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OnHChiBaeTCR 'lepeHKOBCKHH cneKTpoMeTp c pa.nnaTopoM pa3MepOM 

500x500x500 M~ 113 llHCTHllllHpOBSHHOH 801lhi, CeHCH61!11113HpoaaHHOH llHKSllHe

BOU collb!O aMHHo-f-KI!CllOThi. CneKTpOMeTp n03eonReT H3MepRTb aHepi"HH 

:;lll9KTPOHOB a .r:mana30He OT 20 no 120 MaB. npll SH9PI"IIRX MeHee 100 MaB 

SHepi"9TH'I9CKOe pa3peweHI!e BOilRHOI"O CneKTpOMeTpa 3aM9THQ npeBOCXOiliiT 

6H8110I"H'IHYIO B9llii'IHHY JlllR CTSKllS!HIIhiX cneKTpOMeTpOB fiOllHOI"O fiOI"llOWeHHR. 

npenpHHT ~eAHHeHHOrO HHCTHTyTa H~ep~X HCCAe~O~~· 
.lly6Ha, ·1974 

Ganichev V.I., Kruglov v.v., Kulikov A.V., Pl3- 7783 
Kuptsov A.V., Nemenov L.L. 

A Cerenkov Spectrometer with the Water Radiator 
~ . 3 

A Cerenkov spectrometer having a 500x500x500 mm 
radiator of distilled water sensitized with dipotassium 
salt of amine- G-acid is described. The spectrometer 
enables one.to measure the electron energy in the range 
from 20 to 120 MeV •. At the energies less than 100. MeV 
the energy resolution of the water spectrometer exceeds 
noticeably the analogous value for total absorption 
glass spectrometers. · 

Preprint. Joint Institute for Nuclear Research. 

Dubna, 1974 

@1974 06'beOuHeHHbril uHcmumy111 }rc)epHbiX uccJieooeaHuil ~y5Ha 

1. BBE,l(EHHE 

B .ps.ne 4Ju3B'IeCKHX Ja,naq BOJHBKaeT Heo6xo.nBMOCTb · 
HJMepeHBJI· 3HeprHB 3lleKTpOHOB B .IJ;BanaJOHe HeCKOllbKHX 
.necsTKOB M3B. C 3TOii nenbro wupoKo ucnonb3YIDTCJI qepeH
KOBCKBe .cneKTpoMeTpbl nonHoro norno~neHHJI c pa.nuaTopoM. 
B3 CBBHnosoro CTeKna. O.nHaKO. aidnnHTYAHOe paJp'eweHHe .. 
3TBX cneKTpOMeTpOB 3aBHCBT OT 3HeprHH H npH 3Ha'leHBJIX 
HB:>Ke 100 M3B cunbHO yxy.nwaeTcs. llpu perucTpauuu 
3lleKTpOHOB .IJ;llJI yMeHbWeHBJI <!>oHa·oT Me,nneHHbiX nu- Me30HOB 
nenecoo6pa3Ho ucnonbJOBaTb B Ka'lecTae pa.nuaTopa semecT
so C MeHbluBM noKa3aTeneM npenoMneHHJI. C :)TOH TO'IKH 
JpeHBJI 6onee Bblro,nHa so.na /n = i ,33/; .nns KOTOpoii noporo
sag 3Heprus E" qepeHKOBCKoro HJny'leHBH nuoHOB pasHa 
71 M3B no. cpasHenuro co 3Ha'leHHeM E" =36 M3B .nns 
CBHHnOBOrO CTeKna j n = 1 ,65/. }J;OCTOHHCTBOM BO.IJ;bl JIBnJieT
CJI TaK:>Ke OTCYTCTBHe C06CTBeHHbiX CUHHTHllllJIUHii; BnepBble' 
BO.IJ;JIHOH qepeHKOBCKHii· C'leT'IHK BCllOllbJOBanH .3,nsap,nc H 
,np. :1/ ·,nng onpe,neneHHJI COCTaBa ny'IKa MeJOHOB. B HaCTOH
IUeH pa6oTe OllHCbiBaeTCJI cneKTpOMeTp C BO.IJ;HHbiM;pa,nHa
TOPOM, npe,nHaJHa'leHHbiH ,nng HJMepeHBJI 3HeprHH 3neKTpO- ·. 
HOB H BMeJOIUHii .nocTaTO'IHO xopowee pa3peweHHe s·.nuana-
30He OT 20 ,no 120 M3B. 

2. KOHCTPYKL{HJJ CIIEKTPOMETPA 

KoHcTpyKnas so.nsHoro qepeHKOBcKoro cneKTpoMeTpa 
cxeMaTB'IHO noKa3aHa Ha puc. 1. Pa.nuaTopo.M· sonseTcs 
.nucTunnupoaaHHa11 so.na, 3anHBaeMas B nneKcurnacosblii 
6aK C BHyTpeHHHMB · pa3Mepa.MB 500x500x500 MM
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Puc. 1. l(oucmpyKijUJI eOOJIHOZO 'lepeHKOBcKozo cneKmpo
.wempa: 1 - OUCIIIUAAUPOBQHHQJI BOOa, 2 - nAeKCUZAQCOBbiU 
6aK, 3 .... rflOIIIOYMHOJICUifleAb, 4 - 3KpaH ·u3 nepMaAAOJI, 5 -
oeoiiuoii JICeAe3Hblii KoJICyx, 6 .,. KPbiWKa. 

/500 MM BO,IJ;hl COOTBeTCTBYIOT 1,4 pa,nHa~HOHHOH ,IJ;llHHhi/. 
Ton~HHa nepe.i:(ae:ii cTeHKH 6axa - 7 MM.,An1r yny'lweHHJI cae- -
Toc6opa aa BHyTpeHHIOID noaepXJ.IOCTh 6axa HaHeceiio ,nu414Jy3-
ao oTpa*aro~ee ao.nocToii:Koe · 6enoe noxphlTHe. Pa.nHaTop 
npocMaTpHBaeTCJI 'lepe3 3a,IJ;HIOIO CTeHKY ,neBJITLI04JOTOYMHO
)I(HTenJIMH <P3Y • 49 ,HaXO,IJ;Jl~HMHCJI B OllTH'IeCKOM KOHTaKTe 
CO CTeHKOH. ·MarHHTHaJI 3ai!UI·Ta cneKTpOMeTpa COCTOHT H3 
o6~ero ,IJ;BOHHOrO )l(ene3HOrO KO)I(yXa H 3KpaHOB H3 OTO)I()I(eH
HOrO nepMallllOJI, Ha,neThlX Ha Ka)I(,IJ;biH 4JoTOYMHO)I(HTenh. 

CurHanhi co acex 4JoToyMHO)I(HTene:ii cyMMHPYJOTCJI 
B CMe CHTene ifa pe 3HCTOpax, HaXO,IJ;Jl~eMCJI BHYTPH KOpnyca 
cneKTpoMeTpa. Pa6oTa '4JoTOYMHO)I(HTene:ii KOHTponHpyeTCJI c 
noMO~hiO caeToBoro .nuo.na, yxpenneHHoro Ha nepe.nae:ii cTeH
xe 6axa.- Cne~HallbHaJI CHCTeMa KOHTpOllJI ll03BOnJleT nony
lJaTb Ha BblXO,ne CHrHallbl OT OT,nenbHhiX 4JoTOYMHO)I(HTene:ii 
una nro6oi B:x KoM6HHa~HH. . 

4 

,An.11 yaenu'leHHJI Bhlxo.nuoro curaana co cneKTpoMeTpa 
,IJ;HCTHnnHpOBaHHaJI BO,IJ;a 6blna ceHCH6HllH3HpOBaHa ,IJ;HKanHe
:Boi conhiO ·aMHHo-r:-xucnoTi.x /.z:ianee aMHHo-r-conh/.''Kax 
llOKa3aHO B pa6oTaX /2-4/ paCTBOpeHHe B BO,ne CB06o,nHOH 
aMHHo-r:-x_HCllOThl HllH ee' KanHeBbiX H HaTpHeBbiX. conei 
ll03BOllJleT CMeCTHTb cneiCTp lJepeHKOBCKOrO H3lly'IeHHJI B o6-
naCTb lJYBCTBHTein.HOCTH cypbMJIHO-~e3HeBoro 4JoTOKaTO,na 
4JoTOYMHO)I(HTenJI. 

3. H3AIEPEHHJI HA 3JIEKTPOHHOAI IJYqKE. 

CnexTpo~e'ip :Hcci:Ie.noaancJi Ha~; Me 30HIIOM · Ti>aKTe. CHHX-
; ., -._ . ' ., 

poiUIKno.Tpomi JUIII. B ny<lxe :weinpoiio'8 H cMewaHHOM oi;.. 
pu~a ~enhHoM: :ri~xe " -;.. , 11 -Me 3 oH.oa it Jnexl-poHoa~ · cieM:a 
pacnono)l(eHHJI .neTeKTopoB npuae.neHa Ha puc. 2. Ily'loK 
3lleKTpOHOB Ha Me30HHOM TpaKTe llOllylJallCJI MeTO,IJ;OM, 
onucaHHhlM B /S/. Pa36poc JneKTPOHHhix:·nyqxoano HMnynh
cy -cocTaBn"n ±70/o. HMnynhchi co cn~xTpoMeTpa qepe3 
c~eMy nponycxaHHJI no.naaanucb Ha aHanH3a Top AH- 4096._ 

Ha ny'IKe 3nexTpOHOB c 3Hepruei 44 AlaB Hly'Janacb 
3aBHCHMOCTh. aMnnHTY.Ilhi HMnynhCOB oT KOH~eHTpa~'uu aMH
HO- r- conu. KoH~eHTpa~HJI H3MeHJinach nocne.noaa TenhHhlM 
.no6aaneHHeM aMHHO- r- conu c nocne,nyiDIIUIM Tu.\inenh~hiM 
nepeMeUIHBaHHeM paCTBOpa. Ilony'leHHaJI 3aB.HCHMOCTh Ha~-. 
6onee BepO.IITHOH aMllllHTY.Ilhl HMllYllhCa OT _KOH~eHTpa~HH 
npuae,neHa Ha puc. 3. B xaqecTae pa6o'lero 6hlno npuHJITo · 
3Ha'leHHe 10 MZ/AUiflp, llOCKOllhKY ,nanhHeiwee yaenH'IeHHe 
KOH~eHTpa~HH He llpHBO,nHT.K cymeCTBeHHOMY B03pac:raHmo 
aMnnaTy,nhl •. Bee xapaxTepHCTHKH cneKTpoMeTpa nony'leHhi 
,nanee npH 3TOM 3Ha'leHHH KOH~eHTpa~HH. 

Ha puc: 4 noKa3aHa 3aBHCHMOCTh al.lnnuTy,nHoro pa3pe
UieHHJI _ BO,IJ;JIHOrO ClleKTpOMeTpa OT 3HeprHH 3lleKTpOHOB. 
Pa3peiii€mue · onpe.z:ien.11noch xax OTHOUieHHe UIHPHHhl pacnpe-:
.neneHHJI aa nonyablcoie x aau6onee ;~Jepo.HTHoi aidnnuiy.ne. 
,An.11 cpaBHeHHJI aa TOM *e pucyaxe cnnoDIHOH xpuaoi aaae -. 
ceHa COOTBeTCTB}'IO~aJI 3aBHCHMOCTh, B3JITaJI H3 pa60Tbl /G< 
,IJ;llJI cneKTpOMeTpa C pa,nHa TOp OM_· H3 CBHH~OBOrO- CTeKna. 
CTeKllJIHHhiH _pa,nHaTOp HMen TaKJie )l(e, KaK H BO,IJ;JIH?H,_ 
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Puc. 2. CxeMa ycmanoeKu. Co - cneKmpoMemp, ·sl ,52 ,53-
CJ4UHIIUAAJIJ4UOHHt.Je -et.temt.tuKu, K_ - ceUHJ406b1U KOHeep'llop, 
29, 30,' 32-a - MaZHU111HbJe AUH3bJ, 31 - anaAU3UPYIOJIIUU· 
MclZHU111. _Ilpu pa6ome Ha CMeUlaHHOM nyt.tKe KOHeepiiOP Oll

cyiiCIIIBOBQA. 

Al.p 

' 

0 25 JO KONI(.{It~j~ump} 

Puc. 3. 3aeucuMocmt. nau6oAee eepo.11mnoi1 aMnAumy~bJ A eep 
0111 KOHJ4eHmpaJ4UU QMUHO- F- COAU~· - _ . • 

6 

A% 
m 

.10 

6(J 

¥J 

20 

0 f 0 

KouueHmpauuu 
OJYUHO -r-canu 
• -fOffr/11 

.o -SIJiff'/11 

o so - K/0 tsO liii- - Ee lfev 

Puc. 4. 3aeucu.wocmb aMnAumyoilozo pa3pewenu.11 eoOJIHozo 
cneKmpo.wempa om 3Hepzuu 3AeKmponoe. CnAOJUHaJI KpueaJI -
mo xe 011.11 cneKmpo.wempa co cmeKAJIHHbJM pac)uamopoM. 

nonepe"'HLJe pa3_MepLI 11 TaK :>Ke npocMaTpunancH .neBJITLIO 

liJoTOYMHO:>KHTenJIMH ct»3Y -4.9. lh puc. 4 BH.IJ.HO, "'TO npu 
3HeprHJIX HH:>Ke 100 M3B pa3peweHHe BO.IJ.JIHoro cneKTpo
MeTpa 3Ha"'HTenLHO nyqwe. 

Hau6onee nepoHTHaJI aMnnuTy.na nuHeHHO pacTeT npu 
ynenu"leHHH 3Hepruu :JneKTpOHOB .no 120 M3B j puc. 5/~ 
llpH .nanLHeHWeM yaenH"leHHH 3HeprHH nuHeHHOCTb Hapy
waeTCJI H KpHBaJI 6biCTpO BbiXO.D.HT Ha nnaTO, TaK KaK npo-
6er 3neKTpOHOB y:>Ke He yKna.IJ.LJBaeTCJI B TOnUUIHe pa.nHaTOpa. 

Ha puc. 6 noKa3aHa liJopMa cneKTpoa .nnH :JneKTPOHOB 
pa3HLIX 3HeprH_H. 0Kono Ka:>K.IJ.OH KPHBOH llpHBe.IJ,eHLI COOT-. 
BeTCTBYIOIUHe -3Ha"leHHJI HMnynLCa 3m!KTPOHOB H pa3peWeHHe 
cneKTpoMeTpa. llpu 6on:bwux 3HepruHx cneKTPLI He noKa3a
HLI, "'T06LI He 3arpOMO)I(.IJ.aTL pHCYHKa. 0TMeTHM- nHWL, 
"'TO Hau6onee nepoHTHaJI aMnnuTy.IJ,a .nanee He ynenH"'HBa
eTCJI, a cna.D. pacnpe.IJ,eneHHJI B CTOpOHY, 6onLWHX aMIInHTY.D. 

_ cTaHoBHTCJI 6onee nonorHM. llocne,tiHee CBJI3aHo, no-nu.nu
MOMY, C ynenH"leHHeM. cpe.IJ,HeH 3HeprHH TOpM03HbiX raMMa
KBaHTOB, "'TO llpHBO.IJ,HT, no-nepBLIX, K pOCTy Ce"leHHJI po:>K:
.IJ,eHBJI 3neKTpoH-1103HTpOHHbiX nap, H, BO-BTOphlX, K ynenu
"leHBIO npo6eron qacnm napLI n no.ne. 
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Puc. 5. 3aeucuMocmb Hau6oAee eepo.RmHoiiaMnAumyObl A eep 
0111 3Hepzuu 3AeK111POH06. . 

Nco5 1 P1 •20neVjc 
t A=~J:4 

f(}{) Pe ·58 lfeV/C 
• ll =30'/o 

50 

0 

Puc. 6. AMnAumyOHble 
pa3HbiX 3Hepzuii. 

8 

Pe·95HeV/C 

A ia5%; 
Pe =f201feV~ 
/J. •W/. 

I Pe •f45neV/C 
ll ·42% 

l 

50 fOO NKaH 

cneKmpbl OAJl ny'lKOe 3AeKmpoHoe 

(f 
. i 

l 

4. H3MEPEHHJI HA CMEIIIAHHOM JIYqKE 

IJpoBe,D;eHLI H3MepeHHH aMnJIHTY,D;HhiX cneKTPOB Ha CMe

WaHHhiX nyqKaX nH- '· MJO-Me30HOB H. 3JieKTpOHOB npH HM

nym,cax <?T 146 .n;o 278 M3B/c. Bo3MO:>KHOCTL HcnonL30BaTL 

cneKTpOMeTp . ,D;JIH aHaJIH3a npo:u;eHTHOrO COCTaBa CMeWaHJiO

ro nyqxa 3aBHCHT OT TOrO, HaCKOJihKO XOpOWO cneKTpOMeTp 

pa3.n;enaeT pa3JIHqHhle KOMnoHeHT~ nyqxa. B H3MepeHHHX 

xopowee pa3.n;eneHHe rr - H ll -nHKOB nonyqeHo npH HMnynL- ·. 

cax nyqxa OT 218 .n;o 278 M3B/c. Ha puc. 7noKa3aH cneKTP 

npH HMIIYJILCe 278 M3B/c. Kax BH,D;Ho, miKH oT 77 - H ll -
Me30HOB XOpOWO pa3,D;eJIHIOTCH. 

.. 
N&ll6 £1 •166HeV. 

I 

!J(J(IJ 

~"JIJll'fcll . 

I 
25fXJ 

fl 150 
NKtlH 

Puc. 7. CneKmp, noAy'leHHbiU Ha cMewaHHOM rr ll e - ny'lice 
c uMnYAbCOM 278 M3B/c. IlbeoecmaA cxeMbl nponycKaHUJl -
e pauoHe 8- zo KaHa.ila. · · 

liaCT:b .. cneKTpa,. Jie:lKamaa JieBee flH-Me30HHOrO flHKa, 

06'hHCHHeTCH, BO-n.epBhiX, TeM, qTQ qaCTh flHOHOB HCflhiThi

BaeT CHJih~ble B3aHMO,D;eHCTBHH B nepe,n;Heii CT~HKe H pa,n;Ha

TOpe cneKTpOMeTpa, H, BO-BTOphiX, CJiyqaiiHhiMH COBna,n;e

HHHMH B cxeMe, .·. OTKPhiBaromeii JIHHeiiHhle. BopoTa I cneKTpo-

.. 9 



MeTp a :ny cxeMy He BKmoqanc.s:; cnyqaiiHLie _coana,neHH.R 
COCTaB11H11H 7~ OT CKOpOCTH cqeTa qacTBU B nyqKe/. ITHK 

. OT 311eKTpOHOB Bbipa:lKeH -Cna6o H, KaK OTMeqanOCb Bblllle, 
HMeeT nonorHH, cna,n B CTOpO.HY 6011bWHX aMn11HTy~, TaK .KaK 

HMnynbC 311eKTpOHOB :ne:lKHT .rianeKO .OT. o6naCTil 11HHeHHOCTil 
cnexTpoMeTpa. ITpH 6onLmHx HMnynLcax H3MepeHHH Henpo
ao,D;HnHcL, O,D;HaKO pac..feT nOIC.a3LIBaeT, qTO BO,D;HHOH cneKTpO:: - - . . . . . 
MeTp n03B011.ReT pa3pemaTb. !7 - H /l -nHKH npH yaenHqeHHH 
HMllY11bCa -nyqKa ,no 340 J,I3B/c. 3aMeTHM, qTO. -iiaCTb 
77- -Me30HOB HCnbiTbiBaeT nepe3~p.R,D;Ky B pa,nHaTope, H 
311eKTpOHLI, B03HHKaiOIUHe npH KOHBepCHH raMMa-KBaHTOB 
oT pacna.na 77° -Me30HOB, ,naiOT BKna.n no aceMy aMnnuTy,n
HOMY cneKTpy. 3TO npHBO,D;HT K 3aBbiWeHHIO ,D;OJIH 311eKTpo

HOB H /l -Me30HOB B nyqKe. 
Ba:lKHOH xapaKTepHCTHKOH qepeHKOBCKHX cneKTpoMeTpoa 

sanseTcH aenuquHa K03$$HUHeHTa caeToc6opa. B ,nauuoii 
pa6oTe onpe,nensncs He Henocpe,ncTBeHHO K03~HUHeHT cae
TOC6opa, a ero npOH3Be,D;eHHe 'iJ ~:Ha KBaHTOByiO qyBCTBH
Te11bHOCTb $oToKaTo,na. BenuquHa ·71 uaxo,nunacL KaK OTHo

weuue cpe,nHero qucna $oTo3neKTpOHOB N, aLineTeBWHX 
H3 $oTOKaTO,D;a, K cpe,nHeMy qucny qepeHKOBCKHX $OTOHOB 
No , o6pa3oaaawHxcs a pa,nuaTope a ,nuana3oHe qyacTau

TenLHOCTH $OTOKaTO,IJ;a. 
,IJ.ns onpe,neneHHH N HcnonL3oBanucL cneKTPLI nH- H :MIO

Me3oHoB, a TaK:lKe 311eKTpOHHLie cneKTpbl npH Ma11LIX 3Hep
rHHX. B 3TOM cnyqae pa,nuauuoHHLie noTepH ManLI H, TaK 
:lKe KaK H ,D;JIH 7T - H /l -Me30HOB, MO:lKHO cqHTaTb, qTO WHpH
Ha llHKa o6ycnoaneHa T011bKO CTaTHCTHqeCKHMH $nyKTya·

UHHMH qucna $oT0311eKTpOHOB. 
3HaqeHHH No · BLiqucnsnucL no H3BeCTHblM $opM;ynaM 

cne.nyiOJUHM o6pa3oM. Cpe,nHee qucno $oToHoB, o6pl13oaaa
wuxcs Ha ,D;11HHe e B pa,nHa TOpe .c noKa3a Ten eM npenoMne
HHH n npH ,D;BH:lKeHHH qaCTHUbl CO CKOpOCTbiO {J B,D;HanA30He 
qyBCTBHTe11bHOCTH cypbMHHO-Ue3HeBOrO $OTOKaTO,D;a, paa

HO /7/ : 

N'
0 

= 400 e(l- +,>. /1/ 
. {3 n 

)J.eHCTBHe CMeCTHTeJIH cneKTpa npHBO,D;HT K yaenuqeHHIO 
qucna ·$oTOHOB B o6naCTH qyBCTBHTeJibHOCTH $oTOKaTO,D;a 

a HameM cnyqae, Ka:K au.nHo H3·puc. 3, :B 2,5 pa3a: 

lO 

N.{ = 1000 e{l- _1_). /2/ 
. .{3 2 2 . n 

HHTerpHpy.s: 4JopMyny /2/ no e .nn.s: yqeTa 3aBHCHMOCT.H 
{3 OT e • MO:lKHO nonyqHTb 3HaqeHHe No . 

BwqHcneHH.il N H N 0 6wnll npoae,neHw npH pa3HbiX HM
nynLcax · nyqKa OT.D;eJibHO ,D;ll.R nHOHHbiX, MIOOHHbiX H 311eKT
pOHHbiX nHKOB H ,nanH cne,IJ;yiOJUHe 3HaqeHHH T/ 

THn qacTHU 

" - M;e 30HLI 
" -M;e30Hbl 
Jl -M;e30HLI 
/l -Me30Hbl 

:meKTpOHbl 
311eKTpOHbl 

3HeprH.R, M3B 
136 .. 
166 
155 
187 
20 
56 

T/ ,X 10-2 

1,3±0,2 
0,8±0,1 
0,8±0,2 
1,1±0,1 

. 0,8±0,4 
0,7±0,2 

0wH6KH, npHBe,D;eHHble B Ta611HUe; yqHTbiBaiOT ~orpe'llmocTH 
H3MepeHHH H He BKJUOqaJOT HeTOqHOCTH K03$$HUHeHTaB$op

Myne /2/. 
• Cpe,nHeB3BemeHHoe 3HaqeHHe paaHo: 

T/ = /1,0±0,1/· 10-2
• 

ITonyqeHHOe 3HaqeHHe npoH3Be,neHHH K03~HUHeHTa cae
Toc6opa Ha KBaHTOBYJO qyBCTBHTe11bHOCTb $OTOKaTO,D;a 6bl110. 

HCll011b30BaHO ,D;JIH OUeHKH 3~eKTHBHOCTH perHCTpaUHH 77-

H · Jl-M;e 30HOB pa3nHqHwx 3HeprHii. ITpoH3ae,neiiHe aenHqHHbl 
Tf Ha · nonHoe qHcno qepeHKOBCKHX $oTOHOB 1\, awqHcnsawee- · 

· CH. yKa3aHHbiM Bblllle cnoco60M, paBHO cpe,nHeMy I<:OJIHqecTBy 

$oT0311eKTpOHOBN ,B03HHKaiOJUHX Ha $OTOKaTo,ne. 34MileKTHB-· 
.HOCTb BblqHC11H11aCb KaK aepOHTHOCTb o6pa30BaHHH HeHyne
BOrO qHcna $OT0311eKTpOHOB npH cpe,nHeM HX KOJIHqecTBe, 
paBHOM N. 3aMeTHM, qTo B . 3THX awqucneHHHX 3HaHHe 

qucneHHoro 3HaqeHH.R K03$$HUHeHTa B $opMyne /2/ He 
o6.R3aTeJibHO, TaK KaK B npOH3Be,neHHH Tf~ OH COKpaJUaeT
CH. rpa$HK 3aBHCHMOCTH 3$$eKTHBHOCTH perHCTpaUH.H 7T -

H Jl -M;e30HOB OT ·HX KHHeTHqecKOH 3HeprHH npH HyneBOM 
nopore B cneKTpoMeTpe npe,ncTaBneH :Ha puc. 8. Ha puc. 9 
noxa3aHa aHanoruqHa.JI pacqeTHaH · 3aBHCHMOCTL ·,nnJI :Jne:KT- . 
poHoB. · ITo ocH a6cuucc oTnmKeHa 3HeprHH :JneKTPOHOB 
Henocpe.ncTBeHHO. npH axo,ne B :Bo,ny. Owu6KH, HaHeceHiiwe 
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Puc. 8. 3a6UCUMOC111b 3fPrfleK111U6HOC111U pezuc111pa11uu 0111 KUHe-
111U~ecKou 3Hepzuu npu HyAe6oM nopoze 6 cneK111poMe111pe: 
1 - OAJI f1 - Me3oHo6, 2 ~ OAJI rr - Me3oHo6 • 
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Puc. 9. 3a6ucuMOC111b 3rflrfleKmU6HOC111U pezuc111pa11uu .3AeK111-
poH06 0111 ux KUHe111u~ecKou · .:JHepzuu npu 6xooe 6 6ooy npu 
HyAe60M nopoze 6 cneK111poMe111pe. · · 

' . 
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Ha 3THX pHCYHKaX, CBH3aHhl TOllLKO C OTHOCHTellLHOH He-
onpe.z:t.eneHHOCTLIO BellH'IHHLI TJ • 

5. 3AKJIJOqEHHE . 

MHHHManLHa.R 3Hepriis 3neKTPOHOB, npH KOTopoH KaJiH-
6ponancs BO.ll.HHOH cneKTpOMeTp, paBHa, KaK yKa3hlBanocL, 
20 Al3B. O.z:t.HaKo 3Ta nenH'IHHa He snnseTcs npe.u.enLHOH. 
KaK BH.z:t.HO H3 puc. 9, cneKTpoMerp MO:lKeT. 34l4JeKTHBHO 
perHCTpHpOBaTL 3lleKTpOHLI C 3HeprHHMH MeHee 10 Jl3B. 
0TCYTCTBHe H3MepeHHH B 3TOH o6naCTH 06'LBCHHeTCH TeM, 
'ITO B HaliieM pacnops:lKeHHH He 6hlnO 3lleKTPOHHOro nyqKa 
MallOH 3HepniH C .ll.OCTaTO'IHOH HHTeHCHBHOCTLIO. 

B 3aKniO'IeHHe aBTOPLI BLipa)KaiOT 6naro.u.apHOCTL 
B.C.Porc{H<)By 3a llOMOll.lL B nonyqeHJIH ny'IKOB npll H3Mepe
HHHX, a TaK:lKe B.li.IliBeUOBY 3a yqacTHe B H3rOTOBneHHH 

cneKTpOMeTpa. 
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