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Beryn

Icuyroui y Buxigmiii ¢aszi B okomi ¢a3oBoro
nepexony BuUximHa - HecmiBmipHa ¢asa (T;) mokambHi
MIPOCTOPOBI obumacri CKOPEIbOBAHOTO pyXy
terpaenpuunux rpyn B kpuctanax [N(CHg)].ZnCl; npu
HemepepBHOMY — (a30BOMY  TEpexXoi  BHUXiTHA
HecmiBMipHa (ha3a IEpEeTBOPIOIOTHCS Yy HECHIBMIpHY
cunycoimanpHy Moayismiro [1]. Tlpm  moHmkeHHi
TeMIIepaTypu pocre BEJIMYHHA nedopmarii
TETpaeAPUYHUX TPYI, BIITAK MPOXOIUTH 301TbIICHHS
BIUIUBY  €Heprii  CIiBMIpHOCTI Ha  HECHIBMIpHY
MOJIYIISIII0, 1 HECHiBMipHa CTPYKTypa MNEPEXOAUTh 3
CHHYCOIAIBHOTO PEXUMY B coiiToHHHU# [2]. B mpomy
PeKUMI HECHiBMipHY (a3y MOXKHa pO3IIISAAATH SIK
MOCITIZIOBHICTh METAacTaOUIPHUX CTaHiB - CIIIBMipHHX
JIOBronepiofnuHux (as, po3auIeHHX NepexiTHUMHU MO
TeMIepaTypi IHTEepBaJIaMHU. Koxen 3 LUX
METacTablIbHUX CTaHiB ICHYE Yy TEMIEpaTypHOMY
intepBani mopsaaky AT ~0,1+0,5K [3], ne xBunboBuii
BEKTOp HECHIBMIpHOI HaJCTPYKTYpH, IPUIMAE CIiBMipHE
3HAYEHHs BUILIOTrO Mopsaky. ToOTo HecmiBMipHa ¢asa
SIBIISIE coboro TeMIepaTypHy MIOCITi IOBHICTh
JOBromnepionnynux crmiBMipuux (a3 [4]. Toukosi rpymu
cuMeTpii 1mx (as, B3arayi Kaxydd, € pi3HHMH, HaBiTh
SIKIIIO XBUJIbOBI BEKTOPH HAACTPYKTYPH OCHUTH OJIU3BKI
oquH g0 oxHoro [4]. Tob6To MOXyTh iCHYBaTH
MeTacTablIbHI CTaHHW, CHMETpisl SKUX He 3a00pOoHsIE
MOBOPOT  ONTHYHOI  IHIAUKATPUCH. 3  MOAAJIBLIAM
TIOHIDKEHHSIM ~ TEMIIEPaTypH 3MEHIIYEThCSl  BEIMYHHA
CHJIM COJITOH-CONITOHHOI B3aemoxii [5]. 3a ymoBu
HaOJIMDKEHHA CUJIM B3a€MOJII CONITOH-COJITOH O CUIIU
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B3a€EMO/IiT comiToH-edeKT (abo CHIM B3a€MOIi1 COMITOH-
neeKT 10 CHUITH B3aEMO/IiT COMITOH-COMITOH [6], 30Kpema
BHACNIOK 301IbIICHHA KOHIICHTpAIi JedeKTiB Yy
kpuctami  [7])  HAACTPYKTypa  NEpPEeXOOuTh B
croxactuunnii pexum [8,9]. B manomy pexumi HC
CTPYKTYpH, KpHUCTAJl XapaKTePU3YEThCS 1CHYBAHHSIM
xaoTuuHoi (a3u. Ha BinmiHy Bij HecmiBMipHHX (a3, sKi
OITUCYIOTHCS HE3aKpiIIeHO0 HaJCTPYKTYpOIO,
XaoTWuHiii (a3l BIANOBIZAaIOTH  3aKkpilUleHI  Ha
KpHCTaiuHii pemritui comitoHu. OTKe 3CyB XaOTHYHOI
I'PaTKU COJITOHIB IOTpeOye eHeprii akTWBalii, 1 UM
XaoTUYHA CTPYKTypa Onmk4a a0 CIiBMipHOi, Xoda ii
CepeqHii Tepion y 3arajJbHOMYy BHIAAKy MoOXxe OyTh
HECITIBMIpHUM 3 TIEPiOIOM OCHOBHOI I'DAaTKH.

TobTo, HasIBHICTH MOBOPOTY ONTHYHOI iHAUKATPHCH
(p9) B HecmiBmipHii ¢asi (HC) mieqekTpHIHUX KPHCTATIB
rpymu A;BX,; Moxe OyTH 3yMOBIICHOIO i1CHYBaHHSIM
cmiBMipuux gosromepiognunux ¢az (CJ) [4]. Toukosa
rpyna CUMeTpii KOTpUX € IMIATPYNO CUMETPii BUXiIHOT
¢da3u, a omkxe MmoxumBi CJII ¢azu, cuMmerpis SIKUX
JIOITyCKae iCHYBaHHS IOBOPOTY ONTHUYHOI 1HIUKATPHUCH
[10]. 3a mux yMOB TeMmIiepaTypHa MOBEiHKA (s TOBHHHA

XapaKTepu3yBaTHCh HEMOHOTOHHOIO 3aJIeKHICTIO
os ~ f(T).

Ilepexin Bim omuoi CJI ¢asu g0 IHIOI €
HemepepBHuid  [11] 1 MOXe TPOXOAUTH  uepe3
CYIEpPIIO3HUINI0  ICHYIOYMX XBWIb MOAy/smiit  [12].
Bunukatoua ~ mpu  OpOMY  XBWIS  MOIYIAIUT

XapaKTepU3yeTbCsl HE TINBKA DPI3HULEBUM 3HAYECHHSIM
XBHJILOBOTO BekTopa AQ= (s — O [13], a it 3HaueHHAM
aMIUTITYI TapaMeTpa MOpsAKY OiMbIIMM 3a 3HAYSHHS
aMIUTITYZl XBWJIb MOAYJISIIN, SIKI MPUAMAIOTh y4acTh Y
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cynepriosumii  [14]. Tlpu posrmsini HC  dasu, sk
nociigoBHocti CJI a3, HemepepBHICTh MEPEXOIiB Mix
HUMU Ja€ IIJACTaBy TOBOPUTH TIPO HECHiBMipHHH
xapaxrep aanoi HC ¢asmu.

3 ormmaay Ha 1€, B JaHiii poOOTI MPOBEIACHO
JIOCHI/DKEHHST BIUIMBY HECHIBMIPHOCTI Ha BEIUYHUHY

MMOBOPOTY  ONTHUYHOI  IHAMKATPHCH B  KPHCTAII
[N(CHy)42ZnCls.
B SIKOCTI JTOCITI JKYBAHUX 00’ €XTIB

BukopucroByBamuch kpuctamu [N(CHg)y2ZnCls, ockinbku
BOHH € MOZIeNIbHUMU 11pu gociipkeHi HC ¢as.

Kpucramu  [N(CH3)J.ZnCl; BomomitoTh  CKJIaIHOO
nociioBHOCTI  (pasoBux mepexomiB. Lli  kpucramu
NPUBEPTAIOTh yBAary 3aBASKH HAsABHOCTI B HHX Y

TemrepaTypHoMy  iHTepBami 1= 296.7 + T, = 280K
HecIiBMipHOi ¢a3u. Buxinna ¢asa mae cumetpiro Pmen.
daza |l € HecmiBMIpHOIO 3 XBWJIBOBUM BEKTOPOM
Moayisaiii q ~ 2/5¢* +3, me c* - BekTop 0OepHEHOI
penritku y BuximHii ¢asi. @asza Il (280K + 275.3K) €
crmiBmipHa ¢aza 3 =2/5¢* 1 Bomomie BEKTOPOM
CMOHTaHHOI moJspu3arii B3moBx a. Paza IV (275.3 +
168K) € cerneroenexkrtpuunoro 3 ( = c¢*/3. daza V
(168 + 155K), sika 3a3Hae 1mie JABOX (a3oBHX MEPEXOIiB,
(dbaza V — 168+ 155K, q=0) i VI (T < 155K, q = c*/3).

|. MeTonnka ekcriepuMeHTy

TemmepaTypHi JOCTIIKEHHS (g MPOBOAWIUCH TI0
aHaJli3y 1HTEHCHBHOCTI CBITJIOBOTO IPOMEHS, SIKHUH

MPOWIIOB Kpi3b CUCTEMY. MOJSPHU3ATOP - KpPHCTAT =

aHaJli3aToOp, BHCTABJICHHX B CXpEIIEHE MOJIOKEHHSI.
Ockineku 1 KpHCTalliB [N(CH){J2nCl, B
JOCTiKyBanbHOMY iHTepBati Temmeparyp (270 + 370K)
. I 3
3MiHa AN 3HAXOAUTLCI B Mencaxg EDnE—, a

ad
d:2><10'3M, i 7\,:6.33><10_7M, BEJIMYMHA BiJHOCHOI
MOXUOKH BUMIpIOBaHHS Qs € nopsiaky 1%. KOcryBanHs

cHCTEMH TPOBOOWIOCH y BUXiAHIA a3l  mosa
TEMIIEpaTypHUM IHTEPBAJIOM ICHYBaHHS JIOKaJbHUX
IPOCTOPOBUX ~ 00NacTefl  CKOPENbOBAaHOIO  PYyXy

terpaeapuunux rpym (T = 370K) [15]. [Ipu nepepaxyHKy
BENTMYMHY 1HTEHCUBHOCTI cBiTia (I) y mMOBOPOT ONTHYHOT
IHIUKATPUCH (s BUKOPHCTOBYBAJIACS E€KCIIEPUMEHTAIbHA
sajgexHicth | ~f(ps)  oTpumMaHa  mpH  KiTBKOX
Temmepatypax. LIs 3anexHicTh OMUCyBAaacs OJIHOMOM
apyroro mopsaky (MpH  MamMx KyTax IOBOPOTY
IHIUKATPUCH MOXHA BBaXKaTH, 10 SINQ ~ ¢). Benuuunau

OTPUMAaHUX Koe(illieHTiB anpoKkcuManii
BHUKOPHCTOBYBAINCS IIpH mepepaxyHKy | B @s. Taxum
YMHOM, TOYHICTh BUMIPIOBaHHS BEJIMYMHH  KyTa

MOBOPOTY ONTUYHOI iHAuKarpucu ckiana ~ 0,001rpan.
Temmeparypa 3pa3ka BHMIpIOBaJachb 3 TOUYHICTIO
0,01K npu gocmimkeHHi “B's3koi B3aeMomii’, e(eKTy
TEPMOONTHYHOI ~ Mam'ATi, Ta KIHETUKH @s Ilpu
nocmimkenti ¢~ f(T) B 3amexxHOCTI Bim TepMidHOI
nepemicropii, TemIepaTypa 3pa3Ka BHMIpIOBanach 3
toynictio  0,05K.  TemnonpoBimHiCT,  KpHCTaliB
[N(CH3)4]2ZnCl, BuMiptoBamach METOMOM  IUIOCKHX
TEMIIEpaTYpHUX XBHJIb B PEXHMI aBTOKOJIMBAHHS, MPU
ammutyni  xBwib  ~0,05K 1 mBHakocTi  3MiHH
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TemrepaTypu kpucranis ~ 200MK/rox.

Il. ExciepuMeHTAJIbHI pe3yabTaTH

Ha puc. 1, HaBeleHO TeMIIEPATYpHY 3aJISKHICTh
MOBOPOTY ONTHYHOI IHIWKATPHCH HABKOJO OCi & I
kpuctama [N(CHj3)4]ZnCly. e y Buximwiii ¢asi

274 276 278 280 282 284 286 2887, K

N\

YL
280

1

300 320 340 3607, K

Puc. 1. TemnepaTypHa 3alieXHICTh KyTa HOBOPOTY
ONTHYHOI  IHAMKATPHCH HABKOJO oOCi & s
cBikoBHpizaHoro 3paska kpuctaiay [N(CHz)s].ZNnCly.
Ha BcraBmi TemriiepaTypHa 3aJeXHICTb (P, B OKOJI
(ha3oBUX IEpEXO/IiB HECITIBMipHA-CErHETOCIEKTPUYHA,
Ta  CErHETOEJEKTPUYHA-CETHETOoeNacTHyHa  (asH.
CrpinkaMy Ha BCTaBIi IO3HAYEHO aHOMaIii IpH

T=281K, T=2832K.

nmounHaroun 3 7'~ 350K croocrepira€eTbcsi MOHOTOHHE
30IMBIICHHS BEJIUYHHH (), JOCATAIOYM MaKCHMyMy B
okomi T~302K. 3 1omanpliuM  MOHMKCHHIM
TEMIIEPATYpPH MPOCTEKYETHCS 3MEHILICHHS BEJTMYMHU (P, 3
MiHIMyMOM B okoii (azoBoro mepexoamy BuximHa-HC
daza (T;). B HC ¢a3i mBuakicts 3MiHH BETHYUHA (g 3
TeMIIEPaTypOro 3pOCTaE. IIpu mepexoi y
cerueroenektpudny ¢asy (T.=280K) BemuumHa @4
3MEHILYETHCS, JOCATA0YH HYJIHLOBOTO 3HAYECHHS, MICIS
nepexonay B cerneroenactuuny (asy (Tz; = 276,6 K).
3Beprae Ha ceOe yBary BimMiHHICTB 3amexHOCTI Oa ~ f(T)

BUMIPSHOI B TMPOIECI OXOJIOMKCHHS 1 HarpiBaHHS.
30kpeMa B Tpoleci OXOJOMKEHHS TeMIlepaTypHa
3QNICKHICTD (@ XapaKTEPHU3YETHCI  HEMOHOTOHHOIO

3aJIOKHICTIO 3 SICKpAaBO BUPaXEHHMMHU aHOMaJbHUMHU
sminamu nipu T = 283,2 K i 281 K (Bim3Haveni na puc. 1
crpinkamu). Ili aHoMambHi 3MiHM TIOB's3aHi 3
MIPOCTOPOBO-MOYJIOBAHUMH ~ XBWISIMH  Jepopmartiii
YTBOPEHUMH BHACIIZOK BUTPUMYBAaHHS KpHCTajla NpU
KiMHaTHIH Temmepatypi (7~293K). ix mepiox €
KpaTHUM J0 Tepiofy MOIYJIbOBaHOI HAaJICTPYKTYypH B
okoni T = 282 K.

[TiaTBEepmKEHHSIM TOrO, IO B KpPHUCTAJi BHACIHIJOK
ButpuMmyBanHs #oro B HC ¢a3i BuHHMKalOTh XBuWII
rycTUHU e(eKTiB € aHoManbHa “S’ mojiOHa moBeiHKa
(¢ ipu (hazoBux nepexopax 7. i1 Tg, 110 1 BUABISIETHCS B
aHOMaJbHOMY  30UIBLIEHHI  BEIWYUHH  TOBOPOTY
ontnyHol  inamkarpucu.  OcobmmBo  1me  moOpe
MPOCTEXXYETHCSI B TPOIECI OXOJOMKEHHS (BCTaBKa
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puc. 1). Tak B poborti [16], 10 JOCTIIHKEHHIO TOBEMIHKH
nsozanomierds 6(An) B kpucrani [N(CHs)4]ZnCl, npu
nepexofli 3 HEeCHiBMIpHOI (a3 B CETHETOEIEKTPHYHY
MPOCTEXYEThCS MOMAIOHA aHOMajbHA MOBediHKa O(An)
MOSICHEHa BUHHUKHCHHSAM XBWJII CYIEPIO3HMILi. 3TiIHO
mpari [17] Ha mudpaxrorpamMax CHOCTEpIralOThCs [BI
pi3Hi cuTyamii, sKi BKa3ylOTb Ha pi3Hy HNpPUPOILY
peamizauii B Kpucrami 0aratoMomoBux Momyisiii. [Ipu

CHIBICHYBaHHI CaTeNTHUX pe¢UIeKcCiB g, = g +d 9C ,
%]

2 .. 2. 1. .
0,=—C 10, =—C , O, =—C CIIOCTepiratoThcs TaKOXK
5 5 3
JIOAATKOBI  catelliTHi peduiekcH, sKi  BIJIOBIIAIOTh
XBWJIBOBHM  BEKTOpaM  MoAymsmii  Qp - gp = oC*

. 1. . . . .
ig,- d; :EC , BiamoBigHO. Ilg curyawis peanizyeThbcs

IIPU HAsABHOCTI MeEXaHIYyHOI medopMarllii Kpucransa y
BHCOKOTEMITEpaTypHii i cepenHbOTEMIIEpATYpHii
obmacti momsApHOi  (pasu. BUSBIEHHS ~Pi3HUIIEBUX
XBHJIBOBHX BEKTOPIB y 00EpHEHOMY MPOCTOPi, CBIIUUTH
Ipo Te, 0 MOAYJLiHA CTPYKTypa B IbOMY BHIAAKY
XapaKTepPU3YEThCSl CYNEPHO3UINEI0 XBHIb ICHYIOUHX O
KOMIOHEHT [17]. AMIUTITY/IHE 3HAYCHHSM [UX XBHIb €
OUTBIIIMM 3a 3HAYCHHS aMIUTITYJ XBWJIb MOMYJIAIUT SIKi
npuiiMaroTh ydacte B cymeprnosumii [14]. Ocranue
NIPUBOAXTH /0 30iIblIeHHs aedopmanii CTpyKTypH, a
OTXKE J0 AaHOMajJbHOI 3MIHM @, Tpu T, Y
HU3BKOTEMIIEpAaTypHil 00JacTi MONspHOi (ha3u pi3HULIEBI
XBHJILOBI BEKTOpH He 3adikcoBani [17]. J{ns mosicHeHHs
miky Ha @ ~f(T) mpu T3 MOXHa NPUIYCTHTH, L0 B
LLOMY TEMIIEPATYPHOMY iHTEpBai KPUCTAIl CKIIAAAEThCS
3 TMOCTIJOBHOCTI obmactei (IOMEHiB) 3  pi3HUMH
BEKTOpaMu MOAy/siiii [17]. Buxonsauu 3 BCTaBKU Ha pHC.
1."S’ - nonibua moBesinka @, ~ f(T) mpu T3 sik B mporieci
OXOJIO/DKEHHSI TaK 1 HarpiBaHHA € JENIO BiIMIHHOI BiX
TIOBENIIHKU (4 TIPH T IO MOXKE BHCTYIIATH Ha KOPHCTh
JIOMEHOMOoIi0H0I OyaoBr Moyl B okomi Tz [5]. 1le
MIPUIYIIEHHS] IPYHTYETHCSI HA TOMY, IO 31 3MEHIICHHSIM
TEMIIepaTypyd, B JaHUX KpUCTalax IPOXOIHUTh
301bIIeHAS MedopMallii TeTpaeApUUHUX TPYII, 30KpeMa
ix moBOpPOT [7], OTke MmosiBa MiKOMOAIOHOrO 3MEHIIICHHS
BEIMYUHHA (y TIPU T3 B HANPSMKY IEPIECHIUKYISIPHOMY
JI0 TICEBJIOTEKCOTOHANBHOI OCI MOXE CBiJUYUTH Ha
KOPHUCTh IOMEHOITOIIOHOT OYTOBH.

[ToBOopOoT ONTHYHOI IHAWKATPUCH B HECIIBMIipHIiN
¢a3i 3ymoBneHul, sk icuyBanusaM CJI (a3, Tak MOXKITUBO
1 CyNepro3ULi€l0  ICHYIOYMX XBWJIb  MOZYJISIIIH.
Haiibinpin  sIcKpaBO CyIEpIO3MLis XBHIb MOIYJISIIIH,
NPOSIBJSIETBCSL B IEpPEeXiIHOMY 10  TeMIeparypi
inTepBaii; Mik aBoma cycigaiMu CJI dasamu [18]
OCKIIbKH TYT AQ = O - Op. B manomy TemmneparypHomy
IHTEpBaJIl CHiBICHYIOTh NPHHANMHI JIBi XBHJII MOJYJISLIT:
XBWISI TYCTHHH Ae(eKTIB 3 IepiofoM piBHUM Iepioay
nonepenupoi  CJ[  ¢asu, Ta XBHIA HaACTPYKTYpH
npuOJIM3HO  piBHA  XBWII ~ MOAY/SIHii  HOBOTO
MeTacTablIbHOrO0 crany. Po3riisiHeMo Iie Ha TNpHKIai
YacoBOi 3MIHM (), Ta TEIUIONMPOBITHOCTI 3pa3kKa,
BUMIpSIHUX TIpH ToCTikHii Temmeparypi (T, = 285K) B
HecmiBMipHi# ¢a3i  (puc. 2). OTpumani 3aieKHOCTI
@a~f(t) i A~f(t) xapakTepusyroOTbCSI HEMOHOTOHHOIO
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2, BT/(MxK)
— 0,2305

F0,2300

F0,2295
3.4
3.2 F0,2290
3,0
10,2285
2,8

A
150 200

Puc. 2. YacoBa 3aj1eXHICTh KyTa MOBOPOTY ONTHYHOL
IHAMKATPUCH HABKOJIO OCi @, Ta TEIUIONPOBIAHOCTI
spaska s kpuctany  [N(CHj)4].ZnCl, mpu
BUTpUMYyBaHHI B HecmiBMmipHii ¢a3i (7., = 285K).
CrpinkamMyd TIO3HAYEHO NepexijHi I1HTepBand Mix
MeTacTablIbHUMU CTaHAMH.

MOBEIIHKOIO B YACOBMX IHTEpBaJaX, J€ IPOXOMASATh
MepeXiiHi TPOIECH, a caMe IPOXOMUTH 30iIbIICHHS
BEeIMYMHH @y 3 XapakTepHowo “S’ mopmiOHO0O i
aHoMaNbHO 3MiHOI (prc. 2). To6To y mepexiaHoMy Mo
yaci iHTepBajJi MPOCTEXKYETHCS 3POCTAHHS BETHYHHU
KyTa MoBOpOTY (puc. 2), sike MOke OyTH 3yMOBIICHE
ICHYBaHHSIM XBHJII CyIEpIO3HUIII.

Bigomo [19], mo vacoBi 3MiHM (i3UYHHMX BEIUYHUH
npu crabimizanii TemmepaTypd y HecIHiBMipHiH dasi
moB’si3ani 3 penakcamieto HC cIpykTypu 10 CBOTO
piBHOBakHOrO 3Ha4yeHHs. [Ipu 1bOMY HaICTPYyKTypa
MIPOXOMUTh PsAI METacTaOLIBHUX CTaHiB. B Hamomy
Bumanky, B mnpoueci penakcanii HC  crpykrypa
MIPOXOANTH Psi/i OCHIJOBHUX METAacTaOlIbHUX CTaHiB -
CJ a3, 3 pisHoro crymiHHO aedopmarti.  3i
30IBIIEHHSM ~ 4Yacy  BHUTPUMKH  CIIOCTEpIraeThCcst
3pOCTaHHs BEJIMYMHU KyTa IIOBOPOTY IHAMKATPHCH, a
omxke i AaedopmMalii CTpyKTypH, IO MOXKE CBIIYUTH MPO
3pOCTaHHA BKIaQy Yy JedopMmario CTPYKTYpH XBHIII
ryctuad  AedekrtiB. Ili XBWII BOJNOMIIOTH PI3HUMH
nepiogaMu MOJIYJIALIT, OCKUIBKM BUHHMKAIOTh BHACIIIOK
MIPOXODKEHHSI HECIIIBMIPHOI CTPYKTYpH 4epe3 DAl
MTOCJTIIOBHOBHUX METacTaOLIBHUX CTaHIB, 1¢ Iepion
HAJICTPYKTYPU HE 3MiHIOETHCS.

B nocmimkysanmsaoMy kpuctami [N(CHz)g]2ZNnCly
HECITIBMipHY MOAYJIbOBaHY CTPYKTYpY TOB'SI3yIOTh SIK 3
MOJIYIISIII€I0 TOBOPOTY TETPaeApUYHUX TPyM, Tak i 3
smimennsM iony Zn?* B Terpaenpi [1, 20], a BunnKaoui
XBWII TYCTMHU JIe()eKTiB MOXKHa acoIlifoBaTH 3
MIPOCTOPOBUMU XBUIISIMU JiepopMaliii, sIK 1ie 3a3Ha4eHO B
poboti [14]. TobTO BHACTIJOK BUTPUMKH KPHUCTATy B
HecIiBMIpHii (a3i yTBOpIOeTbCsl OaraToMomoBHH CTaH
KPHCTaJy Jie CHIiBICHYIOTh XBHJIS T'YCTHHU Je(EKTiB ),
XBHWJISI MOIYJIALIT O], T2 PI3HULEBUI XBUILOBUI BEKTOP
g=0,-0, [14], sxuii Takox;, MO)Ke NPUBOIUTH IO
3poctaHHs jgedopmanii  CTPYKTypu (TeTpaeapuuHUX
rpyn) [21] y Bceomy 006’ emi kpucTana. Lle npumyiieHHs
IPYHTYETBCSL HAa TOMY, [IO BHHHMKal4a XBWJIS
CYIEPIIO3UINI BOJOMITHME aMILTITYIHHM 3HAYCHHSM,
OUTBIIIMM HIK aMIDTITYyIHI 3HAYCHHS XBWJIb MOIYJIAIIN
SKi TpUMarOTh ydacTh y cymepmosuiii [21]. B
MATBEP/KEHHS I1IBOr0 Ha pUC. 2 Yy TepexiTHux
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iHTepBamax MK 1aBoma cycigHiMu  CJl  dasamuy,

CIIOCTEpITaeThCsl  pi3Ka  MIKOMOMIOHa  aHOMajbHA
MOBE/IiHKA (5 (BiI3Ha4YeHO Ha puc. 2 crpijkamu). [Topsin
3 [UM CIIOCTEPIra€ThCsi HEMOHOTOHHA MOBEAiHKa

TEIJIONPOBiAHOCTI 3paska (puc. 2). 3Beprae Ha cebe
yBary ¥ Toii ¢akr, mo B MeTacTaOLIPHHX CTaHax
TEIUIONPOBIIHICTh 3pa3Ka € MOCTIHHOIO, a B MepexiTHOMY
IHTEpBaJli XapaKTEpU3YETHCSI aHOMAJIBHOIO TOBEIIHKOIO.
[loB'si3yrouM 10 MOBEMIHKY TEIUIONPOBIAHOCTI 3
BIJIMOBIZHOIO TOBeMiHKOIO O, ~ f(t) (mauBuch puc. 2),
MOXHa MPUIYCTUTH, 10 3 YTBOPEHHSIM XBUJII MOITYJISIIT
3  pI3HHLEBMM 3HAYEHHSM  XBWJIBOBOI'O  BEKTOpa
MIPOXOANTH 3POCTAHHS BEINYNHH TEIUIOPOBIIHOCTI.
3pocraHHs TeMIlepaTypu 3pas3ka, IpH BXOIi Ta
BHXOAI 3 METacTabLIBHOIO CTaHy KpHUCTaja paHiIie
croctepiranocs B poboti [22]. Tobro npu mepexomi Bix
OTHOI'0 METAcTaOUIFHOIO CTaHy JO IHIIOTO, BHACIIIOK
MiHIHTY MONIYJbOBaHOI CTPYKTYpu Ha nedekrax i
JIOMIIIKaX, TMPOXOAHWTh 3MiHAa TOTCHINATBHOI eHeprii
KpHCTaja, o MPOSBIIETHCS Y AHOMAaJIBHOMY 301JIbIIEHH]
TEMIlepaTypy 3pa3ka IIpU BXO/DKEHHI B TeEpeXiTHHui
intepBain [23]. 3a yMOBH YTBOpPEHHS B METaCTaOiIbHOMY
CTaHi XBWJII TYCTHHU Ne]EeKTiB, Y epexiJHOMY iHTepBai
MPOCTEXKYETHCSI ~ BUHUKHEHHS  JIKIJIBKOX  XBHJIb
moxyisiii. Lei npoliec BumMarae J01aTKOBOI €HEprii, mo
MIPOSIBISITUMETHCSI B aHOMQJIFHOMY  3MEHIIEH]
TeMrepatypu 3paska [23]. Taka aHoMajgbHA MOBEMiHKA

. rpa.

o }
T T T T T
270 275 280 285 290 T.K
a)
, Tpal.
5. ¢, Ip
4
34 le
1.
2
14
Nt
04
T T T T
275 280 285 290 T,K

6)
Puc. 3. TemnepatypHa 3aeKXHICTh BETHYHHH KyTa
MOBOPOTY ONTHUYHOI 1HAMKATPUCH JUIS KpHCTala
[N(CH3)4]2ZNnCl, Bumipsina B mporieci HarpiBaHHs 3i
crabinmizanieto Temneparypu mpu 1., = 285K, t =2
rof. (a); Ta mpU HACTYIMTHOMY OXOIIO/DKeHHi ().
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TEMIIepaTypy, Ha Hall TMOINIs, € 3aKOHOMIpPHOM,
OCKIJIbKM TIPOXOJAUTH 3POCTAaHHS BEJIMYMHU KIHETHYHOI
€Heprii pyXy COJITOHIB BHACIIIOK 301IBIICHHS KiTBKOCTI
ICHYIOUHMX XBHJIb MOIYJIALIIH.

3rizHo puc. 3.a, yTBOpEHa IPOCTOPOBA XBHJISA
nedopmariii  BHAcHiZOK  BUTPUMKH  KpHCTajla Y
HECIiBMIpHIH (a3l 3MiHIOE AWHAMIKY MOAYJIBOBaHOI
CTPYKTYpH, TaKUM YHHOM, [IO Temep eBOJIOIIsL
MOJYJIbOBAHOI ~CTPYKTYpH BH3HAuaeTbcs 11 (XBuii
ryctuan  JedektiB) mpucytHictio  (puc. 3.6). B
MATBEPKEHHS IIbOTO BUCTYMAE TOH (akT, 110 32 YMOBU
iCHYBaHHS TIPOCTOPOBOI XBWJI JAedopMariii 3MiHIOEThCS
TeMIIepaTypHa 3aJIeXKHICTh (O, Y HECHIBMIpHIH ¢a3i, Ta B
okoii ¢azoBux mepexomiB mpu 7, i Tz 3a nux ymoB
3aIEKHICTh Qg ~ f(t), sika HaBemeHa Ha puc. 3, HaOyBae

HEMOHOTOHHOI moBemiHkH. IIlo crocyeThest  eekTy
TEPMOONTHYHOI ~mam’'ATi, TO WOro mpupo;a, sK
3a3Havanoch B mpamsgx  [14, 24] mnos’s3ana 3

CHIBIAIIHHIM TIEpiONy XBWII TYCTUHH Je(eKTiB 3
nepiogoM xBuiti HecmiBMipHOCTI. Ha 3anmexnocTi @4 ~ f(t)
(puc. 4) B oxomi T, = 285K crmoctepiraetbcs aHOMaITist

,. Tpaj

|

0250 275 280 285 200 T.K

Puc. 4. TemnepaTypHa 3aJI€KHICTh KyTa HOBOPOTY
ONTUYHOI 1HAUKATPUCH HABKOJIO OCi @ JUIs KPUCTATY
[N(CH3)4]2ZNnCl,; micias 3amucy XBHII T'YCTHHH
nedexriB mpu T, = 285K. Ha BcraBui 3anexHICTh

©@a ~ f(T) B oxomi T,

(2 PopMa sIKOi 3acBimUye, IO TEMIEPATypHUH IHTEpBall
CHIBIAiHHS TIEPIOIB XBWIb MOIYISLIN € oOMeXeHnH
MepexiIHIMU IHTEpBaJlaMH, B SKUX MOXIIUBO BHUHHKAE
xBuitst cyneprnosutiii [14]. Ile npumyiieHHs IpyHTYETCS
Ha 30UIBIICHHI BETHUYUHH @ NPH BXOAI 1 BHXOMI i3
METacTablIbHOrO CTaHy. 3 IHIIOI CTOpOHH, (opma
aHOMAaJIbHOI TOBENIHKH (; B OKOJI TEeMIIEpaTypHOTO
iHTEpBally iCHYBaHHS €(EeKTy TEPMOONTHYHOI Iam’ sTi
CBIIYMTH TIPO XapakTep TEMIEpPaTypHOI EBOIIONIT
XBHJILOBOT'O BEKTOpa HECHiBMiIpHOT MOIYIISIIT Y BUTIISIII
po3mutoi  “doproBoi apabunn”. IcHyBaHHA XBuII
TYCTUHH Je(eKTiB - XBWIII IPOCTOPOBO-MOAYJIBOBAHOI
nedopmariii [14], 3MiHIOE TeMIEpaTypHY EBOIIOIIi0
XBWII HaJACTPYKTYpH y IEpexXiJHOMY IO TeMIepaTypi
iHTEpBaJIi.

[11.O6roBopenns i nuckycis

PosrisiHeMo muHaMiKy MOIYJIbOBaHOI HAaJCTPYKTYPH
B TOJIi MPOCTOPOBO-MOJYJIbOBaHOI XBHJII fedpopmanii. Ha
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285 28 287 280 2907, K

A, BT/(MxK)

0,230 ~
0,229 ~
0,228 ~

0,227 +

0,226 +

2é5 2é6 2;57 2{38 2;59 ZéOT, K

Puc. 5. TloBeminka BeMHYMHH KyTa TOBOPOTY
ONTHYHOI iHAWMKATpUCH (a), Ta TEIIONPOBiTHOCTI
3paska (6) st kpucrana [N(CHs)4]2ZnCl, B ymoBax
B's3ko0i B3aemomii (dT/dt = 200mK/rox.). Crpiakamu
MIO3HAYEHO nepexiaHi IHTEepBaIIN MiX
MeracTabimpbHUMKH ~ cTaHaMH.  [IpSIMOKYTHHKaMH

no3HaueHi puc. 6.a, puc. 6.0.

puc. 5 HaBeleHO TeMIEpaTypHY 3alleXHICTh KyTa
MOBOPOTY ONTHYHOI 1HIMKAaTPUCH B yMOBax ‘B’ s3KOI
B3aeMoii’ . 3 TIOHMW)KEHHSIM TeMIIepaTypy BeJUUUHA KyTa
MOBOPOTY ~ 3pOCTa€  MPOXOISIYM  PSAJ  IMOCHIJOBHHX
METacTablIbHAX CTaHiB, SKi PO3AUICHI NepexiTHUMHU
IHTEpBaJlaMU B SIKUX (P, 323HAE AHOMAJBHOI TIOBEIHKU Y
Burmsimi ‘S’ momibuoi  dopmm  (puc. 6.a). Ilpm
MiJBUIICHHI TEMIIEPaTypu @, 3a3HA€ aHAJOTIYHOI
MOBEMIHKA K 1 mpH oxoiomkeHHi (puc. 6.a). TobGTo
3aJIeKHICTh (P, BiJ TEMIIEpaTypu B YMOBax ‘B’ s3KOI
B3aeMOIii’ Mae aHOMAaIbHHUI XapaKTep, MO MOSCHIOETHCS
HEMOHOTOHHOIO JIMHAMIKOIO ~ CKOpEIIbOBAaHOTO  PYyXY
TerpaenpuuHux rpyn (puc. 6). B mepeximHux 1m0
TeMmIepaTypi  iHTepBamax  3pocraHHs  aedopmaii
HaJACTPYKTYpu (3riHO pHc. 6.a) CYIPOBOMKYETHCS
TAKOXX AaHOMAJIBHOIO TIOBEIIHKOIO TEIIONPOBiTHOCTI
spaska (puc. 5.6, 6.06). 3aNeXHICTb TEMIOMPOBITHOCTI
3paska BiJ TeMIepaTypd 3a YMOBH “B’SI3KOI B3aeMOIi
HAJCTPYKTYpU 3 AedeKTaMHu y MepexiHUX IHTepBajax
Ma€e aHOMaJbHUM Xapakrep, a 1 QopmMa MOXIHUBO
BU3HAYAETHCS AUHAMIKOIO CKOpenboBaHoro pyxy T-rpyn
(puc. 6.6). PosrisHeMO OiUIBII JAETAIBHO MOBEIIHKY
TemronpopigHoctTi. Bimomo [25], mo 3a ymoBH
BIJICYTHOCTI XBWJIi TYCTHHH JAe(eKTiB, Mepexil MK
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MeTacTa0lIbHUMHU CTaHaMU XapaKTePU3YEThCS
MiKOIOAi0HUM 3MEHIIIEHHSIM BEJTUYUHU
TEIUTONPOBIAHOCTI  3pa3ka. ToOTO 3 TMepexoaoM B
NepexiJiHuii  iHTepBai,  TEIUIONPOBIIHICTH  3pa3ka

\

28‘7,8 28‘8.0 28;1.2 28‘8.4T, K

a)

A, BT/(MxK)

0,2285 4

0,2280

0,2275

0,2270 4

287.8 288.0 288.2 28847, K

Puc. 6. TemmepaTypHi 3aJeKHOCTI KyTa IOBOPOTY
ONTHYHOI 1HAWKATpUCH HaBKoimo oci a (a), Ta
temtonpoBigaocTi (6) st kpuctamy [N(CHg)4]2ZNnCly
B OKOJII MEpexoay MiX METacTaOUIbHHUMH CTaHAMH
(dT/dt = 200mK/ron.), oTpUMaHi B mporeci

OXOJIO/PKCHHA Ta Hal”piBaHHH .

3MEHIIYETHCS], BHACIIIOK 3apOPKEHHSI HAIACTPYKTYpH Y
BHUIUIAI SIIpa BCEPEOUHI KPUCTANy, SKE 3TiIHO pOOOTH
[26], ckinamaeThes 3 MIECTH COMITOHIB (PO3MTiBMIPHOCTEIH).
et mporec BHACTIIOK iCHYBaHHS Je(DEKTIB Ta TOMIIIOK
Oyzae Heoanopiauuii mo 3pasky (Il eran Ha puc. 7). Ipu
I[bOMY (), MOHOTOHHO 3MeHIIYeThCs (puc. 7). Buacmigok
B3aEMOMIl  MIX,; COJITOHAMH Ta  COJITOHHHUMU
JCITOKAIIMHU [27] TPOXOAUTH MEPepO3MOMAiN TYCTHHH
CONITOHIB 1O BCbOMY KpHCTaly, MIO NpUBEAE 10
PO3OHTTS KpUCTaTy Ha AoMeHomoAi0Hi obmacti (eram |11
Ha puc. 7). Ha mpoMy erami pO3MIUpEHHS siaep
CYNpPOBO/IKYETBCS PYyXOM TUMY “BKIWHIOBaHHS , a
cucreMa XapaKTepu3yeThCs HEepiBHOMIpHUM
MPOCTOPOBHM ~ PO3MOJIIOM TYCTHHH CONiTOHIB. lle
MPUMYIICHHS IPYHTYETHCSI HA BHCHOBKax pobotu [27],
Jie OyJI0 BCTAHOBJICHO, IIO MiJ JI€I0 XaOTUYHUX IOJIB i
nedekTiB qanbHId HOPSI0K Y MOAYJIBOBAHOI CTPYKTYpH
MOXKE TIOpYIIYBaTHCh 1 BHHHKA€ METacTaOUIbHUIMA
XaoOTHUHUH CcTaH coiiToHiB. Lo cTpykTYpy cimig
pO3TILIIATH K TaKy, IO CKJIATAETHCA 13 CHIBMIPHHX
CTpyKTYp 3 pisHuMu mnepiomamu (eram V). 3okpema
TaKUil COJITOHHUH CTaH iCHye B OKOJi 7, 1 POSIBIISIETHCS
B KiHCTHYHMX sBHUINAX. lleli eram AMHAMIKH COJIITOHIB
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Puc. 7. Temmeparypa moBeAiHKa BEJIMYMHU KyTa
MOBOPOTY OITHYHOI 1HAMKATPUCH HABKOJIO OCi &, Ta
temtonpoianocti kpuctana [N(CHs)4],ZnCl, B oxomi
Mepexoay MiX MeTacTaOlIbHUMHU CTaHaMH, OTpUMaHa
B Tporeci HarpiBaHHS. 3BepXy UIIOCTpauis 3MiHH
T'YCTHHH COJIITOHIB B 3pasKy.

CYTIPOBOJUKYEThCS 3pOCTaHHIM nedopmarii
HAJCTPYKTYpH (3pOCTaHHS BenWYUHU Q4 Ta O(AN)) [18].
Bracmigox B3aeMoil MIXK; JIOMEHOMNOAIOHIM U
obnactsamu, Oyae MPOXOAUTH 301TBIICHHS BEIHYUHU (O
d(An) [18], Ta 3pocTaHHs TeruONPOBiAHOCTI 3pa3ka. Ha
€KCIIEPUMEHTI CIIOCTEPIraeThes 301IbIICHHS
TEIUIONPOBITHOCTI  3pa3ka  MPAaKTUYHO Y  BChOMY
IHTEpBaJ, TPOTATOM SIKOTO TPOXOJUTH 3POCTAHHS
BEIUUMHHA (P, lIporiec 3MEHIICHHS (@, (BHACIIIOK
3MEHIIEHHS KUIBKOCTI JOMEHOIoAiOHMX obsacreil, Ta
YTBOPEHHS XBWJIb MOAYJSLIH y BchoMy 00 emi
KpucTasa) CYIPOBOJDKYETHCS 3MEHIIEHHSIM
TEIUIONPOBITHOCTI  3pa3ka 10 piBHI Tepexomy B
TIepexiIHU iHTepBal.

Ha eram Il i IV (puc. 7) comitoHHa cucrema
XapaKTePU3YETHCS PYXOM CONITOHIB THITY KOB3aHHs [26)].
Leii mporec MPUBOIUTH 10 YTBOPEHHSI AEKITBKOX XBHIb
MOJYIISIII y BCbOMY 00'€Mi KpHCTaly, a B KiHIIEBOMY
BUNAIKy /O PIBHOB&XXHOTO  PO3MOALTY TyCTHHHU
comiToHiB y kpuctami B V erami (puc. 7). OtprmMana
aHOMaJIbHa TIOBEIHKA TEIUIONPOBITHOCTI 3pa3ka i (g €
OJIHAKOBOIO, SIK B yMOBax “B’s3Koi B3aemomil” (puc. 7),
TaKk 1 KIHETUYHMUX 3MiH TpU TOCTIHHIA Temmeparypi B
HecmiBMipHi# ¢a3i (puc. 8). Buxoasuu 3 poboru [18],
3MEHILIECHHS BEJIMYMHU TEIUIONPOBIAHOCTI Ha eTari

3apOKEHHsI HAJICTPYKTYPU 3 HOBHM IEpiOZOM, MOXHA
TOB’sI3aTH 31 3MEHIICHHSIM Yacy JKUTTS aKyCTHYHHX
TEeII0BUX (DOHOHIB, 32 PaXyHOK HENPYXHHOT'O PO3CISTHHS
Ha KPUTHYHHUX (QOHOHAX “M’sKOi” MOIOHM ONTHYHOI BiTKH
KOJIBaHb. [Monanbmre 301IbLICHHS BEITMYHHU
TEIUIONPOBITHOCTI TIOB' I3aHO 3 BKJIAJIOM B TEIJIONEPEHOC
“M’sIKuX” ONTHYHUX (POHOHIB BHACHIMOK 30UIBIICHHS 1X
rpymoBoi mBuakocTi [28]. To6TO B COMTOHHOMY pexuMi
NpU TIEpeXoi KpHcTala BiJi OXHOTO METacTablIbHOTO
CTaHy [0 1HIIOTO MPOXOJIUTh 3MiHA KUIbKOCTI (POHOHIB,
SKi MPUHAMAIOTh YYacTh y TEIUIONEPEHOCi, Ta 4acy ix
KUTTS.

Bunukarogya B MeTacTaOiIBHOMY CTaHI  XBHJISA
I'YCTUHU Je(eKTiB € XBWIICI0 MPOCTOPOBOI Aedopmarii

®.- TPAn A, BT/(MxK)
T T

F0.2305
0.2300
F0.2295

F0,2290

T T T T T 0.2285
85 90 95 100 105 o 115 1207, xB.

Puc. 8. YacoBa noBeiHKa BETMYMHU KyTa OBOPOTY 1
TEIUIONPOBITHOCTI 3pa3Ka B MepexiJIHOMY iHTepBai

OTpHUMaHa BHACNIZIOK BUTPUMYBaHHS  KpHCTasa
[N(CH3)4]2ZnCl4 B HEcTiBMipHii da3i.
TeTpaeapUYHUX TIpymn. ToMy 3a YMOBH ICHYBaHHS

MIPOCTOPOBO-MOYIHOBAHOI XBIIII ehopMaliii, THHaAMiKa
CKOpEJIbOBAaHOTO pYyXy TeTpaegpuuHUX TIpyn Oyne
3MIHEHOIO 1 BU3HAYaTUMEThCS 1I€I0 XBUIIEIO Jiedopmartii.

Omxke,  OTpuUMaHi  pe3yabTaTH  3aCBIIYYIOTh
aHOMAJIbHY MOBEAIHKY (hi3uuHuX BemuuuH (A, @, 6(AN)),
10 3yMOBJICHA KOJIICKTUBHUM PYXOM COJIITOHHOI I'PATKH.
HasiBHicTb 30iNbIICHHS] BETHYHUH @ 1 0(AN) [18] mpu
LBOMY CBITYHUTH TPO picT AedopMallii HaACTPYKTYpH,
SIKa MOYKJIMBO TTOB’ sI3aHa 3 YTBOPCHHIM XBHIJTI MOIYJIAII|
3 TmepiojjoM OLTbIIMM 3a Tepiof ICHYIOYHMX XBHWIb
Moayssaiii. Jlnsg  miaTBEep/DKeHHA [MX  NIPUIYIICHB
HEOOXITHO MPOBECTH MOAANBIII JOCIIIXKCHHS.
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Temperature invegtigations of optical indicatrix rotation and therma conductancivity in the incommensurate
phase of [N(CHp4xZnd, crystal was studied. It has been set that the existence of optical indicatrix rotation in the
soliton mode of incommensurate phase is caused by long-periodic commensurate phases. It has been shown that at
the structure rearrangement at transition from one metastable state to another the non-monotonous behaviors of
optical indicatrix rotation, birefringence and therma condictivity are caused by collective motion of soliton lattice.
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