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1, B B e n e H H e 

HeonHoJtpaTHO OTM&'Ianoc&
11 1

, 'ITO H3y'le1Ule B3aHMoneAcTeast 'I&CTHI{ BbiCOitHX 

aaepr&A c BllP8MB MOlK9T ll&Tb PHil I{QBBbiX ceeneaaA 0 CTPYKTYP9 Sllpa. npa aaepra !IX, 

BO MBOrO pa3 Up9Bb!W6IOIIIHX 9BeprHJO CBSl3H ByltflOBOB a · Bllpe, CTOnKBOBeBHSI ByiUIOHOB, 

ft -M930HOB H npyrHX "'&CTHU C Bllp&MH XOpOWO OUHCbiB&IOTCSI C UOMOIII.b!O T61t H83b!B&e

MOro •HMnym.cHoro' np&6n&>KeH&st
12

-
61

• B HMnyn&CHOM npa6nu>KeHHH ce'IBHHe B3&HMOlleA-

CTBIISI 'I&CTHI{bl C BllPOM Bblp&lK89TCH 'lepe3 8MUflHTYllY COOTBBTCTBYIOIIIBrO nponecca HA 

OTfBn&HOM HyKnOHB, npH 9TOM OTHOCHT9n&H8SI OWH6Jta no nopBilltY een&'IHHbl pasHa 

~ J.- = ..Y.. .!Y.. rne v 
E" EYII 

- cpenHstst nOTeHn:&am.Hast aHepr&s ayKnOHOB e Bllpe, E - aHep-

rHH HaneT&IOIIIeA '18CTHUb1 0 - 4MnnBTYll4 paccestHHst H4 HyKflOHB, A - llnHH8 BOflHbl, 

B aacTostllleA pa60Te Mbl nonbrTaeMcst CHCTeMaTH3HpoeaT& HeKOTOpbre xapaltTepable 

OC06BHBOCTH B34HMOllBACTBHSI 6biCTpblX '16CTHI{ C Sllp&MH, KOTOpb!B MOryT 6b!Tb HCUO.IIb3~ 

B&Bbl llfl!l Onpeneneaast KB6HTOBblX 'IHCen B036ylKJlBHHbiX COCTOSIHBA BllP4o a T&ltlKe llflSI HC

cne~tOB6BH!I cTpyKTypbr M&TPHUbi paccestHHst aa OTnen&HOM HyKnoae. Hac 6ynyT HHTepecoeaT& 

T&lt H43biB6BMbiB ltB43Hynpyr&e UpOUBCCbl 08 B XOllB I<OTOpblX KOflH'IBCTBO Byl<flOBOB B Sllpe 

He MeHHeTCH, K •:rr:aaa&ynpyr&M' nponeccaM, e 'I&CTHOCTH, OTHOC!ITCH ynpyroe pacceSIHae, 

Heynpyroe paCCBlp<HB 0 ConpOBOlK)l&IOIIIBBCSI B036y>KllBHHBM BllBpHbiX ypOBHBII > H nepe3&p8lllt4, 

BalKHbiM o6cTostTen&CTBOM SIBn!leTCst To, 'ITO B cj>opMynbr nnst ce'leaaA pa3nH'IHbiX np~ 

ueccoe, conpoeo>Knaromaxcst naHBbiM BllBpHbiM nepexonoM A .. B , BXO)lHT COBOJtynBOCTb 

OllHHX H TeX >Ke CTpyltTypHb!X cj>opMcj>ai<TOpOB 0 38BHCSIIIIHX TOflbi<O OT H8'16n&Horo H ltOHe'I

HOro COCTOSIHHA BllP4 H nepell&HHOrO HMny11hC8, Te lKB cj>opMcj>a:rtTOpbl OUHCbiB410T p&llHO&Jt-

THBH biA ( f3 HnH y pacnan A .. B p. - aaxeaT H T,n. CnenoeaTen&ao, H3y'last y 

H f3 -pacnan HnH p. -aaxeaT, Mbi MO>KBM cnenaT& pstn onpeneneHHbiX npenc:rr:aaaH&A o 

xapa:rr:Tepe JteaaHynpyroro paccestHBst 'I&CTBU BbiCOKHX aHepruA Ha Bllpax. CTeneHb coOTee-r

CTBBst T4KHX npenC:rt634HBA 3KCn9pHMBHT6n&HbiM ll6HHblM cj>aKTH'IBCitH SIBflSIBTCSI OllHHM H3 

HHllHK4TOpOB npaBOMBpHOCTH HMnyn&CHOrO npH6flHlKBHHSI, 
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HaCToKmaa pa6ara a 3Ra'I&Ten&aol! c TerreRI rrpencTaanaeT co6ol! o63op y~e H3BeCT

RhlX pe3yn&T8TOB, ~OTOp~e B pa3p03HeHROM BHAe MO~O HBHTH B o6wapnol! nRTepaType, 

DOCBKm9RROJ! I B83ayDpyrBM S!Aep~M DpOD9CCBM. (Pa3y MeeTCR, aTOT 063op He npeTeHnyeT 

HB D OJlll 0Ty ) , B pa!Sare nonyqea . ~POMe Toro, PM HOBbiX COOTHOWeHHll ( OCo6eHHO 

B § 4, 5, 6), IOTOp~e NOryT 0~838TbCR Done3Hb!MH DpB R3y'I9HBB CDRHOBOJI R H30TODB'I9-

c~oll CTPY~"I'YP~ B3AIIMOnellcTBHR slleMenTapHbi X 'laCTan rrpa Bb!CO~ax aaepr H!IX. 

§ 2. O!Smaa W0PMY118 una nerux RAep 

PaccMOTpBM ~aa3aynpyroe pacceRHBe aa nerxax anpax. Maoro~paTRbiM pacceRHBeM 

a o!SnacTa nocTaTo'lno Bb!Co~ax aaepr al! rrpa 3TOM MOJK HO npeae6p e'lb (eM. § 6 ) . B o!Sna

CTH B~CO~HX anepraJ! M~ M0~9M Ta~);{e He y 'IRTbiBaTh OTHOCBTen&HOT'O R3MeHellll!l SHeprRR 

aaneTa~mell 'IBCTR~ npa ~a3aynpyrax nponeccax. C yqeToM aToro a na6opaTopaol! cacTe

Me xoopnauaT nn!l nacjlcjlepeunaan&noro ceqeaa g xaa3Byrrpyroro paccerumll ayxnoaoa, Me3o

aoa • npyrnx qacTBil sa nerxax S~Apax a n Mnyn&cnoM rrpa6naJKenaa MOJKHO aarracaT& cne-

n:r~my~ W0PMYDY: 

(I) 

do(8) 

d"!l = !<IP8 X2 " 2 I I I 

.... 
(I) -lq• (l) 

( E ,q) e 
2 

I 'I' Ax 1 "1 > I (1) 

3nec& 
(I) 

- xoopnauaTa I -TOT'O ay~noaa, OTC'IHTbiB8eMaSI OT neHTp8 BHepnRB Mpa, 

I ("E , q) - 8MniiHTyna paCCellllllSI Ha I -'N>M CB060AHOM ay~noae B na6opaTOpHOH CHCTeMe 

xoopnauaT rrpa aaepraa aaneTa~mel! qacTBilbl E a rrepenaHHOM HMnyn&ce q , rrpencTaa-

nll~Ul8SI C060ll MaTpHIXY B CllRHOBOM B H30TOUH'IeCKOM DpOCTJ>8HCTB8X I -Toro ayxnoaa; 

'I' A R 'I' B - SOJliiOBble ljly~IXBR Ha'lan&HOT'O R ~OHe'IHOT'O COCTORHBii Mpa, X I B I< I 

COOTBeTCTB9HHO CDBHOB8R H B30TODB'I9CK8<1 BOnROBble ljlyHKURH '18CTBUbl DO paCCeSIRHR, X 2 

B K 2 - TO )l{e C8MOO n ocne pacce RHRSI ( M~ BC~AY C'IHTaeM 11 • c • I ) • Yl3 cpopMynbi ( 1) 

cnenye-r, 'ITO nacjlcjlepenllBan&aoe ceqeue xaa3aynpyroro paccellllllR arnaqaeTCR OT aymr 

npaxT&'IeC~H Ton&~o npa ManhiX nepenaa~x BMliYn&c ax q '£_ -k- , rne R - pauayc snpa. 

nocxan&~y RJ.<Dyn&C H8neT8IqUleJ! '18CTRilbl p >> * , Ce'leHIIe . ~B83Ryrrpyroro p8CC9!1HBR 

aa HApax ae paBRo ayn~ naUib a o6nacTa ManbiX yrnoa 8 '0, :R . npa 8 « I nepenaa-

Kbll! RAPY RMnyn&C CBII38H C yrnoM 8 DpOCTOJl: 4lopMynoli; 

.. 2 
q 

E A E 2 2 x) 
(-p- ) + (pO) (2) 

x) 
Boo6me roaop11, rrpaa~ qacTb cjlopMYnbi ( 1) cnenoaano 6bi yMKO)I{RT& aa MHOJKH-

Ten& l ( 0 ) , p...SHblll OTHOW9HBJO <j>a30Boro Otl'beMa 'IACTBilbl H Mpa ~ cpa30BOMY O!S'beMY 
'laCTHilbl H CBo!SOAHOT'O ~nona B HHTepaane 0 , 0 +dO B na6opaTOpKOH CHCTeMe KOOpAH

/ 5/ 
H8T • nerxo U0~838Tb, 'ITO rrpH 0 <<I t(0) • I , TB~ 'ITO rrpaKTH'19CKH Mbl MO~eM UOn&-
3 0B8TbCB COOTHOWeH!IeM ( 1 ) • 

4 

B caMoM oOmeM cnyqae 
AMITIUITyna pacceaHBII ua OTnen&noM Hyi<noa• 

my~ cn•aoay~ a B30Torrn'lec:~:yto CTPYJS:Typy: 

{I) ~ ~c a "" "' ~ .. 
I (E,ql•[C 1(E,ql+D 1 (E,q)o 0 ]+(I Tal~l l [C 2 (E,ql+D2 (E,q)o<o] a-1 

rue c 1 
"(I) 

nl ' c2 D2 - M8TpBUbJ B CUBHOBOM rrpocTpaHCTBe HaneTB~Ul· 
a Ia - onepaTop~ 

B '18CTHOCTa, una 

B30TOUH'I9CKOro CUBH8 'laCTBUbl B 

ayxnoaa, cornacao pa60TaM171, 
1-Toro ayxnoaa coo 

C1,2 (E,q) • a 1•2 (E, q) + ,8 1,2(E,q)((;;)Sin 8 , 

D1, 2 (E,q) • y 1.2 (E,q)(; + ,8 1,
2 

(E ,q );SinO+ 

.. .. 
+ 8 1,2 < E,q >.-:c;;>+~1 • 2 CE ,q >f<uf>stn2 o. .. .., ... ..., ... p + p 

3 nec& p a p - BMnyn&cbi ayxnoaa n o a rrocne pacceRHR!l m • ---.. -

.. ., I P + p'l 
l • [;; , ; ] • BeiUI'IBHbl a , ,8 , y , 8 , ~ - cjlyaxuaa aaepraa a rrep 

ITyn&CaX) • npa 0 • 0° OCTa~TCR TOnhKO 'lneHbl, rrporropnnoaan&able a 

rr -Me3oHoa ·a IC -Me3oaoa a cjlopMYne (46) cnenyeT rronoJKBT& 
'lae 

cjlopMYne (4a) ,8 • 0 

. )' 

ye{J 

Sin 0 
C y'leToM (3)- (4), rrpeue6peraa crraa-op6aTan&HbiMB qneaaMa, rrporrop 

, Mbl Mo~eM nng KBa3aynpyroro paccenag ayxnoaoa 6e3 nepe3ap>~, 
cneny~my~ cjlopMyny: 

do(O} + 
d{} • l<x 2 x 1>a 1 (E,ql < 'I' I I 

8 I 

-I ~1<1) 
11JI A> + 

+.. ... + ...... 
+ [y 1 (E,q)(x 2 ox 1l+ 8 1 (E , q)m(x

2
om)] x 

) 

.. .. 
-o(l) -lq• (I) 

x < '1'8 1ro • I 'PA >' + 

+ "'u> _.;:co 
+ T a f a 2 ( E , q )(X x 1) < 1JI ~I I a e I IJI > + 

2 8 I A 

+-+ .... ........ "'(1) t4:"<t) 
+[y2(E,ql(x2ox 1>+8 2 (E,q)m(x 2 omx

1
>]<1JI l ila tt<1>e I'P' 

B 1 A 

x) 06bi'IHo aMnnaTyna pacce!IHBsr HyxnoHa Ha ayxnoae a 
a cacTeMe neHTpa Mace, OnHaKo llCHo, 'ITO o6masr cnaHoaaa 
HMeeT TOT )l{e BRA H B na6opaTOpHOII CHCTeMe XOOpABH8T. 
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cjlopMe (3)-(4) 3> 
CTpyKTypa a Mnn&T 



OTA B 3BA~BTen&BOJI CTGneKB np eacTaBnHeT C060ll o63 op y~e H3BBCT

op~e B pa3p03HeHHOM BHae MO~O Ba ATH B o6mapaoJI naTepaType, 

npyraM MepllbiM npoueccaM. ( P a3y MeeTCH, aToT o63op ae npeTeaayeT 

pa!Sore nonyqea ,xpoMe Toro, p ga HOBWX COOTHOWBHHJI (oco6eHHO 

e MOryT Olt838TbCSI DOllB3HhlMH nplf H3yqeaJJH CDHHOBOJI H H30TOIIH~9-

JIMOaaJICTBHH 94eMeHTapHbiX qaCTJJU npH BbiCOitHX 9HeprHHXo 

§ 2. O!Smas !l>oPMYIUl anSI nerJtHX li.Qep 

sa3JJynpyroe pacce9Bife aa nerxax gapax. MaoroxpaTHbiM pacceSIKBeM 

!80 BbiCOJtHX aaepr JJll npa 9TOM MOJKHO npeae6pe~ ( CM. § e). B o6na-

all M~ MO~aM Taltli<B He yqaTb!BaTb OTHOCHTen&HOrO H3MBHeHIJSI 9HeprHH 

~ npH xaa3JJynpyrJJX npoueccax. C yqeToM aToro B na6opaTopaoa cacTe

llli<P.PepeauJJan&aoro ceqeaa s KBa3J1!ynpyroro pacceSlHBSI ayKnoaos, Me3o-

1Il Ha nerKHX ll.tlp8X B l!MDyn&CHOM npB611.B~BHHIJ MOlKHO HaDJJCaTb Cne-

da(IJ) 
~ = !<II' s X2 K I I 2 I 

.... 
(I) -lor (l) 

( E ,q) e 
2 

I~~'Ax 1 K 1 >I (1 ) 

lHHaT8 I -TOrO ayKnOH8 0 OTCqaTbiBaeMaSI OT UBHTpa HHBpUBH gapa, 

·aa pacceSIHBSI aa I -TOM cso6oaaoM ayxnoae B na6opaTopaoJI cacTeMe 

lrHH aaneTaiOmell ~aCTHil~ E If nepeaaaaoM aunyn&ce , npeacTaB-

lHUY B CDIHOBOM If H30TODJJqeCKOM npOCTpaHCTBaX I -Toro ayxnoaa; 

lBble <jlyaxuaa aa~an&aoro If xoaeqaoro COCTOSIHHJI Mpa, X 1 a K 1 

RHOBASI H H30TOIIIJqQCitall BOnBOBbiB <jlyHKUHH qaCTHilbl ao paCCBSIRHH, X 2 

f oe nocne pacceSIHIJSI ( M~ BCIOAY cqaTaBM 11 • c • I ) • !13 <jlopMynhl ( 1) 

~peallJian&aoe ceqeaae xsa3ayupyroro pacce9BHSI OTnaqaeTCSI OT ayng 

o npa ManhiX nepeaaallbiX JJMJIYn&Cax q ~ if , rae R - paaJJyc Siapa. 

,c aanBTa!Qmell qacTBUbi p >> if , ceqeaae · KBa3aynpyroro pacceHHHSI 

JJYniO nalllb s o6nacTa uanhiX yrnos IJ <0, ;R . npa IJ << 1 nepeaaa-

CBII38H C yrnoM /J npOCTOJI <jlopuynoJI: 

.. 2 
q -

E A E 2 2 x) 
(-p- l + (p8) (2) 

OBOpH, npasy10 ~HCTb <jlopMynhi ( 1) cneQOBano 6bl YMHO~HTb HH MHO~H
bll!: OTHOWBHBJO cj>a30BOrO 06'beMa "laCTBilbl H Hapa K <jla30BOMY 06'beuy 
11oro HyKnoaa B aHTepsane 8 , 8 + d8 B na6opaTopaoll cacTeMe xoopaH-

a38Tb, qTo npa 8 <<I • (8) .. I , T8I< qTo npai<TaqecKH M'>l Mo~eM non&

eHIJeM (1 ) . 

4 

B caMOM oOmeM c nyqae aMnnaTyaa paccesaaH aa OTaen&HOM ayxnoae BMeeT cneayiO

myJO CDHHOBYIO B H30TODHqecayJO CTpyaTypy: 

<O .. ...<O a " "< > .... .. 
I (E,q) • (C 1 (E,q) + D 1 (E,q)a 1+ (l; Ta 1~ l [C

2 
(E,q) + D

2
( E,q) a<O 1 , 

a•l (3) 

rae c 1 
"(I) 

a 'a 

Dl • c2 ' 02 - MATPBilbl B CDBHOBOM npocTpSHCTBe HaneTHIOIDell qacTauw , Ta 

OnepaTop~ H30TODHqecJ<OrO CDHH8 qaCTHilbl B I -Toro HyKnOH8 COOTBBTCTBBHHO. 

B qacTHOCTa, anSI ayxnoaa, cornacao pa60TaM171, • 

C 1 ,2 (E ,q) • a 1, 2 (E, q) + ,81 , 2(E,q)(u; )Sin8, (4a) 

D 1, 2 ( E, q) • y 1 , 2 (E,q)u +,8
1

,
2 

(E,q);Sin8+ 

.. .. 
+ 81 , 2 ( E,q },;;(;,;l+(1, 2 (E,qlf(uf}Sin2 8 . (46) 

3 aecb p .. , ...... , ... .. 
.. p + p .. [ '1 BMDyn&cbi ayxnoaa ao H nocne pacceRHaSJ m • ---- , n = ~ , 

·• I; + P'l I[;. P' 11 
p B .. 

f • [,; , ; 1 • Benaqaabl a 
( - <jlyHKUHH 9HeprHH H nepeQ8HHOro HM-

nyn&cax) • npa 8 • 0° OCT8IOTCH TOJibi<O ~neHbl0 nponopunoaan&awe a 

rr -Me3oaos a 1: -Me3oaos B <jlopuyne (46) cneayeT nono~HTb 

,8 y • 8 

qae 

<jlopuyne (4a) ,8 • o 

o Y H 8 

y-8· (- o 

B cny-

, a B 

Sin 8 
C y~eTOM (3)- (4), npeae6perasr cnaa-op6aTan&HbiMH qneHaMa, nponopuaoaan&HhiMH 

Mbl MO~eM ana xsa3aynpyroro pacceaaH ayxnoaos 6e3 nepe3apsaxll aanacaTb 

cneayJOmyJO <jlopMyny: 

da(8) + 
d{l- l <x 2 x,>a 1 CE , ql < IJ' II 

B I 

-1~1<1) 
I'll A> + 

+.... ... + ........ 
+ ( Y 1 ( E , q )(X 2 a X 1 ) + 81 ( E, q) m (X 

2 
am) 1 x 

X <'JIB I I ;<ll 
I 

) 

l;i(l) lljiA "j + 

+ "ell -I~O> 
+ T a I a 2 ( E , q )(X x1 ) < ljl ~I 1 a e I 'II > + 

2 B I A 

+... ... ... .... "'<•> .-;:;c., ~ 
+ [y2 (E,ql(x 2 ax 1 > +8 2 (E,q)mCx 2 amx

1
>)<1V II 'a i/(1)'0 1'1' >II 

B 1 A 

(5) 

x) 06bt~Ho aMnnaTyaa pacceHHHR Hyi<noaa Ita ayi<noae s 
B CHCTBMB ltBHTpa Mace. Oaaaxo SICH0 0 qTo O!SIUaH CDBHOBaH 
HM9BT TOT ~e BHa 8 B na6opaTOpHOl! CBCTBMB KOOpABH8To 

<jlOpMB (3)-(4) 38DBCb!BaeTCH 
CTPYKTypa SMDII.BTYAbi pacce HHB H 
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3aecb T 
1 

- npoeiUJJSI B30TODB'IecJtoro CllBRa upOTOila BAll !leAorpollA. B cny"lae " -waao--

ROB B 1: -N830SOB cjK>pN)'II8 (5) )'llpQJI18eTC!I: 

du(l9l (I,trl ... 1-::<1> 

dO • lcz I ( E ,q l < "B I I • Ill' > + I A 

(lt,tr) "(I) -I -;;I: I) 2 

+ T a a 2 ( E ,q l <'I' 8 I 'f 1 1 • 11' A >I (6) 

na~¢gpesUKanhS08 Ce'I9BB9 nepeaapHaltB, 0'19BHaSO, 6yaeT RN9Tb BHa: 

do{l9l 
~(Ta .. T

1
:tll•l![T(T+ll-Ta(Ta:tll]x 

+ "(!) " (I) -14-;(1) 
x J< )( C • ( E , q l )( l < '1' 8 I I (I 1 ~ I 2 le I 'I' > + 

2 • 1 t A 

.. -.(1) "(I) "(l) -t41(l} 2 

+ ()(2 D2(E , q))(ll<'Pa1 Iu (II '1'12)• I'PA>I 
l 

(7) 

rae T , Ta - H30TOUH'IeCKHll CUHH H Tj)9TbSI -Up081tUHSI H30T OUH'IeCKOrO CUHH8 H8118T 8JOU(eJI 

'18CTBUbl , C
2 

H 0
2 

onpeaen HJOTCll UO ~OPMYII9 (4), nnll 'i8CTHU CO CUHS OM Q · npa 8 « 1 

D~(E ,q l cTpeMHTCll K HynJO, C 2 (E , q)- a 2 ( E.- q l , T.e. 8 ~OpMYne (7) ocTaeTCll TOnh-

JCO OAHR qne R. 

§ 3, Opaaana OT6opa no H30TOUH'ieCKOMY cnRHY a nopl!AOit aanpeTa 

!!Aep!!h! X nepexoaOB npa MSnboX nepe·aaHHb!X HMU)'nbCSX 

B ~opMynax (5-7) ~arypapyJOT cneayJOIUHe CTPYKTYPHble ~opM~aKTOpb!, x apaKT epaayJO

m a e MepHbti\ nepexoa A .. B 

-t-:tcl) 
l

1
(A .. Bl•<'l' l ie 

8 I 
I 'I' A> 

.. (I) ~t-::(1) 
12 (A .. B)•<'1'

8
II.u e I'I'A> 

l 

"(I) -l~itl~ 
11 (A .. B l • <'I' 8 I I. I a • I 'I' A > 

l 

.... 
.. .. (I)" (l) -lq>'(l) 

1
4

(A .. B)• < '1'
8

I 'fu lae I'I'A>; 

.... 
"(I) ,.(1) - lq r(l) 

l
5

(A .. Bl-<'1' 8 1 ~<1 1 +1 2 le I 'I'A > .... 
.. (1) " (l) "(I) -l. •< l) 

le(A .. a)-< IJ! a l 'f" (11 "' 121• I 'PA >. 
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(8) 

a) Ynp r roe paC C 9HHH 9 • Ynpyroe pacceSIBBe OllJlChl~ 

I I 
.. 

' Ia • I a , , ecr..s saneTaJOIU8 SI '18CTBU8 o6naAaeT IONDID 
.. 
I , 

cmrsa T a -1 0 • Ecm! T a • 0 , OCTaiOTC st TOnhltO ABa cjK>pMcjlaJI:T opa: .. .. 
BHA9Tb, q ·,•o i 8 • o(q)lao 14 • b(q/ la , rae 1

1
- T p8TbB IONDOS8ST, 

CllJISa SIApa, Orc10aa BCliO, 'lTO npH paCC8SIBBH s a SIApax C paBHhlN It .. 
a ael!Tposoa Ia • 0 , 14 • 0 • 

1 1 
nps N llnbiX n epeAaHHblX .. mym.cax q « R ( 8 .« Pi ) 

11 • A , - --<ll . .. 
la • ta, 12 • .<f 8 II u l fA> , I

4
•<'

8
Il 

l I 

(aaecb A - ltOIIH'18CT80 H)'ltiiOH08 8 SApe) • 

npa paCC8 SIBBB n pOTOHa Bllll H9J!TpOH8 Sa SApaX C paBHblM lt04i 

H H811TpOH08 ( Ia • 0 ) 

du(l9) 2 u (E 0 ) 
nr-119• 0

•Au0 (E, 0 )+ _!__3 ' I l < ll' JI; 
m_tmB B I 

3ae cb C70 ( E, 0)- 81tllaA CU HSOBblX '1119 H08, u 0 (E , 0) - KorepeHTSaB ( 

C9 '19HHB H)'ltiiOSa Ha H)'JtnOH9 npB 8° • 0 

fler ltO 8BaeTb 0 'ITO 

2 
u0 ( E, 0 ) • I a 1 (E, 0 l I 

2 2 
u0 ( E ,O ) • 3l y 1 ( E, Ol J + J8 1 ( E, Ol J +2Reyt;(E , 0)81 (E 

oo + a o • l! [u 
ynp 

( pp ) + (7 ( pD) - 2 (7 ( p + D .. D + 
y np 

npa paCC9liHHH Ha T a ltHX lK9 SApa X tr +- ,tr -, R "O - M e30H OB 

du(l9) 2 (rr
0 

> 
-0- ~ • A u ( E, O) 

d 19 •0 

<,o > 
r a e U (E,O)- aa~peHUHanhHOO C9'ieHH e p aCC 9 !1HB B tr

0 
-Me30Ha sa l 

7 



- npoeJtllllll B30TOTIII'l9Citoro CllJlHa npOTo lla BU aeATpoaa. B cn:rrae tr -M83C>-

-M930BOB cjlopMy.JtA (5) ynpQIIlAeTC>t : 

da (6l (Jt,tr) .,..1-::(1) 
d{} • I a 

1 
( E ,q l < 1p 8 II e 111' > + 

I A 

(Jt,tr> ,.<1> -1-:;!:1) a 
+ T I a a ( E ,q l < 1JI B I r I I • tiP A >I (B) 

nKAIIbB09 C9'19BB9 nep938pS1AitB, 0 '19 B HARO, 6yA9T HM9Tb BRA! 

da(6) 'dO (T 
1 

-+ T
1 

± 1)• ~ ( T( T + 1)- T a ( T1 ± 1)] x 

+ "'< o "'en -•~-;co 
xl<xaca(E,qlx,> <IPs 17<• , -l ' a le l'i'A > + 

.. -+< l> "'<ll "<I) -i~1<1> a 
+<xaDa(E,qlx1 l<li'8 1Io (t 1 '1' t 2 l• lli'A > I 

I 
(7) 

f
1 

- H30TOTIH'l9CKHII CDHB H Tp9TbSI ' npOO!tUHSI H30T OTIH'l9CKOrO CTIHHA BA.Jt9TAIOIIl911 

ca H Da o npenenSI!OTCSI no <jlopMY1t9 (4). nn SI 'iACTHil co CDHBOM 0 ' npH 8 « 1 

CTpeMHTCSI K a ynto , Ca(E , q ) • a 2 ( E.- q) , T.e. B oj>OpMYne (7) OCT89TCSI T 01Ib-

'qneH. 

§ 3. npa sana OT6 opa no aaOTona'lecxoMy cnaay a nopSIAOit aanpeTa 

SIA9pHbi X nepeXOAOB npa MAllh•X nepeAAHHbi X HMDyllbCAX 

l Op Mynax (5-7) <jlarypapy!OT cnenytomae CTp yKTypHble <jlopM<jlaKTOpbi 0 x a pAKTepH3YIO-

>H btil nepe xon A .. 8 

-•etten 
I

1
(A-+Bl•<IJI

8
1Ie I"' A> 

-to(t)..,t~(l) 
la(A-+Bl-<'i' IIo • l'i'A> 

B I 

"'(I) - lq~l) 
1

8
(A-+Bl-<'1'

8
IIt 8 e '¥ > 

I A 

.... .. 
I, (A .. 8) 

.. (I)" (I) -lq>(l) 

• <'i's l fo 'a e I '¥ A > ; 

.... 
"'(I) ,.(I) - lq t (l) 

I (A .. B)-< '1' 8 I I<t 1 + I a )e I'¥ A > 
0 I .... 

.. (I) " 0) "(I) -l q t (l) 
I•(A -+ B ) s < IJI 8 I ~ o ( t 1 "' t,l• I 'I'A > . 

6 

(8) 

• 

a) Ynp rroe .. .. 
14 

p a c c eaaa e • Ynpyroe pacceliBJie OnBCbiBA&Tca ojlopMcjlaltTopaMB 

' • ' Ia 
CTIIIB 8 T1 .,f 0 

II • , ecr~ BA.JteT8~1Il8SI '18CTB~A o6n:aAA8T JtOMDOB8BTOA B30TOIUI'l9CJtOro 

• Ecm~ Ta • 0 , OCTAIOTCSI T OIIbltO ABA cjlopMojlu:Topa: ,, .. 
B II • JlerJto .. .. 

BRAeTb, q ·,·o i 8 - a (q)t 1 , 1
4 

• b (q/ t
1 , rAe I a - Tp9Tbll Jt0NDOB9BT8 B30TOIIB'I9CII:OrO 

CUBA SIApa. 0rcJOA8 .IICJJO, 'IT O DpB paCC9.11BBH HA SIApax C p&IIBbiW k0.JtB'I9CTBOM . DpOTOBOB .. 
II He iiTpOHOB 11 • 0 , 1

4 
• 0 • 

n pll MMbiX D9p9A8BBbiX .. OiyllbCAX q « ...!_ ( 6 « _2_R ) 
R P 

- I -+(1) . .. .. (I) -+(1) 
II• tl ' Ia• .<1fs I a 11fA> ' I4·<1fsii 'a a IWA > 

I I 
II • A ' 

(anecb A - JtOU'leCTso ay~tn:oaos s l!llpe). 

npa pacceSIBBB npOTOBa B.JtB aeATpORa aa l!llpax c PABBbiM ltonB'I9CTBOM DpOTOHOB 

R H911Tp0HOB ( t1 • 0) 

cla(8) a a.(E , O) a 
~~e-o•A ao(E , Ol + -a- I ~<'l's1I~ 1' 1 1fl > I (9) 

m/l.mB 1 A 

3neCb <70 (E, 0)- Blt.Jt8A CTIHROBbiX 'I.Jt9BOB, o 0 (E , O) - ltOrepeHTHASI (6eCCTIHBOBAS1 ) 'IACTb 

C9'19HBB HYI<.JtOBa aa HYI<llOHe npH 6° - 0 

Jleri<O BHA9Tb, 'ITO 

a 
o0 ( E, 0 l • I a 1 (E , 0 >I 

a a 
a.(E , 0) • Sly 1 ( E , Ol l + I6 1 (E , Ol l + 2Rey~ (E,0)6

1 
(E , 0) , 

00 + 0 0 • ~ [ (7 ( pp ) + (7 ( pD) - 2 (7 ( p + D -+ D + p )] • 
ynp ynp 

npa paCC9HHHH HA TAI<HX lK9 l!llpax 11 +- ,tr 
0 

-, B rr - M e30ROB 

do(8l a !tr
0 

> 
-- ~ • A a ( E ,O) 

dO 8-o 

<,o > 
rae C7 (E ,O)- AH <Ixt>epeHilHAIIbUOO C9'19HH9 pacceHUBH tr 0 -M930HA Ha HYI<.JtOHe • 

7 

( 10) 

(11) 



JlerKo BHAe'l'b, 'ITO acn• cnpaaeA.IIJIBO awnyllbclloe npaiSnaJKelllle, A&<l>cl>epeHil&allhHoe 

ce'leue paccesmasz aa yron 0° 11a KJ1pax a A&CIITIUI paa npesblmaeT AK#epeanHanbaoe ce'!e-

&Be p acceSIIIllll aa OTAellb&ON ayxnoae, 

6) Boa6y JKJ19&H e II J1 9 p II b1 X y p 0 B II e A, 3TOT nponeCC , no-npelKII9My 1 OUIICbl-... ... 
BlleTCII 'IHbipbMII CTPYKTypllhiMJl ljlopMcjlal!:TOpllMII: II ' I 3 I a ' 

dt- 0 

i •. ll II 13 OTnll'lllbl .. 
OT Byn ll, ecna 1130TOUB'I9CKIIA ClliiK KJ1p8 Be M9BIIeTCII. npH cjlopMcjlal!:TOpbl I a • 1, 

BHOCIIT BKn&J1 B Ce'!e&He p8CCeSIIIllll, ecnR TpeTbSI KOMI10119HT8 R30TOllH'I9Cl!:Ol'O CUB&a KJ1pa • 

•a -1 o (• Ta olo). 

BoaiSyJKAelllle IIAepllbiX yposaea c 11aweaeueM •aOTona'!ecl!:oro cuaa Kl1P8 aa eAHD

ny B03MOlKHO TOilbl!:O 311 C'I8T cjlopMcjlal!:TOpOB I a ll j 4 1 T,e, B TOM cny'lae, l!:Ol'Aa B~aaMo

J19ACTBBR aaneTaJOmeA '!aCTHilbl C npOTOKOM ll neATpOKOM pb13nH'IHbl· 

Tax&M o6paaoM, Mbl nony'lJina cneAyJOm&e npaaana OT6opa no aaOTOWI'!eCI!:OMY CWI&y: 

... 
11n11 11 , 12 d I • 0 11n11 Ia ' '• dt - o ( t a ~ o) , 1 

TaxHe JKe npaaana OT6opa no B30TOilll'!ecl!:oMy cnBHY &MeJOT MecTo B cnyqae 

x)/8/ 
IIBH IIJ1ep 

y -Hany'le-

PacCMOTpRN Tenepb npaaana OT6opa no o6bi'IHOMY cnBHy, npeJKAe scero1aa cjlopMyn 

(8) cpaay cne11yeT, 'ITO npa pac cesmaa aa yron, 15nB3KHA 1!: 0°, cjlopMcjlal!:TOpbi 11 a Ia 

a RynesoM npa6n.HJKeKBB no napaMeTpy q R ~ pasabr ayn10 (Ba-aa opToroaanbao-

CTB BOnKOB b!X cjlyKKUHA '!'A B '{I B ) , npB qR <4-1 B Bb!palKeiLIIB (8) B 119KOT0pb!X Cny'laHX 

MoryT OCTilTbCH cjlopMcjlal!:TOpbl t 3 B j 
4 

l!:OTOpbie , soo6me rosopg, liMe JOT nopMOK 

senB'IHHbi 1 ( ecnR He o6pamaJOTCII a Ryllb). Jlerl!:o BBAeTL, 'ITO npaaHna OT6opa AnH 
-+(1) "(I) -+(1) 

MllTpll'lllb!X aneMeKTOB <'1'8 1·7 a I '!' A> ll <'1' 8 lr Ia 0 I'I'A>: dS • 1 ll dS • 0, 

'19THOCTb He M9HIIeTCH ( '7 A B • 1 ) 1 llpH'IeM nepeXOJ1 0 -> 0 aanpemeH. 3aMeTB.M 1 'ITO ll ITpll 

co6nJOJ1911RB ycnOBHA dS • 1 BnH dS • 0 ( '1 • 1) MaTpB'IHble aneM911Tbl onepaTOpOB 

~(I) i ( ) (1)-+(1) I o - 2 I - cyMMapabiA cnBR Ry~tnoaos B I t a a , AeACTBYJOmBx TOnbKO sa 
! I 

CllllHOBbi e n epeM9HHble, He p&BRbl RyniO TOilbKO B cnyqae, ltOJ'Aa y OCHOBIIOJ'O B B036yJKJ19H-

HOrO COCTOSIHBA KJ1P8 KBaHTOBbl9 'IHCM, Be CBSI31lBHb!e CO CITBIION RyltnOHOB1 OABH81<0Bbl, 

noaTOMY BO MHOrBX cny'laliX C9'19&Re B036ylKJ19RBH HJ19pHbiX ypOBHeA npR (} = 0 AonlKHO 

6b!Tb no11aaneao (STo noATseplKA&eT axcnepHMeBT
191 

). Ho ecnB a ce'!eHHH soa6ylKA91L11H 

npll (} • 0 Hal5nJOA8eTCSI nRK, OR o6ycnosnea HCKnJO'IHTellbHO CnHH-CnHHOBb!M B38RMOAeA-

C TBBeM, .UeACTBHT91lbHO, CnBHOp6RT81lbBbiA 'lnea B <jlopMyne (5), KOTOpOMy T8KJKe COOT

BeTCTBYJOT cjlopMcjlaxTopbi i"2 B I, , np11 8 -o o6pamaeTCII a H)'nb, 

x) . 
CsH3b ce'!eBJlll soal5yJKAeHBH SlllepHbiX yposaeA B RMITYilbCHOM npH6nHlK9HRH c sepo

HTHOCTbJO Y '-nepeXOJ18 M9lKAY B036ylKJ19HHb!M Jl OCHOBHbiM COCTORHH9M Mbl 06CyARM HHlKe, 

8 

JlerKo B&lleTb, 'ITO a PllMI!:aX &Mnyllbclloro nplll5na>t<ellll g AnR onpeAe 

n epeXOJ108 II9KOTOpbie cjlopMcjla][Topbl TOlKJ19CTB9KIIO p&BKbl !lynJO BO BCeA O( 

RMnyllbcoa q .. f . Tal!:, paaflarasr aKcnolleiiTy no CTeneKIIM q R (!5o. 

ccjleplr'lecKRM cPYBIUISIM, CM, llll>t<e), 119TPYJ1HO llOI!:Il38TL
1 

'ITO AnR nepeXOAC 

ana S ... 0 

0 + ... 2 
C OTIIOCRT91lbiiOA '19TIIOCTbJO '1 • ( -1)

5 +1 
( llanp][Mep, 0 + 

][ T,J1,) 

11 (A-+ B) • la(A-+ B) .. o . 

0rCJOA8 Cn&A)"eT, 'ITO TaiUie nepeXOAbl MOI'YT IIMeTb M&CTO TOllbKO llpll H • 

CU][IIOBOJ'O B38BMOJ1eACTBDSI (axnaAOM CURII•op6RTallbiiOJ'O B38BMOJ1eACTBIIII 

Tax l!:&K a oiSnaCTa q R •1 Sln9<<1), npa 0 -+ 0 
nepexoAax, llao6opOT, 

12 
... 
'•- 0 • 

x) 

CneAyeT DOA'Iepl!:RyT&, 'ITO yrnosag aaBRCHMOCTb ce'!eaxg aoal5yJKAeiiRII >m· 

s6n•aa 8 • 0 ( q R << 1) HBnlleTCg caoero poAa RHJUll!:llTOpoM cnaaa a 'leTa< 

( ) ..... <i> llb!X CoCTOSIIIllA, Paanarasr aKcnoaeiiTY B cjlopMynax 8 no cTeneastM qr 

y6elKilll8MC&, 'ITO B6nH3R 8 • 0 
cjlOpMcjlaKTOpb! 1 COOTB9TC TBYIOillBe nepexo 

Bb!M a RynesoM npB6naJKeua, nponopnBoHallbHbl anonae onpeAeneaHbiM nenr 

nyCTb CDBK Slllp8 B OCKOBKOM COCTORKKB pasea 5 I , a B B0315yJKJ19B 

52 • Tor11a, ecnB OTKOCHTenLaaH 'leT&OCTb ocaosaoro 11 soal5yJKAesaoro c c 
IS -s I 'I • i -I) I 2 t TO 

ls2- sl I 
II .. q, 

2 
II - q 

-+ 

lt2 I .. q ls2- 8 1l 

li21 - 1 

I a 

Ia .. 

ls2- sl I 
q 

q2 

II 1 18 2 - s 1 
t .- q 1 

II, I .. 1 

npB 52 ~ 5 I 

npB 5.1 .. 52 { 

npB s1- 53 - o 

npB 52 -151 
llpll 52 • 5 I ~ 0 

Ecna JKe 
lli2-s1l+ 1 

'7 • (-1) 
1 

TO 

110 

ls2-s1l-i-1 
Ia • q 

ls2- s11 + 1 II .. q • npB 5 I '52 -/ () 

1121 - q 
182- s11-t -+ 18,-s I-t . II' I .. q I npB 5 I .f. 52 

li21 - q 1i", I .. q npB 51 - 5 2 -1 

x) 
Jlerxo BIIAeTb, 'ITO nepeXOA 

+ 
0 -+0 

aanpemea Anll acex xsaaBynpyrax 
B pllMKax BMnynLca~ro npa6mt 

nponeccoa npH B biCOKHX :.a eprRIIX, 

g 



, 'ITO acn• cnpaaenrurao a w nym.cBoe npa!SmrlKeB.Re, na<W>ep eBnaallhBoe 

!l aa :yron 0° aa l!llpax B necBTxB paa npaBhlmae-r M .p.j>epean a anbaoe c eqe

OTilallhBON IQ'II:liOHO. 

ll a H B a Sill a p B b! X '1 p 0 B BaA. 3TOT npOilOCC , no-npelKROM:y, OUBCb!-.. .. .. 
CTp'1KT:ypllhiMR cjlopMcjlaxTopaNB: 11 , 12 , 11 , I , • 11 11 12 OTrui'IHbi 

OllH'IOCXBA CURB llllP8 Be MOBileTCK. npa dt • 0 cjlopMcjlaXTOpbl Ia B i': 
oe'!eaae pacceSlBilg, ecna TpeTbll KOMnoaeaTa 11:30TOUH'!acxoro cnaa a !l.!lpa 

HllOpHhiX :ypOBHaA C H3WOH8HB8M R30TOUH'I8CXOro CURHa ~~.<~pa Jla OllHHB-

KO 38 C'IOT cjlopMcjlaiCTOpOB 11 H j 4 , T.a. B TOM CII:y'!aa, XOrl(a B"!8HMD-

eA 'laCTHilb! C npOTOROM R HOATPOROM pbl31IIl'IBbi. 

OM, Mbl non:y'lllrur cnen:yJOmae npaaana OT6opa no aaOTOUII'IaCKOM:Y CUIIB:y: 

d t - 0 llllll 11 , I 4 dt • 0 ( t I -lo 0 ) , 1 

1 OT6opa no H30TOUR'1:8 CKOM:Y CUBBY HMOIOT M ttCTO B CJI)"'a e y -H3 1Iy'le-

T e nepb np8BHII8 OT6opa no o 6 b! 'IHOM:y CllHH:y. npalKI(e acero,aa cjlo pM:yli 

, 'ITO npH paCC811HHH Ha :yron, 61IH3KBA K 0°, cjlopMcjlaXTOpbl 1 1 H { 1 

Keaaa no napaMeTp:y qR ~ paBHbl H:YIIIO (&3-38 OpTOrOH81IbHD-

:nall 'I'A B '1' 8 ). npa qR <<1-1 B Bblp8lKOBBH (8) B BOXOTOpblX Cny'IBIIX .. .. 
•pMcjlaXTOpbi 12 a I 

4 
, xOTopbie , aoo6me roa opa, llMeiOT nop!l.!lOK 

]I ae o6p8lll8IOTC!l B aym.). nerlto BH.<IOTb, 'ITO npaBBna OT 6 o p a .<lliR 
-+(1) "(1) .. (1) 

roe < 'I' 8 I · ~ o I 'I' A > • < 'P 8 I ~ t 1 o I 'P A > : t.s • 
I I 

a t. s - o . 

TC!l ( '1 A 
8 

• 1 l , npa'l:eM nepexoa 0 .. 0 aanp e m e a . 3aMa TilM, 'ITO a n pa 

!ll d S • 1 HIIB dS • 0 ( '7 • 1 ) M8TpR'IHbl8 a neMOHT bl onep aTOpOB 

~ - c:yMMapabiA cnaa IQ'Knoaoa) a I .<:' & <ll , a e AcTa:yiOmax T om.xo a a 
I 

!ble, He p aBBbl IQ'IIIO TOIIbKO B Cny'laa, KOr.<la :y OCHOBHOrO H B036 :yJK.<leH-

)8 X88HTOB hi9 1fBCJUl, He CBSI38HHble CO CfiBROM gyx nOHOB, OAH HBKOB hi . 

t cnyqagx CO'!eHHO B036:yJKileBB!l RllepHbiX ypOBHell np11: fJ a 0 llOII lKHO 

r o n onTae p JKaaeT a KcnepaMeBT / B / ). Ho ecrur a ce'!eHB R a oa6:yJK.<laBR!l 

geTC!l naK, OR o 6:yCnOBII8B II:CII:liiO'IHTe llbBO cnaa-cnHHOBb! M B3811: M O.<leli

•em.ao, CUHHOp 6RT81IbHblll 'IlleR B <jJopM:yn e (5), KOTOp OM:y T8KJKe COOT-.. .. 
:Topb! 1 2 a 14 , npa 0 -o o6pamaaTCII a a:ynb. 

!RIB B036:yJK.<leHB!l !l.!lOpHbiX :ypOBHeli B BMn:yllbCHOM n p a 6 1IHlKOHHH C Bepo

tOila MOlK.<l:Y B036ylK.<le BRblM B OCHOBHbl M COCTO!lHHe M Mbl 06Cy.<IRM HHlKa, 

8 

ner11:0 BR!IeTL, 'ITO B paMII:AX BMil:YIIhCBOro npa!Sn&lKeBRg llliR OnpeaenaHHbiX llllOpHblX 

napeXOI(OB llOII:OTOpb!e cjlopMijlaKTOpb! TOlKilOCTBOHBO paBBbl IQ'IIIO BO BCell 061I8CTH nepeaaBRbiX 
1 

BMnym.coa q ,. R . Tax, paaf1Arag aKcnoaeBT:y no CTeneHRM q R ( 6onee cTporo, no 

CcjlepB'!aCXHM cjl:yBRIUISIM, CM. RRlKe), ROTp:Y.<iHO UOX838Tb
0 

'ITO .<lliR nepeXO.<iOB THUS 0 -+ 5 

RliR 5 .. 0 C OTHoCRTOlibHOJI 'IOTROCTblO '7 • ( -1 )8 
+I (aanpBMap, 0 + -+ 0- , 0 + .. 1 + 

0+ .. 2- RT • .<i.) 

11 (A-+ B) • 1
1

(A .. B)•O . 

0rCJO.<iA CII&Jzye'!', 'ITO Taue nepaXOllb! MOr:yT llMeTb MOCTO TOIIbKO npa H81IIl'I:RH CnHB>

Cilii:ROBOrO B3811:MO.<laACTBBII (BXII81(0M ' Cnii:H•op6RT81IbHOrO B3811:MOQeiiCTBHSI MOlKHO npeae6pe'l:b, 

( 12) 

Tax xax a o6naCTa q R •1 Sholk<1). npa 0 .. 0 nepexoaax, aao6opOT, 

'• 
.. 
'• • 0 • x) 

Cnea:yeT non'l:epxH:yTJ>, 'ITO :yrnoaag 38BHCHMOCTJ> ceqeaag aoa6:yJKaeaag ~~.<~epabiX :ypoaaell 

a6n~~:aa fJ • 0 ( q R << 1) llBIIIlaTCR caoero poaa RHIUIXaTopoM cnaaa a 'l:eTHOCTH aoa6:yJKQea-

. <i> 
Bb!X COCTORBII:ll. Paanarag 3KCUOH8BTY B cjlOpM:ynax (8) no CTeneHRM qf' , Mbl cpaa:y 

:y6aJK)IBOMCII, 'I:TO B6nR3R fJ • 0 
cjlopMcjlaKTOpbi 0 COOTBeTCTBY!OlllBe nepeXOil8M

0 
3anpemea-

Hb!M a K)'neaoM npa6mr>KeBRa, nponopnaoaam.abi anonae onpeaeneaHbiM nenb!M CTeneHRM q 

nyCTJ> CUHH l!llpa B OCHOBHOM COCTORRBR p8BOH 5 I , a B B036:Y>Kil8HHOM COCTORHBH -

52 • Tor11a, ecliii: OTHOCHTOIIbHag '!eTHOCTb OCHOBBOro H B036:Y>K.<leHBOro COCTOIIHHJI js -s I '1 • '( -1) I 2 • TO 

is.- s,l 
'a • q 

is.- s, I 
52 -lo S I (13a ) 

I, • q 
npa • 

I, • q 
2 

Ia • 
2 

npa s1 .. 52 { B TOM 'IHCIIe 
q 

npll: s,-s.- 0 ); 

.. is 2-s 11 I I is,- s,{ it, I • q '· .- q npa 52 ./51 • (136) 

li.l 
.. 

s.- s l -lo 0 i - 1 j14 j • I npll 

is 2 -st!+t 
Ecliii: >Ke '1· (-1) , TO 

js2-s 1 j+t 
Ia • q 

is 2 -s 1 j+t 
npa s,.s 2 ./o; (14a) 

II • q ' 
.. js2 -s1j-t lj4l• ql~-s1 j-1 It, I • q 

npH 5 I -lo 5 2 

li.l -
.. 

q it 4 I • q npa s,-s 2 -/o. (146) 

x)nerKo Bll:.<laTb, 'ITO nepexo11 + 
0 .. o 

B p8MKaX BMUyllbCHOro npa6na lKeHH!l a6COIIIOT-
ao aanpemea llllll acex ltB831Q'np:yrax nponeccoa npa Bbtcoxax a aeprsHX. 

B 



¢> opMyllbl (13- 14) IIBXOilSITCSI B XOpOUieM COriiBCHH C 3 KCnepHM8HTBIIhHbi MII JlBHRbiMH 0 B03-

6y>Kil8 RHII ypoa Hell n e rKHX Slllep n p OTOHBMH c KHHeTH'IecKoll sueprBell 185 M sa
19 1

• 

B) n e p e 3 B p Sill It B. n e pe3Bp!IJlKB OnHCbiBBeTCSI ljlopM<jlaKT OpB MII I 3 H I 3 Ou11 y11o-

BIIST BOp !llOT n pBBHIIB M OT6opa n o H30TOn H'IllCKOMY CnHKy; 

( n o caMoMy CMhtcny npouecca ). 

~1-0, J, o .. o nepe xoll aanpemea 

0TM9T HM npll>Kil9 BCero, 'ITO B CIIY'IBll 1130TOUH'IllCKOJ! HIIBBpHBHTHOCTH ljlopMij>BKTO~I .. .. 
18 H 18 OllH03HB'IHo CBSI3BHbl c ljlo pMijlaKTopaMH I a H I , , onHCb!BaiOWHMK JliiH Tex >Ke 

113 0TOUH'I8CKIIX MynhTHUIIllTOB SlllllpHbiA n epeXOil 6e3 H3 MllH8HKSI n p o eKQKK H3 0TOnK'IllCKOro 

CnKHB Ia (npK TOM >Kll n epeJlBKHOM HMnym.c e q ) . n eliCTBHTllnhHO, H3 B3B9 CTHbiX rpyn-

/ 9 / 
n OBbiX COOTHOillllHK A Jlii SI MBTp K'IHbiX 3118 MllHTOB B9 KTOp OB CII91lYeT; 

J a (I , I a .. I ' I 3 ) • A ( I ~ I) I a ' 

Is (I , I a t I .. I , I a ) • A(t-+t;/ 1 (I+ 1)- I a (I a ± 1) 

l a(t - 1,ta -+ t , ta l • A y't~ -~~ 
(t - 1-+ t ) 

(15) 

I 0 ( 1- 1 , I 8 ± 1 .. 1 , 13 ) • A(t _ l-+ t l [tV ( t ±I a )(t ± I a -) J 

18 ( t, t 8 -+t +1 , t 8 l•A y (t+ll~ -~ ~ , 
( t ... t+ , ) 0 

J 0 ( t,t 8 -+' +I , t 8 t1l ~ '\ . .. ,+,,£+v<•+23' t 8 l(t+I+ t 8 ll 

r ae aenHl.J.HHbi A< t -+ t ) • A(t -l ... t) H A ( t-+t + t) He 38BH C RT OT t a 

T a KH e >Ke cooTH OllleiiH R H M910T M eCT O JliiSJ 14 H l 6 • HcHo, 'ITO npaaHna OT6 opa no o6ht'I-

HOMY CI!BHY 11 yrnona 11 3 BBHC HMOCTh npu MBII btX n epeJlBHHbiX HMnynbcax ljlopM <jlaKTOpon I 
8 

s 

I• 
.. ... 

, J, H ! 6 B T Oti U OC T H COBfl8Jl8JOT. 

n pean OilO>K HM C HB'IBilB, 'ITO Hll'IBilbHOe H KOHe 'IHOe COCTOSIHH SI SIJlp B OTHOC SITCSI K pa3 -

HbiM H3 0TOHH'IeCKHM MYilb THn n e ·ra M ( XOTSI H30T OJIH 'IeCKY.ll crrHH M O>KeT 6 btTb OJlHHaKoa ). B 

3T OM CIIY'IBS KOOpllHHBTH<>-CJIHHOBblll <jJy HKUHH q• 
A 

H tjJ 
8 

B38 11 M H O Op TOP OH 8 11bHb1 1 H T O, 

'ITO fibtf!O CK838HO B 11p8JlbiUYill8M IIYHKTe 0 B036 yli<Jl9H IIH SlllepHbiX yp OBHell , OTHOCHTCSI H K 

+ + + -
n e peaapsw.Ke . B l.fBCTHOC'fH, nopeXOll.bi TIHia 0 -+1 , 0 ..... 2 H T . Lt . H M910T M e CTO, 9 C 1lB 

c yll!ecTnenHo e3BHMOJleiicT Bne Me>KAY nan e T aiOmetl qacTuuell H cnHHOM nyKnoHa . TaKHM o6-

p830M, Jlflll lj>OpMij>AKTOpa 1
0 

M OlKHO HB!lHCBTb Oll8HKH (1 3a) H ( 14a ), B Jlfl SI q>OpM<jlaKT O-

pa I 3 - ( 136 ) H ( 1461 . 

10 

II 

ECBK ~e llpll nepe38p !IJlKll BMlleT M &CTO nepeXOJl M9 >KilY KOMUOBe i 

>K8 JolYI!bTBn lleTa (npauepou uor YT cny>K BTb peaKUKB: p + Ll 
7 

.. n +Be 
1 

II T.Jl. )_ I 3 II ie CBSI38Bhl COOTKOW9D&M (15) C lj>OpM<jlaKTOpBMK I 8 

IllllloiH ynpyroe paCCeSIIIlle. np11 qR << 1 , IBX l!erKO BBJle Tb , 

I3 • < li'B 
A (l) A ( l) I" f ( t 1 :!:' ~ l i T A>•yt( t +ll-t 8 (t 8 tl) 

n n s Cll'I9HK SI n epeaapSIJlKB Hyi<JIOKOB 114 y r on 0 ° Mhl M O>KeM B 3TOM en~ 

MYny: 

clq (61 
'""'d'O i s- 0 ·u~(E , O ) [ t ( t + l)- ( t 1 t1lt 8 ]+ 

+ u~(E ,Ol I l<W 1Ic;<t> (t<ll.±t<
1
>ll11' >( 

3 ( 2 5 +I ) m ~m8 B 1 I ~ A 

~ 

3Jl&Ch u 0 ( E • 0) - "1 a, (E ,0) I - !Secc nHKOB8SI '18CTh C9'I9BBB n e p eaa p SIJll 

npll tJ • 0 B na!SopaTOplloA CBCTeM8 .I:OOpllBKBTt 

3 ~ ~ 
u~(E , Ol • 2ly 2 (E ,0) I +" I B~(E , Oi l + Re~(E ,OJ8 2{ 

CDIIHOBhiA Bl<flAJl B Ce'I8KII9 nepe38PB!ll<ll H9ATJIOH8 K8 DpOTOB9 npK tJ • 

CKCTeMe KOOPAIIK8T. 

B CJiy'Iae nepeaapSIJlKB rT -M930BOB B8 T81<BX >K9 SIJlpBX 

d~~ ~) 
~ 16_

0
- [ t ( t + ll- t 1 < t 1 ± 1 l) x 1 a ~ ( E ,o 1 

(rr) ~ 

rAe kiz 2 ( E ,Ol l · - JlHijl¢epeanaan&a oe c e'IeKBe nepeaapSIJli<B 
0 , + p .. , 

CHCT8M9 )[00pJlBB8T. 

§ 4. Casah ce'leKB SI Jmaaeynpyroro pacce>UDISI c aepoHTK OC 

y - II ~ - nepeXOAOB 

a) Mo>KHO noxaaaTb, 'ITO cjlopMijlai<Topbl I 1 (A .. B) KenocpeJlCTseaa c 

~ 'IBCTb lO MaTp H'IHbiX a n e MeKTOB s n e xTp B'Iecxoro MYnhTHnOnhHC 

BBIOUIHX pacnaJi A-+ B + y T aKaB >Ke CBS3h HMeeT M8CTO Me>~<;ny ¢oJ 

H a a o s exTopaoA 'I8CTbiO anexTpaqecKoro MYnhTanom.Koro aanyqeaa H 
I ll / 

pacce !IHB SI c s n e KTp o MarHBTBbiMB n p oneccaMB e M . pa60TY ) . 

n el!CTBHTllJlh KO, p83 1IO>K HM BllflH'IHJIY 

.... 
-· qt ( l) e no lll8p0Bb!M <f>· 

Mbl M O>KeM H 8 0RC8 Tb: 

2 q L jL 

I,(A .. B) - I v •rr(2L+l)(---) -- YL,/ifl < 
L .,t o,w 2L + 1 !! e 

-q~< B I I _L ,<t>~ I A > 
1 12 

11 



4) HaXOilSITCSI B XOpOtnBM COrllaCHH C 3KCnepHM9HTallbHbiMII !laHHbi MII 0 803-

/ 9/ 
e ll n e rKHX R.llep npOToHaMH c KHHBTH'tBCKol! s aeprael! 185 M ss • 

a p S1 Jl It a . fi e pe3apSIJlKa OniiCbiBaeTC SI <!>opMijiaKT OpaMII 

BHila M OT6opa no H30TOnH't9CKOMY cnaay: 

bicny np ouecca). 

1\t -o,r . o-.o 

1 6 11 I 6 Oa11 yao-

nepexoa 3anpemea 

np B*.IlB n c er o, 'ITO B CIJyqa e H3 0TOUH't9CKOA HHBapllaHTHOCTH <!>opM<!>aKTOp bl .. 
a a 'tHO CBSI3aHbl C <!>opM<!>aKTOp8MH I a H I ' , OUHCb!BalOU!II MII llllSI T BX lKB 

MyllbTHUil9 T OB SIJl9pHblli nepeXOJl 6 e3 H3M9H9HII SI np 09KIUIII 113 0TOIUI't9CKOr O 

_II T OM lK9 nepeaaHHOM HMnyllbCe q ) • U e l\CTBHT91lbHO, H3 113B9CTHbiX rpyn -
1 / 9 / 
IBHIIA JlllSI M8Tp H'tBbiX 31l9 M9HTOB B9 KTOp OB ClleJlyeT; 

A Ct .,.. t } 

I a ( I , I 6 -o I , I a ) • A (\ ~ \ ) I 8 , 

I 
6 
(I , I 3 ± 1 -> I , I 6 ) • A(t -+t;/ I ( t+ 1)- I a (I a ± I) 

-~--~ 

la(t - 1,•a~ • . t al- A<• - I~t>V' - Ia 

15 ( 1- I , t 3 ± 1 -ol , I a) • A(t - l~t) ( ± V (I ± Ia )(1 ± I a -) J 

l a (t,t 8 ~t +1 , t 8 )eA y (t+1)~ -t ~8 , 
(t ... t+ , ) 

I 5 ( t , t 8 .. t + 1 , t8 ± 1 l '\ • ~• + n['l' y(t+2:r •s )( 1+1'1' t 8 ) ] 

• A<t-t -. t) H ACt-+t + t ) He aaaac.srroT t 3 

( 15 ) 

rH omeHHH HMeJOT MecT o nnsr I 
4 

a I 6 • .Hcn o , 'ITO npasana OT6 op a no o6hi't-

yrllOBa SI 3 a BHCHMOCTb npH Mall biX nepeAaHHbi X HMnyllb CaX <!>op MijiaKTOpOB 1
8 

E . 
16 B T QqHQC TH COBTI 8 Jl8JOT . 

) m RM CHaqana , qTQ HaqanbHOe H KOHe qHoe COCTOHHHH Hapa OT HOCHTC SI K paa-

9CKII M MYilbTHn n e·r aM ( XOTSI H3 0TOTI H'IBCKY.ii cna H MO*eT 6 biTb oauna Kon ). B 

:<OOp!lH H B TH D-C TI H HODbl e 4JyHKUH H 'J' A H 'l' B B38 U M HO Op T OP OH8iib H bl 1 H T O, 

38HO B upeJl biiiYllleM n yHKTe 0 B036 Y* Il9 HIIH S!Jlep l!bi X ypOBHeii , OTltOCHTCSI H K 

B YaCTHOC'f H , nep exo.!lLI THna 0 + ... 1 + , 0 + -+ 2 - R T . Jl . K MeJOT MeCT 0 1 eCllH 

saau Moa e ilc T " ne Me*AY Han e Ta iOwe ii q acTanei! a cna noM n y Knon a . TaKuM o6-

)PM<!>AKTop a 1
5 MOlKHO HaTIHCBTb Oll9 HKK (1 3a) H (14a ) , a llll !! <jJOp MtjlaKTO-

!6 ) K ( 146) , 

10 

ECIIII lK9 npH Uepe3apSIJlK9 IIM9 9T MBCTO n epeXOil M9lKilY KOMnOHBHTaMII OJ:lKOrO H TOro 

lK8 N}'llbTIIn.lleTa (uplluepoM w oryT CIJYlKHTb peaKIUta: p + Ll 
1 

-o n +Be 
1 

, p + H 
8

-. n +H e a 

II T.ll.) I s • ie CBH38Bbl COOTHOW911ll9M (1 5 ) C <!>opMijiaKTOp8Mll 11 11 { 1 OUHC biB810-

nuna ynpyroe p accesume. fip11 qR << 1 , Jtax aer 11o BHABTb, 

15 •< '~'a 
" (!) ,.(1) 1 f (1 1 _! t ~ JI V A> • yt ( t+l)-t 8 (t a ± 1 l•O 

UnB c e 'teKIIH n ep93apRAKK &yllllOBOB sa yron 0° Mbl MOlKBM a aToM cnyqae aa naca Tb <Pop-

MYIIY: 
da(8) 
~IB-0 ·u~(l;,o) [t( t + ll-<•a± l lt ,l+ 

+ u~(E, OJ I l<V II;;<n(t<1>±t<1>l i'P > 1 ~-
3 ( 2 5 + 1) m A:"'B B I I ~ A 

(16 ) 

~ 

3neCb u 0(E ,0 ) • ~j a2 ( E ,Ol l - !SeCCUHHOB8SI '18CTb C9't9HBH n ep eaap S!JlKII n +p-> p + n 

!Ipll 8 • 0 B lla!SopaTOpHoft CHCTeM8 IIOOpllHB8T0 

a ~ ~ 
O'~(E,O) • 2 ly 2 (E ,0) I + ~ I8~(E , Ol l + Re~(E ,0)8 2(E ,0)- (17 ) 

CnBBOBbl ft Blltllall B C9'19HII9 nepe38PSIJliUI B9ATPOH8 sa UpOTOBB np11 8 • 0 B IJa6opa T OpHo A 

CBCT9M9 KOOPilBHaT. 

B cnyqae nepeaapSIJlKII 1r -M930HOB B8 T8ltJIX * B SIJlpax 

d0'(8) ( fr) ~ d0 18_
0

• [t(t +1)-t 1 (t 1 -tlllx Ia~ ( E ,o) I {18) 

(II) ~ - 0 0 
rAe kiz 2 ( E ,0 J I · - AH<I><!>epeanaaJlba oe c e'teHKe nepeaapSIJlKH rr + p .. rr + n np11 0 a na6. 

CBCT9M9 KOOpllHHaT. 

§ 4. CaSI3b ceqeaaSI Jtsaaaynpyroro pacceHHIIH c aeposrraocTblO 

y - II ~ - nepeXOJlOB 

a) MolKBO noJtaaaTb, 'ITO <!>opM ijiaKTOpbl 11 (A -oB) a enocpellCTseaao CBSL38Kbi c B3ocKa

~ 't8CTblO M8Tp B'tBbJX· 91l9M9HTOB SllBKTpB'tBCKOro MYJlbT HnOilbKOr O H31JY't9KII SI, OIIBCbl-

BSIOU!HX pacn a Ji A -> B + y T aKaR lKe CBSI3b aMeeT MaCTo Me»<;ay <!>op MijiaKTop a MB 1
8

( A .. B) 

11 s a oa eKTop aoA 'tSCTblO anexTpsqecKoro MYilhTHnonbaoro sanyqeaaa ( o c asas aey npyroro 
I ll / 

p8CC9SIHHR C Sll9 IItTp OM8rHIITHbiMII npOU9CC8MH CMo pa6QTY ). 

U el!cT saTenb a o, p a31lOJKHM nenK'tHKY 

.... 
-lq r(l ) 

e no lll8p0BbiM <i>YHKUHRM. fip a ~ f"(l)« I 

Mbl M O>Ke M H8flHC8Tb! 

2 q L iL ( 8 ) * 
11 ( A -o B) • I y 4rr(2L + 1)(---

1 
-- YLw<ll < B I OLw l A > -

Lo{o ,w 2L+I I! e 

-q~<B I I ..L,<•>~ I A> 
1 12 

11 

(19a) 



l 

L L 

I a (A .. B ) • I y' 4 w( 2L + 1) _ 2 ___ q_! _ 
L ,O:o,w (2L +Il l! • 

( V)• 

Y L w<v < B I OL., I A > -

~ I OJ~ 
-q < B I I IT r I A > . 

I 
(196) 

3neeb • - aapM npOToaa, 

(8) 4rr e (I) (I) .. (1) 
Q • y'-- I -r Y (r )-

LW 2 L + 1 I 2 LW (20a ) 

•aocxangpaall 'laCTb onepaTopa enexTpa'leexoro 2L -nonhaoro MOMeHTa, 

Q
(V) v'--.;- I • A(l ) (I) y<l) ( .. (1) ) 
LM • 2L"+l"' I 2ta r LW r - ( 206) 

B30B9KTOpHaH 'laeTb 
L x) 

onepaTopa anexTpK'Ieexor o 2 -nonbuoro MOMeHTa , 

JlerJto auneTb, 'ITO eenu OTBOCHTenbaaa 'IOTROCTb 'I .. ( -1~ 8 8 -
8 1 I ( s -enaR M pa), 

B eyMMaX (19) DpB S8 -ISA ljlaKTB'IeexK OCTaeTCII OJIBH 'IJJ9H e L• IS8 - SA J• npu 

5 8 • SA- I 1 I1 •q~ (MoaonOnbHbiA nepexon). Een~~: '1·<-ll1
8a- 8

AI +
1 

(sA u 5Jo), a eyMMax 

(19) MO)I(HO oeTaBBTb 'lnea e L •ISA-5
8

J+1 . Bee 9TB BbiBOllbl JUIXOliRTe!l a nollBOM eorna

euu e eoOTuoweBKHMK (lSa) u (14a). "Y:To Jtaea.eTea oj>opuljla!tTopoa j~ a I., TO a OTsoweaas 

rpynnoaoA eTpyxTypbi • npasan OT6opa ORB nonBOCTbJO aaanorK'IHbi MaTpB'IHbiM aneMeHTaM ~o~ar-
L .. 

BKTHOrO 2 -nOnbHOrO B3ny'19HBR, Onaaxo aenocpeneTB9HHOA esa3B TBDa (19) M9lKJlY I~ .. 
B If a MaTpB'IHbiMB aneM&HTaMB MarHBTHoro 2 L -DOnbHoro aany'leHHR, aoo6me roaopa, 

HOT, TaX Kalt B MarHKTHbl it y -nepeXOJI BHOCHT Bltnan He TOIIbKO enBHOBble , HO H op6H-

TanbHbl9 MOM9HTbl HyltnOHOB, 

B epHeMeH X eOOTHOW9HH!lM (19) B (20), npa B036yJKneHBH !lllep 6eeenHHOBblMB 'lae-.. .. 
THnaMa 6onbwax aaeprsA oj>opMoj>axTopbl I~ H I • , xax Mbl y JKe OTMe'lana, npaxTH'Ieexa 

He BHOCHT BKnana B ee'JeBKe Ksaauynpyroro paeeeSIHBH · (eM, oj>OpMYny (6)), PaeeMOTpHM 

!lllepable nep eXOllbi A .. B , nns KOTOpbiX 11 t • 0 , t 1 • 0 ana 11 t • 1 • B xa lKnOM sa 9THX 

enyqaes B oj>opMyne (6) OCTaeTCH TOnbKO OllBB 'lneH, nponopnHOBanbHbiA I I anu I 8 • y-

paenan 8 .. A + y nnll TaKHX 1UI9p TaKlKe on&e biB8eTeH Hni K30CKanapHbiM, BnH B3 0B9KT0p-
ls -8 I 

HbiM MaTpB'IHbiM 9n9M9BTOM, nyeTb OTHOCBT9nbHaH '19THOCTb 'I • (-1) A B , li aaeeTHO, 'ITO 

DpB &TOM BM99T MeeTO npaKTH'IeeKH 'IHeToe 2 L -nOnbHOe anexTpB'IeeJtoe aanyqea•e 

( L • 5 A- 5~ , sepOHTHOeTb ltOToporo onpenenaeT<;H no oj>opMy ne: 

2 (/1S + 1) 
P(B .. A+yl·~ 

(2 f1S + 1 ) ~ ~/18 + I 
. <I I <A I Q l ll >ll~ 

[(2/1S + 1) !!] !I ,. A''"B 11sw •Sa + ' (21) 

x) .. <s> .. (ll 
nocKOnbKY Maeea npOTOHa B Maeea HelfTpOHa npH M9pHO OllHHaXOB bi , Q I • f f • 0 • 

no 9TOA npB'IBHe, Kalt B3B9CTHO, OTeyTeTByeT anexle~qeexoe llHnOnbHOe H3ny'leHHe npB nepe

Xon e I lls I - 1 , 'I • - 1 , t A .. t 8 , t lA • t as • o 
1 

. 

12 

rne 'ISeTOTa "' - 11 E AB/11 • 11 s - Is A - 5 B I . 
rr(IO+A .. B+ 

C npyroA CTOpORbl, 
aepoliTBOCTb lt~aasynpyroro paeceKRRH 

MSnbiX nepenaHHbiX sMDYnbcax 

~L 

q 
do(6) 1 • -,-
~ '6 « : 11 • [(2115 +1)11]~ 

I a 1 ( E , 0 ) I liP• 

2/15 + I 
-x 
2 5 A+ 1 

11 t - 0 • t 8- 0 

xI I< BIQ 11811 \A. >1a x 
{ 

2 

2 2 
T 

1 
I a ~ ( E , 0) \ · npa 11 t • I • mA,IIlB 

3necb I o6oaaa'laeT cyMMY no MarBBTHbiM xaaBTOBbi M qacnsM OCilOBBOro B 

:D A' mB COCTOKRBA !!liPS• CpaBIIBBall (22) II (21), Mbl MOlK9M uanBCBTb cnenyiOmyiO cp< 

YI<B38HHOrO THUS !lll9PHblX nepeXOilOB ( B o6bi'IHOll CBCTeMe enBHHU) : 

3necb 

do(l1l 
d1} ( rr(K) +A .. rr(K ) + Bl\I1«;!R• 

11c 
- -..r • 

2115 25
8

+1 2 qc 2tJ5 11 P(B .. A+ y) 
--·----\a(E,Ol\ <...-> --.--
6. 5 + 1 25 A+ 1 uE 

fa 
1 

(E ,0) npH 11 t = 0 ta E 0 

a(E, O)• l 
a~ (E ,0) T 1 

nps /:J. t e I 

qc --= -~~t~l. 
VIa (2) cnenyeT, 'ITO rrps (J - 0 a enH"tJ:nHa 

11E v 

Eens 

6.s+t 
'I - (-1) 

(M(6.5) + E ( 6.5 + 1)) 

y -nepeXOJl 8 .. A +Y SIB11Sl9TCSI MSrHHTHblM H n H CM9 

H Me >KJlY %<17+A .. ,+Bl H P(B ->A+yl , noooJ.Uc 

npSIMOH CB!l3H 

co6CTB911Hb1MH 

(noexOnbxy MSrHHTHOe MynbTHIIOnbH09 H31IY'I9HH9 o6ycnOB119HO 

MSrHHTRblMH M OMeRTB MH HyKnOHOB, HO H op6 H'r8 1IhRblM MBrHH'T 

MBrHHTHOrO llHIIOllbHOrO nepeXOAB MelKJlY ypOBH 
npoToaa). Oaaai<o a cnyqae 

e OllHRBI<OBbiM '1JICnOM npOTOHOB H He HTpOHOB IIJ.>H 11 t = 0 MOMHO HBIIHCBTb 

8H8110rH'IHYI0 (23). ilei\CTDHTenbHO, He TpyJlHO TI OK838Tb/1
2

/ , 'ITO ecmt npll M 

ncinbHOM nopexone ht- 0 B t 8 .. o 

4 ...,a l'o+f'n ~ I .. (1) 2 

P(B -> A+yl=r-~(-2- l ~25 1 :£ \ <A\ 2 o IB>\ 
uC 8 + m.(rDs l 

13 



L L 

-+B) 2 q l ( V)• 
-I y'h(2L+l)------YLl.,«il <B/ Q /A 
L,lo,w (2L+i) l! e LW > -

2 I (1) 2 

-q < B I "7 rr r I A > . 
( 196 ) 

HA nparoaa, 

(S) 4 rr e (I) (I) -+(I) 
QLw"V---I-2r YLW(r ) -

2L +I I (20a ) 

CTb onepaTopa sneKTpa'leCKoro 2L -nonLaoro MOMeaTa, 

Q(V) v'-.;- I • "CI) (I) y<O (-+(1) ) 
Ul " 2L'+'T I 2ta r LW r -

onepaTopa aneKTpll'lecKoro 2 L -nonbaoro MOMeHTax). CTb 
(2015) 

I) • (-!)~ Ba-S 1 ~ ( S -CUBH HApa)
1 

tTb, 'ITO ecna OTROCHTenbaag 'leTHOCTb 

IpR Sa-lSA <jlaJtTH"'eCJtH OCTaeTCg O.IIBH 'lneH C L•/Sa-SA / • npa 
2 

(MOHOUOnbRbiA nepexo.11). Ecna I) •(-1)/sa-sA/+I (SA R SarlO), a CYMMaX 

taHTb •rnea c L • I SA -Sal+ I • Bee 9TH ablaO.llbl HllXO.IISITCSI a UOllBOM corna

:SIMII (13a) B (14a). '-iTO KBCaeTCB <jlopu<jlaKTopoa i
2 

B i
4

, TO a OTHOWeHRH 

·ypbi B npaaan aroopa oaa non&OCTbJO aaanor•'labl MaTpB'IRbiM aneMeHTaM uar
.aoro B3ny'JeHBSI. 0.11&811:0 Renocpe.IICTBeRHOA CBR3B THUa (19) M6lK.lly i

2 
Hbi MB aneMeBTBMH MaraaTaoro 2 L -nOnLaoro aany'leaasr, aooow e roaop11, 
:arBIITHbl il 

y -nepeXO.ll BHOCRT B1tna.11 He TOnbKO CflBHOBbie , HO a opoa-
I HyltnOROB. 

COOTHOWeHBSIM ( 19) B (20) • npa B030YlK.lleRaH HAep oeccnaHOBbiMH 'laC-
-+ .. 

>HepraA 4>opM<jJ8JtTOpbl 12 R 14 0 Ka_Jt Mbl yJKe OTMe'lana, np8JtTa'leCKH 

a ceqeue KBaaaynpyroro pacce!IBBB · (eM. <jlopMyny (6)). PaccMOTpBM 

! A .. B , .11na KCTopbiX /lc.o, 'a •O ana llt•l. B Ka lK.IIOM aa &Tax 

yne (6) oCTaeres TOnLJto O.IIRH 'lnea, nponopnaoaanLRb!A 1
1 ana 'a • y-

.llnB T8ltHX HAep TBJt lKe OURCb!BaeTCB BnB H30CJtanspab!M
0 

ana a30BeJtTOp

neMeHTOM. nyCTb OTHOCaT9nbHall 'leTHOCTb I) • (-1) /s A-sal • i1 aaeCTHO, 'ITO 

MeCTO npSJtTR"'eCJta 'IBCToe 2 L -flOnbHOe s neKTpB'IeCJtOe 

ROCTb KOToporo onpe.llengeTf<SI no <jJopMyne: 
aany qea•e 

2(/ls +I) 
B-+A+y) "-xs- 2/ls + 1 

2 "" Ulls +I) (I I< A/Qilswlll>l >~ (21) 5 
((2 /lS + I) II] "'A'"'a 

-+cs> -+(1) • Macca npOToaa a Mace a aeliTpoaa npaMepao O.llaRaKoBbi , Q 
1 

" f r • 0 • 

KaJt B3BeCTao, OTCyTCTByeT aneK;r.~'leCKOe .IIRUOllbHOe B3ny'JeHae npa nepe-
• - 1 , l A • t B • l 8A • t 88 • 0 • 

12 

rne 'laCTOTa "" - ll E AB/11 • ll s - I sA - s B I . 
C .llpyroA CTOpORbi, aepoBTROCTb K~aaaynpyroro pacce!IBRSI rr ( l ) + A -+ B + rr ( K ) npa 

MSnbiX nepe.IISaRblX aLfnYllbCBX 

2L 
q 4 2/lS+ I 

du(6) 1 
1 

• --. 

dO '6 « -;a • ((2/lS +1)11]" 2 5 A+ I 

xI I< B/0. IA>J
2

x usw 
mA,mB { 

2 I a 1 ( E, 0) I 

2 2 
Ta/a 2 (E,Oll 

npll 61- 0. 

npH fl I • I. 

X 

t a • 0 

(22) 

3necb I oooaaaqaeT CYMMY no 
:ll A' 111 B 

MaJ"HBTHbiM KB8HTOBb!M 'IHCnSM OCHOBHOJ"O II B03tiyJKileHHOI'O 

COCTOSIBHA lUlpa. CpaBHHBSSI (22) a (21}, Mbl MOJKeM aanacaTb cne.llyJO!UyJO <jJopMyny nn" 

YK838HHOrO THUS lUlepHbiX nepeXOilOB ( B Otibi'IHOA CHCTeMe e.llaHHU); 

3necb 

du(6) 
d?}(rr(K)+ A-+rr(K)+Bl/IJ .1. • 

<<pR 

1!c 
- -r e 

265 25
8

+1 2 qe 2!Js1!P(B -+A+ y) 
--·---- la(E Ol l (-) ---
/:iS+ I 2SA+I ' 6.E 6E 

fa I (E , 0) npa 6 t ~ 0 'a • o 
a(E, O)• t 

a 2 (E ,0) T a npa 6t • I 

l-13 (2} cnenyeT, 'ITO rrpa IJ c 0 
qe 

B e nHtiH'HB --=-~1. 
6E v 

EcnH 
6s+I 

I)- (-1) y -nepeXO.ll B .. A +y HBJHieTC SI MarHHTH biM H n H CMGW8H:H blM. 

(23) 

(M(!;,.S) + E (65 +I)) H Me>Kny -%<•>+A .. "+B) n P(B .. A+yl , noo6mc roaopH, HeT 

npHMOfi CBSI3H (rrOCKOnbKY MarHHTHoe MynbTHITOnLHoe H3nyqeaae otiycnoaneHO He TO.~KO 

COt5CTB9HHbiMH MarHHTHbiMH MOMeHT8MH HyK nOHOB 1 HO H Op6H't 8 JlbHblM MarHHTHblM MOM9 HTOM 

npoToaa}. OnaaKO a cny'lae MSJ"HHTHOro llHITOnLHoro nepex ona Me>K_ny ypoFIHHMH H.llep 

C O.IIHR8KOBbiM 'IHCnOM UpOTOHOB H ReliTpOHOB ITlJH 6 I = 0 MO M.J-10 H8 flHC 8 Tb cpopMylly, 

BHBnOI'H'IHYJO (23}. neiiCTBIIT9nbHO, H9 TPYilHO IT OK838Tb / l
2

/ , qTQ 9Cnl-! npn MBrl!HTHOM llH-

no"nhHOM nopexo.o.e At. o H t 8 • 0 

4 .,.a l'-p +1'-n 2 I .. (1) 2 
P(B -+ A+y):.--~<--2 -l -25 1 L I <AI I u I R> I 

C 8 + m .(IDs t (24} 
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rne llp +llo • O,S8~ 
2 M0 c 

- eyMMapHblll MOM~HT npOTosa • sel!TpoHa , M
0 

- Maeea 

npOTOB8, 

Llmr npoueee a p + A .. p + B npa AS • I , 'lAs• I a At . o 

du(IIJ U 0 (E , O) -..: o . ~ I 
-dO ( p + A-+p+ 8l le-o• --

3
- I t< 8 1I u IA>1-2 s 1 m.im B l A+ 

(25) 

r ne '1 0 ( E , 0) - BXllall eUHHOBblX 'lliQHOB B BQliH'IHHY " ( C7 ( pp) + C7 ( llp) 
ynp ynp 

2u(p+R-+n+p ll 

(eM, <jlopMyny (10)}, Ore1011a enenyeT, 'ITO 

du(IIJ .0 (E 0) M .~ 2 'lP(8-+ A + Y) 
-- ( p +A .. B + p) 1,. 1 • 1S7-~(TE) ·--A,----

dO v«-;R 0,19 E 
(26 ) 

npa SA • S B • 0 , '7 • I B eeqesse .803f5YJKIIeRHB BJlpa rr -Me30HaMH BXOIIHT TOT JKe M8T

pK'IHbl li aneMeHT, 'ITO H B ee'leHHe KyliOHOBeXOro MOHOUOllbSOro B030YJKIIeHl!lB BApa 9lleXTpo

Ha Ml!l ana ll - MeaoaaMH. KynoHoaeKoe a oafSy JKneHHe BAep a apaJKeHHbiMH qaeTanaMB xopomo 
/ 13-1 4 / 

H3y'leHO B pBAe p aOOT 0 H Mbl Ha HeM OCTaHaBnHBaTbe H He fSyneM, 

6) MaaeeTRO, 'ITO a sepenHTKB~CTeKOM npafSna JKeRHH fJ -paenan A .. 8 + e + v 

OUKebiBaeTCSI JlBYMH THUaMH Bll9pSblX MaTpH'IRblX 9lleMeHTOB0 YIIOBlleTBOpSIIOIUHX npaBHllaM 

OTfSOpa <l>epMH H faMOBa-Tennepa
181

, fl erKO BHAeTb0 'ITO MaTpH'IHble 9lle MeHTbl THUa <l>epMR 
"CIJ "(I) -I ~tCI> 

B TO'IHOCTH c oanauaJOT e <PopM<jlaKTOpa MR I & ( B .. A) - < 8 I r ( t 1 ± t 2 ) e I A > 

npH q • - k , rue k- ey MMapHbl ll KMUy llbC n enTOHOB ( a HaK ( + ) OTHOe KTeB K 9 liQK

Tp OHROMy, aHaK ( - ) - K n oaaTp oHHOMY paenauy). To'IHO TaK JK e MaTp H'IHbie au eMeRTbi 

.. I' I ( "CI) ~I) -+(1) -t+:cr.> THna f aMOBa-Teunepa B TO'IHOCTH eoananaJOT C <!>OpM<jlaKTOpOM 11 •< B t I :1: t 2 )u e q JA> 
I / 15 / 

( eaH3b e e qe aaa nepeaapBAKH e fJ -pacnanoM Obina, B 'laCTHOCTH, OTMe'leRa a pa60Te ). 

fl e rKO BHJleTb 0 'ITO CTeU&Hb n epe,UaHHOrO HMnyJlbea B Bblpa lKeRl!lH UliH Ce'le HHB nepeaapSIIlKH 

a6uaaa II • 0 (e M. § 3) p asHa n opRJlKY aanpeTa eooTaeTCTBYJOmero MaTpH'IHoro s u e MeRTa 

JlUSI {J - p acnaua, Mbl MOJKe M e oCTaBHTb CUeUy JOIUYJO TaOIIHUy: 

CnHHhi 

SlllepHblX 
y p osHeii 

0rROCHT8llb
H8 SI 'le T HOCT b 

<l> op M<jlaKTOpbl 
n epea a p!lllKH 

C oOTaeTCTBYJOIUHe 
MaTpH'IHble 911e

MeRTbl fJ -paenana 

n opHUOK 
aanpeTa 

--------------------------~----~---·----·----(AS) 

SA 1- S B 

sA-s 81-o 

sA- s 8 -o 

As 
(-1) I e 1- o .. 

I e .p' 0 

I & .p' 0 .. 
I 

1 
.p' 0 

I 1 1- 0 .. 
Ie • 0 

14 

fl•a u1 ... •y I .. ..r cAs> 
fl[u r J4 'fJ"' •y I 

fl ( HUB f r 2 
) 

f; 
f 1 ( BnB fr 2 

) 

AS 

t.s 

0 ( HUH 2 ) 

0 

0( HUH 2) 

<As+t> 
t.s+t 

SA., SB 
(-1) I 

6 
ol 0 Jlr 4 •'fJ""'yl 

·cAs > 
flua •fJ ... •y I .. 

I 1 1- 0 

sA-s 8 .-; o -1 1 5 1- o (: 
i , ol 0 f; X: 

s A- o ,s 8 .p'o 
8 

8
+ I 

I 
6 

• 0 (-ll 

i
0 

1- o 
cs 8 l 

flu 4 rf3"''yl 

sA-s 8 .o -1 I 5 • o .. 
1 I • 0 

Mbt n ollbayeMeSI npasSITbiMil a 
/8 / 

fJ -cneXTPOCXOillll!l eT8HIIAPTBbll!o 

MaTpB'IBblX SlleMeSTOB 

(L) 
(L ) I - senpaaona.Mblll Teaaop L -oro paara , 

(L) 1'1 (I) (I) 
r 2 l I ~I) 'I' A( I Jl I .J'I'*( r1 .. . r 2 ... ri'I J I(r 1 + 

B l• 1 

T aXBM oiSpaaoM, uay'IAH 
f3 -pacuan, Mbi MOlKeM a npaB.Uane onpene• 

BXOIISIIUB9 B ee'l&BBe nepeaapSIIIXH (eM. 

(asa'leBBSI <jlopM<jlaXTopoa I 6 H I 1 

<jlopMyny (7)) npB M811blX nep 

npB BMII)'llbeaX 

sxenepBM8BTOB UO /l -aaXB8TY). 

I 
q • 1\ MOl'!< 

MaaeeTso, 'ITO eeqeaae nepeaapSIIIXB sa ayKnose ups o'leBb a~ 
MallO/ 151, nps BTOM eeqesae ynpyroro paeeeRBBR npaXTB'Iee JtB s e 31 

ueTaJOIUeil. 'laCTBilbl, BXOIISIIUell B 118SSblll B30TOUB'18CitBil. MyllbTBUlleT, 

c 2 - 0 ' D .. :;a - 0 • 3TO 3H8-tKT, 'tTO B 
BTOM enyqae MOlKSO UOUOlKHTb 

aueprall ee'lesae ynpyroro paeeeHBBSI a aoafSylKUeSHSI onaebiaaJOTCR T 

(9) CTaHOBBTeH enpaaen 
TOpaMB: 

sa stupe 

1
1 

a i
2 

• B qacTsocTs, cpopMYua 

e HepaBSblM KOUS'leeTBOM npOTOHOB S sel\TpOHOB, npl!I'I8M B 

u o + u • • u ynp ( PP) • u ynp ( op ) • 

nocKOTibKY Ce'lesse B030ylKU8HHR BAepHbl X ypoauell. e S3MeR€HKeM H3 

Ha enHHHilY nponopnaoaaTibHO ee'leSHJO nepeaapSIIIItH sa OTu eubSOM HY 

'l'fO npK 9HeprHRX nopBAKa aeCKOTibKHX faa TaKH8 nponeeebt 6yUyT Cl 

KO BBHIIY MauoeTH cpoaa nepexoubi A -+ B e t. t • 1 

Hbl 9KenepHM8RTaUbHO, 'ITO B npHHil ane MOlKeT AaTb 

, n o-BHIIBMOM) 

eaeneaHR o 6 a6 

enHHOBOil. CTpyK-rype aMUliHTYJlbl nepeaapBIIItB Ha OTAeJibHO"' ayltUOHe. 
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~' •+ ~' • -o.ss _:!_ 
2 M•c - eyMM8 pRbll! MOM!IRT DPOTOBa 8 Be i!Tpoaa , 

M - Maeea • a. 

oQeeea p + A .. p + B 
npe ~s • 1 , '7Aa• I 11 ~~ - 0 

C8 l u 0 C E , OJ -4f 0 ~ 1 
0- ( p + A .. p + B ) le-o - -3 I ~< B I .I (I I A > 1 -2 s I 

IDADII B I A+ (25 ) 

:CE, O) - BXll8.[1 eDHB OBblX 'llleROB B BellB'IHBy "(CI (pp) + C1 ( Dp)- 2u(p+a-oa+p ) ) 
ynp y np 

pMyny ( 10)). 0Te10lla enellyeT, '<TO 

du(8) .u 0 (E,O) 1\1 o 2 
2
'lP(B -o A + y) 

- ( p +A-o B + pll
8 

1 •137~(-L-E ) ·-
dO «- 0 ,19 ~E 

PR (26 ) 

• S B • 0 , '7 • I B ee'leBIIe B0315yJK.[I9 1U!g H.[lpa rr -Me3 0B8MB BXO.[IRT TOT lKe M8T

lleMeRT0 '<T O a a eeqe aae xynoaoaexoro Moa o nollbaoro aoa6yJKlleHBR Hllpa s nexTpo

P. - Me3o Ha Ma. Kyno aoaexoe a oa6y JK.[Ieaee H.t~ep 
/ 13-1 4/ 

3 P M e pa60T , a 
38pRlKeBHbiMH '18 eTRJ18Ma Xoporu o 

M bl H8 HeM OCTaHBBDI!BaTbeR He 15yQeM, 

l 3 aeeTao, '<To a a epensrTBB.HeTexoM npa6naJKe a aa 

·e g liBYMR THDaMH SlllepBb!X M8TpB'IRbi X SDe MeBTOB, 

PMH a faMOB8-Te nnep8
18 1• n erxo 

{3 -p8en8A A -o B + e +II 

YA OBDBTBOpSl!OruHX Dp8BHD8M 

BHABTb, 'ITO M8Tp H'IHhle SD9M9RTbl T ilDa ¢>e pMa 

"co "CI> -1!;"w . e oana A810T e <jlopM<jlaK T Op8 M R 18 (8 -oA) • < B l f (1
1 

:!: 1
2 

) e l A > ... 
k - e y MM8 p Hbll! HMny n&e DeUTOHOB ( 3 H8K ( +) OTHOeHTeg K s nex-

k , r s:te 

K D03HTp o a aoMy p aen8AY). To'<ao T 8K 

l8-Te nne p8 B TO'IROeTa eo&D8Aa!OT 

3 H8K ( - ) 

JKe M 8 Tpa'IHble SD9M 9 HTbl 

e <jlopM<jlaKTopoM ie m < B r I (i<~> :1: 1~> f~"'•'-::<f A> 
I / 15 / ~ aasr nepe38 PMKH e {3 -p8 CD8AOM 6 btn8, a '<8eT RocTa, OTMe'leR8 a p86 0Te ). 

·T & , 'ITO eTen ea& nep eA8 RRo ro a Mnyllhe 8 a Bhlpa>Keaaa .[lng e e qeaa sr nepe 3 a pMxa 

0 ( eM, § 3) p 8BR8 DOpSlllxy 3 GDpe Ta eOOTBCTCTBYIOillero MBTpH'IROr o SD9 MeRT 8 

e n 8ll8, M bt M OlK9M e OCTBBHTb e n eAYIOIIIYIO T aonauy : 

OTaocHTe n&- ¢> opM<jlaxTo~c.;;;:;;;.;,~~~; • --riopH.t~'o~-
Hag '<9 TROCTb 

(-1 ,~s 

n e pe38PMKa M8TpH'IHbte s n e 

MeRT&I {3 -paen8Aa 

I P" 0 
1-:,. 0 

IG .,{ 0 

i • 0 e 
15 1- 0 

je • o 

14 

(~8) 
fl•a•fJ .. ·•yl 
f( [ ;;-:ja '{3 · .. 'r lc~s> 

/1 ( ana fr 2 ) 

f; 

f I ( 11na fr 2 ) 

3 a n peTa 

·----
' ~s 

As 

0 ( HUH 2 ) 

0 

O( ana 2) 

SA ;j SB 

s A-s 8 ,.: o 

S A • O , 5 8 .,1 0 

sA-s 8 .o 

6.s+ 1 
(- 1) 

- I 

8 + I 
(-1) B 

-1 

1 5 .,{ o .. 
1 e 1- o 

15 1- 0 

'""· . 0 

I • 0 
5 

j'e " o 

15 • 0 .. 
18 - o 

(~8+ 1) 
r I f l 'a ·' f3 .... y ·c6.s> 

fluarf3 .. ·'r 1 6.5 

6. s + 

r: .. .. f u x r 

fl u a r {3 ... r y I <
8

a> Sa-

Mbl n on&3yeM eH npBS:HThiMH a 

/8 / 
{3 -cneJtTpOCXOUHH eT8 11A4PTHhiMII o603B:B'Ieii8HMH 

MBTpa'IBbJX BllBMeS:TOB : 

( L) 

I - e:enpe:BOAR.Mhlli Tee:3op L -oro p ae:ra, 

(L) N (I) ( I) 
I • f'I'• Cr 1 .. . r 2 .. . rNl .I Cr 1 + r 2 l I 

B t • 1 

(L ) 
a a 

~I) 1p A ( r I •• r 2 .. r N )dr I • .. dr N f l 

T8Jti! M o6p a aoM, H3 Y'IAH {3 -paenaA, Mbl MOlKeM B npaB:IlHDe ODpeABDHTb <jlopM<jlaKTOpbi , 

a xoamwae a eeqee:ae nepe38p9AXH 

( 3118'1ee:ag <jlopM<jlaXTOpOB I 5 H 

sxe n epaMe e:Toa n o p. -38XBaTy). 

(eM. <jlopMyny ( 7 )) DpH M8Db!X nepeA8BIIbl X B M Dyn&eax 

... 1 
11 npa HMDYn&e8X q • 1i MOlKBO onpeae naT& H3 

l1 3aeeTao, 'ITO eeqee:ee nepe3a pB:IlXB aa ayxno e:e npa o'leBb Bbteox11x s aep rasx x p a llae 

M8n o
1151

• npe STOM e e 'le88e ynp yroro p8e e e HBHH npa XTI!'IeC XB Be 38BBeBT OT 38pHAa 88-

U9T8101ll9Jl '<8CTBilhl, axoAmwel! a A811Bhlli H30TOna'leexBI! Myn&TanneT. B <jlopMYne (3) a 

STOM eny'l89 MOlKBO DODOlKBTb C 2 • 0 , D-o2 • 0 • 3TO 388'1aT, 'ITO B OOnaeTa O'leBb BhleOKBX 

s aeprH J! Ce'le aae ynpyroro paeee HBB H 8 B0315ylKAeBHH ODHC bl88IOTeg TOilbKO ABY M H <jlopM<jlaK-.. 
TopaMa: 11 a I 2 • B 'laCTBOCTH, <jlopMYD8 (9) e T 880BHTCH enpaaeanaaoll llllH p 8 c e e HBHg 

88 Ra p e e 8epaBBblM K ODH'I9eT BOM DpOT080B H a el!Tp 080B0 npH'19 M B e OOTB OWBHHH ( 10 ): 

u o + u o • u ynp ( PP) • u ynp ( np) • 

nocx on&Ky C9'19889 B030Y>KA9HHH Slll9p 8blX ypOB8eli e H3MeH£8H9M H30TODH'Ieexoro eneaa 

88 BllHHHDY nponopQHOH81lbHO ee'leHHIO nepe3apHAXH 88 OTAeUbBOM ByXD089 0 eneayeT O>KHA8 Tb , 

'ITO npa saeprHHX DOPHAKa aeCKOilbKBX raa T8KH9 npo ueeCbl oyuyT CBilbBO DOA8BU9 Hbl, 0A88-

KO BBBllY M8noeTH <jloa8 nepeXOAbl A .. B e A I - 1 • n o-BHAB M OMY. M o ryT Ob!Tb OOB8py>Ke -

8 bl SKCnepHM9HT8DbHO, 'ITO B npHHU ane MOlKeT ll8Tb eaeneH8H 00 80c0ll!OTROH B9DH'IHHe H 

enBHOBOil eTpyKType 8 MDDBTYllbl nepe3a pSlliKH 8 8 OTA9n&HO!\.I JIYKnoae. 

15 



0 5. Boal!yJKAeue M epHhiX yposaeA .11 n epeaapMxa n on neACTBHe M cnaHOBbiX can 

+ + + 
M hl y JKe rosop•n., 'ITO a eJtOTOphle M epHhle nepex onbl, Ranp.IIMep, o -+ 1 , 0 -+ 2 , 

8+1 
0 -+ S ( '7 "(-1) ) , Dpll OTCy TCTBHH CUHROBOI"'O B3 8RMOilGACTBHSI a 6ConiOTHO 3 8Upem eHhl 

np.11 moiSoM aaa'leHi ll nepenaaaoro liMnym.ca q 

B cny'lae xaaa a y npyr oro pacceSIIlBR 'IACT.IIIl c s:ynesb!N cnaHOM \ , - Meaoaos, 1: -

MG30HOB B T.Jl. ) 9 TH SU19pHbiG n epeXOilhl MOryT liMGTb MGCTO T OllhltO n pB HanH'IHH CURHOpfSH

T8llhHOJ'O B3aawoneACTsasr. B TO JKe speM.SI npa pacceSIIlBa '18CTHn co CD.IIROM ( s:yxnoaos ) 

• OCHOBROA Bltn8)l a Te JKG nepeXOilhl BROCHT CDHR--CnHHOBOG B38HNOilGiiCTBHe. npa BbiCOitHX 
1 

9Hepi"'HSIX scj>.peltT.IIBHbiA yron p a c ceSIRHSI fJ " "'P'lf << 1 H CUBHOp6HT811l>Hbl9 qneHhl , UQ-BH-

Il.IIMOM)'0 Man hl no cpasaeHBto c o c naa-cn aaoBbiMH. B p eaym.TaTe cnen y eT oJKHnaTL, 'ITO 
B+l 

nonsoe ceqe a.11e 1Ul83llynpyroro pacceSIHBSI c MepHbiM n epexonow 0 -+ S('l·(-1) ) n nsr 

'18CTHilbl C s:yneBblM CUHHOM BO MHOI"'O p83 MGHh me , 'IGM )lnH '18CTBUbl CO CUIJHOM, OTnB'IRblM 

OT s:ynSL. no afSconiOTHOA senH'IHHe C8'18HHSI U ( N + A -+N+B) WOlKHO CyllHTb 0 Bltnane CURB-

CUHBOBbiX 'lneHOB B 8MUnBTYilY s:yxnoa-HyKnOHHOr O pa c ceSIHHH. 

nnsr HCCne)lOBAHHSI CUBH-cUHHOBOI"'O B38BMOil8~CTBRSI nenecoo6p 83HO paCCMOTpeTb nepe-

aapMJtY llnll soafSyJKAeBBe MepBbiX ypos aell sfSnaaa fJ .. 0 • Kax yJKe OTMe 'lan och Bblrne, 

B patle ClJY'IA8B npR aanR"'HH CURH-cnRHOBOI"'O B38HMO)leiiCTBBSI n ep eXOil S -+ S + 1 , '7" 1 

(ana S -+ S , 'I" 1 , S .f 0 ) MOJKeT fSbtTb paaperneHHbiM UpR fJ • 0 • npa 9TOM BKnan 

ojlop~<PaxTopos II Ia I a 

MAn (aMeeT DOpH)lOit BenB'IBHbl 

ana TOJKnecTseaao pasea s:ynto ( n epexon 

( qR) 2., ( '\~R l 2 ) , 

B xa'leCTBe np.IIMepa pacCMOTpaM cnenytomae nponeccbl : 

I 
(1 +) -+ 11 + Be I ( 0 

+ 
p + Ll ) ' 

I 
(1 +) 

I + 
11+ Ll .. p + He ( 0 ) ' 

I 
(1+) 

I* + 
p + L l .. p + Ll (0 ) (6E .. 3,56 M s s), 

12 
(0 +) 

12 + 
'! + c ... D + N (1 ) 

12 + 12 
(1 + ) 11 + c (0 ) -+ p + B 

u• + 

0± -+ 1 ± ) , ana 

( a) 

( 6 ) 

( s) 

, (27} 

( r ) 

(n ) 

P + ct2<o+> .. p + c (1 ) ( 6 E .. 15,1 M ss). ( e) 

B o6oax c ny'lamc aa'lam.aoe MPO aMeeT 

B cany B30TOUH'IeCitOA aasapaaaTHOCTB 

H30TOUH'IeCKHil CUBH, p 8BHbtll 0, a KOHe'IHOG - 1. 

16 

o ( p + Ll I 
a e e e e• 

11+Be )•o\n+LI .. p+H•) -2u(p+Li -+p+LI 

12 12 12 
u(p+C -+ n+ N ) .. u( n +C 

12 12 u 
p+B )•2u(p+C .. p +C 

nosTOM)' Mbl MOJK9M orpa HB'IHTbCSI paCCMQTPGHil9M peaKitHil 

I I 
n + Li .. p + He 

12 12 
n+C -+p + B 

x ) 

onpenenHeTc H no 
Ce'le aa e nepeaapHilltB D +A p + B npB 65·1·'1"1 

~(A 
dO 

1 " .. !J 1 
Blle -au (E,O ) !. IJ u 1--. 

• 0 ° rn A"cB 2S A +l 

3neCb MSTpB'IHblli s n eMeHT f ;; OUHCbiBAeT 
f3 -pscnan B .. A+o-+V-('1HC1 

TennepOBCICHli nepexon), U ~ (E, 0) - BJtnBJl CUBHOBblX 'lll9HOB B Ce'leHHe nepeaa 

f3 -pacnans H3 t 
H8 HB npOTOHe npB (J • 0 ( eM. cpopMyny (1 7) /. 113 TeOpBH 

nnH paaperneHHbiX nepexonos cnpasennaao coOTaorneaae: 

D 
It - 2 

I f l I 
2 

+ R !. I J ; I 2 s B + 
mA.,mB 

rne D ~ 6550 ±. 150 ceK, It npoaaseneHBe s peMeRH lKH3 RH n o OTnorne 

nany as 
6eap83MepHyto cpyHKUHIO <l>epMH, 3 8BHCHmYIO OT MBI<CHMBnb HOil aaepi"'M 

/ 8 / R # 1,55 • .Lln sr paccMBTPHBBeMbiX peaKitHll f 1 • 0 , R 
a aapSIIla SIJlpB, 

du(fJ ) 1 D 25 8 +1 -- 1 - -u '(E,O l - - ·--
d O (J..o 3 ° (lt)R 2SA + 1 

xx) 

/17/ 
lg 

1
Jt -2,9 • T. e . It c 796 C < 

B cny'lae f3 - pacnans He 
1

-+ Li 
1 

+ e +V 

S 
8 

• o , SA- 1 • B peaynhTBTe 

du(fJl e a d(l ( n + LI .. p + He ll • 0,6o'(E,O). 
0-o 0 

12 12 
/1 7/ 

B c n yqae f3 -pacnana B -+ C + e 
+ v lg

10
1t• 4,2 , It • 16000 cex. • 

12 
d u( fJ ) ( n + C ----m-

12 0 
P + B ) \e 

0 
• u~ (E,O) -- " 0 ,26u ' (E ,O' 

• ( lt ) R 0 
. 

x ) • • nepeaapHili<B n + Li -+ p + He HBM KSlKeTCSI oco6eHHO npHBileKBTE 

KBK y H3 0TOilB He I aeT B036ylKJl9HHbiX COCT OSIHRll, H 3TO nseT B03MOlKHOC'T 

posaTh npouecc n o f3 - pacnany He a 

xx) npa 

I'" 

q • 100 Mss ce'leHae Tex JKe peaKUHH MOlKHO CBR38Th c aepo 

-o6ono'IKH M9308TOMOB (Li
0

JL-) B (C
12

JL- ) . 
- 3 8 XBBT 8 C 
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+ + + •pBrut, 'ITO H9KOT0pble SUl9pllble nepeXOAbl0 HIUipBMep, 0 -+ 1 , 0 -+ 2 
0 +I 

) 0 npB OTCyTCTBBil CllHHOBOr o B38BMO.lleACTBJl>l 8 0cOJIIOTHO 3&npemellbl 

ir• nepenaJrJroro BM!lyllhca q 

a&31lynpyroro paCC9>1Dli 'I&CTBil C JrYn9BblM CllBHOM ( tr - M930BOB, 1: -

TB SIAElpllb19 n epeXO.llbl MOryT BM9Th MQCTO TOIIhKO llpB B8n B'IHH CllHBOp !Sa

eACTBBII. B To lKe apel.UI npH pacce.HHHH '18CTHil co cnaaoM (JrYx n oRos ) 

Te lK9 nepeXOAbl BHOCBT CllBH-CilHB0809 B38BMOA9ACTBae. flpB BbiCOKH X 
1 

JrbiA y r on pacce>IHB>I (J • DR << 1 a cnaaop!SaT&IlhBble qneHbl, n <rsa-

1 
cpaaae~raro c o cnJrJr-cnaRon~Ma. B p eayllhTaTe cneAyeT olKl!nan., 'ITO 

8+1 
!Jl83Bynpyroro pacce>IHH SJ c SUlep&biM nep exoAOM 0 .. S ('7•(- 1) ) An " 

'M CllBHOM BO MBOrO pa3 Mellhme, '19M AnSI '18CTBilbl CO Cn BROM
0 

OTIIJf'IBbiM 

·oniOTBOA sen&'IHBe C9'19RHSI 17 ( N + A -+N+B) WOlKBO CYABTb 0 BKn aAe CllHR-

1 aMnnaTyny JrYKnoR-ayxnoaa or o pacce>IHBSJ. 

saaag cnaa-cn Haoaoro B3&HMOAetc Tsas nenecoo!Spaaao paccMOTpeTb nepe-

'lK.lleRae >IA9pBbiX y p OBHeA B6rut3a (J • 0 • Kax ylKe OTMe'lanocb &blrue, 

B Bana'IBH CnBB-CilBR080rO B38HMOAeACTBaH nepeXOA 5 -+ 5 + I , '7 • 1 

S -1 0 ) MOlKeT 6b1Tb paaperueaabiM npa (J - 0 

I a , 15 ana TOlKAeCTaeauo pasea JrYnro (nepexon 

>K senaqa Bbl 2 6ER 2 
( qR) " ( """iC) ). 

paMepa pacCMOTpaM cnenyromae nponeccbl: 

e 
(1 + ) .. n + Be 

8 
( 0 

+ p + Ll ) . 
s 

(1 +) e + 
D + Ll .. p + He (0 ) . 

s 
(1+) s• + 

p + Ll .. p + Ll (0 ) C&E • 3,56 M as), 

12 + 12 + 
I!+ c (0 ) ~ n + N (I ) 

12 + 12 
(1 +) D + c (0 ) .. p + B 

12 + 12. + 
p + c (0 ) .. p + c (1 ) ( 6 E - 15 ,1 M as). 

flpa aTOM BKnaA 

0:1: .. 1:1: ), ana 

(a) 

( 6 ) 

(a) 
~(27} 

(r) 

(A) 

(e) 

l8'181IhBOe SUlPO HM99T 

:OA aaaapa&HTROCTa 

aaOTona'leCKHi! c nau, pa&Hblll 0, a KOHe'IHoe - I. 
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I I I I I 1!1 * 
o ( p + Ll -+ n + Be ) • o ( n + Ll .. p + He ) • 2 o( p + Ll -+ p + Ll ) 1 (28) o(p + c 12 

.. D + N
12
)- o(n + c

12 u 12 12° 
p+ B l•2o(p+C -+p+C ) 

fl09TOr.<y Mbl MOlK9M orpaHH'IaTbCH paCCMOTp9HB9M peaKuaA 

s s 
n + Ll -+ p + He 

x) 12 12 
n+C -+p+B 

Ceqeaae nepeaapSUlKH D + A p + B npa 6. S • I , '1 - 1 onpenenSieTClJ no <j>opMyne: 

~(A 
dO 

1 ' \ I .. 12 I Bli(J - 3 o (E,O , I Jo --. 
•0 ° mA.Cl B 2 SA +1 

3A9Cb MBTpH'IBbiA aneMeBT f; onaCbiB89T {3 -pacna.ll B-+ A+ e-+v- ( 'IHCTbill 

(29) 

raMOB-

Tennep08CKBA nepeXOA), 0~ (E, 0) -BKnaA CnBHOBb!X '1119H OB B Ce'leHae nepeaapSI.llKB H9HTp0-

B8 aa npOToue npa (J .. 0 (eM. cjlopMyny (17) ). l-13 Teopaa {3 -pacna.llB H3B9CTH0 0 'ITO 

.llnll pa3p9lll9HHbiX nepeXO.llOB cnpBB9A.llHBO COOTHOlll9HHe: 

It -
D 

(30) 
.. 2 • 

IJ 1 1
2

+ R I IJo I _2_5_+-;-
. mNmB B 

rne D ~ 6550 ±.. 150 ceK, It 

nany aa 6e3pa3MepHyro cjlyaxnaro 

npOB3B9.ll9BH9 Bp9M9HH lKH3HH no OTHOlll9HHlO K {3 -pac

<l>epMH, 38BHClJI!lyJO 0T M81tCBM8nbHOi! aHepraa aneKTpOHOB 

a 3BplJ.lla Sl.llpa, R = 1,55181• LlnSJ paccMaTpasaeMbiX peaKnal! fl • 0 , H cnenoaaTellbao: 

da((J) 1 D 25 8 +1 
--I • -o ' (E,O)-- • --
dfl (J..o 3 ° (lt)R 2SA+1 

xx) (31) 

B cnyqae {3 -pacna.lla 
/17/ 

lg 1Jt -2,9 , T.e. 
s s 

He -+ Li + e + v It = 796 ceK. DpH aToM 

S 
8 

• 0 , SA • 1 • B pe3ynbTBTe 

B cnyqae 

do((J) s 
~(n + Ll 

12 12 
f3 -pacnana B .. C + e 

p + He 
5 

) I • 0 ,6 o~ (E ,0). 
ci-o 

/ 17/ 
+ v 1g

10
ft- 4,2 , It • 16000 cex. 0Tcrona 

do((J) 12 12 D ----m-- ( D + c .. p + B ) 16= 0 - 0 ~ (E ,0) (fi)'i\ .. 0,26 0 ~ (E ,0) • 

\32) 

(33) 

x) a s 
flep938pSI.llK8 n + Li -+ p + He B8M KBlKeTClJ OC069HHO rrpaaneKBT9 nbHOH 0 TBK 

KBK y H30TOna He 5 BeT B036yJK.ll9RBbiX COCTOlJHHi!, H aTO uaeT B03MOlKHOCTb Hll9 HTBcjlHilH-

pOB8Tb npouecc no f3 - pacnauy He 
5 

xx) flpH q .. 100 Mas ce'leHHe Tex ~<e peaKuai! MOlKBO CBSJ38Tb c aepoSITHOCTbiO 

- 38XB8TBC S-o6onO'IKH M9308TOMOB (Li
0
1'-)H (C

12
1'- ). I' 
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113 (28) cpa3y cnenyeT, 'ITO 

cla(ll) I 1 * 
--- ( p + Ll .. p + Ll ) I 

dO ~-o 
I 

• 0,5 u 
0 

(E ,0 ) , 

(34) 
du(ll) u 
~(p + c .. p + 12. ' c >I • O,lh (E ,0) 11-o o 

x) 

Eme p83 UOA'l&JIIUI&M, 'ITO TOIILKO 'ITO paCCMOTpBBBI>I& Slll&pBbl& nep&XOAbl npa p8CC&SIBBB 

I • a nepe3apsmxe , -Me3oaoa a o6nacn II • 0 (II << - ) AOliJKBbl 6b!Tb no,qaBneBI>I. 
pR 

nna BCCll&AOBABBB pona CllKB-CUKBOSOrO B38BMOA&ACTBKB B ynpyrOM p8CC9HBBK ayillOB8 

u .llylUloae nenecoo6pa3ao paCCMOTp&Tb aoo6ylKA&ue ypoaaeA c AS • 0,1 a At • 0 

y smep c paB.&biM J:On&'leCTBOM npOToaoa a .aeATpoaoa. B cny'lae O'lem. sblcoxax aaepraA, 

~:orn C&'leue nepeaapsmu Mallo no cp&BaeaaJO c C&'leaaeM ynpyroro paccesmas (eM. § 4), 

ce'leoe soa6ylKAeus yposileA c 6s • 0 a na 1 a At •0 npa II • o , ae3asacauo OT 

COOTBOW&BBB M&lKAy I:OnB'l&CTBOM npOTOBOB B aeiiTpOBOS B BApe, onpe,qenseTCB no cPOPMYll&: 

PP 
d u (II ) • u 0 (E , o ) . .. ~ 
--y--0 <p+A•p+s>- 3 I I<BIIIA>I 

(25 A +I )•A·•s 
(35) 

PP pa 

r!e u 0 • U0 - BJ:nSA cnaaoa&IX 'lneaqa a Ce'leaae ynpyroro pacceBRBB ayxnoaa aa ayxnoae, 

I - onepaTop cyMMapaoro cnaaa ay~tnoaoa. 

B Jta'leCTae npauepa pacCMOTpBM soa6ylKAeaae ypoaas B 
10 

c aaepraeA 3,58 Maa 

2 +., t • 0. I13B9CTBO, 'ITO OCHOSHOO COCTOSIBBe B IO o6n8A8e1' B ICB8BTOBbiMB 'IBCII8MB 

I:B8BTOBbiMB 'IBCJIBMB 3 +, /18/ 
t • 0. Ecna, B COOTS&TCTBKK C pa60Tol! , npBBBTb, 'ITO 

Mlll'IIKTBOMY AKilOIILBOMY nepexony COOTS&TCTSYeT WBpKB8 0,002 as, 83 cPoPMYnbl {26) 

cnenyeT 

xx) 
cla(ll) 10 + 10° + pp ---nr- ( p + B (3 ) • p +B (2 )) l~~-o•O , llu0 (E ,O) 

cla(ll) 10 + 10* + 
K colK8neasJO, a6conioTaoe 3Ba'Ieue dO ( p + B (3 ) .. p + B (2 )) cpasSBTen&ao Mano. 

u + u• + 
MolKHO paCCMOTp&Tb peaxnBJO p + N (I )• p + N (I ) ( A E • 3,95 Mas}. llJspsaa, COOT-

+ + 
B9TCTSYJOW8B MArBBTBOMY ABUOIILBOMY nepexo,qy I (I • 0) 1 ( t • 0 ) , co-

3,95 Mas · 
CT8BJ1HeT, ll<>-SKAKMOMYt OKonO 0,005 ss

1121
• 0TCIOA8 

du(ll) 
dO(p 

u + u• + 
+ N (1 ) .. p + N (1 »I 

11-o 
... 

• o ,28 u 
0 

( E ,0) • 

X) I -~ 1* . I~ I~* 
Peaxnas p + Ll •p+LI ( A~ =3,6 Mas) a p + C •p+C ( AE •15,1 Maa) axcne-

psMeRTam.ao sccneAosansc& s pa60Te 91 npa aaepras 185 Mas s na6opaTopaoll cacTeMe 
xoopAaaaT;. s o6oax cnyqagx, xax cneAyeT H3 /9 / , yrnosoe pacnpeAeneaae Maxeauan&
ao npa II. 0°. 

xx) /9 / 
nony'IeHHbll! pe3yllbT8T cornaeyeTeg C axcnepaMeHTan&Hbi MB .ll8HHblMK 0 cna60M 

soa6yJKaeaaa yposas B 10 e aaeprsell 3,58 Mas. 
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§ 6. 0 nonpasxax aa MHoroxpaTaoe paeeeBUe 

B 38Kll iO'IeHae Mbi aonJKBbl eme nOA'IepxayT&, 'ITO, paeeMaTpasas KDl 

uecebl, Mbi ae y'IBTbisallH MaoroxpaTaoro paeeeliHHll sayTp.a <mpa. B 'ISe'I 

paeCMOTpeaas ocTanes nponeee asollaoA nepe38p liAfCH IT -M930BOS 88 II: 

/3/ /4/ 
60T8X t{y K BHK8 ' t{y K rollb.ll6eprepa ll0K838BO, 'ITO s paMxax HN 

JKBBHB nonpasKH aa Maoro&paTHoe paeeesmae aMeiOT nopsmoK senK'IHBbi v 
u -nonaoe eeqeaae ynpyroro paeee HBKB, ~ - epeaaee paeeTosaae Me~ 

smpa, .\ -anHH8 SOllHbl B8ll9T810W&II '18CTHilbl. npa SbieOKHX 9BeprKSIX, ICO 

_;-;; .\ 
O'l&SKABO, 'ITO y-;- ..,..., << I , H MBOroKp8THbiM paeeell!IBBM 38S9.1lOMO M 

•tr R 
_,ti' .\ 

nocKOIIbKY o6bi'IBO v ..... R < I ' MBOrOKp8TBoe paeeell!IBO MOlKBT SBOCI 

llbiA sJtnaA s ee'IeBKe Jtsa3aynpyroro paceeHBKll a nps Mem.wax aaepra!DI 

Mbl MOlKBM e'IBT8Tb, 'ITO .llnll nerKRX smep aeXO.IlBOO eoOTBOW~HH9 ( 1) en: 

BOCTbJO .llO aeeKOIILICHX nponeBTOB, 

-12 
B enyqae TIDKBllbiX smep, paAsye KOTOpb!X .llOCTaraeT 10 eM, MOl 

cyweeTB&HHbiM nornOWBBBO B B3M9B9BH9 cjla3bl llpOXOABWBII SOllHbl BayTpB 

/56/ lt8K IIOK838HO B ' , S <!>opMyllbl BMnyn&eaoro npa6llKlK9HHB BylKBO BBB< 

llOK838T9llb npenoMll&BHll ll • (B '18eTBOCTK, B <!>OpMYny ( 1) BMeeTO I 

... ... ... ... ... ... 
nyllbea q • p ~ - p 

1 
, eneAYBT noAeTaBKTb q ' • p ~ - p 1 " ) • Bonae .lleT8n&Roe 

nonpOC8 SbiXO.IlHT 38 p8Mitll B8CTOliUI91i pa60Tbl, 

n B T e p 8 T y p a 

1. r. Max-Maaye . B 3 8HMOAelleTSH9 6&1CTpb!X ayxnoaos e smpaMK. 

C6opRKit •cosepeMeHBbl9 npotSneMbl g,qepaoA <I>K3BKB'' roeaTOMH3.1l8T, 
eTp. 223-245; nlK. 4>peB'Io npBMbl9 B38BMOABileTSHB, T8M ' lKe, eTp. 21 

2. G.F. Chew. Phys. Rev.,.all, 196 {1950). 

3. G.F. Chew, G.C. Wick. Phys. Rev., 85,636 (1952). 

4. G.F. Chew, M.L. Goldberger. Phys. Rev~, !1,778 {1952). 

5. T.K.Fowler and K.M. Watson. Nncl. Phys., U, N 4 {1959). 

6, T.K. Fowler. Phya. Rev., 112, 1325 {1958). 

7. n.n. ny3sxos, P.M. P&IBAKB, .H.A. CMopoaaaexaA. )1(3T4>, ~ 532 ( 

8. A.C. nasbUlOB. TeopaB 8TOMHOro smpa, rn, 6, 11. 4>H3M8TrB3, 1958 • 

9. D. Huaelgren, P.U. Renlerg, O.SUDdhergand, G. Tubell. Nne!. Phys., 69, N 1, 81 { l 

10. 

11. 

12. 

n.n. p naB.IlSY H E.~ nsc~>wau. KsaHTOS8.B M9X8BB1t8, § 29, 

W.T. Pinkston and G.R. Satcher. Nucl. Phya.,.r£, N 2, 270 {1961) • 

G. Morpurgo. Phys. Rev. , !!.Q, 721 { 1958) • 
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·aay cneeyeT, 'ITO 

0(11) 1 1* 1 

--
0
-(p + Li .. p + Li )I • O,Su

0 
(E,O), 

d ~-o 

du(ll) u 
~(p+ c .. p+ x) 

(34) 
u• ' 

C >I •O,Uu U:,o) 11-o o 

•A'l9JIIt.II9M, 'ITO TOIIbiCO 'ITO paCCMOTp9li.Bb19 liA9pBhle DOpOXOAbl npa pACCOIIBRR 

Ke ,. -Meaoaos B o!SnacTa II .. o (II << ....!_ ) 
pR llonlt<Bhl 6b!Tb DOA4Bn0Khl, 

•BADSI pO/IJf CDRB-CDRHOSOI"O B3ARMOA9ACTSRSI S ynpyroM p4CCOIIBRR IIYI.IIOBA 

Jtenecoo!Spaaao paccMOTpeTb soa!SylKAene yposaeA c .6.s • 0,1 a .6.1 • 0 

fB.BbiM IOlUI'lOCTBoM DpOToaos a .aeATpoaos. B cny'lae oqem. BbiCOKHX aaepraA, 

:Be DepeaapJI,IlU M4.110 IXO CpB.BBOHBX> C CO'l9BROM YDpYI"OI"O paCCOIIBRSI (CM, § 4), 

ISylKAeaa" ypos11eA c .6.s - o an a 1 • .6.1 -o npa II - o , aeaasRcaMo OT 

a MOlKllY IO.IIR'IOCTBOM DpOTOBOB B BOliTpOBOB B HApe, 0Dp9JlO.IIROTC>J DO oj)opMyne: 

a 

du( II) 4 
dO (p +A .. P +B) • a 

PP 
u 0 (E ,0) 

(2SA +1)•~.-J< B IiI A> 12 (35) 

- BI.II8.11 CDRBOBbiX 'lli&BqB B C&'l&BBe ynpyroro paCC&IlBRSI !IYMOBa Ba HyiUIOBe, 

~p cyMMapaoro cnaaa ayinoaos. 

10 CTse DpRMepa paCCMOTpRM aoa!SylKlleaae yposaH 

R 'lRCnAMB 2\ 
B c aaepraea 3,58 Mea 

I • 0, HasecTao, 'ITO ocaoaaoe COCTouae B 10 o6naQae1' 

'IRCIIBMB 3+, I - o. Ecna, B COOTS&TCTBIIR c pa60Toa1181, DpHBSITb, 'ITO 

llRD011LHOMy DOpOXOAY COOTBOTCTBY&T WllpRBa 0,002 aa, ll3 oj)OpMy.llbl (26) 

xx) 
0(11) 10 + to• + PP 
~ ( p + B (3 ) .. p+B (2 lll~~-o•O,Ilu0 (E ,O) 

'• a6coni0Taoe aaa'leHRe du(ll) 10 + to• + 
dQ ( P + 8 (3 ) .. p + 8 (2 )) CpaBHRT011bHO Mano, 

u + u• + 
p + N (I ) .. p + N (1 ) ( .6. E • 3,95 Mas), lllRpaaa, COOT-

+ + 

'0Tp9Tb peaKilRX> 

Mai"HRTHOMy ABDom.HOMy DepeXOlly 1 (I • 0) 1 (I • 0 ) , co-
3,95 Mas 

•SilllRMOMy, OICO.IIO 0,005 as
1121

• Orcmta 
du(ll) 
dlr(p 

14 + 14* + PP · 
+ N (1 ) -+ p + N (1 lllll-o • 0,28u 

0 
(E,O). 

1 e* . u u• 
.aa p + Li -+p+LI ( .6.~ =3,6 Mas) a p + C -+p+C ( &E •15,1 Mas) aKcne-
accneaoaanRc& a pa60Te 

91 
npa aaepraa 185 Mas s na6opaTopaoa cacTeMe 

o!Soax cnyqa=. Kax cneayeT aa /9 / , yrnoaoe pacnpeaeneaRe MaxcaMan&-

/9 / ..... OHHbl!! peaym.TaT CornacyeTCSI C aKcnepBMOHTa.llhHbiMB AaHHbiMR 0 Cna60M 
·posa" B 

10 
c aaeprael! 3,58 Mas, 
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§ 6. 0 nonpaaxax aa MHoroxpaTaoe p acceHBBe 

B aaKniO'IeHae Mbi aonlKHbl eme noaqepKHYTh, 'ITO, p accMaTpaBaH Kaaaaynpyrae npo

ueccbl, Mbi ae y'lRTbtsana MaoroKpaTaoro pacceHHBH sayTpB gapa. B 'laCTHOCTa, sae aamero 

paccMOTpeaaH ocTanc>J npouecc aaol!aoll nepeaapstAKB , -Meaoaos aa HYKnoaax HApa, B pa-
/3/ / 4/ 

60Tax t{y R BaKa , t{y R fo1!La6eprepa uot<aaaao, 'ITO s paMKax &Mny1!Lcaoro npa6na-
-). 

JKOHB>J nonpaSICB Ba MHOI"OKpaTHOO paCCOIIBBO BMOIOT nopHQOIC SO.IIR'IRRbl y: tr jf1l , rae 

a -non.aoe ceqeaae ynpyroro pacce SIBBSI, f - cpeaaee paccTostaae MeJKay ayKnoaaMB 

HApa, >. -anaaa aon.abl aaneTa10well 'laCTBilbi, Opa SbiCOKHX auepraSIX, Koraa E >> m, , 
_,-u>-

oqeaaaao, 'ITO y-,- -:->< << I , H MHOI"OKpaTHbi M paCCOSI.BROM 3aseaOMO MOlKBO Dpeae6pe'lb, ., a• . 
00CK011LKY o!Sbi'lHO v.!f;; T < 1 • MBOI"OKpaTaoe pacceSIBBe MOlKOT SBOCBTh aeaaa'IBTOIIb

Bb!A SKnaa B ceqeaae Ksaaaynpyroro pacCOSIBBSI • npa MOBbWBX 9BOpi"H>JX, Opa E - 1 ras 

Mbl MOlKOM C'IRTaTh, 'ITO anSI .IIOI"KBX >JQep BCXOllHOO COOTBOWOBBO (I) CDpasellnBSO C TO'I-

HOCTbX> llO HOCKOIIbiCHX nponeBTOD, 

-12 
B cnyqae TRJKe.llbiX gaep, paaayc KOTOpblx llOCTaraeT 10 CM, MOlKeT oKa38ThC>J 

c ywecTBOHHbiM nornomeaae a B3MeaeHBe oj)aa&I npoxollstwell aon.a&I aayTpH Slllpa. Op~ aToM, 

KaiC IIOKa3aHO B 
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, B oj)opMy.llbl BMny11LCHOI"O npa!Sn&lKOHHll aylKBO BBOCTH ICOMil.IIOKCHb!J! 

DOKa3aTe11L npenOMilOHHH ll , (8 'l8CTHOCTR, B oj)OpMyny ( 1) SMOCTO DepeaaBHOI"O BM-
-+ ... ... .. ... .. 

nyllbca q • p
2

- p 
1 

, cneayeT noacTaBRTh q' • p
2 

-p 1 n ). Bonae a&Ta1!Laoe o6cylKaeHBe aToro 

sonpoca Bb!XOaHT 38 paMICR BaCTOliWOll pa60Tbl, 
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