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1. BBEAEHj,1E 

MOAem1 COCTa BHbiX KBapKOB H IlenTOHOB CTaaRT t.Boe i1 3aAa4el1 
OTBeTHTh Ha Bo npoc 0 npOHcxomAeHHH H 4HCIle pa3IlH4H~X nOKone 
HHi1 !l>YHAaMeHTanb H~x c)lepMHoH08, 05"bRCHHTb cneKTp HX Macc H Be
nH4H HbI yrn oB CMeWHBaHHR, TO eC Tb OTBeTHTb Ha Te caM~e BonpOCbI, 
Ha KOTopble COBpeMeHHble 06"be AI1HeHH ble Ka l1116poa04Hble TeOpf.1H He MO
r yT AaTb OAH03Ha4Horo OTBeTa. 

XOTfI cyu\eCTBY~He o nbiTHbie AaHHble 06 311eMe HTapHb1X 4aCTHlI a x 
He Aa lOT npRMbiX CBHAeTell bCTB 0 cocTaB Hoi;j npHpOAe KsapKOB H nen 
TOHOB, TeM He MeHee, npHHHMaR 80 BHHMSHHe TeHAeH4HIO pa3BHTHR 
06"beAHHeH HblX KallH6pOB04HblX MOAenei1, npeTeHAYIO~HX Ha onHcaHH e 
paCCTORHf.111 BnnOTb AO 06paTHO~ nnaHKoacKoi1 MaCCbI 1- 10-33 CM/, 
pacc,~oTpeHHe 8HYTpeHHel1 CTPYKTYPbl !l>yHAaMeHTanb Hblx 4acTH4 Ka
meTCR HeH36emHblM. 

B TO lKe BpeMR npeAnonome HHe 0 COCTaBHo~ n p:lpOAe Kfl apKOB 
f.1 llenTOHOB Tpe6yeT npHBlle4eHHR npH HIIHnHanbHo HOBoro Af.1 HaMH
4eCKoro Mex aH H3Ma, KOTOPbli1 06ecne 4HBan 6b1 ManylO Maccy COCTaa
Horo !l>epMHoHa npH Ma llblX ero pa3Mepax. T. e. m R < < 1, n pw ..(eM 
AMI ~)J1eKT pOHa, HanpHMep, m R ~ 10- 5. 

HeTpHBHa nbHOC Tb 3TO;0 y c noBHA CO CTOHT B TOM, "ITO OHO npeA
nOllara e T cy~ecTBoBaHHe H~H3BeCTHoro nOKa Mexa HH3Ma KOMn eHca4HH 
60n bWHx KaaHTOBblX ¢nYKTya4HH 3Hepr",,,, cocTaB Ho i1 CHCTeMbi 
L\~ - lIR.3Ha4H Ten bHO npeSblwalO~HX e e Mac c y . 

B HaCTOA~eH pa60Te pa3BHBaeTCR npOCT a R AH HaMH4eCKaR COCTSB
HaR MOAellb KBapKOB '" nenTOHOS - M~ ycno BI1MCR Ha3b1B aT b ee 
MOAen blO MewKa AllR npeOHoa . n pooGpa30M TaKOH MOAell~ Mo rnH 6~ 
n OCllYl1<H Tb COCT aSHbie KBapK08b1e MOAenl1 3neMeHTapHbiX 4aCTI1l1/1 
101, B 4a CTHOCTH, MOAenb KBapKOBoro MeWKa /2/ . HymHo n OA4 epKHYTb, 
OAHaKO, HeTpl1BHanb HOCTb o606~eH'''R 3 TI1X MOAene~ Hd cnY4ai1 npeo 
HOB - 3neMeHTapHblX COCTaBnR~HX KBapKOS 101 nenTOHOB. 

OTMeTHM, Hanp~Mep, "ITO B OTnH4",e OT KBapKOB. OnI1C~BaeM~X 

AalKe B npeAene HyneBo~ Macc~ 4-KOMnOHeHTH~MH c n HHopaMH, n peo
H~ 06~4HO paCCMaTp"'Ba~TCR KaK ABYXKOMnOHeHTHbie nesble HnH npaBble 
BeHneBCK~e cn"'HOp~, KOTopble 0611aAa~T "'CKn~4HTellbHO~ npOHH~ae
MOCTblO. 06pa3HO B~pamaRCb, MomHO CKa3aTb, 4TO Be~neBC KHe !l>ep
MHOHW npOXOART CKB03b Bce CTeH~, TaK KaK 4T06~ YAeplKaTb HllH 
OCTaHOB"'Tb ~X. He06xOAI1MO 05pa30BaTb CTOR4YlO BonHY , a 3TO He
S03MOlKHO no TO~ npH4HHe. 4TO BonHbI, 6ery~",e snepeA 11 Ha3aA, 
He HHTep~epHPYIOT MelKAY c06o~ B c~ny opToroHanbHOCTf.1 COOTseT

.. 
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CTBYIOI.l\a.1X 11M Cnl1HOpHblX a Mnnl1 TYA / I1 Me IOU4I1 X pa3nl1 41~ble 3Ha4e HI1 fl 
npOeK~1111 Cna.1Ha SZ/* ' 

AaHHY~ TPYAHOC Tb MOm HO 6b1no 6 b1 npeOAOneTb, npeAnOnarafl, 4TO 
Anfl KamAOro npeOHd I1MeeTCfl napT He p C n pOT I1BOnOnOmH~MI1 3Ha4eHl1fl 
10411 BCeX KBaHTOBbiX 4l1Cen, KpOMe Cn a.1 pan bHOCTI1. 06pa3Y~~l1e Cfl napbl 
BeHneBCKI1X $ epMa.10HOB MOrn a.1 6 b! ABa.1 raT bCfl B HeKOTOpOH nOnOCT I1 
TaKa.1M 06paa OM, 4T06b1 CYMMapHblH nepeHOC KBdHT OBbiX 4 11Cen 4epe3 
OrpaH11 411Ba1OU4Y~ ee nOSepXHOCTb 06pa~anCfl B Hyn b - He06xOA~MOe 

y cnoBl1 e KOH$a~HMeHTa. OA HaKO Aa~e B 3T OM CnY4ae OC TaeTCR ~e 

np06neMa COXpaHeHl1fl Ka.1p anbHOA CI1MMeTpa.1 I1, KOTOpaR Cl1nb HO Ha py
WaeTCR KaK B MOAenl1 KB a pKOBOr O MeWKa , TaK 11 npa KTa.1 4eCKI1 BO BCe X 
OCTanbHblX COCTaBHblX KBa p KOBbiX MOAenfl X/ 3/. B AI1 Ha MI14e CKOM nOAxOAe, 
npe AIlaraeMOM B AaHHot7i paOOTe, ManOCTb Kl1 pa n bHblX Hapyu;eHI1t:1 06ec
ne411BaeTCR npl1 B~nOnHeHI1I1 HeKOTOpblX ycn OBI1 t7i KOMneHCa~I1I1 , n pI1BOAR
~I1X K KBaHTOBaHI1~ pa3MepOB 11 3HepreT114eCK~X YPOBHeH COCTaBHblX 
c)lepMI10HOB. 

2. YCnOBHE KOMnEHCAUH~ ~ KBAHTOBAHHE COCTABH~X QEPM~OHOB 

HI1>Ke Mbi paCCMOTpl1 M npOCTY~ MOAenb COCTaBHblX KBa p KOB a.1 n e nTO
HOB, KO'ropafl KpOMe npe{\CT aSneHI1H, a.1C nOn b3yeMbix B MO,[lenl1 KBap
KOBoro MeW Ka , Onl1paeTCfl Ta Kme Ha onpeAeneHHoe y c n oBl1e KOMne H
Ca~l1l1, rapaHTl1py~~ee, C OAHOH CTOPOHbI , KOMneHea~a.1~ BKnaAOB 6 0 nb
WI1 X KBa HTOBblX c)lnYKTya~a.1H - l / R B 3c)l(\le KTI1B HYIO Ma c ey CI1 CTeMbI, 
a e APyrot7i - 06ecne411B alOU4e e Ma nO CTb Hapy weHI1H Kl1 panbHot7i CI1MMeT
PI1I1 B6r.113H T04eK paB HOBeCI1 R CI1C~ eMbi. 

H3BecTHo , 4 TO AI1 HaMI14e CKI1e MOAenl1 npoTA~eHHblx CO CTaBHblX 4ac
Ta.1 1..1 J1 a~T , Ka K npaB~IlO, nl1Wb BblpameHl1e An.R nonHoA 3Hepno111 CH
CTe Mbi. ~Mnynbc me CI1 CTeMbI, a cl1ny e e npoTA~eHHoro xapaKTepa, 
He 11,.leeT onpeAeneHHoro 3Ha4e HI1R 11 pacnpeAeneH no l~eKoTopOMY aa
KOHY B nOnH(o"'1 e OOTBeTCTBl111 C npl1HlIl1nOM HeonpeAeneHHOCTIo1. TaK~IM 
06pa30M, npl1 onpeAeneHl111 MdCCbI COCTaBHoA el1CTeMbi BOSHI1KaeT 
n p06neMa BWAeneHI1A KOnneKTI1BHOrO ABl1meHl1fl, B 4aCTHOCTI1, Y4eTa 
ABlo1meHI1A lIe HTpa TR~eCTI1. 3Ta np06neMd XOPOWO 113seCTHa KaK B 
RAepHOH c)l113I1Ke, TaK 11 B TeOp1111 3neMeHTapHblX 4aCTI1L\, B 4aCTHOCTI1, 
B MOAeJ111 KBapKOBoro MewKa, rAe OHa I1ccneAOBanaCb C caMbiX paa
nl14HblX T04eK apeHI1R/4/ B cl1ny ManbiX pa3MepOB COCTaSHbIX c)lepMHo
HOB KonneKHtBHOe ,[IBI1!11eHa.1e ,qon~HO BI~OCHTb orpoMHblj;i BKna,q B n011
HY~ 3Heprl1~ C~CTeM~, 

• Tal< OfiCTOJlT ,DieJIO, no KpaJ':'meu Hepe, B o,DiJlOMepHON cnyqae II1TOC

KUX Boml. B ,DiB-yMepHoM H 'fTIeXMeprlOM CJIY'lam<: My.rrbTHllonbHoe pa3

.'IOll\eHUe no,'UI C ollpe,Die.neHJIOii cIWpanbHocTbIO cO,DiepJlOiT ,BooC'i~e rOBO
pa, 'l1leHN npo'rl1BonoJto~oA cmlpanbuocTH, KOTopble t-IOI'JIU 5b1, TSl'..HM 

o6pa30M. Y'18CTBODnTb B uHTepclJepellUllu. 

OnpeAe11~M Maccy COCTaS Ho r o c)le pMl10 Ha Bwpame H~eM· 

M 2 = <H 2 _ P2> /2.1/R' 

r ,qe H 11 ~ eCTb onepa Topbl 3HeprHa.1 ~ I1Mnynbca n peoHH~x nonet7i ~ : 

+ f> 3 . +.. 3iH r (~ Do ~ + BHd d x , P
k 

!.... .r If; Dk 1./1 d x, /2 . 2/
2 v 2 v 

np l1 4eM ycpeAHeH~e BeAeTcfl no COCTOH Ha.1 1O CI1CTeMbi C 3c)lc)leKH1B HbIM 
p a,ql1ycoM R. 

KOBapl1aHTHaR np0l13 BOAHafl D/l Y4~TbIBde T Ka K Ofibl4 Hble, TaK ~ ra.1
neP4 BeTOBbie Kanl16 pOB04Hbie BSaa.1 MOAet7icT BHA, cBR3blBalO~l1e npeoHbl B 
KB apKax ~ nenTOHax . nOCToRHHo t7i BHeB KBd HTOBOH XPoMoA~HaM~ Ke 
cooTseTcTByeT Benl14~Ha n, on peAenR~~aR o6DeMHY~ nnOTHOC Tb 3He p
rlo1l1 KBapKo Bo ro MeWKa . 

Bbl6~pafl B Ka4eCTBe 6 asI1ca oAH04aCT I1 4Hble Bo n HOBbie c)lYH K4HH 
npeoHo~ B cc)lep~4ecKoH nOn OCTa.1 pa,ql1 yca R, YAoBneTaopR IO~~e ypa B
HeH~ 1O D ~= 0 C HeKoTOpblMI1 nOAxOAR~I1MI1 r p aHl14 Hbl Ma.1 ycnO Ba.1 A'~I1, MO~
HO A~a rOHanl130aaT b onepaTop 3He p n 1H CI1C TeMbl H nonY4a.1 Tb c ne,qYlOU4ee 
BblpameHl1e AnR KaaApaTa 3c)lC!leKTI1 B HO~ MdCCbl COCTaB Horo c)le pMHoHa 

3 22 2 -+2 _ r 4 17R B + A[ a(R) ] ] C[ a (R) ] M = E (R) - < P > /2.3/ 
R 3 He R R2 

rAe A [a (R ) 1 , C [a (R ) 1 - HeKOTopble 6e3pa3MepHble ClJYHK II I1 ~ nepeHOpMH
pOBaHHOH KOHCTaHTbI rMnep~BeTOBoro B3aa.1MOAe~CTBHfl. -1 / 4 

04eB~AHO, 4TO B npeAene Manblx. pa3MepOB CI1CTeMbl R « I3 He 3(Jl
c)leKTI1BHafl Ma cca npMHMMaeT, Bo06~e rOBopR, HeorpaHH4e HHo 6011bwHe 
3 Ha4eH HR 

2 1/2
. A [a (R ) ] - C [ a (R)] 1M _ - - ----__________-_ 

R 

.. 3aMeTHM , liT O MR IlpOTRX( e H HOH CHCTeMbl CO OTHOWe H He MelK,lJiY M a c

COll , 3He p I'HeH II HN IlY : lbCOM , Bo06~e rO B opR, MOlKeT He HMeTb CTOJIb 

n p oc-r oro a~l.,lJia. OJ],HaK O B paCCMaTpIIB aeMOM 3,lJieCb c .nYliae B0 3 MOlKHbIe 

OTK JI OHeHHH 0'1' COOTHOlDeHH R / 2 . J / ,lJiOJ1ll(Hbl B blpalKaTb C R t{epe3 ,DiOC T aTot{ 

HO BblCOKHe CT e ueHH 3 clJ<PeKTHBHoro p a 3Mep a R H HeCYll\eC TB eHHbI 

IlPH R .• O. 
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3a I-I CKIlt04eHH e M I1HWb TeX Rn • Allfl KOTOPblX BblnOI1HfleTCfI ycnoBHe * 
2 . 1/2

l [a (R ») =-IA [a (R ) ] - Cla(R )l[ = 0 (n= 1.2 ••.• ). Z.4/o o n

AaHHoe YCI10Bl-te, KOTopoe Mhl 6YAeM HaSbiBaTb ycnoBl-leM KOMne Hca
~I-IIiI, n pl-tBoAI-tT K cBoeo6pasHoMY KBaHTOBa HH~ AonycTHM~x S Ha4eHl-tH 
~ca cocTaBHo~ CI-tCTeMbi iii cneKTpa ee Macc. 

YMecT Ho 6bUlO fibl c4HTa Tb, 4TO ¢lYHKLllilfI l[ a 1 I'IMeeT POBHO 
CTOI1bKO KOPHe~. CKOI1bKO cy~ecTByeT pa3111-t4HblX nOKOI1e HI-t~ ¢lepMHO
HOB - KsapKOB H I1enTOHOB C SaAaHHblMH KSaHTOB~MI-t 4HCI1aMH. n p lil 

nOCT pOeHHH KO HKpeTHbiX Al-tHaMIiI4e CKHX MOAeneH 41i1CI10 KOPHe~ ~YHK~HH 
r t a l 	 MomeT OKasaTbCfI iii 6eCKOHe4HblM . B 3 TOM cnY4ae OHIII ofipasyoT 
paCTY~1O n ocneAoe8TeJ1bHOCTb, CKa)l(eM, a (R ) _ n 2 npH 60I1b WIo1X n . n -
HMeHHO TaKoe nO Be Ae HHe, B 4aCTHOCTH, HMeeT cneKTp AonYCTHMblX 
3 Ha 4eHIIIH KOHCTaHTbI CBHSH B 3aAa4e BHKa-KYTKocKoro /51 0 CBflsaHHblX 
COCTOflHIHIX C HYl1eeOH 3 Heprlo1eH AI1f1 ypaBHeHH1'l 6eTe-Conn lllTepa 
C fie SMaCCO BbiM 06MeHOM. 

Heo6xOA~MO y6eAI-tTb C1'l, OAHaKO, 4TO B OKpeCTHOCTH T04eK, r Ae 

BblnOIlHfleT CfI YCIl0EU1 e KOMne Hca~HH , Ae~cTBHTel1biio e03MomHO YCTOH
4H Boe COCTOflH He CHCTeMbi npeoHHblx n OIles:i. nOKameM C 3TO~ lIel1b 10 , 

4 TO 3¢1¢1e KTHBHafl Ma cca CIiICTeMbi Ae HCTBHTeI1bHO Mome T HMe Tb. no 
KpaH ~i ei1 Mepe, Il0KaJ1bHbI.:i MHHI'IMYM B oKpecTHocTH peWe/iHR YCI10eHR 
KOMn eHca4HI1. 

BeHAY Toro, 4 TO n OI1Hoe peWeHl'le 3TO~ saA84H Tpe6yeT 3HaH~R 
T04HO~ 3 aBIo1CHMOCHI (JlYHKI.\HH A [ a(R)l H C[a (R)1 OT paAHyca cHcTeMbI': 

4TO n peAC T a BnReTCR HepeanbHblM BHe Tex 10111101 HHblX n pHfiIlli1meHIiI~, 

nocTyn HM cI1eAY~~HM o6pa30M. npeAnonomH~, 4TO B oKpecTHocTIii He

KOTopor o p e we HHR ycnoBHfI KOMneHcallHH HMeeTCfI Il0KanbH~H MHHHMYM 
3<1>¢1eKTHBHo~ MaCCbl CHCTeMbi. 6YAeM C4HTaTb TaKme, 4 TO ¢lYHKLlHfl 
I[ a (R) l cIlaoo MeHReTCfl Bfi11H31i1 AaHHoro MIo1HHMYMa !of nplo1HHMaeT 3Ha

4eHIo1e 8. KOT o poe Mo meT p a CCMaTpIiIB8TbCR KaK MaIlb1t1 napaMeTp. 
Yc n oBHe YCTOH 4101BOCTIiI, on peAeI1R~ee nOKaI1bMbI~ MHHHMYM 3~

¢le KTH BHOH MaCCbl COCTaBHoro lIlepMl-tOHa, T. e. 

M ~ = 0 l'!IlH E . E' + -'£"=O 	 /2.5
R R3 • 

MomeT 6~Tb sanHcaHO B fie3pa3MepHblx eeI1l-t4101Hax: 

D 	 4 
(-+ 	A)tD - A) + c = O. o = 4ITB R • /2.6/nc3 

npH4eM 

D 2 0 2 


ER. =	 a+ A • (MR) = (-+A) -C. 
3 

.. T OqKH, r Ae BbrpaB:eHHe 00,0; 3HaKOM KOp HJl OTpHD;8.Tenb l lO , COOT

:leTCTBYJOT tUiCTO Ml.1IDdbIM M8.CCaM H OOTOMY 41K3H'lecxH ae,D;OnycTH

Mbl. 

" 

~3 YC110 BHfI MH HHMYMa Ha x oAHM 

22"o = -A + \ ' A + 38 ::: 38 - /2A, 	 /2.7/ 

T8K 4TO 

_ ( 3 114 1 / 2 
R _ 	 - --) · 8 /l .S/

8 1T A B HC 

M .. 8 112 (321T A~.Ji.C\1I4 16 1T ABHC )112
R( . 	 /2. 9/ 

3 	 ' 3 

B TOM, 4TO 3TO Ae~CTBMTen b HO MHHMMYM, MomHO y6e~MTbCfl, Bbl 4MClllilB 

3H8K BTO PO~ npOH3BO~HO~, a ~Me HHO: 

2 
M . MR' = (E . ER + (E R) + 3E • Eft /R) > 0, 	 /2 . 10/ 

I'1I1H B 6e3pa3MepHbix Beml411 Ha X 

4
R M .M " c~-~ D (D + A »O . 	 / 2 . 11 

R 3 

CI1eAyeT n poa epHT b Tat{~e, 4 TO Ha HAeHHoe p e we HHe COBMe CTHMO 
e y c n oBHeM KOMneHc a4HIiI. A HMe HHo, Heo6xoAHMO yfieAH TbcR, 4TO ' 
ypaB He HHe 

112 ( 3__ ) 114I [a (Re )] = 8 , 	 - 8 - rAe 	 Re - 81T AB 
HC 

IttMeeT HeTpHBHa nb Ho e pewe HHe n pH MaIlblX 0 . npe An oI1arafl, 4TO TaKHe 
peWeHl-ffl cy~eeTBYIOT , Mbl npl'I XOAH M K !1 HHei1 Ho~ cpopMYI1e AJ1fl c n eK Tpa 
Mace 	 CO CTa BH~X cpepMHOHOB 

16 1T AB 112IlcM = u R, u = (-a-- ) . 

3. MArH~THblt1 MOt1EHT COCTABHoro ¢EPM~OHA 

OAHO~ ~s BamHe.:iw~x np06IleM MOAeI1e~ COCTaBH~X KBapKOB iii I1en
TOHOB flBnfleTCfl onHcaHHe HX MarHHTH~X MOMeHTOB. 4HCI1eHH~e SHa

~eHHR KOTOPblX xopowo HSBeCTti~. OcofieHHO 3TO OTHoe~TCR K nenTO

HaM, OTKJ10HeHHe SHa4eHH.:i MarHIttTHblX MOMeHTOB KOTOPblX OT A~a
KOBCKHX C BblCCKO~ CTeneHbO T04HOeTI-t 06DRc HfleTCffi 3IleKTpOAHHa
MH4eCKHMH KBaHTOB~MH 3¢1¢1eKTaMH H aAPOHHO~ nOIlRpl-t384He~ BaKYYMa • 

BBHAY Toro, 4TO MarHHTH~H MOMeHT CBR3aHHoro 6e3MaCCOBoro 
¢ epMIiIOHa nponOp~IiIOHaJ1eH pa3Mepy 06nacTH 110KaI11-13a~HH R H, eI1e
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AOBaTenbHO, CTpeMHTCfl K HynlO B npeAe1le ManblX R.. B03HHKaeT Bon
poc 0 Mexa HH3Me YCH1leHHR MarHHTHoro MOMeHTa COCTaB Horo $epMHo
Ha. 3aMeTHM. 4TO aHanorH4 Ha~ np05neMa B03HHKana B Hepe11RTHBHCT
cKO.::i KBa pKoBoj;j MOAem 1 C TRlKenblMH KBapKaMH, rAe OHa 6b111a ycnewHo 
peweHa 5naroAapR pa60TaM Eo r oll106oea , CTPYMHHCKo ro , TaBxenHA
3e 

/ 1/ H APy r HM • 
B p a 3BHBaeMo.::i Ha MH MOAe11H npeOHHoro MewKa MeXaHI13M YCHneHHR 

Ma r HHT Horo MOMeHTa COCTaBHoro $epMHOHa HaxoAHT eCTecTBeHHoe 
06'bRCHe HHe, 6narOAapR Ko ppeKTHOMY y4eTY Kon11eKHIB Ho r o ABHMleHI<1R 
B n peAene Ma1lblX pa3MepOB CI<1CTeMbI~. 

3$$eKTHB HaR Mac c a COCTaB HOr~$epMHpHa B npHCYTCTBHH nOCTORH
Horo BHe WHe ro Ma r HIiITHoro nOllR J( = rotA = (0,0. }() onpeAellReTCR 
BblpaMleHHe M 

2 2'" ... ... 2 
M = <H (A) - ( P + Q A) >R' 	 /3. II 

rAe Q e CTb 3lleKTpH4ecKHH 3apRA $epMHoHoB. 
AH$$epe l~l4HPYR a TO COOTHowe HHe no }( HaxoAHM MarHHTHbli1 MOMeHT 

CI1CTeMbI B eCTeCTBel~ HblX eAI<1 H ~·tl~aX "60pOBcKoro'l MarHeTOHa 112M: 

aM aE a - "t 2P. 	 = 2M - = 2E - - - «p + Q/\) > , 13.21 
a}{ aJ( aJ( R 

rAe nocne AI<1~epeHl41<1pOBa I-l I1 R C11e.qyeT n0110lKHTb J( = o. n e p BblH 
411eH B ¢oPMY1le 13 . 21 onpeAe1lRCTCR CYMMapHblM BK1laAOM B Ma rHI1THOe 
B3a HMoAeHCT BI1e o TAe 11 bHblX CBR3 aHHblX npe OHOB 

IJ. 	 '" 2E i§ = 2E I i «(7 + r ) /3.31
npeOH aJ( 2E . 2 l. i' 

I 

1<13 KOToporo Bbl41<1TaeTC~ 4neH OTAa4H , y4v.TblBalO~Hr, KOnneKTI<1BHOe 
AB I<1 lKeHHe CHCTeMbI, 

a ... ... 2 
-II 	 := - < (p + QA) > = QL 13.41

Konn 	 a}{ R Z 

BKnaA CBR3aHHoro npeOHa B MarHHTHbI.::i MOMeHT COCTaBHoro $ep
MI10Ha onpeAenReTCR OTHoweHHeM E/ Ej = E RIrLl j • rAe ""j - co6CTBeHHaR 
4aCTOTa 16e3pa3MepHaRI npeOHHoro n011R B MeWKe. KOTopoe B npeAene 
MallblX pa3MepoB CHCTeMbI cTpeMHTcR K KOHe4HoMY 3Ha4eHI<11O A/ w ,1<1111<1 

-	 I
V C /w ' ecmt I1c n 011 b30BaTb YC11oBI<1e KOMneHca4HH 12.4/.

1 

·s KBapKOBbrn MOAen~ rrpo6neHa KoppeKTHoro Y4eTa KonneKTHBHO

ro ABKlKeliJiH H HaxollCAeHHH COOTBeT CTBYJOIlU-IX nOnpaBOK K MarHHTHOMY 

MOMeHTY COCTaSliOH CHCTeMbI liCCJl6,AOBaJlaCb S p aGoTax 16 

6 

TaKHM 06paaOM, B~palKeHHe AnR onepaTopa Ma rHHTHoro MOMeHTa 
COCTaBHoro $epMHOHa npHHI1MaeT BHA 

e . 
II = II , /l "" A~ ---L.... (a + Y ) - Q L -	 /3.51

npeOH KOnTI i (v Z t I II. 
J 

n pH ycpeAHeHHH 3Toro onepaTopa no B011 HOBOH ~YHK4HH CHCTeM~ C 
3aAaHHblMH CBo.::icTBaMH CHMMeopHH H KBaHToa~MH ~I1C11aMH c11eAyeT 
n pl1HRTb BO BHHMaHHe, 4TO TaK me, KaK H B 06~4HO.::i MOAenH KBapKO
Boro MeWKa, 3AeCb, 6llaroAapR eCTeCTBeHHO B03HHKa~e.::i .i - j 
CBR3H, Heo5 xoAHMO CAenaTb nOACTaHOBKY 

... 	 -.
«(7 + ) i -t (1 - .<\j) (2 j j ) , 1i ... ~ j (2.11 ) , 	 13. 61 

-t 1-* ...., .... ~ 

rAe jj = - (7, -+ e i ' J = ~ Jj • npH4eM
2 1 

26.1 - 3
I.<\ i = < r . > - 1/2

Z . l 1_ 1 -+ 
6ew . -	 1)

I 

B TOM cnY4ae , Ko rAa Bce npeOH~, COCTaBnRIO~He CHCTeMY, Haxo 
ARTCR Ha OA~OM H TOMMIe 3HepreTI<14eCKOM YPOBHe, MarHHTHblH MOMeHT 
COCTa BHoro $epMHOHa npH HI<1MaeT BHA 

AC1 - M g _ ~ . Q . 	 /3. 71 /l = 	 w M 

r Ae g M = < 2 I e J j > J = 1/2'
1 Z.I Z + 

YlKe 3TOT npOCTOH npHMep nOKa 3b1BaeT, 4TO AHpaKOBCKoe 3Ha4eHHe 
Ma rH HTHoro MOMeHTa COCTaBHo r o $ e pMI<10Ha Mo~eT 6~Tb n 011Y4eHO nHWb 
c n e4Ha nbHblM nOA6opoM AHHaMI<14eCKHX napaMeTpoB. 

Heo6xOAHMOCTb nOAo 6 Horo nOA60pa napaMeT pOB RB~eTCR, K co
MlaneHHIO, 06~eH 4epTOH Bcex AHHaMI<14eCKHx MOAeneH COCTaBH~X 
KBapKOB H 11enToHOB . 

HanOMHI<1M B 3TOH CBR3H H APyroH Bonpoc, nOAHRT~H BnepB~e , 
nO-BHAHMOMY, flHnKHHOM 17/, a HMeHHO : MOlKHO 111<1, AeHCTBHTenb HO, 
B paMKax AHHaMH4eCKHX MOAe11e.::i C rHnep4seTOBblM B3aHMoAe.::icTBHeM 
n011Y4HTb HYMlHoe 3Ha4eHHe MarHHTHoro MOMeHTa COCTaBHoro $ep
MHOHa, ecnH KBaHTOB~e neT11eB~e nonpaBKH B BHAe pAAa no CTeneHRM 
a(R) He Manbl7 OTBeT Ha 3TOT Bonpoc MOMleT AaTb, B npHH4Hne, HAeR 
YC110BI1H KOMneHCal4HH. 3anHcaB B ~ee C11Y4ae MarHHTHbI.::i MOMeHT 

COCTaBHoro tIIepMHoHa B BHAe p. = ~ (1 + 8fa (R)\) , nOTpe6yeM, 4T06~ 
2M 

tIIYHK4HR or a (R)1 06paTHl1acb B HYllb npH Tex 3Ha4eHI'IRX a (R), KOTO
pble COBnaAa~T c $H3 H4eCKH HHTepeCHblMI1 peweHI1RMH ycnOBHR KOMneH
ca4HH IIa (R) \ ~ 0, aBTOMaTH4eCKH npHBOAR TaKIiIM o6pa30M, MarHHT
H~H MOMeHT K AHpaKOBCKOMY 3Ha4eHH~. 
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4. 	 MAr HIHHblE HOHEHTbI KBAPKOB 1-1 JlEnTO HO B B MOAEJlI-1 

XAPA PI-1 


Tenepb npl-1Me HIo1 M ~3IlOlKeH HbIH B n. 3 MeT OA paC4.eT a lola rH~THbiX 1010 

MeHTOB COCTa BHblX ¢lepM~OHOB K KaH KpeTHoi1 MOAeIlIo1, a ~MeHHO K 1010

AeIlIo1 Xa pa pl-1/S/ . 3Ta MOA e nb /~nH aH aIlorlo1 4Ha R e H MOAeIlb ru b~na /9 // 
fl BJl.RE. TCII OA Hoi1 1013 nepsblx MOAeIle(1 COCTa SHbiX KsapKOB W Ile nToHOB ~1 , 

nO -B Io1 AIo1MOMY, c aMoi1 npocTo~ 1-1 3 HI-1 X: Be Ab 8 He H ¢e pMWOH~ nepBoro 
nOKOIleHH~ CTPORTCR ~3 4aCTH4 Bce r o ASYX COpTOS - T- 101 V-PIo1 WO
HOB. B Ka 4eCTBe r lo1 ne p4 BeTOBO~ r py n nbl. 06ecne4Io1Ba~~e~ YAe p~aHl-1 e 

P~WOHOB B MaIloH 06Ild CTH R - 11 At{opaccMaTPIo1Ba e TcA r pynna SUHd3). 
no 3 TOH n me pltSeToe OH rpynne , a Ta KlKe no 4seToBoH rpyn ne SU (3) c 
SU	 (3) 101 c n lo1 HOBOH rpynne SU s(2) P~WOHbI npe06pa3Y~TcR, Ka K yl<ac 
3d HO B Ta6Il .1, T.e . Ka K T i ,a ,a W V ~ f3 ' rAe i , j - HHAeK cbl rpyn
nbl SU H c (3) / i,.i = 1 , 2, 3/, a. b - Io1~AeKcbI rpynnbl SUs (3) fa , b = 
= 1 , 2 , 3 / 1-1 a, f3- I-1HAe KCbl rpyn nbI 8Us (2) fa, (3 = 1 ,2/. 1-1, HaKOHe 4 , 
cnaco6 nO CTpoeHIo1A Ile nTOHOB 101 KBapKOB nepeoro nOKOIleHWA 1-1 3 PW 
waHOB OTpa>t<eH B Ta6Il . 2 . B :n o H CBfl 3H Heo6xoA HMO OT MeTHTb CIle
AYIO~ee: BOllHO Bble ¢lYH 1<41-11-1 IlenTOHOB, COCTOfl~H e 1-1 3 PI-1WOHOB oAHoro 
copTa, He Mo rYT YAoBIleTBo pflT b CBoAcTBY nOIl HOH a HTIo1CI-1MMeTplo1 l-1, 
ABIlAACb n pH 3TOIJ, CI-1 Hf-IleTaMH 4BeTOBoi1 101 rwnep4BeTOBO~ r py nn, 
ecn", Bce Tplo1 p l-1 wot-la HaxoAATCA B MeWKe Ha OAHOM 3He p re TVo 4e CKOM 
ypO BHe. n03TOMY Heo6xOA I-1MO BBeeTI-1 AIlA PI-1WOHOB e~e OAHO KB aHTOBoe 
4 Io1 CIlO, Y Ka3b1Ba lO~ee Ha n pHHaAIlelKHOC Tb K onpeAeJ1eHHOMY 3 He preTH
4eCKOMY YPOSHIO MeW Ka. 

Ta6JIH~a 	 T a6JIH"~a 2 

IPHllJO -
, I 

Q S~d3) SUc(3) 8Us(2) , 
Rbl 

T +1/3 3 . 3 2- - - , 
~ 

I 

V 0 3 3 2 I 
- -J 

lJac -
THl {bl 

Co ~UHC(3) 
c TaB 

SU o(3) SU s(2) 

e -
0 

/.J 
8 

TTT ) 
-

VVV 

J- 2 ' -

He orpaH~4HBaR 06~HOCTIo1, 
6 YAeM c~~TaT b , ~TO ABa p~woHa, 
COCT aBll.R IO~~e Ile n ToH, Haxo

U 
+2/3 

-113 
d 

TTV 

VVT! 
1- 3- 2-

AR TCR Ha ypOB He rn, a TpeTIo1H -
Ha YPosHe n. TorAa BOIlHOBY~ 
¢lYHK~Io1~, Hanpl-tMep, AIlR 311eKTpo
Ha 3an~weM B BHAe 

le-> _ f . 
,J :+112 Ij\; 
z 

( Xa{3y(;;;)
abc mn l ' 2' a' /4.1/ 

'-Ae 
a fj y ~ ... ... 

)( mn (r1, [2' ra) 

8 
= 

ap y • . 
N If L r/lm(1 1 ) 

... 
r/lm( r 2 ) ';/

n 

, '" 
,fa) ; 

, 
{3y a ... ... ... }tt (3 ... ... ... 


-jef L 1P
0

( r l ) lP m(r2)cfm(ra) + I r.; r/lm ( r1 ) r/ln(r2) tPm ( rg) I . 


fa{3 , lljk H (ab c - nOIlHoCT blO aHTHcHMMeTplo14 Hble Te H30 pbl BToporo 
'" Tpe Tbero paHra,C~OTBeTCTBeHHO, cn~ Hop Ly "'Mee T KBaHTOBbie ~Io1Cll a 
3neKTpOHa, nplo14eM LyLy = I. a CllYHK4l-fH cf 101 r/l COOTseTCTSYIOTm o 
3HepreTIo14eCKIo1M ypOBHIIM B MewKe. 3aH HMaeMbiM p~WOHa M~, N = 1/.[6 
HOPMIo1POB04HblH K03¢l¢l1014I1eHT. 4lYHKLlII1A nIlOTHOCTH BbiAeneHHoro T
p~woHa B SOIlHOBOH ¢lY HK4Io1H /4.1/ "'MeeT B~A 

.. 
a, r 1 a a 


III , ... , = -18,p + L a, L p_t. / 4. 2/ 

a , r 3 a m 

-	 ~.... ..... ~-
r Ae Pm= tPm(r') r/lm(r) , P = r/l (r')c{ln (rn o 

I-1cnoIlb 3YR SblpalKeH~e /3.5/ C Y4eTOM nOACTa HOBOK /3.6/, pac

C4101 TaeM MarHI1THblH MOMe HT 3IleKTpOHa 


Q 1 - L\ i 
p. =_8_ A< I (2j t » J _ 1/2 -Q < ~ 6-1(2J . }>J _ 112 / 4 . 3/ 

e 3 Wj 
z, z. - + e i Zy l Z - + .. 

TaK KaK 
.,.. , 1> .. 

a r a r ........ 

<1: 	f (2jz i) >J = ~ 1I2 3j <Jl ; -., (2 j \r.) a (0... d f dr' = f n ' / 4. 4/ 

riI , Z a ir 

TO 	 BbipalKeH~e /4.3/ AJlfl Ma r HHTHoro MOMeHTa 311eKTpOHa np~ H Io1MaeT 
BIo1A 

1-	 6
I" 	 = Q r A __0 - 6- I / 4 5/

e e 3 n ' 	 • 
(Un 1 j . /1 


1-1 npl-f YCIlOB"'H A[ a (R )l = 3C1l n ero 3 Ha~eHlo1e cOBnaAaeT c AIo1
n 1 _ 6

~ n Q 

paKo8c K~1M p. = 1 B Ma rHeTOHax 60pa -..:.lL 


6 	 2M 
BOllHOBYIO ¢lYHK4HIO, CKalKeM, AJlR U-KBapKa /s 06~eM cnY4ae 

COCTaBIleHHYIO 1113 PI-fWOHOS. HaXOAR~IiIXCII Ha pa3HblX 3Heprenf4eCKHX 
YPOBHAX: ABa T-pH~OHa Ha w-H n- ypOBHRX, V-PHWOH - Ha £-
YPOBHe/, RBIlAKlIqYIOCA CWlrlleTOM no rpynne SUHb3) H aHTI1 CHMMeT pIo14
HYIO no nepeCTaHOBKe ASYx T-PI-fWOHOB , MOlKHO npeACTaBIo1Tb B BIo1Ae 

2/3 (ijk C -. ... C ... .. cIu > - I 8 Q. '" (r 1 ) I/J (r 2) + 8. Q 8 c{I (r 1 ) cf (r2 )I r/I 0 IT 3) , 
2(6 + 1:i) 8 .. m n .. 0 m ( 

mn 

rAe nOA CI-fMBOllOM Tl1na A nOHIiIMaeTC~ 06DeAHHeHH~~ I1HAe KC rpynn~ 
SUd3) ~ SU s (2), 101 cnlo1Hop QA HMeeT KBal"lTOBbie 4101CJla U -KBapKa, 

QA QA = 1 •• COOTBeTcTBylO~lo1e ¢lYHKUI1H nnoTHOCTI-1 B~AeneHH~x T- 11 V
PIo1WOHOB B BOIlHOBO~ ~YHKUI1I11 /4 . 6/ cIleAylO~lo1e: 
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A ' , A ' A' -;-; 
J ~r (T / u )= 1 toAPn + 6Q Q APm +Q Q A(Pm+Pn )omn l , 
A, r 2(6+o )

mn /4.7/ 
C' -f , C ' 

J ' r (V/u) = 1 t 0~ + Q Q c 8mn I Pr . C, r ... 
6 + °mn 

TorAa AnR MarHHTHoro MOMeHTa U-KBapKa nonY4aeM cneAy~ee 

3Ha4eH~e 

Q u l-~m 
Ilu i (A --- - 2~m) (3 + 0mn) + ~p 0mnl . /4.8/ 

6 + limn cUm 

AHanorH4 Hbie paC4eT~ MOll< HO npoAenaTb AnA BonHoBO~ $YHK~~H 


d - KBapKa. AnR 3Toro COCTORH~A HMeeM 


c ~;;' - C ',;~ A ' 'r)' - A ' r+ ' 
J 	 .. (T Id ) = J _. (V I u ), J ~ ~V Id) = J ..' (T I U ) /4.9/

C.r C, t A, r A , r 

/cneAyeT cAenaTb 3aMeHY T -f V H V -f T /. OAHaKO BenH4V1Ha MarH~T
Horo MOMeHTa d-KBapKa, 

Q 1- ~~ d 
II 	 =- __ 16 ~ +(A----An +2~)0 I /4.10/
r d 	 m . , III mn ' 

uJp6 + °mn 

nonY4aeTcA oTpH~aTenbHo~ np~ n~6~x 3Ha4eH~AX m, n VI P. TaKHM 
o6pa30M, B paccMoTpeHHo~ MOAenVi XapapH He YA2eTcA nonY4HTb 
YAoBneTeopHTenbH~X 3Ha4eHH~ MarH~TH~X MOMeHToB oAHoBpeMeHHO AnA 
Bcex COCTaeH~X $epMHOHOB. 

OTMeTHM, 4TO He3aBHCVlMO OT pe3ynbTaToB npoeeAeHHoro 3Aecb 
pac4eTa MarHHTHblX MOMeHTOB, MOAenb PHWOHOB OKa3blBaeTCA HenpH
MeHHMO~ K onHcaHH~ COCTaBHMX KBapKOB H nenTOHOB B c~ny Toro, 
4TO B HeH He YAOBneTBo pAOTCA yenoBHA eaMocornaeOBaHHoeT~ 
'T XOO<!>Ta 131 / eM., Han p~Me p, ! 101 /. 

ABTop~ 6narOAapHbi n. H. 6oroIllo6oBY 3a none3Hbie o6cY)!!AeH~A. 
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