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OU3UKA TBEPOOIO TEJA
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MOJEJIMPOBAHME JJU®®Y3UOHHBLIX CBOMCTB TOUEUHBIX
JEOEKTOB U UX TEMIIEPATYPHOU 3ABUCUMOCTH JIJIAA OLK
N THK CTPYKTVYP

“Banukosa U.B.

MUDU (2ocyoapcmeennwiii ynusepcumem), Mockea, Poccus

PaboTa nocesmieHa nzydeHuto AM(pPpy3nOHHBIX XapaKTEPUCTHK TOYEUHBIX 1€()EKTOB B Me-
TaJJIaX, B YACTHOCTH — XapaKTEPHUCTHUK, ONMMCHIBAIONINX BIMSHUE AABICHHUS Ha TPOIecc Tud-
¢y3un. PazpaboraHa HOBas MOJieNb, MO3BOJIAIONIAS CAMOCOTIACOBAaHHBIM 00pa3oM paccuu-
TaTh aTOMAapHYIO0 CTPYKTYPY B OKPECTHOCTH Je(eKTa U KOHCTAHTHI, OMPECIIAIONINE CMEIlle-
HUS aTOMOB B YIIPYTOH Cpelie, OKPY KAIOIIEH PACUETHYIO AUEHKY .

B nameii mogenu [1] cmemnienus Bcex aTOMOB B yHPYTOM Cpese CBOJATCS K PEIICHUSM
YPaBHEHHs CTaTUYECKON U30TPOIHOM YIIPYTOCTH, UMEIOIIIUM BHI:

4 4 4
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u1=C1'r/r3, u2=C2V Ls #—— , (1)
r p 5

re r =4x’ +y’ +z° - paccrosiaue 1o aedekra, C;, C, — KOHCTAHTHI.

B cooTBeTcTBUM C M3BECTHBIMH U3 TEPMOJUHAMHUKHU BBIPAXKCHHUSIMH, MOJHbIE 00BEMBI 00-
pa3zoBaHUsl ¥ MHTpAuU JedexTa onpenensiercs Kak cymMMa IByX 4dacteid. IlepBast yacTh cBsI-
3aHa C BIMSHUEM JaBJICHUS Ha SHEPTHUIO CUCTEMBI [ 1], a BTopas — ¢ u3MeHEHHEM 00beMa CHC-
TEMBbI, CBS3aHHOTO C BBIXOJIOM aToMa Ha MOBEPXHOCTh MPU 0OPa30BAHWU BAKAHCUU, U C pe-
JaKcanueil aToMapHO CTPYKTYpbl B OKPECTHOCTH JedeKTa M MepecKaKWBAIOIIEro aToMa B
CEJIOBOM MO3ULMHU. bBOJIBIIMHCTBO aBTOPOB HE MPUHUMAIOT B PacyeT MEpPBOE ClIaraeMoe.
OpHako HaIIM pe3ybTaThl MOKa3bIBaIOT [1], 4TO 3TO ciiaraemoe B 00beMe 00pa30BaHUS Clie-
NyeT YYUTHIBATh, T.K. OHO CPAaBHUMO T10 BEJIMYHUHE C OOBEMOM peJlaKCalluu.

[Ipu MozmenupoBaHMM MUTPALMU B HAILLlEd MOJENIM YYUTHIBAETCS, YTO CKAYOK aTroMa B Ba-
KaHCHIO ITPOUCXOUT 32 BPEMsI CPAaBHUMOE CO CPEAHUM IEPHOJIOM KOJeOaHU aTOMOB B y3/1ax
KPUCTAJUIMYECKOM PEIIETKH M, CIIE0BATEIbHO, TOJBKO aTOMbI NEPBBIX KOOPAMHALIMOHHBIX
cdep, OKpy’Kalolue MEePecKaKUBAIOUINI aToM, YCIIEBAalOT CMECTUTHCS 3aMETHBIM 00pa3oM.
T.e. 3a BpeMs ckauka M3MEHEHUs o0beMa KpHCTalula Kak IeJoro He mpousoiaer. s toro
9TOOBI YUeCTh ATOT 3P (PEKT, IpH NMepeMEeNICHHH aTOMa B BAKAHCHIO HA KaXKJIOM IIIare MmpoBoO-
JUJIach perakcalys TOJBKO TE€X aTOMOB, KOTOPbIE HAXOASTCS HA PACCTOSHUM MEHbIIE S5-TH
napamMeTpoB penieTKy oT JaedexTa. ITa BeIMYMHA BhIOpaHa (5 mapaMeTpoB PEIIeTKH) Ha OC-
HOBaHHUM pe3yibTatoB MJ] monenupoBanus. Toraa Bkiaaa B 00beM Murpanuu aedexra oyner
JIaBaTh TOJIBKO CJIAraeMoe, CBS3aHHOE C 3aBUCHMOCTBIO SHEPTHH CUCTEMBI OT I1aBJICHHUS.

C ucronb30BaHWEM IMAPHBIX U MHOTOYACTHYHBIX IMOTEHLIHAJIOB MPOBEIECHO MOJEIUPOBaA-
HUE aTOMApHOW CTPYKTYpPhl U PacCUMTAHBI SHEPTHHU M 00BEMBI OOPA30BAHMS TOUYCHHBIX JIE-
dextoB st paznuuabix OLIK m I'IIK metamnos. [lomydeHHbIE pe3yibTaThl MOATBEPKIAIOT
YCTOMYMBYIO CXOAMMOCTb UTEPALMOHHON IPOLELYPHI, CBA3aHHOU C IOCJIEN0BATEIBHON OIl-

ko
Jlokmaa oTMEUeH KIOPH KaK OJUH U3 JYUITUX Ha IMOJCEKITHH.
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TUMH3aIMeld aTOMapHOH CTPYKTYpPBI B OKPECTHOCTH JIe()eKTa U MapaMeTpoOB, ONPEICIISIOIINX
CMEIICHUS aTOMOB B YIIPYTOM cpejie.

[IpoBeneHo MozenupoBaHUE TpoLEcca MEPEecKOKa aToMa B BAaKAHCHIO U TIOJNyYEHBI COOT-
BCTCTBYIOIIUC MOTCHUIMUAIBHBIC peJ'II)e(bBI, YTO MO3BOJIMJIIO paCCUUTATb BbBICOTLI 6ap1)epOB, OII-
penensromux AupPy3uro B 3TUX CUCTEMAaX.

Janee B paboTe pemraeTcs 3a1a4a 0 TEMIIEPAaTypHOH 3aBUCUMOCTH CTPYKTYpHI U auddy3u-
OHHBIX XapaKTEPUCTUK IE(PEKTOB, B YACTHOCTH, ONPEACISIOMNX BIUSIHAC JaBICHUS HA TH(]-
¢y3uro. OCHOBBIBAasCh Ha pe3yJIbTaTax MOJICIUPOBAHUS ATOMApHOW CTPYKTYPHI MPHU HYJIE
TEMIIEPaTyp U UCIIONIb3ys N3BECTHBIC U3 IKCIIEPUMEHTA KOA(P(PHUIIUCHTHI IMHEHHOTO TepMHYE-
CKOTO PAaCIIUPEHHs o, NMPOU3BOAWICS pacyeT HOBOTO B3aMMHOTO PACIIOJIOKCHHS aTOMOB
(aTromMapHOW CTPYKTYpHI B OKPECTHOCTH JIe()eKTa M NMEPECKAKMBAIOIIEr0 aToMa B CEIIOBOM
MO3UIMH) [IPU Pa3INYHbIX TEMIEpATypax:

(crx) (D= (xi-x)(0) (1+aT), 2

a TaKXe OINpeAeNsieMbIX 3TOW CTPYKTYpPOU XapaKTEpUCTHK (3HEpruil o0pa3oBaHUs, 0ObEMOB
0o0pa3oBaHUs U MUTPALIUU U BBICOT OaprepoB) (Puc. 1, 2).
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Puc.1. 3aBucumocTb BEICOT OapbepoB OT TEMIEPATYPhI
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Puc.2. 3aBucHMOCTH 0OBEMOB MUTPAITAN OT TEMITCPATYPBI
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(Fe-I — morenuman /Jxxoncona, Fe-II, Cu — MHOro4acTU4HbBIC MMOTEHIMANBI DKiIanaa, Mo, W, V — MHO-
royacTu4Hble oTeHnuansl Jepiera, Ni — motennuan Gapkar)

Kak Bumno u3 Puc. 1, BBICOTBI MOTEHIMATIBHBIX OaphepOB BO3PACTAIOT C YBEJIMYECHUEM
temneparypsl B OLIK metamnax u yosiBator — B ['IIK meTtannax. B unrepBane remnepatyp ot
1/2 T" no T", rue 00bIYHO U peanusyeTcs oobeMHas 1udy3us, TeMIeparypHas 3aBUCHMOCTh
BBICOT MOTEHLIUATIBHBIX OaphepoB Onm3ka k muHeitHon Q = Qy+AT. Takum o6pa3om, SHEPTUN
MUTpalUH, TOJy4yaeMble B HKCIIEPUMEHTE, HE JTOJKHBI 3aBUCETh OT TEMIIEPATyphl, a B Ipe-
JPKCTIOHEHLIUAJIbBHOM MHOXUTEJNE JOMOJIHUTENbHBIA COMHOXKHUTEIb, SKCIIOHEHIIMAJIBHO 3aBU-
csmuit ot mapamerpa A: exp(-A/k). Ilpu atom A — orpunarenen st ['IIK 1 nonoxurenen as
OILIK MeTtaiuios.

O6bembl Murpanuu nonoxurensHel B 'K n orpunarensusl B OLIK meTannax Bo Bcem
TEMIIEpaTypPHOM UHTEPBAJIE.

E-mail: avn46@mail.ru
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CIIOCOB U3T'OTOBJIEHUA U3 METAJIUDIMYECKUX
NKOCADJIPUYECKNX YACTUIL] HAHO- U MUKPOKOHTEMHEPOB

Baacenkosa E.1O., JToporos M.B., L{p10yckuna 1.1.

Tonvammunckuil 2ocyoapcmeentulil yHugepcumem, Tonvammu, Poccus

3a mocneHue rojibl ObIJI0 METO/IOM 3JIEKTPOOCAKICHHUS METajlla MOJy4YeHO U UCCIie-
JIOBaHO IIMPOKOE MHOTOOOpa3ue MEeHTaroHadbHBIX KpuctamioB [1]. MccinenoBanue meHraro-
HAJIBbHBIX KPUCTAJJIOB UKOCA3IpHUUECKON cuMMeTpuH (puc. 1 a) mokasano, 4To B IIEHTpE MEH-
TaroHAJTBHBIX KPUCTAIUIOB COACPKUTCS YacTUYHAS AUCKIMHANUA. Takas CTpyKTypa obrmamgaer
OOJIBIIION yIPYroW sHEprue oOyCIOBICHHOW MabHOACHCTBYIOMIEM TOJEM JIUCKIMHAIUH,
CO3/IA0IIEM HAIPSHKCHHE COKATHS B IICHTPE U PACTATUBAIOIINE HANpPsHKCHHUS Ha nepudepuun
qacTUlHI [2].

[Tpu HanM4YMK U30BITOYHBIX BAaKaHCUI U BHICOKOW AU(QPY3MOHHOI aKTHBHOCTH, I10JIE
JUCKJIMHALIMK CIOCOOCTBYET POCTY MOJIOCTH B yactuue. HeoOxoaumble JUist 3TOrO yCIOBHSL:
BBICOKAsi HEpaBHOBECHAs] KOHLIEHTPAIMs BaKaHCUN 00pa3yeTcs yXKe MpH MOJyYeHUH YacTHUIL
METOAOM 3JIEKTPOKPUCTAIUIM3ALMN METalla MM MOCJIEIyIOIUM HarpeBOM; HarpeB TakK e
NOBBIIACT TUPPY3HOHHYIO aKTUBHOCTD.

Ota uzes MoJ0KEHa B OCHOBY CO3/1aHUSI KOHTEHHEPOB M3 METHArOHaJbHBIX YACTHIL.
[IpennoxxenHslit HaMu croco0 (B HacTosIIee BpeMs MATEHTYETCs) 3aKJII0YaeTCsl B CIeAyIo-
IIeM:

1. MeToaoM 3JEKTPOKPUCTAILIM3AIMN MeTajla MOIy4aloT MEeHTaroHaJlbHbIE HKOCO3pUYe-
CKHE YacTUllbl. BHYTpH HMX M3-3a HaIMYMs AUCKIMHALMYU U N30BITOYHBIX BakaHCUH (op-
MUpYETCs pbIXjas CTpykTypa (puc. 1 a).

2. IlpoBomar TepMo0oOpaOOTKY MOJTYYEHHBIX YacTHULl IPU TEMIEpaType M IJIUTEIbHOCTH,
o0ecrieynBaromuX 0Opa3zoBaHMUE MOJOCTH. Bo Bpems TepMooOpabOTKM yYacTHLa TEpseT
orpanky (puc. 1 6), Ha pa3pe3e KpuCTa/la YeTKO BHUIHO TOJIOCTh, OKPY>KCHHYIO TOHKOM
obomnoukoif. IIpn HeoOXoAUMBIX ycnoBHAX (opMmupyeTrcs ToHKas obonouka (puc. 1 B),
menee 100 HM, IO OTIpeICTICHUIO TaKasl YacTHUIIA SBJISETCS HAHOOOBEKTOM.
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Puc. 1. a — meTamndeckas HUKOCa3ApHUYECKasd 4acTUlla MOCJIC OCAKACHUA, 60— qacTula I1mmocJe oT-
JKura, B — JacTtuna C BHyTpeHHCﬁ IIOJIOCTBIO, pa3pe3aHH017I C IIOMOIIbI0 HOHHOH IMyHIKHU

Takum 00pa3oM, M3 NMEHTAaroOHAJbHONM MMKPOUYACTHIBI MOJYYalOTCsl MUKPO- M HAHO-
KOoHTelHephl. [TomyueHHbIe KOHTEHHEPHI MOYKHO MCTIOIB30BATh ISl XPAHEHUS U JIOCTABKH Jie-
KapCTB, PaJOaKTUBHBIX BELIECTB U T.1.

Pabora BemonHEeHA TIpH Tomnepkke rpaHTa P-opu Ne 08-02-99034, mom pykoBo-
JCTBOM 1I.(-M.H., mpodeccopa A.A. Bukapuyxa.

e—mail: Vlasencova E@tltsu.ru
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MOJIEJIMPOBAHWE N3MEHEHWS ATOMAPHOM CTPYKTYPHI B
OKPECTHOCTH JJE®EKTOB 1 UX CBOMCTB C TEMIIEPATYPOI

Bamukosa U.B., 'epmanoB A.b., Emenssaaosa M.B., Pemeraukosa E.B.

MUDHU (2ocyoapcmesennviti ynusepcumem), Mockea, Poccus

MHorue cBOHCTBa METAJIOB OMPEACIISIOTCS XapaKTEPUCTUKAMU TOYCUHBIX JICPEKTOB,
KOTOpPBIE B CBOIO OYEPE/Ib 3aBUCIT OT aTOMApHON CTPYKTYpbl. MI3MeHeHHne 3TOH CTPYKTYpPhI C
TEMIEPATYPO MO3BOJSET U3YUYUTh METOJ] MOJICKYJSIpHON nuHaMuku. Llenbro 3Toit paboTsl
ABIISIETCS U3yUEHHE TEMIepaTypHOIl 3aBUCHMOCTH aTOMapHON CTPYKTYPBI B OKPECTHOCTH JIe-
¢dexToB u T PY3NOHHBIX XaPAKTEPUCTUK ITHX J1e(HEKTOB METOAAMH KOMITBIOTEPHOT'O MO/Ie-
JUPOBAHUSL.

B mepBoit wactu paboOThl METOAOM MOJICKYJISIPHON CTAaTHKU U3Yy4allUCh OCOOCHHOCTH
aTOMapHOU CTPYKTYpbl, 00YCIIOBIIEHHBIE HAJTMUYHUEM TOTO UM HMHOTO TOYEYHOro Aedekra. J{is
9TOro pa3zpaboTaHa HOBas MOJEIb, TO3BOJISAIONIAs CAMOCOTTIACOBAHHBIM 00pa30M PacCUUTaTh
aTOMapHYIO CTPYKTYpy B OKPECTHOCTH Je(eKTa M KOHCTAHTHI, ONPEIENISIONINE CMEUICHHS
aTOMOB B YIIPYTOH cpefie, OKpY Kalollle pacueTHylo suerky. [Ipu 3ToM npeamnonaraercs, 4yTo
CMEIIEHHs BCEX aTOMOB B YIPYIOWl Cpelie ONUCHIBAIOTCS PEUICHUSIMH YPaBHEHMs CTaTH4e-
CKOHM M30TPONHON TeOpUel yIpyrocTH, IMEIOIIUM CPEepUIECKYI0 U KyOHUECKYI0 CUMMETPHIO

[1]:

u=Cyr/v’ (H
4 4 4
u=Cyv| L Xty = 3 )
r r4 5
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re r =4/x’ +y’ +z° - paccrosiaue 1o aedekra, C;, C, — KOHCTAHTHI.

B cooTBeTcTBMM C M3BECTHBIMH M3 TEPMOJIMHAMHUKH BBIpaKEHUSIMH, 00beM 00pa3oBa-
HAs TepeKTa ONpeIenseTcs Kak CyMMa JIBYX 9acTeil: mepsasi 4acTh V'g CBs3aHA ¢ BIHSHHCM
JIBJICHHS Ha YHEPruio cuctemsl [1], a BTopas V' — ¢ H3MeHEeHHEM 06BeMa CHCTEMBI, CBSI3aH-
HOT'O C BBIXOJIOM aTOMa Ha MOBEPXHOCTh IIPU 00pa30BaHUM BaKaHCHUHU, U C pelaKcaluei ato-
MapHOW CTPYKTYphl. BOJIBIIMHCTBO aBTOPOB HE MPUHUMAIOT B pacyeT neppoe ciaraemoe. Of-
HAKO HAIllA Pe3yJbTaThl MOKa3bIBAIOT [1], 4TO 3TO cnaraemoe B 00beMe 00Opa30BaHUsI CIEIYET
YUUTBIBATh, T.K. OHO CPABHHUMO I10 BEJTMUMHE ¢ 00BEMOM penakcaluu. B pamkax 3Toil Moaenu
orpeziesieHa aTOMapHasi CTpyKTypa B okpecTHOcTH BakaHcuu s psjpa OLK u 'K metan-
JIOB U paccuuTanbl 00beMbl Vg, V', sz IIpU HyJIe TeMIIeparyp.

Bo BTOpOIi yacTu paboThI pemaeTcs 3ajaya 0 TEMIEPaTypHOU 3aBUCUMOCTHU CTPYKTY-
pBl U XapaKTEPUCTUK J1e(PEKTOB C MCIIOJIb30BAaHUEM PE3yJIbTaTOB, MIOJIyYEHHBIX B IIEPBO yac-
TU. [[71s1 3TOrO ¢ MOMOIIBIO METOAA MOJIEKYJISIPHON TMHAMUKU CHaydajga MOJAEIUPOBAIOCh U3-
MEHEHHUE MapaMeTpa UAealbHON peleTKH ¢ TEMIIEPAaTypoil, a 3aTeM MU3MEHEHUE PacCTOSIHUN
MEXIy AeQEeKTOM M aTOMaMH TEpBOM M BTOPOH KOOPAMHAIMOHHBIX cdep. I[Ipm sTom cooT-
BETCTBYIOLIME PACCTOSHUS OINPENENINCh KaK pa3HOCTh YCPEIHEHHBIX IO BPEMEHU KOODPIU-
HaT aTOMOB. B pe3yibTare monyyeHa 3aBUCUMOCTbh OTHOIIEHUN PAacCTOSHUN Mexay Jedek-
TOM U aTOMaMH NEPBOIl U BTOPOH KOOPIAMHAMOHHBIX chep K mapaMeTpy pelieTKu OT TeMIe-
patypsl (puc. 1). Ha ocHOBaHMM 3THX JaHHBIX MOYKHO CJlie€JaTh BBIBOJ O TOM, YTO Moj00UE
aTOMapHOM CTPYKTYpbl B OKPECTHOCTH Je(heKTa COXpaHsAeTCsl C U3MEHEHHUEM TeMIlepaTyphbl,
T.€. BCE PAaCCTOSHUS MEX]ly aTOMaMHU CUCTEMbI U3MEHSIOTCS IPONOPLUOHATIBHO:

(xi-xj)(T)= (xi-x;)(0) (1+a*T), 3)

r7ie o — TUHEWHBIA K03(pPHUIMEHT TEPMUIECKOTO paCIIUPEHUSI.

Jlanee, OCHOBBIBAsICh HA pe3yJIbTaTaX MOJECIUPOBAHUS aTOMAPHON CTPYKTYpBbI, MOTY-
YCHHBIX Ha MEPBOM 3Tare, ¢ UCHOIb30BaHUuEM (hopmydsl (3) IPOU3BOAMICS pacdeT HOBOTO
B3aMMHOTO PACIOJIOKEHHUS aTOMOB (ATOMapHOM CTPYKTYpHI B OKPECTHOCTH nedexra) U KOH-
ctanTbl C| IpU Pa3IUYHBIX TEMIIEpaTypax, a TaKxKe Ve Via v y . JlaHHBIE pacyeTOB MpeE-
cTaBiieHbl Ha Puc. 2.

0:2 I o N N A O O A O I
16 | i 1 1 i |

r2/a 0,1

1,4 :

1,2

1 -« rl/a

m -
"‘;_- A a A

0,8

0,6

0,4

0,2
0 100 200 300 400 500 0 0,2 0,4 0,6 0,8 1

T.K T/m

Puc.1. 3aBHCHMOCTH OTHONICHHS paccTostHMit oT  Puc.2. 3aBucumocts Vg ot Temmepatypsr (Fe-I —

BAKaHCHM 10 aTOMOB IMEPBOM M BTOPOM KoopAu- mnorteHuuan [xoHcona, Fe-II — MHOrouacTU4HBIN

HAI[MOHHOW c(ep K mapamMeTpy pelreTkd OT TeM- MOTEeHIWan JKiIaHaa, W — MHOTOYAaCTUYHBIA 110-

mepaTypsl ternuan Jlepaera, Ni — morenmman ®apkam, Cu
— MHOTOYACTHYHBIN MOTEHITHAT DKIaHIA)
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U3 Puc. 2 cemyer, 4To BemmumHa V'g CyIECTBEHHO 3aBHCHT OT TeMIepaTypsl. B To
BpeMsi KaK I10 BBILICTIPHBEICHHBIM cooOpakernsM V' oT Temmeparyps He 3aBucut. Creoa-
TEJIbHO, TeMIIepaTypHas 3aBHCHUMOCTh 00beMa 00pa30BaHMs BAaKaHCHM OIpPENENSIeTCs 3aBU-
cuMocThio V', BKiaj KOTOpOT0, KaK y»e 0TMEYaJIoCh, B OOJIBIIMHCTBE pa0OT HE YUUTHIBACT-
csl.

E-mail: avn46(@mail.ru
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POJIb BY®EPHOI'O TIOPMCTOT'O CJIOSI M JIETIPOBAHUS
JIMCTIPO3UEM B TETEPOCTPYKTYPAX GAINP:DY/POR-
GAAS/GAAS(100)

I'noros A.B., Jomamesckas J.I1., Cepeaun I1.B.

Boponesicckuii I'ocyoapcmeennsiii Yuueepcumem, 2. Boponeoic, Poccus

MHTepec K TeTepocTPyKTypaM Ha MOTyNpoBOAHHKOBBIX Matepuanax A''B" o6ycios-
JICH MX MUCIOJIb30BaHUEM IIPH MPOU3BOICTBE MOIIHBIX CBETOM3IYUYAIONUX YCTPOUCTB. Kpome
TOT0, TaK KaK peIKO3eMeNbHbIE JIEMEHThl 00JIaJal0T CHJIBHBIMU MarHUTHBIMH CBOWCTBAaMU,
BBEJICHUE UX B MOJYIIPOBOIHHUKH, a TAK)KE MOIYIPOBOJTHUKOBEIE TBEP/IbIC PACTBOPHI HA OCHO-
se A'BY Moser BHECTH HOBBIE CTeneHH CBOOOJIBI B MaTEpHaJI 32 CUET B3aMMOJICHCTBHS CBO-
0OJTHBIX HOCHUTEJICH M MATHUTHBIX HOHOB, YTO B CBOIO OY€pEh OTKPHIBAET HOBBIE BO3ZMOMXKHO-
CTH TaKMX MaTepUajoB B AJIEKTPOHHON MPOMBIIIIIEHHOCTH.

B paboTte nccnenoBanuch AMUTAKCHABHBIE TE€TEPOCTPYKTYPHI, MOTYYECHHBIE METOAOM
MOC — ruipuIHOM SUTAKCHHU. DNMHUTAKCUAIBHBIE CJIOM TPOMHBIX TBEPABIX pacTBopoB GalnP
TonmHON ~0.2 um, JeTHpOBaHHbIE MTUCIPO3HEM, OBLIM BBIPAIICHBI TNOO HEMOCPEACTBEHHO
Ha MOHOKpHCTAITMYecKux mojioxkkax GaAs (100), mibo Ha OydepHBIM MOPUCTOM CIIOE
GaAs, chhopMupoBaHHOM aHOIHBIM TpaBieHueM noanoxku GaAs (100).

[Ipocroii pacuer mudpakTorpaM MOKa3bIBaeT, YTO MapaMeTp 3MUTAKCUAJIBHOTO CIOS
GalnP (x~0.50) ornuyaercs OT mapameTpa
KPUCTAIIMYECKON PEIIETKH MOHOKPHUCTALIH-
yeckot  momnmoxkkum  GaAs  (100) Ha
Aa=0.0064A. BBuny 3ametrHoro paznauuus na-
paMETpOB TUICHKA-TIOAJIOKKA B JMMHUTAKCHAIb-
HOM CJIO€ TBEPJOr0 PAacTBOpPa BO3HUKAIOT CY-
[ICCTBCHHBIE MEXaHWYECKUE HAMPSHKEHUS, U
muHun Ko, , — 1y0siera oT 3Toro ciosi 0Kasbl-
BatoTcsa O4eHb MUPOKUMH (AK0;=0.28°). Jle- |[RECEE e ER  E
TUPOBAaHUE SIUTAKCUAJIBHOTO CJOS aTOMaMHU
JIUACTIPO3US (nDy~1016 cm'l) CHIJKAET Hamps-
s)kernst B GalnP u mouTtu B Tpu paza yMeHb-
n1aeT MupuHy TUGPAKIIUOHHON TUHUH TBEp-
noro pactBopa (AKa;=0.1°). BreipamuBanue
TOTO € JISTUPOBAHHOTO TBEPJIOTO PAcTBOpa Ha MOPUCTOM Oy(hEepHOM CIIO€ B TETEPOCTPYKTY-
pe GalnP:Dy/por-GaAs/GaAs(100) mpuBOAUT K MOTHOMY CHUXEHHUIO HAIPSKECHUN B OITH-
takcuaabHOM cioe. JIunuu Ko, — qybnera ot storo ciost Haubonee y3kue - AKa;=0.08°, He
CMOTps Ha OOJIBIIIOE paccoryiacoBaHUe MapamMeTpOB.

Puc. 1. U300paxeHue monepeyHoro ckoia oo-
paszuoB rerepoctpykryp GalnP:Dy/GaAs
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Taxkum o0Opa3oM, B 0oOpa3iax ¢ MOpUCTbIM Oy(hepoM OCTaToOuHble BHYTPEHHUE HAIPS-
YKEHUSI, BbI3BAHHBIE PA3JINYMEM MTaPAMETPOB PELIETKU MOBEPXHOCTHOIO CJI0SI TPOMHOIO TBEP-
noro pactBopa GalnP u mMonokpucTtammnyeckoit nmomnoxku GaAs, nepepacnpeiensoTcss B
MOPUCTBIN CIIOM, KOTOPBIA BBICTYIA€T B POJIM CBOEOOpPA3HOHN “TYOKH M MOJIHOCTbIO CHUMAET
BHYTPEHHHUE HAIPSKEHMSL.

JlaHHble, TOJY4YEHHBIE C IIOMOILUBI0 CKAHMPYIOIIET0 3JEKTPOHHOTO MHUKPOCKOIA
(puc.l) nokaspIBatoT, uto B OydepHoM nmopuctoMm cioe GaAs HabmogaeTcs HEOIHOPOIHOE
pacnpeneneHue pazmepa nop. bosee kpymnHble IOpsl pacnoaaralOTCs Ha IPAHULE € TOIJIOK-
koit GaAs (100), Torga kak HOpsl MEHBIIUX Pa3MePOB NMPe00IaAal0T B BEpXHEH yacTH mopuc-
TOTO CJI0s1 OJFKE K TPaHUIIE paszielia ¢ dSMUTakcuanbHbIM ciioem GalnP.

E-mail: antglotov@gmail.com

COCTAB U ITAPAMETPBI IOMEHOB, OBPA3VIOIINXCS B
PE3VIJIBTATE CIIMHOAAJIBHOI'O PACITAIA HETBEPHbBLIX TBEP/IbIX

PACTBOPOB B SIIMTAKCHUAJIBHBIX 'ETEPOCTPYKTYPAX
GAINP/GAxIN; xASyP,.y/GAINP/GAAS(001)

Topanenko H.H., J/lomamesckas 3.11., Cepenun I1.B.

Boponeotcckuii cocyoapcmeennwiii ynusepcumem, Boponeaic, Poccus

BBenenune

B pabote uccnenoBanuch o0pasiibl, U3TOTOBJICHHbIE B DU3NKO-TEXHUYECKOM WHCTHU-
tyTe uM. A. ®. Nodpde PAH metonom xuakodasHoit snurakcun. O Ha napTus reTepocTpyK-
TYp COCTOSUIa U3 JBYX AMHUTAKCHAJIBHBIX ciioeB: TpoitHoro TP GalnP moxpsiToro cioem uer-
BepHoro TP GalnAsP. /Ipyras naptus oOpa31oB npejacTaBisiia co00il TpeXCIoHHYIO SMUTAK-
CHAIBHYIO CTPYKTYpY, cocrosiyio u3 Oydeproro ciosi GalnP, cmos gerBepuoro (TP)
GalnAsP u nokpsiatomero cnost GalnP.

Metoanl

HccnenoBanust cBOIMCTB 4eTBepHOro TBepAoro pactBopa InGaAsP Obliy BBIIOIHEHBI
MeToAaMu (POTOTFOMHHECICHIINY, MPOCBEYMBAIONICH 3JICKTPOHHOH MHKPOCKOINWH, CKaHH-
pYyIOLIEH 3IeKTPOHHON MUKPOCKOITNH, AaTOMHO-CHJIOBOM MUKPOCKOIIUU M JU(PPAKTOMETPHH.

Pe3syabTarbl

B cnextpax dotomromunectennuu (DOJI) qByXCIOWHBIX TeTepOCTPYKTYp OT ciost TP
InGaAsP naGmromanace oquH MakcumyM. Crektpel @JI 00pa3ioB TPEXCIOWHBIX T'eTEPOCT-
PYKTYp MMEIOT JIBE€ HOJIOCHl: OCHOBHYIO, KOTOpasi MPUCYTCTBYET BO Bcex oOpaslax U AOHOJ-
HUTEJIBHYIO, JISKAIIYI0 B HU3KOHEepreTndeckoi obmactu. Trepapie pactBopel InGaAsP, xo-
Topble UMeroT B criekTpax PJI n1Be MOJ0Ckl, MPEACTABISAIOT COOOH CUCTEMY YepeqyIOLIerocs
TBEPJIOTO PacTBOpa U JIOMEHOB, OPUEHTUPOBAHHBIX BAOJL HarpasieHus [110] u umeromumx
MUKPOHHBIN pa3zmep. AudpakTomMeTprudyeckre UCCleA0BaHUs MOKa3alM, 4To B oOpaslax, Ko-
TopbIe conepkaT B criekrpax @JI nBa muka, umeroT aBa K, 2-aydnera ot TBEpIoro pactsopa
InGaAsP. Onun Ky, ny6net ot TP ¢ GonpinM mapameTpom pemeTku U BTopoi Ky o 1y0-
JIET OT JOMEHOB C MEHBIIIMM apPaMETPOM PEIIETKH.

IIpu o6pazoBanuu TP Ga,ln;.As,Pi.y B KpucTamuinueckoi pereTke NpoUCXOJuT 3a-
MmenieHue atoMoB Ga u As aromamu In u P. [Ipu 3TOM 3HaueHHe MOCTOSHHOM KpUCTaJIINYE-
CKOHM PELIETKU MOXKET U3MEHSTHCS B IIMPOKOM MHTEPBAJEC 3HAYEHHUH B 3aBUCUMOCTH OT CO-
CTaBa U NOJUYMHSETCS 3aKOHY Berapaa, KOTOpbIii MOXET ObITh MPEJCTABIEH B IIEPBOM IpHU-
OJMVDKEHUU B BUJE JTMHEHHON MHTEPIIONISALUY:
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a(xﬂ y) = aInP (1 - X)(l - y) + a]nAs (1 - x)y + aGaAs‘xy + aGan(l - y)

Onnako, mist yerBepHbix TP GalnAsP ogHOoMy 3HaueHHIO MOCTOSIHHOM pEHIETKU MO-
JKET COOTBETCTBOBATh HEKOTOPHI HHTEPBAJI COCTABOB. [10ATOMY C 11€TBI0 YBETUYECHHS OHO-
3HAYHOCTH CIIEJyeT BBECTH 3aBHCHMOCTH COCTaBa €Ille OT OJHON BEIWYHHBI — ITUPUHBI 3a-
npenieHHon 30Hb1. [Ipu KoMHATHO# TeMriepaType 3To BeipaxkeHue (ypaBHeHue Kydana) nme-
et cienyromuid Bus [1]:
E, (x,y)=1.35+0.668x—1.068y + 0.758x” +0.078y* —0.069xy —0.0332x>y + 0.03x)"

E-mail: nikolaygnn@rambler.ru

Jlureparypa
1. C. Lamberti, Surface Science Reports, 53, (2004).

MOJEJIMPOBAHUE 1 PEHTTEHOCTPYKTYPHOE NCCJIIELOBAHUE
KPUCTAJUIMHECKOU CTPYKTYPbLI 2-(M-BPOMBEH30MJIIAMMHO)-4,5-
JUMETOKCHUAKLETO®EHOHA

I'pamenko E.A.

Braoumupckuii punuan Poccutickoti Mescoynapoonoii Axad. Typusma, Baadoumup, Poccus

B nacTtosiiee Bpemsi IIMPOKOE paclpoCTPaHEHUE MOTYyUYUIIA METObl AlIPUOPHOTO MPEi-
CKa3aHUsl KPUCTAIMYECKUX CTPYKTYp [1]. OOHUM W3 TaKuX METOJIOB SIBJISIETCS METOM JHUC-
KpeTHoro mozaenupoBanus (M/IM) ynakoBok Mosiekyn B kpuctauie [2]. OcoO0eHHOCThIO T1aH-
HOT'O METOJa SIBIISIETCS TO, YTO MPH pacdeTe Mojesel KpPUCTAIIMYECKONH CTPYKTYpPbI COeIU-
HEHUS UCTONB3YIOTCS JUCKPETHAs MOJEIb MOJICKYJBI — OTUKYO (reoMerpuueckast Gpurypa,
COCTOSIIIAsl U3 MaJEHbKUX KyOuWKOB). PacueT BO3MOXHBIX BapUAHTOB YIAKOBKHU MOJHKYOOB
CBOJUTCS K IIEJIOYUCICHHBIM pacueTaM, He UCHOJb3YIOIINM MeTpruueckue cootHomeHus. [o-
CJIe TOT0, KaK BCE PELICHUS MOTy4YeHbl, OOpPATHBIN MMepexo OT LEeTOUYNCICHHBIX COOTHOILIEHUI
yucel K METPUYECKUM, MO3BOJISET
paccuuTaTh TapaMeTpbl 3JIEeMEHTap-
HBIX SY€EK U KOOPJIMHAT aTOMOB JUJIs
HalJICHHBIX MOJEJEH KpHCTaInye-
CKOM CTPYKTYphL DTO MO3BOJSIET CY-
IIECTBEHHO COKPAaTUTh BPEMS BbIUKC-
JIEHUW 1O CPaBHEHMIO C TPAAUIUOH-
HBIMM METOJIaMU TEHEepalliu, OIu-
parolMMHCS Ha OLEHKH JHEPruu
KPUCTAJJTMYECKON pEeHIeTKH WM Teo-
METPUYECKUX TTapaMETPOB MOJIEIIH.

Hcnonp3oBanne MJIM 103BO-
JISIeT peraTh TakKue 3aJa4u KaK MOUCK

BO3MOJKHBIX TOJUMOP(PHBIX MOAUDU-
Puc. 1. Bua Mmozienu MoieKkyibl ¢ HyMepaiuei HeBo10- KALWi OPraHUYECKHX COCAMHEHUI 1
POIIHBIX aTOMOB

reHepaluy CTapTOBBIX MoOjeNel s
YTOYHEHUS METOJIOM HAWMEHBIIHNX
kBaaparoB (MHK) B cimydae HemoaHBIX peHTTeHOAU(GPAKIIMOHHBIX MaHHBIX. C MCIOJb30Ba-
HUEM JIaHHOTO MeToJia ObUTM YCIIEIIHO pacmu(poBaHbl TaKue CTPYTKPYpHI Kak 1-penni-1-
mpem-0yTuin-3-metui-1,3-nuruaponsodeH3odypana, (R)-[(R)-0-(1-N, N-numeTriiaMuHO-
atun)pennn]-2,5-mumerokcudenmn(permn)meranona. [Ipu 3ToM MOJIEKYJIbI BBITIETIEPEUNC-
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JICHHBIX COEIMHEHUN MMEIOT CUJIBHO BBIPA)KEHHBIE OCOOCHHOCTH MPOCTPAHCTBEHHOI'O CTpOe-
HUSL.

[{enbro manHO paboOTHI ObLIa MPOBEPKA BO3MOXKHOCTH UCTIONIb30BaHus M/JIM s rene-
panuy CTapTOBBIX MOJIENIEN KPUCTAJUIMYECKOM CTPYKTYPBl COETUHEHHS, MOJIEKYJIa KOTOPOTO
CHJIBHO yIUIOLIeHHA. B kauecTBe 00beKTa nccieoBaHus OblI0 BEIOpaHO coeluHeHHue 2-(m-
OpomMOeH3ouIaMuHo)-4,5-numetokcuakuerodenox (I).

Moznenb MOJEKYJIbl UCCIIEyEMOIO COEIMHEHUS MIOCTPOEHA KBAHTOBO-MEXAHUYECKUM
METOJIOM B paMKax Teopuu pyHkunoHana miotHoctd PBE npu ncnons3oBanuu 6a3ucHOro
Habopa 7Z2P no nporpamme «PRIRODA» [3]. IlonydeHnHast MOJieb MOJIEKYJIbI CUIIBHO yTI-
nomeHa (MaKCUManbHOE OTKIOHEHHE aTOMOB OT cpeHeit miockoctu 0.44 A u-0.35 A)n
UMeeT BHYTPUMOJIEKYJISIPHYI0 BoJ1opoiHY10 cBsi3b N(1)-H(1)...02, o uem cBUAETEIbCTBYIOT
paccrosaus N(1)-0(2) 2.607 A, H(1)-O(2) 1.697 A u yron O(2)H(1)N(1) 144°. Bux moaenu
MOJIEKYJIBl C HyMepaluel HEBOJOPOAHBIX aTOMOB, IIPEJCTABIIEH Ha pHUC. 1.

MM ny1st JaHHOTO COEIMHEHHMS OBLJIO PACCUUTAHO 575 BapuUaHTOB €r0 KpUCTaJUIHUe-
CKOM CTPYKTYpBbI, KOTOpbIE ObLIM ONTUMHU3UPOBAHBI B PAMKaX MOJIEIN aTOM-aTOMHBIX IOTEH-
MasioB. AHAN3 Pe3yJIbTaTOB MOJEIMPOBAHUS OYyIET MPEICTABICH B JJOKJIA/IC.
E-mail: lena_graschenko@mail.ru

l. Day G.M., Motherwell W.D.S., Ammon H. L. et al.//Acta Cryct. 2005. V. B61. P.
511.

2. MaueeB A.B.// Kpucramnorpadus. 2001. T.46. Nel. C.19.

3. Laikov D.N.//Chem. Phys. Lett. 1997. 281. P.151-156.

EMKOCTHAA CIHEKTPOCKOIINA AE®EKTOB B KPEMHUUA C
[MTPUMECBHIO HMPKOHUA

Hanues I1.X.

Hay. ynueepcumem Y36exucmana um. Mupzo Ynyzoexa, Tawkenm, Y36exucman

CeroaHs MOHOKPHCTALTMUECKUN KPEMHUH SIBIISICTCSI OCHOBHBIM MaTEepHaioOM MHUKPO-
JIEKTPOHUKU. {711 KOHTPOJIUPYEMOr0o yIpaBIeHUs NapaMeTpaMu KPEMHHs B MOCIEAHUE TO-
JIbl BCE LIMPE MCIIONB3YETCA JIESTUPOBAaHUE HETPAIULMOHHBIMY IIpuMecsMH [1-4], mpumepamu
TaKUX MpPHUMECEH SBIAIOTCS TYTOIUIABKHUE 3JIEMEHTBl. TUINYHbBIE MPEICTABUTENM ITHX dJe-
MEHTOB B KPEMHHH - aTOMBI raHUsI, MOTUOIeHA, IIMPKOHUS, HIOOUS U JIp.

[TosToMy 1enbI0 TaHHOM PaOOTHI SABJIAETCS M3yYEHUE DHEPreTHUECKOro CIEKTpa Jie-
(eKTOB B KPEMHUH, JIETHPOBAHHOM OJJHUM U3 3THX 3JICMEHTOB — IMPKOHHEM, BBEICHHBIM B
Si muddy3MOHHBIM METOJIOM.

B xauectBe nccnaenyeMpix 00pa3oB UCHOIb30BAICS MOHOKPUCTAUIMYECKUN KPEMHUI
N U P-TUIA IPOBOJUMOCTH € PA3TUUYHBIMU YJICIbHBIMU CONIPOTHBICHUSIMH.

JlerupoBaHue KpeMHHS IIUPKOHUEM MPOU3BOAMIOCH MU ()Y3HOHHBIM METOAOM M3 Ha-
MBUICHHOTO CJIO Zr 0CO0O0M YHUCTOTHI B WHTEPBAJE TEMIIEPATYP 1000+1250°C B TeueHue
1+50 gacoB. Oxnaxxaenne oopasioB nocie auddy3un Zr NPpou3BOIUIOCH PA3IMUYHBIMU ITY-
TsMU. B KadecTBe KOHTPOJIBHBIX HMCIIOJIB30BAIUCHL 00pasnbl n- u p-Si, TepMooOpaboTaHHBIE
P TOU Ke TeMIIepaType U BPEMEHH, 4TO U BBeaeHue Zr B Si.

Pesynbrarhl m3MepeHuil ToKaszalid, 4TO BO BCeX oOpasiax n-Si Mmocjie JerHpOBaHHS
[IUPKOHHEM HaOJIOMaeTCsl yBEIWYCHNUE BEIMUYMHBI yNIEIBHOTO CONpOTUBICHUSA. B obpasiax
ke p-Si 3HaYeHUs! YAEIbHOTO COMTPOTUBIICHHS OCTAIOTCS MPAKTUYECKU HEU3MEHHBIMH.
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s o6pasnos Si, 11 Hy3uOHHO-TETUPOBAHHBIX IUPKOHUEM, a TaK)Ke MOJBEPTHYTHIX
KOHTPOJBHON TepMOOOpaboTKe MPOBOIWINCH m3MepeHust criekTpoB DLTS u ¢ortoemkoctn
(®E). Anamus cniektpoB DLTS u @E o6pa3ios n-Si <Zr> mnokasblBaeT, 4YTO NPUCYTCTBUE Zr
B Si TPUBOAUT K OOpa30BaHMIO TPEX IIyOOKHX YPOBHEH ¢ (DMKCHPOBAHHBIMH HSHEPTHIMU
nonuzauuu Ec-0.22 3B, E.-0.42 3B u E,+0.30 3B, noMuHUpYOMHUMH ABJISIFOTCS ABa MOCIE-
Hux ypoBHs. [lapannensubie u3mepenus cnektpoB DLTS u ®F B KOHTpoJIbHBIX TEpMOOOpa-
060TaHHBIX 0Opa3uax n-Si MoKa3aiH, YTO B HUX HAOIIOAAeTCs JMIIb YPOBEHb C SHEpruen no-
Huzauuu Ec-0.22 3B, npuyem ero KOHUEHTpalus Ha MOPSAOK BbIIIE, YEM B 00paslax, JIeru-
POBaHHBIX LIUPKOHUEM.

DKcrepuMeHTHl ¢ HU3KoTemnepaTypHbeiMu oopadotkamu (HTO) mokazanu, yTo u30-
TEPMHUUYECKUI OTKHUT B uHTEpBaie Temueparyp 100+300°C npuBOAMT K YMEHBIIEHHIO KOH-
neHTpanuu ryookux ypoBHei Ec.-0.42 3B u E, +0.30 3B, a yposens E.-0.22 3B crabuien k
BosaeicTeuio HTO.

[Ipensapurensabie u3mepenus cnekrpoB MK-nmornomenus B obpasmax Si <Zr> mo-
Ka3aJld yMEHbIIIEHUE KOHIIEHTPAIMHU ONTHYECKHA aKTUBHOTO KUCIOPOa.

E-mail: dalievshkh@yandex.ru
Jluteparypa
1. Munuc A. Ilpumecu ¢ riyOOKMMH YpPOBHSIMH B TOJYyHpoBogHHMKaX. — M., Mup, 1977,
547c.
2. byprysn XK. Jlanno M. Toueunslie nedexTsl B monynpoBogHukax. Teopus. M., Mup, 1984,
264 c.
3. 3aitnabuaunos C.3., Hamues X.C. JledekrooOpazoBanue B KpeMHUH. TalIkeHT:
Yuusepcurer, 1993. 192 c.
4. CBoiicTBa JIETHPOBAHHBIX MOJIYIPOBOJHUKOBBIX MaTtepuaioB: C6.Hayun.Tp. /Ilox pen.
B.C.3emckoBa. M.: Hayka, 1990. 256 c.

WK-CITEKTPBI OTPAYKEHUS DITUTAKCUAJIBHBIX TETEPOCTPYKTYP
INGAP/GAAS (100)

Kyp6una U.A., Cepenun I1.B., lomamesckas O.I1.

Bopoueorcckuii 2cocyoapcmeennuiil ynusepcumem, Bopoweoic, Poccus

Lenbto naHHOM palboOTHI siBiIETCS M3ydeHue meroaom MK-pemeroyHoi ceKTpocKonuu
AMHUTAKCHAIBHBIX TeTepocTpyKTyp InyGa; <P /GaAs ans onpeneneHus BIMSHUS AUCIIPO3US
(Dy) u TexHoz0rMM pocTa reTepoCTpYKTYp Ha MX ONTHYECKUe cBoiicTBa. MccienoBanuck 00-
pasisl, BeIpanieHHble B OU3uKo-TexHn4eckoM mHeTutyTe mM. A.@. Modde. Dnurakcuans-
Hble TOHKHE TUIeHKH InyGa; P Obutn momyuensr metogom xunkodasnoin 1 MOC-runpunHoit
smuTakcud Ha nookkax GaAs (100). TommmHBl TIEHOK Y 00pa3noB 1+3 MKM, COCTaBBI
6nu3kue K nosoBMHHOMY (X~0.50). UK — pemierounble CEKTpbl OTpa)KeHUs MOIy4yalld Ipu
KOMHATHO# Temreparype B HHTepBane oT 50 10 650 cM' ¢ momombio MK-criekTpomerpa
Vertex ¢ paspemenuem B lem .

Ha ocHoBaHMM NOJyYEHHBIX SKCIIEPUMEHTAIBHBIX JAHHBIX, OBLI MPOBEIEH IUCIEPCU-
OoHHbIN aHanu3 MK-cnekTpoB reTepoCTpyKTyp B MOJEIHN “IIJICHKA-ITOAJIONKKA

R(a)):|rf(co)+rj.(a)).exp(zzﬂ)|2 r e @ 5 :\/gf(a))_Jgs(a,)
147 (@) (@) exp(125)| . 1+ e, (@) : \/6f(a)) +4&,(®)
_ 2md e, (@) , _ 10000

A @
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[Ipy mocTpoeHHH MOAETUPOBAHHBIX CIEKTPOB BAPHUPOBAIUCH CIEIYIOIINE BEIMYUHBI:
pe3onancHast TO yacToTa i-TOW penIeTouHo KonebaTeabHOH MOIBI - ®WT0i, CUIIA OCHMILIATOPA
fi m koapdunueHT 3aTyXanus ;. BenuunHbl AUAIEKTPUUECKON TPOHUIIAEMOCTHU MOAJIOKKH &s,
OBLIH B3STHI U3 pacyera dKcrepuMeHTaIbHOTo K—cnekTpa peneToqyHoro oTpakeHus: OT MO-
HOKpucTayunueckor miactTuabel GaAs (100), mpoBeeHHOTO B OJHOOCIHIUIATOPHOM HpHOJIH-
xeHuu 1o merony Cnuruepa, Kielimana, ®poma.
bbun onpenieneHbl OCHOBHBIE ONTHUYECKHE XapaKTEPUCTUKU MOJyHIPOBOJIHUKOBBIX IIJICHOK B
dononHoit obmactu UK—cnekrpa. [lokazaHo, 4To B 0OJTHOM U3 00pa3IOB BOSHUKAET JOMOJHH-
TeabHas MoJia Kosiebanuii In-P, cBs3aHHas MO HAIIMM TIPEATNIOI0KEHUSIM C PactajoM TBEPAO-
ro pactBopa InyGa;.«P Ha xomnoHeHThl. Paznuuus sxcriepumeHTanbHOro U pacuetHoro MK-—
criekTpoB oOpasia InGaP(Dy)/GaAs BeposTHee BCEro CBsA3aHbI C TIEPEPACIIPEACIICHHEM DIICK-
TPOHHOW TUIOTHOCTU ¥ TIPOSIBIICHUEM MarHUTHBIX CBOWCTB, KOTOPBIC HE YUUTHIBAIOTCS B pac-
YeTHOH MOJEIIH.

E-mail: zhurb@mail.ru
Jluteparypa
1. FO.M. YxanoB Onmuueckue ceoticmea nonynpogoonuxos (M., Hayka, 1997)

O.I1. Jomamesckas, I1.B. Cepenun, A.H. JIykun, JI.A. butronkas, M.B. I'peukuna, 1.H.

ApcentbeB. OTIL,40(4), (2006).
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(1971).

4. T. Hofmann, G. Leibiger, V. Gottschalch, Ines Pietzonka, M. Scubert, Phys Rev

64(155206), (2001).

5. N.L. Rowell, G. Yu, D.J. Lockwood, P.J. Poole, Phys Rev 68 (165320), (2003).

VICCJIEJJOBAHME BJIMSIHUS HA CBOMCTBA CITJIABOB NI-CR
KOHLIEHTPALIM1 XPOMA U TEPMOOBPABOTKMN.

3amoiigeii A.B., Maneimko O.C.

MUDHU (2ocyoapcmesennviti ynusepcumem), Mockea, Poccus

PaboTa mocBsieHa aHanmM3y KMHETHYECKUX MporieccoB B cruiaBe Ni-Cr B 3aBUCHMO-
CTH OT cojiep>kaHusi B HeM xpoma (38%, 40% u 42%) u crenenu Tepmoodpadotku. [Ipoucxo-
xaeHue ¢Ga3zoBoro nepexoxaa, Hadmomgaemoro B cruiaBe Ni-Cr mpu M3MEHEHHH €ro COCTaBa
(pOCT KOHLIEHTPALMKM XpOMa) U pa3iIMyHON TepMOOOpPaOOTKH MPOUCXOAUT B COOTBETCTBHHU C
U3BECTHBIMM 3aKOHOMEPHOCTSIMH, XapaKTEpU3YIOIUMHU (pa3oBble MEPEXOAbl BTOPOTO poja.
Jlna vccnenoBaHus yKa3aHHBIX CIUIABOB HCIIOJIB30BAJICS METOJl U3MEPEHUS YTII0BOIO pacipe-
JieNIeHNs] aHHUTWISIIIMOHHBIX (OoTOHOB (YPA D).

AHOMaNbHO QUIYKTYHpPYIOLIEH BEIMYMHOMN SIBISETCS B paccCMaTpUBacMOM cllyyae Ia-
pameTrp mopsiaka, a B Touke ¢azoBoro mepexona (PII) xoppensuumoHHBIN pammyc R mms
uMeroILeiics npu 0ojiee HU3KUX KOHIEHTpaLusax XxpoMa (assl fanpHero ynopsoueHus (V)
oOparaeTcsi B 06CKOHEYHOCTb.

ITpu pocre conepxanus xpoma ¢ 38% 10 42% U U3MEHEHUHM PEXHMOB TEPMOOOpa-
6otku (3akanka 1050°C; omxur 500°C B Teuenue 104; omxur 500°C B Teuenue 904) B criaBe
Ni-Cr ocymectsnsiercst @I BToporo posa, Kkoraa LeHTpamMH 3apojibliieil HOBOU (a3bl SABIs-
IOTCS HE aTOMBI IIPUMECH, a YUCTO (IyKTyannoHHbIe oOpa3oBanus. Cam mo cebe DI Haum-
HACT OTYETIIMBO MPOSBIATHCS NpU coaepkaHuu xpoMa 40%, n mocie JOCTUKEHHS KOHILIEH-
Tpauu 42% nepexoauT B TUHEHHYIO 00J1acTh.
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N3 ananu3a nanHbix cnektpoB YPA® nns crnnasa, cogepsxaiero 42% Cr, BUIHO, 4TO
B XoJe oTxura KoHmeHrpanus ¢aser Ni,Cr Bo3pacTaer, B TO BpeMs KaK COOTBETCTBYIOIIAS
BEJIMYMHA JJISI «YUCTOrO XpOMay B Ipejenax OUIMOKM SKCIepUMEHTa He u3MeHsercs. s
oOpasua, cogepxatero 38% Cr (mpu OTCYTCTBUU BTOPOW (ha3bl AATBHErO YMOPSIOYEHHUS)
BeMYMHA KoHIeHTpauuu Ni,Cr Takke BO3pacTaeT, HO B 3aMETHO MEHbIIIEH CTeNeHu. DTO 03-
HAYaeT, YTO MPUCYTCTBHE B CIUIABE «YHUCTOT0 XpOoMay KaTaJIM3UPYyeT MPOLECC OTKUTa obac-
Teil GnmxHero ynopsnouenus (BY), ynydmas nmpo4HOCTHBIE CBOMCTBa cijlaBa M yCTOMYH-
BOCTb K paJHallMOHHBIM Bo37eicTBusM. B criaBe, copepxaiieM 38% Cr, cpenHss BeIMUnHA
pasMmepa Kiactepa B Ipezenax OMUOKH M3MepeHus He u3MeHsercs. OJHaKo BEeIMYMHA KOH-
LIEHTPAlK KJIACTepoB (mapamerp l,2) Bo3pacTaeT npu MasbIX BpeMEHAaX OTXKHIa, a BIOCIIEH-
CTBHHM Ia/1a€T.

B obpasue, conepxkamem 42% Cr, umeer mecto apyroi addexr. Cpemuuii pazmep
KJIaCTEPOB pacTeT (3a CYeT TOro, 4TO MPU OTXKUTE MEPBBIMU MCYE3AI0OT B CTOKAX KIIACTEPHhI
MEHBIITUX Pa3MepoB), HO, TAK KaK 00IIas KOHIICHTpanus AePEeKTOB TAaKOTO TUIA HE TOJIBKO HE
YBEJIMYMBAETCS, a JJaKe KAUeCTBEHHO YMEHBIIIAETCS, MOXKHO CJIeJIaTh BBIBOJ O TOM, YTO 00be-
JTUHEHUS 1e(EeKTOB B KIacTephl OOJIBIIETO pa3Mepa He MMPOUCXOIUT, a, 3HAYHT, B PaIHAIIHOH-
HBIX IOJISIX IPU MPOYUX PABHBIX YCIOBHUAX HE OyAeT MPOUCXOAMThH CYIIECTBEHHOI'O IMOPO00-
pazoBaHus (yCWJIEHMs paJMallMOHHOM TMOJ3y4eCTH, pacmyXaHus M T.1.). Takum oOpaszom,
MOKHO OTMETUTh, UTO HAJMUYHUE B CIUIABE BTOPOTO OCTOBA («UUCTBIH XpOM»), C OAHOM CTOpO-
HBI, IPUBOJUT B XO/I€ OTXKUTA K OBICTPOMY NEPEXOAY aTOMOB, HaXOAAIIUXCsl B oOsacTsax BY B
¢a3y Ni,Cr, a, ¢ Ipyroii CTOpoHbI, He IPUBOIUT K 3aMETHOMY POCTY KOHLIEHTPAL[MH KPYITHBIX
KJIACTEPOB JaK€ MPHU MaJbIX BPEMEHAX OTKHIra, YTO CBHUJAETEILCTBYET O 0O0jiee BBICOKOM
YPOBHE YCTOMYMBOCTH TaKOT'O COCTaBa CIUIaBa K BHEIIHEMY PaJMallMOHHOMY BO3JIEHCTBHIO.

zadoiniy(@mail.ru, oksana_malyshko@mail.ru
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UCCJIENOBAHME BJIMAHNWA BAKAHCHI HA TTPOLIECC
OBPA3OBAHUA AEOEKTHOU CTPYKTYPBI B TMAPUE ITAJUJIAINA
N3 ITEPBBIX [TPUHIIUIIOB

"Ucaesa JL.D.

MI'Y um. M.B.Jlomonocosa, Mocksa, Poccus

[TepcriekTrBa HMCMOIB30BaHUS BOJOPOJA B KAauyeCTBE AJIbTCPHATUBHOTO HCTOYHHKA
SHEPTruU MpeArnojaraeT co3laHue MaTepuaia, CIOCOOHOTO0 Ha MHOTOUYMCIICHHBIE IUKIIBI T0-
TJIONIEHUSI W BBIJCJIICHHUS BOAOpOJa M3 CcBoeil maTpuibl. [loaToMy XpaHeHue Bojopoaa B

* ~
Jloxmaa oTMeUeH KIOpH KakK JIyYIIni Ha TTOICEKITUH.
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CTPYKTYpax MEPEeXOIHBIX METAJIOB U CIUIABOB MM METAITUYECKUX THAPUIIOB, paccMaTpuBa-
eTCcs KaK OJUH M3 MEePCHEKTHBHBIX IyTEH CO3/aHUS HOBBIX MAaTEpHANIOB ISl BOJIOPOIHOU
sHepreTuky [1]. OgHako, Kak MOKa3bIBAIOT SKCIIEPUMEHTANBHBIC HCCIEA0BaHNUs, MPOLIECC Ha-
CBIIIICHUSI MHOTUX METAJUIOB M CIUIaBOB MPUBOJAUT K WHAYIIUPOBAHUIO AHOMAJIBHO OOJBIIOTO
YHClla BAKAHCUN B MaTpHIIE, YTO OTPAXKACTCsI HA TEXHOJIOTUYECKUX ITUKIaX BHEAPEHUS U U3-
BIIYCHUSI Bojopoja [2]. B 3Toli CBsA3M BO3HMKAET HEOOXOAMMOCTh MOJYYECHHS MMOJTHOM WH-
dbopMaruu o TUMAX U aTOMHOM CTPYKType Ne(EeKTHBIX KOMIUIEKCOB B KOHKPETHBIX MaTepua-
Jax ¥ UX BIUSHHUE HA POIIECC BOJOPOAHOM copOmmn. [loaToMy B maHHO# paboTe mpoBOIUTCS
TEOPETUYECKOE HCCIeNOoBaHNe Mpoiecca 00pa3oBaHUs U ycToWunmBOCTH nedexkTHoi L1,
ctpykrypbl Pd;VacHy, HabmomaemMoit SkcriepuMeHTanbHoO [3].

C 9T0i1 11ebI0 HaMU OBLT UCIIOJIB30BaH METOJ] IEPBONPUHIIUITHON MOJEKYJISPHON JTU-
HaMHKH, 0a3upyIOMUNACS Ha TeOpHH (PYHKIIMOHAIA TUIOTHOCTH U METOJE TICEBAONOTEHIINATIOB
[5]. B pamkax mepBONpHUHIMITHOTO MOAXOAa JIJIsl pacyeToB SHEPruit oOpa3zoBaHus Ae(eKTHON
cTpyktypbl Pd;VacHy B 3aBUCHMOCTH OT KOHIIEHTPAIIMH BOJOPOJ]a HCIIOIB30BAIOCH — TIPH-
ONMKeHHe JTOKAIbHON TIOTHOCTH JIJISl ONMUCAHUSI OOMEH-KOPPENAIUOHHOTO B3aUMOCHCTBUS
[6]. KpucTtamnmuueckas siueiika 3agaBajach MyTeM yAalieHUs aTOMOB MaJIaAus U3 Y3JIOB pe-
HIETKH, a BOJOPOJ noMemancs B Terpadapudeckux nopax I'IIK-pemerku. OnTumusanus ma-
paMeTpoB PELIETKU MPOBOAMIIACH C UCIIONb30BaHUEM CeTKU 4x4x4 k-Touek B 30He bpusuiio-
3Ha, KOTOpbIE TeHepupoBanuch no cxeme Monxopcra-Ilaka [7]. JluHamuueckue CBOMCTBa
nedextHoit cTpyktypsl Pd;VacHy ObUTH M3y4eHBI C TIOMOIIBIO METOIMKH, OCHOBAHHOW Ha
MPUHIUIIE JIMHEHHOT0 OTKIIMKA [§].

B nameii paGore mpencTaBiieHBl pe3yJbTaThl TEOPETHYECKHX PACUETOB SHTAIBITUI
o0pa3oBaHUs, JHEPTHH HYJIEBBIX KoJeOaHUH, a Takke (POHOHHBIX CTIEKTPOB AehEeKTHOM (azbl
THIIPH]IA TTaJUIAIHS.

[IpoBeneHHBIE pacueThl SHTAIBNUNA 00pa30BaHUS TaKUX CHUCTEM MOKAa3bIBAIOT, UTO
DHEPTeTUYECKN HauOoJiee BBITOIHBIM SIBISIETCS PACHOJIOKEHHUE BOJOPOJA B OKTadIPHUECKIX
U TeTpadApuvecKkux mopax nedekTHod cTpykTyphl. [IpoBeneHo uccinepoBaHue TEpPMOAMHA-
MHUYECKON CTaOMIBHOCTH Je(EKTHOW CTPYKTYPHI B 3aBHCHUMOCTH OT TE€MIEpaTyphl U JaBiie-
HUSL.

Pabora BeImONHEHa Tpu PUHAHCOBOHM moanepxke Poccwiickoro ¢onma ¢pyHmameH-
TalbHBIX UccaenoBanuil (rpant POOU Ne 07-02-01452).

E-mail: leyla_isaeva@yahoo.com
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AHAJIN3 5JIEMEHTHOI'O COCTABA KOHCTPYKIMOHHbIX
MATEPUAJIOB AAEPHOU TEXHHUKH HA OCHOBE CILTABA NI-CR
METOZAOM PEHTT'EHOBCKOMU ®JIYOPECLEHIINMN.

Kopen A.B., Cronsposa A.B.

MUDH (2ocyoapcmeennviti ynugsepcumem), Mockea, Poccus

B HpOBe,[IeHHBIX HCCICOOBAHUAX PISy‘-IEUIOCI: BJIIMAHUEC TCXHOJIOTHUYCCKHUX HapaMeTPOB HpI/I-
TOTOBJICHUS O0OpPAa3IlOB HA AJIIEMEHTHBIM cOcTaB ciiaBoB cocTaBa Ni-Cr ¢ OMOIIBI0 METO/Ia
IIOJIHOT'O OTpa)KeHI/IH peHTI‘eHOBCKOFO I/IBJIyquI/ISI oT 1/13yqaeM01‘/'1 HOBerHOCTI/I.

HawnGonpmmii yro, moj KOTOPHIM BCE €I1e UMEET MECTO MOJIHOE BHEIIHEE OTPAKEHUE TTa-
JaruIero I/I3J1y‘-IeHI/I$I, Ha3bIBACTCA KpI/ITI/I‘{eCKI/IM yr JIOM ITIOJITHOTI'O OTpa)KeHHH. TaK KakK peHT-
T€HOBCKHE (DOTOHBI MPOHUKAIOT B OTpaKaTeslb Ha TTyOHWHY MOPSAKA OJHOTO MHUKPOHA, BKJIA]
OT PACCETHHOTO MaJaloIIero U3Iy4YeHUss MUHUMU3UPOBaH. B pesynbrate IBOWHOTO BO30YXK-
JeHUs 00pasiia U MePBUYHBIMUA (DOTOHAMHU M OTPaKEHHBIMU JIydaMu, (JIyOpPECIEHTHBIN CHT-
HaJl (I)aKTI/I‘-IeCKI/I BIABOC HpeBI:IIJ_IaeT 110 INIOTHOCTH IIOTOKA BHGpI‘I/II/I I/ISJ'Iy‘-IeHI/ISI TOT, KOTOpBIfI
MOJTYyYaeTCs TIPH UCTIOJIB30BAHUH KIIACCUYECKON METOIUKH.
brumn HOHy‘IeHBI Z-)KCHepI/IMeHTaJIBHbIC JAHHBIC aHAJIn3a coCTaBa yKa3aHHBIX MaTepI/IaJIOB HU-
KEJIb-XPOMOBBIX CIUIABOB, HMCIOJIB3YEMBIX JJII KOHCTPYHPOBAHHUS PEAKTOPOB Ha OBICTPHIX
HEUTPOHAX, TPAHCTIOPTHBIX PEAKTOPOB.

Hwxe mpuBeneHbl CIIEKTPHI 3JIEMEHTHOTO COCTaBa CIIABOB, MOJYYEHHBIX METOJOM PEHTIe-
HOBCKOU-(DITyOpeCIICHIINH.

Nt

Mokh!

L Irvitn L

Puc 1 Cnexktp POA 41Cr-1Mo

Puc 2 Cnekrp POA Ni-38Cr-ZnKbl

CnenaHbl BBIBOJBI O HAJIWYHH NPUMECE W JaHbI OOBSCHEHUS NMPUYMH UX TOSIBJICHUS B
UCCIIEIOBAaHHBIX 00pa3lax, CoAepkKaluX XPOM M MPOIIEAININX PA3IUIYHYI0 TePMOOOPabOTKY,
a TaKXKe JISTHPOBaHHBIX MOJIMOICHOM.
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OCHOBHBIMU IPUMECSIMH B IPEJICTABICHHBIX 00pa3lax, Kak 0Ka3ajloCh, SBISIFOTCS aTOMBI
xene3a U nuHKa. Hamumuue sTuX mpumeceld oObsicHSETCS crieln(UKON TEXHOJIOTUU IPOU3-
BOJICTBa 00pa310B, U Haubosee BEPOSTHO, OHU MOSBUIIUCH ITPU MPOKATKE 00pa3LOB.

B pabote nmpoBeneHa oreHKa 3(pHEKTUBHOCTH PErHCTPANNHU (DIyOPECIICHTHOTO H3ITyUSHHS
9KCHEPUMEHTAJIbHON YCTAHOBKHU M MOKAa3aHO, YTO OHA COCTABJISAET MPUOIU3UTEIBHO 67%.

akorets@post.ru, xa-a@mail.ru
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CKOJIB3SILLIME B3AUMOJIEMICTBUS MOH-TIOBEPXHOCTB TBEPOI'O
TEJIA: BO3BMOXHOCTH JUISI AJMATHOCTUKU U MOJUDUKALIUA

Kyznenos A.Il., Haransuenko M.A., Enux6aes K.H.

Kazaxcmancxo-bpumanckui Texnuueckuti Ynueepcumem, Anmamoi, Kazaxcman

HccnenoBanue mpoueccoB paccesHUs M PaclbUICHUS MPU CKOJb3sIIed 6omMOapaupoB-
K€ MOHAaMU HU3KUX U cpeanux 3uepruil (Eyg < 100 k3B) uncThix U afcopOupoBaHHBIX MTOBEPX-
HOCTEH SIBJISIETCSA BEChMa aKTyalbHbIMU. [IprMeHeHre CKOMB3AIUX YIJIOB MMaIeHUsI HOHOB Ha
MOBEPXHOCTh TBEPAOTO Tena (Y < 200) OTKPBIBAET HOBBIE MEPCIIEKTUBBI B UCCIIEIOBAHUN TOH-
KHUX CJIOE€B BEIIECTBAa, OCOOCHHO B MCCIEIOBAHUU CTPYKTYPHI M Tomorpaduu peanbHbIX MO-
BEPXHOCTEH, HOHHOM MOJUPOBKE U MPU KOHTPOJIC HOHHBIMU ITyYKaMH, NPH AMArHOCTHKE Ha-
PYILLIEHUHN 3JIEMEHTHOTO COCTaBa M CTPYKTYPhI IOBEPXHOCTHBIX CJIOEB B aTOMHOM MaciiTabe,
NPEIIECTBYIONINX HAa4YaIbHBIM CTAIHMSIM aJCOPOLUU U KOPPO3UU METAJIIOB, UCIIOIb3yEeMbIX B
Pa3IUYHBIX O0JIACTSAX MPOMBIIUIEHHOCTH, BKJIOYash HE(TEra3oByl0 HHIYCTPHUIO. BBICTpHIii
nporpecc B (U3MKE HAHOCTPYKTYp MO3BOJMUT B OnmpkaiiieM OyaymieM Hoidy4daTb MOHOKPH-
CTAJJTMYECKHE TUIEHKH TOJIIUHON B HECKOJBKO JAECSITKOB HAHOMETPOB C YHCTHIMHU MOBEPXHO-
CTSIMM M XOPOUIO YHOPSIOYEHHBIMHU a7COPOIIMOHHBIMU CTPYKTypamMu .CKOJIb3sIasi HOHHAs
O6oMOapIupoBKa MO3BOJIET UCCIEI0BATh AJIEMEHTHBIM COCTaB U CTPYKTYPY TaKMX HAaHOCT-
PYKTYp, 4TO Ba)KHO JUISl Pa3BUTHSI HAHOTEXHOJIOTHIA.

B mactosmeit pabote ¢ MOMOIIBI0O KOMIBIOTEPHOT'O MOJECIUPOBAHMS HCCIIEIOBAHbBI
MEXAaHMU3MBbl U MOJIENIH IPOLIECCOB HU3KOAHEPTETUUECKOTO MAJIOYIJIOBOTO KOPPEINPOBAHHOTO
paccesiHUsl U KaHAJIMPOBAHUS MOHOB, a TAK’K€ HOHHOTO PACHbLICHHS U BO3MOXKHOCTU MX HC-
MOJIb30BAHUS JIJIs1 TUATHOCTUKU U MOJU(HUKAIIMK TOBEPXHOCTEH MOHOKpHCcTaioB. Ompene-
JIeHBI MOTEPU SHEPTUU U JeKaHAJIMPOBAHUE MOHOB, JBUKYILIUXCS MOJ MOHOATOMHBIMH CTY-
nenbkamu. [Ipu paccesnun nonoB Ar+ (E0=10 k3B) na nosepxnoctu Cu(100) onpenenena
IPOCTPAHCTBEHHAs NIPOTHKEHHOCTh CTyNEHeK Ha MoBepXHocTH L= 15 - 45A. Briapiens on-
TUMAaJIbHBIE YCJIOBUS JJISl TOCJIOMHOTO PAcHbUICHUS TOBEPXHOCTH MOHOKPHCTAIOB IPH
CKOJIB3sIIIIe MoHHOU OoMOapaupoBke. [Ipu paccesnun monoB He+ m Ne+ Ha moBepXHOCTH
Ni(100) ¢ apcopOupoBaHHBIMH aTOMaMH JACUTEpUS W KHCIOpPOJa BBISBICHA BO3MOXHOCTb
KOHTPOJISI HauaJdbHBIX CTaJWN afcopOLMM U aHanu3a aacopOIHOHHBIX cTpyKTyp. [lokasaHo,
YTO MPOLECC KaHAJIMPOBAHUS HU3KODHEPIETHMUECKUX MOHOB B METaJIaX WU IMOJIyIPOBOJHU-
Kax sIBJISIETCSl OCHOBOM METO/ia JIOKAIbHON MOHHOM UMITJIAaHTAIlUU B TOHKHUE TICHKU.

ABTOpBI BBIpaXXalOT MPU3HATENBHOCTH 1.¢.-M.H., podeccopy, YmapoBy D.D. 3a Ha-
Y4HOE PyKOBOJICTBO U MTOMOIIb B MOJTOTOBKE TE3UCOB.

E—mail: harmful§7(@mail.ru
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SBOJIIOLMA CIIEKTPAJIBHBIX XAPAKTEPUCTHUK I1PU
AMOPOU3BALINN MOJIMBIATA I'AOJIMHUA, JIET TPOBAHHOI'O
EBPOIIMEM

**KprameBal JIM., Kucenes® A.IL.

1 .
MTY um. M.B. Jlomonocosa, ghusuxo-xumuueckutl ¢haxyrsmem, Mockea
2
Huemumym ¢usuxu meepoozo mena PAH, Yeprozonoska

MHorue MaTepuaibl, HaXOASIIHUecs B aMOP(PHOM U HAHOKPHUCTAUTMICCKOM COCTOSTHHSIX,
00J71a/1a10T YHUKATbHBIMU (PU3NYECKUMHU CBOMCTBAMU. ITUM OOYCIOBICHO UX IIUPOKOE MpPHU-
MEHEHHE B MUKPODJIEKTPOHUKE, JIEKTPOHHON TEXHUKE, IPH CO3[JaHUU CBEPXIIPOYHBIX U JIET-
KHUX MaTepuasoB M T.1. B mocnennue roasl pazpaboTaHa HOBas METOAMKA aMop(du3aluu Kpu-
CTaJIJIOB ITyTeM BO3JIEHCTBUS Ha oOpa3zell Beicokoro nasieHus (~9I'Tla). O ToM, Kak U3MEHs-
I0TCS 3JISKTPOHHBIE CBOMCTBA MaTepHalia Mpu TakoM crocode amopdu3aiuu, U3BECTHO Kpaii-
He Majo. J[1st BEISICHEHUsT 0COOEHHOCTEH MOBeIeHHs SJIEKTPOHHOM MOJICUCTEMBI ITPU aMopu-
3alliM KPUCTAJJIOB ITyTeM BO3JIEHCTBUS BBICOKOTO JAaBiieHUs1 B MIHCTUTYTE U3MKKU TBEPAOTO
Tena paspaboTaHa METOAUKA CIEKTPAIBbHBIX HMCCICIOBAHUN C UCIOJIH30BAHUEM ONTHYECKU
AKTUBHBIX U CTPYKTYPHO - UYBCTBHUTEJIbHBIX “‘METOK~ — MOHOB PEIKO3EMEIbHBIX 3JIEMEHTOB
(Re’"). YcraHoBieHo, uto npu niepexone monubaata esponus (Euy(MoOs); — EMO) u3 xpu-
CTAJJTHYECKOr0 B aMOp(HOE COCTOSHHUE MPOUCXOAMT CMEIICHHE KpacHOW rpaHuibl (GyHAa-
MEHTAJILHOTO ToroneHus Ha ~0.85B B 001acTh MEHBIIUX SHEPTUH, a TaKKe HAOIIOTAIOTCS
paauKanbHble U3MEHEHUs crieKTpoB JromuHectieHnu (CJ1) u criekTpoB BO30YKICHHUS JIFOMU-
Hecueniuu (CBJI).

[IpencraBnseTcs 1enecoo0pa3HbIM UCIIOJIB30BATh 3Ty METOJIUKY I U3yYEHUS] U3MEHe-
HUS JIEKTPOHHBIX CBOMCTB JIPYTUX MOJIHOIATOB MpHU WX amopduzanuu. Takue uccienoBaHus
MIPOBEICHBI B HACTOsIIEH paboTe Ha MonuOaaTe ragoaunus, JerupoBanioM 0.5% Eu. B ot-
JUYHe OT MOJMOAaTa eBpOIHs, TAe Kaxaas dJIeMEHTapHas sTueiika COAePKUT 8§ NOHOB Eu’’, B
Gd; 99Eu9,01(M00O4); — (GMO:Eu) onnn non Eu’* MIPUXOJUTCS Ha ~25 3JIEMEHTAPHBIX SUYEEK.
B 3TOM cityyae onTHuecKu aKTUBHBIE MOHBI €BPOMHUS SIBISIOTCS CTPYKTYPHO — YyBCTBUTEIb-
HBIMU ‘‘M€TKaMu’, KOTOPbIE TMO3BOJISIIOT CIECAWTh 3a U3MEHEHHEM AJIEKTPOHHBIX CBOWCTB U
nokaiabHON cumMeTpuu GMO npu GapudecKux BO3IEHCTBHIX.

Crnextp momunecuennuu (CJI) kpucrammoB GMO:Eu B uccienoBaHHOW HaMH CIEK-
TpajabHOH obnacti 605-630HM COAepKUT ceMb MOJIOC, HanOOIee NHTEHCUBHBIMU U3 KOTOPBIX
SIBJISIFOTCST TIOJIOCHI € Amax = 614.0 1 616.2aM, ux nomymmpunsl paBHbI ~0.7HM. [Tocne mepe-
Bosa GMO:Eu B amopduoe coctosuue B CJI BMecTo ceMu JTUHHIA HAOII0IAaeTCS OHA ILIUPO-
Kasl T0JI0ca ¢ MAKCUMYMOM TIPH Amax = 612.7HM u monymmupusoi ~ 10.4aM. B ciektpe Bo3-
oyxnaenus momuHectneHnuu (CBJI) ucye3aror Bce pe30HAHCHBIE TIOJOCH € Amax < 400HM, OC-
TaeTCs TOJIBKO OJIHA TOJI0CA C Amax = 466HM. OTcyTcTBHE B CBJI amopduoro GMO:Eu camoit
uaTeHcuBHON B CBJI ricxomHOTO 00pasiia MoJoCH C Amax = 395HM CBUAETEIBCTBYET O TOM,
YTO KpacHas rpaHulla (pyHIaMEHTaJIbHOTO MOTJIONIeHUs aMopdHOTo MonuOaTa raJoJIuHUs

ko
Jlokmaa oTMEUeH KIOPH KaK OJUH U3 JYUITUX Ha IMOJCEKITHH.



318 JIOMOHOCOB - 2008

(Ea) Haxoautcs npu A>400HM. DTOT BBIBOJ MOATBEPKAAETCS MPSIMBIM omnpeneieHneM Ex mo
cnektpy npomyckanus amopdroro GMO:Eu cormacao kotopeiM Ex=410uM (3.023B). Takum
o0pa3om, npu amopduzarun GMO NpoucxoaAnuT 3HAYUTENbHbIN CIBUT KPACHOM IPaHHUIIbI 110-
riomenus ot 4.135B B ucxomnom kpuctamie 10 3.025B B amophHOM MomuOIaTe raf0IMHUSL.
Omxur amopdproro GMO:Eu npu T ~ 900°C — Temneparype, Ipu KOTOpoi cTabUIbHA BBICO-
koTemneparypHas mogaudukanus GMO, - TpUBOAUT K BOCCTAHOBJIEHUIO BCEX CHEKTPAIBHBIX
xapakrepuctuk GMO:Eu.
E-mail: darya mk@inbox.ru

PEHTT'EHOCTPYKTYPHbLIE NUCCJIIEAOBAHMA HAHOPA3MEPHBIX
PT;CO/C DJIEKTPOKATAJIN3ATOPOB IJIS1 HU3KOTEMIIEPATYPHbBIX
TOIUVIMBHBIX 3JIEMEHTOB

JleoutneB U.H., Muxeikuu A.C.

FOoicnviti @edepanvhuviti Yuusepcumem, Pocmoe-na-/{ony, Poccus

KoMmo3uimonHsle MaTepHansl, CoJepKallle HAHOYACTHIIBI IJIATHHBI, OCAKICHHBIC
Ha BBICOKOPA3BUTYIO MOBEPXHOCTh YIJIEPOJHBIX HOCHUTENEH, ABIAIOTCS Hanbojiee Mepcrek-
TUBHBIMH KaTaJlU3aTOpaMU ISl HU3KOTEMIIEpaTypPHBIX TOIUIMBHBIX 3JeMeHTOB (T3). OcHOB-
HBIMHM IIPUYMHAMU, 3aTPyAHSAIOIIMMU KOMMEPYECKOE HCIIOJIb30BAHUE IUIATUHOYIJIEPOIHBIX
KaTaJIn3aTOPOB, SIBJISIOTCS UX BBICOKAsi CTOMMOCTb, ObICTpasi Aerpajaalus B rpoiecce paboThl.
Kpome Toro, CKJIOHHOCTH K arjioMepanuy 4acTHIl KaTalu3aTOpoB Ha ocHOBe 4ucToi Pt, cro-
cOOCTBYET YMEHBIIECHHUIO aKTUBHOW MOBEPXHOCTH KaTallW3aTopa, MPUBOJAIICH K yMEHbIlIE-
HUIO KaTaIUTHYECKOW aKTUBHOCTU. OIHUM U3 CIOCOOOB YCTPaHEHHS BBIIICTICPEUHCICHHBIX
TpYJIHOCTEN SIBISETCS 3aMeHa 4MCTOi Pt ee cryiaBaMu ¢ mepexoJHbIMH METaUlaMU, TaKUMU
kak Co, Ni u np.[1]. Bce BblmenepeuncieHHoe 00yCIaBIUBACT aKTYaJIbHOCTh U MpaKTHYe-
CKYIO 3HaYMMOCTh uccaeaoBanust HaHopasMepHbix Pt;Co/C sanekrpokaranusaropos. Llens Ha-
CTOSIIIETO MCCIICIOBAHUS — U3ydeHue pasMepHbix agdextoB B Pt3Co/C anekrpokaranusaro-
pax.

Pt-Co karanuzaTopsl Ha yriepogHON MOAJI0KKE U3rOTaBIMBAIN METOI0M XUMHUYECKO-
0 BOCCTAHOBJICHUS IPEKYPCOPOB METAJIOB W3 YTIJIEPOJHOI CYCIIEH3MH Ha OCHOBE UX pac-
TBOPOB. [1J1s1 3TOr0 rpadMTU3UPOBAHHBINA MOPOLIKOOOPA3HBIN YTIIIEpO]] C BHICOKOPA3BHUTOM I10-
BepxHOCThIO (Timrex HSAG-300) umnperHupoBaiu IUIATHHOXJIOPOBOJOPOIHOM KHCIOTOM
H,PtClg*6H,0 u Co(NO3), *6H,0. YraepoaHyto cycneH310 TOTOBUIIH TAKUM 00pa3oM, 4To-
0n1 MosisipHOE cooTHomeHue Pt:Co paBHsmoch 3:1. MeTamibl BOCCTaHABIMBAIKUCH MTPU TIOMO-
M BOJHOTO pacTBopa Oopruapuaa Harpus. COOTHOIIEHHE BOJHOW U HEBOAHOM (ITUIICHTIIH-
KOJIb) KOMIIOHEHT PacTBOPHUTENSI OBLIO COOTBETCTBEHHO 1:5 miisa oOpasia, KOTOphIA MBI 000-
s3HaunM E23, 1:1 mns E25, u 5:1 ansa E27. [lns oneHKH KOPPO3MOHHOM MaTepHaaoB 00pasLibl
E23, E25 u E27 o6pabarbiBanuck ogHOMOJISIpHBIM pactBopoM H,SO4 B Teuenun 1 daca mpu
temreparype 100 oC. [TommydeHHbIe 00pa3Ilbl MOYYald COOTBETCTBEHHO 0003HaueHus E24,
E26 u E28.

PentreHocTpyKkTypHBIE uccienoBanus nposoaunuck Ha llIBennapcko-Hopsexckoi
muaun EBpomneiickoro nentpa cuaxporponnoro usnydeHus (SNBL ESRF) ¢ ucnonp3oBanu-
€M MOHOXPOMATHU3UPOBAHHOTO PEHTTEHOBCKOTO M3IydeHHs ¢ JUIMHON BomHbl A=0.72287 A.
Herextop uznyuenus — Image Plate Mar-345. nctpymeHTanbHas GyHKIUS YIIUPEHUS OII-
penensiach MpH MOMOIIM KPYTMHOKPUCTAIUTHYECKOro nopoinka LaBe.

AHanu3 peHTreHOrpaMMBbl YTJIEPOIHOTO HOCUTENS MOKa3all, 4YTo Timrex npeacTaBiiser
u3 cebs cMech ABYX YriepoaHbX (a3 — opropomoudeckoit Fmmm (a=2.456 A, b=4.254 A,
¢=6.696 A) 1 pomGosapraeckoii R3m (a=3.6420+0.0001 A, a=39"30). K coxaleHuo, B j1H-
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TepaType Ha 3TOT (akT He oOpaliaercs BHUMAaHUS, YTO MOXET MPUBOJIUTH K OMIMOOYHOMY
OTIPEICNICHUIO MOJIHOM IIMPHUHBI Ha MOJIOBUHE MakcuMyma nudpakuunonHoro nuka (FWHM)
U MOCIIEAYIOLIEMY 3aHHKEHHUIO Pa3MepPOB YacTHUI.

g onucanus npoduiis pedaeKkcoB HCIMOJB30BATUM MOAUPHUIMPOBAHHBINA IICEBJIO-
@oiirt Tomncona —Kokca-Xactunrea [2]: PV =nL + (1-1)G , TA€ 77 - OTHOCUTEIBHBINA BKIa]

¢yukuun JlopeHna B o0I1yI0 HHTEHCUBHOCTb OTPAKEHUSI.

Ananu3 3Hauennii FWHM, nonydeHHBIX A1 BCEX MCCIIEIOBaHHBIX 00pasIioB, MOKa-
3aJl CYIIECTBEHHYIO aHU3O0TPONHIO YIIHPEHUs! TU(DPAKINOHHBIX MAKCHMYMOB, T.€. PEQIICKCHI
tuna (111) umeror cucrtematnyecku Menbiyto FWHM, yem npyrue pediekcel, mpuueM ¢
pOCTOM pa3Mepa YacTHUI] aHU30TPOMHUs pacTeT. [IpuyrnHaMu HAOIIOAAEMOrO SBICHUS MOXET
ObITh: 1) Hanmmuue NeEeKTOB YIMAKOBKM; 2) HAIMYWE NUCIOKAIWi; 3) 3aBUCHMOCTh pa3Mepa
YaCTHII OT KPUCTAIOTpadUIeCcKOro HAIIPABJICHUS.

Cpennuii pasmep dactun <D>p;; onpenensinu o dhopmyne Illeppepa [3], pactipene-
JIEHUE YacTHI] M0 pa3Mepam - 0 METOJIUKE MpeasiokeHHou B [4]. [l pacuera UCTIONb30BAIN
sHauenne FWHM st pednekca (111).Pe3ynbrars ajis Bcex 00pas3IioB MpeACTaBICHBI B Ta0-
TuIIe.

Oo6pa3zen
Pa3mep wactun E23 E24 E25 E26 E27 E28
no [3] | <D>;;,nm 3,0 4,0 3.9 4,8 4,7 5,7
1o [4] <D>;;;,nm 3,2 4,3 4,3 5,1 4,9 6,0
G, nm 1,5 2,1 2,1 2,5 2,5 3,0

Kaxk BuaHO M3 TaOnHIBI CpEeHUN pa3Mep YacTHll, PACCUMTAHHBIN 110 METOANKE [4] He-
CKOJIBKO 0OJIbIlle, YeM paccuuTaHHbIi 1o ¢opmyre Lleppepa. Pazmep wactull pacrer Kak mo
Mepe yBEIMYEHUS HEBOJHOTO KOMIIOHEHTA PAacTBOPHUTENS, TaK U IMociie 00pabOTKU 4YacTHUI
KUCIOTON. B 060uX cityyasix yBelIn4eHue coctapiseT npuonuzurensho 0,8-1 HM.

Arnmpokcumarnus GyHKIHUEH nceBno-OoNurT mo3Bosinia TakKe TOYHO ONPEICIUThH T10-
JIOKEHUE KaXA0ro Tu(pakimOHHOrO MakcuMyMa 0, mocie 4ero Hamu ObUT BBITIOJIHEH pacyer
napamMeTpa KpHUCTAUTMYECKOW PEIIeTKH @ JJIs BceX Pe(dIeKCOB PEHTICHOTPAaMMBI KaXkIOTO
oOpa3ia. 3HaueHus mapamerpa @, HaliJJeHHOTo TaKuUM 00pa3oM, UMEET CHCTEMaTHYECKYIO T0-
IPELIHOCTh, CBSI3aHHYIO C HEUJICAIbHOCThIO YCTAaHOBKHM 00pa3lia, KoTopasi Oblila HUBEJIMPOBA-
Ha c IIOMOIILIO AKCTPanOJISIIMOHHON byHKIIUN Henrscona-Painn
0.5(cos® @/sin @ + cos” #/6). AHanu3 HmapaMeTPOB ICMEHTAPHOW sSYCHKH Ul BCeX 00pas-

] OB, a TaKkkKe 3aBUCHMOCTH
a, A_ a(<D>;;;), TpencTaBICHHOM Ha
IO T T puc.l, mMmo3BOJNSIET cEIaTh Cle-

ayrwoue  BbIBOAbL.  [lapamerpbl
SYEHKU @ TIOTy4YEHHBIX HaHO4Ya-
CTHMEHBIIIE YeM IapaMeTp @ 4Yuc-
TOM  IJIATHHBL 3aBUCUMOCTh
a(<D>;;;), OIMHAKOBO HEIMHEHHA,
Kak Jy1si 00pasIoB MpoueImmx 00-
paboTKy Tak M g HeoOpaboTaH-
HBIX O0Opa3lOB, HMHBIMH CIIOBaMHU
HaOroaeTcsl 3aMeTHBIM pa3mep-
HBIH 3 eKT, KOTOpbIi 00BICHSET-
csl, MO-BUIMMOMY, HECKOMIIEHCHU-
POBAHHOCTBIO MEXATOMHBIX CBSI3€i

3,910

3.905

3.900

3,895

3,890

3.885 I . 1 . 1 . 1 . I . 1 .
5,0 ] 6,0

3.0 3.5 4.0 45
<D>|;;.nm aTOMOB Ha IOBEPXHOCTU B OTIINYHE
OT aTOMOB, PaclOJ0XXEHHBIX BHYT-
Puc.1 pu YacTull, U, KaK CIE€ACTBUE 3TO-



320 JIOMOHOCOB - 2008

r'0, COKpAIICHUEM PACCTOSTHUI MEXy aTOMHBIMH IJIOCKOCTSIMU BOJIM3HM TIOBEPXHOCTH YaCTH-
bl [lapamerp sueliku a 17151 00paOOTaHHBIX KUCIOTON YaCTHI] BBIIIE, YeM IS HeoOpaboTaH-
HBIX TIPH OJMHAKOBOM pa3Mepe, YTO CBUICTEILCTBYET O MEHbIeM cojepxkanuu Co B 00pado-
TaHHBIX 00pa3Iax.
E-mail: i.leontyev(@rambler.ru
Jlureparypa
1. Stamenkovic V R. et al (2007) Trends in electrocatalysis on extended and nanoscale Pt-
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2. Thompson P., Cox D.E., Hastings J.B. (1987) Rietveld Refinement of Debye-Scherrer
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PACYET U3MEHEHUS PA3BMEPA TIOP B BETOHAX TTPU 3AMEP3AHUN
BOJIbI

Jlexanos 1O.b.

Axymckuu eocyoapcmeennwiii ynusepcumem um.M.K. Ammocosa, Axymck, Poccus

WccnenoBanus BIUsSHUS 3HAKONIEPEMEHHBIX TEMIIEPATYPHBIX BO3AEUCTBUN HA TOPHbIE
HOPO/JIbl, TPYHTHI, OETOHBI U Ipyre NOPHUCThIE, BIArocoAepikalie MaTepualsl BIUIOTh 0 Ha-
CTOSIIETO BPEMEHH OCTAeTCs aKTyalIbHOU 3amaueii. Boma, comeprkamasicst B mopax, npu $azo-
BOM IPEBpAIICHUH B JI€J, OKa3bIBACT KpaifHe pa3pylLIMTENIbHOE IEHCTBHE Ha TBEpAyIo (asy
MOPHUCTHIX MaTepHasioB. MIX crocoOHOCTh MPOTHBOCTOSATh ATHM BO3JCHCTBUSAM SIBISICTCS Ta-
paHTHel HaZIe)KHOCTU U yCTOMYMBOCTH TOPHOTEXHUUECKUX U UHBIX COOPY KEHUH.

OO01KM TOAXO0/I0OM K HUCCIIEIOBAaHUIO0 MEXaHU3MOB BIMSIHUS LIMKJIMYECKOTO 3aMOpPaKH-
BaHUs — OTTaWBaHUS Ha MOPUCThIE MAaTEpUAIIbI SBJIAETCS NPEINONI0KEHUE O pocTe JePEeKTHO-
CTH (TPEUIMHOBATOCTH) U B3aUMOJCHCTBUM JE(PEKTOB B PE3YyJbTAaTE KPUOTEHHOTO POCTa KpHU-
CTAJUIOB JIbJIa B IOpax U TPELIUHAX.

Henbto mMoei paboThl SABISETCS peLICHHE KUHETHUYECKOTO YpaBHEHUS I (QyHKIUU
pacripesiesieHus Iop 1o pa3Mepy (MpH BBIBOJIE POU3BEIEH YUET CIAUSHUS MOp U 3aBUCUMOCTD
TEMIIEPATYpbl 3aMEP3aHUs OT paguyca mop).

Kunernueckoe ypaBHeHHE sl IFIOTHOCTH pacIipelieieHus 1Mop Mo pa3MepaMm B 3aBHU-
CUMOCTH OT YHCJIa UKJIOB 3aMOPaKUBAHUS — OTTAUBAHUS MOYKHO IIPE/ICTAaBUTh B BUJIE

f:f

ey - y, W W 2
rae B; — mpezacTaisieT co00il MpUpoCT paanyca Mopsl 3a OJUH UKI 3aMOPAKUBAaHUS (IMK-
JOBasi CKOPOCTh pocTa paauyca mnop). Onpenenser KOHBEKTUBHOE JABIKEHHE (DYHKIIUHM pac-

df dr

— N —

npezeneHus op B MPOCTPAHCTBE pa3MEPOB pailyCcoB g, = G dm

8,
pacrpesieieHus TIop 1o pa3MepaM B 30He HeoOPAaTUMOTO IIACTHYECKOTro AehOopMHUPOBAHHSA
061,eM0M‘_—1|, = 4ur-fr.

B, — mpencTasiseT coOOM 4YJIeH THUIIA MCTOYHUKA U ONpeNenseT BKIaA B (PYHKLHUIO

MIPEJCTaBIsET COOOM WiIeH THUIlA HICTOUYHUKA, ONPEACIAIOIINNA TPUPOCT QyHKIIUH

pacmpeneneHus 3a c4eT MPUPOCTa Mop pajuyca r B 30HE HEOOPaTUMOTO IIACTUYECKOTO Jie-
bopmupoBanus o0beMoM V= 4mr*{@r B pe3ynbTaTe «peakuun» ry =+ r» — CIUSHHSA T10p;
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B, - mpeicTaBIIeT CTOK KOJMYECTBA TIOP C PATUYCOM # 32 CUET UX CIUSHUS C IPYTH-
MH, T.€. «PEAKLUsD» r' =Ty = 75 B 30HE HEOOPATUMOTO TIACTHYECKOTO J1ehOpMHUPOBaHUS 00B-
emom V= dars@r.

Kunernueckoe ypaBHeHHe A1 GYHKLINHU pacpeaeeHns Iop 1o pa3mepy:

In
o %™

F 3 -

e 2 A (r,m) _Fr f(ry, n)dnfridn +
i 5.

o B,

gr an
o - £1 pr 3 o — ~ el o - ~ f& .
K -ln; dmrs B (E-(c w (_r1 - Yri—of )ft‘r‘l.n)f(‘\- rd— 3, n) dry — f(rm) [, «(r+

1y )f (ry, m)dry ) f (v m)dny

BeiBoa: PenieHue KHHETHYECKOTO YpPaBHEHHS IO3BOJIUT MOJCIUPOBATh JTUHAMHKY
npeoOpa3oBaHus CTPYKTYPHI MMOPOBOTO MPOCTPAHCTBA MPH ITUKIMISCKOM 3aMOPAKUBAHUN —
OTTaMBaHUU. MOJICIMPOBATH TIOBEJACHUE aHCaMOJIsl TIOP B 3aBUCUMOCTH OT TEMIIepaTyphl 3a-
MOpaXUBaHUS, © HAYATLHOTO PACIIPEICIICHHUS.

ABTOp BbIpa)kaeT MpHU3HATENbHOCTh A.T.H. CTenanoBy A.B. 3a momoiip B MOATOTOBKE
Te3unca.

E-mail: lekhanov@mail.ru

Jlureparypa
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W3YUYEHUE B3AUMOJIENCTBUS ATATOMOB YIJIEPOJA
TIOBEPXHOCTSIX JKEJIE3A (001) ¥ (111) METOJIOM
[MEPBOIPUHLIMITHON MOJIEKYJISIPHON JUHAMUKU

Myturynnus U.B.

MI'Y um. M.B. Jlomornocosa, Mocksea, Poccus

Hcnonb30BaHne METATMYECKUX KaTalIU3aTOPOB MPH BBIPAIIMBAHUU YTJIEPOIHBIX Ha-
HOCTPYKTYp CTAQHOBHUTCSI LIMPOKO pacHpOCTpaHEHHBIM B mocienHue roxasl [1, 2]. Onnako
MPOLIECCHI, MPUBOASIINE K 00pa30BaHUIO IPa(PUTOBBIX CIOEB U, KaK CIEICTBUE, YIIIEPOTHBIX
HAHOCTPYKTYp Ha aTOMAapHOM YPOBHE /10 CUX IOp He sicHbI. [loaTomMy 0coOblil uHTEpEC npe-
CTaBJISIET TEOPETUUECKOE N3YUCHHE XapaKTepa B3auMOICUCTBUS OT/IEIbHBIX aTOMOB YIJIepoJia
Ha MOBEPXHOCTIX METaJla.

B nannoif paboTe MeTOAOM MEPBONMPUHIMITHOW TUHAMHKHA Ha OCHOBE TEOpPUHU (PYHK-
[IMOHAJIa TUIOTHOCTU C MCIOJIb30BaHUEM Oa3uca IIOCKuX BoiH 1 PAW-noreHnuanoB uccie-
JIOBAJIOCh B3aMMOJCICTBHE a/1aTOMOB YIJIepoJia U cOpOLusl yIIIepOJHBIX MOHOCJIOEB Ha TO-
BepxHocTsx (001) u (111) OIIK-xene3a.

[TomyueHHbIE pe3yJbTaThl TO3BOJISIIOT CAENATh BBIBOJ, YTO Ha moBepxHocTax (001) u
(111) >xene3a agaromMaM yriiepoaa 3HEPreTHUECKU HE BBITOJAHO PACIONIaraThCsi B MOJOKECHUN
OnmxalIux cocenel, 4To HaXOAUTCS B COTJIACHU C Pe3yJibTaTaMH, OJYyUYEeHHBIMH AJIs YTJie-
pona Ha noBepxuoctu (001) sxene3a B paborax [3, 4]. Ha moBepxuoctu (001) xkene3a yriepo-
Iy O6oJiee BBITOJIHO 00pa30BBIBATh Pa3pEeKEHHBIE MOHOCIION, @ HE TIOJIHBIN MOHOCIION. B vact-
HOCTH, HauOoJiee MPeAnoUYTUTENFHBIM MIPEICTABIICTCS PABHOMEPHOE 3aIl0JIHEHHE TI0JIOBUHBI
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MOHOCIIOS (PacCTOSTHUSI MEX]y aaTOMaMU COOTBETCTBYIOT BTOPBIM cocelsiM). B ciyuae aj-
copOIMU OHOTO MOHOCIOS yriaepoja Ha noBepxHoctu (001) xene3a HabmrOgaeTCS TEHICH-
IUsI K IEPEMEIIMBAHUIO aTOMOB B BEPXHUX CIIOSIX.
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ITPOCTPAHCTBEHHOE PASMEIIIEHUE CTPYKTYPHbBIX
[TOAPEILIETOK B KPUCTAJIJTAX CO CTPYKTYPOU YBA,CU;0;

Huxkomnaesa E.B.

Kemeposckuii 2ocyoapcmeennviii ynusepcumem, Kemeposo, Poccus

JIro6oe KpucCTaIMYecKoe COeAMHEHHE, COCTOAIIEee U3 ABYX U 0ojiee XUMHUECKUX dJie-
MEHTOB, MOYKHO ITOCTPOMTH ITyTEM BJIOXKEHHUS IPYTr B Apyra TPAHCISALHUOHHO COBMECTHUMBIX
NOApEeEeTOK bpaBy OMUHAKOBBIX WM Pa3JIMYHBIX CUHIOHMMN. [IpocTedirMy Ki1acCHYeCKUMHU
IpUMepaMu KPHUCTAJLUIOB, COCTOAIIMX MX MOAPEIIETOK OJWHAKOBOIO THIa bpass, MOryT ciy-
KHUTb KPUCTAIUIBI CO CTPYKTYPOH KaMEHHOM COJIH, ajaMasa, chaiepura, a u3 MoJIpeneToK pas-
anyHoro tuna bpaes — kpuctamisl GaroopuTa u aHTUQIIOOPUTA.

IIpencraBiaeHre KpUCTAUIOB B BHUJE COBOKYNHOCTH MOJPELIETOK PA3JIMYHOIO THIMA
bpaBs 1mo3BossieT onucaTh HMEIONIYIOCS B HUX JOMOJHUTENBHYIO, «CKPBITYI0» CUMMETPHIO U
npejcKa3aTh BbI3BAaHHbIE €10 OCOOCHHOCTU HEKOTOPHIX (PH3MUECKUX M (PU3NKO-XUMHUYECKUX
CBOMCTB KPHUCTAJIJIOB, YTO HAXOAWT CBOE NMOATBEP)KICHHWE IIPHU AHAIU3E 30HHBIX CIIEKTPOB
JAHHBIX KpHCTAIOB [1], XUMHUYECKOW CBSI3W B HHUX [2] W ApYrux ¢U3M4ecKux U (U3MKO-
XMMHYECKHX CBOMCTB. Tak, TOHOpHAas M aKLENTOpHAas IPOBOAMMOCTH CBS3aHBI C Pa3HBIMU
HOJpEIIETKAMU; MOHHAs IPOBOAMMOCTb, XUMUYECKUE PEAKIUU U JPYTHE IPOLECCHl YacTO
00yCJIOBIIEHBI OHOM U3 MOJPELIETOK, KOT/1a APYTUE UIPAIOT POJIb OCTOBA MIIM KaTalIUu3aTopa.

Panee Obuta pemieHa 3ajgada ompeAeiieHUs BO3MOXKHBIX BAPHAHTOB COUYCTAHUS IOJpe-
meTok bpaBs B kpucTtaiuiax, yuuThiBasi UX TPAHCISITUOHHYIO COBMECTUMOCTH [3]. YdeT moJ-
HOM IIPOCTPAHCTBEHHOM CUMMETPHUM KPUCTAJLIA, BBIPAXKCHHOU B MPOCTPAHCTBEHHOM rpymnme
(I1T"), mo3BOJISIET JOTOJHUTEIBHO K 3TOMY OINPEIEIUTh BCE BO3MOKHBIE BAPUAHTHI IPOCTPaAH-
CTBEHHOT'0 pa3MelleHus noapemnieTok bpass Toro unu uHoro tuna B u3dpannoii I11". HaGopst
COOTBETCTBYIOIINX BEKTOPOB CMEIIEHHUS TMOJIPEIIETOK MPEACTABISIOT CO00M 00001IeHne CHc-
TEMBbl 3KBHUBAJICHTHBIX KpHCTAIOrpaduieckux Mno3uiuii. B Hacrosmee Bpemst Ha kadenpe
teopernueckoir pusuku KemI'Y HavaTta paboTa 1Mo COCTaBICHHIO COOTBETCTBYIOLIETO KpH-
crajutorpaduueckoro crpaBoynuka st Bcex 230 III'. Yxke momydensl pesynsrarsl ans [T
TPUKJIMHHON M MOHOKJIMHHOW CHUHIOHHUH, a TaKXe AJIS KPUCTAJUIOB IMPOCTOT0 POMOMUYECKOTO
tumna bpass.

B 6a3e mannbix Crystal Lattice Structures [4] cpenu KpUCTaJUTMYECKUX COEIUHEHUUN
IPOCTOTO POMOMYECKOTO THUIA OBLIM HaMIEHBl KPUCTAIUIBI C PA3IMYAIOIIUMCS TUIIOM TOApe-
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metok bpasa: FeS,, Fe,C, CaCly, AIPS4, YBa,CuszO7, CaTiOs. lannas pabota mocBsieHa
rpynmne BbICOKOTeMInepaTypHbIX cBepxnpooguukos (BTCII) co crpykrypoit YBa,CuszO7:
YBa,;Cu307, GaSry(Y,Ca)Cu,0O7. Ha ocnoBe okcunubsix BTCII Bemercs pa3paboTka mMarHu-
TOMETPOB, PaJUOMETPOB, OOJOMETPOB, MHUKPOBOJIHOBBIX PE30HATOPOB U T.N. Ba)kHbIM Ha-
IIPABJIEHUEM HCCIIEOBAHMS BBICOKOTEMIIEPATYPHOM CBEPXIIPOBOJAUMOCTH SIBIISIETCS U3yUEHUE
¢usuko-xumudecknx cBoiictB BTCII, a Takke B3aMMOCBSI3U XMMHUYECKOTO COCTaBa C DIIEK-
TpO(U3NYECKUMU U MarHUTHBIMU cBoiicTBamMu. OcobGeHHocThio okcuaHbix BTCII aBnsercs
Ype3BBIYAHO CUJIbHAS B3aUMOCBS3b KUCIOPOIHOW CTEXHOMETPHH, CTPYKTYPBI B dJIEKTPOpH-
3uyeckux cBoicTB. BTCII co ctpyktypoit YBa,Cu3;O7; uMeroT mpocTyto poMOHMYecKyIo pe-

metky, [T Ne 47 (D).
bazucHbie BeKTOpHI U3 [4] UMEIOT BUA:

B1=(0; 0; 0) — Cu-I (1a) Bs=(0; b/2; 0) — O-II (1le)
B>=(0; 0; z;) — Cu-II (2q) Bo=(a/2; 0; z3) — O-III (2s)
B3=(0; 0; -z;) — Cu-II (2q) Bi1o=(a/2; 0; -z3) — O-1IV (25)
Bs=(a/2; b/2; c/2) =Y (1h) B11=(0; b/2; z4) — O-V (2r)
Bs=(a/2; b/2; o) — Ba (2t) B1>=(0; b/2; -z4) — O-V (2r)
Bs=(a/2; b/2; -z;) — Ba (2t) B13=(0; 0; z5) — O-VI (2q)
B;=(a/2; 0; 0) - O-I (1b) B14=(0; 0; -z5) — O-VI (2q)

[Moxpemerku Ca ¢ 6a3ucHpIMU BekTOpamMu B; u Bg
COBMEIIEHb B OJIHY O0a30IEHTPHUPOBAHHYIO pOMOHWYE-
CKYIO TOJPEIIETKY, TMPH ATOM TMPOCTPAHCTBEHHBIC TIE-
pUOABI TTOAPCIIETKH W KPUCTALTUYSCKON PEIIeTKH COB-
nagaroT. [Ipu TeopeTndeckoM pacuere JaHHOTO BO3MOXK-
HOTO COYETaHUSl KPHUCTALITMYECKON PEIIeTKH W TOJpe-
LIETKU Ha OCHOBE METOo/a U3 [S5] MOJydYeHbl CIeAYIOIIHe
BeKTOpHI cmerneHust: (n;(a/2l), ny(b/2m), n3(c/2n)), roe 1,
m, n — Telble YKCia, CBA3BIBAIONINE MPOCTPAHCTBEHHBIC
TIEPUOJIBI TTOIPEIIETOK C COOTBETCTBYIOIIMMH TIEPHOIAMHU
Kkpuctamna: as = al/l, by = b/m, c¢; = ¢/n (B 1aHHOM KpH-
crauie [=m=n=1), n; — 1eNbIe YKUCIA, OMPEICIAIONINE
MOJIOKECHUS TOJPEIIETOK. PeallbHO MONydeHHbIE MMEO-
nyecs: B Kpuctayuie 6a3sucHsie BekTophl B; u Bg momyya-
IOTCSL U3 BEKTOPOB CMEILECHMS KaK YaCTHBIN CIydal IIpH
CJIEIYIONINX 3HAYCHUSIX mapaMeTpoB: 1) n,=n3;=0, n;=1u
2) n;=n3=0, n,=1 COOTBETCTBEHHO.

Tpu nogpemerkn Cu, ogHa moapemerka Y, ABE
nojapenieTku Ba u mects nmoapemerok O cOBmagaoT Mo
CBOEMY THUITy W TIPOCTPAHCTBEHHBIM TMEpPUOJAM C KpH-

Puc.1. DnemenTapHas s4elika CTAJNIMYECKOU PEIIETKOM.
BCTII co cTtpykTypoii E-mail: Elena_eruk@mail.ru
YBaZCu3O7
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NCCJIEJOBAHUE ®OPMHUPOBAHUS HAHOKPUCTAJIJIOB KPEMHUA
[TPU OTKUTE TIUIEHOK SIOy

'Mankos K.H., 1TepeXOB B.A,, 1TypI/mleB CIO,, 1KamKapOB B.M,,
lILOMaLueBCKa;I D11, 2T6T6H56ayM A.N., *Muxaiinos A.H., *Bernos A.U.

1 . .
Boponesicckuii 2ocyoapcmeennbiii ynugepcumem, Boponeswc, Poccus

2 . .

Huoicezopoockuii eocyoapcmeennuiii ynusepcumem, H. Hoeeopoo, Poccus

OO6pa3oBaHne HAHOKJIACTEPOB JIEMEHTAPHOTO KPEMHUS B CYOOKCHAHBIX IUIEHKAX, TOTY-
YEHHBIX METOJOM TEPMHUECKOro ucnapeHus nopoimika SiOx B BaKyyMe, HCCIEI0BajIOCh Me-
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Puc. 1. Si L, 3 — XANES cnexrps
ctpykryp SiO/Si u 3TanoHOB

TOJaMU PEHTTEHOBCKOM CIIEKTPOCKONHH MOTJIOLIEHUS
(XANES) u smuccuu (XES). IIpoBeneno uccnenoBanue
HHEPreTUYECKOro CHEKTpa JIEKTPOHOB B 30HE MPOBO-
numocTtu (XANES) u B BanentHoit 30He (XES) mocie
TepMuueckux orxuros. Cnekrpsl XANES B o0Gnactu Si
L, 3-kpast OBUIM TOTYYEHBI ¢ TIOMOIIBI0 CHHXPOTPOHHO-
ro usiaydeHus Ha cuHxporpoHax BESSY-II (bepaus,
I'epmanus) u SRC (Croyron, CIHA). IlomydyenHsie
JAHHBIE O JIOKAJIbHOW TJIOTHOCTH 3aHATBIX U CBOOOJHBIX
ANEKTPOHHBIX COCTOSHUIN MO3BOJIWIM MOJYYUTh UHPOP-
MaIMIo 0 XapakTepe TpaHchopManuu OIMKHETO OKpY-
KEHHUSI y aTOMOB KpeMHUs B TuI€HKax SiOyx mocie oTxH-
roB B uHTepBaje temneparyp 900-1100°C. IMocie ot-
xuroB B cniektpax XANES mnosiBnsiercs cTpykrypa, co-
OTBETCTBYIOLIasl 3JEMEHTApHOMY KpPEMHHIO, KOTOpas
YCUJINBAETCS C POCTOM TEMIIEpaTyphl OTXKUIa. AHaIu3
3TOM CTPYKTYpBl CBHJETEIBCTBYET O TOM, YTO 4YacTh
aTOMOB 3JIEMEHTAapHOIO KPEMHHUSI HaXOAUTCA B HAHOK-
JacTepax B HEYNOPSJOUYCHHOM COCTOSTHHH.

Oco0eHHO cienyeT TMOAYEpKHYTh, 4YTO (HOpMU-
pyromasicst nmpu orxure HaHocucrema SiOx+Si croco6-
CTBYET MHTEP(EpPEHIIMH PEHTTEHOBCKOTO H3IIYYCHUS C
A+12.4-11.8 HM, mpH yriax CKOJBXKEHUS OJIM3KHUX K
HOpMaJbHOMY. B pe3ynbrare crieKTp KBaHTOBOT'O BBIXO-
Jla BHEIIHETO PEHTIeHOBCKOro GoTodddexra B 3T0i 00-
JacTH JUTMH BOJIH MpUoOpeTaeT aHOMAJIbHBIA X0/ U CTa-
HOBMTCS 3€pKaJIbHO OOPALIEHHBIM CIIEKTPY MOTJIOLICHHUS
(puc. 1). IIpu sTOoM 0OBIYHBIN X0 KOX(PUIMEHTA TTO-

IJIOIEHMS HAOIIOAAETCS IPH 0YE€HB MAJIBIX YIiIax CKojbxenus (a~10°).
Jannas pabota BbIOJIHEHA Npu nojjepkke rpanta [Ipesunenra Poccuiickoit ®ene-
palyu AJisi TOCyJapCTBEHHOM MOAIEPKKU MOI0IbIX YueHbIX Ne MK-4932.2007.2

E-mail:pankov@phys.vsu.ru
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OL[EHKA JIE©OPMALIU U TIOBPEXIEHNS ITOPUCTON
HAHOCTPYKTYPHOI KEPAMUKH
[1PU BLICOKOCKOPOCTHOM HAT'PY)XKEHUU

[Macbko E.I'., Ko3ynun A.A.

Tomckuii 2ocyoapcmeennviti ynusepcumem, Tomck, Poccus

B HacTosiiee BpeMsi HET €IMHOTO MHEHUS, O BIUSHUM CTPYKTYpPbl HAHOKpHUCTAINYe-
CKMX KEpaMHMUYECKMX MAaTE€pUajIOB HA MEXaHWYECKHE CBOMCTBA MPU JUHAMUYECKOM Harpyxe-
Huu. Ha cerogusHuii 1eHb MEXaHUYECKUE CBOMCTBA HAHOKPUCTANIMYECKUX KEPAMHUECKHUX
MaTepUajoB MPU BBICOKOCKOPOCTHOM Aedopmaliiiu He TOCTaTOYHO HCCIIEIOBAaHBL. DKCIEPU-
MEHTAJIbHBIE MCCIIEOBAHUA MEXAHUYECKOIO MOBEJACHHUS HAaHOKEPAMHUK IPU AMHAMHYECKOM
Harpy»€HUU SIBJSIOTCS JOPOTOCTOSIIIMMHU M HE BCEra BO3MOXKHBI. B 3TOHN CBSI3M sABIIAETCS
aKTyaJIbHBIM HMCCIIE0BATh MEXAaHUUYECKOE TIOBEJICHUE TAKUX MAaTE€PHAJIOB IPU BBICOKOCKOPO-
CTHOU AegopMaIiy ¢ UCIOJIb30BAHUEM KOMIIBIOTEPHOT'O MOJIETUPOBAHHUSI.

Tak kak yHUBEpcaIbHONU (PU3HKO-MEXaHNUECKOW MOJEIH, KOTopas MorJia Obl OMHcaTh
MEXaHUYECKOE TOBE/IEHUE Pa3HBIX KJIACCOB B YCIOBUSAX BHICOKOCKOPOCTHOU aedopMalinu, He
HaiineHo. Llenpio 1anHOM paboTHI ABISETCS: pa3padoTaTh MO/EIb, aJ€KBATHO OMUCHIBAIOIIYIO
MOBEJICHNE HAHOKPUCTAIINYECKUX KEPAMUYECKUX MATEpUAJIOB IIPU UMITYJIbCHBIX Harpy3Kax;
NPOBECTH MCCIIEIOBAHUS BIMSHUS CTPYKTYpBHl Marepuana Ha ae(hopMUpOBaHHE KEPaMUKU
MO/ IEMCTBUEM IUIOCKHUX yJAPHBIX BOJIH.

CrpykTypa KepaMMUYECKHMX MaTepHajoB HEpETyJIsipHa, HO B OOJBIIMHCTBE CIyyacB
MOKHO BBIJEIHUTh CTPYKTYPHYIO SUEHKY, XapaKTePUCTHKH KOTOpPOH M OyAyT IOCTaTOYHO
CTPOTO ONpEACNATh MEXaHMYECKUE CBOMCTBA M JeOopMalliio MaTepuaia B YCIOBHIX BBICO-
KOCKOpocTHOM nedopmanuu. B pamkax maHHON pabOThI pacCMOTPEHBI PA3TMYHBIC THITHI
CTPYKTYpPBI IOPUCTOCTH, KOTOPbIE (POPMUPYIOTCS MPHU PA3IUYHBIX PEKUMaX CIIEKaHUS KpH-
CTAJJTHYECKHUX MPECCOBOK OKCHUIHOW KEPaMHUKH M MPUBOIAT K Pa3IUUYHBIM BapualusM Gusu-
KO-MEXaHUYECKUX CBOMCTB. PaccMOTpeHBl TpH XapaKTepHbIE CTPYKTYpPbl IOPUCTOCTH: C pac-
MIOJIOKEHUEM TIOP B 30HE TPOMHBIX CTHIKOB 3€PEH, HA CTHIKAX U IPAHUIAX 3€PEH, HA TPAHULIAX
Y BHYTPHM PEKpPUCTAITIM30BAHHOIO 3€pHA. Ba)kHO OTMETHUTH, UYTO MPOLIEHTHOE COOTHOILLEHUE
IIOp OAMHAKOBO JJIs1 BCEX TUIIOB CTPYKTYPBI M cOCTaBIsAET 5%.

PesynpraTel ucciieoBaHMs TONY4YEHBl YHMCIEHHO C HCIOJIb30BAHUEM KOHEUHO-
Pa3HOCTHOTO METO/Ia 1o pacueTHOl cxeme (pon Heiimana-Puxtmaiiepa. Pazpabotansl Moaenu
MEXAHUYECKOTO TIOBEJIEHUS MTOPUCTON HAaHOCTPYKTYPHOM KEPaMUKH, MO3BOJISIIOIIME U3y4yaTh
nporuecchl a1ehOpMUPOBAHUS U TOBPEXKICHUS MPU UMITYJIbCHBIX Harpy3kax. s xaxmoil u3
MOJIEJIEN BBIUMCIUTEIbHBIA SKCIIEPUMEHT MPOBOAMIICS CO 3HAUEHHEM HAa4daJIbHON CKOPOCTH:
vo=300 M/c. Bpemsi IpOXOKACHHSI IUIOCKOTO (poHTa BomHbL At = x/Co = 6.9%10” ¢ rae Co —
TPOJIONBHAs CKOPOCTH 3ByKa B MaTepuaie. (At = x/Co=6.9%¥107 c).

[IpoBeneHsl vccnea0BaHus BIUSHUSA CTPYKTYPbl IOPUCTOCTH Ha J€(OPMUPOBAHUE Ke-
pPaMUKH N0 IEWCTBUEM IUIOCKUX YJIapHBIX BOJH. B pe3yiibrare npoBeAEeHHBIX UCCIE0BAaHUN
00Hapy»KEeHO, UTO paclpe/elIeHne MacCOBOM CKOPOCTU BO ()POHTE yAApHOUM BOJIHBI OTKJIOHS-
€TCsl OT HOPMaJBLHOTO U 00pa3zyeT OMMOAAbHOE pacHpeelieHue, YTO SBISETCS CIEICTBUEM
00pa3oBaHUs HOBBIX MOJ JAe(opMaIiu B MpoIEcce UMITYJILCHOTO HarpyskeHus aedopmupye-
MOU K€paMUKH, PECTABISAIONIEH OTKPHITYIO TEPMOJUHAMUYECKYIO CUCTEMY.

Taxxe BBISBIEHO, UTO Mpenea yHpyrocTd ['ToroHmo 3aBHCHUT HE TOJIBKO OT HMHTE-
TPAJIbHOTO COOTHOILIEHUSI TOPUCTOCTH, HO M OT COOTHOILIEHHS Pa3MepOB MOP U Pa3MepoOB 3ep-
Ha. MccnenoBaHo BIMsSIHUE paclpeieieHus IOp Ha MEXaHU3Mbl pa3pylleHus kepamuku. [lo-
Jy4eHHBIC PE3YNIbTAThl MOKA3BIBAIOT, YTO KOHIICHTPAIUS MOp B 00JaCTH TPaHMI 3€PHA BBI3bI-
BaeT CHWKEHUE CIBUIOBOM MpoYHOCTH. Hannuume nop BHYyTpU peKpUCTAIIIU30BAHHOTO 3€pHA
Jie1aeT BO3MOXKHBIM MPOIIECC €ro HEYNPYroro 1eGopMUpOBaHHUSL.
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ABTOp BbIpaXkaeT MpHU3HATENBHOCTH Mpodeccopy, A.¢.-M.H. Ckpunusaky B.A. 3a no-
MOIIb B TOTOTOBKE TE3UCOB.
E—mail: kozulyn@ftf.tsu.ru

MOJEJIMPOBAHUE TUHAMWYECKOI'O HAI'PYXKEHWA OKCHJTHOU
CTPYKTYPUPOBAHHOU KEPAMUKHA

[ununenko A.U., Kozynun A.A.

Tomckuii 2ocyoapcmeennwiti ynusepcumem, Tomck, Poccus

B mpencraBnenHoil paboTe BBIMONHEHA MTOCTAHOBKA 33/1a4Ml O JUHAMHYECKOM Harpy-
KEHUH dJIEMEHTa CTPYKTYPHUPOBAHHOMN MOJUKPUCTAIUIMYECKON OKCHI-aTIOMUHUEBOM KepaMu-
k. Ha Me30CcKonmu4eckoM ypoBHE MOJICTUPYETCS Harpy>KeHUE CTPYKTYypUPOBAHHOTO o0pasia
Al,O3 kepaMHKH TIIIOCKOH YJIapHOU BOJTHOM.

[Ipouiecc dhopMupoBaHUs BHICOKOCKOPOCTHOTO HAMPSKEHHO-Ie()OPMUPOBAHHOTO CO-
CTOSIHUS MOJUKPUCTAIUIMYECKON KepaMHUKHU 3TO LIETb CIOKHBIX (PU3NYECKUX SBIICHUHN, IPOSB-
JSIOUINXCS HA Pa3IUYHBIX MAcIITaOHBIX YPOBHIX. OHONM M3 COCTABISAIONIUX ATOTO MpoIiecca
ABJIIETCS. HEOJHOPOJIHOE paclpesiefieHue HarpsHKEHHOCTEW B MaTepualie BCIEACTBHE HEO.-
HOPOJIHOCTH €r0 KOMIIOHEHTOB, B HAIIEM CIIy4ae MMEIOTCS B BUIY TPaHUIIBI U camMH 3EpHA
MNOJIUKPUCTAIIMYECKONH KepaMuKd. C HCMOJb30BaHUEM SKCIEPUMEHTANIBHBIX JAHHBIX O
CTPYKTYp€ TMOTUKPUCTAIUTMUECKON OKCUI-aTIOMUHUEBON KEPaMUKH CO3aHa MOJIENb, YUUTHI-
Barolasi OTau4Kne (PU3MKO-MEXaHMUYECKUX CBOMCTB 3€pHOTPAHUYHBIX U BHYTPUKPHUCTAIIINYE-
ckux ¢a3. [Tokazannas Ha puc. la CTPyKTypa MONTUKPUCTATUTNISCKON KEPaMUKH UMUTUPYETCS
MOJICJIBHBIM 00pa3IioM MpejcTaBiIeHHBIM Ha puc. 10. Ero cTpykTypa oOpa3oBana 3epHaMHu
anbda Pazsr Al,O3 pa3neIeHHBIMU CIIOSIMHU 3€pHOTPAHUYHON (ha3bl. 3EPHA M UX TPAHUIIBI OT-
MEUYEHBI Pa3HbIMU IIBETAMH.

Ha BepxHroro rpanuily odpasiia BO3JICHUCTBYET IUIOCKasl yIapHas BOJTHA. AMIUIATYa
MacCOBOM CKOPOCTH yJapHOU BOJHBI cocTaiisieT ~ 300 m/c. BokoBbIe rpaHu MOJETUPYIOTCS
KaK CBOOOJIHBIC, HUKHSISI TPAHb 3aKpeTieHa HeTIOIBHUKHO.

/ e Q) %
Puc. 1. MogenpHbBIN 00pasell: a) MUKPOCTPYKTYpa
obpasna Al,Os, 6) KOHEYHO-AIIEMEHTHAS MOJIEIb

MopenupoBaHie NMpoLEeccoB AeGOopMalii OKCUIHOW CTPYKTYpUPOBAHHON KepaMUKH
IpU JMHAMUYECKUX HArpyXEHHsX IMO3BOJISIET UCCIEN0BAaTh BEPOATHBIE MEXAHU3MBI CTPYK-
TYPHBIX [TPEBpAILEHUI, KOTOPbIE BIUAIOT Ha (PU3UKO-MEeXaHUUYEeCKHe cBoiicTBa MaTepuaos. C
MIOMOIIBIO TIPETIOKEHHON MOJIETH PAaCIpOCTPAHEHUS TUIOCKMX BOJIH HArpy>kKeHHs B o0pasie
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CTPYKTYPHUPOBAHHOMN CpE/Ibl TOSABISIETCS BO3MOXKHOCTD OICHKH HANPSIKEHHUS] TCUCHHUS, KOM-
MIOHEHT MaCCOBO# CKOPOCTH, CKOPOCTH (DPOHTA BOJIHBI HATPYKECHHSI.
ABTOp BBIpaXkaeT MPHU3HATEIBHOCTH Tpodeccopy, n.¢.-M.H. CkpunHsiky B.A. 3a mo-
MOII[b B ITOJATOTOBKE TE€3UCOB.
E-mail: kozulyn@ftf-tsu.ru

POCT 1 NICCJIEJOBAHME SIIMTAKCUAJIbHBIX INIEHOK
I'AJOJINMHUU-T'AJVIMEBOT'O I'PAHATA,
JETMPOBAHHOI'O TUTAHOM

ITmarounosa A.B.

MI'Y um. M.B. Jlomonocosa, ¢pusuueckuii ¢paxyromem, Mockea, Poccus,

[TepBslii mepecTpauBaeMblii M0 4aCTOTE UCTOUYHHUK KOTEPEHTHOTO ONTHYECKOTO H3IIY-
yeHus ObU1 cosznmad JxopmxmeitHoM u Mumiepom B 1965 T Ha kpuctaiuie HHoOaTa JTUTHS
LiNbOs. JlanpHeHIMM TOCTHKEHHEM B HayKe SIBUJICS: Ja3ep Ha aJeKCaHApPUTE, MepecTpau-
BaeMsIii B guamasone 710-820 HM, a TakKe asep Ha carndupe ¢ Honamu tutaHa (Al,03:Ti*)),
10JIOCa MEPECTPOMKU KOTOporo mpoctupaercs or 660 no 1060 vM. JlromMmuHecueHUus MOHA
Ti" B candupe ALO;:Ti" [1,2] u rpanare Y;Als00:Ti*" [3,4] naBHO M3yYeHa, B TO BpeMs
KaK JFOMHHECICHIMS woHa Ti° B rpanate Gd;GasO;, (ITT)
HE HCCIIe0BAJIaCh.

Henpto Hacrosimiel pabOTHI SBIAIOCH BbIpAlUBAHUE
SMUTAKCUATBHBIX MOHOKPUCTAJUIMYECKUX TUICHOK TaJIOJTMHHIA-
raJUTHEBOro TPAHATA C PaslMYHON KOHIEHTparuen wona Ti'
U3 MEPEOXJIaAXACHHBIX PacTBOPOB-PACIUIaBOB HA OCHOBE CHC-
teMbl Bi,03 - B,O3 Ha mognoxkax I'TT ¢ opuenranueit (111) u
UCCJIEJOBAaHUE XMMHUYECKOTO COCTaBa BBIPALCHHBIX IJICHOK.
beno Beipamieno 54 o6pasiia MOHOKPUCTATMYECKHUX TIICHOK
METOJIOM XKUaAKo(a3HoW smuTakchu. KoHICHTpaus oKcuia
tutaHa TiO; B muxTe Bapbupoanack ot 0.1 1o 8 mon.%.

XUMHUYECKUH COCTaB BBHIPAIIEHHBIX AMHUTAKCHATBHBIX
wieHok uccnenonaics Ha yctaHoBke CAMEBAX. Ilokazano,
YTO B BBIPANICHHBIX ITUIEHKaX HAOIIOAAETCS YBEIMYCHHE KOH-
nenTparuu nosa Ti°™ B okTasapudeckoii moapemerke (ot 0,6
10 25,9 at.%) ¢ poCTOM KOHIEHTPAIIMU OKCHJIa TUTAHA B IITUX-
Te.

Puc. 2 [Ipu n3y4eHnn OBEPXHOCTH MUTAKCHAIBHBIX TICHOK,

BO BCceX 00pasiiax, TONIIMHA KOTOPBIX MpeBbIana 1MKkM, Obl-

a1 OOHapYXeHbl 00pa3oBaHMs B BUJE MIECTUTPAHHBIX MHpPa-

MUJ, ¢ yxojsiien BriayOb BepiinHoi (puc. 1). OGHapysxeHo, 4To B IUIEHKaX, He 00paboTaH-

HbIX B ropsuei HNOs, koTopas ucnosib3yeTcs sl yJaleHHus pacTBOpa-paciuiaBa ¢ MOBEpX-

HOCTH 00pa310oB, MUPAMUIbI 3aMIOJIHEHBI BEIIECTBOM, COCTOSIINM M3 OKCHJIa BUCMYTa C TpHU-
Mecam'Gd u Ga. B 00pabOTaHHBIX KHCIIOTON TUICHKAX MTUPAMHU/IBI MTOJIBIC.

[Ipu BBIpalIMBaHUN PMUTAKCHATBHBIX TPAHATOBBIX ITUICHOK MU OMpEAeNeHHBIX Mepe-
OXJIAX/ICHUSIX B 00BbEME THIJIA M Ha TUIATHHOBOW OCHACTKE CIIOHTAHHO PACTYT KPHCTAJLIBI
IByX (a3, 0Ha U3 KOTOPBIX I'paHaToBas ¢ (GOpPMOI KPUCTAIIOB B BUIE pOMOOAOEKAdAPOB C
rpasivu {110}, apyras mmactunvarast (puc. 2). Poct Bropo#i (aszbl HabmomaeTcs npu KOoH-
ueHTpauuu TiO; B mmxrte ¢ 5 Momn.%.

Puc. 1
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NCCIELOBAHME METO/IOM OITP IMOKCHUIAA TUTAHA,
JIETMPOBAHHOI'O A30TOM

Porosa H.C.

MTY um. M.B. Jlomonocosa, gpuzuueckuti paxynomem. Mockea, Poccus

Huokcun tutana (TiO,) MUPOKO HMCMONB3yeTcss B KadecTBe (hOTOKAaTaau3aTopa s
pa3’I0XKEHUs] OPraHUYECKUX 3arpsi3HEHUN B BoJie M aTMOc(epe BCIEACTBHE €ro BHICOKOW ak-
TUBHOCTH B (DOTOKATATUTHUECKUX peakuusx. OHAKO MCIOIb30BAHUE COIHEYHOTO CBETA B
dboTokaTanUTUUECKUX Tporeccax ¢ ydactuem TiO, orpaHuueHo u3-3a OOJBIION 3amperieH-
HOW 30HBI (MpuMepHO 3,2 3B), uro TpedyeT mcnosb3oBanus YD u3mydeHus IS CO3MaHUS
AIEKTPOH-IIBIPOYHOM Naphkl. J{1s co3aaHus 4yBCTBUTENBHBIX K BUANMOMY CBETY (POTOKATAIU-
3aTopoB Ha ocHOBE TiO, ObUIM MPOBEACHBI Pa3IMYHbIC BUJBI JETUPOBAHHS OKCUIHON MaTpH-
I[bl MIOHAMH TIEPEXOJIHBIX METAIJIOB, HEMETAITUYECKIUMH 3JI€MEHTaMU, TAKUMH KaK YTJIepo/l,
asot, cepa u T.4 [1, 2]. Takass momudukamnus cTpykTypsl 0opasnos TiO, npuBena K mosse-

‘C/Af
b2

bl

a

3320 3340 3360 3380 3400 3420
H (G)

Puc. 1 Cunexrper OIIP obpasnor TiO,, nerupoBan-
HBIX a30TOM, TMOJy4YeHHBbIC mpu Temmepatype 300
K: a — B TemHoTe, b1 — mox neificTBUEM cBETa BU-
JUMOTO AMamna3oHa, b2 —KOMIBIOTEPHAs CHUMYJIS-
U] SKCIEPUMEHTAIBHOTO CHeKTpa b/, ¢ — uepes
15 muH., d — yepe3 1 yac mocie BBIKIIOYEHHS OC-
BEILICHHUS.

HUIO JIOKAJBHBIX YPOBHEH B 3ampenieHHON
3oHe TiO,, 9TO cTajao MPUYUHON yBeIHYe-
HUs ToryonieHus ceeta marepuanom TiO;
1 (HOTOKATATUTHYECKONH aKTUBHOCTH B BH-
JUMOM auana3zoHe cnekrpa [3]. Oto mo-
3BOJISIET HCIIOJIb30BaTh OCHOBHYIO 4YacTh
COJIHEYHOM 3Hepruu (hoTokaTaanzaTopamu
Ti0,.

bbulo chaemaHo MHOTO  MOMBITOK
00BsiICHEHUS! (POTOKATATTUTHYECKON AKTUB-
HOCTH JiIeTUpoBaHHBIX cucteM 110, B BU-
JUMOM CBET€ CYIIECTBOBAHHMEM pa3liny-
HBIX JC(PEKTOB M MOJEKYJSPHBIX TPYIIII
kak B pemietke TiO,, Tak 1 Ha €ro MOBEPX-
HOCTH. OTH JedeKThl OOBIYHO Tapamar-
HUTHBIE U MOTYT ObITh 0OHapy>xeHsl D[P -
METOJIOM.

B Hacrosmieir pabore MeToq0M
OIIP wuccrnenoBanace mnpupoaa mnapamar-
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HUTHBIX IICHTPOB B JieripoBaHHOM a30ToM Ti0O; (N-TiO,) B TEMHOBBIX YCIOBHSIX U MPH OC-
BCIIICHUH CBETOM C Pa3JIMYHBIMH JJTAHAMH BOJIH.

B xoxe akcniepumenTa ObLI0 TOKa3aHo, uto curHan JIP ot o6pasos TiO,, nerupo-
BaHHBIX a30TOM, HOCHUT KOMIUIEKCHBIN Xapakrep. Curaan DIIP comepXuT BKIaABl OT Hapa-
MarHuTHBIX 1eHTpoB Tuma N' - 1 NO™ - paaukano. Konnenrpamus N - u NO' - pagukanos
BbIpacTaeT oT Ns = 1.8-10" crmm/r (B TeMHOTE) 10 NS = 8.6-10" crmm/r MIPU OCBEILEHUU Ta-
JoreHoBoi ammoii B auanazone 400 < A < 1000 um npu remnepatype 77 K (puc. 1). Dpdexr
OCBEIICHUs ObUT 00paTUM B TeueHHe | yaca. DTO MO3BOJISET FTOBOPUTH O MPOIEccax mepesa-
PSAAKM yKa3aHHBIX pagukanoB. TakuM oOpas3om, B ucciemayembix oopasnax N-TiO, obHapy-
xenbl pagukaibl N 1 NO'. BRICOKYIO (POTOKATATUTHYECKYIO aKTHBHOCTD JaHHBIX 00pa3IoB B
BUJIUMOM 00JIACTH CIIEKTPa MOKHO OOBSICHUTH MPUMECHBIM TIOTJIONICHHEM CBETA 3a CUET CO3-
JIAHHS B 3aMIPEIICHHOM 30HE JIOKAJBHBIX YPOBHEH B MPOIIECCE BBEICHUS MIPUMECEH.

Cnucok JimrepaTypbl
[1] S. Sakthivel, H. Kisch // Angew. Chem. 2003. 115. p. 5057.
[2] S. Sakthivel, H. Kisch // Chem. Phys. Chem. 2003. 4. p. 487.
[3] D.W. Bahnemann, S.N. Kholuiskaya, R. Dillert, A.I. Kulak, A.I. Kokorin // Appl.
Catalysis B. 2002. 36. p. 161.

BJIMAHUE TEXHOJIOTMYECKHUX PEXKMMOB HA COI'JTACOBAHUE
I[TAPAMETPOB B SIIUTAKCHUAJIBHBIX 'TETEPOCTPYKTYPAX
GAxIN, xP/GAAS

B.E. Pyanesa, Ban.E. Pyanesa, [1.B. Cepenun

Boponeocckuii cocyoapcmeennwiii ynusepcumem, Boponeoc, Poccus

B pabote mpoBeneHbl nudpakToOMETpUUECKUE HCCIEIOBAHUS BIHUSAHUS TEMIEPATYpPbI
MOJUIOKKH M CKOPOCTHU MOTOKa (ochuHa MPU SMUTAKCHATIEHOM BBIPALIMBAHUN TBEPABIX pac-
tBOpoB (TP) BOMM3M monoBuHHOTO coctaBa X~0.5 B rerepoctpykrypax Gaxln; 4P/ GaAs
(100) Ha snementHsbIi cocTaB TP u BenmuunHy mapaMeTpoB.

O6pasupl nomydeHsl MeTogoM MOC — ruapuHON MUTaKCuu (Pa3ioKEHUEM MeTall-
OpraHMYECKUX COEIMHEHUN U I'MIPUA0B) Ha MOHOKpUcTaindeckoi nopioxke GaAs (100) B
OTU um. Uodde. UuTepran temneparyp nomnoxku GaAs (100) mpu snuTakcuaibHOM Ha-
pamuBannu cinoes Ga,InyP cocrasmsn 600-750°C, ckopocTs moToka (ocduHa BapbHPOBaA-
sachk ot 20 mo 450 mir/cek.

Ha mudpakromerpe IPOH-4-07 peructpupoBayiv 3aBUCUMOCTb MHTEHCUBHOCTH OT YT-
J0Boro nonoxeHus: AupakuroHHeIx auHui (600) uznyuenus Cu K, » B ucciaenyemsix rere-
pocTpykTypax. beutn uccnenoBansl 6 06pasnos rerepoctpykryp Gaxlni«P/GaAs (100), no-
JyYEHHBIX MPU Pa3IMYHBIX TEXHOJIOTMYECKUX YCIOBHIX HapallMBaHUs SIUTAKCHAIBHBIX CJI0-
€B.

B pesynbrare paznoxenust nudpaxkiuoHHsix JuHEN (600) Ha KOMIIOHEHTHI, ONpeaesie-
HBI ITapaMEeTPbI PEUIETOK SMUTAKCHATIBHBIX TP B 3aBUCMMOCTH OT TEXHOJIOTHYECKHUX yCIOBHUN
WX TIOJTyYeHus (TeMreparypa pocta cios u konudectsa ¢pochuna PH; B moToke raza). Ycra-
HOBJIEH UHTEpBaJ u3MeHeHui 3HaueHui x=0.49+0.56

B HexoTtopbix 00pasiax ¢ Haubosee paccoriacoBaHHbBIMU MTapaMeTpaMH IUIEHKH U O~
JIOKKHU OOHapy> KeH CIIMHOAANBHBIN pacnaj TBEPbIX PACTBOPOB Ha JBa U JaKe HAa TPU COCTa-
Ba C pa3JIMYHBIMU 3HAYEHUSIMU X. B pe3ynbTaTe MpoBeeHHBIX UCCIEA0BAHUN I€TEPOCTPYK-
Typ Gaxln; \P/GaAs (100) ¢ pa3nu4HbIMHU BETMYUHAME X OBLITM HalI€HBI ONTUMANIBHBIE YCII0-
Bus onmydeHust TP ¢ Hanbosee cormacoBaHHBIMU NapaMEeTPaMH PEHIETOK TUIEHKU U TTO/JI0XK-
ku. Takumu mapamerpamu obOmagaetr oOpazerny EM 794 co 3nauenuem x=0.51:
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Gags51Ing49P/GaAs (100), momydeHHbIH MpU TeMrepaType MOII0KKU T=700°C u CKOpPOCTH
noroka (pocduna B peakrope PH;=20 mu/cek.

MOJIEJIMPOBAHUE ITEPEPACIIPEAEJIEHWA BHEJIPEHHbBIX ATOMOB
[MPUMECH B VIIPYTUX TTOJIAX TPEIIMHBI B KYBUYECKHUX
KPUCTAJIIAX

M.IO. Ps608B, A.B. Hazapos

MUDHU (cocyoapcmeennwiii ynusepcumem), Mockea, Poccus

B pabore mpemioxkena Moaens Ui pacuera kodpunuentos K, onpenensionmx 3aBUcH-
MOCTh KOMIIOHEHT MaTpullbl KodduimeHToB aud@y3un oT KOMIOHEHT TeH30pa aedopMma-
IIUHU, TO €CTh BIUSHUE YIPYTHX MOyel Ha quddy3noHHbIe MOTOKH. C MOMOIIb HEJIMHEHHOTO
ypaBHeHUs AU Yy3UH, C UCTIOIH30BAaHUEM MONy4YeHHbIX K03(duientoB K, nposeneno Mo-
JIETTMPOBAHME TIepepacIpeIeICHUs] BHEIPEHHBIX aTOMOB IPUMECH B YCThE TPEILMHBI JJISI CUC-
TEM KEJE30 - YIIIEPO, KENE30 - BOJOPO, HUKENb - YIIIEPO/I, HUKEIb - BOJAOPO/I.

B pabote ucronb3yeTcss HOBBIN TEOPETUUCCKHIA TIOXO/, TIO3BOJISIONININ YUUTHIBATH BIIHSI-
HUE yOpyrux noyiei Ha audQy3ruoHHbIE TOTOKM BHEIPEHHBIX aTOMOB npuMecu. Huxe mpen-
CTaBJIEHbI YpaBHEHUs, MOJIydeHHBIE B pamkax moaxona st cuctemsl Fe-C, OLIK ctpykrypa
(mepexon tuna O - T — O).

AKTI/IBI/lpOBaHHaH o3unuAa
(TeTpasapHucCKas Mosu- Juddy3un BHEIPEHHBIX aTo-

Towst) MOB yIJIepoJia B Kene3e (CM.
puc. 1), mpoHcXoauT 3a CYeT

\ MEPECKOKA aTOMa YTiepoaa n3
\ OKTOBI[pI/I‘ICCKaH O,Z[HOI71 OKTOBHqueCKOﬁ I103U-
(U:H]H:D TO3ULIHS LI B IPYTYIO.

IImoTHOCT, mMOTOKA BHE-
(I[H]]]:DL JIPEHHBIX aTOMOB B HaIlpaBJie-
AT T HUM X Uil IPOU3BOJIBHOTO
moJist cMmerieHus [ 1]:

7/
(ﬂﬂ]ﬂ) ([]:[ Atom Fe
Puc. 1. Oktosapuueckue mo3u-

LIUM YTIIEpOAa B KeJe3e

_ ] a(D11C)+ 8(1)120)Jr A(Dysc)
! Q| ox oy 0z

rae Q - aTOMHBIA 00BEM.
B cucreme xene3o yriaepoa TOJIbKO AMAroHajlbHble KOMIOHEHTHI MaTpULlbl AUPPy3un oT-
JMYHBI OT HYJIsI, Tak Kodddunment Dy, umeer Bux [1]:
K6y + K, &5 K, &3, + Ky 6y
— +exp —
kT kT

a’ 0
D= gexp|-£-
4 7 Xp( ij

rae D - koo dunmenT nuddy3un BHEAPESHHBIX aTOMOB Ul COBEPIIEHHOTO KpucTamia, O —
aKTHBALMOHHBIN Oaphep MepeckoKa aToMa B COBEPIIEHHOM KPUCTAJIIE U () - YACTOTHBIN (hak-
TOP.

D, =D/ 2exp —Rufn
kT
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JlJis cucTeMBl JKeNe30 yriaepol TOJIbKO Tpu Koddduuuenta K, K, K3 onpeaensoT BIus-
Hue nedopmanmu Ha uddysuro [1]:

K, =a ZA]P;I;ES —23?25“ , j=1,2,3

p ks IRy =R} q ks IRy =R 1)
A BY

rae E; — sHeprus nepecKkakuBarollero aroma, /, ~/ 3aBUCAT OT B3aHMHOTO PacIOJIOKEHUE

COCETHUX aTOMOB U OT KOJIMYECTBA aTOMOB B KOOPAMHALIMOHHOM cdepe.

['maBHON OCOOCHHOCTBIO NTAHHOTO MOJXOAA SBIAETCS y4yeT BIMAHUSA JedopMaluu Ha
CTPYKTYpPY aKTUBHPOBAHHOTO COCTOSIHUSA, YTO NMPUBOJUT K CYLIECTBEHHOMY Pa3JINuUIO ypaB-
HEHMH JUIS MIOTOKOB BHEAPEHHBIX aTOMOB B PA3HBIX KPUCTAIOrpahuYecKuX CTPYKTypax U
Pa3HBIX TUIIOB CKAYKOB.

s pemienus 3a1auy B paMKax JaHHOM TEOpUHU HY’KHO JIBYyXYPOBHEBOE MOJEIUPOBAHUE:

— MOJETUpPOBaHHWE HAa aTOMApHOM YypoOBHE - ompereneHue kodpduuuentoB K (Strain

influence on diffusion (SID) coefficients) anst BHEAPEHHBIX aTOMOB NMPUMECH THIIA yT-
nepona u Bogopoaa B OLIK u I'lIK merannax;

— MOJIETUPOBAHUE HA ME30YPOBHE - NEPEPACIPEACICHUSI BHEIPEHHBIX aTOMOB B YIpY-

T'OM T0JI€ TPEIIMHBI HA OCHOBE PELICHUs] HETMHEHHOTO ypaBHEHUS TU(DY3HH.

Tak kak ko3¢ duunentsl K oueHb 4yBCTBUTENBHBI K aTOMAPHOM CTPYKTYpE, TO B paMKax
IIEPBOTO ATalla CaMOCOTIACOBAaHHBIM 00pa3oM ObLIa pacCUUTaHa aTOMapHas CTPYKTYpPa B OK-
PECTHOCTH BHEIPEHHOTO aToMa MPUMECH C UCIOJb30BaHueM mozaenu [2]. ITocne ontumusa-
IIUHM aTOMApHO cTpyKTypsl 10 popmyde (1) Obutn paccuntansl kodppurrents! K.

Hcnonb3ys nonydennsle ko3gduirents! K u pemienns Kiiaccu4eckoil Teopun yupyrocTH,
OTIMCBIBAIOIIME YIIPYTOE MOJIe TPELIUHBI, HA BTOPOM 3Tarie ObUIO MPOBEIEHO MOICIHPOBAHNE
nepepacnpeelieHue BHEAPEHHOIO aTOMa IIPUMECH B YIIPYTOM I10JI€ HA OCHOBE PEIICHUS He-
JUHENHHOTrOo ypaBHeHUs AU y3un ceTOUHBIM METOIOM.

Hwxe npencraBnena wimtoctpanust nepepacnpenenenus Baeapennoro H u C B ycThe
TpemuHsbl Fe 11 KOMHaTHOM TeMIepaTyphl.

(a) (b)

Puc. 2. [lepepacnpenenenue (a) H u (b) C B ycTbe Tpemuns! B Fe

Mogens [2] Obl1a MpUMEHEHA IS CIIJIaBOB, 00pa3yIOIIUX TBEP/AbIE paCTBOPHI BHEAPEHHUS.
Pe3ynbTaThl MOJENIUpPOBaHMS, IPEICTABICHHBIC HA PUCYHKE 2, MOKA3bIBAET, YTO MOBEACHUE
BHEJJPEHHBIX aTOMOB NPUMECU B YIPYIOM II0JI€ TPELIMHBI B Pa3INYHBIX CHCTEMax HUMEET
CJIO’KHBIM M Ka4eCTBEHHO pa3Hbli xapakrep. /laHHas MO/€Ib NO3BOJISIET ONUCHIBATh KUHETH-
Ky IiepepacnpeiesIeHusl BHEAPEHHBIX aTOMOB IIPUMECH.

1. Nazarov A.V., Mikheev A.A. Effect of elastic stress field on diffusion // Defect and Dif-
fusion Forum. 1997. V. 143 - 147. P. 177 - 184.
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2. W.B. BamukxoBa, A.B. Hazapo, MoaenupoBaHue XapaKT€pUCTUK, OMPEIEIAIOIINX
BJIMSTHAE JTABJICHUS HA KOHICHTpauuio u 1upy3noHHYyI0 TOABMKHOCTh Bakancuil B OLIK me-
tamnax. byner onybnukoBana: ®MM, tom 106, Ne 1, 2008.

MCCJIEJJOBAHUE YIIPYTUX CBOCTB HAHOKPUCTAJUIMYECKOM
MEJIH, [TOJIYYEHHOU METOJOM PABHOKAHAJILHOI'O YIJIOBOI'O
(PKY) [IPECCOBAHMUSI

CaaumMoB I/I.3.1, Konbizanos E.JL.2

1 .
MY um. M.B. Jlomonocosa, husuxo-xumuuecxkuii paxyromem, Mocke
2
Huemumym ¢usuxu meepoozo mena PAH, Yeprozonoska

W3BecTHO, UTO B HAHO- U CyOMUKPOKPUCTAIUTMUECKUX METallIaX, MOIy4aeMbIX CIOCO-
0amMu CHJIBHOTO TUJIACTHYECKOTO Je(opMupoBaHus, HAOIIOIAETCI aHOMAIbHOE MOHMKCHUE
MOJIYJIsI yIIPYTOCTH U MOAYJISl CABUTA, TIO CPABHEHUIO C KPYMHOKPHUCTAUIMYECKUMHU 00pasia-
mu, nocruraromiee 10-15%. Mexanu3msl 3Toro 3¢ (dekra moka He yCcTaHOBIEHBI. [lenbio 1aH-
HOM paboTHI OBLJIO MCCIIEIOBAHUE YIPYTUX CBOMCTB HAHOKPUCTAIIIUYECKOTO (pa3Mep 3epHa
~200 nm) cmmaBa Cu-0.18wt.%Zr, nonydennoro merogom PKVY-mpeccoBanus. OcobeHHO-
CTBIO JIaHHOTO CIUIaBa SIBISIETCS TO, YTO MpH TepMHUuecKux obpaborkax BmiaoTh a0 S00C B
HEM, B OTJINYME OT YUCTOW MeIu, He MEeHseTCs pa3mep 3epHa. OOpasibl ObUIH MPUTOTOBICHBI
¢ noMouipto 8 nmpoxoaoB PKY-npeccoBanus nmo mapuipyty Be.

Yropyrue xapakTepuCTHKU MaTepuaia OICHHUBAIUCH aKyCTHUYECKUM METOIOM IO W3-
MEpPEHHIO CKOPOCTH PACHPOCTPAHEHUS YJIbTPA3BYKOBBIX BOJH Ha yactore 5 MHz. Ilpume-
HSBINASICS [T U3MEPEHUN YCTAaHOBKA MpeAroiaraia UCIoIb30BaHue KOPOTKUX (~1us) yibT-
Pa3BYKOBBIX HMITYJIbCOB, YTO TPeOOBalO CHELHMAIBHBIX HU3KOAOOPOTHBIX MbE30JIaTYMKOB.
Taxue npeoOpazoBaTenu ObUIM CHEIMATBLHO U3TOTOBIIEHBI B paMKaxX JaHHOW padOoThI, YTO I0-
3BOJIMJIO BBINTOJHUTH U3MEPEHUS CKOPOCTEN 3ByKa € TOYHOCTHIO He Xyxke 0.2-0.5%.

Beutn onpe/ienieHbl MPOI0JIbHBIE U MONIEPEYHBIE CKOPOCTH PACIIPOCTPAHECHUS 3BYKA B 3
Pa3IUYHBIX (B3aUMHOIEPIEHAUKYJISIPHBIX) HAMPABICHUSAX OTHOCUTEIBHO OpPUEHTAlUU 00-
pasua npu PKY-npeccoBanuu B ucxoanom (nociae PKY-06paboTku) cocTostHUM U TIOCHE OT-
kura B TedeHue 30 min nmpu 300C. Habmromanack 3aMeTHasi aHU30TPOTIHUS YIIPYTUX XapaKTe-
PHUCTHK, MPUCYTCTBYIONIAsl KAK B UCXOJHOM, TaK M OTOXKEHHOM cOCTOsSHUsIX. OOHApYKEHO,
YTO B pe3yJIbTaTe OTXKUTA MPOUCXOJUT YBEIMUEHUE CKOPOCTU 3ByKa BO BCEX HANpaBICHUSIX,
nocruraroriee 4%. T.k. pa3mep 3epHa B pe3yibTare TEPMUIECKONW 00paOOTKU HE U3MEHUIICS,
HaOmogaemMbIil 3peKT He CBsI3aH HEMOCPEACTBEHHO C pa3MepoM 3epHa. OOCYKIar0TCs BO3-
MO>KHBIE MEXaHU3MBI 3TOTO SIBJICHUS.

E-mail: ilyushok(@mail.ru

MOJIEJIMPOBAHUE ATOMAPHOI CTPYKTYPbI U XAPAKTEPMCTHK
KOMIUIEKCOB BOJJOPOJI-BAKAHCHUS B I'IK-HUKEJIE
1 OLIK-XKEJIE3E

Cene3uena JI.B.

MUDHU (20c. ynusep.), Mocksa, Poccus

BBenenue
Ha.HI/I‘II/Ie BOIIOpO,ZLa B MCTAJJIaX U CIlJlaBaX ABJISICTCSA OHHOﬁ N3 OCHOBHBIX HpI/I‘-II/IH
YXYAIIEHUSI UX SKCIUTyaTallUOHHBIX XapaKTEPHUCTHUK, CBA3AHHBIX C BO3HUKHOBEHUEM IOp U
JIPYTUX MAaKpPOJAEPEKTOB UX CTPYKTYPBHI.
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B3aumopelicTBie aTOMOB paCTBOPEHHOr0 BOJAOpOJa C Ae(PeKTaMu KpUCTAIUINYECKON
PELIETKH onpeneisieT 0COOEHHOCTH MOBEAECHUS BOAOPOa B MeTaJljlaX U CIUIaBaX, KOTOPbIE 11O
CBOEH CYTH SIBJIIFOTCSI HEPAaBHOBECHBIMHU CTPYKTYpaMH.

Tak xak HeOoNblINE BO3MYIIEHHUS JIEKTPOHHOIO CIEKTpa B KpHUCTaUI€ MPUBOASAT K
U3MEHEHUSAM €ro MaKpOCKONMMYECKHX CBOMCTB, TO CYLIECTBYIOT HECKOJBKO IMpobiieM, Tpe-
OYIOIMX MPUCTATILHOTO BHUMAHMSL:

- MEXaHM3Mbl BO3HUKHOBEHMS M AQHHUTWISALMM Pa3IUYHbIX HMCKAXKEHUH B CTPOEHHUH
TBEPAbIX TE;

- U3y4YEHHUE BIMSHUSA PA3IUUHBIX UCKAXEHUN KPUCTAIUIMYECKON pelIeTKH Ha Qpu3nye-
CKHE CBOWMCTBA KPUCTAJLIIOB.

Bonee nonnyio u HagexHyto nHpopMmanuoo 00 3HEprusx odbpasoBaHus, Gopme U Mmy-
TSX SBOJIIOIMU KOMIUIEKCOB TOYEYHBIX NE(PEKTOB MOXKHO TOJYYHTH C TOMOIIBIO METOJOB
KOMIIBIOTEPHOI'O0 MOJEJIMPOBAHMSL. DTH METOJBI MO3BOJAIOT MOJIYYUTh HE TOJIBKO CTAaTHCTH-
YEeCKHE XapaKTePUCTUKU KOMIUIEKCOB (popma, pazmep, SHEpTus 00pa3oBaHus), HO U KHHETH-
YecKHe.

MeTtoanl

B namreit paboTe MbI HCTIOIB30BAJIM MIUPOKO U3BECTHBIM METOJT MOJICKYJISIPHOW CTaTH-
ku (MMC), koTOpbIii TO3BOJNISIET HAOMIOJATh B3aMMHOE CMEIEHHE aTOMOB METajula IMpHU
TP PY3MOHHBIX CKAuyKaxX TOYEYHBIX NE(PEKTOB (BaKaHCHsS, BHEIPEHHBIH aTOM IPUMECH).
B3aumoneiictBus mexay atomamu paccMmarpuBaembix cucteM Ni-H u Fe-H omnumceiBarorcs
SMIUPUYECKUMU MAPHBIMU MTOTEHIIHAIAMH, & TAK)KE€ MHOTOYACTUYHBIMH TOTEHIIMATAMU TUTIA
MIIA (T.e. METOJ OTPY>KEHHOTO aTOMa).

ATOMBI IIEHTPAJILHOW YaCTH KPHCTALUIUTa UMEIOT TPH CTETIEHW CBOOOABI U B3aUMO-
JEHCTBYIOT IpyT € APYyrOM U C aTOMaMH, HaXOAALIMMHCS BO BHEIIHEM cJI0€. ATOMBI BHEILIHE-
TO CIIOSI 3aKpEIUICHBI HEOABIDKHO. Jn((dy3nOHHBINA CKAavYOK aToma MpeaCcTaBIsieT co0oil me-
pexoJl aToMa U3 OJIHOM paBHOBECHOW MO3UIMH B APYTYIO PAaBHOBECHYIO MO3UIUIO B PEILETKE.
B nponecce 3toro nepexojia arToMmy He0OX0IMMO MPEOI0JIETh, TAK Ha3bIBAEMbII OTEHI[UAIIb-
HbII Oapbep, cO34aBaeMblii CUIAMU MEXKAaTOMHOI'O B3aUMOJIEHCTBHS cocelHuX aTroMoB. C mo-
Motibio MMC paccuuThiBaiach BRICOTa JAHHOTO MOTEHIIMAIIBHOTO Oaphepa.

Ha xaxoMm mare mocie penakcaliy peleTKH pacCUUTHIBAIOT M 3allOMUHAIOT KOOp-
JUHATBl ¥ SHEPTUI0 NEPETaCKUBAEMOI0 aTOMa, a TaKyKe SHEPIui0 cucteMsel. Takum oOpaszoM,
HOJIy4aroT rpaduk 3aBUCUMOCTU E OT 1, U3 KOTOPOrO BBIYMCISAIOT BBICOTY MOTEHIUAIBLHOTO
Oapbepa E™, kak pasHOCTh MEXKIy SHEPIUel B OCHOBHOM COCTOSHMHU M SHEPIUEH B CEAIOBOMN
TOuKe (BepIlIrHa 6apbepa).

[IpuHIMTIATEHBIM TPEUMYIIIECTBOM pa3padOTaHHOH (U3NKO-MaTeMaTHIECKONH Moie-
au [1] sBasieTcs ydeT B3aMMHOTO BJIMSIHUS TOUYEUHbIX e(eKToB Apyr Ha apyra. Kpome toro,
JAHHBIA METOJ| MO3BOJISIET ONPECIUTh aTOMHYIO CTPYKTYpPY BOKPYT ne(ekTa U cMellleHue
aToMoB Tipu UG GHy3MOHHOM cKadke AedexTa Kak (yHKIHUIO0 paccTOsSHUs 10 aedexTa.

Pe3yabTarsl

OCHOBHBIMHU pe3yJibTaTaMU pacuera pa3paboTaHHOrO MPOTrPaMMHOIO KOMILIEKCA SIB-
JSIOTCS:

- OmpeJieieHHe CIEKTPOB MOTEHUUAIbHBIX 0apbepoB ISl pa3IUYHbBIX MEPEXO0/I0B aTo-
Ma IIPUMECH B 3aBUCUMOCTHU OT Pa3IMYHOIO PACIOJIO0KEHUS KOMILJIEKCA BaKaHCHsI — aTOM BO-
nopoja,

- OIpeJeNieHHe CIEKTPOB MOTEHUUAIBHBIX 0ApHEPOB AJISl PA3IUYHBIX MEPEXOJ0B Ba-
KaHCHHU B 3aBHCHUMOCTH OT Pa3JIMYHOTO PACIIOJIOKEHUS KOMIUIEKCa BaKaHCUS — aTOM BOAOPO-
na,

- OIpeJieJIeHUE CTPYKTYPBI PELIETKH BOKPYT 1e(hEKTOB,

- OIIpEZIETIEHUE TPACKTOPUI NIEPEMELIEHHS ATOMOB 110 KPUCTATIMYECKON PELIETKE IPU
Nepexo/ie U3 OJTHOTO PAaBHOBECHOTO MOJIOKEHUS B IPYTOE,

HexkoTtopbie U3 NOTy4eHHBIX pe3yIbTaTOB IOKa3aHbl HA pUCYHKE | U B Tabnuue 1.
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Tabmuma 1.
OHepruu, 3B Orta pabota Hpyrue n
E™, B a-Fe 0.67 0.68
E"™, B Ni 0.8 1.5 M
E™y B ao-Fe 0.07 -
E™ B Ni 0.39 0.41 =
Ex.v B o-Fe 0.59 0.63
En.v B N1 0.83 0.44
[Toydyennbie pe3ysIbTaThl CBUACTEIBCTBYIOT O n
B3aMIMHOM BJIMSTHUHM BaKaHCHHM M aTOMa BOJOPOJa Ha UX
i Gy3MOHHYIO MOABMKHOCTh B pemeTke. Tak BakaH- — ]

cHsl SIBJISIeTCS JIOBYLIKOW JUIsl aTOMa BOAOPOJA, HO IpHU
i Gy3MOHHOM CKadke OJKaiiiero atoma jkeneza B Puc. 1. TpacKTOpHsL ABHKEHHS IIe-
BAKAHCHIO aTOM BOJIOPOJIA BHITAIKMBACTCS U3 BAKAHCHU  hoviemaenoro aToMa JKemesa B Ba-
B PAaBHOBECHYIO IIO3HIIHIO CBOCH MOJAPCIIETKA. IIpH 9TOM  yapcpio (cBetnno-cepas ymuus) n
CMEILEHUE aTOMa BOJAOPOZAA MPOMCXOMMT HE 33 CYET  TpaeKTOPHs CMELICHHS aToMa BO-
1 dy3noHHOTO CKayka caMOro aroMa BOAOPOAA. AK-  [0poja M3 BaKaHCHH (TEMHO-Cepas
TUBAIIMOHHAsI SHEPTUsl ATOTr0 Nepexoa A aToma Bojo-  suHus) B OL[K-xenese
poxa 0,62 3B 1o cpaBHEHHMIO C 3TUM 3HAYCHHEM B pe-
mretke 6e3 nedekra 0,07 5B. Taxoii xe a3 ekt Haba0gaeTCS B HUKETE.

ABTOp BbIpa)KaeT NMPU3HATENBHOCTh JIOLEHTY, K.¢.-M.H. HazapoBy A.B. 3a nmomouis B
HOJTrOTOBKE TE3UCOB.

E-mail: Selezneva LV(@bk.ru

Jluteparypa

1. Selezneva, L.V. Nazarov, A.V. (2005) Simulation of interstitial atom diffusion in FCC
metals with point defects // Defect and Diffusion Forum, Vols.237-240, p. 1275-1280

VICCJIEJIOBAHUE CTPYKTYPHBIX U3MEHEHUI B KPUCTAJUTIAX
K3H(SO4)2 C TEMIIEPATYPOI

CumoHOB A A.

MI'Y um. M.B. Jlomonocosa, Mockea, Poccus

B HacTosiiee BpeMs M3BECTHO II€TI0€ CEMEWCTBO KPHUCTAUIOB C OO0IIel CTPYKTYpHOMH
dopmymnoit MmHp(XO4)(m+n)/2 M =K, Cs, Rb, NH4; X =S, Se, As), npercraBurenn KOTo-
poro 00a1al0T HU3KOTEMITEPATYPHBIMHU CETHETO- WJIM aHTHCETHETOAICKTPUICCKIMHE (a30BbI-
MU MEepEX0AaMU, KOTOPbIe 00YCIOBIEHBI YIOPSA0OYSHHEM ITPOTOHOB B IBYXMUHUMYMHOM T10O-
TEHIMAJIC Ha BOJOPOJIHBIX CBSI35X, U BBICOKOTEMIICPATYPHBIMU CETHETOIACTHUSCKUMU (ha30-
BBIMH TIEPEX0JaMH, 00YCIOBICHHBIMU H3MEHEHHUSIMH CUCTEMBI BOJIOPOIHBIX CBS3CH.

Hecmotpst Ha mHTEpecHYI0 (PH3UKY M pacHpOCTPAHEHHOCTh KPUCTAILIOB JIAHHOTO Ce-
MEHNCTBa, U3yueHHE B3aUMOCBSI3U UX CBOMCTB U CTPYKTYphl, HAYABIINCH HECKOJIBKO JECITHIIE-
TUW Ha3aJl, aKTUBHO TPOJIOJDKAETCA U B HACTOSIIIEE BPEMs, TIOTIOJHSSACH HOBOM MH(MOpMaIUEii.
Hampumep, mpocTpaHcTBeHHas rpylmna U MapaMeTpbl SJIEMEHTAPHOW SYEHKU KpPUCTAJIIOB
K3H(SO4)2 6s1mu onpenenensl B 1960 roxy [1], cTpykTypa HU3KOTEMITEpaTypHO# dha3bl Oblia

pacuudpoBana B 1990-m rogy [2], a cTpyKTypa BEICOKOTEMIIEpAaTypHOH (ha3bl 10 HACTOSIIETO
BpeMEHH OblTa HEU3BECTHA.
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Llenpro Hamiero MccieaoBaHUs OBUIO ONpEAeNeHHe CTPYKTYPHBIX U3MEHEHHH, MPOHC-
xonsamux B kpuctauiax K3H(SO4)2 ¢ moseimennem remneparypsl. C UCIIOI30BaHUEM METO-
Jla PEHTTEeHOCTPYKTYPHOTO aHajiu3a ObUI IPOBEACHO HCCIEAOBAaHHE MOHOKPHUCTAIIOB
K3H(SO4)2 B unrepsane temneparyp 293 — 473 K na nudpakromerpax Xcalibur ¢ aBymep-
HbIM CCD-gerektopoM 1 BRUKER ¢ ToueunsiM gerekropoM. [1o skciepuMeHTaIbHBIM JIaH-
HbIM ObLIa YTOUHEHA CTPYKTYpa HU3KOTeMIepaTypHoii dasbl: np. rp. C2/c, z=4, a=14.698(1)A,
b=5.683(1)A, ¢=9.783(1)A, p=103.01(1)° (Rycpexr=1.16%, Rw/R=1.73/1.87%, BRUKER;
Rycpen=2.87%, Rw/R=1.44/1.67%, Xcalibur) n onpezenena cTpykrypa BbICOKOTEMIICPATyp-
HO# (assr: mp. rp. R-3m, z=3, a=5.73(1)A, c=21.51(1)A, (Rycper=2.29%, Rw/R=4.32/4.52%,
Xcalibur)(puc. 1). Ha puc. 2 m 3 mnoka3aHa 4acTb OOpaTHOrO MPOCTPAHCTBA KpUCTaUIa
K3H(SO4)2: nHabop qudpakumonHsix otpaxkenuil npu 443 K u 453 K, cooTBETCTBEHHO HIXKE U
BhIIIE (Pa30BOro Mepexoia U3 MOHOKIMHHOW B TPUTOHATIBHYIO (Da3y, B MPOEKIIUH BIOIb OCH C*
BBICOKOTEMIIEPATYPHO (ha3bl.

[Tonmy4yeHHbIE SKCTIEPUMEHTATIBHBIE TAHHBIE TTO3BOJIMIIN BBISIBUTH CTPYKTYPHBIC H3MEHE-
HUA 11pH (Ha30BOM MEPEXo/ie ¥ MPOAHATH3UPOBATh CTPYKTYPHBIH MEXaHU3M MOSBICHUS B KPH-
cramax K3H(SO4)2 npoToHHO# TPOBOIUMOCTH.

Puc. 2 Puc. 3

E-mail:aglietto@gmail.com

Jluteparypa

1. Parry G.S., Glasser L. (1960) // Z.Kristallogr., v.113, p.57.
2. Noda Y., Uchiyama S., Kaffuku K., Kasatani H., Terauchi H. (1990). //J. of the Phys. Soc.
of Japan, v.59, Ne§, p.2804-2810.

TEOPETUYECKOE UCCJIEJJOBAHUE B3AMMOCBSI3U MEX Y
MATHUTHBIMU CBOMCTBAMU 1 ATOMHOM CTPYKTYPOU B PD
HAHOKOHTAKTAX

CwmemnoBa K.M.

MI'Y um. M.B. Jlomonocosa, Mockea, Poccus

BBenenune

Pa3BuTHE COBpEMEHHBIX TEXHOJIOTUN U METOAOB MO3BOJISET CO3/1aBaTh Pa3IMYHbIC Ha-
HOCTPYKTYpPbI U M3y4yaTh MX CBOiicTBa. B mocnennue roasl 00sblIOEe KOJIUYECTBO CTaTed MO-
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cBAllIEeHO TeopeTnueckoMy| 1,2,3,4] u sxcniepumeHTanbHOMY[S5,6,7,8] UCClIeIOBaHUIO CTPYKTYP
HU3KOH pa3MEPHOCTH, Y KOTOPBIX OOHAPYKEHBI YHUKAIbHBIE (pU3HUYecKre CBOCTBa (KBAHTOBAs
POBOJMMOCTb, HAHOMAarHeTusm). MccnenoBanue CBOWCTB MarHUTHBIX HAaHOCTPYKTYpP OTKpBI-
BaeT 0OJbIIKE NEPCIIEKTUBbl B HAHOMHYCTPUU U HaHOTeXHOoJoruu. OcoOblil MHTEpeC mnpea-
CTaBJISICT UCCIIEJOBAHUE HAHOIIPOBOIOB U HAHOKOHTAKTOB.

B Moeit pabote mpoBeeHO TEOPETHUECKOE MCCIICI0BAHNE MAarHUTHBIX CBOWMCTB Maj-
JaJIMeBbIX HAHOKOHTAKTOB.

MeTtoanl

PacyeTsbl BBIMOJIHEHBI METOJIOM MEPBONPUHIUITHON MOJIEKYJISIPHOM TUHAMUKU Ha OC-
HOBE TEOpUH (PYHKIHMOHAJA JEKTPOHHOM moTHOCTH [9]. [{ns BerunciaeHuit Oblia MCIONIB30-
BaHa IIporpaMMa, MTEpalOHHO pellarollas CaMOCOIIacOBaHHYIO cucteMy ypaBHeHHi Kona-
[II>ma ¢ ucroNb30BaHUEM TICEBJAONOTECHIIMANOB B 0a3uce riockux BoiH [10,11]. Jnst oOmeHa
1 KOPPEJSIUY UCTIOJIb30BATUCH MPUOIMKeHHS JIoKabHOU mioTHOCTH (JIIT) n 06061menHoro
rpaauenta (OI). [l uHTEerpupoBaHus B 00paTHOM MIPOCTPAHCTBE BHIOMPAJIHCH CIIeIIMaIbHbIE
k-Toukm mo cxeme, npeaoxkenHorn Morkxopcrom u [lakom [12].

PesyabTarhl

B nanHo# pabore ObLIM MPOBEACHBI MCCIIEIOBAHMS MAarHUTHBIX CBOMCTB Mayliajue-
BbIX HAHOKOHTaKTOB, OCOOEHHOCTEW MX aTOMHOM U 3JIEKTPOHHOU CTPYKTYpHL. [l pacueToB
MCIIOJIb30BAJIMCh IBE MOJI€]IM HaHOKOHTAakTOB (Puc.1).

B xoae nepBONpUHIMITHBIX pacyeTOB ObUIO 0OHAPYKEHO HEOJIHOPOJHOE pacmpesene-
HUE JUIMH CBSA3U MEX]y aTOMaMH B 11eNu HaHOKOHTakTa (Puc.2) u oOHapysxeH nepexoj mnai-
JaJUeBbIX HAHOKOHTAaKTOB W3 JIMHEWHON KOH(UTYpaluu B 3UI3aroBYIO0 MPU CHKATHUU DIIEK-
TPOJ0B (paccTosHUE MKy dIekTpoaamu ~8A). B pabore Gblna ycTaHOBIEHA 3aBUCHMOCTD
BEJIMYMHBI MAaTHUTHOTO MOMEHTa OT PacCTOSHUS Mexay diekTpoaamu B Pd nanokonrtakte. B
pe3yJibTare pacueToB ObUIO OOHAPYKEHO HAIMYME MAarHUTHBIX CBOMCTB Yy Pd HAaHOKOHTaKTOB
U JI0OKa3aHo, 4To Juisi Pd HAaHOKOHTAKTOB CyIIeCTBYeT MarHUTHOE PEIICHHE BHE 3aBUCUMOCTHU
OT HMCIOJIb3YEMBIX MOJICNIE U METOJUK pacyeTa B HIMPOKOM JMAMA30HE PACCTOSHHUM MEXITY
anekTpoaamu. B pabote Ob110 3aQUKCUPOBAHO MOSBICHUE JIOKATHHBIX MATHUTHBIX MOMEHTOB
3HAUYUTENIbHON Benu4yuHbI 3,6 (Puc.3).
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Puc.1 Mogens Pd HanokoHTakTa, Mc-
noJjib3yemasi B pacyeTax.

Puc.2 IlepepacnpenencHue paccTOSTHUM
Mexny aromamu B Pd HaHOKOHTaKTe.



Iloocexyus puzuxu meepooco mena 337

= 0,407 spanae s 0,40 s S
= 0,351 : ‘;:i: 0,35
£ 0,30 . = 0,30{ ".
Z 0,25 s ESRS E 0,25 st 2
£ 020 \ £ 020]
E 0,15 ) Z 0,151
= | ANeKCHbIH ATOM E 0,101
= 0,10 ‘| —— HeHTpaIbLHBIH aTOM E anekcHblii aroM (GGA)
§ 0,05 1 s 0,051 HeHTpaibHblii aToM (GGA)
’ - 2 0,001 — = — meHTpasabLHbIii aTom (LDA)
0,00 -
7 8 9 10 1112 7 8 9 10 11 12
(a) Paccrosinue mesgty atomavu [A] @) Paccrosinue Mexay aromamu [A]

Puc.3 3aBucUMOCTb BETUUYUHLI MATHUTHOI'O MOMEHTA OT PaCCTOSAHUA MCIKAY IJICK-
TPOJAMHU /ISl MOJIENH MIJIOCKHUX 3JIEKTPOJIOB (2) U ISl MOJENIM MTUPaMUJAIbHbBIX
ANeKTpoIoB (0)*

*Kpyrom oTMeueH MOMEHT Mepexoaa U3 JIMHEHHOM KOH(PUTYpaIliy B 3UT3arOBYIO

Kpome Toro, 6p110 moipoOHO M3y4E€HO BIMSHUE MpUMEcHOro atoma H Ha cBolicTBa

aTOMHOW M 3JIEKTPOHHOM cTpyKTypbl Pd HaHOKOHTaKTOB. B X0/1€ pacueroB Obu10 0OHApYKe-
HO, 4TO B NPUCYTCTBHU IpuUMecHOro atoma H mammaaneBblli HAHOKOHTAKT M3MEHSET CBOIO
aTOMHYIO CTPYKTYpPY M TE€psieT CBOM MarHUTHbIE CBOMCTBA.

E-mail: smelova_k _m@mail.ru
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KPUTUYECKUE MHAEKCHI C YYHETOM JTMHAMWYECKOI'O
CKEWJIMHI'A JJIS1 AACOPBIIM HA HAHOKJIIACTEPAX

Tackun A.H., Yoonos B.H., Ilorekaes A.1.

Xaxacckuii eoc. ynusepcumem um. H. @.Kamanosa, Abakan, Poccus

N3yuenne (a3oBbIX MpeBpallieHNI B HU3KOPAa3MEPHBIX CUCTEMaX MHTEHCUBHO MPOBO-
JIUTCA B mocienHee Bpems. M1 0coOeHHO 3T0 KacaeTcs OJHOMEPHBIX CTPYKTyp — 1D (kBaHTO-
BbI€ HUTH, JJUHEHHbBIE IEIOYKU aTOMOB). Takue CTpYKTYpbl MOTYT HOSBIATHCSA Ha Pa3nnyHbix
MOBEPXHOCTSX.
CornacHo COBpEMEHHBIM IPEJICTaBICHUSIM TEOPUH (PAa30BbIX MEPEXOJI0B UHIEKC Z OIl-
pelienseT NOBeJACHNEe BpEMEHH pellakcaliii BOJIM3K OT TOUKH (Pa30BOro nepexoaa
~&, (M
rae & - KoppeasUOHHas JUIMHA, Zz — JUHAMUYECKUH KPUTUYECKUN MHIEKC. 11 MHOTUX MO-
Jeneil B TepMOIMHAMUYECKOM Tipeziesie (B 4acTHOCTH, B Teopuu Jlannay-XanaTHUKOBa) z=2.
Jns Monenelt KOHEUHOro pa3Mepa BpeMsi pelakcaluy MmapaMeTpa Mopsjika B KPUTHYECKOU
obnactu (§ = L = N, rae L — nnuHa cucteMbl, N — 9UCIIO y3J10B B OJTHOMEPHOI MOJIENH) OIl-
penensiercst GopmyIioi
T~L =N°. 2
BHavane paccunTbIBanoCch BpeMsi peslakcaluy Kak (pyHKIUs pa3Mepa CUCTEMBIL.
PaccunThiBascst AMHAMUYECKUH KPUTHUYECKUN MHIEKC Zo B HYJIEBOM MPUOIMKEHUH
zp=2. 3aTeM yUHUTHIBAJINChH TIOMPABKHU, CIEIYIOIINE U3 TUIOTE3bl CKEMINHTa (110100Ms)
T=sz[£,8N_ZJ, 3)
N
I/ T — BpeMs pejlakcalli, z — JUHAMUYECKUM KPUTUUYECKUNH UHJIEKC, & - KOPpEIsMOHHAs
JUIMHA. Bpems penakcauuu T pasioKeHO B psl [0 MaJOMy IIapaMmeTpy o, 3aBUCALIEMY OT
TEMIIEPATYPbl, YUCIIA y3JI0B U AMHAMUYECKOTO KPUTUYECKOTO UHIEKCA Z

2
<T>:NZ.(fo+fl-a+f2-a +) 4)
rne z=c-z,, zo — MHIEKC z 0e3 y4eTa CKCHINHIOBBIX ITONPABOK (T.€. B HYJIEBOM IPHOJIMIKE-

HUN),

a=N Vv, ®))
¢, f1, f2, ... — TIOATOHOYHBIE TTAPAMETPHI,
Jo=N=/(z), (6)
— KO3 QUIMEHT MPONOPLUUOHATBHOCTH B HYJIEBOM HPUOIMKEHUU V — UHACKC, ONpeaesio-
LIUH MOBEICHNE KOPPEJSIIMOHHON JIMHBI IIPU U3MEHEHUHN TemuepaTtypbl. IlosmydyeHHsblil psajg
JIOJDKEH CXOJUThCH.
U3 ypaBuenus (4), B3sB fr=f3=...=0, 3Has z B HyJIeBOM NPUOIMKEHUN, MOKHO HANTH Z
B [IEPBOM IPUOIMKEHUH, MEHSS TapaMeTp fi ¥ BbIOMpasi, Te z, Ui KOTOPBIX CpellHee KBajapa-
TUYHOE OTKJIOHEHHE OyZeT MUHUMAJIBHO, a psf (4) cxoxsmuiics. 3arem, B3sB f3=f4=...=0, Ha-
XOJIMM z BO BTOPOM IpUOIMKEHUH, MEHAs napameTp f>. U tak nanee.
JlanHbpIM MeTOAOM ObLI HalifieH z B mepBoM mpubmmwkenuu. B cpennem z;= 2,240,4,
T.€. Z] B IEPBOM NPUOJIMKCHUH YBEIIMYMBACTCS TI0 CPABHEHHIO C Z( B HYJIEBOM MTPUOIMKECHHH.
[Toka3aHo, YTO MHAEKC z MOXKET YBEJIMYUTHCSA B 5-6 pa3 u Oosiee 10 CpPaBHEHHUIO CO
3HaYCHHEM B HYJIEBOM NPHUOIMKEHUH, YTO CYIIECTBEHHO OOJIbIIE, YeM Ui MaKpOCHCTEM.
OTO0 03HAYaeT, YTO 3aBUCHUMOCTb BPEMEHH pellaKCallii OT pa3Mepa CUCTEMBI Ul aJ1copOLu
Ha MaJbIX KJacTepax ropasio CHibHEe, YeM Ui MaKpocUcTeM. TakuM o0pa3zoMm, aacopOmms

Ha HaHOKJIACTepaxX MOXET MPOTEKaTh HHAUE, YeM OObIUHAs aJICOPOLIMs B MAKPOCHCTEMAX.
E-mail: tahk@rambler.ru; udodov@khsu.ru
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PESOHAHCHA JU®PAKIMA PEHTTEHOBCKOI'O U3JIYUEHN A B
KPUCTAJIJTAX RDP

Tpomkos E.B.

MI'Y um. M.B. Jlomonocosa, Mockea, Poccus

Pe3onanchas audpaxiusi peHTTEHOBCKOTO M3JIYYEHHUS — MHTEHCHBHO Pa3BHBAIOIIUICS
METOJ UCCIIEZIOBAHUS CTPYKTYPhl M CBOICTB KOHJIEHCUPOBAHHBIX CpeJl, KOTOPBIH peanusyer-
csl, B OCHOBHOM, B LIEHTPax CHHXPOTPOHHOIO M3NIydeHus.. Ero ornuyune or Hepe3oHaHCHOMU
JU(PPaKLUU PEHTTEHOBCKHX JIydyel COCTOUT B TOM, YTO B PACCESHUM M3JIyUYEHUS YUaCTBYIOT
TOJIBKO T€ aTOMbI, KOTOPBIE UMEIOT Kpasl MOIJIOIEHUS, OIM3KHE K SHEPTUU MaJAIOLIET0 U3IY-
YeHUs. MeToJl SIBIISETCS CEJIEKTUBHBIM, U MI03BOJIAET U3y4aTh OT/JENIbHbIE TPYIIIbI aTOMOB.

YucTo pe3oHaHCHbIE OTPAKEHUSI BO3HUKAIOT BOJIM3U Kpasi BCIEICTBUE TOTO, YTO aTOM-
HbII (PaKTOp CTAHOBUTCS TEH30POM, CBOMCTBA KOTOPOI'O ONPENENISIOTCS CUMMETPUEH JIOKaIIb-
HOTO OKPY>KEHHSI PE30HAHCHOTO aroma. TeH30p aToMHOro (akTopa MOXHO NPEACTABUTH B
BUJIE CYMMBI JIUII0JIb-IMIIOJIBHOTO BKJIa/la U BKJIa10B BhICHIMX NOPsAKOB [1] . JIokanbHbIe uc-
KaXCHHUS CTPYKTYpPBHI, 0OyCIIOBIICHHBIE TEIUIOBBIMU KOJeOaHHMSIMH, Ne(eKTaMH U JIPYTHMHU
(akTOopamH, TaKKe MOTYT J1aTh BKJIAJ] B YCTO PE30HAHCHBIE OTPAXKECHHUS.

B nacTosimeit pabore paccMaTpuBaeTcCs MOSBJICHUE YUCTO PE30HAHCHBIX OTPAKCHUI B
kpuctamie RbD,PO,4 (RDP) BOnu3u K-kpas pyounus. Ilpu T>123 K stoT kpucramn umeer
cummeTpuio /-42d. ATombl BoJopoia MOTYT (DIyKTYHpPOBaTh MEXAY JBYMs IOJIOKEHUSIMHU B
JJIEMEHTApHOU sueiKe, U CTPYKTypa JIOKAIbHO HCKakeHa. Hamu paccunTaHbl pas3iinyHbIe
BKJIa/Ibl B TEH30pHBIA aTOMHBINH (akTop BOMU3M K-kpas pyOumus u moxka3aHo, 4To pedIieKcsl
00l, [=4n+2; h-hO, h=2n+1; hhl, 2h+I=4n+2 ocralorcsa 3ampeuicHHbIMU B TUIOIb-
JUIOJBHOM TNPUOIMKEHUH, HO MOTYT BO3HHUKHYTH Oiarojgapsi AUNOJIb-KBaJApPyHOJbHOMY
BKJIa/ly. bbU10 poBeieHO YHCIeHHOE MOAETMPOBAHNE SHEPTETHUECKUX CIEKTPOB OTPAKEHUN
5-50, 006, 666 (cIeKTpBI COOTBETCTBYIOIINX pe(IeKCOB MOKa3aHbI Ha puc. 1).

0,010

0,008 —

0,006 —

0,004 —

0,002 —

I/IHTerpaana;{ HUHTCHCUBHOCTH

0,000

YUCTO PE3OHAHCHBIX PE(IEKCOB, OTH. €]1.

Puc.1 Cnektpsl pedaekcor 006, 5-50 u 666 B TUNOIH-KBaAPYTIOJILHOM NPUOIIKEHUU

Teopernueckoe pacCMOTPEHHE IMOKA3bIBACT, YTO YKa3aHHbIC Pe(ICKChl MOTYT BO3HU-
KaTh TaKXe OJlaroaaps TCIUIOBBIM KOJICOAHHSIM aTOMOB M KBAaHTOBBIM (MIYKTYalUsM BOJIOPO-
na. Bee THITBI BKIIAIOB MMO-pa3HOMY 3aBHCAT OT TEMIIEPATYpPhl, MO3TOMY HX pa3iciicHHE BO3-
MOHO. [IpeaBapuTenbHbIe KCIIEPUMEHTBI, BBIMOJIHEHHBIE Ha CHHXPOTpoHEe B «Kypuaros-
ckom neaTpe CU u HT» moaTrBepaniy CymecTBOBaHUE MPEICKA3aHHBIX PEQIICKCOB.
Pabota nonnepxana rpantom POOU 07-02-00324-a .
E-mail: Webegor@yandex.ru
[1] Dmitrienko V.E., Ishida K., Kirfel A., Ovchinnikova E.N. Acta Cryst. 2005.
A61.481 —49.
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OIITUYECKUE CBOMCTBA ®YJIJIEPUTOBBIX TNIEHOK PA3HOM
CTEIIEHM COBEPIIEHCTBA

"Yepromanos C.B.

Jloneyxuii nayuonanvHwulll YyHUGepcumem, /[oneyx, Ykpauna

BBenenue

B MHorouncnennsix paborax, HaunHas ¢ 1991 roga, B cmekTpax ONTHYECKOTO TO-
TJIONIEHHS HAOIOAaNy TUIaBHO cranatomme 3aBucumoctd o(E) B oOmactu sHepruil Huxe
byHIaMeHTaIbHBIX TEPEX0I0B, KOTOPbIE HAa3bIBAIOT «XBOCTOM» YpOaxa, a Takke MoJI30H-
HBIM TIOTJIOIICHNEM Ha fedekrax. OTHOCUTEIHLHO MPUIHHBI TIOSIBJICHUS XBOCTOB ITOTJIONIE-
HUSI HET euHOro MHeHus [ 1-3].

AHanM3 IUTEpaTypPHBIX JAHHBIX 3aTPYIHEH B CBSI3U C TEM, YTO BO MHOTHX paboTax
BMECTE C ONTUYECKUM TOIIOMIEHHEM, (POTOMPOBOIMMOCTBIO, TPOBOAUMOCTHIO MJIH UHBIMU
(U3UYECKMMH TlapaMeTpaMu HE aHAIU3UPYETCS CTPYKTypa IUICHOK, YTO TMPUBOJIUT K
00JbIIOMY Pa30pOCy PKCIIEPUMEHTATBHBIX TAHHBIX.

Pabora mocesiieHa yCTaHOBIICHUIO B3aUMOCBSI3U ONITHYECKUX CBOMCTB (YJUICPUTO-
BBIX IUICHOK C MX CTPYKTYPHBIM COCTOSIHUEM M BBISBICHUIO HPUPOJIBI MOTJIOIIECHUS B
JUTMHHOBOJIHOBOM OOJIACTH CIEKTPa BUIUMOTO U3ITyUCHHUS.

MeToabl

q)yﬂﬂepI/ITOBLIe INICHKU I0JIy4Yalii METOAOM TCPMHUYCCKOro OCAXKACHHA Ha CTCK-
JSHHYIO MOJUIOKKY. JlJis mojlydeHHs TUIEHOK Pa3HOM CTENEeHU COBEPIICHCTBA W3MEHSUIN
TEMIIEPATy Py MOMJIOKKU U IIPOBOIUIIH MOCIEAYOLUIUN OTKUT IUICHOK.

CremneHb COBEpLICHCTBA IJIEHOK U UX (a30BbI COCTaB KOHTPOJIUPOBAIU METOJaMU
ANEKTPOHHOW MUKPOCKOIIUU M MUKPOAU(PPAKIIUH MPHU MTOMOIIU 3JIEKTPOHHOTO MHKPOCKO-
na JEM — 200. TonmuHy MOJy4EeHHBIX TUICHOK - MPH MOMOIIM MHUKPOUHTEpdepomeTpa
MUN-4.

Pe3yabTathl

He3zaBrucumo ot Temrmeparypbl MOAJIOKKN Ha CTEKIISTHHOH MOII0KKE (OPMHUPYIOTCS
amMop(HO-KpUcTaJUTMYECKUe QyIuiepuToBble TieHku. Kpucramimueckas ¢asa npeacrasie-
Ha Cgo ¢ ['TIK- pemeTkoi, mapamerp kotopoit 1,434+0,003 am. dons amopdHo# dasbl cy-
[IECTBEHHO 3aBUCUT OT TEMIEPATYPHI MOAI0KKHU U MOCIEIYIOIIEro OTXKHUTA.

[ToBeimenue temneparypsl moatoxku ot 20°C o 160°C criocoOCTBYeT yMEHbIIIE-
HUIO 07U aMop(dHOU (a3bl, OIIEHEHHONH METOIOM ceKyluX, oT (2043)% mo (9+0,5)%, uro
MIOJITBEPK/TACTCS 3aMETHBIM CHIKCHHEM MHTEHCHUBHOCTH AU(PPY3HBIX MAKCHMYMOB.

JledexThl KprCTaUIMYECKON (a3bl MIICHKH MPEACTABICHBI TUCIOKAIUIMH, TeeK-
TaMH yIaKOBKH U TBOMHUKAaMU. [IMCIIOKaMK pacrojararoTcsl Kak Mo TpaHHuIaM KpHCTal-
JUTOB, TaK W BHYTpU HUX. CpeaHss IIIOTHOCTh IUCIOKANMA B (DyIIEPUTOBON MICHKE Ha
MOJJI0’KKE KOMHATHOM TeMIEpaTypbl JOCTUTAET 1,4-10" cM™, a st wieHOK Ha HarpeTon
noIoKKe - (4,3+0,5):10' em™.

OTXHUT ¢ OJHON CTOPOHBI, CITIOCOOCTBYET CHIDKEHHIO IIOTHOCTH YK€ UMEIOIINXCS
JUCIIOKAIUN BCJIEICTBUE pellaKCallii CTPYKTYpPhl U YKPYITHEHUS 3€PEeH, a ¢ OPyrod, MHU-
UUPYS JAJbHEUINYI0 KpUCTAUIU3anuio amopdHon (as3el, CrmocoOCTBYeT 00pa30oBaHUIO
MEJKUX KPUCTAJUTUTOB, & 3HAYUT, OOJIBIIOTO YHCIIA MEKKPUCTAITUTHBIX TPAHHUII, KOTOPHIE
UMEIOT TUCIIOKAIIMOHHYIO Mpupoay. [Ipu oTKUTe MIICHOK, OCAXKIEHHBIX HA HATPETYIO TIO/I-
JIOXKKY, peobiagaaet BTopoit pakTop.

Ha pucyHke npuBeieHbI CIIEKTPHI MOTJIOMICHUS (DYJITICPUTOBBIX IJICHOK, MOJTyYEeHHBIX
OCXJICHHEM B BaKyyMe Ha MOJIOKKH MPHU Pa3HBIX TeMIIEpaTypax.

ko
Jlokaa oTMEUeH KIOpH KaK OJIMH U3 JYUINUX Ha IMOJCEKIINH.
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Pucynok. CrnekTpbl morIomieHus (yUICPUTOBBIX TUICHOK PAa3HOW CTENCHH COBEPIICHCTBA

(pucynok a — s T,=20°C, 6 - T,=160°C).

YcTaHOBIIEHO, YTO IIMPHUHA 3aNPELICHHON 30HbI (PYJUIEPUTOBBIX MICHOK MTPaKTUYe-
CKHU HE 3aBHCHUT OT TEMIIEPATypPbl MOAJIOKKN U COCTABIISAET JUIS IIJICHKH, OCAXICHHOW Ha HE
HarpeTyoo noioxky (2,24+0,02) 3B, a mis nnenku Ha nomioxke Ty=160°C - (2,26+0,05)
5B, 4To0 cormacyercs ¢ IuTepaTypHBIMHU AaHHBIMU [1]. Iy BBISIBICHUS BO3MOXKHBIX 3JIEK-
TPOHHBIX NEPEXO0B IKCIEPUMEHTATbHbIE CIEKTPBI ONTUYECKOIO MOTJIOIMIEHUS Pa3KIIa Ibl-
BaJlM HA TayCcCOBBl COCTABJIAIONIME C MOMOILNBIO MaTeMaTHdeckux mnakeroB Origin u
PeakFit.

Jlyis IIeHOK, OCaXICHHBIX Ha He HarpeTyto moanoxkky (T,=20°C; h=118 um) obHa-
pPYX€EHbI ONTUYECKUE TIepexoibl ¢ sHeprusimu 1,29 3B, 1,77 3B, 2,00 3B, 2,48 u 2,96 »B.
Jis menok chopmupoBasiiuxcst Ha Harpetor nojuioxke (T,=160°C; h=338 um) BbIsBIIC-
HBI YEThIPE ONTHYECKUX mepexoja ¢ suepruamu 1,55 3B, 1,83 3B, 2,00 3B u 2,48 »B. On-
ThYeckuil nepexon ¢ sueprueit 2,00 3B coOTBETCTBYET BHYTPUMOJIEKYJIIPHOMY MEPEXOTY
hy—t,, BHyTpH 30HBI Y3 U HE 3aBUCUT OT COBEPIICHCTBA CTPYKTYPbI IJICHOK.

Huskosnepreruueckue nepexoasl ¢ sueprusimu 1,29 3B u 1,77 3B ans 6onee ne-
(EeKTHOM TIJICHKH CMEMUIAIOTCS TPHU TOBBIIIEHWH COBEPILICHCTBA IJICHOK B 00JacTh 00JIb-
IIMX SHEPIrUuid, a BeIUYMHA KOA(P(PUIIMEHTOB MOTJIOMEHUS] COOTBETCTBYIOIINUX KBAaHTOB BH-
JIUMOTO CBETa CHM)KAETCS.

Bnusaue omxura (B Te€4eHHE YETHIPEX YaCOB) HA CIEKTPHI MOTJIOMIECHHS MPOSBIS-
€TCsl B CIIQXMBAaHUM OCOOEHHOCTEH JIJIMHHOBOJIHOBOM OOJIACTH CIEKTpa U YMEHbLICHUH
MOTJIOIEHUS B ATOM 00J1IacTH. Y CTAaHOBJIEHO, YTO KOA(P(PHUIIMEHT MOTJIOMEHHS IPH SHEPTU-
X KBAaHTOB BUAMMOI'O CBETA, COOTBETCTBYIOIIMX HEPTUH MEepBOro nepexoaa Ei, muHeitHo
3aBHUCHUT OT J10JI1 aMOp(HOI (a3bl B PyIepUTOBBIX IJICHKAX, IO3TOMY MOXKHO IOJIaraTh,
YTO 3TOT MEPEXOJ COOTBETCTBYET IEPEXOJly JIEKTPOHA W3 BAJICHTHOH 30HBI HA YPOBEHD,
co3aHHbIi aMmop(HOit (hazoii B 3anpereHHOH 30He.

ABTOp BbIpaxaet npusHaresnbHOCTh baxuny A.U., becene E.A., 'mazynoBoii B.A.,
Crynaky B.A., Tpouan A.H. 3a nomonib B IOATOTOBKE TE€3HCOB

E-mail: chsv@dongu.donetsk.ua
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KNHETHKA TEIJIO- U MACCOOBMEHA B YCJIOBHAX
XUMHMNYECKOU PEAKIINN

Uypkuna H.B.

Tonvammunckuu 2oc. ynusep., Quzuko-mexn.uncmumym, 2. Tonvsaimmu, Poccus.

SIBieHMs Temio— U MaccooOMeHa JIOCTATOYHO HIMPOKO PACIPOCTPAHEHBI B MIPUPOJIE U
Ha Npou3BOJCTBE. PelieHue ypaBHEHUN Temio— U MaccorepeHoca mpu (pa3oBbIX MpeBpallie-
HUSX WU B YCIOBHUSX XUMUYECKON PEaKIMu MPECTABISCT CIOKHYIO 3a/1ady, TaK Kak B 00-
HIeM ClIy4ae Hy»KHO HalTH pelieHre CUCTeMbl HEJIMHEHHbIX U] QepeHtnaIbHbIX YpaBHEHUN
B YAaCTHBIX MPOU3BOJHBIX. B MHTEpECHBIX NJIs MPAKTHKHU clydasx mporecc (a3oBOro mpe-
BpAallleHUs WIK XUMHUYECKOW peaklMM HAauMHAETCs C MOBEPXHOCTU YacTUllpl. B aTom ciyuae
JUTSL YaCTHIIBI pelIaeTcs BHYTPEHHsS 3a7a4a O TEIUIO- U MAacCOOOMEHE B yCIOBUSX (Ha30BOTrO
IpeBpalleHus] WIK XUMUYEeCKOU peakiuu. B pabote mpeanaraercs npuOIMKEHHBIA METOJ
pEIICHHs] CUCTEMbl YPaBHEHU KMHETUKH, KOTOPBIH Ta€T BO3MOXHOCTh YMCICHHOTO aHAN3a
npolriecca XMMUYECKOM peakiinm, a Takke (Pa3oBbIX MPEBpaICHUI.

PaccmoTpuM 00KHUT YacTHIl U3-
BecTHska. [Ipu cyxom cmocobe 006-
JKUTA ChIPhE B BUJC YACTHUIL MOJACTCS
B JIeKapOOHHU3ATOP WJIM ApyrHe ammna-
patel. OT pa3MepoB YacCTHUIl U YCIO-
BUI O0KMra 3aBHCHT BpeMs 3aBep-
LICHUsI TpoIecca, KOTOPOe SBISETCS
OJIHUM M3 BaXKHEUIIMX MapaMeTpoOB
JUISL pacdera TEXHOJIOTHH Mpolecca.
TeopeTtnuecku Bpemsi 00KUTa MOKHO
BBIYHCIIUTH, PEIINB BHYTPEHHIOKO 3a-
Jady O TeIjIo— M MaccooOMeHEe B
nporecce 00XKura.

Ha puc. 1 mnokaszaHbl 3aBUCUMOCTH
0e3pa3MEpHBIX BEIIMYUH: TEMIEPATy-
pbl peakuuu 6,, 1aBieHus Ha GpoHTe
peakiuu p;, MoJoKeHus: PpoHTa pe-
aKIUU X, TaKKe CTEMeHH AekapOo-

Axmacnc* 1

SUTCPATY P PCIKAIN

Puc.1 3aBHCHMOCTB TapaMeTPOB, XapaKTEPU3YIOIINX
kuHeTHKY 00xmra CaCO; ot 6e3pa3mMepHOro BpeMeH!

HU3ALHH (l—xf ) ¥ TEMIIEpATyphl Ha
MIOBEPXHOCTHU YacTUIBI 6, 0T O6e3pa3MepHOro BpeMeHH F), BEIYMCICHHBIC IS CIyvasi JIeKap-
OOHHM3AIMK YaCTHI] U3BECTHIKA pa3MepoM 2:10% m, upu 77950 K, 7,=600 K. ITony4yenHsie
3aBHCHMOCTH COOTBETCTBYIOT IMPEJCTAaBICHUSIM O (U3MKE peanbHOro mporecca. Bpems ne-
kapOonuzauuu F=0.2, =0.4 ¢ 1o nopsAKy BEIMUUHBI COINIACYETCs C pe3yJIbTaTaMu AJIs LU-
KJIOHHBIX JIEKapOOHU3aTOPOB [2].

B meTozne kBa3supaBHOBECHOTO MPUOIMKEHHS CYLIECTBEHHO YNpPOLIAeTCs MaTeMaTHye-
CKuH amnmapar. B urore nmosydaercsi cuctemMa ypaBHEHHM, IOCTATOYHO MIPOCTask JJIsl YUCIIEH-
HBIX pacyeToB. V3MeHss HavyajdbHBIE YCIOBHS M Oe3pa3MepHble MapaMeTpbl Macco- U TEIUIO-
0o0M€Ha, MOXHO MPOCJIEIUTh U3MEHEHHE KMHETUKH IpOLecca U ONTUMU3UPOBAThH YCIOBHUS,
UCXOJs U3 MOCTaBICHHON KOHKPETHON TEXHOJIOTUYECKOM LIETH.
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MOJAEJIMPOBAHUE TEIUIOBBIX ITPOUECCOB B MATEPUAJIAX TTPU
OBJIYUEHUHU TSKEJIBIMU NOHAMM BBICOKUX DHEPT' i1 B
PAMKAX OBOBIIEHHOU MOJEJIM TEPMUYECKOI'O ITMKA

[apunos 3.A.

Jlabopamopus ungopmayuonnvix mexnonrozui, OUAU, /[yona, Poccus

BBenenue

B nocneanue roasl ¢ BO3pacTaroliUM UHTEPECOM IPOBOASTCS IKCIEPUMEHTAIbHbIE HC-
CJIEIOBaHUs U1 U3YYEHUs BO3LCHCTBUM TSDKEIBIX 3apsHKEHHBIX 4acTHULl Ha maTtepuansil].
OnuH U3 Mojesell ONUCHIBAIOIIMM TEIIOBbIE MPOLECCHl MPU BO3ACUCTBUM TSAKENBIX 3aps-
YKEHHBIX YaCTHIl HA MaTepUabl 3TO MOJIEJIb TEPMUYECKOro nuka [1, 2].

IIpu npoX0XkKIEHNUN TAKENBIX 3apSyKEHHBIX YaCTUL YEPE3 BELIECTBO TepsiemMasi YacTULEeH
JHEPrus B OCHOBHOM PAacXOAyeTCsl INPU HEMOCPEACTBEHHOM B3aUMOJCHCTBHU C MOHAMU pe-
HIETKU (SepHBIE CTOJKHOBEHHS) U IIyTEM B3aUMOJICHCTBHS C AJIEKTPOHAMH (MOHHU3AIMS, T10-
nspuzanmsi). Kommbiorepnas mporpamma SRIM-2003 [3] mo3BoJisieT BBIYMCIATH TOTEPHU
DHEPrUM TSKENBIX MOHOB, KOTOPBIE 3aTPauMBAIOTCSI HA OCHOBHBIE IIPOLIECCHI, BBI3bIBAEMbIE
TSDKEJIBIM MOHOM IIPH €T0 NPOXO0KICHUH YePe3 KOHICHCUPOBAHHBIE CPENIBI, @ UMEHHO:

- Ha HeYNPYIHe (S,,,,(2) = (~0E(2)/02),,,,) »
- HA yPYTHE NOTEPU SHEPTUH. (S yy. (2) = (~OE(2) / 82) i) »
(2)=(-0E(z)/ 0z)

[Tpu o6myueHnn HUKeNsE HOHaMU ypaHa ¢ sHepruei 700 M»B nonHble moTepu 3Hepruu
cnenyrormue (SRIM-2003): E, , ~690 MaB (98,48%) u E ~10 M»nB (1,52%)

Lenbro HacTosAMICH PabOTHI SBISETCS MPUMEHEHNE MOJIENIM TEPMUYECKOTO IHKA TSI HC-
CJIEZIOBaHUS TEIUIOBBIX MPOLECCOB B HUKENE MpU 00JyuyeHUH MOHAMH ypaHa ¢ sHepruei 700
Mb5B ¢ yueToMm notepu 3Hepruu Ha (POHOHHBIE KOJIEOaHHUS.

- Ha (OHOHHBIE BO30YKICHHS — IOTEPU YHEPTUH (S

phonons phonons ) .

inel phonons

ITocTanoBka 3agaun
C yueroM akcuaiabHOM CUMMETPUU CHUCTEMA YPABHEHUH ISl ONIPENEIICHUS PEeIIETOYHOU
U DJICKTPOHHOU TEMIIepaTyp B LIJIMHIPUYECKON CHUCTEME KOOPJIMHAT B OOOHMX CJIOSIX MOXKET
ObITH 3anucaHa B Buje [1]:

or, 10 oT,
C(T,)—=t=——|rA, (T, )—=
) =12 )

o 10 oT
C(T)—L==—2|r2-(1)—L

Lg(ﬂe . )aaij ~ell )1 -T)+ 420 ()

]+ﬁ{wunﬁi)+azJa;4w+4oﬁn> @
0z 0z ’

_ (-taf] [
12002, Sy e 0l gl 7o)
O

et reO
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(t — i )2

Ai(V,Z,t)Ebi SphonansO eXp _2—2 eXp _L /u2 (Z)’

o, Tio

rae A4, (r, z,t) u A (r, z,t) HWCTOYHHUK SHEPIUH, BHOCUMbIN HAJIETAIOIIMM HOHOM YpaHa B

AJICKTPOHHYIO M PEIICTOYHYIO MOJACUCTEMY COOTBETCTBEHHO.
Cucrema (1)-(2) pemaercs co clieyOIUMA HAaYaIbHBIMU U TPAHUYHBIMU yCIOBUSIMU:

T,,(r,2,0)=T, =300K , 3)
T, . T .
M :07Lr’z’t) 207 Tei(Rmax’Z’t):Tei(r’Zmax’t):TO (4)
or Oz ’ ’

r=0 z=0

MeToa YHCIEHHOTO pelleHnsl U 00CYy:KIeHUs1 pe3yJabTaTOB
J1Jis YUCIIEHHOTO pelieHus cucTeMbl ypaBHeHu (1) — (4) Oblia ucmonb30BaHa KOHEYHO-
pa3HOCTHasT CXe€Ma [EpPeMEHHbIX  HalpaBICHUMH C  TOPSAKOM  allpOKCHUMAalUH

O(h> +h* + ) [4].

12000 (@) 10000 (6)
10000 |
8000
6000+
4000

20004

0

0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

Z, MKM Z, MKM
Puc.1. TemneparypHble 3aBUCUMOCTH 110 IIyOUHE MUILIEHHU B PA3HBIX PACCTOSHHU-
sx oT oct OZ (1-r=0,2-r=25& 3—r=50K) c yderoM NOTEpH SHEPrHH HA

¢ononsl (a) u 6e3 yuera (6) B MOMEHT BpeMeHnt = 6x10"c.

Ha puc.1. npeacrasieHo remmneparypHble 3aBUCHMOCTH IO TIyOMHE MUILCHH B Pa3sHbBIX pac-
cTosiHUsAX OT ocu OZ ¢ y4eToM TOTepu PHEpruu Ha (OHOHHI U Oe3 yuera. M3 mpencrabieH-
HOTO PHUCYHKa BHUHO, YTO y4YeT MOTEPH SHEPrHU Ha ()OHOHHBIC BO30YKICHUE TPUBOIMT PE3-
KOMY pPOCTY TeMIepaTypbl B INlyOWHE MHUIICHW B paMKaxX JaHHOW MPEIOKEHHOW MOMIEIH.
[IpoBeneHHBIEC YHCIEHHOE UCCIIEIOBAHUE TIOKA3bIBAET CHIIBHYIO 3aBUCIMOCTh MOJIEIH OT I10-
Tepu SHEpPruM Ha (poHOHHBIC BO3OYKIACHMS (WM OT JEHCTBHS MCTOYHHKA HA PEUICTOYHYIO
HOACUCTEMY), T.€. yueT okosio 10 MaB sHepreTndyeckux morepp Ha pelIeTOYHYIO MTOJICUCTEMY
MIOJJHIMAET TEMIIEPATYpy B pa3bl B 00JaCTH OCTAaHOBKH HOHA (pHc.1.a).

3akino4eHue

B pabote Ha ocHOBe 00OOIIEHHOM MOJIENN TEPMUYECKOTO MUKA MOTYYCHBI Pe3yIbTaThl
YHCICHHOTO HCCIIEIOBAaHMUS TEMIEpPATyp DJEKTPOHHOTO Ta3a M KPUCTAJUIMYECKOW PEIIeTKH
HHKEJIS IpH 00JTydeHUH HOHaMU ypaHa ¢ sHeprueiit 700 M»B. BrinosHeH YnclieHHbIH aHATH3
cxeM BbruHcieHui. [1o pe3ynbprataM BEIYUCIUTENBFHBIX YKCIIEPUMEHTOB MOXKHO CHIENaTh Clie-
JYIOIINE BBIBOJIBI:

1. Yuer sHepreTudyeckux norepb Ha BO30YXAEHHE (OHOHHBIX KOJeOaHHI MPUBOAUT K
BO3PACTaHHIO TEMIIEPATYPhI B TITyOHHE MUIIICHH.

2. IIpu yuere sHepreTUYecKHX MoTepb Ha (POHOHHBIEC KOIeOaHUH, pa3Mmep obiacTu, rie
TeMIIepaTypa MHIICHU IPEBBIMIACT TEMIEpaTypy IUIaBICHHE Marepuana OoJblie OTHOCH-
TEJILHO MOJIENH, TJI€ HE YUUTHIBACTCS YHEPTeTHUECKUE NTOTEPH HAa (POHOHHBIE KOJICOaHUH.

Pabota Bemonnena npu ¢puHancoBoi noanaepxke PODOU, rpanter Ne 06-01-00228 u
Ne 05-01-00645-a.

E-mail: zarif@jinr.ru
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NCCIEAOBAHUE XMMHUYECKOI'O COCTABA ITOBEPXHOCTHU
HU3KOPA3SMEPHbLIX HACTHUL] CEPEBPA

Omun A.JL.

Kemeposckuii cocyoapcmeennviii ynueepcumem, Kemepoeo, Poccus

OCHOBHOM TeHJIEHIIMEH B COBPEMEHHBIX HAyUHbIX HAIPABIICHUSX SBIIAECTCA U3yUCHUE
CBOWCTB HaHOCTPYKTYp U TEOpHUHl ABJICHUN B MaJbIX 00BEKTaX (HU3KOPAa3MEPHBIX CUCTEMAX).
YHUKaTBbHOCTb CBOMCTB U XapaKTEPUCTUK TaKUX OOBEKTOB BO MHOTOM OMNPEIENIeTCa UX IO-
BEPXHOCTHBIM MJIM MeX(a3HbIM COCTaBOM. B CBOIO ouepespb, MPOTEKAIOIINE HA MOBEPXHOCTH
HAHOCTPYKTYP HPOLECCH UTPAIOT 3HAUUTEIbHYIO POJIb B BEICOKOAMCIIEPCHBIX CUCTEMAX — ajI-
copOeHTax M KaTajau3aTopax, KOMIIO3UIIMOHHBIX MaTepuaiax, MICHOYHbIX cuctemax. HaHo-
pa3MepHbIe YacTUIlbl 1esoro psga metawioB (Ag, Pd, Ni, Cu), HaHeceHHbIE Ha pa3InYHBIC
MOBEPXHOCTU TPOSIBIISAIOT M30MpaTEeNbHYI0 3(P(EKTUBHOCTh B KaTATUTHUYECKHX MpoIeccax
IpEeBpaLIeHHUH YTIIEBOAOPOOB U B PEAKIUSIX KOHBEPCUH ra30B.

bilaronapsi MoOBEpXHOCTHOM 4YBCTBUTEIBHOCTH C IIOMOIIBIO METOJA PEHTTEHOBCKOU
dboToanexkTporHON criekTpockonuu (PO®IC) MokHO ToNydaTh HE TOJIBKO MH(MOpMAIUO 00
AJIEKTPOHHOM CTPOEHUU YaCTHIl METajlla, HO U MACHTU(PHUIMPOBATH COCTOSHUE aJIcCOPOATOB.
B nannoit pabore metomom POIC ObUIO BBIMOIHEHO MCCIAEAOBAaHUE XUMHUYECKOTO COCTaBa
30I1eli cepedpa, BOCCTAHOBJICHHBIX M3 MOHOB METalljla B pacTBOpE, JI0 U MOcie aacopOLuu Ku-
CJI0pO/Ia B MPOIECCE TEPMOOOPAOOTKH.

Metoa noay4yeHHs HOPOIIKOB METAUNIMYECKOro cepedpa 3aKiIovascs B BOCCTAaHOBJIE-
HUU HUTparta cepedpa THIPOXUHOHOM, B IPUCYTCTBUH JIMNMOHHOKHCIIOTO HATpUs U KelIaTH-
Hbl. DJIEKTPOHHO-MUKPOCKOIIMYECKOE MCCIIEAOBAaHUE MMOKA3alI0, YTO CPEeIHUI pa3mep cepel-
PAHBIX YacTHIl BapbupoBaics oT 500 1o 800 A. AzncopOuus KHCIOPOa OCYIECTBIISIACH IPH
aTMoc(EepHOM JaBICHHUHU, ITyTeM HAIlyCKa ra3a B Kamepy MOJAroTOBKH criekrpometpa. [locie-
nytomui HarpeB oopasmos g0 300 °Cc OCYIIECTBIISICS KaK B KaMepe MOATOTOBKH, TaK U B My-
¢enpHoit neun. [locne kaxaoro Tana 06padOTKU MPOBOAMIACH 3aUCh PDD-crieKTpoB.

bou1 upentuduurpoBaH XUMHUYECKUH COCTaB MOBEPXHOCTH HAaHOYACTHUI] cepedpa u
yCTaHOBJIEHA MPHUPO/Ia XeMOCOPOMPOBAHHBIX MMOBEPXHOCTHBIX COCTOSIHUN KHUCIOPOJAA B JMa-
nasone 25-300 °C. XOopoI1o U3BECTHO, YTO XEMOCOPOUPOBAHHBIN HA MTOBEPXHOCTH METAJLIH-
YECKUX YaCTHIL] KUCIOPOJ SBJISETCS PEaKLIMOHHBIM LIEHTPOM MHOTHX KaTaJIUTUYECKUX peak-
i, st m36aBieHus oT Bkiaaa "kamepHoro ¢goHoBoro" kuciopoaa Bce cnekTpel O 1s Obln
pOaHAIN3UPOBaHbI B pa3HOCTHOM (opme. Ananu3z curnana O 1s B o6mactu 529-530 3B mno-
3BOJISIET YTBEPXkKAAaTh 00 00pa30BaHUU HA MOBEPXHOCTH CEPEOPSIHBIX YACTHUL MPU KOMHATHBIX
TeMIepaTypax aicopOLUH MOJEKYSIPHO XeMOcOpOupoBaHHON (opMbl KUCIOpoaa Ozyne €
sHepruent cBs3u 1s munuu ~ 530 3B. Harpes o6pasnos B untepsaie 100-150 °C MPUBOIST K
Tpanchopmanyu 3toi popmsl B O, mim aromapHyio ¢popmy O ¢ sHeprueit cBsi3u s ypoBHs
529 »B. Ilpu Temnepatype omxura 6omee 150 °c YKa3aHHBIE COCTOSIHUSA KUCJIOPOJa BBIPOK-
JA0TCS.
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Y CcTaHOBIIEHO OTKJIOHEHUE 3JEKTPOHHBIX CBOMCTB HAaHOPA3MEPHBIX 30JIel cepedpa oT
CBOICTB MAacCHBHOI'O METalljla, XapaKTepU3yroleecss yXyIIEeHUEM ITPOBOJUMOCTH, UTO IMPO-
apinsercs B apdexre nuddepeHmanbHoN noa3apsaki, U3MEHEHUH CTPYKTypa BaJleHTHOM 4d-
30HBI U OKe-TapaMeTpa, a TakKe CMEIICHHEM YHEPTUH CBsI3U 3d-ypOBHS B CTOPOHY OOJIBIINX
BEJIMYMH OTHOCUTEIHHO MaCCUBHOTO MeTajlia. Pe3ybTaThl SKCIIEPUMEHTOB MTOKA3bIBAIOT IS
sHepruu cBsi3u 3ds;,; ypoBHS 30iiei cepebpa ¢ pazmepamu 50-80 HM 3HaueHHe 368,4 5B. bout
MPOU3BENICH pacyeT XMMHUYECKOIr0 CABHUTra JAJs 30Jiei cepedpa OTHOCUTENHFHO METaia, OCHO-
BaHHBIM HA y4eTe U3MCHECHHUS dHEPTus CBs3U 3ds/, ypoBHs, Oxe-muanu MsVV, moaudummpo-
BaHHOTO NapamMeTpa Baruepa, pacnpeneneHus mioTHOCTH 4d-COCTOSTHUI, MOTOXKEHUS YPOBHS
depmMu U HAUIMYUA pelakcaliuu B KoHeuyHoM cocTostHuM. [lupuna 3d-nunuii cepeOpsHbIX 30-
Jeil MPEeBOCXOAUT MIHUPUHY JIMHHUM ISl HAHECEHHBIX METAJUIMYECKUX YacTHll cepedpa U mac-
cuBHOTO MeTajuta. [IposiBienne mogoOHBIX Ka4eCcTB ONPEAETSIeTCS B OCHOBHOM YCIIOBHSIM I10-
Jy4eHUs 30JIei ¥ CyIIeCTBOBAHUEM HECKOJIbKHX (a3 cepedpa OTIIMYHBIX 1O BaJICHTHOCTH.
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