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1 Bae~eHHe 

Ilpu nccrrep;omm:nu xuMI!'IecKIIX coep;ImeHIIH MeTop;li.Mn JIMP Ba)KHYIO porrb nrpaeT 

y<J:eT B<JaiiMOp;eiicTBUH MC)K)l;Y Hp;epHbiMII ClliiHaMU •. KaK II3BCCTHO [1], B3aiiMOp;e:ii

CTBIIe npiiBO)l;liT K pac~enJieHIIIO ypoBHell :mepriiii CIICTCMbi ClliiHOB B II3y'IaeMOll 

MOJieKyJie II, COOTBCTCTBCHHO, K TIOHBJICHIIIO )l;OllOJIHIITeJibHbiX JII!Hllll B CllCKTpe Ma

rHIITHOrO, pe3oHaHca. liHTepnpeTnpyH :JTII JIIIHIIII, MO)KHO cyp;IITb o CTPYKType IIC

crrep;yeMon CIICTCMbi, B3aiiMHOll opneHT~IIII Hp;epHbiX llO)l;CIICTeM BHYTPII CJIO)KHbiX 

opraHu<J:ecKnx coep;nHeHu:ii, p;mp<!>y:J~m MOJieKyrr II T.p;. 06hl'!HO npo~eBcero (n Ba)K

Hee) onpep;errHeTCH cyMMapHbiH Hp;epHbiH MarHIITHbill MoMeHT cncTeMbi S = L:a Sa·, 
rp;e Sa - MarHIITHbie MOMeHTbi oTp;errbHbiX Hp;ep, 'ITO no3BOJIHeT 3aTeM onocpe

p;oBaHHO BOCCTaHaBJIIIBaTb xapaKTep npocTpaHCTBeiiHoro pacnpep;erreHIIH Hp;ep. B 

pa6oTax [2]-[4] aBTOpaMII 6biJIO npep;JIO)KCHO IICnOJib30BaTb )l;JIH Ha6JIIO)l;CHIIH 3a no~ 
Bep;eHIICM CIIC,TCMbi MYJibTIInOJibHbie. MOMCHTbl CTapiiiero nopHp;Ka, KOTOpbie Y'III-· 

TbiBaiOT HCO)l;HOpO)l;HOCTb pacnpep;eJICHIIH OpiiCHT~Illl MarHIITHbiX, MOMCHTOB Hp;ep 

no npocTpaHCTBy. B:JaiiMop;encTBIIe aTux MYJibTIInoJibHbiX MOMeHTOB c Heop;Ho

pop;HbiM noJieM MO)KCT 6bi_Tb IICTIOJlb30BaHO )l;JIH Henocpep;CTBCHHOro B036y)K)l;CHIIH 

nepexop;oB Me)Kp;y ypoBHHMII aHepreTu<J:ecKoro cneKTpa B JIMP Mep;rreHHoro npoxo

)K)l;CHUH [2]. KpoMe Toro, npu II¥TIYJibcHoM B036y)Kp;eHIIII JIMP op;Hopo~HbiM P'I· 
norreM MolKeT Ha6rriOp;aTbCH nepeKpecTHbiH OTKJIIIK [3],(4]. To ecTb nocrre p;e:ii

CTBIIH IIMTIYJibCa PlJ-noJIH, B npo~ecce cnap;a CIIrHarra CB06op;HOH IIH)l;YK~IIII mi. 

C'ICT B3aiiMO)l;CllCTBIIH MClK)l;Y CllliHaMII npOIICXO)l;IIT paCtPa3IIpOBKa IIX B3aiiM!J:Oll 

O)l;HOpop;HOll OpiieHTa~IIII B o6pa3~e. Ilpu :3TOM B CIICTeMe TIOHBJIHIOTCH CniiHOBbie 

KOHtPIIrypa~IIII, COOTBCTCTBYIO~IIe 6orree CJIOlKHbiM MYJibTIITIOJibHbiM MOMeHTaM. 

Cy~ecTBeHHo, 'ITO oa c<J:e~ p;unorrb-p;nnorrbHoro BOaiiMogencTBIIH <t>opMupyiOTCH 

BIIXpeBbie pacnpep;erreHIIJI OpiieHT~liii CniiHOB. Cpep;II HIIX npOCTCHIIIee OllliChlBa

eTCH BCKTOpOM TOpOII)l;HOrO MOMCHT.a 

1 N ~ 
T = - :L!r'aSa], 

2 a=l 

rp;e r'a - pap;uyc-BeKTop a~ro cnuHa. Topoiip;Hbill MOMeHT T(t), oc~rmrrnpyiO~n:ii c 

<J:acToTo:ii npe~eccnn, nHp;y~upyeT nepeMeHHoe arreKTpn<J:ecKoe none [4] 

:.2 :. 
E(t) = Tr - 3r(Tr), 

cr5 

KOTopoe MOlKCT 6biTb oaperiiCTpiipOBaHOno 8.IJ:C, HaBegeHHOll Ha 06Kllap;Kax nrro

CKoro KOH)l;CHCaTOpa, MelKp;y KOTOpbiMII llOMe~eH o6pa3e~. 

0TJIII'IIICM MarHUT,HOro II TOpOII)l;HOro MOMCHTOB HBJIHCTCH IIX pa3HM npoCTpaH

CTBCHHM 'ICTHOCTb : MarHIITHbi:ii MOMCHT - aKCllaJibHbill BCKTop, a TOpOII)l;Hbill -

fl!n: ~~· ~~- · • il .,__.._..1'1l'T 
, .... VIi ... , J,tutl'- tl~.&t.~n E'4-:J .. tr..l~l J 
~ .. 
~
"' e-~nJ&"r1-~g~.1·~ ~v·r ·,~,. ~~.~~:-~~?-! 
~-.. ,.-.r'~' ........ lui.~ .... •• ..,:.~: ... -'"'"~~ .. !1.:~-

6HSJH•1QTE!f.~\ .. ...._.. ..-.--..... _... 



nmll!pHhiH. CnegoBaTeJibHo, nepexpecTnhlii: :l<fJ<flexT Mo:awT cyll\eCTBOBaTb TOJibKo 

B TeJC CIICTe!.faX, KOTOphle ITO CBoeii: CIIMMeTpUII gorrycKaiOT ogHOBpeMeHHOe Cyll\e

CTBOBaHIIe aKCUaJibHoro II IIOliHpHoro BeKTOpOB. B pa6oTe [2], C TO'JKII npeHIIJI KBaH

TOBOH Teopnu, 6hlno rroxanano, 'ITO ;J;JIJI cyll\eCTBoBaHnJI nepexpecTnoro :l<fJ<fleKTa

neo6xognMo, 'IT06br npaBUJia o.Y.6opa gorrycxanu ognoBpeMennoe CYil\CCTBoBamxe 

MaTpii'IHhiX :lJICMeHTOB MarHUTHOrO Il·TOpongHoro MOMCHTOB ;J;JIJI IIepexoga MC)!(gy 

CTaiJ;IIOHapHbiMU COCTOJIHIIJIMII CIIUHOBOH CIICTeMbl. B pa6oTe [4) C IIOMOil\~IO MO

genu KJiaCCU'IeCKUX CilllHOB ycTaHOBJICHo, 'ITO rrepeKpeCTHblii: aiP<fle~-T u:....ie_eT MeeT<'>, 

KOrga XOTJI fibl OAHO HOpMaJibHOe KOJICfiaHUC OIIIICbiBaeTCJI KaK MarHIITHhiM, TaK II 
TOp;rrgHhrM MOMCHTaMu. · - . - - - -' -

• '• •' • "· ... ~ • I ' - ..Ji • • " 'U 

Il;e;rbiO nacTOJIIl\eii pa6oTbl JIBJIHCTCJI nocnegoBaTenbHoe BhiJICHCHIIe yc.'!omxu Bon-

HIIKHOBeHIIJI Topoiignoro OTKnuE:a :B JIMP ~-noMOil\biO arrrrapaTa Teopim rpyrrn ix 

'IIICJICHHbiX :MeTogo:B, rrpiiMCHI~TCJibHO K Knaccu'!ecxoii: u KBaHTOBoii: naga•mM. B 

xa.JecTBC IIJIJIIOCTpruiiiH paCCMOTpCH~ paCIIOJIO)!(CHUC Jigep pa3JIII'lHOH CUMMCTplm. 

Bhl'IIIcneirhl <flopMhl niinuu Mar:imTnoro, 'ropougnoro penonancoB u nepexpecTnoro 

- oTxmixa grur-xoliE:peTii:h:rx npiiMepoB Monexyn nponuna H3C- C = CH II :moxcuga 

H 2 C-0 __:_ C H--'- C C l3. Ilnan pa6oT:br cnegyiOil\IIH. Bo BTopoii: 'IacTn cTaTbn paccMa

TplmaeCJI CIIIIHOBaJI ;J;IIHaMIIKa ;J;JIJI N KJiaCCII'IeCKUX CniiHQB B JIIUieHHOM npn6JIII)!(e

':Him no OTKJIOHeHUIO OT noJIO)!(eHill! paBHOBeCUJI II rrpu cna6o:M IIX B3aiiMogeHCTBIIII 

gpyr c gpyroM. 8To nonBOJIJieT ciieCTII naga'!y K II·ccnegoBaHIIIO xone6imuii: cucTeMbi 

N JIIIHeHHhiX CBanann:brx oc~rmnJi:Top'<'>B:· Ananiici xone6inenbHbiX Mog c noMOil\biO 

TeOpiiii- CUMMeTpiiU gaeT B03MO)!(HOCTb ycTaHoB~Tb ycnoBmf' COBMeCT-Horo cyll\e-

CTBOBaHIIJI MarHIITHoro II TOpOII;J;HOro MOM~HTOB n!m B036y)!(geHIIII ognoii: KOJie6a

Ten:bnoii Moghl. B TpeTbeii: '!aCTII pa6oTbi B TOM )!(e npn6nii)!(eHim naga'!a pememi 

;J;JIJI-KBaHTOBbiX CniiHOB- II IIOKa3aHa IIOJIHaJI aHanoriiJI Me)!(gy -KBaHTOBbi!.f II KJiac-. 

·cn'!eCKIIM nogxogaMn. B ''IeTBepToii: '!acTix cTaTbH TeopuJI rpynn ripuMeHJieTcJI K 

TO.;HOH KBaHTOBOII- naga'!e1 ;J;JIJI OTBeTa Ha BOIIpoc 0- B03MO)!(H0CTU CYil\eCTBOBa

HIIJI nepeKpeCTHOro a<fl<fleKTa B KBaHTOBbiX CIIUHOBbiX CIICTeMax li KJiaCCII<fJUKaiJ;UII 
COCTOJIHIIH CilllHOBOro raMIIJibTOHIIaHa. 

2 CnHH-KorreGaTeJibHoe n:pH(jJIH)I(eHHe 

2.1 KJiaccu'!ecKHH crrun 

B HacTOJIIl\CM pangene paccMoTpena Mogenb "xnaccn'!ecxux" cnunoB B nnne:iinoM 

npu6JIII)!(CHUU ITO OTKJIOHeHUIO OT UOJIUlKCHUJI pami:OBCCUJI II C.'IaQOM B3aiiMogeii:

CTBHU ux gpyr c gpyroM (eM. TaK)!(e [4]): Pememui ypaBnenu:ii, OIIIICb!BaiOil\IIX 

;J;UHaMIIKY KaK OT;J;CJibHbiX CIIUHOB rna, TaKn MYJibTliiiOJibHb!X MOM~HTOB M II f, 
gaiOil\UX rnofianbHOC OnUCaHIIC ;J;UHaMUKII CIICTCMhl, MoryT fibiTb liHTCpiipCTUpo-

BaHbi u npoananunupoBaHbi c IIOMOil\hiO Teoprm rpynn. OxanbiBaeTCJI, 'ITo nnanne 

rpyrrrrbl CIIMMCTpUII Go_ MOJICKYJihl II OpiiCHTaiJ;Uli IIOCTOJIHHOro MarHUTHoro norur 

H no OTHOWCHIIIO K ne:ii AOCTaTo'!Ho gnJI Toro, 'IT06b! cgenaTb BbiBog o CYil\CCTBo-
Banmx nepexpecTHoro :l<fJ<flexTa. 

PaccMoTpiiM cncTeMy ·N xnaccn'!ecxux cmxnoB, o6ooiia'!CHHhiX egiiHU'IHhiMII 

2 

BeKTOpaMII nit' m2' ... ' m N' HaxogJIIl\IIXCJI B .TO'!Kax Ti' r2' ... ' :i"rv. B AanbHeii:meM 

npegrronaraeTcJI, 'ITO na•Iano xoopgunaT Bbi6paHo B reoMeTpn'!eCKOM ~eHTpe _ cu

CTeMhl, TO ecTb BhlnOJIHJieTcJI ycnoBne La r;. = 0. IlpegnoJio)!(IIM, :.rTo cmmhl naxo

AJITCJI B CUJibHOM ogHOpO;J;HOM MarHIITHOM IIOJie U cna6o B3aUMOgeHCTBYIOT Me)!(gy 

co6oii:, KaK :lTO o6bl'!HO IIMeeT MeCTO B 3KCIIepnMeHTax ITO BOn6y)!(geHUIO JIMP. 

8neprilli CniiHOBOH CIICTeMbl MO)!(eT 6biTb 3aiiUCaHa B Bilge 

U = -(fi ·I: rna)~~ I: I:' (rna· A(r;,b) · mb), 
a a b 

(1) 

I 

rge A( :i") - Tennop BToporo panra, paBHhiH 

A- (r) _ 3x;xk- r26;k 
•k r - .rs . (2) 

IIITpnx y nnaxa cyMMhl nob B (1) o6o3Ha'!aeT, 'ITO B cyMMe ncKJIIO'!eHo cnaraeMoe 

c b = a. IlepBoe cnaraeMoe B Bbipa)!(eHmi grur 3Heprnu (1) OIIIICbiBaeT neeMaHo

Bcxoe B3aUMogeHCTBUe CIIUHOB Tna C IIOCTOJIHHbiM MarHUTHbiM noneM ii, BTOpOe 

CJiaraeMOe- ;J;IIIIOJib-gUnOJibHOe B3aiiMOgeii:cTime CIIIIHOB Me)!(gy co6oii:. 

,I(u<fJ<flepeH~UpyJI 3HeprUIO CUCTeMbl (1) ITO Tna, C y'IeTOM noCTOJIHCTBa ;J;liUHbl 

3TOrO BeKTOpa, IIOJiy'!aeM ypaBHeHUJI ;J;BII)!(eHUJI B BU;J;e.--

rita = [mafia]; Ha = fi +I:' (A(r;,b) · mb), 
b -

(3) 

rge gnJI xpaTxocTu BBegeno o6onna'!enne (A(r;.b)·mb)i = A;k(r;,b)mbk, fia- noKanb· 

Hoe MarHUTHoe none, ge:iicTBYIOil\ee Ha a-r'i cnun. YpaBHenne (3) IIMeeT paBHOBecnoe 

pewenue, KoTopoe orrpegenJieTCJI nn ycnoBIIJI rita = 0. 06onHa'!IIM :lTO pemenue 

CIIMBOJIOM- mao· IloTCH~Uan u UMeeT MUHIIMYM npu rna = mao· O'IeBugno, 'ITO 

_ Tnao HanpaBJieH no paBHOBCCHOMY JIOKaJibHOMY noJIIO 

Hao = ii +I:' (A(r;.b). mbO), {4) 
b 

rge B OTJIIi'IUC OT iia Bblpa)!(CHilJI (3), B gaHHOM Bblpa)!(eHUU mb 3aMeHCH paBHOBe-

CHhiM 3Ha'!eHIICM Tnbo• ' 
PaccMoTpnM pemenne ypaB~eHIIJI (3) B n~H:eii:noM npu6nn)!(emiu no· OTKnone-

HUIO 0 paBHOBCCIIJI. 8To npii6JIU)!(CHUC no aHaJIOriiii C _ MaJibiMII BOJIHOBbiMU KOJIC~ 

6aHIIJIMU B KpiiCTaJIJIU'ICCKOH perueTKC MO)!(HO Ha3BaTb CIIIIH-KOJie6aT~bHbiM. ,I(rur 

3Toro rrpegcTaBIIM rna B ~uge rna = mao+na ~ 6ygeM C'III~aTb iia MaJIOH BCJIII'IIIHOH. 

B JIIIHCRHOM npu6JIII)!(eHUII no na II Tlb ypaBHCHIIJI ABII)!(CHIIJI UMeiOT BII;J; 

fia = [nafiao] +(mao I:' (A(r;,b) · nb)J,- · 
- b - -

(5) 

,I(JIJI peiUCHIIJI 3TOH CIICTCMbl B~egeM Ha -Ka)!(;J;OM Jigpe JIOKaJibHYIO CIICTCMy KD-

Op;J;IIHaT, OCb Za KOTOpoii: Hanpannena no noJIIO iiao• PanJIO)!(IIB na no 6anucHbiM 

BCKTOpaM e',x, eay II eaz JIOKaJibHOll CIICTeMbl K~opgnHaT: Tla = -X-ae',x+Yaeay+zaeaz• 
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nony'IIIJ\1 CliCTcMy ypaBHCHIIll IJ;JIJI KOMnOHCHT Xa II Ya BCKT<;>pa na (B :lTOll CliCTCl\le 

KOOpiJ;IIHaT· KOMnOHCHTa Za noCTOJIHHa II B liiiHeHHOM npir6mDKCliiiU paBHa Hynro) 

{ 

xa = YaHao- Lb 1 (Ayx(r;,&)xb + Ayy(r;,&)Yb)i 

Ya = -xaHao + Lb 1 (Axx(r;,b)Xb + Axy{r;,b)Yb), 
(6) 

rp;e 66oaHa'leHo Aik(r;,b) = (eai · A(r;,b) • ebk)· IIony'lcHHaJI cncTeMa p;n<J><J>cpeHQII

anhHhlX ypaBHCHIIII C noCTOJIHHb!Mli KO:l<J><J>nQIICHTaMn.(6) 1\IO:lKCT 6b!Tb peilleHa 

06hl'IHbiMli 1\leTOIJ;aMII. ' 

HcKJIIO'laJI nepeMcHHyro Ya, ypaaHeHIIJI p;ni' KOMnoHeHT X a B mxHeHHOM npu6nu

:lKCHllli no B3aTIMOIJ;CllCTBUIO 1\IO:lKHO npe;J;CTaBIITb B BUIJ;C 

Xa + H;,oXa + H L
1 

Azz(r;,b)Xb = 0. 
b 

. IIpU'ICM KOOpiJ;UHaTbl Ya CBJI::JaHbl C X a II Xa COOTHOillCHliCl\1 

1 {(. H.o). '\"'[ . (~ ):i;b r~ ) ]}. Ya = H 2- H Xa + LJ Ayx 1'ab H + AxX\1'ab Xb . 
b 

(7) 

(8) 

B npnHJITOM npn6nu:lKeHnn KoMnoHeHThi TeHacipa Aik(r;,b) B ypaHeHIIJIX (7), (8) 
Cllep;yeT Bhl'lliCliJITb B na6opaTOpHOll CUCTCMC KOOpiJ;IIHaT (el, e2, (S) C OCbiO Z, Ha

rrpaBliCHHOll no nonro H, TO CCTb 31J;CCb Aik(f;.b) = (ei. A(f;.b). ek)· 
KaK MO:lKHO BUIJ;CTb 113 (7), CIICTcMyN cniiHOB npii6llli:lKCHHO MO:lKHO paccMaTpii

BaTb KaK mrHeiiHyro xone6aTenhHYK> cucTeMy c N cTeneHJIMII cBo60~J;hl. PeweHIIe 

CIICTCMbl ypaBHCHIIll (7) MO:lKHO oaniiCaTb B BliiJ;C pa:3iiO:lKCHIUL no HOpMaJibHbll\1 MO
.I!;al\1 Q.,; 

Xa = ~e LUa-,Q.,; ., Ya = ~e L Va-,Q.,; ., Q., = c.,eiw,t; I= J, 2, ... , N, (9) 

rp;e KOMnJICKCHbiC KO:l<J><J>IIQIICHTbl c-, IJ;Oll:lKHbl onpep;eliJITbCJI li3 Ha'lallbHbiX ycnoBIII"I, 

a xoa<P<PnQIIcHThl ua., II va-, aaBIICJIT oT napa..'leTpoB ypaaHCHIIJI (7). Ha <PIInwre

cxxix C006pa:lKCHlW JICHa, 'ITO CIICTcMa (7) HC MO:lKCT IIMCTbHU HapaCTaiO~llX, HI~. 
OaTyxaro~liX peillCHIIH, nO:JTOMy 'laCTOTbl W-, IJ;CllCTBIITCllbHbl. 

Y'IIITbiBaJI, 'ITO rna = mao+ iia II IICnOllb::Jyn pemeHne (9 ). MarHIITHhlC MOMCHTbl 

JI,gep MOJKHO Bl>Ipa3HTb 

rna = mao+ E Ya-,Q.,; Ya-, = Ua-, +iva.,, (10) 
-y 

rp;e Ua-, II Va-, - IJ;CilCTBIITcllhHble B::JaiiMHo opToroHanbHble BCKTOphl (p;nJI ynpo~c
HUJI aanucu 3p;ecb U B IJ;aJibHClllliCl\1 Mbl onycKaeM 3HaK ~e, B3JITIIJI IJ;CllCTBIITCllbHOil 

'Iacnr). c nOMO~blO :lTUX Bhlpa:lKeHm'i IJ;liJI MarHIITHoro M = La rna II TOpOIIIJ;HOro 

T = (1/2) I:a[T;,ma]MoMeHTOB cniiHOBOil cucTeMhl nony'laeM 

'M'=Mo+ :LM.,Q.,; T=To+ :Lf.,Q.,, ., ., ,(11) 
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q:~e BBep;eHbl o6o::lHa'leHIIJI 

Mo = E mao; M., = E iia.,; 'fa = ~ Etr:.m~ol;. f., = ~ Etr:.iia.,l· (12) 
t?e- a a a.·~ 

Km<J><Pn~ueHThl · M., xi ·T., onpep;e:IJIIOT BKnap;hl Ton nmr lmox'i HopMairhlioii ·Mop;~ 
Q., BMYll~TxinonhHhle MOMeH~hl. Byp;e~ Ha:JbiBaTb T~ MO;J;hl, ;J;llll KOTopbiX :nn Ko

:l<J><J>xn{e':H:Thl oi~u~bl oT Hymi n Ko:X.ophle, ~e;~;oBaTellbHo, p;aro·T BKna~ B )\,f n T 
- "MadmTHhlM~r" II "Topoxigm.'rMx~" Mo/ia..'m co'oTBeTCTBeHHo. IIocKorr:bKy.l\tarHnT

Hhlii xi?Topmip;Hbtn MOMe~Tbl llMeiOT pa:3Hbre npocTp'aii:cTBeiDible 'leTIIOCTll, TO MHo'

:lKe~~1a "Ma~HliTHbiX" II "TopOUIJ;HbiX" MOll;·, B006~e rOBOpll·, ~e CoBnap;aiOT Me:lKp;y 

co6oii. Ecnii p;:Ill p;aHHOil cxicTeMbl cmmoB :JTU MHO:lKecTBa Boo6~e He nepeceKa

IOTCJI, TO npii BO::J6y:lKp;eHliii TOllbKO "MarHUTHbiX" MOIJ; B lllrHelrHOM npu6mi:lKeHUII 

B CUCTCMe He MO:lKeT B03HxiKHYTb TOpOII;J;Hblli MO!\feHT·u Hao6opoT. , 

II pncyTCTBne Tex nmr IIHhlX '~>m;~; B cyMMax no ·1 B <J>opMyrrax ( 11) MO:lKHo ycTa

HOBIITh, .nOllhnyJic:b MCTOIJ;aMII TCOpUU CUMMCTplm. ,I(onycTUM, 'ITO pacnoJIO:lKCHliC 

llp;ep B npocTpaHCTBe nMeeT'cnMMe'i'pnro, aap;aaae~yro rpynnoii G0 . ·rrpu Ha.'lo:lKe

Hnn MarHIITHOro nOllll H CUMMeTpllll CIICTeMbl_ U3MCHJieTCJI II 6yp;eT OITliCbiBaTbCJI 

HeKoTopoii nop;rpynnoi'r G rpynnhl G0 •• TaK .KaK BeKTop MarHUTHoro rionJI BXO;J;IIT 

B ypaBHCHIIC (7)Kaap;paTII'IHOU, CliCIJ;OBaTCllbliO, noJIJI ii U -ii :JKBIIBaJICHTHhl, TO 

CIIMMeTpnro G .Mo:lKe'i'· n:M:eTb' <Pnrypa, o6paaoaamiaJI 1) TO'IKaMn, B KOTophrx pace 

nono:lKeHbl.liiJ;pa;·ir 2).npJIM~Il mmueii, napanncllbHOll MarHIITHOMY nonro. TaK, Ha

npnMep,.cncTeMa:'ICTbipex cnxmoa1 pacnono:lKeHHhlx B Bepnnmax KBap;paTai I!MeeT 

cnMMeTpn!O Go= D 4h: .IIpxrHano:lKeHrm :M:a~HIITHc'Jro nonJI ~ HanpaBnemrlr, neprreH" ·. 

IJ;liKYllllpHOM.llliOCKOCTli KBap;paTa, CllMMeTpiill OCTaHCTCJI TOII .:lKC Cal\IOII, ToeCTb' 

G =· G0 ; ~.Ecmx. :lKe no'n~ HaripaBneH~ rio p;miroHann ~aap;paTa; T.~. BIJ;Ollh o~n 2-
ro.nopJip;Ka,:~o cuMM~TpnJI cir~TcMhl onncblaaeTcJI 'y)Ke rpyn~oii G = D2h' IIpir 

npoii::JBOllbHOll op~reHT,aQIUI ~~Jill i:>~HOCliTCll~HO.KBap;paTa IIM~CM G = ci: '··' . 
Ka:lKp;oe·HopManbHoe Kone6aHue Q.,· nap; p;eiic.TBliCM onepaTopoa rpynnhl ~ npe

o6paayeTCJI no TOMY xmuuHoMy Henpm!op;nM:oMy npep;cTaBneHnro :JToii rpynnhl. Ta

KIIM o6pa:30M liHIJ;CKC I COOTBCTCTBYCT HOMepy HeKOToporo HenpiiBOIJ;UMprp npep;

CTaBliCH.IIJI·, 'KoTopoe· Mhl 6yAeM o603Ha..JaT~· TCM :lKC: CIIMBom)i,{, Knaccu<J>nKaQUIO 

HOpMaJrbHbrX' KOJie6aimn {TO. eCT:b·onpep;encHIIJI CITIICKa B03l\IO:lKHbiX :'lHa'ICHIIIl / u:J 

coBoKynH:i>c'ril· Bcci: ·Henpnaop;UMhlX ri:pe~cTaBne:ihiii rpynnhl G)· MO:lKHO ~poaecTu 
cnep;yro~n:M o6paaoM:. . . . • : ·' ,·' • . • 

Byp;eM C'IIITaTb TO'IKII pacnonmKcHIIJI Jip;ep r;, BepnnmaMxi ~pa<J>a, KOTophlii uao-

6p~:lKaCT :MaTpuey "Ko:l<J><J>nQIICHTOB ·:lKcCTKoc'ru" Kab B ypaaHeHmi (7), ecmr ero 

oanucaTb B Bup;e 

,, . Xa =,-' LKabXb~. (13) 
'. ' : ' . . ' . " . . b . ., ' ' • ' : . . . : ' 

To eCTh Ka)Kp;oii: BeprnnHc r;, Mhl npnmiiliCM •mcno Kaa = H~, a Ka:lKIJ;Oll CBJI::JU a-b 
- 'IIICJIO Kab, = H Azz( r;,b ). 0TMeTUM, .~ITO, :JTOT rpa<J> K!1K paa · 6yp;eT UMCTb CIIM

MeTpiliO G . . qT06bl _AOGHTbCJl' reo~eTJ>H.'I<?CKOro COO!BCTCTBHJl',' MOJKHO Ae!f!opMH-. 
pomlTb'ncxo.zleyro npoC-rpillicraellHyro'Koil!flurypauuiO Jl'Jl.ep, H3MCHHBMiiHbl.pe6ep .. 

rpa<J>a · iipon~pQiro~anl.iio';•Ii~~iui l{ab·. JJ:llli rip,;rMdp~ Ha pxlc.1· m;>Ka:J~Hhl Tpcxcnu

HdBaJI CliCTCMa: B <t>'opMe npaaun'hHOrO. Tpcyroni>HirKa 'ripu pa:3liU'IHbiX opiiCHTaQIIJIX. 
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Puc.l CucmeM.a mpex cnuuo6 a 6epmuuax npa6UJI.b'II.020 mpey20II.b'II.1L'ICU 6 

M.a2'1iumuoM. no11.e H u u3o6pa:HCa70w,uu ee 2paifj : a) no11.e nepneuau'/Cyll.zpuo 

nii.OC'/Cocmu mpey2oll.b'II.U'/Ca; 6) no11.e ll.e:NCum ll nll.oc'/Cocmu mpey20II.b'll.u'/Ca 

napall.ll.ell.b'll.o e2o ·M.eauaue 

MarHIITHOrO nOJI.II II COOTBCTCTBYIO~UC rpacph!. 

PaccMoTpnM Ha6op nepeMeHHhiX {X a}. na;J;aHHhiX Ha n~~:pax. Onepaqiin CIIMMeTpnn 

rpyrrnhl G nepecTaBJiliiOT BeplllliHhl rpacpa II BMCCTC C HIIMII npnnncaHHhiC liM ::JHa

'ICHli.II x. ,To ecTh B aToM CMhrcne nepeMeHHhle x. MOlKH~ c<rnTaTh cKannpaMII. 

TaKIIM o6pa::1oM; Ha6~p <riiccn {x.} npeo6pa::~yeTcJI~no HCKOTopoMy nepecTaHO

BO'IHOMY rrpep;cTaBJieHIIIO r rpynnhl G, KOTOpoe B o6~e~ 'cny<rae .IIBJI.IICTC.II npiiBO

.. liMbiM. B p;a.'IhHCllllleM npep;cTaBJICH~C r rpyrinhl G, n~ ~~;opoMy npeo6paayroTC.II 

nepeMCHHhle x., Mhl 6y;J;eM Ha:JhiBaTh icone6aTeJihHhiM. XapaK;epbi aneMeHTOB G"' 
rpynnhl G B npe~cTaBJieHIIli r MoryT 6h!Th onpep;eneHhi no <popM:yne 

xr(~"') '= N(G"), (14) 

r;J;C N(G"'.) paBHO 'IliCJIY BCJ>lllliH rpacpa, KOTOpbiC OCTaiOTC.II Heno~BlllKH~MII npn 

;J;CHCTBIIII Ha CI!CTeMy onepaqiiii G"'. llpeACTaBJICHliC. r MOlKHO pa::IJIO'I(liTh Ha He

npiiBO;J;liMhle, npn<reM 'IIICJia a", noKa:JhiBaiO~IIe CKOJihKO pa::l ;J;aHHOC HenpiiBO;J;liMOe 

npCACTaB:ICHI!e I BXO;J;I!T B npiiBOIJ:liMOC r onpC;J;CJI.IICTC.II no li::JBCCTHOll cpopMyne 

(eM., HanpnMep, (5) §94) 

a"=.!:. L:xr(G)x7 (G)*, 
g G . 

(15) 

r~~:e g - <rncno aneMeHTOB B rpynne ·G, xr(G) - xapaKTep aneMeHTa G B Henpn

BO;J;IIMOM npep;cTaBJieHnn /· CyMMnpoBaHne Bep;eTcJI no BCeM aneMeHTaM rpyrmhl 

G. 
Te HenpiiBOIJ:IIMhiC npep;CTaBJICHII.II, KOTOpble BOll;J;YT B f>a::IJIO'I(CHIIe r Ha Henpii

BO;:II!MhiC '!aCTI! (;J;JI.II KOTOphiX a7 =I 0), KaK pa::III 6y;J;yT COOTBeTCTBOBaTh I!CKOMhiM 

:JHa'ICHI!.IIM /,no KOTOpbiM KJiaccncpnqnpyiOTC.II KOJIC6aTeJihHble MO;J;hl (9). PaCCMll

TJ>IIM B Ka"!eCTBe npnMepa MoneKyny npounHa H3C- C = CH (pnc.2), co~~:ep-

6 

t 

lKauzyro 'ICTbipe aTOMa BOi!;OpO;:Ia,·pacnorron.:cHHhrX B BCpliii!Hax;TpCXrpaHHOli nit-

paMU;J;hl C OCHoBaHUCM B cpopMC·paBHOCTopoHHero TpcyrorrhHI;K~, ·o'6pa:JOBaHil'~ro 
MCTilllhHoii rpynnoii CH3 (pnc.2). · MarHIITHoc norre c<rnTac~~- Hanp~Brr~iiHhl;i ~nep'
neHp;nKyrrnpHo nnocKOCTII OCHOBaHI't'n.: 8Ta CIICTClta 'xf~tCCT CII~!lteTpitioG =· c:~:. 
B COOTBCTCTBI!I! C cpop~tym}ii ( 14) xapaKTCJ>hl npe;:~cTa,BITCHli.II·. r :t::i~ arrel!C~TClB 
rpynnix, npuitap;rrelKalltiiX KrraccaM E, 2C3 n 3uv,-PaBHhl cooTBCTCTBC~H~ 4, ·i n 2. 
PacKITa;J;hiBan aTO npc;:~cTaBITCHite Ha HCJ!piiBO;:\IU!hiC, norry•iae~t :. r ;;, 2A, +E. To 

CCTh B -p;aHHOM C..'Iy<rae II::J 'ICThlpCX HOp1ta.'IhHhiX KOop;tiiH~T Q.,';:~se ~'pco6paayc 
roTcJI no cp;nHII'IHoMy npe;:~cTaBaemno A1 II p;se·-- rio ;:\Byitepitm~y npc;:~cTaB:ICHIIIO 
E.-; i' . 

BoaBpaTIIMCJI Tencph K. o6cylKp;eHIIIO BKrrap;oB Koac6aTeni.HhiX ·lto;:l::taHHoii cnlt~ 
MeTpmt G .B MarHIITHhlii II Topmip;Hhlii lt6MeHThl i[ n' T ' ( Clt.' -BhlpaJ!,:crh'r(.· (11)) 
llpep;cTaBneHne 'y Mon.:cT ;J;<lBaTh BKaa;:~ B panrroJKcimc 'BeKTo!1H:aii (nccB;:~oBcKTop~ 
Hou) BClllt'II!Hhl.TOllhKO B TOM cny•rac, CCni! OHO BXO;:\IIT B COCT;lB BCKT~pHofo (nC~" 
BiJ:OBCKTopHoro) npcp;cTaBncHnn rpynni;r; 8To ycrrmixic nonBo:ineT ;:iapaHcc 'dnpc;ic

nnTh, KaKUC HOpManhHhiC MO)J;h! p;aiOT BKliap; B C)'li~thi ' ( 11 ); ' ~liH ;liHTepec~;IOIU~~i> 
Hac cny•nin qepeKpecTHoro acpcpcKTa Hco6xo;:~mm •. 'IT~6:br ~r<>~a Q~;' Bxo;inmiul: 'B 
cocTaB Kone6aTCJibHoro npcp;CTaBne~nn, p;aBa.'la BKrra:t :B:~rar'fin-fl!brii ir -iopinr:tHb!ii 

MOMCHThl (fibiJia O)J;HOBpCMCHHO MarHIITHOliir TOj>l~irp;H<\ii). , . . , 
OcHOBHbrM npunHaKoM, no KoTopoMy MolKHo cy-

;J;IITh 06 OTCYTCTBIIII' nepeKpCCTHoro :J!flcpcKTa B p;aH

HOH cncTcMe, .IIBli.IICTC.II_ Hann•xlrc y;J;aHimi'r q)ynn.W G~ 
IIHBepcnn. KaK op;Horo ua onepaTopoB .·. ~Toii rpynnhi •. · 

rpymiy Go B :lTOI\1 cny•rae' Ha."Jh!Ba!qT' J:lCHTpocir1m~~-· 
Tpii'IHOH. ThK KaK BCKTop H Bhlc'i-ynaeT' KaK )J;B)'CT!;

pOHIIIIH, TO KaK fihi HI! fihiJIO opircHTIIpOBHHO MarHIIT~ 

HOC 'none· H no OTHOliiCHl!IO K UCCJIC;J;YCl\10li CIICTCMC, 

nro6an 1m no~~:rpynn G ;J;aHHoii rpynnhl G0 TaKlKC 6y;J;cT 

J:lCHTpOCI!MMCTJ>II'IHOll. B TO lKC BpCMll l!::JBCCTHO,:'ITO 

B rpynnax ~nMeTpnn G, B KOTOJ>hiX npco6pa."loBaHIH' 

IIHBCf>CIII! f CO;J;Cf>lKI!TC.II B Ka'ICCTBC. Op;Horo II:J am•

MCHTOB CIIMMCTpnn, BCKTOp n;~CC~;J;O~CK'fOP ~~>eofilFl~ 
:JYIOTCJI no pa::IHhiM HcnpiiBO;J;liMhiM npe;J;CT<lBJICHII.IIM. 

CJIC;J;OB<lTC.::ihHO, y BCCX CIICTCM C Tj\KOli CIIMMCTj>IICli 

(npnMcpaMII MoryT CJIYlKIITh J:lCHTf>OCIIMMCTJ>II'IHhiC' 

rpynnhl C;, Cnh, Td, Th, oh II Dnh c·'WT~hll\1 n) :J<IB!'

;J;OMO HC MOlKCT HafiJIIOp;aThC.II ncpCKJ>CCTHhlli OTKniiK, 
'' ,, ,, ,, TaK KaK MHOlKCCTBa MarHIITHhiX U :TOJ>OII;J;HhiX UO)J;: 

y Hl!X, HC ncpcceKaiOTCJI. ' 

!:. ' 

. : ~ 

;;, 1: 

_'·'. 

,; :·' 

. '~; ' 

H 

l'rrc.2. Mo.1<'KJ:na r!pomwa · 

II£ -:- C ;:;; C II : 

Hao6opoT cncTeMhl c CIIMMcTpneii G Tnna Cn, C ... ., S4, D,., Du, T: 0 f!;O~ 

nycKaiOT cy~eCTBOB<lHUC' nepeKpl'CTHoro' (>TKJII!Ka, ·TaK Ki\K OAHa 'nrrn 'HCCKt>:IhKO 

KOMnOHCHT aKCIIaiThH~ro I! IIOJI.IIJ>HOro BI'KTOpOB B :lTIIX rpynnax u'p(•ofipanyroc.II no" 

o;J;HIIM n TCM n.:e HcnpnBO;J;IIMhiM npe;J;rTaBJil'HIIIIU. TaK, B. pacrl!OTJ>I'HHOM ·Bhlllll' 

npliMcpe cniiHI>BOli CIICTl'Mhi npoTOHOB :1-lOni'KY:Ihl npomma (' ('I!M~~('Tplleii C:lo• (pur. 
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2) Z~!'~!.I~OHCHTbi no;IHpHoro II aKCII~"IbHOro BCKT~pOB npeo6pa3yiOTCH no npep;

CTaB:ICHllHM A2.n Ar cooTBeTCTBeHHO, a nx x, y-KoMnoneHTbi .- nonpep;cTaBnenniO 

E. Ilo:noiry nopM~~bH~e !.IO~bi -Y '=' E, ( Q En Q E 2 ) 6yp;yT op;HoBpeMeHHO npu~yT~ 
CBOBaTbBCYMMax no/ B (ll) KaK B pa3:IOJKCHIIII MarHIITHOrO,TaK n:TopOII)J;HOrO 

MO!.IC~TOB. Cnep;oBaTe:IbHO, Boo6yJK~enne c noMOI.QbiO BHeniHero ogHopop;HorononH 

Koire-6imn~yarHIITHoro M~!.reHTa aKBnBaneHTHo, Bo36yJKp;eHui<? MOA QE., QE2 • ITo

cKoabKY a_TII MO~bi npncyTCTBYIOT B pa3liOJKCHIIll Topoli;J;Horo MOMCHTa, TO ,0/];HO

po~HOC no:Ie O~HoBpe~I~HHO npHBC;IeT K Boo6y~/);eHIII? TaKJKe II TopOII)J;HbiX MO)J;. 

'. Pacp~6TpiiM n9~po6Hee CliCTCMbi, IIMCIOLQ~H~ B OTCyrCTBHC MafllHTHOro ]:IOJHI . 

c~I~!>IeTpliiO Go = Dnh· Ec:In n - 'leTHo, To.ni06aH nop;rpynna G p;aHHOH rpynnbi 

Go 6yp;eT !-leHTpociiMMeTpii"'Hoii,n C!lCIJ;OBaTenbHo, KaK. :no 6blno onncaHo Bbrwe; He 

~o~ycKaeTcYulec,TBOBaHnH nepeKpecTHoro or~nnKa. Ilp~ He'leTHOM n oTcyTcTBne 

n;m H~'Ili"!Ue nepeKpeCTHoro OTKliiiKa 3aBIICIIT OT opneHT~llli MarHIITHoro llOliH 

noOH~rlleH:~IO K Moneiyne: ecmr none He- ~oHnJKaeT CIIMMeTpmr (To ecTb G = G0 ), 

To a<fl<fleKT oTcyTcTByeT. Ecnn JKe none _noHIIJKaeT cnMMeTpniO cncTeMbi ( G oKa

o~~aecli op;~oii: II;) nop;rpy~n rpynnbi Go), TO nepeKpeCTHbiH a<fl<fleKT- cymecTBye~. 
IJp~~epOMMo-KeT CJIYJKIITb CIICTeMa Tpex Cllli~OB,, HaXO)J;lii.QIIXCH B BepWIIHaX pa

BHOCTopoHHero ~peyronbHIIKa. B oTcyrcTBHe MamnTHom nong .uaHHaH cncTeMa. 

Ir~eeT CllMMeTpniO G0 = D 3h. faccM9TPIIM Tpn cny'l~ : 

1. Ecnu MarHIITHm! none H HanpaBneHo BIJ;O~h. ocir CIIMMe_Tpnn TpeTbero no

pHgKa, 'J:'O cnMMeTpnli cncT:~bi G ocTaHeT~H npe)Kneii G =Go.= D 3h. . . 
... 

2. Ilpn opn~HTan;un MarHIITHOro nonH. jj B)];Ollb OCII BTop;;ro rropHp;KaCIIMMeTpllH 

CIICTCMbi G nOHII3lLTCH II CTaHeT'paBHOll G'= c2·~. . ·. 
. . ' 

3. IJpn npO'I13BOllbHOll OpiiCHTaD;UII MarHIITHOrO IIOllli H CIIMMeTpllli CIICTCMbi 

6yp;eTnpo,cTeiiweii G = C1;. 

B nepBoMbny~ae nepeKpecTH~ii o~KliiiK o~~yTcT~ye;,Bo BT~po~ '~ TpeTbeM'~ . . . . . . . . . . 
cywecT.BY!!T. 

{' . ' ' ~ 

2.2 rKBaHTOBaHHe CUHHOBbiX KOJie6aHHH 
. '1., 

fi npep;h!p;yi.QeM pa3p;ene 6bma pat;:CMOpeHa )];IIHaMIIKa cna6o B3aiiMO)];CllCTBYIOI.QIIX• 

KITaCCII'ICCKIIX CnliHOB B npn6n~JKCHllll IIX MaJIOrOOTKliOHCHIIH OT .IIOliOJKeHIIH pa-, 

BHOBCCIIH. B aTOM paop;ene Mbi noKaJKeM, 'iTO }l;aHHOC np~6liiiJKCHIIe npnMeHIIMO II. 

_ npii KBaHTOBOM onucaHnU )];llHaMIIKH CTIIIHOB II HBliHCTCH aHanoroM cniiH-BOliHOBOrO 

npn6nii~eHim (eM., H:anpnMep, [6)). Ilpii aT()M 6yp;eT noKaoano, "'To proyllbTaTbi, 

· nony•reHHbie npii peweHim KBaHTOBoii oap;a"'II, noJIHOCTbiO cornacyiOTCli. c Knaccii-, 

'ICCKIIMII. 

B. :KsaHTOBOM oniica~m KaJK)J;OMY ~niiHY 6ygeM cono~TaBnHTb BCKTop~biH o~e~_. 
" ... ~· .. ' . . . ' 

pa;op Sa; KOM~OHeHTbi KOTOporo yp;oBneTBOpHIOT,COOTHOWCHIIHM. KOMMYT~llll: 
'· ' . . . . . . . . 

l: 
{16) 

,,, : 

[Sax• Sby) = ihabs~; . 
·;:. 

/ 

8' 

! 

(p;pyriie KOMMYT~IIOHHble COOTHOWeHIIH nOJIY'laiOTCJI ll3 )l;aHHbiX ~llll'leCKOH ne

pecTaHOBKOH IIH)J;eKcoB). B ocHoBHOM cocToHHIIII IO > cnirin.r IIMeiOT paBHoBecHble 

opnelinhmi 'Bp;bnb liOKaJibHbiX 'non~ii Hao ( CM. BbiWe { 4 )). 'Hanpaa~ OCb 'Za nO
KaJibHOH. (TO eCTb -CBH3liHH<lH c KaJK}l;biM CllliHOM) CIICTeldbl Koopp;IIHaT B}l;Ollb pa-:.' 

mioBe.ciw'ro noim 'iiao· · Ilp;n 'Marro~ ~~m6yJKp;eHIIn cncTeMbi npoex~ onepaTopa 

Sa ~~- noK~bii:Yro de~ Za·:~~~(HO npi16nnJKeHHo naMeHIITb c~~~ OHa'leHIICM 

Sbz ~< Sbz > [6), Torp;a KOMMyTaTop {16) nimMeT imp; 

[Sax,sb~l = ioab < sb. >, {17) 

KOTOpbiii: <flopManbHO coimap;aeT c KOMMyTaTopoM Koopp;IIHaT II IIMII).llbCOB. 

KaK MOJKHO noKaoaTb, B :noM: npi16niiJK~Hrm cniiHoBblii: raMIInbTOHIIaH if.. cBo

p;nTCJI K raMIIllbTOHIIaHY CBH:JaHHbiX CmrHOBbiX OC~nnHTOpoB ito., ~TBC'laiOI.QeMJ 
noey'leHHbiM BbiWe KnacCII"'CCK~MypaaHeHIIHM gBII:lKeHim (7) II {8). C noMOI.QbiO 

liiiHCllHOII OaMCHbi onepaTopoB (aHanorii"'HOll nepexop;y K HOpManbHbiM MO}l;aM B 

KllaCCII"'CCKIIX ypaBHCHllliX) MO:lKHO npeo6paooBaTb ito• K BIIIJ;Y 

it= -~IJP; + w;Q;), 
' . .., ' ' 

- {18) 

rp;e W-, ·- "!aCTOTbi paCCMOTpeHHbiX BbiWC KllaCCII"'CCKIIX. HOpMMbHbiX KOne6aHnH, 

/.KaK II npe:a(p;e,HyMepyeT :Henplmop;IIMbie npe)l;CTaBneHIIH rpynnbl ciiMMeTpiiii G. 
Ecnn npep;cTaBneHIIe 1 He op;HoMepHoe, "ro B {18) nop;paoyMeBaeTCJI TaxJKe cyM

MIIpoBaHIIe no KOMIIOHCHTaM 9TOrO npe)l;CTaBITCHIIH, Kax. 9TO p;enaeTCJI·, HallpiiMep, 

npii paccMoTpeHIIII xone6aHIIii MHoroaToMHbiX Monexyn (5). OnepaTopbi.1\ II Q-, 
cB~o~~rc KOMn~:HeHTaMu onepa~opos. c~na Sai JIIIHeiiHhiMII npeo6paooBaHliHMII. 

· Ka)Kp;oii ~opManbnoii Mop;e . cooTBCTCTByeT Ha6op · 9KBII)l;IICTaHTHbiX eHepreT:U:-
·' "!ecKnx YP()BHeii 

1 
En-y = (n-, +. 2)w-,,- {n-,=0,1,2, .. :)· ·. (19) 

s'Be~eM . B paCCMO~p~HIIe orr~p~ TOphi ,POJK}l;CHIIH ll YHII"'T~:lKeHIIH KBaH~OB a~ II 
a-,',; CBHOaHHbie C ont;p~TopaMUKOOpp;IIHaTbi.IIIIMni,~ca COOTHOweimJIMii 

•' _' ' -I/2 . · •. '· .. • . . ·+ _ -1/2 . • · • . a-,- {2w-,) (w-,Q-,+ zf'-,), a., ..,... {2w-,) (w-,Q-,- z'P-,) {20) 

K:o-fophle y.uoBJiernopHroT KoM:Mirau:n:oHHbu.{ cooTHomeHIDIM 

[a.,, a~.] = a.,.,.: (21) 
. ~ i 

B )l;MbHeiiweM, He BbiXOIJ;H oa paMKH cp;enaHHoro npe}l;nonmKeHIIH o ManoM oTKno-. . . . .· - -
HCHIIII_CniiHa OT IIOliOlKeHIIH paBHOBeCIIH, Mbi orpa!Ili'IliMCli TOllbKO O}l;HOKBaHTOBbiM 

Boo6y~p;eHIICM OCHOBH~ro COCT~HHIDI. Tor}l;a co6cTBeHHble BeKTOphl lt/J-,'> r3.Mwn,
TOHIIaHa {18), COOTBeTCBYIOLQIIe Boo6y:lK}l;CHIIIO O)l;HOH Kone6aTellbHOH MO)];bl KBa:s:

TOBoro OCil;IIllliHTOpa, TIOliJ'laiOTCli O)J;HOKpaTHbiM }l;eHCTBIICM OllepaTOpa pOJK)];eHIIH 

a~ Ha BeKTOp OCHOBHoro COCTOHHIIH IO > . 
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lt/1:1>~ a~IO >. .(22) 

TaxHM o6paooM,Mhi paccMaTpnaaeM Tonixo.N ao:J6y:11q~cHHhiX cocTOJIHIIH n, cne

goBaTenhHO, N ogHoKaaHTOBhiX nepexogoB, rp;e 'Incno N (coBnagaiO~ee c.•rncnoM 

C~HOB) onpegenJieTCJI KOnU'IeCTBOM H~pManhHhiX MOP,. Ilpn <!TOM 'IaCTOThi nepexo

)l;OB Me}K)l;Y ypoBHJIMII aHeprrm E:Y II OCHOBHhlM COCTOJIHIIeM B TO'IHOCTII COBnagaiOT 

c 'IaCTOTaMH HOpManhHhlX MO;l; KnacCII'IeCKOH 3ap;a'III 

.w:Y=E:Y-Eo. (23) 

3asnCJI~IIii: oT BpeMeHII TOponil;Hhlii: MOMeHT T( t ), Bo:JHIIKaiO~IIii npn BO:J6Y}Kil;e

HIIII. CIICTe~ ogHOpO)l;HhlM nepeMeHHhiM rr'oncM, onpep;enJieTCJI ahlpa}KeHII~M; [4] : 

T(t) ==;' 'E { <V\•I'fjtf;:Y" ><1/J-yuiSxltP'l" > ei(E~·-E~u.)t}, (24) 
"'fl"'(ll 

rp,e cyMMIIpOBaHIIe BegeTCJI no Bce:M COCTOJIHHJIM cnnHoaoii: cnc.Z.el-thl. Ilpu cp,enaH

HhiX BhiiUe orpaHII'IeHIIJIX a cyMMe (24) cnegyeT OCTaaiiTh TOnhKO Te cnaraeMhle, 

.xoTophle cooTBeTcTBYIOT nepexop,aM Me)l(gy ocHOBHhiM II nepahiM ao:J6y}KgeHHhiM 

. COCTOJIHIIJIMII, nO::JTOMY Bhlpa}KeHne ;l;liJI nepeKpeCTHOro OTKniiKa npnMeT anp; 

. T(t) .~ 'E ~ Olflt/1-r >< tP-riSxiO.; eiw,~t., (25) 
'Y 

. ThKin{ .o6paooM, il;liJI cy~ecTaoBaHIIJI nep~KpecTHoro OTKnnKa Heo6xop,IIMo, 'IT06hl 

o:riepaTbphi MarHIITHoro s II Toponp;Horo f MOMeHTOB yp;oBneTBOpHnn O)l;IIHaKOahi~ 
npasnnaM oT6opa. 06o:JHa'rnM cm.isonaMI! 'Ys n /THenpnaop;HMhle npep;c'l'aaneiinx 

rpyni:Thz G,'no'E:oTophiM npeo6pariyiOT~ onej>aT~phi ffu f. . . . 
MaTpii'I:ui.re aneMeHThi <. OISxltP-r > II < OITit/1-r > onepaTopoa S n f. 6y

AYT OTnii'IHhi OT HynJI TOnhKo TOrp;a; KOrp;a npHMOe npon:Jaep;eHII~ npep;cTaaneHIIH 

'Yo'Y cogep}KIIT B .ce6e 'npep;cTaBneHHJI /S nnii /T .cooTBeTcTaeHHo [5]. TaKIIM o6pa

noM,p;mr cy~eCTBOBaHIIJI nepeKpeCTHOro a<fl<fleKTa He~6xop;HMo, 'ITo6o'J npeil;CTaBne

HIIe / cop;ep}Kano a C~6e KaK npegcTaaneHIIe -Ys,TaK' II /T· IlpiiaTOM Oil;HOpOil;HOe 

p~J>none, ·a:JaiiMOil;eHCTBYIO~ee C MarHIITHhiM MOMeHTOM cnnHoaoii: CliCTeMhi S .n 

Boo6y}Kp;aiO~ee MarHIITHhle Mop;hl, 6yp;eT .Bo:J6y}Kp;aT:b Ta.K}Ke n Toponil;Hhle MOp;hi. 

Cnpasegnnao o6paTHoe YTBep}Kil;eHIIe : P'tf·an:xpeBoe MarHnTHoe none, a:JauMoil;eii:

CTayro~ee c Toponp;HhiM MoMeHTOM T n BO:J6y}K1l;aiO~ee Toponp;Hhle MOil;hi, 6yp;eT 

ao:J6y}K1l;aT:b Ta.K}Ke MarHHTHhle MOil;hi, cnep;oaaTenhHO, B p;aHHOH CliCTeMC 6yp;eT Ha

. 61IIOp;aTbCJI nepeKpecTHhlii: MarHUTHD-TOpOIIil;Hhlii: Unl! TOpOIIil;HD-MarHIITHhiH OT

K1IIIK, B OaBIICliMOCTU OT TOro,· KaKOe none ncnonhtlyeTCJI il;nJI aoo6y}K1l;CHIIJI en-· 

CTeMhi. ·'Th.KUM o6pa:JOM,B paccMaTpirBaeMOM npn6:m}KeHIIn:' Mhl nony'IUJI~ nonHOC 

COOTaeTCTBIIe rmacCU'IeCKOH li KBaHTOBOH :Jail;a'I.: . 

•' ,, ' 
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3 ·3a~a"'a Tpex cnHHOB 

B H,aCTOJI~eM pa3;{cnc B pm.rKax npu6:ntiKeHIIJI,llCno:Ih::JoBaHHOro ahiUie, no;Ip06Ho 

pacCMOTpCHa ::Ja;J;a'Ia TpCX· Clll!HOa. cha ::Ja;:ta'Ia llHTcpecHa · TC~t, 'ITO cy~eCTaycT 

MHOiKCCTao MoncKy:I, IIMCIQ~IIX Tpll ao;Iopo;:tHhiX aTOlia, Ha KOTOphlx· Ha6:ziO;:taCTCJI. 

JIMP, ·ri:pm.repoM ~roryT c:IyiKIITh MCTit:zhHhiC rpynnhl C H 3 • B To :.Kc ape:MJI oHa 

p;bcTaTO'IHO npocTa;ll CC MOiKHO'pciUIITb; He np116erax K 'IIIC:ICHHblll·lieTo;:ta~r. 

", 06cyJKgeHIIC ::Jaga'IU Ha'IHCM C CUMMCTpiUIHOro aH<t-"IU::Ja·ucc:Ic;:tye~roii CllCTellhi. 

rpynnoaoH aHamm ):laHHOll ::Ja):la'III liY'IIUe Ha'IIIHaTh C CI!CTCllhi,'06:Ia;:ta!Q~eii Ra

UablcUieH CliMMeTpUcii,I! ):l<t-"ICC, aao;:tJI COOTaCTCTayiO~IIe aO::Jllj'~CHIIJI, noHI!iKaTb 

cc ;~:~o npocTci'rruerl: rpynnhl C1. HanBhiCIUerl: CIIHlieTpueri:'G == · D3h' o6:Ia;:taeT cu

cT~Ma TpCX "):aC'I'Uq, HaXO):IJI~IIXCJI ·a acpUIUHaX paBHOCTOpOHHero TpC'~TO:IhHI!Ka, 

U MarHUTHhiM norreM,. HanpaaJICHHhiU no. OCU ·CIIlUICTpiiii ,TpeT:bCrO nopJI;:tKa. · 0Ha 

MOlKCT 6biTh noHU::KCHa :IIIUO I!::JI\HJHCHII~ll reoue'rpmi CIICTeMhl, :11160 II:Jl!PHeHIIC::\1 

opi!CHTaqiiii MarHIITHOro 110il1! no OTHO!lleHIIIQ K 3TOII CI!CTPliC. I· 

II TaK, paccMoTpiiM cucTeMy; n:MPro~yro cnl\mc Tpnro Gu · = · D;ih · (puc .1 a). 'Ecmr 

HanpaaUTh IIOCTOJIHHOC MarHI!THOC none a;t:~Oilh OCII TpPThCro nol>JI;:{K<i;T<>. KaK·YiKC 

OTMC'JaliOCh ah!UIC, CI!MI\teTpi!JI CllCTC,Mhi a <!TOll c:zy;mc HP II::J~!PHIITCJI. Ilo:Ib::JYJICh 

<flopMynoi'I (14 ),ahPIUCITl[l\[ xapaKTCpbi 3JICMCHOa rpynnhl G iPH I!CXO;:(Horo, aoo6IiJ,e 

roaopx, npiiBOIJ;IIMOrO Kone6aTCJihHOro npep;cTaa:IPHIIJI f ( Ta6:Iirqa 1) 

(1 

; .. 

' . ~ : 
C 1101\!0~h!Q _<!TUX. p;aHHhiX, a· TaK}KC -U::Ja«::CTHOii TaGmrqbl • xapaKTcpoB H,fCnpuao~ 
IJ;UMh!X npcp;cTaaJieHUH [5] ·. 110 <flopMyJ:(e (15) HaXOAIIM,. 'ITO p;aHHOC npe;:tCT~lB~Cc 
HUe r COp;ep::KUT Oj:\HOMCpHOC llpC):ICTaancHI!C .4~ II p;ayMepHOC npegcTaa:ZPHIIC £.~;.:, 
r: = A~+ E'. 8To roaopiiT ()TOM, 'ITOCIICTCI\!a IIlW'CT TPII .co6cTa<'HHhiX 'I<lCTOThl, 

o,n;Ha nn KOTOphiX p;ByKpaTHo abipOlK)l;CHa. ITo op;no~H'pHoll.!): npcgcTaa:zPHIII<J npc-
. I 

o6panyeTCJI Z -- KoMnOHCHTa aKCII<Ulh~Oro,. a no p;ap.rq>HOM)" .r. II y·KOMIIOHCHThi 

TIOJIJipHoro.aCKTOpoa. To CCTh .o6a 3TIIX aCKTopa nppof>pa~yi<JTCJI no pal3Hh!M He

rrpHBO~IIMhiM npcp;~TaancHIIJIM. ~l~ynm.i G = Dah ·.u io:ze6aHIIJI. 1\IarHIITHCJ;i ri 'To

pOI!il;HOll MOA • np(n·;~xo~T ·iri>naarifuMo ~pyr <>T Al;yra. Cncp;(ia;i~errhHci, ~:Z~ ilToi; 

CllCTeMbl cy~eCTaoaaHIIC ncpcKpCCTHOro OTKITIIKct .HCaO:JI\lOiKHO. 

ff::JMCHUM reOMCTpiiiO CIICTCMhl, Hanpaaua MarHIITHO_e no:ze ap;O:Zh OCII craaiP

TpliU aToporo nopJI):IKa. B <!TOM. cny•rac cnMMcTpiiJI cncTPMhi 6y;t:~eT onpep;e:zJIThCJI 

rpynnoii: G = C2v (pnc.l6). Ecnn II::JMC.HIITh yron'<p a· Tj>c-yro.r:ioiiiiKP, To' no.1y'm

BWaJICJI B proyJioTaTc p;aHHoro a<l::JMY~CHIIH CIICT<'I\Hl (>ygeT III\H'Th TaKiK<' CIIli~H'
TilUIO C2v· XapaxTcpbi arreMcHTois i:pynnhl m·.xoAHoro nprmop;mroro Ko:Ie6aTe:rh-

Horo npc)l;CTaaJICIUIJI r IIC}><"liiCJICHhi a Taf>mrqe 2. . , 
- '.' j .,_ .. __ ,_- ; ••• 

Th6JJuqa 2 

r-;;~c2:JErc;l"IT8 x• · 3 1 · 3 1 · 
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Pa;J:roiKeHIIe ;~;aHHoro npi!BOJ:l!Moro npe;~;eT:llBiiCHIUI <ri Ha Henptmo;J;ll¥!>~y ;:acTII nO
Ka;JbiBaeT, "'TO B HC:'.I eo:~:cpiKaTeJI Tpll O;J;HOMCpHhl:x HcnpiiBO;J;liMbiX npe;J;eTaBne
HliJI : ·;tBaiK;J;bi eE:a'IJipHoe At II O;J;liH pa;J neeB;J;OeKl!.nlip:Hoe ·nil· :To CCTb r = 
2A1 + Bt· TaKnM <i6paiw:-.t, U::JMeHeHue opit~HTanuu nonJI no·oTHmn'eHu~ K··eu

ei-e~tc eHn~nieT BbipOiK;J;eHue. ITo eKa."IJipHmiy npe;J;eTaBircmno At npeo6pa;JycT.e.ii 
· z ·-· · KaMnoiieHTa ' no· 'ncesnoeKamlpHoMy B 1 - x- H y-KoMnoHeHTbl rtoii~p- ; 

Horo n· aK.ena."IbH<ir<i BeKTopoB erioTBeTeTBCHHo: TaK KaK aTit BCKTopbi npeo6pa;Jy

IOTeJI no OJ:HO:'.IY li T<i:.ty ;.Ke'HenpliBO;J;liMm.fy npqeTaBiiCHiiiO, C."IC;J;OBaTCJibHO, npu 

· Bo::J6yiK;xeHmi },tarHIITHhiX :-.m;~; 6y;J;yT BO::J6y:lK;J;aTbCJI TaKiKe n Topon;J;Hbie tm;J;hi· .• ; 

• Pacc:.mTpnM Tem':ph pellleHue eueTeMbi ypaaHcHiii"r (7), eooTBe'l'eiByiOll(IIx ;o;aH~ 

Hoil ::Ja;:(a"'e; BY;J;eM e"'itTaTb, 'iTo 'IaeTII:Uhr Haxd;J;JITeil B BeplllnHax paBHo6e;J;p~H
Horo Tpeyr<i:IbHUKa e yr:XoM npu BCplllliHC cp. Ilpc;J;OO:IOiKIIM, "'TQ i-n~niUTHOC none 

II Hanpasneilo nepneHJIHKY1151pH'o OJIOCKOeTJJ TpeyroJlbHJJKa. B 3TOM cn)"iae 'CH
eTe~'a (M:orieKy.ria·+ :-.tarmtn!oe no:re)6yi\eT m:.teTh cuMMcTpiiiO G = C2u.' Onie" 

TliM, "'TO TaKyiO ;.KC 'enM!>fCTpli!O 6y;J;eT liMCTh ClleTCMa Tj'>CX 'IaeTm:i,paeOOJIOMCH'

HbiX 'B BCpUUIHax paBHOCTOpOHHCrO. TpeyrOJibHl!Ka, HO npu opllCHTaniiii Mar~liT
HOrD iro:rJI if B;J;om~ o;xti6il li::J cro Mc;o;mi.H. CorrraeH·o !J>opMyrre (3), paBHOBeeHbie 

:ioia.~:bHhie nomi H,;.0 ; ;J;eileTBJIOll1liC Ha a- ii,emm 6y;J;yT paBHbi co<iTBeTCTBCH~o 
'. ~ . . ' ' ' ' . . . 't· 

H1z = H3, = H, + (A!~ +A!;); H2, =' H, +(A!;+ A;;), . (26) 

r;J;e A~! = A .. (i';,b)· OcTa."IbHbiC KOMOOHCHThl: BCKTopoB Hao paBHbi HYJIIO, TO eCTh 

fi.o II if, noaToMy rroKil."IbHbie e~eTCMhi ~oopgnliaT Ha a-· M cnuHe Bbi6upaeM 

. TaK, "'T06bi OHli coBnaga."IU i: rra6opaTOpH~ll C~ICTCMOlt K~opgnHaT. n IJ;allbHCltlliCM 

;J;JIJI ynpoll{CHUJI ::JaOUCll npiiMCM BCllli'IliHY BHClliHero MarHUTHOrO OOJIH ::Ja CIJ;UHllllY 

li::J~epeH~JI·ITOiiH H ~ 1,' a gn~ OTIIOWCH~iiA~~/H BBe~e~'~6o::JHa~ic~II~; A.!~/H ~ 
A~;; H ~ a ; A!;/ H.'= b, Tor;J;il ~ucTcMa'ypaBHeHIIii (7) ;o;rrn ;o;a:iiHoro 'err)"~~ ripliMeT 
Bli;Jl;. .. ' . . . • . . , ·. . . • . ' . . . ' '' . , . . . , . . . . . , , , .' , •'' 

j'it= -(1 + 2(a'+'b))x1 '- ax~...: bx3 ; ' 

. '· -l ~{: =~:: = ~~2+_4(i~ ~!~ b))x3.·. <
2
!) 

. . • ·_· I . . .. ,,. 

; T~K KaK nepBoe u TpeT~o.e ypaBHeHuJI ciieTeMbi (27) c~MMC'I'PW!HJ;>I oT~ociiTeJihHO 
nepccTaHOBKU nepeMCHHbiX Xt II x 3 , TO,DBC;Jl;H ;Jl;BC H~BbiC ncpcMCHHbiC ·, 

. . 1 . 

x+:= V2(x 1 +.i:~); 
'x· ,_ ·,1 ·. 

- -;- ~<>_2(xt - x ) . , .v~ . 3' 

OOlly"'aCM HC::JaBUCUMOC ypaBHCHUC ;Jl;liH X~ 

x_·= -:-(1+2a+ b)x_ 

It CIICTCMY eBH::JaHHbiX ypaBHCHllll ;Jl;liH X+ li X 2 
·: :~. ,-.. : r 

{ 
~+ =: ~(1 + 2a f. 3b)x+ '-:- V'2ax2, 

X:i = -V2ax+ - (1 + 4a)x2. 
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. {28) 

(29) 
.... ,-, 

(30) 

Pelllan ypaBHeHxrn (29) 11 eueTeMy (30), Haxo;o;uM '!acTOTbi HopMll.nhHbiX xorre6a~ 
HUH 

. 1 
WB1 = 1 +a+ -b·. 

'2 ' 
II C06eTBCHHbiC BCKTOpbi · 

1 1 
WtA = e + -r· w2A = e - -r 

1 . 2 ' 1 2 

e . c :, 
UtA,= (V2jSj V2)j 

s s 1 1 . 
U2A1 = ( .j2j -ej V2)j UB1 = (V2; 0;- .;2)' 

(31) 

(32) 
) 

r~e e = cos(a/2) 11 s:::: sin(a/2), npu 3ToM cos a= (3b/2- a)fr. "lacTOTbiii 

co6cTBCHIIbiC BCKTOpbi COOTBCTCTBYI<iT ;Jl;Bj'M CKll.HHpHbiM 'A1 II O;Jl;HOMJ nceB;o;'ocKa~ 
rrnpHoMy Bt npe;o;cTaBJICHIIHM rpynnhi · C2u. ~ KaK B11AHO 1m · (32), :Bee co6cTBCHHbie 

BeK'l'oph! opToroHaiibHbill IiopMIIpoBaH:bi Ha ~;o;miiiny (La~;7 ·,;·t) . .Il:JIH ynpoll{ec 

HUH nairncn "'aeTOT KOJie6i•lHUll (31) K co6cTBCHHbiX BCKTOpOB (32)6billll ncirorrb-
30BaHLI o6a3HaiJeHHJI. . . 

3(· . 1 
e = 1 + -

2 
a+ -b); 

' ' . 2 r ~ J2~~~- (~b- a)2::· {33) 

0TMCTIIM, "'TO ;JJ;JIH cncTCMbi c CIIMMeTpueii G = D3h ( ennHbi pacnoJIOiKCHbi 

B BCplliiiHax paBHOe'f'OpOHHCro TpeyrollbHUKa) 'KOMOOHCHTbi A~! TCH::lOpa ;Jl;llllOllb- · 

;o;unorrbHoro B::JauM:o;o;eiieTn'nn pa.BHbi MCiK~Y eo6oii, ~~aTm.ly paBHbi it JIOKaJibHbie 

norrJI Hao, ;o;eiicTBYIOll1IIC Ha a-ii cnuH (eM. onpe;o;erreHue Hao (4)). Tor;o;a BBC;Jl;CHHbie 

Bbillle napaMeTpbi a n; b eoBna;o;aiOT MeiK;o;y co6oii (a =,b). Ilpu aTOM napaMeTp 

i- i3 (33) 6Y;o;cT paneH r = ~a II "'aeToTbi cooTBeTcTBYJO!l{ero o;o;HoMepHoro A~ II. 

;o;ByMepHoro E~.HopMarrbHbiX Korre6aHuii npiiMyT BII;JJ; · 
. ' .·. · .. ,_ ·, .-. ' ,. . ·. '· 

.. '. ,, .3. 
WE•=1+-a; WA' =1+3a, . '., 2 ,. ·:. 'l• , .. : • ' 

{34} 

" ~ • < 

a co6eTne~Hhrc. ~eK:ropLI:, c~~;~e-i-cTBJIOll1IIe AaHHbiM s'opMll.nhHbiM. ;,.',:<,>~aM; 6YAY; 

onpC;JJ;CJIJITbCH BbipaiKCHIIHMII 

1 1 1 
uA; = ( V3; vf3; V3); 

• ., ~ / ~- .. <_ ., • . < .:: ~ 

1 2" 1 . 
uE, = ( v'fi;- v'fi;. v'6/' 
".,) .- t ,. -•• , 

1 1 
UE2.'~ \y"?j!~;,~,y'2). (35) 

Bbi"'liCJIIIB no !J>opMyJie (8) KOOp;Jl;UHaTbi Ya BCKTOpa na n IICOOllb3Y.!! COO~HOllle

HliH (12), MO;.KHO onpe;o;eJIIITb MarHIITHbiC M-y n TOpOII;Jl;HbiC T-y BKJia;JJ;bl B KOJie6a

TellbHbiC MO;Jl;bi Q-y- , .Il:JIH eucTeMbi e CIIMMCTpneii G = C2u KOMnOHCHTbl BCK'I'opon 

M7 -npiiHIIMaiOT ::JHa"'eHUH ; .· · 

MA, = et(2ut + u2)coswlA,t+ e2[2ut(/+ ~r) + u2(9 + ~r)]sinwlA, t.' 

M2A1 = Ci(2ul- u2)eosw2A,t+e2[2u1(f- ~r)- u2(g..., ~r)]sinw:.IA~t 
• . . ,, - ' .. ·. ,! 

(36) 

· M- ·- 0· · f- 1 +'1 (a· 1 b); g -·1 + 1 (6. ··a)· . Bt- ' -:- 2 __ - 2 ' - 2 - , 
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P.11fl Topon:p,Hl>IX MOP, T.., C?OTBCTCTBcHHO , , 

f - - (2 ~ 2 "' ) t· A, - e3 3cos 2 Ut - 3cos 2u2 cos WtA 1 , 

,p - - (2 ~ + 2 ~ ) t· .L2A1 - e3 3cos 2Ut 3cos 2u2 COSW2A 1 , 

-_-t·<p t. TB,- -e372sm2(1- 2b)smwB1 t. 

(37) 

rp,e (!i - ep,mm"!Hhle BCKTOpbi na6opaTOpHOH ClfCTCMbi KOOpp,n:HaT, cp - yroJI npn 

sepwrme pasHo6~pe~oro TpeyronhHn:i.a; u;- KOMnoHeHTbi co6cTBCHHoro seK

Topa COOTBCTCTBYID~eH rapMOHlfKlf" lfa. BbipalKeHlfii (36) . If (37) CJiep,yeT, 'ITO B 

cil:cTeMe, o6nap,a.;o~~u· cn:MMeTpn:eii'G = Civ, nepeceKaiOTCH MHOlKCCTBa Marlin:-r'

millc If TOpon:p,H~ MOP,, a lfMCHHOj KOJIC6aHll.ll TUna 1At J,; 2At OP,HC>BpcMCHHO p,aiOT 

BKJiaP, B X-,Y·KOMnOHCHTbi cyMMapHoro MarHHTHOrO If B Z-KOMnOHCHTY TOpOHP,Horo 

MOMCHTOB. Cnep,osaTcllbHo, :B .HMP 6yp,eT Ha6JIIOp,aTbCH nepeKpeCTHbiH oTKllliK, 

ECJin: cn:MMeTpll.ll cn:~TcMbi G '= D3h, Torp,a yron cp = 1r /3, a ·co6cTBcHHble 

seKTOpbi tia-, onpep,eJI.IIIOTCH BbipaJKelin:eM (35). B aToM CJiy'Iae aHa'IeHn:.ll M.., n: T.., 
npmrn:MaiOT BliP, 

M , _ (~. 1 ( A!; 
A, :- v'3 ' v'3 1 ~ H) ; 0 ); ME, =0; MEl= 0; (38) 

1 At3 · 1 
TA•=O; TE1 =(0;0;- M(1-

2
Hzz)); TE2 =(0;0; M), (39) 

' 2v2 2v2 

TO eCTh Mop,a A~ He p,aeT BKnap,a B Topon:p,HbiH MOMCHT (TA' = 0), a MOP,bl E 17 
• - - J 1 . 

E2 ~ B MarHHTHbiH (ME, = ME, = 0). ThKn:M o6pa:;30M,B cn:cTeMe,o6nap,aro~eii: 
ciiMMeTpn:eii: G = D 3h,MHOJKecTBa MarHHTHbiX n: Toponp,HbiX MOP, :il:e nepeccKaiOTC.II, 

CJICP,OBaTCJibHO, B .flMP HCB03MOlKHO cymeCTBOB3Hlle nepeKpeCTHOfO M3fHliTHO

TOpon:gHoro OTKJIHKa. 

4 CHMMeTpHHHhiH' aHaJIH::J 

aap;aqH 

v v 
TOqHOH KBaHTOBOH 

B npep,bip,y~ux pa.'1p,enax 6biJin: paccMoTpeHbi npn:6nn:JKcHHble MeTop,bi uccnep,o

BaHH.II P,lfHaMHKlf CniiHOBOH CIICTCMbi B nOCTO.IIHHOM MarHIITHOM none. IIpii aTOM 

KalKP,aJI 3ap,a'Ia. conpOBOlKP,allaCb CIIMMCTpliHHbiM aHallli30M, n03B011.1110~1IM OTBC

TliTb Ha BOllpOC 0 B03MOlKHOCTII CY~CCTBOBaHllr ncpeKpCCTHOrO a<fl<flcKTa, OCHO

BbiBaJICb TOJibKO Ha 3HaHlflf CIIMMCTpiiii MOllCKYllbi. Go II OpiiCHTa~IIII MarHHTHOro 

no11.11 H no OTHoweHn:IO K Heii, o6paayro~ux rpynny cn:MMeTpiiii G. B HacTo.ll~eM 
p~p,CJie · Teopll.ll rpynn 6yp,eT npiiMcHeHa K TO'IHOH KBaHT.oso:ii: aap,a'Ie. . . 

CHMMeTpiiii:Hblii: aHanim aap,a'In: o B03HHKHOBCHHH nepeKpccTHoro OTKllliKa Mo

lKCT 6biTh paap,eneH Ha p,ne, noo6~e rosop.11, HroasnciiMi.re «lacTII. IIcpBrui aap,a'ra 
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3aKlliO'IaeTC.II B onpep,eneHnn npaBIIll oT6opa p,11.11 MaTpll'IHbiX aneMeHTOB onepaTopa 

noa6yJKp,eHII.II II onepaTopa Ha6nrop,aeMoii: serrn'IIIHbi, noasoll.llto~IIX OTBCTIIT~ H~ 
BOnpoc 0 npiiH~lfniiallbHOii B03MOlKHOCTll cy~eCTBOBaHll.ll nepeKpCCTHOro a<fl<fleKTa 

B npmmBOllbHOH CIICTCMC C P,aHHOH CIIMMCTpneii G. BToprui3ap,a'Ia COCTOIIT _B TOM, 

'IT06bl HaHTII KllaCCII<fliiKa~IIIO COCTO.IIHIIH KOHKpcTHOH ciiiiHOBOH CIICTCMbi 'no HC

npiiBOP,IIMbiM npep,cTasneHll.IIM rpynnbi cuMMeTpiiii G. 
PaccMoTpiiM YCJIOBII.II BO:JHIIKHOBCHll.ll nepeKpeCTHoro OTKlllfKa c TO'IKII :JpeHll.ll · 

TCOpiiii CIIMMCTpiiii npiiMCHIITCllbHO.K KBaHTOBOH :Jap,a'Ie. IIpii :lTOM Mbl 6yp,eM IIC

XOP,IITb 113 o6~eH <flopMyJibi (24). ,Il;onyCTHM,IICCllCP,YCMaJI CIICTCMa 0611ap,aeT CIIM

MCTpiiCH G. KalKp,Oe CTa~IIOHapHOC COCTO.IIHIIC CIICTCMbi lt/1-, > npeo6paayeTCH no 

HeKOTopoMy HenpiiBOp,IIMoMy J!PCP,CTaBJicHIIIO 1 rpY!lnbi.G. Torp,a MaTpii'IHbie ane-

MCHTbi < t/1-,ISxltP-,• >II< tP.JITit/1-,• > onepaTopoB S H T 6yp,yT OTJili'IHI>i OT HYmi 

TOllhKO Torp,a, Korp,a npHMoe npoii:JBep,eline npep,cTasneHIIH 1 ~ 1' c~p,ep~nT B ce6e 

npep,cTaBllCHll.ll :.Ys II IT, no KOTOpbiM npeo~paa;rroTCH onepaTOpbi S II T COOTBCT

CTBCHHO ([5] §97~. IIoCKOllbKY onep~TOpbi S II T IIMCIOT paaHyto npOCTpaHCTBCH

HY~ 'ICTHOCTb (S- ~CIIallbHbiH 7 a i ~ non.llpHbiH B~KTOpbi), P,ll.ll HIIX cy~eCTBYIOT, 
B006~e roaop.ll, pa3Hble npaBIIJia OT6opa. KaK II:JBCCTHO ( CM., HanpiiMcp, [5] §97), 
P,ll.ll aKCIJallhHOro BCKTOpa pa3pcWcHbi nepexop,bi MClKP,Y COCTO.IIHll.IIMII, o6nap,aiO

~IIMII op,IIHaKosoii, a p,n.11 rroll.llpHoro _:_ paaHoii npocTpaHcT~cHHoii >ieTHOCTbiO no 

OTHOWCHIIIO K IIHBcpCIIII, CllcP,OBaTc~bHO, cCllii P,aHHaJI rpynna ClfMMcTpiiii G CII

CTc~bi ~eHTpallbHOCHMMcTpii'IHa1 TO,KaK II B. KllaCClf'ICCKOM CJiy'Iae, nep,eKp.eCTHbiH 

OTKlllfK B TaKOH ClfCTcMe HCB03MOlKcH. . 

Ecnn: B p,aHHoii rpynn~ cn:M.McTpn:II G n:Hsepcmi· oTcyTcTsyeT KaK onepa~ll.ll 

rpynnbl, 'ro onepaTopbi S n: T .HMciOT o6~n:e M~TpH'IHblc aneMcHTbi, cnep,osa

TcllbHo, P,OlllKcH. cy~cCTBOB~Tb nepeKpcCTHbiH 'OTKlllfK. ( n:cimio.qerme. CO~TaBJl.IIIOT 
rpynnbl D~h c · Hc'IcTHbiM :JHa'IeHn:eM n ). B · xa'IcCTBe. npn:M:ep~ pacc.MoTpn:M' ctr
cTeMy, o6nap,aro~IO ClfMMcTpn:eii: C3~ ( Moneeyna U:p~rrii~a pn:c:2, MarHnT'!ioe no~e 
jj HanpaBlleHO nepneHP,HKYll.llpHo nnocKOCTlf pacnoJIOlKCHll.ll aT.OMOB Bop,opop,a Me

TlfllbHOH.rpynnbi CH3 ). B p,aHHoii rpynne cn:MMcTpiiH ~orrs:pHbiii: T n: aKCHMhHbiH 

S BCKTOpbi npeo6paay~TC.II ITO npep,cTaBllCHll.IIM 

Tx, Ty·"' E; Tz "'At, Sx, Sy "' E; Sz "'Ai, (40) 

CJICP,OBaTcJibHO, IlpaBn:JiaMII OTOOpa padpewcHhl nepexop,bl MClKP,Y COCTO.IIHll.IIMlf7 

npeo6paayro~n:Mn:c.ll no cnep,yro~HM Henpn:~p,n:MbiM npep,cTasJicHll.IIM : 

Tz; Sz : At +-+ A2, At +-+ E, E +-+ E; 
Tx, Ty; Sx, Sy : At +-+ A2, A} +-+ E; E +-+ E. 

'(41) 

. . . . . . 

'fax. KaK aKClfaJibHbiH If no11.11pHblii: BCKTOpbi npeo6pa3YI_?TCH no OP,HHM If TCM lKC 

HcnpHBOP,IIMbiM npep,CTaBJICHlf.IIM, TO onepaTOpbi S If T IIMCloT o6~n:e npaBHlla 

OT6opa P,ll.ll MaTpli'IHl>IX :lllCMCHTOB, CJieji,OBaTCJibHO, P,ll.ll :lTOH cH'cTeMbi, COrJiaCHO 

(24), 6yp,eT cy~cCTBOBaTb nepeKpccTHblii: OTKlllfK •. • 

IIepeii:p,eM K :Jap,a'Ie 0 KllaccmflHK~ COCTO.IIHlfii P,aHHOH KOHKpcTHOH ClfCTcMbi 

cnrmoB no HenpiiBop,HMbiM npep,cTaBJicHH.IIM ee rpyiTITbl G. · ,Il;11.11 aToro :Jann:weM 
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raMlfllbTOHHaH CIIHHOBOU CUCTCMbi .B Blfp;e cyMMbi- :JeeMaHOBCKOI'.O ifz II p;HJlOllb-
~UnOll~HOI'.O 'i£d~ BnaiiMpgeii:cTBxrli . 

;; 

'. 1 .,_ ' ' .,. 
.Jldd = -2'LL(Sa · A(r.,b) :Sb), 
, , a b , , 

(42) i£. = -ci. ii); 'I,.-...... ·- "" "" 

1{ = .1lz + 1{ddi 

r.p;e TeH:Jop A;k(r.,b) HMeeT Bnp; (2). llnB'ecTHo, '-IToecii:u r.ilMHnb-ioHHaH: Hu}iBa~ 
p'mi.HTe:H no oTHoUieHm :K iuo6biM 'ripeo6pa'no:BaluriiM:'rpy!mbi cnMM:=pini G,' To 

c.fa:qHoHapHbie COCToJIIiilll Cll~TCMb!' 11/Jn > .MOiyr 6b1Tb npOIOiaCCHqJIIIlHpOBa~bJ DO 
IierrpUBop;HM:biM'rrpegtTiumeHlliiM 1 AaHHoii rpyrrrrbi G. · ., ''" · ' ' . · ' 

,IlJIJI Knaccu<J>m{il.:qmr COCTOJIHHU Bi.r6epeM'~ xa..fec::TBe 6anuca rromii>lii: ii'a66p co6~ 
cTBimn~:ic "BexTopoB I if>n :> neeMaHoBcioii: 'IacTu raMHJibTmi-Ha:Ha ( 42), xC:n:oph!e M:o
ryT 6biTb nap;anbi :JHa'ICHWIMlf IIpoeK:qUU CIIUHOB S.~ Ha HattpaBJICHUe llOCTOJIHHOI'.O 
Mai'.H~THOI'.O IIOll:n jj' 

lif>n >';"' Jab a2, ... , aN >, • '(43) 

rp;e ,BClllf'IIIHbi, a; • p;JIJI, CIIHHOB .5- = 1/2 -IIp~MaiDT :JHa'Ie:Hti:JI. ±1/2. ,IleUCTBUe 

orrepa:q~u, ,cHM?f~;rpuu G~ . Ha. B~K,Topbi . 6aauc~ I if>n . >: !=BOp;IITCJI: K nepecTaHOBKe 
:JHa'ieHUU af MC)I{p;y co6ou. Ilpu ::!TOM BCKTOp lif>n. > rrepexo.p;IIT B HCKO"I:OpbiU BeKTOp 
]¢n• >·;or'o ~e·~~n~a: · · ... · . .· . . .· · · · · · . · 

, , . . G~lt/>n>:::;; lt/>n•, :> • , ,., (44) 

IloaToMy Mbi MO)I{eM onpep;enu-i-b. MaTpH'IHbie aneMeHTbi onepaTopoB rpynrrbi 'G ·~a: 
6a:nuce lif>n >- KaK ' . · • · ·. · ; · 

"(3 " {3, . . Q, lt/>n >= L.... Gnn.Jif>n• >; 
.. , . (45)' 

nn> 
rp;e MaTpii'IHbie :JliCMCHT,bi Ge ... ·IIpiiHlfMaiDT :JHa'l.eHwiO Ullll J.,' B aToM .CMbiCll~ 
Iia6pp ¢yE:x:quii: lif>n· >peanHnyeT HeKoTopoenpuBop;mme npep;cTaBJieHne r. rpynnbi 
G ', xapaKTepbi: 'xl' ( Gf3) 'KOToporo 6yp;yT onpep;eliJITbCJI KaK. cyMM~ p;uaroHallbHbiX· 
~ne:MeHi~'Ii Ma-i-pn:qb! Gnn•,a'(45) · , • .• ·· •: ..... • • ·.:. •.:-;;. .· · ., :,:·•: • 

~,···~-~~'-··· )~ i'cc{J) = "Grl . 
... , ~- ,nn 

,•·. '' 

(46)' 
n· 

' _.-.\ 
Cnep;yeT OTMeTHTb, 'ITo p;uaroHaJibH~e MaTp~'IHbie ane11eHThl ~nepaTopa gfJ oT
lllf'IHbi OT HYliJI TOllbKO Torp;a, iorp;a co6CTBe'HHhlU,BCKTOp lit>~ >' rrop; p;eUCTBUeM 

onepa:quu CIIMMeTpuu GfJ rrepexop;uT caM B ce6JI :. QfJI¢>n >:;:::: lif>n•. :;::-=, l¢>n' >. Kax'u. 
.. , I. • ~ 1 ; ' ' ~. . ' • ! ' ·- ' ' • 1 ' ' • ' ' • 

npe)l{p;e,IIpep;CTaBJICHIIC r MO)I{CT 6biTb pa::JliO)I{CHO. Ha HenpiiBOp;HMbie,. npii'IeM .KO-

a<J>~u:qUCHTbi pa:n~o~~:HID:r ·;_;.~ryT 6biTb orrpep;~lleHbi no <J>op~yne (15). 0'9:eBup;Ho, 
'ITO. Te HenpiiBOp;IIMbie IIpep;CTaBJI~HIIJI 1, KOTOpbie. Boup;yT B pa::JliO)I{eHlfe rrpep;

CT::mlleHIIJI r,6yp;yT_ KJiaccu¢u:qupoBaTb.H C06CTBeHHbie COCTOJIHilll CniiHOBOI'.O ra
MIIllbTOHIIaHa (42),' '· . ... . ' . · ..... · ... 

1 
, , '' 

··•p~C~~oiinw\}aga-.iy 0 ~llaccu<J>uxa:qu'u COCTOJIHHU, ~~HOBOU C~IC~~~·Ha IIpii

Mep_e 'y)l{e' ImBeCTHOU Mo~exynid npOIIHHa (puc.2).' ' Harrpa'B~IM' MarHIIT~Oe: rro~e ·. 
ii 'neprieiip;myliHpHO:TiliOCKOCTII, B KOTopoii: pacrrol'io~~Hbi; npoTbHi.I. MeTulliH~ii:' 
rpynnbi. B :JTOM CJiy'Iae cucTeMa 6yp;eT' nMeTb CHMMeTpuro G.= }J3~:· ,IIii?,'TOJibi' 

aTOMOB 'BogopoAa' o_6irap;aroT CITUHOM s = 1/2, Cllep;oBaTCJibHO, ,B.O:l~o2K~o ~~cero 
~:};•: ~~'" .... -. \,\ ' J ' .. ' . -
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2N = 16 CTa:qnoHapHbiX cocTOJIHlllt. · XapaKTepbi pacc.MoTpeHHoro BhiUie ncxo
p;Horo npi!BO):IliMOI'.O npe):ICTaBliCHIIJI f YKa::JaHbi B Ta6mm;e 3. 

Ta6JIHQa 3 

I G:1C3v·j·~ I ~313;v I 
Pacxrra):lb!BaJI rrpe):lcTaBneHne r Ha Henpi!BO):II!~!bie,no:ry'Iaeu, 'ITO B He!\! co;:~ep
MliTCJI 8 OiJ;HOMCpHbiX npc;:~cTaBJICHI!l! .41 II 4 ):IB)"!\!CpHbiX np~;:ICT_aBJICHI!JI E : r = 

8A1 +4E. CorrracHo ( 41) .MaTpi!'IHbie aneMCHTbi orrcpaTopoB S I! f y;:~oB:ICTBopJIIDT 
Op;HIIM II TC!\1 MC IIpaBimau OT6opa, CliC):IOBaTCiJbHO,B JI).IP B0\3!\!0)I{HO Ha6:IID):ICHI!e 
ncpexpecTHoro OTKlll!Ka. 

D Ka'ICCTBe KOHKpCTHbiX CI!CTCM ):lliJI I!CCliCil;OBaHI!JI fibi::Ili ·Bbi6paHbi MOiJCKY:Ibl 
npomma (McTnna:qeTimcHa) CH = C- CH3 11 anoKcirga CH2 - 0 -.CH- CCl

3
• 

CnMMcTpnJI aTux MoneKyn TaKoBa, 'ITo npu :rro6m"1 opncHTai.II!I! .MarHIITHoro norrJI 

no OTHOUICHI!ID K Hm,i BCCI'.):Ia fiygeT CYll\CC.TBOBaTb ncpcKpCCTHbill OTKliiiK. fpynna 
cnMMeTpnu G 0 npomma C3 v. <t>urypa, o6panoBaHHaJI aToMaMn BO):Iopo;:~a ;:~auuoii 
MoneKynhi, npegcTaBJIJieT. co6m"r TpcyrollbHYID npl!t3!\IY c paBHOCTopoHHI!!\I Tpey

roJibHIIKOM B 'ocHoBamm, cot3p;aHHbiM MCTI!llbHoii rpynnoii. TaK KaK cn:-.uicTpnJI 
Taxoii: Morrexyllbi om!CbiBacTCJI rpynnm'i C3 v, TO uarHI!THbiU u Topon):IHhlii !\!OMCHT 

npeo6pa:nyroTcJI no o6lllcl\iy HcnpnBop;nMoMy npc):lcTaBJICHI!IO E gaHuoii rpyrrnbi 
II, KaK :JTO 6biJIO nOKa:JaHO Bb!UIC ( 41), · OHII 111\!CIDT OiJ;I!HaKOBbiC IIpaBI!::Ia OTfiopa 
p;liJI MaTpli'IHbiX :lliCMeHTOB, Cllep;oBaTellbHO I! Ofill\IIC pcnoHaHCHbiC 'IaCTOTbi. 8TOT 

<J>axT HarnJip;Ho npep;cTaBJieH Ha puc.3, rp;e npnBC):ICHbi :-.mrHI!THhlii (puc.3a). Topo

up;HbiU (puc.36) pcnouaHcbi u ¢ypbe-npeo6panoBaHne oT cnap;a cBo6o;:~uoii npc:qcc

cun TOp~IIp;HOI'.O MOMeHTa (rrcpcKpCCT.Hbiii OTKlll!K pi!C.3B), nOli)''lCHb!C 'Il!CiJCHHbil\1 

C'IeTOM. Ilpu Bbl'Il!CliCHIII! Mai'.HIITHOI'.O I! TOpOIIp;HOI'.O OTKlii!KOB BKa'!CCTBC oncpa
Topa Bon6y*p;CHIIJI BbiCTynana x - KoMnoHcHTa orrcpaTopa IIOJIHo!'o emma, Ha6::rro

p;aeMbiMn BeJIU'IIIHaMn 6bimi : KoMnoHcHTbi Sx 11 T. COOTBeTCTBCHHo.' Ll.nll HarlllllliiO

cTu <t>opMnpoBaHIIJI Toponp;uoro MOMCHTa B npo:qeccc cmt):la cBo6o;:~Hoii npc:qccnm 

Ha puc.4 npi!Bep;eHbi p;BC Kpl!Bb!C : KpliBaJI 1 ( a6COliiOTIIOe 3HH'ICHI!C KOTOpoii B Ha

'lallbHbiii M~MeHT BpCMCHI! 6blll0 _MaKCllMallbHO). COOTBCTCTBYCT MarHIITHOl\1)', Kpl!

BaJI 2 (a6COliiDTHOl' :JHa'ICHI!e KOTOpOII B Ha'IaJibHbil! MOl\!CHT BpCl\H'HII fibi::IO paBHO 
Hynro) ·Toponp;HoMy MOMCHTaM. HaMil Tax;a.;e 6biJia. pacc.MoTpeHa' MOli<'Ky::ra nnoK

·cup;a CH2- 0- CH- CCl3. CnMl\'l:I~Tpllli Go nniii MO::Il'K)'llbi c;; CIICTl'Ma I!Ml'CT 
IIpOCTCUUIYID CI!MMl'TpliiD, TaK KaK npoTOHbi Bop;opop;a o6panyroT Hl'IIpaBI!llbH~l; 
TpeyrollhHIIK. MarHIITHbiii, Toponp;Hbiii pcnoHaHcbi 11 nepeKllCCTHhlii oTK:II!K uno-
6pa)l{cHbi cooTBeTCTBeHHo Ha pnc.4a,6,B. OrrepaTopw Bon6y*A<'HI!JI 11 Ha6mo;:~eHIIJI 
aHaJIOI'.li'IHbi. Tl'M, 'ITO Bbi6paHbi B rrpellblllYll\CM cnyqae. 

,· 

17 



1 1 . 1 1 1 I l 
·' l) CI..J 

. Jl1 1!1 . 1lJ · . 
S> 9) 

t) 

I I 
e) 

IIIIIIIIIIJIIIIIIIIIJIIIIIIII IJimrTTJJ 1 IIII&IIIIIIITTTTTTTfiTTTTTTTll pn·rrTTlll 
-1.10 -4N AN 0.111! 410 -D.IO -o.Oi 1100 0.111! 1110 

(J) OTH.en;. ro o'fn.en. 

Puc.3 Pe3ouaucuoe noz.totJ.Ieuue :Juepzuu a 3aaucu.M.ocmu om ~~cmombt ua .Jiapax 

aoaopoaa .M.o.te'/Cy.tbt nponuua u :Jno~Ccuaa. Puc. a) u z) coomaemcmay10m 

6036y:Hcae'H.U10 oauopoa'H.bl.M. nOAeM, a 6) u a; auxpe6bl.M. no.te.M..' Ha puc. a) u e) 

aiL.Jl mex :JICC .M.OACICYA no'/Ca3a'H.O tfjypbe-npeo6pa306CL'H.UC om cnaaa CUZ'H.aAa 

cao6oauoif. npe-qeccuu mopouauozo Ato.M.euma Tz(t) npu ao36y:HCaeuuu cucme.M.bt 

oauopoaubt.M. noAe.M. (nepe!Cp.ecm'H.btif. om'ICAU'Ic) 
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Puc . .f Cnaa cao6oanoil npe-qeccuu Mazuum'H.blX MO.M.eumoa .Jirlep MOAC'ICYAbl nponuna 

1} cy.M.Mapubtif. Maznum'H.btif. MO.M.e'H.m sx·; 2} m~pouanbnl Mo.M.eum Tz. 

5 3aKniDqeHHe 

ffa OCHOBaHIIII paCCMOTpCHHb;IX npn6Jil!.lKCHHhiX K:I<H'CI!'IPCKIIX II KBaHTOBhiX Bhl

"ll!CJICHIIH ll TO'IHhiX KBaHTOBhiX pa.C'ICTOB, a THK.lKC Tl'Opi!I! rpynn B Hal'Tm!ll.(l'Ii 

pa60TC llOKa.::Ja.Ho, 'ITO ncpcKpcCTHhiii MarHI!THO-TOJlOI!;J;Hhiii OTKliiiK II!.H'<'T :\!<'· 

CTO TOllbKO B TCX Clll!HOBhiX CliCTeMaX, KOTOJlhiC gonycKaiOT O)J;HOBJW!oH'HHOl' cy

~CCTBOBa.IUIC aKCIIaJibHOro II llOliHpimro BCKTOpOB. 3To BO..'HIO.lKHO TO:IbKO Tor;ta, 

Korga BCKTOp II llCCB)J;OBCKTOp npco6paayiOTl'H llO o6~e:\IY HCllJHIBO;:tl!:\10:\1)' llJl<';:I

CTaBJICHIIIO rpynnbl· CIIMMeTpi!II CIICTCMhl Q. I3 ;)TOM C.ll)''Ia<' MarHIITHhiii II To poe 

lli);HhiH MOMCHThl Jll;OBJICTBOJlHIOT Oi);HIIM II TCM .lKC npamma.M OT6opa ;:J;JIH ~IaTJHI'I
HhiX ;JJICMCHTOB, a. MHO.lKCCTBa Ma.rHIITHhiX .Af-, II TOJlOII;:J;HhiX T"f KO:Ie6aTe:IbHhiX 

MOi]; IIcpeCCKa.IOTCH. IloKa...'JaHO TaK.lKC,Ha. Kll<tl'C.II'I<'CKOM II KBaHTOB0:\1 )'JlOBHHX, 'ITO 

B MOliCKJll<tX,o6Jiap;aiO~IIX ~CHTpallbHOii l'IIM!I.!eTpi!eii (Korga IIHBt'Jll'IIH HB:!Ht'Tl'H 

C06CTBCHHhiM oncpaTOJlOM rpynnhl CIIMMCTJliiii ), l!J>IIH~IIlli!a . ."IbHO H<'BO::JMO.lKHO l')'

~CCTBOBaHI!C ncpcKpCCTHoro MarHHTHO·TOp01IllHOrO OTKliiiKa. 
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,IJ.y6osnK B.M .• Jlyneros H. B.. MapucnKJK M.A. 
0 BOJIIIIKftOBCIIIIII TOpoltJllll)ro OTK..111Ka 8 .HMP 

I' 

. npoHC;tCJI CIIMMcTpll'lllhlii ana:nn ;UIII3.\IIIKII CIIIIIIOHOii < 
paCII0.10lKCtllleM CIIIIIIOB 8 M0.1e..:y.1e (rpynna Cmt~teTptlll G0 
6.111JKe1111e M3.1l~X OTK.10llellltii CIIIIII08 OT IIX' pa8IIOBCCIIbiX I 
6:illlKCIII1e), a.TaKJKC 'liiC.1etiiiWC paC'lCTt.l. 0cnOtiiiOii UC.'IhKl·p 

. 80:\IIIIKII08ellllll ·uepct.:peCTIIOro OTK..'IIIKa 8 .,SIMP, •TO CCTh F 
. I.IOc1llptnaHHII llOitllCiicTBIICM mmy.11>ca o:u10po;u10ro MailiiiTm 
OTKJIHK oicyYCTByeT. :..:oraa rpyuna CIIMMeTptm ~m:tet.:phl G1 
noapo6no IICC!ICllOBaHaJtllllamiK3 CIICTCMbl TpcX Sl;tCpllbiX CIIIIIIU 
MalliiiTIIhiC II TOpOIIJlllhle MO)lhl uaii;tellhl Jt'lll pa·n'll'liiOii Cllmtc 

, 1 JJH'lllhiX -oplleHTaunHx Mannn11oro uo:tll. Oupc:tc.1ellhl upas11 
011Cp3TOpOB TOp011it1101'0 II MalliiiTIIOro MOMeiiT08 II 11p3RIL13 Jl1 
citCTCMhl 110 llellp1180JliiMbiM npC;tCTaB.'IellllliM ec rpynllhl CIIM~;el 
OTK.!IIIKa Jl!lll MO.~e..:y.1 upomma 11 :nio..:cu;ta. 

Pa60T3 8t.lllll~llella 8 Jla6opaTOp1111 TeOpcTti•u:ct.:oii ijlllllll\11 

npenpmlT ()fu,\'JIIIIICIIIIOI"O IIIICTIITyYa llllCpllhiX II 

, OepeBO,IJ. aBTOpOB . 

Dubovik V.M .• Luncgov I.V., Martscnyuk M.A. 
Toroid Response in NMR · · / 

\ 
Dynamics of the nudcar spin system is analysed in detail. .Th1 

approximation over the spin deviations froni their equilibrium o 
3) numerical simulation. The conditions of the cross magm 
are found. It is shown thill the _cross responce can not c_xist wh-

is centre-symmetrical one. The dynamics of three-spin system is 
oscillation· modes are investigated in 'this sysrci1i. for its diffe 

and field orientation respect to mol~cule. The select ion rul~s 
and magnetic mom~nts operators are defined. The 'method of c 
slates on the .irreducible representations of the spin system sy11 
simulations of toroid response in molecule of propin arid cpoxi 

The investigation ha~becn perfonned at the Bogoliubov L~ 
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