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C nOMo~b~ cneKTpoMeTpa 6~C-2 paHee 6~no HccneAOBaHO pOIKAe
HHe OyapOBaHH~x 6apHoHoB A~ HeMTpoHaMH Ha RApax yrnepoAa, 
an~HHHH H MeAH npH cpeAHeM a~eKTHBHO~ 3HeprHH HeMTpoHoB 
.. 58 raB 11,2/. B AaHHOM pa60Te npeACTaBneHbl nepB~e pe3ynbTaT~ 
HccneAOBaHHR pOIKAeHHR A~ HeMTpOHaMH Ha BOAopOAe. 3KcnepHMeHT 
B~nonHRnCR Ha TOM IKe YCTaHoBKe H npH TOM IKe aHeprHH, YTO 
H B npeA~AY~HX HccneAOBaHHRx. npHBoAH~e AaHH~e OCHOBaH~ Ha 
aHanH3e '" 11 . 106 3aperHCTpHpOBaHH~x np -B3aHMOAe~CTBHM. CneKT
pOMeTp 6~C-2 6~n pacnonOlKeH B nYYKe HeMTpOHOB cepnYXOBCKoro 
YCKopHTenR /KaHan 4H/ /3HepreTHyeCKHM cneKTp HeMTpOHOB 3Toro 
nYYKa npHBeAeH B pa60Te i3? CxeMa cneKTpOMeTpa 6~C-2 nOKa3a
Ha Ha PHC .1. IKHAKOBOAopoAHaSl MHweHb HMena 4l0PMY L\HnHHApa (2.1 6 CM 
H cOAeplKana 2,1 r/cM2 BOAopoAa. KooPAHHaTbl TpeKoB BTOpHYH~X 
yaCTH4 perHcTpHpoBanHcb nponop4HoHanbH~MH KaMepaMH PC. AHanH-
3HPY~HM MarHHT M H3MeHSln nonepe4HY~ cocTaBnSl~~ HMnynbca 
3apSllKeHH~X yaCTH4 Ha - 0,625 raB/c. aBa MHorOKaHanbH~X nopo
rOB~X ra30BbiX YepeHKOBc,KHX CyeTYHKa C1 H C2 cnYIKHnH AnR HAeH
TH41HKa4HH YaCTH4. anSI 3anYCKa cneKTpoMeTpa Tpe60Banocb npoxolK
AeHHe yepe3 BC~ YCTaHOBKY He MeHee 4 3apSllKeHH~X YaCTH4. 

npOBoAHncSI nOHCK HHKn~3HBHO pOIKAeHH~X OyapOBaHH~X 6apHoHoB
A+, pacnaAa~HXCSI no KaHanaMc 

A+""j{°PI1+I1-,
C /1/ 

A; .. 1\11+11+11- /2/ 

C nocneA~HMH pacnaAaMH K°-.. 11+17- H A -+ PI1- . nnR B~AeneHHR 
OyapOBaHH~x 6apHoHoB A~ no pacnaAaM /1/ H /2/ oT6HpanHcb co
6blTHSI C HeMTpanbH~MH CTpaHH~MH yaCH14aMH KO H A B conpOBolKAe
HHH Tpex H 60nee 3apSllKeHH~X YaCTH4. no 3THM KpHTepHRM 6~no 
B~AeneHO .. 6.10 4 H "3.10 4 KaHAHAaToB B pacnaA~ /1/ H /2/ COOT
BeTCTBeHHO. 

Ha pHc.2 nOKa3aH~ cneKTp~ HHBapHaHTH~X Macc 17+11- H P17-, 
KOHa KOTOp~X yeTKO BHAH~ CHrHan~ OT H A. ~x nonywHpH~ Ha 

nonYB~COTe paBH~ COOTBeTCTBeHHO 3 H ~ MaB/c 2 • n03TOMY AnR 
AanbHeMwero aHanH3a 6~H OCTaBneH~ C06~THR, s KOTOp~X HHBa
pHaHT~e Macc~ 17+17- H PIT- AnR HeHTpanb~x BHnOK OTnH4anHCb 
OT Ta6nHY~X 3HaYeHHH Macc K~ H A He Donee YeM Ha 10 H 8 MaB/c2 
COOTBeTCTBeHHO. anR ynY~HHR OTHOweHHR CMrHan - ¢oH Tpe6osa
nocb, 4TOO~ BepwHHa VO HaxoAHnacb 3a MMweH~ Ha paccTOR 

,"VI!l:iI1t'tii:i~g ~ ( 

f,' U~~tll nCCJitl108E.oBe ~ 
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PHc.l. CxeMa cneKTpOMeTpa BHC-2. A - C~HHTHn

nR~HoHHbrn CqeTqHK aHTHcoBna~eHHH, T - ~~KO

BO~opo,o;HaR MHweHb, COMI H COM2 - ro,o;OCKonbl 
C~HHTHnnR~HOHHbIX CqeTqHKOB oKpy~eHHR MHweHH, 
PC/I';' 14/ - ,o;BYXKOOPAHHaTHble npOBOnOqHble npo
nop~HOHanbHble KaMepbl. HI H H2 - ro,o;OCKonbl 
C~HHTHnnR~OHHbIX CqeTqHKOB. C 1 H C2 - MHoro
KaHanbHble noporOBble raSOBble qepeHKOBCKHe CqeT
qHKH, C3 - ro,o;OCKon qepeHKOBCKHX CqeTqHKOB 
nonHoro norno~eHHR, MO - HeHTpoHHbrn MOHHTOP. 
M - aHanHsHpY~~H MarHHT. 
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PHc.2. Pacnpe,o;eneHHe HHBapHaHTHb~ Macc: 
a/ M(IT+1T-) B o6nacTH MaCCbl K~-Me30Ha, 6/ M(p1T-) 
B o6nacTH MaCChi A-rHnepoHa. 

,t, , ,t" 
1106 "" 1116 1121 1128 

MlpIT"I, ...a/c2 

60llee 5 CM. ~cnOllb30BallCSl TaKH<e PSlA OrpaHvl'-IeHIII~. y'-IIIITbIBa~IIIX 
TO'-lHOCTb npOCTpaHCTBeHHoro BOCCTaHOBlleHIIISl TpeKOB. a TaKH<e 
reOMeTplII~ cneKTpOMeTpa. B '-IaCTHOCTlII, Tpe60BallOCb, '-IT06~ MIIIHIII
ManbHoe paCCTOSlHllle MeH<AY TpaeKToplIISlMIil '-lac T 1114 , 06pa3Y~lIIx VO

, 

He npeBblliallo 1 CM, III cpeAHeKBaApaTIII'-IHOe OTKIlOHeHllle TpaeKToplII~ 
B BepwlIIHax KOM6I11Ha4111~ /1/ III /2/ 6~0 He 60llee 1 CM. 3TIIIM Tpe
60BaHIIISlM YAoBlleTBopSlll1II 4853 C06~TIIISl K~+ 2:. 3 TpeKa III 3118 c06~
TIII~ A+ ~3 TpeKa. 3KcnepIIIMeHTallbH~~ MaTeplilall BKIl~'-IaeT B ce6Sl 
KpoMe B3aIllMoAe~cTBIII~ He~TpoHoB C BOAOPOa.OM TaKH<e B3aIllMoAe~cT
BIIISl He~TpoHoB C Be~eCTBOM CTeHOK III KpenneHIII~ MlilweHIII. ~T06bl 

... onpeAelllllTb BKllaA noclleAHIIIX, 6bma npOBea.eHa 3Kcn031114111Sl C ny
CTO~ MlllweHb~ III 3anlllcaHO 0,5 ·10 6 C06bITIilVi. B pe3YllbTaTe aHall1ll3a 
3TIIIX C06~TIllVi onpeAelleH~ KplilTeplII1II oT60pa, YMeHbwa~lIIe BKllaA 
OT $OHOB~X C06~TIII~ TaKoro pOAa AO Belllll"'IIIH~ He 60llee 12%. 

AIlSl B~AelleHIIISl IIICKOMbIX ClllrHallOB III YMeHbweHIIISl $oHa npOBOAIII
llaCb IIIAeHTIII$IIIKa4I11Sl 3apSlH<eHH~~ '-IaCTIII4 no IIIH$opMa4111111 OT noporo
BblX ra30B~X '-IepeHKOBCKIIIX C'-IeT4I11KOB C1 III C2. Ha OCHOBaHlII1II 3TO~ 
IIIH$OPMa4111111 onpeAellSllllllCb YCIlOBH~e BepOSlTHOCTIII, 11111111 Beca. C KO
TOPbMIII 3apRH<eHHaSl 4aCTIII4a Morlla 6~Tb IIIAeHTIII$1II4I11poBaHa KaK ". 
K 11111111 p. 60llee nOAP06HO npo4eAypa IIIAeHTIII$IIIKa4111111 3apRH<eHH~X 
4aCTIII4 B cneKTpOMeTpe 6~C-2 onlilcaHa B pa6oTe!4/. 

~3 Bcex B03MOH<H~X KOM6I11Ha4111~ Tpex 3apRH<eHHb1X '-IaCTIII4. conpo
BOH<Aa~IIIX K:' C nOMO~b~ 4epeHKOBCKIIIX C4eT4111KOB C1 III C2 Bbl6l11pa
IlIllCb TaKllle, KOTop~e YAOBlleTBopSlll1II rlilnOTe3e p "+1T -. a 1113 3apSl
H<eHH~X '-IaCTIII4. conpoBoH<Aa~IIIX A, 

+ + 
" IT 1T • 

Ha pIIIC. 3 nOKa3aHO pacnpeAelleHllle 
K~p"+"-. B rlilcTorpaMMY BOWllO 758 
~2,27 r3B/c 2 B pacnpeAelleHlII1II BIilAeH 
20 M3B/c 2 . 

40~ 
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'" i 
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YAoBlleTBopR~lIIe rlilnOTe3e 

IIIHBaplllaHTHblx Macc CIllCTeMbl 
KOM6I11Ha4111~. nplII Macce 
nlllK S ABYX IIIHTepsallax no 

Ero wlllplIIHa cornacyeTcSl C annapaTYPHblM pa3peweHllleM 
cneKTpoMeTpa no IIIHBaplllaHTHo~ 

Macce K~P1T+" -. B nlllKe cOAep
H<IIITCSl -25 C06~TIII~ Hall. $OHOBO~ 
KpIilBOVi. 3awTplllxoBaHHaSl rIilCTO
rpaMMa npeACTaBIlReT cneKTp IIIH

PHc.3. CneKTp HHBapHaHTHblX Macc 
0+-CHCTeMhl K sp"" . 3awTpHxoBaH

HaH rHCTorpaMMa - cneKTp HHBa
pHaHTHbIX Macc CHCTeMbl K~P1T-1T - • 
3,o;ecb H Ha OCTanbHblX pHCYHKax 
nYHKTHpHaR KpHBaH - annpOKCHMa
~HH ~oHa nonHHoMHanbHOH ~YHK
~HeH. 
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PHc.4. CneKTp HHBapHaHTHblX 
MacC CHCTeMbI 1\71+rr+rr -: 3aWTpH

XO~aHHaH rHCTOrpaMMa - CneKTp 
HHaapHaHTHblX Macc CHCTeMbl 
1\ rr +rr -" : . 

Klp,,'''
1\0 n"1t~".

--j.85O 21'i!io 2.250 :.t4SO --=Zco!.S"'SO----
Maceo. r.Blc2 

PHc.5. CYMMapHblH CneKTp HHBa
pHaHTHblX MaCC CHCTeM K~prr+rr
H 1\.,,+,,+,,-. 

Bap~aHTH~X MaCC KOM6~Ha~~~ K~prr-"-C OTp~~aTenbH~ CYMMapH~M 
3ap~AOM. B HeM cTaT~CT~yeCK~ 06ecneyeHH~X n~KOB He Ha6~AaeTc~. 
OTC~Aa cneAyeT, YTO c~rHan, 3aper~cTp~pOBaHH~~ B cneKTpe ~HBa
p~aHTH~X Macc C~CTeMbI K~prr+"-, He MOH(eT 5~Tb 06ycnoBneH pacna
AOM r~nepOHHoro pe30HaHca, a cB~AeTenbcTByeT 0 Ha6n~AeH~~ 1\;-
6ap~OHa, pacnaAa~eroc~ no KaHany /1/. 

Ha p~c.4 nOKa3aH cneKTp ~HBap~aHTH~x Macc C~CTeM~ 1\ rr +" +" - . 
r~CTorpaMMa cOAepH(~T 645 KOM6~Ha~~~.np~ 3HayeH~~ Macc~ 
2,265 r3B/c2 B pacnpeAeneH~~ Ha6n~AaeTc~ n~K, COAepH(a~~ ~13 
C06~T~~ HaA ~OHOM. 3awTp~xoBaHHa~ r~CTorpaMMa npeAcTaBn~eT 
cneKTp Macc ~30TOn~yeCK~ cOnp~H(eHHO~ KOM6~Ha~~~ I\.,,+rr-,,-, B KO
TOPOM B 06naCT~ Macc~ I\~ CTaT~CTHyeCK~ 06eCneyeHHOrO cHrHana 
He Ha6n~AaeTc~. npeAnonara~, YTO Ha6n~AeHH~e n~K~ B cneK'Tpax 
3!IxIJeKT~BH~X Macc K~P"+71- ~ 1\,,+,,+,,- ~Bn~~TC~ c~rHanaM~ ABYX MOA 
pacnaAa OyapOBaHHoro 6ap~OHa I\~, MbI npeAcTaBn~eM Ha p~c.5 
cYMMapHoe pacnpeAeneH~e ~HBap~aHTH~X Macc C~CTeM K~P"+"- ~ 
I\.,,+rr+,,-' rAe np~ 3HayeH~~ Macc~ -2,265 r3B/c2 Ha6n~AaeTc~ n~K, 
COAepH(a~~~ 35 ±10 C06~T~~ HaA ypOBHeM ~oHa B 73 C06~T~~. CTa
T~CT~yeCKa~ 3HaY~MOCTb c~rHana cooTBeTcTByeT 4 cTaHAapTH~ 
OTKnOHeH~~M OT ~oHa. CpeAHee 3HayeH~e Macc~ B n~Ke COCTaE~eT 
/2,268 ± 0,005/ r3B/ c 2. KOM6~HaTopH~~ ~OH B pa~OHe n~Ka npeHe
6peH(~MO Man. An~ onpeAeneH~~ CeyeHH~ POH(AeH~~ OyapOBaHH~x 6a
p~OHOB I\~ He~TpOHaM~ Ha npOTOHax ~cnonb30Banocb B~paH(eH~e 

N 
a • B .. ------ 

P N.M.B.~ 
n n s 

rAe B- OTHOC~TenbHble Bepo~THoCT~ pacnaAoB 1\~ no 
~nVl /2/; N - '-4VlCna Ha6n~AaeMbIX pacnaAOB 1\:; Nn 
HOB Ha 1 CM 2 MVlweH~; Mn - nOTOK He~TpoHoB; Bs - OTHOC~TenbH~e 
Bepo~THoCT~ pacnaAoB K~ -+ ,,+tT - ~ 1\ -+ p" -; ~ - 3!IxIJeKTVlBHoCTVl 
per~CTpa~\IlVl I\.~ no pacnanaM /1/ ~ /2/.

) 
 AnepTypa cneKTpOMeTpa 6~C-2 n03Bon~eT perVlCTp~POBaTb O'-4apo

BaHH~e 6ap~oHbl I\~ B K~HeMaTVl'-4eCKO~ o6nacTVl, KOTopa~ onpeAen~

eTC~ 3Ha'-4eH~SlM~ ~e~HMaHoBcKo~ nepeMeHHoili xF > 0,5 V1 nOnepe'-4HO
ro ~Mnynbca PT ~1 r3B/c. 3!IxIJeKTVlBHoCTb per~cTpa~Vl~ 1\;-6apVlO
HOB B 3TO~ 06nacTVl paCC'-4~TbIBanacb MeTOAoM MOHTe Kapno c Y'-4eTOM 
pacnOnOH(eH~Sl AeTeKTopOB YCTaHOBK~, ~X 3!IxIJeKTVlBHOCT~, ycnoB~~ 

TpVlrrepa, MHorOKpaTHoro pacce~HVl~, pacnaAa 1\ ~ KO. 6bmVl nony
'-4eH~ cneA~Vle 3Ha'-4eHVl~ nap~~anbH~X Ce'-4eHVlili pOH(AeH~Sl I\~, pac
naAa~~xcSl no KaHanaM /1/ ~ /2/: 

Up (x >O,5). B(I\.~-+Koprr+"-) =(1,0±0,3±0,2) MI<6, /4/r 

a p (ltr > 0,5) . B ( I\.~ ... 1\ /I' +/1' +71- ) .. (0,28 ± 0,15 ± 0,04) MK6. /5/ 

nepBa~ ~3 np~BeneHH~X OW~60K SlBnSleTCSl cTaT~CT~'-4eCKOili, BTO
paSl Y'-4VlTblBaeT norpeWHocT~. o6ycnoBneHH~e HeonpeneneHHocTb~ 
B onpeAeneH~~ nOTOKa He~TpOHOB Vl B03MOH(HbIM BKnanOM OT B3a~MO
Ae~cTB~iIi HeiliTpOHOB co CTeHKaM~ H(~AKOBOnopoAHoili MVlweHVl*. 

Ha OCHOBe COOTHoweH~iIi /4/ ~ /5/ onpenenVlM OTHoweHVle nap~Vl
anbH~X WVlP~H pacnanOB: 

B(I\.: -+ K°P"+/I'-) 
---------- .. 3,5 ± 2,2 . /6/ 

B(I\; .... I\"+/I'+17-) 

~cnonb3ySl 3Ha'-4eH~e OTHoc~TenbHoili BepOSlTHOCT~ pacnaAa 
B (I\. ~ .... 1\.,,+,,+ /1'-) .. (2,8 ± 0,7 ± 1,1)% Vl3 pa60T~ 161, nOnY'-4aeM ce
'-4eH~e pOH(neHVl~ I\~ He~TpOHaM~ C 3HeprVleili ~58 r3B Ha npOTOHaX: 

(J (x r >O,5)=(10,0±5,9±4,2) MK6. /7/
p 

I 
 "'B pa60Te 15 I, HCnOnb3YlOm;eH 3TH lKe HCxop,Hble p,aHHble, HO p,py

roA cnoco6 onpep,eneHHH ceqeHHA /HOpMHpOBKa He Ha nOTOK nepBHq

HblX HeHTpOHOB, a Ha qHCnO 3aperHCTpHpOBaHHblX Co6blTHH, cop,eplKa

III;HX 1\ + :::. 3 TpeKa/, 6bl110 nOJ1Yq eHO 3HaqeHHe 

/3/ 

KaHanaM /1/ 
- '-4~cno npOTO

u{x r >O,5). B(I\; .... I\"+/I'+17-) =(0,26 ±O,t1) MK6. 
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MO~HO CpaBH~Tb CeyeH~~ pO~AeH~~ A~ Ha npOTOHaX ~ Ha ~Apax. 
napaMeTp~3yeM 3aB~C~MOCTb CeyeH~~ Ha ~Ape OT aTOMHOrO BeCa 
B B~Ae 

·A
a 

C1'A=C1'o . /8/ 

TorAa, ~cnonb3y~ 3HayeH~e a 0,73 ± 0,20, nonyyeHHOe B/21 np~ 
cpaBHeH~~ CeyeH~~ pO~AeH~~ A! Ha yrnepoAe, an~~H~~ ~ MeA~, 
~ nap4~anbHble CeyeH~~ pO~AeH~~ A~ Ha yrnepoAe C1'c ~3 pa6oTbl /1 I: 

+ C1'c (x >O,5) . B(A c ... KoP1T+1T-) =(10 ±4) MK6, /9/F 

O'c (x F >O,5) . B(A: ... A11+1T+rr-) =(2,3±l,l) MK6, /10/ 

nonyyaeM COOTHoweH~~ An~ CeyeH~~ Ha HYKnOH C1'0: 

(xF >O,5). B(A~ ... Koprr+1T-) =(l,80±O,60) MK6, /11/ao 

C1'o (X 
F 

>0,5). Il(A! ... A1T+rr+1T-) =(0,38 ±0,t8) M1<6. /12/ 

CpaBHeH~e Ben~y~H /11/ ~ /12/ C nonyyeHHblM~ B 9TO~ pa60Te 
3HayeH~~M~ /4/ ~ /5/ nOKa3blBaeT, YTO 

"0 ,. (1,5 ± 0,8) . C1'p . /13/ 

OAHaKO 9TO COOTHoweH~e, HaXOA~~eec~ B KayeCTBeHHOM COOTBeTCT
B~~ C npeACKa3aH~~M~ MOAen~/7/, cneAyeT paCCMaTp~BaTb KaK 
BeCbMa np~6n~~eHHoe ~3-3a OW~60K 9Kcnep~MeHTa, KaK CTaT~CT~
yeCK~X, TaK ~ B03MO~HblX C~CTeMaT~yeCK~X. 

B 3aKnlOyeH~e npVlBeAeM OCHOBHble pe3ynbTaTbl, nonyyeHHble 

B AaHHo~ pa60Te: 


1. B np-B3a~MOAe~cTB~~X npVl cpeAHe~ 9~eKT~BHO~ 9Hepr~~ 
He~TpOHoB ~58 r9B Ha6nlOAeHo pO~AeH~e OyapOBaHHblX 6ap~OHoB A~ 
paCnaAaKlU.l~XC~ no KaHanaM A~ ... KoP77+77- ~ A~ ... A77+11+7T-. 

2. ~3MepeHbI nap4~anbHble CeyeHVI~ (C1'p . B)YKa3aHHblx npo4eccoB 
An~ Ha6nlOAaeMo~ KVlHeMaTVlyeCKO~ o6nacT~ x

F 
:;:0,5, P

T 
:::;l r9B/c: 

up (xF >0,5). B(A~ ... ioP77+"'-) =(1,0±0,3±0,2) M1<6. 


up (xF > 0,5) • B(A ~ .... A11' +"'+77 -) = (0,28 ± 0,Ll5 ± 0,04) MKCi. 


3. Ha OCHOBe Ben~y~HbI B(A~ ... A11+11+"'-) ==(2,8 ±0,7 ±1,1)% 
Vl3 pa60Tbi If) I nonyyeHO 3HayeH~e CeyeH~~ pO~AeH~~ A~ HelilTpoHaM~ 
Ha BOAopoAe B YKa3aHHolil K~HeMaT~yeCKOIil o6nacT~: 

C1'p (xF >0,5) (lO,O±5,9±4,2) M1<6. 

4. ~3MepeHo OTHoweH~e Bepo~THocTelilpacnaAoB: 

B( A~ ... i o p"'+11- ) J B( A~ ... A". +".+ 77 -) :: 3,5 ± 2,2 . 

5. npoBeAeHo cpaBHeH~e CeyeH~~ pO~AeH~~ A~ Ha npOTOHax up 
C CeyeH~eM pO~AeHVlR Ha HYKnoHe ~Apa Uo ' paCCY~TaHHbIM no COOTHO

aweHVIIO C1'A =uo .A ~CXOA~ Vl3 AaHHblX 6~C-2 ° pO~AeH~~ A~Ha ~A
pax. nonyyeHbI 04eHK~ C1'0 = (l,5± 0,8)C1'p' 

ABTOPbl np~3HaTenbHbI A.M.6anA~HY, K.naH~cy, A.A.norYHoBY, 
M.r.Me~ep~KoBY, ~.A.CaB~HY, A.H.C~caKRHY, n.4.ConoB~eBY, 
H.E.TIOP~HY, X.~.Xp~CTOBY, n.A. YepeHKoBY, 3.~.Manb4eBY 3a nOA
Aep~KY pa6QTbI; 6naroAap~T KonneKT~BbI cepnyxoBcKoro yCKop~Ten~ 
~ CH30 O~~~ 3a 06eCneyeH~e 9Kcnep~MeHTa BO BpeM~ ceaHCOB 
6~C-2; COTPYAH~KOB nB3 O~~~, cnoco6cTBoBaBw~x 9Kcnep~MeHTY 
Ha pa3HbiX ~Tanax ero npoBeAeH~H, a TaKlKe E.M.n~xayeBY 3a no
CTOHHHoe yyaCT~e B 9Kcnep~MeHTe. 
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