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HecTepeHKO B.O. P4 124!)(\ 

HeKOTOPble eonpocbl no11yMY1KpocKonY14ecKoro onY~caHYI.R 
rY~raHTCKoro Ml -peaoHaHca 1-1 Ml-nepexoAOB 
B Ae¢OPMYIPOBaHH~X .RApax 

B paMKax RPA npoeeAeH~ pac4eTbl AY1n011bHoro rY~raHTCKoro 
MarHYITHoro peaoHaHca /~rMP/ A11.R P.RAa .RAeP peAK03eMe11bHO~ 
Y1 TpaHCypaHOBO~ 0611aCTe~. noKa3biBaeTC.R, 4TO B03MO>KHO 3Ha4Y1 
TenbHOe pac~en11eHY1e /yWY!peHYie/ ~rMP, npl-1 KOTOPOM HY13KO-

l; . , .. 

3HepreTY14eCKa.R 4aCTb ~rMP ¢opMY1pyeTC.R B OCHOBHOM 3a C4eT 
npOTOHH~X COCTO.RHYI~, a B~COK03HepreTY14eCKa.R 4aCTb - 3a 
C4eT He~TpOHH~X. 0611aCTb 110Ka11Y13a~YIY1 ~rMP AOCTYiraeT npl-1 
3TOM 5-7 M3B. TaK>Ke pacc4Y1TbiBaiO_IC.R 1-1 cpaBHYIBaiOTC.R c 3K
<:_~ePYI_t~,eHTOM npYIBeAeHHble WYIPYIH~ k Ml Y1 OTHOWeHYI.R WI-IPYIH . 
I"E 1 / f'M 1 e o611acT1-1 3HeprYIY1 CB.R3Y1 He~TPOHa Bn. 

Pa6oTa Bbln011HeHa a Jla6opaTOPYIY1 TeopeTY14ecKo~ 
¢Y13YIKY1 OH.s!l-1. 

.( 1f.J' j)f ·1 ! ; ! .. . ,: .. 
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Some Prob 1 ems of. a . ~~mi'tl\1 .q rds,qo·pJRt~ · ;i"'!•:i l n 
Description of a Giant~11-Resonance 
and Ml-Transitions in Deformed Nuclei 

Within the RPA the calculations of a dipole giant 
magnetic resonance (DGMR) for a series of nuclei of rare
earth and transuranium regions are presented. It is 
shown that a considerable splitting (broadening) of 
DGMR is possible, at which a low energy part of DGMR 
is formed due mainly to proton states, whereas a high 
energy part is due to neutron ones. The localization 
region of_ DGMR is as hiqh as 5-7 MeV. Reduced widths kM 
and width ratio fE /fM 1~ · at the neutron binding ene~gy 
Bn are calculated and compared wi th experiment. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. BBE~EHHE 

XOT.R TeopeTY14eCKOe YICC11eAOBaHY1e AY1n011bHoro rYiraHTCKOrO 
MarHYITHoro peaoHaHca /~rMP/ a Ae¢opMHposaHH~x .RApax npoA011-
>KaeTC.R y>Ke 6o11ee AeC.RTH 11eT 11"41, 3TOT eonpoc Y13y4eH e~e 
Aa11eKo He n011HOCTbiO. Bo3MO>KHo, OAHO~ H3 npH4YIH TOMY .RB11.ReT
c.R OTCYTCTBY!e AO HeAaBHero BpeMeHH 3KCnepHMeHTa11bH~X AaHH~X 
0 ~rMP 8 Ae¢opMHpoeaHH~X .RApax. nepe~~ Y1 noKa eAHHCTBeHH~~ 
3KCnepHMeHT nO.RBH11C.R T011 bKO B 19 78 rOAY ~/ : B peaK~HH 
311eKTPOAe11eHH.R 236U Y1 238U B 3TYIX .RApax 6~11 06Hapy>KeH 
~rMP C 3HeprY1e~ COOTBeTCTBeHHO 5,8 Y1 6,5 M3B Y1 WYIPYIHO~ 
1 1-1 1 , 5 M3B. 

0AHYIM 1-13 sonpocos, >KAY~YIX ceoero peweHYI.R, .RB11.ReTc.R eonpoc 
0 WYIPYIHe ~rtW. B HaCTO.R~e~ pa6oTe YICC11eAyeTC.R P.RA ¢aKTOpOB, 
KOTOp~e MOryT npYIBOAYITb K pac~en11eHY110 1-1111-1 3Ha4HTe11bHOMY 
YWYipeHI-110 ~rMP B Ae¢OPMY1pOBaHH~X .RApax . npl-1 3TOM 0611aCTb 
110Ka11Y13a~YIY1 ~rMP AOCTYiraeT 5-7 M3B. Pac4eT~ nposoA.RTC.R A11.R 
4eTH0-4eTH~X .RAep peAK03eMe11bHO~ Y1 TpaHcypaHOBO~ 0611acTe~. 
~.A 238U AaeTc.R cpaeHeHY!e c 3KcnepHMeHTOM ~1 . 

TaK>Ke B~4YIC11.RIOTC.R 1-1 cpaBHYIBaiOTC.R c 3KcnepY~MeHTOM ~ 1 

cpeAHYie npYIBeAeHH~e paAYia~YIOHH~e WYIPYIH~ kMt Y1 OTHOWeHYI.R 
cpeAHYIX WYIPYIH rEt/ fMl A11.R 0611aCTY1 3HeprYIY1 CB.R3Y1 He~TpOHa 
Bn . nocK011bKY Bn Y1 3HeprYI.R ~rMP 611Y13KY1, TO TaKY!e pac4eT~ 
nOMOraiOT CYAYITb, HaCK011bKO npaBY111bHO TeOpYI.R npeACKa3biBaeT 
no11o>KeH1-1e ~rMP. 

2. OCHOBH~E ¢0PMYJl~ l-1 ~ETAJll-1 PAC4ETOB 

PaC4eT~ B AaHHO~ pa6oTe npOBOAY111Y1Cb MeTOAOM RPA Ha 
6a3e n011YMY1KpocKOnY14ecKo~ MOAe11Yin,8( B paMKax 3TO~ MOAe11H 
paHee 6~111-1 YICC11eAOBaH~ rY~raHTCKYie EA -pe3oHaHCbl a Ae¢op
MHpoeaHH~X .RApax 19·11 / . 

PaCCMOTPHM OCHOBHble ¢opMy11~ A11.R o6~ero C11y4a.R A 2: 1. 
4acTb ¢0PMY11 //1/-/8/ I HMeeTCR B pa6oTax l2 ,8 , l2/. raMY111bTO
HY1aH YIMeeT BYIA: 

H = H av + Hp air + HaQ ' /1/ 
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rAe Hav onHcbleae:r cpeAHee none e ~opMe noreH4Hana CaKCOHa
ByAca; II . - e3ai-1MOAei1c:raHe, npHBOAR~ee K napHbiM Koppe-

p~r -
11R4HRM;Ho-Q - CnHH-MYllbTHnOllbHOe OCTaT04HOe B3aHMOAeHCTBHe, 
KOTOpOe 3anHCbiBaeTCR B BI-'IAe 

1 A (A) (A) + + 
H = - - - l {(K + K )[T, (n)T, (n) + T, (P)T, (p)] t-

o-Q 2 IL = 0 0 1 '* 1\IL 1\IL 1\IL 

+ (K~) -K?))[TA: (n)TAIL(P) t-TA: (p)TAIL (n)]!. 

/2/ 

3AeCb K ~,\) H K ;A) - COOTBeTCTBeHHO H30CKaJ1RpHaR ~ H30f;JKTOp
Hal'\ KOHCTaHTbl Cni-'IH-M:tllbTHnOllbHbiX CHll, npH4eM K A) = K A· = 
= K(A) + K (A) K (A) = K (AJ - K (A) . .Qanee nn PP 

0 1 ' np 0 1 ' 

T, (n)= l < s'o-' l f, l so- > a+ , ,a , 
1\IL ss, 1\IL s (T S(T 

131 

(T(T 

rAe 

IL .... .... I 

!
_}_:-_:-_rA-1[{;YA-11AIL +(-1) !o-YA-1 A-IL], 
,)2 

f = 

AIL A-1 ...... -0 
r { o- Y A- 1 I Ao ' IL - • 

11.;, 0. 

/4/ 

Bblpa>KeHHe AllR TAIL(P) HMeer aHanorH4HbiH BHA. 3AeCb aso
onepa:rop YHH4TO>KeHI-1R 0AH04aCTH4HOrO COCTORHHR C KBaHTOBbiMH 
4HCJlaMH So-, (T = ±1, 

{;y A- 1 (e,cp)IA = l (1pA ·-11L-p iAIL) o- p Y A- 11L_P (e, ¢), 
IL p=o. ±1 

(Tp- MaTPH4a naynH. B AallbHei1weM ee3Ae HHAeKc s 03Ha4ae:r 
COCTORHHR TOJlbKO HeHTPOHHOH CHCTeMbl, r - TOJlbKO npOTOHHOH 
CI-'ICTeMbl, q - HeHTPOHHOH H npOTOHHOH CHCTeM. 

8 AaHHOH pa6o:re He npOBOAI-'ITCR BOCCTaHOBJleHHe po:ra4HOHHOH 
HHBapHaHTHOCTH H COXpaHeHHR OpHeHTa4HH OCeH CHCTeMbl KOOp
AI-'IHaT, CBR3aHHoi1 c RAPOM. B ~.41 noKa3aHo, 4TO 3TH ~aK:ropbl 
CJla6o BllHR~T Ha CBOHCTBa .QrMP, reHepHpyeMoro B3aHMOAeHCTBH
eM {;Y0 1 11L.KpoMe :roro, ... ~aK BHAHO H3 /4/, e pac4e:rax He 
Y4HTbiBa~TCR CHllbl r A+l lo-Y A+ 

1
1 A /cnHH-KBaApynonbHble AllR 

A= 1 /. KaK noKa3anH Bbi4HClleH~ AllR 154Sm H 166 Er, ocHOBHaR 
4aCTb CHJlbl CnHH-KBaApynOJlbHOH MOAbl ne>KHT 3Ha4HTellbHO BbiWe 
3HeprHH .QrMP /EM 1= 45·A- 1~ M38 1131 /. C APYroi1 CTOpOHbl, 
paAHallbHaR 4aCTb onepa:ropa MarHHTHoro nepexoAa - raKaR >Ke, 
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A- 1 ...... 
KaR e onepa:rope r l o-YA-t ~>.tt, HO o:rm14aercR or paAI-'IallbHOJI! 

4aCTI-1 onepa:ropa rA+ 1{(;Y,\+lj"A!L • no:.HOMy 1-13 C0_.96pa>KeHI-1H KO
repeHTHOCTI-1 MO>KHO O>KI-1AaTb, 4TO Cl-'lllbl TA-1 {;y A-il AIL 6YAYT Aa
eaTb e npi-'IBeAeHHY~ eepORTHOCTb MA-neoexoFOB AOMI-1HHPY~~I-1i1 

BKJlaA. no BCeM :.HI-1M npi-141-1HaM Cl-'lllbl rA+ 1{(;YA+liA!l.He Y41-1Tbl
ea~TCR. 

OnpeAelli-'IM onepa:rop PO>KAeHI-'IR cnHH-MYllbTI-'InOllbHOro $OHOHa: 

+ 1 t + t 
Q =-- l It/! .'U ·-¢ ,1J , I, 

t 2 qq, qq ·qq q.q . qq /5/ 

rAe 'llqq' = - ~= l a, a , a - oneparop norno~eHHR KBa3!-1-y2 qo- q-o- qo-

4aCTH4bl' t = AILi• i - HOMep OAHO~OHOHHOro COCTORHI-'IR C AaHHbiM 
AIL· • 

CneAYR m; H onycKaR BbiKllaAKI-1, cpa3y Bblnl-'lweM ccKynRpHoe 
ypaBHeHHe AllR 3HeprHH OAHO~OHOHHbiX COCTORHI-'IH wt M Bblpa-
>KeHHR AllR aMnlli-'ITYA gt ·= 1/lt, +¢t, "' wt,=t/lt ,-.pt ,. 

qq qq qq qq qq qq 
CeKyllRPHOe ypaeHeHHe HMeer BHA: 

K(A)K(A) [S t (n) -St(p)] 2 -(1-K(A)gt)(1-K(A)g-t) =0 
0 1 0 1 • /6/ 

rAe 

t t t 
S = S (n) + S (P). 

t (-) 2 
(fss' u ss') fss' 

2 l ------ ----- ----
ss' f2 ,-w2 

t 
S (n) = 

171 

ss t 

.Qanee, 

·------ f- (-) 
t . 2 ss, u ' ( 

g ' = v ------ ------~~--.! s ss t --- ' 
Y (n) ( 2 , _ w2 

/7a/ 

ss t 
t yr-2 ___ rt .u<-l,w 

W , = ------ _ _J;S SS t ss t ------------
y (n) ( 2 , - w 2 

/76/ 

ss t 

rAe 

[ 1 - (K ~A) + K \A) _2~-~~~~) S ~~~~ ' 
Y t(n) = y t (n) + y t (p) ------(-(A) _____ ().) ) S t (p)] S t (p) 

[1-KQ +K1 

/7e/ 
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(1- (K,(;) + K (~)) S t~l2~~-~2_ 
Y t (p) = y '(p); y t (n) -----(-(,\) ___ <~))~-~ (n)] st (n) ' 

(1 - K 0 + K 1 /7r/ 
t (-) 2 

(f , u , ) ( s s , (J) t 

~ --~~---~~-----2-----
s s, (( 2 , - (J) 2 ) 

ss t 

y t (n) = 17AI 

3AeCb f :s' '= f ~, - OAH04aCTI-14Hbl~ MaTpi-14Hbl~ 3JleMeHT OT 

one.paTopa /4/, u (-) -=u v , -u ,w - KOM61-1Halli-1.A K03¢c)JI-1L.ll-1eH-ss s s s s 
T08 KaHOHI-14ecKoro npeo6pa3o8aHI-1.A Eioron~6o8a, ( ss, = ( 

8 
+ ( 

8
,, 

f 8 - 3Hepri-1.A ~AH0~8a31-14a~TI-14HOrot COCTO.AHr.A S. 

BblpameHI-l.A Ail.A S (p), g rr' , w rr' 1-1 Y (p) I-1Me~T aHano

ri-14Hbl~ 81-lA C 3aMeHO~ 8 /7a/ 1-1 /76/ Y t(n) Ha yt (p). 
npl-18eAeHHa.A 8epO.ATHOCTb MA -nepeXOAa 1-lMeeT 81-lA: 

+ 71 2 
B(MA, 0 0 -.I K) = B(MA, 0 _, (J)t) = (OOAiliiK)M t , !8! 

rAe 

M 2 = _t I ~ f t , u (-), g t , l 2 . /8a/ 
t 2 qq, qq qq qq 

-t -Aj.t 
3AeCb fqq' "' fqq'- OAH04aCTI-14H~~ MaTpi-14H~~ 3JleMeHT OT onepa-

TOpa MA -nepeXOAa, I-1Me~~ero 81-lA: 

e\1 _, 2gy (r) 
:nl(MA, 11) = --- [g (r) s + ------· 

2Mc 
8 

A+ 1 
r ] V [~ Y All (e, ¢)] = 

/9/ 

2gn (r) 
'- y, A-1 ->-> r _, -> l ) =-~':-[A(2A + 1)) ' r [g

8
(rllsYA_ 1 lAil +------- If YA-1 All · 

2M c A~ 1 

B /9/ l-1cnonb308aHbl o6o3Ha4eHI-1.A: r = ln. p l , ; · 1-1 r - onepa-

TOpbl Cni-1Ha 1-1 op61-1TailbHOrO MOMeHTa HYKilOHa, g 8 (r) 1-1 gf(r) 

Cni-1H08~~ 1-1 op61-1Tai1bHbl~ rMpOMarHI-lTH~e c)JaKTOpbl HYKilOHa. 

B AaHHO~ pa6oTe 8~41-lCil.AeTc.A CI-1Il08a.A ¢YHKLI1-1.A npl-18eAeHHO~ 
8epo.ATHOCTI-1 MA -nepexoA08, 1-lMei'J~a.A 81-lA !8/: 

b (MA, (J)) = ~ B(MA, 0 _, (J) t )p((J) - (J) t ), 
t 

rAe ciJYHKL.ll-l.A ycpeAHeHI-l.A p((J)- (J) t) 8bl6!-1paeTC.A 8 81-lAe 

p((J) - (J) ) = _L ----------~----------- . 
t 2 71 ((J) - (J) t ) 2 + (6./ 2 ) 2 

Ari.A TOrO, 4T06bl pe3yilbTaTbl pac4eT08 He 3a81-1Ce!ll-1 OT 

napaMeTpa ycpeAHeHI-l.A 6., ero 3Ha4eHI-1e 6panocb MHoro MeHbWMM 

6 

8e!li-141-1Hbl 3HepreTI-14ecKo~ o6nacTI-1 noKa!ll-13al.ll-11-1 paccMaTpl-18ae

MbiX CTPYKTYP. 

11cnOJlb3Y.A MeTOA ycpeAHeHHbiX xapaKTepi-1CTI-1K /8/, nony4aeM 

AJl.A Cl-1!1080~ ¢YHKL.11-11-1 CileAY~~ee 8blpameHI-1e: 

t(M.A, (J)) = 

(
St( ))2( (A) (A)_. ~A) (A)g t(p))+(St( )\21 (A) (A)_4 (A) (A)gt( )~ 28- t( )gt( )( (Al (A)) 

1 0 KO +K 1 ""0 K 1 p I \K 0 +K 1 KO K 1 0 ,+ 0 p KO K 1 
=-lim[ J-

71 
(1- K CA) st )(1- K(A) s t) - K(A)K CA)cst (n)-S t(P)) 2 

0 1 0 1 (J) -> (J) + i6./ 2 

6. - t (-) 2 1 1 l + -- ~ (f , u , ) [-------- ], 
2 qq' qq qq ((J) -( , )2 +(6./2)2 ((J) + ( ,)2 + (6. / 2l /10/ 

qq qq 

rAe 

-t ft f t (-),2 
S (n) = 2 ~ YY_~-~' (uss ''J fss' 

ss, ( 2 ,--~-2--- 1-1 
st (p) 1-lMeeT aHa!lOri-14H~~ 81-lA. 

s s t 

I13!10mi-1M AeTaJll-1 41-lCJleHH~X pac4eT08. napaMeTp~ noTeHL.ll-la!la 

CaKCOHa-ByAca 83.AT~ 1-13 pa6oT n4~ KoHcTaHT~ napH~x Koppen.A

L.ll-1~ noA61-1panl-1cb no napH~M 3Hepri-1.AM. Y41-1T~8a!li-1Cb OAH04ac

TI-14H~e yp08HI-1, npi-1HaA!lema~l-1e 060J104KaM C r!la8H~M K8aHT08~M 

41-lCilOM N =279 Ail .A He~TPOH08 1-1 c N = 1 7 9 Ail .A npOTOH08 8 I-1HTep-

8ane 3Heprl-1~ OT -36 AO +40 M3B. Hanpi-1Mep, 8 pac4eTax Ail.A 

166Er I-1CnOJlb308a!lOC b 104 He~TpOHHbiX 1-1 132 npOTOHHbiX yp08H.A, 

a Ail.A 238u - 155 He~TPOHH~x 1-1 175 npoTOHHblx ypo8He~. 
1130CKaJl.ApHa.A 1-1 l-1308eKTOpHa.A KOHCTaHT~ Cni-1H-MYilbTI-1nOilb

HbiX Cl-1!1 8bi41-1Cil.Aili-1Cb no c)JOpMy!le 

K (A) = K (A) = - ---~__:_'!'! ___ M3B. <liM -(2A- 2)' 

o 1 A < r2A-2 > 
/11/ 

KOTOpa.A C T04HOCTb~ AO 41-lCJleHHOrO K03c)Jc)JI-1L.ll-1eHTa C08naAaeT 

C c)JOpMyilO~ Ail.A Cni-1H-MYilbTI-1nOJlbH~X KOHCTaHT, I-1CnOilb308aHHO~ 

8 1151 Ail.A pac4eTa MA -nepexOA08 8 cc)Jepl-14ecKI-1X .AApax. Bbl-

pameHI-le Ail.A KOHCTaHT 8 /15/ , 8 C80~ 04epeAb, nOJly4eHO 1-13 

npeAnonomeHI-l.A aHanorl-11-1 MemAY MarHI-lTHO~ 1-1 3IleKTPI-14ecKo~ no

Il.API-13alli-1.AMI-1 4eTH0-4eTHOrO OCT08a .AApa He4eTH~M HYKilOHOM. 

no 81-lAY 3a81-1CI-1MOCTI-1 OT A 1-1 A 3TO 8~pameHI-1e co8naAaeT 

C OL.leHKO~ Ail.A I-130CKa!l.ApHO~ MYilbTI-1nOilb-MYilbTI-1nOJlbHO~ KOHCTaH

Tbl, no!ly4eHHO~ 1-13 YCI1081-1.A 3K81-18a!leHTHOCTI-1 8apl-1al.ll-1~ nilOTHO

CTI-1 1-1 noTeHL.ll-lana .AApa / 16 / . 

B 12 •121 1-13 pac4eT08 Al-lnOilbHbiX MarHI-lTHbiX MOMeHT08 Ail.A 

He4eTHbiX .AAeP 6bl!l0 Ha~AeHO, 4TO 8 cpeAHeM Ail.A peAK03eMe!lbHO~ 
o6nacTI-1 K~1 ) = K'l) = 471·0,26 M3B. C noMo~b~ 3TO~ OL.leHKI-1 npa.-1 



A - 166 /cepeAHHa peAK03eMeJlbHOH o6nacnt/ 6btll Bbt4HCJleH 
4HCJleH~H K03~~H~HeHT B /11/. 

B COOTBeTCTBHH cl2,l2/ paC4eTbl npOBOAHJlHCb C BaKyyMHbiMH 
3Ha4eHHHMH CnHHOBOrO H Op6HTaJlbHOrO rHpOMarHHTH~X ~aKTO
pOB g

8
(r) H g£ (r). 

3. AMnOnbHWA rMrAHTCKMA MArHMTHWA PE30HAHC 

Pe3ynbTaT~ pac4eTos npeACTasneH~ Ha pHc. 1-3 H s Ta6n.1. 
Ha pHcyHKax H3o6pameH~ CHnos~e ~YHK~HH npHBeAeHHOH sepOHT
HOCTH Ml-nepeXOAOB H3 OCHOBHOrO COCTOHHHH C 177 K = Q+ Q Ha 
COCTOHHHH C ~HKCHPOBaHHOH npoeK~HeH K H CHJlOB~e ~YHK~HH, 
CYMMapH~e no K. KOHCTaHT~ OCTaT04HOrO B3aHMOAeHCTBHH B~-
4HCJlHJlHCb no ~OpMyne /11 I. napaMeTp ycpeAHeHHH t'l B3HT 
paBHbiM 0, 2 M3B. 

Cpa3y OTMeTHM, 4TO npH aHanH3e nony4eHH~x AllH Ae~opMH
posaHH~x HAeP pe3ynbTaTOB B AanbHe.::iweM 4aCTO 6yAeT npo
BOAHTbCH aHanorHH co c~epH4eCKHMH HAPaMH. HecMoTpH Ha cne
~H~HKY Ae~OpMHpOBaHH~X HAep, 3TO n03BOJ1HeT nOHHTb OCHOBH~e 
Ka4eCTBeHH~e CTOpOH~ paCCMaTpHBaeM~X HBJleHHH. 

PaccMOTPHM HAPO l66E~ M3 pHc. 1s BHAHO, 4TO CHnosaH 
~YHK~HH, Y4HTbiBa~~aH OCTaT04HOe B3aHMOAeHCTBHe, HMeeT TPH 
pe3oHaHCHble o6nacTH, pacnonomeHHbte npH 3HeprHHX -3, -9 
H-13 M3B. nonomeHHe nHKO B B nepso.::i o6nacTH ~aKTH4eCKH He 
MeHHeTCH npH OTKJ1~4eHHH OCTaT04HOrO B3aHMOAeHCTBHH, 4TO 
yKa3biBaeT Ha HX HeKOJlJleKTHBHY~, ABYXKBa3H4aCTH4HY~ npHPOAY. 
M3secTHO, 4TO CHJlbH~e pe3oHaHc~ s AaHHOH o6nacTH IAnR 238U, 

HanpHMep, ll(Ml) AOCTHraeT 5-6 spu I B03HHKa~T 3a C4eT 6onb
WHX 3Ha4eHHH OAH04aCTH4H~X MaTpH4H~X 3JleMeHTOB MemAY CnHH
op6HTaJlbHbiMH napTHepaMH (j 1 = £+lh, j 2 =£-Vz) c MaJlbtMH L TaKHe 
pe30HaHC~ HMe~T MeCTO TOJlbKO AJlH nepeXOAOB Ha COCTOHHHH 
c K = 1. 

Pe3oHaHCH~e o6nacTH npH 3HeprHHX -9 H -13 M3B cocTasnH~T 
ArMP. B OAH04acTH4HOM npH6nHmeHHH ArMP o6pa3yeTcH cnHH
op6HTanbH~MH napTHepaMH C 60JlbWHM op6HTaJlb H~M 4HCJ10M fn?/ 
I g , h, i - noAo6on04KH AllH Ae~opMHposaHHbiX HAep/. 0cTaT04Hoe 
B3aHMOAeHCTBHe CABHraeT ArMP ssepx no 3HeprHH, 4TO npoAeMoH
CTpHpo saHo Ha PHC. 1 B. 

M3 PHC. 1s BHAHO, 4TO ArMP pac~enneH Ha ABe rpynn~ nH
KOB npH 3HeprHHX -9 H -13 M3B. 3aMeTHoe pac~enneHHe HJlH 
ywH peHHe Ar MP HMeeT MecTo npH pac4eTax H APYrHx Ae~opMHpo
BaHH~X HAe p Ha BCeM npOTHmeHHH peAK03eMeJlbHOH H TpaHcy paHo
BOH o6nacTe.::i /eM., HanpHMep, pHc. 2s H ~/. AnH o6b HCHeHH H 
3Toro ~aKTa paccMOTPH M B~pameHHe AllH 3HepreTH4ecKoro CA BHra 
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Ta6llHI.\a 1 

SKllaAbl S / %/ a MOAellbHOe EWSR All~ pa3Hb1X ApOeKI.\HH 
K 1-1 3HepreTH~eCKHX HHTepaallOB ~w /MaS/ 

s I ~w ~APO s ~w s ~ s ~w s 
K=O K = 1 

166Er 'Z7 73 0-4 4 4-8 9 8 -14 49 14-30 32 

230Th 25 75 Q-3,5 5 3,5-6,5 6 6,5-14 68 14-30 20 

23su 27 73 Q-3 6 :H> ,5 6 6,5-12 64 12--30 22 

CB~3aHHbiX COCTO~HHH, o6yCll0BlleHHOrO CnHH-Op6HTallbHbiM B3aHMO
AeHCTBHeM. An~ npOCTOTbl B03bMeM aTO Bblpa>KeHHe B BHAe /18/ 

n p -->--> -213 
~fes' "' 1,4 · kn,p (fs)A M3B, /12/ 

rAe kn,p - CHJlOBOH napaMeTp cnHH-Op6HTaJlbHOrO B3aHMOAeHCTBH~. 
no ABYM np~<~~~<~HaM All~ Ae~opM~<~poaaHHbiX ~AeP a6con~THa~ aell~<~
~~<~Ha ~ffs , a cneAOBaTeJlbHO 1-1 aHepr~<~~ pac~enneH~<~~ cn~<~H
op6~<~TaJlbHbiX napTHepOB, OnpeAell~~~a~ B OAHO~aCTH~HOM npH6JlH
>KeHHH nollo>KeH~<~e ArMP, 6yAeT All~ HeHTPOHHOH c~<~cTeMbl 6onbwe, 
~eM All~ npoTOHHOH. 

So-nepablx, a HCnOllb3yeMoM 3AeCb noTeHI.\Hane CaKCOHa-SyAca 
All~ BCeH 06llaCTH Ae~OPMHpOBaHHbiX ~Aep k n > k p , npH~eM 

0 , 1<~~~E-<0,24.HanpHMep,All~ 166Er, 
230

Th 1-1 238
U OTHOWeHHe 

n 
k - k n p 
---k~----- npHHHMaeT COOTBeTCTBeHHO 3Ha4eHH~ 0, 18, 0,20 

1-1 0,13: ~3 pHc. 1a, 2a 1-1 3a B~<~AHO, 4TO aellH4HHbl pac~enlleH~<~~ 
Hll~<~ yw~<~peH~<~~ ArMP All~ aTHx-~AeP HaXOA~Tc~ a Ka~ecTBeHHOM 
COOTBeTCTBHH C nepe~HCJleHHbiMH 3Ha~eHH~MH. An~ nOTeHI.\Halla 
HHllbCCOHa TaK>Ke HMeeT MeCTO HepaBeHCTBO kn :::: kp 116 ~ 

So- BTOpblx, a ~Apax c !A> 150 HeHTPOHHble cn~<~H-op6HTallbHble 

napTHepbl, ~opMHPY~He ArMP, 6YAYT HMeTb 6ollbwee f, 4eM 
npoTOHHble. HanpHMep, a peAK03eMellbHbiX RApax All~ HeHTPOHOB 
aTO fiYAYT ypOBHH 1-13 nOA060llO~eK h H i, a All~ npOTOHOB -
g H h • . 

3TH ABe npH~HHbl 6YAYT Bbl3b1BaTb pac~enlleHHe /ywHpeHHe/ 
ArMP, npH KOTopoM HH3KOaHepreTH4ecKa~ ~acTb ArMP 6yAeT 
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06pa30BaHa npeHMy~eCTBeHHO 3a C~eT npOTOHHbiX COCTO~HHH, 
a BbiCOKOaHepreTH4ecKa~ ~acTb - aa c~eT HeHTPOHHbiX. Pac4eTbl 
noKa3biBa~T, ~TO aTO ~-!MeeT MeCTO KaK npH HaJlH~HH OCTaTO~HOrO 

B3aHMOAeHCTBH~, TaK 1-1 6e3 Hero. 
An~ Kb1)"'K\1), T.e. np~<~ OTCYTCTB~<~~<~ (np) -aaaHMOAeHCTBH~, 

6b1Jla HCCJleAOBaHa CTpyKTypa OAHO<)>OHOHHbiX COCTO~HHH C K77 = 1 +, 

cocTaan~~~~<~x ArMP. Pac4eTbl, npoaeAeHHble All~ P~Aa ~Aep, 
noKaaan~<~, 4TO 6onee 90 % CMJlbl ArMP, onpeAen~eMOH KaK 

2 B(Ml,O-->w .),w . , npHXOAHTC~ Ha 25-40 COCTO~HHH, All~ 
iEArMP 111 111 
KOTOpbiX B(Ml) >0,5spu. ~3 aTMX COCTO~HMH MO>KHO BbiAeJlMTb 
10-15 KOJlJleKTMBHbiX ypOBHeH, B KOTOpbiX BKJlaA MaKCMMaJlbHOH 
ABYXKBa3M4aCTH4HOH KOMnOHeHTbl MeHbWe 50 %, a 0,5spu <B(M1)< 3spu. 
3TH KonneKTMBHble ypoaH~<~ Aa~T oT 70 AO 90 % C~<~Jlbl ArMP. HaM6o
nee HHTepeceH TOT <)>aKT, ~TO 60llee 80 % Ml-cMJlbl npHXOAMTC~ 
a H~<~3KoaHepreTM4ecKoH 4aCTM ArMP Ha OAHO~OHOHHble cocTo~HM~ 
C npOTOHHOH ABYXKBa3M4aCTM4HOH CTPYKTYPOH, a B BbiCOKOaHep
reTH4eCKOH 4aCTM - Ha COCTO~HM~ C HeHTPOHHOH CTPYKTYPOH. 
TaKMM o6pa30M, HCCJleAOBaHMe CTPYKTypbl COCTO~HHH nOATBep>K
AaeT M3JlO>KeHHY~ BbiWe MHTepnpeTai.\M~ pac~enJleHM~ /ywMpeHM~/ 

ArMP. 
Ha PMC. 1r, 2r M 3r M306pa>KeHa CMJlOBa~ <)>yHKI.\M~ All~ 

CJly4a~ KCJ)"' 0, K{l) =-(4rr·44)/ A.SMAH0,4TO BbiKJliO~eHMe M30CKa
Jl~PHbiX CMJl /BKJ1104eH

1
He (np) -aaaMMOAeHCTBM~/ npMBOAMT K cy

~eCTBeHHOMy cy>KeHHIO o6llaCTM noKaJlM3ai.\MM ArMP, HO pac~enneHMe 
ArMP coxpaH~eTc~. S AaHHOM cny4ae (n~ -a3aMMOAeHCTBMe, 
CMeWMBa~ HM3KOaHepreTM4eCKYIO npOTOHHYIO M BbiCOKOaHepreTM-
4eCKyiO HeHTpOHHYIO ~aCTM ArMP, npMBOAMT K Mx c6nM>KeHM~. 

CJleAOBaTellbHO, OTCYTCTBMe ~~ -aaaMMOAeHCTBM~ TaK>Ke ~BJl~eTC~ 
OAHMM M3 <)>aKTopoa, npMBOA~~Mx K pac~enneHMIO /ywMpeHMIO/ ArMP. 

ArMP a 166 Er, 230 Th M238 U npeAcTaBlleH Ha pMc. 1a, 2a M 3a. 
SMAHO, 4TO All~ 166Er M 230 '!h MMeeT MecTo pac~enneHMe ArMP 
Ha ABe rpynnbl nMKOB c aHeprM~MM- 9, -13 M - 8, -- 12,5 MaS 
cooTBeTCTBeHHo, a All~ 238 U - wMpOKMH ArMP, pacnonomeHHbiH 
B MHTepBalle OT 6,5 AO 11,5 MaB. 

Heo6XOAMMO OTMeTMTb, 4TO HaM60llee MHTepeCHO He TO, 4TO 
oT ArMP oT~enll~eTc~ BbiCOKOJle>Ka~a~ rpynna nMKOB. KaK noKaaa
JlM pac~eTbl All~ 166Er M 230'!h, TaKa~ rpynna B OAHO~aCTM~HOM 
npM6JlM>KeHMM COCTaBJl~eT llMWb HeKOTOPYIO AOlliO BbiCOKOaHepreTM
~eCKOH HeHTPOHHOH 4aCT~<~ ArMP. KpoMe Toro, Ha npMMepe 238 u 

BMAHO, 4TO 8 3aBMCMMOCTM OT napaMeTpOB OAH04aCTM4HOrO no
TeHI.\Malla TaKoro OT~enneHM~ MO>KeT M He 6b1Tb. Ba>KHO APYroe -
wMpoKa~ o6nacTb noKanM3ai.\MM ArMP, a TaKme npoTOHHbiH M HeHT
POHHbiH xapaKTep COOTBeTCTBeHHO ero HM3KOaHepreTM~eCKOH 
M BbiCOKOaHepreTM~eCKOH 4aCTeH. ~HTepeCHO TaK>Ke TO, 4TO 
a OTllM4Me oT EA- M MA(A > 1) - rMraHTCKMX peaoHaHcoa aenM-
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~~Ha o6nacT~ noKan~3a~~~ ArMP onpeAen~eTc~ a nepay~ o~epeAb 
He Ae$OpMa~~eA ~Apa, a B~WeyKa3aHH~M npOTOH-HeATpOHH~M pac
~enneH~eM /yw~peH~eM/. 

8 np~H~~ne no TeM me caM~M np~~~HaM, ~To ~ a cny~ae 
Ae$opM~poaaHH~x ~Aep, npoToH-HeATpOHHoe pac~enneH~e /yw~pe
H~e/ ArMP B03MomHo ~ An~ AOCTaTO~Ho T~menbiX c$ep~~ecK~x 
~Aep. Pac~enneH~e TaKoro poAa Aa~T, Hanp~Mep, pac~eT~ ArMP 
An~ 124 Te /t9~ 0AHaKo An~ 6onbworo ~~cna c$ep~~ecK~x ~AeP 
npoToH-HeATpOHHoe pac~enneH~e ArMP MomeT 6~Tb a~pameHo 
AOBOnbHO cna6o ~n~ B006~e OTCYTCTBOBaTb, ecn~ Cn~H-op6~Tanb
H~e napTHep~ C 60nbW~M e He COCTaBn~~T ~aCT~~a-A~PO~H~X 
nap· OAHOBpeMeHHO ~ An~ npOTOHHOA.~ An~ HeATpOHHOA -~~CTeM. 

O~eHKa An~ 3Hepr~~ ArMP a T~menbiX ~A pax EM 1 ~45A·
1!.3 M38 

COCTaBn~eT An~ 166Er , 230 Th ~ 238 U COOTBeTCTBeHHO 8, 2; 
7,4 ~ 7,3 M38. ~3 p~c. 1a, 2a ~ 3a B~AHO, ~To H~3K03Hepre
T~~ecKa~ ~acT b ArMP a 166 Er ~ 230 Th nem~T HecKonbKO BbiWe 
3TOA o~eHK~. nonomeH~e OT~en~aweAc~ a~coKo3HepreT~~ecKoA 
4aCT~ ArMP np~6n~3~TenbHO cooTBeTcTayeT o~eHKe /70-80/ A"1'1-138. 

~3 p~c . 3a B~AHO, ~To ~eHTP ArMP a 238 U nem~T Ha 
/2,5-3/ M38 a~we 3Kcnep~MeHTanbHOro 3Ha~eH~~ 6,5 M38 ~1 • 
a o6nacTb noKan~3a~~~ ArMP np~6n~3~TenbHO a 3 pa3a 6onbwe 
3Kcnep~MeHTanbHoA. TaKoe pacxomAeH~e, B03MOmHo, o6b~CH~eTC~ 

TeM, ~To Ha 3Kcnep~MeHTe 6~n B~AeneH He aecb ArMP, a TOnbKO 
ero H~3K03HepreT~~ecKa~ ~aCTb. 8~coK03HepreT~~ecKa~ me ~aCTb 
ArMP, Ha KOTopy~ HanaraeTc~ E2 -r~raHTCK~A pe3oHaHc, Morna 
OCTaTbC~ He3aMe~eHHOA. 

8 Ta6n. 1 Ha np~Mepe 166 Er, 230Th ~ 238 u np~BeAeHbl xapaK
TepHble BKnaAbl S(%) B MOAenbHOe 3HepreT~~eCK~ B3BeWeHHOe 
npaa~no cyMM (EWSR) An~ pa3HbiX npoeK~~A K ~ 3HepreT~~ecK~x 

~HTepaanoa ~w. MoAenbHOe EWSR 6panocb a B~Ae 
3 -¥ (-) 2 

----- :l (f , u , ) ( , = :l B(Ml. 0 ... w . )w . 
16rr ll,qq' qq qq qq ll•i All! A/ll 

8bl~~cneH~~ npOBOA~n~cb np~ K( 1) = K <1,),- j_!T_:~~- ~3 Ta6n~~bl B~AHO, 
0 1 A 

~TO ArMP ~c~epn~aaeT OT 49% AO 68% MOAenbHOrO EWSR. np~ 3TOM 
aen~~~Ha S An~ ArMP a TpaHcypaHoa~x ~Apax 3aMeTHO 6onbwe, 
~eM B 166Er.3TOT $aKT B03MOmH0,06b~CH~eTC~ 3aB~C~MOCTb~ 
~"es - A 2!.3, a TaKme 'TeM, 4TO K~) ~K<11 > -A- 1 .~3 Ta6n. 1 
TaKme B~AHO, 4TO AOBOnbHO 3Ha~~TenbHa~ 4aCTb Ml -c~n~ np~
XOA~TC~ Ha 3HepreT~4ecKy~ o6nacTb a~we ArMP. 3Ta ~acTb Ml
c~nbl B OCHOBHOM cocpeAOT04eHa AO 3Hepr~~ 30 M38, np~4eM pac
npeAeneHa OHa AOCTaTO~HO paBHOMepHO. 

npeACTaBn~eT ~HTepec e~e OAHO CBOACTBO ArMP. KaK ~3BecT
HO, B EA. - r~raHTCK~X pe30HaHcax KOMnOHeHTbl C pa3HbiM~ npoeK
~~~M~ K pacnonomeHbl TeM BbiWe no 3Hepr~~, ~eM 6onbwe K. · 
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Ho, KaK B~AHo ~3 p~c. 1a,6; 2a,6 ~ 3a,6, KOMnoHeHTa ArMP c 
K=O nem~T a~we KOMnoHeHTbl c K= 1. TaKa~ c~Tya~~~ ~MeeT 
MeCTO KaK np~ Han~~~~, TaK ~ OTCYTCTB~~ OCTaTO~HOrO B3a~MO
AeACTB~~. 3Ta oco6eHHOCTb ArMP o6b~CH~eTc~ TeM, ~To a cny~ae 
cn~HOBbiX ocTaTo~HbiX c~n Ml-nepexOAbl c K= 0 ~an~~Tc~ 

nepeXOAaM~ C ~N=2, Hanp~Mep, lf
512 

->2f
512 

. 3Hepr~~ TaK~X 
nepexOAOB np~6n~3~TenbHO pasHa 21\w = 82· K 1!.3M38, 4TO 6onbwe 
3Hepr~~ pac~enneH~~ cn~H-op6~TanbH~x napTHepoa c 6onbW~M~ 
e, onpeAen~~~eA a OAHO~acT~~HOM np~6n~meH~~ nonomeH~e KOMno
HeHTbl ArMP c K = 1. 

8 3aKn~~eH~e OTMeT~M, ~To a pa6oTe /1-4/ He ynoM~HaeTc~ 
o npoTOH-HeATPOHHOM pac~enneH~~ /yw~peH~~/ ArMP. TeM He 
MeHee paC4eT~ aMI, npoBeAeHH~e C TaKoA me OAHO~aCT~~HOA 
CXeMOA ~ C y~eTOM poTa~~OHHOA ~HBap~aHTHOCT~, TaKme Aa~T 
An~ 166Er pac~enneH~e ArMP. 3TOT pe3ynbTaT, OAHaKo, a 141 He 
KOMMeHT~pyeTc~. C APYroA CTOPOHbl, pac~eTbl a 12,3/, BblnOnHeH
H~e np~ APYr~x /xyme noAo6paHH~x, ~eM HacTo~~~e/ napaMeTpax 
noTeH~~ana CaKcoHa-8yAca, He a~~a~n~ 3aMeTHoro pac~enneH~~ 
~n~ yw~peH~~ ArMP. 3To roaop~T o cy~eCTBeHHoA 3aa~c~MOCT~ 
CTeneH~ npo~aneHH~ AaHHoro caoAcTaa ArMP OT a~6opa OAHO~ac
T~~HoA CXeMbl. no3TOMy He06XOA~MO nOA~epKHYTb, ~TO HaCTO~~~e 
pac4eT~ yKa3~Ba~T n~Wb Ha B03MOmHOCTb npOTOH-HeATpOHHOro · 
pac~enneH~~ /yw~peH~~/ ArMP. Ha aonpoc me o TOM, pean~3o
aaHa n~ 3Ta B03MOmHOCTb B np~pOAe, MOmeT AaTb OT8eT TOnbKO 
3KCnep~MeHT. 

4. PAA~AU~OHH~E W~P~H~ 

An~ P~Aa ~Aep _6bln~ 8bl4~cneHbl cpeAH~e np~8eAeHHble paA~a
~~OH_i:ible _W~p~Hbl kM l ~ OTHOWeH~~ CpeAH~X paA~a~~OHHbiX W~
p~H rE 1 / IM 1 8 o6nacT~ 3Hepr~~ C8~3~ HeATPOHa B n. Pac4eTbl 
np080A~n~Cb An~ np~MbiX M1-(E1-) nepeXOA08 ~3 COCTO~H~A 

1T + -
c I = 1 (1 ). pacnonomeHHbiX 8 ~HTep8ane ~ y c ~eHTpoM np~ 
3Hepr~~ Ey = 8 n, Ha OCH08HOe COCTO~H~e ~Apa. np~ 3TOM ~c
nonb308an~Cb cneAY~~~e ~opMyn~: 

Ey+~~y 

L 1' 0 (E1.wA.i) = 0.35 ( b(E1.w)w 3dw 38, /13.1/ 
iE~ y · E - \1~ 

y y y 

Ey+ l-t ~y 
) -2 ) 3 L r yo(Ml. WAi ~ 0.39·10 r b(Ml,w w dw 38, /13.2/ 

iE~ y Ey- \1~y 
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+ + 3 -1 -3 
kM 1(1-+0 ,E)=(~ E) ~ r 0 (M1,w,\ . )M3B , 

y y y iE-~ y I 
y 

113.31 

rE 11f'M 1 =-< ~ r 0 (E 1. w. .nl< ~ r 0 (Ml. w,. )). 
iE~ y AI IE-~y y /\1 

113.41 

3AeCb CHn08ble cj>yHK~HH b(El, w) ~I H b(M1, w) 8bl.pa>KaiOTCfl 
coOT8eTCT8eHHO 8 I e· c!>M ,\ 1 2M3B- 1 H (etl~cfM38- 1 , a 3HeprHfl 

nepexoAa EY -9 M38. B AaHH~x cj>opMynax y4TeH~ OAHOcj>OHOHH~e 
COCTOflHHfl CO 8CeMH 3Ha4eHHflMH npOeK~HH K. n.pH8eAeHHble WHpHH~ 
kM 1 onpeAeneHbl 8 COOT8eTCT8HH C OAH04aCTH4HOl1 MOAenbiO /20/, 
CnHH08~e KOHCTaHTbl Kb1) H Kl1> 8~4HCnflnHCb no cpopMyne I 11 I. 

HHTep8an ~Y 83flT pa8Hb1M 1 M3B. KaK noKa3anH pac4eT~, 
TaKO~ HHTep8an fl8nfleTCfl HaH6onee nOAXOAfl~HM. C OAHO~ CTQ
pOH~, OH AOCTaT04HO 8e!lHK, 8CneACT8He 4ero .pe3ynbTaT~ 
pac4eT08 He 3a8HCflT OT 3Ha4eHH~ B(Ml. w ,\i ) H B(El. w,\i ) 
A!lfl KOHKpeTHbiX 8biCOK08036y>KAeHH~X yp08He~ w ,\i , KOTOPble 
8 AaHHO~ MOAenH He MOryT 6b1Tb OnHCaHbl T04HO. C APYrO~ CTQ
pOH~, TaKO~ HHTep8a!l AOCTaT04HO Man, 4T06~ 8~4HCneHH~e 

WHPHH~ OTpa>KanH xapaKTepH~e OC06eHHOCTH COCTOflHH~ HMeHHO 
8 o6naCTH AaHHO~ 3HeprHH 8036Y>KAeHHfl. 

Pe3ynbTaTbl pac4eT08 npeACTa8neHbl 8 Ta6n. 2. nocKOnbKy 
ArMP pacnono>KeH A080nbHO 6nH3KO K 3HeprHH C8fl3H H~~TpoHa 

~n jKaK npa8Hno, 4YTb 8~We Bn I, TO 8enH4HH~ kM 1 H 
r E11r M1' 8bi4HCneHHble npH Ey= Bn. AOnlKHbl cy~eCT8eHHO 3a811CeTb 
OT nono>KeHHfl ArMP. B Ta6n. 2 ~To 8HAHO, HanpHMep, Anfl ~Th 
H 238u. . B 230 Th ArMP ne>KHT 6nH>Ke K B • 4eM 8 238u. no3-

- - · - n 
TOMY 8 230Th kM1 6onbwe, a rE 1/ rM 1 MeHbWe, 4eM 8 238 U. 

Ta6nHI.Ia 2 

CpeAHHe npH8eAeHHble paAHai.IHOHHble WHPHH~ _kM 1 _/M3B -a I 
H OTHOWeHHfl cpeAHHX paAHai.IHOHH~X WHPHH (~ 1 / rM 1 npH 
3HeprHH C8fl3H He~TPOHa Bn IM38I 

RAPO I 156Gd 158Gd 166Er 178Hf 230Th 2a8u 

nn I 8,53 7,93 7, 77 7,63 6,74 6,06 

- -g 
29 kM 1 ·10 113 7.7 12 12 7,0 

19 14 4,8 16 19 rE/rMl 22 
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AHanOrH4Hafl CHTyai.IHfl HMeeT MeCTO Anfl 166Er M 158 G~ a TaK>Ke 
Anfl k 8 

156act H 158 Gd OTHoweHHe f If Anfl 156 Gd M1 E1 ML 
6onbwe 4eM Anfl 158 Gd M3-3a Taro, 4TO npM B E 1-nepeXOAbl . n 
8 

156
Gd no cpa8HeHHIO C 158 Gd CHnbHee. 60nbWOe 3Ha4eHHe kM

1 - - 178 H COOT8eTCT8eHHO Manoe 3Ha4eHMe rE
1 

/ r M
1 

8 Hf 06"bflC-
HfleTCfl HanH4HeM rpynn~ CHnbH~X Ml-nHK08, pacnonO>KeHHO~ 
HH>Ke .arMP. 

CpasHeHHe TeopeTH4eCKMX 3Ha4eHH~ k M1 M r E/ r M1 
C 3KCnepHMeHTOM MOrna 6bl AaTb HeKOTOpyiO HHcj>OpMa~HIO 0 TOM, 
HaCKOnbKO npasHnbHO B~4HCneHO nono>KeHHe ,llrMP H nOA06paH~ 
KOHCTaHT~ OCTaT04HOrO B3aHMOAe~CTBHfl. B HaCTOfl~ee BpeMfl 
3KCnepMMeHTanbHble AaHHble no kM 1 H fE /f M

1 
HMeiOTCfl npM-

6nH3HTenbHO Anfl AeCflTM Aec!>opMHposaHHblx flAeP 113,21,22/, Ho see 
3TH AaHH~e OTHOCflTCfl K nepeXOAaM C He~TpOHH~X pe30HaHCOB 
Ha HH3Kone>Ka~He B036Y>KAeHH~e COCTOflHMfl flApa, a He Ha OCHOB
':!_Oe <:_OCTOflHHe. Pacc4MTaHHble >Ke 3AeCb 3Ha4eHHfl kM

1 
H 

rE 1/ rM 1 OTHOCflTCfl K nepeXOAaM Ha OCHOBHOe COCTOflHHe flApa. 
CooTBeTCTBeHHO s AaHH~x pac4eTax H 3KcnepHMeHTe pa3nH4a
IOTCfl TaK>Ke H Ha4anbHble COCTOflHHfl. 0AHaKO B 063ope 113/ nyTeM 
ycpeAHeHHfl M3BeCTH~x 3KcnepHMeHTanbH~x AaHH~x no M1-nepe
XOAaM c 3HeprMe~ OT 5 AO 8 M3B Anfl senH4HH kM

1 
M fE

1
/fM

1 B~BOAflTCfl HeKOTOp~e o6~He Ol.leHKM, HMeiO~He BHA: 

k = (18±10)· 10-9 M3B-3, f ; f = 7 ± 1. 
M1 E1 M1 1141 

Y4HT~Bafl s~wecKa3aHHoe, cpasHHBaTb TeopeTH4eCKHe 3Ha-
4eHHfl kM 1 M fE 1/ fM 1 C 3THMH O~eHKaMH MO>KHO TOnbKO 8 CaMOM 
nepBOM npH6nH>KeHHH. npM npoBeAeHHM TaKara cpa8HeHHfl BHAHO, 
4TO Bbi4HcneHHble WHpHHbl iM 1' KaK M O~eHKa 1141, 3Ha4HTenbHO 
6onbwe OAH04aCTH4Horo 3Ha4eHMfl kM

1
,pasHorol1i21 · 10-!l M3B- 3113 1 

,llanee, H3 Ta6n. 2 BHAHO, 4TO XOTfl 3Ha4eHHfl kM
1

• KaK npasH-
no, yKnaAbiBaiOTCfl s HHTepsan pa36poca Anfl kM 

1 
s I 141, 

3TH 3Ha4eHHfl n04TH CHCTeMaTH4eCKH MeHbWe Ol.leHKM 1141. 0AHO
speM~~HO C 3THM B~4HCneHH~e OTHOWeHHfl fE 1/fM

1 
3a HCK!ll04e

HMeM cny4afl 
178

Hf scerAa 6onbwe Ol.leHKH 1141. 
YKa3aHH~e pa3nM4Hfl, B03MO>KHO, CBfl3aH~ c Te~, 4TO cj>opMy

na 1111 AaeT 3a8~WeHH~e 3Ha4eHMfl CnHHOB~X KOHCTaHT. Q 803-
MOlKHOM 3aB~WeHMM KOHCTaHT rOBOPHT TaK>Ke TOT cj>aKT, 4TO pac
C4HTaHH~e ,llrMP ne>KaT CHCTeMaTH4eCKH B~We Ol.leHKM EM

1 
= 

= 45·K 1~M3B. Heo6XOAHMO OTMeTHTb, 4TO Ka4eCTBeHH~e B~BOA~ 
M pe3ynbTaTbl, H3!iO>KeHHble B npeA~AY~HX pa3Aenax, npM YMeHb
WeHHH CnHHOB~X KOHCTaHT He H3MeHflTCfl. 
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5. BbiBOAbl 

B Ae¢opMHpo8aHH~x RApax 803MOmHo 3Ha4HTenbHae pac~enne
HHe /ywHpeHHe/ ArMP, np~-1 KOTOPOM HH3K03HepreTH4eCKaR 4aCTb 
ArMP ¢opMHpyeTCR 8 OCH08HOM 3a C4eT npOTOHH~X COCTORHHH, 
a 8~COK03HepreTH4eCKaR 4aCTb - 3a C4eT HeHTPOHH~X. 06naCTb 
noKanH3a~HH ArMP AOCTHraeT np~-1 3TOM 5-7 M3B. 3To R8neHHe 
MoryT 8bl38aTb cneAYIO~He npH4HHbl: 1 I 66rrbwHe op6!-1TanbH~e 
4HCfla f y HeHTPOHHbiX CnHH-op6!-1TaflbH~X napTHep08, 06pa3yi0~11X 

ArMP, 4eM y npoTOHH~x; 2/ pa3HH~a 8 3Ha4eHI1RX HeHTPOHH~x 
11 npOTOHH~X CHfl08~X napaMeTp08 Cni1H-op6HTaflbHOro 83aHMOAeH
CT8HR; 3/ OTCYTCT811e (np) -83ai1MOAeHCT811R. 

KoMnOHeHTa ArMP c K= 0 pacnonomeHa no 3Hepri1H 8b1We 
KOMnoHeHTbl c K = L _ 

Pacc4HTaHH~e 3Ha4eHI1R npH8eAeHHOA w11p1-1H~ kMl cy~eCT8eHHO 

8b1We 0AHO_':IaCTI14HbiX. 3a e,q,!::~HH~HbiM 11CKfll04eHHeM nony4eHHble 
3Ha4eHHR kMl MeHbWe, a rEI JrMl 60flbWe ycpeAHeHHbiX 3KCne
pi1MeHTaflbH~X o~eHoK /14/. Bo3MOmHo, 3TO C8R3aHo c 3a8~WeHI1-
eM KOHCTaHT OCTaT04HOrO 83aHMOAeHCT811R. 

B 3aKnl04eHI1e a8TOP 8~pamaeT 6naroAaPHOCTb 3a co8eT~ 
H 11HTepecH~e o6cymAeHHR B.r.Con08be8y, n.A.Mano8y, A.~.BAo-
811HY, B.B.BopoHo8y, 4.CToRHo8y, H.~.nRTo8y, ~.n.mAHHY 

11 C.B.AKyni1HI14e8y. 
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