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1-MeTpOBaJI BO,IJ;OpO,IJ;HaJI DY3hlPLKOBaJI KaMepa/l/ JIB3 
OIUIH 6hlna o6ny1feHa MOHoxpoMa THlfeCKHMH He:iTpoHaMH oT 
CTpHDDHHra ,IJ;eBTOHOB, yCKOpeHHhlX B CHHXpocila30TpOHe. 
,D,e:iTOHhl na,IJ;anu Ha MHmeHL H3 Al TOJIIQHHO:i 1 eM. OcL 
KaHana HeBTpOHOB DpOXO,IJ;Hna DO,IJ; yrnOM 0° K TpaeKTOpHH 
,IJ;e:iTOHOB B ycKopHTene B TOlfKe MHmeHH. IIylfOK He:iTpoHOB 
cilopMHpOBancJI ,IJ;BYMJI CTanLHLIMH KOnHHMaTOpaMH, KOTOphle 
,IJ;aBanu H3o6pa)KeHue nylfKa Ha nepe,IJ;He:i cTeHKe KaMepLI 
pa3MepoM -/5x4, 7 I eM 2 .KaMepa pacnono)KeHa Ha paccToJI
HHH 140 M OT MHWeHH. IIpHMeCL B KaHane lfaCTHU. ,ll;pyroro 
COpT a OTCYTCTBOBana 6naro,IJ;apJI OlfHID.aiOIIJ.eMy DOniO YCKO
pHTenJI H ManoMy TeneCHOMY yrny, B KOTOpOM H,IJ;eT nylfOK 
ueiiTpoHoB. Bcero nonylfeHo 200 mr.ac. clloTorpacllu:i npu 
8 3Ha"''eHHJIX HMDynLca HeBTpOHOB B HHTepBane OT 1 ,IJ;O 
5 F3B/c, Ha KOTOphlX 3aperHCTpHpOBaHO 6onee 1,5 MAH. 
3Be 3,IJ; n p - B3aHMO,IJ;eBCTBHB. 

UenLIO ,IJ;aHHo:i pa6oTLI JIBnJieTCJI nonylfeHHe Tononoruqec
KHX CelfeHHB np -:P3aHMO,IJ;eBCTBHB, KOTOphle, DOMHMO ciiH3H-
1feCKOrO HHTepeca, Heo6xo,IJ;HMhl ,IJ;HJI nocne,IJ;yiOIIJ.ero onpe
,IJ;eneHHJI CelfeHHB KaHanOB OT,IJ;enLHhlX peaKU.HB. 

Afe11100 onpeOeAeHUR IIIOnOAOZU~eCKUX Ce~eHUU 

)J,nJI 3TOB u.enH 6LinO HCDOnL30BaHO OKOno 200 llbiC. 

3Be3,IJ;. IIonHoe lfHcno 3Be3.n npu Ka)K,IJ;o:i 3Hepruu HOPMHpoBa
nocL Ha noJiiloe celfeHue np -B3aHMO,IJ;e:icTBHii/2/,H3BecTHOe 
c TOlfHOCTLIO oKono 1~. Tor,IJ;a TononoruqecKHe ceqeHHJI 
1-, 3-, 5- H 7-nylfeBhlX 3Be3,IJ; paBHhl: 

a tot U·=---N .. 
1 N 1 

f.Ot 

3,IJ;eCL i =1,3, 5, 7 - lfHCnO C06LITHB ,IJ;aHHOB TODOnorHH. 

/1/ 
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B pemeHBB :no:l 3a~a'lll BMeeTcJI MeTo~qecJ<aJI Tpy~
HOCTL, CBJI3aHHa.ll CO cne~B~BI<OB HeBTpOHHOrO o6ny'leHB.II 

/He BB~a Ha'lanLHa.ll 'laCT~a/ B I<OHCTpyi<THBHWMB OC06eH

HOCTJIMB I<a:Mepw. CTanLHOe BXO~HOe OI<HO J<aMepw no J<O· 

nB'IeCTBY BeJQeCTBa 3I<BBBaneHTHO - 50 CAOKH~I<Oro BO~Opo

~a. Bene~ 3a OI<HON uaxo~TcJI o61>eM Bo~opo~a ~Hoi 
50 CM, I<OTopwi He npocMaTpBBaeTcJI o6"Lei<THBaMH. Ha 

100 CM BO~Opo~a H3 nonHoro 'IHCna nepBB'IHWX HeiTpOHOB 

npH BMnynLce oi<ono 5 F3B/c npoB3aHMo~eicTByeT npa

Mepuo 14~. 

Bcne~CTBBe B3oTonaqeci<oi CBMMeTpBBnp-B3aBMo~ei
cTBBi B I<OHe'IHO.M COCTOJIHHH ~OIDKHO B cpe,D;HeM 06pa30BW

BaTLCJI O~HHai<OBOe 'IHCnO 3ap.II,D;OBO·conp.ll*eHHWX 'laCTH~. 

HanpHMep,i'i 77 + =i'i 77 -, iin =Op. ,lJ;n.11 on H iip, BCnOnL3Y.II 

3ai<oH coxpaHeHB.II 6apaouuoro 3aps,IJ;a H npeHe6perasnpo

~eccaMB c PO*.D;eHueM runepoHoB /BI<na,D; · ux MeHLwe 1 0/o/, 
MO*HO nony'IHTL, 'ITO 

0=0=1. 
n p /2/ 

Cne,D;oBaTenLHo, MO*HO C'IHTaTL, 'ITO cKonLKo HeiiTpoHoB 

BW6WBaeT B3 nepBH'IHOrO ny'IKa B pe3ynLTaTe CTOnKHOBeHHB 

C npOTOHaMH, CTOnLKO *e po~aeTCJI BTOpH'IHLIX HeiTpOHOB. 

E~e O,D;HHM HCTO'IHHKOM ~OHOBLIX HeBTpOHOB MOryT 6WTL 

B3aHMO,D;eBCTBH.II nepBH'IHLIX H BTOpH'IHLIX HeBTpOHOB C JIA· 

paMH *ene3a BXO~OrO OKHa, 3a,I\HeH CTeHKH KaMepw, 

CTeKJia H paCTpa. IlpH 3TOM MO*eT B03HHI<HYTL 3Ha'IHTenL· 

Hoe KOJIH'IeCTBO Mano3ueprH'IHLIX I P < 0,3 F3B/c/ ueiiT-
n 

POHOB C npaKTH'IeCKH H30TpOnHWM yrnOBLIM pacnpe,l\ene-
HHeM. 

0,D;HaKO, XOTJI npHMeCHLie HeBTpOHLI pa3HOrO po,IJ;a,D;OIDK

HW 6wTL Y'ITeuw ~n.11 npaBHnLHoro onpe,D;eneHHJI Tononoru

'leCKHX Ce'leHHB BW6paHHLIM HaMH MeTOAOM, OHH HeCyJQeCT

BeHHLI .IlnJI ~H3H'IeCI<OB o6pa60TKH KaHanoB peai<~HB, BW,I\e

JI.IIeMWX npH nOMOIQB nporpaMMLI H,D;eHTH~HKa~HH, T .K. B 

o6naCTL yrJIOB H HMnyJILCOB nepBH'IHOrO ny'IKa HX nona,l\aeT 
He 6onee 1~. 

0T6op 3Be3A npOH3BO,D;HJICJI no BCeH nnoJQa,D;H Ka,D;pa 

Ha npOCMOTpOBOM CTOne, r,D;e H306p~eHHe 6nH3KO K HaTy

paJILHOMy. H3MepsnacL Koop~aTa Y BepWHHW 3Be3AW 

OTHOCHTeJILHO JIHHHH, npOXO,D;.IIIQeB 'lepe3 penepHLie KpeCTLI 

4 

;nyqoi< B~eT B~OnL oca X /. ~.II o~ony'leBwx 3Be3~ Bep

WHHa Bw6upanacL H3 coo6~eHBi coxpaueHBJI 3apJI~. 
B cnyqae I<opoTI<BX Tpei<oB, I<or~a J<pBBB3HY onpe~en&TL 
HeB03MO*Bo, BepWHHa onpe~em1nacL Tai<, '1To6w yron :w:e~y 

Tpei<oM H ocLIO X I<aMepw He npeBwwan 90°. B cTaTBCTBI<Y 

6pan&CL 3Be3~W C ~HOB Tpei<a f ~ 0,2 CM. fipB npOCMOTpe 

He uai<na~wBanocL orpaHH'IeHHi Ha uaxo~eHHe BepWHHW 

3Be3~W BHYTPH o6'beMa I<aMepw. 

Ha puc. 1 npBBe~euw pacnpe~eneHHJI no BenB'IHHe Y 
~.II 1-, 3- H 5-ny'leBwx co6wTHi npu HMnynLce na~aiOIQBX 

ueiTpoHOB OI<ono 5 F3B/c. llnoJQa~B no~ rHcTorpaMMa.MH 

OTHOpMHpOBaHW Ha e~H~y. JICHO, 'ITO B OTCYTCTBHe BTO· 

pH'IHWX 3Be3,D; rHCTOrpaMMW ~OJDKHW 6WTL ~eHTH'IHWMB. 

Ilo~no*I<a MHHHManLHa ~.II 5-ny'leBWX 3Be3~ H Mai<CH· 

ManLHa ~.II o~ony'leBwx. Cpe~H oTo6paHHWX o~ony'leBwx 
3Be3A HMeeTcs npBMecL I 12~/ co6wTui, y I<OTopwx Bep

waua HaXOABTC.II B cTei<ne BnB B ABe I<aMepw I cny'lai 

"cTei<no - ~Ho"/. 
H3 puc. 1 cneAyeT, 'ITO nepBH'IHWi ny'IOI< ueiTpouoB 

I<OH~eHTpBpyeTCJI no BenH'IHHe I<OOp,D;HHaTW Y B HHTepBane 

oT 4 .D;O 9 cM. Kpa.11 pacnpeAeneuui o6ycnoBneuw npu:Mec

HWMH HeiTpOHaMH /BTOPH'IHWMB OT ny'II<a H ~OHc;>BWMB/. 
,lJ;JIJI onpe,D;eJieHH.II 'IBCJia 3Be3A, po~eHHWX TOJILI<O nepBH'f· 

HLIMB HeBTpOHaMB, Tpe6yeTCJI I<Oppei<THO O~eHBTL BenB'IBHY 

~OHa B BHTepBam• 4 -'-9 CM. C 3TOB ~eJILIO 6wno npoBe,D;eHO 

MO,I\eJIHpOBaHHe B3aBMOAeBCTBBH C y'leTOM I<OHCTPYI<THBHWX 

OC06eHHOCTeB KaMepw. fipB MO,D;eJIHpOBaHBH C'IHTaJIOCL, 

'ITO nepBH'IHWe HeBTpOHLI ny'IKa MOrJIH B3aHMOAeBCTBOBaTL 

B CTaJIH OKHa /KOTOpa.ll nepeC'IHTWBanaCL Ha BOAOPO,D;HWB 

3KBHBaneHT/, B HeBH,!J;HMOM 06'beMe KaMepW H B ~OTOrpa
~HpyeMOB o6nacTu. BTopH'IHWe HeiiTpoHw OT ny'IKa B3au

MOAeiicTBOBana TOJILKO c BOAOPOAOM. HcTO'IHHI<H Mano-

3HeprH'IHWX HeiTpoHoB He y'IHTWBanBCL. 

)J;aHHWe no yrJIOBWM B HMnyJILCHLIM xapaKTepBCTHKaM 

BTOpH'IHLIX HeBTpOHOB H TOnOnorB'IeCKHe Ce'leHH.II, Heo6-

XOABMWe ,1\n.ll MO,I\eJIHpOBaHHJI, 6wn& B3JITW B3 MaTepaana, 

noJiy'leHHOrO npH 06Jiy'leHBB 55-caHTHMeTpOBOB nponaHOBOB 

KaMepw HeiiTpoHaMH cnnowuoro BMnynLcHoro cneKTpa OT 
I ~ , I 

2 ,D;O 10 r3B/c I 3,'8 KOMnHJI.II~B/2, • 

B pe3yJILTaTe MOAenupoBaHHJI onpeAensnacL BenB'IHHa 

nO,lJ,JIO*KH no OTHOWeHHIO K nOJIHOMY 'IHCny 3Be3~ ,D;aHHOH 
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Puc. 1. PacnpeoeAenue no Koopouname Y 1-, 3- u 5-Ay
~eebzx 3ee30 e omnocumeAbHbiX eOUHUflaX OAJI uMnYAbca 
naoaJOUIUX neumponoe ::. 5 T3B/c. 

TononorHH H ee ~opMa. Ha puc. 1 no.D;Jio>KKa, nony'leHHaJI 

nYTeM MO.D;eJIHpOBaHHJI, HaHeCeHa B BH.D;e CnJIOWHOH JIHHHH 

Ha pacnpe.n;eneHHJI no Koop.n;HHaTe Y .D;JIJI 3- H 5-ny'leBLIX 

3Be3.n;. BH,n;Ho, 'ITO KpHBaJI xopowo onHCLIBaeT Kpa,. pac

npe.n;eneHHJI H He HMeeT CY~QeCTBeHHLIX nO.D;'beMOB B OfiJiaCTH 

nepBH'IHoro ny'IKa. 

B pe3yJILTaTe MO.D;eJIHpOBaHHJI OTHOCHTeJILHaJI .D;OJIJI no.n;

JIO>KeK KO BCeM 3Be 3.D;aM ,n;aHHOH TOnOJIOrHH npH ~ = 5 T3B/ C 
"'IOJIY'IHJiaCL: a I = 17~, a 

3 
= 91J>, a 

5 
= 7'fo /a I - O.D;HOJiy'leBLie 
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a 3 - 3- H a 5 -5-ny'leBLie 3Be3.n;LI/. llo.n;no>KKa .D;JIJI 1-ny

'leBLIX 3Be3.D; noJiy'IHJiaCL 3Ha'IHTeJILHO MeHLWe 3KCne

PHMeHTaJILHO ua6mo.n;aeMoii, .n;a>Ke ecnH yqecTL cny'laH 

"CTeKJIO - .D;HO", 'ITO yKa3LIBaeT Ha npHCYTCTBHe MaJI03Hep

rH'IHOrO ~oua. ~JIJI ero onpe.n;eneHHJI paccMoTpHM pacnpe

.n;eneHHJI no Y O.D;HOJiy'leBLIX 3Be 3.D; C pa3HOH .D;JIHHOH TpeKOB 

/puc. 2/. Puc. 2a - pacnpe.n;eneHHe cnyqaeB "cTeKno -

.D;HO", 26 - pacnpe,n;eJieHHe O.D;HOJiy'leBLIX 3Be3.D; C .D;JIHHOH 

l 

a) CTet<no-iHo 
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Puc. 2. PacnpeOeAenue no. Koopouname Y OAJI oonoAy~eebiX 
3ee30 c pa3~~HbiMU OAUHaMu mpeKO!Jj 2a - cAy~au "cmeK
AO - OHO", 24 - CAy~au C £ < 1 CM, ~- CAy~au C 1 <£< 3 CM 
OAJI uMnyAbca naoa10111UX neumponoe - 5 T3B/c. 
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TpeKa < 1 CM, 26 - TO >Ke .Z.JUI ,1:\JIBH 1 < f < 3 CM. Pacnpe.z.e
JieHH.II nOCTpOeHLI M.ll HMnym.ca nepBB'IHOrO ny'IKa P

0 
::!: = 5 F3B/c H nonaoro 'IHCna o~onyqeswx 3Be3.Z., pasaoro 

Nt=1800. Ba.z.ao, 'ITO cjop:w:a M.ll cnyqaes "cTeKno - .z.ao" 
6JIB3Ka K paBHOMepHOH. ,lJ;JIBHLI f= 0,2; 1 H 3 CM COOTBeT
CTBYIOT HMnyJI:&CaM npOTOHOB OT.Z.a'IH, paBHLIM 100, 150 
H 200 M3B/c. H3 puc. 26, 26 B~Ho, 'ITO cjopMw pacnpe
.z.eneaaii pe3KO MeH.IIIOTC.II C yBeJIB'IeHHeM HMnyJI:&Ca npOTO
HOB OT.Z.a'IB. 

llpH P
0 

:::: 5 F3B/c ceqeaae o~onyqeswx 3Be3.Z. cocTas
JI.IIeT : 20 M6/3ffioJIOBHHY 3TOrO Ce'leHH.II COCTaBJI.IIeT ynpy
roe pacce.IIHBe /2/ . 3aa.ll aaKJIOH B t -pacnpe.z.eneHHB M.ll 
ynpyroro pacce.IIHB.II H npe.z.nonara.11, 'ITO B aeynpyrax npo
~eccax 3TOT HaKJIOH npH6JIB3HTeJIJ.HO B 2 pa3a MeH:&We, 
MO>KHO O~eHHTh .Z.OJIIO O.Z.HOJiy'leBLIX 3Be3.Z. C pa3HLIMB HM
nyJI:&CaMH npOTOHOB OT.Z.a'IB npH y'leTe TOJIJ.KO B3aBMO.Z.eii
CTBHH nepBH'IHLIX H BTOPH'IHLIX aeiiTpoaos. B o6nacTH 

HMnyJI:&COB npoTOHOB OT.Z.a'IB 150 >P > 100 M3B/c OHa He 
npeBLIWaeT 7'fo /3TH C06LITH.II KOH~eHTpBpyiOTC.II B 06JiaCTB 
nepBH'IHoro ny'IKa/. Ha onwTe nocne BLI'IHTaHB.II cnyqaes 
"cTeKJIO - .Z.HO" H3 nOJIHOrO 'IHCJia 3Be3.Z. 3Ta .Z.OJI.II COCTaB
JI.IIeT 22tf,, KaK 3TO cne.z.yeT H3 puc. 26. O~eaKa .z.ona 3Be3.Z. 
OT nepBB'IHhiX B BTOPH'IHLIX HeiiTpOHOB C 200>P > 150 M3B/c 
cornacyeTC.II c 3KcnepaMeHTaJI:&HLIMH .z.aHHI.IMB I puc. 2/. 

O'leBH.Z.HO, H3JIBWeK co6wTBii c 150 > P > 100 M3B/c 
o6yCJIOBJie~HCTO'IHHKaMB MaJI03HeprH'IHhiX HeiiTpOHOB.ECJIH 
Ha puc. 2$ BI.I'IeCTh .Z.OJIIO, o6yCJIOBJieHHYIO nepBH'IHhiMH 
H BTOpH'IHLIMH HeiiTpOHaMB, TO pacnpe.z.eneHBe OCTaBWHXC.II 
CJiyqaeB 6JIB3KO K paBHOMepHOMY. 

TaKHM o6pa3oM, ecJIB B 3- H 5-nyqeswx 3Be3.z.ax cjop:w:a 
H BeJIH'IHHa nOMO>KKH nOJIHOCThiO onpe.z.eJI.IIeTC.II BTOpH'IHLIMB 
HeiiTpOHaMH, TO B 1-Jiy'leBLIX 3Be3.z.ax nOMO>KKa co.z.ep>KHT 
3 KOMnOHeHTLI: CJiy'laB "cTeKJIO - ~0" C paBHOMepHLIM pac
npeAeJieHHeM no Y, BKJia.z. OT HCTO'IHBKOB MaJI03HeprH'IHLIX 
aeiiTpoHoB, HMero~~ TaK>Ke pasaoMepaoe pacnpe.z.eneaae 
no Y , BKna.z. oT BTOPB'IHLIX aeiiTpoaoB. AaanorH'IHa.ll o6pa-
6oTKa 6wna npose.z.eaa npH P

0
=1,2; 3,7 F3B/c. Bo scex 

CJiy'la.IIX MO.Z.eJIHpOBaHBe B3aHMO.Z.eHCTBHB nepBH'IHLIX BeRT
pOHOB .z.aeT XOpomee OnHCaHHe cJOpMLI pacnpe.z.eneHHH AJI.II 
3- H 5-Jiy'leBLIX 3Be3.Z. H BO BCeX CJiy'la.IIX nOMO>KKa B 1-ny-
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qeswx 3Be3.z.ax swwe nonyqaeMoii npH :w:o.z.eJIBposaHHH. C 
.z.pyroii CTOpOBLI, npH BCeX Tpex 3BeprH.IIX cJopMLI pacnpe
.z.eneHHH cnyqaes "cTeKJio - ~o" H MaJio3ueprH'IHoro cjoaa 
6JIH3KH K paBHOMepuwM. AHaJIB3 .z.auuwx MOAeJIBpOBaHH.II 
H nOCTpOeHHH THna puc. 2 n03BOJI.IIeT noJiy'IHTh npo~eHTHLIB 
COCTaB no.z.no>KeK M.ll O.Z.BOJiy'leBLIX C06LITHH: 

1 2 
a 1• = /5+6+6,5/tfo =/17 ,5± 1/1o 
af."Z:: /10+12+11/1o = /33±2/1o 
a f =/12+14,5+12,5/1o = /39±2/1o. 

/3/ 

3.z.ec:& BepXHHH H&AeKC y a 03Ba'laeT HMnyJI:&C na.z.aro~X 
aeiiTpOHOB, HH>KBHH - MHO>KeCTBeHBOCTh; nepBa.ll ~cjpa B 
CK06KaX COOTBeTCTByeT CJiy'la.IIM "cTeKJIO - .Z.BO", BTOpa.ll -
MaJI03HeprH'IHLIM HeiiTpOHaM, TpeTJ..II - BTOpH'IHLIM HeiiT
poHaM. EcJIH aa 3KcnepHMeHTan:&HLIX pacnpe.z.eneHH.IIX o.z.
aonyqeswx 3Be3.Z. nposecTu o6~YIO KPHByiO, 3KCTpanoJIHpy.ll 
"Kpa.ll" pacnpe.z.eneHH.II B 06JiaCTh ny'IKa, TO .Z.OJI.II DO.Z.JIO>KKH 
K 0611(eMy 'IHCJIY 3Be3.Z., noJiy:'leHHa.ll TaKBM o6pa30M, COCTa
BHT a 1

1•
2
= 20tf,, a~·'k 36tf,, a f = 38tfo. Cpasaeaae c ~cjpaMH 

H3 /3/ noKa3LIBaeT, 'ITO 3Ta npo~e.z.ypa .Z.OCTaTO'IHO TO'IHa. 
0TMeTHM, 'ITO 3HaHHe nOMO>KKH C TO'IHOCTJ.IO .Z.O 2'fo.z.aeT 
owa6Ky B ce'leHHH 1-nyqeswx 3Be3A M.ll Pn = 5 F3B/c 
He 6onee 1tf,, a M.ll MeH:&WHX 3Hepraii e~e :w:en:&me. llo3TOMY 
B .z.aJI:&HeiiWeM npH BCeX 3BeprH.IIX KpHBLie, onHCLIBaJO~e 
nOAJIO>KKH, npose.z.eHLI OT pyKH /na puc. 1 .Z.JI.II 1-Jiy'leBI.IX 
3Be3A KPHBa.ll npose.z.eHa TaKHM >Ke o6pa3oM/. 

cl>opMLI pacnpe.z.enenaii, nonyqaeMLIX M.ll 1-, 3- H 5-
ny'leBLIX 3Be3.Z., nocne Bhi'IHTaHH.II noMO>KeK cosna.z.aroT npH 
scex 3HeprH.IIX nepBH'IHoro ny'IKa B npe.z.enax o.z.noii cTa
THCTH'IecKoii OWH6KH. 

H3MeHenae BeJIH'IHHLI MaJI03HeprH'IHoro cjoHa B 3aBHCH
MOCTH OT p n MO>KHO 061o.IICBBTh CJie.Z.yiOmHM o6pa30M. llon-
HOe H neynpyroe Ce'leHHe B3aHMO.Z.eHCTBH.II 'laCTH~ 
c .11.z.pa:w:H /4/ B aameM HBTepsane 3Hepraii npaKTH-
qecKH He MeH.IIeTc.ll. O~aKo cpeAB.II.II MBO>KecTseauocT:& 
MaJI03HeprH'IHLIX HeiiTpouos OT pa3BaJia .IIAep I P

8
-:;. 

~0,3 F3B/c/ pacTeT nponop~ouaJIJ.HO KOPHIO Ksa.z.paTHOMY 
H3 KBHeTH'IeCKOH 3BeprHH BaJieTaJO~X 'laCTH~ B 06JiaCTH 
oT 1 .z.o 5 F3B. H3 /3/ c y'leToM nonpaBKH Ha seJIH'IBHY 
Ce'leHH.II O.Z.BOJiy'leBLIX 3Be3.Z. MaJI03HeprH'IHLIB cJOB MeH.IIeTC.II 
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c 3Heprae:i KaK:rs:r37:r12=2,3:1,9:1, 'IToxopowo 
cornacyeTCJI C 3aBRCRMOCTJ:.IO 'OT V'f-. 

OlleHKa u.MnyAbcoe naoa1014UX Heu•poHoe 

KaK 6y.I(eT BR.I(HO R3 .I(aJILHe:iwero, TononorR'IecKRe ce

'leHRJI JIBJIJIIOTCJI nJiaBHLIMR clJyHKIJ;RJIMR RMnyJILCa na.I(aiOIIUIX 

HeBTpOHOB, He RMeiOIIUIMR HRr.I(e pe3KRX R3MeHeHRB. Ilo3-

TOMY .I(OCTaTO'IHO npRBeCTR oneHKY cpe.I(HRX 3Ha'leHHB RM· 

nyJILCOB na.I(aiOIIUIX ae:iTpoaoB R ax .I(Rcnepca:i. OneHKa BM

nyJILCOB na.I(aiOIIUIX HeBTpOHOB npOR3BO.I(RJiaCL nyTeM BW

.I(eJieHRJI peaKnRR n p -+ pprr -, CYMMapHLIB RMnYJILC BTOPR'I· 

HLIX 'laCTRn KOTOpOB paBeH RMnyJILCy na.I(aiOmerO HeBTpOHa. 

HcnoJIL30BaHRe KpRTepaea oT6opa 3TO:i peaKnaa Tpe6yeT 

3HaHRJI HanpaBJieHRJI KaHaJia HeBTpOHOB OTHOCRTeJILHO OnTB

qecKRX oce:i KaMepw. B cnyqae HenoJIJIPR3oaaHHoro ny'IKa 

CYMMapHWB RMnyJILC BCeX B~RMWX TpeKOB HanpaBJieH no 

KaHaJiy HeBTpOHOB. ~JIJI pacqeTOB RCnOJIL30BaJIOCL OKOJIO 

25 000 TpeKoa. A3RMyTaJILHwe R noJIJipHwe yrnw KaHana 

noJiy'IRJIBCL O.I(RHaKOBLIMR .I(J:IJI BCeX 3Ha'leHRH pn B paa

HWMR 

{3 k= 0,0257± 0,0015 

tg CZJ..=O '00 1 0± 0' 0019. 

BwAeJieHRe peaKUBR np-+ pp 77- npoR3BO.I(RJIOCL npH noMOlUH 

cllYHKnBH f 00 = p~ cos e- E I+ m p 'Ha3waaeMOB aCBMnTOTOB, 

KOTOpaJI .I(JIJI yKa3aHHOB pea:K:UHH pasHa ftf prr1, - (E
0
-Pn)/S/ 

Ha puc. 3 npe.I(cTaaneHo TRnH'IHoe pacnpe.I(eJieHHe no acBMn

TOTe .I(JIJI C06WTHB, o6pa30BaHHLIX HeBTPOHaMB C BMnyJILCOM 

3,8 F3B/c~ JlcHo BBAeH pe3KH:i nRK B o6nacTB - 0,113 F3B, 
o6JI3aHHW:i npacyTCTBRIO cnyqaea peaKnRR np -+ pp 77-. B 

.I(aJILHe:iweM 3TH co6wTBJI oT6RpaJIHcL c ycnoBReM, '1To6w 

.I(JIJI HBX 3Ha'leHBe aCRMnTOTLI 6WJIO 3aKJIIO'IeHO B npe.I(eJiaX 

f oo -0,03 <foo <foo +0,03 F3B. Ha OT06paHHwe TaKHM o6-

pa30M co6wTBJI HaKJiaAWBanocL .I(onoJIHBTeJILHoe ycnoaae, 

TaK, '1To6w cyMMapHw:i RMnynLc BTOPB'IHWX qacTan co

CTaBJIJIJI C HanpaBJieHBeM KaHaJla yrJILI, He 60JILWHe, 'leM 

~{3 I =±0,0090 R ~ tga ~ = ±0,0090. /Ha puc. 3 3a'lepHeHHwe 

C06WTBJI - 3TO C06WTHJI, OT06paHHWe llO yrJIOBOMy KPBTe

PRIO/. 
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Puc. 3. PacnpeoeAeHue 3-Ayt~eebrx 3ee3o no eeAut~uHe 
f 00 =P~cose-E_»m OAJI UMnyAbCa naOOIOJI#UX HeullpOH06 
- 3,8 F3B/c /3at~e]meHHble coobiiiUJI - coobiiiUJI peaKIIUU 
~p-+ pp 77 - , o•oopaHHble no yzAoeoMy Kpu•epuro/. 

IlpHMep cneKTpa nepBR'IHWX HeBTpOHOB .I(JIJI RMnyJILCa 

na~aiOIIUIX He:iTpoHOB - 3,8 F3B/c noKa3aH Ha puc. 4. 
IloJiy'leHHWe TaKRM o6pa30M BOCeML 3Ha'leHRB Cpe.I(HBX 

HMllYJILCOB He:iTpOHOB, npR KOTOpWX npOR3BO.I(RJIOCL o6Jiy· 

'leHRe R RX .I(RCnepCRR, npRBe.I(eHW B JIQOA. 1. 
0TMeTRM, 'ITO RCTBHHaJI WRpRHa BMnyJILCHOrO cneKTpa 

na.I(aiOIIUIX HeBTpOHOB MeHLWe yKa3aHHOB B Ta6JIHne, T.K. 

B npRBe.I(eHHWe WRPRHW BXO.I(RT 3KCnepRMeHTaJILHaJI OWR6Ka 

B3MepeHRJI TpeKOB. 
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Puc. 4. CneK111P cyMMapHr.ax uMnyAr.coe U3 peaKIIUU 
n p --+ pp TT- OAJI UMnyAbC06 naomorqux HeU111POH06-3,8F3B/c. 

TonoAozu..,ecKue ce'"leHUJI u nonpaeKu K HUM 

B uaweM no~xo~e onpe~eneuu~ TononoruqecKux ceqe
uuii Ba)IQIO, qT06bl 3cWleKTHBHOCTL npOCMOTpa ~n~ 3Be3~ 
pa3nuquoii TononorHH 6blna o~uuaKoBoii. Ka)I()J.a~ cepu~ 
nneuoK, nonyqeuua~ npu o6nyqeuuu KaMepbl ueiiTpouaMH 
o~uoro HMnynLca, npocMaTpuaanacL ~BaJK~bl. KpoMe 3Toro, 
Bbl6opoquo npoao~nc~ TpeTHii npocMOTp. B pe3ynLTaTe 

Ni 
6blno nonyqeuo, qTo B pa3HbiX npocMoTpax 3naqeuu~ - .. -~
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~JUI i = 1,3 ,5 B npB BCeX p n COBD8JIB B npe~enax O,ZUIOB 

CTaTBCTB'IeCKOB OWB6KB. 

B 'IBCJie OT06paHHWX 3Be3~ pa3JIB'IHOH TODOJIOrBB B03-

MO>KHW TaK)Ke B ~pyrHe BCKa)KeHBJI. IloTepB B O,ZUIOJiy'leBWX 

3Be3~ax B3-3a HeperscTpau;BB npoTOHOB c PP::; 100 M3B/c 
nps BMnym.ce ueii:TpOHOB Pn = 5 F3B/c cocTaBJIJIIOT ... 5~ 
B nocTeneHHO yMeHJ.WaiOTCJI ~o 2~ npB Pn = 1,2 F3B/c. 
IloTepJI 3- B 5-Jiy'leBWX CJiy'laeB B3-3a O~HOrO KOpOTKOrO 

TpeKa npeue6pe)KBMO Mana. 

Cnyqas BTOPB'IHoro B3aBMo~eiicTBBJI B o~uony'leBwx 

3Be3~ax, KOTOpwe BMBTBPYIOT 3- B 5-Jiy'leBWe C06WTBJI, 

1 

·-6tot 
•-Cii 
.,_ cs3 
• - (5'5 

401- •• 

....... ..... 

.5 

30 1-

10 20 1-

10 1-

0 

• tf f 

• .. 
" 

1 

I 

• 

f 

& 

2 

I 1 T 

• • • • 
-

-
f 

' y 

f 

-

I 
I 

I 

I 

~ 
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~ 4 
P,.(M/c) 

5 

Puc. 5. TonoAozut~ecKue cet~eHU.R n p - e3auMooeiic14euii e 
ouana30He UMnyAbC06 naoaiOUIUX Heii•poHoe 1,2.:,. 5 F3B/c. 
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JierKO B~eHTB~Bl(BPYIOTCJI, B OTHOCBTeJILHaJI ~OJIJI COMHB

TeJibHWX CJiyqaeB KO BCeM 1-nyqeBWM 3Be3~aM npB BCeX 

3HeprBJIX MeHLWe 0, 1~. IlpBMeCb O~HOJIY'feBWX 3Be3~ C 

BTOpB'IHWM B3aBMO.lleiicTBBeM B 3- Jiy'leBWX C06WTBJIX npB 

P ... 1,2 F3B/c COCTaBJIJieT - 1~ B DJiaBHO yMeHJ.maeTCJI OT n- -
0,1~ nps Pn = 5 F3B/c. B 5-nyqeBwx 3Be3.1(ax npBMeCb 

npaKTB'IeCKB OTCYTCTByeT. 

IlpBHJITaJI npou;e~ypa BW'IBTaHBJI DO,!(JIO)KKB B HeyBepeH

HOCTb B Ol(eHKe BBO,ZUIMWX nonpaBOK JIBMBTBPYIOT OKOH'Ia

TeJibH.YIO TO'IHOCTL B onpe~eJieHBB TODOJIOrB'IeCKBX Ce'leHBB. 

TODOJIOrB'IeCKBe Ce'leHBJI MW onpe~eJIJieM C TO'IHOCTLIOHe 

nyqme 2~. B •a6A. 1 B ua puc. 5 npe~cTaBneuw 3Ha'leHBJI 

TODOJIOrB'IeCKBX Ce'leHBB. 

Ilo TODOJIOrBB K (n+2) -ny'leBWM 3Be3~aM HaMB OTHO

CBJIBCL n -ny'leBwe co6wTBJI c napo:ii ,lJ;aJIBTu;a. EcJIB Tpe-

6yeTcJI 3HaTb TODOJIOrB'IeCKBe Ce'leHBJI ,!(JIJI 3Be3~, r~e BCe 

TpeKB OCTaBJieHW a~poHaMB, TO Heo6XO,ZUIMO BBeCTB COOT

BeTCTBYIOUUie nonpaBKB /B •a6A. 1 B Ha puc. 5 Ce'leHBJI 

~aHW 6e3 BHeCeHBJI 3TBX nonpaBOK/. ~OJIIO C06WTBB C na

paMB ~aJIBTIJ;a MO>KHO Ol(eHBTL npB npOCMOTpe, B,!(eHTB41B

l(BpyJI 3JieKTpOHW B D03BTpOHW, a TaK*e BCDOJIL3YJI B30TO

DB'IeCKBe COOTHOWeHBJI Me)K~y pa3JIB'IHWMB peaKl(BJIMB B 

NN-B3aBMo~eiicTBBJIX B npBBJieKaJI 3Ha'leHBJI BepoJITHOCTB 

pacna~a 11° -Me 3 oua no Kauany y e + e- . 
AHaJIB3 nonpaBoK ua napw ,lJ;aJIBTu;a npBBO.lUIT K cne~yro

IQBM BWBO~aM: 

a/ DOTepB B O,ZUIOJiy'leBWX 3Be3~ax pacTyT OT 0,1~ npB 

Pn = 1,2 F3B/c ~o 1~ nps Pn= 5 F3B/c; 
6/ DPBMeCL C06WTBB C napaMB ~aJIBTl(a B 3-Jiy'leBWX 

3Be3~ax yMeHLmaeTcJI oT 2~ nps p = 1,2 F3B/c ~o 1~ 
n 

nps Pn= 5 F3B/c; 
B/ B 5-ny'leBWX 3Be3~ax npB P n ,.3.:,.5 F3B/c npBMeCb 

COCTaBJIJieT 5~; 

r I B 7-n_yqeBwx co6wTBJIX nps Pn = 3 .:,. 5 hB/ c npBMecL 

paBHa 25~. 

B 3aKJIIO'IeHBe aBTopw BWpa)KaiOT 6naro~apuocTL KoJIJieK

TBBaM OT~eJIOB, 06C~BaiOUUIM YCKOpBTeJIL, KpBoreHHOMy 

OT~eny, OT~eny 3KCDJIYaTal(BB 41B3B'IeCKOB annapaTypw B 

OT~eny BO~OpO,ZUIWX KaMep 3a npoBe~eHBe 06Jiy'leHBJI, CTap

WeMy BH)KeHepy B.H.KOTOBY 3a DOMO!Qb B HaJI~Ke KaHana 

IS 



HeiiTpOHOB, na6opaHT8M JIB3 H JIBTA 38 DOMOJilLBDPOCMOT· 

pe B B3MepeHBB C06WTBB. 
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PyKonucb noc•ynuAa e u3()a1/leAbCKuii om()eA 
28 JIHeapJI 1975 zo()a. 

Y CJIOBJUI 06MeHa 

llpenpHHTbi H coo6meHH11 OHJUI paccbiJiaJOTCH 6ecnnaTHO, Ha ocHoBe 

B3aHMHOrO 06MeHa, YHHBCpCHTCTCM, HHCTHTyTaM, Jia6opaTOpHHM, 

6H6JIHOTCKaM, Hay'!Hb!M rpynnaM H OT,li;CJibHbiM Y'ICHbiM 6oJiee 50 CTpaHo 

Mw O)KH.D;aeM, 'ITO noJiy'laTeJIH H3.D;aHHH OHJIH 6y.D;yT caMH npoga· 

JIHTb HHHn;Ha THBY B 6ecnJia THOR nOCbiJIKe ny6JIHKaUHH B ,LJ;y6Hy o 8 nopH.D;Ke 

o6MeHa npHHHMaJOTCH Hay'!Hb!C KHHrH, )KypHaJibl, npenpHHTbl H HHOrO 

BH.D;a ny6nHKaUHH no TeMaTHKe OHJIHo 

E.D;HHCTBCHHbiH BH,ll; ny6JIHKaUHH,KOTOpbiH HaM npHCbiJiaTb He CJie.D;y· 

eT,·:HO penpHHTbl /OTTHCKH CTaTeii:, y)Ke ony6JIHKOBaHHbiX B Hay'!Hb!X 

)KypHanax/ 0 

B p1i,li;C CJiy'laeB Mbl CaMH o6pamaeMCH K noJiyqa TCJIHM HaWHX H3,ll;a

HHH C npOCb60ii: 6ecnJiaTHO IIPHCJiaTb HaM KaKHe·JIH60 KHHrH HJIH 

BbiiiHCaTb ,li;JIH HaWeH 6H6JIHOTCKH Hay'!HbiC )KypHaJibl, H3,ll;aJOIUHCC11 B HX 

cTpaHaxo 

0TAeJibHhle 3anpocN 
Jf3.D;aTCJibCKHH OT,li;CJI C)f(CrO.D;HO BbiiiOJIH1ICT OKOJIO 3 000 OT,li;CJibHbiX 

Janpocoa Ha BbiCbiJIKY npenpHHTOB H coo6meHHH OHJIHo B TaKHX 3a· 

npocax cne.D;yeT o6H3aTeJibHO yKa3biBaTb HH.D;eKc JanpawHaaeMoro 

H3.D;aHHHo 

AApeca 

IlHCbMa ITO BCCM BOnpocaM 06MeHa ny6JIHKaUHHMH, a TaK)KC 3anpo· 

Cbl Ha OT,li;CJibHbiC H3.D;aHH11 CJie.D;yeT HanpaBJI1!Tb no a.D;pecy: 

101000 MocKaa, 
T11a6HbiU nO'liiiQMIII, n/Jl 790 
H3oameA&cKui1 omoe11 
06oeOUHeHHOZO UHCIIIUIIIYIIIQ 
JlOepHbiX UCC/Ie006QHUUo 

A.D;pec ,li;JIH nocbiJIKH BCCX ny6JIHKaJJ;HH B nop1I.D;Ke 06MeHa, a TaK)Ke 

,li;JIH 6ecnJiaTHOH no.D;nHCKH H3, Hay'!Hb!C )KypHaJibl: 

101000 MocKaa, 
Tlla6H&Ii1 no'lmaMm, n/Jl 790 
Jlay'lHO·I/IeXHU'leCKQJl 6U6/IUOIIIeKa 
06oeouHeHHOZO UHCIIIUIIIYIIIQ 
JloepHbiX UCC/Ie006QHUUo 


