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B pa6oTe paccMaTpHBBIOTCll reaepaTopbl BbiCOKOBOilb"'HbiX HMnyllbcoe 

nnll nHTBHHll 6ecc!IH1lbMOBbiX HCKpOBbiX KaMep aa 3neKTpOHt biX BBKYYMHbiX naM

nax. npoBOAHTCll KaqeCTBeHHOe OllHCBHHe nepeXOAHOI'O npOleCCB B CXeMe 

OKOHeqaoro KBCKBAB reuepaTOpa C npoCTOH RC uenbiO !pH HenHHeHHOH HBI'-

pyaKe - HCKpoeoA KBMepe. 3KcnepHMeHTBnbHO uccnenyeTc ~ eonpoc o Bbi6ope 

AnHTellbHOCTH BblCOKOBOnbTHOI'O HMnyllbCB Anll 6ecc!lunbMOE blX HCKpOBblX KB

Mep, YCTBHOBneHO, qTo epeMll 3BAeplKKH p83BHTHll pa3pl!A3 B HCKpOBOH KB

Mepe CHilbHO 38BHCHT OT napaMeTpOB KBMepbl H ycnOBHH :~ Helt, B TBKlKe OT 

XBpBKTepHCTHK OKOHeqHOI'O KBCKBAB reuepBTOpa BblCOKOBO.IbTHblX HMnynbCOB, 

npu HCCneAOBBHHH 38BHCHMOCTH BpeMeHH 3BAeplKKH p83BHrHll paapl!AB B HCK 

poeolt KBMepe OT AnHTenbHOCTH HMnynbCB, llOABBBeMOI'O HB OKOHeqHblH KBC

KBA, 6bin8 06HapylKeHa OUTHMBnbHBll AnHTellbHOCTb HMnyru.ca, npH KOTOpOH 

Anll p83HblX 3HaqeHHH BHOAHOI'O HBllplllKeHHll HB OKOHeqHQH KBCKBAe HMeeTCll 

MHHHMYM epeMeHH 38AeplKKH p83BHTHll pa3pl!A8 B HCKpOB!·H KBMepe, llnll 

HMnyllbCHOI'O fiHTBHHll 6ecc!IH1lbMOBblX HCKpOBblX KBMep (H () HCnonb3yiOTCll 

reuepaTOpbl BbiCOKOBOilbTHb!X HMllyllbCOB ( f8J1) CO •lKAYIULM "pelKHMOM pa6o

Tbl, Cnoco6bi reaepupoeaHHll BbiCOKOBOilbTHbiX HMnynbcoe Anll nuTBHHll 6ec

c!lu1lbMOBbiX HCKpOBbiX KBMep npaKTHqeCKH BCe OCHOBBHbl liB pa3pl!Ae H 3Bpli

Ae KO!IAeHCBTOpa. llpyrHe MeTOAbl KOHCTpyHpOBBHHll f8J1, 1 BKHe, KBK, HanpHMep, 

c!lopMHpOBBHHe HMnynbCOB C fiOMOIUbiO OAHOpOAHOH H HeOAt OpOAHOH AnHHHOH 

nHHHH HnH C HCll01lb30BBHHeM YABpHb!X aneKTpOMBI'HHTHbll. BOnH B AnHHHbiX 

nHHHliX C 4leppHTOM TOnbKO aaqHHBIOT HBXOllHTb npHMeHeEHe. 0co6ble Tpe6o

BBHHll K c!loPMHpOBBHHIO HMnyllbCOB npell'bl!BnliiOTCll B TeX ;nyqal!X, KOI'AB 

HCnOllbayeTCll pelKHM pa6oTbi HK c MHOI'OKPBTHbiM qucnoM cpa6aTbiBBHHA 

B OAHOM UHKne ycKopHTenl!, npu 3TOM •MepTeoe" epeMl! J1 K paanuqHblMH cno

co6aMH CTBpBiOTCll CAenaTb B03MOlKHO HBHMeHblUHM, HBfi( HMep, nyTeM llOll-
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6opa llnJITGI1bHOCTH BbiCOKOBOI1bTHOI'O HMnynbca, C TeM, 'lT06bi nony'lBTb MH

HHM811bHO B03MO>KU: '10 3HeprHIO, BhinenSIJOlllYIOCSI s HCKpe 
16 • 11• B o.oKnanl61 

H3 npOCThiX paccy; <lleHHH Ha nnnJOCTpHpyiOllleM pHCYHKe npHBOllHTCSI TBKOH Bbl-

6op lli1HTel1bHOCTH C~OpMHpOBSHHOI'O HMnynbca: 

(I ) 

t I - lli1HTenioHOCTb C~pMHpOBSHHOI'O HMnynhca, t 
2 

-nnHTenbHOCTb 

~poHTa HapacTaHHSI BbiCOKOBOnbTHoro uanpH>KeHHSI ua YIK, t ! - speMSI aa-

nep>KKH p83BHTHSI pl3pSill8 llO MBKCHMBnhHOI'O 3HS'leHHSI TOKS B HCKpe. 

B pa6oTe 111 TOJKe ua pncyHKe npHBOASITCSI 6onee npasnnhHbie npene-

llbl Bbi6opa l\IIHTenl HOCTH C~OpMHpOBSHHOI'O HMnynhca: 

{2) 

B cnoJKHbiX ~H3H'le< :KHX 3KcnepHMeHTax, ncnonbayiOlllHX 6ec~HnbMOBhie HCKpo-

Bbie KaMe phi s npeJ 1enbHO 6hiCTponelicTsyJOmeM pe>KHMe c nepena'leA HH~p

MBUHH Ha 36M, B {8'leCTBe KOMMyTHpyiOlllHX 3neMeHTOB uenecoo6pa3HO npH

MeHSITb 3neKTpOHHb.e naMnhi. TaKHe naMnhi, no cpasHeHHIO c sonoponHhiMII 

THpaTpOHSMH H BSK ryMHbiMH HCKpOBbiMH pene (BYfP), B OKOHe'lHbiX K8CK8A8X 

rBYf o6naAaiOT Uem IM pHAOM npeHMyllleCTB. 0HH HMeiOT M811bie BpeMeHa aa

nepJKeK cpa6aThiB8HHSI H AI1HTel1bHOCTH npouecca KOMMYTSUHH • .UnSI ynpasne

HHSI HMH Tpe6yiOTCf MBIIOMOlllHbie HMnynbCbl, 'ITO npHBOllHT K He60IIblllOA HBI'

py3Ke HCTO'IHHK8 n:TKOBb!X HMnynhCOB CeTO'lHOA UefibiO 118Mfibl OKOHe'lHOI'O 

KBCKBAB. 3neKTpOHJ:bie IIaMnbi n03B011SIJOT HCnOnh30B8Tb npeo.sapHTenhflyiO ~op-

MHpOBKY HMnynhCOE no O.IIHTGnhHOC'I'H B npenmeCTBYIOlllHX K8CK8A8X1 HMeiOT 

60I1blllOH CpOK cnyl!<6bi 6e3 CyllleCTBeHHOI'O H3MeHeHHSI CBOHX napaMeTpOB B 

npouecce 3KCnnyaTE UHH. npneMneMbie B KS'leCTBe KIIIO'lei!, 3TH IIaMnbJ 

llOCTSTO'lHO lllHpOKC liOIIOCTHbi, K aenocTaTKaM 3neKTpOHHhiX naMn KaK 

KOMMYTHPYIOlllHX 311•!MeHTOB MO>KHO oTHeC'I'H 6onhmee BlfYTpeaaee conpoTnsne-

HHe B MOMeHT nepeKIIIO'leHHH no cpaBHeHHIO C BOAOPOllHbiMH THpaTpollflMH H 

BYIP - nopSillKa ne< SITKOB H coTeH OM, Ecnn H ecTb aneKTpOHHbie naMnhi, 
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CpaBHHMbie B 8TOM OTIIOWeHHH C BOilOpOilHb!MH THpaTpOH8MH 1 TO OHH I'pOM031l

KH H Heyno6Hbl B 8KCUJJyaTaUHH. 8hr6op 8/JeKTpOHHbiX J18MU CpenH HMUyJJbC-

HO-Monyn>rp!Ib!X H HMUYJJbCHO-reHepaTOpHbiX nn>r KOMMYTHPYK IUHX 8/JeMeHTOB 

OKOHe'!Hb!X K8CK81lOB fBY! BeCbMa orpaHH'IeH, ll08TOMY lKe/1 lTeJJbHbi cneun-

8/Jbllb!e pa3pa60TKH T8KJ!X J18MU, 

OKoHe'!Hbiii KaCKaa fBH c npocToii RC -r enbJo 

CxeMbl OKOHe'!Hb!X K8CK81l0B rBH c npocToii RC ueUbl) , B KOTOpblX 

pa3p>Jn KOHneHcaTopa ocyruecTanHeTcH '!epe3 K/110'1, a 3ap>~n - '!epea cpaa-

HHT811bll0 BblCOKOOMHOe COUpOTHBJ18HHe OT I!CTO'IHHKa UOCTOl HHOPO 1!8Up51lKe

IIH>I, 51BJ15110TC51 HaH6onee npOCTblMH I! pacnpOCTpaHeHHblMH, 3TI! CX8Mbl Up!!-

Belle Hhl Ha pi!C .J (a) ; ( 6) II (B). 

Harpy3Koii B cxeMax OKOHe'IHoro KaCKaaa 51BI151eTc51 e!"KOCTb ncKpOBOH 

KaMepbr C I!K' wyHTHposannaH OMH'!eCKHM conpoTHnnenHe'-1 - R w· B cny-

'!ae, Korna B o6beMe MelKay 8JJeKTPOil8MH HK, 3anonHeHHOII raaoao11 cMec~oJ01 
O'!eHb Mano 3ap51JlOB, HCKpoaaH KaMepa npencTaanHeT co60J) mrHeiiHbr(! 

8/IeMeHT. B cnyqae 6ypnoro naBHHoo6pa3Horo o6pa3oaaHH> 3Llp51AOB npn 

paaBHTHI! HCKpbl K8Mepa npeACT8BJ1H8T l!8JJHH8l!Hb!H ~neMeHT. no8TOMY 

8KBHaanenTnyJO cxeMy HK so apeMH <jlopMHpoaaHn>r n npo6< ·>r HCKpbl, 6ea 

y'leTa HHAYKTHBHOCTe(!, MOlKHO npencTaBHTb KaK napannenb we coeHnnenne 

l!8J1HH8l!HO(! eMKOCTil - C IlK H H8/111118HHOPO COUpOTilBJ18Hilll IICKpbl Rill IlK' 

pnc.2 (a). B o6weM cny'!ae eMKOCTb ncKpoaon KaMepbi 11011 >KHa onpenen>rTb

Cll K8K JIH<j><j>epeHUH8J1bl!851 8MKOCTb: 

c =~ 
AH<j><j>. HK diu! 

13 '!8CTHOM cnyqae 1 j{OP)la B KaMepe HCKpOBOPO npo6051 HE T, 

rrpencTaBI!Tb KaK eMKOCTb: 

c .. .2_ 
CTaT. I!K U 
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B nepHOA IJl•>pMnpoBaHHSI H npo6og HCKpbi B KaMepe 3TH eMKOCTH ne 

paBHhl. 3AeCb cyitecTBeHHyiD ponb HB'IHHaeT nrpaTb nennneiinoe conpoTHB-

JleHHe HCKpbl - Rill HK' llpn aToM conpoTnBnenne ncKphi R Ill HK naMe-

HSieTCSI OT O'!eHb { OJ1blllOfi BeJ1H'IHHhi, onpenenSieMOfi H8'!8J10M pa3BHTHSI J18BHHhl 

CTpHMepa, AO Bem 'IHH LIOJ1efi eAHHHUbi, enHHHU H neCSITKOB OM, B 38BHCHMOCTH 

oT MOlllHOCTH HCK~OBoro npo6oSI. TaKHM o6paaoM, oco6eHHOCTbiO OKOHe'!HhiX 

K8CK8LIOB fBH C I!K SIBJ1SieTCSI TO, 'ITO OHH pa60T810T Ha HellHHeliHyiO Har

pyaKy, 0KOHe'!Hbl i K8CK8LI fBH, B cny'!ae, KOrAa HarpyaKa ( R w; C IlK) llH

HeliHa, MO>KHO Ilp<!LICT8BHTb 3KBHBal1eHTHOfi CXeMofi, H306pa>KeHHOfi Ha pHC,2 ( 6), 

rAe 

R R
1 

R 
3 

(5) 

npn 3TOM Mbl IIP·lHe6peraeM napa3HTHblMH eMKOCTSIMH H HHAyKTHBHOCTSIMH 

MOHT8)K8, KJ110'18 ~ HK, H C'IHTaeM KJ110'1 6e3HHepUHOHHbiM. nepeXOAHbie npo-

UeCCbl B T8KHX 3. ~BHB8J1eHTHbiX CXeMaX XOpOlllO OIIHC8Hbl H HCCll€!10-

/1 3 4 n np./ 
BaHbi ' ' • XapaKTep H3MeHeHH51 Hanp5I)K€HIISI u ( t) Ha aneKTpo-

nax ncKpoBoli Kal!epbi MO)KHO na6n10naTb na ocunnnorpaMMe ( 6) pnc.3, 

J.ia 8H8ni!38 T8KHX 3KBHB8l1eHTHb!X CXeM H3BeCTHO: IIOCTOSIHH851 BpeMe-

HH , onpe~enHIDlllaH CKOpOCTb HapacTaHHSI nepenHero ~pOHTa, paBHa 

nponaBeneHHIO R , Ha 3KBHBaneHTHyiO eMKOCTb nocnenoBaTenbHoro coenHHe-

HHSI C 3 H C
1 

K' 3necb pelllBIOlllYIO pOllb Hrpa!OT BHyTpeHHee COI!pOTHB-

neHHe R 1 aaM ~HyToro KlliO'Ia B R 3 ( T,K. R 3 » R 1 ) H MeHbWBSI 113 

eMKOCTefi C IlK ( C 
3 

» CHK). CnanaHne HanpH)!<eHnH npaKTII'IecKn nponc-

XOAIIT IIO 3KCIIOH< HUH8J1bHOMY 38KOHy C liOCT05IHHOfi Bp€M€HII r 2 = Rw ( C
3 
+ C HK). 

0TCIOA8 SICHO Hep aBeHCTBO (2), rAe H8HMeHbW8SI AJ1HTel1bHOCTb C~OpMI!pO-

B8HHOro IIO Bpell€HII HMIIYllbCa B OKOH€'1HOM K8CKane llllll llOAaBaeMoro Ha 

OKOH€'1Hb!H K8CK8 1, A0ll)KH8 6b!Tb: 

r >r (6) 
HMli"' I 
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B npoTHBHOM crryqae, ecn11 r liMIT < r 1 , CT8Tll'l8Ct aS! eMKOCTh HCKpG-

BOii KaMepbl He CMOlK8T ycneTb 3apSinl!ThCSI no 8MITITHTY.lbl Bb!COKOBOIThTHOf'O 

nMnyrrbca - U"' , n Koa<jlqmuneHT ncnoiTh30BaHnSI HanpSilKeHn>T nnTaHnSI K E 

yMel!hWl!TCSI. B aToM crryqae, 4T06bi ynepJKaTh :o,<jlqieKTHJ,HOCTh pa6oThi HK Ha 

npe)!<HCM ypoa11e, Mhi norrJKHhi noabiWaTh E g • 

0KOHC'lllb!ii K8CKan rBJ.1 B o6meM (pa6o'leM) nona: <CI!HH, KOf'lW Hai'PY3Ka 

R ~' C HK) HeiTI!HeiiHa ( Dpll cpa6aTh!B8HIIII reHepa TOp, 1 npO!!CXOnll T 11p060ii 

ncKpbr a HK), Heo6xoni!MO npencTaBITS!Th 3KBIIBarreHTHoi cxeMoii, npi!BeAeHHOr"l 

Ha pllc.2(a), rAe 

R R 
ill Ill IlK 

R' (7) 
ill 

R +R 
w lll UK 

11 c = c 
nH<jl<jl. l!K IlK 

npn 3TOM llpHHI!MaeTCSI 0 'lTO napa3HTHb!C 8MKOCTH II !!H. lYKTIIBIIOCTil ~IOHTa)Ka, 

KJ!I04a 11 l1K npeHe6pe)KHMO Mi:liTbr, H KITJO'l C'lHTaeTCSI C'3l!HcpUHOHJihiM. Pac

C'lHTHTh nepexonHNii npm!BCC B ITOU06HOii 3KBHBaiTeHTHCr"l CXBMC pnc.2(a) C 

Y'IeTo~t uonttHefino~ eMKOCTH C IlK H HeJHIH<?tiHOrO t> >npOTHBJICHU H UCl\:pbi 

R w HI<• na)Kc c ynpomaJOIUHMll npH6rru)Kel!l~>IMli,-LlOBOJ hHO I'POM03nKa>J n CJIO)K

JWH :·lilL13'W /5/. nprr 3TOM MOlKHO ynyCTl!Th HCI<OTOpbH TOJIKOCTll ncpeXOJl-

1101'0 npouecca. Eorree uerrecoo6pa3HO npenaapnTGJihHC Ki:l'JGCTBeHHO pacc!'.IOT-

pcTh nepeXOIIHhrll npouecc n 3KCnepnMeHTarrhHO nccrreA maTh IIOBenel!lre TIJKOii 

• 
C!trT8Mbl B p!J3llll'lllb!X HC06XOLll!Mb!X pe)!(I!MaX. 

PL!CCMOTPHM pa6oTy BhrxonHoro KacKana reHepa· ·opa 11a HerrnHei'IJIYJO 

Hi1I'PY3KY - l!CKpOByiO KaMepy, pnc.2(a). 

B liCXOnHOM COCTOSII!llll KITIO'l K pa30MKHyT, ll H8KOITI!TCITbHaSI CMKOCTb 

C s 3ap>I)!(eHa no HanpSI)KeHnH •E 8 • 

Korna 'lepe3 HK npoXOLll!T 3apSIJKeHHaSI qacTI!Ua, n norl!'IeCKaSI cncTe-

"ll• COCTOSIUI8>1 1!3 C'I8T'll!KOB 31:lp>IlKeHHblX 'l8CTII!l ll : •JICKTpOI!HblX ycTpOiiCTI\0 

UT6!!paeT 3TY 48CTl!Uy nnSI perHCTpaUHII, Ha 3aiTepThlr"l OKOHC'lHWii KIJCKan rBH 

IIOCTVIIIJCT OTI!l!pH!OWllli l!MllyiThC, nepeBOn>Tll11!ii KJIIO'l J< 1!3 Jiell[JOBOn>IIJ!Cf'O COC-

TOI!III!SI C O'l8Hh 60IThilll!M R 1 B npoBonmuee cocTol! me c MDJibiM conpo-

TlmJJCHUCM R 
1 

• HaKOITJITeJihHL!>I eMKOCTh pa:3p51)KLlOT, :11 •wpe3 3TO conponm-

7 



neHne. Pa3pSIL!HbiM TOKO .. f Ga BpeMSI CT8TII'IeCK8Sl eMKOCTb KaMe-

pbi C CTaT. HK 3apSI>KaE Test Ha Bemt'IHHY Q 

1 r 1 
dt .. -f ada. 

R o (8) 

npouecc 3apstAKH CTaTH'leCKOil eMKOCTH c CTaT. HK MO>KHO Ha6moAaTb 

Ha OCUilliliOT'paMMC a = f i ( t) pnc.3 ( 6') II ( r') ( nepBbiii HMITylibC-38pSIL!Hblli 

TOK qepe3 HK). npollleA uaSI qepe3 HK 3apSI>KCHHaH 'l8CTIIU8 OCT8Bl!SleT B 

CMCCII f'830I:l, 38ITOl!IIS!IOll.eli KaMepy, HOIIII311pOBaiiHblli K8H8l1, KOTOpblll AH<jl-

tPY3HO lll!H ITOA BliiiHHI!eM He6oliblllOT'O O'llllll810IIlCf'O ITOCTOS!IIHOI'O HanpSiii<eHIIS! 

paCC8CbiBaeTCS! 38 BpeMI I IT8MS!TII KaMepbl - r naM• Ecnn nanpH>Kenne U m 

Ha aneKTpOAax HK npeBI nuaeT CTaTn'lecKoe npo6nBHoe HanpR>KeHne nocne 

HeKOTOpOT'O BpCMCHII 3811 ep>KKII - t S , B TC'ICHIIC KOTOpOT'O npOIICXOAIIT pa3-

BilTHe pa3p>IA8 1 TO 6nar< AapSI OCT8TO'lHbiM 3liCKTp0118M B IIOHII311pOB8HHOM 

K8H8l!C UpOIICXO/liiT IICKp•lBOil ITp060If B K8Mepe. 

B Te'lenlle npeMem 3aAep>KKH t 5 tjJOpMIIpOB8HIIH IICKpOBOf'O pa3pSIAa 

CTaTn'leCKaSI CMKOCTb C CTaT. HK 1 3apR>KeHHaSI AO uanpR>KeHifR u m• 
Ha'lHHaeT pa3pstx<aTbCSI 11'1 corrpoTnBneHue IllYHTa R Ill c rrocTORH:toll speMe-

nn r z 8 MOMeHT tjJopMI!pOB8HIIS! IICKpOBOT'O rrpo60SI B KaMepe 38pS!Ll1 

OCTaBIIlllllCS! na Y>KC Hem Helinoii eMKOCTII - Clll!ljMI> fiK 
1 

pa3pS!LlllTCS! 'lepe3 

uennnei'moe conpoTnBnen11e ncKpoBoro Kanana RIll nK• ToK pa3pS!Lla eM-

KOCTH C AuljMI> IlK 'lepe3 CO!IpOTIIBl!eHUe IICKpbl R Ill IlK MOlKHO BHAeTb Ha 

OCIUlliliOT'paMMC ClapSlUHOI 0 II pa3pRAIIOT'O TOKa qepe3 KaMepy (puc.3,r'- BTO-

poll IIMIIYllbC). nocKOlib (y COITpOTIIBlieHHe llCKpOBOT'O rrpo60SI R Ill IlK 3H8-

'lnTelibllo Mellbllle IllYHTIIJ•YJOlllei'O coupoTHBnennSI - RIll KaMepbl 

R 
Ill IlK 

« R 
Ill' (9) 

npouooi'lneT cpec1 aKcnom nunanb!IO Bo3pacTaiOI!lero nnu y6biB810lllero ( B oa-

BIICHMOCTII OT I!OliS!pllOCT I I!Mllym,ca) HHilpHXWHIISI U (t) Ra aneKTponax 

HK c uocTOHHnoii npeMelu - r 2 Ha llOCTO>lllHYIO BpCMCIIIl cpe::Ja - r cp• 

Ha pnc.3 ( n) npHueneHbi nnH cpaB!IeHHR ABe ocunnnorpaMMbi narrp>IlKeHIIH 

Ha 3.'1CKTP0118X HK. nepB3H ocunnnorpaMMa COOTBCTCTByeT CJiy'lakJ, KOI'll8 
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B KaMepe ueT acKposoro npo6oR H cpeaa uanp!llKeHHR, BTopaR - Korna HMe-

eTCSI HCKpOBOil: npo6oil:, H npOHCXOJlHT yKOpB'IHBBHHe IIMnym,ca HBOpSilKeHHSI HB 

aneKTponax HK. 

CKOpOCTb nepeXOJlB R W HK 113 npOBOJlSIWero COCTCSIHHR C MBilbiM Co-

npOTIIBileHHeM B npaKTH'IeCKH HenpOBOJlSIWee COCTOSIHHe H l3MeHeUIIe CJlHtjKII HK 

npH aToM onpenenReT nnHTenbHOCTb aanaero 4JpoaTa cpea1, HMnynbca U h) 

aa aneKTponax HK. nocTorumyiO speMeHH - r cp MOlKHO onpenellHTb, KaK: 

r 
cp 

- c JlHtjKII, HK 

C Rw 
cTaT HK R I 

MBKC W HK MHH. 
( 10) 

06a 3TH napaMeTpa uenuueil:abl H r cp onpenenReTCR aK~nepuMeHTanbHO. Ha 

pHC,3 OpHBe)leHbl OCUHIIIIOrpaMMbl ( r) - R3MeHeHHSI HBOpSil <eHHSI HB 31leKTp0JlBX 

HK npH perKcTpaUHK 'IBCTRUbl, (r') - R3MeHeHHR aapSIJlHO 'O R paapSIJlHOI'OTo

Ka 'lepea HK npa aTOM. 

3KCUepRMeHTBilbH8SI 'IBCTb 

npa KOHCTpyKpOBBHHH OKOHe'IHbiX KBCKa)lOB ffiH HeO( XOJlHMO 3HBTL, K3 

KBKHX JlBHHbiX HCXO~HTb npH Bbi60pe ODTHMBnbHOil: JlllHTelll HOCTR BbiCOKOBOilbT

HOrO RMnynbCa, C TeM1 'IT06bl UOny'laTb 61IR3KYIO K MHHK!I. BllbHO He06XOJlK

MOil: JlllR peracTp81lHK MOWHOCTb B RCKpe npH npo6oe B Hf:. KpOMe Toro, He

OOXOJlHMO HMeTb DpR 3TOM 6onee UOIIHYIO HHcpopMallHIO 0 E peMeHH 3aAeplKKH t S 

pa3BHTHR paapRJla B HK, npa H3MeaeHHR aaonuoro uanpRlK~HRR aa OKoHe'IHOM 

K8CKBJle K JlllRTenbHOCTH c<!K>pMRpOBBHHOrO BbiCOKOBOilbTHO;'O HMDYnbCa, nona

BaeMOrO ua HK. Bee 3TH sonpocbl aayqanacb Ha ycTaaoB~ e, 6noK-cxeMa Ko

Topoil: npaseneaa ua pac.4. 

3KCnepRMeHTbl npOBOJlKIIHCb Ha perHCTp8UHH KOCMH'IECKKX nyqeil:, aanpaB

IleHKe KOTOpblX Bbi6Hp81IOCb JlBYMSI CUIIHTHIIIISIIlKOHHbiMK C'IOT'IHKBMH C1 H C2. 

MelKJlY HHMH pa3MeWallaCb 6ec<jiHnbMOB8SI npOBOIIO'IHBSI HC' pOBBSI KaMepa 

pa3MepaMH 200 X200 X8 MM, HMeiOWBSI CT8TR'IeCKYIO eMKOC l'b CCTaT. =300nljl. 
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'Iepe3 KaMepy upollyaanach ra3oBaSI CMecb cnellyJOmero cocTaaa: re

nHl! (23,15%), HeOH 75,16%), 830T (1,62%), KHCnOpOil (0,03%), yrneKHCnhiJ! 

1'83 (0,02%), yrneao,topOilhl (0,02%), 3THnOBhil! C!IHpT (1,5%). 

l1 MIIynhChl CO C ~HHTHnnSIUHOHHhiX C'!eT'IHKOB C1 H C2 'lepe3 CXeMy COB

liBileHHJ! ( C C) C 1 +( 2 H pac'leTBepHTenb liOilBBBnHCb Ha 6nOK 38IIyCK8 OKQ-

He'!HOI'O K8CK81l8 1 a 'BK*e HB BXOil CHHXpOHH38UHH CKOpOCTHOI'O OCUHnnorpa

$a C1-10 H rrepec'le1KY (n). Ha aKpaae ocuHnnorpa$a C1-10 MO*HO aa6nJO-

IlBTh C llenHTenSI HanpSI*eHHSI RW' R
1 

HBIIPSI*eHHe U(t) Ha aneKTpOilBX 

l1K H Ha!IpS!*eHHe 1 IIJ•OIIOpUHOHBnbHOe TOKY i (t) 
1 !IpOXOilSIIUeMy '!epe3 

l1K C 6e3HHilYKUHOHHJI'O ManOI'O CO!IpOTHB~eHHSI 

llOBBTenbHO l1K, (pHC .5) H cpHKCHpOB8Tb HB rrneHKY C !IOMOIUbKl $QTOK8Mepbl 

<PK. 

npHHUHIIHanbHBll CXeMa 6noKa 38IIYCK8 OKOHe'!HOI'O KBCKBilB fBl1 !IOKa-

38H8 Ha pHc,6, nepB >le llBB KBCKBilB CXeMhl !IpellCTBBnSIJOT C060JO 38IIepTbie 

6noKHHr-reaepaTophi aa naMrrax 6B2n. 06a 6noKHHr-reaepaTopa HMeJOT aHOil

HO- KBTOilHYIO o6paTIIYIO CBSI3b, C lliiHOilHOJ! Harpy3KH BTOpOI'O 6nOKIIHI'-I'e

HepaTopa '1epe3 p83Jeni!TenhHhiJ! KOHileHCBTOp - C13 HMIIynhC liOilaeTCSI Ha 

llBe 3arrepThie pa3pSIJ IHhie naMIIhi fl1-30, aKnJO'!eHHhie rrilpannenbao. np11 oT

KphiBBHHH naMII fl1-::! 0 IICKYCCTBeHHBSI nHHHSI - 6HcpHnS!pHO H8MOT8HHhiJ! KB-

6enh PK-2 llni!HOJO 

TH C aMIInHTYilOJ! 3~ KB !IOil8B8nCSI HB OKOHe'IHhiJ! K8CK81l. C !IOMOIUbiO Ha-

6opa nHHHll 1!3 PK-2 cpopMHpoaancSI I!Mrrynhc c llnHTenbHOCThJO r., =40; 50; 

60; 70; 80; 90 H 1 QQ I CeK. 0KOHe'!HhiJ! K8CK81l C061!panCSI H8 naMIIe fh -17 • 

HeKoTop~MH Heyllo6cTBBMH B aKcnnyaTaUHII fl1-17 SIBnSieTCSI B031lywaoe rrp11-

HYili!TenhHOe OXnB*IllHI!e H llnSI 38!IHp8HHSI naM!Ihl OTpi!UaTenhHOe CMelUeHI!e 

Uq
1

:::. 1000B, flaMITI fl1-J7 6bin8 B~6paHa liOTOMy, 'ITO ee OKCHilHhil! KBTOil 

o6nallaeT 6onhlUOJ! < MIICCHOHHOJ! C!IOC06HOCTbiO (rrnOIUBilb OKCHilHOI'O !IOKphi-

THSI KBTOilB S =8cM·!; OKCIIIlHhiJ! KaT Oil II03BOnHeT CHHM8Tb C I CM2 llO 30a 

B IIMIIynhCe); U a= J KB 1 II naM!IB KBK '!eTbipexnonJOCHIIK llOCT8TO'IHO WllpO-

KorronocTaa ( aaa6onhiJaH pa6o'laSI 'lac ToT a llO 500 Mru). OllHH t?noK oKoHe'l-

HOI'O KBCKBilB 6hin C J6paH no CXeMe C npoCTOJ! R C -uenbJO ( pHC, 7) 1 llPY-

I' OJ! 6nOK OKOHe'IHOI"< > KBCKBilB-C HeOilHOpOilHOJ! nHHI!el! ( pac.8), B ceTO'I-

HyJO uenh naMIIhi fl1 -17 BKnJO'IeH $a30IIHBepcHhil! TpaaccpopMaTop I :2, aa Tpex 
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ljleppHTOBblX KOIIhUBX fl 70 MM C p =265, HMnyllhCHbiH "P8HCcjlopM8TOp HMeeT 

B nepBH'IHOli 06MOTKe 8 BHTKOB, BO BTOpH'IHOli - 16 BHrKOB Ka6enSJ PK-1. 

06maSJ aanep~Ka 6noKa aanycKa H oKouequoro KBCKana ua naMne rH-17 coc

TaBnSUia 40 HCeK, 0CUHnnorp8MMbl BbiCOkOBOIIhTHbiX HMriyllhCOB C OKOHe'IHo

ro KaCKana (puc.8) ua uarpyaKy (oMH'IeCKoe conpoTHB~euHe RHa100 OM), 

npHBeAeHbl H8 pHC,9, nepeAHHli <jlpOHT HMUyllhCOB paBe! - 10 HCeK, 

PeaynhTBTbl aKcnepHMeHTOB 

Co CXeMOH OKOHe'IHOro K8CK8!18 (pHC,8) HCCneam.anacb 38BHCHMOCTb 

a<jlljleKTHBHOCTH pa6oThi HK OT anHTellhHOCTH aanycKaiOuero HMnynbca r 
11

• 

nony'leHHble peayllhT8Tbl CBeAeHbl B rpaljlHKH (puc.10), nepBble ABe KpHBble 

( 1) H (2) CHSJTbi c conpoTHBnenHeM my uTa R m~300 01 t. B 3TOM cnyqae R w

OAHoro UOpSJAK8 C BHyTpeHHHM COUpOTHBneHHeM naMUbl rH-17 B OTKpbiTOM 

COCTOSIHHH, cneAOBSTenbHO, UOCTOSIHHSSI BpeMeHH HeMHC rHM 6onbme r 
1 

, no-

3TOMY, K8K BHAHO H3 KpHBblX (I ) H (2), 'IT06bl HP.teTb UpHeMneMyiO aljl¢eK

THBHOCTb pa6oTbl HK, ueo6xoAHMO noBhiillSTb aapSJauoe uanpSJ~eune - E 3 

H Bbl6npaTb 6ollhrnyiO senH'IHHY annTenhHOCTH aanycKa~ >mero HMnyncca. 

KpnBaSJ (3) aljlljleKTHBHOCTH pa6oTbi HK CH.HTa c Rrn=3000 oM, 3To npn-

Mepuo B 2•3-10 paa 6onbrne BnyTpeuuero conpoTnBneHJt.H Ri naMnhi rH-17 

B OTKpbiTOM COCTO.HHHH, XapaKTep aToli KpHBOli noKa3t.maeT, 'ITO aljlljleKTHB

HOCTb pa6oTbJ HK ue TaK pe3KO aaBHCHT OT AnHTenhHC CTH aanycKaiOmero 

HMnyncC8, npH AnHTenbHOCTH 3anycKaiOmero HMUynhCa, p8BHOH UOCTOSIHHOH 

BpeMeHH uapacTaHH.H nepeAHero ljlponTa BbiCOKOBOIIhTHC ro HMnynhca ua aneK

TPOAax HK- r 0 ~ r 1 (eM, pnc.17 r ljl =70 uceK), a~ljleKTHBHOCTb pa6oThi 

HK BbiXO!IHT na nnaTo H AOCTHraeT 94-95%. HealjlljleKTliBHOCTb • 5% o6'bSJC-

HHeTCSJ, no-BHAHMOMy, HeAOCTaTO'IHO coBepmeuuoli cnc1 eMoli aanycKa HK. 

BpeMH aaaep~KH t 3 pa3BHTHSJ pa3pSJAa B HK onpe~enSJnOCb no cjl<>To-oc-

unnnorpaMMaM TOKa - I HK' npoXOASJmero qepea HK, OT Ha'lana UOAB'IH Bbi

COKOBOIIhTHOro HMnyncca ua aneKTpOAbi HK, T,e. oT MOMeHTa Ha'lana HMnyllh

ca aapSJAHOro TOKa 'lepea HK, no MOMeHTa Ha'lana pa~ BHTHH paapgna B HK. 

Jlng Ka~Aoli nnnTenbHOCTH aanycKaiOmero HMnynhca r .~50 uceK; 60 HCeK; 

70 HCeK; 80 HCeK; 90 HCeK; 100 HCeK, CHHMBnBCb KplBSSI BpeMeHH 38)lep~KH 
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C yMeHbWeHHeM AnHTenbHOCTH HMnynhC81 noaaBaeMOf'C Ha BXOA OKOHeq

HOf'O K8CK8Aa 1 B TeqeHHe KOTOporo naMna fYl-17 OTKpb!Ta 1 : ·BenHqHBaeTCH 

BpeMH 3aJ{eplKKH pa3BHTHH pa3pHA8 B J.1K (KpHBbie (5) H (6) pHc.ll). 

C apyrofi cTopoHbi, H npH yBenHqeHlm anHTenhHOCTH :: anycKaiDwero 

r u =100 HCeK npOHCXOAHT T8KlKe HeKOTOpoe ~BenH:eHHe Bpe-

MeHH 3aaeplKKH pa3BHTHH pa3pHaa B YlK, ( KpHBaH (I) pHc.ll). ilmr 6onee non-

HOf'O npeACTaBneHHH 0 XapaKTepe H3MeHeHHH BpeMeHH 38Aep >KKH t 3 pa3BH

THH pa3p5IA8 B J.1K B 38BHCHMOCTH OT AnHTenhHOCTH 3anyCKi IOWero HMnynb-

ca 6brnH nocTpoeHb! KpHBbie 

He-reoMeTpHqecimi'r pa36poc 

t 3 = f(ru) , npHBeaeHHbie ra pHc,l3. Cpea-

38AeplKKH BpeMeHH pa3I .HTH51 pa3p5IA8 

OT cpeaHeCT8THCTHqecKOf'O He rrpeBbiWaeT 6 HCeK H B OCHOEHOM OTHOCHTC51 

nnH MGHbWHX 3HaqeHHfr aHOAHoro Hanpl'!lKeHHH. ilnH E 3 =7t-L KB, 

npeBbiW8eT 2t-3 HCeK, 

At 3 He 

Ha rpa¢HK8X (2); (3); (4) H (5) HMeeTC51 nrrOCK851 rnaT¢opMa MHHHMy-

Ma BpeMeHH 38Aep}!{KH pa3BHTH51 pa3p5IA8 B K8Mepe rrpH H3~ eHeHHH AniiTenb-

HOCTII HMITYITbC8, QqeBHAH0 1 J{n51 CTa6HnbHOCTH no BpeMeHH 38Aep}!{KH pa3-
-· ·--,. .. ,. ------··---· 

~~~'!'~..P~.:'..fl..'!i.!~-2:.-.~-~~~':'__H~<;:_::~--'.:~nr~':~~~e"!' 1 bi~~P~:h .. rr()cpe_n.HHe 

_n.IJ.OCKOfi nnaT<jJopMbl MHHIIM~B _ _!l_l)':'_~eHU _38J!8p}!{Klio EcnH ITJ•08HanH3HpOB8Tb 

BCe KpHBbie pHc,l3, TO M0}!{!10 OTM8Tl!Tb OnTHManbHYIO anwr B!lbHOCTb 3anyc-

KaJOWero HMnynhC8 1 npH KOTOpoii Lln51 BCeX KpHBblX Ha6n!OAE eTC 51 MIIHHMyM 

Bpel'y18HII 38Jl8p}!{KI! pa3BHTH51 pa3p5IA8 B !1K. Ha ITITOCKOii nr aT¢opMe MHHHMy

Ma 3aaepli<KH rpa¢1!KOB (2), (3), (4) H (5) OnTHM8nbH8H ,nHTerrbHOCTb 38-

ITYCK810lll81'0 IIMnyrrbCa I1pHXOLIHTC51 H8 Cp811HIOIO ee qacTb, 

ilrrH LIBHHOfi KOHCTpyKUHli HCKpOBOH K8M8pbl 1 CMeCH ra 30B, HOpMaiTbHOf'O 

I18BneHII51 H CX8Mbl OKOHeqHOf'O K8CK8LILI, ITO rpa¢HK8M pl!c,J3, OI1Tl1M8ITbH851 

BenHquHa anHTerrbHOCTH 3arrycKaiDwero HMnynbca r =/3 0 HC8K, npll yBe-
u OIIT 

nnqeHHH /1ITHT8!IbHOCTH HMITynbCa, HaqUH8H OT OnTHM8nbHOii Benl!qliHbl 1 npo~ 

HCXOLIHT 11 yBenHqeHUe BpeMeHU 38118p}!{KH p83BHTHH p83p5UJ a B KaMepe. 3TO 

OC06eHHO 38M8THO rrpH ManbiX 3HaqeHH5IX 8HOI1HOI'O HanpH}!{I >Hl!H H8 OKOHeq-

HoM KacKane,( KpHBaH ( I)), pHc.13 ),npH paccMoTpeHHH rpa¢ moB pHc.13 MO}!{-

110 rronMeTHTb xapaKrepHyiO qepry 3Toro HBrreHHH. Ecmr ME 1 yBenHqHBaeM 

anHTenbHOCTb HMrrynhC8 OT OHTHManbHOii BenHqi!Hbl 
u C rrT=80 HCGK 118 

At u =20 HCeK, r.e. 110 6. t u =100 HCeK, To 11 Ha Bcex q a¢HKax BpeMH 3a-
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AeP*KH pa3BHTHH p13pHAa t 3 yaenHqHBaeTCH TO*e npHMepHO Ha TaKyiD 

*e BenHqHHY {'1,. t S "' 20 HCeK, 

3KcnepHMeHTa lbHhle npeAnOCbinKH K 06'bSICHeHHID STOI'O SIBneHHH C pa-

AHOTeXHHqecKOH CTCpOHbl Mbl MO*eM Hal!TH H3 conocTaBneHHH OCUHn-

norpaMM ToKa aapSI\a H paapSIAa B YIK AnSI paanHqHbiX AnHTenhHOCTell: aanyc-

KaiDIUel'O HMnynhca, npH OAHOM H TOM *e aHOAHOM HanpSI*eHHH Ha OKOHeq

HOM KaCKaAe ( pHc.14) o nepBbiH HMnynhC OTpaMaeT TOK 3apHAa qepe3 J1K 1 

BTOpOH - TOK paap~~a qepe3 HCKpy, Haqana aapSIAHbiX HMnynhCOB TOKa COB-

MeiUeHhio 

npH conOCTaBJ'.eHHH OCUHnnorpaMM (a), (6) H (B) XOpOWO BHAH01 qTo 

npH yAnHHeHHH aanycKaiDwero HMnynhca, B TeqeHHe KoToporo naMna oKoaeq-

HOI'O KaCKaAa OTKpb Ta, YWHpS!eTCSI 3apSIAHhiH HMnynbc TOKa qepea YIK, 

Ha ocuHnnorpl MMe (a) MO*HO TaK*e 3aMeTHTh, qTo npouecc 3apSIAa 

CTaTHqeCKOH eMKOC"H K8Mepbl eiUe nonHOCTbiD He 3aBepwHnCSI1 a HaqHHaeTCSI 

Y*e pa3BHTHe paap,wa, npH STOM K SHepl'HH1 aanaceHHOH HCKpOBOH KaMepol!, 

Ao6aanSieTCSI ewe Sllepl'HSI H3 cpopMHpyiDwell: nHHHH 1 H aMnnHTYAa pa3pSIAHOI'O 

TOKa no CpaBHeHHID C OCUHnnorpaMM8MH (a) I{ (6) B03paCTaeT B 1,6 paaao 

llnH COnOCTaB;leHHSI CXeM OKOHeqHbiX KaCKaAOB C HCnOnh30BaHl!eM He

OAHOpOAHOll nHHHH ( pHC,8) H C npOCTOH R C uenbiD (pH Co 7) 1 6hlnH CHS!Tbl 

KpHBbie apeMeHH 38 1ep*Kll pa3BHTHSI paapSIAa B YIK B 3aBHCHMOCTH oT BenH

qHHhi aHOAHOI'O aanJISI*eHHSI (pHc,15)o B cxeMe (pHc,7) 6panoch C.> Cc 
• TaT,HK 

H nOSTOMY npOHCXOII Hna HeKOTOpaSI noTepS! HanpSI*eHHH Ha eMKOCTHOM AenH-

Tene C S 1 C CTa r,J1K o 0TCIDAa nonyqanacb TaKaH 3Haqi{TenbHaH pa3HHUa 

no BpeMeHaM 38Aep KKK pa3BHTHH pa3pSIAa B KaMepe ( KpHBbie ( 1) H (2) o Ec

nH 6paTb C S » C CTBToYIK• TO STa pa3HHUa 6yAeT MeHbWe, 

llnH Hal'nHAHOl '0 npeACTaaneHHH 0 nepeXOAHOM npouecce, npOHCXOASIIUeM 

aa aenHHell:aoll aar~yaKe - YIK OKOHeqaoro KacKaAa fBI1 H nocneAoBaTenhHOCTH 

H3MeHeHHH BpeMeHH 3aAep*KH p83BHTHSI pa3pSIAa B KaMepe npH nocneAOBa

TenhHO B03pacTaiDW~M aHOAHOM aanpH*eHHH - E3, Ha pHc,16 npHBeAeHhi oc

UHnnorpaMMhi Hanp5 *eHHH U ( t ) ( 6yKBbl 6e3 WTpHxa) Ha sneKTpOAaX J1K 

H TOKa i ( t) ( 6) KBhl CO WTpHXOM) qepe3 KaMepy, Haqana BCeX HMnynb-

COB COBMeWeHbl, nc STHM OCUHnnorpaMM8M MO*HO npocneAHTb, KBK no Mepe 

B03p8CT8HHH aHOAHC 1'0 HanpHmeHHH OT 4,5 KB AO 8 KB yMeHbWaeTCH BpeMSI 
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38)lepJKKII pa3BIITIISI pa3pS!Jla, yKOp8'111B8eTC5l IIMIIyiibC H81I]lS!lKeHIISI 118 31leK

Tp0Jl8X HK, p83pS!Jlllblil IIMIIYIIbC TOK8 rrpH6IIHJK8eTCSI ·K 38JSI)lHOMy. npll E, = 

8,0 KB ( OCUIIIIIIOrp8MMbl (e) II ( e ') ) , CT8TH'!eCK8SI !MKOCTb K8Mepbl He 

ycrren8 eme IIOIIHOCTbiD 38pS!Jl!!TbCSI, KBK H8'111H8eTCSI pa3B!TIIe p83pS!Jl8 II p83-

pS!Jl 'lepe3 IICKpy B K8Mepe, AMIIniiTYJl8 p83pS!JlHOrO IIMIIYilbC8 TOK8 110 Mepe 

npH6nHJKeHHSI K 38pS!JlHOMY p8cTeT. H8'18no CII8Jl8 H8IIPSIJK"HHSI 118 aneKTpOJl8X 

HK npHXOJliiTCSI 118 M8KCIIMYM 8MIIIIIITYJlbl p83pS!JlHOro TC K8 B K8Mepe, H8 

pHc,17 IIpi!Be)leHbl OCUIIIIIIOrp8MMbl H81IpSIJKeHHSI n ( t) 111 aneKTponax HK 

rrp11 Tex JKe 3H8'1eHHSIX 38pSIJlHoro H8IIpSIJKeHHSI, 'ITO 11 118 :ll!c,16. H8'18II8 HM

rrynhCOB T8KJKe COBMemeHbl, H8 3TIIX OCUIIIIIIOrp8MM8X M :>JKHO Cp8BHI!Tb Jlllll-

TeiibHOCTb IIMIIYIIhCOB HaiipSIJKeHHSI 118 3IIeKTp0Jl8X K8Mepb! B 38BIICIIMOCTII OT 

E s , oueHHTh nnHTenhHOCTh rrepen11ero ljlpoHT8 11 38JlHE ro cpe38, 

BbiBO)lbl 

1, B ljlH311'!eCKIIX 3KCIIep!!MeHT8X, B KOTOpbiX IICIIOII£ 3YIDTCSI 6ecljlHIIbMQ-

Bhle IICKpOBble K8Mepbl B peJKHMe MHOrOKp8THOrO Cp868Tl!B8HIIS! B UIIKIIe yc

KOp!!Teng K reHepaTOpy BbiCOKOBOIIbTHbiX IIMIIYIIbCOB )liiSI "!K npe)l'bSIBIISIIDTCSI 

IIOBhimeHHhie Tpe60B8HIISI, 3TH Tpe60B8HIISI TeXHH'!eCKII XC pomo pcapem8IDTCSI 

IIpll IICIIOIIb30B8HIIII B OKOHe'!HbiX K8CK8Jl8X aneKTpOHHO-BI KYYMHb!X II8MII, 

2, 0IITIIM81IbH8SI Jllli!TenbHOCTb CljlopM!!pOB8HHbiX Bbl< OKOBORbTHhiX IIMIIynh

COB (liB SKTIIBHOM COIIpOTIIBIIeHHII) orrpenenSieTCSI 113 COO .. HOmeHHSI: 

H OIIT 
•1.08 ~ L2 r $ .. t 3 ( 11 ) 

rne r ljl - IIepeJlHIIil ljlpOHT H8p8CT8HHSI BbiCOKOBOIIbTHOI '0 H81lpSIJKeHH Sl 118 

3IIeKTp0Jl8X CT8TH'!eCKOi! eMKOCTII K8Mepbl 
1 

t 3 ~ f ( U ~ ) , np11 T8KOM 

38pS!JlHOM H81IpSIJKeHHII U S , rne IIOIIHOCTbiD 38BepmaE TCSI rrpoueCC 38pS!-

Jl8 CT8TH'!ecKoil eMKOCTH HK, cp8ay H8'1HH8eTCSI rrpouecc p83~HTHSI paapg-

Jl8, 

3. Ha aKcrrepHMeHT8IIbHbiX Jl8HHhiX 6binO rrouMe'leHc, 'ITO BpeMSI 38UepJK

KH p83BHTHSI p83pSIJl8 B HK SIBnSieTcg o'!eHb 'IYBCTBHTenbHhiM rrap8MeTpoM, 
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XapaKTepH3YIOlllHM KSK CSMepy H ycnOBHSI B Hell, TSK H OKOHe'IHb!ll KSCKaa 

f'eHepaTopa Bb!COKOBOnlo THb!X HMnynbCOB. noaTOMy anSI npaeHnbHOf'O Bbi60pa 

pe>KHMa pa6oTbl HK He< •6xoaHMo CHHMSTb He TOnbKO ee aljM!leKTHBHOCTb, Ho 

H KpHBYJO 3aaep>KKH ep<,MeHH pa3BHTHSI pa3pSiaa e HK, e 3SBHCHMOCTH oT 3a-

p MHOPO HanpSI>Ke HH SI. 

4. npH HCCneaoea IHH 38BHCHMOCTH BpeMeHH 3aaep>KKH p83BHTHSI pa3pM8 

e HK c pa3nH'IHb!MH 3HaqeHHSIMH 3apSiaHoro HanpSI>KeHHSI oT anaTenbHOCTH HM

nynbca, noaaeaeMOf'O Hl OKOHe'!Hb!ll KSCKaa, Ha6nJOaaeTCSI TSKOe S!BneHHe: anSI 

Ka>KaOPO 3HS'IeHHSI 38pfUHOf'O HanpSI>KeHHSI HMeeTCSI OnTHMSnbHSSI anHTenbHOCTb 

HMnynbca, npH KOTOpoll Ha6nJOaaeTCSI MHHHMYM epeMeHH 3aaep>KKH pa3BHTHSI pa3-

pHaa e HK • .ilnSI ecex 3~ a'leHHll 3apSiaHoro HanpSI>KeHHSI a Tor MHHHMYM coenaaaeT 

HnH ne>KHT e cpeJlHell '!aCTH nnocKoll nnaT<jlopMbl. npa yanaHeHHH 3anycKaJOmero 

HMnynbCa
1 

HS'IHHSSI OT C nTHMSnbHOf'O (no MHHH1'48nbHOMY BpeMeHH 3aaep>KKH 

p83BH THSI pa3pS!ll8 B 11 <), B Te'!eHHe KOTOporo naMna OKOHe'IHOf'O KSCKaaa 

OTKpbiTa, ymHpSieTCSI 31ipMHJ?!ll HMnynbC TOKa '!epe3 CTSTH'!eCKYIO eMKOCTb 

HK. npH aroM nepexo,Hb!ll npouecc e 3SPMHOll uena CTSTH'IecKoll eMKOCTH 

HK H nepexoaHb!ll npm ecc nonSipH3SUHH MOneKyn cMeCH ra30B ynnHHSIJOTCSI. 

BnonHe oqeeaaHo, 'ITO yanHHSiercSI H <jlpoHT HapacTaHHSI Bb!COKoeonbTHoro 

HanpSI>KeHHSI Ha aneKTP••aax HK. 3To CBSI3SHO, no-eHaHMOMy, c reM, 'ITO aneK

TpoHHSSI naMnS KSK Pel !epa TOp TOKS He o6ecne'!HBSeT HH3KOPO HMnellSHCS 

oKoHe'!Horo KSCKaaa. E ce aro oKa3b!BaeT enHSIHHe Ha HS'ISnbHYJO CTaaHJO pa3-

BHTHSI pa3pMa e HK. 

B 3aKnJO'IeHHe ae rop C'IHTaeT CBOHM npHSITHb!M aonroM Bb!pa3nTb 6na

roaapHOCTb 3.H.Ub!P8HOBy, E.A.KynaKOBy 38 BHHMSHHe K pa6oTe H none3-

Hble aacKyccaa, T.C.H IrMaHoey 3a noMOlllb e pa6ore, B.A.CyrynHHY 3a Bbl

nonHeHHe MOHTa>Ka pMa cxeM H H.B.neqeHoey 38 onepaTHBHoe BbmonaeHHe 

H o6ecne'leHHe <Pororp< .<jJH'IeCKHX pa6or. 
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(a' ). 

PHc.l. CxeMhi OK oHe'!HhiX KBCKaAOB c rrpocToli R C ueiibiO H Harpy3KOA C HK 

H R Ill 11 <, E -BhiCOKOBOnhTHOe aHOAHOe Ha!Ip5uKeHHe, R 3 -3apHA-

Hoe corrpc THaneHire, K -KOMMYTKPYIOlllHA KniO'I, R i -BHyTpeHHee 

CO!IpOTHBT eHHe Kni0'!8 0 C S -3apHAH8H H8KOIIHTenhH8H eMKOCTb, C HK-

CT8TH'IeC~ aH eMKOCTb l1K, R lll-corrpoTHBneHHe lllYHTa. 
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Pl!c.2(a). 

(6) 

lo.). 

3KBI!BaneHTH8ll CXeMa IICKpOBOii K8Mepb! ( 6e3 yqe~ 8 

Teii) C IIK-Heni!HeiiH8ll eMKOCTb IICKpOBOii K8Mep ,J, 
Heni!HeiiHoe conpoTI!BneHI!e I!CKphl. 

IIHAYKTIIBHOC-

R -W IlK 

3~1!BaneHTH8H cxeMa OKOHe'!HOro KaCKaAa c npoc~oii RC -uerrhiD, 

KOrAa B aarpy3Ke - C IlK 11 R w rrpo6oH I!CKpbi IeT, K - KOMMy-

TIIPYIDWI!ii KniD'I 1 E, -3apHAHoe HarrpHJKeHI!e, R 
3 

- 3KBI!BaneHT-

Hoe conpOTI!BneHI!e, C s -3apHAHaH HaKOITI!TenbHa.ll eMKOCTh, R w
corrpoTI!BneHI!e WyHTa, C IIK-CT8TI!'!eCK8ll eMKOC'b ~K. 

(a)· 3KBI!BaneHTHaH cxeMa OKOHe'!HOro KacKaAa c rrpoc ·oii RC- uerrhm, 

KOrAa Harpy3Ka R 'w IlK II CAII<)>cp IlK - Heni!Heii.lbl (rrpo6oii IICKpbl 

B ~K), K - KOMMYTllpyiDwllii KniD'I, E 9 -38pHAHOe HanpHJKeHHe, 

R 3 -3KBI!BaneHTHOe corrpoTI!BneHI!e, C s -3apHAHa 1, HaKOITI!Tenh

Ha.ll eMKOCTh, R'w IlK -3KBI!BaneHTHoe corrpoTI!BJeHI!e (myHTa-

R w 11 HenHHeiiHoro corrpoTI!BneHI!H I!CKpbi - R w IlK), C IlK - He-

nHHeiiHaH eMKOCTb ~K. 

19 



a 

a 

2' 

PHc.3. OC!lHJIJIOl'paM vtbi HMrrynbCHoro HaupHlKeHHH Ha 3JIOKTponax 11K H TOKa 

3ap»ll8 If palpHna '!epe3 J1K, (a) - HMITYJ!bC BbJCOKOBOJibTHO!'O HBIIpH

lKOHlH! C OKO 18'1HO!'O K8CK81l8 Ha Harpy3KY, OMH'!8CK08 COITPOTHBJ!8Hl!e 

R H =100 011; (6) - HMITYJ!bC HaiTpHlKCHHH HB 3JI8KTponax J1K, KO!'

IlB HCKpOBO!'<> IIp060H l!CT; (6') - HMITYJ!bC 38p51/lHO!'O TOKB '!Cpe3 J1K, 
KOI'/l8 HCK!JOHOI'O llp0605! HeT; (s) - l!MITYJ!bC lf8ITp5!lKCHH5! HB 3J!CK-

Tponax J1K, fllJIHH8HHhli1 I!pl! OTCyTCTBI!l! HCKpOBO!'O rrpo60H, YKOp0-

'!8HHblll II!Jl! ~CKpOBOM npo6oe; ( !') - HMHYJibC HBI!pHlKOHHH HB 3JI8K

TpOnA.X J1K 1 pH HCKpOBOM npo6oe B KaMepe; (r')- HMllyJibC 38pHn

HO!'O H pa3p ~llHO!'O TOKa '!epet) J1K llJIH 3TO!'O CIIy'!aH. 
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a 

B 

* 

PHc.9. OcuHm orpnM~1hi c<jlopMHpOBHHI!biX BbiCOKOBonbTHbiX HMnynbCOB c oKo

He'!Hor 0 Ki1Cl\8!18 • ( puc.8) Ha H3rpy3KY R H =I 00 OM, LJ.nHTenbHOCTb 

UMI1ylli.COB: {a) - T u ~40 I!CeK;: {6) T u ~50 HCeK; (B) r
11 

=60nceK; 

{r) Tu =70 JICCK; Tu =80 JICCK; (e) r u =90 HCeK; ()!<) ru h 

100 nc eK. Pn3BepTKa 300 HCeK Ha Becb : .. Kpan1 MeTKH - I 0 HCeK. 
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Pnc.l o.rpa<jll!Kil 3<jl<jleKTilBHOCTII pa60Tbl 11 K B 38BI!CilMOC111 OT LILIIITeJ1b HOC Til 

I!Ml1YLibCOB r u 

(I) E 3 = 7 KB; 

(2) E 3 = 8 KB; 

(3) E3 E 5,5 KB; 

38!1yCK810lllllX OKOHe'!HbiH K8CKLH. 

RIll 300 oM; C IlK= 3011 rr. 
R rn 300 oM; C IlK =3011 n. 
R rn 3000 oM; C IlK =3011 n. 
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too 

JSo 

foo 

So 

Pnc.ll. J'pa<!ll!KII Bp ?Memt aaneplKKII t 3 pa:mi!TIIH paap11na B HK B aaBn-

CI!MOCTII 0' BbiCOKOBOJibTHbtOI'O llHOAHOI'O Hallp HlKe Ill! H Ha OKO!Ie'II!OM 

KUCKall(~ rqn pa3JHI'IHbiX AJli!TeJlbHOCTHX 3anycKaiOIUero IIMITYJlbCa 

(I) 
r " 

100 HCeKj R Ill 3000 OMi CIIK = 300 n. 

(2) 'a 80 necK; R Ill 3000 OM; cnK 300 II, 

131 r 80 HCeK; R 3000 OM; en" = 300 ll. 
u lll 

(4) r 
u 

70 HCeKj RIll a 3000 OM; C IlK a 300 ll, 

(5) r 
u 

60 uceK; Rm .1000 oM; CIIK 300 n. 

(6) 50 HCeK; R 
Ill 

3000 0:\tj c 300 11. 
IlK 

28 
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too Jt 
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So 

6o ao Joo 't",. H. 

Pac.I3. fpacjlHKH speMeHH aatteplKKH ts pa3BHTHR paapHQa B HK B 38BHCH-
MOCTH or ttnHTellbHOCTH aanycKaiOmero HMnyllbca npH B03p8CT810-
meM BHCAHOM HanpmKeHHR HB OKOHe'IHOM K8CK8Ae: 

(1) E, = 4,5 KBi Rw = 3000 OM; C RK =300 n. 

(2) E ~ 5.0 KBi R •3000 OM; C RK a 300 n. 
I w 

(3) Es c 6,0 KB; R ur ~ 3000 OMi CHK =300 n. 

(4) Es 7,0 KB; Rw =3000 OM; CRK c 300 n. 

(5) E c 8,0 KB; R = 3000 OMi c •300 n. w RK 
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g 

PHc,14, OcuHnnorpaMMS TOKS 38PSIA8 H pa3pl!Jla 'lepea 11K, npH ii
3 

• 7,0 KB 

H AnHTellbHOCTSIX 3SllYCKSIOUlHX HMnynbCOB: (a) - r 
11

'" 70 HCeKj 

(.6) - r 11 •80 HCeKj (e) - r 11 •100 HCeK. PaaeepTKS - 1 MHKpo

C~KYHAS HS B9Cb SKpSH1 M9TKH - 10 HCeK, 
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o' 

e 

e' 

PI<c.l6. Ocui<I1Jlol'paMMbl HarrpmKeHY!H Ha :weKTpouax II TOK~ qepe3 VIK rrpn 

porY!CTp11UI!Y! 311pH)f(eHH011 'laCTY!Ubl I! ITOCJieUOBaTE IIbHO B03paCTaJO

ll!eM 11HOUHOM H11!1pH)f(eHY!Y! Ha OKOHe"'HOM KaCKane. (a) - Y!MllYIIbC 

aarrpH)f(eHI!H C BblXOUa OKOHe"'HOI'O KaCKana Ha E KTI!BHOH Harpy3-

Ke R H = 100 OM; E3 ° 6KB; ru = 80 HCeK, (6) - HMllYIIbC Ha11pH

)f(eHH51 Ha 31IeKTpouax VIK rrpn E 3 = 4,5 KB, ( 6') - HMrrynhCbl TOKa 

3apHua n pa3pHna qepe3 VIK npn E 3 = 4,5 KB, (I) - HMnynbc 
HanpH>KeHHH Ha 31IeKTpouax YIK rrpn E 3= 5,0 KB, , e') - HMTIYllbCbl 

TOKa 3apHna H pa3pHua "!epe3 VIK rrpn E s = 5,0 :e, ( r) - HMnynhc 

HarrpH)f(eHHH Ha 31IeKTpouax VIK npn E s = 6,0 KB, (r') - HMnynhCbl 

TOKa 3apHna n pa3pHua qepe3 VIK npn E s = 6,0 J:B; (u) - I!MTiyllbC 

HanpH>KeHHH Ha 31IeKTpouax VIK npn E s ~ 7,0 K3; (u') - nMnynh

Cbl TOKa 3apHUa H pa3pHna qepe3 VIK npn Es a ",0 KB; (e) - HM

nynbc Hanp51>KeHH51 Ha 31IeKTpouax VIK npn E 3 = 8,0 KB; (e') -HM-

nynbCbl TOKa 3apHna n pa3pHUa qepe3 VIK rrpn E 1= 8,0 KB. Pa3-

BepTKa-l MHKpOCeKyHU·a Ha BeCb 3KpaH, MeTKI! - ) 0 HCeK. 
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a 

5 

a 

e 

* 
PHc.17. OcuHnnorpaMMbi HarrpsnKeHHSI Ha sneKTpoaax 11K rrpH B03pacTaroweM 

BHOJlHOM IIBilpHliWHHH Ha OKOHe'IHOM KBCKa)le: a) - HMnynbC HailpS!

lKeHHSI c BbiXOJla OKOHe'lf oro KBCKaaa Ha aKTHBHOli Harpy3Ke R H a 

100 OM, Es = 6,0 KB H ra = 80 HCeK; (6)- HMrrynbC HailpS!JKeHHSI 

Ha sneKTpopax 11K IlpH E 3 = 6,0 KB (HeT rrpo60SI HCKpbi); (B) - HM-

nynbC HanpSIJKeHHSI Ha snaKTpoaax 11K rrpH E 3 = 4,5 KB; (r) - HM-

nynbc HarrpSilKeHHSI Ha sneKTpoaax 11K rrpH Es = 5,0 KB; (a) - HM

nynbc HarrpSIJKeHHSI HB STeKTpoaax 11K IlpH E S = 6,0 KB; (e) - HM
rrynbC H8IlpS!lKeHHSI Ha SleKTpOJlBX 11K IlpH £

3 
= 7,0 KB; (JK) - HM-

nynbC HanpSIJKeHHSI Ha 31 eKTpoaax 11K rrpH E
3 

= 8,0 KB. Pa3BepTKa 

300 HCeK Ha BeCb 3KpaH, MeTKH - 10 HCeK. 
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