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. B pa6oT/l/ npe.z:tn'o~eH MeTO.z:t H3ytteHHH KonneKTHBHbiX BeTBeii 
BOl6y:>K.z:teHHH H.z:tep, CBH3aHHbiX C napHbiMH KOppenHUHHMH B CHCTeMe H3 
·.z:tBYX COpTOB HyKnOHOB~ B oTmittHe OT RPA OH npHMeHHM npH mo6biX 
·3HatteHHHX · KOHCTaHTbl n·apHoro B3aHMO.z:teHCTBHH, He3aBHCHMO ·OT TOrO, 
CYJUeCTBeHHbl HnH HeCytueCTBeHHbl aHrapMOHHtteCKHe 34>cJJeKTbl, fio:noMy 

.. Ha· OCHOBe 3TOrO MeTo.z:ta MO:>KHO, B npHHUHITe, .z:taTb OTBeT Ha BOnpoc: 
B KaKOH C~eneHH . H30TOITHHBapHaHTHble napHble OCTaTOllHbte CHnhi. 

•· onpe.z:teiiKIOT CTPYKTYPY H 3Heprulo ] 11 :::0+ cocTOHHHii. /HanoMHHM, ttTo 
• a paMKax Mo.z:tenu napHi.Ix ·· su6pauuii ocHoBHbie o +- cocTo'ilituH 11.z:tei> 
paccMaTpHBaiOTCH HapaBHe c o+ -Bo36y:>K.z:teHH11Mw'21· CxeMa YPOBHeii 
cTpoHTC11 cne.z:tyiOIUHM o6pa30M.Bce :meprHH oTcttHTbiBaiOTCH oT :meprHH 
HeKOTOporo 6a3HCHor'o H.z:tpa, KOTOPhiM yio6HO Bb16paTb H.z:tpo C 3aMKHy· 
ThiMH o6onottKaMH /HanpHMep; 4° Ca, 56N.i /. KpoMe Toro, H3 3Iiepruii 
BbltiBTaiOTC11 KynOHOBCKHe 3HeprBH B nHHeHHbiH no ttHcny HyKnOHOBttneH 
y (A...:Ao), npBtteM y s'hi6BpaeTCH .TaK, t{T06bi 3HeprBH HH:>Kaiiwilx COCTO}I-
HBB EN H E:_

11 
coana.z:tanu. qucno ttacTHU ·N =·A-·Ao·~ oT-

.. ,., '2•+l,T:al . · , ·· 

ctiBTbiBaeTcH-oT ttucna HyKnoHOB 6a3HCHoro a.z:tpa. T ·H3ocnHH cocTo11-
HBH. Ha puc. l npuse.z:teHa cxeMa napHhlx B036Y:>K.z:teHH'ii,nocTpoeHHaH 
Ha.6a3e 56N.i( A

0 
.... s6;/21j. · ·.. .: . · · 

B .z:taHHoii pa6oTe 6y.z:teT npo.z:ton:>Keilo H3ytteHHe csoiicTB KomieK-
• THBaoro raMHnhtoHHaHa, nocTpoeHHoro a pa6oTe/1/ .z:tnH onucaHHH 

napHbiX BH6pauuii B CHCTeMe H3 HeiiTpOHOB H npoTOHOB. HanOMHHM, :liTO 
6o3oHHOe npe.z:tcTasneHHe .. TH:na ,D;aiicoHa, ucnonb30BaHHOe B pa6oTe, 
Ae.itae'T raM:Hni.ToHHaH KOHettll:biM H y.z:to6HbiM .z:tnH npaKTHttecKilx pactte
i~oa: 'E.z:tHHclaeHHoe npH6nH:>KEmHe, KoTopoe . .z:tenaeTCH ,- no ripeHe6pe:>Ke
HHe HeKOitneKTHBHbiMH 3$ctleKTaMH. ;~.~ · . :. c : . 
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I [G(3J[f3++f3~ 
aur. T 1 1 ·r . 3 p.=O,±J 

+ + '+ + 
+ 'G(4) [{3 _[:{3 _f3 _].T] 1p. + 'G(1) [[fJ +{3 + Ltf3 ~ ]1/G(2) [{3. 

+ 2'G(1) [[{3: {3_ ]Tf3~ ]1p. +2'G(2J[[f3++ f3~-]Tf3 + ]1l f3 +p 

·-='G(1) (,f3""[[f3:f3:] if3~ {3~ )2 ]o - 1}f3++ {3:] Jf3 ~ {3: 
• • • • I o 

+:G(2J( ,Js£[{3_{3_ ]2 [{3+{3+ ]~] o- ~.[f3'- {3_ lo£_f3~f3 + lei 

+'G(3)':(2..[{3+f3 ] [{3+{3 ] -,f3[[f3+f3 .] [{3+{3 '.]] 
2 ++ 0+ +0 . ++1++1 

+ 'G (4) ·: ( ~ [f3~f3 _ 1 o [f3:f3 _ 10 -v3 £[f3~~- 1if3~f3~ 111 o 

· +2(G(1)+'G(2))(~ [f3! f3 + ] if3~{3 _] 0+V3 [[{3: f3 + 1 }f3~f3. 
. . 

+ (G(1)+'G(3JJ(~ £f3!f3;-10£iJ!f3+ 1o +.VYT~;[f3t,£f3:f3 
. + .. . 

+2'G(2J (~[f3++f3+ ~ [f3+f3- .1 0 +VJ[[[f3~+ l1.B+ 1if3 _] £ 
. 2 . . . ' . 

. 3 . ...... ·+ 
+('G (2)+'G (4))( 2£{3~{3~ ]o[f3-f3+ ]o +V~[[[f3-f3- l1 f3- ]J 

. . 

+ 2G(l/(: [f3~+f3~] o[f3_+f3_ l o +VT[f3: [f3:[f3~f3.)11J 
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· flocTpOeHHhiH KOJIJieKTHBHhiH
1
raMHJibTOHHaH HMeeT BH.rt: 

. [ +[ ] ' + + + . ' +G(4) f3_:{3_f3_]T Ip. +G(1J[[{3+{3+Ltf3- ]IlG(2)[{3+[{3_{3J~Ip.+ 

+2'G(1)[[{3:{3_]Tf3_2' ]I,+2'G(2J[[{3+{3···1 {3 ]I)({3 +(-/-P.p+ ):= 
.. r . + - T + p. +P. - -p. 

. ·='G(l) ( V-:5""[[ {3: {3 +} 2[{3 ~ {3 ~ ]2] 0 -
1
2 [{3++ {3: ] Jf3 .:- {3 .:-b)+ 

+:G(2J(VS[[f3j3_ l2[{3+{3+l~lo- ; [{3_{3_ ]o[f3+{3+ loJ+ 

+ 'G (3)': (~ [{3++{3+ ] 0[{3++{3 +] 0- V3 [[f3! {3 + ]I[{3: {3 +.]I] /: + 

+ 'G (4) ': ( ~ [{3~{3 _J 
0 

[{3 ~{3 _ ]
0 
-VJ [[ {3~{3- ]1 [{3~{3- ]I] oJ': + 

· +2(G(1)+'G(2))(; [{3: {3 + ] 0[{3~{3 _] 0+.J3"[[{3: {3 +] }f3~{3-] I] J+ 

+ (G(1)+'G(J))(~[{3~{3: ]0[f3!f3+ lo +.VJ1f3~[f3t[f3tf3+]1 liloJ+ · 

' ' + ' . 
+2'G(2) (~[{3++{3+ ~[{3+{3- Jo +VJ[[[{3~+ ]If3+ l1{3 _loJ + 

2 ' ' ~ 
' 3 ' ' .._ ·+ 
+(G(2)+'G(4))(T[{3:f3_ ]o[f3-f3+ lo+VI3[[[f3-f3- l1 f3- lzf3-lal+' 

. ' ~ 3 + + + -[ + [ +[ +~ ] ] ] 
+2G(1)(2"[{3.pf3-]o[f3_{3_]o +V3. {3+ f3_ f3_tJ_JI (J)· 

5. 
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OnepaTopLI ttHcna ttacTHU H H3ocnHHa 3a·nHWYTCH. TaK.: 

" " " N ... 2 I {3,+ f3 -2I {3+ f3 = 2"N -2N . , 
ll +tL +tL J.L -p. -p. + -

" + " " 
Til -v2([f3:f3+ ]1J.L+[f3_f3_ ]1l'J= f +fL+fo-p. 

/2/ 

PaccMoTpHM KoHcTaHTLI, axo.nHIUHe B raMHnLTOHHaH, 

'G(l) = X+X+/2w, 'G(2)=-X_X_ /2(t) '· 

-- 2 'G(3).(X+X+) ( I 
j+ 

ft . + ' 
(D~+ I 

· -w) 1 
J+ -

'G(4J ... (X X .l ( I__!_!::_ _ + I 
1+ - - 1 _ (D i_ - w) 

fl_ 

IJ+ ) • .. 
(D1 +w) 

+ 

BenHttHHLI w=w+•w_ '>.. 'D1 ·, 11: ' xt.x± Hax?t'TCH H3 
CHCTeMLI ypaBHeHHH /HeKonneKT:AtHLie 34xl>eKTLI OT6poWeHLI/ 1 : 

1=G I--· 
J ;~ 

11+ 

D 2 2 
J -w 
+ 

.. I 
1_ 

f 1- , 

fJ 
... . 11: I +· J .; 

1 =(X+ X t.)(T · 'D -wf -J':f. (D
1 

+wf /8/ 
- ± I• 1± + 

. 0 ~3·x+f-t . 
D -D +. ' 

1: 1 ± D +W 
J± ' 

ll±=(i±+1/2)(1~2p ) .. i±+1/2 J± • . Do . ' 
2- I+ '+W 

D J .+W 
' t 

0 
D 1 = 2 I ( 1 -"- I , 

+ + 

0 
D1_ =21£1_ ->..1 +3G. 

'-6 

I 
r 
~ 

(I. 
f 
I 

. I 

Ji 
\I 

j):{nH 56 ·N,i O,!J;HOttaCTHtiHaH CXeMa'ypOBHeii £ 1 , npHB 

>KeHHH, B3HTa H3 pa60TLI /J/ , r,IJ;e llpOBO.IJ;HnHCL BLiqJ 

>Ke H.IJ;ep/. 

0TMeTHM HeKOTOpLie OC06eHHOCTH peWeHHH CH< 

/3/ npH 6onLWHX BenHttHHaX 'G/npH MaiJLIX 3HatteHHJU 

nepexo,IJ;HT B o6LittHLre ypaBHeHHH RPA 111 f. .· 
Pa3nHtiHe Me>K,IJ;Y X+x+ H x_x- o6ycnoaneHo. 

. pHeii cxeMLI ypoaueii OTHOCHTenLHo xHMnoTeHuHana 

KoppenHUHHX OHO CTaHOBHTCH HecyiUeCT.BeHHLIM;· ' 

B cnyqae 6onLWHX BenHttHH 'G C XOpoweii TO~HOCTLIO 

x+x+ = x_x_ =X X, r.ne iX 6y,IJ;eT HaXO,!J;HTLCH H3; 

1 =2w (X X) I f1D i. 
1 ( D 2 _ w 2) 2 

1 

Tor.na G(1) : G(2) = 'G1 =XX /2w. 
llo aHanorHI.fHLIM npHttHHaM 'G(3) .:'G(4) =:'G3, 

- 2 
G 3 - 'G 1 = 4 w 2 (X X ) I 

11 Dj 

J (D/-w2)3 

fipH OtteHL. 6onLWHX- 'G': 

w-+3G/2;'G3-'G1-+'G; 'G1-+ '<;? (1+0/6); . 

' 1 
D .... !.£(1+~); 1 - 2 P-+ ~(1+ 1+0/J); 

2 

- 2 ' 
XX ... G 0 ( 0 + 6) I 1); 0 :~ I j + 1 /2. 

1 

3aBHCHMOCTL ttaCTOTLI w OT .'G npHBe,IJ;eHa Ha pHC 

. THtteCKOH ·,IJ;ByxypOBHeBol 3a,llatiH / j~ • j :: j , J 
2£1 ::2£.10 I H ua pHc. 26-Jlml H,IJ;pa - "36Ni. Tal 

w RPA ·& 3HeprHH E:1 , 1 ·· .. coc_TOJIHHH N/2= _-t..1 . , T-1 , 
Kax .nauuoro no,llxo.na HrpaeT pon~ 6a3&cuoro 4louoH< 

7 



[IHillYTCH Tal<: . 

OHHaH,. 

-,-), 
) 

-)~ 

... 

/21 

X t. X± Haxo,q,TCH H3 
bi OT6pomeHLII / 1 

: 

f J:.. 
-cu 2 

; 

; /8/ 

I ,lJ;JIH 56 Ni o.nuoqacTH'IHaH c,xeMa' ypoaueii c 1 , npuae,neHHaH B np~no
:>KeHHH, B3HTa H3 pa60TLI / 3/ , r,ne ITpOBO,nHJIHCL BLI'IHCJieHHJi ,nJIH· 3THX 

:>Ke .H,nepl. . 
0TMeTHM HeKOTOpLie OC06eHHOCTH pemeHHH CHCTeMLI ypaiJHeHHH 

131 npH 60JILillHX BeJIH'IHHaX 'G lnpH MaJ}LIX 3Ha'leliHHX 'G CHCTeMa 131 
nepexo,nHT B o6LI'IIILie ypaaneHHH RPA 111 1. · 

Pa3JIH'IHe Me:>K,ny X+ X+ H x_x- o6ycJIOBJICHO TOJILKO acHMMeT· 
. pHeH CXeMLI ypoBHeH OTHOCHTeJILIIO XHMITOTeHUHaJia A • IIpH CHJILHLIX 
KoppemtUHHX ouo cTanoBHTCH uecyiUeCTBeHHLIM: TaKHM o6pa3oM, 
B CJiyqae 60JILillHX BeJIH'IHH 'G C xopomeii TO'IHOCTLIO MO:>KHO nonaraTL: 

x+x+ = x_x_ =X X' r.ne f){ 6y,neT Haxo,nHTLCH H3 ypaBHeHHH: 

-X)'\' t 1D 1 1 ... 2w(X ...., --
J (D2 -cu· 2) 2 

J 

Tor.na G(l) : G(2) = 'Gl =XX /2w, 
no aHanorH'IHLIM npH'IHllaM ·a (3).: G (4) =: 'G.3' npH'IeM pa3HOCTL . 

IIpH O'leHL 6onLmHx 'G•: 

cu -.JG/2; 'G.3-'Gl -oG; 'Gl ... ·~n (1+0/6); 

3G n 2 1 r1 
1 

. J ,· 
D .... 2 (1 + 3) ; 1 - P ... 2 + 1 +OM 141 

3aBHCHMOCTL qaCTOTLI w OT 'G npHBe,neHa Ha PHC. 2a ,nJIH CXeMa·. 
· TH'IecKoii .nayxypoaueaol 3a,na'IH I j + - j 2 j , j + 1/2 .10, 

2c
1 

::2c-10 I H ua pRe. 26-.nmr H,npa .:;6Ni. TaM lKe npaae.neuw 
w RPA H 3HeprBH E:1, 1 . . cocToJIHBJI N/2=t:..l , T.1, , KoTopoe apaM· 
Kax .nauuoro no.nxo.na arpaeT pom'! ·6a3Hcuoro cllououa, auanorH'IHOr.o 

.. 
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Pac. 2. 3aBHCHMOCTb >3HeprHH ;KOJIJieKTHBHbiX 6630HOB ( w) , w RPA. H 
3HeprHH. (E J:L~ T ) HH:>Kaiimero . 'N = ±'2 , T.= 1 CO~TO.HHH11 OT BeJIH'IHHbl 

KOHCTaHTbi xfapHoro .B3am.io):(eHCTBH.H '(G) : a/ 5~acqeTbi ):(JI.ii Mo;jeJibHOH 
):(ByxypoaHeaoii 3a):(a'IH; 6/ pac'leTLI ):(JI.H .H):(pa Ni. · 

8 
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I 

rrepBOMy ] 17 =2+ COCTOJrHHIO B CJiyqae KBa):(pyiiOJI 

BH):(HO, .qTo pemeliae .tinJI {L) cyritecTBY~T rrpH JII06o 

IlpH 60JibillHX 'G 'laC TOT a CrJ H 3}JeprH.H. E ±i,t CTpt 

H TOMY :>Ke rrpeAeJiy 3'G/2. 0TMeTHM, 'ITO ):(JI.H Ki 

·a CHCTeMa /3/ ):(aeT Hosoe pemeHHe~ H3MeHR.H .!IPH 

·KoniieKTHBHbiX 6o30HOB /Ko3c}lc}!HUHeHTLI Pt: 1± , ·uz i:. 
HH'IecKa.H qacTL raMHJibTOHHaHa /1/ 3anacaua B 1 

oTiiocaTenLHo Kon.rieKTHBHLIX 6o3oHos: TaKHM o6pa3m 

. ):(biB pa3 Bbi6HpaeTC.H ni:i<,· 'IT06LI nyqme ·aoc·rrpOH3BO):( 

OCUHJIJI.HTOp H 0 • 

Iiepeif):(eM K ocHOBHoi · 3a):(a'le pa6oTLI - -'a:: 

co6CTBeHHbiX 3Ha'leHHH raMHJibTOHHaHa /1/. HcrrOJib3 

i /1/ H KOMMYTHpylinulie c HH!.rorrepaTopLI /2/, pemliM 

B npe.zicTaBJieHHH KOJIJieKTHBHbiX 603ClHO':iJ · {3 ++p. H {J 
BocrroJIL3yeMc.H co6cTBeHHLIMH c}lyHKUH.HMH ):(E 

" rapMOHH'IeCKHX OCUHJIJI11TOpOB lN.:t• ~± ni±>, r,I:(e N j; 
e ± - BeJIH'IHHbl H30CIIHHa 6030HOB, m .:1- - TpeTbH Ilf 
6030HOB.. . .· 

' IlocTpOHM C06CTBeHHble !}JyHKUHH ···orrepafopm 

H rronHoro H3oc:nima /2/: · 
.• 

IN_ e_·N:/+TTO > = I c eTTo e IN e m >lN _e-
m± . +m+ _m_ + + + 

IlpH ):(eHCTBHH orrepaTOPOB /2/ Ha .c}lyHKUHH /5/ IIOJIY'Il 

"' , (N ~2{N +-N_)) jlt_e_ N+e + TT0 > = 0, 

(* (-)P.Tp.T-p. -T(T+lJJI·N_ e_ 'N+£+ TT 0 > 0, 

... 
(To- T0 ) I 'N.._LN". + T'liJ > = o,: 

r 

.;;:,"'- __ ::_ 

.9 



. . 

.a G(I1~J 
'. ·; 

: 6030HOB (cu) ,• W RPA · H 
COCTOHHH11 OT BenuqHHbl . . 
'5~ac.qeTLI .nnH Mo.neni,H:oii 

.Nz. · 

nepBOMY } 17 =2+ COCTOJIHHIO B cnyqae KBa.n;pynonbHbiX KOne6aHHH,, 
Bu.nHo, .qTo peweaue .nna Ul cy111eCTBY~T npH mo6oM 3HaqeHHH 'G 

. ~pH 6onbWHX 'G qaCTOTa cu H 3HeprHH E ;tl,t CTpeMHTCJI K O.D;HOMY 
H TOMY >Ke npe.neny .3'G I 2. 0TMeTHM; qTo .nnx Ka>K.noro 3HaqeHHH 
'G ducTeMa /3/ .naeT HOBOe peweHHe~ H3MeH11H !lPB 3fDfl CTpyKTYPY 
Kom1eKTHBHbiX 6o3oHOB /Ko3«P«PunueHTLI Pt.z. 1± , 'Uti:.. 1 ± 

1 j: AHrapMo
uuqe<;:Kax qacTL raMHnLTOHHaHa /1/ 3anucaHa B HOpManLHOM uu.ne 

'OTliOCHTenbHO KOn.JieKTHBHLIX 6030HOB. TaKHM o6pa3oM, qacTOTaW Ka>K· 
. ,I(biH ~a3 Bb16HpaeTCH TaK, q-ro6LI nyqwe BOCfipOH3BO,I(HTb·34J4JeKTHBHbiH 
ocuunnuop H o. . . .. 

IIepeii.neM K ocHOBHOii · 3a,naqe pa6oTLI - H3yqeumo; · cneKTpa 
co6c-rueHHLIX 3HaqeHBii raMum~-romiaHa /1/. HcnonL3YH raMHnLTOHHaH 

! /1/ u KOMMYTHpyrom:He c HHM .onepa-ropLI /2/, pewuM 3a,naqy qucneauo 
B npe,ncTaBneHHH KonneKT.HBHbiX 6030HOB · {3 /p. H {3~p. • ·· . - . 

BocnonL3yeMCH co6c-ruenHLIMH IPYHKIJ;HHMH .nuyx ue3aBHCHMLIX 
· rapMoHuqecKHX ocn;HnnHTopou lN.±· ~± m±>, r.ne N ± - qucno 6o3oHOB, 
e ± - BenH"l{HHbl H30CfiHHa. 6030HOB, m .;i- - TpeTLJI npoeKIJ;HJI H30CfiHHa · 
6030HOB. . . 

' IlocTpOHM co6CTBeHHble 4JyHKIJ;HH. (mepaTOpOB lJHCna qaCTHIJ; 

H nonHoro H3ocnima /2/: 

l 0 0 T ~ c TTo I'N 0 m >.'I'N 0 m •> .•. ·;s; ·N_ t._.N+· t.+T 0 > = ~ t. t. rn± e+rn+e_rn_ + + + - - - . 

IlpH ,neHCTBHH onepaTOpOB /2/ Ha I}JyHKIJ;HH /5/ nonyqaeM: 

"' ' .. (N ~2.(N -N )).1 N e N· 0 TT 0 + - - - +{. + () > = ' 

"' (To -To) llLL·N~ + T'JQ >:0,. 
J 
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( I (-)IL e e ...;f · (£ +1 JI"N £ 'N+f+' :rT0->= 0, 
+p. - -1L .:t .:t . - -IL 

·(; f3 ;P.. f3 ±P- ·N± J 1·N_e_ ·N+e+ TT0 ·>· ,o. ·!,.. 

Bee clJopMynLI .nmr nocTpoeHHJI 6a3Hca .. H tleKoTophle MaTpHt~Hhle . 
:lneMeHTLI abmHcaHLI B npunoJKeHHH. Oocne .peweHHJI cHcTeMLI ypaaae
HRit 131 BLit~HcmmRcb aHrapMOHHt~ecKHe xoiicTaHTLI 'G (n) H npbao.nu
nacL ,llHaroHanR3aUHJI raMHnbTOHHaHa Ill B 6a3HCe 151. IMaKCHManL.: 
Hoe ttucno 6o3oHOB ·Ns'. ·N+ +'N _ nottTH ao·acex pactteTax 6hlno p~aHo 
20. llpoaepxa no:Ka3ana, ttTo. pacwupeHHe 6a3Hca .no 40 6o3oHoB · 
npaicTHttecxH He MeH.HeT nono)f(eHHJI 4-5 HH)f(atiwiix xopaeit .nn11 x8.>K.nor-o 
·N·u T/. . .. 

,l];n11 npoaepKH MeTo,lla 6t.Ina peweHa · Mo.nenLHas .nayxypoaaeaa.11 
3a,llatta c napaMeTpaMH c H j onpe.neneHHLIMH Bhlwe. Pe3yttLTaTLI . 
COBnanH C TOtJHblM peWeHHeM /4/ , nony'teHHLIM aclJepMHOHHOM 6a3Hce; 

Ha puc. 3 noxa3aHo, xax 3aBHCJIT oT' ·aenHttHHhl 'G/Gk 3Hept"HH 
He:KoTophlx .HRJKaiwux cocToBHHii I 'G k cooT~eTcTayeT TOMY 3HatteHHtO 
·G , KOr,lla HCtJe3aeT peWeHHe B KBa3H6030HHOM npB6nH)f(eHHH ,llnJI 
on epa Topoa nap ttacTHU (G k. c I ( j + 1 /2) )) • · 

)l;ocTaTOtJHO ~.llff6HO pe3ynLTaTLI.llBYXYPOBHeBolt 3a,llatJR o6cyJK• . 
.nanuet. B pa6oTax 2 • ; . 

~ fiepei,lleM K paCCMOTpeHHIO CBOitCTB napHLIX B036}')1(AeHRit B paito· . 
He A- 56. · Ha puc. 4-8 noxa3aHo noae.neuue . 3Hepr-ult He:KoTopwx 
HH)f(aiWHX COCTOJIHHit B 3aBHCHMOCTH OT BenRtJHHLI JCOHCTaHTLI napHoro 
B3aHMO,lleitCTBHJI.I AcRMMeTpHJI pe3ynLTATOB OTHOCRTenLHO 'fJ-+ -N 
npoJIBnJieTCJI nHWL npH He6onLWRX 3HatteHRJIX 'G R npaJCTRtJeCJCH • 
aedYJUecTaeaaa. Ha puc. 4-8 rpaclJ&KH ,Ana ·N • ...;N coana.Q810TI. \ 

0TMeTHM HeKOTOpWe CBOitCTBa iiiOny'teHHOt"O peweHRJI. fipH ManLix·: 
3HaqeHRJIX 'G cneKTp 6nH301C IC -:iKBH.QHCTAHTHOMy. )l;o TOtJKR "4!a30BOt"O . 
nepexo.na" I G < ·a lc I pacmenne~He .B R3oMynt.TunrieTax a o'caoaaow : 
onpe,AenJieTCJI ,QHat"OHAnbliLIMR ttneHaMH raa.tHnLTOHHaHa 

< ·w l N l ·r 1 H . 1·N· f · ·N f T >- CIJ fN +N J + 
+ + Roriii.\ - - + + + -

+ 6
2
(3) (N (N -3)+ l (l +1))+~(N (!i'. -3J+ f (f +l)J+ -

+ + .+ + ~ - - - - . 

+(G(1) +'G(2))(N+'N_ +; (£+(l_+1)+ f_ (l_+l)-_T(T+l))), 
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leKOTOpbie Ma TpH'IHble • 
eHHJI CHC'I'eMbl ypaBHe • 
aHTLI :a (n) · H npbaona· 
IHCe /5/./MaKCHManL.; 
c pac'leTax 6Lino paBHO 
l3HCa no 40 Go30HOB 
nix KopHeit nnJI Kamnoro • 

tenLHaJI nayxypoaHeBaJI 
MH .. BLiwe. Pe3yiiLTaTLI . 
[ B4!epMHOHHOM 6a3HCe~ 
IH'IHHbi 'G/Gk :meprHH 
rcTayeT TOMY 3Ha'leHHIO 
HOM np86nH)J(eHHH nnJI 

tOBHeBOI3anA'IH o6cy>K • 

r.IX B036y)I(JleHBI B palo· 
ie . 3HeprBI ·HelCOTOpbiX 
lHLI. ICOHCTAHTLI napHoro 
THOCBTenLHO 'fJ ... -N 
UIX 'G B npaiCTH'IeCICB · 

·11· • ~N coananalriT/. i 
){'0 peweHBJI. fipB ManLIX': 
ty. ,no TO'IKH "4la3osoro . 
nLTHnrieTax B ocHoBHOM : 
»TO!lHaHa 

+N .!) +. 
+ -

t-1) -:T (T +1))). 

I 

1 
' I 
i 

1 
1 

' . ' 

I. 

I ~ 

j' 
I 
I 
!" 
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:·,· 

EcnH COCTO.H:HH.H: OTnH'IalOTC.H: TOnbKO BenH'IHHOH f+ (f_ ) , TO COCTOS· 
HH.H: c 6onLWHM 3Ha'leHHeM e+(e_) .. ne:>KaT BbJWe. HanpHMep, ~n.H: 

. COCjO.H:HHH . c J"N I =2"N ± , . T"" e :1: aenH'IHHa paClllenneHH.H: paaHa 
'G ( 4 )T (T +1)/2 • 

)l;n.H: 6030HHbiX COCTO.H:HHH, KOTOpble OTnH'IalOTC.H: TOnbxO BenH'IHHOH 
nonHoro MOMenTa T , paclllenneHne oTpnu:a TenLHO ·a paaHo -(G (1) + 
+'G(2j) T (T+ 1)/2. HanpHMep, B ~Byx6030HHOM MynLTHnneTe :11111 T > · 
paciu:enneHne TaKoao, 'ITo cocTo.H:Hne c ·r =2 ne)l(nT HH:>Ke cocTo.H:HH.H: 
cT ... O. llpH. 6onLWHX 3Ha'leHH.H:X G , KOr~a CTaHOBHTC.H: ace MeHee 
CYllleCTBeHHoii OMO'IaCTH'IHa.H: qacTL raMHnLTOHHaHa, TaK :>Ke KaK n B 
~:Byxypoaneaoii 3a~aqe lpa6oTa 14/ H pac'leTLI B ~aHHOH pa6oTe 
lp:Hc. 3/ I, 3aancn:MocTL HH:>Kaiiweii qacTn cneKTpa oT ·N H T onncLJaa
~Tc.H: H3BeCTHOH rPOPMYnOH ~n~ BblpO~~HHOrO cnyqag /5/ 

: 'G. 'N 2 
-

EN T-- .I - + T(T +1) I. 
2' -2 4 

lJilcno qacTHU: 'N OTC'IHTLIBaeTc.H: oT A o = 56. B cnyqae ~ayxypoaHeaoii 
3a~a'IH OT 'No = 4(j +1/2) = 40. CneKTp CHMMeTpH'IeH OTHOCHTenbHO 
'N -o-·N. 3TOT Bhl60p OTnnqaeTCH OT/4/ HeCYllleCTBeHHhlM, nHHeBHhlM 

no .·N qneHOM n coana~aeT· c BLI6opoM pa6oTLI 121. TaKHM o6pa30M~ 
nocTpoeHHLIB KonneKTHBHLIB raMnnLTOHHaH III nMeeT npaannLHOe 
:J~epreTn'lecKoe iwae~eHne .n npn 6onLwnx 3Ha'lenn.H:x KOHcniHTLI 
napHOro B3aHMO~eBCTBH.H:. · .-

06naCTb peanLHO O:>KH~aeMLIX · 3Ha'leHHB napHoii KOHcTaHTLI /7 I 

/-a: 
20~0 

M:1al nona~aeT a "nepexo~Hyroo6nacTL" I '9 =·ak=~HM:Ja 

lpnc .. 2//, r~e HenpnMeHHMO onncaHHe B paMKax RPA nnn KpeHKHHr
Mo~enn./2.6/. Ha pnc. 9 ~n.H: Ka:>K~oro ·3Ha'leHH.H: A=- 48-64 a nepaoii 
KOnOHKe (p) npHBe~~Hbl 3HeprHH HeKOTOphlX HH:>KaBWHX (T~4) COCTO· 
.HHHB nlm 'G = .5 M3B I3Ha'leHne ·a =.5 M:JB 6Lmo BLI6paHo TaK, 

. 'IT06bl OllHCbiBaTb- ·no.Jio:>KeHHe ?apHOro B036y:>K~eHHOro COCTO.HHH.H: 
c T;, 0 B .H~pe 56 N.i I 'N =0 I /2 • IToKa3aHo TaK:>Ke nono:>KeHne Tex 
COCTO.HHHB, KOTOpbJe He 6binH npHBe~eHbl paHee, 'IT06bi He 3arpOMO:>K· 
~aTL pnc. 4-8. HanpnMep, cocTo.HHH.H: T ..,.1,3 , lN I = 4 /. B TpeTLeii 
KonoHKe ( exp) npnae~eH 3KcnepnMeHTanLHLIB ·cneKTP 121 ./B cxeMa
TH'IecKoii KapTHHe /pHC. ll, ll03aHMCTBOBaHHOB H3 /2/ OCTaBneH:bJ -
TOnbKO · OCHOBHhle. o+-coCTO.HHH.H: g.ziep H ITO~p06HO 06CY:>K~aBUmeC.H: 
B036Y:>K~eJIHbie COCTO.H:HH.H:. HeKOTO_phle COCTO.H:HH.H, He paCCMaTpHBaB· 
WHeC.H B 12/, 6y~yT H3y'leHbl B ~aHHOB pa6oTe •. 

12 

. ~ 

I 
f 

15 

5 

a) 
' .. ~ 

D '(IJIJID} .z 

r=o~ 

/ 
/

/ .·· 

/ 

T=l- I 

I 
I ' 
/j 

/I 
I 1 

/ / ~~ // ............ , .,..,... 
. '-~-

.4 
T=D 

·6 " 

Pnc: 041' ·3aBHCHMQ_CTb 3HeprHH (E) COCTO.H:HHB, llOCTPOI 
Ji~pa· 56 N.i' ·oT BenH'IHHbl' JCOHCTaHTbl napHoro B3aHM 
(E-·& (A,Z)- '&(5~-Ni)+lJ.~(A-56) .. 
~ (& coud A,Z)..: ·5, ~~~~ .( A,Z . =28))). . ' . 

,D;n11 N'::!_O noKa3aHhl TaK:>Ke acnMnToTH'IecKne (G- 0) 
COCTO.H:HHB (Nj_N+f) .H BenH'IHHa n'onHoro H30CllHHa 
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e.; (e_ ) , TO COCTOJl• 

sblwe. HanpHMe.p, ~m1 

L pacmenneHHR pauHa 

OTCR TOJlbl<O BeJIH'IHHOH 

IbHO .H paBHO -(G (1) + 
MyriLTHnneTe :11111 T > 
le)KHT HH)Ke COCTORHHR 

raHOBHTCR BCe MeHee 

HHaHa, Tal<: )Ke I<:ai<: H B 

:TLI B ~aHHOH pa6oTe 

pa OT .N H T OllHCLIBa • 

Jyqas/5/ .. 

cnyqae~uyxypoBHeBoii 
eTpH'IeH OTHOCHTeJILHO 

,eC/TBeHHLIM, JlHHeHHLIM 

.1 21. Tai<:HM o6pa3oM; 

1~ HMeeT npaBHJlbHOe 

3Ha1.JeHHRX :KoucTaHTbi 

.cTL" I '(.i ='G k =~H M :m 

tx RPA HJIH xpeHKHHr~ 

IR .A =· 48-64 B nepuoii 
<aHWHX. (T-;._4) COCTO· 

:3B 6LIJIO BLI6pauo Tal<:, 

iy)K~eHHoro cocTORHHR 

ra}()Ke llOJIO)KeHHe TeX 

~, 1.JT06LI He 3arpOMO)K· 

!"NI= 4 /. B TpeTLeii 

·cnexTp 121./B cxeMa· 

flOH H3 /2/ OCTaBJieHbl -

lP06HO o6cy)K~aBWHeCR 
flHR, He paCCMaTpHBaB· 

l 

I 
\· 

. I 

. t 

\ 
i . _, 

i 
·I 
1 

I 
'1 
:! 

.! 
I 
i 
I 

l 
I 

f 

I 
I 
i 

' I 
I 

..;. i 
. j 

i 

-
5 

,. 

a) 

D . (D61JD) . . z 

T:l I I 
I I 

I L 
1 ;T=O 

II 
I / 

/ / 
............ / .# ............. , , 

~~--"' 

T= 
·6 

N=O 
R=S6 

7=2 

: G(l111) 

. . 

·. Plic: '4!' ·3auucuMocTL 3Hepruii (E) cocToRHHii, nocTpoeHHbiX Ha ocHo:Be 
B~pa' 56 '·Nr -ot uemi'IHHLI- I<:OHCTaHTbl napHoro B3aHMO~eiicTBHR (G) . • 
(E- 'lf, (A, Z) - 'lf, ( 5~ 'Ni) + 1!3.~ (A -56) . 

- (·~ cout(A,Z)~-·6; C~~~ ~(A,Z · ::28))). ~·. ~ 

,D;nx N'::!.O noxaJaHLI Tax*e acuMnToTH'Iecxue (G- OJ xuaHTOBLie qucn·a 
COCTORHHH (N_e_N+f) H BeJIH'IHHa n'onHoro H30CllHHa T 
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lh cpaBHeHHJI pe3ynLTaToB ~aHHoro pacqeTa l 

BH~HO, .'ITO H3{rrorrHHBapHaHTHLIX napHLIX OCTaTO'IHLIX 
uo ~nJI o6'LJicHeHHJI ua6mo~aeMoro paci.QenneuaJI B H 
HanpaMep, HH>Kaiiw:He . 'cocT.OJIHHJI c. T =· 4 llaxo.ziJij 
HH>Ke, a cocToJIHHJI c -T ..,o .• IN I = 4,8 BLIWe !:ncci 
,lJ;nJI HH>KaiiWHX 'cocTOJIHHit, c·T ;·0,1,2 , 'N= 0 nonyqae 
aunLHLiit nopJI.Jio,K _-ypoaueft. Bee 3To yKa3LIBaeT. Ha 
~pyrax ,can ~nJI onacaHHJI napuoro KonneKTHBHoro J 

IIonpo6yeM yqecTL l}leuoMeuonoruqecKa B3aHM< 
qaroi.Qee :mepraa c-HMMeTpHH a 3MrrHpaqeci<oft Ma< 
C~enaeM 3TO npo7~;HWHM . nyTeM: ~o6aBHB . 2b S}m 

I. I b s}m = 25 M3B/ • Pe3ynLTaTLI. npaae~eHLI Ha p 
KonouKe ( p +·s) ~nJI ·_Ka~oro ·3Ha'leHHJI A. · Ba~uc 
C 3KCrrepHMeHTOM CYIIleCTBeHHO yny'lllleHO. 
. 06cy~HM nonyqeHHLie pe3ynLTaTLI. Ilo auanc 
6y~eM npHBO~HTL aCHMITTOTH'IeCKHe KBaHTOBLie 'IHCm 
I.Qax 6o3oHHLix cocTol:uait JN 1 ~N +e+ T > ,· uecMo~ 
aHrapMOiiH'IeCKHe 31}ll}leKTLt rrpHBO~JIT K ~OBOnLHO CHnLH 
nii:X Koul}lurypaUHit. A = 48. 48 Ca I ·g.s.locHOE 
144004 > / H3)''1ancJI , B peaKtlHH ,48 Ca(t, p) /9/. 

CHriLHWit nepexo~ B o+-~fCTOJIHHe C 3Hepraeit B03( 
5,46 M3a lJ 53114 > I. Tj · L g.s.l42002> I H3Y so rr t 46 111 121 · Ti(p,t) u Ti(t, p) •. • JiLin o6uapy>K€ 
XO~ B COCTOJI,He C E,; = 4,97 M3B /I• 5l112 ' 
46 f:i(3 He,p ) 48 V. 137 6wno' o6Hapy>KeHo ~Ba CBnLH( 
o+-coCTOJIHHJI c Ex= 3.02 1142002>/.H 3,70 Ll 

I TaJCaJI Kntl_CCHci>BKaUHJI CO~T<}JI,BBI no:ziTaep~aeTc,( pe 3: 
UHB - 46 Ti ( 3 He, p)"8 Cr/14'8 · 48 Crl _g.·s.l40000> ./6 
o+-coCTOJIHHJI .. c Ex = 5,3 /50'fo/, 8,77 l33rfol, 9,41 
cico6lcax noKa3aHa HHTeucuauocTL nepexo~a B 3TO coc~ 
Tax JC BHTeHCHBHOCTH nepexo~a B ocuoauoe. cocTOJIE 
c Ex = · 8~77 'M3B cooTBeTCTByeT auanory ocHOBE 

, 
48 T-i I 142002 ·>lana cocToJIHBlO c Ex = 3,02 M3E 

: cocTOJIHHe·c ·Ex = 9,41 t.ba MO)f(eT 6WTL oTHeceuo JC ' . . . .. . . . 48 
OTBeTCTByeT .coCTOJIHBtO c Ex = .3,70 M3B B V . 
Ex : 5,3 'M3B,B03~o>KHo .>j 51110> • 

Cpasueuae 3KcnepaMeHTanLuwx. , ~auuwx c uau 
/pac. 91 n'oxa3wsaeT; ·. qfo. ueimoxo onacauo paci.QenneH 

. Te .J 4 TooT> .a ; nono>Keuue . B036Y>ic!{eHHO~O ll _53114~ 
B 4 

.. Ca. J1ono)f(eHHe ~pyrHX COCTOJIHHJt 3aBLIWeHo. .. 
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Jf3 cpaBH~HH~ pe3yJILTaTOB ,l:(Ei.HHoro pactteTa C :JKCIIepHMeHTOM 
BH,l:(HO, ttTO H30TOIIHHBapHaHTHLIX napHLIX OCTaTOttHLIX CHJIHe,l:(OCTaTOtt· 
HO ,l:(JIJI o6'LJicHeHHJI Ha6mo,l:(aeMoro. pacmenneHHJI s. H3oMynLTHnneTax • 

. HanpHMep, Hll>Kaiiw:He 'cocToJIHHJI c T =· 4 uaxo,l:(JITCJI cymecTBeHHo 
• HH:>Ke, a cocToJIHHJI c 'T .. o , l'N I = 4,8 sLime i:JKcnepHMe:aTanLHLix. 

,lJ;nJI HH:>KaitWHX COCTOJiiUiH. c'·T :0,1,2 , 'N= 0 ttonyttaeTCJl ,l:(a:>Ke Henpa· 
sHnLHLIH nopJI;ioK ·yposHeii. Bee :iTo yKa3LIBaeT- Ha sa:>KHocTL ytteTa 
,l:(pyrHX ,CHJI ,l:(JIJI, OIIHCaHHJl napHoro K()JIJieKTHBHOrO ,l:(BH:>KeHHJl /2,3/ · . 

Ilonpo6yeM yiieCTL (tleHOMeHOJIOrHtteCKH B3aHMO,l:(eitCTBHe, .OTBe• 
ttaromee :JHeprHH cHMMeTpHH a :JMIIHpHtteci<oii Maccosoii !lJopMyne. 
C,l:(enaeM no npo~T,iiWHM nyTeM~ ,l:(06aBHB 2b 8 }ftl T(T+l)/A, . , 

I 
I b B}ftl = 25 M:JB/ 7 • Pe3ynLTaTLI, npHBe,l:(eHLI Ha pac. :.9 so BTopoii 

. KonoHKe ( p +·s) ,l:(JIJI Ka:>K,l:(oro 3HatteHHJI A, BH,l:(Ho, ttTo cornacne 
C :JKCIIepHMeHTOM c}'Ii(eCTBeHHO ynyqweHO, 

06Cy,l:(HM nonytteHHLie pe3yJILTaTLI. Ilo aHaJiorHH C / 2 ,8f:' MLI 
6y,l:(eM npHBO,l:(HTL aCHMIITOTHtteCI<:He I<:BaHTOBLie ttHCJia COOTBeTCTByiO· 
IUHX 6030HHLIX COCTOJrHHi JNJ~N +f+ T >, HeCMOTPJI. Ha TO, ttTO 
ailrapMOHHttCCKHe :J!IJ!IJeKTLi npHBO,l:(JlT K ,l:(OBOJILHO CHJILHOMY CMeWHBaHHIO 

, nax KoH!IJHrypauni. A = 48. 48 Ca I g.s.locHOBHoe cocTOJIHHel 
144004 > l H3yttancJI .B peaKUHH 48 Ca(t, p) /9/. JiLin o6Hapy:>KeH 

CHiiLHLii nepeXO,l:( B o+-~fC~OJIHHe C :JHepraei B036y:>K,l:(eHHJl Ex .= 
5,f8 M:JB J J 53114 > 1. TJ · I. ~.s.!42002> I H3yttancJI B peaKUHJIX 

'f.i(p,t)/1 I H 46 'f..i(t, p) fll •.121. liLin o6Hapy:>KeH cHnLHLiii nepe
xo,l:( B cocTOJIVHe c E,;; = 4,97 M:JB /1· 51112 > 1. B peaKUHH 
46 '[:i(3 He,p ) 43 v!13l 6wno. o6Hapy:>KeHo ,l:(Ba CHJILHO B036y:>K):(aeMLIX 
o+-cocTOJIHHJI c Ex= 3.02 1142002>/H 3,70 /l .. 5111l·>I.M:JB. 

1 
TaJCaJI JCmi_ccHibHKaUHJI cocTqJI~Hi noitTsep:>K,l:(aeTcJt pe3ynLTaTaMH peaK
UHH .. 46 'f.i ( 3 He, p/8 Crfl 4'B · 48 Cr/ g,·s,!40000>. {6LIJIH Q6Hapy:>KeHLI 
o+-cocToJIHHJI c E" = 5,3 /501o/, 8,77 l331ol, 9,41 l331o/ M:Js. IB 

CJc06I<:aX noKa3aHa HHTeHCBBHOCTL nepeXO,l:(a B :JTO COCTOJIHHe B npoueH· 
Tax JC sli'I'eacasaocTH nepexo,l:(a a ocaosHoe cocTOJIHBe/. Coc1'oJIHHe · 
c Ex = · 8~77 'M:JB cooTBeTcTsyeT aHanory .ocHOBHoro cocToJIHHJI 

, 48 T:i I 142002 ·> l HnH cocToJIHBIO c E" =·3,02 M:JB B 48 V . ,.Tor~a 
: cocTOJIHHe···c. Ex = <),41 :t.bs M~)l(eT 6LITL OTHeceao JC .!51111:·> 8 co-

OTBe-TcisyeT .cocToJIHHro· c Ex = _3,70 M:JB a48 V •. CocTo.RHHe c 
Ex =5,3M3QB03Mo>Kao.l51110>·. ,, · -;.·. 

CpaaHeHH:e :JJCcnepaMeHTanLHLix . ):(aHHLI)C c HaWHMB pactteTaMH 
/pac. 91 n'oi<:a3waaeT; · qfo .. Hennoxo .onncaHo pacmenneHae s MynLTHnne-

• Te .J 4 ToOT> B )IOnmlceHHe · ao36y>Kp;eHHoro /.1 .53114> l . · cocTOJUiBJI 
B 4 .. Ca, J1ono)l(eHite ,l:(pyrBX COCTOJIHHi 3aBLIIUeHo •... , ··. . :: · · 
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. ' . 48 ' • . /11; 12/ ' ', . ' . '" . 
.. ·A= 50. B peaKUHH Tt (t,p) o6Hapy.>KeHo cunLHO BoJ-
-~Y)K,I{aBweec.H o+-colno,.HHH~_,c Ex = 3,88 M:m /I 421l3 >1;/-.B.H~pe lOTi / g.•s.j 33003>J. B peaKUHH 48 ~a( 3 He,_p) 5 OSc I 15 ••- .. -••~- ·. 

o6Hapy:>KeHLI o+ :-cocTo.HHH.H c Ex = 8,09\: .I I 44114 > , 11,2 
I I 44115 >I M3B. B He-~aBHHx uccne~oBaHH.HX peaKuuu 5~ Cr (p,-t)/161 
B .. so Cr / g.s. 1'31001 >I 6LIRH H:aii~eHbl p-+:-cocTo.HHU_.H c.· Ex = 3,86, 
4,05, 4,35, 4,75 M3a.Knaccu4JuKan:Ji.H 3THX cocTO.HHUii JaTpy~HHTenLHa, 
T.K. ~Ba nocne~HHX COCTOJIHHJI B036y~~a~UCb r~pa3~0 cna6ee ~Byx 

. ' nepBLIX, 'a B ~BYX 'm!pBLIX COCTO.HHH.HX- o6Hapy.>KeHa npuMeCL ~pyrux 
(L ;::_ 2J. nepexo~oB. Cpa;BHeHue pe3YJIJ.Tai~a-Hawero pacqeTac 3Kcne-

_. puMeHTOM .~n.H A = SO.noKaJLIBaeT, ,'-ITO Hennoxo onucauo pacmenneHue 
B ~y6ne.fe IJToor;-.no.rio~eHue ocTa.JJLHLix coc;o.H.Huii JaBLIW:eHo. A= 52. 
B peaKUUU 50 Tt( 3 He,p) 5~ v/1 51 o+-cOCTO.IIHUe\ C, Ex= 1,66 M3B, 
B03MO:>KHO, I 3~113 > . 52 Cr J ·g. s. 122002 > / H3yqanc.H n peaKn::Hu 

50 Cr(t,p) /12, n/ u 54 Cr(p,t) l~s/ .· 'Bo6euxpeaKUU.HXCUJILHO 
. BOJ6y.>K~anocb cocTo.HHHe c Ex . = 2,66 I I 31112>/ M3B. B pea:KuB:u 

50 Cr ( 3 He, p) 52 Mri/21 6Lino o6Hapy:>KeHo TpH. CHJILHLIX nepexo~a 
:B o+- cocTo.HHu.H c Ex = 2,64 /I 31111 > /, 2, 95/ I 22002 > 1, 5,4 7 
I I 31112 > / M3B B .H,ru>e 52 M'n ·. 52 Fe I .g. s. 120000 >I H3y1.fanc.H · 
B peaKUUH 54 Fe(p, t)l 1 ~/BLIJIU o6uapy:>KeHLI o+-coCTO.HHU.H c Ex =4,14, 
5,31 t 6,84, 8,52' M3B. nocne~Hee COCTO.HHUe -~- aHanor. g.s. 52 Cr 
/I 22002 > / unu COCTO.HHU.H · c Ex = 2,95 M3B :8 52 Mn • Auanor 
coc~O.HIIH..H c g;x. = 2,64 M3B /I· '31111 > / B 52 Mn B 52 _Fe He 
o6Hapy:>KeH. Cna6o BoJ6y~aeMoe cocTo.HHUe c Ex = 4,14 M3B cKopee 

· acero He ·CB.HJaHo c KonneKTUBHLIMH napHLIMU Bo36y:>K~eHUJIMU. O~Ho . 
HJ cocTO.HHHii c. Ex= 5,31 u.riu 6,84 M3B, BOJMo:>KHo, cooTBeTCTByeT 
1 31110 > .3To npe~cKa3aHue MO:>KeT 6LITL . c~enaHo HJ cne~yromux 
coo6pa:>Keuuii.B peaKUUH 58 Ni ( 3He, n)ho/B .H~pe 60 Zn jg.·s.I00200 >I 
6LIJIU o6Hapy:>KeHbl o+- COCTO.HHUJI c 3He·prHiMU Ex = 6,88 H 7 ,4i M3B, 
BTopoe · cocTo.Huue cooTBeTCTByeT aHanory g;s. 60 Ni II 00222 > I. 

· IiepBoe - B03MO:>KHO I 00200 > . Pac.feTLI · c napHLIMH cunaMu ~aroT 
CITeKTp, ITO'-ITU CHMl\feTpU'-IHLIH OTHOCUTeJILHO jy .. ,'-,-N /pUC: 4/. Y1.JeT 
3HeprUU CUMMeTpHH He MeH.HCT paCCTO.HHU.H Me)l_<~y COCTO.HHU.HMU 
c· o~uHa:Ko:B:bi:M H3~cniiHOM. no3TOMY BenH'-IHHa pac~enneHu.H L 00200 > 
u 1 11310 >6nu3Ka K paccTO.HHuio Me:>K~Y I 20000 > H I 31110 > • 

CpaBHeHHe peJynLTaToB pac'-leTa c 3KcnepuMeHTOM ~n.H A= 52 
/puc. 9/ noKaJLIBaeT, '-ITO uennoxo. onucauo pacmenneHHe cocTo.HHH.H 
I2TOOT> B: ·I 31114>.1Iono:>Keuue ocTam.!JLI~ _ cocTo.Himii 3aBLIWeHo. 
·A·= 54. B peaKU:UH 52 Cr( 3 He, p) 54 Mn /15 o6uapy:>KeHLI o+-cocTO-
JIHHJI C Ex = 1,45 /]22112>/, 6,15 /1 22113>/ M3B. B 54 Fe 

20 

.,· 

1-
j · l g.s. · I qoOl> I H3 , peaxuua (p, t) I 10

• 
211 noxa 

: _ueqonLW~.H qacT_L 'cneKTpa jE < ~ M3B/. B peaKuu:HI52,~ 
OCHOBHOH nepeXO~ H~eT Me)f(~y OCHOBHLIMH COCTOJIHHJ 
UHJI 0+ ·COCTO.HHHH, o()uapy)KeuHLpt. B 54

•
56 'Cr ~ 

Hamu pac'leTLI ~nil :4= 54 ~aroT ~oBoni.Ho xopoiuee < 
,/puc. 9/: /XOT.H nono.>KeuJie COCT<l.HHH.H c T = 2 H uo 
HUe ao36y)l(.neHHWX COCTQJIHRH· C 'T= 1 HeCKOJibl<O 3a 

56 Ni ~ I g. s.! 00000 >/ ~~~y:qanc.H B peaKUH.Hx 
51 

a 54 Fe(~ He,n) /:n,2JI .06e. peaKn;UH. yKa3LIBaroT. 
ao36y)K~eJiae COCTO.HHQ:H C Ex = 6;6; 7 ,9; 10,0 M3B. 

JiLIJIO npe~nono:>Keuo /U qTo 3TH cocTO.HHli.H coc 
:11111 T > :c u3ocnuHoM · T , paBuLIM .caoTBe;rcTBeJ 
pacqeTLI ITO~TBep~aiOT 3TO C xppOWQ:M 3HepreTH 
CTBHe·M. Cne~yromee COCTOJIHQ:e O)KH~aeTC.H OKOJJ_O 13,0 ' . . . + . ' 
/Cna6o :BoJ6y.>K~aeMLie B (p, t). peaKuuu 0 -cocTo.HJ 
7,29 M3B He .BH~iiLI B peaKURll ( 3 He,n) .no Hiuu 
COCTOJIHHJI He CB.H3aHLI C KOJIJieKTHBHLIMH napHLIMH 

. 0TMeTHM B 3aKJII01.JeHHe, '-ITO 3KCnepHMeHTal 
peaKUHJIM ~BYXHYKJIOHHOH nepe~a1.JH ITOKa3LIBalOT ~c . ' 54 
KapTHHY B036y.>K~eHHii. HanpuMep, B peaKUHH Fe ( 
o6Hapy)KeHO 60JILWOe KOJIH1.JeCTBO o+-COCTO.HHUH, a~ 
6y.>K~aeMLIX cocTo.HHHii c J~ = 3~, 2 + , 1+ . KpoMc 
HeiiTpOHOB 6onLWeM 28 pe 31<0 yBeJIH'-IHBaeTCJI BeJIH'-IQ:H 
OCHOBHLIMU COCTOJIHHJIMQ: H yMeHLWaeTCJI CHJia nepeX 
HLie 0+ - COCTOJI_HH.H. Bee 3TO 3aTpy~H.HeT u:neiJTuriJuKai 
napHLIX B036y.>K~eHHH. · 

npocyMMHpyeM nonyqeHHLie pe3ynLTaTLI •. no 
onucaHue pacmenm;HH.H B MyRbTUITJieT'ax, coc-faaneiiH 
Q:3 OCHOBHLIX 0+- COCTO.HHHH .H~ep /HJIH HX aHanoroB/.: 
OTMeTHTL, qTO y'-leT TOJILKO 3HeprUH CHMMeTpHU He IT 
,tiae·:MoMy pacmenneHHIO. 3To r6BopHT o Ba.>KHO~TH._}'~-u 
pHaHTHLIX napHLIX 'ocTaTO'-IHhlX CHn.;HeCMOTP.H ua TO·, 
B MynLTHnnenix ('A;, cohst)onucaHo ,tioBonLHO xopowo; 
TLI, Ha'-IJiHa:Ji C •A~A·0_±4(Ao;,;56) JI~.>KaT BLiwe 3KC 
3TO MO:>KeT 6LITL cne~CTBHeM Hey'-ITeHHLIX MYJILTHITOJIJ 
cun/2,3/ . HJIH a -qaCTH'-IHLIX KOppeJI.HUHH f 25f. ,[(a; 
npoBe~eHLI npH HeH3MeHHOH O~H01.JaCTU1.JHOH CXeMeyp 
~n.H 56 Ni, ~Ba~LI MaruqecKoro .H~pa. noJTOMY cTaH• 
'-ITO ITOJiy'-leHO XOpOW~e OllHCaHHe B036y)K~eHHLIXCOC1 
u 48 Ca u cucrewiTH'-IecKu 3aBLiweHHoe npe~c:KaJai 
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,,.: ··I 

6Hapy)KeHO CllJlbHO. B03-
3B I l42d3 >

1
.f, a. R~pe 

9i.P) _s OSc I 1~ __ ·_ . 

ll9(-/l441i4 '> , 11,2 
1eaKUHH- 5~ Cr(p, t)/16/ 
COCTORHHR C- Ex ,; 3,86, .. ' .. , ,' . 

~ORI_IHH 3aTpy.D;HHTem.Ha, 
:. ·. ropa3.u;o c~a6ee .z(ayx 
Y*eHa npHMeCL ~pyrHx 
[awero pactJeTa c 3Kcne
w onHcano pacmennenue 
•RHHii JaBLimeno. A= 52. -.. - E ~ . 
HHe c.. x - 1,66 M3B, 

/ H3ytJancR a peaKUHRX 
l o6eHX peaKUHRX CHJILHO 
l12 >'/ M3a. B peai<uuH 
·puJ 'c:HnLHLIX ·· nepexo~a 
2,95/L 22002 > 1. 5,47 
s.!20000 > /H3ytJancg' 
·COCTORHHR C Ex= 4,14, 
e. >~ ananor g.·s. 52 Cr 
M3a ·a 52 Mn • Ananor 
a -52 Mn a 52 Fe He 

Ex = 4,14 M3:8 ·cxopee 
l B036Y*~emiRMH. O~no 
IMO)KHO, COOTBeTCTByeT 
~enano H3 cne~ywmux 

1e 60Zn lg;s.!00200> I 
l Ex=6,88H7,4iM3B~ 
:s. 60 Ni II 00222 > 1 .. 
napHLIMH CHJiaMH ~aiOT 
'N-+-N jpHCi 41. YtJeT 
'l Me)K.D;Y COCTORHHRMH 
~acll!enneHHR L 00200 > 
0000 > .. H 131110 > . 
[epHMeHT<lM ~Jljf A = 52 
1acmenn_eH}Ie COCTORHHR 
COCTORHHH 3aBLIWeHO. 
>6napy)KCHLI 0+ -"c ocTO-
13 > / M3B. B 54 Fe 

\~ ' 
f, 

!! 

I 

I 
.1• 
l 
I 
}· 

. ~ ' 

i 
' 

j 

f: 
l 
t 
'I' ' . 

_·,I 

' 1 g.s. 1 11001 > 1 H3 . peaJCUHH (p, t) 110
• 

211 noxa ll3aecTI~a TOzJllll<S 
1 • • 1 E < <:l M 1 B 1 52 54c '* . .s4,56c.,/l:t,z7, I ae~OJibWaR ttaCTL cneKTpa "f 3B • peaKUHll ' r1.,p) • ., _· -
I 'ocHOBHOH nepexo~ H~eT Mejf{~y OCHOBHLIM_r

4 
~~CTORHHRMH, I<JiaCCH$HKa 

UHR 0+ ·COCTORHHH, o(}napy){(eHHLlX B ' Cr , 3aTpY~HHTeJI&Ha. 
Haum pa9tteTLI ~n.R :A= 5~ ~aiOT ~oaoni.no xopowee onncanHe cnei<Tpn_ 
./puc. 9I.'IXoTR UOJIO){(eHne COCTORHHR C T =~H B03MO){(HO, UOJIO){(e 

. HHe ao36Yjf{~CHHLIX COC1'01lHHi: C. ·r= 1 HeCKOJILKO 3~B~WeHol • . 
56 Ni · I g.s.! 00000 > / n3yttancR a peaxuunx fi' (p, t) 1 10

• 
22 I 

H 54 Fe (3 Re, n) hn, 23/ • 06e peaKUHH. yKa3LIBaiOT .Ha 3HattHTeJibHOe 

ao36y){(~eHHe cocToRHHii c Ex= 6,6; 7 ,9; 1q,o M3_B. 
JihJJIO npe~UOJIO)KeHO /U ttTO 3TH COCTORHHR C~CTaBJIRIOT TpHnJieT 

:j1111 T> c nJocnHHOM T , paBHhiM .cooTae.TcTaeHHO 0,1,~. HawH 
pactteTLI UO~TBep~aiOT 3TO C xppOWHM 3HepreTH'IeCKHM COOTBeT

·. CTBHe·M. c;:ne~yiOIUee COCTORHHe O){(H~aeTCR O~OJI,013,0 M3a/l20~00:>1. 
1Cna6o :Bo36Y*~aeMhie a (p, t) peaxunn 0 -cocT?R~IHR_ c Ex - 4,95, 

. 7,29 M:m He an~H:LI a peaxuun ( 3 He,n) .no HaweMy MHennro, 3TH 
cocTOHHHH He caHJaHLI c xoimeKTHBHLIMH napHLIMH ao36Y*~eHHRMHI. 

0TMeTHM B 3aKJIIOttCHHe, ttTO 3KCnepHMeHTaJibHbie ~aHHbie 110 

peaKUHRM ~BYXHYKJIOHIIOH nepe~alJH. no~a3biBaJST ~OBOJI~~o CJI~~'YIO 
xapTHHY ao36Y*~ennii. HanpnMep, a+ peaKUHH u Fe(t,p) Fe _ 
o6Hapy)KellO 60JibWOe ~OJIHttC~TBO ~ - ~OCT~RIIHH, a TaK){(C CHJibHOB03 
6y*~aeMbiX cocTORHHH c J. = 3 , 2 , 1 • KpoMc Taro, n~H ttHcne 

11eii:TpOHoa 6onLweM 28 pe 3KO yaennttnaaeTcR aenuttnHa nepexo~a Me*~Y 
OCHOBHLIMH COCTORHHRMH H yMeHbWaeTCR CHJia nepexo~a B B03~y){(_~eH· 
Hbie 0+ - COCTOJl]IH.H. Bee 3TO 3aTpy~HReT H~eHTH$HKal(HIO KOJIJiei<THBIIhiX 

napHLIX B036y)K~eHHH. 
IIpocyMMHpyeM nonytteHHhie Pl!l3Y.n:LTaTLI •. IIonytteHo .. Hennoxoe 

OllHCaHHe paciUenJieHHJI B MYJibTHUJieTaX, COCTaBJieHHbiX ~!JR . ·A~ const 
H3 OCHOBHLIX 0+- COCTORHHH R~ep IHJIH HX aHanoroal. 3~eCb He06XO~llMO 
OTMeTHTh, t{TO ytteT TOJILKO 3H~prHHCHM~eTpHHHe_npHBO~~T K na6JIIO· 
~aeMOMy paciUenneHHIO~ 3TO _roaopHT 0 aa){(HO~TH _y~eTa_, H30TOI1- HHBa
pnaHTHLIX napHLIX 'ocTaTOttHbiX CHJl,,IIeCMOTpR Ua TO,_ ,ttTO pacmenJieHHe 
a MYJihTHlJnenix ·('A;, coizst) onncaHo ,i:\oaonLHO xopowo, ca~H MYJihTHnne
TLI, HattHHaR c •A=Ao_±4 (Ao ;,;56) JI~)KaT BLII!!C 3KcnepHMeHTaJihHhiX. 
3TO MO)KeT 6LITL cne~CTBHeM HeyttTeHHLIX MYJILTHUOJIL- MYJihTHUOJILIILIX 
cnn/2,3/ unn a -ttacTHttHhiX xoppemmuii 1251. )J;anee, ace pactteThi 
npoae~eHLI npH HeH3MeHHOH O~HOttaCTHttHOH CXeMe ypoaHeH, Bbi6paH~OH . 
~n.H 56 Ni ~aa){(~LI MarntJecxoro R~pa. IIo3TOMY cTaHoanTc.H noHHTHLIM, · -
ttTO nony~eHO xopoui~e OllHCaHHe B036y){(,!J;eHHLIX COCTORHHH B 

56 
'Ni 

u 48 Ca u cuc'fewiTnttecKH Jaahi~enHoe npe~cKa3aHHe ~nJI m)JIO){(eHIIR 
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I 

B036y)K~eHHbiX COCTO.JIHHH B HeMarHqecKHX .H~pax. ,lJ;anbHO~eHCTByro~He 
MynbTHri:onb -MynbTHIIOnpHble CHnbi 'MoryT CHnbHO H3MeHHTb KapTHHY 

rrapHbiX B036y)K~eHHH 121. B rrepBoM rrpH6nH)KeHHH yqeT 3THX cHn 6y~eT 
CKa3biBaTbC.JI Ha IIepecTpOHKe CXeMbi O~HOt{aCTHt{HbiX ypOBHeH, B qacT

HOCTH, Ha H3MeHeHHH paCCTO.JIHHH Me)K~y ypOBH.JIMH. 1f 7/2 H 2p3/2 · . 
IB pa6oTe/3/ , OTKy~aii03aHMCTBOBaHa cxeMa ypOBHeH, HCIIOnb3yeMa.H 

B ~aHHoii pa6oTe, ecTb cxeMbi ypoBHeii ~n.H ~pyrHx .H~eg.H BH~Ho 
yMeHbWeHiie :1'I'oro paccTO.HHH.H B HeMatHqecKHx .H~pax~ I,D;n.H 4s ca.3To. 

pacCTO.JIHHe coana~aeT c pacCTO.JIHHeM B 56 'Ni ). ,D;n.H HamHx 

pacqeTOB 3Ta BenHt{HHa oqeHb cy~eCTBeHHa, IlpH ee yMeHbWeHHH, TaK 

)Ke KaK H B o6onoqeqHbiX pacqeTax / 26/ , crreKTP 6y~eT C)KHMaTbC.H 

H MO)KHO ynyqWHTb rrpe~CKa3aHHe ~n.H IIOiJO)KeHH.JI B036y)K~eHHbiX 
COCTOHHHH B HeMarHqeCKHX .H~pax, HCIIOnb3Y.H 3~~eKTHBHYID O~Hoqac
THt{HYIO cxeMy YPOBHeii, Bbi6paHHyro nyqmHM o6pa30M ~n.H 3THX .H~ep •. 

B 3aKniOqeHHe aBTOpbi Bbipa)KaiOT rrpH3HaTenbHOCTb coTpy~HHKaM 
o'i'~ena TeopHH .H~pa 3a o6cy)K~eHHe pa6oTbi. 

· Ilpu~oJICeHue · 

I. O~H'?qacTHt{Ha.H cxeMa ypoBHeii 131. 
ne j ... 1d5/2 2s1/2 1d3/2 117/2 2p 3/2 115/2 2p 1/2 1g 9/2 

I. . . 

fJ_/M3B/-=-5.9-_5.7 --.4.9 -2.4 2.4 / 4.15 4.3 7.35 

I I. cltopMynhi ~n.H rrocTpoeHH.H . 6a3Hca H HeKOTOpble MaTpHqHble 

3neMeHTbi 

Hcrronh3Y.H 6o30Hbl . ~Byx copToB f3 + , f3 ~ , OTBeqaro~e 
~o6aBneHHID HnH y~aneHHID nap qacTHIJ; OT 1cxo~oro .H~pa, IIOCTpOHM . 

C06CTBeHHbie ~YHKIJ;HH ~BYX He3aBHCHMbiX OCIJ;Hnn.HTOpOB l'N+. f+ m.f".i H 

I'N_e:... m_?;3~ecb' 'N± ;. t{HCna6o30HOB, f± - BenHt{HHbiH30TOIIHt{eC-

JCOro CIIHHa 6030HOB, m ± - TpeTb~ IlpOeJCIJ;HH H30CIIHHa: 

"' ,"N t. = I {3 ftL {3 .;tp. , . fL r 

"'· - 1 j.L t-v + .· - + · 
.f±fL .= V2 .k; ?2k.)v (-)- · f3 ±k f3 ±.:... rr V 2[f3± f3±] 1p • 

'. 
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. . .. · ' ' . "'. 
T_pr~a orrepaTopbi IIO..(IHOro qHcna 6o30HOB · 'N. , rr 

T fL H qHcna qacTHIJ; ·N IHaiioMHHM, t{TO qHcno qacTH 

oT A 0 = 4 .I ( j:... + 1/2 ) I, r ~e cyMMHpoBaHHe rrpoH3BI 

~bipot{Hbul'cocTo.HHH.HM 1 ~.H 56 'N!i , A 0 =56 I I HMeiO 

"' " "' "' "' "' "' " 'N ... 'N · + 'N , T = f + f . , 'N = 2'N+ -.2 
8 + - fL +(l -jl 

cltyHKIJ;HH . l'Nf m> ~3~eCb .H ~anee 3Hat{KH ± OII~E 

(2£ +1)! 0+ m)! 1/2" e 
fNfm>.., [ ] (f -t) 

2n+m n!(f -m)! f! f! (2n+2f +1)!! 

r~e 1 0 > · - .. 6o3oH.HbiH BaKyyM, 1. = ~ (-)fL f3p + {3_+fL 

<N 'f.' m 'l'N e m> ... 8 ,8nn• 8 •• 
NN tL mm · 

Y~o6Ho Bbi~enHTb IIPH.Be~eHHbi~ MatpHt{Hble 3neMeHTI 

c e;;· 
fm Aft (N' f' <N't' m 'l.O,xfL 'IN e m >,.. (-)

2
.\ 

y2f' +1 

Tor~a 

"' CN' e· 11 e II N e J = 8 NN, 8 ee, . ..; e r e + 1)(2 e +lJ 

- + 
(N+1 f +111{3 I!'Nf )=y(N+ f +.3J(f.+1) 

CN.+l t -111 f3 +·ll'N e J =...;...J(N - e +2J e 

(N +2 £+211[{3+ f3 + ]
2 

ll'l\' f:);,. V (N+f +3)(N+ f + 

.-... \;. ·- ~ -~ 

: )'·" 

(N +2 t ll[f3 + {3.::]
2 

II'NO=--..~ riv + e +3XN-- t +2J e 
H. ' ,_'',< (2 e -1J'nfl . ,- ..... _.·, 
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.X~·· )J;aJILHO.D;eHCTBYIO~He 
bHO.H3MeHHTL KapTHHy 

HH yqeT 3THX CHJI 6y.n;eT 

l'IHLlX ypOBHeii; B 'laCT· 

MH' 1f 7/2 H 2p3/2 ~ 
ypoaHeii,HcnoiiL3yeMaH 

. .n;pyrHX B.D;eP. H BH.D;HO 

( H~pax. Jrrnx ~48 Ca no 56. • _..... . . 
·. Nz · I; )J;nB HaWHX 

pH ee yMeHLWeHHH, TaK 

eKTp 6y.n;eT C:lKHMaTLCH 

:>:lKeHHH ao36y:lK.D;eHHLIX . 

:JclJclJeKTHBHYIO O.D;HO'IaC· 

6pa30M .D;JIH 3THX H.D;ep. 

:enLHOCTL coTpy.n;HHKaM 

2p1/2 ' 1g 9/2 
· .. 
4.3 7.35 

f31p , oTaeqaro~e 
>.D;Horo B.n;pa, nocTpOHM 

:JlllTOpOB l'N+ e+ m.f"· H ' 
BeiiH'IHHLI H30TOllH'IeC • 

:30CllHHa: 

.. 

\ 

.I 
I 

I 
I 

. l 

·I . I 
! 

'li ·t 

l 

"' Tor.u;a onepaTopLI ng<moro 'IHCJia 6o30HOB 'N , nonHoro H3ocnHHa 

T p. H 'IHCJia 'laCTHU 'N IHallOMHHM, 'ITO 'IHCJIO qacTHU OTC'IHTLIBaeTCH 

OT Ao=4r-U-+1/2) I. r.u;e cyMMHpoaaHHenpoH3BO.D;HTCHTOJILKono 

.D;Lipo'IHLIM cocToHHHHM I .u;nx 56 ·N!i , A 0 =56 I I HMeiOT BH.n;: · 
"' " A . . "' " "' " " A 'N ... 'N · + 'N · , T ,.. e.£.1, + e ... , · , 'N .. 2'N+ - 2'N_ 
8 + - ll •r . r 

<l>yHKUHH . !Nf m> ll.n;ecL H .u;anee 3Ha'IKH ± ony~eHLII HMeroT BH.n;: 

(2€ +1)! (e+ m)! 1/2" e-m + e n 
fNfm>-=[ 1 0_1 ) ({3 1 ) I !O·>, 

2n+mn!(f-m)!€!€! (2n+2f +1)!! 

r.u;e I 0 > · • 6o3oH.HLiii aaKyyM, I. = !. (-)ll f3p. + {3_+/l 
. ll 

<N '€' m 'l'N e m> ... 8 ,800 , 8 , • 
NN u mm 

Y.u;o6Ho BLI.n;eJIHTL npHae.n;eHHLie MatpH'IHLie 3JieMeHTLI: 

e·m, 

C fm Ap. (N ' e' ll ~ >. ll N e ) , 

"' ore· II e ll N e J = s NN, see, v e ( e + 1)(2 e +1J 

+ 
(N+1 e +1llf3 ll'N€ )=y(N+ e +3)(€ +1) 

CN.+1 e -1 H f3 +.n·N e J =-v(N ..,.. e +2Jt 

(N +2 €+211 [fJ+ f3 + 12 li'J~' e:);,. V (N +€ +3)(N + e +5) (€+1)(€ +2) 
.:. 2 e +3 .... 

.. , ' . ·:·· ·\'· . 

. >'•\ 

(N+ 2 e ·ll[fJ+{J.:t:] · .. ll'N€·)=-:.·i·(N+€ +3JCN-€+2)€(2£+1)(2€+2) 
. . 2 .. : ·.'v ·." · •(2f -1)(2€+3)3 ·. · ···· . ' ; - ~ - -: . . . . .., - ' ~ . . ' . ' ' . . . .. ···: \ 
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(N+2f -2:11[~ +~+] 21fN£ )=\1 (N .-e +2J(N- e +4J e re -1J 
2 e -1 

+· + . . . .· .· ·.· + . . . . 
(Nf.1 f+lll[~ [~ ~ ] 1 ] 1 II"Nf)=~(N.t1 £+_111~ JlNfJ 

(N+l e -111[~+[~+~ 11l 1 lpve J==- e;1 (N+i e.-111~+1rNe i. 
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