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§ I. B B ·.e Ll e H H e 

4 
T + T ->He + rr + n + 11,33 MsB 

5 
-> He+ n + ( 11,33 - € ) 

5 4 
He-> He+ n + E 

IIOCBHW9HO BCero LlB9 9KCII9pHM9HT8.TibHb!9 pa60Tbl, 

11 I 
B rrepBofi H3 HI-IX, Bb!IIO.TIH9HHOfi ArHIO, nenaH.llOM H LlP. I IIp!iB9.ll9Hbl 

0 
pe3y.TibT8Tbl Ii3MepeHHfi LlllcfJcfJ9p9HU!1:anbHb!X C9'i9HMil: IIO.ll Y\·TIOM 0 B MHTepBa-

119 sHeprnfi 40-2220 KaB. HefiTpOHbi peaKl{MM M3MepHJlliCb "BceBOJIHOBhiM" c'ieT

<rMKOM Heil:TpOHOB, Ero KanM6poBKa LlJIH a6coniOTHbtX Ii3MepeHMfi ocywecTB.TIH.Tiacb 

ITO HefiTpOHaM CTaH.oapTHOro Ra -a- l3e MCTO<rHH;Ka, BosMo >KHOCTb MCIIOJib3o-

B8HHH 9TOro C<reTtrH;Ka IIpH; IIOCJI9LlYIOlllMX M3MepeHMHX o60CHOBbiBaJiaCb rrpe.onono

>K9Hll9M o6 O.llMHaKOBOCTM sHepreTM<recKMX crreKTpoB Hell:TpOHOB peaKUMM T + T 
Ra -a- l1e 

pacrrpe.oeJieHM9 HefiTpOHOB rrpM SHeprHH 1316 K sa': Ii Ha OCHOBaHiiM 9TOrO pacrrpe-.' 

.ll9JI9HMH C.ll9118JlM 3aK.TIIOtr9HMe 0 B03MO>KHOCTM nepec<reTa .llaHHb!X LlMcfJcfJ9p9HUll -

anbHbiX ce<reHMfi rro.o yrnoM B IIOJ1Hb!9 rryTeM YMHO>K9HMH LlMcfJcfJ9p9HUll-

8JlbHb!X ce<r9HHfi Ha Ll9CHTb, 

B 6 6 .ll .A - 12 I 1957 0 BTOpofi pa OTe, orry HMKOB8HHOfi . >KepMM M ,TJJ19HOM B ro.oy, 

. 0 
6biJtM M3M9p9Hbl LlllCpcpepeHUllaJibHb!e C9tr9HIIH IIO.ll yr.TIOM 30 B na6opaTOpHOil: 

CMCTeMe KOOpLIMHaT B MHTepBa.Tie 9HeprMfi 0,95-2,1 M 9B M IIOJIHOe CetreHne rrpn 

o.anofi sHeprMM - 1,9 M aBI a= 106:!:5Mnnnn6apHI, 

nonnoe ce<reHMe rrpn sTofi sHeprHM onpe.oe.TIHJIOCb Ha ocnoBaHMH M3Mepennll: 

crreKTpoB a -<racTMU peaKUHH T + T, rrpoBe.aennhiX rro.a yrnaMn: 30°, 60~ 90°, 

0 
120 • CrreKTpbi a -<racTMU H3MepHnncb MarHnTHhlM a -crreKTpOMeTpOM C 

LIBOfiHOfi cfJOKYC MpO BKOfi. p a6oTa Bb!IIOJI HeHa Ha ra30BOfi M Iilli 9HH, Cpa BH9HMe pe-

3YJibTaTOB, KOTOpOe MO>KeT 6b!Tb CLI9118HO rrpM SHeprMH 1,9 M 9B IIOK83b!B89T, · 

<rTo ce<renMH, rrony'ieHHbie B pa6oTe ArHIO, nenaHLia If Lip. /150+ 15 MllTIJIIi6apH I 
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npuMepHO H8 30% Bh!llle pe3yJibT8TOB, ITOJiy"'eHHh!X B pa5oTe ll)!{epMH H Anne
. 11 I 

Ha • HaJIU"'He CTOJib 50JiblllOI'O paCXO)!{LteHHS!. Me)!{·LtY peaynbTa.TaMH pa5oT H 

121 1 9 M . 5· npu , 3B onpeaenHno He'o xoan,10C.Tb npoBet::teHnH H3MepeHnfi nonHhiX ce-

"!eHnii peaKunn. T + T B aocTynHoM t::tnH nac· nHTepBane aHeprnfi 80-1140 K aB. 

§ · 2. M eTot::tnKa aKcnepHMeHTa 

YfaMepeHUH llOJIHh!X Ce"'eHnfi. peaKIIIHI npOBOLtHJIHCb HHTerpaJibHh!M MeTOLtOM 

C"'eTa HeHTpOHOB Ha TOHKOll TpHTUeBOll ra30BOH MHllleHn C HCll0Jlb30BaHneM Me-

. 131141 . 
TOLtHKH 1-1 annapaTyphr, npnMeHHBlllHXCH paHee • BxoaHoe OKOlllKO raaoBoii 

- . 2 
MnllleHn aaKnenBanocb HnKeneBoii cJ?onbroii TOJIIU!IHOii 0,9 .- 1,5 MrlcM • CaMa 

M!lllleHb 3allOJIHHJiaCb TpHTHeM KOHIIeHTpaiiHII 85 - 93% LtO LtaBJieHUH 50 - 8QMM 

pT,CT, npoBet::teHHe 3KCllepnMeHTOB C TpHTHeM llOTpe5oBaJIO paapa50TKH cneun

aiJbHOll ycTaHOBKH LtJlH ynaBJIHBaHHH TpHTHS!, HanpaBJIHeMOI'O B ra30BYID MHllleHb. 

YfaBeCTHO, "'TO Tp!IT!Ill HBJIHeTCH pat::tHOaKTIIBH hiM ra30M, B CBH3H C "!eM ycTa

HOBKa LtJIH HallOJIHeHIIH LtOJI)!{Ha o5nat::taTb 50JiblllOit Hat::te)!{HOCTbiD H He t::tonyc-

KaTb noTepb TpHTHH n_pn HanycKe ero B I'aa·oByiD MnllleHb, a TaK)!{e ynaBmmimnH el"o 

na raaoBoii MnllleHn B 5annoH nepBoHa"'anb'Horo xpaHeHnH. H a pnc. 1 npet::tcTaB-:

neHa cxeMa ycT.aHoBKH. 0Ha ca.c,;oHT na 5annoHa c nopolllKOM ypaHa c nornorueH-
. I 

Hh!M B HeM TpHTHeM, HOHH3aUHOHHOit KaMepb! LtJ!H H3MepeHUH KOHIIeHTpaUHH Tpn-

THH, MaHOMeTpa H pHt::ta BeHTnneii, o5ecne"'HBaiDIUHX coet::tnHeHne ycTaHOBKII C 

H 
4 . 

e , KOTopaH noa-BaKYYMHOll CHCTeMOll yCKOpHTeJIH H ycTaHOBKOll HallOJIHeHHH 
> 

KJIID"'aeTCH llpH npoBet::teH!IH cPOHOBb!X H3MepeHI-Ill, 

Bee BeHTHJIII1 HCllOJ!b3yeMbie B ycTaHOBKe> HMeiDT YIIJIOTHeHHe MeTaJIJI ITO 

MeTanny. Bee ocTaJibHhle ynnoTHeHHH ycTaHOBKH, BKDID"'aH ynnoTHeHne pTyTHo~o 

MaHoMeTpa, BhlllOJIHeHhi Ha TocJ?noHe. Yfa coo5pa)!{eHnii pa.dnaunoHHOii 5eaorrac

HOCTH ycTaHOBKa OKpy)!{eHa llOJiyl"epMeTU"'eCKIIM KO)!{yXOM C BhlTH)!{HOll BeHTIIJIH

IIUeft, o5ecrre"!HBaiDlll.eii II.pii OTKph!THII 3KCITJiyaT81!HOHHhlX llpOe~hB CKOpOCTb LtBH:iKeHHH 

B03Ltyxa B HIIX 1-2 MICeK, nocKOJ!bKY KaMepa I'a3CJBOit MHllleHH HBJIHeTCH J!OBYlllKOll 

TOKa·H coet::tHHeHa C HaiiOJIHHTeJibHOU ycTaHOBKOll, BCH ycTaHOBKa l!O HaiiOJIHeHHID 

5hiJI8 XOpOlllO H30JIHpOBaHa OT. 3eMJIH. 

H arrycK TpHTHH B raaoByro M Hill eHb ocym ecTBn HeTCH npH HarpeBaHnn 5an

noHa C 'TpHTHLtOM ypaHa LtO TeMrrepaTyphl 25Q-3Q0°C, 05paTHOe ynaBJIHBaHHe 
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I!pOH3BO.llHTCSI rrornomeHHeM TpHTHSI HB STOT me ypaH I!pll KOMHBTHOit TeMnepa

TYpe, HanycKy TpHTHs a ra30P·YIO MHweHb rrpe.llwecTayeT O'lHCTKa 6amioHa c 

TpHTII.llOM ypaHa OT HeKOTOp.h!X I!pHMeceft: VfMH MOryT Oh!Tb HaTe'lKB B03.llYXa 

3 
HJIH . He 1 nocTOSH'iO Bhi.llen_siOmerocs 113 TpHTHs npH ero pacna.ll·e. QqucTKa 

OCylUeCTBJISIBTCH OTKB'lKOit STOrO OBJIJIOHa Ha BhlCOKHft BaKyyM I!pH KOMHBTHOfi 

TeMnepaType B Te'leHHe 15-20 MHHyT, TaKaS OTKa'lKa He I!pHBO.llHT K 38MBTHOH 

·,IIOTepe TpHTHH, nornomeHHOrO ypaHOM fOCKOJibKY .llaBneHHB ero Ha.ll ypaHOM rrpH 
.;..6 

KOMH8THOit TeMrrepa_Type COCTaBnSeT -10 MM pT. CTOJIOB, raa, HanpaBJIHBM hilt 

n MHlUeHb, KpOMe TpHTHSI, B OOJiblllHHCTBe CJiy'laeB CO.llepmHT I!pHMeCH .llBitTepHH 

II BO.llOpO.lla, I!pOUeHTHhlit COCTaB KOTOph!X IIO OTHOlUBHHIO K TpHTHIO MOmeT Me

HHTbCSI, 3TO I!OCTaBHJIO 38.ll8'ly onpe.lleneHHH KOHUeHTpaUHH Tp~THH I!pll KB}K.llOM 

HaiiOJIHeHHH ra30BOit MlllUBHH, Vf3M9p9HHH I!pOBO.llHIIHCb C IIOMOlllbiO HOHH38UIIOH-

HOA KaMepbi1 npoKanH5poaaHHOit Ha _100% TpHTHH, Tax x<e, KaK H a npe.ahi.OYlllHX 
. /3//4/ . . 
pa5oTaX I ' I!OTOK HeilTpOHOB 113 peaKUHH r+ T onpe.aenHJICH 113\.tepeaneM 

aaBe.lleHHOii ,8- -axTHBHOCTH MapraHua a pacTaope K'1n 04 • AoconiOTHoe. 

3Ha'lBHIIB I!OTOKa aeltTpOHOB 113 Mlllll BHH _nony'laJIOCb Ha OCHOBaHHH cpaBHeHHH 

STOlt aKTHBHOCTH C BKTHBHOCTbiO, H8B9-.lle.HHOit H9itTpOH8MH Ra-a-TJe 

HHKa, 

npll TaKOM cpaBHeHHH aeo5xo.llHMO ObinO Y'lHThiBaTb pa3nH'lHe a sHepre-

TH'l9CKHX CIIBKTpaX OOOHX HCTO'lHHKOB HBitTpOHOB, T8K KBK BCJIB.llCTBHe SToro 

pa3JIH'IHH .llOIIH HeltTpOHOB 1yXO.llHlllHX H3 OaKa C paCTBOpOM K '1n 0 - ( y ) 
4 l 

H 

rrornowaeM hi X KHcnopo.llOM pacTaopa - Y 2 , .lliiH OOOHX HCTO'lHHKOB 5y.lleT pa3~ 

IIH'lHOl!. /CM,pHc,2/, npn npOBB.ll9HHH H3MBpBHHit OKa3aJIOCb oonee y,aOOHbiM 

BMBCTO pa3.llBIIbHOrO H3MepeHHSI KOScPcflHUHBHTOB Y z H Y 2 orrpe.ll BJIHTb TY 

.llOJIIO HBitTpOHOB 113 oowero I!OToKa, KOTOpaH HaXO.llHTCH B oaKe H aKTHBHpyeT 

\fn ao.aaoro pacTBopa K \fn 0 4 • BenH'lHHa STOlt .llOJIH ael!Tpoaoa, KOTo-

pyiO Mbl 0003Ha'lHM" a H BOlllJI8 B paC'lBT CB'lBHHH, 0'lBBH.llHO ·a= (1-•yl)(l- Y). 
Onpe.llBIIBHHB .llOJIH HBl!TpOHOB, aKTHBHpyiOWHX BO.OHblit paCTBOp· T( \fn 0 4 
ocHOBhiBaercH Ha· H3MepeHHH KpHBhiX Boep.llma-BecKOTTa a sToM pacTaope, a 

38TBM B HBKOTOp.OM BBlUBCTBe, ue CO.llepmaweM KHCIIOpo,a, B Ka'lBCTBB TBKOrO 

aemecTBa HCI!Oilb30BBJI0Ch Ka5enhH09 Macno C-200, HMeiOll(ee Manoa KOIIH'lBCTBO 

nerKOOKHCJIHB\1 hiX I!p.HMecelt. 
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,ECJJH Mbl 06031~'111M liJ101U8ab, KOTOpy!O orpaHH'IHBaeT aKcnepHMeHT8JlbH8SI 

KpnBaSI Bbepa)Ka-BecKcnTaJ B 6aKe c pacTBopoM I 0 <. r < 45 eM I KaK 

SK \!n Q t 8 liJlOIUaab, KO'l'opy!O orpaHH'IHBaeT 8KCTp8UOJJHpOB8HH8SI H8 6ecKo-
4 

He'!HOCTb KpHBaSI pacnpeaenennSI HeilTpoHoB, B 6a·Ke c MacnoM C-200 KaK S Macno. 

TO Ta '18CT~ HeftTpOl!OB, KOTOpaSI 8KTHBnpyeT pac,TBOp T( \1n ')
4 

, onpeaeJISI9TCSI 

COOTHOill 9HH.eM 

a= 

0 
S K Mn o4 rM acno 

SM8CJ10 'K Mn 0
4 

I 

rae r MBCJJO • T K Mn 04 - COOTB9TCTBYI01UH9 BpeM 9H8 )l{J13HH T9UJIOBbiX 

HelJ:TpOHOB B pacTB~pe K \fn 04 H Macne. nocKO.TibKY 38XB8T HelJ:TpOHOB B 

\!n H93H8'1HT9J19H I< 1%1) MO:»<HO H8UHC8Tb 

rae "KMno 4 
I{ 

Ma BO.LJ:bl H Macna. 

Tor a a 

r MaG+IO 

r K Mn 0 4 

UJ{ Mn 04 

n M acno 

n Macno - 'lncno aTOMOB ·Boaopoaa B eanHHUe ot5be-

a= 
S n K Mn o4 __ K_}Ifn o4 _ 

SMacno "Macno 

Ill 

OnpeaeneHUe 'IHCJ18 8TOMOB Boaopoaa B M8CJ19 UpOH3BO.llHJ10Cb H8 OCHOB8HHH 

pe3yJ1hT8TOB KOJ1H'I9CTB9HH0f'O 8H8J1H38 COCT8B8 M8CJ18 • .[lJJSI. H8W HX YCJIOBHH 

nKMn04 0,927. 
n M8CJ10 

B Ta6nHue N2 1 npHBeaeHbi BKcnepuMeHTanhHhle pe3yJJbT8Thl onpeaeneHHSI 

SKMn0
4 

I{ s Macno anSI HelJ:TpOHOB peaKuHH T + T u Ila- a- De 

HCTO'IHHKa •. B aToll )Ke Ta6nmre npnB8aeHbi pacc'IHTaHHbie no cjJopMyne 11 I 3Ha-

'19HHSI KOBcpcj:JHU.He HT8 a .llJl SI o60H X HCTO<J HHKOB HelJ:TpOHOB, 8 T8K :»<e 3 H8 'l9HH SI 

KoacjJcpniureHToB Y 
1 

I{ y2 

I 
1 

f 



T a 6 .ri H u a 
----------------- ----·--

Tun· HCToTI-
3aMennu-

nnowanh KpHBofi B'hepnma- JJ.onSI Hefi- Llon51 Hefi- Llon51 Hefi-
HHKa Helt- BecKoTTa ( OTHOCHTt~nhHbie TpOHOB, TpOHOB, no- TpOHOB, Tenb __ _2_f!_IIHHUbl) TpOHOB -·--- YXO!l51IUHX rnowaeMbiX aKTIIBHpyJO-

H 00 
sa 6aK KHC!IOpO!lOM il!IIX pacTB, 

I Nr2 dr I 1'\l r2 dr f Nr2 dr y % paCTBOpa B% 
0 0 4S 1 >; % 

PeaKUH51 Macno 633,8:!:,9,8 621,1:!:,8,4 12,5:!:,13 2,0 8,7:!:_0,2 87,5:!:,2 
T + T 

npu BO!lHblfi 
624,3:!:,2,1 598,6:!:,8,2 25,7:!:_13 4,1 E =840KaB paCTBOp 

T 
-----

CTaHnapT-
Mac no 1040,8:!:_2,1 1029,3:!:_2,1 11,5:!:_3,0 1,1 5,8:!:,0,1 92,6:!:_1,3 

HbiA 
Ra -a-·Be 

BO!lHbifi 
HCTO'!HHK 1058,4:!:_2,1 1039,8:!:_2, 1 18,6:!:_3 1,8 

paCTBOp 
K\ln 04 
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§ 3. OnpeaeneHne KOHUeHTpaunn aefiTepuH 

B MHW9HH H B DY'IK9 C M8CCOfi TpH 

TpHTHfi, HanpaBnHeMb!H B ra30BYIO MHW9Hb H HOHHb!H HCTO'IHHK 1 coaepman 

3aMeTHYIO lao l%1 npuMecb aefiTepng, B cBH3H c 9THM npn 6oM6apanpoBKe 

. - + + + 
MnweHH ny'IKOM c MaccoH TpH lnOHbi T ,I DH I IH HH I I Hap Hay c peaKunefi 

T+T HaoniOaaiOTCH peaKUHH D (t,n)He 4 
laefiTepuit B MHLLeHul u T(d,n) He

4 

laeitTepuit B nyG:Ke I c 6onhw HM BbrxoaoM HeiiTpoHOB, 

TaK, HanpHM ep, B HHTepBane 9Heprnit 60-600 K 9B ceG:eHue peaKuuu D +T 

B aecHTKH pa3 npeBocxoauT ceG:eHue peaKUHH T + T, no9TOMy a a me npnM ecb 

B 1% "3arpH3HHeT" peaKUHIO T + T Ha 20 - 30%. CoBepweHHO oG:eBnaHo, 'ITO 

npn H3MepeHHH ceG:eHriit peaKunn T + T onpeaeneHne '!Hen a aToMoB a eitTepnH B 

ny'!Ke H B MHW9HH HM99T OCOOO B8lliH09 3H8'!9HH8 anH DOJiy'IeHHH npaBHJibHOt'O 

p93YJibTaTa, 

npn onpeaeJI9HUU 'IUCJI8 8TOMOB aeitTepHH B ny'IK9 H B MHW9HH Heooxo

aHMO yG:HTbrBaTb cneayiOmne oocroHTeJibCTBa. 

Bo-nepBb!X, TpHTHH, HanpaBJIH8Mb!H B ra30BYIO MHil.l9Hb H3 6a.TIJIOHa C 

ypaHOM
1 

npu Kama OM 38DOJIH8HHH M!Iill8HH MOllieT co a ep)!(8Tb pa3JII1'IH09 'IHCnO 

aTOMOB aeitTepUH, 3TO HBJI9HH8 cbH38HO C TeM, 'ITO npu HarpeBaHHH 08JIJIOH8 C 

ypaHOM 1 B KOTOpOM UOI'JI0ll.(8H TpHTHH C DpHM9CbiO B,Oaopoaa H aeitTepHH, H3 

ypaHa 6onee 9¢cPeKTHBHO BbraenHeTcH TpHTHfi, 3aTeM aeitTepnit u Boaopoa, B 

CBH3H C '19M H30TO UHblH COCTaB MOlli9T M8HHTbCH B 38BHCI1MOCTH OT TeMne-

paTypHOI'O pelliHMa HarpeBaHHH 08JIJIOHa, 3TO H3M8H8HH9 U30TODHOI'O COCTaBa 

nocTaBuno Gaaaqy H3MepeHHH 

H8UOJIH9HHH ra30BOH MHW8HH, 

KOHU9HTp8UHH aefiTepHH B MHIL:8HH npH K8)!{aOM 

+ 
Bo-BTopbiX, npoueHTHOe coaepmaHHe HOHOB DH B nyG:Ke c Maccofi Tpn 

38BHCHT OT pelliHMa paOOTbl HOHHOI'O HCTO'IHHKa H M0lli9T M9HHTbCH npH K8)!(

aoM BKJIIO'I8HHH 9Jl8KTpOCT8TH'I9CKOI'O I'9H9p8TOpa. 3Ta OC008HHOCTb o6pa30B8HH51 
+ . 

HOHOB. DH cTaBHT Gaaa'Iy onpeaeneHHH qucna aToMoB aeitTepHH B nyG:Ke Tpu-

THH B T9'!8HH9 BC9t'O Bp9M9HH paOOTbl C HHM, 

OnpeaeneHne npHMecu aeitTepuH B TpHTHH ra3oBoii MHmeHH u B nyG:Ke c 

M8CCOH TpH DpOH3BOaHJIOCb M 9TOaOM C'IeTa n- a COBnaaeHHH peaKUHH 

I 

I 



. 4 
D ( t,n) He • Vf3MepeHH9 IIpOH3BO.z:tHnOCh .O:BYMSI CUHHTHnnmlHOHHbiMH 

C'I9T'IHKaM H. 0.z:tHH H3 HHX 

¢8Y-25 C KpHCTannoM 

a -cqeT'!HK, IIOCTp09HHbiit Ha tPOTOyMHO)KHTene 

141 
CsJ 1 .orrnca~ paHee B pa6oTe • BTopoit c'!eT'!HK 

.z:tnst C'!eTa HeiiTpOHOB- IIOCTpOeH Ha tPOTOYMHO)KHTene ¢8Y-29 C .CUHHTHnnstTo

pOM H3 nonncTHpona c .o:o6aaKoii TeptiJeHnna. CunHTHnnstTop nM.eeT BH.z:t yce'!eH

Horo KOHyCa .z:tnHHOit 170 MM C .z:tHaMeTpOM OCHOBaHHSl 70 MM. C'!9T'IHK ycTaHOB

neH Ha Kp0HlllT9itHe 3a 6aKOM C paCTBOpOM H MO)KeT nepeMeUlaThCSl B ropH30H-
. . 0 

TanhHOit nnOCKOCTH OTHOCHTSnhHO U9HTpa MHlll9HH B HHT9pBane yrnOB 40-110 • 

0 
a - C'I9T'IHKa tPHKCHpOBanOCh IIO.O: y.rnOM 90 • nonO)K9HH9 

HeitTpOHHOrO C'I9T'IHKa MOrno M9HstThCSl H onpe.o;enstnOCh KHH9MaTHKOit peaKUHH 

D(t,n)He 4 
n T(d,n)He

4
• BenH'IHHbi sTHX yrnoa a 3aBHCHMOCTH oT sHep-

rnn na.z:talOUlHX Ha MHlll9Hh TpHTOHOB HnH .z:teitTOHOB B ny'IK9 C MaCCOit TpH lno-

DH
+ 

Hbi I onpe.o:engnnch SKcnepnMeHTanhHO Bo aceM HHTepaane sHeprnii. Pe-

3ynhTaThl SKcnepnMeHTOB npoaepgnnch pac'!eTHhlM nyTeM n 6hlno Haii.o:eHo corna

o 
cne B npe.o:enax "!:. 0,3 • Ha pnc. 3 npnae.o;eHbi THnH'!Hbie KpHBbie 3aBHCHMOCTH 

c'!eTa n -·a cona.o:eHnii oT yrnoao~o pacnono}KeHHSI c'leT'!HKa HeiiTpOHOB npn 

+ D + 6oM6ap.o:npoaKe TpHTneaoit MHlllSHH ny'IKOM c Maceo it Tpn IHOHbi T , H ·I. 

nnK 1 no.o: ,yrnoM 69,2° COOTB9TCT,ByeT n- a coana.o:eHHSlM peaKUHH D ( t,n) He 
4
• 

n 2 76.1 ° T (d ) H 
4 

B HK no.z:t yrnOM COOTB9TCTBY9T peaKUHli ,n e • uenstX 

KOHTponst npaBHnhHOCTH 

COBnaaeHHii OT peaKUHH 

H3M9p9HHSl IIOnO)KSHHS! MaKCHMyMa n-a 

4 
T (d,n) He 6hinn npoae.o:eHbi H3MepeHHSI coana.o:eHHii 

Ha IIY'IK9 C MaCCOit 2 /3aBe.z:tOMO He CO.z:tep)KaUleM HOHbl TpHTHSII npH SHeprHH I 

paBHOit sHeprnn .o:eitTOHOB B rry'!Ke c Maccoit Tpn I Ed "'-j- E, I. 

KaK an.o;Ho II3 pncyHKa1 rrono*eHnst rrnKoB n-a COBII~.0:9HHii OT peaKuHit 

T ( d,n) He 4 
, H3M9p9HHbiX Ha pa3nH'!HbiX ny'!KaX IIpH O.O:HOit H TOft )KS 

SHeprHH .o;eitTOHOB O.O:HHaKOBbl, 

Coe.o:nHeHne cqeT'IHKOB a -qacTnu n HeiiTpOHOB Ha coana.o:eHHe ocy-

. mecTaneHO no 6noK-cXeMe, npe.o:cTaaneHHOii Ha pnc. 4. Cxeivia co.o:ep*HT .o:aa 

KaHana: KaHan coarra.o:eHnii n KaHan cnyqaitHbiX coarra.o:eHuii. Vf3MepeHHst no o6o-

HM KaHanaM GpOH3BO.O:SlTCS! O.O:H0Bp9M9HHO, 

Vf3M9p9HH9 KOHU9HTpauHH .o;efiTepHst B MHlll9HH npOBO.z:tHnOCh .0:0 Ha'lana 

o6ny'!eHUSI pacTBopa K\fn 0 
4 

• Vf3MepeHHSI rrpnMecn .o:eitTepng B rry'IKe Heo6xo-



10 

aHMO 6bmo npoaoaHTh B Te'!eHHe acero nepnoaa o6ny'IeHHH. B aToM cnyqae 

BCH MHW8Hh OKpy:a<:eHa paCTBOpOM KMn04 1 H anH H3MepeHHH n- a coanaae·· 

HHfi 'ISCTh Hei!:TpOHOB H806XoadMO 6hlJIO BhlB8CTH H3 6aKa 6e3 38MeaneHHH HX B 

aToM pacTaope, STo 6hlno aocTHrHyTo ycTa~oaxoi!: a 6axe nonoro BoaoHenpoHn

uaeMoro KOHyca, BbiT8CHB!OIU8rO paCTBOp K\1n 0 4 B 06'beMe, COOTB8TCTBYIOIU8M 

T8J18CHOMy yrny H8i!:TpOHHOrO C'I8T'IHKa, K oliyc Kpennncg Ha CHJlhcPOHe K Kopny

cy K8M8pbl ra30BOi!: MHW9HH, Ero OCHOB8HH9 npHneraeT K CT8HK9 6aKa /sasop 

0,5 MM / H. noaaep:mnaaeTcg KpOHWT8i!:HOM H9i!:TpOHHOrO C'I8T'IHKa TaK, 'ITO OCH 

KOHyca H C'I9T'IHKa COBnaaaiOT, COOCHOCTb COXpaHB8TCB. npH nep9M91U9HHH C'!eT

'IHKa H9i!:TpOHOB no yrnaM, llng YM8HbW9HHSI nornorueHIIB Hei!:TpOHOB KOHYC H3-

rOTOBJ19H H3 8Jl!OMIIHHB C TOJllUHHOi!: CT9HOK 0,6 'MM, 06IUHfi Blla ycTaHOBKH 

rrpeacTaaneH Ha pnc, 5, 

'. 
0npeaeneHII8 KOHU9HTp8UHH aei!:TepHH B ra30BOi!: MHW9HH npoaoaHJIOCb no 

¢opMyne 
a = :'.J a 0 

rae 

TpH 

rae 

.. 

N 

No 

2 ~ ·2·1 
0 

c'!eT HCTHHHbiX coanaaeHnft peaxunn no a yrnoM (} 1 

c'IeT HCTHHHbix coBnaa eHHi!: peaxunn D ( t,n) He" no a yrnoM 

(J , KOraa B• MHlL9HH HSXOaiiTCH aei!:TepHft II3B8CTHOft KOH-

U9HTp8UIIH a~, 

AHanorH'IHO onpeaeneHH9 KOHU9HTp8UHH HOHOB aei!:Tepng B ny'IK9 C Maccoft 

a_, 

N' 

• 
~0 

npoaoannocb no ¢opMyne 

-cqeT 

a = N' a3 
4 N• a 

a.~ 
0 1 

4 
IICTHHHhlX COBnaaeHHfi peaKUHH T ( d,n) lie n oa yrnoM 8; 

C'I9T HCTHHHhlX COBnaaeHHfi peaKUHH T(d,n) He 4 
noa yr-

noM (} 
1 KOraa B M IIW 9HH HSXOaHTCH a eftTepnft II3B9CTHOil 

KOHU9HTp8UIIH ao 
2 

a3 - KOHU9HTp8UHB HOHOB TpHTHB B ny'IK9 C MSCCOft TpHj 

a 
1 

- ·KOHU9HTp8UHB TpHTHSI B MHW 9HH, 

I 
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§ 4. noJIHb!e Ce'IeHHH peaKUHH 

noJIHhle Ce'IeHHH peaKUHH paCC'IHThlB8JIHCh ITO ¢opMyJie 

N Q ( 273 + t ) 760 
ao= ~N~cm--~6-,2-4~.~l~Q~1~2~i-p~e,~2~L~0~2~7--3 

N 

aD+t 

N cm-c'IeT aKTIIBHOCTH, HaBe.aeHHOif B pacTBope HefiTpOH8MH peaKUHII 

H Ra-a-Be HCTO'IHHKa1 rrpHBeneHHO~ K O,UHOMy BpeMeHH o6-

-ToK rranaromux 'IacTuu. 

-cpenHstH TeMrrepaTypa I"830BOfi MHllleHH. 

0 
-<JHCJIO flow :v! H,UTa rrp11 TeMrrepaType Q C, 

-s¢cj:JeKTHBH8H nJIIIHa I"830BOfi MHllleHH .UJIH ITY'IKa IWHOB Tp!ITHH, 

6 /31,/4/ 
orrpenenHeMaH TaK )Ke

1 
KaK H B pa oTax • 

-scj:J¢eKTHBHaH .UJIHHa MHllleHH •,UJIH HOHOB ,aefiTepHH B ITY'IKe C 

Maccofi TpH. 

-ce<JeHne peaKuHH 

paBHofi E. 

4 
D (t,n) He ITpH 9Hepi"HH HOHOB TpHTHH 

a T+d - TO )Ke nnH peaKuiiH T (d,n) He 4 
ITpH 9HeprHH nefiTOHOB B 

ITY'IKe C Maccofi TpH, 

TJ - rrorrpaBKa B N scj:J¢. BcnencTBHe cPJIIOKTyauuu 'IHCJia TpHTo-

/3/ /4 I HOB, rranaromux Ha MIIWeHh /rronpo6Ho orrucaHa B pa6oTax /, 

a 1 a 2 . -KOHUeHTpauHH HOHOB TpHTHH H nefiTepHH B rry'IKe C M8CCOfi TpH, 

/3 1 /3 2 /3 3 - .aong HefiTpOHOB peaKuHH T+T, D +T H Ra-a-Be ucTo'I

HHKa, aKTHBHpyromux MapraHeu B pacTBope K\fn0 4 , 

.LlaHHbre pac'IeTa rrpencTaBJieHbi B Ta5nuue I I H puc. 6. B Tofi )Ke Ta6nu

ue llpHBeneHbl CTaH,aapTHb!e OWH6KH B onpe,aeJieHHH Ce'IeHIIfi C y'IeTOM OWH60K 

· H3MepeHHH sHeprHH • B Ta6nHue ffl rrpHBeneHbi rrorpewHocTH Bemi'IHH, Bxong

mux B pac'!eTHyiO cj:JopMyny, Ha OCHOB8HHH KOTOpb!X paCC'IIITaHa CTaH,aapTHaH 

OWH6Ka Ka)KnOfi TO'IKH, YKa3aHHb!e OWH6KH conep)KaT KaK CHCTeMaTH'IeCKHe, 

TaK H CJiy'IafiHb!e OWH6KH, npH 8H8JIH3e 9KCrrepHMeHT8Jlb!Ib!X pe3yJihT8TOB 9TH 
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owH5KH y.oo5Ho y'IHTbiBaTb pa3.oenbHo. Y'IIHTbiBasi TOnbKO cny'IaitHbie owH5KH, Me

TO.llOM H8HM9HbWHX KB8.llp8TOB rrpo'BO,llHM KpHByiO IIO 9KCII9pHM9HT8f1bHbiM TO'I.-

K8M, npH 9TOM C9'19HHSI 8IIIIpOKCH'vf;{pyiOTCSI clJYHKUH9H a (E) =·a + b lg E 1 

1'.!19 a = 1-91,23_!2,51 I, b = 155,80,!0,991. Coepe .teHHaH cTaTHCTH'Iec-

K8SI TeOpHS! OWH50K. Bbipa5oTana M9TO,ll orrpe.oeneHHSI H9KOTOp01'0 KOpH.OOpa OWH-

50K BOKpyi' IIpOB9.ll9HHOH KpHBOll:, B rrpe.oenax KOTOpOll: C orrpe.cieneHHOll: BepOSIT

HOCTb!O H8XO,llHTCSI 9T8 .KpHB8SI, ~Ta 05naCTb KpHBOll: H83b!B89TCSI KOpH,llOpOM 

CT8THCTH'I9CKHX OWH5oK. illHpHH8 KOpH.OOpa OWH50K 5y,lleT M9Hbill9 CT8THCTH

'19CKOH OWtrOKU K82K,llOH 9KCIIepHM9HTanbHOH TO'IKH, rrpH'IeM OHa 5y.oeT TeM 

MeHbwe, '!eM 5onbwe sKcrrepHMeHTanbHbiX TO'IeK. PacqeT KOpH.oopa owa5oK rrpo-

15 /./6 I 
BO,llHnCSI IIO M9TOLIY pa5oT 1 

• C y'leTOM Bblill9CK838HHOI'O 9KCIIepiiM~HT8nb-

Hblil: pe3ynbT8T MO%HO 38IIHC8Tb B BH,lle 

1'.!19 saT 

sA 

a = ( A± s a ) ( 1± s .<\ )1 
ET T 

-wHpHH8 KOpH,llOpa OWH50K 1 

- KB8,llp8TH'IH8S! CHCT9M8TII'I9CK8SI OW H5Ka H3'viepeHHfi. 

YKa3aHHbte senu'IHHbi sA · H saT rrpe.o cTasneHbi s nocne.oHHX .osyx cTon6-

uax Ta5nHUhi I I. 

KaK BH,llHO H3 pHCYHKa 6, nonHbie ce'leHHS! peaKUHH T+T !.!OHOTOHHO B03-

pacTaiOT oT 10 M5H npH sHep!'HH 60 Kss .oo 82 M5H npH sHep!'HH 1140 Kss. 

Ha aTOM :»(e ·pHCYHKe npe.o.cTasneH pe3ynbTaT .[l2KepMH H AnneHa, H3MepeHHhifi 

npH sHeprHH 1,9 M ss. Vf3 pHcyHKa BH.OHO, 'ITO nony'leHHaSI HaMH KpHBaSI ce'le-

H HSI O.llH03Ha'IHO sKcTpano.nHpyeTcSI K sToMy pe3ynbTaTy. K aK yKa3hiBanocb J s HH

Tepsane 9Hep!'Hll: 40-2220 K ss · HMeiOTCS! . .oaHHbie no .OHcp¢epeHuHanbHbiM ce'leHHHM 

11 I · · · 
A!'H!O H LIP • npH nepec'leTe 9THX ,ll8HHbiX .OHcp¢epeHuHanbHbiX ce'leHHH B non-

Hbl9 lyMH02K9HH9M1 COrnaCHO peKOM9H.ll8UHSIM 8BTOpOB 0 H8 101 ixony'leHHhiA 

pe3ynbT8T npH SH9pi'HH 1 M9B 5y.oeT Ha 25-28% Bb!We ,ll8HHbiX H8CTOS!I.UeA pa-

5oTbi. 

l 
I 
1 
I 

I 
l 

1 

l 

l 



'--------------

L3 

1 a.OJI'YW/1 TI 

--··---- .------·- -------- --...,-·---·--·----.-------- --·· 
I10JIHOe lllvtp11Ha TioJIHoe Ounr6Ra ll!WpWH 

8Hepr11R ce4:eHne Omw6:Ra Ropw,n;o- 8Hepr~1R ceqeHvre wsMepe- ROpVI,Il; 
TpVITO-

X f021 vrsM:epe- pa omM- Llll TpMTO- · xi021 HWR pa ow 
ffOB HW.h C50R HOB . . 2~ C5oR 

I{SB -'!l . 2'1 Gr-x/027 R'aB n ll.G0 Ki0 llG,'XJ llGoxfO /:i. • 

, L1A 
0 

·-
6·0,6 10,4 2,0 0,800 519,5 '58,9 3,2 0,42 
60,8 11 '4 2~ 1 - 519,7 54,9 3,2 0,42 
94,1 18,0 2,8 - 521,0 60,3 3,5 0 d? ' ... .-...., 

94,3 17,0 2,7 0,645 521,4 62,6 3,6 0,42 
13:1,6 25,7 3~2 0,529 5~ 580,4 ()()' 1 .3,6 0,45 
149,4 28,1 3,0 - 5A7,c· 61,5 3,5 -
185,8 37,8 2,8 0, 4.'39 650,8 70,8 3,7 0,4-7 
18?,6 34,0 2,5 0,436 714 65,6 3,4 0,5 
276,0 46,4 .'3, 7 0,38 714,6 ?2' 1 3,8 0,5 
331,3 49,7 3,0 - 800,0 o9,9 . :3,5 0,54 
392,2 50,7 . 3,2 0,3R . 800,0 68,7 3,6 0,54 
392,3 54,1 3,5 0,38 944,0 77,0 4,0 0,59 
393,3 54,2 3,4 0,3'8 990,5 7() '7 4,1 -
457,5 55,0 3,3 0,40 11 ~9 '5 81,8 4,3 0,65 
457,7. 54,9 3,3 0,4 1139,7 85,1 4,3 0,65 

. 503,8 50,7 3,3 0,41 ____ .._. -
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T a 6 n H u a III 

NgN!? 
!III 

¢ H3H'IeCKaSI BeJIH'IHHa Ee o6o3-

.lia'!eH ue 

1. (3~ -c'IeT aKTHBHOCTH; Ha Be.[{ eH

HOil: B pacTBope K \fn 0 4 Heil:Tpolia

MH, T + T 

2, ,8- -c'IeT aKTHBHOCTH 1 ·HaBe.[{eH..., 

ll.uil: B pacTBope T{ ~fn 04 Heil:TpoHa-

MH Ra -a-· Be HCTO'IHHKa 

';{ 3ff 

N em 

3. M OlllHO CTb cTaHaapTHoro Ra-a-Be ,Q 
HCTO'IHHKa 

4. ToK rry'IKa c Maccoil: Tp• 

5. JJ. aBneHHe rasa B MHrueHH 

6. CpeaHSISI TeMrrepaTypa raao-

BOil: M Hill eHH 

7. K OHUeHTpaUHSI TpHTHSI B MHlll eHH 

s. K oHueHTpaunSI .[{eil:TepHSI B M HllleHH 

9. K OHUeHTpauHSI .[{ eil:TepHSI B rry'!Ke 

10. K oHueHTpauHSI TpHTHSI B rry'!Ke c 

Maccoil: TpH 

11. JJ. onSI He ftrpoHOB · peaKUHH T + T, 

aKTHBHpyiOlllHX MapraHeU B 

pacTBope 

12. 

13. 
Ra-a-Be 

peaKuHH T+ D 

.[{JISI Heil:TpOHOB 

HCTO'IHHKa 

14. 3c!lcPeKTHBHaSI .[{JIHHa ra30BOil: MH

rneHH 

15. C etieHHe peaKUHH T + D 

16. 3HeprHSI HOHOB TpHTHSI B ueHTpe 

ra30BOil: MHlllE!HH Et 

p 

a1 

a 
2 

a3 

a4 

(31 

(32 

(33 

ra , 
a 
T+d 

rt 

Ornu6Ku 

8TOil: 

BeJIH'IHHbl 

1,5% 

1% 

! 2,5% 

:!: 0,5% 

+ 1% 

+ 0,5% 

+ 3% 

~ 7% 

~·7% 

:!: 0,5% 

+ 2% 

-: 0,2% 

-: 0,2% 

! 2,0% 

+ 5% -
-1% npu 

10% npH 

npHMe'IaHHe 

BenH'IHHa, M eHSiro

lllaSICSI OT H3Me

p9HHSI K H3Mepe

HHIO 

3aBHCHT OT ycno-

BHil: O!IbiTa 

- II -

Er"' 1000 KaB 

E "' T 60 KaB 

nony'IeHHbie peaynbTaTbi IIO IIOJIHbiM ce'!eHHSlM peaKUHH T + T HHTepecno 

3 3 17 I 
COIIOCTaBHTh c ce'IeHHeM peaKUHH He + He • nony'!eHHbiM ryaoM II ap. • 

\ 
I 
I 

l 
I 
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n pOBe.oeHHe aHanH38 o5ner'IeHO TeM, 'ITO HSMepeHHe Ce'IeHJiti peaKUJiti lipOBe.oe-

HO B llHTepBane 9Heprnti 100-1000 KaB, r.oe B38JIMO.Oeil:CTBJie B OCHOBHOM 

ocyruecTB'nsteTCSI B S COCTOSIHH H /coc TOSIHRe 1 S
0 

, RSOTOliJI'I eCKHil: CliJIH 

i = 1/, npn npoBe.oeHHJI aHannsa Heo5XO.ORMO Y'IUTbiB8Tb K8K KynOHOBCKHe, 

TaK n st.oepHbie cnnbi, B 'IaCTHOM cny'Iae BsanMo.oeficTBHSI B . S COCTOSIHJIJI 

MOmHO JICUOnb30B8Tb BblpameHne .OnSI Ce'IeHJISI peaKUHH, B KOTOpOM o5a B38JIMO

.oeil:CTBJISI 5y.oyT pas.oeneHbi, B paMKax rnnoTesbi nsoTonn'IecKoil: nHBapnaHTHoc-

TJI napaMeTp B38HMO,lleil:cTBJISI, 38BHCSIIUJiil: OT SI,llepHbiX CHn, .Onst B38RMO.Oefi-

CTBJiil: B COCTOSIHJIH C O.OHJIM H TeM me ll30TOUH'IeCKHM CliHHOM1 5y.oeT O.OHHM H 

TeM me. Tor.oaJ onpe.oennB aToT napaM eTp Ha ocHoBaHHH aKcnepnM eHTanhHbiX 

.08HHbJX O.OHOil: peaKUllll)MOmHO onpe.oenHTb Ce'IeHHe .opyroil: peaKUHH B 9TOM 

me nsoTonn'IeCKOM cocTOSIHHH, /H anpnMep, c e'IeHne peaKunn He
3 

+ T a coc-

• 
TOSIHllll 'So C HSOTOliH'IeCKHM CUHHOM I = 1/, 

B npe.ononomeHHH, 'ITO o5pasoBaHife npo.oyKTOB peaKunn 
( 

3 . '3 
T + T, He +He 

B 9TOM. JIHTepBane 9Heprilil: ocyruecTBnsteTCSI 'Iepes COOTBeTCTBYJOIUHe COCT8BHb!E' 

6 . 6 
st.opa He n Be , .onst oueHKH napaMeTpa, saBncstruero oT st.oepHbiX cnn, Mom-

, /8/ 
HO BOCUOnb30B8TbCSI HSBeCTHbiM BbipameHJieM .onst Ce'IeHHSI peaKUllll Bll.ll8 : 

a = G 4~r S~ lm fa (l) 
K_,[(llef-.!l)_,+ (Imf-S) _, 

• 0 0 

r.oe G 

fo 

CTaTHCTH'IeCKHil: cP8KTOp 1 

norapllcPMH'IeCK8SI npOH3BO.llH8SI BOnHOBOil: cPYHKUllll Ha 

rpannue st.opa; 

r.oe 

Im fo , lle fo 

So , ho 

MHHM8SI ll B81U8CTB8HH8SI 'I8CTH fo· 
I 

H8KOTOpb!8 COOTHOWSHHSI, BbipamaiOIUHSCSI 'Iepes Kyno

·HOBCKHS cPYHKUHH 

dG · dF R ( G E-- F __iS_) -R s .. 0 dr . e dr r-
0 

R ( G 0 dr .Q. + F~ --=-tr- ) r=R 

G _, + F2 G _, + F _, 
0 0 0 0 

KynOHOBCKH8 cPYHKUHH, Ta5ynnpOB8Hii~8 B Ta6nnuax 

R -pa.onyc KaHana, 
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B KaqecTBe paauyca KaHana HaMH npHHRTa cyMMa paauycoB Raep TpHTHR 

3 una He, rae paauyc Rapa onpeaeneH no paaHocTH.aHeprHH cBR3H aepKanh-
3 

HbiX gaep He + T. 

B HanucaHHofi clJopMyne ceqeHae peaKuHH Bbtpa:lKaeTcR qepea aBa .napa-

MeTpa lm fo· H Re fo • .OnR Toro, qToObi ·Ha ocHoBaHHH· aKcnepHMeHTanh-

HbiX aaHHbiX ceqeHHR HaHTH HHTepecyiOIUYIO HaC aHepreTHqecKyiO 3aBHCHMOCTh 

lm fo , aeo6xoauMo BBecTR aeKoTOpbte npR6nii:lKeHRR •. HaMH 6btno pac-

CMOTpeHO TpH Ba pHaHTa npHOnR:lKeHHHo B nepBOM H3 HHX npeanonaranOCh, qTo 

Re fo H lm fo He 3 aBKCRT OT aHeprHH H RBnRIOTCR KOHCTaHTaM Ho K aK noKa-

a an pacqeT, npoBeaeHHhtfi no Me Toay aauMeHhrunx KBaapaToB, B TaKOM npea

nono:lKeHHH aaepreTRqecKHfi xoa ceqeaHR onucaTh aenhaR. Bo-BTopoM cnyqae 

npeanonaranoch, qTo Ref = 0 o 3To npHBOaHT K TOMy, qTo 

a = " 50 lm {0 

K 2 [ CV + Om £ . - S ) 2 1 
0 0 0 

(2) 

PacquTaHHbte no aToll: clJopMyne aaaqeHHR lm f 0 anR ,peaKUHH T + T 

npeacTanneHbi B Ta6nuue l V. K aK BKaHo aa Ta6nHUbi, aaaqeaug Benuqrm 

~0 H S0 <<I Im £0 I • Toraa ~enuqaaaMu ~0 H S 0 B clJopMyne /2/ 

MO:lKHO npeae6peqh, n ceqeaHe peaKuHH Mo:lKeT ObiTh npeacTaBneao B BHae 

a=-· " Sa 1 
K2 lm £

0 
QqeBHaHO, 'ITO yKa3aHHOe COOTHOIUeHHe 6yae1' cnpaBeanHBO H B cnyqae, Koraa 

Re tf· 0 , ecnH TOnhKO Bbmonaeao ycnoBHe I lm £ 1.>::> IRe f I· 

. B TpeTheM np.eanono:lK eHHH paceM oTpeH cnyqafi, Koraa I Re fo 1.,1 lm fol• 
HanpnM·ep, B cnyqae, Kor.n:a. I Re fo I ;, I lm f. I Im fo yMeahwaeT-

cR no·. cpaBHeHitiO co cnyttaeM,. Kora a Re fo = 0; · npH·Mepao· B. aBa paaa II,, ae-

. . S
0 

<<:lim £
0 
I· 5y ayT BbrnonHRThcsr •• CMOTpR Ha 8TO ycnOBHe, 6. 

0 

Toraa, npeue6perasr BenHqHaaMH 

u=-· .. i 

H. 

A 
0 

H ·so B <!JopM)rne /1/, rronyqiiM 

Im fQ " so' 
I r 1 2 l(2 

0 

TaKHM o5paaoM, npu ni060M cooTaorueHHH Me:lKay lm £0 H · Re f 0 IKpoMe 

Re f0 >>'lm f 0 IB Bbipa:lKeHHe anR ceqeaHSI BxoaHT oaHH napa MeTp, aaBucsr-
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Enao (1138) 
G T+T 1021-
a~cn X 

T+T 

Go He3+T 
=; H a -' e+He 

T+T 
I 
' Fa 3 

He+T 
·' 

3 3 
He+He 

j T+T 

So Hl+T 

!;!; ~ 

{)> g ~-
I 

Hl'+H; 
) 

T+T 
L\o Hi+T 

3 .3 
He+He 

T+T 
Imf 3 3 

He+ He 

·o,2 0,3 

30,6 47,0 
·--· 

1 '8258 1,4925 

5,0689 2,9858 

76' 3029 

0,1589 0,249 

0,0414 0,0914 

0,00195 

0,130 0,2::326 

0,01699 0,0599 

0,000075 . 

-0,3058 -0,2424 

-1 '1595 

15,397 14,300 

120,56 

----------

{191({) JCp. 
TAEJH1UA lY" 

5, 1 4 • 1 0-13 CM 

0,4 0,5 0,6 0,7 0,8 0,9 1 '0 ---r-· 
53,9 59,4 63,6 67,6 71 ,o 74,5 77,7 

---· -
1 '3200 1,2192 1,1375 1 '0747 . 1 '0179 0,9656 0,9196 

2,2429 1 '8891 1 ,6652 1,5211 1 ,4200 1 , :3332 1 ,2612 

10,2927 4,6199 3,0292 2,3801 

0,330 0,4007 0,4653 0,5228 0,5742 0,6221 0,6656 

o, 1483 0,?057 0,2630 0,3191 0,3714 0,423 0,4713 --.1 

o, 02154" o, 06307 0' 1191 o, 1 '(98 

0, 3331 0,4192 0,5007 0,5719 0,6394 0,'?021 o, 7577 

0, 12'23 0,1912 0,2661 0,3382 0,4049 0,4735 0,5320 

0,00583 0,03543 0,00499 0,1705 

-0,2024 -0,1766 -0,1534 -0,1351 -0,1256 . . -0,1123 -0, oggg 

-1,0544 -0,9100 -0,7804 -0,6699 

13,286 12,077 11, 173 10,235 9,4943 8, 7607 8,1009 

90,54 67,9 51,28 41 t 13 37,12 i 

- -
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WH!l: OT g,aepHb!X CHn, IIpH'leM ::mepreTH'leCKaSI 3aBHCHMOCTb 9TOI'O IIapaMeTpa 

.anSI o60HX IlpH6nH:>KeHHli HMeeT O,UHH H TOT :>Ke BH.U 

l Im fo_ ecnH l Re f I "" l Im f 1. 
0 0 

' Ref = 0 H ecnH 
I £o I z. Im £

0 

Cny'lali I Re f [ » I lm f I 
0 0 

HaMH He paCCMOTpeH, IIOCKOnbKY IIO.U06Hoe COOT-

HOl!leHHe, IIO-BH.UHMOMy, He HMeeT MecTa, .[lng yTBep:>K,aeHHSI aTOll: TO'IKH 3pe-

HHSI HaMH 6bJIIH paCCM~TpeHbl COOTHOWeHHSI Me:>K,ay Jm fo H Jle fo B 

.a Byx npe.aen&HbiX cny'laSJx - Mo.a enH cim&Horo rrornoweHHSI H rronyrrpospa'IHO!l: 

MO,aenH S!,apa. B rrepBOM cny'lae, KOI'.Qa BOnHOBaSI tPYHKUHSI rra.aaiOWel!: 'laCTHUbl 
-+ -+ 

B g,ape co.aep:>KHT TOnbKO CXO.US!WYIOCSI BOnHy TH·.la 
p lk t 
.. ' O'leBH.UHO I fte f =0. 

Bo BTopoM rrpe.aen&HOM cny'lae oueHKa, npoBe.aeHHaSI no ynpoweHHol!: orrTH'lec-

Kol!: Mo.aenu /.anSI E -1 MaB/, rroKasana, 'ITO llefo .. Rlmfo IT.e. ycno-

BHSI [lle .fa l >>I lm fo I HeT I. npH pac'leTe HCnonb30BancSI IIOTeHuHan 

V (2) =- V ( l + i~ )' rrpH r < R H V (2) = Zz Z 2 e 
2 

rrpu r > R. 
o r 

rny6uHa 'rroTeHuuana Y0 6bma cornacoBaHa c ¢asoll: pacceSJHHSI T + T 
/10 I 

/cornaCHO pa6oTe ¢paHKa H raMMenSJ . <!Jasa paBHa -ka, r.ae 
-13 

a = - 2,35.10 eM/ B npe.anono:>KeHHH, 'ITO ~=I) • Ha puc. 7 rrpe.a-

cTaBneH rpa¢uK saBHCHMOCTH I>n fo lunu, 'ITO To :>Ke caMoe 1 I 
I fo 12 6 6 Im f o 

oT aHeprHH Bos6y:>K.aeHHSI cocTaBHOt'O SJ.apa He H Be /oTc'lHTbiBaeMoro oT 
• 

OCHOBHOI'O COCTOSIHHSI C H30TOIIH'leCKHM !":IIHHOM J = 1/, K aK BH,UHO H3 pHCyH-

Ka, KpHBaSJ t£fj
2 

=f(E Bos6) .anSI peaKUHH T + T .aoBon&HO y.aoBneTBo-
o . 3 3 

puTen&HO cwuBaeTcSJ c KpHBOl!: .anSI peaKUHH He + He rrpu pa.auyce KaHana 
-13 . 

5,14 • 10 eM. Ha aTOM :>K-e pucyHKe B uenSJx cpaBHeHHSI rrpuBe .aeHbi aTH :>Ke 

KpHBbie .anSI .apyrux pa.aHycoB KaHana. 

~3 9THX .KpHBbJX 

lm fo . . 
BH,UHOt 'ITO XapaKTep aHepreTH'leCKOl!: 3aBHCHMOCTH 

peaKUHli H~ O'leHb CHnbHO SaBHCHT OT Bhl6opa pa.auyca I f j2 . anSI o 6oux 

KaHan:. npH paCCMOTpeHHH rpa<lJHKa o6pawaeT Ha ce6SI BHHMaHHe HanHtlHe CHn&-
. lm £

0 
·. · . . 

HOi!: 3aBHCiiMOCTH. .,. f l.i OT 9Hep!'HH B0~6y:>K,aeHHSI 0 'ITO caMO no c'e6e gBIISI-
0 . 

eTCSI CTpaHHbiM • B CTOnb ManOM HHTepBane H3MeHeHHli aHeprHH B036y:>K,ae-

HHSI npoMe:>KyTo'!Horo S!,apa /Bcero 1,5 MaB/ TaKoro usMeHeHHSI _ Im 
1
o ,no-

. . I r l2 
BH,UHMOMY, 6b!Tb He .aon:>KHO, 3TOT pesyn&TaT CTaBHT no.a COMHeHHe 0npaBHn&-

HOCTb HCIIOnb30BaHHSJ. KOHuenuHH npoMe:>KyTO'lHOI'O SI,apa ,anSI onucaHHSI 9THX 

peaKuul!:;. Bec&Ma BepoS!THo, 'ITO B.aanu oT pesoHaHca Mo:>KeT · 6hiTb cywecTBeH

HbiM BKna.a OT npS!MbiX npoueccoB BsauMo.ael!:cTBHSI. OueHKa ponu aTHX rrpouec-

coB Tpe6yeT .aononHHTenbHO TeOpeTH'leCKOI'O paCCMOTpeHHSI, 
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B saKmoqenne aBTopbi npnnocstT CBoro rny6oKyro 6naro.napHOCTh ¢.Ll. Wa

nnpo Sa 110CTOSIHHblfi HHTepec K HaCTOstll.{eit pa6oTe H U9HHbl9 COB9Tbl
1 

a TaKX<EI 

B.H. Ec!:>HMOBY H Usen Hali-ryH sa noMomh npn o6cyX<.neHHH nonyqeHHbiX pe-

synbTa TOB, 

1.. ~.\f.Aqnew, W.T.Leland, H.V.Argo, R. W.Grews, A.H.Hemmendinger, W.E.Scott and Taschek 

Phys. llev. 84, 862 (1951). 

. . 
2. N.Jarmie and C.~Ilen, Phys.Rev. N 111, N 4 , 1121-1108 (1958). 

3. A .C". r aneeB, A.M. ro·BopoB, r ,M. OceTH HCKHli, A .H. p aKHB!19HKO, 
1/f,B, CnsoB, B.C. CnKcnn. .H llepHhie peaKu~n na nerKnx Sillpax. 
AToMH3llaT,.1957 r,· 

4, nn ra En, r.M. OceTHHCKHfi, H. COllHOM, A.M. roBopoB, Vf.B •. CnsoB, 
B.I-1. CanauKHli, 

1. )K;::)T¢, TOM, 39, Bbl11, 2 /8/ 1960 r. CTp, 225, 

2. f1penpHHT 01/f.HI-1 P-426,) 959 r. · 

5. H.n. KnenHKOB, C.H. CoKonoB, npenpHHT 01/f.HI-1, 1958 r. 

6. E.n. Ban .LJ.ep-Bapllen. MaTeMaTnqecKast cTaTHCTHKa, I-11/fn, MocKBa, 1960 r. 

7. W.\f.Gud, W.E.Kunz and C.D.I\1oak, ·Ph.ys. Rev. 96, 87 (1954). 

8. Ll. EnaTT n B. BalicKoncP. TeopeTnqecKaSI Sillepnast cfJH3HKa, 1954 r. VIVIn. 

9, I • JJloch, \UI.Hull, A.A.Broskes, W.G.Bouricius, B.E.Freeman and G. Breit, Rev. \fod.Phys. Vol 23, 

147 (1951). 

10. R.\f.Frank and J.F.Gammel, Phys.Rev. 100, 973 (1955). 
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KaHan u3HepeHuil cny•wiJ.HbtX co6naiJeHui1. 

Puc i. E5noK~cxeMa U3MepeHuil n-d. cofmaiJeHutl u rpoHa cnyliat1Hbi.X co6nadeHw1. 
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"1 + 1 nnh>IDad [JnHahaJ XJqHVDU 

tJnHadaNtn /j/J(] n>~gDHDW-:Jn gng vnmgo _y·Jnd 

uanwndw _j linHiJHVOIJDH a>tgDHDWJfi )I ~===<l 
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