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1. BBE)I$HHE 

reii3eH6eprOBCI<:8.fI Mo,neJIb 06MeHHoro B3aHMo,neHcTBHH JIOKaJIH30

BaHHbIX cm'IHOB / 1/ HCnOJIb3yeTcR ,nJIH OIDICaHHR MarHHTHbIX CBOHCTB 

4>eppo-, rpeppa- M aHTHepeppO,IUi3JIeKTpHKOB. B ¢eppOMarHeTHKe TOllHO 

H3BeCTHO OCHOBHoe COcTORHHe, B KOTOpOM ace cnaasr astcrpoeasr rtapan

JIeJIbHO. Marrste OTKJIOHeHHfl OT OCHOBHoro COCTORHHH HJIM cnaaoasre 
BOJIHbl MO:>KHO zrocrarouno xopouio orracars ,nHHaMHqeCKHMM neperaea

HbIMH OCQHJIJIRTOpHOro rana /2,3/ . 3aBHCHMOCTb lIaCTOTbI HOpMaJIbHOH 

MO,nbI OT BOJIHOBOrO aeicropa, TO ecrs nacnepcaa, B03HHKaeT B peayns

rare B3aHMo,neHCTBHR Me)l(,IJ;y OCIJ;HJIJIRTOpaMH. TIPH TeMnepaTypax, 6JIH3

KHX I( nyrno, B xasecrae nepnoro mara HCnOJIb3YlOT JIHHeillioe npH6JIH

)KeHHe ,U,JlR cnHHOBblX BOJIH. 

B arrradieppowrarnernxe rosnoe OCHOBHoe COCTORHHe HeH3BeCTHO. 

Heerrs /4/ nnen KOHuenQHlO zmyx B3aHMonpoHHKaJOmHX nonpeuierox 

,U,JlR 061JRCHeHHR nOBe,neHHR BocnpHHMlIHBOCTH aHTH4>eppoMarHeTHKOB. 

O,nIIaKO OCHOBHoe COCTORHHe B anne nayx nonpeuierox (aeeneacxoe 
COCTORHHe) RBJIReTCR naurs KJIaCCHqeCKHM npH6JIH)KeHHeM. CrrnH-BOJIHO

BaR TeOpHR ,nJIR aHTH<peppOMarHeTHKa 11-71 C castoro aauana HOCHT 

60JIee npH6JIH)KeHHbIH xapaxrep, lIeM B 4>eppoMarHeTHKe, nOCKOJIbKy 

CHCTeMa 6nH)Ke no xapaxrepy K aafiopy aHrapMOHHlIeCKHX OCQHJIJIHTOpoB. 

B OTJIHlIHe OT <peppOMarHeTHKOB, B KOTOpbIX cpeaaee MOJIeKYJIRpHOe 

nOJIe O,nHOpo,nHO H nponOpQHOHaJIbHO HaMarHHlIeHHOCTH, B 4>eppH- Ii aRTH

<peppoMarHemKax cpenaee MOJIekyJIRpHOe none cyutecrneaao aeonao

PO,nHO. Jloxansasre MOJIeKYJIRpHbIe nOJIR HeeJIR /4/ RBJIRIOTCR 60nee 
06mHM nOHRTHeM; MHorono,npellleTOllHble MarHeTHKH C neaxaaaanerrrnsr
MH nonpeuierxasra H CJIOJKHblM THnOM ynopanoueaaa HeJIb3R OIIHcaTb, 

HCnOJIb3yR onaoponaoe cpenaee nOJIe. 

C TOllKH 3peHHR KBaRTOBOH CTaTHcTHlIecKOH MeXaHHKlf npofinevra 

anexsarnoro BBe,neHHR Cpe,nHHX nOJIeH MR CHCTeM MHOrHX B3aH:Mo,neH

CTBylOI..QHX lIaCTHQ HaH60JIee nOCJIe,nOBaTeJIbHO MO)KeT 6bITb HCCJIe,nOBaHa 

B pasncax MeTo,na HenpHBOJI,HMbIX 4>YHKQHH I'paaa /1, 8-13/ . KOppeKTHbIH 

pacxer KBa3HlIaCTHlIHbIX cnexrpoa H HX 3aTyXaHHR, OC06eHHO MR CHCTeM 

co CJIO)f(HblM cnexrpoxr H CHJIbHbIM B38HMo,neHCTBHeM /11, 13 - 18/ , 

nOKa3bIBaeT, xro 0606meHHble cpenaae nOJIR MoryT HMeTh aecsraa CJIOJKHylO 

crpyxrypy, KOTOpaR He orracsraaerca 4>yHKIJ;HOHan:OM cpenaea rmOTHOCTH. 

,UIDKe ,nJIR 4>eppoMarHeTHKa reH3eH6epra pacser 3aTyXaHHR cnererpa CrIH

HOBbIX BOJIH B pasncax MeTo,u;a H~npMBo,nHMbIX 4>YHKQHH I'paaa /1,10 I 
npHBoJI,HT K He06xo,nHMOCTH BKJIlOlIHTb B cpeziaae nOJIR KOppeJIRTOpbI 

npononsnsrx M nonepesasrx KOMnOHeHT CIIHHa. B cpeztaesr nOJIe, nponop
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UHOHaJIbHOM cpenaea HaMarHHqeHHOCTH, 3aTyXaHHe CnHHOBhIX BOJIH OTCyT
crayer. 

B HaCTO.JllueH pafiore BhIqHCJIHeTCH CnHH-BOJIHOBOH cnercrp H saryxa

HHe reH3eH6eprOBCKOrO aHTH<peppOMarHeTHKa B par-ncax MeTO,n;a aenpa
BO,n;HMhIX <PYHK!UiH I'paaa. Ilepsoaasansaaa <POPMYJIHpOBKa 6blJIa naaa 
B pafiorax 11"/.181 . 

2. rAMI1JlbTOHI1AH MO,UEJII1 

By,n;eM HCXO,n;HTb H3 Mo,n;eJIH asorponaoro ,n;Byxno,n;pellleTOtffiOrO 

aararpeppoxsaraeraxa C raMllJIbTOHHaHOM cnenyroutero anna: 

H =_1 ~ , Jaa'S S , = 
2 qaa q qa -qa 

1 aa'i 1 + -, - + \ Z Z I=-2"q~,Jq l"2(Sqa S_q<,t'+ SqaS_qa'} + 8 qa S-qa' • (1) 

Y,n;06HO ,n;JIH nansaeamero neperracara (1) B <popMe 

raa H = _.!- ~ ' (8 + S - , + 8 z 8 z ,). (2)2 qa a' q qa -qa qa -qa 

r,n;e 

aa'
I .!. (J aa ' J a'a ) Ia~a 

q 2 q + -q -q (3) 

HH,n;eKCbI a H a' npaaasraror naa 3HaqeHHH Ia. b I . Ilpa 3TOM npen
nOJIaraeTCH, qTO CnOHTaHHaH HaMarHHqeHHOCTb nonpeurerxa a aanpas
JIeHa B,n;OJIb OCH Z, a nonpemerxa b - (-z) . H3BeCTHO 11. 21 ,~O 

B TaMHJIbTOHHaHe (1) Ba)I(HYIO POJIb HrparoT ,n;onOJIHHTeJlbHhIe aHH30TpOn

asre BKJIa,n;hL L(JIH yrrponreaaa 3anHCH 3TH BKJIa,IJ;hl snecs onyuteasr. 3a

MeTHM TaK)Ke, lJTO npocraa nayxnonpeureronaaa Mo,n;eJIb aararpepporaar
HeTHKa (1) C ,n;ByMH B3aHMonpoHHKWOInHMH nonpeurerxasra npHMeHHMa 

TOJIbKO ,lJ;JIH CHCTeM C npocroji Ky6HqecKOH H 06'beMHO-ueHTpHpoBaHHOH 
peuierxoa. , 
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3. METOL{ PACqETA 

B HaCTOHIIJ;eft pa90Te 6Y,I.l;eM MCrrOJIb30BaTb MeTO,n; HenpHBO,lUiMhIX 

<PYHKUHH I'pana h. 8--13/ . CYTb MeTO,JJ;a COCTOHT B CJIe,uyIOmeM 1131 . 

C nOMOIUbIO BBe,n;eHHH HcnpHBo,nHMhIX nacrea cPyHKUHH I'paaa BhI,IJ;eJIH

.IOTCH ace peaopsrapoarca cpenaero nOJIH. 3TO rr03BOJIHeT, He npafieraa 
K TOMy WIH HHOMy cnoco6y ofipsma uenoxxa ypaBHeHHH MH epyHKUHH 

I'paaa, 3aIIHcaTb ypasaeaae ,[(affcoHa H nOJIyqHTb roxaoe aHaJIHTHqeCKOe 

npencraaneaae ,lJ;JIH MaCCOBoro oneparopa uepes MHOroqaCTHtIHhIe <pyHKUHH 

I'paaa, I1pH6JIHJKeHHhIe peutenaa KOHCTpyHpylOTCH KaK onpeneneaasre 
npH6JIH)KeHliH ,n;JIH MaCCOBoro oneparopa. B 3TOM COCTOHT OTJIHqHe QT 

06hItffiOrO MeTo,n;a ypaBHeHHH ,n;BHJKeHIfH WIH cPyHKUHH PpHHa. Ilpa 3TOM 

MO)KHO ycnOBHO npOKOHTpoJIHpOBaTb npouenypy pacmenneaaa no ana
norms C ,IUiarpaMMHhIM IlO,lJ;XO,n;OM. Meron HenpHBO,IUfMblX <pyHKUHH I'paaa 
Haxo,n;HTCH B TeCHOH CBH3H C MeTo,n;OM npoexuaoaaoro oneparopa, KOTO

phIii asrpaacaer HAem "coxpameaaoro OIIHCaHHff~' CHCTeMhI.B HaH60JIee 

06I..lleH t:mJJ1iMe. Onepanaa npoeKTHpOBaHHH 112/~ Il03BOJIHeT CBeCTH 6ec

KOHetIHylO uerroxxy 3aueIIJIHIOrn;HXCH ypaBHeHHH K HeCKOJIbKHM OTHOCH

TeJIbHO npOCThIM ypaBHeHHHM, B KOTOp:6IX "3<p<peKTHBHO" yqHThIBaeTCH 

Ta cyniecraeaaaa HH<pOpMauHH 0 CHCTeMe, KOTOpaH onpenerraer cneuarpaxy 
,n;aHHOH 3a.;J;atIH. IlOCKOJIbKy HCnOJIb3yeTcH npaBHJIbHaH crpyxrypa pemeaaa 
,It.1UI O.IUIOqaCUftffiOH <pyHKUHH I'paaa (B sane <POpMaJIbHOrO pemeaaa 
ypaBHeHHH ,UaffcoHa), KOHCTpyHpOBaHHe npH6JIHJKeHHhIX pemeaaa MO)KHO 

npoaonars CHCTeMaTHqeCKHM 06pa30M. MeTO,n; n03BOJIHer BhIqHCJIHTb 

3aTyXaHHe aa cxer aeynpyrax CTonKHOBeHHH MH CHCTeM co CJlO)KHhIM 

cnexrposr H CHJIbHhIM B3aHMo,n;eHCTBHeM 113( JI' 

B pafiorax /JS'. 181 norrsepxaaanacs CBH3b anercsaraoro BBe,neHHH 

cpezmax nOJIeH C xapaxrepoxr aapymeaaoa cHMMeTpHH CHCTeMhI 1191 . 

Cnenyer nortxepxayra, Iff0 XOTH HeeJIeBCKOe COCTOHHHe HBJIHeTCH nocra
TOtffiO XOPOlllHM npli6J1H)KeHHeM K TOtIHOMy OCHOBHOMy COCTOHHHIO, nOCJIe

,n;OBaTeJIbHOH MHKPOCKOIIHqeCKOH TeopHH nansaero airradieppoxraraartroro 
nopanxa see eute HeT. C TOlfKH 3peHHH KOHuenUHH aapyuieaaoa CHMMeT

PH" 11,191 C nOHHJKeHHeM resmeparypsr, KaK npaBHJIO, CHCTeMa crpe
MHTCH nepeirra B MeHee CHMMeTpHqHylO <pa3Y. TaR, nanpar-rep, B caepx
npOBO,D;HHKe napyureaae KaJIH6pOBOqHOH HHBapHaHTHOCTH BJIeqeT aa CO

60E: <pa3OByro rcorepearaocrs aa 60JIblllHX ,n;JIHHax. B pafiore 1201 H.H.Bo

rOJIro6oBhIM 6hIJIO nOKa3aHO" qTO aapyurenayro CHMMeTpHIO B cnepxnpo
BO,IT,HHKe MOiKHO OnHCaTb, ,n06aBJIHH K raMHJIbTOHHaHY 6eCKOHe1JHO MaJIhIe 

HCTOtffiHKH. B pe3YJIbTaTe sroro B03HHKalOT ornasasre OT HyJIH aHOMaJI6HhIe 

CnapHBaHHH. Pa3BHBaH HneH EOrOJII06oBa, HaM6y nOKa3aJI 1211 ,QTO 

BaKyyM Hy)KHOrO aana, orsesarouraa xapaxrepy aapyurenaoa CHMMeTpHH, 

MO:iKHO ormoaaasao 3a<pHKCHpOBaTb C nOMOIn61O CnHHOpHOro npencraane
HHH• 

.B ,n;aHHOH pafiore aHaJIOrRtffihIH nonxon HCnOJIb3.yeTcH WIH onacaaaa 
reH3eH6eprOBCKoro aaraqieppoxearaerarca. floKa3aHO, ~o HCnOJIb30BaHHe 

"aHOMaJIbHhIX cpenaax", <pHKcHpylOrn;Hx aaxyyr-r, n03BOJIHeT o,nH03HatU!0 
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onpeztemrrs 0606~eHHble cpenaae nOJIH H necsr-ra KOMnaKTHO paCClIHTaTb 
cnexrp CnHH-BOJIHOBbIX B036y~eHHH H HX 3aTyXaHHe sa cser aeynpyrnx 
npO~eCCOB MarHOH-MarHOHHOrO paCCeHHHH. Ilpa 3TOM He HCnOJIb3y.eTCH 
rrepexon -aT cnHHOBbIX oneparopoa K 603eBCKHM oneparopasr. Ilpennoacea 
MeTOn pacxera 3aTyXaHHH nJIH npOH3BOJIbHOrO 3HaqeHHHCOMHa 8 ~ 

4. BhIBOll YPABHEHMH llAAcOHA 

llnH BbI1.IHCJIeHHH cnHH-BOJIHOBOrO cnexrpa nayxnonpemerosaor-o 
relf3eH6eproBcKoro aararbeppowaraeraxa paccraorpara nayxaperaeaayio 
aarrasnsraasornyio <PYHK~HIO I'paaa (et>r) CJIenYIO~ero aana: 

O(t-t') =«A(t) ,B(t'»>=-iO(t-t')<[A(t),BC-t')]_ >.' (4) 

B xanecrae orreparopon A H B B reH3eH6eproBcKoM <peppoMarHeTHKe 
BbI6HpaJIHCb oneparopsr S + H S-. B cnysae aararpepposraraeraxa, KaK 
6Y,lJ,eT nOKa38.H0 HH»<:e, ynofiao nsrfipars cnenyxnuee npencraaneaae "cna
aopaoro" THna: ( , 

A = [ = [S':ka,S:'kbL (5)8:-1; B 
Skb 

YpaBHeHHe ,lJ,BH»<:eHHH MH cPYPbe-06pa3a et>r sanaurerca B BH,D;e 

s- s
-ka.'" «8+ I [ -ka 2 <8 "> 

ka S _ ]» (U = [ a ] '. + <~ <I>k. a b I ( s- ]::.>(U • (6) 
-kb 0 -kb 

3neCb aseneasr 0603HaqeHHH: 

'<I> = N-~ I lab Sab N_1,-\ ~ 1 aa Saa 
k,ab q kq + q kq • 

q q 

(7)
Sab "" S+ SZ -S+ SZ • 

kq k-q. a qb qb k-q. a 

Henpasonasrsre <PYHK~HH I'paaa (HJIH HenpHBOAHMhle orreparopsr, H3 
KOTOpbIX 3TH <PYHK~HH I'pana nocrpoeasr) BBeneM no orrpenenemno 

( S a b ) if S a b _ Dab S + D' ba s;to
kq = kq q ka. + k-q kb' (8) 

(S Z )if = S Z - N 7l <S Z > 8 • (9)
q'& qa a q,o 

BbI60p HenpHBOAHMblX sacrea et>r O,IUl03Ha~O onpenenaerca H3 yCJIOBHH 
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<[ (8 a.b ) ir ]- > 0, (10.). kq , f:~:: J 
xoropsre npHBO,lJ,HT K otipamemno B HyJIb HeO,lJ,HOp0,lJ,HbIX xrreaoa B ypaa
HeHHHXnJIH HenpHBonHl\1J':)IX <pyHKUHH I'paaa.Hs (10) a:aMeM, qTO 

z ir ( z ) te - S+2 < (8 -qa.) S qb > + <S_qa: qb >
 
nab = ~
 (11) 

q 2JN<S~> I , .., 

C yueror-r ' (7) - (11) ypaaaeane (6) npe,lJ,CTaBHM B cnenyioutewr aane: 

8-ka + S--ka ] 
('" - '"aa) «8~_ {8-_ 1» + '" ab « 8kb I [ 8:' » 

k b kb 

,(12) 
2 <8 

z >] [ S :ka. J. a +« <Ii 1~ (k ) \ _ » •
[ o S -kb 

B tt1¥) 6bUIH sneneasr o603HaqeHHH 

s(t a a I!u,) SZ lab SZ
(Uaa = l 0 - k < a. > + 0 < b > + 

+ ~ [(laa _ I all. ) Dan. + I a b Dab H 
q q k-q Nq q Nq , "AU.", 

(13) 
af3 1 af3

D := JND , a,{3 = a i b,Nq q 

[lab <S Z It lab D ba ] (14) 
(Uab k a > + k-q Nq , 

q 

<l>lf (k) = N-~ I. 'lay [S+ (Sz i" -8+ (Sz i":". (15) 
a q k-q, a q Y q Y k-q. a.
 

q, y = a, b
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AHaJIOrH'lHblM 06P33:~:bOnyqaeM [ S -=-kl> ] 

(w - CU bb ) « S~b I [ s - ] » + (U ba «S ~a I 8 - »
 
-ka -ka
 

(16) 
.< b > -kb

[2 SZ 1 [8:- ] 
== . 0 + <<<I> ~ (k) I S=ka . >> • 

,lLrrH BbIlIHCJIeHHH HenpHBo.n;HMhIX epYHKIJ;HH I'paaa B npaasrx lIaCTRX ypas
HeHHH (12) H (16) acnonsayesr npaer-r .n;HepepepeHIJ;HpoBaHHH no BTOpOMy 

BpeMeHH 181 . Ilocne BBe.n;eHHH cooraercrayromnx HenpHBo.n;HMhIX xacrea 
B nOJIYlIarol..I.{HXCH ypasaenaax CHCTeMa YPaBHeHHH MOJKeT 6hITb npencraane
aa B cne.n;yromeH MaTpHqHOH epopMe: 

G(k,lll) == G (k,(JJ) + (] (k,cu) TI(k,cu)O (k,cu). (17)o 0 0 

3.n;eCb 6hma aaeneaa epyHKUHH I'paaa 0 0 B 0606meHHoM npH6JIHJKeHHH 

cpenaero nOJIH H oneparop pacceaaaa fI .Jf3 ypaBHeHHH llaHCOHa 

G(k.cu) == 0o(k,cu) + Go(k,w)M(k,w)O(k,U) (18) 

cnezryer, lITO 

fi(k , (il) == M(k , (JJ) + M(k , (JJ ) G(k , (JJ )TI (k , os i , (19)o 

TaKHM 06pa30M, aa OCHQBaHHH COOTHOllleHHH (19) MOJKHO roaopars 
o MaCCOBOM oneparope M KaK 0 c06cTBeHHoH lIaCTH oneparopa fi , 
no aHaJIOrHH C .n;HarpaMMHoH TeXHHKoH, rne MaccoBbIH oneparop npen
CTaBJIHeT C060H CBH3aHHf:ro sacrs oneparopa paceeaaaa (60JIee nonpofi
Hoe 06cyJK,U,eHHe CM. B I 31 ). MOJKHo noxasars , lITO HBHhIH BH.n; Macco

aero oneparopa . M ecrs 

«<lJir (k) I <lJir+ (k) »«<lJ 
i r 

(k) I <IJ ir+(k) »Ja a a b 

ft ~ pl.
M= (Il ) = 2 (20) 

4<Sz> [ i r 1r . i 
a <<<IJ b (k) I <IJ a. + (k) >>.<<<IJ ~ (k ) I <IJ ~ + (k)>> • . 

<1>opMaJIbHOe peureaae ypaBHeHHH .naHCOHa .n;JIH 3arra3.n;hIBaromeH <1>r (18) 
MOJKeT 6hITb npezicraaneao B epopMe 

ft ftl ft 1 
G'(k , w) = [G~ (k , w) - M(k, cu)]- • (21) 

6 

TakHM 06pa30M, HaxOJK,U,eHMe rrOJIHOH <t>r CBe.n;eHO K BbItlHCJIeHHro <1>r 

B 0606meHHOM rrpH6JIHJKeHHH cpenaero nona 11 MaCCOBoro oneparopa, 

5. KBA3l1QACTH9HhIE B03BY)K.nEHHH B CPE.nHEM nOJIE 

<1>yHl4UHH I'paaa B 0606rn;eHHoM rrpH6JIH)KeHHH cpenaero nOJIH corrrac
HO onpenenemno (18) HMeeT BH.n; 

(cu - cu aa ) . (Vab 

2 <8= >Go(k ,(u) 
ft (22)

det n 
-(ill - UJ )ill ab b b

3.n;eCb 

deta ?:Nl1~A- (JJaa ) (ill - cu b b ) - cu ab cuba· (23) 
",.,.,.,.4 

llOJIlOCa <1>r (22) aaxonasr H3 ypaBUeHHH 

deUl == 0, (24) 

OTKy.n;aCJIe.n;yeT, lITO 

±_+12_2 
w - - v'W;a Ii) ab (25) 

v/SI 111
Ilo aaanoraa C pa60TOH BBe.n;eM CJIeAYlOI1.J;He BeJIHtrnHhI 

2 1. [(1 _ 2) -V2 1 ] . 2 1 r C1 2) -V2 1] 
2 Yk + • 

Vk 2 L - Yk -,Uk 

(26) 

..!-~ eik.e 1aa = 0 ; 1bb o. Yk q az e 

C noxroursro (26) npencraaawr <t>r (22) B sane 

2 u2 V ] 
= a;bCk,-w),G~a (k,w) =2<8: >r",w-CU~(k) - w-:-Ck)' (27) 
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<peppOMarHeTHKa K03<PcPHUHeHT iKeCTKOCTH cnHHOBbIX BOJIH aener cefia 

-u v u v ] C rer-meparypoa KaK
ab z k k k k ba00 (k.(U) =2<8 > + = 00 (k.cu).a [ (28) 4

(JJ - cu+ (k ) cu - CJJ- (k ) C( T) - T • (34) 

<I>r (27) H (28) noKa3bIBaIOT, qTO pacnpocrpaaeaae KBa3HqaCTHqHbIX Ilonsepxaexr, qTO 3aBHCHMOCTh (34) 06yCJIOBJIeHa ynpyraera rrpoueccaxra 

B036y)l()l;eHHH B aarmpepposrarnernxe CBH3aHO C onpeneneaasrcm cynep pacd:"!JIHHH. ,.1JjIH ouemca BKJI~a aeynpyr'ax npoueccoa He06xo,nHMO ytIHTbI
n03HUHHMH ~BYX BeTBeH cnHHOBbIX BOJIH. aars rtonpamca sa cuer MaCCOBoro oneparopa, 

3aKOH zracnepcaa cnHHOBhIX BOJIH B 0606meHHOM npH6JIHiKeHHif 
cpenaero nOJIH ~JIH npOH3BOJIbHOrO 3HaqeHHH CIlHHa S "MeeT BH~ '1
 6. 3ATYXAHHE KBA3HtIACTI1QHbIX B03BY)f(,llEHI1A 

z [ 1 ab ] 2 ) 'll AHTH<peppOMarHeTHK HBJIHeTCH cacrexroa co CJIOiKHbIM KBa3HqaCCJJ ( k ) = I· z <S > 1 - -~-- ~ Y 0 (1 - Yk ' (29) 
a. yN <8 z> q q q THtIHhIM cnexrpor-r, Pacser 3aTyXaHHH aa ever aeynpyrnx npoueccos pac

a. ceHHHH B TaKHX CHCTeMax HMeeT cyutecraeaasre oc06eHHOCTH /13 -le! . 

Ilpa pacxere 3aTyXaHHH He06xo~MMO yxecrs BKJI~bI OT ncex MaTpH~bIX 

rne I = z- I· Yq 11 Z - tIHCJIO 6JIHiKaHlllHX cocenea B peurerxe. KaK 3JIeMeHTOB MaCCOBoro oneparopa (20) . .upyrHMH CJIOBaMH, 3aTyXaHHe 
H3Bec~Ho, nepaoe cnaraevroe B (29) cooraercrnyer npH6JIHiKeHHlO TH6 KBa3HqaCTHqHbIX B036y~eHHH onpe~~JIHeTCH na OCHOBe <Dr cnenyrourero 
JIHKOBa /1/ . Bropos .cnaraer-roe B (29) onacsraaer ynpyroe pacceaaae BH~a: 

cnHH-BOJIHOBbIX B036y)K)J.eHHH. Ilpa HH3KHX resmeparypax cPJIYKTYawiH 
z 

npO~OJIhHbIX KOMnOHeHT cnaaa MaJIbI H, CJIe~OBaTeJIhHO, ~JIH (29) no- 2<8 .. > 
JIyqHM (35)° (k , or ) - (k ) _ 2 <8 z > ~ (k , (U )11 (U-CU a

2 th
CJJ(k) ~ I.S.z[ 1-C(T)] (1 - Y ) •

k (39) 

Benaxaaa C(T ) onpenenaer rewmeparypayro 3aBHCHMOCTh cnHH-BOJIHOBO 3~eCh c06cTBeHHo 3HepreTHQeCKHH oneparop ~ ( k , cu ) . onpenenaerca 
ro cnexrpa BhIpIDKeHHeM 

1 2<8: > M 12 (k , (i) )M 21 (k, cu)
C(T) (31) ~(k,(U)=Mll(k,(U)- z (36)

2NS 2 q 
(U + CL).( k) + 2 <Sa.> M22 (k , ca ) 

B cnyxae, xorna C (T ) .... 0 , rronysaevr pe3YJIhTaT pacnenneaaa TH6JIHKOBa B cnysae, xorna k, w.... 0, MOiKHO orpaaauarsca npH6JIH)KeHHeM 

E(k) = 1< 8~ >z(l - Y; )~. ~(k,(U) =::I(32) M ll(k,(U). (37) 

H3 (32) CJIe~yeT H3BeCTHoe BbIpIDKeHHe}1)lH rer-meparypsr HeeJIH: H3 (20) CJIe~yeT, QTO WIH pacsera 3aTyXaHHH HyiKHO HaUTH cPYHKUHrtf 

I:, I'paaa «<'P~r (k ) I <'P~+ (k »>. PaCCMOTpHM B xaxecrae' npastepa pacxer 

O,lUfOH H3 HHX. C nosroursio cnexrpansaoa TeopeMbI/ HMeeM:TN = ..!..:.!- (N -1 ~ 1 ) -: (33) l' 1/ 

2k B k 1 _ y 2 
k J «<'P tr (k ) I <'P tr+ (k ) »,= j ~ (e{3cu' - 1 ) x (38)

a a cu-cu'-00 . 
.z:vUI MaJIbIX 3HaqeHHH BOJIHOBOrO BeKTOpa k, xorzra cu (k ) B ypaBHeHHH 
(30) HBJIHeTCH JIHHeHHOH <pya~HeH k , MOiKHO oneaars, lITO }1)lH aHTH
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x r 
00 

.!:.-eiCt/ t < 4> lr+ (k ) <lJ~r (k , t ) > .' 
(38)_'00 '217 a 

TaKHM 06pa30M, rpefiyerca HaHTH y,naqHOe npH6JlMiKeHHe MH KOppeJIH

n:HOHHOH <pyHKn:HH B npaaoa qaCTH (38). Paccraorpasr npH6JIH)KeHHe «sre-. 
nYIOI.IJ;ero BHna: . 

Z ir - + () (z ()) ir<(S -qb) S_(k_q') a Sk_q' a t 8 q-'b t > ~ 

_1_ ~ (K -+ (t) K -+ (t) K +- (t) 
(39)4NS2 p k-p,aa q+P.bb p,bb + 

-+ -+ ~-+ K ( t ) K b ( t ) K I bb ( t ) 0 , , 
k-q,ab q+p,a lJ, q,q 

I'ne 

-+ - +
K q, ab = <S_qa Sqb (t ) :> • (40) 

Ilo aHaJIOrHH C nHarpaMMHoli TeXHHKOH MQ)KHO CKa3aTh, qTO npH6JIHiKeHHe 

(39) oraexaer npeaetipeaceamo BepmHHHhIMH nonpaaxaraa B MarHOH

MarHOHHhIX aeynpyrax CTOJIKHOBeHHHX. MCnOJIb3yH (39), B (38) nonysar-r: 

1
ir (k ) \4>ir+ (k ) » ." --, 4: ~ J dUJ dUJ 2 dUJ S x1«¢a a laNS qp 

V(UJ2)[V(Wg) -1I(OJ1)}+[1+ v«(01')]v(ClJ g )
 
x
x (41) 

OJ - (r,)1 - w2 + CUs 

x t-; YmGas. (k-Q,w 1)l{- ; ImG bb(Cl+P,CtJ 2 )l {- ;ImG bb (P'~3) I, 

rne 11«(JJ ) - 603eBCKaH ¢YHKnHH pacnpenerrenaa. 

YpaBHeHHH (18) H (41) ofipaayror caMOCOrJIaCOBaHHylO cacreray 

YPaBHeHHH. B npaauane .n;JIH peurenas 3TOH CHCTeMhI ypasaeaaa MOiKHO 

HCnOJIh30BaTb JII060e yno6Hoe aanansaoe npe,ZJ;CTaBJIeHHe ,lJ,JIH cpr, xoropoe 
MhI XOTHM nOnCTaBHTb B npaayro xacre ypaBHeHHH (41). 3aTeM MOJKHO 

1 
--ImG(k,UJ) 0(0 -CtJ(k».l::S 

1T (42) 

B pe3YJIbTaTe nJIH 3aTyXaHHH CnHH - BOJIHOBbIX B036YiK,lJ;eHHH nOJIytufM

I r (k • CtJ ) = - 2S Im I.. ( k , (U ) ,I (43) 

f 
2 -{3(JJ
 

" r(k,cu}=.!..(zI) (l-e )~ v (1+11+ )(1+1I ) x
 
N ' qp p q p , k_ q 

i 
t 

x 0 (cu - 0 (k - q) + UJ ,(P » M11 (k , p; k - q. P + q ) • 
(44) 

BeJIHtIHHa M11 HBHO asmacaaa B npHJIOiKeHHH. fIOJIyqHBrnHHCH' pe3YJIbTaT 

(44) B TOtffiOCTH aocnponaaomrr asrpaaceaae ,nJIH 3aTyXaHHH, HaHneHHOe
/7/ 

B pafiore . G,nHaKO naur MeTo,n pacsera HaMHOro npome H xopose. 
EOJIee roro, B aamer-r nonxone HeTpy,ZJ;Ho ysecrs neynpyroe pacceaaae 
cnHHOBbIX ,BOJIH sa cuer pacceanaa na npOnOJIbHbIX CnHHOBbIX qmYKTyau;H

ax. ,l];JIH sroro BMeCTO npH6JIHiKeHHH (39) MOiKHO HCnOJIb30BaTb 

z ir - + ) ( Z (t ) ir«S-qb) S-(k_q) as k-q'a(t Sq' b t > l::S 

K-k~ (t)Kzzbb(t)Oq,q" (45}q.as, q, 

ECJIH OrpaHHqHT~CHCTaTHqeCKHM npH6JIHiKeHHeM 

-+ zz -+ () K zz (0)
(t)K bb(t):::< Kk_qaat q bb •K k - q, aa q. " (46) 

TO na OCHOBe (38) aaH,neM 

2 
1

M (k,UJ) ~~ ____ [(y2+ y2 )x
 
aa 28 q (i)2- cu2 q k-q
 

k-q 

(47) 
(J):I k-q ) KZ Z Y Yk - qUJ k - g K zz ].x (CtJ + +v1 _ Y 2 q, aa ~ q,ab 

2 v1 -
2 
k-q Yk q 

peurars cacresry HTepaUHoHHbIM MeTO,ZJ;OM. 06bltffiO nJIH ouemca saryxa
HHH nOCTaTOqHO B xasecrae nepaoro arepanaoaaoro mara HCnOJIb30BaTb 

npocreanree o,nHonOJIlOCHOe npH6JIHiKeHHe 
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B 3aKJIIOqeHHe nonsepxaesr, qTO aa OCHOBe npenrraraeraor-o noztxona MO)KHO 

aecsraa npOCTO BhIqHCJIHTb cnexrp H saryxaaae KBa3HqaCTWIHbIX B036Y)K

neHHli nna npoaaaom.noro 3HaqeHHR emma S . .[(JUI sroro Heo6xo,lJ,HMO 

aocnonssoaarsca H3BeCTHbIM npencraaneaaevr 111 : 

S z = _ S + (28 ) -1 S+ S- + [ (28 ) 2 ( 2 S - 1 ) ]-1S+ S+ S-:- 8 - ..+ (48) 

Hcnonssya (48), B (39) MO)KHO nonyxars HBHbIe BbIpIDKeHHR):VIR (44) 
MH npoaaaonsnoii BenHllHHbI crraaa. .[(nH crraaa 8 = 1/2 OCTaBnReM 

rrepasre ABa qneHa B ( 48), a ,lJ.JIR CIIHHa S = 1 HyiKHO ynep)KaTb nepasre 
TpH cnaraer-rsre B (48) H T .n. 

B nocnennee BpeMR cnaa-aornroaoe saryxaaae reH3eH6eproBcKHx 

arrrarpeppovrar-aernxoa 3a cuer MHOrOMaI'HOHHhIX rrpoueccon HHTeHCHBHO 

acerrezryerca. Ha ocaoae BbIpIDKeHHH (44& MO)KHO orracars yuiapeaae 
nHHHH aararpepporaaraarnoro pe30HaHCa / 2/ H UlHPHHY nHHHH cna
HOBbIX sona rrpa aeynpyrora pacceaaaa Me)J)IeHHbIX HeHTpoHOB 123/ . 

. CymecTBeHHO TaK)f(e ytrnTbIBaTb npouoccsr MarHOH-MarHOHHoro pacce-. 
HHHH rtpa OnTHqeCKHX HcCnenOBaHHHX aHTHcPepponH3neKTpHKOB /2'41 . 

Ha OCHOBe 3THX accnenoaanaa MOiKHO aaxrno-nrrs, lITO saryxaaae MaJIO 

cu(k) /T "" 102 -:-10 3., T.e. aHTHcPeppoMarHoHbI HBnR:IOTCH xopouro onpene
neHHbIMH B036y~eHHRMH. Cnenya pa60TaM /14,15/ ,MO)KHO orrpene

. /71
JIHTb resmeparypayro 3aBHCHMOCTb 3aTyXaHHH (CM. ) : 

cu(k) kBT 4 
r(k,w) "" a -- (-_.) , (49)

S2 JS z 
,lJR.} 

B pe)fGfMe T «( (k ) « 1 • 
3,n;ecb r = kBT/ JzS H (k) = cu(k )/2J42:8 . Boo6me roaopa, oueaxa 
TeMnepaTypHou 3aBHCMMOCTH 3aTyXaHHH B o6meM cnYllae eecsr-ra CnO)K}{bI 

H B 3TOM sonpoce ace euie OCTaeTCH PH,lJ; aeacaocrea 17,22 - 251 . 

7. 3AKJUOQEHHE 

B aacroamea paoore nOKa3aHO, qTO aa oCHOBe MeTona HenpHBO,ll,HMbIX 

cPyHKUHH I'pnaa MOJKHO OTHOCHTenbHO npocro paCCtJHTaTb cnexrp H aa

TyXaHHe aa cxer MarHOH-MarHOHHoro pacceaaaa ):VIH nayxrronpemerosnoro 

reH3eH6eprOBCKoro anrarpepposraraeraxa B IllHpoKOM mrrepaane TeMne

paryp, Ilpa 3TOM ace pacxersr MO)f(HO npoaecra B npencraaneaaa CIDIHO

BbIX oneparopoa )J,J1H npOH3BonbHOU BenHqHHbI cnaaa S. KaK H3BeCTHO, 

B paMKax nHarpaMMHoro nonXona yqeT 3aBHCHMOCTH OT BenHtrnHbI cnHHa 

npHBOnHT K cymecmeHHbIM ycnO)KHeHHHM paCqeTOB. TIpe):VIO)KeHHaH 

TeopHR MO)KeT 6bITb npHMblM 06pa30M pacnpoCTpaHeHa Ha cnyqaif 60nb
mero tmcna MarHHTHbIX nonperneTOK C He3KBHBaneHTHbIMH crnmaMH, T .e. 

)J,J1H OnUCaHHH cnO:>KHbIX cPeppHMarHeTHKOB. 

1

B pasncax aamero nonxona yziaerca noxaaars, tITO cpeztaae nona 
B aararpepposraraeraxe nOn)K.HhI arcrnoxars "aHOMaJIbHbIe" cpenaae, qTO 

OTpIDKaeT nOKaJIbHbIH xapaxrep HeeneBCKHX MOneKYnHpHbIX norreii. Y)Ke 

B 06bItlHOM Ky6HQeCKOM reU3eH6eprOBCKOM cPeppoMarHeTHKe yser B3a

HMoneUCTBHH MeJK,I(y cocenar-ra, cnenyrourax sa 6nH)KaUIllHMH, npHBOnHT 

K Heo6xonHMOCTH asrxona aa paMKH npH6nH)KeHHR cpenaero nona 12&1 . 
Erne 60nee cyntecraeaao 3TO MR aaradiepposraraeraxa /2'1, 28/ . TaKHM 

06pa30M, cpeznree none B aararpeppor-raraeraxe, KaK H cpeztaee none 

B -caepxnpoaonaaxe, HMeeT fionee cnO)KHYIO crpyxrypy. .Ilaaaoe 06cTO

RTeJIbCTBO npHBOnHT K pany aarepecasrx cnenCTBHU. Onaaxo 3TOT xpyr 
aonpocoa BbIXO,IJ;HT aa paMKH nacroamero paccsrorpeaaa H 3acnY)KHBaeT 

I 
-ornensaoro 06CYJK.neHHH. 

'llPHJIO)l(EHHE 

Bsmauresr anecs RBHoe BbIpIDKeHHe ):VIR ozuroro H3 3neMeHTOB MaT

PHUbI MaCCOBoro oneparopa: 

rr -/36J,
) ~ '" (1 +v + H1 + "'t-q) x-ImMu(k,6J)::II --(1-'e

2 NS q,p p p q 

x 8{ cu - (,) (k'- Cl ) - (U (p + q) - (,) (p » M11 (k I p; k - q~ p + q ) I 

2 2 2 2 2,M (k,p;k-Cl,P+q)::I z212H y 2 u2 ·v u + y2 u u u +
11 q 'k - q q + P P q k-q p + q P 

2 2 2]+[y2+y 2 u v v u v U v v 2 +
k - p k- q P+ q 'P q It - q k - q p + q P+ q P 

2 2 2 2 ]
+ Yq Uk_q vk_q Up+qUpv p + Yt-q Uk_qUp +qV P +qU p"p + 

+2(2y Y +y'y )U v U v u v + q k -q p k -p k "'7 q k - q p + q P + q P P 

2 2 2 2)[ (+ YqYk- q Uk_<yp+qUpV p + Uk_qUp+qVp+qUp + 

22]
+ Yp Yk - pU k _q Vi> + q U P v P +
 

2
2 2 2[. + Yq Yp U k-qvp + q U PvP + Yq Yq + pUk _q UP + q v P+ q U P + 

2 2 
+ Y . Y U V v u ] +

k- q k - p k- q k -~ p + q P}, 
2+ [y,2 v 2 U2 u2 + y,2 v 2 v 2 v + Y 2 v 2 v 2 U2 ] +

k-q k-q p+q P k-q k-q p+q P P k-:-q p+q p 

\'1 + [y y (u v U v u2 + v2 U v U v ) + 
k - q p k-q k-q P + q P+ q P k -q p + q P + q P PI 

f + Y Y U v \12 U v ] I. · 
k-q p+q k -Q k-A,q p+q' P P 

! I 
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Ky3eMCI<:HH A.n., Mapaaxoa .n. P17-88-837 
Cnercrp B036y~eHHH reaaeafiepr-oacxoro 
aararpapporaaraeraxa UpH KOHeqHbIX resmeparypax 

110Ka3aHO, 'liTO B par-ncax MeTona HenpHBonHMbIX cPYHKIJ;HH 
I'paaa MO)I(HO ztars rrocrrenoaarensaoe OnHCaHHe cnexrpa CnHH
BOJlHOBbIX B036y~eHHH B reH3eH6eprOBCKOM anrarpepporaarae
THKe. C casroro aasana yqHTbIB810TCR aHOMaJIbHbIe BKJIa,nbI B pe
HOpMHpoBKH cpenaero nOJlR. npOBeneHcaMOCOrJlaCOBaHHbIH 
pacxer 3aTYXaHHR cnHHOBbIX BOJIH. 

Pa60Ta asmonaeaa B na60paTOpHH TeOpeTHqeCKOH cPH3HKH 
OI1.HI1. ' 
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Kuzemsky A.L., Marvakov D. P17-88-837 
Quasiparticle Spectrum of Heisenberg 
Antiferromagnet at Finite Temperature 

It is shown that the irreducible Green function method can 
serve as the basis of natural and unified picture of spin-wave inter
actions in Heisenberg antiferromagnet. Relevant mean-field renorma
lizations must contain the anomalous contributions. Spin-wave 
damping in antiferromagnet has been calculated self-consistently 
at long wavelengths. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 
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