H ;
5 -  2 ,5 -A H M eTH jim ïpH A H H ; 6 -  3 ,5 -A H M eTH jinH pH A H H ; 7 -  3-aM H H orm pHA H K; 8 - 3 -  
OKCnnHpHAHH; 9 -  2 -6poM onH pH ,ąH H ; 1 0  -  3 »5-A H 6poM onH pH A H H ; 11  -  3 -u .H a H ira -  
PH^h h ; 12  -  3 -K ap6oK C H n H p H flH H ; 1 3  -  3 -K a p 6 a M H H o n H p H flH H ;. 1 4  -  4 -K a p 6 o 3 T O K C H -

nnpH^HH
Rys. 5. Zmiana współczynników hamowania powstawania korozyjno-zmęczeniowych 
pęknięć stali 40X hartowanej i średnioodpuszczonej w wodzie destylowanej nasy
conej siarkowodorem w zależności od 6 R - stałych Gameta dla zamienników i 

wielkości zasadowości pirydyny - pKa
1 - pirydyna, 2 - metylopirydyna, 3 - 4-metylopirydyna; 4 - 2 , 4  dwumetylo- 
pirydyna, 5 - 2,5-dwumetylopirydyna, 6 - 3,5-dwumetylopirydyna, 7 - 3-ami- 
nopirydyna, 8 - 3-oksypirydyna, 9 - 3-bromopirydyna, 10 - 3,5-dwubromopiry- 
dyna, 11 - 3-cianopirydyna, 12 - 3-karboksypirydyna, 13 - 3-karboaminopiry- 

dyna, 14 - 4-karbotoksypirydyna
Fig. 5. Change of coefficients of corrosive - fatigue crack inhibiting in 
hardened and medium tempered steel 40X in distilled water saturated with hydro
gen sulfide according to 6 R - Garnet constants for substitutional products 

and alkalinity of pyridine - pKa
I - pyridine, 2 - methylpyridine, 3 - 4-methylpyridine, 4 - 2,4-dimethyl py
ridine, 5 - 2,5-dimethyl pyridine, 6 - 3,5-dimethyl pyridine, 7 - 3-amino- 
pyrine, 8 - 3-oxypyrine, 9 - 3-brominepyrine, 10 - 3,5-dibrominepyrine,
II - 3-cianopyridine, 12 - 3-carboxypyrine, 13 - 3-carboaminopyrine, 14 -

4-carboxypyrine
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P0O. 6 .  H3MeHeHHe K03$<i>imHeHT0B TOpMOSteHHH CKOpOOIH pOCTa K0ppO3H0HHO-yeia- 
a o c th h x  ipenHH 3aKajiëHHofi u opeAHeoTnymeHHoS o ia jia  40X b AHCTnjijnipoBaHHo8 
BOAS, HaCbUHeHHOS CepOBOAOpOAOU, B 3aBHCHM0CTH OT -  KOHCiaHT TaMMeTa AJIH
3aueoTHTejiea u Bejin^HH ochobhocth nupnAHHOB -  pKa (HyMepaumo 3aMenëHHtix n a -PHAHH CM. pKC• 5)
Rys. 6 . Zmiana współczynników hamowania prędkości powiększenia korozyjno- 
-zmęczeniowych pęknięć hartowania średnioodpuszczonej stali 40X w wodzie 
destylowanej , nasyconej siarkowodorem w zależności od €>R - stałych Gameta 
dla zamienników i wielkości zasadowości pirydynów - pKa (kolejną numerację

pirydyny patrz rys. 5)
Fig. 6 . Change of coefficients of inhibiting the velocity of corrosive - fa
tigue crack occurrence in hardened medium tempered steel 40X in distilled 
water, saturated with hydrogen sulfide according to d R - Gamet constants 
for substitutional products and alkalinity of pyridine - pKa (for numera

tion of pyridine look at Fig. 5)

CHJIO0 sjieKipociaiagecKoro B3aüMOAefiCTBHH. Ilpu yBejrageiMH see 3JieKTpoHHo8 
njiOTHOCTH Ha aTOMe a30Ta, no-BHAHMOMy, AonoAHHieAbHO o6pa3yeicH xeMocopô- 
pHOHHaa CBH3B "BeąeCTBO-CTajIb" , 3a CaëT H3dUTOVHO0 SJieKTpOHHOH njiOTHOCTH 
aTOMa a3oia h H83aBepmëHHHx sjreKipoHHux d-opSmaAeii aioMOB scejie3a.

noATBepsmaioT AanHoe npeAno-sosceHHe aACopfiiyiOHHHS H3MepeHna. H3MepeHM 
AH$$epeHHHaj[bHO0 ëMKOCTH CTajIH B AHCTHJUIHpOBaHHoii BOAS, HaCbIHeHHO0 CepOBO- 
AOpOAOM, C AOÓaBKaMH 0,5% yKCyCHOÜ KHCAOTH H np0H3B0AHb£X niipHAHHa C 3XeK- 
ipoHOAOHopHHMH h BAeKTpoHoaKKenTopHHMH 3aMecTHTeabmh noka3aAn ÓOJieS BhlCO- 
Kyio aAcopdHpyeMocTb HyKAeoijHJibHtix npon3BOAHKX napHAHHa no cpaBHeHHio c saeK- 
TpO$H AbHUMH. KpOMe TOTO, nHpHAMH C 3aMeC THTe JIHMH , noBbimajOElHMH SAeKTpOHHyjO
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nxozHOCzb a lo n a  a a o z a ,  a6copÖapyx>zc« b Öoxee mapoxox a azep B ax e  n o z e a -  
QHaXOB •

HaaCoxee onacaofi b cepoBoAopoxHux cpexax BBxaezca ae  o6maa x o p p o saa , a  
pa3pymeaaa w ezajuia no a B03AeflczBB ex aanpaxenaä xax C T azaaecxax, Tax a u h -  
x x aaecx aa . M exaaasx la x o ro  poxa pa3pymeaafi aay aea  aeAOCzazoaao, oAHaxo, 
noAaBxaxiqee ÖoxbaaaczBo aocxeAOBazexea c a m a » ? , azo  npaaaaa pa3pyneHaa cbh- 
aaaa  c npoaHKBOBeaaea b czaxb BOAopoxa, o6pa3y»qeroca apa 3xexzpoxnxaaec- 
xofl xoppo3aa x ezaxxa b boabhx  paczBopax cep eB o x o p o x a . 3 ia  zoaxa 3peaaa x ao - 
ro x p a iao  noxyaaxa yöeAazexbHoe sxcnepaxeazajibaoe noAZBepxxeaae a b a a c z o a -  
qee Bpeaa c a azaezca  ofiocaoBanaott. n o szo x y , npeAczaBxaez a a ie p e c  a sy a e a a a  
BAaaaaa czpyxzypn o p raaaaecx ax  coeA aaeaaä aa  aaBOAopoxaBaaae c ia x a  b cepo— 
BOAopoAocoAepxaqax cp ex ax . HccxeAOBaaaa noxaaaxa, a to  saB acauocib  A orapa$- 
MOB zopxoxeaa« aaB oxopoxaB aH aa czaxa lg  K(¡2 o t  6 R-xoHCTaHT aaeeT  a aax o - 
ra a a u ä  x a p a x ie p , xax npa acn x zaaaax  a a  o6myc xoppo3ax>. ConooTaBjiaa 3axoao- 
uepaocTH B 3aeaeaaa samHTHoñ 3<{4¡exTBBHocTH npoasBoAuux napaA aaa oz xoppo3aa  
■ HaBoAopoxHBaHHa b h a h o ,  azo a sx e a e a a e  BexaaaaH noxapaocza sxexzpoaoaxnenrop- 
ubcx saxeczazexeM  b xoxexyxe napaA aaa Bxaaez 6oxbme a a  aaBoAopozaBaaae c z a -  
jiH, aex  a a  eë oöqy» xopposaxi. Tax xax npa o ahbx  h zex xe ycjioBaax acn u za - 
aafl cxopocza xoppo3aa paBau a ,  coozB ezczB eaao, xoxaaeczBo B m exeanoro  b o -  

AopoAa OAHaaxoBo, a  n o x ap ao czb  B x ex T p o aoaxaenzopanx  a a x e c z a z e x e ö  b x o x e x y -  
xe  n a p a x a a a  6oxbme B xaaez a a  aaBO AopoaaBaaae c z a x a ,  a e x  a a  oSąyrj xoppoaaio , 
to ax ex x p o ÿ ax b ax e  sa x e q ë a a u e  nap aA aaa ,; noB aA axoxy, b Öoxbneä o z e n e a a  b x h h k t 
a a  c z a x a »  x o x a a a q a a  BOAopoAa a e x e x a  a a  c z a x a »  e r o  p asp x A a , x o z a  n o 'A a a au x  
n o x a p a sa n a o a a u x  H 3xepeaafi nap aA aaa  a  c A oaopaaxa a  c a x n en z o p aa x a  3 a x e c z a -  
z ex a x a  z o p x o aaz  fioxboe x a z o A a a t,  a e x  aaoA aafi n p o u e c c a .

O naza n o x a s a x a , a zo  x o ra p a $ x n  xoatfH janaearoB a a q a z x  napaxaaoB  npa A aaaax  
BHAax p asp y m eaafi, a  z ax x e  s a p o x x e a a a  a  cx o p o cz a  p a c n p o c x p a a e a a a  x o p p o sa o a -  
H o -y c z a x o c z a a x  z p e q a a  oz tíR-x o a c z a a z  zax x e  a x e e z  v -o 6 p a 3 a a ß  x a p a x z e p , 
x a x  a  b cx y aa e  a c n u z a a a it  a a  oôqyn  x o p p o sx » . O xaaxo B ezBb, o z B ea asq aa  n o x o - 
x x z e x b a a x  s a a a e a a a x  6R-x o a o z a a z  b x a a a o x  c x y a a e  Öoxee x p y z a a ,  öoxbmaö y r x o -  
bo8 K osiM tanaeaz, a z o  CB B A azexbczsyez o Ôoxbmoft ayB C X B azexbaocza 3 a q a z a a x  
OBoflciB napaAaaoB c  ax ex zpoH oaxuenzopuxa  3 a x e c z a z e x a x a  x a an p a x ë a a o x y  co czo  
a a a a  c z a x a .

Ilpa n p a x o x ea aa  paczaraB ax iq ax  a a n p a x e a a â  3 apax  noB ep x ao cza  6 o xee  a a n p a -  
x ë a a o â  s o a a  x e z a x x a  C A B araezoa b o zp an azex b ay i)  c z o p o a y , c x e x o a a z e x b a o  B03-  
p a c z a e z  c a x a  sx e x z p o c z a z a a e c x o ro  B 3aaxoxe8czB aa  "czax b -B eq eczB o "  c  y B e x a a e -  
a a e x  n o x o x a ze x b aa x  a a a a e a a t t  6 R- x o a c z a a z ,  a zo  CBBAazexbCiByez, x ax  ro B o p a - 
x o cb  Bume, o n p e ax y q eczB eaao x  x e x aa x 3 x e  <J>B3aaecxofi a x c o p ô n a a  napaxaaoB  c 
axexzpoH paxuenzopH uxa 3 a x e c z a z e x a x a  a a  n o se p x a o c z a  c z a x a .

3aBacHxocTb xorapB$MOB xo3<t)$aàxeazoB 3aqaz.x c z a x a  npa y x a 3 a a a x x  Baxax 
xoppoaaoHHux noB pexxeaaB  oz fÿR- x o a c z a a z *axx 3 -  a  4 -3 ax eq ëaH u x  napaAaaoB 
B o<5qex Baxe B u p ax aezca  y p a B a e a a e x i

lgK = lgKo + ç d R



42 B .B . ílaHacBK, Jü.H, E a6eä

rae: Ko - KoacMiaiiHeHi afiHUHTH oiajiH npn HHTHÓHpoBaHHH opeflu He3aMemëHHUM nn- 
PHAhhom; K -  to æe 3aMemëHHUM nnpHflHHOM¡ Ç KOHOiaHTa.

MeTOÄOM HaHMeHLniHx KBa^paioB onpefleaeHa xoHciaHTa yxa3aHHoö 3aBHCHMociH 
äah paooMaipHBaeMux bhaob xoppo3HOHHHx pa3pymeHüB, c noMOUMo xoTopoit mo»cho 
nporH03HpOBaTB 3 am H T H y iO  3 $ < } > eX T H B H 0 C rb  n p O H 3BO AHHX irapHAHHa B CepOBOAOpOÄO- 
coAepscanpix cpcAax no 3HaHeHKHM tí -  KOHCiaHT ■

2-3aMenëHHhte HHpHAHHH He nOAHHHHlOTCfl 3T0ÍÍ 3aBHCHMOCTH H HX SljtliJeHTHBHOCTt 
jieacHT HHsce xoppeAHitHOHHoä npsMOß. rioHHsceHHe 3amHTHHx c b o Bc t b oc -3aMemëHKtix 
nnpHÄHHOB odMoaBeics ieM, h t o  3aMeciHTeAH b cx  -nojioaceHHH oxpaHHpyeT aioM 
a30Ta (cTepHHeCKHK JiaKiop) , BCxe^OTBHe nero CHJia aAcopöipiOHHOä c b h 3h  "Be- 
mecTBo-MeTajiji" noHHxaeTCH. KpoMe Toro, b caynae 2-aMHHo h  2-oxcHmipHAHHOB 
HMeei MecTo aMHHOHMHHHan h npoToiponHaa Tayioueipna, xopeHHHM o6pa30M MeHHio— 
»ine 3JieKTpoHHyio naoTHOCTb aioMa asoia.

H 3 Boero cica3aHHoro caeAyeT, hto npH pa3pa6oiKe hobhx ScJxSeKTHBHUx hhth— 
ÖHTopoB oepoBoAopoAHoß Koppo3HH h xopposnoHHo—MexaHHHecxoro paspymemia cia- 
jiH b oepoBOAopoflHHx cpeA&x Ha 6a3e reiepoHHXAHHecxHx a30THCTtix ocaoBaHHä 
npeAnoHTHiexbHo bboahtb b MoAexyay nnpHAHHa BAexipoHoÁoHopHue 3aMecTHTexH 
CHAbHOH nOJIflpHOCTH • IIpH 3T0M B KajSAOM OTflejIBHOM CJiyHae HyaCHO yHHTHBaib $H3H- 
KO-XHMHHeCKHe OBofioiBa HHTHÖHTopa b 3aBH0HM00iH or ycxoBHÖ erö üpHMeHeHHH 
(BOAHne, yrjieBOÄopoAHHe, napora30Bue, BOAHoyrxeBOAopoAHne h a p .  cpeAu).

JIo pe3yABTaTaM npobeAöhhhx hocjieAoBaHiiü na ôaae jiërxHx h thxöahx iihphah- 
HOBHX OCHOBaHHH pa3pa6oiaHU HHHlÖHTOpH KOppO3HH , HaBOAOpOStHBaHHÄ H KOppO- 
3 HOHHO—MexaHHHecKoro pa3 pymeHHH KXO-1, KXO-3, KXO-5, coAepacaane b Moaexyae 
nnpHAHHOB 3AeXTpOHOAOHOpHUe 3aMeO TH T eAH CHAhHOä nOAHpHOOTH.

9$$exTHBHocTb npoBepHAH b 3%-om paoTBope xAopHOioro HaipHÄ, HaoameHHoro 
cepoBOAopoAOM. Ko3$i|JHHHeHT 3anHTH, HanpHMep, HHrBöHTopa KXO-5, npn xoHueH-

7

TpaHHH 1,5 r/AM ot xoppo3HH A ocT H raei 48, ot HaBOAopoacHBaHHH -  9, a  ot 
xoppo3HOHHoro pacipeoxHBaHHH -  6 o aee  500 p a 3 . ü o c ae  ipex n aco B o S  3xcno3HHHH 
b TaxoM paoTBope cthab noAHocTbœ coxpaH H ei naaciH H ecxH e OBofiCTBa. KpoMe to- 
r o ,  HHrnÖHTop KXO-5 oymeoiBeHHO OHHscaeT o x opociB  pacnpocTpaHeHHH. xoppo3no- 
HO-yOTàAOOTHHX TpeHHH B cepOBOAOpOAHHX CpeAaX, OOOÖeHHO B HH3XOaMnaHiyAHOä 
oßaacTH 3HaHeHHä xo3$$HiyieHTa hht6hchbhocth HanpHxeHHfi, 3HaHHieAbH0 poBtunaa 
e ro  noporoBHe 3HaneHHH Aaace no cpaBHeHHio c HcnmaHUHMH Ha B03Ayxe ( p n c .  7 ) .

B 3axAJ0HeHHe caeAyei o t m o t h t b , h t o  HecMOTpn Ha cymecTBeHHue ycnexn $yH- 
AaMeHTaABHHx h ccAea oBaHHß b oÖAaoiH xoppo3HOHHo-MexaHHHecxoro paspymeHHH 
MeTaAxoB, Ha ceroAHHoiHHß AeHb TpeßyxiT oBoero pemeHHH eaë m h o t o  Bonpocos,
Ha HexoToptie H3 hhx xoxeaocB 6h oöpaiH Tb BHHMaHHe:

-  nponeoo saposweHHÄ K0pp03H0HH0-MexaHHHecxHX ipeniHH o o ia e io a  otxphthm;
- BXHHHHe nacTOTH H.xapax.Tepa HHxaa HarpyaceHHH Ha cxopoCTb pacnpocipaHeHHa 

X0pp03H0HH0-MexaHHHeCKHX TpeAHH eme He noxHOCTbio aceHj
-  HBXHeTCH AH K I  g g c  HSiAëSHHM XpHXepHeM OHëHXH paÖOTOCnOCOÖHOOTH BO Boex 
* OAynaHx, b HaciHoOTH, aah BacoxonpoHHHx h HH3xonpoHHHx OTaaeSj
- AooraToHHO ah napaMeïpu 4 K ,  pH h *P b BepmHHQ. xoppo3HoHHoä TpeuHHH Ha- 

Aë»CHH AAH 0U 6HXH paöOTOCHOCOÖHOCTH H3AexHä BO BC6X yOAOBHHX HCnHTaHHH.
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Pro 7. KHHeTHRecKHe AnarpaMMH Koppo3HOHHo-yCTaAOCTHoro pa3pymeHRR OTajiH 40X
1 - B03Ayx; 2 - AHOTHJiJiHpoBaHHaa BoAaj 3 - ARCTRAARpoBaHHaR BOAa, HaouneHHaa 

cepoBOAopoAou; 4 - to ate + 1,5 r / j i  RHrRdRTopa KXO-5 '
Rys. 7. Wykresy kinetyczne korozyjno-zmęczeniowego niszczenia stali 40X
1 - powietrze, 2 - woda destylowana, 3 - woda destylowana nasycona siarkowo

dorem, 4 - to samo +1,5 g/l inhibitora
Fig. 7. Kinetic diagrams of corro.sive - fatigue destruction of steel 40X
1 - air, 2 - distilled water, 3 - distilled water saturated with hydrogen 

sulfide, 4 - the same + 1,5 g/1 of inhibitor

Jlejio b to m , h to  b HeKoioptix cxyHaRX ene  Ha6A»AaeTCH HeoAH03HaiHocTb KHHe- 
THHeCKHX AnarpaMM Koppo3HOHHoro pa3pymeHHH b HeKOTopnx CHCTeMax "M eiaju i- 
opeA a" b CBH3H o HCTopHeft HarpyxeHHR. B 3 to 8  c b h 3 r  npofiAeMa zHBapnaHTHO— 
c th  ARar.paMM sm e e i npHHRHiiHaABHoe MeTOARRecicoe 3HaReHRe, B stom  M a n e  H e -  

o6xoahmo AaABHeJimee a x  yTORHeHne c ReABio Rcn0AB30BaHRH npn KOHCTpyRpoBa- 
HHH H3AejIHii H paCHeiaX  HX AOArOBeRHOCTH i

-  He COBCeM nOAHO H3yHeH0 BARHHRe 3AeKTpOXRMRReCKOil 3aiBHTH, OC0 6 eHHO aHOA- 
Hoit noARpR3ai^RR H pa3AR<iHoro poAa npoTeKTopoB Ha CKopoCTB paonpooipaHe- 
HRH K0pp03R0HHBIX TpeHJHH;

-  He paOKpHT MeXaHR3M p a 3ARHHHX BHAOB HHrHSHpOBaHHR CpeAH B BepmHHe TpeAHHH 
R ero BARHHRe Ha KOpp03HOHHyiO TpeiĘRHOOTOHKOCTB B UeAOMJ

-  He COBCeM ROHa POAB MaKpO—_R MRKpOBeTBAeHHR TpeARH B K0p p 03H0HH0-MexaHH- 

qecKOM p a 3pymeHHR OTaAH. .
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OTueneHHue Barae h A pyrne aHajiorn^Hiie 3aAaHH $yHAaMeHiajibHoro h npiiKjiaA- 
Horo x a p aK ie p a  M oryi 6htł yonemHo pemeHH npa HaAJiescaąeS KOHOOJiHflapHH H ayn- 
HtlX CHJI MHOTHX KO JIJI6KTHB0B , B HaCTHOCTH, B paMKaX COApySeCTBa OipaH C3B. 
Ba*HHM b otom njiaHe ßbmo Öh C03AaHHe HeoßxoAHMHx perjiaMeHTnpyioii|nx AoKyMeH— 
tob (OTaHAapTOB) AJia opeHKH pa6oiocnoco6H ocT H  KOHOTpyKiiHOHHux M aiepaajioB  b 
Koppo3HOHHHX cp eA ax . 3tot Bonpoo oooßeHHo aK iy aaeH . IIo oioMy noBOAy b CCCP 
y x e  HMexTOH onpeAexëHHHe p e s y x b ia iH :

-  o o 3̂ aH h yTBepxAëH C iaH A api CCCP no onpeAexeHHB xapaK iepH ciH K  CTaiHMecKoä 
(KpaiKOBpeMeHHoä) ipenHHOCToiiKoCTH KOHCTpyKitHOHHux MaTepaajioB. Oh p e r j i a -  
MeHTHpyeT m ötoalj h npnëMH onpeflejieHHH conpoTHBjieHHH KOHCipyKijHOHHoro u a -  
TepHajia pacnpocipaHeHH B b hhm TpeąHH npn KBa3HCTaiHHecK0M HarpyxeHHH -  
e ro  OTaiHHeCKOÖ TpemHHOCTOäKOCTH. 3lO  CBoßCTBO MajIHX OÔbëMOB KOHCTpyKiyiOH- 
H oro M aiep aax a  (Ha ypoBHe 3JieMeHia c ip y K iy p n ) . CßeseHHa 06 s t h x  CBoäoiBax 
HapHÄy 0 OÖHHHhlMH $K 3HKO-MexaiIHH eCKKMH XapaKTepHC THKäMH AaBT B03MOKHOCTŁ 
Öoxee apryMeHTHpoBaHHO ocymeciBUTŁ oneHKy e ro  npoHHOcTH no AonyciHMoä 
Ae$eKTHOCTH, BOTHOJIHTŁ OCTaTOHHy® AOJITOBeHHOCTb j

-  b CCCP HMeeTCH pHA roTOBHx pa3pa6oTOK ají a C03AaHHH oiaH A apioB  Ha onpeA e- 
AeHHe IiHKAHHeOKOä, AHHaMHHeCKOä H KOppOSHOHHOÄ TpeAHHOCTofiKOOTH KOHOTpyK- 
IIHOHHHX M aiepnaxoB (AH CCCP, AH yCCP h a p .  bbaom ctb) ;

-  b CoBeicKOM CoD3e oo3AaH y x e  BecoMHä HayHHtiö 3aA ex, HeoôxoAHMufi ajul $ o p -  
MHpOBaHHH $H3HHeCKH apryMeHTHpOBaHHHX KpHTepHeB H ueTOAOB OnpeAeJieHHH 
(oneHKn) HaAöxHoctu h p eo y p o a  p aß o iH  oTBeicTBeHHHx mhihhh h KOHCipyKHHÿ;

-  K HacToABjeMy BpeMeHH yxe p a3 p a6 o iaH ti oohobh MeiOAoxorHH h texHHHeckhe 
opeAOTBa HcnuTaHHä M aiepnaxoB o nejibB onpeAejieHHX TpemaHOOiofiKociH M aie - 
p n a jia  b pa3AHHHHX ycaoBHHx (ßaKyyMe, oyxoM B03Ayxe, HnepiHOM ra 3 e  h Ap.) . 
AnajiH3 h 0HHie3 TaKHx MeToAOB onyöAHKOBaH b 1 9 8 0 -1 9 8 5  r r .  n a  oipaHHU,ax 
xypHajia n$H3HK0-XHMHHecKaH MexannKa u a iep H a jio B ", -H3AaBaeM0M 4>h3hko-xhmh- 
H80KHM HHOTHiyioM hm. T .B , KapneHKO AH yCCP. 3Aeob yMeciHO oiM eTH ib, h to  
KaK Sujio oÖHapyxeHO b  KOHpe 7 0 -x  to a o b  a  H anaxe 8 0 -x  p«aom HOOxeAOBaie- 
JI6Ö f l ,  7 ,  8 ] ,  B HeKOTOpHX CJiyHaHX MOXHO noxyHHTb HHBapHaHTHHe KHHeTH- 
necKHe AnarpaMMH ipeuHHooioftKocTH M aiepnaxoB , ecxn  He y n e c ib ,  HanpHMep, 
ypoBeHb HanaxbH oro K0 34x5>HiflieHTa h h ts h c h b h o c th  H anpaxennft, o K o io p o ro  H a- 
HHHaBT CTpOHTb AHarpaMMH V (K ), He npHHHTb BO BHHMHHHe HaiaXbHy» AXHHy 
TpemHHH H 3JieKTpOXHMHHeCKHe- yOAOBHH B BepmHHe TpeUHHH OHCieMH "MeTaXX-epe- 
A a " .
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KIERUNKI BADAŃ PODSTAWOWYCH' W ZAKRESIE ODPORNOŚCI 
NA PĘKANIE KOROZYJNE MATERIAŁÓW KONSTRUKCYJNYCH

S t r e s z c z e n i e
W pracy omówiono m.in. mechanizmy zarodkowania pęknięć i propagacji 

szczelin korozyjnych, analizowane w oparciu o liniową mechanikę pękania, 
z uwzględnieniem czynnika elektrochemicznego. Stwierdzono, że analiza frak- 
tograficzna szczeliny korozyjnej jest niezwykle przydatna dla badania pro
pagacji pęknięcia korozyjnego. Zwrócono też uwagę na rolę inhibitorów w spo
walnianiu procesów korozyjnych. Na bazie badań własnych opracowano nowe ga
tunki inhibitorów korozji.

Efektem badań prowadzonych w dziedzinie problematyki korozyjnej jest 
m.in. obowiązująca w ZSRR norma w zakresie badań odporności na pękanie ko
rozyjne w warunkach korozji naprężeniowej dla stali konstrukcyjnych. Są też 
odpowiednie opracowania w zakresie korozji zmęczeniowej, pozwalające na 
ustanowienie odpowiednich norm w tym zakresie. Jest też opracowana w ZSRR 
metodyka badawcza i odpowiednia aparatura w zakresie badań odporności na 
pękanie korozyjne - m.in. poz lit. (j , 7, 8j - wg spisu literatury w opra
cowaniu.

Zdaniem autorów opracowania, wyniki dotychczasowych badań z zakresu ko
rozji prowadzone w ZSRR pozwalają już na sporządzenie w niektórych przypad
kach wykresów odporności na pękanie korozyjne dla określonych parametrów 
procesu korozyjnego.
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DIRECTIONS OF BASIC RESEARCH ON CORROSION CRACK 
RESISTANCE OF CONSTRUCTION MATERIALS

*S u m m a ry

Mechanisms of the cracks nucleation and corrosion gap propagation analy
sed on the basis of linear mechanics of cracking with regard to electroche
mical factor have been discussed (among others) in the work.

It has been stated that fractographic analysis of the corrosion gap is 
extremely usefull for examination of the corrosion crack propagation.

An attention has also been paid to the inhibitors part in slowing down 
the corrosion processes. The new grades of the corrosion ihibitors have 
been developed on the basis of the authors’ investigations.

The result of the investigations carried out in a field of the corrosion 
problems is among others the standard on testing corrosion cracking resi
stance in conditions of stress corrosion for constructional steels which is 
valid in the USSR.

There are suitable studies on fatigue corrosion allowing to set up ade
quate standards within this range.

There are also research methodology and appropriate testing equipment 
within the range of corrosion cracking resistance - among others bibliogra
phy items N° 1, 7, 8 - according to the reference list in the study.

In the authors' opinion the results of«previous research on corrosion 
carried out in the USSR allows already in some cases to draw diagrams of 
the corrosion cracking resistance for specified parameters of the corrosion 
process.


