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- 1 • BBEAEHHE 

Coe.qHHeHHe RbNiF 3 - npo3pa4Hbli1 ¢eppHMarHeTHK I T c = 
133 K/ c reKcaroHanbHoi1 cTpyKTypoi1, npocTpaHCT8eHHaR rpynna 

D~h ( Pb 
3

) mmc), 6naro.qapR C80HM He06bi4HbiM C80i1CT8aM 3TOT Mar-

HHTHbiH H30nRTOP R8nReTCR o6beKTOM MHOr04HCneHHbiX 3KCnep!-1MeH

TanbHbiX HCcne.qo8aHHi111-7 ( B pa6oTe 11 1 noKa3aHo, 4To o4eHb xo

powee o6bRCHeHHe MarHHTHbiX H OnTH4eCKHX C80HCT8 MO)I(HO nony41-1Tb, 

1-!CXO.QR 1-13 rei13eH6epr08CKOrO CnHH080ro raMHnbTOHHaHa C .qByMR 

o6MeHHbiMH KOHCTaHTaMH, .qnR KOTOPbiX H3 3KCnepi-1MeHT08 no Heynpy

roMy pacceRHHIO Hei1TPOH08 6blnl>l nony4eHbl 3Ha4eHHR J AB=(93.2±2) K, 
J 

88 
=..:(21.1 ±2) K. B pa6oTe121 Ha ocHo8e aHanH3a 3Kcnepi-1MeHTanb-

HbiX .qaHHbiX no .q8yMarHOHHOMY PHMaH08Y pacceRHI-110 nony4eHbl .qpy-

rHe 3Ha4eHHR .qnR OCH08HbiX 06MeHHbiX KOHCTaHT: JAB= (69.1 ± 5) K, 
J
88 

=-(162.7 ±5) K, HaP RAY C KOTOPbiMH y4TeHbl TaKme 83aHMO.QeHCT8HR 

8HYTPH CnOR H 4epe3 cnoi1, .QnR KOTOPbiX npHHRTbl O.QHHaK08ble KOH

CTaHTbl J =5 K, C noMOI!IbiO 3TOrO Ha6opa KOHCTaHT 6blnO .QOCTHrHyTO 

o4eHb xopowee cornac1-1e 1>1 c peaynbTaTaMH 3Kcnepi-1MeHT08 no 

SIMP 131 • Ecn~>~, o.qHaKo, 3TI>I )l(e o6MeHHble KOHCTaHTbl ~>~cnonb308aTb 
npl>l aHanl>l3e .qaHHbiX 0 pacceRHHH HeHTPOH08 Ha CnHH08biX 80nHaX, 

TO, KaK yT8epm.qaiOT a8TOpbl pa60Tbl I 11, nony4aeTCR nonHOCTbiO <!>anb

WH8biH cn~>~H-80nH080H cneKTP. Oo 3TOH npi>I41>1He 8/1/ 8biCKa3bl8aeT

CR MHeH~>~e, 4TO pe3ynbTaTbl SIMP He MoryT 6b1Tb o.qHoaHa4HO I>IHTep

npeT~>~P08aHbl .qnR o~eHKH o6MeHHbiX KOHCTaHT, TeM 6onee, 4TO XOpO

wee cornac1-1e c 3TI>IMI>I pe3ynbTaTaMH nony4eHo TaK)I(e 8
141 

c no

MOI!IbiO TpeTbero Ha6opa aHa4eH~>~i1: JAB= 78 K, J 88= 0 ±10 K. 
Pe3ynbTaTbl npo8e.qeHHbiX Ha RbNi F 3 3KcnepHMeHTOB aHanH31>1P0-

8aHbl TeopeT~>~4eCKH c noMOI!IbiO MeTo.qa MoneKynRpHoro nonR 
13

·4
1 

np1-16n1-1)1(eHHR nocTORHHOH C8R3~>~ 141 , MeTo.qo8 Ory4~>~ 151 
1-1 6eTe

nai1epnca - Bei1cca 121• nony4eHHble o~eHKI>I AflR o6MeHHbiX KOHCTaHT 

Cl>lnbHO OTnH4aiOTCR .qpyr OT .qpyra. 
B HaCTORI!Iei1 pa6oTe Mbl 8ocnonb3yeMCR MeTo.qoM 8biCOKoTeMnepa

TYPHbiX pa3nO)I(eHI>IH TepMO.QI>IHaMI>I4eCKI>IX <I>YHK~I>IH 8 CTeneHHOH PR.Q, 

KOTOpbli1 noa8onReT nony4~>~Tb aHa4HTenbHO 6onee T04Hble pe3ynbTaTbl 

AflR KpHTH4eCKI>IX napaMeTp08 .qaHHOH CnHH080H CI>ICTeMbl. ,HMeR Ha

.qe)I(HYIO TeopeTI>I4eCKYIO o~eHKY AflR KPHTH4eCKOH TeMnepaTypbl, Mbl 

CMO)I(eM onpe.qeni>ITb, KaKOH 1>13 npi>IBe.qeHHbiX 8b1We Ha6op08 o6MeHHbiX 

KOHCTaHT cornacyeTCR C 3KCnepi>IMeHTanbHbiM 3Ha4eHHeM TeMnepaTypbl 

nepexo.qa Tc=133K. B8~>~AY cne~~>~<I>~>~KH paccMaTp~>~8aeMoi1 cn~>~H080H pe

weTKH TaKOe HCCne.qoBaHHe npe.qcTa8nReT TaKme caMOCTORTenbHbiH 

~>~HTepec. .,.. ·--1 ~~~penmd ~ 
'J ~l4C~.msi IStt"Jm~ 
i lit~lt~J140TEKA 
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BonpocaM "113Blle4eHI1R ¢113114eCKOH 11H¢opMal.\1111 113 BbiCOKOTeMnepa
TYPHbiX PRAOB nocBRlJieH PRA 11CClleAOBaHI1H I eM., Hanpi1Mep, /9,10/ I. 
HeAaBHO asTopaM11 npeAJ1omeH HOBbiH MeTOA aHal1113a BbiCoKoTeMnepa-
TYPHbiX PRAOB - MeTOA OnTI1MallbHOro npeo5pa30BaHI1R/t 1.', 

Pe3yllbTaTbl, nony4eHHble np11 aHal1113e KaK TeCTOBbiX ¢YHKJ.\11H, TaK 
11 113BeCTHbiX PRAOB AJ1R BOCnpi111M411BOCTI1 B MOAe1111 reH3eH5epra 
CO Cni1HOM 8=1/2 Ha Tpex Ky6114eCKI1X peWeTKax /n.K., o.~.K., 
r.J.\.K./, noKa3b1Ba~T, 4To c noMOlJib~ 3Toro MeTOAa YAaeTcR cy
lJieCTBeHHO yMeHbWI1Tb Bl111RHI1e CMylJia~lJII1X 11He¢113114eCK11X11 OC05eHHO
CTeH. nony4eHHble OJ.\eHKI1 AJ1R KPI1TI14eCKI1X napaMeTpOB rosopRT 
0 TOM, 4TO B Clly4ae Ky6114eCKI1X.peweTOK MeTOA onTI1ManbHOrO npe

o6pa30BaH11R AaeT HaAemHble o4eHKI1 AJ1R KPI1TI14eCKI1X napaMeTpoa' 
Aame np11 aHal1113e AOBOllbHO'KopoTKI1X PRAOB /113 weCTI1 411eHoa/. 
Pe3yllbTaTbr conocTaBI1Mbl c 11Y4WI1MI1 113 113BeCTHbrx a m1TepaType 

04eHKaMI1, nony4eHHbiMI1 Ha OCHOBe af.ra11113a 3Ha411TellbHO 6011ee A1111H
HbiX PRAOB' /113 AeBRTI1 111111 AeCRTI1 411eHos/. 

2. MO.llEJlb CnHHOBO~ CHCTEHbl 

KamAbiH Ma rHI1ToaKT11 BHbiH 110H NI2 -t: a coeA11 HeHI111 RbNiF 3 OKTa-

3AP114HO OKpymeH F -110HaMI1, npl14eM 2/3 113 3TI1X OKTa3APOB 
/.KamAbiH, COAepmalJII1H Ni 2+ -:-110H a B -y3ne/ pa3Ae11R~T o6111y~ 
rpaHb, a 1/3 OKTa3APOB /KamAbiH, COAepma11111~ Ni2+-110H B A-
y3ne/ 11Me~T o6111y~ aepw11Hy /eM. p11c. 1a/. CylJieCTBeHHoe 3Ha4eHI1e 
AJ1R MarHI1THOH CTPYKTYPbl /pi1C. 16/ 11 MarHI1THbiX CBOHCTB COeA11He-
H11R 11Me~T. Ni 2+_ F- -Ni 2+ csepxo6MeHHoe B3ai1MOAeHCTBI1e MemAY 

61111maHWI1MI1 COCeAH11MI1 B, B 11 B ~B5'311aMI1 /a COCeAH11X CllORX/ 

11 Ni 2+_ F- -Ni 2+ caepxo6MeHHoe B3ai1MOAei1cTal1e MemAY 6n11mai1w11M11 
COCeAH11MI1 A, B 11 A, B' Y311aMI1 I l,2/, 

PaccToRHI1e MemAY coceAH11MI1 A 11 B nnocKoCTRMI1 paaHo paccToR
H11~ MemAY COCeAH11MI1 A 11 B' nJ10CKOCTRMI1, paCCTORHI1R MemAY COCeA

HI1MI1 B. B 11 coceAH11MI1 B', B' nnocKOCTRMI1 TaKme paBHbl. B y3nax 
peweTKI1 JlOKal111311POBaHbl Cni1Hbl C OAH11M 11 TeM me Cni1HOBbiM 411 CllOM 
S=l 

H3BeCTHble TeopeTI14eCKI1e 11 3f<cnepi1MeHTallbHble pe3yllbTaTbl Aa~T 
· OCHOBaHI1e npi1HRTb, _4TO 8 XOPOWeM np1161111meH1111 Cni1HOBy~ CI1CTE!My 
MOmHo on11caTb c noMOlJib~ 1130TponHoro rei13eH5eproacKoro raMI1nb
TOHI1aHa C ABYMR o5MeHHbiMI1 KOHCTaHTaMI1: 

. -+-+ -+:-+ - z z 
H=-:-JAB~s sb -JBB~sbsli,-!Lh( ~sb + ~ s ). 

ab a bb' b a a 
/1/ 

-> 
3AeCb sc onepaTop cn11Ha a yane c , ~ - cyMMa no 6n11mai1-

WI1M coceAH11M A , B 11 A,B' cn11HaM, ~ 
ab 

- cyMMa no 6n11mai1w~M 

COCeAHI1M B,B 11 B~B' 
- bb' 

cni1HaM, !L= giL I g- rl1pOMarHI1THOe 

2 

\ 

! 

1 

I 
f 

[ 

1 
. t 
r 
l 

a) 

c 
CrpyKTypa RbNiF3 

• Ni2+ 

o F

A 

a' 4 

I 
83 

A 

82 

s, 

A 

• 
• Rb+ 1-- 0~ 

P11c. 1. CTpyKTypa coeA11HeHI1R: a/ Kpl1cTannoxi1M114ecKaR; 

~11CTallllOMarHI1THaR. 

6) 

1 ... 
<3-

l 
OTHOWeHI1e, /L - MarHeTOH oopa/, h- BHeWHee MarHI1THOe nOlle 

BAOllb OCI1 Z. 
B cornac1111 c pa6oToi1 111 Mbl y411TbiBaeM TOllbKO MemnnocKoCTHble 

B3ai1MOAeHCTBI1R MemAY 61111mai1w11M11 A 11 B cn11HaM11 11 61111maHWI1MI1 B 

11 B I B' 11 B' I cn11HaM11 c cooTBeTCTBY~lJII1MI1 KOHCTaHTaMI1 

J (=JAB') 11 J 8 B(=JB'B'). Ha p11c.2 3TI1 B3ai1MOAei1cTBI1R npeA-
c~He1leHbl HaK1lOHHbiMI1 IA11R JAB TH8epTI1Ka1lbHbiMI1 IA11R JBB I 
1111HI1RMI1. 3Ty MOAe1lb 6yAeM 11CC1leAOBaTb np11 npOI13B01lbHbiX 3Ha4e
HI1RX Cni1HOBOrO 411C1la S 11 AJlR pa311114HbiX OTHOWeHI1H KOHCTaHT 06-

MeHHbiX B3ai1MOAeHCTBI1i1 JAB 11 J BB , B 3aBI1CI1MOCTI1 OT 3HaKOB 
o6MeHHbiX KOHCTaHT B03MOmHbl C1leAy~l1e Tl1nbl MarH11THoro ynopRA0-

4eHI1R: ¢eppoMarHI1THOe (JAB> 0, J BB> 0), ¢eppi1MarHI1THOe 
(JAB<O,JBB>O) 11 aHTI1¢eppoMarHI1THOe (JAB >O,JBgO) 111111(JAB<O, 
JBB<O). Mbl 6yAeM paccMaTpi1BaTb ¢eppi1MarH11THbiH Tl1n, JAB<O 

J BB> 0, KoTopbri1 peam13yeTcR a coeAI1HeHI111 RbNi F 
3 

• B 3TOM C1ly-

4ae pewen<a cn11HoB pa3611eaeTCR Ha ABe noApeweTKI-1: noApeweTKY 
cni1HOB a y311ax a. npi1HaA1le>KalJII1X A -n1loCKOCTRM, 11 cni1HOB a y3-
11ax b, npi1HaA1lemalJII1X 8 -n1lOCKOCTRM, KOTOpble Hl1me KPI1TI14eCKOH 

3 



s' 

JAB 

A 

JAB 

B 

Jes 

B 

JAB 

A 

JAB 

B' 

T04KH B~CTpaHBa~TCR B npOTHBOno
IlO>KHbiX HanpaBileHHRX/ KOilllHHea pHbl~ 
cny4aH/. TaKoe ynopRA04eHHe RBilR

eTCR ~eppHMarHHTH~M, TaK KaK 4HC110 
y3110B b B ABa paaa 60llbWe 4HC1la 
Y3110B ·a. 

AllR onpeAelleHHR KPHTH4eCKO~ 
TeMnepaTypbl H KpHTH4ecKoro noKa
aaTellR B c11y4ae ~eppHMarHHTHoro 
THna ~enecoo6paaHee HcnonbaosaTb 
B~COKOTeMnepaTypHOe pa31lO>KeHHe 
AilR waxMaTHOH (staggered) · socnpH-: 
HM4HBOCTH B HylleBOM MarHHTHOM nolle. 
nepBble 6 K03~~H~HeHTOB B 3TOM 
pa31lO>KeHHH nOily4eH~ H Ta6y11HpOBaH~ 

KaK ~YHK~HH OTHOWeHHR R=J sri JAB 
H cnHHosoro napaMeTpa X= S(S+ 1) 
B pa6oTe 1 B1• 

3. METOA OnTHMAnbHOrO 
nPE06PA30BAHHR nEPEMEHHOrO 

npH HylleBOM MarHHTHOM none wax
MaTHa.A BOCnpHHM4HBOCTb paanaraeTCR 
B CTeneHHOH PRA! 

PHc.2. CxeMa paccMaT
pHBaeM~x B3aHMOAeHCTBH~. 

X stag(x) =~(l+l an(R,X)xn), /2/ 
3 n=1 

rAe x=IJ ABI/kT. 

~yHK~HR X stag(X) npOAOil>KaeTCR aHallHTH4eCKH B KOMnlleKCHy~ 
Z -nllOCKOCTb, H 611H>KaHWa.A K Ha4ally KOOPAHHaT oco6eHHOCTb 
X stag (z) onpeAell.AeT paAHYC CXOAHMOCTH CTeneHHOro P.AA3 /2/. 
MeTOA~ aHallH3a Cy~eCTBeHHO 3aBHC.AT OT TOrO, COOTBeTCTByeT IlH 
3Ta oco6eHHOCTb KPHTH4eCKOH T04Ke HllH HeT. KorAa 6nH>KaHweH . 
K Ha4ally KOOPAHHaT RBil.AeTC.A ~H3H4eCKa.A oco6eHHOCTb, C ycnexoM 
MO>KHO npHMeH.AT b pa3Hble BapHaHTbl MeTOAa OTHOWeHHH 19

• 101 • 

B npocTe~weM BapHaHTe 3aBHCHMOCTb OTHOWeHHH 

11 n 1 y-1 ( 1 -1 p ;;--= -(1+--)+0 -)--+XC 
n an -1 X c n n2 n-+oo /3/ 

OT 1/n 3KCTpan011HpyeTCR Ha npeAellbHbiH Clly4aH n -+"" C nOMOlJib~ 
IlHHeHH~X 3KCTpanOilRHTOB! 

4 

l 
I 
t 
( 
r 

P(t) =np -(n-l)pn-1' 
n n n =2, •.. ,N. /4/ 

Ha acHMnTOTH4ecKoro noBeAeHHR Pn MO>KHO nony4HTb o~eHKH AllR 

KpHTH4eCKOH T04KH Xc H KPHTH4eCKoro noKa3aTell.A Y· 8 Clly4ae 
OC~HllllHPY~~HX PRAOB YllY4WeHHe O~eHOK AOCTHraeTCR npH paCCMOT
peHHH Be11H4HH 

-p 
n 

a Yz 
,(_n_) 

an-1 
=v'pnpn-1 n =2, ... N. /51 

B P.AAe cny4aes Heo6xoAHMO npoBeAeHHe 6onee AeTallbHoro aHanH
aa K03~~H~HeHTOB PRAa npH noMo~H 3KCTpanonRHTOB HeBHilllR! 

p(r) = L[ np<r·1) _ (n -r) p (r-1)]. 
n r n n-1 1 ~ r-s_n -1. /6/ 

npH Ha11H4HH CMy~a~~HX oco6eHHOCTeH BHYTPH ¢H3H4eCKOro AHCKa 
I z I::; x c Heo6xOAHMO npHMeHRTb MeTOA naAe-annpoKCHMa~Hi:i 19 • 101 . 
4acTo YAaeTCR aHa4HTellbHO yny4WHTb noBeAeHHe K03~~H~HeHTOB 
PRAa, a OTC~Aa H HaAe>KHOCTb O~eHOK, nyTeM YAalleHHR CHilbHO CMy
llla~~HX oco6eHHOCTeH H3 ~H3H4eCKOro AHCKa C nOMO~b~ npeABapH
TellbHoro npeo6paaosaHHR KoMnne~cHoro nepeMeHHoro1121• 

B Clly4ae HallH 4HR TOil bKO OAHOH napbl KOMnlleKCHO conpR>KeHHbiX 
CMylJia~~HX oco6~x T04eK onTHMallbH~H BHA npeo6pa30BaHHR AaeTCR 
Bblpa>KeHHeM 

u = ABz 

v' (z-Be i<f> )( z-Be-i<f>) 
171 

C noMO~b~ nOAXOA.A~ero s~6opa napaMeTpos npeo6paaosaHH.A B 
H 1> MO>KHO A06HTbCR YAalleHHR s 6ecKoHe4HOCTb 11~6oH aaAaHHOH 
napbl T04eKV z1 ,zi. HeKoTopyiO T04KY X0c > 0 YA06Ho ocTaBHTb 
HenOABH>KHOH, nOilO>KHB 

X0 X0 2 A = v' 1 - 2 ..::c... cos 4> + (..::c...) 
B B 

/8/ 

npeo6pa30BaHHa.A ~YHK~HR 

g(u)"'Xsta"(z(u))= ~ bn(B,<f>)un, 
n=O 191 
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rAe 

z(u) Bu 
1101 

y'A2 B 2-u2sin 2¢ + ucos ¢ 

np11 noAXOARlJieM BbJ6ope napaMeTpoe B 11 ¢ 6yAeT 11MeTb Ha116o11ee 

peryJlRpHOe noBeAeHI1e K03$¢11~11eHTOB CTeneHHOrO PRAa. nocJleAHee, 

OAHaKO, 6yAeT B03MylJieHO BHeCeHHWMI1 o6paTHWM npeo6pa30BaHI1eM 

I 101 oco6eHHOCTRMI1 Ha BelJieCTBeHHoi1 oc11, 113 KOTOPbiX 61111>Ke ece

ro K Ha4aJly KOOPA11HaT HaXOA11TCR oco6eHHOCTb B T04Ke U =AB 
np11 TTI2<¢S..rr 111111 e T04Ke U=-AB npH O~¢<rr/2. 3aMeTI1M, 4TO 

AB>u
0 

>0, rAe u 0 - o6pa3 Kpi1TI14ecKoi1 T04KI1 x c. A.nR 4aCTI14Hoi1 

KOMneHCa~I1H BJ111RHI1R 3TOH oco6eHHOCTH 8 pa6oTe/ll/6WJla npeAJlO

>KeHa nOAXOARlllaR npo~eAypa Koppl1rl1pOBaHI1R pa3JlO>KeH11n AJlR g(~. 
BbJ6op napaMeTpoe npeo6pa3oBaHI1R ocHOBbJBaeTCR Ha npeAJlO>KeH

HOM KPI1Tepi1H onT11MI13a~HI1 - MI1HI1MYM no B H cp $OpMbl 

N 1 y-1 2 
Q( B, ¢) = l: w [ p - -(1+ --) ] 

n=1 .n n uc n N 111/ 

N 
3AeCb T04KaM p0 np11n11caHbl 3Ha4eHI1R eeca w = n 2;}; m2 • B I 11 I 

n m=1 
BMeCTO OTHOWeHI1H Pn C ycneXOM MO>KHO np11MeHRTb 11 BeJlH411Hbl P n • 

K onTI1MaJlbHO npeo6pa3oBaHHOMY cTeneHHOMY PRAY AJlR eocnpi111M411-

eocTI1 npi1MeHI1MW BCe CTaHAaPTH~e MeTOAW aHaJ1113a. 

4. OoCYmAEHHE PE3Y~bTATOB 

npeABapi1TeJlbHy~ o~eHKY Kpi1TI14eCKOH T04KI1 11 pacnpeAeJleHI1R 

OCTaJlbHWX·OCo6eHHOCTeH,KOTOpble 803MYllla~T noBeAeHI1e K03¢¢11~11eH
TOB BbiCOKOTeMnepaTypHoro PRAa,MOlKHO nOJlY411Tb 113 naAe-annpOKC11-

MaHTOB K JlOrapi1¢M114eCKOH npOI13BOAHOH 11CXOAHOro PRAa. 

naAe-aHaJ1113 HCXOAHWX PRAOB AJlR waxMaTHOH eocnpi111M4~BOCTI1 
11CCJleAyeMOH HaMI1 MOAeJlH, noJly4eHHbiX AJlR OTHOWeHI1H 06MeHHWX 

KOHCTaHT e 11HTepeaJle 3Ha4eHI1H -3.0 ~ R ~ -0.2 11 AllR cn11Ha S = 1 
noKa3bJBa~T, 4TO OCHOBHble B03MylJia~lJII1e oco6eHHOCTI1 Jle>KaT BHYTPI1 ' 

$113114ecKoro A11CKa I z I~ x c • l'lo3ToMy Ko3¢¢11~11eHTbl PRAa 11Me~T 
AOBOJlbHO HeperyJlRpHoe noeeAeHI1e 11 3Ha411TeJlbHWe oc~I1JlJlR~I111. Oc

~11JlJlR~I1H yMeHbWa~TCR TOJlbKO B y3KOM HHTepeaJle 3Ha4eHI1H -O.B<:.R<:.-1. 
npeo6pa30BaHI1R PRAOB npOBOAI1Jli1Cb AJlR ABYX eap11aHTOB Kpi1Te

PI1R onTI1MaJlbHOCTI1: 8 nepBOM 113 HI1X 8 KBaApaTI14HOH ¢opMe /111 
11CnOJlb30BaJ111Cb OTHOWeHI1R K03¢¢11~11eHTOB p , onpeAeJlReMble no 

¢opMyJle 131, a 80 BTOPOM - BeJlH411Hbl p , 0
onpeAeJ1ReMble no /5/, 

M11HI1MYM ¢opMbl /111 HaXOAI1JlCR 8 11HTepeNJle yrnoe 90°~ ¢ ~ 180° .. 
noJly4eHHble o~eHKI1 AJlR KPI1TI14eCKI1X napaMeTpOB npl1 3Ha4eHI1RX R, 
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l ,, 
'I 

(} 
·Lf· 

!-
' 

R 

-o.2 

-o.226 

-o.4 

-0.6 

-o.8 

-1.0 

-1.2 

-1.4 

-1.6 

-1.8 

-2.0 

-2.2 

-2.354 

-2.6 

-2.8 

-3.0 

Pe3yJlbTaTbl, noJly4eHHble MeTOAOM onTI1MaJl bHoro 

npeo6pa3oBaHI1R 

K p B 1' e p B I p K p B 1' e p 

01!1'IDia.1UoBII8 MeTOA na,~;e .. 0111'BIIa.II>B118 

napaueTpu OTBO- aaa- napaMHpu 

x" 8 'f BeHBII .11H3 X" B 'f c c 

0.74 0.826 180° 0.7069 0.7098 0.74 0.452 180° 

180° 
(1.934) 

180° 0.70 0.813 0.6958 0.6995 0.70 0.446 

0.68 0.746 180° 
(1.903) 
0.6371 0.6358 0.61) 0.420 160° 

(1.7585) 
0.60 0.649 151° 0.58766 0.5904 0.60 0.415 148° 

140° 
(1.6223) 

130° 0.58 0.610 0.5531 0.5571 0.58 0.454 

(1.5326) 
0.56 0.613 123° 0.52439) 0.52573 0.50 0.606 100° 

(1.4466) 
0.54 0.617 125° 0.5072 0.5073 0.60 0.662 920 

(1.4217) 
0.52 0.502 167° 0.5014 0.4998 0.50 0.294 180° 

(1.4647) 
0.50 0.448 100° 0.4893 0.4925 0.50 0.269 180° 

(1.4422) 
0.50 0.400 180° 0.4783 0.48422 0.50 0.247 180° 

(1.4168) 
0.48 0.371 162° 0.4673 0.4666 0.48 0.227 180° 

0.46 0.658 117° 
(1.37912) 
0.4502 0.4481 0.46 0.709 106°" 
(1.2:J78 ) 

0.45 0.535 124° 0.4442 0.4421 0.45 0.57tl 114° 

(1.272) 
0.44 0.435 128° 0.4333 0.43121 0.44 0.463 120° 

0.44 0.395 128° 
(1.22~) 

0.4244 0.42268 0.44 0.411 122° 

128° 
(1.18624) 

0.44 0.361 0.4164 0.41456 0.44 0.374 123° 
(1.153) 

rv 
B I f 
Jo!eTOA Oa,J;e-

OTBO- aaa-

meuJdl .11B3 

0.70992 0.71911 
(1.9641) 
0.69985 0.7049 
(1.9401) 
0.64071 0.63918 
(1.788) 
0.59250 0.5904 
(1.6631) 
0.55475 0.5571 
(1.553 ) 
0.52672 0.52i. 
(1.4791) 

0.5081 0.50~ 
(1.4f>t ) 

0.50968 (.4961 
(1.5273) 
0.49657 0.4893 
(1.4962) 
0.48608 0.47212 
(1.4703) 
0.4771 0.4659 
(1.4504) 
0.45655 0.4502 
(1.3841) 
0.44893 0.4386 

(1.3401) 
0.43674 0.4283 
(1.2741) 
0.42701 0.4202 
(1.2221) 
0.41751 0.41172 
(1.1721) 
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npHBe,qeHHbiX B nepeo~ KOJlOHKe, noKa3aHbl B Ta6J1Hl.le. B nepBbiX 
Tpex KOllOHKax ,qaHHbiX ,qnR KalK,qoro H3 KPHTepHeB npe,qcTaeneHbl 
HCnOJlb.30BaHHble 3Ha4eHHfl ,qllfl xg if1 OnTHMaJlbHble napaMeTpbl 
npeo6pasoeaHHR B H ¢, KOTOPble nony4aiOTCR npH npHMeHI:ieMo~ npo
Lie,qype caMocornacoeaHHoro KoppHrHpoeaHHR npeo6pasoeaHHoro pR,qa. 

B nRTO~ H ,qeCRTOH KOJlOHKaX npHee,qeHbl Ol.leHKH ,qllfl KpHTH4eCKO~ 
T04KH X c H KpHTH4eCKoro noKa3aTeJlfl y Ia CK06Kaxl, KOTOpble 
nony4aiOTCfl npH npHMeHeHHH COOTBeTCTBy~ero KPHTepHR OnTHMaJlb
HOCTH, H yKa3aHbl xapaKTepHCTHKH HX pas6poca. npHBe,qeHHble 3Ha-
4eHHfl Bbi4HCJleHbl Ha OCHOBe 3KCTpanOJlfiHTOB HeBHJlJlfl p(l) ,p (1) , 

P ~2) H P~2) I eM. 161 I. Ol.leHKH, nony4eHHble nyTeM \cpe,q~eHHR 
na,qe-annpOKCHMaHTOB 12,21, 13,21, 12,31 H 11,41 .f:lllR JlOrapH¢MH-
4eCKO~ npOH3BO.f:IHO~ OT OnTHMaJlbHO-npeo6pa30BaHHOrO pA,qa,,qaHbl 

B WeCTO~ H O.f:IHHHa,ql.laTO~ KOJlOHKaX .f:IJlR Kam,qoro KpHTepHR COOTBeT
CTBeHHO. 

Ha OCHOBe npHee,qeHHbiX pe3yJlbTaTOB MOlKHO c,qenaTb CJle,qyiOll\He 
BbiBO.f:lbl. npeo6pa30BaHHe THna npeo6pa30BaHHfl 3~nepa'lO. 

U=~ 
l+z/B' 

KOTopoe RBJlReTcR 4aCTHbiM cny4aeM lnpH ¢=77 I npeo6paaoeaHHR 
17 I, oKa3biBaeTcR 3¢¢eKTHBHbiM TOJlbKO ,qnR HeMHon1x H3 Hccne,qo
eaHHblx HaMH pR,qOB. 

B 1.1e11oM nocne npHMeHeHHR MeTo,qa onTHMaJlbHOro npeo6pasoeaHHR 

C 4aCTH4HO~ KoppeK4He~ no OTHOWeHHIO K BHOCHMbiM OC06eHHOCTRM 
.f:IOCTHrHyTa y,qOBJleTBOpHTellbHaR COrJlaCOBaHHOCTb Mem,qy Ol.leHKaMH 
no MeTo,qy OTHOWeHH~, C O.f:IHO~ CTOPOHbl, H no MeTo,qy na,qe-annpoK
CHMaHTOB - c ,qpyro~. CornacoeaHHe xopowee H He aaBHCHT oT Taro, 

KaKaR H3 eenH4HH: Pn HJlH Pn Kna,qeTCR e ocHoey KPHTepHR 
onTHMaJlbHOCTH npeo6pa3oBaHHR. Pa3HHI.Ia B Ol.leHKaX KPHTH4eCKO~ 
T04KH no ,qByM KpHTepHRM, B 06ll\eM Clly4ae, He npeBOCXOAHT BeJlH4H
Hbl pa36poca COOTBeTCTBYIOll\HX 3Ha4eHH~. 

KaK yme 6bll10 cKa3aHo, npHee,qeHHble peayJlbTaTbl nony4eHbl nyTeM 

Henocpe,qCTBeHHOrO aHaJ1H3a K03$¢HLIHeHTOB npeo6pa30BaHHbiX PR.f:IOB, 
6e3 npHMeHeHHR YTOH4eHHbiX MeTO.f:IOB H3BJle4eHHR HH$OpMal.IHH H3 pR
,qos110•131. ~cxo,qR H3 peayn bTaTOB pa6oTbl 1111 TaKoe yT04HeHHe 

Ol.leHOK BpR,q JlH H3MeHHT npHBe,qeHHble Ol.leHKH 6onee 4eM Ha 1-3%. 
Cne,qyeT OTMeTHTb, 4To na,qe-annpoKcHMaHTbl K norapH¢MH4ecKo~ 

npOH3BO,qHO~, HanpHMep, .f:IJlR pR,qa npH R = -1.0, ,qaiOT RCHOe yKa3aHHe 
0 HaJ1H4HH napbl KOMnJleKCHO-ConpRlKeHHbiX OC06biX T04eK Z , z* 
C MO,qyJleM lz 1 !=01770,8H apryMeHTOM ¢~1177129°, KOTOpble BeCbMa 
6nH3KH K T04KaM Be ±i¢ , y,qanReMbiM onTHMallbHbiM npeo6paaoeaHHeM 

(B=Q,61, ¢=123") B CJlyLJae, KOr,qa HCnOJlb3YIOTCR OTHOWeHHR Pn. AHa
JlOrH4Ha H CHTyal.IHR .f:IJlR pR,qa npH R=-1,2. 

Bce-TaKH He06XO.f:IHMO OTMeTHTb, 4TO B CJ1y4ae KOHKpeTHbiX 
BbiCOKOTeMnepaTypHbiX pR,qoe ,qnR waxMaTHO~ socnpHHM4HBOCTH RbNiF 3 
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eee,qeHHe eenH4HHbl Pn B KpHTepH~ onTHMallbHOCTH npeo6paaoea
HHR npHBO.f:IHT K He60JlbWOMY CHCTeMaTH4eCKOMY 3aBbiWeHHIO Ol.leHOK 
no MeTo,qy OTHOWeHH~ KaK .f:IJlR KpHTH4eCKHX T04eK, TaK H .f:IJlR 

KpHTH4eCKHX noKa3aTeJle~ no cpaBHeHHIO C TeMH, KOTOPble noJly4eHbl 

npH HCnOJlb30BaHHH Pn • 
MomHo oTMeTHTb, 4To ,qnR 6onbwe~ 4acTH pR,qoe aHallH3 na,qe

annpoKcHMaHTOB noKa3biBaeT HaJ1H4He napbl KOMnJleKCHQ-COnpRlKeHHbiX 

cMyll\aiOll\~X oco6eHHOCTe~, Tor,qa KaK senH4HHa Pn 3¢¢eKTHBHa ,qnR 
crnalKHBaHHR OCI.IHllJlfll.IH~ B noee,qeHHH pR,qa, Bbi3BaHHbiX HailH4HeM 

B03MYll\aiOll\e~ oco6eHHOCTH Ha peaJlbHO~ OCH. 
01.1eHKH KPHTH4ecKoro noKaaaTellR H3MeHRIOTCR ,qoeonbHO nnaeHo 

B HHTepeane 1,15,:::.; y:S: 1,96 C ~3MeHeHHeM R B HHTepeane -3,0.:::.;R::;-0,2. 
11MeR 8 BH,qy H3BeCTHble 3aTpy.QHeHHR B nOJly4eHHH Y.f:IOBJleTBOPHTeJlb
HO T04HO~ O~eHKH .f:IIlR KpHTH4eCKoro noKa3aTeilR/13/, a TaKme TO, 

4TO paccMaTpHBaeMaR MO,qeJlb CnHHOBO~ CHCTeMbl C Y4HTbiBaiOll\HMHCR 
,qByMR 06MeHHbiMH B3aHMO,qe~CTBHRMH HMeeT no,q4epKHyTO 110TKpbiTbl~ 11 

xapaKTep H 4TO B. TaKHX CJly4aRX ,qe~CTBHTeJlbHOe acHMnTOTH4eCKOe 

noBe,qeHHe pR,qa .f:IOCTHraeTCR npH 60JlbWeM 4HCJ1e K03$¢Hl.IHeHTOB 
pa3IlOlKeHHR /oco6eHHO npH 04eHb 60JlbWHX H 04eHb MaJlbiX 3Ha4e

HHRX R I, Mbl C4HTaeM, 4TO npHee,qeHHble Ol.leHKH ,qnR y MoryT 
6b1Tb npHHRTbl, no BCe~ BepORTHOCTH, Jl~Wb KaK HililiOCTpaTHBHble, 
a He KaK y~a3aHHe 0 HapyweHHH rHnOTe3bl YHHBepcaJlbHOCTH. 

Ha PHC.3 npe,qCTaBJleHbl Ol.leHKH B03MOlKHbiX nap o6MeHHbiX KOHCTaHT 

(JAB'J~ COOTBeTCTBYIOll\HX Ol.leHKaM KPHTH4eCKHX T04eK, nony-
4eHHbiX nyTeM ycpe,qHeHHfl ,qaHHbiX, npe,qcTa BJleHHbiX B Ta6J1Hl.le • 
noKa3aHbl B03MOlKHble napbl o6MeHHbiX KOHCTaHT, Bb14HCJleHHble .f:IJlR 

3KcnepHMeHTaJlbHO onpe,qeneHHO~ TeMnepaTypbl nepexo,qa coe,qHHeHHR 
RbNi F 3 H3 ¢eppHMarHf1THOro B napaMarHHTHOe COCTORHHe T~KCf!:l33K 
IKpfiBaR 11. npe,qCTaBJleHa TaKlKe KpHBaR, Bb14HCJleHHaR .f:lllR TeMne

paTypbl nepexo,qa Tc =1561\, KOTopaR nonyLJaeTCR npH HcnonbaosaHHH 
3Ha4eHH~ J~ 8 =69,1K,J 88=162,7K H3 pa6oTbl/ 2 / /KpHBaR 2/. 

Heo6xo,qHMO OTMeTHTb, 4TO npe,qbl.f:IYll\He TeopeTH4eCKHe Ol.leHKH 
ieMnepaTypbl nepexo,qa, nony4eHHble Ha ocHoee pa3IlH4Hblx Mo,qH¢f1-
Kal.IH~ MeTo,qa 3$$eKTHBHOrO nOJlfl /1-4 / CHJlbHO OTJ1H4aiOTCR I60JlbWe 

20%1 oT 3KcnepHMeHTaJlbHoro 3Ha4eHHR: HaHny4waR f13.HHX, Tc=163K, 
noJly4eHa B pa6oTe 121 npH paCCMOTpeHHH KBaHTOBOMeXaHH4eCKO~ 
MO,qeJlH Cm1HOBO~ CHCTeMbl B KJlaCTepHOM npH6J1HlKeHHH THna BPW 
c y4eToM eaaHMo,qe~CTBH~ Mem,qy 6nHma~wHMH coce,qRMH. B 3TO~ me 
pa6oTe nony4eHo H 3Ha4eHHe Tc=135 K npH paccMoTpeHHH KnacTep
HO~ MO,qeJlH C BKJ1104eHHeM ,qonOilHHTeJlbHbiX B3aHMO,qe~CTBH~ Mem,qy 
6onee y,qaneHHbiMH coce,qRMH B paMKax KnaccHLJecKoro BPW -MeTo,qa. 
3TO 3Ha4eHHe He06XO.f:IHMO C4HTaTb CJ1y4a~HO COrJlaCyiOll\HMCR C 3KC
nepHMeHTaJlbHbiM 3Ha4eHHeM ,qnR Tc • ecnH yLJecTb 6onbwoe 4HCJ10 
npH6JlHlKeHH~ H ,qonyll\eHH~ npH paCCMOTpeHHH MO,qeJlH, KOTOpble OCH0-

/2/ 
BbiBaiOTCR HCKJ1104HTeJlbHO Ha HHTYHI.\fiH aBTOpOB paUOTbl . 
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PHr..3. O~eHKH B03MomH~x o6MeH
Hbrx KOHCTaHT (J AB• J BB}, COOTBeT
CTBY~~HX KpHTH4eCKHM TeMnepa
TypaM Tc=133K/KpHBaR 1/ H Tc = 
= 156K /KpHBaR 2/. 60JlbWHM 
npRMOyrOJlbHHKOM npe~CTaBJleHW 

O~eHKH H3 pa60T~I2I, a MaJleHb
KHM- O~eHKH H3 pa6oTWit~ 

nHTEPATYPA 

,,. 

... 

'" 

noJly4eHHOe HaMH ~e~CTBH
TeJlbHO y~HBJlR~~ee coena~eHHe 
3KCnepHMeHTaJlbHOro'3Ha4eHHR 
TeMnepaTypbt nepexo~a T;Kcn 
co 3Ha4eHHeM AJlR T c, Bbf4Hc
JleHHWM TeopeTH4eCKH C no
MO~b~ MeTO~a BWCOKOTeMnepa
TYPHOro pa3JlOmeHHR ~JlR MO
~eJlH C TeMH o6MeHHWMH KOH
CTaHTaMH, KOTOpbre onpe~eJleHbf 

B pa6oTe Ill, HeJlb3R C4HTaTb 
CJly4a~HbfM, eCJlH HMeTb B BH~y 
Ha~emHOCTb MeTO~a B CJly4ae 
TpexMepHbfX MO~eJleH. 0HO, 
6eccnopHo, RBJlReTCR oTpame
HHeM ~H3H4eCKOro CO~epmaHHR 
KBaHTOBOMeXaHH4eCKOH MO~eJlH 

HCCJle~yeMO~ CnHHOBOH CHCTeMbf 
H nO~TBepm~eHHeM npaBHJlbHQ
CTH yKa3aHHbiX B pa6oTe Ill 
/H ~o H3BeCTHO~ cTeneHH a 141 I 
B3rJlR~OB 06 onpe~eJlR~~HX 
CnHHOB~X B3aHMO~ei1CTBHRX 

a coe~HHeHHH RbNi F 3. 
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