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IIpuBeneHsl pe3ysbTaThl UCCIEAOBaHUH OCOOCHHOCTEW TpaHC(hOpMalHii B KPHOKOHICHCHPOBAHHBIX 00pa3-

1ax 3aKUCH a30Ta B OKPECTHOCTAX TEMIICPATYPbL T=40Ks nponecce TEPpMOUKINPOBAHUA. HOKa3aHO, KaKum

00pa3oM pearupyioT Ha 3TH IpeBpalleHus AepOopMalUOHHAs U TPAHCIILUOHHAS KOJIeOaTeNbHbIC MOACHCTEMbI

KOHACHCUPOBAHHOT'O COCTOSAHUSA 3aKUCH a30Ta. HSMCpHS{ KosiebaTeNbHbIC CIEKTPBL 06pa31103 u (1)I/IKCI/IpySI u3Me-

HEHHUEC aMIUTUTYAbI Y ITOJIOKEHUS I1OJIOCHI ITOTJIOMICHUA XapaKTEPUCTUICCKUX KOJ'[C6aHPIﬁ, OonpeaeIviIu TeMnepa-

TYpYy U XapaKTEp TEPMOCTUMYJIMPOBAHHBIX HpeBpaHleHHﬁ B INICHKaX KPUOKOHJCHCATOB 3aKHCHU a30Ta. Ananmms

nonyueHHbIX MK-CHeKTpoB MO3BONSET NMPEANOTI0KUTh, YTO MEPEXOA OT aMOP(PHOTO COCTOSIHUS 3aKHCH a30Ta K

KPUCTAJUIUYECKOMY OCYHICCTBIIACTCSA B HECKOJIBKO 3TallOB, OTPAKAOIIUX pealn3alluio pelaKCallUOHHBIX IIPO-

LIECCOB, OTHOCAIIUXCA K KOHKPETHOMY THITy KoJeOaHHH MOJEKyJbl 3aKHCH a30Ta. Pasnudme B TemmepaTypax

TMIEPEXOA0B ONPEACIIACTCA SHEPTUAMU aKTUBALIMM, XapAKTCPHBIMU UIA JaHHOTO THUIIA KoJIeOaHUH.

[IpuBeneHo pe3yapTaTé JOCIIHKEHb 0COOIMBOCTEN TpaHC(HOpPMAIii Y KpiOKOHIEHCOBAHHX 3pa3Kax 3aKUCy a30-

Ty noomusy temnepatypu I = 40 K B npoueci TepMonunkiyBaHHs. [loka3aHo, SKMM YMHOM pearyioTh Ha Iii IepeT-

BOpEHHS AedopMariiiHa i TpaHCIsLiifHa KOMMBAIBHI MiICUCTEMH KOHICHCOBAHOTO CTaHY 3aKHCY a30Ty. Bumipro-

I0YM KOJIMBAJIBHI CIIEKTPH 3pa3KiB i (IKCYIOuM 3MiHYy aMIUTITYZH 1 TOJOXKEHHS CMYTW IIOTJIMHAHHS Xapak-

TEPUCTUYHUX KOJMBAaHb, BU3HAUMIN TEMIIEpaTypy i XapakTep MEepeTBOPEHb B IUTIBKAX KPIOKOHJECHCATIB 3aKUCY

a3oTy. AHani3 orpuManux [Y-crieKTpiB 03BOJISE MPUITYCTUTH, IO MEPEXiT Bil aMOPPHOTO CTaHy 3aKUCY a30Ty IO

KPHCTAIIYHOTO 3/ ICHIOETHCS Y AEKUTbKA €TaIiB, SKi BiJOOpaKaroTh peali3alio peJakcanifHuX IpoIeciB, IO Bif-

HOCATBCA 10 KOHKPETHOI'O TUITY KOJIMBaHb MOJICKYJIM 3aKHUCY a30Ty. Bi}lMiHHiCTB B TEMIICpaTypax nepexoz{iB BU-

3HAYA€EThCS CHEPTisIMH aKTUBALlIl, XapaKTEPHUMH JUIS JAHOTO THITY KOJIMBAHb.

PACS: 61.50.f CtpykTypa KpUCTAIIOB;
78.30.—j

WndpakpacHas 1 paMaHOBCKasi CHEKTPOCKOIINIS;

68.35.Rh da3oBbie nepexoabl U KPUTHYCCKHUE SBICHUSL.

KiroueBsle ciioBa: TpaHcdopmanys, npeBpamnieHue, pesonancHsle popmbl, MK-crexTp, 3akuck azora,

KPHUOKPUCTAJLJI, TOHKHUEC IIJICHKHU.

1. BBenenne

HeoObrunble cBoicTBa 3aKMCH a30Ta, B YaCTHOCTH I10-
muMopdu3M TBepaoi (a3pl IpU HU3KUX TeMIIepaTypax,
YK€ JaBHO ABJIAIOTCA 00BEKTOM BHHUMAaHHSA uccieaoBare-
neit [1-3]. OmpeneneHHblii BKJIaJ B ITOM HalpaBlIeHUU
BHecJIa U Hama jabopaTtopus. B gactHoctH, B 1988 romy
ObUTM TIOJIyYeHbl HMHTEPECHbIE 3KCIEPHUMEHTAIbHBIE pe-
3yJBTaTHI, BIIEpBEIe ommyOiInKoBaHHbBIE B [4,5]. Mccnemoa-
J1ach 3aBHCUMOCTh CKOPOCTH KOHJICHCAIIUU TBEPJOH 3aKu-
CH a30Ta OT JaBJICHHs Tra3oBOH (a3l W TeMIIEpaTypsl
mouIoKku. [Ipu 3ToM OBUTO OOHAPYKEHO, YTO MPOIIECC
KPHOOCK/IEHHSI COIPOBOXKAAETCS TEHEepaluel 3JIeKTpo-

MarHUTHOTO H3JIy4EHHUS B BHUAMMOM IHAIa30HE CIIEKTPA,
9TO SIBIBUIOCH MPSIMBIM CIEACTBHEM COOCTBEHHO (ha30BOTO
nepexona raz—teeppoe teno (puc. 1). IlomyuyeHHast Bpe-
MEHHas pa3BepTKa €IMHUYHOIO HMIIyJIbCa MpHUBEIEHAa Ha
puc. 1(0). BumHo, 9TO BpeMs IOCTHXKEHHS MaKCHMyMa
n3Iy4deHus He mpesbimaet 30 Mc.

W3ydeH criekTpaibHbIA COCTaB KpHOM3IydeHus [6], xa-
pakTepHBIA CHEKTp KOTOpPOro MpuBeaeH Ha puc. 2. Kax
BHUIHO Ha PUCYHKE, CIIEKTP W3IY4YCHHS MMEET I[BA BBIpa-
JKeHHBIX MakcuMyMa. [lepBeiid, U HamboJee BBHIPaKCHHBIN
MUK, PaclooKeH B MHTepBane JUIMH BoaH 320400 HM.
Bropoii mmk HaOmomaeTcs B IMHHOBOJIHOBOW 4YacTH
CHEKTpa ¥ UMEeT MaKCUMyM Ha AiuHe BoJIHBI 700 HM.
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Puc. 1. Perucrpanus W3Iy4eHHs B MpPOIECCe KPHOOCAKICHUS
3akucH a3ora. Temmneparypa kongaencauuu 100 K, naBnenue ra-
30BoH (a3bl B BakyymHol kamepe 50 I1a. (a) Kpusas / — curnan
JIa3epHOr0 UHTEP(EpOMeTpa ¢ PErHCTpaLiell OTACIBHBIX BCIIBI-
LIeK M3Iy4YeHUs; 2 — pPEerucTpanysl BCIbIIek Oe3 nasepa, 3, 4 —
BbICBeUMBaHKe oOpasiia npu Harpese Boime 130 K. (6) Bpemen-
Hasl pa3BepTKa OTACIBHOTO UMITYJIbCA.

HK-cnekTpoMeTpuIeckne HCCIEIOBAHUS COCTOSHHSA
KPHUOKOH/ICHCHPOBAHHON TUIEHKU 3aKHCH a30Ta IPOBEICHEI
B mHTepBaje Temmepatyp oT 12 K u go temmeparypsr cyo-
mumaruu [7,8]. Kpuokonaencatr NoO ocaxnancs npu T =
= 12 K u monsepraics MeuyiecHHOMY HarpeBy. OOHapyxe-
HO, uTO B okpectHOCTsAX 40 K cocTosiHue oOpasua mperep-
NeBajo CKaykooOpa3HOe M3MEHEHHUE, YTO MPOSBISLIOCH B
W3MEHEHWH TIONOKEHUS W (OPMBI XapaKTePUCTHUECKIX
nosioc mornomenus Ha MK-cnekrpax (puc. 3(a)). Ororpes
Ha (PUKCHPOBAHHOW YACTOTE CIEKTPOMETPA IMO3BOIUI 0O-
Jiee TOYHO YCTAHOBUTH TEMIIEPATYPHBII HHTEPBAJ IEePEX0-
na (puc. 3(0)). B nanpHeiimeM mpoBeleHHBIE HIIEKTPOHO-
rpaduyeckue WCCIe0BaHUSl OOHAPY)KEHHOTO  SIBJICHUS
[9,10] mo3Bonmim caenatk BBIBOI O TOM, 4YTO OOpasell,
KoHJeHcupoBaHHbld pu 7' = 12 K, Haxogurcs B amopd-
HOM cocTtosiHuH. B xonme otorpesa mpu 40 K ocymecTsis-
€TCsI ero Iepexo] B KPUCTANIMYECKOE COCTOSHUE C KyOH-
YECKOH pelIeTKOM.

HecmoTps Ha mpoBeneHHBIE MOCTATOYHO Pa3HOILIIAHO-
BbI€ HCCJIEJIOBAHMUS, 10 HACTOSIIEr0 MOMEHTa OCTaeTCs He-
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Puc. 2. XapakTepHblii CHEKTp KPHOKOHICHCAIIMOHHOTO U3JTy4Ye-

uus (xpuBas /) [9]. KpuBas 2 — omopHbIi cHUTHaN KaIuOpOBOU-
HBIX (DHIIBTPOB.

MIOHSITHIM MEXaHW3M HaOJI0JaeMBIX TpeBpaiieHuii. Bme-
CTE C TEM B MOCJIC/IHUE I'OAbI OIyOJIMKOBaH psiJi paboT, TaKk
WJIN MHA4YC TCMATUYCCKH CBA3AaHHBLIX C HAIIMMHU HCCIICOO-
BaHusmu [11-13], 4To MO3BOJNSET PACCMOTPETH NAHHYIO
mpobJeMy ¢ MHOM TOYKH 3peHHs. I moIydeHus I0To-
HHUTEIbHON MH(POPMALIMH HaMH IPOBEICHBI HCCIICIOBaHNUS,
M3J1araeMble B HACTOSIIEH CTaThe.

2. Nnes u SKCIepUMEHT

[TpuBeneHsl pe3ynbTaThl MCCIEJOBaHU OCOOEHHOCTEH
TpaHcopMalii B KpHOKOHJEHCHPOBAHHBIX 00paslax 3a-
KHCHU a30Ta B OKpecTHOCTsIX Temreparypsl 7 = 40 K B mpo-
Lecce TepMOUMKIMpoBaHus. L{enb MpoBOAMMBIX HCCIeno-
BaHMHA — BBIICHEHHE, KaKMM 00pa3oM pearupyroT Ha 3TH
npeBpateHus 1eGopMaluoHHas ¥ TPAHCISLUOHHAS KoJie-
OarenbHBIE IOJCUCTEMBl KOHICHCHPOBAHHOTO COCTOSIHHUS
3aKHCH a30Ta. VIHBIMHU CIIOBaMU, SBISACTCS JIA JaHHBIN TIe-
pexox mpeBpalieHHeM, 3aTpariBaiolliM OJHOBPEMEHHO
BCE CTETIEHN CBOOO/IBI MOJIEKYJIbl 3aKHCH a30Ta, WK UMEET
MECTO COBOKYITHOCTH II0CJIEJJOBATENIbHBIX IPEBPAIICHHH,
COOTBETCTBYIOIMX TOMY WM MHOMY THITy KOJieOaHUi MO-
nexyibl. VccrmenoBaHusl MPOBEAEHBI B OKPECTHOCTSIX dac-
TOT (pyHIaMEHTAJIbHBIX KOJE0aHUH MOJEKYIIbl 3aKHUCH a30-
Ta [14-17]:

vy = 128491 oM — MIPOAOIEHOE AaCHMMETPHUIHOE KO-
neOaHNe MOJICKYJIBI (100—0000);

v, = 588,77 cM  — nonepednHoe ae(GOpPMaLEOHHOE KO-
nebanue mosekyJinl (01 1O—OOOO);
vy = 222376 cm | — MIPOJIOJILHOE CUMMETPUYHOE KO-

neGaHue MOJIEKYJIbI (00170000).

YcraHoBka M METOAMKAa M3MEPEHUM paHee HEeOIHO-
KpaTHO omlmcaHbl B Hammx craThsax [18,19]. CymecTBeH-
HOE OTJINYHE OT O0Jlee paHHUX HMCCICIOBAHUNA 3aKUCH a30-
Ta — COYETaHUE ONTHYECKUX U TEPMOJIECOPOLIMOHHBIX Me-
TOJIOB, YTO TTO3BOJIWJIO HOJydYaTbh MH(POPMAIHIO OIHOBpE-
MCHHO U3 IBYX HE3aBHCUMBIX 633 OKCIICPUMECHTAJIbHBIX
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Puc. 3. UK-cnieKTpoMeTpHUYECKHE HCCIICAOBAHUS MPEBPALICHNI B KPHOKOHICHCATax 3akucH a3ora [11]. (a) M3MeHeHne moioKeHUs

TIOJIOCHI TTOTJIONIEHHMS IehOPMAIMOHHBIX KoJe0aHul MOJIEKYJIbl 3aKHCH a30Ta B pe3yJibTaTe MOBBILICHUS TeMIepaTypsl oT 16 no 45 K.

-1
(6) smenenne curnana MK-cnexrpomerpa Ha yactore 585 ¢cM ~ Ipu MOBBHIICHUH TeMIlepaTyphl oOpasua. TeMmepaTypa KOHICHCAIIUN

T'=16 K, TommuuHa mieHku d = 2,5 MKM, CKOpocTh oTorpesa 1 K/MuH.

JlaHHBIX. PaHee HaMM TakoM MOJXOJ € YCIEXOM HCIO0JIB30-
BaJicA TP W3YYEHUH CTPYKTYPHO-(Pa30BbIX MpEeBpalIeHAN
B KPHOKOHJIEHCAaTaX BOJBI 1 3TaHoma [20,21].

B nmanHO# paboTre 00BEKTaMH HCCIICIOBAHUN SBISIINCH
TUICHKA KPUOBAKYYMHBIX KOHJCHCATOB 3aKUCH a30Ta, 00-
pa3oBaHHBIE NPU CIEAYIOMIHUX YCIOBHUAX: IOBEPXHOCTH
KOHJICHCAlIUU — MeJIHas TocepeOpeHHas 3epKaibHas IoJI-
noxka auamerpoM 40 MM; TeMmepaTypa KOHICHCAIHH
oopasnoB T, = 16 K; marienue ra3oBoit (asbl mpu KOH-
nedcau P = 1073 ITa; TommuHa 00pa3noB d = 2 MKM;
CKOpOCTB oTorpeBa oOpasmos ¢ = 1 K/MuH; urcToTa ra3oBoi
(a3pr 3akucu azora 99,92%. Wsmepsis koseOaresbHbBIE
CHEKTPHI 00pa3loB U (UKCUPYS H3MECHEHHE aMILTUTYABI U
MOJIOKEHHS TI0JIOCHI  TIOTJIOIIEHUS XapPaKTePUCTUYECKUX
KoJIeOaHUH, MOXKHO OIIPEIENUTb TEMIIEpaTypy U XapakTep
TEPMOCTHMYJIMPOBAHHBIX TPEBPAIICHUHA B IUIEHKAX KPHO-
KOHJICHCATOB 3aKHCH a30Ta.

[opsinok npoBeneHust SKCIEPUMEHTOB cieayomuil. Ba-
KyyMHasi Kamepa OTKauMBajlach 10 gasiedus 2-10 ~ Ila,
rocje 4ero noajioxkka oxjaxaanack 10 7' = 16 K. C nomo-
IIBIO HAaTeKaTeNsl B KaMepy OCYILECTBIISUICS HAITyCK ra3000-
Pa3HOI! 3aKHCH a30Ta J0 3alaHHOTO JABJICHUS KOHAEHCAIH
(1073 [Ta). Ha moBepXHOCTH MOIJIOKKK OOpa3oOBHIBANACh
IUTEHKa KPUOKOHJICHCATa, CKOPOCTh POCTa KOTOPOH M KO-
(HULIUEHT TPEeTOMIICHHS U3MEPSUTUCH C TMIOMOIIBIO JIBYITyde-
BOrO JazepHoro uHTephepomerpa. [1o mocTimkeHnn HeoO-
XOIUMOW TONIMUHBI HAITyCK Ta3a MpeKpallaics U depes
5-10 muH npoBomwinck u3sMmepenus MK-cnexTpoB 00-
pasuoB B unHrepsane yactor 400-4200 cm . Jlanee uac-
tora UK-crekTpomeTrpa ycTaHaBnIuBajJach Ha 3HA4YeHUE,
COOTBETCTBYIOILIEE aHAIM3UPYEMOMY THITy KoieOaHuil Mo-
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nexyinsl. Ilocie 3Toro oOpasen; MeAJIeHHO HarpeBajcs ¢ Of-
HOBPEMEHHOM perucrpanyell CcurHajga CHEKTPOMETpa Ha
BBIOpaHHOM YacToTe HaOMroMeHns. Takke U3MepsIoch JaB-
JIeHHE Ta30Boi (a3el B BaKyyMHOW kamepe. Vmenock B BU-
Iy, YTO CTPYKTYpPHBIE TpaHC(HOpPMALK B 00pa3Lie IPHUBEILYT
K JeCOpOLMH U3 HEro 3aXBayCHHBIX MPHU KPUOOCAKICHUH
npuMecell (a30Ta) U COOTBETCTBYIOIIEMY POCTY JAaBICHHS,
YTO JACT JOHOJHUTEIbHYIO HHOPMALHIO, HE3aBUCUMYIO OT
OINITHYECKHX METOOB HCCIICIOBAHUSL.

3. Pe3yabTaTsl

Ha puc. 4 npencraBieHbl pe3yibTaTbl HCCICIOBAHMS
BIIMSIHUS TEMIIEpaTypbl OTOIPEBa TOHKHUX IICHOK KpHO-
KOHJICHCATOB 3aKHCH a30Ta Ha ()OpMyY M IOJ0XKEHHE MOJI0C
TIOTJIOUIEHHsI, COOTBETCTBYIOIIMX Je(opMalMoHHOMY |
NPOJIOJBHBIM KosieOaHussM MoJiekysibl N2O. CnekTpsl no-
JMy4eHsl Ipu Temieparype kouaercamun 7 = 16 K u nocie
ororpeBa 10 7 = 45 K. B HIKHell 4acTH pUCYHKOB IIpHUBE-
JIeHbl TepMorpammbl H3MeHeHust curHaiza HK-cnekrpo-
MeTpa B IpoLecce OTOrpeBa Ha (MKCHPOBAHHON YacTOTE
HaOMoIeHuS.

Kak BHIHO W3 Npe/iCTaBICHHBIX JAHHBIX, CYIIECTBYET
psn 0COOCHHOCTEH, XapaKTEPHBIX VIS Pa3JIMYHBIX THUIIOB
KOJIeOaHUH M COOTBETCTBYIOILMX UM CIIEKTPOB.

1. UuTtepBan gactor 560—-600 oM — JeOpMaIOHHOE
konebanne. Harpes IuleHKH NMPUBOJWT K 3aMETHOMY CyXKe-
HHIO TIOJIOCHI TIOTJIOIIEHHS! M COOTBETCTBYIOIIEMY CMeEIIIe-
HUIO B 001acTh O0Jiee BRICOKMX 4acTOT. IIpi 3TOM BBICOKO-
YacTOTHBIM Kpail I10JIOCHI IOTJIOIICHUSI COXPAHSET CBOE
nosioxxeHue. l3MeHeHne 4acToThl Ha MONYLIMPUHE IOTJIO-
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Puc. 4. Bnusiaue TEMIIEPATYPhl OTOIPEBAa TOHKUX INNICHOK KPUOKOHJCHCATOB 3aKUCH a30Ta Ha (1)0pMy Y IMOJIOKECHHUC T10JI0C IOTJIOIICHUA,

COOTBETCTBYIOIMX J1e(hOPMALIMOHHOMY M NMPOAOJIbHBIM KoseOaHusM MoseKyssl N2O. CrieKTpsl MOJIy4eHbl IpU TeMIepaType KOHJICH-

cauuu I = 16 K u nocne ororpeBa 1o 7 = 45 K. B HuxHeH yacTu pUCYHKOB IIPUBEAEHBI T€pMOrpaMMbl U3MeHeHHs curHana K-

CIeKTpoMeTpa Ha GUKCHpOBaHHOM yacToTe HabmoaeHus. ToMIHMHA UICHOK d = 2 MKM.

nieHus cocrapisier Av = 1,3 v | Ha wactore v = 584 cM |
HabmogaeTcss ckaukooOpa3Hoe u3MeHeHue curHana HK-
CIEKTpOMETpa B HHTepBaie Temneparyp ot 33,3 no 34 K.

2. Wnrepsan wacror 1200-1400 cM' — mpomonbHOe
acUMMeTpU4HOe KojeOaHue. HarpeB IUICHKHM NPUBOIUT K
CMEIIEHNIO TI0JIOCHI KaK IIEJ0e€ B 00JacTh 00Jiee BBICOKMX
9aCTOT U YMEHBIICHUIO aMILIUTYAbI TOTJIOIeHus. 3MeHe-
HUE YacTOTHl Ha MOJYIIUPUHE MOTJIOMICHHUS COCTABISIET
Av=9,1 M . Ha wactore v = 1280 cm | CKauKkooOpaszHoe
n3meHenne curnana VK-cnexktpomerpa HaOmopaercst B
uHTEpBae Temneparyp 27,2-28,7 K.

3. HUurepsan gacror 2100-2300 oM | HPOIOILHOE
cummMmeTpuyHoe konebanne. Harpes mimenku ot 16 mo 45 K
MPUBOJUT K PE3KOMY YMEHBIIEHHIO HIMPUHBI MOJIOCHI MO-
TJIOIIEHUSI CO CMEIICHUEM B JHara3oH Ooyiee BBICOKUX
9acToT, a TAKKE K 3aMETHOMY YMCHBIIICHHIO aMILTATYIBI
IIOIJIOIICHHUA. HN3meHeHue 4acToThl Ha TMOJYIIUPHUHE T10-
rioueHus coctasisgeT Av = 13,1 CMil. Ha ygacrore Habro-
nenus v = 2224 cm MIEPEeX0/ OCYIIECTBISETCS B JIBa dTa-
na. IlepBoe ckaukooOpa3HOe M3MEHEHHE CHTHaia Habmro-
nmaercs B mHTEpBaiie Temmneparyp 27,4-29.4 K. danee mpu
29,5-35 K coxpaHsercs OTHOCHUTENbHAs CTaOMIBHOCTH
curHana. Bropoii mepexon, Ooyiee IIIaBHEIN, TPOUCXOINT
pu 35-40,3 K.

AHanu3 npencTaBlIeHHBIX Ha pUC. 4 JaHHBIX MO3BOJISET
caenarh cienyroounmii BeiBoa. Ilepexon or amopdHOro co-
CTOSIHHS 3aKHCH a30Ta K KPUCTAUIMYECKOMY OCYIIECTBIIsI-
€TCsl B HECKOJIbKO ATAIOB, OTPAXKAIOIINX PEAIU3aIMI0 pe-
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JIAKCAIlMOHHBIX IPOIIECCOB, OTHOCALINXCS K KOHKPETHOMY
TUITy KOJEOaHWU MOJNEeKyNbl 3aKMCH a30Ta. Pasnuune B
TeMIIepaTypax Mepexo/I0B ONPENEIACTCs] SHEPTUAMH aKTH-
BallWH, XapaKTepPHbIMU A7 JAHHOTO THIA KoiebaHui. [l
OoJiee IETANBHOTO MCCIIEAOBAHUS JAHHOTO SBJICHUS HAMU
HW3MEPEHBl KOJIeOaTeNbHBIE CHEKTPHI OTOTPEBAEMBIX 00-
pa3noB npu (GUKCHPOBAHHBIX TEMIIEpaTypax BOJHM3H Iapa-
MeTpoB nepexoja. Ha ocHOBE MONMy4eHHBIX CHEKTPOB MO-
CTPOEHBI 3aBUCHUMOCTH TIOJIOKEHHSI TPAHMIBI I10JIOCHI
MOTJIONIEHUSI Ha (PUKCHUPOBAHHOM YaCTOTE OT TEMIIEPATYPBbI
oOpasna. DTy naHHbIe MPUBEACHBI HAa pUC. 5.

Kak BuzmHO Ha puc. 5, IpUBEIECHHbBIE KPUBbIE UMEIOT Xa-
paKTepHbIE OCOOEHHOCTH, OTpaXKAIOIIHE TEMIEPaTypHYIO
3aBHCHUMOCTb TIOJIOXKEHHS TT0JI0C TIOTJIOLICHHS B [IETIOM.

JlehopmanmoHHast 1ooca Mpy MOBBINIEHUH TEMIIEpaTy-
po! ot 3HaueHus T = 28 K HaunHaeT cMmemaTscst B 001acTh
Oosiee HM3KHMX YacCTOT W JIOCTHUTAeT KPailHero MOJIOKEHUS
npu 7' = 33 K (MuHMMYM Ha KpUBBIX). [lanmbHelimiee MoBbI-
IIEHWE TEMIIEPaTypbl IPUBOJUT K CMELIEHHIO MOJIOCHI MO-
TJIOIIEHUS B CHHIOIO» 00JIACTh U CYIIECTBEHHOMY YMCHbB-
meHnio ee mupuHbL. Ilporecc 3aBepmaercs HpH TeMIle-
parype 40 K.

[Monoca moryonieHus, COOTBETCTBYIONIAS MTPOIOIBHBIM
ACHMMETPHUYHBIM KoJieOaHMsIM, Takxke HaunHas ¢ 7 = 28 K
CHayajia CMeIaeTcs B «KPacHYyI0» 00JIacTh CIIEKTpa U J10C-
TUTAeT CBOEr0 MAKCHMAJIbHOTO MOJIOKEHUS CMEILEHHS ITPU
T = 33 K. Ilocnenyromiee MOBBIIEHHE TEMIIEPATypHI, aHA-
JOTMYHO JeOpMalMOHHOMY KoJeOaHUIO, NPHUBOIHUT K
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Puc. 5. TepMOCTI/IMy.IH/IPOBaHHLIC M3MEHCHUS ITOJIOKCHHUS HHU3KOYaCTOTHOM TPaHUIIbI IOJIOCHI ITOTJIOIIEHUA MOJICKYJIbI 3aKUCHU a30Ta:

nedopmaroHHsIe (a); IPOAOJIBLHEIE aCHMMETpUYHbIe (0) ¥ IPOJOJIbHEIE CHMMETpHYHBIe KoneOanus (B). KpuBble cMmereHs! o ocu Y.

CMEUICHUIO TOJIOCHl B 00JacTh 0OOjiee BBHICOKMX HEPIHH.
OT0 cMereHne JocTuraeT Makcumyma npu 7' =38 K.

[Tonoca moromeHns: MPOIOIBHBIX CHMMETPUYIHBIX KO-
nebanuit (puc. 5(B)) 0OHApYKHMBAET PE3KOE «CHHEE» CMe-
menne npu T = 28 K 1 mocturaer cBoero MakcCumMyma npu
T =33 K. JJairee HaOmomaeTcss HEKOTOpask CTA0MITH3AINS U
npu Temneparype I = 38 K eme oquH akT cMelieHus, 3a-
Bepuatomuiics npu 7 =40 K.

Heo0xoauMo OTMETHTB, YTO pe3yJbTaThl M3MEPEHHH,
MIpeJCTaBICHHbIE HA PUC. 4 U 5, MOXKHO CPaBHMBATH AOCTa-
TOYHO YCJIOBHO, T.K. OHH OTPAYKAIOT Pa3IMYHBIC PEKHUMBI
OTOTpEeBa: HEMPEPHIBHBIN (pHUC. 4) U CTyneH4YaThIi (puc. 5).
Tem He MeHee XapaKTepHbIE OCOOCHHOCTH M TEMIIepaTyp-
HBIC TPAaHUIIBI IPUCYIIN HAOIIOZaeMBIM IIpoIieccaM B 000-
UX CIyYasx.

B kauecTBe HEONTHYECKOTO METOJA pPETHCTPALMN
CTPYKTYPHBIX IIPEBPALICHHUI B TBEPIOH 3aKHCH a30Ta HAMH
UCIIOJIb30BaH METO TePMOCTHMYJIMPOBAaHHOW AecopOImHy,
ommcaHHbIl B [22,23]. Pe3ynpraTsl TEpMOAECOPOIIMOHHBIX
WCCIIeIOBaHUI (BEepXHHE KPUBBIE) B CPAaBHEHUH C ONTHYE-
CKAMHU JaHHBIMA Ha (PUKCHPOBAaHHON dYacToTe (HIKHSASA
KpHUBas) HAINX HCCIECIOBAaHUM IMPENCTaBICHBI Ha pHC. O.
JlaHHBIE TTpUBE/IEHBI VIS YEThIpeX 00pas3loB ¢ TpeMs pas-
JMYHBIMU 3HAYEeHUSIMU TOJIIMHBL. CKOpOCTh HarpeBa 00-
pasioB 1 K/mun.

Kak BugHO Ha puc. 6, OBEICHUE TEPMOICCOPOIIMOH-
HBIX KPHBBIX IEMOHCTPUPYET OCOOCHHOCTH B TOM XK€ TeM-
nepaTypHOM HHTEpBalie, 4TO M ONTHYeCKHe naHHbie. O0-
mee CMEIIeHHEe KPHBBIX JecopOIuM B QUama3oH Ooee
BBICOKHX TEMIIEPATyp CBA3aHO C TeM, UTO Iporecc Tudpdy-
3MM KPHO3axXBaueHHBIX MOJICKYJI a30Ta K TpaHune oOpa-
3eII-BaKyyM OoJiee MHEPIHOHHBIN 110 CPaBHEHHIO C ONTH-
YECKMMHU W3MEHCHHUSMHU. DTO MOJATBEPKIACT TOT PAKT, YTO
BCJIMUYMHA CMCIICHUA KPUBBLIX 3aBUCUT OT TOJIIIMHBI 06-
pasioB — 4eM OOoJIblie TONIIMHA KPHOKOHAEHCATA, TEM C
OOJBIINM 3aT03JaHHEM PETHCTPHUPYETCSI M3MEHEHHE Ba-
KyyMa B Kamepe.
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[TpuBeneHHbIE HA pUC. 6 KPUBBIE JECOPOLIUH HE SBIISIOT-
CsI MOHOTOHHO TJIaAKHWMU. MO)KHO OTMCTUTH TpI/I JIOKAJIb-
HBIX ASKCTPEMyMa, MPOSBISIOMUXCS OCOOEHHO OYEBHIHO
Jutst 6omee ToscThIX 00pasoB. Ha Ham B3rmsz, cymecTByeT
JIOCTaTOYHO OCHOBAaHWH CBS3aTh ATH TEPMOICCOPOINIOHHBIC
0COOCHHOCTH C ONITHYECKUMH TaHHBIMH, TIPEICTABICHHBIMA
Ha puc. 4 u 5 4, B UTOre, C BO3MOXHOM MOCIIE€A0BATEIHHO-
CTBIO CTPYKTYPHBIX TpaHc(OpMaIii B IEPBOHAYAIHLHO
amMop¢HBIX 00pa3Liax TBEpIOH 3aKUCH a30Ta.

4. O06cy1eHUs1 ¥ BBIBOJBI

IIpuBeneHHbIE B HACTOSLIEH CTAaThE JAaHHBIC, KaK HAlUU
COOCTBEHHBIE, TaK M HAIIMX KOJUIET, HECMOTPS Ha CYIIECT-
BEHHOE pa3lIMdhe B TIOCTAHOBKE ADKCIIEPUMEHTAJBHBIX HC-
CIICZIOBAaHMI W XapakTepe IONyYeHHBIX pPEe3yJIbTaToB, Ha
Halll B3IJISIM, SIBJISIFOTCS IPOSIBJICHUEM XapaKTEPHBIX OCO-
OCHHOCTEH, MPUCYIINX 3aKUCH a30Ta, B YACTHOCTH HAJTHIHC
JIBYX pe3oHaHCHBIX (hopm mMonekynbsl NoO [1,2,24]. O1u n1Be
(hopMBI MOJICKYJIBI 3aKHCH a30Ta O0JaJar0T Pa3IMYHbIMU
XapakTepaMH BaJICHTHBIX CBS3€H, AJIEKTPOHHON KOH(HUTY-

5t
=121 125
Z d=0,75 MkM ~ %
S10f 10§
o >)
= 8t 8 &
5 S
2 o
«’?ﬁ 6 ra 6 5

= —
GEJ ni d =125 mxm 4 §
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Puc. 6. OnTtuyeckue M TEPMOIACCOPOLMOHHBIC HCCICIOBAHHUS
CTPYKTYPHBIX MpEBpalleHMH B KPHOBAaKYyMHBIX KOHJAEHCATax
3aKHCH a30Ta.
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Ocobennocmu cmpykmypHO-ghazo6wix npespaujeHul 8 meepooll 3aKucu a3oma

panmei BHEITHIX 000JI0YeK U, KaK CIECTBUE, Pa3TNIHBIMH
M0 BENWYMHE TUIONBHBIMA MOMEHTaMH. Ha Takyio BO3-
MOJKHOCTb YKa3bIBalOT JIJaHHbIE [25], B KOTOPBIX peyb UJET O
NPUHIMITHATEHON  BO3MOMKHOCTH — CYIIECTBOBAaHUSI  U30-
MophHbIX popm Monekyn NoO (puc. 7).

[Mpexxne ueM OOBSICHUTH MOJYyYEHHBIE JaHHbBIE, HEOO-
XOIMMO CIeNIaTh HECKOJIBKO BaXKHBIX MPEIIOI0KEHUH:

BO-TIEPBBIX, 3aKHUCh a30Ta B ra30BOil (pa3e HAXOIUTCS B
COCTOSIHUU CMECH JBYX PaBHOBECHBIX PE30HAHCHBIX (hopM
B OTIPENIeICHHOM KOHIIEHTPAIIMOHHOM COOTHOIICHHUH;

BO-BTOPHIX, PaBHOBECHBIE KOHIIEHTpPALUU JBYX pE30-
HaHCHBIX (pOpM 3aKMCH a30Ta B ra3oBOW M TBEpHOH Qase
CYILIIECTBEHHO OTIMYAIOTCS;

B-TPEThUX, DPaBHOBECHAs KOHLEHTpalMs IBYX (HOopM
MOJIEKYJIbl 3aKHCH a30Ta B TBEpIOH (ha3e 3aBUCHT KaK OT
TeMIepaTypbl KOHICHCAIlUH, TaK M OT TEKyIIeHd Temrepa-
TypsI 00pa3ma;

B-YE€TBEPTHIX, B TBEPJON 3aKUCH a30Ta OCYIIECTBISIOT-
Csl peJlaKCallMOHHBIE ITPOIIECCHI, CBSI3aHHBIE C HAIMYUEM
KOHLICHTPAI[HIOHHOW HEPaBHOBECHOCTH JIBYX PE30HAHCHBIX
(hopm; AMHAMUKA ITUX MPOLECCOB 00YCIIOBJIEHA TEPMO/IH-
HaMUYeCKOW NpeabicToprueil (JOPMUPOBAHUS U CYLIECTBO-
BaHUS 00pasIoB.

C y4eToM cHeNaHHBIX MPEANONOKEHUH MOYKHO IMOIIbI-
TaThCsI OOBSICHUTH TOTYYCHHBIE HAMU PE3yIIbTATHI.

1. Dghpexm KpuUOKOHOEHCAYUOHHO20 UBIYYEHUs 3AKUCU
asoma [4-7T]. Ilponecc KOHAECHCAIMM 3aKHUCU a30Ta Ha MOJI-
JIOKKY CONPOBOXKIAETCS CKauKOOOpa3HbIM H3MEHEHHEM
PaBHOBECHOM KOHIICHTPAILIUH BYX PE30HAHCHBIX Gopm NoO
B TBEpJO# (haze oTHOCHTEBHO Ta30Bol (asbl. [Ipu oTHOCH-
TEJIFHO BBICOKMX Temmeparypax koHzaencarmu (90-130 K)
MOJIBMYKHOCTD MOJIEKYJI TOCTATOYHO BEIMKA M PeJlaKCaly-
OHHBIE TTPOLIECCHI OCYIIECTBILTIOTCS ¢ OOJBIION HHTEHCHB-
HOCTBIO. [Ipm 3TOM MPOMCXOOUT pe3KOoe H3MEHEHHE IH-
MIOJIBHBIX MOMEHTOB 3HAYHUTEIILHOM YaCTH MOJIEKYJI 3aKUCH
a30Ta, KaK 10 BEJIMYMHE, TaK M IO IMPOCTPAHCTBEHHOM
opueHrarun. CieAcTBUEM SABISETCS BOSHUKHOBEHUE AJIEK-
TPOMAarHUTHOTO W3JIyY€HHsT B BHUJIE KPaTKOBPEMEHHBIX
WHTCHCUBHBIX BeIbImek. [loHmKeHne teMmepaTypsl KOH-
JIEHCAIIMN TPUBOAUT K 3aMOPAKMBAHHUIO HEPABHOBECHBIX
(hopM, KOTOpBIE TIEPEXOAIT B YCTOHUMBOE COCTOSIHHAE TPU

r ®0—®
a 1,99 5B @"D
= y ©
=
-
S 2,81 5B

Puc. 7. DHepreTnyeckas auarpaMMa H30MOPQHBIX COCTOSHHN
MOJICKYJIbI 3aKHCH a30Ta (TaHHbIC paboTHI [25]).

Low Temperature Physics/®u3nka Hu3kux temnepatyp, 2012, 1. 38, Ne 11

Puc. 8. K Mozmenu cMeeHust moJoc MOTNIOUIEHHs XapaKTepUCTH-
YeCKUX KoyiebaHuif 3akucy a3ora B okpectHOCcTsIX T =40 K.

HOBBIILICHUH TEMIIEpaTypbl KOHAEHCaTa. JTO MPHBOIUT K
BO3HUKHOBEHHIO M3JIyYCHUS, UMEIOIIET0 XapaKTep MOCTO-
STHHOTO CBEYCHUSL.

2. Cuewernue noIOC NO2NOWEHUsL XAPAKMEPUCTIUYECKUX
KOeOAHULl MONeKYIbl 3aKUCU a30ma 6 OKPEeCMHOCMSX
memnepamypol T = 40 K (puc. 3, 4). OCHOBOI 00BsICHCHUS
JAHHOI'O ABJICHUS TAaKXKE€ MOXKET 6I)IT]J naesd o CymecTBoBa-
HHUH U30MOPQHBIX CTPYKTYP MOJIEKYJIbI 3aKUCH azota. [Ipu
3TOM MpH TeMIlepaTypax HI)KE W BBILIE TeMIIEpPaTyphl
tpanchopmanmu 7 = 40 K B y3nax KyOM4YecKoOil penieTku
MOT'YT HAaXOAUTHCS MOJIEKYJbl 3aKHCH a30Ta, COOTBETCT-
BYIOIINE IIUKINIECKUM U JIHHEHHBIM m3oMopdam (puc. §).

Ilepexon oT oxHOM GoOpMBI K Ipyroi CONpPOBOKAACTCS
N3MEHEHHEM 3Ha4E€HHH XapaKTePUCTHYECKUX 4acTOT (yH-
JIAMEHTAIbHBIX BHYTPUMOJIEKYJSIPHBIX KOJIE€OaHWil, 4TO U
HaOmoaeTcss B HaUIMX JKcrepuMmeHTtax. Tor dakr, 4ro
JUISL PA3INYHBIX THIIOB KOJEOaHHH MEpPeXol OCyLIeCTBIIs-
eTCsl TMPH Pa3HBIX TeMIIepaTypax, MOXKET OBITh CBS3aH C
OTJINYMEM B SHEPrHsX CBS3eH M COOTBETCTBYIOIIMX JHEP-
THSAX aKTUBALHH.
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Transformation features in solid nitrous oxide

A. Drobyshev, A. Aldiyarov, E. Korshikov,
D. Sokolov, and V. Kurnosov

The transformation features in cryocondensates of
nitrous oxide were studied in the process of thermal
cycling in the vicinity of the temperature 7= 40 K. The
research was aimed at figuring out the response of de-
formation and translational vibrational subsystems of
the condensed nitrous oxide to these transformations.
The temperature and the nature of thermally stimulated
reactions in the films of nitrous oxide cryocondensates
were determined. By measuring the vibrational spectra
of the samples and by recording the changes in ampli-
tude and position of the absorption bands characteristic
of vibrations. Analysis of the IR spectra suggests that
the transition from the amorphous state of nitrous oxide
to the crystalline one is carried out in several stages,
which account for the implementation of relaxation
processes related to a particular type of vibrations of a
nitrous oxide molecule. The difference in the tempera-
tures of the transitions is determined by activation ener-
gies that are typical of this type of oscillation.

PACS: 61.50.—f Structure of crystals;
78.30.—j IR and Raman spectroscopy;
68.35.Rh Phasen transition and critical phe-
nomena.

Keywords: transformation, transition, resonance formes,
IR spectra, nitrogen oxide, cryocrystal, thin films.
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