
~. ?>il.~ 

3- 3 8~~ 
OB'&EllHHEHHbi.ti 

HHCTHTYT 
SlllEPHbiX 

. HCCnEllOBAHH.A 

lly6JI8; 

P4 - 6278 

= ·s.H.3axapbeB, B.K.JlyKhHHOB, AJ1.THTOB, -
•:1: " '1 ' (""', ' 

, ' . " ·I: • :ali: 
~ 0 llAPAMETPM3AUMM AMllJIMTY~ :I' 

.~ TPEXqACTMqHYX PEAKUMA 
A. 
• I. Ksa3HynpyrHU pa3Ba~ aeUTpOHa .... .... 
~ z: 
A. 

! 
~ • lA 

·~ 1972 



:t $1AepH~:X '' HCCJieAOBaHHii 
< • l ' 

:TnTyTa sutepHbiX nccneAOBa-_ 
aUllliMH. Oan H3A810TCSI B co
pniiTOB oT coo5weanfi 3aKmo
:neACTBHH BOCITpOH3BeAeH B 
'COM c5opHHI~e. 

< ' <; 

: 

P4 - 6278 

B.H.3axapbeB, B.K.nyKb$1HOB, A.M.THTOB 

" <0 llAPAMETPM3AQMM, AMllJIMTY~ 

TPEXqACTMqHY~ ~EAKQMA 
I 

I. Ksa3HynpyrHii pa3BaJI AeiiTpoua 

HarrpasneHo B "l13BeCTHSI AH CCCP" cep. iflns. 



P4-6278 

eaKUHll 

X'IaCl'H'IHOll aMnnnry

l'I!'IHOll aMnnl!l'Yllbl 

1K8M I! llH!jlpaKUI!OH-

t aMnni!Tyn. Ha npl!
roacTpl!poaaHhi B03-

lenl! pacceSlHI!Slo 

ICCJie~oaamdt 

I. P4-6278 

le Reaction 
on 

a three-particl 
is are assumed 
e series of par
nd diffraction 
arti.al ampli
ntegration reac
mple diffraction 

Research. 

1 
! 

I 

r . 

I 

-"'·· 

·.:. 

·: .. , 

llo cpaBHCHHIO C, llBYX'!aCTH'IHbiMH, 6HHapHbiMH peaKUHHMJI TUna 

A + -B ->a + {3 H3y'ICHH9 peaKUHti C TpeMH '18CTHU8MH B KOll9'1liOM 

cocTOHliHH ·A + ·B ... a + · b +. c npencTaBnHeT ~opaano 6onee cno>KliYIO 

aanaqy, u ee npaKTH'IeCiwe peweune Ba>KHO .!Je ;ronbKO nm1 onncaiiiiH .caM'?ti 

TpeX'!aCTH'IHOfl peaKUHH. ,lleftCTBHTenbH0 1 TaKHe peaKUIIH KaK npaBHIIO Tee-. . . . . ' . . 

, HO CBH3aHbl C 6HHapHblMH1 UOCKOnbKY B 60/IbW."HCTBe. CIIY'I~eB B :9TH X. not;:-

nenunx yqacTByiOT cno>KHbie Hnpa A u -B If KaK TOIIbiCO ::meprHH HX. 

.. CTOIIKliOB9HHH npeBbiW89T nopor pa3Bana OllHO~O H3 Hllep C BbineTOM HyK-

. ·. IIOUa liiiH. if>parMeHTa· HYKIIOIIOB1 B03HHKaeT Ue06XOllHMOCTb yqeTa KO!IKypltpyiO-

. . 
mero Tpex•xacTH'!Uoro Kauana paaaana. 

K co>KaneuniO, Tpa.i:x'nunouubie MeTOllbi nayx•acTH'!Horo paccMoTpemm 

'IBCTO OK83biBBIOTCH MBIIO npHrOllHblMH lliiH aHBIIH3a TaKHX 6onee CIIO>KIIbiX 

npoueccoa. 3necb Ka>KeTCH 6onee ecTecTBeJIHbiM cTaBHTb aana"'Y c caMoro 

HB'iana KBK aanaqy Tpex Tell H HCUOIIb30B8Tb COOTBCTCTDfiOIUIIe MeTOilbl ee 

peweHHH. HanoMHHM, 'ITO llliH nayx..JacTH'IHbiX · peaKuntl: y,Ke HMeiOTCH paapa-

6oTaHHbie MeTOllbi peweuliH ypaaueHHH llipenunrepa, a TaK>Ke 6onee npocTbie 
. ' " . •. . ~ . 

CUOC06hl HX OUHC8!IHH - HenocpellCTBCHH8H.napaMeTpH3aUHH if>aa paCCCHHHH 

HnH caMHX aMUIIHTYll Ha OCIIOBe K8KHX-IIH60 MOlleneA (Tuna llH!f>paKIIHOHIIOA 

s 
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Monenn paccesmml). B cnyqae :~Ke TpexqacTnqHhiX peaKunii: rrpSIMbie qncnea:-
~ ~ ( \ ~.~.. . ·. /1/) 

Hbie MeTOJlbl pellleHHSI COOTBeTCTBYIDIUHX ypaBHeHHii: HanpHMep, cPanneeBa 

' pa3pa60T8Hbl IlOKa nlllllb JlnSI IlpOCTeii:IllliX CliCTeM li3 Tpex HyKnOHOB li. y:IKe. 

ManoacjlcjJeKTJIBHhi B aanaqax c yqacTneM cno:IKHhiX SIJlep npn nocTaToqao 6onb

runx. 9Hep!'HSIX CTOnKHOBeHHSI, IloaTOMy 3JleCb 6binO 6bi BeCbMa none3HbiM 

paapa6oTaTb 6onee npoCTbie MeTOJlhi aeriocpencTBeHHoii: napaMeTpnaaunH 

TpexqacTnqHbiX aMnmiTyn. 

Uenb aacToSimeii: pa6oTbi - o6paTHTb BHHMaane aa cyllleCTBosaane 

OJlHOH H3 B03MO:IKHOCTeii: TaKOH napaMeTpH38UHII TpexqllCTHqHoii: aMnnHTYJlbl 

~acceSIHliSI B aanaqax, xapaKTepHOH OC06eHHOCTbiD KOTOpb!X SIBnSIIDTCSI JlOCTa

ToqHo 6onbll1He HMnynbCbl OTHOCHTenbHOI'O JlBH:IKeHHSI qaCTIIU. 3Ta B03MO:IK~·; 

HOCTb p~a~nayeTcSI aa KOHKpeTHoM npHMepe onHcaanSI peaK:itnH · KBaaHynpy- · 

roro paasana' neii:TpOHa 'B none SIJlpa'. Mo:IKHO HaJleSITbCSI, qTo nposeneaHe 

j 

I 
.·f; 

I 

j 
I 
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. .· ~ 
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I 
I 
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nono6aoro aaannaa nnSI npyrHx Tpext!acTn.:IHhiX peaKunii:. rroasoiinT s 6ynymeM , 
·. . . . . . . . . . .·. . . . I 

ccjlopMynnposaTb · onpeneneHHbie npasnna napaMeTpnaaunn noii,Hoii: TpexqacTnq.;.. 

lioii: aMnnnTyJlhi nono6ao ToMy, KaK aTo nenaeTc·g B nncjlpaKun-oiuihiX 

nSIX itByxqaCTHqHOI'O. 'paCCeSIHHSI, 

Mone-

2. 06paTHMCSI BHaq~ne K aanaqe 0 .rrapaMeTpli38UIIH" SMIInHTyJlbl JlByx-·. 

qacTnqaoro pacceSIHliSI. 11asecTao,qTo .sseneane rroTeaunana saanMoneii:cTBHSI. 
. . . . ' 

Il03BOnSieT. ailecb HaXOJlliTb COOTBeTCTBYIDIUHe pellleHHSI II UD IIX 8CliMilTOTH-

qecKoMy rrosen.eanro orrpenenSITb aMnnnTyJlhi rrepexona 

'I' = ~ 
r ->.oo A+B 

8 8. •+AAa 
. A a . 8{3· B{3 

e. 1 ka f3 r 

t'· 

TaK, B KaHane yrrpyroro pacceSIHHSI HMeeM 

(1) 
t." . 
I 

a a -+-+ 
A =A(kk'E) 

f3tr . 
_P._<~ .... ,!Vl~ .... ;> =::£ A 0 (kk''E) Pe(cos0).(2). 
2ir11 2 k k,. e .r. ·· · · . 
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Qqesnnao,. qTo rroTenunan orrpenenSieT aMnnnTyny aa sceii: 

neKCHbiX E nnn k ) 0 0JlH8KO. 06bJqH() JlnSI cpaBHeHHSI 

ee nocTaToqao aaaTb nHlllb aa aaepreT~qecKoii: rrosepxaoc~ 

1f2k2 
E = --- ) • TaKHM o6paaoM, BBeneHne rroTeaunana s· 2p. .. . . 

uenb KoTopoii: ecTb OTbiCKaane nHlllb aMrrnnTyJlhi pacceSIHHs 

K8KOH-TO Mepe BH~CeHHeM. B nee .n36biTOqHoii: liHcPOpM8llH!f• 

HOM cnyqae qacTo cTaBSIT sonpoc o rrapaMeTpnaauHn ae ri 

HenocpencTBeHHO nsyxqacTnqaoii: aMnnnT_YJlhi, TaK, ecnn m 

naeT Manoe qncno rrapuHanbHbiX Bona, To yJio6/fo aanasaTI 

cjlaa pacceSIHHSI 

Ae = :ik-
1

y-rr (2f' +lJ .(1- exp 2i8e ) •• 

I1 · Hao6opoT, e'cnn B cetieane naeT BKnan 6onbllloe qncno. r 

T.o · yno6ao napaMeTpnaosaTb aerrocpencT~eaao aMrrnHTYJlhi, 

HaiipHMep, B ,LillcppaKUliOHHbiX MOJlenSIX pacceSIHHSI qaCTHU H< 

AaanornqHbiM nyTeM MO:IKHO nnTn n B ail:a.imae Tpexq 

TyJl, Oi:lHaKO Tpy!lHOCTH UpSIMOI'O IICflOilb30B8HJISI yi!<e JI3Bec 

COCTOSIT B Heo6XO!lliMOCTli yqeTa Henpepb!BHbiX ll3MeHeHJIH ·. 

qaCTIIU npn coxpanennn nonHOfi TpexqacTnqnoii: aneprnn. T 

ynaeTCSI ycTpaHHTb, ecnn UpeJlCTaBnsiTb TpexqacTIIqHyro 81-.1 

napunanbHoro pSina, Kyna HapSiny c npocTbiMn ccjlepnqecKnMJ 

BXOJlSIT nx MHoroMepHbie aHanorn - 'rnnepc~epnqecKn~. r~p 
. ' . -pyrolllne yKaaaHHbie naMeHeHnSI: 

3. PaccMoTpnM B KaqecTBe npnMepa KBaanynpyroe p. 

pona B none TSI:IKenoro SIJlpa d + A .... A·+ n + p • llm1 onnc 

uecca yno6HO nepeii:TH OT 06bi'IHO IICIIDI!b3yeMblX KODpJliiH[] 

li ; (t' , . 0· ) K rnnepcq•epnqecKnM 
np. 

5 

(p '·a ' n d 'n J': np 



EibiX peaKUIIii npstMbie 'IIIcneu:-
··. I II 

aaiiii ( uanpiiMep, c:Panneesa · ) 

aM . II3 Tpex HYKilOHOB II y>Ke 

hiX srnep npii ·nocTaTo'luo 6onb

lbmo 6bi. BecbMa noneaHbiM• .· 

~TBeHHOfi napaMeTpii38UHH 

~aHHe ua cymecTBoBaHHe 

I Tpex~IaCTH'IHOU aMIIIlHTYllbl 

>10 KOTOpbiX .smnstJOTCst nocTa

KeHHst 'laCTHU, 3Ta B03MO.ll(·:'· 

iHCBlUist peaKuim, KBa3Hynpy-

:';lnestTbcst, 'ITO npoBen.euHe 

•peaKUHii ,IT03BoimT B 6ynymeM .. · 

!TpHaauHn rroiiuott. Tpex'JacT~ti~ • 

'Cst B llHt!JpaKUH.OilllbiX MOlle-

Mf3TpH3aUHH' 8M~IlHTyllbl llByx-·, 

noTeuuHana BaauMoneiicTBHsr· 

·ellleHHH H UO HX aCHMIITOTH-

pexona 

-. P> 

=I A (kk''E)_P0 (cos_o_·).(2·)· e .. e . . l. 

OtJeBnnuo,. 'ITO noTeaunan onpenenHeT aMnnnTyny ua Bceii nnocKoCTII KoMn-

neKCHbiX E HllH k ) 1 OllHaKO 06bJ'IH()_ JlllH CpaBUeHHH C 8KCIIepHMel!TOM 

ee ll0CT8TO'IHO 3H8Tb llHIIIb Ha aHepreTH~'IeCKOU IIOBepXHOCTH (k = k' ; 

E ) , TaKHM o6paaoM, BBeneune noTeuunana B aana'ly, ocuoBHaH 

uenb KOTOpoii eCTb OTbiCK8UHe llHIIIb aMIIIlHTYllbl pacceHHIIH 1 HBilHeTCH B 

KaKOii-TO Mepe BHeceuHeM B nee H36bJTO'IHOii HHt!JOpMaUHH, noaTOMy B nail

HOM cny'lae 'J8CTO CTaBHT BOIIpOC 0 napaMeTpll38UHII He IIOTeHUllana, a 

uenocpencTBeuuo llBYX'IaCTH'JHOii aMnnHTYllbi, · TaK, ecnH BKnan B paccesruue 

naeT Manoe 'IIICno riapunanbHbiX Bona, To ydo6uo aanaBaTb Af 

tjlaa pacceHHHH 

( 1 - exp 2 i oe ) . • 

C IIOMOIIIbJO 

(3) 

H uao6opoT, e'cnn B ce'Jeuue naeT BKnan 6o~biiiOe 'IIICilO napunanbHbiX BOilH, 

T.O · yno6HO rrapaMeTpH30B8Tb uenocpellCTBeHHO 8MIIIlHTYllbi 1 KaK 8TO nenaeTC.H 1 
' "• • I 

H811pHMep, B Jmt!JpaKUHOHHbiX Mbnenstx pacceHHHH '18CTHU H8 CllOlKHbiX Hllpax, 

Ananorii'IHbiM rryTeM Mo>Kno HJlTII II B auaimae Tpex'laCTU'JHbiX a:--tnnn

Tyn. OnuaKo TpynuocTn npstMoro ncnonbaoBaHHH y>Ke II3BeCTHblX ~~e:ronoB 

COCTOHT B ueo6XOJlHMOCTH y'leTa HenpepblBHbiX H3Meueanii . 8Hepr1111 rrapbl 

qacTnu rrpii coxpaueunu nonuoii Tpex'laCTH'IHoii aueprrm. Tel\! ne Meuee, nx 

ynaeTCH ycTpaHHTb1 ecnn npeJlCT8BilHTb Tpex'lllCTH'IHyio 8MIIIliiT~·ny B BII::Je 

II8pUH81lbHOI'O pHJl8 1 KYJl8 HapHJlY C llpOCTbiMII ctjlepu'JeCKUJIIII' tb'IIKUIIH!\111 

BXOllHT nx -MHoroMepHbie auanorn - 'rurrepc¢epnqecKne rapi\IOHIIKH, perynn-
l . . 

pyiOmHe yK838HHble H3MeHeHUH, 

3, PaccMOTpnM B Ka'leCTBe rrpHMepa KBa3nyrrp)TO€' pnC'llll'nneune nef!T

poua B rrone THlKenoro Hnpa d + A -> A + n + p • 1ln11 onncnHIIH .·'Taro rrpo-.. 
uecca yno6uo rrepeiiTlf OT o6b!'JHO IICII01lb3yeMbiX 1\00flJlllllllT R ( R • n' ) 

;. d ' 

If ; ( r 1 . {} ) K I'lfiiepcq•epn'IeCKIJM 
np. 
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r· 

\·'· 

. R = p Cos a r · =p Sin a , 

------· 
tga r /'R, ·p = ..jR2 + r2 

3nech yron .a xapaKTepnsyeT .. oTHOllleHHe BSaHMHoro pac;:cTo~HHH r 

(n p ) - nape· K paccToHHH.IO. _ }?. . ee uea:Tpa Mace oT TH*enoro Hnpa, 

p -- "pasMep" Bceii: CHCTeMble 

( 4) 

B 

· AcnMIITOTH'lecKoe no-Benenne BonnoBoii: if!ya:KUHH. cncTeMbi c TpeMH _ . . ' . . --- ·• . ·.. .. - i21 
CB060llHhlMH '!aCTHUaMH B KOHe'lHOM COCTOHHHH HMeeT BHll 

'I' 
·R, r -+ oo 

IKP 
e 

.... ,/.. ( ;y + A (a 0 d onp) sh Si~a Cos a ' "'d+A'f'd p : 
( 5) 

rne K = V ·k~ .+ k ~P -non HOe BOnHOBQe .'lHCnO CHCTeMbl. 0'!eBHllHO; 'ITO 3Ha-

HHe 'I' KaK pellleHHH ypaBHeHHH Tpex Ten nosBonnno 6bi cpasy HafiTH 

aMnnnTyny pasBana H ce'leHne 

d 3u _ 2 da 
=I A (a odonp Jl '; d£ 

( 6) 

dOddOnpd£ 

rne E - · aHeprHH no KaKoii:-nn6o cTe_neHH CB()6onht, ,aanpnMep '· En , E P 
' - ' ' .. -. :-· . . ·-. ., 

(. n p (' £ n p. - 8HeprHH OTHOCHTerihHOrO- ~BH)KeHHH' HyKnOHOB B nape). OnnaKO. 

Mbi :x:oTHM· nony'lHTh aMnnnTyny ae aa ocaoBe noTeHuHal:lhHoro non:x:ona, a 

nyTeM HenocpencTBeHuoii: napaMe-rpnsaunn. 

llnH 8TOrO BOCnOnbsyeMCH ecTeCTBeuubiM o6o6meuHeM. pasnO)KeHHSI 

nByx'laCTH'lHOii: aM nnnTynhi ( 2) Ha cny'laii: Tpex Ten: 
. ' ' . ,,.· :,, 

( 7) 
A = ~ A(rc)Y(xJ ' 

(K) , . 

rne Y ( K). - Y*e . o6o6IUeHHbie ciflep_n'le<::Kne if!yHKUim, 3aBHCHIUHe OT nSITH 

nepeMeHHbiX, onpenemS!romnx nono*eHne Tpex '!acTHu, a · J K) - Ha6op -

J 

·':\ 

i 

·I 
I 

COOTBeTCTByiOIUHX KBaH~OBbiX .. ,'lHCen •. llnH HaC .. HBHblii: .· BHll. Tl 

yno6Ho san;ncaTb c11enyromnM o6pasoM: 

. mM 
-·A(aOdO )=~ AfL(.\)Y£ (0 )YLM(Od)Y (fL; 

· np fLAmM m np 

rne Y£,;-H YLM o6bi'illbie clf!epH'leCKHe if!YHKUHH, xapaK~ 

~eTCTBeHHO, BHyTpenuee llBH)KeJIHe tiSCTHU B , ( np) ..:.nape . 

H_ OTHOCHTenbHOe llBH)KeHHe napbl KaK uenoro C _MOMeHTOM 

Hnpa.. Y (fL.\; a) .:_ rnnepcif!epnt.iecKne rapMOliHKH, ynoBne· 
. /2/ . 

ReHHIO 

[L 
·. 'aa2 

£(£ +1) 

Sinil ~ 
. L(L+1~(] +1/2/]. Y. (fL.\; a) 

Cos2a · 

3TH if!yRKUHH, B006IUe roBOpH, H3BeCTHbl H Bbipa)KaiOTCH 'lep 
_· /3/ ,· .. - '. .· ·' . . 

.HK06H • J1 X MO~HO Bb!6paTb lt. no-npyroMy, 'iT06bi y'ie 
. /4/ 

TO)KlleCTB~HHOCTb 'iaCTHU HnH npyrHe CBOii:CTB8 CHMMeT 

, T nMeeT cMhxcn "'rno6anhnoro MoMenTa CHCTeMbl" 

,·,-

J =. £ -:!: L + 2.\ + .3/2, t. "'"! 

a ... KBaHTOBoe 'iHcno .\ =. O, 1, 2·. • • CBHsano c pac_npenenenn 

rHH Ha BHyTpeHHIOIO 8HeprHIO ( n p·) -napbl H 8HeprHIO ee , 

cnTenbHo suxpa~ .TaKHM o6pasoM~ · B · ~onnoii: aMn~uT~Jie ·c 8) 1 

penenHTb napunanbHhie aMnnHTynhx, Bbi'IHCnHTb cif!epn'leCKHe 

pH'ieCKHe rapMOJIHKH .H IIpoBeCTH CyMMHpOB8HHe. . 

4. Cneun.PnKa nauieii: sana'lH _cocToHT B .. KBasnynpyroM 
· · . •. ' • ·1 - I 

Bana neii:TponoB; nanaromnx c itocTaTo•uio 6onbni·~a anepr~el 

5tnpo~ noaToMy nanhneii:lllne pac'leTbi cTpoHM Ha ocnoBe cne 

nono*~nnii:: 



. " 
(4) 

:HH CHCTeMbl C .. TpeMH .. "i21 . •'. 

:eMbi. QqeBHilHO, 'ITO 3Ha

·OJ1HJ10 6bi cpa3y HafiTH 

, : ( 6) 

bl; .:JianpuMep '· En .' E p 

Hi~JIOHOB B. ~ape)~ O~naKO 
~eHuna~bHoro nonxona, a 

·.• '1. 

)o6rueHHeM pa3JIO~eHHH 

·en: 

·,,,, 

( 7) 

:UHH,. aaBHCHWHe. OT miTH 

rmi; .,a·· (K) - Ha6op 

COOTBeTCTBYIOWHX KB8H'fO,BbiX.,'IHCeJI, llnH Hac HBHblfi. DHil .. TaKoro pa3JIO>KeHHH 

Yll06HO 3H~HCaTb. CfiellyiOWHM o6pa30M! 

(8) 

i:'Jle Yfm H Y L M ·- o6~I'IHbie. c<jlepH'leCKHe <J!YHKUIIH, xapaKTefJH3yiOmHe COOT-

BeTCTBeHHO, BHyTpeHHee llBH>KeHHe 'laCTHU B ( np) -nape ·C' MOMeHTOM': f 

H OTHOCHTellbHOe JlBH>KeHHe napbl KaK uenoro C MOMeliTOM L D none 

Hllpa.. Y (fL>..; a) - rnnepc<jlepH<iecKHe rapMOHIIKH, ynonneTBopstiomHe y pan
/2/ 

.lieHIIIO 

f(f +1) ·. 

Sin2 ~. 
L (L + 1~(] +1/2) 

2
] Y. (fL>..; a ) =0. 

Cos2a · 
( 9) 

3TH <jlyHKUHH,. B006me roBOpSI, H3BeCTHbl H Bb!pa>KaiOTCH 'lepe3 nOJIHHOMbl 
/3/ '· ', ,· ' 

HK06H • J1 X MO>KHO Bb!6paTb H no-npyroMy 1 'IT06bi y'leCTb, HanpHMep, 
' ' . 141 /5/ 

TO>KileCTB.eHHDCTb 'laCTIIU HJIH Jlpyrne CBOtl:CTB8 CHMMeTpHH aana'lll ,' 

,J. HMeeT CMbiCJl "rno6allbHOrO MOMeHTa CIICTeMbl" 

:- .. ' ' i.' 

1·=, Lt;L.+2A. +3/2, ., (10) 

a, ,KBafiTOBOe 'IHCJIO A = o, 1, 2 • • • CBH38HO c pacnpeneneHHeM nonHoli ::mep-
~-

rHH Ha BHyTpeHHIOIO aHepNIIO ( n p') -napb! II aHeprHIO ee ll.BH>KeHHH OTHOC-

, CHTellbHO SIJlpa~<TaKHM o6paaoM~' .. B ITOllHOli a·Mn~nTirie ( 8) He~6XOilHMO on:.. 
peneJIHTb napuHallbHbie aMnllHTYilbi, Bbi'IIICllHTb 'c<jl~pll'leCKHe 11' ~Hnep6<jle-', 

! ' • 

pll'leCKHe rapMOHHKH H npoBeCTII CyMMIIpOB8HHe, 

4. ·· CneuH$HK8 H8Weli 3a}la'IH COCTOIIT B,.KB83Hynpyr'OM XapaKTepe paa-
• . . . ,. • •1 ' 

nana neliTpoHon, na~aromHx c n~cTaTo'IHo 6onhui'~a . aHepr~ea Ha TH>Kenoe 

stnpo~ TioaToMy nanhHetl:mHe pac'leTbi cTponM Ha ocHone cnenyromnx npen

nono>Ke.Hnli: 
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1) Dan~eJine U9HTpa· MaCC (n p) - napbl MO)KH~ paCCMaTpRBaTb 

KaK KBaanKnaccnqecKoe no TpaeKTopnH~, 6nnaKnM i. npHM•Jnnneihii>rM. · 3To 

ll03BOliH9T. CBHaaTb MOM9HT L C npnuenbHbiM napaMeTpOM 

L = kd R •>> 1 ( 11) 

a a cyMM·e· .(8) npene6peraTb BKnanoM OT cnaraeMbiX c HyiieBbiMR npoeK~ 

,URHMR,·MpMeHTOB! ;T.e. llOliO)KllTb 

AmM(A) =A,; (A) o 
fL' · ... fL.·· MO 

( 12) 

2) KaaaH:yiipyrnii xapaKTep paanana neiiTpoHa, ao-nepBbiX, oaHatJaeT, 

'ITO sHeprnH ueHTpa Mace : napbi Ed npeBbimaeT sneprmo ee BHyTpeHHero 

}:(Bll)KeHRH 

~d >> ~ np 
( 13) 

llliH 
k d •>>: k n P ·• 

Bo-BTOpbiX, sTo aHalJHT, 'ITO HeiiTpOHbi H npoTOHbi iwcne paaaana npo-

·. }:(Oll)KBIOT }:IBRraTbCH .llO}:I, Mallb!MH yrnaMH {)THOCHTenbHO' HanpaaneHRH !IBH

)KeHRH HX ueHTpa THm:eCTH, Toeo 

tg a "' 'o /R
0

«1 ( 'i4 >' 

rae . r
0 

H :Ro -. xapaKTepHbie paaMepbi nopH!IKI:L,neiiTpoHnoro n cyMMapno

ro pan~ycoB, COOT~eTCTBeHHOo 

11cnonb3YH nanee.caH3b 

to . ~R-;-

rae 

fo,. 
Lo 

f 0" . k d . . k n p 
--· ( --) = .4 -k-

Lo knp d 
( 15) 

-, .. 

'J 

'! 

·£, =.,·kd r o. 
0 ' 

L 0 = k .;'R0 

a TaK)Ke OCHOBaHHbie Ha ( 13) HepaBel!CTBa 

. fo = knp r o • 

L » f £ » f £ "' k d r >> 1 i 

nony'IRM BMeCTO ( i4) ·6oriee. }:leTanbHOe COOTHOilleHire, cm:ip 

npeanonom:eHnH o KBa3nynpyroM xapaKTepe paaaana aeiiTpc 

f 

f 
.<< a 

f 
L 

« 1; . 

06paTHM BHRMBHHe, 'ITO aaech 11 .;, . 0 i ri6o ycnoBHe a = 

aeTcTByeT KaHany ynpyroro pacceHHHH C~Mnx aeiiTpol!oB n 

yrnaMn. 

B TpeThnx, r<IiamryripyrocTb ripearioiiaraeT, 'ITo ocl!OE 

cyMMy ( 8) }:(SlOT Mallbie f ::::. k r · np 0 • KpoM~ Toro saMe 

saaHMoaeficTane; npnaoamnee K paaaany; ·ne l!apymaeT. cnM 

Horo COCTOS!:HHH aefiTpOHBi TO KOMnoaeiJTa c f = i Boo6111 

;·a cetJeHHe~- B To )Ke !lpeMH MO)KHO cqnTaTi;, 'ITo oTHo~nTeJ 

· f = 2 .:. I<oMnoHel!Thi a aMnnHTyay iloii>Ke.H 6i,iTh 1-ofo )!{e. 

B BOliHOBOil: tPYHKium CBS!:3al!HOro 'coCTOHHRH aeiiTpoiJa, ~T~e. 

·. Mel!I:.me ociiosuC>il: f = 0 KoMnofieHThi. TaKfiM o6paaoM, B 

MO)KHO nonom:HTb 

m 

·AfL (,A) •A (A) (q.n'+ a Bo~J a • 
L , . r:.O 2 .r:...:· mo 

3) DeiiTpoHbi aocTaTotJno 6onbmoii sHeprliri cHni.no ri( 

poM, T.e. o6naCTb npocTpaHCTBa c 'L .< L
0

,=, k/R
0 

HB, 

H He. aaeT BKnaaa B KaHan paaBana. C lipyroii cTopoHbi, e 
L > L 

0 
• aeii:TpOHbi TBK)Ke ile 6yayT pacmennHThCH Ha-aa 
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_.,, « 

MOmHO paCCM8TpHB8Tb 

IM K'npsiM•JnnuefiHbiM. 3To 

lapaMeTpOM 

( 11) 

3eMblX C HyneBblMH npoeK-

( 12) 

IH8 1 BO:-nepBbiX 0 03H8'18eT, 

r aueprmo ee BHyTpeunero 

( 13) 

·Hbl 'nocne paaaana npo

ITenbHo' uanpaaneunR aan-

L
1 
aefiTpOIIHOrO H CyMM8pHO-

.. -,. ( 15) 

,.,:.·· 

1 

I 
t 

. r 

I 

'i 

j 

1. 

8 T8K)Ke OCHOB8llllble 118 ( 13) uepaBeHCTB8 

L » e f » e f "' k d r >> 1, 

nony'IHM BMeCTO ( i4) fionee JleTanbHOe COOTHOIIJeHHe 1 cneJlyiOIIlee H3 

npeJlnonomeunR o KBaariyripyroM xapaKTepe paaaana JlefiTpoua 

e 
f «a 

f « 1; 
L 

( 16) 

( 17) 

( 18) 

06paTHM BIIHM811He1 'ITO 3JleCb a ,j, 0 i n6o ycnoane a = 0 CKOpee COOT

BeTCTByeT Kauany ynpyroro paccesJIIHR Cf!-MHX JlefiTpouoa noll ManhiMH 

yrnaMn. 

B TpeTbHX, KBaanynpyrocTb npeJlrionaraeT, 'ITO ocitoauofi aKnaJl .~ 

cyMMy ( 8) JlSIOT M8nbie e .. k r 
- np 0 • KpoMe Taro aaMeTnM, 'ITo ecnil 

saanMoJleficTane, npnaoJlRmee K pa::IBany, ue uapywaeT. cnMMeTpnn CBR3~H

uoro COCTOR.IiHR JlefiTp0118 1 TO KOMllOHeHTa C f = 1 B006UHi He Jl8eT BKnaJla 

,· B ceqeune• -. B TO )Ke apeMR MO)KIIO C'IHT8Tb, 'ITO OTIIOCHTeribllblti BKnaJl 

. e = 2 - KOMnoueHTbl B aMnnHTYJlY .ilonmeu 6biTb Taro. me nopRJlKa, 'ITO H 

a aonuoaott tflyuKium caHaauuoro cocTo.HuirR JlefiTpoua, ,T.e. ua JlBa nopHJlKa 

MeHbiiJe OCHOBHOlt e = 0 - KOMnoueuTbi. TaKl'IM o6pa3oM, B tPOP¥Yne ( 12) 

MO)KIIO nono>i<HTb 

•A (>..J(l$.·e· '+ a 8 0~) 8 • 
L ·, 0 :.1 .L.t;• JnO 

( 1_9) 

3) llefiTpOIIbl Jl0CT8TO'IHO 6onbiiJOH aueprnn CHnbHO nornoiiJ810TCSI RJl-

n ue )laeT aKnaJla a Kauan pasaana. C .tipyrofi cTopoHbii 6 o6nacTn c 

L > L 0 • Jlelt_TpOHbi TaKme .iie ,6YJlYT pacme~nHTbCR ns-sa 6.hiCTporo y6hi-
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! 

[i 
r 

l! 
11 
•I 

l'l 
1

:1 
,I 

!-! 

I 

I 

:,i 
'· 

,·i 

I 

saH~H HnepHbiX c11n' (KynoHOBCK:UM paaBanoM anecb npeHe6peraeTcH). Tor-. . . 
. " ,. 

na ocHoBHOfi BKnan· B KaHanpaasana naeTo6nacTh npocTpaHCTBa s6nHan 

noBepXHOCTH L ::; L
0 

H <?OOTBeTCTByromyro qaCTb napuHanbHOH aMnnHTYllhl 

( 19) MO:lKHO npencTaBnTh KaK 

A (A) 
L 

21at. a 
=ALo<A),..j2L+ 1 e , aLo (1.+ exp 

L -L 
0 
-) 
f:!.L 

( 20) 

It 

' 

f 

1 

'3aMeTHM1. 'ITO aMIInHTYllbi (20)1 ·(-23): ~Me~T IIOniOC 
' . : ... '- . - ,. . .. - . . . ' .... 

s HR:lKHefi nonynno~KocTH KoMnne~cHJ;ix L 11 . ~: · • · .ilnH . -~ ·-. 
aMnnnTyll TaKoe noBeneHHe · B · cnyqae noKanhHhiX noTeHUJ 

.Mo 161• B HaiUeM cnyttae aMnnnTyna · mmHe;ci ~pex.Jac1 
mecTsyroT npyrne KaHanbi 1 KpoMe KaHana ynpyroro 

. · .. , ·· . ~'· i1 I. 
a Torna nonof?Hbi_ii. aanpeT ·cHnMaeTcsl · · 

pace 

11TaK1 co6npag· (12) 1 '(19) 1'.(20) li (23); ·aaruiiUeM 

Bbipa:lKeHne nnH napunanbHOfi Tpex'lacTn'lHoil: aMnnnTyllhi . . - . . - ' . . . ;l 
~~) paasana tle~TpoHa B. none TSI:lKEmor~·~~llpa: . 

BBe)leH
1 

~T06bi yqeCTb pa.aMepHOCTb 06'heMa B npOCTp. aHCT.Be MOMeHTOB L i ' !; . . • _. ,.J:.r~ . · .. , ·.· . ~- · ..... ·.·.() S 

rne HMeeTCSI xapaKTepHaSI 8 . - 06P.83H8SI 38BHC:UMOCTb Ha noBepXHOCT:U . . . . . __ . __ _ 
L = L 1 a mHpHHa cnoH pasHa 1:!. :L:-. ~ MHo:lKnTenb ..j 2L- + 1 anecb 

0 

at - KynoH~BcKaH ¢aaa.. A.mCA) = ;sh A L (f ) ( Boo+a 8[2~ 2L + 1 e 2laf a·SJLJ. ~ :£' 
. . LL o o L 2 . a L a~ 

BocixonbayeMCH TeMH. :lKe npennono:lKeHHHMH ·. o .·cRnhHoM.' HllepHoM nor- i o · ·· ( 

nomeiiHH llliSI nanbHefiiUeft· )leTanH38UHH napuRa'nbHOH aMnnRTYllhi. npe:lK)le 1 
scero aaMeTHMi qTo :. 

~ = a L = ' ..j K 
2 P. 2

- k 2 :R 2 

o o . o d o' 
( 21) 

rne lo = K Po onpenenHeT xapaKTepHbie paaMep~;>I, TpexqacTH'lHOfi cHcTeMbi 

: B rrpocTpaHCTBe nonaoro · MoMeHTa~ 8To paBeHCTBO noKa3biBaeT1 'ITO nones- · 

Ho cnenaTh aaMeHy rrepeMeHHhiX 

2 2 
~ = (} + 1/2) - L( L + 1) 

. ( 22) 

c TeM, 'lT06bi rinpenennTh noseneHne aMnnHTYllhi KBK ¢yHKUHH f . .ileltcT-. . 

>B:UTenbH0
1 

B T8KOM cny:q:ae~·H3 ycnOB:Ufi ( 18) II ( 20). cne~yeTj 'ITO OCHOBHOit 

BKnan B ce'!eH11e paasana naeT o6nacTb · npocTpaHCTBa c f = f 0 = a L 0 1 

. T.e. B ( 20) MO:lKHO, nonO:lKHTb 

a ~::-~.-z 
•AL (~0 ) ~- ( 1 + exp 1:!. ) • 

0 0 -· .. ~ 
( 23) 

A L (>.)i; •A (~) 
o Lo 

rne · 1:!. £ .;.: napaMeTp paaMaaim 'o6nacTli.'ocHoBHoro Bi<nana. · 

10 

\ 

l 
{ 
I 

~~ 
:t 
f 
) 
't . 

I 
1 
,I 

I 
I 

rne 

S n ( n 
0 

) = ( 1 + exp 
n·-n -z· 
~0--). . 

n 

ecTh Tnnn'!Hoe nsyxnapaMeTpnqeci<oe Bbipa:lKeH·ne ·. S -1\ 

paKUllOHHblX' MOlleneil: llBYX'laCTll'lHOro. pacceHHHH. . . ' .... 

.ilanhHeil:IUne npeo6paaosaHR~ B. aMrrnHTyne, ( 8) Mo 

6aae ycnoBnSI .(It) 1 KoTopoe rro;·6onHeT ricrionbaoBaTh. E 
. . . ·-z· ... ·. . ·.. . , : ·.. . .. · 

pacceSIHHH 8 > L cnenyromHe · acnMrrToTn'leCKRe B: 
d 0 . 

pn'leCKllX rapMOHHK: 

y j2L+l > p ·.· .· ·· .. j2L+1·J·· ... ·. 2 .... 
. Lo(Od)=. ----::;;-· L(rosOd)~ ~- rr(L+1/2)·sin8dcx. 

To'l~O' TaK -~e c noMombro'' ycnoBHSI ( 18) ~ 3aMeHbl' ( 2: 

ypaBHeH:Ue (9) ll~SI I'Hixepc¢epn'leCK~X t;'8PMOHHK 1 KOTOp 

B ypasHeHne EeccenH:' 

d2 

(-;!2 
. Q 

--'--- +~ 2 ) y (f~; a) = 0 
a 2 

11 



ecb npeae6peraeTcn). Tor

Tb npocTpBHCTBa B6nH3H 

'l'b · napunanbaoii. a~nnHTYllbl 

L 

'L -L 
0 

l:l ) 
( 20) 

iMOCTb.Ha noBepXHOCTH 

,Ho>KnTenb_ v 2[J + 1 anecb 

pocTpancTBe MOMeHTOB L ; 

1 o cnnbHOM nnepnoM nor-,...·_._ 

H~ii aMnnnTyllbl. npe>Kne 

. ( 21) 

1ep~1 :rpex'laCTH'IHOii. CHCTeMbl 

rao noKa3btBaeT, 'ITO nonea- · 

. ( 22) 

KBK cflyHKUlili f . o neii.qT

( 20), Cn9f1Y9T1 'ITO OCHOBHOii 

~~qTB8 c f ~ f 0 "" a L 0 1 

.. 
-~ -1 

-.-•. ) ., ,_ • ( 23) 
~ 

""t 

mro sl<nana. 

If 
1( .... 

'3aMeTHM 1 'ITO aMIIIiHTYllbl (20), (-23} HMeiOT nonJOCHbl9 oco6eHHOCTH 
' ;' ' . . ·' -.... 

B HH>KHeii nonynnOCKOCTH KOM~ne~CHblX L H ~- . ~. nnn nayx'laCTH'IHblX 
. - ' . . . . . 

aMnnHTYll TaKoe noaenenne B · cny'lae noKanbHbiX noT~aunanoB nenonycTn-

MO 
161 • B HallleM cnyqae aMmmTyna m3nne;cn' Tpex>lacTli'IHOii, , T.e. cy

llleCTBYJOT npyrne Kananbt, KpoMe Kanana ynpyroro paccennnn • neiiTpolioa, 

a Torna nonof?Hblii aanpeT CHHMaeTC~ /7/ '. 

11TaK, co6npan (12); · ( 19),.(20}' n (23), ·aamillleM ol<on'laTenbnoe 

Bbtpa>KeHne nnn napunanbnoii .TpexqacTH'IHoii aMnnnTyllbl KBaanynpyroro 

paasana Jle~Tpona a. none TSI>Kenoro ;stnpa: . z-~;" 

· .· . as cf J . 
:zlun a·SrfLj ~ o · 

1 e t • ---· 8 8 , aL a~ mo Mo. 
0 . 0 

( 24) 

rne 
n - n _

1 sn (no) = ( 1 -t. exp ~0~~) . . l:l n 
( 25) 

ecTb TlillH'IHoe JlByxnapaMeTpH'IecKoe Bbtpa>Keline S -MaTpHUbl ann nncfl

paKUHOHHbtx· MOlleneii llBYX'IaCTH'IHOI'O paccestHHSI~ 

nanbHeiilllH9 npeo6pa30BaHHSI B aMnnliTyJle (8) MO>KHO cnenaTb Ha 

6aae ycnOBHSI ( .Jl ), KOTOp?e no3BOnsteT HCnonb30BaTb B o6naCTH yrnOB 

paccennnn (} > L - 1 
cnenyromne acliMnToTH'IeCK:He Bbtpa>KeHHSI anSI·· ccfle-

d 0 

pH'IeCKHX rapMOHHK: 

y (0 )=j2L+L;p (ro~O·;;,j2L+1j.· 2 .. ··cos((L+l/2)8:...!!..). 
Lo d . 14rr ,· L . . d · i4TT . rr(L+J/2)•stn(} · · d 14 
. .· . . .·. •. . ' . ' ' . . ' d ; . : <: . . (26) 

To'IHO TaK >Ke c noMomi>ro' ycnoBHSI ( 18>' · n aaMeHhi ( 22) MO>KHO. ynpocTHTb 

ypaBH9Hlie (9) ll~SI rnnepccflepli'i9CKHX x:'apMOHHK 1 KOTOpcie' nepeXOllHT Tenepb 

B ypa-~neane· Becce~n£ · 

d 
2 f (f+ .1) 2 .· ' 

( da 2 a 2 + -~ ) y (f f.; a) 0 ( 27) ' 

11 



' 

[ 

I' 
I 

! 
·I 

i 
I 

I 
I 

_I 

l. 

.. 

'Ero peweane Y (f £ ; a) = (a£) j£ (ci £) B liHTepecytmueil: Hac. o6nacTn 

a ·>>£/!f. nMeeT cnenyiDmnil: acnMnToTH'Ie~Knil: ann: . 
~ . i' 

Y(f£; a) 
. TT • 

·sin (a £ - T £) • ( 28) 

lloncTaBmUI (24) t ( 25) li (:28) B ( 8), nonyqaeM BbipaJKeHne nmi nonHOi!: 

aMnnnTynhi passana c ToqaocThiD no C .~KoacTaRThi: 

ik d 

•A(aO 0 ) 
d np unK5/~Y"~A( a) A(O dJ.1(0np) 

3nech 

•A (0 ) = 1 - a P (cos 0 ) , 
np 2 2 np 

'A( a) ~I ·s£(£ )·srn(af), 
a fo·£ o 

a 
'A(Od) ~ aL fee(Od) '. 

0 

npnqeM BhipaJKeane· 

1 2taz. . 
2 . k I (2L + 1) e Si(L )PL (c:OsOd) 

l d L 0 
/e£(0d) 

( 29) 

(30) 

( 31) 

. ( 32) 

. ( 33) 

ecTh nn¢paKunoaRaR aMnnnTyna nsyxqacTn'IRoro ynRyroro pacQeRRHR B o6-
-z 

nacTli yrnoB Od ·>> L • Ee MO:lKHO Bbl'lliCnHTh B RBHOM BHne, nepeXOJlR 
.. 0 . - . 

B (33) c llOMOlllhlO npeo6pa30B8HliR BaTCORa-3oMMep¢enhna K KOHTypHOMy. 

liRTerpany B npaBOH nonynnocKOCTli KOMrineKCJiblX L n cyMMnpyR Bhi'IeTbi 

.B TO'IK8X noniDCHblX oco6eRROCTeif L" = L ± i rr!l. L(2s+ 1) , rne s 
. 0 . '· 

=0.1,2 ••• 

B o6nacTn ¢payaro¢epoBoii nn¢paKunn ( od - Oc) L p> 1 • rne 
< ., '• 

oc 
= 2u·'· "" U lE << 1 L c 

0 
pacceRRHR, nonyqaeM 

ecTh npenenhRhlii KnaccnqecKnii yron KynoHoBcKoro 
/8/ 

I(L '+z/2).0 +I~ • ~f(LO + zf2)0d-l:; 
. i fl. L j_ rr(2L +1) Jtr e 

0 
· · . d . '

4 
. e ·. 

f ( 0 ) = --· . . . . 0 e -1>[ + . ' ) . 
ef '2kd osinOd ·shrr*L(Od+ Oc) ·shrr!l.L(Od- 0~) 

(34) 

12 
I_ 

E~nn KynoHOBC-KliM ssanMoneiicTBHeM npeae6peraeTcR, a yr 

aMnnnTyna ·· ( 34). ynpolf!a,eTCR n. ( 32) .npnHnMae·T cnenyiDmnif 

2i !l.LOd ;;,(2L +1) -;fl. 0 d . 
. 0 L • L 11. 

k . ·szn 0 - • e :srn (( + ' 
d d' . . 0 •A (Od) = 

AMnnnTyny. ( 31) T8KJKe MO:lKHO H8il:Tn B RBHOM Bnne. 

cyMM8 no·· !f_ 3~~eHReTCH Ha liHTer~a'n ~0 d £ . ~:r 0 no 

B CBOlO. o'lepenh,. Bbl!l8>K8eTCR qepe3 nsa KOHTypHbiX liHTei 

. n qeTB~pTOH qeTBepTRX Hll nnocKOCTli KoMnneKCHbiX . £ • 

CBOnRTCH ·K. cyMMe Bbi'IeTOBB T.O'IK8X fs = £
0 

+ j TT fl.f_(2'S: 

aHanornqaci KaK aTo nenanoch npn Bhi'Incneann aMr 

aTore nonyqaeM: 

A(a) 

B pesynhTaTe ¢opMynhl (30), (35) H (36) cocTaBn 

· nHTH'IeCKOe Bbipa>KeRHe· nnH. TpeX'I8CTH'IHOH 8MllnHTYJlbl p8 

( 29), napaMeTpnsoBaHHbre Ha 6aae nn¢paKunoaaoro nonxc 

npennono>KeHHH o,KsaaaynpyroM xapaKTepe npouecca. 

HcnonhsyR paseacTBa 

L = kd R , . £ = k r , 0 ,. 0 . 0 . np 0 n 

.. fl.L=kdaR, !l.Q= k_ a 
cL. np r_ 

MO>KHO saKniD'IHTh, 'ITO aMnnaTyna onpenenReTCR sanaHne 

R· , r. , ·a ·, a , a 
0 0 R l 2 

l . ' . '. . . ' . 

5. TEmep:b, 'IT06hr nony'IHTh Bhipa>Keaae nnR aKcnep 

pReMhiX ceqeaaii passana c BbineToM HeiiTpoHa n npoTOH• 

ycTaROBliTh_ ¢yHKUHOH8nha'biEl C~H3H Me>KJly nep~MeHHbiMH 
. . . . . ' 
a~onRmnMH B aMnnaTyny ( 29),. a nsMepHeMbiMH na sKCll• 

EP Er, OP 0" .. ~ HcnonhsyR nnR aToro saKOHhi co~ 

13 



' 3HJl: 

( 28) 

M Bbtpa)K':'Hne Jlml nonaoll: 

·a.HTbi: 

( 29) 

(30) 

. ( 32) 

( 33) 

> ynpyroro_pac~estanst B o6-

:Tb _B SIBHOM BHJle, nepeXOllSI 

)MMep_!flenbna K KOHTypHOMy 

~IX L n cyMMnpyst Bhl"teTbt 

fiT,~d2s+ 1), rJle s =0;1,2 ••• 

tL 0•>:>1;rne ec 

.. ·• IT 
: ;;_I ( L + z/2) 0 -1-. 

.. 0 •, ' d 4 

·IT .. 

· .. e . 

. -)-. +·shiT !l (0 - e ) .. ' 1. 
• L d · c 

(34) 

I 
l· 

I 
'j 

1 

-1 
Ecnn KynoHOBCKHM B3aut..wJleifCTBHeM npeae6peraeTCSI, a yrnht ed >>(IT!lL), 

· • aMnnifTyna ( 34) ynpomaeTcst n ( 32) npnHnMae·T cnenyiOmnii: BHJl: 

'<:_· 

2i !lLOd /ii(2L
0
+1) -;!lLOd . . IT 

k . v~ e · e ·sin((L +112) 0 +-;j)• (S5) 
d Bin d. · 0 d 

AMnnnTyny · ( 31) TaK)Ke MO)KHO aaifTn B stBHOM Bnne. llnn ~noro 
' - .· .· ·. 

cyMMa no · f 3aMeaneTcst . aa naTerpan no df ?T 0 no oo t KOTOpbtif, 

B CBOIO. ottepeJlb,, Bbtpa)KaeTCSI ttepe3 JlBa KOHTypHblX HHTerpana B nepB~if 

H tteTBepTOif tteTBepTS!X 118 nnoCKOCTH KOMnneKCJibiX , f o nocnei:tHHe 

CBOASITCSI K.CyMMe Bbt'leTOB.B TO'II<8X f
8

= f
0

+ i1Tfl£(2'S:f:1) t 'S =0.1,2 ... , 

aaanornttHD TOMY, KaK aTo Jlenanocb npn Bbtttncneann aMnnnTyJlhi ( 34) ~ B 

nTore nonyttaeM: 

A (a) ( 38) 

8 ·pe3ynbTaTe !flopMynht (30), (35) H (38) COCTaBnstiOT SIBHOe aJia-

·liHTH'!eCKOe Bbtpa)Keane JlnSI. TpexttacTnttHoif aMnnnTyllht pa3Bana . JleifTpoaa 

( 29) t napaMeTpH30B8HHbie 118 6a3e llli!flpaKUIIOHHOrO flOJlXOJla 'c flOMOillhiO 

npeJlnono)KeHnst o KBa3nynpyroM xapaKTepe npouecca. 

Mcnonb3Yst paBeHCTBa 

!l. = k a , 
. L d R 

!lC1J= k a 
4 np r 

. ( 37) 

MO)KHO 3aKniOttHTb, _ttT? aMnnnTyJla onpeJlenneTCSI 3aJlaHneM napaMeTpoB 

R , - r , a a a · ( 38) 
0 0 R 2 

5. 'T(mepi., ttTo6bi nonyttHTb Bbipa)Keane Jlnst aKcnepnMeHTanbHo H3Me-

pneMbiX cetteanif pa3Bana c BhmeToM aeifTpoaa n npoToHa, Heo6xoJlHMO 

ycTaHOBHTb ¢yaKJnoHanbH.bl~ CBR3H Me)KJly' nepeMeHHbiMH 'Ed £ np nd nnp' 

BXOJlstmnMn B aMnnnTylly ( 29), .· n H3MepneMbiMn a a aKcnepn~eHTe 
.. · .. ,\ ,. 

~ Mcnonb3Yst Jlnst aTor~ 3aKOHht coxpaaeHnst 
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{ l 

i; 
! : 

,·. '> ~~ > + .' -· 

... ... ... ..... ... .... 
k = k. +"' k:, k. = k - k', > .Ed=-·EP+ E 

d n P np n p ' n 
. (39) 

fiOIIy'laeM
1 

·uanpiiMep, JlHtf>!f}epeHUII81I,bHOe· C8'18.1i'IIe 1 onpeJlemnomee auepre-
' . 

Tii:'lecKoe pacnpeJleneime npoTolios na peaKUIIJI · paaaana, B cneJlyromeM 

aliJle: 

• d 3 u· . 
2 

•. JEp(Ed-·EPJ, dEd.O.dO.n,(40) ~( _,;' '.: p p . 

l'A(Ep'EnO.pO.nJl • 2.Ed(Ed~2..JEP (Ed-lf,Jc:cs(J 
. d'Ej, d,O.P dO.n, 

I'Jl8 

c:cs (J = cas (J c:cs (J -·sin (J ·sin (J cos ( ..~, - ¢ ) . 
n p .. n p · 'I' p' n 

(41) 

3aMeTMM, 'ITO ecn11 IIMnynbChi naJlaromero }letlTpoHa ( ocb z ) II Bhi

neTaromux:· npoTOHOB. II ueATpOHOB ne>KaT· B. OJlHOtl nnocKOCTII 1 TO pa3HOCT~ . 
yriiOB: ( cf>n - . cf> P ) OK83hiB88TCSI, p8,J3HO.H 0 · JIIIII · • TT · ' COOTB8TCTB8HHO . TO My 1 

no OllHY unli no · pa3'uhre · cTopoHhi · i>T ocil · z B STOtt fiiiO.CKOCTII · periiCT~ 

pMpyroTCSI HetlTpOHhl 'II llpOTOHblo TioaTOMy 'YJl06HO y'leCTb STII 113M8H8HIISI1 

uaJlenSISI B nocneJlHeM cny'lae yron pacceSIHIISI 8 n (P) · oTpuuaTenbHhiM . 

auaKOM. 
_;A 

Ha pnc. '1-4 npMBeJleHhi HeKOTOpbre TIIfiH'IHhie KpHBbre. pacc'IIITBHHbiX 

auepreTH'IOCKIIX H yrnoBhlX pacnpeJleneuntt 'IBCTHU B peaKUHSIX paasana 

}leATpi>Ha. OK~~~I~aeTCSI, 'ITO OCHOBHYrO poni. B tf>opM11pOB8HHH auepreTH-

-
'leeK oil: saBHCIIMOCTII ce'leHJISI nrpaeT aMnnnTyJla A (a) . 
speMSI xoJl yrnoBbiX pacnpeJleneuni!: onpeJlenSieTCSI KaK 

' . . . . - .. \ ~ -~ -~ . ' 

A (8 ) (35). 
d 

~ - ... ;· 

(36) 1 B TO >Ke 

A( a) , .• ,Ta~ II 
. . . ~. . - " 

113 pHCo 1 H 3 BHJlH0 1 'ITO. C pOCTO~ ll!}p8M8Tpa p83M83KH a r B.' 
' ·. . ~ :·\ : . . ' ' 

MBTpHue (23), onpeJleiiSI.IOm~i!: xapaK~ep OTHOCHT81IbHOI'O JlBH>K8HHSI·Hei!:T-

poHa H npOTOHa, KpHB~Ie. a~e~~~~~'I~~K~X ~a~npe}leneHHA '3SOCT~SI~~CSI' • . . .. ~ " -·· ' 

14 

a~o 

1 
dQ~Q.QpdEp 

.• ·,. 

... 

3 

1 

I 

~~ 
.3b:-~~; 

G-1 
i. r-~ 

21z. G; 
3. (1== 

Puc. : 1. 3aBIICIIMOCTb ce'leHHSI pas sana Jlei!:Tpoua ( B oTHO< 
·• HHUSX' OT aaepi'HH OTHOCHT81IbHOI'O JlBH>KelHHSI HYKIIOHOB n 

'18HHSIX napaMeTpa pasMa3KII a , ( Ed = 80 Mas, 'R 
a = 1,0 cf> 

1 
r . = 2,0 cf> , a = 0). 

R 0 !I 
15 



. (39) 

! 1 orrpeJlensnomee anepre

Jaailami, s. cneJlyJOmeM 

') 
__;.--dE d.O dO , (40) 
- E )COS (} p p 

11
· 

p ' 

¢ )~ 
11 

( 41) 

)leftTpOHa ( OCb Z ) H Bbl

~. IlnOCKOCTH, TO pa3HOCTb 

1T' ' COOTB9TCTB9HHO' TO My I 

i ·STOfi IlnO.CKOCTH · perHCT..:, 

0. yqeCTb 9TH H3MelieHHH1 

8 n (P) • · · oTpnuaTenbHhiM '· 

lbl9 KpHBbl9_ paCC'IHT811HbiX 

'HU _B peSKUHHX pa3Bana 

cpopMHpoBaHHH aaepreTH-, 

lA(a) (36) 1 BTome· 
,. 

::H,KaK A(aJ;,.,Ta~ H 
'.' ' '!·~ . • . . - ~ 

MeTpa p83M83KH .. a r B 
'"'·J. 

enbHOI'O llBH)K9HHH·H9ftT-
,I'· 

: .... 

Puc, :1, 3aBHCHMOCTb ceqeJIHH passana ileii:TpoHa ( B OTHOCHTenbHhiX 9JlH-

• HHU8X' OT aHeprHH OTHOCHTElnbHOI'O JlBHmeHHH HyKnOHOB_ IlpH, pa3llhfX. 3Ha-

. qeUHHX rrapaMeTpa paaMasKH a , ( Ed. = 80 Mas, . 'R 0·, , =5,4: ¢;~; , 
a R 1,0 ¢ 1 r 

0 
= 2,0 ¢ a 

2 
= 0). · 

15 



"'''"',' 

.; 

j ·i: 

f ~ . 

;· 
l: 

f '. 

~0 
dQndOpdEp 

10 

1· 

8 

6 

2 
4 

2 

Q2 0.3 ll.5 

.· 

$d=6° 
Q_C\ + ~ 
~n.-~ci 2 
i. ~- =00 
2. ~= 10° 
). ~=3cr 

x 10-z 

X 10-3 

OJ ~7EL 
Puc. 2. 3HepreTnqecKne pacnpeaeneHHSJ npoToHosJs oTHocnTenbHhlX ean
Hnuax) npn pasnn.;IHhiX yrnax Me*ay HanpasneHHSJMH BhmeTa HyKnoHoB 0 · 
(. E-d = 80 Mas, R 0 = 5,4 ¢ , a R = 1,0 ¢ , r 0 = 2,0 · ¢ , 

a, = 2,0 ¢ , a 2 = 0). 
16 

. ·• 

dt1_ 
· dtnp 

··. 6 

0.~ U4. U6 

1. D.r =2.8 f m 

2.. (1 =2.0 tm 

3. Gr ~ 1.5 \Ill 

P11c. ·3.<3HepreTnqecKne. pacnpeaeneHHSJ npoToHOB ( B oTJl 
HIIIUlX) npH pa3Hh1X nuaqeHHSJX · napaMeTpa· pa3M83KH a 
'R 

0 
= 5,4. ¢ 

1
. a R ,;, 1,0 ¢ 1 r 0 = 2,0 ¢ r 

17 



-2.· 
lO 

9liHSIMH BbmeTa llyKnOliOB 

1,0 ¢ 1 r 
0 

2,0 · ¢ , . 

. I 

r 
I 
i-

t· 
1 

. i . 
r. 
t 

. ' ) 

D.r=~.8tm 
'· ' . .-

1. 

2.. (1:2.0tm 
3. Qr=t5lm 

·,, i :' 

.': . ··, . 

Puc. 3 •. 3aepreTH'leCKHe, pacrrpe]leneHHSI ITpOTOIIOB. ( B •. OTHOCHTem~H~IX, eJlH-, 

IIHIIIlX) npH pa3HI>IX 3118 1IeHHSIX. napaMeTpa· pa3M83KH at ( Ed, = 80 .. M gB• 

'R 
0 

= 5,4 ¢ · a R ,; 1,0 ¢ r 
0 

= 2,0 c/> a 
2 

= u, 0 ";' 10 ) • 

17 
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1: 

I., 
I. 
l· 
I 
\ 
l 

. \ 

J· 

'"'. 

. 

d36 
dQndQpdtp 

10 .. 
1. ~p 5° 
~- ~p =2 5° 

' I I I I I I I I I 
- ~,., ft 

60 -40 -~zo .... 0 
Pnc. 4. YrnoBbie· pacnpetieneHHSI · HeiiTpoHoB (B. oTHOCHTenhHbiX ~AHHriuax) 

>npn pasnH'IHbiX HanpaBneHHSIX BbmeTa npoToHOB ·(} P • ·( EP =TEd · ~ 
= 40 Mall, :R 0 = 5,4 cP ' a R = 1,0 cP ' r 0 = 2,0 cP ' a .2 ~ 0). 
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BHAHMO~. TaKOMY H3MeHeHHIO napaMeTpa OTBe'la·eT 6cinee HI 

tPYHKUHSI. CBSI_3aHHOrO COCTOSIHHSI ( n p), - CHCTeMbi 1 tiTO B C 

OTB~'IaeT. yMeHbllieHHIO 9HeprHH CBSI3H AefiTpoHa. B TaKOM 

HO'IeMy C. pOCTOM a r (yMeHbWeHne aHeprHH CBSISH) ABH 

H npOTOH8 CTaHOBHTCSI 6nH3KHM K CB060AHOMy. PHC. 2'no• 

B03pacTaeT TeHAeHUHSI K paBHOMY pacnpeAeneHHIO 9HeprHH 
~ . . ..- -

poHoM H npoTOHOM npn yMeHbWeHHH HX yrna pasneTa. Pnc 

eT ecTeCT,!'leHHbiH BbiBOll1 'ITO C HaH60nbweii BepOSITHOCTbiO 

(} "' (} 
n ·.p 

TOH p83Bana neTSIT noll 6nH3KHMH yrnaMH . 
. Tepa 38BHCHMOCTH CBOHCTBeHHbi pacqeTaM . B · paMKaX ApyrJ 

AHtflpaKUHOHHOrO pasBana ;AeiiTpOHa,. HCnonb3YIOIUHX AByxqa, 
. /9/. . . 

paCCMOTpeHHSI o · 

B saKnrotieHHe eme pas noA'IepKHeM, HacKonhKo none 

OKa3aTbCSI MeTOllbi HenocpeACTBeHHOH napaMeTpH3~UHH Tpe 

MaTpiiUbi pacceSIHHSI KaK B nnaHe npaKTH'Ie6KHX UpHnO)!{eH 
' . : " ~ . . ,. ' . 

6onee npOCTbiM nyTeM TeX pesynhT8TOB1 KOTOpbie TpyAHO 

Mil ABYX'I8CTH'IHOrO paCCMOTpeHHSI1 TaK H B H3y'leHHH B03! 

IU eHHSI y)!{e H3BeCTHblX MeTOAOB, Ha. cnyqaii 6onee CnO)!{Hbil 

yqaCTHeM ~pex '18CTHU B KOHe'IHOM COCTOSIHHHo TaK 1 ~O)!{H 

AnSI onHCaHHSI peaKUHH pa3Bana C llOCTaTO'IHO 6onbWHMH 9 

TaiOIUHXCSI 'laCTHU1 KOrAa He06XOllHM0 y'IHTbiBaTb MHOro m 

HOB B CyMMe ( 8) 1 none3Hb!MH OKa)!{yTCSI MeTOllbi HX napa!'. 

C nOMOIUblO saaaHHSI He6onhWOro 'IHCna noniOCOB (THna Pe 

KOMnneKCHbiX 3HatieHHH COOTBeTCTBYIOIUHX KBaHTOBblX 'IHCe 

· npnMep ·aHannsa KBasnynpyroro pasBana AeiiTpoHa .ecTh m 

nepBbiX nonhiTOK peannsauHH yKa3aHHbiX .npenMymecTB pac 

UHH C ytiaCTHeM Tpex tJaCTHU 1 KaK•3aAa'IH Tpex Ten. 
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OTHOCHTe1IhHbiX jnHHHU8X) 

(} . • ·( E =r'Ed ... 
p. p ' . ) 

r = 2,0 ¢ a = 0 •. 
0 .2 

i 
\• 

I 
l 

I 

BnnnMo; TaKoMy HaMeHeHHIO napaMeTpa oTaeqa·eT 5cinee npoTst>KeHHast 

$yHKUHSI. CBSI_38HHOI'O COCTOSIHHSI ( n p). - CHCTeMb11 q'To B CBOIO O'lepenb 

OTBe'laeT yMeHbJireHHlO 9HeprHH CBSI3H neii:TpOHa. B T8KOM Clly~ae ITOHSITH01 

ITO'IeMy C. pOCTOM a r ( yMeHbWeHHe aHepi'HH CBSI3H) nBH>KeHHe HetiTpOH8 

H npoToHa CTaHOBHTCSI 51IH3KHM K CB05onHOMy. PHC, 2 ITOK83bJBaeT1 KaK. 

B03pacTaeT TeHneHUHSI, . K paBHOMY pa?npeneneHHIO 9Hepl:'HH Me>Kny He tiT-· 

poHoM H npoTOHOM npn yMeHbWeHHH nx yrna paaneTa. Pnc. 4 nonTBepmna

eT ecTeCT~eHHbiil: BbiBOn1 'ITO C H8H501IbWeil: BepOSITHOCTblO Heil:TpOH H npo~ 

TOH paasana neTSIT non 5ml:3KHMH yrnaMn (} . (} •. TaKoro me xapaK-
n p 

Tepa 38BHCHMOCTH CBOHCTBeHHbl pacqeTaM B paMK8X npyl:'HX Moneneti 

nH$paKUHOHHOI'O pa3B81I8 :neil:TpOH8 1 HCIT01Ih3YlOWHX nByX'I8CTH'IHbie MeTonbi 

/9/. 
paCCMOTpeHHSI • · 

B aaKIIIO'IeHHe ewe paa · nonqepKHeM, aacK01IhKO noneaHbiMH MOI'yT 

OKa3aThCSI MeTonbi HenocpencTBeHHOti napaM_eTpH38UHH TpeX'I8CTH'IHOti 

MaTpHUbl pacceSIHHSI . K8K B IT1I8H9 npaKTH'I9CKHX . IT_!)HIIO>KeHHti H nony'leHHSI 

5onee npocTbiM nyTeM Tex peaynhTaToB, KOTOpbte Tpynao nony'IHTh MeTona

MH nByX'I8CTH'IHOI'O paCCMOTpeHHSI, T8K H B. H3y'leHHll B03MO>KHOCTeil: 0505-

IU eHHSI y>Ke H3B9CTHbiX M9TOnOB H8 Clly'lail: 5onee CIIO>KHblX peaKUHti C 

yqacTH9M ~pex '18CTHU B KOH9'1HOM COCTOSIHHH. TaK, MO>KHO O>KHnaTb1 'ITO 

anSI OITHC8HHSI peaKUHil: pa3B81I8 C noCT8TO'IHO 501IbWliMH 9H9pi'HSIMH paane

T810IUHXCSI '18CTHU1 KOI'na Heo5xonHMO y'IHTbiB8Tb MHDI'O napUH81IbHblX '11Ie

HOB B cyMM9 ( 8) 1 IT01I93HbiMH OKa>KyTCSI M9TO)lbl HX napaMeTpH38UHH 

C ITOMOIUblO aanaHHSI H9501IbWOI'O 'IHC1I8 ITOIIIOCOB (THna Penme) B o5naCTH. 

KOMIT1I9KCHbiX 3Ha'leHHH COOTB9TCTBYIOIUHX .KB8HTOBblX 'IHC91I. JlaHHblti H8MH 

npHMep aaanHaa KBaanynpyroro paasana neii:Tpoaa ecTb nHWh onna H3 

nepBbiX nonbJTOK peannaauHH yKaaaHHbiX .npenMymecTB paccMoTpeHHSI peaK

unii: c yqacTHeM Tpex 'laCTHU, KaK ·aana'IH Tpex Ten. 
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PyKonncb nocTynnn:a B nanaTenbcK.Hii oTnen 
10 <jleBpanSI 1972 rona. 
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Y CJIOBHSI 06MeHa 

flpenpnHTbi n coo6meHHSI 011Hl1 paccbmaJOTCSI 6ecnnaTE 
nMHoro o6MeHa,yHnBepc.HTeTaM, nHcTnTyTaM, na6opaTop.H 
Hay'!HbiM rpynnaM 11 OTnenbHbiM Y'l9HbiM 6onee 50 CTpaH. 

ITonyqaTenSIM nanaHnii Ol1Hl1 npenocTaBnSieTCSI B03Mo:»< 
..SJBHTb HHnunaTnBy B 6ecnnaTHOii. nocbmKe ny6nnKau.Hii B J 
o6MeHa ·npnH.HMaiOTCSI Hay'!Hbl9 KHnrn, ·)KypHallbi, npenpm 
ny6nnKaunn no TeMaTnKe 011Hl1. 

EnnHCTB9HHbiH Bnn ny6nnKaunii, KOTO.pb!H HaM npllCbiJ 
3TO penpllHTbl t OTTHCKH CTaTeii , y)Ke ony6nHKOBaHHbiX B Hl 

~ pSine cnyqaeB Mbi caM.H o6pamaeMcSI K Hay'!HbiM yq 
6onee KpynHbiM nony'!aT9llSIM HaiiillX nanaHnfi .- C npOCb6o 
cnaTb HaM KaKne-nn6o KHnrn nnn BbmncaTb nnSI Hame:n 6n 
)KypHallblt nanaiOllill9CSI B .HX CTpaHaX. 

0 TAeJibHhle 3anpochl 

.I13U8T9llbCKllii OTnen 9)1{9rOUHO Bbin0llHSI9T OKOllQ 3QQQ 
coB Ha BbiCblllKY HanaH.Hii Ol1HI1. B TaK.HX aanpocax cneJ 
yKa3biBaTb HHneKc aanpaiii.HBaeMoro nanaH.HSI. 

AApeca 

ITncbMa no BceM BonpocaM o6MeHa ny6n.HKaunSIMn; a 
oTnenbHhle nanaHnSI cnenyeT HanpaBnSITb no anpecy: 

---·-~. 

MocKBa, 

TnaBHbiit IIO"lTEJMT1 II/H 79. 
If311EJTenbCKHit OTaen 

06be/1HHeHHOrO HHCTHTyTa 

sraepHbiX nccneaoBaHnit. 

Anpec nnSI nocbinKll Be ex ny6n.HKaU.Hii B nopHnKe .. o6M 
6ecnnaTHoii nonnncKn Ha Hay'!Hbie )KypHanbr: 

MocKBa, 

TnaBHbiit IIO"lT8MT1 II/H 79. 
Ha.yr,cHo-TexHH"leCKBH 6n6nnoTeK. 

06be/1HH9HHOrO HHCTHTyTB 

sraepHbiX nccneaoBaHHii. 


