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1. Hau6onee uccnenoBaHHoil Monenbro ~eppoMarHeTHaMa RBnReTcR Mo-' 
- Ill . ' 

ll,enb fa'rraeH6epra ( CM., Hanp. • ) , B KOTOp~ll npHHHMaeTCR, 'ITO B yanax 

perneTKH: pacnono~WHbl CnRHbi1 B38HMOllellCTBYIDIIIHe o6MeHHbiM o6pa30Mo 
. /2-6/ . 
06bi'IHO . . npu aToM He Bcerna y'IHTbiBaiOT TOT ~aKT, 'ITO cnuH yana 

'
' 

' 
' 1·, 

C S > 1/2 oopaayeTCR B peaynbTaTe cno~eHHR cnHHOB HeCKDnbKHX ~neKTpO- ' 

HOB aToMa u, Boo6me roBopR, npu BaauMoneilcTBHH "nonHbiH cnuH aToMa 

M0~9T He coxpaHRTbCR. 

11HTepeciio npocnenHTb BnHRHite BHyTpeHHeil cTpyKTYPbi cnuHa aToMa 

' c s -·> 1/2 Ha cneKTp MarHRTHbiX Boa6y~neHuil KpHcTanna. MeTonoM npu..; 

6nu~eHnoro BTopH'IHoro KBaHTOBaHHR 9Ta· aana'la paccMaTpHBanacb 'B pa6o-
. 16,1/ .. - /8/ 

Tax E.H.KonnopcKoro u A.C.naxoMoBa , a TaK~e IO.A.HaroMoBa .__ 

Cny'lail c HecKonhKHMR cnuHaMH B yane, Korna BHyTpuyaenbHoe·BaauMo-

~:- neilcTBHe MHoro 6onbrne Me~yaenbHoro,. uccnenoBancR MeTonoM .UBYX~pe

MeHHbiX TeMnepaTypHbiX ~yHKUHil fpuHa B pa6oTe IO.A.I1aroMoBa H E.H.HKoB

/9/ neBa · • YcnoBHR npuMeHHMDCTH Monenn rauaeH6epra nnR cny'laR c He- .. 

· cKonhKHMH MarHRTHbiMR aneKTpoHaMH rio.upo6Ho uccnenoBanucb IO.D.I1pxu-· 

1101 
HbiM 
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B np~anaraeMofi pa6oTe paccMaTpnBaeTcR Moaenh ¢eppoMarHRTHoro· 

KpllCTanna 1 B. KaiKilOM ysne KQTOporo cy~MapHbiH CIIRHOBbiH MOMeHT o6pasy

eTCR B pesynhT8Te cnmKeHRR aByX. B38RMOilefiCTByiOIURX aneKTpOHHbiX CIIR

HoB.'HccneayeT~R X8p8KTep TeMIIepaTypHOH 38BRCRMOCTH HaMarHnqeHHOCTR 

~ncTeM~I B npn6nn)Kel!HR caMocornaco~aHHoro rrong. 06cy)Kilaetcg. ToqHope

rnaeMaR saaaqa o aByx crrnHax BO BnernHeM.none. B pesynhTaTe aToro· 

paCCMOTpeHRR l!CcneayeTCR CIIeKTp MarHl!THbiX B036y)KaeHl!H Cl!CTeMbi MeTo

llOM ilBYXBpeMeliHbiX TeMIIepaTypHbiX cPYHKURH fpHHa. 

/1.1/ 
2. ByaeM RCXOilllTh ll3 MOaenhHoro raMl!nhTOHR8H8 (eM. ) 

J{ 
tz 1 +- z z 
Sfa -]"" Jg a~f3 J (fa; gf3) (ASfa Sgf3+ Sf11 Sgf3 ) -: ==-ll H-:£ 

fa 

1 + - z z 
~-- :£Lf3 J (fa; f{3) ( A sfa sf{3 + sfa s,f3 

.• 2 f,a,. 

( 2.1) 

'• 

3aech 

= 112) 1 

f - nHaeKc ysna ( f "" 1 , · · ·, N), a_ HoMep crrnHa B ysne ( a 

S fa - orrepaTop crrnHa S = {- 1 J (fa; gf3) - o6MeHHbiH HHTerpan. 

Cnyqaro A = 1 cooTBeTCTByeT nsoTporrHaR Moaenh1 a A = 0 - Moaenh Til-. 

rra MoAenn HsnHra. B nacTORIUefi pa6oTe Mbi .ne 6yaeM RHTepecoBa'l'hCR Bos-. 

MO)KHOCThiO aHTRcjleppoMarHRTHOro yrropRaoqeHRR CIIRHOB B perneTKe II II09-

TOMy' 6yaeM cqi!TaTh1 qTo 06MeHHbie RHTerpanbi 

HeoTpnuaTenhHbi. 

J (fa ; £{3) = I 1 , a .J. {3 

J . (fa ; gf3 ) .. J ( f, g) 

4 

.· .< .... . ~.-;-

f " g 

30 nng KaqeCTBeHHC 

MeHIIM MeToa caMocornac 

~·· . ana ( 2.1) 1 OIIIIC~IB8IOliie~ 

. ....., 

ysnoB BbiaenHM qnea,. KBI 

siraqeHHR (Mbi noapo6Iio 

Bea~M pe3ynbTaT): · 

... 2 · . . i 
J{ "" 21 2 a N -(21 2 a 

1 . 
- 'Tf/g 

:£ . 
a,'{3 J (fa 

rae 12 = :£ J ( f, g)· 
r 

no Me)Ky3en.hHOMy l 

*eauu caMocornacoBaHHo 

aToro ¥eToaa nonyqaeTcl 

'BsaiiMOileHCTBHe Me)Kay < 

*eauu cBecTR K c·aMocor 

Mbl 6yaeM yqHTbiBaTh TO' 

Bllaa: H = :£ J{ f 
f 

J< 1 ='= 21 2 a 2 +(21 2 a + 

CBo6oAHasr aaeprHR B 9TI 

9Heprllfi B OllHOM ysne 

F 



lenb <fJeppoMai'HH'l'HOI'O' 

:nHOBbiH MOMeHT o6pasy-

omnx sneKTpOHHbiX cnn

~ocTn HaMai'HHqeHHOCTH 
- I 

06cy)!{nae:rcsr. To•mope-

i pesynbTaTe sToro· 

y)!{.[leHnfi cncTeMbi MeTo- -......_ 

( /11/) 
eM. 

( 2.1) 

J cnnHa B ysne ( a 

: ) · o6MeHHbiH HHTerpan. 

, 1 a .\ = 0 - Mo.nenb TH~ 

.[leM HHTepeCOB8TbCSI B03-. 

~HoB B peweTKe n nos-

' 
f. g 

3. nnsr KaqecTBeHHOI'O HCCne.noBaHHSI HaMarHnqeHHOCTH CHCTeMbi npH

MeHHM MeTon caMocornacoBaHHoro nonsr. Bo BTopoM qneHe · raMHnhTOHH

aHa ( 2.1) 1 onHCbiB8JOllieM B38HMO.[lefiCTBHe Me)!{.[ly CnHHaMH 1 H3 pa3HbiX 

ysnoB Bbi.llenHM qneH1 KBa.[lpaTHqHbiH no OTKnOHeHHSIM CnHHa OT cpe.nHero 

siiaqeansr ( Mbi noapo5Ho paccMoTpHM cnyqafi A == 11 a nnsr A = 0 npn

seneM pesynhTaT): 

_11"" ;t ;t 
2 1 "" ;:, ta ;:, t (:3 r ,af. (:3 

I 
ta 

1 
- rr/g 

rne 12 = I J ( f, g) H < S ra > = a a- a 1 = .~2 = a 
r 

f1o M9:H<y3enbHOMy B38HMO.ll9HCTBHIO 3a.[laqy MO)!{HO pemaTb B npn6nH-
. . . K 1121 6 •". 

)!{9HHH caMocornacoBaHHoro rronsr. aK nsnecTHO 1 Hynesoe npn nn)!{eane · 

sToro ¥eTona nonyqaeTcsr snech oT6pacbiBaHneM nocnenaero qneHa ,B ( 3.1).' 

'BsaHMO.[leHCTBHe Me)!{.[ly cnnHaMK BHYTPH OllHOI'O ysna HH· B K8KOM npn6nn

)!{9HHH CB9CTH K C8MOCOrnaCOB8HHOMy ITOnJO Henb3Sio 3TO B38HMO.[l9HCTBHe 

Mbi 6yneM yqnTbiBaTb Toqao. B pesynhTaTe npn:xonnM K raMHnhTOHHaHy 

anna: J{ = I 
r 

Hr=21 2 a 2 

rne .. 
+(21 2 a +J.LH) (8~ 1 +St2 ) -II Sri Sr2 

Cso6onaasr sHeprn:sr B aToM npn:6nn)!{eHn:n: pacnanaeTcSI Ha cyMMY cso6o.nHhiX 

sHeprnfi B onaoM ysne 

Fr - T en Z r 
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npn'leM CT8TIICTII'IeCKaSI cyMMa Z r paBHa 

z = S .. -{3 H, -212a2f3 
r P e = e 

Y+f3 It t/4 · f3 11 t/4 
e + e + 

-y+f311 t/4 -{3a/4 11 
+ e . +C 

2 
-2haf3 f31t,l/4 

.. e e X (3.2) 

x I 2chy + t' + JL H 

r.ue f3 .. 1/ T; y = f3 (2l.J a + JL H) • ITpiiHIIMaSI BO BHIIMaHIIe (3.2), nony'IIIM 

2 

{3 F, ... 
(y-{3 JL H) 

212 f3 

( 3.3) 
• . -{3 I . 

-{31 1 1/4 -fnl2dty+1+e · 1 I.· 

Cpe.oHIIii cniiH a Haxo.UIITCH us ·ycnoBIISI MIIHIIMyMa cBo5o.oHoii ::mepriiii 

· ·'a F . 
f = 0 II p8BEiH 

a a 

a 
y -f3JL H 

f3 12 

2 shy 
( 3.4) 

2my +1 + e-"ffr, 

Kor.oa B38liMO.ll9HCTBlle BHyTpli ysn8 MHOI"O 5onblll9 Me)Ky3enhHOI"O (11 -> oo ) , 

ypaBHeHIIe .onH cpe.oHero·cnnHa npiiHIIMaeT BII.ll: 

. 2 shy 
a 

2chy + 1 

'ITO. HBnSieTCSI qacTHbiM cny'I89M $yHKUIIII Epiimpo9Ha np11 S = 1. IT p11 

H = 0 B TaKoii. ciicT~Me IIMeer MecTo. cp8~0Bbiii nepexo.u, npn To ;• 2/3-. I2 . 

To ecTb 1 B npe.uene 5ecKoHe'IHO 5onhllloro Bl,IyTpiiysenhHoro B38IIMo.oeiicTBIIH 

. CITIIHOB Mbl nony'laeM XOpOll!O li3B9CTHbl9 pesynhT8Tbl MeTO.ll8 MoneKynS!pHOI"O 

nong .ung cjleppoM8I"HIITHoro KpiiCT8nn8 c S = 1. 

6 

~ 

~·/~ 

~ ..... 

B o5ll!eM cnyqae ( 1 

.· ~ 

rne {3 0 = 1/T 0 • 

, BBe.oeM HOBbie ne 

H9Hli9. (3.5). nepe~II!ll9TC£ 

Pell!8SI rpa$II'I9CKII yp8B 

HIIII B38liMOll9HCTBliSI ·· B y: 

yBenii'IliB89TCSI BITnOTb .llC 

118HTII ITOB9.ll9HII9 H8M8I"Hl 

A. = 0). CHoB8 Haxonn~ 

.ueiicTBIIII (I 2 - oonst) Te~ 

no To = I 2 • P.e3ynhT8Tbi 

A = 1 n aH8norii'IHoro 

T 8KIIM o5pasoM MI 

O.llHOI"O ysn8 Cp8BHIIT9nbl 

38BIICIIMOCTII H8M8I"HII'I911 

~. nnSI liCCnenoBaHI 

BOCITOnh3yeMCSI M9TO.llOM 

I 1,13/ 
H8 •. 

P8ccMoTpnM· cHa'laJ 

M9)K.llY ysn8MII OTCYTCTB~ 

38.08'19 B .llBYX B38liMOll9 



+ 

X (3,2) 

BHHM8Hlfe ( 3, 2) 1 rrony"'HM 

}." 
.. 

l CB06onHofi 9HeprHH 

( 3.4) 

Memysenbaoro (I 1 ... oo ) , 

HB,IIpH S =1, IlpH 

Jepexon rrpn T0 = 2/3 .. l.2 

y3enbHOro B38HMOnefiCTBHH 

Tbi MeTana MoneKynHpaoro 

j 

l 
j 

l 
l 

~)~~-· 
r· 

B o6rueM cny"!ae (rrpn H = 0) ypaaaeane nnH To. HMeeT ann: 

( 3,5) 

rae {3 0 = 1/T 0 • 

BaeneM HOBbie 
1 I, 

rrepeMel!Hbie x ""2b f3 o H a == -2 --,-- , Torna ypaB-
12 

aeane (3~5) rrepeqnmeTcH B anne. 

-ax 
+ e .. X • ( 3,6) 3 

PemaH rpa<jln"!eCKH ypaaaeane ( 3,6) • nerKo yanneTb 1 'ITO npH yaenn"!e-

HHH asanMoneil:cTBHH B ysne ( I 2 <]JHKCHpoaaa·o) TeMrrepaTypa K10pH 

yBenH"'HBaeTCH arrnoTb no T 
0

= 2/3 I 2 •. Aaanorii"!HbiM o6pasoM· nerKo 

nailTH noaeneane aaMarHH"'eHHOCTH B Monenn nma l1suara ( B ( 2.1) 

A 0), Cnoaa aaxonnM, ·'ITO rrpn <jlnKcnpoaaHHOM Me)KysenbHOM asanMo-

neilcTBHH (I 2 - oonst) TeMrrepaTypa KIOpH aospacTaeT., c pocToM I 1 arrnoTb 

no To .. I 2 • P.esynbTaTbi rpa<jln"!ecKoro pemeHHH ypaaaeanH ( 3,6) nmt. 

A 1 n aaanorn"!aoro ypaBHeHHH nnH A = 0 rrpencTaBneHhi na pnc, 1, · 

TaKHM o6pa30M Mbl BHaHM1 'ITO BHyTpeHHee aBH:lK;!me CIIHHOB. BHyTpH 

onaoro ysna cpaBHHTenbHO cna6o annHeT aa rroaenenne TeMrrepaTypaoil 

38BHCHMOCTH HaMarHH"'eHHOCTH, 

~. llnH nccnenoBaHHH crreKTpa MarimTHbiX aoq6ymnennil cncTeMbi 

BOCIIOnbsyeMCSI MeTonOM aByXBpeMeHHb!X TeMIIepaTypllb!X <jlyHKUIIH fpll
/ 1,13/ 

Ha •. 

PacCMOTpllM CHa"!ana CllCTeMy; B KOTOpoil: · o6MeHnoe B38HMonefiCTBHe 

Memny ysnaMH OTCyTCTByeT, Torna rrpo6neMa CBOaHTCH K TO"'HOpemaeMOH 

sana"'e ·a nayx asanMoneilcTBYIOIUHX cnnaax ao BHemaeM none: 
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8 
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:s: 
0. 

J{ .. -fLH(E 

HcHo, 'ITO sHepreTII'lecK: 

pencTBBHHbiM peiiieHIIBM 

aliani:rsa MarHIITlibiX Bost 

llBHIISI CIICT9Mbl ( 4.1 ), M( 

ITpOCTOrO raMIIDbTOHIIBHB 

QBOllliTCSI BCero K llJ3YM 

·l!aXOlliiM, 'ITO <jlyliKUIISI f 

fLll +I 1 II JL H - I 1 , a <P 

-flll, -flH -I 1 n -flll 

lia pnc •. 2. fopnsoHTan&E 

CneBa oTMe'leH&I Benii'III 

C06CTB9llllbl9 3l!B'l9HliSI ~ 

COOTBBTCTByeT ITODIDCBM 

M &I I.Ie ynoMnHaeM o np: 

1 
. «S 1 .1 : 

a ocTan&H&te nerKo Bbtp• 

¢yHKUIIII fpiiHB :« 

MO)Klib!B nepeXOllbl B CII< 

cyMMBpHoro CITIIHB liB :!:, 

z I z ., «81 8 1 » 6yneT1 O'IBB: 

liiiSI npoeKUIIII CYMMBpHO 

nel!hl napannen&Ho nonro 

+ - . « S 1 I S 1 »,paBH~te . . fl I 

liS .. OCliOBl!OrO B B036y)!{l 
p-:: 

OTDII'lllbl OT HynSI II. npii 



0 .... 

-------..10 

. -

z z ....,. ...,. 

J{ = .,.. fL H ( S 1 + 82 ) -I 1 ( 8 1 8 2 ) . 

HeRo, 'ITO snepreTII'!eeKIIii erreKTp eiieTeMbi ( 4.1) nerKo rronyttiiTb Herroe

peneTBeHHbiM pemeniieM ypaBHeHIISI Wpeniinrepa. OnHaKo nnH rroenenyromero . .· 
ananii3a Mai'HIITJ!blX B035ylliJl9HIIif eiieTeMbl ( 2.1) IIOne3HO HaHTH B035ylli

Jl9HIISI ciieTeMbi ( 4.1) . Mei-onoM cjlyHKUIIii: fpiiaa. OtteBIIJlJI01 ttTo nnH TaKoro 

. rrpoeTor'~·· raMIInbTOHII~Ha ( 4.1) eiieTeMa ypaBH9HIIii: JlnSI cjlyJIKUIIif fpiiHa 

~BOJliiTeSI Beero K JlBYM. ypaBH9HllSIM II pemaeTeSI TO'IIIO. f1pii 9TOM Mbl 
+ . . 

aaxoniiM, ttTo cjlyHKUIISI fpnaa «8 1 (t) l 81- (0) >> IIMeeT mnroea ll H • 
- + 

j!H +I 1 n J.LH- I 1 , a cjlyHKUIISI fpiiHa «8 1 (t)·\.8 1 (0) » - rronroea 

-j!H, -jl H -I 1 n - p. H +I 1 • I1HTeprrpeTaUIISI 9TIIX rronroeoB rroKasaaa 

Ha piie. 2. fopnsoHTanbHbie miHIIII nso5palliaiOT ypoBHII saepriiii eiieTeMhr. 

CneBa oTMe•reHbi Bemr<IIIHhi rronaoro emma s t II ero rrpoeKUIIII 1 errpaBa -

eo5eTBeHHhre snatteHIIH sne priin. fleBaSI rpyrrrra rrepexonoB na priCyaKe 
+. - - + 

eoOTBeTeTByeT rromoeaM cjlyHKUIIH fpiiHa «8J l 8 1 »,rrpaBa.SI- «8 1 l 8 l ».: 

M hi J}e yrroMIInaeM o npyrnx cjlyHKUIIHX fpiiHa, rroeKonhKY «8 ~ l 8; » = 0~ 

a oeTanhJ-:bre nerKo BbrpalliaroTeH tte pes << 8\ l 
+ l - - l + 4>yHKUIIII fpiiHa « 8,1 8 1 » II '«8 1 8 1 

i ,k "' ~' z 

8
k 
1» 

>> OIIIIebiBa!OT BeeB03-

MO)KJ!b!9 rrepeXOJlbl B eiiCTeMe e II3M9H9Hll9M IIpoeKUIIII aa Oeb KBaHTOBaHIISI 

eyMMapHOI'O eiiiiHa Ha :!:_1 1 'ITO II OTpallieHO B prre. 2 •. 4>yHKUIISI fpnna 

z I z <<81 8 1 >> 5y)leT1 0'!9BllJlH0 1 OIIITeb!BaTb rrepeXOJlbi B eneTeMe ·5e3 H3MeHe-

HIISI rrpoeKUHH eyMMapHOI'O eiiiiHa~ 8 oeHOBHOM eoeTOSIHIIII eiiHHbl HarrpaB-
z 

neHbi rrapannenbHO rronro ( st = 1, s t = ~. ) • ·rronroea cjlyHKUHH fpnaa 

+ -« 8 1 l 8 1 »,paBHf?Ie fL H n p.H +I 1 , oTBettaiOT paspemeHHbiM rrepexonaM 

H3. OeHOBHOI'O B B035ylliJl91IHbl9 eoeTOSIIIHSI 1 a eOOTB8TeTByiOntHe Bb!lJ9Tbl 

oTmrttHhi oT nynH n · rrpn uyneBoii: TeMrrepaType. ITomoe flll - It , KoTopbrii: 
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1 
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f 
J 
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. I 

J • 
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N 
u 

N 

~ 
t 

~ 

' ' 

.~ 
~ 
~ 

1 
j 

I 
' 

1 
\~ ,, 

-~ ''I 

( ' 
r ! • 

~ .I 
J 
r i 
I 

COOTB9TCTByeT nepeXOAY ll3 B035yllin9HHOrO COCTOHHllR Ha 5onee Hll3Kllll 

aHepreTn'IecKnfi ypoBeHb, nMeeT Bbi'!eT, ncqeaaiOninfi npn Hyneeofi TeMnepe 

Type. TaKoe IIOBeAeHne Bbi'!eTOB CBR3aHO C TeM, 'ITO OHll IIpOIIOpUllOHanbHJ 

HaceneHHOCTll HaqanbHbiX COCTORHlllle AHanorn'IHO BeAyT ce5g Bbi'!eTbl 

noniOcoB 4JyHKunn fpnHa· « S ~ I S t >> • 

5. OnpeAennM Tenepb cneKTp MarHnTHbiX Bo35y:lKAeHnfi nonHofi cncTe· 

Mbl { 2.1) o floAp05HO paCCMOTpllM cnyqafi A "' 1, a AnR A 0 npnBeAeM 

TOnbKO pe3ynbTaTo 

ByAeM paccMaTpii:BaTb cneAyiOmne 4JyHKunn fpn.Ha: 

+ - + . -
«S ,(t) Is (0)»"' G(t)dS \ (t)' s .(0)1' > rn/\ np. rn/\ np. 

{ 5.1) 

«S:,A(t) s :1' (0) >> G(t) <(Srn-A(t), s:p. (0)] > 

+ 
rAe S -, ( t) - rafi3eH5eproBCKoe npeACTaBneHne 'onepaTopa nonepeq-

rn/\ • 
HbiX KOMIIO.He.HT CllllHa C IIOnHbiM raMllnbTOHllaHOM { 2.1) . i:lnR A "' 1. 

¢1yHKUllll fpnHa { 5. ·o· OllllCbiBaiOT lU-IHaMll'!eCKOe IIOBeAeime CIICTeMbl C ll3-

MeHe.HneM z -npoeKunn cyMMapHoro crrnHa Ha eAIIHnuy; rrpn aToM non10 

. ca 4JyHKUllH fpnHa { 5.1) OIIpeAenRIOT CIIeKTp MarHllTHbiX B035y:lKAeHllll CllC• 

TeMblo 

IlepefiAeM K onpeAeneHlliO ~yHKUIIH fpn.Ha. Ilonb3YRCb ypaBHeHneM AE 
+ + -

:lKe.HllR AnR onepaTopa s rnA • AnR 4JyHKUllll fpnHa «SrnA Is np. » 
nonyqaeM ypaBHeHIIe: 

. 
d + - 7 + -dt «SmA (t) I s~li (0) » ,j 0 (t) 0 ~n OAp. <28 rnA> +p.H «S rnAIS np. » 
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II 
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II 
t-

(/)· 
'--' 

0 
:s:. 

0.. 

l}' . I 
I 

1\ 

COOTBeTCTByeT nepexoay H3 B036ylliaeHHOrO COCTOHHHH H8 6onee HH3KHH 

9HepreTH"'8CKHH ypOB8Hb1 HMeeT Bbi"'eT1 HC"'83810ulHH llpl! HyneBOfi TeMnepa-. 

Type. TaKoe llOBeaeHHe Bbi"'8TOB CBH38HO C TeM 1 "'TO OHII nponopUIIOH8nbHbl 

HaceneHHOCTII H8"'8nbHbiX COCTOHHIIHo AHanorl!"'f!O BeayT ce6H Bbi"'8Tbl 

ITDniOCOB cpyHKUIIII fpl!H8 « 8 ~ 1 8 i » • 

5. Of!peaenHM Tenepb cneKTp Marnl!THhiX Bos6ylliaenl!fi nonnofi cucTe-

Mhi ( 2. "t). IToap~6no paccMoTpHM cnyqafi A = 1, a p;nH A 0 npl!BeaeM 

TDnbKO pesynbT8To 

Eyaer-t' paccMaTpilBaTb cneayroml!e cjlynKUIIII fpima: 

«S:A(t)1S:!l(O)» = 8(t)<[S:A(t), S~ll .(0)]" > 

( 5.1) 

+ .'• 
rae S -, · ( t) - rafiaen6eproBcKoe npeacTaBnenue onepaTopa nonepeq-

m~ • 

llbiX KOMITO!IeHT CITHH8 C llDnHbiM raMl!nbTOHH8HOM ( 2.1) . lJ;nH A = 1. 

<JlynKUHII fp1IH8 ( 5 • . 1). Olll!Cb!B8IOT lJ;IIH8MH"'eCKOe noBeaeime CIICTeMbl C 1!3-

Menenl!eM z -npoeKUIIII cyMMapnoro cnl!na na eannl!~y; npl! aToM nonro-

. C8 cpyHKUIIH fpiiH8 ( 5.1) onpeaenHIOT cneKTp M8rHIITHbiX B036YllilleHHH CHC-

T8Mbl. 

ITepefiaeM K onpeaenenl!IO $yHKUIIfi fpuna. ITonbsyHcb ypaBnenneM llBII-

llieHIIH anH onepaTopa s:.A nnH cpyHKUHII fpHH8 «S:A 18 :/l » 
nonyqaeM ypaBnenne: 

>>. + 

11 



z + 
+~ J(fa;m.\)«SraSm.\ 

rfm,a 

-: ~ J (fa; m.\) « s~,.\ s;~ 
rlm,a 

z + 
S » + ~ J (ma;m.\)«S S , IS »-np. a'T ,.\ rna m/\ np. 

(5.2) 

s ;;P. » -~ J (ma;m>.) «S.:>. s ~a I s:P. ». 
a/=>. , 

3necb II moKe 'IJieHbi c f I m II f = m 6yneM IIIIcaTb paGnenhHo. 3To 

8CT8CTB9JIHO, IIOCKOJibKy B onHoM Y3Jie Ganaqa pelllaeTCSI TO'IHO, a 110 

Me:lKyGenhH,oMy B3aiiMoneticTBIIJO - llpii6JIII:ll<eHHo. Bbipa3IIM. B ypaBHeHIIII 

(5.2) 'IaCTh BTopbiX ~YHKUIIH fpiiHa (nnSI KOTopbiX f I m ) qepe3 

llepBbie: 

z + - z + 
« sra -,s rnA I s np. » .. <Sra >«Sm.\ S ~p. » , f I= m 

( 5.3) 
·~ 

z .. 
« S rnA Sra 

- z + . 
s np. » .. < s rnA > « s fa I s·~p. », f I m . 

Ill. 
3To pacue11neHIIe. llpiiHanne.:lKHT TSI6nuKoBy • 3aMeTnM, 'ITO B cnny TpaH-

z 
CJISIUIIOHHOH HJIBapiiaHTHOCTII B8JIII'IIIHbl < S ta > He 38BIICSIT OT IIHneKCa 

yGna 
z z 

<Sn > =<Sr2 > =a 

DoCKOJibKY 110 BHyTpiiy3eJibHOMy B38IIMonetiCTBIIJO Mbl XOTIIM Ganaqy pellliiTb 

TO'IHO, Heo6xoniiMO paCCMOTpeTb ypaBHeJiiiSI nnSI _BTOpb!X ~yHKUIIH fpiiHa.r 

Dpu'IeM, KaK BIInno II3 ( 5.2), ueo6xoniiMo paccMoTpeTb ypaBHeHIISI nBII:lKe

HIISI JIIIIllb nnSI ~yHKUIIH fpiiHa BIIna 

z + -
«Sma S rnA IS np. » ' 

12 
- .~ 

./:"t/ 

I 
J 

I 
I 
·t 

.I 
I· 

\ 

' ,1j 

.\ 

·, \ 
. 1 
. I 

I ., 
:[ 
I 

I . I 

l 
! ·. 

. I 

f . I 
I 
) 
I . 

\ . . 
I 
I 
I 
\ 

-·~ 

B KOTOpbiX, KpoMe Tore 

nBII:lK9HIISI IIM98T BIIn: 

_d_«S z s + ls:-:-
d t rna rnA np. 

1 
-TP~ J(py;ma}«S 
I' r~·~ , 

1 -
+ 2 ~ J(py;ma} «Sma 

P/=m,y 

+ . I .. J (py;m,\ !)«S:a 
P;*m,y . 

- ~ . J (py; m,\) « s~( 
p"m, Y 

PacCMOTpiiM B OTneJibH 

HOBCKIIX ~yHKUIIH: 

+ - + 1) «S rna Spy S m,\ IS 

2) «s+ s- s + IS-rna my m,\ . 1 

IIOCKOJibKY II3 y f, a II ( 

M8JOT 3H8'I8HHSI 1 II 2; 

3) 
- + + 

«SmaSpy Sm>.l~ 

liP II m "p; 

4) « s- s + · s + 
rna my rnA I: 
~ .• 



\ 

z + -
w;mA)«Sma smA I snp.»-

( 5.2) 

ma;mA) «S:A S~a I s:p. ». 

-..._ . 

lll89TCH TO'IH0 1 a 110 

3hlp83HM B ypaBH~RHH · 

f f m ) tJepes 

» , f f, m 

( 5.3) 

.19THM 1 'ITO B CHny TpaR-

38BHCHT OT HRA9KCa 

Mbl XOTHM 38AatJy peliiHTb 

•TDpb!X tPYRKUidi fpHRa.' 

Tp9Tb ypaBReRHH ABH)Ke-

' ._ ... 

·- .. ~ ... 

B KOT0pb!X1 KpOMe TOI'0 1 Bcerna a. f. A • CooTBeTCTByromee ypanueune 

ABH)K9HHH HM99T BHA: 

_d_«S z S + IS-
d t rna rnA np. 

» = i 0 (t)<[Sz s+ )~.,.. l>+'p.H<< sz : s \ Is- ·» -rna ml\ np. rna ml\ np. 

1 - + +- 1 -++-
+-2 ~ J(py;ma)«Smaspy sm>.ISnll>>+- ~ J(my;ma)«S as ys \IS »+ 

~m,y .r. 2 a/ty •· m m ml\ np. 

( 5.4) 

-~ J(py;mA)«Sz Sz, s+yiS- »-~ J(my'im>.)<<Sz S\ sm+yiSn-">>. 
p,;.m, y rna ml\ P np. y,;.>. rna ml\ r 

PaCCMOTpHM B OTAenhHOCTH K8)KAYIO H3 BXDAHliiHX B STD ypaBH9HHe rpH

ROBCKHX tjJyHKUHH: 

+ - + -1) «S rna Spy S rnA IS np.. » .. 0 , 3A9Ch p f m 

2) «s+ s- s + IS- » =..!.«s+ ·1s- » -«s+ sz 1 s- · » rna my rnA . rip. 2 . rna np. rna rnA np. 

110CKOnhKY li3 y f, a H a fA cnenyeT 1 'ITO Y =A 1 TaK KaK ·U, Y, A , 11pHHII-

M810T 3H8'!9HHH 1 :II 2; 

- + +- - + + 
3) «Sma sPY sm.\ I snfl » .. < sma s rnA> «SPY 

rrp:u m ,;. p ; 

4) « s- s + · s + 1 s-
rna my rnA .. n p. » ·:; 0 , 3A9Ch y ~-a·' a f ,\ ,oTKyna y = .\ ; 

13 



'\ j' 

5) «Sz Sz 
rna PY 

s+ 
rnA I s:P >> "'<S z 

PY 
> «S z S + rna rnA- IS :fl 

npii m f, p; 

6) «Sz sz s+, Is- »=-4
1 

«S+, IS--» 
rna my· m'" np mf\ np 

3neci:, ;y .f ,\ II a .f ,\ , cnenoBaTenb~o, y = a 
. . 

» 

z z +- z z +-
«Sma Sm,\ SPY IS np. » ""<S rna S rnA> «S pyiS np » 7) 

• npii m ,;.· p; 

z z +- 1 z +-
. 8) «Sma S rnA S my IS np » = 2 «Sm.\ S rna IS np » 

( 5.5) 

3nech TaKX<e y f. ,\ II a .;. ,\ , OTKyna Y"' a • CooTHOllleHIISI 2) 1 

4) 1 6) 1 8) B ( 5.5) SIBnSIJOTCSI TO'IHhiMIIo TaKIIe COOTHOllleHIISI IICnOnb3YIOT~--

CSI npii _TQ'IHOM pellleHIIII 38Jl8'1II 0 JlBYX B38IIMOJleHCTBYIOUIIIX CniiHBX BO 

BHeiiiHeM none ( CMo nyHKT 4) • CooTHOllleHIIe 5) B ( 5.5) SIBnSieTCSI 

npii6niiX<eHIIeM Tsi6niiKoBa, KaK II ( 5.3). CooTHollleime 1) 1 o'leBIIJlHO, no-

• 
BonhHO xopolllo BhmonHSieTcSI npii HII3KIIX TeMnepaTypax. Pacuennemm 

~ /5/ 
·• 3) II 7) aHanorii'IHhi TeM1 KoTophie npennoX<IIn KenneR 1 c TeM oTnii-

'Il!eM1 'ITO KOppenSITOpbl onepaTOpOB CIIIIHa B p83HbiX y3nax Mbl C'IIITaeM 
~ t, 

MBnbiMllo 0TMeTIIM 3JleCb X<e 1 'ITO npii npiiHSITblX JlOnyUieHIISIX pe3ynbTBT1 

rrony'leHHhiH HIIX<e 1 He II3MeHnTCSI1 ecnii BMecTo pacuerrnemri1: 3) II 7) 

COOTBeTCTBYJOUille cPYHKUIIII fpiiHa npOCTO nonOX<IITb paBHbiMII HynJO. 

Ecnl! nOJlCTBBIITb COOTHOllleHIIe ( 5.3) B ( 5.2) II COOTHOllleliiiSI ( 5.5) 

B ypaBneHIIe (5.4) 1 TO UeiiO'IKa ypaBHeHHH JlnSI I'pllHOBCKIIX cPYHKUIIH 38Mbi

KaeTCSio DepeXOJlSI K c!Jypbe-npeJlCT8BneHIII0 1 HBH)leM 1 'ITO c!Jypbe-o6pa3 

+ I -cPYHKUllii «Sm 1 (t) S n 1 (0) » paBeH: 

... 
G 1 ,Jk,w) 

i 
+-

2rr 2 

a 

2rr w -pH-(I 2 -I2 (k)) 2a 

z z - + 
a-<2Sm 1 S m2 >-<S m1 S m2 > 

w - pll -I 2 2a +I 1 

i 1 

+~2 

14 

.( .... 
_;.~ .. ;· 

+ ( 5.6) 

z z - + 
a+<2Smt"Sm2 >t<S -~1 S m2 :> 

w -pH -I 2 2a -I 1 

f 

I 
I 
I 

! 
I 
l 
i{ 
( 

l 
! 

I 
• 

\ 
( 
I 
i 
' 

•. ,.., 

... 
rne I 2 (k)=:S J(f,m)< 

- r 

Don10ca _cPYHKUIIII fpiiHa 

CllCTeMblo 0HII IIMeJOT ' 

Ecnii Bocnonh30B 

- . (a.) . i 
«A I B» .. -E _. __ .: ~ 

. . ( r) 

«B I A»-· = -
.:_E 2 

TO HeTpyJlHO npoBepiiT: 

non10ca; paBHbie ( 5. 7) · 

nonJOca ( 5. 7) ,np 

BOnH ( Uienb KOTOpblX 0 

CIICTeMe CO CnHHOM 

MeX<y3enbHbiM B38IIMO, 

xon w = p H (eM. nyH 

Bo36yX<neunSI _( 5, 

pelllBT~II li CBSI38Hhl C 

COCTOSIHliSIM~ B y3ne. 

. He 38BIICSIT OT it II 

B38IIMOJleHCTBUe CBOJlF. 

no My nomo I 
2 

2a _ 

... :; 



+- IS- » rnA' np. 

» 
np. 

' a 

+ - ( 5,5) )pyiSnp. » 

s~P » -....___. 

=.a . • CooTHOIII9Hllst 2) 1 

COOTHOIII9Hllst l!CIIOnh3yroT

eticTByroiiiHX CIIl!HBX BO 

5) B (5,5) stBnsteTest 

UeHI!e 1) 1 O'IeBH/lH01 llO

aTypax, P.acuenneHust 

" /5/ 
,enneH 1 C T9M OTnH-

3Hh1X y3nax Mhl C'IHTaeM 

llOIIYIIIeHIISIX pe3ynhTBT1 

pacuenneHnti 3) H 7) 

:Tb· paBHhiMH nynro. 

,2) ll COOTHOIIIeHHSI (5,5) 

~pHHOBCKHX <jlyHKU!Ill 38Mb!• 

(eM , 'ITO <jlyphe-o5pa3 

+ ( 5.6) 

"' z - + 
'+<2Smt Sm2 >+<S mt S m2 > 

w -pH -1 2 2a -1 1 

o•' • ~M. ·• 

-+ •. 
-+ 

rne 12 (k) =I. 
. f 

J(f,m)eik(m-f). 11poaHanH3HpyeM nony'IeHHoe Bhrpa:m:eHHe, 

ITonroca <jlyHKUHH fpHHa ( 5,6) onpenenstroT cneKTp crrHHOBhrx Bo35y:m:neHHr'i: 

CHCT9Mhl, 0Hll HMeroT Cn91lYIDIIIllfi BUll: 

-+ 
w =pH + [b -h (k)] 2a 

:Ecnll BOCIIOnb30BaTbCSI li3B9CTHh1Mll COOTHOIII9HllstMll 

00 w 
f (e "F_Tf ) lAB (OJ) 

217 -oo 

w 

dw 
E -w_ -ic 

Ill 

(r) 

«B I A»' 
-E 

{(e T -7[) I (c.J). _d_w __ 
· AB -E-w+il 

TO H9TPYilHO npoBepl!Tb1 'ITO tPYHKUl!H fpHHa << S:-x· 
nonroca, paBHhre ( 5, 7) -( 5,9) c o5paTHhiM 3HaKoM, 

( 5~ 7) 

( 5,8) 

( 5,9) 

>> HMeeT 

':' ... ,. 

11onroca ( 5, 7) npencTaBnstroT co5oii: cneKTp aHeprHti o5hi'IHhiX crrHHOBhiX 

BOnli ( ruenb KOTOph!X o5pamaeTCst B Hynh rrpll H = 0) B <jleppoMa"rHliTHOfi 

CHCT9M9 CO CIIHHOM S = 1 B K8)1{1lOM y3ne,- CrreKTp.- ( 5, 7) o5ycnOBneH 

Me:m:y3enb!Ih!M B38llMOil9llCTBli9M 1 KOTOpOe pa3Mh!B89T BHyTpily3enbHhlll rrepe- · 

xon w =pH (eM, nyHKT 4) B 30Hy. 

Bo35y)l{!leHilst .< 5.8). ( 5. 9) auanOI'li'IHhl OIITH'I9CKHM B9TBSIM B llll!I8Ml!Ke 

peiiieTKll II CBSI38Hhl C nepeXOil8Mil ~e:m:ny TpHrrneTHhiM II Clllii'neTHhiM 

COCTOSIHllstMll B y3ne, B paCCM8TfmBaeMOM rrpu5nl!:m:9Hllll- 9TH B035y:m:!l9liliS! 

He 38BHCSIT oT It u HOCSIT 'll!CTO noKanhHhrii: xapaKTep, Me:m:y3enhHoe. 

B38l!MOil9llCTBll9 CBOJlilTCSI B Jl8HHOM cny'Iae K JlOIIOnHilT9nbHOMy MoneKynSip-

HOMY rronro I 2 2a , l1HTepeCHO OTMeTl!Tb 1 'ITO ananOI'Il'IHhill xapaKTep 
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. 
\· 
i 

' • j 

. . . ·. 1.!7/ 
HMeiOT KB83liOIITlitteCKHe B035y)!(neHHH B pa5oTe 1 ecnn Me)!(y3enbHbie 

o5MeHHbi9 HHTerpanbi He .38BliCHT OT HOMepOB COCTOHHliii: aneKTpOHOB B Y3-

.. ne. 

.UnH Mo.zrenn Tnna Monenn 113nHra ( B ( 2,1) A = 0) cneKTP MarHnTHhiX 

'Bo35y)!(neHnli: nMeeT Bnn: 

w .,;ILH+21 2 a +1 1 /2 

w = IL H +21 2 a - I 1 / 2 

TaKne nonroca nMee'r ljlyHKUHH fpnHa «S: A l S ~/L. >> • ITonroca conpH)!(eH':'" 

uoli: ljlym~u!_m fpnua paBHhi aTnM · nonrocaM c o5p8THhiM .3H8KOM. 

Mbi npnuocnM rny5oKyro 5n8ron8p.HgcTb .U.H.3ytSapeBy 38 BHHM8Hne 

K paooTe ·n o5cy»<neHnH1 IO~A.113roMoBy1 H.M.ITn8Knne1 E.B.BacnnheBy 38 . 
nHTepecHhie .o5cy)!(neHnH1 E.H.HKoBneBy 3a none3Hhie ·KpiiTnttecKne 3aMetta-

··0HHH1 a TBK)!(e noKTopy 3.ITpaBeuKn1 noKTopy· E.Toumtty n noKTopy r.KoH-

BeRTY 3a nHTepec K pa5oTe n none3Hhle o5cy)!(neHnH. ,, 

ITpnno)!(eHne 

rr . /1/ 
pnMeHHH CT8Hll8pTHbi9 MeTOllbi 1 HeTpynHo IIony'lliTb ~p8BHeHne. 

nnH KOppenHTOp~ liOIIepettHbiX KOMIIOH9HT CllliH8 B OllHOM y3ne: 

1 
2 

- + 
«S m2 S ml 

1 
>=2 !_ ~· 

N it 

z z - + 
a-<2Smt Sm2 >-<S m1 S m2 > 

/3C/LH +I 22a- I 1 ) 
e -1 

2cr 

e {3 C /L H + 2 a (I 2 -I 2c"t» -1 

z z 

1 a+<2Sm1 Sm2>,+<Smt 
- 2 {3Cp.H +I 2 2a+ I 1) 

e 

16 

~ ./:r· 

+ 
~m2 > 

-1 

.. 
., 

AHanornquo · n3 ( 5.6) n 

HOCTli! 

. 1 . 
1 + 2a .. - ·.}; 

N it; 
.: e 

z z -
a-<2S'm 1 S m2 >-<S m 

· {3(/LH + 12 2a-1 1 ) e . 

11ccnenoBaHne X8pa~Te~ 

Tpe5)19T BblttHCneHHH B:ll 

n <S:;:t 
• + s m2 >. 0nH8: 

pOB CllliH8 (B oco5eHHO 

'HnMn1 npencTaBmieT 

3anatty (eM., HarrpnMep 

nnTCS!o 

I. c.B.TSii5nHKOBo MeTa 

1965 r. 

2. R.A.'l'ahir-Kheli an 

3. c.B.TH5nHKOBo IPMN 

4<E.Praveczki. Phys. 

5. H.B.Callen. · Phys, l 

6, E.11.KoHnopcKnli:1 A.< 

7. E.11.KounopcKnli:1 A.< 

s. IO.A;113IOMOB •. :>K3T¢J 

9. IO.A.113IOMOB, E.H.Hl 

,.,r'::, 



ecnn Memy3enbHbie 

~OHHHH aneKTpOI!OB B Y3-

0) cneKTp MarHHTHhlX 

>> • flomoca conpHmen-

Hb!M 3H8KOMo 
. . 

,3y6apeBy 38 BHHMBHHe 

cnne, E.B.BacnnbeBy 3a 

Ibie. ·KpllTH'!eCKHe 3aMeqa

llllll'lY H JlOKTopy r,Kon-

:w nony'lHTb J:PaBnenne, 

OJlHOM y3ne: 

-1 

·-.; ... 

Ananornqno · 113 ( 5.6) nony'IHM ypaBnenne nnSI oTnocnTenbnoii naMarnuqen-

HOCTH: 

1. 
1 + 2a = -N 

Jt, 

2a . 

f3<p.H +2a(l2 -I2(k)) 
e -1 

,z z - + z z + 
a +<2Sml Sm2>+<Smt S m2. > a-<28 ml S m2 >-<S ml S m2 > 

f3<p.11 + 12 2a-1 1 e. -1 f3<p.H +212 a +I t) e . - -1 

I1ccnenoBanne xapaKTepa TeMnepaTypnoii 3aBHCHMOCTII naMarnuqennocTn 
·'< ' 

Tpe6yeT· Bbl'lHCneHHH BXOJlH!UHX B nee KOppenHUHOHHbiX !jlyHKUliH <S:l 8:2 > 
• + 
S m2 >. OnfiaKo Bbi'!Hcnenne KoppenHUHOHHhiX !jlynKUHii onepaTo-

' 
poB cnnna ( B oco6eanocTn npoaonbllbiX) KaK B oanoM y3ne, TaK n Me may. 

·nnMn, npeacTaBnHeT co6oii, no cymecTBy, oTaenhHyiO neTpHBnanbHYIO 
/14-16/ 

3anaqy (eM., nanpnMep, ) n noaToMy B nauieii pa6oTe ne npoBo-

JlHTCSI, 

n H T e p a T y p a 
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