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BOJIOPOJIOCTOMKHUE 3AIIIUTHBIE MATEPHUAJIBI
JIJIS1 JETAJIEH TPEHUS MAIIIMH U OBOPYJIOBAHUS,
PABOTAIOHINX B TEXHOI'EHHBIX BOAOPOACOAEPKAIIINX CPEJAX

Jloxmopa mexn. nayx, npogpeccopa IIEJIET B. K., IPUCEBOK A. @.

benopycckuii HayuonaneHbili mexHuueckuil yuugepcumen

TepmoguHaMuyeckuii aHAIHM3 afAcopOIMH U
a0copOuuu BoAOpoAa MeTAaJIaMH, a TaKXe pe-
3yJIBTaThl MHOT'OYMCIIEHHBIX 3KCIIEPUMEHTAIbHBIX
U TEOPETUYECKHX HCCIEOBAaHUM CHCTEM «Me-
T — BOZOPOA» CBUAETEIBCTBYIOT O TOM, 4YTO
BOJIOPOJ] PacCTBOPSETCS B OKTa- M TETpanopax KpH-
CTAJIIMYECKON pElIeTKH METAUIOB B HOHU3HPO-
BAaHHOM COCTOSIHMM, HAaKalUIUBAaeTCcsd B IOpax H
Ipyrux JeeKTax KPUCTAUIMYECKOH pPEUIeTKH B
MOJIEKYJISIpHOH (hopMme, BCTyNmaeT B XHUMHUYECKOE
B3aUMOJICHCTBUE C DPA3IUYHBIMH 3JIEMEHTAMHU U
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(hazaMu, UMEOIMMUCSI B METaUIaX W CIUIaBaX, a
TaKxke ajcopOMpyeTcsi BHYTPH MeTajlla Ha TO-
BEPXHOCTSIX MHKPOIIOIOCTEH, TIOP, MUKPOTPEIUH
U T. II. U CETPETUPYET Ha HECOBEPIICHCTBAX KPH-
CTaJUTMYECKON peleTKu. B 3aBUCUMOCTH OT ycCIo-
BU HACHIIIECHUS BOAOPOIOM U MPHUPOMABI CIUIABOB
OyayT npeobnanate Te WM UHBIE (DOPMBI COCTOSI-
HUS BOJIOPO/Ia B METAJlIaX, MEKIY KOTOPBIMHU CY-
IIECTBYET TMHAMHYECKOE paBHOBecHe. PaznnuHbie
(hOpMBI CYIIECTBOBAHUS BOJOPOJa B CTalM IOJ-
TBEPXKAAIOTCS OMBITAMU (PPAKIUOHHOTO OMpese-
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JIeHWsI BOIOpoa B MeTayuiax. s mpemoTBparie-
HUSl TUCTICPTUPOBAHUS METAJJIOB, Pa0OTAIONINX B
BOJIOPOZCOAEPIKAIUX Cpenax, MpearpHHIMAIOTCS
TIOTIBITKH CO3/IaHUSl KOMIIO3WIIMOHHBIX MaTepua-
JIOB, TMACCHUBUPYIOIIUX K aJCOPOIMH M COpOIMU
BOJIOPOZa, HE Pa3pyLIAIOMIUXCS MPH IIUTEITHHON
SKCIUTyaTallii ¢ OOJaNaronuX yIy4IIeHHBIMA
TEXHUUYECKUMU XapaKTepucTukamu. M3BecTHO, 4TO
B3aMMOJICHCTBHE BOJIOpOAA C MeTalaMu (He 00-
pa3yOIMMU THAPHUIOB) 3aBUCUT OT psja (akto-
PpOB, HanOolee BOKHBIMH U3 KOTOPBIX SIBIISFOTCS:
XUMHYECKOE CPOJICTBO METAJIOB C BOJOPOAOM;
Paarychl MEXAOY3IUN ISl Pa3IUYHBIX METAJLJIOB;
paanyc 3IEKTPOHHOH 000JI0UKH BOIOPOA.

B 10 Xe Bpems pacmpeneneHne BOIOpOna B
MeTalljlax, ¥ OCOOCHHO B CIIJIaBaX, OCYIIECTBISIET-
Csl HEPaBHOMEPHO M TJIaBHBIM 00pa3oM B MOBEPX-
HOCTHBIX CJIOSIX, @ HAMOOJBINIAs €T0 KOHIICHTPAIUS
B 3aBHCHUMOCTHU OT TPaJIMCHTAa TEMIIEPATypPhl OTME-
YeHa 10 TPaHMIAM 3EPCH CTaH, pa3lieia «Kap-
Oux — MaTpuIay, B Iopax, BO BHYTPEHHUX TPEIIU-
HaX, OKOJIO BKJIFOYEHUH, YTO MPUBOJUT K BO3HUK-
HOBEHMIO TOJIs YIPYTrux HanpsbkeHuil. [Ipu Bbico-
koremriiepatypaoMm (600—-800 °C) HaBOIOpOKHBa-
HUM Je(deKThl KPUCTAJUIMYECKOW pEHmIEeTKH He
UTPAIOT PEeIIaoIel posr B TIpoIieccax aacoponumu,
omnpeAensomME  (HakTopaMu 37eCh  SBISIOTCS
3NIEKTPOHHAS CTPYKTypa METAJLIOB U CIIOCOOHOCTh
3JIEMEHTOB U Jpyrux (ha3 o0pa30BBIBATH XHUMHYC-
CKHE COSAMHEHUs ¢ BomopoaoM. [Ipu cpaBHUTENB-
HO HeBBICOKHX Temmepartypax (180-300 °C), na-
000pOT, MeheKThl KPUCTALIHYECKON PEIICTKH Me-
Tajyla ~ WrpaloT  3HAYMTENBHYIO  pOJIb  TIpH
HABOJOPOKMBaHWU. Tak, HackIIeHHE AepopMupo-
BaHHOTO (TIpM TPEHHH) METaJIa BOJOPOIOM IIPH-
BOJIUT K €ro cerperaiuu B JeEeKTHBIX MecTax
KPUCTAJUTMYECKOW PEIIeTKH, a KOJIMYECTBO pac-
TBOPEHHOTO BOJIOPOJia BO MHOTO pa3 IMPEBBIIIACT
€ro PacTBOPHMOCTh B MEKIOY3JTUSAX KPHCTAILTHYC-
ckoll pemetku. [Ipy KMHETHYECKOM aHAIM3E CO-
CTOSIHHE aJCOPOLMOHHBIX MPOLECCOB ONpeAesieT-
cs Temrieparypoit 7, maBieHUEM p U KOJIUYSCTBOM
(xoHIIEHTpanme) S BOMOPOIA, PAaCTBOPCHHOTO B
eanHALIe 00BeMa MeTaia. B obmem Bume 3Ta 3a-
BucuMocTh umeeT BuA: O(S, p,T)=0. Ilpu Tep-

MOJIMHAMUYECKOM aHaJIHM3€ MOYKHO HE y4YHMTHIBATh
MOBEPXHOCTHBIX SBJICHUM W paccMaTpuBaTh ao-
COpOIMIO BOAOPOA B 00bEME METaJlia, a KOHIICH-
TPAIMIO €r0 BHIPAKATh B MOJIBHBIX JOJISIX, B ATOM-
HBIX MO0 Macce WM OOBEMHBIX MPOIICHTAaX, KyOu-
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geckux caHtuMmerpax Ha 100 r Meramma, MmI-
JTUOHHBIX Hoisax (ppm) u T. n. Jms mHaubomee pac-
MPOCTPAHEHHON CHCTEMBI (OKEJIe30 — BOJJOPO» CO-
OTHONICHUE Pa3IMYHBIX €JMHUI] TaKOBO: 1 ppm =
= 0,0001 % (mo macce) = 0,00553 % (at.) =
=0,0873 % (06bemu.) = 1,11 cM’/100 T.
3aKkoHOMepPHOCTH pacnpeeieHUusi BOAOPOAa
B MeTaJulaxX WM CIIaBax. Teriora mporecca pac-
TBOPEHHUS BOJOPOJA B METAJIaX CKJIAJIbIBACTCS U3
TEIUIOTHl TUCCOLMALMK BOAOPOAA M COOCTBEHHO
TEIUIOTHI PACTBOPECHHUSI aTOMOB BOJIOPOJa B METaII-
ne. Jluccoumanus BOJIOPOAA COMPOBOXKIACTCS 3a-
TPaTOW SHEPTUU, U €€ BEIMYHMHA BCETJa OTpHIla-
TenbHA. TerioTa pacTBOpPEHHs] aTOMOB BOJOPOJA,
XapaKkTepHu3yIOIIasi JHEPTHIO CBS3U C aTOMaMH Me-
Tajuia, BCerja monoxurtensbHa. [Ipu sHpoTepMude-
CKoOi abcopOuMu BOAOPOAa, KOT/a IMpU Hemocpe-
CTBEHHOM B3aWMOJICHCTBUM MeETalla C MOJICKY-
JSIPHBIM BOJOPOAOM THIAPUABI HE 00pasyroTcs,
TEPMHHBI «a0COPOLUA», «PACTBOPEHUE» U «OK-
KITIO3USD» MOTYT TOIIBKO B IEPBOM MPHOIMKCHUU
XapaKTepr30BaTh PAaBHOBECHOE HACHINICHUAE Me-
Tajuia BOAOPOJAOM. AOGCOPOIIKs BOAOPOIa B METalI-
nax VIA-VIIIA u IB rpynn mporekaer ¢ oOmum
CYMMapHBIM OTpHIATEIbHBIM 3(dekToM (IHI0-
TEPMUYECKOE PAcTBOPEHHE), MMO3TOMY KOJIHYECT-
BO a0COpPOMPOBAHHOTO BOJOPOJA C TOBBIIICHUEM
TeMmeparypel Bo3pactaeTr [1, 2]. Jng atux Me-
TaJJIOB 3aBHCUMOCThH PACTBOPUMOCTH BOJIOpOJA OT
TEMIIEPATyphl TPH TOCTOSHHOM JaBJICHUU BOJO-

poxa 0,1 MlIla umeer Bun S=K; exp(—AH/2RT),

rae Kg — koHcranta; AH — Temiota abcopOrwu,
kJl>x/mMone; R — rasoBas mocrosiuHas;, I — ab-
comoTHas Temneparypa, K. OOBIYHO TeMmIepa-
TypHasi 3aBUCUMOCTh PAaCTBOPUMOCTH BOJIOpPOJa

B MeTajulaXx TpeACTaBiseTcd ypaBHeHHeM IgS =

= (—AH /4,576T ) +const. I'paduueckas 3aBucu-

MocTh 1gS — 1/T BeIpakaeTcs MPSAMOU JTMHHUEH, 110
HAaKJIOHy KOTOPOW MOXXKHO HaWTH TEIUIOTY abcopO-
. AH. 3aBUCHMOCTh MEXIy BOJOPOAOM B TIO-
pax, ero KOHIIEHTpaIlue U TeMIepaTypoi CBUe-
TEJNBCTBYET O TOM, YTO C TOBBIIICHUEM TEMIIepa-
Typsl ¥ yYMEHBIIIEHUEM KOHIICHTpAIUK BOAOPOJA
JlaBIIcHHE B Mopax cHrkaercs. Ha ocHoBanum aHa-
TU3a TEPMOJIMHAMUYECKOTO COCTOSHHS CHCTEMBI
«METaJuT — BOAOPOJI» MOXHO CYJHUTh O BO3MOXHO-
CTH 00pa30BaHUsl XMMHYECKUX COCIUHEHUH WIN
TBEPABIX PACTBOPOB B KOHKPETHBIX METAIaX H
CIUTaBax.

BectHuk BHTY, Ne 3, 2007
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XuMnyeckasi cTenieHb CPOACTBA METAJVIOB C
BO/I0POIOM — OCHOBHOIi yTh CO31aHUs BOJAOPO-
JOCTOMKHMX MeTA/IOB H CILIaBOB. PactBopu-
MOCTh BOAOPOJIa B CTANSIX M CIUIABAX HCIIOJIB3YIOT
JUI OLCHKH WX HMPUMEHSEMOCTH B JKCIUTyaTallUuH
IpU pa3IM4HbIX TeMIlepaTypax U JaBieHUsX. Tak,
Ha TEPMOJMHAMUYECKOE PABHOBECUE CHUCTEMBI
«Kkene3o — nerupyromuii snement (JI9) — Bogo-
poI» BIHMSET HE TOJNBKO NapUUajbHOE aBliCHHE
PAcTBOPEHHOrO Ia3a, HO U KOHLIEHTpalUs JIETHPY-
fouiero ieMeHra. Ilo3ToMy B cpaBHMBaeMbIX
ycnoBusix (p, 7) aKkTHBHOCTH BOIOpOAQ, pacT-
BOPEHHOTO0 B e€Jle3e, paBHA aKTUBHOCTU BOJIO-

poJia, PacTBOPEHHOTO B CIUIaBe, T. €. |aH|Fe=

=| o H|Fe —JID. O6bpraHO abCcOpPOIMOHHBIE TTPOIIEC-

CBI COTPOBOKAAIOTCS K30~ WM SHIOTEPMUIECKOM
TETUTOTOM, KOTOpasi 3aTPaunBACTCS WIIN BBIACISICT-
Cs TIPW HACHIIICHUU BOJOPOJOM MeTauioB. B TO
e BpeMs Mpollece PacTBOPEHHs BOJOPOJa B Me-
TaJjIax CllaracTcs U3 psjia DIIEMEHTAPHBIX (HU3HKO-
XUMHAYECKHX TIPOLIECCOB, KAXKIBIH M3 KOTOPBIX
UMEeT OIpEJICIICHHYIO DHEPTuio akTuBanuu. [Ipu
3TOM a/IcCOPOLMOHHBIE MPOLIECCH Ha TMOBEPXHOCTH
MeTauia U abcopOIMOHHBIC HA BHYTPEHHUX MHK-
POTIOBEPXHOCTSX MPOTEKAIOT C BBIJCICHHEM TEIl-
notel. ICTHHHOE pacTBOpEHHE BOIOPOJAa B CTaJIA
NPOUCXOJUT C TOTJIOMEHUEM TEIUIOThl. XHMHYe-
CKOE B3aWMOJICHCTBHE BOJIOPOJa C METaNIAMH CO-
MIPOBOXK/IAETCSI BBIJICIICHUEM TEIUIOTHI; aCCOIMAIIUS
B JeeKkTax KpUCTAIUTUIECKON PENIeTKH MPOUCXO0-
JIAT ¢ MTHOBEHHBIM (TIOpsITKA 1073 C) BBIIETICHUEM
0opIIOro KonuyecTBa TemioThl (~435 k/[x/Moib)
Omaromapsi OCBOOOXKICHHUIO SHEPTHH CBs3H. llpm
HU3KWX, KOMHATHBIX M TOBBIIICHHBIX TEMIIEpaTy-
pax ckopocth nuddy3un Bogopoaa B MeTaiax Ha
HECKOJIBKO TIOPSIIKOB BBINIE, YeM JUISl JIPYTUX
npumeceit BHenpenus. Tak, B a-xkeneze mpu 20 °C
kodbduument audbdysun Bomopoma B 10" pas
Oompmie kodpduuuenta auddysun yriaepoga u
azora [2-5]. Ilpu HE3KHX TemIepaTypax IMpoIiecc
mubdy3un mpeacTaBisseT coOO0H 30HHOE JBHXKE-
HHUE;, MPH KOMHATHBIX — TEPMHYCCKH AKTHBHPO-
BaHHbIE (HEKOTEPEHTHBIC) TIPOIECCHI, TIPH ITOBHI-
meHHBIX TeMiepaTypax (mo 200 °C) — TepMudecku
AKTUBUPOBAHHBIC HAI0APbEPHBIC MEPEXOJbI, MPH
TeMriepatypax 6omee Bbicokux (cBwimie 400 °C) —
)kuakoctHyo nuddysuio [6]. [lepBbie Tpu Mexa-
HU3Ma BeChMa BaXKHBI TPH BHIOOPE U CO3TaHUH
BOJIOPOJIOCTOWKHX MaTEpHANIOB (METAJUIOB U CIUIA-
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BOB), @ TEIUIOBBIE IMPOIECCHI, MPOTEKAIONINE MPH
B3aMIMOJICHCTBUY BOJIOPOJia C METAUIAaMHU W CIUIa-
BaM¥, OB TIOJIOKEHBI B OCHOBY BEIOOpa W CO3/1a-
HUA BOJOPOJOCTOMKUX MOKpbITUH. U3BecTHO, 4TO
M0 XapakTepy B3aUMOJCHCTBHS C BOAOPOIOM Me-
TaJUTBI TO/Ipa3JieNieHbl Ha HECKOJBbKO rpynm. B ka-
YEeCTBE MCCICIyeMOlN ObLIa MPHUHATA TPEThs TPYII-
na Mertayuio, Bkmouatomias Fe, Cr, Ni, Cu, Hg,
Co, Al, Pt, koTOpBIEC pacTBOPSIOT BOJOPOJ ¢ 0Opa-
30BaHUEM HCTUHHBIX PacTBOPOB (SHAOTEpMUYEC-
CKHE OKKITIOJICPhI) U TEM CaMbIM OKa3bIBalOT BITUS-
HUE Ha €T0 MOJBMXKHOCTH 32 c4eT (hopMHUpOBaHUS
KPUCTAJUTMYECKON pelIeTky, (a30BOTO COCTaBa,
CTPYKTYPHI U T. I. Y CTaHOBJICHO, YTO JISTUPOBAHUE
ctaneil u criaBoB XxpomoM Cr OKa3bIBaeT 3amenl-
JISAIoINee JeWcTBUE Ha TUQPGY3HOHHYIO TOJBHK-
HOCTh Bojopoaa. Hanbosee 3ameTHO 3TO JeiicTBUE
nposiBnsieTcst pu BBeaeHnu 10 12—14 % Cr. Pes-
Koe CHkeHHe Au(PY3MOHHON MOABMKHOCTH BO-
JI0poJia OTMEUYCHO TIPU BBEIICHUM B CIUIABHI KPEM-
HUAA Si, TBEpAbIE PACTBOPHI KOTOPOTO HEOIHO-
POIHBI, aTOMBI KpEMHHUS O00pa3yloT B CIUIaBe
(MeTaie) KOMIUICKCHI, HE PAaCTBOPSIONIUE BOIO-
poIl, a clie0BaTENbHO, U HEMIPOHHUIIAEMEbIE I He-
ro. OcoOblii MHTEpeC MPEACTaBIAIOT CBEACHUS O
muddysun Bogopoaa B Hukene Ni. Tak, B criaBax,
cogepxarmux ~37 % Ni, kosppunmenT auddyzun
BOJZIOpPOJIa OYEHb HE3HAauWTeNeH. B To ke Bpems
ClieyeT OTMETHUTh, YTO TOJBKO MO IapameTpam
mudy3un OTAETBHBIX METAJUIOB HENb3sl CYAWUTh
00 ux BIusAHUH Ha AU Y3HOHHYIO TOABHKHOCTD
BOoZiOpoZla B cIutaBax. HeoOXoammo y4YMTHIBATH
BIUSHHUE JIETHPYIOIIUX DIIEMEHTOB Ha (ha3oBBIH
COCTaB, CTPYKTYpy, OOpa3oBaHUE HOBHIX (a3 u
T. 1. BbINONHEHHBI aHAIW3 W CpaBHUTENbHAS
olleHKa A(PQPEKTUBHOCTH IMOJYyYEHHS BOIOPOIO-
CTOWKHX TIOKPBITHA Ha pPabOYUX TOBEPXHOCTSIX
MeTaJjla TMO3BOJMWIM OTAATh TPEANOYTEHHE I10-
POIIKOBBIM CaMO(ITIOCYIOIIUMCSI CIUTaBaM Ha HH-
keneBoil ocHoBe Ni—Cr-B—Si. OTtu cmaBel npu-
MEHSIOT ISl HAHECeHHS 3aIIMTHBIX TMOKPBITHI Ha
JeTanu, paboTaronye Mpru HHTEHCHBHOM M3HOCE U
OJHOBPEMEHHOM BO3JECHCTBUH arpecCHBHON cCpe-
IIbI, BBICOKUX TEMIIEPATyp U JaBICHUM.

Jns TpeThel rpynmnbl METAJIOB, SIBJISIOIIUXCS
OCHOBO# camodurrocyromuxcst criaBoB (Ni — CBBI-
me 70 % u Cr — go 20 %), xapakTepHO yBeInde-
HUE PACTBOPUMOCTH BOJOPOJA C TMOBBIIICHUEM
TEMIIEPATYPhI, MPUYEM U3MEHEHUE KOHIICHTPAIUU
BOZIOpOZIa B MeTaJle IMPOMOPIMOHATBHO KOPHIO
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KBaJ[paTHOMY M3 JABJIICHUS, YTO CBUJICTECIHCTBYET
00 00pa30BaHWU «UCTHHHBIX pacTBOpoB». KuHe-
THKa 00pa30BaHUs TAKHX PACTBOPOB OTPEIEISIETCS
TpeMsi Pa3UIHBIMU TPOIIECCAMH: TTOBEPXHOCTHOMN
aacopOiueit (pu3ndeckol WU aKTHUBHPOBAHHOM),
pacTBOpEHHEM BOJIOpOJia B TPUIIETAIONIMX K TO-
BepxHOCTH obOmactsax u muddys3meit Bogopoma B
rryop Metamia. OOIIas CKOpOCTh MpoIiiecca orpe-
JIeNsieTCsT CKOPOCThIO HamboJiee MEIUIEHHOTO U3
YIOMSIHYTBIX BBIIIE MPONECCOB. Takke M3BECTHO,
YTO PacTBOPUMOCTH BOJIOPOJa B METAJJIaX MOXKET
OTIPEJICNIATHCSI XUMHUECKUMU (pakTopamul TOI00HO
MPOIECCY XUMUYECKOW CcOpOmmu. DTO TOITBEp-
KIACTCS TEM, YTO IHJOTCPMHUUSCKUEC TTOTIIOTUTEIIH,
KOTOpBIE PacTBOPSIOT BOJOPOJ B KOJMYECTBE Me-
Hee 0,1 %, pacnonararoTcsi MEXIY 3K30TepMUYC-
CKHMH aKKJTIOJICPaMH, KOTOPHIE CIIOCOOHBI IOTJIO-
tuth Gonee 0,1 % Bomopoma, W dIeMEHTaMH, HE
a0bcopOupyIONIMME BOJIOPOJT BOOOIIE HWIIM O4YCHBb
mano (W, Au, Zn,Ta, In, Tl, Hg). Otcrona cnenyer,
YTO B3aMMOJICHCTBHE BOJOPOJA C METAJUIaMH, HE
00pa3yrIuMu THIPHUIOB, 3aBUCHT OT psna ¢ak-
TOpPOB, HAN0OJIEE BAXKHBIMU M3 KOTOPBIX SBIISIOTCS:
XUMHYECKOE CPOJICTBO DJIEMEHTOB C BOJIOPOJIOM,
PaaryChl MEXIOY3IUH sl pa3IMYHBIX METAJLIOB H
paaryc 3MEKTPOHHON 000JIOUKU BOIOPOIA.
BansiHue KOHUEHTPALUM JIETHPYIOIIHX JJIe-
MeHTOB (JIJ) Ha TepMoaMHAMUYECKOE PABHOBeE-
cue cucrembl «Fe — JI9 — Bonopoa». IIpencras-
JeHHUST O KOJHMYECTBEHHBIX 3aKOHOMEPHOCTSAX U
nporecce audy3un Bogopoga B MeTaiax sIBIIs-
IOTCS. OCHOBOM IS OOJNBIIMHCTBA CILUIABOB, B KO-
TOPBIX HE MPOUCXOJAT MPOIECCH THAPHI000pa3o-
BaHUs. BBejcHHME JETHUPYIONIMX JJIEMEHTOB MPH-
BOJUT K U3MEHCHHUIO BHYTPEHHETO CTPOCHUS
MeTajia, ero CTPYKTYphl U ()a30BOro cOCTaBa, Co-
CTOSIHUSL TIOBEPXHOCTH, ACPEKTHOCTH M T. 1. Bce
9TH WM3MEHEHHS MOTYT CYIECTBEHHO BJIMATh Ha
1 y3UOHHYIO MOJBHKHOCTH BOJOPOJa B METaJ-
ne. Ha moBepxHOCTH BXO/Ia ¥ BBIXOJIa BOJIOPOJIA U3
MeTajla MOTYT 00pa30BbIBATHCS CIIOH, TAKXKE CY-
HIECTBEHHO BIMSIONIME Ha JU(PPY3HOHHBIC MPO-
IECChl. DIIEMEHTHI BHEJPCHUS CHIDKAIOT TIOIBHIK-
HOCTh BOJIOPOJIA, TaK KaK 00pa3yIoT COCJAMHEHHS B
MeTajie, MeHee MPOHMIIAeMbIe I BOJOpoaa. 3a-
HUMas MEXA0Y3JIMs B KPUCTALUTUICCKON peIIeTKe,
OHHU TIPETSITCTBYIOT MEPEMEIICHUIO0 aTOMOB BOJIO-
porna. OTMe4eHO, 4TO JIETHPOBaHUE METAJLIOB
xpomMoM B mpeaenax 12—-14 % (uro xapakTepHO
JUIT  caMO(IIOCYIOIIUXCS  CIUTABOB)  3aMEJUISET
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muhPy3nOHHYIO TONBIKHOCTH BOAOPONA, a II0-
BBIIICHHBIC 3KCILTyaTal[MOHHBIC CBOWCTBA CaMoO-
(hrocyronuxcs CIIaBOB O0YCIIOBICHBI TPHUCYTCT-
BHEM B HUX HE TOJBKO XpOMa M HUKEJS, HO TaKKe
0opa u kpemuus. Omocytomme meMeHTs B u Si,
BBOJVMMBIE B K)XIYI0 YacCTHIIy IOPOIIKa B OIpe-
nenenHoMm konmdectBe (24 u 3-5 % cooTBet-
CTBeHHO) AU((Y3HOHHBIM IyTeM TpeOyeMoi To-
NUHBL B (a30BOr0 cocTaBa, 00ECIeYNBAIOT CaMO-
¢rocyeMocTh, BBICOKYIO TEXHOJIOTHYHOCTH II0-
pOIlIKa W TIOBHIIEHHYIO MPOYHOCTHh CICIUICHUS
C YHOpPOYHSAEMOM TMOBEPXHOCThbIO JeTanu. bop
U KpeMHUH o00pa3yloT ¢ HHKEJIEM JICTKOIUIaB-
KHE O3BTCKTHKH C TEMIEepaTypod IIIaBJICHUS
950-1080 °C, BOoCcCTaHABIMBAIOT OKHUCHBIE IIJICHKU
Ha MOBEPXHOCTU YACTHI[ MOPOIIKA U TOIJIOKKHU C
oOpa3oBaHreM OOPOCHIMKATHBIX ILIAKOB, CHHXKa-
I0T BBITOpaHHE JETUPYIONIMX 3JEMEHTOB, 00pa3y-
o1 Oopunsl Hukens M;B m xpoma CrB u CrsB;,
MMEIONINX BBICOKYIO TBEPJOCTh U IUIACTHYHOCTH
10 CPaBHECHHIO C KapOuIamMu.

TeopeTuyeckue W IKCIEPHUMEHTAIBHBIE HC-
cJieqoBaHusi 0COOCHHOCTEH (OPMHPOBAHUS MUK-
POCTPYKTYpHI U ()a30BOr0 cOCTaBa BOJOPOIOCTOM-
KHX TIOKPBITUH U3 CaMO(MIIOCYIOIIUXCS CIUIABOB U
KOMITO3UIIMI Ha WX OCHOBE IIOKa3alld, YTO 3THU
criaBbl (comeprKamye 00p W KpeMHHit) 10 3HAYH-
MOCTH TIPEICTaBISIIOT COO0H CaMOCTOATENBHYIO
TpynIy MHOTO(A3HBIX CIDIABOB, COCTOSIIUX U3
MaTpUYHBIX O- U Y-TBEPABIX PACTBOPOB, OOPHIOB
1 KapOHUIOB. ITO CBOMCTBO JOCTUTAETCS 3a CUET
HAJIMYMS B COCTaBe CIulaBa (DIIIOCYIOMIMX Olie-
MEHTOB OOpa M KPEMHHS, KOTOPHIC 10 PEaKIUU
3amenicHns MeO+B — Me+BO; MeO+Si —
— Me+SiO pacKuCISIFOT OKUCHBIE TJIEHKH U BbI-
XOJT Ha TOBEPXHOCTh B BHAE OOPOCHIIMKATHO-
ro nuiaka. OTHOCUTEIIEHO HEBBICOKAs TeMIlepa-
Typa mnasnenus (1100-1150 °C) obecneunBaercs
3a cueT OOpa3oBaHUS B CIUIABE CIIOKHOW JICTKO-
IIaBKOW 3BTeKTHKH Ni—B-Si, mpeumymecTBeHHO
v — Ni + Ni;B.

JKcnepUMeHTAIbHbIE U IKCILTYaTAllHOHHbIE
HCCJEA0BAHUS CaMOQUIFOCYIONIUXCS CIUIABOB B
TEXHOTCHHBIX cpelax OeTKOBBIX BEIIECTB IOKa3a-
JIY, YTO WCIOJB30BaHME WX B KAa4eCTBE 3alUTHBIX
MOKPBITHI CHUXKAET, HO HE UCKIIOYAEeT HABOJIOPO-
JKUBaHHE pa0OUINX TTOBEPXHOCTEH JeTaneii B mapax
TPEHMSI, TAK KaK PKCIUTYaTallMOHHBIE YCIOBUS ITHX
MTPOU3BOICTB NIPOTEKAIOT B aBTOMATHUYECKU HETIPe-
PBIBHOM pEXHMeE TPH MOBBIIIEHHBIX TEMIIEpaTypax
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¥ 3HAYUTEIBHBIX YAENbHBIX MaBIEHHUSIX. BbImon-
HEHHBIC WCCIICJOBAHUS IO3BOJIMIN pa3paboTarh
KOMIIOHEHTHBIM COCTaB IOKPBITHI HA OCHOBE ca-
MOQUIIOCYIOIIMXCS TIOPOIIKOBBIX CIJIABOB THUIIA
Mr-10H-01, TIIr-10K-01, TIT'-12H-03 ¢ mocne-
IYIOIAM JIETUPOBAaHUEM WX OJIOBIHHUCTOW OpOH-
30i. B mepuos paboThl mapel Mo ASHCTBUEM TEX-
HOTEHHOW CpPEeJIbI MMPOUCXOANUT PACTBOPEHUE OpPOH-
36l Ha TIOBEPXHOCTH TPEHUS. ATOMBI JETHPYIOIIIX
anemeHToB Opon3el BPO®10-1, BPOIL[10-2 (omo-
BO, [IWHK, AJTFOMUHHAN U JIp.) YXOIAT B CMa30YHBIN
MaTepuan, B pe3ylbTaTe MOBEPXHOCTh OPOH3BI
oOoraraercs atoMaMyd MeAu. TEXHOTEHHAs cpeja
SIBJIIETCSL MOJICIIBHOM JKHJIKOCTBIO (C1a00it KucIo-
TOH), KOTOpas peanu3yeT YCIOBHUS MPOTEKAaHUS
n3buparenpbHOro nepexoca. Ilociae yHoca aToMOB
JICTUPYIONIUX 3JIEMEHTOB C MOBEPXHOCTH OpPOH3BI
nedopMalis ee Ipu TPEHUHU BbI3BIBACT TUPQY3H-
OHHBIN TPUTOK HOBBIX aTOMOB JICTUPYIOIIUX 3Jie-
MEHTOB K IIOBEPXHOCTH, KOTOpHIC 3aTéM BHOBH
YXOIAT B CMa304HBIA MaTepuall. Takum obpazoMm,
cioil OpoH3bl, IehOPMHUPYIOIIMKCS TPH TPEHHUH,
OCBOOOXIAETCA OT JICTHPYIOIIUX D3JIEMEHTOB U
CTAHOBUTCS B OCHOBHOM Me€IHBIM. TOHKUI cI0il
MEIHOHN TUIeHKH, 0011a/1ast BEICOKOH aKTUBHOCTHIO,
CXBATBIBACTCS CO CTaIbHON IMOBEPXHOCTHIO, TIO-
CTETICHHO TIOKPBIBAasi €€ TaKUM JK€ CIO0eM MEIu.
[Tockonbky cnoit meau, obpasyromuiicss Ha OpOH-
30BOIl TIOBEPXHOCTH, YMEHBIIIACTCS BCICICTBUC
€ro INepeHoca Ha CTAbHYI0 MOBEPXHOCTH, MPOWC-
XOJIUT JallbHEHIIee pacTBOPEHUE OpPOH30BOH ITO-
BEPXHOCTH. DTOT MPOIECC MPOIOIIKAETCA A0 TeX
op, TIOKa Ha 00X MOBEPXHOCTIX HE 00pa3yeTcs
cioi Menqu tomumHon 1-2 mxM. Ilocie Toro kak
MeIHas TUIeHKa cOpMHUpPYETCs Ha TPYIIUXCS IO-
BEPXHOCTSX, MOJIEKYJIBl TEXHOTEHHOU CPEIBl yiKe
HE CMOTYT B3aWMOJICHCTBOBATh C OPOH30M M «BBI-
TATUBATH» aTOMBI JIETHPYIOMNX 3JIEMEHTOB, TPO-
[[ECC PacTBOpPEHHsI OpOH3BI IMpeKpalmaerca W Ha-
CTYIAaeT YCTAaHOBUBIIUICS PEXUM H30UPATEIHHOTO
nepeHoca. Ecnu mo kakuM-mm0o0 NpHYWHAM MeJ-
Has (CEpBOBHUTHAS) IUICHKA Pa3pyIIUTCS, TO BHOBb
MIPOU30MIET PacTBOPEHUE OPOH3BI H MOBEPXHOCTH
OymeTr oboramarbcs MEIbIo, IOKa CHOBA HE HACTY-
MUT TaccuBHOE cocTosiHue. [lopomkoBeie camo-
(hmrocyromuecss CIUIaBbl Ha HHUKEJICBOM OCHOBE,
JIETUPOBAHHBIC OJIOBSIHUCTOW OPOH30# WIIH MENbIO,
00pa3yroT MEIHO-HUKEJICBBIA CITIaB, KOTOPBIA 00-
JIaTaeT XOPOIIeH KUIKOTCKYYECThIO, 00eCIIeUBa-
€T BBICOKYIO MPOYHOCTH MOPOIIKOBOTO MaTepraa,

BectHuk BHTY, Ne 3, 2007

HaIOKHYIO JTHOOY3NOHHYIO CBS3b C OCHOBHBIM
METAJIJIOM JICTalTH U PabOoTy y371a TPSHHUSI B PEKUME
M30MPATETHHOTO MEPEeHOCa, MPAKTUYECKH HCKITIO-
Yyas TPOHUKHOBEHHE BOJOPOAA B METAUL. ITO
OOBSICHSCTCS TEM, 4YTO Meib, 00nanas OUOIHMIHO-
CTBIO, TOPMO3UT OAKTEPUAIBHBI POCT MHUKPOOP-
TaHW3MOB, Y€M CIOCOOCTBYET CHMXKCHUIO OHMOKOP-
PO3MOHHBIX MPOIECCOB. B ToO ke BpeMs camoduiro-
CYIOIIWICS CIJIaB Ha OCHOBE HUKENS, SBISACH
KaToJOM II0 OTHOIICHHUIO K CTaJbHON OCHOBE, 3a-
IIUIIAET TOCIETHIO OT JICKTPOXUMUYESCKON KOP-
po3un. O00O0IICHNEe, H3YUCHUE U aHATU3 (PU3HKO-
XUMHYECKUX TPOIIECCOB, MPOTEKAOIINX HA Pado-
YUX TOBEPXHOCTSX JeTaneldl B XUMUYECCKH aKTHB-
HBIX BOJIOPONICONEPKAIINX Cpelax IMPH TPEHHH,
MO3BOJIMJIM YCTAHOBUTH MYTH U JaTh PEKOMEHa-
MU TI0 TOJABJICHUIO BOJOPOHOTO W3HAIIUBAHUS
netanei mamuH. [Ipu BBEIOOpE MaTepuaioB IS
(hopMUpOBaHUS BOJOPOJOCTOMKUX IOKPBHITUH He-
00XOJIIMO YYWTHIBATH CTENCHh UX CPOJICTBA C BO-
JOPOJIOM, HM3MEHSTh PEeXUM paboThl y3/a TpeHHs
(S, T, p) 3a cuer BBe/ICHUS B MaTepyalibl TIOKPHITUSI
MELCOICPKAIHMX O00ABOK, (hOPMUPOBAHUE TIOKPHI-
THUSI C HEMarHUTHBIMU CBOMCTBaMH, KOTOPBIMU 00J1a-
JIAF0T CaMOGUTIOCYIOIIHECS XPOMOHHUKEIECBBIC CTUIABBI
Y KOMITO3UIIMOHHBIC MaTepUalIbl HA UX OCHOBE.
IIpoBeneHHBIN aHATU3 SIBJIEHUN, MPOTEKAIOIINX
B CHUCTEME «ITOKPBITHE — MOJJIOKKAY» TIPH Ta30Tep-
MUYECKOM HANBUICHUH, ITOKa3aJl, YTO JIIS TOIy4e-
HUSl TOKPHITUH C BBICOKMMH HPOYHOCTHBIMH Xa-
PaKTEPUCTUKAMHU «IIOJUIOKKE» HEOOXOJAUMO IPH-
JaTh JHEPreTHYECKH AaKTHBHOE COCTOSHHE, CITO-
cobcTByromee o0Opa3oBaHWI0 (PU3NIECKOTO KOH-
TaKTa C HABUIIEMbIM MaTepUAIIOM, aKTHBAIHH
KOHTaKTHUPYIOMIUX MIOBEPXHOCTEN B UX 0O0BEMHOMY
B3amMozeicTBruio. CTeneHb pPa3BUTHS MPOIECCOB
00BEMHOTO B3aMMOJICHCTBUS JIOJDKHA OBITh MHHU-
MaJIbHOM — JTOCTAaTOYHOW JUIsi 00pa3oBaHMs MPOU-
HOM U (Y3HOHHOMN CBSI3U TOKPBHITUS C IOJIONK-
KOW TMPU COXPAaHCHHHM XWMHUYECKOTO COCTaBa IIO-
BEPXHOCTHBIX CJIOE€B, YTO JOCTHUTAETCS OTpaHHdYe-
HUEM TEeMIIEpaTyphl U BPEMEHU KOHTaKTa TBEPIOU
u xxunkoit pa3. Bpems koHTakTa onpenensercs u3
YCIIOBUS TIPOTEKAHUS PEAKLUN PACKUCICHUS TO-
JIO)KKH. OTO OOCTOSTENBCTBO TIPEIOTPEISITIIIO
MOWCK W Pa3pabOTKy HOBBIX TEXHOJOTUYECKUX WU
TEXHUYECKUX pEIIeHUH, 00eCIeYnBarOmNX HEeTpe-
PBIBHO-TIOCIIEIOBATEIFHOE BO BPEMEHHU BBITIOIHE-
HUEe orepanuid (HOPMUPOBAHUS Ta30TEpPMUYC-
CKHX TOKPBITHHA, MCKIIOYAIONINX HCIIOJIb30BaHUE
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BBICOKOTEMIICPATYPHOH 0OpaOOTKH HAMBUICHHBIX
CIIOEB — «OIUTaBlicHWE». B omHuMx ciyyasx (mpu
YIOPOYHEHNUH WM BOCCTAaHOBIICHWH HEXECTKHUX
JIeTallell Kj1acca «OTBEPCTHIN») MPUMEHSIACh Tep-
MHUYECKas aKTHBAalUA MOIOKKH WM pa3pylIeHue
OKHCHOM IUJICHKU IJIa3MEHHOU CTpyeH ¢ OIHOBpe-
MEHHBIM,  HEMPEPBIBHO-IIOCIICIOBATEIHHEIM  BO
BPEMEHH HAIBUICHUEM IIOKDPBITHS U €ro CIIeKaHH-
eM. 371eCh OKMCHas IUICHKA Ha MOJAJIOKKE U3JICIUs
HE yCIIeBaeT BOCCTAHOBUTHCS, MOITOMY IpPOTEKa-
eT HajexkHas anre3ust (MPOYHOCTH CICIUICHUS —
85-125 MIlIa) u nocturaercs BbICOKasg MPOYHOCTh
JeTald M MOKPBITHS. B npyrux cinydasx Ha moa-
JIOXKKE CO3JIaeTCsl Pa3BUTHIA penbed U, ciemoBa-
TEIbHO, DJHEPreTHYECKH AaKTHUBHOE COCTOSIHHE
MOBEPXHOCTH, TIOCICIYIOICEe €€ HAMBUICHUE |
VIUIOTHEHHE TIOKPBITHS yIapHO-BpaIIaTeIbHBIM
BO3NIEeHiCTBHEM IIapuKoB [3] obecmeunBaroT mpod-
HOCTB CIICTUICHUS MOKPBITHS C MOJIOKKON B TIpe-
nemax 130—140 MIIa. DHepreTrdeckas akTHBHOCTh
pa3BUTOTO penbeda MOBEPXHOCTH TBEPAOTO Teia
o0ycloBIIeHa TeM, YTO y €ro aTOMOB, PacIojo-
JKEHHBIX Ha TIOBEPXHOCTH, C BHEUIHEH CTOPOHBI
HET TaKUX e aTOMOB, T. €. OCTAIOTCS CBOOOHBIC
CBSI3M, HAJTMYHE KOTOPBIX CO3JaeT BOIM3H MOBEPX-
HOCTH aToMapHOe (MOJIEKYISIPHOE) MPUTSKCHHUE.
[ToBepxHOCTHBIE aTOMBI BCIEACTBHE CBOOOIHBIX
CBsi3eil 007a/1at0T OOJIbIIEH SHEPTUEH, YeM aTOMBI
BHYTpH TBepAoro tena. Ilpw compukocHOBeHHH
JIByX Tell TOBEPXHOCTHASI SHEPTHUS BUIOU3MEHSET-
CS U MOXET BBIJICIIUTHCS B BUJIC TEIUIOTHI WIU 3a-
TPAaTUTBhCS Ha TMOJCTPOUKY B KPUCTALIMYECKOMN
pelIeTKke OJJHOTO KpUCTailIa K Ipyromy. B pesyinb-
TaTe B3aWMOJEHUCTBUS HACHIIICHHBIX CHJIOBBIX ITO-
JIel TBEPOTO Teja C CHIIOBBIMU TOJIIMU PAaCIlIaB-
JICHHBIX YaCTHI], 00Ja1al0NIX BBICOKOUW TETLTOBON
U KWHETUYICCKON DSHEpTrHel, MpOUCXomuT (Gopmu-
pOBaHME TOKPHITHS C 33JaHHBIMU (U3UKO-MEXa-
HUYECKIMH XapaKTepUCTUKAMH U 3KCIUTyaTaIl[MOH-
HBIMH CBOHCTBaMHU. ODHEpPrusi B3aUMOJCUCTBUS
MOJICKYJI TIOKPBITHUS ¥ TIOMJIOKKH pacCUUTHIBA-
Jachk Kak (QYHKIUS OT CIEAYIOIIUX TapameTpoB:
E,=¢(a,B,R, 1), Tae 0. 1 B — BapHALMOHHEIC
napaMeTpel; R — KOBAJICHTHBINA pajinyc KOHTAKTH-
PYIOIINX MOJEKYI; { — BpeMs MEXIy MOArOTOBKOU

MOBCPXHOCTU IIOAJIOXKKHU M HAIIBUICHHUCM IIOKPBI-
THUA, T. €. BPEMA O6pa30BaHI/I}I OKHUCHBIX INUICHOK.
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[Ipu ompenenennn BpeMeHH OOpa30BaHUS OKHC-
HBIX IJICHOK YYHTHIBAIOCH, YTO aTOMBI METajlia,
HaXOJSIIMECs HETIOCPEICTBEHHO Ha MOBEPXHOCTHU
MOJIOKKH, UMEIOT OOJBIIYI0 aKTUBHOCTh 3a CUET
(hopmupoBaHus pazButoro penbeda. s odecre-
YeHUs] MUHHMaJIbHOW mopuctoctH (4-6 %), mo-
BBHIIIICHHOW ITUTOTHOCTH, 3aJaHHON TOJIIMHBI W
npo4yHocTH creruieHus (no 150 MIla) mokpeiTus ¢
MOJIOKKON TIPH YIPOYHEHUH CIOKHOMPO(DUITH-
HBIX IOBEPXHOCTECH M3aeauii (KOHHYECKHX, che-
PUHYECKHX) MIPUMEHSJICS MPOLIECC TePMOMEXaHNYe-
CKoii 00pabOTKHM, TPH KOTOPOM TEepMHUUECKas
aKTHBALUsl TOBEPXHOCTH COBMEIIAIACh C OJHO-
BPEMECHHBIM O0KaTBIBAHUEM €€ Je(POPMUPYIOIIUMHU
aneMeHTamu npu Temmeparype 500600 °C, uto
3HAYUTEILHO HWKE TEMIIEPATyphl OIUIABICHHS W
BPEMEHHM KOHTAKTa YaCTHUI[ MOKPBITUS C TOJIOXK-
koi. OHaKo B psizie cirydaes, Korjga GopMHPOBa-
HUE TOKPBITUS HEOOXOMUMO BBINOJHUTE C 3ajaH-
HBIMH DKCIUTyaTallHOHHBIMHA CBOWCTBAaMH, a CIIEJO0-
BaTENbHO, M OIPENEICHHON CTPYKTYpO#, OIUIaB-
JICHWE TOKPBITUS MCKIIOYaTh HeleaecooopasHo,
HO TEMIIEpaTypHbIM MaKCUMYMOM U BPEMEHEM
mporecca MOXKHO YIPaBIIsATb. TakuM o0paszom,
chopMHpOBaHHAST MHOTOCIIOWHAsI CTPYKTypa IIo-
KpBITHSA SBISIETCS HanOoJee ONTHMAaJIbHOW st
yCI0BHI pabOTHI B cpeziec OCIKOBBIX BemecTs. Jlms
MOJTydeHHUs] TOJO0OHON CTPYKTYpHI TpPEICTaBIICHA
MaTeMaTH4YeCKas MOJAeIh (OPMHUPOBAHUS BOJIOPO-
JOCTOMKOTO MOKPBITUS Ha OCHOBE caMO(IIOCYIO-
mierocs nopomikoBoro cruiasa I1I-12H-03, neru-
pOBaHHOTO Meaplo. MaTeMaTHyecKHe 3aBHCHMO-
CTH TIONYYCHHS CTPYKTYPBI MOKPBITUS OT COJIEP-
KaHUSI MEOU M TEMIIEPaTypHBIX PEXUMOB €ro
(hopMHUpOBaHUS TIPEIACTABIAIOT COOOM MHOTOKOM-
MMOHEHTHYIO CHUCTEMY, pacdeT TePMOIUHAMHYECKO-
T0 paBHOBECHSI KOTOPOW CBOJUTCS K 3a7aqe OIpe-
JICJICHUSI COCTOSIHUS, XapaKTePU3yeMOT0 MHUHUMY-
MOM TIOJIHOTO TPHBEACHHOTO H300apo-H30Tep-
MHYECKOro moTeHnuana ['mbbca wim MakcuMyma
sHTponuu. Cucrema ypaBHeHHH AJsi pabouero Te-
Jla UMEET CJIeAYIOIINI BUJL;

s-U, /T+in,j7»r= 0 (r=12,..,R)
J

Sy-U,,/T=RylgM,/M +> N, =0
J
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rae R — Konu4ecTBO KOHICHCUPOBAHHBIX KOMIIO-
HEHTOB, 00pa3yrIux oTnenbHble (aszp;; N — 1O
K€, BXOJSIIUX B PACTBOP; M — KOJIUYECTBO XUMHU-
YECKUX JIEMEHTOB B pabouem Tene; M,, M, — uuc-
JI0O MOJIEH COOTBETCTBYIOIIETO KOMIIOHEHTa B 1 KT
pabouero Tena; M, — To ke pacTtBopa B 1 kr pabo-

uero Tena; Sy, S, — CTaHAAPTHAS SHTPOIHS COOT-

BETCTBYIOIIETO KOMITOHEHTA IpH Temreparype 1 u
JaBlieHuy, paBHoM 1 ¢wus. at™m.; n,;, n, — CTEXHO-
MeTpudecKkue Kod(QOUIUEHTHI, T. €. YUCJIa aTOMOB
j-TO XMMHYECKOTO AJIEMEHTa B COOTBETCTBYIOIIEM
UHIUBUYyalbHOM Bemectse; U,,, U,, — BHYTpeH-
HSISL DHEPTHUS COOTBETCTBYIOIINX KOMIIOHCHTOB; [,,,,
1,, — TONHBIE PHTATBINH COOTBETCTBYIOIIUX KOM-
noHeHToB; 1 — Temmnepatypa pabodero Tena; /, —
HoJIHAs SHTaNbNMA padouero tena; JID; — conep-
JKaHUE j-TO XUMHYECKOTO »JJIeMEeHTa B pabo-
yem Tene; U, — BHYTPEHHSISI SHEPTUs padovero Te-
na; S — dHTponus pabodero Tena; A; — Heompese-
JICHHBIA MHOXHWTENb JlarpaHxka i j-T0 XHUMHYe-
CKOTO 3JIeMeHTa paboyero Ttenma. PacuetHas mo-
JIeIbHAS TIOBEPXHOCTh (DOPMUPOBAHUS 3aLIUTHOIO
MOKPBITHS ITPENICTaBICHA Ha pHC. 1.

OKCHEepUMEHTAIbHO TIOKAa3aHO, YTO MAaKCHU-
MaJbHBIMHU 3HAYCHUSMH TBEPIOCTH U M3HOCOCTOM-
KOCTH 00JIaJIaf0T TIOKPBITHS, TIOJYYCHHBIE U3 CIUIa-
Ba [1I'-12H-03, nerupoBaHHOTO MEIBIO, TONIIUHOMN
0,1-0,2 mMm. Takoe MOKPBHITHE TTOCIE OILIABICHIS
uMmeet TBepaocTh 52—55 HRC, npouHoCTh cuerne-
Hus ¢ ocHOBoi 150 Mlla, mopucrocts 2-3 % u
HW3HOCOCTOMKOCTH B 1,5 pa3a Bhlilie, YEM TaKOE K€
nokpeITHe Ha ocHoBe cmiasa [IT-19H-01. Beico-
Kasi TPOYHOCTH IOKPBITHMA JOCTHUTACTCS 3a CUET
aKTHBAITUU TIOJJIOKKH U KUIKOTCKYICCTH CBS3Y-
IOIero MaTepuaia (Meb U MEJIHO-HUKEIeBas CO-
CTaBJISAIONINE).
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Puc. 1. Pacuetnas Mozens GOpMUPOBaHHUS MTOKPHITHIL C MeI-
HO-HUKEJIEBOW IBTEKTUKON B 3aBUCUMOCTH OT COJEpKAHUS
MEeIU U TeMIepaTyphl OIIaBICHUS
M(CuNi) =AT, M(Cu)]

BBIBO I

MUKpOPEHTT€HOCTIEKTPAIbHbIN aHaN3 BBISBUJ
CTEIIECHb paCIpEeACNCHUs JIETUPYIOLIUX 3JIEMEHTOB
B MOKPBITHHM KaK MO 00beMy, TaKk W MO TIIyOWHE,
a TaKKe yNPOUYHSIOMMX (a3, B TOM YHClIe M Ha
TpaHUIIE C OCHOBOH. Y CTaHOBJIEHO, UTO TPU OTpe-
JICJICHHBIX PEeKUMaX TEPMHUYECKOW 00pabOTKH J0-
CTUTACTCS TPEICTHbHOE HACKHIIICHHE MATpHuIlel JIO
¥ pa3Iu4YHOe 00BbEeMHOE B3ammojeiictBue JID mo-
KPBITHS ¥ OCHOBBI (32 cueT qud(dy3ud U KOHBEK-
THBHOTO TIEPEMEIITNBAHUS), B PE3YIBTATE YETO JI0-
CTUTAETCs pa3iuyHas CTENEHb MPOYHOCTH CLEILIe-
HUA ¥ HapsSHKEHHOTO COCTOsHMS. OTMEYEHO, UYTO
Yy TOKPBITHH, JETHPOBAHHBIX MEIBIO, ITUPHHA 30-
HBI iepemetnnBanus coctapisieT 30—40 MM, 4TO B
2 pa3a MEHbIIIE, YeM Y OOBIYHBIX CILJIABOB.
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BJUSAHUE JIASBEPHOM OBPABOTKHA
HA CTPYKTYPHO-®A30BBII COCTAB
HANBIJIEHHBIX Ni-Cr-B-Si-IIOKPBITUM

Hoxm. mexn. nayk, npogh. CIIHPU/[OHOB H. B., acn. COKOPOB M. O., unyc. KY/IUHA A. B.

benopycckuii nayuonanvHulll mexHuueckutl yHugepcumem

Bmmsiaue mporecca nazepHO 00paOOTKH Ha
MUKPOCTPYKTYpY M paclpeiieieHHe 3JIEMEHTOB
MEXIY Pa3IUYHBIMU CTPYKTYPHBIMH COCTaBIISIIO-
IIMMH, a TaKke Ha (OPMHUPOBAaHHE MEPEXOl-
HOW 30HBI Ha TPaHUIE KOHTAKTa HAIBIJIEHHOI'O
Ni—Cr—B—Si mokpsITHs U3 TOPOIIKOBBIX MaTepHa-
JIOB M OCHOBBI HCCJIEIOBAJIM METOJIOM MHUKPOPEHT-
reHOoCHeKTpadpbHOro aHanmusza. Jlng wuccienosa-
HUS ObUTH BBIOpaHBl O0O0pa3lmbl W3 CIUIABOB
III'-CP4, III'-CP3 u III'-CP2. OObekTOM Kaue-
CTBEHHOTO aHanu3a ¢ (hoToperucTpamnueli pacmpe-
JeJICHUS 3JIEMEHTOB B XapaKTEPUCTHUECKUX JTydax
Ul KaXOoro oOpasma cTald TPH XapaKTEPHBIX
Y4acTKa: IIPUIIOBEPXHOCTHBIN CIIOH, CPENHssl 30Ha
Y TIEPEXO0/IHAs 30HA «IIOKPBITHE — OCHOBAY.

doroperucTpanusi pacnpenesieH|ss TOKa Io-
TJIOIIEHHBIX SJIEKTPOHOB IMPH CKAaHUPOBAHUH JIEK-
TPOHHBIM 30HIOM IO HCCJICAYEMBIM YYacTKaM
MO3BOJISET MOJYYNUTh KAaUECTBEHHYIO KapTHHY pac-
TIpeJIeIeHNs] OCHOBHBIX KOMITIOHEHTOB TOKPBITHS.
®a3pl ¢ HEOONMBIION CpeAHEeH aTOMHOW Maccoi
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MMEIOT CBETIYIO OKPacKy, a ¢a3bl, o0oraiieHHbIe
TSDKETTBIMH dJIEMEHTaMu, — 0osiee TeMHyto (puc. 1).
Ha ckanorpammax XOpoIo pa3iHyaroTcs JBa Oc-
HOBHBIX KOMITOHEHTa TIOKPBITUH — CBETIIBIC BKIIIO-
YEHUs YIPOUHSIONHX (a3 o TEMHOMY TIOJIIO MaT-
pHIIBI CIIaBa — Y-TBEPJOTO pacTBOpa Ha OCHOBE
HUKEIS.

Ha ckaHorpaMmmax B XapaKTepPHCTUYCCKOM
pentrenoBckom K, n3mydenun Ni, Cr, Fe, Si, B, C
CBETJIBIC YYaCTKA COOTBETCTBYIOT IOBBINICHHON
KOHIIEHTPAIUN HCCIeIyeMOro ajieMeHTa. Pacrpe-
JielicHHe MaKCUMAaJIbHOW MHTEHCHBHOCTH XpoMma M
Oopa mo (GopMe W PACIOIOKCHHIO COBHIAMACT C
M300pakKeHHEeM YIPOYHSIOMUX (a3, cocTaB KOTO-
pPBIX, TakuM 0Opa3oM, COOTBETCTBYeT Oopuaam
xpoma [1].

JIJ1s Bcex MCCIeIyeMbIX TIOKPBITHE XapaKTepHO
HU3KOE COJIEpIKaHUEe XpoMa U Oopa B TBEPJOM pac-
TBOPEC U MAKCUMAJIbHOC — B OTACJIBHBIX JUCICPC-
HBIX BBIJICJICHUSAX yrnpouHstonmx ¢a3. Mopdoio-
TUYeckne 0CoOeHHOCTH OOpHIOB Xpoma MO TITy-

BectHuk BHTY, Ne 3, 2007





