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1. BBE,llEHHE 
. . 

B npoueccax B3aHMo~eiic;BHH rrerKHX H,nep 3H, 3He, 4He c npoTOHaMnnpH '· 

:meprHHX HeCKOJibKO r3B HaH6orree llaCTO. H.nYT KaHaJihl C MaJIOH CTeneHbiO 

cpparMeHTauHH. HanpHMep, B 4 Hep-B3aHMo,neiicTBHHx HaH6orree. aepoHTHhi

MH HBJIHIOTCH 3 Hepn .H 3 Hpp KOHetJHhie COCTOHHHH. 3TO Mml<eT CBH)J;eTeJibCT

BOBaTb o TOM, liTO B BOJIHOBoii cpyH~HH 4 He npeo6rra)J;aiOT 3 Hen- H 3 Hp-co

CTOHHHH. MeHee BepOHTHhiM npouecCOM HBJIHeTCH TIOJIHhiH 6e3Me3(:>HHhiH 

pa3BaJI HAep 3 He H 4 He. 0AHaKo H3ylleHHe MexaHH3Ma norrHoro pa3Barra no

MoraeT Bhi)J;eJIHTb BKJia)J; MHOrOKpaTHOrO pacceHHHH H 6JimKe TIO)J;OHTH K Ha-

6JIIO)J;eHHIO 3K30THlleCKHX HBJieHHH, COOTBeTCTBYIOIUHX MaJihiM paCCTOHHHHM 
Me)KAY HYKJ10HaMH. 

H3aecTHhi pa6oThi 11 
-

8 1
, rAe H3YllaJIHCb HBJieHHH norrHoro pa3pyweHHH 

HAep 
3 
H, 

3 
He, 

4 
He B BOAOPOAHoii KaMepe. HacTOHIUaH pa6oTa HBJIHeTc.H 

npoAOJI)KeHHeM HccrreAOBaHHii MexaHH3Ma 6e3Me30HHoro pa3Barra ·HAep 3 He · 

H 
4 

He npH B3aHMOAeiicTBHH Hx c npoToHaMH B 100-cM )KHAKOBOAOPOAHOii 

ny3LipbKOBoii KaMepe OHHH 16
-

1 1 1 c nprmrrelleHHeM HOBhiX )J;aHHhiX 

no 4 Hep-B3aHMOAeiicTBHHM npH HMOYJibCe 13,6 r3B/c. 

HccrreAyiOTCH HMnyrrLCHhie H yrrroBhie pacnpe)J;erremm, a TaK)Ke KOpperrH

UHH BTOpHliHhiX llaCTHU 00 OTHOCHTeJibHhiM a3HMYTaJibHhiM yrJiaM. 

2. 3KCllEPHMEHT 

100-cM )KH,I.J;KOBOAOPOAHaH ny3LipbKOBaH KaMepa OHHH 3KCTIOHHpoaa

rracb B nyliKax H)J;ep 3 He npH 13,5 r3B/c H 4 He npH 8,6; 13,6 r3B/c Ha CHH~ 
xpocpa30TpoHe nB3 OHHH. llpH B3aHMO)J;eHCTBHH ycKopeHHhiX H)J;ep c npo

TOHaMH .npOAYKThl HX cpparMeHTaqHH HBJIHIOTCH 6biCTphiMH, liTO ·npHBO)J;HT 

K cyiUeCTBeHHO 6orree BhiCOKOH, lleM B pA-3KCnepHMeHTaX, 3cpcpeKTHBHOCTH 

perHCTpauHH 3THX cpparMeHTOB. llpeHMyJUeCTBO ny3hlpbKOBOH KaMephl )J;JIH 

AeTeKTHpOBaHHH llacTHU B ycrroBHHX 41T-reoMeTpHH AaeT B03MO)KHOCTb AJIH 

3KCKJII03HBHoro aHaJIH3a HBJieHHH ~orrHoro pa3pyweHim Mep 3 He H 4 He. · · 

06pa6oTKa CHHMKOB aeiiacL a ·na6opaTopHHX COTPYAHHlleCTBa n~ CTaH

Aaprnoii npoUe)J;ype. llpocTpaHCTBeHHaH peKOHCTPYKUH.H H KHHeMaTHllecKHii 

aHaJIH3 co6hiTHH npOBO)J;HJIHCb C HCOOJib30BaHHeM a)J;allTHpOBaH:HOH 6H6JIHO

TeKH nporpaMM CERN-HYDRA; llpH OnHCaHHH pe3yJILTaTo:B ace BeJIHliHHhi 

~---
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npHBO~VITCH B cncTeMe noKoH m~ep ·3 He n 4 He. Onm6K!i · B onpe~eneHHH ce

qeHHM - cTamcmqecKne. 

3. PE3YnbTAThl 

a. OueHKa nonepe~biX ceqeHHM peaKUHM noJIHoro pa:mana 

llpe~CTaBJieHHbie pe3yJibTaTbl OCHOBaHbl Ha CTaTHCTHKe: 
3086 co6biTHM KaHana 4 Hep ~ ppp + (HeiiTpanbHbie) npn 8,6 r3B/c (1) 
2352 co6biTHH KaHana 4 Hep ~ ppp + (He~TpanbHbie) npif 13,6 r3B/c (2) 
2729 co6biTHM KaHana 3 Hep ~ pppn .-1 npn13,5 r3B/c. (3) 

KaHan noJIHoro pa3pyrneHHH Han6~nee qncTo Bbi~eJIHeTcH B 3 Hep-B3aH

MO~eiicTBHHX, T.K. CO~ep:>ICHT TOJibKO O~HY HeMTpanbHYIO qaCTHUY· 
B 4 He'p-B3aHMO~eiicTBHHX 3Ta peaKUHH noJIHOCTbiO KHHeMaTnqecKH 

He BOCCTaHaBJIHBaeTCH, ll n03TOMY MO:lKeT CO~ep:lKaTb 3HaqHTeJibHYIO npHMeCb 
KaHana 4 Hep +pppllll7T0 • Bo3MO:lKHa TaK:lKe npnMecb KaHanoB c 6oJibiliHM 

. o. qHCJIOM 1T -Me30HOB, O~HaKO ceqeHHH HX npH 3THX 3HeprHHX He3HaqHTeJibHbl. 
Ha pnc.1 npe~CTaBJieHbl pacnpe~eJieHHH npn 8;6 r3B/c: a) no He~OCTaiO

·meii Macce a peaKunn 4 Hep ~ ppp + (HeiiTpanbHbie) - cnnornHaH JIHHHH; 
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MM ( 13B) 
PHc.l. Pacnp~eJieHHe no HeAOCTaJOtneii Macce npH HMnyJibCe 8,6 r:~B/c B peaKUHH 
4 Hep ~ ppp + ( ueiiTpanLHbie) . - cnnouman JIHHHB; pacnpeAeJieHlle :~cpcpeKTHBHOH 

Macchi np 6e3 miA~yromero. HyKnoua B KaHane 4 Hep ~ dppn - nynK~up; pac

npeAeneHHe 3cpcpeKTHBHOH MIICCbl, pp7T- B peaK~HH 4Hep ~ pppp7T-n-WTpHX· 

nyHKTHp. 
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6) no 3cpcpeKTHBHoii Macce np-napbi . 6ro nn~npy10mero HyKJioHa H3. KaHana 
4 . . . 

Hep --> dppn-:- nyHKTHp, HOpMnpoBaHHoe Ha nepBbiM MaKCHMYM pacnpe~e-
neHHH (a); B) no. 3cpcpeKTHBHOM Macce pp7T- -KOM6HHal\llllll3 .peaKUHH 
4 Hep ~ ppppn1r- -:- rnTpnxnyHKmp, OTHopMnpoBaHHoe Ha BT~poft MaKcn~yM 
pacnpe~eneHiiH (a)'. tiTo6bi H36e:lKaTb B H3yqaeMoii peaKUHH npnMecn KaHana 
4 Hep ~. pppnn7T

0 
, ~JIH ~anbHeiiwero aHanH3a Mbi ncnoJib30BanH TOJibKO co- · 

6biTHH c MM < 2,06 r3B/c2 
• (AHanorH~biM aHanll3 6bm npoae~eH ll MH 

4 Hep-B3aHMO~eMCTBHM npll 13,6 r3B/c). Tipn TaKOM o6pe3aHllll ~OJIH OCTaB:. 
IliHXCH co6biTHM KaHana 4 Hep ~ pppnn COCTaBHJia 49% ll 33% OT o6mero 
qncna co6biTHM peaKUllll 4 Hep ~ ppp + (HeMTpanbHbie) npn 8,6 .H 13,6 r3B/c 
cooTBeTCTBeHHO. Ecnn npe~noJIO:lKHTb, ~o pacnpe~enelinH 3cpcpeKTHBHbiX 
Mace ~ayx MeMeHHbiX HYKJIOHOB H3 KaHanOB 4 Hep ~ dppn n 4 Hep ~ pppnn 
ae~yT ce6H O~HHaKOBbiM o6pa30M ll 3a npe~~JiaMH .MM = 2,06 r3B/c2

, 

TO npn pacqeTe nonepe~biX ceqeHHM peaKUHM 6roMe3~HHoro . pa3Bruta H~ep 
4 He Ha~o yqecTb TaK:lKe co6blTHH H3 o6nacm nepeKpbiTHH cneKTpoB peaKUHM 
4 Hep ~ dppn n 4 Hep -+ ppppn1r-, KOTOpbie cocTaBHJIH 21% n 22,5% oT nonHo
ro qncJia co6biTHM B ~aHane 4 Hep ~ pppnn npll 8,6 ll 13,6 r3B/c COOTBeTCT
BeHHO. 

.[{OJIH npHMeCH OT ~pyrHX KOHKypnpyiOJUHX KaHanOB B llCCJie~yeMbiX 
peaKUHHX 6bma 3HaqnTeJibHO MeHbrne 11 oueHnaanacb Ha ocHoae nccne~oaa
HHH HMnyJibCHblX ll yrJIOBblX xapaKTepHCTHK npOTOHOB, ~eMTpOHOB ll 7T+ -Me-
30HOB B o~H03HaqHo n Heo~H03Ha~o n~eHTncpnunpoBaHHbiX co6biTHHx. Ko
nnqecTBO co6biTHM, ncnoJIL3yeMbiX npn oueHKe ceqeHHM c yqeToM nonpaaoK 
Ha KOHKypnpyiOmne rnnoTe3bi, npHBe~eHo B Ta6n.l. 

13,5 3 Hep-+pppn 
DST 

2729 
3 Hep-+dpp7To 

3 

158 2571 



nonepetrnbie celleHHH peaKUHH OOJIHOro 6e3Me30HHOrO pa3aana H.n;ep 3 He 
u 4 He onpe.n;emmuch Ha ocHoBe nonepetrnhiX celleHHH TpexnylleBhiX B3auMo

.n;e~cTBHH, nonylleHHhiX paHee B pa6oTax 19 
'
1 0 1 

: 

P = 8 6 r3B/c a3 x = (72 3 + 2 7) M6 19 1 

4 ' tot ' • • He 

P = 13,6 r3B/c a3 x = (61,1 + 1,9) M6
19 1

, 
4 He tot 

P =135r3B/c a3 x·= (625+10)M.6 1101 
3 - ' , ' * • He tot 

flonepetrnbie CelleHHH OKa3anHCb paBHbiMH: 

P = 8,6 r3B/c 
in 

P = 13,6 r3B/c 
in 

adir 
4 Hep~pppnn 

adir 
4 Hep~pppnn 

tot 
p = 13,5 r3B/c a3Hep->-pppn 

in 

(4,82 + 0,13) M6, 

(2,94+ 0,11) M6, 

(6,92 + 0,13) M6. 

qacTb co6biTHH peaKUHH 3 Hep ~ pppn, HMeiOIUHX HMnynbc HeiiTpoHa 
no BeJIHliHHe 60JiblllHH, lleM HMOYJibCbi JII06oro H3 Tpex npOTOHOB, Mbl OTHeC
JIH K KaHany C nepe3apH,D;KOH a~h-ex = (0,28 + 0,03) M6. 0CTanbHbie 

Hep~pppn 

C06biTHH 3TOH peaKUHH COCTaBHJIH npHMOH KaHan: 

adir = (6,64 + 0,13) M6. 
" 3 Hep~pppn 
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Ha pnc.2 npnae.n;eHbi HMnyJibCHbie pac
npe.n;eneHHH npOTOHOB B npHMOM KaHa
ne (a), n B KaHanec nepe3apH.n;Koii (6). 
BH.n;HO OTCYTCTBHe JIH,D;HpyiOIUHX npo
TOHOB B CJiyllae nepe3apH,D;KH. 

Pnc.2. MMnynLCHbie pacnpe.n;eneHIDI npoTOHOB 
H3 npnMoro KaHana (a) H KaHana c nepe3apn.n;
Koii (6) B peaKUHH 3Hep ~ pppn npH 

13,5 r3B/c B CHCTeMe nOKOH H.n;pa 3 He. 

4 

" 
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Onpe.n;enHTb cet~eHne c neproapH.n;Koii B peaKUHH 4 Hep ~ pppnn TaKHM 
Cnoco60M HeJib3H, T.K. HeB03Mo:»ffio Bbi,D;eJIHTb JIH.n;HpyiOIUHH HeHTpOH. llo
JiytieHHOe cet~eHne 6roMe30HHoro pa3aana H.n;ep 4 He oT~IOCHTCH K npHMOMy 
KaHany 3TOH peaKUHH (B co6biTHHX C nepe3apH,D;KOH 3HatieHHH He.n;OCTaiOIUeH 
MaCChi 3HatiHTeJibHO 60Jibllle 2,06 r3B/c2

). . 

6. 06IUne xapaKTepHCTHKH npHMoro KaHana peaKUHH 4 Hep -.. pppnn 
npH 8,6 H 13,6 r3B/c H peaKUHH 3 Hep ~ pppn npn 13,5 r3B/c 

nnH paCCMOTpeHHH 06IUHX xapaKTepHCTHK yKa3aHHbiX peai(UHH npOBO
,D;HJIOCb ynopH.n;OlleHJie HMnyJibCOB BTOpHtrnbiX HYKJIOHOB, T.e; B KIDK.n;OM C0-
6biTHH HYKJIOHaM npncaanaanncb Im.n;eKCbi 1, 2, 3, 4 B nopH.n;Ke y6hmaHHH 
HX HMOYJibCOB B peaKUHH (3) H 1, 2, 3 - npOTOHaM B peaKUHHX (1), (2) .. 
llpH 3TOM CJie.n;yeT 3aMeTHTb, liTO HeT npHMOrO COOTBeTCTBHH Me)K]J;y npOTO
HaMH c HH.n;eKCOM (2,3) B peaKUHH 4 Hep _.. pppnn H HYKJIOHaMH (2,3) H3 pe
aKUHH 3 Hep ~ pppn. Ha pnc:3 npnao.n;HTCH HMnynLCHhie H yrnoBbie pacnpe.n;e
neHHH .n;nH HYKJIOHOB Ka)K]J;oro HH.n;eKca ynopH.n;ot~eHHH .n;nH peaKUHH ( 3) , 
aHa pnc.4- .n;nH peaKUHH (1), (2). 

1-h pnc.3 BH.n;Ho, tiTO HMnyJibCHbie pacnpe.n;eneHHH HYKJIOHOB c HH.n;eKcaMH 
3, 4 HMeiOT MaKCHMYM npn HMnynbce 100-120 M3B/c, a B .yrnoaoM pacnpe
.n;eneHHH HM COOTBeTCTByeT H30TpOOHaH tiaCTb. 3TH xapaKTepHCTHKH 6JIH3KH 
K xapaKTepHCTHKaM cneKTaTopHbiX HYKJIOHOB. HapH.n;y c 3THM Mbi Ha6niO.n;a
eM_ nn.n;npyiOIUHe HYKJIOHhi (nH.n;eKc 1) H HYKJIOHbi oT.n;aqn (nH.n;eKc 2). 3To 
003BOJIHeT HaM H306pa3HTb OCHOBHYIO llaCTb npOTeKaiOIUHX npouecCOB 
B 3TOM KaHane B BH,D;e ,D;HarpaMMbi, noKa3aHHOH Ha pHc.5a, T.e. KaK KBa3H
ynpyroe pacceHHHe npoToHa Ha o.n;HoM H3 HYKJIOH~B H.n;pa 3 He. 

B peaKUHHX (1) H (2) (eM. pnc.4a H 6) 3TU rpynnhi HyKJioHoB o6o3HalleHbi 
MeHee lleTKO, T.e. cyiUeCTBYIOT 3HatiHTeJibHO 60JiblllHe 06JiaCTH nepeKp~ITHH 
B HMnyJibCHbiX pacnpe.n;eneHHHX OpOTOHOB C HH,D;eKCaMH 1, 2, 3. 

.Han6oJiee cyiUeCTBeHHbie pa3JIHtiHH Ha6JIIO,D;aiOTCH (eM. Ta6JI. 2) B 3Ha-· 
lleHHHX BeJIUtiHH HaKJIOHOB ,D;HcpcpepeHUHanbHbiX CelleHHH dq'dt ·= e·bt ,D;JIH 

peaKUHH (1), (2) H peaKUHH (3) (t- KBa.n;paT 4-HMOYJibCa, nepe.n;aHHOrO 
OT na.n;aiOIUeroK JIH,D;HpyiOIUeMy npOTOHY B peaKUHHX (1), (2), (3)) . 

Jb Ta6n.2. BH,D;HO, liTO BeJIHlll!Ha HaKJIOHa ,D;HcpcpepeHUHaJibHOrO cetieHHH 
peaKUHH 3 'H.ep ~ pppn 6JIH3Ka K BeJIHtiHHe HaKJIOHa ynpyroro pp-pacceH
HHH15 1 , HO 3HatiHTeJibHO oTJIHtiaeTCH o1- aenntiHH HaKJIOHOB .n;ncpcpepeHiinanb
HbiX CelleHHH. 4 Hep ~ pppnn npn 8,6 H l3,6 r3B/c. 3To no.n;TBep)K]J;aeT c.n;e

JiaHHOe Bhillle npe.n;nonoJKeHne o TOM, liTO nonHoe pa3pyllleHne H.n;p~ 3 He 
npOHCXO,D;HT B OCHOBHOM B pe3yJibTaTe KBa3Hynpyroro pacceHHHH npOTOHa 
ila ·o.n;HOM H3 HYKnOHOB H.n;pa (pnc.5a), Tor.n;a KaK B cnyllae pa3Bana impa 
4 He Mhi iia6n10.n;aeM .n;ayx!CpaTHoe HJIH MHoroKpaTHOe pacceHHHe ria.n;aKiiUero 
npOTOHa (pnc.6a). ua O,D;HOM H3 HYKJIOHOB H.n;pa 4 He. 

5 
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H Mep;JieHHLIX (3, 4) HyKJIOHOB H3 npHMoro KaHana peaK~HH 3 
Hep -+ pppn 

npH 13,5 r3B/c B CHCTeMe nOKOllllJJ;pa 3He. 

Cne,nCTBHeM TaKoro pa3nH'IIHJI B MeXaHH3MaX MOJKeT 6biTh HeO.IJ;HHaKO
. BhiH xapaKTep a3HMyTanbHhiX KOppenauliH nap HYKnOHOB, npHHa.n;neJKaiUHX 
o.nHoMy H3 aKTOB B3anMo.nell:cTBHH s peaKUHHX 3 Hep -+ pppn n 4 Hep -+ pppnn. 
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PHc.4. HMnyJI&cH&Ie H yrnos&Ie pacnpep;eJieHHll 6LICTpbiX' (1) , cpeJJ;HHX ( 2) 
- 4 . ' 

H Mep;neHH&IX ( 3) npoTOHOB s np!IMOM KaHane peaKQHH Hep-+ pppnn npH 

8,6 r3B/c (a) H IlpH 13,6 r3B/c (6) B CHCTeMe nOKOllllJJ;pa 
4

He. 
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Ta6nuua2 

4 Hep~pppnn 4 Hep~pppnn p~ynpyroe 15 1 3 Hep~pppn p~ynpyroe 15 1 

8,6 r3B/c 13,6 r3B/c 2,8 r3B/c 13,5 r3B/c 4,8 r3B/c 

lfuTep-
Ball t 0,15-1,85· ,0,05-1,05 0,07-0,87 

b 
r3B/c- 2 1,57+0,07 2,8+0,2 7,6+cf,4 5,04+0,12 7,8+0,4 

x2 /Nd 4/18 6/11 

~
N1 

p 
N2 

- 3H•_ N3 
N4 

=r:: 
d 

a 6 
' ' ~, 

Puc.5. ,IJ;uarpaMMbi KBa3uynpyroro pp· 

pacceHHHH: a - c nonHbiM pa3BanOM n,o;pa 
3He; 6- C. 'p;eii:TpOHOM B KOHeqHoM CO· 

cTOHHHH ,o;nn ;eaK~u 3 Hep ~ pppn npu 

13,5 raB/c. 

15/17 

f 
f 

a 6 

Puc.6. ,lJ;uarpaMMbl, COOTBeTCTBYIOL!.Uie 

,JJ;BYXKpaTHOMY pacceHHlliO 6biCTpOr'O 

HyKnoHa 

oT,o;aqu 

~ pppnn. 

(a)' 

(6) 

pacceHHlliO HyKnoHa 

,o;nn peaKLJ;HH 4 Hep ~ 

.[(nH np,oaepKH 3Toro npe,!l;nonoJKeHHH 6bmH nocTpoeHbi pacnpe,!l;eneHHH 
no OTHOCHTenbHOMy a3HMyTanbHOMy yrny nap HYKnOHOB ( 12,13,14,23, 
24, 34) AnH peaKUHH 3 Hep ~pppn u npoToHOB (12, 13, 23) ,!l;nH peaKUHH 
4 Hep ~ pppnn. BenutiHHa 3Toro yrna MOJKeT MeHHTbCH OT 0, Kor,!l;a nonepeti
Hbie liMnynbCbl o60HX HYKllOHOB COBna,!l;aiOT no HanpaaneHHID, ,!1;0 rr pa,!l;, KOr
,!l;a nonepetiHbie HMnynLCbl 'HanpaaneHbl B npOTHBOnOllO:lKHbie CTOpOHbl. 
BenntiHHbi acHMMeTpnii 3THX pacnpe,!l;eneHnii, BbitiHcneHHbie KaK 

' . . 

A= N(c,o > rr/2) - N(c,o < rr/2) · , 

N{1,0 > rr/2) +N(IP < rr/2) 

npe,!J;cTaaneHbi a Ta6n.3, 4. . . . 
Bn,!J;Ho, 'liTo ·a KaHane 3 Hep ~ pppn ca'MaH cunLHaH KoppenR:unn. Ha6nw

,!l;aeTc.R ,!l;llH ~apb~ (1, 2). 3To He np~TllBOpetiHT .H~IIleMy np~,!l;nO~mKeHHID 
o KBMnynpyroM pacceHHHH. . · . · . · · , · · 
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Ta6nuua 3 

llapbi 3 Hep ~ pppn 13,5 r3B/c 
HYKllOHOB 

acet t<0,17. t> 0,17 

1,2 0,94+0,03 " 0,93+0,03 0,96+0,03 
1,3 0,25+0,02 0,21+0,03 0,27+0,03 
1,4 0,08+0,02 0,18+0,03 0,09+0,()3 
2,3 -0,04+0,02 0,05+0,03 -0,12+0,03 
2,4 -0,003+0,020 0,05+0,03 -0,05+0,03 
3,4 0,12+0,02 0,07+0,03 0,17+0,03 

Ta6nuua 4 

llapbi 4 Hep ~ pppnn 4 Hep ~ pppnn 
HYKllOHOB 13,6 r3B/c 8,6 r3B/c 

1,2 

1,3 

2,3 

ace t t < 0,25 t > 0,25 ace t t < 0,45 t> 0,45 

~58+0,06 o,49+o,'-Jq8 6;65+0,08 o,64+0,03 o,49+0,04 o,79+o,o5 

0,25+0,05 0,10+0,07 0,39+0,07 0,20+0,03 0,13+0,04 0,27+0,04 

0,06+0,05 0,25_+0,07 -0,10+0,07 0,07+0,02 0,17+0,04 -0,03+0,04 

B cnyt~ae KBa3uynpyroro nepepacceHHHH Ha H,!l;pe 4 He Han6onee cKoppe
nupoBaHHbiMH 6y,!l;yT TaKJKe npOTOHbl (1) ll (2), nonytiHBIIllle HaH60llblllllH 
nepe,!l;aHHbiji uMnynLc. Ho B 3TOM cnyt~ae acHMMeTpnn ,!l;nH Apyrux nap, 
BKniD'IIaiOIU~X"\npoTOHbl C llH,!l;eKCOM (1), HMeeT TeH,!l;eH~lliD B03paCTaTbt 
c yaenut~emieM· 3HatieHHH nepe,!l;aHHoro nMnynLca (eM. Ta6n.4), 'ITO He npo-._ 
THBopetiHT ,!l;HarpaMMe puc.6a (rpaHnua pa36ueHHH no t Bbi6paHa H3 ycnoBHH 
npnMepHoro paaeHCTBa t~ucna co6biTHH B Ka:lK,!l;OH H3 o6nacTeii npHMoro Ka
Hana). B co6biTHHX c MeHblllHMH nepe,!l;aHHbiMH HMnynLcaMH. ,!l;OnJKHa B03-
pacTaTb ponb BTOpHtiHbiX npOUecCOB (HanpHMep, B3aHMO,!l;eHCTBHe HyKnOHOB 
OT,!l;atiH H3 nepaoro aKTa C HYKnOHaMH H,!l;pa H T.,!J;.) .11MeHHO TaKyiD KapTHHY 
Mbl Ha6niD,!l;aeM B npHMOM KaHane ~ Hep ~ pppnn npH 8,6 H 13,6 r3B/c, r,!l;e 
(nMetiaeTCH yaenHtieHne acHMMeTpHH ,!l;nH nap HYKnOHOB (2, 3), 'ITO He npo
THBopetiHT ,!l;HarpaMMe pHc.66. TaKoii 3aBHCHMOCTH acHMMeTpHH oT nepe,!l;aH·~ 
HOrO HMnynLCa Mbl He BH,!l;HM B peaKUHH 3 Hep ~ pppn ( CM. Ta6n.3) . 
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flpHBe,[leHHhle BhiUie ,[laHHhle no3BOJI.IUOT HaM •CtiHTaTb, liTO cy~eCTBeH
HYIO . ponh B MeXaHH3Me pa3pyUieHHH HAep 4 He npH HMnynLcax 8,6 
H 13,6 r3B/c HrpaeT ABYXKpaTHOe B3aHMO,[leifcTBHe HaneTaw~ero npOTOHa 
c HyKnoHaMH HApa, a TO apeMH KaK 6roMe30HHhiH pa3Ban 3 He npoHCXOAHT 
a ocHOBHOM a pe3ynLTaTe KBa3Hynpyroro pacceHHHH Ha OAHOM H3 HyKnoHoB 
H,npa._ 

· CKa3aHHoe, OAHaKo, coaceM He 03HallaeT, liTO a npouecce nonHoro 6e3-
Me30HHoro pa3pyUieHHH nerKHX H,[lep He MOryT yllaCTBOBaTL H ,npyrHe Me
XaHH3Mhl. B llaCTHOCTH, a pa6oTe 18 1 Mhi OTMellanH oco6eHHOCTL a 3HalleHHHX 
acHMMeTpHH ,[lflH CKoppenHpOBaHHhiX·nap HYKnOHOB B KaHane C nepe3apH,ll
KOH no cpa!meHHIO c KaHanOM npHMc)"ro pa3Bana H,[lep 3 He. A HMeHHO: B cny
llae nepe3apHAKH a3nMyTanLHLie yrnLI aLmera nap HyKnoHoa (23, 24, 34) 
OKa3anHCb CHflLHee CKOppenHpOBaHhl no cpaBHeHHIO C npHMhiM KaHanoM: 

< A> dir (23, 24, 34) = 0,10+0,01, Tor,na KaK < A> ch-ex (23, 24, 34) = 
:;= 0,22-i;0,05. HaH6onee ecTecrneHHhiM o6'bHCHeHHeM TaKoro pa3nHliHH MO)KeT 
6biTb yMeHLll!eHHe liHCna CKOppenHpOBaHHbiX np-nap npHMOrO KaHana B pe-
3YflLTaTe nepexona nx a KOHKypHpyw~Hii KaH~ 3 Hep-+dpp. TaKoii Mexa
HH3M o6pa30BaHHH ,neiiTpoHoa nccne,noaancH ·HaMn paHee a pa6oTe 11, 1 1, rne 
noKa3aHO, liTO a peaKUHHX npHMoro pa3Bana 4 Hep-+ dppn H dp-+ ppn 3a clleT 
B3aHMO,[leHCTBHH HeifTpOHa II npOTOHa C MaflhiMH OTHOCHTenhHhiMH HMnynL
CaMH B KOHetiHOM COCTOHHHH H,[leT o6pa30BaHHe ,[leHTpOHOB II nepeXO,[l 3THX 
KaHanOB B KOHKypnpyiD~He peaKL(HH 4 Hep-+ ddp II dp-+ dp cooraeTCTBeHHO. 

OueHKa aenntiHHhi acnMMeTpHn .nnH cKoppenHpoaaHHhiX nap (23,24,34), 
nonylleHHaH C nOMO~biO MO,[lenHpOBaHHH 6e3 ylleTa B3aHMO.z:{eHCTBHH B KO
HeliHOM cocTOHHHH, ,nnH KaHana c nepe3apH,nKoi1 oKa3anacb paaHoii: <A> 
(23, 24, 34) = 0,20+0,01, liTO xopoUio cornacyeTCH c nonytieHHhiM HaMH 
3HalleHneM <.A> = 0,22+0,05. C", 

~ } 
"'--' 

0 

1) 

OCHOBHbiE PE3YJihTATbi 

OnpeneneHo nonepe•moe cetieHne nonHoro 6e3Me3oHHoro pa3pyUieHnH 
H,[lep 3 He npn 13,5 r3B/c: a 3 Hep-+pppn = (6,92+0,13) M6. 

OueHeHLI nonepeliHhie celleHHH npHMoro KaHana H KaHana c nepe3apHA
K()H a 3 Hep-a3aRMo,nei1cTBmix: 

a dir 
3 

Hep-+ pppn 13,5 r3B/c = (6,64+0,13) M6, C> 

a ch:ex 
3 

Hep-+ pppn 13,5 r3B/c s;(0,28+0,03) M6 
"· 

n nonepetiHLie cetieHHH npHMoro KaHana a 4 Hep-B3aHMo,neiicrnnHx: 

a dir 
4

Hep:-+ pppnn 13,6 r3B/c = (2,94+0,11) M6, 
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a dir 4 Hep-+ pppnn 8,6T3B/c = ( 4,82+0,13) M6. 
1-lccne,noaaHLI o6~e xapaKTepHCTHKH peaKUHH 3 Hep -+ pppn H 4 Hep -+ 

-+ pppnn H noKa3aHO, liTO nonHLIH 6e3Me30HHhiH pa3BM H,nep 3 He npoHcxo
AHT B OCHOBHOM B pe3ynLTaTe KBa3Hynpyroro pacceHHHH npOTOHa Ha O,[lHOM 
H3 HyKnoHoB. H,npa, Torna KaK nonHhiH pa3Ban 4 He- llepe3 .llBYXKpaTHoe 
B3aHMO,[leHCTBHe npOTOHa C HYKnOHaMH H,[lpa. 
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