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Hccne.aoaaHHJO pe&KUHH 

He
8 

+ T He • + H 
2 + 14, 32 Mae , 

He • + n + p + 12,095 Mae , II 

He 
6 

+ p + Q III 

~ . . 
He + n + < (He ) 

flOCBSH.U9HO H9CKOnbKO 3KCllApHM9HT8nhHbi X pa60T/ l •2 •
3

•
4 

•
51 

• 

nepBBll H3 HHX, onyOJIHKOBBHHilll B 1951 ro,ay AnMKBHCTOM H ,ap/ 1/ 1 HMBJlll Kll'IBCTBeH

HhlJI xapaKTep. B pat5oTe MoyKa
121

, BbiUOnHeHH OI! e HHTepeane aHeprKA 100-800 Kae, oblJIH 

U3M9peHbi nonHhi e ceqeHHSI pe8KltHH 1 COOTHOilleHHSI M9>KJJ.Y 89TBHMH p98KUHH 1 onpe.aeneHa 
5 

aHeprHK pacna.aa He H8 a -qacTHUY H Hel!TpOH. nonHbiB ceqeHHK pe8KUHH pllCC'IHTbiB8JlHC b 

H8 OCHOB8HHH H3M9p9HHK AK<J:><l>e peHUH8JlbHb!X C9'19HHJI BbiXO.ll8 38pli>K9HHb! X '18CTHU no K8Ha-

Jl8M , II , Ill peaKuHH B npe.anono)l(eHHH o H30TpcnHocTH KX pacnpe.aeneHHK. 

B 1959 ro.ay nK ra EK K Jlp. 
1 3 I npOH3B9JlK HCCJl9JlOB8HliH a TOI pellKUKH Hll TOHKOI 

ra30BOJI MHlliBHHo nonHbl9 CB 'IBHHH p91lKUHH onpe,a9JlKJlHCb MBTO.UOM HHTerpllllbHOrO C'IBTil 

HBi!TpOHOB H3 KllHilJlOB . II III p e8KUHH C Y 'IBTOM COOTH OUIBHHH MB)I(.£ly OT.llBJlbHblMH BBT"" 

BSIMH peaKUKH. 3TO COOTHOW9HH9 onpe.n.en.RnOCb H3MepeHH9 M BblXO.ll8 38pR)K9HHbiX 1{8CTH[l llOD. 

yrJIOM 90°. nocKOJlbKY yTB9p)I(.09HHB 0 c<j:>epH'IBCKOl! CKMMBTpKH npo.oyKTOB pe 8KUHH, KCnOnb-

3Y9MOB B pllOOT8X/
2

•
3 1

, HB KM9Jl0 9 KCne pHMBHTMbHOrO n O,llTB9p)I(.09HHH B WKpOKOM HHT9pBa

Jl9 a HeprHI, KJOK K ll!neHK/
4

/ n poaenK aTo Hccne.ooaaHHe. HMH n oKaaaHo, 'ITO npH a HeprHHX 

TpKTOHOB CBblWB 460 K9B H30TpOnKH B yrJIOBblX pacnpe.OBJlBHHKX HBT. 

B 1963 1:'\>AY CMHT H .ap/
5 1 

H3MepKnH aHepreTH'IBCKHe pacnpe.oeneHHH npH E T •1 ,9Maa 

.llllll a -qacTHu no.o yrnoM 30°• .onll npOTOHOB no.o yrnoM 30° K 90°. Jlnll aTol )l(e aHeprHH 

nony'lellbl .llBHHbl9 no UOJlHblM C9'19HRIIM. ]l8BTCll BHMK3 Cn9KTp8 B npe.onoJIO>K9HHH 1 'ITO B 

C9'19HR9 peBI<IIHH BHOCHTCH H93BBHCHMbiJI 8KJ18.ll K8K OT TpBX'IBCTH'IHOrO npOUBCCB, T8K H OT 

secKonbi<Hx .aayxqacTB'IHhlX npoueccoa. Hal.oeaa HeiTpoH-npoTOHHBK ~oppenKUHR, c ooTaeT

cT&yJOillBR HBCBli3BHHOMy CHHrneTHOMy COCTOIIHHIO .oeJITOHBo HaCTOlllllBK pa()OTB HBJlHBTCH 

npO.llOJl)I(9HHBM KCCJlB.llOBBHHH 3TOI pBBKUHH 8 oonee WKpOKOM HHTepaane 9HeprHI C HCnon&-

30BBHKBM MBTO.llHI<R 1 n0380JlliiOillBI npOBBCTH H3M9peHKll C ny'IWBI TO'IHOCTbiOo 

:a 



MetOLIHKa H3Mepen:A 

J.1aMepeHHll npOBOnliJIHCb Ha ny'IK9 HOHOB TpHTHll aJI9KTpOCTaTH'I9CKOI'O reHepaTopa (3r) 

06&enHH9HHOI'O HHCTHTyTa llnepHbiX HCCJISnoBaHHJI, CxeMa OnbiTII npencTaBJieHa Ha pHc, 1. 

J.1oHbl TpHTHll, ycKopeHHbie 3r, npoaHanHaHpoBaHHble no HMnyn&eaM, npoJinH pa.o; orpa

HH'<HBSIOWHX nHacpparM, B TOM 'IHCJIQ KOJIJIHMaTOp nHaMeTpOM 1,5 MM 0 nJIHHOJI 120 MM 0 no

ll8Jl8nH HB BXO,ll,HOB OKHO raaoaoA MHWBHH. f'a30B851 MHWeHb llOMelUeHa B UBHTpe B8KYYMHOI 

KaMepb! ( KOHCTpyKUKll KaM9pbl onHCliHa paHee/B/) • 8 p a 6oTe HCnOJib30B8JIHCb I'830Bbl8 MHIU&

HH .llBYX THROB: *Toqeqaw~* - .OnSI R3MepeHH I yrnOBhlX pacnpe.oeneHIII - H * .C:nHHHas:' -

nnll a 6 C OJIIOTHbiX KaMepeHKJI n HcpcpepeHUKaJibllbiX C9'19HHJI no,o, yrnOM 90°. 

K oacTpyKUKH TO'I&'IKOJI MHW9KK noKaaaHa Ha pHc. 2a. 0Ha npencTaBilli&T Ha ce611 

nHJIKHnp nKaMeTpoM 5 MM. Ha paccTOliKKKK 5 MM OT aanal!HHoro I<OKUa sa nosepxHOCTK 

UKJIKKnpa C OXBaTOM 300° HM99TCll W91lb WKpHHOJI 5 MM, KOTOpaSI 3aKJI9HBa9TCll q>OJibi'OJI 

H3 HHK9Jlll TOJIWKHOJI 0,8 - 1,0 Mr/cM
2 

KJIH 8JIIOMHHH9BOJI q>oJI&rOJI TOJIWHHOlt 4 MrfcM
2

, 8 

aTOll cp01Ibi'9 H3I'OTaBJIHBa9TCH BXOllHOe OKOWKO H3 A1 2 0 3TOJIWHHOJI 0,03 - 0,05 MrfcM
2 , 

KoHcTpyKnHH nnHHHOJI MKWSHH noi<aaaHa Ha pHc. 26, MKweK& coc'tOHT Ha I<opnyca co 

c&eMHbiMH nepenHell H TbiJibHOJI cTeHI<aMH. B nepenHel cTeHKe HMeeTCII OTB&pcTKe, aaKn&H

saewoe Tai<HMH )1{9 q>OJibi'SMH, Jlng BbiBona nportyi<TOB pe8KUHH B Kopnyce MHW9HH non 

YI'JIOM 90° K3I'OTOBJI9H8 W91lb WHpKHOI 2,1 + 0,05 MM, Bb!COTOI 6 MM, lJleJib 38K1l9HB89TCSI 
2 -

HHK9119BOI cj:>OJI&rOJI T OJIWHHOI 2 Mr/C M , 

f'8.30B8SI MH1118Hb H3MHpOBan&Cb OT Kopnyca, tt:TO ll03BOnHnO llpOBO.llHTJ. H3M9pe11lUI 

TOK8 HOHOB, nanaiOIUHX Htt H99, 8HyTpb 06'b9Ma MHW9HH BBOnHJISCb TepMonapa, KOTOpall 

+1°, HanonaeKHe MHweHH 

- /3/ 
o6ecn e 'IHB8Jla H3M9p9HH9 T9MUepaTypbl raaa C TO'lHOCTbiO 

He 
3 

H OTK8qK8 3TOrO r838 oCyll(eCTBnHnBCb C DOW:OWbK) ycT8HOIUCB OIIHC8HHOI p&Hee • 

MHW9Hb C BXOnKbiM OKHOM H3 Ni H8UOJIHHJiaCb no nasneKHK 50-60 MM pT, CT, 8 

MHW9HliX C BXOnHbiM OKHOM !13 At2 0 3nasneKHe COCTaBJlliJIO 15 ;- 20 MM. J.13M9p9HH9 nllBJie

HKSI npOH3BOnKJIOCb C nOMOWb!O MHI<pOMaKOM9Tpa, 0wH6Ka H3M9p9HKH COCTaBJIHna :0,5%, 

ToniUHHbl BXO.OHbiX OKOWBK r830BOI MH1118HR onpe.oenRnHCb no npOXO>K,llBHBJO RX a -

qacTHUaMK nonoHKll/
71

, a TaK)I{e no cMeweKKIO peaoHaHcHoro ns1<a peaKnHH F(p,ay) npH npo

nycKaHHK ny'II<a npoTOHOB '19p93 aTO OKHO, nocKOJibKy peayJI&TaTbl H3M9p9HHI ,060HMH aTIIMII 

M9TOrtaMK B npenenax OWH60K (:t 4%) COBnananH, B nOCJienyiOW&M TOJIIUHHbl MHW9KH onpe

nenliJIHC b TOJlbKO no CM9IU9HHIO p930HaHCHOI'O nHI<a, noTepH aHeprKH TpKTOHOB B Ni H I'839 

MKWeHH onpenenliJIHCb cornacHo pa6oTaM
18

•
91

, 

J.13M9p9HK9 BbiXOllB aapg)I{QHHbiX 'ISCTHU 113 peBKUHH npOK3BOnHJIOCb noBepXKOCTKO-

6apb9pHbiMH ll9T9KTOpaMH H3 I<p9MHHll p -TKfi8 1 KOMll9HCHpOB8HHOrO nHTHBM. np11 H3Mepe-

HHH yrnOBbiX pacnperteJI9HHl! neT9 KTOp ycTaHBBJIHBSJIICH Ha BpawaiOIU9MCH I<pOHWT&IHe liS 

4 

paCCTOliHIIH 77,3 :!:_ 0,05 MM OT 

HO ny'II<B MOI'JIO H3M9llliTbC>I II 

pacnpenen9Hllll HOpMHpOBaJIHCb 

yrnOM 45° liB pacCTOHHHll 155 I 

npenycHJIHT&JIH HanpaBJIHJIHCb HI 

CscTeMa 6blna nporpanyH! 

239 
THnaM Pu , a TBK)I{e neiTc 

3 ToT aa6op aHeprKI nOJiyqancll 

3 
He + d non paanH'lHbiMH y1 

TOJIIUHKOI 8, 36, 56, 84, 120 N 

npH'19CKOll n0119pXHOCTK, OKpy> 

H3011HpoB8HHbiX BBO)'lOB KBM9pb1 

38HHblll Ha6op cpOJibi' KCnOJib30B 

npOTOHOB B9TBH ( 3), o6nanaiOU 

He pa3p6lll89MbiX B CBS13H C ST 

cpOJibi'H, BCnenc TBHH p831lli'1Hll 

HM9Tb p 831IH'IH9 B :;,HeprHH, no 
3 

C9HHHWX TpHTOHOB Ha He R 

MH yrnaMH M9)1{ny MKW9Hb10 H 

B ~OTopol OHH noaHOCTbiO rr orn 

WeHR, Sl&nSIHCb CO&MBCTHO C HE 

Bell KHq>opMBUHll no nacj:>c 

W.8HHHM Me)l{ny B8TBHMll peaJU 

CIT9~TpOB 0 H3M8p9HHbiX npH pa~ 

npenCTBBnBHbl TKnH'IHbl9 cneKT 

H neJIToHaMII KaHan a I • Me)l{l 

~aaanall. B KHTepBane yrnoe 

5 
>1KHIO He , no aHeprKH 6naa 

C'lei<TpoMeTpOM, Heo6xonHMoe 

HB nyTH nyq~a M9)1{ny MKW9H 

(eM, pile, 5 ), nony'l9HH9 HHq>< 

pBBHO ~8K H H3MepeHH9 COOTH 

a TOM cnyqae, ecna 6yneT '18 

!13-38 H8JIO)K9HKK H9KOTOpb!X. ~ 

MO)I{eT 6biTb cnenaHo npK onp 

~oaue ero. KaK sanHo H3 pHc 



raTH'IecKoro reHepaTopa ( 3r) 

a rrpeJX.cTaaneHa aa pac. 1. 

mynbCaM, npolnR pll.ll orpa

,5 MM, .lVIHHOll 120 MM, no-

M e iUeHa B U9HTpe 8atcyyMHOI 

nonb3o:eanKcb raao&ble wawe-

neneaaA- H ·~nRHHaR'

'UOM 90°. 

•a npeJlCT8.BUSI9T H3 ce611 

~ o XOHU8 HB DOBSpXHOCTH 

>pall 3aKneHaaeTCSI cponbf'OI 

· all TOUIUHHOII 4 Mr/cw
2

• B 

I HOI! 0,03 - 0,05 Mr/cM
2

, 

teHb COCTOHT H3 KOpnyca CO 

(99TCR OTB9pcTHe, 3BKneH-

B KOpnyce MKWeHK IlO.Il 

6 UM. lUenb 38.Xn9KB89TCR 

OUO npoaonHTio H3M8p9HHK 

nacb TepMODapa, KOTOpaa 

-fanOUH8HHe MHWeHK 

lHOBKH onHCaHHOll p8Hee
131

, 

9HHII 50-60 MM pT. CT. B 

20 MM , Vf3M8p9H119 Jl88JI9-

peHHR COCTBBnllna ::!:0,5~. 

• no npOXO>K,ll9HBJO HX a -

Jta peaKnKH F(p,ay) npa npo

'b' H3MepeRKl! ,OISOHMII 3TliMH 

JQM TOnUJHHbl MHWeHII Ollpe

prHK TpRT0808 a Ni K ra3e 

BOaHnOCb flOBepXHOCTHO-

1oro nHTHeM. npa II3M8p&-

U alOWBMCR KpOHWTel!He 8a 

paCCTOIIHHH 77,3 ::!: 0,05 MM OT U8HTpa ra3080I MH W eHH, n on o>K eHRQ .lle'!'eKTOpa OTHOCKT9Ub

HO ny'll<a Morno H3MeH!ITbCll 11 npenenax 0°-135° c tPRKcaaK e l '19 pe3 Ka>Knwe 15°. Y r n o awe 

pacnpeneneHHSI HOpMHpO!IaUHCb no OTC'I&TaM neTeKTOpa T aKOf'O >Ke THDa, yCTaHOBU9HHOf'O non 

:fr'UOM 45° Ha paCCTOIIHHH 155 MM OT U9HTpa, VfMn:fUbCbl OT K&>Kno ro K3 neTeKTOpOI> '18p83 

npenycHUKTenH HanpaBURJIHCb Ha naa 128-KB.IIIl.llbHblX aMnUIIT YJl H blX a iHIJIH3aTopa. 

CHCTeMa 15wna nporpanyapo8aHa no 9HeprHHM, rpa.uyRp08Ka n poR3BOJlKUaCb no a -'l&c-

239 
THU&M Pu , a TaK>Ke neiTOH8M H npOTOHaM p a 3nH'IHbix aMeprKI (oT 4 n o ;a Maa ) . 

3TOT aa6op 3ReprHll nony'IMCSI Upll H:3Me p 9 HHH 3apli>KEIHHblX 't aCTKll 113 peaiC.IIHH 
3 

3 
He + T, 

He + d non pa31IH'IHblMK yrnaM H, a T 8 lt>K9 3 aMenneHIICM HX ll.lliOMHHH9B bl M K cponbi"BMK 

TOUIUHHOI 8, 36, 56, 84, 120 Mr/cu
2

, Ha6op tPOUbi" B bl i!C: ;rHeH II BKne HeaaMKHYTOll UHUHH-

.llpK'IeCKOl! Il08epXHOCTH, OKpy>K " IOIUel! MHWeHb, 011 yK p e nneH Ha KpOHWTellHe O.llHOf'O K3 

H3onHpoaaHHblX aao,noa KaMepbi 11 MO>KeT nepeMeiU8.T bCII 8 89pTHtcanbHOM Hanpa8 n eHBH. Yxa-

3aHHb1ll Hal5op tPOUbf' HCilOnb308aUCSI TaK>Ke nna pa3 n e neHHII nKK O!I JlellTOH08 B eTBH ( 1) H 

DpOTOHOII 8eTBH ( 3), o6nana10IUHX npH HeKOTOpblX yrnax Ha6niOneHHSI 15nH3 KHMH a lleprHIIMH B 

He pa3pewaeMblX 8 C8SI311 C 3THM cneKTpOM8TpOM, n ocne npOXO>KJlQHHR 8JilOMHHHe aol 

cpOnbi"H, BCn8JlCTBHR pa3nH'IHII B yn e nbHblX noTepSIX 9ReprHH, npOTOHbl II Jl8ltTOHbl 15yJlyT 

RMeTb p83nH'IH8 8 3HeprRH, nOCTilTO'IH08 nna HX paape u JeHRSI. Vf a -3a 118JIK'IHII y npyro -pac-
3 

CeSIHHblX TpliTOHOB Ha He H 8XOJlHOM OKOWKe ra3080I MHWeHH llpH H3M8pEIHRliX llO,O a c e-

Mil yrnaMR Me>Kny MKWeHblO K neTeKTOpOM HaXOJlHnacb cpOJibf'8 113 AI TOUIUHHOI 8 Mr/cw
2 

8 KOTopoll OHH no:IHOCTblO nornomanHc ». KpoHwTe ll H c Hal5opoM cponbi" npHcoenKHIInc ll It t.u-

WeHR, BBnRHCb CO&MeCTHO C H9A nosywKo lt TOKB.. 

Pe3yn&TaTbl H3Mepeaal 

Bc11 RHcpopMauHR no JlH¢cpepeHullan&HbiM ce'!eHKliM, yrnoBbiM pacnpelleJieHHIIM, cooTHo

weHHllM Me>Kny 89T811Mlt peaKUKII 15b1na DOUy'leHa Ha OCH08aHHR o6pa60TltH 3Hepre TR'19CKHX 

cneKTp08, H3MepeHHbiX npH pa3nH'IHblX aHe prHIIX 8 HHT8p8ane yrnoa 0-135°, Ha pxc. 3,4 

Dp8JlCT8Bn9Hbl TRDH'IHble cneKTpb!, CneKTp HMe eT n8a lliiKa, ol5ycno8nEIHHblX a -q&CTHU8MH 

H neliTOHaMH KaHana I , Me>KJlY STHMK nxKaMH HBXOJlHTCII HenpepblBHblll cnexTp npOTOHOB 

KaHana II • B HHTepaane yrno a 30-120° npo T OHHbll naJt, cooTaeTCT8yiOIUHll ocHO!IHOMy cocTo-

RHIIIO He S , DO SHeprHH 15nii30K K naxy JlBI!TOHOB KaHana I , H ol5a llHKa He p83pew810TCII 

C'lBitTpoueTpOM, Heol5xonRMOe pa3peweHRe, xaK y>Ke yK&3b1B8JIOCb, nocTHr&eTCII ycTaHoaJtol 

Hll D:fTH DY'IIta Me>K.IlY MIIW9Hbl0 H neTeltTOpOM ll.lllOMPHReBblX cponbi" pa3nH'IHblX T OniUKH 

(eM, pHC, 5), nony'I&HKe HHcpOpMaUHK 06 yrn08blX pacnpeneneHKSIX KB>Knoro KaH8JI8 peaiUHH, 

p8BHO KaK II H3MepeHRe COOTHOWeHRII Me>Kny HHMH, MO>KeT 15blTb CTporo DpOBeneHO TOUbltO 

a TOM cnyqae, ecna 15yneT 'leTKO onpeneneaa rpaRHna cneKTpa Ka>Knoro KaHana, OnHaJto 

H3-3a H8nO>K8HHll HBKOTOpblX yqacTJt08 CDeKTpa npyr Ha npyra onpeneneHKe 9TKX rpaHHll 

MO>KeT 15blTb cnenaHo npa onpeneneHHbiX npennono>KeH8liX o cpopMe c nexTpa 8 Haqane H 

xoaue ero. KaK 8HJlHO 83 pRe. 3,4, 15e3 3Ha'IHTenbHbiX owal5oK MO>KHO onpeJl&nRTb nnomaJlb 

5 



cneKTpa, c ooTBeTcTs:yJOmyJO xasany I R cyMMa xasanoa II 11 III • Paa.aenaRIIe >Ke xasana 

II H {ll a&CbM6 H&Onpe.aeneRHO H CBli36HO C 6onbmRMR OWII6XaMR, C )''18TOM BbiW8R3no-

>Keasoro, Mbl ace >Ke co'lnH noneaHbiM npxaecTR .aasable no .llii<P<PepellllHMbHbiM s nonllbiM 

ceqeHHliM scex Tpex xaaanos, EcnB o603H&'ll1Tb (eM, pxc, 6) : 

HcTHHH:YJO nnoma.ab cnexTpa, 

'laCTb cneKTpa, Henocpe.OCTB8HHO H3M8p118MYJO 8HMH3&TOpOM 1 

S I 

s2 
Sa nnoma.ob cnexTpa, o6:ycnosneas:y10 sxnapow .aeAToaoa xasana ( 1) 11 npoTosoa 

xasana ( 3), 

S0 , S0 - cooTBeTcTayJOmse nsxs .oeATosoa xasana I H npoTosoa xasana III , non:y .. ae-

MbJQ H8 paa,naneHHOM CD9KTpe, 

TO o'!esw.oao, 'ITO S 1- S 0 + S sxcTp, , a S 4 , paasoe S 1 - s11 6y.oeT onpe.oensrTb axna.o 

npoToaoa oT xasana ( 2). Ecnw o6oaH&'lliTb ce'l&BBH xasanoa peaxuKB I , II , III cooTse-r-

CTB9HHO " I o
2 

t CT
8 

, TO O'IOBK.O.HO 

.----£....L_ = 
so so 

~= 
s s 

a • s - s 
1 a ~= 

unonH. S
1

( S
0
+\) u nonu. 

--s-~-
unonu. S

1
(S

0
+ S

6
) 

CnettTp, BaMepeHHhlll c 2 
cponJ>roll 8 MrlcM , noaaonsreT aaliTH nnoma.as S 1 

a p aa,aenettHbrll cnexTp (B3ME1pBBHblll C <Ponl>r&MH 36, 56, 84, 120 wr/.:N
2 ) -

nnorua.oell S H 
0 

s •• 

S
2 

s 

3R811eBH9 

s. • 

nps onpe.oenBHRH S I npKHHMB.nOCb BO BHKMaBH B: 6 ) Han H'IKB UOpOra )' perHCTpH-

pyJOruell annapaT)'pbl ( npe.oycxnsTenh-a.HamtaaTop), sansqse abiXO.llHOll <PonbrH raaosoll 

MHWBHH ( TOnlllKHOJI 2 Mr/ CM
2 ) ; 6) npHCfTCTBHB MB>K.ll:Y MHWBH»JO H .llBTBKTOpOM ¢onJ>rH 

8 Mr/cM
2 , xoTopaH c p eaaeT qacTb cnno waoro cneKTpa npoTOHos; a) TOT <PattT, 'ITO <j:JopNa 

12 3 4/ 
CUBKTpa B CTOpOHy Manb!X :>HeprH!I nnocKall .00 9HaprHH 1 COCTaBnliJOIUell 20% OT E max' ' 

OT :>Toro aHa'!aHHH senacb 3KCTpanonHUHll x ayn10 B paayMHbiX npe.oenax (nHHHH AC s 1\U 

pHC, 6), 

B bl'!Hc neaaoe a 3THX npe.oenax cpe.oaee asaqesne nnorua.os, orpaHB'IHBaeMol xpsaoll 

CUaKTpa, UpHHHMllQTCH aa KCTKHnyJO UnOIUa.Ob, a OTKnOHaKKll Upe.oanbHblX 3H8.'19HRJI OT cpe.o

Hero BKn10'18lOTCSI' 8 OlllH6Ky 3KCTpBnDnSIUHH. 3H8'19HHe S 
6 

H8XOJlHnOCb K8X: CYMM8 .S; R s; • 

B Ta6nsuax 1,2, sa pscysxax 7 ,8,9 npe.ocTasneHbl yrnoable pacnpe.oeneHHH npoTosoa 11 

.OBIITOHOB .llnH pH.ll8. 3HBprK!I 60M6ap.oHpy101llHX ROHOa TpKTBH, 

AasHblB :yrnosbrx pacnpe.oeneusll neliTOKOB .onH ttasana 6brnH s c nonb30BB.Hbl .or.sr 

onpe.oeneHHH nonsbrX ce'laKBll :>Toro xasana peaxuss, C &Toll nenhJO non:y'laBHbre :;~xcnepBMBH

TWlbHbiB ,llaHHbiQ a HHTapaane yrnOB 0 -135° 6blnH annpOKCHMHpOBaHbl MQTO.llOM HaRMQHbWHX 

JCBa,llpB.TOB nonHHOM8MH ne>KaH.opa C nocne.o:yJOIURM RHTerpspOB8.RBBN non:y'IBHHO.I annpOXCBMa

UHH OT 0 .00 180°, np11RHT6H 9XCTpanonHUBll a HHT9pBIIJI8 135-180° BUonHe 0Up8B.OB.Ha 0 

nocxonbKy 3ttcnepHMBHTMbHO onpe.aenesa TBH.ll&HnHH xo.aa xpHa!llx K 180°, a xapaxTep 

6 

l 
I 

~ 

yrnoBb!X pacnpe.oeneasll B ' 

'IH8 KaKHX-nH60 0C068HHOCT81 

B Ta6nsue 1 .O&JOTCR . a : 

B9.l19H.bl CQ'IQRBR I8Hai10B II 

Dpe.oeneHHA, H3M9peHHhiX B 

3H8~8KHB nonH~X ce~eHRA ! 

pKC, 10 UOK8.3aHbl rpacpHKH 

1l 

A6conroTHbre HaMepeRHII 

.OnHHHO!I r aaoaoll MHW8HH, J. 

onpe.aenHnHcb no ¢opM:yne: 

r.oe 8 (90°)- ablXO.ll npo.o 

c DOC TORHHSH I 
BHT. 

L T - 'IHCno nowM 

- OTC 'I9Tbl HH'I 

.llB.BneHH e M B 

G - reoMeTpHqec 

npH pac'!BTB BIIO.OHnac 

nonpuxa Ha H&rpeBaHHe r; 

p8C'I9T9 DpRHHMMOCb, liTO lll 

TOHOB H llBATOHOB, p&llnyJO I 

.llB'i>cj>epellllHMhHOrO C8'19HIIH 

M8Tp8, llOCTp08HHOrO H8 <IS! 

.a.enax CTSTHCTHKH B3M9peHH' 

neHbl a Ta6naue 3, 0Hs nony 

B blnOnHQHHbiX B yX838HHOM H 

owa6.xa a onpe.oeneaas :>Hap: 

a) onpe.oeneaae reoM&Tpn'le· 

MHWBHH - 1 %; a ) onpe.oeneH 

npo.oyKTOB pea.KUHH 3%. O w H 

MRWBHH HaxO.O.HTCSI B npe.n e 

Pea:ynhTa Tbl HaMe pe HHA npHB 



Ill • Paa,lleneaae >Ke Jtaaana 

UBoKaMH, C yq&TOM BbiW9R3no

.llBtPtP9p911JlHMbHbiM H llOnHbiM 

;) : 

BliMH3BTOpOM, 

lTOKOB ltBHMa (1) II DpOTOHOB 

npoTOHOB xaaana Ill , nonyqae-

1- s11 6y.ll&T onpa.ll&nHTb BKna.ll 

paaxu1111 1 , n , III cooTBe-r-

s s 
~= a e 
Unona, S1(S5+ S

6
) 

lliOlllli.llB S I S ~ H S 4 0 

, 120 Mr/~u2 ) - aaaqeaae 

aan aqae nopora y peracTpH -

BhiX OJJ.Holl ¢onbrH raaosoll 

HW8 H" IO H ,ll9T8KTOpOM tPOllbrB 

!HOB; B) TOT tPBKT, qTO ¢opMa 

/ 2 3 4/ 
:TllBJIHJOU{eA 20% OT E m &X • ' • 

biX npe,llenax (naaaa AC a 1\lJ. 

ta.llH , orpaaaqasaeMol KpaaoA 

n pa.llanbHbiX aaaqeaall OT cpe,ll

to.o.Hnocb K8X CyMM8 s; R s; • 
hle pacnp&.ll8ll9HHII llpOTOKOB B 

'· 
6 binH KCll011b30B8Hbl .llliSI 

tenbiO nonyqe&Hbla axcnepaMea-

lpOBBHbl >l&TO,llOM KBHM&HbWHX 

3BHHS>l nonyqeaaoll annpOKCHMa

i-1800 snonae onpBB.llBHB , 

lBHIX K 180°, B XBpBKT&p 

yrnoBbiX pacnpa.llaneaaA B wapoKOM BHTepsane y rnoa a aaeprall He yKaahiBaaT sa aanH

qae KaKHx-na6o ocooaHHOCT&A, 

B Taonaue 1 .llll!OTCH . aaaqeHHH nonHbiX ceqeaHI Jtaaana 

B&.ll&Hbl ceqa&BH KBHMOB II a III peaKnaa, nonyqe&HblX HHTerpaposa aaeM yrnoBbiX pac 

npe.llaneaall, H3M9pe HHhlX B llliOOpBTOpHOII CHCT9M8 KOOpllHHBT, 0 TllBllbHO llp9LlCTBl>ll 8Hbl 

aaaqeaag nonablx c eqea1111 BbiXO.llB n pOTOHOB c yMMhl KBHBnoB II a III aToll peaxuaa, Ha 

pHC, 10 liOXB3BHbl rpaq>H XH nonyq&HHbiX 3Bl>HCHMOCTell, 

AaffiffiepeHIIHBnb&ble ceqe&HH 

A6comoTHbl& HaMepeaan .llll¢¢epeauHanbHbiX ceqeaall llO.ll 

.llnHHHOII raaoaoll MHW&HH, Aa¢¢epeauaanbawe ceqeaaH da 

dO 
onpel1&nHnHcb no ¢opMYne: 

da 

dil L T p G 6,25. 1012 

r.lle B ( 90°)- BbiXO.ll npo.llyKTOB peaxuaa no.ll yrnoM 90°, 

c 
HHT. 

llOCTORHHSH HHTerp8TOp8 TOK8, 

L T qRcno n owMH,llTB n pa T&Mll&parype T 

- OTC 'I9Thl HHTerp8TOp8 TOK8, 

p .!l B.BneHHe M H W 9HH 8 MM pT. CT. , 

G reoMaTpaqecKHII ¢aKTop, G - 3,17.10-3, 

yrnOM 90° llpOK3BO,llHIIHCb HB 

B n.c .K. B e.nH HRnax 1::t-§.... 
CTp, 

npa pacqeT& BBO.llHllaC b non pa&Ka 'is H3M9H8HHe T&MnepBTypbl raaa raaoaoll MHW&HH, 

nonpuKa sa aarpesaaae raaa Maweaa s o6aeMe, r.lle npoxo,llan nyqoJt, ae aao.llanacb, npa 

pacqeTe llpHHHMMOCb 0 qTO nonynpoBO,llHRKOBblll ,llQTQKTOp RM&&T 3tPtP9KTHBHOCTb Cq&T a npo

TOHOB H ,ll&IITOHOB, plil>&ylO 100%, nocn&.llH99 llpOB&pHnOCb 3KCll e pHM9HTanbHO Jf3M9peHH9M 

.llB'PtPeP"HliHMbHOrO CQq&HIIH B TOll )I{Q reOM&TpBB C llOMOlllblO CUHHTHflfl!IUROHHOr o Cll&KTp o-

M&Tpa, llOCTpOeHHOro aa ¢GY-35 C KpHCTMIIOM .Csi Aaaable H3MapaHHH coanana a npe-

.ll&nax cTaTHCTRKR aaMapeaaA (:!; 1%), Aaaabia pacqeTa .llK¢¢epeauaanbHbiX ceqeaa ll np&LlCTaa

neHbl " TB6naue 3, Oaa nonyqeabl aa ocaoeaaKK ycpe,llH&KHA H&CKOllbKKX cepaA HaMepeaaA, 

Bhi i!onaeaH biX a yKaaaaaoM HHTapaane aaeprall. Kaa,llpaTaqHaH owa6Ka H3Map e aaH 6ea yqeTa 

owa6.KH B onpe,llaneaaa aaepraa cocTilBnHeT 4%, Oaa cnaraeTCH Ha cna.lly iOlllHX eenaqaa: 

a) onpa.llenaaae reoM&TpnqecKoro ¢aKTopa - 2%; 6) onpe,lleneaae qacna qacTHU r aaosoA 

MHweaa - 1%; a ) onpeLieneaae qacna aaneTBIOWHX qacTHU - 0,5% ; rl onpe,llaneaae BbiXO.lla 

npo.llyltTOB p&BKllHH 3%. O wa6Ka B onpe.lleneaaa a aepraa B3BHMO.lle AcTBHII TpHTOHOB a u&HTpe 

MHW&KH H8XO.llHTCII B n pe,ll&IIBX 3% - 1,5% llpH 3H8prHIIX 500-1700 K3B COOTB8TCTB8HHO, 

P eaynbTBTbl H3Me peaaA npaBe.ll&Hbl sa pac. 11. Ha aT OM >Ka pacyHKa c uenbiO c p asaeHHH 
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HllliQCQKhl pe3yllbT8Tbl ns ["a E Ra H .o.p/31
, nOny'l&HHbiQ B HHTepsane 3 He prHlt 270-970 K3B, 

Ku BH.D.Ho, pe3yllbTaTbl H3MepeHMI! xopowo cornacyiDTCR Me»<.o.y c o6oA. 

5 
OnpeAeneHHe aueprBH pacnaA a H e 

no ax c nepHMQHTilJ!bHO HaA.o.enHol 

6bllla Bbl'IHcneHa 3HeprHR pacna.o.a He 
5 

Ha 

3H9pf'HH UpOTOHOB 0T xa11ana ill p e &lOl.HH, 

a -qacTHUy H HQITpoH, 3Ha 'leHHe 3HeprHH 

OOpe.nenslnOCb ITO K3M9p9HKlO ROJIO>K9HH H JIHX8 llpOTOHOB HS 3HeprBTH qe c KOM Cll8KTpe, H3Me

peHHOM no.o. yrnoM 0°. Pac'l.eT npo113BO.D.IIIICR no cpopMyne : 

< ( He 
5 

) = ( 12, 09 5 + 0, 4 E T + : 0, 4 V 3 E T E-;: - 1, 2 E MaB 

r.o.e E 
T 

3H9pf'Hll Han eTalO!UHX TpHTOHOB B na6opaTOpHOI CBCTQMQ KOOp.D.HHaT, 

E• 3HeprHll npOTOHOB KaHana III peaxnHH B n a 6opaTOpHOI CHCTQMQ KOOp.D.HHBT, 

npH paC'IQTQ HCnOIIb30BaiiHCb 3 KCUepHMQHTanbHbl Q AaHI!blQ npH C9MH 3Ha'IQHHIIX 3H9pf'HH 

HaneTalO!UHX TpHTOHOB 8 HHTepsane 3HeprHll 730-1570 K3B. nony'l&Hbl 3Ha'l9HBR: <(He 
5) A 

5 
- 0,845 :! 0,06 Mas, cooTB&TCTB&HHO Macca He oxaaanacb paeHol 

m He • = 5,01218 !_ 0,00017 (mc 1 ~= 12). 

B Ta6nHue npRse.o.eHbl .o.nR c paBHeHHll .o.aHHble nocneAHHX pa6oT no onpe.o.eneHHIO <(He). 

.!laTa THn Q <(He 5 ), 

peaxuHH peaxuHH MaB Pa6oTbl 

1953 T(He 3 , p )He • 11,18:!0,07 0,95 :!0,07 Moak 
121 
/ 10/ 

1954 Li 
6

( n, d) He • -2,57:!0,1 1,0!-:_~.1 Frve 
/11/ 

1955 Li 
6 

( d, He 3 
) He 5 

0,91!. 0,09 o,88zo,oe Levine eta!. 
/12/ 

Li
7
(d,a)He 6 14,26!. 0,09 0,96!_0,09 Levine et al. 

• / 13/ 
1956 Li 6 

( t, a ) He 15,15 :!0,04 0,97 :!0,04 Craig eta!. 

He
3

( t,ol He • /3/ 1959 11,3 :o,1 0,8 !_0,1 nH ra EH H .o.p. 

1963 He 3 ( t,p) He • 11,14:!0,04 0,79:!0,03 Smith et al. / S/ 

1964 He 3 ( t,p)He 5 
11,25 :! 0,06 o,645zo,oe HacTOlli.Uall pa6oTa 

06CY>KA9HH9 nO/!y'leHRblX Q93YIIIo!8.IOB 

PeaynbTaTbl H3MepeHHll yxaabiBalOT Ha OTcyTc TBHe H30TponHH e yrnoBhiX pacnpe.o.ene

HHKX .llnH K8)1{.llOrO K8Hana peaJO.IHHe DOllHbie ceqeHHst pe8KitRH npHHKM810T 3H&qeHHH 

46,4 M6apH npH aneprHH E T - 763 X3B, AOCTHraH 3HaqeHHH a- 71,3 M6apH npH 3Hep-

rHH 1521 K3B, B o6nacTH, rAe aHeprHH nepexpblBalOTCll, HawK .o.aHHble Haxo.o.HTCH B xopo

weM c ornaca11 c peaynbTaTaMH pa6oT&I n11 !a Eaa H A p /
31 

a eme pa3 no.o.Teep»<.uaiDT, 'ITO 

.aaHHhl e n o nollHhiM c EPieHMRM MoyKa
121 

owH6oqHhl. 

8 

npe.D.CTaBIIliQT HHTepec pa 

npeAeneHHli M npo.o.yxToB peaxns 

Kax OTMeTHIIM Eapwal H TeMM 

r.lle B HaqanbHOM COCTOHHHH .0.8 

ITHqecKOMy CDHHy. a H30TOITHqec 

TOIIHHH paeeH HYntO, yriiOBblQ ~ 

HOCHTellbH o yrna ()- 00°. T 

PSI.ll. 8 803M0)KHbiX COCTORHHA H8• 

C OUHHM 3H8q9HH9M H30TOllHqec 

EcnH npe.o.cTBBHTb pe3ynb' 

nO>K9HHSI flO CT8ll8HSIM KOCHHyca 

TO aHanH3 n o X .o.aeT C119Ay• 

EcnH xapaxTepHaoeaTb acH 

a 

TO nony'IHM 3Ha'IQHHll K03<t><PHUH< 

llaHH bl e, npase.aeuuble s 'I 

o6nac TH 3HeprHH nopK.o.xa 1000 

aCHMMeTpHH HaXO.D.HTCll B npe.o.e. 

Y rnoB&I e >Ke pac npe.o.eneHH 

ne 3H~prHA OK83blB8lOTCH Qq9Hb 

a<Pct>exT s o6nacTH aHeprHH 460-

CnexTpbl npoToHoe xaHana 

.U91!CTBHll B COC TOHHHH p 3/~ 

88HH9 T8K Or O B38HMoaelcTBHR 6 

npa HccneaosaHHK peaxuHH He 

TenbHblM noaTBepJKaeHHQM CJlUE 

roro THna. B npouecce pa6oT&I 

HOB KaHan a Ill peaxUHH liO.Q YI 

6yAyT IICll011 b30BaHbl .QIIll pacqe• 

UIHpHHa, pa.QHyc B3aHMO.Q9 l!CTBH! 

K Tpe xqacTHqHOMy paasany B KOI 



~epsane 9HeprKA 270-970 K9B, 

n.y c ol5oll. 

OT KaHana ill pe &KU.HH, 

t A:TpOH. 3H8'19HR9 9H8pi"HH 

prBTl!'IBCKOM CTIBKTpe, H3Me-' 

- 1,2 E 

IICTBMB KOOp,l:IHHaT, 

TOpHOll CHCTBMB KOOp.LlHHaT, 

' npH CBMH 3HB'IBHHIIX 3HBprHH 

IY'<BHbt 3Ha'IBHHK: r(He 
5

) & 

lBBHOll 

pa6oT no onpe,~:~eneHHJO r(He \ 

PaooThl 

Moak /2/ 
/10/ 

Frve 
Ill/ 

Levine el al. 
/12/ 

Levine et al. 
/13/ 

Craig el a1. 

n11 ra EH H .n.p/
31 

Smith et a1. 151 

HacTOKIUall paooTa 

onHH a yrnoshtX pacnpe.n.ene-

U pHHHM8JOT 3KSqeHHR 

a - 71,3 MO&pH npH auep-

.ll, 8HHbi9 HSXO.llSITCR B XOpo-

alUB paa nO.QTBBp>K.QaJOT, 'ITO 

npe.LlCTaBnKBT HHTepec paCCMOTpBTb nony'IQHHble HaMK peaynbTaTbl UO yrnOBblM pac

npe.n.eneHHH M npo.n.yKTOB peaKuHI c TO'IKH ape KKK He.n.asHell p a6oTbl 6apwa11 K TeMMepa
1 151

• 

KaK OTMBTHTIH Eapwal H TeMMep, B o6rueM c nyqae npoHasonbHOA KD.BpHoA peaKUKK BK.aa 

r.n.e II Ha'IBnbHOM COCTOKHHH .UBB qacTHUbl A, B OTHOCllTCll K OJ].HOMy MynbTKnne Ty ID H30TO-

nHqecKOMY CD HHy, 8 H30TOllHtteCKKA CllHH no Kp8AHeA Mepe O~HOA H3 tt8CTHU B KOH9'iKOM coc-

T OHHHK paBeH Hy1110 1 yrJIOBbte pacnpe.oeneKHSI npo.nyKTOB p ellKUHH B C .U.M. CHMM f' TpH'iHbi 0-r-" 

HOCHTenbHO yrna 0 • 9()
0 

• T8K08 CBOACTBO 8MITJIHTy.llbi p e aKU HH CIHI 38HO C T 9 M 1 'ITO H3 

pst,n a B03MO>KHblX COCTORHHA H8'1MbHOA CKCT8Mhl OCyiUeCT8."UI9TCSI nepeXO.ll JlHWb B COCTOSIHH 9 

C O..C.HHM 3H8'19HH9M H30TOITH"l9CKOI'O CITRH8 CHC T9M bl . 

EcnH npe.z:~cTBBHTb peaynb'l'llTbl xawHx H3Mepe HKll yrnoehtX pacnpe.z:~eneHHll B BHLle paa-

JIO>K9HHR no CT9ll9 H.Si1M KOCRHyca yrna 

TO aHanHa no X 

u ( ()) = I a f Pf ( cos 0 ) , 
f = 0 

.n.aeT c ne.ayJOll.IHB 3Ha'IBHKSI K03cpcpKUHBHTOB paanO>KBHKll ( CM, Ta6nHuy4), 

EcnH xapaKTepHaosaTb &CHMMBTpHIO s enH'tHHoll 
00 (0)-....!!.£(rr-0) 

"""iii! dO a 

~(()) +~(rr- () 
dfl dfl 

TO nony'IHM aHa'leHHK KoaqxpHUHBHTa a % npH paaKb!X y rnax H aHeprHKX (eM, Ta6nHuy 5). 

naHHhie, npxae.aeHHble 8 T a6nHue 5, YK83bi8810T H8 H8J1Kqae cna6oA 8CHMM8 TpHH 8 

o6nacTK a ueprHK nopH.LlKS 1000 K3B no.n. M8JlhlMH yrnaMH, Kax BK.UHO K3 pH c. 7, senK'tHHa 

8CHMM8TpHH HSXO.O.HTCSI B 1Ip9 Jl8118X TOl.J.HOCTH 3ICnepHM9HT8. 

YrnOBbiB >Ke pacnpe.n.eneHHll npOTOHOB OT TpBTbBrO KaHana ( pHc,9) B TOM >K B HHTepsa-

118 3H .2 prHA OK83blB8lOTCR 0tt9Hb Jl8118KHMH OT CHMM9TpHH OTHOCKTellbHO 90°. P aHee fl0.0.06HbJI\ 

aqxpeKT B oonacTH 3HeprHH 460-1087 K3B H80TIIO.LlBnK KJOH H WneHx
141

• 

CrreKTpbi npoTOHOB KaHana III peaKuHH yKB3biBaiOT Ha HBJIHl.IHe CHllbHoro n · a B3BHMo-

.ae AcTBHSI B COCTORHHH p B/:l , npe.UCK83biB88MOrO TeOpHeA. MHf'Jl8.11B-8aTCOHB. CyuteCTB O -

saHHe T&Koro saaHMOLleAcTBHK o
4
hino aKcnepHMBKTanbKO no.aTsep>K.aeHo BnacoBhlM H .ap/

14 1 

npH HCcne!lOBaHHH peBKuHH He + d • PeaynbTaTbl uacToRweA p aoOTht HBnKJOTCH .aononHH-

T9llbHbiM ll0JlTB8p>K.0.9HHQM cylUeCTBOB8HHSI T8K OrO po.aa B38HM0.08ACTBHR .QilH peBKUHH .npy

roro THna. B npouecce pa6oTht BbiUOnHeHbi H3MepeHHK aHepreTH'tBCKHX pacnpe.aeneHKA npoTo

HOB KaHana lll peaKUHH DOLl yrnOM 0 ° ( THllH'IHbll! CllBKTp npe!lCTasneH Ha pHC, 3), KOTOpbte 

6y.LlyT HCllOTib30BaHbl .LlnH paC'IBTa HBKOTOpb!X napaMBTpOB B3aKMOLlBiiCTBHSI (npKBBLlBHHaK 

WHpHHB. pS.llHyC B38HM0Jl9 ACTBHH ) C yqeTOM B03MO>KHbiX M8X8HH3MOB peBKUHR, npHBO.llSIUlHX 

K Tp8Xl.{8CTH1.J.HOMy p83 B8lly B KOH81.J.HOM COC TORHHH. 
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:: 

ET = ?63 K3B 

Yro!f B 
c.u.x. . "· ~·P· ceq. 

du lo(68pH 

-;n c;;p 

0 0,969;t0 ,0'18 
0 ,885;t0. 044 

I6 , 7° I, 007;t0, 050 
ss,sO I,206:t<J,060 
49,6° I,6S¥,07S 

65,7° 1,8it-9i!J,O~j 

81 .~0 Z,OOlJ;tO,O~~ 

96,5° I, 967:t<J,O~ 
I,968.t<J,099 

III,3° J,95,~,096 

125, ?" I,650.t<J,06S 

139,6° I,356.t<J,068 

... 20 ,8:!:.0 ,9 

ET c: 864 X31 

Yro• a 
c.tt-•· ... 

0 

I6,8° 
ss,5• 
49,90 

66,00 

81,1" 

97 ,00 

... ~po •• 
CO'IODO 

dq lol6 &pH 

dO 7,;p 

0,906.t<J,Oit-5 

o,965.t<J,049 
I, 232.t<J, 062 
I,6S?.t<J,06l 

2,0I6.t<J,l00 

2,l39i!J,l07 

2 ,OSI.t<J ,104 

III, 7° 2,074.t<J,I03 

I26,0° l,580;t0,084 

139,9" I,3I~,066 

2I,6:t.1 

'1J Ul L"'~ L:::J "'! "' 6= :s: '< -i> "0 
~ ---- ~ 01 "'! "' -= bl 

co 
t-' .._, <C Ill 

-= 
. ~C! .. 

>i l\.l h J 
"' (J • p 1-' ----'ll .. 01 : l\.l l\.l 

o---- Ill 
.., c.> 

tl> CJ1 tl> p .. 
c.> • l:l ..._. ,[\) ~ 1.0 <C .. :s: p 
0 II> . IW L' . 

:<l <C C! "' - '"" '"" CX> • 
:s;: 01 . 

IE; .. .... p .._, - w t:J:l 
;:, 

tl> 10 <C . co . .._, ,; 10 CJ1 CJ1 en - :s: ~ 

CJ1 .--~ l\.l 
... p CJ1 - h 
,. ....... .._, 

-1 0 .. 
'"" 

. n !" g l\.l p "' 0 
10 '? l:J ~ '"" "' p l:l 01 

f "4 ... <C .. p 

"' Ill CJ1 
;:, .._, . .. .. .. . .... . .._, . 

-

~ 

Yrnoe oe p ecnpeA 6ll tt MifO ~4JUi1Uf He
3 

+ T 8fii TBJI I r. c .u.~ . 
He 1 ~ T .. II~ ' + H 1+ 14.32 .'\as 

ET : !044 X3B 

Yro.1 1 

c.n·•· 
•,. 

0 

I7 ,o0 

38,8o 
so,4• 

66,6° 

82,4° 

97,6° 

.-a~ pea flo 
08'1808 
du w6aplf 

dO~ 

0,89S.t<J,0...5 

I,OSS.t<J,OSS 
l,385.t<J,069 
I, 756.t<J,088 
I, 722.t<J,066 

2,325.t<J,ll6 

2,400;t0,I67 

2,42~,I2I 

1!2,~0 I,93I.t<J,097 

!26 ,6° I,8I5;t(l, 09I 

I40,4° I,3?6.t<J,069 

23,5:J:.l 

Ey .C Illlf. 1.31 

Yru 1 
c • .q.u:. . .. 

0 

I7 , oo 
38,9° 
50,6° 

.-a~ pea. 
ceqeue 
dO" w6apH 

dO 7,;p 

o, 78'-:10, 039 
0,86Q;t0,0...3 
0,957.t<J,O'I8 
1,298.t<J,065 
l,670.t<J,08S 
1,669i!J,063 

66,8° Z,I54.t<J,106 

82 ,6° 

97,90 

2,49I;tO,I25 
2,449i!J,I22 
2,517.t<J,I26 
2, 403.t<J ,120 
2,403.t<J, I 20 

II2 ,6° Z ,203.t<J ,IIO 
2,!2I.t<J,I06 

I26,8° I, 7S7.t<J,087 
I, 7I8.t<J, 086 

140, 7" I ,2115;10 ,064 
I,298.t<J,065 

23 , ?±.I ,! 

ETa 1269 1.31 

YrOA • c.u. •• ... 
0 

I7,2° 
34,2° 
50,9° 

67,20 

aa,Io 

96,4° 

~pea, 
CO'IOD8 

da w6apJI 

dO--;;;;-

0,69~,035 

0,687.t<J,034 
0,8l2.t<J,OU 
I,£211_t0,06I 
I ,835.t<J ,092 
I, 752.t<J,088 
I,686.t<J ,();4 
I' 700.t<J ,();'/ 
2,239i!J , ll2 
l,38j.t<J,ll9 
2,1i65.t<J,U4 
2,6I8.t<J,13I 
2,4??.t<J, I2~ 

2,'181J%0 ,!2~ 

2,477.t<J,I24 
2,547.t<J ,I27 

E ~ a 1458 1.31 

Yro~ • .-a~pes. 
c.u.M. oe•oaae 

du w6 ap11 

d(} CTep 

0 0,62?.t<J,03I 
0 ,632.t<J. 032 

I7,s0 0,76I.t<J,038 
34,5° I,202.t<J,060 
SI,s" I,853.t<J,093 

I ,827.t<J,09I 

67, ?" 2,4l8.t<J,IZI 

83,6° 2, ?8":t(l,I39 

99,0° 2,?80.t<J ,I'I-O 
2, 74I;t(l,13? 

E T= ISZI ¥3B 

Yro• • o.u ••• 

0 

I7,4° 
35,60 
51,4° 

67,~· 

8a,8o 

99,10 

~pea ~to 
ceq~oe 

da M64 pH 

dil 7,;p 

0 ,~,0211 

0,746:J:.O,Oj7 
I,l?8.t<J,059 
I ,806.t<J ,0!10 

l,49'f;t<J,U5 

2,809j:O,I40 

2,894.t<J,I45 
2, ?98iO,I40 

II3,I0 2 , 221.t<J,III II3,6° 2,3800,!20 II3,8° 2,613.t<J,131 
2,I62.t<J , I09 

I2? , 2° I,7I6.t<J,086 ! 27,7° [,7I3.t<J,066 !27,9° I,995.t<J,IOO 

140,9" I,294.t<J, Ob5 1~!,3° l , 3bi;t0 , 068 14I,4° 1,352;t0,068 
I,3I!>+a,Ob6 I,351fi0,068::::_ ____ ____ _ 

24 ,I:t.I,l 25 ,4:!:.1, 1 26 ,1j:1, 2 

~ .. 
l:l 
"4 
n 
~ 

t:J:l 

:s: 
e 
"4 
"0 
J: 
II> 

~ 
Ill 



;:; 

-•epi'Illl 
!38Do
~8ICU. 

(X a»,) 

'763 KJB 

Yro11 a awe- j do ~>~6opK- ouoxa 
peBHH ~ dfi -;;;;p ~ 
.n.c.K. Be'l'~ 

n 
BeTn 

m n a 

~ 

Yrr. oabl e p!'lcnpelle.,eHMII petu:UIIII H~J • T 11 I!.C,Jt, BIITll., 0 11 BIIT&., m 

He 1
• t ... a'". r .. 1].095 M::oa OIJ 

He~• p • Q 

a • n • f ( He 
1

) 

86~ X3B 1044 K3B lii4 &31 

do ""~----n-oon · - -~d~~oap;c -- -onoaa--;~ - ~·P" 

;m- ~ :tl~ -dO ~ ~ di1 ~ 

Her» !SeT» Be•n l!e!B> l!e!U 
n * n 1 n m n 1 n • 

(UI) 

UUOK8 
tJo 

Be!JIJ> 
n w 

1263 K3B 145!l &31 

do- N 6.!1pH oaoxa dJ -N'5IIpH ·ouoaa 
dO .~ !'· d '! --z;;p ~ 

Be!JIJ> n m Ben~ n m Be!Bl> 
n 111 

l!e!JIJ> 
n z 

1521 ... 

da ""'6apH 

d7f CTep 

~'l'Bl» 
n w 

Ouou 
tJo 

Ji6'l'B.ll n m 
oo 2, 306 0 ,360 

2,501 0 , 321 
2,l440 , 365 
2,232 0,33~ 

6 ,7 9,1 2 , 773 0 , 3~2 6,5 II 2 ,979 0 , 5<lll 6 ,2 9 a,1~3 o ,~92 6,5 9,3 
3,376 0 ,543 

4,0II 
3,7'16 
3,7~1 

3,'166 

0,627 6,6 9,1 4,1'16 0 ,679 6,7 9,2 3, 924 0 ,7'16 6 ,6 13,5 
0,622 4,038 0,688 

15° 
300 

6,5 9,5 2,68~ 0,382 6,5 10,5 2,962 0 , 554 6,0 9 
6,5 9,5 2,68~ 0,349 7,0 II 2,751 0,~5 6,0 9 

3,215 0,544 6,~ u 
3,062 0 ,550 6,2 8,5 

0,628 6,4 8 , 4 3,967 0,717 6,5 10,5 3,930 0 ,764 6,5 12 
0,652 6 , 2 8 ,4 3,595 0,734 6,3 9 3,713 0,755 6 II 

~5° 2,170 0,330 6,5 9,7 2 ,441 0 ,359 6 II 2, 790 0,524 6 
2,724 0,513 

9 2,919 0 ,5'17 
3,II2 0,5'78 

8,5 3,400 0 ,6'/4 6 
3,180 0,642 
3 ,3tl3 0,616 
3,064 0,612 

7,5 3,al1 0, 738 6 
3,~27 0, 726 

3 ,477 0,704 6,3 

b0° 2,173 0,270 6 ,2 II 2, •31 0,304 12 2,669 O,H3 b 2,691 0,552 9,5 3,151 0 ,592 6 
2,891 0 ,631 

7,5 3,285 0,758 6 3,335 0,660 6 10,5 

75° 2,029 0 , 264 6 ,0 II 2,358 0 ,284 13 2,~13 0,402 9 2, 707 0,441 
2,621 0,436 

9 2,877 0,538 6 
3,059 0,~95 

7,5 3,150 0,622 6 7,6 3,100 0,582 6 10 

90° 1,922 0,253 6,0 12 2,253 0 , 251 6 
1,967 0, 207 

12 2,430 0 ,327 5,6 9,5 2,456 0,..01 6 9 
2,585 0,384 
2,585 0,385 

2,813 
2,802 
2 ,858 
2,773 

0 ,476 6 
0 ,476 
0,431 
0,447 

8 ,2 2,972 0,501 6 ,5 9, 3 2,945 0 ,518 II 
3,0~4 a.~ 3 ,059 0,499 

105° 1,931 0,173 6,0 I3 2,237 0,19~ 6 19 2,222 0,274 5,6 II 2,447 0,3II 6 9,4 
2,383 0,296 

2,597 
2,600 

0 ,381 6 10 
0,371 

2,878 0,~22 6 10,3 3,1~ 0,409 6,3 15 

120° 1,826 0,147 6,0 14,5 2,364 0 ,160 6,8 19 2,200 0,222 6 14 2,440 0 ,216 6,~ 14 

135° 1,990 O,II4 6,2 15,5 2 ,272 0,130 6,3 17 20361 0,181 6,3 15 2,382 0,175 6,4 13 
2,384 0,176 

2,695 0,302 6,3 II 

2,606 0,237 6 ,5 12 
2,623 0,243 

2,886 0 ,336 6,4 15,5 

2,914 0,263 6, 7 18 
2, 795 0,282 

2,861 0 ,357 6 ,4 17 

1,932 0,288 6,6 19 

u/..jr 24 , 6 2,7 29 ,0 3 ,0 30 ,4 4,1 3~ ,4 4,6 35 ,6 5,5 38 , 2 6 , 4 38 , 5 6 , 4 

., 

..,l=>tz~W 
<I> c.>I:Q 

tJlHH H H H H H H H H ~~~~g; -::1 -::1 I ~ =:I» <I> 
~ ~ ~{ll ~~ t1~~s 

ID W r--.o :sl't:l 
OOOH HO~HOO 00 W PIHI::"':: 
H-::10: ~ ~ ~~ ~ -::1 ~ 0\ -::1 ~ c.>tx>O:sl 

~ tx>:S:I :<l 

~~~~~~~~~~~~~~~ ~~~~~~~~ ~~ 
• • • • • • • • • • • • • • - • - • • - - • w • w 

s~~~~~~~~~~~~~~~~a~~~~~~~ 
I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ I+ 

'-"110 

ti' 
®: 

0<1> 
<l>'t:l ..,., 

> 
g' 

~ 
il 
It .. 



"' <- ~ .... .... 
~ "";. ~ 

Ta61!!na 3 "' "' "' 
"' " "' A6comoTJWe K3W8p8JDIJI no.a yrnow: 90° :s n,.c.K. 
~ "' Rl. "). "";. 
0 0 0 "' 
~ .... "' "" 3aeprHH "' "' '""!. ~ ~ ~ lH~epeHUH&nbHOe "' N .... B3aHJ.fO-
~ "" :s ,lteiiCTBIUI ceqeaHe THn AeteKtopa 
s ~ ET (K3B) 

"";. ";. 

"' "' "' 7JJ 4,Il..:t0,16 lloxynpOBO,liHHKOB~R "' ~ "' "' CIJeT'!HK N 
~re "";. ~ "'· 798 4,:n ..:t o,I7 -·- -·-0 0 00 "' 

~ "' 
.,.., 4,65 ..:t 0, 19 ~3Y-J5 :8 '""'"' ~ "' ~r-;. ...; ...; 
"'"' "' 868,5 4,64 ..:t o, 19 llo.lynpOBO)(HUKOBHII CIJBT'IHK "' 

0 
.... ~ 941 4,66 ..:t 0,19 -"- -"-.... .... 
~ "" 945 4,95 ..:t 0,2 -·- -n -"' "' '" N ""' 980 5,09 ..:t 0,2 -"- -"-.... ~f;; ~ ~~ ~.;:t;. "' 

0 00 0 00 "' 1017 5,01 ..:t 0,2 -" - -"-
"' &:;8 "' (S:;) 5,10 ..:t 0,2 -·- -"-.~ "' ~ 
~ ~ "' "'"' ~ "' NN ...; N~ 5,10 ..:t 0,2 <P3Y-J5 
"";. ;!; "' 1056 5,09 ..:t 0,2 llonynpOBO)tHHKOBHR ClleTIJHK 
"' 

.... 
~ "";. 1096 5, 16 ..:t o, 2 -·- -"-

"' "' "' II67 5,58 ..:t 0,22 -·- -"-
q~ ~ "'"' " " II75 5, 41 ..:t 0,22 -"- -"-"' ~~ ~ 
00 0 00 .,. 

5,42 ..:t o, 22 <P3Y-J5 C'-"' 1 "' ... .,. 
$~ ~~ NCO: ..; 

"'"' ~ 1215 5,66 ..:t 0,2J llonynpoBO,ltHHKOBHII Cll6TIJKK 
.... ... "' 1254 5,1:35 ..:t 0,24 -·- -"-.... .... .... 
~ "' 5,62 ..:t 0,22 <R3Y-J5 
"' "' "' 5,6J ..:t 0,22 llonynpOBO,ltHKKOB~II ... "' 

1294 CII6TIIHK .... 
!;; ~ "' .... IJJ4 5,9J ..:t 0,24 -"- " 0 '""!. - -0 0 ... 
N 

~ 
.... 5,6J ..:t 0,22 <P3Y .. J5 

~ "' "";. 
"' 1418 6,II ..:t 0,24 ITonynpoBO.ltHHKOB~II ..; 

"' ...; ~ ' Cl!eT'IHK 
~ ~ C'- 1487 6,IJ..:t0,24 -·- -" -.... 

a:. "! 1501 6,J4 ..:t 0,25 -·- -~·-
"' "' 6,18 ..:t 0,24 <P3Y-J5 

" 0 0 

"' "' "' "" '""!. .... .... 
0 0 0 

,., 
C'- "" "' "' ~ " 0 
~ ~ xi N ...; N 

"" "' 
;::) ... ~ .... 

"" "" ~ "' "' "' 
"' .. "" ~ ;!; ::;. C'-

0 0 0 ...; 
.... 

~ ~ "' ~ "'· ~ "'· ... .... .... ~ "' 
0 0 0 

"' C1 "' s "' ' .... 
' 

13 



~~4 

E I 'iMCJIO I • l 
T napaweTpOB x<-•> •. •, •. •. 

763 4 3,87 • 0,00458 0,00004 -0,002II 0,00002 ':::, ,.. r; 
+0,00008 +0,00012 +0,00020 +0,00019 - - - ~ - - - - ~ 

864 4 2 ,2 0,00~36 0,00018 -0,00295 0,00020 
~0,00010 ~0,00014 ~0, 00026 ~0 , 00024 

1044 I 4 7 ,46 , ~, 00698 0,00036 -0,0038~ -0,00010 
~0,00012 ~0,00017 ~0,00033 ±0,00028 

~ 

! _ P Kc. 1. CxeMa KBMepbl 1 

Il44 4 5, 07 I 0,00736 0,00038 -0,00492 +0,00048 3 - ra3 o B all MHJ 

\±0 ,00010 , ~0,00013 \ ±0,00023 0,00023 6op ¢onbr K 3 M 
' I 
: I 

1263 4 5,96 I 0,00854 0 ,00031 I -0,00598 I 0,00024 
~0 , 00010 ' ,t0,00015 l ~0 , 00025 ' ±0 ,00023 

1458 4 1 ,7 lo,o104 1 o,ooo2r i -0 ,00790 o,ooo52 
; : I 

: ~0,00016 ! ~0 , 00019 . ~0,00059 ,t0 ,00035 
. I 

I , ar) 
1521 4 0 ,96 :0 ,0112 O,OU00~4 · -0 , 00922 0,00120 

,o, ooa;, ,.o,~, to.ooo"' ;t<J,0004l , &: ] ,~1. 

T~ ~ 
~ ... 1 0o 10° 'zo0 300 1 400 50° ! 60° 1 70° 80° . 

I : I 

763 0 ,5 
I 

0 -2,4 0 1,1 o,o ! 0 ; 0,2 0 I 

7,4 6 ,3 5,1 ! 4,3 2,2 t ! 
864 I 3,3 1,6 1 0,9 0,3 

n,l8,5 I 
I ! 

!044 II,8 I 7,! ! 5,8 4,7 I 2,5 j 1,8 
1 

0,8 

I II4 !5,8 13,7 9,4 
! ' I 7 ,I ; 5,0 

I 3,8 i 2,8 1,6 1,0 

I ' ! I 
! 263 10 , 7 II,8 7,9 5,1 ; 5,4 z,9 1 !,5 !,1 0,8 

' 
I 9 l i !458 9,9 i 9, 5 i 5, '/ 3,2 : 2,4 . ' !,6 1,2 : 0, 7 

PHc . 2. CxE 

I 
1-0, 6 

' 
!52! 0 i 0 - ! ,8 -0 , 7 -0 , 3 : 0 0, 2 ' 0 

: 
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• 
' 

-0,002II 
.±0,00020 

-o,00295 
.±0,00026 

-o,0038~ 

.±0 ,00033 

-0,00492 
.±0,00023 

-o,00598 
.±0,00025 

-0,00790 
.±0,00059 

.0,00922 
:.0,00046 

;oo 60° j 
I 

l,o 0 

!,2 

~ t 7 

l,8 ! 2,8 
' 

!,9 : 1,5 

:,9 I 1,6 

.0,3 ; 0 

• • 

0,00002 
.±0,00019 

0,00020 
.±0,00024 

-0,00010 
.±0,00028 

+0,00048 
0,00023 

0,00024 
.±0,00023 

0,00052 
.±0,00035 

0,00120 
.±0,00042 

70° 80° 

0,2 0 

0,9 0,3 

1,8 0,8 

1,6 1,0 
I 

I,I 0,8 

I,2 J 0,7 
I 

0,2 i 0 

PRe, 1. CxeMa KaMepbl HaMepeKHA. 1 - Kopnyc K8Mepb1 1 2 - J<onnRMSTOp 1,5 "'"'• 
3 - raaOB8ll MHW9Hb1 4 - Bp8W810LUHICSI JJ.9T8KTOp1 5 - MOHRTOp, 6 - H8-

6op q>onbr Ra AI , 7 - 38.llep>KRB8IOLUHA 9neKTpoJJ., 8 - a -HcTO'IHHK, 

PHc, 2. CxeM8 MHW9KH, a)" To'I9'1H8ll •• 6 )• nnHHHast• • 
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'9 ·~lid 

d.LI8UO JPIBidll.B~ ·s·~•d 

J. 
'""" 9911-3 

91 

' ~ + 3H BJitnn:Jed DJI.L:l11h dJ.lr&DO ll"IHhXDH~ •" •o•d 
.~ 

'~ + aH •snxued DIIJ.:::nlh dJ.xeuo JPIHhHDH~ 
• 

-
- .~'H-.J.<r'H -

't'~Bd 



P•c,5, 

a 

1 •15° npa E T •J32 !J<aa, 

""·-
TmnHWI cneJtTP "'ACTIIIl no 3aeprax. E •864 I&a, Yron 8 •80° 

-2. T nao2 • 
o- q>onw-a To.nw.•aol 8 wr/cM , • - q>onbl"'a Ton w.xHol 84 t..~.r/ cw • 

Pwc. e. K N&To.a.y o6pa60TJt• cneKTpo:a. 
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IJOIII!dll 110tl'>Kl1ll 

L + i 3H HHlllll19d 

odnol1d 91'11101tJA: '8 'OIId 

81 

'VRdvgw S'Q fH 11..IAdtr OH'llt9J.HOORJ.O 

..IAdtr l'fR9l:n9WO J.VHI!trdo HOO OU Bl'IHRVXT 
0
11€ll '1>98 • '3 HHJd&H€ 0 IJVHHbliH 

·wn a"aJ.oHo " ( 1 WRI1ll) l.: +i aH HHnxvad lloRoJ.vaxr BHHauaxraduo11d al'!llouJ,<: • L '""d 

• ~ m ·w ~ ~ ~ ~ ~ « g o 
tilt I/ 



: T (](&Han I ) a CRCTeMe UM. 
a OpJlRH&T CM9 LU91lhl Jlpyt' 

PRe, 8. Yrnoable pacnpe.lleneHRR Henpepb!BHoro cnei(Tpa npoToaoa (KaHan II) 
pe&KnRH He

3
+·T a na6opaTopHoA CHCTeue KOOP.IlHBaT, llJI(ana C& 'I&HRA 

1(8)1{Jl0A l(pllaoA fi 0JlHSIT8 OTHOCRT&nbHO np&Jlb1JlYLU9A ua 0,5 M6apHa, 

19 



Pile. 9. 

fl a~., , ....... 
~~~ 

J.J 

J,l 

u 

1.0 

119 

41 

II? 

Ql 

Q6 

(lit 

41 

u 

qJ '----''---'---' 
IJI'JP~M 

,, . .,.., 

p•JIIII•" 

I 
lr•tfllll/..1 

f• .,.,., 

£l/AcJ 

Y rnOBhlB paenpe.neneRHII npOTOROB Jt&Hana m pean•• He a+ T B n.e.Jt. 

·wxana ee'l&HRJI JtS>K.IlOI KpRBOI OO.IlKKT8 OTHOCKT&llbRO llp8.1lhl.llyUl&ll Ha 

0,1 w6apaa. 

20 

Pile. 10. 

t _, ,., 

.. 

n 

• 

• 

I 

, 

-·-·-·- -·-·-·-·-·S..·-·- ·-·-·-----·-·-·--· ...... 1 

------------------.------- __ .. _ --. 
n Ill Ill 1,0 II II u ~~ 

a 
nonHble eeqeHHSI peaXUHH He + T : Kpaaa H 

KaHan 121 , Kpaa aR III - KaHan 13 1, xpHaall 

UHH He3 
+ T • 

21 
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