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flyKbSIHOB B.K., TliTOB A.H. P4-8058 
nByXCTyiieH'I8Tbie a<jJ{jleKTbl B peaKU(!SIX rrepeaa'I B llHCIIepCliOHHOH 

TeOpHH 

PaccMOTpeHbi nByXcTyrreH'IBTbie .peaKUHH rrepeaa'I B paMKax llHCrrepCHOH

aoli TeOplili IIpS!MblX SI/lepHbiX peaKUliH. DpearronaraeTCSI1 'ITO llBYXCTyiieH'I8Tbie 

a<jlcjleKTbl CBSI38Hbl C BKnallOM TpeyronbHb!X llHarpaMM 1 y KOTOpb!X OllH8 H3 

BepUIHH OIIHCbiB8eT B036ylKileHlie Slllpa BO BXOilHOM lin(! Bb!XOilHOM KaHane, 

B Ka'!eCTBe rrpliMepa BbmonaeH pac'!eT li naao cpaBHeHHe c aKcrrepliMeHTOM 

ang peaKUHH 12C(d, 3He)ll B. npoaaan(!3(!p0B8H8 38B(!C(!MOCTb ce'!eHHH OT 

3HeprliH lleHTpOHOB, 

npenpHHT 06be,QHHeHHOrO HHCTHTyTa g,nepHbiX HCCJie,QOBaHHli. 

,ay6Ha, 1974 

Lukyanov V.K., Titov A.I. 

Two-Step Effects in Transfer Reactions 
in the Dispersion Theory 

P4-8058 

Two-step transfer reactions are considered in the fra 
mework of the dispersion theory of direct reactions. It is 
suggested that the two-step effects are connected with a 
contributionof triangle diagrams with vertexescorrespond
ing to excitation of nuclei in entrance or exit channels. 
As an example the calculation of the reactionl2C(d,3He)IIB 
is made and the result is compared with experiments. 
The cross section dependence on the deuteron energy is 
analysed. 
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1. ,lJ;nJI ODBCaHBJI JIAepHbiX peaK~HH OAHOHyKnOHHbiX nepe

Aa'l 'laC TO Heo6xo~BMO HapJIAY C aMnnHTYAOH npJIMOH n~e
Aa'IH HyKnoHa T Il y'IBTbiBaTL TaK>Ke aMnnBTYAbl T( l c 

BHpTyanbHbiM DOAB036Y:>KAeHHeM HB3KOne:>Kall\BX COCTOJIHBH 

Ha'lanbHOrO B KOHe'IHOrO JIAep.TeopeTH'IeCKBH aHanB3 Ta

KBX peaK~BH npOBOAHnCJI B OCHOBHOM AnJI cpeAHBX B TJI:>KenbiX 

JIAep B paMKaX MeTOAa HCKa:>KeHHbiX BOnH C yqeTOM CBJI3B 

KaHanoB /MHBCK/. OKaJanocL, 'ITO B cnyqae Ael}lopMHpo

BaHHbiX JIAep, rAe nerKO B036Y:>KAaiOTCJI KonneKTHBHble 

ypoBHH, nepeAa'la HyKnoHa 11BnJieTCJI MHorocTyneH'IaToii /I/, 
B cnyqae :>Ke cl}lepH'IeCKHX 11Aep, rAe ypOBHB B036y)I{AaiOTCJI 

cpaBHBTenLHO cna6o, AOCTaTo'IHO orpaHH'IBTbCJI ABYXCTyneH

qaTbiM npB6nB:>KeHBeM /2/. IlepBble pac'leTbl MHBCK AnJI 

nerKBX JIAep ~OKa3anH, 'ITO 3TH peaK~BH TaK:>Ke HAYT KaK 

ABYXCTyneH'IaTble /3/. 
3AeCb Mbl XOTHM npOAeMOHCTpBpOBaTb B03MO:>KHOCTB 

AHCDepCHOHHOH TeopHB npJIMbiX peaK~HH /4/ AnJI ODHCaHB11 

ABYXCTyneH'IaToro cpbiBa /noAXBaTa/ HyKnoHa. PaccMoT

PHM peaK~BIO A( p, d) B.EcnB TaKa11 peaK~B11 BMeeT OAHo

cTyneH'IaTblii xapaKTep, TO OCHOBHOH BKnaA B aMDnBTYAY 

BHOCHT DOniOCHaJI ABarpaMMa. 0AHaKO, ecnB BepOJITHOCTb 

DOAB036Y:>KAeHHJI KonneKTHBHbiX COCTOJIHHH 11Aep BO BXOAHOM 

BnH BbiXOAHOM KaHane AOCTaTO'IHO BenBKa, TO, KpOMe 'IBCTO 

noniOCHbiX AHarpaMM, HY:>KHO y'IHTbiBaTL B 6onee cno:>KHble. 

B Ka'leCTBe nepsoro mara B 3TOM HanpasneHBH npeACTaBnJieT 

HHTepec accneAoBaHHe BKnaAa HaB6onee npoCTbiX, TpeyronL

HbiX AHarpaMM, y KOTOpbiX OAHa H3 BepWBH ODBCbiBaeT B03-

6y)I{AeHHe BO BXOAHOM HnB BbiXOAHOM KaHane. 

H B TOM, H B ApyroM cnyqae Bbi'IHcneHHe aMnnHTYA 

peaK~HH 6yAeM npOBOABTb Ha OCHOBe l}lopManB3Ma nepBI}IepHii

HOH MOAenH npJIMbiX JIAepHbiX peaK~Hii. 3Ta MOAenL xopowo 

ce6JI JapeKOMeHAOBana npB H3y'leHBB peaK~BH OAHOCTyneH

qa TbiX nepeAa'l, - B AaHHOH pa6oTe Mbl BCDOnbJyeM ee Me TO-

Abl. 
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B cnyqae 'leTHoro JI,D,pa-MaweHH A npouecc BHpTyanLHoro 

ITO,D,B036y~,D,eHHJI BO BXO,D,HOM KaHane 6onee BepOJJ:TeH, 'leM 

B BLIXO,D,HOM, IT03TOMy B aMnnHTy,D,e nepe,D,a'IH 6y,D,eM Y'IHTLI

Ba TL TOnLKO O,D,Hy TpeyronLHYIO ,D,HarpaMMY .D.BYXCTyneH'Ia TO

ro THrra T( 2) c aepwaHo:ii Heynpyroro pacceJIHHJI A+p4 A*+p' 

T= Tcf)+ T'2>= 

2. B rronJOCHOM rrpa6na~eHHH aMnnHTy,D,a peaKUHH BMeeT 

BB,D, /5/ /.D.eHTpOH C'IBTaeM B s -coCTOJIHBB, CITBH Ha'lanLHOrO 
JI,D,pa lA = 0 /: 

a 

T( I)= 
4i7 d y A -~I _GO,l/2GA 4 fnlln(qA) 
P p f - n · ( qA) ----

d p nflnan y4 17 LnJn z - ~ 

< s 0 
n n s a l sdad > <f fL s p p n n n 

_,. .... 

a I j v > 
n n n 

r,D,e 
p pd 

z = cos e = P , nono~eHJ~e oco6eHHOCTB -
pp pd 

2 2 
p +(mB/mA) p e = . 

2 2 2 
Pd+KA·h 

2 ( mB / m A) P p P d 

2 2 
K = 2/1 Q /1i. , 

A Bn A 
Q =(m +m 

A B 
-m 

n 
) c 2 

A 

/1/ 

12/ 

G d 
0, I /2 

H 
A Ge . 
n 1n 

( q A ) , COOTBeTCTBeHHO, BepWBHHLie 

d!YHKUBB 3neMeHTapHLIX rrpoueccoa n + p ... d a A ... B + n • 

IOcTanLHLie 0603Ha'leHBJI CM. B /5/ 1. 

4 

fiepe:ii,D,eM B Ill K yrnOBOH 3aBHCHMOCTH OT "BHeWHHX" 

HMrrynLCOB l'p H p d c noMOII{:t.IO cooTHOWeHHJI I ocL z II Pd I: 
A A A 

Yfn fLn ( q A) = I 

z- ~ fi fpf d f 

f f d I/2 
f ( ~) Qf 

f. 
( ~) ¢ ( f

0 
; fp f d ;E z) x 

1 131 

x Ye_ 11 (~P) <fp p.0 fdojf0 p. 0 ><fpfLnfOififLn ><fpO fOI fiO> 
1 rn 

.... 
(I = 21 + l) • 

r,D,e Q f ( ,; ) - nonHHOMLI Jle~aH,D,pa 2- ro po,D,a, a ¢ ( flo f pfd;IU.) 
- .H3BecTHLie WYHKUHH npeo6pa3oBaHHJI ccllepaqecKHX rapMo

HHK /51. B 3THX nepeMeHHLIX nepacllepH:iiHaJI MO.D.•'nL ,D,aeT 

cne,D,yJOII{ee BLipa~eHHe ,D,nJI aMrrnHTY.D.LI O,D,HOCTyneH'IaTOH 

nepe,D,a'IH: 

J4ii miL Gd I ! <Sn an o l _ _ --- o - e 
T - p p d 2 an fln n p 

spop l sd ad> 
141 

A " <f11sa Jjv>G 0 .(iKA)fo (n). 
nnnn nn LJ Lfl p 

n n n n 

],D,eCL BBe,D,eHO 0603Ba'leHHe: 

f ( ... f fL np) 
n n =t 

1 

en fln y ( ~ ) • 
A f. fi 1'-n P 

1 

lSI 

r,D,e 

A A e A 

An flo 
f. 9(L -f.) 

0 I 
I e < 

~fi 

fpfd 1/2 
...--) Q o (,;) ¢ ( f ; f f d•E ~) 
f . L n p 1 

1 

161 
< e fL fd o 1 f ,_ >< f fL eo 1 £1 fL > < f o eo 1 f. o > • pn nn pn n p 1 
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113 «bopMyn I 4/-/61 BH,nHo, 'ITO cyn, nepocllepoii:Hoii Mo,neno 
COCTOHT B o6pe3aHHH pH,na npH CYMMHpOBaHHH nap:u;oanbHhiX 
aMnnuxy.n no e < L 0 "'k R c o,nHoBpeMeHHOH 3aMeHOH cPYHK
l(HH Gen j n ( qA) ¢ ( en ep ed' E z) Ha ee 3Ha'leHHe B nomoce: 

~ . 
q ~ 1K 

A A z .... ~ ; 
A _. 

Ge· (q)¢(e,eed 
nln A n p 

E z) ~ 

... ct j ( iK A) ¢ ( enepe d; E~) . 
n n 

3aMeTHM, 'ITO B ,naHHOM cnyqae MOMeHT KOHe'IHOrO JI,D;pa 
COBIIa,naeT C nonHhiM MOMeHTOM HeHTpOHOB Ha o6onO'IKe 

Is = j n 

3. IJepeH)l:eM K paCCMOTpeHHIO TpeyronbHOH _noarpaMMhi. 
Cornacoo / 4 / ooa HMeeT aa,n: 

( 2) 

T 
imA*m m p n 

2rr41i 3 
X 

171 
MAa 

[ M (1 ~ ( 2M ( 3) ] M
8 

a: 
X f ----------- __ _r._ _ __t:. ______ _ 

( p 2 -2m E ,-iy) ( p 2 -2m E -iy) ( p 2 -2m E -iy) 
p' P P A* A* A* n n n 

3,necb p , , pA~ p - HMnyni>Chi npoMe:lKyTO'IHhiX qacTHU, p n 
m , mA*, m - HX MaCChi; KBa,npaTHhie CK06KH 03Ha'laiOT 
aGKTOpHOe cn~:lKeHHe MOMeHTOB, COOTBeTCTBYIOIUHX BepWHH
HhiM cPYHKUHJIM BHpTyanbHhiX npo:u;eccoa M < 1 >, M < 2) , M < 3). 

Iloni>3YHCb 3aKoHaMB coxpaoeuax B aepwaoax, npe.n;cTaBBM 
3HaMeHaTenb /7 I B aa.ne 

(p 2 -2rn E,-iy) (p 2 -2m (-E +F. -!'J.)-iy)((-+p--+p )
2

-
p' p p p' A* p' 1 p' d 

181 
- 2m

0 
( Fp,- Ed - Q d ) - i y ) , 

r.ne Ef, = EA + E P - Ha'lanbHaJI 3Heprax, a !'J. = (rnA* -rnA) c2-
3HeprBH B036y:lK,neHBJI JI,npa B npoMe:lKyTO'IHOM COCTOJIHBB. 
IlOCKOnbKY M ( n) He 3aBBCJIT OT 3Hepraii, a TOnbKO OT BM-

6 

nynbCOB B Ka:lK,nOH 83 BepWHH, npoBe,neM HHTerpopoBaHHe 
no dE p' ,nonb3YHCb TeM, 'ITO nomoc BToporo coMoo
:lKHTenH /8/ ne:lKHT B aepxoeii nonynnocKOCTH, a nepaoro 
H TpeTbero - B HH:lKHeH. 3aMhiKaH KOHTyp CBepxy, CBO.D;HM 
3TOT HHTerpan K Bhi'IeTy B TO'IKe 

p 2, 
n EP, = E 1 -
2~ A* 

- !'J. • 

IJpeo6pa3yH 3aTeM OCTaBWHeCJI COMHO:lKHTenH C nOMOI.l(biO 
3aKOHOB coxpaHeHHH, MO:lKHO nony'IHTb 

[ M( l\f 2) M( 3)] MA Up 
MBa d 

... 
d p , 

p 

T =~P..LJ 
4rr31i.3 p.( p d ( z - z) ( p 2-2 ( E-"') . '/9/ 

I' 0 p' llpA* o -ry) 

r.ne 

2 
p + 
p' 

" 
2 

2 ""'2 2 rn8 ) p +K .1) --- d A 
mn 

z = 
0 

2 ( £.E....!L) 
m 

n 

p , p d 
p 

-2 llsd 
I< =211 ( Q-

A Bn m d A 

11 sd-md 

m d 

2 
( El + Q d ) ~ L\) I n 

Q =(m +m -m) 
A 8 n A 

2 • 
c ' 

2 
Qd=(m

0
+mp-md)c 

a 11. pA H T.n. - COOTBeTCTBYIOI.l.Uie npoae,neHHhie MaCChi. 
HHTerpapoaaoae B /9/ MO:lKHO np.oaecTH, nawb BhiHBBB 
BHCHMOCTb BepWBHHhiX cPYHKl(BH OT HMnynbCa p , • )J.nJI 
3Toro npe,ncTaBHM ax a o6meM aa,ne, nono:lKBB, KaK ap npe:lK,D;e, 
BHyTpeHHBH op6BTanbHhiH MOMeHT B BepWHHe 2 paBHhiM Hymo 
B _nng JI,npa A B OCHOBHOM COCTOJIHHH lA = 0 • 

M(l l = I S ~ e21llll2y . ( ; ) y * ( ~ , 
~ e21i 112 LA el fLI P e21l2 P 

llOI 

3a-
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M( 2) = < s (1 s (1 I s d a d > G od 1 
n n p p 2 

~3)=v4rr ~ Gf <j "'LAI~Ms> x 
'uln nn 

~P.nin"'n an 

... 
x < fn p. s a I j v > x Yo , ( q 8 ) 

n nn nn '-nrn 

/11/ 

/12/ 

3.u;ecL L A- KBaHTOBLie 'IRena MOMenTa H npoeKUHH JI.u;pa A 
B COCTOJIHHJIX npoMe~yTO'IHOrO B036y~eHHJI. IJO.D;CTaBllJIJI 
/10/-/12/ a /9/, nocne pJI.u;a npeo6pa3oBaHHB nony'IHM: 

( 2) 
V 4 TT m 'G d 

T = n 0 ~ 

p pd 
p 

~ <s a s a 
fp.jv nnpp 

n n n n 
f f p. p. LA 

1 2 1 2 

. AI 0 I" flf2 P.l P.2 < J v L 18 M 8 > < '- p. s a J v > F A 11 n n n n n n n n L '-n j n 

r.u;e o6o3uaqeuo: 

I s a > 
d d 

* (A Ye_ n), 
'l.J.L 2 p 

/13/ 

v e J.L ~-'2 Ye J.L ( q ) * 
F ') 2 I = I [ _n_~_ ] GA ( -+q ) y ( n ) d tl 

A o • _ e · A " , L L l -z - z nln 1 ~-'I P P n n 0 · 

X p.pA pp 
f l f2p.lfl 2 

SLA P. ,dp, I ~-----~--~p _.:.p_ __ _ 

p 2 -2p. ( E -~) -iy 
p' pA 1 

4173 tJ 3 

.. 
zo- z 

/14/ 

zo- z 

3,D;eCL 

... 
zo 

2 zo { p P, = 2p. P A ( E1 - ~ ) ) • /15/ 

BLI'IHcneHHe /14/ ocymecTanJieTCJI c HcnonL30BaHHeM npH-
6nH)I(eHHB nepH«<JepHBHOB MO,D;enH, a HMeHHO: B BLipa:>KeHHH 
B KBa.u;pa THLIX CK06KaX C nOMOlULIO COOTHOWeHHJI /3/ ,D;e
naeTcJI nepexo.u; K nepeMeHHLIM p d , Pp, ~BBO.D;HTCJI o6pe 3a
HHe npH CYMMHpOBaHHH no f i ,a l)yHKUHJI 

Gfnjn {'qA) ¢ ( fn f 11 fd; Ez) 

8 

J 

t 

.I 
t 

... 
3aMeHJieTCJI Ha ee 3Ha'leHHe B TO'IKe nOJIIOCa Z "' Z 0 
itA ,.. i "T<A • B HHTerpane /14/y.u;o6uonepeiiTHKnepeMeuuoii 
p2, • Ilpe.u;nonaraJI TenepL nap~anLHLie aMnnHTY.D;LI S L A 

c£a6o 3aBHCJiutHMH OT 3HeprHH, 6y.u;eM C'IHTaTL, 'ITO OCHOB
HOH BKna.u; B /14/ .u;aeT noJIIOC B TO'IKe 

2 .. 2 
p , = p , = 2/L A ( El - ~ ) • 
p p p /16/ 

Tor.u;a nonyqaeM 

e e r I zJ.Lt P.2 
LA 

J.L Ap p p 
f1 f ~PI P.2 p ,d p , 

S LA P P 
I 

'2 - z 0 

2ui 

4rr3 113 

J.LpA Pp 
4u31i3 

p 2,- 2p. ( E - ~) - i y 
p pA l' 

l f1 f~ I P. 2 s -2 LA (p .p,). p p 

z - z 
0 

/17/ 

IJocne 3TOrO npOBO,D;HTCJI HHTerpHpOBaHHe no yrnOBLIM 
A 

nepeMeHHLIM d n , H a pe3ynLTaTe pJI.u;a anre6paH'IeCKHx 
p 

npeo6pa3oaauHii .u;nJI aMnnHTY.D;LI T< 2) nonyqaeTcJI BLipa)l(e
HHe, 6nH3KOe no l)opMe K O,D;HOCTyneH'IaTOB aMnnHTy.u;e: 

( 2) J4ii m n . d 
T ,_ GO~II ~ <snan spup I sdad><fnp.nsnunliifviB> 

Pp Pd "'b.J.I.nan /18/ 
- A* - L A 

f'tA GIBinfnf~LAp.n fe:p.nA(np) 
n 
r.u;e 1 

- A* I 8 + j " " -
G

1
. eo'LA =(-1) n (j f )2 W(s f'I L;j f) 

B ln n'-n ~-'n n n n n B n n 

A* 
<LAf~ P.n-A\ fnP.n > Gf,. 

n l n 

/19/ 

-L f ( A f 
1 

f'p A q) ~:EA •'"• -A t t /20/ 
n n f f J.L f r I 2 p. n- Ap.2 

12 2 1 LA Y* (~ ) f2 J.L 2 • 
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4. PaccMaTpBaaeMaJI 3,IJ;eCL TpeyronLHaJI ,IJ;HarpaMMa 
6y,IJ;eT ,IJ;aBaTL HaB6onLWBH BKna,IJ; B nonHyiO aMnnBTY,IJ;Y 
peaKUBB B TOM cnyqae, KOr,IJ;a aepWBHa 1 COOTBeTCTByeT 
B036y:>K,IJ;eHBIO HB3KOne:>KaLUBX KOnneKTBBHbiX ypOBHeH JI,IJ;pa 
A. Haii:,IJ;eM TaKyro aepWBHHYIO 4>YHKUBIO npocTeii:lllHM cnoco-

60M - Ha OCHOBe 6opHOBCKOrO npB6nB:>KeHBJI C llOTeHQBanOM 
B3aBMO,IJ;eHCTBBJI llOBepXHOCTHOrO TBna, ,IJ;nJI BOnHOBbiX 4JyHK
uuii: I LA> ocHOBHOH apamaTenLHOH nonocLI aKcuanLHoro B,IJ;

pa: 
..... ..... .... -t 

(1) -i ~ 'T --. -;t i ~ r --. 
M =<LAIJe Vint(r,.;)e driOO> /21/ 

·' 
Vint (1,~) =VoRoo(r-R) ~'2m(;) D~o (.;) /22/ 

<Yo =[3 Uo' {3 - napaMeTp ,IJ;e4JopMaUBB 

" r,IJ;e .; - 3ii:nepoacKBe yrnhl noaopoTa B,IJ;pa. PacKna,IJ;biBan 
nnocKBe aonHhl B pn,IJ; c4JepuqecKBX rapMOHBK, HeTpy,IJ;HO 
BblqBCnBTh 3TY aMnnBTY,IJ;Y B cpaBHeHBeM C /10/ycTaHOBBTh, 

qTo 

5 fifziLIILz 

LA 

A 

2 3 e e e 
= 4 11 V R i 'T' I 0 ( I ) I 12 

0 0 L, 2 " " 
417 L e2 

/23/ 

< e IL L A I e IL > < e o L o 1 e o > j 0 < k R ) ip < k , R ) 
I I 2 2 2 t 1 p 0 -"2 p 0 

0TMeTBM, qTO 3TO Bblpa:>KeHBe BeCLMa rpy6oe, TaK KaK 
OCHOBaHO Ha nnOCKOBOnHOBOM npB6nB:>KeHBB B pe3KOM, 0 -
o6pa3HOM BKniOqeHBB B3aBMO,IJ;eii:cTBBJI. Oco6eHHO 3TO cKa-
3biBaeTCJI npu 6onLWBX k R,Kor,IJ;a B /23/ nponanHIOT ce6n 
6blcTpble ocuunnnuuu BB,IJ;acos ( k P + k;) R 0 ,KoTopble, aoo6me 
roaops, crna:>KBBaiOTCJI a peanucTuqecKBX no,IJ;xo,IJ;ax npu 
yqeTe BcKa:>KeHBH B nepexo.ne K "pa3Ma3aHHhiM" y noaepxHoc
TB s,IJ;pa B3aBMO,IJ;eii:cTBBJIM. llo3TOMY npu k R >> 1 6onee 
o60CHOBaHHbiM 6y,IJ;eT BCnOnh30BaHBe Bblpa:>KeHBJI /23/ C OT-

6pOWeHHOH 6biCTpOH KOMllOHeHTOH: 

10 

I 
l 

~ 
I 
I 

~ 

e1 e2 1LI 112 2 3 . e 2-f 1 
A A A 

s = 211 V
0 

R
0 

1 [ f1 /( 4u e2 L) ]I/2 /24/ 

"< e - e <f1 11_LA\ f 2 112 ><f1 0LO\ f
2

0> Cos(~kR 0 - 2

2 
l) 

r,IJ;e A k = kp ' - k P • llapaMeTphl V0 B R0 , aoo6lUe roaops, 
4JBKCHPYIOTCJI cpaBHeHBeM C COOTBeTCTBYIOI.UBMB 3KCnepB
MeHTaMB no HeynpyroMy paccenHBIO. 0,IJ;HaKo B3- 3a rpy6ocTB 
HCXO,IJ;HOrO Bhlpa:>KeHBJI /21/ 3,IJ;eCL MO:>KHO rOBOpBTh nBWL 
0 KaqeCTBeHHOM cpaBHeHBB. 

5. TenepL aMnnBTy,IJ;a ,IJ;ByxcTyneHqaToii: nepe,IJ;aqu B npuH
uune nonHOCTLIO onpe,IJ;eneHa B ,IJ;anLHeii:wue pacqeTbl cao
,IJ;JITCJI K qucneHHOMY cyMMBpoaaHBIO B /6/ B /18/. O,IJ;HaKo 
MO:>KHO nonyqBTh JIBHbiH BB)J; 3TBX Bblpa:>KeHBH, ecnB BCllOnL-
30Ba TL acBMnTOTBqecKBe 4JopMynw ,IJ;ns K03<WlBUBeHTOB Kne6-
wa- rop,IJ;OHa B COOTBeTCTBYIOLUBe :MeTO)J;bl CYMMBpOBaHBJI. 

B pa6oTe /5/ 6hlno noKa3aHo, qTo a 3TBX npu6nu:>KeHBJIX 
aMnnBTy,IJ;a llOniOCHOH ,IJ;BarpaMMbl npBHBMaeT BB,IJ;: 

d T( l ) = _ 4 17 m0 

pd p p 
G 1 I < s a s a I sd ad> <f fJ: s a \IBM B> 0 -v n n p p n n n n 

2 -nP.n an 

A 
x c 1 o 8 < e IL K A ) c < L

0 
IL .; , o ) , /25/ 

B Ln n n n 

r,IJ;e 4JyHKUBB 8 B C, BblqBcnseMble :MeTO,IJ;OM aCBMllTOTBqe
CKOro CYMMBpOBaHBJI, paBHbl 

e + 11 
8 ( e IL K A) = ( -1) n n I 

n n ( i b) IL ~ D ~ , ( .!!:.. ) Y f , ( .!!:.., (l 
IL0 IL0 2 n IL0 2 IL 

n 
/26/ 

I 
--L -1/2 

C(k>lln.;e) = r 2 0
[ rr( r 2-1) SinO(.;- cos())] x 

cos [ 1J + arctg ( Sin ()I ( r - cos () ) ) + ( 2/L -1) 11/4 ] • 
n 

< e > 1 I L 0 ) /27 I 

II 



3~eCL 

-- 1 
h=KA/[(rrJs/mA) kd-k~; r=.;+y,;~l ;rr=(L 0+2) 0./28/ 

AHanorH'IHLIM o6pa30M y~aeTC.Il ynpocTHTL H aMnnHTY~Y 

TpeyronLHOii ~HarpaMMLI /18/. ,ll;n.11 :noro ~enaeTC.Il JaMeHa 

A = e2- e); H Ha OCHOBe ycnoBHJI A' L <<f~,el B BLipa)KeHHJI 

/20/ H /24/ BBO~JITCJI cne~yiOUUie llO~CTaHOBKH: 

< el 11 n -A L A I e2 11 n > = L " DAA (y-) 

... ,. " I /2 11 

<~OLO\ f
2
0.> =(417 f 2 /(f 1 L) YLA (2,0) 

Qo ( ~ ) = Qo ( ~ ) 
L 2 0 LI 0 

"" -A 
T "" T ~ + v' zo - 1 

e < L 0 - e1 ) 
d(J 

=6 (Lo-f2) +A~. 
/29/ 

llepeXO~Jl Ja TeM C fiOMOU(LIO fiOBOpOTa OCH z B ecTeCTBeHHYIO 

,. lln " 
CHCTeMy OTC'IeTa yrnoB Ye

211
n (nd) =(-1) Yf

2
Pn ("f>),ppHXO~HM 

K cne~yiOU(eMy pelynLTaTy: 

( 2) 471 mn d 

T =- G "o!<snanspap\sdad><~flnsnan!IaMB> 
p p 0 y, 

d p 

A -A* B(f' -
(-1) cos(~'-pR0 )G 1 j f f' LAI1 n11n-A,i<A) x 

B n n n n 

- "" ... d 
x [ B (LA KA ) ,C ( L0 11 n z0 0) + B dLo C ( lu~-'n z 0 0 ) ] ; 

/30/ 

r~e 

12 

.... 
I 

I 

l 

"' xo 

3 
flpA pp' Vo Ro 
3 ... 

k,=p,/"h 
p p 

li: L { kp R 0 ) ( kp , R 0 ) 

- "' ! ~ nL 17 < 17 
/31/ 

B(LAKA) = - ,\ T A ,\ ( 2) YL A 2' 0 ) 

"" "",\ L 17 11 
B (LAKA) =!AT- D (-) YLA (-,0) 

,\ A,\ 2 2 

6. B Ka'leCTBe KOHKpeTHoro npHMepa paccMoTpHM, Ka

Koii BKna~ BHOCHT B Ce'leHHe peaK~HH no~XBaTal2 C ( d 3He )ll 8 
TpeyronLHa.ll ~HarpaMMa c HeynpyrHM no~B036y)K~eHHeM 

HH3KOlle>Ka~HX COCTOJIHHH B .ll~pe yrnepo~a. 0TMeTHM, 'ITO 

Haweii ~ellLIO He JIBll.lleTCJI H3Blle'leHHe TO'IHLIX 3Ha'leHHH 

KOHCTaHT ~aHHOH peaK~HH /HanpHMep, 3Ha'leHHH npHBe~eHHLIX 
BepWHHHLIX li>YHK~Hii/, - MLI XOTHM HCCne~OBa TL llHWL xapaK

Tep fiOBe~eHHH Ce'leHHH npH palnH'IHLIX npe~nOflO)KeHHHX 

0 MeXaHH3Me TaKOH peaK~HH. 

PaHee 16 1 y>Ke accne~oaanocL anHHHHe no~B036y)K~eHHH 
2 ypOBHH Ha MeXaHH3M ~aHHOH peaK~HH H 6LinO nony'leHO 

Ka'leCTBeHHOe cornacHe C 3KCnepHMeHTOM llpH ~BYX 3Ha'le

HHHx 3HeprHH ~eiiTpOHOB Ed = 28 H 50 M 3B. 3To paccMoTpe

HHe npoao~HnocL B paMKax MeTo~a HCKa)KeHHLIX aonH. O~HaKo 

HaM npe~CTaBnHeTCH, 'ITO HCfiOllLlOBaHHe OfiTH'IeCKHX no

TeH~HanOB B MeTO~e HCKa>KeHHLIX BOllH ~ll.ll nerKHX H~ep 

HellL3H C'IHTaTL ~OCTaTO'IHO 060CHOBaHHLIM - fi03TOMY 

paCCMOTpeHHe COOTBeTCTBYIOUUIX peaK~HH Ha OCHOBe ~Ha· 

rpaMMHOrO llO~XO~a JIBllHeTCH He TOllLKO anLTepHaTHBHLIM, 

HO H 6onee 060CHOBaHHLIM~ 
llpe~nonaraeTC.Il cne~yiO~Hii MexaHHlM. llpH no~xBaTe 

HeiiTpOHa, B pelynLTaTe KOTOporo .ll~poll 8 o6pa3yeTCJI 

B OCHOBHOM 3/2- - COCTOHHHH, aMOllHTy~a npo~ecca HBllH

eTCH O~HOCTyneH'IaTOH H OllHCLIBaeTCH fiOIDOCHOH ~HarpaM

M~H. HanpoTHB, ecnH B pelynLTaTe no~xBaTa .11~po 11 B 
OKa3LIBaeTCJI B B036f)K~eHHOM COCTOJIHHH 7/2-, TO aMnnH

Ty~a JIBll.lleTCH ~BYXCTyneH'IaTOH H npo~eCC H~eT C BHpTy-
+ 

anLHLIM fiO~B036y~eHHeM 2 - COCTOJIHHJI B H~pe yrnepo~a • 

. Tor~a Hap.ll~Y c noniDcHoii ~HarpaMMOii Ha~o y'IHTLIBaTL 

13 



COOTBeTCTBYIO~YIO TpeyronLHYIO ,nuarpaMMY. ,Au4xilepeHD;H
anLHLie Ce'leHHJI paCC'IHTLIBanHCL C nOMO~LIO COOTHOWeHHB 

/25/, /30/. Pe3ynLTaTLI pac'leTOB H HX cpaaHeHHe c 3KC

nepaMeHTanLHLIMH ,naHHLIMH 161 npuae,neHLI Ha pucyHKe. IIo

,no6paHLI cne,ny10~e napaMeTpLI: 
a/ ,nnJI nepe,na'IH B OCHOBHOe COCTOJIHHe: 

A 1/2 
GI,3/:f' 2,0 t/J Q = 10,436 M3B 

peaKUIHi 

6/ ,nnJI nepe,na'IH B B036y)K,!I,eHHOe COCTOJIHHe: 

A* 
G

3
,
712 

= 0,76 t/J 112 - aepwuua a noniOCHOB ,nHarpaMMe, 

A* l/2 G = 1,85 t/J - aepwHHa a TpeyronLHOii ,nuarpaMMe. 
] ,7/2 
V

0 
=- 8,4

3 
M3B; R0 = 1,3 t/J A¥3 ,Q . = 17,22 M3B. 

BepWHHa G
0 
~i2 a o6?HX cnyqaxx 6panfceLaPg~~oii 1,055 (Jl /2 

3HeprHJIM na,naiO~X ,neiiTpOHOB 28 H 50 M3B COOTBeTCT· 

BYIOT 3Ha'leHHJIL O , paBHLie 7 H 8. 
H3 pucyHKa BHAHO, 'ITO c yaenH'IeHHeM 3HeprHH Hane

TaiO~HX 'laCTHD; BKna,n nOniOCHOB ,nHarpaMMLI B aMnnHTYAY 
nepe,na'IH Ha ypoBeHL 7/2- CHnLHO B03pacTaeT. B TO :>Ke 
BpeMJI a6COniOTHLie aenH'IHHLI 3KCnepHMeHTanLHLIX Ce'le • 
HHB nepe,na'IH Ha 3TOT ypoaeHL H3MeHJIIOTCJI cna6o. TaKHM 
o6pa30M, nonLITKa HHTepnpeTHpoaaTL 3~eKT a paMKax 
TOnLKO OAHOCTyneH'IaTOrO MeXaHH3Ma npHBena 6LI K ~e • 
o6XOAHMOCTH H3MeHJITL 3Ha'leHHJI aepWHHHLIX tilYHKD;HB Gf 7/2 
npH H3MeHeHHH 3HeprHH na,naiO~X ,neii:TpOHOB. C ,npyroii 
CTOpOHLI, tilopMa yrnoBLIX pacnpe,neneHHB, KOTOPYIO ,naeT 
noniOCHOB MeXaHH3M, CHnLHO OTnH'IaeTCJI OT AOBOnLHO nnaa
HOrO XOAa 3KCnepHMeHTanLHLIX KpHBLIX, npH'IeM 3TO OT· 

nH'IHe B03pacTaeT C yMeHLWeHHeM 3HeprHB ,neiiTpOHOB. 
H3 pHCYHKa BHAHO, 'ITO yqeT y:>Ke TpeyronLHOB ,nHarpaMMLI 
C aepWHHOB, onHCLIBaiO~eii Heynpyroe B036y)K,!I,eHHe BO BXo,n
HOM KaHane, no3BOnJieT nony'IHTL Ka'leCTBeHHOe cornacue 
C 3KCnepHMeHTOM. ,AnJI 6onee ,neTanLHLIX, KOnH'IeCTBeHHLIX 
BLIBOAOB HY:>KHO, no- BHAHMOMY, HcnonL30BaTL 6onee COBep
weHHLIB aapuaHT neputllepHiiHoii Mo.nenH / 7 I c yqeTOM o6pe-
3aHHJI npH cyMMHpOBaHHH no fi B /4/, a TaK:>Ke BLI6HpaTL 
6onee peanHCTH'IeCKOe BLipa:>KeHHe AnJI aMnnHTYALI Heynpy-
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t 10 

~ 
~ '-' § 
" !g 0.1 

' 
£::28 M3B 

\ l/Zc-> 6.S. 
\ .... 
t\ I \ 

~,.(~ ~ /,.\ 
J ~,., \ 

20 ~0 

' I' ' '~ \ 

60 

E= 501•131 
l 

' \~~ 
I '· ~'\ , . ., ' .. ... \ 

f 

20 40 &o u;C.If) 

Cpa6HeHue meopemu<ieCKUX pac<iemo6 ouNepeHt~Ua/lbHbJX 
ce'leHuii peaKliUU 12 C ( d 3 He )11 B c 3KcnepuMeHmOM. llyHK
mupHbJe KpU6bJe • nepeOa<ia 6 OCH06HOe COCIIIO.RHUe .ROpa 
liB Ha ocHo6e ooHocmyneH<iamozo ACexaHU3Ma. CnAOUlHble 
KpU6ble - nepeoa .. a 6 6036yJICOeHHoe 7 /T - cocmo.RHue Ha 
OCH06e 06yxc•yneH'IQIIIOZO MexaHU3Ma. KpU6ble: 1 - y'leiiZ 
6K/IaOa 1110/lbKO nOIIIOCHOU ouazpaMMbl, 2 - 6K/IaO 1110/lbKO 
JlpeyZOIIbHOU ouazpaMMbJ, 3 - CYMMapHbiU 6KIIaO 06YX 
OUazpaMM. 
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roro pacceBHBJI. B uenoM )Ke pa3BBTLIB MeTo.D; MO)KHO 
BCDOllb30BaTb .D;llJI aHallB3a OCHOBHLIX Ka"leCTBeHHLIX 34MtleK· 
TOB B peaKUBJIX .D;BYXCTyneH"laTLIX nepe.D;a"l. 

B 3aKITID"leHBe aaTopLI 6naro.D;apBT H.Bop6eB, 3.H.~o
nBHCKoro, A.M.MyxaMe.JJ;)KaHoaa B B.B.Typoa.ueaa3anone3-
HLie 06Cy)K.JJ;eHB.II B DOMOJUb npB npoBe.D;eHBB pJI.D;a KOHTpOnb
HLIX paC"leTOB. 
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Y CJIOBHll 06MeHa 

TiperrpHHThi n coo6ll{eHHll OH.HH pacchmaroTcll6ecrrnaTHO, Ha ocHoae 
B3aHMHOrO o6MeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOpHliM, 
6n6nnoTeKaM, Hay'lHhiM rpyrrnaM H oT.nenhHhiM y'leHbiM 6onee 50 cTpaH. 

Mbr O)!(H,naeM, 'ITO rrony'laTenn H3,naHHH OH.HH 6y,nyT caMH npolla
nliTh HHHIIHa THBY B 6ecnna THOR nOChiJIKe ny6nHKaiiHH B .LJ:y6Hy. B nopll,nKe 
06MeHa IlpHHHMaiOTCll Hay'lHhie KHHrH, )!(ypHaJibl, nperrpHHThl H HHOrO 
BH,na ny6nnKaiiHH no TeMa THKe OH.HH. 

E,nHHCTBeHHhiH an.n ny6nHKaiiHH,KOTOphiH HaM rrpnchmaTb He cne.ny
eT,- 3TO perrpHHThi / OTTHCKH eTa TeH, y)!(e ony6nHKOBaHHhiX B Hay'lHhiX 
)!(ypHanax/. 

B pll,ne cnyqaea Mhi caMH o6pall{aeMcll K nonyqa TenliM Hamnx H3,na
HHH c npoch6oii 6ecrmaTHO npncnaTb HaM KaKHe-nn6o KHHrH nnn 
BhinHCaTb .!(Jill HaiiieH 6H6JIHOTeKH Hay'lHbie )!(ypHaJihl, H3;:(a10ll{HeCll B HX 
cTpaHax. 

0Tp;eJibHbie 3anpocbi 

liJ,naTeJibCKHH OT,nen e)!(erO,nHO Bb!IIOJ!HlleT OKOJIO 3 000 OT,lleJihHh!X 
Janpocoa Ha BhiChiJIKY npenpHHTOB n coo6ll{eHHH OH.HH. B TaKnx Ja
npocax cne,llyeT o6ll3a TenhHO yKaJhraa Th HH,neKc JanpamHaaeMoro 
H3,llaHHll. 

Ap;peca 

fiHCbMa no seeM aonpocaM o6MeHa ny6nnKaU:HliMH, a TaK)!(e Janpo-
Chi Ha oT,nenhHbie HJ,llaHHll cne,nyeT HanpaanliTh no a,npecy: 

101000 MOC1(8Q, 
FAaBHblii nottmaMm, n/R 79. 
H3oame/lbCKuii omoe/1 
06'beOUHeHH020 UHCmumyma 
JIOepHbiX UCC/Ie008QHUU. 

A,llpec ,nnll nochiJIKH acex ny6nnKan:Hii B nopll,nKe o6MeHa, a TaK)!(e 
.!(Jill 6ecnnaTHOH no,nnHCKH Ha Hay'lHhie )!(ypHaJibi: 

101000 MocKea, 
F /IQ8HbiU nottmaMm, n/ J1 79. 
llayttHo-mexHuttecKaR 6u6AuomeKa 
06'beOUHeHH020 UHCmumyma 
JIOepHbiX UCC/Ie008QHUU. 


