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M3ydyeHa miprpona MOBBIICHUS ITPOYHOCTH HEYITOPSIOUCHHBIX IBYXKOMIIOHEHTHBIX TBEPIBIX pac-
TBOPOB I10 CPaBHEHUIO C MaTepUaaMU, COCTOSIIIIMMU M3 aTOMOB OZHOTro KoMrnoHeHTa. C 3TOi 1e/IbIo
paccYMTaH BKJIAJ SKCTPEMAIbHBIX (DJIYKTYalMid B pacrpeaesieHe aTOMOB pacTBOpa, CO3MAI0IINX Tpe-
MNATCTBUS IJ1s1 IBUXKEHUS AUCIOKALIMOHHBIX Mepern6oB (KMHKOB). ITokazaHo, 4To MeIIeHHOE — CTe-
TMeHHOe — YOBIBaHKE BEPOSTHOCTH OOJIBIINX 3aIepKeK Ha TAKUX MPEMSTCTBUSIX IIPUBOIUT K aHOMAJIb-
HOI1 KWHeTHKe KNHKOB. OHa COMPOBOXIAETC 3aMeyICHNEM IBVKEHUS TUCIOKAIINA. DTO MOXET OBbITh

MPUYWHON YyIIPOYHEHUST MaTepuaia.
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BBEAEHWE

ITouck MaTepualioB ¢ Hy>KHBIMHU JIJISI KOHKPETHBIX
MPUJIOXKEHW CBOICTBAMM TpeOyeT paclIMpeHUs 6a3bl
KPUCTAJIJIOB, HAXOASIIMXCS B KPyre BHUMAaHUsI UCCTie-
nosateneit. [lepexon oT OMHOKOMIOHEHTHBIX KpU-
CTaJZIOB K MHOTOKOMITOHEHTHBIM 3HAaYUTEJIbHO YBE-
JINYUBAET BO3MOXHOCTHY MOA0Opa MaTepuaja ¢ ONTH-
MaJIbHBIMM XapaKTepUCTUKAMU. B MiiaHe MoBbIIIEHUS
MIPOYHOCTH OOJIBIION MHTEPEC B MOCAEIHUE TOIbI ITPU-
BJIEKAIOT HEYIOPSAAOYEHHBIE TBEPABLIE PACTBOPHI, B TOM
Yl CJie BBICOKOHTPOIUITHBIE cTuiaBbl. OQHAKO OIKCa-
HUE MeXaHUYeCKUX CBOMCTB TaKMX MaTepraioB HAUu-
Hasg OT JMHAMWKHU OUCITOKaIUil TpebyeT HeTpaauLiv-
OHHBIX TIOAXOIOB C ITUPOKUM IPUBIIEUCHUEM CTATH -
CTUYECKMX METOJIOB M TEOPUU CIIydaiiHBIX IIPOLIECCOB.
Takoe onucaHue JajJeKo OT 3aBEPIICHMUSI.

MexaHU3MbI YIIPOUHEHUS TBEPABIX PACTBOPOB pa3-
JIMYHBI [JISI MaTepUaJIOB C Pa3HON MUKPOCTPYKTYPOIA,
B KOTOPBIX TUCITOKAIINN ABUXKYTCS B Pa3IMYHBIX SHEP-
reruyeckux JaHmmadrax. B HacTosmieit padoTe pac-
CMOTPEHBI MaTepUasbl C BHICOKUM MOTEHIIMATbHBIM
perbedOoM KpUCTATMISCKOM peleTKH, Ha3bIBaeMBIM
Taxkke 6apbepamu Ilaiiepsaca [1—3]. K HUM oTHOCSTCS
MOJYIPOBOAHUKU, METAIIBI C 00BEMHO-LIEHTPUPO-
BaHHoOI Kyonueckoit (OIIK) pereTkoii, nuHTepMeTan-
JIUIBI, HEKOTOPbIE IIeJIOYHO-TATOUIHBIE KPUCTAJIIIbI
u apyrue [2]. MHorue u3 3TUX MaTtepuajioB oopasy-
IOT HETIPEePBIBHBIE TBEPABIC PACTBOPHI BO BCEM ITHa-
na3oHe KoHlLeHTpauuit koMnoHeHToB: KCI—KBr [4],
OLK-MeTanabl [5]. B MUKPO3JIEKTPOHUKE BaXKHYIO
poutb urpaet TBepasiii pactBop GeSi [6, 7]. B kauecTBe

OIIHOM U3 aKTyaJbHBIX TEHICHIIUII MaTepUaIOBEICHUS
MOXHO OTMETUTb Mepexod OT OTHOKOMITOHEHTHBIX
MaTepralioB KaK OCHOBbI K MHOTOKOMITOHEHTHBIM, B
KOTOPBIX KaXIbIi1 KOMIIOHEHT UTpacT IIPUMEPHO OO~
HAKOBO BaXXHYIO posib. KoamyecTBo padoT, MoCBsIIeH-
HBIX TaK Ha3bIBA€MBIM BBICOKOOHTPOITUMHBIM CILia-
BaM, MMOUCTUHE HEUCUYUCINMO B CBSI3M C OXUIAHUSI -
MU UX MOJIE3HOCTU B Pa3HOOOPA3HBIX MPUIOXKEHUSX.
YkaxeM TOJBKO HECKOJbKO 0030poB [8§—11]. ITpome-
>KYTOYHOM cTagueii mepexona K MHOTOKOMITOHEHTHBIM
MarepuaiaM, yxKe IO3BOJISIONIEH BBIIBUTh HEKOTOPBIE
BaxKHbIE MEXaHU3MBI, KOTOPHIE IIPUBOIST K IMOBHIIIE-
HUIO UX NPOYHOCTHU, SIBJISIETCS M3ydeHUe OMHAPHBIX
KPUCTAJTINYECKNX TBEPIBIX PACTBOPOB.

TBepabie pacTBOpPbI, COCTOSIIIME U3 aTOMOB JaXe C
MaJjio pasnuyaloimuMucs pasmepamu (1o 5%), MoryT
3aMETHO MPEBOCXOIUTH IT0 BEIMINHE AeDOPMUPYIO-
1IIET0 HAPSIKeHUST MaTeprabl U3 KOMIIOHEHTa OHOTO
U3 COPTOB, YTO JAeIaeT UX MePCIEeKTUBHBIMU JJIsl BBICO-
KoTeMIlepaTypHbIX npuiioxenuii [12]. MUccienqoBanuio
aCIIeKTOB MEXaHM3MOB ITOABMXKHOCTHU AUCIOKAIINA, a
TOUHEe TTOIBUKHOCTU 3JIEMEHTApHBIX HOCUTE ISl T1J1a-
CTUYEeCKO# nechopMaliy — IUCIOKAILIMOHHBIX TIEPETU -
00B (KMHKOB), B HEYNOPSAOUYEHHBIX IBYXKOMIIOHEHT-
HBIX KpUCTaJlJIaX MOCBSIIEHa HacTosIIas padbora.

OIMNCAHUE MOJEIN

PaccMoTpuM KpucTalsIM4ecKUi MaTepual, co-
CTOSIIIIMI 13 aTOMOB JIBYX COPTOB A U B, cpaBHUTENb-
HO MaJio pa3INJalonInxcsl CBOUMU XUMHUYECKUMU U
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TeOMETPUUYECKUMM ITapaMeTpaMu, 9TO SABIISICTCS YCIIO-
BUEM 00pa30BaHUSI HEMPEPHIBHOTO TBEPIOIo pacTBO-
pa. OTcyTCcTBUE TEHACHIIMU K CEerperaiuu U paccio-
€HUIO TT03BOJISIET MOACIMPOBATh TAKME MaTepUakbl,
KaK XaoTUYeCKHre TBEpIble pacTBOPHI. Takke Mpearno-
JIOXXUM, YTO OMHOKOMITOHEHTHBIE KPUCTAJIbl, COCTO-
SIIME U3 aTOMOB OTHOTO COpTa, 00JagaloT BHICOKUM
COOCTBEHHBIM TMOTEHLIMAJIbHBIM PElbedOM PELIeTKH,
MNPEMSATCTBYIOIINM MepeMelleHUI0 nucaokamnuii. s
repexona AUCIOKAIIMKA B METACTAOMIBHOM ITOJIOKEHUU
W3 OMHOI TOJMHBI TOTEHIIUATEHOTO pellbeda B COCEI-
HIOI0 TpeOyloTCs TerioBasi (hJyKTyaliusi ¢ oOpa3oBa-
HHUEM Mapbl KWHKOB U MX PacXOXIEeHWE BIOJb TUCIIO-
KaumoHHo# muHuu [1—3]. B coctaBHOM KpucTaiie ¢
MaJIo pa3uyamIIMMUCI aTOMaMU U TMTOTeHIMATbHBIM
pelibeoM pelIeTKH, OJIM3KUM K UICXOIHBIM pelibedaM,
€CTECTBEHHO MPUHSTH K PACCMOTPEHUIO TOT K& KUH-
KOBBIIA MEXaHU3M JBUXECHMS AUCIOKALUNA C YYETOM
ONMCHIBAEMOTO HUXXE OTPaHUYEHMUSI.

B HeymopsimoueHHOM TBEPAOM PacTBOpPE KOHKY-
PUPYIOIIUM MEXaHU3MOM TOPMOXEHUST AUCIOKALII
MOXET OBITh CETKA JIOKAJbHBIX LIEHTPOB 3alleTJICHNUSI,
co3JlaBaeMbIX OTACIbHBIMU aTOMaMU pacTBopa. B [3]
B Ka4eCTBe KpUTEPUS MpeodaagaHisl KWHKOBOTIO Me-
XaHM3Ma paccMaTpuBajIl YCIIOBUE, KOIa HaIlpsiKe-
Hue Ilajiepsica ¢p NpeBBIIIAET HE3aBUCUMO BBIUYKC-
JIEHHOE HampsikKeHWe MPOAABIUBAHUS IUCIOKALIUN
Yyepes CeTKY JIOKAJTbHBIX IPEMATCTBUI Gf (MTOPOT Nep-
KOJISIIIUM), OLICHUBAeMOE 110 MOPSIAKY BETUYUHBI KaK

[c
Op~ K—a(u/ a*)¥* . 31mech u — BHOCHMOE aTOMOM pac-

TBOpa BO3MYIIIEHNE B SHEPTETUUECKUM penbed, K —

SHEPIrusl eNMHULBI JJIUHBI JUCIOKALIUN, a — IIEPUOL,
PELIETKH BIOJb AUCIOKALNY, Gp — HAIPSKEHNE, CHU-
Marolee 6apbepsl [laiiepica. Kpurtepnii 6p > 6 MOX-
HO TIpeo0pa3oBaTh K HECKOJILKO MHOMY BUIY:

u < E*/(cxa)', €))
roe E, — sHeprusa KMHKa. OTO YCJIOBUE JIETKO BbI-
MOJIHSIETCS JJ1s1 pa30aBJIeHHBIX TBEPIAbIX PACTBOPOB
¢ ¢ << 1, HO YTOOBI KMHKOBBIII MEXaHU3M IIpeobia-
Jlaj BO Bceli 0061aCTU KOHIIEHTpalMil BILIOTh 10 ¢ ~ 1,
JIOKaJIbHO€ BO3MYILIEHHUE JOJIXKHO OBITh MaJIbIM IO
cpaBHenuto ¢ E,*3/(xa)'3. Tak kak E, < xa, u MOXeT
COCTAaBJISATh JUIIb OTHOCUTEIbHO HEOOIBIIYIO MO0
SHEPTUM KWHKA.

B cooTBeTcTBMU C OAXOAOM, MPEAIOKEHHBIM IS
OIMMCaHMST BBICOKOHTPOTNIUIAHBIX CIJIaBoB [13], mpu-
MEM 3a OTIIPAaBHYIO TOUKY HEKOTOPbI TMITOTETUYECKUIA
“cpenmHuii” Marepuai, o0Jagalomnil epruoauyecKuM
MOTEHUHUAJIbHBIM peibe(pOM KpUCTALINYECKO pellieT-
ku U(y) B pacueTe Ha eAUHUILY JIMHBI JUCIOKALIUU.
3aech y — KoopnuHaTa, nepreHaIuKyIsipHast BbIOpaH-
HOI OJIMHE KPUCTAJLLIMUYECKON pelleTKH, KOOpAUHATY
BIIOJIb IHA TOJMHBI 0003HaUMM Xx. Bo BcsikoM ciiydae B
OoutblIeit 0061acTU U3MEHEHUST KOHIIEHTPaLMii aTOMOB
pacTBOpa napaMmeTphbl, XapaKTepu3ylollue MPOYHOCTh
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IBYXKOMITOHEHTHOTO MaTepuaja, HAaMHOTO IIPeBOC-
XOISIT pa3HUILy MEXIY TaKMMU MapaMeTpaMu ISl Ofl-
HOKOMITOHEHTHBIX MaTepUajaoB, TaK YTO MOCIeIHEN
Oynem npeHeOperath. Takke OyaeM npeHeOperaTh He-
PEeIKO BCTpEYAIOIIMMUCS TTPY HU3KKMX KOHIIEHTPALIUSIX
pacTBOpa SIBJICHUSIMU pa3yIIpOYHEeHNS Ha CTaIuu 3a-
pOXIeHUs nmap KMHKOB [ 14, 15].

Jli1 onucaHus 3JIEMEHTAPHBIX AKTOB IBVXXEHUS
JAMCIOKALUA JOCTATOYHO PaccMaTpUBaTh [IBE COCENl-
HME JOJWHBI B TOTEHIIMAIBHOM pelibede KpucTauia,
pasznuyarolmecs epuoaoM peleTky /. B neynopsno-
YEHHOM TBEPIOM PacTBOPE C XaOTUYECKUM PACIIPENE-
JIEHUEM COCTaBJIAIOIINAX aTOMOB BHOCUMBIE KOHKPET-
HBIMU aTOMaMU UCKAXEHMS HAKJIAbIBAIOT CIy4aiiHbIi
MTOTEHLIMATIBHBIN pelbed Ha MepHUonndYecKue apbepbl
[Maitepica. ATOMBI UMEIOT CpeJHUE KOHLIEHTPALUH,
o003HayaeMble Kak ¢, =cucy=1—c, =1 —cu me-
HSIOIINECS OT HYJIS 10 EIUHHULIBL.

Pacyet ynoOHO NpoOBOAUTH B IMCKPETHOM IIpE-
cTaBjJeHUHU, Kak B [16]. CneguM 3a aToMaMu, TIPUBSI-
3aHHBIMHU JIM0O K IIepBOIi (HMKHEI Ha puc. 1) monu-
He, MO0 KO BTOpOii (BepxHeit, oTcTosuieit Ha /). B
KaXJIOM y3Jie pacIoyiokeH aToM Jubo copTa A, 1160
copta B. Ilpu 3anoinHeHnr ABYX JOJMH KPUCTALINYE-
CKOM pellleTKM BCTpeyaloTcsl YeThIpe BapruaHTa KOH-
¢urypanuii map aToMoB B 3aBUCUMOCTHU OT OTHOCH-
TEJIBHOTO PACHOJOXEHUI HAXOAALIUXCA APYT HAl ApYy-
TOM aTOMOB pa3HBIX cOpTOB (puc. 1).

Kondurypauum ¢ oguHaKOBBIMM aTOMaMU APYT
HaJ ApyroM B 00euX JOJMHAX He MEHSIIOT SHEPruu
IHUCIOKAIIMK TIPU TIEpEeMEIeHNN Yepe3 HIUX KUHKa,
KOHMUTypaluu ¢ pa3anyHbIMU aTOMaMU MEHSIOT 3Ty
aHepruto. BooOllie nepeMellieHre yepe3 OMMHAKOBOE
YUCJI0O aTOMOB Pa3HBIX COPTOB, KakK, HalpuMep, Ha
puc. 1, TpUBOIUT K BHEPreTUYSCKU SKBUBAJICHTHOMY
COCTOSTHUIO TMCJIOKAIIMUA. DTO COOTBETCTBYET OMMHA-
KOBOMY I10 BEJIMUMHE U MIPOTUBOITOJIOKHOMY IO 3HAKY
U3MEHEHUIO SHEPTrUU AUCIOKAIIMU, CBSI3aHHOMY C aTo-
MaMU pacTBOpa B TOM MM MHOM M3 pacCMaTpUBaeMBbIX
JOJIMH PelIeTKU. DTa BeIMYMHA 0003HAYaeTCs KaK U.

BBenem ciyyaitHble BeTMYMHBI &;, paBHbIC €IMHM-
1Ie, €CIIV B y3JI€ i IepBOM JOJMHBI €CTh aTOM COpTa A,

B A A B
ST 0—c—8——6-9--@-
\
\
-0-20-0G-0-5-0
B B A A

Puc. 1. MnmocTpauusi nepeMelleHus KWHKa 4epe3 XaoTUYeCKU
pacripee/ieHHbIE aTOMBI PACTBOPa U3 HAYaJIbHOTO TOJIOXKEHUS
(mTpuxoBas IMHMS) B KOHEUHOe (crutoiHast auHus). [Tyctbie
KPYXKH MOKAa3bIBaIOT aTOMbI KOMIIOHEHTa B, 3aKpallleHHbIe —
KoMrioHeHTa A. OTMeYeHbI YEThIPE BO3MOXHBIE KOH(DUTYypaLIUL
aTOMOB B COCEIHUX JOJMHAX KPUCTAUTMUECKON pelIeTK!, BHO-
csIIe pa3IMYHbIe BKJIAAbl B IOTEHIIMAILHBINA peiabed s me-
peMEIIeHNUsT KUHKA.
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HaIl KOTOPBIM BO BTOPOM MOJIMHE aTOM IPYTrOro copTa
(B, 0003HaYMM TaKylo KoHpuUrypauuoo AB), paBHbBIE
MWHYC eINHUIIE, ECITN PACTIOIOKEHNE aTOMOB TIPOTH -
BOTIOJIOXKHOE, 1 paBHBIC HYITIO, €CJIK 00a aToMa OIHO-
ro copra (Takue KoHpurypauuu 0603HauyuM A4 u BB).
BepositHocTH Toro, uto &, = 1 wim —1 pasusl ¢(1 — ¢),
BEPOSATHOCTH TOTO, uTO &, = 0 ecthb ¢ + (1 — ¢)2.

TTonarasg HayajaoM AUCIOKALIMOHHOTO CETMEHTa
x = 0, 4TO JOMYCTUMO B CHUJIy CTATUCTUUYECKOU OTHO-
POIHOCTHU 3a1auM, UMEEM B TUCKPETHOM TpeAcTaB/ie-
HUM X = ja, L = Na. 3anuiieM HEpPTUIO CETMEHTA IIpH
cJIyyaifiHOM pacrojioXKeHWU aTOMOB pacTBopa 6e3 yJe-
Ta BHEIIHEH ABMKYILEHA CHJIBI KaK

J
Zu & = u(n, —ny,
i=0

IAe 1, U 1, — cIy4yaiiHble 4Mcia Ha paccMaTprUBaeMOM
JUCIIOKAILIMOHHOM CErMEHTe OT HYJISI 10 X KOH(duUrypa-
nuit ABu BA cOOTBETCTBEHHO. 3amayeil SBIsIeTCsS U3-
y4yeHHe CTATUCTUYECKMX CBOMCTB TMHAMMKN KUHKOB B
Xa0TUYECKOM MOTEHIMAJbHOM penbede (2).

E(x)= (2)

CPEAHEE BPEMA ITPEOAOJIEHUWA
MPEIIATCTBUN, CO3JABAEMBIX
CIYYANUHBIMU CKOIUUTEHUAMU

B PACITPEAEJIEHMU ATOMOB PACTBOPA

BpeMs 3amepkKu Ha TIPEIMSTCTBUM Yallle BCETO
onucwBaOT popmynoit Appenuyca T = 1,exp(U,,./kT),
rae U, — BbICOTa MaKCMMyMa MOTeHIMal1a 6apbepa,
OTCUMTAHHAas OT MPeAIIeCTBYIOIIEro MUHUMYyMa, k —
noctosgHHas bonbumana, T — Temmneparypa, T, — He
CJIMIIKOM BaxKHBIM IJIS1 AajbHEHIIEro MoJyKoaruye-
CTBEHHOT'O-T10JIyKaueCTBEHHOTO aHA/IU3a MPea3KCIOo-
HeHIMaJbHBII pakTOp. B HeymopsimoueHHOM MaTepu-
ajie BbICOTHI 0apbepoB MPENCTaBISIIOT COOOI CIEKTP
cllydaliHbIX 3HAUYEHUU dHEPTUU, MJIsI UBYYECHUS CTa-
TUCTUYECKUX CBOMCTB KOTOPOTO OyleM UCITOJIb30BaTh
obuiee BeIpaxkeHue [17]:

L
T= CJ.o exp| E(x)/kT]dx, (3)
rae C — HOpMHPOBOYHAST TTOCTOSTHHASI, O KOTOPOii peub
OyIeT HIKE.
B paccmaTtpuBaeMoMm ciydae E(x) = E.(x) — Fx.
3a cpez[Hee BpeMs TPEOMOJEeHUST MPENMSITCTBUS
<t> = <Cj exp| E(x)/kT)dx>, ecniu npeHebpeub

BTOPOCTENEHHEIM BaustHueM (akTopa C, ciaydaii-
HBI noteHuuan E(x) BXOOUT noz[ MHTETpajl B BUAE

<exp(E.(x)/kT)> = <eXp{k—Z§ }>. Ilposons

yCpeIHEHHNE C YUYETOM He3aBUCUMOCTH BETUYUH € B
Pa3HbIX y3J1aX XaOTMYECKOI'0 pacTBOpa, MoyiydyaeM

u < J u
< — 1> = <exp—¢. > =
exp{kT ;i,} E PiT g

~{1+ [eXp( prexp(—r) — 2le(l — .

kT

INETYXOB

M1 cxomuMocTH nHTerpaja B <t> Ipu L — oo, 4ToObI
cpenHee BpeMsl IIPEOnoIeHUS MPETsITCTBUS ObUIO KO-
HEYHBIM, TpeOyeTCs

F> F, = (kT/a)ln{l + [exp(%) +
—2]e(1 = ¢)}. 4)

Ilpu F < F,u L = oo cpenHee BpeMs 3aIepXKHU Ha
(brykTyanmsx miIoTHOCTH aTOMOB pacTBopa Heorpa-
HUYEHHO BO3pPACTaeT, UTO CBUAETEIbCTBYET 00 U3Me-
HEHUU XapakTepa MUTpallMi KUHKOB. OmpenensieMbie
COOTHOILIeHHEM (4) rpaHUIIBI CBOEOOPA3HOro KUHE-
TUYECKOTro (hpa3zoBoro mepexoma Mo ABUXKYILEH cuiie U
TeMIlepaType WUIIOCTpUpPYeT puc. 2. YToObI mojiHee
MpeaCcTaBUTh MPUUYMHBI M XapakKTep 3Toi Oojee Men-
JICHHOM MUTPpAllU, HY>KHO U3yYUTh MOBeNeHUEe (DYHK-
LI pacTpenesieHnss O0IbITNX BpeMeH 3a1epXKeK KIH-
KOB Ha BapualMsX MOTEHIIMAIbHOIO penbeda Heymno-
PSAI0YEHHOTO TBEPAOIO pacTBoOpa.

u
+ CXp(— ﬁ)

OYHKL WA PACITPEAEJIEHUA
BOJIBIIMX BPEMEH 3AIEPXEK KHUHKOB
HA CIIVHAWUHBIX ITPEITATCTBUAX,
OBPA3OBAHHBIX ®JYKTYALIUAMU
KOHUEHTPALLNN ATOMOB PACTBOPA

Bapuauus suepruu E,(x) npu nepeMenieHUN KUH-
Ka BIOJIb JIMHUM THMCJIOKAIUM TPEACTaBIsIeT COOOM
cayJaiiHoe OJIy>KIaHue IO IIKajie SHEPTUH, TOg00HOoe
OpoyHOBCKOMY ABMKeHUIO [18]. 3aKoHOMEpHOCTIM
CIy4aliHbIX MPOIIECCOB TAKOTO TUIIA U OoJiee OOIIUX B
MocIeaHee BpeMs YAESIOT 60/IbIIoe BHUMAHUE, COOT-
BETCTBYIOLLIAsl TEOpUs XOpollIo pa3dpadboTaHa [18—23].
Amnajiorus ¢ npoueccoMm Bunepa ¢ npeiipoM MCIIONb-
30BaHa B [24, 25] u HeaBHO B [26]. Bonee o6uii ciy-
YyalfHBIN Tpoliecc paccMaTtpuBaiu B [27—29]. B [27] B
YaCTHOM cJIy4yae 3HAaUYeHUI mapaMeTpoB, CBOOSILEM-
cs K mpoueccy BuHepa ¢ npeiichoM, IMOJIHOCTBIO ObLIa
paccunTaHa QYHKIIUS pacnpenejeHusl BpeMeH 3aaep-
KeK. Xaotnaeckuii peabed Ilaitepica a1 MHOTOKOM-
MOHEHTHBIX CILJIaBOB u3yvasnu B [30, 31].

B [27] ObLIO TakxKe OOHAPYKEHO, YTO XapaKTepU-
30BaTh MepeMellieHne KMHKOB JIOKaJIbHON CKOPOCTBIO
B CIy4aiiHOM pejibede MOXHO JIUIIb B OTpaHUYEHHON
o6nactu nmapameTpoB. UMeeTcs B BUlly, UTO BHE 3TOM
00J1aCTU TOPMOXKEHUE KMHKOB OIpenesieTcs He TU-
NUYHBIMU OapbepaMu, 00pa30BaHHBIMU (DIYKTYyallv-
sIMU penbeda B Macce, a HauboJsiee CUIbHBIM — 3KC-
TpeMaJibHbIM — 0apbepoM, BCTpevalolMMcs Ha BCeil
JnuHe mpobdera. To ecTh nmepeMellieHne KWHKOB MEET
SIPKO BBIpAXKEHHBII TreTepOreHHbI XxapaKTep, COMpo-
BOXIAIONIMICS HEOTPaHUYEHHBIM POCTOM CPEIHErO
BpPEMEHU 3aIePXKKU Ha CIYyYaHBIX MPENsITCTBUSX C
yBeJIMYeHUeM UHTepBasa ABrxKeHus. [TonobHoe mose-
JIeHre MOXHO OXUAaTh U B paccMaTpruBaeMoil cuTya-
LIMU TIPU COOTBETCTBYIOIIUX 3HAYECHUSIX NTApaMETPOB,
orpeaesisieMbIX HUXKE.

Tak Kak IJ1aBHbIII MHTEpEC MpeAcTaBIsieT BepOsIT-
HOCTb OOJIBIINX BPEMEH 33J€PXKEK, pacueT HarjsiaHee
BCEro MPOBOAWUTh METOAOM “ONTHUMAaIbHOI (IIyKTya-
o’ . DTOT METOM, pa3pabOTaHHBINA B TEOPUHU SHEPTE-
TUYECKUX CIIEKTPOB HEYIIOPSIOUEHHBIX cUCTeM [32],
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Puc. 2. IToporoBoe HamnpstkeHue (a) B 3aBUCUMOCTHU OT Temnepatypsl 7, = kT/u npu pa3aiuyHbIX KOHLEHTPALMSIX aTOMOB
pactBopa c: 0.1 (1), 0.2 (2), 0.3 (3), 0.4 (4). [1loporosasg Temnepatypa (6) B 3aBUCUMOCTH OT KOHIICHTpPAIllUX aTOMOB pacTBOpa MpH
Pa3IMYHBIX 3HAYEHUSIX Oe3pa3sMepHoit nBrKyieit cunbl Fa/u: 0.1 (1), 0.15 (2), 0.2 (3), 0.3 (4), 0.4 (5), 0.5 (6). Pacuet c momo1ibio
cooTHoUIeHUS (4) (CTUIOIIHBIC TUHUMN) U aJIbTePHATUBHBIN pacueT (KPYKKH), TPUBOASAIIUMN K YCI0BHUIO O = 1, KaK U 3aBUCUMOCTh

IIOPOIroBOIo HaIPAXKEHUA OT KOHUECHTpalM aTOMOB pacTBoOpa.

a(d(}peKTuBeH Npu pacueTax BepOSITHOCTEM OOIBIINX
OTKJIOHEHU} CydyailHBIX BEJIUUYMH U 3aKJI0YaeTcsl B
HaxoXICHUM HanboJiee BEPOSITHBIX (hJyKTyalluii He-
YIIOPSIIOYEHHOCTH, TIPUBOASIIIIUX K TpeOyeMoii Benu-
YHHE MHTepecylollero nmapamMerpa. PaccMoTpum Heko-
TOPYIO (DJIYKTYalLMIO0 KOHLIEHTpAllUM aTOMOB PacTBOpa,
MOBBIIIAIONLYI0 SHEPTUIO TUCIOKALIUM U, CJIeAOBATEb-
HO, CO3Malollylo 6apbep IS MepeMelleHUsT KMHKA C
3alaHHBIM BpeMeHeM 3aJepXKKU . B cooTBeTCTBUU
C 3aKOHOM AppeHuyca BpeMs 3aJepKKHU CBSI3aHO C
BBICOTOI Oapbepa E cooTHoweHueM ¢ = t,exp(E/kT),
I€ #, — HEKOTOPBII MaJOCYILIECTBEHHBIN MPEAIKCIIO-
HEHLMAIbHBINA (pakTop, oLeHUBaeMblil HUXe. Takas
BbICOTa Oapbepa MOXET ObITh OOecreueHa Ipu pas-
JIMYHBIX TTapamMeTpax (GayKTyaluu: OpOTSIKeHHOCTHU
/= aN u conepxaHuu n, KOHpUTrypauuii aToMOB TUTIA
AB v n, KoHbuUrypaluit Tuna BA ¢ ocTalbHBIMUA KOH-
durypanuamu tuna AA u BB. PacnpeneiieHue 3TUX
KOH(pUTrypamuii B mpeaeaax onTUuMaabHONU GyKTya-
LIMX OTHOPOIHO, TaK YTO MapaMeTpOB Bcero Tpu. Tak
KaK BBICOTY Oapbepa, KaK v BpeMsl 3aAepKKU, CUUTa-
10T 3aJaHHOH, 3TU MapaMeTpbl MOAUYMHEHbBI YCIOBUIO
E = un, — un, — FaN, HO B OCTAJIbHOM JBa U3 TPEX
MOXHO BBIOMpPATh MPOU3BOJLHO. 3agaueii sIBISIETCS
nouck GIyKTyalluii, BCTpevyaloluxcsl Haubosee 4acTo,
T.€. C MAKCUMAJIbHOM BEPOSTHOCTHIO.

BeposTHOCTb itykTyannu, cogepxalieii Ha JJIHe
[ = aN n, xoH(purypaunii aToMoB TMna AB u n, KOH-
(urypaumit Tuna BA ¢ ocTalbHBIMU KOH(GUTYPALUIMU
Tuna AA n BB, ectb

) N!
P=exp(S) = X
n!'n, (N —n —n,)!
Xle(1 = o)"™™fe? + (1 — )]V, (%)
rae S — sHTponusi. bynem uckarb GIyKTyaluio ¢ cooT-
HOILIEHUEM MapaMeTPOB, OTBEYAIOIINX MaKCUMAabHOM

KPUCTAJIJIOTPA®USA TomM 69 Ne5 2024

sHTponuu. DiyKryaunu, co3naiomue GOJBIINE Bpe-
MeHa 3a7epXeK, COIepKaT MHOTO aTOMOB, ITO3TOMY
BBIpaxKeHUe IS S MOXET OBITh 3aIMCAHO C MCITOIB30-
BaHUeM ¢opMyinbl CTUPIIMHTA:

S=5+S, (6)

S, = NInN/e — n|Inn,/e — n,lnn,/e —
— (N —n; —n)In[(N — n; — ny)/e],
S, = (n; + nyn[c(l — )] +
+ (N —n; — nyn[c* + (1 — ¢)?],
roe e = 2.71828... — ynucno Ditnepa.

VYureMm B BhIpaxkeHUU IJIS1 SHTPOMUM YCJIOBUE (HUK-
CUPOBAHHOCTU BBLICOTHI Oapbepa £ = un, — un, — FaN,
3aMeHI/IB TepeMeHHsbIe 1, = Ny, n, = NZ 1 UCKJIIOUNB

= [un, — un, — len(t/tl)]/Fa = (kT/u)In(#/1,)/(y — z—
— Fa/u). [Toygaem
= (kT/u)In(t/t,) F(y,2), 7
rae
Fy.2) =102 T L0,/ (v — 2 — Fa/u).  (8)
fi,2) = —ylny —zlnz — (1 —y — In(1 — y — 2),

LH,2) =@ +2)n[e(l —c)] +
+ (1 —y—2In[c*+ (1 — o).

MakcuMyM BHTPOIIMU COOTBETCTBYET MaKCUMYMY
dyskuum F(y,z) o y u z, onpenensieMomMy yCIOBUSIMU
BKCTPEMaIbHOCTU

dF(y.2) _ dF(n.2) _
dy dz

9
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W3 31X yclioBUii ITOJly4aeM COOTHOLIEHMS, (paKkTrde-
CKHU CBOASIINME CUCTEMY JBYX YPaBHEHHUI K OMHOMY C
OJTHUM HEU3BECTHBIM

=1-y+y/QZ} -
— OV Z)y/(4ZP) + 1 —y]'2,

Fa/u = [In(c(1 — ¢)) — (1/2)Iny — In{ Lv/(4ZOZ) +
+1 = y1'2 = (1/2)y"2/Z}1/1(1/2)Iny —
—In{ly/(4Z?) + 1 = y|'> = 1/2y'?/ Z}}],

e Z, = c(1 —¢)/[2 + (1 — ).

YucneHHoe (WaM rpaduyeckoe) pelieHrue ypan-
HeHus (11) gaeT onTuManbHOE 3HAUYEHUE MapaMeTpa
Y = Yopr» HOICTaHOBKA KOTOPOTO B (10) maer z,,, 3a-
BepIast TOMCK 3HAUYCHU TTapaMeTpOB ONTUMAaIbHOM
baykryanmu. BerauciaeHne BTOPBHIX MTPOU3BOIHBIX
F(y,z) no y u z, nokasplBarouiee, YTo HaliAEHHOE pelLle-
HUE JaeT NeMCTBUTETbHO MAKCUMYM SHTPOITUH, OITy-
CTUM BBUY IPOMO3IKOCTH IOTY4aeMbIX BbIpaXKEHUIA.

%aBI/ICI/IMOCTL NapaMeTPOB Yoy U Zop OT ABMXKY-
meit cuiabl U cpemHel KOHIIEHTpauu aTOMOB pac-
TBOpa WLIIOCTPUPYIOT puc. 3, 4. OTMETUM, 4YTO IIpU
W3MEHEHWM, HATIpUMeEp, IBUXKYIIEH CUIbI MEHSIOTCS
U KOHTPOJIMPYIOIIUE MOABUXKHOCTh KHHKOB (DIIYKTY-
allMy pacrnpenejeHrs aTOMOB pacTBOpa JaXe BHYTpU
OIHOTO M TOTO Xe MaTepuana. PopmMa bapbepa, co3-
JIaBaeMoOTO ONTUMAaIbHON (DIIyKTyalmeit, moka3aHa Ha
BCTaBKe K puc. 4.

3Hast yCTPOMCTBO KOHTPOJUPYIOIIETO NBUXKEHUE
KUHKOB TIPETSITCTBUSI, MOXHO OLIEHUTb U COOTBET-
CTBYIOIIUI eMy MpPea3KCIOHEeHIMAIbHBIN (akTop,
WCIIOJNIb3Y4 B sBHOM Bue popmyny Kpamepca [17] mist
BPEMEHU MPeoaoeHUs 6apbepa:

(10)

(1)

= J a,exp[—E(x)/kT]dx J.gMexp[E(x) /kT]dx- (12)

D
V.2 (a)
1.0
0.6} 2
3
0‘4_ \/—\4—j
021
2 el N
[ L ezIIIiiIIiiiiiion.,
OO = I-‘---sl__ I 3/ 4/‘ _I _-“"‘
00 02 04 06 08 1.0
C

INETYXOB

3nmech ., 1 Q); — OKPECTHOCTU MUHUMYMa X,,, I MaK-
CHUMyMa X,; MOTeHLMaja COOTBETCTBEHHO, [ — KO-
apunueHT nuddysuu kuHka. Ias quHeliHO Me-
HSOILIErocs MoTeHIanaa 6apbepa B Tpex 00JIacTsIX:
E(x) = [u(cy — cp) — Falx/a npu x < x, 1 x > xy,
[U(Vopt — Zop) — Falx/a nipu xy; > x > X, BBIYMCIICHUE
uHTerpanos B (12) nmaet

= 1,exp( Uy /KT),
kT )

(yopt - zopl)u/a - F .
C ucnons3oBanuem cootHomeHuii (10), (11) BeI-
paxeHus ns F(y,z) 1 SHTPONUU MPUBOIITCS K BUAY

Fy,z) = —Inly,/c(1 = 0)1/(1 — Fa/u),

S = (kKT/u)In(t/7)) F(y,2) =
= —IkT/(u — Fa)lInly,,/c(1 — o) lIn(#/1y).

Taxum 06pa3oM, BepOSITHOCTb OONBIIMX BPEMEH 3a-
JEPKKU Ha IyKTyalusix KOHIEHTpalM1 aTOMOB pac-
TBOpa yObIBaeT CTEIEHHbIM 00pa3oM:

P=exp(S) = (t/1))°
C ITOKa3aTecJIEM CTCIICHU

& = [kT/(u — Fa)]In[y,,/c(1 — c)].

(13)

I kT
Tae T, 25[ G

(14)

15)

(16)

I1pn masoit KoHIeHTpanuu pactBopa ¢ << 1 mpuomm-
JKeHHOe pelieHue ypaBHeHus (11) ectb

yopt ~1— CFa/(uf Fa). (17)
IMoxa3zarenpb cTeneHH 8 B 3TOM cIydae Majio OTINYaeT-
Csl OT MOJIyYalolerocsi B KOHTUHYyaJabHOM pacuete [33]
O = [kT/(u — Fa)]In(1/pa), 9TO eCTeCTBEHHO, TaK KaK
JHUCKPETHOCTh PEIIETKU MPU HU3KOM MJIOTHOCTU pac-

TBOpa P = ¢/a MaJloCyllIeCTBEHHA.

N/kT In(#/t))/u] (©)

1.0+ !

0.8 F

0.6

04r 3

W

0'00.0 0.‘2 0:4 0:6 0.‘8 110
C

Puc. 3. [TapameTps! onTuManbHO# (GIIyKTyalluu, Xapakrepusyouie yrcia KoHdurypauuii atomoB coptoB AB y = n,/N (crutom-
Hble KpuBbIe) U BA 7 = n,/N (LITpUXOBBIE KpUBbIE) (a), ISl 3HaUeHUi ABUXyLiel cunsl Fa/u: 0.1 (1, 1), 0.2 (2, 2), 0.3 (3, 3),
0.4 (4, 4). IloHOE ynciio KOHGUTypauuii B 6apbepe N B 3aBUCMMOCTH OT CPEIHEN KOHILIEHTPALIMU pacTBOpa MPU pasIUnIHBIX
3HAUYEHUSIX Oe3paszmepHoit aBuxKyieit cuwisl Fa/u: 0.1 (1), 0.2 (2), 0.3 (3), 0.4 (4), 0.5 (5).

KPUCTAJIJIOTPAOUA  tomM69 Ne5S 2024



AHOMAIJIBHOE YITPOUHEHMWE JABYXKOMIIOHEHTHBIX

Fa/u
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Puc. 4. 3aBucuMocTb OT ABUXKYILIEeH cuibl Fa/u mapaMeTpoB ONTUMAIbHOM (JYKTyallMu — KOHLUEHTpAILUi )
aTOMOB cOpTa A M Z aTOMOB copTa B BHYTpU (JIyKTyallud — NIPU CPEIHEN KOHLIEHTpAlUY aTOMOB pacTBopa A
B 00BbeMe Matepuaia (mrpuxosas auHus) ¢ = 0.2. Ha BctaBke — ¢opMa Gapbepa, CO31aBa€EMOro ONTUMAIbHOI

daykryamueid, npu ¢ = 0.3, Fa/u =0.1.

AHOMAJIBHAA KUHETUKA KMHKOB

BenmuunHa nmokasarteist cTereHH O MMeeT BaXKHOE
SHAYCHUC OJII KMHETUKHN KMHKOB, TaK KaK OIIPCaCIAa-

eT, OyIeT U cpenHee BpeMs 3afepXKu <7> = J.o P(r)dt

orpaHndyeHHbIM win HeT. CornacHo (15) Bkiag 601b-
X BpeMeH B cpeaHee BpeMs 3alepXkKu <f> =

= Io P(t)dr pmaet mpu 6 > 1 cxonsgmumiicst pe3ybTar,

TaK 9TO 3TO BPeMSI KOHEYHO U CYIIEeCTBYET yCPETHEH-
Hasl CKOPOCTb IBMXEeHMST KUHKOB. MHas cuTyanms
mpu & < 1, Korna u3-3a MeUIEHHOTO YOBIBAHUS BEPO-

ATHOCTU OOJIBIIUX 3aIEePXEK NHTErpal Jo P(0)dt pac-
XOJIUTCS Y CpeHEE BPeMsl HEOTpaHUUYEHHO BO3pacTaeT
C POCTOM [IJIMHbBI MPEOA0JIEBAEMOTO TUCIOKAIIMOHHO-
ro cerMeHTa. B 3TOM ciyyae TUIMMYHAs AJIMHA TPoOe-
ra KMHKa 3a BpeMsl f He MOXET MPEeBbIIIATh CPEAHETO
pacctosiHus x ~ 1/P(f) Mexny NpensTCTBUSIMU CO Bpe-
MEHEeM TIpeooJIeHrs mopsiaKa uiu 6osbiiem f. Cre-
JloBaTeNbHO, cornacHo (15) minHa rpobera pacTeT co
BpeMeHEM 10 CYOITMHETHOMY 3aKOHY:

x~B,(8<1). (18)

TakuMm obpazoM, Tipu & = 1 UMeeT MeCcTO CBoeobpas-
HbI (pa30BbIli Mepexo] ¢ M3MEHEHUEM XapaKTepa
KMHETUKY KUHKOB U JIMHEHHBIA B CpemHEM Apeiid

KPUCTAJIJIOT PAOU A Ne 5

TOM 69 2024

KWHKOB CMEHSETCS aHOMAJIbHBIM HEJIMHEMHBIM IpEii-
(oM. AHOMaJILHOCTb, B YACTHOCTH, MPOSIBJISIETCS B
TOM, UTO CKOPOCTh KWUHKOB HE MOXET ObITh OlIEHEHAa
auddepeHLmpoBaHueM cooTHoLIeHus (18), nMmeroie-
rO CTaTUCTUYECKYIO UHTeprnpeTaluio. KnuHeTnueckui
3akoH Tuna (18) u3BecTeH Takxe Kak ABUXKeHue B paze
KpuIia, Wiu reTeporeHHas fuHaMuka. bosee mojHO
CBOICTBA TAKOW KUHETUKU MOXHO MPENCTABUTH C MO-
moibio ¢yHkuMi Jlepu [20], onmuchIBaroIIX U cMe-
LIeHNE, U paclioji3aHue paclpeaeaecHus 3a1epXKeK co
BpEMEHEM JIBUKEHUSI.

Temneparypa nepexona 7,, onpenensgemasi yCJIOBU-
eM O = 1, cocraBisieT cornacHo (16) 7, = [(u — Fa)/k]
In[y,,/c(1 — ¢)]. PaHee myTeM HEMOCPENCTBEHHOTO
BBIYMCJICHHS OBLITO BBEIBEICHO YCIOBHE PACXOIUMOCTH
CpemHero BpeMeHM 3aep>KKH1, IPEICTaBIeHHOE COOT-
HoueHueM (4). EcTecTBeHHO 0XXMIATh, YTO MOJIY4YEH-
HO€ APYTUM CIIOCOOOM 1 MMEIoIlee IPYroi BUM YCIO-
e & = 1 wmu T =T, = [(u — Fa)/k]In[y,,/c(1 — ¢)]
TOJIKHO COBITANATh C IMPEXKHUM, YTO M IEMOHCTPUPYIOT
Ha puC. 2 KpYyXKH, HAJTOXEHHbIE Ha CTUIOLTHYIO JIMHUIO
(mokazaH OOMH CJly4yait, YTOObI HE 3arpOMOXKIATh pU-
CYHOK). Takoe COOTBETCTBHE MOXET TAKKE CBUICTEIIb-
CcTBOBaTh 00 3(p(HEeKTUBHOCTU METOAA OITUMAILHOMN
aykryauuu.

PucyHoK 5 WIIIOCTpUPYET 3aBUCUMOCTb KPUTH-
YeCKOM IBMKYIIEH CUIIBI, IIPEACTaBISIOIIe co00it
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Puc. 5. 3aBUCUMOCTH TOPOTOBOI ABUXKYIIEH CUITBI OT CpeqHEeN KOHIIEHTpaluu aToMoB pactBopa tipu 77 (1) u 293 K (2)
(B 6e3pasMepHbIX enuHuIaX Fa/u v kT/u cooTBeTCTBeHHO). Ha BcTaBKe MUIsl KAYeCTBEHHOTO CpaBHEHMSI TTOKa3aHo nedop-
Mupytollee HanpsikeHue TBepaoro pactBopa KCl—KBr npu tex xe Temreparypax 1o AaHHbIM [4].

rpaHully nepexoga K aHOMaJIbHOI KUHETHKE, OT Cpel-
Hel KOHIeHTpalluy aTOMOB pacTBOpa IpU pasinya-
ommxcs B 2 pa3a temneparypax T = u/k (BepxHsis
kpuBas) u T = 2u/k (HuxHss KpuBasi). Ha BcTaBke
JUTS KAYECTBEHHOI0 CPaBHEHUWS NMPUBEAEH MPUMEDP
5KCIIEPUMEHTAIbHBIX 3aBUCUMOCTEN edopMupyio-
mero HanpspkeHus: TBepaoro pactsopa KCl—KBr ipu
77 n 293 K o naHHbIM [4]. Bbicokasi cMMMeTpHsI 9KC-
MEePUMEHTAJIbHBIX KPUBBIX CBUIETEJIbCTBYET O 0J1130-
CTU MaTepUAJIbHBIX NTapaMETPOB KOMIIOHEHTOB TBEP-
noro pactBopa KCI n KBr, yTo, nmpeamnojoxXuTenabHo,
JIeJIaeT ero MOAXOASIIUM OOBEKTOM M1l IPUMEHEHUS
n3naraeMoii Teopun. KonmmuectBeHHOI Mepoii O~
30CTU MaTepHUaJibHbIX ITapaMeTPOB MOXET CIYKUTb,
HampuMep, OTHOCHUTEbHAsI Pa3HOCTb HaNPSIKeHUI
[Maitepnca (op = 29.8 MIla B KCI u 29.4 MIla B KBr
[34]), paBHas ~0.0135, 4yTo ymOBIETBOPSIET TPEOYEMbIM
YCJIOBUSIM.

3AKJIIIOYEHHUE

B sxcrniepyuMeHTaIbHBIX JAHHBIX O0palaeT Ha ceos
BHUMaHNe CWJIBHOE pa3jandue nmapamMeTpoB, xapaK-
TePU3YIOIINX MEeXaHMYeCKNe CBOiCTBAa MaTepuaja B
TBEPIOM PacTBOpEe U B clydae OMHOKOMIIOHEHTHBIX
cOCTaBISOIIMX. MHOTHE TTapaMeTPhbl COCTABHOTO Ma-
Tepuaja, HalpuMep IMOCTOSHHYIO PeIleTKA, MOXHO

MOJIYYUThb JUHEHHOU MHTEPHIOIILUNEHA MEXIY OTHO-
KOMITOHEHTHBIMU MaTepuaniaMu. B To xxe BpeMs mexa-
HUYECKHE XapaKTEPUCTUKU UMEIOT SIPKO BBIPAXKEHHYIO
KOJIOKOJIOOOpa3HYI0 KOHIEHTPALlMOHHYIO 3aBUCHU-
MOCTb. Tak, IpoYyHOCTh M0 Bukkepcy MHOTMX MeTal-
mmyeckux O K-cniaBoB mpu CpaBHUMBIX 3HAYEHUSIX
KOHILIEHTpalMii KOMIIOHEHTOB B pa3bl IIPEBOCXOAUT
MPOYHOCTh OJJHOKOMIIOHEHTHBIX MaTepuagoB. AHa-
JIOTUYHO BeneT cebs aedopMupyiolliee HalpskKeHHE B
LIEJIOYHO-TaJIOUIHBIX KpucTajuiax (puc. 4, BCTaBKa).
WckimoueHure, no JaHHBIM [4], cocTaBisieT HeOOIb-
1masi 00J1acTh KOHLEeHTpauuii pu temreparype 4.2 K,
rIe HaOMogaeTcsl TEHASHIIUS K pa3ylpOYHEHUIO pac-
TBOpa, 0OycJIOBJIeHHAsI BIUSHUEM (DIIyKTyallnii pac-
npeneaeHus: KOMIIOHEHTOB pacTBOpa Ha 3apOXIeHUe
KUHKOB [15]. KauecTBeHHO pa3inyue CTaTUYEeCKUX
CBOICTB TBEPABIX PACTBOPOB, OMNpenelsieMbIX IUHA-
MUKOU OUCIOKALINI U KHUHKOB, OOBSICHEHO B HACTOSI-
1Ieit paboTe MyTeM pacueTa rpaHULIbl CYIIECTBOBAHUS
JIMHETHOTO npeiipa KWHKOB, UMEIOILIE KOJIOKOJI0-
0o0pa3Hylo0 3aBUCUMOCTb OT cocTaBa. PacxomumocTh
CpedHeTro BpeMeHHU IIpeomoieHUsI KWHKaMU Oapbe-
POB Xa0THUUYECKOTro MOTEHIIMAIbLHOTO pefibeda, Mpu-
BOJSIIIETO K OOpallleHUIO B HYJIb CKOPOCTU KMHKOB,
Ha3bIBa€MOMY TakKKe KBa3MJIOKalM3alKUeil, BBI3BAaHO
TeM OOCTOSITEIbCTBOM, YTO B JMHAMUYECKOM CJIydae
BaXKHBI HE CpEIHME XapaKTEPUCTUKHN KOMITO3UIIUIA, a
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BKCTpeMayibHbIe (hIYKTYallMM pacIipeaeaeHrs aTOMOB
pacTBopa, co3aarwliue TPYAHOIIPEOoI0JuMble Oapbe-
pPBl. DTO COOTBETCTBYET TOMY, UTO BEPOSATHOCTb P(T)
OOJIBIINX BPEMEH 3aiepKeK T Ha TAKUX MPENSITCTBU -
AX yObIBaeT MeuieHHee, yeM 1/1°, § < 1, u unTerpan,

JalolInii cpenHee BpeMs 3alepXkKu <1> = J‘ P(t)dr,
pacxomutcs. J1JIs TaKUX MEIJICHHO y6bIBaIOH_[I/IOX acuM-
NTOTUK BEPOSITHOCTY OOJIbIINX 3HAYEHUM CIy4aliHbIX
BeauuuH P(t) ~ 1/1%, urparoimux BaxHylo posib B pas-
JIMYHBIX TPUJIOKEHUSIX TEOPUU BEPOSITHOCTH, Cylle-
CTBYET CHELIMAIbHBINA TEPMUH “TsKenbie XBOCThI” [35].

[IpoBeneHHBIN B HacTOsIIEH paboTe pacyeT KMHE-
TUKU KMHKOB B HEYNOPSITIOYEHHOM JIBYXKOMIIOHEHT-
HOM KpHUCTajle KaYeCTBEHHO MPOUJTIOCTPUPOBaA
BO3MOXHYIO IPUYUHY CUJIBHOTO YIIPOYHEHUSI MHOTO-
KOMITOHEHTHBIX TBEPIBIX PACTBOPOB, 3aKITIOUAOIIIYIO-
Cs B OIpeAesIonieit poJin 9KCTpeMaabHbIX (BIYKTY-
alnii B pacupenejeHu aTOMOB pacTBopa. Beicokum
3HAUEHUSIM CUJIOBBIX TTApaMETPOB B 00JIACTU CpaBHU-
MBIX KOHIICHTPAIIM KOMITOHEHTOB HEYIOPSIOYEH -
HBIX PACTBOPOB COOTBETCTBYET CJILHOE CMEILIMBAHUE
aTOMOB Pa3JIMYHBIX TUIIOB, HAO/II0HaeMoOe B OMHAPHBIX
KpHcTauiax. 9TO MOAEIMpPYET MOBBIIIEHHBIC 3HAYEHUS
SHTPONHNU, ellle OOJBIITNEe B MHOTOKOMITOHEHTHBIX
cIiaBax, 4TO M Jajio Ha3BaHMeE 3TOMY KJaccy maTe-
pHaioB KaK BRICOKOSHTPOIMITHBIX MaTepraaoB. Bos-
MOXHO, CTOUT OTMETUTh, YTO HEKOTOpasi KOPPEJISILIUS
B PacmoJOXeHUU aTOMOB pacTBOpa, MOHMKAIOIIAS
9HTPOIIUIO TT0 CPABHEHMUIO C TTOJTHOCThIO XaOTUUECKHUM
pacnpeneieHueM, HO TIOBbIIIaoIas TEHAEHIIUIO K 00-
pPa30BaHUIO CKOIJIEHUI, MOXET YCUIUBATh TOPMOXe-
HMe KMHKOB [28] 1 TeM caMbIM CITOCOOCTBOBAaTh 00JIb-
1IeMy YIpoYyHEeHMIO MaTepuaa.

Takum ob6pa3zoM, BCIENCTBUE ABYXKOMIIOHEHTHO-
CTU B HEYITOPSIOYESHHBIX OMHAPHBIX KPHUCTAIIAX pe-
aqu3yeTcsl CJIOXHBIN 3HepreTudecKuit peabed mis
HocHuTeleil TIacTuIeckoro tedeHus. OIyKTyalunu
pacrnpeneieHuss aTOMOB B XaOTUYECKOM PacTBOpE
KOMIIOHEHTOB CO3[AaI0T IIMPOKUI CIIEKTP 6aphepoB
JJIS1 IBUKEHUSI KWHKOB U auciokanuii. I1pu ycioBu-
SIX, UBYYEHHBIX B pabOTe, 3TO IBIKEHUE OTIPENelIsIeTCs
9KCTpeMajibHO CUJIbHBIMU OapbepaMu U NpuoodpeTaeT
aHOMaJIbHBIN XxapakTep. COOTBETCTBYIOIIEE 3aMe-
JIeHUE TIJIaCTUYECKOTO TeUeHUS SIBJISIETCS MPUUYMHOMN
YIPOYHEHUS ABYXKOMITOHEHTHBIX KPUCTAJIJIOB I10
CPaBHEHUIO C OMHOKOMIIOHEHTHBIMMU.

PaboTa BbINOJIHEHA B paMKaX rocyaapCTBEHHOTO
3aganust HULL “KypuyaToBcKuit MHCTUTYT”.
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ANOMALOUS HARDENING OF TWO-COMPONENT
DISORDERED CRYSTALS
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Abstract. The nature of increasing the strength of disordered two-component solid solutions in comparison
with materials consisting of atoms of one component is studied. For this purpose, the contribution of
extreme fluctuations in the distribution of solution atoms, which create obstacles for the movement of
dislocation kinks, is calculated. It is shown that a slow - power - decrease in the probability of large delays
on such obstacles leads to anomalous kinetics of kinks. It is accompanied by a slowdown in the movement
of dislocations. This may be the reason for the hardening of the material.
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