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PEAKUV!H d+d.-~o+He4 
nPVI 8HEPrVIVI DEHTPOHOB 400 M8B 

(}(i'J.e~mieUHhlil IIHCTIIT}'T , .. 
nnepmr1x nccne.nooaunA · 

6M5flJ-10TEKA 



no HaCTOS'!Wero BpeMeHH Bee 9KcnepHMeHT8JlbHhle HCCnenOB8HHH no npoBep-

Ke npHHUHna 3apgnoBOI HHB8pH8HTHOCT~ B npoueccax o6p830B8HHH 

npoBonanHcb nyTeM cpaBHeHHS'I nByx aapHnoBo-conpg)KeHHbiX peaKuHI, ceqeHHH 

KOTOphlX npH COXpaHeHHH nOJIHOI"O H30TOnHqeCKOI"O CnHHa nOJI)KHhl HaXOnHTbCH B 

onpeneneHHOM COOTHOWeHHH. 3TO OTHOCHTCH K peaKUHHM p+ P __. d+ ~+ 
- d 0 /1 2/ /3 4/ 

H tl + p-- + TL , aayqeHHbiM npH sHepragx 400 MsB ' H 600 MsB ' , 

d + + d H 3 ,.,...o 
a T8K)Ke K pea KUHS'IM P + -- L + j't_ H p + -- e + ~l 1 KOTOpbie 

cpaBHHBanacb npa sHeprHHX 340 MsB
151

, 450 MsB
161 

H 600 MsB
17 1• 

OnHaKo 6onee npHMol MeTon npoBepKH npHHUHna aapS'InoBofi HHBapaaHTHOCTH, 

CB060nHblfi OT KaKHX-nH60 CHCTeMaTH'i$CKHX OWH60K 1 COCTOHT B yCT8HOBJieHHH 

CTeneHH aanpeTa, BbiTeKaiOwero H3 COXpaHeHHH H30TOnHqeCKOI"O CnHHa B npouec-

cax o6paaoBaHHH Me3oHoB. TaK, HanpaMep, aanpeT, o6ycnoBneHHhla sTo~ npaqaHofi, 

/8/ 
noJI)KeH HMeTb MeCTO B peaKUHH 

d+d-m:0 +He~ Ill 

YKaaaHHbifi npouecc noaBonHeT TaK)Ke npoaaBecTH npoBepKy ranoTB3bi cywecTBOBa-

,.,.o /9/ 
HHSI aaoTonaqecKH cKanstpHoro ~l -MeaoHa, Bbrn Bll:HyTol A.M. EannHHbiM 

nnst YCTpaHeHHSI npOTHBOpeqaif MB)Kny naHHblMH no cpOTOpO)KneHHIO 

HOB B6JIH3H nopora H COOTHOWeHHeM naHOBCKOI"Oo 

B pa6oTe npaBonstTCSI nepBbie naHHbre o6 sTol peaKUHH, nonyqeHHbie Ha 

CHHXPOUHKJIOTpOHB na6opaTOpHH stnepHblX peaKUHI npH SHeprHH neifTpOHOB 400MsB, 

V!aMepeHHSI npOBOnHJIHCb H8 BbiBBnBHHOM nyqKe neifTpOHOB C HHTBHCHBHOCTbiO OKQ-

10 -1 
JIO 3•10 CBK o 8TOpHqHbl9 38pSI)KBHHbl9 qacTHUbl 0 o6pa30BaHHbl9 B MHWBHSIX HS._ 

TSI)KBJIOI"O nOJIHSTHJIBHa H yrnepona, BbinBRSIJIHCb JiaTyHHblM KOJIJIHM8:I'OpOM 0 pacno-

JIO)KBHHblM non yrJIOM 5,6° no OTHOWeHHIO K nyqKy ne1TpOHOB 1 OTKJIOHSIJIHCb ·Mar-
0 . • 

HHTHbiM noneM Ha yron 27 t i:rpoxonHJIH qepea CT8JlbHOI KOJIJIHM8TOp B 3aWHTHOH 

6eTOHHOH CTeHe H perHCTpHpOB8JIHCb TBJIBCKOnOM, COCT8BJI9HHblM H3 WBCTH CUHHTHJIJIH

UHOHHblX cqeTqaKoB /pac.ll. VI n eHTHcpaKauast aapst)KBHHbiX qacTau, Bbi6HBaeMbiX aa 

M HWBHH 1 npOH3BOnHJiaCb no ScpcpeKTHBHOMy HMnyJibCY 1 yneJibHOfi HOHH38UHH H npo-

6ery. 0T60p qaCTHU C onpeneneHHblM HMnyJibCOM npooonHJICSI C nOMOWbiO 9JIBKTpo

M8I"HHTa, nonmcaM KOToporo 6brna npanaHa cneuHaJibHaH cpopMa nnst ynyqweHHSI 

paapewamweii cnoco6HOCTH. PaaneneHae qacTHll no Be.rmqaHe ynenbHOI HOHHaauHH 
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OCylll9CTB1ISI110Cb H93aBHCHMO B Ka:>KnOM 1:!3 IISITl:! rrepBb!X C'i9T'IHKOB T9li9CKOIIa. 

1101 . 
TaKoil: Meron rroseonSin Hane:>KHO BbrnenSITb penKHe rrpoueccbr HcrrycKaHHSI 

'iaCTl:!U C Bb!COKOil: l:!OHl:!38Ul:!eil: HB cpoHe IIOCTOpOHH9f'O H3liY'I9Hl:!H .c M 9Hblll eit llOHH-

38UHeil:. BenH'IHHa rrpo6era qacTHU sanaeanacb TopMOGSIIUHMH cp~llbTpaMu, rroMe-

m 9HHb!Ml:! rrepen IISITb!M l:! lll9CTb!M C'i9T'ii!KaMl:! TenecKOrra, IIOCllenHHH 113 KOTOpb!X 

BKiiiO'Ia1ICSl Ha aHTl:!COBIIaneHHSI C rrepBb!Ml:! IISITbiO nnH ebrn eneHHH 'i8C'I'IIU e aanaH

HOM UHTepBane IIpo6era. B rrepBhlX IISITH C'ieT'IHK8X TenecKOIIa 6hlliH HCIIOllb30eaHhl 

CUHHTU111ISITOpbl B BUne II119HOK T01IlllHHOil: 0 15 MM 1 o6ecrre'IHeaiOlllHe perHCTp8UHIO 

eX - 'IacTuu, Ha'iuHaSI c aHepruH 60 Mae. KanH6poeKa wKaJtbi nHcKpHMHHaTopa 

rrpoHaBonHnacb Ha rryqKe o( - 'iacTHU c aHeprHSIMH 800, 700, 460 u 370 Mae. 

06lllHfi KOHTp01Ib aiiiiapaTypb! H Ka1IH6pOBKa lllKallbl TOK8 aneKTpOM8f'HUTa e enHHif-
3 

uax Mae/c rrpoHaeonunucb rryTeM perHCTpauHH Hnep He OT peaKUHif 

d+ d--. He~+ rt • Ha puc. 2 rrpi1eeneH crreKTp Mace 'IaCTHu c acpcpeKTHeHbiM 

l:!MIIy1IbCOM 
p 
z 730 Mae/c, HcrrymeHHbiX rron yrnoM 5,8° e na6oparopHoit 

cucre~e KoopnuHaT oT MHllleHH us TSI:>Kenoro rronuaTuneHa. Ha puc. 3 rroKaaaHa 

C'IeTHaSI XapaKT9pl:!CTUKa Te119CKOIIa B 38BHCUMOCTH OT IIOpOra nHCKpHMUH8TOpa 1 
3 

a TaK:>Ke KpHBaSI Bbrxona Sinep He e saeucHMOCTH or roKa e oTKliOHSIIOweM 

aneKTpoMarHuTe nna MHweHH us TSI:>Kenoro rronuaTuneHa u paaHoCTb C D2- C, 
d 

3 \ 

cooTBeTcTByromaa peaKUHH +d..._ He + n. • AHanorn'IHbiM o6pa3oM Ha MH-

weHH us ramenoro rronriaTxmeHa 6bm HaMepeH BbiXon of. -qacruu c acbc}JeKTHe-

HbiM HMIIY1IbCOM 635 Mae/ c, cooreercTeyiOIUHM Bbmery o( -qacTHU or peaKUHH 

0 . 
/} / nnSI yrna 5,6 B 1Ia6opaTOpHOfi CHCTeM~ KOTOpOMy COOTeeTCTByeT, IIpHMepH0 1 

lf30TpOIIU'ieCKl:!fi yron B CHCT9Me U9HTpa Mace /pHc.4/ • Ha pH C. 5 H EJ IIOK838Hbl 

YC110Bl:!Sl perHCTpaUHl:! STHX ~ -qacTl:!U IIO B91IIf'IHH9 ynenbHOH lf0Hif38UHH 1 IIpo6e

ry u ToKy. OrrpeneneHHe a6coniOTHbiX ceqeHHil: 6bmo rrpoHseen eHo B rex :>Ke ycno-

d r:-:-+ 
Blf£1X IIyTeM perHCTpaUHH nefiTpOHOB OT peaKUiflf p + P-- + ~L 1 Ce'ieHHe 

/11 I 
KOTOpOfi. B HaCTOSilllee BpeMSI XOpOlllO U3B9CTHO • Ha puc. 7 IIOK838H8 C'ieTHaH 

xapaKTepucTHKa TenecKorra rrpH perucTpaul:!u neitTpOHOB or arol peaKuHu. Ha pe

synbTaToB rrepewx HSMepeHHit cnenyeT, 'iTO c nocToBepHoCTbiO 80% rronHoe ce'IeHue 

peaKUHH /)/ 
4 -31. 

6 (d+d-ffi:0 +He )< 1:10 CM
2

. 
·t 

nony'IeHH8£1 OUeHKa IIOK83biB89T 1 'iTO ce'ieHue peaKUl:!H /}/ 1IIflllb B HeCKOllbKO pas 

rrpeJ?bllll89T C9'i9Hl:!e 9119KTpOM8f'HHTHOf'O npouecca d..+ d. --r+ H e4 
.J 

J 
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KOTopoe, COI'llaCHO .o:aHHb!M no o6paTHO~ peaKUHH f+He4
-- d.+ cl 

-32 2 

/12/ 

COCTaBllHeT OKOllO 10 CM t B TO BpeMH KaK npH OTCYTCTBHH aanpeTa B peaK-
• I , ' 2 

UHH /1/ ceqeHHH STHX .O:BYX npoueCCOB MOI'YT OTlJHqaTbCH B 10 paa. 

nocKOllbKY B ycllOBHHX .O:aHHb!X SKcnepHMeHTOB MOI'llH TaK:>Ke perHCTpHpOBaTb-

CH cf... -qacTHUbl OT peaKUHH d.+ d-·:ft~ +.He4 
, B ~oTopo~ npoHCXO.O:HT 

o6pa30BaHHe H30TOnHqecKH CKallHpHOI'O m:o -MeaoHa, To nonyqeHHyiO oueHKy 

llOllHOI'O ceqeHHH .O:llH peaKUHH /1/ cne.o:yeT paccMaTpHBaTb KaK yKa3aHHe Ha TO, 

qTO H30TOnHqecKH CKallHpHOI'O .'R: 0 
-Me30Ha C Macc·o~· ~ HHTepBane /135~!~/MaB 

He cymecTByeT. 

H3MepeHO TaK:>Ke .l!McPclJepeHUH8llbHOe ceqeHHe peaKUHH B pa6oTe Dh!llO 

d+d--He3 +n .llllH yrlla 5,6° B na6opaTOpHOll CHCTeMe, KOTOpoe B CHCTe-
. ds o """29 2 

ueHTpa Mace paBHHeTcH d.Q. /15,~ I = /3,8:!:.0,5/ .10 eM /cTepa.o:. Me 

B .o:anbHeiiwHx aKcnep~MeHTax c ncnollb30BaHHeM paapa6oTaHHoii annapaTypw 

H MHWeHH H3 2KH.O:KOI'O .o:ei~TepHH, no-BH.O:HMOMy, y.o:aCTCH npO.O:BHHYTbCH npH 

oueHKe BepxHe~ rpaHHUhi ceqeHHH peaKuHH /1/ no Kpa~Heii Mepe Ha nopH.o:oK H 
. 4 

ol+ d.- ~0+ He H TeM CaM hiM npOH3BeCTH npHMOe cpaBHeHH e peaKUH~ 

d+d-t+HeLt B O.O:HHaKOBb!X yCllO BHHXo 

PyKonHCb nocTynnna B Ha.o:aTellbCKH~ oT.o:en 26 OKTHDpH 1959r. 
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P11c. 1. CxeMa aKcnepHMeHT/1, 

1 - OTKnOH!UOllll!9 HllCilnKH, 2 - Henon!Ip1!30B/lHHbli! llY'IOK nei!TpOHOB 1 

3 - Mlli"'HI!THble KaanpynonhHbre ni!H3bl, 4 - Ml!lll9Hb 1!3 T!I:>Kenoro nonu-

9TI!neHa llnll yrnepbna, 5 ·- C BIIHUOB/l!I 3/lllli!T/1 1 6 - MOHIIT0p 1 7 - TpaeK

TOpii!I BTOpH'IHbiX 31lp!I:lK9HHbiX 'lllCTI!U 1 8 - OTKnOH!IIOllll!il aneKTpOM/li"'HIIT, 

g - cj:loKycl!pyromaSI nacanKa, 10 - oeTonna!I 3/llllHTa, 11 - TenecKon 1!3 

wecTH CUI!HTHnn!Ini!OHHbiX C'leT'II!KOB 1 12 - 3/llllHTH/l!I CT9H/l, 
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PHc. 2. CneKTp Mace 'lacTKU oT coy.llapeHKll CD2- C , KcnyrueHHbiX no.ll 

yrnOM 5,6° B na6opaTOpHol1 CKCTeMe KOOp,llKHST. CTpenKSMK YK838Hbl 

pSC'IeTHble 3HS'IeHKH cpe,llHHX npo6erOB pa3nK'IHbiX 'ISCTHU; 
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PHc. 3. C'IeTHaH xapaKTepHCTHKa TenecKoTia c BKni02eHHbiM cqeT'!HKOM aHTHCOBTia
.neHHii np11 TonmHHe nornoTHTenH 10,5 r/cM Cu. B 3aBHCHMOCTI1 aT Tiopo
ra .nHcKpHMnHaTopa npH perHcTpauHH Rnep }ie3 

aT d.+ CD2 coy.uape
HHii H Bbixo.n R.nep He3 s 3asncnMoCTH aT TaKa :meKTpoMarHHTa; ~ -

aT MHtueHH H3 TH)Kenoro nonHaTHneaa; ~ - pa3HOCTb CD2 - C . 
CTpenKoii )'Ka3aHo pac'IeTHoe 3Ha'IeHHe Tiono)KeHHH miKa g.nep He! aT 

peaKUHH d.+d- He3 +n . 

•· 
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Puc. 4. HeKoTop&re KHHeMaTH'IeCKHe xapaKTepHCTHKH peaKuHII d.+ d.-- He3+n 
d.+d.-T+ol. H ci+cl-~0+<X • no OCII SOCUHCC :>003HS'IeH 

yron BblneTa TSDKen&IX 38pSUK9RHbiX 'ISCTIIU B na15opaTOpHOil: CIICTeMe, no 

ocn op.anHaT-scpcpeKTHBH&rll HMnyn&c 'laCTHU P/z , r.ae Z - aapS!.a 

'lacTHUhr. UncppaMII aa BHyTpeHHell 'neTne', yKaaaH&r yrnbl )3&1/leTa <X -
'ISCTHU B CIICTeMe U9HTpa M8CC B P98KUHII ci+ d.- St0 + 0(. 
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HacTpoilKa annapaTVPbi nn11 perllcTpaullll -qacTIIU OT peaKUIIII 

d.-+ d. ..... J"\.0+ 0( . 

Kpi!Ball 1 - c'!eTHaSI xapaKTepi!CTI!Ka TenecKona oT d.+ CD2 
coynapeHIIll npu TOnll!IIHax nornoTI!TenH; 9 - R = 0,5 eM At ; 
~- R = 1,0 CM At . 
Kpi!BaH 11 - paaHoCTb c•~eTa .N I R = 0,51 - N I R =1,01, cooT-
aeTcTBY!OlllBSI oC -qacTIIUBM c scj:lCpeKTIIBHbiM IIMnynbCOM 635 Msalc, • 
CTpenKoll yKaaaHo pac'!eTHoe 3Ha'!eHI!e aenii'IIIHbl nopora L!IICKpiiMIIHaTo-

pa L!nll o(. -qacTIIU c HMnynbCOM 635 Msalc, 

------------
OGT>e)lm:l:mH,!fi uunu> 

"" tmepHHli liCCJlCJ,l!JIHH':l 

6M5JI!-·10TEHA 
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Puc. 6. 1. CqeTHall xapaKTepHCTHKa TenecKona B aaBHCHMOCTH oT aenuqHHbi TopMo-

3l!utero cPHIIbTpa .unll e1.. -qacTHU oT d.+ CD 2 coy .uapeaull c HM-

nynbcoM 635 M-aa/c. 

11. PeaynbTSTbi H3MepeHHll peaKUHH cl+ d __. :1t
0 

+ He4 
, nonyqeHHbie 

C IIOMOUlbiO TeneCKOIIS, HBCTpOeHHOI'O Ha o(. - qacTHUbl "OT 9TOH peaK

UHH, BbmeTaromne no.u yrnoM 5,6° B na6opaTopHoll cHcTeMe; ~- C:D2 ; .+ - C ; . Q - pa3HOCTb cqeTa CD2- C . 3 
CTpenKoll noKaaaHo paccqnTaHHoe uo nono)KeHHIO IIHKa li.Uep He OT peaK,.. 
UHH d.+ d-}{e3+n 3HaqeHHe TOKa aneKTpOM8I'HHTa, COOTBeTCTBYIO-
utee e1.. -qacTuuaM oT peaKUHH d..+ d.- !it0+ }{e-4 . 
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Pnc. 7. 

10 l.J.g Bofibm&l 66 68 

HacTpoilKa annapaTypbi npn perncTpaunn aeiiTponoa OT peaKunu 
p ... p-d+Sl.+ . 

Kpnaa11 1 - C'<eTna!l xapaKTepllcTuKa Te:IecKona a aaaucuMocTn oT 
nopora ancKpnMnnaTopa. 

Kpnaa11 11 - CqeT TenecKona a aaanci!MOCTn oT TOKa sneKTpoM·arnnTa. 
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