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Msyqanocb yrnoBoe pacrrpeaeneHHe J[- -MesoHoB oT pacrraaa ~ --rnrre-

poHoB, o6pasoBaHHhlX rrpH BsanMoaelcTBHH rrpoTOHOB c aaeprnel 9 EaB c HapaMH 

¢oToaMynbcHH. nonyqeHa oueHKa 3HaKoBoro cocTaBa o6pasymmHxcH rnrrepoaoa. 

OueHeHo 3HaqeHHe ceqeHHH reHepaunn sapH~eHHhlX rHrrepoHoB Ha Hapax sMynbCHH. 
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I. YcrroBHH sKciTepHMeHTa 

B pa6oTe 6hiJIH HCITOllb30BaHhi .nBe sMyllbCHOHHhie KaMephr, pasMepoM 

10x10x6 cM
3 

IKaMepa 1 I H 10xl5x4cM
3 

IKaMepa 2 /, co6paHHhie H3 crro-

eB SMYllbCHH THITa "EP-400, HI1Kct>I1 ". KaMephi o6rryqarrHCb B ITyqKe ITpOTOHOB 

C SHeprHel 9 EsB CHHXpo¢asoTpOHa fla6opaTOpHH BhlCOKHX SHeprHI, npe.niTorra-

rarrocb Hccrre.noBaTb 1 B qacTHOCTH, yrrroBhle paciTpe.nerreHHH ITpo.nyKTOB paciTa.na 

sapH:>KeHHhiX rHITepoHoB; ITOSTOMy rJlaBHOe BHHMaHHe 6h!J10 y.nerreHO MeTO.OY ITO-

HCKa rHITepOHOB ITO B03MO:>KHOCTH CB060.0HOrO OT KaKOI-rrH60 9KCITepHMeHTaJlbHOI 

Bhi60pKH, a T8K:>Ke TIUaTellbHOCTH .H.QeHTH¢HKaUIIH Hal.neHHhlX cnyqaeB paCITa.na. 
w:, 

B CBH3H C STHM, ITOHCK rHITepOHOB' ITpOBO.[lHJlCH ITpH ITpO.QOll:>KeHHH cne.noB B 

3Bes.nax, o6pasoBaHHhiX ITepBHqHhiMII ITpoToHaMH, Per.HcTpHpOBanHcb cnyqan paciTa

.na qacTHU Ha neTy Ha o.nHy perrHTHBHCTcKyro qacTIIUY. Hal.neHHhie TaKHM o6pasoM 

~:t. -t-
cnyqan MoryT 6biTb paciTa.naMH Ha neTy .c.... -rHITepoHoB HnH K--MesoHOB, ITpn-

qeM n.s-sa 6onbworo pasrrHqJIH Me:>K.ny BpeMeHaMH :>KH3HH STHX qacTHU ITPHMecb 

0KOHqaTBllbHaH H.QeHTH¢HKaUHH paciTa.QaiOIUeiCH qacT.HUhi ITpOBO.[lHllaCb Ha 

OCHOBaHHH H3MepeH.HI MHOrOKpaTHOrO pacceHHHH H HOHH3aUHH 0 no.nrre:>KaiUHe ITpO

.[lOn:>KeHHIO nyqH 3Be3.[l 1 o6pa30BaHHhiX ITepBHqHhiMH ITpOTOHaMH, Y.OOBneTBOpHll.H 

OITpe.neneHHhiM SHepreTHqecKHM H reOMeTpHqeCKHM ycnOBHHMo 3TII YCllOBHH, a 

TaK:>K8 .neTanH ITOHCKa H H.QeHTII¢HKaUHH rHITepOHOB, paCITa.naiOIUHXCH Ha neTy ITO 

cxeMe Z :t~ff:!:.+n,ITpHBe.neHhi B pa6oTe [1]. 

BcH ITpoue.nypa ITOHCKa II o6pa60TKH 6bma 0.':( HH1:1KOBOI .[liTH KaMep 1 H 2, sa 

TeM ll.HWb HCKlliQqeHHeM, qTo B KaMepe 1 OT6HpaJ1HCb ITepBHqHhie 3Be3.[lhl C ~10, 

a B KaMepe 2 - HesaBHCHMo oT qHcna nyqel B 3Bes.ne. 

'± 
Ecero 6hlrro Hal.neHo 76 cnyqaeB paciTa.na ~ -rHITepoHoB Ha rreTy ITO 

CXeMe ~ j::~ 5'7 1:: + f?._ 1 ITpHqeM B KaMepe 1 6b!J10 Hal.neHO 33 H B KaMe-

x/ 
pe 2 - 43 cnyqag • 

x/ 
KaMepa ITpOCM aTpHBarracb B na6opaTOpHH Bh!COKHX sHeprHI OI15II1, 

KaMepa 2 - B I1HCTHTyTe ct>H3HKH AH rpy3HHCKOI CCP H T6HJ1HCCKOM rocy.nap

CTBeHHOM YHHBepcHTeTe, 
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11. Pe3ynbT8Thi 

...... 
1. YrnoBoe pacnpeneneHHe nponyKTOB pacnana 2_- -rHnepoHOB 

B pa6oTe [ 2] 6hma nonqepKHyTa Ba:>KHOCTb H3y'leHHSI npononbHOil: acHMMeT

PHH B yrnoBoM pacnpeneneHHH £ -Me3oHOB, o6pa3YIOI.UHXCSI npH pacnane rHne

pOHOB. KaK y:>Ke coo6ruanocb B [ 1] , H aM H 6bma npennpHHSITa nonhiTKa yToq-
CT."+ ± 

HeHHSI naHHhiX no yrnoBOMY pacnpeneneHHIO fL-- -Me3oHOB oT pacnana 'Z:. -rHne-

poHoB. nony'I~HHOe yrnOBOe pacnpeneneHHe B CHCTeMe ITOKOSI rHnepOH8 OTHOCHTent

HO HanpaBneHHSI era nBH:>KeHHSI noKa3aHo Ha pHc, 1. EcnH anpoKCHMHpbBaTb pacnpe-

* . 
neneHHe Bbipa:>KeHHeM I 1 +a Co::S e I. TO K09cflcfJHUHeHT aCHMMeTpHH OK83biBaeTCSI 

paBHbiM: 

a of_ pz 
.Jv' ( 

3 "'"" -{( (3-a_~ J .e -¥ b Co6 ~· -r ..A.!/ =403 :!:0,.2 , 

rne cfi... - K09cflcfll'IUifeHT 8CHMMeTpHH npH ITOnHOH ITOnSipH38UHH rHnepOHOB, F; 
KoMnoHeHTa BeKTopa cpenHefi nonHpH3aUHH L -rHnepoHa Bnonb HanpaBneHHSI 

era nBH:>KeHHSI, B/ - yron Me:>Kny HanpaBneHHeM noneTa rHnepoHa n n -Me3o

Ha B CHCTeMe ITOKOSI rHnepoHa If ._.N' - 'IHCnO Ha6niOnaBWHXCSI rHnepoHOB, 

VJccnenoBanocb TaKme yrnoBoe pac:.:npeneneHHe JL -Me3oHoB· OTHOCHTenbHO 

ITnOCKOCTH po:>KneHHSI 2:: -rHnepoHOB. H opManb K nnocKOCTH po:>KneHHSI onpenenSI-

naCb BeKTOpHhlM ITpOH3BeneHHeM 
- __,.] -'P -'P C. P x ~ , , rne P H 2: - enHHH'IHhie BeK-

p 
TOphl, HanpaBneHHe KOTOphlX COBnanaeT C HanpaBneHHeM nBH:>KeHHSI ITy'IKOBOro npo-

TOC8 If rHnepOHa COOTBeTCTBeHHO, a "Bepx" If " HH3" QTHOCHTenbHO 9TOH nno-__,. 

CKOCTH OnpenenSinHCb ITO 3HaKy cMewaHHoro npoH3BeneHHSI [ p x£]·Ji. 
K oacpcpHuHeHT aCHMMeTpHH aToro pacnpeneneHHSI 

~ . .MI,epx-..1V't.w~ = 0 J(; -t-

2 ... A~te;x + ../V&Hu3 ' 
~22. 



5 

2. Yrnoaoe u aHepreTuqeeKoe p~crrpeneneHUH ""5"!. L - rurrepoHoB 

-==;-± 
nng ITOeTpOeHUH yrnOBOrO U 8HepreTU'IeeKoro paerrpeneneHUH ~ -rurrepo-

HOB ()brnu BBeneHbl nBe ITOrrpaBKU, nepBaH US HUX yqUTbiBana rurrepOHb! 1 KOTOpb!e 

pacrranaiOTeH Sa rrpenenaMU ITOTeHuuanbHOrO rrpo6era, no CBOeit BenuqUHe 8Ta rro

rrpaBKa eoeTaBnHeT OKano 16% OT Ha6niOnaBwerocH quena rurrepoHoB, BTopaH rro-

rrpaBKa 'IUeTO reOMeTpUqeeKaH U CBHSaHa e TeM 06CTOHTenbCTBOM 1 'ITO perUeTpU-

pOBanUCb He Bee rurrepoHhi, neTHruue B rrepenHIOJO rronyeclJepy oTHocuTenbHO HarrpaB

neHuH nBu:>KeHUH rry'IKOBoro rrpoToHa, a nuwb ~e, nnH KoTopbiX yron rrorpymeHUH He 

rrpeBhiwan 7,5° [ 1] • H a puc, 2 rroK~saHo rronyqeHHoe yrnoBoe pacrrpeneneHUe 2::!:

rurrepoHOB e yqeToM rrpuBeneHHhiX rrorrpaBoK. I< aK BunHo us paerrpeneneHuH, rro-Bu-

nUMOMy, MO:>KHO equTaTb 1 'ITO rrpaKTU'IeCKU Bee rurrepOHbi, o6pasyiOIUUeeH rrpu B38UMu

neitCTBUU rrpoTOHOB e 8Heprueit 9 BaB c HnpaMu 8Mynbeuu, BbmeTaiOT B rrepe~HIOIO 

rronycciJepy. Torna e yqeToM yKasaHHbiX Bhirne rrorrpaBoK rronHoe, 'Iucno rurrepoHoB 

OK83biBaeTeH paBHblM 488. 

Ha puc. 3 rroKasaH rronHhiit aHepreTu"'ecKuit erreKTp sapH:>KeHHhiX rurrepoHoB. 

KaK BUnH0 1 B CITeKTpe Ha6niOnaeTeg MaKeUMYM U noBOnbHO pesKUit erran B CTOpOHy 

6onbwux sHa'Ienuit aHepruu. KpoMe Toro, oTcyTeTByiOT rurreponhi c aneprueit 

)290 MaB, XOTH ITO rrpUHHTb!M B HaCTOHIUeit pa6oTe rrpaBUnaM ITOUCKa 6bma BOS

MO:>KHa perucTpauuH rurrepoHoB e aHeprueit 410-420 MaB, He ucKnJOqeno, 'ITO yKa

saHHbie OCo6eHHOCTU crreKTpa eBHSaHbl C TeM 1 'ITO o6paSOBaBrnUeCH rurrepOHbl aclJciJeK

TFlBHO B38UMoneiteTByiOT e HyKnQ.HaMU 1 BXOnHIUUMH B eocTaB ponUTenbCKOrO Hnpa, 

Ha puc. 4 rroKasaHhi rrpenenbHbie KpUBbie nnH yrnoB u KuneTuqecKoit anepruu· 

2_ -rurrepCHOB 1 o6paSyiOIUUXeH B peaKUUHX 

paec'IuTaHHhie e y'IeToM BHyTpuHnepHoro nBumenuH HyKnOHOB, BosMo:>KHaH reHepa

uuH pasnU'IHOrO 'IUCna JL -MeSOHOB B peaKUUHX ( *) U (* -x.) MO:>KeT ITpUBeCTU 

TOnbKO -K cy:>KeHUIO rrpenenbHb!X KpUBb!X 1 KOTOpbie 6y nyT B 8TOM cny'Iae rronHOCTbiO 

pat:rrono:>KeHbl BHyTpU COOTBeTCTByiOIUUX KpUBbiX puc. 4. npenenbHaH KpUBag peaKUUU 

I -1f * I Bbi'IucnHnaeb nnH anepruu .1l -Mesona J paBHOit 8 BaB, 'ITO OTBe'IaeT MaKen

ManbHO BOSMO:l-KHOH 8HeprUU nnH _/t_. -MeSOHOB, renepupyeMb!X rrpOTOHaMU C 8Hepru-
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x/ 
eli 9 EsB rr BhiJleTaiOrurrx B HarrpasrreHrrH rry'!Ka • Cpe.arr 76 I'HIIepOHOB , HaHe-

ceHHhiX Ha prrc. 4, Ha6rrro.aarrocb 6 crry'Iaes, KOTOpbre He rrorra.aanrr B rrpe.aenax 

TpexKpaTHofi orurr6Krr B o6rracTh, orpaHH'IeHHyiO rrpe.aenbHhiMII KpiiBhiMH, EcTecTBeH

HO rrpe.arrOJIOMIITh, 'ITO 9TH I'HII8p0Hbl 6biJIH rrepBOHa'IaJibHO 06pa30BaHbl B peaKUIIHX 

/xI rr /xx/, HO npH .aaJihHeiiweM rrpoxoM.aeHrrrr '!Ope3 po.an:TenhcKoe H.apo n:crrbrTa

rrn: H.aepHOe B3BHMOLl8HCTBIIe, He IICKJI!O'I8HO TaKN< e, 'ITO OHII o6pa30Ba.TIHCb rrprr 

B3BIIMOLl8HCTBIIII rrepBII'IHOI'O IIpOTOHa C Tpy6KOH H.apa, 

3, 3HBKH ~ -rrrrrepOHOB II C8'!8HH8 reHepaUIIII 3apHM8HHhiX I'IIII8pOHOB 

CTaTHCTII'I8CKBH OUeHKa OTHQW8HIIH 'IIICJia ITOJIO}!(IIT8.TibHh!X II OTDHUBT8JihHb!X 

I'HIIepOHOB 6hlJia ITOJiy'IeHa H3 cpaBH8HIIH Bp8M8HH rrporreTa Bcex Ha6mo-

LlBBWHXCH I'IIII8p0HOB OT TO'IKII IIX o6pa30BaHIIH LlO TO'IKH pacrra.aa CO cpe.aHHM Bpe

MeHeM rrponeTa, KOTOpOe OMII.UaeTCH rrprr .aaHHOM ITOT8HUIIaJibHOM rrpo6ere B rrpe.a-

+ -
ITOJIOM8HHII, 'ITO BCe Ha6JIIOLlBBWIIeCH rrrrrepOHbl HBJIH!OTCH IIJIH ~ - HJIH 2._ -rn-

nepoHaMH. 

nprr BhJqJlCJI8HHH cpe.aHero 3HB'I8HHH BpeM8Hii rrponeTa Ka}!(L!OI'O I'HrrepOHa B 

+ -
.asyx yKa3aHHhiX Bhrwe BapHaHTax, cpe.aHrre BpeMeHa }!(J13HH L H 2:. -rnrrepoHoB 

-10 -IO 
6paJIHCh COOTB8TCTBeHHO paBHb!MH 0,75•10 C8K H 1.59 '10 C8K [31 , ,lloJIH 

+ 2:. -rnrrepoHoB, a{ , B Ha6rriO.aaBweii:cH cMecH rrrrrepoHoB oKa3arracb paBHofi: 

c1... = 0,62.:!:. 0,07. 

Ecrrn y'!eCTh, 'ITO oTHoweHrre '!acToT pac¥a.aa 
+ ~ -rnrrepoHOB no LIBYM 

B03MOMHh!M KBHaJiaM paBHO 1, TOI'LlB LlJIH OTHOW8HHH 'IHCJIB ITO.TIO}!(HT8JihHhiX li OTpu-

uaTeJihHhlX rnrrepoHOB rroJiy'IHM: 

~to 

»:- 3,2 _j- 1,0. 

OueHKa ce'IeHrtH reHepaunn rnrrepoHOB rrpoBo.anrracb oT.aerrhHO .arrH .aaHHhlX 

1-H: H 2-H: sMyJihCHOHHhiX KaMep. H eo6xo.aHMhre rrpH Bhi'IIICJieHHn ce'!eHn:H cBe.aeun:H 

no cpe.aHeMy cBo6o.auoMy rrpo6ery LIJIH B3anMo.aeifcTBIIH 9 EsB rrpoTouoB c H.a-

paMH aMynhcrrrr, rrpoueuTy 'IHCJia B3an:Mo.aeiicTBHH 9 Ess rrpoToHoB c rrerKIIMH H 

xl 
Cne.ayeT OTM8TIITh, 'ITO rrpii YM8HbW8HHH 9HeprHH HaJieTaiOW8I'O 9l -M830-

Ha o6naCTh, OXBBThiBaeMaH rrpe.aenhHOH KpHBOH, cy}!(aeTcH, 
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TH:>KeJihlMR '5I.Up8MR 9MYJibCRR R DO 9JieMeHTapHOMy COCTaBy 9MyJibCHR 6hlJIH B35IThl 

R3 pa60T [ 4- 5] o !lJIH ceqeHRH reHepaURH 38p5I:>KeHHblX I'HDepOHOB DpR B38RMO

.uefiCTBRH DepBRqHblX DpOTOHOB C 5I.Up8MR 9MyJibCRR IKaMepa 21 R C TH:>KeJiblMH 

H.UpaMR aMynbCRR IKaMepa 1 I cooTBeTCTBeHHO 6bmR DonyqeHbi cne.uyiOruue 3HaqeHHH: 

L' Cf>·.Rf! -
U -z..eu. - 14,2 ±. 0,9 I 
o_ T .R:>H. .5tf1 ~ 

u.u - 13,7 ±. 0,91. 

VIa o6ruux coo6pa:>KeHRti H30TODHqecKoti RHBapHaHTHOCTH nerKo DOKasaTb, qTo 

DpH B38HMOL(eHCTBRH DepBHqHblX DpOTOHOB C 5I.Up8MH, o6na.uaiOIURMH HyneBbiM R3o-
. ' ...... 

TODHqeCKRM CDHHOM, qHCJIO 0 6pa3yiOIUHXC5I 38p5I:>K eHH blX L. -raDepoHoB B .uBa pasa 

6onbllle qucna HefiTp8JibHblX 2:: -rHDepOHOB • .Hnpa cpoT09MY.TibCRH Dp8KTHqeCKH 

Y.UOBJieTBOpHIOT 9TRM ycnOBRHM. noaTo~y 

4. !lODOJIHHTeJibHbie 3aMeqaHH5I 

B pa6oTe 6biJIH Dpocne:>KeHbi Bee qepHbie H cepbie nyqu B 76 aBes.uax, B KoTo

pbiX 6biJIH o6Hapy:>KeHbi 2: -rHDepoHhi, pacDa.uaiOruHecH DO cxeMe 2_±--Tfi.::t+n. 
+-

B pesynbTaTe 6bmo Hati.ueHo qeTbipe cnyqag DapHoro po:>K.ueHHH L- -rnDepoHa 

H K + -MesoHa, .uBa cnyqag DapHoro po:>K.ueHHH K + H K- -MesoHoB u cnyqati o6-

pasoBaHHH .uByx ruDepoHoB B o.uHoti 3Bes.ue. 3Bes.ua THDa 117 + 7pl co.uep:>Kana 

.UBe "cepbl~" qaCTHUbl, paCD8.U8IOIUJ!eCH H8 neTy H8 O.UHY peJIHTRBHCTCKYIO qacTHUY. 

3HaqeHH5I M8CC 9THX qaCTRU, DOnyqeHHhle DO pe3yJibT8T8M H3MepeHH5I MHOI'OKpaTHOI'O 

pacceHHRH R HOHH38UHR , OK838JIHCb paBHblMH: 

m, = 11,78 ±. 0,451 tl')? H 

npe.uDOJI8I'8H, qTo 06e qacTHUbl 5IBJI5IlOTCH I'HDepOH8MR 1 He06XO.UHMO .UODYCTHTb, 

qTo aTa sBes.ua co.uep:>Kana TaK:>Ke HefiTpanbHbie HJIH sapg:>KeHHbie 

KOTOpbie He 6biJIH 06Hapy:>KeHblo 

K-Me30Hbi, 
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KpoMe Toro, rrpH rrpo.uon)KeHHH oTo6paHHhiX nyqefi Ha6.rrro.uarrcsr O.llHH crryqafi 

aHHHI"'HliHUHH aHTHIIpOTOHa Ha lleTy. npo6er a~THIIpOTOHa OT pO,llHT9JlbCKOfi 3B93.llhl 

,llO TO'IKH aHHHI"'HliHl{HH COCTaBliH9T 17 14 MM. KHH9TH'I9CKa.IJ 9H9pl"'H.II aHTHIIpOTOHa 

B TO'IK9 aHHHI"'Hll.IIUHH E K(JH( pJ-=- 92 j: 15 M a B. AHHHI"'HliHUHOHHasr aBea.ua co.uep-

)KHT 9 "qepHbiX" H "cepb!X" 'laCTHU H O.llHY peliHTHBHCTCKym qacTHUYo 

ABTOpbi Bbipa)KaJOT 6naro.uapHocTh 3.n.AH.upoHHKall!BHliH H B.VJ.BeKcnepy aa 

BHIIMaHHe K pa6oTe. ABTopbi 6naro.uapsrT TaK)Ke coTpy.uHHKOB rpyiiiihi sKcrrnyaTaUHH 

yCKOpiiT9liH II KOllll9KTIIB na6opaHTOB, IIpllHIIM8BWHX y'laCTIIe B IIpOCMOTpe cpoT08MYJib-

ciifi. 

PyKOIIIICb IIOCTyiiHlla B II3,llaT9llbCKIIfi OT,ll9ll 

5 IIronsr 1960 ro.ua. 
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