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B pa60Te '1/ om-tea H HOf:lbli1 THn KOMf;iHHH POD,lliHoro 3neKTpocraTH 

'-4 eCKorO 5eTa-cneKTpOMeTpa c perHCT p at..\i1e» 311CKrpoHOl] Ko1HBnbHLIM 

31lt:KTpOHHblM YMltO*HTCJ1eM /K3Y/ '-..ma BEND I X CEM 4503, HacToRLlllR 

pa60Ta nOCBA~CHa ewGoPY onTHHanbH~~ ycnoB~H ""3McpeHH~. ~ "'HCH

liD - AOCTt1)f{eHHIO K~npO"'U1cca Me>KJ:\Y ::Htl4>eKTHElHOCTblO pcnlC Tp.JUW1 

/3aBt1CR~eH OT 3 Hep r ~~ 3nCKTpOHQB T/ H 3Hepr e l ~~e~KHM p~3pewe 

Hl1eM /3oJB HC JH1I, HM OT HdnpFUI'ICI1""~ ,aHClI1H,Ja Ho1 4 11 nt1HAPI14CCH~ JCl;)K t1ne 

U / . 

1. np~Hu~ n PA60T~ cnEKTPOMETPA 

B cneKT poHeTpe /pHG.t/ o6~cAHHeH~ ABa r Hna aHan~3aTopoB: HH

Tcrpanb~~ o1Ha~H3aTOp c TOPM03A~HH noneM H AH~~cpCH~HanbHW~ aHa 

n t13a TOp C Ao m1HblM ~HnHHIlPH\.4CCK I1M 3epK.JI1OM , I\HanHJd TOP C TOPM03 A

~11~ n oneM COCTOH T 11 3 AOyx KOH4CHTPH4eCkHx c~ep 1 11 " Me~AY KO 

l OPWMI1 nponO'IKC HO n OllO>IIl1Tenb Hoe TOPM03AI1lee t-IanpR~CHI1l... U . Palt~o
aK rHBH~H HCTO~HH K MclXOAHTCA Ha n o e epxMocll1 C~Cpy 1 . HunpR*e~1u 
3aMeAne H~R npHno*cHo K HCTO~H~KY. a c$epa 2 3a3eMfieH~. ~3Mepc
t-!l.1id 3 HCpnn-1 3tlMeAlleHHblX 3neKTpOHOB npoeOAI1TCA C nOM~blO A80i1 -

HOro ~l1nH HAP~~CCKoro JcpKoJna. HaflpAItCCMl1e clH.:l n H:;Joil u npl1110*e liO 
I( I]HettJHeMY ~I1IlH~II\PY, oJ BHYTpeHI1'HI1 Jcl3CMneH . 311eKl p OHbI Ubll1eHI~ T 

H3 VlCT04HHKa c;. JHepr~t,;!1<1 Eo_ npOXOAfl Cil)ePbI I '1 2. lcl'."t!'Al1f1lJ !'(..F! AO 

311epn4H E It. .11 4Cpt!3 t<OI1i14CGKYIJ tqenb nOni:SAdlOT 0 LlHnI1HAP"''4~CK'''B1 

ilHanl13arop . 3HepntR ilHan.... 3~pycMYX :meM rpOHOB paOHiJ : 

1=: .. - En + taU ~ 3QU /1/ 

rAe a I; 1,96 - nOC10nl-tl04itR npHoopa , q - JapAA 3neK Tp0t-ti' . Pc
r HCtpa~M R 3J1t!K TPOHOO 80 8lUPOM ClIOKyce D2 ocyw.CCTonAeTCR c no
M~bO K3Y . Pa3BCpTKtl c neKTpa OCY~CCTBnAeTCR no 3aMeAn~eMY 
HanpR~eHI1~ U . npH TaKOM cnoco6e pa3Bep~KH 3 He p rMA perHCTpH

pyeMWx K3Y 3nC~TpOHoa, a To1K*e a6eonoTH~H paapewaeMwH HHTe pBan 
3Hepr H~ A~& OC Ta~TCR np~GnH3H T cnbHo nOCTORHH~MH Ha s c e M pa6o
4~ A.lana 3CJHe Eo =0,5-50 K3 B. 

Ha pMc .2a II OK a3 aH a J1 I1 HIo1R K1 4 ,"'4 K38 / Eo = 7,3 K38 / 3neKTpo

HOB B HYTpeHHe ~ KOHo epCIo1H paAHOHYKI1J.1 Aa &7CO , H3Me peH HaR n p H p a 3 

m'l4 HL&X 3Ha4eHHAX HanpR)f(e HHR aHa111013a u- - 30 -:- - 300 S, 4TO COOT 

BeTer-ayer HJMe He Hl110 3HeprHM perl1 c Tplo1pyeMblx 311eKT p OHOO B n pc 

Ael1ax Ea - 60 +60 0 38. Y6b1BaHl1e VtHTeHCMBHOCTJ.1 3 11eKTpol04HWX m1HI,H1 

C yMeHbweHl1eM luI o6ycno B11eHo cYMMapH~M Ae~ C TBl1 eM Tp e x 3$~eKToB: 
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Puc. J . JinoK-CKeH3 3J1CKTp oC'ra

TH'IeCKOrO 6~l"a-CnCKTpoMeTpa. 

~ Pile. 2. 3aullCI1MOCT lo ¢lop l-§>J anna 
p aTyp Hoii nmUlH K14,4 K3B 
/~7Co I OT H3npH*eHHH aJla.J1H3a 

lI.a ltIllUlH.DJ)II'lCC KOM 3e~H(a.t,e : 

a - OC :J 1I0P Ml1PO[fKJ'I 11l\ J u I ; 
6 - nocne 1I0PMHVOl;jKtt ua I u I 

al YM eH b WeHHeM w6con~THoro 
pa3pewaeMoro HHTepBana 3 HeprHH 

E , rlponOPLt J.1 0 Han bHoro lu I , 4TO 

Mo*eT G~T b y~ T CHO HopMHpoB aHJ.1

tM ~, 4M cna OTC~CT08 B Ka*AOM 
KaHane HtJ lui ICM.P~c.26/; 

6/ CHH*e HHeM 3~eKTH8Horo 


TeneCHoro yrna cneKTpoMeTpa 

ocneACTBHe YBenH~eHHA K03~~ 


~~CHTa 3aMCAneHHR c~epH~ecKo-

E / 3 / 
ro 3aHCA"'-'Tt!.tlfl , K .. .=!L. : 


E 

6/ H3MeHeH~BM 3~e~TH9HOCT~ 

per ~ CTpa ~H H npH H3MeHeHHH 3 Hep 
r~" aneK TpOHOB E. -60+600 3 6. 

nOCKonb KY ~~KT~ a/ H 6/ 
CB:Ft3ClHbJ C oc o 5eHHOCT.RMVI 3J1eK T

."' 

POHHO':::' anhllo.1 aHaIlL-13aTOpOB , eAH HcTBeHHblM pe3epBoM ye eJ1..,~eH~1R 

3$tJeKTIo1 BHoCT H cneKTpOMeTpa RBnReTCR Sbl tiop onn1Ma!lbHblX ycnoOHi1 
p erHC TpaLt J.1H 3ne KTpOHOB C nOHo~b~ K3Y. 

2. 	 06 3~~E~THBHOCT~ PE rHCTPAU~~ 3nEKTPOHOB 
C nOMOlUblO K3Y 

A6cOf HOTHc:t.R 3<l><t1eKHtUHOCTb K3Y B AHanaSOH e 31 Iepr.~i:1 a T 10 AO 

104 38 onpCAenRe T C.R AUyMA cneAYO~HMH $ aKTOpoMH: 

al IIr eo"'Hi~:T plo1":1 eC K ",~ II¢aKTOp . CBR3aHHw':::' C KOHCTPYKTMDHblMIo1 o co 

6eH HOC TRMJ.1 BXOAHoro OKHa IpacrDyGal '" reOMeTpl1 eH 3KcncpHMCt"ITa~ 
61 K034l¢lHlv1eHT 8TOpIot4HO~ 'JMlo1eCHH nooepXtiOCTHor o MaTcpHand. 

Bm-uIH..1e l'reCMcTpH4ect(or o" l)uKTopa. T. e. ~13MeHeH11e 3ClKt1CfCTl1D

Hoen" pe r HC Tpa""Io1H a JaOHCHMOCTH OT yrna "1 l'4ec.Ta nonolAaHHA n c p 
8101~ HoM 4il c.nll~'" OTHoc.-,rCJlbHO oc.", K3Y, paCCMOTpeHO B patioTa)r" 4.f• • 

CorIlaC HO 4 / , 3¢x1>eKTlo1BHOC fb c06l-'1paHHR aToplo1'.H1bIX 3net<TpOHOB YUbI

e8e T n o HanpaDneHH~ t( t(pa~ BXOAHOro paeTpyGa. B ~a CTHOc.T~ . a 
B T 04 Ke, HaXOAA~e~ c~ Ha nonoa~He paCCTORH~R OT ~ eHTpa AO KpaR 
pac T p y6a 1 1/2R/ , 3 IlXtleKTt1SHOC T b OKS3b1SaCTCA B 2 pa3a MCttbwe, ,-,eM 

B Lt eHTp€, nplo14eM 3TOT :lClXPeKT He 3aB'-'CkT OT 3Hepn1101 ncpSH4HblX 

3 IleK TpOHOB . 8 paGoT € ' 5. npOBeAeHbI 1013MepeHHR a Gc oJl:lOTHoil 3IlX1teK Tlil B
HOCH1 K3Y Ben d 1 x C KO H114eCKH.M aXOAI1.blH OKHOM B ~ B MM Ans~ KOnIl I1

MHpo aaHHoro nY4Ka 3n€KTp()HOa c 3 ... epr~1eit T -= 20~ 10000 3B. KaK 
B""AHO 1.13 pwc.3a~ n p H nonaAaH~~ nY4Ka 0 4 e HTp BXOAHoro paC TpyGa 

H 8 TOI..fI< ,Y. CMeUleHHYIO OTHOCHTenUtO ero. :Ja)(rU:~KTI<1BHOCTb MOlICeT ornl1

l..jaT b C~ n04T..., B ,QDoLJ pa3a . Ita p"Jc.36 nOKa3MttoI 113MeHeHJ.1R C4e13 

np~ CK aHlo1poe8H...,1.1 pacTpy6a BAonb a~ aMeTp~ ny4 KOM 3IlCKTpOHoa. n~ 

paIlnenbHblM 0(1<1 YMHO)l(HTenR, 101 nOA yrno M 20'1 . 
• 	 3aBIotCkMOCTH 3tWle KH1BMOCTI1 a T :)Hepr~H 3JlI!KTPOHOB. BUl4J..1 t n e HMbfe 

\.13 3 MH CC...,OHHblX CBa~CTU noo e pxliOCTHWX Malep~af10B IAllR CTe Kna 

..., Bon b(t)pSMa/ , npHBe~eHW H.J pJ.1c.4 "'3 pa6onol 0 

AHanHTlo1~eCt(oe Bblp.:t*eHlo1e AflR 3~CKTHBItOCT"1, Y~ ..11bl8alQ~ee oGa 
B~eynOMRHyTbI~ $aKTopa. npeAnO~CHO a p a 60Te 7 ~1 HHee T aHA: 

d El . 1 !!Xv I - k 6 (E ) / 6 mu ) " 	 /2/ 

rAe k - K03~HLtHeHT , y4lo1Tb1Ba~""H re~eTpH~ pacTpyoa 1.1 npHnO*~H 

Hoe K K3Y HanpR*eH...,C' - M-aKC""ManbHoe 3H.:t4eHHC K0 3t:ll4lHI,HeH hmal 
T a BT OPH4HoM :)""""CI.1H; 8 (E) - K03~LlVletIT D T OPH4HQl1 3MHCClI1lo1 . 

CpaeHcHHe 3clB ... C.... MOCTH « Ii: ) C 3Kcnep...,MCtn anb HblMH AaHHblM'1 n OK cl3,] 

t10 Ha p Hc. 5 . He) 3T OH )kE!. 

TJ.1BHO t T H K3Y OT :)HeprI.1H, 

/CCblIlKl1 CM. S pa60T e 17' 

~i eo6xOAHMO Io1ccneAoS8Tb 8 

pJ.1cy ttKe n peACTaancHbi 3a0l<1CHMOCTI-1 3¢K$lCI< 

nony~eHHble a APy rt-t X 3Kcneplo1MeHTa x. 

I. KaK BHAHO , XOoQ :::Uf!¢eKT...,OHoC TIo1 K3Y 

ycnoBHAX KOHt<pCTHoro 3 Kc.ncpHM €HT8 . 


2 
3 
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3HeprHR 3I1ekT pOHQB /38/ 

PJiC. 5. 3aSUCUHOCTU :>4JcPeKTJIDIIOCTJI K3Y OT :.tHCPlllJt 3neteTp,:, 

HOD, n .:1!I)-ltL'llIn.le U pa:JflUllJ1hIX '3KCnCI1H,Me:IITax. /CCbUtJ<U eM . 


B paOoTe 71 / . CnnOlDMaJl IlHIUUI - p aC'l eT , COeT11bIe KPY¥KU 

3KcnCpIIMCJJT i 11 


crlCKTpOMeT pa; f ( Ea) - 3~eKntBHOCT h K3Y n p H AaHHoi:1 3HeprHYt pe 
r H CTpa4HH 3neK T pOHO B. an~ cneKTpOMe TpOB c TOPM03R~HM n OT e H4 Ha

f10M 3 ClMJ)e KH 'IBHblH BXOA Ho..1 TeJleCl-fblH yroll n' ABJlR e T C~ !PYHKJ,&H e i:1 KO-

3 ¢>tPHLlHe HTa 3aMeAne HHR 3 / . 

n '.nor( Kl, 

rAe no - BXOAHO~ Tene c~~bl H yroll Gea npHMeHeHIo1:F1 3i1MeAfletH1R. AM 
Hawe ro cne KTpOMeTpa K0 3Cf>$J.114HC HT 3ilMeAJleHHR COCTa BJlf~ eT 

E E. - QU ' Uq- QUK=~o_ I- ~ 
auQ au.E• "" 

T aKIo1M o6pa30M. n pH HeH3MeHHOM K Oemt4HHa O · coxpaHReT eeoc 

3 Hd 4 eHHe . Cn eAoBd r e11b Ho , AM H3MepeHHll A B y X KOHBepeHOHH~X 1111 

HI1H . Hanp l1Me p K 11 L . B yCnoBHRX n OCTOAHIIoro 3lP¢teKTl1BHOrO Te 

n e CHoro yr n a n· . Hanp:FI*eHHe aHanH3a Aon*HO 6b1Th nOA06paHo Ta 

I I< Io1M 06pa JOM , 4T06bl BbtnOIlHAIlOCb c.OOTHOWeHHe 

I UK f ilL· E~ IE; 141 

K L 
rAe Eo 11 Eo - 3Heprlo1H 11 cnyc K8HHR K - l.1 L - 3neKTpoHoB COOT BeT CT-

e eHHO . TorAa , H3Mepl1 8 n nOOl.aAYt llHHHW SK 101 SL npM 1 'lan p1U\ICeH~ ~X 

d Ha n lo13a u 1 • u2 • •• , un nOAo6pa Hhblx t"aKI1M 06pa30M, '"4T06b1 BbI 

n OllHRllOC b ycnoBHe 

5 
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Mt))MMO 	 nonY4 io1Tb O THoc HTcnbHYIO O'~eKTl19HUCTb K3Y OT 3 He p rH I<t pe

I Pt. 1 p~1pyeM.WX 3 n eKTpOHOO B AHIlna30He Of E, . , AD F. II. ,n' 

llnn I.1cCfW:AoaaHlrtA OTitOCHTenbHoliI 3~eKTl18HOCTU K3Y HaM..., 6b111H 

DI,IGpilHW fiHHHIo1 K 1 ~ , If K3B H L 114 , I~ I<~B P3A\.10HYKTlI1Ad ~7 Co. Ha-...aob
HLoIe 3HepnH1 3 11CKTpOl-IOB cocT(Jen1UOT, cOOTOeTc.T9cHHO, E~ =- 7.30 K:)B 

1.1 
H 	 Eu c:: 13.56 K 36 . il O Tl10WCHitle KHTeHtHBHOCTCH 3THX J1Io1HHl1. co-

I',,'CHO 8. COCldB"AC T I K 11,. = I 1 • ~ / , 0/ . 
DOHA)! H<!AOCTaT0 4Ho r o ~HepreTW-leCKOrO pa3pcwC1iHA onpe......enn

/1.1l cYMMap ltaA n n ol401Ab 1...1,1 L~ I l 'a - JU.l"'VI~. c..1TO 03Ha4aeT Hapy-r 


Wl'H.le ycnoSHR /'-1/ . OAHolKO I.ot3-3a H.:JflOCH1 OTHOW\!t-lf.1A ( L:,!+ La ) / L t 
_ 1 O-J ~1 6nH30C1"H E~ I , J ....! ,l.;t . 31"0 Hap),weHj.otC He npC8blwaCT oemt

•""tty i O-a . 
poaCAeHtIII I, c.ep~1H H3,.,epeli~1I¥' c pa3In~~I"blt"H 1"i""'4anbHt.lM~ JHi3'-l eHI1

n"'H UanpRMf('HIo'IA aHalWI3iL - 30, - 35. -qO 101 - itS B. np~ ;JITOM CYMMuP

HM~'~ flHilna311i-t ~IJMellct-t~~ II COCT,:num 30- 536 8, L.l Tt,J COOTneTc,ayc r 

t~.,.ma3o.1y 3I jCrH'~11i :Jnel< 1 pOHoa or 60 .AD 10500 313 . Hu p~c . 6 np'111C 

ACHtoi 3an~CJ1MrH. t.., BCmtl.j~1H S.,. H 51. 01 .... anpR*cHHA aHilnlo43it AnR 
'-l("TLIpex CCP6'lC, U 3 HCpC~um I cnnOt.U~lwc I<plo18b1e - annpOKC...HIlUVIA nOIll·1

tKlMOM. ;1n~ onpCAenCfhllf\ 3¢1tt:eH:TUOHOCT~1 K3Y /pHc.71 c. nOHDtqbO COO T 

HOWCHHA 151 Hcnonb30BanHCb unnpOKCVlH~D08aHHwe 3 Hu4eHHR . np04e AY 
Pt' nOCTpOCHHA I<P'HH.ht :.lIMlCI(TYlBHOCTH npoBOAHnaC b nocneA08a 

TenbHUH npHcoe~HeHHeM cepH~ 

ny TeH HO PMVlP08K VI Ha 4anb Horo 3Ha

~~ ., 4eH~ A o4 e peAHO~ CCPH~ c nocne
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