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A H H o T a u R g 

B pa6oTe onHCbiBaeTcR cepug aKcnepHMeHTOB no uccne.uosaHRIO peaKUHH 

d d ~o H 4 · + .-. ;,~,. + e npu aHeprHH .uei!:TpOHOB 400 Mas. 3Ta peaKUHR aanperueHa 

38KOHOM COXpaHe!IHR nonHOI'O H30TOnH'IeCKOI'O CnRHa. Y CT8HOBneH0 1 'ITO nonHoe ce'IeHHe 

-32 2 . 
9TOi!: peaKUHH MeHhllle, 'IeM 1,1•10 CM 1 C .llOCTOBepHOCThiO 90%. nony'IeHHag OUeHK8 

sepxHei!: rpaHHUbl ce'IeHHR aToi!: peaKUHH conocTasng.eTcg c HaMepeHHbiM B pa6oTe ceqe-
. 4 

HHeM aneKTpOM8I'HHTHOI'O npouecca. d + d - r + He J a T8K)Ke c ceqe-

H 3 H 4 ,...+ 
HHeM pe8KUHH p+ € - e + Jl ) paapellleHHOi!: npaBHnBMH OT6opa no H30TO-

nH'IeCKOMy CnHHy. nony'IeHHble B pa6oTe .llBHHbie BMeCTe C .llOnonHHTenhHb!MH TeopeTH-

, . d cl ~ 4 
qeCKHMH oueHKBMH yKaabiBaiOT Ha nanuque cHnhHoro aanpeTa B peaKUHH ... - Ji ... He 

H TeM CBMbiM nO.llTBep)K.ll8IOT BbmOnHHMOCTh 38KOH8 COXpaHeHHR nonHOI'O H30TOnH'Ie

CKOI'O CnHH8 B npoueccax o6pa30B8HHR ~ -Me30HOB HyKnOHBMH H nei'KHMH R.llp8MH.· 

.,. 

Abstract 

The set of the experiments on the lnvestl/ilatlon of the process d +d-- H rf-+ :Ji. 0 

at deutron ener~y 400 IW'eV are described •. This process Is forbidden accordln~ to the low 
of conservation of the total lsospln. It Is found that the total cross section of this process 
Is less than 1,1 •. ro-32 cm2 with 90o/o confidence •. This upper limit Is compared with the 
cross section of the electroma~netlc process 

4
cJ.., c/...,. He"~ ... y -, and also with the 

cross section of the process p+ He5 - He-+ :Tt+ , which have been measured In our 
experiments. ,The last process Is perm/ted by the low of conservation of the total lsospln. 

All these data to~ether with series of theoretical estimates made In this wak are prov-
ln/1 the existence of the stron/1 forbidden In the process d-~o c.{...; He"+ 31...0 (In the 
limit 'o/3% with 90o/o confidence), thus, supporting the fulfilment of the low of conservation 
of the total lsospln In the :ii -meson production by nucleons and light nuclei. 
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B.aeaeHHe 

¢H3H'IeCKOH OCHOBOH npHHUHna 38pHIJ.OBOH HHB8pH8HTHOCTH HBnHeTCH cyweCTBOBa

HHe rpynn 6nH3KHX no CBOHM CBOii:CTB8M '18CTHUo LJ:acTHUbl T8KOil: rpynnbi paCCM8TpHB8-

IOTCH K8K paanH'IHbie 38pHI1.0Bbie COCTOHHHH ·eD.HHOil: '18CTHUblt npH STOM paanH'IHbie 

aapHD.OBbie COCTOHHHH nO'ITH HD.eHTH'IHblo npocTeil:wHM npHMepOM MO)KeT cny)KHTh 

HyxnoH, aapHD.OBbre cocTOHHHH xoToporo - npoToH lr .He.liTpoH - aecbMa 6nH3KH apyr K 

apyry no CBOHM CBOii:CTB8Mo KpoMe aneMeHT8pHbiX '18CTHU nOD.06HbiMH CBOtiCTB8MH 

o6naaaroT T8K)Ke HeKOTOpbie rpynnbi CHCTe.M, COCTOHWHX H3 HeCKOnhKHX '18CTHUo 

Bee 3TH CBO.liCTB8 MO)KHO Bblp83HTh CTpOI'O M8TeM8TH'IeCKH 1 ecnH BBeCTH BCnOMO~ 

raTertbHoe aapgaoaoe HnH H30TOnHqecxoe npocTpaHCTBo. Toraa npHHUHn aapgaoao.li 

HHB8pH8HTHOCTH CBOilHTCH K. cneayrolUHM nono)KeHHHM! 1) no aHanOI'HH C 06bi'IHbiM 

TpexMepHbl~ npOCTp8HCTBOM 38pHD.OBOe npOCTp8HCTBO H30TpOnHOi cpH3H'IeCKHe CBOti:

CTB8 CHCTeMbl '18CTHU MOI'yT 38BHCeTb OT H30TOnH'IeCKHX. CnHHOB H HX B38HMHbiX 

npoeKUHti, HO He MOI'YT H3MeHHThCH npH llOBOpOTe BCe.li CHCTeMhl B H30TOnHqeCKOM npo

CTpaHCTBe; 2) npoueCCblt o6ycnoaneHHble CHnhHblM B38HMOD.e.liCTBHeM 1 He HapyWaiOT 

H30TpOllHH 38pHilOBOI'O npOCTpaHCT~a; 3) cna6oe H aneKTpOM8I'HHTHOe B38HMOD.etiCTBHS 

C03D.8eT BbiD.eneHHOe HanpaaneHHe B H30TOnH'IeCKOM npOCTpaHCTae; OD.H8K01 B pHD.e 

cnyqaeB acpcpeKT cna6oro HnH aneKTpOM8I'HHTHOI'O B38HMOD.e.liCTBHH MO)KeT paCCM8TpH

B8TbCH K8K He6onhwoe B03MyLUeHHe. 

J1a nepBOI'O nonO)KeHHH cneayeT1 'ITO I'8MHnhTOHH8H 1 OnHCblB8IOlUH.li CHCTeMy 

'18CTHU1 D.On)KeH 6biTh HHB8pH8HTHhiM OTHOCHTenhHO npeo6pa30B8HHH BpameHHH B Hao

" 2. 
TonH'IecxoM npocTpaHcTae. Taxo.li raMHnhTOHHa~ KOMMYTHpyeT 
" . c onepaTopaMH T H 

Ti! 1 OTKyaa BbrTexaroT aaa ocHOBHbiX aaxoHa coxpaHeHHH! 

1. 3aKOH COXpaHeHHH nonHOI'O H30TOllH'IeCKOI'O CllHH8o 

11. 3aKOH COXpaHeHHH npoeKUHH Jl~ 1 KOTOpaH CBH38H8 C aneKTpH'Ie?KHM aapg

Il.OM CHCTeMbi 1 a TfiK)Ke CO CTp8HHOCThi0 1 ecnH B CHCTeMy BXOilHT. CTp8HHbie '18CTHUblo 

CoxpaHeHHe nonHoro HaOTOnHqecxoro cnHHa He oaHaqaeT1 'ITO oH aceraa HMeeT 

onpeaeneHHOe 3H8'1eHHe. CHCTeMa '18CTHU MO)KeT H8XOilliThCH B COCTOHHHH 1 KOTOpoe 

HBnHeTCH cynepnoaHUHe.li· coc:TOHHHti c paanH'IHhiMH H30TOnHqecxHMH cnHHaMH. B aTOM 

cnyqae 38KOH COXpaHeHHH nonHOI'O H30TOllH'IeCKOI'O cnHH8 03H8'18eT1 'ITO 3H8'1eHUH 

KOacpcpHUHeHTOB 1 onpeaenHIOlUHX cynepn03HUHIO, OCT8IOTCH nOCTOHHHbiMH BO BpeMeHHo 



4 

3aKOH COXpaHeHH.II nonHOI'O H30TOUH'ieCKOI'O CUI!:Ha, .IISn.IIIOIUHtiC.II Hau6onee sa:»<:HbiM 

cnellCTSHeM npHHUHna aap.II.llOSOti HHSapHaHTHOCTH, npHSOllHT K snonae onpe.aeneHHbi,M 

COOTHOIUeHH.IIM Me:»<:.ay ce'ieHH.IIMH paanH'iHbiX. npoueccos, a TaK:»<:e K <}:lopMynHpOBKe 

.aononaHTenhHhiX npasHn oT6opa. 

B .aaaaoa pa6oTe paccMaTpHsaeTc.II TOnhKO OllHH Ha soaMO:lKHbiX Knaccos Hsne

ana, I'lle npHHUHn aap.II.llOSOti HHsapHaHTHOCTH .aaeT Sa:lKHb!e cne.UCTSH.II 1 a HMeHHO -

npoueccb! o6paaosaHH.II !it -:Meaoaos npH coy.aapeHHH HyKnoaos If nerKHX Hllep. B 

aTO¥ cnyqae lln.II nposepKH npHHUHna aap.IIllOSOft HHSapHaHTHOCTH.CyiUeCTSYIOT cne.ayro-

lURe 803MO:lK.HOCTHo. 

1. 

OposepKa COOTHOWeHH.II Me:lKllY ndnHhiMM Ce'ieH.H.IIMH o6paaosaHH.II HetiTpanbHbiX 

If aapSI:lKeHHbiX :it" -Meaoaos s npoueccax, npoHCXO.ll.IIIUHX ·no cxeMe 

I 

.N+N- .N-t-N+J\., ( 1) 
I 

r.ae .N H N - HyKnOHbi, a :1t -. nHOHbi. YlaaecTHO, 'iTO Me:m.ay nonHbiMH ceqe-

HHSJMH soaMO:lKHbiX npoueccos SH.lla ( 1) .aon:lKHO co6nro.aaTbC.II cne.ayrowee cooTHowe

ime 

6"(pp .. np'l+) -t-6'(pn-.nn:1!.•) +6(pn-pp:7L-) = 2{S"(pp-. pp't0)+ S(np- np:Jto)] (2) 

3KcnepHMeHTanbHa.II nposepKa aTOI'O COOTHOWeHH.II 6bma ·npOH3Be.UeHa S o6naCTM aaep-
. 111 

rHH na.aarowero HyKnoaa oT nopora o6paaosaHH.II '3r -Meaoaa .ao aaeprnn 660 Mas • · 

DpH 

we a 
aaeprHH 600 Mas, r.ae nonHbre ceqeaHH yKaaaHHhiX peaKUHA naMepeHbi c HBHMeab

norpewaocThiO, COOTHOWeHHe (2) SbinOnH.IIeTC.II C TO'iHOCTbiO .a c) ( 8- 10 )%. npi!: 

aaeprHH 970 

pn-~opn. 

/2/ .· 
Mas 6bmo nonyqeao aeo:lKH.llBHHo 6onhwoe aHa'ieHHe ce'ieHH.II 

1 'iTO npHSeno K !IeSbinOnHeHHIO COOTHOWeHH.II (2) H8 (39:t_l5)%. 0Ltaa-

K0 1 UOCKOnbKY ll8HHbi9 0 Ce'ieHHH pn-+ JL
0 pl'\. 6binH nony'ieHbi KOCSeHHbiM nyTeM, 

TO aTOMY padXO:lK.lleHHIO He cne.ayeT npH.aasaTb cepbe3HOI'O 3H8'ieHH.IIo 

It. 

OpoaepKa COOTHOWeHHti Me:lKllY llH<Pcf>epeHUHanbHbiMH Ce'ieHH.IIMH llSYX aap.IIllOSO

COnpSJ:»<:eHHbiX peaKuna 

-] 

I 

coo6pa 

CTO.IIHil 

npe.ac1 

CHCTeM 

qeCKOI'· 

aTHX S• 

HbiM 1. 

( T=l ) -

nonosn:J 

n~p-

Opqsep 

cywecT 

Jl 

He COXJ 

nepexo.z 

cnHaa, 

aaM'eHW. 

3a.aa'ia 

pHMSHTC 

ae cs.11a 

'ieCJCOI'O 



!DKHbiM 

IHbiM 

rane-

) -
B 

biX 

1) 

lle-

(2) 

:ep
/11 

9B 

JH 

>LtHa-

:>ao-

5 

d ..,_o 
rt+p--.,.+_JL • 

(3) 

(4) 
., . 

CooTHoweHHe M8)!{.!ly ceqeHHSIMif peaKurd\ (3) n ( 4) BhrTeKaeT H3 cne.ayiOwnx 

coo6pa)!{eHHll:. KaK H3BecTHO• cncTeMa H3 .aayx HyKnoHoa MO)!{eT Haxo.anThCSI a co

CTOSIHHSIX c H30TOIIH'I8CKHM. CITifHOM T=O If T=1. npu 9T.:JM ClfCTeMa :113 .aayx npoTOHOB 

npe.acTaBnSieT co6oll: qncToe H30TonnqecKoe cocToSIHne c T=1, T£=1, a To apeMSI KaK 

ClfCT8Ma :113 HefiTpOHa H npOTOHa He .HMeeT· onpe.aeneHHOI'O 3Ha'leHifSI nonHOI'O H30TOlllf

qecKOI'O cnnHa n onnchraaeTCSI cynepno3~unefi cocTOSIHHfi c T=1 n T=O; Ka)!{.aaSI H3 

aTHX B03MO)!{HOCTefi ocy!lleCTBnSieTCSI c paaHofi ~epoSITHOCThiO. 

CncTeMa H3 .aefiTpoHa n TL'" -M830Ha o6na.aaeT H30TOIIH'I8CKHM ClllfHOM 1 paa~ 

HhiM I. 3aKoH coxpaHeHnSI nonHoro lf30TonnqecKoro cnnHa cnc.TeMbi paapewaeT nepexo.aht 

(T=l)- (T=1) n aanpe!llaeT nepexo.ahi (T=O)- (T=1 ). TaKnM o6pa30M, TonhKO 

IionOBHHa B03M0)!{HbiX COCTOSIHiffi HefiTpoHa H npOTOHa M0)!{8T npnaeCTH K peaKUifH 

1 'ITO .aaeT cne.ayiOillee COOTHOW8Hife: 

do(p ... P -.·d + :n.+) = 2 
d6'(n+ p--d+ ~o) 

(5) 

np9B8pKa 9TOI'O_ COOTHOWeHHSI npn aHeprnn 400 Maa
131 

H 590 Maa
141 

noKa3ana • 'ITO 

cy!lleCTaeHHhiX HapyweHnfi ero He Ha6niO.aaeTcSI. 

.llonycTnM, o.aHaKo, Tenepb, 'ITO. nonHhifi naoTonH'IeCKiffi cnnH a npouecce (4) 

He coxpaHSieTCSI1 TO ecTh, 'ITO a peaKUHH n.. + P-- d +A 0 
B03MO)!{Hhi 

nepexo.z:ihi ( T=O) -( T=1), npH'IeM cTeneHb HecoxpaHeHHSI nonHoro naoTonnqecKoro 

cnHHa, xapaKTepnayeMaSI aenn'lnHofi A , Mana (A<< 1 ). Tor.aa cooTHoweHne (5) 

aaMeHifTCSI HHbiM: 

• 
( 0<6<<1 ). (6) 

3a.aaqa Onpe.aeneHHSI Manofi aenlf'llfHhi a nyTeM npoae.oeHHSI 6onee TO'IHhiX aKcne-

pnMeHTOB Tpe6yeT c HeHa6e)!{HOCThiO yqeTa pSI.aa .apyrnx B03MYill,aiOilllfX nonpaaoK, 

He CBSI3()11Hi.>IX H8llOCpe.!lCTBeHHO C HapyWeHH8M 38KOH8 COXpaHeHHSI nonHOI'O lf30TOlllf-

qecKnro cnnHa. 
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- T 8KHM B03MyiUeHHeM Mo:>KeT nocny:>KHTb HeH.oeHTH'IHOCTh caoitcTB oapH.OOBbiX 

COCTOHHHA HyKnOH8 H n". -Me30H81 8 T8K:>Ke T0 1 'ITO B pe8KUHH p_+p--d+:ii:+ 
aq¢eKT KynOHOBCKHX CHn IIpHCyTCTByeT K8K Cllp8B8 1 T8K H cneaa1 B TO Bp~MH K8K B 

pe8KUHH n -t- p-- d -t- Jt ° KynOHOBCKHe ac}Jc}JeKTbi OTCyTCTByiOT. 

To'l:HbiA pacqeT aenH'IHHbi aToro aooMyiUeHHH aecbMa oaTpy.oHu.TeneH H .no CHX 

IIOp He y.oaeTCH CTpOI"O KOnH'IeCTBeHHO 06'bHCHHTb pa3nH'IHe B Maccax Hei!:TpOHa H 
. ~+ ~0 

npOTOH8 1 a TaK:>K.e , JL - H :ll -Me30HOB. 

VIccne.ooBaHHe peaKUHA (3) H (4) B rrocne.oHee apeMH He IIpOBO.OHnOcb. no-BH.OH' 

. MOMy·, 9TO CBHOaHO C TeM 1 'ITO a6coniOTH·bte H3MepeHHH Ha IIy'IKe HeitTpOHOB BeCbM8 

TPY.OHbi 1 a· TaK:>Ke c TeM, 'ITO IIO'ITH HeB03MO:>KHO ocymecT:E)HTb Tpe6yeMyiO u.oeHTH'I-

HOCTb ycnOBHit p+p H p+n coy.oapeHHii. 

111. 

npoaepKa COOTHOIUeHHfi Me:>K.Oy .llHcPc}JepeHUHanbHbiMH Ce'leHHHMH peaKUHA 

p+d- H3 + :it+ (7) 

p+d-HEf+Jt0
, (8) 

IIpe.OCTaBnHIOlllHX co6oit .OBa He3aBHCHMblX KaHana H3 O.OHOI"O H TOI"O :>Ke Ha-

~ . 1 
'18nbHOI"O. COCTOHHHH, HMeiOIUero H30TOIIH'IeCKHfi CIIHH · T = /2 H 

l 
Ti' = /2 , coo-

naaT H3BeCTHbie 9KCIIepHMeHT8nbHbl9 y.oo6CTB8 H II03BOnHeT HCKniO'IHTb PH.ll CHCTe

MaTH'I_eCKHX OlllH60Ko 

H.opa I-f u He 
3 

(T=l) 

o6paoyiOT H30TOIIH'IeCKHfi .Oy6neT C (T= 
1 
/2) H BMeCTe C 'jt-

3 
MOI"yT o6pa30BaTb COCTOHHHH C H30TOIIH'IeCKHM CIIHHOM T .= /2 H Me30HOM 

1/2)-1 
T= /2. Ecnu 

3 
rronHbifi H30TOIIH'IecKHit crrHH coxpaHHeTcH, TO rrepexo.obi ( T ,= 

' pa 

(TH~1t = /2) 3aiipeiUeHbl 1 H MOI"YT OCYIU9CTBnHTbCH TOnbKO rrepeXO.llbl 

H 1 1 . /5/ 
(Tpci = /2) - (T"'lr.:·== /2). Bbi'IHcneHHe Koac}Jc}JuuHeHTOB Kne6ma-rop.ooHa 

·~·"" 3 cocToHHHfi H Jt H He JLo rrpuao.ouT K cooTHomeHHIO 

do(p-rd'""' H3+x+) = 2 
dG(p+d- He3 +1Lo) 

.anH 

(9) 

Ecn: 

xapl 

MbiX 

TaK 

sc}Jcp 

H.Oej 

603~ 

OK a: 

HHIO 

VIo 

.oem 

HHH 

II pOE 

Coo~ 

I"HH 

Cone 

eT n 

weHJ 

oueH 

6y.OE 

Bbl'lll 



biX 

·+ 

lK B 

CHX 

a u 

~bMa 

(7) 

(8) 

Ha-

oa

Te-

I_. 

lSI 

9) 

7 

Ecnrr :me rronHbiil rraoTorrrrqecKHil CIIHH He coxpaHSieTcSI H CTerreHb ero HecoxpaHeHHSI 

xapaKTeprrayeTcSI aenuqrrHoil A , To cooTHoweHrre Me:m.uy ceqeHHSIMH paccMaTpusae-. . ) . 
Mb!X peaKUHll IIp!IMeT Bli.llX (cM,IIp!InO.:lKeHHe 5) 

do(p;-d -H
3
+Jr.+) = 2 +.:l :::: 2~ 3A ( O< A<< 1). 

d6(p+d-H€+A0
) 1+2~ ( 10) 

TaK :me, KaK H a peaKUHSIX (3), (4), B 9TOM cnyqae B03HHKaeT aoaMyruaiOrurril 

9cpcpeKT1 o6ycnoaneHHbill HeH,lleHT!IqHOCTb!O CBOHCTB COC9.llHlfX aapSI.llOBb!X COCTOSIHHti 

( 3 3) ,.,. ( .,. ... ,.,.,.o ) 
SI.llep H , He H ~l -Me30HOB . .1l , :Jl • BbrqHcneHue aenuqrrHhi B03MO:lKHhiX 

/6/ aoaMyrueHuil B peaKUHSIX (7), (8) 6hrno rrpouaae.ueHo .llnSI 9HeprHH rrpoTOHOB 600 M9B • 

0Ka3anOCb1 qTQ 9TH B03MylUeHHSI IIpHBO.llSIT B cnyqae d =0 K .llpyroMy COOTHOWe-

HHIO Me:m.uy .llHcpcpepeHUH8nbHb!MH. ceqeHHSIMH peaKUHll (7), (8), a HMeHHO! 

( 11 ) 

VIa ( 11 ) BH.llHOI qTo 9TH pacqeTbi .BhiiiOnHeHbi c orpaHuqeHHoil '_l'OqHoCTbi0
1 

u 9Ta Heorrpe· 

,lleneHHOCTb pacqeTOB Kna.ueT IIpe.uen qyBCTBHTenbHOCTH .ll8HHOI"'O MeTO,lla H8XO:lK,lle-

HHSI aenuquHbi A ·• 

d H. 3 .,.,.+ I II 3 ,..0 
YJayqeHH:e OTHOWeHH:ti peaKUHti 

171 
rrpoao.uunocb rrpu 9Hepruu 340 M9B , 

P"'" ._ -t-..,l rr p+OI .... ne+JL 

18/ . /9/ 
450 Msa , a TaK:me rrpH sHepruu 600 Msa • 

CooTHOWeHue Me:m.uy .uucpcpepeHuuanbHhiMn: ceqeHn:SIMH ( 7), ( 8), n:aMepeHHoe nprr sHep

ruu 600 M9a, oKaaanocb paBHhiM 

( 12) 

Corro.cTaaneHue sToro peaynbTaTa H aMepeHn:il c pacqeTHhiM cooTHOWeHn:eM ( 11) rroaaonw 

eT nn:wb yTaep:m.uaTb, qTo ~ ~ 0,06 C .llOCTOBepHOCTb!O 90%, H .ll8nbHetiwae ynyq-

WeHHSI TOqHOCTH 9KCnepn:MeHTanbHb!X .ll8HHb!X He .ll810T cyrueCTBeHHb!X ynyqweHHll B 

OUeHKe Benn:qn:Hbl , nono:meHn:e 9TO MO:lKeT 6h!Tb H3MeJieHO B TOM cnyqae, ecnn: 

6y.lleT H3yqeHa 8MIInn:Ty.lla peaKUHti (7), (8), qTo II03BOnHT ynyqWHTb TOqHOCTb 

Bb!qn:cneHHSI Benn:qn:Hhi B03MYlll810Uleti IIOIIp8BKH, 

.• 



;J ,, 
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8 CBSI3H C STHM B8:»<Hoe 3H8'1eHHe npH06peTaeT HCCJiellOB8HHe 38npeiUeHHbiX 

peaKUHA 

d+d- d +·d + :it0 

( 13) 

H 

d-+d- He4 + 1Lo, (14) 

/10/ . 
npe.nno:»<eHHbiX B pa6oTe o npH T8KOM DOllXO.lle MO:»<HO H3Y'I8'rb TOJlbKO OllHY H3 

STHX pe8KUHfl 1 T8K KBK OHH CBSI38Hbl JlHWb C OllHHM 38pSI.ll0BbiM COCTOSIHHeM '18CTHU1 

B pe3yJibT8Te 'lero B03MYIU810IUHA a<jl<jleKT1 o6ycnoaneHHbiA p83JlH'IHeM B CBOACTB8X 

COCellHHX 38pSI.llOBbiX COCTOSIHHfl 1 8BTOM8TH'IeCKH HCKJIIO'I8eTCSio 

n106aH H3 peaKuHA ( 13) 1 ( 14) 3anpemeHa 38KOHOM coxpaHeHHSI DOJIHOrO H30TODH

'IeCKOrO cnRHa, · nocKOJibKY o6e OHH CBH3aHbi c nepexo.noM ( T .. 0) - ( T •1 ) • 
' ' 

TaKHM o6pa3oM, B03MO:»<Hoe HapyweHHe ·3anpeT·a, xapaKTepH3yeMoe aenR'IHHoA A, 
MO:»<HO OllH03H8'1HO paCCM8TpHB8Tb K8K HapyweHHe 38KOH8 COXpaHeHHSI DOJIHOro H30TO-

DH'IeCKOrO CDHH8o 

J-13 B03MO:»<HbiX MeX8HH3MOB 1 CHHMBIOIUHX 3anpeT B peaKUHSIX ( 13) 1 ( 14) 1 MO:»<HO 

OTMeTHTb CJiell:fiOIUHe: 

1) .R.npa1 Y'IBCTBYIOIUHe B peaKUHH ( 14) 1 He HMeiOT CTpor.o onpe.neneHHOrO 3Ha

'leHHSI DOJIHOro H30TODH'IeCKOrO CDHH8, 3TO OTHOCHTCSI1 rnaBHbiM o6pa30M 1· K o(, -qacTH

/11/ 
ue. B pa6oTe 6bmH paccMoTpeHbi HeKOTOpbre oueHKH BKna.na KOMnoHeHT aonHoaoA 

tPYHKUHH o(. -q8CTHU8 C H30TODH'IeCKHM CDHHOM T"" 1 1 1'1 6binO DOK838H01 'ITO BepOSIT-

HOCTb cymeCTBOB8HHSI COCTOSIHHfl 
. -5 

BbiWBeT 1,3 • 10 o 

0{ -qacTHUbl C H30TODH'IeCKHM CDHHOM T•1 He npe• 

2) none HeATpanbHOro :Jt0 
-Me30Ha COCTOHT H3 llBYX '18CTeA: BeKTOi:moA 

/12/ 
( T .. 1) H cKanHpHoA ( T•O) • npH aTOM a<P<PeKTHBHbie M8TpH'IHbie aneMeHTbi, o6yc-

noaneHHbie B38HMO.lleflCTBH.eM CKBJISipHOfl H BeKTOpHOfl '18CTefl B aneKTpOMarHHTHbiX npo

uecc_ax, DO rpy6biM oueHK8M 1 MOryT H8XOllHTbCSI B COOTHOWeHHH -(1!1~ )2.. l.f~ • 

PacqeTbi B03MO:»<HbiX COOTHOWeHHA BeKTOpHOA H CKanHpHOfl '18CTeA DOJISI :1[0 
-Me30.;. 

Ha llJISI npoueCCOB o6pa30BaHHSI ~0 
,.Me30Ha C H:fKJIOHaMH He npOH3BOllHJ10Cbo 

3) Bo3MO:»<HOCTb cymecTBOBaHHH H30TonH'IeCKH-cKanHpHoro .n: -Me3oHa c 

Maceo 

/13. 
Te 

•IaCTH 

ra Me 

,..o 
Jlo -

H o6bl 

a¢¢e1 

MexaH 

( 14) ' 

My me 

o6paT 

H3y'la 

KOTOp 

( 12). 

an ax 

qacTH 

npH T 

npH a 

CKOM~ 

IUHe , 

d+c 
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Maccoii, 6mr3KOH K Macce ~0 

-Me3ona. TaKaSI rrmoTe3a 6brna Bhi.llBIIHyTa B pa6o-

/13/ 
Te B CBSI31I C 11pOTIIBOpetii!SIMH 1 KOTOphie BllOClle.llCTBHH Oblliii B 3H8tiHTellbHOH 

'l8CTII ycTp8HeHbi 0 Me)K.llY .ll8HHhiMH 110 cpoT006pa30B8HIIIO ~ -Me30HOB BoliH31I rropo-

ra Me3onoo6pa30B8HIISI n 3HatieHHeM oTnowenHSI nanoacKoro. Cornacno sTow rurroTe3e, 

:it: -Me30H .llOll)KeH B38!lMOLieHCTBOB8Tb C HYKliOHOM npHMepHO T8K :/Ke CllllbH0 1 K8K 

n o6bi'lHhiii Jt -Me3oH. Yiccne.uoaanHe 3anpeTa B peaKUHII ( 14) SIBliSieTCSI Haii6onee 

scpcpeKTHBHbiM MeTO.llOM CTporoii 9KCI1epHMeHT8llbHOH npOBepKH 9TOH I"HIIOTe3hi. 

Ecnii rrpouecc ( 14) .ueiicTBHTellbHO 3anpemen, H neT HIIK8KIIX .uononHIITellhHhiX 

MeX8HH3MOB 1 CHHM810lllHX 38npeT1 ITOMHMO paCCMOTpeHHhiX BbiWe 1 TO ceqeHIIe npouecca 

( 14) Clle.uyeT Cp8BHIIB8Tb C npouecCOM 1 KOTOpbiH o6yCliOBlleH K8KHM-ll.llo0 M8llbiM B03-

MyWeHHeM0 TaKIIM np'oueccoM SIBliSieTCSI peaKuHSI 

o6paTH8SI KOTOpOH pe8KUIISI 

Lf y+ He- d-+d 

/14/ 
ll3Y'l8ll8Cb 9KCnep1IMeHT8llbHO 

I 

B H8CTOSI!.lleil: paooTe npe.llCT8BlleHa BCSI COBOKyiTHOCTb .ll8HHbiX 0 pe8KUH.ll 

d -+ d ~ 1-te 4-+ 7L0 

(15) 

(16) 

KOTopaSI .nccne.uoaanacb rrpH anepriiii .ueii:TpOHOB 400 Msa. nepBbie .ll8HHhie 0 peaKUH.ll 

/15/ 
( 12) 1 nonyqeHHbie H8MH panee, ony6liiiKOB8Hbl B 1 a T8K:/Ke CO.llep:/KaTCSI B M8TepH-

8ll8X K.neecKoil: Kon<flepenu.nH 1959 ro.ua II X PotiecTepcKoil: KOHcpepeHuH.n no ¢H3UKe 

'l8CTHU Bh!COKHX 9Hepr1Iil: B 1960 I"0 

B .uannoa pa6oTe co.uep:/KaTcSI TaK:/Ke pe3yllhTaTbi H3Mepen.nii cetieHIISI npouecca 

rrpH TOil: :/Ke anepriiii .ueii:Tponoa, a T8K:/Ke ceqenHe npouecca 

3 t.. + p+ He-- He +.:it (17) 

npH sneprHH npoTOHOB 660 Msa, KOTOpbrit pa3pewen npaaHnaMH OT6opa no H3oTorr.nqe-

CKOMy CniiHYo 

B pa6oTe H3liO:/KeHhi TaK)Ke nDnonnnTellbHbie TeopeTH'leCKHe ouenKH, no3BOliSIIO

wne C.llell8Tb 38KliiO'leHHe 0 CTerreHH 3811peTa 00p830B8HHSI Me30HOB B peaKUHH 

d+ d- l-le4 + :Jt., 
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§ 1. noCT8HOBK8 9KCneprrMeHT8 

MeToJJ. 9KCnepHMeHTanbHOfi rrpoaepKH rrprrHurrrra 38pHJJ.OBofi HHBaprraHTHOCTH rryTeM 

yCT8HOBneHHSI CT~ITeHH 3anpeTa o6pa30B8HHSI Me30HOB B pe8KUHH ( 14) o6nanaeT TeM 

npeHMyiUeCTBOM, 'iTO nprr T8KOH I10CT8HOBKe He Tpe6yiOTCSI TO'iHbie H3MepeHHSI nonHbiX 

rrnrr nrr<flcpepeHurranbHbiX ceqeHrrir Ha6nronaeMbiX rrpoueccoa, KaK sTo Heo6xonrrMo rrprr 

cpaaHeHrrrr nsyx 3apSinoao-corrpSI)!{eHHhiX peaKurrfi. B aToM cnyqae HafineHHOe 3Ha'leHrre 

ce'leHHSI 3anperueHHoro rrpouecca rrnrr oueHKa ero aepxHefi rpaHHUhi HBnSieTCSI Mepofi Ha

pyweHrrH 3anpeTIJ.. TaKofi MeTO.O. B cyruitocTrr, HBnSieTcSI HyneBbiM. MeTOJJ.OM H3MepeHrrfi. 

Hao6opoT, rrprr corrocTaaneHrrrr nsyx 3apSinoao-corrpSI)!{eHHhiX peaKurrfi Tpe6yroTCSI · aecb

Ma TO'iHb!e H3MepeHHSI JJ.nH ycTpaHeHHSI pSIJJ.a CHCTeM8TH'ieCKHX OWH60K 0 nosTOMy Hyne

BOH MeTOJJ. rrprr cpaBHHMb!X B03M0)!{HOCTSIX anrrapaTypbl I103BOnSieT nony'iHTb 6onee orrpe· 

neneHHbie JJ.8HHhie, He)!{enrr MeToJJ. cpaaHeHrrSI rronHhiX rrnrr nrr<P<flepeHurranhHhiX ceqeHrrfi 

JJ.BYX 38pSIJJ.OBO-COITpSI)!{eHHblX peaKUHfi. 

3aKniO'leHrre 0 CTeneHH 3El!IpeTa B pe8KUHH ( 14) MO)!{HO CJJ,enBTb0 ecnrr KpOMe STOll 

peaKurrrr H3Meprr;h sneKTpoMarHHTHhiH rrpouecc ( 15), a TBK)!{e rrpouecc ( 17), KOTOpbiii 

pa3perueH rrpaarrnaMrr oT6opa, BbiTeKaiOIUHMH H3 38KOHa coxpaHeHHSI nonHoro H30Tonrrqe

CKoro cnrrHa • .LlononHrrTenbHbiM penepoM, no3BOnHIOIUHM oueHHTb cTeneHb 3anpeTa Konrr-• . . . 
'leCTBeHH0 0 MOryT cny)!{HTb pe3ynbT8Tb! pacqeTa Ce'leHHSI peaKUHH ( 14), npOH3BeJJ,eHHbie 

B npennonO)!{eHHH OTCyTCTBHSI npaarrn OT6opa ITO H30TOITH'IeCKOMy CITHHy. 

3KcneprrMeHTanbHOe rrccnenoaaHrre TaKrrx xapaKTepHbiX npoueccoa, KaK 

p + d - H 
3 

+ Jt+ rr p +d--He3 
+ 'JL.. , rrMeromrrx non Hoe ce'leHrre OK one 

10-29 2 6 u u c " CM 0 Tpe yeT BeCbM8 COBepweHHOH 8KCITeprrMeHT8nbHOH TeXHHKH. yiUeCTBeHHbln 

ycnex B 9TOM HBnpaaneHHH 6h!n JJ.OCTHrHyT nHWb nprr OJJ.HOBpeMeHHOM HCITOnb30B8HHH 
3 

pa3nH'IHhiX MeTonoa oT6opa TSI.illi:enhiX 3BpSI)!{eHHhiX qacTrru, SIJJ.ep TprrTHSI rr He , o6pa· 

3Y!OIUHXCSI B 9THX peaKUHHX. 

3KcnepHMeHT8nbHb!e TpyJJ.HOCTH CyiUeCTBeHHO B03p8CT810T npH nepexone K peaK-

UHSIM d + d - H~ + Ao rr d -+ d _.,. He
4

-+ "f , nonHbie ce'leHHH KOTo-

-32 2 
pb!X JJ.On)!{Hb! COCT8BnSITb ITO OUeHKBM OKOnO 10 CM • 8 9TOM cnyqae, OJJ.H8K0 0 ynaeT-

CSI ocyrueCTBHTb JJ.OBOnbHO Bb!COKYIO CTeneHb OT6opa nprr HJJ,eHTHcpHK8UHH o( -qacTHU 

rr HBJJ.e)KHO BhiJJ.enHTb 9TH nae peaKurrrr Ha oqeHb 6onbWOM cpoHe npyrrrx npoueccoa. 

I 
l 

H30( 

M8T 

KOH~ 

B n1 

urrrr 

I103f 

COC1 

UHH 

CT8f 

:Jt1"-

B c~ 

wrrx 

UHH 

naMI 

CTB~ 

a on: 

Horc 

B c. 

qec~ 

Mor.. 

JJ.Bl!; 
~ 

l= 
t= 
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§ 2. KHHeM8THK8 

H 

H3o6pa)KeHa na pnc. I n pirc. 2 .onH aneprnn .oe:liTponos 400 Mas. Oco6ennocTbro KHH(>"' 

M8THKH aTirX peaKUHH HSnHeTCH TO, 'ITO o( -qaqTHUbl liCIIYCK810TCH B O"'eHb Y3KOM 

KOHyce OTHOCHTenbHO. OCH IIY"'K8 .oeilTpOHOB, Ilpe.oenbHb!e yrnbl SbineTa o{ -qaCTHU 

B na6opaTOpHOfi CHCTeMe KOOp.llHH8T COCTBSnHIOT 8° .llnH peBKUliH ( 14) If }Qo_ .onH peaK-

unn ( 15). 3neprliH ~
0 

-Me30H8 S CHCTeMe ueHTpa M8CC COCTBBnHeT 82 Mas, II aTO 

II03BOnHeT C"'HT8Tb1 'ITO 'Jt". -Me30Hbl HCIIYCK810TCH rrpenMyllleCTSeHHO S S- li p
COCTOHHliHXo TaKOil Sb!SO.ll cne.oyeT Ii3 TOI"O cpaKT8 1 'ITO IIOHsnenne d -sonHb! S peaK-

UliH 

d ~-+ P+f.'-- +JI.. ( 18) 

CT8HOBliTCH 38MeTHbJM B IIOnHpH38UHOHHbiX acpcpeKT8X TOnbKO H8"1HH8H C 9Heprlifi 

+ /16/ 
~ -Me3onos s c.u.M. oKono 100 Mas , a ee snnHHire Ha yrnosoe pacrrpe.oenenne, 

B CMbiCne IIOHSneHHH "'neHOS COSJ, e, He CK83bJB8eTCH ,llB)Ke II pH CyllleCTSeHHO 60nb
/}7/ 

WliX 9Hepi"IiHX • C .llpyro:li CTOpOHbJ 1 S- If p - sonHbi 

UHH d +d- Ke.'4 + :iL.0 
ne 3arrpemenbr HHKBKirMir .oorronHnTenbHbiMH rrpasir-

nBMH OT60pa1 KpOMe 38KOH8 COXpaHeHirH IIOnHOI"O li30TOIIH"'eCKOI"O CIIHH81 If rrpli OTCyT

CTBHli rrocne.onero .oHcpcpepenuHanbHoe ceqenHe peaKUirH d + d- He
4 

+ :ito s c.u.M. 

.oon)KHO nMeTb sn.o A+ B stn2 8 ( cM,rrpHnO)Kenne 6), n rroaToMy .onn ouenKir non-

Horo ceqeHHH peaKUlili .ll0CT8TO"'HO li3MepHTb SbiXO.ll o( -qacTliU IIO.ll yrnoM 55° 

s c.u.M. (nn6o 125°). n onnoe ceqeune orrpe.oenneTCH Ir3 Ir3Mepennor~ no.o. Ir30Tporrn

qecKirM yrnOM ,llHcpcpepeHUHBnbHOI"O Ce"'eHirH C IIOMOlllb!O COOTHOWeHirH 

st =-41t~~(S=S5°). (19) 

Ta6nnua 1 

Bo3MO)KHbre nepeXO.llbl B peaKUlili d + d - HEf-+ 1l0 

MoMenT KOmrqecTS8 Haqanbnoe Konequoe cocTon- Bn.o yrnosoro 

.llBIDKeHirH 1 yHOCliMbJ:Ii COCTOHHlie nne JL0 
-Me30H8 pacrrpe.oeneHirH 

:Yto -Me30HOM 2-x .oe:liTpOHOS If ol.. -qacTHUbl 

t =0 ( S -sonHbi) 3Po i.So vboTpOIIHO 

t-1 ( p -sonnbr) sn1. d.p1 a sin2 8 
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B na6opaTopHoA cncTeMe 

0 

KOopnHHBT ll30TponnqecKoMy yrny eo{ = 55° COOTBBTCTByBT 

yron 5 18 • 

B peaKUHif 
-4 

d+d-He+"t np!i 9HBpr!ilf neATpOHOB 400 ~98 nOMifH!ipyiD-

15 1 
KBanpynonbHhill: nepexon - D 7 

. 28co28 x) 
muM nepexonoM .IIBJ1HBTC.II aneKTpuqecKnll: 

KOTOpoMy COOTBBTCTayeT yrnoaoe pacnpeneneHite Blfna Sin S ( CM,np!iJl0-

.IKBHHB 7) 1 lfMBIDmee MBKCIIMYM non yrJlOM 9 0 /18/ 
r.u,.~~5 , noaTOMy yron Ha6niDneHII.II 

0( - qacTIIU B na6. CIICTBMB 1 pBBHbiH 5 18° 1 .IIBJl.IIBTC.II yno6HbiM If nnH STOll peBKUIIII. 

8 aTOM cnyqae yron IICITYCKBHII.II o( -qBCTHU B c.u.M. COCT8BJ1HBT 41 O II JlB.IKIIT noCTB" 

TOqHO 6J11f3KO OT MBKCIIMYMB niicpcpepeHUIIBJlbHOrO ceqeHII.II. 

C uenbiD onpeneneHIIH paapeUJaiDmeA cnoco6HocTII periicTp!ipyiDmeii annapaTyphr 1 

npoaeneHII.II ITOBTOpHOH HBCTpOHKII II KOHTp011H 1 KpOMB YKB38HHbiX BbiWB npOUBCCOB 1 6hiJl 

IIaMepeH Bhixon .11nep He
3 

oT peaKUIIII d-+ d- He
3 

+ n. 1 IIcnymeHHhiX non 

0 
yrnOM 5 18 B na6.CIICTBMB. 

06ma.11 npoaepKa pa60Tbi annapaTyphr npo!iaaonunach nyTeM IIayqem!.II peaKuiiii 

d Ll 3 T." 0 d H3 - T p+ _. ne + •L II p+ - + JL np!i SHepriiii npOTOHOB 670 ~aB. 

rpanyiipoaKa acpcpeKTIIBHOCTif annapaTyphr 1 Heo6xonlfMBH npii onpeneneHHif a6coniDT

.HbiX ceqeHIIH 1 npOBOlliiJlBCb nyTBM II3MepeH!f.II BbiXOna neATpOHOB 0 o6pa3yiDWIIXCH 8 peBK" 

d + 0 
UII!f p + p- + Jt non yrnoM 5 1 8 a na6opaTopHoA ClfCTeMe. 

§ 3. YcnoBII.II IIaMepeHIIA 

a) CxeMa aKcnepiiMBHTa 

06ma.II cxeMa 9KCnepiiMBHTOB npiiaeneHa HB plic. 3 ll PIIC. 4. nyqoK neATpOHOB 

IIJlii npOTOHOB 1 BbiBeneHHbiX II3 KBMBpbi ClfHXpOUIIKJ10TpOHB 1 noaopaq!fBBJlC.II anpaao OTKno

H.IIIDWIIMII HacanKBMII 1 cpOKYC!ipOBBJlCH HB MIIlllBHb C nOMOWbiD nayXCBKUifOHHOH MBrHifT

HO.IJ: KaanpynonbHO.Il: J11fH3hi c anepTypo.ll: ·80 MM If nornomancH a CB!iHUOBOM 6noKe, no

MemaeMOM HB nyTII nyqKB nepen OTKJlOHHIDWifM MBrHifTOM. BTOplfqHbiB 38p.II.IKBHHbiB 

qaCTifl.(bi 1 o6paaoaa·HHbiB 8 MlflllBHif 1 Bhrnen.IIJllfCb JlBTyHHbiM KOJ1J11fM8TOpOM, pacnono-

0 
:>KBHHbiM non yrnOM 51 8 no OTHOUJBHIIID K OC!f nyqKa nanBIDWifX qacTIIU 1 OTKJ10HHJ1IICb 

0 
MBrHifTHblM noneM HB yron 27 J npoxoniinlf qepea CTBJlbHOH KOJlJllfMBTOp 8 3BWifTHOH 

6eTOHHOfi CTBHB If per!fCTp!ipOBBJliiCb C!iCTBMOH CUifHTifJlJl.IIUIIOHHbiX cqeTqlfKOB. 

x) Blin yrnoaoro pacnpeneneH!f.II peaKUIIIf .d-+d- He-4+ ?f , np!faeneH-

Hhiit a Tpy nax X PoqecTepcKoit KOHcpepeHUiflf ( CTp. 51), HBJl.IIBTC.II Ollllf6oqHbiM. 

CBM 

o6e< 

nno< 

Kyy~ 

JlBCl 

3Blll 

HbiM 

COM 

Jlii:Cb 

paH 

Top a 

.ll.8HII 

WHM 

rHID 

B Me 

cqeT 

li OnJ: 

6yMBI 

aaTor 

My pa 
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.IKBHH~ 
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Dnsr ynyqWeHHSI. pa3p9W810Wefi C!IOC06HOCTH OTKJIOHSIIO!llero MarHHT8 M9)K.lly nOJIIO-

caMH .nocne.uuero noMemamiCb )KeJie3Hhie lllHMMhi Tpaneueu:.uanbHoro au:.ua, KoTopbie 

o6ecneqHB8JIH cpoKyCHpOBKY nyqKa STOpHqHbiX 38pSI)K9HHbiX qacTHI! S ropH30HT8JibHOil: 

nnocKoCTH, B ueKoTophiX onbiTax qacTHIIhi oT MHllleHH . .uo cqeTqu:Kos .usu:ranu:cb s sa

KYYMHOM Tp8KTe, KOTOpb!il: COCTOSIJI H3 Tpex qacTeil:, nepsasr qaCTb TpaKT8 pacnonara

JI8Cb M9)K.llY MHlll9HbiO H OTKJIOHSIIOillHM MBrHHTOM, BTopaSI qacTb - S KOJIJIHM8TOpe 

38IUHTHOil: 6eTOHHOil: . CT9Hb11 H Tp9TbSI qacTb - M9)K.lly nepSb!MH llSYMSI CI!HHTHJIJISII!HOH

Hb!MH cqeTqHK8MH,, BaKyyMHhlil: Tp8KT OTKaqHS8JICSI cpopsaKyyMHblM M9X8HHqeCKHM Haco

COM .llO .ll8SJ19HHSI OKOJIO 1 MM pTyTHOrO CTOJI6a, 0KH8 llJISI npoxo.ua qacTHI! 38Kpb!Ba

JIHCb nneuKoil: Tepu:neu (cpu:pMhi Mail:nap) TOJIIllHHoil: 120. ·MHKpOH, · 

Mou~TopoM nepsu:quhiX 3Bpsr)KeHH~Ix qacTHII srsnsrnacb aMHccu:ouuasr KBMepa, KOTo

pasr YCT8H8SJIHS8JI8Cb Ha nyTH nyqKa nocne MHlu9HH 1 S03JI9 nepsoro JiaTyHHoro KOJIJIHMa-. . 
Topa, H H8.ll9)KH0 aKp8HHpOS8JI8Cb CSHHUOSbiMH 6JIOK8MH 1 C T9M qT06h! HCKJIIOqHTb nona-. . 

ll.8HH9 p8CC9SIHHh!X Ha KBMepe qaCTHI! S KOJIJIHM8TOp 1 pacnOJIO)K9HHhlil: nepe.ll OTKJIOUSIIO-

IUHM MarHHTOM, 

6) nyqKH npOTOHOS .II .ueil:TpOHOS 

nyqoK .ueil:TpOHOS Ha Sh!XO.lle H3 KBMepb! CHHXpOUHKJIOTpoua HM9JI Cp9.llHIOIO aHep

. ' . /19/ 
ru:10 ( 405,3 :!:_0,5 ) Mas u: xapaKTepu:Gosancsr .uu:cnepcu:et!:, pas noll: ( 1, 7:t_0,5) ·Mas , 

B MecTe pacnoJio)KeHHSI MHllleHH aueprHsr .ueil:Tpouos yMeUblllanacb .uo 404 Mas 3a 

cqeT TOpMO)K9HHSI. S B03llYWHOM CTOJI6e llJIHHOil: OKOJIO 3 MeTpOS, 

H onpe.ueneuu:e ero cpopMbl npOH3SO.llHJ1HCb nyTeM aKC!IOHHpOS8HHSI cpOTOrpacpu:qeCKOti 

6yMarH S p83JIHqHb!X yqaCTK8X Tp89KTOpHH .UeliTpOHOS, nonyqeHHb!9 T8KHM MeTO.llOM 

asTorpacp.I>I nyqKa npe.ucTasneHhi ua pu:c, 5, 

nepe.u SXO.llOM S MBrUHTHb!e KS8.llpynOJibllbie JIHH3bi nytioK HMeJI C!IJIIOCHYTYIO cpop

My pa3MepoM 30 MM no sepTHKaJIH H 50 MM no ropH30HT8JIH (pu:c, 5a), Ha pHc, 56 

noKa3aH asTorpa¢ nyqKa nocne npoxo)K.ueuu:sr cpoKycu:pyiOillHX JIHH3, B MecTe • pacnono 

)KeHHSI MHllleuu: cpopMa nyqKa Shr6u:panacb s 38SHCHMOCTH OT THna u:cnoJib3yeMoli MHllle

uu, 8To .uocTu:ranocb c noMOillbiO H3Meueuu:sr ToKa s o6MOTKax JIHH3, T aK1 uanpHMep, 

B bnbiTBX C HCnOJib30S8HHeM MHllJeHeti H3 )KH.llKOrO SO.ll0PO.ll8 HJI,H .uet!:TeponOJIHaTHJI9U8 1 

pa3Mep nyqKa COCT8SJISIJI 1 npH6JIH3HT9JibH0 1 15 MM no ropH30HT8JIH H 40 MM no sepTa

KBJIH (pu:c. 5s). B OIIhiTax c raGosot!: .ueil:Tepu:esoil: MHllleHbiO pa3M~phi nyqKa ycTauasnu:

aanu:cb MHHHM8JibHbiMH Ha SbiXO.llHOM OKUe MHW.9UH ( pHC, 5r), B aTOM CJiyqae p83Me-



pbi nyqKa B UeHTpe MHWeHH COCTaBnsinK 1 npHMepH0 1 25 MM no I'OpH30HTanH· K 50 MM 

no BepTHKanH ( pHc. 5 JJ.). PaaMepbi aBTorpa¢a. nyqKa nepen nornowarowHM CBHHUOBbiM 

6nOKOM (pHC. 5H) n03BOJlHJlH CY.llHTb 06 YI'JlOBOM paCXo:lKJJ.eHHH nyqKa B MeCTe pacno

no:m:eHHSI MHWeHH. B OnbiTaX C raaOBOfi JJ.ei!:TepHeBoi!: MHWeHhiO MaKCHMaJlhHbifi YI'JlOBOi!:. 

0 
paa6poc COCTaBJlSIJl npHMepHO ±_0,7 1 a npH pa60Te C :lKHJJ.KOJJ.efiTepHeBOfi MHWeHhiO 

0 
paa6poc paBHSIJTCSI ±_1 •. 

AHanorH"iHbiM MeTOJJ.OM onpenenHnach ¢opMa npOTOHHOI'O ny"iKa1 HCnOnb3yeMOI'O 

npH Kay"ieHHH npoueccoB 

?+ d - 1-\~ -1- ~" H 

3 o4 + 
p+He- He -+1t 

p+p~d+TL+ 

d H3 - -t-p+ - +JL ' 

nonHaSI HHTeHCHBHOCTh ·· nyqKa JJ.eitTpOHOB COCTaBJTSina OKOJlO 

11 -1 
nyqKa npOTOHOB - 10 CeK • 

0,6· 10
1

1 CeK 

B) KoHcTpyKUHH MHWeHeit 

-1 
a 

B nepBbiX cepHHX HaMepeHHit HcnonhaoBanHCb MHWeHH Ha TSI:m:enoro H o6bi"iHoro 

nOJlHSTHJleHa H COOTBeTCTByiOWHe HM SKBHBaneHTbi no "iHCny SIJJ.ep yrnepOJJ.a H3 rpa

cPHTa. MHweHH HMenn ¢opMy JJ.HCKa JJ.HaMeTpOM 53 MM H TOJTIUHHofi 4,6 MM. MaoTon-

• Hbiit COCTaB .MHWeHH H3 TSI:m:enoro nOJlHSTHneHa COOTBeTCTBOBan 91,5% C.D2 H nOBepx-' 

22 :1. 2 _, . 
HOCTHaSI nnOTHOCTb SIJJ.ep JJ.eitTep":~ paBHSIJlllCb 4,0' 10 /eM • ¢oH ~ -qacTHU 1 HC-

nycKaeMbiX B npoueccax coynapeHHSI nefiTpoHa c sxnpaMH yrnepona, BXOJJ.HIUHMH. B 

COCTaB MHWeHH 1 He n03BOJlHJl npO,llBHHYTbCSI npH OUeHKe BepxHeit rpaHHUbi ceqeHHSI peaK· 

d ·d· H 4 .,..o -31 2/15/ 
UHH + - e. + JL . HH:lKe 1 qeM . 10 CM , noaTOMy JJ.anbHeitWHe H3Me-: 

peHKSI 6binH BbinOJTHeHbi C MHWeHSIMH 1 CO,llep:m:aiUHMH :lKHJlKHit HJlH . raaoo6pa3Hbiit JJ.eit

TepHito 

/20/ 
B KOHCTpyKUHIO :lKHJlKOBOJJ.OpOJJ.HOit MHWeHH 1 HCnOnb3yeMOit paHee Ha nonSipH-

/16/ 
.aoBaHHOM nyqKe npOTOHOB 1 6btnH BHeCeHbi HeKOTOpbie H3MeHeHHSI1 KOTOpbie n03BO-

JlHJlH yMeHbWHTb "iHCJlO "iaCTHU 1 pacceSIHHbiX OT CTeiiOK KOHTefiHepa H BbiXO,llHJ>IX OKOH 

KO:lKyXa MHWeHH, KoHTeitHep JJ.JlSI :lKH.llKOI'O JJ.eitTepHSI HMen Bl!Jl UHJlHHJJ.pa JJ.HaMeTpOM 

25 MM 1 CKneeHHOI'O H3 naTyHHOfi cPOJlbi'H TOJllUHHOfi OKOJlO 30 MHKpOHo BXOJJ.Hbie H Bbi

XOJJ.Hbie OKHa KO:m:yxa MHWeHH 6btnH aaKpbiTbi nneJ:IKOfi TepHneH ( Maitnap) TOJllUHHOit 

120 MKKpOH H JJ.I;IaMeTpOM 120 MM• npaBHJlbHOCTb COBMeiUeHKSI KOHTefiilepa JlJlSI :lKH,ll

KOI'O .nefiTepHSI H OCH ny"iKa KOHTpOnHpOBanaCb no BHJJ.Y aBTOrpa¢a ny"iKa Ha BbiXOJJ.

HOM OKHe KO:lKyxa MHWeHH (pHCo 5e), 

"iaCTI! 

neHa. 

nei!:TI 

BOil l-1 

MeJJ.H: 

"iT06bl 

o6paa 

no:m:e1 

TOJllUI 

nneHK 

cny:m:1 

no JJ.JJ 

Kcnyu 

qacTH 

no aB' 

HSISI 3, 

MOmH< 

Mepbi 

HeCKOJ 

o6pa3J 

conep 

aaoTa, 

HHSI B 

H npH 

6bma: 
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11cnOJib30BaHHe MHWeHH H3 ··:;>KH,llKOI"O ,lletl:Tepusr npHBeJIO K CHH:meHHIO cPOHa o(. -

tJaCTHU npHMepHO B 35 pa::i no CpaBHeHHIO 0 cPOHOM OT MHWeHH H3 Tsr:meJIOI"O nOJIH9TH-

neHa. 

.LJ.aJibHetl:mee CHH:meHHe ypOBHH cPOHa 

,lleitTpOHOB H3 CTeHOK JiaTyHHOI"O KOHTetl:Hepa, ObiJIO .llOCTHI"HYTO Ha ra30BOA .lletl:Tepue-· 

aoa .MuweHu, aanonHeHHotl: .no .naaneHHsr 3,6 aTM. TaKasr MHWSHh npe.ncTaansrna co6oa 

Me.llHYIO Tpy6y ,llHaM9TpOM 125 MM H .llJlHHOlt 150 CM 1 ycTaHOBJI9HHYIO TaKHM o6pa30M1 

"'TOObl noJIHOCTbiO HCKJllO"'HTb B03MO:;>KHOCTb Henocpe.llCTB9HHOI"O nona.naHHH tJaCTHU 1 

o6pa30BaHHbiX B nepe,llH9M H 3a,llHeM OKHax ~HW9HH1 BO BXO.llHOA KOJIJIHMaTOp1 pacno

JIO:>KeHHbiA nepe~ OTKJIOHHlOlUHM 9JI9KTpOMai"HHTOMo 

nepe.llH99 OKHO MHW9HH .llHaMeTpOM 90 MM Ob!JIO 3aKpblTO JiaTyHHOlt , cPOJibi"OA 

TOJilllHHOlt 200 MHKpOHo Bb!XO.llHOA ¢naaeu MHW9HH HM9JI ABa OTB9pCTHH 1 aaKpb!Tble 

nneHKOA TepHJieH TOJIIUHHOA 2QQ MHKpOH. 0.llHO H3 OTBepcTii:A1 .AHaMeTpOM 60 MM 1 

CJIY:lKHJIO .ll.JIH Bb!XO,lla tJaCTHU IIYtJKa, .LJ.pyroe OTBepcTH9 1 .O.HaM9TpOM 50 MM 1 CJIY~K

JIO .ll.JlH Bb!XO.lla BTOpH"'HbiX tJaCTHU 1 o6pa30BaHHbiX B raae 1 HanOJIHHBW9M .MHW9Hb1 H 

0 
HCIIyiUSHHbiX no.o. YI"JIOM 5,8 no OTHOW9HHlO K OCH nytJKa nepBH"'HbiX aapsr:meHH~X 

tJaCTHUe 

KoHTponh npaBHJihHOCTH pacnono:meHHsr TaKoA MKWeHH Ha nytJKe ocyruecTansrncsr 

no aaTorpa¢aM nytJKa, nonytJeHHbiM aa BbiXO.llHOM oTaepcTHH ·Muweau (puc. 5.>K). MaMe· 

Hsrsr . 3830p Me:m.o.y OTKJIOHHlOlUHI\IIH H8C8.llK8MH H nepeMeiUasr, cPOKYCHpylOIUH9 JIHH3b!J 

MOmHO nonytJHTb npH H9KOTOpOM 3H8"19HHH TOK8 B OOMOTKax JIHH3 MHHHM8JibHbl9 . paa

Mepbl nytJK8 Ha BbiXO,lle MHW9HH H H900XO.ll.HMylO COOCHOCTb nytJK8 H BbiXO.ll.HOI"O OKH80 

nepe,ll 3aiiOJIH9HH9M I"830Basr .ll.9ATepueaasr MHW9Hb OTKatJHBaJiaCh nOBTOpHO 

HeCKOJihKO paa, TaKHM o6paaoM 1 "'TO ocTaTO"'Hbitl:. raa _Ka:m.llbiA paa paa6aansrncsr raao

o6pa3HbiM BO.ll.OPO.ll.OM. raaoo6p83Hbllt .o.eATepHA nocTynan B MHW9Hh H3 YCT8HOBKH 1 
~ . 

CO.llep>KaiUeA 8KTHBHPOB8HHbiA yrOJih1 KOTOpbiA OXJI8.>K,ll8JICH .ll.O TeMnepaTypbi >K.HAKOI"O 

aaoTa, TaKasr npoue.o.ypa B 3H8"1HT9JibH01t CTeneHH HCKJllOtJaJia B03MO.>KHOCTb nona.o.a-

HHsr a MHWSHh 6onee Tsrii<enbiX raa.oa. 

npu .llH8MeTpe BXO.llHOl"O KOJIJIHM8TOpa CHCT9Mbi M8I"HHTHOI"O 8H8JIH38 B 40 ~M 

H npu paanHtJHbiX pacnono:meHusrx perHcTpHpyrorueA annapaTypbl. TaKasr raaoaasr MHWeHh 

6bma sKBHBaneHTHa MHWeHH Ha >KH.O.Koro .o.eATepusi .TOJIIUHHOA oT 2 MM .o.o 3 MM. 
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r) PerucTpHpyromaSI annapaTypa 

nocKonbKY nonHoe ceqeHHe B3aHMO~eiicTBHSI ~eiiTpoHa c ~eil:TpoHOM cocTaBnSieT 

-24 2 -31 2 
OKono 10 eM , TO H3MepeHne ceqeHHR HH:>Ke, qeM 10 CM , Tpe6ye-r. ocymecTBne-

HHSI TaKOH CTeneHH OT6opa B pei'HCTpHpyiOIUeil: annapaType, KOTOpaSI n03BOnSina 6hi 

Bbi~enSITb O~HO "none3Hoe" C06biTHe Ha cP(>He nOCTOpOHHHX qaCTHU B KOnHqeCTBe He·:~ 

CKOnbKHX MHnnHOHOB. 

H~eHTHcPHKaUHSI 3apSI:>KElHHblX qaCTHU 1 o6pa30BaHHblX B peaKUHSIX 

d +d- H: + l , d-+ d- He.3 
+ n. , p+ Hl-.He4+:r.:;-

d H 3 ..... o d + p+ - e + J~ H p+ P- +Jt , npoH3BO~Hnacb 

B ~aHHoil: pa6oTe 

d d H 4 ~o · + ._. e + JL 

p+d- H3
+ :r~+ 

no a¢cpeKTHBHOMy nMnynbcy P/z , r~e z 3apSI~ qacTHUbi, y~enbHOH liOHH3aUHH 0 

npo6ery, a B nocne~HHX cepHSIX H3MepeHHH ocymecTBnSincSI TaK:>Ke ~ononHHTenbHbril: 

OT60p no BpeMeHH nponeTa Me:>K~y ~BYMSI CUHHTHnnSIUHOHHblMH cqeTqHKaMH. 

BTopHqHbre 3apSI:>KeHHhre qacTHUhi c onpe~enepHbiM a¢¢eKTHBHbiM HMnynbcoM oT6H" 

panHCb C noMOillb!O aneKTpOMai'HHTa C ~HaMeTpOM noniOCOB 100 CM H 3a30pOM 130 MMo 

Me:>K~Y nonrocaMH aneKTpoMarHHTa noMemanucb :>Kene3Hhre WHMMbi TpaneueH~anbHOil: 

cPOpMbl TOniUHHOil: 32 MM. EoKOBbie CKOCbl WHMM paccqHTbiBanHCb TaKHM o6pa30M 1 qTo-

6hi o6ecneqHTb I'OpH30HTanbHYIO cPOKYCHpOBKY qaCTHU B MeCTe pacnono:>KeHHSI pei'HCTpH

pyiOIUeil: annapaTyphr. Enaro~apSI aToMy pa3pewaromaSI cnoco6HOCTb aHanH3Hpyromero 

MarHHTa 6hma ynyqweHa c 5% ~o 3%. 

JlnSI pei'HCTpaUHH 3apSI:>KeHHbiX qacTHU BbiCOKOH HOHH;3aUHH C ManbiM npo6e!'OM 

Ha 60nbWOM cPOHe noCTOpOHHer.o H3nyqeHHSI C MeHbWefi HOHH3aUHeil: npHMeHSinCSI MeTO~ 

pa3~eneHHSI qacTHU B HeCKOnbKHX CUHHTHnnSIUHOHHblX cqeTqHKaX nyTeM OT6opa cnyqaeB, 

KOr~a· BenHqHHa. HOHH31lUHH O~HOBpeMeHHO BO .BCeX cqeTqHK8X n'peBbiWaeT yCTllHOBneH-

/21/ T . - .. . .... _ 
HblH· nopor ~HCKp~MHH8UHH • 8KOil: MeTO~ n03BOnSin 3aMeTHO yMeHhWHTb BKna~ 

qaCTHU Manoil: HOHH38UHH 1 Bbl3B8HHblH 
6

XBOCTOM" B cneKTpe HOHH38UHH 1 a TaK:>Ke no~a

BHTb cPOH 1 o6ycnoBneHHhlH npoueccaMH 06pa30B8HHSI "3Be3~" B BeiUeCTBe CUHHTHnnSITO

pa H cnyqafiHblM Hano:>KeHHeM HMny,nbCOB B pa~HOTeXHHqecKOH CXeMe •. npH 9TOM a¢¢eK• 

·THBHOCTb perHcTpauuH ocHOBHoro H3nyqeHHSI ocTanacb HeH3MeHHoil:. 

TenecKon, npe~Ha3HaqeHHhiil: ~nSI OT6opa qacTHU yKa3aHHbiM MeTo~oM, cocToSin 

H3 WeCTH CUHHTHnnSIUHOHHbiX cqeTqHKOB. nS!Tb nepBblX cqeTqHKOB 1 BKnroqeHHblX Ha 

COBTia~eHHSI 1 SIBnSinHCb cneKTpOMeTpHqeCKHMH, a WeCTOH cqeTqHK BKniOqanCSI Ha ·aHTH

COBna~eHHSI C nepBblMH nSITb!Oe npH pei'HCTp8UHH TSI:>KenbiX 38pSI:>KeHHblX qaCTHU C 

Man! 

2 Ml 

Haq: 

¢eHI 

U;teii 

nnac 

BOil: 

rnac 

nyTE 

~ ~KB8l' 

~-

,.J_ ~ <P3~ / .. .-' 
~ ~ :>KeH 
(J ~ 

cPOTI '-
/ 

.. 
' paHE 

MH I 

Me)ij 

Ka:>K 

HOM 

KpH~ 

cxe~ 
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HCI10Jlh30B8Jll!Ch CUHHTHJIJISITOpb! TOl!IUHHOH 

2 MM H B BH.lle IIJieHOK TOJliUHHOfi 0,5 MM, OneHKB H3I'OT8BJIHB8Jl8Ch rryTeM 110JIHB8 

HarpeTOI'O pC!CTBOpa B TOJiyone I'OTOBOI'O !lOJIHMepH38Ta-cTHpOJI8 C .ll06BBKOfi 1% TeTpa· 

HB ropH30HT8JlhHYIO llOBepxHOCTh 3epK8JlhHOI'O CTeKJI8 C IIOCJie.D.yiO-

ll,let!: cymKoi!: rrpn KOMHBTHoi!: 1-eMrrepaType, Bhrpe3aHHhre B BH.lle rrpSIMoyronhHHKOB 

llJIBCTMBCCOBbie !lJieHOqHbie CUHHTHJIJISITOpbi llOMeiUBliHCh B OTpaJKaTeJih H3 BJIIOMHHHe

BOH cpOJihi'H .llJlSI yBeJinqeHHSI CBeTOC5opa H yc:aHBBJIHBBliHCh HB CBeTOBO.llhi H~ llJieKCH

I'JI8C8, Heo.aHopo.aHocTh cneToc6opa TBKOH CI!CTeMhi, Hai!:.aeHHaSI 9KCrrepnMeHTBJihHO 

llyTeM o6nyqeHHSI p83JI1fqHbiX yqaCTKOB CUHHTHJlliSITOpa KOJIJII!MHpOBBHIIbiM rryqKOM r 
~ KBBHTOB OT pacrra.aa Co SO, He rrpeBb!lll8JI8 10%, 

B rrepBhiX llSITH cqeTqi!KBX rrpHMeHSIJIHCh crreKTpoMeTpnqecKne cpoToyMHO)!{HTenn 

~ ¢3Y~29. B cqeTqnKe ·auTnconrra.aeuHii ncrroJih3onancSI cpoTOYMHO)!{HTeJih ¢3Y-19, uarrpw • 

~ )Keune HB KOTOpbiil: 110.ll8B8Jl0Ch OT OT.lleJihiiOI'O HCTOqHI!KB Bb!COKOI'O HB!lpSI)!{e!IHSI, Bee 

~ 
'- cpOTOyMHO)!{HTeJIH 6blliH 38IUHIUeHbi OT pacceSIHHhiX MBI'HHTHhiX !lOJieil: CTBJih!Ib!MH 9K-

"-. 
pauaMn. CqeTqi!KH ycTauannnnannch Ha waccn TaKnM o5pa30M, qTo5br MeJK.ay KphiWKa-

MH cqeTqllKOB MO)!{IIO 6biJIO llOMeiUBTh TOpM03SIIUI!e cpllJihTpbi TOJIIUllHOH .llO 30 MM -

Me)!{.ay Ng 4 H N2 5, H .uo 20 MM - Me)!{.ay N!? 5 ll Ng e. 

EnoK-cxeMa pa.anoTexunqecKoi!: arrrrapaTyphr rrpnne.aeua ua puc. 6, VfMrrynhChi OT · 

K8)K.lJ.Oro crreKTpoMeTpnqecKoro cpoToyMHOJKllTeJISI ( NQ 1- NQ 5) ycnnnnanuch 8 nnueil:

HOM yCHJlllTeJie ( Y) ll qepe3 JlllHeil:HyiO rrporryCKBIOIUYIO CXeMy ( OC) llOCTyll8Jill H8 .llllC

KpHMHII8TOp ( n) • 0 porryCKBIOIU8SI CXeMa yrrpaBJISIJIBCh Bh!XO.ll!Ih!Mll llMllYJihC8MH rrepaoi!: 

cxeMhi coarra.aeHnil:, ·ua KoTopyiO rrocTyrrann nMrryJihChi c ahrxo.aa nnueil:HhiX yc~nnTeneil: 

K8)!{.ll0I'O ll3 K8H8JIOB ( 1 -5) • Oocne 8MllJIHTY .D. HOi!: .llllCKpHMHH8Ullll llM!lyJihCbi perllCTpl!

pOB8JlllCh BTopoi!: cxeMoi!: conrra.aeHnil:. Opn TBKOM BKJIJOqeHI!H arrrrapaTypa oT5npana 

TOJlhKO .Te C06biTllSI, KOTOpbie BO BCeX cqeTqllK8X, KpOMe cqeTqllK8 8HTllCOB!lB.lleHHil:, 

HMllYJihCbi Bbi3biB8IOT O.llHOBpeMeHHO~ a 8MIIJII!TY.ll8 Bcex llM!lyllhCOB H8, Bb!XO.lle YCHJIH

TeJieil: rrpeBbilll8eT rropor .llHCKpHMHHBUllll. 

Opn oT6ope qacTHU rro rrpo6ery TOpM03SIIUHe cpnJihTphr ll3 aJIIOMllHllSI n Me.an 

llOMeruannch Me*.D.Y cqeTqHK8Mll TenecKOI18 N2 4 ll N2 5. nucpcpepeuunanhHbii!: llHTep

nan rrpo6era 38.ll8B8liCSI cpHJihTpoM, yCT8H8BJlllB8eMbiM rrepe.a cqeTtiHKOM 8HTllCOB!l8.D.e-

HUll:, 

B rrocne.aHnx cepnSix ll3Mepeuni!: 6hm ocyruecTaneH .aorronHHTeJihHhrti OT6op 

~'LeJI.JmeHnwlt lfHCTlfTyT I 
nnepnwx nccne.u.ona~>l!ll 

6H6JIJ-1()TEKA 
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qacTHU no apeMeHH nponeTa. EnoK-cxeMa pa.nHoTeXHH'IeCKOii armapaTyphr 9Toro aa-

pH8HT8 nOK838Ha Ha J?HC. 7 • YiMnynbCbl OT .llBYX CUHHTHnnHUI!OHHblX C'19T'IHKOB 1 pacno

nomeHHbiX Ha ·paccTOSIHHH 3,30 M .npyr oT .npyra, nocTyrranH Ha 6hiCTpyiO cxeMy coana-

. -9 
,ll9HHH C pasperuaiO!llHM Bp9M9H9M ( 5 ~ 7) • 10 C9K. npH 9TOM HMIIynbC OT nepBOI'O 

CUHHTHnnSIUI!OHHOI'O C'1.9T'IHKa sa,nepmrraancSI B .llOnOnHHTenbHOM 0Tp93K9 KOBKCHanbHOI'O 

Ka6enSI Ha HHTepaan Bp9M9HH 1 paBHb!H Bp9M9HH nponeTa perHCTpHpyeMOH '18CTHUbl 

• Mem,ny STHMH C'I9T'IHK8MH. C BbiXO,lla CX9Mbl 6b!CTpbiX COBII8.ll9HHH I!MrrynbC no,naaan

CSI. Ha BXO.ll KBHa.na N2 3 IISITHKpaTHOH cx'eMhl COBI18.ll9HI!Ho 8 9TOM cnyqae HMnynbc 

OT Tp9Tb9I'O C'19T'II!K8 TeneCKOIIB Ha CXeMy COBna.neHHH He UOCTyrran. 

.lJ.et!:TpOHbl H o( 

H .nnSI ynyqrueHuSI oT6opa 

'18CTHUbl B 9THX ycnOBIISIX IIMenH paBHb!e BpeMeHa nponeTa 

0{ -qaCTHU 1 HM9BlliHX IIOHH38UIIIO B 4 pasa Bbillie, '19M 

,net!:TpOHbi, npOH3BO.llllnOCb CHII)!{9HH9 H8IIp5I)!{9HHSI Ha cPOTOYMHOmli.TenHX STIIX .llBYX 

C'I9T'IHKOB. 

.n) MoHIITOpHsauHH ny'IKOB npoTOHOB H .neiiTpoHoB 

0THOCIITenbHbi9 H3M9p9HHSI 'IHCna ,nefi.TpOHOB H rrpOTOHOB nepBH'IHOJ"O ny'IKa, npo

lli9.lllliHX '19p93 MHlli9Hb 38 Bp9MH H3MepeHHH 1 npOH3BO.lll!nHCb C nOMOlllbiO SMHCCHOHHOfi 

• KaMepbr, pacnonaraeMofi nocne MHlli9HH. KaMepa rrpe.ncTaansma co6oii repMeTu'leCKHfi 

cTeKmiHHbrtl: 6annoH, OTKa'laHHhrii .no ¢opaaKyyMa. BHyTpH uHnHH.npa noMemanHcb TPH 

KpyrnhiX sneKTpo,na1 H3J"OTOBneHHbiX H3 M9TannH'I9CKOfi cPOnbi"H TOnlllHHOfi 100 MHKpOHo 

.l].Ba Hapy:>KHbiX 9n9KTpo,na HBXO,llHnHCb IIO.ll nOT9HUH8nOM 39MnH, a Ha U9HTpanbHblfi 

9n9KTpO.ll no.naaanHCb 9neKTpH'I9CKH9 HMnynbCbi OT MynbTHBH6paTopa IIHTe!"pHpyiO!ll9fi 

CX9Mbi MOHHTOpa • npoXO.llHlllH9 qepes KBMepy 38p5I:>K9HHbie 'IBCTHUbl Bb!pb!BBnll H3 

M9TannH'I9~KOH cPOnbi"H 8- -9neKTpOHhi, KOTOpb!9 pa3pH:>KBnH U9HTpanbHb!fi 9neKTpO.ll 

K8M9pbi, C09.llliH9HHbitl: C C9TKOH sneKTpOM9TpH'l9CKOH naMnhlo KaK TOnbKO nOT9HUHan 

STOJ"O sneKTpo,na nOHHmanCSI .llO orrp~.neneHHOJ"O ypOBHSI 1 HHT9I"pllpy!Olll85I CX9M8 K8M9pb! 

Bhr.naaana HMrrynbc, KOTOphrii perHCTpHaancH nepec'leTHbiM 6noKoM. BpeMSI sKcnosuuHH, 

TBKHM o6p830M 1 6hinO npOIIOpUHOHBnbHO 'lHCny IIMnynbCOB K8M9pblo MOHHTOp o6na,nan 

nHH9HHOii xapaKTepHCTHKOH H H906XO.lllfMOH CT86HnbHOCTbiO B lliHpOKOM .llH8II830H9 

ypOBHSI HHT9HCHBHOCTH Bb!B9.ll9HHOI"O ny'IKB. 

npu H3MepeHHSIX Ha Bb!B9.ll9HHOM ny'IK9 IlpOTOHOB Kanrr6pOBK8 C9'19HHH H3yqaeMb!X 

IlpOU9CCOB npOH3BO.llHnaCb IIO Bb!XO.lly ,nefi.TpOHOB OT peaKUllll p+ P ~ d + Jt+) 

yrnoaoe pacnpe.neneHHe H ce'leHHe KOTopoi!: xoporuo H3BecTHO B rurrpoKoM .nuarrasoHe 

/22/ 
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Kann:6posKa KaMepbi nmi ny'!Ka nettTpouos c ::meprn:efi 400 Mas npon3sonn:nacb 

cnenyiOIUHM o6paaoM. nepexon c ny'!Ka npoTouos c auepn1efi 670 Mas ua ny'IOK neil-

TpoHos conpOSO)!{LlancSI yMeHblU9HH:9M MaKCl!ManhHOfi aHepnm 8" -aneKTpOHOS C 

1,98 Mas no 0,55 Mas, cooTseTCTSeHHO, n: aTo npn:sonn:no K yMeHhLUeHn:IO Shixona 

~ - aneKTpouos n:a cponhrn: ueHTpanhHoro aneKTpona. 3ToT acpcpeKT 6bm uenocpeL\-

CTS9HHO H3MepeH Ha npOTOHHOM ny'!Ke nyTeM YM9HblUeHl!SI aHeprl!H npoTOHOS LlO 

220 Mas. c noMOlllhiO aniOMl!Hn:eshiX cpn:nhTpos, ycTaHosneHHhiX nepen MarHHTHhiMll 

cpoKycHpyiOrunMH nn:HaaMH. B aTn:x n:aMepeHn:Six npon:asonn:noch cpasueHHe CKopocTefi 

C'leTa aMHCCH:OHHOfi KaMepbi C o6hl'IHOH H:OHH:3aUH:OHHOH KaMepofi, aanonueHHOH renHeM 

no nasneHn:SI. 0,5 aTM. PeaynhTaT naMepeun:fi npn:seneu ua pnc, 8 anSI paamPIHhiX 

aHeprn:fi ny'!Ka npoTouos. npn aueprn:n Ep = 200 Mas, KOTopaSI cooTseTcTsyeT aueprnn: 

netiTpouoa E =-400 Maa, acpcpeKTHBHOCTh Bhi6n:BaHHSI ~ -aneKTpouoa· n:a cponhrn 

UeHTpanbHOI'O aneKTPOl.la CHll3llnaCb LlO 0,68 no cpaBHeHH:IO ·c acpcpeKTH:BHOCTbi0 0 HMeB"" 

Wefi MeCTO ua npoTOHHOM nyqKe c aueprn:efi E = 670 }\1\aa. Ecnn: yqecTh TaK:N(e, 

'ITO non uoe ~ 1/2 
'IHCnO 0 -aneKTpOHOB OnpenenSieTCSI MHO)!{H:TeneM fop t TO OTCIOLla 

cnenyeT, 'ITO OLlllH OTC'leT aMH:CCHOHHOH KaMepbl Ha IIy'!Ke nefiTpOHOB COOTBeTCTByeT 

qn:cny qacTHU B 1,26 paaa MeHbLUe:M:y, 'I eM Ha ny'!Ke npOTOHOB c aueprnefi 670 Maa. 

3To naMepeHn:e noaaonn:no npoKann:GpoaaTh BhiXOLl SILlep He
3 

oT peaKunn d+d~He" +n. 

B a6coniOTHhiX enn:un:uax n: HcnonhaoBaTh ero B nanhHe.itweM anSI oueuKn BenH'IHHhf 

ceqeun:it npoueccoB d-+ d- He
4

-t :il:" n d + d- Hl' + "( 

§ 4. HacTpoiiKa annapaTyphi, n po.sepKa uane)!{HOCTII ee pa60Thi 

OcuoaHhie xapaKTepncTnKR perncTpHpyiOruefi annapaTyphi 6hmH R3MepeHbi ua ny'l:Ke 

ol -qacTHU pa3nll'IHOH aueprHH, a TaK)!{e nyTeM HLleHTllcpH:KaUHH TSI)!{enbiX aapSI)!{eH-

HbiX qacTn:u, o6paayiOumxcSI B peaKUHSIX p+ d - H
3 
+ Jt +, p + d --+- 1-{~ -t :il. .. 

H d + d - Hl + n. , KOTOpbie HMeiOT cpaaunTenhuo 6onhllll!e ceqeunSI 

~ 10-29cM2 ), 

CneKTpOMeTpH:'leCKHe xapaKTepHCTllKll TenecKona C TOHKHMH CUllHTHnnSITOpaMll 

6bmH nayqeHhi anSI <X -qacTHU c aueprHei!: 800 Maa, ynpyro pacceSIHHhiX ua SILl-

pax yrnepona non yrnoM: oKono 5°, TaKIIe ycnoBHSI H3Mepemul OTBe'laiOT ocuoaHoMy 

H83Ha'leHHIO annapaTypb! - perH:CTpHpOBaTb TSI)!{enbie aapSI)!{eHHhle 'laCTllUbl C Mam:,IM 

npo6eroM n: 6onhllloi1 n:oun:aauHefi ua cpoae nocTopouuero n:=myqeun:SI c MeHbLUefi noun:-
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3auuefi. Cpe.llHHe uoHnaauHo.HHhie noTepu o( · -qacTHU c aHepr!ieil: 800 Mas cocTasnn-

IOT nnn yrnepona 16 Mas/r/cM?. I1oHH38UHOHHhre noTepu d.. -qacTHU s peaKuilnx 

d-+ d.- Kelt+ 1l.o li d -t- d- He
4 

+ 0... cocTasnniOT csbrwe 40 Mas/r/cM
2 

li 

npli T8KHX 3H8'leHIISIX li0Hii38Uiili S03HiiK8eT 38MeTHblll acpcpeKT HeliHHeifHOCTii S 38SiiCH

MOCTii Me:lK.llY li0Hii38Uiiefi li 8MllnliTY.llOll SCllb!WeK. llnn onpeneneHHSI s_enH'lliHbl aTo

ro acpcpeKTa 6hinli li3MepeHbr cqeTHbre xapaKTepucTHKH perucTp!ipyiOI.Uen armapaTyphr 

nnn ol... -qacTHU c aHeprliSIMii: 703 Mas, 460 Mas H 372 Mas. I13MepeHHSI nposo-

.lllinlicb Ha nyqKe oi... -qaCTIIU 1 aHeprHSI KOTOpb!X yMeHbW8n8Cb C llOMO!llb!O TOpM03SI

!llliX 6nOKOS, yCT8H8SnliS8eMb!X H8 nyqKe o( -qaCTHU nepe.ll OTKnOHSIIO!llliM MarHHTOM, 

B yKa3aHHOM liHTepsane aHeprun o/.... -qacTHU · HBMH He 6hrno 3aMe'leHo OTKnoHeHHH OT 

nHHeHHOCTii S 38SHCHMOCT1i Me:lK.llY 8MllnHTY .llOH HMnynbC8 li senH'lliHOH HOH1i38Uiili S 

npenenax 10%, 3TOT pe3ynbT8T COrnacyeTCSI C HMeiOI.UiiMHCSI aKCllAp!iMeHTanbHb!Mii 

171 
.ll8HHb!Mii 

C yMeHbweimeM aHeprHH <X -qacTHU no 230 Mas acpcpeKT HenHHeil:HOCTH non-

:lKeH S03p8CT8Tb, llnn TOr01 'IT06b! ero OUeHHTb1 H8MH 6hina llOCTpOeHa Kp1IS8SI 38SHCH

MOCTH 8MIInHTY .ll HMnynbCOS OT senn:<JHI{bl li0Hii38UIIH ( jmc, 9), . TO'IKH 1 ,2,3 ,4 li306pa

:lK8IOT pe3ynbT8Tbi nposeneHHhrX li3MepeH?H• Ecnn: socnonb3osaTbCSI 3HB'leHHeM Koacpcp!i-
. /7/ 

UlieH.Ta HenHHeHHOCTii 1 TO MO:lKHO Sbl'lliCnliTb aMnnn:Ty Jlbi 1 CB060.llHb!e OT acpcpeKT8 

HenHHeHHOCTii! 1 1 -2 t 3 1 4 t no aTHM TO'IK8M MO:lKHO nposeCTii npnMyiO, KOTOpyiO 

38TeM MO:lKHO nepeC'lliT8Tb S liCTHHHYIO KpliSYIO 38SHCHMOCTH 8MllnliTY.ll HMnynbCOS OT 

semt'lliHbl liOHII38UiiOHHb!X llOTepb C liCllOnb30S8HiieM TeX :lKe KOacpcpHUiieHTOS HenHHe1t-
/V . . 

HOCTH • HaAneHHaSI T8KHM o6pa3oM 38SHCHMOCTb 6brna 3aTeM H8MH HCIIOnb30saHa 

npli sbr6ope ycnosHH perlicTpauHH of.. -qacTHU c aHeprHefi OKono 240 Mas, Koacpcp!i-

uueHT HenHHefiHOCTH .ll,nR KOTOpbiX . COCTasnnn 0 1724 ( TO'IK8 A), 

06man nposepKa acpcpeKTHSHOCTH scefi perlicTp!ipyiOwefi annapaTyphr ocymecTsnn-

nacb nyTeM cpasHeHHSI 

p+d-- H3 +Ji.-+ 

3 3 
Shrxonos R.llep H H He , 

d 
II 3 _ _, 

1i p+ ~ ne -t- JL 

l13y'leHHe peaKUHH p+ d __,.. H3 
-t- :Jt+ 

o6pa3yiO!llHXCSI S peaKUiiSIX 

nposO.ll,linOCb Ha SbiBe.lleHHOM 

ny<JKe npoToHos c aHeprHefi 670 Mas. 06mag cxeMa aKcnepliMeHTa cooTseTcTsyeT 

p!iC, 3, BTOpli'lHbre 38pSI:lKeHHbie 'l8CTiiUbi1 o6pa3yiOI.UHeCSI S MliWeHSIX H3 nefiTepononH

aTHneila n yrnepona, H.lleHT!icpliUHPOSanHcb no HMnynbcy, y AenbHOH HOHH38Uiili ii npo-

6el'y;, Toni.UHH8 CUiiHTHnnSITOpOS COCTaBnSina 0,5 MM, 0T60p IIO ynenbHOll HOHH38UHH 

OCyi.UeCTSnSinCSI O.llHOspeMeHHO S llSITH CUHHTiinnSIUHOHHbiX C'leT'IHK8X TeneCKOIIa, npu 

li3Me 

50%. 
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H3MepeHHHX oT MnweHn H3 netl:TepononnsnweHa ci>oH OT yrnepo.aa cocTaBnHn oKono 

50%. C<ieTHbie xapaKTepnCTIIKII perncTpHpyiOwetl: annapaTypbi nnH pa3HOCTII cqeTa OT 

MnweHeil [ C D2 - C ] (puc, I 0) csn.aeTenhCTBYIOT o BnonHe y .aoBneTsopn-

TenhHotl: nneHTIIcPnKaunu Hnep TPIITUSI oT peaKunu p ~ d- H
3 
+ Jl.+. 

Vi3MepeHUSI BbiXO.llOB SI,llep TpllTIISI Manotl: SHeprnn 6binii npOII3Be,lleHbi non .llBYMSI 

yrnaMn B na6,cucTeMe, Kann5poBKa a5coniOTHbiX ceqeHnil Ka)K,llbiH pa3 npon3Bonnnacb 

He38BIICUMO - C nOMOIUbiO II3MepeHUSI Bb!XO.lla .lleHTpOHOB .anSI TeX )Ke yrnOB B peaKUllll 

p + P- d + :rt+ , Yrnosoe pacnpeneneHue sTotl: peaKunu npu sHepruu 660 Mss 

npnHHManocb nponopunoHanbHbiM ( 0,23 ±_0,03) + C.0~2 e I a nonHoe ceqenne- paBHb!M 
/22/ 

(3,1 ±_0,2) M5 , B nony'IeHHbie naHHbie II3Mepenntl: 5binu sneceHbi nonpaBKif oKono 

7%, Y'IliTb!BBIOllliie norJloiUeHue Tpi!THSI B TOpM03SIIUHX cPIInbTpax TenecKona, 

Pe3ynhTaTbi H3MepeHntl:, ycpenneHHbie no .llBYM cepiiSIM, npnBe.lleHbi B Te5nnue i I. 

Ta5nnua 1I 
3 

.lln<PcfiepeHunanhHbie ceqeHnSI peaKunn p + d-- H + :n. +. 

e i:- yron BbineTa SI.llep TpHTIISI 
B n,c, 

ds .an¢¢epeHunanbHOe ce'IeHne 

d.Q Bbi~O..:s'O H~ep TpHTHH B n,C, 

s IO eM /cTepan 

Et - sHeprnH SI.llep TPIITHSI B MsB 

yron BbmeTa 
B C,U,M, 

.an¢¢epeHunanbHoe
2 

ceqenne B 
-3o · 

C,U,M, 1 B IO CM /cTepa,ll 

41 :!:. 5,2 

98 

9,1 ±_1,2 

B H 
3 . 

b!XO.ll SI.llep e 1 05p830B8HHb!X B peaKUHH 

18 :!:. 2,7 

108 

3,1±_0,5 

1 H3MepSinCSI 

OT ra30BOH .aetJ:TepneBOll MHWeHII 0 HanonHeHHOil .llO .llBBneHHH 3,5 BTM, CxeMa SKene

MeHTa ll MeTO.ll OT5opa '!8CTHU 5binH 8HanorH'IHbi npe.llbi.llyiUeii peaKUifH, nocKOnbKY 
. 3 0 

npo6er H.llep He Manoii sHeprnn, ncnyrueHHbiX non yrnoM 5,8 B n,c,K,, paBHSinCH 
2 

Bcero 0,885 r/ CM yrnepo.aa, a KonnqeCTBO B03.llyxa Ha nyTn OT MnweHH .ao pern-
2 ' 

CTpnpyiOIUeH annapaTypb! COCTBBnSinO OKOnO 1 r/cM 0 TO B STOM OnbiTe Tpe5oBanOCb 
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Hcnonb3oBaHHe aaKyyMHoro TpaKTa. B pe3ynbTaTe cyMMapHoe KOnH'IeCTBO BellleCTBa 
3 2 

Ha nyTH Sl.llep He , -BKniOt~aSI ct~eT'IHKH TenecKona, 6bmo aKBHBaneHTHO 0,767 r/cM 
3 

yrnepo.aa. YcnoBHSI perHcTpauHH Sl.aep He noKa3BHbi Ha pHc. 11. llnSI onpe.aeneHHSI 

a6coniOTHoro cet~eHHSI peaKuHH p + d - He
3 

+ :it 0 
B Tex :me ycnoBHSIX 

6bm H3MepeH BbiXO.ll .aetlTpOHOB OT peaKUHH p + p- d + Jt + • Bbmo Hatl.aeHo 1 

'ITO 
dG" g . 0 -30 2 
dJl( fie'3 =5,8 )=(20,1:!:) 18)•10 CM./CTepa.aJ (20) 

a ,llHcpcpepeHUHBnbHOe ceqeHHe B CoUoMo 1 OTHeCeHHOe K yrny BbineTa :it 0 
-Me3oHa, 

oKa3anocb paBHbiM 

de* 
d.n*( 

C'."'.M • -30 2 
9 = 12°) = (415+0,4) •10 eM /cTepa.a. 
~· - (21) 

BbiXO.ll Sl.aep TpHTHSI OT peaKuHH p+d- H
3
+:1t+ ()bin H3MepeH DOBTOpHO 

C HCDOnb3.0BaHHeM .llODOnHHTenbHOI'O OT6opa DO BpeMeHH nponeTa Me:m.ay C'leT'IHKBMH, 
' 

pacnono:meHHbiMH Ha paccTOSIHHH 3,3. M. Pe3ynbTaTbi, nonyt~eHHbie TBKHM o6pa3oM, coa-

na.aanH C nepBOfl cepHefl H3MepeHHfl B npe.aenax CTaTHCTH'IeCKOfl ·TO'IHOCTH 3KCDepH-

MeHTa. 

J.13 3THX .llBYX pe3ynbTaTOB MO:>KHO HBflTH OTHOWeHHe Ce'leHHfl .llBYX 3apSI.llOBO
O 

conpSI:meHHbiX peaKuHtl .anSI yrna oKono 12 B c.u.M., a HMeHHO 

3 +) do( p+d- H -t-'l = 2 04 + o,32. 
do ( p+ do+ 1-h~-t- :ito) I -

(22) 

nonpaBKy1 o6ycnOBneHHYIO pa3nH'IHeM B yrne MHO~OKpaTHOI'O pacceSIHHSI TpHTHSI 
3 

H He 1 B HaweM aKcnepHMeHTe MO:>KHO 6bmo He yt~HTbiBBTb1 TaK KaK aTa nonpaBKa 

CKOMDeHCHpOBaHao lJ.eflCTBHTenbH01 cpe.llHHfl KBa.apaT yrna MHOI'OKpBTHOI'O pacceSIHHSI 
3 . . 

.anSI Sl.aep He B 4 pa3a npeBbiwaeT cpe.aHHtl KBa.apaT yrna MHoroKpaTHoro pacceSIHHSI 

Sl,llep H
3

• npH pe_I'HCTpauHH Sl.llep TpHTHH KOnH'IeCTBO B03.llyxa HB nyTH tiacTHU 6binO 

TaK:me" B 4 pa3a 6onbwe, t~eM .anSI Sl.llep He
3

• KpoMe Taro, .aononHHTenbHbie H3Mepe-

HBSI DpH OTK8'18HHOM TpBKTe DOK83anH, 'ITO nonpaBKa Ha pacceSIHHe B BOS.llyxe ,llnSI 
3 

Sl.llep H HeBenHKa H He npeBOCXO.llHT CTaTHCTH'IeCKYIO OWH6Ky caMHX H3MepeHHflo 

Hatl.aeHHOe OTHOWeHHe ceqeHHtl (22) .aocTaTO'IHO xopowo cornacyeTCSI c TeopeTH
/6/ 

'leCKHM 3Ha'leHHeM 2,20 ±_0,07 B npe.aenax nony'leHHOfl TO'IHOCTH H3MepeHHflo 
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/9/ 
CpasHusan Haw peaynhTaT c 6onee TO'JHhiMH U3MepeHURMU , Mhi Mo:meM C.lle-

naTb BbiBO.Il o TOM, 'ITO perHcTpupy!Oruan arrrrapaTypa, ucrronhayeMaSI HaMu,. uMe·na 

O.llHH8KOBY!O acpcpeKTUBHOCTb perHCTp8UUH K8K OJlH038pR./lHbiX 1 TaK U .llBY38pRJlHbiX 

'J8CTUU •. 

§ 5. PeaKIIUSI d+d- H€ + n. 

nepe.ll Ka:m.llo:ll: cepue:ll: OIIbiTOB Ha rrytJKe .lle:li:TpOHOB rrpasunbHOCTb pa6oTbi arrrra-
3 

paTypbi rrposepnnach rryTeM uaMepemrn BbiXO.Ila SI.Ilep He , o6paay10ruuxcn B peaKun:n: 

d+d- He
3

+ n. 
3 

I1.1leHTn:cpaKauun R.llep He rrpon:aBo.llunacb rro HMrrynhcy, y.llenbHO:ll: uoHn:aauun:, 

rrpo6ery u B HeKoTopbiX cnytJaRx - rro speMeHn: rrponeTa. I1a-aa cpaBHn:TenbHO 6onbworo 
. ~ 2 3 

cetJeHn:R aTo:ll: peaKuun: ( = 10 CM ) Bbi.IleneHn:e SI.Ilep He rrpouaBO.IlUnocb .llOCTaTotJlfo 

Ha.lle:m:Ho u cpaBHUTenbHO 6hiCTpo. Ycnosn:n pern:cTpauun: R.llep He
3 

rrpn: pa6oTe c paa

nHtJHbiMH MHWeHRMII IIpUBe.lleHbl H8 puc. 12, 13, 14, 15, 20 JlnR paanU'JHbiX CO'JeTaHU:ll: 
0 

cpaKTopoa oT6opa • .lln:cpcpepeHuuanbHoe cetJeHn:e aTo:ll: peaKuuu ~nR yrna 5,8 B n.c.K. 

6binO OIIpe.lleneHO B HeCKOnbKUX cepHSIX H3MepeHU:ll: He38BHCUMO - rryTeM cpaBHeHHR BbiXO

Jl8 OT TBep.llbiX MHWeHe:ll: SI.Ilep He
3 

H Jle:li:TpOHOB OT peaKU~H p + P _.. d +A+ 

npn: Herrocpe.llCTBeHHOM rrepexo.lle cn:Hxpoun:KnoTpoHa n:a pe:mn:Ma ycKopeHHSI rrpoTOHOB 

B pe:mn:M ycKopeHHR· .lle:li:TpoHoB. YcnoBHSI perHcTpaun:K .lle:li:TpOHOB oT aTo:ll: peaKUHH 

npHBe.lleHbi Ha pn:c. 18. 

B tJeThrpex cepHRX HaMepeHK:ll: 6hinH rronytJeHbi cne.lly!OUIHe aHatJeHHSI JlHcpcpepeH

uuanbHbiX cetJeHH:ll:, 6ea BHeceHKR rrorrpaBoK Ha rrornorueHn:e H MHOI"OKpaTHoe paccenHn:e 

B TOpM03RUIHX Me.llHbiX cpHnbTpax TeneCKOIIa: 

( 2,28+0,3) i ( 1,97:!:_0,3); (2,58:!:_0,3) :· 
-28 2 

(2,01:!:_0,3) X 10 CM /cTepa.ll. (23) 

;Qn:cpcpepeHUH8nbHOe cetJeHn:e, ycpe.llHeHHOe IIO STKM tJeTbipeJYI H3MepeHHRM 0 paBHReTCR 

'2 ~~ (S",6o)(d+d-rt~+rt)=(2,18:!:_0,15) •10-28
cM

2
/cTepa.ll. (24) 

norrpasKa Ha rrornorueHHe K MHOI"OKpaTHOe pacceSIHHe B TopMo3SIUieM cpnnhTpe, rz, , 
6bma K3MepeHa rryTeM cpaBH~Hn:il. BbiXOJl8 SI.Ilep He

3 
OT :>KHJlKO.Ile:li:Tepn:eao:ll: MHWeHH 

c ycTaHosneHHbiM TOpM03RUIHM cpHnhTpoM n: 6ea Hero. TaKn:e n:aMepeHn:R cTann: nos-

MO:>KHbiMH TOnbKO 6nai"O.Il8pS1 3H8'JHTenbHOMy CHH:>KeHH!O cpoHa npn: rrepexo.lle K MHwe-

HH H3 :>KH,llKOI"O .ue:li:TepHRo 0THOWeHn:e IInOUI8Jle:ll: IIHKOB 6e3 cpn:nbTpa H C cpn:nbTpOM . 
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oKasanocb paBHbiM 1 ,52. PacqeTHoe sHaqeHIIe 9TOii: 11011p8BKII, ecnii ceqeHIIe B381IMo-
3 

.neii:cTBIISI SI.nep He . c SI.npoM Me.UII 11piiHSITh paBHhiM reoMeTpiiqecKoMy, cocTaBnSieT 

1 ,45, Pasniiqiie Me)l(.ny Ha6mo.naeMbiM sHaqeHIIeM II pacqeTHhiM MO)I(eT 6biTh -11p1I111IC8HO 

acpcpeKTy MH6roKpaTHoro pacceSIHIISI a TOpM03SILUeM cpiinhTpe, KOTOphiii: pac11onarancSI 

11epe.n cqeTqiiKOM TenecKoria N2 5. 

np1IHIIM8SI B pacqeT II3MepeHHOe 3H8qeHIIe 11011p8BKII1 H8XO.UIIM: 

1~ (?.~o)(d+d-- Hi-\- n.) =(3,3 :!:,0,23) • 10-28c~21cTepa.n. (25) 

B CIICTeMe ueHTpa Mace cTanKIIB8IOLUIIXCSI .neii:TpOHOB aTo ceqeHIIe paBHO 

dG*( o)(d d 113 '\ -29 2 dil~ ~G + --ne.-t-n.; =(4,3:!:,0,3)-10 CM /cTepa.n. (26) 

nocKOnhKY 11p1I H8CTpOii:Ke 81111apaTypbi 110 SI.npaM He
3 

OT peaKUIIII d+d-Hl+ n. 
Bcer.na 11p1IMeHSincSI oT6op 110 11po6ery 1 To .nnSI Kan1I6poBKII ceqeHIIii: peaKuiifi d+d~ H~+Y 

d d H 4' ,._., • d d , 11 3 
II + _. e 1- ~L IICI10nh30Banoch ceqeHIIe peaKUHH + _,. r"le -\- n, 

He HC11paBneHHoe Ha 11ornomeH1Ie H pacceSIHHe B cpHnhTpe, a IIMeHHO 

ds-- -28 2 tLdQ =(2,18:!:,0,15)•10 eM /cTepa.u. ' (27) 

§ 6, nepB8SI cepHSI II3MepeHHfi 

6bmii 11onyqeHbi HaMH Ha nepBbie .UBHHhle 0 pe8KUHH 

MIIWeHSIX II3 ,nefiTep0110nH9THneHa 

d+d- He
4

+5i:
0 

/15/ 
II yrnepo.na • 06maSI cxeMa 9THX Ol1biTOB II _pac11o:-

no)l(eHHe perHCTpHpyiOLUefi 811118paTypbl II306p8)1(eHbl H8 pHC, 3, TeneCKOI1 COCTOSin II3 

CUHHTIInnSITOpOB B BII.Ue 11neHOK TOnLUIIHOii: 0,5 MM. pasMepaMH: 20 X 35 MM1 23x39 MM1 

26x43MM 1 29x47MM II 42 X 60 MM, <:qeTqiiK 8HTHCOBII8,UeHHfi liMen TOnLUHHY 6 MM II 11no-
2 

LU8.Uh 60 X 70 MM, nopor T8KOrO TeneCKOI18 COCT8BnSin 0,44 r/CM yrnepO.UHOrO 9KBII-

B8neHT81 a o6mee KOnHqeCTBO BeLUeCTB8 Ha 11YTII 38pSI)I(eHHbiX qaCTHU OT ueHTpa 

M IIWeHII .UO TeneCK0118 1 BKniOqaSI B03.UYX H8 ,nnHHe rryTII qacTHU B 815 CM 1 COCTBBnSinO 

2 
1,21 r/cM yrnepo.nHoro aKBIIBaneHTa, 

K1IHeM8TIIqecKrre xapaKTepiiCTIIKII perrrcTprrpyeMbiX qacTIIU oT. peaKuHfi 

d-+d-He3
+n. • d-:d--1-telf+Jl0 

H d+d--He4+'[" 11prr aHeprrrrr 

.neii:TpOHOB 404 MaB rrprrBe.neHbi B Ta6n~ue 111. . 

K:u 
THq 

.ne~ 

.ne} 

3¢• 
B U 

M81 

Pa.:: 
HMI 
TOn 

Ha 
Ms 

TOJ 
tPIIJ 

ToJ 
cqe 

Cp• 

1101 
yr1 

no 
II3~ 

me 
B91 
THI 

Hbl. 

c l 

H 1 

11y1 

c: 



MO-

leT 

IUIC8HO 

!C.H 

(25) 

(26) 

3 
le + 11.. 

4 +1-fe+y 

(27) 

pacno::-

1!3 

9 MM1 

nno-

II II 

25 

Ta.6nuua I I I 

KaneMaTu'IecKrre xapaKTeprrcTIIKII T.H)KenhiX 'IBCTIIU, cooTBeTCTBYIOILll!e BhiCOK()SHepre

TII'IeCKIIM BeTB.HM yK838HHhiX B Ta6niiUe peaKUIIH IIO.ll yrnOM 5,6° B n.c.K • .lln.H SHepi'IIII 

.ueH:TpOHOB 404 MaB npii 1Icnonb30BBHIIII MIIllleHII II3 .ueH:TepononiiSTIInena IInii )KII.llKO

.ueH:TeprreBoH: MIIllleHII 

PeaKUII.H 

3cp¢eKTIIBHhiH IIMrrynbc P/Z 
B UeHTpe OTKnOH.HIOlUero 

MarHIITa, MaB/ c 

Pa36poc B a¢¢eKTIIBHOM 

IIMrrynbce, o6ycnoBneHHhiil: 
TomuiinoH: MIIILieHII·, MaBle 

HaqanbHa.H aneprii.H qacTIIU, 

MaB 

TomuHna TOpM03.Hlllero 
· cPIInbTpa B TenecKone 

TonlUIIHa cPIInbTpa nepe.u 
C'IeT'IIIKOM 8HTIICOBna.aeHIIil: 

Cpe.UHIIe IIOHII3BUIIOHHhle 
dE: 2 

noTepii d'"X , MaB/r/cM 
yrnepo.ua 

noK838HII.H no ll!Kane np1I6opa, 
II3Mep.HIOll!ero TOK B OTKnOH.HIO
IUeM MarHIITe (:t_ pa36poc, cooT

BeTcTBYIOllliiH pa36pocy B aciJciJeK
TIIBHOM IIMnynbCe) 

733 

374 

2 
9,5 r/cM Cu 

2 
2 r/cM Cu.. 

24 

59,5 ±.. 0,5 

669 635 

:t_I4 :t_I6 

254 232 

0,87 CM AI 0,62cM AI 

0,28 CM AI 0,28 CM AI 

44 49 ' 

54,5:t_l,l I 51 ,5:t_I ,3 

CqeTHhie xapaKTepiiCTIIKII arrnapaTyphi rrpii periicTpauiiii T.H)KenhiX qaCTIIU yKa3aH

HhlX peaKUIIil: npiiBe.uenhi na piicynKax 12,I3,I6 II I7. HacTpOH:Ka annapaTyphi HB'IIIHanach 

c II.lleHTIIcPIIK8UIIII .H.llep He 
3 

OT peaKUIIII d + d ~ H e3 
+ n. . KaK BII.llHO II3. puc. I 2 

II I3, .H.upa He
3

, IIcnycKaeMbie B ( d + CD2 )-c~y.uapeHII.HX 1 oT.uen.HIOTC.H OT ¢ona 

rryTeM OT60pa no npo6ery II Benii'IIIHe IIOHII38UIIIIo H3MepeHII.H p83HOCTII C'IeTa OT 

CD2 II C -MIIILieneil: B 38BIICIIMOCTII oi a¢¢eKTIIBHoro IIMn;>mbca no3Bon.Hnii 
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TOqHo ycTaHOB.HTh nono)KeHue nuKa, oTaeqaJOmero Sin paM He 
3 

OT peaKUHH d+ d-Hi+ 11.' 

3TOT nHK B D8llhHefilUHX lf3MepeHHSIX CllY)KiflJ penepOM 0 nOlJO)KeHHe KOTOpOf'O II03BOllSillC 

rpanyupOB8Th lliK8lly rrpu6opa, lf3MepSIIOlUef'O TOK B 06MOTK8X OTKllOHSII,Olllef'O 8lleKTpo

M8f'HHTa, u ieM caMbiM onpenenHTh MecTo noucKOB ol... -qacTHU, o6pa3yiOlUHXCSI B 

peaKUHH d + d-- He
4

-4- JC 
0 

• Ha puc. 16, 17 noKa3aHbi ycnoBHSI perucTpauHH o{ 

qacTHU c acpcpeKTHBHbiM HMnynhcoM 635 Maa/c, B03HHK8JOlUHX a MHWeHH H3 TSI)Kenoro 

nOlllf8THlleHa. CqeTH8H xapaKTepHCTHK8 TelleCKOna B 38BifCHMOCTH OT nopora DHCKpHMH

HaUHH (puc. 16a) He HMeeT SipKO Bbipa)KeHHOf'O nnaTo, K8K B c~yqae Sinep He
3

• npHqu

H8 8TOI'O 38KllJOqaeTCSI B TOM , qTo qepe3 TelleCKOn IIpOXODUllO 60llhlliOe KOlJifqecTBO 

npO'!'OHOB, KOTOpbie o6p830BbiB8lllfCh B pe3yllhT8Te CTpHnHHf'8 nefiTpOHOB Ha Sinpax 

yrnepona. npu 8TOM o6ll8CTh HMnyllhCOB o( -qacTHU 0 COOTBeTCTBYIOlUHX peaKUHH 

d + d -- He 
4 + :it0 

, Haxonunach KaK pa3 a6nn3u MaKCHMyMa rrpouecca cTpnnuHra. 

3apSI)KeHHbie qaCTHUbl 1 OT06paHHbie OTKllOHSIIOlUUM Maf'HUTOM 1 B3aHMOnefiCTBOBallH C 

aemecTBOM TOpM03SilUero cpunh:rpa TenecKona. B'l'opuqHbie 3apSI)KeHHbie qacTHUbi, o6pa-

30BaawuecSI B "3Be3nax", MOf'llH npoHH3biBaTh ace cqeTqlfKH TenecKona u TaKuM o6pa-

30M UMUTUpOB8Th npOXO)KDeHHe qaCTHU C 60llhlliOH HOHH3aUHefi H 38DaHHbiM npo6eroM. 

IlnSI onpeneneHHSI aenuqnHbi aToro cpoHa TOpM03SilUHfi cpunhTp B TenecKorre yaenu-

quaancSI .D.O 1 CM A 1, qTo o6ecneqnaano nornomeHue acex ~ -qacTuu, ucnymeHHbiX 

U3 Sinep yrnepona u uMeJOmux acpcpeKTHBHbifi uMnyllhC 635 Mas/c. CqeTHaSI xapaKTe

pucTHKa TelleCKOna, H3MepeHHaSI B 8THX YCllOBUSIX (KaanpaTUKU Ha pnc. 16a), CBHne

TellhCTByeT 0 TOM, qTo HaquHaSI C ypOBHSI DUCKpUMUHaUUH B 18 BOllhT TeneCKOn peru

CTpupyeT TOllhKO o( -qacTUUbi 1 unymue OT yrnepona, 6e3 3aMeTHofi npuMecu 3Be3n

HbiX OCKOllKOB. 3TO TaK)Ke nonTaep)KnaeTCSI KpUBOH OT6opa qacTHU no npo6ery 

(puc. 17 a) • n pH ycTaHOBlleHHU nopora J:lUCKpHMHHaTopa B 18 BOllhT 1 nucpcpepeHUH8llhH8SI 

KpUBaSI npo6eroB UMeeT MaKCUMYM B MeCTe 1 COOTBeTCTBYJOllleM KHHeMaTuqecKUM pacqe

TaM. KpoMe aToro pa3HOCTh cqeT~biX xapaKTepucTuK TenecKona a 38BUCUMOCTH OT no

pora ]:lUCKpUMHH8UUU 1 U3MepeHHbiX DllSI DBYX 3HaqeHUll TOpM03SilUUX, cpUllhTpOB 

1 CM A 1 H 0,5 CM A 1 (puc. 166) J uMeeT o6pbiB 0 cornacyJOlUHHCSI rro nono»~eHuJO c 

pacqeTOM 0 npOU3BeneHHbiM no KpHBOH 38BUCHMOCTU CBeTOBOf'O BbiXOD8 OT BelJHqHHbl 

HOHH38UUH (puc. 9). 

Pe3yllhT8Tbi H3MepeHufi peaKuuu d+d- H~+Jl0 0 
non yrnoM 5,6 

B ll.C.K. npenCT8BlleHbl Ha puc. 176. Pa3HOCTh OTCqeTOB TelleCKOna OT MHllieHefi U3 

nefiTepononuaTuneHa u-yrnepona, U3MepeHH8SI 3a 15 qacoa, B o6nacTu pacqeT-

HOf'O 

COCTI 

rron 

TOB I 

OTKll< 

qaCT1 

IIOllY' 

nocT 

lfllll 1 

Ecnu 

38BH< 

a UM 

C J;l.O 

apeM 

HHIO 

ceqe1 

KaK 1 

nOKO! 

n03B< 

nyTeJ 

)KHDi 

H0 0 E 
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HOI"'O paCIIOJIO:JKeHHH IIIIKa o(. -qaCTliii OT peaKUllll 'd d II 4 r:--C + ~. Ne +:JL 

4 
COCTBBJISieT (-37±_49) rrpn 'IHCJie HMIIYJibCOB MOHHTOpa, pa::JHOM 16x 1,85•10 , nnoma.llb 

no.n rrnKoM H.nep He
3 

oT peaKunn d+d-- He
3 

+ n.. cocTa~>JIHeT 415 OTC'Ie

TOB rrpn 'IHCJle HMIIYJibCOB MOHHTopa, paBHO~ 16 X 400, 

ECJIH HCKJIID'IHTb H3MeHeHne HHTepBaJia HMIIYJibCOB IIpn rrepexo.ne OT O.llHOI"'O TOKa 

oTKJIOimromero MarHnTa K .npyroMy ( K~= 1,15) n ssecTn rrorrpasKy Ha rrornomeane o( -

qacTHU B TopM03HllleM cpnJibTpe ( K2 =1,10) n pacceSiune B B03.llyxe (K =1,16), TO 

d d H 4 -o 
3 

IIOJiy'IHM 1 'ITO .llllcj:JcpepeHUHaJibHOe ceqeane peaKUllll. + _,.. e + JL C 90%-aoiJ: 

.llOCTOBepHOCTbiD 

dG" (S:Go"\(d d H 4 .-o"\ _ . -31 2 d.Q ' ) + -- e +Jl )<. 7. 10 CM I CTepa.n (28) 

HJIH B C,U,M, 

ds* f"'"_.o'\(d d ":4 ~o'\ -33 2 
d..Q~ l"".L. } + _. ne + Jl) < 8 • 10 CM /cTepa.n, (29) 

EcnH .nanee rrpe.Qrrono:JKHTb, 'ITO yrnosoe pacrrpe.neneane :lt0 
-Me30HOB orrnchmaeTCH 

3aancnMOCTbro A + B si!J 9 , To MO:JKHO oueHHTb Bepxuroro rpaanuy rronaoro ce'IeHnH, 

a HMeHHO 

. (30) 

C ,llOCTOBepHOCTbiD 90%, 

nocKOJibKY B ycJIOBHHX ,llaHHOI"'O 9KCIIepHMeHTa Mhl MOI"'JIH perncTpHpOBaTb O.llHO-

BpeMeHHO eX -qacTHUhi oT peaKunn d + d- He4 + TL~ npnBO.llHllleil: K ·o5pa3oaa-
,...o 

HHID H30TOIIH'IeCKH CKaJIHpHOI"'O Jl 0 -M830Ha, TO IIOJiy'IeHHyro HaMH OUeHKY IIOJIHOI"'O 

c~'IeHnH .nnH peaKUHH d +d -- He-4 + Tt.o 

KaK BepXHIDID rpaHHUY Ce'IeHHH JlJIH H30TOIIH'IeCKH CKaJIHpHOI"'O ~~ -Me30Ha C MaCCOll 

IIOKOH B HHTepsane (135~;:) ~9B 1 (Ta5nnua lY), 

§ 7. BTopaH cepnH II3Mepeanil: 

3aMeTHh!ll BhiXOLl o(. -qaCTHU OT coy.napeHHll .neiJ:TpOHOB C H.llpaMH yrnepo.na He 

. d d '' If ~o II03BOJIHeT cymecTBeHHO yny'IWHTb sepxaroro oueHKY ceqeanH peaKunn + --:- ne + JL 

rryTeM rrpocToro yaennqeanH .llJIIITeJibHOCTH H3MepeHnil:, Hcrronb30BaHHe Mnweun c 

:IKHLJ:KHM .neiJ:TepneM o6ecrre'IHBaeT cyll!eCTB8HHO JIY.'IWHe yCJIOBliH OIIh!Ta, .lJ.eiJ:CTBHTeJib

H01 ecnu B Mnwean H3 TH:JKenoro rronnaTnneua secosoe cooTaoweaue H.nep .neil:TepiiH 
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Ta6nnua 1Y 

HeKOTOpbre KHHeMaTn'leCKne xapaKTepncTHKH o(.. -qaCTHU .UJIH pa3JIH'IHb!X B03M0)KHb!X 

Bo3MO)KHbre 3HaqeHnH Maccbr 

~~-Me3oHa, · Maa 

CooTBeTCTByiOIUHfi alj:Jlj:JeKTHBHbrfi 
!IMrrynbC ~ -qacTHUhi, Maa/c 

noKa3aHHH TOKOBOI'O npn6opa 

Benn'lnHa TOpM03Hruero lj:JnnbTpa 

B TenecKone, CM A 1 

Mace 
~0 
~l 0 -Me3oHa 

190 176 

575 596 

46,5 48,3 

0,265 0,384 

134,8 98 0 

635 652 669 

51,5 52,6 54,5 

0,62 0,71 0,87 

H SI.Uep yrnepo.ua COCTaBJISieT 1 : 3~ TO B )Kli,UKO.UefiTepneaofi MHWeHH C .UHaMeTpOM 

KOHTefiHepa 25 MM H TOJIIUHHOfi JiaTYHHb!X CTeHOK 30 MHKpOH COOTHOWeHne Jiei'KHX H 

TSI)KeJib!X SI.Uep CTaHOBHTCSI paBHb!M 8: 1. 

06ruaR cxeMa aKcnepnMeHTa n pacnoJio)KeHne perncTpnpyiOruefi annapaTypbr npn 

HCIIOJib30B8HHH MHWeHH C )Kll,UKHM .uefiTepHeM 6biJIH T8KHMH )Ke 0 K8K H B nepBOfi 

cepnn. M3MepeHnfi. YI.ueHTHtPHKaunH qacTnu npon3Bo.unnacb no alj:Jlj:JeKTl!BHOMY nMnynbcy, 

.y .uenbHOfi noHn3aunn n npo6ery. HacTpofiKa annapaTypbr npoH3Bo.unnacb nyTeM pern-

CTpaunn SI.Uep He 
3 

OT peaKUHH d + d - H e
3 

+ n. . 3HaqnTeJibHOe Cl!H)KeHne 

cpoHa OT 6onee TSI)KeJibiX R.uep no.saonnno 6onee qeTKO Bhr.uennTb MoiloauepreTnqecKyiO 
3 . 

rpynny g.uep He no aceM cqeTHbiM xapaKTepncTnKaM perncTpnpyiOruefi annapaTypbr 

(pnc. 14). 

YcnoanR perncTpaunn 0(.. -qaCTHU 6biJIH aHaJIOI'H'IHbl ycJIOBHSIM B nepBOH 

cepnn H3MepeHnfi. CqeTHaH xapaKTepnCTHKa TenecKona B aaancnMOCTH OT nopora 

.uncKpnMnHaunn ( pnc. 19) ace :;.Ke erue He nMeeT qeTKo Bbrpa*euuoro nnaTo. O.uHaKo, 

IIOCTOHHCTBO pa3HOCTH H3MepeHHfi- C .UBYMR pa3JIH'Illb!Mll cpHJibTpaMH YK83biB8eT 118 TO, 

'ITO np!I nopore .UIICKpHMHH8UHH Bb!We 18 BOJibT perl!CTpllpy!OTCH rrpaKTH'IeCKII O,UHH 

TOJibKO 0( -qacTl!Ublo 3TH 0( -qaCTHUbl B03Hl!K810T npn B38HMO.UeHCTBHH .uefiTpOHOB 

C R,UpaMII TSI:aKeJih!X 9JieMeHTOB B JiaTyHHOfi lj:JOJibi'e KOHTefiHepa BO.UOpO.UHOfi Ml!WeHH. 

npnMeHeHl!e MHWeHH H3 )Kli.[!.KOI'O ,UefiTepHH n03BOJIHJIO CHH3HTb cpoH "' -qaCTl!U 

npHMepHO B 35 pa3 no cpaaHeHl!IO C tPOHOM OT MHWeHl! H3 TSI)KeJIOI'O IIOJIH9THJieHa. 

d-
pern 
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rrpoa 

crrpa: 

d-t 
IIpHM 
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90% l 
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CTHI'H: 

y:acTm 

nO'ITH 

pHMeH 

xapaK1 



>KHblX 

u 

IpU 

IIhCY I 

e 

:KyiO 

T0 0 

)HOB 

~HH. 

29 

3 
Ha puc. 20 rrpuaeneH a MacwTa5e I : 240 BbiXOll Hllep He oT peaKuuu 

d-+- d -- He
3 

+ n. nmr yrna 5,8° a n,c.K. TaM Me rrpuBeneHbi cjJoHOBbre OTC'!eTbi 

perucTpupyiOIUeit amrapaTypbl B 05118CTU 3H8'!eHUH TOK8 OTKllOHSIIOIUero 9l!eKTpOM8I"HUT8 1 

COOTBeTCTByioruetl of.... -'18CTHU8M OT peaKU!ili d .... d-- He.4 + :il.o • npSIM8SI llliHHH, 

IIpOBelleHH8SI MeTOllOM H8UMeHhillUX KB8llp8TOB no TO'IK8M U3MepeHHH, pacnOllOMeHHbiM 

cnpaaa U Cneaa OT MeCT8 pac'!eTHOI"O paCIIOllOMeHUH BblXOll8 c( -'laCTUU OT peaKUUH 

d + d - He
4 

+ 'Il
0 

, cooTaeTcTByeT cpenHeMy ypoaHIO cjJoHa. CpaaHeHJre c aToit 

rrpHMOH po3yllhT8TOB U3MepeHUH B 05118CT!i npellii0118I"8eMOI"O Bb!XOll8 c( · -'IBCTUU. OT 

pe8KUU!i d + d ~ l-lce!.
4

-+ :1i:0 
II03BOl!HeT OUeHUTh BepXHIOIO rpaHUUY Ce'!eHUH 9TOH 

peBKUUU, 

PeaynhTBT!>I o5pa5oTKH nony'!eHHbiX naHHbiX 0 rrpoaeneHHbie c y'!eTOM norrpaaoK Ha 

nornoweHue u pacceHHue o( -'!aCTUU B TOpM03HIUeM cPUllhTpe TeneCKOIIa II B B03-

llyxe, T8KUX Me KBK B nepBOH cepuu U3MepeHUH 1 nOK83b!B810T, 'ITO C llOCTOBepHOCThiO 

90% IIOllHOe Ce'!eHue peaKUIIIi 

6't(d+d--He"'+Jto) <. 1,9•10-32cM2. (31) 

-32 2 
B03MOMHOMY Ce'!eHUIO 9TOti pe8KUHU 1 paBHOMy 2• 10 CM 0 COOTBeTCTByeT IIYHK-

TUpH8H KpUBBH, npuBelleHH8H H8 puc, • 20 llllH HBI"l!HllHOCTU, 3Ta Me otieHK8 OTHOCUTCSI 

T8K:li<e K BepxHefi rpaHIIUe Ce'!eHUH o5p830B8HUSI U30TOIIU'!eCKU CK811HpHOI"O 3t~ :-Me30H8 

C M8CCOH nOKOH B UHTepBane 100- 150 M 9Bo 

§ 8, TpeThH cepuH uaMeperm:il: 

llanhHefiwee CHUMeHue ypOBHH cPOH8 0 Bbi3B8HHOI"O o( -'!aCTUU8MU 0 Bb!5UB8eMbiMU 

U3 naTyHHOH cPOllhl"U KOHTe:il:Hepa MUWeHU, a TBKMe cjJparMeHT8MU OT HllepHb!X pacruen-

IIeHUll ( "3Be3ll") t npOIICXOllHlUUX B TOpM03HIUIIX cPUllhTpax 

CTUI'HYTO Ha I"830BOH neil:Tepueaoti MUWeHU C BBelleHueM llOIIOllHUTenhHOI"O OT50pa 

~acTuu perucTpupyiOrue:ii: annapaTypoti no apeMeHu nponeTa. 

KpoMe aToro nyTh 'IBCTuu OT MuUieHu no perucTpupyiOUieit annapaTypbr rrpoxonun 

nO'ITU HB BCeM rrpCTHMeHUU no TpaKTy t OTK8'18HHOMY OT B03llYX8, 06IU8H CXeMa 9KCne

puMeHTOB 9TO:il: cepuu uao6paMeHa Ha puc. 4. Hau6onee BaMHbie KHHeMaTu'!eCKue 

xapaKTepucTuKu perucTpupyeMbiX 'IBCTHU npimeneHbi B Ta6nuue Y. 
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T a 6 n n u a Y 

KMHeMaTM'IeCKMe xapaKTepMCTMKM TSDKenbiX 'laCTMU, COOTBeTCTBYIOlUMe BbiCOK0-
0 

3HepreTM'IHbiM BeTBHM yKa38HHbiX B Taonnue peaKUMH .llnH yrna 5,8 B naoop,CMCT, 
npn srieprnn .neATpOHOB 404 MsB n ncnonhSOBaHMM raao.neATepHeBoA M~WeHH, 

PeaKUMH 

3cpcpeKTMBHbiit nMnynbc P/Z .B ue1:1Tpe 
OTKnoHHIOwero J.'48rHMTa, MsB/ c 

Pas6poc B scpcpeKTM~HOM MMnynbce, 
o6ycnoBneHHbiH TOnlUMHOH MMIUeHM 1 

MsB/c 

0TC'IeT no IUKane npn6opa, nsMepHIO
wero TOK B OTKnOHH!OlUeM sneKTpo
M8rHMTe 

Tonwnua cpnnbTpa B TenecKone 

TonwnHa cpnnbTpa nepe.ll c'leT'IMKOM 
8HTMCOBna.oeHMH 

Cpe.nune nounsauHOHHbie noTepH 
qacTHU dE(d" B MaB/r/cM2 
yrnepo.oa 

BpeMH nponeTa qacTHU Ha 6ase 
·3,35 M 

BpeMH nponeTa npoToHoB c TeM 
)!(e gcpcpeKTHBHbiM HMnynbCOM 

HaqanbHaH sueprHH TH)!(enbiX qacTHU 
.onH yrna 5,8° B n,c,K,, MsB 

KoHe'IHBH 3HeprHH TH)!(enbiX qacTHU 
nocne npOXO)!(,lleHMH nHTM CUHHTHnnH
UH.OHHb!X cqeT'IHKOB TenecKona, MsB 

d+d-He+l\ 

743 

0,6 

60 

2 
10,7r/cM Cu. 

2 
1,7 r/cM Cu. 

24 

-9 
24•10 CeK 

-9 
17• 10 CeK 

374 

343 

d ... d-H~+ T d+d .... H3 ... nc 

689 656 

5 6 

55,6 52,5 

1,0cM A1 9,75cM A1 

. 0,3 CM A1 0,3 CM A1 

44 49 

~ ~ 
33•10 ceK 35•10 ceK 

-9 -9 . 
18•i0 ceK 19·10 ceK 

254 232 

207 180 

MCnO! 

B Te; 

HHH, 

B pet 

no nJ 

d+c 

nepe~ 

.llnMH: 

5 MM 

MH c· 

C'leT< 

npom 

CKOpC 

lll810! 

(5-7 

COOHC 

TenHJ 

non He 

H8CT: 

p83.ll 

nyTeJ 

cnocc 

·peaK! 

Oco6 

.llOCT 

0T6o 

noBm 

cpHnh 

coy .ll 

.llBYX 
()(-
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'B .llBYX nepBh!X C'I9T'IHK8X 1 ocyweCTBnSIBWHX OT60p no. BpeMeHH nponeT8 1 6binH 

HCnOnh30B8Hhl CUIIHTHnnHTOphl p83M9p0M 40 X 58 MM , 28 X 45 MM H TOnlliHHOH } 13 MM, 

B TenecKon H3MeHeHHH BHeceHo He 6hmo, Pa3pewarowasr cnoco6HOCTh cxeMhi coana.ae

HHfi, C nOMOWh!O KOT'opofi npOH3BO.llRnCSI OT60p no 'BpeM9HR nponeTa 'IBCTRU, R3M9pSin8Ch 

B peaKURR d+d- He
3 
+ n. (pRe, 15) nyTe~ perRcTpauRH sr.aep He

3
, a ·;:'aK)!{e 

no npOTOH8M 1 RM9BWRM TBKY!O )1{9 CKOpOCTh1 KBK R o/... -qaCTRUhl OT peaKURH 

d+d...,. l-le4 + Jl0 
(pRe, 21 a'), 

B rrepBOM cnyqae Me)!{.ay rrepBhiM C'I9T'IHKOM H CXeMOH COBII8.ll9HIIH BBO.llRnacb 

rrepeMeHHBSI nHHRSI 38.ll9p)!{KR B BR.ll9 0Tpe3KOB BhlCOKO'IBCTOTHOI'O Ka6ensr pa3nll'IHOA 

.llnHHhlo Bo BTOpOM cnyqae B TeneCKOIIe 6hinR yCTBHOBneHhl CUIIHTHnnSITOpbl TOnWRHOil: 

5 MM, II npO!I3BO.llllnOCh H3MepeHRe 9cflcp9KTRBHOCTII COBII8.ll9HRfi. M9)!{.lly .UBYM51 IIepBbi

MR. C'I9T'IRK8MR B 38BIICRMOCTH OT CKOpOCTR .llBR)!{9HRSI npOTOHOB0 Me)!{.ay nepBhiM 

C'leT'IRKOM R CXeMOH COBmi.aeHRH BBO.URnach 3a.aep)!{K81 COOTB9TCTBY!OW8SI BpeMeHR 

rrponeTa of. -qacTRU oT peaKURR d + d- ~e4 + :i't. 0 
• 0T6op npoTOHOB pa3nR'IHOA 

CKOpOCTR npOR3BO.llRnCSI nyTeM R3M9H9HRSI TOK8 B OTKnOHSI!OW9M sneKTpOM8I'HRTe, Pa3pe· 

warowasr cnoco6HOCTh cxeMhi coana.aeHRA, R3MepeHHasr TBKRM MeTo.aoM, cocTaansrna 

(5-7) •10-
8 

CeK npR nonHOH 9cflcfl9KTif"BHOCTR B MBKCRMyMe C'leTa,. Pa3peW8!0WY!O CIIo

C06HOCTh CX9Mhl MO)!{HO 6hin0 yny'IWRTh IIyTeM CHR)!{9HIISI H8IIp51)!{9HIISI H8 cpOTOYMHO)!{R

TenSIX IIepBhiX · .llBYX 'c'leT'IIIKOB, npR 9TOM Ha6nro.aanoch nnaBHOe YM9HhW9HRe o6naCTR 

-8 
rronHoA scpcpeKTRBHOCTR coana.aeHRA, Ha'IRHasr c· pa3pewarowero apeMeHR OKono 3•10 ceK 

H8CTynano yMeHbW9HRe scpcpeKTRBHOCTR .llBOHHhiX COBna.aeimA, 

HanR'IRe ycTOH'IRBOtt o6nacTR nonHott acpcpeKTRBHOCTR perRcTpauRR no3aonsrno 

pa3.aenSITh 'IBCTRUhl C 6nR3KRMR CKOpOCTSIMR 0 HO pa3nR'IHOH ROHR3Rpy!Olll9H CIIOC06HOCTll 1 

nyTeM Bh!60pl!i COOTB9TCTBY!OlllllX HanpSI)!{9HllH Ha nepBhlX .llBYX C'19T'IllK8X, TBKllM 

6 · He
3 

cnoco OM y.aanocb nonHOCTb!O llCKn!O'IllTb .aettTpOHhi npn perncTpauRn s.aep oT 

· peaKUllll d+ d._ Hi+ n. 6e3 38MeTHott noTepn a acpcpeKTllBHOCTll (puc, 156), 

Oco6eHHO 3HB'IllTenbHhii1 acpcpeKT a CHR)!{eHllll cpoHa oT "3B93.llHhiX" cpparMeHTOB 6hin 

.llOCTlli'HYT npn perncTpaunn o( -qacTnu, Bhi6naaeMhiX ll3 s.aep yrnepo.aa ( pn~.21 6). 

0T6op no apeMeHll nponeTa a aTOM cnyqae no3aonsn ncinHOCTb!O no.aaallTb cpoH, o6yc

noaneHHhiH Heynpyi'RMII COy .aapeHllHMll npOTOHOB C H.llp8Mll aeweCTBa TOpM03HlllllX 

qmnbTpoa ll CUllHTllnnHTopoa. ¢oH 1 o6ycnoaneHHhiH TBKllMll )!{e HeynpyrllMll npoueccaMll 

coy .aapeHllli .ll9HTpOHOB 1 MOI' 6h1Tb no.aaaneH nyTeM YM9HbW9HllH . HanpH>KeHllH Ha nepBhiX 

.llByX C'leT'IllKBX, .lJ.eitTpOHhl B H8WllX ycnOBll51X llMenll TO )!{e BpeMH nponeTa, 'ITO ll 

()£ - '18CTllUhl 1 HO Benll'lllHY ll0Hll38UHll - B 4 pa3a M9HbWe, 
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CqeTHhre xapaKTepncTHKH perncTpnpyromelt armapaTyphr, HacTpoeHHolt Ha ol. 

'18CTHUhl OT peaKUHH d+d - He4 
+ TL 0 

1 6hinll H3MepeHbl OT MHI.UeHH H3 

TSDKenoro ITonnaTnneHa. (puc. 22a· ),6 )) • 

CTa6HnbHOCTb pa6oThi aiTITapaTyphr no apeMSI H3MepeHnlt · 0( -qacTHU OT peaKuHlt 

d + d-- He
4 
+ ::Jl. 

0 
n d +d._ He4 

+ "'f ITpoaepSinacb ITepno.uuqecKH r,ryTeM 

38MeHbl I'830BOlt .ueltTepHeBOlt MHWeHH MHWeHblO H3 TSI:>Kenoro ITOJ1H3THneHa. 0pH 9TOM 

KOHTpOnbHOlt aenH'IHHOlt SIBnSIJlCSI BhiXOJl 0( -q·aCTIIU OT STOlt MHWeHH ( pnc,23), 

3a BpeMSI H3Mepeimlt H8 I'830BOlt JleltTepHeBOlt MHWeHH He 6hinO 38pei'HCTpHpOB8-

HO HH OJlHOI'O HMITyJ1bC8 OT 0( . -qacTHU 1 KOTOpbre MOI'JlH 6h!Tb o6p830B8Hhl B peaK-

UHSIX d + d - He 
4 

-+- '0 n d + d - He 
4 -+ Jt 

0 
• B xo.ue aTHX H3Mepennlt He 

Ha6nro.uanocb HHK8KHX H3MeHeHnlt a acpcpeKTHBHOCTH aiTITapaTyphr (puc. 23). Pe3ynbT8Thi 

3 
O:XhiTOB ITpe.ucTaaneHhi Ha puc. 22a, r.ue IToKa3aH Bhrxo.u SI.uep He a MacwTa6e 

1:600 H <X -qacTHU OT peaKunlt d+d- H~+ :i't 0 
n , d + d- He

4-+'f. 
\ . 

3TH Jl8HHbJe C yqeTOM ITOITp8BOK 1 y:>Ke paCCMOTpeHHbiX B ITepBOlt cepHH H3MepeHHlt 1 . d d H. Lt .-o . 
IT03BOJ1SI!OT OUeHHTb BepXH!OlO I'p8HHUY ceqeHHSI peaKUHH + ~ ~ + Jl , 

KOTOpaSI c .uocTonepHOCTbiO .90%. oKa3anacb paaHolt 

6't ( d+d-- H~+TL0) < -32 2 
1,9•10 CM , (32) 

§ 9, qeTBepTaSI cepHSI II3MepeHHlt 

.[lanbHeltwee ynyqWeHHe TO'IHOCTH II3MepeHHlt Ce'leHHlt peaKUIIlt d+d-- He~+Jl 0 

II d+d- He
4

+ 0 MOI'JlO 6h!Tb JlOCTIII'HyTO ITyTeM cyWeCTBeHHOI'O yaenH'IeHHSI 

CT8THCTH'IeCKOI'O o6oeMa H3MepeHHlt, C STOlt uenb!O .B 'leTaepTOlt CepHH ll3MepeHHlt 

p83Mepbl CUIIHTIIJlJlSI~OpOB TeneCKOITa II BpeMeHHhiX C'leT'IHKOB 6hinii 3H8'1HTeJ1bHO yaeni:J:

qeHbl, Pa3Mepb! CUIIHTIIlinSITOpOB BpeMeHHhiX C'leTqiiKOB COCT8BJ1SIJ11I! 40 X 100 X 2 MM; 

55 X 100.x 2 MM; pa3Mepbl CUHHTII;;JlSITOpOB B TenecKoiTe: 45 X 90 X 2 MM ( OITpe.uenSIIOil.tHlt 

cqeTtiHK TenecKoiTa), 50x95x2 MM; 55x 100x2MM; 60x 105x2 MM; 65x 110x2 MM; 

73 x 118 x 5 MM ( cqeTqHK aH"'HCOaiTa.aeHn.lt). Bo H36e)!<8HHe yxy .aweHH; paapewarowelt 

CITOC06HOCTII ITpii OT60pe qa<;:TifU 8H8Jlii31IpyiOIUHM M8I'HHTOMjHa Bh!XO.lle 6eTOHHOlt 

38WHTHOlt CTeHbl ycT8H8BJ11IB8J1CSI KOJlJlHM8TOp CO WeJlblO ITP?JMOY.I'OJlbHOI'O ceqeHHSI 

p83MepOM 30 MM ITO I'OpH30HT8JlH II 80 MM ITO BepTIIK8nii, 0oiTepe"''Hbie paaMepbl 

naKyyMHoro TpaKTa 6hlnn yaennqeHLI .ao Heo6xo.aHMhiX pa3Mepon •• B pe3yn6TaTe 9THX 

Mep< 

ITpH!I. 

ITO 8 

K8K 

cepn 

Te :>J 

d. 
na r 

OJlHC 

Hh!X 

cyrw 

TeM 

HIIH 

3TH 

'ITO 

COB, 

3088 

'18CT. 

a Ta 

HOCT. 

d+, 
OT P• 

Ha r~ 

Kam.z: 

.ua c 

TOK8 

6hu:io 



IH H3 

r peaKuuii 

~yTeM 

Ipu aTOM 

~3). 

~pupoaa-

!HUH He 

3ynbTaTbi 

·a6e 

. -r. 
IHH 1 

(32) 

4 -o 
le +JL 

19HU.H 

:uti: 

yaenu-

MMj 

9TH X 
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Meporrpu.HTn:ti: acpcpeKTHBHbrfi Tenec Hhifi yron perucTpn:pyromefi ycTaHOBKU yaenn:qn:nc.H, 

npuMepHo, B 7 paa 6ea KaKoro-nn:6o aaMeTHoro yxy.ullleHn:.H paapelllaromefi crroco6HOCTn: 

ITO acpcpeKTHBHOMy HMIIynbcy. B OCTanbHOM CX9Ma 9KCIIepn:MeHTa OCTanacb TaKOfi :lli:e, 

KBK n: B TpeTbeii cepn:n: uaMepeHuii (puc. 4). 

Ha pn:c. 24, 25 rroKaaaHbi cqeTHbie xapaKTepn:cTn:Ku arrrrapaTypbr B qeTaepToti: 

cepuu U3MepeHHH npn: H8CTpOti:Ke Ha eX -qaCTHUbi OT yrnepO.llHOH MHlll9HH 1 HM9I0ll.(H9 

T9 )!{9 KUH9MaTn:qeCKH9 xapaKT9pHCTHKH 1 qTQ H o( -qaCTHUbi OT peaKUHfi 

d ~ d-- He-4+ .:JL.., u d + d--- H~ + 't . no.HBneHn:e HaKnOHHOT'O _yqaCTKa. 

H8 rpacpn:Ke aaBHCHMOCTH cqeTa OT Benn:qHHbi .llHCKpHMHHaUHH Bbi3BaHO yxy .lllll9HH9M 

O.llHOpO.llHOCTH CB9TOC6opa, a TaK:lKe yaenn:qeHH9M acpcpeKTUBHOCTH perHCTpaun:H 3B93.ll

HbiX cpparM9HTOB BCne.[lCTBHe yaenuqeHH.H paaMepOB CUHHTn:nn.HTOpOB0 npe.unono:m:eHn:e 0 

CY1U9CTB9HHOfi ponn: 3B93.llHbiX cpparM9HTOB B Ha6nro.uaeMOM cpoHe IIO.llTB9p:lK,llaeTC.H 

T9M cpaKTOM 1 qTQ HaKnOH 9TOH cqeTHOH xapaKTepn:CTHKH aaBUCHT OT Bbi6opa Haiip.H:m:e

HHH H8 cpOTOYMHO:lKHT9n.HX B cqeTqn:KaX 1 OCyll.(eCTBn.HIOll.(HX OT60p IIO Bp9M9HH rrponeTa, 

3TH 3B93.llbl Bbi3biBaiOTC.H .ll9fiTpOHaMn: 1 HM9IOll.(HMH TOT :m:e caMbiH HMIIynbC H CKOpOCTb1 

'ITO U o( -~aCTHUbi. Enaro.uap.H cpnyKTyaUU.HM HOHH3aUHOHHbiX,,IIOT9pb qacTb HMIIynb

COB1 o6pa30BaHHbiX .ll9HTpOHaMH1 MO:lKeT. 6biTb IIpOIIyll.leHa CX9MOfi 1 H .ll9HTp0Hbi 1 o6pa-

aoaaawue aaea.ubr B cqeTqn:Kax TenecKorra, 6y.uyT aaperucTpupoaaHbi KaK no:m:Ha.H ol..- · 

'I8CTUU?• 

YKaaaHHoe Ha rpacpn:Ke pa6oqee Harrp.H:m:eHue Ha cqeTquKax apeMeHHoro OT6opa, 

a TaK:m:e Bbr6op nopora .uucKpHMHHauuu o6ecneqn:aaroT rrpuMepHo 80%-Hyro acpcpeKTHB-

HOCTb p9T'HCTp8UHU o( -qacTHU IIpH MHHHManbHOM ypOBHe cpoHa. 

Ha puc. 26 rroKaaaHbi peaynhTaTbi uaMepeHHfi peaKun:u d +d-. He
4 

+ 'f n: 

d+d.-'ll> uelf .-J o 6 ,. Hea n -t- L • Cnpaaa TaM :m:e npn:ae.ueH Kann: poaoqHbin rrn:K Bbrxo.ua .H.Uep 

oT peaKun:u d + d- HE?+ .n. 

VlaMepeHn:.H npoao.un:nucb Ha raaoaoti: .ueti:Tepn:eaofi MHllleHn:. <PoH onpe.uen.HnC.H 

Ha T'a30BOfi BO.llOPO.llHOH MHllleHn:. CMeHa MHlll9Hefi IIpOH3BO.UHnacb IIpHM9pHO qepea 

Ka)!{Jlbie .naa qaca. B npoMe:m:yTKax npoao.uunn:cb uaMepeHu.H ol... -qacTn:u OT yrnepo

.na c uenbro npoaepKH cTa6unbHocTn: annapaTypbr. 

npu cyMMapHOfi .Unn:TenbHOCTH H3MepeH1rfi OKano 20 qaCOB .Un.H Tpex 3HaqeHHH 

TOKa OTKnOH.HIOll.(9T'O MaT'HHTa B M9CTe pacnono:m:eHH.H IIHKa OT peaKUHH d ~d._ He
4
+ :Jl

0 

6binO aapern:cTpupoBaHO 14 OTCqeTOB OT .ll9il:TepH9BOfi MHlll9HH H 13 OTcqeTOB OT BO.llO-
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pOllH011 MHWeHH. npH a;roM Cpe.nHee 'IHCnO OTC'leTOB c( -qacTHU OT yrnepo.na 

nocne CMeHbi .ne11TepHeB01t MHWeHH COCT8Bnsmo 17 :!:_21 a nocne CMeHbi BO.ll0pO.llH01t 

MHWeHH 14 :!:_ 1,2. 

npH o6pa60TKe nony'leHHbiX ,llaHHbiX 6binO npoaHanH3HpOB8HO pacnpe.neneHHe BO 

apeMeHH MOMeHTOB nosmneHHH oTc'leTos: Ha pRe. 27 npHse.neHo pacnpe.neneHHe 'IRena 

C06biTH1t 3a O.llHH H TOT )Ke. HHTepsan BpeMeHH OKOnO 30 MHH. KaK BH.llHO H3 pHCyH

xa, Ha6nro.naeMoe pacnpe.neneHHe y.nosneTBOpHTenhHO cornacyeTcH c pacnpe.neneHHeM 

nyacCOHa npH llOHBneHHH 3a STOT HHTepsan BpeMeHH B Cpe.nHeM O.llHOPO OTC'leT8 0 

3TOT pe3ynhTaT llOKa3biBaeT 1 'ITO acpcpeKTHBHOCTb perHCTpaUHH He MeHSinach HH B Ollbl":'" . 
TBX C .ne11TepHeBo11 MHWeHhiD 1 HH ·B OllbiT8X C. BO.llOpO.llHOH MHWeHbiD0 3TO T8K)Ke cny-

)KHT .llOCTaTO'IHbiM OCHOB8HHeM .llnH TOP0 1 'IT06bi npH' o6pa60TKe nony'leHHbiX pe3yn'h

T8TOB Y'IHTbiB8Tb TOnhKO CT8THCTH'IeCKHe OWH6KHo 

Pe3ynhTaTbi aTo11 cepHH H3MepeHH11 no?ne ase.neHHSI sce.x nonpasox 1 y)Ke pac-

cMaTpHBaBWHXCSI paHbWe 1 ll03BOnHIDT 3aKniD'IHTb1 'ITO n·onHOe Ce'leHHe peaKUHH 

d d H If ,.. 0 -32 2 
+ _,. e. -t- :J\. MeHbWe 1 'I eM 1 18 ° 10 CM C 80%-HOA .llOCTOBepHOCThiDo 

npH H3MeoeHHH BbiXO.lla ot. -t{aCTHU OT peaKUHH d + d--- He. 4+ "(' 

' 6hinO 38perHCTpHpOB8HO 37 OTC'IeTOB B MeCTe npe.nnonaraeMOPO BbiXO.llll 0( -qacTHU 

OT ST01t peaKUHH npH pa6oTe C .ne11TepHeB01t MHWeHbiD B Te'leHHe 20 'laCOBo 

<PoH B STHX. ycnOBHHX Onpe.nenHnCH .llBOHKO: BO-nepBbiX1 nyTeM Tex· )Ke H3MepeHHfi 

Hll .ne11TepHeB01t MHWeHH 1 HO npH MeHbWeM H 6onbWeM TOKe OTKnOHHIDWero M8PHHTa; 

BO-BTOpbiX1 Ha BO.ll0pO.llH011 MHWeHH B MeCTe. pacnono)KeHHSI llHKa o{ -t{aCTHUo 3a 

BpeMH H3MepeHH11 OKOnO 20 'laCOB 6hinO 3aperHCTpHpOB8HO 17 cpoHOBbiX OTC'IeTOB. 

Pe3ynbTaTbi H3MepeHH11 acpcpeKTHBHOCTH perHcTpauHH 3a BpeMH onhiTOB nyTeM 

3aM9Hbi ra30BbiX MHW9He11 H8 yrnepO.llHYID llOK83biBaiDT1 'ITO Cp9.llH9e 'IHCnO OTC'I9TOB 

0(. - 'laCTHU nocne 3aM9Hbi .ne1tT9pH9B01t MHW9HH COCTaBnHeT B Cp9.llH9M 18 :!:_1 13 1 

a npH 3aMeHe Bo.nopo.nHo11 MHW9HH 20:!:_1 14. 

Tax )K9 1 ·xaK H B npe.nhi.llywea peaKUHH 1 HaMH npOH3BO.llHncH aHanH3 pacnpe.ne

neHHH MOM9HTOB llOSIBn9HHH OTC'I9TOB BO Bp9M9HH 1 npHB9.ll9HH.6I11 Ha pHCo 27 1 a,6. HH

KllKHX OTKnOH9HH11 OT pacnpe.neneHHH nyaCCOHa He 6binO o6Hapy)K9HO. Bee STO yKa3bi

BaeT Ha TOj 'ITO n'pH OUeHKe OWH60K npOB9.ll9HH011 cepHH H3M9p9HHH .ll0CT8TO'IHO npH

HHMaTb B pllC'I9T TOnhKO CTaTHCTH'IeCKHe OWH6KHo 

coc 

3a~ 

.ll8· 

.llOI 

My 

(K 

'leH 

41,1 

ane1 

nem 

B a· 

paBf 

'leCKC 

5 8° • 
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THU 1 
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flO npii-
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PaauocTb oTc'ieTOB B niiKe peaKUIIII - · d-+- d-- H~ + 'f II ypOBHSI cPOH8 

COCTaBnSieT 20 :t_ 7 ,4. BepOSITHOCTb TOI'0 1 'ITO ST8 p83HOCTb Ha C8MOM ,Ilene MO:lK9T OKa-

38TbCSI paBHOfi Hyni0 1 COCTaBnSieT He 6onee 1%. 8TO CBII.ll9TenbCTByeT 0 TOM 1 'ITO Ha6nJO• 

.ll89.Mhlfi HaMH ScPcP9KT OT peaKU_IIII d+d- 1-te4 + 4 SIBnSieTcSI nnonue 

.llOCTOBe pH hiM. 

Ecnii yqecTh nonpasKy ua II3Meueu1Ie IIHTepnana HMnynhca npii nepexone K npyro

MY TOKY K 
1 

=1 ,08), BBeCTII nonpasKy ua nornomeun:e B TOpMo3SIUl9M cl>n:nhTpe 

(K
2

=1,10), a TaK:me ua ues¢¢eKTRBHOCTh pern:cTpaun:n: o(. -qacTn:u (K
3

= 1,25), To ce-

qeun:e peaKun:n: d + d ....,. He
4 -+ "f nnSI yrna 5,8° s n.c.K. cocTasn:T 

do (d d H 4 ) o -31 2 dU + - e +"f (5,8 )=(0,84:!:.0,31)•10 CM /cTepan. (33) 

0 
Yrny B n.CeKe 5,8 COOTB9TCTByeT yron Bbin9T8 o( -qaCTli:U1 paBHhlfi B CoUoMo 

0 
41,5 • Lln:¢¢epeuun:anbuoe ceqeun:e B c.u.M. nmr aToro yrna pasuo 

~~: (4~;so)(d+d-- H~+ "f) .. (1,6;t.0,6) •10-33
cM

2
!cTepan. 

Opeo6nana10mn:M nepexonoM n peaKun:n: . d +d.__ He
4 

+ (f'" 

(34) 

aneKTpiiqecKn:fi KBanpynonhHhrfi nepexon ts-tn 
1 yrnosoe pacnpene-

neHIIe KOToporo n:MeeT sn:n 

B aTOM cnyqae nonuoe ceqeun:e peaKun:n: OK83biB89TCH 

paBUbiM 

(35) 

§ 10. PeaKUIISI· 
3 4 + p+He-He+Jl. 

J.1aMepeun:e c:eqeun:H sTofi peaKun:n:, paapeweuuofi npasn:naMn: oT6opa no n:aoTonn:-

'leCKOMY cnn:uy, npononn:nocb ua ny'IKe npoTOHOB c sueprn:efi 670 Man non yrnoM 
0 

5,8 B ·n.c.K. 06maSI cxeMa aKcnepn:MeHTa, pacnono:meun:e annapaTyphi n: npn:MeHHBwtlle-

CSI_ M9TO,llbl OT6opa 6hinll: T8Kli:Mll: :>Ke 1 KaK 11: B Tp9Tbefi cepn:n: li:3MepeHn:fi _(pn:c. 4). 

HeKOTOphre Kn:HeMaTn:'ieCKIIe xapaKTepn:cTn:Kn: BhiCOKOsuepreTn:'iHOfi seTnn: o( -qac-
. 3 4 + 

Tn:u, o6paayiOUlHXCH n peaKun:n: p + H€ - He + Jl , npn:sonirTc.H s Ta6 nn:-

ue Y1. 



i 
.I 
' 

( 

HacTpOi!:Ka annapaTyph! npOH3BO,llF!n8Cb no cJ.. -qacTHUBM OT ypnepO.llHOi!: MH-

--' 3 4 r.-+ 
WeHI:f 1 HMeBWHM TBKYIO :>Ke 8Hepi'HI0 1 KBK H ~ -qacTHUhl OT peaKUHH p+He-.He+:Jc. • 

Ta6nnua 

i-EKOTOpbie KHHeM8THqeCKH9 xapaKTepHCTHKI:f 

peaKuHH p+ He3
- He~+ TL+ 

YPon pe- YI'OJI I!C- 3cpcpeKTiiB- 3Hepi'1HI 

I'HCTpau, nyCK8HI:fSI Hhli!: HMnynbC ~ -.qac-

~-qacTHU Jt+-Me30H8 P/'Z Maa/c THU Mae 

' B n.c.K, a c.u,M, 

5 75° • 159° 802 329 

Y1 

o(. -qaCTHU 1 HCIIyCKaeMbiX B 

dE 
BpeMsr TorimH- Tonm. rx 

Maa~r/ nponeTa H8 TOpM. cpHJibT-

eM Ha 6a3e cpHJibTpa pa ne-

3,35~ TenecK, pen 

B. 10 ceK cqeTq. 

8HTH-

COB II 

30 29,5 1,76cM 0.8cM 

A1 A1 

CqeTHhie xapaKTepHCTHKH 1 npnaeneHHhie. Ha pnc. 28, IIOK83hiB8IOT, qTo ol.. -qacTH

Uhi ,ll8HHOi!: 8Hepi'HI:f H8,ll9:>KHO Bhl.ll9n5IIOTCSI npH cpHKCHpOBBHHOi!: J!HHHH 38.llep:>KKH K8K IIO 

nopol'y .llHCKpliMI!HaUHH 1 T8K H no npo6el'y, 

OcHOBHhie H3MepeHHH npoBO.llHJIHCb Ha I'a3oaoi!: MHWeHH 1 3anonHeHHoi!: I'enneM-3 no 

ll8BJ19HI:fSI 0 1 9 8TM, ¢>oH l:f3MepSIJICSt H8 1'830BOi!: MHWeHH 1 H8IIOJ!HeHHOi!: .ll9i!:TepHeM .llO 

naaneHI!sr 3 aTM, KoHTpOnb cTa6HnbHOCTH acpcpeKTHBHOCTH npoH3BO.lllincsr qepe3 KB:>K.llhie · 

,llB8 qaca nyTeM H3M9peHHH Bh!XO.ll8 of.. :-qacTHU OT yl'nepO,llHOi!: MHW9HI:f, 

3a Bp9MSI l:f3MepeHI:fi!: OlfOJIO 7 qaCOB 6binO ·38pei'HCTpHpOB8HO 10 OTcqeTOB annapa-

Typhl npH 3HaqeHHH TOK8 aneKTpOM8I'HI:fT8 1 COOTBeTCTBYIOlll91'0 of... -qaCTHUBM OT peaK-

3 4 + 
UHH p + He - He + :Jt • C yMeHbWeHHeM Hmr yaennqeHHeM ToKa a oTKnOHsriO-

meM M8I'HHTe He 6hinO 38pei'HCTj:mpOB8HO HH O,llHOI'O OTcqeTa annapaTyphl, TaK:>Ke He 

6bmo· 38pei'HCTpHpOB8HO HH O,llHOI'O OTcqeTa OT ,llei!:TepHeBOi!: Ml:fill9HH .llJIH 3HaqeHI:fSI 

H 3 4 + 
ToKa aneKTpOMBI'HHTa, cooTaeTCTBYIOlllel'o cl -qacTHilBM oT peaKUHH p+ -e.- He -t-TL . 

KanH6poaKa acpcpeKTHBHOCTH .llJIH onpeneneHHSI a6coniOTHOI'O ceqeHHSI 6bma npoH3-

aeneHa nyTeM cpaaHeHHSI c BhiXO.llOM. srnep TPHTHH oT peaKUHH p+d- H3
-t- Ji+, 

H8ft.ll9HHhlM B TeX :>Ke C8MhiX yCJJOBI:fSIX H8 1'830BOi!: ,llei!:TepHeBOi!: MH~eHII, 

Lla¢¢epeHUHBJibHOe ceqeHHe peaKuHH 

B JloCoKo OK83h!B89TCSI paBHhiM 

p+ Hl- H~+ .Jt+ 0 
,llJISI YI'JI8 5,8 

a B c 
Js: 
dn .. .; 

d-1 
HOCTbl 

B _ C,U, 

H ,llJISI 

Heo6x< 

KOTOp< 

HhiX 

I 
/1· 

l:fHTel'f 

on pen~ 



K B 

• Tomu. 
M. qmnbT
a pa ne-

pe.n 
C'leT'I. 
8HTH
COBn. 

0,8cM 
Al 

1 KaK no 

leM ,llO 

K8:lK.llbie · 

an napa-

eHHSI 
: 4 + --He-t-TL . 

0 
yrna 5,8 

37 

(36) 

+O r -3o 2 · 
= (0,24_

0
•
09

)• 10 eM /cTepa.n. 
• 

(37). 

§ 11. 06cy:lK.neHne pe3ynhTaTOB 

. 4 
a) ConocTaaneHne ce'leHnfi peaKunfi d .... d~ He+"( 

Ecm1 cTaTHCTH'IeCKH ycpe.nHHTb ace oueHKH aepxHefi rpaHHUbi ceqeHHSI peaKUHH 

d-r d-- He:''+ TL 0 
, H8H,ll8HHbi8 B Tpex cepHSIX H3MepeHHfi, TO C ,llOCTOBep-

HOCTb!O 90% nonytiaTCSI cne.nyiOIUH8 pe3ynbT8Tbi; 

(38) 

a c.u.M. 
-34 2 

9·10 eM /cTepa.n (39) 

n .nnH nonHero ce'leHnH 

6"1:( d+d.-- He
4 -+ ~") < 1,1. to-32

cM
2, (40) . 

3To 3Ha'leHne aepxHefi oueHKH ce'leHHH peaKunn cJ + d-- He Lj + Tc:~ 
Heo6xo.nnMo cpaBHHBaTb c ceqeHneM aneKTpoMarHHTHoro npo uecca d +d .... He

4
-+ f., 

KOTOpoe, Ha OCHOB8HHH ,ll8HHbiX 1 nony'leHHhiX B H8CTOSIIU8H pa6oTe, COCTaBnSieT 

KpoMe aToro, oueHKY .naHHoro ceqeHHH MO:lKHO He3aancnMo nony'IHTb H3 .naH-
/14/ . 

HhiX no ciJoTopacruenneHHIO H.nep reniiH. CornacHo pe3ynbTaTaM yKa3aHHofi pa6oThi, 

HHTerpanbHOe Ce'leHHe aneKTpoMarHHTHOro npouecca r-+ HE{t - d-+ d . ) 
E., ... 190t·h& 

~d .... ~ St(Ey)dE,. 
onpe.nenSieMoe KaK 

( 41) 

E,= 2.3M"3g 
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4 3 
eoeTaBmieT oKono 2% oT rrHTerpanbuoro eetJeHrrSI peaKurrrr 'f+ He - H + p 0 

TaKoll: Mallb!ll: Bb!XO,ll peaKUH!i r+ He.
4

- d 4- d. o6oSieHSieTeSI TeM, 'ITO ::meK·-

TprrqeeK!ill: .llHllOilbHhlll: nepexo.a B peaKurrrr t+ He.
4

- d+ d 3anpemeu, rr 

0 ~s in HaH6onee BepOS!THhiM S!BilSI9TeSI 9119KTpH'19eKHll: KBa.apynollbHhiH nepeXO,ll - • 

EenH npe.anono:lKrrTb, 'ITO auepreTrrtJeeKaSI 3aBrreHMOeTb nonuoro eetJeHrrSI peaKurrrr 
4 4 3' 

¥+1-ie _. d""' d HMeeT TaKoll: :>Ke Brr.ll, KaK rr peaKurrrr y+ He- H + P . TO ee-

qeuHe o6paTHoro npoueeea d + d- He.4 + "f , KOTopoe MO:>KeT 6hiTb no.aeqrr-

Tauo e llOMOUlb!O eoOTHOW9HHH 

2 

G"(d+d- He~+ 'f)""" f' 2 · 2 
2 (1!:.) 6"( 'f+ He

4
._ c/..+ d.), 

2S,(~-1.) Pc:1 
(42) 

. -32 ° 2 
eoeTaB!iT 0,8 • 10 eM nprr 9H9pi'Hii H8119TaiOUlliX ,ll9HTpOHOB Ed 

sd 
=400 MaB. 3.aeeb 

P¥" H Pd HMnynbebi 7r -KBaHTa li .ll9HTpOHa B e.u.H., 

nepBblll: MHO:lK!iT91lb 2 eBSI3aH e 'lliellOM B03MO:lKHbiX ll01lS!pH3aUHH 

pofi - o6yenOBil9H TO:lK,lleeTB9HHOeTb!O ,ll9HTpOHOBe 

- enrru .aefiTpoua ; 

?{ -KBaHTa, a BTo-

/14/ 
B ynOMSIHyTofi pa6oTe 6hm npoBe.aeu auanrr3 auepreTrrtJeeKoll: 3aBrrerrMoeTH 

4 3 
aneKTprrqeeKOI'O KBa.apynonbHOI'O nepexo.aa B peaKUiili r+ He - H + p, 
KOTOpb!ll: llOKa3biBa9T1 'ITO OTHOeliT91lbHblll BKila,ll KBa.apyllOilbHOI'O nepeXO,lla ,llOil:lK9H 

B03paeTaTb e yBenHqeurreM aueprrrH ({" -KBaHTOB 0 

.aaeT e T90p9T!i'l9eKiiMH OU9HKaMH 1 npO!i3B9,ll9HHbiMI 

3To:r Bb!BO.ll K8'19eTB9HHO eoBna
Lj 3 

,llllSI npoueeeoB r+ l-Ie- H + p 
4 d d /18/ rr ([ -t- He. - + • Eenrr, uaKoneu, nprruSITb BO BHrrMaurre B03paeTauHe ee-

'19HiiSI ¢oTonpoueeeOB 6naro.aapSI pe30H8Hey Ha M930HHOM o6naKe, KOTOpoe HaH6onee 

OT'IeTnrrBo ua6mo.aaeTeSI npH ¢oTopaewenneurrH .aell:Tpoua B o6naeTrr aueprrrll: 
/23/ 

200- 300 MaB , To eTaHeT· otJeBrr.llHbiM, 'ITO nonyqeuuaSI , BhiWe oueuKa eeqeHrrSI 

d+d- HeLl+'( , -32 2 
eoeTaBilS!IOUlaSI 0,8 • 10 eM 0 · S!BilSI9TeSI llHWb Hli3WiiM npe.ae-

noM eeqeHHSI aToll: peaKuHI1 rr B .aell:eTB!iT91lbHOeTrr nonuoe eeqeurre MO:lKeT eymeeTBeu-

HO npeBhiWaTb 9TO 3Ha'I9Hiie. 

3uepreTrrtJeeKyro 3aBrrerrMoeTb eeqeurrfi peaKuHii "{-+ He Li- H
3 
+ p 

'f+ He.4 
-'> d+ d MO:lKHO TaK:>Ke paee'lrrTaTb TeopeTHtJeeKrr, auanorH'IHo ToMy, H 

. /18/ 
9TO 6binO e.aenauo B pa6oTe (eM. nprrnO:lK9HH9 N!? l ). KaK 

Pe3yllbTaTbl 'lrreneHHOI'O HHTerprrpOB8H!iSI Bhlpa:lKeHrrll: (73) li (77) (eM. nprrno

)K9H!i9 N!? 1) npe.::teTaBneHbi ua prre. 29. TaM :>Ke nprrBe.aeHbi aKeneprrMenTanbHbie 

.a a~ 

HliK 

TaK 

Te 

0 

• 0 

! 

OT 

e 8 

'19H 

Man 

.a all 

eT, 

Y:>K' 

KBa 

'ITO 

non; 

npH 

ua 1 

llHW 

eem 

elfM 



peaKUIUI 

To ce-

(42) 

• 3.aech 

Tpoua ; 

a nTo-

\.tOCTII 

t)!{eH 

e ce-

ionee 

!HII SI 

:ecTneu-

TOMy, 

lillO-

e 
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4 'J 
.aaHHbie o peaKUIIII (f+ 1-le-- H + p 1 nonyqeHHbie n onbiTax no cpoTopacwenne-

, - /14/ 
HII,IO renHSI n HHTepnane aHeprHfi ?{" -KnauTon OT nopora .ao ~40 Man 1 a 

TaK)!{e .aaHHbre o peaKuHH d+ d- He
4 + ?{ , nonyqeHHbre n HacTomuefi pa6o·~. 

Te npH aHeprHH .aefiTpoHon 400 Man. 

TeopeTH'IecKaSI 3anHCHMOCTh ceqeHHSI peaKUHH 

OT aHepf'HII 1 KaqecTneHHO ( C TO'IHOCThiO .llO MHO)!{IITe.TlSI ~ 215), cornacyeTCSI 

C aKcnepHMeHTa.TlhHblMII ,llaHHbiMII no nceM IIHTepnane aHepi'IIM, QqeHh KpyTOM cna.a · ce

qeHHSI n o6naCTII nbiCOKIIX aHeprHll nbi3nau TeM 1 'ITO n npone.aeHHbiX pacqeTaX np!IHU

Ma.TlCSI no nHHMaHHe TO.TlhKO aneKTpu'IeCKIIM ,llHnO.TlhHbiH nepeXO.llJ Me)!{.lly TeM KaK II3 

.aaHHbJX no yrnonoMy pacnpe.aeneHHIO n peaKUifH 7{+ He
4

.-. H
3
+ P 1141 

cne.ay-

eT1 'ITO aneKTpH'IeCKHll Kna.apynO.TlhHbiM nepeXO.ll Ha'IHHaeT HrpaTh 3aMeTHYIO ponh 

yme c aueprHH n&rwe 30 Man, H ero nKna.a ynenuqunaeTcSI c pocToM aHeprHu 7f 
KBaHTOB, 

PacqeTHoe HHTerpanhHOe ceqeHrre 
.220 H..,l', 

Iclcl= SG(t+H~-d+d) olE¥ 
23~~& . 

peaKUUH ({'+ He
4

- d +d. 

-27 2 
=0172 • 10 CM Man, 

paBHO 

(43) 

-27 2 
'ITO xopowo cornacyeTcSI co 3Ha'IeHHeM Ide{ = 0,02 I H'3 =0175• 10 eM N\861 

. /14/ . p 
nonyqeHHbiM H3 onbrTon no cpoTopacwenneHHIO renrrn • 

CeqeHrre peaKUHH 1 BbJliHCneHHOe ll3 Bb!pa)!{eHHSI ( 77) 

npH aHepi'HII ~ -KnaHTOB 220 

d·d-- He
4

+ 1' 
-31 2 

Maa1 cocTannneT 1,25 • 10 CM , qTo a nepecqeTe 

ua peaKUHIO .aaeT 

6"t(d+d-- He
4+)"')= 0,7 •1o-32cM~ (44) 

nonyqeHHOe TaKHM o6pa3?M pac'IeTHOe ce'qeHHe (44) MO)!{HO paCCMaTprrnaTh 

nHWh KaK nprr6nH)!{eHHyiO OUeHKY nonHOf'O ceqeHHSI aTOf'O npouecca~ TO'IHOCTh KOTOpOl1 1 

ecnrr y'IHTbiBaTh pe3ynhTaTbJ conocTanneHHSI pacqeTa rr aKcnepHMeHTa a peaKUHH 

"f+ He
4

- H3 + p , oueHH naeTcSI MHO)!{HTeneM = 2. 

TaKHM o6paaoM oueHKa peaKUHH 

CHMbiMH cnoco6aMH: 

1) aKCnepHMeHTanhHO 
-32 2 

1,1•10 CM : 

nonyqeHa TpeMSI He3aau-



,. .. 

--·--
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2) nyTeM SKCTpanonSIUIUI .naHHbiX o ceqemm ¢oTopacmenneHIISl rennSI 
. ~ . . -32 ·2 

'-'-t ~· 0,8 • 10 CM ; 

3) Henocpe.ncTaeHHhlM pacqeTOM 

~~ 
-32 2 

0,7 • 10 CM • 

Bee aMecTe B3SlTOe rro3BOnSieT yTaep)i{.naTb, qTO 

6t(d+d- H~+1)~1· 10-
32

cM
2 

c ueonpe.neneHHOCTb~ 50%. 

B. TO )Ke apeMSI .naHHbie o peaKunn d+d_. H~+Ji:0 
, nonyiJeHHbi~ E' 

H8CTOSl!lleil: pa6oTe 1 yK83biB8~T H8 T0 1 qTo 

Cd d . 4 ) -32 2 
6't + -.\-{e+y- < 1,1•10 CM 

C .llOCTOBepHOCTb~ 90%, T.e. He npeBOCXO.lliiT ceqeHIISl sneKTpOMarHIITHOrO .npouecca 

d +d _. He.
4

-+- 'i 
3TOT cfl8KT CBH.lleTenbCTByeT 0 .llOCT8TOquo CTpOrOM BbinOnHeHIIII 38KOH8 COXpa-

HeHIISl nonHoro 1130TonnqecKoro crrnua B rrpoueccax o6pa3oaanHSI 

3arrpeTa ceqeuJie peaKuHH .d+d- He
4 -+ Jt

0 

~ -Me30H8 1 T8K K8K 

rrp11 OTCYTCTBIIII 

obi npeBbilllaTb ceqeune npouecca d+d-- He.4 + (f 

.non)i{HO 6bmo 

2 
npnMepuo B 10 pa3. TaKoe 

COOTHOWeH!Ie Ha6n~.naeTCSl B HeCKOnbKIIX napaX peaKUHil: 

p+ n- d-+ ~., 

p+ d-- l:{l + TL., 

n + Hl-- H~-+ Jto 

p+ n.- d+ r 
p+d-- Hd+'t 

n-+ HEf--. H~ + ¥ . 

\45) 

nonuoe ceqeHne peaKUIIII p + n. _,... d + Ji: C) 1 BblqJicneHHOe H8 OCHOB8HIIII 

.ll8HHhlX 0 pea~UIIII p-+ p - d ~ Jl.-T 1 
COCT8BnSieT OKOno 0,95 M6 rrp11 

s11eprnn ~ -Me30H8 B ColloM.,. paBHOH 80 .MsB. Ceqeune peaKUIHI (}'"+d-- n--T p 
H3BeCTHO II3 .ll8Hllb!X ITO cfJOTOpac!llerrneHH~ aefiTpOHOB rrpll SHeprHH 

/23/ oKonq 200 Msa , a HMeHno, ouo paBHO oKono 0,06 M6. CeqeuHe 

y -KB8,!TOB 

peaKUIIH 

p-tn-d+ "'t 1 
BbiqJicneHHOe H8 OCHOB8HHH rrpHHUHll8 ~eTanbHOrO p8BHO

BeCHSl1 cocTaamieT 0,017 M6. TaKHM o6pa30M 1 ceqeune peaKUIIH p+n~d+1t
0

, 

o6yc 

sneK 

80 f., 

npH 

Ceqe 

npou 

UHan 

"! 

TaKH 

HbiM 

HHTH 

llpHB 

80 f., 

B TO 

.ll8Hll 

npn 

TO e 

)i{,ll8 

npn 

npea 

)Ke 

Ta B 



)Uecca 

coxpa-

1 T8K K8K 

3. TaKoe 

t45) 

HOB8HIIII 

np11 

-- n-+ P 
TOB 

paano-

41 

'. 
o5ycnoanennpe cllnbHbiM B3811Mo.neficTBIIeM, npiiMepno, a 55 pa3 5onbwe ce'leHIIH 

aneKTPOM8I'HIITHoro npouecca p -t- n- d + "( 

Ceqeu11e peaKUIIII d H 3 -o 
p+ -- e + JL np11 anepr1111 :il -Me30HOB B ColloMo 

80 Maa MO)KHO nony'IIITb 113 pe3ynbT8TOB 113MepeHIIH ceqen11H peaKUHH 

/24/ 
p+d-- H3+ Tl+ 

npu anepr1111 np~TOHOB 340 Maa · 

o(p+d:"'rtJ ... TL")= ~ o- (p+d....;. H3+Jt+)=s·to-30
cM

2 • (46) 

Ceqenue aneKTpOM8I'HIITHoro npouecca p+d- H~+ 'f cne.nyeT 113 pac'leTOB 

' /25/ 
npoueccoa cpoTopacmenneHIIH • .llnH aonnoabiX cpyHKUIIH TH)KenbiX 'IBCTKU aKcnonen-

~ ( II 3' · d ) ·. -30 2 
u11anbHOI'O a11.na nonyqaeM o "("'" ne - p + ~ = 1 ·i5 • 10 CM np11 anepr1111 

nt - KB8HTOB 215 MaB 11 1 COOTB9TCTB9HH0 1 .llnH o6paTHOH peaKUIIII 

. -31 2 
= 1,6 • 10 CM • (47.) 

TaKIIM o5pa30M 1 Mbl Bll.lliiM 1 'ITO H B STOM cnyqae ceqeHHe pe8KUIIH 1 CBH38HHOe C CHnb

Hb!M B38HMO.llet!:CTBIIeM 1 B 50 p83 6onbWe 1 '19M Ce'leHHe COOTBeTCTBY!Olllei'O aneKTpOM8I'-

HIITHOI'O npouecca. 

3 4 0 
rt.+ He-- He +:it / 

, cornacno ouenKaM, HaKoneu, ce'leHHe peaKUIIH 

npllae.neHHbiM B npuno)KeHHH N:! 3, COCT8BnHeT .nnH. anepi'HH :it 0 
-Me3ona a c.u.M. 

80 Maa. · · 

· . (0 (n+ Hi--H~ +1l0)- ~ G" (p-t- H~- H~+Jt+):::=:38•10-30cM2 , (48) 

-4 3 
a To apeMH KaK · .nnH peaKUHH "(+He ""-He+ n. , ecnH 9KCTpanonRpoaaTb 

/24/ 
.nanHbie o cpoTopacmenneHHH renHH , Mbi nonyqaeM ceqenl!:e 

\ 

(Q (y-+H:-H~ + tt.) =7•l0-30
cM

2 (49) 

npl!: aneprHH "f -KaanToa 200 Maa. 0TciO.na ceqenKe o6paTnofi peaKUIIH 

(50) 

TaKI!:M o6pa30M 1 ace 6e3 I!:CKniO'IeHHH paccMoTpeHHbie BbiWe npiiMepbi no.nTaep

)!{.ll810T Bb!BO.ll 0 TOM 0 'ITO Ce'leHI!:e p88KUKH 0 o5ycnoaneHHbiX CHnbHbiM B381iMO,llet!:CTBiieM, 

IT pH C05niO,lleHHI!: np8BHn OT6opa ITO H30TOITH'IeCKOMy CITHHY 0 npHMepHO H8 .llB8 IT0pH.llK8 

npeBbiW8eT ceqenl!:e COOTBeTCTBY!OlllliX aneKTpOM8I'HHTHbiX npoueCCOB C y'I8CTH9M TeX 

)1{9 C8Mb!X TH)KenbiX '18CTIIU 1 II Tel\:{ C8MbiM YK83b!B89T H8 H8ni!:'IHe CHnbHOI'O 38npa-

T8 B pe8KUiill d+ d- He.
4
+ 't 0 
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6) ConocTaaneHHe c peaKuHen 
3 4 

~ He- He.-+ JC'+: 

8epxHIOIO rpaHHUy ceqeHHH peaKuHn d+ d-- He4+ 71:0 
MO)KHO T8K)Ke 

'3 4 + 
conocTaBHTb c ceqeHHeM peaKUHH p+ He -- He + Jl. , paopeweHHon npaBHnBMii 

OT60pa no 113 OTOnJ.IqecKOMy CllHHy, JlerKO 

OTJ1J.Iq8eTCSI OT "paopeWeHHOfi" peaKUHH 

BH.lleTb1 qTo peaKuHH p-t !-ttl-- H~ + Jt+ 

d-+ d-- l-{e
4+ Jl..o T8K )Ke K8K • 

3 4 
peaKUHH p+ H -·He + T oT 

4 d·d--He+'f J103TOMy 1 yCT8HOBHB 

C llOMOUlb!O nocnei:IHefi napbl pe8KUHH 37'0 p83J1H"!Ife, Mhl MO/I(CM TeM 'C8Mb!M He38BiiCif-

Mh!M MeTO.llOM OUeHHTb CTeneHb 38npeTa B peaKUHif d+ d-- He4+ Jt 0 

3 .q 
p+ He-- He+ Jt+ 6hiJ10 H3Me-8 H8CTOS!Ulefi pa6oTe ceqeHHe peaKUHH 

peHO llO.ll O.llHHM yrnoM B n,c, npH 3HeprHH npOTOHOB 670 MaB, KOTOpoti COOTBeTCTByeT 

9HeprHH + :7l -MeooHa B c.u.M., paBHaH 326 MaB. JlnH Toro, qTo6hi npoHoBeCTH oueH-

Ky ceqeHHH aToll: peaKuHH npu aHeprHH 3t" -MeooHa 80 MaB, 6biJ1H npon3Be.neHhi 

u 3 H 4 -+ pacqeTbl ceqeHHSI pe8KUHH P + r1e - e -+. JL. B HMnynbCHOM npn6J1H)KeHifH, 

llpH 3TOM npe.nnonaranocb, qTo :It -MeooH o6paoyeTCH B aneMeHTapHOM HyKnoH-HyK

noHHOM coy.napeHHH, a 38T~M npOHCXO.llHT CJlHSIHHe BCeX HYKllOHOB B S!.llpO rennSI-4, 

!lpHBHOKy 3THX pacqeToB MO)KHO npoHoBeCTH npH 3Heprnn npoTOHOB 670 MaB, 11 Ha 

OCHOBe pacqeTOB nonyqHTb OUeHKY ceqeHHSI .llllSI 3HeprHH ?t -MeooHoB B c.u.M. 80 MaB~ 

8 KaqecTBe OCHOBHOfi npOBepKH cnpaBe.llllHBOCTH T8KOrO MeTO.ll8 pacqeTa 6h!J1 npo-

U3Be.neH pacqeT ceqeHHH peaKUHH p+ d- H3 + .Jl.+ , .nocTaToqHo xopowo HoyqeHHhiii 
/24/ /8/ /9/,/35/ 

3KCllepHMeHT8JlbHO .npli paonnqHh!X 3HeprHHX npOTOHOB ' ' 

/26 I 
8nepBbie TaKoro po.na pacqeThi 6h!J1H npoBe.neHhi .nnH aHeprnH npoTOHOB 340 MaB • 

/27/ ' 
8 .nanbHefiweM B 3THX pacqeTax 6bina HcnonhooBaHa Mo.nenb TBep.noll: cep.nueBHHhi. 

JlnH BOJlHOBOfi cpyHKUHii H.npa TpHTHSI 3KCllOHeHUH8JlbHOrO Bli.ll8 6h!J10 nonyqeHO .ll0CT8Toq

HO xopowee cornacHe c 3KcnepHMeHTanbHhiMH .naHHhiMH npH pa.n11yce TBep.nofi cep.nue-

1\. 
BHHhl HYKJ10H8 1 p8BHOM 0,5 l'li,C 

PeoynhTBThi npoBe.neHHhiX B .naHHol!: pa6oTe BhJqHcneHHfi ceqeHHH peaKuHH 

p + d- H
3 + :rt+ npH aHepruH upoToHOB 340 MaB .nnH qeTbipex THnoB BonHOBhiX 

cPYHKUHfi H paonHqHoro pa.n11yca TBep.noil cep.nueBHHhi (cM,IlpHno)KeHue N!? 2) npnBe.tle

Hhi Ha pHC, 30,31, 32 BMecTe C 3KCnepHMeHT8JlbHb!Mii . .ll8HHhiMH npH 3TOfi 3HeprHH, 

YBenHqeHHe pa.nHyca OTTanKHBBIOUleli: cep.nueBifHhi yMeHbWBe'J.: nonHoe ceqeHHe 

peaKUHH 11 yBenHqHBaeT acHMMeTpHIO yrnoBoro pacnpe.neneHHH Bnepe.n -Haoa.n. llpn pa-

.llll 

.na 

c 

OT. 

oc: 

py: 

om 

pHI 

Hill 

Me 

HHE 

OTl 

JlH' 

H f 

p 
np11 

c s 

8KIJ 

B 8 

qTc 

npH 

H 

ecn 

p-
o6p 

6on 

HHSI 

640 

npH 

rHH. 
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n. 
.OHyCe cep,ae'lH!fK8 1 60JlbWeM 0,4 1 nOJIHOnbie cpyHKUHlf rrepnbiX Tpex nu.aon mlic 
.0810T rrpH6Jllf3HTeJlbHO O.llliH8KOnyiO yrnony10 38nHCHMOCTb1 Ka'leCTneHHO cornacyiOWYIOCSl 

c aKcrrepuMeHT8JlbHb!Mif .ll8HHb!Mlf, O.anaKo, nonnonag cpyHKUHSl raycca .aaeT pe3KOe 

n Ce'leHHH H He COrnacyeTCSl C aKcnepHMeHT8JlbHb!MH .08HHb!MH, Ha aTOM 

OCHOnBHHH nOJIHOnag cpyHKUHSl TaKoro nH.ll8 HCKJ110'18Jl8Cb H3 .ll8JlbHeHWHX paCCMOTpeHUH, 

Ecnn npoH3BecTH ananorH'IHbie pac'leTbi nnH anepruu rrpoTonon 450 Man, TO o6na· 

P+ d- H3 -t- .,..+ py)!(HnaeTCH, 'ITO BH.O yrnonoro pacnpe.aeneHHH peaKUHH .,~ 

OriHCb!B8eTCSl rrpaBHJlbH0 1 HO 3H8'leHHSl 86COJliOTHb!X Ce'leHHH CHJlbHO p8CXO.OHTCH C aKcrre

pHMeHTOM1 H 9TO paCXO)!(.lleHHe yBeJlH'lHnaeTCSI C aneprHeH, npH'IHH8 T8KOro pacXO)!(.Qe-

HlfSI 38KJ110'18eTCSI n TOM 1 'ITO. n nponeneHHbiX p8C'leT8X Y'IHTb!B8JlOCb o6p830n8Hife :il-

d ,.,..+ 
Me30HOB TOJlbKO B pe8KUHH p+ P- + Jl. 

HHe 

If COnCeM He Y'IHTb!B8Jl0Cb o6pa3ona

+ 
H p+n-Jt+n.+n, 'Jt -Me30HOB B. pe8KUHSIX p+ p.- Ji.;-+ n.+ P 

128/ Ill 
OTHOCHTeJlbH8SI pOJlb KOT0pb!X 1 K8K H3BeCTHO 

1 
1 O'leHb ClfJlbHO B03p8CT8eT C yae-

nH~eHHeM aneprHH rrpoTonoa. npH aneprHH npoTOHOB 340 Man ce'leHHe aTHx peaKuHit 

If pe8KUHH p + P- d + :rt "f- 1 KOTOpbie, ncne.OCTnHe pa3nH'IHSI CKOpOcTefi C,U,M, 

p p- If pd -i::HcTeM, neo6xonHMO 6paTb rrpH aneprHH npOTOHOB OKono 480 Man, 

npaMepno paBHbi, noaToMy na6n!On'aeTcSI cpaannTeJibHO xopowee cornacHe pac'leTon 

c ·. aKcrrepHMenTaJibHbiMH .aaHHbiMH, OnnaKo, rrpH aneprHH npoTonoa 450 Maa ceqeHHH pe

+ 
8KUHH p + p ~ n + p + :n.. npH aKBHBaneHTHOfi aHeprHH npoTonon 640 Maa, npHMepno 

B 3 pa3a BbiWe ce'leHHH peaKUHH p+ p- d+ Jt+ • EcTeCTBenno noaToMy, 
.,.. 

'ITO rrpH aTOfi aHeprHH y)!(e HeJlb3SI npene6per8Tb BKJ18.00M pe8KUHH p-t-p-- rl+f'+Jt 

d 3 + 
rrpH pac'leTe ce'leHHSI peaKUHH p + - H + :Jt 

:Jt -Me30HOn B peaKUifSIX p+p~ n+ p-tJt+ 06pa30B8HHe riOJlO)!(HTenbHb!X 

p·+n- n+l1. + Jt+ MO)!(HO Ka'leCTneHHO y'leCTb n rrpone.aeHHb!X paC'leT8X 1 

ecnu B cpopMyne ( 79) ( CM,npuno)!(eHue N!~ 2) nucpcpepenuHanbnoe ce'lenue peaKUHif 

P'+ P~ d+ Jt+ yneJIH'llfTb BO CTOJlbKO p83 1 BO CKOJlbKO pa3 CYMM8 riOJlHbiX ce'leHHfi 

~+ -+ ' + 
o6pll30B8HHSI JL -M030HOB OT pe8KUHii p+p-- p+n+JL If p+n_,. n-+n+Jt 

6onbwe, 'leM rronnoe ce'leHHe peaKUHif p+ p- cl + :1t + 

nonnbie ce'leHHSI o6pa3onanuSI :Jt+ -Me30HOB B ( p+p) If p+ t1. ) - coy .a ape-

HlfSIX npunuManucb paBHbiMH 4,3 M6 npu anepruu 480 Man u 15 M6 - npu aneprHif 

640 Man
1221

• Ill, a yrnonbre 38BHCifMOCTif ceqenuSI B peaKuuu p+ P- d+ :n:+ 
UpliHifM8JlHCb paBHb!Mif 0,24::!:.. CoS2 e If 0,3 + Cc>S2 e UpH COOTBeTCTBYIOWHX anep-

' ri!SIX 
/29/ I /17 I 
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Opoae.aeHHhie T8KHM o6pasoM Bb!tiHcnemlH .ancptl'e pemutanhHhiX cetieulli1 ·peaKUHH 

d 
3 ;- ' . p+ -.. H + 1L .anH sHeprnfl npoTOHOll 340 Msn n 450 Msa npu pa.auy'ce 

11. 
OTT8nKHB810IUCti C8pLlUCBIIHhl 1 p8BHOM 0,6 ;::;;---- , B8CbM8 y LlOll.riCTllOpHTC.flbHO 

"'tC 
cornacyiOTCSI C SKCllCpHMCHTanhHh!MH Ll8Hilb!MII (puc, 33, 34), IlpH SHepruu npOTOHOB 

3 
340 Maa aonHoBaH cPYHKUHH H.apa H nuna 

"Y-l- e.xp {-eXt~~ r:;l~ } 
Lj 

(51 ) 

H81IJlY'lWHM o6pa30M OIIHCb!ll80T 8KCHCpHM8HTdJ1hHh!8 _naHHbiC 0 B TO Bp.eMH K8K BO.f!HOBDH 

cPYHKU..IIH 

"i:'t - up{- olt J 4. r.~')/~ ~ ri~ 
l 1l . . . l l . l J 

(52) 

.aae·T H8CKOnbKO 38Bh!WCHHb!C 3Hilti8HIUI LlHcPCpepei-JUH8.flbHb!X CC'l8HI1ll B 06JlaCTil yf'JlOll 

BhineTa Jl -Me30H8
1 

60.flbWIIX 90°, 3Ta T8H.l}CilllHH OCT88TCH T8K:>KC li LlJlH LlPYf'IIX 

npoueccoa. 
;,. 

TaKHM oCipasoM Mhi BllLlHM, 'ITO .aa:>Ke npH TaKOM rpy6oM npll6moKeHnH, nonyqaiOT

CSI DITOnHe IIpHCMnCMbie LlJlH H8C OU8HKH C8'18HHH TeX IIpOUCCCOB 0 KOTOpb!C HC06XOLlHMO 

ytiiiThiBBTb rrpll paccMoTpeHIIII cTerrenH sarrpeTa peaKIIHII d+d-- He
4

+'Jl
0

• 

TotiHOCTb paCti8TOB .anH STHX uenefi B rrpe.aenax MHO:>KIIT8.f!SI 2 SIBJlSICTCSI BITOnue LlOCTa-

TOtiHOfi, 

f1ocne STOI'O T8M :>Ke M8TOLlOM 6hin0 llbl'lllCJlCHO LlHcPcPepeuunanbHOe C8tiCHII8 

peaKUHII p+ He3
- He 4 + :ii."'" (cM,Ilpurro:>KenHe NQ 3 ). PactieTbi 6hmii Bbmon-

ueuhi .anSI sueprllfi ~ :-Mesouoa n c.u •• -t. , paanhiX 80 Msa II 326 Msa, 'ITO cooTaeT-

cTayeT. auepi'IIH rra.aaiOIUUX rrpoTOHOB 280 Msa II 670 Maa, COOTBCTCTB8HHO, nmr auepruH 

~ -MesoHOB 80 Msa 6binll Hcnonbsoamihi cne.ayrowue suatiCHHH cetieunfi 

. 21 
6t(p+p-d+Ji:•)= 1,8.~0 CM2 

( ) 
-H 

6t p+p-- p+ n+ Jt+ = 2 -1D cMe 

( 
. . -21 

0 t p+h- n+n+x+) = t>,S·10 c..t-t2 
(53) 

H yrnoB8SI 38BHCHMOCTb j;_ (p+ p.....,. d + :Jt+) -. o,24 + c.o~2 e. · 

B P' 

Hb!N 

a YJ 

II a: 

326 

o6p 

Hac 

CTC 

BULl 

B C 

30H 

Me::: 

CTB 

T8K 

H8K 



KUl1l1 

:oHOB 

(51) 

(52) 

~rnoa 

>yrlfx 

LlOCTa-

me 

COOTBeT-

rHI snepri!H 

(53) 
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Ami sneprHH Jt+ -MesoHOE 326 Mas nonnoe ceqeHHe o6pasoaaHHSI Jl+ -MesoHOB 

B p98KUHH p-+ p-- 1"\+ p+ Jt-t npH sneprHH rrpoTOHOB 1,2 Esa, rrpHHHMMOCh pas-

Hb!M 

(54) 

a yrnoaoe 

/2/ 
CeqeHHe ocTanhHhix rrpoueccoa o6pasoaaHHSI MesoHoa npH sToa sHeprHH Mano 

H BKllaLl HX 0 BBHLlY rpy6oro xapaKTepa IIpH61IH:>KeHHSI) MO~HO He Y'IHTb!BaTb. 

Pesyn~>TaTbi Bhi'IHCll~Hna, npoaeneHHhiX rrpH sHeprHH 1C -MesoHoa 80 Mas H 

326 Msa, naHbi Ha pHc. 35 H 36. Ha pHc. 36 HaHeceHo LlH¢cpepeHuHa1IhHOe ceqeHne 

3 4 + 
o6pasoaaHHSI '3t -MesoHoa a peaKuHH p+ ~e ~He. + Jl. , HsMepeHHoe a 

H8CTOSII.U9a pa60T9 IIpH 9H9pi'HH IIpOTOHOB 670 ~9Bo B rrpenenax MHO:>KHT91ISI 2 H861I!OLla-

9TCSI LlOCTaTO'IHO XOpOill99 COrnaCHe Ha61l!OLl9HHfi H pacqeTa LlliSI BOliHOBbiX cpyHKUHa 

BULla 

(55) 

ToT cpaKT, 'ITO corn acHe HMeeT. M9CTO rrpH aecbMa 6onhillOH sHeprHH 

B C,U.Mo naeT yaepeHHOCTb B TOM, 'ITO p93Y1IbT8Tbi Bb!'IHC119HHa LlliSI 9H9pi'HH :t" -Me-

30Ha 80 Msa o6nanaiOT aechMa 6onhwo.il: c<rerreHhiO .llOCToaepaocTH. JlnSI saeprHH :7t -

MesoHa 80 Msa a c.u.M. H aonaoaofi cpyHKUHH BHLla (55) rronyqaeM: 

c- c 3 4 +) -30 2 ot p+He-He.+Jt = 78• 10 eM • (56) 

Ha.ii,lleHHYIO HBMH aenH'IHHY rronaoro ceqeHHSI sTofi peaKUHH eme H91Ib3SI aerrocpen

CTBeHHO cpaBHHB8Tb C B9pXH9H rpaHHU9H C9'19HHSI peaKUHH d + d ~ (-(eLf+ JL0
) 

T8K KaK 9TH peaKUHH· OT1IH'I810TCSI M9:>K.llY C060H CTpyKTypOH CT81IKHBaiOI.UHXCSI SI,llep. 0.ll-

H8K0 1 9CT9CTB9HHO IIp9Llii01IO:>KHTh1 '1'1'0 p831IH'IH9 M9:>K.llY p98KUHSIMH 

Jt+ + H~ - H€ + p 

:ito+ H~ ~ d+ d (57) 
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npHMepHO T8KOe :>Ke 1 K8K I{ Me*.UY pe8KIHISIMH 

¥~H~- H3'"'"P 

"{+ "~-- d-+d' 
(58) 

2 • 
TO ecn'\ cocTaBnSieT oKono 10 paa. B aTOM cnyqae penepoM "paapeweaaoa " peaKUHII 

d-+ d.__. H~ -4- '3t0 
6y .neT SIBnSITbCSI ceqeHRe, paeaoe 

1~0 6'-t::(p+ Hl- H~+1'"+) ~ 8 • 10-31CM2. (59) 

3To asaqea!Ie np!IMepao B 70 paa 6onbwe eepxaea oueHKII nonaoro ceqeHIISI peaKUIIH 

d-+d- He
4

-+ :Jt0 
, nonyqeaaoa a .uaaaoa pa6oTe. 3ToT ¢aKT cny)KIIT ewe 

OllHIIM llOnonHIITenbHhiM yKaaaHHeM Ha T0 1 qTo peaKUIISI d+ d-- l-(e
4

-+ A
0 

c!InbHO aanpeweaa. 

e) OueHKa ceqeH!ISI' "'paapeweHaoa" peaKUIIII d+d-- H~ +'Jt0 

. 
B HMnynbCHOM npH6n!I}!{eHHII Ha OCHOBe MO .oenH C TBepllOit cepllUeBHHOit 

d-t- d- H~+ TL 0 
KaK 6hrno yKa3aHo ·;;~ eeelleHIIH, peaKUHSI 

I 
HHqeM 

6onbwe He aanpeLUeaa KpoMe aaKoaa coxpaaeaHSI nonaoro H30TOn!IqecKoro cnHaa, H eoa-

MO}!{Hble nepeXOllhl B 9TOit peaKUHH OllHRaKOBhi KaK .unH aanpeLUeHHoro npouecca 

(T-0)- (T=1.) 1 TaK II llnSI paapeweHHOro: (T:- 0)- LT=- 0). 

noll 'paapeWeHHOit" peaKUHeit d + d ~ H.e. 'f + lL 0 
fiOHHMaeTCSI pe8KUHSI 1 r lle 

Meaoay ycnoeHo np!InHcaH H30TOn!IqecKIIA cnHH 1 paBHhiA Hymo, a ace ocTanhHhre ero 

CBOitCTB8 OCTaeneHbl 6e3 H3MeHeHHSI. Tor.ua MO)KHO BOCnOnb30B8TbCSI BhlqHcneHIISIMII B 

HMnynbCHOM npH6nllmeHIIH n_o cxeMe, Oll!IC8HHOfi B np!InO)KeHHII NQ 4. 

B aTIIX pacqeTax 6hinli !IcnonbaoeaHhi cnellyiOLUHe ll8HHhre o npoueccax o6paaoea

HHSI HeilTpanbHhiX 'Ji:0 
-Me30HOB C M8KCIIM8nbHOit 9HeprHeit 82 Mae B C.U.M 0 

( 
' 2~ 

.6-t p+n~d+:Jt•)= ~ 6'-t-(p+p-+d+JCT) =0,9.,S.1.0 CM.t 

6"t (p-t-n- n+p+TL") + 6-~:: ( p-t- n-d+ TL"J = '1, s1. "o2
;CI'12. ' (60) 

6t (p+p--p+p-t-Tt") = 6t (n+n_,., n+n+JL")=o,4S.1o2~Z 

'pa. 

cep 

p!IM 

H 

CTB• 

eon: 

cor; 

H 

d-
LUe~ 

pea1 

Jt 
30HI 

T8KI 

non: 

MO>I 
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HOB 

B TC 

cyTc 

:jt 

( 

CT8J 



(58) 

' peaKUHH 

(59) 

peaKUIIH 

KHT eme 

ofi 

cca 

~T=-0). 

LH, r .ne 

bJe ero 

3HHSIMH B 

o6paaoaa-

. (60) 
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PeaynbTaTbi 'IHcneuHbiX Bbi'IHCneHHfi npHae.neHbi ua p11c. 37. nonHhie ce'leHHH 

'paapemeuuott" peaKUHH d-+-d- He4 
+ 'Jt 0 

, Bbi'IHcneuHbJe .nm1 pa.n11yca 

il. 
C9p.llU9BHHbl 0 1 6 I'Tia C KOTOpblH npHBO.llHT K 

p+d-- H'3+Jt+ 

uauny'IUieMy cornacu10 pac'leTa c axcne

-32 2 
p1IM911TOM B peaKUHH 

-32 2 
1 OK83biB810TCSI paBHbiMH 30•10 CM 

If 80• 10 CM .llJTSI BOJTHOBbiX cPYHKUHH -'IaCTHUbl BHna (l'H) H (52) 1 COOTB9T-

CTB9HH0 0 

nepaag oueaxa HBnHeTcH, no-BH.llHMOMy, 6onee peanbuott. Oaa cooTBeTCTByeT 

aonaoaofi cPYHKUHH axcnoaeauHanbHoro BH.na (51), .nnH KOTopofi nonyqaeTcSI aaHnyqUJee 

corn acHe paa'leTa H aKcnepHMeHTanbHbiX .naHHbiX B peaKUHHX p+ d-- H3 
+ 3t -t 

u p+ He3
- He4 +:r~,.+ 

TaKHM o6paaoM 1 Mbi BH.ll.'fM 1 'ITO aepxHHSI oueaKa nonaoro ceqeHHSI peaKUHH 

d+ d- He4 + :7t., B uecxonbKo .necHTKOB paa MeH-bUJe oueuxn ce'leHHH cooTBeTCTByiO- .. 

melt "'paapewetmofi" peaxunn. 

0ueHK8 "paapeWeHHOfi" pe8KUHH SIBJTSI9TCSI HH '19M HHbiM, K8K OUSHKOlt C9'19HHSI 

peaKUHH d + d- H~ + .1t':, 1131 
c ncnycKaHHeM HaOTOIIH'IecKH CKangpaoro 

~ . Jt0 -M930Ha C M8CCOlt 1 6nH3KOil: K. M8CC9 06bJ'IHOI"O H30TOIIH'I9CKH B9KTOpHOI"O :it0 
-Me-

30H8o EcnH .nanee npe.nnono:m:HTb1 'ITO aTOT rHIIOT9TH'19CKHlt Jt~ -MeaoH o6na.naeT 

T8KOlt :m:e KOHCT8HTOlt B38HMO.ll9il:CTBHSI 1 K8K H 06bJ'IHbllt :Tt' -Me30H 1 TO 38KniOti9HH91 

. "' 
nonytJ:eHaoe o TOM 1 'ITO peaKUHSI d + d-- He. + 3t° CHnbHO aanpeweHa, 

MO:lli:HO TSK:m:e CcPOpMynHpOBSTb K8K BbiBO.ll 0 TOM 1 'ITO H30TOIIH'I9CKH CK8nSip~OI"O j[~ -

M930H8 C M8CCOlt IIOKOSI B HHTepBane 100;..150 MaB He cywecTBY9T0 

3 a K n 10 'I e.H He 

8 Hi:1CTOSIW9lt pa60T9 IIOK838HO, 'ITO. 

HOB 

I) nonHoe ceqeHHe .peaKUHH d+d- H~+'1t0 IIpH aHeprHH ~ ;..Meao-

oxono 80 MaB He ~peBbJWaeT ceqeHHe .aneKTpOMaraHTHoro npouecca d+d- Hct..a, "f, 
B TO Bp9MSI K8K O:lli:H.ll89M09 COOTHOW9HH9 M9:lli:.lly C9'19HHSIMH 3THX IIpOU9CCOB IIpH OT-

' 2 
cyTCTBHH aanpeTa .non:m:Ho paBHSITbCH npHMepao 10 ; 

2) nonHoe ceqeHHe peaKUHH p+ Hf!- Hi'+ Jt+ II pH Tot! :m:e aHeprHH 

3 :Jt' -M930H8 1 IIpHM9pHO B 7• 10 paa IIp9BbiW89T B9pXHIOIO OU9HKy C9'19HHSI pe8KUHH 

d~d- He4+Jt", H aTo He y.naeTcSI o6'bSICHHTb TOnbKO paanHtJ:HeM B cTpyKType 

CT8nKHB810WHXCSI Sl.ll9pj 



' 
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3) aepxHHH rpaHHua nonHoro eeqeHHH peaKurm d+d...- He4
+Jt 0 

oKono 3% oT paee'!HTaHHoil: aenH'IHHhi eeqeHHH "paape weHHoro" npoueeea; 

eoeTannsreT 

4) ykaaaHHhre ciJaKThi nee aMeeTe yKaabiBaJoT Ha Hami'!He eHnhHOro aanpeTa B peaKr 

UHH d-+d~He4+ Jt" H TeM eaMbiM noaTnep)!{aaroT eo6nroaeHM9 38KOHa eoxpa-

HeHMH nonHoro uaoTonuqeeKoro enMHa B npoueeeax o6paaonaHHH 'Ji: -M930HOB HyKnOHa-

MM H nerKHMH srapaMH; 

5) H30TOilM'IeeKH eKansrpHOrO 'Ji.~ -Me30Ha e Maeeoil: ilOKOH B MHTepaane 

100- 150 Msa He eyweeTayeT. 

B aaKnro'!eHue anTophr Bhrpa)!{aroT 6naroaapHoeTh n.VI.nanuayey aa o6ey)!{aeHHe 

HaMe'!eHHOil: nporpaMMhi sKenepHM9HTOB; B.n. Jl)!{enenoay - a a MHTepee K pa6oTe M 

eoaeJ:IeTBHe a ee BhlilOnH8tii!H; P.M.Cynsreay H E.C. HeraHony - aa noMOlUh npu pa6o

Te e ren!ieM-3 1 a TaK)!{e eoTpyaHHKaM Bhi'!MemrTenhHOro U9HTpa .0I15U1 KHM 3e nxe H 

VI.B.nyahiHMHy aa npone'1eHMe '!HeneHHhiX paeqeToB Ha sneKTpOHHo-nhi'!HenMTenhHOil: 

MaWMHe. 

) 

nPVInO)KEHVIE N21 

Paeq'eT eeqeHHii peaKuHil: "(+ He4 
__,. H3+ P u 'f+ He.t,- d +cl. 

. . /18/ 
B pa6oTe B KaqeeTBe aonHOBhiX cPYHKUHil: aeii:TpOHa, TpMTHH M <>( -qaeTMUhi 

6btnH HenOnh30B8Hhi cPYHKUHH f' ayeea 

Y= A e.'ll.b -o{ ~r,. { 2 2} 
--, ij 'J _, ( 6_1 ) 

-~ae ri - paaHye - neKTOp qaeTMUhl 11 i u n nro60J:I eHeTeMe KOOpaHHaT, --- -r: .... r:- {"l· 
Ll ' 

, a ol.. KOHeTaHTa, onpeaensrromasr npoeTpaHeTneHHyro paaMa-

3aHHOeTh nonHOBOH cPYHKUMH. 

KaK 6yaeT noKaaaHo Hll)!{e (eM.npuno)!{eHRe N2 2), Ha npHMepe }JaeqeTa yrnonoro 

d H3 ..,..+ 
paenpeaeneHMH peaKUHH p + __... -t- JL t 'IyBeTBMTenhHOil: K HMnynheHOMy 

paenpeaeneHHIO HyKnOHOn B srape 1 BOnHOBhie cPYHKUHR nllaa ( 61 ) nee hMa 

eHnhHO pacxoasrTeSI C SKCnepHM9HT8nhHbiMH aaHHbiMH, H8'IHHaSI e 9HeprHM npOTOHOn 
4 3 

340 Man. noaTOMy nhi'!MeneHHe SHepreTM'!eeKOU aanneHMOeTM peaKuHii 't'+He-- li + p 
H "/+ He

4
- d +d. 6brno nonTopeHo TaK)!{e e nonHOBhiMM cPYHKUMSIMM aKenoHeH-. 

UManhHOrO TMUa/32/ 1 KOTOpbi9 anSI TpHTHSI M 0( -qacTMUbl liM9IOT BHa 

,a B K8'19CTB 

rae napaMe' 

onpeaenSieTc 

nbre cPYHKUHl 

p+d-- H 

napaM 

KynoHOnCKOr 

rae f1 2 p£ 

npeanonarae 

EcnH E 

-'1 

f:;: 

TO 

a. 

HopMM 

OTKyaa 

Tor a a 

E~, .. 
H 



COCT8BJHI9T 

mpeTa B peaKT" 

lKoHa coxpa-

1 o6cy)K.!J.9HHe 

pa6oTe H 

lh npH pa6o

:HM 3e nxe H 

!+d. 

(){ -'!aCTHUbl 

( 6_1) 

.T, 

c'leTa yrnoBoro 

HMnynhCHOMY 

B9ChM8 

npOTOHOB 
4 3 

f+He-- 1-t + p 
tHSIMH 9KCllOHeH-. 
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'¥ = 1\{ Q_~ l' {- rX ~?. f"ti I } , 

'J 
.a B K8'!9CTBe BOnHOBOit ¢yHKUHH ,!J.eitTpOH8 HCnonh30BanaCb ¢yHKUHSI X10nhTeHa B Blf~e 

(62) 

r.D.e napaMeTp 
-i -13 G 
~ = 4,33 • 10 eM onpe.D.enSieTCSI aHepruett CBSI3lf .D.eitTpoHa 1 a y= .P 

onpe,!J.enSieTCSI H3 BenU'llfHbl pa.D.uyca pacceSIHHSI B TpHnneTHOM COCTOSIHHHo TaKHe BOnHo

Bbie ¢yHKUHH XOpOWO y ,!J.OBneTBOpSI10T BCeit COBOKynHOCTH ,!J.aHHblX no peaKUHH 

p+d-- H3 +X-r 

napaMeTp eXt BOnHOBOit ¢YHKUHlf TpHTHSI Onpe,!J.enSinCSI H3 BenH'!HHbi 9Hepr11H 

3 /33/ 
KynoHOBCKoro B3aHMO.D.eilcTBHSI SI.D.pa He 1 paBHOit 771 KB 1 

2~ "¥t
2 

d.--
Er.:yA.- e r: r, (63) 

12 

r.D.e r;2 
3 

paccTOSIHHe Me:>K.D.y npoToHaMH B SI.D.pe He 1 a BOnHoBaSI ¢YHKUHSI npH aTOM 

npe.D.nonaraeTCSI HOpMHpOBaHHOito 

EcnH BBeCTlf HopManhHbie · KOOP.D.HHaTbi -- -· ~- -·u---u r;2- 1.l' '1~ = 2 + '\1 f2~ = '\T- 2 ' 

TO 
2. I"\ 2 3 2 

~fij =~'\1 +2U.' 
'l 

a. 

HopMHpOBKa 

OTKy.D.a 

H3 ycnOBHSI 

T~.D.a · 

. E.,.= (4nfe•.N: ~ ~ "-"p{- 2cltJ2u2
+ ~ u• }u'du v•dv, 

H 

of.= -iSx (2' E "Y" 
32 \13 e~ 

(64) 

(65) 

(66) 
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Henocpe,ncTBeHHaSI no.ncTaHoBKa npHBO.!lHT K o(t- = 0 1 91 B e.nHHHuax o6paTHOfi 

. mr.c 12 -1 
KOMllTOHOBCKOfi ,nnHHbi BOnHbi 'Jl -Me30H8 ( ~ =71 1•10. CM ). napaMeTp o( 

B BOnHOBOfi cPYHKUHH o( -'laCTHUbi Onpe,nensteTCSI H3 BenH'IHHbi Cpe,nHeKBa,npaTH'IHOrO . ~< >I -13 'h. /34/ 
pa.nHyCa r2 = 1,61•10 CM= 1,14 mi~ • ~CnH Bbi6paTb cne,nyrowyro CHCTe-

My KOOp.!lHH8T 

- - - (;j" -- ~ ---r'12. = w , ~~ = 2 + 3 '\T, r,lj = 2 + '\T ....... '\AT , 
- . -f2'3== 31T-~ 2.• -- - - 'Ur '23- '\T+ 'Ll- 2 - - 2-r3, == 'lA - v ' (67) 

To ~r,~ = 2w2
-+ 3 u2 + 24 \T 2~ 

• • ., J 

'J 
1\fo<. =Net. e.xp{-o<~!2w 2-r3u.2+2Lf\Ti} a 

Y cnoBHe HOPMHpOBKH .naeT 2 '3 9 
11.(2- 3 2 04. 
.,.,~- 'I 

'Jl 

Cpe.nHeKBa.npaTH'IHbifi pa.nHyc 0( -'laCTHUbi CBSI3aH c nepeMeHHofi " 1.(. " cooT-

HOllleHHeM 

~<r2>'=~{ v.e' ,-. 

r.ne ~ 

· U.Z =~'li2~ Jr = ('J~f N! ~ ~ ~ l!Xr{-z.,c.42 ~·+ 3u2+ 2'1 v• J u• du.w2ctw. v'<lv 
0 

• npoCTbie Bbi'IHCneHHSI ,naroT 

C!i.= 1. ~Lfs' _ 1 04 m.c 
~<r2>' 32- . ~· 

nonHoe ce'leHHe peaKUHH r+ Hi'-~ + r 
nepexo.noM SIBnsteTcSI aneKTpH'IeCKHfi KBa.npynonhHbrfi 

/18/ . 

B npe,nnonO:>KeHHH, 'ITO OCHOBHbiM 

nepexo,n :is -i p OllHCbiB8eTCSI 

H3BeCTHQfi cPOpMynofi 

m-1. 
8x3v ~ \ \2 dn 0 et= C ~. Mm. clE. ' 

m=-i 
/18/ 

r,ne MaTpH'IHbifi sneMeHT MO:>KHO npe,nCT8BHTh B BH,ne 

m ( " m 
Mee =f2 )~"'(Qef~"'-R1 d:r (tn=--1,0,1). 

(68) 

(69) 

3.nech ~ 
B8SI cPYHKU 

onepaTop 

~~ H 

Mbr. Hanp 

Ll.nst 

SIBnsteTCSI 

m 
r.ne ~2 
HHH 1 a ( 

Ll· '=7. 
:/L) ~ l 

Bbi'IHCneHll 

_.,. ~r; 
~2- 'tJ '!• -f3~c 

TO 2. t;f 
2:r} == L ,, 

npH STOM 

B Bbi6paHF. 

OnepaTop 

B BH,!le 



·uax o6paTHOil: 

• 0 apaMeTp o( 

KBa.npaTH'IHOI'O 

i.llYIOWYIO CHCTe-

(67) 

' 1.{. " COOT-

{ t 'ITO OCHOBHbiM 

~ 
" OUHCbiBa9TCSI 

(68) 

(69) 
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3.necb ':l!c~., "¥ t - BOnHOBbie cPYHKUMH d.. -qacTHUbi H si.npa TPHTHH, a R 1. -BOJAHo

BaSI cPYHKUHSI OTHOCHTenbHOI'O .llBH:>K9HHSI H.npa TpHTH;H H npOTOHa B p-COCTOSIHHH, Qef

onepaTop sneKTpHqecKoro .nHnonbHOro nepexo.na: 
A 

Qet = e(Ei.+~2J I . 

~~ H ~2. · - KOOp.llHHaTbi UpOTOHOB OTHOCHTen.bHO U9HTpa HH9pUHH BCeil: CHCTe-
. . 

Mbi. 7:[ _;KBaHTa Bbi6paHO B.llOnb OCM :Z . HanpaBneHHe nonSipMaauHH nepBH'IHoro 

LI.nH peaKUHH "{+ H~ ~ d~cl MO:>KHO C'IWI'aTb1 'ITO OCHOBHbiM nepeXO.llOM• 

/18/ 
H cornacHo i.s- :tn SIBnSieTCSI sneKTpH'l9CKHil: KBa.npynonbHbiil: nepexo.n 

(70) M;, =~~" Q .. ~d '1'~. R; dT, 
r.ne ~; J\- BOnHOBaSI cPYHKUHSI OTHOCHTenbHOI'O .llBH:>K~HHSI .neii:TpOHOB B .D - COCTOSI-

HHH, a Q Kt.- on epa Top KBa.npynonbnoro nepexo.na: 

"' e Ey-
cQ,d, = ~ 'kc. ':h ~, 

'jt > ~ i. - KOOp.llMHaTbi npOTOHOB OTHOCHTenbHO ueHTpa IIH9pUHH o( -qacTHUbi. Ll.nSI 

Bbi'IHCneHHSI sneKTpM'19CKOI'O .U..HUOnbHOI'O nepexo.na y .ll06HO Bbi6paTb CHCTeMy KOOp.llHHaT 

- - - " - 1'3'- - l - 13"'- - ! - -\ .(3"::::-:;- -~2- 'tJ ~ ·, ~~ = ~ W + \12 \f ' r;3 = - -{2 \IJ ;-'f2·'\f 1 ~~~ ="~ W + 3"f2'V ~ 'U. 1 

TO 2:. \\f = 3vJ 2 + 3 '\T2 

2:\} = 4wt+ 4 vt+ 3 u2 
'I 

.nnH BOnHOBOH cPYHKUHH TpHTHS1 1 H 

.nnH BOnHOBOil: cPYHKUHH o( -qacTHUbi. 

0pH STOM HOpMHpOBaHHbi9 KOHCTaHTbi BOnHOBbiX cPYHKUHH TpHTHSI H c( -qacTHUbi 

B Bbi6paHHbiX nepeMeHHbiX paBHSIIOTCSI, COOTB9TCTB9HHO: 

2 332cXtG 
N2=--~
, t SJC3 

OnepaTop SlleKTPH'leCKoro n.Hnonbnoro nepexo.na B HOBbiX nepeMeHHbiX aanHWeTCSI 

B BH.ll9 

(71~ 

(72) 
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VIs Tpex B03M01f<:HhiX MaTplPIHhiX aneMeHTOB TOnbKO Md , co.oep:>KaruHt!: yrnoay10 saau-

CHMOCTb a au.oe Y:(6,cP)=~~·~e 1 .oaeT oTnH'IHhiA oT Hynst pesynbTaT. 

nocne nO.IlCT8HOBKH B cpopMyny (68) OKOH'I8T9nbHO nonyqaeM Bhlp8:>K9HH9 JlnSI non-

H 4 3 
HOI"'O C9'19HHSI p98KUHH 0 + e -- l-\ + p 

6("(;K~- H3-+p)..- to~-10~ (E0 + Eo)" 

·{ ~~2XpGtssJwZ .. v•']. .. xp[- 2,osJ1i.l'-..v'+ o,1su•'] x 

0 SA }2 
"]%(1<u)'\A ~d.u .w2dw.'\Jl'dv · -10 2~~~, 

(73) 

3Jl9Cb Er- aHepl"'HSI 1r -KB8HTa B 9JlHHHU8X rnic2 
I k-3111JE; - HMnynbC 

npoTOH8 B c.u.M., E~ =0,147 - nopor peaKUHIII r~2- cpyHKUIISI Eeccenst 

T f2" esc"'~ ) ~J/2• \In ~ -CQS~ o npH BhlBO.Il9 STOti cpopMynhi npeaeoperanHCb penSITH-

BIICTCKH9 acpcpeKThl .llnSI '18CTHU B !t0H9'1HOM COCTOSIHHH. npH aaeprHH Ey = 200 Maa 

nonpaaKa, ooycnoaneaaast 9THM acpcpeKTOM, cocTaBnsteT OKano 10%. 

npn: Bhl'IHCneHHH sneKTpH'19CKOI"'O KBa.opynonhHoro nepexo.oa 6!'ma· a~16paaa· 

cne.lly!OlU8SI CHCTeMa KOOp.llHHaT: 

- - - - " - 4 - - -1 - ~ "' - -::?· - -1 - 1 -r.2• ", ~")-'U-2W-yV', r.~c-=-2\1"+ u~\+2w • 'n.,. u.-2v-2w .. 

TOI"'Jl8 

o{-

r.oe 

":::? - i -· -i - ~· -\ 2'f ::' 1\J. t- 2 w - 2 v I \ 3Cf = w I 

"r:~ = 2v~+ 2w2 + '-fu.2 
~ 'J 

'18CTHUhl 

...._ N!= 
o{ ... 1,04 •. 

) 

1 a HOpMHpOBK8 BOnHOBOti: cpyHKUHII 

BonaoBast cpyHKUKSI .ll9tiTpoaa n:MeeT BH.Il 

'1', = ['(~(r+ jl)i/2 ( et ... _ e"'r) 
ffl ("\- ~) r ' 

r.oe ~ = 0,32, ~ =1,92 B 9JlHHHU8X 
ll1iiC 

1\. 

(74) 

(75) 

Onepa1 

38nHW9TCSI I 

" . eE 
(,{kr, = "kc 

l1s nSITH M8' 

CO.Il9p)!{8lUHE 

no.llCT8HOBKi 

st(! 

{~~\ce 
0 

" e.x p f:. 1 ,Lfi! 

3.oecb Ey
peaKUHif ' k 

Pe3ynbT8Thi ' 

PlfC. 29. 

'L, 

B pacqe 

340 Maa If 4 



I yrnoByro aaBn-

peaynhTaT. 

DKeHHe .onSI non-

(73) 

-:::--. 
t:.y - HMnynhC 

:enSI 

~nHCb penSITH-

~Y = 200 MaB 

(74) 

A cPYHKUHH 

(75) 

53 

On.epaTop aneKTpaqecKoro KBa.opynonhHoro nepexo.oa B Bbi6paHHbiX nepeMeHHbiX 

38IIHW9TCSI B BHL19: 

&_ kt = e E¥"{ ru
2 s~ Et ~ 91 siM c\>1 + ~ usiM ei siM 4>:1 ( \f~ 92 - w~ 62 ) + 'kc 2 .. 

+ ~ U\i~e1s~ 92 siM~2 -ir'Uw-~e" s~fl2. s~cf>a + (76) 

+ ~ V 2 
sk-. 92 ~92 S"-'q,.2 + ~- W

2sk-. B3~e<l sk-.lf>3} 

m 
vb IISITH MaTpHqHb!X aneMeHTOB M K~ ( m 

±1 
=-2: -1,0,1,2) ocTaiOTCSI TOnhKO MKt , 

no.OCT8HOBK8 B ( 68) !IpHBOLlHT K OKOHqaTenhllOMy Bb!p8)K9HHIO 

3.oecb Ey- 9H9pi'HSI ?{ -KB8HTOB B 9LlHHHU8X mr,c2 , Eo =0,168 - nopor 

peaKUHH , k= 3,G~ l"E:."'"i - HMnynhC Ll9HTpOHa B C,U,M, H 

}/. = ~!; { c:.-·1)s'">!- ~ eos";?} 
PeaynhTaTbi qncneHHoro HHTerpapoBaHHSI Bbipa)KeHnfi (73) rr (77) npnBe.oeHbi Ha 

puc. 29. 

nPJ1fl0)KEHJ1E N!12 

d H3 ..,..+ 
PacqeT ceqeHHSI peaKUHH p+ -.. + J(. • 

B pacqeTax .ou¢¢epeHunanhHbiX ceqeHnfi aTofi peaKUHH npn aHeprnn npOTOHOB 

(77) 

340 MaB H 450 MaB ncnonhaoBannch BOnHOBbie ¢YHKUHH SI.Llep TpHTHSI qeTbipex BH.OoB: . 
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'\f't == N t 'Lxp {- ~ cx't * \ fii I}, 

~~ = .Nt ~xr {- cl~ ~-~ fif}, 

"Yt = Nt £_\{ r {- c{t Jf-r;f1/r 
J lj 

(78) 

'Yt ~ Nt e.xp {- tx'-t2 ~ri 12.). 
l J 

Jlng 'K8)K.llOI'O BH.ll8 BOnHOBOH cPYHKUHH rrapaMeTp o( t IIO.lli'OHSinCSI T8KHM o6pa-

30M1 qT06b! IIonyqrrTb IIp8BHnbHOe 3HaqeHue KynOHOBCKOI'O B38HMO.nei!:CTBHSI IIpOTOHOB 
3 

B H.npe He • 3TH rrapaMeTpbr OKa3anucb paBHbiMII: 

I) I.o7,: 2) o.92; 3) o.ss; 4) 0 1 39 B e.nuHuuax 
mlic 

"h 
B· cxeMe pacqeTa B HMrrynbCHOM rrpu6nu)KeHurr rrpe.nrronaraeTcSI, qTo 1(-t- -Me3oH 

o6pa3yeTCSI B pe8KUHH p+ p ~ d + :JLT 1 a 38TeM .nei!:TpOH II OCT8BWHHCSI Hei!:-

3 + TpoH cnrraaiOTCSI B H.npo TPIITHH. B aTOM cnyqae ceqeHIISI peaKurri!: p+ d ~ H +Ji. 

d + /27/ 
II p+ p ~ 4 JL CBSI38Hbl COOTHOWeHHeM 

dsc · . 3 :' 1 [i( u2
1 Ett3 G E-+ Ec~ d~i;; ~ 

dQ. p+d- H +Jt+ ;= \f r e)J 3 -+ E- \frr II E ·d.n. (p+ p~d+ Jt+) '(79) 
pJ E,, K3 ~ 

d 3 + r.ne '\fpd - OTHocuTenbHaSI CKopocT6 rrpoToHa B peaKurru p+ ._. H + Jl. 

\fpp- OTHOCHTenbH8SI CKOpOCTb IIpOTOHOB B pe8KUHH ?+ (l--»> d -t- Jt -t II pH 9Heprrru 

:rr-t- -Me3oHoB 1 paaHoi!: aHeprrru Jt+-Me3oHoB a peaKurrrr p-+d ~ H3 + Jt+ ~ 

El-\3 1 {;J u E r.: - rronHbre aHeprrrrr H.nep TpHTHSI, .nei!:TpoHa rr Jt -Me3oHa
1 

l/3 - OTHOWeHrre CIIHHOBbiX MHO)KHTenei!: 

l 
I 
i 
i 

I 
I 
i 
I 

I 

~ f 

eCTb 8MIInJ 

paBHbiH ~ 
BOnHOB8SI q 

Hrre Me)K.n: 

npu 

.npyr K .np 

ayn10, T.e. 

0THOCHTem: 

I'O IIpOTOHa 

3To OTBeqa 

IIOKOSITCSI .ll 

OTBeqaeT Ho 

Yrnoa 

Me30HOB 80 

ds 
dn 



(78) 

ISinCH T8KifM o6pa

iCTBHH IIpOTOHOB 

, 'ITO 

OCT8BllllfHCH Hefi

)-+ d _.,. H3+Ji.+-

anepnm 
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fc ) _ (".v (..,...) 1 ili)('l.\ Co, x) d~ 
e - ) 'I.]) X £\(PL 't "!'D(o) 

(80) 

eCTb 8MIIl!lfTy .U8 BepOHTHOCTif HafiTif B . .nefiTpOHe OTHOC!fTel!bHblfi lfMIIYllbC HyKl!OHOB 0 

p8BHblfi -g 0 rrplf yCl!OBiflf 1 'ITO B KOHe'IHOM COCTOSIHiflf o6pa3yeTCSI TpiiTnfi; y]) -
BOl!HOB8SI cpyHKUIISI neiiTpOH8 0 'ft BOl!HOB8SI cpyHKUifSI -;f: - paccToH-

Hne Memny HefiTpOHOM If npOTOHOM. 

npH o6p830B8Hiflf Me30HOB HyKl!OH8Mif IIOCl!e.UHHe H8CTOl!bKO 6l!lf3KO H8XO.USITCSI 

.llpyr K .npyry 0 'ITO OTHOCHTel!bHOe paCCTOSIHHe Me2K.UY HlfMif MO)KHO rrpHHSITb p8BHb!Mll 

/26/ 
aymo, T.e. C'llfT8Th 

0THOCHTel!bHblii lfMIIyl!bC HyKl!OHOB B nefiTpone 7S: 
I'O IIpOTOHa H HMIIYllhCOM ~ -Me30H8 COOTHOllleHHeM 

..,..... 
- 1 ~ "'k ~=3q-2 . 

3TO OTBe'laeT Cl!Y'I810 1 KOI'.[l8 o6pa30B8BU1HHCSI .nefiTpOH 

(81) 

CBSI38H C lfMIIYllbCOM II8.U8IOl!le-

(82) 

If OCT8BlllHfiCSI HefiTpOH IIO'ITH 

IIOKOSITCH .npyr OTHOCHTellbHO .npyra B c.u.M. rrpOTOH8 If nepBH'IHOI'O .zleiiTpOH8 1 <iTo 

OTBeqaeT Hau6onee 6narorrpHHTHOMY Cl!y'laiO o6p830B8HifSI SI.Uep Tp1ITI!SI0 

YrnoBoe pacrrperenenHe peaKUHH 

/29/ 
Me30HOB 80 MaB 6panocb B BH.ne 

+ 
npH aneprHH Ji: -

j~ (p+p-. d +JL+) = ) 
-Jo ck2 

2SG (o,2lf+c.o~2 e ·10 --p A 
. C:l t:: A (83) 
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Pe3ynhT8Thi qneneHHoro HHTerpnposaHHH BhipameHHH (79) npn aHeprnn npoTOHOB 

340 Mas .nnH 'leTb!pex THDOB BOnHOBbiX cPYHKUHli (78) H pa3nH'IHhiX pa,nnyeax OTT8nKH

B8IOUle$1 eep.nuesnHhi, npnse.neHhi Ha pne. 30,31, 32. 

nPV:!JlO)KEHV:IE Ng3 

'3 4 + 
i!,, PaeqeT eeqeHHH peaKunn p+ He- He + Jt 
~·<I 
[, 

B aTOM enyqae .nn¢¢epeHuHanhHOe eeqeHne peaKUHH MOmHo npe.neTaBHTh B sn.ne 

EHa1 
"~ -!K 

d 
3 4 +'==-- c-s (p+He- He+Tl. J 12 fl. '1 E ,+ c.7i:ot 

d.Q )-pH6! He 

. ~ ~~ . fo Eo~+ E, 2 ds- (p•p-d+1l+) ~ 26 (p .. p-d+:ll.+) "~rr . Ed dn . -t 

(84) 
2. 

[fee~, 

r.lle .1..-
12 -

(2.Soe.+i) ('2Sn + 1) 
...;:._---~-

(2Sct+i)(2Sr+1)(Qsh~ 1) 
OTHOWeHHe enHHOBbiX eOMHO:>KHTene$1 1 

(l. 3 ~ ' 
~pKl n j-' pp - OTHOCHTenhHhie eKopoeTH npoToHoB B peaKUHHX p+ He. -He -t- :7(. + 

H p+ p ~ d + :7l,-+ 1 npn O.OHH8KOB0$1 9HeprHH Jt + -Me30HOB B e,UoM."1 

E.:li., EHel 1 Ed - nonHhie aHeprnn 1t -Me3oHos, H.nep He~ n .neaTpoHos 

B e,u,M j MHO:>KHTenb 2 
3 

o6yenosneH HanH'IHeM .nsyx npoTOHOB B H.npe He , 

~6"+- 2S+(pp)+G+(pn) = Q.S(p+p.,.d+x•)+26(p+p~n+p+'L+)+G{p+n-n+n+x+). 

CeqenHH peaKUHH p+ r __,. d-+ :1t~ H ~s-+ onpe.nenHnHeh npn Tex 

.... 
aHeprnHx HaneTarowero npoToHa, npn KOTOphiX aHeprHH 

pot- p- d -t-Jt +' nHOO M8KeHM8nbHbie 9HeprHH 

~ -Me30H8 B peaKUHH 

A+ -Me30HOB B pe8KUHHX 

+ 3(. -Me30H8 P+p--n+p+:Jt+ H p-t-n~n+n+:Jt+ , paBHhl 9HeprHH 

B peaKUHH p + HJ -- H e4 + :Jt + B e.u.M. 

.llanee 

¥(8) • [ 'Y l e~p ( -iA · 2.\r) "1foe.(O, \?, w) d\7 d;J' 
) H , "'tll(o) ~ (85) 

eeTb '8MI1; 

TOHa B C, 

o6pa3yeTc 

CH HaeTOll 

B BOnHOBO 

.na see H) 

HHH: 1 rrpOTI 

Jio nono:>K 

-r.ne p ll 

mero rrpo~ 

Bb!'II 

1 ) 

2) 

rrpii pa.nHy 

napa 

MeTpy o/.H: 
TeM, 'ITO .L 

rroene H:eKJ: 

H:,OeHTH:'IHbl 

napa 

rrony'IH:Th n 

~ (\2> I 

1 04 Ol;; c 
• 'k' 

OKaGaneH p 

Bee I= 

KOOp,OHHaT 



OTOHOB 

•cax OTTanKu-

'8BHTh B BH.ll9 

(84) 

)MHO)!{UTeneit, 

aeATpOHOB 

c:t 3 
:-~e • 

h npu Tex 

~8KUHH 

8KUHHX 

+ 3{ -M930H8 

(85) 
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3 . 
ecTh aMmmTy .lla sepOHTHOCTll HBXO)!{.lleHHH o H.llpe He OTHOCHTenbHoro HMrrynbca npo-

TOH8 B CoUoMo 8TOI'O H.llp8 1 p8BHOI'O 1 rrpll ycnOBllll, qTQ B KOHeqHOM COCTOHHllli 

o6paayeTcH o( ..:.qacTirua. T IlK )!{e KaK u paHbwe, coy .z:1apemre .llByx HyKnoHos cquTaeT-
.. 

CH H8CTOnbKO TeCHhiM 1 qTO paCCTOHHlle Me)!{.llY HllMll MO)KHO rrOnO)!{HTb paBHhiM Hymo 

B BOnHOBOH cPYHKUHll CJ( -qaCTllUhl "¥ c{ o JlnH H8ll6onee 6narorrpllHTHOI'O cnyqag 1 KOI'-

!18 see HyKnOHbl rrocne coy .llapeHllH .llBll)!{YTCH C O.llllH8KOBh!Mll CKOpOCTHMll B Harrpasne-

Hllll 1 IIpOTllBOIIOnO)!{HOM .llBll)!{eHlliO 

J::i.o rrono)!{llTb paBHhiM 

:if -Me30H8 1 OTHOCllTenhHhiH llMIIynbC IIpOTOH8 Ha-

- - ·a rae p u q, HMrrynbchJ rrpoToHa u _;,r -MeaoHa s c.u.M. H.llpa He 

lli9I'O IIpOTOH8i ~"- KOOP.llllH8T8 IIpOTOHa OTHOCllTenbHO ueHTpa llHepUllll 

BbJqucneHuH 6himr npose,lleHhi .llnH asyx Bli.llOB sonHOBhiX cPYHKUHii:: 

1 ) 

2) 

ii. 
npil: p8.llHyce OTT8nKHB8IOIL{ei'O cep,lleqHliK8 1 p8BHOM 0,5 m;,c 

(86) 

H HaneTaiO

H.llpa He
3

• 

(87) 

(88) 

n apaMeTp e/ 1-t~ .llnH sonHosoti cPYHKUHll H.llpa He 
3 

rronarancH pasHhiM rrapa-

MeTpy o/. H3 , Hail.lledHOMY paHee .llnH sonHosoil cPYHKUllli H.llpa TpHTHH. 3To orrpaB.ll8HO 

T9M 1 qTo .ll8HHbJe H,llpa o6paayiOT H30TOIIliqecKHH .lly6neT1 li liX CTpyKTypa H paaMepbl 

ITOCne HCKnJOqeHHH KynOHOBCKOI'O OTT8nKHB8HllH B H.llpe He
3 

.llOn)!{Hh! 6b!Tb rronHOCTbiO 

napaMeTp <:( B BOnHOBhlX cPYHKUliH -qaCTP.:Uhl Bbi6llpaneH T8K 1 qT06bJ 

rronyquTh rrpasunhHhie aHaqeHuH epe.llHeKBB.llpaTuqHoro pa.llHyea eornaeHo 

.1-' 13 
\1 <rz> 1,61•10 eM. Jlng BOnHOBOH cPYHKUllH (87) IIapaMeTp o( paBHHneH 

1,04 ~ C ( eMo n pHnO)!{eHue 1) o JlnH BOnHOBOH cPYHKUHH BH.ll8 ( 88) rrapaMeTp 0( 

o( = 0,82 llliiC OKaaaneH p8BHb!M 
~ 

Bee paeqeThi 1 esHaaHHbie e BhJqueneHueM f(&) , y .ll06Ho rrpoEIO.llHTh B cueTeMe 

HOOP.llRHaT ( 67), ucrronbaosaHHoA paHee .llnH HBXO)!{.lleHHH epe.llHeKBa.llpaTuqHoro pa.llny-
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ca of.. -qacTHUbio l1H.UeKCbi 1,2,3 0603Ha'la!OT S .naHHOM cnyqae HefiTpOH H .nsa IlpOT0-

3 
H8. S H.Upe He 1 8. HH.UeKC 4 OTHOCHTCSI K HaneTa!OIUeMy IlpOTOHy1 KOTOpbili: Coy.napSieT-

3 
CH c npoTOHOM 3 H.npa He • 

H 

B aToil: cHcTeMe Koop.nHHaT 

"'2 3 2. 0 2. 'f7- \ij = 2"" + 1 0 '\)" 
ts 

~ r} = .2w2+ 3'U2-+ 24 '\f2 
. • IJ 
IJ 

3 
.nnH sonHosoli: cpyHKUHH H.npa He , 

.UnH SOnHOSOfi cpyHKUHH o( - 'laCTHUbio 

DpH o6pa3osaHHH Tl1- -Me3oHa CTanKHSa!OIUH9CSI HyKnOHbi HaCTOnbKO TeCHO c6nH" 

)Ka!OTCH1 'ITO paccTOHHHe i 3 'f MO)KHO nono)KHTb pasHbiM Hyn10. B aToM cnyqae U= 2tr 

H :a,,~= !2W
2 
+ "t>G 1\1"2. .O.nH sonHOSOfi cpyHKUHH oC... -qaCTHUbio 

ij J . 

Pe3ynhTaTbi . 'IHCneHHOI"O HHTei"pHpOSaHHSI Sbipa)KeHHSI (84) .nnSI .Cl.SYX THilOS SOnHOSbiX 
1;. 

cpyHKUHA (87) 1 (88) H pa.nHyca OTTanKHSaiOIUefi cep.nueSHHbi 0, 5" hf.C IlpHse.neHbi 

HB pHCo 351 36 .UnSI aHepi"HH 
-+ 
Jl. -Me3oHa s c.u.M. 80 Mas H 326 Mas, cooTseT-

CTSeHHOo 

nPl1JIO)KEHl1E N24 

PacqeT ce'leHHSI 
8 

pa3peweHHOA
8 

peaKUHH d + d ~ H~ -t-1t 0
• 

B aTHX Sbi'IHcneHHSIX npe.nnonaraeTcSI, ~'ITO Jt"-Me3oH o6pa3yeTcH S aKTe1 

KOI".Cl.B HyKnOH O.Cl.HOI"O .nefiTpOHa CTanKHSaeTCSI C HyKnOHOM .npyi"OI"O HYKnOHa1 a aaTeM 

see HyKnOHbi CnHSBIOTCSI S SI.UpO He 
4 

o 3.necb1 KaK H IlpH Sbi'IHCneHHH Ce'leHHfi peaKUHfi. 

p*d-- H3
+:7t""" H p-t-H~-H~+Jt-+ , Mbi 6y.neM C'IHTBTb1 'ITO ceqeHHe peaK-

UHH d ~ d.-- H~-+ Jt ° CSSI3aHo c ce'leHHeM npouecca o6pa3osaHHH HeitTpanb-

HOI"O Me30Ha S HyKnOH-HyKnOHHbiX coy.napeHHSIX COOTHOWeHHeM 

dG' 'd:· -' ~ ~ .-1 ., E:et.. u E.i\+EJ n ds ~ 
d"" \.! +u-.He:+JL J=1[" ~ E " ~"r "'"an (n.+p~d+Jto) rr 

)-'. t'dd E11 + c(. EJ (89) 

" ~ '<:)' 0 [fc )12 
€,-t'(n+\)~d+Ji'") • 

9 
' 

r.ne 
1. 
12 

~dJ H J3J\l 
H n+f 
H E:J - Il 

Tenb 2 SO' 

IlpOTOH S I 

~So= 

a. f(e)=l 

- aMilnHTy; 

HMilynbC H; 

'ITO S KOHE 

U!fH .neitTpc 

S nepSOM I 

0THOC 

r.ne k ~ 

ycnOSHSI 1 'I' 

HyKnOHHOM• 

THSOilOnO)KJ 

B pac 

0(_ -qaCTH 

'IHCneHHH p 

l1HTel 

KaK H s IlJ 

Hbi 1 S .naHE 

paCCTOSIHHe 



H H ,llBa npoTo

lhlli coy ,llapsteT-

3 
t He , 

- 'laCTHUhl. 

1IbKO T9CHO c6nH" 

M cnyqae U= Qu-

THITOB BOnHOBb!X 

npHB9.ll9Hhl 

o'\aB, COOTBaT-

SI B aKT9 1 

KJioHa, a aaTeM , 

9'l9HHil peaKUHil 

'O ceqeHHe peaK-

30BaHHSI H9ilTpanb-

(89) 
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1. (2.~.c+ :1.)(2S, +1) 
12. = (I s )f )1"• It'> ) - 0THOW9HH9 CITHHOBhiX MHO)KHTeneA, 

~ ct+1. '-2gr+1. '-2~n.'i'i. 4 
~dJ H ~1\ - OTHOCHTenbHhie cKopocTH HaneTaiOLUHX qacTHU B peaKUHSIX d.+d- He+Jt• 

r.ae 

p d -o • ~, E 
H n+p _. -t' J\. ,llnst O,llHHaKOBOit SHepi'HH Jt -Me30Ha B CoUoMo ~~ 1 e(, 

H Ed - nonHhie aHeprHH X -MeaoHa, o( -qacTHUhi H .lleilTpOHa 8 c.u.M., MHO:mH'!:'" 

Tenb 2 B03HHK8eT Ha-aa HanH'lHSI .llBYX B03MO~HOCTeit npoTeK8HHSI peaKUHH !l.+p-.d+~•; 

npOTOH B nepBOM ,lleitTpOHe1 HeitTpOH - BO BTOpOM 1 HnH H8060pOT! 

~So= G'(p-+n...,.d-+:7i.~+G(p+n-n-tp-+Jt~+G(p+p~ p-t-p+:Jt•) , 
(90) 

- 8MITnHTY.ll8 aepOHTHOCTH HaitTH O,ll.HOBpeMeHHO B nepBOM .ll9ilTpOHe OTHOCHTenbHhlit, .... ' - ,:: 
HMnynbC HyKnoHOB1 paBHhiit Ai 1 a Bo BTopoM .lleitTpoHe·- HMnynbC A 2 npH ycnoBHH, 

'ITO B KOHe'lHOM COCTOHHHH o6paayeTC~ o{ -qaCTHU81 "i'J) H "l'ot - BOnHOBbl9 tPYHK--UHH .ll9ATpoH'a H of. -qacTHUhl j \J" H ~ - OTHOCHTenbHbie KOOp.llHHaThl HyKnOHOB 

B nepBOM If BTOpOM .ll9ATpoHe. 

0THOCHTenbHbl9 HMnynbCbl 

H 

~ ~ 
I',ll9 ~ H "'~ - HMnynbChl ,lleATpOHa If ~0 

-Me30H8 B CoUoMo 1 Bhi6Hp8.10TCH H3 

ycnOBHH 1 'lT06bi BCe Tst:menbie 'laCTHUhi nocne o6pa30B8HHH Jt 0 
-Me30H8. B HyKnoH

HyKnOHHOM coy ,ll8p9HHH 1 .llBHI'MHCb C O,llHHaKOBhiMH CKOpOCTSIMH B HanpaBneHIIH1 npo-

"r.'D 
THBOIIOnO:lKHOM HCDyCK8HIIIO "'- -Me30H80 , 

B pacqeTax ucnonhaoa~nucb .llnH .lleATpoHa aonHOBhie cPYHKUHH X!OnbTeHa, a .lln51 

0(, -qaCTHU - BOnHOBbie cPYHKUIIII .llBYX BH,llOB (87), (88), TaKHe :me KBK H npH Bbi

'IHCneHHH peaxuHH p+ Hl~ H~+X.-+ 

J.1HTerpHpOB8HII9 H8H6onee Y.ll06HO npOH3 BO.llHTb B CHCT9Me KOOp,llHH8T (74). 

Kax H B npe.llhi.llYLUHX peaxuHstx, a.lleCb npe.llnonaraeTcH, 'ITO coy.llapHJqLUHecH Hyxno-

' 
Hhi 1 B .ll8HHOM cnyqae 1 H 41 HaCTOnbKO TeCHO C6JiH:m810TCH 1 'ITO HX OTHOCHTenbHOe 

paccTOHHHe Mo:mHo C'lHTBTb paBHhiM Hynl0 1 T.e., ~ • 0. Tor.lla 
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f= rif = 3-i2 
+ 3~l+ Qvw ~n , 

r.z:te il.' - yr~n Me,:.z:tY seKTopoM ""':\T H i\i!' • 
PeayJJhTaTbi 'lHCJJeHHbiX pac'leToB .llHcpcpepeHuHaJJhHbiX ceqemfil peaKUHif 

c!.-'" d-He4 ·+ Jt0 
.z:tnH .z:tsyx BH.z:tos sonaosbzx cpyHKUHil o( -qacT~Ubi ( 87). 

( 88) H pa.z:tHyCOB OTTaJJKHBaromeil cep.z:tUeBHHbi: 

0; 0,3; 0,4; . 0,5 t 
H 0,6 mlic 

npHBe.z:teHbi Ha pHc. 37. 

nPYiflO.IKEHYIE N!i5 

CooTaoweHHe Me)!{p;y ce'leHII.IIMH peaKUHfi p+d- H3+Jt+ H 

3 0 ~ -· p+d- l-te + 1t npH aaJJII'IHII · aanpeweHHbiX nepexo,nos 411. ~ 3/2. 

CooTHOWeHIIe Me)K.llY ceqeHIISIMH peaKuH.il p+d~ H3+.1l+ II p+d- H~+Jt0 

CJJe.z:tyeT H3. npe.z:tnOJJO)KeHH.II 0 TOM, 'ITO aMDJJII'l.'y.lla nepexo.z:ta aaBHCH'r TOJJbKO. 01' non

HbiX H30TODII'leCKHX CDIIHOB 1 yqacTByiOlUIIX B peaKUIIH 'laCTHU. B STOM cnyqae Mbi nony-

qaeM 

. ~ (%,1ft) ::: (1 1/z "1 -~ l-1 1/t 4ft "/z.) ":1:' k1 ~ ~-t -t 

+ ( 14/t. 0 ''/-z.l1 "'t "/-z.1t.) 'Ykt ':YTt ... 
(91) 

EcnH )Ke B03MO)KeH nepexo.z:t l~%) 
TO 

'!' (lk/fz) = ( '1 4/-z 1-Yt( 1''/1. 3/z "It) "1'~1 "f'Jtt -T 

+ [1 it 0 "/-z.(1 1/t. 3/z YJ "! H; "J:'JI ... 
(92) 

Bbi"JIICJJeHHe KoscpcpiiUHeHTOB .z:taeT 

~ (~Vz.) = ~~k3'¥1t"' -~'fl{;~~ (93) 

II 

· 8 OTHOCHT€ 

a Bb!XOA .H, 

COCTOHHHH 

TO eCTh, HB 

3Ha'leHIIH p~ 

·Baal> 

PaceM< 

COCTOHHHe A 

TaKHMH, 'ITO 

Henon.srpH30B~ 

TaK me aanll 

KOTopoe xapa 

~~1l~= \~-\ 

Ha'faiihl 

. i.~ 

'l'k(1,2)=e 

.llnH TO)KtJ.eCT 



:UHII 

iaCTI!Uhl (87) t 

ronhKO. O'l' non-

riyqae Mhi nony-

(91) 

(92) 

(93) 
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II 

(94) 

B H
3 

• OTHOCHT8nhHblX .8Lli!HHU8X BbiXOLl H.Oep 

~ B&rxon H.oep He 
3 N 'ril = 1-+ 2 ~ 

OT ( 93) H ( 94) KBHanOB paaeH AfH' :- 2. -+~ 
, , eCnll OTHOCHTenhH8H BepOHTHOCTh 

COCTOHHHH ( 92) pasHa ~ • TaKHM 06p830M 

dG( p+d~ H3+x'-) 
ds (p+d~HJ+:x.o) 2-38 ( 95) 

.1 

/9/ 
TO 8CTh1 H86nJ0.088M08 B pa6oTe OTKnOH8HH8 OT T80p8TH'I8CKH HCIIpasneHHOrO 

3Ha'I8HIIH paBHO 3 ,:l, Yl3 TOH )1{8 pa60Thl cne.oyeT, 'ITO ~ > 0. 

n P VI 'n 0 :tK E H VI E N2 8 

·Bo3MO)I{HOe yrnosoe pacrrpe.oeneHne ~., -Me30HOB B peaKUHH d+d~ H~+:iL0• 

PaccMoTpHM aonHoByiO cPYHKUHIO .oayx cTanKHB8IOI.UHXCH .oeltTpoHoB, CnnHosoe 

COCTOHHH8 .08ltTpOHOB MO)I{HO OIIHC8Th K08cfJcfJHUH8HT8MH 3arronH8HHH 9:1 t QIJ 

TaKHMH, 'ITo \ q~f +I q" \z + I q_1(Z = 1. . EcnH nyqoK .o~ltTpoHo~1 '9-:1 J 

IIOnHOCTh!O 

HenomipH30BaH, TO lq4\2 =lq.ol~= lq-~1<!= ~ , a q~qi<=O ( i=Fk). 
TaK )l{e 3anHc&rsaeTCH crrHHosoe cocTOHHHe neltTpOHOB HenonHpH30B8HHolt MHI.U8HH 1 

KOTOpOe xapaKT8pH3Y8TCH K08cfJcfJHUH8HT8MH 38IIOnH8HHH £1, £.,, £- i 

\t'1l~= l fa 12 
== l ~-d~:::: ~ , a ~f £k= 0 ({=f:.k) 

HaqairhH8H BOnHOBaH cfJYHKUHH CHCT8Mbl LlBYX Ll8HTpOHOB HM88T BH.O 

(98) 

LlnH TO)I{.08CTB8HHhlX 6030HOB "±" -ciJyHKUHH .OOn)I{Ha 6&!Th CHMM8Tp1!30B8H8,II09TOMY 
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=~{eih[q4o£(1)+~o~(-t)+ £.l-1 ¥(-tl}' L£1ol(z) + £ .. p(z)+ f-1 )"(z)l + 

+etki[91<X(2.)+q,~(z)+q-1y(~)jx[e1ot(1)+ fo§I(•)~E-i y(1)]}. 

(97) 

EcnH BBeCTH CIIHHOBbie BOn HOBbie cpyHKUHH \2, M , o6pa3yiOU.tHe KBHHTeTHbie COCTOH

HHSI .llB~X .aefiTpOHOB, 'X -f,M - TpHrrneTHbie, H \o,o - CHHrneTHbie TaK, qTQ 

ol(.t)ol(2)= ,2,2 ' ~(-1)al(z) =#(\~.1 -\~.") ~(1)o£(2) == \[! '(:p -f,f ~-i,o + {f ){o,o 

ot(1)~ (~) =~("\2,1-t 'X.t,1). ~(-t)~(z)=-~'\2,o-~Xo;o l{t)~(2)=f,f (\2,-1-'X-t,-1) 

al(-t)'((2.)·~~\2p+~f\4,o+f.f?\.o.~ ~(l)~{z)=-'./t (12.--f+i\-t,-1 ) '((-t)\'(2}= '\2,-2, 

TO BOnHOBYIO cpyHKUHIO MO)KHQ 38IIHC8Tb B BH,lle 
\ 

"til £1 , L · z o d.J E-1 liJ 
J. \(~~ = '(2 ~1 -t \[2 lo + 'J2 "[-1, 

r.ae 

t1.~ (eik~eik'l)[qt(2,2 + ftq, 12,1 +ft; q_1 'X~.o + v:fq-1 '\o,o] -

( ilc.1! -iki) [.rr "" .r:r "" -, - e -e ,r2 q ... ,-~,, +~2 9-1 '\"·o J , 

\{'rL = c~"~ e'"") [*q1 \2,1 +#q-1 \2,-1 -+-~'Jo \2,o- Vfqo\o,o] + 

( ikt -ikZ?) [ 11 -y .IT fl ""' J + e. - e 'f2 q, '\,,-t - "2 -,_., ., f,--t , 

~3 = L~k"!+ eik') [ * q, '\2 . ., +VI q" ~ o,o +ff q .. \2.--t + q_ .. \2,-2] + 

-t c~"s_ eikil) [ #9-~ -x" . ., + vTqo \-t.-1l . 

qecKOE 

I 
rrpH I 

lk! e:-

Orr yeTI 

a T8K:> 

o/i="f~ 
(: 

lll- ~~ 
12 -~~ 1 

~3=~ 

yf3 ( 10 

Hbl 0 ecr 

Tc 

Cll 

TJ: 

KB 

B 

'J\.0 
-ME 
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Paanarag nnocKyro aonHy no c¢epuqecKHM rapMOHHKaM H ucnonhayg acuMnToTu

qec~oe npe.ncTaaneHue anH ¢YHKUH~ ~( (lc.r) = $ Te+'h (kr) 
npu kr >> l. , nony'IHM 

'k •• c:oO > ···u·-- h \ • (i··- e~J l ! -u•t • ~ ( r;;;-:-;t r..A e1 r.-1 ""'- T} t ""'- T ] ~ G ) e :-e -..!..oA'~i~.2t+1.·J.=f.1.) ·Le ·+e. ·leo e.M9 
~ ~ . . . . 

OnycTHB MHO:>Ku'I'enh 
t 

k:r 1 He. 38BHCHWHil: OT yrnOB ( e ~ 'f ) H HHLleKCa 

a TBK:>Ke Y'IHTbiBaH TOnhKO CXOLlHWYIDCH BOnHy 1 nony'IHM 

~1=.ff~ottJ~(+t{U.•C-Of1[ q,Xl!.~ +#qo\l!,t+l/fq_, X2,o +ftq~ 1\o.o j Yt,o + 

1- t1-(-1)(J.C{t qo ~~.1 ;-# q_, x~.o J ~ .• } I 

~3=.~gi~~·f{0+(-t)eJ{*qf ,2,"-tft qt'~o,o+#q. \~.-t+·~~ '\:?r2JYt..+ 

-+ D- C-i)t} [# q, ~4,., .... .g q. x.,,_.] ~ . ., } . 

l. 

(100) 

J13 ( 100) BHLlH0 1 'ITO KBHHTeTHbie H CHHrneTHbie COCTOHHHH LlBYX .neil:TpOHOB B03MO:>K

Hbl• ecnu f.. - 'leTH01 a TpnnneTHBie, ecnu f - He'leTHO. 

TaKHM o6paaoM, nMeeM: is .. .. . 
CHHrneTHbie COCTOHHHH O, j)2 , G.'f' .... 

3 .3 3 ·. 
TpunneTHbie cocTOHHHH Po,t:z, , F't,'J,'c , H4,~,, , .. 
KBHHTeTHbie cocTOHHHH iS s D .s G 

1 0, 0,4,t,l,c, . , 2, ,lf,f,,, .. 

8 KOH9'1HOM COCTOHHHH o6e qa~THIJ:bl - 6eccnHHOBbie, llOSTOMy npu ucnycKaHHH 

'Jt" -MeaoHa B S - cocToHHHH cuc'teMa HMeeT nonHhril: MOMeHT ;r =0, a 'leTHOCTh -

oTpuuaTenbHyro. BosMo:>K.eH cne.n:yrowu.ll: nepexo.n 
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3 P0 (clJ.) ~ ~s .. (H~"1l"). 
npH HCnyCKBHHH Jl0 -Me30H~ B p-co~TOHHHH 1 KOH9~H09 COCTOHHH9 HM99T J" = 1, 

'19THOCTb nonomHTenbHYIOo JlerKO BH.ll9Tb1 'ITO 3.ll9Cb B03MOmeH TOnhKO nepeXO.ll 

s- < . 

D1 ( dd.) --.~ .. ~ l~e~~). 
KoHe'IHhiMH aonHoBhiMH cpyHKUHHMH HBnHIOTCH n'onHHOMhi JlemaH.upa ~e~~ 

Jlmr S -cocTOSIHHSI ( . Jt" -MeaoHo~), £.. =0,: M =0; .nnsr p-cocTOSIHHSI 1t0 -Me-

30HOB t = 1; M = 1,0 -1. 

npH HCnyCKBHHH A
0 

-Me30H8 B S -cOCTOSIHHH yrnOBOe · pacnpe.neneHHe H30Tpon-

HOe 

Jlnsr p-CQCTOSIHHH 1t" -MeaoHa HMeeM: 

~1 ~ # ~., \2.~ Y;,o + {tq, ,2,0 Y2,o 

~2- {i '\11\11,1 ~,o + ijq~ '\~?,-1·~,.,;- ~q., ~2,o~, .. -, 
( 101) 

~~"'. ij- '11;~1,0 'ri.o -T ~ q., \2,-i Y2,o 

BbipaaHM npoHaae.neHHSI \.s,l'1 Y(,o qepea co6cTBeHHhie cpyHKUHH nonHoro 

MOMeHTa ;r H er.o npoeKUHIO M: 

.· M 
\s,M'r;,., = ~ (esoMj{s.TM)~J"(U) (~6,q>). 

ViMeeM .nnH J = 1 . . 

\./ '\..91 ' @ 'U " ' • 
\_2,1 12,0 - (2201[22-tV ci/1 ( 22) =\j-10~(22)" su.,S 

\2,0 ~.o = (220_o (221o) ~(:2) = 0 cr) 
v c _., -1 

1.~.-1 l2 0 =· 220-1/22-1-1) "d =-·ff 'f ""s~G 
' . 4~~ ~0 1&~ 

( 102) 

BKl 

B j: 

Me; 

BIU 

Hh!il 

HOB, 

CTO! 

Hhlii 

UHIX 
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J 

T aKHM o6pa3oM, B Haw eM cnyqae ( d +d. ) 
BKnan COCTOS!Hifll C M = 0 If yrnosoe pacrrpeneneHHe 

- coynapeHHil HCKnroqaeTCH 

Jl 0 
-Me30HOB 0 lfCIIyCKaeMbiX 

B p-cOCTOSIHiflf 6yneT IIpOIIOpUHOHanbHO sV.,2 e • EcnH yqecTb o6pa3osaHHe :ilo-
Me30HOB B s- If p -cocTOHHHH, To_yrnosoe pacrrpeneneHHe 6yneT HM~Tb 

(103) 

Yrnosoe pacrrpen8neHHe 

;.._.,OMifHHpyroWHM nepeXO!lOM B 8TOH peaKUifH HBnHeTCH aneKTpH'ieCKHll KBa!lpyrronb-

-i_D "S 1181 "D Hbiil rrepexon - , rne - HaqanbHoe cocTOHHHe nsyx nefiTpo-

HOB, a "S - OCHOBHOe COCTOS!l!He o( -qacTHUblo 

TaK KaK IIpOeKUifSI op6HTanbHOrO MOMeHTa !lBYX nefiTpOHOB B CHHrneTHb!X co

CTOHHHSIX Ha HarrpaBneHHe HX !lB!f)KeHHSI paBH8 'Hynro, TO· aneKTpH'ieCKifll KBanpyiiOnb

Hbl~ rrepexon rrpoHcxonHT c m "'0. B aToM cnyqae yrnosoe pacrrpeneneHHe BbineTaro
/36/ 

WHX qaCTifU OIIIfCb!BaeTCSI Bbipa)KeHH8M 

( 104) 
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4' 5' 6' 

3 
d+d-He +n 

20' 

4 
d+d--o+ He 

JOO" 

7" 8• 9" JO' a/I.e 

PHC, 1. 

KHHeMaTHKEl peaKUHii d-~-d--1-te4 +Ji.., , d+d-He4+y J! d+d-He3+n 
.ZlnSI 9Hepi"HH aaneTEl!Oll.lHX .ZleitTpOHOB 404 .Mas, no OCH a6CUHCC OTnO)KeH yron' BbineTa Slllep 

1-Je4 H He
3 

B na6opaTOpHOit CHCTeMe, no OCH OpllHHaT OTnO)KeH aclJclJeKTHBHblA HMnynbC 

9TH X 'IElCTHU ( P / ~ ) , r .Zle ~ - aapSI.ll SI.llpa. UHcPpbr Ha KpHs&rx yKaa&maioT yrn&r s&rneTa 

Slll.ep He4 H He
3 

B CHCTeMe ueHTpa MElCC CTanKHB810ll.lHXCSI .lleATpOHOB, nyHKTHpHaSI nHHHSI 

Hll pHCyHKe COOTBeTCTsyeT yrny pei"HCTp8UHH TSJ)KenhiX '18CTHU 5,8°s na6opaTOpHOit CHCTeMe, 

a He~ 
'18C1 

UH<j: 

88101 

o( 
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I 
I 
I 
I 
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I" 
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It 
d+d-ot He 
~---. 

50' 

Puc. 2. 

'lou· 

d d He.4+"'"l" d d He4 ....r KuHeMaTHKa peaKuHA ~ - J\ H ~ - + <1 .ann 

9HeprHH HaneT8101UHX .aeitTpOHOB 404 M9B, no OCH a6CUHCC OTnO>KeH ·yron BbineTa o{ -
"l8CTHU B na6opaTOpHOit CHCTeMe, no OCH Op.llHH8T-npo6er eX -qaCTHU B yrnepo.ae, 

UHcppbi Ha KpHBhiX yKa3biB810T yrnhi BbineTa 0(. -qacTHU B cHcTeMe ueHTpa Mace cTanKu

aa!OIUHXCst .aeitT(:!OHOB, nyHKTHpHast nHHHSl Ha pHCYHKe COOTBeTCTByeT yrny pei'HCTp8UHH 

o( -qaCTHU ·5,8° B na6opaTopHoit CHCTeMe, 



2 

§j 

Puc. 3. 

06wan cxeMa sKcnepuMmna. 

.!!... 

!lJ' 

\ 
//'"' _,,,,, 

- OTKnOHHIOWIIe H8C8LIKH, 2 - BbiBeLieHHbiH ny"'OK LieHTpOHOB IInii npOTOHOB
0 

3 - M8rHIITHble 

KB!!LipynonbHbre nHH3bi, 4 - MIIWeHb H3 TSimenc;>ro nonusTuneHa, o6bi'lHoro nonHSTHneHa, yrne

poLia Hnii )!{lfLll{O-LieliTepueBaSI MIIUieHb, 5 - CBIIHIIOB8SI 38WHT8, 6 - MOHHTOp, 7 - TpaeKTOpiiSI 

BTOpii'lHblX 38pRmeHHb!X 'l8CTIIII, 8 - OTKnOHRIOWHH sneKTpOMarHIIT, 9 - cpoKycupyiOWIIe WHMMbl, 

10 - 6eTOHH8SI 38WIIT8 0 11 - TeneCKOIT H3 WeCTII CIIHHTHnnRIIHOHHbiX C'leT'liiKOB, 12 - sa-
WIITH8SI CTeHa. 

Cl) 
00 



IV -- Ut:TUUHtlH 

UlHTH8SI CTeHa, 

3Bll.lHT8 1 II - TeneCKOfi H3 WeCTH CUHHTHnnsUtHOHHbiX C"leT'IHKOB
1 

12 - 38-

PHc. 4, 

06mall cxeMa aKcnepHM9HTa, i·.· · 
1 - OTKUOHliiOll.IHe uacaaKH, 2 - a&raeaeHH&Ilt ny'IOK aeltTpouoa HUH npoToHoa, '·.·s·- MarHHTH&Ie 

KBSLtpynOUbHbie ~UHH3bi;'·· 4· ·- r830B8ll MHlli9Hb HUH MHW9Hb H3 Tll:lK9UOrO UOUHSTHUeua, o6&I'I

HOro JIOUHSTHU9H8 H yruepoaa, 5 - CBHHllOBSH 38ll.IHT8 0 6 - MOHHTOp, 7 - TpaeKTOpi!ll BTOpi!'I

HbiX 38pll:lK9HHbiX '18CTH!l 1 8 - OTKli.OHliiOll.IHlt SU9KTPOMSrHHT, 9 - <iJoKyCIIpyiOll.IHe WHMMbl, 

10 - 6eTOHH8ll 38ll.IHT81 11 - TeU9CKOn H3 UliTH CllHHTHUUllllHOHHbiX C'19T'I!IKOB, 12 - 38ll.IHT

H8ll CT9HS, 13 - Tpy6hi BaKyyMHOrO TpSKTA, 14 - CllHHTHUUllllHOHHble C'19T'IHKH, 0CYlli9CTBUl!IO
lliH9 oT6op 'ISCTH!l no apeMeHH npoueTa,. 

........ ............... ......... ····~· .... . .. .. 
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PHC. B.A. 

9-

l: 
lJ 

I'll 

01 

... 

0 

AsTorpacPbi BbiBe.aeHHoro ny'IKS .aeltTpOHOB B pasJiH'IHbiX y'laCTKax TpaeKTOpHH. 

a - ¢opMa ny'IKS nepe.a sxo.i:xoM B MarHHTHbie KBa.apynonbHbie nHH3bi, 6 - ciJopMa ny'IKa 

nocne npOXO:lK.OeHHSI MS.rHHTHbiX KBS.LlP]llfOnbHbiX nHH3 1 B - cPOpMS. ny'IKS B MeCTe pacno-

no:lKeHHSI MHWeHH H3 TSI:lKenoro nonH9THneHa HnH :lKH.OKO.OeJiTepHeBOJi MHWeHH 1 • r - ciJopMa 

ny'IKS. HS BbiXO.OHOM OKHe K.O:lKYXS. rS30BOlt MHWeHH 1 Ll - cPOpMS. ny'IKS B ueHTpe rS30BOlt 

MHWeHH, 

A 
e- 1 

ObinS 

Toro 

OCH l 

HOK l 

CKOJi 

)K-

'19HS 

'IT06J 

. ny'IKI 

BbiMH 

OCbiO 

'ISCT~ 
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• PHC, 5,E. 

ABTorpacPbi BhiBeaeHHoro ny'IKa aeltTpoHoa a pa3nH'tHhiX y'laCTKax TpaeKTOpHH, 

e - cPOpM8 ny'IK8 H8 BhiXOaHOM OKHe KO)!{yxa )!{HaKoaeATepHeBO.l!: MHLUeHH, 3Ta cPOTOI"p8cPHSI 

Ohlna nony'leHa npH OHTHKp8THOM yaenH'IeHHH BpeMeHH 9KC003HUHH B ny'IKe ae.l!:TpOHOB 1 ann 
TOI"O 'IT06bi onpeaenHTb npaaHnbHOl:Tb COBMeLUeHHn KOHTeltHepa ann )!{HaKOI"O aeltTepHn H 

OCH Oy'IK8, .I::SepTHK8nbHbie nHHHH ITO Kp8nM CHHMK8 COOTBeTCTBYIOT TeHH OT naTyHHhiX CTe

HOK KOHTeJtHepa,. 8epT~K8nbH8n nHHHn B UeHTpe cPOTOI"P8cPHH Bbi3B8H8 TOHKO.l!: .MeTannH'Ie
CKOJt Tpy6KOJt BHyTpH KOHTeltHepa, Cny)!{alUeJt ann H8ITOnHeHHSI MHLUeHH )!{HaKHM ae.l!:TepHeM, 

)!{ - cPOpMa ny'IK8 H8 BhiXOaHOM OKHe KO)!{yXa I"830BO.l!: MHLUeHH, ¢OTOI"p8cPHSI 6hin8 nony- . 

'leHa OpH ITRTHKp8THOM yaenH'IeHHH apeMeHR 9KCIT03HUHH B ny'IKe aeJtTpOHOB ann TOI"O 

'IT06bi OpOBepHTb COOCHOCTb ny'IKa C BhiXOaHhiM OKHOM KO)!{yXa MHLUeHH·. 3 - cPOpM8 

. ny'IK8. B MecTe pacnono)!{eHHn MOHHTopa. 11 - c!JopMa ny'IKa nepea nornoLUaiOLUHMH CBHHuo

BbiMH 6nOK8MH, BepTHK8nbH8n nHHHSI H8 CHHMKe cny)!{HT ami onpeaeneHHn yrna Me)!{ay 

OCbiO nepBH'IHOI"O Oy'IK8 H OCbiO BXOaHOI"O KOnnHM8TOpa, BhiaenniOLUei"O BTOpH'IHble 

'18CTHUhl, 

.. 
' 



?lUCKpUMUHamop 
~~ (:4} 

IcxeMa 

I I I I l

nRmwrpamHbtx 
co6naBeriuu + 

r--------------t--------------t--------------t----~~nHmucofJnaacwue 

(nc. 2) 

{ 112) 

(n.c . .'!J 

II cxeMa 
nHTTlwrpamHbiX 

co!JnaBeHutl 

Bbtxoa 2 

. PHc. 6. 

(JJ,) 

EnoK-cxeMli pa.a:HoTeXHH'IeCKoA arrrrapaTypbi. 

(JJ:s) 
BbtXOtJ f 

y - nHHeftHbie ycHnHTemr, rrc - rrporrycKaroume cxeMbi, .Ll - .O:HCKpHMHHaTopbi. 

f!u.l76mpb1 

tj 
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y - nHHeitHhie ycHnHTenH, nc - nponyCK810WHe CXeMbi 1 .[1 - .llHCKpHMHH8TOpbi. 

-----.. ~ 

Pezucmp. 
ttacmuu,bJ 

J 2 

I---- 3 2 f1 ---. 
6&1cmpa11 
c x e Ma 

1
t------' 

coGnaaeHuu 

PHc; 7. 

~u/l6mpb1 

3 If 5 b ?I! 
~ 

,.,v 

l 
nflmUXaHa/loHa.fl . 

CXeMa COOnaaeHwl U 
OUCH.PUMUJ.IOU,UU. 

1Bb1XOO 

EnoK-cxeMa pa.llHOTeXHH'IecKoit annapaTypbi npH nononHHTenbHOM OT6ope qacTHU 

no BpeMeHH nponeTa~ 1,2 - BpeMeHHbie CUHHTHnJHIUHOHHbie C"'eT'IHKH
1 

3,4,6,7 - CfleKTpo

MeTpH'IeCKHe CUHHTHnnHUHOHHhie C'leT'IHKH 1 8 - C'leT'IHK 8HTHC0Bfl8.lle_HHit. 
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506 b70 225 340 

Pac. 8. 

0THOCHTe1lbH8H ScPcPeKTHBHOCTb SMHCCHOHHOit K8Mepbi B .38BHCHMOCTH OT SHeprHH 

npOTOHHOr~ nyqKa. no OCH a6CUHCC OT1lO)KeHa SHeprHH npOTOHOB H M8KCHM81lbH8H 

SHeprHH l:i -sneKTpOHOB. no OCH 0p.OHH8T OT1lO)KeHa ScPcPeKTHBHOCTb 9MHCCHOHHOit 

K8Mepbi ITO OTHOWeHHIO K HOHH38UHOHHOlt K8Mepe. 

t __ u_ I 

-.1 
~ 
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KaMepbl llO OTHOllleHHIO K HOHH38UHOHHOl!: K8Mepe. 
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Puc. 9. 

3aBHCHMOCTb 8MllnHTYLl HMnynbCOB OT BenH'IHHbl HOHH38UHH C( -qacTHU. 

To'IKH 1,2,3,4 H3MepeHbi aKcnepHMeHTanbHo. To'!Ka A nonyqeaa pac'!eTHbiM nyTeM. 

-..! 
en 
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PerHCTp8UHSI gnep TpHTHSI OT peaKUIIH p+d-- H:S+ x+ . 
a)CqeTHSSI xapaKTepHCTHK8 TeneCKOll8 B 38BHCHMOCTH OT nopora JJ.HCKpHMHHBTOpBj 

~ - MHWeHb c.n2 ) ' - pa3HOCTHblit cqeT OT MHWeHeit [ CDz -c] . 
6) Pa3HOCTHbiit cqeT TenecKona oT ·MuweHeit [ C.D2.- C l npu pa3nHqHofi 

TOniUHHe TO.,PM03SIIUero cPHnbTpa, B) Pa3HOCTHblit cqeT TenecKona OT MHWeHefi f C 'D2.- C j a 3BBHCHMOCTH oT ToKa aneKTpoMarHHTa. C'rpenKH Ha pucyH-

Kax 6) 
1 

B) yKB3biB810T pacqeTHOe 3 HaqeHHe npc6era H TOK8 aneKTpOMarHHTS nng 

gnep TpHTHR oT peaKUHH p-+ d- H3 + 7t+ . CTpenKa Ha puc. a) yKa3bi~ 
aaeT pa6oqyJO TOqKy WKanbl JJ.HCKpHMHH8TOpa. 

J 

J, 
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a) 
zs u9 Bonbmb1 

i P·P-d ~rt· 
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6---- ·_. -0--
55 '] 112 t/6 136 

5) 8) 
Puc. 11. 

3 . d H 3 ....... 
YcnOBHH perHCTpauuu H,llep He ' o6pa3yi01UHXCH 9 peaKUHH p+ -- e +A 

a) cqeTH8H X8p8KTepHCTHK8 TeneCKOIT8 B 38BHCHMOCTH OT/rropora .llHCKpHMHH8TOpa, 

CTpenKoll: yKa3aHa o6nacTb xapaKTepHCTHKH, rile perHcTpHpy!OTCH TonbKO SI.llpa He 
3

, 

6) Pa3HOCTHhifi cqeT TenecKorra OT ra30BbiX MlfllleHefi ( D2- H2] 
B 38BIJCHMOCTH OT TOK8 :aneKTpOMarHHT8, ( 

B) Pa3HOCTHhifi cqeT TenecKorra OT ra30BhiX MlfllleHefi D2.- H2.] - B 38BHCHMOCTH 

OT TOK8 :aneKTpOM8rHifT8 rrpl! perlfCTp8UHH .llefiTpOHOB OT peaKUHH p+p- d+:7t+ 
CTpenKaMn Ha pHc, 6) If Bi yKa3aHbi pacqeTHbie 3HaqeHHSI TOKa :aneKTpoMarHHTa 

.ann.peaKuHfi p+d--'l>-1-le-+y , p+d...,.He3+~· , p+p-'-'"d+:7t+ 
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PHc. 12. 

Y CROBHSI perHCTp8UHH SILlep He 
3 

OT peaKUHH d + d- lit?+ tt npH pa6oTe 
c MHUieHbiO H3 .ael!:TepononasTnneHa. CTpenKaMH yKaaaH&I pacqeTHbie aHaqeHHSI cpe.a
HHX npo6eros paannqHhiX qacTHU. 
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.- MnJ..U.,nt>•u ""' At!HTt!punuJutaTaneaa, vTpenKaM!f yKa3aHbi pac'leTHbie 3Ha'leHHR cpen

HifX npo6ei:'OB pa3Jllf'lHbiX '18CTHU, 

----~----~-------------------J 
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J on~.eg: 

10 12 14 
Ug 8onbmbJ. 

56 58 8 

· Pac. 13. 

Y cnoaHSI peracTpauaa SI.O.ep He 
3 

oT. peaKUHH 'd -+ d- H £! -t- n. rrpa pa6oTe 
c MHWeHHMH aa neltTeporrona:olTaneaa a yrnepona 
a) cqeTH8ll xap8KTepHCTHK8 TeneCKOII8 B 38BHCHMOCTH OT IIOpOr'a .O.HCKpHMHHSTOpa, 

3 CTpenKaMH yKaaaHbi o6naCTH xapaKTepacTHKH, r.o.e peracTpapyiOTCH neltTpOHbi H H.o.pa He 
6) CqeTnaH xapaKTepacTHKa Tene.cKorra ·a aaaHCHMOCTH OT TOKa aneKTpoMarHHTilj 

~ ~ MHWeHb c.u2 ' 2 - pa3HOCTHbllt cqeT OT MHWeHell [CD% -C]. 
' d 3 

CTpenKolt yKaaano pacqeTnoe rrono:lKeaae IIHKa SI.O.ep He
3 

OT peaKunn +d-- He+ rt. 

-1 
co. 
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a. 

He3 
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;$ 
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10 

Ug b0/16m61 

R2_k,lcu 

npn 
Ycnoann perncTpaunn Haep He

3 
OT peaKunn d+d- Hl + tt. 

paooTe c JKHaKoaellTepneaoll Mnwenbro, 

a) C~9TH8H X8p8KT8pHCTHK8 TGnGCKOnS B 38BHCHMOCTH OT nopora aHCKpHMHHSUHH, 
CTpenxa~n yKaaanbl oonacTn xapaKTepncTHKH, rae perncTpHpyroTcH aellTpoHbl n 
Haps He , • 

6) C~eTHSH Xap8KT8pHCTHK8 TenGCKona B 38BHCliMOCTH OT TOnWHHbl TOpM03HWero 
tjlnnbTpa: 

2 - c~eT aT Mnwenn, aanonnennolt JKHaKHM aeltTepneM, 
~ - C~GT OT nycToro KOHTellnepa MHW8HH, 

3 3 CTpenKSMH yKaaaHbl pac~eTHble ana~ennn cpeannx npooeroa Haep H n He , 
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Puc. 15. 

Ycnm'HHI perncTpaunn sutep He
3 

OT peaKuuu d+d- He3 + n npu 

pa6oTe c Murneubro na .oeliTepononu:nnneua H ucnonb3oaaunn .oononnuTenbuoro OT6opa 
'ISCTHU no apeMenu nponeTa, 
a) C'!eTHaH xa.paKTepucTHKa 

TeJJeCKOna B 38BHCHMOCTH OT Be.'!H'IHHbl 38.t:tep)I<J(H 
HMnynbCa nepaoro apeMeauoro C'leT'IHKa. 

6) C'leTnaH xapaKTepncTnKa TenecKona B aaaucnMoCTH OT nopora .t:tHCKPHMHHaTopa. 
~- 6ea ucnonb3oaanu!l OT6opa 'ISCTHU no BpeMeun nponeTa, 

2- C ~KJliO'IeHHb!MH BpeMeHHblMH C'!eT'IHKSMH, H8CTpOeHHb!MH Ha BpeM!I nponeTa 
H.t:tep He • 

CTJ1enKaMu yKaaaHbl o6nacTa xapaKTepnCTHKH, r.oe perncTpyroTC!I .oel!Tponbi u H.t:tpa 
He • npuae.oennbie B03Jle HHX UHqlpb! COOTBeTCTBYIOT BpeMeun nponeTa 3THX '18CT!IU 
ua 6aae 3,2 M, 
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P11c, 16. 4 -
YciiOHI-fH p<~rHcTpaunu ol. -•Jac-rnu o-r poaK!lllll d +d- He..._ :7t

0 

npn pa6oTo c MliWOHbiO 113 aeil-reponomi3TI!nena, 
a) C•IOT!HlH xapaK-repHCTHKB -renecKona n 38BHCHMOCTI1 o-r nopora ancKpliM11HBUI1H. 

'?- npn TOHlliiii!O TOpM03SilliOrO qll!1lbTp8 ~ =0,5 CM A 1 
~- npn -ronumHe -ropM03muero cp1111bTpa R = 1 eM Al. 

6) Pa3l!OCTHbiil cqe-r -renecKona 
C-rpemwr1 t yKa3ana pa6o•wn TO<IKa xapaKTepHCTHKH. C-rpenKoll •• yKa3aHo 

paC'lOTI!08 31!8'-lOIU!O B0lli1'1I1Hbl nopora tliiCKpHMI-IIWTOpa tl/111 o( -qaCTHU C HMliYJlb-

COM 63:) f'.\98/C, 
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P11c. 17. 

YcnoBI!R perHCTpaUHI! 0( -qacTI!U OT peaKUI!I! 
np11 pa6oTe c MI!Wel!biO 11a ael!TepononHaTHnena. 

1 
d+d- He4+:ll" 

a) CqeTHan xapaKTepHcTI!KB TenecKona s aaBI!CIIMOCTI! OT aenHqHHhi TOpMoanwero 

¢HnbTpa. 4 
6) PeaynbTBThi HaMepeHHll o( -qacTHU oT peaKUI!H d+d.- He+ :Ito; 

Q. - cqeT TenecKona oT MHWeHu C'D2 , i_ - cqeT TenecKona OT yrnepoanoll 

MHWeim C, 2 - paanocTHhill cqeT TenecKona lC.D2 -C]. . 
CTpenKoll yKaaano pacqeTnoe anaqenue ToKa aneKTpoMarnuTa ann o{ - qacTnU OT 

peaKUI!I! d"" d- He"'+ 'K.
0 

0:0 

"' 
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Pac. 18. 

YcnoaaSI peracTpauaa .o:ellTpoHoa OT peaKnHH p~ p-d.,.. x:+_ npa pa6oTe 
c MHWeHbJO H3 .o:ellTepononHaTHneHa • 

a) C'!eTHag xapaKTepHCTHKa TenecKona B 38BHCHMOCTH OT nopora llHCKpHMHH&QHH. 

CTpenKaMa yKaaaHbl- o6nacTa xapaKTepHCTHKH, r.o:e perHCTpHpyJOTCSI npoTOHbl H .o:el!TpOHbi. 
6) Pa3HOCTHblll C'leT TenecKona OT MHWeHel! [eDz. -C] B 3aBIICifMOCTH OT TOKa 

aneKTpOMBI'HHTa. 

~ 
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P11c, 19. 

YcnoBHH perHcTpauHH o( - 'ISCTHU OT peaKUHH d.+d...- He4+1t0 

UpH pa6oTe C :lKH.llKO.lleliTepHeBOll MHWeHbJO, 

a) C'!eTHBH xapaKTepHCTHKa TenecKona B aaeHCIIMOCTH OT nopora .lllfCKpHMIIHauHH" 
2 - npH TonwHHe TOpM03SIWero ¢Hn&Tpa R =0,6 CM A1 

1 
1 

f.- np11 TOUWI!He TOpMoaSiwero cpHnbTpa R. = 1 CM AI. 
6) PaaHOCTHblll c'!eT TenecKona ( ) • '( ' 

N R.•O,G - .r:-~ R.=-i,OJ. 
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Puc. 20. 

YcnoBHSI perncTpaunn o( - 'IBCTHU OT peaxunn d + d- H~ + A 0 

H Sinep He
3 

oT peaxunn d+d _. He3 +- tt npn ncnonb.3oaannn :>Imnxo-
nel!Tepneaoa MHWeHH. 2 - cpOHOBbie OTC'IeTbi perHCTpHpyrowel! anuapaTypbl, 
nacTpoeaaoll Ha 0(. - 'IBCTHUbl OT peaKUHH d+d- He'+ '1t0 

, B aaJm

CHMOCTH OT TOKB SJieKTpOM8rHHT8, n:t'!J'~THpH8SI KpHBBH COOTBeTCTBy<!~ B03MO)KH0MY 
Ce'leHHIO STOll pe8KUHH, paBHOMy 2• 10 CM2, f - BbiXOn Slnep He OT 3'iJIOJI-a 
nennoll MHWeHH a aaBHCHMOCTH OT TOKII snexTpoMarnnTa. X -· BbiXon Sinep He 
OT nyCTOll MHWeHH, 

\ I 

00 
CD 
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HeHHOlt MHWeHH B 38BHCHMOCTH OT TOKS sneKTpOMSrHHTS. )(. -· BbiXOll. SIJJ.ep He-

OT nyCTOlt MHWeHH. 
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PHC~ 21.· 
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2 'r 6 8 JO 12 if; 

:, ' 

a) C'!eTHaSI xapaKTepHCTHKa sqxjleKTHBHOCTH coanaJJ.eHHlt MemJJ.y c'!eT'IHKaMH, 

OCy!lleCTBnSIIOWHMH OT60p no BpeMeHH nponeTa, npH perHCTpSUHH npOTOHOB, HMee

WHX TaKyiO :H<e CKOpDCTb, KSK H o/.. - 'ISCTHUbl OT peaKUHH d+d- He"*+!li:o> • 
6) YcnoBHSI perHcTpauHH O(; - 'ISCTHU c 3¢cpeKTHBHbiM HMnynbCoM 635 M3Btc 

neH pa6oTe HS MHWeHH H3 J].eltTepononH3THneup. · 

Q - 6ea Hcnonb3oBaHHSI oT6opa no epeMeHH nponeTa, t - c Hcnonb30BSHHeM 

oT6opa no epeMeHH nponeTa. 
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Pnc, 22, 

YcnoanR pernc4paunn o( -qa~THU OT peaKuHil d -+d..-- H~ -+7i:0 

H d+ d- He • "f" a TpeTbeil cepnn H3Mepeanil, 

a lei) C'!GTHble' xapaKTGp!iCTHKH perHCTPHPYIOL4Gil annapaTypbi, HBCTpOGHHOil 

'IBCTHUbl OT peaKUHH d1-d- He4-+ 'l," , H3MepeHHb!G Ha MHWGHH 
na a(. -
H3 TSI>Ke-

JlOro·;nOIIHSTHJlGHa B 3BBHCHMOCTH OT nopora llHCKpHMHHBUHH H TOJlWHHbl TOpM03RWero 
rpllllbTpa 8 TGIIGCKone, · :J 'f #f 
a) PeaynbTBTbl H3Mepeanil peaKunil d+d-HQ+O., d+J.-He•Jt•"' d+cl-lie+"(-
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Pac. 23. 

npoaepxa CTa6anbHOCTH pa60Tbl annapaTypbl. Bb!XOn o( -qacTHU c HMnynbCOM 

635 ,'v\aa/c OT MHWeHH H3 T!I>Kenoro ll0llH3THlleHa B 38BHCHMOCTH OT BpeMeHH H3Me

peHHll. 
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6} PHc. 24. 2) 
C'!eTHbie xapaKTepHCTHKH annapaTyphi B 'IeTsepToil cepHH HaMepeHHil npH aacTpoi!

Ke Ha o( -qacTHUbl OT yrnepoaHOl! MHW9HH, HMBIOWHe Te ){(9 KHH9M8TH'I9CKHe 

xapaKTBpHCTHKH, 'ITO H 0( -qacTHUhi OT peaKUHH d+d- Helf -1- :/l.0 

a) B 38BHCHMOCTH OT HanpH){(9HHH Ha nepBOM Bp9M9HHOM C'I9T'IHKe
1 

6) B 38BHCHMOCTH OT HanpH){(9HHH Ha BTOpOM Bp9M9HHOM C'I9T'IHKe
1 

B) B 38BHCHMOCTH OT BBUH'IHHbl aHCKpHMHHSUHH I 

r) B 38BHCHMOCTH OT /TOUlUHHbl TOpM03H1Uero cpHUbTpa. 

CTpenKaMH yKaaaHbl nonci){(eHHH pa60'IHX ToqeK. 

RcMRe 
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.J( 

30 

20 

10 

2 
0 

CqeTHbie xapaKTepHCTHKH annapaTyphi B 'leTaepToll cepuu H3Mepenull npu 

nacTpollKe na 0( -qaCTHUhi OT yrnepo.nnoll MHWeHH, HMelOWHe Te me KHHeMaTu

qecKHe xapaKTepHCTHKH, 'ITO 0(. -qacTHUhi oT peaKUHH d+cl.- He'~ -t- 0 
a) B aaBHCHMOCTH OT HaUp>ImeHH>I Ha nepBOM BpeMeHHOM C'leT'lHKe

1 
6) B 3aBHCHMOCTH OT Hanp>ImC'HH>I BO BTOpOM BpeMeHHOM C'leT'lHKe

1 
a) B aaBHCHMOCTH OT BeUH'lHHbl .nHCKpHMHH8UHH1 
r) B 3aBHCHMOCTH OT TOUILHHbl TOpM03>Illlero qlHUbTpa. 

CTpenKaMH yKaaaHhi nonomenu>I pa6o'IHX TO'leK. 
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PRe. 26. 

PeaynbT8Tbl 'leTaepTOA cepHH H3MepeHHA peaKIIHA d._ ... d.- He3
-+ n' 

d•d- Helf~'i· H d+d- He"• "If . ; 
Q - C'leT annapaTypbl OT I'830BOA JleATepHeaoA MHWeHH B 3aBHCHMOCTH OT TOKA 

MeKTpoM8I'HHTA, ~ - C'leT annapaTypbl OT I'830BOA BOJlOpOJlHOA MHWeHH B 38BH-

CHMOCTH OT .TOKa aneKTpOMAI'HHTa. 

nPHBeJleHHble HA rpa<fJHKilX OTHOWeHHH (I: 2,5, 1:1, 1:33) fiOK83blBAIOT H3t.ee

HeHHH MACWTa6a fiO OCH OpJlHHAT •. 
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P11c. 27. 

npoaepKa CTSTifCT!fqecKoro pacnpeaeneHiflf MOMeHTOB UOHBneHHif OTCqeTOB 
annapaTypbi. no OCif a6cu!fcc OTnomeao q!fcno oTcqeToa aunapaTypbi, lfMeBllllfX 
MeCTO B 3SaSHHOM lfHTepaane BpGMeHH. no OCif OpalfHST OTno)KeHS BepOHTHOCTb 
fiOHBneHHif 0,1,2,3 ••• H T.a. OTCqeTOB annapaTypbi 38 OaHHSKOBble HHTepBMbl BpeMeHH. 
a) PacnpeaeneHHe OTcqeTOB annapaTypbi anH peaKUHif d ... d- He4-+ ¥, , 

4 6) PacnpeaeneaHe cPOHOBbiX OTcqeTOB annapaTypbl ami peSKUHH d +d- He+ r' 
a) CyMMSp!Joe pacnpeaeneHHe oTCqeToB annapaTypbi anH peaKUHH d-4-d- He"+ Jt•. 

npHBeaeHHble HS rpaciJHKax KplfBble lfBnHIOTCif pacnpeaeneHHifMif nyaCCOHS 
anH cpeaaero aaaqeaHH noHaneHHH a aaaaHHOM HHTepaane apeMeHH qlfcna co6biTHa, 
paaHoro eaHHHue.' 
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67 69 :J 

Y CIJOBHH perncTpaunn o( -'faCTHU OT peaKUHH p + He~- H~ + J'(. +. 
a), 6) C'feTHbte xapaKTepncTHKH perncTpnpyiOmel! annapaTypbl, HacTpoennol! na o( -
'f8CTHUbl OT peaKUHH p+Htl1- He4+ :Jt+ . , H3MepeHHb19 Ha yrnepOJlHOi! MHWeHn, 
B 38BHCRMOCTH OT nopora JlHCKpHMHH81.1HH H TOnlllHHbl TOpM03Hu.iero ¢HnbTpa, CTpenKol! 
YK838H8 pa60'f8H TO'fK8 X8p8KTepHCTHKH, ~ . 
r) Peayn&TaTbl HaMepennn peaKunn p+ He'l- He +Jl+ 
B 38IIHCHMOCTH dT TOKa sneKTpOMarHHTa, 

!S - H3Mepenun na raaoaoll Mnmenu, nanonnennoll He
3

, f. - H3MepeHHH na 
raaoaoll JleiiTepneaol! MHWeHH, 
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· Pnc. 29. 
· 4 H3 3aep':GTII'IGCKaa 38811CIIMOCTb peaKUIIll "(+~e. - + P 

E0 - nopor peaKunn. _ 4 3 
1 ) PeaynbTaT&I pac'!eTa ana peaKUIIll y+ lie. ._ k • p 
TanbHhle TO'IKH H3 pa60Thl/14/. 4 
2) PeaynbTaTM pac'!eTa ana peaKilHH l+ He- cl-+ cl 
mel! pa60Tbl. 

• ~ - aKcuepHMen-

• t - aaHHbJe H8CTOa-
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PHc, 30, 
3 '+ PeaynbTaTbl Bbi'IHCnaHHA nacpcpepeauaanbHoro ce'laHHH peaxuHH p+cl- 1-1 + Jl 

upa sHeprHH upoTOHOB 240 Mss nn.11 sonHosoA !Jl[HKUHH .11,apa H3 sana: · 

'1'-t:,., .t"p {- Tol-t ~lOs I} /24/ 
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Puc. 31. 

t2o• 150" 

* B.lf'C.t.i..M. 

PeaynhTSTbi awmcnennll: .z:tntlltlJepeauuanhHOro ceqeaus peaKguu p+d- H3+ .1t+ 
npu aaepruu upoTOHOB 340 Maa .z:tnH aonaoaoll: tPYHKUHH H.z:tpa H an.z:ta: 

"tt - up {- o("*' ~ ~~J· r.r .. 1 
~ 1241 H p83JJH'IHbiX pS.z:tHyCOB TBep.z:tOII; Cep.z:tUeBHHbl ro, T. - .z:tSHHble pa60Tbl• , 

110° 
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PHc, 32, 

120° tso• sso• 
II 

(}p C.U..M. 
PeaynbTaTbl awmcneHHJI aHcpcpepeHuHanbHoro ceqeHHSI peaKM"" p+d- H3+ Jtf' 

aHeprHH npoToHoa 340 Maa an11 aonHOBbiX .cpyHKUHll 11apa H anaa: 

'Yt·- cz.xp{- clt~~lir 1 /v~r.f 
IJ I' IJ 

"'i't"" exp {-4 ~r;f) l 
LJ 

- CUnOWHbl91 nHHHH 

- WTpHx-nyHKTHpHaSI 
nHHRSI ' 

H paannqHbiX paaHycoa Taepaoll cepaueBHHbl /24/ 1"'0 , f - ll8HHbte pa60Tbl , 
i 
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PeaynbT8Tbl BLRHcneanA llH<P<i>epeaunanbHoro ceqeunH peaKUHR p+d- H3+:1i:~ 
JlnH aueprHH npoTOHOB 340 ~as, BblnonHeHHble c y'leToM o6paaosaunH scex nono-
)KHTenbllbiX Meaoaos s p+p i1 p+ n. coy.llapeHRHX JlnH ·pa.llnyca OTTanKHBaromeA 
cep.lluesnubl f"., •0,6 ~ . 

Jln!l sonaosoA <i>YHKUHH "!rt.- e."r { -1f o(t 1j llij t\ , 
2 JliiSI BOJIHOBOll tPYHKUHH "f1; "' (.l(p {- <>i+. V 1Pif 1 ' 
3 Jln!l BOIIHOBOA tPYHKUHH '4 -R.'II.f {-alivi!r;t }/J~ rf? 1 

% /24/ oj I •• IJ 
~ - Jl8HHble pa60Tbl , 1.J 
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Pxc. 34, 
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Peayn&T8Tbl Bbi'IR_cneHRA .llH4>4>epeHUH8n&Horo ce'leHHH peaxuRH p+d-- H3
..,Jt+ 

ans &HeprHH npoTOHOB 450 Mss, BbiDOnHeHHble c y'leTOM olSpaaosaHHH scex nono)KH-

TenbHbiX M830HOB .B pp- H j)11. - COY.Il8p8HHHX .llnll p8.1lHYC8 OTT8nKHB810Ul8JI C8p.llU8-

BHHbl f"., • 0,6 ~ , 

I '- ans sonaosoA !l>yHxuxR "t't - e.xp {- -tt ol-t ~ l{jj I\, 
. . il 

2 - .llnll BOnROBOJI li>YHXUBR "i't- 2.Xl' {-olt Jff'iF ')' 
• J f 

3 - .llnH BOnHOBOJI 4>YHKUHH "!"1: ..... .e"r{- ol-t ~ wr,la.'} I Jt- rjll . 
l: ··181 % - .ll8HHb19 palSOTbl , 
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0 too• 
PHc, 35, 

Pe3ynbT3Tbl BbJqHcneHHil JlHq,¢epeHuHanbHOI"O ceqeHHSJ peaKUHH 
_.llnSJ 3HeprHH 'Jt+ . -Me3oHOB a ·c.u,M. 80 M3a 

I - .llnSJ aonHOBbiX <j:>yHKUHll 'Y- IZ.I(p {- o{ ~ffrir~' 
2 - .llnSJ aon~oaoll <j:>yHKU~H ~"' ellf. {- ~ .J ~~ J i/} /v ~ fj r , 

j • IJ 
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01• I I I I I I I I .. 

' 20° 40° 60° 80° 100° 120• tlt0° · f60° 
Puc. 36, fiJt C'.4.M. 

3 4 + Pe3ynbTSThl Bhi'IHcneuuA LlllcpcpepeutlHanbaoro ce'leaus peaK!{HH p+ He- H~ +:It 
nns suepruu 3t+ -Me3oaos B c.u.M, 326 Mss • 

1 - Lln.ll BOnHOBb!X cpyHKUHA ~ .._ e_x P {- o( ~ ~ r.r 1 1 

'J 

2 - LlnH BonHOBb!X cpl(HKUHit "f,.. e.Yf {- o( J~r/) ~v~r~J? 
. · 1; ' I ' tj • I - LlSHHbie HacToameA pa6oTbl, 
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o to• 20" 30" 40" so• 60" 70" so• so• 
o;. C.U,.M 

o to• 20" Jo" 40" so• 60" 10" so• so• 
6) o;. C.L(.M. 

Puc. 37. 

PeaynbT8Tbl Bbi'IRCneuull .an<P<Pepeunuanbuoro. ce'leHRH 'paapeweuuoa·· peaxnnn 
d+d•He"+Jt• .ana aueprnu '3t0 -Meaoua 82 Mas a c.n.M. u paann'IHbiX pa.anycoa 
f"o OTT8nKHB810W9ll C9pl1119BHHbl. 

a) .anSI aonuoablx cpyux11nll al.. - 'IIICTHilbl { r;;:;:;-l ( ~ 
· Y-exr -ol.'J~ •.. r'iiii IfV~n;~ , 

J •• 
6) .anSI BOnHOBbiX cpyHXIIHil o(,- '18CTHilbl ~} 

"f- e"r {-ol '11tr•; . 
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