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ITHUJI ®AC, Odecckuti Hayuonanvusiil yHugepcumem umenu U.1. Meunuxoesa,

Bausinue nuddy3nonno-apeiidoBoii HeycTOHUYMBOCTH IPAHUIBI 00pa30BaHUS K-(a3bl
Y NOBEPXHOCTH HATPETO MAKPOYACTHIILI HA eé 3apsij

Paccmompeno  enusanue  ougysuonno-opeiighosoti  Heycmouuusocmu - Spanuybl
006pazosanusi K-ghazvl 6OIU3U HASPEMOU MEMALIUYECKOU MAKPOYACMUYbL HA I60TIOUUIO
eé¢ mepmosmuccuonHozo sapsoa. Ilokazano, umo cmeweHnue Hanowacmuy K-gasvl 3a
8pems penaxkcayuu 3aps0a MaKkpouacmuybl He npueooum K CyujeCmeeHHol ouuoKe 6 e2o
pacuéme.

[Tpu ropeHnH METaUIM3UPOBAHHBIX TOILIUB, CBAPKE, MOHU3AIMOHHOM MPOTUBO ICHCTBUH
pagapHOMy OOHAPYKEHHIO JICTATeIbHBIX aIapaToB U Ap. MPOIeccax MPUCYTCTBYET TaKOU
00BEKT, Kak Harperas JO BBICOKHX TEMIIEpaTyp 4YacTHlla MeTaa. 3ajada ONTHUMH3alUU
TaKuX MPOIECCOB, B YACTHOCTH, CBS3aHA C JAIBLHCUIIUM H3yYCHUEM SBOJIONHUU HATrPEThIX
YaCTHIL.

B pa6otax [1,2] mpemioxkeHa MOJEIb TEPMOIMUCCUOHHOM 3apsaKu B cHCTeMe K-dasa -
Harperas MakpoO4yacTHUIl MeTajlyla. BaXHbIM MapaMeTpoM IpU DIIEKTPOOOMEHE B TaKOM
CUCTEME SBIISICTCS PACCTOSHUE OT TPaHUIBl OoOpa3oBaHWs K-(a3sl J0 MOBEPXHOCTH
MakpodacTuilpl. Obpasyronrecs HaHOYACTHULIBI K-(a3bl CMEIIAIOTCS B pe3yibTaTe JIpeiida B
ANEKTPUYCCKOM TIOJIC 3apsDKCHHOW MAaKpOYaCTHUIBI, B pe3yIbTaTe KOHIICHTPAIMOHHOM
muddy3un u B pesyaprare tepMoanddysun. B ogHON M3 dKCIEpUMEHTAIBbHBIX paboT [3]
MIPUBEICHBI PE3YyIbTAThl MCCICIOBAHUN JBMIKEHUS HAHOYACTHUIl K-(pa3bl BOJM3W HArpeTon
YacTHUI[Bl MarHus U TOKAa3aHO, YTO TaKOe JABW)XCHHE MPUBOAUT K BO3HHUKHOBEHHUIO 30HBI
HAKOILJICHUSI HAHOYACTHII M K pa3/IeJICHUIO 30HBI TOPSHUS U 30HbI HAKOTICHHUS.

Taxke mepeMmereHHe TPaHUIbI K-()a3bl MOXKET BHECTH CHUCTEMAaTUUYECKYI0 OIIMOKY B
pacuéT paBHOBECHOTO OJJIEKTPUUECKOTO 3apsila Harperod MakpodacTuisl [1], mosTtomy
MPENICTABIISIET HHTEPEC OLIEHKA €€ CMEIEHHS 3a BPEeMs peIaKCaIlly dJIEK TPHUECKOTO 3apsiaa
MaKpOYaCTHIIBI.

Paccrosnue Azg;rp, Ha KOTOPOE KIAaCTEp yAANSETCA 3a BPeMs peIaKkCally 3apsjia T OT
rpaHdIbl  00pa3oBaHWs K-pa3bl TPOTHB HAMPABICHUS TPaJAWCHTA TEMIIEPATyphl IO
JeicTBUEM KOHIIEHTparmoHHou muddy3un u repmoanddy3un MOKHO OIEHUTH Yepe3 MOTOK
qacTHi
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Dy — koaduument andpysun 8 Gydeprom rase ans kaacrepa, coaepaauiero N mo-
JICKYA, ¢ ~ OTHOCHTC/ALHAR KOHUCHTPALNR HAHONACTHI, ¢ = m/Y 7 , Ny ~ KOHICHTpA-
WA HanouacTHu B K-ase [4], X, ~ cyMMa KOHUCHTPaLMit BeeX KOMIOHEHT K-(hassl
(MOJICKY/IbI ra3a, HaHOHACTHILL ), T~ TeMneparypa Ha rpanuue odpasoBanns K-(assl.
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BydepuniM razoM B AaHHOM Cydac gaiferca Bo3ayx. asucumocts koddduumcnra
andby3um OT KOIHYCCTRA MOJICKY B KaacTepe umeeT sua [4]

D,
D, = N (3)

rae 8 npudmokennn Yenmena-Iucxora [5]
kT

R bt

3nech pg — Macca Gydepuoro rasa; N, =L, /kT" naornocts monekyn Gydeproro ra-
34, TAC Puw — HOPMAILHOE aTMocheproe aasnenne. Ecm T,>7;, 1o k-asa obpasy-
CTCH HA HEKOTOPOM PACCTOSHMH OT NOBEPXHOCTH MakpodacTuus!. [Toa T 8 swpaxe-
Hi (4) CICAYCT NOHMMATE MAKCHMATBHYIO TEMINEPATYPY YCTOHYHBOIO COCTOAHMA K-
thaswm T3, B 3TOM CaAyuae

3 iz

D= N N 2
3necs N, =P, [kT,. llocne naacHus TEMNEPaTYPhli MAKPOUACTHIL M BHLITIONHCHHA
yeaosua Ty < T 8 suipakennn (4) Gyaer durypuposars 7):

3 [

" 82xriN, Y1y 6)
rae N, =P, [kT,. Koapdpuument repmoanddysnn 11s HaHOUACTHIL K-Da3hl MOKHO
BLIMHCIHTE H3 COOTHOWCHHS [6]

45 (k7 1

D =
" 256mn’ol Q22" \ mm, (R, + AR
FAC Gz2 — NAPAMCIPH! NOTEHIMAN Jlenapaa-Jxonca B3aMMOACHCTBHA MOJCKYN He-
Cyuiero rasa, Q,,%" _ rax pnaswisaesmeie Q-unrerpaist [7], my; - NpHBCACHHAR Mac-
ca, myz = my'my/(my+my), ny ~ MACCa HAHOMACTHULI, My — MacCa MOJICKY/IK rasa
(3cch ~ yepeaudnnas), Ry — paanyc nanouactuunl, A, — GyHxuns, 3apucamas or
NapaMeTpoB BIAMMOJCHCTBHA HAHOMACTHIA — MOJCKYIA H TEMNCPATYPhl HECYIErO
raza [8], @, — oObéMBas joas HawouwacTHil B rason3sccH. COBMECTHOC pellcHMC
ypaepsennit (1) — (7) #, 418 OUCHKM IPA/IMCHTA TEMICPATYPHI, (16) nozsonser oue-
HHTL Beanunny Juddy3nonnoro emeuienuns nanovacruust. flocrosncTao Temnepa-
1ypet 7y ;mbo 7> npu KOTOpHIX onpeaciacH Dy rapaHTHpYeT 3aBhILEHHOC 3HAYCHHC
BCJIMMHHBI 2.
CxopocTts ApeiioBOro NEPeMEIICHHA KAaCTepa Noa ACHCTBHEM MICKTPOCTATH-
YECKOro MOJIA MAKPOYACTHIL! ONPEACAACTCA HIBECTHLIM COOTHOMICHHEM
vV, =UE, (3)

rae U - noaewkuocts knacrepa. Koodduumentst anddysnn 1 noaABHKHOCTH CBA3A-
HbI COOTHOLLICHHCM

(p" (7)

Gabies 9)
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JpetidpoBoe nepemenienre Kiactepa 3a BpeMs peakcali MaKpO4acTUIbl MOKET OBITh

OMpCACIICHO KaK
Az, =UET . (10)
Ecam Temneparypa Maxposactuust 7 Gonsue 7s, K-(paza obpasyercs ma nexko-
TOPOM PACCTOAHNM OT NOBEPXHOCTH MakposacTHubt. 'paniua obpasosamis K-hass
HMeCT GOPMY Ceprt, LEHTP KOTOPOIT COBNAACT C LICHTPOM MaKpouacTHim, a eé pa-
anyc Rye. Ha paccTosmiuu oT ueHTpa MakpoUacTHUB! NPEBOCXOAAMEM Ryr, K-(haza cy-
WICCTBYET, HA PACCTORHHH MCHBILCM Ryr, COOTBETCTBEHNO, paspywactes. B supae-
HIH UL HANPAKEHHOCTH MICKTPOCTATHYCCKOTO NMOAS MAKPOYACTHIL, burypupyio-
uero 8 (10), B 31oM cayuae cacayer HCNonL308aTh Ryy.
Aas oueHky BEAMUMHBL Ry BOCMONB3YEMCR Bhipakeiuesm [9], ONPCACARIO LM
3ABHCHMOCTE TCMICPaTYphl T OT paccTosuus R, 10 TOMEHHOrO HCTOMHHKA ¢ MOUIHO-
CTHIO TCIIOBBUICACHNA ¢, ABHAYIICTOCH CO CKOPOCTHIO ¥

'R
T=-4 cxp(-l—]-ﬂ‘,. (11)
4nAR 2

3a¢ch A — TENAONPOBOAKOCTL BOAYXA. ITA BEAMMHHA ONPEACAANACE NpH CPeHeH
TEMICPATYPEe NOBCPXHOCTH HacTHUb! Ty 1 OXpyxKalomeil BO3aylHoit cpean Ha Gec-

koncunoct 7, = 300 K. Henoawsosanocs m3secTioe BHpakenue A, =(7/273)m

(1], rae T =(7,+T,)/2, ko — Tennonposoanocts Bosyxa npu Tp= 273 K. Temre-

PaTypONpPOBOAHOCTE BOIAYXA ¥ = A/PCy, IAC ¢, — YACHLHAA TCNAOEMKOCTL BO3AYXa
fpi nocToAHHOM armocdepuom aannachmn. MaotHocTs Bosayxa p = po(Tw/7) onpese-
AAAACH B NPCANOTOKCHIK H300APHIHOCTH NPOLIECCa, TAe Py — IIOTHOCTH BO3AYXA
npu Temneparype 273 K. INonaras 8 ssipawennn (11) paguansnyio KoopauHaty R;
PABHOI pajutyCy MAKPOYACTHIBI £, HAIAEM TEMIICPATYPY NOBEPXHOCTH YacTHLL! T,

R
(o O len. 12
! 4,-aue°""( 21)" - (12)

Moacrasass 8 (11) paccrosnme or uekrpa MaxkpoYacTHusl 10 rpausus obpaso-
sanus KD Ry, noayuns remneparypy rpaunus KJIA® 75

R
T‘ = q -Lu‘ T . l
© 4rAR,, cxp( 2 J+ E (13)
M3 ypasuennii (12) u (13) noayuusm swipakenme
ML.-_QXPL(RV_'-). (14)

(Tz =l ) Rv 2
B ycaosusx nawero IRCICPHMCHTA M0KA3aTeAb IKCHOHCHTH! B NPABOI “acTH

BhIpakenus (4) nopaaxa ~10 . Tosromy ypasienue (14) moxer Omth npeCTaRICHO
KaK

(T;-T,)r=(7;—7',,)ku, (15)
Orciona
G-T)r
L= e
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C yuérom (10) u (14) npeiidoBoe nepeMerieHne Kinactepa B 3JIEKTPOCTATHUECKOM IOJIE
MakpovacTuilsl pu ycinoBun T1 Oonbire T, 3a BpeMst penakcanuu 3apsaa

MAKPOYACTHIIL! ITIPHMET BMIL
WL, (17)
dree Ry
Ec/i TeMIeparypa MaKpoyacTHilsl NagacT H BUNOJTHACTCA YCAOBHC T < Th k-
daza oGpa3ycTCA HENOCPEACTBCHHO Y NOBEPXHOCTH MAKPOHACTHILBL. H3 ypasHeHus
(16) cacayer, 4r0 Ry= r. B Buipaxenun U3 ApeidOBOIO NEPEMCUICHHA KIACTEPa B
IACKTPOCTATHYECKOM 110/1¢ MAKPOHACTHIIL OyaeT burypuposars r,

= -—U-Q—,r : (18)
sy’

Pe3ysTHPYIONICE TICPEMCIIEHHE KAACTEPa OT IPaHuib! obpazoBanus x-(assl,
obycroriennoe kax anddysncii, Tax u Apeiidon, OUCHIM LLMTHBHEIM obpazom, ¢
ucnoakszosamem ypasuerns (1), (18).

Az=Az,, +Az,. (19)

PeuicHHe BHICTIPHBEASHHBIX YPABHCHHIT NO3BOIACT OUCHUTL CMCUICHHE Kia-
crepa or rpaHnis! 00pazosania K-Dahl 3 BPEMA PCIAKCAIMM 3PALA MAKPOTACTH-
(B, KaK NPY TOJOKHTCABHOM, TAK # IIPH OTPHUATEILHOM 3aPAAC MAKPOUACTHILLI.

MaxpodacTiiia TauTana, OKpyKEHHAR xk-(azoit Ta;Os, 3apAKACTCA NOJNOKHTCTb~
wo [1, 2]. Knacrep TayOs umeeT canHH4HbIi ICMCHTAPHLI NONOAHUTEALHBI 3APALL,
noaToMy KaK AHdHYIHOHHOE, TAK K APCHPOBOC CMEUICHHE KIACTEPA HATPARICHO OT
MOBCPXHOCTH MAKpOUaCTHIL!, PACCTOANME OT NMOBEPXHOCTH MAKPOUACTHIIL A0 Fpa-
Hub 00pazosanus K-haist AR, = R, —7 ONPCACACHO € HCIOABIOBAHHEM (16).

AR“ = rg'._rz_) , (20)
(;-T.)

Cumentenue kracrepos Ta;Os (19) o1 rpannist 00pasoBaHHa K-thassl npn TeMne-
parype obpazopanus k-Gpaswm Ty = 3000 K un 7, = 2500 K 32 BpeMR T HAKOILUICHHA
makpouacruieit 0.98 pasHOBECHOrO 3apAzia, COOTBETCTBCHHO, COCTABIIO Az =4510
" a — 107 (npn T = 3000 K Azgin/Azg = 2). Tlpn Temneparype T, = 2200 K 3a spems
nakonacHna 0.8 paBHOBECHOIO 3apA/AA KNACTEP CMCCTHTCR HA Az=3.610°m (npu T}
= 2200 K AzgedAzge= 0.7). Irit evemenns cocrannaior or 0.3% 10 6% o1 peaHIHHb
ARy (20) u HC MOIYT CYWCCTBCHHO MOBAMATL HAa TOUHOCTD NpHBCAEHHON BHILLIC
PACUETHON CXCMBI, ONPEACANIONICH BEAHYHHY 3APA/IA MAKPOUACTHILH, npeACTaBICH-
noii ypasuennamu [1]. Tpn Temneparype MaKpoHacTHin Ta T, < 2000 K 3a spems
naxonaenus T = 0.8 paBHOBECHOI'O 3APAA KAACTEP CMECTHTRCA OT IPAHHUbL! K-haim
na paccroanue nopaaka ARy Ipi Takux yC/I0BHSX KOHUCHTPALMA K-(hazst y rpanu-
bl ¢ OOPAIOBAHMA MOACT OBITH MEHBILC 3HAYCHHA ONPEACAACMOrO YPABHCHICM
(19). COOTBETCTBCHHO YMEHBIIACTCA H KOHUCHTPAUMA VICKTPOHOB B CPABHCHUH C
pacuérubim 3naucHuem [1]. Bripakenue, onpeacaiioniee BCINUHHY NOJIOKNTCALHO-
1O 3apAJa MAKPOYACTHIL TanTaza [ 1], MOKET 1aTh €€ JAHIKEHHOC HAUCHHC.

MakpouacTiia Meau, okpyxénnas k-(azoit CuyO, 3apaxaeTcs OTPHIRATCIBHO.
Knacrep Cu;0O, Kak # 8 npeabLayiieii CHTYALMH, HMCET O/LHH ICMCHTAPHBIN 11010~

- -
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KUTEIBHBIH 3apsia. B atom cnyyae nmuddysnonnoe apeiihoBoe cMeLICHHE KilacTepa
HANpaBJISHO NMPOTUBOITOIOKHO
Az = Az

Zagr A:‘-h : (2 1)

OueHkKa ¢ HCNOIB30BAHUEM BhipakeHus (21) nokaselBaeT, 4TO NPH TEMIEPATYpe
makpouacTuubl Mean 1800 K < 7 < 2800 K auddysnonnoe cmelleHue Kiacrepa
Cu;0 ot rpanunsl 06§>a3osamm K-¢a3bl npeBsiliaeTt apeidoBoe cMeuieHue. ITH Be-
mmaunbl opaaka 107m — 10°%m (npu 77 = 1800 K Azgin/Azy, = 0.6). PesynsTupyro-
uiee cMmenleHue kiuacrepa (21) 3a BpeMsa HakoruieHHs mMakpouactuuen menau 0.98 —
0.95 paBHoBecHOro 3apsaa npu remuneparype makpouactuusl 2200 K < 7' < 2800 K
Az=10"M—-2410"m (npu 7, = 2800 K Azgig/Azy = 1.3). DTH cMelleHns cocTas-
asroT 0.24% — 3% ot BenuuuHbl ARy, uT0 cocrasnser 0.085% senmuuHbl paauyca
MakpodacTilel Meau. Takum oGpa3om, 3a BpeMs pesiakcallMi OTPHLATEIILHOrO 3apsi-
aa makpodactuusl mean npu 1800 K < 7 < 2800 K pesyasTupyloiniee cMelieHHue
knacrepa Cu;O or rpanuubl oOpasoBanus K-(asel COCTABIACT HE3HAYMTELHYIO J10-
JIHO XaPaKkTEPHLIX Pa3sMEPOB CUCTEMbl MaKpoyacTHila — rpanuia odpasosannsa k-dassl
H HC MOJKET CYUICCTBEHHO MOBJMATE HA TOYHOCThL ONpPEAC/ICHHUA 3apsila MaKkpodacTu-
unl B [1]. IIpu Temnieparype makpouactuisl meam 7 < 1600 K apeiidoBoe cMenicHue
Knactepa npessimaeT aud¢y3snonHoe CMENIeHHE, TaK YTO Pe3ylabTHPYIOIEe CMellle-
HHME HAIIPaBJIEHO K NMoBepXHOoCcTh MakpouyacTuubl 1600K Az ~ 3010 © - 1210 ° M on-
HOTO MOpAJKa ¢ paauycoMm makpouacTuibl. KoHueHTpaumns k-¢asbl Y NOBEPXHOCTH
MaKpO4YaCTHIIEI MOKET ObITh DOJIbILEC €€ 3HAa4YEeHHs, OnpeiensieMoro ypasHenuem (19).
KoHUEHTpalMK 3JIEKTPOHOB Y MOBEPXHOCTH MaKpO4acCTHUIlbl YBEJIHHMBACTCs B CpaB-
HEHUM ¢ €& pacu&rHbiM 3HauyeHueM [1]. Ypasuenue B [1], onpenessiioniee BeIMunny
PaBHOBECHOIO OTPHLIATEILHOI'O 3apsjla MAaKpO4YaCTHIIbI, MOXKET AaTh €€ 3aHUKECHHOE
3HA4YEeHHE.
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Bnuius qudysiiino-gpeiigoBoi HecTilikocTi MexXKi yTBopeHHsI K- (pa3n y noBepxHi Harpi
TOI MAKPOYACTHHKH HA il 3apsi.
AHOTANIA

Posensinymo ennue oudysitinuii Opetighositi Hecmitikocmi Mexcu YmeopeHHst K-ghasu Ha8Ko ™10 Ha2pimoi Mmemanesor
MAKPOYACMUHKYU HA e80MI0YiI0 1T mepmoemiciinozo 3apsdy. [lokaza—Ho, wo 3¢ye K-hazu HaHOYACMUHOK 3d 4dac
penaxcayii 3aps0y MakpouyacmuHKy He NPUBOOUns 00 ICMOMHOL NOMUIKU 8 1I020 PO3PAXYHKY.

Semenov K.I., Kopyt M.H.

Influence of diffusive-drift instability of k- phase formation boundary near hot
macroparticle on its charge

SUMMARY

Diffusive-drift instability of k- phase formation boundary near hot macropatrticle influence on its thermoemission
charge evolution is studied. It is shown that k-phase displacement dur—ing charge relaxation time doesn 't affect on

charge calculated value.



