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Mooepuuzupogannvim mMemooom UOHHO-NIA3MEHHO20 HANBINCHUA 6 NIEHKAX CUCIeMbl
KOOANbM—Y2Nepo0 6 UWUPOKUX KOHYSHMPAYUOHHBIX UHMEPEANax NONYYEHbl Memdacma-
OUNbHLIE COCMOAHUSA, KIIOUASL AMOPPHYIO U MUKPOKPUCALTUYECKYIO (azvl. Onpedene-
Hbl Nepuoobl KPUCIANIUYECKUX Peulemor MemacmabunbHulx ghaz, ycmanoeniena nocie-
008ameNLHOCHL (YOPMUPOBAHUSL U pACNAdd NPOMEIICYMOYHBIX (ha3z npu nepexooe cuia-
606 6 pagsHosecHoe cocmosanue. Hzmepenvt MazHUmMHble Xapakmepucmuky HAanblleHHbIX
CHIIAB08 6 UCXOOHBIX U MEPMOOOPAOOMAHHBIX COCIMOAHUAX, OAHO OObACHEHUe NOJYYeH-
HbLM Pe3YIbmamam.

BBenenue

@OUKCHPOBAHUE HOBBIX METACTAOMIIBHBIX COCTOSIHUH: CHIIBHOIEPECHIIEHHBIX
TBepabIX pactBopoB (CIITP), MeTacTaOMIbHBIX KPHCTAUTHYECKUX, MEKPOKPHCTAI-
JMYECKUX M aMOPQHBIX (a3 B BBICOKOYITIEPOJUCTHIX CHCTEMAx HEPEXOIHBIN Me-
tayui—yriaepox (IIM—C) BbI3bIBaeT 3HAYUTEIBHBINA HWHTEPEC, CBS3AHHBINA C BO3MOX-
HOCTBIO IIPAKTUYECKOTO UCTIOJIb30BAHUS TAKUX MAaTEPHUAIOB B INIEHOUHON TEXHOJIO-
TM{A U B MHKPODJIEKTPOHHKE. DTO 00YCIOBICHO HAJIMYMEM psijia YIIyUIIeHHbIX (H-
3MYECKUX XapaKTEPUCTUK 3a CYET BO3HUKHOBEHHUS B CTPYKTYpE OBICTPOOXJIAXK/ICH-
HBIX CITABOB Psijia TPOMEKYTOUHBIX METaCTaOMIbHBIX KapOuioB [1-3].

B npoMBIIIIEHHBIX YCIOBUAX P NOIYyYeHUH OTIIMBOK M3 ciiaBoB [IM—C Bme-
CTO CTaOMJIBHOU yriepoaHoH (a3bl 4acTo (GopMHUPYIOTCs MeTacTaOMIIbHbIE KapOH/ bl
FesC, CosC, NisC. Do cBsi3aHO ¢ TeM, UTO JIIsl KPUCTAIUTH3AIUMH MTOCIIEIHUX HYKHO
HE3HAYUTEIbHOE MEPEOXJIaXKICHUE pacIljlaBa M0 OTHOIICHUIO K JIMHUM 3BTEKTHYE-
CKOI TOPU30HTAIM PABHOBECHOM JTarpaMMBbl COCTOSIHHS [4], TO3TOMY B pe3yJsbTare
HE3HAYUTEIBHOTO OTJIMYMS B COCTaBaX KapOMJOB U UCXOIHOIO pacIlylaBa KUHETHYe-
cKH 00Jiee BBITOJTHOM CTAHOBHUTCSI KPUCTAILTA3AIMS TTEPEUHCICHHBIX KapOU/IOB.

Ilens maHHOM PabOTHI COCTOSUIA B M3YyYEHUH OCOOCHHOCTEW (POPMHUPOBAHUS U
TEPMUYECKOH YCTOHYMBOCTH aMOP(HBIX U MUKPOKPHUCTATMUYECKUX (a3 B BBICO-
KOYIJIEpOAMCTHIX IJIeHKax cucteMbl CO—-C, a Takke B UCCIIeZJOBAHUM HEKOTOPBIX
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(U3NYECKUX CBOWCTB: OTHOCHUTEIHHOTO MMOBEPXHOCTHOTO AIIEKTPOCOIIPOTHBIICHUS
Y MarHUTHBIX XapaKTePUCTHUK.

MeToanka 3KcnepuMeHTa

B xadectBe >pPeKTUBHOTO METO/Ia BHICOKOCKOPOCTHOTO OXJIQXKJIEHUS Mare-
pHasioB MpH 3akaike u3 mapoobpazroro coctosuus (3I1C) ucmonb3oBaics Mo-
JNEPHU3UPOBAHHBIA METOJI TPEXAJIEKTPOJAHOTO HOHHO-TUIA3MEHHOTO PACTBLICHHUS
HaOOpHBIX MuIleHed Ha ycraHoBke YPM-3.279.014 [5]. HaGopuble MurieHu
MPEACTaBIISUIA COOOH OT/AETbHBIC MapaJlIeIeTUIIe bl YACTHIX IEMEHTOB (KOOab-
Ta u yriaepoja) pazmepom 20 x 20 x 5 mm, pa3aeneHHBIX MEKIY co000i Gapbep-
HBIMH sTYeiiKaMu ¢ QYHKITEH 3JeKTPOCTAaTHUECKUX JIMH3, TO3BOJISIBIIAX B 5—7 pa3
YBEJIHMYUBATh CKOPOCTh PACIBUICHHBIX C MHUIICHA aTOMOB (HOHOB) 3JIEMEHTOB TIe-
pell coyapeHueM ¢ JUAJIeKTPUIecKOi MOUI0KKON U3 cuTalljla, Ha KOTOPYIO Ipo-
BOJMJIOCH ocaxaeHue. CKOpOCTh OXJIAXKICHHS OCaXTAeMBIX aTOMOB W3 Tapoo0-
pas3Hoii (a3sl M0 TEOPESTHUSCKUM OIIEHKAM COCTABIISICT 10"-10" K/s [6], uTo Ha
7—8 mopsIIKOB TPEBHIIIaeT MAKCUMAIbHBIE CKOPOCTH OXJIAXICHUS, KOTOPhIE pea-
au3yroTest npu 3akanke u3 kuakoro cocrosuus (3XKC). B mpomecce 3IIC s
PEHTTEHOCTPYKTYPHBIX HCCeoBaHUN ()a30BOTO COCTaBa MOJMYyUYEHHBIX 00pa3IoB
OJTHOBPEMEHHO W B WJICHTHYHBIX YCJIOBHSX MPOBOJMJIOCH TaK)Ke HAIbUICHHE Ha
CBEXXUH CKOJI MOHOKPHUCTAJLIa IOBAPEHHOM COJIH.

Hansutennsie ek (tonmmuoi 8—10 NM) mocsie pacTBOPEHHUS COJIHA UCIIONb-
30BaJIM JUUISI OCTIEYIONIEr0 U3YyUEHHs] METOJOM 3JIEKTPOHHOW MHKPOCKOIIMHU Ha
npocBeT B Mukpockore Y OMB-100K. da30BbIif cocTaB MOJYYSHHBIX IUIEHOK UC-
CJIEZIOBAIA C TIOMOIIBIO PEHTTreHOCTpYKTypHOTo aHanmu3a (PCA) Ha ycTaHOBKe
YPC-2.0 B punbrpoBaHHOM K0OanmbToBoM Ky-u3imyuenun. [lo momurepmam oTHO-
CUTENILHOTO AJIEKTPOCONPOTUBIICHHSI TNIEHOK TOJIIMHON = 45 NM cyauium o Tep-
MHUYECKOH YCTOWYMBOCTH M OCOOCHHOCTSIX Pacliajia BO3HUKIIMX HEPaBHOBECHBIX
cocrosiHuit. [lomuTepmMbl cTpouiu HAa OCHOBE JaHHBIX 4-30HI0BOTO METOJIa B MPO-
Iecce HEMPEPhIBHOIO HArpeBa M OXJIAKACHUS IUICHOK co ckopocThio 10 K/min B
BaKyyMe (10_2 Pa). smepenust KOIPUUTUBHOU CHIIBI Hc MJICHOK MPOBOAMIN Ha
BHOpAIIMOHHOM MarHUTOMETPE B MaKCHMaJIbHOM HamarHwdmBaromeM moje 1 T,
MPIJIOKEHHOM TapaieIbHO MOBEPXHOCTH TUICHKH. JIJI OIIEHKU COCTaBOB MOJY-
YaeMbIX IJICHOK HMCIIOJh30BAIM CHEIUAIBHYIO METOAUKY [8], yuuThIBaBIIyIO 3a-
BUCHMOCTH MEX]y OTHOCHTEIHHOU IIOMAAbI0 PACIBUICHHUS, KOTOPYIO 3aHUMAET
AIIEMEHT, M €T0 COJIEPKAHWEM B OCaXJIEHHOU IUleHKe. J[aHHas MeTo/nKa M03BO-
Js1a OIpeJIeNIATh COCTaB IUIEHOK ¢ TouHocThio 70 +2 a.% C. MccnenoBanuto
noaBeprainu mwieHku cmiaaBoB Co-C, comepkamux 5, 11, 18, 26, 52 at.% C.

3KCﬂepl/lMEHTa.]ILHLIe pe3yabTaThbl U UX 06cy>lcaefme

Anamu3 nmaHabix PCA mHambuteHHBIX MmIeHOK CO—C (pesynbraThl KOTOPOTO
MpHUBEJICHBI B Ta0l. 1 M CXeMaTUYeCKU MPEJICTaBICHBI Ha pHC. 1,0) MOKa3bIBaeT,
yto B mporecce 3[1C popMUpPYIOTCS CTPYKTYPHBIE COCTOSHHSI, CYIIIECTBEHHO OT-
JIMYHBIC OT OMKMCHIBAEMBIX PABHOBECHOM Juarpammoii coctostaust (puc. 1,a). Kak
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Tabmuma 1
®a30BbIii cOCTaB 3aKaJeHHBIX U3 Mapa HCXOTHBIX miieHok Co—C
Cocras, a.% C ®a30BbIii COCTAB HCXOTHBIX TMIICHOK
5 CIITP (a = 0.3570 nm)
11 CIITP (a = 0.3581 nm) + CozC
18 HK® (L =12 nm)
26 PA® (L =3.5nm)
52 Co2C (a =0.2864 nm; b = 0.4509 nm,
¢ = 0.4395 nm) + cBOGOAHBIN yriIepo
1.5E
P!
b
14r
|
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a
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0TMEYaJoch BbIIe, ciiaBbl cucteMbl CO—C CKIIOHHBI K (pOPMUPOBAHUIO HEPAB-
HOBECHBIX COCTOSHHI (B 4aCTHOCTH, METacTaOMIILHBIX KapOWIOB) MPH YCKOPEH-
HOM OXJIaXJIeHHH paciiaBa. C ydeToM 3TOro MpesCTaBsiIOCh HHTEPECHBIM CO-
MOCTaBUTh Pe3yIbTaThl HCCIIEIOBAHUS C JaHHBIMH 110 ()a30BOMY COCTaBY M CTPYK-
Type ToHKuX (oJbr, morydeHHbx 3XKC [7]. Kak mokazano B padote [7], mpu oxiax-
JICHAX pacillaBa Co CKOPOCTSIMH 510°K/ss  crmasax Co-C ¢ COJIEp)KaHUEM YTJIe-
pona 6onee 6 at.%, Hapsimy ¢ CIITP Ha ocHOBe BbIcOKOTEMIepaTypHoi MoauduKa-
un ['T[K-pemtetku B-Co, dukcupyercs meractadbuibhbiii kapoua CozC ¢ pom-
ouueckoit perrerkoit (a = 0.4491 nm; b = 0.5144 nm; ¢ = 0.6716 nm). Ilo omen-
KaMm aBTOpOB [7], mpezenbHas KOHIIEHTpalwst yriepoja B pemerke 3-Co B cruta-
Bax, nonyueHHbix 3XKC, cocrariser 5.9 at.% (B yc/IOBHSIX paBHOBECHsI 3Ta KOH-
[EHTPAIKs [IPH IBTEKTHUECKO# Temrieparype He npesbiaeT 4.1 at.%).
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Oo6paszoBanne CIITP sBasercs oqauM u3 HamOoJiee U3yUYeHHBIX dPPEKTOB KPH-
CTAJUIM3AIIMU PACIIIIABOB C BHICOKUMH CKOPOCTSIMHU OXJIXKICHHUSI, JIJIsI TOTyKOJIHYe-
CTBEHHOM MHTEpIIpEeTalii KOTOPOTO YCIIEHTHO MPUMEHSETCs KOHIIETIUSI MeTacTa-
OWJIBHBIX TUarpamMM cocTosiHus [4]. B pamkax 3Toi KOHIICTIIIMM U3MEHEHHE HAChI-
LIEHHOCTU TBEPJBIX PACTBOPOB U CMEIIEHUE IBTEKTUUYECKON TOUKHU C YBEJIIMUEHUEM
CKOPOCTH OXJIQXKICHHUS paciiiaBa (M COOTBETCTBEHHO IMOBBIIMICHHS MEPEOXIIaK ie-
HUST) MOTYT OBITh OTMCAHBI TMHEHHBIME SKCTPAOJISIIUSIMHI JIMHUN JTMKBUIYC U CO-
JHMYC B METACTaOWIBHYIO MepeoxiakaeHHyo oonacth (puc. 1,a). C yuerom mpu-
BeJICHHOTO BbIIe 3HayeHus1 KoHneHTparuu CIITP B ¢ombrax, momyuenasix 32KC,
IITPUXOBBIMU JIMHUSAMH Ha puc. 1,a mokazaHa MeTacTaOWIbHAS JUarpaMmma, cooT-
BETCTBYIOIIAs] CKOPOCTSIM OXJIKICHUS ~ 10" K/s. Kax CIIeZlyeT W3 3TOW Juarpam-
MBI, CHIDKEHHE TeMITepaTypbl MetacTabmibHOM 3BTeKTHKH (B-Co + C03C) mpu maxk-
CUMAIBHBIX CKOPOCTSX OXJaXIeHus, nocturaeMbix B metoqie 3XKC, cocramiser
~ 130 K, cocTaB 3BTeKTHKH cMelaeTcs 10 KoHmenTpanuu 21 at.% C, a npenenpHas
HACBHIIIIEHHOCTH TBEPIOTO PacTBOpPa, Kak u B padote [7], mocturaer 5.9 at.% C. Ie-
PHOJI pEeIIeTKH TBEPIOTO pacTBopa mpu 3ToM paern 0.3575 nm.

AHaJIM3 KOHIIEHTPAIIMOHHOW 3aBHCHMOCTH MOCTOSIHHOM pEeIIeTKH TBEPIOTro
pactBopa yrieposa B I'TIK-pemerke 3-ko0aibpTa, MpoOBEACHHBIN 110 JaHHBIM [7] U
pe3yabTaTaM HacTOSIIeH paboThl, MO3BOJIMII MOJIYIHTh BeIpaxeHue a = 0.3544 +
+ 0.000515x nm (X — a.% C). B cOOTBEeTCTBHH C 3TUM COOTHOIIICHUEM, COJICPIKa-
HUe yriepoaa B TBepaoM pactBope [3-Co B HambuienHO# mienke ¢ 11 at.% C
(tabn. 1) cocraBmser ~ 7.1 at.%. B pamkax KOHICNIIUA METACTaOWJIBHBIX JHa-
rpaMM COCTOSIHUSI 9TO O3Hayaet, yto kKpuctaumsanus npu 3I1IC gomkna mpouc-
XOJIUTh TIPU CYIIECTBEHHO OoJiee BhicokoM (~ 240 K) mepeoxiaxieHuu, Ipu Ko-
TOPOM KOHIEHTpAIUsl METacCTaOUIIbHOW ABTEKTUKU CIIBUTAETCS] K KOHIIEHTPAIMU
~ 28 at.% C (uTpuXmyHKTUPHBIE IMHAU Ha puc. 1,a).

Heob6xom1Mo 0TMETHTD, YTO, HECMOTPSI Ha IOCTaTOYHO MPUOIMKEHHBIN XapakTep
MMOCTPOEHHON JUarpaMMbl MeTacTaOMIBLHOTO paBHOBECHS, OHA MOXKET OBITh HC-
MI0JIb30BaHA B KAUeCTBE OCHOBBI JIJISI MHTEPIIPETALIMU HEPABHOBECHBIX COCTOSIHUMH,
MOJTyYEHHBIX B HANBUICHHBIX TUIEHKAX. J[efcTBUTENbHO, KaK cielyeT W3 JaHHBIX,
MIPUBEJICHHBIX B Ta0J. 1, M pe3ybTaToB 1EKTPOHHO-MHUKPOCKOIMMUYECKUX HCCIIE10-
Banuil (puc. 2), mo Mepe MpUOIMKEHUSI COCTaBa CIlJIaBa K COCTaBy METacTaOMIIb-
HOHM 2BTEKTHKU CTPYKTypa CYIIECTBEHHO HM3MEIbUaeTcsl A0 MPaKTUYEeCKH «Oec-
CTPYKTYpHOTO» cocTostHus (puc. 2,6). OleHKH pa3MepoB 00JIacTell KOTePEHTHOTO
paccestHus L B cTpykType mieHok ¢ 18 u 26 at.% yrieposa, caenanHbie o (op-
myne CenskoBa—Illepepa, nanu 3HadeHus cooTBeTcTBeHHO 12 1 3.5 nm (tabur. 1).
[lepBoe U3 STHX 3HAYEHHU XapaKTEpHO IS HaHOKpHcTatndeckux ¢az (HKD),
MOJIy4aeMbIX B YCJIOBHSIX CYIIIECTBEHHOTO TOJIABJICHHS pOCTa KPUCTAIIIOB B MPO-
Iecce 3aTBep/eBanus IieHKH. JludpakiuonHas kaptuHa ek Co-26 at.% C
(puc. 3), Ha KOTOPO# YETKO BUIHBI JIBA PA3MBITHIX JUPGY3HBIX MAKCUMYMa, IMEET
BHJI, THIIMYHBIA J1st aMop(dHOTO cocTosiHUs. Pa3zmepsl obactell KOrepeHTHOTO
paccesHUs B 3TOW CTPYKType JocTaTouHo Mmajibl (3.5 NM), HO, TeM He MeHee,
MOYTH B J[Ba pa3a BBIIIE, YeM B CTEKJIax MeTaui—MmeTamionn [4]. Beuny Toro,
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Puc. 2. DnekTpOHHO-MUKPOCKOMUUeckre CHUMKH (a—6) ¥ diieKTpoHorpamma (2) cexe-
HanbUIeHHBIX ieHok Co-C. a - 5a.% C; 6 — 18; 6,2 — 26

10} 1

M, norm.un.

-1.0 +

Puc. 3. Tunmunble KpuBble HAMATHUYH-
BaHHS CBEXKEHANbIICHHbIX TJIeHOK: 1 —
YUCTOr0 KobasbTa; 2 — peHTreHoamopd-
Horo crmaBa Co-26 at.% C

YTO MOJIyYCHHBIE B pabOTe JJaHHBIC CTPYK-
TYPHBIX HCCIICJIOBAHUIN HE MTO3BOJISTFOT OJI-
HO3HAYHO CYJIHUThH O MPHPOE HEYNOpsIo-
4yeHHOU (pa3el, KoTopas (GopMUpyeTcs B
HambUIeHHOU TuteHKe ¢ 26 at.% C, ms ee
0003HaueHus] ObUT WCHOJIB30BaH TEPMHH
«peHTreHoamopouas paza» (PAD) [4].
®DopmupoBaHUe CTPYKTYp O€3 JaTbHEro
KPUCTAJUTMYECKOTO TOps/IKa B CIUIaBax
Co-C mpm 3IIC xopomo cormacyercs ¢
HanOoJiee M3BECTHBIM KpPUTEPUEM <«TITyOo-
KOW 3BTEKTUKW», KOTOPBIA XapaKTepU3yeT
CKJIOHHOCTh PacIUIaBOB K aMopQu3anuu
[4]. CormacHo 3TOMY KpHUTEpHIO, YeM OJIH-
e TeMIeparypa Havaia KpUCTayUTH3aliu
paciuiaBa (B JIaHHOM CiTydae — MeTacra-

OwtbHOI 3BTeKTUKU 1) /) (CM. prc. 1,d)) K TemIiepaType CTEKIOBaHMsI, KOTOpast SIBIIsI-

eTcsl IUTaBHOH (pyHKIMel cocTaBa, TEM JIerde TTOJaBUTh IPOLECCHI KPHCTAILTH3AIH.
B cmaBe ¢ xoHnenrtpanueit yriepona Beime 33 at.% (52 at.% C) Bmecto
¢opmupoBanus kapomma Co3C KuHeTHUecKH OoJjiee BBITOJHOW CTAHOBHTCS
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KpUcTaJUIM3aus Ipyroro MeractabuibHoro kapouaa — CooC ¢ pomOGuyeckoit
pemretkoit (a = 0.2864 nm; b = 0.4509 nm; ¢ = 0.4395 NM) u U36LITOYHOTO yT-
nepona. CieayeT OTMETUTD, U4TO Mepruoasl pemetrku Kapouma CooC, moryyeH-
Horo MetojioM 3IIC, HECKOJIBKO OTIMYAIOTCS OT MEPHUOJIOB PEIIETKU ITOTO K€
KapOwm/1a, MOJIY4EeHHOI'0 B IIpoIlecce KapOropu3aun KobaiabTa B aTMocdepe yr-
aepona (a = 0.2897 nm; b = 0.4436 nm; ¢ = 0.4364 nm) [9]. DToT dakT, BeposT-
Hee BCETo, CBUJCTEIhCTBYET 00 00pa30BaHUU B YCIIOBHSIX CBEPXHEPABHOBECHOTO
3arBepiaeBanus TBepaoro pactBopa Berautanus (C0,_4Cy), MpuueM HeKoTopast
4acTh yriepojia IPUCYTCTBYET B CTPYKTYpE IUIEHOK B ¢cBoOOaHOM BHe (Tabi. 1).

14 - TepMudeckyto yCTOMUMBOCTH M ypO-

12 - -----~1 BE€Hb MeTacTaOMJIPHOCTH BO3HUKAFOIIINX
l npu 3IIC cocrosiHuil B Hacrosiel pa-
01-0 00Te OIEHHWBAIM IO MOJMTEPMaM dJIEK-
o i
& 08 TpocomnpoTuBiieHus (puc. 4) ¢ MOMOIIBIO

TEMIIepaTyp Havasia IpeBpamieHi  OT-
nomenus (Ry — R)/Ry, rme Ry 1 R — co-
OTBETCTBEHHO COINPOTHBIICHUE ILJICHKA
no u mocie orxkura. Oxasaigoce, YTO
HanOoJbIIe TeMIlepaTypHOH YyCTOWYM-
BOCTBIO CTPYKTYpHI (~ 450°C) ob6agaror
TPOCOTNPOTHUBIICHHA HAIbUICHHBIX TUICHOK TJICHKH CO_C ¢ COI[ep)KaHI/IeM yrﬂepoﬂa
KO6aJ'H>T—yFJ'IepO):[ Mpru HarpeBe M IMOcCJie- OKOJIO 50 at%’ a HaUMEHbIIeH (27OOC) -
yloleM OXTakAeHHH co ckopocToio aMOpgubie mienku Co-26 at.% C. Ox-

10K/min: 1-52a.%C; 2- 18, 3- 26 HaKO YPOBEHb METAcTaOMILHOCTH 00pa-
3YIOIUXCS IPH HANBUICHUHM CTPYKTYpP B

IJICHKAX C Pa3IMYHbIM COJIEp)KaHUEM YTJIepoja SIBISIETCS OYeHb BBICOKUM U CO-
ctanisier 0.7-0.8 0T BeIMUMHBI UCXOJHOTO HAYATHLHOTO COMPOTHUBIICHUS. AHAIN3
MIOJINTEPM 3JIEKTPOCOIPOTHUBIICHUS TaKXKe MOKa3all, YTO IUIEHKU CO CTPYKTypamu

06/
0.4
0.2

Puc. 4. amMeHennsl OTHOCUTEIBHOTO dJIEK-

0e3 JalabHEro mopsaKa 00JaJaroT J0CTAaTOUHO HU3KHM ((3—5)-10_4 K_l) OJIOKH-
TENBHBIM TemrepaTypHbiM Kodddurmentom comnpotusienus (TKC). Ormerum
TaKXe, 4To, KaK BUIHO U3 PHC. 2, IEPEXO0J] B COCTOSIHUE C MOHKEHHON cBOOOI-
HOW 3HEpruei BceX HePaBHOBECHBIX CTPYKTYP, (OPMUPYIOMIUXCS B HABLIICHHBIX
mieHkax craaBoB Co—C, mporcxouT B JBa dTamna.

Cormoctapienne pe3ynbraroB PCA CTPYKTYphI TUICHOK, HAarpeThIX 10 pPa3sHbBIX
TeMIIeparyp, ¢ MOJUTEPMAMH JTEKTPOCOIIPOTUBIICHHUS TI0KA3aJI0, YTO B 3aBUCHMOCTH
OT COCTaBa IUIEHOK MOCIIEA0BATEIFHOCTE (Da30BBIX IPEBPAIICHU IMEET TaKOW BH]T:

1) Co-18% C: HK® 390450°C 3. + Co,C 229950°C | 3.6 + CogC,
2) Co-26% C: PA® 279380°C _ 3 + Co,C A3%°C, B-Co + CosC,

3) Co-52% C: Co,C + C -2B%C, B.Co + Co,C + C 200530°C 3. g + CogC + C.
[IpumeyaTesibHO, YTO HA TIEPBOM CTAJMM paciiajia CTPYKTYPHI IJICHOK ¢ 18 u
26 at.% C dopmupyercs cmeck CITTP Ha ocHoBe 3-Co U MeTacTabMILHOTO KapOu-
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na CooC, npeBpariatonierocst mpu 0ojiee BRICOKAX TEMIEPATYpax BO BCEX IJICHKAX
B kapouna CozC. 13 u3zBectHOrO npapuia cryneHeit OctBaibaa, COrIaCHO KOTOPO-
My Ha KaXIoW cTajaud pacrana GopMHPYIOTCsI Oojiee paBHOBECHBIE CTPYKTYPHI, U
MIPUBEACHHON CXEMBI CIIEAYET, YTO CTeneHb MeTacTabuimpHocTh Kapouaa CozC Hu-
xe, ueM Co,C. JonoNHUTENbHBIM apryMEHTOM, TOATBEPKIAIOIINM OTHOCUTEIBHO
BBICOKYIO YCTOMYHMBOCTh MeTacTaOmiIbHOro Kapoumaa CoszC, CIIy)XKHT TOT (akT, 9To
OH COXpaHseTCsl B CTPYKTYpe BeeX IUIEHOK IpH Harpese 10 Temrepatypsl 600°C.

C npyroii cTopoHbl, (hopMHpOBaHUE HA HadalbHOM cTauu pacnaga HK® u PAD
JMCTIepCHBIX Bhienennit (a3 ¢ pemerkoii B-Co u CooC qaet 0OCHOBaHUS PEAIIOINO-
KUTh, YTO OCHOBY 3TUX CTPYKTYP COCTaBIISIIOT KJIACTEPhI ¢ OIMKHUM TOPSIKOM, Xa-
paKkTepHBIM ISl 0Opazyrommxcs (a3. IT0 0OCTOSATENBCTBO, a TaKXKe KaueCTBEHHOE
COOTBETCTBHE (ha30BOTO COCTABA HAIBUICHHBIX IUICHOK JMarpaMMe MeTacTaOHIBEHOTO
paBHOBecus (cM. prc. 1) yKa3pIBatOT Ha TO, YTO MPOIECC KOHCHCAIMH MapoBoi (a-
361 B MeTozie 3I1C mpoxomuT, Kak yTBepikaaeTcs B padote [11], uepes kpaTkoBpe-
MEHHYIO CTaJIMI0 00pa30BaHUsI MPAKTUYECKH JIBYMEPHOM JKUKOH IJIEHKH C MOCIIe-
NYIOIeH ee KpUCTaUIM3alyei, T.e. 0 MEeXaHWU3MYy Hap—KHIKOCTb—TBepras ¢asa
(IT-2K-T). OcHoBanueM jisl TAaKOTO YTBEPXKIACHHS MOCITYXHJI 3KCIEPHUMEHTATBHO
YCTaHOBIICHHBII aBTOpamu (akT GopmupoBanus B mporecce 31IC B mieHkax sKBHa-
tomHbIX coctaBoB NiAl u COAl ynopsinoueHnsIx ¢a3 co crpykrypoii tana CSCl, ko-
TOpbIE B PABHOBECHBIX YCIIOBUSIX KPUCTALIM3YIOTCSI HEOCPEICTBEHHO U3 pacIliaBa.

Crnemyetr oTMeTuTh, uTo MeTacTadbmibHble Kapouapl Co3C u CooC ¢ pombuye-
CKHMH pelIeTKaMH paHee ObUIM CHHTE3UPOBAHBI B YCIOBUSX BBICOKMX BHEITHUX
naByieHui [9], mpudem, mo gaHHBIM aBTOpOoB padboTel [10], kapou kobanbra Co3zC
CTAaHOBHUTCS CTAOWIILHBIM, HarpuMmep, yxke npu gaapieann 20 MPa. Dtu pesynbra-
THI C YYETOM YCTaHOBJIEHHOTro B 3KcrepuMeHTax mo 3)KC aHamorudHoro xapak-
Tepa BIUSHHS TEMIEPaTypbl (MepeOXIaKICHNUS) U JaBICHUS KaK TePMOIMHAMU-
YeCKUX IapaMeTpoB Ha Tpollecc Kpuctaumm3anuu [4] TakKe COriacyroTcsl C
MIPEONI0XKEHHEM O (POPMUPOBAHHUHN TUICHOK B ONMMCAHHBIX BBIIE YCIOBHSIX 3KC-
nepuMenTa no Mmexanusmy [1-K-T.

dopMupoBaHUE METACTAOMIIBHBIX CTPYKTYPHBIX COCTOSIHMM U UX MOCIEHYIO-
I OT)KUT CYIIECTBEHHBIM O0pa3oM CKa3bIBAIOTCS HA MArHUTHBIX CBOWCTBAX
wieHok. [Ipexe Bcero cienyer OTMETUTh, YTO KOIPUUTHBHAS cuia Hc mieHok ¢
HAaHOKPHUCTAJUINYECKON B aMOp(pHOU CTPYKTYpaMHU B CBEKEHAITBUIEHHOM COCTOSI-
HuH (Tabil. 2) CYIIECTBEHHO BBIIIE, YEM BBICOKOYTJIEPOAMCTHIX HAIBUICHHBIX KPH-
craummueckux mwieHok Fe-C (H¢ = 5-10 Oe [12]). Hu3koTeMmiepaTypHBIil OTXKHT,
B pe3yjbTaTe KOTOpPOTO MPOUCXOJUT YACTHUHBIM pacraji HEeyHOpsSAOYEHHBIX
CTPYKTYp U (Gopmupytotcs aucnepcubie kpuctammutel CITTP Ha ocHoBe B-CO u
kapouma CopC, IpUBOIUT K HE3HAUUTEITHPHOMY CHIDKEHUIO KOIPIUTHUBHOU CHITBI
(tabm. 2). [To Bceit BUIMMOCTH, BBICOKHE 3HAYCHHUS] KOIPIIUTUBHOMN CHIIBI B TUICH-
KaX C YaCTUYHO KPHUCTAJUIMYECKON CTPYKTYpod 0OyclIOBIEeHBI 3(PPEKTUBHBIM
TOPMO3SIIIIAM BIIMSIHUEM OKpYXKaroled aMop(HO MaTpHIlbl Ha TPOIECCHI Iepe-
MarHMYMBaHUS HAaHOPA3MEPHBIX YacTHll peppoMarHuTHOro KobdamsTta. B mporec-
ce omkura npu temmeparype 823 K B mieHkax ¢ coaepxanueMm 18 u 26 at.% C
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dopmupyercsi cMech kpuctaiioB kapouna CozC U mpakTU4eckd pPaBHOBECHOTO
TBEPJIOTO PACTBOPA, YTO MPUBOJUT K CYIIECTBEHHOMY CHIDKeHHIO H( (Tad. 2).

Tabmuma 2
3aBHCHMOCTH KOIPUHTHBHOI cHiibl miieHok Co-C
OT COCTABA U PEKHMOB TEPMOOGPAGOTKH

KosprwmTtreHas cuna, Oe
CocraB crimaBa | B McxonHOM | mocie Tepmoodpabotku (5 min), K
COCTOSIHUM 473 823
Co-18a.% C 95 85 20
Co—26a.% C 150 140 40
Co-52 a.% C <5 <5 205

B 10 xe Bpems kodpuuTHBHas cuia 1ieHku C0-52 at.% C co crtpykTypoit
cMecu mertactabmipbHOro Kapomma CooC u cBOOOTHOTO yriepoja CyIIEeCTBEHHO
MeHblIne (< 5 Oe), 4To CBHIETEILCTBYET O CPAaBHUTEIHPHO HU3KONH MAarHUTHOM Ke-
CTKOCTH JJaHHOTO KapOuaa. OaHaKo paciajl 3TOH CTPYKTYpHhl Ha OoJiee paBHOBEC-
Hyto cMmech 3-Co + CozC + cBOGOIHBIN qUCIIEPCHBIA YIJIEPO B IIPOLIECCE OTIKHUTra
npu 823 K mpuBoaut k peskomy mnosbimeruio He 10 205 Oe (tabi. 2), uro ot-
KpbIBaeT MEPCIEeKTUBBI MCIOJIB30BaHUS BBICOKOYTIepOAuCThIX crutaBoB Co-C B
KauecTBEe MarHUTOXECTKUX INICHOYHBIX MaTepPHAaJIOB.

W3BecTHO, 4TO KOIpIUTHBHAS cuia (EPPOMATHUTHBIX MAaTEpPHANIOB CYIIECT-
BEHHO 3aBHCHUT OT UX CTPYKTYpbI. COMOoCTaBIeHNE JaHHBIX, IPUBEICHHBIX B Ta0JI.
2, U pe3ylbTaTOB CTPYKTYPHBIX HCCIIEOBAHUI MO3BOJIIET MPEANOJIOKHUTh, YTO
YPOBEHb MAarHUTOXXECTKHX XapaKTePUCTUK TepMooOpaboTaHHBIX ImieHOK Co-C
00yCJIOBJICH TAKUMHU OCHOBHBIMH (pakTOpaMu: 1) 3HAYMTEIBHBIM (32 CUET BHEIpe-
HEsI aTOMOB yIJIepo/ia) yBeJndeHneM nepronoB pemetka 3-Co, Ha 6aze KOTOPO-
ro, BEpOSATHO, CHOPMUPOBAH OJIMKHUM MOPSIOK B PEHTTEHOAMOP(PHONH U MUKPO-
KpUCTAJUTHYeCKOW (a3zax, a Takke CBs3aHHOW ¢ »TuM Jaedopmarmeit ['TIK-
peLIeTKH; 2) TOPMOKEHHEM Ipoliecca IepeMarHHUuBaHUS JOMEHHBIX CTEHOK
(beppoMarHuTHOTO [-K00aabTa OKPYKAFOIIMMH €T0 CIUTONIHBIME JHAMarHUTHBI-
MU MPOCTOWKAMU U3 YIBTPAJAUCIIEPCHOTO YTIepoa, KOTOPhIE B CIIeUaIbHON JTU-
TepaType WHOT/Ia Ha3bIBAIOT KYTIIEPOJHOM Iry0oit» [2], uTo 0coOeHHO 3aMETHO
MIPOSIBJIIETCS B OTOMOKEHHBIX TUIEHKAaX C BRICOKUM COJIEpIKaHUEM yTIepoia.

K HemocTatkaM TmeTens THCTEpe3nca HCXOJIHBIX MAarHUTOXKECTKUX IIJICHOK
Co-C (puc. 4) crnenyer OTHECTH CPaBHUTEILHO HU3KYIO HX MPSIMOYTOJIBHOCTH
(otHOMmIEHNE M{/Mpax Ha ypoBHE ~ 0.8), HECKOJIBKO TMOBBIIIAOIIYIOCS OCIIC HU3-
KOTeMITepaTypHOU TEepMOOOPaOOTKH, a TaK)Ke HE3HAUYUTEIFHYI0 acHMMETPHIO,
JUTSL OOBbSICHEHUSI KOTOPOM TpeOyIOTCsI TajbHEeHINe UCCIIeIOBAHMUSI.

BriBoabl

YcTaHoBIIEHO, YTO 3aKaika U3 nmapoBoil ¢assl criaBoB Co-C B mMpokoM aua-
Ma30He KOHIEHTPAaNWil MPUBOIUT K GOPMUPOBAHUIO HEPABHOBECHBIX COCTOSIHUI:
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CHJIBHOTIEPECHIIEHHBIX TBEP/BIX PacTBOpoB yriepoaa B 3-CO, MeTacTabHIbHBIX
kapomoB Co3C u CooC u ¢a3 6e3 maabHEero KpUCTALIMYECKOTO MOpPSIKa, IpH-
YeM 3aKOHOMEPHOCTH IIpoliecca CTPYKTypooOpa3oBaHHUsI KaueCTBEHHO OIMCHIBA-
IOTCSL ¢ NIOMOINBIO IMarpaMMbl MeTacTaOUIIBHOTO paBHOBecHs. B mpormecce pac-
Iajia HEPaBHOBECHBIX CTPYKTYP B YCJIOBMSIX HAarpeBa C IOCTOSIHHOW CKOPOCTHIO,
KOTOpPBIN MPOUCXOJUT B HECKOJIBKO CTaaAMi, HaOMoAaeTcs: cTaOuin3anus BbICO-
KoTemreparypaoit mogudukaiuu -Co. B 3aBHCHMOCTH OT cocTaBa M pexuMa
TEPMOOOPAOOTKH KOIPLUUTHBHASI CHJIA HANBUICHHBIX IUIEHOK MEHSETCS B JOCTa-
TOYHO IIUPOKHUX Impenenax — oT 5 1o 205 Oe. [1o ypoBHIO 3JeKTpUUECKUX U Mar-
HUTHBIX CBOMCTB IOJy4YEeHHBIE B Pa0OTE IUIEHKH MEPCIEKTUBHBI AJISl HCIOIb30Ba-
HUSl B YCTPOWCTBAX MHUKPOIEKTPOHUKH B KaueCTBE BHICOKOOMHBIX IJICHOYHBIX
pesuctopoB ¢ Hu3kuM TKC, a Takxke HOcHUTeled MAarHUTHOM HaMsTH Ui IIPO-
JIOJIBHOM 3aIlMCH B BHJI€ MAarHUTOKECTKUX MaTEPUATIOB CO CIIA00N CBSI3BIO MEXKIY
¢deppomarautHbiME dacTriiamu [ TIK-Co.
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Sl. Ryabtsev, O.E. Beletskaya, V.F. Bashev, F.F. Dotsenko, G.A. Sergeev

METASTABLE STATES IN Co-C ALLOYS OBTAINED
BY THE METHOD OF ION-PLASMA SPUTTERING

The Co-C films were produced by modernized method of ion-plasma sputtering. The
metastable states including amorphous and microcrystalline phases were obtained in the

61



Pusuka ¥ TexHuKa Beicokux aasjaennii 2008, tom 18, Ne 1

wide concentration intervals of Co-C alloys. The lattice parameters of metastable phases
were determined, the sequence of formation and decomposition of intermediate phases
during transition of alloys to equilibrium state was established. The magnetic characteris-
tics of as-deposited and heat-treated alloys were measured. The explanation of obtained
results was offered.

Fig. 1. Phase diagrams of Co-C aloys (a: solid lines — stable equilibrium, dotted lines
and dash-dots — metastable equilibrium after the quenching from liquid and metastable
equilibrium after the quenching from vapor, respectively) and metastable phases formed
after the quenching from vapor (6)

Fig. 2. Electron micrographs (a—e) and e ectronogram (2) of as-deposited Co-C films. a —
5a.%C;6-18;6,2—-26

Fig. 3. Typical magnetization curves of as-deposited films: 1 — pure cobalt; 2 — roentgen-
amorphous Co-26 at.% C alloy

Fig. 4. Changes of the relative electrica resistance during heating the sputtered Co-C
films followed by cooling at arate of 10 K/min: 1 - 52 a.% C; 2 - 18; 3—- 26
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