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ABYXMAfHOHHOE KOM:SHHAJ!HOHHOE PACCEHHHE CBETA 
B MAfHHTOYDOPSIAOqEHHhiX AIH)AEKTPHKAX 

B. C. Aoeoe 
TipeA-\araeTC.II MeXaHH3M B3aHMOAeHCTBH.II CBeTa CO CDHHOBOH CHCTeMOH, IIpHBO,I(Il• 

I,gRH ylKe B IIepBOM DOpHAI<e TeopHH B03MYJ!!eHH)'{ I< I<OM6lfHa!JHOHHOMY pacCe.IIHHIO CBeTa 

c yqacTHeM ,~tsyx MarHOHOB npe HMy:r,gecTBe HHO c rrpeAeAbHbiM RMDYAbCOM. OH aaKAIO­

qae TC.II B 1\fO,I(y.\HgHR CDHHOBblMH BOAt!aMH IIOA.IIpH3YCMOCTH l<pRCTaAAa, B03 HHKalOI,gelf R3-3a 

o6MeHHoro B3aHMO,~tei1cTBHSI. Koe~~R!JHeHTbi 9KCTRHK!!HM ,~tsyxMarHoHHoro pacce.IIHKH 

R OAHOMarHOHHOI'O, B0311HKaiOJ!!ero J.f3- 3a CIIHH-Op6HTaAbHOI'O B3aHMOAeHCTBHSI, OKa3bl­

salOTCSI OAHOI'O DOpHAKa. 

K oM6waagHOHHOe pacceSJHH:e cseTa (KP) o6ycAOBAeHo ssaH:MOAef.i cTBHeM 

aAeKTpOMarHHTHbiX BOAH C C06CTBeHHbiMH KOAe6aHHSIMH pacceHBa!Oll!ero 

o6'beKTa. B MarHHToyrropJIAOtteHHbiX KPHCTaAAax cy~gecTBYIOT cTeneaH cBo-

6oAbi, CBJI3aHHbie CO CmUIOBOfi CiiCTeMOH, H aTo IIpHBO,.!I;HT K IIORBAeHH:lO 

,.!I;OIIOAHHTeAbHbiX J\HHHH B CIIeKTpe paCCCJIHHOPO 1131\YtJeHHSI. cho pacceRHHC 

MOmeT B03HHKaTb H3-3a HCIIOCpe,I!;CTBeHHOPO B3aHMO,.!I;eHCTBHR MaPHHTHOPO IIOAJ!: 

IIa,l!;aiQigCH BOAHbl C HaMaPHI1tJeHHOCTbiQ KpHCTaAAa [ 1]. 4pyroH MCXaHH3M, 

npe,I!;AOmeBHbiH B [ 2], cyll!eCTBeHHO CBSJ3aH CO CIIH:B-Op6HTaAbBbiM B3aHMO­

,I!;e.ikTBI1eM. OTH MexaHH3Mbi ssaHMOACHCTBHSJ cseTa co crrHHOBoii CHCTeMoii: 

,~~;eTaAbHo o6cym,~~;aAHCb a pHAe pa6oT [ 1• s-s], OHH npHBOART K pacceRHHlO 

C HcnycKaHHCM HAH IIOPAOigCHHCM OAHOPO MarHOHa B Ka)K,I!;OM aAeMCHTapHOM 

aKTe.
1 Mem,~~;y TCM B nepBOM aKcrrepHMeBTe no KP (B aHTHq>eppoMarHeTHKaX 

FeF2, MnF2 [
7
]), noMI1MO OAHOMarHoHsoro, o6aapymeHo TaKoe me no BCAHtJHHe 

ABYXMaraosaoe KOM6HHagwoaHoe pacceSJHwe . MexaawsMbi B3aHMOAeiicTBH.sr, 

npeAAO)KeHHbie B [ 1• 2], MoryT npHsecTH K ABYXMarso asoMy KP AHIIIb B cAe­

AYIO~];!eM n opSJ,.!I;Ke Teopnu B03My~geawSJ, H ABYXMarBOBHbiH Koaq>q>wgweBT 

9K,CTHHKQ;HH 
2 

6y,.!l;eT CJigeCTBeHHO MeHbllie O,I!;HOMaPB OHHOPO. 

B HaCTO.Rll!eii: pa 6oTe npe,.!I;AaraeTc.R TaKoii: MexaHH3M B3aHMOAef.icTBHJI 

CBeTa CO CIIHHOBOfi CHCTeMOH, KOTOpblli yme B TOM me IIOpH,I!;KC TeOpHH 

B03MJigCHHJI IlpHBO,.!I;HT K ABYXMarHOHHOMY KOM6HBagH:OHHOMY pacceSJHHIO. 

Mbr IIOKameM, tJTO no,\SJPHEyeMOCTb am, coce,~~;aeli napbi HOHOB m H n 
3aBHCHT OT B3aHMBOH OpHeBTaQ;HH Ji!X CilHHOB S m H S,., T. e. OT (sms,.) 

(1) 
A mn Ao e.,. ( 

r AC 1t ~ Gl:mn -e- 88"- paCll!CIIACHHe yposqeil: H3-3a 06MeHHOPO B3aHMO,.!I;eif-
cr 

CTBH.sr, Bcr- wx pac~genAeHwe B xpwcTaAAJ<ItJeCKOM rroAe). CnwHOBbie BOAHbr, 

pacnpocTpaHRlOll!Hec.R B xpwcTaAAe, MOAYAHPYIOT ero noAJIPH~yeMOCTb, 

COPAaCBO (1), H 9TO npHBO,.!I;HT K pacceRHHIO CBeTa. 06MCHHOC B3aHMO,I!;eH­

CTBHe (1) KOMMYTHpyeT C OilepaTopoM npoeKQ;H11 IIOAHOPO CllHHa KpHCTaAAa, 

DOSTOMY OH O DpHBOAHT TOAbKO K: TaK:OMY pacceJIHHIO CBCTa, IIpH KOTOpOM 

l 8To OTHOCRTCSI H l< ,Mai'HHT OCTpHI<!!ROHHOMY" pacce nHJUO, paCCMOTpeHHOMY B [6). 
2 

J1HTeHCJIBHOCTb pacCeJIHHSI xapaKTe pH3YIOT AH~~epeHyHa.\bHbiM KOS~~JigJ.feHTOM 
3I<CTRHK!!HH dh, paBHhiM OTHOWCHHlO q ·JICAa ~OHOIIOB, paCCC.IIHHblX B TeAeCllhJii yroA dfJ 
B eAHHR!!Y BpeMeHH eAHHH!JeH 06beMa cpeAbl, I< DAOTHOCTH DOTOI<a <flOTOHOB B DaABIOI,geM 

\ dh 
CBeTe, h = j dQdfJ. 

13* 
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HaMarHli'JeHHOCTb KpHCTa./\.1\a COXpaH.HeTC.fl, C.l\eAOBaTe.l\bHO, npogeCCbl C yqa­
CTHeM OAHOro MaraoHa BanpelJ!eHbi. I1o aToii npH"'.HHe Heao3M021S.HO KP 
c OAHoapeMeHHbiM H:crrycKaaweM HAlf norAOIJ!eHH:eM ABYX MaraoHoa, npHHaA­
Ae2l<aiJ!HX OAHOR aeTBI1 crrHHOBhtx BOAH. B aHTHcJ>eppoMaraeTHKax 11 q>eppi1-
MaraeTHKax paccMaTpwaaeMhiH MexaaH3M npHBOAHT K n pogeccaM Aayx THnoa: 

1) KP c o,AaoapeMeHHbiM norAOIJ!eHHeM Maraoaa u wcnycKaHH eM Apyroro 
Maraoaa, npHHaAAe2!<alJ!ero aTofi 21<e aeTBH CIIHHOBhiX BO.I\H (npogecc c ,nepe­
HBAyt:IeaweM" - Koaq>q>wgueHT aKCTHHK!JHH h+-); 2) KP c HcnycKaaueM (h-) 
H./\11 nor AOJ:,jJeHHeM (h--) ABYX Maraoaoa pa3HbiX aeTaeii . 

I~aK 6yAeT noKa3aao, Koaq>cJ>H!JHeHT SKCTHHK!JHH ,pacnaAaoro" rrpo­
gecca h-

I1pHBeAeM A.I\JI cpaaaeau.fl Koaq>q>ugueHT SKCTHHK!JHH AA.H KP c Hcny­
CKa HHeM OAHOrO MarHOHa [5] 

h+ ~ (~) (~)
2 (!!_)3 

cth MJ • 
c Ecr }. 2T 

3Aech e50 - CTIHH-op611Ta.l\bHOe paciJ!eTIAeHI1e ypoaHefi , Q - qacToTa Maraoaa. 

Y nQ 1 6 qHThiBaR, qTo €50 ~ e e:s: H 2T ~ , y e2!<AaeMCR, qTo ABYXMaraoaaoe pac-

ceRHHe M02!<eT 6h1Th OAHOrO llOpRAKa C OAHOMarHOHHbll\1. 
B pacceRHHH c nepeuaAyqeaHeM h+- MoryT yqacTaoaa Tb MaraoHbl c saep­

r11eif fi.Q, He npeBhtlllaiOr,geii T. Cq11Ta.H cneKTP MarHOHOB KBaApaTHqHblM 
6e3 I,geAH, D.I\OTHOCTb COCTORHHii DO SHeprHH ~ Q'/o, li yqi1ThiBast, qTQ 
aepoRTHOCTh TaKHX npogeccoa rrponopgnoHaAbHa Q 2 (eM. (5), (11), (14)), 

TIOJ\Yqlfl\f ogeHKY h- ~ h-~ h- ( ~ r· ' r Ae Tc - TeMnepaTypa MarHI1THOrO 

paBynopRAOql1aaau.fl. KpoMe Taro, a h+- npogecce npoi1CXOAHT aecbMa 

He:aaaqHTe.l\bHOe H3MeaeaHe qacTOTbi caeTa (13): fi.:':lrn ~ ( ~) V TTc . Bee STO 

AeAaeT :aaAaqy o6Hapy.n<eHHH AayxMaraoaaoro pacceHHIHI c nepeH:aAyqeaHeM 
KpaifHe TP)'AHOH. B <fJeppoAHs.l\eKTpHKax ecTb TO.I\bKO OAHa aeTBb crri1HOBbtX 
BOAR, H pacceSIHHe pacnaAHOrO THTia B HHX HeB03M02l<HO, TI09TOMY B Aa.l\b­
HeHllleM Mbi 6yAeM 11HTepecoaaThCSI TO.I\biW <fJeppHMarHeTHKaMH 11 aHTHcJ>eppo­
MarHeTHKaMH. Mbt noRameM, qTo npu pacnaAHOM npogecce a HHX cneKTP 
pacceSIHROro 113.1\yqeHHH COCTOHT H3 AOBO.I\bHO lllHpOKOH CTOKCOBOH A11HHH, 
MaKCHM)'M KOTOpO!i OTCTOHT OT t:IaCTOTbl IIaAaiOQ!ero CBeTa Ha C)'MMapH)'IO 
q acToTy MarHOHOB A BYX Tunoa c rpami'IHbiM HMTIYAbCOM (eM. (15), (13), 
(8) H (7)). l1Meaao TaKoii cnexnp ABYXMaraoHHoro KP Ha6AIOAaAcH a aaTH­
q>eppoMarHen~Kax FeF2 H MnF 2 [7] . 

1. I1onpa BKY K IIOM!pH3yeMOCTH rrapbl HOHOB B KpHCTaAA11qeCKOM IIOAe, 
B03HHKaiOI!',)'IO M3-3a o6MeHHOr O B3aHMOAeHCTBHH1 M02l<HO paccqHTa Th B AYXe 
06htqHQH TeOpHH B03M)'IJ!eHIU. I1ycTb <l>~" - BOABOBhie <fJYHK!JHH BeB3aHMO­

AeHCTB)'IOl!',eH naphi HOHOB m, n, j - Ha6op KOOpAHHaTHhiX KBaHTOBhiX qHceA, 
v= -i-1 11 <I>~" (m, n) = o<l>~." (n, "m).3 KyAOHOBCKOe aaaHMOAeiicTBI1e s./\eKTpo-

1 
HOB - - rrpHBOAHT K co6cTaeaHo KY.I\OBOBCKol:i rronpaaKe K saepr1111 (ee y qH-

r mn • 
ThiBaTh He HaAO, TaK KaK OHa yme BKJ\IOqeHa B KpHCTa.I\AH'IeCKOe IIOAe) 

J.1 K o6MeHHOH A06aaKe, OIHIChiBa eMOit sq>cJ>eKTHBHbiM orre paTOpOM j C MaT­
pH'IBhlMH 9.1\eMeHTaMH 

<w~c}cJJ~,"',l =}~p"Cac' , rAe 'tJa ' = ~ (cr-+ o1). 

1 
3 Mbt o rpaHH'HI A HCb 3 AeCb c.\yqaeM s = 2 . 
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YqTeM, qTO MaTp11qHbie SAeMeHTbl On epaTOpa B3ai1MO,lleil:CTBI1.R: C O.l(HO­

p0,4HbiM aAeKTp11qecKI1M noAeM E 11111eroT BI1A 

(c'JJ~J?rph,) = F~p ~ (1 -t- ao1
) , F = eE (r,. -t- rm)· 

06bJqHbiM o6pa30M H aXOAHM BOAHOBbie cpyHKJ!1111 c'JJ~J BO BTOpOM !10pH,4Ke 

T eop1111 B03MyrgeHH.R: no one paTopaM J 11 F, 3aTeM aa STI1X cf>YHKJ!11HX 

B biqi1CAHeM MaTp11qHble l'lAeMeHTbl onepaTopa A11ITOAbHOI'O MOMeHTa p = 
= e (rn-+ r,.) H OT611pae111 qAe Hbi, AHHe~Hbie n o onepaTopa1-v1] 11 f, n ocKOAbKY 

TOAbKO OHH Opi1BO.l(.R:T K HHTepecyroigeMy Hac 9cpcpeKTY. flo n paaKa 1t"'n 

K OOA.IlpH3yeMOCTI1 a?nn OITpe,lleAReTCR 4118I'OHaAbHbiM11 no KOOpAHHaTHbiM 

KBaHTOBbiM t:II1CAaM MaTpl1qHbiM 11 SAeMeHTaMH P?Jr, aa' = P',lj' 'toa', r,4e P~~1, .l(AR 

J= jl paBHO 

p (2) _ 2 exp - iwt ~ 1 ~ { ]~' j (Po F o F o p ) 
iP - ;,_2 ~ w . _ w ~ ~ jz ll'-+ il u' -+ 

l •J l' • J 

P
0·z]Yz,F2, ·} 

-f- J .7 -+- t:I.I\eHbl C 3aMeHO:li - lt> ~ (t) . 
w 1, i - w 

(3) 

3Aecb (t)- qacToTa aJ\eKTpHqecKoro no.l\a. 0TMeTHM, qTo P~1, F~1 =f= 0 
T O.I\biW AJ\R cocTORHH:li c pa3J\Hqaol1 q e THOCTblO. TaK KaK c ooTBeTCTBYlO'!!I1e 

pa3HOCTI1 9Heprl1ii BeJ\11:KI1 llO cpaBHe HI1lO C pacrgeiTJ\eHI1eM ypOBHei:J B KpHCTaJ\J\11-

qeCKOM rro.l\e, TO BAaJ\H OT .I\11HI1:1i rror AorgeHI1R ocsoaHoii BK.I\aA a P?J 6 yAyT ,4aaa Tb 

n epBbi e ,llBa CJ\araeMbie B cpHrypHOil: C:K06:Ke, :KOI'Aa f! H j - COCTO.R:HI1R 

C O,llHOH qeTHOCTblO, a f - C Apyroii . flp11 9TOM ITOOpaBK8 f.>n" K OOJ\HpH-

3yeMOC Tl1 ITa p bl HOHOB i ?ml 6y ,l(eT f."'"~ a~n ~ fzfgz , I' ,lle fi.woz- 9HepreTI1qe-
~ woz 
l' 

C:KI1H 3 a30p Me.tKAY OCHOBHbiM COCTORHHeM H OCT8J\bHbiiiiH ypOBHHMH STOH .me 

qeTHOCTI1, pacrgenJ\eHHbiMI1 :KpHCTaJ\.1\HtfeCKHM ITOJ\eM. 
1 1 

2. 3anHCbiB8H -::, ,, = 2 [1-+- 4 (sms,.)] AJ\R Clli!H8 z H 0603Ha qa.R: HH.l(e:K-

C8MH CJ. 11 ~ HOMepa :uarHHTHbiX aTO:\fOB B npe,lleJ\ax .R:qeJ:iKH H m, n - HO~!epa 
pa3J\HqHbiX aqeeK, ITOAYtfH:\1 SHeprliUO B38HMO.l(eJ:iCTBH.R: napbl HOHOB an, ~m 
C SAeKTpHtieC:KHM noAeM 

.!. [E(ra11 + r•on ) .:::.-..•.imE ( r,.,.+ r~m)]<. ) 
2 2 •· 2 S,zS~m • (4) 

CyMMHPYH no seeM rrapaM HOHOB, pa3J\araa. s"1 11 E {r ) a p R A rro HMITYJ\bcaM 

__ 1_~ " i q r ,.1 
Saz- >/N ~ sqe , 

q 

~ ~ j2"-nwk 
E (r) = ~ i y-v- e(k, ).)[ct1 - ck,.J 

k, l. 

(V - o6'beM :KpHcTaJ\.1\a, N - q11cAo aJ\eMesTapHbl.X Hqee:K a HeM, e (k),) - a e:K­

Top n oJ\HpH3aJ!HH, c+ 11 c - o nepaTopbi pomJJ;eHHR H YHH'iTomeHI1 .R: cpoHoHoa), 

OOJ\Y'ii1M HHTepecyrorgyro H aC SHeprHIO B38H"-fOAel:icTBH.R: cae~a CO COHHOBOR 

CHCTei\WH 

W - 27i./i 
- v ~ 

k , ~, )., ).' 

, 1 (t) o) c c+ [e (k -+- 'l. y k+lt k -Y. lt+Y.., A k-Y~, /.' .. , 
(5) 

(6) 
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B rrocAeAHeM Bbipameaint. aToM a aaXOAHTCl'l B aaqaAe KOOPAHHaT H 
CYMMHpOBaHHe AOCTaToqao 1Ip011.3BO.ll;HTb IIO 6.1\Hmal:f!llH!If aTOMaM THIIa ~ · 

BuA <JIYHKf!Hli 1t..P (q) aaaHCHT oT CH:\fMeTpHH OKpym eaHR aToMa a. HanpH­
Mep, .ll;J\.l'l OKTa3.ll;pH"!eCKOrO OKpymeHHJI 

'itt (q) = 6n«l3ylll (q) oikl 

( ) 
a~ a~ a~ 

"( 111 q = COS - 2- COS -2- COS - 2- 1 

( ) 
aqx . aq'!l . aq~ 

y100 q = cos-2-sm - 2-sm2 H T. 

a - nocTORHHa.sr peweTKH. AMI TeTpaa.ll;pa 

1r~"' = 'It:'!/ = 'it;f = 81t'fr m ( q), ) 

~'!/ = 8~l001 (q), 

~ = 8~To10 (q) 'lti~ = 8-.t2~l10o (q). 

(7) 

(8) 

3. A.11.R Tor o "!T06bl BbipaaHTb orrepaTop s aaHMOAelicTBHH (5) qepea one­
paTOpbi CIIHHOBbiX BO.I\H1 He06XO.ll;HMO C.ll;eAaTb o npe.ll;e.l\eHHble npe.ll;IIO.I\ O.>KeHHJI 
o Time cmt.Hoaoro y nopl'l.ll;O"!eHHH. Mbi paccMo TpHM <J!eppHMaraeTHR c ABYMH Mar­
HHTHbiMH aTOMaMII. B 8JI.eMeHTapHOJi HqeJ:iR:e C aHTHIIapali.JI.eJI.bHbiMH CIIII.­
HaMH S1 H s2, OCb Z l'IBJI.J'IeTCH OCblO aHH30TpOIIHH.4 faliaea6eprOBCKHli raMH.I\b­
TOHHaH TaKOfi CHCTeMbi 

(3AeCb ]"!,,. H of ':!n OIIHCbiBaeT H30Tp01IHOe o6Meaaoe H aHH30TpOIIHOe peli..R:­
THBHCTCKOe saaHMOAeJ:icTBHe napbi HOHOB am H ~n). Depe1mmeM B q-npeA­
CTaBJI.eHHH H cosepmHM npeo6paaoaaaHe fo.ll.bAWTef:!:aa- DpHMaKoaa K Boae­
onepuopaM a H b, npe.ll;IIOAaral'l T~ T0 • T o r Aa 

JtC = - ~ [S 11a::qa-q-+-S22b~bq -+- S 12 (a::qb~- a_qbq)), 
q 

S 11 = s 2 []12 (0)-+- ojl2 (0)]-+- 2sl (]11 (q) - ; n (0) - a; u (0)], 
S 22 = s1 [jl2 (0)-+- ojl2 (0)]-+- 2s2 []22 (q) - ]22 (0) - o] 22 (0)], 

S 12 = vsls2jl2 (q) H J ..P (q) = ~ f'fm exp - iqrpm• 
rflm 

(9) 

C yMMHp oaaaHe a n ocAeAaeM abipameaHH npoii.BBOARTC.R: TaK me, KaK 
11. a (6).. AJ\R TeTpaa.ll;puqecKoro H OKTaa.ll;pHqecKoro oKpy.meaHR J"fl (q) = 
= zj"~y111 (q), rAe z- "!HCJI.O 6AH.maiiwHx coce.ll;eii. B aTmi .me npeAcTaa-

AeHHH onepaTop G (,.) HMeeT BRA 

G (z.) = ~ {T11 (q, x) a::(q+><P-Cq-><) -+- T22 (q, z) b"lQ+x)b(q-x.) -+-
q 

-+- T12 
( q) [ a::(q+x)h+cq-x)-+- a-{q•"lb(q-.. )]}, 

Tll(q, x)= sz~l2 (q) -+-2sl [~ll (q)-~ll (z)) 

(10) 

1 4 OaepaTop B3RHAt OAeiicTBHli (S) 6bi .\ a o.\y'leH AMI s = 2 . EcTec Tsea a o ape.(lio.\o-

lKHTb, 'ITO on nMeeT TRI(OH JKe BRA AMI .uo6blx: :s. Haao:uaa~t, 'ITO qJ epp o.a;a &.\ ei(TpHKB u ac 
He HUTep ecyroT, Tal( l(al( p a caaA:Hble apogeccbl B uax 3aapelJ!eHbl. K c .\y 'laiO asTa$eppo­
MarHeTI! I(a Aei'I(O IIepeHTH , C'lliTRli BO BCeX COOTHo m eKHliX s1 = s2 • 
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U T22 IIOJI.yqaeTC.R: 83 T11 3aMeHOH HHAeKCOB 1 ~ 2, a 

'f22 = y Sl$2 iel2 (q). 

KaaoaHqeCKHM npeo6pa3osaaHeM, HCIIOJ\.b30BaHHbiM, aanpmvrep , B pa6oTe[8], 

raMHJI.bTOHHaa(10) npwBOAHTCR K AHaroaaJI.bHOMY BHAY 

JC = ~ {JiQ+ (q) a~o:q -+-liQ- (q) ~~q}, 
q 

rAe a u ~ -HOBbie Bo3e-onepaTopbi. flp1:1 STOM 

G ( :'.) = ~ [g+ ( q) a~+,.aq->< -+- g-( q) ~~+><~q->< -+- g-o ( q) ( a;-+q~!-q -+- a,.+q~x--J, (11) 
q 

(12) 

BuA onepaTopa G (7.) (11) y6emAaeT aac s T0~1, qTo AeitcTBHTeJI.bHO 
B03Momao ABYXMaraoaaoe KOM611aagHoaaoe pacceRHI1e TOJ\.bKO ABYX TBIIOB: 
KP c nepe113JI.yqeaueM Maraoaoa Taro me copTa (g±) u paciiaAaoe KP 
C HCIIYCKaHHeM (BAH IIOI'J\.OI!!;eHHeM) Mai'HOHOB pa3HbiX COpTOB (g0) . 

4. YlciiO.I\b3YR OIIepaTOp B3aMMOAeHCTBHR CBeTa CO CIIHHOBOH CHCTe­
MOH (5), (11), M02KHO IIOCt{HTaTb AH<J><J>epeHgHaJI.bHbiti KOS<J><J>HgHeHT SKCTHHK­
Q.Hl:l AJ\.R HHTepecyrozgux aac npogeccoa. Hanpm.1ep, AM! KP ,pacnaAaoro" 
Tl:IIIa B IIepBOM IIOPJIAKe TeOp11H B03My:tgeHiifR IIO W 

(13) 

flpu STOM npeAIIOJI.araeTCR, t{TO IIaAaeT CBeT qaCTOTbl w0 C BOJ\.HOBbiM 
BeKTOpOM k H BeKTOpD:\1 IIO.II.RpH3a!!HH e (k/.). w, k ' H ~ (k')J) - qacTOTa, 
BOJ\.HOBOH BeKTOp 11 BeKTOp IIOJI.Rpl13agJHf pacceRHBOI'O caeTa; .6.k = k 1 - k, a 

l- 1 
1 • 

Bbipameaue AJ\.R KP c nepeH3JI.yqeaueM :11araoaoa a IIOAyqaeTcR H3 (13) 
aaMeaoii n--+-1~ n+, -Q-~Q+ H gO(q)~g+(q). 

5. 06cyAHM IlOJI.yqeHHbie pe3y Jl.bTaTbl. flycTb q>eppHMaraeTHK (11.11.0 aHTI-1:­
IJleppOMarHeTBR) HMeeT o6'bei\mogeaTpl1poaaaay iO r<y6HqecKyro perneTKY c pe6-
poM a, s1- cmm aToM a B geaTpe Ky6a, s2 - B ero aepwuaax • .4AR IIpo­
CTOTbi yqTeM TOJ\.bKO o6Meaaoe B3ai1:MOAeHCTBHe 6JI.H)KaHWHX COCeAeH, T. e. 
JI2 u "'12. TorAa 

0 0 ± - ~12 -loQ±() g H = ; g"' - jl2 n "~ q ' (14) 

(15) 

a g~, 11 g~ ... noAytJ.aiOTCR 3aMeaoH: r001 aa loio H liOo cooTaeTCTaeaao. EcAH 

AOIIOJ\.HHTeJI.bHO ytJ.eCTb 06MeHaoe B3ai1:MOAeHCTBHe Me)KAY 6.1\H:lKaHWRMI-1: 
HoaaMH OAHOro TI-fiia, a o CAeAaTb ecTeCTaeaaoe ynpor;garor;gee npeAilOJI.O)Ke-
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"-12 'ltll 1t22 0 
HHe jlZ = jll = ]22 , Mbi CHOBa np11,ll;eM K (14). TKa3aBilll1Cb OT 9TOrO 

npe..,;noAomeHI11l 11AI1 Y'll1Tb!Ba1l aHI130Tponmo o6MeHa 3]12, 'Cij11 11 3]22, n o Ay­

qaeM HeHyAeaoe :aHatieHHe g?,. CAe..,;osaTeAbHO, g~i (j =J= i) cyi,geCTBeHHO 

6oAbme, tieM g~, . Eho o:aHatiaeT, RanpHMep, tiTO B aKcnepHMeHTe, twr..,;a 

na..,;aiOJ!!MH CBeT nOA11p!i30BaH no OCH X Kpi1CTaAAa, pacceRHHbiH CBCT , pac­

npocTpaH1l!OJgiiliC1l no 9TOH *e OCI1, 6y..,;eT ..,;enOA1lP1130BaH, CBeT, pacnpo­

CTpaH1l!OI,g11i:!C1l BAOAb y, 6y..,;e T nOA1Ip11:aosaH no z, H Hao6opoT. Eho OTHOCI1TC1l 

K KP ,pacna..,;Horo" Tl1na, npe..,;cTaBARIDI,geMy Hai160Abilli1H HHTepec. 

AAR onpe..,;eAeHHR q>apMbi CTOKCOBOH AHHI1H KP Heo6xo..,;I1MO nocAe no..,;­

cTaHOBKI1 B (13) Bb!pameHH1l (15) AA11 g0 11 3aMCHbl nepeMeHHbiX B 11HTerpaAe 

no d 3q 

B311Tb 11HTerpaA no d (Q+-+- Q-) c noMOJ!!biD ..,;eAbTa- C}>yHK\61111. C n eKTpaAbHaR 

nAOTHOCTb paCCC1lHHOr O H3AytieHI1116y..,;eT onpe,ll;eA11TbC.R HHTerpaAOM no n o aepx­

HOCTH S a q - npocTpaHcTae, Ha KOTopoii Q+-+- g - nocTOJIHHO. MaKCHMYM ee 

6y..,;eT OTCTO.f!Tb OT 'laCTOTbi na..,;aroi,gero CBeTa Ha CYMMapHyiD tiaCTO'ry 

Q+ (: )-+- Q- (:) MarHOHOB pa:aHoro THna c rpaHH'lHbiM HMTIYAbCOM. 

B :aaKAIO'le HH:e ogeHI1M aeAH'li1HY ..,;ayxMarHOHHOro KOM6HHagi10HHoro pac­

ceRHI1JI CBeTa. 

Ct111TaJI (eM. (15), (3)) BbinOAHJIJI HHTerpHpo a a HHe 

B (13), ACrKO llp11XO,ll;liM K BbipameHI1IO (2). TioAaraH ~ ~ lQ-9
, (; ) ~ 1015 

11 ( ::: r ::::::: 10-s -:- 10-7, TIOAY'li1M K09C}>C}>H\!HCHT SKCTHHK\!Iili h++ ::::::: 10-n -7-

-7-lO-ll CM- 1, COr AacyiOig11HCJI C 9KCnepiiMeHTaAbHb1Mii pe:ayAhTaTaMH [ 7]. 

AsTop 6Aaro..,;apiiT A. I1. AHceAbMa, B. I1. illKAOBCKoro H A. r. Apo ­

HOBa :aa HHTe pecHoe o6cym..,;eHHe 11 noAe3Hbie coseTbi. 

(1] <P.r. Eacc, M. H. KaraHOB. 2K9T<P, 37,390,1959. 
(2) R. J. E IIi ott, R. London. Phys . Rev. Lett., 3, 189, 1963. 
(3] Y. R. Shen, N. Bloemhergen. Phys. Rev., 143,372, 1966. 
[4) B. M. r e H ]( H H, r. M. reI{]( H H, B. M. <P a ii H. Tp. II Bcec. Cl!MII03HYMR 

no HeAHHeiiaoii OIITHJ<e . HaA. CO AH CCCP, HoaocH6apc~<, 1966. 
[5] B . C . A b Bon. 2K9:fc:P, B ne"'laTH (1967). 
[6] H. A. A a He a e p, IO. B. BoA o T H u. 2K9Tc:P, B ne"'laTH (1967). 
[7] R. A . Fleyru, S. P. S. Porto, L. E. Cheesman, H. J. G u g genn b t:m. 

Phys. Rev. Lett., 17, 84, 1966. 
[8] B. r. EapbH XT a p, r. H. Y:pymaAae. 2K9T<P, 38, 1253, 1960. 

HacTHTYT noAynpoBOAHHI<OB 
AH CCCP 
Ae JiHnrpaA 

IlocTynaAo a PeAaKyHro 
30 MapTa 1967 r. 

B OKOH"'!aTeAbHOH peAaKyaa 
5 JiiO IIli 1967 l' . 




