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1 BBe,n;eHHe 
, ' . ·, I ' ' . 

MaRpOCROilll'IeCKoe onn:ca1me l{OJIJICl{THBIIOH .uunaMmm IIJKJIOHOB B npou,ecce .ue-

' nemrn TJIH<e~or~ ~.upa B paMKax cTan.uapTHoll. Mo,uenn: mn:.uiwtt RaIIJIH (M}KK) 
I ' '•• • ' ' ' ' \ 

npe,nnonaraeT, 'ITO ,n:en:niean:JI cm101m10.ii n,nepno.ii· cpe,nLI ynpaBJIRIOTCJI ypaBHe-

HHJIMH' rn:.upo.un:naMHKH iiecmn:MaCMOi-1. O,UHOpo,nHO 3apJimeanott HeB~3KOtt mH,uKO-, 

CTH. qaCTOTLI co6CTBCHHhlX 3JieitTpOI<ailllJIJIRpIU,IX 'ccpepOHfaJILHhlX ~o'.ne6aan:tt, 

npe,ncRa3hlBae:i.ihlx aToii Mo,neJihlO, .ua10TcJI BhlpaH{CHn:eM (cM., Hanp:, [1, 2]):' 
, > "r ' ; 

02 = a , (i..:..,l)(L + 2). _87l'Z2e2no.(L _:_ 1) . · 
1
L mn0R3 .. , • .. · . , 3mA2 .· (2L+ 1)'. 

. (Lr) 

r.ue R = r0 A 113 ..: pa.uuyc n.up~ (r0~(25 cpM ),·n0 = A/V = 3/(47rr3) - n~oT

HOCTh qucna '1.~ciuu, ~ 'o6'be.Me n.upa,, m - Macca HJRJiona ( m == mp = 938; 2796 

MaB) lier = o; 857;MaB/cpM2 - ~03lpcpllUlleHT IIOBCpXHOCTHoro HaT~meHHJI (~a-
' ,·,, .· '/',., ·,· , '. ', '. ,,'. ' ·°' . .. ' 

paMeTphI B3JIThl ll3 [2]). ,lJ;eJIHTCJlhllhli1 npou,ecc CBll3hIBaeTCJI C DOTepett CTa6n:.in~-
f ',. • _,- ' ' ' ' ' / < ' .. ,·, :- :· . 

HOCTll Irna.upynoJibHOii ccpepon:,uaJihlIOH MO)ll>I. , llony•reHHhlH · ll3 ycJIOBHJI ycTOtt'lH-

BOCT~ 3TOfi ,MO.Uhl, HpHTep~it J(eJIHMO~TH J;,upa Jll!JIJieTCH ~.uiiHM ll3 rJraBHhlX upe.u

'Cl{a3aHH.ii ,naHI~on MO,UCJill. ,Cornacuo 31'0MY HpH'I:CpHIO 1rna.upyn~;IhIIM' BH6pau,a

OIIHM Roaqrnrypau,H~ JI~epuoii cpopMI~ cia6HJihIIa 1i'mIIh .Unn Tex JI,uep,' y Roiophlx 

oi-aoµreHHe RBa,npaTa a~oMno,ro Ho~epa Z · H, MaccolloMy ·qac11y A He u~eBocxo

.UUT HeHoTopo,ro Rpin,uqeCHoro 31ia•1e11u~. (Z2 
/ A)cr• Ifoma OTHollleune irna,upaTa 

' ' ' \ . ' ,, ' . '' ,'.• ' 

aToMHoro IIOMepa H M.~cco.BoMy •m~11y npeBocxoivn HpUTll'recHoe OTHO!lle11ue 3THX 

BeJIU'lllH 
·Z2. ',(Z2)'··· - >· ,·_ ~49 

A -:· A · ' , · , er 
(1.2) 

paccMaTpllB~eMoe KOJI~6a11ae fepneT 'ycTOi1'lllBOC~'h:' KpllTeplli1 ,UeJillMOCTH '(l.2) 

BhlTeKaeT H3 ycJIOBHJI 02+ :s o. '. BoJHllI{lIOBCHlle llMem16 .uamio.ii HeycT~ii'lllBO-
. ' ,, " ' 

CTll TpaHTJeTCJI RaH nepBoe yHaJaHHe Ha Jiaqa'JIO npoll,ecca p'aJBaJI·a JI,Upa Ha ,UBa .. ; ( . ,,, 

• ocKoJIRa. HecMoTpJI :iia cpll3ll'ICC,Ky10 npo3paquocTh Kane11hnoii l'io.uenn, npe,ucKa~ 

:ihlnae~M ou,~HKa (L2) HOJill'lec~BeHHO ne JIBJIJieTcn a,ueuiiarnofi, B TOM CMhlCJie, 

,'ITO J pe~Jih~hlX TJI~CJlhIX JI)lep,· ,UJJ~ HO~Ophl,X npoll,e~C ,UeJieIIHJI JIBJIJieTCJI O,UHll~ 

ll3 ~pe~~'lTllT~JlhHhIX HaHaJIOB • .UPB036J}KJlCllliJI,C>n!OllleHne Z2/A p~BHO: .232Th 

...: 34,9; 238U - 35,5; 244Cf - 39;3;' 248Cf - 40,3 .. J13 3TllX npllMepoB .Bll,UHO, ,'ITO i 

.umi p~~Jlbimi :JI.U~P HpllTH'leCHCJe' fffl!OllICIIHC ( Z2 I A)cr,..:, '35,, HoaTOMY ;Mnn:pn- ' 

qecKnil 'HpIITepllii ,uenHMoci11 RJ(pa B pc~yJih'l'a;re JI.ecra611JI11Jau,11u Hna,upynom,noii 
, ,. \" .. '; , . 

i 
''i 

t 

( 
'' 

l ,, 

cpopMhl MO)l{HO ccpopMJJJUpoBaTh !{al{ 

z2 
A2::35. (1.3) 

B pa6oTe [3] noHa3aHo, 'ITO TaKaJI BeJIJ,I'lUHa HpllTII'lCCHOrO OTHOIJiemrn MO)l{eT 

6hITh noJJy'leHa llCXOM ll3 cpeHOMeHOJJOrII'leCHllX ( B TaKOll me CTeneirn, HaK H 

MMK) npe,ucTaBJJeHllfi o TJimeJJOM JI,upe KaH o ccpepII'IecKo:fi MaHpoqacn1u,e ynpy

roro OJIHOpO,UHO 3apJillieHHOro HecmIIMaeMoro KOHTIIHyyMa. MoTIIBIIpyJI ycTOll'llI

BOCTh paBHOBeCHOfO COCTOJIHUJI IIJipa :i,pryMeHTaMII, HpIIHJIThlMII B JI,UepHO:fi MO

JICJ!ll )l{ll,Ul{Oll uamrn ( 'ITO Il03BOJIJICT coxpaHIITh TOT me caMh!ii na6op napaMeTpOB' 

uau n: B M}KK), B [3] BhIBO.UIITCJI IIHoe, no cpanHeHIIJO c (1.1), Bh!pamemrn iJIJI 
co6CTBeHHhlX 'laCTOT MYJJhTllIIOJJhHhlX ccpepon:,uaJJhHhlX KOJJe6aHII:fi: • 

n2 = 4a (2L+l)(L-l)- 87rZ
2

e
2

n 0 (3L+l)(L-1)_ 
L mn0R3 • . 3mA2 (2L + 1) 

(1.4) 

CooTHOllleHlle (1.3) BhlTeuaeT II3 ycJJOBIIJI 0 2+ :S 0. To'!Ha o6palll,CHHJI B nom, 

cpyHHll,IIII !12+ = !12+ (A) Il03BOJJJICT cy,UIITh O TOM, Ha'lHHM C uaRIIX 3Ha'leHHll 

A MOmHO omII)laTh ,ueJJeHHe B pe3yJJbTaTe IIOTepII ycTOll'1IIBOCTH KBa.upynoJJbHOro 

ccpepmi:,uaJJhHOro l{QJJe6aHllJI. Bhl'lllCJIJIJI ( 1. 1) II ( 1 .4)' IIOJib3JJICh 3MIIIIpII'Iecuott 

3an:rrcn:MoCThJO Z OT A 
Z=---

2 + 0.015A2/3 I 

A 
(1.5) 

annpOHCllMllpyrolll,e:fi pacno11omeHHe JI,Uep B ,UOJJUHe ,B-cTa6IIJJhHOCTH, Haxo,nn:M, 

'ITO cornacHo M}KK noTepro cTa6:rrJihHOCTII KBaJipynoJJhHO:fi ccpepou,uaJibHO:fi ROH

cpn:rypau,:rr:rr MO}}{HO om:rr]laTb ,UJJJI JI,Uep c MaCCOBhIMll 'lHCJlaMH A > 380, TOr]la 

1<aK no Mo.uemI ynpyroro rnapa - .UJJJI JI,Uep c A > 230. BII.zwo, '1TO upe,ncHaJa

Hn:n, oca'oBaHHhle Ha npe,nno11omeHllll 06 ynpyroDOJI06HOM IIOBe,UCHHII JI)];CpHoro 

l{OHTllHYYMa, l{QJllll:[eCTBeHHO nyqrne cornacyJOTCJI C ll3BeCTHhlMll cpaHTaMII 06 HH

. )];Yll,llpOBaHHOM JI,uepHOM ,neJieHllH. 

.LI:o6aBIIM, 'ITO a,ueHBaTHOCTh TpauTOBl{lI MaHpOCHOHH'lCCKO:fi JI,uepnott ,UIIHa

MIIKll B paMuax KOHll,enn;IIII ynpyroro JI,uepHoro Belll,eCTBa nponepeHa B nocne.zwee 

,uecJITllJieTlle npn: onn:caHIIll CIICTCMaTHKll II30CKaJJJipHhlX. rn:raHTCRHX 3JieHTpII'le

CHIIX [4- 7] ll MarHHTHhlX [8, 9, 10] pe3oHaHCOB. <l>II3H'leCHH:fi aHaJJII3 npII'1HH 

ynpyrono.uo6Horo oTKJJHKa JIJiep )];aeTcJI B pa6oTax [11-14] . 

OcHOBHhlM OTJJll'llITCJlhHhIM IIpII3HaHOM Mem.uy BII6pall,HOHHOll ,nHHaMIIKOH 

uaIIJJll HeClliIIMaeMOii HeBJI31{0ll mHJIKOCTII ll rnapa Hecmn:111aeMoro II,ueaJJbHO ynpy

roro MaTepIIaJJa JIBJJJieTCJI TO, 'ITO BII6pall,IIOHHhlll CHeKTp HaIIJIII xapaRTepII3JeTCJI 

r;·---·,·-·"-- , .. ,a---~ 
[\ 2t1~till.r::·.,,.rutl mr.11.rrr ( 

~ .nn:~Bl:;1X 11cc,r,e1o;m1rJl ~. 
6i,'iSJibiOTEf{A IJ 
~ ---· 



JIIIIIIh c<pepoII.n;aJihHhlMII l\fO.D;aMII ROJie6aHIIH ee <popMhl, B TO BpeMR l{al{ crre1np 

co6CTBeHHhlX ROJie6aHIIfi IIIapa 0IIIIChlBaeTCH .D;BJMH BeTBHMII c<pepoII.n;aJihHhlX II 

RpyTIIJihHhlX M0.D; . ( IIOJIHhlll cneRTp HII3ROCJaCT0THhlX Hepa.n;IIaJihHhlX ROJie6am1il: 

IIIapa, Beru;ecTBO R0Toporo o6Jia.n;aeT CBOHCTBaMll II.n;eaJihH0 yrrpyrofi cpe.n;hl, npn

Be.n;eH B [15]). 
Ilpo.n;oJIJKan Ha'IaToe B [3] cpaBHeHIIe n.n;epuofi .n;nuaMnRn B Mo.n;eJIHX JKII.n;

Roii: .Rarrnn II ynpyroro IIIapa, B Hil.CTOHID;efi pa6oTe 0CH0BH0e BHIIMaHne Mhl y.n;e

JIHeM II3J'IeHlllO .D;IIHaMllRll RPYTll.l!hHhlX 3JieRTpoynpyrnx ROJie6aHnfi c<pepH'Ie

CR0ro n.n;pa. B pa3.D;eJie 2 npIIBe.n;euhl 0CH0BHhle ypaBHeHllR ll3J'IaeMOH Mo.n;eJin 

II BhlBe.n;eu cneRTp co6CTBeHHhlX 'IaCT0T RpyTIIJihHhlX 3JieRTpoynpyrHX M0.D; B 3a

BllCllM0CTll OT MJJihTlllI0JihH0CTll, MaCC0B0ro 'IlICJia ll aT0MHoro H0Mepa. B pa3-

.n;eJie 3 o6cyJK.n;aeTCH B03M0JKH0CTh "RPYTIIJihHOro" Mexann3Ma n.n;epnoro .n;eJieHlIH 

( nonepe'IH0-C.D;BnroBoro cRaJihlBaHIIH) B pe3JJihTaTe II0Tepn CTa6IIJihHOCTlI rrna.n;py

II0JihH0rO RPYTllJihH0ro !{OJie6annn n BhlB0.D;llTCH RpnTepIIii: .n;eJIUM0CTlI THJKeJioro 

H.n;pa B .n;aHH0M RaHaJie. B pa3.D;eJie 4 .n;aHhl BhlB0.D;hl. 

2 I'aMHJII:,TOHHaH 

HMM n.n;pa 

3JieRTpoyrrpyr:ux ROJie6a-

OcHOBHhle rrpe.n;noJI0JKeHnH, JieJKaru;ne B 0CH0Be ll3J'IaeMoii: M0.D;eJin, C0CT0HT B 

CJie.n;y10ru;eM. TaR }KC RaR II B CTan.n;apTH0ii: M0.D;CJIII llill.D;ROH RaIIJilI rrpe.n;rroJiara

CTCH, 'ITO ycTOH'IllBOCTh paBHOBecnofi c<pepn'IeCROii: q>OpJl:fhl n.n;pa o6ycJIOBJiena 

TCM, 'ITO .n;ecTpJRTllBH0e BJillJIHllC 3JICRTpocTaTll'ICCR0ro 0TTaJIR~BaHIIH B o6n

eMe n.n;pa, CTa6nJill3HpyeTCH n.n;epHhlMll CHJiaMn, M0.D;CJinpyeMhlMlI II0BepXH0CTHhlMll 

uarrpHJKCHllHMII. PaBHOBecnoe pacnpe.n;eJienne 3JICRTp0CTaTII'ICCR0ro 3JICRTplI

'ICCTBa 110 o6neMy n.n;pa 3a.n;aeTCH B TepMnHax lI30Tporruoro IIOJIH HarrpHJKCHHH 

P;j(r < R) = PvDij, r.n;e 

21r Z2 e2 

.Pv(r) = J A2no(r-2 
- R2

), r < R. (2.1) 

Ha II0BepxnocTH pacnpe.n;eJieHIIe nanpHJKCHHH TaR}KC Jf30±porrHo P( r = R)ij = 
PsDij n napaMeTpll3JCTCH <popMJJIOH JlanJiaca: 

2u 
P. = -R, 

4 

(2.2) 

.. 

,. 

I-

r.n;e 1{034).q>HIIlICIIT II0BepXH0CTII0f0 uaTRJKCHHR (J" = b./( 47r r-5) 6epeTCH Jf3 no

JIJ3MIIlipH'ICCH0i1 MaCCOB0ll <popMJJihl [2]. 3uaH l\llIHyc B (2.2) oTpaJKaeT uarrpa

BJICHlIC ,nei1CTBHR n,nepHh!X ClIJI. BH.n;Ho, 'ITO orrpe.n;eJieHHhlC Bh!IIIC rrapaMeTphl 

paBH0BCCII0I'0 C0CT0RHlIR n,npa Pv H P. co,nepmaT Te me H0HCTa!IThI, 'ITO lI B 

M}KK 
Tio.n:po6uoe 0IIHCaJ!lIC .n:nuaMH'ICCJ{lI.X ypaBHCl!lIH l\10.D;CJilI H3JI0H{CH0 B [3, 8], 

II03T0MY 3,nech Mb! orpaHH'IHMCJI JllIIIIb 0CH0Bl!bIMH <popMyJiaMH, ueo6xo,nHMhlMlI 

.n;JIR Bbl'IlICJieIHrn HOJie6aTCJihl!Of0 CIICHTpa. Bo3MYID;CHHC paBH0BCCH0rO COCTOR

HlIR npHB0.D;If'f I{ II0RBJ!ClllIJ0 OC!IlIJIJIR!IlIH 3apnmeHH0ro II0T0Ha, II0J!e CROpOCTlI 

H0Toporo npe,ncTaBJIRCTCJI B BlI,UC 

8V(r, t) = a(r) a(t), (2.3) 

r,n:e a( t) = ao sin Dt - aMIIJIHTy,na IWJIC6aHHH H a( r) - II0JIC MrH0BCHHhlX CMeru;e

HIIH, H0Topoe (paBHO RaH lI II0JIC CROpocTn) II0,U'IHHRCTCR BeHT0pH0MY ypaanenmo 

Jlannaca 

~a(r) = 0, div a(r) = 0. (2.4) 

YcJIOBHC C0JICII0U,UaJII,H0CTH IIOJIR CMCl!ICHlITT 0Tpa}RaCT CB0HCTB0 HCC}l{HMael\lOCTH 

n,nep!!OH cpe.n;u. TiapaMCTpbl lIHCpllHH Jr, H }HCCTH0CTH /{1,, BX0)VllllHl' B ral\lHJ!h

T0J!Hall 3JICl{TpoynpyrHX HOJIC6a1rni1 

)r,aJ J{LaJ, 
H=--'+--

2 2 ' 
(2.5) 

,n:aI-OTCJI cne,nyIOIUHMH auaJilITlI'ICCHHMH Bblpa}HCHHJIMH [:3]: 

h = j poafaf dT, (2.6) 

V 

I<1, 
( )

2 ( 
1 aaL OaL iJaL OaL 
2 J Pv OX'j + a:; dT - f P. ax~+ a:;) afda; + 

V S 

(2.7) 

+ f (Ze 1, r,OI'v) L 
-n0 </> - aj ~ a; da;. 
A ux1 

s 

<l>yHRllHJI 

<PL_ 11r Ze 
- 2L + J A no R

2 
h(cos 0) (2.8) 

5 



orrpe,neJIJieT MYJibTIIITOJihllble qrny1nya111I1I RYJIOHOBCKOro IlOTe11111IaJia Ha IIOBep

XHOCTII HJJ:pa [3]. 

TioJI01I,naJibHoe perne111Ie ypaB11e11II11 (2.4) 

1 L 1 L 
a(r)= L(L+l)RL_2 rotrotrr PL(cos0)= LRL_ 2 "vr h(cos0), (2.9) 

COOTBeTCTBYIOIIIee ccpepoII,naJibllbIM J{OJie6aHIIJIM, 6y,nytrn 110,nCTaBJieHo B (2.6) II 

(2.8), rrplIBOJJ:IIT R crreRTPY (1.4). 3,necb II Irnme tJepe3 PL(cos 0) 060311atJem,1 

ITOJIIIHOMbl Jiema11,npa. TI p1Ipo,na ccpepoII,naJibllbIX 3JieRTpoynpyrux B1I6pa11IIOH

Hb!X 11,nepHhlX M0.11: a11aJIOflltJHa MO,naM 3JieRTpOKaIIIIJIJIJipHbIX J{OJIC6a1rnil: }KlIJJ:ROll 

RaIIJIII B TOM CMhlCJie, 'ITO ccpepoII,naJibHble KOJie6aHIIJI OTBeTCTBeHHbl 3a COCTOJIHIIJI 

3JieRTpIItJeCKOro TIIITa, T.e. B036ym,neHIIJI, xapaRTepII3yeMhle OTJIIItJHblMII OT HYJIJI 

3HatJeHIIJIMII ·3JieKTp1ItJeCRIIX MYJibTIIIIOJihHbIX MOMeHTOB. 8 CJie,nymmeM pa3,neJie 

anaJIII3IIpyeTCJI Topo1I,naJibHOe peIIJeHIIe ypaBneHIIJI (2.4), COOTBeTCTBYIOIIIee Kpy

TIIJ!bllb!M 11,nepHhlM J{OJie6anlIJIM. 8TH B036ym,neHIIJI B03HIIRaIOT TOJihKO 6Jiaro,nap11 

npe,nrroJiaraeMoit ynpyrocTII 11,nepnoit crrJioIIJnoit cpe,nbI II KJiacc1Icp1IIIIIPYIOTCJ1 KaH 

COCTOJIHIIJI MarHIITHOro nrna. 

3 RpyTHJihHhle aJieRTpoyrrpyrHe ROJie6aHHR 

ccpepHqecH.oro n,npa 

TopoII,naJihHOe peIIJeH1Ie BeRTopnoro ypaBHeHIIJI JiarrJiaca (2.4) B CIICTeMe c cpm{

CIIpOBannoit IIOJIJ!pHoit OChlO IIMeeT BIIJJ: [15]: 

L 1 
a = £RL-t rotrrL h(cos0). (3.1) 

TioJie CHOpOCTII, COOTBeTCTBYIOIIIee CMemeHIIJIM (3.1), MO}J{eT 6hlTh npe,ncTaBJieHO 

CJie,nyIOll!IIM o6pa30M: 

8V = [r x n], n = LR~-1 "vrLh(cos0)a(t), (3.2) 

r,ne n - Be1nopnoe IIOJie yrJIOBOll CROpOCTII CJJ:BIIrOBhlX BpamaTeJihHhlX J{OJie6a

Hllll BORpyr IIOJIHpHoit OCII z. AMIIJI~Ty,na a( t) B reoMeTplitJeCHOM CMhlCJie rrpe,n

CTaBJIJieT co6oit <pll3lltJeCRll 6eCRO!IetJHO MaJihlll a3llMyTaJihHhlll yroJI 3aHpytJllBa

llHJI noTOKa BORpyr 110JI11p11oit ocll. Tio,ncTaBJIJIJI (3.1) B (2.6), rroJiytJaeM rrapaMeTp 

6 

J 

11 
iJ 

KPYTIIJihHOit IIHCpl!IIII 11,npa B BII,ne 

L+t (L+l) • 
h=3MR (2L+1)(2L+3) 

(3.3) 

JierHO y6e,nIIThCJI, 'ITO rrpII L = 1 IIOJie CROpOCTll (3.1) COOTBeTCTByeT TBep,no-
. 2 

TeJihHOMY BpamenllIO c MOMeHTOM li11ep~llll o,n11opo,n11oro rnapa J1 = 5 M R 2
, KaK 

3TO CJie,nyeT II3 (3.3). 

BhltJIICJieHIIC llHTerpaJIOB, OIIpe,neJIJIIOll!llX KPYTIIJihHYIO }J{CCTKOCTh J{OJie6a11.1I:il:, 

rrpllBOJJ:llT I{ BhlpameHlllO 

, _ 2(L-t) (L
2 

- 1) _ 16 2 (Ze) 2 
2 2L+i (L

2 
- 1) 

AL -
31raR L(2L + 1) 3 1r A noR L(2L + 1)(2L + 3)" 

(3.4) 

0TMeTllM, 'ITO I!OCJie,nnllit IIOBepXHOCTHhl:il: llHTerpaJI B cpopMyJie (2.8) He ,naeT 

BKJia,na B meCTROCTh IlOIIepetJHO-CJJ:BllrOBhlX OCl!llJIJIJll!ll:il: 11,npa •. J,fa (3.4) CJie,nyeT' 

'ITO rrpII B036ym,neHllll .11:llIIOJihHOro Topoll,naJihl!Oro IIOJIJI CMCIIIeHll:il: BOCCTaHaBJill

BaIOIIIaH CllJia (F = KLaL) o6pamaeTcH B HOJih. B 3TOM cJiytJae 11,npo BOBJieKaeTcH 

B COCTOHHIIC TBep,noTCJihHOro BpameHllH BORpyr OCll. z C IIOCTOHHHO:il: yrJIOBO:il: CRO

poCThlO f1 = Q Cz. 

TioJIHhl:il: crreHTp HPYTllJlhHhlX MYJihTllIIOJihHhlX HOJie6a11.1Iit: 11,npa B II3y'IaeMoit 

MO,neJIII llMCCT BIIJJ:: 

2a 41rZ2~n 
Of= R 3 (2L+3)(L-1)-

3 
A2 °(L-l). 

mn0 m 
(3.5) 

TaHllM 96pa30M, MYJihTIIITOJihHOCTh ,mepreTll'ICCJ{ll Hll}J{a:il:IIJ~ro IlOIIepe'IHO - C.11:Bll

roBoro HOJie6aHllH L = 2. 

KpyTllJihHhle KOJie6aHllJI conpOBO}I{JJ:aIOTCH 11a1rnrmrcrnBaHJieM 11,npa B TOM 

CMhlCJie, 'ITO IIopmK,naIOT COCTOHH.IIH MarHllTHOro TllIIa - B036y}I{JJ:eHll~ C OTJIIl'I

HhlM OT nyJIJI MarHIITHhlM MYJihTllIIOJihHhlM MOMCHTOM. CHJia ( BepOHTHOCTh) B03-

6ym,neHIIH TaRHX ROJie6a11I1it: B(ML) onpe,neJIJieTcJI KaK cpe,n11ee no nepHo,ny OT 

RBa,npaTa B036y}I{JJ:aeMoro MarHllTHOro MYJihTIIIIOJihHOro MOMCHTa ML: 

-l J ML= c(L + 1) . j [r x VJ rL h(cos0)dr. (3.6) 

BH,nHo, 'ITO B03HllKHOBCHlle 3Toro MOMCHTa o6ycJIOBJICHO OCO:IIJIJIJIO:IIJIMII IIJIOTHO

CTll To Ha j = Z e / A n08 V. 0KoH'IaTeJihHoe Bhlpame11I1e JJ:JIJI · BepoHTHOCTII HMeeT 
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BH.1I [9]: 
B(ML) =< IMLl2 >t= 2L(L + 1) Z2 h 

L + I A2 1i n£. (3.7) 

PacCMOTpHM II0.1Ip06Hee CJiytrail: RBa.1IpyrroJihHOH RpJTHJihHOil: M0.1Ihl. Ilpn B03-

6ym,ZJ;eHIIH RBa.1IpyrroJihHOro TOpOH,ZJ;aJihHOro IIOJIH CMemeHHH "ceBepHoe" n "IOJR

Hoe" rrorryIIIapHH COBepIIIalOT B rrpoTHBOcpa3e· C.1IBHfOBbie ROJie6aTeJibHbie .1IBHJRe

HHH. TaRHe ROJie6aHHH .1IOJIJRHhI corrpoBOJR.1IaTbCH MarHHTHhIM KBa.1IpyrroJihHhIM H3-

rrytJeHHeM, HHTeHCHBHOCTh KOToporo OIIeHHBaeTCH BbipameHHeM (3. 7). CTa6HJih

H0CTh ,ZJ;aHHoro Rorre6aHHH o6ecrretJHBaeTCH rrpn C2- > 0. O.1IHaKo rrpn o6pame

HHH B HOJih 3TOro R03<p<pHIIHeHTa ( BOCCTaHaBJIHBaIOmeil: CHJihI) MO}KIIO npe.1IIIOJIO

JRHTh, tJTO HeROHTpomrpyeMhlil: yme raMHJihTOHHaHOM (2.5) rrpmrecc rrorrepeTJnoro 

C.1IBHra MOJReT rrp1rneCTH R pa3Barry H,ZJ;pa Ha ,ZJ;Ba OCROJIKa rrocpe,ZJ;CTBOM rrorrepeTJHO

C.1IBHI'OBoro cRaJih!BaHHH. HaTJarro rrpe.1IrrorraraeMoro npynrnhnoro MexaHH3Ma ,ZJ;e

rremrn H,Zl;pa MOJRHO (RaR H B crryqae ,ZJ;eJieHHH rrocpe.1ICTBOM RBa.1IpJIIOJihHOil: ,ZJ;e

qiopMaIIHH qiopMbI) oxapaRTepH30BaTh IIOTepeil: CTa6HJihHOCTH RBa.1IpyrroJihHOro 

RpJTHJihHOro ROJie6anHH. O6pamenHe B HOJih TJaCTOThI RPYTHJibHOro RBa.1Ipyrr~)Jlb

noro ROJie6aHHJI f12- = 0 npHB0.1IHT R crrep;yIOmeMy 3HaTJeHHIO KpHTHTJeCKOro OT

HOllleHHH; 

(V) = 561ra-r~ = 69_ 
A 3 e2 

er 

(3.8) 

qHCJieHHble OIIeHRH napaMeTpoB, BXO,ll,IIIUHX B (3.8), rrpHBe,ZJ;eHbI BbIIIIe. 

4 BhlBO)];hl 

B ,ZJ;aHHOil: pa6oTe pacCMOTpeHa MO,ZJ;eJih HpJTHJihHbIX 3JieKTpoynpyrHX H,ZJ;epHbIX 

ROJie6anHil:, xapaRTepHoil: oco6eHHOCThlO ROTOpbIX HBJIHeTCH TO, TJTO OHM corrpOBO" 

JR,ZJ;a!OTCH MarHHTHhIM H3JIJTJeHHeM, o6ycJIOBJieHHhIM nepH0.1IHTJeCRHM ( C TJaCTOTOil: 

ROJie6anHii) naMarHHTJHBaHHeM H,ZJ;pa. IlorryTJeH crreRTp co6CTBeHHhIX TJaCTOT Ma

rmITHhIX RPYTHJihHhIX M0.1I B 3aBHCHMOCTH OT MJJihTHIIOJihHOCTH, MaCCOBoro TJHCJia 

H aTOMHOro HOMepa (qiopMyrra (3.5)). IlpHB0.1IHTCH anaJIHTHTJeCROe Bbipame1rne 

)IJIH CHJihI 3JieRTpOMarHHTHOro B036JJR,ZJ;eHHH 3THX M0.1I ( qiopMyrra ( 3. 7)). 
OcHOBHOe BHHMamre y,ZJ;eJIHeTCH RBa.1IpyrroJihHOMY RpJTHJihHOMY Rorre6aHmo, 

rrpH B036ym,ZJ;eHHH ROToporo o6a rrorryIIIapHH H.1Ipa•COBepII1alOT B IIpOTHB04Ja3e Bpa

maTeJihHble norrepetJHO-C.1IBHrOBhle OCIIHJIJIHIIHH (H.1Iepnhlil: TBHCT ). Uerrh 06cym.1Ia

eMoil: MO,ZJ;eJIH COCTOHJia B rrpoBepRe rrpe,Zl;IIOJIOlKeHHH O B03MO}I{HOCTH ,ZJ;eJieHHH H,ZJ;pa 
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B pe3JJibTaTe ,ZJ;ecTa6HJIH3aUHH RBa.1IpyrroJibHOro KpJTHJihHOro ROJie6aHHH. CyTh 

3T0f0 rrpe.1IIIOJIO}I{eJ1HH COCTOHT B TOM, TJTO IIOTepH CTafowbHOCTH ,ZJ;aHnoro ROJie6a

HHH ~IO}I{eT rrpnBeCTII K norrepeTJHO-C.1IBHfOBOMY CKaJibIBaHHIO H.1Ipa Ha .1IBa OCROJIRa. 

IJ poBC,ZJ;eIIHhIH anaJIH3 II03BOJIHeT OTMeTHTh CJie.1Iy10mee. J,fa ycrrminH IIOTepn CTa-

6HJihHOCTH HBa.1IpynoJihHOil: RpJTHJibHOil: M0.1Ihl rrorryTJeH RpHTHTJeCRHil: rrapaMeTp 

rrorrepeTJHO-C.1IBHrDBOro l\lexanH3Ma ,ZJ;e~eHHH ( Z 2 I A )er = 69. Crre,ZJ;yH TpaHTOBKe 

RpHTepHH H.1Iepnoil: .1ICJIHMOCTH, rrpHHHTOil: B MO,ZJ;eJIH }I{H.1IKOH RaIIJIH ( corna_cno RO

TOpoMy .1ICJienne B031\f0}I{HO .1IJIH H.1Iep C Z H A, Y.1IOBJieTBopH!OIIIHMH nepaBeHCTBY 

( Z2 I A) > ( Z2 I A)cr ), H3 nail:,ZJ;CHHOro JCJIOBHH (3.8) I\IO}I{HO 3aRJIJOTJHTh, TJTO. pac

CMOTpeHHhiil: KPYTHJihHbJil: MeXaHH3M HH.1Iyunp0Bannoro ,ZJ;eJieHHH THmerroro H.1Ipa 

He MmKeT peaJIH30BaTbCH rrpn B036ym.1IeHHH H3BeCTHhlX K HaCT0HIUeMy BpeMeHH 

HJKJIH,ll,OB . .UrrH CaMhlX TH~CJihlX aHTHHH.1IOB MaRCHMaJihHOe 3HalJCHHe OTHOllleHHH 

RBa,ll,paTa 3apn;ra H Macce ne rrpeBOCX0.1IHT 43. 

Mw rrorraraeM, 0.1IHaHo, TJTo rrpnae,1J,ennhle 3,ZJ;ech paccym,ZJ;ennH MoryT oHa3aThCH 

norre3IIhIMH npn anam13e pa3aarra cocTaBnoro H.1Ipa,· 06pa3ym111erocH B pe3yJih

TaTe IIOJIHOro HJIH TJaCTHTJHoro CJIHHIIHH THmeJibJX H.1ICp. O.1IHHM H3 yRa3annil: na 

RPYTIIJihHhlH MexaHH3M pa3Barra COCTaauoro H,ll,pa HBHJIOCh 6bl TO, 'ITO npc)Ulem1-

TCJihHaH C'fa,ZJ;HH 3TOro n'pouecca COIIpOBO}I{,ll,aJiaCh 6bl MarHHTHhIM HBa,ll,pynoJibllhIM 

H3JIJlJenneM. ,UpyrnM yHa3aJmeM Ha TO, lJTO pa3BaJI H.1Ipa IIpOH30llICJI HMenuo 

rrocpe.1ICTBOM rroncpeTJ110-c,1J,Bnroaoro cRaJibIBannn, HBHJioch 6bl Bpamenne pa3rre

Ta1omnxcH OCKOJIKOB. IlpnlJeM uanpaBJieime yrJIOBhIX MOMeHTOB OCl{OJil{OB ,ll,OJI}l{HO 

6bl 6bITh B3aHMIIO IIpOTHBOIIOJIO}l{HhlM. Ecrrn paBHOBCCHaJI <pOpMa XOTH 6w 0,1],!IOfO 

H3 OCTaTOTJHbIX H,ZJ;ep Ol{aJaJiaCb 6bl ,ZJ;eqiopMnpoBannoil:, TO ero ,ZJ;eB036y}KJienne B 

OCHOBHOe COCTOHHHe npOHCX0.1IHJIO 6bJ no O,UHOil: H3 BpamaTeJibllhIX IIOJIOC. B 3TOM 

cocTOHT, IIOlliarryil:, caMwe o6mue rrptt3HaHn npe.unorraraeMoro Mexanu3Ma pa3Barra 

cocTaauoro H,Upa. Borree RmmpeTnoe o6cym.uenne H,Uep11oro .uerrennn na ocnoBe 

H3JlJaeMoil: M0.1ICJIH ynpyroro lllapa HMeeT CMhICJI TOJihRO IIOCJie ouenoR Be,'IHTJHHhl 

6apbepa .1Ierre11nn. 

AaTOp npnJnaTenen B.CanTeu1mMy, H.Morro.uuoBoil:, f.Kpaune n B.Ulnnoay 

3a o6cy}l{.uenne pH,Ua BOIIpOCOB, JaTpOHJThIX B pa6oTe. 
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