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ToqHo pernaeMaSi .UBYMepHaSi MO.UeJib H3HHra [1] HrpaeT BaiHYKl 

poJib B Te.opHH !pa30BhiX nepeXO.llOB BTOporo pO.lla. CJie.uyeT, O.IlHaKO, 

3aMeTHTb, qTQ 60JlblllHHCTBO aHaJIHTHqeCKHX p83YJibTaTOB B MO.ll8JlH 

H3HHra 6hiJIO nonyqeHO .UJISi KJiaccHqecKHX perneTOK c npOCTDR CTpyxTypoR 

- npHMoyronbHDR, TpeyronbHoR H rexcaroHaJibHDA [1,2). ropa3no MeHee 

H3yqeHhl MO,UeJlH Ha ,UeKOpHpOBaHHhiX 

HeTpHBHaJibHOA BHyTpeHHeA CTpyKTypoR 

perneTKax, HJIH 

3JieMeHTapHOA 

perneTxax c 

srqeAKH [2-5). 

H3yqeHHe .Il8KOpHpDBaHHhiX H3HHrOBCKHX peWeTDK MOX€T Op8.llCTaBJISiTb 

HHTepec nnsr pHlla 3alla'i TeopHH TBepnoro Tena, MarHeTH3Ma, 

MaTepHaJIOB8ll8HHSi H .Up., r.ue '!:aCTO llpHXO.UHTCH HM8Tb ,UeJIO C 

CHCTeMaMH C .llOCTaTO'iHO CJIOXHDA JlOKaJlbHOA CTpyKTypoA. 

B .UaHHOM C006lll8HHH, Ha OCHOB€ pe3yJibTaTOB, llOJIY'i8HHYX 

aHaJIHTHqeCKHMH M8TO,UaMH, MY H3yqaeM llOB€,U€HH8 T8ITJl08MKDCTH BO BCeA 

o6JiaCTH T€MOepaTyp llJlSi MO.U8JlH H3HHra Ha llOCJl8llOBaTeJlbHOCTH CHJlbHO 

ll€KOpHpOBaHHhiX .UByMepHhiX peweTOK TpeyrOJlbHOrD THITa, CM. pHC.l H 2. 

PaCCMaTpHBaeMaH cepHSi l>!O.UeJieA OTHOCHTCH K KJtaccy TQqHQ pewaeMhiX 

H3HHrDBCKHX CHCT€M Ha .U8KOpHpOBaHHhiX peill8TKaX H3 pa60T (3,4). 

CTaTHCTHqecKaH CYMMa TaKHX CHCT€M BhlpaxaeTCH qepe3 CTaTCYMMy 

Tp€XCITHHOBhiX ITOJIHHDMDB, KOTopaSi, B CBOJO oqepe.Ub, BhlqHCJlSi8TC5I B 

TIOJIHHOMOB 

c TIDMOillbJO 

aHaJIHTHqeCKOM BH.ll€ B TepMHHaX napaMeTpOB TpeXCTIHHOBhiX 

(3]. ITapaMeTpY TpeXCllHHOBhiX ITOJIHHOMDB Mhl onpe,UeJISieM 

CIT€UHaJibHOH pexypcHOHHOA T8XHHKH, OCHOBaHHOA Ha 

npeo6pa3oBaHHA THna 3Be3.ua-rpeyroJibHHK (6,7]. 3HaH 

TipHMeHeHHH 

CTaTcyMMY H 

CB060.UHYJO 3HeprHKl, MOXeM BhlqHCJlHTb T8ITJl08MKOCTb. 

BhlqHcJieHHH llJlSi renJioeMKOCTH noKa3hiBaJOT, qTo npH 6oJibWHX 

3HaqeHHHX napaMerpa nexopHpoaaHHH n 

CTaHOBHTCH aHOMaJlbHO Y3KOA. KpoMe Taro, 

KpHTHqecKaSi 06JiaCTb 

npH TeMnepaType Bhlme 

Kp~THqeCKOH Ha Kp~BOA T8ITJl08MKOCT~ rrpOHBRH8TCH XOpOWO 3aMeTHhiA 

ITHK, XOTOphiH M~ CBH3hiBaeM C H3M8H8HH8M B peXHMe KOppeJIHUHA CITHHOB 
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.nexopHpOBaHHOA JPteAKH . AHOM8JibH8JI. f30CTb KpHTHtteCKOA 
06JI8CTH MO.eT 6UTb npOHHTepnpeTHpOB8H8, BH.ItHMO, K8X CJie.ItCTBHe 
qlopMHpOB8HHR .O:OCT8TO'IHO CHJlbHYX KOppenHUHA CnlofHOB BO BHYTpeHHeA 
06Jt8CTH .IteKOpHpOB8HHOA RtteAKH X MOMeHTy .IlOCTH.eHHJI. TO~KH ql830BOro 
nepexo.na Ha rno6anbHOA perueTKe. 

6 ~ & A 
n ~ 0 n = 1 n = 2 n = 3 

PHC. 1. nocne.noaaTeJibHOCTb ,neKop_HPOBaHHYX Jl.tteeK npK M8JIYX n. 

a b 

PHC. 2. ~parMeHT rno6aJibHOA n~3 
cTpyKTypa .nexopHpOBaHHYX pemeToK 
3811!TpHXOB8HHblA TpeyroJ\bHHK 
.nexopHpOB8HII8H 3JieMeHT8pH851 HtteAKa 

pemeTKH (a} H o6maR 
(b). BnH n-pell!eTKH 
peaJIH3yeTc51 xax 

C HOMepOM D. 

1. JleKopHpOBilHHble rpeyro.JTbllble peUJeTICff. By.neM paccMaTpHB8Tb 
nocnen:oBaTeJ\bHOCTb CHJlbHO .nexopl'lpOB8HHYX H3HHrOBCkHX peUJeTOk CO 
cTpyxTypoA, fl0k838HHOA na 
UeJIO'IHCJleHHYM HH.IteKCOM 

pHC.1H2. PellleTKH 

n 0,1,2,3,4,5, •... 

HyMepyklTCR 

3neMeHTapnaf!" 
n:exopHpoaaHHaH RtteAxa JIJIR pemeTKH n- ro nopH.nKa npe.ncTaBnReT co6oA 
orpaHHtteHHYA ~parMeHT npocToA TpeyrOJlbHOA pellleTKH, npHtteM n+l eCTb 
ttHCJIO 3JieMeHT8pHUX TpeyroJlbHHKOB B.I10Jlb pe6pa n-srtteAKH. CTpyKTypa 
.ll.eKOpHpOBRHHbiX sr•teex 

rno6anbHaR n-perneTKa 

JI.eKopHpOB8HHoA n-srtteAKH 

n = 0,1,2,3 npHlle.neHa 
nonyttaeTcR nepHO.ItHttecKHM 

H8 nJIOCXOCTH, pHC. 2. Ta KHM 

na pHc. 1. 

noBTopem~eM 

o6pa3oM, npH 
n~O HMeeM o6bi<IHYIO TpeyroJibllyJO perneTKY. B Ka'leCTBe npHMepa H8 
pHc.2a noxa3aH ~parMen~ rno6anbHoA n~3 pell!eTlCH. Ha pHC.2b 
npHBO.ItHTCR o6maR CTpytnypa n-pemeTOK, 381llTP~XOB8HHble TpeyroJJb llHKH 
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nn~ n-peweTx~ pean~3Y~Tc~ xax nexopHpoaaHHHe n-HqeRKH, pHc. 1. 

faMHJlbTOHHaH MO,!l8JJH H3HHra HMeeT BH.n; 

- t3H = L b
1

Jcr
1
u 

q J> 
~ : 1/kT (1) 

J,!le u
1

=:o ±1, crJ:= ±1 H3HH!OBCKH8 CllHHll s coce.nHHX y3nax peweTKH i H 

j, b
1

J napaMeTpbl. B38HMO.n;eACTBH~, b
11

= c
1
/kT, c

1
J 3HeprH~ 

B3a~MO,!l8ACTBH~ CITHHOB, cnyqaA c
11

> 0 

B3aHMO,!leACTB~~. kT- TeMnepaTypa. CyMMa 

OTBeqaeT ~eppoMarHHTHOMY 

<ij> B (1) 6epeTC~ ITO BCeM 

CBH3HM, npe.D;CTaBJJ8HHHM Ha .naHHOA peweTKe. 

OTBeqaeT CTaTHCTHqecxa~ cyMMa 

faMHJlbTOHHaHy 

z l: 
(a) 

n e 
~ l J> 

-b cr cr 
lj l J 

0TM8THM H3BeCTHOe TOX,!l8CTBO .D;JlH 60JJbUMaHOBCKHX B8COB: 

KOTopoe JJerxo nposepHeTCH nepe6opoM 3HaqeHHA (cr
1

cr
1
)= ± 1. 

B I 21 cnrmosoe ycpe.nHeHHe ocymecTsn~eTc~ no 

I 11 

(2) 

BC8M 

KOH~HrypaUHHM O'j= ± 1 H838BHCHMO B K8X,!lOM Y3JJ8. B ,!l8JlbH8Aill8M 

6y,neT y.no6HO nepeATH K HOpMHpOBaHHOMY CTIHHOBOMY ycpe,!lHeHHD (3]: 

' 20' ~±1 ( ••• ) , SP ( 1) = 1 , 
(cr J) J 

npH 3TOM B (2) HM88M 

l: ( ... ) 
(u) 

2N SP ( ... )' 
(a) 

SP ( ••• ) 
(u) 

SP (crJ) = 0 , 
(a) 

(4a) 

I 461 

r,ne N a6mee qHCJJO Y3JJOB H CTIHHOBHX nepeM8HHHX Ha peweTKe. 0TM8THM, 

qTo H3 0"/= ± 1 cne.nyeT cr~ = 1, H soo6me (u
1

)
2
n= 1, (a)<m+t= crJ. 

H3 (2)-(4) TIOJJyqaeM, qTO Z MOXHO Tipe,ncTaBHTb B BH.ne: 

z Q = SP { n <1+tl ulcr l }· 
(0") ~lj> j J 

J 

(5) 

lll8 npOH3B8ll8HH8 6epeTCH ITO BC8M CB~3~M Ha peW8TK8, a CTIHHOB08 

ycpenHeHHe 6epeTc~ no seeM y3JJaM. lf:laxTop 2M so3HHKaeT H3-3a 

peHOpMMpOBKH cpe,nHero (4). 

06paTHMCH Tenepb K peweTKaM THna npe.ncTaBJJ8HHYX Ha pHC. 1 H 2. 

By.neM HyMeposaTb ,!l8KOpHpOBaHHll8 HqeAKH HH.D;eKCOM k H 0603HaqHM 
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qepe3 (0'
1

,0'
2

,cr
3 )k COHHU Ha KOHU8X k- A TpeyrOJibHOA .rteKOpHpOB811HOA 

H.tteAxH, CM. pHC.3. KaK He Tpy,nHO 32MeTHTb, 38.0:8'-18 0 BYttHCJieHHH Q 
.rtJ!R p8CCM8TpHB8eMYX peWeToK npHBO.rtHTC$1 X BH'-IHCJieHHD CT8TCYMMY .rtJIR 
TpeXCOHHOBHX OOJIHHOMOB CJie.rtYDmero BH.rta [3,4]: 

Q = SP n (a:+ a: cr u +a: CT CT +a: u 0') (rr) k o 1 z 3 2 3 t 3 1 2 k 
( 6) 

B C8MOM ,neJie, TOJibKO cm'IHH Ha K011U8X RtteAKH llXO.rtHT O.ltliOBpeMeHHO, H 
B TOM ~e KatteCTBe, H B .npyrHe HtteAKH, fl03TOMy MoxeM ocymecTBHTh 
CYMMHpOBaHHe no BHyTpeHHHM COHH8M 
B K8lUOA He38BHCHMO. 
0pOH3Be,neHHe 60JibllM8HOBCKHX BeCOB 
B ( 5}, OTBe'laDutHX 

!lJHKCHpOB8HHOA 

npe.ncTaBJtHeT 

k- • 

co6oA, 

nOJIHHOM no 

K8kOA-JIH6o 

HtteAKe, 

O'leB H.ltHO, 

COHIIOBbiM 
nepeMeHHHM. Ycpe,nHRR 3TOT flOJIHHOM 

PHC. 3. ROK2Jibli8R HyMepaUHR 
CflHHOBbiX nepeMeHHUX B yrnax 
3JieMeHTapnoA H.tteAKH. 

no BCeM BHyTpeHHHM nepeMef!HbiM, flOJiyttHM '-l:eTHhiA noJII.'IHOM no CBOt'JO.ltllhiM 
COHH8M B yrnax H'-l:eAKH: 

B npaaoA 

o6mero 

'-18CTH 

BH.U8, 

KOHKpeTHOA 

( 7) 

'-IHCJTOBble 

H'leAKH. 

npe.ncTanJTeHHD (6). 

(7) 

OOJTHHOM no (rr
1 ,a

2 ,u
3)k caMoro 

onpe.neJIHPTCR 
TaKHM 

a:O,a:l,a:2,a:3 

ol'5pa3oM, MY npHXO.ltHM K 

CBo60.rtH2H 3HeprHH. B HOpMHpOBKe Ha O.UHy .rteKOpHpOB8HHYP HtteAKy 
i'5YJI8 pacC'-Il!T8lla MeTO.UOM HHTerpaJioB no rpaccMaHOBUM nepeMeHHNM B 
[3) H HMeeT BH.U 

-(3fo = 

! P" r c., l 1 ) 

; ln Q ) 

• 
1 

Brr' 
0 0 

' 4 • • (B) 

3.nec~> Nk- '-l:Hcno 3neMenTapnux H'-l:eex na rnol'5an~>noA pemeTKe, .rtJIH 
'-IHCJ!8 CflHHOB HMeeM N=:Nk(l+nk), r.ne nk '-l:HCJtO BHYTpeHHHX COHHOB 
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(y3JJOB) Ha o;t:Hofi 5!'-!el1Ke. B HOpMr!pOBKe Ha O.llHH COHH HftXO.llHM 

(9) 
per spin per cell 

TiepeXO.lHI OT Q K Z, CM. ( 5), noJJy'-!aeM OTCJO.lla TIOJIHYJO CB06o.nHyJO 

3HeplHJO (- f3f
2
). KaK 06bl'-lHO, B KOHUe Bbi'-IHCJJeHHfi npe.nnoJJaraeTCH 

nepexo.n K 6ecxoHe'-lHOA peweTxe, N .... ""· 
' 3HaH CB060.ITHYJO 3HeprHJO, MOXeM Bbl'-lHCJJHTb TETIJJOeMKOCTb: 

a' 
[ c, J ~ ~'---;:;[ ~fz J 
(per spin/eel!) 

(3=1/kT . (10) 

TaKKM o6pa30M, H3Y'-IEHHe TepMO.ITHHaMHKH peweTOK co CTpyKTypoA 

THTia pHC. 2(b) CBO.fir!TCH K H3Y'-IEHHIO napaMeTpOB TIOJJHHOMOB (7). 

3aMeTHM, '-ITO P
123 

B ( 7) 

llJJOTHOCTH H30JJHpOBaHHOA 

npe.ncraBJtfl.eT co6oA penyuHpoaaHHYJO 

Jl.EKOpHpOBaHHOA 51'-!El1KH. TipH 3TOM
1

) 

(11) 

eCTb CTaT>-!CTH'-!eCKaH CYMMa H30JJHpOBaHHOA H'-!eAKH, a BEJJH'-IHHbl 

BbtpaxaJOTCH 

H30.nHpOBaHHOJ1 H'-!el1KH: 

xoppe.nHTOpbt 

" z 

YlJJOBbiX 

= <0"10"3> , 
"o 

rne '-!epe3 < ••• > o6o3Ha'-!eHo 06bi'-!HOE 

CTIHHOB Ha KOHUaX 

(12) 

iH66COBCKOe cpe.nHee c 
raMHJlbTOHHaHOM H30JJHpOBaHHOJ1 H'-IEAKH. CTaTCYMMa B (11) TIOJJy'-!aeTCH B 

Marpr~ua TIJJOTijOCTH P
123 

ECJJH, KaK TOA xe HOpMHpOBKe, '-ITO H 

TIO.llpa3yMeBaJJOCb, B Ka'-!ECTBE 60JJbUMftHOBCKHX BeCOB 6epyTCH 1+t\JO""!O"J 

06bi'-!HOA (CM. (5)), TO CTftTCYMMa 

HOpMHpOBKE 6yneT 

z 
cell 

n +3 
2 ' 

H30JJHpOBaHHOfi fl.4eAKH B 

n c 1 
<I j> I J 

(13) 

3TO COOTHOWeHH:E aHaJJOn'I'-IHO TID CMbiCJJY ( 5) , 3.llECb nk + 3 ~ TIOJJHOE 

'-IHCJJO Cll>1HOB B H'-lEAKe. TipH JKeJJaHHH HOpMHpOBO'-!Hhlfi KO:qlq:li1UHEHT B 

( 13) MOJKHO 6b!Jl0 6b! BKJlJO'-IHTb B onpe.llEJlEHHe TiapaMeTpOB aJ. Bb!6op 

HOpMHpOBKH He OTpaxaeTCH Ha COOTHOUIEHHHX ( 12). 

t) HH.llexc k 3.llECh H nanee onycxaeM. 
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Burne 

HaM 

38.R8'{H. 

MY npoBeJIH 

noTpe6yeTcH 

o6cy:r:JieHHe Ha ypoBHe Heckonu:o 6onee o6meM, 

npH pactteTax, •no6a noxa3aTh cTpyxTypy 

8 JI8JihHeAmeM MY orpaHH'fHMCR CJJy'{aeM O.RHOpO.RHOrO H H30TpOOHOrO 
B38HMo.neA:CTBHSI, xorna napaMeTpY B38HMO.neRCTBHR H8 BCeX CBS!:3S!:X B 
H8illHX nexopHpOB8HHYX peweTK8X OJlHH8KOBY, T.e. xa:r:.noA: CBR3H B 
raMHJihTOHHBHe - (3H (CM. ( 1)) OTBe'faeT ttJJeH b(U

1
u

1
), npHtteM 

b = C/kT >0 ( !peppoMarHHTHYA: cny•taA:). 8 M8TpHUe fiJIOTHOCTH Q ( 5) 
HMeeM Torna 6onhUMaHoscxHe seca 1+t(u

1
u

1
), t~th(b). H B 

peJiyUHpOB8HHOM npellCT8RJJeHHH JIJISI Q (6), CM. T8K:J:e ( 7) , 6y .neM HMeTh 
CHMMeTpH4HYA: TpeXCfiHHOBYA OOJH{HOM (a

1
= a

2
= a:

3
), KOTOpLIA: 38fiHWeM B 

B t.t.ne: 

(Pt23)n = Rn[1+An(utu;/ 0'2!1"3+ uluJ)) ' 

r.ne n- HHnexc peweTKH. 

~opMyna (8) Tor.na npHo6peTaeT BH.n: 

- n (1-h ) (cos p + cos q + cos (p+q) >] 
" " 

(14) 

(15a) 

H, C ytteTOM BCeX peHOpMHpOBOK, IIOJIH8SI CB060JlH8l'l 3HeprHH lt8 O.RHH 
CIIHH, OTRettaJOuta51 CT8TCYMMe Z, CM. (2), no.nyqaeTCSI: B BH.ne 

1 
+~ 

ln2 + 

2n dpd 

II __ q_ ln [(1+3A2 ) -2i\ (1-A ) (cos 
Bn2 n n n 

(156) 

p + cos q + cos (P + q) ) ] 
0 

'-lHCJIO BHyTpeHHHX CmiHOB, 0 - '{HCJIO CBH3eA: B SltteAKe 
' n- ro ypOBHR. npOCTYe BY'fHCJieHHSI: .R810T 

(n+2) (n+J) 3(n+1) (n+2) 
(16) nk= ---

2
---- 3 , 

2 

TeMnepaTypa BXO.RHT B 

Rn OT t=th(b), b=cfkT>O. 

nonpa3yMeBaTh 6e3pa3MepnuA 

( lSl ttepe3 38BHcHMOCTb napaMeTpoB An H 

8 .nanblleAnreM non TeMnepaTypoA 6y.neM 

napaMeTp b-1=(kTfc). 8 ¢opMyne ( 10) .nnH 

6 



TellJIOeMKOCTH y~o6HO nepeATH OT ~;1/kT K napaMeTpy b:cjkT: 

c (17) 

TaKHM o6pa3oM, Hccne~osaHHe MonenH csonHTCH x onpeneneHHD 

lf!YHKUHR Rn=Rn(t) H 1\""i\.n(t), t=th(b), XapaxTepH3YDUlHX CBORcTBa 

n-H'l:efi.KH. Bbl'l:HCJl5151 T9M HJIH HHbiM CllOC060M napaMeTpbi Rn H i\.n nnH 

TpeXCITHHOBoro ITOJIHHOMa (14) npH pa3JIH'l:HblX 3Ha'l:eHHHX o6paTHOR 

T9MnepaTyphl b, ITO !flOpMyJiaM ( 15) H ( 17) MO:I:eM H3Y'l:HTb llOBe.n;eHHe 

T8llJl09MKOCTH B 3aBHCHMOCTH OT TeMnepaTypbl. 3aMeTHM B 3aKmO'l:9HHe 

3Toro pa3.n;ena, 'iTO xpHTHqecxaH TO'l:Ka .n;JIH n-perneTKH onpe.n;eJIHeTCH 

ypaBH9HH9M [3): 

B CBH3H C 

npe.ncTaBJIHeT 

ycJIOBHeM 

co6oR 

( 18) ITOJI93HO 

xoppemnop 

OTM9THTb, 'iTO 

yrJIOBbiX CITHHOB 

(18) 

napaMeTp i\.n 

Ha KOHUaX 

2. Bbl'iHCJleHHe napaMeTpOB TpeXCflHHOBbiX flOJlHHOIIOB. HaM He06-

XO.I{HMO YM9Tb Bht'l:HCJIHTh napaMeTphl TpeXCITHHOBOlp llOJlHHOMa 

(19) 

KOTOpblft nony'l:aeTcSI KaK peJJ.yuHposaHHaH llJIOTHOCTH 

JleKOpHpOBaHHOR 51'-!ei:l:KH n- ro ypOBHH CO CB060)J;HhiMH yrnDBhiMH CllHHaMH, 

npH'l:eM KaxnoR CBSI3H Ha H'l:eAKe COITOCTaBJI519TCH 60JibUMaHOBCKHR Bee: 

1 + tcnr' 
u u' 
o---o 

t 
(20) 

B npocTeArneM cnyqae n=O, xor.na H'!eRxa rrpencTaBJIHeT co6oR 

npOCTOA TpeyrOJlbHHK, pHC. 1, HMeeM 

(P
123 

)
0

= (l+tcr1cr) (l+t0"" 2cr 3 ) (l+t0""
1

0'"
3

) (2la) 

(l+t3) + t(l+t) (0'"10'"2+ 0'"20'"3+ (TtCTJ) ' 

H, cne.nosaTeJibHo, 

t{l+t) t 

Ao = ~ = l-t+t2 
(216) 
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H3BecTnovy BupazeHHn .nn~ cno6o.nnoA 
CTaHll,8pTHOA TpeyrOJlbHOA pemeTKH. 

8 cne.nynmev nopR.nKe, n=l, 
6o.nee rpoM03ll.KHe BY'fHCJ!eHHH. 

3HeprHH 

Tpe6ynTCR 

0603H8l.fHB 
cnHnoswe nepeMeHnue, KaK na pHc.4, 
38ll,aqy: 

HMeeM 

(PI2J)t= p1 (<r1l<:r21<:rJ) = 

OpHBOll,HT k 

3 

1~2 
6 

PHC. 4 

(22a) 

=(SP SP SP){P0 (<:r1 Jo-6 lrr5)P0 (tT6 1tT2 1o-4)P0 (175 J174 \17 3 )} 
174,175,176 

rne •• o!St.ell,HHHJ!H 9 C1HI'3eA B TpeyrOJ!bHHKH H 
BOCOOJ!b30B8J!HCb yxe H3BeCTHYM BYpalkeHHeM ( 21) ll,J!R OOJJHHOMa npH 
n=O. B pe3ynbTaTe BH'-I'HCJ!eHHA B TepMHH8X R H • 0 

nony'laeM 0 

•' R1= R~(lH.~) '= 0 
(226) ' 1-:\ +:\2 

0 0 

AHanorH'lHHM o6p330M MOlkHO paccttHTaTh napaMeTp!:l R
2 

H :\
2

• 
0.I1H3KO y.:e llpH npoBe]lei!HH BY'IHCJteHHA ( 22) MOlkHO 38MentTb, 'ITO 
K8KOA-nH60 BapH3HT npHMOrO MeTOll,a ycpell,HeHHH npH 60J!billHX n 
(!fJaKTH'IeCKH llpH n>3) He npHeMJleM H3-38 3KCllOHeHUH811hHOrO pOCT8 
CJ!OJCHOCTH BY'-HtCJ!eHHA. 8 caMOM n.ene, ¢lopM3l'lbHO B ( 22a) HMeeM 3 
!fl8KTOpa, 

co.nepJCHT yJCe 

ytteT nOpHll,Ka 

KOTOpHX 

4
3 cnaraeMYX. 

n
2 /4 T3KHX 

HMeeT 4 cJTaraeMYx, 

HtteAKH n- ro 

H Hx npoH3Be.nenHe 

nopRll.Ka noTpe6yeTcR 
!fl3KTOpOB, nepeMHoieHHe KOTOp!:lX )18CT 

2 n
2
/2 nopRnKa 

OOJTHHOM3 2 ) • 

cnaraeMYX, 

no::tTOMY MY 

c nocJTe.nyklllHM ycpe.nnenHeM 

pa3pa6oTanH .npyroA MeTo.n. 

B03HHKaromero 

co cTeneHHYM 
pocTOM CJlOJCHOCTH OTHOCHTeJlbHO n, KOTOpHA 003BOJJReT npOBOll.HTb 
8H3JJHTH'feCKHe H 'fHCJJei!HHe BY'IHCJJei!HH npH ll,OCTaTO'-IHO !SoJ!hillHX n. 

8 npe.nnoJCeHnoM MeTo.ne 
3Be3.na-TpeyronbHHK (5' 6). 

CynteCTBeHIIO HCOOJ!b3yeTCSI npeo6p830B8HHe 
8 HHTepnpeTaUHH, y.no6HOA ll,JlH !lameR 

2
)3To cornacyeTCR co cJie}lynmeA ouemtoA: na HtteAxe n- ro ypoBHH 

HMeeTCH nopR,nK& n
2 
/2 COHHOBHX nepeMeHH&X 

HMeeM nopRJlK8 2n
2 

/
2 

COHHOBYX XOH!fJHrypaUHA, 
npH ycpe.nneHHH. 

8 

0'= ±1, cne.noBaTeJ!bHO, 

KoTopue na.no nepe6paTb 



38.1l;8'1H, COOTHOUJ€HH€ 3B€3.D8-TpeyrOJibHHK ycraHaBJlHBaeT CBR3b Me:tt.ny 

napaMeTp8MH TpeXCllHHOBbi.X TIOJlHHOMOB, OTB€'1810illHX "TpeyrOJlbHHKY" H 

"3B€3.Ue", CM. pHC. 5. HHTepnpeTaUHR pe6ep H Y3JIOB 3.D€Cb HMeeT 

06blttHbiA H3HHrOBCKHA CMbiCJl, TipH 3TOM npe.nnoJJaraeTCR ycpe.nH€HH€ TIO 

CTIHHOBOA nepeMeHHoA cr
0= ± 1 B UeHTpe "3B€3Jib1". 

B o6meM H€CHMM€TpJ.I'IHOM CJlyttae rpeyrOJlbHHKY ( pHC. 5) OTBettaeT 

TIOJJHHOM 

(23) 

a 3B€3.De OTBettaeT TIOJIHHOM 

= SP (l+h cr cr) (l+h cr cr) (l+h cr cr) (cr) 110 22o 33o 
0 (24) 

=l+hhcrcr+hhcrcr+hhcrcr 1212 2323 1313 

npHp8BHJ.1B3H TIOJlHHOMbl ( C TOttHOCTblO .liD HOpMHpOB0'1HOrO tpaKTOpa R
123

), 

T 123 (crtlcr21cr3) = R123Ht23 (CTtlcr21cr3) 

TIOJIY'13eM napaMeTpHtt€CKH€ COOTHOW€HHH 3B€3.li8-TpeyrOJibHHK: 

t +t t 
hh • ' J 

' J 

A u u 
' ' 

a b 

PHc. 5. npeo6pa3oBaHHe 3Be3.na-rpeyroJibHHK -
HJIJllOCTp8UHH K COOTHOlli€HHHM (29) - (30). TIO 

~~~~~=~~=~c~e~~~:~=~=H~?=±l B ueHrpe 3Be3.nhl 

(25a) 

( 256) 

YpaBH€HHH pa3pelll310TCH 0THOCHT€JlbHO h
1

- X, B TepMHH8X npaBNX 

'18CTeA (256), CJJe.nyJOillHM 06pa30M: 

h ~ 

' 

9 

>. • {26) 



l.fTOt'5Y pa3peUIHTb ycnOBHl'l (26) OTHOCHTeJ!bHO t Y.D.Ot'5HO 

KpaMepc-BaHbe conpsn:eHtnlM napaMeTpaM t" H h·: 
J J 

1-t 1-t· 1-h 1-h· ,. ' t ' h; ' h ' ' l+t ' 1+e l+h ' 1+h: ' ' ' 
Bse.neM TaKxe napaMeTpli x:. nonyttanmHecH npH 3aMeHe 
B ( 26): 

l+X -X -X 
• ' J 

1+X H. +X ' , ' 
Tor.na napaMeTpli tJ onpe.nenHDTCH no cne.nynmeA cxeMe: 

'• 

nepeATH • 

(27) 

(28) 

(29) 

B ttaCTHOM CJ!yttae CHMMeTpHttHblX R•teeK 3Be3.D.Y H TpeyrOJ!bHHKa, 
A

1 
=X, h 1 =h, t

1 
=t, !flopMyJ!bl ynpotnanTCSI:. YpaBHeHHH ( 256) OpHot'5peTaDT 

BHn 

t 
R (30) 

H OpH 3TOM 

(31) 
2> 

KpOMe COOT\lOUJeHHtl: 3Be3,na-TpeyrOJ!bHHK HaM eme 00Tpet'5ynTCH 
6onee npoCTble COOTHotleHHH. "CKJ!etl:KH" H "npHKJ!eHBaHHSI XBOCTOB". 

o--o--o 
a-I cro a-2 

o----o 
rr, rr 

' 
PHc. 6. npeo6pa3osanHe "cKneAKH" .nnyx 
nocne.noBaTenbHYX CBH3etl:. no nepeMennoA 
a-

0 
npOH31lO.D.HTCH ycpe.nHeHHe, CM. (32). 

no.n cKneRKoA 

cssnetl: a o.nny: 

Mhl noHHMaeM o6be.D.HHeHHe .nsyx nocnenosaTeJlJ:.HYX 

SP (1+ h
1
cr

1
cr

0
) (1+ h

2
rr

2
rr

0
) = 1 + h

1
h 2cr

1
rr2 

(U 0) 

10 
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OnepatUBl "npHKJI€HBaHH8 XBOCTOB" HJIJIJOCTpHpyeTCH H& pHC.7. 

ITpe.IUIOJIOlCHM, 'ITO Mbl 3HaeM TpeXCITHHOBbHI: TIOJIHHOM, OTBe\laJOmHA 

BHyTpeHH8MY 3aWTpHXOBaHHOMY TpeyrOJibHHKY {HeKOTOpoA nexopHpOBaHHOR 

51"18:A:Ke) Ha pHC, 7. ITyCTb y
1
,y

2
,y

3 
H3HHrOBCXH8 CTIHHH Ha KOHU&X 

BHyTpeHHero 

Tpe6yeTCH 

TpeyrOJibHHKa, H 

nepe:A:TH K TIOJIHHOMY 

"XBOCTaMH", 

pHC. 7, CO cso6onHhlMH CTIHHaMH 

H ycpe)l,H8HH8M 

3Ta onepaUHH 

no 

Ha 
TIOJIHHOMOB Bblr JI51.ll.HT 

cne.nyJOmHM o6pa3oM; 
PHC.7. OnepaUHH "npHKJI8HBaHH51 
XBOCTOB", HJlJllOCTpaUHH K {33). 

SP (l+A3yty2+;\y2y3+A2y3yt) (l+htytat) (l+h2y2a2) (l+h3y3a3) 
(yl ,y2,y3) 

= l + A3h1h2<Tt0'2 + A1h2h3a2a3 + A2hth3cr1cr3 . ( 33 ) 

noxaJCeM Tenepb, "'TO onHcaHHble Bblwe npeo6pa3oBaHH51 no3BOJIHIOT 

opraHH30BaTb pexypcHJO, ITOCJl8)l,OBaT8JlbHO ITOHHJCaJOmyiO TIOpH.ll.OK 3a)l,a\IH. 

K (H8CHMM8TpH'IHOA) 

~. CXeMa Bbl"'HCJI8HHA 

a b c 

PHC. 8. Pe.I(yKUH51 2-H'tefi.KH K o6o6meHHOA l-51'181\xe. 

HJIJIICCTpHpyeTC51 Ha pHC. 8 H 9 liJl51 CJiy"'a51 n=2 51"18AKH. Ha pHC 8a 

HM88M HCXOliHYJC n=2 5I 'IeAKy C napaMeTpaMH CB513H t Ha KalCllOM pe6pe. 

ITpHM8HHB npeo6pa30BaHH8 TpeyrOJibHHK-3B83)l.a, nepeXO,UHM K CTpyKType 

Ha pHC 8b, r,ue Kalk,UOA: CB513H OTBeqaeT napaM8Tp h=v'X (CM. (31)). 

ITOCJie 3TOrO Mbl MOJC8M "CKJI8HTb" 

Tpeyr01lbHHKa, pHC 8b, ITO npaBHJIY { 32), a BHYTPH nepHM8Tpa nepeA.TH 

OT 3B83)l,bl o6paTHO K TpeyroJibHHKy, "'TO TipHBO)l,HT X 51"18AKe Ha pHC Be. 

3necb Mhl HMeeM cTpyxTypy THna pHc. 7, H 3a)l.aqa CBO)l,HTC51 K 

paccMoTpeHHJO BHyTpeHHero TpeyranbHHKa, HMeJOmero yJCe nopHnox n=l, K 
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kOTOpOMy B mofioA MOMeHT MO:I:HO npHCOe.DHHHTh HM910UlH9Cfl ~ XBOCTbl" no 

npaBHJJY (33). 0TMeTHM 3.D9Cb TY XapaKTepHyJO ocofieHHOCTh, ~TO CBR3H 

H8 BHYTp9HH9M TpeyrOJJbHHKe H8 pHC. Be, B OTJHP.tHe OT HCXOJtHOro 

nOJJOX9HHfl, pHC. 88, y:.:e He ~kBHB8JJ9HTHbl. BHyTpH TpeyrOJJbHHKa 

COXp8HHJJHCb CBR3H C napaMeTpOM t, O,DH8KO, no BHemHeMy nepHMeTpy, 

H3-38 onepaUHH CkJJeAKH, CBR3H H3MeHHJJHCb H pasnbl Tenepb h
2
=A. 

a b c 

PHC. 9. Pe.nyKUHfl ofio6DteHHOA 1-H'teAKH It ofio6meHHOA 0-H'teAxe. 

npouecc .R8JJbHeAmeA pe,llyXUHH 00k838H Ha pHc. 9 H COCTOHT H3 

TeX xe onepauHA, 'tTO H na nepBblX 3Tanax npeo6pa30B8HHA. B KOHe'tHOM 

HTOre 38.R8tt8 OpHBO)lHTCfl K npocTOMY TpeyrOJJbHHKy C "XBOCT8MH", pHC. 

9c. MoxHo c.nenaTh H cne.nyJOmHA mar H •tepe3 npeo6pa3oBaHHe 3Be3.na

TpeyronbHHK nepeATH K 3Be3.ne. 

HeTpy.nHo BH.neTh, •no no.no6nast cxeMa pa6oTaeT H nm1 st~eAJCH 

n106oro yposnst n, ICOTOpast OOCJJeJtOB8TeJJhHblMH Tp8HCtflOpM8UHstMH C 

OOHH:lkeHHeM nopst.nKa MOXeT fiiHh CBe,neHa It ypOBHIO n=O, HJJH ( eCJJH 

.no6aBHTh eme mar) K o6o6mennoA 3Be3.ne. no Mepe pe.nyKUHH BCSI 

HHtfl0pM8UHfl HaKaOJJHB8eTCSI B "XBOCT8X", a B03HHK810UlHe npH 

Tp8HClflOpM8UHSIX 3Be3Jt8-TpeyroJJbHHK 

renepHpyJOT napaMeTp Rn (eM. (19)), 

HOpMHpOBO'iHble MHOXHTeJJH 

T. e. CT8THCTH't9CKYJO cyMMy 

H30JJHpOB8HHOA sttteAKH. OTMeTHM, ttTO B03HHK810UIHe 3.R9Cb pexypCHOHHble 

COOTHomeHHfl H9CKOJJbKO 6o.nee CJJOXHH, 'ieM 3TO BHJtHO B rpartnttteCKHX 

HJJJJIOCTp8UHHX, B CBH3H c TeM, ~TO 00 Mepe HTepaUHA OT nepH~epHH H 

yrJJOB st'teAKH pacnpOCTpRHSIIOTCfl BHyTpb BH.ROH3MeneHHble CBfi3H (B.nHfiHHe 

CK.neAKH 1t8 nepHMeTpe) H npHXOJtHTCR HM9Tb .Reno C HeCHMMeTpH'tltHMH 

3JJeM9HT8pHHMH TpeyrOJJbHHK8MH. 

H3JJOll:eHHa~ 3Jtecb peJtyKUHH nposecTH 

(P
123

)n .R.nst H9Clt.OJlbKHX nepBYX 

3Ha'leHHA n ananHTH'leCKH. no 3TDA cxeMe .nnR n=l nertco nonyttaeM 

pe3y.nbTRT (226}. B cne.nyJOuteM nopR.nKe, n=2, B TepMHttax R0 H A0 , eM. 

( 21!'5), Haxo,nflM: 

12 



( 34) 

B CAy~ae n~3 nOBOllbHO rpOM03nKH€ BY~HCll€HHK naDT 

(35) 

B 6onee BYCOKHX nopKnxax aHallHTH~ecxHe BH~HClleHHK He uenecoo6pa3HY 

H cnenyeT nepexanHTh x ~HcneHHYM pac~eTaM. 

npH peKypCHDHHYX Bhi~HCll€HHKX 

llapaMeTpOB Rn H ;\ Ha KOMllbJOTepe o6maK CXeMa OCTaeTCH TaKoA :1:€ 1 KaK 

B nonpo6Ho OllHCaHHYX HH3illHX UOpHnKaX no n, 3a HCKA~~€HH€M 

HeXoTop~:.~x neTaneH. Tax, C TO~XH 3p€HHH 3XOHOMHH XOAH~€CTBa 

apHrflM€TH'IeCKHX anepaUHH, H BO H36eJKaHHe llOTepH TO~HOCTH, y.na6HO 

ocymecTBHTb npeo6pa3oBaHHf!. x ( *) -conpKJKeHHYM napaMeTpaM Ha cTa.nHH 

3Be3n, CM. pH C. 8 H 9, TO €CTb y.no6Ho HCllOllb30BaTh napaM€TpH h;, 
rne 

(36) 

=a:+a:O"O"+O:CTCT+ctO"CT 
0 123 231 312 (37) 

'-lepe3 3¢rpeKTHBHUA TpeyrOAbHHK C napaMeTpaMH t
1
,t

2
,t

3 
(CM. (23))HAH 

3KBHBaneHTHYIO eMy 3Be3.ny (CM. (25)) C napaMeTpaMH h
1
,h

2
,h

3 
(CM. 

(24)) oxa3uBaeTCK none3HHM sseCTH npeo6pa30BaHHe napaMeTpoB a
1

. 

aa+o:a-2/aaaa 
01 Jk 0123 

(i, j, k ace pa3AH~HY). (38) 
a

0
a

1
- a

1
ak 

ECJIH llOJlHHOM (37) flOJiy'ia~TCH H3 TpeyrOJlbHHKa, TO D
1
= D

1 
(t

1
,t

2
,t

3
), 

H npH 3TOM 

(39) 

rrpH'-IeM oxa3biBaeTcH, ~To npeo6pa30BaHHe (39) coananaeT co CBOHM 

o6paTHYM ( CaMo.nyaJlhHO), H Mhl HM€eM B TO JKe BpeMH 
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(40) 
0JlHH UJ.I'k~ BU~HCJJEHHA 33KJI~~aeTC~ npH 3TOM B OOBTopeHHH npeo6-

p330B&HJ.Ht ( 39) "r pa3, .n.11SI xaxnoro 3JJeM€HT3pHoro TpeyronhHHKa JtJJl'l 
t.!HCJJO 3l'HX TpeyrOllbHHKOB Ha l'l<tEAKe. TEM 

C3MUM Mil npHXOliHM K 3Be3.n;aM (CM. pHC Bb) B TepMHII3X 
(*)-conpl'l:~r:eHHblk napaMeTpOB. 33T€M ocymeCTBJHIETCJ'I CKJJeAKa pe6ep no 
nepHM€Tpy H nepepacnpe.neJJeHH$1" pe!Sep B HOBble ( *)- 3B€311Y. BKJJIO'-lEHHEM 
o6paTnoro np<:!o6pa30BaHlH:r { 40), nepeeonsrmero 3Be3.nu a Tpeyron~>HHKH, 
UHK.n 33BeptuaeTCfl. B pe3YJibT3Te Ollt!OrO UHKJI3 npoHCXOJIHT pe.rtyKUHJ'I 
o6o6tueHHDA TpeyroJTbHOA n-H'IEAKH K Hl.feAxe (n-1 )-ro nopll.nxa. npouecc 
pe,nyKUHH llpOltOJl:ll':aeTCH, ITOKa Jle ITOJ!Y'HHCSI 0-IPIEAKa. napaMeTp \ llPH 
3TOM ¢lopMHpyeTcH 33 c<IET ~XBOCTOB~, B03HHKaJOUlHX B K3llJlOM UHKJl€ (CM. 
pHC. 8 H 9). He38BHCHMO Ha nepBOM ::nane k8~1tOro UHKJ!a llOHBJISIJOTCl'f 
HOpMHpOBOlJHUe MHO~HTeJJH ( CM. 

TaKHM 

R B (25) ), H3 

'" o6pa30M, 

kOTOpUX !f!OpMHpyeTCH 
CT8TCYMMa R 

" """ p83!1H'IHNX 
TeMnepaTypy kT/C H napaMeTpa t=th(b), b=cjkT, MO~HO BUlJHCJIHTb 
3Ha'-leHHl'f R" H :\n, llJIJ:I peurerKH n- ro nopl'lllK8 H no tpopMyJJaM {15) H 
(17) nonylJHTb TennoeMKDCTb. 

Pe3yJlbT8TU BY'IHCJ!eHHA TeOJ!OeMXOCTH C H KOppeJII'ITOpa ,\n )IJIH 
pa3JJH'HlYX 3H8'i€HHA n npHBelleHY HR pHC. 10 H 11. AnropHTM l'hlJ! 
peanHJoBaH Ha $t3b1Ke QuickBASIC, sepcH;t !f!HpMY Microsoft. PaclJeT 
rpa!flHJWB npH n=22 3RHHM8eT OXOJIO 10 MHH speMeHH nepcoHaJJbHOro 
KOMrTbJOTepa TH!l8 PC AT. BpeM;t BU'1HCJJeHHA B03pacraeT nponopUHOHRJJbfiO n' 8 ra6nHtte 

(Tc)n, nony'!eHnFJe nyreM 'iHCJ!eHHDro pewenHH ypasHeHH$1 .\"{T
0
)=1/3, 

CM. ( 18). ¢1H3HlJeCKOe o6cyJIU{eHHe pe3yJJbT8TOB npDBO.lll-fTC$1 B CJJellyJOillE'M 
paJnene. 

4. t!Ja30BtJR nepeXOJJ H noBe)leHHe ren.noeMKOCTH BO Bcelt o6.naCTH 
reMneparyp. noaeneHHe rennoeMKOCTH a JaBHCHMOCTH or reMneparypbl 
.n.n;t pHna n-peurerox noKaJano na pHc. 10. Ha rpaqmxax BHJIHD, '!'TO .nnH 
Ka~.noA pelUeTKH llpH COOTBeTCTBYIOmeA TeMneparype (Tc)n Y 
Ter1JTOeMXOCTH J.iMeeTC$1 CHHryJJHpHYR 111-iK 3TOT llHK OTBe'l'aeT tfl830BOMy 
nepexony Broporo 

CHI!rynHpHOCTH B 

pona 

C8MHX 

Ha 

TO'-lkRX 

rno6anbHoA 

nepexona 

n-peweTke. OTMeTHM, 

HMeJOT JJOrapH!flMH'I'eCKHA 
xapaKrep, K8K 3TO cne.nyeT H3 o6D1HX aHRJJJ.-ITH'I'eCkHX pe3yJJbTRTOB ll.JIH 
MoneneA paccMarpHaaeMoro THila [3,4]. 
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1.5 

" 1- 1.0 
u 
0 

" • w 
0 

" c 
w 
f- 0.5 

1.0 

0.8 

~ 
0 
1- 0.6 

" " w 
~ 
~ 

~ 0.4 

0.2 

0.0 

c 

TeMnepaTypa 

n 4,5,6,7,8,10, 
12,14,18,22 

PHC.lO. Ten~08MKOCTb B pacqeTe Ha O~HH CITHH ~~K· 
rno6anhHoa perneTKH n- ro ypoaHH. 

:\ 

1/3 

n 0,1 ,2,3,4, 
5,10,22 

0.00 1.00 2.00 3.00 4.00 5.00 
TeMnepaTypa 

kT/~: 

6.00 

PHC. 11. 38BHCHMOCTb KOppeJHITOpa yrJIOBbiX CITHHOB .i\n=(«T
1

U'
2

>)n 

DT TeMnepaTyp~:.~ ~JIK n-HqeAKH npH pa3JIHqHHX n. Toqxa nepeceqe
HHH KOpp8JIHTOpa .i\ H rDpH30HTaJibHOrO ypOBHH 1/3 Orrpe~eJIK8T 
TeMnepaTypy ~a3oa8ro nepexo~a Ha rno6anbHOA n-peweTxe. 
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OpH Manux n noaeneHHe xa~ecTBeHHO 6nH3KO x xoporno H3BecTHOMY 
nnaaHOMY noaeneHHIO C .n.m1 o6u~HoA pemeTKH (n=O). O.n.naxo, Ha~HHafl 
OpHMepHO C n = 6, OpOHBnRIOTCfl 6NCTpO pacTymHe C pOCTOM n OTnH~HR. 
Kak BHnHo H3 pHC. 10, npH 6onhillHX n kpHTH~eCK8fl o6naCTb CT8HOBHTCfl 
aHoManhHO Y3KOA:3 ~ KpoMe Taro, npH 6onhmHX n na6nJO.n,aeTCR xopomo 

Ta6nHua. 3Ha~eHHH KpHTH~ecxoA TeMnepaTypu 
OpH pa3nH~HNX ypOBIBIX pemeTKH n 

n n n (k:T ,/£:) 

0 3.640956907 B 2.172176108 16 2.171607613 
1 2.485339738 9 2.171844416 17 2. 171607352 

' 2.279408177 10 2.171705332 1B 2.171607247 
3 2.214188448 11 2.171647497 19 2.171607206 
4 2.189333928 2.171623634 20 2.171607189 
5 2.179123888 13 2.171613857 21 2.171607183 
6 2.174803611 14 2.171609875 " 2.171607180 
7 2.172960608 15 2.171608263 23 2.171607179 

3aMeTHHA OHK cnpaBa OT KpHTH~eCKOA TO~KH. MY HHTepnpeTHpyeM 3TOT 
OHK K8K Ha3peBaTOJUHA tfl830BHA nepexon { KB83Hnepexo.n,) B OTnenbHHX 
n-SJ<!eAKax. 8 caMOM .n.ene, n-SJ~eAxH npe.n.cTaanSJTOT co6oA KoHe~HHe 
tflparMeHTH npocToA TpeyronhHOA peWeTKH. MO:I:HO npe.n,nOJIO:I:HTh, ~TO OpH 
6onhWHx ~Hcnax n cmmY anyTpH f!~eAKH Ha~HHaTOT cna6ee ~yBcTBOBaTb 
H8JIH~He rpaHHUbl H BO BHYTpeUHeA o6JiaCTH $1<ieAKH ycT8H8BJIHB810TCfl 
KO ppeJIHUHH, H8flOMHH810tQHe KOppeJIHUHH Ha 6ecKOHe~HOA OpOCTOA 
TpeyronhHOA pemeTKe. OpH OOHH:I:eHHH TeMnepaTypu npOHCXO.RHT CMeHa B 
peJCHMe KOppenHUMA OT cna6ux K CHJlbHNM. Ha 6ecKOlle~HoA npOCTOA 
pemeTKe 3T0 OpOHBHJTOCb 6N K8K ~830Bb1A rtepeXOJI. TaKaH IH-JTepnpeT8lHHI 
OO.RTBep:~:.naeTCfl 6JIH30CTbiO TeMnepaTypll KB83Hnepexo.na (OTBe~aTOUieA 
KOHe"'HOMY OHKY 8 C) np\-1 M8KCHM8JlbllOM paCC~HT8tlHOM 3Ha~eHHH n=22 K 

:3)3aMeTHM, <JTO T8KOA :$:e '3¢tfleKT na6JliO.D.8eTCSI H .JJ:llfl )leKOpHpOB8HHbiX 
pemeToK c tflpaKT8JTbHOA CTPYKTypoA 3neMetnapnoA fi'-IeAKH [5]. 
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TeMnepaType nepexo.na (Tc)n.,o 

peweTKH, CM. pHC 10 li Ta6JJHUy. 

npocToA 6eCKOHe'-iHOA TpeyronbHDA 

C ,npyroA CTOpOHY,MU 3HaeM, '-lTD HaCTO~mHA ~a30BYA nepeXO.ll Ha 
rno6anbHDA .nexopHpoBaHHOA perneTxe npoHcxo.llHT, xor.na xoppen~Top 

yrnoBUX CllHHOB Ha H3DJIHpOBaHHOA HYeAxe A.n=(<cr
1

0"
2
>)n )lOCTHraeT 

BenJ1'1HHbl 1/3 ( 3TO cne,nyeT 113 0611lHX aHaJ1HTH'1eCKMX pe3yJJbTaTOB )lJJH 
Mo.neneA paccMaTpHBaeMoro THna [ 3 J) . tiHcneHHYe 
o6e3pa3MepeHHbiX Kp!HH'1ECKHX TeMnepaTyp (kTJc)n npe,llCTaBJieHU B 
Ta6nHue. Jlio6om.nHo, '1TO npH n-"' nocne.noaaTenLHOCTb (kTc/c)n 
CTpeMHTCSI, BHJlliMO, K KOHe'!HOMY 3HaY:eHH!O B paAoHe 2,171607 ••• 

noae.neHHe xoppensnopa An B 3aBHCHMOCTH OT TeMnepaTypbl .llMI 

pa3JlH'!HbiX n npe.ncTaBJieHO Ha p!iC. 11. KaK BH.llHO H3 rpa~HKOB, B 
06naCTH KOHe'1HYX npaBYX llHKOB y T€llJIO€MKOCTH KOppeMITOpbl MaJibl H 
.llOCTHra!OT 3Ha'1eHHH 1/3 npH 6onee HH3KHX TeMnepaTypax, r )le H 
ocymecTBJIHeTC5l ~a30BblA nepexo.n Ha rno6anbHofl: peweTKe. 3ana3.llblBaHHe 
B03pacTaHHH xoppen5lTopa An no Mepe noHH"JKeHHH T no cpasHeHH!O c 
npe.llllOJiaraeMOA CMeHOfl: peJKHMa B xoppeJIHUHHX BHYTPH HYeAKH cne,nyeT, 
BH)lHMO, CBH3biBaTb C reOMeTpHeA HYeAKH. 

ITpH TaKOA HHTepnpeTaUHH Mbl MOJKeM llpe,lliTOJIO~HTb, B CBOJO 
o'1epellb, '-!TO B ~a3DBOM nepexo.ne Ha r .rw6aJibHOA perueTxe B TOYKe 
(T) y'!aCTBY!OT yxe He OT)lellbHble CllHHbl, a "UeJJHXOM" .llOBOllbHO CHJlbHO 

' 0 

ynopH.ll0'1eHHble .nexopHpOBaHHble H'1eAKH. 3To npHBO.llHT K 3¢qleKTHBHOMY 
yMeBbUJeHHJO CTeneBeA CB060.llbl H llO.llaBJieHHJO XpHTHYeCKHX ~JiyXTyauHA, 
'1TO MOJKeT CJIYJKHTb ~H3H'ieCKHM o6bHCH€HHeM aHOMaJibHO Y3KoA 
KpHTH'1€CKOA 06JtaCTH llpH 6oJibUIHX n. llJISI 6onee )leTa.nbHOrO H3yYeHHH 
aonpoca 6u.rw 6u HHTepecHo Hccne.nosaTh TeMnepaTypHy!O 3aBHCHMOCTb 
KoppeJIHTOpOB MeJK~Y pa3JIHYHHMH TO~KRMH KaK .llRH H30RHpOBaHHOA H'1eAKH, 
TaX H ~nH r JI06aJibHOA pellleTKH. He HCKJIJOYeHo, 'iTO CHCT€Mbl C 
ITO)l06HblMH CBOACTBaMH y T€llJIOeMKOCTH, KOTOpble H3Y'1€HH 3.lleCb Ha 
OCHOBe T0'1HHX aBaJIHTHYeCKHX peUJeHH~, MOryT BCTpeY8TbCH B 3KcnepH
MeHTa.nbHHX HCCJie.llOBaHHHX MarHeTHKOB CO CROJKHOA CTpyKTypoA [8]. 
TipOHBJieHHH TaKHX CBOACTB MO~HO O~H)laTb, BH~HMO, B0061ll,e B .nJ06HX 
CHCTeMaX H3 cna60 CBH38HHHX llO.llCHCTeM CO MHorHMH BHyTpeHHHMH 
CTeneHSIMH CB060)lbl. B '1aCTHOCTH, ~ByMepHOCTb llpOCTpaHCTBa, BepOS!THO, 

He HrpaeT 3necb onpenen~10meR ponH H nono6Hue 3¢¢eKTbl. MoryT, 
OQ-BH)lHMOMy, llpOHBRHTbCH H B TpeKM€pHHX CHCTeMaX. 

ABTOpbl. BHpaJKanT 6naro.napHOCTb K.H. fp03.lleBy, E.H. KopHHROBy, 
H. MepTHr, H. M. nnaKH~e. B. E. npHe3~esy, B. CaneA.ne, P. XaAHy 38 
o6cy*AeHHe H none3HYe 3aMeYaHHH. 
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