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I. 06o3HS'leHRSI 

Dk - cpellHHJI LlHSMeTp cj:leppHTOBOI'O KOnbU8 

S - nnOLU8Llb npS!MOyi'OnbHOI'O Ce'ieHHSI KOnbU8 

epeMSJ 

- BpeMSI nepeM81'HK'iHD8HHSI 

U - MrHOB9HH09 3H8"19HH9 H80pQ>K9HH51. 

U cpe,D.Hee 3H81.19HH9 H8npsDi<9HHH HMnynbCB 

tl. B uaMeHeHHe nnoTHOCTH noToKa npH nonaoM nepeKniO"'9HHH 

cepLie.'!HHKa 

R conpoTneneH H e 

j - cpellHee 3H8'!eHHe TOK8 

H Mraoseaaoe anaqeaHe a anpsnKeHHOCTH MBrHHTHOro nonH 

H - cpeLIHee 3Ha'!eHne HanpSJ>KeHHOCTH MSI'HHTHOI'O nonA 

H
0 

- LlKHSMH'!eCKaSI K03pUHTHBH8SI CHna 

S - K03cpcj:>HUHeHT nepeKniO'!eHHSI ceplle'!HHKS 

W - ttHCnO BHTKOB 

2. CooTHoweHne Me>KLlY epeMeHeM nepeKnJO'!eHHSI H HanpR>KeHneM 

H8 KneMM8X peppHTOBOI'O 3neMeHT8 

CM 

2 
CM 

MKC9K 

MKCeK 

B 

B 

I'C 

OM 

a 

3 

3 

3 . MKC9K 

<t>eppHTCBb!e 3JieMeHTbl C npS!MOYI'OnbHOll neTneJI I'HCTepe3HC8 B o6LUeM c nyqae nepe

M8rHlP.IHB810TCH H3 OnHOr'O yCTOA'iHBO("'O COCTOSIHHSI B .a.pyroe flH60 HMnynbCOM llOCTO~HHOrO 

TOK8, nH60 HMnynhCOM OOCTORHHOrO H8n:pH>K9HHH. B o60HX CflY"18SIX .aeACTBHTenbHO cnenylO-

wee COOTHOlll9HHe: 

nnH, 380HCbJB8SI HH8'19: 

OTKylla nony'!HM, 'iTO 

f u dt 
0 

T 

w • s . 6. !J • 10- 2 

T ( .J. ( udt) = T U 
T 

w • S. 6. B . 10- 2 , 

T = 1v • S • 6. B • 10·2 . 

u 

B cnyqae onpeLieneHHOI'O gneMeHTa eennqnHa ( w • S • 6. !l ) 

H
1 

T8KHM o6p830M, speMH nepeKniOtteHHH 38BHCHT TOnhKO OT rT • 

( I ) 

(2) 

(3) 

B cnyqae HCTO'iHHKa c HMnynbCOM nocTORHHOI'O uanpSJ>KeHHSI epeMR nepeKn JO '!eHHSI 

3 



nonyqaeTCll T9M M9HbW9, 'iBM f50llbW9 Hanpl!)I{9HH9 Ha Kll9MMaX cj:leppH'I)OBOI"O 9llBM9HTa 

npHf5llH:>Ka9TCll K Hanpli:>KBHIIIO HMllYllbCa. 

B TOM cnyqae, KOrJla cj:leppHTOBbtll aneMeHT noaKnJOqae TcSI Ha reHepaTop Henocpea

CTBe HHO, uanpR>KeHHe ua ero KneMMax, ecTeCTBeHuo, pasuo uanpR>t<eHHJO HCTO'lHHKa. Ho e 

f50llbWHHCTB9 cnyqaee llOCll9JlOBaTellbHO C cj:leppHTOBbiMII 9ll9M9HTaMH BKlliO'iaiOTCll JlpyrHe 

aneMeHTbl 1 H H8npsDK8HH8 1 08.08JOIU88 H8 3THX 3n8M8HT8X 1 Bhi'fHT88TCSI H3 H8fipS1>K8HHSI He-

T0ttHHK8 . 

VIHTerpan no epeMeHH naaeHHll Hanpl!:>KeHHll Ha nocneaoeaTenbHblX aneMeHT8X SIBllll

e T CSI llllOLU8JlbiO H8llpli:>K9HHll - Bp9M9HH, KOTOp8ll Bb!'iHT89TCll 113 HHTerpana Bblp8>1<9HHll (2), 

H ecneacTeHe aToro yMeHbwaeTC ll c p eaHee a Ha'teHHe Hanpl!meHHSI, noaToMy e cnyqae aa

Jl8HH oro HBllpli:>KBHHll HMflyll bCB Bp9Mll nepeKlliO'iBHHll HBpBCTaBT, 0JlH8 113 OCHOBHbiX JtpOf5ll9M 

B cj:leppHTOBblX CX9M8X COC TOHT B TOM, 'iTOf5bt Jl0B9CTH JlO MHHHMYMB 3TH fiOT9p11 fillOW8-

a ell. 

3, noTepH nnowaaeA, Bbl3BaHHbl9 nepeKfiiO'iaJOUlHMK JlHOJlaMH 

HenpaBHllbHblll Bbtf5op nepeKfiJO'taiOUlHX JlHOJlOB M0>1<9T SIBHTbCll npH'iHHOI! 3Ha'iHT9llb

HblX flOT9pb fillOUla)lel! HanpR:>K9HHR- BpeMeHH B cj:leppHT-JlHOJlHb!X CX9MaX, H ll03TOMY Ba)l{-

HO 3 H8HH8 HMflyDbCHbiX CBOACTB .QHO.QOB B npHMOM H80p8Bn8HHH. 

KaK H3BeCTHO H3 llHTepaTypbt, HMnynbCHbte ceollcTea JlHOJlOB e npRMOM uanpaene-

H HH xap aKT9pH3YIOT C R C llBJlYIOUlHMH napaMeTpaMK: 

I ) npl!MbtM conpOTKBn e HHeM e MOMBHT BKllJO'ieHHR, 

2) yCTaHOBI!BllJHMC!I np!IMblM COnpOTHBll9HH9M, 

3) epeMeHeM ycTaHoeneHHR npRMoro conpoTueneHHR. 

3TH ll8paMeTpbl H3M9p!IIOTCll C npHM9H9HH9M HCTO'iHHK8 HMflYflbC8 fiOCTORHHOI"O TOK8, 

Vlcnonb<'oeaHue a TH X Jl8HHbtX npH p8C'ieTe noTepb nnoUl8Jlell e Tex cny'iallx, KOI"Jl8 cj:ltppu-

TOBbi9 9 D 8M8HTbl nepeM8rHHt:IHB8JOTCH HMnynhCOM flOCTOSIHHOrO H8flpSDK8HHH 1 npHBO.LlHT K 

YCll0>1<119HHIO p8C'i9TOB, ll03TOMy SIBfi!IBTCR u e necoof5pa3Hb1M BB9Jl9HH9 T8KOI"O n8paMeTpa 

118 llOT9p10 fillOUl8JlH, KOTOpbtll HM99T H9liOCpeJlCTB9HHYIO CBR3b C 38)laHHOI! 38)laqel!, 

nycTb llll0Ul8Jl b HMllYllbC8 llOCTO!IHHOI"O H8llp!1>1<9HKSI s,., a noTepsr nnoUl8JlH H8 

Jl K OJle -50 • nn11 xa p aKTepi!CTHKH JlHOJla MO>KHO BB9CTII OTHOW9HH9 

K = ~ (4) 

sr 
KOTOpoe npBJlCTBBllR C T C060i! OT H OC HT9llbHYIO M e py liOTepH nnowaJlH, Bb!3BaHH.OI! JlHOJlOM, 

Ho K l!Bll!IBTCll napa M eT pOM, K OTO p btll 3aBHCII T OT CBOl!CTB CXBMbl, COJlBp>KaUlell JlHOJl, 

4 

3HaHHB eenH'iHHbl K 6y )leT noneaHbtM ~ 

HO CO CBOliCTBaMH cj:leppHT-JlHOJlHOA cxeM 

HO ocyllleCTBltTb C OOMOLllblO 3KBH.B8D8HTI 

4. 3KBHBalleHTI 

Bo epeMll uaMepeHHSI eenH'iHHbt K 

MOI"O cj:leppHTOBOI"O 3 ll9M9HT8 H3B9CTHbl 

COOTHOWBHHll, H3BecTHOI"0 113 fiHT9p8Typ 

(_l_ f Hdt 
r o 

C OJlHOII CTOpOHbl, MO>KHO p8CC'iHTaTb C 

nepeKnJO'iBHHII, paeuoe 2,5. 
~ --~ 

a, c apyroll cTopoHbt, H3 cooTHoweHHI 

SIBfi!!IOUlBI"OCSI Ha KfiBMMaX cj:leppHTOBOI" 

u· = 

Vf3 COOTHOWBHHII (6) II (7) MO>KHO Jl 

cj:leppHTOBOI"O aneMeHTa R •• nony'ii!M 

R. 

Bbrpa>KeHue (8) !YIO>KHO npeo6p830B8~ 

R . 
BH.nHo, 'ITO auaqeuHe a KBK&ane H TH Or 

nepexoae ( ~) -+ 0 nony'iHM ! 

H 

Rc 

VIa c K8 3 8HHoro cneayeT, qTo cj:leppl 

eenH'iHHa KOToporo paeH8 R. H Ha 

U , onpeJl9fl!I9MOB COOTHOWBHIIBM 

>K9HH9M R. = R cP • 

noTep!l llllOLUa)lH B peanbHbl} 

HH8M, ecnH .[lHOJl H C fib1T bi.B8Tb no 
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··',-. 

Ha nocne.noaaTenbHb!X . - ! 
· . · · ; an71\feHTax. nann-

~~'IRTaeTca na- ·nn'l'e,rpana·ablpa>Kenna (2), 

liRe H8Iip_HlKeHH'H, nosToMy . B . 
. .. · · . . . cny'lae aa-

na l!apacTaei-. ·o.naa· na . . 
' .. ·, \ . - 0CHOBHblX .npo6neM 
.CTR LlO MRHHMyMa · 

MO->keT HBHTbeg 

STH noTepn. nnoma-, . 
· .. ' 

npH'IHHoii ·ana'ln:.renb"-
lHT-.IlHO.Ilnbix . CXSMa~ 'H n · , 

. , ' OSTOMy Balk-
anpaa.nenHH, 

·licTa_a ilHoiloa 8 

!Hsi,-

' . ·.':-._: 
~R.!!,.: 

'lfH 

01'HOIUeHife 

DPHMOM,naripaene~ 

(4) 

. 3nanne ·a'empiHHbi · IC 6y.neT. noneaHblM 'r.onbKo· a TOM cny·'lae, ecnn RaMepenne IC. :CBHaa-

HO CO ·caol!CTB8MR tjleppi!T~.IlHO.Il-HOJI CXeMM, B icoTOpO:II npRMi;!HH~TCH .ll~O.Il. 31')r 'caHSb 1\fO:lK

HO .. ocyuiec.TBRTb. C n'or-tOIUbiO altBRBaneHTHO:II· CX9Mbl tjleppRTOBOrO aneMeHT8, 

4. 3KanaaneHTHaH cxeMa peppnroaoro aneMP.HTa 

· Bo ap·eMa RaMepeHHH aenR'IHHbi IC npe.nnoiJaraeTCa, 'ITO xapaKTepncTRKH npnMenne-

rM()~O tjleppnToaoro aneMeHT~ naa~~THbl ( S , D.t ,'. S,. , 
- 111 

H 
0 

f!..B H ). Ha OCHOB8HRR 

cOoTHOiiieilnn,_ naaecT~oro na nnTepaTypbl 

(5) 

· ·c· ·o.nno:ll _,CTOP9Hbl, ·MO:lKHO paCC'IRTSTb cpe:a.nee ana'leHn,e TOKa, ·npoxo.nnmero so BpeMH 

riepeicmo'lennH, _paanoe 

i .. 2,5 DJ: [ ~ + H o ) 
,w . , (6) 

. a, c l:l,pyr()ll.cTopon'hi, ira cooTHomennn (3) nony'IHM cpe.nnee ana'lenne- nanpnlKeHRH, no

aann!Omerocn- Ha xneMMax 4!eppnTosorci _aneMenTa 

( 7) 

J.13 COOTHOIUSHRil (6) ~ (·7) MO:lKHO .ll8Tb onpe.nenenlfe 9KBRBaneHTHOro c·onpOTifBnilHH.iJ 

tjleppHT.Oaoro· sneM9HT8 R~. nony;imM, :'ITO 

<8> 

-Bblpa:lKeH-Re (8) MO:lKHO npeo6paaoaaTb cne.nyromHM o6paaoM: 

R. • 
w 1 • S ~A B _ ( 1 _ ~) 10" 1 (9} 

2,5.D.t.s .. H 
' ' 

. BR.IlHO, qTo 3H8'19Hiie 9KBRB_aneHTHOrO ConpOTHBneHRH .aaaRCHT OT .-ffo _npn ;npe.nenbHOM 

nep,exo.lle ( ~) . .;,· 0 nqny'IHM aenir~ney, xa~aKTepnayroiuyro tjleppRTOBblll aneMeHT: 
ii 

Rep s_ lim R• w '·• S .An.m·z ( 10) 
.• (Ho/iiJ-+ o 2,5 ,· DJ: • :s,. . 

-J.1a CKaaaHHOrO cne,!lyeT, 'ITO' ,tjleppHTOBblit· aneMeHT ,MO:lKHO aaM9HHTb.'CODpOTHBD9HH9M, 
. . 

ae.rin;nna KOTOporo paaHal R• ~ H~ ,KneMMbl KOTOP.C?X:,O.:"a apeMH DO.Q8HO HanpH:lK9Hife 

ii , onpeaenseMoe ·.coOTHoiuenneM ··en. B cny,ae H ~> !10 MOlKHQ nonb3oaaTbCH npn6nn-

:lKenne~ R_. = R til •.. 

. no-repH nnomal:ln' a ·peanbHblX · ycnoann·X-Mo:Hi:e.J. · 6bl·T·b nony'leHa c xopownM npn6nn>Ke

nneM, ecnn ano.n n.cnbl·TbUiaTb no n-aMepHTenbHoll cxeil4e,_ noKaaannoll na pu~. 1. nocneao.:. 

.5 
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a,aTen&Ho c .llHO.llOM ·alj:JIIO·'!eHo OM!f·'lec.xp.e · CO\lPOTHaneHHe. · R ., sli~'IeHH·e .. H:otoporo s&r6p,aHo ·.· 

TaK, 'I,To R .,; R • . • Jlnw~en&H.OCTb HMny~&ca· paB!Ia .r.,, a aeJIH'IHHa 'ero MO>Ke:T'6i>r.'i'& Hs

MeHeHa TaK, 'ITO Ha c'onpOTHB.JlE!HHH R Haiip5DK9HHE! .'6y):leT pasuo .. u:· ... flpH YC:TaljODII"lHHH' 

9T0r'O H'anplllK9'HH51 He Tpe6;reTC51 TO'!HdC·TH,. 60JibW~:I!: ±_10' npOU9HT.l~, llOTOMy 'IT(/ B 9TI!X 

' npe.oeJiax OTiiOW9HHe SD/ sr ' 'M9H519.TC51. HecywecTB9.HHO. 

MsMepeHHB / .ii (TO 9CTb, ·llJlO!¥a.llH lll?,?\. KpHBb!MH Hanp51:JK9HH51) MO:JKHO JierKO UpOHS-

aec.TH c noMow&ro AByxnyqeaoro · ocuHnnorpacpa. Ha pHc; . 2 noJrasaHbl ·KpHs&re, no.ny'!eHijb!e 

a pesyn&TaTe TaKoro HsMepe~HB. Ha. p~c: 2a norcasaHa cpopMa HMnynhca ·'reH~p:a'r.~pa, Ha· 

pHc •. 26 -· na.oa~wee HS :Z:lHO.lle H81l;p5!JK9H.He H Ha'. pHc •. 2B' ~ o6e KpHBb.IX BM9CT.e,, 3Ha'!~H~e 
K MO:>KHO noJiy'IHTb nJiaHHMeTJ'lHpOB8HH9M nnowa.oe:l!: .llO.ll KpHBhiMH a) H 6), Mac~T86bl .. 

pHCYHK8 ~2 H 3: 

BepTHK8JibHOe .i:r.eJieH,He 4 s, 
ropHSOHTaJibHOe AeJieuHe = 0,5 M~CeK, 

BeJIH'IHHa aKBHBaJieHTHoro conpoTHBJieHHB R = 17 OM •.. Pac'!eT nnoiiui..oe:l!: c · noMOlli&IO 

KOOp.llHHaTHO:I!: ce.TH OCUHJIJIOrpacpa Y\l:tOBJI9TBOp51eT npaKTH'IIlCJ(HM Tpe6'~1!8,!1H51M, 11s KpHBbiX 

.. 2-ro pHCYHKa· 6&1JIO UOJIY'I9HO' SHa<ieHHe K =0,26. 

Ha pHc. 3 noKasaH PBA ocuHnnorpaMM Hanpg:>KeHH:I!: Ha .llHO.Oax a npBMOM Hanpasne.,

HHH. flpH HSMepeHH51X HMnyiibCHOe H8D~l51:JK9HHe reHepaTopa H. BeJIH'IHHa conpOTHBJI9HH51 R 

6b!JIH T~· :>Ke .caM&re (pHc. 2a H R := 17. qM). 

8 CTOJI6ue A. pHC. 3 H8XO:Il51TCSI KpHBble .AKO.llOB, OT.JlH~810lllKXC51' 60!lbWelt :noTepeit 

nnoma.oH, a cTon6ue B ·- KpHBble . .ol!o.ooa •cpe.oHero copTa, · a'··B c'Ton6ue ·a - KpHB&Ie AJIB 

Jiy~~HX 9KSeMUJI51pOB, Ha OCHOBaHI!H. CHHMKc;B· .pile. 2a H· .3 MO:lKHO :paCC'IHTa:rb SH8'19HHe ·.K. 

UpHB9A9HHbiX AHO.llOB, 

Bb!JIO npoaepeHo 302 axaeMnJISJpa .oao.o.oa .pasH&rx THnos. Pesyn&TaTbl. HSMepeHK:I!: . 

CB9A9Hbl B Ta6JIH11Y I. 

t:"J;.· 

.ll1A' 

.ll7B 

.ll7B 

i:l7r 
Jl.7)K 

.nru 
,(paaH&re) · 

Ko,riH'IecTso 

185 

'20 

l6 
.15 

15 

50 
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K. ~·· 0,2 . 

17,7·%·. 

0,0% 

31',0% 
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13,3 % 

6,0% 
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,IJ.aHHbl8 ia6liH!lbl. \l iipeACT8BJI5110T HI 

ito He noason1110T lienaT& olSmil:e. saxn10'1eH 

·TOB 

HH:I!:. 

rCJII!AY.eT aaMeTHTb, 'ITO B cnyqae nc 

9KBHBSJieHTHYIO CX8MY HSAO 3SM8HHTb 

n H 

1. IO.M.lliaMaes, A,!-1. flHporos, T .<I>. n 
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·aa nenue 
R ' 3Ha~eHue KOToporo 

Bhr6paHo 
:!Ha r a 

' BenlfllUHB ero M O>Ke T fibiTb K3-

eHife 6y .oe T PBBH') ~ ii • f1 pH 
YCTatf::>Oli 9 HHK 

He ll .!.10 npoueHT ->a , 
nOTOMy qTO B 3 TKX 

HBblMH HanpS!)f{ eHifS!) 
MO)!(Ho nerKo npoHa

-!a PHC. 2 nOKB3 BHbl 
KPHBbre, nonyqeHHbre 

>aaHa cpopMa HMnynbCa 
reHepaTopa, 118 

PHC. 2a - o6 e KpHBbiX BMecTe. 3Ha"'enue 

tel! no.o KPHBhiMH a) 11 6) 
• MacwTa6bi 

OM. P ac"'eT nnowa.oel! c n 
DMOWbiO 

PBKTH"'i!CKHM Tpe60BBHHRM •~ 
• YJ3 KpHBblX 

:eHHI! liB .llHO.OBX B 
npRMOM Hanpaane-

paTopa H aenH"'HHa conpoTuaneHHR R 

~. 01'/Jif"'BIOU!HXCS! 60/lbW e l! 
noTepel! 

COpTa, a B CTon6ue 8 - KPHBbJe .0/IR 

a H 3 MO>KHo pacc"'HTBTb 3Ha"'eHHe K 

x THnoa. PeaynbTBTbl lf3MepeHHI! 

K S 0,2 

17,7% 

0,0% 

31,0 % 

13,3 % 

!3,3 % 

6,0 % 

JlaHHhre Ta6nHUbl I npe.acTaanRroT HeKOTOphre cae.aeHKR o aoaMO>KHOCTRX .aHo.aoa, 

110 He 110380/IRIOT .oenBTb 061UHe 3BK/IIO"'eHHR BC/le.llCTBHe He60/lbWOrO KO/IH"'eCTBB .llHO.llOB, 

Cne.oyeT aaMeTKTb, "'TO a cny"'ae nocne.aoaaTenbHOro BK/IIO"'eHHR cj:>eppHTOBbiX sneMeH

TOB 3KBHBB/IQHTHYIO CXeMy HB.llO 34MQHHTb CyMMOI! OT.llO/lbHbiX 3KBHBB/IQHTHblX conpOTHB/IQ-

HHI!, 

n H T e p B T y p B 

I. IO.M. WaMaea, A.J.1. nHporoa, T.<l>. nHCHUbJH, <l>eppHTbl, MHHCK. J.1a.a. AH 6CCP, 
1960, CTp, 623-636, 

PyKonHCb nocTynHna a ua.aaTenbCKHI! oT.aen 
9 COHTR6pR 1963 r, 
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