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OxpHMeHKO n.c., CJIOBHHCKHii E., CTpyraJibCKHii 3.C. Pl - 8199 

XapaKTepHCTHKH rrpoaonbHoro paaBHTHB sneKTpoHHo-~oToHHhiX 

JIHBHeii, Bbi3BaHHb!X raMMa-KBaHTaMH C 9HeprHeii 30, 50, 70, 
100, 120 MsB B )!(HAKOM KCeHOHe 

npHBeaeHbl HCCJieAOBaHHB AJIHH pa3BHTHB, CYMMapHbiX rrpo6erOB 

JIHBHeBbiX 9J1eKTpOHOB, a TaKlKe COOTBeTCTBYIOIUHX ~JiyKTyaUHii B JIHBHBX, 

Bbi3BaHHhiX raMMa-KBaHTaMH c 9HeprHefi 30, 50, 70, 100, 120 MsB B lKHAKO~ 
KCeHOHe, 06HapylKeHO CBOHCTBO MaCIUTa6HOCTH B HHTerpaJibHb!X KaCKaAHbiX 

KpHBbiX If H3y'leHHOii 3aBIICHMOCTH ~JIYKTyaUHii OT AOJIH CYMMapHOii AJIHHbl 

ITpo6era JIIIBHeBb!X 9J1eKTpOHOB, 

llpenpKHT 06benKHeHHOrO KHCTKTyTa .S:Aep~X HCCAeAOBaHHi. 
,ny6Ha, 197 4 

Okhrimenko L.S., SZowinski B., Struga~ski Z.S.Pl - 8199 

Characteristics of the Longitudinal Development 
of the Electron-Photon Showers Induced by the 

y- Quanta of 30,50,70,100 and 120 MeV 
in Liquid Xenon 

The results are presented of investigations of the 
development lengths,the total ranges of shower electrons 
and corresponding fluctuations in the showers induced by 
the y- quanta of 30, 50, 70, 100 and 120 MeV in liquid 
xenon. The scaling property is revealed in the integral 
cascade curves and in a studied dependence of fluctuations 
on the part of the shower electron total range. 

Preprint. Joint Institute for Nuclear Research. 

B HaCTO.a:ll(eii pa6oTe npe.D;cTaBJieHbl pe 3YJILTa Tbl 3Kcne

pa.MeHTaJILHoro accne.D;oBaHH.a: .D;JIHH pa3BHTH.a: JIHBHeii a 

· CY.M.MapHOH .D;JIHHbl CJie,D;OB JIHBHeBbiX 3JieKTpOHOB, a TaiOKe 

COOTBeTCTBYIOUUIX .D;HCUepCHH B JIHBH.S:X, Bbi3BaHHbiX ra.M.Ma

KBaHTa.MH c :mepraeii 30, 50, 70, 100 H 120 M3B B lKH.D;KO.M 

KcenoHe. Kpo.Me ca.MocTo.a:TeJILHoro 3HaqeHH.a: nonyqeHHble 

pe3yJILTaTbl HYlKHbl, C .MeTo.IUiqecKOi TOqKH 3peHH.S:, Hanpa

.Mep, .D;JI.S: OUpe,D;eJieHH.S: 3cWJeKTHBHOCTH perHCTpalUIH ra.M.Ma-

KBaHTOB B 3aBHCH.MOCTH 

ax 3Hepraa /i I . 
OT TOqHOCTH H3.MepeHH.S: 

METO,[f HCCJIE,[fOBAHHJI 

B HTore npoc.MoTpa oKoW 15 000 CHH.MKOB c KCeHo

HOBoi ny3wpLKOBoi Ka.Mepw I , o6nyqeHHoii B nyqKe rr- -Me-

30HOB c HMUYJILCO.M 3,5 F3B/c, 6wno sw6paHo 232 cnyqa.a: 

3JieKTpOHHO- cl>oTOHHbiX JIHBHeii OT ra.M.Ma- KBaHTOB C 3HeprH.a:

MH 30-120 M3B. KpaTepaa oT6opa Te lKe, qTo a B HamBX 

npelKHHx pa6oTax 14 - 6 1 . C nenLIO onpe.D;eneHH.a: 3Hepraa 

ra.MMa-KBaHTOB UpOBO.D;HJiaCL UOJIHa.S: H,D;eHTHci>HKa.QH.S: BCeX 

CJie,D;OB qaCTHI(, OTHOC.S:UUIXC.S: K JIHBHIO, Bb13BaHHOMY 3TH.MH 

rawwa-KBaHTaMH. 3Hepra.a: JIHBHJI onpe.D;en.a:nacL no .D;JIHHa.M 

3JieKTpOHHbiX npo6eroB KaK CYMMa 3HeprHii BCeX npHHa.D;Jie

lKaUUIX e.My 3JieKTpOHOB. ,LJ;JI.a: 3TOro HCUOJIL30BaJiaCL 3aBH

CHMOCTL Me)K.D;y ,D;JIHHaMH npo6erOB 3JieKTpOH9B H HX 3Hepra.a:

MH, nepecqaTaHHa.a: .D;JI.a: lKH.D;Koro KCeHoHa / 3/. MHHH.MaJIL

Ha.a: perHCTpHpye.Ma.S: .D;JIHHa CJie,D;a COCTaBJI.S:Jia OKOJIO 1,5 MM 

Dubna, 1974 I 3 



B KaMepe, qTo COOTBeTCTByeT 3HeprHH 3neKTpOHOB OKOnO 

0,5 M3B. B ma6A. I rrpuae.D;eHbl qucna N A Bb16paHHbiX 

cnyqaeB nHBHeH, COOTBeTCTBYIO~HX pa3Hb1M 3HaqeHHJIM 

3Hepruu E Y HHH~HHPYIO~Hx ux raMMa-KaaHTOB. 

Ta6Auija I 
qucAa N A e&J6paHHbiX cAytlaee AU8Hei1 u coomeemc1118YIOJIIUe 

UM 3HU'l€HUJI 3Hepzui1 E ZUMMU· K8UH11108 y 

E 

/MJB/ 

NA 

30±5 50±5 70±5 100 ±5 

41 51 59 33 

120 ±10 

48 

B Ka>K,noM H3 3THX cnyqaea HJMepBnHCL: ,D;nHHbl rrpo-

6eroa OT,D;enLHbiX nHBHeBbiX 3neKTpOHOB, COOTBeTCTBYIO~e 

,D;aHHbiM rny6HHaM pa3BHTHJI nHBHeH t , C maroM t:.t = 1 CM, 

B IIJIOCKOCTH IIpOeK~HH CHHMKa. 

KaK 6blno rroKaJaHo/
476 /, rrpu HJyqeHHH JneKTPOHHo

«iJoTOHHbiX nHBHeH y.D;o6Ho rronLJOBaTLCB rrapaMeTpOM A , 
rrpe,D;cTaanBIO~HM co6oB: ,D;OniO cyMMapHoro rrpo6era JneKT

pOHOB nHBHB, Ha6niO,D;aeMyiO Ha ,D;JIHHe d A ero pa3BHTHJI, 

OTCqHTbiBaeMOH OT TOqKH KOHBepCHH HHH~HHPYIO~ero naBHHY 

raMMa -KaaHTa. Uenecoo6pa3HO TaK>Ke aaecTH TaK Ha3b1Bae

MYIO cpe,D;HIOIO .D;nHHY < d> pa3BHTHB nHBHB, orrpe,D;enxeMYIO 

cne.D;yiO~HM o6pa30M: 

<d> = 
l n NA ( i) 
-. ~ :£ dA /1/ 

n·NA j=li=l i 
r ,D;e d ( i) • ,nnHHa pa3BHTHJI i · Toro nHBHB, COOTBeTCTByiO~JI 

A 
j 

,D;one A. cyMMapHoro rrpo6era JneKTpOHOB naBHHLI, n -
j u A u 

qucno ,D;eneHHH Ll t CnyqaeB nHBHeH, 3aperHCTpHpOBaHHLIX 

Ha CHHMKe KaMepbl, IIpH KOTOpbiX HJyqanHCL BenHqHHbl d( i) H 

A . Ai 
j 

4 

3KCIIEPHMEHT AJihHhiE J/,AHHME 

H~e rrpuae.D;eHbl peJynLTaTbl HJMepeHHH, KacaiO~ecB 
,D;nHH pa3BHTHJI nHBHeH, CyMMapHOH H qaCTHqHLIX ,D;nHH rrpo6e

roB nBBHeBbiX 3neKTpOHOB, «iJnyKTya~HH CyMMapHoro rrpo6era 

nHBHeBbiX JneKTpOHOB H «iJnyKTya~HH ,D;nHH pa3BHTHJI nHBHeH. 

A. ,/{AuHa pa38U111UJI AUBHJI 

B ma6A. 2 rrpuae.D;eHLI JHaqeHHB cpe.D;HHX ,D;nHH < d> paJ· 

BHTHJI nHBHeH, Bb13BaHHLIX raMMa·KBaHTaMH C 3HeprHeH 

30, 50, 70, 100 H 120 M3B B >KH,nKOM KCeHOHe. )J.aHbl 

TaK>Ke COOTBeTCTBYIO~e 3HaqeHHJI ,D;HCIIepCHH a <d > H OT-

HomeHHH a I< d > 
<d> 

)J.nJI HarnB,D;HOCTH JaBHCHMOCTL Cpe,D;HeH ,D;nHHLI < d > 
pa3BHTHJI nHBHeH OT 3HeprHH E y COJ,naiO~X HX raMMa· 

KBaHTOB rrpe,D;cTaaneHa TaK>Ke Ha puc. 1. 

E. CyMMapHaJI OAUHa npo6ezoe AueHeB&IX 3AeKmpoHoe 

B ma6A. 3 .D;aHLI cp.e.D;HHe JHaqeHHB d A I <d > qacTHqHLIX 

.D;nHH pa3BHTHJI, ,D;eneHHbiX Ha cpe,D;Hee 3HaqeHHe ,nnHHLI 

pa3BHTHJI < d> rrpB pa3HbiX JHaqeHHJIX rrapaMeTpa A, ,D;nB acex 

3HaqeHHH 3HeprHH HJyqaeMLIX nHBHeH. rpa«lJuqecKH 3Ta 

JaBHCHMOCTL rrpe,D;CTaBneHa Ha puc. 2. 

B. fPAYKJJyaijUJI cyMMapHozo npo6eza AUBHee&IX 

3A€KIIpOH08 

Ha puc. 3 rr~e,D;cTaaneHa JaBHCHMOCTL OTHOCHTenLHLIX 

,D;HcrrepcuB: aA I A cyMMapuoro rrpo6era nBBHeBbiX JneKT· 

pOHOB, COOTBeTCTBYIOLUero ,nnHHe qaCTHqHOrO pa3BHTHJI 

nHBHeH, Ha KoTopoB: Ha6niO.D;aeTcB B cpe,D;HeM .nonB A rron

Horo rrpo6era 3neKTpOHOB. fipHBe,D;eHHLie ,D;aHHLie OTHOCJITCJI 

K IIJITH JHaqeHHJIM 3HeprHH E y raMMa-KBaHTOB, BL13LIBaiO

~Hx nHBHH B >KH,nKoM KCeHoBe: 30, 50, 70, 100 H 120 M3B. 
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Mo>KHO JaMeTHTL, 'ITO npH acex 3Ha'leHH.IIX E JaBHCH

MOCTL aA /A OT A O,D;Ha H Ta >Ke, B npe,D;enax ,D;dCTHrHyTOB 

TO'IHOCTH 3KcnepHMeHTa. XapaKTep 3TOB JaBHCHMOCTH aHa

norH'IeH, KaK H npH 6onee BLICOKHX 3HeprH.IIX ,raMra-KBaH

TOB, o6pa3yiO~HX nHBHH B >KH,li;KOM KCeHOHe /
3

' 
4 

, O,D;HaKO 

3Ha'leHHJI a A /A , OTHOC.IlmHeC.Il K HJyqaeMOMY ,D;Hana30HY 

3HeprHii 30 -:-120 M3B, JaMeTHO awwe. 

T. fPAYK111YaliUU OAUHbl pa38U111UJI AU8HeU 

Ha puc. 4 ,D;aHo pacnpe,D;eneHHe no napaMeTpy A OTHo

CHTenLHLIX ,D;HcnepcHii a d I d A ,D;nHH qacTH'IHoro pa_JBHTH.Il 

nHBHeB, Ha KOTOpLIX B cpe,D;HeM BLI,D;enJieTC.H ,D;On.H A CYM-

2 <d> 
(mm) .. 

.15 

2. 

0 

~ 

40 50 60 

f 
! 

i 

70 80 90 100 Er(Mel/) 

Puc. 1. 3a8ucu.woc•& cpeoHeu OAUH&I <d> pa38U11UJI AU8Heu 
011 3Hepzuu E y za.w.wa- K8aH1I08, o6pa3YKJUIUX AU8HU 8 xuo
KOM KCeHOHe. 
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Puc. 2. 3a8ucu.woc•& OAUH&I dA /<d> pa38u•uJI AU8Heu, 
Ha Ko11opou 8&roeAJie11cJI 8 cpeoHeM ooAJI A cy.w.wapHozo 
npo6eza AU8He8&1X 3AeK•poHoa, o• napa.we11pa A, OAJI Aa8UH, 
UHUijUUpyeM&IX 8 JltUOKOM KCeHOHe zaMMa· K8aH11aMU C 3Hep
zueu Ey _ : • - 30 M3B, o - 50 M3B, \1 - 70 M3B, 
/1,.- 100 M3B u X- 120 M3B. 

MapHOrO npo6era nHBHeBLIX 3neKTpOHOB. ,Il;aHHLie OTHOCJITCJI 

K nJITH H3y'leHHLIM JHa'leHHJIM 3HeprHH E y : 30, 50, 70, 
100 H 120 M3B raMMa-KBaHTOB, HHHIUIHPYIOmHX nHBHH 

B >KH,li;KOM KCeHOHe. 

PB3YJihTAThl H OECY)J(,l{BHHB 

H3 nonyqeHHLIX 3KcnepHMeHTanLHLIX ,D;aHHhiX I •a6A. 2/ 
cne,D;yeT, 'ITO cpe,D;HJIJI ,D;nHHa pa3BHTHJI nHBHJI < d> yaenH'IH

aaeTCJI c pocTOM 3HeprHH E Y raMMa-KBaHTOB, npH'IeM 

3TO yBenH'IeHHe 3aMeTHO 3aMe,D;nJieTCJI B o6naCTH 6onLWHX 

3Ha'leHHB E Y • TaK>Ke pacTeT c yaenH'IeHHeM 3HeprHH 
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Puc. 3. O•Hocu•eAr.Hr.le (}ucnepcuu a A /A (}oAu cyM
t.capHozo npo6eza AU6He6r.lx 3AeKIIIpoHo6, coo•6e•c•6YIOJIIeil 
(}AUHe pa36U.UJI AU6HJI, Ha Ko•opou 6 cpe(}HeM 6r.l(}eA.Re•cJI 
(}oAR A cyMMapHozo npo6eza AU6He6r.lx 3AeK•poHo6. 06o3-
Hat~eHUJI KaK Ha puc. 2. 

E Y .Q.BenepeBJI a< d > epe,AHei ,ll.JIHHbl pa3BBTBJI JIHBHJI, .Q.o

eTaraJI HaewiQeHBJI y>Ke B paioHe E 70-:-100 M3B. 0THo

eBTem.HaJI .Q.BenepeBJI a d 1 < d> bepBoH&'IaJI:a.Ho paeTeT 

e B03paeT&HBeM 3HeprBB E raMM&-KB&HTOB, 'ITO eJie.Q.yeT 

OTHeeTB B e'leT yBeJIH'IeHB~ pOJIH TOpM03HOrO B3Jiy'leHHJI 

B Dponeeee p&3BBTBJI JIHBHJI. 3aTeM, .Q.OeTBrHyB M&KeBMyMa 

B paioHe "' 70 M3B, yMeHJ.maeTeJI, T&K KaK B JIBBHe 

yqaeTByeT Bee 60JIJ.We 3JieKTpOHOB, B OTHOeBTeJIJ.Hble cimyK

TY&:UBB eT&HOB.IITe.R Bee MeHJ.We.!. 

3aBHeHMoeT:a. OTHomeHHJI d A I< d> oT napaMeTpa A 
I puc. 2 lo.AHa H Ta >Ke B npe.Q.eJiax TO'IHOeTB 3KenepBMeHTa, 

npa Beex H3y'leHHbiX 3B&'IeHBJIX 3Heprai E Y rawwa-Kaafi

TOB, o6pa30BaBWHX JIHBHB. HBTepeeHO DO.Q.'IepKHyTJ., 'ITO 

DpHBe.Q.eHH&JI 3&BBeBMOeTJ. .IIBJI.ReTe.ll &HaJIOrOM BHTerpaJIJ.-
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Puc. 4. OIIIHOCUIIIeAr.Hr.Je (}ucnepcuu ad /d A (}AuHr.J 
~36U.UJI AU6Heil, Ha KOIIOpOU 61>J(}eA.Re•cJI 6 cpe(}HeM (}OAJI 
A cyt.ct.capHozo npo6eza AU6He61>JX 3AeK•poHo6. 06o3Hat~e

HU.R KaK Ha puc. 2. 

HbiX K&eK&,Il.HbiX KpBBbiX, T&K K&K B eJiy'lae, KOr.Q.a MHOro

Kp&THOe paeeeJIHBe JIHBHeBbiX 3JieKTpOHOB He O'leHJ. BeJIHKO, 

H&6JI~.Q.&eTe.ll Dp.IIM&JI DpODOP:UHOH&JIJ.HOeTJ. Me>K.Q.y HHTer-

paJI:a.Hoi KaeKa.Q.Hoi KPBBoi I !! N !! t 
t!t 

H paenpe.Q.eJieHBeM 

eywwapHbiX npo6eroB I r ( t) JIHBHeBJ.IX 3JieKTpOHOB. )J;JIJI 

>KH,Il.KOrO KeeHOH& H JIHBHei, Bbi3B&HHbiX r&MMa-KBaHTaMH 

e 3Hepraei 1600 M3B, Ko3tW!BnBeHT nponopnaoHaJIJ.HoeTH 

t!N K = k · I r( t) I I-!! t 
t!t 

/2/ 

paBeHK= 10,71 ± 0,32 M3B-/
5
?pa 3HeprBB o6pe3aHBJI JIHB

HeBwx 3JieKTpoHoB 3 M3B • 3.Q.ee:a. t - ,ll.JIHH& pa3BBTB.II 

JIHBHJI, OTe'IBTbl~e.M&JI OT TO'IKH KOHBepeBB r&MM&-JCBaHTa, 

II 



k=0,6 M3B/MMil/. TaK KaK napaMeTp A paseH no onpe.ne

neHHIO A= I.r(t) /I.r(t-.oo),TO H3 puc. 2MO)KHO c.nenaTL BLI

BO)l. 0 TOM, 'ITO KaCKa,IJ,HLie KpHBLie nHBHeH, BLI3BaHHLIX 

raMMa-KBaHTaMH c 3Heprueii 30, 50, 70, 100 H 120 M3B 
B )KH)l,KOM KCeHOHe, BLipa>KeHHLie qepe3 )l,OniO d A cyMMapHo

ro npo6era nHBHeBLIX 3neKTpOHOB Ha )l.n&He qacTH'IHoro pa3-

BHTHJI d A , ,IJ,eneHHYJO Ha cpe,D,HIOIO ,IJ,nHHY pa3BHTHJI nHBHJI 

< d> , He JaBHCJIT OT 3HeprHH E y raMMa-KBaHTOB, BLI-

3LIBaiO~Hx nHBHH B H3y'leHHQM .nuanaJoHe 3Hepruii EY • 
IlocKonLKY napaMeTpLI A H d I< d> He JaBHCJIT OT 

CBOHCTBa Be~eCTBa, TO nony'leHHLIH BLIBO)l. cnpaBe,IJ,nHB 

TaK>Ke ,IJ,nJI ,D,pyrHX O)l.HOpO,D,HLIX cpe,D,. 

Mo>KHO TaK>Ke JaKnJO'IHTL, 'ITO B npe.nenax 3Kcnepu

MeHTanLHLIX owu6oK He ua6niO.naeTCJI JaBHCHMOCTH ad I d A 
oT napaMeTpa A npu scex uccne.nosaHHLIX 3Ha'leHHJIX 

3Hepruii raMMa- KBaHTOB I puc. 4/. AHanorB'IHaJI KapTHHa 

Ha6niO,IJ,anaCL HaMB paHLWe npB B3y'leHBB naBHH, BLI3LIBaJ.ts/ 

MLIX raMMa-KBaHTaMH c 3Heprueii 200, SOOu 1600 M3B , 
O)l,HaKO OTHOCHTenLHLie cllnyKTyauBH ad /d A B .nuana30He 

3Hepruii 30 - 120 M3B JaMeTHO BLIWe. 

B 3aKnJO'IeHBe cne,IJ,yeT DO,IJ,'IepKHYTL, 'ITO BLI6paHHLie 

napaMeTpLI, xapaKTepH3YIO~e npo.nonLHoe pa3BBTBe nuu

Heii: cpe,D,HJIJI .nnuHa pa3BBTHJI nHBHJI <d >, .D.nHHa d A qac

TH'IHOro pa3BHTHJI, .nonJI cyMMapHoro npo6era nusHeBLIX 

3neKTpOHOB A , a TaK>Ke OTHOCHTenbHLie )l.HCDepcHH ,IJ,OnH 

cyMMapHoro npo6era a A I A H .nnHHLI qacTH'IHoro pa3BHTHJI 

nHBHJI ad /d A secLMa y.no6HLI npu H3y'leHHH xapaK

TepHCTHK npO,D,OnbHOrO pa3BHTHJI 3neKTpOHHo-clloTOHHLIX 

naBHH, BL13LIBaeMLIX raMMa-KBaHTaMH B O)l,HOpO,D,HLIX cpe

,IJ,aX. KacKa,IJ,HLie xapaKTepHCTHKH H cllnyKTyauuu, BLipa>KeH

HLie qepe3 3TH napaMeTpLI, npoJIBnJIIOT noneJHLie H HHTe

pecHLie MacwTa6HLie csoiicTBa. 
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