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npH OIIHCBHHH CTOnKHOB9HHI 9n9M9HTapH~X qaCTHU C H~paMH xapax­

TepHCTHKH BHyTpHH~epHoro B3BHM0~9ICTBHH H B3BHM0~9ICTBHH qaCTHU 

c HyxnoHaMH H~pa nepenneTaiOTCH Me:>K~y co6oa aoo6zue ~oBonbllo cno:>K­

H~M o6paaoM, Tax qTo nonyqeHHe HH!flopMauuu o xaxol-nu6o Ha HHX sans­
eTCsr a o6zueM cnyqae HenpocTol aa~aqea. 

CyzuecTaeHH~e ynpozueHHH aoaHHKaiOT, ecnu qacTHua, HaneTaiOzuas 

Ha H~po, HBCTOnbKO 6~CTpasr, qTo aa Bp9MH 
npoxo:>K~eHHsr qepea 

51~po HyKnOH.bi He YCII9BBIOT 3BM9THO H3M9HHTb COCTOSIHHe CBOero ~BH­

:>K9HHS1. npH 9TOM BMIInHTy~.bl B3BHM0~911;CTBHSI TBKOII; qaCTHUbi CO CBsr-

38HH.b!MH HyKnOHBMH Sl~pa C XOpoweA TO"'HOCTbiO COBIIB~BIOT C BMIInHTy­

~BMH B38HM0~9ICTBHSI ee CO CB060~.I{},IMH HyKnOH8MH
0 

a cpyHKUHH pac­

IIpOCTp8H9HHSI ( cpyHKUHSI rpHHa) ee B H~pe - CO CB060~H.b!MH cpyHKUHsr-

MH rpHHa, T.e. XOpOWO pa6oT89T T.H. HMIIynbCHOe IIpH6nH:>K9HH9 • /}/ 

npH 9TOM I1pH6nH:>K9HHH B psr~e cny"!aea IIOn~qaJOTCH IIPOCT.b!e COOTHo­

W9HHS1 Me:>K~y CeqeHHHMH B3BHM0~9ICTBHSI qaCTHU.bl C H~pOM H ceqe­

HHSIMH ee B38HM0~9ICTBHH CO CB060~H~MH HyKnOHBMH. 

0~HHM H3 I1pOCT9IWHX SIBnSI9TCH COOTHOW9HHe a~~HTHBHOCTH ~ng 
xaaaHyrrpyroro paccesHHsr "'BCTHU~ H~poM 

I 
A , 

duXA ... XA' 

dO ( 1 ) dO 
I 

8 neaoa qac;:TH cpopMyn~ ( 1 ) CTOHT ceqeHHe pacce51HHsr qacTHu.&r X 

Sl~pOM A Ha H9KOTG>p.bii yron, rrpocyMMHpOBBHHOe IIO BC9M COCTOSIHHSIM 

3 



KoHeqaoro Sl.apa A', a a npaeoa - cyMMa ceqeHHI pacceSIHHSI 9TOA qac­

THUbl HyKnoHaMH 1 H3 KOTOpbiX COCTOHT ,LlaHHOe SI.LlpO, CpoTHOW8HH8 ( 1 ) 

xopowo eblnOnHSieTCSI .anSI nerKHX SI.Llep ( Kor.aa s<tJ<tJeKTbi MHoroKpaTHoro 

pacceSIHHSI Manbl) npH He oqeHb ManbiX yrnax pacceSIHHSI H MomeT 6blTb 

HCDOnb30B4HO ,Lln51 nonyqeHHSI HH<tJopMaUHH 0 B3aHMO.Ll8llCTBHH qacTHUbl 

X c aeATpoHaMH, ecnH H3B9CTHbl X -npoTOHHbie ceqeHHSI, 

PaseHCTBO ( 1) oaaaqaeT, 'iTO npH pacceSIHHH qacTHUbi nerKHM 

SI,LlpOM npOHCXO.LlSIT B OCHOBHOM KBaaHynpyrHe O.LlHOKpaTHbl9 B38HMO,Ll8IC~ 

BHSI ee C OT.Ll8nbHbiMH HyKnoHaMH, 

HHme ycTaHaBnHBa9TCSI npOCTOe COOTHOW9HH9 ,LlnSI C9'i8HHJl TaKHX 

saaHMO.Ll8llCTBHJl qaCTHUbl C SI,Llp0M 1 KOTOpb!8 38TparHBaiOT ,LlBa HyKnoHa 

B Sl.ape. 

Toqaee, Mbi 6y .a eM paccMaTpHsaTb .asyxcTyneH'iaTblA npouecc c 

yqacTHeM ayKnoaos N 
1 

H N 
2 

, KOTOpbiA cxeMaTH'ieCKH MomHo npe.a-

cTaBHTb TaK 

XN 1 (N~) -+Y8
1
(N

2
).., YN 2 ( 8 1) -+ Z 8 2 (8 1 ), 

'iTO oaHa'l:aeT cne.ay10wee: qacTHua X , aaneTaSI Ha SIJlpo, saaHMo.aeA­

CTeyeT c HyKnoaoM N 1 1 o6paaySI qacTHUbi Y H 8 1 , aaTeM o.aaa 

H3 o6pa30BaBWHXCSI Ha 9TOM 9Tall8 'iaCTHU (.anSI onpe.aeneHHOCTH y 

B3aHMO.Ll81lCTByeT C HyKnOHOM N 2 , pom.aaSI Z H 82 • 

.QnSI npOCTOTbl paccMaTpHBaiOTCSI .LlB~X'iaCTH'iHbl8 peaKUHH Ha Kam­

.LlOM 9Tane, XOTSI npOBO,LlHMbl8 HH)f{8 BbiKna,LlKH MOryT 6blTb o6o6weHbl 

H8 cnyqajl npOH3BOnbHblX peaKUHA B Jtam.aoA CTyneHH, THDH'iHbiM npHMe­

poM pe.aKUHA C y'i8CTH8M .LlBYX HyKnOHOB SIBnSI8TCSI .LlBOAHaSI nepeaapSI,LlKa 

/2~7/ -rr -MeaoHoB HnH npespameHHe K -MeaoHOB B K -MeaoHbl ( c o6-

/8/ 
paaoeaHH8M LlBYX rHnepoHOB) H8 SI,Llpax , 

nepBaSI H.L18T1 HanpHMep 1 DO CX9M8 

4 

~ 

J1 2p 0 
-+ rr pn -+ TT+ 2n • 

Q B03MO)f{HblX MexaHH3M8X1 npHBO.LlSIWHX K .LlBOIHOMy 

CTpaHHOCTH 

B /8/ • 

K -MeaoHOB npH cTonKHoseHHH HX c Sl.apaMH, c 

Mbi paccMoTpHM o6paaosaHHe 6blcTpblx qacTHU Z , El 

UHH 
X N 1 N 2 -+ Z 8 1 8 2 

npH cTonKHoseHHH 6blcTpol qacTHIIbl X c npoHason:&HbiM , 

(no.a 6&ICTpbiMH 6y.aeM no.apaayMeBaT:& 'laCTHUbi C HMnyn:ac, 

6on:&WHMH xap8KT9pHbiX HMnyn:&COB HyKnOHOB B SI,Llpe) • 

npH 9TOM 1 ecnH npeHe6pe'i:& 9<tJ<tJeKT8MH nepep8CC9SIHH 

z 8 l' 8 
2 

H8 OCTan:&HbiX HyKnOH8X SI.Llp81 'iT01 no-BH.Ll 

,Ll8HO ,LlnSI nerKHX SI,Llep1 TO 9TO "OCT8TO'iHOe SI.LlpO" ( KOTOpl 

KaK CBSI3aHHOI1 T8K HeCBSI38HHOA CHCT9MOI HyKnOHOB) B II9J 

H93Ha'iHTen:&HyiO 'iaCT:b HMnyn:aca H KHH9TH'I9CKOJl 9HeprHH H 

'i8CTHilbie 

BaaHMO.Ll8ACTBH9 B 9TOA CHCTeMe Me.aneHHbiX HyKnOHO 

HblM H ero H906XO,LlHMO y'iHTbiB8T:b TO'iH01 a B3aHMO.Ll9ICTBI 

pbiMH 'laCTHII8MH Z 1 8 l 1 8 2o KaK yme OTM9'ianOC:b BbiWE 

He6peraT:&, B 9TOM npH6nH:lK9HHH BOnHOB8SI cPYHKUHSI KOH9'!H 

MO:lK9T 6blT:b npe.ac-tasneHa B BH.Ll8 npOH3B8.L19HHSI nnoCKHX 

Ba!OWHX .LlBH)f{SHHSI 'laCTHil Z 0 8 1 1 8 2 Ha BOnHOBYIO <tJyl 

TO'IHoro Sl.apa", KOTopaSI B .aan:aaeaweM o6oaHa'ieHa 1/1, • 
.Qng MaTpH'IHOrO sneMSHTa paccMaTpHBaeMOI peaKIIHH 

CTOSIWSM H3 n HyKnOHOB 1 C BOnHOBOI <tJyHKIIHeA 1/11 Dl 

D 

M • f II d p ip (p , p , ... , p ) T (p
1 

, p , " , q, 
1 r kat k r a ' n 2 

xi/J,(p ,p 
l 2 

••••• p 
D 

5 



0 Sl.apa A', a a npaaoa - cyMMa ce'leHHA pacceSIHHSI 9TOA qac­

noHaMH, H3 KOTOpbiX COCTOHT .08HHOe s.apo. COOTHOW9HH9 ( 1) 

biiTOnHSieTCSI ,anSI nerKHX Sl,aep ( KOr,aa s<tJ<tJeKTbl MHOrOKp8THOrO 

Sl M&nbi) npH He oqeHb Ml!nbiX yrnax p&CC9SIHHSI H MO:>K9T ObiTb 

BI!HO ,anSI nonyqeHHSI HH<tJOpM8UHH 0 B38HMo,aeftCTBHH qaCTHUbl 

eATpoHaMH, ecnH ussecTHbl X -npoTOHHble ce'leHHSI. 

BeHCTBO ( 1) 03H8'i&eT, 'iTO IIpH pacceSIHHH 'i8CTHUbl nerKHM 

OHCXO.OSIT B OCHOBHOM KB83HynpyrHe O,OHOKp8THb19 B38HMO,aeAc~ 

OT.aenbHbiMH HyKnOH&MH. 

e ycT&H&BnHB&aTCSI IIpOCTOe COOTHOW9HHe .anSI C9'19HHft T&KHX 

ACTBHA 'i&CTHUbl C SI.Op0M 1 KOTOpb19 38Tp8rHB810T .asa HyKnoHa 

Hee, Mbt 6y.aeM paccMaTpHB&Tb .asyxcTyneH'i8TbiA npouecc c 

HyKnoHos N 
1 

H N 
2 

, KOTOpbtA cxeMaTH'IeCKH MO:>KHO npe.a­

T&K 

1
(N

2
) ... y 8

1
(N

2
) • YN

2
( 8

1
) ... Z 8

2
(8

1
), 

qaeT cne.ay10wee: 'I&CTHua X , HaneTaSI Ha SIJlpo, ssaHMo.aeA-

HyxnoHoM N 1 , o6pasySI 'I&CTHUbl Y H 8 t , saTeM o.aHa 

OB8BWHXCSI Ha 9TOM 9T&fle 'i&CTHU (,anSI onpe,aeneHHOCTH y 

eACTByeT C HyKnOHOM N 2 • pO:>K,08SI z H 82 • 

Sl npOCTOTbl paCCM8TpHB810TCSI .OBYX'i&CTH'IHble pe&KU~H H8 K&:>K­

ne, XOTSI IIpOBO.OHMbie HH:>Ke BbiKn8,0KH MoryT t5b1TID OOOOWeHbi 

a npoHssonbHbiX peaxuuA s xa:>K.aoa cTyrreHH. THIIH'IHbiM rrpHMe­

UHA c y'I&CTHeM .asyx ayxnoaos SIBnSieTCSI .asoAHaSI rrepesapSI.axa 

/2~7/ -
OHOB HnH rrpespameHHe K -MeSOHOB B K -MesoHbl ( c oo-

/8/ 
eM .asyx rHrrepoHOB) Ha Sl,apax • 

pBaSI H.aeT, HarrpHMep, no cxeMe 

4 

...-

,· 

.;~ 

'·l'j!~ 
' ~ i 
,', ~ 

. ' 
:;\; 
ll~· 
'I'~{ 

'11 2p 0 ... , pn ... ,+ 2n • 

0 BOSMO:>KHbiX MeX&HH3M8X1 IIpHBO.OSIWHX K .OBOftHOMy H3MeHeHHIO 

CTp&HHOCTH K -Ma30HOB npH CTOnKHOBeHHH HX C Sl,ap8MH 1 CM.
1 

HanpHMep
1 

B /8/• 

Mbi paccMoTpHM o6pasosaHue 6biCTpbiX 'I&CTHU Z , 8 1 , 8 2 B peax-

UHH 

X N 1 N 2 ... Z 8 1 8 2 

npH cTonxHoseHHH 6biCTpoa 'IBCTHUbl X c npoHssonbHbiM nerKHM sr.apoM 

(no.a 6biCTpbiMH 6y.aeM no.apasyMeB&Tb 'I&CTHUbl c HMrrynbC&MH
1 

MHoro 

6onbWHMH xap&KTepHbiX HMrrynbCOB HyKnOHOB B Sl,ape) • 

npH 9TOM1 ecnH rrpeHe6pe'lb s<tJ<tJeKT8MH rrepepaccesrHHSI 'i&CTHU 

Z • 8 11 8 2 Ha OCT&nbHbiX HyKnOH8X Slllp81 'IT01 IIQ-BHllHMOMy 1 onpas­

ll&HO .ansr nerKHX sr.aep, TO 9TO 'OCT&TO'iHOe SlllpO" ( KOTOpoe MO:>K&r ObiTb 

K8K CBSI38HHOA1 T8K HeCBSI38HH011: CHCTeMOI HyKnOHOB) B uenoM rrony'i&eT 

H93H8'iHTenbHyiO 'i8CTb HMrrynbCa H KHHeTH'i9CK011: 9HeprHH HaneT&IOWel 

'i&CTHUbl. 

B3&HMO,ae11:CTBH9 B 9T011: CHCTeMe Me.aneHHbiX HyKnOHOB 6y.aeT CHnb­

HbiM H ero HeOOXO,llHMO y'iHTbiB&Tb TO'iH01 a B38HMOll91I:CTBHeM ee C ObiCT­

pbiMH 'i8CTHU8MH Z 1 81 1 8 2 1 K8K y:>Ke OTM9'i8nOCb Bb1We
1 

6y.aeM rrpe­

He6per&Tbo B 9TOM I1pH6nH:>K9HHH BOnHOB8SI cpyHKUHSI KOH9'iHOrO COCTOSIHHSI 

MO:>KeT ObiTb npe.acTasneHa B BH,lle npoHase.aeHHSI nnoCKHX BOnH
1 

OIIHCbi-

B810WHX llBH:>KeHHH 'i&CTHU Z , 8 1 , 8 2 Ha B onaosy10 <PYHKUHIO "OCTa-

TO'IHoro sr.apa', xoTopasr a .aanbHeAweM o6osHa'ieHa ¢, • 

Jlnsr MaTpH'iHoro aneMeHTa paccMaTpHsaeMol peaxuHH aa sr.ape, co-

CTOSIWeM HS D HYKnOHOB 1 C BOnHOBOI <tJyHKUHeft t/J 
1 

nony'iHM 

D 

M • f ll d p ip (p , p , ... , p ) T (p , p , Jt , q, r-, s ) x 
I f .... t k f 8 4 D t 2 

(2) 
xt/J,(p,p 

t 2 
..... p ) • 

D 
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f 
~ 

I 
' 

I 
! 
I 
1\ 

f I 

r.ae HHTerpHpOB8HH9 B9,ll9TCSI no HMllyJibC8M Sl,llp8-MHW9HH 1 

1 
---;::;:====1 
y2m

1
2m

2 
2E(p

1
+k- ;) 

T 
(271 ) 3 

1 
X T2 

m 
1 

+ E ( F) - E ( p
1 
+ f - i) - E (;) + i 0 

X 

T . 
1 

(3) 

B (3) T 1 H T 2 - aMnnHTY.llbl peaxuHA XN 1 -+ Y8 1 H YN 2 ... Z 8 2 , 

COOTB9TCTB9HH0
1 

npH'19M B .ayxe HMnynbCHOrO npH6JIH:>K9HHSI OHH COBna.aa­

IOT C aMnJIHTy.ll8MH COOTB9TCTBYIOIUHX peaKUHA C Y'I8CTH9M CB060ilHbiX HYKJIO­

HOBo KpoMe roro 1 y'IHTbiBBH npe.nnonaraeMyiO aapaHee ManocTb HMnynb­

coB HyKJIOHOB Sl,llpa no cpaBH9HHIO C HMnynbC8MH H8Jl9T8IOIUeA '18CTHUbl 

H npo.ayKTOB peaxuHH1 6y .a eM npeHe6peraTb aaBHCHMOCTbiO BeJIH'IHH T 1 

H T 
2 

OT HMnynbCOB P 
1 1 P2 1 T.e. C'IHT8Tb1 'ITO T 1 H T 2 B ( 3) OTHo­

CHTCR K peSKUHSIM C nOKOHIUHMHCSI HyKJIOHSMHo 

HaHoe aHa'leHHe nponaraTopa B ~opMyne (3) nony'leHo npH npeHe-

6pe:>KeHHH B TO'IHOA rpHHOBCKOA ~yHKUHH llOT9HUH8JlbHOA aHeprHeA B38HMo­

.aeACTBHSI HyKJIOHOB H,llpa no cpaBH9HHIO C 9HeprHeA H8JI9T8IOIU9A 'ISCTH­

Ubi ( B COOTB9TCTBHH C .llYXOM HMnynbCHOrO npH6JIH:>K9HHSI) 1 a T8K:>K9 KH­

H9TH'I9CKHMH aHeOrHHMH HyKJIOHOB H 9HeprHeA CBS13H H,llpa KSK B9JIH'IH­

H8MH Toro :>Ke nopH.aKa ManocTH. l..{epea k 1 q , r 1 s 1 k + p 1 - r 

B (:.!) H ( 3) o6oaHaqeHbl HMnynbcbl qacTHUbl X 1 Z 1 8 11 8 21 Y 1 a 

qepea E ( k ) H T • .a. Hx aHeprHH; m 1 ,2- Macchi HyKnoHoB N 1 , 2 

COCTOSIHHe H8'18JlbHOrO H,llpa i HOpMHpOBSHO no.ao6HO COCTOHHHIO 

aneM9HT8pHoA 'ISCTHUbl 
D 

< 1 1 i'>- J tfr* <'P , ••• , P' > y, ,(p- ..... 'P > n d P -
I I D I I D k•l k ( 4) 

-2E(p)(271) 3 8('p-p' ), 

6 

~ 

.·_;1~~_ .. '· 
i~ 

;)~· 
~~~~-

2 -2 
r.ae P

1 
- nonH&IA HMnynbC H.apa1 E ( P ) • yM + P ero 

a M - e ro Mace a. 

0T.ll9JISISI ,llBH:>K9HH9 U9HT pa TSI:>K9CTH 1 npe.llCT8BHM 

t/1 1 = y2E (P) (211 )
3 8 ( p l: Pk )x¢(71t 

k 

r.ae cp OllHCblB89T OTHOCHT9JlbH09 .llBH:>K9HH9 HyKJIOHOB 

OT D - 1 B9KTOpHbiX nepeM9HHblX1 B K8'19CTB9 KOTOpblX Bl 

Tbi Hxo6H B HMnynbCHOM npocTpaHcTBe 

Tf • 1 (fP 
f . I o I o, 1 J f+t 

e 
l: 
k=l 

p 
k 

BenH'IHHa ¢ y:>Ke HopMHpoBaHa Ha e.aHHHUY 

2 - n - n - 1 2 n-
J I ¢ I 8 < P - l: Pe ) n d Pe =--::~ J I¢ I TI 

f = l &:1 n3t 2 e.l 

Vfs CBOACTB B9JIH'IHH tfrr .an.s~ .aanbHeAwero cymecTB4 

llOJIHOTbi 1 KOTOpOMY OHH Y.llOBJI9TBOpSIIOT 

l: tfr, (p8 , ... , p ) "'* (p ', ... , p 
n t 8 n 

) - ii 
k=8 

8 (i\ 

r .ae l: 03H8'1&eT K8K CyMMHpOB8HH9 no ,llHCKp9THblM 1 

B8HH9 no HenpepbiBHbiM nepeMeHHbiM 1 xapaKT9pH3yiOIUHM 

TO'IHOrO H,llpa' • 

Y'IHTblB8SII 'ITO BOJIHOBSSI ~yHKUHSI "'I o6peaaeT 

B (2) npH 3H8'19HHSIX HMnynbCOB p k 1 paBHblX X8p8.KT9] 

nony'I89M 1 'ITO OCHOBHOA BKJIS.ll B C9'19HH9 paCCM8TpHB8 

npocyMMHpOB8HH09 no BC9M COCTOSIHHSIM 
11 

OCT8TO'IHOrO Sl, 

HH9 f C llOJIHblM HMnynbCOM H KHH9TH'19CKOA aHeprHeA 

'IHHbl paBHblMH T9M :>K9 xapaKT9pHbiM H,llepHbiM B9JIH'IHH 

7 



erpuposaHHe se.aeTCSI no HMnynbCaM Sl.llpa-MHweHH, 

l l T X 
(217 ) 3 

2E(p
1
+k- ;) y2m

1
2m

2 

l (3) 
X T2 - Tl • 

m 
1 

+ E ( I() - E ( p 1 + f - i) - E (;} + i 0 

,(3) T 1 u T 2 - aMnnHTY.llbl peaKuua XN 1 -+ YB 1 H YN 2 ... Z 82 , 

CTB9HHO, npH'19M B .ayxe HMnynbCHOrO npH6nH:>K9HHSI OHH COsna.aa­

nnHTy,llaMH COOTB9TCTBYI01UHX peaKUHA C yqacTHeM CB060llHbiX HyKnO­

OMe roro, y'IHTbiB8SI npe.ononaraeMyiO aapaHee ManocTb HMnynb­

noHos g.apa no cpasHeHHIO c HMnynbCaMH HaneTaiOmea qacTHUbl 

KTOB peaKuuu, 6y .a eM npeHe6peraTb aasucHMOCTbiO senH'IHH T 
1 

HMnynbCOB P 1 , P2 , T.e. C'IHTaTb, 'ITO T 1 H T 2 s ( 3) OTHo­

peaKUHSIM C nOKOSilUHMHCSI HyKnOHaMHo 

Hoe aHaqeHHe nponaraTopa s ~opMyne (3) nonyqeHo npH npeHe-

H B TO'IHOI!: rpHHOBCKOI!: ~yHKUHH nOT9HUHanbHOI!: 9HeprHeA B3aHMo-

H HyKnoHos H.apa no cpasHeHHIO c 9Hepruea HaneTaiOmea qacTH­

OOTB9TCTBHH C .llYXOM HMnynbCHOrO npH6nH:>K9HHSI), a T8K:>Ke KH­

KHMH 9HeorHHMH HyKnOHOB H 9HeorHel!: CBH3H Sl,llpa K8K BenH'IH­

ro :>Ke nopH.llKa ManocTH. l{epea k , q , r , s , k + p 1 - r 

( 3) o6oaHaqeHbi HMnynbCbl qacTHUbl X , Z , 8 1, Ba, Y , a 

E ( k ) H T • .ll. HX 9HeprHH; m 1,2- MaCChi HyKnOHOB N 1, 2 

·CTOHHHe HaqanbHoro Sl,llpa i HOpMHposaHO no.ao6HO COCTOSIHHIO 

apHoA qacTHUbl 

D 

< 1 I 1 '> • I .p * < 'P , ..• , P' > .p , < p- , ... , 'P > n d p • 
I I D I I D k•l k (4) 

·2E (p) (2rr) 8 5(p-p'), 

6 

.-

i 

'{ 

··~ .. ,:, 

''f, 

,l 
··rl.\ 

~~ 

2 -2 
r.ae P1 - nonHhiA HMnynbC Sl.llpa, E ( P ) • yM + P ero nonHaH 9HeprHSI , 

a M e ro Mace a. 

0T.aenSISI .llBH:>KeHHe U9HT pa TSI:>K9CTH, npe.LICT8BHM if! 1 B BH.ae: 

1{1 1 = y2E (P) (2rr ) 3 
5 ( P - I Pk ) x¢ (,;; • ... ; n-1 ) • 

k 
(5) 

r.ae ¢ onHCbJBaeT OTHOCHT9nbHOe .llBH:>KeHHe HyKnOHOB Sl,llpa H 38BHCHT 

OT n - l B9KTOpHblX nepeM9HHblX1 B Ka'I9CTB9 KOTOpblX Bbi6paHbi KOOp.llHHa­

Tbi .HK06H B HMnynbCHOM npOCTp8HCTBe 

l 
T/ • (eP 

f v'f<f+lJ 41 

f 
I 
k=l 

p 
k 

BenH'IHH.a ¢ y:>Ke HopMHposaHa Ha e.aHHHUY 

2 
_ n _ n _ l 

2 
n- 1 _ 

I 1 ¢ 1 5 < P - I Pe > n d Pe = --;:-, I 1¢ 1 II d 'TIe .. 1 • 
f=l f..l n3t2 f=l 

(6) 

(7) 

Vfs CBOI!:CTB senH'IHH iflt .anSI .aanbHeAwero cymecTBeHHo nHWb ycnosue 

nonHOTbi, KOTOpOMy OHH Y.llOBn9TBOpHIOT 

I if! r (ps • ... • P ) if! * ( P ', ... • P ) - ii 5 (p - p. ) . (8) 
n f 8 n 

k ... a k k 

r.ae I OaHaqaeT K8K cyMMHpOB8HH9 no ,llHCKp9THbJM, TaK H HHTerpHpo-

saHHe no HenpepblBHbiM nepeMeHHblM, xapaKTepHayiOUlHM COCTOSIHHSI "OCTa­

TO'IHOro s.apa". 

Y'IHTblsas, 'ITO sonHosas ~yHKUHH 1{1 1 o6peaaeT HHTerpuposaHue 

B (2) npH 3H8'19HHHX HMnynbCOB p k 1 paBHbiX xapaKT9pHblM H.ll9pHblM, 

nonyqaeM, 'ITO ocHosHol sKna.a B ceqeHue paccMaTpHsaeMoro npouecca, 

npOCYMMHpOBaHHOe IIO BC9M COCTOHHHSIM 11 0CTaTO'IHOrO Sl,llpa", ,llaiOT COCTOH­

HH9 f C IIOnHbiM HMIIynbCOM H KHH9TH'I9CKOA 9HeprHel1 IIO IIOpSI.llKY senH­

'IHHbl paBHbJMH T9M :>K9 xapaKTepHblM s.aepHblM senH'IHHaMo 
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) 

I 
l 

I , 

nosTOMY B aaKoHax CoxpaHeHHSI 9HeprHH H HMnynbC8 1 BXOl:UIWHX B 

Bblpa>KeHHe .llnSI Ce'l:eHHS11 MO>KHO npeue6pe'l::b HMnynbCOM ll' KHHeTH'l:eCKOI!: 

9HeprHel!: COCTOSIHHSI f no Cpa BHeHHIO C HMnynbC8MH H 9HeprHSIMH 

6blCTpblX 'l:aCTHU X 1 Z 1 8 1 1 8 2 , nocne 'l:ero Hcnonb3oaauHe ycnoBHSI 

nonHOTbl ( 8) noaaonsreT HCKniO'l:HT:b aenH'IHHbl 1/1 Ha a&rpameHHSI .anSI 
t 

Ce'leHHSI1 npocyMMHpoaaHHOl"'O no BCeM COCTOSIHHSIM OCT8TO'IHOl"'O Sl.llP8. 

J.1cnonb3ysr (2), (3) 1 (5) 1 (8) H y'IHTblBasr BblwecKaaauuoe
1 

nony-

'IHM .anSI 9TOl"'O Ce'l:eHHSI B n,c, Sl.llp8 

l 2 4----
=--I I T I (217) 8 (k - r- s - q) 

4MK If 
I au X 

x 8 ( m 1 + m 2 + E ( k ) - E ( q ) - E (r ) - E (s ) ) x 

d 8 
r x------- d 8 

s d8 q 

(217) 8 2E G) ( 2 17 ) 8 2E (s-) (217 ) 8 2E (q) 

(9) 
4 - - - -• I ( 217 ) 8 ( m 1 + m

2 
+ E (k ) - E ( q ) - E (r ) - E (s ) ) x 

8 ( k - q - r - s ) ( 217 )3 8 (k- r - f ) 

x-----------------------------------------
4 m I k 4 m 2 e (217 )1 2 2 E (;) 2E ( s-) 2E (q) 2E ( i) 

f 
x 1 T 

1 
1

2 
1 T2 1

2 
d.,. ds d.J df - X 

(217) 8 E ( f ) 

8 

,;a 

.1'•. ', 
···?1.1 .. ---V 

~/ft:·l 
ii ~ 
;J' 

l• 

~~~~ 
' 

- .'•' 
~.- ;·,~ 

~·:' 

.. I 

' il 
1
·~: ., ..... ,: 

~ 
~· 
I 
~ ~· 

·~~1 

c •.. ~~.· J. 
~· 1 ' 

f 

1 

l 
I 
I 
I• 

): 

_, - - - n 
X I cf> * ( T/ 1 ,,,,, T/ ' 

1 
) cf> ( T/

1 
, ... , T/ 

1 
) 8 (I P0 ) 

n- n- ~~ L 

D n D 

X II 8 ( pk - p.; 
bo8 . 

d P1 II d P/ 
.. I 

X II 
I• I 

l 
X - - - - -

[ m 1 + E ( k ) - E ( f + P1 ) - E (r ) + 10 ] [ m 
1 

+ E(k) • 

npH nonyqeHHH ( 9) eo acex aenH'l:HHax 1 BXO.llSIW: 

KpoMe nponaraTopa 6&mH onyweHbl Manble HMnynJ:.Cbl 

C nOMOWbiO 8 :k- - r -l> BBe.aeuo HHTerpHpOBaHHe n 

'18CTHUbl Y 

npeue6pe'l:b aaBHCHMOCT:biO nponaraTOpOB OT Man 

uenb3SI 1 nocKonbKY STO npHaeno 6bl K ueHHTerpHpyeMol 

l 

[ m 1 + E (k ) - E ( f) - E(;) ] 2 + 0 2 

a <PopMyne ( 9). 

noaTOMy npoH3B9.ll9HHe nponaraTOpOB B ( 9) npe.aCT8B 

BH.ae: 

l l -----
E < r + ii/ > -E < f + i>. > +'I o m +E(k) -E(f +: 

I 

l 

m + E([) -E<f +P )-E(d+iO 
I I 
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STOMY B 38KOH8X COXp8H9HHSI 9H9pi'HH H HMIIyni:>C81 BXOllSIUIHX B 

He .OJlSI ceqeHHSI1 MO:>KHO npeHe6pe'lb HMIIyJII:>COM w KHH9TH'I9CKOA 

COCTOSIHHSI f no cpa BH9HHIO C HMIIyJIDC8MH H 9H9pi'HSIMH 

qacTHU X , Z , B 1 , B 2 , nocne 'lero Hcnon~:>SosaHHe ycnoBHSI 

( 8) n03BOJ1SI9T HCKJliO'IHTb BenH'IHHbl 1/J H3 Bblp8:>K9HHSI .z:tnSI 
t 

rrpocyMMHpOB8HHOI'O IIO BC9M COCTOSIHHSIM OCT8TO'IHOI'O Slllp8. 

IIOJ11:>3YSI (2), (3), (5), (8) H Y'IHTbiB8SI BbiW9CK838HHOe1 nony-

9TOI'O C9'19HHSI B n.c. Sl.z:tpa 

I 2 4----
= -- f I T I (217) 8 (k - r- s- q) 

4MK " 
qlt X 

8 ( m 
1 

+ m 
2 

+ E ( k ) - E ( q) - E (r ) - E (s ) ) x 

d 8 
r d 8 

s d8 q 

(217) 8 2E G ) ( 2rr ) 8 2E (s-) (217) 8 2E (q) 

(9) 

J (217 )4 8 ( m 
1 

+ m
2 

+E (k-) - E(q) -E (;-) -E(;)) x 

B ( k - q - r - s ) ( 217 )3 B (k- r - f ) 

4m 1 k 4m 2 f (217)1 2 2E(;) 2E(s-) 2E(~) 2E(i) 

f 
1 T 

1 
1

2 
1 T2 1

2 
dP' ds dci" df - X 

(217) 8 E ( F ) 

8 

~ 

·~, 

;_.I 

-., 

-· 
I 

I 

! 
1! 

1 
~ I 
'!I i 

If": ~~~{ 
") 
e·, 

''f, 
', 

·+··) 

··~._,, :', 

>. 

:;i 
,> 

<i' 

1 

l 
I 
1, 
I 

_, _ _ n - n 

X J ¢ * ( "' 1 , • • • , "' ' 
1 

) ¢ ( 'f/ , ... , ; ) 8 ( l: Pn ) 8 ( l: P n' ) X 

n 

x n 8 < Pk - P.; 
lP-8 ' 

n- I n-1 f\.1 l. f.t l. 

n 

n 
I• I 

n 

d P
1 

ll d P
1
' 

S.l 

I 

X 

X - -- - - -- - I• 
[m 1 +E(k) -E ( f +P1 )-E(r) +i0Hm

1
+E(k)-E(f+P

1
')-E(r)-i0] 

npH rronyqeHHH (9) BO Bcex senH'IHHax, BXO.OSIWHX B T (cM.(3) ), 

KpoMe rrponaraTopa 6blnH orryrueHbl Manble HMIIyn~:>cbl P 1,
2 

• KpoMe Toro 

C IIOMOIUI:>IO 8 ~k- - r -£> BB9.09HO HHT9I'pHpOB8HH9 no HMIIynDCy l 

'18CTHUbl f 

npeHe6pe'lb 38BHCHMOCTI:>IO nponaraTopOB OT Manblx senH'IHH p t H P/ 
Henb3SI1 IlOCKOni:>Ky 9TO IIpHBeno 6bl K HeHHT9I'pHpyeMOMy Bblp8:>K9HHIO 

I 

[ m 1 + E (k ) - E ( f) - E(;) ] 2 + 0 2 
( 10) 

B cpopMyne ( 9). 

nosToMy rrpoHase.oeHHe rrporraraTopos B ( 9) npe.ocTaBHM B cne.oyiOweM 

BH.z:te: 

I I 

E < r + ii".' > -E < f + i' t > +" 1 o m +E(k) -E(f +P' )-E(;)-iO 
I t 

I ] . 
( 11 ) 

m + E([) -E<f +P )-Eb:)+iO 
I I 
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'I 

I' 

I t 

8hlp8:lK9HH9 B KB8Llp8THblX CK06K8X B ( 11 ) HM99T CMh!Cn npH 

P
1 

, P; ... 0 H npespawaeTCH s STOM npeLlene 

2tri 8 (m + E (k) -E (f) -E (;)) 
I 

(12) 

8blp8:lK eHHe nepeLl KB8Llp8THhiMH CK0.6Ka MH B ( 11 ) paano:>KHM no M8nhiM 

senH'!HH8M P1 , P; H y<~TeM nHWb Hau6onee cHHrynspHhle <~neHhl 

1 E ( f ) 
- - -+ -:..-------

E (f +P[)-E(f+P1 )+i0 f (P1' -P 1 ) + iO 

(13) 

C y'ieTOM ( 11 ) 
1 

( 12) H ( 13) Bhlpa:>KeHHe ( 9) LlnH C9'i9HHH MO:lK9T 

6h1Tb np9LlCT8BneHO B BHLle 

du (k-;, q-) 
2 

d 0" (k, ;") 
I d 0 dO 

i" I 0" - If 
lf dO_ 

q dO_ 
r 

1 1 x--<--- > 
417 (r - r > 2 

I 2 

I'Ll9 

2 d 0" 1 

f d 0; 

1 
f IT1 I 8 (k-r-f) X 

_ _ _ df d r 

X 8 ( m I + E (k ) - E (r ) - E ( e ) ) --· 
E(r) E(f) 

- ce<~eHHe peaKUHH XN
1 

... y H t B n.c. HyKnOH8 

q 

f 
do-2 1 

dO_ = 
( 8tr )ll m f 

2 - - -
-~--- J 1 T 2 1 8 < e - q - s > x 

dO_ 
q 

2 
q 

10 

~ 

X 

(14) 

( 15) 

- - -
x 8 ( m 

2 
+ E ( 0 -E (q ) - E(s)) 

d; dq 
E(q) E1 

- ce<~eHHe peaKUHH YN 2 ... Z B 2 s n.c. HyKnoHa, a • 

o6oaHa'ieHa senH'iHHa 

-1 - f¢* ( 7j ', ... , ~, ) ¢ (r,- , ... , rf )8('I P ) 
(2tr)8 1 n-1 1 n-1 f.t f 

If 1 
, ( p - P , ) - , p- ) + iO 
a k k n( P, - 1 k ... a 

n 

n d P 
I 

1•1 

B ( 17) n - eLlHHH'iHhiA seKTOp s Hanpa sneHHH seK1 

'iTO Bhlp8:lK9HH9M ( 17) He 3SBHCHT OT ; H Ll9ACTI 

CMbiCn Cp9LlH9I'O 3H8'i9HHSI o6p8THOI'O KB8Llp8T8 p8CC1 

noH8MH N 1 H N 2 • LleneHHOI'O Ha 4tr • nepexoLl 

rpHpOB8HHSI no nepeMeHHhiM pI K HHTei'pHpOB8HHIO 

'1/ I 1 onpeLleneHHhiM paseHCTBOM ( 6) 1 H nonHOMY HMD 

- n -P .. I P c y<~eTOM cooTHoweHHA 
I , 

pk - pk+l 

n 

n 
1=1 

1 - n-t 
--- dP n 

na/2 f=t 
.d 71 e d p 

I 

k-1 
ay-k- '1/ k-1 -v k:1 71 k (k .. 1 •...• 

p ... ,;n-1 71 +-1_p 
n n n-1 n 
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p8:lK9HH9 B KB8,Llp8THbiX CK06K8X B ( 11 ) HM99T CMbiCn npH 

... 0 H npespawaeTCH B 9TOM npe.aene 

27Ti 8 (m + E {k) -E (f) -E (;)) 
1 

(12) 

He nepe.a KB8,Llp8THbiMH CK06Ka MH B ( 11 ) paanO:lKHM no MBnbiM 

M P
1 1 

p 
1
' H y'IT9M nHLUb H8H6onee CHHI"ynHpHb19 'ln9Hbl 

1 E (f) 
-+ - - -

(13) 

e (P1' -P 1 ) + iO - -
E(f +P

1
')-E(f+P1 )+i0 

y'leTOM ( 11 ) 
1 

( 12) H ( 13) Bblp8:lK9HH9 ( 9) .anSI C9'i9HHSI MO:lKeT 

e.acTasneuo B sH.ae 

d a (k, ;") 
I 

a 1 r • ff 
dO_ 

r 

dO • 

X _1_ < 1 

da (k-;", q-) 
2 

dO_ 
q 

> 
477 (r - r > 2 

I 2 

1 2 

d o 

d a 1 

f d 0; dO; • (87T )2 m 
1 

k 
JIT1 !8(k-r-e) x 

de d r 
x 8 ( m 

1 
+ E (k) - E (;") - E ( f> ) 

E(r) E(f) 

He peaKUHH XNI ... y H I B n.c. HyKnoua 

q 

da
2 

1 2 - - -

f dO_ = 
( 877 )2 

m e 
- Jl T2 1 8 < e -q - s > x 

q dO_ 
q 2 

10 

.,.~ 

X 

( 14) 

( 15) 

- - -
x 8 ( m 

2 
+ E ( e) -E (q ) - E(s)) 

d; dq- (16) 

E(q) E(s) 

1 1 
- ceqeuHe peaKuHH YN 2 ... Z B 2 B n.c. HyKnoHa, a qepea --< ( -) 

2 
> 

477 ... - .. 2 
o6oauaqeHa senH'iHHa 

I f¢* <71', •.. ,ij' )¢(rf .... ,.,- )8('I p )8 ci -p,) X 

(211')8 1 n-1 I n-1 e.1 e fat e 
(17) 

If 8 < P _-p, > 
1 n d .P rt d .P, 

k k - - II I 11 I 
n( P, - P >+ 10 - -

1 I 
k .. a 

B ( 17) n - e.aHHH'iHbii B9KTOp B Hanpa BneHHH BeKTOpa e • n OKa:lKeM, 

'iTO Bblp8:lK9HHeM ( 17) He 3BBHCHT OT n H .aeiCTBHTenbHO HMeeT 

CMbiCn cpe.aHero 3H8'i9HHSI o6paTHOI"O KBa.apaTa paCCTOSIHHSl M9:lK.llY HyK-

nOH8MH N 1 H N 2 • .aeneHHOI"O Ha 411' • nepexo.a B ( 17) OT HHTe-

rpHpOB8HHSl no nepeMeHHbiM P1 K HHTerp&posaHHIO no nepeMeHHbiM 

'11 I 1 onpe.aeneHHbiM paseHCTBOM ( 6) 1 H nonHOMy HMnynbCy SI,Llpa 

- n -
P .. I P c y'ieToM cooTHoweHHI 

I I . 

n 

n 
1=1 

1 - n-1 
--- dP n 

0 8/2 &1 
.d., e ( 18) -d p 

I 

p~ - pk+l 
k-1 .. ..;_k_., k-1 (19) 

_ -.j k+1 71 ( k .. 1 , ... , n-1 ) 
k k 

P _, n-1 1 p 
•v-- '11 +-

n n n-1 0 

11 
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I n 

8 <I Pe > 8 <I P{ > n a <Pk -P~ >- (20) k•8 

8/2 - - n=l -
.. < _!... > 8 (P > 8 < P ' > n 8 <., - ., ' > • 2 . k=2 k k 

fi03BOnHeT (17) npeacTSBHTb KAK 

cp*(T;', ••• ,r;' )cp(ij , ... , .,-
1 n-1 t . ..::n;.;::;-~1 __ 1 

I X 

"2n8
/

2 (277) 8 i i'( ij '- ij ) + iO (21) 
t t 

n-t 

x di7 d.,-.- n d .,-k . 
t t k•2 

BaoaH aonHOBhle ~yHKUHH B KoopaHHATHOM npeacTaaneHHH 

i 
<' 

cp ( e-t 'e-2 , ... , e- n-t) 
(217) 

- - II 71 e- n - 1 
I cfo <., 1, ... ,., >t 1 1 n d "'" 

n- e -t [. 

1 (22) 

HOpMHpOBAHHhle ycnOBHeM 

- - n-J 
I I cp ( e- , ... , e- I ) 12 n e- = n3/2 ( 23) 

1 n-1 I 
1=1 

B CHny (7), rae e- CBSI38Hbl C KOOpaHHATAMH r HyKnOHOB COOTH0-
1 I 

weHHHMH 1 AHAnOI'H'IHhlMH (6) 

e- = 
k vrn.+n 

k 

(kr -I r 0 ), 

k+l f.:t [. 
(24) 1 

a TAK»ee ucnonb3yH npeacTaaneHHe 

12 

.,. 
' 

00 la["ii <ift' -Tit>+ I 
- J da e 

D ( 71~ -Tt~ ) + 10 

npeo6paayeM (21) K auay 

n-1 
1 2 

20
sf2 II cp (aD • e-:1 , ... , en-1) I da kl,!:l d [k 

HcHo, 'ITO aenH'IHHa 

n-1 

I I cfo < [ , ... , e-
t n-t 

12n de-e 
e.:~ 

He 38BHCHT OT HanpasneHHH B8XTOpa e1 (a cny'laE 

9TO OTHOCHTCH K AHAnOI'H'IHOMy HHTerpany, ycpeaHeHH 

HHSIM cnHHA Hapa) 1 fi09TOMY ( 26) MO>K8T 6hlTb TO>K.!: 

caHo a BHae 

- -1 I 1 

2n 8 /:.l 477 I~ 12 
I cfo <e

1 
, ... , e nJI 

1 

'ITO C Y'l9TOM ycnOBHSI HOpMHpOBXH ( 23) H COOTHOW9H 

npeapawaeTcH B ..!... < 1 >, 'ITO H Tpe6oaano• 
417 (r -r )2 

I :1 
CooTHoweHHe ( 14) B cny'lae aayxcTyneH'IATbiX I 

/8/ 
TpoHe coanaaaeT c Bhlpa»eeHHeM ( 19) pa6oTbi • 

CyMMHpyH ( 14) no aceM napaM HyKnOHOB Hapa, 

HaTH p8CCM8TpHB88MASI peAKUHH 1 nony'IHM aH<P<tJepeHU 

o6paaoaaHHH 6wcTpwx 'IACTHU B , B , 1 2 
z npH CTO 

Uhl X c aaHKWM aapoM 

13 



n 

8 < ~ Pe > 8 < ~ P e' > n s < Pk - P ~ > • 
k•8 (20) 

S/2 _ _ nm1 _ 

.. < __!._ > 8 (P > 8 < P , > n 8 < ., _ ., , ) . 
2 k=2 It It 

H9T (17) npe~CT8BHTb K8K 

cp*( Ti, , .... Tj' ) cp(Tj , •••• .,-
1 _ n-1 1 ,..::n:.;;;,-..;..1 __ 1 

f X 

'2n8/2 (217) a ii"C.Tj'-Tj )+iO (21) 
1 1 

n-1 

x d ~1 d.,.._, n d ., -k • 
1 k•2 

Bao~H aoJIHOB&Ie c:j:JyHKtiHH a xoop~HH8THOM npe~<?TaaneHHH 

1 - _ I~TJ g n -1 
• g2 •... , g 1 ) .. ) f cp ( TJ 1''' •• TJ ) e j j n d TJo 

n- (217 n-J: f-1 L 
(22) 

l!:ooaaHH&Ie ycnoaHeM 

- - n-t 
f I cf> < g .... , g > 12 n g = na/2 < 23 > 

1 n-1 I 
1=1 

(7), I'~e g CBH38Hbl C KOOp~HH8T8MH r HyKJIOHOB COOTH0-
1 I 

1 8H8JIOI'H'iHbiMH ( 6) 

k 1 g = 
k 

(24) (kr -~ ) 
v'm+Tl k+l f..:t r f • 

HCflOJib3yH npe~CT8BJI9HHe 

12 

... ~ 

~ ',1 

00 

• J da 
la[D' <ij1' -Tj1> + 10], 

e 
n ( ~; - TJ~ ) + 10 

npeo6paayeM (21) x BH~y 

n-1 1 - - - 2 

--a/.-2 II cp (a D • g2 •...• gn_l) I da n 
2n k=2 

d {k 

HcHo, 'iTO aenH'iHHa 

flcf>((", ... ,g 
1 n-1 

n-1 

12n dge 
f=-2 

(25) 

(26) 

He 38BHCHT OT HanpaaneHHH BQKTOpa gl ( B cnyqae H~pa CO CflHHOM 

STO OTHOCHTCH K 8H8JIOI'H'iHOMy HHTerpany, ycpe~HeHHOMy flO Hanpaane­

HHHM CflHH8 H~pa) 1 flOSTOMy ( 26) MO:lK8T 6&ITb TO:lK~8CTBeHHO ~epemr-

caHo a BH~e 

1 f 1 

2n 8
/

2 417 ll 1
2 

1 

- - n-1 -
I cf> <g .... , g ) I n dg 

1 n- { 1 .. 1 I 
(27) 

'iTO C Y'i9TOM ycJIOBHH HOpMHpOBKH ( 23) H COOTHOW8HHH ( 24) ~JIB K ,.. 1 

npeapawaeTc.ll a -
1- < 1 >, qro H Tpe6oaanocb ~oxaaaTh. 
411 (r -r )2 

1 2 
CooTHoweHHe ( 14) B cnyqae ~ByxcTyneH'i8TbiX npoueccoa Ha ~eA­

/8/ 
TpoHe coana~aeT c B&Ipa:lKeHHeM ( 19) pa6oT&I • 

CyMMHpy.ll ( 14) no seeM napaM HyKnoHoa .11~pa, Ha KOTOpblx MO:lKeT 

H~TH p8CCM8TpHB88M8H pe8KtiH.111 flOJIY'iHM ~Hc:j:Jcj:JepeHtiH8JibHOe C8'i8HHe 

o6p830B8HH.II 6.biCTpb1X '18CTHil 8 1 8 1 1 2 z npH CTOJIKHOBeHHH '18CTH-

1Ibl X c ~aHH&IM .ll~poM 
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I 

I 
A, 

du . 
X.A ... Z5t B 2 A-2 

dO B 
l 

d {} B 
2 

x I < 4 rr I r, 
I, k 

-
- rk 

d ql du 
2 - X 

d OB 
1 

d0 8 2 

(28) 

I 2 > -• 

Bb!pa>KeHHSI ( 14) H ( 28) B npaBbiX 'laCTSIX noMHMo ceqeHHA aneMeHTapHbiX 

aKTOB 0 npOHCXO.llSIIllHX Ha HyKnoHax, CO.ll9p:>KaT Ba:>KHYIO X8paKTepHCTHKY 

pacnpe.z:teneHHSI HyKnOHOB B Sl.llpe - Cpe.z:tHee 3Ha'leHHe o6paTHOrO KBa.z:tpa­

Ta paCCTOSIHHSI M9:>K.llY HyKnOHaMH 0 KOTOpag, no-BH.llHMOMy, 'IYBCTBHTenb­

H8 K napHbiM KOppenSIUHSIM HyKnOHOBo 

TeM caMbiM H3y'leHHe npoueccoa paccMoTpeHHoro Bhlwe THna no3-

aonSieT nony'IHTb HeKoTopbie cBe.lleHHSI o cTpyKType SI.z:tpa. Tax, HanpHMep, 

C9'19HHe .llBOAHoA nepe3apS1.llKH OTpHUaTenbHbiX flHOHOB Ha Sl.llpax 'IYBCTBH­

T9nbHO K pacnpeneneHHIO npoTOHOB B H.z:tpe 1 a ce'leHHe nsoAHoA nepe-

3apH.llKH nonO:>KHT9nbHbiX flHOHOB - K pacnpe.z:teneHHIO HeftTpOHOB. 

Ce'leHHH npoueccoa THna K- A .... K 0 2A A- 2 conep:>KaT HH¢opMa-

UHIO 0 npoTOH-HeftTpOHHbiX KOppenSIUHHX. 
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