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l.TeopHSI 

/1/ 
B rrpellblllYWeA pa6oTe aaMH 6hlna paaaaTa MOlleJJb yqeTa :aciJcjlex-

TOB, CBSI3BHHbiX C OCIIHnnSIIlHeli MarHHTHOrO llHIIOJJbBOrO MOMeBTa Slllpa. 

HMeaao, rrpelliionaranocb, 'ITO a 'leTBo-'leTHbiX lle«PopMHpoaaaahiX Slllpax 1 + 

COCTOSIBHSI MOlKHO CBSI3BTb C OCilHnnSIIlHSIMH CIIHHOBOli 'IBCTB MarHHTBOro IIH-

rroJJbaoro MOMeHTa Slllpa. Crraaoable rronSipaaauaoaahle :acP«PexTbl a ae'leTHbiX 

lleciJopMapoaaBHhiX Slllpax paccMaTpaaanacb xax o6ycnoaneHBhie 'pacceSIBHeJ 

+ 
ae'leTaoA 'IBCTHilbi aa rpynrrax 1 - a036YJKlleBHA xopa. Bna SIBHe :aTHX :a~ 

cPeKTOB Ha MarBHTBbiJi MOMeHT Slllpa MOlKBO y'lecTb BBelleHHeM :acPcjleKTHBBOrO 

g 
8 

cPBKTOpa, Bbi'IHCnsleMOro B TeOpHB. l.J:acneBBble paC'IeTbl 6bJnB IIpOBelleHbl 

llnSI COCTOSIBBH C K > 1/2 • HaMH 6bmo noxaaaao, 'ITO nepeaopMapoaxa cao-

6ollHoro cPaKTOpa B 3THX COCTOSIBHSIX B OCBOBBOM IIpOHCXOIIBT B3-3B 

'pacceSIBBSI' aa 1 + aoa6yJKlleBHSIX xopa c npoeKIIHeii MOMenTa I. - 0 

nm1 COCTOKBHH C K - 1/2 Be06XOIIBMO ycnOJKBHTb BOnHOBYIO cPYBKIIHIO; 

K + ¢ (r)~ IN (r)a (r) + 
K K K 

1 

/'I" r ' 
l: R .(r,r')x 

•• '{&x. •• 

1 •K + + 1 
+ -- l: l: Rvv,(r,r') a. (r)C Jr) vr r' vv'/a 1t It IN 

I 'l'o • 
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.. 
rne r = I n , p I K H IC -corrpsnKeHHbie IIO speMeHH OllHO'IaCTH'IHhie 

COCTOSIHHSI. AMIInHTYllbl 
•It R , 

J,IJI 
y'IHTbiBaiOT Tpexx:saauqacTH'IHbie rrpuMe-

CH 1 B KOTOpbiX napa KBa3H'IaCTHU HMeeT BCerna CyMMapuyiO rrpoeKUHIO Mo-
+ /1/ 

MeHTa 1 • OcTanbHhie o6oaua'l:eHHSI Te JKe, 'ITO H B pa6oTe • 

Cex:ynSipHoe ypasueuue Terrepb BKniO'IaeT B ce6SI scjllj>eKThi cnsura O.(l-
+ + 

HO'IaCTH'IHbiX ypOBHeA H3-3a 'pacceSIHHSI' Ha 1 0 H 1 1 - B036yJKlleHHSIX 

x:opa: 

cu (r) -- P<K ,cu )-x: K 
P< I( • cu K ) • 

rne 

(+) 

p ( K • cu x:) .. K I a KK 
~ I I 1-

l+IC(l-q~)Fx:(r',Lr }. 

~(cox:) 

(+) 
3necb a .. 

KK 
-OllHO'IaCTH'IHbiH MaTpH'IHbiH sneMeHT OIIepaTopa 

tPYHKUHH F H :E orrpeneneHbi s sune: 

F x: ( r , r' ) l: 
<+> ~ 1 a ee' L •e 'I r' 

""'"x: f: 1r' )- cu (r 
"" K 

- .. .. 
~(cu K) 

K qFK(r'cr) 

K qFK (r'" r) 

1+ KFK(r'}ar) 

l+K FK(r'-r) 

a+ 

(2) 

(3) 

• a 

(4) 

(5) 

.. 
B 'l:aCTHOCTH, ypasueuue ~ ( cuK) = 0 

+ 
orrpenenSieT suepruu 1 1 coc-

TOSIHHi!: s 'l:eTHO-'IeTHbiX Sill pax ( B rrpu6mrJKeHHH TaMMa-.llaux:osa) . AMrrnu-
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Tyllbl N K 

Ill 
6oTbi 

H 
... .K 
Rw' onpenemuoTCSI BbiPS*eHHSIMH (3.11) pa-

O"'eBHilHO, 'ITO B cocTOSIHHH c K = 1/2 nepeHopMHPYIOTCSI onHospeMeH-

HO OllHO'ISCTH"'HbJe M8TpH"'Hbie 3neMeHTbl OnepSTOpOB q 
z B u + • Tiepe-

ROpMHpOBKa < U + > o6ycnosneaa 'pacCeSIHHeM" He'leTHOH "'SCTHilhl Ha 

1+1 B036y)KJleHHSIX KOpa H MO)KeT 6biTb 38IIHC8H8 B BHile 

+ A (+) ~ 
cf> (r)u cp..,(rl-u.(1-2N (r)x 

K + .o.. K.o.. .K 

.. 
X [ 1-

1 + K ( 1 - q ) F K ( r '/a f' ) (+) 
--------------] I = q .. <I> ( K • (.t) ). 

~ ((.t).K) KK K 

(6) 

llnSI <u 
~ Ill 

> cnpaBellnHBO npe*Hee Bhlpa*eHHe ( 4.3) • 
z 

TiepeHOpMHpOBKa <u + > MO)KeT npHBeCTH K H3MeHeHHIO OllHO"'SCTH"'H0-

121 
I'O 3H8"'eHHSI napaMeTpa pa3BSI3biB8HHSI 

f 
~ 

~ 
a .. (-1 J 

a f,o <I>(K,(.t) ) + 
f 

K 

f (7) 
+ ( -1} 2~ ..; f( f + 1) 

a f. 0 
a 

£. 1 
. 

f 

B Bbipa*eHHH (7) He y"'HTbiBaeTCSI nepeHopMHposKa onHo"'aCTH"'Horo MaTpH"'-

, IIOCKOnbKY BKnSilbl paanH"'HbiX TpeXKB83H"'8CTH"'-

HhlX COCTOSIHHH B nepeHOpMHpOBKY 3TOI"O MaTpH"'HOI"O 3neMeHT8 HeKOI"epeHT-

Hbi. 

<J>aKTOp nnSI HH*aiimero no 3HeprHH pemeHHSI 

ypaBHeHHSI (2) H HMeeT H8HMeHbmee 3Ha"'eHHe IIpH q "'+ 1 • 

J.13 Bblpa)KeHHSI (7) SICHO, 'ITO cyrneCTBeHHO MOI"YT H3MeHHTbCR senH-

"'HHbl a nnSI cocTOSIHH:A c aCHMIITOTH"'eCKHM KBaHTOBbiM "'HcnoM A "' 0 • 

B "'aCTHOCTH, MO*eT MeHSITbCSI na*e 3HaK rrapaMeTpa pa3BSI3biBaHHSI. B o6-

meM cny"'ae MaTpH"'Hbie 3neMeHTbi <u z > H < q + > rrepeHOpMHpyiOTCSI 
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/3/ 
no-paaaoMy. KaK yKa3biBanocb EoxaaaKH H Oraaa , 3TO npasoaHT K 

B03BHKHOBeHHIO anD COCTOBHH9. C I( = 1/2 asyx pa3nH'IHbiX 34KjleKTHBHblX g ·
• 

cllaKTopos, onpeaenBeMbiX aa MarHHTHbiX napaMeTpos 

gil( 
( g z 

2K • 

(g-g)b= 
X: B. 0 

r <•> r 
-g )o +g 

f KK f 

r o 
a(gf-gR 

1 --·( + r ..;-r-g• -g )o<+> 
f KK 

gK H 

rae g 0 oapeaenBeTCg ang coceaaero 'leTBo-'leTaoro gapa. 
B. 

b 
0 

TeopeTH'IeCKB g + Bbi'IHCngeTcB no cneayiOmeA 4JopMyne: 
a 

-+ r r r 2 KFK(r'-r) 
g - g -<g -g ) l 1- 2N (r) X 

• t • t K ~(Cdx:) 

-x [ 1 + 1< ( 1 -q 2 ) F x: ( r' 1- r ) l I -

r' r' 2 I( q FK (r' 1- r) 
-(g -g )2N (r) 

• t I( -~(6) ) 
J( 

r 

(8) 

(9) 

(10) 

B «P<>PMYnaX (8)-(10) 
r 

g • B g f onpeaeneabl anD cso6oaHbiX 

ByKnOBOB. 

flpB q > .0 UOnBpH3811BOHBble 34KjleKTbl OT aeii:TpOBBOii. B DpOTOBBOii: 

CKCTeM B38BMBO COKpamaiOTCB. Hao6opOT, npB q < 0 34KjleKT CUHBOBOii: no-

nBpK3811BB ycanaBaeTCB. OTMeTKM, 'ITO BnBBHHe ( • p ) -saaaMoaeiicTBHB 

sa napaMeTp pa3BSI3b!BBHHB a COBepmeBHO npOTBBOUQnOlKBoe. 

6 



II • Pac'leThi H o6cy)!<geHHe pe3ynbTaTOB 

B pacqeTax napaMeTpa pa3BSI3biB8HHSI a H g • -cj>aKTOpOB anSI 
/10/ 

COCTOSIHHH C K •1/2 HCITOnb30BanaCb 06bi'IH8SI CXeMa HHnbCOHHa , 

BKniO'IaJOIUaSI no 40 HeiiTpOHHhiX H npoTOHHhiX ypoBHeii. B pacqeTax y'ITeHbi 

BCe B03M0)!(Hble oaHO'I8CTH'IHbie nepexoahi. 

HaH60nbiUHH HHTepeC npeacTaBnSieT napaMeTp p83BSI3blB8HHSI COCTOSI

HHSI 1/2- [ 510), anSI KOTOpOI'O MOaenb HHnhCCOH8 npeaCK83biB8eT a • -0.2 
/5/ 

B o6naCTH peaKo3eMenhHhiX Slt:lep • MHoro'IHcneHHhie 9KCnepHMeHTanh-

Hble aaHHhie I'OBOpSIT 0 TOM, 'ITO napaMeTp p83BSI3biB8HHSI 9TOI'O COCTOSIHHSI 

ITOnO)!(HTeneH. ilanhHeHIUHe TeOpeTH'IeCKHe HCCneaOB8HHSI ITOK838nH, 'ITO Be-

nH'IHHa a 'lyBCTBHTenhHa K napaMeTpaM oaHo'laCTH'IHOH cxeMbi. B qacT-

HOCTH, napaMeTp p83BSI3b!B8HHSI MO)!(eT MeHSITb 3H8K npH yMeHbllleHHH napa

/6/ 
cxeMhi HHnhCCOHa • <J>gccnep H WenaiiH MeTpa nony'IHnH npasHnb-

a 183 w 
HYIO BenH'IHHY anSI 

17/ 
, Hcnonb3YSI noTeHUHan CaKCOHa-Byaca • 

OaHaKo B HX pe1IIeHHH He yqTeHo cMel1IHBaHHe o6ono'leK c pa3nH'IHbiMH 

rnaBHbiMH KB8HTOBbiMH 'IHCn8MH. 

OpH 6onee TO'IHOM peweHHH 3aaa'IH c noTeHuHanoM CaKCOHa-Byaca 

(npH y'leTe CMel1IHB8HHSI 060nO'IeK H BKnJO'IeHHH KB83HCT8UHOH8pHbiX COC

TOSIHHH) napaMeTp p83BSI3b!B8HHH COCTOSIHHH 1/2 [ 510) OCTaeTCSI OTpHUa

/8/ 
TenhHhiM anH Haep peaKo3eMenbHoii oonacTH 

OposeaeHHbie HaMH 'IHCneHHbie pac'leThi anSI 
183 

W npHseaeHhi aa 

pHc.l. 0'1eBHaHa CHnbH8H 38BHCHMOCTh BenH'IHHbl a OT nap n MeTpa (np) 

B38HMOaeiiCTBHH, npH'IeM npH q "'- 1 94>cl>eKTbl OT Hell:TpOHHOH H npOT H

HOH CHCTeM npaKTH'IeCKH B38HMHO COKp8IU810TCSI. Pa3yMH8SI BenH'IHH8 a 

ans:~ nonyqaeTCSI npH K. 0,04 - 0,051i w
0 

H qaO , - l/4 Ta-

KHe 3H8'18HHSI K. H q nony'leHbl paHee H3 8H8nH38 9cj>cj>eKTHBHb!X 

/1 I 
cj>aKTOpOB anSI COCTOSIHHH C K > 1/2 • 

z 
g 
• 
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fl 0Jlp06HbJe paC'I9Tbl rrapaMeTpa a JlnH COCTOSIHHH 1/2- [ 510) B pa3-

nH'IHbiX SIJlpax rrpHseneHhi B Ta6n. 1. rlpaKTH'IeCKH so scex snpax rrony'leHa 

/5/ 
rronmKHTenbHaH senH'IHHa rrapaMeTpa pa3BH3biB8HHH ( B MonenH HHn~>ccoHa 

a =-0,17 IIpH ., ... H a =-0,34 IIpH 7J= 6 ) • B 6on~>lllHHCTBe snep coc-

TOHHHe 1 /2- [ 51 0) SIBnHeTCH Bb!COKOB036y)I(JleHHbiM H II09TOMY M0)1(9T CD-

Jl9p)I(8Tb 3H8'1HTenbHble IIpHMeCH OT B38HM0Jl9HCTBHSI KB83H'i8CTHU C KBBJl

pynonbHbiMH H OKTYIIOnbHbiMH KOne6aHHSIMH OCTOB8 (eM,, HallpHMep, 06-

/9/ 
3op ) • Y'leT <~THX npHMeceH: MO)I(eT cy!lleCTBeHHD yMeHblllHTb napaMeTp 

/10; 
pa3BR3biBaHHR , HO He MO)I(eT H3MeHHTb ero 3HaKa. BnHsmHe aToro 

a~~eKTa Ha senH'IHHY a B OCHOBHOM COCTOHHHH 0JlH8KO He3H8'iHTenbHO, 

Yl MeHHO II09TOMY B8)1(H0 XOpOlllee OIIHC8HHe a B 188 w H 181Hf • OcTa-

eTCH IIOK8 6e3 o6~HCHeHHH CTOnb 6onblll851 senH'IHH8 a B 
18tw 

Pac'leThi a~~eKTHBHhiX ~aKTOpos g: H g: BhmonneHhi naMH 

n nH 
188 - IG9 + 

Hnep W (cocTOHHHe 1 / 2 f '510] ) , Tm (cocT05!HHe 1/2 (411 ]) 

111 - ' 
Yb (cocT05!HHe 1/2 [521]). Pe3yn~>TaThi pac'ieTOB npHseneHhi ua H 

pliCYHKBX 2-4. 3KCIIepHM9HTanbHbJe 3Ha'leHH!I napaMeTpOB g K , g R H b O 

188 117,19/ 
.LW5! W H 3 pa60T HeCKOnbKO pa3nH'I810TC5!, HO senH'iHHhi g z 

• 
H g: rrpaKTH'ieCKH COBIIBJl810T IIpH HCIIOnb30B8HHH pa3nH'iHhiX BapHaH-

TOB cxeMhi H Jit:nbccoHa. 3KcrrepHMeHTanbHhie pe3ynhT8Thi nng 
189 

Tm H 
171 

Yb 

/20,21 I te9 
LWHhi B pa6oTax • AuanH3 9THX naHHhiX noKa3an, 'iTO s Tm 

3 H8'ieHHH gz 
• 

H g+ Mano MeHHIO'l'C5! C H3MeHeHHeM IIapaMeTpOB IID
a 

TeHUH a na HHnbccoua. CHTyaUH5! B 
171 

Yb rrpoTHBorronO)I(Ha. rlpH HCIIOnh-

/2/ z + 
3osaHH H ~YHKUHH cTapoH: MonenH HHnbccoua nony'iaeTcH, 'iTO g < g • • /19; 
( CM , pH c. 4). B pa6oTe HCrronb3osanacb npyras cxeMa HHn~>ccoua H 

nony'leuo, 'iTO 
z 

g • >g+ 
• 

• Ha pHc.4 rroKa3aHhi pe3ynbT8Thi pac'ieTos 

/2/ 
npa HCnonb3osaHHH ~YHKUHH MonenH HHnbccoHa • LfHcneHHhie pac'ieTbi 

:: pHBOLl5!T K pa3nH'iBIO!llHMCH ~aKTOpaM g z 
• 

+ 
H g so scex Hnpax, on-

s 

H8KO HX OTHOllleHHe CHnbHO 38BHCHT B TeOpHH OT BenH'iHH 0JlHO'i8CTH'iHbiX 

MaTpH'iHhlX aneMeHTOB <a > 
z <a+> napaMeTpa ( n p ) -B38HMO-H 

8 



H 
169 

Tm XOpOlliO OIIHChiBatoTCH 17 I 
, B Yb - Be-

z 
nH'IHHa g 

8 

KaK H O~HAanocb, CIIHHOB8H IIOnHpH38UHH IIp8KTH'IeCKH He BnHHeT Ha 

+ -BenH'IHHY IIapaMeTpOB pa3BH3biB8HHH COCTOHHHH 1/2 ( 411) H 1 /2 _[ 521) • 

Erne paa rroa'lepKHeM, 'ITO B HarneM rroaxoae rrepeHOpMHpOBKa <.u z > 
(aenH'IHHa z 

g 8 + ) CBH3aHa C " paCCeHHHeM" He'leTHOH '18CTHUhl H8 1 0 

B035y~aeHHHX OCTOBa, a IIepeHOpMHpOBKa <u + > (aenH'IHHa rra-

+ 
paMeTpa pa3BH3hiB8HHH a H <fJaKTOpa g ) CBH38Ha C "pacceHHHeM~ 

8 

Ha 1+1 B035y~aeHHHX OCTOBa . CTeiieHb IIe peHOp M HpOBKH 38BHCHT
0 

O'leBHA-

HO, OT 9HeprHH H IInOTHOCTH 9THX B035y~aeHHH. ITpOCTaH MOAenb C y'leTOM 

+ 
CIIapHBaHHH rrpeaCK83hiBaeT IIOHBneHHe 1 B035y~aeHHH B peaK03eMenbHhiX 

/22/ 
Hapax o5bJ'IHO IIpH aneprHHX rropSiaKa 2 M a a • Ha pHc.5 aocrrpoHaaeaen 

CIIeKTp ABYXKB83H'IaCTI1'1HbiX 1 + B035y~aeHHH B 170 Yb 
+ • Oco5enno aenHKa 

IInOTHOCTb 1 1 B035y~AeHHH: B CpeaHe M B CIIeKTpe B blllle 2 M9B MO~HO 

naii:TH TaKoe COCTOHHHe 'lepe3 K alKA hie 100 K9B. ITnOTHOCTb 1 + 0 B035ylK-

aeHHii: IIpHMepHO B TpH pa3a MeHbllle. 0 '!eBHAHO, 'ITO B {3 -pacrraae MO~HO 

o5napy~HTb cpaBHHTenhHO He5onblliOe KOnH'IeCTBO 9THX COCTOHHHH (He5onb-

rnaH paanoCTh Mace MaTepHHCKoro H a o 'lepn e ro Haep H CHnbHhre aarrpeThi 

+ IIO KBaHTOBh!M 'IHCnaM). 8 H8CTOHlllee Bpe MH HaH50nhruee KOnH'IeCTBO 1 

110 /24 25/ COCTOHHHH 05Hapy~eHO B 
170

Yb IIpH pacrra ae Lu ' • ITpeacTaBnH-

eT 50nblliOH HHTepec B035y~aeHHe 1+ ypOB HeH B peaKUHHX (HaiipHMep, IIpH 

pacceHHHH a neKTponoa). 

TeopeTH'IeCKH aenH'IHHa ¢aKTopoa g z H g + aaaHCHT KaK oT rrnoT-
" 8 + + 

HOCTH 1 0 H 1 1 B035y~aeHHH OCTOBa, TaK H OT BenH'IHH OAHO'I8CTH'1Hb!X 

MaTpH'IHhrx aneMeHToa. ITpaaHna OT5opa anSI orrepaTopoa u 
z OAH-

HaKOBhi: 

z 
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MaTpH'I.Hbie aneMeHTbi < u + > nnH cocTOHHHl!: c acHMIITOTH'I.eCKHM A"' 1 

cymecTBeHHO MeHbllle, '!.eM nnSJ cocTOHHHl!: c A • 0 • TaKoro pe3Koro pa3-

J1H'I.H51 AJ151 MaTpH'I.HbiX aneMeHTOB < U z > HeT. Tio3TOMY B o6meM cnyqae 

+ 
MOlKHO OlKHA8Th ( C y'l.eTOM 60J1blllel!: IIJlOTHOCTH 1 1 B036ylKAeHHH), 'ITO 

z + 
g • > g • nnH cocT051HHH c A= o • HaKoHeu, oTMeTHM, 'ITO aHepreTH'I.ec-

KHH CABHr WIt (eM, ypaBHeHHe (2) )) AJ151 COCTORHHH C K = 1/2 IIpHMepHO 

B TpH pa3a 60J1bllle, 'I eM AJ151 COCT051HHH C K > 1 /2 H MOlKeT AOCTHr8Th Be

liH'iHHbl 100-150 K3B, TipHMeCh TpeXKB83H'i8CTH'IHblX COCT051HHH T8KlKe 803-

paCTaeT, AOCTHraSI 3-4% ( MeHee 1% AJ151 COCT051HHH C K > 1 /2 ), 

III , 3aK1IIO'ieHHe 

CrrHHOBbie rronSipH3aUHOHHhie a(jl<jleKThi B He'ieTHhiX ne(jlopMHpoBaHHhiX 

SinpaX paCCMOTpeHhl H8MH B CB513H C OCUHJ1J151UH51MH CIIHHOBOH 'i8CTH Mar

HHtlHOrO AHIIOlibHOrO MOMeHT8 Sinpa, B 'l.eTHO-'leTHbiX 51Ap8X 3TH OCUHJ1J151-

UHH IIpHBOA51T K B036ylKAeHH51M C I"= 1 + H K= 0 HJlH 1. TiepeHOpMHpOBK8 

CB060AHbiX g • <lJaKTOpOB CBS!38H8 C rrpouecCOM ·'pacceSIHH51" He'ie'rHOH 

'J8CTHUbl H8 3THX B036YlKA8HH.51X OCTOBa, IIpH'I.eM MOlKHO pa3J1H'JHTh 3QJQJeK-

Tbl 'pacce51HH.51" H8 B036ylKAeHHSJX C K = 0 H K = 1 • TioKa3aHa TaKlKe 

B03MOlKHOCTb CHlihHOrO BJ1H.51HH51 CIIHHOBOH IIOli.51pH38UHH H8 BeliH'iHffY napa-

MeTpa pa3B.513biBaHH.51 B cocT051HH51X c a cH MIITOTH'I.eCKH M A= o • HaKoHeu, 

TeopHS! rrpencK83biBaeT npaBHJlO g + < g z 
• a 

AJ1 51 COCT051HHH C A,. 0 

To'I.HOCTh 'I.HcneHHblX pesyJlbTBTOB orpaHu'l.eHa HCnonh30BaHHeM MeTo

na TaMMa-llaHKOBa H rrpocToToii Bbi6opa ocTaTO'I.Horo B38HMoneiiCT BH51, PH-

A8 KOJlH'leG.TBeHHbiX H3MeHeHHl!: MOlKHO OlKHAaTh IIpH y'l.eTe B3aHMOAeiiCT-

BH51 THII8 {d Y I {d Y I 
2 1 ,.,. :.1 1- ,.,. 

• B enH'I.HH8 napaMeTpa pa3B.513biBa-

HH51 MOlKeT cnerKa MeH51TbC.51 rrpH y'leTe rrepeHOpMHpOBKH M8TpH'I.HOrO 3J1e

MeHT8 < f + > , TipencTaBn.lleT 6onblliOH HHTepec TaKlKe rrpHMeHeHHe MonenH 

aa 6asHce rroTeHUHana CaKcoaa Bynca. 
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B 3aKmo'leHRe aBTOphi Bhipa)l(aJOT 6naro.napHOCTb 3. EoxHaUKR, 

1:3.L CollOBbeBy, P. Wenail.HY, R rr. XaHCeHy 3a none3HOe o6cy)I(J:leHHe pa-

60Thi. ABTOphi 6naro.napHhi C. fa6paKoBy 3a noMOIUb B 'IHCileHHhiX pac'le-

Tax. 
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