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BsenenHe 

B KPHcrannax c o6ruen ~opMynoA A2BX 4 na6n~naercR 
xapaKrepnaR nocnenosarenbHOCTb ~a3: 1-HcxonHaR poM6H4ecKaR ~aJa Pnam., 2- H8COH3M8PHM8R ~838 c 88KTOPOM MOztynRUHH l=(1-6)*i../3, 
3-coH3M8PHM8R cerHeTOJnEKTPH4ECK8R ~838 Pna2

1 
C YTPOEHHOA JneMEHTBPHOA R4EAKOA BltOflb OCH a H COOHTBHHOA nonRPH38UHEA BltOflb ocH e. TeMneparypbJ ~aJOBbiX nepexonos nnR KpHcranna K2ZnC1 4 T

1
= 550 K [lJ H Tc= 405 K[2,3J, noMHMo JrHx rmarenbHo HccnenosaH

Hbtx ~aJOBbiX nepexonos npH HJy4eHHH paManoscKoro pacceRHHR s 
KDHCTanne Rb 2ZnC1 4 [ 4) 6bln 06HBPYliiEH HOBbiA HH3KOTeMnepa rypHbiA 
~830Bb!A nepex Olt B cer HETOJflEKTDW-I'ECKY~- CEfHETOJfl8CTH4ECKYXJ 0)83)1, BcKope nono6HbiA nepexon 6bln o6napylkeH H e KpHcranne K2znc1 4. 
TeMneparypa Jroro !XiaJosoro nepexona 6bma onpenenena Ha ocnosaHHH 
HJY4EHHR rennosoro pacruHpeHHR[SJ. nsYJJyt!enpenoMneHHR [6), RKP(7J. 
TEH30pa CltBHra[B,9J H nbeJ03flEKTpH4ECKHX CBDACTB H paSHa 145 K. C ztpyroPI CTOPOHbl, HCCflEllOB8HHR C OOMOWb~ 
reMneparypy 175 K[l1,12J """ 155 
nepexona raKltle rpe6yer YT04HEHHR. 

paManoscKoro pacceRHHR nanH 
K[13J. Pan Jroro o:;aJosoro 

KpHCtanm1 1tECKHe crpyKTYPbl H npocrpaHCTBEHHbTe CHMM8TPHH 
scex BbJCOKOTeMneparypHbiX l,tiaJ x opomo HJBeCTHbl{ 14-17 J, nocrosepnaR 
Jtle HHO)OPMBUHR 0 CHMMeTpHH HHJKO:reMneparypHoA !XiBJbl ( npH T<T

0
, 

To~145 K) no cHx nap oTCYTCTByeT. l13 peJynbraros f!KP Hccnenosa
HHA(7J MOJIIHO TOflbKO npeztnonOlkHTb YltB08HHE JflEMEHTBPHOA R4EAKH, a ll8HHbTe 00 ynpyrHM[B] H ObE303fl8KTPH4ECKHM CBOACTB8M[l0] 00380flR~T 
npeztnonaraTb MOHDKflHHHY~ CHMMETPH~ JTOA !Xi83bl C T04E4HOA rpynnoA m (nnOCKOCTb CHMMETPHH nepneHllHKYflRPHB b OCHl. 

flaHHaR pa6ora 6bma npennpHHATa c uenb~ onpeneneHHR 
npocrpaHcreeHHo~ rpynnbl HHJKOTeMneparypHoA laJhl KpHcranna K2zncl 4 H HCCfl8ltOB8HHR cerHeToJneKTpHYeCKHX CBO~CTB C nOMOmbXJ HEATPOHHO~ 
.0:H$P3l<UHH. 
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3Kcnepi1MEHr 

Kp11cranmJ 

11CD8p8H118M npH 300 
K2 ZnC1 4 

K. llnH 
6hinH BhipBWEHhl 113 BOliHOfO 

QqJ1CTKH Or llOCropOHHHX 

pacrsopa 

npHMeceA 
KpHcran.nhl nOliBepra.nHCb rpexKparHOA 
np~MOYfODbHhl8 o6pa3Ubl pa3MBPOM 7x 7x 6 MMJ liD~ 
BhlP838Hhl 113 6E3liE00EKrHoro MOHOKp11cra.nna. 

nepeKp11cra.n.nH3BU1111. 

HCCD8l!OB8HI1A 6hml1 

I13MEPEH11H 6h!.TII1 

flH-2[18] HB 11MDYDbCHOM 

~113HKH 011~11. npHMEHEHHE 

llpOBEliEHhl H8 HBArpOHHOM lii1~P8KTOMErpe 

peaKtope 115P-2 naDoparopHH HeArpOHHOA 

HB flH-2 OliHOMEpHoro no3HUHOHHO-
liYBCTBHTEDbHOfO liEreKtopa 11 MErOlla BPEMEHH nponera noJson~er 

Ol!HOBPEMEHHO perHcrpHpOB8Tb liHIPBKUHOHHbE l!BHHhE B liBYMEPHOM 
ceKrope o6parHoro npocrpaHcrsa. H3MepeHHH nposelleHh! npH pa3nHl!Hh~ 
Cpe.QHHX yrnax paCCBHHHH ( 28 40"', 90"' 11 140"' ) , liTO n0380DHJJO 
0DH1MH3Hp088Tb YCDOBH~ no 11HrEHCHBHOCrH 11 pa3p8WEHI1JO l!Jl~ pB3HbiX 
HHtepsanos dhkl B npellenax pa6ol!ero HHrepsana liDHH sonH or 0,8 liD 
12 l.Pa3pEWEHHE llHIPBKTOMETpa DO llDHHE BODHhl llpH ~= 3 l COCrB8DRET 
OKano - 1%,a yr.nosoe paJperneHHe H3MEH~ercH 8 npenenax oi 0,5% no 
1% 8 38811CHMOCTH OT 28. 

HccnelloBaHHR nposon11n11cb B reMneparypHOM HHrepsa.ne or 80 K no 
300 K KBK npH Harpese, TBK 11 DpH OXDB*l!EH1111, HB CBB*HX KpHCT8DD8X 
11 Ha KpHcra.nnax nocne reMneparypHoro or*11ra np11 450 K s Te4eHHe 5 
l!BCOB. Cra6HDbHOCTb OOllllEP*BHHR TEMneparyphl B KPHOCTBTE COCT8BDHD8 
0, 05 K , cKopoctb 113MEHEHHH reMneparypb! He npeBblrnana 1 rpali/MHH. 

Op11 cerHeT03JTeKrpHl!ECKOM OOa30BOM nepexone c DOH11*EHHBM 
CHMMBTPI111 or POM6Hl!eCKOA mm2 liD m B CDYll88, ECDH 3TOT DEPBXOll 
Ol!HOBpEMEHHO ~BD~ErCR cerHET03DBCTHl!ECKHM, B03HHK88T l!OMEHHBR 
CTPYKTypa, CB~38HH8H C 113MeHeHHeM ~OpMhl 3JIEMeHrapHOA Hl!eAKH[l9]. 
Ha PHC. 1 noKa3aHo cxeMatHl!eCKH,KaK H3MEHHercR 3DEMeHrapHaR HliBAKa 
np11 nepexone no MexaHI13MY l!Hcroro cDBHra. Dp11 3TOM npoHCXDliHT 
pacmenneHHe Y3DOB o6parHDA pernerKH KPHCtanna 11,_ KBK CDSl!CTB11E, 
pacruenJIBHI18 liH~paKU110HHOfO lli1K6 HB KOMDOHEHThl, l!HCJIO KOTOpb!X 
onpenenHerc~ CHMMetpHeA KBK napa- raK 11 cerHero4ia3bl (20]. CMerueHHe 
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CxeMa B03HHKHOBEHHfl 
cerH8T03flaCTI148CKHX DOM8HOB B 
KPHCtanne K2 Zncl 4 llpH ~630BOM 
nepexone mm2~m no MexaHH3MY 
'-H1Ctoro cns11ra. 

KOMOOH8HT 00 OTHOWEHH~ K ll8PBOH848llbHOMY llOflO~EHHD HCXOllHOfO llHKB 
38BHCHT OT CT808HH CllOHTBHHOA ne~OPMBUHH peweTKH KpHctanna, a 
HHTEHCHBHOCTb KOMllOHBHT 38BHCHT OT CYMMapHoro Q6beMa, 38HRTOrO B 
Kp11cranne llOMeHaMH coorsercreyvmero nma. K co~~:aneHHKJ, cm1mKoM 

a 5 

PHc. 2. H3onHHHH 11HT8HCHBHOCTH nnR nHKa (12 0 0) KpHcranna K2 Zncl 4 
npH reMnepaTYpax I' a- H4 K, 5- 120 K. 
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Mana~ BB11~4HHa llB~OpMaU~H pemeTK~ KP~CTBJlJla K 2ZnCl 4 np~ 3TOM 

I»830BOM nepexone He n03BOJ1~11a pB.311H'lHTb OTllBJlbHhte KOMJlOHBHThl n~KOB 

Ha neyMepHhtx Zl~«ipaKu~oHHhtX cneKrpax. TeM He MeHee l»aJOBh~ nepexoll 

perHCTPHPYBTC~ no YBBJ1~4eH~D ~HTBHC~BHOCT~ n~KOB ~ ZIB~OPMBU~H ~X 

~opMht HH•e ro4KH ~a3oeoro nepexona. Ha DHC. 2 e KB.llecree npHMepa 

npe,llCTB.BlTBHbl llBYMepHhTe KB.PTHHhl pacnpeneneH~~ HHTBHCHBHOCTH 8 

oKpecruocrH YJna (12 0 OJ nnR neyx reMneparyp e6nH3~ 10 . 

HHTerpaJlbHhte HHTBHCHBHOCTH HBkOTOPhTX Jl~kOB B 38BHCHMOCTH OT 

TeMneparyp~ JlOK83B.Hhl Ha pHC. 3. BHllHO, liTO B TOlJke «iB30BOrO 

nepexo,ua HHTerpanbllast liHTeHCHBHOCTb nHKOB pe'3KO ysem-1"•-nmaeT-

KHX-cerneTo'3naCTH1.1eCKHX noMe HOB, 4TO npHBonHT K }'MetlbWef!HIO 

3KCTHHKUHH. 

-----~-~ 

20 

15 

10 

5, ___ L__L_ __ ~-~---~ 

50 100 150 200 250 TIKI 

PHc. 3. TeMneparypHaR 388HC~MOCTb HHTerpanbHbTX HHTBHCHBHOCTBA 
• • 

HeKOTOphtx nHKOB KpHCT8JlJ18 K
2
zncl

4 
llJlR CBlleHHH (~ , C). 
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TaKHM o6p830M, YB8J1HY8HH8 HHT8HCHBHOCTH HBJ1fl8TCH KOCBEHHblM .llOKB3BTeJ1bCTBOM B03HHKHOB8HHR .llBYX C8fH8T03J18KTPHY8CKHK OpHEHTBUHA CO CTEHKBMH, nep08H.llHKYJ1RPHblMH llJ10CKOCTH ( 010), T. e llOHH>KEHHA CHMM8TPHH OT pOM5HY8CKOA mm2 DO MOHOKJ1HHHOA m. C YM8Hblli8HH8M teMneparypbi pa3M8pbi 3J18M8HTBPHOA HYEAKH BDOilb KpHCTBJ1J10rpa!Z;\HY8CKHX oceA a 11 c JH1H8AHO YMEHblliBklTCA ( pHc. 4), HO npH reMneparype ~a3osoro nepexona 
noseneHHH. Ko3~~HUHeHni rennosoro ""3,0·10-5 K-1 

11 o: = 4,4·10- 5 K- 1 
c 

COfJ18CHH C .llBHHh/MH pa60thl [15]. 

26.75 r--~--~~~~--~~~--, 

d 1 AI 

T 
0 OT'-l8TJ1HBO B11.l1Hhl BHOMBJ1HI1 B HX 

paClliHP8HHR np11 200 K PBBHhl o:a= 
H HBXO.llRTCR 8 0Y8Hb XOPOlliEM 

26.60 
7.25 

26.45 lOOt I 120 

26.30 .':-~=~-::-:----::-':-::--------:=~~ 715 50 tOO 150 200 250 
Tl K I 

P11c. 4. H3MeHeHHe napaMer-
pas a 11 c 3J18M8HtapHoA 
RYEAKH Kpi1CTBJ1J1B K

2
ZnCl

4 
8 

3BBI1CI1MOCTI1 OT TEMOEPBTYPhi. 

Ha OCHOB8 BHBnl-136 llpOCtpaHCTBEHHOYI rpynOhl P6
3jmcm, RBJlRkHUEACR npa~a3oA ceMeAcrsa KpHcrannoa A

2
BX

4
,s pa6ore[21] cnenaH BhffiD.ll ,'-fro_ C8fH8T03J1BCTH'-l8CKBR ~636 3THX Kpi1CTBJ1J10B MO>Ket 6biTb OflHCBHB O.llHOA 113 cne.QYKIIUHX llpOCTpBHCTBEHHhJX rpynn: Pbll, Alal 111111 Pl. B Hefi:TpOHHhiX Hccne,n;oaaHHHX KpHCTBJ1J16 Rb

2
2ncl

4
[22] 6bin0 YCTBHOBJ18HO, l.fTO CI1MM8Tpi1R HI13KOT8Mll8PBTYPHOA ~B3bl- Alal, 

Hccn,enyeMbiA HaMH KPHcrann x
2 zncl

4 
H3DMOPI}leH KpHcranny Rb

2
zncl

4
, 11 H), CHMMetpHH B HOPMBJ1bHOA, H8COH3M8PHMOA 11 cerHeTo3neKTpHqecKHX ij)asax Oli11HBKOBbl[l4-17). MeHbiUHA HOHHhiA pB.llHYC lQ8J10'iHOf0 HOHB 0PI1BO.lli1T TOJ1bKO K OOBhllliEHHK> T8Mll8PBTYPhl BCEX ~a3DBba nepexonos. Mo•Ho, TaKHM o6pa3oM, o•Hnarb, l.fTO y KpHcranna 
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X2 ZnC1 4 B cerHBT03flBCTH48CKO~ ~838 DOfl*Hhl nORBHTbCR, TaK me KaK y 
Rb2 znc1 4, nononHHtenbHble pe~neKcbt, JanpemeHHhlB B npocrpaHctBeHHOA 
rpynne Pna2

1, B HanpasneHHRX: {OOl) c 1=2n+1, (OkO) c k=2n+1 11 
(hOI) c h=2n+1 . 
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P11c. 5. JlH?PaP:UHOHHbre cneKtpbT or KpHcranna K
2 zncl

4 
npH 

HBP:OTOPbiX HanpBf neHHRX: a- [101], 29= 40°, 6- [001], 

100 
29= 

K 8 

40", 
B- {100], 2e= 4•l", r- [100], 29= 140". 

0DHBKO nOI~HMO HBYBTHbiX pe~neKCOB (O 0 1) H 
HBOIKHDBHHO 06HB ))'JkHflH H848THhle pe~nBKCbl ( h 0 0 ) • 

(h 0 1) Mbl 

HHteHCHBHocth 
JTHX nHkOB YBBflHYHBBBTCR C YM8HbmeHH8M teMnepatyphl. 3KcnepHMBHThl 
OOBTOPRflHCb Ha PB3flHYHbJX o6pB3UBX C OliHHBKOBhlM p83YflbTBTOM. JlflR 
Hflfll!CtpBUHH ~a pHc. 5 npenctaBflBHhl llH~PBP:UHOHHhle cnettpbl, 
H3MepeHHhre npH 100 K nn11 HanpaeneHHA [1 o 1], [O o 1] H {1 o OJ npH 
yrnax pacceRHH:I 29= 40" ~1 140". PHc. 6 HnnK:lctpHpyet nonoJJ:eHHR pe«!-
netcoe, H3Mepe:tHbiX e ce·~eHHRX oiSpatHOA pemen::H ( a"'c"') H (b"'c"'>. 

B HanpaeneHHH (bOO) nHKH MBKCHMBflbHOA HHTBHCHBHOCHl 
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1.JTO OCHOBHaR KpHcrannHY8CK6R CTPYKTYPB, KOTOp8R HM88T M8CTO 8 Bb~OKQ-TeMneparypHOA ~838 c CHMMeTpHBA Pnam,orHOCHT8J!bHO cna6o HCKB*BHB nocnel!OB8T8J!bHOCTbKl ~830Bh!X nepeXOZIOB H 3!!8M8HT8pHaR AYBAKB 8 cerHeTo3neKTpHYeCKOA ~a3e s rpH pa3a ysenHYBHa no napaMerpy a no 

a 

0.1 1"1 

ooo 800 1200 1600 2600 
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oos 

0 11"1 

020 0~0 0&0 080 0100 0120 b" 

PHC. 6. 
o6paTHOM 

Kpy:«KBMH 

0ono:«8HHR DH~pBKUHOHHhn nHK08 KPHCTanna K2ZnCl 4 B 
* * * * npocrpaHCT88 8 ceKropax :a- (a ,c ) , 6·- (b , c ) . 

0603HBY8Hhl 3BnpeiU8HHhi8 m1KH l(flR CHMMeTpHH Pna2
1

, KOTOPhiB H8 CYIU8CTBYK'lT 8 BhiCOKOTeMneparypHOA «iB38. 

OTHOIU8HHIJ K HCXOl!HOA il\838. H8Y8THhl8 pe~J18KChl, KOTOpble HBf:lJIIll!Bfli.1Ch B HanpaBn8HHH (h 0 0) 8 HH3KOT8MneparypHOA i%1838, 03H8lJBKlT, YTO Alal H8 M0:«8T 6b!Tb npoCTPBHCTB8HHOA rpynnoA 3TOA «iB3bl, a 
0'-18p8l!h1 03H8'-188T, YTO B 3TOA il\838 KpHCT8JlJ1 
H30CTPYKTYP8H Rb2 zncl 4 . 
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flm::a H8illl-1 ZIBHHbl8, T<lK lf(e K3K 1-1 p83YflbTBTbT 3KC08PHM8HTOB 00 
paMBHOBCKOMY p8CC8RHH~ H H3MepeHH~ ynpYfHX KOHCTB.HT, H8 003BOflR~T 

OliH03H8qHQ OOp8li811HTb npoctp8HCTB8HHY~ rpynny C8fH8TOJfl8KTpHqecKOA 
~a3hl. DnR nonyqeHHR OliH03HaqHoro peJynbtara Heo6xonHMo nonyqHrb 
ZIH«iPB.KUHOHHble cneKtphl 8 HanpasneHHRX ( h k O) H ( h k 1). 
KpoMe roro, 6blno 61>1 HHrepecHo onpenemHh pacmenneHHe ZIH«iPBKUHOHHbiX 
C08KTP08 8 KOOPliHHBTBX ('-, 29), 00fl811RklW88CR H3-38 HBJlHqHR B 
cerH8T03118KTpH~8CKOA ~838 ZIOM8H08, HB ZIH~PBKTOM8tpe C 601188 
sMCOKoA pa3pema~meA cnoco6nocrb~. 
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