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YCIHHEXMN PUZNYECKHNX HAVYK

VCTHBIN BBINYCK KYPHAJIA "VCHEXU ®UIMYECKUX HAVK"

Kaacrtepsl u (pazoBble nepexoabl

b.M. CmupHoB

Obcyncoaromes yHoameHmaibHvle 80NPOChl GUUKU KAACMEPO8, KOMOPLIM 0MEeOeHd ceObMasd NO3UYUl 6
Kaaccugpuxayuu B.JI. T'un3dypea 0co60 8AXNCHBIX COBPEMEHHBIX NPOO.AeM HUIUKU.

PACS numbers: 36.40.—c, 61.46.Bc, 64.70.Dv

KrnacTepbl 3aHUMAIOT CEAbMYIO TO3UIIMIO B Ky1accudukanun
coBpeMeHHBIX npobJiem B.JI. 'mH30ypra, u JaHHBIA JOKJIA
MOCBSIILIEH HEKOTOPBIM (yHIAMEHTAJIBbHBIM BOIIPOCAM 3TOTO
Hampasienus. Kiactep — cucrema, cocTosiasi u3 KOHeU-
HOTO YHCJIa OJWHAKOBBIX YACTHIl (WJIM aTOMOB), OOBIYHO
cBsizaHHBIX. KitacTepbl COXpaHSIIOT CBOIO WHIUBUIYAJIb-
HOCTb, NTOKa OHH WU30JMPOBAHBI, U TIOITOMY UCIOJIB3YKOTCS
B (popMe KJIACTEPHBIX MYYKOB [JIs MOJY4YEeHHUs] HOBBIX MaTe-
pHUAJIOB, YTO SIBJISCTCS] OAHUM U3 HANPABJICHUH HAHOTEXHO-
JIOTHH, B ICTOYHUKAX PEHTTEHOBCKOTO U3ITyYeHUS U HEUTPO-
HOB. lanee OyayT oOCy ) IaThCsl TOJBKO QyHIAMEHTAJIbHbIE
BOMPOCHI (PH3UKHU KJIACTEPOB.

KnacTepbl cTaim paccMaTpHUBATLCS KAK CAMOCTOSITEb-
HbIN pu3ndyeckuil 00bekT HaumHas ¢ 1980-x romos, korga
JKCIEPUMEHTAJIbHO OBLIIO MOKa3aHo [1], yTO TBepable Kiac-
TephI XapaKTePU3YIOTCsI MarnueckuMu uuciamu. [1pu Takux
YHCIaX aTOMOB B KJIACTEPE Pa3JIMYHBIC MapaMeTpPhl KJIACTe-
pOB — OSHeprusi CBSI3W ATOMOB, TMOTCHIMAJ HOHU3AIMU
ATOMOB, 3HEPrUsl CPOJCTBA K IJEKTPOHY U T.I. — UMEIOT
9KCTpeMyMBI. Jlajiee IpUBOISTCS ABA MPUMEPaA TAKOTO THIA!
Macc-CIeKTpP KJIACTepOB HHEPTHOTO ra3a, T.e. QyHKIUs pac-
TIpeJieJIeHNs] 10 pa3MepaM JIJIsl KIIACTepOB, 00pa3yroIuXCs
mpu BBIXOAE Taza w3 comia (puc. la) [2], ¥ Macc-criekTp
(dorounonuzanuu (puc. 10) [3] 1i1s myyka KIacTepoB MarHusl.
Maruueckre Yuciaa OTHOCSTCS K 3aII0JTHEHHBIM KJIACTEPHBIM
CTPYKTYpaM H B pacCMATPUBAEMBIX CIydYasiX, B KOTOPBIX
KJIACTEp UMEET 000JIOUEYHYIO CTPYKTYPY, OTBEUYAIOT 3aIM0JI-
HEHHIO 000JI0UEK KiacTepa.

ITockoJIbKYy 3TO CBOMCTBO OTHOCHTCS TOJBLKO K TBEPIBIM
KJIacTepaM, BHJ Macc-CIEeKTpa KJIACTEPOB MOXKET OBbITh
WCNOJIB30BaH UIsl ONpeAeieHUs] TeMIepaTyphbl IJIaBJICHUS
KJIACTEPOB, IYYOK KOTOPBIX MPOXOTUT 4Yepe3 TEepMOCTAT
(puc. 2a) [4]. TIpu 5TOM OCHHJIISIIIMOHHAS CTPYKTYpa Macc-
CIIEKTPa CBUIETEJILCTBYET O TBEPIOM COCTOSIHUU KJIACTEPOB,
HEMpEepbIBHAS CTPYKTYpPa — O XUAKOM, U MEPEXOJ MEXITY
HUMH JaeT TeMIepaTypy IJIaBJIeHuUs AJIsl KJlacTepa TaHHOTO
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Ywuciio aTOMOB

Puc. 1. (a) Macc-ciexTp Kj1acTepoB HHEPTHBIX Ta30B, 00pa3yIOLIUXCS IPH
CBOOOJHOM MCTEYEHMH HMHEPTHOro raza u3 comia. (0) Macc-ciekTp
KJIACTEPOB MarHus, 00pa3yrolmxcs B pe3yibTaTe GOTOMOHU3AIMH Iy~
Ka KJIacTepOB MarHus [3]: MAaKCUMYMBI OTBEYAIOT CTPYKTYPAM 3aMOJIHeH-
HOTO HKOCA’Ipa.

pa3mepa (puc. 26) [4]. Uto kacaercs pa3mepa KJactepa,
OTMETUM, YTO Marmieckue Yuciia HAOJIOTAIOTCS B KJIacTe-
pax pa3mMepoM J0 HECKOIBKUX JIECSITKOB THICSY ATOMOB [5].
KnacTepbl, SBISSICb CaMOCTOSITEJLHBIM (DU3HUCCKIM
00BEKTOM, B TO XK€ BPEMSI MOI'YT UCIIOJIb30BATHLCS B Kaye-
CTBE MOJIEJI MaKPOCKOMMYECKHX cucTeM. [1pu 3TOoM 3BOJTIO-
Hsl KJIACTEPOB C OTHOCUTEILHO BBICOKOUW SHEPTHEN 3JIeKT-
POHHOTO BO30YX/IEHHsI, KOTOPAs 3aKJIFOYAETCS] B M3MEHEHUN
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Puc. 2. (a) Macc-ciekTp KJIaCTEpOB HATPHs, 0Opa3yIOIIMXCS B TEPMO-
craTe Ipu ykasaHHoi Temnepatype. (6) Temnepatypa niaBieHus KJac-
TEPOB HATPHsI IO OTHOMICHAIO K TEMIIEPATYpPE ILIABJICHUST MAKPOCKOTIH-
YECKOTO HATPHSI B COOTBETCTBUY C TAHHBIMH PHC. a.

KOH(QUTYypauu COCTABJISIIOIIUX KJIACTEP ATOMOB, MOXET
OBITH OTIMCaHA KaK TMePEeMEIICHNE TOUYKHU BIOJb IOBEPXHOCTH
noTennuaibHoi sHeprun (I1I13) kactepa B MEHOrOMEpHOM
MPOCTPAHCTBE KOOPAUHAT aTOMOB. [IpHHIIUNAAILHOE CBOM-
crBo III13, ycranosieHHoe B 1970-X rojgax mpu mepBbIX
MOMNBITKAX KOMIIBEOTEPHOTO MOJIEJIMPOBAHUs KJiactepa [6],
COCTOUT B OOJBIIOM 4YHUCIE €€ JOKAIHHBIX MHHUMYMOB.
Hamnpumep, I1T19 nennapa-1kK0HCOBCKOTro Kj1acTepa, COCTO-
smero w3 13 atoMoB, uMmeeT 0oJiee TBHICSYM JIOKAJTbHBIX
MUHUMYMOB [6, 7], ¥ MX YUCJIO IKCIIOHEHIIMATIHHO YBEJIHYH-
BaeTCs C BO3pACTAHHMEM YHCJIa ATOMOB B KJiactepe [§, 9]. 9To
OPUBOIUT K cCHenu(pUYECKOMY IOBEACHUIO KJIACTEPOB, a
TaKXe CIOXHBIX MOJIEKYJI, BKJtoYass OMOMOJIEKYJIbI, KOTO-
poe BBIpAXAETCS B TOM, YTO KOH(HUTYpalusi aTOMOB B
KJIACTEpE B TEYEHHE TOBOJIBHO JJIMTEJIHLHOTO BPEMEHH IO
CPaBHEHUIO C XapaKTEPHbIM BPEMEHEM OCLMJUISIIUN COOT-
BETCTBYET OIpPEACICHHOMY JIOKaibHOMY MuHIMYMY [1I19, a
Jasiee MPOUCXOIUT MEePEXO] Ha COCEAHUH JIOKATbHBI MUHU-
myM IIIID gepe3 6apbep (puc. 3). Takoit xapakTep 3BOIIO-
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Puc. 3. XapakTtep nepexo/a yepe3 CeAIOBYIO TOUKY B IIPOIECCE IBOTFOLIN
aHCaMOJISI MHOTUX ATOMOB.

X

OCHIUTSIIAT WA
TEIJIOBOE JIBIKEHUE
aTOMOB

Kondurypannonnoe
BO30YX/IeHNE

Puc. 4. Tunbl BO30yXA€HHS B KJIACTEPE 32 CUET OCHMJUISIUN OTICIBHBIX
aTOMOB H B pe3yJbTaTe KOH(GHUIYpaIlMOHHOTO BO3OYKACHUS KiacTepa

[11l.

[IUH KJIACTEPOB HOCUT HAa3BaHUE TWHAMHUKH CEIJIOBBIX TOUEK
(saddle-crossing dynamics) u BeJIeT K pa3/eIeHUI0 KOH(PUTY-
PAIOHHBIX M OCIUJUISIIIAOHHBIX CTeTeHel cBoOobI (puc. 4)
[10], uTo siBIsIeTCS OOLIMM CBOMCTBOM aTOMHBIX cucTeM [11].
ITpu 3TOM (Pa30BBIid MEPEXOJT CBA3AH C MEPEXOJAMU MEXKIY
KOH(UTypallMOHHBIMHU CTETIEHSIMU CBOOO/IBI.

OnHOI U3 OCOOEHHOCTEH KJIACTEPOB SIBIISIETCS COCY-
mectBoBanue a3 B obsactu ¢dazoBoro mepexona [12], Tak
4TO TMEPEXOJ OT OJHOTO arperaTHOTO COCTOSHUS K APYroMy
IPOUCXOAUT B HEKOTOPOH 00JacTH 3HAYEHHH mapameTpa
BO30YXACHUS (TeMIepaTypbl B H30TEPMHUYECKOM Cllydae
WJIM 3HEPTUU BO30YXICHUS B aMabaTUYeCKOM), TOTAa Kak
B MaKpPOCKOIIMYECKON CHCTEME 3TOT MEepPeXO[ MPOUCXOIUT
ckaukoMm. CocymecTBoBaHne (a3 B obacTu (Gpa3oBoro Ie-
pexoJia SIBJISIeTCSI CBOMCTBOM KOHEYHON CHCTEMBI, PU 3TOM
ucye3aeT pasInyue Mex1y $ha3oBbIMU IEPEXOIAMU NIEPBOTO
U BTOPOTO pojia. DTOT PaKT, KOTOPBIH IEMOHCTPUPYETCS HA
puc. 5 [12], cBuaeTeNIbCTBYET 0 OMMOAATILHOM pacipe/ierie-
HUM CyMMAapHO# KUHETHYECKOW YHEPTUU aTOMOB JICHHAPI-
JUKOHCOBCKOTO KJIacTepa, COCTOSIIEro u3 13 aToMoB, KOTO-
pas ycpeaHeHa 10 OCHMJIISIISAM aTOMOB.

XapakTep IMHAMUYECKOI'0 COCYIIECTBOBaHUS (a3 TAKOB,
4TO HEKOTOPOE BpeMsI KJIaCTep HAXOUTCS B OJTHOM arperat-
HOM COCTOSIHHH, & 3aTEM — B APYTOM, H BPeMSsI HaX 0K ICHHS
B KaXJIOM COCTOSTHMH BEJIMKO MO CPaBHEHUIO CO BPEMEHEM
OCILIMJUISAIMI aTOMOB, KOTOPOE COCTaBJISIeT mopsiaka 1/wp,
rae wp — AedaeBckas yacTora. JIMHaMIYeCKOe COCYILIECTBO-
BaHue (a3 B KJlacTepe MPUBOIUT K MOSIBJICHHIO PSa €ro
XapaKTepHBIX CBOUCTB BOJIM3M TOYKH (Ha30BOTO MEPEXO/a, B
JaCTHOCTH, TEIUIOEMKOCTh M30JIMPOBAHHOTO KJIacTepa, Ko-
TOpasi BBIPAXaeTCs dYepe3 ero CpeIHIOK TeMIepaTypy,
CBSI3aHHYIO C KHHETUYECKOH 3HEPruel aTOMOB, MOXET OBbITh
OoTpHUllaTeJIbHOW B 00sacTu ¢azoBoro nepexonaa [9, 13]. Oto
O3HAYAET, YTO YBEJIMUCHHE SHEPTUH BO30YKICHUS U30JIUPO-
BAaHHOTO KJIaCTepa HWHIYNUPYET YACTUYHBIA IEPEXO[ ero
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Puc. 5. Pacnipenesnenne o noJHOM KHHETHYECKOH SHEPIHU ATOMOB IS JIEHHAPJI-PKOHCOBCKOTO KJlacTepa, cocrosmero u3 13 atomos [12].
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Puc. 6. Kamopuueckue KpuBble /Il JIEHHAPA-TPKOHCOBCKOTO KJactepa,
cocrositiero u3 55 aromos [14].

TEIJIOBOM SHEPT UM B SHEPT MO KOHPHUTYPAIIMOHHOTO BO30YXK-
JICHHUSL.

OTMeTHM, 4TO HHOTKYAA He CIIEAYeT MOCTYJIAT O CyIle-
CTBOBAHUU JIBYX arperaTHBIX COCTOSIHUHM MPOCTON CHCTEMBI
aToMOB. OIBIT, CBA3AHHBIH C KJIACTEPAMHU, IOKA3BIBAET, YTO
B HEKOTOPBIX ciyuasx (JIeHHAp/-IKOHCOBCKHH KJiactep,
cocrosiuii U3 8 W 14 aTOMOB) WUMEETCS TOJIBKO OJIHO
arperaTHoe (TBepJ0€) COCTOSIHME, a B JIPYTUX CIIyYasix —
HECKOJIbKO arperaTHbIX COCTOSIHHH, KaK B cllydyae JeHHAp.-
JIPKOHCOBCKOT O KJIacTepa, COCTOSIIET0 U3 55 aToMOB (puc. 6).
Kasopuueckue kpuBble, OJTyUYEHHBIC B PE3YJIbTATE KOMIIbIO-
TEPHOI'0 MOJAEJIUPOBAHHUS, TOKA3BIBAIOT, YTO UMEIOTCS TBEP-
JI0e W JKHAKOE arperaTHble COCTOSHHS 3TOrO Kjacrepa, a
TaK)Xe arperaTHOe COCTOSIHME, XapaKTepUu3yeMoe TBEPIbIM
KOPOM U XHJIKOH OBEpXHOCThIO. KcTaTH, SKCIIepuMeHTalb-

Vsol

Vliq /

Puc. 7. CBoOoaHast 3HEpPrusi CUCTEMBbl B3aUMO/ICHCTBYIOIIUX ATOMOB B
3aBHCHMOCTH OT 4YHCJIa BHYTPEHHUX HMycToT [17].

Vv

HO€ MCCJIEIOBAHNE MAaKPOCKOMMYECKUX CHUCTEM MO3BOJISIET
OTJIEJIUTh TIOBEPXHOCTHOE IUIABJIEHHE OT OOBEMHOIO, TO-
CKOJIBKY 3T SIBJICHHSI OTBEYAIOT PA3HBIM TeMIIepaTypam.
KracTepHblif ONMBIT yriayoJsieT Halle MOHUMaHHe (Pa30oBbIX
[EPeX0 0B B MAaKPOCKOIMMYECKHX CUCTEMAaX M 3acTaBisieT
00001MThL KiIaccuveckue ompeneseHust (asbl U pazoBoro
nepexona.

IIpu onmmcaHuyn IBOJTFONMH KjacTepa YIO0OHO YIPOCTUTH
KOHIICTIIINIO CEJIOBOM JIMHAMUKH, BBOJSI JJIEMEHTApHOE
KoH(purypanuonHoe Bo30yxjeHne — mycrory [15], Tem
caMbIM NIEPEXosl OT AMHAMHYECKOTO ONMMCAHUS KJIACTEPOB
KaK CHUCTEM CBSI3aHHBIX aTOMOB K CTATHCTHYECKOMY OIHCA-
Huto. [1pu c1aboM KOHPUTYpaIMOHHOM BO30YXICHUHU TBEP-
JIOTO COCTOSIHHSI TIyCTOTa COOTBETCTBYET BAaKaHCUU, a TPHU
3aMETHOM  BO30YXJECHHM CTAHOBHUTCS CTATHCTUYECKOMN
XapakTEePUCTUKOM, MOCKOJIbKY ee pa3mep, hopma U IHeprus
00pa30BaHUs U3MEHSIOTCSI BO BpEMEHH, IPUYEM MBI UMEEM
JIEJI0 CO CPeHUMH XapaKTepUCTHKaMHU IycTOT. C TOYKH
3peHHs KOHIIETIIAN MYCTOT TePEXO/T U3 KUAKOTO COCTOSHIS
B TBEpJIO€ OTBEYAET YyXojay MycToT Hapyxy [16]. Ilpm
HAJIMYMH IBYX arPEraTHBIX COCTOSHUMA 3aBUCMOCTh CBOOO/I-
HOH SHEPIruu KOHICHCUPOBAHHBIX HHEPTHBIX T'a30B OT YHCIIA
MyCTOT BHYTPH 3TOM CUCTEMBI aTOMOB (puC. 7) UMeEET JiBa
MHHUMYMa — TBEPJbId M KHUIKUN, 4TO MaeT TBEpIOe U
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Puc. 8. ®aykTyarus KOpHS KBaApaTHOTO U3 CPEAHEr0 KBaApaTa paccTos-
HUS MEXKIY OJIKARIITIMEI coceasaMu ISl JICHHAPA-1>)KOHCOBCKOTO KJIa- 400 + Tm
cTepa aprosa, cocrosiuero u3 13 aromos [13]. gégggggne
300 |- T
XKHUJKOE arperaTHble COCTOSIHUS, OJHO U3 KOTOPBIX CTaOMIIb- 200
HOE, IPYroe — MeTacTaOMIbHOE.
Ha ocHoBe koHUenuum mycTOT Mbl PACCMOTPHUM [BA 100 - TBepaoe COCTOAHNIE
acmekTa arperaTHsIx cocTostHui. [lepBblil cBsI3aH C KpuTe- | | | |
pueMm (pazoBoro nepexoaa. B wacrroctu, kpurtepuii JIunae- 020 40 60 50 100 120
MaHa [18], KOTOpBIi CyIIECTBYET OKOJIO BEKa, MOCTYJIUPYET T,K

IJIABJICHUE MaKPOCKOIIMYECKON CHCTEMBI aTOMOB B Clydae,
KorJa aMIUITYAa Koyiebanust aToMoB coctasisier 10—15 %
OT CpeOHEro paccTosiHUg Mexay HumH. CoBpeMeHHbIE
KPUTEPHHU, BOZHUKIINE C PA3BUTHEM KOMIIBIOTEPHBIX METO-
JIOB, HUCIOJIb3YIOT KOPPEJISIUN B PACHpPEleICHUd aTOMOB
(cm., HampuMmep, [19]). B kadectBe mpumepa Ha puc. 8
MPUBOIUTCS 3aBUCUMOCTh KOPHS KBAJIPaTHOTO U3 OTHOCH-
TeJIbHON (DIYKTyaly JJIMHBI CBSI3U JJIS1 JICHHAPA-KOHCOB-
CKOT'0 KJIacTepa, COoCTosIIero u3 13 atomoB. DTa BeIMunHA
MMeeT CKAYOK B TOYKE IUIABJIICHUS. AHAJIU3UPYS KPUTEPUH
IIJIABJICHUS], MOXHO 3aMETUTD MIPOTUBOPEUUE MEXTY IPUPO-
no# pazoBoro nepexojia, CBI3aHHOTO ¢ KOHPUTYpAIIMOHHBIM
BO30YXXIEHUEM, U NPAKTUYECKUMH KPUTEPHUSIMU, KOTODBIE
ONMPAIOTCSl HA TEIJIOBOE ABIKEHHE aTOMOB. ITOCKOJIBbKY
KOH(MUTypaMOHHbIE U OCHIJLIALIUOHHBIE CTENIEHH CBOOOIBI
pasmensitorces, (Ha30BbId epexo]l He MOXKET OBITh CBSI3AH C
TEIJIOBBIM JIBIDKEHHEM aTOMOB. JTOT NapaJioKC paspe-
1I1aeTcs, €cJId 00paTUTHCS K JAaHHBIM TaOJIUIbI, B KOTOPOMH
NPUBOJATCS 3HAYEHHUS] CKAYKOB SHTPONUM HpHU (Ha30BOM
nepexoie il HyJIeBOM TeMIIepaTyphl M TEMIEPATYPHI ILIa-
BJICHHSI. DHTPOTMHS KHUIKOTO COCTOSHUS Kak OoJiee phIXJIoro
MPU TOBBIIIEHUU TEMIEpPAaTypbl U3MEHSETCS pe3ue, YeM B
CJlydae TBEpIOTO, M B 3TOH YACTH SHTPOIUHU TPOSBIISETCS
CBSI3b TEIUIOBOT'O ABIDKEHHUSI ATOMOB C arperaTHbIM COCTOSI-
HHUEM.

Ta6mua. VI3Menenue y1e1bHOM SHTPONMH TIPY IJIABJICHUH /TSI JICHHAP/-
JDKOHCOBCKUX KJIACTEPOB, cocTosux U3 13 u 55 aTomoB, a Takxke s
MaKpOCKOMIYECKOTO HHEPTHOTO ra3a [14]

ASy ASn, ASy/ASm, %
L3 5,2 79+0,3 66+3
Llss 312 45+2 69+7
MakpocKonYecKuii 0,73 1,68 +0,03 43+1
MHEePTHBII ra3 *

* ASy, ASy, — npUXOASsIIUecs Ha OJMH ATOM U3MEHEHHU S SHTPOIIMHU IPU

HyHeBOﬁ TeEMIIEPATYPE U TEMIIEPATYPE IIJIABJICHUSI COOTBETCTBEHHO.

>

Puc. 9. (a) Kpussle yaesibHOM cBOOOJHOM S3HEPI UM aproHa, IOCTPOCHHBIE
Ha OCHOBE Moeyu mycToT. (6) Kamopuieckue kpuBble IUIsi MAKPOCKOIIH-
YeCKOTO aproHa, moJiydyeHHbIe Ha OCHOBE JIaHHBIX puc. a [20].

BTOpoii actiekT CBsI3aH ¢ ApYroil 0COOEHHOCTHLIO MOBE/Ie-
HUSI KPUBOH TUJIABJICHUS JJIS MPOCTBIX CUCTEM B3aUMO/ICH-
CTBYIOLIMX YaCTHII, TAKUX KaK KOHJCHCUPOBAHHbBIC HHEPTHBIC
ra3bl, — 00pa30BaHMEM CTEKJIONOI00HBIX cocTosiHUi. Kak
BHUJHO U3 puC. 90, XUAKWIA MAHIMYM [1J1s1 oHeprun [ mb0ca
KOHJIGHCHPOBAHHOTO aproHa UcYe3aeT MPH HEKOTOPOU TeM-
nepatype — TeMIepaType 3amep3aHusi, U MPU MEHBIINX
3HAYCHUSAX TEMIIEPATYPbl METACTAOMIILHOE JKUIKOE COCTOSI-
HHE HE CYLECTBYET.

TTOCKOJIBKY MEepexo/ U3 JKUIKOTO arperaTHOro COCTOs-
HUSL B TBEPJIOE COOTBETCTBYET YXOJy IYCTOT HAPYXKYy W
nuddy3ust IycTOT B ATOMHOM CHCTEMe HOCUT aKTHBAIIMOH-
HBIA XapakTep, Py ObICTPOM OXJIAXICHUH IMYCTOTHI MOTYT
ObITh "3aMOpOXKeHbI" BHYTPH CHCTEMBI. [[J1s1 IPOCTON Mak-
POCKOIMYECKOM CHCTEMBI aTOMOB, KaKOBOM SIBJISIFOTCS
KOH/ICHCHPOBAHHBIE MHEPTHBIC Ta3bl, CTEKJIONOI00HOE CO-
CTOSTHHE MOET OBITh MPUTOTOBJIEHO ABYMS CrlocodamMu —
OBICTPBIM OXJIKJCHUEM JKUJIKOH CHCTEMBbl HJIM HATbLIe-
HHEM aTOMOB Ha IOJJIOXKY IPU HHU3KOH Temmepatype. B
oboux ciydasix oOpasyroliasics CUCTeMa aTOMOB HMeEET
aMOp(HYIO CTPYKTYpy, T.C. SBJSIETCS CTEKJIOMOAOOHBIM
COCTOSIHUEM CHCTEMBbI aTOMOB, KOTOPOE MPH HATPEBAHHUU
MOXET TEePEHTH B TBEPJOE COCTOSIHUAE C KPUCTAJLINYECKON
crpykrypoil. Ha pucynke 10 moka3ana sBoJironusi aprosa
st o0pasna, MOJIyYeHHOTO MPU HANBUICHHM aproHa Ha
noI0kKy mpu temmnepatype 10 K (temmnepartypa miasie-
Hus 84 K) ¢ mocienyromym ero HarpeBaHueM, I'e XapakTe-
PUCTHKON COCTOSIHUSI KOHAECHCHPOBAHHOTO ApPTrOHA SIBJIS-
€TCsl JaBJICHHE HACBHIIICHHBIX MAapOB aproHa Hama oOpas-
oM. Anaims "crexisHHOro" mepexoma (M3 CTEKJIONOHO0-
HOTO COCTOSIHMSI B KPHUCTAJLUTMYECKOE) MHPU HArPEBAHHU
o0pa3lia Ha OCHOBE KOHIEMIMU IMYCTOT MOKa3bIBaeT OJin-
30CTh MEX[y MapaMeTpaMu SKCIIEPUMEHTAIBHOTO CTEKJIO-
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p 1Ta Kpucrannmmueckoe
COCTOSIHUE
10-6
10—7 —
10—8 —
Kunxoe / Teryst
COCTOSIHHE
10—9 —
Harpesanune
10-10 ' '
15 20 25 T,K

Puc. 10. Pacnaz cTexs10mo100HOT0 COCTOSIHUS aproHa, NOJIyYSeHHOT O IPU
HATBIJICHUU aTOMOB aproHa Ha MoJJI0KKY ¢ TeMmnepatypoi 10 K [21, 22].

NOJOOHOTO COCTOSIHUSI W TMapaMeTpaMH 3aMOPOXCHHOU
JKHIKOCTH.

Takum 00pa3oM, MPOBEACHHBIA AHATHM3 OT/EJIBHBIX
BONPOCOB (PM3MKHM KJIACTEPOB W TMPOUCXOSIIMX B HHUX
(ha30BBIX TEPEXOJOB OTpaxaeT (GYHAAMEHTAIbHYIO MpH-
poay GU3HMKH KJIaCTEPOB.
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