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j/13yqeHH8 gnepHblX nponecCOB, npoHCXOn!IWHX Me>KnY 3UeMeHTapHb1MH qaCTHna

MH npH Bb!COKHX 3HeprH!IX, npencTaBU!IeT co6oll WHpOKY!O o6naCTb npsMeHeHH!I pa3-

UB'lHblX npHHnHnOB HHBBpBaHTHOCTH H CIIMMeTpHHo 0TKpb1TIIe HecoxpaHeHII!I npOCTpaH~ 
cTBeHHOll qeTHOCTH B cna6btX· B3aHMOneftCTBII!IX, TaKHX KaK {3 -pacnan H pacnanbl 

cTpaHHblX qaCTHn, aeCbMa CI!UbHO H3MeHHU0 B3['U!In Ha"Te npHHnHnbl HHBapHaHTHOCTB 

H cHMMeTpllll, xoTopble ewe cosceM HenasHo npencTasn!lnHCb He3ht6neMhiMH, 11 cnena~ 
no .Heo6xonHMbiM nonseprHyTb neTanbHOll n!losepKe rpaHHnhi cnpaaennHBOCTH pa3UH"

Hh!X 3aKOHOB coxpaHeHH!I, HenocpencTaeHHO. Bh!TeKaiOWHX H3 aTHX npHHnRnOBo qnHa~o • 
B o6nacTH CI!UbHhlX B381iMOnel!CTB1ift B HaCTO!IWee apeMH 3Ta nposepKa naneKO He ' 

noseneHa no KOHna. CoxpaHeH1i8 nonHO['O H30TOnR'l8Ci<Or'0 Cni!HB B CHUbHhiX B3B!IM0-

nel!CTBII!IX ace ewe ocTaeTC!I ['!lnOT830ll, XOT!I II B BblCWeft CTeneH!I aepO!ITHOfto Opas• 

na, noxa H8T cnyqaea HapyweHII!I nonHO['O !130TOnll'le.CK0['0 cnllHa, HO, B TO >K8 spe-

M!I, KOU1i'l8CTB8HHB!I nposepKa 9T0['0 3aKoHa coxpaHeHII!I OTHIOnb'He 3aKOH'leHBo 

OpennaraeMa!l nRccepTanll!l c·onep>KHT onncaH!Ie !lccnenosaH!Ill no npoaepxe 

rnnoTea»I 3apgnoaol! !IHBapHaHTHOCTII a peaxnaH d +d .. He
4 

+ 71° , 3anpemeHHOll npa-

sanaMH oT6opa no R30TOnH'leCKOMY cnllHY• 3xcnepnMeHTbl no H3yqeHH!O 3TOll peaKnHH 

6binl1 Bb!UOnHeHhl Ha CHHxponHKUOTpOH8 na6opaTOp11H gnepHblX npo6neM 06'b<!nHHeHHD['0 
' . 

HHCTHTyTa gnepHbiX HCCnenoaaHHll B Te'leHRe 1958-1960 [',[', rpynnol! COTpynHHKOB B 

cocTaBe IO.K.AKHMDBa, B.VI.KoMaposa, n.M.CopoKD H asTopa. Pe3yUbTaThl aTHX I!C

cnenosaHHll 6bmH ony6niiK~i>aHhl a pa6oTaX 
11

•
2

•
3

•
41

, a TBK>Ke nono>KeHbl Ha Me>Kny

HaponHhlX. KOH¢epeHnli!IX no <j:JH3HKe ~acTHn ahl~OKHX ::meprHll a KHese ( 1959 r.) H 

PoqecTepe (1960 r.). 

\ .Qn.ccepT8UHSI COCTOHT H3 

Tpex rnas. B nepsoft rnaae . onHCBH ¢opMaUH3M H3o-

·TonH'l8CK0['0 · cnHHa 11 naHO 113UO>K8HH8 pa60T no npoaepK8 ['l!nOT83bl 3apgnosol! IIHBa-

pH8HTHOCTH B npoueCC8X o6pa30B8HHSI 

rt -Me30HOB HyKnOH8MH H nerKHMH g,npaMH. 

Bo eTopoll rnase onl!caHhl 3Kcnep11MeHThl i10 113Y'leHHIO peaxn1111 · d +'d .. He

4 

+ rr
0 

I' . • 

aa nyqKe nel!Tpoaos c 3Hepr11el! 400 .M"s• TpeTb!l rnasa noca!lweaa paccMoTpeHR!O 

nonoUHilTeUbHblX TeopeTI!'l8CKilX oneHOK, KOT0pb!8 no3BDU!I!OT yKa3aTb cTeneHb 3anpe

Ta 3TOll peaKnllHo' B KOHne nllccepTanllll naHbl BblBOnht, Bb!T8Ka!Olllll8 '113 ·npoaeneHHblX 

aKcnepu:MeHTOB. 

\ .. 

f. 
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1. 

B nepaoa rnaae onucbiBaeTcst c:PopManuaM usoTonJpiecKoro cnuaa u paccMaTPu- . 

889TCB OLI.HH H3 _B_03MO.>KHhix Kn8CCOB HBneHHA, r.ne npHHUHH aapsr.noBoA HHB8pH8HTHO

CTH .l189T BS>KHbie cne.acTBHSI 1 . 8 HM9HHO npoueccbl o6paaosauuSI 11 - -Meaouos npu 

coy.o.apeuau uyKIIouoa H nerKux sul.ep. Hau6onee TOlJ:Hble .o.aHHble ·aTHOCBTCH K nposep

Ke COOTH011I9HHB Me>K.O..y ll.Htj:JciJep~HUHSnbHblMH ceqe-HHSIMH peSKUHA 

p+d~H3+1T+ 
p+d->He3 +~0 •. 

Eea yqeTa ~neKT~oMarHHTHbiX nonpasoK aTo cooTHoweHue .non:acuo paBHSITbCSI 

_<!g_jp_l!~l!.~+}_.,.- =2 • 
do(pd .. He3 IT ) 

BbrqucneuuH aenHlJ:HH B03MO>KHbiX aoaMymeuua a peaKuHBX p+·d .. H'o,n+ 

p + d ... H~3 + rr
0

, o6ycnoaneHubi.X aee.neuTHlJ:HOCTbiO csoAcTa coce.nuu:x aapsr.o.oabiX 

H 

cocTOSIHHll R.!lep ( H 3
H HJ ) H IT -Meaoaos ( IT+, rr0 

), 6blnH npoHaBe.!leHbi .!lnR ·~aep-
. /5/ . . 

rHH npoTOHOB 600 Mas • Oxaaanocb, 'ITO cyMMapnaSI nonpasxa oT aTHX a<j>qoexTos 

npHBO.!lHT K .!lpyroMy COOTHOW9HHIO MB:>K.!ly .!lHqoqoepeHUHSnbHblMH C9'19HHSIMH peaKUHll 

p+d->H 3 +1T H p+d->.Hd+rr0 ,8HMeHHO 

do(pd .. H3rr+) = 2 "( 1,10 ;t 0,035 ). 
a a ( pd .. -H~3 rr0 ) 

( 1) 

. 161 
ConocTaaneaHe peaynbTaToB H3MepeHHll, nony'leHHbiX npH aaeprHH 600 b\as . . . 

do fpd-> H3 ,+) =2 "(1,065 ± 0,03 >: 
do-(pa .. He3 rr0

) 

C pactteTHbiM COO.THOW8HH8M ( J) fi03BOnReT YTB8p:>K.l18T~1 qTQ- 38pSI.l10B8SI HHB8pH8HT-

HOCTb H.0,8pHbiX CH1l B 3THX npoueccax co6niO.ll88TCH C TOlfHOCTbiO 8%, C .n'OCTOBep

HOCTblO 90%. L\MbHeAwee YM8Hblll8HH8 OlllH60K B 3KCD8pHM8HT8~bHblX .llBHHbiX HM88T 

CMbiC1l TOnbKO B TO~ cny'l88f 8C1lH 6y.o,eT yny'IW8!18 TO'lHOCTb Bbl'iHCne~HSI aenuqHHbl 

B03MyWaiOIUeJI nonpaBKH B Bblp8:>K9HHH ( 1 ). 0.!1HaKo, B HaCTOSIWee BpeMSI .!lOCTH:>KHMaSI 

TOtJ.HOCTb· B Bbi'IHCneHHB 9THX fiODpSBOK CylUSCTB8HHO orp8HHttHB88TCH 0TCYTCTBH8M 

.l18~BnbHOro 8H8nH38 CftnbHbiX B38HMO.l18ACTBHA 1 H, ~TS H80Dp8.l18118HHOCTb Kn8.l18T npe

,!len 'IYBCTBHTenbHOCTH .!lSHHoro MeTO.!la uposepxH cooTsoweHHSI ( 1). 

noaToMy BS>KHoe _;3aaqeaue npuo6peTaeT. uccne.noaauue peaxuua 

a + a .. He
4 

+ rr0 

d+ a .. d+ d.+ ITO 
I 

I 
I 

npe.ono:aceHHbiX B pa60T8 /? / • J.130TODHti8CKJiA. CDHH OCHOBHOrO COCTOSIHHB nerKHX st.nep 

C O,QHHSKOBbiM K01lH'I_eCTBOM H8ilTpOHOB _H npoTOHOB paaeH aynro, D03TOMY peaKUHH 

a+ a .. He4+ rr0 H a+ a .. a+a+rr0 • csg38HHble c nepexO.!lOM (TcQ) .. (T=1), aa-

npelUeHM 38KOHOM coxpaaeHHSI D01IHOrO H30TODH'IeCKOro CDHH8 •. TaK K8K B nro6oA: H3 

3THX pe8KUHA: yqacTayeT T01IbKO O.QHO 38pH.UOBOe COCTOSIHHe• TO pst..n B03MYlll810lUHX 

. a¢ciJeKTOB, o.6yCJIOBJ19HHbiX p831IH'IHeM B. CBojtCTB8X coce..nHHX 38pSI.,nOBbiX COCTOSIHHA H 

HMBBWHX MBCTO npH Cp8BHBHHH peSKUHJI p + a-> 113 
+ fT + · H p + d-> lld + rr

0 
, B aTOM cny-

. 4 • 
qae 8BTOM8TH'IeCKH HCKJ110'18eTCSI. noaTOMY H_ayqeaHe peaKUHA d + d .... H~ .. ,o H 

d + d-+ d + d + JT0t 38Dp9lU9HHbiX np8BH118MH OT60p8 no H30TODH'IeCKOMy CllHHY 1 noaB_onsteT 

a npHHUIIne npo.OBIIHyTbCst. ropaano ..nanbll;le a oueuKe .cTeneuH. co6nroneHHH aapst.aoaol 

HHB8pHaHTHOCTH a npoueccax o6paaoaaHIIH Me30HOB nerKHMH H..npaMH. Hayqeaue peaKUHA 
4 • . /8/ 

a+ a.->lle + rr0 H a+ a .. d+a+rr0 HHTepeCHO TSK>Ke H C .!lpyroll TO'IKH 3peHHSI. B pa6oTe 

B. CBSI3H C npoTHBOpe'IHeM Me)K.ziy .U8HHbn..fH no ci:JoT006pa30B8HHIO 7T -Me30HOB . a61IH3H 

nopora Me30H006p830B8HHSI H . 3H8'1eHHeM OTHOweHHSI ilaHOBCKOrO 6biJ18 BbJ..nBHHyTa rH-

noTe38 CyllleCTBOB8HHH H30TODH'IeCKH CK81IS1pHOrO 17~ ·-Me30H8 C M8CCoA:; 01IH3KOA K, 

Macce 11° -MeaoHa. Hccne.aoaauHe a&npeTa a peaKuiutx d + d-+ He
4 

+tt
0 

H d +d ... d+ d+11° 

Sl~nSieTCSI H8H6onee 3qo<j>eKTHBHbiM M9TO.!lOM.CTpOI'OJI ·axcnepHMBHTSnbHOA nposepKH aTOll 

riiDOTe3bi. 

B onucbiBaeMbiX aKcnepuMeHTax uayqanach TOJibKO o.nHa ua aTHX peaKunA:, a 
. 4 . . . 

, HMeHHO d + d .... He + 17°. Jlng onpe.neneHHH cTenen_H aanpeTa B aToA peaKUHH B pa6oTe 

6hlno T8K>Ke HaMepeuo ceqeaue aneKTpoMarHHTHoro npouecca 

a+a .. He
4

+.y 

H ·ceqeune peaKUHH 3 4 + 
p + He .. lle + rr 1 

KOT0p851 paapewena npaBHn8MH OT6C:pa .no H30TODH'19CKOMY CDHHY• 

2 • 

Bo sTopoll rnase onHCSHbl axcnepHMBHTbl no Hccne.!l.oBaHHIO peaKuHH d + a .. He
4 

+ rr
0 

npu aneprHH· ,!leliTpOHOB 400 Mas. Vlay'leHHe "TaKHX xapaxTepHbiX npoueccos KSK. 

· a· 3 + 3 o . • -29 2 
- P + ""'H +" H p +d .... He + rr , HMeJOlllHX nonuoe ceqeaHe oKono 10 eM • Tpe6yeT 

aechM8 cosepweaaoil aKcnepnMeHT8JlbHOA TeXHHKH. CymecTaeHHLIA ycnex B s~oM ua

npaaneHHH 6bi11 ,O.OCTHrHyT JlHWb npH O.O.HO~peMeHHOM HCD0Jlb30B8HHH p831IH'IHbiX M9TO

.O.OB oT6opa Tst)KenLIX aapst1KeHHhiX qacTHU, s.aep H' H He
3
, o6paayJOlllHXCH B aTHX 
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peaKuHstx • 3xcnepHM8HTanhHbie Tpy.uuoCTH cyruecTBeuuo aoapacTBIOT np11 aaMepe-

. HHH peBKUHA d+ d-+He
4
+"0 

·H d+d .. He
4
+y, IIOJIHbie ceqeHIUI KOTOpbiX .ll.On)KHbl COCTB&-

.. · . -32 2 . 
nHTb no oueuxaM oxono 10. CM • nocxonbKY nonuoe ceqeaae ssaaMo.oeAcTBHH .neA-

. -24 2 
TpOHa C .oeATpOHOM COCTBBnHeT OKOJIO {0 CM 1 TO H3MepeHHe ceqeHHft nopR.OKB 

-32 2 . .. 
10 CM Tpe6yeT OCylUeCTBneHHH TaKoft CTeneHH OT6opa B perHCTpHpyiDIUeft annapa-

Type, xoTopasr noaaonsma 6hi Bhi.llenHTb o.nuo •noneauoe' co6biTHe ua ¢oue nocToPou

HHX ~BCTHU a xonaqecTae uecxonbKHX MHnnuoaoa. 

06waH cxeMa 9KCD8pHM9HT8 H3o6paJKeHa Ha puc. I. ny'IOK .neATpOHOB, Bbiae

.ll9HHbiA H3 K~Mepbl CHHXpOUH~noTpOH81 DOBOp8'1HBMCSI BDp8BO: OTKnOHHIOWHMH H8C8,ll

K8MH1 ¢oKycHpoB81ICH H8 MHUl9Hb C DOMOIUbiO .ll.BYXCSKUHOHHOA. ~arHHTHOA KBS.O.pyDOJib-' 

HOA 1IHH3bl H DOI'JIOllla.n:CH B CBHHUOBO~ 6noKe, DOM9IU88MOM H8 nyTH Dy'IKS,nepe.a. o-r-· 

KJIOHHIO IllHM M8I'HHTOM. 8TOpHqHbJ8 38pSIJK9HHble '18CTHUbi 1 o6pa30B8HHbi9 B MHWSHH
1 

' . . 0 
Bbi.l:J.~JISIJIHCb JISTYHHbiM KOJIJIHM8TOpOM 1 p8CDOJIO>K9HH~M IIOLl yrJIOM 5,8 DO OTHOwe-

HHic) K OCH DY'IKS D8.ll810IUHX. '18CTHU1 OTKJIOHHJIHCb MSrHHTHbiM DOJISM H8 yron 27°
1 

npOXOJlHUH qepea CTaUbHOft KonnKMaTOp B 3aLUHTHOft 6eTOHHOA CTeHe H perHCTpHposa- .. 

JIH~b CHCT9MOA: CUHHTHJIJIBUHOH~biX C'I9Tl!HK0B. ~ll9HTHc}:IHK8llHH TSl}K9JlbiX 38pS!_}K9HHbiX 

·. . . 4 . 4 3 
'laCTHU, o6pa3oBaHBbiX B peaKUHHX: d+d .. He +17° 0 d+d .. He +y , d+d-+He+n , 

p+lle
3 

.. He
4

+,+, p+·d .. Jil+,+, p+d .. He3+,0 H p+p .. d+,+, npou3sonunacb no 

a·cpcpeKTHBHOMy HM~yn&ey p/ Z , r)le Z ':" 3apHJl 'lSCTHUbl, y"JlenbHOA HOHH3aUHH H 

npo6ery 1 8. B DOCJI9Jl.HHX CepHSIX H3MepeHHA OCYlllSCTBJISIJICSI TSK)Ke Jl0DOJIHHT91IbHblft: 

OT6~p DO BpeMI!HH npOJIST8 M9)KllY llB,MSI CUHHTHJIJIHUHOHHbiMH C'IS;'IHKSMH. Ll.ns pe-

rHCTpaUHH aapa:>KeHHbiX 'laCTHU C BbiCOKOl! HOHK3a.uaell H MSnbiM npo6eroM Ha 6onbWOM 

¢oue UOCTOpOHHero H~ny'leHHH C M8HbWeA HOHH38UH8ft UpHM8HHnCSI M8TO.ll p83llene- • 

HHSI '18CTHU B H8CKOnbKHX CUHHTHnJIHUHOHHbiX cqeTt:IHK8X nyTeM OT60p8 cnyqaea, KOI'Jl8 

BenH'IHH8 HOHH38UHH OllHOBp9M8HHO BO BC8X C'I9T'IHK8X Dp8BbiW88T YCT8HOBJI9HHb1A 

UOpOr JlHCKpHMKBaUHH. 

0CBOBHble xapaKTepHCTHKH perHCTpHpyroweA annapaTypbl 6binH H3MepeHbl Ha 

nyqKe a -qacTKU paanaquoA aaeprau. 06UlaH nposepxa acpcpeKTHBHOCTH sceA peru-
. . . . . 3 3 

cTpnpyiDweA annapaTypbl ocywecTsmmac& nyTeM cpasueaaa BbiXOJlOB S!Jlep H 1< He , 

o6paayrouurxCs a peaKllHHX p + d ... it+ rr + H p + d .. HI + '11°. HaAneHaoe OTHoweuue 

ce:euua ~Tax pe8Kuaa 

d<T(pd-+ H3 
u+) = 2,04 :!:, 0,32 

c1u ( pd .. He 3 11°) 

\_ 

7 

JlOCTaTO'lHO' XOpOWO CornacyeTCH C TeopeTH'leCKHM 3Ha'leHHeM 2,17'!:..0,07/5/ B npEiJle

nax nonyqeauoA TO'IHOCTH H3MepeanA. nepeJl Ka>KJloA cepaea onLITOB ua ny'lKe JleA

Tpouos npasnnLHOCTb pa60Tbl annapaTypbl nposepsmacl. nyTeM K3Mepeuaa BbiXOJla "Jlep 
3 . 3 . 

He .• o6paayiDwnxc" a peaKUHH d+ d-+ He +n • .llacpcpepeauuan&Hoe ceqeune aToA peaK-, 

UHH .anH yrna 5,8 ° a n.c. 6hlno onpeneneuo a uecKonbKHX cepastx H3Mepeuua aeaaau-
. •.. . . 3 

CHMO, nyTeM Cp8BH8HHH BhiXO.UOB OT -TB8p.Ob1X MHWeueA Hllep He H .neATpOHOB OT 
+ . • 

peaxnHH P + p .... d + rr npa uenocpe.ocTaeHHOM nepexo.oe ceHxponuKJioTpoaa ea p.e>KHMa 

ycxopeHHH JleftTpOHOB B pe:>KHM ycxopeHHSI npOTOHOB. 

Ycpe.ll.HeHHoe no '19TbipeM c"epu~M H3MepeuuA aTo ceqeHue a n~c. paauaeTCH 

'-28 2. 
da._(5,8°)(dd-+He3n) =·(3,3:!:,0,23)·10 CM lcTepaJl 
an • " . 

anpaMH yrnepo.o.a ue nos aonun nponauuyTbCH a .oueuKe aepxHeA rpanuuhi nonuoro 

. -31 2 . 
C9'18HHSI 9TO:A:: pe8KUHH HH)Ke, qeM 10 CM • npuMeH~HH8 MHW8HH H3 >KH.llKOI'O' .lleA-

TepHSI noasommo CHH3HTb cpoa a -qacTuu npuMepao B 35 paa. Ha pHc.- 2 npaae)leB 

B MacwTa6e I :240 BbiXOJl SIJlep He3 OT peaKUHH d~d -+He3 +n JlnH yrna 5,8° B ·n.c. 

TaM :>Ke npuBeJleHbl cpoaosble OTC'leTbl perncTpupyiDweA. annapaTypLI B o6nacn< auaqe

HHA: TOK8 OTKJIOHHIOUlero M8I'HHT81 COOTB9TCTBYIOIUeft a -qacTHU8M OT peaKUHH 

d+ d ... He~ + 11° • 

.rianbHeftwee C~H)KeHHe YP!JBHSI ciJoHa, Bhi3Baunoro a -qaCTHIIBMH, Bb16HB88MbiMH 

H3 JI8TyHHOft c}:lonbrH KOHTeAHepa MHUl~HH, 8 T8K>K8 ¢parM8HT8MH OT H.ll8pHbiX p8Cuten

neHHA1 6blno llOCTHrHyTO Hll ra30BOA .ll8AT8pH8BOA MHW9HH. PeaynbT8Tbl STHX H3Mepe-. 

HHA npeJlCTasneHbi aa pac. 3. 

Ecnu cTaTHCTHt:~ecKH ycpe.nnHTb ace oueHKH aepxnea rpaHHIIhi ceqeuuSI pea.KuuH 
4 . 

d+d-+He + 71°, H&ftJleHHble B Tpex. cepKHX H3MepeHHft, TO C JlOCTOBepHOCTbiD 90% 

nony'ISTCH cneJlyiDwHe peayn&TaTbl: 

-'- 4 ) . -1!2 2 _...,._(5,8°) (dd-+ He rr0 ~ 8·10 CM /crepa.u B n.c., 
dO 



~ 

8 

~(sso)(dd .. He
4 

" 0 )<9·10-
34

cM
2

1cTepa.o. a 
dO*. 

c.u.M. 

n .o.nll nonnoro ce'leHHll a npe.o.nono»<:ennn yrnoaoA aaaucnMoCTH do 1 dO- A+ sin:l 0 

II 

4 -32 2 o; (dd .. He ,,o) <'1,1 ·10 eM • 
4 

.llnH peaKnHH d + d .. He +y nonyqea peaynbTBT 

.!!!!.. (5,8") ( dd .. He
4 

y) 
dO . 

da*(41,5")(dd .. He 4 y) 
. dO* 

• (0,84±.,0,31 )•10-
31

cM
2 

CTepa.o. B n.c • 

-33 2 . 
a( 1,6±.,0,6)•10 CM /cTepa.o.. B C.U.M, 

nonaoe ceqeaue aToA pea KUHH a npe.nnono>Keauu, 'ITO yrn~aoe pacnpe.nene
l 

nne HMeeT BH.O. do /dO -sin:lOcos2(1,paaHlleTCll ' 

. 4 -32 2 
o

1 
(dd .. Hey) .• (1,1:!:_0,4)•10 CM. 

3 4 +' . . . . . . 
HaMepenne ce'leHHll peaKUHH· P +'He .. He +11, P.aapewennoA npaanneMH oT6opa 

no naoTonn'leCKOMY cnHny, upoao.o.nnocb aa ny'lKe.npoTOHOB c aueprneA 670 Maa. 

fln<fl<flepennHanbHOe ceqeHHe STOll peBKUHH .o.nH yrna 5,8 B n.c. OK838110Cb pBBHbiM 

d 3 4 + ( + 1 35 ) -30 2 
d~ (5,8°)(p He .. He " ) a 3,26 -1·,27 •10 CM lcTepa.o., 

H B c.u.M. 

d* 3 4 +01) -302 ....!!.. (6 =159")(pHe .. He11't• (0,24-o'o
9 

•10 eM /cTepa.o.. 
dfl* " • . 

3. 

B TpeTbeA. rnaae .o.nccepTBUHH. paccMaTpnaeJOTCll .o.ononHHTenbHbte Teop?TH'lecKne 

oueHKH, KOTOpbre noaaonSiroT yKaaaTb. cTeneHb aanpeTa peaKUHH d+·d ... Ho4 +~r0 ·• Bepx

HHA npe.o.en ceqeuHn sToA peaKUHH cpaauuaaeTCR c ceqeuueM sneKTpoMarHHTHoro 
. 4 . 

npouecca d +•d .. He ~ y. noMHMO .o.aaablx, nony'leHHbiX a HeCTOH,rueA pa6oTe, ouenKy. 
. • . 191 

STOro C8lJ.8HHSI MO>KHO H838BRCHMO nonyq:HTb H3 OJlbiTO& !10 4JoTOp8Clll8DJI9HHIO ·renHH. 

Ecna npe.nnono2KHTb, 'ITO suepreTu~J.ecKaR aaaucHMOCTb nonuOro ceqeuus peaKUHH 

j ,. 

;i 
j 

lj 
~l 

~~ 
l~ 

;;\ 
J 

·,~ 
,•ij 

!' j 

·1 
:' :) 
\ 
l 
I 

9' 

. 4 . ' 4 3 
y+He .. d+d HMeeT TaKoA :m:e au.a, KaK u. peaKnHH y +He .. H· + p •. To cetteaae o6paTuor9 

. 4 ~2 2 
nponecca. d+·d .. He+yCOCTBBHT OKOIIO 0,8•10 · CM npH 3HeprHH H811.,T8101UIIX .o.eATpo-

HOB 400 Maa. 3nepreTif'tecKyJO aaBHCHMOCTb ce'leHHA pe~KUHll y + He
4 

.. H.3+p n 
4• . . 

y+He -+d+d MO>KHO T8K)Ke p8CC'iHT8Tb TeopeTHtteCKH 1 auanorH'IHO TOMY1 K8K STO 6blnO 

/10/ . 
cnenaao B pa60Te • JlnH BOnHOBbiX ~YHKUHI 9K~flOHeHUH8JlbHOro THD8 DpH 9H8prBH 

.o.eATpoaoa 400 Maa 
. 4 -32 2 

o
1 

(dd .. Hey) =·"0,7·10 CM. 

TeKHM o6paaoM oueuxa ceqeuuR peaxnuu d+·d-+ He
4
+y nonytt.~Ha TpeMSJ Hesaaucu-

MbiMH cnoco6aMa. Bee BMecTe aaSIToe no3BOJIHeT yTaepmnaTb1 liTO 

4 "i (dd .. He y) .. 
-32 2 

10 CM • 

c aeonpeneneHHOCThiO .50%. B TO :meo apeMSI .naHHble o .peaKUHH d +·d .. He4 · +·~r0 , 

nonyqeaable s aacTOHIUeA Pa6oTe, y~asb!BBIOT_ aa -ro, 'ITO 

4 -32 
o1 (dd .. He 11°) <'1,1 ·10 ·2 

CM. 

C JJ.OCTOBepHOCTbiO 90%, '!:e. H8 npeB~CXO.O.HT ceqeHHR SJI8KTpOM8rHHTIIOrb DpOU8CC8. 
4 . 

• d +d .. He + Y• 3ToT cPBKT cauneTe~bCTayeT o .o.ocTBTO'lHO .cTporo":f Bbmonneunn aaKona 

Coxpaae_H~st nonaoro u~oTomPiecKoro Cna:a~ a nporiecc~x o6paaoaaaun rr -Meaouoa, 

TSK KSK npH OTCyTCTB~H 38DpGT8 ~8lJ.8HH8 peolKUHH 'd+ d.,. He4+· 71°, CBR38HHOI C CHJI,b

HbiM aaauMoneAcTBHeM, non>Kao 6hlno· 6h! npeabiWSTb ceqeaue SneKTpoMarHHTHoro 
. • . 4 . 2 

npouecca d+d .. He +y npi!Mepno a 10 paa. 

BepxH>IH rpannua Ce'leHHR peaKUHH d+ a .. He
4
+tl' conoCT8BIIH8TCH TBK>Ke c ceqe

HI!eM peaKUIIH p + He3 .. He4 +rr +, paapewenaoA npaannaMH oT6opa no uaoTonn'lecKoM·y , 

cnnny. B nacToRwell pa6oTe ceqeane pea~u~n p + He
3 

.. He4+11+6bln0 naMepeno no,; 

O.O.HHM YI'IIOM B n.c. npn aaeprHH npOTOHOB 670 Maa, KOTOpoJl COOTBBTCTByeT SHep

rHSJ tr+ -MeaoHa B c.u.M.1 paBHSSI 326 f'1sa. ·AnSI Tciro,. lJ.T06hi OU9HHTb Ce'leHHe STOI 

peaKUHH npu saepruH ,.:-M~aoaa 80 Msa B c._u.M., KoTcpaH pasHa SaepruU: rr0 '-Meao

HOB a c.U.M. a peaKUHH d ~ d-+ He4 +rr0
1 6hinH npoHaB9JleHbl pacqeT.bi cett.eHHSI peaKu~H 

. 3 4 + . . . . + 
p +He ... He + 1T B HMnynbCHOM npu6nH>K9HHH. np~ 3TOM npe.o.nonar~OCb, 'ITO rr -

Me30H o6pa.3yeTCSI B 3JI9M9HT8pHOM HyKnoH-HyXnOHIIOM Coy.a.apeHHH, a 38T9M npOHCXo-
4 .. 

JlHT cnnsmue acex HyKnoHOB ~ st,npo He • 1-la:A.neuuyro aenH'IHHy nbnHoro ce•teaus 

3TOA p~8KUHH 

3.4+ -302 
o· ( pHe .. Jle ff ) ~·19M 10 CM • 

t 

("' 



--~ 

10 

8Ul8 H91Ib3H H9ll0Cpe~CTB8HHO~Cp8BHHB~Tb C B8pXH8A rp8HHU9A C8'19HHH p94KUHH 

d + d -+ He4 + rr0 , TSK xax aTu peaxuuu oTnH'l&IOTCSI cTp_yxTypoA cTanxu:sa_IOlllHXCSI 

q8.CTHU. 

0.LlH8Jro 3TO p8311H'IH9 6y,neT DpHM8pHO T8K08 >.Ke 1 .KSK ~ B peSKJIHSIX 

y + He
4 

.. W+p 
y + He 4 .. d + d, 

T.e. COCTBSilliTb UO .llBHHbiM pa60Tbl/
9

/ ~KOilO 10~. B aTOM cnyqae penepOM "paa-

peweHHOil• peaxuHH d +d .. He4+rr0 6y.neT HBnstTbCSI ceqeaue, pasuoe 

3 -~1 2 
1/100 u (pHe .. He4 ,+) M 8 • 10 CM • 

t 

3TO aHa'!eHue npnMepHo s.70 paa 6onbiUe sepxHeA rpaHHUhl nonHoro ce'!eHHll 
4 • 

peaKnHH d + d .. He + rr,0 nony'leHHOi! B HBCTOl!IUeA pa6oTe. 3ToT <PaKT cny>KHT eme · o.r:t-

HHM .a.ononHHTenbHbiM yxa38HHeM ua To, 'ITO peaxuua d+ d-+ He
4 

+ n° CHIIbHO aanpemeaa. 

4 
Oueuxa ce'leHHH 'paape_weauoa: • peaxuuu d+ d-+ He + rr~ T.e. TSKoA p,eaxuuu, 

r.o.e rr0 -Meaouy ycnoBHO · npunucaH H30TonuqecxuA cnuu, paBHbiA Hy.mo, 6btn8 nonyqe

Ha TSK>Ke uenocpe.acTBeHHhiM pacqeTOM a HMnynbCHOM npu6num:euuu. B 3THX BhPmcne

HHHX npennonaranoc&, 'ITO rr0 -Me3oH o6paayeTCH a ~KTe, Korna HyKnou OLI.H~ro neA;poua 
4 

CT81IKHB89TCH C HYKliOHOM LI.pyroro Jl9ft:TpOH8 1 8 38T9M B_ce HyKnOHbl CnHB8IOTCSI B SlllpO lip 
• I , 4 

:nonHoe ceqeHHe • paapewe_HHoA' peaxuuu d + d-+ He + rr~ BhttlucneHHoe nnst Jlayx Tuna a 
-32 -32 2 

BOilHOSbiX tPYHKUHi!_ a -qaCTHUhl, OKB3Bi10Cb paSHbiM 30•10 H 80•10 CM • 

Ecnu .nnst ceqeHHH 'paapeweHHoA'peaKUHH 
-32 2 

npHHl!Tb aenH'IHHY SO•IO CM , KOTo-

pag HB1IH9TCH ~8HM9HbWSa H3 BC9X p8CCMOTp9HHhlX OU9HOK ceqSHHH 9TOI: pe8KUHH1 
. . -32 2 

To, c y_'leToM aepxaeA rpaHHUbt ceqeHHst_ 1,1•10 CM , nonyqeuHoA a nauHoA p.;6oTe, 

MO)KHO Cll9118Tb B~BOll, 'ITo rHDOT938 aapHLI.OBOA HHB8pH8HTHOCTH B npoueccaX o6paso

B8HHR M930HOB nerKHMH HJJ.p8MH C061IIO.Q89TCH C · TQqHOCTbiO .3,5% .cinH 90% LI.OCTOBep

HOCTH aKcnepaMeHTanbHOro npe.llena ~eqeHust peaKUHH d + d .. He 
4 
+ rr0 

~· 4 
OueHKS ce'leHHH 'paapeweHHoA'peaKUHH d+ d ... He + rr0 sanSJeTCH HH qeM HHhiM, 

K8K OU9HKOA C9'19HHH "peaKUHH d +:·d ... He4+ re. ) c HCDyCK8HH9M H30TODH1.19CKH CKSliHp-· 

HorO rrg -Meaoua c MaG:c~A 6nnaKo~ K M~cce o6hl'IHOro H30TOUH'I9CKH aeKOTOpHoro. rr0 -
. .. • 4 

l_d930Ha. noaTOMY 38K1110'19HHe 0 ~~M, 'IT'? peaKUHR d+ d ... He+71° CHnbHO aanpemeaa •. 

MO>KHO T8K>Ke ccflopMyJIHpOB8Tb K8K BbiBo.a. 0 TOM 1 EITO H30TOD_HE!9CKH c"KanHpHbii: 

M930R c Maccol! noKoll s i<HTepsane 100-150 Mas He cymecTsyeT. 

~~ I 
. ~.:. 

rro-
0 

11 

KpaTKH~ BhlBO.Obl 

PeaynbTBThi naHuoA pa60Thi noK83hiB8IOT: 

1) C .llOCTOSepHOCTbiO 90% .llHtP<iJepeHIIHMbHOe Ce'!eHHe peaKUHH d + d .. ][e 4 +ITo 

a c.u.M. 

du*(55°)( dd .. He 4 rr0 ) < 
dfl* 

-34 2 
9•10• CM /cTepa.r:t, 

H rionuoe cetteuae aToA peaKUHH 

4 -112 2 u1 (dd .. He 11°)< 1,1•10 CM • 

4 
2. no1IH09 ceqeHH8 pepKUHH d + d .. He +rr0 npa sHepruu- · rr0 -Meaouos oKono · 

80 Mas s c.u.M. ue npeD:hiwaeT nonuoe ceqeuue ~nexTpoMarHHTHoro npouecca 
4 

d + d -tHe + y 1 , B, TO BpeMSI K8K. 0}KH,ll89MOe COOTHOWe:uue M9>K.O.Y ceqeHHRMH 9TH X 

npoueccos npu oTcyTCTSHH aanpe_Ta .r:ton>K.HO cocTasnSITb npHMepHo. 100: I. 

, 3. nonuoe cetteuue peaKuau p +·He 3 ... He4+ 11+. npa aH9.pruu ,+-Meaouoa·· 

80 Mas B c.u.M. npnMepHO s 7· 10
3 .paa npeSb!UlaeT sepXIIIOIO rpaHHIIY Ce'I_SHHll peaKnHjl 

~ 4 . . . 
! d + d ... He + rr0, H a To ueaosMO)KHO o6'hHCHHTb TOllbKO paanuqueM s , CTPYKType CTanKaaa-

, IOlllHXCH, H.Oep. 

4 
4.: Bepxusu1 rpaHHua nonuoro ceqeuHH_· peaJWHH d +d .. He +rr0 cocTaBnSJeT OKano 

3,5% OT'p8CCqHT8HHOA B8JIH'IHHhl ceqeHHH 'paapeiU9HHOro• ·nponecca. 

5. nepeqHCJ18HHhl9 ciJaKThi BCe BMeCTe B3RThie YK83blf810T H8 H81IH'IH9 CHllbHOro 
4 . 

aanpeTa a peaKUHH d + d-. He + rr0 u noaaonHroT· cn.en&Tb Bhlao.a · o TOM1 'ITO aaKoH cox-

paueuHR nonuoro uaoTonuqecKoro cnHua B nponeccax q6paaosaHHH rr -MeaoHoB nerKH

MH ll.r:tpBMH C06UIO.r:taeTCll C TO'IHOCTbiO 3,5% .llilll 90% · .llOCTOBepHOCTH aKCUepHMeHTBilb-

, uoro npe.aena ce'leHHH sToA, pellKUHH. · 

6. H30TOD~'19CKH CK81IS1pHOrO ~o -M830H8 C M8CCOA DOKOH B HHTepB81Ie 

100-150 Mas He cymecTsyeT. 

• 



N 

100 

50 

PHc. 1. 06maK cxeMa aKcnepHMeHTa. 
I - OTKnOHHIO!llHe Haca~KH, 2 - Bb!Be~eHHbill ny'IOK ~eiiTpoHOB unH npOTOHOB, 3 - MarHH~ 
Hbie KBa.npynonbHbie nHH3hi, '4 - raaosaB MHWeHb u:nu: MHWeHb H3 TSI>Kenoro nonu:BTu:neua, 

o6bi'IHOro nonHaTHneua u yrnepo~a. 5 - 'csuunosaK aamHTa, 8 - MOHHTop, 7 - .fpaeKTopuK 
BTOPH'IHbiX aapKmeHHbiX -iacTHU, 8 ·- OTMOHHIOlllHII aneKTpoMaruuT, 9 - c:j:JoKycupyiO!llHe 
WHMMbi

1 
10 - 6eTOHH8SI _38lllHT8, 11 - TeneCKOU H3 UHTH CUHHTHnnBUHOHHbiX cqetqHKOB, 

12 - 38lllHTH8!1 CTeHa, 13 -. Tpyobl. B8KYYMHOrO Tp8KT8, 14 - CUHHTHnmtUHOHHbie C'!eT'IHKH, 

ocymeCTBnKJO!llHe oTt5op no speMeHH nponeTa. 
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5) 
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6) 
57 

Pac. 3. PesynbT4Tbl nocne):lHeft cepHH H31·lepeHHllpeaKUHll d + d-+ He
4 +rr~ d +d .. He

4 
+ y H d + d .. uJ + n 

Ha ra30BOft ):lel!TepHeBOll MHWeHII. ~- C'IeT annapaTypbl OT ra30B0ll ):lel!Tepl!eBOll MIIWeHH, 
s aaBHCHMoc;rH OT roKa sneKTpoMar~n:Ta,. ! - <=;tieT ~nnapaTyphi oT raaoaot:\ ao.nopo.oaoa: , 
MHWeHH B 38BHCHMOCTH OT TOK8 sneKTpOM8rHHT8; npHB8!18HHb18 HS rpa<i:>HKSX OTHOW8HHSI 

(I: 2,5) (I : I) (I : 33) noKa3biB410T asMeHeHHil MacwTaoa no ocu oplliiHaT. · 
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