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C ncnonb3oBaHMeM TaliM-JIAT-MeTOa W KATOTHOTO 3JIEeKTPOJUTHYECKOr0 Ha-
BOJOPOKUBAHHUA onpeaeseHbl 3¢ ¢ekrusabie KO3ppunuents! 1udgdysun Bo-
A0pO/ia B BHICOKONMPOYHBIX CTAJAX, HAXOASIIMXCH IO/ AeiicTBHEM PACTAIH-

BAIOIHX HANIPSIAKEHHIA.

Onno#l M3 aKkTyalbHBIX TpobieM Me-
TaUIOBEICHUSA SIBISIETCd TPOTHO3WPOBaHUE
JI0ATOBEYHOCTH e(POPMHUPOBAHHBIX BBICOKO-
MPOYHBIX cTaled B BOAOPOACOAEpKAIINX
cpenax. B paborax [1, 2], MOCBAIICHHBIX pe-
LICHUIO 3TOH MpOoOJEMBI, MOCTPOCHA CHHEp-
reTH4eckas Mojedb 3aMEVIEHHOTO pa3pyllie-
HUSL BBICOKOTIPOUHBIX CTaldeH MpH BO3AEHCT-
BHH BOjIOpoJia (C YIETOM CTaIMHHOCTH, MHO-
roMaciITabHOCTH, CTOXaCTHYHOCTH U (hpak-
TATLHOCTH TpOIECca pas3pyIICHUs) W 3aJ0-
XKEHbl (PEHOMCHOIOTHUECKUE OCHOBBI LIS
MTPOTHO3HPOBAHUSA UX JIOJTOBEYHOCTH B 3aBH-
CUMOCTH OT (PU3UUECKUX, XUMHUICCKUX U Me-
XaHWYECKUX TlapaMeTpoB moaean. OAHUM U3
TaKUX TIapaMeTpoB sBisieTcs 3¢ (eKTHBHEBII
koapdunment nudpdy3un Bogopoaa B METal-
Je, YIUTBIBAIOIINN «3axBaT» 4acTh Auddy-
3MOHHOTO TOTOKa HECOBEPIIEHCTBAMH KpH-
CTAITMUYECKOH CTPYKTYpBI.

JKcIepUMeHTAIBHEIC JIaHHBIE O AuQ-
(y3HOHHOM TOABIKHOCTH aTOMOB BOJOPOAa
B ele3e W CIUTaBax Ha ero OCHOBE HaKarLIH-
BATUCh B TEUYECHHE [INTEIBHOIO BpEMEHH
TpyJaMH MHOTHX ucciaenoBarened. OaHako
aHaTn3 AKCICPUMCHTATBHBIX JaHHBIX U 00B-
SCHCHHE YCTAHOBJICHHBIX (HEHOMEHOIOTHYC-
CKHX 3aBHUCHMOCTEH 3aTpyAHHUTEICH BCIEACT-
BHE HCIIOJB30BaHUS HEJ0CTATOUYHO UHCTHIX
METAIIO0B, OTCYTCTBHS TOKHOTO KOHTPOJIS 1
nHpopMaIul 00 UX TEPMHUUICCKON MPEIBICTO-
pPUU M TOHKOH CTPYKType, a TakKe IMpHMeHe-
HUE HE BCErja J0CTaTOYHO HaleXHBIX METO-
70B uccienoBaHud. OcoOeHHO 3TO KacaeTcs
pE3yABTaTOB HU3KOTEMIepaTypHbix (< 100°
C) uccaenoBanuii, MU KOTOPBIX 0c000 Beco-

MBIM CTAHOBWTCSI BJIWSHHE TOHKOH CTPYKTY-
pPBl MeTalia M TIOBEPXHOCTHBIX €r0 B3aUMO-
JeMCTBUM ¢ BojoponoM Ha (oHE BechMa He-
Gonpoil pacTBOpUMOCTH W IU(PYy3MOHHON
MOABMXHOCTH aTOMOB Bojopoxaa [4]. Takoe
BIUSAHUE PE3KO YCHIMBACTCS MPH HCTIONB30-
BaHUM AJIEKTPOJIMTHUECKUX METOIOB HACHI-
IICHUS, YacTO OKAa3bIBAIOIINX  3aMETHOE
BIUSHUE HAa CTPYKTYPY 00pasiioB, HATIpsLKEH-
HOE COCTOSIHUE PEIIETKH METala, a TakKe Ha
BO3MOXHOCTH BHEIPCHUS B HEe HyKEPOTHBIX
aTOMOB.

Bonopononponnuaemocts Py cesza-
Ha c kodpdunmentoM andpdy3un DH 5
xonnenTpanueit Bogopona C J] VBBECTHBIM

coorsomerueMm Pry ~ Dyy - Cpy . O6ummp-

HBIA  (haKTHUECKWII MaTepuan ToKa3hIBacT,
4TO  BOJOPOJONPOHUIIAEMOCTh  SIBISETCA
MPaKTHUECKH CTPYKTYPHO HEUYBCTBUTEIBHON

BeJ'IH‘-IHHOfI, TakK Kax I10J] BJIUAHUCM CTPYK-
TYPHBIX HCCOBCPIICHCTB €€ COCTaBJIAIOIINC

MCHAIOTCS TIO-pa3sHoOMy: DH - Y6I:IBaeT, a

CH - pacTeT. MexaHu4ecKue pacTAruBaro-

¥e HampsKeHHWs YCHIMBAIOT —TPOHMLIAC-
MOCTbh, a CKHMAIOIINE €€ YMEHBIaT [5]: B
yOpyrol oOxacTu IS pacTATHBAIOIINX Ha-
npssKeHni Haboronaercs JMHEHHas 3aBHCH-
MOCTh MEXTY TPOHHLIAEMOCTHIO W HampskKe-
HUSIMH, B TUTACTHYCCKOM OOJAacTH 3Ta 3aBH-
CHMOCTP HapylaeTcsl H MIPOHUIAeMOCTh pac-
TeT OpicTpee, uem nedopmanms. [lpu stom
3aBHCHMOCTh TPOHHUIIAEMOCTH OT HampsKe-
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HUS TIPOSABISICTCSL TEM CHJIBHEE, UeM B MEHeEe
TUTACTHYHOM COCTOSIHUN HAXOAMUTCS METAJLII.
Wzyduenuio BIUAHUS YIPYToH M XOJ0.-
HOW TuTacTH4eckoi nedopmannu Ha auddy-
3MOHHYIO TOABIKHOCTH BOJOpOAa B MeETaj-
Jax MOCBAIMIEHO OOJBIIOE YHCIO paboT, ol-
HAKO DJKCICPUMEHTAIBHBIC JaHHBIC pPa3Iny-
HBIX HccaeaoBaTesieil oKa3aanch 10CTaTOHHO
Pa3HOPEUUBBEIME. JTO CBA3aHO C TEM, UTO Me-
XaHWYECKHE BO3/ACHCTBHUA Ha META/LTBI TPH-
BOJIAT K MHOTOI'PAHHBIM M3MECHCHHAM HX CO-
CTOSIHMSA, JAOMHHHPYIOIIAs pOJb KOTOPBIX

MOKET CYIICCTBEHHO MCHSTHCS B 3aBUCHMO-
CTH OT KOHKPETHBIX YCJIOBHH SKCIEPUMEHTA.
Tak, B pabote [10] Ha OoCHOBE MTPOBEICHHBIX
IKCTICPUMEHTOB JIeNIaeTCsl BBIBOJA, YTO TIO
JCHCTBUEM TIPMIOKEHHBIX — MEXaHUYECKHX
Hanpsbkenuit koadduument muddysuu Bogo-
pora B Metamie JuOO HE M3MEHSETCA, JUO0
usMensiercst oueHp mano. CoriacHo 3Toil pa-
6ote, 3aBUCHMOCTL Ko3dduumenta muddy-
3ud OT aedopMalul B YIOpyroi obxacTu
uMeeT BUIL:

Dye = Dy -(1+8)2 -expl(e/k-T)-(0D/oe)-(2-v-1)], @

rne @ - cpobonmas >Heprus aKTUBAIHH
npouecca muddysun, K - TocTOSHHAsS
Bombimana, V- ko3ddumment Ilyaccona,

T - a6comoTnas TeMmepatypa.

B wacTHOCTH, OLICHKH, BBITIOIHEHHEIC C
MOMOILBIO 3TOTO BRIPGKCHMS IS HUKEN,
moKaszanu [5], 4To pacTIruBaroIue YIpPYTrHe
HaTIPSHKEHUST MOTYT O00YCIOBUTH POCT KOB(p-
¢ummenTa nupdysun npuMepro Ha 1%, uTo
COMJIACyeTcs C pPe3ysIbTaTaMi IKCIICPIMEHTOB
[10]. C 3TuM yTBEepXKACHUECM HE COINIACHBI
aBTOPBI CTaTbu [7], KOTOpEIE /I CIIABOB Ha
KeJIe3HOH OCHOBE TIPH TIOBBIIICHHBIX TEMITE-
paTypax ToKaszajgl, YTO YIPYTHE pacTArH-
BalOIIME HANpPsDKEHUS B METallaX YBEIHUH-
BalOT BOJOPOIONPOHUIIAEMOCTE TIPEUMYILIE-
CTBEHHO 3a CHET TIOBBILICHUS KO3 HUIMeHTa
muddy3un BCIACACTBUE IBHKCHUS JMCIOKA-
LU O BIMSHUEM TIPHIIOKCHHBIX Hampsbie-
HUM U B MCHBIIECH Mepe 3a CUEeT pocTa pac-
TBOPUMOCTH B YIPYTO HCKaKEHHBIX MPHUIIO-
BEPXHOCTHBIX 00JACTSX.

JKCIEpPUMEHTAIRHOE OTpeIeICHUE Ta-
pamerpoB auddy3un B miacTuuecku aedop-
MHUPOBAHHON 30HE 3aTPYAHUTEIBHO M3-3a He-
BO3MOXHOCTH MOJICIUPOBAaHUS pacipeseie-
HUS HATIpsDKEHUH U gedopManiii y BEpIIMHEL
pacTymeil TpemmHbl, MO3TOMY B pacuerax

Dy - (8,1-12,5

B KOTOpOM CHIDKEHHE 3(PPEKTHBHOTO KO-
¢ummenTa quddysun ¢ poctom aedopmMarpn
CBSI3BIBAIOT C YBEJIMYCHUEM TUIOTHOCTH JIWC-
JIOKAIIMOHHBIX JOBYIIEK.

CKOPOCTH POCTa TPEUIMH TPH BOJOPOIHOM
OXpPYMYMBAHUU  BBICOKOTIPOUHBIX  CTaJei
OOBIYHO HCMOAB3YIOT KO3DPUIMEHTH Iup-
¢$y3un Bojopoaa A7 HEHANPSHKEHHOTO Me-
Tamra. B pabote [6] mpeamoxkeH METON ompe-
nenenns koddduumenta auddy3un Bogopo-
Ja B TUIACTHYECKH A1eOpMHUPOBAaHHOMN 30HE Y
BEPLIMHBI PacTyIIeH TPEIMHBI IPH KOPPO3H-
OHHOM  PacTPECKUBAaHWK  BHICOKOTIPOUHOM
CTadu, OCHOBAHHBIH Ha PEIICHUM YpaBHCHHUA
muddysun aas caydasi ¢ MOABWKHON TpaHu-
el pazzena «MeTaLl — 3JEKTPOTUT» M HUC-
MOJB30BAHUN HKCIEPUMEHTATBHBIX  JaHHBIX
M3YUCHHS aKyCTHYECKOHM dMICCHU TPH POCTE
KOPPO3MOHHBIX TPEIIMH. Pe3yapTaTel 3ToM
paboThl TMOKA3BIBAIOT, UTO KO3(DPUIMEHT
muddys3un Bojopona TpaKTHUECKH HE 3aBU-
CUT OT MEXaHWUECKUX HANPSKCHUNA CTAIH H
HET OCHOBAHWH OXWIAaTh PE3KOTO €ro YBEIH-
YeHus (HampuMep, Ha TOPSIOK) B MaTepuaie
y BEpIIMHBI pacTylled TpeluHbel. B apyroit
pabote [9] pu M3YUCHUH BIUSHUS XOJOTHOM
racTueckod gedopmanmu € TpU pacTs-
xeanu (€ < 20%) ua 3¢ ¢pekTUBHBINR KO3p-

'
dutment muddysun DH BOJIOpO/A B XKeme-
3€ MOIy4EHO CIETYyIOUIee BEIpaKeHUE:

-€)- 10_5 em’/c, 2)

D¢ ¢pextuBubit koapduument auddy-
3UM MOXXHO HaliTH Ha OCHOBE MEPBOTO 3aKO-
Ha Ouka mMyTeM SKCIEPUMEHTATBHOTO OTIpe-
JIeNICHHS CTAaIlHOHAPHOTO MOTOKA BOJIOPOaA 3a
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BpeMA T 4epe3 IUIOCKYIO CTAJLHYIO MCM-

Dy =m-h/(S-ACy 1),

rae M - KOIW4ecTBO TpoauddyHnIupoBas-
mero Bopopona uepes mwiomams S, ACy -

Pa3HOCTh KOHIICHTpAaMil Ha TIOBEPXHOCTIX
MeMOpaHBI.

Jisg  TpakTUYecKoro  HCIOIB30BAHUS
dhopmyibl (3) HEOOXOIMMO 3HATH KOHIICHTpPA-
MM BOJIOPO/Ia Ha BXOJHOM W BBEIXOJHOI ITO-
BEPXHOCTIX MeMOpaHbI, SKCIEPUMEHTATEHOES

Dy - K2 /(6-1,).

Hns ompeneneuus 3¢pEGEeKTHBHOTO KO-
sppunmenta nuddysun mo Gopmyne (4) na-
MH  HCIOJB30BANTACh  AJICKTPOTUTHUYECCKAS
ayeika I ompenesneHus AupQy3HOHHOTO
MOTOKAa BOJOpOZA Hepe3 CTaibHble MeMOpa-
HBI-KaTO/IBI, TIOAPOOHOE OMUCAHWE KOTOPOit
mpuBeneHo B pabote [3]. MemOpaHb! moBep-
raguch TMPOJOJBHBIM PACTATUBAIOIINM Ha-
TPSOKEHUSM G () ¥ OJJHOCTOPOHHEMY KaTojI-
HOMY HAaBOJIOPOKMBAHUIO B BOJHOM PacTBOPE
4,5 % H>S0O, ¢ noGaskoi#t 2,5 % pononuta
ammonnss NH,CNS (nms cTUMydSIUM HaBo-
JOPOXKHUBAHUS) TIPY CPEIHMX 3HAUCHUAX TOKa
KaToHoH momtpusay ([ < 100 AND).

HccnenoBamuch apMaTypHBIC CTald >KEJIe30-
0eToHa MOBBIIICHHON M BBHICOKOH TIPOYHOCTH
20XI210 (A-1V), 23X2I2T (At-V), 20I'C2
(AT-VI) ¥ BBICOKOTIpOYHAS CPEIHEICTHPO-
BaHHasd KoHcTpyKumoHHas cTamb 30XI'CA.

Pe3yIbTaThl 3KCIEpPUMEHTOB TIpu A = 1,5 MM

6pawy TommuHoi /1 :

)

OIMPEACICHUC KOTOPLIX BEChMa
TCJIBHO.

3aTpyAHU-
bonee mpoctoi sBAsETCS OLECHKA

'
koadpuumenta nuddyzun DH TaftM-1ar-

MCTO/IOM TIO BPCMCHHU 3alla3bIBaHUA tg Ha

OCHOBE HCIOAB30BaHus (Gopmyrasl bappepa

[5]

(4)

ul y =60 AM® MpeNcTaBIeHBl B Tabmuie 1
(G (.2 - YCIOBHBIM TpeseN TEKYUeCTH), U3
b

KOTOPOH cleayeT, YTo ¢ YBEIUYCHHUEM YPOB-
HSl pacTATHBAIOIIMX HANPsHKCHUH 3HAUCHUS
a¢pdexTnBHBIX KodduumenToB audgdysun B
HE3HAYUTETBHON CTEMEHH CHIKAIOTCA. 3Ha-

'
YCHUA DH I HCHArpyXCHHBIX 06p33110B

HCCIENYEeMBIX cTalel HaXOATCs B THANA30He
(3,84 - 586) - 10° cM/c, a mpu G =
0,8 "G ()2 - B AHAMA30HE (3,09 — 4,96) - 10

cM’/c, TO ecTh CTETEHb CHIDKCHHS KO3(du-
uueHToB g dy3un B Harpy:KEHHBIX 006pas-
ax 70 CPaBHEHWIO ¢ HEHATrPYKEHHBIMH HE
npeBsitaet 20 %.

Jns OoLeHKM aAeKBaTHOCTH TMOTYYCH-
HBIX Pe3yJbTaTOB HCMOAB3yeM Gopmyiy Ap-
penmyca [4]:

Taouauna 1. DddextuBabie kKoapduumreHTs TUQPPY3UN BOJIOPOIa B HCCIEIYEMBIX CTAIIX B
3aBHCHMOCTH OT YPOBHSI PacTATHBAIONIETO HAPSIKECHUS

Gp=0 6p=050C¢p2 60=080Ggpo
Mapxa Go2 ' ' i ' i

cmanu ’ I, DH.106, 3 DH-I()6, I3, DH-106,

¢ cm/e ¢ cm/e ¢ cm’/e

20XTI2L] 590 | 640 5,86 695 5,40 755 4,96

23X212T 800 | 710 5,28 745 5,03 812 4,61

201C2 1110 830 4,52 925 4,05 1015 3,69

30XI'CA 1270 | 977 3,84 1112 3,37 1210 3,09
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Dy = Dypo-exp(-=Ep/R-T). (5)

rje DHO - koo pumment, £ D - dHeprus

aktuBauuu AuQgQysnn B peasbHoM obpasie
MeTaia, oTpaskaromas ero MUKpO- M Makpo-
HEOJHOPOAHOE CTPOCHHUE.

Ha ocuoBe dopmyast (5) mis anbda-
xeleza HAKOTICH OONBIION CTATHCTHUECKUI
MaTepuai, HO MPH 3TOM B Pa3HBIX TyOJuKa-
UUSIX HaOmIoaloTesl OONIbIINE pa3iuids B

3HAUYCHUAX TMapaMCTPOB DHO u ED, 0CO-

OCHHO 3TO KacaeTcsi HHM3KOTEeMITepaTypHBIX
ucciaenoBanuil. Eciam HCKIIOUMTH W3 pac-
CMOTpPEHHUST HEKOTOPHIC PE3YJIBTAaThl, PE3KO
OTIMYAIOIIMecss OT [JaHHBIX OOJBIIMHCTBA
aBTOPOB, TO OCTANbHBIC, TIOTYUCHHBIC M0 Me-
TOJIaM, TTO3BOJISIFOIIUM HETOCPEACTBEHHO OIl-
peneasts koagpuurentsl audQy3un, MOKHO

'
omnmucarb BBIpaXKeHHEM  [5]: DH =

10_3 -exp(—2600/R-T) cm’/c, To ecTh

HpeZ[BKCHOHeHIII/Ia.HLHI:If/’I MHOXHUTCIIb DHO

= 10_3 cM?/c, a SHEpTHs aKTHBALIH AU} QY-
sun E D = 2600 xan/r-atom. Ilpu komHat-
Hoit Temnepatype (1 = 293° K) u3 mocnesn-
Hell opMyidBl ciaenyer, YTO OCpeAHCHHBIH
kosppuiment  muddysun  BomOpoma B
o — Fe cocrasser 1,4-107 em/c. s cra-
Jeil ToNydeHBl CACAYIOLINE XapaKTepHBIC
3HAUCHUS [1apaMeTPOB [8]:DH0 = 10_1
em/e, E D = 3104 xan/r-atom. llpu kom-
HATHOH Temmepatype u3 GopMyiasl (5) Haii-

nem snauenne Dy =2, 57-10° em’/e, koTo-

'
POC Ha MOpAJOK MPCBLIMIACT 3HAYCHUC DH

s Ol — Fe.

AHaJn3 TIOXYYEHHBIX PE3yJIbTaTOB T0-
Ka3bIBacT, 4TO 3HaueHHsA 3(PQEKTUBHBIX KO-
sppunmenToB udpPys3un I BCCACTYEMBIX
cTajgel, ToNyueHHbIC TaiM-Iar-MeToIoM TI0
¢dopmyne bappepa, 10CTaTOYHO XOPOILIO CO-
ITACYIOTCS CO 3HAYCHUSAMM, OTPEeIICMBIMU
dopmyrnoit Appenmyca, ¥ MOTyT OBITH HC-
MOJTB30BaHbl B pacueTHON MOJENN 3aMeUICH-
HOTO Pa3pyILICHUS BBICOKOMPOUYHBIX cTaleil B
BOJIOPOICOAEPKAILINX Cpeax.
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DEFINITION OF EFFICTIVE FACTORS OF DIFFUSION OF HYDROGEN
IN DEFORMED HIGH-TENSILE STEELS
Baranov V.P.
Tula State Pedagogical Institute named after L.N. Tolstoy, Tula

With use the time-log of a method and cathodic electrolytic hydrogenation efficient diffu-
sivities of hydrogen in the high-tensile steels were under an operation of tensile stress.
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