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© 06'bE!AHHeHHbIH HHCTHTYT anepasrx HCCJlen,OB:UiHH Ay6Ha, 1988 

I. OnHCAHHE PA60T~ HHTErPATOPA 

HHTerpaTOp TOKa, ~306pameHH~A Ha p~c.l , B~nonHeH Ha OCHOBe 
yc~nH T enR C HMnynbcHoA 06paTHoA CBR3b~. OH COCTO~T H3 HaKonH 
TenbH~X eMKocTeA CI ~ C2, HCTOKOBoro nOBTopHTenR Ha non eBOM 
TpaH3HCTope T2, ~ H Te rpa n b Ho ro KOMnapa Topa AI, AByX no rH4eCKHX 
3neMeHTOB A2, OAHoB~6paTopa A1 , Kn~4 eBOro TpaH3HCTopa T4 , no
ne aoro rpaaawc'ropa T1 AnR pa3pflAKH HaKon~TenbHbl X eMKOCTeA, a 
TaKme 3MHTTepHoro nOBTop ~Tenfl T3. 

OnHC~BaeMafl cxeMa HHTerpaTopa f1BnfleTCfI Aan b He Aw~M ycoBep
weHCTBOBaHHeM cxeM, n peAC Ta BneH H~x B/ I, 2/, H B~non H e H a Ha 
CTaHAapTH ~x , nerKoAocTynH~x 3neMeHTax. 

CxeMa $YH K~H oH~ p ye T cneAY~HM 06pa30M : nOKa TpaH3HCTOp Tl 
3anepT, nocTyna~HA Ha BXOA TOK 3a pflmae T BXOA HY~ eMKOCTb C1 
~nH C2 . BcneACTBHe 3Toro Han pflme HHe Ha 3aTBope TpaH3~ C Topa T2 
H Ha BXOAe I(OMnapa Topa A1 paCTeT. EcnH OHO MeHbwe no po r a , 3a
na aaexoro pe3HCTopaMH R6 , R9, Ha auxone 1<0Mna pa Topa H Ha B~

BOAe 2 3neMeHTa A2 6YAe T nor~4 e C Ka fl "I" Iv = 5 B/ . Ha B~BOAe 1 
Tome 6YAe T COCTOflHHe " 1" , Bcne nc r aa e aroro Ha BblBOAe 3 ane
Me HTa A2 HMeeT CfI norH 4ec K~ A liD" Iv =0 B/ , Tpa H3HCTOP T4 3ane pT. 
H O Tp H ~a TenbHoe HanpRme HHe , nOAaBaeMoe Ha 3a TBOp Tl, 3anHpaeT 
TpaH3HCTOp Tl . 

nocne 3a pRAKH eMKOCTH AO Ha np fl me H ~ R , npeBblwa~ero BenH4HHY 
nopora , Ha B~XOA e KOMna pa Topa $op Ml-1 pye TcR CHrHan "0" . npH ne
pe xo ne 1-1 3 COCTORHH fI "I" B "0" 3anYCKae TCfI 0,qHOBH6paTOp A1, 
H 4epe3 HeKOTopoe BpeMR, 3aAa Bae Moe ~eno4KoA Rll , C3, c4, 
Ha BbiBO,q 1 31le MeH Ta A2 nocTyna eT Cl-1rHan "0". Ecnl-1 XOTR 6~ Ha 
O,qHOM 1-1 3 BXO,qOB 3neMeHTa A2 e CTb "0", TO Ha BblBOAe 3 06R3aTenb
HO HMe e TCR "I " , Tpa H31-1 CTOP T4 OT Kp~BaeTCR, ~ B pe3ynbTaTe OT
Kp~ Bae TCR none BoA Tpa H31-1 CTOP T1 , 4TO 06ecne4HBaeT pa3pRA BXOA
HoA eMKOCTH 4epe 3 pe 3H CTOp R2. 

B~X O,qOM HHTer paTo pa CllymHT B~XOA 3MHTTepHoro nOBTop HTenfl T3, 
HMnYllbCbl C xo r opor-o noc t yna or Ha nepe c4 e TH~ A npH6op. KamAoMY 
~ MnYllbCY COOTBeTcTByeT OAHH ~HKn 3apflAa-pa3pRAa BXO,qHOA eMKO
CTH. 

HHTe r pa TOp I-1 Me e T ,qBa pem~Ma p a60T~ B 3 a BH CH MO CT~ OT nonome
HHR nepe Kn ~4aTen R nl, B n01l0meHHH 6 3a,qe ~cTBoBaHa AOBonbHO 
601lbWaR e MKOCTb C2 = 4700 n$, H 3a BpeMR , paBHoe ,qnHTenbHOCTH 
HMn yn bca OAHoBH6pa Topa Al 140 MKc/, eMKOCTb pa 3pRmeTCR llHWb 
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4a CTH4HO. BenH4HHY 3neKTpH4eCKoro 3apRAa, CH~MaeMo r o B OAHOM 
4~ Kne C eMKOCT~ , MO~HO 04eH~Tb KaK npO~3BeAeH ~ e c peAHe r o TO 
Ka B ~Mnyn bce Ha An~Tenb HOCTb ~M nynbca OAHOB~6pa T o pa . C p e A H ~~ 

TOK 3aB~C~T OT Ben~4~H~ Ha n p R~eH~R nopora, pe3~CTopa R2 ~ B 
MeH b we ~ CTeneH~ - OT HaKon~TenbHO~ eMKOCT~. AnR AOC T~~eH~R 

B~COKO~ cTa6~nbHOCT~ ~3MepeH~ R 3apRAa nepe4~cneHH~e 3neMeHT~ 

Aon~H~ 6~Tb cTa6~nbHbIM~. AnR A~ana30Ha 6 K03¢¢~4~eHT npeo6pa
30BaH~R Ko = 0,135 ~Mn./HKn He6onbwo~,~ np~ ManOM BXOAHOM TO
Ke nonY4aeTCR H~3KaR 4aCTOTa cneAoBaH~R B~XOAHbIX ~MnynbCOB. 

np~ H3MepeH~~ TOKOB MeHbwe 1 MKA npeAn04T~TenbHO pa60TaTb IB 
nono~eH~~ nepeKn~4 aTenR A. B 3TOM cny4ae K03¢¢~4~eHT npeo6
paaoBaH~R n04T~ B 5 pa a 60nbwe (Ko = 0,621 ~ Mn . /HKn) . B nono-" 
~eH~ ~ A KO BXOAY nOA Kn~4eHa eMKOCTb C1 = 470 n¢, n p~ 3 TOM 
An~ Tenb HOCT b ~Mnynbca OAHoB~6paTopa Al paBHa 5 MKC , 4TO AOCTa 
T04 HO AnR ee nonHO~ p~apRA K~ . Ben~4~Ha 3neKTp~4eCKoro aa pRAa, 
CH~ Ma eMo ro C eMKOCT~ B Ka ~AOM 4~Kne, paBHa npo~ a BeAeH~~ Ben~ 

4~H bl HanpR~eH~R nopora Ha Ben~4~H Y eM KOCT ~ C1 . B CBRa ~ C 3T~ M 

BoaH~ Ka ~T nOB~weHH~e Tpe6oBa H~R K cT a6~nbHOCT~ eMKOC T~ ~ Ha
npR~eHH R nopora. 

2 . nAPAMETPW np~60PA 

3Kcne pHMe HTan bHO ~ccneAOBaHO OTKnOHe HHe OT n~He~HocTH on~

C~BaeMoro HHTerpa Topa. ~a p~c.2 BHAHO, 4TO B pe~HMe 6 OTKnO
HeHHe OT nHHe~HocT~ MeHb we ±1% AnR A~anaaOHa TOKOB 0, 4 HA ~ 

+ 30 MKA , ~ TO ~e caMoe B pe~~Me A AnR TOKOB 0 ,5 HA ~ 4 MKA. 
np~ 0 4e Hb Man blX TOKax YXYAweH~e n~He ~ HOCT ~ o6ycnoBneHo Te M, 
4TO Ha4~Ha~T C Ka a~BaTbCR TOK aa TBopa TpaHaHCTo pa T2 ~ TOK 
Y Te4K~ TpaHa~CTo pa Tl . Heo6xoA~MO OTMe THTb , 4TO oT6op non e
B~X TpaHa~ CT opO B He npo~aBOA~ nCR . B p e~H Me A np ~ pa 60Te C TO
Ka M ~ Bblwe 4 MKA n~He HH OCTb YXYAw a eTCR ~a-aa Toro , 4TO C yBe
n~4eH~eM 4aCTOT~ BbIXOAH~X ~MnynbcoB OTHoweH~e Bpe Me HH aapRAa 
eM KOCT~ C1 K An~ T enb HOCT~ 4~Kna YBen~4~BaeTCR /npo4ecc, a Ha 
no r~4 H ~A Bn~RH~~ MepTBoro Bpe MeH~ / . 

Aon r oBpeMe HH a R cTa6~nbHocTb, ~a MepeHHa R Ha n pOTR~e H~ ~ Tpex 
MeCR4e B pa6o Tbl , OKaaanaCb ny4we 4eM 0,2% . np~H4~n AeH c TB ~R 

np~ 6opa o6ecne4~BaeT ~aMepeH~e 3apRAa HeaaB~C~MO OT xapa KTe
pa TOKa ny4 Ka /¢nYKTya4~~, HepaBHOMepHOCTb , o 6ycnoBneHHaR ~a
M e H e H ~ R M ~ pe~~MOB pa6oT~ YCKop~TenR ~ T.A./. 

B aa Kn~4eH~e aBTOp B~ pa~aeT 6naroAapHocTb A. n .Ko6aeBY aa 
non e a aue o6cy~eH~R ~ ~ HTep ec K pa6o Te . 
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BeHbKOB cKH A.	 PI 3-88-751 
HHTerpaTop TOKa nyq Ka 

Orra ca n HHTer pa TOp TOKa nynxa ycxopea ns rx HOHOB, p aoo s-a-: 
JOIUH H B AH ana 30He 5' I0-5 ·~ 3· 10- 5 A axormor-o TORa . ITpH60p 
asmona e a na OCHOBe vcarnrr ena c HMlIynbcHofi o6 pa THoH CBH
3b JO H HaKonHTenbHoH eMKOCTbJO na Bxop,e . TO ~ HOCTb H p,on
rOBpeMeHHa H cTa6HnbHOCTb npH60pa ny ~ me 1%. ITpHHQHn p,eHcT 
BHH 06e cne~HBae T H3Mepe HHe 3apHp,a He 3a BHCHMO 01' xapaKTe
pa TOKa /~nYK T yaQHH, HepaBHOMepHOCTb H T.p,./. CxeMa n~
CTpoeHa Ha CTa Hp,apTHWX 3neMeHTax. 

Pa60Ta asmona ea a B J1a 60paTopHH HeHTpollHOH ~H3HKH omm. 

Coofimeaae 0 6 1oe.n;HHeHHo r o HHCTHTYTa 1lJlePHbJX Hccn e.n;oBaHHH. ny6Ha 1988 

ITepeBop, a BTopa 

Bienkowski A. PI 3-88- 7S1 
Beam Current Int egr a t or 

A beam current integra t or cove r i ng the r ange f rom 
5'10- 10 up to 3 '1 0- 5 _A o f the input cur ren t is de s c r ib ed. 
The pr inc i p l e o f operation is based on us ing t h e ampli fi 
er wi t h a pu l s e f e edb a ck l oop and the i np u t charg i ng ca
pacitor. Th e accuracy and l ongte r m stab ility i s bet ter 
than 1%. The op e r a t i ng p r i nciple of t he integra t o r p r ovi 
des an a c cur a t e mea sur i n g of charge independently on 
current character (fluctua tions, nonun i f orm i t y , etc). 
Th e circuit is presented in which t he ordinary co mponents 
a r e used . 

The i nve s t i gat i on has b e en p e r f ormed at the La bora
tory o f Neutron Phys ics , J INR. 

Commu nicat ion o f th e Joint Insti tu te for Nu clear Research. Dubna 1988 


