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A H H o T a u H R 

0nHC8H8 cxeM8
1 

CKOHCTpyHpOBI.IHHI.IR AflR H3M9p9HHR ¢opM~ Cr'yCTKI.I TOKll HOHOB 

UHKflOTpOIUI MHOT'031.1pRAHbiX HOHOB M9TOAOM apeMeHHOT'O HI.IHOCeKyHAIIOT'O I.IHI.IflH38. 

AHanH38TOp HMeeT cneAy!OwHe xapaxTepHCTHKH: apeMeHHOe pa3peweHHe npH perH -

y c 137 
CTpi.IUHH Q - ny•eA OT npenl.lp0T8 S - 0 ,43 HC9K 1 xapaKT9pHCTHKO flHH9AHI.I B 

AH0fl830H9 OT 12 HC9K AO 400 HC9K 1 CM91U9HH9 flHHHH npH H3M9H9HHH 38r'py3KH OT 

HMII HMfi }Q- - AO 2000 - - He npeBbiW89T 0 ,5 HC9K. AH8flH38TOp MO>K9T 6b1Tb HCnOn&-
C9K cex 

30B8H AnR ueneA cnexTpoMeTpHH 6~cTp~x HeATpoHoB no apeMeHH nponeTo. 



CospeMeHKhle ,LlOCTK>KeKIUt B 061l8CTH H3 MepeHIHI O'leKb KOpOTKHX KHTepBilllOB Bpe-

MeK K ll03BOIISUOT npOBO,[lHTb 8H8/lH3 B H8HOCeKyHLlHOR 061l8CTH Cp8BHKTellbHO HeCIIO>KHb!MH 

MeTo.aaMH. B s.aepHoA ¢ H3 Hxe 3TH H3MepeHHH 'law e scero npHM eHHIOTCH .anH uenea 

cnexTp oMeTpHH no speMeHH nponeTa , a T8K>Ke .LlllH onpe.aeneHKSI BpeMeHK >KH3HH x opoTxo 

>KHBYI.UH X aneMeHTOB. HeKoTopbie BI'I>KH bie xapaxTepHcTHKH UHKnoTpoHHoro ycxopHTenH, 

He nO,[l,[l i'IIOWH&CSI p 8C 'leTy H npSIMbiM H3M e peHHSIM 0 MOryT 6biTb C ycnexOM H3 y'leHhl Me-

TO,LlOM K 8HOCeKyH,aHOrO 8H81IH3llo 

npem,ae 'leM npKCTYflHTb K OllHCI'IHHIO CXaMbl H3MepeHRSI 0'19Hb Kp8TKO p8CCMOTpKM 

BpeMeHHYIO CTpyKTypy ny•u:a ycx opeHHbiX HOHOB H8 BhiXO,[le UHKIIOTpOH8. 

npoueCC y cxopeHHSI 8 UHKIIOTpOHe MO>KHO yCIIOBHO p836HTb H8 .088 pe>KKM8 ( l ) 0 

B H8'18/lbHOM pe>KHMe ycxopeHHSI H0Hbl 0 OT06paHHb1e H3 KCTO'IHHK81 ,[lBH>KyTCSI no 

xpyroaoA op6HTe, pa.aHyc xoTopoR onpe.aenHeTCH sen H'IHHOA MarHHTK o ro nons:r H H aM

n nHTy.aoa BhiCOXO'IaCToTuoro y cxopRIOwero uanpH}I(eHHSI (BY), npHno>KeHaoro x .ayaHTaM 

{10 (pHC. l,a). VfOHbl H3 HCTO'IHHK8 BhiTSirHBillOTCSI TOilbKO 80 BpeMR OTPHU8T91lbHOrO 

3Ha'I&HKSI aanpst>KeHKH BY ) (6). HaqanbHSH op6HT8 HMeeT MlllleHbKHA pa.aKyc, a noaTo

My 60ilbWYIO 'II!CTb CBoero nyTH HOHhl H8XO.LlSITC SI llO,[l B03.LleACT.BKeM YCKOpSIIOI.Ue ro 

Hanps:r>KeHHH Uo . LlsH>KeHHe B TSKHX y cnoaHHX s T e 'leHHe n e pabiX >Ke o6opOTOB HeH3-

6e>KHO llpHB9,[leT K rpynnHpOBKe cpa3 yCKOpHeMbiX HOHOB OTHOCHTe/lbHO He K OTOpoR H8-

'181lbHOR cpa3bl ~H (a ). 

TaxHM o6pa3oM , a HO'lBilbHOM pe>KHMe ycxopeHHSI cpopMHpyeTCH ' c rycTox' HOHos, 

Hll 'l81lbHblll cpa30Bbdl C,LlBHr KOTOporo 'fH HMeaT BellH'IHHY nopH.LlK8 + 30° ( 8 08 ) • 

¢>a30B8H wHpHHa ero c ocTaBnHeT npHMepHo O, l T (T - nepHO.Ll BY) . 

C yse/lH'IeHHeM 3He prHH HOHOB pa,aty:: op6HTbl ysellH'IHBileTCH. 6onbWYIO '18CTb 

CBOero nyTH HOHbl 6y.ayT H8XO,[lHTbCSI B llO/lOCTH ,ayaHTOB H IIKWb H93H8'1HTellbHYIO 

'II'ICTb - .a ycxopHIOW eM 3a3ope Me>K.ay .ayaHTaMH. HacTynaeT 1IHH30BhiA pe>KHM y c xope-

HHH. B aTOM pe>KHMe npo.aonmaeT c sr rpynnHposxa <jla-3 , xOTH H He B T8KOA CHilbHOA 

CTeneHH 1 KllK B K8'18/lbHOM pe>KHM e ycxopeHHH. 

YcnosHsr coxpaHeHKH sepTKKA/lbHOA y cToA'IKBOCTH op6HTh1 .asK>KeHHH HOHOB a nHH-

30BOM pe>KHMe Tpe6yiOT Ke6onbworo pa.aaanbHoro cna.aa MarHHTa oro nonH (2) . Ha Ha-

'laJtbHOM yqacTxe .asH>KeHHSI senH'lHHil nons H HMeeT 3 HA'IeHH9 60ilbWe p930H8HCHO-

ro Ho • npa aToM ¢ a 3osoe nono>KeHHe c rycTxa CMemaeTcsr s o6na CTb oTpauaTenbKh1X 



4 

yrnoa. HO 11p9BblW8R0 O.OH8K01 891lK'IIIHbl 
X. 

- 2. • CMeweuKe cpa3oa6ro nono>Ke-

HKH CryCTKll npexp8LU8QTCR B TOT MOM9HT1 XOr.aa none CT8H9T COOTB9TCTBOB8Tb pe30-

H8HCHCMY lis:: Ho (.a). nocne aToro aenH'IHHa nona CTllHOBHTca M9Hbwe pe3ouaucuo-

ro. 8 t:i>a30809 nOilO>K9HH9 cryCTXll CMewaeTCR B 00118CTb 1101lO>KHT91lbHbiX yrnoa. 

rJ o ·•UOCCbl rpynnHpOBIUI cpa3 B H8'141lb1JOM p9>KHM9 )'CK0p9HHR H CM9W8HHR cp830BOrO 

nOilO>KOIUIH Cr)'CTXll C )'891lH'I9HK9M p8.0H)'C8 Op(SKTbl B llHH3080M pe>KHM9 )'CKOpeHHR 

& 1'8\:'TOIIlU98 8p9M8 MMO H3)''19Hbl • 

. 3 H8CTOSIW81l p800T8 ODHC8H8 CX8M80 n03BOilSIIOW8H np089CTK K3MepeHHH cp830BbiX 

X8p4KT9pHCTHK UHKilOTpOHll MOTO.OOM Bp9M9HHoro H8HOC8K)'H.OHOrO 8H81lH38. 

npH o61l)'CI8HHK MHW9HK ny'lltOM )'CitOp9HHblX K OHOB B03HKX48T Jl -K31l)' '19HH9. 

Ha pKc. 2 npHIUt.aeubl aHepreTa'lecxKe cnexTpbl ~ -x&AH110B B 388HCHMOCTK OT TOrO t 

H8 KAXOM p4.0H)'C8 HAXO.QHTCSI MIIW8Hl>. C )'B81lH'I9HH9M p8.QH)'C8 )'B91lH'IHB89TCSI 3HeprHA 

MOHoa. MaxCHMYM xp11aoa HHT&KCHBHOCTH / -H3J'l)''I&HHH cMewaeTCK npM 3TOM a cTo

pouy Oon~owHx aHeprlll. 

y -KB&HTbl 1 H31l)''1491\Cbl9 MHW9Hbl01 perHCTpKp)'IOTCA 6biCTpb1M CUKHTKilllSIUHOHHbiM 

C'18T'IHKOM, BpaMeuuoe nono>KeHHe &IIOXTPH'Iecxoro HMnynbCa u a a&rxo.ae aToro C'f9T'IH

Jtofl 8 TO'IHOCTH COOT89TCT8)'9T 8p9M9HHOM)' nOilO>K8HHIO cryCTX8 )'CKOp9HHbiX KOHOB0 

(CxopocTb pacnpOCTp8K9HKSI Jl -K&&KTOB paaHA CKOpOCTH CBOT8 ) . 

C .apyrol CTOpoKb1
1 
H3 CHH)'COH.OAilbHOrO )'CKOpSIIOWero H811pH>K9HHSI ( 81.{) cpopMH

p)'IOTCII 0110pHb18 HWn)'llloCb11 >K9CTXO CBA3AHHbl9 C cpaaoA aroro HllllpR>K&KHR. 

Onopltbllt KMR)'IIbC H KMil)'llbC CllHHTHilllRUKOHHOro C'fOT'IHXll p83.QOIJ8Hbl M9>K.O)' co

Ooll apeMeHHbiM KKTepaanoM, nponopuKOHAilbHbiM cpaaoaoMy nono>KeliKJO crycTxa. 3TOT 

HHT&p8811 H3M9pii8TCII 8p8M8HHbiM H8HOC8K)'H.OHblM 8H81lH38TOpOM. 

B CHII)' TOro, qTo H3 acex f -xaauTos, B03HHK810WKX npK nona.aaHHK o.aHoro 

Cr)'CTX8 H8 MHW8Hb1 perMCTpltp)'9TCSI He Oonee O.OHOr01 8H81lH3ATOp perHCTpHp)'9T ycpe.a• 

H9KKyJO cpopwy cryCTKll . 8peM9HHOe p8CI101lO>K9HH8 HMn)'IJbC08 CUHHTHilllRUHOHHOro C'I9T

lfM·~ OTHOCHT91J~KO •ueHTpA TSI>KeCTH' cryCTK8 .QOIJ>KHO HOCUTb BOpOSITHOCTHb!A xapax

'l'@fJ1 ,(;lllj! J14Q~M0Tp8HM$l MrliOBeHHOft CTpyKT)'pbl Cr)'CTKA 3TOT M9TO.O K3M9p9HHH H911pH

r'Q,AQiit 

J'-'@ ~ptMJI pAC$()'J'bl l.tiiKIIOTpOHo!l tt8pR.Q)' C ~ -K:myqeHK9M 1 803HHK8101UKM npH 

CSoMG"PAKpOIJUt MIIIJ.fOKM 1 cywacTnyeT peHTreHoacxoe uany'leHKe, TllK xax x .ayaHTaM 

c 
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npwno:»wn cpaaHHTenbHO 6onblliOA noTeuuaan 84. Ha pac . 3 H3o6pa>KeH s n epreTR'IeCKRA 

Cfl6KTp peHTI"9HO BC KOI"O H311Y'i9HIHI .anSI p8311H'IH !·IX yCKOpSIIOll.I.HX H811pS!>K9HHlt. 8TO H3ny

qenKe TaK:»H~ perHcTpltpyeTcSI CUHHTHilllSIUKOUH '•'M c; T'IIIKOM. MaKCHMyM apeMeH!iOI"O 

pacnpe.aeneHHSI HMfiYilbCOB, B03HHKWUX OT p9HTI"9HOSCKOI"O H311y'ieHHSI , B TO'IHOCTH COOT

BeTCTByeT MllKCHMYMY ycKopRIOwero nanpS!>KeHHR ( 'f •0, ,pKc. l a) . Ha apeMennolt 

WKillle llH811H38TOp8 6y.ayT 38peruCTpHpOB8Hhl O.aHOBp9M9HHO 008 pacn pe.aeneHH R. 

A6C01110THbiA 0TC'i9T aenH'iHHbl cpa.::lOBOI"O C.OBHI"Il cryCTKil npOH3BO.OHTCR OTIIOCHTellbHO 

max • apeMeHHOrO pacnpe.aeneHIIR p9HTI"'9HOBCKOI"'O H311y'i6HHR ( f • 0) • 

8peMeHHoA BH811K3aTop nocTpoen no npHHUiuty BpeMSl-SMrtllHTy.anoro npeo6paaoaa

Ten9.. (2) . V13MepReMbllt KHTepaan c nOMOWbiO HllTerpaTopa naneAno npeo6paayeTCR a 

8MflJll.ITY.OY liMrtyllbCa. nocTOSIHH8R BpeMeHH IIHTe i"p8TOpa H9H3M9HH8 H rtp9Bb1W86T nepK-

0.0 84 B II(>C KOilbKO p83, nony'lellllbl f'l HMnynbC AH8Jlii3Hpy eTCSl MHOI"OK8HBJlbHbiM 8M1111H-

Ty .OHblM llH8nlf38TOpOM. 

EnoK-cxeMa apeMenHn ro aHanuaaTopa H3o6pa>Kena HS pHc. 4. Pac . 5 HlllliOCTpHpyeT 

ero pa6oTy. Ha pac. 6 u pHc. 7 113 o6pa>KeHbi npHHUHnKanbHbrC cxeMbl, 

UHKnoTpon MHOI"03SPR.OH brx HOHOB pa6oTaeT a HMnynbCHOM pe>KHMe. 8biCOKO'IOCToT

HOe yCKOpS!IOWee HllllpSI)KCHHe BK1110'18eTCSl (20-50 ) p83 8 CeKyH.Oy H8 8p9MR ( 1-3 )MeeK 

(a). OnopHbie HMnynbCbi (.a , e) cpopMHpyiOT CSI H 3 CHnycOH.OilllbHOro ycKOPSIIOWero HanpS!

>KeHRSl (84 ) , ViHTerpKpOSBHHe Jt3 M9pSieMOI"O HHTCpB8118 H8'iHH89TCSl B MOM9HT rtpHX0.08 

HMflYil b< 8 OT CUitHTHilllS!UHOHHOI"O C 'leT'IHKa H npeKpawaeTCSI 6 JHDK8ltWHM OnOpHblM HM

nyllbCOM, 8 TO apeMS1 1 KOI".Qil HCT OnOpllblX HMnynbCOB (84 OTK1110'1eH0 )
1 

OT CUHHTHilllSI

UHOHHOI"O C'i9T'IHK8 MO>K e T npKATH Clly'i&ltHbllt HMnynbC, Jlp01! 3 0A.QCT llO>KHOe HHTerpH

p oaaHH e • .llnSI TOI"O , 'ITOOI.>I H309>Kl!Tb JlO>KHOI"'O HHTei"pHp088HHR BBO.QHTCSI OllOKHp08Ka 

BXO.Q81 KOTOpaSI rt03B011Si e T 8H811H38TOpy pa60TdTb TOilbKO BO 8p9MSI BKI110'1911HSI 8 4, 

KaMepa UHK110Tp0H8 0611/l.QileT B~ICOKOlt .QOOpOTHOCTbl0 1 fl09TOMy rtpH BK1110 '19HHH 

H BbiKiliO'IeHKK 84 , a anpSI>KenKe Ha .ayanTax ycT aHtmnHeae TCR ne MrHoaeHHO. 8 n eycTa 

HOBKaweAcSI 00118CTH ( t, H t 2.) OnOpHble HMrtyllbCbl fJyJ.J.yT cpopMKpOB8TbCSI H3 84 C cp8-

30Bb1M C.QBHI"OM 0 a H 3 MepR9Mbllt apeMeHHOlt HHT9pB811 6y.aeT HMeTb HCK8>K6 HHH. CHCTeMB 

OllOKHpOBKH BXO.Qa ycTpOeHa T8K0 'ITO CX9M8 MO>KeT p800TaTb TOJlbKO 8 yCTaHOBHBW eM

Cfl pe>KHMe (r) • 

.llnSI cPOPMHPOB8HHSI onopHb!X KMnynbCOB nanpR>KeHHe 8~ c noMOWbiO BHTKa 

CBH3H OTOH paeT CH H81JOCp9.0CTBeHHO OT K8M9pbl UHKJlOTpoHa, 'ITO ofJeCrt9 '1H8 aeT MKHK-
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M8nbtlblll .apencp cp83 0BOrO nOnO:>KCHHH OrtOpHblX HMIIYfl bCOil . J111HIHI 38.lll.!p)KKII , C '' TOH

lU8SI K3 OS! T il C9KUHII no :.:!5 HC9 K B Kll /h.llOII1 BblfiOnHSICT pon b r~1830Bp£llUliT<?nH, C no-

MOlUbJO 3 TOit 38.ll9p>KKK cryCTOK MO>KCT 6biTb pacrrono:>K CH o y .ao6uoM .anst JW6mo.ae-

HHSI M eCTe uiKanbl auanu3aTopa. n ocne nHHHH 3a.aep>KKH, u an pSI>KeuHe B Y. .aeTeKTHpyeT

C SI 11 rTO.llll9TCSI K .lliiCKpHMHHliTOpy n
1
, n

2
(6) . ((epC.llHIIM cppoHTOM .llHCKpi1MHHilTOp8 

(B) 3llrtyCK8CTCH reHepliTOp .3 8.llCp>K8JIHOrO CHrHana, KOTOpbl ll Bb!pa68Tbi889T HMnynbC 

C perymtpyeMoll .llni1T9nbHOCTbJO. 3TOT CH rnan yupaanSICT p liOOTOI\ CII CTeM bl 6nOKI!pOBK11 

axo.aa aHO.f!H3 aTopa . BenH'IHI!a 3 a.aep>KKii li .an.HTCn biiOCTH I!Mnynbca no.a6upaeTCH TliK, 

'ITOObl BXO.llHOII .llHCKp iiMHH8T.:>p (n t 9) OTKpb!BllflCSI TOflbKO 11 8 BpeMSI yCTliHOBIIBWCrOCSI 

BY. uanpSI >KCHIISI. llp11 OTcyTCTBIIII aToro HMnynbCll axo.auon .lliiCKpHMI!HliTop 3a6nOKHpo· 

68H H He MO>KeT ObtTb 3anywe u HMnynbCOM OT CUIIHTHnns:tuHouuoro C 'le T'IItKu. 

noc.ne ycHni!TenSI BY. <n3) c n OMOlUbJO 6nOKHHr- reue p a Topa <ntj) 113 CHHyCOH

.aanbHOrO H8rtpSI>KeHHR cpOpMnpyJOT CSI HMnynbCbl npO.ll0fl>K11TE'flbHOCTbJO rt0pSI.llK8 40 HCCK. 
7T 

¢>830BOe rTOflO>KeHH e 3 THX UMrTYflbCOB COOTBCTCTOyCT yrny - z (plfC . l , a) . 

llopor cpa6aTbtB8HHSI 6noKI!Hr-reuepaTopa ( l.L~ ) ycTaHoa neu ua ypoaue o.auoro aonbT6, 

llp11 aanyCKliJOLUeM CHrnane ( ",. ) a 50 a Heonpe.aeneuuoCTb ¢l83bl cpa68TbiBliHHSI 

6nOKHur-reuepaTopa ( ~ ) ue npear,twaeT l 0 
( U,. = ti'"" ..C::·n Y'o ) • 

BTopoA 6noKHHr - reuepaT o p (n5) BbrnonnsteT cpynK UHJO nenHTenSI '18CTOTbi. VIMnynb· 

Chi aToro reuepaTopa cny>KaT onopHbiMII npu npoae.aeuuu 113 M epenKII. lleneuue 'l liCTOThl 

BBO,':lHT CSI .llflR T Oro, 'IT06bl Hll BpCMCHHOA WK8ne 8H8ni!3£1T0p8 MO>KHO OblflO OLlHOBpeMeH-+ 

n o u a6nJO.ll8T b cpaoy .aea f - nKKa. P a ccTosmne M e>K.ay /" -nnK8 1\Hl B TO'IHOCTH 

paeuo n e puo.ay BY ( T). 3uaR 'IHCno Kananoe MC>K.llY r -ni!KliMH, 8 T8K>Ke BCflH'IHHy 

T~ nerKo no.ac'I»TliTb a6comoTnoe 3Ha'leHKe wHpi!Hbl o.anoro Kanana apcMenuoro auanH3a· 

TOpa ( t y - t J - 7' ). 

Tpe Tull 6nOKHur- reuepa Top (n6) oT6HpaeT Tpe6yeMbtA onopubiA IIMrrynbC. 06bJ'IHO 

OH 386nOK11 p008H naMnOA n1 II OTKpbl889TCSI TOJibKO nocne npHXO.ll£1 HMnynbC8 OT CUHH-

T KnnSIUHOHHOrO C 'ICT 'IHKa. 

VIMnynbC CUHHTIIJiflSIUHOHHOrO C'19T'IHK8 '1epe3 BXO.llHOA .lllfCKp11MIIH8TOp 3811yCK8e T 

(ecnH OH HC Ohln 3~6nOKHpOBaH) Tpnrre p T
1 

H a n a Mne CO OTOpH'IHOA 3MHCCHe~ (nt8). 
- lj 

llpo.aon>KHTCnbHOCTb HMnynbCll, cpopMnpye Moro TpHrrepOM - 2·10 ceK( 3,V!) , KpyTH3H8 

cj) pOHTa 110 npeBblWaeT 10 HC9K. 3TOT HMnynbC OTKpbl88eT CM9CHTenbHYJO fl8MIIy (n t 4) 

110 nepaoA CeTKe K 'lepea 118Mrty ( n1) CHifM8eT 6JIOKHpOBKY C 6JIOKI!Hr-reuepaTOp8 

f 

r. 

'I 
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OT6opa OnOpHOf'O HMnynbCa (116) , KaK TOnbKO CMeCHTenbHilH nllM118 OTKpbln8Cb~ OTpHU8-

TenbHbiA nep ena.a H 80pH>K9HHH B ee 8 HO.D.e HHTe rpHpyeTCH naMnOA 11 13 , n pouecc HHTe

rpHp OB8HHH npo.aon>KaeTCH .0.0 TeX nop, OOK £1 He llOHBHTCH 6nH>K8AW HA OnOpHbi J:I HMnynbC , 

SnoKHHr-reHepaTop oT6opa cpa6oTaeT (x,n) " 3anycTHT TpHrrep T2, co6paHHbiA H a 

naMne c BTOPH 'iHOll 9MHCCHe lt (11 17). CMeCHTenbHBH naMna HMnynbCOM TpHrrepa T2 

6y.aeT 38Kp&IT8 no TpeTb9A ceTxe. VIHTerpupoaaHHe npexpaLUaeTcH, H a Bblxo.ae HHTerpa-

T Opa OOHBJilTC H HMnynbCbl 1 8MllnHTY.D.8 KOTOpblX nponOpUHOHilnbH8 HCCne.ayeMOMy HHT9 paa 

ny apeMeHH ( t~ , ty ), Ha apeMH HHTerpHpoaaHHH axo.a aHanH3aTopa 3a6nOKHpoaaH 

o.a.Hoau6paT o poM (11 16) Ha apeMHJHecxonbKO 6onbwe .amnenbHOCTH HMnynbCa T2, p a a

Ho r o 3 MKCeK, 

PaopeW8101U8R Cl10C06HOCTb KOHB9pTOp8 onpe.aensteTCH KpyTH3HOR lPP OHT8 HMnynb

COB, reHepHpyeM&IX TpHrre paMH T 
1 

H T 
2

• B cxeMe npHMeHSIJOTCR naMnbi co B TOPH'IHOA 

9MHCCHelt THna 6B 1n • .Ll.nst M illlbiX HHTepaanoa speMeHH (xopo'le cPpoHTa HMnynbCa) 

HapywaeTCH n HH9RHOCTb npeo6p83088HHH BpeMeHH s a MnnHTy.ay. Ha .. anbHbiA y'lacTOK 

WK811bl apeMeHKOf'O 8H811H38TOpa OK83biB89 T CSl KenpHI"'O.D.HbiM .D.Ilst H3MepeHHst, YT06bi 

n OnHee HCI1011b30B8Tb apeM9HKYIO WK8ny 8K8nH38TOp8, CMeCHTenbK8R n8M08 OTKpbiB89TCSI 

HMnynbC OM OT TpRrrepa T 
1

, 3a.aep>K8KK&IM K a apeMSI 15 HCe x, KecxonbKO 6onbwee 

npo.aon>KHTenbHOCTK cPpoKTa HMnynbCa. YaenH'ie HHe xpyTH3H&J cPP OKTa .aocTHraeTC SI nyTeM 

orpaHH'ieHHst HMnynbCa Ka naMne 11 1 5 . 

nocne HHTerpHp088HHH (11 13) HMnynbC yCHI1HB8eTCSl (11 10, 1111 , 11 12 ) K OOCTyl189T 

Ha nRHeAKyJO cxeMy nponycxaHHSI - *sopoTa* (119) . BopoTa ynpaanHJOTCst .D.KcPcPepeHuHanb

HbiM .D.HCKpHMHH8TopoM. B biXO.D.KOA HMnynbC .D.H CKpHMHHOTopa o6bi'iKO 3 8n83.D.biaaeT OTHo-, 

CHT ellbHO H8'i8na BXO.D.HOI"'O HMnynbCa H8 8911H'IHHy 8 H9CKOn bKO MKCeK • .!lnst TOrO, '{T06bl 

cornacoaaTb apeMeHKoe nono>KeHHe KMnyn bCOB oT .D.HCKPHMKHaTop a H KHTerpaTopa , no

cne.a.HHA pacwHpReTCSI (3aTRrKaaeTcSI) .D.KO.D.HbiM pacwHpKTeneM KMnynbCa (11 10). VIM-

nynbC H8 B biXO.D.e BOpOT KM99T OpO.D. On>KKT9nbHOCT b 1 p8BHyJO npo.aon>KK TenbHOCTK HMnynb

C8 H8 BbiXO.D.e .D.KCKpHMKH8TOpa. l.{epe3 K8TO.D.HbiA OOBTOpKTenb (118) 3 T OT IIMnynbC no

.aaeTCSI K cepHAHOMy MHOroxaKanbHOMY aMnnHTY.D.HOMy aHanH38Topy TKna A VI- 100. 

Vf3 KpK8biX pK C, 2 H p HC, 3 BK.D.K01 '-ITO J" - H3ny'ieKK e H peHTf'eROBCKOe H3ny

'ieKH9 HM910T p83 nH'iHyiO aHeprHJO, KpoMe 9THX H3 11Y'i9HHlt CUHHTHnnRUHOHiibiA C 'fe T'IHK 

6y .D.9T perHCTpHp0B8Tb T8K>Ke HeATpOHbl 1 B03HHK8101UH9 npH 60M68p.D.HpOBKe MHWeHH 

ny'IKOM TH>K911biX HOHOB, B CHny TOrO, '-ITO CKOpOC T b H 9ATpOHOB MeHbWe C KOpOCTH cee

T8 1 8 CUHHTHilllHUHOHH b!A C'ieT'fHK y.aaneH OT MHWe HK H8 p 8CCTOSIHKe 7 MeTpOB 1 OORBne-
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lllle Hei1Tp011ll b1X HMOYllbCOO 118 Ob!XO.QG CUHHTII.'IJHlUHOHHOrO C'ICT'IHK£1 6y.QCT OLI0<'13!1l•IIHIT !o 

OTHocurenbiiO qHI3l>t BY Ha speMn, nponopuuoHallbiiOe npo neTHOMy 

Cnp .. 72 ,3 
4, 

r£ 
HCeKJ 

r.ae /.., - nponcTu oe paccTOSJHwe ( M) , E - 3Hepntn HellTpoHoo ( M::le). HeATpOHhl. 

ll 011Y'Hlllllbl e npH 60M6£lp.lll!pODKe MIIW<HIH TR >I<ell biMH H0118MII , I!MCIOT WHpOKili! 3 HCpre TH

'ieCKIIfl c neKTp. Mo>KeT OK838TbCH, 'iTO npo,'JeTHOC epeMH .anH Mano::~He prlt'iH bJX Hel\Tpo-

IIOB 6y.aeT u MeTb oenw'iHHy , npeeb1W 8 10WYIO nepwo.a BY (T ) . KapTuHa apeMeHHoro 

pacnpl.'.aeneHHSI HeATponoa nony'iuTCSI aecbMS cno>KHOJ:i . CKopee ace ro HOllTpOII bl pacnpe

.aensrTCSI paBHOMCpHo n o ace!! opeMeHHOI\ WKane . B cnyqae H3y'ieHI!SI cj"lopMbl crycTK £1 

IIOHOO II ero l{>830BOT'0 CMCWeHUH, perHCTpa Ul151 11C i!Tp0 1106 H e >t<en a T e 1lbH8 1 T8K K8K yse

lllf'IIIBIJOTCSI rj1011 U3MepeHHA • 

.Llu Q1q•epeHHII 81lbHhlil .lliiCKpHMHH8TOp OCyiUeCTOJlHeT 3 HepreTI!'ieC KyiO H36Hp8 Tenb-

liOCT b , YCT£\118BI1Hll8H nopor If WlipliHY OKH8 liY)KHbiM o6p£130M1 MO>I<HO H3y'i8Tb apeMeH

HOe pacnpe.aoneHUO peiiTreHOBCKOI"O U31ly'ieHHH, f - KB8HTOB 11nw nellTpoHoa. Heo6xo-

.lll!MO TOilbKO JlOMHifTb , 'iTO opraHH'IeCKIIe CUUHTHI11lRTOpb1 CyWeCTBOIIIIO H e llHHe l\Hbl , 

f~b!X0.::1H8S1 COeTOB£lS! X8pllKTepaCTHK8 H X 611H3Kll K ll OrapHfiJMH 'l eC KOH ( J) 

npn 113y'ieHHI! COOKTpa neiiTpOHOB Wlip11H8 OK118 .Q.HCKpiiMifHSTOpll .Q.Oil>KII8 6b1Tb 

TSKOBO, 'iTOfibl H £1 .llllllHOM nponeTHOM paCCTOSIHHH p83Mb!TI! e llHHIIH HCHTpOHOB H e npe-

flb1Wll110 nep110.ao BY . 

BlnKuoA xapllKTepuCTHKOA auamt38TOpa smnsteTCH Pro mtuefiHOCTb, VIMeeTcn .usa 

Cll0C068 onpOaeneHHH 3 TOl!. X8p8KTOpHCTHKII, IJepBNfi CJTOC06 38KJl~q8eTCSI B T OM , 'ITO 

O.QHH II T OT X<e IIMOYilbC 'lep03 1111111110 38.Qep>KKH llOpeM e HHOI\ B011HYHIIbl DO.QDeTCSI O.Q.HO

opeMeHHO 11a o6a axo.oa. Bee 6nOKHponKH npu 3TOM .aon>~<Hbl 6bJTb OTKiliO'!eHbl . AMJTJIM-

Ty.Oa H 8 Ot.JXO.Qe .QOJDK H8 61o!Tb npOHOpUH0H8JlbH8 OellH'iHHe 3/l.Qep>I-.KH. 

J-la pwc. 811 npe:lCT8BJleH8 X 8p8KT9 pHCTIIK8 llHHel!.HOCTH , CH51T8SI T8KIIM o6p800M, 

Ha'!l!nan c 15 uceK xopaKTepliCTwKa epeMen Horo a n amtonTopa IIMOeT y .aoeneTaopnTenb

uyiO 11U ilel!.IIOCTb, Ha•lfln bHhlil y'ISCTOK ( .Q.O 15 HCeK) HMOeT cyuieCTBeHHOe OTK110H e HHe 

OT JlliHeHHOCTII • .;:)TO MO>KHO 06bRCIII!Tb TeM , 'ITO npw HHTCI'p11p0B8HH11 M81l b!X HIITep!HlllOB 

CK83t.I D8eT cS! BllHHIU!e q)pOHT OB uMuynbcOe , ccllOpMHpooouHbtX Tpwrr epaMu . Bepxuuii npe

.oen 11liT€I'pH p0B lJHJHI MO>KeT 6!.JT b yeenwqeH nyTOM YBOJHI'ielllfSl llOCTORIIIIOt\ opeMeiiH HH 

TerpaTOpa . UMecTe c ~TitM npou3oit.aeT TBKx,e yMeHbWOHHe cwrn ana. K aK y>"e yKS3~>1-

JHil!OC b Bb!W(~ , C11rllll11 OT TpHrrepo T ~ IIO.Q.llC'TCSI Ji ll T pOTbiO COTKy nyyea9a n aMilbl nma 
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6-\311. Me>h.OY 9Toil ceTKOA n auonoM cywPcTayeT napa3HTH8SI eMKOCTb nemt'IHHOA 

110pS!.OK8 2mj•. Yepe3 STy eMKOCTb HM CeTCS! Op>!MOP npOX0)1{.QeHI1C tPPOHT8 HMnyllbC8 

oT T2 ( Ro.. = I KOM 1:- "'2· 10-::)) 1 11p11'-rvM , 'IE'M Kpyqe !jJpOHT HMnynbca T2
1
TeM 

oOJJbUJe npoxo>K,aeHne '!epe3 nap83HTHYJO eMKOCTb. TaKoe npoTiwopequeoc Tpe6osauue 

orp8HI1'UIB8CT B03M0)1{110CTb npHMCHeHHSI KOiiBepTOpa C 1!8MOOH THI18 6A3Jl . ll1111 TOrO, 

'ITOObl 8H81llf3Hp0tl8Tb IOiTepaaJJbl npeMeHII KOpO'le 10 IICeK, HC06XO..QHMO npHMeHS!Tb 

CXeMy Hel!Tplllllf38UHH nap83HTHOA t'MKOCTII .I yae.'IH 'IHB8Tb KpyTII3Hy <j.JpOHTB HMI1YilbC8. 

3TI\ 38.08'i8 SIBJJS!eTCSI .QOCT8TO'IHO CIJO)I{HOA If He BCCI"'.08 MO>KeT npHSeCTH K XOpOWifM 

pe3yJI bT8T8M • 

0 llUIIeHHOCTH X8p8KTepHCTHKH aua,,H3llTOpa MO>hHO CY..UHTb 00 pll81lOMepHOCTH 38-

IlOIIHE'In!SJ K8H£1noa HMnynbCBMH oT paLlH08KTHBHoro npenapaTa. B aTOM cnyqae apeMeuHast 

KOppenstillfSI Me)l{,ay OnOpHbiMH HMI1YilbC8MH If HMI1YilbC8Mif OT CtteTttHK8 OTCYTCTSyeT. 

lloSJaneHHe HMnynbCa a 11106oii TO'IKE' cp83bl BY paauoaeposnuo, ecnH aenH'lHHa nepHOLla 

BY 6onbwe cpenHero nepnona CT8THCTH 'IeC KI1 pacnpeneneHHbtX .HMnynbcoa , nony'leHHbiX 

oT upenapaTa. XapaKTepHCTHKa pnoHOMepHOCTw Kauanoa (.aHcpcpepeHuHallbH lHI nuHet1HOCTb 

8UllllH38TOp8 ) H300p8)1{eHa Hll puc . 8 6 • 

.Llpyrast B8)1{H8SI X<•PllKTepHcniKa auanH38TOpa - apeMeHHOe pa3p9weuue. Bbll18 C Hst

Ta X8p8KTepHCTifK8 apeMeHHOI"'O p83peweHHSI npti perHCTp8UH~I C'leT'iHKOM j/ -KDBHTOB 

o T pa.aKoaKTHBHoro npenapaTa Cs 137 
( 662 Kga) . ~Ta xapaKTepHCTHK8 onpenensteT 

co6c TBeHuoe pa3pewatowee BpeM st cxeMbi . 06a exona coP-.011HOIII>t Me>KLlY co6oA JJHIIHel! 

38Llep>KKH BGIIH'iHHOA 74 HCeK. 11HTepB81! 74 HC€K npeo6paoyeTCSI B 8Mili!HTy.Oy HMnynb

C8 H 38IlHCb!B8CTCSI OHai1H3aTOpOM . 3aTeM Bei1W'IIIH8 3ll.Oep>t<KII VBC.'lH'IIiBlleTCSI H8 2 , 5 HCeK 

(0,5 M K86enR) . flo aeJlH'iliHe CMCWeHH}I ..J81111CI1 B 8H8mi38TOpC onpenenHeTCSI WHpHH8 

K llHA118. BpeMeHHOe pa3pCll1eHHC CHCTeMbl OHpeaenHeTCSI KBK W11pHH8 3lltn!CH H8 nony

BbiCOTe (p~H'. 9) . Jlnsr yaenH'IE>HIISI M8CWT8U£. 38nHCII npHMeHRI!CH 8Mlli!HTY.OHbiH 3KCfl8H

.aep, KaK BH.OHO H3 pi1CYHK8) UlHpHH8 K8H81!8 HMGCT Bellli'iHHY 0 ,1 93 HCCK, opeMeHIIOe 

paopCWCHH(' CXeMbl COCT881!ReT 0 ,43 HCCK . 

Pea,JbHOe apeMellnoe pa3peu..if.!Hife onpenenReTCR apeMeHHbiMH xapaKTepHCTHK8Mti 

.LteTeKTOp8 H3lly'ICIIHH. 

B Ka•lecTae neTeKTOpa npHMCHeH cTaunapTuuui KpucTann CTHJlb6eHu c cpoToyMHO>Kw 

TelleM THIIll ¢3Y - 33 • .[leJJHTel!b CpOTOyMHO>KHTei!SI nono6paH cneu11anblihtM o6pa3oM . 

Ha uarpy3Ke cpoTOYM•tO>KHTensr a 1 , 5 KOM nony'iae'rcsr HMnynbC (3- 5) B c cppoHTOM 

nyqwe, '!eM 10 HCeK. ,llnst COrllllC088HHSI C BOI!HOBbiM COnpOTHBIIeHHeM KA6enSI f a 100 OM 
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npHMeHeHa CHnbHO OTKpbiT8Sl ( "'"- = 40 ~tta..) naMna T Hna 635nVI . B aHo.ae naMnbi axmo-

1.feHo conpOTH8neHHe , pa8noe 80nH080MY :::onpOTH8neHMJO xa6ens:~, no KOTopoMy nonO)I(HTenb

HbiA HMnynbC fiOCTynaeT K BXO.OHOMY .OHCKpHMifH8TOpy (n 19). 

KpyTHaHa ¢poHTa ~Mnynbca, c¢opMK p088HHoro T8KHM o6paao"'\ KMeeT 8enH'IHHY 

B HeCKOnbKO HC9K , npH H3MeHeHHH 8MnnKTY.Obl BXO.OHbiX HMnynbC08 MOM9HT cpa68Tbl88':"' 

HHR 8XO.OHOro .OHCKPHMHH8Topa KaMeHReTcR. BpeMeHHoe paapeweHHe npH aTOM yxy.awa

eTcR. BnHRHHe xpyTH3Hbl ¢ p o HTa HMnyn&e8 .aeTeKTopa MO)I(eT t5biTb HCKnJO'IeHo, ecnH 

8XO.OHOA .OHCKpHMHH8TOp t5y.aeT aanyCK8TbCR "ueHT)::OM TR)I(9CTH" HMnynbC81 nonyqeH

HOr'O OT cboTOYMHO)I(HTenR, "8bin88nHB8Hif9" UeHTpa TR)I(9CTH M9TO.OOM "nepeceqeHHSI 

.. (4) 1 5 
HynSl • 1 snpHMep, noa&onReT nony'IHT b 8peMeHHoe p8apeweHHe 8 , Hcex .aa>Ke 

C T8KHM Me.aneHHbiM KpHCTannOM K8K .At,;,..) , 

Ha pHC, 10 npHBO.OHTCR KpH88Sl npeMeHHOr'O pacnpe.aeneHHSl HMnynbCOB OT HeA-

TpOHOB H / -xeaHTOB . <l>opMa pacnpe.aeneHHSI aanHCH f' -x88HTOB B TO'IHOCTH 

COOTBeTCTeyeT ycpe.aHeHHOA ¢opMe cryCTK8 HOHOB BblXO.OHOr'O TOK8 UHKnOTpOH8, 8pe

MeHH09 pacnpe.aeneHHe 38fiHCH HeATpOH08 fiO'ITH p8BHOMepHoe, T8K K8K 80pOT8 ynpaenR

nHCb HHTerpanbHblM HMnynbCOM .OHCKpHMHH8TOp8. JlemfT enb qacTOTbl OnOpHbiX HMnynb

COB ( n5) OTKnJO'IeH. 

npHt50p1 CltOH.;TpyHpOB8HHbiA .anR H3MepeHHR ¢opMJ>l cryCTK8J Cp88HHTenbHO npOCTO 

ycTpoeH. OH MO)I(eT t5btTb TaK>Ke c y cnexoM npKMeHeH .anH ueneA cnexTpOMeTpKK 

t5b!CTpblX HeATpOHOB no epeMeHH nponeT8, 

B 38KnJO'I9HHe 8BT0p C'IHT8eT CBOHM .aonroM no6naro.aapHTb n . KyMn¢ 38 no

MOWb, OK838HHYJO npH Hana.aKe CX9Mbl 1 8 T8K)I(9 l0 . 0raHeCRH8 38 HHTepec, npOReneH

HbiR K pa6oTe. 

nHTepaTypa 

1. M . nHBHHr'CTOH, M .Poae, M.HaMnac. "UHKnOTpoH". rVITT n, 1948. 

2. Neilson G·C., James D.B. Rev. Sci. Instr., v. 26, Nll ( 1955). 

8 . 6 . B . Pb!t58 K08 , B.A. CH.aopoe. "CneKTpoMeTpHR 6bJCTpbiX H eATpOHOB !' npHnO)I(eHKe N9 € 
x )l(ypHany "ATOMHAH · al!eprHR" 38 1 958 r . 

4. International Symposium on Nuclear Electronics, vi, t959, Wien, P 189-193. 

PyxonKcb nocTynHna 8 ua.aaTenbCKHA OT~n 
15 8npenR 1 96 1 ro.aa. 
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cryCTKtl C K3MeH e HifeM pti.OHyCtl. 
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J..1MnyllbCH8R K8pT8 apeMeHHOrO 8H811K38TOpa. 

a) KAOpR>KeHKe H8 .OYSHTAX URKIIOTpOH8 (Bl.f); 6) K MDYilbC DOCile .neTe KTOpa, 

a ) .OKqxpepeHUKp084HHbl lt HMDYilbC H8 8 b!XO.ne .OKCKpKMHH8TOpa; 

r) 38.Qep>K8HHblA ynp8811RIOWHA HMDyllbC; .n) OnOpHb!e RMDYilbCbl; 

e) KMDYilbCbl H8 8 biX O.ne .nellKT ellR '18CT0Tbl ; >K) CryCTKK HOH0 8; 

3 1H ) HMnyllbCbl TpHrrepa T 1; K ,n) HMnynbCbl TpKrrepa T 
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