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EaqeBH'I H.E., ToMHnHHa T.H. ' P9-3675 

AaanH3 pa60Tbl Tiip8TpOHHOrp TpHrrepa C HenHHetiHOtl 

H9CHMM9TpH'iHOtl H8rpy3KOtl 

npoH3BeJleH aaanH3 cxeM THpaTpoHHhiX Tpnrrepoa c aennaettaotl aecHM

MeTpH'iHotl Harpy3KOtl. npHBOJlSITCSI KpHTepliii YCTOtl'iHBOtl pa60Thl TBKHX Tpiir

repOB H npeJlnaraeTCSI M9TOJl T9XHH'i9CKOrO paC'ieTa o6o6meHHOlt CX9Mbl Ha

rpyJKeHHOrO TpHrrepa C y'ieTOM BTIHSIHHSI o6paTHOtl npoBOJlliMOCTH THpaTpOHOB. 

fipenpHHT 06beAHHeHHOrO HHCTHT)'Ta BAepHblX HCCJieAOBaHHJi. 

,[zy6Ha, 1968. 

Enchevich I.B., Tomilina T.N. P9-3675 

Analysis of Operation of a Thyratron Trigger with 

Non-Linear As symmetrical Loading 

The schemes of thyratron triggers with non-linear assymmetrical 

loading are analysed. The criteria of a stable operation of such 

triggers are given and a method for calculation of a loaded trigger 

scheme ls suggested taking into account the effect of the reverse 

conductance of thyratrons. 

Prepriht. Joint Institute for Nuclear Research. 
Dubna, 1968 
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B cnaxpoqHKnoTpoae 

JK9HHe C llOHHJK8IOU19t\CSI 'il 

BTISI9TCSI llpii llOMO!llii Bpaw 

BaHJly Toro, 'iTo ycK 

Tbi a.q. reaepaTopa, uenec 

nepHOJlB MOJlYTISIUHH. JlnSI < 

THpaTpOHHbit\ M8HHnyns!Top' 

npH pa6oTe CHHXpOUV. 

H3M9HSI9TCSI KBK MOUIHOCTb 

14,51 
nocneJlaero ~ B CBSI3H 

BOHa'ianbHOMy T9XHH'i9CKO~ 

peHhi, CTan pa6oTaTb Heyc 

Heo6xOJlHMO 6brno HC< 

M8HHnynSITOpa. 

JlnSI 06oHCH9HHSI npnq 

C006p83HO p3CCMOTp9Tb er 

llOJlKniO'ieHHeM aarpy3KH. B 

ropHUIHtl TiipaTpOH llOCTOSIH. 

K napannenbHOMy llOJlKTIIO'ie 

WYHTHPYIO!llero conpoTHBneH 

TOpHOtl naMTibi. nocne Rb!SIC 

CX9Mbl HarpyJKeHHOrO Tp!HT 

pa6oTy B.'i. reaepaTopa e " 



B BeneHHe 

B CHHxpouHKnoTpoHe nnH ycK opeHHH aapR~eHHbiX 'IBCTHU HcnonbayeTCH a anpH-

~eHHe C 110HH~BIOIUellcH 'IBCTOTOII. l.JaCTOTHBR M OA Y IIHUHH , K BK 11p8BHIIO, ocymecT-

BIIHeTCH npH 110MOIUH BpBIUBIOIUe roc R KOHUeHC B T Opa n epe M e HHOII e MKOC'rH. 

BBHUY Toro, 'ITO ycKopeHHe 'IB CTHU npoHcxonHT T OIIb KO n p H noHH~eHHH qacTo

Tbi B.'l. reHepaTopa, uene coo6pa aHo a anHpaTb r e HepaTop Ha B peMH H epa6oqel! 'IBCTH 

nepHOAB MOAYIIRUHH. DnH 3 TOII u e nH HB CHHXPOUHKIIOTpOHe Ha 680 MaB HC I10 1Ih3yeT CH 

Ill 
THpaTpOHHbiii M8HHI1YIIRTOp 

/ 2,3,4,5,6/ 
npH pa6oTe CHHXpOUHKIIOTpOHB B p831IH'IHblX pe~HMBX y c KopeHHR 

H3MeHHeTCH KBK MOIUHOCTb, 110Tpe6nHeMBH B.'l. reHepBTOpOM, TBK H CKBB~HOCTb 

/4,5/ 
110CneuHero - 8 CBR3H C 3 THM MBHHI1YIIHTOp ( pHC. 1), H3rOTOBII6HHbiii 110 n ep-

BOHB'IBIIbHOMY T e XHH'Ie CKOMY 38U8HHIO, B KOTOpOM 3TH pe~HMbl He 6binH npenyC MOT

peHbi, C TBII pa60T8Tb HeyCTOII'IHBO. 

Heo6XOUHMO 6 b in0 HC CIIeUOBBTb H ycTpBHHTb 11pH'IHHbl HeyCTOII'IHBOII pa 60Tbl 

MBHHIIY IIRTO p a . 

DnR o6bHcHeHHR rrpH'IHH H eycTOII'IH BOII pa6oTbi MBHHrry n HTopa c a a q a n a u e ne -

c o o6paaHo psccMoT peTh ero paooTy 6ea Harpy3KH , B 3BTeM H3MeHeHHH, BHOCHMbi e 

nonKniO'IeHHeM aarpyaKH. B nHHHHe HarpyaKH CBOUHTCH KBK K npoTeKaHHIO qepea 

ropHIUHII THpaTpOH 110CTOHHHOII COCTBBIIHIOIUell CeTO'IHOrO TOKB reHepaTopa, T8K H 

K napannenbHOMY 110UKIIIO'IeHHIO K yqaCTKY KBTOU-8HOU ynp8BIIRIOIUero THpaTpOHB 

myHTHpy!OIUero C011pOTHBIIeHHH uenH rpHAIIHKB H 11pOMe~yTK8 ceTK8-K8TOU reHepa

TOpHOII IIBMI1bl . nocne Bbl'ilCHeHHSI 11pH'IHH HeyCTOI!'IHBOII pa60Tbl cyiUeCTBYIOIUell 

cxeMbi aarpy~eHHoro TpHrrepa wccneny!OTCH cxeMbi, o6ecrre'IHB810LUHe nane~ny10 

pa6oTy B.'l. reHepaTopa B pa60'IHX pe~HMBX. 
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nepeXOOHbie npoueCCbl aHanH3HpyeMbiX B pa6oTe TpHrrepOB OITHCbJBaiOTCSI OH!jl

!jlepeHuHanbHbiMH ypaBHe~IHSIMH nepBOrO ITOpS!OKa, TaK KaK HX CXeMbl COOep)!{aT TOnb

KO OOHH peaKTHBHbiH aneMeHT -eMKOCTb -H ITOOBep)!{eHbl B030el!CTBHIO ITOCTOSIHHbiX 

aaewaux an c. PemeaueM nuqxpepeauuan&Horo ypaBHeHHSI a una : I' ( t) + a 
1 

I( t) =a~ , 

rne a H a~ -ITOCTOSIHHbie, SIBnSieTCSI !jlyHKUHSI: 

I ( t) -l(ao) -[l(ao)-f(O)] e -t ( 1) 

rne I( ao) -ycTaHOBHBilleeCH 3HB'IeHHe HCKOMOl! tPYHKUHH, HBnHIOIUeecH 'IaCTHbiM 

pemeaueM nuqxpepeauuan&Horo ypaBHeHHH; 

/8/ 
1(0)-Ha'Ian&HOe 3Ha'IeHHe tPYHKUHHj 

0 -ITOCTOHHHaH BpeMeHH uerru 

npH orrpeneneHHH ITOCTOHHHOl! BpeMeHH HCTO'IHHKH ITOCTOHHHOH 31lC 3aMeHH-

IOTCH KOpOTKHM 3aMbiKaHHeMo 

npuMeHHH BbiilleyKa3aHHyiO MeTOJlHKy1 cnenyeT1 OJlHaKo, Y'IHTbJBaTb, 'ITO OHa 

npuMeHHMa nnSI uerrel! c nuael!HbiMH aneMeHTaMu, B TO BpeMH i<:aK rrpuaeneaaaH 

aa puc. 

KOTOpb!H 

cxeMa conep)!{liT aenuael!Hbil! aneMeHT -3KBHBaneHTHbil! JlHOJl, 

o6nanaeT OllHOCTOpOHHel! rrpOBOJlHMOCTbiO JlO MOMeHTa BpeMeHH, KOr)la 

aa ceTKe reaepaTopaol! naMITbi 6yneT nocTuryTo oTpuuaTen&aoe aarrpH)!{eaue 3arru

paHHH E• . noaTOMy corrpoTuaneaue aarpy3KH cnenyeT y'IHTbiBaTb B 3aBHCHMOCTH 

OT nonSipHOCTH ITpHnO)!{eHHOrO HarrpH)!{eHHH COOTBeTCTBYIOIUero HCTO'IHHKa. KpoMe 

Toro, cnenyeT y'IHTbiBBTh, 'ITO ao apeMH reaepauuu ceTO'IHaH uerr& HanSieTcSI He3a-

BHCHMbiM HCTO'IHHKOM TOKa I 
• Boo6me roBopSI, THpaTpOHbi HBnSIIOTCH aeunean&HbiMH rrepeKniO'IaiOIUHMH aneMeH-

TaMH u BHOCSIT .aorronHHTen&HyiO aenuael!aocTb a pa::cMaTpuaaeMbie cxeMbi. Oaa Bbi

pa)!{aeTcH, ao-rrepBbiX, B TOM, 'ITO HMeeTcH ae6on&rnoe rraneaue aanpH)!{eHHH aa npo-

BOJlHIUeM THpaTpOHe, KOTOpOe He 3aBHCHT OT aenH'IHHbl TOKa, npoTeKaiOIUero 'Iepe3 

THpaTpoH, BO-BTOpbiX, B TOM, 'ITO npu npHITO)!{eHHH K npoBOOSIIUeMy THpaTpOHY HaiTpSI

)!{eHHSI o6paTHOl! ITOITS!pHOCTH OH B Te'IeHHe KOpOTKOrO apeMeHH nponycKaeT TOK B 

o6paTHOM aanpaaneauu H o6nanaeT Koae'qaol! npoaonuMocT&IO, MeH&mel! aa onua-naa 

ITOpS!OKa npOBOJlHMOCTH B ITpSIMOM HanpaaneHHH, H, B-TpeTbHX, B KOHe'IHOM BpeMeHH, 

aeo6xonuMoM KaK nnH non)!{HraHHH THpaTpoaa nocne nonaqu non)!{HraJOIUero HMnyn&

ca, TaK H nnSI aoccTaaoaneHHSI ceTO'IHoro 3arrupaHHH rrocne nonaqu o6paTaoro aa-

/ 10/ 
'npH)!{eHHSI ( KOHe'IHOCTb apeMeHH HOHH3aUHH H OeHOHH3aUHH ) • 

4 

TeM ae Meaee, nepuc 

HHTepBBITbi, .liiTSI Ka)!{.liOro H 

Ha oTnen&HbiX yqacTKax • c 

llHH I( I) OT BpeMeHH. 

ToK B Ka)!{.llol! aeTBI! 

HCTO'IHHKa H COOTaeTCTByiO 

MeHHOrO eMKOCTHOrO TOKa. 

o6pa3oM: 

-c 0 

r.ae I( I) -HanpH)!{eHHe Ha I 

B aeo6xo.aHMbiX cny'IE 

Toqaoro ToKa reaepaTopa 

npoBe)leHHbil! aHanH3 

paTpOHHbiX CXeM, HO H .liiTSI 

HOBneHHH BeHTHITbHbiX CBOl!< 

1. nepeXO.liHbie Upo 

THpa· 

Pa6oTa cHMMeTpH'IHor 

Ha puc. 2 pa30MKHYT) pace I 

npoBO.liHMOCTH rroracaiOmero 

HaiTpS!)!{eHHSI HCTO'IHHKa,.Y'ITo 

H aenonaoro 3apSina o6'hSICHSI 

'IeHHSI 3anupaiOIUHX CBOl!CTB ' 

reaepaTopa. 

nocKOnbKy THpaTpOHbl 

OHH HMeiOT: 

a) KOHe'IHOe rrpSIMOe 

6) ManyiO, HO KOHe'IHY 

a) apeMeaayiO 3anep)!{I 

ITOnS!pHOCTH Ha CeTKY THpaTI 



·epOB OflHCbiBaiOTCSI AH!j>

lC c xeMbi coAepJKa T Tonb-

B03A8l!CTBH IO UOCTOHHHb!X 

. a : f' ( t) + a 
1 

f( t) • a~ , 

(1) 

SIBTISIIO!ll8eCH q aCTHb!M 

:TOSIHHOl! 3AC 3aMeHSI -

t y'IHTbiBaTb, 'ITO OHa 

eMH KaK npHaeneaHaSI 

3KBHBaneHTHbiii AHOA, 

10 MOMeHTB apeMeHH, KOI"AB 

r llTblBBTb B 3811HCHMOCTH 

ero HCTO'IHHKa. KpoMe 

'IBBH uenb S!BnSieTCSI Heaa-

R nepeKUIO'IB!OlllHMR 3neMeH

TpHaaeMble cxeMbl. Oaa Bbl

naneHRe aanpHJKeHHSI aa npo-

TOKa, npoTeKa!Omero qepea 

BO.QHWeMy THpaTpOHY aanpH-

leMeHH n ponycKaeT TOK B 

:Tb!O, M8Hblllel! Ha OAHH-ABa 

TbHX, B KOHe'IHOM apeMeHH, 

,qH UOilJKHI"a!Olll81"0 H!l.mynb

ne flOAa'IH o6pa THOI"O Ha -

11/10/ ). 

TeM ae Meaee, nepHOA pa6oTbi MaHHnynSITOpa MOJKHO paa6HTb aa apeMeHHbte 

HHTepBaflbl, ATISI KBJKAOI"O H3 KOTOpb!X AonyCTHMa flHHeiiHaSI annpoKCHMa UHSI. Pe!lleHHSI 

liB oTnenbHbiX yqacTKax 'clllHBaiOTCSI', nnSI qero Hcnonb3yeTCSI aenpepb!BHOCTb !j>yHK-

llHH f(t) OT apeMeHH • 

ToK a KBlK.r:lOII aeTBH cxeMbi nonyqaeTCSI H3 cynepnoaHUHH TOKOB nocToSIHHoro 

HCTO'IHHKB H COOTBeTCTBy!OIIlell nonH, HallneHHOII npH flOMOIIlH 3aKOHOB KHpxro!j>a, nepe

MeHHOI"O eMKOCTHOI"O TOKB. OonHblll eMKOCTHbiii TOK I 
0 

onpeAenSieTCSI CneAY!OIIlHM 

o6paaoM: 

_ .L 
• c f' ( t) • - -L [ f ( oo) - f (0)] e 6 (2) 

0 9 

rne f(t) -aanpSIJKeHHe aa KoaneacaTope. 

B aeo6xoAHMbiX cnyqagx y'IHTbiBaeTCSI BnHSIHHe nocTOSIHHoll cocTa BnSIIO!llel! ce -

TO'IHoro TOKB reaepaTopa aa pa6oTy TpHrrepaoll cxeMbi. 

OpoaeneHHbiii aaanH3 MoJKeT 6btTb Hcnonbaoaaa AnSI pac'I!!Ta ae TOnbKO TH

paTpoHHbiX CXeM, HO H .r:lnSI nl06b!X BeHTHnbHbiX CXeM C KOHEl'IHbiM BpeMeHeM BOCC Ta 

HOBneHHSI aeHTHnbHbiX CBOIICTB, B 'laCTHOCTH, AnSI TpHrrepHbiX CXeM Ha THpHCTopa x. 

1. OepexO.r:lHbie npoueCCbl B HeHarpyJKeHHOM CHMMP.TpH'IHOM 

THpaTpoHHOM TpHrrepe 

Pa6oTa CHMMeTpH'IHOI"O THpaTpOHHOI"O TpHrrepa Ha XOnOCTOM XOAY ( KUIO'I K 

) 
/9,10,11/ 

HB pHCo 2 pa30MKHYT paccMaTpHBanBCb 6e3 Y'l llTa BnHHHHSI o6paTHOII 

npooonHMOCTH noraca10mero THpaTpoaa H aenonaoro aapHAa KoHneacaTopa TpHrrepa oo 

H a npSIJKeHHSI HCTO'IHHKa • . Y'ITeHHbte B HBCTOHIIleM paCC!'{OTpeHHH BnHSIHHH o6paTHOI"O TOKB 

H HenonHOI"O 38pHJl8 06'bHCHSIIOT Bbt6pOCbl HB OCUHnnorpaMMaX TOKOB, a TBK JKe orpaHH

'IeHHSI aanHpB!OIIlHX CBOIICTB TpHrrepa, HCU0flb30BBHHOI"O B Ka'leCTBe MaHHnynHTOpa B.'l . 

reaepaTopa. 

00CKOflbKY THpaTpOH bl HBTISIIOTCSI HeHJJ.eanbHblMH nepeKTIIO'IBIOIIlHMH 3Tie MeHTaMH 0 

OHH HMeiQT: 

a) KOHe'IHOe npSIMOe 

6) Many10, HO KOHe'IHYIO o6paTHYIO npOBOilHMOCTb B Te'leHHe KOpOTKOI"O BpeMe HH; 

B) apeMeHHyiO 3aJJ.eplKKY MeJKilY MOMeHTOM nona'IH HMflYTibCB flOTIOJKHTeflbHOII 

nonS!pHOCTH Ha CeTKY THpaTpOHB H flOilJKHI"OM THpaTpoaa; 

5 



r) KOHeqHoe BpeMR BOCCT8HOBrreHHR CeTOqHOrO 38ITHp8HHR. 

B npHITO)!(eHHH rrpHBeneH M8TepHarr, HCITOITh30B8HHblil /liTR KaqeCTBeHHOil oueHKH 

pearrhHbiX rrepeKrriQq8IQ!UH_X X8p8KTepHCTHK THp8TpOHOB ( pa60T8IO!UHX B pe)!(HMe rrepe

KITIO'IeHHR). TaM )!(e yKa3BHbt " aerrHqHHbi rrapaMeTpoa cxeMbt. 

npH 38rOp8HHH THp8TpOH8 H8ITpR)!(eHHe ropeHHR ,1. U 118 HeM YCT8H8BITHB8eTCR 

He MrHOBeHHO, 8 B TeqeHHe HeKOTOporo BpeMeHH. noracaHHe ero H yCTBHOBrreHHe 

o6paTHOrO HanpR)!(eHHR TO)!(e ITpOHCXOilHT 38 KOHeqHoe BpeMSI ( CM.pHC. 3) • 3TO CBR-

38110 C HOIIH38UHOHHO-neHOIIH38UHOHIIblMH rrpoueCC8MH B THp8TpOH8X, KOTOpbte /liTR 

/10/ -5 -4 
csoero pa3BHTHR Tpe6yiOT orrpenerreiiHoro 3apgna, cocTaBrrRIOIUero 10 -10 Kyrr. 

B 11aqarre 3THX 6btCTporrpoHcxonRmHx rrpoueccos ~orrpoTHBrreHHR rroracaiOmero H 3a-

ropaiOIUerOCR THp8TpOH8 IIpHMepiiO p8BIIbl0 0 qeM M0)!(110 CYilHTh no OCUHITITOI'p8MM8M 

npRMOrO H o6paTIIOrO H8!IpR)!(eHHR (pH C. 4), noTOM OIIH 118qHH8IOT 6b!CTpO rrepepacrrpe

JlerrRThCR. 0 nopRilKe BerrHqHIIbl CyMMbl 3THX conpOTHBrreiiHil B nepBbli\ MOMeiiT BpeMe

HH M0)!(110 CYilHTh no Bbt6pocy TOK80 rrpoTeKBIOIUero qepe3 38rOp8IO!UHl!CR THpaTpOII • 
. npH rrapaMeTpax CXeMbl, npHBeneHIIblX B npHITO)!(eHHH0 Bbt6poC npeBbi!UaeT npHMepiiO 

Ha rropR/lOK cTauHoHapnhtl! TOK cxeMbi ( pHc. 5). B narrhneilmeM nrrR rrpocTOTbi cqH-

TaeM, qTo rrpH rrepepacrrpenerreHHH corrpoTHBrrenHll 11a rroracaiOmeM H 3aropaiOmeMcR 

THpaTpOI!e CYMM8 3THX COnpOTHBrrenHl! OCTaeTCR nOCTORHIIOH H Mel!b!Ue ~onpOTHB

rreHHl! nrre'l 11a nopR/lOK, a o6paTnoe conpoTHBrreiiHe, pasnoe 6ecKoneqnocTH Ha rro-

raCBJO!UeM THp8TpOI!e1 H ConpOTHBrreiiHe0 COOTBeTCTBYIOIUee rraneHHIO H8ITpR)!(eiiHR 

H8 ropR!UeM THp8TpOne, COOTBeTCTBeiii!O /lOCTHrBIOTCR CKB'IKOM no HCTeqeHHH 10 MKCeK 

( pHC. 6) • <llaKTflqecKII 3TOT npouecc npOHCXO/lHT HenpepbtBII00 HO cnerrallllble llO

nyqteiiHR n03BOITRIOT He TOIThKO KaqeCTBeiii!O npaBHIThiiO 06"bRCHHTh H8ITH•iHe Bbt6poCOB0 

HO H OUeiiHTh HX BerrH'IHIIy. 

nepHO/l pa60Tbl T8KOrO THp8TpOHHOro TpHrrepa M0)!(fl0 pa36HTh H8 HeCKOrrhKO 

BpeMei!HbiX HIITepsarros; nrrR rrpocTOTbi cqnTaeM, qTo naqano K8)!(/lOro HHTepaarra 

COOTBeTCTByeT MOMei!TY BpeMeHH I =0. 

llrrR HarrrR/lHOCTH paCCMOTpHM 3KBHB8rreHTHbte CXeMbi0 COOTBeTCTByiO!UHe K8)!(

llOMY HI!TepBarry BpeMeHH llrrR HCTO'IHHK8 noCTORHHOl! 3/lC H p83pRilHOl! uenH0 8 TBK

)!(e pac'li!TIIbte <j>opMyrrht, npencTaBrreHHbte B Ta6rrHue 1. 

naneHHe H8ITpR)!(eHHR H8 rOpR!UeM THpaTpOI!e npHIIHM8ITOCh p8BHblM 1% OT HB

/10 .; 
npR)!(eHHR HCTOqHHK8 nHT811HH 

B nepBOM HI!TepBarre BpeMeHH ITO/l)!(HraiO!UHl! HMnyrrhC nocTynaeT H8 CeTKy 

THpaTpOII8 T
1
• no HCTeqeHHH BpeMeHH HOHH38UHH THp8Tp011 T

1 
OTnHpaeTCH0 npH 

6 

aToM THpaTpoll T 
2 

o6rrana 

HHTepB8IT8 BpeMeHH I I pt 

THp8TpOII8 T 2" 

06p8TH8R npOBO/lHMC 

BOITHMOCTH ropHmero THpa~ 

11pOBO/llfMOCTH =Q rrepen no 

C'llf'l 8Th0 qTO B Teqei!He BC 

rrpoeonHMOCTh R
0
-1 ocTa 

KoHnencaTop c 6btl: 

naaana oTpHuaTerrbHbiM 38]: 

BpeMeHH MOMeiiT0 KOrna CO 

COITpOTHBrreiiHIO B npHMOM f 

BTopol! HHIPepBarr Bpet 

CBIIHH THpaTpona T
2
• npH 

uenH, a KOH/lellcaTop norryq 

B TpeTbeM 11 qeTBepT• 

I 4 , COOTBeTCTBeHH00 npo; 

IIorryqeHHblX ypaBneHHRX CITE 

COIIpOTHBITeiiHA H yqeCTh OT 

HeH3BeCTIIBH BerrHqHHa 

H3 ycrroBHR caMocorrracoBaH 

rne 

u 

T 

T -nepHon pa6oTbt Tp: 

0603118qHM M8KCHM8IT~ 

neHcaTop, qepe3 U • E -
• .1-U -li8/leHHe H8IIpH)!(eHHH 

rne 

J(. 1-e 



8HIHI, 

liTH KaqeCTBeHHOA OUe HKH 

J TBJOlllHX B peJKHMe nepe -

Abi. 

HeM yCT8H8BIIHB8eTCH 

He ero H ycTaHoanenHe 

HI ( CM, pHC , 3), 3TO CBH -

Hp8TpOH8X 0 KOTOpbie )liTH 

-5 -4 
T8BIIHIOlUCrO 10 -10 Kyn, 

eHHH noracaJOlllero H aa-

ynHTb no OCUHIIIIOT'p8MM8 M 

1qHH8IOT 6hiCTpO rrepepacnpe 

Il! B rrepBbll! MOMCHT BpeMe-

38rOp810lllHl!CH THp8TpOH, 

)poe npeBbiW8CT IIpHMepHO 

AllleM nnH npocTOTbi cqH

lCBIOllleM H aaropa!OlllCMCH 

rol! " MeHhllle _co npoTHB

oe 6 eCKOHeqHOCTH H8 no-

naneHHIO HanpHJKCHHH 

lqKOM nO HCTeqeHHH 10 MKCeK 

hiBHO, HO cnenaHHbie no-

5'hHCHHTh H8 IIH'IHC Bb!6poCOB, 

KHO pa36HTb H8 HeCKOIIhKO 

IBIIO K BJKnoro HHTepB8II8 

rbl , COO TBCTCTBYJOlllH e K8JK-

1C H pa3pHJlHOA uenH 0 8 T 8 K-

HM8II0Cb p8 BHbiM 1% OT H8-

rrhC nocTynaeT H8 CCTKY 

poH T
1 

oTrrHpaeTCH , npH 

a T oM T HpaTpoH T 
2 

o6naaaeT ot5paTHo l! n poBOAIIIMOCTb JO. llnKTenhHOCTb nepsoro 

HHTepB8II8 Bpe MeHH t 1 p8BH8 B p e M eHH CyllleCTBOB8HII H 06p8THOI! npOBO JlHMOCTH y 

THp8TpOH8 T 2' 

0 6paTna H npoBOJlH MOCTb THpaTpoHa T 
2 

M eHHeTcH oT aenK qHHhl, paBHOlt npo

aonH MOCTH ropHmero THpaTpo Ha B HB'Iane nepaoro HHTepaana a peMeHH no o6paTHOl! 

npoBOJlHMOCTH ~o nepea noracan HC M T HpaTpoHa T 
2

, no JlnH rrpocTOT hr Mbi 15yneM 

c qH1 8Th, qTo B TeqeHHa acero nepaoro HHTepaana nnHTenhHOCThJO t
1 

o6paTHBH 

npoao nHMOCTh R
0
- 1 o cTaeTcH panuol! R ;' 

KoHneHcaTop C 6hrn aapHJKe H no HanpH JKel!lHi u , rrpHq~M rrnacTHHa A o6-

nanana o T p HU a TenhH hlM a apHnoM, HnTepecHo pacc M oTpeTb a nepa oM HHTepaane 

BpeMe HH M OMCHT0 KOr )la COIIpOTHBneHHe THp8TpOH8 B o6p8THOM H 8npaaneHHH p8BHO 

conpoTHBnenHIO B rrp HMOM Harrpaane HHH R 
0 

• R T • 

B T opo A Hllt7epaan apeMeHH JlnHTe nhHOCThJO t 
2 

HBqHnaeTCSI c MoM enTa nora -

canHH T Hp8TpOH8 T 2, npH 3 T OM ( C M , T a6n ,1) B03p8CT8eT IIOCTOHHH8 H BpeMeH H 

u e r!H, 8 K OHneHC8TOp nonyqaeT B03MOJKHOCTb nepeaa pHJlHTbCSI no U 
0 

·( oo) •- ( E - !J. U), 

B TpeTbeM H q eTa epToM HH T e p aanax a peMeHH, HMeJOlllHX nnHTerrhHO~TH t
1 

H 

t 
4 

, COOTB9TCTBe HH0 0 rrpoue CCbl IIpOH CXOJlHT T8K JKe, KBK B rrepBOM H BTOpOM, B 

nonyqeHHbiX ypaBHeHHHX cneayeT T OrrbKO IlOCTBBHTb COOT BeTCTBY JOlllHe HHnCKC hl y 

COIIpOTHBneHHl! H yqeC Tb OTIIHqlf e B H8 '18IIbHblX H KOHC'IHbiX y c nO BHHX, 

HeHaaecTHBH aenHqHna naqanhnoro HanpHJKeHHH Ha KoHneHcaTope nonyqa eTcH 

H3 ycnoBl i H ca MocornacoaaHHSI 

U (Ol•U (t 
0 0 • 

(3) 

rne T -nepHOJl p a t5oT bi TpHrrepa. 

0603H8 qlfM M 8 KCHM8IIbHOe H8npHlKCHHC 0 no KOTOpor o MOlKHO 38pHnHTb KOH-

neHca Top, qepea rne E - HB IIpSIJKeHHe HCT O qH1fK8 nHT8 HHH 0 

rne 

)( -
ta -1t:- -11; 

1 - e ql-e 0-e 

-flf. 
1 - e l•l 

1 

12 -o; 
)] 

(4 ) 

7 



Ko~HUHeHT 38pRaa KOHaeHC8TOp8 K B OCHOBHOM OIIpeaenReTCR T H OT-

HOWeHHeM t2 /T (T.K. t 
1 

H t 
a 

Manbd. 

6b1CTpoael!CTBHe nepeKfl10'18IO!UHX CBOl!CTB CXeMb1 orpaHH'IHBaeTCR BpeMeHeM 

I 0 , B Te'leHHe KOTOpOrO IIOflO)!(HTenbHOe HBIIpR)!(eHHe Ha KBTOae 38IIepToro THp8-

TpOH8 CIIaaaeT ao 0, no HCTe'leHHH BpeMeHH t0 HB paHee 38IIepTOM THpaTpOHe 

IIORBnReTCR H81IpR)!(€HH€ B IlpRMOM H81Ip8Bfl€HHH0 IIOSTOMy Heo6xoaHMbiM ycnoBH9M 

yCTOl!'IHBOl! pa60Tbl CX€Mbl RBflR€TCR t O > i BCa 0 rAe t BCa -BpeMH BOC-

/l I/ 
CT8H0Bn€HHR C€TO'IHOrO 38IIHp8HHR (nopRaKa 100+300 MKC€K ), llnR 060HX TH-

paTpOHOB cxeMbi T 
2 

H T 
1 

aTo apeMR o6oaHa'laeTCR cooTaeTcTBeHHo t 
02 

rae 

H t 01 , 

t 02 -e 2 

t -8 01 • 

t 

fn ( 1 + ICe -~ 

i 

fn ( 1 + e-ta-
_..!_L 

[1-e 820+ICe 

.!..L. -e, 
>11. 

(5) 

Ha npHaeaeHHb1X Bb1pa)!(eHHli (5) anR tg1 H t02 BHaH00 'ITO IIpH caenaHHbiX ao-

nyweHHRX ( f1 U « E H ~ • E -{1 U : 1 
E E 

t O 1 H t 02 
Ilp8KTH'I€CKH 

He 38BHCRT ·OT H81IpR)!(eHHR HCTO'IHHK8 IIHT8HHR TpHrrepa. 

HH)!(e 6yaeT noKaaaHo, 'ITO H a Harpy)!(eHHOM TpHrrepe aeno o6cTOHT aHano

rH'IHb1M o6pa30M, 3THM 06bRCHHIOTCR Heyaa'IH IIOIIb1TOK IIOBb1CHTb YCTOli'IHBOCTb 

pa60Tb1 TpHrrepa IlpH IIOMOIUH IIOBbiW€HHR aHoaHoro HaiipR)!{€HHR MaHHIIynRTOpa E • 

no lj>opMynaM, IIpHBeaeHHb1M B Ta6nHue I, caenaHbl pac'I~Tb1 HaiipR)!{eHHli H 

TOKOB0• peaynbTaTbl KOTOpb1X IIpeacTaBn€Hb1 Ha rpaqJHKaX ( pHC, 7) B OTHOCHT€IIbHblX 

eaHHHUaX anR pa3Hb1X OTI;IOWeHHli t
2 
/T H anR aayx aHa'leHHll nepHoaoa T, paBHbiX 

COOTB€TCTBeHHO 8 H 4 MKC€K, J1a IIpHBeaeHHb1X rpatj>HKOB BHaHO, 'ITO HaiipR)!{€HHe Ha 

~aToaax THpaTpOHOB u A 
H u B 

B nenpoaoaRweli 'laCTH nepHoaa c TO'IHOCTbiO ao 

3HaKa COBIIaaaeT C HaiipR)!{€HH€M Ha KOHaeHCaTOpe U 0 
( C pa3HHU€li HB {1 U ) , 

HaH6onbwaR ycToli'IHBOCTb cxeMb1 aocTHraeTcR npH t
2
/T = 0,.5, TBK KaK npH 

STOM Bp€MR t 0 MaKCHManbHO, 

ToK 10 OTflH'IaeTCR OT TOKa IIpRMOli npoaoaHMOCTH COOTB€TCTBYIOIUero TH

paTpOHa IIpaKTH'I€CKH TOflbKO Ha BenH'IHHy IIOCTORHHOli COCTaBnRJOIUeli THpaTpOHHOrO 

TOKa, paBHyiO: 

8 

npeacTaBn€HHaH Ha pH 

H3 THpaTpOHOB CXeMbl Ha XO 

aeaeHHbiM pac'I~ToM, 

2. nepexoaHb1€ npouec 

TpHr 

KaK BHaHo Ha aHanHaa 

repa, B npouecce pa60Tb1 Ht 

HMnynbCbi HanpR)!{eHHR oTpHu 

KOTOpb1X OIIpeaenR€TCH IIOCTC 

anH raweHHH renepaUHH B.'l, 

Ta 'lepea ropRIUHli THpaTpc 

oaHaKo, a pa6oTe TpHrrepa 1 

paCCMOTpeHHhlM HaMH Cnyqae 

a) o6paTHO€ COIIpOTHBn€HHe 

a. '1. renepaTopa, oKaabmaeT 

Me)!(yTKa ceTKa-KaToa renept 

pywaeTcR; 

6) IlpOM€)!{YTOK CeTKa-t 

aHoaoM C OaHOCTOpOHHeli IIpo 

fl0)!{€HHOrO HaiipR)!{€HHR CO C~ 

reuepaTopa. npoaoaHMOCTb 3 

KaK HaiipH)!{€HH€ Ha CeTK€ ao 

a) 'lepea ynpaanRJOIUHli 

TaBflRIO!UaH ceTO'IHOrO TOKa 

TOK THpaTpOHB Ha XOflOCTOM 

BOCCTaHOBneHHH C€TO'IHOrO 

nepHOa pa60Thl Harpy)!(£ 

apeMeHH. B Te'leHHe Tpex neJ 

l.JeTB€pTb1li 0Tp€30K BpeMeHH 



T H OT-

K8TO.Qe 38llepTO~O THp8-

38llepTOM THp8TpOHe 

~eo6xoAHMhiM ycnoaHeM 

t ac3 - BpeMSI BOC

·K'111J, ilnSI 060HX TH-

~TCTBeHHO t 
03 

H 

(5) 

'ITO npH C.QenaHHbiX AO -

H t 
03 

np8KTH'IeCKH 

epe neno o6cToHT aHano

OBhlCHTb ycTOi!'IHBOCTb 

HJKeHHSI MaHHnynSITopa E . 

pacq{!Tbl H8llpSI JKeHHJ! H 

( pHC , 7 ) B OTHOCHTenbHblX 

a'leHHi! nepHOAOB T , paBHhiX 

rH nepHO.Q8 C TO'IHOCTbJO AO 

(c p83HHUei! H8 flU ) . 

T = 0,-5, T8K K8K npH 

CTH COOTBeTCTBYJOWe~O TH

OCT 8 BllSIJOWei! THp8TpOHHO~O 

t - ~u 

npeACT8BneHH8SI H8 pHC, 8 ¢loTO~paljlHSI OCUHnno~p8MMbl H8llpSIJKeHHSI O.QHO~O 

H3 THp8TpOHOB CXeMbl H8 XOllOCTOM XOAy, K8K BH.QHO, XOpOWO 'COBll8.Q8eT C BbiWellpH

Be.QeHHbiM paC'I{!TOM, 

2. nepeXO.QHbJe npoueCCbl B Ha~pyJKeHHOM THpaTpOHHOM 

TPH~~epe 

KaK BHAHO H3 8H8llH38 pa60Tbl CXeMbl HeHe~pyJKeHHO~O THp8TpOHHO~O TpH~

~epa , B npouecce pa60Tbl H8 K8JK.QOM H3 e~o K8TO.QOB nepHO.QH'IeCKH llOSIBllSIJOTCSI 

HMllynhCbl H8llpSIJKeHHSI OTpHU8TenbHOJ! nonSipHOCTH, CKOpOCTb H8p8CT8HHSI ljlpOHT8 

KOTOpbiX onpenenSieTCSI llOCTOSIHHOJ! BpeMeHH R C • 3TH HMnynhCbl H HCnOnb30B8llHCb 

AnSI ~aweHHSI ~eHepaUHH B , 'l , ~eHepaTopa , ecnH c eTO'IHaSI uenb nocnenHe~o 38MKHY-

Ta qepe3 ~opSIWHi! THpaTpoH (pHc . 1,2, KnJO'I 1: 38MKHyT). B 3TOM c ny'la e , 

onHaKo, a pa6oTe TPH~~epa noSIBnSIJOTCSI cymecTBeHHbie oTnH'IHSI no cpaaHe HHJO c 

p8CCMOTpeHHbiM H8MH cnyqaeM XOllOCTO~O XO.Q8, 0TnH'IHSI Bbi3B8Hbl TeM, 'ITO: 

a) o6paTHoe conpoTHBneHHe ynpaanSIJOme~o THpaTpoH~ 38MbiKaJOme~o ceTo 'IHYJO uenb 

B,'l , ~eHepaTopa, OK83bJB8eT CSI WYHTHpO B8HHbiM COllpOTHBneHHeM ~pH.QllHK8 H npo-

/7/ 
MeJKyTK8 CeTK8 - K8TO.Q ~eHep8TOpHOJ! ll8Mllbl , TeM C8Mb!M CHMMeTpHSI C XeM bl Ha-

pywaeTcSI; 

6) npoMeJKyTOK CeTK8-K8TO.Q ~eHepaTOpHOJ! naMllbl, llO CymeCTBy, SIBnSJeTC SI 

.QHO.QOM C O.QHOCTOpOHHei! npOBO.QHMOCTbJO, onpe.QenSieMoi! He TOnbKO BenH'IHHOi! npH

llOJKeHHO~O HanpSJJKeHHSI CO CTOpOHbl M8HHnynSJTOpa, HO H pelKHMOM pa60Tbl B,'l, 

~euepaTopa. npoBO.QHMOCTb 3KBHBaneHTHO~O .QHO.Q8 HC'Ie3aeT TOllbKO nocne TO~O , 

KaK HanpSJJKeHHe Ha ceTKe .oocTH~HeT 3Ha'leHHSI 3ahHpaJOme~o HanpHJKeHHSI E• ; 

a) qepe3 ynpaanSJJOmHi! THpaTpoH T
1 

MaHHnynSJTopa npoTeKaeT nocToSJHHaH coc 

TaBnSIJOW8SJ ceTO'IHO~O TOK8 B,'l, ~eHepaTopa , npeBOCXO.QSIW8SI no BenH'IHHe pa60'IHi! 

TOK THp8TpOH8 Ha XOllOCTOM XOAY H B 3H8'1HTenbHOJ! CTeneHH yaenH'IHB8JOW8SI BpeMSJ 

BOCCT8HOBneHHSI ceTO'IHO~O 38nHp8HHSI THp8TpOH8 (eM. npHllOlKeHHe,pHC, 31), 

nepHO.Q pa6oTbl Ha~pyJKeHHO~O TPH~~epa cne.oyeT pa3nenHTb Ha nSITb 0Tpe3KOB 

apeMeHH. B Te'leHHe Tpex nepBblX HHTepaanoa OH pa6oTaeT KaK Ha xonocToM xo.oy, 

4 eTBepTbli\ 0Tpe30K BpeMeHH 6y.QeT COOTBeTCTBOB8Tb WyHTHpOB8HHJO THp8TpOH8 

9 



corrpoTHBneHHeM rpHanHxa H rrpoMe~yTKa ceTxa-xaToa reaepaTopHoft naMn~ H, Ha

xoaen, rrocneaHHA -nRThtft OTpeaox BpeMeHH 6yaeT HneHTHqea nocneaneMy HHTepBany 

pa60Tbl H8 XOIJOCTOM XO.[ly. COOTBeTCTBy!OmHe K8~.[lOMY HHTepBany CXeMbl H ¢lopMyn~, 

nonyqeHHbte TOA >Ke MeToaHxoA, rrpe.[lcTaBneHhi B Ta6nHne 2. 

0TIJHqHe B pa60Te CXeMbl XOIJOCTOrO XO.[l8 H Harpy>KeHHOft CXeMbl H8qHH8eTCH 

c MOMenTa noa>KHra THpaTpoaa T 
2

, c xoToporo rrpouon>KHM aHanHa. B TeqeHHe 

nponecca .[leHOHH38UHH0 npOHCXOllRmero B TpeTbeM HHTepBane, o6paTHOe COITpOTHB

neHHe THp8TpOH8 T} WyHTHpyeTCH .[liJH p83pRllHOPO TOK8 KOH.[leHC8TOp8 nocneaoBa

TellbHbiM COellHHeHHeM COITpOTHBIJeHRft rpR.[liTHK8 H npoMe>KyTK8 CeTK8-K8TO.[l. 

nocne rroracaHHR THpaTpoHa T
1 

paapRllHBR uenb aaMhixaeTcR qepea wyHTH

py!OmyiO uenb B TeqeHHe qeTBepTOrO HHTepB81J8 BpeMeHH, KOTOpblft anHTCH ao .[lO-

CTH>KeHHH H8 CeTKe reHepaTOpa H8ITpR>KeHHH 38ITHp8HHH E g 

B ITRTOM HHTP.pBane, 6naroaapR aanHpaHHIO B.q. reHepaTopa, npexpawaeTcR 

lJJfHTHpy!OWee aeA<!:TBHe CeToqHOft uenH H U81lbHeftwHft pa3pRa H.[leT T8K >Ke, KBK 

B CXeMe XOIJOCTOPO XO.[l8. 

Koa~HuHeHT aapRna xoaaeHcaTopa K orrpeaenReTcR H B aTOM cnyqae H3 ycno

BHH cornacoBaHHR (3). Bbtpa>KeHHe ang K aaanorHqHo (4): 

'& t 4 t B t 2 

I( -

--u;-u:--u. --u;: 
1-e 6 4 [l+e 8 0-e 2l) (6) 

-i ~ I-e 1•1 

BpeMR BoccTaHoBneHHR npRMoro aanpH>KeHHR aa yrrpaBnRIOWeM THpaTpoHe T1 

l)8BHO: 

~ '2 'I 
-I}_ -e. -r. I •Ofa{l+e 8iJ-e 2(l+[e 1 

0 I 4 

(7) 

l)l ' 

H anR THpaTpoHa T2 
aTo BpeMR paaao: 

02 

0 i 2fa(l + K:e-01 ) . (8) 

Beer a a I(< 1 , ecnH >Ke 
-'2 e; -~ 

(I+ ICe l'lt l] < 0' 

'a -e;; 
l+e 

8 
[1-e 

10 

Bb!paJKeHHe .[liJH I Ol TepReT 

npoAaeT qepe3 HYITb H CXE 

H30ATH npH yMeHbWeHHH B 

B aToft cxeMe cymec 

npSI>KeHHeM 38ITHp8HHH B. q, 

H8XO.[lHM 

'4 

e -e; 

e 

no.[lCTBBnSISI e -~ B Bl 

KBaapaTHOe ypaBHeHHe, He 

Kax y>Ke roaopHnocl 

Tparrepa aeo6xoaHMo, qTo 

paBIJHIOmeM Tllp8TpOHe 6blll 

( I 0 >I BCa ). noaTOMY 

pa MeHbwe qeM HeHarpy>Ke 

woft BenaqHHe conpoTHBneH 

eTCSI ITOCTOHHH8H BpeMeHH 

HanpR>KeHIIH H8 ynpaBIJHIOm• 

BOCCT8HOBneHHH CeToqHoro 

Tllp8TpOH npoTeKaeT ITOCTO! 

paR H8 ITOpR.[lOK npeBbiW8e1 

yBeiJHqHBaeT BpeMH aeoHHH 

Ha pac. 9 rrpellcTaBnE 

Te H npH c6oe, CBH38HHOM 

B OCUHilllOrpaMM8X B. 

CBH38HHhiA C rroaaqeft HMny 

reHepaTopaoA naMIThi. Taxlt 

xpyTbtM ljlpoHTOM ( • 150 ~ 

Ha pac. 10 rroxaaaHhi 

I • H T • .[l. llnR paanaqHhiX 

Tl!paTpoaoa. BHllHo cywecTJ 

10wero THpaTpoaa no cpaaae 

Ha pHc. 10. 



eHepaTOpHOll naMllbl H 1 H6-

lTHqeH nocneuHeMy HHTepaany 

HHTepaany cxeMbi H <flopMynbl, 

;e 2. 

'>KeHHOll CX9Mbl Hlr'IHHaeTCSI 

<HM a HanHa . B TeqeHHe 

paane, o6paTHoe c onpoTHB-

KOH.lle HcaTopa nocnenoaa -

e>KyTK6 CeTK6- K8TOn. 

16MbiK69TCSI qepea wyHTH -

H, KOTOpblll .QTIHTCSI no no -

E 
g 

'eHepaTopa, npeKpawaeTCSI 

•83pS1n IHl9T TaK >K9 1 K8K 

; g H B STO M cnyqae H3 ycno-

(4): 

( 6) 

ynpaBnSIIOW9M THp8TpOH9 T I 

t I (7) 

e 
-~ 

> 1 I • 

) . (8) 

l] < 0. 

Bb!p8lKeHHe .llml I Ol TepSieT CMbiCn. 3TO 03HaqaeT, qTQ H6llpSI>K9HHe H6 THpaT pOHe lie 

npollneT qepea Hynb H cxeMa cTaHeT Hepa6oTocnoco6Holl. TaKoll ~KT Mo>KeT npo

HaoliTH npH yM9HbW9HHH BpeMeHR 1 2 

B sToll cxeMe cymecTBeHHoll HBnHeTcSI CBSI3b Me>KnY apeMeHeM ' • 

npSI>K9HH9M 3BTIHp8HHSI B. '1. 1"'9H9p8TOp8 E • - p E . 0pHp8BHHB8 SI 

H6XOnHM 

e 1- p 

-~ _!.1., _...!J. 
e, e, B2 e [(1+1:e )e -1]-1 

H H6-

(9) 

0onCT8BnSISI 
-~ 

e ' B Bblp8>K9HHe .llnSI 1: (6) ( Ta6nHU8 2) 1 nony'IHM OTHOCHT9TibHO 1: 

KBanpaTHoe ypaBHeHHe, He conepJKamee 1 , 

KaK y>Ke rooopHnocb BbiWe ( c Tp •• S), nnH ycToli'IHBOll pa6oTbi THpaTpOHHoro 

TpH1"'1"'9pa He06XOnHM0 1 'IT06hl BpeMSI BOCCT6HOBn9HHSI npSIMO I"'O H8rtpSI>K9HHSI H6 yn

paBnSIIOnteM THpa TpOHe 6binO 6onbwe BpeMeHH BOCC T8HOBneHHSI CeTO 'IHOI"'O 3 8 llHp8 HHSI 

( I O > I BCa ) • 00 3 TOMY y C TOli'IHBOCTb pa60Tbl Harpy>Ke HHOI"'O THpaTpOHHOI"'O TpH1"'1"'9-

pa M9HbW9 '19M H9H81"'py>K9HHOI"'0 1 T8K K8K 1 C O.llHOll C TOpoH bl 1 6naronapS1 He6onb-

WOll BenH'IHH9 COrtpOTHBneHHSI C9TO'IHOll uenH 1"'9HepaTopa BO Bp9MSI reHepaUHH CHH>K8-

9TCSI rTOCTOSIHH6SI BpeMeHH 6 3 , 8 BMeCTe CHell H Bp9MSI BOCCT8HOBn9HHSI npSIMOI"'O 

H8rtpSI>K9HHSI H8 ynpaBnSIIOnteM THp8TpOHe T l' C .llpyroll CTOpOHbl 1 B03p8CTaeT BpeMSI 

BOCCT8HOBn9HHSI ceTO'IHOI"'O aanHp8HHSI 1 T.K, BO BpeMSI reHepaUHH qepea ynpaBnSIIOntHll 

THp8 TpOH npoTeKaeT noCTOSIHH8SI COCT8BnSIIOW8SI CeTO'IHOI"'O TOK8 reHepaTopa, KOTO

p6S1 H a nopHnoK npeBbiWaeT TOK qepea THpaTpoH T 
2 

( CM, OpHno>KeHHe, pHc , 31) H 

yaenH'IHBaeT Bp9MSI neoHHH38UHH. 

Ha pHC, 9 npencTaBneHa OCUHnnorpaMM8 B,'l, HanpH>KeHHSI npH HOpManbHOll pa6o

T9 H npH c6oe, CBSI38HHOM C H93H8'1HT9nbHbiM yaenH'I9HH9M CKB8>KHOCTH . 

B ocuHnnorpaMMax B. '1. HanpH>KeHHSI OT'I e TnHBo BHneH Bbi6poc aMnnHTynhi, 

CBSI38HHbilt C rTOU8'19ll HMnynbC8 CM9W9HHSI nonO>KI!TenbHOll nonS!pHOCTH H8 C9TKY 

reHepaTopHoll naMnhi. TaK>Ke aaMeTHo, 'ITO raweHHe Kone6aHHll npoHc xot:tHT c He

KPYTbiM <j>pOHTOM ( • 150 MKCeK). 

Ha pHc. 10 noKaaaHbi pacc'IHTSHHbie no <i>opMynaM Ta6nHUbi 2 aenH'IHHbi U 
0 

I 
0 

H T.t:t. t:tnSI pa3nH'IHbiX BpeMeHHbiX B38HMOpacnonO>K9HHll H M nynbCOB aanycKa 

THpaTp oHoB. BHt:tHO cymecTBeHRoe oTnH'IHe xona o6paTHoro HAnpH>K9HHSI nepKniO'Ia-

10IU91"'0 TRpaTpOH8 no C p8BH9HHIO CO cnyqaeM XOnOCTOI"'6 XOI:t8 1 nOK 836HHOI"'O nyHKTHpOM 

H6 pHC. 10. II 



Ha. pHc. 11 Hao6pa>t<eHa ocuHnnorpaMMa aanpl!>t<eHHSI nepeKmo'laJOmero THpaTpo

aa. CoananeHHe c pacq!!THbiMH naHHbiMH o'leHb 6nHaKoe, CymecTaeaHoe yMeHbUieHHe 

BpeMeHH I Ol no cpaBHeHHIO C BpeMeHeM I O~ BHilHO H3 ITOKB3aHHOI! aa pHC, 12 

ocuHnorpaMMbi aanpSI>t<eHHS! U BLo HeHarpy>t<eHaoro nneqa TpHrrepa cxeMbi pH c. 2, 

TaM >Ke Ha OCUH/1/IOrpaMMe TOKa, TeKymero qepe3 THpaTpOH, OT'I!!TIIHBO BHilHbl BCe 

flSITb apeMeHHblX HHTepB8/IOB: OTCYTCTBHe TOKa qepe3 THpaTpOH ( I ~ ) 60/lblllOH 

np>IMOi! TOK, o6ycnoaneHHb!l! pa3pS!IlOM eMKOCTH qepe3 o6a THpaTpOHa (I a ) ; npSIMOil 

TOK npH myHTHpyJOIUeM neAcTBHH ceTO'IHOI! uenH rencpaTcpa ( 1 
4 l H nocne npeKpa-

weHHSI myHTHpyJOIUero nei!CTBHSI (I 5 ) H, .HaKOHeU, KpaTKOBpeMeHHbllt 06paTHblll 

TOK ( 1 I ) • Ha pH C. 13 ITOKa3aHa OCUH/1/IOrpaMMa Taro >Ke TOKa H aanpS!>KeHHS! npH 

E aO =0, '0cUHili!OrpaMMa HanpS!>KeHHS! U A.L Ha pHC, 14, CHSITaSI npH E ~ =0, 

noKa3b!BaeT, 'ITO ITOKa TOK Harpy3KH qepe3 BeHTH/lb OTCYTCTByeT, B03MO>KHa pa6oTa 

CO CKBa>KHOCTb!O, He3Ha'IHTenbHO npeBLIWa!OIUelt enHHHUY ( 1
1 + I ~ :;: T) • 

Ha ocuHnnorpaMM HanpR>KeHHSI H TaKa ynpaBIIS!JOWero THpaTpona npH E,. #0 BHil

aa orH6aJOIUaS! CeTO'IHOrO TOKa (pHC. 15), HanH'IHe CeTO'IHOrO TOKa npHBOilHT K pe3-

KOMY CHH>KeHHIO conpoTHBneHHS! ceTKa-KaTon reaepaTopaol! naMHbi, K 6onee 6biCTpoMy 

pa3pS!llY H yMeHLUieHHIO BpeMeHH I Ol a TaK>Ke K 3UMeTHOMy yaenH'IeHHIO BpeMeHH 

npoTeKaHH>l o6paTHOrO TOKa, 3TO OC060 OT'I!!TI!HBO BHilHO H3 CpaBHeHHS! OCUHili!OrpaMM 

pHc. 16 a, 6,a. OcuHnnorpaMMa, Hao6pa>t<CHHaSI na pHc, 16 a, cooTae·rcTayeT npeneny 

yCTOil'lHBOrO 3aiTHpaHHS! B.'l. reHepaTopa, llanbHetlwce yBCI!H'ICHHe CKBa>KHOCTH, KaK 

BH/lHO H3 OCUHIII!OrpaMMhl HB pHC, 16 6, B Tpe6yeT 3aiTHpaHHSI reHepaTopa ITpH 60nb

WCM CCTO'IHOM TOKe; BpeMS! neHOHH3aUHH TaK>t<e BCBpacTaeT, Cpb!B B pa6oTe reHe

paTopa, npOHCXO/lS!WHll npH 3TOM, XOpOWO BHJleH H3 OCUH/1/IOrpaMMbl, 

noBblllJeHHe MOWHOCTH reHepaUHH B,'l, renepaTopa H yMeHbWeHHe 

BpeMeHH t Ol , npOHCXOilSIIUee npH yBe/IH'IeHHH CKBa>KHOCTH, o6nerqaeT Cpb!B pa60Tbl 

MaHHnynHTOpa. llnll pa60'IHX ycnoBHA namero reHepaTopa npenen ycToi!'IHBoro aanH

paHHS! HMeeT ldeCTO npH BpeMeHH I O I = 125 MKCeK lli!SI aMITI!HTYilbl OPH6a!OIU6il 

ceTO'IHoro TaKa • 2a. Heaaa'IHTenbHOe yaenH'IeHHe CKBa>KHOCTH npHBOilHT K yMeHb-

weHHIO BpeMeHH tO I H K CpblBY pa60Tbl (pH C. 17 a,6), 

Ha OCUHI!I!OrpaMMe pHC, 5 BHilHa HHTepecHaS! OC06eHHOCTb -cnan HanpS!>t<eHHS! 

aa KaTOUe noraCaJOIUero THpaTpOHa llpOHCXOilHT OT MaKCHMallbHOPO 3HaqeHHS! CHa'lana 

C MeHbUieli ITOCTOS!HHOH BpeMeHH, TaK KaK K 3TOldY BpeMeHH racayiUHA THpaTpOH 

y)!{e ITOI!HOCTb!O norac, 3Ta aHOMai!HS! MO)!{eT 6biTb CBS!3aHa TOI!bKO C H3MeHeHHeM 

BHyTpeHaero COITpOTHBI!eHHS! npOBOilS!IUero' THpaTpOHa H COOTHOWeHHeM Me>KilY ero 
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CeTO'IHblM H aHOilHbiM TOKO: 

ITOI!HOro HOHHOrO TOKa B CE 

npOBOilHMOCTH -ITOil>t<Hra!OU 

nepeXOilHT B CTaUHOHapHblll 

HMnynbca nono>KHTenbHoll n 

poll Mepe nono>KnTenbHO Ha 

0TMe'leHHaS! OC06eHHO 

C'IHTaTb, 'ITO HMe!OTCS! TOll! 

K Ha'la/lbHOit TO'IKe BTOporo 

npHMepHbill BHil pacq~ 

ITOKa3aH Ha pHC, 19, 

BenH'IHHa, aa KOTopyK 

.. 1 -5 COCTaBnS!eT Q • 0 Ky. 

THpaTpOHbl, nopS!IlOK Bei!H' 

C ll8HHb!MH, H3BeCTHblMH H3 

3aUHH THpaTpOHa, 

npHBeneHHblll aHai!H3 I 

pa60'IHX pe>t<HMOB B,'l, reHe 

ero 'I!!TKYIO pa6oTy B pe>t<Hl 

)!{eHHSI HCTO'IHHKa, ITHTaJOIUeJ 

aecTH K ynyqmeHHIO ero pa( 

BoapacTaeT H BpeMll, Tpe6y 

llOCTaTKaMH 3TOI! CXeMbl SIB, 

a) nonaqa HMnynbca n 

yBei!H'IHBa!OIUero HHTeHCHBHC 

By!OIUHA aanHpaHHIO reHepaTo 

6) 3aiTa31lb!BaHHe MOMo 

npoTeKaHHS! npS!MOPO TOKa 'I 

llpOHCXOJlHT CO CpaBHHTel!bH< 

CHpOBaHO ITO BpeMeHH, 

B) llpH OTCYTCTBHH re 

YMeHbWeHHe nepeKnJO'IaJOwei 

K C60S!M B pa6oTe MaHHITYI!Sl 

Korna aa KaTone THpaTpona 



nepeKn~qa~mero THpaTpo -

ymecTBeHHOe yMeHbllleHHe 

UOK83aHHOl! H8 p H C . 12 

lHrrepa CXeM bl pHC . 2. 

>H , OT'I~TIIH BO B HJlH b l BCe 

iTpOH ( t ~ ) 6orrblliOH 

TH p aTpoHa ( t 
8 

l; npHMol! 

l8 ( t 
4 

l H nocne npeKpa 

KospeMeHH bill o6paT Hbi ll 

.e TOKa H Han pHlKeHHH n pH 

4, C HHTaH npH E ,j =0 , 

'CTByeT, B0 3 MOlKHa p a 6oTa 

t
1 
+t~ ;' T). 

> THpaTpOH8 n pH E If #0 BHJl

HOf'O T OKa npH BOJlHT K pea

% II 8 Mllbi 0 K 6 orree 6bi CTpOMY 

rHOMY y Be llH'Ie H!I~ Bpe MeH!I 

H3 C p a BHe H!IH OCU HIIIIOrpa MM 

6 a , cooTBe ·r cTBye T rrpenerry 

! IIH'Ie HH e CKBa lKHOC TH 0 KaK 

oa HHH r e a e p a Topa npH 6onb

eT. C p biB B pa6oTe r eHe-

lllOI'paMMbl. 

yMe HbllleHHe 

TH, o6nerqaeT c p biB pa6oTbi 

npenerr y c TO l!'IHBor o aa n H 

a MrrnHTYilbi orH6a~meA 

K HOCTH npHBOJlHT K y M e Hb -

BHHOCTb - cna)l Han p H>KeHHH 

3H8 '!e HHSI CH8 '1 8 IIa 

raCHYlliHil THpaTpOH 

H3MeHeHHeM 

M e>Kny e ro 

-
ceTO'IHbiM H aHOilHbiM TOKOM. 0Ha, no-BHJlHMOMy, Bbi3BaHa OTBeTsrreHHeM qacTH 

norrHOro HOHHOI'O TOKa B CeTO'IHY~ uenb H npeKpamaeTCH no HC'Ie3HOBeHHH C eTO'IHOl! 

npoBOJlHMOCTH - notUKHra~mero HMnyrrbca ( pHc. 18). TonhKO noc ne aToro THpa TpoH 

nepeXOJlHT B CT8UHOHapHbil! pelKHM ropeHHH. QqeBHJlHO, yBeiiH'IeHHe JliiHTeiibHOCTH 

HMrryiibCa noiiOlKHTeiibHOli nOIISipHOCTH H8 CeTKe THpaTpOH8 CKa3b iBaeTCH B HeKOTO

pol! Mepe nOIIOlKIITellbHO Ha yCTOi!'IHBOCTH pa60Tbl CXeMblo 

0TMe'leHHaH OC06eHHOCTb JlllH Halllero p8C 'I ~Ta HecymeCTBe HH8 0 n0 3 TOMy 6yneM 

C'IHT8Tb, 'ITO HMe~TCH TOIIbKO JlB8 y'laCTKa H nepeXOJl OT Ha 'laiibHOll TO'IKH nepBOf'O 

K H8'1aiibHOl! TO'!Ke BTOpOrO npOHC XOJlHT no IIHHei!HOMy 3aKOH y . 

npHMepHbll! BHJl p8C'I~THbiX, annpOKCHMHpOB8HHbiX H nel!CTBHTeiibHbiX ljlpOHTOB 

noKa38H Ha pHC. 19. 

BenH'IHHa, Ha KoTopy~ yMeHblllaeTCH aapHn KOHJleHcaTopa C a a speMH t = 10 MKCeK, 

-5 
COCTaBIISieT Q ':, 10 Kyn; pa3pHilHbili TOK npaKTH'Ie CKH UeiiHKOM npO XOJlHT q e p e :, 

THpaTpOHblo nopHJlOK BeiiH'IHHbl 38pHil8 , npoTeKa~mero '!epe 3 TH p aTpOH, COBnanaeT 

1101 
C JlaHHbiMH, H3BeCTHb iMH H3 IIHTepaTypbl JlllH aapRna, He06XOJlHMOf'O Jl;JH JleHOHH-

3aUHH THp8 TpOH8. 

npHBeJleHHbl li aH8IIH3 noKa3biBaeT, 'ITO JliiH cymecTBY~lliHX B HaC T O Hmee Bpe MH 

pa6 0'IHX pelKHMOB B.'l. reHepaTopa HMe~mHi!CH M 8 HHnyiiHTOp He MO>KeT o 6 e c ne'IHTb 

ero 'I~TKY~ p a6oTy B pelKHMe Herrpepb lBHOli M 8 HHIIYIIS!Ul!Ho n poC T Oe noBbillleHHe H8npS!-

>KeHHSI l!C TO'IHHK8, nHTa~mero MaHHnynSI TOp, HIIH TpHrr epbi X TOK O B HO MOlKe T IlpH

BeCTH K yny'lllleHH~ ero pa60Tbi ( IIOBbillleHHe M O lliHOCTH), T.K. npH 3 T O M T a K >Ke 

B03paCT a eT H Bpe MH, Tpe6yeMoe JliiSI BOC C TaHOBIIeHHSI CeT O'IHOf'O 3aiiHpa HHH. He

JlOCT8TKaMH 3 TOH C X e Mbl HBIISI~TCSI eme: 

a) noJla'!a HMnynbCa IlOIIOlKHTeiibHOl! IIOIIS! f> HOCTH Ha CeTKY r e HepaTopHOl! IIa M nbi , 

yBeiiH'IHBa~mero HHTeHCHBHOCTb reHe paUHH B MOMeHT, H e iiocpe JlCTBO HHO IIpeJl lll eCT

By~mHl! 38 IIHpaHH~ reHepaTopa, KOTOpoe 3 THM 3aTpyllHHeTCSI; 

6 ) 3 8IIa3JlbiBa HHe MOMeHTa a a nHpaHHSI n o OTHO llleHH IO K MOMe HTY n peK pameHH H 

npoTeKa HHH rrp H Moro T OKa q e p ea ynpaBIIS!~lliH li THpa T poH. K TOMY >Ke aa rrH pa HHe 

npOHCXOJlHT CO C p8BHHTeiibHO nOIIOf'HM ljlpO HTOM H Il0 3 TOM Y He B Cerna qe TKO ljlHK-

CHpOB8 H O ITO BpeMe HH. 

a) IlpH O TCYTC TBHH reHepa UHH C eTKa B o'lo T'eHepa T opa H e COellHHH e T C H C 3eMn el! . 

YMeHblll e HHe rr epeKn~qa~mell e MKOC TH no a H a 'le HHSI • 0, 2 M K!jl H HH>Ke n pH r.onHrr o 

K c60SIM B pa6oTe MaHHny nHTOpa H 3 -3a COOTBeTCTBy~mero YM OHbllleHHSI BpeMe HH , 

K OI'Jl8 H8 K 8 T OJle THpaTpOH8 Ha XOJlHTCSI OTpHU a T e iibHOe H a n pHlKeHHe ; yBeiiH'IeHH e 
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3TOli eMKOCTH 6onee '!eM ~0 4 MK~ 3Ha'!HTerrbHO yBei1H'IHBarro apeMH1 ueo6xO~HMOe 

~nH ee nepe3apH~a. H3..aa aToro na~ana aMrrrrHTy~a npHno~euuoro o6paTnoro ua

rrpH~eHHH., a TaK~e yMeHblllarrOCb BpeMH1 B TeqeHHe KOTOporo Ha KaTO~e ynpaBI1HJOIUero 

THpaTpOHa 110~~ep~HB8110Cb OTpHUaTerrbHOe uarrpH~eHHe, 

HeKoToporo ynyqUieHHe ycToli'IHBOCTH MaHHrryrrHUHH y~anocb ~o6HTbCH, Kor~a 

ua ceTKy, KpoMe aBTOCMemeHHH, nonyqaeMoro 3a C'!l!T reHepauHH, no~aaanocb rrpH

Hy~HTerrbuoe cMemeHHe 3a C'll!T rrpoTeKaHHH TOKa TpHrrepuoA cxeMbi qepe3 

corrpoTHBrreHHe R 4 (pHC, 20), 3Ta CXeMa, O~HaK01 He BCer~a B COCTOHHHH o6ecrre-

'IHTb pa6oTy B pe~Me C paCTH~KOli 11Y'IK81 K TOMY ~e H3oo3a 11pHHY~HTerrbHOro CMe

IUeHHH OHa HeCKOI1bKO CHH~aeT HHTeHCHBHOCTb B036y~~eHHH1 ecrrH He MeHHTb ~py

rHX napaMeTpoa, orrpe~errHJOIUHX pa6o'!Hli pe~HM aaToreHepaTopa. 

3rreKTpOHHbili BapHaHT CXeMbl M8HHI1YI1HTOpa1 r~e BHyTpeHHee COI1pOTHBI1eHHe 

aneKTpoHHOli rraMJU>I Bbli1011HHeT p011b rpH~I1HKa1 OKa3ai1CH 3KCilrryaTaUHOHHO HeHa-
/7/ 

~e~Hb!M 1 1103TOMY HH~e 11pHBe~eHbl ~Ba BapHaHTa CXeMbl MaHHrryrrHTOpa C HC-

11011b30BaHHeM THpaTpOHOB, rrpoaepeHHbie B 3KCilrryaTaUHH H o6ecrre'!HBaJOIUHe 'I~T

KOe 3a11HpaHHe a,q, reHepaTOpa CO CKBa~HOCTbiO He MeHee 3, npH TaKOM pe~HMe 

pa60Tbl MaHHI1YI1HTOpa CMeiUeHHe, 3a11HpaJOIUee reHepaTop, ~011~HO C03~aBaTbCH Ha 

COilpOTHBneHHH rpH~I1HKa HI1H Ha ero '!aCTH, 

3, nepexO~Hbie IlpOUeCCbl B uarpy~eHHhlX THpaTpOHHhiX 

TpHrrepax C BeHTHI1HMH1 CB060~HbiMH OT TOKa 

Harpy3KH qepe3 BeHTHI1b 

B TpHrrepax, cao6o~HhiX oT TOKa uarpy3KH qepe3 BeHTHrrb, 3aMbiKaHHe uar

py3KH, rrpeocTaarrHJO~eA co6oA ceTo'IHYJO uerrb reuepaTopa, ~onmuo rrpoHcxooHTb 

qepe3 aKTHBHoe corrpoTHBrreHHe, KoTopoe HBrrHeTCH o6mHM ~nH TpHrrepa H reuepa-

Topa. 

He3aBHCHMOCTb ~ByX uerreli (yrrpaBrrHJO!Jleli H yrrpaBrrHeMOH CXeM) UOCTHraeTCH 

npH Bbli10rrHeHHH cnenyJOmero ycnoBHH: TOK TpHrrepa ue nonmeu rrpoTeKaTb qepe3 

o6mee corrpoTHBeHHe ao apeMH reuepauHH; Korna TOK TpHrrepa npoTeKaeT qepe3 

o6mee corrpoTHBrreHHe, reHepaTop 3arrepT. 

CxeMa TpHrrepa, nrrH KOTopoli Bhmonuenhi ycnoanH ue3aBHCHMOCTH yrrpaarrHJOiueA 

H yrrpaanHeMoA uerrel!, H3o6pameua ua pHc. 21 a. KaK H a rrpenhiUYl1IHX cnyqagx 

C'IHTaeM, 'ITO rrepHOU pa60Tbl TpHrrepa H8'1HnaeTCSI C MOMenTa IlOUmHra THpaTpOHa 
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T 
1• flepBhil! apeMenuoA H. 

T J' a BTOpol! -B MOMen1 

Ha 3KBHBarreHTnOM llHOUe, 

a,q, reuepaTopa, TpeTHli 

rrpeKpamenHH UiynTHpyJOWe 

Tpona T 
2 

• .llaa rrocnennHx 

rranaJOT C COOTBeTCTBYJOWI 

3a HCKI1JO'!enHeM TOrO, 'IT> 

U 0 
( oo l 6yneT paano u 

Topa, KOTopaH rranaeT na 

CnenyeT, onnaKo, oT 

Mbl OTpHUaTerrbHOe narrpl!. 

qenHH E 
• 

ewe a rrepaoM 

Crryqae, 3a HCKI1JO'!enHeM I 

OTI1H'!aTbCH OT ero pa6oT~ 

Ta6rrHUe 3 BbipamenHH UI1H 

liMH nnll cxeMbi xonocTorc 

paTop ( U FA C TO'IHOCT 

C BerrH'IHnOli E -U A UI1 

• TbiBaeTCll UiyHTHpyJOWee UE 

cxeMe rrapaMeTpbi 6bmH TE 

MOMenT IlOUmHra THpaTpOn 

.llHarpaMMbi aneKTpH< 

neTpynuo rrorry'!HTb H3 ana 

BbipamenHn nnH K 

B rrpeUbiUYWHX CrryqaliX1 IlJ: 

no HCTe'!eHHH HHTepE 

OTpHUaTerrbnoe HallpllmeHH€ 

CTaTO'IHOro UI1SI B03HHKHOB 

OcuHrrnorpaMMa aMnn 

ueo6xonHMOCTb rrpeneapHTe 

MHHarrbHOH aMI111HTYUbl Ha ' 

3arrHpaHne B,q, renepaTopa 

Ha pHc. 21 a H3o6pa: 



3ano speMll, Heo6xonHMoe 

>*eHHoro o6p~THoro Ha-

'O Ha KaTone ynpasnli!Omero 

·nanocb no6HTbCll, Korna 

HepauHH, nonasanoch npH-

•Holl cxeMbl qepe3 

cerna s cocTOliHHH o6ecne-

3-aa npnHynnTenbnoro cMe-

HI, eCnH He MeHl!Tb npy-

paTopa. 

yTpeHHee conpoTnsnenne 

3KCnnyaTaUHOHHO neHa-

!Mbl MaHHHYHliTOpa C HC

H o6ecneqnsa!OmHe 'I~T-

1ee 3. npn TaKOM pe~HMe 

1 non~HO C03nasaTbCll Ha 

pOHHblX 

OK a 

BeHTHHb, 3aMb!KaHHe Har-

•a, non~Ho nponcxonnTb 

M nnll TpHrrepa n reHepa-

.ngeMoll ex eM) nocTHraeTCll 

Tpnrrepa npoTeKaeT qepe3 

1 ne3aBHCHMOCTH ynpaBHlllOIUell 

H B npenhlny!UHX cny'IaSIX 

.toMenTa non~nra THpaTpoHa 

T 
1
• flepBblll speMeHHOll HHTepsan 3aKaH>IHsaeTcll s MOMenT noracaHHll THpaTpoHa 

T 
1
, a BTopoll - s MoMenT nocTH*eHHll nanpl!*eHHll 3annpaHHll B.'I. reHepaTopa E• 

Ha sKsnsaneHTHOM nnone, wyHTifpy!OmeM conpoTnsnenne R, qepe3 ceTo'IHY!O uenb 

s.'I. renepaTopa. TpeTHll HHTepsan cooTseTcTsyeT pa3pllnHblM npoueccaM c MOMeHTa 

npeKpameHHll wyHTHpy10mero nellcTBHll ceTo'IHoll uenH no MOMeHTa non*nra THpa

Tpona T 
2

• ilsa nocnenHHX BpeMeHHblX HHTepsana B nepnone pa60Tbl TpHrrepa COB

nana!OT C COOTBeTCTBY!OlUHMH HHTepsanaMH pa60Tbl ·TpHrrepa Ha XOnOCTOM xony 

3a HcKnlO>IeHneM Toro, 'ITO npn nann'IHH renepauHH s nocnenneM HH'repsa ne speMeHn 

U 
0 

( oo ) 6yneT paBHO U rne Ta 'IaCTb aBTOCMelUeHHll ronepa-

Topa, KOTopall nanaeT Ha conpOTHBnenHH R C 

CnenyeT, onnaKo, OTMeTHTb, 'ITO s 3aBHCHMOCTH oT senH'IHHbl sneMeHTOB c xe-

Mbl oTpnuaTenbnoe nanpll*eHHe Ha ceTKe B.'I. renepaTopa Mo~eT nocTHrHyTb 3Ha-

qeHHll E• eme s nepsoM HHTepsane, c MOMenTa 3aropaHHll THpaTpona T 
1

• B aToM 

cnyqae, 3a HCKH!O'IeHHeM BHHliHHll E 0 pa6oTa narpy~ennoro Tpnrrepa ne 6yneT 

OTHH'IaTbCll OT ero pa60Tbl Ha XOHOCTOM xony. llel!CTBHTenbH0 1 npHBeneHHble B 

Ta6nHUe 3 Bblpa~eHHll nnll 3TOH CXeMbl COBnanalOT C COOTBeTCTBY!OillHMH Bblpa~eHH-

l!MH nnll cxeMbl xonocToro xana ( Ta6nHua I), a nanpll~eHne, 3anHpa!O!Uee B.'I. reHe
R, 

paTop ( U FA 

c senn'IHHOll E 

C TO'IHOCTblO no flOCTOliHHOl! 

UA nnll xonocToro xona • 

R 
1 

+ R, • no cymecTsy, cosnanaeT 

ilnll o6wnocTH aHann3a s Ta6n. 3 yqn-

• Tb!Bae TCll wyHTHPY!OWee nel!CTBHe ceTO'IHOl! uenH, XOTll B HCHOHb30BaHHOll HaMH 

cxeMe napaMeTpbl 6binH TaKHMH, 'ITO 3anHpaHHe s. 'I. reHepaTopa nponcxonnno s 

MoMenT non~nra THpaTpona T 
1
• 

ilnarpaMMbl sneKTpH'IeCKHX senH'IHH, xapaKTepHblX nnSI nan noll c xeMbl ( pnc.21 a ), 

HeTpynno nony>IHTb n3 aHanorn>IHblX nnarpaMM xonocToro xona. 

nony'IeHHbie TeM ~e MeTOnOM, 'ITO H 

s npenbinymHx cnyqallx , npnBeneHbi s Ta6nnue 3. 

no HCTe'IeHHH HHTepsana BpeMeHH r I nocne non~HraHHll TnpaTpona T 

OTpHUaTeHbHOe Hanpll~eHHe Ha 06WeM COHpOTHBneHHH noCTHraeT 3Ha'IeHHll 

CTaTO'IHOrO nnll B03HHKHOBeHHSI reHepaUHH. 

OcunnnorpaMMa aMnnHTynbl YCKOpli!OWero Hanpll~eHHll (pH C. 22) HHH!OCTpHpyeT 

Heo6xonnMOCTb npensapHTenbnoro BKH!O'IeHHll B. '1. renepaTopa nnSI nony>IeHHSI no 

MHHanbHOl! aMnnHTynbi Ha 'laCTOTe 3aXBaTa. iloCTOHHCTBOM CXeMbl SIBnlleTCSI 'Ii'!TKOe 

3a nHpaHI!e B. 'I. reHepaTopa CO CKBa~HOCTblO, CTpeMS!Wel!CSI K 6eCKOHe'IHOCTH • 

Ha pnc. 21 s H3o6pa~ena c xeMa THpaTpOHHoro TpHrrepa c ne3aBHCHMbiMH 
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uemiMH ynpaBmuomel! H ynpaBnReMoll qaeTell, KOTopaR noaBonHeT nony'laTh KPYTbie 

<j:JpoHTbi HMnynheoB HB HarpyaKe. B 3Tol! exeMe eonpoTHBneHHe, RBnRIOmeeeH o6mHM 

.QnSI eeTO'IHOl! uenH B,'l, reHepaTopa H ynpaBnRIOrnero THp8TpOH81 BKniO'I8eTeSI Me>K.Qy 

8HO.QOM THp8TpOH8 H nonO)I(HTenbHbiM noniOeOM HeTO'IHHK8 flHT8HHSI, 

AHanHa, npoBe.QeHHbil! AnSI TpHrrepa (pH e. 21 B) no 3KBHBaneHTHbiM exeMaM, eo

.oep>KBlliHMeH B Ta6nHUe 4, B 3TOM enyqae H8'1HH8eTeSI e MOMeHT8 fl0.Q)I(Hr'8 THpaTpOH8 

T I np11 HB'IBnbHOM HanpH>KeHHH Ha KOH.QeHeaTope U 
0 

(0) • JC U m C 3TOI"'O MOMeHT8 

Ha eeTKY reHepaTopHol! naMnbi noeTynaeT HMnynhe HanpR)I(eHIISI oTpHuaTenhHol! no

n51pHoeTH, .QOeTBTO'IHblli .QnSI TOI"'01 'IT06b! aanepeTb reHep8TOp. nepBbili HHTepBan KOH

'18eTe51 B TOT MOMeHT, KOI"'.Qa raeHeT THp8T[JOH T 
2

• 

lliyHTHpyiOmee .Qel!eTBHe H8r'py3KH flOnHOeTbiO OTeyTeTByeT H BO-BTOpOM HHTep-

Bane BpeMeHH, KOTOpbii! .QnHTe51 .QO MOMeHTa fl0.Q)I(Hr'8 THpaTpOHa T 
2

• no Mepe paa-

(;I.:'C(R + RIR2 p51.Qa KOH.QeHeaTopa e noeTOSIHHOli BpeMeHH 
a R I+ R2 

OTpH-

uaTenhHoe Hanp51)1(eHIIe U DL na.QaeT, eTpeMS!eb K eBOeMy eTaUHOHapHOMy 3Ha'leHHIO 

u m 

R2 
( IO) 

R 1 + R 

Heo6xo.QIIMbiM yenoBHeM 'I~TKOI! pa6oTbi MaHIInynRTopa Ha HarpyaKy RBn51eTeSI 

UDL _sEs 

TaKIIM o6paaoM, e Ha'lana TpeThero HHTepBana K THpaTpoHy T I npHKnB.QbiBa

eTe51 o6paTHoe HanpR>KeHHe. KaK BH.QHO, B 3TOM eny'lae HarpyaKa He rnyHTIIpyeT o6-

paTHoe eonpoTIIBneHIIe noraea10mero TllpaTpOHa, a BKniO'IeHa noene.QoBaTenhHO e HIIM 

11 TO TOnhKO Ha BpeMR eymeeTBOBaHH51 o6paTHol! npoBO.QHMOeTH. KpaTKoBpeMeHHbil! 

HMnynhe flOflO>KHTenhHOl! nOn51pHOeTH1 noeTynaiOrnHl! npH 3TOM HB eeTKy reHe-

paTopHoll naMnbi, 6naronp1151THO eKa3biBaeTeSI Ha yBenH'IeHHH KPYTH3Hbi <j:JpoHTa Boa-

paeTaHHSI aMnniiTY.Qbl yeKOp51IOiller'O B,'l, Hanp51>KeHHSI, 

B noene.oHeM IIHTepBane BpeMeHII, noene OTKniO'IeHHSI THpaTpoHa T I' rnyHTII

PYIOutee .oel!eTBIIe Hai'PY3KII Ha pa6oTy exeMbi nonHoeThiO oTeyTeTByeT, a nepeaapR.Q 

KOH.QeHeaTopa II.QeT npaKTHqeeKH e noeT051HHOll BpeMeHH R 
2 
C Yf MeiOU[a51 MeeTO reHe-

paUIISI B,'l, KOne6aHHli pe3KO o6pbiBaeTe51 B KOHUe HHTepBana ,B MOMeHT fl0.Q)I(Hr'8 THp8-

TpOH8 T I' 

Henonh3Y51 <j:JopMynhi, npiiBeueHHbie B Ta6n11ue 4 , HeTpy.QHO nony'IHTh Bb!p8)1(eHIIe 

.QnSI K03<jJ<j:JIIuHeHTa aapR.oa Kon.oeHeaTopa K 11 BpeMen eymeeTBOBBHII51 o6paTHoro Hanp51-

>KeHII51 HB THpaTpoHax ( T 
1 

H T
2

) t 11 t 
0 I 0 2 

I6 

t, 
JC -

-e -11'; { 1-a 

t I 

-r. t -(} ln {1 .. OJ 4 
be ( 1-

r.oe 

t 01 -(}2 ln ( 
• + b 

b 

• 

b 

finS! KOHKpeTHbiX fl8j: 

pae'I~T BenH'IIIH, onpe.oene 

Ha p11e, 24a,6 npMBe.oeHbi e 

CoBna.oeHHe paeq~THbiX 11 

aaHbi oeunnnorpaMMbi Han 

epaBHeHH51 p11e. 24 6 H 2! 

Harpy30'IHOII uenel!1 IIMnyT 

Ha p11e. 26 noKaaaHa ocu~ 

eKBa>KHOeTH liMflynhea B.'l, 

Y'leT Bnii51HH51 o6paTI 

H OUeHHTb BeflH'IHHy Bhl6~ 



me, smmnomeecH o6mnM 

ITaHHSI. 

~aaneHTHbiM cxeMaM, co-

MeHTa rroa~nra TnpaTpoHa 

. U C 3TOrO MOMeHTa 

HHSI OTpHU8Te!!bHOH ITO-

::>p. nepBblH HHTepaan KOH-

3yeT H BO BTOpOM HHTep-

oaTpOHa T 2. no Mepe paa-

.. RIR2 

R I+ R2 
OTpH-

CT8UHOH8pHOMY 3H8"!eHHIO 

( 10) 

aTpOHY T 
1 

rrpnKnaabiBa

rpyaKa He wyHTnpyeT o6 -

1a rrocneaoaaTenbHO c HHM 

JCTH. KpaTKoapeMeHHbiA 

3TOM H8 ceTKy rene -

Ill KpyTH3Hbl !jlpOHT8 B03 -

TnpaTpoHa T 
1

, wyHTH 

JTCyTCTByeT, a rrepeaapHa 

HMeiOwaSI MeCTO rene-

na , a MoMeHT rroa>KHra THpa-

leTpyaHo rrony"'HTb Bbipa~eHne 

eCTBOBaHHSI o6paTHOrO HaiTpSI -

K • 

I 01 • 82 fa ( 

rae 

• + b 
b + 

. -

It - • 
--,b--e 

b -

ta tl t I --r. -r, -Ti ( 12) 
-a[ 1- e (1-e 0-e ))]j; 

( 13) 

R I 

llrrSI KOHKpeTHblX rrapaMeTpOB CXeMbl 1 rrpHBeaeHHblX B npnno~eHHH 1 rrpOH3BeaeH 

pac"!eT aenH"'IIH, orrpeaeneHHbiX a Ta6nnue 4. PeaynbT8Tbi rrpnaeaeHbi Ha pnc. 23. 

Ha pnc, 24a,6 rrpKaeaeHbi ocunnnorpaMMbi HarrpH>KeHHSI U AL H U DL COOTBeTCTBeHHO. 

CoarraaeaHe pacqi\THbiX 11 a .. cnepnMeHTanbHbiX naHHbiX x opowee. Ha pHc. 25 rroKa-

3aHbl OCUH!!!!OrpaMMbl HaiTpSI~eHHSI U DL Harpy3KHo H a 

cpaaHeHHSI pHC. 24 6 H 25 BHaH0 1 "'TO 6naronapS1 He3aBHCHMOCTH nepeK!!IO"!aiOweti H 

Harpy3o"!HOH uerreti, HMITynbC 1 38ITHpaiOWliH B."'. reHepaTop, OCTaeTCSI Heli3MeHHbiM. 

Ha pHc. 26 rroKaaaaa ocunnnorpaMMa B."'. HarrpH>KeHHSI, rrony"!eHHaSI rrpH 6onbwoA 

CKBa~HOCTll HMITY!!bCa B. "'. reaepaTOpa B !jlopMllpOB8HHOM pe~HMe. 

Y"'eT anHHHHSI o6paTHoti rrpoaonHMOCTH TnpaTpoaoa rroaaonHn o6bSICHHTb HanH"'He 

H OUeHWI'b Be!!H"'HHY Bb!6pOCOB B ITO!!y"!eHHblX OCUli!!!!OrpaMMaX. 



0TMeTHM1 qTo npH B03paCTaHHH 
R, 
~ ycToAquBaR pa6oTa TpHrrepa uapy-

1 , 

waeTCR, H o6a THpaTpOHa OCTa~TCR fiOCTOHHHO B npoBoaHllleM COCTOHHHH. npeaenbHOe 
R, . 

3HaqeHHe -R R , npH KOTOpOM eme B03MOlKHa ycToAqHBaH pa6oTa, onpeaenReTCH Bpe-
1 + , 

MeHaMH t01 H I O~ • KOTOpbte aonlKHbi npeBbiWaTb BpeMH BOCCTaHOBneHHH ceToqHoro 

3afiHpaHHR 
BC3 

4. 06o6meHHaH cxeMa HarpylKeHHbiX TpHrrepoB c 

BeHTHfibHbiMH 9neMeHTaMH 

AuanH3HpyH pe3yllbTaTbi, nonyqeHHbte B npeabtaymux naparpa<flax, MOlKHO npHaTH 

K BbiBOay, qTO B03MOlKeH eaHHblA noaxoa KO BCeM paCCMOTpeHHbiM CXeMaM TpHrrepOB 

C BeHTHfibHbiMH 9fieMeHTaMH, Harpy3KOA anR KOTOpb!X HBfiHeTCH CeToquaR uenb naM-

fiOBOA CXeMbl1 xapaKTepH3Y~ll!aHCH OaHOCTOpOHHeA npOBOaHMOCTb~. 

06o6meuuaH cxeMa aonli<Ha 6btTb cocTaBneua cneay~mHM o6pa3oM {puc. 27): 

uarpy3KY TpHrrepa -auoa c oaHocTopouHeA npoooaHMOCTb~ cneayeT noaKn~qaTb 

MelKay TOqKaMH, rae nonyqaeTCH none3HhlA CHrHan -HMfiYfibC HanpHlKeHHH ~TpH

UaTenbHOA fiOflHpHOCTH. npoBOaHMOCTb Harpy3KH 6yaeT H3MeHRTbCH B 3aBHCHMOCTH 

OT fiOliHpHOCTH HanpHlKeHHR1 npHnOlKeHHOrO K COOTBeTCTBy~meMy 9KBHBaneHTHOMY 

aHoay. BnHHHHe TOKa uarpy3KH yqHTbtBanocb TOfibKO B cnyqae, Koraa on npoxoaHT 

qepe3 THpaTpOH H TeM CaMbiM yBenHqHBaeT BC
3

• B ocTanbHbiX cnyqagx BnHRHHe 

9TOrO TOKa He yqHTb!BafiOCb1 T.K. OH npoTeKaeT nH60 He3aBHCHMO OT TOKOB TpHrrepa, 

nu6o BHOCHT nepepacnpeaeneuue uanpHlKeHHA, npaKTHqecKH ue BnHR~mee ua ycToA

qHBOCTb ero pa60Tbl, 

Haqano nepuoaa coBMemeuo c MOMeHTOM noalKHraHHR ynpaBnH~mero TitpaTpoua 

T I" nepuoa pa6oTbl uarpylKeHuoro TpHrrepa pa3aeneH Ha BpeMeHHbie HHTepBanbi, on

peaeaReMbie xapaKTepHbiMH MOMeHTaMH ero pa6oTbi, a HMeHHo: I -noalKHroM TH

paTpoua T 
1

, 2 -npeKpameHHeM wyHTHpy~mero aeAcTBHR conpoTHBneHitH R 6; 3 -noa

>KHroM THpaTpoua T 
2

, 4 -npeKpameHHeM wyHTHpy~mero aeAcTBHH o6paTHoli npoBo

anMOCTH THpaTpoHa T 
1

; 5 -npeKpameHHH wyHTnpy~mero aelicTBHH conpoTHBneunR R7• 

CooTBeTCTBy~mne 9KBHBaneHTHbte cxeMbi npuBeaeubt B Ta6n. 6. ilnH nepexoaa 

K KOHKpeTHOH CXeMe HylKHO OTCYTCTBY~lllHe B Heli napannenbHbte COfipOTHBfieHHR 

yCTpeMHTb K oo , a fiOCneaoBaTenbHbte npHpaBHHTb Q H H3MeHHTb HHaeKCbl B COOT

BeTCTBHH C Ta6n. 5, 

18 

nonyqeHHbte, KaK 06b! 

BeTCTBSHHO: 

I( -

t t, 

--t-~ 11-a[ -e 

l _.!.!_ 
ot·O,fnl1+be Ua 0-· 

I 0' • 9 ,fn ( a + b + 
"!(. 

1 -e &.I 1 4 4 -
1
---[1-a[1-• 

-p 
3 
Itt t 

+ ··-~~ ( --8!- e -

rae 

p-.2L E . -
R ~ + RT 

R 1 + R, + R 

B KaqecTBe unn~cTpar 

Hble ¢lopMyfibl H rpaqJHKH X< 

K0TOpOrO fiOK838Ha Ha pHC, 

5. 3 a K 

npoBeaeH aHaflH3 npHq 



pa6oTa Tpnrrepa Hapy-

eM COCTORHHH. npenerrbHOe 

pa6oTa, orrpenenReTcR Bpe-

BOCCT8HOBrreHHSI c e TO'IHOrO 

c 

rraparpaljlax, MOJKHO rrpnnTH 

rpeHHbiM cxeMaM TpnrrepoB 

1eTCS1 ceTO'IHSSI uerrb naM-

MOCTbJO. 

JlllHM o6p830M (puc. 27): 

bJO cnenyeT rronKrrJO'ISTb 

rnbC H8ITpSIJKeHHSI "OTpH-

~eHSITbCSI B 38BHCHMOCTH 

oweMy 3KBHB8rreHTHOMY 

rqae, Korna oH rrpoxonnT 

rarrbHblX Crry'ISSIX BrrHSIHHe 

3BHCHMO OT TOKOB TpHrrepa, 

I He BITHRJOIJlee H8 yCTOI!-

R yrrpaBrrSIJOIJlero T!ip8TpOH8 

BpeMeHHbie HHTepB8ITbl 1 OIT-

:eHHo: I - rronJKHroM TH

c onpoTnBneHHR R 5 ; 3 - rron

oel!cTBHSI o6paTHOI! rrpOBO

oei!CTBHR corrpoTHBneHHR RT • 

B Ta6n. 6. llrrSI rrepeX008 

nenbHbJe corrpoTnBneHHSI 

H3MeHHTb HHOeKCbl B COOT-

nony'IeHHbte 1 K8K 06bi'IH0 1 3H8'IeHHSI Jlrrll J(, I Ol , t 0 ~ , I' p8BHbl COOT-

BeTCTBeHHO: 

J( -

!..!1.. 
1 _ e 1•1 -~1 

• + b K-a 
b + e 

h 

Ia 
1 --u; 

I •6 fn! ---[1-a[1- e (1-e 
' ' I- P 

a t 
!It ~ 

+ e l•tT. ( e- 5 - _I_) I 
1 - p 

rne 

p- 2's.. 
E 

a • 
+ R 

T 

( 14) 

( 16) 

( 17) 

b -
R +R +R +R 

~ a ' 

B Ka'!e CTBe unnJOCTpauuu o6o6weHHol! cxeM bi B T a6nuue 4 rrpnBeneHbi pac'!~T

Hble ljlopMynbl H rpaljlHKH xapaKTepHblX Benn 'lliH nnR HarpyJKeHHoro Tpnrrepa , c xeMa 

K0 Toporo rroKa3aHa Ha puc. 27, r . 

5. 3 a K n 10 q e H u e 

flpoBe neH 8H8ITH3 ITpH'IHH HeyCTOI!'IHBOI! pa60Tbl rrepBOH8'18rrbHO C ITpoeK THpOB8H -

19 



Ill 
HOT'O M8HHIIYn5lTOpa CHHXpOUHKIIOTpOHa Ha 680 MaB IIpH IIOBbiUJeHHbiX Tpe6oBa-

HHl1X K pa60'IHM pelKHMBM_ B. 'I. T'eHepaTopa ( yBeiiH'IeHHe IIOTpe6nl1eMOH MOUJHOCTH 

H CeTO'IHOT'O TOK8 B.'l. T'eHepaTopa llO 6Q-8Q KBT H 4-5 80 COOTBeTCTBeHHO) IIpH 

CKB8lKHOCTH0 npeBbllll8I01lJeli 2. 

He>teTKaR pa6oTa THpaTpOHHoro TpHrrepa B 3THx ycnoBHRx Bbi3biBanacb UJYHTH-

pyiOmHM nelicTBHeM npoMelKyTKa ceTKa-KaTon B.'l. reHepaTopa, KoTopoe yMeHbUJaeT 

BpeMR BoccTaHoBneHHR npHMoro HanpRlKeHHR Ha ynpaBIIRIOmeM THpaTpoHe. B pe3ynb-

TaTe 3TO BpeMl1 CTaHOBHTCl1 MeHbllle BpeMeHH BOCCTaHOBIIeHHl1 CeTO'IHOT'O 3arrHpa-

HHl10 KOTOpoe yBeiiH'IHBaeTCl1 BCIIellCTBHe npoTeK8HHl1 ceTO'IHOT'O TOKa reHepaTopa 

qepe3 THpaTpOH. nonOlKHTerrbHblti HMIIYIIbC0 He06XOllHMblH lliiH T'allleHHH ynpaBIIl1IO-

UJeT'O THpaTpOHa, B03HHKaCT H Ha CeTKaX T'eHepaTOpHbiX II8MII0 'ITO T8K)I{e 38Tpyn-

HReT 3anHp8HHe reHepaTopa. 

HeycTOii'IHBOCTb B03pacTaeT c yBerrH'IeHHeM CKBalKHOCTH, yMeHbUJeHHeM BenH

'IHHbl conpoTHBrreHHR rpHnrrHKa H B03pacTaHHeM ceTO'IHOT'O TOKa. B pa6oTe npenno-

lKeH8 MeTOllHKa, II03BOIIl1IOUJ8l1 p8ClllHpHTb npHMeHHMOCTb MeTOllOB0 HCIIOIIb3yeMbiX 

181 
npH paCCMOTpeHHH IIHHeHHblX ueneli 0 Ha uenH C BeTBl1MH0 o6nanaiOIIlHMH OllHO-

CTOpOHHei1 IIpOBOllHMOCTbl00 38BHCl11lJei1 OT IIOrrl1pHOCTH npHIIOlKeHHOT'O K B8TBl1M 

H A IT pSI >K e H J1 SI. 

B pe3yrrbTaTe npoBeneHHOT'O aHarrH3a 6biiiH onpeneneHbi ycnoBHH, obecne>tHBa

IOWHe 'leTKYIO pa6oTy THpaTpOHHOT'O TpHrrepa C HerrHHeliHOH H8T'py3KOH H npenrrolKeH 

MeTOll TeXHH'IeCKOT'O paC'!eTa TBKOT'O TpHT'T'epa, Y'IHThlBBIOUJHH BIIHHHHe 06paTHOA 

IIpOBOllHMOCTH THpaTpOHOB H 06bl1CHHIOUJHH HBIIH'!He Bbi6pOCOB B OCUHIIIIOT'paMMBX 

TOKOB qepe3 THpaTpOH. 

Ehln cnenaH aHarrH3 pa6oThl o6o6UJeHHOii cxeMhl THpaTpOHHoro TpHrrepa, Ha-

rpylKeHHoro HerrHHei1HbiM aneMeHTOM. JlnH o6o6UJeHHOii cxeMbi nony>teHbi pac>teTHbie 

cpopMyiibl0 II03BOIIHIOUJHe nepeliTH K III060ii KOHKpeTHOH CXeMe. 

Pe3yrrbTaTbr rrpHronHbr nnH pac>teTa TpHrrepHbiX cxeM c nonynpoBOUHUKOBbiMH 

BeHTifiiHMH. 

n p H II 0 )!{ e H H e 

I 101 
J-13 npenCT8BIIeHHOH Ha pHC. 28 OCUHIIIIOT'paMMbl o6p8THOT'O TOKa 0 8 T8KlKe 

H3 OCUHIIIIOT'paMM, IIpHBeneHHbiX H8 pHC. 29, MOlKHO IIpHMepHO OUeHHTb BerrH'IHHY 

o6paTHoro conpoTHBrreHHl1 racHymero THp8TpOHa H BpeMH cymeCTBOBaHHl1 ero 

20 

06paTHOH npOBOllHMOCTH. 

CK83biB8TbCl1 TeM CHIIbHe 

HanpaBneHHH. Bo BCRKOM 

'ITO lliil1 paCCMBTpHBBeMb 

-conpoTHBneHHe nneqa 1 

UJ8eT IQ MKCeK, IIpH'IeM 

Ha pHc. 30 noKa3aF. 

paHHl1 OT reoMeTpHH c 

a Ha pHC. 31 -3aBHCHMC 

ceTO'IHOT'o CMemeHHR. B 
I' 

T8BIIl1eT 15Q~3QQ MKCeK . 

Ha pHc. 3 npencTaE 

3aneplKKH MelKny MOMeH~ 

H MOMeHTOM 38T'OpaHHl1 T 

COCTaBrrReT 50 ~ IQQ MKC 

PaHee pa3pa6oTaHH~ 

lliil1 KOTOpbiX naneHHe Haf 

THBrreHHe. R = 5 KOM0 C 

HCTO'IHHK8 paBHO E 

npH E = 1200 B ,H F 8 

Ha pHc. 32 rroKa3aH 

E8 OT aHOllHOT'O Harrpl1 

TOK8 I 0 OT E a 
113 

Jln11 cxeMbi MBHHnyr 

R I= 230 OM, R ~ = 180 o: 

Ha pHc. 33 noKa3aH• 

HHTb COIIpOTHBrreHHH B IIp! 

nonaraeM naHHbiMH o Bper 

ro aneKTpona. 

CnenyeT OTMeTHTb, 

CTpOT'O K T'OBOpR, HerrHHei 

TO R n cnenyeT 6paTb 

CTBe npaKTH'IeCKHX CIIy'laE 



llOBbJWei!HbiX Tpe6oBa

OTpe6nHeMO~ MOWHOCTH 

COOTBeTCTBei!HO) llpH 

)BHRX Bbl3biBanaCb WYHTH -

)p8 , KOTOpoe yMeHbWaeT 

neM THpaTpoHe. B pe3ynb-

lHHR CeTO'IHOT'O 3allHpa -

HOT'O TOKa reHepaTopa 

rr51 raweHH51 yrrpaBn51IO-

aMil , 'ITO T8K~e 38Tpyn -

ToKa . B pa6oTe rrpenno -

eTOllOB, HCilO!lb3yeMbiX 

I, o6nanaiOUIHMH OliHO -

IOl!<eHHOT'O K B2TBHM 

iW ycnoBHH , obecne'IHBa -

A Harpy3KOA H rrpenno~eH 

uaA BnHHHHe o6paTHOA 

:OB B OCUH!lllOT'paMMaX 

TpOHHOT'O TpHrrepa , IIa -

Mbi rrony'leHbi pac'IE'THbie 

..!e . 

C llOilYilPOBOliHHKOBbiMH 

/10 / 
l T HOT'O TO Ka , 8 TaK~e 

~ pliO o u eH HTb BenH'IHHY 

~ g cy w ec TBOBa HHR ero 

o6paTHOH rrpoBonHMOCTH . BnRI!He o6paTHOA rrpoBOliHMOCTH Ha pa6oTy cxeMbi Mo~eT 

CKa3biBaTbCH TeM CH!lbHee, '!eM OHa 6nH~e ITO Be!lH'IHHe K rrpOBOliHMOCTH B llpHMOM 

HanpaBneHHH. B o BCHKOM cnyqae B pacqeTax c 6onbWHM pe3epBoM MO~Ho C'IHTaTb, 

'ITO UllR paCCMaTpHBf.leMbiX HaMH THpaTpOHOB R T $. R O $. R rne R 

- corrpoT HBneHHe nne q a TpHrrepa, a BpeMH npoTeKaHHR o6paTHoro TOKa He rrpeBbi

waeT 10 MKCeK , llpH'IeM llllR pTyTHbiX THpaTpOHOB 3TO BpeMg MeHbWe. 

Ha pHc. 30 noKa3aHa 3aBHCHMOCTb BpeMeHH BoccTaHoBneHHA ceTO'IHoro 3arrH-

paHHH OT reoMeTpHH CeTKH llllR pa3HbiX TOKOB, rrpoTeKaiOWHX qepe3 THpaTpOH, 

a Ha pHC. 31 - 3aBHCHMOCTb rrpenenbHOH p.:>60'IeH 'laCTOTbl THpaTpoHa OT Be!lH'IHHbl 

ceTo'IHoro cMeweHH51 . B cpenHeM BpeMH BoccTal!oBneHHH ceTO'IHoro 3arrHpaHH51 coc

TaBnHeT 150+300 MKCeK
1111

• 

Ha pHc. 3 npencTaBneHa ocuHnnorpaMMa, rroKa3biBaiOwa51 nnwrenbHOCTb BpeMeHH 

3anep~KH Me~ny MOMeHTOM rrona'IH rron~Hra10wero HMrrynbca Ha ceTKY THpaTpoHa 

H MoMeHTOM 3aropaHHR THpaTpoHa. KaK BHliHO H3 ocuHnnorpa MMbi, 3Ta 3anep~Ka 

COCTaBn51eT 50 + 100 MKCeK, 

171 
PaHee pa3pa6oTaHHbi~ MaHHnynHTOp co6pa11 Ha THpaTpoHax Tf1- 2,5 /4, 

nnH KOTOpbiX rranenHe HarrpH~eHHH B np51MOM Ha npaBneHHH c o c TaBnHeT 20 B. Corrpo -

THBneHHe . R = 5 KOM 0 C = 0 , 5 MK<j>. l.JaCTOT8 MOliYil51UHH F = 112 ru, HallpH~eHHe 

HCTO'IHHKa paBHO E 1800 B 0 XOTH rrepBOH a 'la!lbHO MaHHITyllHTOp 3KCil!lyaTHpOB81lCR 

rrpH E = 1200 B ,H F 80 ru. 

Ha pHc. 32 rroKa3aHa 3aBHCHMOCTb HarrpH~eHH51 3arrHpaHHH B.'l. reHepaTopa 

E a oT aHonHoro narrpH~eHHR 

/13/ 
Ea, a TaK~e 3aBHCHMOCTb coc TaB!lRIOWe~ c e TO'IHOro 

TOKa I 
0 

OT E a 

ilnH cxeMbi MaHHnynHTopa c THpaTpOHllMH TP - 5/2 HMeeM c 3 MK<j>, 

RT= 50 OM, 

/14/ 
Ha pHc. 33 rroKa3aHa xapaKTepHCTHKa THpHCTopa , H3 KoTopo~ MO~Ho oue-

HHTb conpoTHBneHHR B rrpHMOM H o6paTHOM HanpaBneHHRx. K co~aneHHIO, Mbi He pac

rronaraeM naHHbiMH 0 BpeMeHH BOCCT8HOBneHHR 381lHpa10IUero ne~CTBHII ynpaB!lRIOWe-

ro 3neKTpona. 

CnenyeT OTMeTHTb , 'ITO corrpoTHBneHHe BeHTHneA B rrpHMOM narrpaBneHHH Rrr , 
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PHc.I. DpHHUHITHanbH8H cxeMa THpaTpoHHoro M8HHnynHTopa H ceToqHo~ uenH s.q . 
reHepaTopa. 

+ J -t 
]) 

Rzp Rep 

a 6 

PHc.2. 3KBHBaneHTH8H cxeMa THpaTpOHHoro M8HHnynHTopa nnH MOMeHTOB 3aropaHHH 
THpaTpOHOB: 8) Harpy>KeHHOrot 6) HeHarpy>KeHHOro. R T 1 R 0 -conpOTHBne
HHH THp8TpOH8 B npHMOM H o6paTHOM H8ITp8 BneHHHX. 
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P Hc . ::J . OcuHnnorpaM!>.ta HanpSilKeHHSI HB KeTone (sepxHHll nyq) nenarpylKeHHoro nneqa 

TpHrrepa, na HHlKHeM nyqe - HMnynhc, BKnJO'IaJOmHll M8HHnynSITop. P a3BepTKa 

100 MKCeKfC Mo 0T'JeTnHBO BHllH8 38lleplKK8 MelKllY MOMeHTOM TIOll8'1H BKniO
YBIOmero HMnynhC8 H TIOSIBneHHeM o6paTHOrO H8TipSilKeHHSI HB K8TOlle THp8TpOH8 
( ~ 70 MKCeK). 

30 

f 

' 

Puc.4. OcuunnorpaM Mbi k 

( 6) BeTBH TpHrrE 

H p83BepTKY ( Blli 
M3 cpa aHeHIISI ~pc 

qeHIISI HB 3aropa ' 

npHMoro nanpHlK< 

ca10meM - np11Me 

H8TipSilKeHHH MOlKI 
noro conpoTIIBneJ 

KOpOTKOrO IIHTep: 

nanpHlKeHIIe noc TJ 

peHHSio 



yq) HeHarpy~eHHoro nneqa 

r A M SHHnynQTop. Pa3BepTKa 

MOMeHTOM no.naqH BKn>O

~eHHQ Ha K8TO.O e THp8TpOH8 

' 

PHc.4. 0CuHnnorpaMMbl Hanpg~eHHR H8 K8TO.ll8X HeHarpy~eHHOA (a) H Harpy~eHHOA 
(6) BeTBH Tp Hrrepa; H8 HH~HHX nyqax- HMnynbCbl 0 38ilYCK8JO!llHe M8HHnynRTOp 

H p83BepTKy (BH.OeH TOUbKO 38.0HHA ~pOHT). P83BepTK8 500 MK CeK/CM. 

J1 3 cpaBHeHHR ~pOHTOB OCUHnnorpaMM pHc.3 II 4 BH.llHO, qTO B MOMeHT nepeKnJO

qeHIISI HB 38POp8 JO!lleMCR T!!paTpOHe YC T8H8BUIIB8eTCSI npHMepHO UOUOBI1Htt 

npHMaro Hanpg~eHHR, cymecTaoaaalllero nepen 3THM Ha KaTone; Ha nora

caJOmeM - npHMepHo nonaBHHa 3anHpaJOmer o Hanpg~eHHR. no aenHqHHe 3THX 

Hanpg~eHHA MO~HO CY.lll1Tb 0 npHOUII3HTenbHOM paBeHCTBe npQMOPO H OOpaT

HOPO conpoTuaneHHQ B nepBbiA MOMeHT npouec c a nepeKnJOqeHHQ. B TeqeHHe 

KopoTKaro 11HTepaana apeMeHH, cne.nyJOmero 38 3THM npoueccoM.oopaTHae 

H8ilpH~eHHe .llOCTHraeT M8KCHM8UbHOrO 3HaqeHHQ 0 8 npQMOe - H8UpS!~eHHQ ro

peHHQ. 

31 



PHc.5. OcuHnnorpaMMB npHMoro TOKa '!epea THpaTpOH aeaarpy>Keaaoro nne'!a TpHr
repa (aepxHHR ny'l) H aanpH>KeHHSI Ha K8Tone THpaTpoaa aarpy>KeHHoro nne'!a 
TpHrrepa. PaaaepTK8 5()() MKCeKfCM. BHAHO, 'ITO Bbi6poc TOKa '!epea THpa
TpOH B MOMeHT ero BKniO'leHHSI npeBbiUJaeT H8 nopS!AOK CT8UHOH8pHbiR TOK '!e
pea ropHurHR THpa Tpoa. 

32 
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PHc. 6. fpa!jlHKH peanbHor• 
o6paTHOro R 0 co: 
CnnourHoR nHHHeR 
- peanbHbie. 



rpy*ennoro nneqa TpHr
·pona narpy*ennoro nneqa 
16poc ToKa qepe3 THpa
!OK CT8UHOH8pHbtl! TOK qe-

OM R 
Rr,L + Ra.i. 

a 5 !0 tS Mff ceK. 

PHc.6. fpafj>HKII peanhHOrO II HneanH311pOB8HHOrO (c 11Hll9KCOM i ) npSIMOrO RT H 
o6paTnoro R0 conpoTHBneHHli, BpeMSI nepeKmoqeHHSI nop11nKa 10 MKCeK. 
Cnnownoll nHHHel! H3o6pa*eHbt HneanH311pOBBHHbte conpoTHBneHHSI, nyHKTHpHoli

- peanbHbte. 
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-a51 -0.5 

I ii !11 
PHC, 7, 3mopbl ynpaBJISIIOIUHX HMnynhCOB ( 1), eMKOCTHblX TOKOB('2), HanpSI>KeHHl! Ha 

KOHUeHCaTope (3) H KaTOUaX THpaTpOHOB (4,5) THpaTpOHHOrO TpHrrepa Ha 

xonocTOM xony: I -cKBa>KHOCTb 2, T=8 MeeK; II -cKBa>KHOCTb 2, T=8 MeeK; 

Ill - CKBa>KHOCTb 2, T=4 MCeK. u .. a E - ~ u. rne E - HanpSI>KeHHe HCTOq-

HHKa nHTaHHSI TpHrrepa, ~ U - naneHHe HanpSI>KeHHSI Ha ropSIIUeM THpa-

TpOHe, I 0 - CTaUHOHapHbll! TOK , npoTeKaiOIUHl! qepe3 THpaTpoH. nyHKTHpOM 

Ha an10pe ( 2) OTMeqeH CyMMapHbll! TOK ( eMKOCTHbll! H CTaUHOHapHbll!, npo
TeKaiOIUHl! qepe3 THpaTpOH, 
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PHc . 8. OcuHnnorpaMMa Han 

xony: MacwTa6 no r 

aepxHeM nyqe - Han 

IOIUHli HMnynhC. 
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·ce1r 4 ,., ceK. 
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!!! 

) KOB(2) 0 H811pS!lKeHHl!: H8 
rpoHHoro TpHrrepa Ha 

:KBBlKHOCTb 2, T=8 MeeK; 

E -H811pS!lKeHHe HCTO'l

HSI H8 ropSirneM THpa-

ea THp8TpOH, nyHKTHpOM 

:l! H CT8UHOH8pHbl li, npo-
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PHc . 8, OcuHnnorpaMMa HarrpsnKeHHSI Ha KaTone :rHpaTpoHa nnSI TpHrrepa Ha xonocTOM 

xony : MacmTa6 rro ropH30HTanH 500 MKCeKicM, no BepTHKanH I KBICM . Ha 

BepxHeM nyqe - H8IlpS!lKeHHe H8 KBTone npH E = 2 KB, H8 HHlKHeM - BKnJO'l8 -

10lliHli HMTiynhC, 
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ycToAqHBaR pa6oTa 
rrepexoa B HerrpepbiBHblll peJKHM 

c6oA M8HHIIynRUHH 

PHc, 9, OcuHnnorpaMMbi aMrrnHTYilbi HBIIPRll<eHHR B,q, reHepaTopa npH MBHHrrynRUHH, 
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PHc. 10. 3mopbi yrrpasnsuo 
KOHt:teHCaTope (3 
npH p83nH'l.fHhiX C l 

Um • E-LlU , Pll.E 

1 0 - CTBUHOHBpH 

M8CWT86 cnnolUHO 

pRt:tOK , llipTHX- flYH 

pOCbl TOKOB B yae, 
pOM OTMe'C.feHO Han 



HenpepblBHhlli peJKHM 

'eHepaTopa llpH M8HHnynHUHH, 

brtt 6m 6Kn. am•<tt 16-<A 
()fTIIfl!. I I 

lm I 

1.. 
OITJif/1. :~• 6t<A. 

~ Jo f. 
10 10 1------
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Puc. 10. 3mopbi ynpasnRIOIIIHX HMnynhCOB (I) eMKOCTHbiX TOKOB ( 2), HanpRlKeHHII Ha 

KOHOeHC8TOpe (3) H seHTHnRX (4,5) HarpylKeHHOrO THpaTpOHHOro TpHrrepa 

npH paanH-..HbiX CKBBlKHOCTRX I - 2 II - 4 Ill - 4/3 T - 8 MeeK 

U m • E-~U 1 r.ne ~U - fl8,lleHHe H8flpSDKeHHSI H8 ropHWeM THp8TpOHe 1 

1 0 - cTanHoHapHbiii TOK, npoTeKaiOmHll -..epea THpaTpoH. Ha an10pe ( 2) 
M8CWT86 cnnowHOA H nyHKTHpHOA KpHBOA: ,O,nst TOK8 .I c OTnHqaeTCSI H8 no

pROOK. WpTHx-nyHKTHpoM OTMe-..eH TOK, npoTeKaiOIIIHII -..epea seHTHnb. Bb16-

pOCbi TOKOB B ysenH-..eHHOM M8CWTa6e He ITOK838Hbl, Ha 3ITIOpe ( 4) nyHKTH

pOM OTMeqeHO H8flPH*eHHe H8 K8TO!le HeHarpy*eHHOrO TpHrrepa. 
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PRe. 11. OenHnnorpaMMa Ha11pHJKeHHH aa KaTone '1'HpaTpoaa nns aarpyJKeHHoro TpHrrepa. 
MaewTa6 110 ropH30HTanH 1 MeeK/eM, 110 eepTHKanH - 500 e /eM. Ha eepxaeM 
nyqe - aanpH)I{eHHe aa KaTone npH E ~ 2 KB. Ha oenHnnorpaMM eHnao, 

'ITO E &. ~ 700 B• Ha HH)I{HeM nyqe - HMI1YTibe, O'I'KTIIO'IBIOWHA M8HRI1ynSTOp, 

PH e. 12. 0enHTITIOf'p8MM8 TOK8 ( BepXHHJ! nyq) H H811pSI)I{eHHSI ( HHJKHHJ! nyq) H8 KaTOna 
eenOMOf'8TenbHOf'O THp8TpOH8 Harpy)l{eHHOf'O TpHrrepa. MaeWT86 no f'OpH30H
T8TIH 1 MeeK-eM, no BepTHK8nH - nnH TOK8 1,3 a/eM nnH HanpHJKeHHSI 500 Bf eM. 

38 

PRe. 13. OcnRnnorpaMMa 
JKeHHH ( HHJKHHA 
TSnH 2 MeeJt/ e~< 
E• • 0. 

PHe. 14. OeuHnnorpaMM 
TpHrrepa npH 
eepTHKBTIH 500 



.nll Harpy>KeHHoro TpHrrepa, 
- 500 a /eM. Ha aepxHeM 

DCUHnnorp8MM aH.OHO, 
tni0'1810WHll M8BBnynliTOp, 

(HH>KHHl! nyq) H8 K8TO.Oe 
pa. Macl1!Ta6 no ropH30H-
:M .OilS! HanpSI>KeHHSI 500 a/ CM. 

Pac. 13, OcuannorpaMMa Toxa (aepxaal! ny'l) aeaarpy>Keaaoro nne'la TpHrrepa H aanpH
JKeBHSI (BHlKBHA nyq) HarpyJKeHHoro nneqa TpHrrepa. MacwTa6 no ropH30H
TanH 2 Mcex/cw, no aepTHxana .on11 TOXa 1,3 a/cw,.ona aanpalKeRBH 1 xalcM. 
E

8 
• 0. 

PHc. 14. OcuHnnorpaMM8 Hanpl!>KeHHSI ( HH>KHHll nyq) Ha KaTo.oe Harpy>KeHHoro nneqa 
TpHrrepa npH cxaa>KHOCTH 1,13, Macl1!Ta6 no ropH30HTanH I Mcex/cM, no 
BepTHK8UH 500 a/ CM, Ha aepxHeM .,yqe - OTKni0'1810WHll HMnynbC. 
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PHC. 15. 0CUHrrrrorpa~M8 Hanpg~eHHR H8 K8TOAe THp8TpOH8 (BepXHH~ nyq) H TOK8 
(HH~HHH rryq) B Harpy~eHHOM nrreqe TpHrrepa npH CKB8~HOCTH • 2. 
MacwTa6 no ropH30HTarrH 2 MCeKicM, no aepTHKarru AITR aanpg~eHHR IKal cM 
lliTR TOK8 ]a /e M. 0TqeTrrHBO BHAHbl KpyTO~ cnaA o6p8THOrO HanpR~eHHR, 
Bbi3B8HHhiil wyHTHPYIOWHM Ae~cTBHeM aarpy3KH ~ npoTeKaHHeM o6paTaoro 
TOK a qepea THpaTpoH nepen ero aarrHpaaaeM. BHAHa TaK~e HepaBHOMepaag 
HHTeHCHBHOCTb reaepaUHH no AH8 n 830Hy. 

40 

a) 

PHc . 16. OcuHrrrro rpaMMbi H 
( HH~HHll rryq ) B H 
aanHpaHHR a.q. re 
0 ,5 MCeK/CM, no l 
B) CpblB M8HHnyrr: 

K8ITH AITR Hanpg~e 
BOCUHITITOrpaMMe I 

rrorpaMMe TOKa -



a (eepXHHfi nyq) H TOKa 
pH eKea)I{HOeTH ., 2. 
:anH anH HanpH)I{eHHH IKe/eM 

o6paTHoro HanpH)I{eHHH, 
npoTeKaHHeM o6paTHoro 

!AHa TaK)I{e HepaeHOMepHa H 

a) 6) 

PH e . 16. OeuHnnorpaMMbl HanpH>KeHHfi Ha KaToae THpaTpOHa ( BepXHHfi nyq) H TOKOB 
(HH)I{HHfi nyq) a Harpy>KeHHOM nneqe TpHrrepa . a) npeaen yeTofiqHeoro 
aanHpaHHH e.q. reHepaTopa, 6) epbie MaHHnynSIUHH. MaemTa6 no ropH30HTanH 
0,5 MeeK/eM, no eepTHKanH anSI HanpSI)I{eHHSI 500 a/eM,.pnH TOKa 2 a/eM, 
e) epbie Ma HHnynSIUHH. MaemTa6 no ropH30HTanH 2 MeeK/eM, no eepTH

KanH anH Ha npSI)I{eHHH I KeleM anSI TOKa I a / eM. ropH30HTanbHaH nHHHSI 

e oeuHnnorpa MMe HanpSI)I(eHHSI eOOTBeTeTeyeT ropeHHIO THpaTpOHa, e OeUHn

norpa MMe TOKa - aanHpaHHIO THpaTpOHa. 
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a 

PRe. 17. O e UJmnorpaMMa Hanpsrll<el!Hll Ha Ka1oue (aepxHHil nyq) H TOKB (HHlKHHil 

nyq) Harpyll<eHHoro nneqa TpHrrepa . Pa2 Be pTK a 50 MKeeKie M. a) npeaen 

yeTOJl'IHBOI'O 3 8nHp8HHSI, t 01 : 1QQ MKeeK, 6) HeyeTOH'IHB8SI pa6oT8 

6 

l 01 < 1QQ MKeeK. Kone6aTenbHbiH X8p8KTep OeUHnnorpaMM TOK8 H HaflpS!ll<eHHSI, 

flO-BHJ:tHMOMY, Bbi3B8H BflHSIHHeM nepeXOJ:IHOI'O npoueeea H8 l:tflHHHOM ( 4QQ M) 

Ka6ene, noaKnJO'I8J01lleM Harpy3Ky. CpbtB Hanpsrll<eHHSI eooTBeTeTayeT ropH-

30HTBflbHOil nHHHH enpaaa, epbtB ToKa - aonHHeToll nHHHH enpaaa. Bepxasrsr 

aKenoHeHTB, J:tnSI KOTOpoll t 01 • nopS!J:tK8 ~QQ MKeeK, eOOTBeTeTByeT Hepe

rynsrpHOMY - 'lepe3 OJ:tHH HnH HeKOflbKO UHKflOB epa68Tb1BBJ!HIO M8HHnynsr

TOp81 eBSI38HHOMY e 38pS!J:tOM nepeKnJO'I8J01llell eMKOeTH . 
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PRe. 18. OcuHnnorpaMMB H 

pa (HHlKIIHil ny<!). 

ceTKY THp8Tp0118 

OTKfll0'1810lllei'O HI\. 
I 

HeXOJ:IHT e 6onbWE 

b 

500 

PRe. 19. npl< ME'pl 



nyq) H TOKa (HHlKHHl\ 

J MKC eKICM . a) rrpeaen 

"YCTOH'IHBBSI pa6oTa 

a 

6 

)rpaMM TOKa H HanpSI>KeHHSI, 

ecca Ha anHHHOM ( 400 M) 

lSI COOTBeTCTByeT rOpH

IlHHHH cnpaaa. BepxHHSI 

~K, COOTBe'rCTByeT Hepe

a6aTblBBHHJO MaHHnynSI

ICTH. 

PRe. 18.0cnHnnorpaMMB HanpHll<eHHSI KaTona THpaTpoHa, HarpyJKeHHoro nneqa TpHrre

pa ( HHlKHHA ny<t). H a BepxHeM lly'le-OTKiliO'IBJOUlHA HMDynbC, noaaHHbll\ HB 

CeTKY THpaTpOHa H Ha 3a rryCK OCUH11110rpa~a. BHaHO, 'ITO ITOKa aMITilHTyaa 

OTKilJO'IaJOUlero HMITyllbCa 3Ha'IHTellbHa, CITaa HaiTpSIJKeHHSI Ha KaToae npo-

' HCXOaHT C 60/lbilleH ITOCTOSIHHOH BpeMeHH. PaaBepTKa 100 MKCeKfCM. 

500 

( . I oA , 
- I I 

. I 
!,~o-
1 -
,f 

a paC'I~THBSI KpH B aSI 

6 - Haea/1H3HpOBaHHaH (cM.pHCo 6) 
B - peallbHaH. 

t 
0 10 20 

PHC . 19. npHMepHblH BHa <j>pOHTa HanpHJKeHHSI Ha KaToae THp8 TpOHa. 
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P11c. 22. OcuannorpaMM8 ycKopsnomero B. 'I. HarrpHJKeHHH. DnHHa pa3aepTKH paaaa o.nHoMy 

rrepHo.ny Mo.nynHUHH 9 MeeK. HopManhHBH HHTeHcHBHOCTb nony'lanacb TonbKo 

rrpH BKTIJO'IeHHH Bo'lo reHep8TOp8 H8 100 MCi!K p8Hbllle 06bi'IHOro. H8'18TIO 

p83BepTKH OCUHnnorpa~ OTCT8eT OT MOMeHT8 BKTIJO'IeHHH H8TipHJKeHHH H8 

ycKopHJOllleM MeKTpo.ne. 
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PHc. 23. 3rrJOp bi yrrpaBIISIIC 

H8 eMKOCTH ( 3) 
Ha Harpy3KY HMn 

T=8 MeeK, CKBall 



1a paaaepTKH pasaa O.QHOMy 

CTb nonyqanacb TO/JbKo 

' o6biqaoro. Haqano 

eHHSI HanpSI)f(eHHSI Ha 

I om~n. 

' 161fn. m~ 

~f. 
(]ml'lll. I 

6m. 
f. 

&Kn. 
t. 

lamn. I 6~n. 

2 0 

3 

4 

a4 I!J>. a~ u, 

5 
M ('IIJ. 

0 6 

~ ~ ld.RJ. 
0,4 0,~ o.'4 Um Um 

6 0 MCeK. 0 MCeK Malt 

0 2 4 6 8 0 4 6 8 8 

-0,4 

·0,8 

I li [jJ 
P HC , 23, 3mopbl y npa B/JSIIOIUHX HM/JY/JbC OB ( ) ) , e MKOCTHbiX T OKOB ( 2) , HanpSIJKeHHil 

H a eMK OC TH ( 3) H B e HTH/JSIX ( 4,5) THpaTpOHHOrO T p Hrrepa, Bbi.QBIOU!ero 

H a aarpy3KY HM/JY/Jb Cbi C K pyT biMH <jlpOHTBMH , nepHO.Q pa60Tbl TpHrrepa 

T =B Me eK, C KBBJKHOC TH 1 - 2; II - 4/3; III - 4. 
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• 

t5 

P11c . 24 . OcuwnnorpaMMa Han pS!lKe HHSI HarpylKeHHoro rrneqa T p n rrepa ; a ) Hli KBT<>Ae 

Tl!p8 TpOHa ( BepXHH/1 lly'i) ; 6) H8 COITpOTl!B/leH H!{ H8rpy3KH ( BepxHH l! llY 'I), 

Ha HHlKHHX nyqax- BKil!O'ill!OWHe HM n y n bCb! , PaaBe pTK a I MeeK/eM, 

48 

PHc. 25. O c uHnnor p a MMa t 

nepHOA8 BHAH8 0 1 

HMITYilbC , 38ITHp8 : 

paTopa He MeHS! e' 

HOCTH, B bi A8 B8eN 

BKnJO'I810WH li HMil 

PHc. 26. OcuHnnorpa MMa ; 

p OB8HHOM pe lKH M E 



• 

• Tp»rrepa ; a ) H~ KBTone 
Har py3KH (eepxHun nyq~ 

•TK a I MeeK/eM. 

Puc. 25. OcuHnnorpaMMa Hanpsot<eHHSI Ha HarpyaKe TpHrrepa. B nepeoll nonoBHHe 
nepHona e»nHa orH6a~maH ceToqHoro ToKa, eo BTopoll nonoBHHe nepHona -
HMnynhc, aanHpa~mHII r eHepaTop ( eepXHHII nyq). nonKn~qeHHe e. q. r eHe

paTopa He MeHS!eT ¢QpMy H a MnnHTYllY HMnynhCB OTpHUBTenbHOII nonS!p
HOCTH, Bblll8B8eMOPO MBHHnynSITOpOM ( CM.pHC. 24) • Ha HHlKHeM n y qe -

BKn~qa~mHII HMnynhc. PaaeepTKB 1 MCeKICM. 

PHc. 26. OcuHnnorpaMMa ycKopH~mero e.q. HanpS!lKeHHSI npH CKBBlKHOCTH 8 a ¢opcH-

poeaHHOM pelKHMe ( Ea 8,4 KB). 
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Puc. 27. a) 06o6UleHHaA cxeMa uarpy>Keuuoro TnpaTpouuoro Tpurrepa. 6) Heuarpy>teeHH&tR THpaTpoHHbt A Tpurrep. 

nnA Taro '-IT06bt H3 CX8Mbl 'a' nony'fHTb cxeMy '"'6 .. t Heo6xoaHMO nono>KHTb : I) R - R •0; 2) R- R ... R - "' . 
a) Harpy>K8HHbiA THpaTpOHHbiA TpHrrep C B8HTUneM 1 nponyCK810W:HM TOK H8rpy3KH. bnA Ttro 1.1T06 bf u.:f 1 

cxeMbi •a• nonytt"HTb cxeMy 'a"', Heo6xoaHMO nono)KJITb : 1) R • R • 0; 2) R • R ... j3) R • R 
r) Pa60'fHA BapH8HT CX8Mbl Harpy>K eHHOf'O THpaTpOHHOf'O TpurJ\tpa. nA Cp8BH8HHf> co1 CX8M Oft • a 1 B c x ef'J'~ 
'"'r"' nono)KeHo:: 1) Ra •0; 2) R5 •R 1• .. ; 3) R 7 • R r , a) Pa6ol.lnA BB.pHaHT cxeMbl Harpy)t(eHHoro THpa
TPOHHoro TpHrrepa, C80150llHOf'O OT TOK 8 Harpy3KU "'epe:f B8HTHnh. no Cp8BH8HHJO CO CX8MOA ' a' B CX8M8 

'a ' nono)KeHo: 1) R 4 •0; 2) R 5 • R7 - Mi 3) Re. R r ; e) Harpy}I(BHHbiA THpaTpOHH biR T p urrPp c 
fli18BHbiM iflpOHTOM H8p8CT8HHR HMflyllbC8 1 B036y>K£18lOWerJl reHep8UHJO B H8rpy3KB. B CXBMB *' e *' fl0110>KBHO: 

I) R1 •0; 2) R1 -R, • M; 3) R
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6) a) 

r) 

Pac.29. a) np11wol H o6paTHbill TOK qepea THpaTpoB Be aarpyJKeHHoro rrneqa TpHrre
pa ( HHlKHHll nyq) 0 M8CWT86 TOKa 2 a/eM. Ha BepxHeM nyqe - OTKIIIO'I810111Hll 
HMIIYIIbC, p83BepTK8 100 MKCeK/CM. 6) npSIMOll H o6p8THbill TOK qepea TH

paTpOH Harpy>KeHHOI'O rrne'la TpHrrepa 1IpH E ar =0 ( HH >KHHA nyq) , M8CWT86 
TOK8 2a / cM. H a BepxHeM nyqe - H81IpSI>KeHHe Ha KSTOAe THp8TpOH8, p83BepT
K8 500 MK CeK/ c·M. B) npSIMOll H o6paTHbill TOK 'lepea THpaTpOH HSrpy>KeHHO
r'O rrneqa TpHrrepa II pH E Sr' •7 KB ( HHJKHHll ny'I) . I') B b!6poc rrpSIMOI'O TO 
IC8 HeHarpyJKeHHoro rrneqa TpHrrepa, Bbi3BaHHbill paapHaoM rrepeKnro'Iaromero 
KoHaeacaTopa qepea rrpHMoe corrpoTHeneHHe aaroparomerocH THpaTpoHa H 

o6paTaoe corrpoTHBneHHe rroracaromero THpaTpoa_a ( cM. pHc . 10,11 H 12) 

52 

2 # 
0} 

PHc. 30. KpHBbie aaeHcBMOC 
ceTKH (a ) H paAByca, 

-. 

.!1 

p Hc. 3 1. 3aBHCHMOCTb rrpeAE 
HOr'O CMemeHHllo 



a) 

'*eHHoro uneqa TpHrre
M nyqe - OTKnJO'IBIOmHll 
P8TI!blll TOK qepea TH

f!H*HHA nyq) t M8CmTa6 

•ae THpaTpoHa, paaaepT-

3 THpaTpOH Harpy*eHHO
) Bbt6poc npHMoro To

Ht:IOM nepeKnJO'IBJOmero 
erocSJ THpaTpoHa H 
~.pnc . 10,11 H 12) 

.MirC~Ir 

t5o .e. 

fDO 

50 

II r. 
2 4 .M.M D 2 .. 6 .MJI4 

a) d) 

Pnc, 30. KpHBhte aaBHCHMOCTH apeMeHH Ha'lana ceTO'IHoro aaUHpaHHH OT BhiCOTbt 

ceTKH (a) H p8t:1Hyca ceTO'IHOPO OTBepCTHSI (6). 

-1---
-~--v·-

2000 ___.., . __,./ ? I 
,/"'" "' "" ----- ..--

1000 ~-- t 
-- -- ~--- 1-- ---£.:::-of---1--- ·- CD 

-20 -Jo -40 -so -5o -Jo -ao -g; 6 

KpHBhle npe.neJibHOH qacTOTbl 
.nn" THpaTpona Trt-0,1/1,3. 

Pnc.31. 3aBHCHMOCTb npeaenbHOii pa6oqel!: 'IBCTOTbi TH paTpona OT aenH'IHHbi ceTO'I

Horo cMemeHHSI, 
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PHc. 32. AHonHo - ceTo'lHbie xapaKTepHCTHKH TpHona fY -1 2A . 

54 

-:all/ I 
qJI I I 

21 I I I 

0 

0 tOO 

npRM3 
KH (npH !< 

P Hc .33 . C Ta TH'leCI 



ceTO'l· 
'A. 

1100 1 

>lla fY- 12A . 

20 

.Ma 
li 

2 

0 

I 

-
71 

-v 
J,.......-c. 2 tJ 

611 120 160 8 

BoJihT- aMnepHaH x apaKTepHCTHJ<a 
y npaBJIHeMOfO BeHTHJIH. 

1 - cna6o Tpa sneHbiA 3MHTTepHb1A nepexon ; ·2-
CHJibHO TpaBJJeHbiA 3MHTTepHbiA nepexo11. 

111/1 

J461K 
~-- '"j~· '--~- t::-~ ~.., F-1-.--·- ----

. I IJtA 

_./ u,# 
0 fOO 200 .J{J(J 

npliM8ll BeTBb CT8THqecKoll BOJibT-aMnepHOft X8p8KTepHCTa• 
KH (npH M8Jib1X .TOK8X H p83HbiX TeNnepaTypaX) BeHTHJIR 

THna BI<.ll.Y. 

Pnc .33, CTaTnqecKaH BOrrbT-aMrrepHaH xapaKTepHCTHKa TH pHCTopa. 
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