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BBeLteaae 

B IlOC119JlHB9 rOJlhl peaKUHB CphlBB H Il0JlXB8T8 CT811H HRTBHCHBHO HCil01lb30B8Tb

CSI Jl11SI H3Y'l9HBSI C}IOit=B LteiflopMHpOB8JIHhlX Bll9p. J.:laiflopMBUHB, nony'la9M8B B T8KHX 

peaKUBBX, BK11IO'l89T 9HepreTB'l9CKB9 Cil9KTpbl Bhl11eT8IOJllllX 'l8CTIIU H COOTBeTCTByiO

lllBB llBifliflepeHnB81lbHbl4;! C9'19HBB. 0AH8K00 9C11B Cil9KTpbl '!:9p93 Q -peaKUIIB npOCTO 

CBB38Hbl C aaepr asfMH B030YlKLI9BHhlX Co=OBHIIit SILI9p, TO JIRTepnpeTBUIIB llHcMJepeH

UB81lbHbiX C9'!:9HBit H B3Bn9'!:9HH9 113 HIIX Cil9KTpOCKOilB'!:9CKOit BHifiOpM8UBB npeJlCTBB-

11SIIOT COOOit C110lKHYIO 38Ll8'!:y, Tpe6yiOlllYIO 3H8HBB M9XBHB3M8 peaKUBH H CTpyKTypbl 

Y'lBCTBYIOlllBX B Heit SILI9p. 

00hi'!:HO Jl11B OilBC8HHB npBMhlX npoueCCOB BCil011b3Y'8TCB MeTOLI BCK8lK9HHbiX 

B011H, KOTOpblit XOpOWO paapa60T8H Ll11B Jl9itTpOHHOrO cphlBB Ha KpyrnbiX S!Lipax. B Ka

'l9CTBe BCK8lK9HHbiX B011H BXOJlHOrO B BbiXOLIHOrO K8H8110B 3):19Cb Bbi6KpaiOTCB iflyHK-

UHB OTHOCHT911bHOro LIBBJII:BHBB B U9HTpa11bHQ-CBMMeTpB'!:HOM none COOTBeTCTBYIOlllBX 

OIITB'l9CKHX IlOT9HUBBIWB, H LIHqxpepeHnH811bH09 Ce'l9HII9 peaKUHH A ( d, p) B 

HBM89T C1191lYIOlllBit BBJl: 

uiOl ( 0 ) ... 

2J A + 1 
I 

'" rn 
s ~, (8). 

J Dr D ft 

npa-

( 1.1) 

~, (8) - iflaxTop onpe.llenHeT yrnosoe pacnpeAeneaae npOToaoB, KOTopoe aaBHCBT 
·n 

OT nepeLtaHHoro SILIPY B MOMeHTa f" a BCex napaMeTpos aa):la'!:H. CneKTpo-

CKOITH'!:ecxait iflaKTOp S l f COneplKHT HHiflopMBUBIO 0 CTpyKType Y'!:BCTBYIOlllHX B 
n n 

pe8KUHB SILI9p, Ollp9Jl911SI9TCSI BX BHYTPBHHHMB B011HOBbiMB iflyHKUBBMB 

s l p =I I 
D D I' M 

D A 

~ ~ 2 

<JAJ "M A""' J eMs><~, M <~ r>! F, r <r><fl, M <!>?.! 
BB Bn A A 

( 1.2) 

3 



H xapaKTepaayeT BepOHTHOCTb TOI"'O, 'ITO RllPO 8 ( J B M B) MOJKHO npeJlCT8BHTb B 

Balle R/lpa A ( J A !\lA) a CBH38HHOI"'O HB~TpOHa n B COCTOHHaa C KB8HTOBbiMH 'IHC-

naMH j n f 
11 

• l1CnOlib30B8HHB B03HHK810lllHX H3 ( 1.2) npaBHli OT6opa 

Jn=JB-JA 
.. .. 

= e + s ( 1.3) 
n n n 

naeT HHTepecayiO B03MOJKHOCTb H8XOJlHTb no cjJOpMyne (1.1) H3 9KCnepHMBHT8libHbiX 

Ce'leHH~ S -cjJaKTOpbl H 38TBM CpaBHHB8Tb !!X C COOTBBTCTBYIOIIlHMH paC'leTSMH 

B p8MK8X TO~ HliH aao~ MOJleliH HJlpa. 

0JlH8KO npHBBJlBHHble cjJOpMyl!bi HMBIOT Ol'p8HH'leHHbl~ CMbiCli, T8K K8K B HHX 

38liOJKBHO npeJlnOliOJKBHHB 06 0JlHOCTynBH'l8TOM xapaKTepe CpbiBB., KOI'Jl8 BeCb nape-

naHHbl~ RllPY A MOMBHT J nepeHOCHTCH TOlibKO ae~TpOHOM, nonaBWHM B j n -

060liO'lKY, TO BCTb J a j 
11 

• 3TO CnpaBe)lliHBO, BCliH OCT8TO'lHble B38HMOAB~CTBHH B 

511lpax A H B HBBeliHKH. B npOTHBHOM CJIY'lae B HJlp8X nOHBl!HIOTCH HH3KOJieJKa-

lllHB KOliliBKTHBHble ypOBHH, KOTOpblB MOI"'yT Jl8B8Tb 38MeTHI>l~ BKli8Jl B CB'leHHB, y'laCT-

ayg a MaorocTyneHqaTOM nponecce nepenaql{ MOMeHTa J Tio TOll JKB npaqHHe 

MOMeHT HB~TpOHa j n YJKB He COXpaHHBTCH H He MOJKBT, B006me I"'OBOpH, COBna)laTb 

C COXp8HIDOIIlHMCH KB8HTOBblM ql{CliOM nepeAaHHOI"'O MOMBHTa J 
BMBCTO ( 1.3) H8Jl0 nOlib30B8TbCH 06lllHM npaBaliOM OT60pa .. .. 

J=JB-JA. 

TaKHM o6paaoM, 

/1/ 
TipHMepOM MOJKBT CliYJKHTb pa3o6paHHbl~ B pa60Te cnyqa~, KOI'Jl8 B cjlyHK-

UHHX ~XOJlHOI"'O H BbiXOJlHOI'O KaaaliOB Jl068BliHliHCb Cli81'8eMble, CBH38HHble C B03MOlK

HOCTbiO BHpTyanbHOI"'O .B036yJKJleHaH no OJlHOMy HH3KOliBlK8lllBMY ypOBHIO B HJlpaX A 

a B • B aToM cnyqae oKaaanacb B03MOJKHOl! nayxcTyneH'laTaH nepena'la MOMeHTa 

J HllPY A 

MOe ~ U ( ()) 

npa'leM 

a B cjlopMyne (1.1) JlliH CB'IBHHH nOHBHliOCb JlOnOliHHTBlibHOe Cllarae-

u(O) •u' 0 l(O)+~u(O), 

.. 
J" + L , J 

rne L BCTb npOMeJKyTO'IHblll' MOMBHT, CBH38HHbl~ C BHpTy8llbHbi,M nO)lB036yJKJlBHHeM. 

Ebmo· noxasaao, 'ITO a p!lJle cnyqaea aTo cnaraeMoe MOJKeT Hl'pa'rb ocaoaay10 pollb. 

4 

0JlH8KO ,ecna B CHliY ·UBHTpalibHOJ! CHMMBTpHH 38Jl8'IH CpblBB. Ha Kpyl"'liblX R/lpax 

cjlopMylibl ( 1,1) - ( 1.3) Jl810T BO MHOI"'HX Cnyqagx YllOBliBTBOpHTBlibHOe OnHC8HHe, TO 

npHMBHBHHe HX JlliH peaKUHl! CpblB8 Ha JlecjJOpMHpOB8HHbiX RllP8X C C8MOI"'O H8'l8lla HB

liHBTC 5I HBnOCIIBJlOBB.TelibHbiM. 

ne~CTBHTBlibHO, H3-38 canbHOI'O OCT8TO'IHOI'O B38HMOJlB~CTBHH JlBcjJOpM8UHOH-

HOI"'O Tana MOMBHT j n nonaawero B RllPO Hel!Tpoaa ae coxpaaHeTCH H ayJKaa xnac-

cacjJHK8UHH COCTOSIHH~ no APYI"'HM, COXpaHIDOIIlHMCH KB8HTOBblM 'lHCliaM, HanpBMep, 

npOBKUHliM MOMBHTOB H8 OCb CHMMBTpHH R/lpa. ECliH JKe B 9TOM CJiyqae npOJlOli

JK8Tb nolib30B8TbCll 06bl'lHblMH cjJOpMyliaMH Cpb!Ba ( 1,1) - ( 1.3), TO eCTb ljlaKTOp 

~ f ( ())Bbl'lHCliSITb C nOMOIIlbiO HCKSJKBHHbiX BOliH UBHTp8libHOI'O nonll, a S -ljlSKTOp 

paC~'lHT8Tb C nOMOIIlbiO BHyTpeHHHX cjlyHKUH~ JlBcjJOpMHpOB8HHOI"'O R/lpa (ljlopMylia 

/2/ J Satcher' a ) , TO H3 ( 1,3) npHXOJlHTCll nenaTb BbiBOil o coxpaHeHHH ., 

H8 HHlibCCOHOBCKOl! op6HTB, 'ITO HBBepao. MoJKHO I!CK8Tb K CS'IBHHIO ( 1.1) nonpaBKH 

nepBOI'O nopR!lKa no neljlopMaUHH R/lpa, TO BCTb HaXOJlHTb ~ u = {3 u' 1 l ( 8) • TaKHe 

paC'lBTbl, K8K npaBHliO, O'leHb Cl!OJKHbl H Tpe6y!OT BBeJlBHHll JlOnOliHHTel!bHI>IX npa-

/3/ . 141 
6nHJKeHH~ ( 6aTnepoacxoe , yqeT acKaJKeHH!I TOlibKO H)lepHbiM noneM , 'xopoaoe' 

/51 
B036yJKJlBHHe ) • TaM He Meaee OUBHKH nOK83biB810T, qTo 9TH nonpaBKH MOI'yT 

Haorna H3MBHliTb ceqeHae Ha nop!IJlOK aenHqHHbi, a B cny'lae sanpemeHHbiX nepe

xonoa ( U( O)'" 0 ) Jl8B8Tb OCHOBHOl! BKli8Jl. Ho 3/lBCJ, B03HHK8BT BOnpOC 0 1IpHMBHH

MOCTH aoo6me K8KOll-nH60 TeOpllH B03MylllBHHl! IIO napaMeTpy }:lecjJOpM81lHH {3 , TBM 

6onee H3BeCTHO, 'ITO ee HBlib3!1 HCIIOlib30B8Tb npa paC'leTe OJlHOqaCTH'lHI>IX ypOBHe~ 

B none JlBcPOPMHpOB8HHOI'O liJlpa. n106ag TBOpHH, B KOTOpOJ! Y'lHTbJBaeTCll BKli8Jl B ce

'lBHHe Cpb!Ba liHWb OJlHOI"'O HH3KOliBJKamero ypOBH!1
1 

TaKJKe 6yneT HMBTb orpaHH'leH

HYIO o6naCTb np!!MeHeHH!I, nOCKOlibKY B )lelj>OpMHpOB8HHI>IX R/lpax IIMBeTC!I MHOI"'O 

HH3KOliBJK8lllHX, OC06eHHO BpaW8TBlibHbiX1 ypOBHe~, KOTOpblB cpaBHHTBlibHO nel"'KO 

B036yJKJl810TCll. TIOCliBA·Hee 06CTOHTBlibCTBO OK83bJB8BTCll, HanpHMep, cymeCTBBHHblM 

npH paCCMOTpBHHII ynpyroro H Heynpyl"'OI"'O pacceHHIIH C B036yJKJlBHIIBM KOliliBKTIIB-

/6,7/ 
Hb!X ypOBHB~, B CB!I311 C 'IBM np!!XO}J.I!TC!I p83BIIB8Tb MBTO/lbl CB!I38HHbiX K8118liOB 

HliH TeOp!!IO MHOI'0Kp8THOI'O KYliOHOBCKOI"'O B036yJK)lBHII!I 
/8/ 

Tio9TOMy, paCCM8Tp!!B8!1 nanee (pa3Jl. 2) peaKniiiO CpbiBa H8 necjlopMHpOBSH

HblX R/lpax, Mbl Y'liiTbiB8BM BKli8Jl B Ce'leHHB BCeX BpamaTBlibHbiX ypOBHe~ HJJ.Bp 

A II 8 , He np116erag K !!CIIOlib30B8HIIIO TeOpllll B03MYIIlBHHH no napaMeTpy neljlop-

MBUIIII. MaTeMaTH'leCKII 3TO oaHa'laeT, 'ITO I!CKaJKeHHbie aonHbi aanHCbiBBIOTC!I B 
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none neljlopMaposaaaoro 91lpa H conepJKaT see cnaraeMhre, OTBe'iaiODUie soaMoJKao

CTH SHpTyanbHOI'O S036ylKJleHHH nro6oro spamaTenbHOI'O HnH Xone6aTenbHOI'O ypOSHH. 

nocne coOTseTCTbyromux sxnanox nnH ce'leHHB cphraa aa neljlopMuposaalioM 91lpe 

nony'laeTCB o6mee ShrpaJKeaue s aaMxHyTOM sane. Oao conepJKHT HSPBilY c o6hi'I-

HbiMH cnaraeMhiMB OllHOCTYIT6H'ISTOI'O Cpb!SB cnaraeMble MHOI'OCTyneH'ISTOI'O cpbrsa, 

KOTOpbre arpaiOT onpenenHIOmyro ponb npa soa6yJKneaaa s pealtllBB shlcoxoneJKamax 

spamaTenbHhiT. yposaell: anu npu nepenaqe aeli:Tpoaa s BllPO c 6ollbiiiBM J 
8 

• no

nyqeahr TaKJKe npasana OT6opa no coxpaamomaMCH KsaHTOShiM 'lacnaM 11 .cnenaabl 

HeKOTOpb!e KS'IeCTS6HHhle Sb!SOnhi, 

,llanee S paan, 3 pa3SHSlleTCSI nuljlpllKilHOHHblll: MeTon, C ITOMOmbiO KOTOporo 

sbrpaJKeaae MB ce'!eHaSI cphrsa cymecTseaao ynpomaeTCa a nenaeTCSI ljlaaaqecxa 

O'leHb Harn91lHbiM, 

B paan. 4 nposenea xaqecTseHHhTll: aaanaa yrnosoro pacnpeneneHHSI e TaKax 

peaxnaax, npoaaanaaaposaa sxnan s aero scex CTyrreaell: sapTyanbaoro nonsoa6yJK

neaaa, nna KaJKnoll: ua KOTOpbiX nony'lea aaanor rrpasan OT6opa Ensll:pa-Bannapca. 

B Ka'leCTBe anniOCTpanaa K cnenaHHhiM ShiBOilllM naa npaMep peaxna11 Mg 24 ( d p ) Mg 25 , 

nonyqeaable peaynbTeThl xpoMe npocToro xa'lecTseaaoro aaan11aa noasonSIIOT rrpo-

BOilHTb KOnB'IeCTB6HH06 CpSSHeHI!e C axcnepHMeHTSnbHb!MB naHHb!MH rrpB Bb!ITOnHe

HHH ycnosaA nacjlpa~~:naoaaoro npa6naJKeHHa. nocnenaee oco6eaao saJKao, rrOTOMY 'ITO 

CTSHJlSpTHb!ll: M6TOn CSH38HHb!X Kllllanos, KOTOpb!A Heo6XOiliiMO BCITonb30BllTb nnB 

OTb!CKSHHSI COOTS6TCTsyiOmBX HCK8lK6HHb!X sons, rrpaltTH'I6CKII S:e ITPIIM6HHM DpB :3THX 

ycnosaax 113-38 c·soeA TeXHB'IecxoA cnoJKHOCTH. 

2 • .UaljHpepeanaanbaoe ce'leHHe 

/9/ 
B <~TOM paanene, cnenyB pa60Te , nony'IHM sb!paJKeaae nnH na$$epeanaanbao-

ro Ce'leHBSI Cpb!BS Ra necjlopMBpOSllRHOM 91lpe, ,Una XOB:KpeTROCTB paCCMOTpHM peax

llHIO A ( dp) 8 , xorna 91lpa A .. H 8 BM610T spamaTenbll:ble COCTOHHHH, OITIICb!Sae

Mhie SOnHOBb!MB ljlyB:KilB!IMB: 

, 

(2.1) 
j 2J + 1 fA 

ell (8 ). · A D . (6 ) 
JAM A i 16 II' 2 ( 1 + lJ ) M A K A l 

OKA 

6 

~ (6 .. EZ-J +1 
JM 

1
r)• s 

B B 16 lr 
2 

Js 

~" ( ~) D ( 6 ) , 
ll M K 1 

s s {2. 

rne ljlyaxnag aeli:Tpoaa s neljlopMaposaaaoM Bllpe B 
60Te/10/: 

npenCTSSnSieTCSI KSK H S 

.. 
~ 0 {r) a f';A af" A Rf.,(r) yf"A (f<l); 

• D ... D 

u! (61))(. (7 

D 

{2. 

{aneCb CITHHOBSH $yHKilBSI rrepeseneaa B na6opaTOpHyiO CHCTeMy KOOpnBHST}. 

3anameM Tenepb naljl$epeanaanbaoe ceqeaae ( d p ) -cpblsa B rrpu6naJKeaaa 

aynesoro panayca (a p ) -B3aaMonell:cTBJBJ: 

u(8)= C 
2 

[ ( 2 J + 1 ) ( 2 ; + 1 ) 1-1 ! 
A M M 

A B 

! T I' 
pd ' 

{2. 
(7(7 

1 
rne k 2 ll p ll d 2 2 ~ 

2 3 
p 

• 2,38 •10
3 PD c. --D ; D 

s/2 Mas fm 
( 2w h 2 

) 
2 kd 0 0 

ll 
np 

{3necb HHneKCbl C 'lepTOll: csepxy OTHOCHTCSI KO SXOilHOMy, neli:TpOHHOMY KSHany, 

MaCChi H3MepHIOTCSI B enas:anax npOToaaoll: MaCChi, saepraa s Mas, nnBHhi s fm 

T 
pd 

(-J 
< 'JI .. 

k 
p 

.. 
( r 8 

1 

~ (+) .. {:.! 4 
))( ~ (8 r)l~ (8))( -'JI .. (r,8 )> • 

au JBMB I JAMA I iu kd 1 

- aMnnHTyna cphlsa, s KOTopoll: sons:osble ,Pys:xnaa sxonaoro H shlxonaoro Kaaanos 

38ITHC8Hbl S anaa6aTH'IeCKOM llpi!6nHJKeHBB, TO 6CTb rrpencTasneHhl S sane rrpOH3Se 

ll6HHSI ljlyHKilHH SHyTpeaaero H OTHOCHT6nbHOI'O nsaJKeaall:. TaKOe npa6naJKeHH6 

cnpasennaso, ecna aaepraa nocTaTO'IHO 6onbmoro 'lacna spamaTenbHhiX yposaell: 
E 

91lep A a B y.nosneTsopSIIOT ycnosHIO • < -- , a coOTseTCTsyromae acKaJKeHa 
kR 
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BOllHbl MOlliHO paccMaTpi!BaTb KaK peweHI!R B none aenOABHlliHOro neljlopMH-

poBaHHOI'O smpa. 

BHJlHO, 'ITO All51 Bbi'II!CneHI!H aMnni!TYAbl CpbiBa (2,4) aeo6XOAHMO HaXOAI!Tb 
!± l 4 

HCKallie HHble BOnHbl lf1 k ( f (} ) • BbiWe yllie OTMe'lanOCb 1 KaKI!e HeCOOTBeT-
p' d I 

CTBIIH B03HIIKBIOT, eCnll 3TH ljlyHKUIIII paCC'II!TblBaTb B none U9HTpanbHQ-CHMMeTpH'I-

HOrO ITOTeHUI!alla. noaTOMY 6yneM Y'IIITbiBaTb B OTHOCIITenbiiOM ABIIllieiiHR TOT ljlaKT1 

'ITO pacceHHIIe npoiiCXOAIIT B none JleljlopMKposaHHbiX noTeHuKanos smep A 11 B , 

BKll!O'IB!OWIIX KynoHOBCKOe II smepHOe OllTH'IeCKOe B38HMOileACTBI!e 6e3 CnHII-Op6H-

TanbHb!X qneHOB. 

2~t .. 
-- V(r (} )~ u (r)+ I u,(r)P (".ll 

h2 I 0 A 1\ A 

TorJla COOTBeTCTBYIOWHe HCKallieHHbie BOnHbl 38niiWYTCH B Bll)le: 

- m f' 
R;-;-,(r) v;_ ((<)) D _((} ) 
tt [m Om 1 

!+) .. 
'I' .. (r(J )e :£ 

k I --
d • r r ';; 

Ck II 
d 

oz) \2.5~ 

(-) .. m f' * "' 
'JI.. ( r (} ) .., I R n n, ( r ) Y n ( (<) ) D , ( (} ) Y n, ·( k ) , 

kp I Pf'mm' " r.rn rnm I tm p 
(2.6) 

r~e (<)~ - yrnOBble KOOpJli!HaTbl B9KTOpa f B C06CTB9HHOA CHCTeMe KOOp)lHH8T 

HJlpa, k - yrllOBble KOOpJliiHaTbl BeKTOpbl k B na6opaTOpHOil CIICTeMe, m (;) 

COXpaHHIOWBHCH rrpoeKUIIH BeKTOpOB f (f ) 

3;18Cb 

II f'( f') Ha OCb CIIMMeTpllll HJlp8. 

¢if; (r) 

k 

R-~ ( - 1/2 f' lu-
ff' r)=[TT(2f'+l)] i e P' 

d 

<~>e;, (r) 
rn P' Ia 

R (r)=2TT(-i) e f' 
w k r 

p 

8 

(2.7) 

(2.8) 

a f - Ky.l10HOBCKII9 ljla3bl, a panHallbHble ljlyHKUHII 

171 
¢" 

Clb 
YllOBneTBOpHIOT CHCTeM~ 

csH3aaHhiX ypaaaeaua 

d 
2 

1 (a+ 1) 2 c A c c 
[--- -u(r)+k ]¢ (r)•!u(r)p ¢ (r) 

dr2 1 2 o ub AdA ud ol.b 

C K03Ijllj!HUIIeHT8MH 

Ac " p •(-1) 
Clcl 

II 8CHMnTOTIIKOA 

" .. 
da 
~ (da00/A0)(dac-c/A0) 

A 

¢" (r) .. ( F + I G ) li + S " ( F -I G ) , 
•b a a ab •b a a 

(2.9) 

(2.10) 

F 
" 

II G.,- COOTBeTCTBeHHO perynspHaH II HeperynspaaH KynOHOBCKI!e ljlyHKUIIH, a 

S" - MaTpHua pacceHBIIH B Blll!aoaTII'IeCKOM rrpH6nHlliellllll. 
Clb 

Tenepb., noncTasnss IICKallieHHble aonHhi (2.5) 11 (2.6) a ljlopMynhl {2.4), (2.3) 

II npOBOAH COOTBeTCTBYIOIUIIe IIHTerpHpOBBIIIIH II CyMMIIpOB81111H (eM. npHnOlKeHHe 1), 

nony'IHM OKOH'IaTenbaoe BblpaJKeHHe nnn naljlljlepeanHanhHoro ce'leHHII cpblBa Ha ne

ljlopMupoaaaaoM nnpe 

2 -1 
a ( (}) • C [ 16 , ( 2 a + 1 )( 1 + li ) ] ! 

II OKA JL 
(2L+t)-

1
(JJK OIJK)

2
• 

A A B B 

" e f.' m ,._,. -1 

! I! a""A(La
11
A!IJ0) I_ IL_,_,f")fff" (tlOOit"O)· 

m ' f "A r. ff 'f f' f f 'm 
(2.11) 

rnm 

(ff m iii I f" A) WF'' m iii I L A )( e' f' m '0 I L m ') y"' ( (} ¢) I 
f .. In , ' 

rAe 
-rn m 

I • f R -- R R 
U' f" ff' {2.12) 

d r 

- IIHTerpan rrepeKpblTHSI panHallbHbiX ljlyiiKUIIA ( 0003Ba'IeHO ; "' V 2 ft + 1 ). 

g 

(} 



Aaan83 nonyqeaaoro pe3ynbTaTa np8BOA8T K cneAyiDmaM 3aKniDqeH8HM: 

1) H3 lj>opMynhi (2.11) AnH ceqeaas cneAyiDT npasana OT6opa TOnbKO nns 

coxpaaHIDmaxcs KBBBTOBhlX queen nepeAaaaoro HAPY MOMeBTa ] 

aa OCb CHMMeTpHH HApS (} 

.. - .. 
(]=] -J) 

B A 
IJ-J I<J<J +J 

B A - - B A 

().,K
8
-KA. 

a ero npoexnaa 

(2.13) 

(2.14) 

B cnyqae ~eTao-qeTa:oro aaqanbaoro HApa J A = 0 , H TOnbKO OAHO 3Haqe-

aae J e 1 B ABeT BKnaA B ceqeaae CpbiB8, nepeASIIHhli! MOMeHT 

I'OBOpSI, He COBll8A8eT C HeCOXp8HHIDmHMCH MOMeHTOM j cj.r" + 

J .. 
s 
ll 

, soo6me 

aei!Tpoaa aa 

HHnbCCOBOBCKOil op6HTe, 

11rpaeT yJKe ae f" , a 

no TOil JKe llpl!qaa:e ponb Op6HT8nbBOI'O KBSHTOBOI'O qacna 

L , KOTopoe onpeAenseTcs H3 npasan OT6opa 

.. .. 
L = J -

.. 
s 

ll 

1 
s .. --' 

n 2 (2.15) 

2) TaKHM o6pa3oM, JKenaeMoil lj>aKTOpH3anaa ceqeaas 83 CTpyKTypaoi! a KH-

aeMaTaqecxoA qaCT8, KaK aTo 6hlno s cnyqae xpyrnhlx HAep ( lj>opMyna ( 1,1)) , ae 

B03HHKSeT B, B006We I'OBOpll, BCe 3HaqeHHH f " (a 3BSqaT H BCe KOScjJij>HIIBeB:Thl 

Hanbccoaa a f , A ) ABIDT sxnaA s ceqeaae cpbisa. npa aTOM cnaraeMoe c f" .. L 

MOlKeT OK838TbCH He OCHOBHhlM, II o6pa60TK8 aKCnep8MeBTanbHbiX ASIIBbiX DO peaK

IlHHM CpbiBS Ha Aelj>OpMIIpOB8HHbiX HApaX ycnOlKBHeTCll:, 

B 'laCTHOM cnyqse, KOrAa s xaqecTse HCKaJKeBHhiX sons Bbi6apaiDTCll o6hl'IHhie 

lj>yaxnaa neaTpanbaoro nons, oxa3hlBaeTCll, 'ITO TOnbKO OABO cnaraeMoe c t" = L 
/2/ 

.uaeT BKna.u s ceqea:11e (lj>opMyna Satchler 'a ) • 4To6hl nony'IHTb aTOT pe3ynbTaT, 

aeo6XOAIIMO llDnOlKHTb B (2.11), 

f, .. f f' = f R;f,=Rf 
--m 
R n, R

f 

B aTOM cnyqae IICKalKeBiible BOnHbl (2,5) II (2.6) nepeXOAHT B COOTBeTCTBYIDWHe 

WIIKIIHII ueBTpanbl!Oro nons. Y'IHThlsas Aanee, 'ITO 

I ( l f m iii I L A )(f f m iii I f" A ) • 8 n , 
- Lt In In 

10 

'" ·, 

1 

nony'IHM o6hi'IIIoe BbipaJKeaae .llns AHcjMjlepeHIIaanbaoro ceqeaas Cphlsa aa xpyrnoM 

RApe ( 1.1), 110 C S -lj>aKTOpOM Aelj>opMHpOBSHIIOI'O H}lpa 

s -J~ 

rne 

o( 6) • 

2] + 1 A 

2 J 8 + 1 

n 
c • I 

JL A 

2 J B + 1 
I s Ill ( 9) 

2] A+ 1 J L J L L (2.16) 

( 1 + 8 )-
1 

[ ( J J K {)I J K ) c {) ] ~ 
OKA A A B B JL (2.17) 

aLA(L •, AI 1 JO). (2.18) 

3Aecb J yJKe C0Bll8A89T C MOMeHTOM aei!TpOHa Ha H8nqCCOHOBCKOi! op6BTe .. .. .. 
. .. 

( 1 = j • l "+ S 11 ) B Mhl BbiHylK}leHhl CqiiT8Tb ero COXpSIIHIDWHMCll: KBSBTOBbiM 'IIIC1IOM, 

'ITO , soo6me rosopg, aesepao. 

3) Oneaxa nopHAKa sena'IHHhi cnaraeMbiX c P".;. L B ceqeaaa (2.11), 

KOTOphle ·nOHB1IHIDTCH 83-38 y'JeTa Jl91j>OpM8llHII HAPS, AOBOnbHO cnOJKHa, T8K KSK 

Tpe6yeT pemeaas 38Aa'Ja as css3aHHhie xaaanhl (2.9), rpy6aSI oneaJta TSKHX nonpa

sox nposbAanacb s nepsoM nopHAJte no nelj>opMaiiiiH snpa. Hcnonb3osaalle 6aTnepos

cxoro npa6nlllKeHHH/
3

/ UOK83hlBaeT, 'JTO OHH MOI'yT COCTBBnHTb 20% OT OCHOBHOrO 

14/ q.neaa ( f" • L), a CSonee TO'JHhie paC'IeThJ c y'leToM IICKalKellllll: np11 HeJtOTopbiX yr-

nax pacceHIIIIH 113Mellll:IDT ceqeaae as nopsnox senllqllllbi, Bonee Toro, ocaosaoe cnarae

Moe MOlKeT
0

3aHynHTbCH: II TOI'A8 'nonpaB!tH' ( f ".j L ) no nOpHAKy Benii'IIIHhl OKa-

3biBSIDTCll: OCIIOBIIblMH. 3To BHAHO 113 npocToro llpHMepa peaKUHB II g U ( d p) Mg 2S 

co cpbiBOM aei!Tpoaa aa nepshlil spamaTenbHbii! yposellb Mg 25J "-7/2+ ( E =1,61Mss) 
+B. 

nonochl, nocTpoeaaoi! aa HHnbccoaoscJtoi! op6aTe [ 202 ) 5/2 • .UeilcTBHTem>ao, s 

7 /10/ aTOM cnyqae J = 0 11 J .. J •- tTorna L =3,4. B To JKe speMH 113BecTao , 'ITO A B 2 
3A8Cb Koalj>lj>llnHeHThl Hanbccol!a OTnii'IBbi. OT aynH ni!Wb np11 OABOM 3Ha'leHHII 

f"-2 TaJUIM o6pa30M1 L 8 f" HHKOI'AS ae cosnanyT H cnaraeMoe c f" = L 

11 



aaeT eyneaoll aKnaa a ee'leHae aToro nepexoaa (eM, TaKJKe (2 .. 16)). B To JKe apeMH 

aKenepHMGHTSnbBOG ee'I9HH9 3TOrO nepeXOAS HG eHnbHO OTnH'ISeTell 110 a6eOniDTHOli 

" s+ 1111 
aen!!'II!:H9 OT ee'!GHI!:ll epb!BS HS OeHOBH09 eoeTOliHH9 ] z -- • H UOnHOCTbiO 

B 2 
aon>KHO o6'bHeHliTbeH enaraeMbiMI!: e f" .j. L , 3TOT npaMep UO):ITB9plK):I8eT BbiBOA 1 

'!TO B peSKllHliX epblBS OeTSTO'IHbl9 B38HMOAGlleTBHll ):19tjJOpM8llHOHHOrO THUS MOryT 

OK838Tbell TSK lK9 BSlKHblMH B OUHeSHHH OTHOCHT9nbHOrO ABH>KGHHll '18eTHll 1 K8K 

H B pae'l:eTe ypOBH9ll eBH38HHOrO eoeTOliHHll HyKnOHOB, 

3. .Qatjlp8KllHOHH8ll tjJOpMyna 

Terrepb MO>KHO noeTaBHTb aaaa'ly o 6onee aeTan&HOM aaanaae nony'l:eHHoro 

peayn&TaTa (2.11) e nen&IO npoeneaHTb MexaHH3M BHpTyan&aoro aeynpyroro noa

aoa6y>KAGHHH eo BXOAHOM H BbiXOAHOM Kaaanax a nponeeee ephlaa; npoaaanaaapo-. 

eaT& yrnoeoe paenpeaeneaae, aaaaeMoe KaJKAoll eTyneHbiO TaKoro MHoroKpaTaoro 

rrponeeea epbiBa, H ero eaH3b e ynpyraM H aeynpyraM paeeeliHHeM eo BXOAH~M H 

BblXO):IHOM K8H8nax; H3Y'IHTb B03MOlKHOeTb nony'IGHHll OKOH'ISTenbHOrO Bbip8lK9HHll 

):lnH ee'IGHHll B liBHOM (aaanHTH'I:eeKOM) BH):I9 0 'ITO aeebMS B8lKBO ):lnH 8B8nH38 3Kene

p!!MGHT8nbHblX 1'18HHblX, 3a oeHOBy A8n&Hellwero paeeMOTpeHBll B03bMGM AH(jlpaKUHOB

HOe npa6ni!JK9HHe, KOTopoe o6bi'IHO aenon&ayeTeH a aaaa'l:ax paceeHHBll ans aarnHn

soro KS'!eeTBGHHOrO aaanH380 8 T8KJKe BO MHOrHX eny'laliX np11 YAS'IHOll napaMeTpll-

38llHH S -MSTpH!lbl yrrpyroro paeeeliHHH MOJKGT A8B8Tb II KOnH'IGeTBGHH09 OUHea-

nae H3y'laeMbiX nponeeeoa. 

CyTb npa6na>KeHHll eoCTOHT B npeanono>KeHHH, 'ITO BKnaA B ee'leHHe ):189T 6on&

woe 'll!:eno rrapnaanbHblX BOnH, UpH'IGM B o6naeTH rrpOeTpaHeTB8 0 f < f O HMeeTell 

eanhHOe nornOW9HHG0 H AelieTBHTenbH8ll '18CTb S - M8TpHllbl T8M 6na3K8 K G):IHHH

llG. TaKHM o6paaoM, aaa6onee aa>KHO aaaTb noaeneaae S -MaTpH!lbi npa 6on&wax 

ana'!eHHHX napnaanbHbiX aonH a6naaa rpaHHilbi aToll o6naeTa 

> e » 1 
0 

(P. .. kR). 
0 (3.1) 

3uee& noa pa3yMelOTeH BCe MOMGHTbl f f' f f' H T.rr., xapaKTep!!3yiO-

lillie OTHOeHTen&Hoe a B!!lKeHae. PaaMepbi norpaHH'IHoro enos nepexoaa OT ''lepHOTbi" 

K eao60UHOMY ABH>KGHHIO 38):18IOTeH rrapaMeTpOM ~ 

12 

Ill" 
.l 

\I 

1 

' J 
I 

& < t 0 (&.ka), 
(3.2) 

S - M8Tpllll8 liBnliGTCSI 06bl'IBO ljJyHKJU[ell STHX .QByX 
..1..:. 

napaMeTpoa AllljlpaJtUHOHHOro 

pacceliHHH t 0 a !! ( R • r 
0 

A s a a 
- eOOTB9TCTB9HHO ll8p8M9Tpbl P8AIIYC8 

II p83M83KH ODTH'IGCKOro UOT9HllH8na ). 

EyaeM TaxJKe npeanonaraTb, 'ITO 'I:Hcna f"L a T.n. , arpaiOwae pom, nepe-

A&HIIbiX MOMSBTOB, 3H8'111T9nbll0 M9HbWG COOTBeTCTBYIOIIlBX MOM9BT08 OTHOCHT91lb.BQoo 

ro ):18BlK9HIIH '18CTBI1 B K&llanax, TO GCT& 

L, t" ... « t 
0 
< f, t ', f. f' ... 

(3.3) 

3To sepaaescTao noaaonaT B aan&seAweM Anll pS~Aa xoaljl(jJanBaiiToa Kne6ma-ropaa-

H8 HCllOIIb3088Tb BX 8CBMUTOTII'18CKB8 Bb!p8lK8BIIll, 

PacCMOTpiiM Tenepb BBTerpan nepexphlTB5l paAIIan&llblli. ljJyBJtUBA (2.12): 

1 • 21rs/2 f, /'- e, a cur ,+ur ,, 
e 

-m m 
(kPk•)-

1f4>ff Rr""'tt' dr. (3.•.) 

H3-38 CBnbBOro nornoweBB5l BHYTPB Hnpa OCBOBBOA. BKn8.Q 8 STOT IIBTerpan 6yAeT 

A888Tb o6naCTb a6na3B noaepXBOCTII Sl):lpa k r .. k R + A • e + A 
- 0 -

H8 OCHOBBBBB (3.1) k r » 1 npB OI19HKe (3,4) .QnSI ljJyBJtUBli 4> B 

HCUOnb3088Tb COOTB9TCT8YIOIIlB9 8CIIMDTOTB'19CKBe 8b!p8lKGBII5l 

-Di 
¢'ff 

- - -m - -
( F - + i G -.) o --· + S -·- ( F -·- i G - ) e e r t' tt' e e 

¢m .,(F +iG )o +Sm (F-iG) w e e e t' e e, e e 

R f" .. ( a r ) -I e -a r ~
----. 

E 
(a.. n ). 

h2 

• Ho Toraa 

R MOlKBO 

(3.5) 

(3.6) 

noeneaHllll npa yenoaas (3.1) H (3.3) tjlaKTH'IGCKII He 38BHCHT 0T f" H 

ena6o MGHHGTeH 110 epaBHGHHIO C tPYHKllHHMH OTHOCHTGnbHCrO ):IBHlKGBHll B H8H6onee 

B8>KHO!I 06naeT~ npoeTp8HCTB8 R .:. R + ~ 
• k 0 eCnll BhlliQnBHeTeH yenOBIIG 

E » E m (3. 7) 
n 

IJ. 
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rne rn - Macca nepenaaaoro· ael!Tpoaa, a p. - Macca nana10mel! (ana BbineTaiO-

well) qacTallbl, 

3neCb H8Jl0 38MeTaTb, 'ITO Bbi6paHH8SI 8CaMnTOTaK8 (3.6) ljlyHK!laa CBSI38HHOrO 

COCTOS!HaSI R f,. SIB1!SieTCSI npaBHnhHOl!, HO He COOTBeTCTByeT 8CaMnTOTaKe 06bi'IHO 

HCn011b3yeMbiX B pa3nOlKeHaa (2,2) 6a3aCHbiX ljlyHKilBl! rapMOHa'leCKOrO OC!la111ISITOpa, 
- f, 2 

KOTOpbie HMeiOT •xaocT" Ba.Qa R f"'" ( V {3 r) e-f3 r , To'IRO T8KlKe a KOaljllj>H!lHeR-

Tbl paanoJKeHHSI a f"L no TaKOMY 6aaacy C npaBHnbHOl! acaMnTOTaKOl! 6yJlyT OT1Ia

'181l'bCSI OT 06bi'IHblX HHnbCCOHOBCKHX, 'ITO npHBeJleT K B3MeReHaiO a6con!OTHOJ! Bena-

"' 6 I ~21 
'IHHbl Ce'leHHSI, vTOT BOnpOC cne!lH811bHO 8HanH3HpOBanCSI B pa OTe B p8MK8X 

o6bi'IHOro MeTOJla acKaJKeHHbiX sons neaTpanbaoro nonS!, Ebmo noKaaaao, 'ITO ac

nonbaoaaaae ljlyaKual! CBSI3aaaoro coCTOSIHHH (2.2) B none Koaeqaoro neljlopMapo

aaaaoro nOTeHUHa118 THna 8y.Qca-CaKCOH8 (KOTOpbie R8XO.QanaCb MeTOLlOM CBSI38HHbiX 

24 2$ 
KaHaJIOB) H3MeHSIIOT S -ljlaKTOpbi peaKuaa Mg ( d p) Mg , paCC'IHTBHHble saa-

'lane C nOMOUlbiO HHnbCCOHOSCKHX ljlyHKUHl!, B cpeJlHeM npHMepHO Ha 20%, XOTSI HHOr-
17 1+ 

na (aanpaMep, nepexon aa ypoaeRb J • -- , E =<J,58 Mas) aTo H3Meaeaae 
2 

OK83b!B8eTCSI SIJlBOe 6onbiUe • 

V!TaK, nOJlCT8BHM (3,5) H (3,6) B HHTerpan (3,4) a npa ero OUeHKe y'ITeM 

TOT ljlaKT, 'ITO npH k r ~ 1 ljlyHKUHH 

F +IG .. +iexp(-18) 
a -· a - + a 

8 = k r - ., In ( 2 k r) - a __!_ + u 
a 2 a ., - z Z e 2 IL 

I 2 ) 

h 2 k 

CH1IbHO OCUHnnapy!OT, Torna npB ycnosaH (3,7) OCHOSHOl! SKnan B (3,4) .Qa.QyT naiUb 

Te cnaraeMbie, B KOTOpbiX no.Q ·aaTerpanoM ljla3bi 8 a Sbi'IHTaiOTcg, TaKHM o6pa-

30M, 

" 
I= 2"s/2j"./'-f' !(up-.+ CTf,) ,-1 I 8 s.: A- + 8 nf· 

e (kpkd ,. u· ff ' 
m 

s ff' A ff I ' (3.8J 

rne 

A ff = f ( Ff -I Gf ) R 0 ( F f + I G f ) d r (t3.9) 

A ~J(F-iG)R(F;-+iG;r)dr 
fP Y for r 

(3.10) 

14 

·~~~ 

·~ 
I 

) 

! 
I 

3.[(eCb MOlKHO, O.QH8KO, 38MeHaTb ljlyHKUHB ( F a ~ i G <r) H8 COOTSeTCTSYIOUlae TO'I

Hbie peweaas neaTpanbaoro nonS!, acnpaansH TeM caMbiM nose.Qeaae DOJlbiHTerpa11b

HbiX BblpalKQHal! (3,9) H (3,10) B6na3Ji DOS9pXHOCTH S!Jlpa, 

Tio.QCT8811SIH .Qanee (3.8) s (2.11 ), nony'laM cne.Qy!Omee BbipalKeaae .~:~ns ceqesa 

u(8) .. c 2 

rne 

Lm' 
F 

417
1 

~-t(J JK O~J K ) 2 

A A B B 
[ 16 , < 2 • + 1 > < 1 + 8 K > c' I 

(k k ) 2 a O A JL 
p d 

! , 
In 

""""" 

! 
f"A 

t~ f f ,,-I 

a f" A ( l sa A I I J 0) F L m, Ia 
f" A ' 

f '-f' I(CTf,+CTf,lj 8 S ::::.._A- + 8 

(3.11 

f" A 
L 

ff ., f' e f f' ff' Yt 
sm A -·I · 

tt' ff' tt (3.12) 

m m 

1 - -

(f f 0 0 )f "0) (t t m m) I f, A ) Wf, m iii) IL A)(,, f, rn , 0 I L m , ) v;. m, ( 8 rp) 

arpaeT ponb aMnnaTyJlbi nepexona aa KalK.QOl! aa npoMelKyTO'IHbiX CTyDeael! cpb!Ba, 

npa'leM K8lK.Q8SI aMnnBTy.Qa BXO.liHT co caoaM beCOM a r"A ( L 8 D A ! I . J {) ) • 
m 

Tenepb .li1IH nanbael!wax Sbi'IHCneaal! aeo6xoJlBMO aanaTb S ff' -MaTpauy 

paCCeBHa!l Ha HeDOJlBHlKHOM nelj>OpMI!pOB8HHOM S!Jlpe. 06bl'IHO ee H8XOJlSIT 'IHCnea

/6 7/ 
HO ' , pewas ypaBHeHHSI CBSI38HHblX KaHanOB (2.9), 0JlH8KO, K8K DOK838HO B pa-

/13/ 
60Te , aCn011b30B8HHe .QaljlpaKilHOHHOT'O a 8.Qaa6aTa'leCKOT'O Dpa6nalKeHHl! D03BOnH-

eT Bbipa3HTb ee qepea o6bi'IHbie aneMeHTbi Sf -MaTpallbi pacceHHHH B ueaTpa11b-

HOM none, 0cHOBblB8S!Cb Ha, TipanoJKeHaa II , aanaweM a-ro BbipalKeaae B cnenyiO-

meM sane: .... 
s"' f' •--· ~ ( 1) -[ ff' - -m 

e -t!CT .,~ + CT r ) 'f1 I ( Fr~oo I J 0 ){ 'ff-;_;, jO) ~ (t'fj), (3.13) 

15 



r 
rne 

-· g (f'fJ) - - 1- f 
4 

d z ( S t~ + S t") P
1 

( n ) . 

(3.14) 

Ill 
Aaanorll'iHO 38UHC~BaeTCSI B sft' 

B 6, 

• 3neMBIIT~ s, -M8TpBU~ 38BHCsn' 

KSK II 06~'ilf0 0T U8p8M9Tp0B f 
0 

, xapaxTepB3YIDwllx nHcjlpaxuHoaaoe pacces-

a11e. BBeneHHe necjlopManHB snpa npiiBOAHT K TOMy, 'iTo sTH napaMeTp~ ( o6~qao 

.IIIIWb f O ) , II, C.IIB.ElOBaTB.IlbiiO, Sf -M8TpBU81 CT8H0Bsn'CSI cjlyHKUIISIMII II8p8MeTpOB 

aeccjlepB'iHOCTII (aanpiiM9p1 Sf • Sf (f
0
{z), tJ. ), ITO KOTOp~M 38TBM B cjlopMy.IIB 

(3.14) nposonBTCSI aaTerpHposaaBe. B alimeM cnyqae 9TO BHTBI"pllpOBBHHe BBAST

IIO YI".IIOBhiM ~IUI8T8M TO'iKII IIOBBPXHOCTB Sl.ti~O BHYTpeaaeA CBCTBMB CSI 

( R .. R(l+f3/--P (z)); f .. t (l+f3..f.2__p (z)). 
4 11' 2 0 0 411' 2 

Tenepb nocne noncTaaoBKH (3.13) B {3.12) oxa3~BaeTCSI B03MOlK!fbJM ynpo-

CTIITb sTo nocnenaee B~pa>Keaae. noxa>KeM, xax 9To Mo>Kao cnenaTb aa npHMepe 

IIBpBOI"O C.II81"89MOI"O 113 (3,12). npe>Kne BCBI"O !IpOBB):IBM cyMM11pOB8HHB IIO f' C 

IIOMOwbiD B ff' -cjlyHKUHB B aaTeM 110 m c IIOMOWbiD paBeHCTBa 

I rif·m-miJO)(tfmmlf"A><ee•mmiL A> 
"' 

A+ f-J-L-=",. -
.. < -o f" L < u, - A A 1 J o > w < L e H, e ·e, > • 

l1CIIO.Ilb3YH 38TBM COOTHOWBHHSI 

- _ - e +f + e , - e , ...... - - -· 
(f f'OO>IJO)(ffOOif"O) .. (-1) Ijj'(f'fOOIJ'O)(jj'OOif''O)W(jf'f'1

1
fj') 

j' 

" " 
~ f

2 
W(jf'f"f: lj')W(Jf'f"f:ft)mJ'-2 B

1
,L 

e 

Lm 
H CYMMIIPYH 110 J' c noMowbiD B

1 
'L -cjlyaxnBH, nony'iHM nnH F cnenyiDmaA 

f"A 
pe3y.llbT8T (aaa.IIOI"H'iHhiM o6pa30M IIOBOASITCll BhlK.IIBAKll A.llll BTOpOI"O C.IISI"SBMOI"O 

113 (3.12)): 

Lm' "'2 
F .. L 
f"A 

" m'+A-J l 
j ( -1) ( Lf , -A A I j 0) ( j L 0 0 "If, 0 )f 

L m' 
I (3.15) 

16 

·~· 

r 

rne 
J l ,.,_,, 

f (6¢)• I B- I fl (LfOOif'O)(Lfm'-m'lf'O)Y* (6¢) + 
L Ill, el"· e , e 111 , (3.16) 

e, -t 
+f'i (Lf'OO!fO)(Lf'm'-m'lfO)Y!. {6¢)1 

f 'm ' 

B'- .. ...!. [ e
11

ul", -ut, 'A-- i(f'f~J)+ el!up-ur~> A- -~(f 'f'j)]. (3.16') 
f' 2 f 'f' f'f' 

npa llpOBe.tteHHll cyMMllpOBSHllll 110 p II 38IIBCII QJOpMyn~ (3,16) B CliMM9Tpii3Q-

BSHHOM BliAB Mbl BOCIIO.Ilb30BS.IIIICb TBM, qTO B AIIQlp8KiliiOHHOM 11pB6.1IH>KBHIIll II 11p11 

ycnOBIIII (3,3) M0)1{110 C TO'iHOCTbiD AO 'i.IIBHOB ,.(kR)-I IIO.IIO*IITb, HSIIpiiMBp.: 

llue-0...> -- _ l(uy-·Upl - _ l!u'{-uf> 
e f~(f'fJ)Aie'"e ~(f'fj)Aff'"e ~(f'fJ)Aft 

11 aaanor11'iHO - nns npyroro xaaana. 

Jlanee IIHTBpBCHbJM II BS)I{IIb!M liB.IlliBTCll TO, 'iTO C IIOMOWbiD TeX )I{Q llpii6.1III

lKBHIIi! (3.1)- (3,3), IICIIO.Ilb3Yll SCIIMIITOTII'iBCKIIB BblpSlKBHIIll A.IISI K09QlcPIIIliiBHTOB 

Kne6wa-fopnaaa, YABBTCSI npOBBCTII eme OAHO 11pll61lii>KBHHOe CYMMIIpOBBHIIB B (3.16) 
/13/ -1 

110 f 
1 

IIpll 9TOM TO'iHOCTb TS )1{9 1 AO 'i.IIBHOB ., (k R ) , 'iTO II BO BCBM 

pSCCMOTpBHIIII 9TOI"O p83AB.II8, Jlllll MSilbiX II 60.IlbWHX yr.IIOB paCCBllllliSI SMIIIliiTYAhl 

f l (6 cp) IIMBIDT pa3Hbli! BIIA, npll 6 < ( k R) -I 
Lm' 

J -" " l 
f $ 6¢) • 2 y 4" L -I Y * , ( .!!_ 4> ) I f B • Y~ ,( 6- -" ) . 

Lm Lm 2 • t t m 2 
(3.17) 

npll 6 >(kR)-
1 

J m ' " " (3 18) 
f ,(6¢)=(-1) f4,L-1 [Y* (..!!...+fJ,¢)+Y* (..!...¢)]HB

1
Y* (6..!...),' 

L m L m' 2 L m' 2 f p PL 2 

06paTIIM BHIIMSHHB, 'iTO IIO.IIY'iBHHhlB Bblp8:>K9HIIll (3,16)-(3,18) 110 CBOBH QJOp

Me CXOAHhl C COOTBBTCTBYIDWIIMII SMII.IIIITYABMII npOMe:>KyTO'iHOI"O BllpTyS.IlbHOI"O IIOJI
/13/ 

Boa6y*ABHIIH B aeynpyroM aH<jlpaKUHOHHOM p'!cceSIHIIH, nony'ieHHbiMH HaoiiHHbiM • 
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0TnH'IHe COCTOHT, rpy6p l'OBOpH, B AOMHO~eHBB HX HS p8AH8nbH~e BHTerpan~ Uep~ 

KpblTHSI A if , KOTOpble npHMblM o6pa30M X8p8KTep&3ylOT MeXSHH3M Cp~IBS, 0rMe

THM TSK~e, 'ITO UpH BbiBOAe 9TBX c!lopMyn He HCnOnb30B8nOCb npe,qnono~eH!Ie 0 Ma

nOCTH napaMeTpa Aec!lOPMSilHB, noaTOMY B OKOH'IaTenbH~X .Pe3ynbT8T8X (3.16)

-(3,18) ponb S -MaTpan~ ahmonaSieT BHTerpan f ( tt j) (3.14), y~e non aaa:s:oM 

KOTOporo UpB HSnli'IBII MSnOCTII ~ {3 P
2 

('I)·« 1 MO~HO npOBOAHTb paa-

j 5 . rr. 
IIO~eHHSI aneMeHTOB Sf ( f O ( 1 + -- {3 p (z));£\)

1
orpaRB'IIIB8SICb ni06~M UOpSIAKOM, 

4w 2 
3anllweM Tenep& OKOR'IaTenbHOe a~pa~eHBe 

cpblBS B AB<!lP4KUBOHHOM npa5na~eHBB, 
nns AB~peanaanbaoro ce'leHBSI 

noncTaansSI (3.15) a (3.11) a npoao,qg ae~~:o-
Top~e ynpOIII9HIIH, nony'I&M: 

u(l}) • 
2] B + 1 2] A+ 1 

I 
2] + 1 JL 2 J B + A 

(1+8 )-1
(] JK Ol J K ) 2

• 
OK A A 1!1 B 

A 

(3.19) 

n 2 I I I cn 11C--
m 

, 
I 2 k p k" 

" I 2 
• -

1 
f < 0¢ > I I 

D L Dl, 

rne 

. P " "2 I 
C • L j (-1.) I 

1LI t"A e"-1
a (Ls AIIJP)(LjAO!t''A)(L jOO!f''O) (3.20) ,, A D 

casaaao a nepay10 oqepeAb co cnexTpocJtona'leCKBMII xapaKTepaCTHJtaMa SIAep A 11 B 

. yqacTayiOIIIBX a cpbiBe, a abipa~eaae B c!lllrypRbiX CKo6~~:ax onpenenseT yrnoaoe pac

n~eneneHae, 38BHCHMOCTb OT 9HeprBH '18CTHU II napaMeTpOB OTHOCHTenbHOl'O ABH~e

HHSI B K8H8118X, $opMynbi (3,19), (3,20) npeACTaBnSIIOT OCHOBHOA peaynbTST A8HHOro 

paanena. 

B 'ISCTHOM cnyqae j • 0 
nonyqaeM aa (3.20) y~e aaaeCTHbili peaynbTST 

Satchler 'a (2.18): 

n 
c .. Ia!i(LsAIIJO), 

JL 0 A L n 

DPB'IeM CeqeHBe c!laKTOpHayeTCSI B BRAe (2.16), a KHH9MSTB'IeCK8SI 'ISCTb A89T AB<!lpaK

UHOHliYIO c!lopMyny Cp~Ba HB KpyrnoM SlApe 

2 rr 2 

<fl(O) .. c 2s+1 
L n 

I I f 0 
( O.p ) I 2 

' 
m' Lrn' (3.21) 
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nte f 0 , onpenenSieTcSI c!lopMynaMB {3,17), (3.18) npa J• 0 . PaccMaTpaaas 

Ltn -1 
cnyqalt MSII~X y!'IIOB () < ( k R) H Bbi6Hp8S1 CHCTeMy KOOpAIIHST TBK, 'IT06bl </> = 0 , 

nony'IHM B3 (3.17) H {3,21): 

I l ( 4rt)s/2 

16 ( 2 s + 1 ) "' ' k k 
D p d 

Y , ( ..!_ 0) I ~ B ~y • $ (} 0 ) 1
2 

Lm 2 ·f r ,_ 

2 
<fl {l})cC ----

L (3.22) 

/14/ 
3TO BbipSJKeHHe coanaASeT C peaynbTSTOM pa60Tbl 1 I'Ae AB<!lpSitllHOHHbili nOAXOA 

cneUHSnbHO npHM9HHnCSI 
K cny'ISIO cpb!BS HS KpyrnbiX SIApSX. 0ri!H'IIIe COCTOIIT 

B TOM, 'ITO TSM M8Tpllll8 
Bo 

e 
npenCTaaneHa B BIIAe cpenHero reoMeTpB'IecKoro 

OT S -MaTpHUbl BXOAHOI'O B BbiXOAHOl'O KSHSIIOB, yMHO~eHHOA Ha pSAHSnbHblli HH

Terpan, TaKaS! aaMeHa, OAHSKO, aepHS IIHWb B cnyqae, KOl'AS BXOAHOA H BbiXOAHOli 

K8H8llbl He CHnbHO paanii'1810TCSI no CBOHM napaMeTpSM B 9HeprHSIM. llpyriiM pa3nii

'IHeM S!BnS!eTCSI TO, 'ITO B yKSSSHHOli pa60Te c!loPMYna (3.22) BCnOilb3yeTCll TSK~e B 

AilS! 60nb11IHX yrnoB I}> ( k R )-I • Mo~HO nOK838Tb, OAHSKO, 'ITO aKCTpSUOIISIUHSI 

(3.22) B 06118CTb 60nbWHX yrllOB 803MO:lKH8 llHWb npB c!lopMSilbHOli 38M9He 

y ,(.!!_ 0) .. _!_ [ y ,(...!!_ + (). 0)+ y ,(_!!_ 0) ]. 
Lm 2 2 Lm 2 Lm 2 

_!_ [ 1 + p (cos (} ) l 
2 L 

1 38M9T-B ce'leHBH aTo npHBOABT K nononH&TenbHOMY c!laKTOPY 

HO B3M9HSIIOIIIeMyC!I C pOCTOM yrna. 

4. HeKOTOpbie aaxniO"'eHBSI 

PaCCMOTpBM HSB6onee BHTepeCHbili cny"'ali nei!TpOHHOI'O Cpb!BS C BbineTOM npo-

TOHOB non 60llbWHMH yrnaMB (} > (k R) -I KOI'AS HS61110.1{8eTC!I "'eTKSSI K8pTHH8 

AH<!lpaKUHOHHbiX MBKCHMYMOB H MHHHMYMOB, nonCTBBIIS!ll (3.18) B ~3.19) H npOBOJlll 

CyMMHpOBBHHe DO m' 

a(IJ)= 2JB+ 1 

2 J + 1 
A 

n 
·1 I c I c 

1 LJ 

, nony"'HM nac!lc!lepeauaanbHOe ce"'eHae 

2 J A+ 1 -1 2 
(1+8 ) (J JK OIJ K) [ l+P (cosO)]· 

OK A A B B L 
A 

I 
JL 2 J

8
+1 

(4.1) 

1 ·l 2 
; t B t y fL ( ()' 0) I I If 

J2sa+1 2-./2lr.pkd 
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3necb ocaoBHhle ~epThl yrnoaoro pacrrpeneneaag orrpenenHWTcg cynepnoaanaea (c p 
aeCBMH C J L I ) npoMelKYTO'IHhiX BMnnaTyn aana 

t 
1 

R coast ! 
L f 

HarroMHHM, 'ITO 

I 1 
B =-[ e 2 

1(qt- 0 f 
e 

... 
I 

f B p YfL ( 8, 0) • (4.2) 

f(u -u l 
A § (ifJ)+ e e e A S(tij) I u ee (4.3) 

1 -.1 

§(ifj ) .. -! dxS.(x)P (x), 
2 I r I (4.4) 

a AfC panHBIIbHhia HHTerpanhl nepeKphlTHH (3.9), (3.10). 

npa BhiUOIIHaHHH YCIIOBHH (3. 7) PBAHBnbHbla HHTerpallbi CII800 M8HHWTCH K8K 
lj>yHKllHH 

f B HBH6onee B8lKHOi! 00118CTH f O ! ~ 
,H llOSTOMy llpH K8'18CTB8HHOM 

aaanaae MOlKHo BhiHaCTH ax Ha-rron aaaKa CYMMhi a lj>opMyne (4.2). npeae6perag 

T8KlKe p83HOCTbiD KYIIOHOBCXHX ¢aa B K8Hanax, MOlKeM Tenepb 38llHC8Tb (4.2) B 
aane: 

J - ~- " 

t L .. r A e e I e g c u 1 > v t UJ, o > + A e e I e g c een vt < 8, on 
oaf L oaf L (4.5) 

CpaaaaaaH BhipalKeaae non aaaxoM CYMMhi c peaynbTBTBMH 
L 0 

/15/ 
paOOTb! ( HIIH lKa C 

aMrrnaTynoa < D ( 81 ) If ((l, 0
1

) I D >, rne f(fl, 0
1

) naaa a 
M 1<: 0 0 

npHIIOlK8HHH fi ) , MOlKHO 
y6enHTbCH, 'ITO OHO no lj>OpMe nOXOlKe HB BMnnaTyny Heynpyroro pacceHHHH C llape-

1 
AB'Iei! MOMeaTa L • TaKHM o6pa30M t L MOlKHO HHTeprrpeTHpoaaTb K8K CYMMy 

AByx npoMelKyTO'IHbiX BMnnaTyn aeynpyroro nonaoa6yJKneHHH BO BXOAHOM H Bh!XOA

HOM K8aanax, Beca KOTOpbiX OnpenenHWTCg COOTBeTCTByiDI!(HMH P8AH8nbHhiMH HH

TerpanaMa, Ecna nocnenaae C'IHTBTb aenH'IHHaMa onaoro rropBnKa, To MoJKao OlKH

llBTb, 'ITO OCHOBHOi! BKII8A B (4.5) ABeT IIHI!(b npOTOHHbi:l! (Bb!XOJlHO:l!) Kaaam .lle:l!-

CTBHTenbao, a paccMaTpaaaeMoi! o6nacTa yrnoa 0 > ( k R) acer,~:~a aa6nroaaeTcll -1 
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9 KcnoaeanaanbHhiA crrall ce'leaai! yrrpyroro a aeyrrpyroro pacceB:HHll BHllB e -a 1\ 0 
H 

-2 ~ 0, COOTBeTCTBeHHO .[lnll BXOllHOrO H BbiXOllHOrO K8H8nOB, C llpyroi! CTOpOHhl, llOCne.[l
e 
gae llBI!Hhie roaopHT aa TO, 'ITO napaMeTp .[laljl.pyaaocTH .lleil:Tpoaaoro ODTH'Iecxoro 

rrOTeHUHana rrpaMepHO BllBOe rrpeBhlmaeT COOTB8TCTByiDmHi! npOTOHHbli! DapaMeTp, 

11 a!la'IHT X .. 2 ~ • Cne.llOBaTenbHO, 

I " 
t ... Ae e I 

L 0 0 f 
i ~ (if j) Y fL ( 8, 0) • (4.6) 

OTCID.lla BHllHO, 'ITO llnll xpyrnhiX ll.llep ( l • 0, {3 .. 0 ) a cnyqae rrepe.lla'IH aei!Tpo-

!18 B COCTOllHHe C MOMeHTOM L ., 0 9T8 8MIInHTYll8 ( 4.6) ( C TO'IHOCTbiD llO 

'IHCIIeHHOrO KOs$$BllBeHTa) COBII8ll8~ C 8MDIIHTYllOil: yrrpyroro pacceHHHH B IIpo

TOHHOM .KaHane: 

t
1
.,_·_ I (2i+1)S

0
P

0
(cosO)•.fpyrrp(O). 

0 21k f [[ • 
(4.7) 

/16/ 
3TOT JKe peaynbTaT Ohm rronyqea ua .llpyrax MOllenJ>HhiX coo6palKeaua a pa60Te 

rrpH 9TOM aaTopaM TPYllHO 6hmo o6'bllCHHTb, rro'leMy rrpa L f.. 0 TaKoi! BhiBOll 

/16/ 
OKB3blBBnCll ylKe HeaepHbiM. 8 TOil lK9 paoOTe peaynbTBT (4.7) ll0llTBeplK.ll8n-

CH anSI cnyqag L .. 0 PllllOM rrpuMepoa 113 HMeromaxcH aKcrrepuMeHTBnbHhiX llBH-

HhiX - 1109TOMy Mbl HX 3.[leCb He BOC!IpOH3BOllHM, 

P accMOTpHM Terrepb BhipalKeHue ( 4.4). Y'IHThiBall, 'ITO oohi'IHO a cnyqae neH-

Tpanbaoro IIOIIll sneMeHTbl Sf MOlKHO 38IIHC8Tb B BH.[l9 

s.,su-e (l+v-
4
5 

f3P(x));\), 
[ 0 17 2 

paanolKHM !IX a pHll no .lle$opMa!li!HM 

" d s e 
~ se 

.. 
I 

nco 

n " 
__ {3 (-v' _s_ P (x)) 

n! 417 2 

H IIOACT8BIIHH B (4,4), IIOIIY'IIIM: 

" .. d s i 

de" 
(4.9) g(PPj) .. ! 

n•O 
" {3 AI 

n 

rae 
1 5 n I 

-(-v'--P(x)) .. I A P1 (x). 
n! 4 tr 2 " 
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H3 nocneaaero paaeacraa cneayeT, 'ITO 
ecTb qeTaoe qacno, a ecnx a aan&aeli-

weM aaana3e Mbl KalK,Abili pa3 5yaeM orpaiiH'UIBaTbCSI nHIIIb rnaBHbiMH He.B:C'IEI3aiOIIlH-

MR nopsaKaMa B pa3noJKeaaa no f3 , To OIIH 5yayT onpeaenST&cg 'l.a:cnaMa j .. 2 n 

n =0, 1, 2 ••• 

B 3TOM np.a:5nalKeHHR j xapaKTepH3yeT CTyneHb Cpb!Ba, KOTOpyiO 5yaeM 
j 

caa5JKaT& HOMepoM N = - 2- + b" n + 1 • Tax, aanpaMep, ecna N + •1, To j • 0 ( n .. 0) 

H Hll6T npHMOli, OllHOCTynegqaTbili Cpb!B 5e3 npOMelKyTO'IIIbiX nOllB035ylf{lleHHli B Ka

Hanax, N = 2 ( j = 2, n"' 1 } -asyxcrynea:qaTbilt nponecc, xoraa cpbiB aaeT qepea 

oa11o aononHaTen&Hoe noasoa5yJKaellae xaaapynon&Horo Tana so axoaa:oM an.a: Bb!Xoa

HOM KaHane; N • 3 ( j = 4, D=2 ) - TpeXCTyneH'IaTbilt npo~tecc, C ABYMH KBaapynon&llbi

MH nOAB035yJK,AeHHHMH H T.ll. 

no f 
noacTaBHM Tenepb (4,9) B (4.6), 3aeCb ang OlleHOK MOlKHO 3aMeiiHTb CyMMy 

HHTerpanoM, HCnOn&30BaTb aCHMnTOTH'IeCKOe BbipaJKea.a:e llJIH 
yfL (80) 

npa () > p -1 
H HIITerpapOBallaeM no 'laCTSIM (n-1} pa3 CBeCTH OTBeT K HIITe-

d sf 
rpany c nepaolt npoaaaoa11ol! -;rr- (noapo5HOCTH noao5aoli npo~teaypbl CM, B pa-

/13/ d 8 f 
50Te ). Toraa, annpoKCHM.a:pyg -"' 8 (-f -f ) a orpaHH'IHBasc& npa HHTe-

dt 0 
rpapoaaHHH n.B:IIlb rnaBHbiMH 'lneHaMa, nony'IHM: 

t
1

N
1
(0)-8N-

2
cos [(f +..!..)o-_!_(l:+N-1)+.....!._], 

L O 2 2 4 ( 4.10) 

d sf 
3aMeTaM, 'ITO ecna 5onee TO'IHO aaaaBBTb npoaaaoaayro - c nOMOIIlbiO 'paa-

df 
Ma3aHHOJi' 8 -«jlyHKilHH, TO B Ce'leHHH ITOSIBHTCSI 3KCnOHellllaan&llb!Jt MHOlKRTen& TR-
na e -2 L\ () 

Ha (4.10) cneayeT 'npaaano «jlaa' ans aeltTpOHHoro cpbiBa Ha ae«jlopMapoaaH

HbiX sapax: ang N -li. CTyr.eaa CpbiBa c nepeaaqel! MoMeHTa L caa.11r «jla3bi oc

nannRIIali no OTHOIIleHHIO K ynpyroMy pacCeSIHHIO B npOTOHIIOM KaHane 

L = 0 , N = 1 ) paaea ( L + N - 1 ) __!!_ • 
2 

3To npasano MO)I(Ho o5o5maTb TaKlKe ang cpbiBa Ha xpyrnb!X sapax, . xoraa 

B HeM Y'laCTByiOT BMeCTO BpamaTen&HbiX HH3KOnelKamae KOne5aTenbllble YPOBHH KBaa

pynon&Horo THna. OallaKo 05bi'IHO TaKae YPQBHH neJKaT AOBOnbHO Bb!COKO a Cpb!B aaeT 

oaHolt CTyneabro ( N = 1) , 5ea noaaoa5yJK,Aeaali. Toraa 'npaaano ljla3:' BbirnsaaT 

npome a onpeaenHeT casar yrnoaoro pacnpeaene11as TOnbKO Ha,«flaay l -
2
-- , rae , 

L - y)l(e op5aTanbHbilt MOMeiiT a:el!Tpolla Ha o5onoqxe ( CM. TaKJKe «jlopMyny ( 4. 7)). 
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OTCroaa cneayeT, 'ITO coanaaeHBH no ljlaae yrnoabiX pa<;npeaenea.a:l! B cpbiBe a ynpy

roM paCCeHHaH B ITpOTOHHOM KaHane MOlKHO OlKa)laTb naWb ITpH nepe)laqe HeliTpOHa 

Ha o5onoqxy c L • 0 

BoaMOlKIIO , 'ITO npa HeKOTOpbiX ycnoaaHX onpeaenSIIOmyro pon& B cpbiBe 5y

aeT arpaTb He npOTOHHblll, a )leHTpOHHblll KaHan - TOrAa BCe CABHrH ljla3 HBAO 5paTb 

OTHoCHTenbHO ynpyroro paCCeSIHHSI B 3TOM KaHane. Eonee CnOlKHaH KapTHIJa Ha-

5nroaaTbCll, ecna o5a KaHana aHTep«jlepapyiOT. 3aMeTaM TaKlKe, 'ITO caenaHHbie 3a

xnroqeaaH BO MHOrOM 3aBHCSIT OT BbiiTOnlleHHSI yKa3aHIJbiX Bb!We yC.llOBHll (Haa5apb-

epHble aaeprHH, k R » 1 , 5on&wae yrnbi 0> ( k R )-
1 

, cna5oe H3MeHeHHe paaaanb-

HbiX HHTerpanOB, onp§j)le.llHIOIIlllll BKna)l Ton&KO OAHOrO Kaa:ana) • 

Tenep& aaaaM npaMep acno.llb30BaHHH nonyqeHHbiX npaaan Ha peaxnaa 

24 ( 25 Mg d p) Mg • 05bi'IHO npeanonaraeTcH, 'ITO aTa Hapa HBnlliOTCH aeljlopMapoaaH-
25 s+ 7+ ( 

HbiMH, Toraa ypoaHH Mg -- (E .. 0) a -- E =1,61 Mas) MOJI(Ho C'IHTaTb 
2 2 5+ 

nepBbiM H BTOpb!M ypOBHSIMB BpamaTenbHOll nOnOCbl op5BTbl [ 202 ]-- • D.nH STOll 
2 /10/ 

op6BTbl OTnH'IHbl OT a:ynH TOnbKO KOaljlljlauaeHTbl HanbCCOHa C f" • 2 • D.ns pac-

CMOTpeiiHSI Cpb!Ba gei!TpO!Ia Ha 3TH ypOBHI! BOCnOnD3yeMCSI «jlopMynoll (4.1). no-

CKOnbKY j BC6l'Aa 'leTHOe 'll!Cno, a f" • 2 , TO 1!3 BbipalKeHRSI AnSI C () 
JLJ 

(3.20), xyaa sxoaaT xoa«P«flauaeHT Kne6wa-fopaa11a (L jOO lf"O} , cnenyeT, 

'ITO qacna L MOI'YT 5b!Tb Ton&KO qeTHblMll. HMeHH01 Jl.llH OCHOBHOrO COCTOH

HHSI L "'2, anH nepaoro apamaTenDHoro aoa5yJKaeHBH L ~. TaxJKe BHAHO, 'ITO 

B nepaoM cnyqae ( 2 j 0 0 I 2 0 } aonycxaeT j =0, 2, 4,. so BTopoM aa 

( 4 j 0 0 I 2 0) cneayeT, 'ITO j =2, 4, 6. H ecna Tenepb ocTaBnHTb TO.llbKO rnaBHbie 

qneHbl ( j -0 AnSI nepBOI'O, B j =2 )l.llSI BTOpOI'O ypOBHH), 

'ITO 11a nepBbill ypoaell& aaeT OAHOCTyneH'IaTbill cpbiB ( N 

cTynegqaTbill ( N = 2). CooTaeTCTBeHHO ans aTHX N 

TO MOlKHO CKa3aTb 1 

1), a Ha BTOpol!- ABYX-

a L H3 npaaana ljla3 

cneayeT, 'ITO yrnoable pacnpeaeneHHH npa cpbiBe Ha KalKJlbill 1!3 aTax ypoa11ell aonlK

Hbi 5b!Tb B npOTaaocjla3e, npa'leM nepaoe H3 HHX a cjla3e c ynpyraM pacceHHHeM B 

npOTOHHOM (ana )lel!TpOHHOM) KaHane. 

B 3aK.lliO'IeHae aaTOpbi ablpa)l(aiOT csoro 5naroaapHOCTb np<>ell. B.r. Conoabeay 

-sa CTHMynapOB8HII6 pa50Tbl Ha)l STOll TeMOli, a TaKJKe .5nal'OA8.pSIT Y'!aCTHHKOB ce

MHHapa no TeOpHH gapa na5opaTOpHH TeOpeTH'IeCKOll QJa3HKI 34 n.llO)lOTBOpHbie o5-

cyJK.A~HHSI: 
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• 

npuno)KeHHe 

nocne nOACT8HOBKH B 8MnnHTYAY Cpb!B8 (2.4) BOJIHOBbiX cPYHKUHJl BHyTpeHHero 

ABH)K9HHH (2.1) H (2.2) B BCK8)1{8HHblX BOnH (2.5) H (2.6) B03HHK89T He05XOAH

MOCTb B3HTb H8CKOnbKO HHTerpanos. 0503Haqag HX ycnOBHO HHA8KCOM CBepxy no 

BHAY cPYHKUHll 1 CTOHmHX nOA HHTerpanOM 1 BbiUHmeM peaynbT8Tbi: 

p' J 
e, 

(D) = f D ' 
I rn In 

D D* ~ 
0 m M K 

8 8 

J • 8 2 K ~ 
D A D n! ( dl} ) "'--"- (-1) A AI (t'P'm'OILm'). 

MAKA Un I 2}+1 
JL 

·(f'f'mmiLm+m)(J J -M M IJM)(J J -K K I JK)(Ls m'u IJ-M)(Ls m+m!IJ-K) 
8A 8A 8A BA n n n 

" " e r (Y) Y* 
I =f f"A (f p 0 0 I f"O )( p fm m I e "A ) Y Y- ( dcu)., 

Pm P;; 
" v' 4lr p" 

()() 

I =<x x lx-->>=(ss uu 
flU • u •u n n 

( R) 

I 

n n 

I(~e~:) 
U' m 

P" 

m m 
R -- R R 
ff' f" fC' 

f 

;;) 

2 
dr • 

i1T8K 1 Bblp8)1{8HHe ):lng 8MnnHTYAbl Cpb!B8 UpHHHM88T BHA: 

" " 
K -M 

T 
II 

>=C(-1) A A 

4 v' rr 

J B J A 

'\/1+ 8 0K 

( e P' ) 
! 1\ e f' ;;; ! a f" A !A 

P"Au J 
rn rn' n 

A 

(] J -M M IJM)(J J -K K IJK)(f'f'm'O I Lm')( f'e'm;l L m + m BA BA 8A 8A 

< ee o o I i" o > < e e m m I f" A l < s s n u un I s u) ( L sn m' u n I J- M). 

- (R) " 
(Ls m+m! IJ-K)I Y* (kP). 

n p, m' 
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"" e "f 
f" ;2 

nocne nOACT8HOBKH STOrO Bblp8)1{8HHH B cPOpMyny (2.3) H Up0B8A8HBH CyM

MHpOB8HHll C yqeTOM cneayromHX p8B8HCTB 

! 
M M 

A B 

! 

U M 
n 

~ 2 

! (s s nuan I i i7) ( BBn uu~ --) s 8 ' I SO' = ~--"-- u 0' 

2 n n s uu 
n 

(JJ-M M IJM)(JJ-MM IJ'M') .. 
BA BA BA BA. 8JJ,8MM' 

" 
(f:s m'u lJ-M)(Ls m'u I J-M)., 

n n _ n_ n 

J 2 

li ' '8 
111 m L L " L2 

m + m -A A+!=O 

nonyqaM oKoaqaTellbHbiA peaynhTaT (2.11), npuaeaeHHbJll. B paaaene 2. 

npuno)KeHHe II 

/13/ 
KaK noKaaaao a pa50Te 1 a nuc!>paKUHOHHOM H anua6aTuqecKOM npu5nH)Ke-

HHH 8MllnHTYA8 ynpyroro paCCeHHIIH H8 A9cPOPMHpOB8HHOM HApe HM8eT BHA 

f .. rr 

I k 
! 

ff' 
' mm 

.e _f' " Y* ( k ) < y I s. + s I y > I 
fm fm t f' f'm' 

y ( k ). 
f' rn' Cl 

CquTaeM 1 qTo enuaaqHble seKTOpbl k 
0 

11 k 1 onpeaensromHe Hanpasneaae ABHJKe-

HIIH qaCTHU B Haqane H B KOHile paCCeHHIIH 1 COOTB8TCTB8HH01 38):18Hbl BO BHyTpeH-

Hell CHCTeMe K00pAIIH8T 1 CBH38HHOll C smpoM. Tor ):Ia sneMeHTbl S p -MaTpHUbl ueH

TpanbHOrO nons A0n)f{Hbl 38BHC8Tb OT napaMeTpOB HeCcPepHqHOCTH smpa DO BHyTpeH

Hell CHCT9M8 1 HanpHMep 1 

5 
S n"' s. (f ( 1 + v' -- ,8 P (x)); ~). 

r r o 4rr 2 

nepeB~AeM" Y p, m, ( k O ) B na6opaTOpHyiO CHCTeMy KOOpAHHBT, Bbi5Hp8H npH 

sTOM ocb OZIJ k 0 ( ) • Toraa 
na6. 
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2f'+ 1 p• v •• ,Ck~~'>2v' o• • (8 ). 
r m 4rr Om I 

Tenepb, Bb!Jl8n51SI H3 S -MaTpHUbl KynOHOBCKHe ljla3bl B IIBHOM l'IHJle, acnonb3YSI 

Bbi6paHayiO aCHMUTOTHKy (2,9) Jlng ljlyHKUHH OTHOCHTenbHOI'O JlBHlKeHJISI, a TaitlKe 

Y'IHTb!BaSI TOT ljlaitT, 'ITO acne)lCTBHS aKCHanbHOH CHMMeTpHH I!Jlpa m • m' , npeJl-

CTaBBM aMnnBTYJlY paCCSSIHHSI Ha HSUOJlBBlKHOM )lelj>OpMapoaaHHOM I!Jlpe B cne)lyi0-
/7/ 

meM Balle 

f(08 >- v'-, 
ik 

I f' f'-f ICu.+ue·'smv (cu)Df'(8), 
e t f f' ftn Om I 

1 ee· m 

npa 9TOM 

... 1 f_f • -.~c u r + u , , 
S =- (-1) <f-mjS +S jf'-m> e f te· 2 r e· 

"'"' r- ,. -•m -110' r + C1 f , ' 
=(-1) e f f, I (a· 0 0 I j 0 )( Wm- m I j 0,. ( ff' j) 

a ~ 

-I 

§(ff'J) .. _1_ I 
4 dx(Sf+Sf, )P1 {x), 

H P. - COOTBSTCTl'ISHHO yrnbl paCCeSIHHII BO BHyTpeHHeH H na6opaTOpHOH 

CHCTeMe KOOPJlBHaT. 
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