
Oq'bEi~~HHhlft l1HCTl1TYT H~EPHHX l1CCJIE~OBAHl1ft 
J1AEOPATOPl1.H Bb!COK.11X 3HEPr.11l1 

1 - 6183 

JI .C.OxpHMeHKO 

HCCJIE~OBAHHH CilEKTPOB 

3ttEKTHBHhIX MACC CHCTEM H3 1l'0-ME30HOB 

H rAMMA-KBAHTOB C IlOMOJ.UhID 

KCEHOHOBOH IlY3MPbKOBOH KAMEPM 

CneQHaJihHOCTb 01 040 -
3KCnepHMeHT8JlbH8H ~K3KKa 

A BTOpe4>epaT ,o;KccepTaL\KK Ha COKCKBHMe y'leHOI CTeneHM 

KaH,D;M,D;aTa 4>M3MKO-M aTeMaTM'l8CKMX HayK 

(,ll0:ccepT8UHSI aami:caaa Ha pyCCKOM Sl3bIKe) 

,lly6aa 1971 



\ 

Pa6ota Bl:1Il01IH8Ha B Ha6opaTOpHH BliCOKHX SHeprHil 06~e~HH8HHOrO 

HHCTHTyTa H~epamc Hccne~OBaHHa. 

Hayimliit pyKOBO~HTenD: 

~OKTop WHSHKo-uateMaTHqecKHX aayK 3.C.CTpyrMDCKHll. 

~anaanDHHe onnoHeHTH: 

~OKTop was~Ko-MaTeMaTHqecKmc HayK B.A.me6aHoB1 
~OKTOP ~HSHKO-MaTeMaTHqecKHX HayK D.A.Ey~aroB. 

Be~y~ee aayimo-accne~oBaTenDcKoe yqpeit;zteaae: 

MOCKOBCRHl Op~eHa HeHHHa HHEeHepHO~HsHqecKHll HHCTHTYT, r.MOCKBa. 

ABtope~epaT pasocnaa "--"------- 1972 r. 
3a~HTa ~HccepTanHH COCTOHTCH" " 1972 r. 

-'-, aa sace~aaHH YqeHoro c~BeTa Ha6opaTopHH BHCOKWC aHepraa B 
. . 

' , ltoHwepeJin-sane HB9 Ollllrn:, r.l(y6Ha, MOCKOBCKOil o6naCTH. 
.· ' 

C ~HccepTanaea MOXHO OSHaKOMHTDCfi B 6H6nHOTeKe Olllfllll. 

yqEHUi CEKPETAPD COBETA C.B.MYXIIIH 

' -;::7\t I 

j'nG&·,·,,· 
. . •I ;;; 

ii_,,!-
-~--~+, 

.....___ 

-I 

f . -
l 
'i 

( 
,, 

11 

) 

,1 

I 
I I 
J1 
' 

-;;.. 

1 - 6183 

JI.C.OxpllMeHKO 

HCCJIE~OBAHHH CTTEKTPOB 

34.i4.iEKTHBHblX MACC CHCTEM H3 IZ' 0-ME30HOB 

H rAMMA-KBAHTOB C IlOMOll\bIO 

KCEHOHOBOA IlY3hlPbKOBOA KAMEPH 

CnenJfaJlbHOCTb 01 040 -

3KcnepHMeHTaJibHaB ~H3HKa 

A BTOpecf>epBT AHCcepTBIIHH HB COHCKBHHe Y'l8HOR CTeneHH 

KBHAHABTB cf>H3HKO-M BT8MBTH'l8CKHX HBYK 

(LlaccepTaua,i aanacaaa aa pyccKoM >1ab1Ke) 

W~•:;;i;~: ,--~~7~~ 
tt S!.!f.!~i-:~s~ l:,: r' 

i 6fdS !•'1'Y• " L~--~=:~-~ 



MHor111e ·npo6:neYhl <I/IIIBHKIII a:neYeHTapHhlX qacuut CBHBaHhl c 
0 

111ayqeHHeY p_acna;n:OB HeitTpa:n:r,HhlX CiOBOHOB Ha 'Jr -ueaOHhl Ill rauua-

-KllaHThl. 9To, Hanpmuep, BOnpoc o cy~eCTBOBa.HHIII HOBhlX HettTpaJII,HhlX 

ll680HOB /I/, npoBepKa cne)lCTBlllii SU (6)-CHl!MeTpHH 121, npc>BepKa 

llOBYOlKHOii C,T H6HHBapH8..HTHOCTH B aneKTpOYarHHTHhlX pacna)lax CRJII,HO 

Baauuo)leitcT»ym~Hx qacTHn 131. liccne)lo»aHHe pacna)loB 'AOlII'OlltHBy~ux 
. 0 . ,. . 

K0-ueaOHOB Ha )!Ba 1f'" -M680Ha OKaSUOC. nec:r,ua a<J/(peKTHBHhlY )IJIH 

llOHHYaHHH uexaHHBYa aapymeHMH CP HHBapHaHTHOCTH / 4+7/. C·TO'lKH 

apeHHH KJlaCCH<J/HKa~H qacTHn oqeH:r, B8.llHO no:nyqHTI, 60:nee llO:nHhle 
·: 0 0 

CB6'A6!{~Ul O HeiiTl)aJII,HhlX KaHa:nax pacna)la TaKHX qacTHn KaK ~ 1 W 1 

X0
, f O 

• HeKoToph!e qacTHIU,1 1 BaK Hanpuuep, S
0 

u~aoH /Bl, uoryT 

6hlTI, :nyqme Bcero o6aapyllteHhl no me pacna)lau Ha Jr -MeaoHhl. 

0)1HaKO HCCJle)lOBaHHe peaoHaHCHhlX CHCTeu HS HeCKOJII,Kltt 
0 . . .· rr -ueaoHOll H raM_Ya-KllaHTOB ·oqea:r, 88TPY'AHHTeJII,HO YeTO)!Htl6CKH, 

TaK KaK TpeCiyeTca, B 60:n:r,mHHCTBe c:nyt1ae»,aaperHCTpHpOllaTI, O)IHO-. 

BpeYeHHO HeCKOJII,KQ raYMa-KBaHTOB C 8<I/<I16KTHBHOC,TI,IO, 

CiJIHBKOii 100%, a. TaKllte HaYeplllTI, aanpa»nemm 8MHCCI/IH H aaeprlllH 

8TIIIX rawa-KBaHTOll. Kpoye Toro, ll8lltHOil Ba)lat1eit llBn!leTCfl npaBHJII,Hall 

oneHK_a BKna)la <J/OHa :e pacnpe;n:eJ1eHHe a<I1<J/eKTHllHhlX uacc. 
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nHccepTa~HH IlOCBHmeHa paapa60TKe U6TO;z(HKH Hccne;z(OBaHHH 

BaaHMO;z(eitcTBHtt aneueHTapH!iX qacTH~, conpoBollt]laeuwc rauua-KBaHTauH, 
0 

H HCCne;z(OBaHHll CHCT61,1 Ha HeCKOnI,KHX 'Jr -ueaOHOB H raJnla-KBaHTOB. 

B qaCTHOCTH, IlO;z(p06HO OilHCaHO HCCne;z(OBaHHe cneKTpa a~eKTHBHWC 
rrr" 'TT" o o O o 

uacc CHCTeU .ll JL H pacn~OB w -qacTHini THna w -n o, 
0 0 0 0 0 

W- 'Z 0-+3(S' H c,J-.'JfJT'r. 

MeTO;z(HKa 6uxa paapa60TaHa Ha 8KCnepHU6HTMbHOM UaTepuane, 

nonyqeHHOM npH nouomu 26-nHTpOBOll KCeHOHOBOit nyaupbKOBOit Kauepu 

HB9 OliHH, O;z(HaKO HeKOTOp!ie peayHbTaTN paapa60TKH uoryT HaitTH 

npHMeHeHHe npH Hccne;z(OBaHHHX, npOBO;z(HMNX C nouombll nyaupbKOBWC 

Kauep, HanonHeHHIDC ;z(pyrHMH THxenHMH llCH;z(KOCTHMH, a TaKXe npH Hccne

;z(OBaHHHX C nouombD axeKTPOHHWC ycTaHOBOK •. 

HaCTOHmaH ;z(HCCepTa~Hfl COCTOHT H8 BB6;!(6HHH, llHTH rnaB, 

aaKxDqeHHH H npnnoxeHntt. 

B nepBOtt rnaBe ;z(aHa IlOCTaHOBKa 8a'Aallll H WOPMYHHpyDTCH OCHOB

Hlie wuanqecKHe npo6neuu, CBHaaHHue c HayqeHHeu pacn~oB HeitTpanb
o 

HWC qacTH~ Ha 1[ -ueaoHH H rauua-KBaHTN. B"qaCTHOCTH, 60nbmoe 

BHHMaHHe y;z(eneHO npo6neue cymecTBOBaHHH peaOHaHCOB B CHCTeMe 
.-rro s" 0 • ;z(BYJC JL -ueaoHoB, oco6eHHO HnH f ueaoHa. OTueqaeTCH, 

qTo H6KOTOPN~ npoTHBOpeqHH peaynbTaTOB Hccne;z(OBaHHH, npOHCXO;z(HlllHe 

Ha-aa npHMeHeHHH paaHWC He~SKBaTHWC M6TO;z(HK Hccne;z(OBaIMH,MOXHO 

ycTpaHHTb, HCll0Hb8YH M6TO;z(HKY KC8HOHOBOA nyaupbKOBOtt KaMepu. 

Tane OTMeqaeTCH, l!TO 8Ta M6TO;z(HKa Il08BOHH6T 6oxee llOHHO Hccne;z(0-
0 

BaTb HettTpanbHHe KaHanN pacn~a c,.) -llaCTHini. 

Bo BTOpoit rxaBe HanaraDTCH peaynbTaTN paspa60TKH ueTO;z(HKH 
C, 

Hccne;z(OBaHHH pacna;z(Oll HeiirpanbHWC 11aCTH~ Ha 'J[ -MeaOHN H raMMa-

-KBaHTN C nouombID KCeHOHOBOit nysNpbKOBOii KaMepu. 
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Ta.KHe pacn~ B KC6HOHOBOit nysNpbKOBOit Kauepe y;z(aeTCH mccne

;z(OBaTb 6naro;z(apH yHHKaHbHNM CBOICTB?JI a_Tott K8Jl6PH Ka.It ;!(8T6ltTOPa 

rauua-KBaHTOB. 9~eKTHBHOCTb perHCTp~H no Ha6nD;z(aeuw aneKTpOH

. no-noaHTpOHHNM napau nll6oro rauua~KBaHTa c aHeprHett CBblllle IO MaB . •· . 
6HH8Ka I00%. KOOP'AHHaTN TO~H KOHB6PCHH rauua-KBaHTa onpe;z(eHHDTCH 

B K8.Mepe c ToqaocunAX=~Y= a.I uu n AZ= 0.4 uu. Yr011 

BNneTa rauua-KBaHTa OTHOCHTeHbHO TpeKa nepBHqaol llaCTHini HsuepH-

6TCH C TOllHOCTbD (0.5 ¼ 2) 0• 9HeprHH rauua-KBaHTOB onpe;z(enHDTCH 

no cyuuapHOMY npo6ery HHBH6BWC aneKTPOHOB H noaHTpOHOB c TOllHOCTH

MH OT IO% ;!(0 30% B ;nHana_aoHe 8HaqeHHit aHeprHit IO ~ 3000 llaB. 

. HaH60nbmaH TOllHOCTb ;z(OCTHraeTCH npH HauepeHHH nonHoro npo6era 

aneKTpOHOB H ll08HTpOHOB B·nHBHHX,llOHHOCTbll paaBHBaDlllHXCH B 06naCT2 

Kauepu. 

· Kpoue Toro, aHamrn pacna'AOB qaCTH~ 06xer11eH Teu, ·qTo Ha cTe

. peonape WOTOrpawHit KC6HOHOBOit IlY8liPbKOBOit: mµ1ep!i KapTHHa perHCTpE

pyeuoro co6NTHH npe;z(CTaBneHa c 6on»moit nonHoToit H HarnH;z(HOCT»D 

(pHc. I). 

nnH_BOCCTaHOBneHHH llpOCTpaHCTB6HHOtt KapTHHli aaperHCTpHpOBaH

HOrO co6NTHH 6Nn BN6paH cnoco6, B KOTOPOM HCllOn»BYDTCH penepHHe 

TO~H Ha IlHOCKOCTHX, orpaHHlll!BallmHX o6~eu Kauepu, nepneH;z(HKynHpHHX 

K'OllTHl!eCKHM OCHM 06~eKTHBOB c;epeO~OTOanna~~Ta /9 ,I□/.· 
Paapa6oTaHHHit cnoco6 onpe;neneHHH aHeprHtt ET ra1111a-KBaHTOB 

OCHOBaH Ha aaBHCHMOCTH OT 8HeprliH rauMa-KBaHTa cyuuapHoro npo6era 

2:.R, 
l, 

nHBH6BNX aneKTPOHOB H Il08HTpOHOB B HHBHe, Bli8BaHHOM STHM 

rau:ua-KBaHTOM: 
n, 

E-r =·t~ Ri:. 
I, 

(I) 

5 



KosqiqillIU!8HT nponopJ:U!OHaJILHOCTll ! 6HJI onpe;zteJieH SKCnepnueHTaJILHc/I~ 

EHJIO noKaaaHO TaKxe, qTO· STOT KOS~~llJ:U!8HT L!OXHO cqnTaTL nOCTOHH

HHM no BeJintmHe B rprurnrtax TOllHOCTH naL!epeHnH !: Rt • IlporteJtypa· 

onpe;zteJieHllli E -0 CBO;ztHTCH K naMepeHHIO nOJIHoro npo6era nHBHeBHX 

qacTllrt Z Rt Ha HeKoTopoil ;ztJinHe paaBHTllH JillBHH d.i:. • Ilo aHal!eHllflll 

!. R.n d. Haxo;ztHTCH E.,.. ·na Ha6opa Kami6poBollHHX KpllBHX 
L I, D 

E~ f (Z:Ri,,cLL) • Ha6op KaJ1n6pOBOl!HhlX KpllBHX 6HJI noJ1ylleH 

sKcnepHY6HTaJII,HO/I2/. 

C rteJILIO OrteHKH TOqHOCTll onpe;zteJleHllfl SHeprnn rauua-KBaHTOB 

oT6Hpan.0cL :rr«:.ueaom,1 na ~..-Xe BaaHL!O;zteitcTBHii, conpoBOX;ztaeuwc 

O;ztHOii BTOpHllHOil aapHxeHHOit qacTHrteit, CJle;zt KOTopoit OCTaHaBJIHBaeTCH 
0 

B Kauepe, H ;ztBYYH rauua-KBaHTavn. HcTollHHKOY TaKKX ~-ueaoHOB 

YOXHO Ct!HT8TI, peaKIU!IO THna ::rr+.n.-Jf~ f. /13/. 
nJIH ll~eHTH@HKa~HH TI°

0
-Me30HOB HCnOJIL30BaJiac:r, @yHKIU!H pac-. 

npe;zteJleHHH CJIYll8.8B B3allMO;zteilCTBHit yKa3aHHOrO THna no yrJly 93'll' 

uew rauua-KBaHTauH. Pacnpe;zteJieHne n;zteHTnwnrtnpoBaHHHX TaKHM 
0 . 

cnoco6oL! ~ -ueaoHoB no s(W/eKTHBHHM uaccw,, BlitmcneHHHY npH 

nouolllH wopuyJili '"-r)' [ Et Ecr. ( 1-~f{.)J\ noKaaaHo Ha pnc. 2. 
I 2. 

Cpe;ztHee aHalleHHe uaccH paBHO m.rr= !32 MsB, cpe;ztH~~ omn6Ka 

6tn.11 /ma-.r= 2I%. B STY omH6Ky, Kpoue omn6KH .A Ex-/E0 , BHecJia 

BKJia;zt omn6Ka onpe;zteJleHHH yrJia uex;zty HanpaBJieHHHMH SYHCCHH o6owc 

rawaa-KBaHTOB. Omn6Ka .6.E'(I' /E"t ' onpe;zteJieHHaH no npHBe;zteHHOMY 

3HalleHHIO 6rrt.lS'l5'/tnn-C ylleTOL! Omll6KH L\Sll'll'/@~~ 1 COCT8BJIH8T 

B cpe;ztHeM 27%- Bemil!HHa omn6KH 6 E '6' /E 1r YOllteT 6HTI, yiiea:r,meHa 

'AO I2 + IS%, ecn.11 ;ztJIH aHaJinaa 6paTL CJIYllaH, B KOTOpblX Ha6JIIO;ztaeuue 

JillBHll noJIHOCTI>IO paaBHB8.lOTCH B O()JiaCTH KauepH/I4/. 

6 

Bo BTOpoit rJiaBe·;ztnccepT8IU!H H3JiaraIOTCfl TaKllte peayJI:r.TaTH 

HCCJie;ztOB8.HHit, noCBflll(8HHblX Bonpocy onpe;zteJieHHfl s~eKTllBHOCTH 

perHCTpaIU!ll r8.Llll8-KB8HTOB onpe;zteJieHHOit sHeprHH npn YCJIOBHH, llTO 

saepr:eH STUX rauua-KBaHTOB MOJICeT 6HTI, onpe;zteJieHa c TOllHOCTI>IO, 

ae· uea:r.me HeKoTopott aa;ztaaaott b = t:.E0/E~. 8aBHcHDocT:r, BepoHT

HOCTH P perHcTpaIU!H rauua-KBa~Ta C saeprneii E,r OT 3a;zt8HHOii 

noTe~IU!aJII>Hoit ;ztJIHHli KOHBepcnn L n aa;ztaaHoit TollHocTn onpeJte-: 

JI8HHH SHeprHH Blip8.llt86TCH WOPMYJIOit: 

-r,CEt)[L- clli(E~)j' 
P = 1- e . 
_, 

(2) 

r;zte r<E 't) = A (E-r) H A (E'ir') - cpe;ztHHH ;ztmma KOHBepCHll 

rawa-KBBHTa c sHepr11eit E 'lr. . d..6 (Er) - JJ;JillHa paaBHTHH m!BHH 

B Kauepe, Ha KOTOpoit MOlltHO nauepllTI, llOJIHHit npo6er JillBHeBblX llaCTH~ 

n onpeJJ;eJIHTI> sHeprn10 nnBHH c omn6Koit, ae npeBwa101l(eit aHalleHHe b . 
8aBHCHMOCTI, d,b ( E "5' ) 6UJia Hait;zteHa SKCnepHL!eHTaJII,HO/IS /: 

d. (E} =10[(¼,Eir- a.s/b1)J,o,25 
b 'lr. 

r;zte <ls n b
0 

- napaueTpu, aHalleHHH KOTOPhlX ;ztaau B Ta6nnrte I. 

Ta6xm~a I. 

& 3M 2M IOIJ. 

ns I.6IO ·I.489 I_.425 

b 6 O.SBI 0.056 0.052 
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BepOHTHOCTi perHCTpawra rawwa-KBaHTOB npH ycnoBHH 

LJ.E1/Ef30% ;ztna uccne;ztyeworo aKcnepaweHTaHiHoro 11aTepHana 

SaKXDqaeTCH B npe;ztenax OT 80 + 90%. OKaaanoci npH STOW, qTo c 

fiOIIOiltiD KCeHOHOBOI nyaupiKOBOI Kaweps MOEIO HCCJie;ztoBaTi co6HTHH, 

pacnB,1taD~ecH Ha HeCKOJiiKO CJr0
-Me30HOB H r8JIMa-KBaHTOB. Sqig)eKTHB

HOCTi perHCTpaIO!H TaKIIX co6HTHI ~OCTHraeTcn Ha OCHOBe M8TO~a 

onpe;zteJieH~H aqig)eKTHBHOCTH perHCTpaIO!H K~oro rawwa-KBaHTafI6/. 

Toqaocu onpe;zteneHHH aqig)eKTHBHOI 11accs M( k. o ) Ha Kow6HHa

wm K rawwa-KBaHTOB 3aBHCHT OT TOqfiOCTH onpe;zteneHHH Eo' H TOqfiOCTH 

onpe;zteneHHH yrna MeE:ztY HanpaBneHHHMH·awHCCHH raMMa-KBaHTOB. Cpe;zt

Hllll omH6Ka onpe;zteJieHHll aaaqeHHH M( t<, 0) B 30.l3HCHMOCTH OT K COO'.r

B8TC'.rBY8'.r aaaqeHHD OT IS ;ztO 20% H nonyqeaa H~ aKcnepHweH'.raJiiHWC 

;ztaHHWC. 

AHaJIH3 MeTO;ztHqeCKHX' B03MOEHOC'.rel KCeHOHOBOR nyalipiKOBOI 
0 

Kawepu ;ztllli :eccne;ztoBaHHH pacna;ztoB qacTHU Ha Jr -ueaoau H ra111,1a-

KBaH'.rli 6HJI Blifi0JlH8H C HCfiOJII,3QBaHH8M cne~axiHWC.nporpaMM o6pa-

60TKH ;ztaHHWC aKcnep:eMeHTa Ha 8JI8KTPOHHO-BlitmCXHTeJiiHWC MamHHax:. 

OueHKY (l)OHa B pacnpe;zteJieHHHX aqig)eKTHBHl:lX Mace CHCTeM H3 
0 \ 

H8CKOJiiKHX :T[ -M830HOB H raMwa-KBaHTOB y;ztaeTCH c;zteJiaTh ;ztOBOJiiHO 

npocTo,TaK KaK HweeTCHB03MOEHOCTi HCCJie;ztOBaTi B O;ztHOM aKcnepHM8HT~ 

C06HTHH c paaHliM lfflCJIOM raMUa-KBaHTOB K = I,2, ••• ,m, H CTPOHTi 

:ztllli co6HTHI, aanpuwep, c k<m raMMa-KBaHTauH, pacnpe;zteneHHH 

a!J1(lieKTHBHWC wacc KOM6HHa~R H3 K = tn-I, K = tn - 2, •• rruma-KBaHTOB, 

yqHTHBB.H TaKHM o6paaow BKJia;zt noxawc co6HTHI B :eccne;ztyewoe pacnpe

;zteneHHe/I6/. 

8 

TpeTiH rnaBa ;ztHCCepTa~H CO;ztep~HT_ CBe;zteHHH 06 8KCilepHMeH

TaJiiHWC ;ztaHHWC no HCCJie;ztOBaHHD cneKTpOB a(liqieKTHBHIDC wacq.CHCT8M. 
0 . . 

H3 H8CKOJiiKHX '.Jr -M880HOB H rawua-KBaHTOB. CBe;zteHHH 6HnH nonyqeau_ 

B peaynHaTe npocuoTpa H aHMHSa 500 000 (l)OTOrpaipHR KC8HOHOBOI 
-t 

nyaHpiKOBOI KaMeps, 06nyt1eHHOI B ny11Ite 'JC-M830HOB C HMilYJII,COM 

2,34 raB/C OT CHmcpo(liaao..rpoHa OIDIH •. 

B npouecce npOCUOTpa' 6HnH Bli6paau (1)0'.rOrpa(liHH co6HTHI c 

O;ztHOI ~TOpHqaol aapHEeHHOR qacTHuea, cne;zt KO'.rOpott aaKaH1lltBMCH 

B 1tawepe 6ea npHSHaKOB H;zt8pHoro B3aHMO;zt8RCTBHH HJIH pacna;zta. 

0To6paHHli8 cnyqaH MOlmO OTHeCTH K peaK~liM THna/I5/: 

1T ~n.. - X0 + b , r;zte x0 - nD6aH · qacTHUa, pacna;ztaDntaaca 
o _..,._ r --

aa «Jr -ue~oau H raMUa-KBaHTH. Pacnpe;ztenenHe aTIDC cnyqaeB, n 

SaBHCHllOCTH OT imcna K r8JIMa-KBaHTOB, ;ztaHO B Ta6naue n. Kpoue 

KOJIHqecTBa aenocpe;ztCTB8HHO Ha6nD~aeuwc C06HTHl,B.Ta6~Hue· 

llpHB8;zt8HO·tmCJIO cnyqaen fiOCJI8 y'leTa.aqig)eKTHBHOCTH perHCTpa~H 

rawua-KBaHTOB. 

Ta6nuua ~-

Knacc co6HTHI tmcno co6HTHI 
Ha6nD;ztaeuoe C yt1eTOLI aqig)eKT. 

nerHCTPam1H 

K = 2 746 I052 

K = 3 230 44I 

K = 4 306 657 

K = 5 ·29 70 

K = 6 SI I26 
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B Kal!t]l;OM Knacce co6HTI/Jil 6HnH nonytleHH cneKTpli 8g)(p8KTHBHUX: 

uacc. 

B C06HTI/JHX c k, ~. 2 B~enam,1c:r, napli rauua-KBaHTOB, 
0 0 

1/JCTO~lllKOM KOTOPHX L!Ornlll 6HTI, :Jr' -M830Hli !,!nlll ri -ll830HH. 

C STO!a nen:r,10 61:mlll BHt[l!CneHH cneKTpli 8g)(p8KTlllBHHX Mace rrt l\'l', 

KOM611lHanH!a no p;Ba raMMa-KBaHTa Ill onpep;eneHO KOnllltleCTBO 

:Jl:
0

-Me30HOB B Kal!t,11;014 C06HTllllll. B IlOCTpOeHHOM p;na K8.lltp;OrO Knacca 

co6HTlllia pacnpep;eneHllllll no rnr,Ha6n10p;aeTca nHK nplll aHatleHllllll 

MaCCH ~
0

-M830HOB, Ill t[l!Cno cnyqaeB B .nlllKe paBHO Olltlllp;aeuouy 

tllllcny 1r"~M830HOB. 
. . 

B STO!a rnaBe p;aHH peayn:r,TaTH 1/JCCnep;OBaHI/JH BnlllHHlllH reoMeT~ 

pllllll KCeHOHOBOil nyaHpI,KOBOil KaMepH Ha nonyqeHHHe aKcnepllllleHTan:r,HHe 

p;aHHHe, a TaKxe peayn:r,TaTH aHannaa CTaTI/JCTlllt[eCKO!a"'SaBlllCHMOCTI/J 

aaperl/JCTplllpOBaHHHX raMMa-KBaHTOB B OT06paHHblX C06HTlllfiX. 

IlplllBO]l;HTCH Ill aHepreTI/Jt[8CKllle,n yrnOBHe cneKTpli BTOplll~liX 

npOTOHOB Ill raMMa-KBaHTOB, a TaKXe cneKTpli 8g)(p8KTI/JBHHX Mace 

ClllCTeM 00 , g-(
0 f, ~ 0 lfr,'.Jt0

'.J[~ .'.1[
0 j["r, 3[0 !Jl"JG' nonytleHHH8- Ha 8KCileplll

M8HTan:r,HOM MaTeplllane KCeHOHOBOfi nyaap:r,KOBOfi KaMepH JIBS 0~Hli, 
+ 

o6nyqeHFott 'Jf -MeaoHaMlll c lllMnyn:r,cou 2,34 raB/c. 
. ' 

B tJeTBepTott _rnaBe p;I/JccepTanirn npoBep;eH aHanllla axcneplllMeH

Tan:r,Hux: p;aHHHX no 1/JCCnep;oBaHI/JIO cneKTpa 8!pp8KTlllBHHX Mace 

:(J[~CI/JCTeMH/17 /, a B IlHTOfi rnaBe nop;Bep;eHH 1/JTOrH pa60TH. 

Cpep;lll cnyqaeB C 'l8TH~I,MH raMMa-KBaHTaMlll, yp;oBneTBOpHIO~lllX 

KpHTeplllHM npOCMOTpa, 6Hno BHp;eneHO 170 co6HTlllil, KOTOplie UOlltHO 
+ 

TpaKTOBaTI, KaK cnytJalll B3al/JMO]l;8HCTBI/Jfi::rr.n 1 cop;epxam11e B KOHe~OM 
0 . . 

COCTOHHI/Jlll p;Ba 'J[ -ueaoHa Ill O]l;lllH npOTOH. Pacnpep;eneHI/Je 8!pp8KTlll~-

HUX: uacc M (!J[,
0 '.Tt) p;na STI/JX co6HTHil noKaaaHo Ha pnc.3. 3amTplllxo-
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BaHHaH qacT:r, rlllcTorpauMH o6oaHaqaeT BKna'A cnytJaeB peaKnHH Tlllna: 
c,r-+ o 'Tro 'Tro (JT'o 
.Jl + n. - j[ -t-J1,.. -t-JL +p I Korp;a 0]!;1/JH Illa JL- -ueaOHOB He 6WI 

aaperHCTplllpoBaH. l!Hcno TaKlllX co6HTlllil 6Hno onpep;eneHo no llllcny 

aaperHCTplllpOBaHHHX co6HTI/Jil c O]l;Hlllll npoTOHOM Ill Tpeuaj[~ueaOHaMH. 

IlonyqeHHoe axcnepH11eHTan1>Hoe pacnpep;eneHI/Je a~~eKTlllBHHX 

uacc Y( 5r"3T0

) I nocne BlitmTaHHH BKna'Aa co6HTllli1 OT peaKnHH C 

TpeMH 'J[ ~M630HaMH, cpaBHI/JBanoc:r, C pacnpep;eneHI/JeU acM>eKTlllBH!il 

Mace cnytlailHWC KOU61/JHanHtt p;Byx '][
0 

-M630HOB • Pacnpep;eneHI/J6 

STI/JX cnytlailHHX KOJ.161/JHanH« no 8~W6KTI/JBHIDI uaccau 6WIO nonytJeHO 

p;na ~HKTI/JBHHX C06HTI/Jil C tJeTHpI,MH rauua-KBaHTaJllll, COCTaBneHHWC 

npa llOl,Qlltff uerop;a MOHTe-Kapno, C lllCllOll1,30Ba.Hlll8M 3KCneplllM8HTaJtl,lWX 

yrnoBwc Ill 3HepreTHt[8CKI/JX cneKTpOB rawa-KBaHTOB H~cnep;ye:tWX 

170 C06HTlllil/IBf HopulllpOBKa cneKTPOB 6Hna c~enaHa K nonHOMY 

tJI/Jcny C06HTlllil B p;lllanaaoHe 3Hatl6Hlllfi M(J[~) OT 270 p;o 500 MaB 

( plllc. 4) • 

Ha plllc.5 noxaaaHo pacnpep;eneHI/Je M{ 1r:0J[°) nocne BHtlltTaHHfl 

BKnap;a OT C06HTlllfi C 3'Jf
0

-uea0Haul/J ~ BKna'Aa cnytJailHWC KOJ.161/JHanlllil 

1[0

J[°. Ha6n10p;a10TCH p;Be rpynnH C06HTI/Jil Ha'A ~OHOM: nplll 3HatJ6HlllH 

M{'.J'r.Jrj B 1/JHTepBane OT 600 p;o 900 MaB Ill B 1/JHTepBane OT 1000 p;o 

I300 MaB. rpynny cnyqaeB, nplllXO]l;H~Cfl Ha BTOpott 1/JHTepBan 

aHatleHI/Jil 8~~6KTI/JBHWC uacc, MOlltHO OTHeCTI/J aa CtleT paClla'Aa 

f O o 
~ 2 'J[ • CnytJalll, nplllXO]l;H~I/JeCH Ha 1/JHTepBan 3HatJeHHil acM>eK-

TlllBHUX: uacc 600 + 900 MaB, KaK noxaaan nop;po6HHll aHanHa, 

npHBep;eHHHi1 B p;I/JccepTanHlll, MOXHO OTHeCTI/J aa CtJeT CBflaaHHott 

CI/JCT8Mli <Jr 
0

1[ ~ 
AHanllla cneKTpa acM>eKTlllBHHX uacc ClllCTeMH ~

0

.'.J[
0

c 1/Jcnonr.so

BaHllleM ~opuyna BpeilTa-BHrHepa p;aeT cnep;yio~e BenHtJHHH, xapaK-

II 
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ctro o 
T8PH8YElllH8 pesOHaHC B CHCT8118Jl Jf: aqxpeKTHBHaJl uacca peaoHaHca 

M ($:"'Jt) = 730 '± 30 MBB H mHpHHa r = I70 ± 90. raB. 

!AcnoJibSYH CBe~eHHH 06 HHT8HCHBHOCTHX po!t]teHHH CBHaaHHOtt 
,t-" - 0 

CHCT811li '1[°'][
0 

H ~ 0 -ueaoHa B peaKIU!H THna 'J[+n. _.., X +jo, nonyqeHHlie 

B O~HOII H TOM ze 8KCnepHM8HTe, IIO~HO 6liJIO onpe~eJIHTb COOTHimeHHe 

11e:z~y HX ai_pi_peKTHBHa1111 ceqeHHa11u:G'[1C~-(~)p] ~6fJrn.-12°PJ. 

AHaJIHB pacnpe~eJieHHtt C06liTDI C TpeuH ra1111a-KBaHT8J.IH THna 

cJr0 t H t(t I a TaKJKe Co6liTHtt C na_uE r0J.111a-KBaHTaM~ Tltna X
0

1Cc:>o, 
'tlpHB8JI K CJie~ym~HII COOTHOmeHHHII ~JIH HettTpaJibHliX KaH8.lIOB 

pacn~a w0 -iiaCTHJ:Oi: N(w0-+t(t➔ .3o')jN(w0-:J[0 r) = 22 ± 8%, 

N(W0➔ T1f°t)/ N (w0 -'.J[°';f) = I6 ± I3%. 
Ocuo»Hue peaynbTaTli ~nccep,aunn aaKnmqamTcH B cne~ym~eu: 

- I. Paapa60TaHa H CBCTeUaTnqecml HBJIOllteHa M8TO,IU!Ka HCCJie~o

BaHliH · fi~epHWC peaKIU!tt, conpOB03t.1tae11wc HeCKOJlbKHYH ~
0
-uesoH8J.IH 

B ra1111a-KBaHT8J.IH, B· qacTHOCTH: 

-a) ~8.H cnoco6 BOCCT8JIOBJ18HBH npOCTpaHCTB8HHOi KapTHHli 

C06liTHi, aaperucTpHpOBaHHWC B 26-JIHTpOBOtt KC8HOHOBOtt nyaupbKOBOff 

K8.llepe·JIBs OIAHIA. CocTaBneaa nporpa11:ua o6pa6<>TKH Ha SBM·peaynHa

TOB nauepeHHH reoueTpHH co6UTBHi · 

6) paapa6oT8.H cnoco6 onpe~eneaua aHeprutt ra1111a-KBaHTOB, 

aaperHCTP~POB8.HHWC B K8.llepe no BOBHHKmHII OT HHX BJI8KTPOHHO-ll08HT

poHaliM napau H BJ18KTpOHHo-i_pOTOHHlill ID1BHHM. CocTaBJieHa nporpavua 

o6cqeTa peayJibTaTOB BauepeHHH Ha SBM; 

B) npe~JIOllteH H HCnOJlb80BaH B aHaJIHae BKCnepHll8HTaJlbHOro 

uaTepuana cnoco6 yqeTa ai_pi_peKTHBHOCTH perncTpaunn ravva-KBaHTOB H 

I2 

co6liTHI, conpoBollt,1laeuwc 11HoroqncneHHlJIIH ra1111a-KBaHT8J.IH. HanHcaHa 

COOTB6TCTByromaa nporpauua pacqeTOB Ha SBM; 

r) npe~JIOJ!t6H H BCllOJlbBOBaH B 8KCll6PHM6HT6 cnoco6 yqeTa 

i_poHa npu aHaJIHae pacnpe~eneanll ai_pi_peKTHBHWC uacc, nonyqeHHHX 

HS KOM6Haauutt rauua-KBaHTOB. 

2. Hanucaaa nporpauua uo~enupoBaHHH cnyqallHwc KOM6Haauua 

H6CKOJlbKHX ra111.m-KBaHTOB. OHa npHll6HHJiaCb npH aHaJIHB6 :mcnepH-

118HTaJlbHWC ~aHHWC. 

3. BliJIH npoaHaJIH3HpOB8.llli cneKTPli si_pi_peKTHBHliX uacc CHCTeM 

)" f, :J["t, :Jr01ir, n° ,Jljjo, JrTJr', nonyqeHHli8 npH HCCJI8~0BaHHH 

BBaHMO~ettcTBHtt C ~p8J.IH KC8HOHa. 

4. B peayJibTaTe auam1sa pacnpe~eneaHil ai_pi_peKTHBHWC uacc 

cncT~II T 0 '1L nonyqeao yKaaaHHe Ha npHcyTCTBHe peaoHauca c 

uaccott OKOJIO 730 LISB B CHCT6118 :JrT. 

5. Onpe~6Jl6Hli COOTHomeHHH M6llt~Y KaHaJiaMB pacn~a 

Cl) o ..:.11es0Ha Har~,.~<> t H CJL':f[°?f • 

Co~epzamzeca B ~uccepTaUHH uaTepHanu ony6JIBKOBaHH B 
pa6oTax /9, IO, II, I4, I5, I6, I7, IS/_u ~oKn~HB8.JIBCb 

Ha 118EAYHapo~HWC KOHi_pepeHIU!HX no i_pBBHKe BliCOKBX BHeprHa 

B BepKnB (I966 ro~)~ B BeHe (I968 ro~) H B KBeBe (I970 ro~). 

I3 
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+ PHc. I. 
KapTHHa COC>HTHH THIIa 1f +n.. - 2 '.Jt"0 -t- I' 1 aaperHCTpHpOBaHHOrO 

B 26-.lll1TpOBO« KCeHOHOBO« IIY8HPDKOBO« KaMepe. 

16 

\I 
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.11 

11 
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4 0 j '][ 0 

N 

20 

0 

0 120 240 360 

Mn M eV · 

. PHc.2. 
Pacrrpe~eneHHe sqxpeKTHBHWC Mace rrap raMMa-KBaHTOB OT H~eHTH~li~H

pOBaHHWC 1( 0 -Me80HOB. 
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o o .PHc.3. + o o 
Pacnpe;n;eJiemie M(Jr 1t) ;ZJ;Jlll COC>blTHit THila 'J[ + 11, - 'J[ +:Jr+ p • 
3aruTpHXOBa.HHblit y11acTOK - co;n;eplltaHHe cJiy11aeB Tima 'Jf t n - 3:11'1'~ p , 
B KOTOPblX O]tl!H 1r°-Me30H He 6HJI saperHCTpHpOBaH. 

I8 

\. 

w 

50 

I 

I I 

I I 

I I 

I 
I 

25 I I 

I I 
I I 
I ·--I 
I I 

I I 

I I 
I I 
I ---

I 
I 

I 
I .__, I 

I . 
L--, I 

I 

I I 

0 .5 1.0 1.5 
M( 'J1"0 1f0

) GeV 

PHC. 4. o o 
CpaBHeHHe aKcnepHMeHTaJIDHOro pacnpe,1teJieHHll M(1r 1[) B peaK~ll 
TJ4Ila X++ I'\.._.,, :Tt 0 + .1i° + p C paCCIJHTaHHblM cneKTpO.Y atMeKTHBHblX yacc 
CJiyt1aitH1,IX KOM6HHa~Hii B 9["'ar' CHCTe.Me. HopMHPOBKa npoBe,1teHa K IlOJIHO.MY 
IJHCJIY CJiy11aeB B HHTepBaJie 3Ha11eHHH stMeKTHBHblX Mace M('J[" 1C') 

270-500 MaB. 
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P:0c. 5. 

Pacnpe,zteJiemrn acM>eKT:0BHWC uacc M('.lr
0'.1[j noc11e Bhl'l!eTa qioHa • 
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