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. IO. A. EATYCOB 

_'l:aCOB 

8JI8KTPOMaI'.HP!THR8 qiopMipaKTOpli ·.8BJISIJOTCH O,IJ;HOil: :e'.3 BalltHefunmc 

xapaKTepRCTHK SJI8KTPOMaI'.HP!THOil: CTpyxTypli aJieMeHTapHHX 'l:aCTmt. 

3Hrume.qiopMipaKTOPOB Il03BOMeT BlillOJIItE:Tl, TO'l:HOe omi:caHRe JIPOCTefi

mmc BepnmH .In!aI'PaMM ~efuiMaHa·, KOT_opse . OTB8'l:81DT sa : B38HMO,IJ;eil:cTBIDI 

SJI8M8HTapHRX 'l:aCTRif C · JIPOH3BOJll,HliM .SJI8KTPOMaI'HHTHHM IlOJI8M. 

8KcnepRMeHTaJil,Hli8 HCCJI8,IJ;O.BaHM. qiopMqialt-r.opoB HYKJIOHa B 06Jia.C

TH JIPOCTpaHCTB8HHOilO.IJ;06HHX nepe,naooeMWC 4-,RMIIYJII,COB ( I< 2 < 0) 

npoBO,ll;PIJIHCl> c noMollll,RJ;:e:sMepeHRH ce-qemnl npoueccoB ynpyroro pac

cerunm SJI8KTPOHOB Ha IIPOTOHax, a TaKllte ynpyroro R KBaSHynpyroro 

pacceHHHH SJieKTPOHOB. Ha· ,nefiTpoHax •.. .B o6JiaCTH Bp8M8HHilO.IJ;06HHX 

nepe,nammx 4-RMilJ.lll,COB · Ck 2 > · 0) Ha'l:aTH- litSMepeHRH qiopMqiaKTopoB 

HYKJIOHa Ha YCKOPlitT8MX co BCTP8'l:HHMH nytntaMH C IlOMOm:&ID JIPOUSCCOB 

aHHlitrH~ THila c I) 

e- + e+ ::= N + N CI) 

KHHeMaTmta npoueccoB <I> HaJiaraeT npHHrnillll:aJil>H!iil: sanpeT Ha litSMe-
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peH:e:e HYKJIOHHHX qiopMqiaKTopoB B. o6JiaCTH sHa'l:emtli 0< k. < 3,5CraB/c). 

B TO•llt8 CaMOe BP8MH litM8HHO STa 06JiaCTl>_JIP8.IJ;CTaBM8T_ SHa<mTeJII,H!iil: 

HHTepec ,IJ;M HCCJI8.IJ;OBa.Iil'!Jl, TaK KaK B Hett pacnoJIOllteHH pesOHaHCli f , 
c.J H 'f , .. ,IJ;8JOIIlR8 BKJia.IJ; B HyxJIOHHlift qiopMqiaKTOp. 

OJI8KTpllf'leCrurn qiOpMqiaKTOp IlHOHa F,, (I/) np:e: f/ < 0 :e:sy-qaeT

CH c IlOMOm:&ID ynpyroro pacceHHHH.mrOHOB-Ha aJieKTpoHax, a TaKllte 

np:e: :e:ccJie.noBaHHH npouecca np~oro aJieKTpopoJK,IJ;eHHH nHOHOB: 

e- + p - e- + n. + n+ 

~: __ ... ····-. . ~;; ·,;.-, \ 
., t:JJ1;;pnHl m~CJ1e.uooou~tl . 
j 6t}1GHWU"fe.HA -, --->• - a - • flt::f#ji, 

(2) 



" 
.If)m no.rryqeHIDI HHipOpMa.rnm O F,,. (I/) . BO BpeMeHHno.n;o6HOH 06JiaCTH nepe

.n;aBaeMWC 4-m.myJn,COB H·sMepmoT ce11eHHe peaK!lllH 

e+ + e- - n+ + Ir • (3) 

Peaxumt (3) , no.n;o6Ho nponeccaM THna CD·, · xaprutTepHsyeTCJI noporoM 
l 2 . -2 
I\ nopor = 2 ~ • · 

C IIOMOIIU,lll nepe1IHCJieHHWC.BH1IIeMeTO.D:OB K HaCTO.lllll8MY BpeMeIDI 

IIOJiy'IeHa IIO,IUJ06HaJI HHipOpMaumt O ipopMpa.KTOpax HYKJIOHa B npocTpaa

CTBeHHono.n;o6HOH 06JiaCTH nepe.n;aBaeMWC 4-HMITY.m.COB H·o g)opMI)a.KTOpe 

IlHOHa ~(k2
) B lllI'lpOKOH 06JiaCTH BpeMeHHIIO.n;06mDC H npOCTpaHCTB8HH0-

no.n;oc5mDC · ;.2 /I/. HeHCCJie.n;OBB.HHOll OCTaeTC.II npaKTH'IeCKH BC.II o6JiaCTI, 

BpeMeHHno.n;o6mDC A2 .n;JI.II HYKJIOHHWC qiopMI)axTop~B; OTCYCTBYllJT HSMe

peHHR ImOHHoro ipOpMqlaKTOpa ·.n;JI.II 0 < k. 2< 5,9 ~-2• MeTO.D:OM, c·no

MOIIU,D KOTOporo MOlllliO 'IaCTH'IHO ycTpaHRTI, CymeCTBYlllUIH8 npo6eJIU B 

.n;ammx no g)opM!paKTOPaM HYKJIOHa H IlHOHa BO BpeMeHHno.n;o6aon 06JiaCTH 

nepe.n;amrax 4-HMnyJll,COB, .IIBJI.II8TCJ! HCCJIEl.D:OBaHHe nponecca 06paTHOrO 

SJI8RTpopo%.n;eHH.II IlHOHOB (OSII/2- 5/ : 

Ir+ p. - e+ + e- + n (4} 

UeJn,lll HaCTO.llllleii pa6oTil .1IBJI.1IeTc.1I HSMepeHHe .n;H~epeHil;l!laJn,mDC 

ce11eHHfi nponecca 0SII npH aaeprmr IlHOHOB 276 MsB, HSY1JeHHe BOSMOllt

HOcTH· IIPHM8H8HH.II H306apHOH MO.n;e_JIH .n;JI.II aHaJIH3a saperHCTpHpOBaHIDDC 

.n;aaimx, a·T81t1t8 onpe.n;eJieIDJe .n;HpaKOBCKoro H30B8KTOpHOro ~OpMqlaKTO-

pa HYKJIOHa t=;'°(I/) H a~eKTPH'IeCKOrO qiopi$UtTopa IlHOHa 'f; ( kc?) ·• ·' 

Pa3BHTHe.:e:so6apHOH MO.n;emi: .D:JI.II OnHCaHH.II C81I8HHH perutll;lim (4) Heo6-. 

XO.n;HMO, BO-II8PBIDC,.D:JI.II Toro, 'IT06a IIOJIY1IHTI, M8TO.n; HCCJie.n;OBaHH.II 
' . 

nponecca 0Sil np:e: aHepr:e:mc n:e:oHa 6oJII,Die 360 MsB, r.n;e CTaHOBHTCJl . 
Henp:e:eMJIHM 'IHCTO .n;HCIIepCHOHHIDl: no.n;xo.n;, H, BO-BTOPHX, .n;JI.II onpe.n;e~ 

JieHWI BeJIH'IHHli Mo.n;eJll,mDC Heonpe.n;eJieHHOCTe:li npH aaaJIHse .n;aHIDDC • 
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B OT?JH1IH8 OT npe.n;H.n;ymIDC pa60T no HSY1J8Hm0 peaxnim (4). B 

KOTopwc perHcTpHpOBaJIHCI> co6HTH.II c BHPTYaJIJ,HHM g)oTOHOM, HcnycKa

eMHM no.n; yrJIOM ~!80° K HanpaBJieHHlO IlHOHa B <Jr-N c.n.M •• B HaCTO

.lllll8H pa6oTe SKcnepHM8HT8Jll,HaJI ycTSHOBKa npeHMymeCTBeHHO OT6HpaJia 

C06HTH.II, B KOTOPWC yroJI BHJieTa BHPTYaJn,HOro q,OTOHa 01 HaxO.n;HJIC.II 

B HHTepBaJie OT o0 .n;o 90°. AHaJIHs saperncTpHpomuuiwc .n;aHHWC npo

BO.n;HJIC.II B paMICax H306apHOll MO.n;eJIH. CpaBHeime, npoBe.n;eHH08·C pe-

3YJn,TaTBMH aaaJIHsa, BUIIOJIHeHHoro C IIOMOIIU,10 .n;zcnepCHOHHOll MO.n;eJIH, 

iaJio nepBYllJ KOJIH'I8CTB8HHYJO HHWQPManHlll O B8JIH'IHH8 MO.n;eJII,mDC H80IIpe

.n;eJI8HHOCT8H·B no.ny:qaeMUX sHa11emrnx HYKJIOHHO~o H IIHOHHoro qiopMWaK

TopoB. 

IlepBaJI rJiaBa IlOCB.lllll8Ha-paccMOTp88;ffiO KHHeMaTHKH HCCJie.n;yeMoro 

nponecca. osn. Jf.,Jm onHcaHHR peaxnim (4) .n;ocTaTo~Ho HcnoJn,soBaTI> 5 

H83aBHCHMWC KHHeMaTH1!8CKHX nepeMeHHHX. 0.n;Ha H3 HRX - IlOJIHaJI SHep

rH.II B 'Jr# c.n.M •. W , · qimwHpoBaaa aHeprHefi HaJieTalOI11ero mroHa. 

_BTopaJI KHHeMaTH1IecKaJI nepeMeHHa.lI - KBa,IUJaT nepe.n;aBaeMoro 4-HMITYJll,-

ca k2 BHpalltaeTC.II npH noMOlltll aHeprHii H yrJia pasJieTa aJieKTPOHOB B 

Jia6opaTOPHOH CHCTeMe: 
2 2 A.C. ) 

k = 4~Ez .sin (8e /2 

CMliCJI CJie.n;yIOJJ{IIX .n;Byx KHH8MaTH'I8CKHX nepeMeHIIliX - yr;ra BHJie-
T • 

Ta (pOTOHa 0 . B ?rN c.u.M. H yrJia 'I M8llt.n;y IIJIOCKOCTI,10 peaxll;lim 

Irp + n '{v H ITJIOCKOCTl>D pacrra,na 'BHPTYaJIJ,HOro· qioToHa ov - e+ e

HCeH H3 pHC.I, Ha KOTOPOM llOKasaaa CHCT8Ma rteHTpa Mace CTaJIKHBal!l

lllHXCH 1IaCTHQ: IIlIOHa (ero 4-HMITYJIJ,C 0603Ha'leH ·q,_) . ~ npOTOHa (p) • 

IlHTruI nepeMeHHaJI - yroJI O Mellt.n;y HanpaBJieHHJIMH BHJieTa SJieKTpOHa 

H HefiTpoHa BH1IHCJI.1IeTCH B CHCTeMe u.M. aJieKTPOHa H nosHTpoHa: 
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Pn:c. I .. Cn:cTeMa "If." neHTpa Mace :rmoHa - 9, .• H npoToHa - p . 

EuJm BlifiOJill8Hl,l pacqeTU OTHOCHT8Jil,Hl:lX BKJIBJJ;OB 8MIIJIHTYJJ; o6pa-

30BaHHSI.mipTyanH!iX (p()ToHoB• c pasJI1AHott noJIJipnrunrett·B neJIItoe 

ceqeim:e HCCJie~eMoro nponecca; !IOKa3aHO~ 'l'!0 W!H- IJO,ll;aBJI8HWi BKJIBJJ;a 

HHTep~epe.immr Melli,IJy ~y,n;aMH o6pasoBrumsi: nonepeqmnc·n: IJpo.n;oJI&

HllX ~OTOHOB iieo6xo~o o;cfapaTl> ~OTOHll, BHJI8TaIOillH8 IJOJ]; yrJIOM 

01 . = 90°. BmcJieHU COOTB8TCTBYJO!l!H8 yr JIU. no,n; KOT~PUMH "Heo6xo

JJ;HMO paCIJOJiaraTl> J];8T8KTOPli B JI,C. ROOp~HaT. 

IIpn: aHaJm:38 sapern:cTpHpOBaHHl:lX·ceqeHHtt Heo6xo~o sHrume 

paspemruomett CIJOC06HOCTH, KOTOpott xapaKTepnsyeTCH ycTaHOBKa __ IJO 

BC8M KllHSMaTRtieCIGIM IJepeM8HHUM, Onpe,n;eJieHlle paspemaD111ett CIJOC06-

HOCTll ycTaHOBKll IIO KHHeMB.TRtiecIGIM IJepeMeHHUM. k2 ,cos(i1, cosB n 
< • ·-·· • ' -

cos f -IIPOBO~JIOCl, C IJOMOIJU,IJ MOJ];eJIHpOBamISI M8TO,ItOM ,MoHTe-KapJio ll 

C HCIJOJil,30BaHHeM 9KCIJ8pHM8HT8JD:,HO_OIJpe.n;eJieHHl:lX _TOqHOCTett l!3Mepe~ 

HWi SH~prd _ ll yrJIOB BHJ!8Ta. perncTp_npyeM!ll: qaC'.l'llU. Bwm:CJieHHH _ IJO

Ka3aJm, 'lTO. B8Jmqnffa paspemeHHH J];JIH BC8X KllH8MaTRtl8CKllX .IIepeMeH- .• 

Hl:lX CJia60 M8HH8TCH B llHT8pBaJI8 r,o < A2 < 3,0 ~--2 /7/. Be.mrq~Ha 

4 

paspemerura no.nepeMeHHofi A2 cocTa.BJUieT B cpe.n;HeM ~IO%. 

Bo BTopon rJiaBe onn:caHa sKcnepHMeHTaJil>Ha.JI aIInapaTypa, cos

,n;aHHa.JI AM perncTpau,IH co6UTIDi peaKuim-03II / 3 ,G/. 06IllHH BRA pac

IJOJIOX8HHH .n;eTeKTOpOB IJOKa3aH Ha pn:c.2. B neHTpe YCTaHOBKll IJOMe

maJiaeh MHI118Hl>, co,n;epxaBllla.JI IJO ~KY Ir- M830HOB 2,6I r/cM
2 

J!tll,l{

KOro Bo,n;opo,n;a. Cnn:HTnJIJIHUROHHUe cqeTqnRH c1 ~ c4, pacnoJioxeHmi:e 

B nyqKe IJHOHOB, o6pasyroT MOHHTOPHUH T8JI8CKOn, -BU,n;eJIHJOmn:it B3ruIMO

,n;ettcTBHH ImOHOB C npoTOHaMH Mmll8HH. ,llBa M8HTRtlHl:lX 60KOBUX TeJie

CKOna CJIYJKaT ,ll;JIH perHCTpairim 8JI8KTp0HOB H Il03HTPOHOB HCCJie~eMOH 

,; 

I-

Pnc. 2 CxeMa SKCIIepHMeHTaJil>HOtt ycTaHOBKH. 

peaRuim (4), AM OIJpe,n;eJieHHH HX SHeprKH ll yrJIOB BUJieTa. Kaiit):J;mi H3 

60KOBUX T8JI8CKOIJOB COCTOHT H3 CUHHT»nnH!Ul.OHHOrO cqeTqHKa C5(C6), 

BO)UIHoro qepeHKOBCKOrO cqeT'llllta Cr{Cz • qepeHKOBCKOro cneRTpOMeT-
. . 

pa noJIHor-0 IJOrJiomemm c3{c4) n ncRpOBon KaMepu .11K1(H!½). IlpoHsBe-
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A8Ime TeJiecmu:- yrJioB 60KOB1Di: TeJiecKono11· cocTaBJIHeT 0, 750 cp2• _, 

lICKpOBHe KaMepH ID/18JOT ABa 3JI8KTPOAa,, paccTomme M8JK,l(y KOTOPHMK 

5,0 CM, H pa60TaJOT B TpeKOBOM pel!tID/le. ropH30HTaJll,Hlle H BepTRRaJll,

HHe npoeKrnra--o6emc HCKPOBHX RaMep IIPH IIOMOillR CHCT8MH 38pKaJI cp()TO

rpaqinpyx>TCH OAHHM RRHOanrrapaTOM. 
. . 

AnnapaTypa,. perHCTPHPYIDillM C:m:'HaJIH OT A8T8KTOPOB, co6paHa' H3 

6JIOKOB HaHOC8KygAHOii 3Jl8KTPOHRRR, paapa60TaHHilX B 0TA8Jie HOBHX 

Hay>IHHX paapa60TOK JIHil orurn:. 
AMn.Jm:TYAHO-BpeMeHHM RHWOPMarum C A8T8KTOpOB IlOCTynaJia Ha 

CHCT8MY MHOroMepHoro · aHaJIRaa, pa6oTaBmyio 'n J!RHHIO c 3BM "Mimcx-22". 

IlpH perHCTpamm KaJK,D;oro C06HTHH H3M8PHJ!RCb aMilJIRTYAH CID'HMOB co 

Cil8KTPOM8TPOB H 60KOBHX CUHHTHJIJUID;i!OHHilX cqeTtmKOB, a TaIO!te Bpe

M8HHI1e HHT8PBaJIH M8JK,l(y CID'HMaMR MOimTOpHoro ~qeTtmKa C2 H AeTeR

TOpOB 60KOBHX T8JI0CKOIIOB. llHcpopMaUHH co CTo!bm' MHOrOMepHoro aHa

JIR3a nepeAaBaJiacb B IlaMHTb aHaJIHaaTopa AM-4096, a aaTeM qepea 6y

wepHoe YCTpOiiCTBO - B 3BM "MllHCK-22", Ha KOTOpOit IlpOH3BOAHJiaCb 

3aITHCb CTaTHCTlf<l8CKOro MaTepHaJia"Ha.Mar~THHe.JieHTH H KOHTPOJ!bHM 

o6pa6oTKa. 

,1lJm H3MepeHRH KOOPAHHaT TpeKOB, perHCTpzpyeMHX HCKpOBHMH Ka

M8PaMR, Ha 3KCil8PHM8HTMbHOii YCTaHOBKe IlP8AYCMOTpeHH ~HCTeMH penep

HllX JIRHRii H penepHHX KpeCTOB. PenepHHe JIRHHR YA06HH rrpH o6pa6oTKe 

WllJ!bMOBOtt HHq)OpMarnra Ha IIOJiyaBTOMaTlf<l8CKIDC CKaHllPYIDillRX ripn6opax 

IlYOC-50, HO HerrpneMJIRMH IIPH o6pa60TKe aBTOMaTHqeCKHM'·CKaHRpyioillID/I , 

ycTpoiiCTBOM A3JIT-I. IlpnMeHeime CHCT8MH perrepHHX KP8CTOB, ~eCTKO 

CM3aHHilX C CHCT8MOii perrepHHX JIRHRii, o6ecrre:tmJIO HaH60Jiee IlPOH3B0-0 -

AHT8J!bHyio pa6oTy KaK IlOJiyaBTOMaTa, ;TaK .H aBTOMaTa A3JIT-I. · 

,1lJm H3y>l8HRH Bp8M8HH!lX xapaKTepHCT.HK anrrapaTypH B XOA8 'OCHOB-
• . 

HilX .H3~8P,8HHii Ha CHHXPOinIKJ!OTpoHe npOBOAHJIRC~ KaJIR6pOBKR Ha, ynpy- .. 

ropaccerunrux IlHOHax. IlOMl'!MO 3TOrO,A8T8KTOpH rrepHOAUqecKH KaJIR6po-

6. 

BaJ!RCb C IIOMOIIU>IO CBeTOBllX AaT"llmOB. IlocJie R8ll1,IJ;Oro H3 Tpex Ha6opoB 

3KCII8pID1!8HTaJll,HllX Aa!IHHX annapaTypa KaJIR6pOBaJiaCb Ha 3Jl8KTpOHHOM 

nyqKe M830HHOro KaHaJia;CHHXpOtnmJIOTPOHa Olliill. ll3M8pHJ!RCb aMIIJmTYA

Hlle_H BpeMeHHHe paapemeHRH A8T8KTOPOB H_mc 3~KTHBHOCTb. 

B TD8Tbett rJiaBe OnHCaHa CHCTeMa o6pa60TKH 3KCrrepRM8HTaJll,HllX 

AaHHHX, JtOTOPM_OCYI1l8CTBJIHJUlCb B TPH 3Tana C HCIIOJ!b30BaHHeM 3JieK

TpOHHO-BuqHCJIRT8J!bHilX M~H "MHHCK:-22", E3CM-4,_C.I1.C-;-I604A ME3CM-6. 

B XOAe nepBoro 3Tana aHaJIR3HpOBaJ!RCb KaJIR6poBoqHHe H3MepeHHH; 

me peayJ!bTaTH HCIIOJ!b30Ba.mi:Cb AM npeABaPHT8J!bHOro OT6opa co6HTHH 

no BpeM8HH!iM H aMIIJIHTYAHliM napaMeTpaM Ha 3BM "lvhmcK-22". IlocJie 

3Toro npOBOAUJICH rrpOCMOTp IIJI8HOK, npn KOTOPOM.OT6HpaJIRCb C06hlTHH 

C OAHRM TpeKOM B KaJK,D;Ott HCKpOBOit KaMepe. 

BTO~Oit 3Tan o6pa6oTRR HatmHMCH C C03AaHHH nacnopTHhlX JI8HT 

(IlJI) . o6pa6aTHBaeMHX co6HTHii. C sToii neJ!bD Ha MarHHTHHX JieHTax 3KA 

l33CM-4 AM KaJK,IJ;O:l'O co6HTRII OTBOAUJiaCb OAHa 30Ha, _B KOTOpoit, IlOMHMO 

HOMepa Ka,ru>a,Mo~eT 6HTb pa3M8Ill8HO 149 qnceJI, f\P8ACTaBJUllOillHX co6oit 

KaK aMilJIRTYAHO-BpeMeHHHe napaMeTpH co6hlTHii, TaK H napaMeTphl, IlOJiy

qeHJnie npn CKaHRpOBaHHH CHIDIIKOB H npH reoMeTplf<l8CKOii peKOHCTPYKrnm 

co6HTHii. IlpH pa6oTe C IlJI 6hlJia OCYI1l8CTBJI8Ha B03MOJKHOCTb KaK nepeAa

tm AaHHilX c 3BM l33CM-4 Ha "MHHCK-22", TaK n rrpHeMa ,I\aHHHX c 

"MHHCK-22" Ha l33CM-4. 06MeH HHcpopMaUHeii OCYill8CTBJIHJICH c IIOMOIIU,IO 

ne!)WoKapT. 

IloMHMO OCHOBHOH CHCT8MH o6pa60TKH CYill8CTBOBaJia CHCT8Ma KOHT

POJ!bHOii o6pa60TRR. IlOCJie npoB8A8HHH reOM8TPlf<l8CKOii peKOHCTPYKUHH 

co6HTHH Ha 3BM l33CM-4 / 9/ npOH3BOAUJIOC:& cpaBHeHHe nporpa.MMHhlM ny

T8M rrapaMeTpOB C06bITHii B o6eHX CHCTeMax o6pa60TKR. CpaBHeHHe BH

HBJIHJIO rpy6ue omH6KH HsMepemm Ha npH6opax A3JIT-I H IlYOC-50. 
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BTopoil aTan o6pa6oTKR saKawrn:BaJICH npoBe.11;eIDieM KOppeKrom· 

aMnJmTY.IUIHX H BpeMeHHWC napaMeTpOB, npli KOTOpon HCTIOJII,30BaJmCL 

.11;arume O reoMeTpn saperHCTPliPOBa.HHl:lX C06llTHtt. KoppeKI~rn yJiy'mlaeT 

paspeme.mre 8KCilepHM8HT8JII,HOil ycTa.HOBKH rio BpeMeHHIIM li aMIIJm:Ty,IJ;Hl:lM 

napaMeTpaM C06llTHil. 

B qeTBepTOH r.718.Be liS~OXeHa npoue,nypa BwnICJ18IDIJl ceqe.mrg HC

CJie.11;yeMoro npouecca C y,ieTOM nonpaBOK Ha Sqxp8KTHBHOCTL o6pa60TKH 

li Sqlq)8KTHBHOCTL .11;8T8KTOPOB. KHHeMaTwtecrurlt aH8JIH3 o6pa6aTIIBaeMIIX 

co6IITHli noKasaJI, ~TO np:imepHO llOJIOml'.Ha c~aeB, saperHCTpHpOBa.HHl:lX 

HCKPOBIIMH KSMepaMH, npzHa,nJieDT peaKUHH ynpyroro paccieHHM rm:oHOB 

Ha npoTOHax. HcKJIIOqemre Ta.ImX co6IITlili li3 o6pa60TKl'I npHBO,nRT K no

Tepe IO% c~aeB npouecca 08II /IO/. 
JLpyrasi qacn qx>Ha 06ycJ10Me!ia peaKUHHMH, B KOTOpl:lX o6pasymcH 

0 - KBa.HTll. KOHBepTli!)YSi B MmlleIDI, o- KBaHTll . .Il;ruoT aJieKTPOHll, m.m-

THPYiJiltKe no MHOrHM napaMeTpaM co6aTHH nccJie~eMoro npouecca. Pac

qeTII noKasaJm, qTo no.11;aBJifllOmee 60JII,mHHCTBO ~OHOBl:lX c~aeB npRHa.l\

JiexHT peaKUHH 

Ir+p--n°+If'+n Ilo -- 0 + 0 . (5) 

IIosT.OMY pacnpe.11;eJieIDie :mcnepRMeHTaJII,HIIX co6HT.lr!il _ no KBam>aTy _ He.11;0-

CTaJ01I1eil MaccH ~ no.11;roHHJiocL cyw4ott .11;Byx pac~pe.11;eJiem no Mi- , 
no~eHHl:lX npn MO.Il;eJmpoBamm:.npouecca 08II H peaKI.(IIH (5). Ilpn ~-

'
TliPOBaHHli onpe.11;eJ.ULJIOCL qHQJIO co6HTHil HCCJie~eMOli pea.Krom. Bpe-

syJII,TaTe aHaJmsa 1040 saperHCTPHPOBa.HHl:lX C06llTlitt no~eHo, ·qTO 
: . \ 

cpe,nR mIX liM88TCSi 793 :!: 38 C06HTHil pea.Krom 08II H 247 ± 30 co6HTHil 

~OHOBl:lX npoueccoB(II/~_BBe.11;eIDie AOIIOJIIDITeJll,HOro KpliTfPHH H;·B~Jm::

qHHY KB8,IU)aTa H8.Il;OCTaDmett MaCCll ~ < I,_o (rsB/c2)2 YM8ff!,maeT 

qncJIO c~aeB HCCJie~eMOH pea.Kµim AO 748 ± 36, a~CJIO qJOHOl3llX 

C06HTHR - .11;0 97 ± 12. 

8 

· B COCTaB IIHOHHOro llyqKa M830HHOro KaHaRa CHHXPOI.(IIKJIOTPOHa. 

OIDli'l llOMHMO Il-M830HOB BXO,IVIT ,-M830Hll li :rneKTPOHll. ,llJm BIIqHCJie

IDISi ceqeIDIH HCCJie~eMOR peaKUHH HB,l\O SHaTL AOJIIO IIHOHOB cpe,nR qac

THU nyqKa. 8Ta Be~Ha 6IIJia no~eHa C IlOMOIIU,D MSTO.Il;a /II/, OCHO

BaHHOrO Ha cpaBHSIDIH BwracJieHHl:lX no .Il;aHHl:lM ~soBoro aHa.mrna ceqe

IDIR ynpyroro Irp - pacceHHHH c ceqeimmm, HsMepeHHIIMI! aKcnep:imeH

T8JII,HO.· .llOM IIHOHOB B nyqKe c aHeprHeil 276 MaB COCTaBMeT 

./ = 0,79 ± 0,03. 

CeqeHHe-HccJie~eMott peaK:riim, onpeAeJieHHoe c yqeTOM nonpaBoK 

Ha aqxpeKTHBHOCTL AeTeKTOPOB H o6pa6oTKH, paBHo 

1:,.6 ·= (5,2 ::!: 0,5) H6H • -. 
8Ta B8JIHqHHa COOTB8TCTBY8T Toil qacTH ceqefiHH peaKI.(llli 08II, KOTOpaH . . 

onpe.11;eJIHeTCSi reoMeTplieft SKCnepHMeHT8JII,HOli YCTa.HOBKH npli ,nonOJIHHTeJ!b-

HOM ycJioBD Er•~> 50 MsB. OueHKa cpe,IVIero ~~epeHI.(118JII,Horo 

ceqeHHH npouecca 08II cocTaBMeT: 
dz.6" A6" 

dQ4cJQz.:::::: Q-1Q2. = 
2 (6,9 ± 0,7) H6H/cp .. 

i• 

B IISiT0:11 r.718.Be orm:caHa TeopeT~eCKaH MOASJII,, pasBRTM .Il;JlH Ollli

camrn npoueccoB THIIa 

Ir + p -- e+ + e- + n (6) 

r.11;e e. 0603HaqaeT 8Jl8KTpOH, JIH60 J'-M830H /I
2
/ • Orm:caHa npoue~

pa 8.HaJIHSa 8KCII8PHMeHT8JII,Hl:lX AaHHl:lX C IIOMOmLD STOli M0.11;8Jm li IIpli

BO,IVITCSi pesyJII,TaTH onpe.11;eJieHHH qiopMlJaKTOpOB rm:oHa li_HYKJIOHa. Mo

.Il;SJII,, paCCMaTpHBaeMM B HaCTOHllle:11 pa6oTe, npe.Il;CTaBMeT co6ott pas

BHTHe HS06apHo:11 M0.11;8Jm, 003.Il;aHHOtt !y6aTOHOM .Il;M OIIHCaHHSi npo

uecca (2). B STOM llO'AJ{O'AB HCCJie~eM!ll1 npouecc OnHCHBa8TCSi TpeMH 
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• x· ,~· 
J ··~· X.· .. ' .. ~·. - ~ . 

A. . . .. . ~ ~ ,, J\ . ~ 

a) 41 61 

, PHc. 3 

clopHoBcrun.m ,niiarpaMMSMH p:e:c.Sa :e: .ItBYMR ,niiarpaMM&m p:e:c. 36,B c 

Jl{I232)- :e:soclapoil B npOMexyTO~HOM COCTOHHHH. 

!,· 

.Ir,,m nponaraTopa :e:so6ap1I HCllOJll,SOB8JIOCL BHpallteHHe, COCTOJ'llllea 

:e:s pesoHaHCHoro ~neHa :e: HepesoHaHCHOH ~oclarut:e:. B xo~e npoBe~eHHHX 

BwrncneHH:ii o6Hapyimnoc:&, ~To _B~ KaK u. - RaH~, TaK R Hepeso

HaHCHHX ~OclaBOK B ce~eHHe npouecCOB (6) ~ ~·ID.I MOlltHO npeHeclpe~:&. 

lfucneHHHe pac~eTII, BHilOMeHHHe. MH 3Ha~emm w = 1296 M3B, llOKaaa

JIH, ~To BM~ :e:aoclapH B ce~emm: perutuml (6) He npeB1:mJaeT TI%. Ewm 
npoBe~eHli ~8T8JI:&Hll8 RCCne~OBS.IDUi qyBCTBHTe.Jll>HOCTH ,n!iqxpepeHUIIaJil,HHX 

ce~eamt npouecca 09Il K qiopM:paKTOpBM HYKJIOHa :e: ~o~. :rruc Kax ce

~emm :e:ccne.nyeMO:ii paaKUHH 06~8DT HrutclOJil,1118! ~j'BCTBHTeJll,HOCTLD K 

,n!ipaKOBCKOMY RSOB8KTOpHOMY cpopMqiaKTopy HYKJIOHa F/ (I/) H K sneKTpll

~eCKOMY _qiopr.$l.KT?PY ImOHa F,,_ (I/-) , 6~ npoBa~eHll HSMepemm: HM8HHO 

3THX ~Byx napBMeTPOB. 

Sna~emm: qiopMqiaKTOPOB F/(1/) H F,,.(/l} no~~CL M8TO~OM HaH

M8HLIDHX KB~aToB HS aH~sa aKcnepHMeHTan:&HHX pacnpe~eneHH:ii no 

KOCHHYCY yrna B1meTa BHPTYan:&Horo qJOTOHa cosB1 IIJ/. ·. :Ee~ :acnoJIL

aoBaTL npem;ronollteHHe o: paBeHCTBe qiopM:paKTopoB F,~1/) • ":' F,;.fll> :·, 
TO 4 HS 5 rpynn aicnepHMeHTan:&HllX ~aHHHX xopomo OilHWBaDTCH·TeO

peT~eCKHMH KPHBIIMH npH cne.nyDlJlHXSHa~eHHJJX qJOpM:paKTOpOB: 
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I
. 
I 

I 

' 

l 

d)' 
1 

I 

~ 

Tacln:aua I 

1? -2 ,m r;48 . I,88 2,26 2,65 3,05 
. 

-
F"OlJ = £(/cz; 
1 ,r 0,80±0,08 0,80±0,IB I,02±0,08 I,04±0,07 t,r,±0,07 .. . :;· 

. . 
x.z I2 22 , .. II II ., 8 

0.u,naeMoe SHa~eHHe X 2 paBHO 7. IlpHB8~8HHlle OIDH6KH, He ~HTIIBa.JOT 

norpemHO~TH _B COCTaBe ~a. acpcpeKTHBHOCTeil ~8T8KTOPOB_R o6pa6oT

KH; KOTOpHe np:e:Bo,nsrr K ~onoMHTe.m,Hoit om:a6Ke B ~eJIH1IHHe · cpopMq>aKTO

poB t = 0,07 • .Ir,,m no~eHHR llOMO:ii norpemHOCTH OmH6KH HS Ta6n.I 

KB~aT~HO CKJia.n!IB~CL C BBJIHlIHHOil t . II.rroxoe OilHCaHHe ~aHHBX 

np:e: A2 = I,88 m-2 BIISBaHO, nO-BH,nliMOMY,·Cneu:e:cpHKOil MO~eJIH. ECJIH 

IlOTpecloBaTL_ cornacM ~aHHIIX H_pac~eTOB, TO B8~Ha om:e:6KH t:,.F 

j'Be~aeTCH ~o ll.F = 0,32. 

k1
-1S q,·

2 k'• 1.9 qi·' k2 ■ 2.l c;,·' k1=26S IP-, k1 "3.0 cp·Z 

oa~ °'~ oa~ a,~ a,~ 
! 06 _ 0, · t t .. t .. 1e / · 06 _ _ i 
f o, t " . __ . t o, , - - ., 1r t ~ . - . 
1: 02 -rr ---J 02 ,.[ , - 02 o, (f . 02 1 

-10.~ -0.S O OS 10 -,o -as O OS 10 ·W -as O as to -tO --0.5 0 OS to -10 -as O 05 10 

. I . 
PHc. 4 ,pacnpe~eneHHe COCl!ITHil no KOCHHYCY yrna (:} BHneTa (pOTOHa. 

CnJJOIDHM KPHBaR - IlOMOe Ce'IeHHe' nyHKTllpHM - .Be~Ha 
ce~emm:, oelyCJIOMBHHM clopHOBCKHMH BMilJIHTY~aMH. 

11 



Ha PHC. 4 npHBe,Ile!Ill 3KCnepll.!eHT8JII,H!Ie ,IlaH!Ille H KpHBl:le. no;rry

qeHHl:le B npouecce onpe.r1eJieHHH cpopl4axTopoB (cM. Ta6JI.I). B~ 

6opHOBCKHX aMilJIHTY.II IlOKa.3aH nyHKTHpHOH JIHHHeil; 6om,mrur BeJIHqHHa 

aToro B~a CBII,IleTem,cTBYe! o He3HaqzTeJII,HOCTH·Mo.r1em,Hl:lX Heonpe

.r1eJieHHOCTei1. Ko~ecTBeHHM oueHKa BeJIHqHHl:l Mo.r1em,Hl:lX norpemHocTeA 

61:lM no;rryqeHa cpaBHeHHeM pe3ym,TaTOB aHaJIH3a o,zumx H Tex xe aKcne

pHMeHT~HllX .r1a.iunnl101, Bl:lilOMeHHOro C IlOMOll{I,ID .IIB'fX TeopeTJiqeCru!X 

MO,IleJieil: ,IIHCnepCHOHHOli H H306apHOH /IJ/. OTHOCHTeJII,Hafl·BeJIHqH-

Ha MO,IleJII,HOil norpemHOCTH YMeHDmaeTCfi C pOCTOM 1<.2 OT 1,5 w..;2 

no 3,0 ~-2 OT ?,0% ,IIO 2,5%, TOr,Ila Ka.K 3KCnepnMeHT8JII,Hlle omH6KH 

HMeIDT Be~HHY II,6% - 7,5%. Hc~qeHHe COCT~eT TOqKa npH 

k 2 = I,88 w-2, r.r1e Be~nHa Mo.r1em,Hoil n~~pemHOCTH .r1ocTzraeT ~20%. 

Pllc. 5 

.ro I- • A ~~ 'll'lt' ,.ro 

~-~✓ l·~ "r · 1 r au 

~~ .... ~ .. ~ .... ~ .l~ .. 
k , (rJ/1/cl Jo 1fii' 

wopMlJaxTop IlHOHa F,,.(k2
) BO BpeM8HHilO,II06Hoi1 o6MCTH npe

,IlaHHl:lX HMIJYJII,COB, H3Mepe!IHl:li1 B Oill:lTBX Ha BCTpe"IBl:lX e+e
nyqKBX H B Oill:lTax no nccJie,IIOBaHHID npouecca If"p - e+e-n ; 
o - /2 • 5/ , • - HaCTORillafl pa6oTa. 
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·• 

Ha pnc.5 npnBe,Ile!Ill 3HaqeHHH aJieKTp111IecKoro cpopMqiaxTopa nHOHa 

BO BpeMeHHITO,II06Hott 06JiaCTH nepe,Ila.HHl:lX 4-HMTiyJII,COB, no.nyqeH!Ille B 

Oill:lTax Ha BCTpeqmix nyqKaX H npH ~MH3e peaxu;im 0311 Ka.K B ,IIHC~ep

CHOHHOtt, Ta.K H B H306apHott MO,IleJm: •. CnJIOIDHafl KPHBafl no;rryqeHa ,JJy6-

Hl11IKOtt, H B.A.Me~epHKOBl:lM npn annpOKCHMaUJm 60JII,moro qHCJia 3KCne

PHM8HTaJIDHl:lX ,IlaHHllX C IlOMO~DID MeTO,Ila ,IIHCnepCHOHHl:lX COOTHOID8HHH JI 

npaBM CJ'MM. 

,lLJilI Bl:lqHCJieHHH cpe,I1HeKB8,IijlaT111IHoro pa,I1Hyca HYKJIOHa · ,; · n 

IlHOHa r;. 61:lJIK B3fiTl:l saaqeHHH qiopMlJa.KTOPOB, npnBe,IleHHl:lX B Ta6JI. I. 
' 2 

a omH6Ka € = ± 0,07 np1InHCl:lBaJiaCD sHaqeHHID Fa, = 0) = I, 0. · 

_.Il.aHHlle Y.IIOBJI8TBOpHTeJII,HO OnHCl:lBMHCD SaBHCHMOCTDID 
'q.• .::;;; ' ' 

F, <J/J = F1rfk2) = i + -f; (1":/-> t 
npH SHaqeHHH pa.nzjrCOB 

4 = t;. = 0,56 ± O;I5 w • 

l ·~ <?><x=9,-x,-4) 
(7) 

B raon. 2 npnBe.r1ellll pesyJII,Ta~l:l onpe.r1eJieHHH cpe,I1HeKB8,IijlaT111IHoro 

Pa,IIHYCa nHOHa, IlOJIY'I8HHl:le C IlOMOll{I,ID paSJI111IHl:lX 3KCnep:HM8HT8Jl1,HJ:lX . ' 

MeTO,IIOB,•a Tarute H8KOTOpl:le TeopeT111I8CK1Ie pesyJII,TaTl:l. 

AHMH3 8KCnepHMeHT~Hl:lX ,IlaHHl:lX C IlOMO~DID HeSaBHCHMOro BapD

Hp~BaHHfi cpopM!JaxTO!)OB r;"ol) H ~(i1-J IlOKaSaJI, qTO BBe,IleHHe BTO-

poro napaMeTpa He y~aeT OilHCaHHll 3KCnepHlleHT.a.JILHUX 

pacnpeneJieHHtt TeopeTJiqeCKHMH KPHBl:lMH. OnpeneJieHHe cpopMlJaxTopoB 

npH Ta.ROM aHaJIHse OKa3aJIOCD B03MOlKHl:lM TOJII,KO nJifi Tpex 3HaqeHHtt k2 

PPH c~e,IJ;ylDllllll npenrroJioxeH.HHX: 
2 ~on > 1.0 

f,,' al> > F1r Ul) · • 
(8) 

YcJIOBRll (8) He ynoBJieTBOpfiIDTCfi npH aHaJIH3e 3KCnepHMeHTaJIDHl:lX ,IlaH

Hl:lX B TOqKaX A2 = I,48 :n I,88 w-2• Ilo~emm~ SHaqeHHH qiOpM-
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I 

Ta6Jizna 2 ,I. 

AB TOP <r;l- ' <li-2 Me To .zt 

AKepJIOB H .ltP• 0,80±0,10 
'° 

AKepJIOB H .ztp. + e- + p - n+ + e- + n 

MlrcTpeTTa H JU>• 0,86±0,14 

limmTHY H mep6a.KOB 0,8 ± 0,4 Ir"/ Ir - ynpyroe 
j 

paccerume Ha He4• 

A.u;HJIOB H .ztp, 0,'78±0,IO II-e ynpyroe paccerume. 

rapJiaH.zt 0,45±0,6'7 

EepexHeB H .ztp,/5/ 0,'74±0,14 
Ir + p -- e+ + e- + n 

· EJIOXHHU8Ba H .ztp, 0,62:!:0,!2 

HaCTORIIIM pa6oTa 0,56±0,15 

.Ily6Im'IKa H B,Meme- AHaJIHa :mcnePHMeHT. .naaimx 
pmtOB 0,68±0,0I C npHMeHeHH~M MeTo.na ,nHCilep 

. CHOHHIDC COOTHOmemrlt H IlPaBFJ JI • 
CYMM, 

BOJIKOB H IlepBymHH 0,65 BuqzcJieHIDI C IlOMOUU,ID 
cynepnponaraTopaoro MeTo.zta, 

qia.KTOPOB npHBe,neHll B Tadn, J, Peay.m,TaTli H83aBHCHMOro onpe,neJie

HHJl qiopMpa.KTOpOB xopomo OUHCJlB8.!0TCJl aaBHCHMOCTI,ID ('7) IlPH CJie.ztY

IDIItlIX 3Haqelil-IJlX cpe,nHeKBa.ztpaTmHUX Pa.nHYCOB HYKJIOHa H Ill-IOHa: 

fi = 0,54 :t 0,19 qi 

lj,. = · 0,36 ± 0,25 qi 
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Ta6JIJ!_Ua 3 

k2, qi-2 2,26 2,65 3,05 . 
. Ft (i) I,!3 :':: O,II l,IO ± 0,0'7 I~22 ± 0,14 

F,,.(k2
) l,03 ± 0,03 l,05 ± 0,05 I,II ± O,IO 

OcHOBHEle peay.m,TaTH ,nHccepTaUHH qiopMYJIHPYIDTCJI cJie.ziyiolllHM 
o6paaoM: 

l. 3a 500 qacoB pa60TJl aKcnepHM8HT8JIEHOll YCTaHOBKH Il0JIY'I8HO 

460 THC. CHHMKOB c HCKPOBllX KaMep. ArrnapaTypa pa6oTaJia B JIHHHID c 

3BM "MIIHCK-22" H nepe,ztaBaJia no 16 KaHaJiaM aMilJIHTy,nao-:epeMeHHYID 

HHlpOPMauHID 0. perHCTp:apyeMI:DC C06UTHJIX, KOTOpM Ha.KarrJIHBaJiaCI, Ha 
MarHHTHJlX JI8HTax. 

2.· Coa,naIIa czcTeMa o6pa6oTKH aKcnepHMeHTa.m,HIDC .naaHUX, o6ec7". 

ne'lllB8.!0IIIM o6pa6oTKY• peay~;a-roB. c·KaHH~OB~ ;;~~oBott HHqiopMarnm 

ll aMUJIHTY.nHO-BpeMeHHott HHqiOpMarnm. 

3. B nponecce o6pa60TKH aaperHCTPHPOBaHHHX .ltaHHJlX H,neHTHqiHIW

POBaHO '792 ± 38 codHTml: peaxrnm Irp -- e+ e-n upa aHeprmr n:1ro-
. • . t . -· , . . • ~ . : . ~ ·"~~-

HOB 2'76 MaB. IlOJiy'IeHo, qTo ceqeHHe ,:l() Tott_ qaCTH peax~. KOTO-

paJI onpe.ne.imeTciI reiOM8Tpmitt SK~~epHMeHTaJll,HQ~ • yCTaHO~ np~ .n~IlOJI-
- -; . i- • ' ~ 

HRTeJll,HOM YCJIOBHH E{; ¾ > 50 M3B paBHO: 

AS' = (5,2 :':: 0,5) ,I0-33 CM 2 

OneHKa cpe,nHero ,nHqiqiepeHrwam,Horo ceqeHHJI HCCJie.zt1eMott peaxrnm 
COCTB.BJIR:eT: 

d 2 rs 
dQ,d.Q2 

~ (6,9 ± 0,7) ,IQ"'.'33 CM 2/cp2 , 
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4. PaamrTa nao6apHaJI Mo;n;em. ,n.,m onHcamrn npoueccoB o6p8.3o-
~ 

BaHWI nenTOHHUX nap: 

If"+ p -- -t + + l- + n , 

r;n;e l - :rneKTPOH Jm:60 MIOOH, IIpoBe;n;eHo ;n;eTam.Hoe nccne;n;oBaHRe 

CBOHCTB MO;n;eJm H no.ey-qeHll ;n;aHHlle O _BKJiaJ,J;e napuzmHUX aMIIJm:Ty;n; B 

no~oecetJeime npoueccoB o6paaoBamrn nerrroHHHX nap B OKpeCTHOCTH 

6 ( 1232) - peaommca. 
- t>('-1.) ii. 5, IlpH. aHaJm:38 ;n;aHHHX B npe,IUJOROJ!t8HIDI F, r. = r;_(I<) Hail;n;e-

mt CR8;n;yIOII!H8 3HatJeHR!l ~OPMipa.KTOpoB: 

T a 6 n H u a 

k.2, w-2 I,48 I,88 2,26 2,65 3,05 

,,._ 

F1 = /; 0,80±0,IO 0,80±0,32 I,02±o,IO I,04±0,09 I,I?±0,09 

t> 2 2 
6. HeaaBRcB:Moe onpe;n;eneHRe ~PM<paKTopoll ~ (k) l'f. F,,-(k) ocy-

l!l8CTM8HO ,nJilI Tpex 3HatJeimtt k2 npH CR8;n;yIOII!HX npe;n;nOROJ!t8ImJIX: 
2 

J=,.(ld > ./ ,o 
F/ (I/) > F1r (I/-) • 

0CHOBHll8 peaym.TaTll, npHBe;n;eHHlle 11 ;n;HCC8PTaUHH, ony6RHKOBaHll 

B pa6oTax / 7-r31 H JtOM8,IU,IBaJmCD Ha Y MeJK.!JYHapO.IU{OM Cl'IMII~3HYM8 no 

qll'I3HK8 BllCOKHX 3HeprHtt H 3ReMeHTapHHX tJaCTHU B BapmaBe B 1975 r. 
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