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1 • BBEI\EHHE 

HapHAY c xapaKTep~cT~KaM~ npOAOnbHoro paas~T~H 3neKTPOHHo
~OTOHHWX n~BHe~ /3~n/, ~H~~~~pyeMWX raMMa-KBaHTaM~ B nnOTHWX 
cpeAax, 6onbwo~ npaKT~4eCK~~ ~HTepec swawsa~T nonepe4Hwe paaMe
pw 3~n, T.e. paaMepw 3~n s HanpasneH~~. nepneHA~KynHpHoM Hanpas
neH~~ noneTa nepBH4Horo raMMa-KBaHTa,.~nH, 4TO TO me, Hanpas
neH~~ OCH pa3BHTHH n~BHH /On/. Ecn~ OT CBO~CTB pacnpeieneH~H 
nHBHe~ BAOnb On 3aB~C~T, rnaBHbiM o6pa30M, T04HOCTb onpeAeneH~H 
3Hepr~~ raMMa-KsaHTOB, To nonepe4Hble paaMepbl 3~n HaKnaAbiBa~T 

orpaH~4eHHH Ha yrnosoe paapeweH~e AeTeKTopa 3neKTpoMarH~THoro 
H3ny4eHHH BWCOKHX 3HeprH~. nocneAHee 06CTOHTenbCTBO BeCbMa 
cy~ecTBeHHO npH H3y4eHHH npo~eccos MHomecTseHHoro o6paaosaHHH 
rr0 -Me30HOB H APYrHx 4aCTH~, pacnaAa~~HXCH c y4aCTHeM raMMa
KBaHTOB B KOHC4HOM COCTOHHHH, a TaKme npH HCCneAOBaHHH KOCM~-
4eCK~X ny4C~. 

Ha-aa 6onbWHX pac4eTHwx H MeTOAH4eCKHX TPYAHOCTe~ s HacToH
~ee speMH sonpoc o nonepe4HOM paasHT~~ 3~n AaneK oT aasepwe
HHH/11. nHWb 4HCneHHbiM MOAenHpOBaH~eM 3neKTPOMarHHTHOrO KaCKaA
HOrO npo~ecca no MeTOAY MOHTe-Kapno MOmHO nony4HTb AOCTaT04HO 
nOAp06Hwe H HaAemHwe CBeAeH~H 0 nonepe4HWX pa3Mepax 3¢n, XOTH 
H 3TOMY MeTOAY CBO~CTBeHHbl cy~eCTBeHHble OrpaHH4eH~H /1,2/. 

B paapa6aTwsaeMo~ HaMH ~eHoMeHonorH4ecKo~ MOAenH npocTpaH
CTBeHHoro pacnpeAeneH~H HOHH3a~HOHHWX nOTepb nHBHeBWX 3neKTpO
HOB B 3~n /~,S/ 6blna BBeAeHa ~YHK~HH pacnpeAeneHHH nnOTHOCTH 
cpeAHHX HOHH3a~HOHHWX nOTepb Ha paCCTOHHHH p /B npOCTpaHCTBe/ 
DT On, KOTOpy~ MOmHO aanHCaTb B cneAY~~eM BHAe pacnpeAeneHHH 
ycnOBHO~ BepOHTHOCTH: 

1 ~ F2 (Ey,Eo,t\p)= 2rru2exp(- 2u2)' /1/ 

rAe E y- 3HeprHH raMMa-KsaHTa, Bbi3Baswero nHBeHb, E 0 - 3HeprHH 
o6pe3aHHH nHBHeBWX 3neKTpOHOB, 

u = m (Ey, E 0 ) t + b(E Y' E 0), /2/ 

- rny6HHa pa3BHTHH nHBHH, OTC4HTWBaeMaH OT T04K~ KOHBepCHH 
nepBH4HOro raMMa-KBaHTa, BAOnb On, m H b - napaMeTpbl, noA6H
paeMwe no 3KcnepHMeHTanbHWM AaHHWM. ~opMyna /1/ YAOBneTBOpH
TenbHO OnHCbiBaeT 3aB~C~MOCTb OT p nnOTHOCT~ BepOHTHOCTH cpeAHHX 
HOH~3a~~OHHWX noTepb n~BHeBWX 3neKTPOHOB Ha rny6~He t, B ~H
Tepsane 3Ha4eH~~ 3HeprHH Ey=/65-2000/ M3B/3/, np~4eM cTaTHCT~-
4eCK~ o6ecne4eHHbiM B AOCTaT04HQfL_CTei)~Ht~_CJ]_eAye_:r C::4~TaTb ~HTep-
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Ban c BepxHe~ rpaHI-!lle~ E y::; 1 000 M3B. L.\enbiO HaCTOllll\e~ pa6oTbl 
f1Bnf1eTcf1 AanbHe~wee l-13y4eHI-!e, Ha yBenl-!4eHHO~ cTaTI-ICTI-!Ke 3Kcne
PI-1MeHTanbHoro MaTep1-1ana, nonepe4HOro pa3BI-1TI-1f1 3$n B 1-!HTepBane 
3Ha4eHI-1~ 3Hepr1-11-1Ey =/60-3000/ M3B. 

3KCnEP~HEHTAnbH~R MATEP~An 

KaK 1-1 B 6onee paHHI-IX pa6oTax 12- 41 ,B Ka4eCTBe 1-!CXOAHOro 3Kcne
PI-1MeHTanbHoro M8Tep1-1ana 1-!CnOflb30BaHW CH~MKI-1 C KCeHOHOBWX ny-
3WPbKOBWX KaMep /KnK/ 9~R~ 1-1 ~T3$ /MocKBa/. B ceaynbTaTe npo
cMoTca ,CHI-IMKOB 6bln0 OTo6paHV 2045 cny4aeB 3$n, YAOBneTBOpf11011\11X 
COOTBeTCTBYIOll\1-!M Kp!-!TepHllM, B KamAOM OTAeflbHOM cny4ae 1-13Mepf1-
fli-1Cb, B nnOCKOCTI-1 npoeKI..ll-11-1 CHHMKa, T,Ha3. 4aCTH4HWe CYMMapHwe 
npo6erH flHBHeBbiX 3fleKTPOHOB, fl~ re(Ey,E 0,t,p)/~t flp, Ha6ntO-
AaeMWe B npllMOyrOnbHWX KfleTKaX pacTpa C KOOPAHHaTaMH (~t-~t) 
BAOflb On H (p, p - flp) - B HanpaBneHHH, nepneHAHKYflllpHOM On, 
npH4eM 6blfl0 npHHllTO, 4TO ~ t = 2~p =,0, 588 paA. eA mi-IAKOro KCeHo
Ha, T.e. 23,8 MM :!-. 

no H3MepeHHbiM 3Ha4eHHf1M t1 ::E r (E • E 0. t, p) I M llp on peAe-
e y 

flllfli-!Cb T.Ha3. 4aCTH4HWe CYMMapHwe HOHH3al..lHOHHWe noTepH 3neKT-
pOHOB naBHH, lle (Ey. Eo. t, p) I ~t ~P , B nnocKocTH npoeKLIHH, 
KOTOpWe 38TeM nepeC41-1TWB8flHCb, KaK H paHee/3-5~ no OTHOWeHHIO ~ 
TpexMepHOMY npOCTpaHCTBy,Ha OCHOBe CBO~CTBa OCeBO~ CHMMeTpHH 3$n. 
~TaK, ecnH 0603Ha41-1Tb $YHKLIHIO nnOTHOCTH BepOllTHOCTH pacnpeAene
HI-Ill - B nnOCKOCTH npOeKI..lHH CHHMKa - cpeAHHX HOHH3al..lHOHH~X nOTepb 
flHBHeBWX 3neKTPOHOB Ha rny6HHe t pa3BHTHf1 flHBHll, B HanpaBneHHH, 
nepf.leHAHKYflllPHOM On, 4epe3 f2 (Ey,E 0 ,tJp), TO 

f (E ,E ,tJp)= lle(Ey.Eo.t,p) /~(lle(EY'Eo,t,p) )~p. 
2 Y o llt llp • P M ~P 131 

rAe 4aCTH4HWe MOHH3al..lHOHHWe noTepH lle ycpeAHeHw no Bee~ Bw6op
Ke 3$n, COOTBeTCTBYIOII\e~ AaHHOMY 3HepreTM4eCKOMy HHTepBany 

3Ha4eHM~ Ey± ; t1 E/2- 5 /. TaKMM o6pa3oM, $Y~KllHf1 /3/ HOPMMpo

BaHa Ha eAHHHLIY npH KamAOM 3Ha4eHHH rny6HH~ t. npoCTpaHCTBeHH~M 
oTo6pameHHeM 3TO~ $YHKLIHH 6yAeT $yHKL1Hf1 .F 2 (EY, E 0 , tIp ) nnoT
HOCTH cpeAHHX HOHH3al..lHOHHWX noTepb flHBHeBWX 3neKTpOHOB B KOflbl..le 
paAMYCOM p H TOflll\HHO~ flp; Ha rny6HHe t pa3BI-1TMf1 3$n. B cny4ae 
cnpaBeAfli-IBOCTH rHnOTe3bl 0 TOM, 4TO f

2
(Ey,E

0
,tJ.p) eCTb rayc-

coBo pacnpeAeneHI-!e, 

f (E ,E
0 

,tJp) =N{O;o-2), /4/ 
2 y 

KOHKpeTHbl~ BHA $YHKLIHH F2 (Ey,Eo ,tJp) AaeTCll BblpameHHeM /1/. 
6onee nOAP06HO 3KCnepHMeHTanbHaf1 nPOI..leAypa OnHCaHa B /4,5/. 

*~3T-O p-aBeHCTBO: f1 t =tl,8 MM, a TaKme flp =11 ,9 MM B mHAKOM 
KCeHOHe, HCnpaBnlleT COOTBeTCTBYIOll\YIO one4aTKY B /31, c. 1231. 
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$YHKI..\~R nnOTHOCT~ CPE.QH~X ~OH~3AL.\HOHHbiX nOTEPb 

.[\eTaflbHW~ CTaTMCTH4eCKH~ aHaflH3 3KCnepHMeHTaflbHWX AaHHWX, 
BwnonHeHHW~ Ha yBenH4eHHOM 3Kcnepi-!MeHTanbHOM MaTepHane, noKa
aan, 4TO annpoKCHMal..lMll /4/ xopowo onHc~saeT peaynbTaTw M3Mepe
HM~ CpeAHMX HOHH3al..lHOHHWX noTepb flHBH~BWX 3neKTPOHOB BnflOTb 
AO ~Ha4eHHf1 3HeprHH Ey raMMa-KBaHTOB, o6paayi011\MX 3$n, 
Ey::; 700 M3B. npH 6onbWHX 3Ha4eHI1f1X 3HeprMH .Ey B pa3BMTMH Kac
KaAHOro 3neKTPOMarHHTHOro nPOI..leCCa 4aCTb 3HeprOBb1AeneHMf1 B BHAe 
HOHH3a4HOHH~X noTepb flHBHeB~X 3fleKTpOHOB pacnpeAeneHa BHYTPH 
KOHyca c 6&nbWHM yrnoM pacTBopa, 4eM 3To cneAoBano 6w H3 
~OpMynw /1/. BMeCTe C TeM OCTaflbHall AOflll HOHH3a4HOHH~X noTepb 
cocpeAOT04eHa, KaK H npH Ey::;700 M3B, B6nH3H ocH naBHHbl, T.e. 
BHYTPH KOHyca c yrnoM pacTBopa cjJ::: 2 arc tg rn(Ey. E0). TaKall KaPTI1-
Ha xapaKTepHa Aflll 11HTepBana 3Ha4eHI1~ rny6HHW t pa3BHTHf1 3¢n 
B6nH3H nonomeHMll tMaxcMaKCHMyMa fli1BHf1. npH t<tM&KcCYll\eCTBeHHO 
npeo6naAaeT npHOCeBall KOflfli1Mal..lHf1 /nK/. npH 6onbWI-1X 3Ha4eHHf1X 
t npo4ecc 3~n pa3BHBaeTCf1 n04TI-1 I-1CKfli04HTeflbHO HeKOflflHMHpOBaH
H~M o6paaoM /HCP/. B CBf13H c 3TI-!M B Ka4ecTBe ~YHKLIHH 
f2(Ey,Eo,tJp) nonepe4Horo pa3BHTI-1f1 nHBHe~ l..lenecoo6pa3HO npH-
Hf1Tb cynepn03HI..lHIO ABYX HOpManbHbiX pacnpeAeneHI1~: 

f 2 (Ey. E 0 • tJ p) = A 0 !N(O;a~) +a N(O;a:) I, /51 

rAe B Cl1ny HOPMHPOBKH 2 [ r (E • E
0 

• t 1 p) dp = 1 
0 2 y 

A o = 1 --=1'----
y2rr a1 +aa2 

!6! 

3AeCb a 1 H a 2 03Ha4aiOT AHCnepCHH, COOTBeTCTBYIOll\He npo4eccaM 
HCP 1-1 nK, a onpeAenlleT AOfliO nK B 3$n. 411cneHHWe Ol..leHK11 na
paMeTpOB a 1,_, a2 H a nOA6HpaiQTCf1 npH CTaTHCTM4eCKOM aHaflH3e 
rHnoTe3~ /~/ no 3KcnepHMeHTanbHWM AaHH~M. 

Ha OCHOBaHI-111 BblnOflHeHHbiX pac4eTOB MOmHO CAenaTb BbiBOA. 0 TOM, 
4TO Ha ypOBHe 3Ha4H.MOCTH B cpeAHeM He H11me 0, 6 HeT OCHOBaHMll 
Aflf1 OTKnoHeHHll rHnOTe3bl /5/ B HHTepBane 3Ha4eHH~ Ey =/700-
3000/ 1~3B H HHTepBane 3Ha4eHM~ rny6HHbl t OT 2 AO ~ 9 paA.eA. 

B Ka4eCTBe KOHKpeTHOro BI-!Aa 3aBHCHMOCTI1 o-
1 

H a
2 

OT t npH
HllTW, KaK H paHee /2-4/, fll1~e~HWe ~YHKLIHH: 

a 1 = rn 1 (E Y' E 0 ) t + b 1 (E y , Eo ) , 171 
\ 

a 2 = rn 2 (E y , E 0 ) t + b 2 (E y' E 0 ) • /8/ 
BepollTHOCTb TaKo~ napaMeTpHSallHH AHcnepcH~ a 

1 
H a

2 
cocTaBnlleT, 

B cpeAHeM, 0,52 H 0,62 COOTBeTCTBeHHO, TeM He MeHee cneAyeT 
OTMeTHTb, 4TO HS-sa 60nbWHX ~flYKTya41-1~ HOHH3al..lHOHHWX nOTepb 
B KOHI..le fli1BHf1 4HCneHHWe 04eHKH BeflH411H a 1 11 a 2 CHflbHO pa36po
CaHW npH 6onbWHX 3Ha4eHHf1X t/ t ~ 7 paA.eA./. 3To B CBOIO 04e
peAb 03Ha4aeT, 4TO Aflf1 6onee HaAemHoro onpeAeneHHll aaBHCHMOCTH 
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\ 
,QVIcnepcVIi1 a 1 VI a 2 oT ·t Heo6xo,QVIMO pacno.naraTb ,QOCTaT04HO 6o.nb-
WVIMVI BblfiOpKaMVI c.ny4aes 3<!>11 IHeCKOflbKO COT VI BbiWel. no aHa.norVI4-
HOi1 npV14VIHe MOmHO flVIWb npV16nVI3VITe.nbHO O~eHVITb 3aBVICVIMOCTb na

paMeTpOB m 1 VI b1 li =1; 21 <I>YHK~VIi1 /7 I VI 181 OT 3HeprVIVI Ey· HaVI6o
.nee npe,Qn04TVITe.nbHWMVI oKa3a.nVIcb c.ne,Qy~~VIe annooKCVIMa~VIVI: 

j -5 
rn 1 (Ey,Eo =10,047.:!:_0,0231+13,6.:!:_1,11·10 Ey, 191 
b 1(Ey,Eo) =0,996.:!:_0,309, 1101 
m2 (Ey,E 0 ) =0,042.:!:_0,013, 1111 

b2 (Ey,Eo) =0,46.:!:_0, 10. 1121 

3,Qecb Ey swpameHo s M38, t - KaK VI paHee, s e,QVIHVI~ax, pasHwx 
0, 588 pa,Q. e,Q. 3aBVICVIMOCTVI OT E 0 se.nV14VIH m1 VI b i li = 1 ; 21 npVI 
,QOCTVIrHyToi1 T04HOCTVI 3KCnepV1MeHTa He Hafi.n~,QaeTCB. 

1\o.nB a Ko.n.nVIMVIposaHHoro npVIocesoro Bbi,QeneHVIB cpe,QHVIX VIOHVI-
3a~VIOHHWX noTepb yMeHbWaeTCB c pocToM t. 8 Ka4eCTBe <I>YHKQVIVI, 
annpOKCVIMVIPY~~ei1 3aBVICVIMOCTb a OT t 1 npVIHBTO COOTHOWeHVIe: • 

a =·A t -EI , 1131 
r,Qe napaMeTpbl A VI B s o6~eM c.ny4ae MoryT 3aBVICeTb OT Ey VI E 0 • 
3Ha4eHVI~TeCTOBOi1 CTaTVICTVIKVI X2 ,QflB rVInOTe3W 1131 OKa3a.nOCb 
paBHbiM x/n =1 '517. npVI 3TOM 4VIC.neHHble o~eHKVI se.nVI4VIH A VI B 
pasHw:A=83+51, B =1,42+0,10. 3Ha4VITe.nbHWe owVI6KVI 4VIC.neHHWX 
3Ha4eHVIi1 3Ti:ix napaMeTpos o6yc.nos.neHbl, KaK yme ynoMVIHa.nocb pa
Hee, _fib.nbWVIMVI <!J.nyKTyaQVIBMVI VIOHV13aQVIOHHbiX noTepb B KOHQe 3<!>11. 

HTaK, YCTaHOBVIB COOTHOWeHVIR 151-1131, Mbl no.nHOCTb~ onpe,Qe.nVI.nvt 
¢YHK~VI~ f 2 (Ey,E 0 ,t\p) yc.nOBHOi1 BepORTHOCTVI pacnpe,Qe.neHVIR 
cpe,QHVIX VIOHVI3aQVIOHHWX nOTepb flVIBHeBWX 3.neKTPOHOB, Ha6.n~,QaeMWX 

B n.nOCKOCTVI CHVIMKa B Hanpas.neHVIVI, nepneH,QVIKy.nHpHOM 011. 4T06bl 
no.ny4HTb COOTBeTCTBY~~y~ ¢YHKUH~ .F2 (Ey ,E O• t\ p) n.nOTHOCTH 
BepORTHOCTH B n.nOCKOCTH, nepneH,QHKy.nRpHoi1 011, BOCnO.nb3yeMCR 
c.nei:\y~~HM npeo6pa3osaHHeM 121 : 

00 

f 2 (Ey,E 0 ,t\p)"" 2 [ .F2 (Ey.E 0 ,t\p) 
p 

dp 

v' 1-p 2j p 2 

PeweH~eM HHTerpa.nbHoro ypasHeHH~ 1141, r,Qe r
2

(Ey,E 0 ,t\p) 
,QaHO BWpameHHeM 151, HB.nReTCH HCKOMaR <!JYHK~HR: 

2/ 2 2j 2 1 1 -p 2a1 a -p 2a2 
F• (E , E , t I p) = ( - e + -e ) . 

2 Y 0 2rr (a +a a ) a a
2 1 2 1 

1141 

1151 

3Ta ¢YHK~VIH no.nHOCTb~ onpe,Qe.nReT nonepe4HOe pa3BHTHe 3¢11, Bbi3-
BaHHWX raMMa-KsaHTaMH c 3HeprHei1 Ey OT -700 M38 no Kpai1Hei1 Me

pe, A03 138. 8 VIHTepsa.ne 3Ha4eHHi1 Ey =165-7001 M38 nonepe4HOe 
pacnpe,Qe.neHvte cpe,QHHX VIOHH3a~HOHHWX noTepb .nvtBHeBWX 3.neKTpOHOB 
onvtcwsaeT <I>YHKQHH_I21. 
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TaK KaK ,QHCnepCHH a 1 HeKo.n.nvtMVIPOBaHHOro CTOXaCTH4eCKOro pa3-
BVITVIH s cpe,QHeM He MeHee, 4eM s 2,5 pa3a,npeswwaeT ,Qvtcnepcvt~ 
a 2 , COOTBeTCTBY~~y~ n6vtoCSBOi1 KO.n.nHMaQHl-1 HOHH3aQHOHHWX noTepb, 
TO nonepe4Hble pa3Mepbl 3$11 fiy,QyT onpe,Qe.nHTbCR B OCHOBHOM npo

Q€CCOM HCP. ~13 $OPMY.nbl 1151, a TaK>xe cooTHoweHvti1 191-lr2I,MomHo 
no.ny4~Tb BH,Q nosepXHOCTH, orpaHV14VIBa~~ei1 o6oeM,BHYTPVI KOTOporo 
Bbi,Qe.nReTCH B cpe,QHeM ,QO.nB .A(Q <A< 1) VIOHH3aQHOHHbiX nOTepb npVI 
Kam,QOM 3Ha4eHVIH r.nyfiHHbl t pa3BVITHH flVIBHR. 3TOT 06oeM npe,QCHlB.nH
eT co6oi1 $vtrypy spa~eHvtH lsoKpyr 0111, ce4eHvteM KoTopoi1 s n.noc-
KOCTVI, nepneH,QVIKy.nHpHOi1 011, HB.nHeTCH Kpyr pa,QHYCOM p, npH 
Kam,QOM 3Ha4eHvtH t. nocKOflbKY ¢YHK4VIR 1151 HOpMvtpOBaHa Ha e,QVIHVI-

p 
4Y, T.e. 211 [

0
.F2 (Ey,E 0 ,t\r)rdr = 1, TO BVI,Q KPVIBOi1 spa~eHHR 

onpe,Q:.nHeTCH 3aBVICI--1MOCTb~ p =p(Ey,EO,A\t), BbiTeKa~~ei1 V13 
ypaBHeHVIR 

p 

A=2rr(F
2

(E ,E 0 ,t\r)rdr=1 
0 y 

-p2f2a 2 -p2/2a2 
a 1 e . 1+aa2e 2 

a 1 +aa 2 
1161 

nocKOnbKY B HHTepsa.ne 3Ha4eHHi1 3Heprvtvt Ey =1700-20001 M38 
OTHOWeHvte a 1 /a2 ~2,5 H ysem14VIBaeTCH C POCTOM Eylnpvt Ey-o3 138 
a 1 / a 2 ~ 31, TO ,QflH npVIfiflH3HTe.nbHbiX OQeHOK ¢opMy.ny 1161 MOmHO 
ynpoCTVITb,npeHe6peraH 4.neHoM c e-P 212a:. B pe3y.nbTaTe nony-
4aeTCR, 4TO 

A-:. 1- ~ 
a 1 + aa 2 

e -p 2/2a12 
1171 

8 npocTei1weM c.ny4ae, ec.nvt npHHHTb, 4TO a1~2,5 a 2 VI a =a= 
=7,5.:!:_0,5, TO 1-13 $OpMy.nbl 1161 cne,QyeT, 4TO BHYTPH KOHyCa C yr.nOM 
pacTsopa 

¢> = 2 arc tg m 1 , 1181 

ocb~, nema~ei1 

paCCTORHHVI 
Ha 011 VI BepWVIHOi1 B T04Ke, HaXO,QH~ei1CH Ha 011 Ha 

' 

r = b1 / m 1 1191 
,QO T04KVI KOHBepCVIH raMMa-KBaHTa, HHHQHVIPY~~ero flHBeHb, CO,QepmVIT
CH B cpe,QHeM ,QO.nH .A :::0,85 CYMMapHbiX VIOHV13aQVIOHHbiX noTepb 3.neKT
pOHOB .naBHHW. Yro.n if> IA=0,851 paCTBOpa KOHyca, B KOTOpOM sw
,Qe.nHeTCH B cpe,QHeM A"' 0, 85 CYMMapHbiX VIOHVI3aQVIOHHbiX ·nOTepb B 
nVIBHe, yse.nH4HsaeTcR c pocToM 3Heprvtvt Ey raMMa-KsaHTa, co3,Qa~
~ero .nvtseHb. nonomel-ivte r sepwvtHbl 3Toro KOHyca see 6o.nee npvt6.n~~t
maeT~H K T04Ke KOHBepCVIVI nepBV14HOrO raMMa-KBaHTa. 4vtC.neHHble O~eH
Kl-1 se.nV14HH ¢> 1 A.,O, 851 1-1 r ,QnH i-fecKO.nb KVIX 3Ha4eHvti1 E y npvtse,QeHbl 
s Ta6nHu~. • 

C.ne,QyeT no,Q4epKHYTb, 4TO sc.ne,QCTBVIe 3Ha4vtTenbHWX owvt6oK, 
C KOTOPWMVI onpe,Qe.neHW annpOKCVIMaQVIH 191-1121, 4HC.neHHWe 3Ha4eHVIR 
Be.nvt4VIH if>I:Ae..0,851 l-1 T vtMe~T B OCHOBHOM OQeH04Hbli1 xapaKTep. 
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Ta6Jmu;a 

qHCJieHHbie OIJ;eHKH yrJia paCTBopa cpfA"'0,85/ H IlOJIQ)ICeHHIT 

T Ha Orr BeplliHHbl KOHyca, BHYTPH KOTOporo Bbi)J;eJifleTCH 

B Cpep;HeM )J;OJI.Il A ,. 0, 85 CYMMapHbiX HOHH3aiJ;HOHHbiX IlOTepb 

B JIHBHe, BhiSBaHHOM raMMa-KBaHTOM c 3Heprne:H Ey 

Ey /f::JB/ ¢ /:A= 0,85/. rpap; -r /pap;. e.n;. /"' 

0,7 8 +3 8,I.!_2,6 

IO +3 7,0.!_2,3 
2 I4 +4 4,9.!_I ,5 

3 I8 +6 3, 8.!_ I , 2 
10 4!~ +I 2 I , 4.!_0, 4 

*3HaK "-" 03Ha'!aeT, 'ITO BepiDHHa KOHyca HaXO)J;HTC.Il paHbllie 

TO'IKH KOHBepCHH rrepBH'lHOrO raMMa-KBaHTa Ha Orr. 

BbiBO,[lbl 

Ha OCHOBaHI-111 BblnOJlHeHHbiX B HaCTOFIIJ.\ei1 pa6oTe i-1CC1le,qOBdHIIIi1 no.
nepe4HOrO pacnpe,qeneHMFI MOHM3d~MOHHWX noTepb Jli-'IBHeBWX 31leKTPOHOB 
s ~<l>n, Bbl3biBaeMbiX raMMa-KsaHTaMM c 3HeprMei1 Ey =/60-3000/ M3B, 
MOmHo c,qenaTb' cne,qy~ll\Me 3dK11~4eHMFI: 

1. YcnosHoe pacnpe,qeneHMe nnoTHOCTM sepoHTHOCTM cpe,qHMX 
MOHM3a~MOHHWX nOTepb B nllOCKOCTM, nepneH,qi-1KY1lFIPHOi1 On, y,qos
neTBOPMTeJlbHO onMCbiBaeT <I>YHK~MFI /1/ s "'H.Tepsane Ey =/65-700/M3B. 

2. npM 3Ha4eHMFIX 3Hepri-1M E~ 700 M3B B nonepe4HOM paSBMTI-11-1 
3<!>n MOmHO 3aMeTMTb, 4TO npeo~a,qa~ll\aFI 4aCTb 1-10HM3a~MOHHWX no
Tepb COCpe,qOT04eHa B6J1M31-1 OCI-1 Jl~BHFI, B TO BpeMn KaK OTHOCMTeJlbHO 
He6onbwaH MX ,qonH pacnpe,qeneHa co 3Ha41-1TenbHO 6onbwei1 AMCnepc1-1ei1. 
YcnosHoe nonepe4Hoe pacnpe,qeneHMe cpe,qHMX MOHM3a~MOHHwx noTepb 
s 3TOM i-'IHTepsane 3HeprV1i1, T.e. npMEy =/700-3000/ M3B, y,qosneT-
80PMTe1lbHO OnMCWBaeT $yHK41-1FI /15/. 

m1TEPATYPA 

1. HsaHeHKO H.n. 3neKTpoMarH!-1THWe KacKa,qHwe npo~eccw. Hs,q-so 
MfY, M., 1972. . 

2. CnoBMHCKMi1 5. B KH.: MaTeMaTM4ecKoe Mo,qenMposaHMe s H,qepHo
<!>M3M4eCKMX Mccne,qosaHMFix. OHRH, ,[110-11-81-622, ,[ly6Ha, 1981, 
c. 178. 
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CnOBMHCKMi1 5., 4ai1 B. Has. AH CCCP, cep.$M3., 1981, T, 45, 
~7. c. 1230. 
5aH~epeK A. M ,qp. OH~H, P1-81-599, ,[ly6Ha, 1981. , 

CnoBMHCKMi1 5., 4ai1 B. OHRH, P1-80-341, ,[ly6Ha, 1980. 

PyKonMcb nocTynMna s Ms,qaTenbCKMi1 oT,qen 
18 OKTFI6pFI 1982 ro,qa, 
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HET nK nPOBEnOB 8 BAWEA BKBnKOTEKE? 
8111 MollteTe no.11yqMTb no noqTe nepeqxcJieHHble HMJte KHMrll, 

eCJIM OHM He 6biJIM 38J(838Hbl paHee . 

A13-11182 

ll17;.114!10 

A6-11574 

ll3-11787 

lll3-11807 

AI ,2-12036 

A1,2-12450 

All-80-13 

ii4-80-

Alt-80-385 

,112-81-543 

.QlO,ll-81-622 

A1 , 2-81-728 

ll17-81-758 

Al,2-82-27 

P18-82-117 

Tpy~ IX ~H•PDAHOrO CMMnOIMYMII no ~AepHOA $neKT
PDHMKe. BaPH•, 1!177. 
Tpy,.w HelcAYH•PDAHOrO CHMnOSMYMII no MICIPIHHWM npoCine
MaM CTaTMCTM~ecKOA MeXIHMKH. l!yCIHa, 1!177. 

CCioPHMK aHHOTII4MA "iW coae~~aHM~ no ~AepHOA cneKTpocKo
nMM M TeoPMM ~API• l!yCIHa, 1!178. 

TPYAM lli MaA)'HaPQAHOA •KO,.. no HeATpoHHoil ... IMKe. 
MyWTa, _ 1!178. 

TPYAW III HelcAYHIPDAHOro coa-.aHM~ no nponop~tMOHan~
HWM M APeAtoawM KaMepaM. liYCIHa, 1!178. 

TPYAW VI BcecODIHOrO C01e118HM~ no yc;NOpMT8IVIM aap~ 
•- ~CTM14. AYCIHa, 1!178 /2 TOMa/ 
Tpy,.w V MaA)'HapoAHoro ceMMHapa no npoGneMaM ... IMKM 
IWCOKHX :tHeprHA. l!yCIHa, 1!178 

TpyAW XII ~HaPDAHOA •K~ HOno,.,.x y~ ... x no ... IMKe 
IWCOKMX 3HeprHA . 0pMHOpCKO, HPii, 1!178. . 

TPYAW VII BcecODIHOro co-..aHM~ no YCKOPMTeiUIM aap~
.eH ... x ~8CTMI4 1 liYCIHa, 1!180 /2 TOMa/ 

TPYAW ~ero co-..aHM~ no CHCTeMaM M MeTOAIM 
aHanMT~eCKHX ~MCneHMII Ha 38M H MX npMMeH8HHO 
8 :l"eopeTM~eCKoil ... SMKe, #IYCIHa, 1!17!1 -

PYAW ~HapoAHoM KOH~PeHI4HH no npo(lneMaM 
HecKon~KMx Ten • ~AepHOA ... IMKe. liYCIHa, 1!17!1. 

Tpy,.w Me*AYHapoAHOA ·~ no cTpyKType ~AP•· 
An~n, 1!180. 

Tpy,.w VI Me*AYHapoAHoro coa-.aHM~ no npoCine...M KaaH
ToaoA TeopMM non~. AnywTa, 1!181 

Tpy,.w HeJ~AYHapoAHOro coa~aHM~ no npoCineMaM MaTeMaTM
~ecKoro MOAenMpoBaHM~ 8 ~AePHO-... SM~eCKHX HC~oaa
HM~X. liYCIHa, 1!180 

TPYAW VI Me-AYHaPDAHOro CeMMHapa no npo6neMaM ~MSMKM 
BWCOKMX 3HeprMA . liY6Ha , 1!181. 

TPYAW I I MeMAYHapoAHOro CMMn03MyMa no M36paHHWM 
npo6neMaM CTaTMCTM4eCKOA MeXIHMKH . liY6Ha, 1981. 

Tpy,.w M~HapoAHOro CMMno3MyMa no non~PM3ai4MOHHWM 
ABneHM~M 8 ~H3MKe BWCOKMX 3HeprMA . liYCIHa, 1981. 

Tpy,.w IV coae~HMA no McnonbsoaaHHO HOBWX ~AepH0-
... 3M4eCKMX MeTOAOB An~ peweHH~ Hay~HO-TeXHH48CKHX 
H HapoAHOX03AIICTBeHHWX SBAB~. liYCIHa , 1981. 

5 p. 00 K. 

6 p. 00 K. 

2 .p. 50 K. 

3 p. 00 K. · 

6 p. 00 1(. 

7 p. /t(f K. 

5 P• 00 K. 

3 p. 00 K. 

8 p. 00 K. 

3 p. 50 K. 

3 p. 00 K. 

5 p. 00 K. 

2 p. 50 K. 

2 p. 50 K. 

3 p. 60 K. 

5 p. 40 K. 

3 p. 20 K. 

3 p. 80 K. 

3aKa3bl Ha ynoMHHYTble KHHrH MoryT 6b1Tb HarrpaaneHbl no anpecy: 
101000 MocKaa, rnaanoqTaMT, n/H 79 

H3naTenbCKHH OTnen 06~enHHeHHOrO HHCTHTYT& HnePHbiX HCCnenoaaHHH 

... 

CnOBHHCKHH 6., 4aH B., npMH6wweacKa-4aH c. P1-82-689 
nonepe4HOe pa3BHTHe sneKTPOHHO-~OTOHHWX nHBHeH, o6pa30BaHHwX raMMa
KBaHTaMH C 3HeprHeH Ey =/60-3000/ MsB 

npHBeAeHW pe3YflbTaTw HCCfleAOBaHHA pacnpeAeneHHA HOHH3a14HOHHWX nOTepb 
flHBHeBWX 3neKTPOHOB B HanpaaneHHH,nepneHAHKynApHOM OCH pa3BHTHA /On/ 3fleKT
POHHO-~TOHHWX naBHH /3~n/, BW3WBaeMWX raMMa-KBaHTaMH C 3HeprHeH E • 
•/60-3000/ MsB a *HAKOM KCeHoHe. nony4eHw ~opMynw, onHcwaa~He pac~eAene
HHe cpeAHHX HOHH3ai4HOHHWX noTepb B nnOCKOCTH, nepneHAHKYflAPHOH On, 
B 3aBHCHMOCTH OT paCCTOAHHA OT T04KH KOHBepCHH raMMa-KBaHTa, HHH14HHpy~ero 

3~n, BAOflb On. B Ka4eCTBe HCXOAHOrO 3KCnepHMeHTaflbHOrO MaTepHana HCnOflb30Ba
HW CHHMKH C KCeHOHOBWX ny3WPbKOBwX KaMep m1RH H HT3~ /MOCKBa/. 

Pa6oTa BWnonHeHa B na6opaTOPMH BW4HCnHTenbHOH TeXHHKH H a&TOMaTH3a14HH 
OHRH H HHCTHTyTe ~H3HKH BapwaacKoro TexHH4eCKoro YHHaepcHTeTa. 

C~HMe 06~eAHHeHHOro HHCTHTyTa AAePHWX HccneAo&aHHH. AY6Ha 1982 

S(owinskl B., Czaj W., Przybyszewska-Czaj S. 
Transversal Development of Electromagnetic Showers 
within the Energy Ey-(60-3000) MeV Energy Range 

P1-82-689 
Produced by Gamma-Quanta 

The results of investigation of shower electron ionization losses dlstrlbu
bution In the direction perpendicular to the development axis (DA) of 
electromagnetic showers (ES) created by gamma-quanta within the ~-(60-
3000) energy range in liquid xenon are presented. Formula describing the 
average ionization losses distribution in a plane perpendicular to the DA 
with respect to the distance from conversion point of ES producing gamma
quanta along the DA are obtained. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR and at the Physical institute of the 
Warsaw Technical University. 

Communication of the Joint Institute for Nuclear Research. Dubna 1982 

nepeBOA O.C.BHHOrPaAOBOH • 


