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BBEnEHHE 

IlpH CTpOHTeXLCTBe HOBUX H MOAepHH3aI.{HH yxe cymeCTBYDntHX 

ycKOpHTexett B HaCTOHmee BpeMH 60!Lmoe BHHUaHHe y~exaeTCH 

npHMeHeHHD BUqHCXHTeXLHOll TeXHHKH AXH c6opa HH~OpMaUHH o 

peXHMaX CHCTeM H napaueTpax nyqKa ycKopaeMl,IX H BUBOAHMUX 

qaCTHU. B CBH3H C 3THM npOHBXR8TCR IlOBUmeHHlitt HHTepec K 

ycTpOllCTBaM H3MepeHHR napa.MeTpOB nyqxoB. Paspa60TKe 3Toro 

BOnpoca TIOCBameH PHA ny6XHKaUHll B8AYmHX ~H3HqecKHX xa6opa

TOpHll MHpa, AOK~H Ha KOH~peHUHHX H CHMil03HYMaX no ycxopH

T8XLHOn TeXHHKe. 

UexLD HaCToamero 0630pa HBXHeTCR TIOTIUTKa CHCTeMaTH3H

poBaTL CBeAeHHR no AaTqHKaM H3MepHTexen napa.MeTpOB nyqxoB 

Ha OCHOBe HOBellmHX ny6xHKaumt, AOCTYDHUX a.BTopy. IlpHBOAHTCR 

6H6xHorpa~n no TeMe o6sopa. 

OcaameaHe arrrrapatypoll H3MepeHHR rrapaueTpOB nyqxoB B 

H8J16oxee KPYDHUX xa6opaTOPHRX MHpa HXJIDCTpHpyeTCR Ta6nHuen 

i I ;r,21. HHXe 6YAYT paCCMOTpeHU OCHOBHHe THDU AaTqHKOB, 

. YilOMRHYTUe B Ta6XHUe,a TaKZe 

OCHOBHUe xapaxTepHCTHKH. 

RAMEPU BTOPHlllI08 3MHCCHH 

npHHUHDU HX pa60TU H 

EaTqHKH paCCMaTpHBaeMoro THrra rrpHM8HRDTCR 

AHH H3MepeHHR HHTeHCHBHOCTH H OCHOBaHH Ha 3<pql8KTe IlORBX8HHR 

HH3K03HepreTHqHUX 3X8KTpOHOB (5 • 10 ~e) npH npoxeTe sapa

XeHHOll qaCTHUH qepe3 TOHKYID MeTaxXHqecxyro ~OXLry. 3qxpeKT 

BTOpHqHott 3MHCCHH RBXR8TCH DOBepXHOCTHUM HBXeHHeM, He 3aBH-
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IJl 

IIapaMeTphl ny•uta 

IIHTEHC!IDHOCTI, 

rronamnrn UEHTPA 
MA.CCH IJytII{A 

II on CDKEHIIE [IytfKA 
Ii Ero PA3MEPH 

MeTo,!l H3Mepemrn 

UEPH-Tpa.HcqiopMaTop TOKa: 
- -clbICTpiill I OOKrn-IOOMrn; 

- cpe,!lHHti 0,3 rn-311rn; 
-Me,!lnenHl:l:ll: ro-4rn-IOKrn; 

EHCTpbill: BHBO,!l 

UEPH-TpaHcqiopMa.TOP c Bpe
MeHeM HapacTaHH.fl 5:wtceK; 

- Ka.Mepa BTOpHqHotl 
3MHCCHH; 

- a.KTHBHpOBaHHa.fl 
qJOJILra; 3JISKTpOCTaTnqecKHll 

,!laxqmq 
EHil - KaMepa BTOpHqHoll 3WICCHH 

AHil - KaMepa BTOpHqHotl 
3WICCHH 

UEPH- sneKTpOcTaTHqecKHe 
3JieKTp0,!lH: 
3JieKTpOMarHHTHHll ,!laT
qnK; 

UEPH- sneKTpocxaxuqecKHe 
,!laTqHKH: 

AHil - HOHH3aIUIOHHa.fl KaMepa, 
HCilOJIL3YDIIta.fl OCTaToq
Hl:l:ll: rax; 

EHil - CKaHHPYDl!laa npoBonoqnaa 
MHl!lel!L 

UEPH- cnenuaJILH11e MHmem1, UEPH 
.IlMl!lHe pasMep nyqrm 
TOJILKO Ha IlJIOCKOll qacTH 
MarHHTHOro IlOJI.fl; 

IS~ - ,!laTqHK H3Mepe-· 
HH.fl IlOJIO~eHH.fl H pasMepoB 
nyqKa B xeqeHHe llHKJia 

AHil - HOHH3al.lHOHHasr KaMepa, 
HCilOJIL3YDIIta.fl OCTaToqHmi 
ras; 

EHil - CKaHHPYDIItan npOBOJIOqHa.fl 
MHilleHI. 

- 3JieKTpOMarHHTHblll 
,!laTqHK; 

- Ka.Mepa BTopuqaon 
3WICCHH C ~OJILrO
BOff ceTKOti (Ha Ha.KO
IlHTeJILHHX KOJILl.laX) 

- KaMepa BTOpHqHott 
3MHCCHH C ~JILro
BOll: CSTKOti • 

- Ma.Jiaa C!)a.HHpYllIIt~.fl 
MHillSHL ~ l.lliJIHH,!lp) 

- lpJIJ)Ope Cl.lHPYDIItHe 
3KpaHll H TeJieBH,!le
HHe 

IIapaMeT.EH nyqKa MeTO.Il HsMepemrn 

UEPH- mupoKonoJipCHhlll sneKTpo
craxuqecKnn sJieKTPO.Il c Bpe
MeHeM HapacraHH.fl 400 nceK. 

- 3JieKTpOMarHHTHhlll 
,!laTqHK C BpeMeHeM 

-HapacTaHH.fl IHCeK. 

Euc Tpl:l:ll: BhIB O,!l 

TAEillfUA A~ I 

Me,!lJieHH11ll BblBO,!l 

UEPH- Kauepa BTopuqnon sW1ccuu 
- TpaHcqiopMa.TOp TOKa; 
- 3JieKTpOHHa.fl 3WICCH.fl C 

tmmenell: H IlJIUCTHH; 
- a.KTHBHpOBaHHa.fl cpOJILra 

AHil - Ka.Mepa BTOpHqHon 3MHCCHH 
- HOHH3al.lHOHHa.fl npOBOJIOq

Ha.fl KaMepa. 

EHil - KaMepa B TOJ?HqHoll: 3MHCCHH 

UEHI- KaMepa BTopnqHott 3MHCCHH 
C qJOJILrOBOff CeTKOff; 

- HOHH3aUHOHHa.fl KaMepa. 
AHil - HOHH3al.lHOHHM npOBOJioq

Ha.fl Kauepa 

UEPH 

AHil 

- Ka.Mepa BTOpHqHott 3MHCCHH 
c qiom,roBoff ce:r:Kott; 

- Ma.Jia.fl CK~HPYDIIta.fl :immeHL 
(l.lHJIHH,!lp J; 

- cpJIDOpe'CIUIPYDIItHe 3Kpa.Hll 
H TeJieBH,!lemre; 

!BS - C qacTOTOt! 
CKaHHpOBaHH.fl 50 rn 

- HOHH3al.lHOHHa.fl npOBOJIOqHa.fl 
Ka.Mepa 

UEPH - MHmeHH, ,!laDl!lHe BpeMeH
HYD CTpyKTypy; 

- py0HHOB1Ie Cl.lHHTHJI
JI.f!TOpB 



CHlltl'IM OT T0JIDtHHl:l Marepl'laJia /J,I81. J{JIH Bl:l,ll;8Jl8HHH JIBJI8HHJI B 

qHCT0M BH,1!;8 He06X0,ll;HMa MHHHMa.JII,Haa T0JIDtHHa lpOJIDrH,xopomaa 

qHCT0Ta Il0BepXH0CTH H A0CTaT0qHo Bl:lC0Kl'!H BaKYYMa 

IlpH T0JIDtHHe q>0JIHH 5 MKM H BaKyyMe I o-9 rop BKJI8,lt 

cf- aneKrpoH0B H H0HH3a~HH ocraroqHoro raaa He npeBwaer 

2 • 3% Ha 3HeprHH I9,2 raB/C AJIH Ka.Mepl:l, C0CT0anteff H3 20 

3Jl8KTP0A0B. B ,I{0KJia,D;e /I9/ ynowmaerca 0 npHM8H8Hmt 

3JI8KTp0,ll;0B H3 T0HK0l opraHHqecK0ll aJIDMHHHp0BaHH0ll IlJl8HKH. 

O,I{HaK0 ,I{JIH HCKJIDqeHHH HaK0ilJI8HHJI Il0BepXH0CTH0ro 3apH,D;a 

aJIDMHHHp0BaHHe IlJl8HKH np0H3B0,ll;HTCH C ,D;BYX cropoH. 

CXeMaTHqeCK08 ycrpolicTB0 KaMepH BT0pHqHoff 3MHCCHH 

npHB8,I{8H0 Ha pHCo I. :lWJeKTHBH0CTD 0,I{H0ll napH raKHX 3JI8KTpo

,ll;0B npH H3MepeHHH HHT8HCHBH0CTH C0CTaBJIJI8T 2,5% 13,181. 
Il0,Il 3¢ql8KTHBH0CTDD ll0HHYaDT 0THomeHHe qHCJia 3MHTTHp0BaHHHX 

... 3Jl8KTp0H0B K qHc.ny lla,ltaDDtHX Ha q>0JIDry np OTO HOB. J{JIH YB8JIH

qeHHJI 3¢qleKTHBH0CTH Ka.MepH BTOpHqHoll 3MHCCHH Ka.IC H3MepHT8JIH 

HHT8HCHBH0CTH yBeJIHqHBaDT qHCJI0 3MHTTHPYDDtHX q>0JIDr. 

B ra611H~e :N? 2 npHBe,D;eHH napaMerpH rpex xaMep SEC5, sec20, 
SEC40 , npHMeHaewx B UEPHe /.3,l8/. Ha pHc. 2 Hao6paxeHa 

BHyrpeHHHH qaCTD Ka.MepH BT0pHqHoli 3MHCCHH SeCL(O • 

Ra.K CJ18,D;Y8T H3 qiororpaq>HH, qaCTD 3JI8KTp0,ll;0B Ka.M8pH C0,D;epXHT 

0TBepCTHH C ,I{Ha.MerpoM, H8CK0JIDK0 npeBHmaDlltHM pa3M8PH nyqxa. , 
CHrHWIH C ,D;arqHKa cqHTaDTCH ,ll;0CT0BepHIDm JIHmD npH 

0TCYTCTBHH CHrHaJI0B C 3JI8KTp_0,ll;0B, HM8DDtHX 0TBepCTHH. D np0THB

H0M c.nyqae H3MepaeMH« nyqoK He cqioeym1poBaH H M0:Z:er 0611ytmn 

apMarypy KaMepH BT0pHqHoll 3MHCCIDI, qro BH0CHT qpe3BHqaffH0 

60JIDmyD norpemH0CTD B H3MepeHHH. 
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PHc.l. CXeMaTHqeCK0e ycrpollCTB0 KaMepH BT0pHqHon 3MHCCHH. 

PHc2. BHyrpeHHITH qacn Ka.Mepbl BT0pH'l!HO:ti :n.rnccm1. 
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OCHOBHHM npeHMY~eCTBOM Ka.Mep BTOpHqHoll 3MHCCHH HBRH8TCH 

RHHellHOCTL B mHpOKOM AHana30He 3HeprHll H HHTeHCHBHOCTell (pHc.3), 

cpaBHHTenLHO BHCOKaH roqHOCTL H3MepeHHll H xopomee OTHOWeHHe 

CHrHMa K WYMY (npH HHT8HCHBHOCTH n.yqxa ra12 npOTOHOB 3a. ~HKn, 

BHXOAHOe HanpnxeHHe C AaTqHKa OKORO BORLTa). 

HeAOCTaTK~H TaKOro THna AaTqHKOB HBRHJOTCH CROXHOCTL 

KOHCTpyK~HH H BHCOKHe rpe60B~IHH K BaKYYMY: ro-8 • ro-9 ropp 

(npHMeHeHHe MaCnHHHX AH<Ixf>Y3HOHHHX HaCOCOB HeAOilYCTHMO BBHAY 

B03MOXHOrO 3arpR3H8HHH IlOBepXHOCTH 3R8KTPOAOB MaCROM). KoH

CTPYKUHH Ka.Mepu ~onxHa BH~epXHBaTL OTJmr npH re:wyeparype 

He MeHee 200°c. 

flBneHHe BTOpHqHoll 3MHCCHH nonoxeHO B OCHOBY H3MepHTenn 

npO<pHRH nyqxa, BHilORHeHHoro B BH~e ~BYX pemeTOK (B B~pTHKaRL

HOll H ropH30HTMLHOll nnoCKOC7HX).PemeTKH npeACTaBnHDT codon 

nonoCKH aJil)MHHHeBoll ¢onLrH (I5mr.) TOR~HHOll 20 MKM; WHpHHOll 

2 
1:w, HaTHHYTHe C maroM 5 MM Ha KepaMHqecKyJO pauKy (p1rn.4). 

3MHTTHpOBaHHHe sneKTpOHH C06HpaIOTCH Ha ABYX KonneKTOPHHX 

snexrpo~ax, BHllORHeHHHX H3 ~OnLrH, TOR~HOll 5 MEM. 

larqHK HCnOnLsyeTCH ARH H3MepeHHH 3MHTTaHca B HOHOnpOBOAaX 

HaKOIDIT8RLHHX Koneu UEPHa H pa6oraer B YRLTpaBHCOKOM BaKyyMe 

(Io-IO ropp) 141. 

3apaAU, co6paHHUe Ha KonneKTOpHHX 3R8KTPOAaX, H3MepHDTCH 

C TTOMO~LJO. sneKTpOMeTpHqecKHX YCHRHTenen C donLmHM BXO~HHM 

conporHBneHHeM: ra1° + ra12 oMa. TaKHe ycnnHrenH BunonHHJOTCH 

C npHMeHeHHeM noneBHX TpaH3HCTopoB, KOTOpHe Moryr odecneqHTL 

BXOAHOe conpOTHBR8HHe AO 1013 + ra14 OMa. 
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PPic.3. XapaKTepHCTHKa Ka.Mepu BTOpHqHOtt 3MHCCHH: 

a) .ltJUI Me,ll;JieHHO BHBe,JteHHOro nyqKa npOTOHOB, 

6) )tJIH 6UCTpO BHBe,JteHHoro nyqKa npOTOHOB. 

PHc.4. KOHCTPYKUHH H3MepHTeJIH npOqiHJIH nyqxa, PICilOJib3yID-

lll8rO 3cp:peKT DTOpHqHolt 3Ml'ICCl'll'lo '-

IO 

H3MEPHTEJIH IlAP.AMETPOB flytIKA, HCil0JII,3YD!UKE HBnEHHE 

H0HH3AIIHH OOTAT0tmoro rA3A 

,llarqPIKH Il0,lt06Horo THna HCllOJib3YDTCH B OCHOBHOM ,ltJIH 

H3MepeHHH IlOJIOZeHHH H npo~HJIH nyqm, KaK UHpKYJIHpYDlllero, TaK 

H BHBe,JteHHOro. 

IlpH ,ltaBJieHHH B Ka.Mepe YCKOpHTeJia 10-6 Topp B O,JtHOM 

KY6HqecKOM ca.HTHMeTpe co,1tepxHTCH OKOJIO 3,2.1010 Monexyn ra3l:, 8/ 

qTQ npH TOKe UHPKYJIHPYDlll8ro nyqKa 300 Ma (COOTB8TCTBYDlllero 

~1012 npoTOHOB 3a UHKJI ,ltJIH yCKOpHT8JIH AprOHHCKOtt HauHOHaJib

HOff Jia6opaTop1rn (AHJI)) 06_pa3yeTCH ~ 6,5.Io10 npoTOHOB B 

ceKyH,Izy Ha C8.HTHM8Tp ,JtJIHHH nyrH npOTOHOB. Ha npHHUHile c6opa 

nonyqeHHHX TaKHM o6pa30M sapH,JtOB OCHOBaH HSMepHTeJib npocpHJIH 

nyqKa, npHMeHHewff B AHn. CXeMaTHqecKoe H306paxeHHe ,JtaTqHKa 

npHBe,JteHO Ha pHc. 4. 

HOHH, 06P3,30Ba.HHHe B pe3YJibTaTe B3aHMO,lteltCTBHH nyqKa 

npOTOHOB C MOJieKyJiaMH OCTaToqHoro rasa, ycxopHDTCH npH npoxox

,JteHHH qepes C8TKY H co6HpaDTCH Ha BepXHeM paspe3HOM 3JI8KTpo,Jte. 

0.itHOBpeMeHHO TaKaH centa BHllOJIHHeT pOJib 3JieKTpOCTaTHqec~oro 

3KpaHa. BTopaH ceTKa, HaXO,Jt~aHCH no.it OTpHUaTeJibHHM IlOT8HUHaJIOM, 

CJIYJKHT ,JtJIH B03BpallleHHH BTOpHqHHX 3JieKTPOHOB Ha paspesHott 

3JieKTpO,Jt. HOHHHlt TOK, co6paH~ KaX,JtHM 3JI8M8HTOM pa3pe3HOro 

3JI8KTPO.ita, nponopUHOHaJieH MI'HOBeHHOMY 3HaqeHl1D TOKa nyqKa B 

COOTB8TCTBYDmeM ceqeHHH K8.MepH ycKOpHT8JIH. Paspe3HOlt 3JI8KTpO,ll; 

COCTOHT H3 ,Jt8CHTH qacrett. ,llarqHK HCilOJib3Y8TCH ,JtJIH onpe,Jt8JI8HHH 

pasMepoB nyqxa B KaMepe CHHXporposa H BHBe.iteHHoro nyqxa. 

,llJIHHa 3JI8ItTpO,JtOB (B,JtOJib nyqKa)- OT 2,5cM .ItO 5,I CM. ]!JIH 

yBeJIHqeHHH CHrHaJia ~eTeitTOpa HCilOJib3Y8TCH SBJI8HHe 3JI8KTpOHHOI 

II 



3MHCCHH, BH3HBaeMOe HeEOTOPl:Dl )!,OllOJIHHTem.HHM ycxopeHHeM HOHOB, 

o6paayewx nyqxoM npOTOIIOB. BHXO,JtBOtt CHrH8JI )!,arqHKa MOXeT 

HCD0JII,30BaTbC~ nu6o )!,RH IlO)!_aqH Ha sneKTpOMeTpHqecxml ycznHTenb, 

nH60 Ha 3KpaH, CBeramHilCJI DO)!, y)!,apa.J.IH BTOpHqHHX sneKTpOHOB. 

B 3TOM cnyqae HOHH ycxopaIDTCJI .ItO HeCKORbKHX K3B H B3MMO.IteilcTBYDT 

C anIOMHHHeBOll nnacTHHOll, HaXO)!,JI~enca DO.It BHCOKHM noTeHUHanoM. 

B pesynuaTe BTOpHqHHe sneKTPOHH, BH6HTUe HOHaMH, B03Bpa-

maIOTCJI o6paTHo Ha 3KpaH, YBenHqHBaJI ero cBeqeHHe, BH3BaHHOe 

nepBHqHHMH sneKTpOHaMH. CBeqeHHe 3KpaHa Ha6nn.ItaeTCJI C IlOMO~blO 

TeneBH3HOHHOil YCTaHOBKH. BHXOAHOe HanpJIX8HHe 3R8KTpOM8TpHqecKHX 

ycznzrenen Hcnonbsyerca .ItnR BHBOJ!.a HH~OpMaUHH Ha ocuznnorpa\fli 

z Ha 3BM, npHMeHJieMYK> )!,nR Buqucnemrn p8J(Han1Horo H Bepurnanb

Horo pasMepoB nyqxa. IlpH yxasaHHHX napaMerpax UHpxynHpYJJ~ero 

nyqxa Ha CaHTHMeTp )!,RHHH sneKTpO)!,a )!,aTqzxa B036yX)!,aeTCR HOHHHlt 

TOK B 10,4 Ha. 

lnn onpeJ!.eneHHJI nonoxeHHH nyqxa HcrronbsyeTca 6onee npoctaa 

CHCTeMa sneKTpO)!,OB (pHc.6) /Bl_ 

OnHcai1HaJI BHme cHcTeMa onpe)!,eneHHJI npocpHnJI nyqxa HMeer 

orpaHHqeHHHe B03MOXHOCTH no CKOpOCTH H qaCTOTe H3MepeHHll 

Bcne)!,CTDHe HeHsdeXHO ~Onbmon IIOCTORHHOil BpeMeHH H3MepHTenhHHX 

:rneKTpOMeTpHqecKHX ycnnHTenen (npH BXO.ItHOM conpOTHBneHHH 

lOlO • lif2 OM cy~eCTB8HHOe BRHHHHe Ha ITOCTORHHYIO BpeMeHH 

oxasHBaer )!,axe Hedonbmaa napasHTHaJI eMKOCTb). Paapemavmaa 

cnoco6HOCTb TaKOll CHCTeMH saBHCHT OT qucna sneKTpOJ!.OB. 

OT YKa3aHHHX H8)!,0CTaTKOB CB060)!,Ha CHCTeMa CKairnpoBamm, 

HCllORb3YeMaJI B UEPHe .itnR MrHOBeHHHX H3Mepemi:n npo~HnR UHPKYRHPYIO~e

ro H BHBe)!,eHHOro nyqKOB / 3 , 9 ,ls/_ CHCTeMa nonyqHna Ha3BaHHe 

IBS (TCe lohization B~m S:c.qnner). 
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Puc.5. HsMepHTenn npo~HnR UHPKYJIHPYIO~ero nyqxa,HCIIORh3YIO

~mt JIBn8HHe HOHH3aUHH OCTaTOqHoro raaa B KaMepe 

yCKOpHT8RRo 

PHc.6. Hsuepurem, nonoxeHHJI nyqxa. 
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IlyqoK npOTOHOB npoxo~HT uex.zy ~BYMH 3Jl8KTpo~ru.m, K 

KOTOpHM npHJIOXeHO 3neKTpHqecKOe none, MeHHD~eecs BO BpeMeHH 

no IIHnoo6p8.3HOMY 36KOHy. B~OJII, nyqKa HanpaBneHO ua.rHHTffO8 

none (pzc.7). Ilo~ BnHHHHeM nepecexaD~Hxcs 3neKTpHqecxoro 

H uarHHTHOro nonen 3n8KTpOHH, BO3HHKmHe B pesynbTaTe HOHH3a-

nHH nyqxou npOTOHOB OCTaTOqHoro rasa, ~BHxyTCH no IUIUOH,J;HOtt 

~ TpaeKTOpHH B nJIOCKOCTH, nepneHJtHKYJlfiPHOtt BeKTOPY 

CxopoCTL ~pettqia. .3Jl8KTpOHOB nponopnHOHMLHa B8JIHqHHe f 
B HanpaBJI8HHH, nepneH~HKYJlfiPHOM MOCKOCTH, B KOTOpoH pacnonoxe~ 

--> ➔ 

RH BeKTopu E H f3 • Pa,!{Hyc Tpaexrop:m onpe~ensercs: 
I 

·2 • £)272 [Yo + ( Yo + 8 .J R~------, 
(2 13 
/7'1 

r~e i - OTHomeHHe saps~a :rneKTpoaa x ero uacce; 

i 0 - naqanLHas CKopocra 3neKTpoHa B HanpaBJieHHH 

anexrpHqecxoro nons; . 
Y. - HaqaJILHaH CKOpOCTL 3JleKTpOHa B HanpaBJieHHH, nep-

neH,ltHKYJlfiPHOM K nJIOCKOCTH, B EOTopott pacnonoxeHH 

BeKTOpH 3JleKTpHqecxoro H MarHHTHoro nonett. 

COOTBeTCTBYD~HM BH6OpOM BeJIHqffH ,8 H £ MOXHO 

nonyqHTL CKOpOCTL nepeue~eHHH 3JieKTpOHOB B~OJlb HyJieBott 

3JleKTpHqecxott 3KBHilOTeHnHaJIH (pHc.7) OKOJIO ro-8 CM/CeK 

npH PaJtHYCe R. = 2 MM. TaKHe 3HaqeHHH ~OCTHraDTCH npH 

£ = 200 B/cu; B .. I00 • I50 re. IlpH 3TOM nonyqeHo 

cpe~ee BpeMH c6opa 3Jl8KTpOHOB 50 • 100 HCeK. Co6paHHHe 

3Jl8KTpOHH HanpaBJIJIDTCH B 3JieKTPOHH~ YMHOXHTenL. 
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IlpocTpa.HCTBeHHOe paspemeHHe CHCTeMH nyqme I MM 131_ CHCTeMa 

CKaHHpOBaHHR HCilORb3yeTCR: 

I. ,I[Jrg onpe~e.neHHR BepTHKa.RLHOro li ropH30HTaRbHOro 

nonoxeHHR UHPKYJil'IPYD~ero nyqKa B ycKOpHTene (3KCnnyaTaUHOH

HHe napa.MeTpH). qaCTOTa CKaHHpOBa.HHR OT IOO rn ~o IO Krn. 

naBneHHe ocTaToqHoro rasa OT 5.Io-6 ~o 3.Io-7 Topp. 

2. nnn onpe~eneHHR BepTHKaJibHoro H ropHsOHTaJibHoro nono

xeHHR UHPKYHHPYDmero nyqxa B Ka.Mepe YCKOpHTenn (B uennx 

H3yqeHHR). qacTCTa CKaHHpOBaHHR 100 ru - 500 Kru. 

3. ~nn orrpe~eneHHR pasMepoB Me~neHHO BHBe~eHHoro nyqKa 

npH ~aBneHHH OCTaTOqHoro rasa 10-1 TOPP• qaCTOTa CKaHHpOBaHHR 

50 ru. 

3JIERTPOM.AI'HHTHI:lE JlATl:IlIIGl: 

3neKTpOMarHHTHHe ~aTqHKH HCilOHL3YDTCR B OCHOBHOM MR 

li3MepeHHR HHTeHCHBHOCTH nyqxa sapJIJteHHHX qaCTHUolaTqHK MOXHO 

paCCMaTpHJ,aTD KaK W!tipOEOilOHOCIUID TpaHCqiOpMaTop, B KOTOpOM 

TOK nyqxa o6pasyeT nepBHqHyD 06MOTKY, a BTOpHqHafi 06MOTKa no~

KnnqeHa K HH3KOOMHOMY BXO~ YCHHHTeHR C 60JibWHM K03cpqlHUHeHTOM 

yc1rnemrn, oxBaqeHHOMY rny601tolt o6pa:rnoit CBR3bD. YBem11qemi:e 

nonocu nponycKaHHR CHCTeMH H3MepeHHR ynyqmaeT CBOl1CTBa ~aTqHxa, 

HO yxy'AfllaeT era myMOBHe xapaKTepHCTHKH. Ila 3TOl1 npHqHHe BeCL 

~Halla30H ~Jll'ITenbHOCTelt KOHTPOHHpyeMoro nyqxa nepeKpHBaeTCR 

HeCKOHbKHMH ~aTqHKaJ.m 121. nnn :m.mynLCOB 60HbWOl1 MHTeJibHOCTH 

(Me~neHHHlt DHBO~) HH3KoqaCTOTHaR xapaKTepHCTHKa ~aTqH,Ka o6ecne

qHBaeTCR BDe~eHHeM Tp8Tbel1 06MOTKH B nenb o6paTHOl1 CBR3H 

( Her~wqro/ ire1Mform4r ) /IO/. 

16 



IlpHHnKn .D;ellCTBHR .D;aTqHKa KRJIDCTpHpyeTCH·PKC. a. lRH pacmHpeHKH 

nonocu nponyCKa.HHR B o6nacTH BHCOKHX qacTOT TpaHC~OpMaTop Xa.pE 

BOp.D;a BHnORHReTCR C MaJIHM qHCROM BHTKOB, MaROH pacnpe.D;eneHHOtt 

eMKOCTbD H .D;OnonHReTCR MarHHTHHM MO)zy'RHTOpOM /III. ROHCTPYE

THBHO TpaHC~Op:MaTOp XapeBOp.D;a BHilORHeH Ha Ha6ope ropOH.D;am.-

HHX cep.neqHHKOB (pHc,9) H3 BHCOKOKaqecTBeHHOri 

nepMannoR ( "U\traperm - 10 ", fl = 120.000) pa31l8P0ll 

IJOx90x90 w. CHrHa.JibHaR 06MOTKa CO,IteplltHT I5.000 ~H?KOB. 

IlpH TOKe nyqxa 0,25 MKa (qro COOTBeTCTByer KHTeHCHBHOCTH 

BHBe.D;eHHOro IlytIKa ro12 npOTOHOB IIpK .D;RKrem.HOCTH BWIO.D;a 

200 MCeK) BHXO,lUiOe HanpRXeHHe .D;arqHKa COCTaBRRer 7,5MKB. 

Rosq$11\HeHT ycHneHHa ycHnKrena ( Pt,-f frt'cJt::. SP 656 c 

pa30MKHYTOtt nernett o~pax&ott CBR3H) OKORO 2.roS. 

Ma.Jiue BHXO.D;HHe CHrnanu o6yCROBnKBaDT llt8C?KHe rpe60Ba.HHR 

x sxpaimpoBxe (pHc.9) H co6crBeHHHM myua.M ycHnmrenen. 

ITO STOit npHqHHe TaKHe .ztarqKKH uenecoo6pasHO IIplll48IIltrb IIpH 

cpaBHHren1ao 6on1mHX xoqxax nyqxa (nHPKYJIH!)YDl!ld nyqox H x.n.) 

HcnORb30BaHHe snexrpoMarHH?HHX .D;arqHKOB .D;RR K3MepeHHR HHTeH

CHBHOCTH BUB8.D;8HHUX nyqxoB CBR3aHO C rexm1qecKHMH rpy.D;HOCTm.m, 

o6ycnOBReHHHMl'l YKa3aHHHMH Blillle npHqHHaMH. 

nna H3MepeHHR HHTeHCHBHOOTH H crpyxxypH l\HPKYRHPYD~ero 

nyqxa B HaxonHren1aux xom.uax UEPHa npHMeaeau rpaac~opMaropu 

XapeBop.na C :uarHHTHHM MO,l(ynJITOpOM (pHc.ro/II/. Ilonoca 

nponycxaHHR raxoro .D;arqHxa O + 200 urn (BpeMH aapacrruma 

CHrHana HeCKORhKO HaHOC8KYH.D;). 
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SJIEKTPOCTATHlIBCRHE .UAT'CfflRH 

HcnOJU,3YJ)TCJt B OCHOBHOM ,l!;JIJt H3MepeHHH HHTeHCHBHOCTH 

nyqKOB 3apJD1teHHUX qacTHU. IlpHHUHD paOOTll OCHOBaH Ha H3MepeHHH 

3apH,11;a nyqxa, npOXO,IJ;Jtiqero MellC,IJ;Y ,IJ;BYMH 3JI8KTpo.n;rum /II/• 

Plic. II HJIJIDCTpHpyeT pa60TY Taxoro .n;aTqHKa. BllXO,IJ;HOe Hanp~eHHe 

.n;aTqHKa onpe.n;eJisteTca: 

r,11;e 

!J ,:; /✓,,· t e 

V,f; ·e, 
Alo - qHCJIO npOTOHOB B HMDYJIJ,ce; 

e 
t 

- 3apH,11; npOTOHa; 

- ,JJ;JIHHa 3JieKTpo.n;a; 

V - CKOpOCTb npOTOHOB; 

-t - ,lJ;JmT8JibHOCTl, mmyJibCa BHBO.n;a; 

~ - eMKOCTD ,JJ;aTqHKa. 

.llJIJt HHT8HCHBHOCTH 5.IoII npOTOHOB B J.UlKJI8.H ,l!;JIHTeJihHOCTH 

BHBO,Jta 200 MC8K npH eMKOCTH .n;aHHKa 27 mp BHXO.D;HOe HanpneHHe 

COCTa.BJIJl8T 37 MKB Ha conpOTHBJieHHH Io8 •:Ia9 OM /III. OcHOI-

Hmm: H8,ltOCTaTKaMH 3JI8KT!)OCTaTHqecKHX ,n;aTqHKOB HBJIJlDTCJt HX 

60JibmHe pasMepu H no.n;BepxeHHOCTb B03,IJ;eKCTBHD BHemHHX IIOMeX. 

OTHOllleHHe CHrHaJia K nouexe ,l!;JIJt 3JI8KTpOCTaTHqecKHX ,n;aTqHKOB 

xyEe, qeM ,IJ;JIH sJieKTpOMarHHTHHX /III. 

iPJIDOPECUHPYll!lHE SKPAHil 

IlpHM8HHDTCJt ,IJ;JIJt Ha6JID,IJ;8HHH IlOJIOllC8HHJt npoqiHJIJt nyqxa C 

IlOMOiqbD T8JI8BH3HOHHI:lX KaMep. TaxHe H3M8pHT8Jll'I HCIIOJll,3YJ)TCJt 

,l!;JIH Ha6JID,IJ;8HHJt npocxpaHCTBeHHHX xapa.ItTepHCTHK BHBe,IJ;eHHI:lX nyqKOB 

(6HCTpliK H M8.D;JI8HHlllt BllBO,IJ;) / 4, 5/. 
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,, 

OduqHo 3KpaH BHilOJIHHeTCH H3 TOHKDR MDMHHHeBoR qJOJibrH, 

noKpuron TOHKHM cJioeM aKTHBHPOBaHHoro 2nS Ha no~XO~Jil!leM 

CBH3yiomeM MaTepHaJie. O~HaKO TaKHe 3KpaIIli repHDT qyBCTBHTeJib

lIOCTb ITOCJie 3KCil03H:uHH npHdJIH3HTeRLHO IOI 7 llpOTOHOB Hal c.,l-

u Henp1rneHHMl:l ~JIH YJILTpaBHCOKOro BaKyyua. 

BeJIHqHHa MHHHMaJibHOro TOKa nyqKa, BH3HBaDmero CBeqeHHe 

3KpaHOB H3 ~yrHX MaTepHaJIOB, ~OCTaroqHoe ~JIH HadJIDAeHHH 

TeJieBH3HOHHOR Ka.Mepon C od~eKTHBOM I : 4,5 npH OITTHMaJibHHX 

YCJIOBHHX, Ilpl'IBeAeHa B TadJIHUe 3 141• TIHTHeBoe CTeKJIO ;11£ 901 ~ 
HaHdOJiee IlOAXOAHll(HH .AJIH 3KpaHa MaTeplmJI. Ero qyBCTBHTeJibHOCU 

(AJIH ~CKa ronmHHOll BI MM) JIHlllb B ~a pa3a M8Hbme qyBCTBH-

"reJibllOCTH 3KpaHOB C llOKpHTHeM H3 Zn S • YroJI pacceHHHH, 

BHOCHMWi TaKHM 3KpaHOM (ro-4 paA. AJIH 28 r3B/C4MOJ1teT dliTb 

YM8Hbfil8H, eCJIH npHMeHHTb HHTH TOJimHHOH 0,3 MMC marOM 4 MM 

(yron pacceHBaHHH s.ro-5 p~.). 

CampHp ( ,4~ 0.3 ) B ABa pa.3a MeHee qyBCTBHTeJieH, qeM 

JIHTHeBOe CT8KJIOo 

RBapu MaJioqyBCTBHTeJieH, HO AOCTaroq~o CTOeK. 

HOHH3AUHOIIlillE KAMEPll 

~arqHK padoraeT Ha npHHUHITe cdopa 3JieKTpOHOB HJIH HOHOB, 

odpa30BaHHHX npH npoXOl!CA8HHH qaCTHU qepe3 ra30BYD CMeCL, 

HanOJIHHDlllYD KaMepy. ROHCTpyKTHBHO TaKHe KaMepu BllllOJIH8Hli 

TaK xe, KaK nponopuHOHaJibHHe, HO padOTaDT C MaJIHMH 3HaqeHHHMH 

K03<I$'1:UUeHTa rasoBoro ycHJieHHH. 

B AproHHCKOH HaUHOHaJibHOH JiadopaTOpHH C IlOMOll(bID TaKHX 

Ka.Mep H3MepneTCH npoqiHJib, IlOJIOJKemi:e H HHT8HCHBHOCTb ny4~,.r 5,r7; 

no AaHHHM, IlOJiyqeHHHM npH H3MepeHHH npOqlHJIH B HeCKOJibKHX 

roqxax, paccqHTHBaeTCH 3MHTTaHC nyqxa. 
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Cxeim.rHqecxoe YCl'!}OHCTBO HOHH3alU{OHHOll Ka.Mepu npHBe,JteHO 

Ha pHc. I2. 

0,JtHH H3 :rneKTpO,!tOB HCilOJII,3yeTCR )I.JiiI lf3MepeHHJI IlpO<plrnJI 

B ropH30HTaRbHOll DHOCKOCTH, Bropon 3R8KTpO,!t - BHCOKOBOfilTHIDl • 

TpeTd HCllORb3yeTCJI ,ltRJI H3MepeHHR npocf}HnJI nyqxa B BepTHKanb-

HOll DROCKOCTH • 

B OTRHqHe OT lfCKpOBI,IX H nponoplU{OHaRbHlilX Ka.Mep ~)npu6op 

He HMeer OKOH H OT&pHT ~RJI aTMOC~epH /I4/. IlpH HaIIpSlll[8HHH 1,5KB 

MaKCHMamHoe 3HaqeHHe TOKa .c np0Bonoq1m - 240 Ha IlpH HHTeHCHB-

HOCTH 2,5.lct
1 

IIpOTOHOB B HMDYRbCe H ,ltRHT8RbHOCTH BHBO,lta 500MceK. 

CXeMa H3MepeHHll CHrHaROB C npoBonoqex KaMepu IlpHBe,JteHa 
' 

Ha pHc. 13. KaJ!C~aJI npoBonoqxa Ka.Mepu (48 mTyK B Ka.Jlt,!tOll DROCKOCTH: 

llO,I(EJIIOqeHa K 3R8KTpOHHOMY rrepexnnqarenD o6pa30BaHHOMY .itBYMH 

noneBHMH TpaH3HCTOpaMH C MOIT-crpyKTypon ( $/UeaNlx GII6F 

HRH FA/CHILD 3701), O,ltHH H3 KOTOpux coe,JtHHeH nocne,JtOBaTeRb-

HO, a ,lijlyron napannenbHO C H3MepHT8RbHhlM YCHRHTeneM, BXO,ltHOe 

COilpOTHBR8HHe xoroporo paBHO 107 OM. YKasaHHue TpaH3HCTOpll 

B 3aKpHTOM COC?OHHHH 06na,1ta.KJT conpOTHBReHHeM ~ 108 OMa, a 

B OTKPHTOM ~ 103 OMa. 0TKPHBaH nocne,JtOBaTeRbHHe H 3aDHpaJI 

napannemHHe TpaH3DCTOpH cnelU{aRbHHMH HMDYRbC&m, DpOH3BO,ltJIT 

nocne,ltOBaTenbHOe llO,ltKJIDqeHHe npoBonoqex K H3MepHT8RbHOMy YCHRH

renID. C~eM HH~OPMaUHH C BepTHKMbHOll H ropH30HTaRbHOll DROCKOCTell -
x) ~RH H3MepeHHR npocrpaHCTB8HHHX xapaKrepHCTHK nyqKa BTOpHq-

HHX qaCTHU B UEPHe HCDORb3Y8TCH nponopUHOHanbHaH Ka.Mepa1201, 

O,ltHaxo ee BpeMeHHlile xapa.xrepHCTHKH (paspemam~ee BpeMJI 60 Hcex) 

He D03BORHIDT npOH3BO,ltHTb H3MepeHHll Ha BHCOKOHHT8HCHBHHX nyqKax. 
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npOH3DOAHTCH OAHOBpeMeHHO. qaCTOTa nepeKmoqeHIDl npOBOJioqeK -

2 Kru. BHXOAHOe HanpSDKeHHe H3MepHTeJibHOro YCHJIHTeJIH qepe3 

aHanoro-un1pOBOll npeo6pasonaTeJib 3aDOAHTCH B qeppHTOBYD naMHTb 

/l6/ c nocneAyximett odpadOTKOR Ha 3BM. B TeqeHHe BHBOAa (600MCeK) 

MOXHO IlpOH3BeCTli AO 20 H3MepeHHll npOcpHJIH. 

MHTerpHpOBaHHe MOXeT npOH3BOAHTbCH nndo B UliqipOBOM 

BUA/161, JIHdO B aHaJIOrOBOM c IlOMOmbD eMKOCTli ~- (sa 

HeCKOlibKO UHKJIOB MeAJieHHoro BHBOAa) (pnc. IJ). 

3AKJIIJqEHHE 

TI P~KaX AOilYCTHMOro od~eMa He npeACTaBnHeTCH B03MOXHHM 

IlOAPOdHO paCCMOTpeTb MeTOAH pacqeTOB, KOHCTpynpOBaHHH H 

KaJIHdpOBKH paCCMOTpeHHHX fflilOB AaTqHKOBo B Od30pe He TipHBO

AHTCH CBeAeHHH O Handonee THnHqHHX IlOMexax Ha YCKOpHTeJie/lO/, 

qTo npeACTaBnHeT HeCOMHeHHHtt HHTepec MH cneunaJIHCTOB. 

YKa3aHHHe HeAOCTaTKH B KaKOR-TO Mepe MOryT dHTb BOCilOJIHeHH 

IlOAP06HoR dtt6Jrn:orpa1uett, npHBeAeHHott B o6sope. 
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