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~HllKOCTHbie CUHHTHnnHUHDHHbie neTeKTOpbl HeftTpOOOB H raMMa:-ny~ ' 

qeft WHpOKO HCrlOnh3yiOTCH B HeATpOHHOA cneKTpOCKOOHH. oim HMeiOT BbiCO

KY~ ~eKTHBHOCTh perHCTp8UHH H 003BOnHIDT HCnonb30B8Tb 6onbwy~· nno

Ul8llh nyqi{a ueATpoaos •. MuorHe HccnenoBaHHH no MeT~ny apeMeHH nponeTa 
I ' .: . . .. 

ua HMnynhca:oM peaxTope HBP BbtnonHeHbi c aeATpoHHbiM neTeKTopoM, co-

nep>t<SlllHM MeTHn6opaT, H c 500-nHTpoai.tM ·neTeKTopoM panHauHoHuoro 

saxsaTa ueATpoaoa I It •.... 
' : . . . '. 

B nocrienuHe ronht a nH41 OH.HH · pasBHBaroTCH pa6oThi c nonspHso-

saH~blM u ueATpo~aMH. npHHRTbiA MeTon nonspHsa.uHH np~nycxaHHeM a eAT-
. ' . 

pOHOB 'lepes nonspH30B8HHYID npOTOhHYID MHWeHh npHBOllHT npHMepHO K 

10-xpaTHOMY · ocna6n.eHHIO · ueATpouaoro nyqKa, 'ITo yaenH'IHBaeT pon~ .· .Poua 

.. ' y ~yqeA peaKTopa. B aToA CBR3H noTpe6oaaiics BbtcoB:o acpcpeKTHBHhiA (a 

. wH~oxo.ft o6nacTH: 9ueprHA) neTeJtTo~ u~ATpoiloa. c. MHHHManbHoA ~ya'cTBH-
TenbHOCThiO ; K raMM8-KB'8HT8Me 3THM Tpe60B8HHHM OTBe'laeT neTeKTOp, 

onHcaHHbiA a pa6oTe. /2/ ~ 8 xoTopoM npHMeHeHbi 'nnacTMac~osbte cuHHTHnns-

TOP,bl H ( n , y - KOHBepTOp H3 ypaHa-235. 

B uacTosmeA pa6oTe onHcaH 210-n'HTpOBhiA >KHllKOCTHhiA cuHHTHnns- , 

uHoHHhtA. neTeKTop, B xo~opoM ueATpOHhi perHcTpHpymTcH . no xacKanHhiM . , . ' . 
sa"xsaTe ueATpoHoB B cneuHanhHOM KDH-

•'f 

BepTope BHyTpH neTeKTOpa. npH 38MeHe. KO~BepTopa ; ~ccnenyeMbiM··~6pa~-
UOM neTeKTOp MO>KHO HCOOnb30B8Tb nnH perHCTp8UHH panHaUHOHHOr0.38X-

88T8 HeftTpOHOB • 

3 . 



KoncTpyKUHH H aneKTponnKa 

neT9KTOp, 06IIIHti Bllri KOTOpOI'O noK838H liB pUC, l, COCTOHT 113 W9CTH 

, cex~nn; · o6pa3yromnx · BMecTe unnnHnp co CKB03HbiM Kanan oM enonb ocn 

ny'lK8 HetiTpOHOB,. nnaMeTp 'K~Hana 300. MM1 BH~WHHH nnaMeTp Jl9T9KTOpa 

,730 MM, nnnna 600 MM, Ka)KJl8H· cexunH o6'beMoM 35 n npencTaemmT 
. ' ' ' . ' ' . ,' ''· '·· ' ' ' . ' . 

co6oll uenbHOCBapnoll _6a'!OK 113 H9p)K8B9IOIUeii: CTann. funyTp~ Ha CT9HKH 
.~-.\./;_' 

nanecen oTpa)KaTenl, ll3 · oxncn TnTaaa• Ha Topuax cnenanbi · oxH:a non !jlo~o-

YMHO)KHTe~ir ci>8Y, KOJlbU9Bbl9 na3.bl , nnH , npoK,nanoK H OTBepCTHH C' pe3b6oll . ·,.· 

non 6onTblo ~,SY HBXOJlHTCH B nenocpencTB9HHOM KOHTBKTe CO CUHHTllnnHTO:__ ... 

'· P?M• C"noM?lllbiO anoxcnnno~ CMOnbi, ci>8Y· BKneeHbi eo !jlnaHubi, npli:)KnMae;_ 

Mble· K K'opny.cy qepe3 npoxnanxn na pe3MHbi Mapxn HPil-1287 •. -CeKunn . ' ., ' . ' ' 

. cn'a6)1{9Hbl '. CllnbcVOHBMll .H KpaHBMH~ _Jf<HJlKHii CUHHTllnnHTOp npencTaBnHeT, 

co6oll ToJ_Iyon. co cunHTnnnnpyromn~.m-nci6aexaMn: · PPO 4 rln 11 

POPOP 0,5 r/n~ B cunHTnnnHTop no6aeneH ~eTl~n~opaT B(OCH
3

)
3 

(oKono 

50% 06'beMa T~nyona) nnH YM9Hblli9JlHH BpeMeHn )KH3Hll n'eii:TpOHOB . B . . - ' 

CUHHTllnnHTOpe H CHli)K9HliH 'lYBCTBHTenbHOCTll K paCC9HHHbiM HetiTpOHaM 

· • . B p9)KHM9 ( n 1 y ) -Jl9T9KTopa, . 

B neTeKTope npnMeneHbi !jloToyMHO)KliTenn ci>8Y -49. AHOJlbi neyx ci>8Y 

Ka)Knotl: C9KUHH. noncoenliH9Hbl K Harpy3K9 1 KOM 1 , llB KOTOpoii: BbinenSJIO~CH 

liMnynbCbl aMnnJITYJlOli - .0,3 BOnbT/Mae. ll JlnnTenbHOCTbiO 0,25 MKCeK, 

Ilpn .. Taxnx ycnoenHx aMnT.TepHbttl: noeTopnTElnbHa ct>sy· siBnseTcH xopownM · 

orpaHll'l~TeneM !jloiiOBbiX liMnynbCOB ·6onbWOii: aMitnliTYnbi, nanee ( CM, 

pnc, 2) nMnynbCbi ycnnneaiOTCH B ycnnnTensx y , npoxonHT qepe3 . ' . ·:' . 
liHTerpanbflbJ9 nncKpliMllfiBTOpbi J1n ll CT8Hll8pTll3llpyiOTCH no aMnnnTylle 

u nn~TenbHbcTn !jlopMnpoeaTenHMn ct> • EonbWIIHCTBo .aneMeHTOB cxeMbi 

HBnHIOTCH:·cTaHnapTHbl~ll. 6itoKaM~ ll9T9KTOpHoti aneKTpOHUK~ flHcl> /3/, 

. nng Bbin_eneHnH paanaunoHHOI'O 38~BaTa netl:TpoHa npnMe,HeHa cxeMa·' 

m -"KpaTHbiX coenanennll. B cxeMe- ncnonb3oean. MeToll aMnnnTynnoro 

,· 
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puc." 1, COCTOHT H3 WeCTH 

:M KaaanoM Bnonb.ocn 

:anti nnaMeTp neTeKTopa 

: 35 n npencTaBmreT 

.nH. .lliHyTpH Ha CTeHim 

,·: cilenaHbi oKHa non lj>oTo

•K H OTBepCTHSI C. peab60fi 

[0HT8KTe CO CUHHTnnnSITO~ 

:bl. BO lj>naHUbi, npH)KliMae

tH J1PIT-1287. CeKunn . . 

·unnHTo p npencTaBnSieT. 

PPO 4r/n n 

lin~opaT B(OCH3)3 (oKono 

~H3HH HeiiTpOHOB .B 

laCCeSIHHbiM HefiTpOHaM 

8Y -49. AHoabi aByx ¢8Y 

.Ha KOTopofi BhiaempoTCSI 

lnbHOCTblO 0,25 MKCeK. 

'¢8Y' 'gBnSieTCSI ?COPOWHM. 

'IHTyabi. nanee ( CM. 

· .. , · npoxoaSIT trepea 

ipyiOTCSI no aMnnnTyne 

HCTBO .aneMeHTOB CXeMbl 

leKT~OHHKH JJH¢ /3/ • 

rpona . npnMeaeaa cxeMa · 

MeTon .aMnnnTynaoro 

I 

Puc. 1 

.. \ 
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OT6opa CYMM8pllb!X .IIMIIynhCOB1 . IIOCTYI!IIBUIRX B IIJ:!9.1lenax p~~pernaromero 
'speMelm c paanii'IllbiX ·ceKuiifi rleTeKTopa. CxeMa coc.TOIIT Il'a ·niineilnoro 

cyMMaTopa C II CXeMbl OT6opa CQ. ToKOBbiH CyMMaTop lla 6 BXO,IlOB no..;. 

3BOmieT CyMMI1pOB8Tb KOpOTKHe HMnynhCbl' npii OTHOCIITenbHO 6onbUI Oil 

qacToTe no KamAoMy Ila BXO.IloB 6ea cymeaTsenaoro saaiiMlloro snnHHIISI . ' . ;., ~- . . 

·_,. 

BXO.IlOBo (;xeMa OT6opa UMeeT ·. ycT~ll~BnnBaeMbiH nopor periiCTpaunu ll ,llBa 

neaami:ciiMbiX Kanana; ycnosno na~nannnie ".llBoilnnie. coanaAenng_ C0-2" 

,( m ·> 2) II 
8

TpOHllbie COBna,llelliiH co..:3" ( m .·::: 3). YcTall~BKa ·B sTnx ','·, 

:Kananax MHlliiManl>noro nopora noanonHeT periicTpirposaTl:: 
•. •· .. )',1 ·. ~ ,·t:·.~·~: . ·,_r t:-.·~~: ,· y .·.·~·-

OT,IlenbllbiX ceKriiirr (*pemriM oAmio'~or6 c'IeTa'~r~- • ··' 
. • • ' l .• 

IIMIIynhCM Il3 

nanee IIMnynhC noCTynaeT Ha CXeMy nponyCK8HllH .Cp
1 

KOTOpag 

OTCeKaeT' IIMIIynl>cbi KOCMH'IeCKoro naliy'IeHIISI, npeBbiWa_Kl~ire 'aa,llaHHbiH 

( 10 M 9B) . nopor IlllTerpanhlloro .llllCKpllMHllaTopa B_, ~OIIO~HHTenbllOM Kana:...' 

'ne ( ueiiO'IKa G + y + l-in). c BbiXO.Ila en ~Mnynb~· ~epe3 BbiXO.llHOil Kac-

Ka.ll Sfl n KnnoMeTponbril Ka6enh rrocTyrraeT na MHoro:KananhHbiil~BpeMen-
noil anamiaaTop. 
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XapaKTepiic!IIKII .llE 

IIOMOIUblo llCTO'IllliK·a· ra~ 
. . 

Kananl>noM a!Ian~aaTope 
' na pnc. 3. SclJciJeKTHBlloc· 

~Herr 1,25 Mas rrpn rr'op! 
' ' ' 

BeTCTBy_!O~ag acpcp~~~JU:inl 
(.llBa Y -KBaltTa) a' pe11 

;~· 

····:·--·,, ---, . ·---·-
Pile. 3. AMnniiTY.Illlbiil c1 

pa.lliiOaKTIIBHblft IICTO'IHHK 

SclJciJeKT'nsmcTb . per 

meHHbiX B ,lleTeKTDp,, llOll 

necKonhKD raMMa.;..KBaHT! 

<::. ,yKaaaHHbiMH BbiUie p_aa 

neHbl B 38BHCHMOCTII OT 

( Kp~maSI 3 Y. ) II nHTIIKB. 

~ ·o6oiix cnyqa~x ·co eTas. 



Ipenenax p~spemaromero 
.. ·. 

a:cocTOHT ns ~nHeiiHoro 

~Ma~op Ha 6 BXOAOB no~ 

ITHOCHTenbi!O 6onblll Ofi 

oro . B38HMI!oro BnHSIHHSI 

nopor perncTpaum:i ·H nBa. · .. 

!ble: coananeHHSr. C0-2" 

· 3 )~ Y CT8l!l?~·K~ >s 9TH X 

:pilponaTb HMnynbCbi ns 
,. 

,· J 

~k~f!HSI .Gil, KOTOpaSI 

~Bbilllaromne · sanannbiti 
' .... , 

• , . : ' . . t 

B nononHHTenbHoM xana'-
·,."' .·· . . . ' ··. {, 

bC~~epes BhlXOAHOit Kac-

Horo.KaHanbHblll~BpeMell- . 

. ,' ·\' '' 

'. ,. 

Pe>KHM ( .n · y ) - neTeKTopa 

XapaKTepHCTHKH neTeKTopa B aToM p~,lmMe 6bmH nony'lel!bl . KaK c 
·," 'I 

noMOlllbiO HCTO'II!HKa' raMMa-ny'leit, TaK H 1!8 ny'!Ke HeitTpOI!OB •.. Ha Ml!oro-. 

Kal!anbi!OM aaan~saTope 6bm. H3Mepel! aMnnHTYAI!blii cneKTp, .nOK838l!l!blii 

1!~ pnc. 3. 8$$e~'J:HBI!OCTb perHCTpauim · OAHI!O'IHblX raM~a..:KB~HTOB C al!ep

~Hefi 1,25 M~B npH nopore 0,6 Man onpenenena'p~euoii 45 :!:..5%; CooT-
·, t, 

B'i!TCTBY~lll8SI a$$eKTHBHOCTb perHCTp8UHH 8KT8 pacnana K06anbTa -60 .. 

(nna y. -KBai!Ta) a: pe}KHMe nnoitl!biX .connanem-!li £ 14 :!:. 2%. 
·. y 

N 

?500-r-----4-----~-----~----~~--~~· 

10 20 30 lfO 

PRe. 3. AMnnHTYAHbiii cneKTp HMnynbCOB oT onnoii ceKUHH,.neTeKTopa, 
60' pa·n~oaKTHBI!blil: HCTO'IHHK · . Co .$on Bbi'IT9l!o 

8$$eKTHBIDCTb perHCTpaUHH ( n , Y) 
,· ' 

;..peaKUHH· Ha o6pa3U8X0 noMe-

" . . ~ 

necKOnbKO raMMa.;.KBaHTOB~ KonH'I9CTB9HHbl9 oueHKH (· .· nnH' neTeKTOpa 
' . ' y 

!== ;y.K~saHHbiMH Bbime pasMepaMn npei:lcTannel!bi. na pnc. 4. Pac'leTbi Bbmon..: 
•. " . . ~ ' . • l : • 

li9Hbl B 38BHCHMOCTH OT TOniUHHbl CnOSI CUHHTHnnHTOpa AnSI Tp9XKB8l!TOBOrO. 

( Kp~BaSI 3 y ) n nHTHKBanTonoro ( KpnBaSI 5 y ) KacKanon, aneprnSI cDSI3H · 

B o60u·x cnyttastx coCTaBnsula 7;5 M 9B, a nopor PerHcTp~uHH - 0,5 Mas. 
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31jlcfJeKTIIBHOCTII £ S pasnii'IHbiX pe>KIIMaX- 6binll 113MepeHbl Ha nyttKe 
y . 

HefiTpOHOB peaKTOpa ·l1BP-30 C IIH>KeKTOpOM. neTeKTOp, S Kaa'ane KOTOpOI'O 

aaxon11ncst 11ccnenyeMbifi o6paseu, 6bm pacnonomea aa paccTostHIIII 500 .M 
' . ' l 

oT·pea~Topa. 3axaaT aefiTpoaos s pesoaaafax perllcTpllpoaancst no MeTony 

speMeHII nponeTa. 

nnomanb pesoaaaca aa aKcnepiiMel!TanbliOM cneKTpe -~ N • napa-
' ' ' . y 

MeTpbl pesoaaaca f' 1 a r , r , t 113BeCTliast cfJyliKUIIst napaMeTpOS 
Y n , • 

II TOnWIIlibl o6pasua A. ( n 1 a rn , r ) , acfJ!jleKTIISliOCTb fy II 

nonaoe ttllcno aefiTpoaos aa enlllill'llibiil: lll!Tepsan aaepr1111 n ( E ) , npo

wenwllx ttepes o6paseu, csstsaabi cooTaoweHIIeM 

£ yn 
~N = ll£ (1 +--

y y . ' 
y 

-r r 
n Y 

--)--·A. 
r · r 

y 

BTopoe cnaraeMoe B CK06Kax stsnsteTcst nonpaBKoil: aa per11cTpau11ro pac- · 

cestlilib!X aefiTpOliOB II 06bi'lliO MHOI'O MelibWe enllliiiUblo llp11 113SeCTliOM no-

TOKe 9TO COOTliOWel!lle onpenensteT £ . y 
T.e. 113MepeHIISl senll'liiH ( fl l ) II 

y 

• Pasnllttlibie MeTonbi Kan116posK11, . 

£ , nonpo6ao paccMoTpeHbi rf41• 
y 

· PesynhTaTbi naMepeanil: sennttiiHbi £ aa pstne aneMeHTOS s pemnMe 
' y ' 

JlSOfiHbiX COSnaJleliiifi C nopOI'OM 0,6 Mas npiiBeJleHbl S Ta6nnue 

l1sc>Ton 55 Mn 56 Fe 79 Br 101 Aa 109' A a 

(y % 10 7' 23 29 26 
·E cs• Mas 7,2 7,6 7,8 7,1 . ', 6,6 

. y ..;, KBaliTOS 30 40 2 a, 
100 saxs. 

llpiiMettaHIIe: s pemnMe JlSOHHbiX coana}leHHft c ·noporoM 0,25 Mas a#eKTIIS-

liOCTb l 
y 

Jlnst yKasalilibiX aneMeaTos npnMepao s JlSa pasa 6onhwe, tteM 

( 

Y. 
npn 0,6 Mas. 

8 

/ 

f 
4· 

\F 
j~ 

-·" 

Er 

% 
80 

50 

'10 

20 

~--------·....---_____._ 

P11c. 4 •. PactteTaast • a¢ 
£ · S 3aBIICIIMOCTH 'C 
y 

MliO>KeCTBeHHOCTII B. Ki 

B Ta6n11ue np11ae~ 

B KoMnayan-stnpe 11 :~ 

0,5 Mas aan ocaosHbiM 
/5/ •' 

ao' P1!16oTe • 3aaqem 

liOCTbro KaCKana. l13Mej 

C ynoMstliYTbiMII SbiWe I 

CymecTBeHlibiM,. sc 

saxBaTa, stsnsteTcst ·noc~ 

30lialiCOS .tialiHOI'O II30T 

ponb nocTOstliCTBa ( ' 
y 

I'O CtJeTa C BbiCOKliM m 

I'OM per.IICTpBUIIII ( o~. 

npiiBOJliiT K __ yBenlltteHIIK 
·' .. -· ' 

BaeT.BepostTHOCTb pei'H 



)binH H3MepeHbl Ha llY'IKe 

K~op, B .KaHane KoToporo 

: H8 paCCT~SIHHH 500 . M 

ncTpnpoBancsr no MeToay 

~neKTpe l: N napa-
y 

Sl 4JyHKUHSI napaMeTpOB 

4J~eKTHBHOCTb fy H 

3aeprHH n ( E ) ' npo-

Ha perncTpaunro pac- · 

HUbi. flpH H3BeCTHOM no

'IHbie MeToabi Kann6poBKH, 
• i I. 

aoapo6ao paccMoTpeHbi rf4 • 

[le .aneMeHTOB B p8)!{HM8 

Hbi B Ta6nnue 

107 Ag 

29 

. 7,1 

109• 
·Ag 

26 

·.6,6 

poroM 0,25 MaB a#eKTHB-

B aBa pasa 6onhwe, 'leM 

\ 

50 

'10 

20 

10 20 30 d. CM ---- ----------- -----..__~ -~-~-

Pnc. 4. Pac'leTaasr ·~¢¢eKTHBHOCTb perncTpaunn paanaunoaaoro aaxBaTa 
B aaBHCHMOCTH oT TomUHHbi cunaTnnnsrTopa d ansr aByx aHa'leHnfi (y 

MHO)!{eCTBeHHOCTH B KaCKaae raMMa-KBaHTOB. 

B ·Ta6nnue ripnBeaeHbi. TaK)!{e aaa'leHHSI Ec8- aaeprHH cBSI3H aefiTp;Ha 

B KoMnayaa-srape H . it. -cpeaaero 'IHcna ~ecT~Hx nepexoaoB (aa iwnocy 

0,5 M aB aaa ocHoBHhiM cocTosraneM ) Ha 100 3aXB8'1eHHblX HefiTpOHOB cornac-

. . /5/ 3 HO p.;t6oTe • . H8'18HHe a BenHKO anSI sneMeHTOB C Manofi MHOX<eCTBeH-

( Ka'leCTBeHHO cornacyroTCSI 
y 

C ynoMSIHYTbiMH BbiWe OUeHKaMH. 

CymecTBeHHbiM BonpocoM, B03HHKaroiUHM npn H3!-f.epeann paanaunoHnoro · 

aaxBaTa, SIBnSieTCSI ·nOCTOSIHCTBO a4J4JeKTHBHOC!W'JleTeKTOpa anSI. pa3l!biX pe

·soHaHCOB aaaaoro naoTona. OnncaHHbifi aeTeKT~p no3BonsreT npoBoaHTh KOHT-

ponb ilOCTOSillCTBa ( . 
y 

. nyTeM cpaB118JiHSI H3Mepe11Hfr. B·'pe)!{HM8X OUHHO'IHO-

ro cqeTa C BbiCOKHM no pOl:~ OM ( = 3 M SB) H. COBnaaeHHfi C HHSKHM nopo

roM perncTpaunn ( /< .. 0,5 MaB). Haivl~aeane cneK~pa, nanpnMep , cMsrr'lenrie, 
. . - . 

npHBOaHT K __ yBenH'IeHHI0 MHO)!{eCTBeHHOCTH. KB8HTOB B K8CKaae •. 8To· yBenH'IH

BaeT .BepOSITHOCTb perHCTpaUHH COBlla)leHHfi, 110 ·yM·e'al::waeT C'leT B pe)!{HMe 

9 
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OJllUIO'IHOro CqeTa C BbiCOKHM noporoM. noaTOMy OTHOUJeHHe ·: R nnowaneil: 
. . . . . ' . . . . ' 

pe3oliaacoe, nonytJeHHhiX B H3M~peanmc c p~3HhiMH pe)KHMa,Mn, 6onee · :qyecr-

. enrenbHo K nsMea(mnro cneKTpa, • '!eM acjxjleKTHB~oc;b B onnoM pe)KHMe 

coenanennll:. TaKHM oi5pa3oM, OTKnoaenne · BenH'IHH R JlriSI pa3nHtJHhiX pe-. '. ·.· . 

30H8HCOB OT HX Cp9JlHer~ _3H8'19HHH RBnReTCR BepXHHM rrpeJlenoM H3MeHe-

HHR acjxjleKTHBHOCTH OT pe30H8HCa K pe30HaHcy. ,-

Bhmn H3Mepellbi n npyrne xapaKTepncrnKn nereKTopa. · BenntJnna a<flcjJeK

·-'T~Bilocrn perncrpaunn neil:rponoB, pacceslnnhiX o6pa3UOM B. nereKrop, £Y n , 

.onpenenena paBHoil: 0,1% itnR pe)KHMa neoil:HhiX coenaneaiiil: c' noporoM 0,6Mae •. , 

3ro 3Hatieane nonyqe}IO n3 H3Mepeanil: pacceHHHH aa rpacjln.'re n _B clinbHoM 

paccenearorueM pe3oHaace Mapraaua c aaeprneil: 2375 aB~ TaKHM o6pa3oM, 

BenH'IHHa OTHOUJeHHR t '1 £ .. 
Y yn 

, onpenenRroruero nonpaBKy. na perncrpa-

unro pacceRHllhiX aeil:rpomB B aKcnepnMearax no' pannaunonHoMy 3axeary, · 

paBH~ 300 (JlnH aneMeHTOB THITa Ag ). 

B aKcnepnMei!Tax, rne rpe6yeTcg HH3KHil: co6cTBeHHhiil: cjlon nereKTopa 
. . . . ' ' 

n nyqwee o'i'now en~e 

Tpoil:HhiX. coenanennil: c 

coenanennil: c noporoM 

10%, npn aToM £ I £ • 

t I(, 
:y yn 

, uenecoo6p~3HO npnMeaenHe pe)KHMa. 

HH3KHM noporoM. nnS! cepe6pa _B pe)KHMe Tpoil:HhiX 

0, 25 Mae a#eKTHBHOCTb £ nonyqena paenoil: 
y 

. paBHO 1000. 
Y yn 

Ba)KHOil: xapaKTepHCTHKOil: _JleTeKTOPl;l RBnHeTCR ero co6CTBe_iiHhlil: cjlon. 

B pe)KHMe OJlHIIO'IHoro ctieTa c noporoM 0,6 Mae on paBeH ~000 nMn/ceK, 

B pe?'mMe JlBOil:HhiX COBnaneHHil: c noporoM 0,6 MaB - 100 HMn/ceK H B' pe

)KHMe Tpoil:llbiX connanennll: c noporoM 0,25.Mae - 5 nMn/ceK., 

Pe)KHM neil:rponnoro nereKTopa 

npn ycTaHOBKe BHyTpH_JleTeKTOpa C~eunanbHOrO.KOHBepTopa ero MQ)KHQ 

HCITOnb30B8Tb JlnR pe~·H()TpauHH HeftTpOHOBe ·B. OITHCbiBaeMOM '.neTeKTOpe KOH-
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: Bep~op conep)Kan Bono 

· · .. nonb3oBanHe ·3aMenrieu 

. apeMR )KH3HH ·. · r • · 

PactieTbi eenii'IHli 
·, 4 

. Bepropa (nneKcnrnai:: • 

)KH3UII T . COCTaBnHeT 

30HancnhiX nornornren< 

C COOTBeTCTByJOIUIIM CJ 

HO'IHbiX raMM8-KB8HTOE 

· Bhmii 1Icnonb3oea . ' 

Beprope ,XDPC1'¥D nepeM 

MHHHeByiO KacceTy. H 3, . :. . . . . . . 

240 MM conep)KHT 1230 

Tb 0' (9 4•1021 siuer 
2 3 1 CM.· 

nornoTIITenell: II BOJl~po 

cocraenen -~3 qepenyron 

· ranrana ·II peuHS!.· CyM~ 
• 22.. . 

5 .10 . l/cM2 npn coo~ 

BenH'IHHa acjlcjJeKT 

nponera II3 cpaaneUHR 

neil:TpOHOB peaKTOpa 118 

pa~oran B pe)KHMe pern 

nonytieHHhie pe3ynbT~Tb 

nauaer 6onee BbiCOKOil:. : 

100 aB B aaa pa3a n 

naR eemi'IIIHa ( 
n 

JlOC 

IICroro KOHBepTopa H8XO 

pactieTaMII. 



•Taomeane · R imoruanelt 

pe,im.MaM~, 6onee qyncT

rb B OllHOM pemHMe 

R ansi paanHtJHbiX pe

HHM npenenOM li3MeHe-

!T~K~opa. · Bemiqnaa a!IJ<iJeK

aauoM B. AeTeKTop, ~yn, 

naneaiilt c' noporoM 0, 6 Man. 

ila rpa<iJHTe . H _B clinbHOM 

'75 a~. TaKHM o6paaoM, 

~onpaBKY· aa···.pernc~pa

anilaunoaaoMy aaxnaTy, · 

·6cTBeHHbilt ,<l!oa ne~eKTopa 

o npnMeaeane pemnMa: 

16pa :a· pe)KiiMe Tpo~abix 

f nonyqeaa panaolt 
y· 

H · ero co6cTn,eiiHbilt <l!oa. 

oa panea 3000 nMn/ceK, 
< ' ' •• .:. • • • ' 

B ~- 100 li~m/~eK H B' pe-

5, HMn/ceK.; •· 

>ro .. KoanepTopa ero Momao 

:biBaeMOM 'neTeKTOpe KOH- · 

l 

I 
J 
I 

l_·' 

f '(; 

I '1 . . . 

·~--
.. , . 
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. nep'l'OP conepman nonopon B cMecn c peaoaaHCHbiMH nornoTHTenHMH. Me-

-. nonbaonaime ·aaMen.rie.HHH .noBbimaeT a#eKTim.aocTb .f , ao yannaHeT 
• , n 

BpeMSI )Kii3HH . ' T •: •;)< 

PacqeTbi nenH'iH.H c H r npononnnnci, nnH cnoHcToro KOH-

sepTopa ( nneKcnrnac +· K:llMHii, nannii) • n pa6oTe 1 ~1 • Pacqe;aoe npeMH 

mnaan r cocTaBnHeT - 0,4 MKCeK. · ITpenMyiU~CTBOM 'ncnonhaonatmH pe-
. . 

30H8HCHbiX nornoTHTeneJt HB1ISieTCH B03MO)K.HOCTb perHCTpaUHH COBlla,lleHHlt 

C COOTBeTCTBylOIUHM CHHme.HHeM 'iyBCTBHTenbHOCTii ,lleTeKTOpa K <iJoay Ollli

liO'iHbiX raMMa-KBaHTOB-._ 

. EbinH ncnonbaonaHbi nsa napnaHTa KoanepTopa~ B .roMorenaoM ·Koa-. 

· nepTope. xopomo nepeMellla.HHbie nopolliKH enponHH H Tep6HH aacbmani>I B amo-
. . \ '· 1 ' . ·.· ,' • 

· MHHnenyro KacceTy H aanHTbi llHCTHnnnponaaaolt nonolt~ KacceTa'nnaMeTpoM 

240 MM conepmHT .) 230 1:: . E u 
2 

0 
3 

-Eu .· · 
( 9,6 • 1021 Hllep ) , 1300 r. 

.CM.KB 
. 'Tb 

Tb 0' (9 4• 1021 Hl!ep . 
2 3 ' CM. KB H OllliH, _nHTp BOllbi; CooTaomeane Hl!ep 

nornoTHTenelt H nonopona 1: 7. Dpyroii KoanepTop, Tnna c.aannn':ia, 6bin 

· COCTaBne.H H3 qepenyiOIUiiXCH cnoen nneKCHrnaca ( T01IlliHHOlt 1 MM), K8llMHH, 

T8HTana : 1i peHHH •. CyMMap.Hoe K01IH'ieCTBO nornOIUBIDIUHX SI,llep COCT8B1IH1IO 

5 .' 10
2
:2 . llcM2 npH .cooTaomeann Hnep norno~HTenelt H Bonopqna 1 :. 4 •. 

f 
n 

6bma naMepeaa no MeTony npeMean 

nponeTa na cpanaeanH 
' . . 

aeltTpoaon P?aKTopa 11EP. ITpnMeaHnHcb o6a KoanepTopa, npn aTOM neTeKTop . 

pa6oTan a pemnMe ,perncTpaunn nnoltablx connaneanlt c noporoM 0, 25 Man. 
! ' . 

ITonytieaabie pesynbT~Tbi npnnenea~I aa. pnc. 5. foMoreHHbilt KoanepTop · o6-

nanaeT. 6onee BbiCOKOH a<iJ<iJeKTiiBHOCTbiO 

100 an B ana paaa npeBbimaeT c 

en , KoTopag yme npn ,a.aeprHH 

f 
n 

. . n cnoHcToro KOHBepTopa. MaKCHManh-_ 

llOCTHraeT 40% •. 3nepreTH'ieCK8H 38BHCHMOCTb· f 
.n 

cno-

ncroro KOHBepTopa li8XOilHTCH B K8'i9CTBeHHOM COrnaCHH C ynOMHliYTbiMH .'Bbillle 

11 
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. Pnc, 5, 8<iJcpeKTHBHDCTh pernc~paunn. aefiTpoaoB £ B 3aBncnMocTn DT. 

aaeprnn, ··KpnBasi. 1 - ~eTeKTOp C I'OMOI'9HHblM Ko'JmepTopoM; KpHB8SI 2 -· 
p8Ctt9TH8SI KpHB8SI N~ 2 AnSI cnDHCTOI'O KOHB9pTopa H3 pa50Tbl /6/; KpHB8SI 3 
' ' \ . . . . . . ' 

- neTeKTOp C KO.ItBepTOpOM Tnna C9HABH<ia, 

AnnapaTypHbli1 cneKTp aefiTpOHOB no. ~peM9HH nponeTa, nonytteHHblfi 

c · C9HABHtteM
1 

coxpaHSI9T OCT8TKH pe30H8HCHOfi CTpyKTYPbi, OTCyTCTBYIOlll9fi 

B cneKTpe oT roMoreaaoro KOHBepTopa. 

0JlH8KO H9AOCT8TKOM KOHB9pTopa C OKHCblO eBpOllHSI SIBnSieTCSI 8KTHB8-

UHH eBponnSI aefiTpoaaMn ( T = 9 ttac),- Tip II ncnonhSOBaann pexmMa 
1/2 

. - •. l• ' ' 

OAHHO':IHOI'O Ctt9T8 9TO llpHBOAllnO K 38M9THOMY B03p8CT8HHIO rtOCTOSIHHOI'O 

<Poaa neTeKTopa. IlpuMe!leane pexmMa coBnaneanfi npaKTnttecKn ycTpaanrio 
· .... ,-.,:. 

9TOT a<iJ<lJeKT~ 
'tJyBCTBllT9nhHO~Tb A9T9KTOp8 K I'8MM8-<iJOHy peaKTOpa (' y -KB8HTbl 

co cpenaei1 aaeprnefi - 1 MaB) aeBbiCoKa, ao saBncnT o~ naTeacnBaocTn 

<iJoaa, llOCKOnhKY OAllHO':IHblO y -KB8HTbl 0 paCC9SIHHbl9 B A9T9KTOp, perllCTpll

pyiOTCSI B OCHOBHOM 38 ~tteT cnyttafiHblX COBll8A9HHfi, 'tJyBCTBHTSnhHOCTb 'K 

y -nyttaM 5btna U3M9p9H8 H8 KOnnllMHpOB8HHOM nyttKO I'8MM8-KB8HTOB OT 
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ncTottHHKa 6° Co noME 

Oaa oKasanacb paBaofi 1 

Bach o5paaeu. KpoMe T( 

. peaa Ha nyttKe H9fiTpOHC 

B nyttoK na paCCTOSII-IHU 

na nocTaBneaa nnacTRHH 

na6MBlll8H ero B soce'Mb 

T9KTOp pa5oTan B pe*ll~ 

' re~nhtM KonsepTopoM, G 

aa BpeMel!HOM aaannsaTJ 

( KpllBaH 1) CtteT B Mll~E 

Tpex KoMnoaenT ... nocTc 

ponos, HenpepbiBliO ncny' 

KOMllOH9l!Tbl 5bin onpene, 

KOHB_epTopa (KpllBaSI 2) 1 

'AllCKOM ttyBCTBllTanbliOCT 

. B TO *9 Bp9MH £ pe:: 
n 

naeT sepxniOIO ouenKy BH 

cnnhno ocna5nennoro ny• 

Al!ann3 xapaKTepnc~ 

BepcanhHbiM nnSI pa5oT B 

raMMa-neTeKTopa ero. a<P, 

ll9fiTpO!iliOI"O A9T9KTopa :3 

aaeprnn nefiTpoaos oT . 10 

.Meaee 0, 1%, · 8To o5ecne• 

TllTenefi n perncTpaunn cc 



·. --
2 s 

B saBHCHMOCTH OT 

eepTOpOMj KpHBa51 2.~ 
/6/ Ha:pa60Thl i KpHB851 3 

no' n'yq_ eHHbill: ·.nponeTa, 

~rit;;pbr; oTcyTcTByromell: 

·BpOTIH5! 5!Bn5!eTC51 aKTHB8-

UCTIOnb30B8HHH pe)!(HMB 

,dpacTaHHIO noCT051HHOrO . ' 

ripaKTH'i9CKH ycTpannrio 

y peaKTopa ( y -KB8HTbl 

~BHCHT oT HHTencnBHOCTH 

' . ' . . 
rabre B .neTeKTOp,· perncTpl:l-

infi •. t{yBCTBI:ITenbHOCTb 'K 

l nyqKe raMM8-KB8HTOB OT 

'I ', 

· HCTO'iHHKa 
6° Co noMemennoro B cen.HuoBbill: .noMHK . cnapy)!(l:l .neTeKTopa. 

Oua oKaaanacb paeuo_a 0,1% .nm1 noToK~ 1,4• 10'7 K~anToB e-ce'Kyn.ny ua · 

eecb o6paaeu. KpoMe . Toro, trra 'lyBCTBI:ITenbHOCTb ·.neTeKTopa 6brn~ npoee~ 

· pen a ua ny'!Ke neliTponoB HEP, o6orameunoM raMMa:-4JonoM •. C _aToli itenbro 

B ny'lOK II8 paCCTOHIIHI:I 22 M OT ll9T9KTOpa BM9CTe C o6p83UOM ap6HS1 6br-· 

na nocTaBnena nnacTHIIKa napa4JHna,nepeKphlBaBrnaSI. ny'loK neliTponoB H oc~ 

na6nSIBlli8S1 ero B ~~CeMb pas, HO ne 'BnHSIBlli8S1 na raMMa-4Jon peaKTopa~: ne

T9KTOp pa6oTan B pemnMe .neoliHbiX coena.nenHli c noporoM 0,6 Mae H roMo

re~HbiM KO_HB9pTopoM. CneKTp HeliTpOliOB 1 HSMepeHHblli B T8KHX. ycnoBHSIX 

_a a epeMenaoM ana.nHaaTope, noKaaaa na pHc. ·e. B p~aonance ap6Hsr 5,98 aa 

(Kpi:IB8H 1) . C~eT B MH.IJHMy~e COOTBe;CTByeT 4Jony1 KOTOpblfi COCTOI:IT 1:13 . . . . 

Tpex KoMnonenT .,. nocTosrnnoro ~ona .neTeKTopa, ¢ona aanaa.nbrBaromnx neaT: 

ponoe, nenpepbiB.IIO ncnycKaeMbrx peaKTopoM, H raMMa-<Pona. · BKna.n Ka)!(.noii 

KOMnonenTbl 6brn' onpe.nenen B HSMepenHHX C )!(9neS.IJbiM llHCKOM BM9CTO 

'. KO.IJB:epTopa ( KpHB8H 2) U 6ea nero ( KpHBaSI 3) • B HSMepeHUHX ~ .)!(eneS.IJbll\1 

llHCKOM 'iyBCTBHT9nbHOCTb ll9T9KTOpa K y -KB8HT8M . nyqKa COXp8fiSin8Cb
1 

• 

B TO -)1(9 BpeMSI £ peaKo CfiH)!(anacb. TioaToMy paaaocTb KpHBbiX 2 H 3 
n 

.naeT Bepxnroro ouenKy BKna.na raMMa.,.¢ona. Bu.nno, 'iTo .na)!(e B ycnoensrx 

cHnbliO ocna6nennoro nyqKa raMMa-<Pon ne HrpaeT cymecTBennoa ponH.-

3aKnroqenue 

Ananna xapaKTepucTnK .neTeKTopa noKaabrBaeT1 'iTO on HBnHeTCH ynu

BepcanbHbiM .nnsr pa6oT a' o6nacTn neliTponnoa cneKTpocKonHH. B pe)!(HMe 

ra:MMa-.neTeKTopa ero a¢cfleKTHBnocTb MO)!(eT ,.nocTuraTb, 50%. B pe)!(UMe 

HeliTpOHHOrO ll9T9KTopa acflcfleKTHBHOCTb nnaBHO M9liH9TCH OT 20 llO 40% llnH 
. . . ', . ,. . . . . 

aueprHH neliTpOHOB . OT 10 K9B IT liii)!(9 npu 'iYBCTBHTenbHOCTH K raMMa-1oHy 

.Meaee 0,1%. 8To o6ecneqeao 6naro.napsr. npHMenenHJO peaonancHbiX norno

THTenea H perHCTp8UHH COBll8ll9liHli K8CKallnbiX raMM8-KB8HTOB. 
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Pnc~ 6, · AnnapaTypithtA cnexTp HeATpoaoB1 nony~eHHbtA c noMom&ro lleAT
poaaoro _lleTeKTopa. · no: ocn: a6cuncc ;... xaaanbt apeMeaaoro · aaannsaTopa• 
Un!flpbt non pe30H8HC8MH:- HX aaep'rnn B snexTpOHOBOnbTax. nononHHTenl>

Hhte o6'bSICH9HHSI CM, B TeKCTe, 

flpeHMytneCTBOM ll9T9KTopa HBnHeTCSI ero reoMeTpHS1 1 npH KOTOpOA . 

•' J>9rHCTpHpyrotnaSI '18CTb ( ifloTOYMHO>KHTenH H CUHHTHnnSITOpbi) HSXOllHTCSI BH9 

nyqKa lleATpoaoa, 3To CHHMaeT neperpyaxH annapaTyphl B MOMeHT lleAT-

poliHOA BC,fihlWKHo 

ni~TeKTOp HSXOllHTCSI. B axcnnyaTSUHH C aeCHbi 1970 , rona, 0H HCnon&-

30BBH npn · uccnenoaaHHH pesoaaacoa ypalla-~8 n usoTonoa. upanlisr; 111, · 
. . . \ ·-"· . . . 

ABTopa~ npHHTHO no6naronapHTb HoM. CToneToay, n.A. <l>unHMOHbi'IeBy 

sa nsroToaneane·CUHHTHnnSITopa,·H.T, XoT&xo.sa noMom& npH HaroToaneHHH 

H HCfibiTSHHH ll9T9KTopa, 
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1. 11. Bnan, r.n. )!{yJ 

· IAEA, Vienna . 
i n.B. nnxen&aep, .j 

2. R. L. van Herner· 
· Nucl. Instr; ·J 
3, A•A, 0Men&SIH9HKc 

22so, · ny6aa, 1,961 

4. n.B. nnxen&J.Iep, -.~ 

5, n.B. fpowea, A.M 
cneKTpoa • y _ ;_jjy'le 

. ATOMH3ll8T,: .1958:' 

.6. B,H, Ko'IKJ:J:H1 ·A,B, 
ny6aa, 1969. 

7. x; Manauxn, n.B~ . 
~ 49 ( 1972 ). ; .Jl 
npenpHHT o'H.HH, F 
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biA c fiOMOlliblO HeAT
JeMeHHOrO aaanHsaTopa• 
•Bon&Tax. llononHHTenb- ' 

MeTpHS11 npH KOTOpOA · 

nnRTOpbi) H8XOAHTCSI BHe 

Typbi B MoMeHT aeAT-

1 1970. roAa. OH Hcnon&

H3o~onoa. HPHAIUI ~/7/, .. 
' \ . ·-- . 

eTOBy, n,A, 4>HnHMOllbi'IeBy 

no~om& npH HaroToaneHHH 

... ,, .. · 

' ~· 

, .. 

I. 

·' .. nHTepaTypa 
) ' . 

1. H. BlisH, r.n. )l(yKoB, r,H •. 3a6HSIKHH. H 'llP· N~clear Electronics I I 

IAEA, Vienna 1962, p. 27. 
~ n.B. llHKen&Hep, M~H. llWHTyna;· KHM Xli Call, R ~p; DT3, ,g,,48 (1963).· 

~ •. R.L. van Hemert, c .D .sowinan, R.~J .Baglan·, ·.:B.L~Berman. · 
Nucl. Instr. Meth. · 89, 263 (1970).. · 

3. A•A, 0Men&RHeHKo1 K.r! PollHO.Hoa; Xeu Eea'TbiH&,· TlpenpHHT OHHH, 
2280, lly6ua, 1965; M. llpa:lKeB. DpenpHH'r.omm, 13-5174,lly6aa, 1970. 

4. n.B. llHKen&Hep, a~H. lllapanoa. ,npe~pHHT OHHH ,P-.1547, lly6aa, 1064. 

5. n.B. fp~UieB,' A.M: lleMHAOB, B~H. ~yueHKo·/8.11. nenex~~. ATnac· 
cneKTpOB y -.iiylieil: paaHaUHOHHoro saxBaTa TennoBblX,Heil:TpOHOB, M., 

. ATOMH31lBT,· 1958; . ._. . ' 
• ;;. ~ f I 

6. B,l1, Ko'IKB;H, ·A.B .• nonoa, 11.11. lllenoari~a; DpenpHHT 011HH; ll-4602, 
lly6Ha 1 1969, '> •. • 

1 
. 

7. x; Mana~KH, n.B~ .nl1K,en~Hep, I1.M. CanaMaTHH, 3.11; lllapanoa/AS, 
~ 49 ( 19~2 ). ; n. nacoa&, X. J\1anaUKH1 ·n.B. llHKen&Jl!ilp H llPo 
DpenpHHT omm, P3:0..6545, lly6iia;'. 1972~ ' 

' ·.;. . . ~ ., . ,. , ... \ . . .. \ 

. ........ ·~ 

PyKonHCb nocTynHna B HSilaTen&cKHil: OTilen 
. 19 HIOnSI. 1972 rOlla, 
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