


B.B.KpyrROB~ A.B.KyJIHKOB* 

MOHHTOP MH HMTIYJlbCHoro nYqKA 
3APH*EHHblX qACTJ1U 

* lI.HI1. HI1I1.Hc:I> MfY. 

13 - 8618 



Beeoe11ue 

OnHCLIBaeMLIH npu6op HCDOnhJyeTCJI nnJI MOHHTOpHpo
BaHHJI BLIBeneuuoro npoTouuoro nyqKa B 3KcnepHMeuTe 
no IlOHCKY HOBOH panuoaKTHBHOCTH Ha ycKOpHTene 11<1>B3. 
IJyqoK npoTOHOB c 3Heprueu 70 I'3B HMeeT cnenyro~yro 
epeMeHHYJO CTpyKTypy: nnHTenbHOCTb HMilynhca TOKa nyqKa 
/6aHqa/ - _OKono 20 HC, BpeMJI Me)KnY BbIBOnHMLIMH HJ 
ycKopHTenJI 6auqaMH - 01<ono 9 c. B 6auqe conep)KHTC_JI no 

"6:1010npOTOHOB. OcHOBHLIMH Tpe6oeaHHJIMH, KOTOpLie 6LinH 
BLinBHHYTLI npH coJnaHHH MORHTOpa, JIBnJinHCb B03MO)K_. 
HOCTb MOHHTOpHpOBaTb nyqKH C yKaJaHHLIMH napaMeTpaMH, 
OTCYTCTBHe Be~eCTBa Ha Tpacce nyqKa H npOCTOTa npH6opa. 

B HaCTOJI~ee epeMJI pa3pa60TaHo 6onhllloe qucno npu-
6opoe nnJI MOHHTopupoeanHJI nyqKoe 3apJI)KeHHLIX qacTHU 
/cM. 063op /!/ /. HaunyqllJHM o6pa30M yKaJaHHbIM BLillle 
Tpe6oeaHHJIM ynoeneTBOpJieT MOHHTOP, OCHOBaHHLIH Ha npuu
uene neHCTBHJI . TpaHc<liopMaTopa TOKa. EcnH BKnJOqHTb 
o6MOTKY TpaHc<liopMaTopa TOKa B KOHTYP ynapHoro B036y)K
neHHJI, TO HMnynhC TOKa nyqKa B036y)KnaeT B 3TOM KOHType 
Kone6aHBJI, aMnnuTyna KOTOpLix, KaK noKaJauo nanee, npo
nopuuoHanLHa npolllenllleMy JapHny, anu qacny qacTHU. 
IIono6HLiii npu6op, npenHaJuaqeHHLIH nnJI HJMepeHHJI HHTeu
CHBH0CTH nyqKa 3neKTp0HOB C nnBTenhHOCTblO HMnynhca 
no 2 MKc, onecan e pa6oTe /2/. OH o6ecnequeaeT BhICOKyro 
ToqH0CTL B3M~peHHH, onHaK0 JIBnJieTCJI noeonhHO cnmKHLIM 
npa6opoM. B HallleM cnyqae nocTa Toqua ToqH0CTL e He -
cKonLKO npoueuT0B. Ilo3TOMY 6Lina pa3pa60Ta11a npocTaJI 
CHCTeMa M0HHT0PHP0BaHBJI C HCil0nLJ0BaHBeM THilOBLIX 
3neKTp0HHLIX 6noKOB, pa3pa60T8.HllblX B Jia6opaTOpHH Jinep-
HLIX npo6neM 011.Hli. • 
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flpUHIJUn oeucmBUJl MOHUmopa 

Ha pee. 1 rrpeJJ,cTaBneHa cxeMa pacrrono)KeHu.H MOHHTopa 

e.,(t) .--.......... --t----

I. ~ 

Puc. 1. CxeMa pacnoAoJtCeHUJl MoHumopa Ha ny'lKe u e20 
:J1<eueaAeHmHaJ1 cxeMa. 

Ha rryqKe H erq 3KBHBaneHTHa.H cxeMa. MOHIITOp rrpeJJ,CTaB

n.HeT co6oii KaTyIIIKY H3 N BHTKOB, HaMOTaHHYIO Ha Kon1,
IJ;eBOH qieppuTOBhiii cepJJ,eqHHK. llHJJ,YKTHBHOCTh •L KaTyIIIKII 
BMeCTe C BKnIOq·eHHOH rrapannenhHO eii eMKOCThlO C 06pa-
3yeT Kone6aTen1,H1,1ii KOHTyp. CorrpoTHBneHue R yqHThIBaeT 

BXO)J,HOe corrpOTHBneHHe BHeIIIHeii uerrn H 3KBHBaneHTHOe 
corrpoTHBneHne IIOTep1, B Kon1,n;e Ha rncTepe3nc. Ecnn 

BHYTPH Kon1,u;a IIPOXO)J,HT HMrryn1,c TOKa i ( t) ' TO Ha BhlXO)J,e 
cxeMhl IIO.HBn.HeTC.H CHrHan eo (t). Ha 3KBHBaneHTHOH cxeMe 
HMIIyn1,c TOKa i ( t) 3aMeH.HeTC.H HCTOqHHKOM TOKa j_ i ( t ) • 
Ilpe,!1,IIOnO)KHM )J,Jl.H IIpOCTOThl, qTo HMIIyn1,c TOKa i ( t f HMeeT 

IIp.HMOyron1,HyIO !pOpMy C aMIInHTy)J,OH J H JJ,nHTenhHOCThlO T. 
B 3TOM cnyqae CHrHan eo ( t) IIPH IlPOH3BOnhHhIX napaMeT -

pax u;enu paBeH /2/ · 

t T 

e (t)=_L _1:_::fRC !sinw 0t-e
2RCsinwo<t-T) I, /1/ 

o NC wo 

rJJ,e 

(tl 

f) 

1 
·---

V LC 
v· 1 _ •LC 

(2RC) 2 

Ecnu B1,16paT1, nepnoJJ, Kone6aHuii 'T 2 TT 1.o -= -- B uenn 
Wo 

HaMHOro npeBLIIIIaIOlll;HM JJ,nHTenhHOCTh HMnyn1,ca nyqKa, TaK 
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qTo6wcuoT <<TT, TO cosw0T,,,l,sinw0 T,,,w 0T. B 3TOM cnyqae 
q>yHKUH.H eo(t) HMeeT BH)J,, IIOKa3aHHLIH Ha pIIC. 2. 

ea 

t 

Puc. 2. <,PopMa 6b1XOOH020 CU2HaAa. 

Ecnu BhI6paTh )J,nH H3MepeHH.H aMIInHTY,!J,LI MOMeHT Bpe-

MeHH t , KOTOphlii yJJ,oBneTBOpn:eT ycnOBHIO wot = TT ' qTo 
COOTBeTCTByeT Ha pnc. 2 TOqKe A, TO 

eo( -~) 
WO 

T -TT I w 
__ _g_ e 2 RC 

NC 
/2/ 

rJJ,e q = JT - .,3ap.HJJ,,npoweJJ,IIIHii qepe3 Kon1,n;o. llTaK, npu 
BLIITOnneHHH yKa38.HHhlX BLIIIIe ycnoBHH aMilJIHTYJJ,a BI,I
XO)J,HOro nMnyn1,ca nponopn;H0Han1,na npoweJJ,IIIeMy qepe 3 

MOHHTop 3ap.HJJ,Y. 
lf3Mep.HH 3TY aMnnnTyJJ,y, MhI MO)KeM, nocne cooTBeT

CTBYIOlll;eii 1cann6pOBKH, onpeJJ,enHTh 3ap.H,!1,, a 3JiaqHT, H 

qucno 3apg)KeHHhIX qaCTHU B IIMnyn1,ce. Kann6poBKa MO)KeT 

6LITh BLinonneHa nyTeM nponycKaHHH no npoBOJJ,HHKY BHYTPH 
KOnhIJ;a H3BeCTHLIX nopD;HH 3apH,!1,a. 3apH,!1, He06XO)J,HMOH Be
neqHJILI nerKO nonyqHTh Ha KOH)J,eHcaTope H3BeCTHOH eM
KOCTH, 3apH,!J,HB ero )J,O onpeJJ,eneHHoro noTeHu;nana. 

KoHcmpyKIJUJl MOHUmopa 

lf3 4>opMyn1,1 /2/ BH)J,HO, qTO JJ,nH nonyqeHHH BhlXO)J,HOro 
CHrHana )J,OCTaToqHo:ii .aMnnHTY,!J,LI eMKOCTI, KOH)J,eHcaTopa 
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Cu lJUCilO BUTKOB e o6MOTKe ,l(On:>KHbl 6LITb ManLI. B TO )Ke 

BpeMH Heo6XO,l(HMO, ':IT06LI nepHO,l( Kone6aHHH TO cyll(eCT., 

BeHHO npeBbIUian .l(IlHTenLHOCTb T HMnyn1,ca TOKa. OTCIO,l(a 

BH,l(HO, 'ITO HH.l(YKTHBHOCTb KaTyUikH 1L ,l(Oil)KHa 6LITb 6on1,

rnoii. 11H.l(YKTHBHOCTb .KaTyUIKH, HaMoTaHHOH Ha TOPOH.l(an1,

Hhli cep.l(e':IHUK, JaBHCHT OT ero paJMepoB H MarHHTHOH 

npoHuu;aeMOCTH fl cne.l(yIOll(HM o6pa3oM: 

D 
L - fl h In - d , 

r.l(e h - BbICOTa TopoH.l(a, D - BHeUIHHii .l(HaMeTp, d - BHyT

peHHnii ,l(UaMeTp. )J.nH yaenH':leHHH HH.l(YKTHBHOCTH npHxo

.l(HTCH BbI6upaTL MaTepHan qJeppHTOB0rO KOilbIJ;a C 60ilbllIHM 

JHa':leHHeM fl " yeenH':IUBaTL reoMeTpU':leCKHe paJMepbl 

KOilbUa, TaK KaK N CUilbHO yeenH':IHBaTL Heilh3H. Il03TOMY 

TOPOH,l( 6b1Il co6paH HJ IlHTH qieppHTOBblX Koneu MapKH 

M 2000 HH-K 125x8Oxl2, CilO)KeHHhIX B CTOilKy. Ilony

':leHHblH TopoH.l( nMeeT paJMepbI D = 125 MM, d · = 80 MM 
u h = 60 MM. Ha Hero HaMOTaHO 50 BHTKOB npOBO,l(a MapKH 

Il3JillIO. EMKOCTL KOH.l(eHCaTopa C = 30 n<I>. )].mi corna

coeaHnH BbICOKOr:o BblXO,l(HOrO conpOTHBneHHH MOHHTOpa 

C HH3KHM BXO,l(HbIM conpOTHBneuueM UCilOilbJyeMblX 6nOKOB 

3IleKTpOHUKU npuMeHHeTCH CilO)KHbIH 3MHTTepHLIH IlOBTOpu

TenL, co6paHHbiii Ha TpaH3HCTopax l T313B. 
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Ha puc. 3 noKaJaHa npuHu;HnHan1,Ha.11 cxeMa 6noKa Ka-

T 

!OD- OMHblll ae11ume11b 
Japgaa 

Puc. 3. CxeMa 6Ao1<a 1<aAu6poe1<u. 
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nH6pOBKU. EMKOCTb HaKOilHTenLHOro KOH,l(eHCaTopa paeua 

50 n<P. HanpH)KeHue Ha o6Kna,l(Kax KOH.l(eHcaTopa - 100 B. 
TaKHM o6pa30M, nonHLIH 3apH.l(, HairnnneHHblH B KOHl\eHca

Tope, paeeH 5· l o-9 K. Pa3pH.l( KOH,l(eHcaTopa npoHCXO.l(HT npH 

no,l(atJc 3anycKaroll(ero .HMnyn1,ca Ha BXO.l( KilIOtJa, co6pauirn

ro Ha TpaH3HCTOpax Il416.6, pa6oTaIOll(HX B naBHHHOM pe)KH

Me . B cxeMe npe.l(yCMOTpeH ,l(eilHTenL Ha pe3HCTOpax, 

':IT06LI nponycKaTb qepe3 KanH6pOBO':IHblH BHTOK pa3IlH':IHbie 

nopUHH 3ap.11.l(a. Ilonuoe conpoTHBneHHe .l(ennTen.11 ua pe Jue -

Topax npu mo6oM nono)KeHuu nepeKnrotJaTen.11, ycTauae

nHearoll(ero · K03qJqJHUUeHT ,l(eneHHH Jap.11.l(a, paBHO 100 OM. 
3To o6ecnetJUBaeT HeHJMeHHYIO ,l(IlHTenLHOCTb HMilYilbCa 

pa3pH.l(a • .6noK Kanu6pOBKH CMOHTHpoeau BHYTPH Kopnyca 

MOHHTopa. )J.nH npe.l(OTBpall(eHHH HaBO,l(OK Ha MOHUTOP co 

CTOPOHhl 6noKa KanH6pOBKU nocne,l(HUH OT,l(eJrneTCH 3KpauoM. 

liA01<- cxeMa MoHumopa u uccAeooeaHue e20 xapa1<mepucmu1< 

. 
Ha puc. 4 H 5 npe,l(CTaBneHbl 6noK-cxeMa 3neKTPOHHKH 

C«HXf, OT 
!:JCt<tp«Ti?M/ 

n 

Puc. 4. liAoK- cxeMa 3/leKmpOHUl<U. M - MOHUmop, r - 2eHe
pamop, EK - 6Ao1< 1<aAu6poe1<u, 3 - 3aoep:,,c1<a, 0 - ooHoeu6-
pamop, Yo - yoAuHumeAb, Ye - ycu.(lumeAb, Ilp - npeo6pa-
3oeameAb aMnAumyoa-1<00, II - nepec..,emHaJI cxeMa. 

MOHHTOpa H BpeMeHHble ,l(HarpaMMhl, IlOHCHHIOll(He ero 

pa6oTy •. l1cnon1,3y10Tc.11 Tunoe1,1e 6noKH 3IlCKTP<>HHKH, pa3 -

pa6oTaHHbie e Jla6opaTOpHH H.l(epHblX npo6neM OHJIH. Cur

Han OT reHepaTopa 1 3aMLIKaeT Ha 3eMnIO KOH,l(eHCaTop 
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Kana6poBoqHoro ycTpOHCTBa, H qepe3 KanH6poBoqHblH BHTOK 
npoxonHT HMITYilbC TOKa 2 nnHTenhHOCTbIO 100 IIC. IlpH 3TOM 
Ha Bhixone MOHHTOpa IlOHBmieTCH CHrHan 3; Ilepaon Kone-
6aHHH BbIXOAHOrO CHrHana COCTaBnHeT OKono 5 MKC. AMnnn
Tyna BwxonHoro cHrHana B ToqKe A, paBHaH 300 MB, co
OTBeTcTByeT 3ap11ny 4,SxlOK. l13MepeHHe aMnnHTYAhI 
Bxonuoro CHrHana npOH3BOAHTCH B MOMeHT BpeMeHH, cooT
BeTCTBYIOlllBH 4>a3e 3 rr ' a He 7T' TaK KaK B Haqane Bhlxon
noro cnrHana na nero naKnanweaIOTCH napaJBTHble Bblco
KoqacTOTHble Kone6aHHH /na pnc. 5 ne IlOKa3aHb1/, KOTOphle 
nonHOCTblO 3aTyxaIOT TOilbKO K MOMeHTY BpeMeHH, COOTBeT
CTBYIOil{eMy 4>a3e 3 7T. Cnrnan 3 C MOHHTopa IlOCTynaeT B yn
IlBHHTenb, pa6oTaIOil{HH B pe)KHMe nHHeHHbIX BOpOT. Ha BXOA 
ynpaBneHHH ynnHHHTem1 nonaeTCH CTp06HpyIOil{HH HMnynhC 4 
nnnTenbHOCTblO 100 IIC. Ha Bblxone ynnHHHTenH 110.HBnHeTCH 
cnrnan 5 nnnTenbHOCTblO 1 MKC, KOTOpbIH nocne COOTBeT
CTBYIOil{ero ycnnennH nonaeTCH ua npeo6pa3oBaTenh aM
nnHTyna-cepn11. CepHH c Bwxona npeo6paJ0BaTen11 perucT
pupyeTcH nepecqeTuoii cxeMoii. 

<D 

l'-------------------t 
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@ t 
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Puc. 5. BpeMellHble ouazpaMMbl CU21IQA06 6 TflO'lKQX, yKa-
3Q111lblX 11a puc. 4. · 
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Kanu6poeKa 6blna npoBenena nn11 necKonhKHX JnaqeHnii 
npowenwero qepe3 BHTOK 3ap11na. Ha puc. 6 npnBeneH rpa-

R 
(mv) 

100 

1 

S 6 ,d0-
9 8 (KVll) 

2 -' 4 ,.fo"' Np 

Puc. 6. I'pa(JuK 3asucuMocmu 6b1xoo11oii aMnAumyobl om 
'IUCAa npomo11os 6 UMnyAbce, UAU 3apJ1<Ja. 

qJHK JaBBCHMOCTH H3MepHeMOH aMITHHTYAhl OT BennqHHbl 
3ap11na /qucna • npo:roHoB/, npowenwero qepe3 MOHHTop. 
KaK BHAHO H3 rpaqiBKa, xapaKTepHCTHKa MOHHTOpa HHHeiiHa. 

Ilpn pa6oTe Ha nyqKe Ha BXOA ynpaBneHHH ynnHHHTenH 
nonaeTC.H CHHXpOHMITYHbC BbIBona nyqKa. Bb16op MOMeHTa 
B3MepeHHH ocyll{eCTBnHeTCH non6opoM Janep)KKH CHHxpo
HMnynbca. HuTeHCHBHOCTb ny1-1Ka H3MepHeTCH B Ka)KAOM 
l{HKne ycKopeHBH H nepenaeTCH BMeCTe C npyrHMH naHHbIMH 
ua 3BM. 

l13MepeHHH IlOTOKa, BbIIlOHHeHHhie C IlOMOil{blO MOHHTopa, 
cpaBHHBaHHCb C pe3yHbTaTaMH, nony1-1eHHbIMH MeTOAOM aK
THBal{HH MeAHbIX H anIOMHHHeBbIX cl>onhr 3a _TO )Ke BpeMH 

o6nyqeHHH.B npenenax ToqHocTH aKTHBaUHOHHoro MeTona, 
KOTOpaHCOCTaBnHeT OKOHO 100/o, pe3ynhTaTbl COBnanaIOT. 

ABTopw 6naronapHhI B.H.rop11qeBy Ja yKaJaHHe Ha 
pa6oTy /2/. 
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