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I. CBoikTBa OllHOBH6paropa 

K sneKrpoHHOH annaparype, Hcnonh3yeMoli B coBpe

MeHHbiX cpH311 1IeCKHX 8KCllepHMeHTaX, ynpaBnHeMb!X OT 

38M, npe!l'bHBnHIOTCH llOBblllleHHble Tpe60B8HI15I no 6bJCTpO

!leHCTBHIO, cra6HnhHOCTH, TO'iHOCTH, Hane)l\HOCTH. KpoMe 

Toro, sneKTpOHHbie 6noKH non*Hbl 6hJTh nocraro'l:HO yHH

BepcanbHw. C y'ieTOM 8THX Tpe60B8HHA pa3pa6oTaH OllHO

BH6parop B craHnapre KAMAK, HMeiOwuli cnenyJowue ornu
'iHTenhHhle CBOHCTBa: 

I. BLJCOKbiO cra6unbHOCTh npu H3MeHeHuu TeMnepary-

pbi ( S: 0, I%/ C) 11 npu H3MeHeHHH CKopocru c11era . 
(S. 0,1%). 

2. WupoKuli llHana3oH perynuposaHHH anurenhHocru sw

xoaHoro HMnynhca - or 20 He no 150 MKC npu senu1111He 
wara perynupoBaHHH oKono 3,5%. 

3. Hanuque llByx BbJXO/lHbiX uMrrynbCOB: a) HMnynbca 

c perynHpyeMoli nnurenhHOCThiO T 11 6) HMnynbca c no

CTOHHHoA nnurenbHOCThiO, 3aaep)K8HHOI'O OTHOCHTenbHO 

sxoaHoro Ha speMH T. ManLIH speMeHHOli pa36poc 3aaep

)j\aHHoro HMnynbca ll03BOn5IeT npOBO!lHTb npeUH3HOHHbJe 

113MepeHI15I C HaHOCeKyHilHOH T0'1HOCTbiO Jl8)Ke np11 6onb
WHX T. 

4. Bo3MO)KHOCTb pa6oTbJ B asyx pe.>KHMax: a) B Hop

ManbHOM pe)l<HMe C HyneBb!M BpeMeHeM BOCCTaHOBJleHHH, 

6) B pe)KHMe C npoaneHHeM llJlHTenbHOCTH HMnynbca· I.: -

C MHHHM8J1bHbl!\1 BpeMeHe!\1 Me)l\JlY llBYMH BXO/lHb!MH 11M-' 
nynbC8MH 20 HC. 

TipHHUHll !leHCTBI15I OllHOBH6paropa B 8THX llBYX pe)KHM8X 
HnniOcTpHpyercH p11c. I. 
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PHc. 1. BpeMeHHaH nuarpaMMa pexmMoe pa6oTbi onHoBu6-
paropa. 

8 HOpM8J1bHOM pe)I{HMe nocne OKOH'18HHH sanaHHOR 
nnarenbHocra BhiXOllHOro aMnyJlbca T onHoea6parop eosapa

maercg B lfCXOnHOe COCTOHHae. 0H CHOBa rOTOB DpHHHM8Tb 
HOBbiH uMnynbc, HanpuMep, B MoMeHT t 2 . Ha HMnynhCbi, 

npalllenlll!fe no OKOH'I8HHH BbiXOnHoro HMDYJlbCa, HanpaMep, 
B MOMeHT t 1 ,onHoau6parop He pearHpyeT. Hanporua, B 
pe)l{uMe c nponneHHeM oaHoeH6parop pearupyeT Ha Ka)l{.nwA 

npullleDlliHR uMnynbc, npR sroM, ecnH nocne nepaoro HM
nynbca BTOpoft DpHllleJl B MOMeHT t 1 <T, TO DJ1HTeJ1bHOCTb 

BhiXODHoro HMnynbca yaeJIH'IHTCH .no t 
1 

+ T. 

4 

5. HanH'IHe Ha COOTBeTCTBYlOIIleM BbJXO,!le CHrH8J10B 
MepTBOrO BpeMeHH, C OOMOillblO KOTOpbiX MO)I{HO H3Me-

pHTb S~~eKTHBHOCTb HCDOnb30B8HHH O,!lHOBH6paTOpa B pe)I{H
Me C DpO,!lJ1eHHeM HJ1H OpOC'IeTbl B HOpM8J1bHOM pe)I{HMe. 

6. HanH'IHe B perHcTpe, sanOMHHaJOmeM ycTaaoeneHHbie 

napaMeTpbi 6noKa B IlH~poeoM BH.lle, nononHHTenhHoro 
TpHrrepa. 3TOT TpHrrep D03BOJ1HeT KOHTpOJ1HpOB8Tb npo
XO)I{,!leHHe CHraana 'lepes OllHOBH6parop. Tiocne c6poca 
TpHrrepa B aynb nepBbiA npHHHTbiH HMDynhc ero nepe-

6pacbJBaeT, H STOT ~aKT MO)I{er 6bJTb npoeepeH C DOMOIUblO 
38M. 

2. EnoK-cxeMa onHOBH6paropa 

O.naoBH6paTop npe.ncTaanHer co6oit 6noK a craa.napTe 

KAMAK e.nHHH'IHOA lliHpHHbJ. TipHHUHD pa6orbl np116opa 
DOHCHHer pHC. 2. 0llHOBH6parop COCrOHr H3 llBYX DOCJle
llOBarenbHO BKJllO'IeHHb!X BHyTpeHHHX O,!lHOBH6paropoB. 

B llHanasoae OT 20 He .no 2 MKC ·HenocpencraeHHO Ha 
BhTXOll pa6oraer O,!lHOBH6parop 1. nnHrenbHOCrb era HM
nyJ1bC8 H3MeHHercH 'lepes UATI a .nHanaaoae 1 : 100. 
BbiXOllHaH eenH'IHHa UATI Haxo.nHrcH B sKcnoHeHUHanbHOA 

38BHCHMOCrH or IlH~pOBOrO CJlOBa/2~ TipH sroM orHOCH

renbHOe yeeJIH'IeHHe nnHrenbHOCrH HMDYJlbCa OllHOBH6paropa 
(or cryneHH K cryneHH) ocraerCH nocrOHHHbiM BO BCeM 

llH80830He. TipH 60J1blliHX llJ1HreJ1bHOCrHX HMDYJlbCOB (or 2 
no 150 MKc) BKJllO'IalOTCH OllHOBH6parophr I H II o.nHoepe
MeHHo. TipH aToM I- biH OllHOBH6parop BhmonHHer ponb 
npe.neapHrenbHOrO pBClliHpHrenH BXO,!lHWX HMnynbCOB nnH 
OllHOBH6paropa II. nnHrenbHOCrb HMDYJlbCOB I -ro OllHO-
BH6paropa Onpe.nengercg B 9rOM cnyqae DOCrOHHHhlM 

roKoM Io, a nnuTenbHocrb HMnynbcoe II -ro ynpaengeTCH 

or UATI. TiepeKJllO'IeHHe c o.naoro pe)I{HMa Ha .npyroit npo
H3BO.llHrcg C DOMOIUblO BKJllO'IeHHH H BbiKJllO'IeHHH COOrBer

CTBYlOIUeH 6noKHpOBKH. 
Ha pHc. 3 H 4 noKa3aHa nonHaH npHHilHDHanbHaH cxeMa 

OllHOBH6paropa. norHqecKaH 'IBCrb ycrpoitcrea, BKJ110'1810-

IU8H ,!lelliH~parop, perHcrp H CHCreMy C'IHTbJB8HHH1 Bbi
DOJ1HeHH8H Ha TT n HHrerpanbHbiX cxeMaX, npe.ncraeneHa 
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H8 puc. 3. H8 puc. 4 U3o6p8}!(9H8 cxeM8 UAD ( H8 TT n
UHTerp8nbHh!X CX9M8X C OTKph!Th!M KOJ1J19KTOpOM) U CXe

M8 OJlHOau6p8TOp8 ( H8 3Cfl-uarerp8nbHhiX cxeM8X cepuu 

138). 

3. TexauqecKue II8p8MeTphi u WHKUHU 

BxoJl OJlHOau6p8ropa: 

BXOJlHhie CUrHaJ1hi 

BXOJlHOe COIIpOTUBJ19HUe 

nopor cpa6aThlBaHU9 

MUHUM8J1bH89 illUpUHa 

uMnynhca Bhiille nopora 

M8KCHM8J1bH89 8MIIJ1UTY/l8 

BXOJlHOrO UMIIyJ1hC8 

orpuuarenbHhie 0,8 B 

50 OM :!:.. 10% 
-0,4 B 

10 HC 

+5, -10 B 
Bopora OJlHoau6parop8: 

BXOJlHhie CUrH8J1hi 

BXOJlHOe COIIpOTHBJ19HUe 

nopor cpa6aThlBaHH9 

M8KCHM8J1bH89 8MIIJ1UTyJla 

orpuu8renhHhie 0,8 B 

50 OM :!:.. 10% 
-0,4 B 

BXOJlHOro uMnynbca +5 B, -10 B 

BopoT8 38npemaiDT npoXO}KJleHHe BXOJlHoro curH8J18 

npu H8nuquu ynpaangeMoro uMnynhC8 a reqeHue apeMeHu 

H8p8CTaHH9 BXO/lHoro cnrH8na. 

BhiXOJl OJlHOBu6paropa (c perynupyeMofi JlJ1UTenbHOCTbiD): 

10 

qliCJ10 Bh!XOJlOB 2 
JlJ1HT9J1bHOCTb liMIIYJlbCOB 

( B HOpM8J1bHOM pe}KRMe) 

qRcno cryneHefi 

perynRpOB8HH9 

JlJ1HTeJ1bHOCTH liMIIyJlbCOB 

aenuqaH8 OJlHofi cryneHR 

20 HC + 150 MKC 

256 
-3,5% OT YCT8HOBJ18HHOrO 

3H8qeHH9 JlJ11iT8J1bHOCTH 

liMIIynbCOB 

Tel\,tnepa TypHh!H K09cpcpHUiieHT 

Hecra6RJ1bHOCTH JlJ11iT8J1bHOCTii 
0 

RMnynhC8 s; 0,1%/ C 

apeMg H8paCT8Hii9 1i CII8Jl8 S 3 HC 

Bh!XOJlH89 8MIIJ1UTYJl8 -0,8 B Ha 50 OM 

r 
I 

t 

r 
.\ 

J. 

Bh!XOJlHOe COIIpOTHBJ18HHe 

Bp9M9 IIpOXQ)KJl9HH9 

cnrH8J18 qepe3 6noK 
B hiXOJ{ OJlHOBR6pa ropa 

(3aJlepMaHHh!H): 

qliCJ10 Bh!XOJlOB 

JlJ1HT8J1bHOCTb HMIIyJ1bC8 

BhiXOJlH89 8MIIJ1HTYJl8 

BhiXOJlHOe COIIpOTHBJ18HHe 

apeMg 38/lep}KKH 

( B HOpMaJ1bHOM pe}KHMe) 

qucno cryneaeii 

perynRpOB8HH9 38Jl9p}KKH 

B9J1HqHHa OJlHOH CTyneHH 

TeMnepa rypHhiH 

K09cpcpHUH9HT HeCTa6HJ1bHOCTH 

50 OM + 10% 

25 HC 

2 
10 HC 

-0,8 B H8 50 OM 
50 OM :!:.. 10% 

20 HC + 150 MKC 

256 
-3,5% or ycraaoaneaaoro 

3H8qeHH9 38Jl9p}KKH 

0 
38/lep}KKII :S,. 0,1%/ C 

npoque HeCTa6HJ1bHOCTH 

3aJlep}KKH S 0,01 %, tio He Metiee 10 nc 

BpeM9 H8p8CT8HU9 li CII8Jl8 S 3 tiC 

BpeMg BOCCT8HOBJ18HH9 

( B HOpM8J1bHOM pe}KRMe) 

MHHHM8J1bHhiH HHTepB8J1 

M8}KJly JlBYM9 BXOJlHhiMH 

HMIIYJ1hC8MH 

(a pe}KRMe c rrpoJlneaneM) 

BhiXOJl curaanoa Mepraoro 

ape Mean: 

rnupuaa HMnynhca 

8MIIJ1HTYJl8 

BhlXOJlHOe COIIpOTHBJ18Hiie 

BpeM9 HapaCT8HH9 

H CII8Jl8 

0% 

20 HC He38BiiCHMO OT 

ycT8HoaneHHoro 3Haqeaug 

38/lep}KKH 

COOTBeTCTByeT IIOJ1HOH 

pa6oqeii cp83e OJlHOBR6paropa 

-0,8 B Ha 50 OM 
50 OM + 10% 

S3 HC 

IlOTpe6n9eMhie TOKH: + 6 B, 
6 B, 

+24 B 

300 MA 
600 MA 
400 MA , 
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N·A(O) .f(l7)·Sl': 3anacb W1+W8 - ycraaoaKa .nnarenbHOCTH 

BbiXO.IlHOf'O HMITYJlbC8 OT 

20 HC llO 150 MKC 

256 cryneHSIMH 

(no 3,5%) 
W 9 - BKniO'IeHHe BOpOT 

W 10 - yCT8HOBK8 pe:lKHM8 

0 = HOpM8nbHbie 1 

1 = c npo.nneaaeM 

W 11 - BKnto'leHHe axo.na 

W12- c6poc Tparrepa KOHTponSI 

npOXO:lK.IleHHSI 6biCTpbiX 

CHf'HanoB (0 = c6pollleH) 

N ·A (0) • F(l): C'IHTbiBaHae R1 +R1l- ycraHoaneHHbie 3Ha'le-

N • A (0) • F (24) ·S2 
N • A (0) • F (26) 
Z·S2 

12 

R 12 -

I 

Q 

X 

HHSI COOTBeTCTBeHHO 

Wl+Wll 
KOHTpOnb npOXO:lK.IleHHSI 

6biCTpb!X CHrHanoa 

( 0 = He npowen, 

1 = npowen) 

BbiKntO'IaeT BXO.Il 

BKniO'IaeT BXO.Il 

ycTaHaBnaaaeT: 

MHHHM8nbH8SI .llnHTenb

HOCTb BbiXO.IlHOf'O 

HMnynbC8 (20 He) 

BXO.Il Bb!KniO'IeH 

aopora BbiKnto'leHbi 

pe:lKHM HOpManhHbiH 

rparrep 12 = 0 
Bb!KniO'IaeT BXO.Il BO 

apeMSI ITO.Il8'1H CHrHana"J ", 

He H3MeHSISI COCTOSIHHSI 

KOHTpOnbHOf'O perHCTpa 

1=A(O)·[F(1)+ F(17)], 

1 =A (0) .[ F(1)+ F(17)+F(24)+ 

+ F(26)].(-K;b).(-6b).(+24b). 

4, flpHMepbl npHMeHeHHff 

0.1lHOBH6parop MO:lKHO HCITOnb30B8Tb B CaMb!X pa3nH'IHbiX 

3a.lla'laX Sl.llepHOH aneKTpOHHKH H H3MepHTenbHOH TeXHHKH, 

Hu:lKe npHBO.IlSITCSI HeKoTOpbie THITH'IHbie npuMepbi. 

1. 3a.nep)I{Ka H ¢opMapoaaHue HMnynbcoa 

naa O.llHOBH6paTOpa BKniD'IaiDTCSI ITOCne.noaaTe~HO, npH

'IeM 3a.nep:lKaHHbiH Bb!XO.Il -nepBOf'O ITO.IlKniD'IaeTCSI KO BXO.Ily 

aroporo, T aKHM cnoco6oM MO)I{HO 3a.nep)I{HBaTb H ¢opMH

poaaTb HMITYnhCbi B nonHoM .naana3oHe .nmnenbHocreli 

O.llHOBH6paTOpa. 

2. <t>opMupoaaHue HMnynhcoa anSI 

KaHana aHTHCOBna.neHHH 

B pe:lKHMe c npo.nneHHeM o.nHoau6parop npe.ncraanSieT 

C060H OTnH'IHbiH <IJopMH:pOBaTenb HMnynbCOB .llnSI KaHana 

CXeMbi 8HTHCOBITa.lleHHH no ITpHHUHITY HanO)I{eHHH, T,K, OH 

Y'IHTbiBaeT Ka)l{.llbiH axo.nHoli HMnynbc. H opManbHbiH o.nHo

au6parop yMeHblllan 6bi a<fl<PeKTH:BHOCTb CXeMbl aHTHCOB

na.neHHH BCne.llCTBHe npoCT.J:eTOB. 

3. K o H T p on b H M n y nbc o a, c nell y ID ill H x n. p y r 

3 a ll p y r 0 M C M a J1 bl M H H T e p B a J1 0 M B p e M e H H 

C ITOMOlllbiD OllHOBH6paTOpa MO)I{HO npOCTbiM CITOC060M 

peaJIH30BaTb 3arUHTHyiD CXeMy llJlSI npu6opOB 1 B KOTOpb!X 

ITpH perHCTpaUHH HMITyJibCa He06XO.IlHMO rapaHTH:pOBaTb 

MHHHMaJibHOe BpeMSI Me)l{.llY aHaJIH3HpyeMbiM H npe.llblllY

lllHM HMITyJihCOMo 

Mo:lKHO peana3oaaTb H 6onee cno:lKHbie npa6opbi, a KO

TOphiX perHCTpHpyiDTCSI TOnbKO Te HMilynhCbi 1 llJISI KOTOpbiX 

HHTepaan apeMeHH .no npe.llbi.Ilylllero Tnpe.n. H .no nocne

.nyrowero T nocne.n. HMnynhcoa He MeHee 3a.'=!aHHbiX T. 

nrrSI STOf'O BKJIID'IaiDTCSI .llBa OllHOBH6paTopa COOTBeTCTBeH

HO puc. 5. ITepBhiH o.nHoau6pa Top, pa6oTaromuli a pe:lKHMe 

C IlpO.IlneHHeM, ycTaHaBJIHBaeTCSI Ha llJlHTeJibHOCTb HMilYJlhCa 

T npe.n. . Ha BhiXo.ne 1 HMnynbc noSIBHTCSI TOJibKO a TOM 

CJiy'lae, eCJIH H:HTepaan BpeMeHH Me:lK.IlY HHM H npe.llblllYlllHM 
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BOPOTA ii 
- Bb/X jj -

BbiX 1 -
Tn,..il. 

C RPOAREHNEH 

P11c. 5. EnoK-cxeMa CHCTeMbi KOHTponH HHTepBanoB Bpe
MeHH Me*AY HMITyJJbCaMH, 

PA38. 

--y ~PDTA-
Tr 

C npOA.IIEHHEM 

PHc. 6. EnoK-cxeMa CHCTeMbi or6opa HMrrynbcoB no 
AJ1HTeJ1bHOCTH. 

HMrrynhCOM 6onbllle TnpeJl.o OH 3anycKaeT aHanH3HpyJOmee 

ycTpOfiCTBO. BopoTa BTOpofi nOJJOBHHbl CHCTeMbi OTKpbiBa

IOTC5I nocne npHXO.Qa HMnynbca Ha Bb!XOA } Ha BpeMSI 

T = Tnocnea.,onpeaenSieMoe OllHOBH6paropoM II, KOTOpbiti: 

pa6oraeT B HopManbHOM pe*HMe, Ka*Abiti: B03HHKaJOIUHfi 

14 

t 

B sro BpeMH HMnynhc nporrycKaeTCSI BopoTaMH II H HC

nonh3yeTCSI B Ka"'eCTBe c6paCbiB810IUePO no OTHOllleHHIO 
K aHaJ1H3HpyeMOMy HMnynhcy, 

4, ,U H C K p If M H H aU H 5I An H Ten b H 0 C T H H M n y J1 b C a 

.Un5I pellleHH5I H3MepHTeJ1bHb!X 3a.Qaq, B KOTOpb!X Bbi-

6HpaJOTC5I HMrrynbCbi c llJJHHoti: T .LI > T 1, OllHOBH6parop 

BKJJ!O"!aeTcH cooTBeTCTBeHHo pHc. 6. Orr pa6oraeT B pe

*HMe c npoaneHHeM, npH sroM Hcrronh3yeTC5I ero 3aaep

*8HHhifi BhiXOA. Bopora rrponycKaJOT TOJlbKO Te 3aaep*aH

Hhie Ha BpeM5I T liMITYJ1bCbi 0 KOTOpble COBITa.Qa!OT C KOHUOM 

rrMnynhca, ynpaBJJHJOIUero BopoTaMH. Pe*HM c npoaneHH

eM nOilaBJJSieT cnyqafiHbie COBnaaeHH5I C IfMnyJJbCaMH, 

cneayJOIUHMH qepe3 BpeMH T rrocne 3arrycKaJOmero HMrrynb
ca. 

5, I1 3 M e p e H H e B p e M e H H hi X ll H T e p B a J1 0 B 

0AHOBH6paTOp B pe)!(HMe C npOAJJeHHeM MOA<HO MCnOJ1b-
30BaTb AJ15I ll3l'v!epeHH5I cneKTpa BpeMeHHh!X HHTepBaJJOB 

Me*AY HMnynhCaMa, .Un5I 8TOfi Uena Cf:!CTeMa C"'eT"'f:!K -

TafiMep OITpeaenSieT CKOpOCTh C"'eTa iiMnynbCOB Ha Bb!XO/le 

OAHOBa6paropa npa pa3HbiX ycraHOBJJeHHb!X llJIHTeJ1bHOCT5IX 
aMnynhca. 

B 3aKJJJO"'eHue aBropw 6naroaapHT A.H.CaHaeBa, 

A.I1.KanuHaua, X.-r.OpTnerrna 3a rroaaep*KY pa6oTw 
H rrone3Hwe o6cy*AeHH5I, 
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