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I. Heynpyroe pacceaaae c no>KHbiX a.n e p npa a aepraax, MeHbWHX KynoH08CKoro 6apbe

pa VB , H3)''l89TCH )'>K9 .ll11HT911bHOe Bp9MR, 3TOT npouecc H389CT9H llO.ll H8388HH9M I<y-

110HOBCKOrO soa6y>K.neaaa, C ero noMOlllbiO nony'leHo MHOro ueHHbiX cse.neaaA o pBJlaa.ua

oaabiX nepexo.nax ManoA aaepraa B a.npax, 

HanpoTHB,aayqeaae aeynpyroro pacceaaaa a.nep B o6nacTH aaepraA, 3HB'IHTenbHO 

npe8biWBIOlllHX K)'110H08CKHA 6apbep, aaxo.naTCR aa H8'1811bHOA c Ta.naa, M e>K.ny TaM, 9 TOT 

C11)''l8A TBK>Ke npe,nCT8.8JlH9T 6011bll10A HHTepec, TBK KBK ll03B011R9T H8.ll9HTbCR ll011Y'IHTb 

HHcpOpMBUHIO 0 6onee BbiCOKHX B036)'>K,ll9HHbiX COC TOHHHRX a.nep, Bnepsble OH 6bl11 paCCMOT

peH K8'1BCT89HHO B pa60T9/l/, 

npa H3)''19HHH a eynpyroro pacceaHHR H.nep B o6nacTH 9 HepraA E > v 8 a eo6xO,llHMO 

)''IHTb188Tb C119.ll)'IOlllH9 06CT ORT911bCTB8, 

Bo-nepBbiX, CT8HOBHTCR B03MO>KHblM llpRMOA KOHTBKT a,nep, noaTOMy ,nOMHM O Kyno

HOBCKOro M9XIiHH3M8 B036y>K.ll9HHR, C)'Ul9CTB9HHYIO p011b MO>K9T arp8Tb H a,nepHblll, 

Bo-BTOpbiX, aepoaTHOCTb aoa6y>K.neaaa MO>KeT aaMeTHO H3MeHHTbCR 8 peaynbTaTe 

HCK8>K9HHR op6HT - OTK110H9HHR HX OT ranep6011H'I9CKOA cpOpMbl ( T8K8R cpopMa pe811H3)'9TCR 

npa E < vll ). H a B03MO>KHOCTb B03HHKHOB9HHR 9 TOro 3cpcpeKT8 y>Ke )'K83bi8 8110Cb B 

pa6oT/
21 

2, 3TH 06CTOHT911bCTB 8 .ll911BIOT HCC119.llOB8HHe npouecca B o6meM BH.lle B .llOCTBTO'lHOA 

Mepe C110>KHbiM, noaTOM)' CHB'IB11B .ll11R BbiRCH9HH R HX p011H ll01193HO orpBHH'lHTbCR HBH6onee 

npocTbiM c ny'laeM - aeynpyroro pacceaaaa cno>KHbiX a.nep, conposo>K.naeMoro noa6y>K.ne-

HH9M ypOBHeA O.llHO'lBCTH'IHOrO THll8 B a,npe-MHlU9HH, 

209 
Bb16epeM 8 I<B'IeCTBe a.npa-MallleHH Bi ( .nna>K.nbl Mara'lecKall Kop nn10c npoToa) 

H p4CCMOTpHM Heynpyroe pacceHHHe TR>K9110ro IIOHB 

( Vn ~ 80 flll.an), c onpo8o>K.naeMoe nepexo.noM a.npa 

!6 
0 c aaepraeA E • 140 M a n 

009 
Bi H3 OCH08HOro COCTOHHHR lh9/2 

B noa6y>K.neaaoe 2 f 61 2 ( E 2 - nepexo.n c aaepraeA t\ E ~ 2,9 MaB), B xopow eM 

llpH611H>K9HHII TBKOll nepeXO.ll MO>KHO C'lHTBTI> O.llHO'l8CTH'lHbiM, 

Xopowo H31!19CTHO, 'ITO .ana accne.noBaaaa n poueccos, npoacxo.namax Me>K.ny cno>K

HbiMH R.llp8MH, MO>KHO C ycneXOM HCII011b301!18TI> ll011YitJI8CCH'l9CI<09 npa611H>K9HH9, no3TOM)' 

.nacpcpepeauaanbHoe ceqeaae aeynpyroro pacces!Haa aanaweM 1!1 na.ne: 

da = 2rr P bdb , 
( 1) 

r.ne b -npHUG11bHbiA napaMGTp, a P -sepORTHOCTb nepexo.na a.npa - MHweaa H3 ocaoaaoro 

COCTORHHR 1!1 B036y>K.ll9HH09, 

8 



TaKRM 06pa30M 1 OTHOCHTeJ1bHOe D BH>KeKH9 H.Oep OllHCbiB88TCSI KJ18CCH'I.eCKHr C HCDonb-

30BBHH9M npe.o.CTBB118HHH 0 Tp89KTOpHH 1 a B030y>K,neHHe - no K BBHTOBO!I TeOpHH, 

Ylccne.o.oBaHHe npouecca ynpyroro pacceHHHH cno>KHbiX H.nep
131 

npHBO.O.HT K 3BI<JIJO'Ie

HH JO , 'ITO BeCbMB sa>KHYJO ponb arpaeT nor noweHHe ( TO'!Hee roBopH, nponeccbl Heynpyroro 

Tin a), npH 60llbWHX 3HB'i8HHSIX 11 p H U811bHOrO napaMeTpa npOHCXO.O.KT p8CC8HHH8 B KyllOHOB

C K O .( none, C yM&HbW8HH8M llpBU911bHOrO napaMeTp8 CTBHOBHTCH B03MO>KHbiM K8C8T9JlbHOe 

C T OJIJ HOBeHHe, npH'IeM BKJII0'<89TCSI SI.O.epHb!Jl MexaHH3M B036y>K.o.eHHH, Ponb H.o.epHoro B3BHMo

.o.ellcTBHH ObiCTpO B03p8CT88T npH .O.BJlbHellweM yMeHbill9HHH napaMeTpa. n .pH 3TOM eib!CTPO 

paCT8T aepOHTHOCTb peanB38UHH OOJibWOro 'IHCI18 KBHBJIOB Heynpyroro TH08, npH HeKOTOpOM 

3H8'18H KH npHU8JlbHOro n apBMeTpB bmln KX BKI18.0. no Cp8BH8HHIO C p BCCM8TpHB88MbiM CJIY '<B8M 

Keyn p yroro pacce!IHH!I CTBHO!IK'I'CSI nOjJ.8BJISIIOLUHM 1 T,e, C tP8HOM8K0110rR'I9CKOil TO'IKR 3 p8BRSI 

Hac Tyn a eT nonHoe nornouuesae. 

0KB3b!BB8TCS< , 'ITO bmln COOTB8TCTByeT .pBCCTO!IHRIO HBH!SOI1bW8rO c6JIH>K8HHK 1 n p a -

6nH>KeHHO pasHoMy cyMMe cpe.o.HHX pa.o.aycos CTBnKHBaJOLUHXCK H.o.ep. TaKHM o6paaoM, npo

necc Heynpyroro pacce!IHH!I 00 .O.BHHOMY K B HBJIY 3tPtP8KTHBHO npOT8K88T n pH nepa¢epH'18CKOM 

CTOI1KH0!18HHH H.0.8p, 

Tor.o.a Ha OCHOBe pe3yJibT8TOB pa60Tbl/
4

/ nOTeHOHBJI H.O.SpHOro B38HM0.0.8IICT!IKH M9>K!ly 

!lBYMH H!lpBMH MO>KHO np8!lCT8BHTb !I sn.oe: 

v ~ 2 
v (R) = I -

0 1 
(R +6-R) R0 $. R -:;. Ro+ 6 ; (2) 26" R2 0 

0 ; R ~ R
0 

.,. 6 

1/3 t/3 
v = 40 . 6 = 2,2£ R

0 
= 1,27 ( A 1 + A 2 ) f 

0 

rne 

Y!cnOIY .. YSI TaKyiO 3allHCb !l11SI Vn (R) 1 MO>KHO npe!lCTBBKTb XBpBKTepHCTHKH OTHOCHT8Jib

HOI'O .o.BH>KeHHH Hnep B xnaccaqecxoM npHonH->KeHHR c y'leToM HnepHb!X, xynoHoacKH X H uea

Tpo6e>KHhiX CHJI B BHBJIHTH'19CKOM BB!le, Pac, 1. HlllliOCTpKpyeT BllHHHKe H!l9pHhlX CHJI HB ¢op-

MY TpaexTopKK, P anHyc ox py>KHOCTH p8BeH R = R0 + 6 • npa R > R
0

+ 6 HB 

TII>K<!llblll HOH ne!ICTBYIOT T OilbKO KyllOHOB CKH8 CHJibl, OpoHTB, KBCBIOLUBHCA 0Kpy>KHOCTK 1 co-

OTB9TCTB Y9T .0,8H>KSHHJO B KyJ10H08 CKOM none C MHHHM8nbHblM MOM9HTOM e -se. CaMB!I 

rnyoOKB!I OpOHTB 83 npe!lCT8BJI8HILblX HB pacyHKe C 00TB8TC TBY8T .O.BH>KSHIIIO C MOM8HTOM 

f - 77; oHa npoxonHT qepea 30Hy neAcTBHA AnepHbiX cHn, WTpHxosaHHaH xpHBBA npen

CTBBJI!Ie T Ty >K9 caMyiO op6HTy, Bbi'IHCJISHHyiO B npennOJIO>K9HHH 1 'ITO H!l9pHble Cllllbl OTCyr" 

CTByK>T, Yi3 pKcyHK8 BH!lHO, 'ITO HBI1H'ill9 R!l9pHb!X CHJI npHBO!lHT K 3H8'111T9nbHOMY HCKB>K8HHIO 

op6HThl, 0TCIO!lB HCHO, '<TO 3TO HCKB>KeHHe HeooXO!lHMO Y'<HTbiBBTb, Tenepb no aaanorHH c 

TeOpHell xynOHOBCKOrO B036y>K!l8HKH 3BnHW8M BepostTHOCTb nepeXO!l B p 0 !IXO!lALUy>o B 

¢opwyny ( 1), B sHne: 

p 
-I 

(21
1

+1) I 
Ml Mf 

b II I (3) 

4 

r.o.e b
11 

-aMnnHTy.o.a nepexo, 

b" = 

I, - CllH H H8qBJ1bHOrO COCTO 

COCTOHHKHX, }( ( t) - B38KM0.0.9 

}{ ( t ) BKI110'188T KBK H.0.8pHOE 

}{ ( t ) 

B COOTB8TCTBKH c 3 THM BMOJIH 

.rlll!l Bbi'IHC118HHK BMMHTy 

(x) 
){ 3B.O.B.O.HM TBKHM >K8 oop. 

(x) 
j{ (t)=4rrZ

1
e 

r.o.e HH.O.SKCbl p OTI1H'i8Jt 

H KOOp.O.HHBTB r I Sl!lJUUOTCH I 

npK onpeneJISHHB K.0.9pHO 

TBMK OnTH'i8CKO!I MO!l9JIH !lJlH 

Tep 38!lB'IK HBBO!lHT KB MbiCllh 

M9>K!lY npoTOHOM B ll.0.9pHbiM [ 

CTBO, BOCnOJib3Y8MCH !li1H annp 

(s) 
}{ ( \ r \)= 

pl 

~H) 
B TBKOI ¢opMe 0 Bbioop 

CTBBI18HK8 B nepeM<!BBWX t I 

jA K 

(sd 

.It (I ~. I ) = - · 8 7T A 

exp (a r0 ) ).~ j). ( i a r
1 

(I) 
li). - c¢ep~~qecltJie tPY"' 

HM98T M 9CTO B 'aaiUeM Cnyqae , 

C noMOWbiO cnenyroLUBX 388'181 

A = 133M 

.rlnA Bbi'IIICneH.BII BepOIITH 

B HB'IBJlbHOM B lt0R9'1BOM COCT< 

Horo MeTona, npe.o.no>KeHHoro 

Tell tPYHKIIBH, 

Ha'IBJibHoe COCTO!IH.Be 1 h 

R(r) =( N / 
I p l 



IT O KB8HTOBOI TeOpHH, 

/ 3/ 
: stnep npHBOllHT K 38JUUO'Ie-

•e roBopR , nponeccbl aeynpyroro 

OHCXOllHT p8CC9HHH9 B KyDOHOB-

l'lHTCSI B03MO>KHhiM K8C8T9DbHOe 

y>K.ueRRst, Ponb st.uepaoro BaaaMo

' D8p8MeTp8 , n .pH 3TOM 6biCTpO 

eynpyroro THna, npa HeKOTOpON 

IH IO C p8CCM 8 TpHB89MblM CDY'l89M 

aaH6onbwero ct5nH>K&HRH, npa-

XCII llll9p, TaK.HM o6paao"', npo

o npoTexaeT npa nepa¢epaqecxou 

II.Uepaoro B38KMO.U9ICTBHII Me>KllY 

(2) 

113 
+ A 2 ) f • 

l'lHTb X8p8KT9pKCTHKH OTHOCKT9Db-

OM SI.0.8pHbiX, KynOHOBCKHX H U9H-

reT BDHHHHe Hll9pHb!X CHD H8 ¢op-

H8 

.• KacaK>IU&HCSI oKpy)f{HOCTH 1 co-

lM MOM9HTOM f •89. CaM811 

·ayeT llBH>KQHHIO C MOMeHTO .. 

In, WTpaxosaaaaR xpaaast n p e.u-

9HKH, qTQ Sl,ll.9pHhle CHnhl OTCyr-

)OllHT K 3H8'1HT9DbHOMy HCK8>K9HBIO 

IThiBBTb, Tenepb no aaanorss c 

nepexo.ua P , axo.nKWyJO a 

(S) 

r.ue -aMnnHTy.ua nepexo.ua 

b =-
1-J<fl 

If ih -oo 
R I '"'' i > e dt • (4) 

1
1 

- cnHH R8'18DbHOro COCTOHHHH, M 1 M1 - npoeKUHH cnHH8 B H8'18DbHOM B KOB9'1BON 

COCTOS!HHSIX, J{ ( t) - B38HMO.UeiCTBH9, npHBOlllti.Uee X nepeXOllY C '18CTOTOI W =( E I -E 1 )/h. 

J( ( t) BKDIO'I89T K8K stllepaoe, T8K R xynoHOBCKoe none ROR8: 
(x) (HI 

R(tl • J( (t) + K (t). 

8 COOTB9TCTBHH C 3 THM 8MnDHTyll8 nepeXOll8 COCTOHT H3 llBYX CD8r89MhiX: 

~g) • 
II 

nn11 Bbi'IKCD9HHSI 8MDnHTYll He06XOllBMO onpe.uenBTb K 

38ll8llHM T8KHM >Ke o6p830M 0 K8K 3TO .uenaeTCSI B T90pHH xynOHOBCKOI'O B036y>K.UeBBR: 

( x ) 
J( (t) = 4"Z e ~ 

t >..,p. 2 >..+1 (5) 

r.u e BHlleKCbl p OTDH'IWOT KOOpllBH8Tbl HOH8 OT KOOpllHH8T npOTOH8, Yrnbl 

H KOOpllHH8T8 r
1 

IIBJIHIOTCSI ¢yHXUHIINH OT BpeMeKH, 

npa onpe.ueneHBB HllepBOI '18CTH B38HMO.UeiCTBRII y.uo6uo BOCnODb30B8TbCII pe3yDbTa

T8MR OnTRqecxol MO.UenR .llDH pacce!IHBR npOTOHOB H8 CDO>KHb!X 11llp8X, KpOM9 TOro, xapaK

Tep 38ll8'1H H8BOlliiT B8 !.(blcnb, 'ITO cyWeCT&eHHOI '18CTbiO nOT9HUR8D8 B38HMO.ll9ICTBHII 

Me>t<.uy npoTOHOM B a.nepBNN noneM aoaa IIBDHeTCII e ro 'xaocT'. Y'IHTb!BBR 3 TO o6CTOHTen...

CTBO, BOCnOnb3yeMCII .llDII annpOKCHM8URB'XBOCT8' Sl.llepHOro B38HMO.U9ICTBHII ¢YHKUHel 

(s) A 
J( ( l r l l=--[expl-2 a(r

1
-r

0
)l-2expl-a(r

01
-r0 )ll. (6) 

_( ) pi a rpi P 

Bb!6op KR a TaKol ¢opue o6ycnoane a TeM, 'ITO Bb!pa>t<eaae ( 6) .uonycxaeT npocToe npe.u-

C T8BD9HH9 B nepeNelllll>lX r t 

(g) (I) 

.K ( I ~1 I ) = - • 8 "A I exp ( 2a .,0 ) ~ j >.. ( i 2a r 
0 

) h >.. ( i 2a •d~ ( 0 "' ) v:.. ( 0 "' ) -
t t "" "< 7') 

exp (a r
0 

)>..~ j>..( ;a r
0

) h~) (ia r
1

) YAp. (~ </>
1

) Y~ (0
0

, </>
0

) l 
(t) 

i>.. H li >.. - c¢epa'lec1Uie ¢yHKUHR Beccen11 H Xaaxen11 nepaoro po.ua, npH'IeN r 1 > r 
0 

HMeeT MecTo a 'aallleN cny'lae), AnnpoxcBM8UBR .uaHHb!X onTR'Iecxol Teopaa ocywecT&nsteTCH 

C nOMOWbiO C119.llYJDWBX 3H8'1ebHI napaMeTpoa: 

A = 133Mas 
.t 

a = 1,2 f (8) 

nn11 BY-cneHBB aepo!ITHOCTB nepexo.ua He06XOllHMO 3H8Tb BODH0Bb19 ¢YHKUHH npOTOH8 

B H8'18DbHOM B ltOBe'IBO .. COCTOHHBHX. 3TH ¢YHKUHR 6b!UH nony'IBHN C nOMOWbiO npB6DB>KeH-

/5/ ·. 
HOI'O MeTo.na., npe.nno>KeHHOrO Wpe.uepoM • npase.ueM Bb!pa>t<eHHR llDII p8llH8.UbHb!X qac-

Tel ¢yHKUKH, 

Ha'lanbHoe cocTOKJUe 1 h9 / 2 ( aaepra11 E • - 4,2 Mas) :· 

R ( r ) = ( N I r ) exp [ - a'( r 
I p I p p 

5 



N, ( a, I "~ ) ~ ' 
- I 

a 1 = 0, 78 f v, = 5,5 f 

KoHe'IHoe cocTOHHHe 2 f 012 ( 3 HeprHH E • - 1,3 M3B): 

r.ae 

R
1 

( r t>) = ( N 1 I r
0 

) [ 

N
1 

= (a 
1 

1 2 77 ~ )10, 

2 a 
1 

( rP- v 
1 

) I 
-I 

a 1 = 0!66 f , 
( .. 

2 2/2 
exp [ - a 1 ( r P- v 1 ) I 

v = r 5 f • 

Tenepb .anK BMllJIHTYAbi btl MO)f(HO HanHCBTJ:.: 

( .. ) 
btl = 

i h 

( .. ) 
5 Au = r 

-~ 

}; < I, M I I y~ 
AIJ 

1
1 

M
1 

> 
( s!l 
s¥· 

IW t 
e gA[r

1 
(tl I vAur e, (tl , ¢ 1 (tl 1 dt 

a t}JyHKUHR g [ r (t) I eCTb: 
( I ) \ 

g A ( r 
1 

) = 8 " A exp (a r 
0 

) h A ( i a r0 ) [ R1 R 1 j A ( i a r P ) d r = 
(I) . 0 

= b >. h >. ( 1 a r
1 

) • 

npH B b1BOA9 cpopMyJibl ( 12) 6btJIO yqTeHO noae.aeHHe tPYHKUHA 

(9) 

( 10) 

( 11 ) 

(12) 

R 
I H 

WKX 3H6"19HHSIX r 
p 

R1 npH 6onh

H( s!) 
, B pe3yJihTBT9 KOTOpOrO rJIBBHbiM 'IJ19H OM B p83JI0)K9HHH 

!IBJ1119TCSI UOCJ19AHSIII CyMMB, nocKOJlbKY, KpOM9 TOro, OCHCBHOA BKJIBA B liHTerpan ( 12) 

A89T o6JIBCTb 3H 8 '19HKA r < r 
P I 

, TO 3TOT HHTerpan np8KTH1.19CKH paBeH nocTOHHHOA 

senH"'HHe . 

4 8CTb 8MUJIH TYAbl nepeXOAB bu • o6yc nosne HH8R KynoHOBCKHM B38HMoneAc TBHeM, 

OUpe A9Jlii9TCII 06bi'IHbiM B btp8}1{9Hli9M: 

r.ae 

b (K) = 
II 

(K) 

sE . .\jt 

477 'l1 e 

i h 

= y~ 

l 1 ¥ ~ < 11 M,I 
( K ) 

!ll ( E • A I' ) I I, M I > s E,Ail 

u 

(.!!... 0) r (x, 'iy,l e'") 'dt. 
2 ' _,., ,X+p.+ I 

I 

(Yl3) 

( 14) 

B T eOpHH KynoHoacKoro B 036 y }f{.aeuH SI TBKHe HHTerpanbl B bl'lH CJIHJOTCR n yTeM napaMer 

pK38UHH runep60JIHqecKOA op6HTbl, 0AH 8KO B o6UieM cnyrtae , KOr.a a B03MO}f{ H 0 CHJlbHOe OT"" 

KJIOH9KH9 o p 6H T bl OT rHne p 6 onHqecKOA cpopMbl, y.ao6HO nepeATH K HHTerpHpOBBHH lO no KOO p AH-

H8T9 

r.ae 

r 
I (K ) 

nocne npOCTbiX npeo6pa30BBHKl! t}JyHKUKH 

(H) 

s¥ H SAsL n puo6p&TBIOT BH.ll : 

· ~ ( sil rr 
S Au (f) = bAY¥ (T , 0 ) 

(m/2E) 1(B)(f) 
k ¥ . 

( stl 
I~ (f) 2k 

2 r 
,o 

tl' ¢'.•> 
e 

( I) tWt(,) 

liA ( ia r) e rd r 
~) 

6 

( 15) 

...... 

~ 
,; 

J 

H s<"l "" (0 
(K) 

y¥ ( 

1>.,< (f) : 2 k ( 

3.aec» m -npuae.aeHHBH MB· 

)K9HHR HB ISecKOHeqaocTH, a = 'I 

KopHeM t}lyHKilHil . F ( k r ) • <t>yat 

llhlA BHA a p B 3Hbi X cnyq&!IX, 

Ecn• xnaccaqecKBR TO'lKa 1 

TO peanaayeTCJl peaept}lop.aoacKo• 

F(p) F, ( 

cp( r) 
"""2 

t ( r ) 
( m 

Ecnu KnaccuqecKaH ToqKa 

T . e. r0 < R + 1\ , TO 3 TH t}lyBK 

HOM(a) HJIH HB KyJIOHOBCKOM(6) 

H 

F(p) = F
11 

(p) ~ 

(y = a
2 p' = a

2 k ( 

cf>(r) ~ f + ~ 
y f.l 2+ ( f + ~ ) 2 

t ( r) 

F(p) 

(m/2E)~ 

k(l+r:r 2 ) 

Fn< r l , 

( f + ~ 
cf> (,) = arctg ( f + ~ ) 



v = 5,5 f 
I 

2/ 2 

- v 1 ) I 

f • 

) d r = 

(9) 

(10) 

( 11) 

( 12) 

HKIIHII R I H R, npR o o nb

H( " ) 
HOM B p aanO>KQHRR 

) !I sxnaa B HHTerpan ( 12) 

.K THq eC KH paaeH llOC T OHHH Oft 

tynOH OB CK H M B 38H M O.n.e a c TBH e M, 

(Y13) 

( 14) 

KOr,ll a B03 MO>KHO C .Hn b HOe OT'"" 

H K HHTerpHpOB8HH IO 11 0 KOOp,!:!H-

n pH06peT810T BHll : 

(f ) • (15) 

, 
' 

' --

t , 

H s~x\o y¥ ( .;- .t . .\I . o) v a -'It w . 
( 16) 

(x ) 
< T) / k /' r e 

1u ¢< ,) I W t(r) 
dr 

1¥ m ~ 2 k 
e 

,o r J F (k r) 

3!!9CJo m -npKB9,!:!9HH8SI M8CC8, T) = Z 1 Z 2 e 
2 I h v , v -cxopoCTb OTHOCHTenJoHoro !!IlK-

>K9HHSI H8 6eCJCORQ'lHOCTH, 8 = T) / k ' a r
0 

-JUI&CCH'18CK8SI TO'IIK8 llOBOpOT8-HBnR8TCSl 

xopaeM ¢yHitllKII . F ( k r ) • ~HKIIHK 

llhiJl BK!! a p a3HbiX c nyqa gx, 

F(kr) = F(p) ¢ ( r) K t ( r) HMQIOT pA3nHq-

Ecna ~tnaccxqecxag TO'lKa nox;opoTa r0 
pacnono>KeHa a o6nacTH 

TO peanH3y&TCSI pe3ep¢op,!:!OBCKOQ p8C C 9SIHHQ H ):!nil yK838HHbiX lPYHXUHJl KM89M 11blp8>K9HHSI: 

F (p ) 

2 

¢ ( r) " 
<f + y,) + T) p 

-z- - arctg 
(f + 1'1 ). y F

1 
( p ) 

t ( r ) 
( m I 2 E >"" [ JF;{Pl + T) fn I .[F(p}.. P -T) II . 

k JT)• + < e + y, > • 

E c nH Knac c Hqecxall TO'lKa noaopoTa pacnono>KeHa B oonacTH !!9ACTBHH H!!epHbiX c Hn, 

,o < R +.1\ , TO 3TH lPYHKUHII B 38BHC!'MOCTR OT M9CTOIIOnO>K9HXH 'l8CTIIIIbl - H 8 H!!&p-

HOM ( a) HnH Ha KynoHOB CKOM ( 0) y q acTKQ Tp89KTOpHH - npROOp9T810T cne,!:!yJOWHA BH):!: 

H 

F ( p) = F
11 

( p ) = ( 1+ a 2 ) p 2 
- 2 ( 1J + y ) p + {3 

2
- ( f + Y, ) 

2
, 

{3 2 •••. 
= a p • a 2 = B 

E 
) . 

¢(r} = f+ Y> fn 
<'7+ r> p -[{3 2 -U+!h l'l-v'\.f:l~<f+ }S YhJP> 

J' (a) 

t ( r) 

v {3 '+ < e + y, > 2 

(m i 2E) "" 

k(1 + a 2
) 

..J..:L__r 
+-~---n 

y 1 +a 

- arctg 
< e + y, >2 + TJ p' 

¢ ( r) = arctg 
<f+ Y,) y FI (p') 

7 

J< l+a"l ~~ (p} -(TJ+Yl+( 1 +rz~P I 
J(T)+y) 2 -(l+a"> [,82_(f+ y, )2 1--

(f+ .Y> >' + T) p 

<f+Y, )yF,(p 
+ 

(G) 



t + ~ 
t~ t 

p' Jc., +rl 2 -(l+a 'H.B~(h ~ l 211 
+ 

(., + y ) p' - [ f3 2
-( t + ~ .)~ -v'lf3 !( Ml >21 ~,CP1· y fJ'.L ( f + ~ )2 

t( r) -
( m /2 E >"" 

k 
t [yF

1 
(p) v'F,_ (p') +'I fn 

,j F, (p ) + p - 'I 

,jF, (p')+ p' - 'I 

+ 
l+a 2 

[yF
11

(p') 
'I+ y 

+ fn 
,jl+ a 2 

,j( l+a'l f1 (p') +(l+a "l p'-('I+Yl 

j., + y )2 -( l+a2)[ fJ 2-U +IS )2 j 

(g) 

! • 

I+ (6) 

1 I. 

PaayMe&TCll, op61lTIIJ!Wiwe llBTerpanb! ~ (f) B 

(rd 
I~ {f) 

1 BXO,O.SUUHe B 

cpopMyllb! (15) H (16), B&06XO.llKlolO p8CC'IIIT8T:b 'lllCll&BBO, 

(x) 
Ecna TO'Ixa noaopoTa ,o pacnono>KeRa a o!SnacTB ,o > Ro+ ·L'I , TO I~ (f) non-

HOCThlO COBn8.ll8!0T C IcyllOBOB.CKHMH Op6HTIIJI:bBb!MH llHT&rpanaMH, Bbi'IHCTIQHHb!MH ,/
21 

HaTepecao cpasBRT:b aaaqeBHll op6aT&n:bBbiX KHTerpanoa 
(s) 

I.~,u R 

(x) 

I"" • BbfliRcneH-

Hb!X JlllH KYllOHOBCKHX H RCK8>K8HBhlX op!SHT, ,Llna Hllll!OCTpanHH BllRIIHH.II 3cpcpeXT8 liCX8>K9HHll 

Op6HTbl H8 3H8'18Hil8 op!SHT&n:bHWX HHT&rpanoa Jl8Hhl 

B Ta!Snane I npHBe.aeaw aaaqe&Hll HHTerpanoa 

T86llHUb! I 
(x) 

I .\jt npa 

H 2, 

.\= 2 (!>TO 3H8'19HHQ .\ 

c ooTBeTcTayeT no.aasnaJOill(li)Y axna.ay a ·ceqeaae) a aasacHMOCTB OT t • Auanoraqawe 

.ll8HHhle .ansr HHTerpanoa ~ (>- -2) cae.aeHbl a Ta6nany 2. HaH!SOnblllyro senH'IBHY BM&IOT 

KOMIIOHQHTbl C fi ~-1 , no3TOMy Y.llO!SHee Cy.llllT:b 0 BTIHIIHBH HCK&>KQHBII no nos&JlQHB!O 3THX 

xownoHeRT, Ha Ta!Snau I • 2 BR.llR0 0 'ITO npR f=B9 ( TO'IX8 axnroqeHHll ll.ll&pHb!X c anlponb 

RCXa>KQHRll BR'ITO>KR8, O.aaaxo, np• YM8HblllQBHR t OH8 B03p8CT8QT, npa f •77 

I( I[) ) 
RHT&rpan !1,. 2 (f UO HCX&>KQRIIOI Op!SliTQ np&Bhllll8QT CBOQ 3H8'1QHHQ JlllSI KYllOHOBCKOI 

op!SRTbl B 

~.~~ < n 
• 1,6 paaa, 3TOT 34KPexT npollanli&TCR elQe 6onee peaxo a cnyqae HHTerpanos 

3.ll9Cio H8611JO.ll89TCII pOCT B = 4,2 p838, C K8'19CTB9HHOI TO'IKR 

3p9RRll 3TOT p93YllbT8T nerKO nOBliT:b, nOCXOllbicy 0 .llBRr811Cb no HCK&>KQHHOI op!SHTe, '18CTHna 

npoxo.aBT a6n11aa ll.llpa 6onbllllll nyT~>. 

B .aelcor:aaT&IIbHOCTR, 34KPexT acxa>KeHRll op!SRTbl !Sy.aeT aa..eTHO ocna611eH Ha-aa Toro, 

'ITO HM&IIHO a 9Tol aoae auaqeaal f aweeT wecTo 'l.9.CTH'IHoe nornomeaae, Hcnonb3yll .aaa

HWe aaanaaa axcnepaweaToa no ynpyroMy paccesrBBJO, .llllll rpy!Soro yqeTa 3TOro cpaxTa a 

Bb!pAJK9HR8 .llllll CQ'18HHSI B&O!SXO.llBMO BBQCTH o6pe38101llYIO cpyHXUHIO: 

A(f) ~ 

( B aawew ceyqae f 1 •77, 

[{f- f l) /{ ~ 
3 

f 
1

) I f jS. f '.!. fk 

> fk. 

f k • 89), npa <ITOM CQ'IeBilQ npllo6p9T89T BR.ll: 

8 

(17) 

" 

a = 2" 
k2 

BhlttHc neBHe rroKaawaaeT, 'ITO 

( ax -ceqeHHe 6ea y'I&Ta R.lleJ 

0JlH8KO H&06XOJlHMO TIO.ll'l 

Ho, 3To o6ycnosneHo cneJlyromJ 

Bo-nepBbJX, r 0 - napaM 

,O.eneH H9.llOCT8TO'iHO TOl:f.HO. 

Bo-BTOpb!X, BOTIHOBb!Q cpyJ 

'IHcneHbl n pa6na>KeHRo, Mo>t<HO 

KO H8 nepHctJepHH , llrp810lll&A 81 

BQ~QHHQ B 38BKCHMOCTH OT r 
p 

npH KyllOHOBCKOM B036y>K.ll9HHE 

B-TpeTDRX, norpelllHOCTb 

napaMeTpa o 6peaaaaa (o6w'IHO 

HHuel . 

B 3TOA CBR3H 6wn11 rr p ose 

HyiO acaMnTOTHxy. KpoMe T oro 

yMeH b lll&HO aa e.aHHKuy. Taxoe 

neaaa. B peayn bTaTe ceqeHae 

B036y>K.ll9HHR, H OK I UK+R = 

VIa CTpyxTypb1 npHse.aeaH 

cna6o 38BRCHT OT MBCCOBOro 1 

38BHCHMOCTb OT xynOHOBCKOrO 

3, PaayMeeTCR, nony'leHH 

O.auaxo aecMoTpll Ha rr pa6mr>K • 

HH'IRllHCb TOllbKO '18CTHb1M cny 

U03BOn5liOT c.a.en&Th BhiBO.Ubi 1 i 

1. npa HeynpyroM p acce 

MOW B036y>K.ll9HBR HBllli&TCR K 

8B8nR3 3 KCII&pHMQHTOB . 

2, BnHllllll& acxa>K eHHSI c 

ITO.llllBJIHIOlllKA BKll&.ll BHOCHT C 

CHll 118CYlll9CTB9HH&, 

3. npa aeynpyrow pacce 



(i7>" +(l+a ~ p'-(7J+Yl 

l+a~)[fl~-<f+~ )~) 

! • 

I l. 

, 8XO.O.HLUHe B 

(x) 
t
0 > R0 +/';. , TO lAp. (f) non-

118MB, Bbl'IHCJ18HHblMH B/
2/ 

011 

(a) 
[Au 

1 BhPIHCneH-

.UKH BJlBSIHHll a¢¢eKT8 KCXS>KQBHSI 

lbl [ H 2, 

(&TO 3H8'19HH8 A 

H: HCIC8}1(9RHII llO llOB8.ll9HHlO 3TRX 

'IXA BXJliO'I&HHSI R.tl9pHblX CHn)pOJII> 

0.3p8CTAeT, npH f •77 

18 3H8'18HB8 .tlJ111 KYJIOHOBCKOI 

onee peaxo B cnyqae HHTerpanos 

1838, C K8'18CTB8HHOI TO'II<ll 

no KCJ<8)1{8HHOI op!SHTe, '18CTBU8 

: eT aaMeTuo ocnaOneu Ha-aa Toro, 

~oe nornoll.I&HKe, J.1cnonb3yH .uau

rpyOoro y'leTa 9Toro ¢axTa 11 

<j:lyHKUHJO: 

(17) 

npaoOpeTa&T BK.o: 

(7 = 2" J P <e > A < e > e d r 
f, 

BhltUicne&He noKaawsaeT, 'ITO U = U K+SI ~ 40 M6, npK'IQM 

(18) 

(7 K I (7 X+ll 

O.oHaxo Heo6xo.UHMO no.oqepxHyTb, 'ITO R.oepHaR qacTJo y'IHTblBanacb secbMa npHOnH>KeH

HO, 3To o6ycnosneHo cne.uyJOll.IHMH npH'IHHB.MH, 

Bo-nepBbiX, r 0 - napaMeTp, BXO.tlSIUIHA II Sl.tl8pHyJO '18CTI> B38HMO.tl8ACTBH!I (6), onpe-

.n.eneH H9.!t0CT8TO'IHO TOl:IHO. 

80-BTOpblX, BOJ1HOBblQ ¢yHKUHK(9) UpOTOH8 B H8'18 JlbHOM H KOKB'IHOM COCTO!IHHSIX Bbl

'IHCJ18Kbl npH6J1K>KQHHO, MO>KHO H8.tl8liTbCSI 0 'ITO OHH 6J1H3KH K KCTHHHb!M BHyTpH H.Upa, O.tlHS

KO Ha nepH<j:lepHH, llrpaJOUI9A BS>KHYIO pOJib npH H.tl8pHOM M8X8HH3"'9 B030)'>K.tl8BHH , BX no

B9.0,9RK9 B 38.BHCHMOC TR OT rp H9llp8BIInbH09 ( 3 TO n p8KTKq9C KH He CK83biB88TCSI H8 C9tt9HHH 

UpH xynOHOBCKOM B030y)l{.tl8HHil), 

B-TpeTI>BX, norpewuoCTb B03HHxaeT H npa Bb!6ope aaa'leHKR f 1 , HrpaJOll.lero ponb 

n apaMeTpa oOpeaaHHH ( o!Sbl'IHO 3TOT napaMeTp MO)I{HO o n pe.uenaTb c owHOxoA, pasuoA e.ua

Haue), 

8 3 TOI CBI13H 6blJ1K npOBB.tl8Hbl OUQHKH C BonHOBblMH ¢yHXUKHMB 0 HWQIOWHWII acnpasne a

HyiO acBwnTOTHKy. KpoM e T o ro, napaMeTp r0 6&m yaena'leH ua 0,4 f , a 3B8'19Blle f 1 -

y Mea&weuo ua e.oKHIIUy. Taxoe KaMeHeHae napaMeTpo s C BH38HO c ueTO'IHOCTbiO KX onpe.ue

neHKH, B peaynbTaTe ceqeHa e rsenH'IB!IaeTcR aa C'leT exna.ua OT a.uepHoro Mexauaawa 

eoa6y)l{.tl8HKH, K u x I u "+" = 76 % • 

J.1a c TpyxTypbl n pase.ueHHh iX <j:lopMyn BblTexaeT, 'ITO sxna.u OT R.tlBpHoro MexaHH3Ma 

cna6o aasacHT OT Mac cosoro 'IRena HOHa ( npH 3 KHKB8J18HTHOI 3 HeprKH Ha HyKJIOH),HanpOTKB, 

o A 2 
a Z I =·(--+} .tlOBOJ1bHO CHJlbH'i!l, 3B.BHCHMOCTb OT KynOHOBCKOrO M8Xa HH3M 8 a · 

3. PaayMeeTCH, nony'IBHHhiB uH¢pb1 MO)I{HO pac cMaTpHBSTb JlHWI> xax opue HTKpOBO'IHble, 

0.UH8KO HQCMOTpll Ha n pH0JlH)I{8HHbll xapaKTep Bbi'IIICJlQHHI, a TSK>KQ Hll TO, 'ITO Mbl orpa-

Hli'IIIJlHCb TOJlbKO '18 CTHblM CJ1Y'I88M HeyupyrOrO p8CCQ!IHHR, np8.tlCT8BJ18HHbl8 pe3yJibT8Tbl 

U03BOJliiiOT C.tl8Jl8Tb BblBO.tlbi, HMBIOUIHQ O!SWHI xap&KTep, 

1. npH H&ynpyroM p8CC8!1HKH Tli)I{QJlbiX HOHOB C 38pH.tlOM Z I ;:: 8 OCHOBHbiM M9X8HB3-

MOW B030y>K.tl8HBH !IBJl!IBTC!I KyJIOHOBCKHI, 3TO o6CTO!IT8J1bCTBO MO>KQT CHJlbHO ynpOCTHTb 

aaanHa axcnepB"'eHTOB, 

2o 8J1HIIBR9 BCJ<Q)KQHHR op6HT Ha llOJIHOQ CB'IQHHe B 3TOM cnyqae 0 '18Kb Mano, T&K KSI< 

llO.tlllBJIHIOUIKA BKJ18.tl BHOCHT o!SnacTio npKU9JlbHblX napaMeTpOB, .tlJlll KOTOpblX ponb H.tl8pHblX 

CBJl H&Cyll.I&CTBQHHa, 

3. npa ueynpyrOM p&CCQ!IHHH TR>K8J1biX KOHOB, 06J18.tlll!OUIHX H960J11oWHM 38pll.tlOM 

9 



< z1 • 2 - 3 > 7 
OCHOBHyJO ponlo arpaeT 1Ul8pllhlll N8X8.BB3M B036y>K.ll8HBll, no9TONY 

DonHoe ceqeuae B 38.BBCBNOCTH OT 9BeprBB CTonXHOB8BBll .llOn:lKHO BCDbiTbl&aTb !SbiCTpbiJl 

poeT a o!SnacTB xynoaoacxoro !Sapb8pa. 

4, B TON cnyqae, XOr.llu ll.ll8!JHWJl N8XaHB3N &036y>K.ll8HBII BHOCBT OCHOBBOI BXD8..ll 

( M8.nbl8 3BaqeHBll z I BDB MOHODonlollble D8p8XO.llW) yqeT BCXa>KeHBll DpBBDJliiB&nbBO 

BQOOXO.llBN, 

npe.llCT8.BDli8T BH:t'8p8C; Dp0B8CTB DO.llOOBblll aH&nB3 H .llDll B036y>K.ll8HBll ypoaael 

XODDQXTBBHOI DpBpO.llblo 

n R T e p a T y p a 

I. K.A . Tep-MaPTHPOCliB. )1(3T<P, ~ 284 ( 1952 ). 

2. K.Alder, A.Bohr, T,Huws, B,Mottelson, A ,Wmther, 
28, 432-542, 195"6. 

Rev, Mod. Phys., 

3, B.,N,Kallnkin, T.P.Kochkina, B ,I.Pustylnik. Proc. of the Third Conference on 
Reactions between Complex Nuclei ( University of California Press, 
Berkeley and Los Ageles, 1963, p,69;Acta Phys. Polon., ~ 4 2 7 ( 1963). 

4 • .R.rpa!SoacKBI, E.H.KanBHXB8. npanpHHT OVI.RVI, P-1743, .LJ.y6Ha, 1064. 

5. A.Schroder, Nuovo Cim., VII. No.4, 46 1. ( 1958 ). 

Pyx onac1o nocTynana s B3.llaT8DbCXBll OT.llen 

26 ¢espan11 1065 r. 
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r" . X('l 
KynoHoBcKMe op6HTU 

~ 2; 2 2 ;0 

77 0,1998(-1) 0,8853( 

78 0,1929( -1) 0,8646( 

79 O, I863{-I) 0,8445( 

80 0,1800(-1) 0,8249( 

81 O, I739(-I) 0,8058( 

82 0,1680(-1) 0,7872( 

83 0,1642( -1) 0,7691( 

84 0,1569( -I ) 0, 75I5( 

85 0,!5!8( -I ) 0,7343( 

86 O,I468(-1) 0,71 '76 ( 

87 0,1420(-1) 0, 70131 

88 0,1374(-I) 0,6855 ( 

89 0,1329( -I) 0,6700( 

ITpl!lle'laHH e : 

~ I.,. 
KynoHOBCKae op6aTb 

;'( 2;2 2 ; Q 

77 0,4746(-5) 0, 5061( -: 

78 0,4223(-5) 0,4503( -: 

79 0,3758(-5) 0,4007(-: 

80 0,3343(-5) 0,3564( -: 

8I 0,2974(-5) 0,3170( -: 

82 0,2645(-5) 0,2820(-~ 

83 0, 2352 C-5) 0,2507( - : 

84 0,2091( - 5) 0,2229( _, 

85 0,1859( - 5) 0,19tl1(-' 

86 0,!652( -5) O,I76I(-

87 O,I469(-5) 0,1565(-

88 0,!305(-5) O,I39I(-

89 O,II60(-5) 0,!236(-



BR3M B03l5y>t<D.9RRR, no&Towy Ta6nl!ga i 

D.On>KHO RCUb!TbiB8Tb l5hlCTphll . r~,." L.; 
KynoHOBcKHe op611T~ llcKaJKeHH~e op0I1T~ 

l9HHR BHOCHT OCHOBBOI axn.a ?"< r RCX8>K9HHI npHHnllliRMioHO 
2; 2 2;0 2; - 2 2; '2 2;0 2;-2 

77 0,1998 (- I ) 0,8853(-I) 0,1648 0,4840(-I) 0,1929 0,2700 

78 0,1929( -I) 0,8646(-I) O,I6I9 0,7976(-1) 0,1668 0,2190 
D.nR B036y>t<D.9HRR ypoaaeA 

79 O,I863(-I) 0,8445( -1) 0,1 589 0,8410( - I) O,I508 O,I960 

80 0,1800(-I) 0,8249( -I) O,I56I 0,8298(-1) 0,1389 O,I8II 

81 O,I739(-I) 0,8058( - I) 0,1533 0, 7974( -I) 0,1393 O,I70I 

82 O,I680(-I) 0,7872(-I) O,I 505 0,7547(-I) O,I2II 0,1616 

83 0,1642(-I) o, 7691( -1) O, I479 0, 7II2( -I) O,Illl3 O, I546 
Rev, Mod, Phy s., 84 O,I569(-I) 0, 7515( -I ) 0,1452 0,6563 ( -1) O, I075 O,I494 

of the 'Ihlrd Conference 
85 0,1518(-I) 0,7343(-I) O, I426 () ,5958(-I) O, IOIO 0,1443 

on 
' California Press, 86 0,1468(-1) 0, 7176( -I) O,I40I 0,5284( -1) 0,9466(-I) O,I400 . Polen., ~ 427 ( 1963). 87 O,I420( -I) 0, 7013 (-I) 0,1377 0,2531(-1) 0,8807(-I) 0,1362 
43, .[ly6aa, 1964, 88 0,1374(-I) 0,6855( -I) 0,1353 O, I966( -1) 0, 7II5( -I) 0,1355 

89 0,1329( -I) 0,6700( -I) U, I329 O, I34I ( -I) 0,6704(-I) 0,1347 

!lpnue'laHI!e : o603Ha<ieHIIe {- n) 03Ha<iaeT , 4TO ~aHHOe <ii!CJIO Ha~O YUHO~Tb 

Ha w-". 

Ta6llllga 2 
B R3D.8T9nhCKRll oT.o.en r.,. r:,. 
IR 1965 !' , KynoHOBCKI!e op61!T~ ~CKaliteHH~e Op61!T~ 

!"'< 2;2 2j0 2; -2 2;2 2; 0 2; - 2 

77 0,4746(-5) 0,5061(-5) 0,47!15(-5) 0,8514{-5) 0,1825(-4) 0,2172(-4) 

78 0,4223( -5) 0,4503( - 5) 0,4223( - 5) 0,6976 (-5) 0,1054( -4) O,II75(-4) 

79 0,3758(-5) 0,4007(-5) 0,3758{- 5) 0,5522(-5) 0,7439(a5) 0,8082(-5) 

80 0,3343(-5) 0,3564( - 5) 0,3343( - 5) 0,4488( - 5) 0, 5659(-5) 0,6051( -5) 

81 0,2974(-5) 0,3170(-5) 0,2973(-5) 0,3725(-5) 0,4488(-5) 0,4'/43 ( - 5) 

82 0,2645(-5) 0,2820(-5) 0,2645(-5) 0,3142(-5) 0,3657( - 5) 0, 3830(-5) 

83 0, 2352 t-.5) 0,2507(-5) 0,2352(-5) 0,2680(-5) 0,3037(-5) 0,3152( - 5) 

84 0,2091( - 5) 0,2229(-5) 0,2091( - 5) 0,2305(-5) 0,2559(-5) 0,2646(-5) 

85 0, 1859(-5) 0,19~1(-5) O,I859(- 5) 0,1923( - 5) 0,2180(-5) 0,2345( - 5) 

86 O,I652(-5) O,I76I(-5) 0,1652(-5) 0,1726(-5) O,I872(-5) O,I927 ( -5) 

87 O,I469( -5) 0,1565( -5) 0,1469(-5) 0,149Ut-5) O,I690(-5) 0,1666( - 5) 

88 0,1305(-5) 0,1391( -5) 0,1305( - 5) 0 ,1310(-5) 0,1502 (-5) 0,1454(-5) 

89 O,II60( -5 ) 0,1236(-5) O,II60(-5) O,II61(-5) 0,1238(-5) U,II6I(-5) 
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