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§1. BBeJleHI1e 

111 
B pa6ore 6hma paccMorpeaa 11HTep4JepeHU11H TO>KJleCTBeHHbiX 'laCT11U 

1,2 B TBKHX npoueccax, B KOTOpblX KB>KJlaH 113 8TI1X 'laCT11U MO>KeT o6paao-

B8Tb peaoaaac H c TpeThei1 'laCTHuei1. B 8TOM cnyqae ocHOBHbie qepTbi 

peaKUH11 

0 ... I+ 2 +'3 ( 1.1) 

onpe)lenSIIOTCH CYMMOfi 8Mlln11TYJl JlBYX B03MO>KHblX KaHanoB 

(1.2) 

3JleCb 11 )lanee CI1MBOn 0 0603HaqaeT BCIO CI1CTeMy 'laCTHU B uenOM, 

xl 
· obmo noKaaaao, 'ITO KOI"Jla nmp11aa peaoaaHca JlOCTaTO'lHO Mana H 

8~9KTI1BHbl9 MaCChi nap 'lBCTHU 1,3; 2,3 1,2 yJloBneTBOpH!OT ycnoBUHM 

• xl 
Ecnu OTHOWeHue r I Q 0 << I • l")le Q 0 - 8Hep1"0Bbl)leneaue 

B peaKUHH ( 1,2), TO: aMnnuTy~bl p0>t<Jl9HUH pe30HaHCOB Mano MeHSIIOTCH npH 

H3MeHeHUH ux HMnynbCOB B npe)lenax:l ~ PRI -- r R • l1MeHHO B 8TOM npeJlno

no>KeHI1H H paCCMaTp11B8IDTCH 11HTep4JepeHUUOHHbl9 s<iJ<iJeKTbl B pa6oTe/1/ 
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m ~3 "'M R' m 23 "'M R' m 12 ."'2m , ( 1.3) 

nemi"llll!a 

p~ __ l_(m2 -m2 ') 
2 13 23 ( 1.4) 

pacnpeneneHa no aaKoHy 

W (p ) "' I ± [I + (p I M r ) 2 l -
1 

• 
R R 

( 1.5) 

3necb M R - Macca peaoHaHca H m - Macca onHoii H3 TO)KnecrneHHhiX 

'18CTHU. 3HaK "+" n (1~5) OTne'1aeT cnyqaJO 6eccnHHOnbiX '18CTHU 1 nng, '18CTHU 

co CnHHOM · nbt6op 3HaKa onpenensieTCSI nonHb;M cnHHOM CHCTeMbi ( 1.2). Bbi

pa)KeHHe (1.5) nony'1eHo nocne ycpenHeHHSI nepoSITHOCTH npouecca (1.2) no 

nenH'1HHe 

a~ 
l 

2 
(m 2 -m

2 
-2M

2
+2m

2
+m

2 
). 

0 · 12 R 3 
( 1.8) 

TaKHM o6paaoM, nnSI nocraT0'1HO yaKHX peaoHaHcon MO)KHO Ha6nJOnaTh 

HHTep¢epeHUHOHHhle SinneHHSI(n pacrrpeneneHHH no nenH'1HHe 'P ) , xapaKrep-

Hbie qepTbl KOTOpblX He 38nl!CSIT OT MeXaHH3Ma peaKUiill ( 1.2) li onpenenSIJOT-

CSI TOnbKO lllllpUI!Oll pe30H8HC8 r R • YcnonHSI Ha6nJOneHHSI xoporuo nbmon-

HSIIOTCSI n npoueccax C yqacTUeM noa6y)I{AeHHblX SIAep, rne r - 0,01-0,1 Man, . R 

a anepronhtneneHue Q 0 cocrannSieT HecKonbKO Man. KpoMe roro, cpenu 

SIAepHbiX peaKUiill '18CTO ncTpeqaJOTCSI T8Klle 1 n KOTOpblX pe30H8HC!Iblll K'aHan 

4 

SinnSieTCSI Jl.OMHHHpy!Oillll~ 

'18CT!i COOTHOilleHHll n pc 

nbTa Tbi cnpanennunhi u J. 

'18CTHOCT!i 1 cnenyeT, 'ITO 

nSIIOT H3MepSITb lllllpliHY I 

peaKuun HMeJOT PS!A none 

cMorpeHbi n §2. B §3· o1 

l'li'1HbJe HHTepqlepeHUHOHH 

qacrnu. 

§2 • !1 H T e p ¢ € 

"noa6y:» 

PaccMoTpHM peaKu: 

a+b-+ I 

KOTOpaSI HAeT no KaHanaJ 

(HyKnOH 1 d a H T.J 

qacrnuhi c Maccoii m 

CHaqana HaiineM nB 

ymln 

a 

T•max ), n 

b no 
a 

<jleKTbl ( '18CTHU8 

COOTHOilleHHeM 

2 2 
·m o ~ m 1a 

B nameM cnyqae 



( 1.3) 

( 1.4) 

( 1.5) 

IOM II3 TO)!{)leCTBeHHbiX 

IOBbiX 'JaCTIIU1 JlnSh tJaCTIIU 

oM CIICTeMbi (1.2). Bhi

oCTII npouecca (1.2) no 

( 1.6) 

~HCOB MO)!{HO Ha6niO)lal'b 

p ) , xapaKTep-

~UIIM ( 1,2) II onpeJlenHIOT-

6niO)leHIIH xoporuo Bbmon

p, rJle r - 0,01-0,1 Man, 
' R 

3B, KpoMe Toro, cpeJlii 

pbiX pe30HaHCHbiM KaHan 

121 
HBnHeTCH Jl,OMIIHHpyiOIUIIM 1 'ITO npeJlnonaranocb npn BhiBOJle 6onhrueil: 

111 
'JaCTH COOTHOllleHIIM B pa60Te , 

Ill 
B cngan c STIIM nonytJeHHhie B peay-

nbTa Tbl cnpaBeJlnHBbl II )lng peaKUIIM C B036y)!<JleHHbiMII HJlpaMII, 0TCIO)la 1 B 

'JaCTHOCTII 1 cneJlyeT, 'ITO o6cy)KJlaeMhie IIHTep<iJepeHUIIOHIIhie HBneHHH n03BO

nHIOT II3MepHTb lllllpiiHy B036y)!<JlCl!HbiX COCTOHHIIM HJlep. 8MeCTe C TeM 9TII 

peaKUIIII IIMe!OT PM )lOnOnHIITenbHbiX OC06eHHOCTeM 1 KOTOpb!e 6yJlyT pac

CMOTpeHbl B §2, 8 §3 06Cy)!{Jl810TCH HJlepHbie peaKUIIII 1 B KOTOpbiX auano

f'II'!Hb!e IIHTep<iJepeHUHOHHhie HBneHIIH IIMeiOT MeCTO )lng HeTO)!{)leCTBeHHbiX 

'JaCTIIU, 

§2, I1 H T e p <iJ e p e H U II 0 H H hie g B n e H II g B C H C T eM e 

"noa6y)!{JleHHOe HJlpO + 'l8CTIIUa" 

PaccMoTpiiM peaKUHIO 

a + b ... 0 ... 1 + 2 + '3 , 
., 

(2 .1 ) 

KOTopag HJleT no KaHanaM ( 1,2). 3JleCb a- nepBH'lHOH na)laiOIIIOH 'JaCT!IUa 

(HyKnoH, d a II T,Jl,); b , - HJlpO MllllleHH; 1 ,2 - TO)KJleCTOellllbie 

'laCTIIUhi c Maccoil: m ; 3 o6paaonanrueecg HJlpo c Maccoil: rna 

CnatJana Hail:JleM IIHTepnan KlllleTJI'IecKoil: a11epruu naJlai0llteJ1. tJacT!IUi>J 

a a 

<iJeKTbl ( 'JaCTIIUa 

COOTHOllleHIICM 

) , B KOTopoM MO)!<Ho Ha6monaTb nHTep<iJepenunoflm,Je a<P

b noKOIITCH), nng 9TOii uenn BOCllOnb3YCMCH II3BCCTJiblM 

(2.2) 

B HameM cnytJae m 13 "'m 23 "'M n 

H 

5 



.,) 

. 3 

m 2 ""2M
2

- I m 
2 

+ m 
2 

0 R I= 1 I 12 

C npyrofi CT0p01lbl 1 

m 2 
= ( m + m b) 

2 
+ 2m b T 

0 a · a. 

113 (2,3) II (2.4) nony'IHM 

T· 
a 

2 3 2 2 
[2M -I m -(m +m) 1+ 

R l=l I a b 2mb 

:13 (2,5) ,,et:'KO Hal'ITH T npH m = 2m 
R 12 

H6fi peaKUilll. HcHOI 'ITO yKa38HHOe 31!8'19Hile T a 

2 
m 

-·-·_I!_ 

2m 
b 

(2.3) 

(2.4) 

(2,5) 

nnR nro6ol'! KOHKpeT-

51BnHeTC51 MIIHIIMBnbHhlM 

min /1/ ( T ) , KaK oTMe'Ianocb B pa6oTe 1 uHTepcflepeHUHR B03MO)KHa u 

a " 
llnH 6onbWIIX 3118'19HI!fi m 12 

TOMY 

max 
T min 

" 

2 
_l_[2MR-

2mb 

1 e~nu TOnbKO m 13=m23 = MR 

3 I 2 2 ( 2 max 
l=lm 1-(mn+mb) ]+~min 2m---

b 

• nos-

(2.6) 

u wupuHa HHTepaana aneprui'!, B KOTopoM B03Mo>lota HHTep¢epeHUIIR, paana: 

max min 
l'l = T -T a a 

( 2max -m2mln ), 
---- m 12 . 12 

2mb 
(2. 7) 

3ua'Ieuue 
min _ 2m 

m 12 - COOTB9TCTByeT TBKOl'l KOH¢urypaUUH 

TO)KlleCTB911HblX 'IBCTHU B peaKUIIH (2,1) 1 KOI"ll8 OHH UMeiDT OllliHBKOBble no 

B9HI!~IIH9 II Ha~paaneHHID HMnynbChl 1 a mmax 
12 

KOH¢HrypaUI!Il 1 B KO-

TOpofi 'IBCTI!Ubl 1
1
2 neTR,T B llpOTHBOI!OnO)KHble CTOpOHbl C Ollll HBKOBbiMU 9Hep-

6 
( 

I"HgMH B c,u.u. peaKuur 

0oncTaBn5151 9TH 3H8'19f 

T min =-1-[(m .~ 2 
a. 2mb 3 · 

"1T 

li 

l'l ,.AQ 

rne QR=MR-m 3-m 

nnR peaKUHll (2,1) 1 Hll) 

TR)KenbiX Rnep 1 Korna 

pe3ynbTaT 

T 

B 9TIIX )Ke ycnoaugx WI 

OK838TbC51 MellbWe 1 'IeM 

6oaana 6hl cneuuanbuor 

m/ ~ b > 1/20 ll (',. 

11TaK, B YK838H 

nnR peaKuufi Tuna. (~ 

HM9Tb MeCTO HHTepcpepE 



2 
m 

12 --. 
2m' 

b 

(2.3) 

(2.4) 

(2.5) 

)lnSI mo6oii KOIIKpeT-

SinnSieTCSI MllllllMBnbllhlM 

epeHUHSI n03MO>KHa ll 

max 
I )min, 
.2 ----' 

I ) .' . 

• nos-

(2.6) 

(2.7) 

r TaKofi KOH~urypauuu 

uMetoT onuHaKonbte no 

- KoHr~urypauuu, n KO

Ibl C 0JlllH8KOnbtMH 3Hep-

I 

T 
. i 

rHSIMH n c.u.u. peaKUHH (_2.1), Mom11o noKasaTb, 'ITO M~;"=(M:-m2 -m:)/m 
3

, 

no)lCTanmiSI 3TH 3H8'19HHSI m n (2,6) II (2,7), IIony'lHM 

T min 

a 

!!.. ,·4Q ~-
R m 

b 

rrop 
T 

a 

(2.8) 

(2.9) 

- noporonaH anepruH 'lBCTHUbi a 

anH peaKuuu (2.1), unymeii 6ea o6paaonaHHH peaoHanca R • LlnH O'lellb 

TH>KenbiX Siaep, Korna m/m «l 
b 

, ll3 (2 ,8) nbiT9K89T 9CTeCTneHI!blll 

" peaynbTaT 

T min 

a 
(2.10) 

B aTux me ycnonuHX mup1111a HHTepnana !!.. CTpeMHTCSI K Hynto 'II MO>KeT 

O.K838TbC51 M9HbW9, '19M Wllpi!Ha pe30H8IIC8 f R • TaKa51 CIITYBUIISI IIOTpe-

6onana 6bt cneuuanbHoro paccMOTpeHHH, B cny'lae nerKux Hllep Q R"' 1-10 Man, 

m / ~ b > l/20 H !!.. - 0,1-1 Man. 

i1TaK, n yKaaaHHOM HHTepnane aHepruii wupunoii 

JlnSI peaKUilll THII8 (2 ,} ) C Y'l8CTII9M noa6y>KJl9HHblX Sl)lep 6y)lyT 

HM9Tb M9CTO IIHTepcflepeHUIIOHIIble acfl4JeKTbl n pacnpeneneHUSIX no nenU'lHH9 
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p npn ycpeaaeunn no 2 
m 12 n.im m 2 x/ 

0 • 06nacTb 1 rae 

cymecTBeHHa nHTep~ep~HUHH, onpeaenneTcH ycnonneM 

'P 
Y = M r 

R R 
~l. (2.11) 

PaccMoTpHM noapo6uee aanncnMOCTb neml'IHHbi y OT XapaKTepllCTllK 

'laCTHU B na6opaTOpl!OH CHCTe~e KOOpJllll!aT. nef'KO noKa3aTb 1 'ITO 

y = 
I [ .... Mr wo(w 1-w2)- P o<P1-p2)], 
R R -- (2.12) 

rae w 1 
.... 
Ill - aHepi'Hll ll llMnynbCbl 'laCTllU 1,2 ll BCeH CllCTeMbl B Ue-

noM. BneaeM eanHH'IHbie neKTOpbi 
.... 
e i B aanpanneann nMnynbCOB 'laCTHU 

H 8T=T1-T2 f'Jle T1 - KHHeTn'lecKne aaeprnn TO~JleCTBel!HhlX qac-

rnu. 

y 

~ 

Toraa 

w
0

8'T Po m lfT 

MRr R P1 MR rR 
.... .... 
e

0 
e 

2p p 
_ __::0 .. 1 .... 

M r - sin rp_l (; N) 
R R /2 0 ' 

x/ 2 ( ) 

(2.13) 

Benn'lnHa T a CBH3aHa c m 0 COOTHOllleHHeM 2.4 ' T.e. ycpe;'l-
HeHne no m ~ pannocnnbHO ycpeaHeHHIO no T a. OrciOJla, Me)KJlY npo-
'IHM, cneayeT, 'l.TO paCCMaTpHBaeMbie Hl!Tep~epeHUHOHHbie HBneHHH HMeiOT 
Mecro n npn HeMoHoxpoMaTH'IHOCTH nepBH'IHhlX qacTnu. Ecnn B peaKunn 

HMeiOTCH ewe JlOnonHHTenbHbie '18CTHUbi 0 TO BMeCTO ycpeJlHeHHH no nepBH'IHOH 
2 

aHeprnn nnn no m 12 Mo~uo npoBOJlHTb ycpeaHeHne no aHeprHHM n nMnynb-
caM aTHX qacrnu. PaayMeeTcH, KnHeMaTn'lecKne •cooTHOllleHHH rnna (2.8) n 
(2.9) COOTBeTCTBYIOWHM o6pa30M H3Mel!HIOTCH. 

8 

.rae N n 
.... 
c - e 

... ... ) e 1 +c 2 ,a If; -
cnyqae Mo~uo nono~HTI 

m +mh 
a -y"" --M 

R 

8T _ _1 

rR 

KaK BHJlHO na (2.1 

KaK auepreTH'leCKHMH 1 ~ 

'IBCTHU B peaKUHH (2.1) 

MepHTb nanpanneHHH n 

n cTponTb pacnpeaeneHI 

.llTIH peaKUHH,· B KC 

nepBOI'O H 

m +mh y "' ---..!!..M __ _ 
R' 

0TMeTHM 1 'ITO, no 

CllCTeMe aneMel!TapHhlX 

(2,15) Ue 3aBHCIIT OT C 

CKOpOCTH B036y)KJleHIIbiX 

xl 
B qacTHOM en~ 

HMnynbCa CHCTeMhl ( 1,2 
CnO)KJiblX peaKllHH, B KO 
TeJlbllbie, He y'laCTBYIOIJ 

'ITO II B. TaKIIX JipOlleCC, 

ll3MepSIH !OilbKO 8 1 



05nacTb 1 r.ue 

(2.11) 

OT X8p8KT9pllCTHK 

ITOK838Tb 1 -'ITO 

(2,12) 

U BCeii CllCT9Mbl B Ue-

~eHllH UMnynbCOB '18CTHU 

Hll T0)KJl9CTB9HHhiX 'laC-

(2.13) 

•HneM (2.4), T;e, ycper.t-

0TCIOJla, M9)KJly npo

HHhHi 51Bll9HH51 HM9!0T 

nu. Ecnn B peaKunn 

ycpe.QH9HH51 no nepBH'IHOH 

no sueprn51M n nMnynb

THOilleHn51 TUna (2 ,8) H . 

91lHHH'IHhl9 B9KTOphl B H8Dp8Bll9Hllll ( ll 

... 
p 1 ll 

... 
p 2 • B nepen51TUBUCTCKOM t/J - yron Me)K.Qy 

cnyqae MO)KJIO nollO)KUTb • w
0 

= m a + m b n 

y"' (2.14) 

KaK BHilHO na (2,14), B o5meM cnyqae 3Ha'Ienne y onper.ten51eTC51 

K8K 9HepreTH'I9CKHMH 1 T8K H YI"llOBbiMH xapaKT9pllCTHK8MH T0)!(Jl<:!CTB9IIIIblX 

'Ill.CTHU B peaKUllll (2,1), 0 OSTOMY Jlll51 Ha5moJl9HH51 sq4'eKT8 He05XO{.(UMO H3-

M9p51Tb HanpaBneHU51 H B9llH'IHHhl HMnynbCOB '18CTHU 1 ll 2 B o5naCTll y ~} 

n cTpOHTb pacnpe.ueneune W ( y ) 

Lln51 peaKUHii, B KOTOpbiX m /M R << 1 

nepBOI"O H 

8T 
r 

R 

1 BTOpOii '111911 MIIOI"O MCI!blll9 

(2.15) 

OTMeTnM, 'ITO no cpaunei!I!JO co Cll)''llleM o6pa30IIlJIIIISI pe:Jonancon B 

Ill 
CI!CTeMe 9ll9M9HTapUblX '18CTIIU (CJ\1. §3 B pa6oTe ) nepBblii '111911 II 

(2 .15) He 38BHCU T OT CKOpOCTil pe:l0118l!Ca. 3TO CB5138JIO llfJOCTO C Tet.l 1 'ITO 

x/ 
CKOpOCTI! B036y)KJl9HHblX 51r.tep J\l8Jihl, 

xl 
B qacTHOM cny'Iae npu t/J "' 0 uelli!'IIHia y TaK:n<e ne aauucuT OT 

HMI!YllbCa CI!CT9Ml>l ( 1,2 ,3). 3To yTB9p)li[ . .tell119 CIIJlllB9All11110 If /ll151 6once 

ClJQ)Kilb!X pe8Kllllll 1 B KOTOpbiX 1 KJlOJ\le TJl9X 'IUCHill, liMicll-.lTCSI ellle .Q0110Jiliii-

T9llbllbl91 He y'IaCTBYIOIUue n o6pa30Bauuu peaouanca H • 0TCif1Jlll cJIOII.IeT, 

'ITO u B TaKux npoueccax >.tOli<.IIO ua5monaTb unTepljlepel!uuoHHI>Iii sljlljlcKT, 

ll3Mep5151 TOllbKO 8 T npn t/J "' 0 

n 



i' 

\i. 

OneHnM UI!Tepoanbi uaMeHeHnH oT " otfl B oonaCTU UI!Tep~epei!UUU~ 

Ha (2.15) cneayeT, 'ITO nonyruupuHa pacnpeaeneHUH w (•p) no oT 

COCTaBnHeT: 

oT .. r .( m +mb)-t 
R M ' 

R 
(2.16) 

11 anH cny'IaSI O'Iellb THJKenhiX HAep ( M R ·>> m a 

oT"' rR · (2.17) 

nn·g 0119HKH nonyruHpHHhl pacnpeaene!IUH W (•p ) ITO t/J nonOIKUM 

t/1«1 u p 1 "' Po /2 , TOI'Aa ycnooHe HaomoaeHHH s~~eKTa (2,11) npuoo-

AHT K COOTI!Olli911H~ 

2 
o t/1 .. M Rr R I Po · (2.18) 

.. 
OponopunonanbHOCTb oemi'HIIlbl o t(l Macce peaoHaHca CBH3ana c TeM 

OOCTOHTenbCTBOM 1 'ITO pacnaAHbl9 npooeru B030YIK!lOIIHbiX S!Aep TeM M91!blli9 1 

Ill 
'IeM 6onbrne ux r..1ncca • 

B peaKUUHX c y'IaCTHeM nt?f'KHX Haep 3H8'19HHe ot(l COCTaBnHeT 

119CKOnbKO rpaayCOB 1 II HHTep~epeHUHOHHblli IIHK MO>KeT Ob!Tb XOpOlliO rrpo-

MepeH B 9KCnepHM9HTaX, 

npnMepaMII peaKUIIH 1 B KOTOpbiX B npHHUHne MOIKHO ObinO Obi Haon~A8Tb 

Oocy>KAC19Mbl9 Bhlllie HBneHIIH1 HBJIH~TCH! 

3 He + 6 Li .... a + 5 * Li .... a+a+p, (2.19) 

12 s* 
y + C .... a + Be .... a + a + a , (2.20) 

10 

,r 
l'i( 

J 
' 

p + 16 l 

16 
a+ 

3 
He+ 

U T,A, 3TH peaKUUU U,( 

y KOTOpblX f R « Q R 

HTaK, Mhi paccMc 

HhlX npoueccax c yqac 

U3M91!911HSI KaK 9Hepi'e 

'18CTUU B oonaCTU UHTE 

ranOCb 1 'ITO npOBOAUTC 

unu no m2 
12 

• Tom 

npUBOAHlliU9 K s¢¢eKTy 

uuu (2.1). Ha6n~aoHuE 

aynbT8T8M 1 UHTeprrpeTE 

rrpeacTaaneHUHMu, TaK 

11 
P + ·B ..... 

npu Tp =2,0; 2,65 1 

ABYX a -'18CTUU II c 

I'UHM npn onpeaeneHH~ 

aTOM cnyqae He ohlno 

aHanuaa, npooeaeHHOI'o 

M9X8HU3M9 peaKUUU, 8 

UHTep~epeHUUOHHOfi K8~ 

8* 
Be ( Q "' 3 Mao ' r R 



, o6naCTH llHTepciJepeHUllll~ 

\l' (•p) no BT 

(2.16) 

(2.17) 

no 1/J nono)KHM ~r H acpcpeKTa (2.11) npnBo- ~-~j 

(2.18) 

8HC8 CBH38H8 C TeM 

OHHLIX' HJlep TeM MellbWe, 

COCTaBnHeT 

~<eT 6LITh xopowo npo-

(2.19) 

(2.20) 

1a 0 16*o 15 N , p+ -+p+ -+p+p+ (2.21) 

(2.22) 

3 3 5* 
He + He .... Li + p .... a + p + p (2 .23) 

ll T,Jl, 3TH peaKUllll llllYT B OCHOBHOM no KaHanaM C Y'I8CTHeM pe30H8HCOB 1 

y KOTOpbiX r R << Q R 

J.1TaK 1 Mbl paCCMOTpenH OC06eHHOCTll llHTepciJepeHUllOHHbiX HBneHHH B Hllep-

awx npoueccax c y'lacTneM TO)KileCTBeaawx qacTnu n oueunnn npenenw 

ll3MeHeHHH K8K 9HepreTn'leCKllX 1 T8K ll yrnOBbiX XapaKTepnCTllK BTOpll'IHbiX 

'18CTHU B o6naCTll llHTepciJepeHUllll (y <I). 
"' 

Opn STOM Beane npennona-

T"'anoch, 'ITO npoBOilHTCH ycpetmeane no saeprnn nanaJOLUeil '!aCTHULI Ta 

nnu no • TonhKO B STOM cny'!ae cnpaBennn~pi cpopMynLI Tuna ( 1.5), · 

npnBOilHlUlle K scpciJeKTy, IlWll'IIIH8 KOTOpOI"O He 38BllCHT OT MeXaHH3M8 peaK

Ullll (2.1). Ha6nJOAOHne nHTep¢epeHUHn B npyrnx ycnoBHHX npnBOilHT K pe~ 

aynhT8T8M 1 HHTepnpeTaUHH KOTOpbiX CnO)Klla H CBH38H8 C MOilenhHLIMH 
' /2/ 

npencTaBneunHMH, TaK,B pa6oTe nayqanach peaKUHH 

11 8 * p + B .... a + Be .... a + a + a (2.24) 

npn 

llBYX 

Tp =2,0; 2,65 n 3,25 MsB. <l>nKcnpoBannch yrnLI BLineTa 0 1 , 0 2 

a -'lacTnu u cTpounuch pacnpenenenuH no ux KnHeTn'lecKHM saep-

ruHM npn onpenenennoil sneprun nepBH'!Horo npoTona. TaKHM o6pa30M 1 B 

aTOM cny'lae He 6wno ycpenaeHHH no 
2 

m 
12 

unu T', 
.p B peaynhTaTe 

8H8.'1U3a, npoBelleHHOI"O H8 OCHOBe pa3nH'!HblX MOAenhHbiX npeACT8BneHHfi 0 

MeXaHn3Me peaKUHH 1 8BTOpbl npuumu K 38KnJO'!eHHIO 0 CylUeCTBOB8Hllll CnO)KHOfi 

HHTepciJepeHUHOHHOH K8pTHHb1 1 CBH38:-IHOH C B036y)K/leHUeM COCTOHHHH 

a* 
Be ( Q "' 3 MsB , r R "' 1 .Mas ) • 

11 



§3. llBa B036y:xcneHHbiX COCTOSIH11Sl Sinep 

B C11CTeMe TpeX '18CT11U 

/1/ 
B npenhinymeM naparpa~e 11 B pa6oTe 6bm11 o6cy>KneHhi 11HTep~e-

peHU110HHbie 9~~eKTbl B C11CTeMe TpeX '18CT11U 1 113 KOTOpb!X nne SIBnSIIOTCSI 

TO>K.!leCTB9HHbiM11. 0epei1:neM K cny'l810 1 KOI'll8 B CHCTeMe. 113 TpeX p83llb!X 

'18CTHU MOI'YT B03HHK8Tb llB8 B036yxcneHHbiX COCTOSIHHSI1 R H r • Opu 

9TOM T8K>Ke MOI'YT IIM9Tb M9CTO aHanOI'II'IHbie IIHTepqJepeHUIIOHHbl9 SIBneHUSI. 

PaccMoTpuM nng·onpenenennocT11 KOHKpeTHYIO peaKUIIIO! 

d + 12 C ... 0 .... p + n + 12c • (3.1) 
a b 1 2 '3 

KOTopaSI Mo>KeT unru no nByM KauanaM, 

12 13* 12c 
d+ C-. ·N +n-+p+n+ (3.2) 

II 

12 13*, 12 
d+ C-. C +p-+p+n+ C, (3.3) 

13~ 12* 
rne N l! C - B036yiiCA9HHb19 COCTOSIHHSI COOTB9TCTBYIO!Ul!X 

xl 
SIAep • AMnnuTyna peaKUl!l! uMeeT BHA! 

a b 
+ --~~--~-------· 

m 2
2
3 -M 2 +iM r 

r r r 

(3.4) A, 
m 213 - M 2R + i M Rr R 

xl 131 B pa6ore o6cy>KnaeTCSI cxonnaSI cuTyauuSI npuMeHHTenbHO K 

peaKuuu K- p .... A rr +rr - , 11nymei1: no KananaM 

- ~+ 0 + . K p .... "" ( 1385 ) rr- -• A rr rr-

K-p-+ ~ -(1385)rr+-.A
0 

rr+rr- • 
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!II.H .Hllep 

.mu o6cy>KlleHhi IIHTepcpe-

KOTOpbiX ABe HBJIHIOTC.H 

HCTeMe. ll3 Tpex pa3HbiX 

)HHliH1 R _ ll r • rr pll 

repljlepeHUliOHHbie HBJieHli.H, 

o peaKUliiO: 

(3.1) 

(3.2) 

(3.3) 

II.H .C::OOTBeTCTBYIO!UliX 

(3.4) 

1UII.H' IIpHMeHHTeJibHO K 

3LteCb M R, r ll r R,r - MaCChi 11 ruHpliHbi pe3oHaHCOB R , r 

a KOScpcpiiUHeHTbi a 11 b 1 B Ol'n!I'Ille OT CJiy'la.H TO>KlleCTBeHHbiX 'laC-

Tl!U 1 He CB.H3al!bi Me >KAy co6ofi, nnSI llOCTaTO'IHO y.3Kl!X pe30H8f!COB ( r<< Q) 

B o6naCTll liHTepcpepeHUllll ( m 
13 

"" M R, m 
23 

"" M r ) 3t:Ia'leHIIH a II b 

MO>KHO C'll!TaTb IIOCTO.HHHbiMII, BBelleM HOBbie nepeMeHHbie: 

(3,5) 

II 

(3.6) 

ITocne l!HTei'pupoBaHli.H KBaApaTa MOllYJI.H aMITJiliTYAbi (3.4) ITO 

'lliM pacnpeAeneHIIe ITO ·p ' 

a' ITony-

.. 
He(ab*)--2p'lm(nh~

M r +M I~ 
R H r r 

2 'P ' 
I + ( ---'---

M RrR + M r rr 

Cnai'aeMoe· c Im (a b * ) MO>KHO IICKJIIO'III Tb 1 eCJIII CTpOHTb pacnpeaene-

HHe ITO MOAYJIIO p ' 

x/ 
0TMeTHM 1 'ITO (3,7), KllK II CJie[lOBaJIO 0ii{HAaTb 1 nepeXOAHT B (l.f.i) 

ITpn M R "" M r r R = r r n a = b • 
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li 
'i 

I 1
2 

I b.l 2 
·4 

W(lp 'I)~ __ a-+---+----·-· 
Mnrn M,r, · Mnrn+M,r, 

Re (a b*) 
(3,8) 

2 p ' 
1 + ( 

Mnrn+M, r, 

TpeTUlt qnen B (3,8) eOOTBeTeTByeT IIHTepcjlepeHUIIOHHOMY sljJ!jleKTy, KOTOpbiH 

onpenensieTeH eyMMOH WllpiiH pe30HaHeOB 1 II ero 38BIIeUMOeTb 01' :1 p 'I 
x/ 

aHanorU'III8 38BIIeUMOeTU 01' p B ( },5) nng TO)!()leeTBeHHbiX 'laeTU!il • 

A5eomoTHaH Benll'll!lla sqJl\JeKTa onpenenHereg anaqenueM Re (ab *), 

r.e. 38BIIenr or aMnniiTYJli>I pox<neiiiiH peaonaueoB R 11 r • TaKUM o5-

paaoM, 113y'laH eneKTP eo5I>ITIIii (3.1) no IP 'I B o5naeru m 13 "' M n 

m2.1"'Mr 1 MO)!(IIO onpenenUTb Wllpi!IIW pe30HaHeOB, 

LlnH 'laerHoro eny'Ia11, Korna a "' t.. 

-w (p ') ~ 1 + _____ .....:''------ 1 

---
( M r ~~. M R rR )2 v ----+ v _ __:;;.._:.: 

2 ' . 2 1 + ( _ _f;_f!. _____ ) 

M r M r 
R R 

M r r, +M Rr R 

nru r >" r R r 
lllll'ClH:•epeiiUIIOI!III,Ifr <IJJell yMeHbWlleTeH: 

W(p')-1tl 
M r [' r -----
M n r n 1+(~-)2 

\1 R r R 

(3,9) 

( 3.10) 

TaKnM o5pa3ol\t 1 uurep!jlepeHuuouut.ril sq•(peKT onpenenHeTeH ue coBna-

)leHUeM 1\IBCC pe30I!lli!COB 1 a COOfi!OtlleHUel\t WllplHI r, II rn 
LlnSI nonyqenuH pacupeneneuuii nma (3,7) - (3.10) onhiTbt uyxmo era-

BUTt. TaKIII\t o5pa3ol\! 1 'iT06bt npoucxonuno yepennenne no TH 11n11 m 12 
III 

upu m 
13

"' M R 11 m 23 "'M, • 8ro eraHOBIITCH B03MOX<HbtM nuwb 

118'ii!IIBH e ~uepruH 

x/ 
Ll!IIl B03fiyx;nellllb!X Hnep M r "'M R· 

14 

T min = T 
" " 

+-

B IIHTepBane· 

/', = T max _ T min 
a a 

rne Q R = M n- m 3 - m 1 , 

9Hepr11H nng pe~KUIIII ·(3, 

HOeTII 1 nnH KaHanOB (3,2 

IIHTepcjlepeHUIIOHHbiH scjlcjle 

=0,76 MsB), PeaKUnH (3 

MeHbwefi snepr1111 ( T 

05naeTb unrep¢epe 

BlleM (eM, (3,8)) 

y ''"' -

unu, y'lnThtBaH, 'ITO M 

y' = 

x/ 
Mbr ne npiiBOJllli 

IIX yno5no nony'IIITb, pac 

Ubi 3, np11 Q n = Q 
X0Jl511' B. (2,8) II (2,9) e< 



e (a b*) 
------. (3,8) 

~OHHOMY a<jJ~eKTy 1 KOTOpbiH 

l8BHCHMOCTb OT I p , I 
x/ 

O)!{aecTBeHHhiX 'I8CTH\l 

qenueM Re (a b *), 

R u r. , TaKIIM o5-

B o6naCTII m 13"' M R 

fi8HCOB, 

(3,9) 

fibillllCTCSI: 

( 3,10) 

onpenensteTCst ne conna-

r, 
( 3.10) onwrw HY)!{HO era-

Hlle no Ta 11nn m 12 

IBHTCSI B03MO>I\IIhl~l ni!Wb 

T min = T 
a a + ( 3.11 ) 

B IIHTepBane 

4 tJ. = T max _ T min 
a a V m I ni 2 Q R Q r M RM r ' (3.12) 

rae QR=MR-m 3 -m 1 , Q,=M,-m. 3-m 2 . It Tu- noporonast 
. x/ 

aueprnSI anSI peaKUIIII ( 3.1), IIJlyweii 6e3 o6pa30B8HIIH pe3oHaucon , B tiacT-

Q 13* =3,55 Maa 11 Q 13* =7,84 MaB 
N C 

HOCT1i 1 anSI K8H8nOB ( 3,2) II ( 3,3) C 

IIHTep~epeHUIIOHIIhlH 9~~eKT B03MO)!{CH 

=0,78 MaB), PeaKUIISI (3.1) H3ytianacb 

T min 
n11Wb anSI d =7 ,23 Man ( tJ. = 

/4/ 
B pa6oTe , no, K CO)!{aneHIIID, np11 ., 

MeHbWeH 3Hepi'IIH ( T d =5,39 MaB). 

06nacTb IIHTep~epeHUIIII anst peaKunn (3.2) 11 (3.3) onpeaenSieTCSI ycno

BIIeM (eM, (3,8)) 

~1' (3.13) 

11nn, y'IIIThiBaSI, 'ITO 1 IIMeeM: 

'P , , 2 y , __ 

MR rR + r, ( 3,14) 

x/ Mhl ne npiiBoauM BhJBoaa ~opMyn (3~11) 11 (3.12), 0TMeTuM, 'ITO 

IIX yao6HO nony'IIITb 1 paCCMaTpHB8SI peaKUIIID (3,1) B CIICTeMe llOKOSI 'I8CTH-

Uhl 3, n:Pii Q R = Q M R = M r 11 m 1 = m 2 9TH ~opMynhi nepe-

xoaSIT B (2,8) ll (2,9) COOTBeTCTBeHHO, 

' 
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B na6opaTopaoii: CIICTeMe KoopauaaT 

' ' ... ... ... 1 2 2' 2 2 ) 
'P =Wo(cu t-cu2)-(pl-p2):Po-2(ml-m2+MH-Mr • (3.15) 

cPopMyna (3,15) OTnH'!aeTCSI OT aHanOI'H'IIIOI'O BbipallieHHSI anSI p (2,12) 

TOnbKO 118 llOCTOSIHHyiO'BenH'!HHY c 1 =~-(m~-m:+M!-M:), B KOTopoii: Y'IH

TbiBaeTCSI pa3HOCTh Mace peaoaaacoB R, r H '!aCTHU 1 ,2. · 8Ta paaHHUa 

HeCyiUeCTBeHH8 C TO'IKH 3peHHSI BbiBOaOB, nonyqeHHblX B §2 OTHOCHTenhHO 

38Bl!CHMOCTH BenH'IHHhl y • OT yrnOBbiX ll Kl!HeTU'!eCKHX KOppenSIUHll BTO--

pH'IHblX '!8CTHU, T8K KaK' 9TH peaynhT8Tbl CBSI38Hbl TOnbKO C 6onhWOll M8CCOii: 

pe30H8HCOB II HepenSITl!BHCTCKUM llpH6nullieHUeM, fieii:CTBUTenhHO, H B :3TOM 

cnyqae Wo"'ma+mb ll 

y'=: 
2 ... ... ... ] 

----- [(m + mb )8 T -p
0
(p 

1
-p

2 
)-c 

1
+(m +m )(m 1-m J . (3.16) 

M (r r ) a a b 
R R + r ._ 

0 onywupnHa pacnpeaeneHHSI W {\p 'J ) B nepeMeHHbiX 

COCTaBnSITh 

8T MR_ 
1 (r +r, )~_;-mb 2 R a 

8T 6yaeT 

u He aaBHCHT oT aaeprHU HaneTaiOmeii: 'IaCTHUhi, EcnH M R ·>> m a , 'To aTo 

nepexoanT B 

8T,._l_(fR+f . 2 r 

II He 38Bl!Cl!T T8Kllie II OT M8CChl pe30H8HC8, finSI OUeHKll 8~ 

B (3.16) nepenHweM B a11ae 

16 

(3.17) 

BTOpOii: qneH 

rae . 

... ( ... ... ) 
Po P t - P 2 = P 

() - yron Mellia~ 

l13 COOTHOWeHHSI ~~ 

81/J ":' 

'ITO anSI peaKUl!ii: c nert 

rpaaycoB. KoaKpeTno B 

n Q c* =7 ,64 MaB, 
0 

58 K:3B H 8 t/J "' 3 , 

0TMeTHM, 'ITO B IT 

BBnH 38BHCIIMOCTh K09$ 

aHHaMHKH npouecca (3. 

ITeHC8UHSI BenJI'IHHbl a£l>tfl• 

MOllieT HMeTh p83llble 3 

CiiCTeMhl n , p • OaH 

MeCTa, 

0onh3ySICh cnyqae 

UY 38 MHOI'O'Il!Cnel!Hhle 

n1 
BHHM8HHe ~a·pa6oTy 

1. B.r. fpHwua, LVI. Kc 

P1-5315, ily6Ha, 19 

2. Conference on Cc 

Reactions~ Rev,M 



( 3.15) 

a:IKeHHS! .nnSI p (2.12) 

M 2 2) 
R-M r ' -n KOTopoif Y'lH-

CTHU .1 ,2, · 8Ta pa3auua 

!h!X n §2 OTHOCHTenbHO 

H'leCKHX KOppenS!UHH BTO

TOnbKO C 6onbll!OH MaCCOH 

[eHCTBHTenbH01 H n aTOM 

JeMeHHh!X 8T 6y.neT 

cnu M R ·>> m a. , 'To aTp 

(3.17) 

JUeHKH 81/J , nTOpoif qneH 

.... < .... .... ) .I .... ... .I e 1 2 ·'· o Po P 1 - p 2 = p o p 1 -p 2. cos "'-2 p o 'f' cos ' ( 3,18) 

... 
r.ne . 0 - yron Me:IK.ny neKTopaMH Po H 

!13 COOTHOWeHHS! ( 3.13) UMeeM: 

( 3.19) 

'ITO .nnSI peaKUHH C nei'KHMH S!JlpaMU COCTaBnS!IOT nenH'lHI!Y B Ue.CKOnbKO 

rpa.nycon. KoHKpeTI!O B peaKUHH (3.1) c Q N * =3,55 Man, r N * =61 KaB 

H Q c*=7,64 Man, r c* =55 KSn npu T d =7,23 Man UMeeM 8T"' 

58 Kan H 81/J"' 3°, 

0TMeTUM 1 'ITO B npone.neHJIOM Bh!ll!e paCCMOTpeiiHH Mhl He ananU31lpO-

nann 3aBHCHMOCTb KOatj>tjJHUHei!TOB a H b OT~nlli!OBOH CTpyKTypw ll 

.nunaMHKH npouecca ( 3.1 ) • B neKoTop~>IX cnyqagx no3MO}I<l!a 'lBCTII'lHaSI KOM

riencauHSI nenu'lHHhi stj>tj>eKTa, nocKOnbKY unTeptj>epenunoHHhiH 'lnen n (3,8) 

MO:IKeT HMeTb pa3Hble 3HaKll .nnSI TpnnneTI!OI'O H CIIHI'neTI!OI'O COCTOS!I!IIIl 

CHCTeMbl n, p , O.nuaKo B o6weM cnyqae TaKaS! KOMneHcaunH ue 111\WeT 

nonb3YS!Cb cnyqaeM, Bbipa:IKaeM CBOIO np1!3JlaTenbHOCTb B.JJ. JIJ060WH

uy 3a MHorotiHcneHHhie o6cy>~<.nen liS! u B .n. Py.naKony, o6pa TUBUle My I! awe 
/2/ 

BHHMaHHe Ha pa6oTy , 

1. B.r. fpuwuH, r.H. Konhmon, M.ll. no.nropeuKHH. Coo6IItci!HS! OH.Hl1' 

P1-5315, Dy6na, 1970. 

2. Conference on Correlations of Particles Emitted in Nuclear 

Reactions~ Rev,Mod. Physics, 37, N3, 409, 418 (1965). 
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3, P • .ilamm. CTpaHHbie '!aCTifUbi If CHnhHbie B3aHMOJlei1:cTBHSI, §56, I1fl, 

MocKaa, 1964, 

4. J. Lang, R. Muller, w. Wolfli et al. Nucl,Phys., 88, 576 (1966). 

PyKonHCh nocTynHna B H3JlaTenhcKHfi OTJlen 

2 MapTa 1971 rolla. 
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