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1.BBEnEHME 

KaK H3BeCTHO, HeATpOHHaR mHpHHa, xapaKTepH3YDmaR llaHHbiA 

HeATpOHHbiA pe30HaHC, B o6meM cnyqae eCTb CYMMa napuHanbHbiX 

HeATpOHHb!X IDHPHH, OTHOCRIDHXCR K OTKpbiTb~ KaHanaM peaKUHH C pa3Hb~H 

3Ha4eHHRMH op6HTanbHOrO MOMeHTa 1 H CllHHa KaHana S(HnH nonHero 

MOMeHTa HeATpOHa j ): 

r n= l r n1s[j]. ( 1 ) 
1,s[j] 

8 063ope [1] MOlKHO noqepnHYTb HMeDmHeCR llOBOnbHO CKYllHbJe 

CBelleHHR 0 CMeiDHBaHHH CllHHOBb!X KaHanoB B HeATpOHHbiX pe30HaHCaX ; 

CBelleHHA lKe 0 CMeiDHBaHHH op6HTanbHb!X KaHanOB, KOTOPOMY llOCBRrueHa 

HaCTORruaR pa6oTa 1 H TOrO MeHbme. no HellaBHero BpeMeHH C4HTanOCb, 

4TO npH 3HeprHRX HeATpOHOB HHlKe -1 M3B H3-3a UeHTpo6elKHOrO 6apbepa 

B CYMMe (1) cymeCTBeHHbl TOflbKO cnaraeMbJe C OliHHM HaHMeHbiDHM 

3Ha4eHHeM 1. 8 COOTBeTCTBHH C 3THM pe30HaHChl CO CllHHOM H 

4eTHOCTbD Jn Ha Rllpe- MHIDeHH CO CllHHOM H 4eTHOCTbD 
n 

1 O HMeHYDTCR 

+ s- pe3oHaHcaMHI ecnH J=I-1/21 n=n
0

1 p- pe3oHaHcaMHI ecnH 

+ + . + + J=I-1/2 1 I-3/2 1 n=-n 01 d- pe30HaHCaMH, ecnH J=I-3/2 1 I-5/2 1 n=n 01 H 

T-ll· CMecH s+d1 B03MOlKHbie B cnyqae J=I±1/2 1 , n=n 0 H I~J"O~ 6binH 

H3BeCTHbl nHmb llflR PRlla Bb!COK03HepreTH'mCKHX pe30HaHCOB Ha nerKHX' 

MHmeHRX 
7
Lil 

11
BI 

13c [2J.. Ho HellaBH0 1 cHa4ana· y 
207

Pb [314] I a 

3aTeM y 27A1 [5) np~·3HeprHRX B HHTepsanax COOTBeTCTBeHHO 180-260 

ll 380-570 K:3B 6binll o6HapyJKeHbl s- pe3oHaHCb( I wopMa KOTOPbiX 

MOrna 6biTb OllHCaHa. TeopeTH4eCKH TOnbKO nyTeM .li06asneHHR K 

HeATPOHHOA mHpHHe r nOs-E
1

/
2
cnaraeMoro r n2s-E

5
/

2 
I 

COOTBeTCTBYDmero 1=2 H HMeDmero CHnbHYD 3Hepre.TH4eCKYD 

3aBHCHMOCTb. fipHMeC& d- BOnHhl npH ~eATPOHHOM pacnalle COCTORHHA 

208Pb, so36YlKllaeMhiX r-nyqaMH, Ha6nDllanacb TaKlKe B pa6oTax [6,7], 

a ~tilltllKdt>lilii.iil KHCTinyi , 
r,JJqmMI Hcc.'lr.annnuo:Z 



KOnH'!BeTBBHHbiB PB3YnbTaTbi KOTOPbiX, OllHaKO, npontBope'!aT npyr 

npyry. 

8 0Tni1'111B OT "'111eTbiX" s- pe30HaHeOB, B KOTOpbiX paeeeHHI1B 

'HeATpOHOB B e ·ll .11. 1130TpOnHO, B eMemaHHbiX (s+d)- pe3oHaHeax 

paeeeHHHB llOn~HO 11MBTb xapaKTBPHY~ aHI130TpOnl1~, 3Kenepi1MBHTanbHOB 

113Y'IBH11B KOTOpOA, HBeOMHBHHO, naeT HOBY~ 11HIOpMaql1~ 0 eBOAeTBaX 

eOOTBBTeTBY~Dli1X KOMnaYHll- eoeTOHHI1A :)1 llBfteTBI1TBnhHO, nony'IBHHbiB B 

HaeTOHDlBA pa60TB Bbipa~eHI1H llnH ll11IIBPBHU11anbHOr 0 ee'!BHI1H ynpyr or 0 

paeeeHHI1H B OKpeeTHOeTI1 1130nl1posaHHoro pe3oHaHea, KOTOpbiA 

B036Y~llaBTeH 11 paenanaeTeH e yqaeTI1BM s- 11 d- HBATpOHOB, 

nOllTBBP~lla~T 3TO npennono~BHI1B. 8 '!aeTHOeTI1, OKa3anOeb, 'ITO MO~BT 

6b!Tb nony'!eHa YHI1KanbHaH llnH HBATpOHHOA eneKTPDCKOnl111 11HIOPMBUHH -

OTHOCI1TBnhHbiB 3HaKI1 aMnni1TYll mHpi1H, OTBB'Ia~Dli1X pa3HbiM KaHanaM. 

2.TPH THITA s-PE30HAHCOB 

ITonh'3YHCh npas11naM11 cno~eHI1H Tpex yr noBbiX MOMeHTOB: cnHHa 
Tl 

I 0 
' cn11Ha HBATpOHa i=1/2 11 Hllpa-MI1WE!HI1 11X OTHOCI1TBnhHOrO 

op611TanbHOrO 'MOME!HTa 1, lla~Dli1X en11H pe30HBHCa J", HBTPYllHq 

Bbini1CaTb Bee B03MO~Hb!E! cnaraeMb!e CYMMbl (1) llnH n~6oro 

s-pe3oHaHca, T.e. B cnyqae J=I±1;2, n=n
0

• 3To cnenaHo B TpeTbeM 

eTon6ue Ta6n11Ubl 1, rne see ~e HB Y'!TeHbl KaHanbl c 1>2 11 no 

cpaBHBHH~ C (1) ynpODlBHbl 0603Ha'I8HI1H cnaraeMbiX: B Bbi6paHHOM HaMI1 

npeneTasneHI111 cn11Ha KaHana s=I+i Y s- illi1PI1H onymeH Cni1HOBbiA 

11Hll8KC ,BBI1llY 8lli1HCTB8HHOCtl1 era 3Ha'IE!HI1H llnH llaHHOrO PE!30~aHCa 

(s=J), a Y ,d- illi1PHH OH 3aM8H8H >3HaKOM nn~e, o6o3Ha'la~mi1M 

s=~+1/2=s+' 11n11 3HaKOM MI1HYC llnH s=I-1/2=s_. 

H3 Ta6ni1Uhl Bl1llHO, 'ITO s- pe3oHaHCbl 6brna~T Tpex Tl1nos. 411CTO 

s- BOnHOBbWI1 MOrYT 6biTb nl1mh pe30HaHCbl Ha HllpaX-MI1illE!HHX Hynesoro 

2 

• 

I 
,o 

en11Ha, a TaK~e en11Ha I=1/2, ecn11 J=O. Bee oeTanhHbiB pe3oHaHCbi 

MOrYT 11M8Tb npi1ME!Cb d- BOnHbl 11 flOllpa3llBriH~TeH Ha llBa Tl1na 

llBYX KBHanOBble 11 Tpex KaHanOBbiE!. Y PB30HaHeOB e I=1/2, J=1 11 I=1, 

J=1/2 OTKPbiT TOnhKO Olli1H d- KaHan e s=s+' 11 fl03TOMY 

llBYXKaHanoBbie. Y npyr11x ~e eMemaHHbiX pe30HaHeOB OTKpbiTbl o6a 

OHI1 

d- KaHana, 11 OHH - Tpex KaHanOBbl8. 0T nl1'!aHCb npyr OT npyr a '111enOM 

KaHanOB, 3TH (s+d)- pe30HaHCbl, KaK Mbl YBI1lli1M nanee, OTnH'!aDTeR 

eBOI1MI1 eBOACTBaMH 11 B03MO~HOCTHMI1 11X HecnenoBaHHR. 

3.CE4EHHH 

DnR nony'!eHHH llHIIepeHuHanhHbiX ce'!eHHA ynpyroro paeeeHHHH B 

OllHOYPOBHBBOM np116nH~BHI1I1 Mbl BOenonh30Banl1eb 113B8eTHOA pa60TOA 

[SJ,npencTaBnR~meA ee'!eHI1e B ;opMe 

m 

u(8)=}: BLPL(cos8) (2) 

L=O 
11 na~meA o6m11e Bb~a~eHHR nnH K03~~11U11eHTOB PHlla (2). ITocnenHHe, s 

eBO~ O'IBPBllb, eoeTOHT 113 Tpex '!aeTeA, OTHOCRDli1XCH K nOTBHUHanbHOMY 

paeceHH~~' pe30HaHeHOMY paeeeHHI1~ 11 11HTep;epeHUI111 MB~llY HI1MI1, Ta~ 

'ITO eOOTBBTeTBBHHO 

B=Bn+Bp+B11 
L L L L (3) 

XOTR B nanbHBAmeM HaM HenoepellCTBBHHO noHall06HTeR B OeHOBHOM 

TOnhKO P830HaHeHbiE! '!BeTH C8'18HI1A, npi1BOlli1M 3ll8eb pe3YnbTaT 

nonHOCTb~ *), 'IT06bl B Kff~llOM KOHKPBTHOM cnyqae MO~HO 6binO pemHTb, 

'IBM npeHe6pe'!b 11 'ITO HffllO Y'!BeTb KBK nonpaBKI1 K OeHOBHbiM 3~~8KTBM. 

06pa3y~mee ·nhBllBeTan· nOll PB30HBHeaMI1 ee'!BHI1B nOTBHUHBnhHOrO 

paeeeRHI1H 11M8BT K03~~11UI1BHTbl, onp,enenH~Dli1BCH Bblpa~eHI1HMI1 

*) Mbr o6opsami ~HrYPI1PY~Dl11B HH~e noenenosaTenhHOCTH o 1 11 8L Ha 1=2 

11 L=4, 'ITO np11 3Hepri1HX llO eOTBH K38 BnOnHe onpaBllaHO ManoeTb~ 

OT6pomeHHbiX 'lnBHOB. 
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sin 26 0+ 3sin26 1 + 5sin26 2 k2B~= 
k28~= 

k28~= 

k2B~= 

k28~= 

Gsin 6osin 61cos(60-61)+ 12sin 61sin 62cos(61-62) I 

10sin 6
0
sin 6

2
cos(6

0
-6 2 )+ 6sin26 1+.?~ sin

2
6 2 , (4) 

18sin 6
1
sin 6 2 COS(6 1 -62) 1 

18 . 2., 
35 

s1n u
2 

. 

3necb K- BOflHOBOe YHCflO HeATPOHa, a 6 1 - ~a30Bhle cnBHrH, nnR 

KOTOPhiX cnenyeT socnonhJOBaTbCR R-MaTpHYHhiM npel!cTasneHHeM H, 

HanpHMep, [1], JanHcaTb: 
• 00 

.6 1= p 1+ arcs1n P1R1 , (5) 

rne p 1-~a3a nnR pacceRHHR Ha ~ecTKoA c~epe,P1 - npoHHuaeMocTb , 

00 
R

1 
- BKnall scex pe3oHaHcos, KpoMe YYHThiBaeMhiX Henocpel!CTBeHH.O. 

8 pe30HaHCHOA YaCTH CeYeHHR OTCYTCTBY~T YneHhl C HeYeTHhlMH L, 

a 8~ C L YeTHhiMH HMe~T CBOH OC06eHHOCTH · BHn nepsoro K03~\I?HUHeHTa 

OllHHaKOB llflR BCeX pe30HaHCQB: 

p 
Bo 

gf2 
n 

4k2 .c 

llsa ~e llPYrHX K03~(1?HUHeHTa 3aBHCRT OT THna pe3dHaHca, a 8~, 

Taro, HoT cnHHa J TpexKaHanosoro pejoHaHca: 

(6) 

KpoMe 

li~= 
g ., . ' . . 2 

2 [ Z(2J2J,s+2)f n 2 /2-l 2J+l cos(6 0 -6 2 )/r nof n 2+], (7) 
..• "(2J+1) . 

B~= g - [ 

B p_ _g--;o-__ · - [ 
2 - 4k2.c (2J+1) 

' ' + 
Z(2J2J,s_2)f n 2 _-Z(2J2J,s+2)f n 2+-

···' 

2 
± 2-/ 2J+1 cos (6 0 -6 2 )/ f nOf n 2 -] npH 

Z(2J2J,s_2)f n 2 _-Z(2J2J,s+2)f n 2++ 
2 

t 2-l 2J+1 cos(60-62)/ r nl n2+] npl1 

p_ g 2 . 2 
8 4~ 2 Z (2J2J,s+4)f n 2+' 

4k "(2J+1) 

g ]2 
sP7" [· Z(2J2J,s_4)f 2--Z(2J2J,s+4)f n2+ I 4 4k2c (2J+1) · n 

J=s , 

J=s+' 

(8) 

(9) 

(10) 

(11) 

rlle (7) H (10) OTHOCRTCR K llBYXKaHanOBhiM pe30HaHCaM, a (8), (9) H 

·, 

,. 

( 11) - K Tpex KaHanoBhiM. B 3THX Bhipa~eHHRX 

2J+1 2 r2 
g= 2 c2 r+1 ) , .c= AE + 4 , AE=E-E0 , (12) 

rl!e E- TeKymaR 3HeprHR, E0 H f 3HeprHR H nonHaR mHpHHa 

pe3oHaHca: 

Z(11J 1 1 2J 2 ,sL)=-I (21!+1T(212+if(2J1 +1) (2J2 +1) W(l 1 J 1 1 2J 2 ,sL)· 

.(111200 I LO) I (13) 

Kyna BXOllHT npoHJseneHHe K03(l?(I?HUHeHTOB PaKa H Kne6ma-~opnaHa. 

HHTep(l?epeHUHOHHoe ceYeHHe onpenenR~T BhipalKeHHR 

-k2.c8~= 

-k2.c8~= 

-k2.c8~= 

gf noV'(6 0 )sin 6 0+ gf n 2V'(6 2 )sin 6 2 , 

3gf noV'(26 0 -6 1 )sin 6 1 + ~ gf n 2V'(26 2 -6 1 )sin 6 1 , 

5gf no'~' (26 0 -6 2 ) sin 6 2+ gf n2 '~' (26 2 -6 0 ) sin 6 0 + 

+1~ gf n 2V'(6 2 )sin 6 2 , 

2 H 9 · • 
-k .c83= 5 gf n 2V'(26 2 -6 1 )s1n 6 1 , 

2 H 18 . 
-k .c84 = ~ gf n 2V'(6 2 )s1n 6 2 , 

rl!e KPOMe o603HaYeHHA (12) ·HCnOflb3YeTCR TaK~e (l?yHKUHR 

V'(X)=~ sin X + AE cos .X, 

(14) 

(15) 

H f n 2 =f n 2+ llflR nsyx KaHanOBhiX peJOHaHCOB H f n 2 =f ~2 -+f n 2 + llflR 

Tpex KaHanOBhiX • 

nepex onR K o6cy~neHH~ nonyYeHHhiX Bhipa~eHHA, OTMeTHM npe~l!e 

scero, YTO OCHOBHY~i HaH6onee HHTepeCHY~ HH~OpMaUH~ 0 pe30HaHce 

3aKn~YaeT 8 ce6e pe30HaHCHaR YaCTb llH~~epeHUHaflbHOrO CeYeHHR, 

KOTOpaR o6pa3yey pe30HaHCHhiA nHK Ha r nanKOM ~OHe noTeHUHanbHOrO 

pacceRHHR. Ho HJMepRTb H aHanHJHposaTb nocnenHee sce-TaKH HY~Ho c 

uenb~ Haxo~neHHR ~a3 pacceRHHR, KOTophle BXOllRT so see 

HHTep~epeHUHOHHhie YneHhl, a TaK~e 8 8~. ilJa3a 6 O Hax OnHTCR H3 8~ no 

nepBOMY H3 ypaBHeHHA (4), ecnH npeH~6peYb KBanpaTaMH CHHYCOB OT 6 1 

H 6
2

• Cneny~mee ypasHeHHe noJsonReT onpenenHTb 6 1 no B~ H 6 0 , ecnH 

npeHe6peYb YneHoM c 6 2 • HaKoHeu, 6 2 MOlKHO oueHHTb H3 TpeThero 

4 5< 



ypasHeHHR (4) no 8~ H 6 0 H 6 1 • Dsa nocnenHHX ypaBHBHHR spRn nH 

6ynYT none3Hhl H3-3a ManOCTH 8~, 8~ H HBllOCTaTOlJHOf1 HX TOlJHOCTH. 

Ka~nb~ H3 K03~~HUHBHTOB 8~, 8~, 8~ 3a clJeT ~YHKUHH. 3HeprHH 

s -
1 HMBBT npH E=E O xapaKTBPHb~ UHK, KOTOPblf1 6naronapR npHCYTCTBHIO 

IDHpHHhl [n2 - E
5

/
2 

B TOf1 HnH HHOf1 CTBUBHH aCHMMBTpHlJBH - 6onblliB nnR 

8~ H MBHbrne nnR 8~. OnHaKo H3MepeHHbiMH ( Bh!neneHHbiMH H3 8L) MoryT 

6biTb TOnhKO CYMMapHbiB BenHlJHHbl _..B~ + 8~, 

HHTep~epeHUHIO. 

BKniOlJaiOIU11B TaKJKe 

CnenyeT 

cnaraeMbiX 8~ 

COBUHanhHO OTMBTHTb nse OC06BHHOCTH Ka~noro H3 

B ypaBHBHHRX (14) • 8o-nepsbiX , OTHOCRCh K 

onpeneneHHOMY L, OHH conep>KaT MHO~HTeneM npoH3BeneHHe r n1sin 6 1 , 
1 2 

KOTOpoe DPH OnHHaKOBbiX [ n
11 

nnR pa3Hb!X 11 MaKCI1ManhHO nnR 12=0. 

Ho sin 6
0 npHCYTCTBY8T TOnhKO Y 8H c 

L L=1 1 , nenaR 3TOT 

K03~~HUHBHT eymeeTB8HHbiM epenH OCTanbHbiX, Mana eymeeTB8HHbiX • 3TO 

esof1eTBO HHTep~epeHUHOHHbiX lJnBHOB nH~~epeHuHanhHoro eelJeHHR 

paeCBRHHR HCfiOnh3YBTCR nnR onpeneneHHR 1 y pe30HaHeOB ( CM. 

nonpo6&ee [1]). 8 HarneM eny'!ae eMernaHHoro pe3oHaHea TaKHx rnaBHbiX 

lJneHOB nsa: onHH B 8~ e rnO' a npyrof1 B 8~ e rn2" 86-BTOPbiX, see 

enaraeMbie 3a elJeT ~(x) eoeTORT•H3 nBYX lJneHOB, eOOTBeTeTBYIOIUI1X 

nBYM lJneHaM B (15): TaKara ~e, KaK lJHeTO pe30HaHCHblf1 'lneH (HO 

eymecTBBHHO M8HblliBf1 BenHlJHHbl~ H eneUH~HlJBCKH HHTep~epeHUHOHHOrO 

'lneHa, onpenenReMoro ~YHKUHef1 ~E;s H MeHRIOIUero 3HaK npH E=E
0

• 

4 .IIAPAMETPhl CMECI1 KAHAfl08 11 3HAKI1 AMIIfll1TY n llil1Pl1H 

8 DPHHUHne, H3MBPRR eelJBHHe u(8) B6nH3H (s+d)- pe3oHaHea H 

epaBHHBaR er9 C eelJBHHBM, onpenenRBMbiM ~OpMynaMH (2}-(15), MO~O 

onpenenHTh see napaMeTpbi pe3oHaHea, BKniOlJaR o'leHh ManoH3BeeTHbie 

napuHanhHbiB HBf1TPOHHbiB llil1pHHbl, OTHOCRIUHBeR K pa3Hb!M Op6HTanbHbiM H 

6 

IJ 

~ 

CfiHHOBbiM KaHanaM. 6onee TOrO; MO~HO onpenenHTb H OTHOCI1TBnbHbiB 

3HaKH aMnnHTYn naph! lliHPHH [nO H [n2- HnH [nO H [n2+' OOCKOnbKY B 

Bh!pa~eHHRX (7)-(9) nnR 8~ ~HrypHpyeT npoH3seneHHe aMnnHTyn, 

3aOHCaHHOB B BHne KBanpaTHOrO KOPHR H3 npOH3BeneHHR lliHPHH; BBPXHHf1 

3HaK nepen nocnenHHM cnaraeMbiM B KBanpaTHbiX CK06KaX COOTBBTCTBYBT 

onHHaKOBbiM 3HaKaM aMnnHTYn, a HHJKHHf1- pa3HbiM, H TOnbKO 3KCnepHMBHT 

Mo>KeT BbropaTh onHH H3 3THX 3HaKos. OnHaKo HenocpencTBBHHoe 

cpaBHBHHB CBlJBHI1f1 - 3TO "MeTOn ~OpMb(, nnR peanl13aUHH KOTOpOrO 

Tpe6yeTCR H3MBPHTh nH~~epeHUHanhHOB CBlJBHI1B c Bb!COKHM 

3HepreTHlJBCKHM pa3perneHHeM, 'ITO noKa ensa nH peanhHo. 

Mo>KHO npenno>KHTh 6onee npocTof1 MBTOn nnomanef1" , nnR 

peanH3aUHH KoToporo nocTaTOlJHO H3MBPHTh OTHO~HTenbHblf1 Bblx on 

pacceRHHbiX HBf1TpOHOB npH pa3Hb!X yr nax pacceRHI1R ( Tpex Hnl1 6onee) 

H np11 yMepeHHOM pa3perneHI111 no 3Hepri1H. DnR o6oeHosaHHR 3Tof1 

B03MOJKHOeTI1 nepenHlli8M (2) B Bl1~e 
00 

u(8)=B0 [1 + l "'LPL(cosB)], 
L=1 

(16) 

Tor na npH ylJeTe TonhKO pe3oHaHCHbiX lJacTef1 8~ nnR K03~~HUHBHTOB 

"'L=8d8 0 H3 (6)-(11) nonylJHM 

"'2;,{ 
+ 2 

a(a~+b) - 2f a(1-a)~ cos(6 0 -6 2)] npH J=s_, 

- 2 a(a~+b) + 2fa(1-a) (1-~) cos(6 0~6 2 )] np11 J=s+' 
(17) 

"'4 [ a (c~+d)] 2 • (18) 

3TH ypaBHBHHR eBR3b!BaiOT 3KenepH~BHTanbHO onpenenReMble K03~~HU11BHThl 

aHH30TPOOI1H pe30HaHeHoro paeceRHHR w 2 11. "' 4 e 113BBeTHbiMI1 COI1HOBbiMH 

napat.leTpaMH: 

a 

c 

Z(2J2J,s_2)+Z(2J2J,s+2) 

f 2J+1 

Z(2J2J,s_4)+Z(2J2J,s+4) 

f 2J+1 
. ' 

b=-

·d=-

7. 

Z(2J2J,s+2) 

f 2J+1 

Z(2J2J,s+4) 

f 2J+1 

(19) 



H HeH3BeCTHb~H napaMeTpaMH 

r n2- + r n2+ 
a= --~~----~~----

rno + rn2-+ rn2+ 

CMeCH KaHanOB 

r n2-(J= _--=..:..=:__ 

r n2- + r n2+ 

Ta6m1ua 1 

. OCHOBHbiE CBEnEHMH 06 ( s + d ) - PE30HAHCAX 

... 
I J rn a b c 

0 1/2 r no 0 0 0 

0 I nO 0 0 0. 
1/2 1 r no+f n2+ -0.7071 0.7071 0 

1/2 r no+f n2+ 0 0 0 
1 3/2 r no+r n2+ +r n2- 1 0 0 

1 1 no+l n2+ +I n2- -1.4142 0.7071 0 
3(2 2 r no+r ri2++r n2- 0.8537 -0.2561 1. 5272 

2 --- , , -- -0.4269 0.6830 o. 5727 
5/2 3 -- -- 0. 7011 -0.4536 1. 6751 , , 

5/2 -- , , -- -0.2673 0.6491 0.7715 
3 7/2 0.6547 -0.4988 1. 6714 -- , , --

3 -- , , -- -0.1650 0.6186 0.8934 
7/2 4 -- -- 0.6186 -0.5291 1. 6602 , , 

4 -- , , -0.0406 0.5697 1. 0376 
9/2 5 -- --· 0.5665 -0.5665 1. 6348 , , 

5 -- , , -- 0.0323 0.5337 1.1204 
11/2 6 --· -- 0.6444 -0.5869 1.6108 , , 

11/2 -- , , -- 0.0586 0.5193 1.1501 
6 

13/2 0.6736 -0.5944 1. 6009 . -- , , --
---· 

(20) 

d 

0 

0 

0 

0 

0 

0 

-0.4582 

-o .1145 

-0.6700 

-0.1763 

-0.7163 

-0.2234 

-0.7471 

-0.2905 

-o. ?848 

-0.3362 

-0.8054 

-0.3539 

-0.8127· 

flOCKOnbKY npaBbie .'iaCTH (17) 11 (18) He 11MeiOT pe3KOA pe30HaHCHOA 

3aBI1C11MOCTI1 OT 3Heprl111, oo 2 11. oo 4 Mano MeHRIOTCR B npe~enax pe30HaHCa 

11 MoryT 6biTb onpe~eneHbi 113 113MepeHI1A nnoma~eA peJoHaHCOB. nnaaHaR 

~e 3HepreTI1'ieCKaR 3aBI1CI1MOCTb WI1PI1H 11 ~a3 np11 Heo6XO~I1MOCTI1 MO~eT 

6brrb Y'iTeHa c noMODlbiO nonpaaoK. To ~e caMoe MO~Ho CKaJaTb 11 o6 

Y'ieTe HeKOTOporo Bni1RHI1R Ha nnoma~b pe30HaHca 11HTep~epeHU110HHbiX 

•meHoB, orrpene.riH eMbiX BbipaJKeHHHMH ( 14) : 
/ 

8 

-I i· 

!} 
/ 

i 
I~ 
' I 

illopMYnbl · {17) 

pe30HaHCOB (CM. 

11 ( 1~) 

paJ~en 

cnpaae~ni1Bhl ~nR acex Tpex Tl1llOB 

2), ecn11 napaMeTpaM aib,c,d np11~aTb 

COOTBeTCTBYIODl11e 3Ha'ieHI1R 11 Y'ieCTb, 'iTO ~nR .O~HOKaHanOBba. 

pe30HaHCOB a=O, a ~nR ~BYXKaHanOBba (J=O. -nnR 6onbDl11HCTBa 

npaKTI1'ieCKI1 Ba~Hb~ cny'iaea a,b,c,d ~aHhl B nocne~HI1X cTon6u~~ 

Ta6n11Uhl 1. flerKO Bl1~eTb, 'iTO pe3oHaHCbl, npencTasneHHbie B nepBOA H 

BTOPOA CTpoKaX , pacCei1BaiOT HeATpOHbl 1130TPOllHO (ecnl1 npeHe6pe'ib 

11HT13PWepeHU11eA) , a npe~CTaBneHHbie B 'ieTblj)eX nocne~YIODli1X CTp~KaX 

11MeiOT OTnl1'iHb~l1 OT HYnR TOnbKO oo 2 • Be eM ~e OCTanbHbiM pe30HaHCaM Ha 

R~pax c n 3/2 npi1CYDll1 11 oo 2 ,11 oo 4 , onpenenReM~>Ie cni1HaMI1 I,J, 

napaMeTpaMI1 a,(J 11 3HaKOM npOI13Be~eHI1R_ aMnni1TY~ ~BYX Dli1PI1H. 

PaccMoTPI1M no~po6Hee, 'iTO Mo~eT llaTb. 113Y'ieHI1e aHI130TPOlll111 

pacceRHI1R B . pe3oHaHCaX Ha MI1DleHRX pa3HbiX Cll11HOB. 

2,0 ~. .. --.-...,...._,-~-
1=~ / ' 

Ul 2 / ' 
2 J=1 / \ 
1,6 W4 = o ,' \ 

~ =o I \ 
1,2 

0,8 

0,4 

0 

/ 

\ 
\ 
I 
I 
\ 

0,5, .... --, I 
/ \~ 

,/ \ 

0,2 0,4 0,6 0,8 1 
IX 

PHc.l: AHH30TPOIIH~ pacceHHHH B. 

peJoHaHcax Ha R~pax c I=1/2.til1wPhl y 

Kpi1BbiX -3Ha 'ieHI1R cos (o O -o 1 ) .CnnOWHbie 

KPI1Bble -~nR 0~11HaKOBhlX ,a DlTPI1XOBbie­

llnR pa3HbiX 3HaKOB aMnni1TY ~ Dll1p11H. 

H~pa C 1=1/2. Y 3TI1X R~ep 11HTepeCHbl ni1Wb ~BYX KaHanOBbie 

pe30HaHCbl C J=l. Y HI1X (J=O, oo 4 =0, a oo 2 -~YHKU11R O~HOA. 

nepeMeHHOA a. Ha PI1C.1 OHa 11306pa~eHa npl1 ~BYX 3Ha'ieHI1RX 

cos(cS0-62) 11 pa3HbiX 3HaKax-A" nor n2+. BI1~HO, 'iTO, ecnl1 oo2>0.5, 3HaKI1 
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·aMnnHTYll pa3Hh!B I. a llnR 3Ha'IBHHR ex - ll8B 803MOJKHOCTH. EcnH JKB 

w
2
<0.5, TO 3HaKH-aMTinHTYll HB OTIPBllBnR~TCR, a ex MOJKBT HMBTb n~6oe 

H3 ll8YX HnH ,!laJKB 'IBTh~BX 3Ha'IBHHA. 

1• 1 w,. 0 J 'K-- 1 1·1 -.... J = 1/2 p = 0 ............. J = 3/2 
w2 l N . ',W4:0 

1 ...2..._ c:s 3 . ' 
' 1 \ 

\ 

' ' \ 
I I \ I I \_ ..... --.:---............. , 

0,4 

,2 

0 0 
0,2 0,4 0,6 0,8 1 0,2 0,4 0,6 0,8 

()( p 
PHC. 2.AHH30TPOTIHR paCCBRHHR 8 PB30HaHcax Ha Rllpax C I=~llHIPhl y 

. KPH8h!X - 3Ha'IBHHR cos(o 0-o 2 ) llnR J=1/2 H ,1(1-ex)fex cos(c5
0
-o

2
) 

llnR J=3/2. CnnOIDHhiB KPH8h!B - llnR OllHHaK08hiX, a lliTPHX 08h!B -,!lnR 

-~a3Hh!X _:3HaKOB. aM_TinH_TYll lliHpHf.i, _ 

8 8 r----,----,-.--,----, 

N~ 6~ 
' N 

3 
4 

2 

I= 3/2 

J = 1 

Wt,=O 

/ 

1 I 

/ 

I 
I 

I 
I 

I 
I 

I 
I 

0,2 0,4 0.6 0,8 
(3 

N 

~ ..... 
N 

3 

6 

I= 3/2 

J=2 

/ 

N 

~ 

' ~ 
3 

I -1 o.8 

/ 
............ _ 1 I 

'-.. . 
'f, 
I ', 

0.6 

0.4 

. ' ----~~0.2 
0 I ., __.,. ....,..___ X'>--J! 

0,2 0,4 0,6 0,8 
(3• 

_PHc. 3.AHH30TPO~HR paCCBRHHR 8 PB30HaHcax Ha Rllpax C I=3/2 .. llHiphl Y 

KPH8hiX - 3Ha'IBHHR ,1(1-ex)jex cos(c5 0-o 2 ). CnnomHhiB KPH8hiB - llnR 

OllHHaK08hiX, a lliTPHX08hiB -llnR pa3HhiX. 3HaKOB aMnnHTYll lliHPHH. 

IDTpixnYHKTHpHaH KPH8aR H npa8aR mKana no ocH opllHHaT - nnR w
4

. 
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Hnpa c T=l. Y ll8YXKaHan08hiX pe3oHaHC08 c J=1/2 (/1=0,w
4

=o) 

w2 HB 3a8HCHT OT 3HaK08 aMnnHTYll; H 3HaHHB ~2 llaBT ll8a 

803MOJKHhiX 3Ha'IBHHR ex ,(CM.pHC .2). Pe3oHaHChl c J=3/2 

-Tpex KaHanOBhiB I HO y HHX HYnB80B w4. fi03TOMY H38BCTHOB 3Ha'IBHHB 

IYHKUHH llayx llBPBMBHHbiX w2 (ex,.f1) HB OllPBllenRBT HH ex, · HH /1, ~H 

3HaKH aMnnHTYll· Ha pHc:2 aHa H3o6paJKeHa llnR ll8YX 3Ha'IBHHA 

npOH38BllBHHR ,1(1-ex)fex cos(c5 0-o 2 ) KaK IYHKUHR /1. 

flllpa C !~3/2 •. K pB30HaHCaM C J=1 OTHOCHTCR 8CB,'ITO CKa3aHO 

8hllliB 0 PB30HaHcax C I=1,J=3j2.0TnH'IHB OT HYnR w4 Y pB30HaHC08 

C J=2 llBnaeT HX HaMHOrO HHIOpMaTH8HBB no cpaBHBHHD CO 8CBMH' YlKB 

paCCMOTPBHHhiMH. 3TO JKB cnpa8BllnH80 llnR pB30HaHC08 060HX CnHH08 Ha 

Rllpax C I>3j2. 3a8HCHMOCTb w2 (ex,f1) H w4 (ex,f1) llnR MHIDBHH C I=3/2 

noKa3aHa Ha PHC.3. DnR RllBP 6onee 8hlCOKOrO cnHHa OHa 

nOll06Ha: BCB KpH8hiB, H306paJKaDIDHB w 2 fex
2 

KaK IYHKUH~ /1 , HCXOZIRT H3 

OllHOA TO'IKH /1=0, cu 2fex 2=h2,;llnR J=I-1/2 HnH /1=1, w2;ex 2=(a+b) 2 llnR 

J=I+1/2, a w4 fex
2 8 3a8HCHMOCTH OT /1 llaBTCR napa6onoA, Kaca~ruBACR 

OCH a6CUHCC 8 TO'IKB /1=-djc. 

K COJKanBHH~ , K8allpaTH'IHOCTb ypa8HBHHA (17) H (18) H. ll8a 

803MOJKHhiX 3HaKa 8 (17) '!aCTO npH80llRT K HBOllH03Ha'IHOCTH HX 

pemBHHA llnR ,!laHHOA H3MBPBHHOA naphl 8BnH'IHH w2 H w4 . 8 .Ta6nHUB 2 Mhl 

npH80llHM xapaKTBpHhlB npHMBphl PBlliBHHA llnR pB30HaHC08 Ha Rllpax C 

I=S/2. 3TH pBlliBHHR nony'!~nHCb cnBllY~lliHM o6pa3QM. DnR npOH380nbHO 

8b~paHHOA naphl 'IHCBn ex 0 , /1 0 8 npellnOnOJKBHHH Taro HnH HHOrO 3HaKa 

llPOH38BllBHHR aMnnHTYll lliHPHH (3Ha'IBHHR ex 0 H /1
0 

_: 8 nepBhiX CTOn6uax 

Ta6nHUhl, 3HaK _npOH38BllBHHR - nocne 3Ha'leHHR /1 0 ) no lopMynaM (17) H 

H ;,~ . ( TPBTHA H 'IBTBBPThiA CTOn6Uhl 

Ha 38M nyTeM nepe6opa c MamiM maroM 8CBB03MOJKHhlx 

. . 0 
(18) 8hi'IHCnRnHCb 3Ha'IBHHR w2 

_ Ta6nHUhl) .A 3aTBM 

ex,/1 .H3 HHTBpBana (0,1) on~BllBnRnHCb MaCCH8hl TaKHX ex , /1 ,. 

llnR KOTOPhiX w2 (ex ,/1) H w 4 (ex ,/1) nonanaDT · 8 3allaHHhiB HHTBp8anbi 
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O+ 0+ 
~2-~~2 H ~4-~~4 TO eCTh HaXOllHnHCh MHOlKeCTBa pemeHHft1 

OTBe'iaDDlHX HeonpeneneHHOCTHM 2~"' 2 H 2~"' 4 neBbiX 'iaCTeft ypaBHeHHft. 

3TH MHOlKeCTBa 3aHHMaiOT HeKOTOpbie o6naCTH Ha nnOCKOCTH «1{1; 

npenenhHble 3Ha'ieHHH a H f1 ( CO 3HaKOM npOH3BelleHHH aMnnHTYll) B 

:3THX o6nacTHX YKa3aHbi B 'ienipex nocnellHHX cTon6uax Ta6nHUbi 2. 

Ta6nHua 2 

nPHMEPbl PEillEHHH CHCTEMbl ,'YPABHEHHH (17)-{18} 

~"'2=~~4=0.02 ~"'2=~"'4=0.005 

"'o f1o 
0 

~2 
0 

"'4 a I {1 a I {1 

I=5/2 I J=2 

o.5 lo.9-I0.64 1o.o4 lo.35-o.55 lo.87-0.94-I0.48-o.52 I0.89-0.91-

0.3 I0.7+Io.78 10.01 10.22-0.88 0.27-0.99+10.22-0.58 10.34-0.99+ 
0.79-0.86 0.30-0.42+ 

0.5 I o. 3+1 o. 68 0.00 0.19-0.92 10.17-0.99+10.27-0.91 
0.28-0.34 0.93-0.99-

!=5/2 1 J=3 

0.18-0.67+ 

0.9 lo.9-I0.12 lo.57 lo.78-0.92 lo.88-0.97-I0.81-0.91 I0.90-0.95-

0.5 

0.5 

0.1-10.57 0.06 

0.7+10.28 0.06 

0.44-0.52 
0.90-0.92 

0.38-0.50 
0.40-0.70 
0.70-0.76 
0.74-0.86' 
0.76-0.77 
0.98-0.99 

0.06-0.15- 0.49-0.51 
0.22-0.26+ 0.91-0.92 

0.71-0.78- 0.42-0.46 
0.65-0.72+ 0.48-0.53 
0.57-0.65- 0.74-0.75 
0.55-0.63+ 0.81-0.84 
0.18-0.24- 0.75-0.76 
0.23-0.26+ 

0.09-0.11-
0.23-0.24+ 

0.74-0.75-
0.70-0.71+ 
0.59--0.61-
0.57-0.59+ 
0.19-0.21-

llnR KalKllOfO H3 CnHHOB J llaHhl no TPH THnH'iHb~ npHMepa pemeHHft 

nayx 3Ha'ieHHRx HeonpeneneHHOCTeft ~ 2 H .., 4 • Bo acex· npHMepax nnR 

H B nepaoM npHMepe nnR J=2 pemeHHR npencTaBnHIOT co6oft 

"nRTHa" TOft HnH HHOft ~OPMhl Ha KBanpaTe nnOCKOCTH «1{1 C 

12 

aepmHHaMH (OIO) I (110) I (111) H (0 11). llpH 3TOM B nepahlx npHMepax 

pemeHHR ellHHCTBeHHbl, a B TpeTbeM llnR J=3·HX meCTh npH ~c.>=Q,02 .H 

nHTh npH ~c.>=0.005. PemeHHR lKe BO BTOpOM H TpeTbeM npHMepax llnR ·J=2 

npellCTaBnHIOTCH B BHlle "TOnCTb~ nHHHft" 1 KOTOphle THHYTCH H3 yr na 

KBanpaTa OKOnO BepmHHhl (110) B CTOPOHY BepmHHhl (0;1)1 KPY~O 

noaopa'iHBaR 3aTeM K aepmHHe (111). "TonmHHa" 3THx nHHHft -o.o3 npH 

~c.>=0.02 H -0.005 npH ~c.>=0.005 1 npH'ieM B TpeTbeM npHMepe· "nHHHR" 

conpOBOlKllaeTCH "nRTHOM" hpH· ~c.>=0.021 a BO BTOPOM npHMepe OHa 

npepbiBaeTcR a cepenHHe npH ~"'=o. 005. 

B 3aKniO'ieHHe OTMeTHM erne OllHY oco6eHHOCTh npennaraeMoro 

MeTana HccnenoaaHHR (s+d)- cMemHBaHHR B pe3oHaHcax. H3 ~opMYmi 

(17) BHllH01 'iTO npH ManbiX npHMeCRX d- BOnHbl (a -->0) nepBbiM 

cnaraeMbiM B KBanpaTHbiX CK06KaX MOlKHO npeHe6pe'ih 1 :H He3aBHCHMO OT I 

K03~~HUHeHT "' 2 CTpeMHTCR K 3Ha'ieHHIO 4«{1 cos2 (o 0-o 2 ) npH J=I-1/2 H 
2 . . ' . 

4«(1-{1) cos (o 0-o 2 ) npH J=I+1/2. 8 pe3ynhTaTe 3Toro nalKe He6onhmaR 

npHMeCh d- BOnHhl (-1%) npH llOMHHHPOBaHHH COOTBeTCTBYIODlero KaHana 

({1 HnH 1-{1 nopRllKa ellHHHUbl) H 6nH3KOM K ellHHHUe KOCHHYCe npHBOllHT 

K BnOnHe H3MepHMOft BenH'iHHe "' 2-0.04~ llpasna1 3TO n03BOnHeT TOnhKO 

3aperHcTpHposaTh ~aKT, 'iTO pe3oHaHc cMemaHHbift I TaK KaK ~ 4 B 3TOM 

cny'!ae npaKTH'ieCKH Hynesoe H n03TOMY He onpenenHIOTCH HH 

OTHOCHTenhHbie 3HaKH aMnnHTYlll HH a H {1 pa3nenhHO. 

5.3AKlll04EHHE 

Ha pHc.4 B 3aBHCHMOCTH oT 3HeprHH pe3oHaHcos nnR Tpex Mace 

Rllep npellCTaBneHO OTHOIUeHHe npOHHUaeMOCTeft llnR s- H d- HeftTpOHOB 

[9+3 (kR)2+ (kR) 4 ]/ (kR) 4 npH R=l. 35A1/ 3 ~M I KoTopoe MOlKHO 

paCCMaTpHBaTh KaK ~aKTOp 3anpeTa KOMnOHeHThl· IUHPHHhl r n2 no 

OTHOIUeHHIO K f nO" llonh3YRCh 3THM PHCYHKOM1 MOlKHO YTBepll<llaThl 'iTO 
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aepOliTHOCTb Ha6niOllBHHll DPHMBPHO OllHHaKOBhiX s- H. d- KOMDOHBHT y 

pe30HaHCOB 
207

Pb OpH E~ 200 K38, KaK B pa60TB [4], HnH npH 
27 . 

E~ 500 K3B Y Al, KaK B [ 5] , HMBBT DOPllllOK 0. 01. YMBHbWBHHB lKB 

. 108 

E,M3B 

PHc. i;IIJaKTOp 3anpeTa d- KOMDOHBHThl 

WHPHHhl OTHOCHTenbHO s- KOMDOHBHThL 

3HeprHH pe3oHaHCOB B 10 pa3 conpoBOlKllaeTcll ysenH4BHHeM 3anpeTa 

npHMepHo B 100 pa3. TaK 4TO o6Hapyl!<eHHe (s+d)- cMeceA B pe3oHaHcax 

He6onbWHX 3HeprHA - C T04KH 3peHHll CTaTHCTHKH C06hlTHe BBCbMa 

ManosepOliTHOB - MOlKBT DPBllCTaBnliTb 6onbWOA HHTepec KaK DpOliBneHHe 

HBHCCnBllOBaHHOrO HBCTaTHCTH4BCKOrO 3~~BKTa. 
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