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I. BBE,QEHHE 

HssecTHo, 4To saBMCMMOcTb nnoTHOCTM cpegHMX MOHM3a~vsoHHwx 
noTepb nvsaHeawx 3neKTpOHOB H no3MTpoHoa /Aanee: 3neKTpoHoa/ 
B 3neKTpOHHO-$OTOHHWX naBMHaX /3¢n/, BW3BaHHWX raMMa-KBaHTaMM 
6onbWHX 3HeprM~ /Ey;:: 100 M3B/ a nnoTHbiX cpegax, OT rny6KHbl t 
pa3BHTV!R 3$11 MO>KHO annpOKCHMVIpOBaTb raycconOA06HO~, QJYHK~M
et:/ 1-4/, 

yO:y.Eo J 2 
f(Ey,E 0 ,t) za*(Ey,Eo)-t exp[-f3(EyE 0 )t ]. 

/1/ 

3geCb t OTC4V!TbiBaeTCR OT T04KH KOHBepCMH raMMa-KBaHTa, 06pa3y~
~ero 3<Pn, Eo - 3HeprMA o6pe3aHHR nHBHeswx 3neKTpOHOB. napaMeTpw 
a* , f3 111 y onpegenR~TCR no 3KcnepHMeHTanbHWM gaHHWM. YcTaHos
neHa TaK>Ke HX saaHCHMOCTb OT 3HeprHH E;' 2-~ 

a* • al 
bl 

E y ' /2/ 
-b2 

f3-a 2 .E +C, y 13/ 
ba 

y. a3 • E y /4/ 

rge senH41>1Hbl a; , b; I i = 1, 2, 3/ 1-1 c - OCHOBHble napaMeTpbl Moge
nM /1/. 04eHKH 4HCneHHWX 3Ha4eHHA 3THX napaMeTpOB nony4eHbl ~a
Heel 2•3/. TaK KaK aem14HHbl a* , f3 H y cBR3aHbl saBHCMMOCTb~ I 2•· 1, 

a*• 
(y+l)/2 y+l 

Ey ·2f3 ;rc-
2
-). 

BbiTeKa~~e~ M3 ycnOBHA HOpM!-1pOBKV1 

f f(Ey•Eo,t)· dt. Ey/M3B/, 
0 

/5/ 

/6/ 

TO, B Cy~HOCTH, MOAenb /1/ npOAOnbHOro pacnpegeneHHR cpeAHHX 
HOHM3a~HOHHbiX noTepb flMBHeBWX 3neKTpOHOB cogep>KHT nHWb 4 MnV1 5 
KOHCTaHT /HanpHMep, a 1 , bl, a 3 , b 3 HnH a 2 , b 2 , C , a 1 , 
b 3 /. 

UenbD HaCTOR~e~ pa6oTw RBnReTCR ganbHe~wee H3y4eHMe cTpyKTy
pw CpegHHX MOHH3a~HOHHbiX noTepb 3neKTpOHOB 8 3¢Jl H COOTBeTCT
By~~MX VIM ¢nyKTya~M~ B npogonbHOM pa3BMTHH nHBHe~, MHI-l~HHpyeMbiX 
raMMa-f{BaHTaMH c 3HeprMe~ EY = /60-3000/ M3B. 
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II. 3KCnEPWMEHT 

B Ka4eCTBe 3Kcnep~MeHTanbHoro MaTep~ana 6~n~ ~cnonbaosaH~ 
CH~MK~ c KCeHoHoe~x nya~pbKOB~~ KaMep OMRH ~ HT3~ /MocKsa/, o6-
ny4eHH~X B ny4Kax rr -Me30HOB C ~MnynbcaM~ 2,34 r3B/c ~ 3,5 r3B/c, 
cooTeeTcTeeHHO. MeTDA~Ka ~aMepeH~~ 4acT~4H~X p;n~H npo6eros n~s
Hes~x 3neKTpOHOB, no KOTOp~M onpep;enHn~Cb 4aCT~4H~e ~OH~3a4~0H
H~e noTep~, on~caHa paHee /Hanp~Mep,/ 3 • 4/ /. B p;aHHO~ pa6oTe ~c
nonbaosaH~ TaKme peaynbTaT~ ~aMepeH~R, nony4eHH~e HaM~ e/ 3 .~ 
CyMMapHoe 4~cno npoaHan~a~poeaHH~X cny4aes 3~fl ~ cooTBeTcTsy~
~~e ~M aHa4eH~H Ey np~sep;eH~ s Ta6n.1. 

Ta6mr:u;a 

1J:HCJ10 Ny rrpoaHaJIH3HpOBaHHbiX CJlytJ:aeB 3<t>J1 H COOTBeTCTByro~e 
JlHBHH HM SHatJ:eHHH SHeprHH raMMa-KBaHTOB, Bbi3biBa!O~X 3TH 

NY Ey/HsB/ Ny Ey /HsB/ 

23 65+5 75 555+55 
--

23 75+5 82 680+70 

46 85+5 129 875+125 

130 100+10 108 1125+125 
--

'143 120+10 92 1375+125 

208 145+15 61 1625+125 
--

190 175+15 51 1875+125 
-

191 210+20 31 2125+125 --
136 255+25 27 2375+125 

121 310+30 17 2625+125 --
82 375+35 7 2875+125 -
72 455+45 

III. OCHOBHWE nAPAMETPW MOAEflH 

B peaynbTaTe s~nonHeHHoro cTaT~CT~4ecKoro aHan~aa 3Kcnep~
MeHTanbH~X p;aHH~x 6~n~ nony4eHw 4~cneHH~e 3Ha4eH~H napaMeTpos 
a 1 , b; /i = 1 ,2,3/ ~ c /~opMyn~ /2/, /3/ ~ /4//, nonHOCTb~ 
onpep;enH~~~x ~YHK4~~ /1/ pacnpep;eneH~H cpep;H~x ~oH~3a4~0HH~x 
noTepb n~BHe~biX 3neKTpOHOB BAOflb OC~ pa3B~T~H 3~fl. 3T~ 3Ha4eH~H 
noMe~eHw s Ta6n.2. 

2 

2 

3 

' 

Ta6JIH:u;a 2 

'IHcJieHHbie SHatJ:eHtm rrapaMeTpoB a 1, b 1 I i = I , 2, 3 I 
H C B ~OpMyJiaX 121-141 H COOTBeTCTByro~e HM 3HatJ:eHHH . 2 
TeCTOBOH cTaTHCTHKH x n /n. Eo - sHeprHH o6pesaHHH 
JlHBHeBbiX 3J1eKTpOHOB. rJiy6HHa t pa3BHTHH JlHBHH 
Bbip8JKeHa B ep;HHH:u;ax, paBHbiX 0, 588 pap;. ep;. 

Eo= I, 5 HsB E0 = 3 MsB 

b i 
2 

a; Xn/n a· b· I I 

26,1~3,0 0,10~0,02 9,4121 31,0~3,6 0,09~0,02 

2 
Xn /n 

5,2121 

58+16 1,30~0,06 12,4120 67+19 '! ,32~0,06 13,4120 -
0,081~0,020 0,32~0,04 2,6121 0,051~0,015 0,37~0,04 2,2121 

' c = 0' 0092~0' 0007 C= 0,0089~0,0007 

MomHO Cp;enaTb BWBOA 0 TOM, 4TO np~ AOCT~rHyToR T04HOCT~ 3KCne
p~MeHTa He Ha6n~p;aeTCH 3aMeTHOR 3aB~C~MOCT~ OCHOBH~X napaMeTpOB 
~OPMYflbl I 1 I OT 3Hepr~~ Eo o6peaaH~H n~BHeBbiX 3neKTPOHOB. n pep;
CTaBnHeT TaKme ~HTepec eonpoc o noeep;eH~~ 3T~x napaMeTpoe np~ 

3Hepr~HX Ey raMMa-KeaHToe e ~HTepeane 3Ha4eH~R, npee~wa~~~x 
eepxH~~ rpaH~4Y ~HTepsana, paccMaTp~saeMoro e HaCTOH~eR pa6oTe, 
T.e. np~ EY > 3 r3B. HH~M~ cnosaM~ - HacKonbKO MOmeT ~aMeH~TbCH 
B~A ~OpMyn /1/-/4/ MOp;en~ npop;onbHOrO pa3B~T~H 3~fl C pOCTOM Ey 
np~ Ey> 3 r3B? Ha OCHOBaH~~ aHan~aa 4~CneHH~X 3Ha4eH~R OCHOBHWX 
napaMeTpoe, nony4eHH~X p;nH ~HTepsanos 3Hepr~~ Ey c eepxHe~ rpaH~-
4eR 500, 2000 ~ 3000 M36, COOTBeTCTB~HHO, MOmHO 3aKn~4~Tb, 4T0 1 

e npegenax ow~6oK 3T~ napaMeTp~ He aae~CHT OT 3Ha4eH~H sepxHeR 
rpaH~4bl Ey yme np~ Ey = 500 M3B. TaK~M o6paaoM, ~Me~TCH ocHosa
H~H Om~p;aTb, 4TO ~OpMyn~ /1/-/4/ C nony4eHH~M~ HaM~ 4~CneHH~M~ 
3Ha4eH~HM~ OCHOBH~x napaMeTpoe /Ta6n.2/ npae~nbHO on~c~ea~T npo
p;onbHoe pacnpep;eneH~e cpep;H~x ~oH~aa4~0HHbiX noTepb n~eHeBbiX 
sneKTPOHOB ~ np~ 6onee B~COK~X, 4eM 3 r3B, 3Ha4eH~HX 3Hepr~~ Ey 
raMMa-KeaHTOB, coap;a~~~x n~BH~. 

HHorp;a MomeT npep;cTae~Tb ~HTepec npop;onbHOe pacnpep;eneH~e 
cpep;H~X ~OH~3a4~0HH~X noTepb fl~BHeB~X 3neKTpOHOB B 3~fl, KOrp;a 
rny6~Ha t OTC4~T~BaeTCH OT T04K~ o6pa30BaH~H raMMa-KBaHTa, ~H~-
4~~py~~ero n~eeHb. HeTpyp;Ho aaMeT~Tb, 4To e 3TOM cny4ae Mbl ~MeeM 
p;eno c nocnep;oeaTenbHOCTb~ p;eyx Heaas~c~M~X npo4eccos: nepe~R -
KOHBepC~H raMMa-KBaHTa, npO~CXOAH~aH Ha Afl~He X, KOTOpaH pacnpe
p;eneHa no 3KcnoHeH4~anbHOMY aaKoHy, ~ BTopoR npo4e~c - o6paaoea
H~e 3cl>fl. B cny4ae o6paT~MbiX ~YHK4~R cny4a~Horo apryMeHTa, ~Me~
~ero ~3BeCTHY~ $YHK4~~ pacnpep;eneH~H nnOTHOCT~ sepOHTHOCT~, 3Ta 
aap;a4a nerKo pewaeTCH aHan~T~4ecK~ /Hanp~Mep,!5/ /. B cny4ae me 
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6onee eJlO}I{HbiX !jlyHKl.lllltlt 3aAa4y MO}I{HO peW!IITb 4vteneHHbiM MeTOAOM Ha 
3BM. ~TaK, !jlyHKLIIIIH /1/ eOAep}I{!IIT nonHy~ VIH$OpMal.lltl~ 0 npOAOJlbHOM 
paenpeAeJleH!IIVI epeAHVIX V10Hvt3al.IVIOHH~X noTepb Jl!IIBHeB~X 3JleKTpOHOB 
a 3$fl, s~3~BaeM~x raMMa-KsaHTaMvt e aHeprvtetlt Ey,eoAep}l{a~etlteH, no 
Kpati!Hetlt Mepe, B IIIHTepsane 3Ha4eHvttlt Ey = /60-3000/ MaB. noeKOJlb
Ky AJlvtHa t Bbtpa}l{eHa B eAVI HvtllaX to = 0, 588 paA. eA. , TO AJlH Ol.leH
KVI epeAHVIX VIOHVI3al.IVIOHH~X noTepb B 3$fl, pa3BVIBa~~~~~XeA B epeAe 
e paA~t~al.l~t~OHHotlt eA!IIHvtl.letlt X0 ,sMeeTo t eneAyeT noAeTaB~t~Tb s~pa}l{e

Hitle: 

to • Xo 
171 

rAe Xo H An~t~Ha r s AaHHOM se~eeTse s~pa}l{eH~ s eaHT~t~MeTpax. 

IV. OUEHK~ MOMEHTOB nPOAOflbHOfO PA3B~THR 3$fl 

$opMyny /1/ MO}I{HO paeeMaTp!IIBaTb KaK 04eHKY MaTeMaTV14eeKOrO 
OlK!-1AaH!IIfl eny4atltHOtlt !jlyHKl.IHIII paenpeAeneHVIA nnOTHOeTH HOH!113al.\VIOH-
HbiX noTepb ~E(Ey,Eo,t)/!H Heeny4ati!Horo apryMeHTa t. nplll aTOM 

(~E(Ey,Eo,t)_) ~ f(Ey,Eo,t), 
~t 

!8! 

rAe.yepeAHeHHe npo~t~eXOAIIIT no seeM Ce4eH!IIAM CJly4atltHOtlt !jlyHKL\HVI 
nplll onpeAeneHHOM, !jl!IIKCHpOBaHHOM 3Ha4eHHIII apryMeHTa t, T.e. no 
seeM eo6~TIIIRM 3$fl, OTHOeA~VIMeA K AaHHOMy HHTepsany 3Ha4eHHtlt 
E y ± ; ~Ey ,npH AaHHOM 3Ha4eHHIII 3Hepr~t~H o6pe3aHHR Eo 111 rny6HHbl 
pa3BHTHA t. 

XoTA !jlyHKLIHA /1/ coAep}I{VIT nonHy~ VIH!j>OpMal.\VI~ o epeAHetlt nnoTHo
eT!II HOHH3al.\!IIOHHbiX noTepb JlHBHeBbiX aneKTpOHOB e aHeprHet/t BbiWe Eo, 
Ha rny6HHe t pa3BVITVIR JlVIBHet/t, 8~3WBaeM~X raMMa-KBaHTaMH e aHep
rHet/t Ey,npaKTH4eeK~t~tlt HHTepee npeAeTasnA~T HeKoTop~e xapaKTepH~e 

'npOAOJlbHble pa3Mepbl 3!jlfl: nOJlOlKeHHe t Mal<e MaKeVIMyMa HOHVI3al.\HOHHbiX 
- • 2 

noTepb, epeAHAA rny6~t~Ha t pa3BHTHA, A~t~enepe~t~A at .01.\eHKH epeA-
HIIIX 3Ha4eHHtlt aTHX BeJ1!114VIH MO}I{HO nOJlY4VITb KaK eOOTBeTeTBY~~He 
MOMeHTW !jlyHKL\HH /1/. 0HH II!Me~T eneAY~~~~~t/t BHA: 

t ... J-y-
MaKe. 2 (3 • 191 

rcL) 
- y 2 
t ---·---

2Ji3 ,r c y+ 1 ). 
/10/ 

2 
2 ti y+ 1 

at'" o'""2{3"' /11/ 

4 

l '• 

0 

BTopot/t LleHTpaJlbH~A MOMeHT !jlyHKL\VIIII /1/ HMeeT BHA: I 

~2 -2-z y 2 }y+l 21 ref) 2 
t .. (t - t ) -- [ ~--) -- ( ) ] • 

o 2f3 y f3 ,rcl'...!..!...) 
2 

/12/ 

H3 !jlopMyJl /9/-/12/, a TaK}I{e /3/ VI /4/, MOMHO OL\eHHTb aeHMn
TOTH4eeKOe nOBeAeH!IIe eOOTBeTeTBY~~~~~X XapaKTepltleT!IIK nplll 60JlbWHX 
3Ha4eHHRX aHepr~t~H Ey raMMa-KsaHTos, o6pa3y~~~~~x Jl!IIBHVI. HeTPYAHO 
3aMeT!IITb /$OpMyJl~ /j/ Ill /4/, Ta6n.2/, 4TO 3aB!IIeHMOeTb OT Ey 
y}l{e nplll Ey~ 3 faB 6yAeT onpeAeJlATbeR, B OeHOBHOM, 3aB!IIe!IIMOeTb~ 

oT Ey napaMeTpa y, 4TO np~t~BOAVIT K eneAY~~eMy xapaKTepy 3aBHeH
MOeTH paeeMaTp!IIBaeM~X BeJ1!114HH OT Ey : 

tMaKe. 

t "'El/ 3 
r:-- y • 

·J t2"' E 1/6. 

!16 
E' y /13/ 

/14/ 

/15/ 

npH 04eHb 60JlbWIIIX 3Ha4eHHRX E y I ~ 1 TaB/ poeT 
3aMeAnAeTeA 3a e4eT y -!jlyHKL\HIII s !jlopMyne I 1 0/ H 
OT Ey npHHVIMaeT BillA: 

t e aHepr~t~etlt EY 
3aB~t~eHMOeTb tr 

- 1/6 
t " Ey . /16/ 

CneAOBaTeJlbHO, KaK MO}I{HO eyAHTb 1113 eOOTHOWeHHtlt /13/, /15/ H /16/, 
npaAOJlbHoe pa3BIIIT!IIe 3$fl npH 3HeprVIAX Ey nepsH4H~x raMM~-KBaHTOB, 
BbiWe ~ 1 TaB, o6naAaeT MaewTa6HbiMVI esot/teTBaM!II B TOM eM~Jene, 4TO 
npOAOJlbHble pa3Mepb1 3$fl, Bbtpa}l{eHHble B eAHHHL\aX - Xo· E v6

• rAe Xo
paAVIal.IHOHHaR eA!IIHVIl.la epeAbl, B KOTOpot/t JlHBeHb pa3BHBaeTeA, He 
AOJl}I{H~ 3aBHeeTb HH OT esotltCTB epeA~, HH OT aHeprVIIII Ey raMMa
KBaHTOB, o6pa3y~~HX naBHH~. ~HTepeeHO TaK}I{e OTMeTHTb, 4TO 1-13 
OAHOMepHOt/t KaeKaAHOtlt TeOpHH aneKTpOHHO-!j>OTOHH~X JlHBHetlt B~TeKaeT 
paseHeTso t =t AJlA paenpeAeneH!IIA 4Hena aneKTpOHOB e aHeprHetlt 

161 MaKe. 
E0 > o 

IV. nPOAOflbHbiE $flYKTYAUHH HOHH3AU~OHHbiX nOTEPb 
flHBHEBWX 3flEKTPOHOB 

AnA 04eHKH !jlnyKTyal.\Htlt npOAOJlbHoro pa3BHTHA 3$fl OAHHM H3 asTo
pos 6~na BBeAeHa eneAY~~aR annpoKeHMal.IHA OTHOeHTeJlbHOtlt AHenepeHH 
a X /A 2 AOJllll A (t) aHepraBbtAeneHHfl s BHAe HOHH3a~HOHHbiX noTepb 
JlHBHeBbiX aneKTpOHOB Ha rny6HHe t pa3BHTHR 3$fl/ 2

, /, 

- 1 1 
aA(t)/A(t)-J- .ln--, 

b 'A (t) 
/17/ 
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rAe napaMeTp b noA6~paeTCB np~ cTaT~cT~4eCKOM aHan~3e 3Kcnep~
MeHTanbHWX AaHHWX, t OTC4~TWBaeTCR OT T04K~ KOHBepc~~ raMMa
KBaHTOB. Ha OCHOBaH~~ swnonHeHHWX B HaCTOR~eA pa6oTe paC4eTOB, 
AnA napaMeTpa b np~HBTa cneAy~aR 3ae~c~MOCTb oT Ey: 

b,. p. I' Ey + p. 2. /18/ 

4~cneHHble 3Ha4eH~R napaMeTpos Ill ~ p. 2 oKa3an~cb pasHbl P.l 
= 0,015+0,002 ~ ~z = 1,2+0,4 np~ 3Ha4eH~~ TeCTOBOH CTaT~CT~K~ 
x 2/ n ;- 28,5/20. nocKonbKy, no onpeAeneH~IO n 

- 1 t 
A(t).- f f(E ,E 0 , r)dr, /19/ 

Ey o y 

TO ~3 /1/, /5/ ~ /6/ BWTeKaeT, 4TO 

(y+l)/2 2 (y+l)/2 
A(t),. 2{3 /rYe-f3r dr. 2{3 • ty+li 

r ( y+ 1) 0 r( y+ 1 ) kx 0 
2 2 

(-l)k 
/8/ 

(f3t~k /20/ 
y+1+2k ·-k-!. 

PBA B npasoA 4acT~ /20/ 6wcTpo CXOA~TCR,TaK 4TO npaKTM4eCKM 
4a~e Bcero AOCTaT04HO OrpaHH4~TbCfl nepBWMH ABYMR-TpeMB 4neHaM~. 
CneAOBaTeflbHO, ~3 /17/ MOmHO Bwpa3HTb B RBHOM BHAe O~BHKY CPBAHB
KBaApaT~4HOrO OTKflOHBHHfl aJQ OT CPBAHero 3Ha4BHHfl 

- -
E ( t) • E y • A ( t) /21/ 

3HepfHH 3,11, BWABflRBMOH B BHAB HOHH3a4HOHHWX noTepb flHBHeBWX 
3flBKTpOHOB 8 TOfl~HHe t Be~eCTBa: 

1 - 1 ln -- · aA(t)-A(t)· 1 b A(t) /22/ 

3AeCb A ( t) AaHo BblpameHHBM /20/' a b - ¢opMynoA I 18/. none3HO 
TaKme HanOMHHTb, 4TO B npaKTH4BCKM BamHOM HHTepsane 3Ha4eH~H 
A= 0,5-1 3Ta senH4HHa pacnpeAeneHa no HOpManbHOMy 3aKoHy: A-N/A; 
17 2 /2/ 

A 

V. BbiBO.Qbl 

nony4eHHWe HaMH pe3ynbTaTW HCCfleAOBaHHfl npOAOflbHOrO pa3B~THfl 
3neKTpOHHO-,OTOHHWX flHBHeA, o6pa30BaHHWX raMMa-KBaHTaMH C 3Hep
rMei1 Ey= /60-3000/ M3B s nnOTHoA cpeAe, MOmHo cyMMHposaTb cne
AYIO~HM o6pa3oM: 

6 

I 
" 
I 

~. 
i 

I 

•! 
I 

~~ 
j 
! 

1. 'YHK4Hfl /1/ YAOBneTBOpHTenbHO on~cwsaeT cpeAHHe HOHM3a
~HOHHWe noTepH flHBHBBWX 3neKTpOHOB. nocTOflHCTBO OCHOBHWX ~apa
MeTpOB MOAenM /Ta6n. 2/ npH H3MeHeHHH BepXHeH rpaH'i-1'-lbl HHTepsana 
3Ha4eHHH Ey AaeT OCHOBaHHe npeAnonaraTb, 4TO ¢opMynw /1/-/4/ 
COXpaHRIOT CHny H npH Ey > 3 r3B. 

2. 'flYKTYal..lHH HOHH3a4HOHHWX nOTepb flMBHe8WX 3fleKTpOHOB 8 Ha
npaeneHMH OCM pa3BHTHfl 3¢11 OnHCWBaiOTCR BWpameHHRMH /22/, /20/ 
H /18/, npH4eM senH4HHa ~ pacnpeAeneHa no HOpManbHOMy 3aKoHy, 
.A-N/A ; a~/, 8 npaKTH4eCKH samHOM HHTepeane 3Ha4eHMH, T. e. 
npH A~0.5. 

B 3aKnl04eHMe cneAyeT nOA4epKHYTb, 4TO ¢YHK~~fl /1/, onpeAe
nBJO~aR npOAOflbHoe pa3BHTHe 3,11, RBnReTCR 4aCTbiO MOAenH npocT
paHCT8eHHOA CTpyKTypw HOHH3SI..lHOHHWX noTepb flH8HeBWX 3neKTpOHOB 
8 3,11; 2• J/. 
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HET RH nPOBEROB B BAWEA BHBRHOTEKE? 

8bl MOlKeTe no.ny'IHTb no nO'ITe nepe'IHC.neHHble HHlKe KHHrH , 

ec.nH OHH He 6bl.nH 38K838Hbl paHee . 
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3aKa3~ Ha ynoMRHYT~e KHHrH MoryT O~Tb HanpaaneH~ no aapecy: 
101000 MocKaa, rnaano'ITBMT, n/R 79 

H3ABTenbCKHH OTAen 06beAHH eHHOrO HHCTHTYTB RAePH~X HCCneAOBBHHH 
0:::: 

Cno&HHCKHH 6. H AP· 
npOAOnbHOe pa3BHTHe 3neKTpOHHO-$QTOHHWX naBHH, 
awaaaHHWX raMMa-KaaHTaMH c 3HeprHeH Ey= /60-3000/ MaB 

P1-82-688 

Ha 3KCnepHMeHTanbHOM MaTepHane, nony4eHHOM Ha CHHMKaX C KCeHOHOBWX 
nyawpbKoawx KaMep OHRH H HT3~ /MocKaa/, H3y4eHo npoAOnbHOe pacnpeAeneHHe 
HOHH3a~HOHHWX noTepb H COOTBeTCTBY~HX ~yKTya~HH B 3neKTpQHHO-$QTOHHWX 
nHBHAX /3~fl/, awaaaHHwx raMMa-KaaHTaMH c 3HeprHeH Ey= /69-3000/ MaB. 
npHBeAeHw $QpMynw, onHcwaa~He cpeAHHe HOHH3a~HOHHWe noTepH nHBHeawx 
3neKTPOHOB H ~yKTya~HH 3THX noTepb B 3aBHCHMOCTH OT AnHHW pa3BHTHA 3~fl 

H OT 3HeprHH raMMa-KBaHTOB, HHH~HHPY~HX nHBHH. 

Pa5oTa BWnonHeHa B fla6opaTOpHH BW4HcnHTenbHOH TeXHHKH H aBTOMaTH3a
~HH OHRH H HHCTHTyTe ~H3HKH BapwaacKoro TeXHH4ecKoro yHHBepcHTeTa. 

C~eHHe 06~AHHeHHOro HHCTHTyTa RAePHWX HccneAOBaHHH . AY6Ha 1982 

Slowinski B. et al. P1-82-688 
Longitudinal Development of Electromagnetic Showers 
Created by Gamma-Quanta within theE~/60-3000/ MeV Energy Range 

Using the experimental material obtained from pictures of xenon bubble 
chambers of JINR and ITEP (Moscow) the longitudinal distribution of . ioniza
tion losses and the corresponding fluctuations in electromagnetic showers 
(ES), produced by gamma-quanta with the energyEy• (60-3000) MeV has been 
st~dled. Formula describing the average value of ionization losses and their 
fluctuations with respect of the depth in ES and of the energy of gamma
quari.ta are presented. 

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

Comrnunicatlon.of the Joint Institute for Nuclear Research. Dubna 1982 
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