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.QaH BbiBOLl ,ancnepCHOHHbiX COOTHOW9HHil /cneKTpanbHblX npe.ncTaB119HHil/ 

-M930HOB H rnnepOHOB H8 ,aBe CHllbHO B38HMO-K 
.anR aMnnnTy.a pacna.aa 

,ae1\CTBYlo'UlH9 qaCTHUbi. nonyqal0Ulll9CR B "o.nHOM930HHOM" npn6nnmeHIIH CHHry

nRpHbi9 naTerpanbH:Cte ypaaaeHHR .nnR aMnnHTY.U pewaroTcSI no MeTo.ay Mycxenn-

U1BH11H • 



/1/ 
nocne pa5oT LJenneHa u !leMaHa no cneKTpanbHOMY npea.cTaaneHHIO oa.Ho-

/2/ 
qacTHqHhlX ¢YHKUHfi rpuHa H B oco5eHHOCTH nocne pa3BHTHH Eoroni050BhlM Me-

TOD.a D.OK838TBnbCTB8 D.IICUepCHOHHhlX COOTHOWBHHH 1 npo5neMa nonyqeHHH CllBKTpanb

HhlX npeD,CTaBnBHHfi B9pW11HHbiX qacTefi llpHaneKna BHI!M8HH9 ¢H3HKOB /eM. pSID. 

/3/ 
pa5oT I. 

CymecTBoBaHHe TaKux npe.ucTaaneHHii a.nst ToqHhiX aepwnH /a He a.nst oTa.enb

HhiX BBpW!!HHbiX .llHar'paMM TBOpHH B03MYlllBHUii/ a.aneKO HB oqeBHD.H0 1 H D.nSI BI"O 

141 
D.OK838TBnbCTBa npHXOD.IITCSI npuBnBK8Tb TOHKHB_ M8TBM8TUqecKH9 MBTOD.hi. Vf OCT 

npUBen npHMBPI llOK83biB810lUHfi HBB03MO)KHOCTb nonyqeHUSI /113 noKanbHhiX nepeCTa

HOBOqHhiX COOTHOWBHUl\ H U3 npea.nonO)KBHHfi 'OTHOCHTBnbHO CllBKTpa Mace/ cneK

TpanbHOI"O npea.cTaBneHUSI a.nst HyKnoH-MB30HHott aepwnHhi. AHanorllqHhie TPY a.Ho

cTu B03HHK810T npu H3yqeHHH aHanHTHqecKHX.CBOfiCTB HyKnoH-¢0TOHHOfi BBpWUHhl 

/ ¢oTOH 1 COOTBBTCTBBHHO M930H,-BUpTyanbHb19/. 

TeM 5onee UHTepecHo 1 qTo a.nst aepwHH
1 

oTBeqaiOmux peanbHbiM npoueccaM 

pacnaa.a Ha D.BB qacTHUhl 1 YD.89TCSI-nerKO OOOCHOB8Tb D.HCnepCUOHHhlB COOTHOW9-

HHSI /ecnH paccMaTpHBBTb Macey pacnaa.aiOmettcst qacTUUhi 1 KaK sHepreTuqecKy.IO 

/5/ 
n epeMeHHyiOI. 3To o5cTOSITenbCTBO ObinO o5Hapy)K 9HO ronba.5eprepoM H TpattMaHOM J 

KOTOpbl9 nonyqJmH II npUMBHHnH _ D.HCnepCI!OHHbiB COOTHOWBHHSI D.nSI / 1( "? -f- J} / 

pacnaa.a. 

B HacTostmett paooTe BhiBOD.SITCSI cneKTpanbHbie npe.ucTaaneHHH a.nH aMnnH-

TYD. pacnaa.a -MB30HOB II I"llnepOHOB Ha D.BB CIUibHO. B38HMOD.BfiCTBYIOlllH e 

qacTHUhi. CTporoe .uoKa3aTenbCTBO D.HcnepcHOHHbiX cooTHoweHuii no MeTon:y Eoro

/2/ 
n1060Ba B STOM cnyqae npliBOD,HTCH SnBM9HTapH0 1 nOCKOnbKY OTCYTCTByeT He-

Ha5niO,llaeMaSI o5nacTb. 

nonyqeHHble .llHCnepCUOHHbiB COOTHOWBHUSI B O.llHOM930HHOM npu5nU)K9HHH 

. /9/ 
pewaiOTCSI ToqHo MeToa.oM Mycxenuwallnu • IAMnnHTya.a npouecca onpea.ensteT-

cst _ C TQqHOCTbiO D.O nOCTOSIHHOI"O B9l!l9CTBBHHOI"O MHO>KHT9nH/ • npu STOM nony-

qaiOTCSI aHanorll la.nst npou3BOnbHhiX BHpTyanbHbiX sHepruA pacnaa.aiOmeficH qac-

/ . T /6/ 
THUbi peaynbTaTOB aKBD.a • 

/11/ x/ B Hea.aaHett pa5oTe 0Ky5o, MapwaKa u Cya.apwaHa , a KOTopofi 

u3yqaeTcH pacnaa. 1\ -runepoHa, Ha ocHoBaHHH Teopuu aKcn.anbHo-aeKTOpHoro 

xl AaTophi 5naroa.apHbi C.0Ky5o 3a npucbtnKy npenpuHTa. 
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4-cpepMHOHHOrO B3aHMO.UeJ1CTBHSI, B ''laCTHOCTH npHMeHSIIOTCSI TaK:>Ke H . .UHCn.epCHOH

Hbie cooTHoUieHHst i:I.nsr pacna.ua 1\ · - r1mepoaa. ABTOpbr yxaaaaaoli pa6oTbr· pac-

cMaTpHBasr BcnoMoraTenbHYIO aa.uaqy, xor.ua KBa.upaTbi Bcex 4-uMnynhCOB lrHne-

poaa, HyKnOHa H :fr -Me3oHa I paBHbi COOTBeTCTByiOUIHM KBa.upaTaM Mace 1 HO He 

BbinOnHSieTCSl 3aKOH COXpaHeHHH 4-HMnynbca, C'lHTalOT 1 'ITO J\ - rHnepoH "non-

HOCTb!O He CBSI3aH", B TO BpeMSI KaK Mhl OCTaBnSieM B CHne 38KOH COXpaaeHHH 

11.8/ ,·a KBa.upaT 4-HMnynbca rHnepoaa 
t . 9 . paCCMaTpHBaeM KaK nepeMeHHYIO 

BenH'lHHYo J1a-aa 9TOrO CllHHOBaSI .. CTpyKTypa B: HaUieM cnyqae onpe.uenSieTCSI .UBy-
1'""'\ . /11/ ' .. ' ' 

MSI He3aBHCHMbiMH cpyHKUHHM:If ..1. 1.. € , B TO BpeMSI KaK B · .BBO,USITCH 4 cpyax-

UHH Mi H .UHCnepCHOHHbie ypaBHeHHSI B O.UHOMe30HHO.M npH6nH:>KeHHH TaK)l{e 

KaK H HX peUieHHSI 3H8'lHTenbHO ycnO:>KHSIIOTCSI 0 noaTOMY H OKOH'laTenbHbie peaynb-
x/ . 

TaThl paanH'la!OTCSI 1 XOTSI H He npOTHBope'!aT .upyr .~pyry 

§ 1. AaanHTH'l9CKHe cBollcTBa aMnnHTY .ubi pacna.ua. BbrBo.u 

cnexTpanbHhlX npe.ucTaBneHHli 

PaccMOTpHM .unH onpe.ueneHHOCTH cnyqali pacna.ua ranepoaa Ha ayxnoa H 

1( -Me30Ho '6 KOHU9 HSCTOSIWero. naparpaqia yKa:>KeM KSKHe H3MeHeHHSI • HeOOXO.UH-

MO c.uenaTb, 'lTOobr nony'lHTb .uHcnepcHOHHbie cociTHOUieHHSI .unsr pacna.ua K -Me-

aoaa Ha .uBa <Jr -Me3oHa. 

Oooaaa'!HM qepea . ~. p H I< 4-HMriynbchl rHnepoaa, ayxnoaa H 

Jr -Meaoaa cooTBeTcTBeaao. By.ueM C'lHTaTb, 'ITO TOnbKO 4-HMnynbcbr npo.uyx

TOB pacna.ua y.uoBneTBopsriOT oobi'lHOMY cooTHoUieHHIO 

P 
2 2. 
• M 

B TO BpeMSI KaK 

2 t 
K··~· 

t . 2 
~ = w 

/ M~ 6,~/ 

x/ . I I Cp. no.ucTpO'!Hoe npHMe'!aHHe K cpopMyne 2.8 • 

/1.11 

/1.2 I 
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6y~eM paCCM8TpHB~Tb K8K CB060~Hyro nep9M9HHyro lecnH BCe TpH M8CChl cqH~8Tb 

cpllKCHpOB8HHhiMH 1 TO B CHIIY 38KOHa COXp8H9HIHI He 6y~eT HHBapHaHTHOit nepeMeH

HOti:, no KOTOpOtl: MO)!{HO 61>1.110 61>1 paCC.MaTpHB8Tb 8H8.11HTHqecKH9 'CBOllCTBa 8Mlll!H-

Ty~hi npouecca/, 

~Be~eM onepaTOphl. TOKOB: 

"~( ) . . os , + ·r). 
J x. = ~ ff<p (x) 5 ~ J ~ = t, I 1.31 

r~e <p(x) 11 'f(X) - onepaTophi runepoHHoro H MeaoHHoro nonsr cooT-

B9TCTB9HHO, 

{ 
MaTpHqHhiii aneMeHT npouecca Y ~ N +Yf. MO)!{eT 6hiTb aanncaH 

B BH~e 

I 1.4 I 

r~e 

·uf ( ) - i J I a 1 ( 0) ) i ~X. . T K - - ( 2t;) * < p 0 f{ x) o > e . . of v x = 
I 1,5/ 

=--{i:Z'<p,Kjj(o)/o> __ _ 
- aanaa~hiBaromasr aMnnH~y~a (dqX=dxDdx,c/x~,dxJ, KX=KoXo-K..X = 

= I< 0 X 0 - K 1. :tJ. - K X2 - K X.\ ) (} ( "&) = D {to) (f ( "(,1 ) §' ("t~) C ( "t 3 ) ) • 

By~eM c~HTaTbr qTo cnHHop . Uy (f) y~oaneTaopsreT ypaBH9HHro .LlupaKa · 

~nsr qacTHUhl c Maccoa: W I 1.21: 

11.61 

BenHqHHY, apMHToBo conpsr)!{ eHHyro I 1.5 I , paaHyio onepe)!{ aromea: aMnnuTy ~ e, 

MO)!{HO 38llHC8Tb B BH~e 

t i 
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. . a,c/lT ( ) . T . K =- 1 _ . '] I ~D . (X) ;· . i K X 

1/2. < Pj J · o > e cl v x . 
q Scp(o) .. 

'/1.71 

B cuny aaKoaa coxpaaeanst IBbiTeKa!Oruero na 11.411: 

Cf=P+K. 
I 1.81 

H ypaBHeHRSI n npaKa I 1.6 I' aMnnHTy Jla RMeeT B o5 bi'IHOM . npocTpaHCTBe CTpyK

Typy cne.lly!Oruero Tuna 

Aaanornqay!O cTpyKTypy MO:>KHo aanncaTb n .llnst aMnnRTYJlbi 

r~•t(K)U,(if)=U-'~ (PJ{n.>t,n.;Ju, ({). 
' r adv. 

/1.9/ 

11.7 I 
IHHJleKcbi B naoTonHqecKOM npocTpaHcTBe _onycKaroTcstl, 3.lleCb Q 

0 R .n.t 
RHBapRaHTHhle ¢YHKURH; B KaqecTBe RHBapnaHTHOA nepeMeHHOA Y.llOOHO BhlopaTb 

BMecTo w Bennqn~y 

1 E =- p·K 
M I Q ME =W~- M 2~1. 

MaTpnuy Ys 5y.lleM cqnTaTb apMRToeoA: 

Ys ~t.t Y.1. r3 ito.=~. ( f ~ ) . 
BBe,/leM CRCTeMy OTCqeTa, B KOTOpOM HyKnOH fiOKORTCSI! 

-p =0; 

B STOfi CHCTeMe 

Po=M . - - ~·- I -~ · I Ko•E, K.=-~=-vE~~ve, je ... 1. 

11.101 

11.111 

llnst Jl0K83aTenbCTBa .llRCnepCROHHhlX COOTHOWeHHA paCCMOTpRM CHaqana ¢nK

THBHhlA cnyqaA, KOI"Jl8 

1<.~-=-'L<O. 
npn aTOM 38fi83JlbiBa!OIU8SI 8MnnHTyJla 11,61 npHHHMaeT BirD 
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T ••• (E,'i)-- (~~)'!• J exp {i (r x.-~ex)}< pI ::r;) I O>ol:e 

T aclv 
I H3 11.7 I aHanorH'!Hoe BhipameHHe nonyqaeTcSI H nnSI I. 

121 T '1-e-1: 
B cHny npH'IHHHOCTH aMnnHTynhi lt:ooTaeTcTaeHHO 

yadv 
I 

nnocKOCTH KOMnneKcHoli nepeMeHHOli E noKameM, 'ITO IIX pa3HOCTb o6pamaeT-

CSI B Hynh Ha HeKOTOpOM yqacTKe BemecTBeHHOli OCII. llmi 9TOli uenH IICCnenyeM 

aHTH9pMHTOBY 'l8CTb aMnnHTynhi: 

Bocnonh3yeMCSI paaeHcT BOM 

SJ (x) 
0 Cf (o) 

oj(o) =i[J(xJ}(o)] 
0 <f {X) 

11.121 

I 1..13 I 

H paanomHM 11.12 I no nonHoli cReTe Me co6cTBeHHhiX cpyHKUllli onepaTopa aHeprHu· 

HMnynhca: 

f1 (E. <f) -t ( ~rJ'I' ~ {< pf j (o )j f .. ><p" / j ( o) / o> 

> 5 (M+E --v'M~-+E~-~)-
11.141 

I L BKmoqaeT HHTerpHpoaaHRe no aenpepbiBHOli qacTII cneKTpa 11 cyMMHpoaa-

"' Hlle no nHCKpeTHbiM' xapaKT9f)HCTRK8M npoMemyTO'IHbiX COCTOSIHHlil • KaK H3B9cT-
121 

HO H3 TeOpHH cneKTpanbHbiX npencTaBneHRli Me30HHOli cpyHKUUII rpHHa , B CHny 

yCTOli'lliBOCTH onHO'laCTR'!HbiX COCTOSIHHli II RHBapHaHTHOCTII OTHOCRTenbHO npo-
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CTp8HCTB9HHbiX OTpa:lK9HHii MaTpH'iHblii Sli9M9HT 

M't 
.lJ.liSI 11. <: 

~ < p~' j j ( o) fo > = 0 

( ~ J. · , nol!b3YSICb eme il0liO:lKHT9llbHOCTbiO 
I 

p,.,, 
qaeM, ·'iTO BTopoii qnea npaaoii qacTH I 1.141 o6pamaeTcSI a HYllb npn 

'r < (~) ~ 

38Kl!IO-

11.151 . 

Oco6eaaocTH nepaoii g 
-cpyHKUHH Bblp8:lK9HHSI 11.141 paCUOliO:lK9Hbl B TO'iKBX 

M~-M'"-'f 
2M E = 

ll 11.161 

VIa: 11.141 an.o.Ho, 'iTo, aoo6me roaopSI, cymecTayeT o.o.na .o.ncKpeTHhiii ·.noniOc 

"o.aaoayKnoaaoro qneaa" npn f'1 11. = M 

E -- E1 {'l" )= 
'[ 

2M 11.171 

8bl'i9T H3 STOI'O llOliiOCa llp0ll0pUHOH8li9H npOH3B9.D.9HHIO KOHCTaHT .CHllbHOii H cna-

6oii CBSI3H H HMeeT TaKyiO }f{e CllHHOByiO CTIJYKTypy KaK H 8MllliHTY.lJ.8 11.91 • 

HenpepbiBHbiii cneKTp .o.nst nepaoro cnaraeMoro a 11.141 aaqnaaeTcSI co 'aaa-

'i9HHSI Mq,=My-v 

E ~ , . 

0TCIO.lJ.8 BH.D.H0 1 'iTO cpyHKUHH 

coana.o.aiOT npn 

2~+/".t,-'[ - . 
2,1'1 , = Ec (cr)~ 

I 1.181 

(E+E
1
)T ~el(E. cr) n ( E r E 1 ) T oolv ( E, 'l:) 

oa < E < E c (~). 
11.19/ 

,.. .. 1211 171 Cne.o.oaaTenbao, a cnny HaaecTHOii TeopeMbi H .H ,ooron106oaa CM, TaK:lKe 

r.o.e .D.OK838Hbl 6onee TO'iHbie T.eopeMbii cymecTayeT 9.D.HH8SI cpyHKUHSI r (E 
1 
'f) 

E 8H8l!HTH'i9CK8SI ITO H q; a o6nacTH 

I 1m v£~- 't' I <. I Jm V t£ + 3r) ( £ ~ t) I I 1 ~201 

) 
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.., -ze-/; 
KoTopas coBna.uaeT. c / ( E, 7:) npii .uelcTBIITenbHhlX f 
II 'f YLlOBJleTBOpSI!OlUIIX 11.191. nerKO BIILleTb 0 "'TO HepaBeHCTBO 11.201 Bbi-

ITOJlHSieTCSI. npii j m f =f 0 IIJIII E ..,. R- e f < E c npii 

:z. 'L = f" . Cne.uoBaTenbHo, T(E,'L) MO)KHO 

npo.uoJI)KIITb aHaniiTII"'eCKII no 'f 
. . ~ ~ 

LlO •· .,ans IIHTepecyiOruero 

peaJtbHOI'O CJty"'aSI i =~ , rpaHIIUa HenpepbiBHOI'O cneKTpa 

Ec (/;Wt) ~ 
121 

COBna.uaeT C ITOpOI'OM paCCMaTpiiBaeMOH peaKUIIHo YlaBeCTHO . cPYHKUIIH 

T (f) B03paCT810T Ha 6eCKOH9"'HOCTII He 6biCTpee ITOJliiHOMa. npe.unoJIO)KirM 

I .uns npocTOTbii, "'TO· T (E) orpaHII"'eHa Ha 6ecKOHe"'HOCTir. Tor.ua npiiMe~ 
HH.II TeopeMy Koum .uns cPYHKUIIH ~ T (E) . , nocne npe.uenbHoro nepe

xo.ua j m E - 0 nony"'IIM cne.uyiOruiie .uircnepciroHHbre cooTHoUieHirSI 

I T - CIIMBOJl I'Jl8BHOI'O 3H8"'9HIISII. 

nonbaySICb I 1.91 Ii TeM, "'TO aHTII9pMIITOBa "'8CTb IIMeeT Ty )Ke 

C8MYIO CTpyKTypy 0 "'TO II 8MITJliiTy Ll8 

II (E,'f)Uv (f)=11{~/I!)Y~2:<p/j{o){pfL><pn/J(o)/o> 

M+E 
M 

5(E-En (crJ)Uv (~_.)=U~(p)(flo(E)+ 
~ ~ L ( E} fs) Uv {f)' 

I 1.211 

Jl9I'KO BIILl9Tb 0 "'TO IIHBapiiaHTHbie cPYHKUIIII .(2 e (E)> e = 0, i y LlOBJ19TBOpSI!OT 

T8KliM )K9 LlHCnepCIIOHHbiM COOTHOUieHIISIM 0 Ylx MO)KHO 38llliC8Tb B BIILl9 

"" ( ) _ _§_ 1.., Jm a: ( E') dE '+L a-e. !. ) 
D.e E -11 'fi E'(E'-E-ic) E1 E+E1+il +.O..e lo. 11.221 

r.D.e Q,£ II Ge (o) BeruecTBeHHbie nocToSIHH»re. 

CoOTHOUieHIISI 11.22/ II 11.21/ npe.ucTaBTr.IIK>T co6oii: cneKTpaJtbHbie npe.u-

CT8BJ19HliSI LlJlSI IIHBapiraHTHbiX cPYHKUIII .0. e (E) lnepeMeHHaH E onpe-

.a..eJISI9TC.II TO)Ke IiHBapiiaHTHbiM o6pa30M- 11.101/ 0 
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PaccMoTpea:He npouecca ( K.- ~ 'lf} npome, npcKonbKY aMnnHTyaa ·aT oro 

npouecca He II MeeT Cni!HOBOH CTpyKTypbl. YJ cnonbSOB8HHe CTa6HnbHOCTH COCTOSIHIIH 

C oaHHM g( -MeSOHOM aaeT OWH6Ky BTOpOrO nopSiaKa ManOCTII no KOHCT8HTe 

cna6oro- BSaHMoaeiicTBHSI. B cnyqae pacnaaa { K,- 2,1() · aHcKpeTHhifi non roc 

B 8HTH9pMHTOBOH 'I8CTH 8MfinHTyahi 1 He BOSHHKaeT :as-sa nceBaOCKanSipHOCTH. 

B aTOM cnyqae a:acnepcHOHHhle ~OOTHoweHHH npHHHMaiOT BHa 
00 

T"t(E)~ ;. J .. ·r't,el(E}dE' () ~rn -t T 0 ' 
E I ( E '- E - t.' ~ ) 

/1.231 

rae 

j 
-r.et 3;. 

'"' T (E) : r ( :~.r J ~~ + E f,<pjj(o)jf{ ><prtjYK (o)/o> 

1( 

. ( 1'1.t (/ .t,) . > ~ E - n. - .;(,& 
... ;~ 

K -MesoHHhifi ToK, ·KoTophifi onpeaenSieTcSI aaanorH'IHO TOKY 11.3 I. 

I 1.241 

1 

§ 2. np:a6n:a:m.eHHOe peweHHe ~HcnepCIIOHHbiX COOTHOWeHHfi 

A. Pacnaa K-MesoaoB 

llnH npHMeHeHHH nonyqeHHbiX a:acnepCHOHHbiX COOTHOWeHHH orpaHH'IHMCH 

B pasno:m.eaHHX 11.21 I, 11.24 I an~ aHTH9pMHTOBbiX qacTefi cooTBeTcTBYIOIUHX aM

nnHTya "oaHOMeSOHHbiM COCTOSIHHeM" • 

HaqaeM c pacnaaa J<. -MesoaoB. B 9TOM cnyqae 6 0aiwMesoaaoe" npH-

6nH:m.ea::ae COOTBeTCTByeT npOMe:m.yTO'IHOMY COCTOSIHHIO C aByMH '1j' -MeSOH8MH. 
0 

llnSI onpeaeneaa:ocTH orpaHH'IHMCH HsyqeaHeM pacnaaa 1{, . _-Mesoaa. Pacna.ri 

sapH:m. eaabiX K -MeSOHOB Ha aBa d( .-Mesoaa paccMaTpHBaeTCH npome, TaK 

K8K 9T8 peaKUHH npOHCXOaHT TOnbKO no oaaoMy KaHany. 

181 
KaK HsBecTao , HS saKoaa coxpaaea:HH KOM6HHHpoBaHHOH '!eTHOCTH 

0 

cneayeT 1 'ITO a: a aBa g; -Mesoaa pacnaa aeTcSI TonbKO 1(, J. -Mesoa, rae 

I K~ > i =-
-vi 

(/Ko>+/Ko>). 
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Hamu11eM .llRCnepcHoHHbie cooTHOlil9HHH .llnH aMnnHTY.llbi TI. ·, COOT BeT-

cTBYIOIUea onpe.ll eneHHOMY aaaqeHHIO nonaoro ·naoTonnqecKoro cnnaa I CHCTe-

Mbl .llBYX t:/j -Me30HOB. npn pacna.ue K; - Meaoaa . I npllHHM~eT aaaqe~nH 0 

aMnnHTY.llbl ri CBH3aHbl _c aMnnHTy.llaMH pacna,lla Ha qaCT:IiUbl C onpe-

.lleneHHbiM aapH.llOM npn noMOIUH KoacpqmriHeHTOB Kne61lla-)Kop.llaHa: 

! 
-~ 
'~ 3 

/2.11 

I'.ll9 

OrpaanqnBaHCh B paano)K eann I 1.24 I .unH aHTH3pMilTOBoii 'IaCTil aMnnllTY .ll hi 

npOM9)KyTQqHbiMil COCTOHHHHM:Ii C .llBYMH -M.e30HaMH, B CHny H30TOnHqecKOif 

HHBapHaHTHOCT:Ii pacceHHHH npO.llYKTOB pacna.ua, nonyqHM 
' - < •• •' 

12.21 

X Q ( J< ~) @ ( f:) d~ f
1 

o!V K 
1 

= 

(E) T r ..._t (E), 

I'.ll9 .s BonHhl c naoTonHqebKilM cnHHOM I 

8MllnHTY.llbl pacceHHHSI ,-Me30HOB Ha M930Ha~IHa-aa CKanHpHOCTH 
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I{ -Meaoaa npo.n:yKTbr pacna.n:a aaxo.n:HTCH B S -cocTOHHHHI. 

I1 a 12.2 I nerKo nony'lHT~, 'ITO 

r;•f(E}•fr {E)ei8',(E) 

' 
/2.3 I 

r.n:e j I (E) - semecTBeHHaH cPYHKUHH oT E • .LlliSI onpe.n:eneHHSI 9TOH cPYHK-

UHH BOCilOlih3Y9MCSI .LJ:HCnepCHOHHbiM COOTHOlli9HHeM. 

npH ilOMOUlH /2.2/ .LJ:HCnepCHOHHOe COOTHOlli9HHe /1.23/ MO}!{HO aanHCaTb 

B BH,ae: - I 'lel ') 
4-r {E )T'I (E JE'+ TI 
E' ( E '- E - i l ) 

{o). 
/2.4/ 

7-e-t( ) E 1 r E =-
z 1//" 

r.n:e BBe.n:eao o6oaaaqeaHe 

I -i8'r (x) 
nz (x) = e · sin Si. (x) 

CHarynHpaoe HHTerpanhaoe ypasaeaHe /2.4 I nerKo pelliaeTcH MeTo.n:oM 

/9/ /10/ M ycxenHlliBHlill /eM. TaK}!{e pa6oTy 0Maeca , r.n:e cneunanhHO paccMaTpH

f/£; ilO.LJ: 3HaKOM BaiOTCSI ypaBH9HHSI THna /2.4/ 1 TOlihKO 6ea MHO}!{HT9liSI 

HHTerpana/. PaccMoTpHM .n:nsr aToil: ue~m cPYHKUHIO 7; 
nepeMeHHOl'O ~ 

Tr 
0<:1 

(t)==L.j 
1; 

/"" 

(r) KOMilli9KCHOI'O 

fvL 
1 r-et ( ') (E) TI E o{ E I 

E I ( E '-l) 

Yfa onpe.n:eneHHSI Clie,ayiOT COOTHOlli9HHSI 

T (E.,_)= T .,u {E) 
I wt 

rr (Et)- rr (E-)= (t-e -~isr (EJ) T1 {E) e (E7), 
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:r.ne 

X >0 
- 'JC < 0 ) 

B 8IU9CTB~HHO. 

Cne.noBaTSJibHO, ¢YHK,UHSI T I (1:.} SIBJISI9TCSI pemeHH9M KpaeBofi 38Ll8'l:H rnnb-

6epTa: 

T 
I 

{E)-e(£-;v),:., ( ._)·-· · 
- / f_ -0. 

I 

TaK KaK no npe.nnonoMeHniO, TI { 'l) H9 B03p8CT89T Ha 6ecKOH9'l:HOCTH~ pe-

W8HH8 ,:9TOfi 38Ll8'l:H HM88T BHLl /.nJIH B9IU8CTB9HHO:r'O E I 

/2.5/ 

:r.ne 

BeruecTBE::.HHaH noCTOSIHHaH. Ee MOMHO onpe.nenHTb /c'l:ITTaH Ii3B9CTHh!Mii ¢a3hl 

pacceHH.rrH/ u.s :eKcneprrMeHTanbHhiX 3Hai{eHrrfi BpeMearr· pacna.na, nrr6'o 

Teop.eTrr'l:eCKii /no Teoprrrr BO.SMyrueHrrfi/
1 

.nnH qe:ro Ha.no c.nenaTb :rrrnoTe.sy OTHo

crrTeJibHO KOHKp8THO:r'O Bii.ll8 na:rpaHMii8Ha B38IiMOLl8HCTBIIH, OTB8TCTB8HHO:r'O 

.sa pa6cMaTpHBaeMhlfi pa6na~. 

lJ:T05hi nepeHTii K Ii3M8pHeMhiM <lJii3Ii'l:8CKiiM B8JIIi'l:IiH8M 1 BOCnOJib3YSMCSI 

COOTHOWSHHf!Mii /2.1 / • .[lJIH peaJibHO:r'O pacna.na 

:9TO COOTBSTCTByeT nOJIHOH KiiH8Tii'l:8CKOI :9Hep:rrrrr B CiiC~eMe USHTpa M8CC 
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:Jr + 1'1,.-- tf:'O () 

Cornacuo 12.1 I H 12.3 I nmr :BepoSITHocTeil: pacnanoB ua ~ + JJ H ua :If + 'J( 

nony'IHM: 

I~-!:~ j;. ~ (Eo) r; JOJ. (Eo)+ ~f jo (Eo) f~ {Eo) C<Js (~-5o) 
/2.6/ 

I r..j':.! }._''(E.)+ 1 }."(E.)- tf J. {E.)i_ (E.). CQ5 (4_- ~). 

BaeneM o6oauaqeuHe 

); = 
},_ ( fo) 

jo (Eo) 
/6/ 

Torna .llllSI OTHOllleHHSI STHX aepoSITHocTeil: nony'IH.!"' HaaecTHbiil: peaynbTaT 

W' ( K; -1/o 1- 1i'o) 

W. ( K:- r,++rt-) 
= 

tl.t+ :1. -~-vr .A u.s(~ -0:) 

A .t + .t + :l. vT .A C/)S ( 6.t - 5o) 

! 

• 

QqeBH.llHO STO OTHOlll9HHe paBHO - c.cHe TOllbKO npH .A= 0 I 'ITO cooT-
~ 

npH O.llHOM onpeneneHHOM 3H8'19HHH 

/41/=-~1, 
t 38BHCSIIUeM OT 5~ - 0o 

Ho erue BeTCTByeT npaBHllY OT6opa no H30TOllH'ieCKOMY CllHHY 

~ 

B. Pacnan ru:nepouoa 

PellleHH.e nHcnepcHOHHhiX ypaBHeHHil: .lll1SI rHnepoHHoro pacnana npoBo.nHTCSI 

auanorH'iHO, C He3H8'iHTel1bHbiMH ycllO)KHeHHSIMH Ha-aa CllHHOBOil: CTpyKTypbi H 

"O.llHOMe30HHOro" llOlllOC.a B 8MilllHTY.ll-e., H Mbi He 6y.neM llOBTOpSITb .neTallH. 

nocKOllbKY npH pacceSIHHH CJi -Me30HOB Ha uyKnoHax qeTHOCTb coxpa-

HSieTCSI, TO npH paCCeSIHHH npO.llYKTOB rHnepOHHOro pacnana BMeCTe C llOllHbiM 
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MOM8HTOM KOnH'I8CTB8 ABHM8HHSI CHCT8Mbl d , COXp8HSI8TCSI erue H Op6HTanb.,

Hblfi MOMeHT t ·=i :t i . HeTpy.n:Ho y6e.n:HThCSI 2 'ITO U~BapHaHTHbie cpyHKUHH 

..Q. 0 H n i 1 BB8A8HHbl8 B 11.91 SIBnSIIOTCSI C06CTii.eHHbiMH cpyHKUHSIMH one-

paTopa op6HT8nhHOI'O MOM8HTa COOTB8TCTBYJOIUHMH _C06CTB8HHbiM 3H8'18HHSIM e=o . . .~ ! X .- .. ~ . 

H i-= i . D.nSI :a Toil: uemi . .o.opTf!TOt:JHo ·il'aMeTHTh 1 'ITo .'B cHcT,eMe .ueHTpa Mace 

{ f =-p + K = 0 j aMnnHTy.n:a pacna.n:a HMeeT BHA 

,.,.., ( ) 11 ·( _,.) ,;·-1-M+Po'{n. IE) D /-0. IE) (<F PJ s's 
Is~ E vvy ~ ~1'1 "~· .. ss .. i \l .. . M+po /2.7 I 

r.o.e 

.·M+E 
= M 

-/N~f+;.ME, 
l:aHeprHSI HYKTIOHa B. cacTeMe 'ueH~pa M:acc/. ·· · 

HaUHIU8M CHOBa AHCU8pCHOHHbl8 COOTHOIU8HHSI AnSI 8MllnHTYA COCTOSIHHSI 

C OUpe.n:eneHHbiMH H30TOUH'I8CKHM CUHHOM CH c:reMbl npo.n:yKTbl pacna.n:a 

Jlre Je'=O,l r'={'! j..·; ··.,npo.n:enaB-~cpa~oBhiit:aa~nH3:,-itnSI a~nniiTYAbi 
Me3oH-HyKnOHHOI'O pacceSIHHSI B BbipaMeHHH .anSI aHTH:ap-MHTOBoil: qacTH 11.21 I 

xl 
nonyt:JHM 

x/ 

• . . •. 

12.81 

CooTHorn~HHSI' 12.8/, 12~91 nePKO ... nonyqaroTcSI. H3 Bbipa.MeHafi /2 5 I, 
12 6/ pa6oTbi 0Ky6o •u -.n:p~ B npe.n:nono:memm, 'ITO CIIHHop l/,y {i{) 

y.n:oBneTBopSieT ypaBHeHHJO D,HpaKa c Maccoil: tJ • MeM.n:y aMnnHTy.[Ja

MH M I B UHTHpOB8HHOfi pa60T8 H H8IUHMH aMnnHTy.n:aMH .(2 re 
cyruec:Bye~ npocTaSir cBSI3h:. · ,_ . .. r x ) 

·. Q ·-= M- .-(W-:M) M3 , .O.r'-Mi~M., (t.V-M • 
/0 I • ' . . I 11/ . , I ( .... ) 

KaK yMe OTMet:Janoch, B pa6oT~e · C'IMTaeicSI, 'ITO uy 1 y.n:oBneT-

BOpSieT ypaBHeHHJO D,HpaKa c peanhHofi Maccofi I'HnepoHa, Bcne.n:cTBHe 

qero· 3:nech H B . .n:anhHefirueM. aBTOpbi nonyqaJOT 3Hat:JHTenhHO 6onee 
CnOMHbl8 COOTHOIU.8HHSio 
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rlle 
~ 

E - L. 
i 2-M 

-c'Kxe (E) 
(E)-= e . &in ~e (E), 

/2,9/ 

krt' 

I a. I .e. ' - Be~eCTBeHHhie nocTOSIHHhie,. s re (E.)- ¢a3hl Meaoa-ayKnOHHoro 

pacceHHHHI. Vfa /2,8/ c·n!3llYeT 1 'ITO npH 

(E)·fxe (E)e iKre (E) 
' /2.10/ 

, 
.O.I e 

rlle fIt (E) - aemecTaeaaaH cPYHKUHH, · .QnH onpeJleneHHH 9Toit ¢YHKUHH caoaa 

o5p8THMCSI K JlHCnepcHOHHhiM COOTHOW9H~HM1 KOTOphie MOryT 5hiTb aanHC8Hhl 

B BHJl9 -
Q ~ (E)=!_. a,re .. + _E_J 

re E i E + E 1. + iE. 91 
I 'Z. I 1

) 1 ' (.
1 

\ ~re (E) .Q It ~ E I of, E + fL I e ( 0;. 

)v 
E' (E'-E-U.) 

.Qmr semecTBeHHhiX . f ~ oao npuo5peTaeT ¢opMy 

={~ Q,re 
E +EL 

n;e(E)=nre (E+il)= 

exp {-i..!_{~u (x)dx } + n (oJ}"' 
~ jY X {X-t-E,) xe - . 

< e:cp {: Pj ~{}~)":uiOze (E)} 

/2,12/ 

+ 
nony'leHHhi9 peaynbT8Thl HHTepeCHO npHM9HHTb JlnH npoueCCOB pacnaJla l: 

H 1\
0 

runepoaoa, KOTOphie npoHCXOJlHT no llBYM KaaanaM no aapHJly. 
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nmil STOtt uenH Heo5XO.llHMO nepei!TH OT 8MnJIHTY.ll C onpe.lleneHHbiM H30TOnH'IeCKHM. 

CnHHOM K aMnJIHTY.ll8M pacna.lla Ha onpe.lleneHHbie '18CTHUbi npH nOMOIUH KOacpqJHUH-

/8/ "·' eaToB Kne'5wa-)Kop.llaHa /eM., aanpn:Mep, I, H"nono:>KHTh vv paaaofi pe-

anhHOfi M8CCe COOTBeTCTBYIOIUei"O I"lfnepOH8 1 'ITO .ll8eT 

.t ' '.t ''.\, 
m-,.,- M ~e··· 

).,fV! 

/nonaaSI Bbi.lleJISIIOIU8SICSI KlfHeTH'IeCK8SI aaepi"IfSI B CliCTeMe ueHTpa Mace w"~38 MaB/ 

B cny'lae pacnana A-

B cny'lae pacna.lla 

npe.llCTaBnSJ:eTc~ HHTepecHhlM conocTa~nea~e nony'leHHhlX ~opMyn c aKcnepH

MeHTanhHbiMM .L.aHHbiMH no pacna.lly H Mesoa-ayKnoHHOMY pacceSIHHIO Jno..;ne. onpe

.ll eneHifSI BXO.llSililHX B /2.12/. ,KOHCTaii,T no TeOpHH B03Myrueimfi
1 

HCXO.llSI H3 KOH-

"" . I 111111 KpeTHOI"O Blf.ll8 B381fMO.llenCTBHSI cp. • 

B saKniO'IeHHe aBTopbi Bbipa:>KaiOT I"ny5oKyro 5nai"O.ll8pHocTh A.A. Jloi"yHoay, 

nO.ll pyKOBO.llCTBOM KOTOpOI"O BbinOJIHeHa 9T8 pa5oTa. ABTOpbl 5nai"O.ll8pHbl T8K:>Ke 

n .C.Vf caeay, C.M .'BHneHbKOMY H P.M. PhiH.llHHy sa ueHHbte saMe'laHrrSI i:r nones

H hie o5cy:>K .lleHHSI. 

Pa5oTa nocTynHna B HS.llaTenhCKHt!: OT.llen 
7 M8H 1959 I"O.lla. 



- 18 -. 

n H T e p a T y p a 

1. G. KS.11en, He1v. Phys., Acta, 25, 416, (1952). 
Nuovo Cimento, 12, 217, (1954). 

H. J,ehmann, Nuevo Cimento, 11, 342, (1954). -
2. H .H. Boromo6oB~ B.B.M eaBeaeB H M .K .nonuBaHoB. Borrpocbr TeopHH auc

nepcHOHHbiX cooTHOUJeHHfi, MocKBa, 1958 r. 

H.H. Boromo6oB H Ll.B.WupKOB "BBeaeHHe B TeopHIO KBaHTOBaHHbrx noneii" 1 

MocKBa, 1957 roa, lrn. 1XI. 

3. G. KS.11en and A. Wightman, Mat. Fys. Dan. v. Se1sk, 1, no 6 
(1958). J. Nambu, Nuevo Cimento, 6, 1064 (1957). 
R. Oehme, Phys.Rev. 111, 1430, (1958) 
K. Symanzik, Prog. Theor.Phys., gQ, 690, (1958) 
R. Karplus, Ch. M. Sommerfield and E.H. Wichmann, Phys.Rev. 
111, 1187, (1958). 
G.F. Chew, R. Karplus, s. Cas1orow1cz and F. Zacharidsen, 
Phys.Rev. 110, 265, (1958). 

4. Res Jost, He1v. Phys • Acta, 2!, 263, (1958) •. 

5. M.L .•. Goldberger and S.B. Treiman, Phys. Rev. !!_2, 1178, 
(1958). 

6. G. Takeda, Phys. Rev. 101, 1547 (1956). 

7, H.H.Boroni060B H B.C. BnaaHMHpoB, Yf3B, AH CCCP, cepHH MaTeMaT., 1.£_, 
15, I 1.958 I. 

B.C. BnaaHMHpOB H A.A. noryHOB "DoKa3aTeJ1bCTBO H9KOTOpb!X .llHCnepCHOHHb!X 
COOTHOUJ9HHfi B KBaHTOBOfi TeOpHH IIOJ1H 11 /eM, npenpHHT 0vf5U1 1 1958 r./, 

8. A. Gell-Mann and A. Rosenfeld, Ann.Rev. Nucl.Sc1. 7,407(1957). 
/c·M.nepeBO.ll B c6opHHKe "npo6neMbi coBpeMeHHoii cpH3HKH", N:1 4, 1958 roa/. 

l 

I 



~ 19 -

9. H .VI. M ycxennwBnnnJ "CnHrynnpHbie HHTerpanhHbre ypaBHeHHSI, rpaHH'IHbie 

3ana'IH TeOpHH cpyHKUHH H H9KOTOpbi9 HX IIpHn0)!{9HHSl ·K MaTeM8TH'IeCKOii cpH3HKe• 

MocKBa - neHHHrpa.a, 1946 r. 'I 

10. R. Omnes, Nuovo Cimento, ~' Jl6 (1958). 

11. s. Okubo·, R.E. Marshak and E.C.G. Sudarshan, The V-A Theory 
and the Decay of·the 1\ Hyperon; Phys. Rev. 113, 944 /1959/ 


