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A H H o T a u H H 

C uenb!O axxyp8THOli OUeHKH MaCChi Hei\TpanbHOli qaCTHUbl, HCnycxaeMOlt B pe8KUHH 
, 3 

11- + lie ... H + 11 

3KCnepHMeH'I;'anbHO ycTaHOBneHO COOTHOWeHHe npo6er-9 He prHH .OnH H.Opa TpHTIIH B r enHH 

B HHTepsane s HeprHll 0,2-3,0 Mss • .llnH s Toro 6binH HSMepeHbi npo6erlf TpRTf!H npH paa

nfi'<HbiX s HepriiHX B pH.oe peaKUHll, nay'<eHHbiX c noMOLUb!O .ORcpcpyaROIIHOll KaMepbi, a TaK>Ke 

HCnOnb30B 8 Hbl :3KCne pHMeHT8nbHbie Ll8HHbte 0 flOTepSIX :3HeprHH llpH npOX0)f(Ll9HHH npOTOHOB 

s renHH. 

nonHOe "'HCnO Ha6nJO.OaBWHXCH c nyqaeB HCCne.oyeMOl! peaKUf!H COC TaBnSinO- 200 C06bi

THl!. 3To noasonnno nony'<HTb npo6er, a 3 H8'<HT H 3 HeprHJO TpHTHH B .oaHHOll peaxunH c 

xopowell TO"'HOCTbJO . 3HaH 3He prK JO TPHTHH H Macchi scex aapH>KeHHbiX '!aCTHU, y'lacTBYJO

wnx B peaKUHH, MO>KHO Hal!TH Macey Hel!TpMbHOli '!aCTf!Ubl. 0Ha OK83an acb paBHOit 

+2 2 
m

11 
• 6_

6 
Mss/c • 

Abstract 

To acc urate ly evaluate the mass of the neutral particle emitted in the reaction 

11-+ He 
3 

... H 
3 

+ 11 

th e range-energy relation for 0.2 + 3.0 MeV tritons moving through helium has been obtained experimentally. 

For this purpose triton ranges corresponding to different energies for a series of reactions whi ch had been 

studied in the diffusion cloud chamber, have been measured. Experimental data on tl1e energy loss of protons, 

passing through helium, have been also used. 

The total number of o bserved events of the reactions in question was about 200. ·This pennitted us to ob

tain the range and thus th e triton energy with good accuracy. The meas ured value o f triton energy and the 

well-known masses of all charged particles in the above reaction pennitted us to derive the neutral particle 

mass. It tum ed out to be 
m = 6 + 

2
MeV/c 
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I. B HaweM coo6meHHH o Ha6moaeHHH peaKUHH 

+ He 3 
.... H 

3 
+ v 

o6cy>Kaanc!l sonpoc o Macce HeliTpanbHOi! qacTHUhi, HcnycKaeMoll s npouecce 

(I) 

/I/ 
ll -aaxsaTa • 

.[lnSI OUeHKH MaCChi 6bma HCIIOnb30BaHa H3MepeHHaSI senHqHH8 npo6era !lapa OTaaqH - TpH-

THSI H 9KCnepHM8HT8nbHhl8 .U8HHbl9 0 OOTepHX SJHeprHH OpH npOXO)f(D,8HHH npOTOHOB B renHH 1 

H3BBCTHhie s o6nacTH 3HeprHll OT 20 ao 600 K3s
121

• BbiBoa aaKmoqancSI s TOM, qTo HaM 

He y aanoc b Ha6moaaTb KoHeqHyiO Macey, a MacwTa6 HeonpeaeneHHOCTH s senHqlfHe Mac

Chi COCTaBn!ln OKono 8 M3slc
2

. nocneaHSISI oueHKa He yqHTbiBana TpyaHo aHanHaHpyeMyiO 

HeonpeaeneHHOCTb a6coniOTH3auHH cooTHoweHHSI npo6er-3HeprHSI, Tpy aHOCTH a6coniOTH3aUHH 

CBSI3aHbl 0 so-nepBbiX, C 3KCTp8110nSIUHeli B Hynb IIOTepb 3HeprHH 11pH 11pOXO>KaeHHH qacTHUbl qepe3 

B9lU8CTBO H 1 BO-BTOpbiX, C yt~eTOM paanH'IHbiX CHCT9M8THtt8CKHX norpeWHOCTeA, B03HHKSIO-

!UHX npH H3MepeHHH npo6era. 

HacTO!IlllaSI aaMeTKa nocB!IlllGHa yToqHeHHIO cooTHOWeHHSI npo6er-3HeprHSI anSI TPHTHSI 

B renHH, C 3TOli uenbiO 6b!nJI H3MepeHbl 11p06erH TpHTHSI npH paanHqHblX 3Hep!'HSIX B cneay

IO!UHX pB8KUHSIX 0 HayqeHHb!X C IIOMOUlblO aH<J><J>yaHOHHOli KaMepbi: 

" 
(2) 

" + lle
3 (3) 

n + lle
3 ll3 + p • (4) 

PeaKUHH ( 2) H ( 3) npeacTaBnSIIOT 'co6oll aaxsaT !lapaMH /le 3 ocTaHasnHsaiOUlHXC!I rr -Meao

uoe, a peaKUH!I (4) - aaxsaT TennosbiX Hei!TpOHOB. B peaKUHH (4) HaMep!lnC!I cyMMapHbill 

11po6er TpHTH!I H 11pOTOH8, nonyqeuHb!e peaynbTaTbl BMeCTe C HOBblM 6onee TOqHblM 3KCne

pHMeHT8nbHblM auaqeHHeM npo6e!'a TPHTH!I H3 peaKuHH (I) npHMeHeHw an!l oueHKH MaCChi 

Hei!TpanbHOi! qacTHUhi, HceycKaeMoll npH ll -aaxsaTe • .[ln!l onpeaeneHH!I cpeaHero auaqe

HH!I npo6era TpHTH!I B peaKUHH (I) 6bin HCI10nb30B8H BBCb HMBIO!UHi!C!I MBTBpHan, qTo co

CTBBn!lnO OKOnO 200 C06biTHii/
3/, 

no COBpBMBHHblM 11peaCT8BnBHH!IM HBliTpanbH8!1 qaCTHUa, HCI1yCK8BM 8!1 npH ll -aax-

B8T8 1 HBII518TCH MIOOHHbiM HeATpHHO, 8 e~ M3CC8 CTpOrO p8BH8 Hynto. /lylJWHe 3KCnepHMeH-

T81IbH bi8 OU8HKH sepXHeA rpaHHUbl M8CCbl MIOOHHOrO HeATpHHO, nOilytteHHbi8 H3 8H81IH38 

tr -,.,- H l.l- e -pacna!lOB, COCTBBn!IIOT OKOnO 3 M3s/c
2 /

4
/. npouecc ll - aaxsaTa 

H3 - 38 60nbWOi! BhiaBn!IIOUlBi!C!I 3HBpl'<1H MBHBB y ao6eH anSI OUBHKH MaCChi HB I!TpHHO, 0aH8KO 
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6naronplHITHble B03MO)I{HOCTH a6COniOTH OrO H3MepeHHll 9 HeprHH TpHTHll B peBKUHH ( l ) nBJOT 

OCHOB8HHe H8.0.8RTbCR H8 nonyqeHHe pe3yllbT8T8, no T01.fHOCTH He H8MH0f'O ycTyn8IOW8f'O 

11M eiOl..I..lHMC5I OU8HK8M 4 0TM9THM TllK>Ke, l.{TQ OU8HK8 M8CCbl HeATp8 11 bHOA l.l8CTH:UbJ, HCrTYCKae-

MOl! npH fl - aaXBBTe , COXp8Hl!eT <!JeHOMeHOnOrH'IeCKHl! Hf!Tepec, IIOCKOnbKY np!!Mb!e :E>KCnepR-

M8HT81TbHbl8 Ll8H Hb18 H8 3 T OT Ctt8 T OTC YTCTByJOT. 

2. flpo6er 38p!!)l{eHH Oi! '18CTHUbl o npenen>!nCll KBK p 8CCTOliHH e B MrfcM
2 

Me)l{ny To'I

KOi! B38HMOneiiCTB H II II TO'IKOi! , rne '18CTHU8 npexpawaeT HOH H3 HpOB8Tb BTOMbl cpenbl. 06e 

T O'IKH ByanHpy!OTCll CBMIIM TpeKOM, I!Me!OlllHM B cpenHeM WHpiiHY 0,5 MM. EcnR ll8'18nbH811 

T0l.{K8 Onpe.U81TSI9 TCS1 Cp8BHHT81TbHO IT8 f'KO , T O .UITR H8X O>K.ll8 HHSI M8TO.ll8 o npen.eneHH5I KOHeq-

HOl! TO'IKH npo6era noTpe6oBanHCb nononHHTenbHbie nccnenoBaHHll. flpe)l{ne Bcero 6b.na 

Bb!liCHeHa C8ll3b Me)l{ny WHpHHOl! TpeK a S H p acnpOCTpaHeHHeM IIO'IepHeHHll :r B KOITOH-

K8 HOHOB no H8llp8BIT8HHfO llBH>K8HHH "18CTRUbi . 0K8381TOCb , 1.JT O B..O.Onb Tp8K8 11048pH8HH8 

pacnpOCTp8HSJ8TCSJ M8HbW8 1 ti8M no WHpHH8 cneaa, 8 HM9HH O X :.Q,4 S • 3TO T p83YilbT8T 

6b!n nonyqeH nyTeM H3 MepeHHl! CnyqaeB ynpyroro paCCeliHRll p e nl!THBHCTCKHX '18CTRU H8 

llnpax r e nHll C '! e TKO BHnHMb!MII cnenBMH llnep OTnB'IH. 3aTeM He06xonHMO 6b!n0 y CTBHO-

BHTb 38B HCKMOCTb U1H pHH bi TpeKa O T H O HH38UHH 1 npOH3BOJJ.HMOA "18CTHU8 A , flOCKOITbKY IIOCITB.ll

Hidi 0Tp830K npo6er a TpHTHH, H8 KOTOpOM HOHH38UH51 YM€Hbll189TC51 OT B911lf"'HHbl, COOTBeT-

CTBY!Olllei! M8KCHManbHOH lllllpHHe Cnena, no Hynll, COH3M epHM C W HpHH Ol! TpeKa . L\nll pe

W9HH51 3 T OH 38.ll8"1H 6bJJ1H HCfi011b30B8Hbi Tp9KH OCT8H8BJ1 HB810UlHXCSl B K8Mepe M930HOB, y 

KOTOpb!X B IIH"CepeCyJOUlel! H8C 06IT8CTH H OHH38UH OHHbiX IIOT e pb XOpOWO 38MeTH O 11 3MeHe HH e 

WHpi!Hbl , T8K K8K B cny'!ae Me30HOB 9T8 o6naCTb C OO TBeTCTByeT 60nbWOMY 0Tpe3Ky npo6e

ra OT HeKOTOpOl! TO'IKH H8 TpeKe Me30H8 no OCTBHOBKH. VfaMepeHHll npo6erOB H WHpHHbl 

c nenoa npoRaBonnnHCb Ha p enpoexTope R MHKpocxone YVIM-2 1. V!TorOB b!e peaynbTBTbl 

.lli1Sl B911H \fH: H bl llOI1p8BKH 1 KOTOpyJO cne.ayeT Bbi "l9CTb H3 fl011HQA, .0.11HHbl Tp9K8 1 t{T06bl nony-

'IHTb rrpaBHnbHOe a Ha~euue npo6era, npencTaBneHbl Ha p11c . l . fl o npaBxa Bblpa)l{eHa B enn-

HHU8X WHpHHhi s
0

J OTB91.f810Ul9A M8KCHM811bHOA, H OHR38UHH . KaK BH.O.HO H3 pHCYHKB , nonpaa

K8 38BHCHT OT M8CCbl \f 8C T HUbl H OT pa6ottero .ll8BJ19H H R B K8M9pe . 

Te~nepaTypl!aSI nonpaBKa BBonunacb Ha ocHoBe H3MepeHHoro TeM n epa T ypHoro pacnpe

neneHHll B 'IYBCTBHTenbHOM cnoe xaMepbl. TeMnepaTypHoe p acn p e neneHHe H3Mepllnoch TepMo-

n a p8MH npH 38fl011H9 H HH KBM e pbl BO.O.OpO.llOM, KOTOpbtJi 611H30K no CBOHM T9pMO.O.HH8MH1.J.e

C KHM xapax-repHCTHKBM K renHJ0-3 . fl ocn enHee o6c TOl!T e nbCTB O , paBH O KBK " plln npyrnx 

npHttH:H , H8np HM9p, Tpy .U H OC T b O tt 9 Hb TOttHOrO R3M 9 p9HHH .U8BJ19HH51, COXp8HSliOT H9KOTOpyJO 

HeonpeneneH!IOCTb B oueHI<e a6conJOTHOl! TO'IHOCTH H3MepeHHll npo6ero B . Lln!! HBWHX ueneii 

0 1.J 9 Hb CYlll9CTB9HHbiM 6btl10 HCKI110'l.J9HH9 CHCT9M8TH1.J9CKHX OWH60K 1 B03MO>KHbiX npH HCfi 0 11b-

30B8HHH axcnepn:MeHT811bHoro MBTepHana , nony 'leHHoro a paaH biX ycnoBHHX . C10.aa OTHOCHT

cs:~ yqeT yCB.llKH fli19HK1f, H.Q e HTU1.JHOCTb H3M9pHT911bHbl X npH60pOB H T • .ll . 

flpo6er -rp HT H ll a peaKUH R (2) " cyMMBpHstA npo 6er npoTo Ha H TpHTHll B peaxuHH 

(4) R3MepllnRCb npH naBneHHII B K 8Mepe 6,5 8TM . npo6er TPHTHll B peaKUHH ( l ) 113Mepl!n -
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onpHHTHbie 8D3MO>KHOCTH a6comoTHOI"'o H3MepeHRH :;>Hepr' RH T pHTifH 8 peaKURH ( I ) aaiOT 

aHue na.neSITbcst na nonyqeHu:e peaynbTaTa, no TOt.IHOCTH He HBMHoro ycTynaiOwero 

lUHMCH OU9HK8M. 0TM9THM TBK>Ke, 1.fTO OU9HK8 M8CCbl HeA T panbHOJl \l8CTHUbi, HCnyCKae-

npH 1J. - aax8aTe , COXpaHHBT tPBHOMBHOTIOI"'li'I BCKHJ! RI!Tepec, IlOCKOTibKY 11p!!Mbl9 3 KCI19pR-

BnhHbJ€ Jl8HHb19 HB 9TOT Cll9 T OTC Y TCTByJOT. 

2 . npooe!"' sap!!:>KBHHOii '! aCTH Ubl OllpB!lBTIHTICH KaK paCCTOHHHe 8 Mr'/cM 2 MB>K!l y T o 'l

l3aHMO!lei!cTBRSI I! TO'IKOi!, r'!le '! aCTHUa npeKpatuaeT ROHK3Hp08aTb aTOMbl C p B!lbi , Ooe 

8yanHpyiOTCH CaMHM TpBKOM , HMBIOLUHM 8 C p e!lHBM W H p HHy 0, 5 MM , EcnR Ha'! a Ti b HB!! 

onpe.aenSieTCSI Cp8BHHTenbHO nerK0 1 TO .lln H H8XO>KD.9HHH M9T 0.08 onpeaeneHHH KOHeq

'O'IKII npooe!"'a 110Tpe6o88TIHCb !lOilOTI HHTenbHbie HCCTIB!l08BHHII , npe>«ae 8Cer'o ObiilB 

leHa C8113b MB>K!ly WHpHHOJ! TpB K 8 S H p ac npoC T p 8 HBHHBM IlO'Iep HeHRH X 8 KOTI OH

•HOB no HanpaaneHHJO n.DH>KeHHSI 1.fBC T HUbi . 0Kaaanocb, 1.fTO an.onb TpeKa nottepHeHHe 

OCTp8HSI9 T CH M9HbW9 , 'i9M flO WH pH H9 Cn en.a , 8 HM9HH O X =-0,4 S • 3TOT p eayn b T 8 T 

EOTiy 'l e H n y T e M H3 M e p eHRJ! C TI Y 'I8e 8 ynpyr'O r' O p aCCBH HH!! p e nHTH8 HCTC K HX '!aC THU HB 

r' BTIHH C 'IBTKO 8 H!lHM bi MH C TI B!lBM H SI !lep OT !la'IH. 3a T eM HBOO X O!l HMO 6biTI O Y C T 8 Ho -

38BHCHMOCTb WHpHHbl T p9K8 O T H OHH38UHH 1 npOH 3 B O.QH M O tl: tt8CTHUe J:t, TIOCKOn hKY IT OC ne.n

rpe30K npo6er a TpHTH H, H8 KO T OpOM HOHH38UH SI JM9Hhill88TCR OT senlftHIHbi, COOTBeT

LUei! MBKCHM8TibHOi! WHpHHe cneaa, !lO HynH, COH3MepHM C WllpHHOJ! TpeKa, lln11 pe-

I 9 T OJl 38.ll.8t{ H 6bin H HC IT Onb.30B8Hbi TpeKI! 0C T 8H8 Bn K B8JOlU HXC R B K8Mepe Me30H OB , y 

'liX B HH ~.~.·e p ecyJOLUeA H8C 06n 8CTH H OH H"38UH OHHbiX IT OTepb X OpOW O 38MeTH O H3MeHeH He 

b l, TaK K8 K B cny '! ae MB30H OB 3 T 8 o6n aCTb COO T BB T C TBy eT 6onbtuO MY 0Tp93 Ky npo6e

HBKOTOpo J! TO'IKH HB Tpe K e M93 0 H8 !lO OC TaH08KH, Yf3 M9p9HHH n p o69r' OB H W HpHHbl 

3 n p o R3 8 D!lHnHcb H a p enpoe KTo p e H MHKpo cKo n e YYIM-21. l1To r'oBbi e p e3ynbTa T bi 

~ flH\f H H bl ITOI1 p 8BKH 1 K OT Opy ro c ne.a.y eT B b ltfeCTb H3 IT OnH O A .ll.nHH bl Tpe K 8
1 

tfT0 6 bi rr ony

·p aBRTibH OB 3 H a 'I B HH e n p o6e !"'a , npeac T 88TI BH b l H a puc . I. n on p 8 BK 8 Bblp8>KBH 8 8 eaR

WHpHHhl s 0 , OT8 9 '1 8IOtue J! MBKCHM a Ti b H Ol! HOHH38UHH, K a K 8H!lH O H3 pH C Y H KB , n o npa e

HCHT O T M 8CCbi '18C THU bl H OT p 860 'I 9 1"'0 !l88TIBHHII 8 KBM e pe, 

·e~nepaTypH8SI n on p a8K8 B B O!lHTiaCb Ha OCHoBe H3 M e p e HH OI"' O TeMne p a TypH OI"'O p acnpe -

ESI a qyec T8 l!Te nbHo M cnoe K a M e p bi, T e Mne p a TypHoe p a cnpe aeneHHe H3 M e pHnocb T e pMo

npH 3an onHeHH H K aMep b l 80!lOpO!lOM , KO T Op bi JI 6 TIH30K n o C80 H M T BpMD!l HH 8 M l! '!e -

8p8K T9pHCTHK8M K r'BTIHI0 - 3 . nocneaRee o6CTOHTBTibC T BO , p88H O K aK " P Hil !l P Y I"' HX 

, H80pHM ep , Tpy.OHOCTb Ol..J:e H b T O tf HOr O H3Mep eHHH .0.8Bn e HHH
1 

COXp8 HRIOT H eKO T o py ro 

Cl B TI B H HOCTb B OUBH K B a6CO TI IO TH Ol! T O 'IH OC TH H3 M e p eH HII npo6e !"'OB , llnH HB W HX u e n e l! 

:: y uteCTB € H Hbi M 6 binO HCKn 10 1.f e HH€ C H C T €M BTH1.f eC KH X OW H 60K
1 

B 03M0)KHbiX I1pH H C IT On b 

f a Kc n e pnMe HTBnhH o r o MB T e pH a n a , n o n y l.J e H Hor o a p 83 H hrx y c n o aHstx. C 10.n a OTH OC HT

r Y CB.ll.K H nneH Kif 1 H .QeH TU1.fH OC T b H3M e pHTe fl b H bi X I1pH60 p OB H T • .D,. 

po6e r TpKTH!! B p e 8KUHR (2 ) II CyMM8pHBl! npo6e!"' 11p0T OH8 H TpHTHH B p eaKUHH 

• e pSITIH C b 11pH !l8BTIB HHH B K a M e p e 6,5 8 TM, npo6e!"' TpHTHH B p e8 KUHH ( !) H3MBp Hn-

4 

CSI npH a a sneH H H 17,4 8TM, a 8 pea K UHH (3) - IIpll !lBYX !lBBTIBHHHX: 6,5 BTM H 17,4 8 T M . 

THnH'IH bi e ¢oTor'pa¢HH paccMaTpH8aeMbiX npoueccoe npHaeaeHbi Hll pHc. 2. Ha <PoTor'pa

'*'"" c o6biTHII OT peBKUHH (3) npH Hlf3KOM aaeneiiHU XOpOWO 38MBTHO pacce HHHe TpHTU!! 

nepe !l OC T BHOBKOJ! , npH H3MepeHHSIX 11D!l06Hbie HCKpH8TIBHHII Cilp!!MTIIITIHCb, 'IT06bi pe3yTibTa

T~I H 3 M e p eHH A n p H HH3KOM H BblCOKOM .OBBneHHH 6hinH 9KBHB8neHTHbJ, UOCKOnbKY npH BbiCQ

K OM .n aan e H HH T BK H X 'Kp 101.1K oa• He BH.llHO , Co6biTHH KB)K.llOro BH.na 6brno no HecKonhKY 

COT9H, 3 T O !lBTI O B03MO>KHOCTb liOTIY'IHTb B pe3yTibT8TB R3MepBHHil Cpe!lHHe 3H8'19HHII npo-

6 91"'0 8 c yKasaH uoll B Ta6nHue I CTBTRCTH'!eCKol! TO'IHoCTbiO, B Ta6n uue npu8e!leHw 3HB'Ie 

HHSI 3 H e prHH H H3M e p eHHOr O npo6er a TpH T HH B J K 838HHbiX peaKI{HSIX, 38 HCKniOtteHH8M no

C TIB!lH B l! p eaKUHH, r'!le npHeeaeu cyMM8pHbiil npo6er' TPRTRSI " npoToHa, OaHaKo npo6e!"' 

npOTOHB H3 IlOCTIB!lHBi! peaKUHH Mbl MO>KBM HBJ!TH, IlOCKOTibKY npo6e!"' TpHTH>l B 3TOJ! peaK

UHH o 'IBH b 6m1soK K npo6e!"'y TPHTHH a p eaKUHH (2) . B !l8YX nocneaHnx cTon6uax Ta6nHUbE 

!lTIII Hllr'TIH!lH OC T H n p HBB!lBHbE opHBHTHpDBO'IHbi B 3H8'19HHSI npo6er'OB 8 MM. 

P e aKuHSI 

IJ.- + He 3 
-+ fi 3 + v 

"-+ He
3

-+ll
3
+" 0 

"- + He 3 
.. H 3 + y 

n + lie 3
-+ H 3 + p 

E, M3e 

1,8965x) 

0,1887 

3,28 1 

0,1 9 1 5 

(E =0,5732) 
p 

T a 6 n H . u a 

R 2 
Mr'ICM 

2,34 !_0,01 

0,247 !_0 ,003 

5, 56!_0 , 01 

5,57 !_0,01 

0,940!_0,010 

f, MM 

( p -6,5 8TM . ) 

2 , 5 

56 ,0 

9 , 5 

£. MM 

( p • J7 ,4 BTM) 

9 , 0 

2 1, 5 

Xopow ee co8naaeRHe s Ra'! e HHl! n p o6e!"'o B TPHTH H B p eaK uii H ( 3 ) npH a e yx p asnH'I

H biX !laB TIBHHHX 110!lTBB p >K!l89T n p8BHTi b H OC T b npou e!ly p bl H3MepeHHII n p o69 1"' 8 H CB H!lBTen b 

CTBye T 0 6 O T C JTC T B HH 38M e TH biX C H C T e M 8 THtteC KH X OWH60K B TeM n epaTypH bi X no np8BK8X 

n p H p83 H biX .llBBn eHHHX . 

K an!!G p o8KB KpHBofi n po6er'-3Hepr'HH, nony 'leHHoA Ha ocHoBe 3KcnepHMeR T a n bHWX aaH

H biX 0 rTOTeps:IX 3Hepr H H npOTOHOB B renH H 1 6btfl8 npoeeneua ITO T01.1Ke , COOTBeTCTBJ!OWeil 

3Hepr'H H TpiiTHH 0,1 887 M3a , B Ka '!ecTee KOHTponbHoi! TO 'IKH Mo>«Ho Hcnonb3oBBTb npooer' 

n p oToHa B pe8 K U H H (4) , n ocn e nepeC 'IB T 8 Ha TpH T HII 110TI Y'I89TCH C TIB!ly iOLUHJ! pesy TibT B T : 

npH E ~! , 71 6 M 3B R • 2 ,07+0 ,0 3 M r' lcM
2

• OaHaKo 3 T a TO'IKB H3Mep eua c MBH bwel! To'! 

HOC T biO , H, KpOMe T Oro , a.aeCb 803MO>KHO He6onbWOe 38BbtWeHHe npo6er a , CBs:I38HHOe C 

TBM , 'ITO 3TOT p eayn bTBT nony 'IBH H3 npo6e!"'a npoTOH8 B pe8KUH H (4), !l TI H KOTOpOI"' O pac -

x ) 
3Hepr'P. SI p 8CC 'IHT8 H 8 !lTI II Hyne8ol! MaCChl HBI!TpH HO , 
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CestHHe llepen OC T 8HODKOH: HrpaeT MeHbWYlO p o nb, t{eM .anSI TpHTHSI. 0TK8nH6pOB8HH8fl KpH -

88!1 npo6er- :;,HeprHR B o6nacTH 3He prH i! 0,1887 - 2 M :;,a BMecTe c 3KcnepHMeHTanbH biMH Toq-

K8MH noKB3 8 H8 Ha pnc. J. CnenyeT OTMeTHTb, 'ITO 3Ha'! eHile npo6era npH E ~ 3,28 1 M:;,a 

COOTDe T C TBy e T B lf 3 BeC TH OM CMLICne rpaHIPI H O!l 3HeprHH. HH>Ke 3TO A 3HeprHH T eopeTHt{e-

C K Oe Bbi411 C.'Ie~·Ufe il OT e pb 3Hepl1Hf npH npOX O>KL19 HHH TpHTHH 1i9pe3 f"enHA He MO>KeT ,U8Tb 

He06XOLl lfM O~ TO'!II OC TII , B p eaynbTa Te qero LlnR Bbi'!I!CneHHR npo6eroe npH 60nbWIJX 3Hep

rHRX ny >K HO 3 HBTb npo6er TPHTI!R np11 rpaHH'li!OI\ 3HeprHH. flo3TOMY I!BIILiei!JJOe aHB'!eliHe 

llp06er a M O>K H O HCnOnb30B8Tb ll.flfl yT0 4He HHSJ TeopeTH 1.f9 CI<HX 3HB4eHHK npo6eroB TpUTH51 

H npOT OH8 D r e nHH . 

3 . V1 a nony'!ei!I!OH a BBI!CifMOCTI! npo6era OT 31!eprHif 6btna onpenenel!a 31!eprHR TpH

TI!R a npouecc e I" - aaxeaTa, Ol!a oKaaanacb paenoll E • 1, 8908 .!_0,0057 M:;,a . Ouei!Ka 

Maccbt He i!TpHH o Mo>KeT 6btTb cnenal!a no cj:>o pMyne: 

y(!'!.E - E )'-2Uc'E m (5) v 

rae ,\ 1:. - BctnenRtowaRcR a peaKuHH ( I ) 3HeprHR, £. - KHI!eTH'!eCKBR 31!eprHR TpHTHR a 

() [ - H+ H' peaKUII II I , "' - Macca RLlpa TpHTI!R, npH'!eM !'!. E = M ( IJ. ) +.If (li e ) - M (If )] c -ECB 
. 3 

r ne t:. - " " " pr>tll CBSJ31! Mtool!a I! a 6opoac Koll op6HTe RLipa II e • B pac'!eTe 6btnH npHHR-
ca • . 2 

Tbl c n enyto!U II r> .3 Ha '!eiHIR Mac c '!aCTHu, y '! aCTBYJOWHX a peaKUHH: M (IJ. 1"105,654.!_0,002 M :;,a/c , 
J (( 2 t'+ 2 

U(ll e ) = 280 8 ,2 17.!_0,017 M:;,a /c , M(l )~2808,746.!_0 , 0 17 M:;,a/c , KpoMe Tor o , xopowo HaeecT-
+ J++ 2 

ua paaHnr:Tb Mace .~ l (il 3 
)-t.t(ll e )=0, 5293.!_0,J003 M:;,e/c , a Ec!ll . =O,O II 3 M:;,a . flocne 

+2 2 llo .:tc Ta HoBKII qa c .oel!l!biX a l!a'lei!HA a rpo pMyny (5) nonyqaeM m v =6_
6 

M:;,e/c , T,e. l!yneeoe 

.:i !l dr.t e HH e MtlCCLI ~UOOHHOf"O HeATpHHO He HCKnl0 1.f89TCSI, a B K8 1.f9CTBe BepxHero npenen a 

"o>K iiO paccMaTpl!eaTb eenH'I II HY 8 M:;,e/c2 • 

A a TOphi 6n n r onapllbl 6 . fl oHTeKopao If n.V1.nanHnycy 38 lfHTe pec K pa6oTe " o6cy >Kne

IIIIH , a Ta K>Ke E . A. Weal!eaon H A.l-1 . ToKapcKoi! aa n o MOW b np11 1!3Mepei!HRX. 
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P y Ko nncb noc T yn Hna B H3.0.a T e nbC KHi\ OT .aen 

26 OKTH6 pH 19uJ ~ . 

6 

t/,3 :L 
511 

o,z 

0.1 

0 

mputT7uu 
P = 17,1tan7H. 

20 S., x 111/ 
HZjl'tt z 

Puc. I. nonpaBK8 , o npe,neneHH8H K8K 1.{8CTb M8KCHM 8J1 bHOA wnpHHbi cne.na, 

KOTopylO cne.nyeT BhPUiTBTb H3 H3MepeHHOA: aenH1.{HII bi npo6era , '-J.T 06 

nony1.f 8 Tb npaBHJlbH08 3H81.f9HHe npo6era. nonpaBK8 .aaHa B 38B HCHMC 

OT M8KCRM8JlbHOA w npHHbl cne.aa. 
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HHi e n e p eLl OC T B II Oil KO ti Hrpae T M9HbWY IO p o nb 1 1.{9M tJ.nH TpHTH R. 0TK8nH6pO B 8 HH8SI KpH -

1 n po6 er - 3Hepr 1HI a o6nac TH 3He prHll 0, 188 7 - 2 M 3a BMecTe c 3xcnepHMeHT811bHbiMH TO«-

4 11 11 0 KB 38H 8 Ha p nc . ;3 . C neayeT OTM e THTb, «TO 3HB'I eHire n po6 era n pH E ~ 3,28 1 M 3B 

I T neTc T a y e T a Haaec TH OM C Mt.rc n e rpaHH l{ H O A. 3 H e pruH . HH>K e 3TO A: 3 H e prHH T e opeTH q e -

'e BbllJII C.'l e !iH e 11 0 T 9 pb 3 H e prHH n p H llpOXO >K tl9HHH TpHTHR q e p e3 ren HA He M O >Ke T tl8T b 

5X O.£l i! MOil TO'IH OC TH , B p eay llbTBTe 'le!'O llliR Bbl'-! HC!IeHHR npo6er OB n pH 60llbWHX 3Hep

X HY >KH O 3 HBTb n po6er TPHTHR npH r p8HH'IHOII 3HeprHH . noaTOMY HBII£IeHIIOe 3 H8'1eHHe 

6er a M O>KHO HC n On b30 B8Tb tlllR y T OlfH9H K SJ T eopeTH t{ 9 CIOIX 3H81.f9HHil npo6erOB T pliTH SI 

p OT O H 8 B r e nJ.Hf . 

3 . VI a nony'leHHo il 3 BBHCHM OC TII npo6era OT 3He prHH 6hzn a onpea en eHa aHe prHR TpH

B npouccc c ,.,. - aaxaaTa, 0Ha oxaaanacb paaHoll E ~ 1,890 8 !,0,0057 Mas. OueHxa 

Cbl He l!TpH no MO >K eT 6 b!Tb caenaHa no cj:>opMyn e : 

m y ( !J.E - E ) ' - 2Uc' E ( 5 ) I) 

c\ 1:. - 13 Gille11RIOW8l1Cll B p e a x uHH ( I ) 3HeprH R, L - KHHeTH'IeCKBll 3Hep!'HR TpH THR B 

( [ - H + H> 
.UIIH ! ) , ,;, - MOCCB li.Opa TpHTHll, npH 'I eM nE = M( IJ. ) + M(lle )- M(/l J) c -ECB 

. J 
t. - 3118 pl'HR CBR3 H MIOOHB HB 6opOBC KOl! Op6 HTe R.O p a fi e • 8 p8C'IeTe 6b!11H n pHHli-

CB • . 2 
:n e.ay iOlU II '' J Hll 'l e iiHll MBCC 'IBCTHU, Y'IBCTBYIOLUHX B peaKUHH; Iol(jJ. r ! 05,654!,0,002 Maa/c • 

) = 2808,2 17 !,0 ,0 17 M aa l c
2

, M(l{l+)=2808,746!,0 ,017 Maa/ c
2

, x poMe TOro, xop owo HaaecT-
+ J++ 2 

t3 H ~<: T b Mace t.t (il 3 ) - t.t(ll e J=O, 5293!,0,J003 M aa/c , a E c s. = O,Oil 3 Mas. n ocne 
+2 2 

T BHOBKII 'Z:IC!Ie HHhiX 3H8'1e HHH B cj:>OpMylly (5) 11011Y'I BeM mv =6_
6 

Maa/c , T .e . Hyne aoe 

~ HH e M !lCC bl MJOO HHOf' O H9l\ T pH H O H 9 HC Kn l0 1.f8 9 T CR 1 8 B K 8 t{ 9C TB9 B 9 p X H9f'O n p e.nena 

10 paccM aTp naaT b ae !I H'I II HY 8 Maa / c
2

• 

AaTOphl 6na r o.aapHbl 6 . noHTe Ko pao H n. VJ .n an H.aycy a a HHTepec K p a6oTe H o6cy >K.ae

a TaK>Ke E . A . WaaHeaoll H A . VI . Toxapcxol! aa n OMOWb n pH H3MepeHHRx . 

n H T e p 8 T y p a 

\ . 3 al!M11 .aopora •. M . M . Kyn iO KIIH, 6 . n oHTexopao , P.M . C ynRea , A . VI . <t>HnHnnoa , 
V\ . U yn Ko- C nTIHIKOB , IO . A . W e p6aKoa. )K3T<t> , 11... ! 804, 196 1, 

. Allison, S. IJ. I'I'ars haw. fiev. Mod. P hys. , ~· 779
1 

1953 • 

\. 3 a i!MIIL! Opor a , M . M . Ky11 10KHH , 6 . n oHTexo pao , P.M. CynRes , VJ .B. <t> an oMK HH, 
1 . <t>n HHIIIIOB, B . I'-\ . U y nxo- C HTHHKOB, IO , A . Wep6ax os . )K3T<t>, 11., 389, 1963; 
:si l: S Le tters , J, 229, 1963 . 
l. llarkas , 1\ . lJi mbaum !'.~ !. Sm ith. Phys. il ev. , l.Q~ 778 ( 1956) . 1\' . F. Dudziak, fi. Sap;ane., j . Vedder. 

·s . ll ev., Il-l, 336 ( 1959) . 

Py Kon u cb n oc T y nHn a a H3 .a a T e nbC KHA oT.aen 
2 6 OKTR6 pR ! 963 1' . 

6 

11,3 

o.z 

O,f 

vi 
511 

0 

mputnuu 
P= 17,/tam /'"f . 

20 So ~Ill/ 
Haj t-tf z 

Puc. 1. 
n on p 8 BK 8

1 
o npe.n e neHH8H K8K tt8C Tb M 8 K CH.MBnbH OH w u pHHbl c n e,aa, 

K O Topy10 cne.aye T B blqltTB Tb H 3 H3Mep e HHO A senHY:H llbt npo6e ra , 1.fT06bl 

n o nyqa T b n p a BHflbH O e 3 H 8 lf 9 HH e npo6e r a . n on p 8BK8 .aaHB B 38BHCHMOC T H 

OT M8KC H: M8flbH OA W llpHH bl c n e ,n a . 

7 



!fiH 

lR 

I Mil 

oOT 

oe 

·06. 

RX 

o6• 

npo 

R I 

cc 

e 

3KL 

e 

CJ 

•HJ 

pa: 

lCl 

l'! e 

>K H 

' i 

J , i 
3. 1 

>.K 
) , ; 

\ , ~ 

Ph : 
~V . ! 

Ph) 

I 

' 
I 
' 

( 

I 
2 

! 3 

I 
I 

~ 

P11 c . 2. 

1\1 I 

"'-' . . I 
.,. 

' . ' .. , ·. ~ I \ ' .. ' .;' 

~ 
..... 
~ 

. 
• ' '\ 

H' ff•' l 'If-

I .... ... ' I ,• . )._ 

\ 

, .. :.;.:: . '"' ' .. 
i ... 

! ' i\ · • 
(' 

' 7f- ~----' '---------- - · 

Hn <t>oTo rpacpl!Rx I H 3 uoxa3Bll bi c o 6biTHR oT p e axuHn ( I )" (3) npH 

B! l C OKOM !laB.TJe iiH I1 B K8Mepe, p8BHOM 17 ,4 £1TM 1 8 H8 rflOTOrpac}1H RX 

2 H 4 - C06bi1' 11R 0 1' pe8XUilii (2) If (3) npH Ilii3XOM LlflB J1 8 HHif, p8BHOM 

£),5 an-1 . Ha xa>~cnoi1 cjJo T orpacj:IIm npncy TCTByiOT cny'lau oT pea xuiiH (4) , 
Ilpll DhiCOKOM Ll<.Hl!le llllli - 3 T 0 KOpOTKHG YepTO YKH

1 
a 11p1t IIH3KOM - 6onee 

.anHtHihle , 

R 

. 

16,0 
, R. t :te j t'l'fz 

5,0 

I 
"1,0 

J,O 

l·.o 

1,0 

0 

HC, 3. 

f 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
/' 

I 
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o,s (Q f,S zp Zj ~0 3,S 

£H: !'f98 
CooTaoweHue npo6er-3HeprHR .anst TpHTHSI s He". CnnowHaR 'tBCTb Kpnso.A npose.o.eHa 'iepea 

Kp8ft:HK>K> nesy10 3KcnepHMeHT8/lbHYlO TOIJKY cornaCHO ,UBHHbiM c) DOTepHX 3HeprHH npH npo

XO>K.QeHHH npoTOHOB s rennH/2/, nyHKTHpHast qacTb xpHsoA, Coe.aHHSISI 3KcnepnMeHTanbHbre 

TOlJKK, cny>KHT npo,oOn>KeHHeM cnnOWHOft J(pRBOft • 


