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BBelleHHe 

l1ccne.QOBaHHe acp<!JeKTOB B smepHbiX peaKUHS!X1 II03BOnSIIOIIUIX OUeHHTh CTe

rreHb HapyrneHHSI H30TOI1H~eCKOH HHBapnaHTHOCTH SI.rtepHOro B38HMO~eHCTBHSI1 

HMeeT 60nhrnoe 3Ha~eHIIe JJ.nSI H3y~eHHSI CTpyKTypbl OCHOBHhiX H B036y)l{.rteH

HbiX COCTOSIHHH SI.rtep. 06hi~Hble MeTO.Qbl COCTOSIT B IIpOBepKe COOTHOllieHHH Me)!(-

_liY .QH<jJ<jlepeHUHanhHbiMH ce~eHHSIMH pa3nH~HbiX peaKUHH1 BbiTaKaiOlliHX. H3 H39-;: 

. TOIIH~eCKOH HHBapHaHTHOCTH B. cpaBHeHHH xapaKTepHCTHK aHanorOBb)X COCTOSI

HHH ~ep-H305ap. a TaK)!(e B H3MeneHHH OTHOCHTenhHOH HHT9HCHBHQCTH peaK-· 

;1 2/ 
UHii, pa~peiiieHHhiX H sanpemeHHhiX rrpaannaMH oT6opa no. H30CIIHHY · • • Eap-

IIIaii H TeMMep tSt yKasann erne Ha O.rtHH, TaK Ha3hiBaeMbiii reoMeTpH~eCKHii 
MeTOll rrpoBepKH H30TOI1H~eCKOH HHBapHaHTHOCTH, 3aKniO~aiOlliHHCSI B H3Mepe

HHH yrnoaoro pacrrpe.rteneHHSI peaKUHH THIIa A +A ' . -+ B+C 1 r.rte ~aCTHUhl. A 

H A, OTHOCSITCSI K O.QHOMY 3apSI.llOBOMy MYlihTHIIlieTy 1 a H30CIIHH ~aCTHUhl 

B unu C paaeH HyniO. Ecnn nsocrrnH CTporo coxpaHSieTc~, TO yrnoaoe 

pacrrpe.rteneHIIe T8KllX peaKUIIM BCerJla Cl!MMeTpll~HO OTHOCHTalibHO 90° .B 

c.u.M. 
Crrpaae.rtnHBOCTh aToro yTaep)!(.rteHHSI MO)!(HO rroKa3aTh Ha npHMepe peaK-

4 3 3 4 
UHH He + D -+ He+ H 1 B KOTOpoii rronHhiii H30CIIHH KaHana He+ D paBeH 

HyniO. 3aKOH COXpEiHeHHSI H30CIIHHa Tpe6yeT 1 ~T06hi H3 BCeX B03MO)!(HblX COC-
3 3 

TOSIHHH ~aCTHU He H H peanH30BanHCb nHIIIb COCTOSIHHSI C T=O • CociT-

BeTCTBYIOJ.llaSI H;;JOCIIHHOBaSI BOnHoBaSI <pyHKUHSI 8HTHCHMM9TpH~Ha OTHOCHT9lihHO 

rrepeCTaHOBKH H30CIIHHOBhiX IIepeMeHHbiX 9THX 'laCTHU. floaTOMY IIOnHyiO aMIInH-

TY!IY peaKUHH MO)!(HO 3aiiHCaTb B BH.rte 
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8HTHC. CHM, CHM, aHTHC, 8HTHC. 
f = 'l' · (r) [ a X . (s ) Y <O> +bX (s)Y <O>] + 

CHM. 8HTHC. 
+ 'l' (r>lcx (s)Y {(J)+dX 

( 1 )' 8HTHC, 
(s )Y 

CHM, 
({])], 

rue BToooe cnaraeMoe 

da 

V~HThlBaeT H8PVWeHHe H30TOfiH~eCKOH HHB8PH8HTHOCTH, 

TaK KaK --.. I f*f 
d n s 

H npHHHM8SI BO BHHM8HHe, 'iTO npn CyMMHpOBa-
CHM.* 8HTHC• 

HHH no cnnHOBbiM nepeMeHHhiM nponaaeueHne cnnHOBhiX «PYHKUHH X (s) X ( il) 

BCneLICTBHe HX OpTOrOHanhHOCTH 6yLieT paBHO flY1IID1 nony'laeM C TO~HOCTbiD 

no ~nenoa nepaoro nopS!nKa no ManhlM Benn~RHAM c R d 

da CHM, 2 8HTHC,2 CHM.~ 8HTHC, aHTHC;* CHM. 
({]) (cY (fJ))+(bY ((})) (dY ((})~2) -;m-""laY ((J)j +I bY {(J)j +2Re[(aY 

Ecnn H30CfiHH SIBnS!eTCSI CTpornM HHTerpanOM LlBH>KeHHSI, TO C = d = 0 

H B Bbipa>KeHHH 
da 

d.fi OCTSIDTCSI T01IbKO ~eTUble CTeneHH cos fJ 

un«P«Pepeuunanhuoe ce~eune 

da((J) 

'dJl 

da 
d!f' CHMMeTpH'lHO 

.Ju<rr- o > 

OTHOCHTenbHO 80°: 

d.fi 

, T.e. 

BcneucTane KynouoacKoro aaanMo.neftcTBHSI aenn~HHhi c n d oTnn~-

Ubi oT nynH, n ~o>KeT na6niD.naTbCSI ueKoTopaS! aCHMMeTpn:S! yrnoaoro pac

noenenennH. Benn~nua acnMMeTonn noaaonSieT nonv~aTb caeneHHSI o uaovwe-
a a 

HHH H30Cfil!HOBOH auanorHH Me>KAY 3epKanbHbiMll ru:tpaMH H H He , a TaK-

>Ke 0 fiPHMeCH COCTOSIHHH C T= 1 B npoMe}KyTO~HOM HLIPe 6 Li , 

Bee 8TH paccy>KAeHHSI B COOTBeTCTBHH C npHHUIIfiOM L1eT81IbHOro paB

HOBeCUSI cnpane.nnnBhi n ~ cny~ae o6pa:ruoft peaKunn. UenbiD uacToSiweft pa-

6oThl HBnSieTCSI aKcnepnMeHTanbHaH npoaepKa coxpauennH naocnnua·a peaK-

a a 4 
· unn He + H -+ He+ D nyTeM H3MepeHHSI yrn.OBhi.x pacnpe.neneunft .neft-

Tpouoa npn HeCK01IbKUX 9HeprHSIX TpHTOHOB ( Et = 1044, 1114, 1263, 1458, 

1521 KSB). 

B pa6oTe o6cy>KuaeTCSI aonpoc o B03MO>KHOCTH npOS!BneHHSI "no>KHoft" 

cnMMeTpnn, ue CBSI3auuoft c coxpaueuneM uaocnnua. nocne.nHHH HMena 6bi 

MeCT01 KSK BHL1HO H3 (2), npn c = ·b = 0 , d f. 0 H1IH a = d = 0 , c f. 0, 
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2. MeTOtlHKa sKcrrepnMeHTa 

H3MepeHHH npOBOUHIIHCb Ha ny~Ke HOHOB TpHTHH 9II8KTpOCT8TH~eCKOI'O 

reaepaTopa OHHH. HoHbi TPHTHH, npolinH !14BI'HHTHhili aaanH3aTop .H xonnHMa-:-

. TOp .UHaMe.TpO¥ 2 MM H .UIIHHOH 110 MM, nona,uanH B IIeHTp BBKYYMHOH KaMe_: 

phi, .rne 6bma ycTa_aosneaa To~e~HaH raaosaH · MHweah. MHweH_h npencTasnst

na C060IO IIHIIHHUP .UHBMe.TPOM 5 MM CO IIteiihiO WHPHHOH 5 MM C OXBBTOM 

3Q(J
0

• Illenb 38KII8HB8II8Cb CIIIOUHHOH ljJOIIbi'Oll T~IIIUHHOH 0,15t-0 12 Mr/cM
2 • 

MHweHh HaonHposanacb oT xopnyca H oxpy*anacb HaonHposaHHhiM sxpaH.OM 

(c. OTBepCTHeM .UIIH BXOUa ny~Ka) H3 ljJOIIbi'H TOIIIItHHOll 8,7 MrfcM2 • CoenH

HefiHble BMeCTe MHWeHb H 9Kpaa HBIIHIIHCb . IIOBYWKOH ll.OTOKB ~8CTHII1 nanaiO

lllHX Ha MHW8Hh. KpoMe TOI'01 9KpaH nOI'IIOIUBII ~aCTHilbl H3 peaKII!ill 1 neTeK

THpOB8HHe KOTOpb!X He BXO.UHIIO B npor'p8MMY npOBOUHMbiX H3MepeHHll ( Ha

npHMep, ynpyi'oe pacCeHHHH TpHTOHOB Ha 1'838 MHW8HH H BXOUHb!X H Bb!XOU

Hbl~ OKOWKBX MHW8HH 0 peaKIIHH Ha KHCIIOpone, yi'nepone, BXOUHIItHX B COCTBB 

OKOille~ MHill8HH H .UP.) • MHill8Hb H8ll0IIHHII8Cb UO U8BII8HHH 30-35 MM PT.CT. 
8 . 

He 100%-aofi KOHIIeHTpaiiHH. lJ.asneHHe H3Mep.SIII0Cb MHKpOM8HOMeTpOM C 

noi'peWHOCTbiO :!: 0,5%. 

3 
HpH B3aHMoneliCTBHll TPHTOHOB c MPBMH He peaKIIllH npoTexaeT no 

cne.uyiOIItHM xaaanaM 

3 3 4 
(I) He + H .... He + D 

4 
1 

He + n + H (II) 

5 
He 

1 
(Ill) + H 

5 Li + n. (IV) 

lJ.aHHhie no UH¢1jlepeHIIH8IIbHblM Ce~eHHHM nony~aiiHCb H3 H3MepeHHil: 

9Hepi'8TH~eCKHX ClleKTpOB .npOTOHOB H neliTOHOB 1 COOTBeTCTBYIOIIlHX yKa3aH-

HbiM xaaanaM. 

HaMepeHHH nposonHnHCh c noMOIIlhiO nsyx nosepxaocTao-6aphepHbiX ne

TeKTopos B npenenax 0-160° c waroM 10°. OnHH- H3 HHX ycTaHaBIIHBanc.SI 

Ha Bp81Il8IOIIteMC.SI KpOHWTeHHe Ha paCCTOHHHH 77,3 ± 0,05 MM OT IIeHTpa MH

WeHH. Pe3yiihT8Tbl HOpMHpOB8IIHCb no OTC~eTaM neTeKTopa T8KOI'O )Ke THna, 
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ycTaHoaneHHoro non yrnoM 45° Ha paccToSIHHH 155 MM OT ueHTpa. HopMH

poBKa K' a6coniOTHbiM 3Ha"leHHSIM Ce"leHHii npOH3B011HnaCb no nH¢4JepeHU Hanb

HbiM ce"leHHSIM non 90°, npHaeneHHbiM a pa6oTe 141 • Ha p11c. 1 a, a npen~ 
CTaaneH THnH"'Hbiii cneKTp 3'apSDKeHHbiX "laCTIIU H3 peaKUHii, H3MepeHHbiX non 

yrnaMH 80 H 0°. l13 pHCYHKa BHnHo, "'TO Ha ::JHepreTH"leCKHii cneKTp, COOT

BeTCTBYIOUIHii nHKY neiiTOHOB KaHana I peaKUHH, HaKnanbmaeTCSI nHK npOTO

HOB peaKUIIH Ill H HenpepbiBHblit cneKTp, COOTBeTCTByiDUIHii TpeX"laCTH"'HQ-

MY pacnany (KaHan II ) • 3To Hano:lKeHue, ecTeCTBeHHo, yaenu"'HBaeT nor-

peiiiHOCTb np11 onpeneneHHH nnomanu anepreTH"leCKoro cneKTpa unTepecyiOUie

ro HaC nHKa nei!TOIIOB KaHana I • nnSI YM9HhUI9HHSI 9TOH OIIIH6KH uc·nonhayeT

CSI paaneneHue nHKa neiiTOHOB OT Bcero y"lacTKa cneKTpa, ocHoBaHHoe Ha 

naMeHenuu nanpSI:lKelluSI, npHKnanbmaeMoro K neTeKTopy. Dp11 H3MeHeHHH Han

PSI:lKeHHSI H3MeHSieTCSI TOnUIHHa "lyBCTBHTenbliOI'O CnOSI neTeKTOpa H BCerna 

HMeeTCSI B03MO:lKHOCTb nono6paTb 9Ty BenH"'HIIY 6nH3KOH K nnHHe npo6era 

neiiTona B HeM. Torna aMnnuTyna HMnynhcos oT neiiToHoB 6yneT ana"'HTenh-

HO 6onblll9 HMnynbCOB npOTOHOB TeX :lK9 9Heprufi (npo?er npOTOHOB He yKna

nbiBaeTCSI B "'YBCTBHTenhUOM cnoe), II Ha aMnnuTynHOM aHanu3aTope 9TH "18C

THUbl 6ynyT paaneneUbi. Ha puc. lc u d npencTaaneHbi TunH"'Hbie cneKTPbi 

HccnenyeMoii peaKUHH, Korna HcnonhayeTCSI yKaaaHnoe paaneneHue. 

3. PeaynbTBTbi H3MepeHHH 

Ha puc. 2 npencTaaneHbl peaynbTaTbi H3Mepenuii yrnoBbiX pacnpenene

HHii neiiTOHOB 113 peaKUHil I. Do OCH a6CUUCC OTnO:lKeH yron B CUCTeMe U9HT

pa Mace, no OCH opnHHaT :.. nH!P!llepenuuanbHbie ce"leHHSI B M6/ cTepan. Yrno

Bbie pacnpeneneiiHSI npencTaBnSinHCb B BHne paano:lKeHUSI no nonHUOMaM ne-
:lKaHnpa 

d C1 1 
~= ? t 8 L p L (cos (}), (1) 

rne PL (cos (}) - nonHHOMbi ne:lKaHnpa, K - sonnoaoe "'Hcno,· 8 L- Koa!P!PH-' . 
uneHTbi paano:lKeHHSI. B HHTepaane yrnoB 160-180°, rne aKcnepuMeHTanbHbiX 

nannbiX HeT, KPHBbie nony"leHbi 9KCTpanonSiuHeii IPYHKUHH ( 1). KpHTepHeM nnSI 
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Bbi6opa KOnH'IeCTB'a qneJJOB B pa3nO)KeJIHH cny)KHna HaHny'IIIIaSI nOJlrOHKa Teo-
. 2 

peTH'IeCKOH KpHBOH K SKCnepHMeHTallbHbiM TOtiKaM(nony'IeHHe MHHHMyMa __x_:_ 

rJle n - 'IHCno TO'IeK. ~ - 'IHcno naoaMeToos). 

n -.m 

flpH nposeJleHHH pac'IeTos s 3Ha'IeHHH yrna (} 1 BHOCHnacb nonpasK. 

}Ia CMeiiieHHe OCH ny'IKa OTHOCHTenbHO HynH OTC'IeTa H Ha HMeiOIIIeeCSJ B Ka· 

Mepe CMeiiieHHe OCH -JleTeKTOpa O~HOCHTenbHO OCH ny'IKa. BenH'IHHbl STHX non· 

paBOK onpe)lelleHbl SKCnepHMeHTanbHO H COCTaBnSIIOT - 0,3°. 

B Ta6nHne I npeJlcTasneHbi Koa!fl!flnnHeHTbr paano)KeHHH JlH~epeHnHallb 

. . ' . x2 
Hor.o Ce'IeHHSI no nonHHOM8M ne)K8HJlpa H HX OIIIH6KH, a T8K)Ke BenH'IHHa --

n-m 
'Pac'I~T aCHMMeTpHH rrp OB OJlHnC S1 

da(6) 

d!l 

no !flopMyne: 

d a (!T-6) 

d!l 
A(O) = 

--~d~a~U<6f>~----~~~---
~ + 

(2: 

EcnH B !flopMy~e (1) orpaHH'IHTbCH L 
MaKe. 6, TO (2) MO)KHO rrepeiiHCaTl: 

B BHJle 

B, P1 ( cos 6) +B 3 P 3 (cos 6) + B 5 P 
5 

(cos 6) 
A(6) . 

B 0 P o (cos 6 ) + B2 P 
2 

( cos 6 ) + B 
4 

P 
4 

(cos 6 ) (3) 

CTaHJlapTHaSI OTHOCHTenbHaH OIIIHOKa 8 A KOS~HiJ.HeHTa aCiiMMeTpHH 

OIIpe)lenSieTCSI KaK CTaTn:CTH'IeCKaSI CyMMa OIIIHO~H /),A 1 onpeJleneHHSI JlH!fl

!flepeHUHanbHOrO Ce'IeHHSI peaKUHH IlOJl yrnoM 0 1 H OIIIHOKH B ycTaHOBKe 

yrna JleTeKTOpa IIO OTHOIIIeHHIO K HanpasneHn:ro IIY'IKa (/),A 2 ) • 0IIIHOKa 

/),A 1 <e 1 ) onpeJlenneTCH !flopMynoii: BHJla: 

l'l.A = y l: ( ~)(~):a2 
1 a B a B lk 

I k 

rJle 'U lk - MaTpHUa OIIIH60K JlnSI KOS#HUHeHTOB B L B paano)KeHHH 
d u 

dfi" 
flpH onpe)leneHHH MaTpHUbl OIIIH60K B nporpa~MY pac.'IeTa BBO.llHnacb: 

a) OIIIHOKa H3MepeHHSI BbiXO)la peaKUIIH C y'IeTOM !flona, KOTOpaSI onpe

Jlennercn JliicnepcHeii pacnpeJleneHHSI flyaccona. Ee; ana'IeHHe ne npesbrmano 

2%; 
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Bbt6opa KOnR'ieCTB
1

a qneHoa B paano:lKeHRR ciny:lKRna HaRny'imast nonroHKa Teo-

v 2,1., peTR'ieCKOtl: KpRBOii K 9KCnepRMeHT8nbHbiM TO'iKaM(nony'ieHRe MRHRMyMa ~ 

rne n -'!Reno To'ieK, ~ -'iRe no naoaMeTDOB). 
n -.m 

TipR npoaeneHRR pac'ieToB B 3Ha'ieHRst yrna (Jl BHOCRnacb nonpaaxa 

HB CMeWeHRe OCR ny'!Ka OTHOCRTenbHO Hynst OTC'ieTa H Ha HMeromeecst B Ka

Mepe cMerueHne ocR -neTeKTopa o~HocnTenhHo ocn ny'ixa, BenR'illHbi aTnx non

·. paaox onpeneneHbi axcnepRMeHTanhHo n cocTaBnstroT - 0,3°, 

B Ta6nnue I npencTasneHbi xoa¢¢nuneHTbi paano:lKeHnst nn¢¢epeHunanb-

' . x2 Hor.o ce'ieHRst no· riomiHoMaM ne:lKaHnpa n nx omn6xR, a TaK:lKe senn'iRHa -

'Pac'i~T aCRMMeTpRn npoaonRncst 

da(O) 

d!l 

no ¢opMyne: 

da(rr-0> 

d!l 
A!O>=----~~~----~~--~----

da(O) da(tr-0) 
--.nr- + d!! 

n-m 

(2) 

EcnR B ¢opMy~e (1) orpaHn'inThCst L 
MaKe. 6, To (2) MO:lKHo nepenncaTb 

B1P1 (cos0)+B 3 P 3 (cos0)+B
6 

P
5

.(cos0) 

A(O>=----~~--~--------~~~------~--~--
B o P o ( cos 0 ) + · B2 P 2 ( cos 0 ) + B 

4 
P 

4 
( cos 0 ) (3) 

CTannapTHast oTno'CRTenbHast omR6Ka 8 A xoa¢cl>nirnenTa acnMMeTpRn 

onpenensteTcst KaK cTaTncTn'iecxast cyMMa omn6~n ~A 1 · onpenenennst nn¢

¢epenuRanbnoro Ce'iennst peaKUHR non yrnoM el n omn6Kn B ycTaHOBKe 

yrna neTeKTopa no o'THomennro K Hanpaanennro ny'!Ka (~A 2 ) Omn6Ka 

~A 1 (8 1) onpenensteTcst ¢opMynoii snna: 

rne ·a Jk ;_ MaTpRua omn6oK nnst Koa¢¢nunenToB B L B paano:lKeHRR 
d a 

d!l' 
Tipn orrpeneneHRR MaTpRUbi omn6oK B nporpa~MY pac'ieTa ssonnnacb: 

a) omn6Ka R3Mepennst BbiXona peaKunn c y'ieToM ¢ona, KOTopaSI orrpe

nenstercst nRcnepcnetl: pacnpenenennst Tiyaccona, Ee, 3Ha'ienne ne npeBbimano 

2%; 
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• 

Ta6mu~a 1 

Kos~wawea! paanoseBHH yrno~ux pacnpe~eneaun no nonunowax 
Jlexa.HJU!a ~nH peaxauu 3He + T ~ 4He + o 

)(2. Bo B I B2 Ba B < B 5 B 8 

E • -
· KSB 

n- m ± ~ Bo ±~BI ±~ B2 ±~a, ±~a, ;!; ~ B5 ±~Be 

I044 I,98 0 007 . -0,00009 -0,004 0 OOOI 0 0003 -0,00005 -o·,ooor 
!.~,00008 ±.0,00006 ±.0,00006 +~,OOOI +~,0001 ±.O,O,OOOI ±.O,OOOI - . 

- III4 !,84 . 0,007 -O,OOOI -0,005 -o,oooo5 0,0004 0,00008 0,0002 
0 

±.D 1qcl008 t.0,00006 ,t.0,00006 ±.O~OOOI ±.O,OOOI ±.O,OOOI ±.O,OOOI · 

!263 I,I9 0 009 -O,OOOI .. a oo6 0 OOOI 0 0002 0~00003 -0,000005 
,i6,ooor ±.0,00008 ,t.O:oooo7· . ±.~ 1 000! ±.~,0002 ±. ,OOOI ±.0,0002 

!458 0,375 0 OI -O,OOOI -0,008 0~000009 0 0004 0 0003 0~00002 
±.~,0002 ±.0,00009 ±.0,00009 ±. ,0002 ±.~,0002 ±~,0002 ±. ,0002 

!52! I 157 0 OI -0~0002 -0,009 0~0003 0 OOI -0,00003 -0,0002 
±.~,000! O, OOI "±.0,00009 ±. ,0002 ±.~,0002 ±.0,0002 ±.0,0002 



6) Oll!ll6Ka Bb!XOga peaKUHH npH H3MepeHHH J:IOTOKTOpOM - MOHH'I'OpOM 

1,5%, 

0WH6Ka 1 BHOCHMBSI B KOS4xjJHUHOHT BCHMMeTpHH H3-3a ITOI'peWHOCTH B . 

I'ge A(8 1 l anaqeaue. acHMMeTpuu, paCC'IHTaHHoe gnSI ¢HKCHpoaaHHoi'o yr-

na . 81 A(8 I .f.f10 I) - 3HaiieHHe BCHMMeTpHH1 KOI'ga B ¢opMyne {2) K 

yi'ny 8 I npu6aanSieTCSI OWH6Ka B YCTBHOBKe yi'na !10 , BenH'IHHa OWH6-

KH YCTBHOBKH yi'na !10 I COCT8Bn5!0T ! 0,35°, 0Ha apH¢MeTH'IOCKH' (gnSI OUeH

KH MBKCHMBnbHO B03MO~HO~ OWH6~H) cnai'aeTCSI H3 OWH6KH YCTBHOBKH HynSI 

nuM6a OTHOCHTenhno ocu nytJKa (+ 0,1°), CMeWeHHSI ocu J:teTeKTopa OTHocu

;~nhHO ocu nytiKa C! 0,1 °) H owu6Ku ycTalJOBKH geTeKTopa na nuM6e ±0,150, 

3Ha'IeHHe BCHMMeTpH~ H HX OWH6KH ITpH ITSITH 3UB'IOHHSIX SHepi'Hft npegCTaB

neHbl B Ta6nuue 2, 

B UenSIX CpaBHOHHSI HBMH HCITOnb30BanaCb TaK~e HHTOI'panbHBSI BCHM

MOTPHSI OTHOCHTenbHO goo B BHJ:te 

'90 d a<O) da ( 17 -0) f I 
dO dO 

I sin 0 d 0 
0 

A~ 
90 da <0) da(17-0) 
f + ) sin 0 d 0 

0 dO dO 

3aa'IeHHSI A ~ npegcTaaneHbl B nocnegaeM CTon6ue Ta6nHUbi 2, 

KaK BHJ:tHo ua nony'IeHHbiX peaynbTaToB, B npegenax owu6oK H3Mepe

HH~ ( 1t- 1,5%) HMeeT MOCTO CHM~eTpHSI yi'nOBb!X pacnpegeneHH~ OTHOCHTenb

HO goo B CHCTeMe UeHTpa M8CC, 

4. OoCY)KileHHe peaynbTlJTOB 

B cooTBeTCTBHH c TeopeMo~ BapwaSI-TeMMepa aa6mogaeMy!O CHMMeT

PH!O yi'noBoi'o pacnpegeneHHSI ge~TPOHOB peaKUHH 3 He + 3 H-+ 
4 

He+D(l) OTHo

CHTenbHO goo B CHCTeMe UOHTpa MBCC OCTOCTBeHHO o6~SICHHTb COXpaHeHHeM 

H30CITHHa B. STO~ peaKUHH, QgnaKO OKOH'IaTenbHOe 3aKn!O'IOHHe 0 COXpaHeHHH 

11 



Ta6mu~a IT 

SHatieHlHI acHweorpHH A H omH6oK acHweorpHH BA ll % 

E 
l 

oo IOo 20° 30° 40° 50° 60° 70° 80° A:£ 

1044 A -tO 4 -o_.Lt __ ~~o_,_L!._:_ ~ -o._o'L ___ __":".o_._~t~-----o_._~ ~ _....r.r_~ _...r._o ___ -:0._6 _____ o.7% 
/)A 2,8 ±2,2 1,3 1,2 1,2 I,I I,I4 I,I 0,66 0,6% 
-

1II4 A 

+l'iA 

-l.1 __ 1_,8 __ -:2_,_5 ___ -2.5 __ __...._r_._L ___ _Q,_6 ___ Q,3 . Q,6_ ___ ~Q._5~- __ 0.7%. 
2,7 ,2,1 1,3 1,3 1,2· 1,1 1,1 I,! 0,7 0,5% 

-
;:; 1268 A .Q,Q7 ___ -:o_.s- _· --_o,6 -_o.9 ___ ~~-I_. I __ ....._r.]:__ _-0_.9 _ ..... o.? -0,4 _ . _o.?%. 

+l'iA 3,3 2,5 1,4 1,4 1,3 1,2 1,2 I,I 0,7 0,7% 
-

1458 
A ?.6_ - 5,3 0,9. 1.7 - !.5) -. _0,9 0,3 0,8 0,6 0.8% 

+l'iA 3,5 2,6 I,S I,S 1,3 1,1 I,I 1,0 0,6 0,7% 

-
1521 

A -3,3 -2.? -I_._5 _____ -0_,3 __ ~_0_,Q_~--_I~ _-1,1 _0,9 . 0.5_ 0,'7%. 
+l'i A 3,9 2,8 1,6 1,6 · 1,4 · 1,3 1,3 1,1 0,? 0,?% 



.c 

H30CUHHa MOJKeT 6b1Tb cnenaHO nHlllb B . cnyqae, KOrna. B H3y'iaeMOM B3aHMO-' 

.neli:CTBHH He npOSlBn5UOTCSI npOUeCCbl1 npHBOnSilllHe K ·,nOJKHOfi"' CHMMeTpHH 1 He 

CBSI3aHHOH C H30TOnH'IeCKOli HHBapHaHTHOCTblOo B Hall1eM CJIY'Iae aana'la CBO-' 

nHTCSI K TOMY, 'ITo6bi noKa3aTb, 'ITO· peaKUHSI He npoTeKaeT 'lepea onHo coc-

TOSIHHe C onpeneneHHblM nonHblM MOMeHTOM J H 'leTHOCTblO 1T HnH Hec-

KOnbKO COCTOSIHHH C OAHHaKOBOH 'leTHOCTblO. 

KaK cnenyeT H3 paccyJKneHHli, npHseneHHblX paHee, coxpaHeHHe HaocnH

Ha B _peaKUHH ( 1) 03Ha'laeT1_ 'ITO aanpeiUeHbl TaKHe nepexonblt B KOTOpbiX: 

He'leTHblH ( 'leTHbi«) op6HTanbHbi!i MOMeHT BXOnHoro KaHana f I KOM6HHHpy-

eTCH CO cnHHOM BXOnHoro KaHana I 1 = 1 (0) • B Ta6nu:ue III 

BCe nepexonbi TBKOrO pona, a TBKJKe paapell1eHHble nepexonbi nnSI fl 5:, 3, 

BKnan · B ce'leHHe nepexonos c f 1 > 3 npH paccMaTpHsaeMbiX aHa'leHHSIX orpH-

TOHOB He3Ha'IHTeneH. ,Ueli:CTBIITenbH01 KaK BllnHO 113 . Ta6n!lUbl I , Ben!l'lllHbl 

KOalj;llj;JIIU!leHTOB paanoJKeHIISI B L C L > 4 Manbl H UO'ITH He BbiXOnSIT aa npe

nenbi Olllll60K. 3To HeynllBIITenbH01 TaK KaK npOHIIUaeMOCTb ~o KynOHOBCKO-' 

ro 11 ueHTpo6eJKHoro '6apbepa peaKo yMeHbmaeTCSI npH ysenn'leHHH f • TipH 

MaK<;=HManbHOH 3HeprHH E t "" 1521 K3B H panu:yce KaHana a "' 3,75 tPePMH 

P
0 

= 0,531; P
1 

= 0,177; p
2 

= 0,0155; P
3

= 4,9·10-4; P
4 

= 8·10-6 • 

To6n11ua Ill 

Pa3perneHHbJe 11 3anperneHHI>Ie no 1!30CHIIIIY nepexom" 

B peaKUIIII 
3 

He+ 
3 

If.. 
4

He + n 

Pa3pCiliCIII!LJC nepexon~>I 3anpellleiii!I>IC ncpcxow.1 

f 1 II J" f I II J" £ I I I 

0 • 1+ 0,2 0-,1 - 2"' 
I 

0 2 - 3 

2 1+ 0 2 0 2+ 2 

2 1 + ,2+ ,3+ 2 -3 2 

2 3+ 4 2 - ,3 -,4 - 3 3 
-3 0 3 3 

AHanHa 3HepreTH'IeCKOfi 3aBHCHMOCTH nH!j;l¢epeHUHanbHOrO Ce'leHHSI nOKa-

3biB8eT1'1TO B Ce'leHHe neaKUHH naeT CVIU9CTBeHHblH BKnan s - BOnHa ( f 1 =0 ) 

13 
"f 



H 'ITO, TaKHM o6pa30M, peaKUHSI He MOJKeT 6biTb ITOnHOCTbiC) o6ycnoBneHa 

OAHHM HnH HBCKOnhKHMH COCTOSIHHSIMH OTpHUaTenbHOH 'IBTHOCTH. B CaMOM Ae

ne, rrpH yMeHbllieHHH 9Hep:r'HH TpHTOHOB U30Tp0ITHSI yrnOBO:r'O pacrrpeAeneHHSI 

AeHTOHOB KaHana I yBenH'l:HBaeTCSI, II rrpH E't <360 K9B OHO ITO'ITU H30Tporr-

HO 171. 

Ha pnc. 3 npuBeAeHbi anepreTH'iecKaSI aaBnCHMOCTb Koa¢¢1fuHeHTOB B
0 

, 

B 2 1 B 4 1 HafiA9HHaSI cornacno ABHHbiM H8CTOSillieH pa6oTbi H 6onee PBHHHX 

pa60T /5 ,B '? /• .CrrnOIIIHbiMH nnHHSIMH ITOK83aHbi ¢yHKUHH 0,162 p o i 0,0477 P
1 

0,102 ..jP 0 P 2 , 0,055 P2 • BHAHo, 'ITO npu E <660 KaB anepreTn'ieCKaSI 

38BHCUMOCTb B 0 orrpeAenSieTCSI H3MeHeHneM rrpOHHUaeMOCTH , p o KynOHOBC-

KO:r'O 6apbepa AnSI s - BOnHbi, B TO BpeMSI KaK KOa!jl!jlnUHeHT B 
2 

y6biBaeT 

6biCTpee II OrrpeAenSieTCSI U3MeHeHHeM rrpOHUUaeMOCTH AnSI p - BOnHbi HnH 

· BenH'l:HHOll yP o p2 , XapaKTepHOll AnSI HHTep!jlepeHUHH s u d Bonn. 

CyiUeCTBeHHO, 'ITO eAHHCTBeHHbiM COCTOSIHUeM, o6pa3yiOIUHMCSI rrpH f I =0, 

SIBnSieTCSI COCTOSIHUe 1 + H BCe rrepeXOAbi, rrpH KOTOpbiX o6paayeTCSI 9TO COC

TOSIHHe1 pa3pemeHbi ITO. H30CITHHY H OTBB'IBIOT I I= I ( CM. Ta6n. III ) • 0TCIO

AB MOJKHO CAenaTb Bb!BOA, 'ITO 3arrpeiUeHHbie ITO H30CITHHY rrepeXOAbi tiepe3 

COCTOSIHHsi OTpHUBTenbf{OH tieTHOCTH ( TBKJKe OT~etiaiOIUUe I I =I ) rrpaKTU

'IeCKH OTCYTC'f"BYIOT, TBK KaK B rrpOTHBHOM cnytiae K08ipipHUUeHTbl B 
1
. H B 

3 

6binU 6bi 3aMeTHO OTnHttHbl OT HynSI H3-3a HHTep!jlepeHUHU MaTpUttHbiX ane

MBHTOB 3arrpeiUeHHbiX rrepeXOAOB C HMBIOIIIHMIICSI MaTpii'!HbiMII aneMeHTBMII 

. 1+ pa3pemeHHhlX rrepeXOAOB 'l:epe3 COCTOSIHIIB • 

Ecnn npeArrono2KHTh, 'ITO nccneAyeMaSI peaKUIISI IIAeT TOnbKO ·qepe3 coc-
. + 

TOSIHIISI rron02KIITenbHOH tieTHOCTII ( BKniOttaSI1 pa3yMeeeTCSI1 1 ) 1 TO Mbl M02KeM 

He 3BMeTIITb nHIIIb OAHO:r'O 3arrpeiUeHHO:r'O rrepeXOAa 'l:epe3 COCTOSIHHSI 2+ 

( CM~ . Ta6n. III ) • 0AHBKO CBH'iaC Mbl rrpiiBBABM C006pa2KBHIISI B rronb3y. To-

1"'0, 'ITO B peaKUUIO AaeT BKnaA paapemeHHbiH rrepeXOA 'iepe3 COCTOSIHIIe 1-, 

) T.e. CAenaHHoe npeArrono2KeHIIe HeBepHo. 

H arriiiiieM Bbipa2KeHHSI Koa!jl¢IIUIIeHTOB B0 , B 2 , B 4 

S - MaTpiiUbi S f 0 , o6oaHa'l:nB IS :
11
J = S 

1 LflfLIII 
Tbi 

AnSI ITPOCTOTbl 

I s J. J -I s 1 I -s 
010 2101 0 

g1 
2121 

14 

gl 
0121 

=S 
2 

qepea aneMeH

n nonoJKHB 

r:ft 
~ 
~ 

(() 
0 

0 

cil 

~ 
~ 

"'-.'\... 

0 

l£: ~ 
~ 
""' c:::s 

0 

0 
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BBHAY · ManocTH xoa<P<PnuneaTa B 4 Mbi npeae6peraeM B nepnoM npn6nn)Ke

HHH BKnaJlOM COCTOSIHHH 2+ '· 3+, T.e. 

2 
5

2121 

a 
= 5 

2121 
a 

= 5 4121 = o. 

B Bbipa)KeHne nnsr B 0 , B 2 , B 4 Mbl He BKn!OttaeM T8K)K9 38B9Jl0MO Manyro 

nennttHHY xnanpaTa Mouynsr MaTpnttaoro aneMeHTa sanpemeaaoro nepexona tte-

pes cocToSIHHe 2+ - I 5 2 I . 
2120 

2 2 2 
B=1-<5 > +..l.<s >+_a_<5 > 

0 8 0 8. 2 16 1 
(1) 

3 2 3 3 2· B =- (S ) + - S S cos ( 8 -8 ) - - ( S ) 
2 ' 32 2 4 0 2 0 2 16 1 

(2) 

B 
4 

=0 • (3) 

Ecnn MaTpHttHbiii: aneMeHT paspemeaaoro nepexona ttepes cocTosrane 1-

. OTCYTCTByeT (5 1 = 0) 1 To9o peaKUHSl npoTeKaeT, :i-naBHbiM o6pa30M 0 ttepe3 
+ . ' 

COCTOSIHHe 1 , TO CHCTeMa ypaBHellHH (1 )-(2) HM99T pemeHHe npH ycnOBHH 

lcos(8
1

-8
2 

>I ?...v (2)
2 _.!..(~) 

B 
1 

4 B 0 

Tax xax nonytteHHbiii: us axcnepnMeHTanbHhiX naHllbiX xoa<P<PnuneHT B7. oTpH

UaTeneH npH BC,eX 9Hepi'HSIX, He06XOJlHMO T8K)K9 0 'IT06bi cos(80 -8 11 ) 6bin M9Hb

llle aynsr. DOACTaBnSISI BM9CTO 8 0 H B 2 3H8'19HHSI H3 Ta6n.· 1, nony'laeM, 

'ITO nennttnHa lcos(8 0 -:82 >I non)KHa 6bJTb 6nnsxa K 1, HanpnMep, npn ~t = 

=1521 xan I cos (8
0
-8

2
) I > 0,92. 8To orpaHn'leHne Ha <Pasbi MaTpli'IHbiX 

aneMellTOB SIBnSieTCSl cnHillKOM )K9CTKHMo nnsr Cp8BH9HHSI YK8)K9M1 'ITO npH TOR 
+ ' -

)Ke 9H9:RI'HH npn6nH)K9HU9 H30nHpOB8HHOI'O ypOBllSl 1 ASCT ( H938BUCUMO OT 

xaoaxTeoncTHK vnonasr) 

l,cos(B 0 -82 >I< cos(cl> 0 -cl>2 + cu 2 ) = 0,53. 

3uecb <I>o H <1>2- cha3bl pacceSIHHSl Ha TB9PAOH 
7] 

+ arc tg - 2-H 2 , cu2 ':= arc tg 7] nriSI f = o 

B aToM cny'lae nnSI onncaHHSI axcnepHM9HT8nbHbiX 

noTpe6onanocb 6bi nnecTn 51>0,18. 

16 
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Ha caMoM nene Heo6xonHMo y'IHTbiBaTb. BKnan B peaKuHro npyrnx· coc

TOHHHfi nonmKHTenbHOfi 'l:eTHOCTH1 TSK KSK KoacflcflHUHeHT B 4 BCe >Ke. OTnH'le~ 

OT HynH. flpH 3TOM1 ecnH S 1 =0 1 >KeCTKOe orpaHH'l:eHHe Ha cfla3bl OcTaeTCHi 

B npenenbHOM cny'lae paBeHCTBS BCeX MSTpH'l:HbiX aneMeHTOB nepeXOllOB C e 1::2 · 

51
o 121 

2 3 
=5 2121 = s 4121 

__. 3KcnepHMeHTanbHbie 3Ha'l:eHHSI KoacflcflHUHeHTOB B 0 1 B 2 H B 4 HeB03MO>KHO 

OllHCSTb HH npH KSKHX 3HS'l:eHHSIX ciJaa H MO,nynefi MaTpH'IHbiX aneMeHTOBe 

Y'ieT paapemeHHOI'O nepexona C o6pa30BaHHeM COCTOSIHHSI 1- ycTpaHHeT 

TpyllHOCTH npH OllHCSHHH KoacflcflHUHeHTOB B 0 1 B 2 H B 
4 

,, TSK KSK COOT-

BeTCTBYIOIIIHfi MSTpH'lllbifi SneMeHT S\ 110 BHOCHT BC9I'll8 OTpHUaTenoHblfi BKnan . 

B K03cflcflHUH9HT B2 • flpH HanH'IHH STOI'O nepeXOlla ManOCTb K09cPcPHUHeHTOB 

B1 H B3 CBHlleTenbcTsyeT TSK~e o cflaKTH'ieCKOM aanpeTe nepexona 'l:epea 

COCTOSIHHe 2+ C H3MeHeHHeM H30CllHHa, 

HHTepeCHO OTMeTHTb B CBSI3H C OOCY>KlleHHeM 

OITHCSHHSI Ce'leHHSI peaKUHH 
3 

He + 3 
II .. 

4 
He + D 

BOllpOCa 0 B03MO>KHOCTJl 

(1) COCTOSIHHSIMH no-

18o
<il 

no>KHTenbHOfi 'l9THOCTH 1 'ITO B HeynpyrOM pacceHHHH aneKTpOHOB Ha yron 

Ha ru:tpe 
6 

Li /8/ ua6nronanHCb YPOBHH ( 0+ HnH 1 + HnH 2+) ITPH ~HePrHif B03-

oy>KlleHHSI Li - E '80':30, = 14,0 H 15,8 Mas. ITOCKOnbKY B STOM aKcnepnMeH

Te npeo6nanaromulf BKnan B ce'l:eHHe soaoy>KneHHH BHOCHT M1-nepexonbi, npa-

BIWO oT6opa no uaocnlmy ( cnnbHbiil: aanpeT M 1-nepexonos c T = 0 B Hnpax 

c N = Z noasonSieT cnenaTb BbiBOll o TOM, 'ITO aTH ypoBHH (na>Ke ecnu 

J 77 = 1+ unn 2+) He non>KHbi npciHBnS!TbCH B uccnenyeMofi peaKUliH 1. 

TaKHM o6pa30M1 B peaKUHIO ll8IOT BKnan OllHOBpeMeHHO COCTOSIHHSI KSK 

nonO>KHTenbHOM 1 TSK II OTpHUSTenbHOfi 'leTHOCTH ( J " = 1 .,_, 1-) 1 o6paayiO-

IIIHeCH B paapemeHHbiX no uaocnuHy nepexonax. IToaToMY HaonronaeMaH c xo

pomefi TO'IHOCTbiO cnMMeTpHH yrnosoro pacnpeneneHug OTHOCHTenbHO 90° 
B cHcTeMe ueHTpa Mace o6ycnosneua n:,MeHHo Manon sepoHTHOCTbiO aanpemeH

HbiX no H30CllHIIY nepeXOllOB 1 T,e, CBHlleTenbCTByeT 0 COXpaneHHH H30CllHH8 

B naHHOfi peaKUIIII, CllpasennusocTb a.Toro yTsep>KneHHH nonTsep>KnaeT yrno

soe pacnpenenenue npoTouos peaKUHH 
3 

He + 
3 

H .. 
5 

He + 1 H (III) , H3Me

peuaoe B Tofi >Ke reoMeTpiiH npH Tex >Ke aneprnSIX TpHTOHOB, 'ITO H B uccne-

17 



l' 

' ,. 
I 

nyeMofi HaMu peaxuuu I 141. PacnpeneneHue -(eM. puc. 4) uMeeT aHa'luTeJib

Hyro aC~JdMeTpUIO OTHOCUTenbHO_ gQ0 B CUCTeMe UeHTpa Mace. flOCKOnbKY pe

aKUUSI Ill He ynoBneTBOpSieT ycnoBUHM EaplllaSI-TeMMepa (uaocnuH BbiXOll

Horo KaHana Tt = 0,1 ) 1 TO Ha6monaeMyiO' aCUMMeTpUIO eCTeCTBeHIIO 06'bSIC

HUTb UHTepljlepeHUUefi COCTOSIHUfi nonmKUTenbHOfi 'leTHOCTU T = 0 1 KOTOpbie 

y'laCTBYIOT U B peaKUUU I , C COCTOSIHUSIMU OTpUUaTenbHOfi 'leTHOCTU U T = 1, 

KOTOpb!e He npOSIBnSIIOTCSI B peaKUUU I ua-aa aanpeTa no U30CnUHY • 

Benu'luHa 1 B 1 I B 2 1 (eM. Ta6nuuy II ) , xapaKTepuayromasr acuMMeTpuro 

B peaKUUH I , naeT BepXH!OIO I'paHUUY OTH01IIeH1fSI MOllynefi MaTpU'IHb!X aneMeH

T()B aanpemeHHbiX u paapellleHHbiX nepexonoB u cocTaBnsreT O,Olt-0,02. Ctiu-

1 
1 I ... I 1 I . TBSI, 'ITO S 0101 = S 2101 = S 

0 1 U 9KCTpanonupySI Ha OCHOBe 9Hep-

I'eTU'IeCKOfi 38BUCUMOCTU npOHUUaeMOCTJI P0 BenU'IUHY S
0 

, HafilleHHyro 

npu Et < 360 K9B ua pa6oTbi · 111 , K uccnenyeMofi o6nacTu aHepr'ufi, nony-

qaeM S 0 .. 0,1 o HcnoJibaySI TOT ljlaKT, 'ITO xoaljlljluuueHT IB ,J <0,0002, Ha-' 

xonnM oueHKy MaTpU'lHoro aneMeHTa aanpemeHHoro no uaocnuHy nepexona 

Js 1,,1< o.ooo2. 

CnenaHHbifi HaMu BbiBOll o coxpaHeHuu uaocnuHa cornacyeTCH c peaynb

TaTaMu llPYI'UX 9KCnepuMeHTOB1 B KOTOpb!X n:ayqanHCb peaKUHH 6 Li(y,p) 5 He, 

·
6 Li( y' ,a H ) 3 He, 6 Li ( yD) 4He /8/ npn: 9Hepi'HSIX OTHOCHTenbHOI'O llBH:m:eHHSI 

--- c 6 
'laCTUU1 COOTBeTCTBYIOII1UX o6naCTU 9Hepi'UU B036y:m:neHUSI Slllpa Li 1 uccne-

nye~,fOlf B HacToSIII1efi pa6oTe (E Boa6. = 16,3-16,55 MaB). KaK n:aBeCTHo, nnsr 

Slllep c N =Z npaBunaMu oT6opa no uaocnuHy aanpemeH E1-nepexon Me:m:ny 

COCTOSIHUSIMU C T = 0 o I1 OSTOMY ypOBHU OTpUUaTenbHOfi 'leTHOCTU 1 o6paayro

II1UeCSI npu nornomeHUU aneKTpU'IeCKOI'O llUnonbHOI'O }' - KBaHTa OCHOBHbiM 

COCTOSIHUeM Slllpa 6 Li ( J17= 1 +, T =0 ), non:m:Hbl UMeTb T = 1 U He llOn:m:

llbl pacnanaTbCSI no KaHany 4 He~ D o B COOTBeTCTBHH C 9THM aanpeTOM 
II 4 

peaKUHSI Li ( y , <{_) He CHnbHO nonaBneHa no CPBBHeHHIO · C peaKUHSIMH 

6 • 5 6 8 8 
Ld>jpl He n Li (y ~ H) He • (Ilpu E y =17 MaB O'}'d =5 MK6 u}'P "" 

(500~ 150 MK6) 0' y3H = (312 ± 120) MK6). 

B aaxnro'leHne cnenyeT nonqepKHyTb, 'ITO uccnenoaaHue cTeneHH cnM

MeTpnu yrnoBoro pacnpenenemisr OTHocuTenbHO goo B . peaxunBX Tuna ( 1), 
. ' 

npenno:m:eHHoe EaPlllaeM u TeMMePOM u npoBeneHHoe B HacTosrmefi pa6oTe 

Ha npuMepe peaKUUU J H + 3 He -> 
4 He + D 1 HBnsreTCSI BeCbMa TO'IHbiM 

18 

!!§JI..J:JllL. 
dil ~iJ 

J.'l 

J.' 

J,2 

J,f 

J,O 

qg 

Ql 

Q7 

£!6 

0,5 

Ql/ 

Q-' 

a2 

Er•15ll~ta6 

ET •1'158~ta6 

£r=126J!!!I6 

Er = JJIII u6 

BP, 

Pnc. 4. 
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MeTOaOM npOBepKH npHHUHna H30TOnHqeCKOfi HHB8pH8HTHOCTH, T8K K8K no~

BOnSieT B npHHUHile OUeHHTb. OTHOWeHHe aanpeweHHbiX H paapeweHHblX no H3o

CUHHy nep~xoaoB Me)l{ay COCTOSIHHSIMH C noqTH OnHH8KOBbiMH KB8HTOBbiMH qHc

naMH B paMKBX onHofi peaKUHH. qT06bi nonyqHTb ·6onee TOqHYIO OUeHKY anSI 

cocTOSIHHSI 1-, Heo6xonHMo BbiaenHTb BKnan paapeweHHoro nepexona c J17 =C 

B aTofi CBSISH 6bmo 6hi liHTepecHo npoaecTH HSMepeHHSI yrnoBoro pacnpe~e

neHUSI c BbiCOKOfi ToqHoCTbiO B 6onee umpoKofi o6nacTu aHeprHfi. UeHHbie 'cae

aeHuSI o BKnane paapeweHHoro nepexoaa c J17 =1- MO*HO .6hmo 6bi nony

qHTb H3 113M~peHHfi 83HMYT8nbHOfi 8CHMMeTpHH aH~epeHUHanbHOI'O ~eqeHHSI 
8 8 4 8 

peaKUHH He + H -+ He + D C nongpH30B8HH~fi MHWeHbiO He HhH 

c nongpHaoaaHHbiMH TpHTOHaMH. CooTBeTcTayromee TeopeTHqecKoe paccMoTpe

HHe conep*HTCSI B pa6oTe /9/ •. 
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