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A H H 0 T a U H R 

B pa6oTe accnenyeTCR BnHRHHe HecooTBeTCTBHR sonHOBhlX corrpoTHBneHaA pa3beMa 

H Ka6enR H ITOTepb B MaTepaane H30nRTOpa Ha !j:JopMy rrepenasaeMbiX HMITynbCOB, noKa3aHO, 

qTQ ITpH onpeneneHHOM COOTHOllieHHH BpeMeHH HapacTaHHR HMITynbCa H BpeMeHH nsoAHOro rrpo-

6era sonHhi qepe3 pa3b~M, sonHosoe corrpoTHBneHHe KOToporo He cornacosaHo, c Ka6eneM, HCKa

:>KeHHR HMnynhca, a TaK:>Ke oTpa:>KeHHR oT pa3beMa MoryT 6biTb cnenaHbi nocTaToqHo ManbiMH. 

noKa3aHO, qTQ rrpHMeHeHHe B KaqecTBe H30nRTOpOB pa3beMa HH3KOqacTOTHhiX naaneKTpHKOB CO 

3HaqHTenbHblMH ITOTepRMH He BHOCHT cyweCTBeHHbiX HCKa:>KeHHA B rrepenasaeMbiA CHrHan. 

' 

6 

.-

' 

~ 



Vl3BeCTHO, qTO .lla)!(e TOqHO COrnaCOBaHHb!ii C BOliHOBbiM COIIpOTHBneHHeM Ka6enH pa3'b-

eM BHOCHT HCKa)!(eHHSI B rrepe.aasaeMbiH CHrHan, TaK KaK ero 3aTyXaHHe, o6ycnOBlleHHOe co

IIpOTHB/IeHHeM IIpOBO.llHHKOB, 3aBHCHT OT BpeMeHH rrpH rrepe.aaqe BH.aeOHMIIYllbCa IHnH, COOT

BeTcTBeHHO, OT qaCTOT bl II pH rrepe.aaqe crreKTpa qaCTOT I, 8 TOM cnyqa e, KOr .a a IIJOTepH B 

aHa/IeKTpHKe TaK)!(e 3aBHCSIT OT BpeMeHH, 6yayT, B03HHKaTb aOIIOliHHTenbHbie HCKa)!(eHHSI CHr

Hana, HeCOOTBeTCTBHe BOliHOBOrO COIIpOTHBneHHSI pa3'beMa BO/IHOBOMy COIIpOTHBlleHHID Ka6e/IH 

Bbi30BeT OTpa)!(eHHbie CHrHBllbi, qTO TBK)!(e IIpHBe.aeT K HCKB)!(eHHID cpOpMbl neoeaaHHOrO CHr-

Halla, HaKOHeU, eC/IH OTHOCHTenbHaSI .llH3lleKTpHqecK8SI IIpOHHUBeMOCTb € H30liSITOpa p83'b-

eMB MeHHeTCSI BO BpeMSI aeHCTBHSI HMITYllbCa, . TO 6yaeT MeHHTbCSI H BOliHOBOe COllpOTHBneHHe 

pa3'beMa leC/IH paCCMaTpHBaTb pa3'beM KBK 0Tpe30K KOaKCH8/IbHOH /IHHHHI, a
1
cneaoBaTe/IbH01 

6y ayT cywecTsosaTb oTpa)!(eHHSI, HcKa)!(aiDwHe c.}:lopMy rrepeaaHHoro cHrHana, n ocneaHee cne-

ayeT H3 TOrO, qTO BO/IHOBOe COllpOTHB/IeHHe KOaKCHa/IbHOH /IHHHH orrpe.aeliHeTCSI !.}:lop-

en D 
(['' 

rae d -sHewHHl!: .aHaMeTp BHyTpeHHero rrposoaHHKa, D -sHyTpeHHHl!: aHaMeTp Hapy)!(-

xl E 
·HOrO rrpOBO.llHHKa, € -oTHOCHTellbHaSI .llH31leKTpHqecKaSI IIpOHHUaeMOCTb H30/ISITOpa , c-

TeCTBeHHO, qTO eC/IH B KaqeCTBe MaTepHa/Ia H301ISITOpa rrpHMeH~eTCSI HeiTOliSipHhll!: aHaneKTpHK 

ITHITB Tec.}:lnOHa HliH ITOliHCTHpOnal, IIOTebH B KOTOpOM Mallbl, a .llH3neKTpHqecKaH IIpOHHUae

MOCTb He MeHHeTCSI BO BpeMSI .ael!:CTBHSI HMITYllbCB, H eC1IH BOliHOBbie COITpOTHBlleHHSI pa3'b

eMa H Ka6enH paBHbl, TO HCKa)!(eHI'!SI HMITYllbCa 6yayT MHHHMallbHbiMH, 0HH 6yayT o6ycnoB

neHbl TOllbKO pe3KHMI'! nepexoaaMH Me)!(.ay oTaenbHbiMH yqacTKaMH pa3'beMa, OaHaKo swcoKo

qacToTHbie aHaneKTpHKH nH6o MeHee TerrnocTOl!:KH, nH6o 6onee aec.}:lHUHTHbi H, o6biqHo, MeHee 

TexHonorHqHbi, qeM HH3KoqacTOTHbie IHarrpHMep, rrpecc-nopowKH I. YTo KacaeTCH cornacosa

HHH pa3'beMa c Ka6eneM, TO .aa)!(e aneMeHTapHbil!: pacqeT noKa3biBaeT, qTo .anH Ka6enel!: c 

601lbWHM BO/IHOBbiM corrpoTHBneHHeM IHarrpHMep, PK-50 H .aa)!(e PK-21 OTHOWeHHe DId 

rronyqaeTCSI CliHWKOM 60llblll HM, 3TO IIpHBOaHT K TOMY, qTO ll!f60 pa3'beM HMeeT 60llbWOl!: 

Hapy)!(Hb!H aHaMeTp H CTaHOBHTCSI rpOM03.llKHM, 1IH60 ero BHyTpeHHHl!: KOHTBKT HMeeT Mallb!H 

aHaMeTp H CTBHOBHTCSI HenpO'<HbiM H Ml!.liOHB..lle)!(HbiM. 0TCIDaa SICHO, qTO C KOHCTpyKTHBHOl!: 
TOqKH 3peHHSI pa3'beM aOJl)!{eH HMeTb Manoe BOliHOBOe COITpOTHB/leHHe, 

xl 3aMeTHM, tiTo s a6coniDTHOl!: rrpaKTHqecKoii CHcTeMe e.aHHHU MKeA Is pauHOHa/IH3o

BaHHOl!: c.}:lopMel, KOTOpag y3aKOHeHa rOCT 8033-56 "3neKTpHqeCKHe H MarHHTHb!e eaHHHUbi"' H 

rOeT 9867-61 "Me)!(ayHapoaHaH CHCTeMa e.aHHHU", .llH3fleKTpHqecKBSI llpOHHUaeMOCTb SIBliH-

eTCSI BelJHqHHOl!: pa3MepHOH H 3aiTHCbiBaeTCSI B BHae €
0

€ , r.ae - OTHOCHTe1lbH8SI 

aHalleKTpHqecKaSI IIpOHHUaeMOCTb, 6e3pa3MepH8SI BenHqHHa, COBIT8.ll8IDWaSI C Be/IHqHHOH aH3/leK

TpHqeCKOH IIpOHHUaeMOCTH B CHCTeMe ere lo6biqHo rrpOBOaHMOH B Ta6nHuaxl; a c
0 

-aH3-

neKTpHqecKall rrpOHHUaeMOCTb BaKyyMa, paBHaH € = 1011417 2 
C !.}:liM, rae C -cKO" 

pOCTb cseTa B MiceK. B .aaHHOM cnyqae senHqHHa 
0 1 sxoaHT B qHcnosol!: Koac.}:lc.}:lHuHeHT 

60. V?o 
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B CO OTBGT CTBH ii C BbflJ,eCK838HHbfM "18 HH8SI p a6oTa HMeeT llefibJO: 

aiBbiSICHHTb BfiHSIHiie B e.T1!1 'lHHbf B O fiH OBOf'O COIIpOTHB.T1eHIHI p83beMa H8 rrepe LJ a'ly HMIIYITb-

ca 

61 BbiSICHHTb, B 03M0 ,f( HQ fiH IHHIMeHe HH e T BKOf'O WHpOKO p acnpOCTpaHe HHOrO H TeXHO

.T10f'H'lHOf' O :vtaT e pRana, KBK npecc-rropowoK K-21-22, .:l iTH H3f'OToane HHH H30.T1HTOpa pa3b eM a. 

1. B n HHHH e B.e nH'IHH bi B O fiHOB Or o conpoTHB.TleHHH. 

Pa3beM, B O.T1HO B Oe COITpOTHBneHlie KOTOporo O T.T1 H'l8 e TCSI OT BOfiHOBOf' O COIIpOTHB.T1eHHSI 

Ka6enH, MOm Ho paccMaTpHBBTb KaK oTpe30K nHHHH c aonHoBwM conpoTHBneHHeM z 8 
1 

BK .TliO'le HHbiH B .T1 H HHJO C BO.T1H0Bbl :vl COIIpOTHB.T1eHHeM Z S .• npouec c o6p830BaHHSI npOXOLlH-
1 

Il..( eH H OTpa>KeHHOH B O .T1H y ao6 HO paccMaTpHBaTb C IIOMOWbfO TBK H83biBaeMO.It "'cKpeweHHOH" 

I ll • 
Ll HarpaMMbl , H306pa >KeHH O H Ha pHc.l, J.-13 pHCyHKa BH LlHO, 'ITO ecnH H3 Y'l8CTK8 1 Ha y qac-

T O K 2 na a aeT npHMOyf'O.T1bHaH BO.T1Ha C aMII.T1HTY Ll OH, paBHOH eL] HHHU e , TO HB y'laCTKe 2 6yaeT 

Ll Biif'aTbCH B IIpHMOM Harrpa BneHHH BO.T1Ha C aMIIfiHT YLlOH , paBHOH k 
12 

a Ha yqacTKe l 

- OTp8 /KeHHaH BO.T1Ha C 8MII.T1IiTYLlOH k 
1 2 1 

, npH M8 SI BO.T1H a Ha Y'-IBC TKe 2 . 'laCTH'lHO 0Tpa3HT-

CSI OT rpaHHUhl 2-8, a LlpyraH ee '18CTb 6yaeT LlBHf'8TbCSI B IIpH M O M HanpaaneHHH Ha y'laCTKe 

3. AMn.T1HTYLlbl npHMOH H OTpa>KeHHOH BO.T1H 6yLJyT paBHbl, COOTBe TCTBeHHO, k k 
I 2 21 

H k k , 
11 212 

AHanorH'lHO MO>K HO onp eaenHTb aMrrnHTY Llbi ac ex ocTanbHbiX aonH, y'lHT biBaH, 'lTO aonHoaoe 

conpoTH a n eHHe yqac-nca 3 p a BHO aonHoaoMy corrpOTHaneHiiJO y'laCTKa 1. B biXO LlHOe HanpH>Ke-

HHe MO>KHO npeacT a BHTb B BH L]e 

U3=k11k21~ 
n = 0 

k 2n 

112 
[t-(2n+1)t l. 

n p 1 

3aecb k [ t- (.2n + 1) t l 
2.12 np 2 

paBHOHyfiiOIIpH t < (2n + l)t HpaBHO k
21 

IIpH 
np 1 2 

I ll 

t >(2n+l)tnp ,a tnp 
2 1 

apeMH rrpo6e ra a o nH b i n o y'la CTK Y 2. OTpa ;.KeHHYJO aonH y 

HarrpH>KeHHSI Ha y'laCTKe 1 MOX<HO rrpeLJC T8B I1Tb B BH L]e: 

u = 
1 

Y'IHTb!BBH, 'ITO 

K oatjlcjmuHeHTbi 

k +k k k L 
11 2 212 12 21 

2n 
k

111 
[ t- 2(n + 1) tnp ]

1 . 2 
n=o 

k 
121 

z 32 Z B - Z II 

z I! + z 8 
1 2 

- z 81. 
- k212 

ztJ, + z 81 

k 11 H k21 H8XOLl HTCSI ITO <P,opMynaM : 

k11 
2Ze 

z 8 + z 8 
I 1 

lc 11 
22 6 

-~--

Ze + z 8 
1 1 

12 I 

1 31 

14 1 

0 LJ H8KO yao6Hee IIO.T1b30B8TbCH 6e3 pa3MepHOil: BefiH'IHHOii:-OTHOWeHHeM B0.T1HOB0f'O COIIpOTHBITe

HHSI pa3beMa K BO.T1HOBOMY COIIpOTHB.T1eHHIO Ka6enH, 0603HaqHM 

tj:JHUHeHTb! 38fiHWyTCSI B BHLle 

k 
11 

2m 
1 + Ill 

k11 
2 

1 + m 

4 

k 111 
1 - m 

1 + Ill 

Zs 
_____::_2._. = m , Tor a a KO a tjl-

z 81 

151 
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IJ O.UCTaBn .SJH 3H8 'l e HHSI K 03¢¢HUHeH T OB k
12

, k 
21 

H k 
212

, B bl'lHCn e HH bie UO ¢o p Myn aM / 5 /, B 

Bbip a >Ke HHSI /1 / H / 2/ , Half.ueM 8MU1IHT YLlbl Up owe.uwefi H OTpa >Ke HHO H B01IH Ll 1ISI p a3 1IH'iHbiX 

m H pa3H b!X M OM e HTO B Bp eMeHH. J a BHCHM OCTo 8Mll1IHTY Ll bl Upow e.u w eH: B01IHbl OT m H t 

llOK a 3 aHa Ha p H C Y H Ke 2, a OT p a >KeHH OH - Ha pHCyHK e 3. Ha pHCYHK e 4 ll0 K838H bl, C O OT B eTCT-

B e H H O , ¢opMa n p owe.uweH: H OTpa >KeHH OH BOIIH LlllSI m 0,2 H npHMOyr01IbHOH BXO L! HOll: 

B01IHbi. QqeBHLlHO, 'IT O T8KHM >IC e 0 6pa30M , CyM MHpy H OT .U ellbHbie npowe.uwHe H OTpa >K eHHbiE 

B 0 1IH bl, MO>KHO paCC 'lHT8Tb ¢ opMy npo we.uwe H: H OTpa>KeHH OH E-01IH Ll JlSI BXO.UHO H BOJlHbl mo-

6 or o .u p y r o ro BH .u a. E bma o np e.ueneHa ¢opMa n p owe.u w e lf H oTpa>KeHHOH aonH .unH cny'las 

llOL18'lH Ha BXO Ll B OJl H b l llO CTOSI HHOH 8 M ll11HTYLlbl C 1IHHe H H LIM ¢ poHTOM HapacTaHHH. <f>opMa 

n powe .u w e ii lf o T pa>KeHHO H s o nH noKa 3aHa Ha pHc. 5 .u nH cny q aH, Kor.ua t.,.. = 2 t n p 

/ c nnowHaH KpH BaH 1 / , H .u nSJ cnyq aSJ t? = 4 t np 

2 
/ nyHKTHpHaSJ KpHBaSJ 2 / . Vf3 3TOrO 

2 
p HCYHKa BHL! HO , 'ITO aMll JlHTYLlS OTpa>KeHHOH B01IHbl y MeHbWaeTCSJ C yBe1IH'leHHeM Ll1IHTenb-

HO CTH ¢p0HT8 . 0.uHaKO CYLlHTb 06 HCKa>KeHHH ¢pOHTa nporu e .u welf BOJlHbl ITO STOMY pHCYHKY 

Tp y.u ao. BnH SJHHe senH'iHH bi 

Kasaao Ha pHc. 6. H a sT oM 

t 
s = --~ Ha ¢poHT npow e.uwelf B01IHbi 6onee aarnSJ.UHO no-

2 t np 

pHC Y HKe ndKa3aHbi B01IHhr, npowe.uwHe qepe3 TpH pa3HbiX pa31. -

eMa C pa3HbiM BpeMeHeM llpOXO>K.U eHHSJ B OJlHbl 'lepe3 p83beM f BXOLlHOe HailpSJ >K eHHe OL!HO H 

TO >K e so scex Tp e x c nyqagx / . )J.nH KPHBOH 1 speM SJ npoxo>K.ueHHH t << t.,. , T.e. 
np:J 

s , Ll 1ISJ KpHBOH 2 s = 2 , a Ll 1ISJ K p HBOH 3 s = • Vf 3 pHCyHK8 BHLl HO, · 'iTO 

'! e M MeHbWe OTHOWeHHe S = ~ , TeM CH1IbHee HCKa>KaeTCSI ¢pOHT npowe.uwelf BOJlHbl. 
2 t np2 

npe.UCTaBnSJeT HHT e p e c 38BHCHMOCTb 8Mll1IHTYLlbl OTpa>KeHHOH B01IHbl OT m H OTHOWeHHSI 

S = ~ . )J.nH o npeneneHHSJ 8Mil1IHTYLlbl BOCil01Ib3yeMCSJ TeM CBOHCTBOM, 'iTO B01IHY C nH-

2 t np 
HeHHO HapdcTaJOIUHM ¢pOHTOM MO >K HO npe.ucTaBHTb B BH.Ue CyMMbl Ll BYX HanpH>KeHHH 

U (t) = U'(t) + U"(t) , 

r.ue r.;, ( t) at , U" (t) 0 npH < t.:p , HU"(t) a ( t - t.,) 

npH t > tcp 

0'leBH Ll HO, 'ITO TaKoe nono >Ke HH e cnpase.u nHBO H .unH oTpa>KeHHbiX Bonn. Y'lHTbiBaH sTo, sa

riHweM B bipa>K e HHe /2/ B BH .ue: 

U I = k 212 (-
t.., 

+ t - t.,. ~ 
tcp n = o 

+ ~ 
n = o 

2n 
kl2 . "21 • :k 212 

t<p 

[t -2(n + 1)t ] + 
np2 

t.,. 

[ t - 2 ( n + 1 ) t np - t <p Jl . 
2 

3 .uecb B OT1IH'lHe OT C1IY'l851 npHMOyrOJlbHOH BOliHbl 

211 
k 12 k 21 k 21 2 [ t - 2 ( n + 1 ) t np 2 ~ = 0 

2n 
k 

1 2 
k 

21 
k 

212 
[ t - 2 ( n + 1 ) t np 

2
- t cpl 

H paBHbl 
t - 2 ( n + 1) t np 

tcp 

5 

npH 

npH 

npH 

< 2 ( n + 1 ) t np + t cp 
2 

t > 2 ( n + 1 ) t np
2 

/ 6/ 



•, 

~ 
I~ 

~ 

.: 

......... ... ,,.. \. 

t - 2 ( n + 1 ) t np2 - t• 2n 
H ki2 k21 k212 

t.,. 

To *e eaMoe a nH Bbi pa * eHHH 

2n 

-t.,. 
t"¥> 

··' 
/ 

npH t > 2 ( n + 1 ) t np 
2 

+ t <p ' 

BenH'l:HHhi 1/ t.,. H k12 k 21 k212 / t.,. MO)f{HO paeeMaTpHBaTb KaK yrJIOBble K03<iJ<iJHUH -

eHTbl e OOTBeT e TBYIOll.tHX npS!MblX, Mo)f{HO flOKa3aTb, 'iTO HanpH)f{eHH e OTpa )f{ eHHO.It BOJIHbl L{OeTH-

raeT MaKeHMyMa B MOMeHT BpeMeHH = t q<> , 'l:eM H M O)f{ HO BOellOJib30BaTbeH L{ JIS! onpe-

2 t 
np aeneHHH aMflJIHTYL1hl OTpa)f{eHHO.It BOJIHbl. nonO )f{ HM L1JIH npoeTOTbl, · 'iTO t'i'> KpaTHO 

H, eneaoaaTeJibHO, t.,. = s · 2t"P 
2 

2 
MaKeHMaJibHOe HanpH>KeHHe OTpa)f{ e HHO.It BOJIHbl B 

MOM e HT BpeMeHH """ t.,. .nerKo aaliTH no ¢opMyne 16.1. Oao 6yaeT, oqe a Haao , paaao: 

u = -k 11 
I MaKe. 212 

a- ·1 

k~ ~ k 
2

" [(s-1) - n] }. 
212 s n = o 

. - t 
2n 

k
212

[(s - 1) - n Ho Bhipa)f{ eHH e ~ 
n = o 

eeTb He 'iTO HHOe, KaK a pH <lJM eTHKO-reOM9TpH'i9eKaH nporpeeeHJ! C 

q=k
2

, a=(s-1) 
212 

Vi enonb30BaB ¢opMyny anSI ee eyMM hi, nony'l:HM 

v 
I . MaKe. 

k I 1 -
212 
~ 

s 1 

s -1 
k 2 

212 

r = - 1 . 

2(• ·I)] 
k 2 [J -~ 212 

(1 -k2 )2 
212 

npeo6pa3yeM llOJiy'l:eHH09 Bb!pa)f{9HHe /y'iHTblBaH, B qaeT HOCTH , 'ITO k 12 k2 1 

B HT o re non y 'l:HM: 

u 
I MaKe. 

!.n_,_ . 
s 

1 - k 2 • 
212 

1 - k 2 ' 
2 1 2 

]l . 

2 
1 .- k 212 

no L{ aHH Oii: <iJopMyne 6binH paee'l:HTaHbl KpHBble, noKa3b!Ba!Ou.tH9 3aBHeHMO e Tb M aKeHMaJibHOil: 

aMflJIHTYL1 hl OTpa)f{ eHHO.It BOJIHbl OT m H S 3TH KpHBbl9 flOK a3a Hbl Ha pHC. 7. 

2. BnHHHHe e aoii: eTB L1 H3JI9KTpHKa Ha nepeaaqy H M llYJibCa. 

OcH OBHhlMH xapaKT epHeTHKaMH L1H3neKTpHKa HBJIHIOTeH qacTOTH bi e 3aBHeHMOeTH OTHoeH-

I. 

T9JlbHOii: L1H3Jl9KTpH'i9CKOii: npOHHUaeM OeTH f (CI.l) H TaHreHea yrna llOT9pb tg 8 ( (j) ) .Boc-

llOJib30BaBWHeb 3THMH 3aBHeHMOCTS!MH 1 MO>KHO C llOMOWbiO HHTerpana ¢>ypbe Kaii:T H nepexoa -

" 
HYJO xapaKTepHCTHKY 3JieMeHTa , 3a!IHCHu.tero OT eaoii:eTB L1H3JieKTP H Ka . OaHaKo 6onee norH'l:eH 

npHM Oii: nyTb- Bb!HeHeHHe napaMeTpOB, xapaKTepH3Y!Oll.tHX L1H3JI9KTpHK B HMnyJibCHOM pe)f{ H M e , 

H onpeaeneHHe 'IHeneHHb!X B9JIH'IHH 9THX napaMeTpOB IHJIH XOTH 6b! nOpS!L1Ka 9THX BeJIH'IHHI. 

3TOT nyTb onpaBL{aH eme H T9M o6eTOHT9JibCTBOM, 'iTO L1JIH HH3KO'!aeTOTHbiX L1H3JI9KTpHKOB He 

npHBOL1 HTeH 'laeTOTHbl e 3aBHCHMOeTH, 0 KOTOp blX WJI8. pe'l:b BblWe, a L18.10Te51 3Ha'leHHH € H 

tg o a nH OL1HO.It, MaKeHMYM, L1liH aayx qaeToT. TaK, anH npeec-nopowKa K-21-22 HMeJOTeH 

/ 2 / 
a liHTepaTyp e eneayromHe aaHHhle: eoeTaB npece-nopowKa, npHaeaeHHhil!: a : 

3Ha 'l: eHHH H tg 8 

<lJeHOJI<lJOpM8llbL{ef'HL1HOii: eMOllbl 

a peBeeHOii: MyKH 

npO'l:HX npHMeeeii: 

131 
L1liH 'laeToT 50 ru H 1 Mru : 

6 

49,2%, 

43,4% 

7,4% 



rrpH 50 ru 

rrpH 1 Mru 

= 7,5 - 9,6 

= 5,4 

tg 0 

tg 0 

0,09 

0,042 

VfCX011H . H3 3THX 118HHhiX, MO)!(HO orrpe11enHTb 110pH110K T8X BenH'IHH, KOT0pb!8 xap8KT8pH3yJOT 

11H3n8KTpHK B HMITynbCHOM p8)!(HMe, HO 11nH 3TOI'O H805X011HMO o5paTHTbCH K cpH3HK8 11HsneK

TpHKOB, B 'IacTHOCTH, paccMoTpeTb HBneHHe 11HsneKTpH'IecKolt rronHpHaauHH. SIBneHHe 11HaneK

TpH'IecKol ITOnHpH38UHH COCTOHT B TOM, 'ITO H8 rpaHHX 11H3n8KTpHKa, 118p118H11HKynHpHhlX Ha

rrpaBn8HHIO aneKTpH'I8CKOI'O ITO~H, ITOHBnH8TCH ITOB8pXHOCTHhlA 38pH11. Bcn811CTBH8 STOI'O H8 

05Kn811K8X KOH118HC8TOpa, ITpOCTpaHCTBO M8)!(11Y KOTOpb!MH aarronHeHO 11H3n8KTpHKOM, ITOHBnH-

8TCH 11orronHHTe nhHhili: aapH11, KOMITeHcHpyJOwHii rroBepXHOCTHhiA aapH11 11HaneKTpHKa'. T aKoe 

yBenWI8HH8 38pH118 paCCM8TpHB88TCH K8K yBenH'I8HH8 8MKOCTH KOH118HC8TOpa ITO cpaBH8HHIO 

C B8KYYMHbiM KOH118HC8T0p0M TOA )1(8 cpOpMbl H pa3M8pOB, o5ycnOBneHH08 Yl'8nH'I8HH8M 11H3-

neKTpH'I8CKOH 11p0HHU88MOCTH M8T8pHana ITO cpaBH8HHIO C 11H3n8KTpH'I8CKOA 11pOHHU88MOCTbiO 

BaKyyMa. 

/4/ 
CymecTBYJOT paanH'IHhie BH11hi 11HaneKTpH'I8CKO.lt rronHpHaauHH , KOTOpbre MO)!(HO paa-

11enHTb Ha 11B8 rpyiTIThl. K rrepBOli: rpyrrrre OTHOCHTCSI, B 'I8CTHOCTK, aneKTpOHH8H K HOHHaH 

ITOnHpH38UHH, KOTOpb!8 Ha5nJ011810TCSI BO BC8X 11H3n8KTpHK8X K ycTaHaBnHB8JOTCH 38 Bp8MSI 

-13 
M8Hbwee, '18M 10 C8K. BBH11Y T8KOI'O Manoro Bp8M8HH ycT8HOBn8HKSI MO)!(HO C'IHT8Tb /He-

38BHCHMO OT 38KOH8, ITO KOTOpOMy H3M8HH8TCH BO Bp8M8HH ITOnHpH38UHH/, 'ITO COCT8BnSIJOLU8H 

11HaneKTpH'I8CKOH 11pOHHU88MOCTH, o5ycnoBn8HH8SI YK838HHc!MH BH118MH ITOAHpH38UHH, 110CTHI'88T 

KOH8'IHOI'O 3H8'I8HHSI MI'HOB8HHO H He M8HH8TCH, B 118nbH8ltW8M, CO Bp8M8H.8M. JilcHO T8K)!(e, 

'ITO BenH'IHHS STOlt COCTaBnHIOLU8H He 6y11eT 38BHC8Tb OT 'I8CTOTbl 11pHn0)!(8HHOI'O rrepeMeHH0-

11 
I'O H811pS1)!(8HHH BITnOTb 110 'I8CTOT 110pS111K8 }Q I'U /o5naCTb MHnnHMeTpOBhlX BOnH/, 1103TOMY 

COOTB8TCTByJOI..UyJO COCT8BnHJOLUYIO OTHOCHT8nbHI:7if rrpOHHU88MOCTH 'I8CTO 0503H8'I810T f., 

Vf 3M8H8HH8 11HsneKTpH'I8CKOlt rrpOHHUaeMOCTH BO BpeM8HH /H, COOTB8TCTB8HHO, C 'I8CTO

Tolt/ o5ycnOBneHO OTHOCHLUHMHCH KO BTOpOlt rpyrrrre pa3nH'IHhlMH BH118MH penaKC8UHOHHOlt no-

nS1pH38UHH. Vf X 05LUHM CBOltCTBOM HBnHeTCH TO, 'ITO 110B8pXHOCTHbllt 38pH11 H3M 8H H8TCH BO 

Bp8M8HH ITO 38KOHy 
Q ( t) 

T 
p 

-Bp8MH penaKC8UHH, - rronHhiii aapH11. 

B TB8p11b!X rronHpHbiX ITOnHMepaX /HH)!(8 TO'IKH pa3MHI''I8HHS1/ H B 11HsneKTpHK8X Ha oc

HOBe uennJOn03bi CYLU8CTByeT, KpOMe aneKTpOHHOA H HOHHOii, eme 11KITOnbHO-p811HKanbH8H rro

nHpH38UHH, T.e. penaKC8UHOHH8H ITOnS!pH38UHH, o5ycnOBn8HH8H ITOBOpOTOM ITOnSl:pHbiX p811HK~nOB 

ITO OTHOW8HHIO KO Bcelt MoneKyne, KOTOpaH OCT88TCH H811011BH)!(HOlt, BpeMSl: penaKC8UHH 

Io-12-to-8
ceK. 

B 11HaneKTPHKax, H8011HOp011HhiX no cBoeMy cocTaBy IHarrpHMep, rrpe11cTaBrHIJOLUHX 

CM8Cb 11BYX 11HsneKTpHKOBI, CYLU8CTByeT, KpOMe BhiW8YK838HHhlX, 8LU8 CTpyKTypH8SI ITOnS!pHaa

UHH, 0Ha Bbi3biB88TCH T8M, 'ITO 11BH*YLUH8CH 11011 118lfCTBH8M ITOnH HOCHT8nH TOKa H8KarrnH

B810TCSI y rpaHHUbl paa11ena 11BYX Cp811, o5n811810LUHX p83HOlt sn8KTp011pOB011HOCTbJO, o5paaySI 

05'b8MHbili 38pH11, .[IHrrOml, o5p830B8HHbl8 T8KHMH 38pH118MH, HM810T 50nbWH8 pa3M8pbl H, 

' -3 
BCn811CTBH8 3TOI'O, Bp8MSI penaKC8UHH M0)!(8T 110CTHI'8Tb 3H8'I8HHA OKOno }0 teK. Vf3B8CTHO, 

'ITO TOK B aneKTpH'I8CKOH U811H 11nS1 nJ050I'O BH118 rrpHnO>KeHHOI'O H811pH>I<8HHSI MO)!(HO 0rrpe11e-

7 
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.... 

!IHTb C !IOMOlllblO HHTerpana ilJOaMenSI, t.! C !IH H3BeC TeH TOK, B03HHK810lllHii B 3TOJi Ue!IH OT 

eaHHH'l"Horo .rreperraaa HarrpS!meHHSI /6yaeM HB3hlBaTb ero · eaHHH'l"HhlM TOKOM I. noaToMy aam

Ho orrpeaenHTb eaHHH'l"Hhlii TOK KOHaBHC8TOpa, aHaneKTpHK KOTOpOrO o6naaaeT penaKC8UHOH

HOJi !IO!IS!pH38UHel. ilnH yrrpomeHHSI 6yaeM p8CCM8TpHB8Tb HaeanH3Hp0B8HHhll aHaneKTpHK, 

T.B. aHa neKTpHK, B KOTOpOM cymecTByeT penaKC8UHOHH8SI !IO!IS!pH38UHSI C OaHHM 3Ha'l"eHHeM 

BpeMeHH penaKC8UHH, a OCT8!lbHbiMH BH.J:l8MH /B TOM 'IHC!le H 6biCTpOJi !IO!IS!pH38UHeJi / MOmHO 

npeHe6pB'l"b. B 9TOM cnyqae TOK K OHaeHC8TOpa , K KOTOpOMy B MOMeHT BpeMeHH t = 0 

npHnomeHO nOCTOSIHHOe HanpS!meHHe, paBHOe u / npH ycnoBHH, 'ITO conpoTHBneHHe noaao-

fl S!lllHX npoBOaOB paBHO HynJO/, MO)l{HO OnpeaenHTb no cPOpMyJie 

i ( t) dQ_ 
dt 

I 

_&__ e -r; 
Tp 

- I 
I e rP 

0 

Y'l"HTbiBaH, 'ITO I Ug rD.e g -npOBOaHMOCTb, MO)i{HO HanHC8Tb 
I 

g(t)= ge TP 

QqeBH a HO, 'ITO noao6Hy!O me cPOPMYJIY MO:>KHO HanHC8Tb H anSI y;aeJibHOii npOBOaHMOCTH aHa-

neKTpHK8 
_ _!__ 

y(t) = ye rP 

C apyroii CTOpOHbl, H3MeHeHHe 38pS!aa BO BpeMeHH npH nOCTOSIHHOM HanpS!:>KeHHII II OTCYTCTBHH 

COnpOTHBneHHSI noaBOaS!lllHX npOBOaOB 03HaqaeT 1!3MeHeHHe (O BO BpeMeHH, T. e. 
I 

l
0

l(t)= loln(1-e Tp) 

QqeBI!aHo, 'ITO noBeaeHHe aHaneKTpi!Ka, npH aeiicTBIIII Ha Hero eaHHH'l"HOro nepenaaa HanpS!-

:>KeHHSI, nO!IHOCTblO onpeaenS!eTCSI BenH'l"HH8MH (O ( n y H T 
p • 3HaSI 3TII Be!ll!'l"HHhi, 

MO mHo onpeaenHTh Bee aneKTpl!'l"eCKI!e napaMeTpbi aHaneKTpHKa rrp11 rroMOlllll HHTerpana D.JOa

MenS!, np11 n106oii ci:>opMe HanpS!:>KeHHH. OaHaKo nocKOa.Ky B JII!T e paType npHBoaHTCH napaMeT-

pbl II tg a anSI cnyqaS!, KOraa K aHS!leKTpHKY npii!IO:>K e HO CIIHYCOIIa a nbHO e HanpS!:>Ke-

HHe, TO cneayeT, B rrepBy!O O'l"epeah, paCCMOTpeTb 3TOT cnyqaJi. 3aBHCI!MOCTb nnOTHOCTH TO

K8 qepe3 HaeanH3HpOB8HHhll aHaneKTpHK OT 'l"8CTOThl anSI CIIHYCOIIaanbHOrO !IpH!IOmeHHOrO 

/5/ 
HanpS!:>KeHHSI 6hrna pacc'l"HTaHa B • PacqeT, npoBea eHHhii c noMOlllhJO HHTerpana D.JOaMenS!, 

aaeT cneayJOll.llli!: KOHe'l"Hhrl pe3ynbTaT: 

3aecb w 

I ( t) 

Em 

1 Jwr-~ 
jwyEm{e TP dr J W I W:JT 2 ~ + j W T P y ) = 

E e ( P 1 1 + w2 r 2 1 + W Tp p 

2 2 
W T_ y 

1 + w 2 r 2 
p 

/WI 
e/WI+jEm WTP~ 2 

1 + W T p 

e 

-KpyroBaH qacToTa npl!no:>KeHHoro HanpH:>KeHHS!, Em -aMnnHTyaa HanpS!:>KeHHOCTH 

aneKTpH'l"eCKOrO nOJIS!. YJ 3 3TOrO Bbipa:>KeHI!S! cpa3y BllaHO, 'ITO TOK I!MeeT 8KTIIBHYIO H peaK

THBHy!O COCT8BJIS!IOlllHe, T .e. B aHS!leKTpll Ke, oonaaa IOll.leM penaKC8UHOHHOI nonHpH38UHei!:, B03-

HIIK810T, aa:>Ke B cnyqae OTCYTCTBIIS! CKB03HO I npOBOaHMOCTII, noTepH MOlllHOCTH. 0THOWeHHe 

I / I 
.. p 

8KTHBHOI COCT8B!ISI!Oll.lel TOK8 K peaKTHBHOI H83biBaeTCS! TaHreHCOM yrna noTepb 
1 

tg a , KOTOpblH S!BJI S!eTCSI, T8KIIM o6pa30M, np0113BOaH hiM rrapaMeTpOM no OTHOW eHHIO K y. 

CpaBHHM aMnnHTY ay nnoTHOCTH peaKTI!BHOi!: cocTaBIIS!JOlllei!: TOKa 

I 
pm 

wE T y 
1+w2r2 

- p 
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0 

:s-

BHH 

>a-

~T-

e-

o-

:::TI!. 

::>3-

e 

y. 

C 8MIIIIHTYtlOf! IIliOTHOCTH peaKTHBHOrO TOK8, rrpoTeK810IUero qepe3 KOH tleHCaTOp Ia rrpOCTel\

WeM cnyqae - rrnocKHA I. n ocneaHs:ut orrp eaenf!e TcR cneayJOruHM. Bhipa)!{eHHeM 

[pm = 
. u um w c 

s 
w . . _m_ 

d 

Em 

[pm = WE m (0 ( 

( 0 ( s 
s 

3aecb c -eMKOCT b KOHtleHC8TOp8, um -aMIIliHTy tl8 !IpHliO )!{ eHHOrO HSIIpR)!{eHHR, d-

paCCTOltHHe Me)!{JlY II1I8CTH~8MH, s -rrno IU!Itlb rrnaCTHH. CorrocTaBlistst .u sa Bblpa)!{ eHH st anst 

1 , rronyqa eM : 
pm 

B aaHHOM cny qae, rro c KOlibKY paccMaTpHBaeTcst Htl~81IH3HpOBaHHhiA tlH91IeKTpHK, rroa E 
0 

t 

IIOHHMaeTClt He II01IH8lt . tlH91IeKTpH'leCK8lt 1Ip0HHU89MOCT.b, a liHlllb !IpOHHUaeMOCTb, o6yC1IOB1IeH

H8lt pe1I8KC8UHOHHOl! II01IstpH 38UHeft. nonyqeHHSSI ~OpMyna OrrpeaensteT 'l8CTOTHyJO 38BHCHMOCTb 

pe1I8KC8UHOHHOA COCT8B1IltJOllleA tlHslieKTpH'leCKOA IIpOHHU89MOCTH, H 
1 

H8060p0T, 3H8SI '18CTOTHYIO 

38BHCHMOCTb penaKC8UHOHHOA COCT8B1IltJOllleA1 MO)!{HO H8ATH Be1IH'lHHb! T 
p 

H y 

HOM tlH91l9KTpHKe II01IH8lt tlH81I9KTpH'19CK8lt !IpOHHU89MOCT& OIIpeaemteTClt BC9MH cyruecTByiO

lllHMH BHtlaMH nonstpH38UHH. CTporo rosopst, ae1Ib3H C'lHT8Tb, 'ITO rronaaSI tlHsneKTpHqecKast 

IIpOHHU89MOCTb p8BH8 apH~M9TH'I9CKOft CYMMe COCT8B1ISIIOlllHX, o6yC1IOB1IeHHbiX p83Hh!MH BHtla

MH II01IstpH38UKH, HO npH61IH)!{9HHO, OC06eHHO B TOM cnyqae, KOrtla BpeMeHa p91I8KC8UHH CH1Ib

HO p831IK'IIliOTCB, MO)!{HO nonaraTb, 'lTO IIpH tl8HHOA '18CTOTe 

+ 
1 c Y c 

(0 ( ( 00 +fA + f c) 
1 + w'r' c . :... . YA H . T Yc coc-c c 

TABJUIIO!ll8SI tlH31Ito&:TpH"'eC:KOI IIpOHHU89MOCTH, BpeMst pe118KC8UIIH H npOBOtlHMOCTb, COOTB9TCT-

•••o, an11 axnoJH.He-paaHKanbHOil: H CTPYKTypHoA nonstpHaauHH. Tax KaK HMeJOTCH .usa aaa- _ 

- ·:JIHII f 

:l :l 
1 + w r c 

( 

( 0 [ ( - · ( l 00 + l.... ) ] , 

K w B Bblpa-: 

1I011Y'IBM CKCTeMy aayx ypaBH9HHA C tlBYMlt HeH3B9CTHbiMH 'Pew ast ee, Halt-r 
0 

Jll 

aeM HX 3H8'leHHH. 0tlH8KO tllilt peweHHH ypaBH9HHft He06XOtlHMO 3H8Tb B91IH'IHHY (-E +l )1 oo A 
T .e. Be11H'IHHY tlH81IeKTpH'leCKOA rrpOHHU89MOCTH, o6yc1IOB119HHOA 91IeKTpOHHOA, HOHHOA H tlHIIOli!r 

Ho-patlJIIK41IbHOil: II01ISipH38UHeA:. 3Ty Be1IH'lHHY MO)!{HO Bbi'IHCliHTb, BOCII01Ib30B8BlllHC•b T9M o6-

CTOIIT91IbCTBOM , 'ITO rrpecc-nopOlllOK !Ip9tlCT8B1ISI9T co6oA tlBYXcpa3HYIO CT8TH'IeCKYIO CM9"Cb. 

06ruyl0 tlH91I9KTpH'IeCKYIO !IpOHHU89MOCTb T8KOA CM9CH MO)!{HO O!Ip9tl91IHT.b IIO cpopMyne 

B.l-1. OaenescKoro: 

rae 
(38 1 -l)E1 + (38, .- l)Ez 

A = 
4 

8 1 H 8 :l - 06b9MHbie KOHU9HTp8UHH cpa3 B tl01IltX 9.liHHHUbl. 3aBHCHMOCTb l OT '18CTOThl 

9 
·. 
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anSI a epeaa rrpaae n eHa B , a anSI cpeHo ncpopManbaerHllHO~ cMon hr - B TaK KBK 

7 
(E + f.A_) H e MeHSieTCSI IIO BenH'IHHe 110 48C T OT IIOpS!.QK8 10 ru BCIIe.QCTBHe ' M8IIOH BeiiH'IHHhl 

I 

TAl .QOCTaTO'IH O H8 HTH IIHWb O.QHO 3H8 '1e HHe (£ 
00 

+ (A. , noacTaBIISISI 3H84eHHSI K OM -

rroH e HT rrpH 1 Mru e cpopMyny OaeneecKoro, rrony'IHM 3Ha'leHHe (Eo.+ EA.) .QJIS! '18CTOT hi 

1 M ru, paeHoe 3. PewaR CHCTeMy· ypaeHeHH~ , Ha~aeM 3Ha'l eHH e r c = 0,3 MKCeK H 

-5 
y c = 0,31.10 1 loM .cM. K CO )I{aneHHIO, Hent:.3SI TaKHM rry TeM orrpeaenHTb YA , TaK 

KaK H e T llaHHh!X 06 f O ( o6eHX KO M IIOHeHT, COCTaBJISIIOIUHX IIpecc-rrOpOWOK, llJISI '18CTOT 

9 
B hri.!Je 10 ru. CnenoeaTenbHO, HeJib3SI orrpeaenHTb cocTaBIIHIOIUY IO f 

0 
f , o6ycnoe neHH YIO 

a neKTpOHHO~ H l10HHO~ IIOIIS!pH38UHe~, H Heiib3SI B hi lleiiHTb COCT8BIISIIOIUYIO, o6ycnoen e HHYIO 

1lH II OIIbHO-pa .QI1 KaiibHO~ IIOi!SipH3aUH eli. 0nHaK0
1 

XOTSI H C MeHbW e~ TO'IHOCTbiO, IIOcne ll H IO IO 

COCTaBJIH IOIUYIO MO)I{HO OIIpeaenHTb , HCXO.QSI H3 C006pa )l{ eHHA, IIp H Be.QeHHh!X HH )I{e, 

~~. 

Yf3BeCTHO, 4TO OTHOCHTeJibHaSI 1lH3II e KTpH'IeCKaH IIpOHHUaeMOCT b HeiiOII!!pHhi X .Q HS IIe KTpH

KOB I THIIa IIOIIHCTHpOII8, IIOIIH8THIIeHa H T.ll./ ne)I{HT B rrpenenax 2 ,3-2,5, IIpH'IeM IIOII8r8JOT, 

'ITO pa36poc Bhi3BaH HanH'IHeM rrpHMece~. B qacTHOCTH, n nH O'IHIUeHHOro rronH::lTHneHa 

171 
f = 2 ,3 H He 3aBHCHT OT 'laCTOThl • nonaraH , 'IT'O ( = 2,,3 B hl3B8H8 aneKTpOHHO~ H 

HOHHO~ IIOII!!pH38UHe~ H 01lHHaKOB8 ll iiSI BCeX IIOIIHMepOB, IIOIIy'IHM, 'IT O COCTaBII!!IOIUaH u
0 

o5ycnoaneHH8Si .QHIIOIIbHO-pa.Q HK8IIb H OH IIOII!! p H3auHeH 1 paBHa 0 , 7 f 
0 

• 0 11H8KO BBH.Qy oT -

cyTCTBHH CBe.QeHH~ 0 'laCTOTHO~ 38BHCHMOCTH Heiib3H orrpeaenHTb ·oa Hoep eMeHao 

o6e aenH'IHHhi TA H YA , noaTOMy Bh!'IHCIIHM YA e rrpe a rrono )l{eHHH , 'ITO epeMSI 

penaKCBUHH paeao orrpeaeneHHO~ aenH'IHHe. OpHeHTHpOBO'IHhre naHHhle o eenH'IHH e ap eMeHH 

181 ' 
p e naKCaUHH MO)I{HO IIOIIY'IHTb H3 pa60Thl • .QIIS! IIpOCThiX OprBHH'teCKHX llHaneKTpHKOB 3TO 

-11 -9 
apeMSI paaao 3.10 ceK, a nSI 6onee cnO)I{HhiX - aoxonHT ao 0,5.10 ceK. CqaTaR, 'ITO ape -

- 8 -3 
MSI penaKcauHH paaao 10 c e K, rrony'IHM 3Ha'leJIHe y a = 0,62.10 1 I OM.M 

-5 -9 0,62.10 1 I oM.cM. EcnH rrpHMeM r paBHhiM 10 ceK , 
-4 !{ 

= 0,62.10 1 I OM.CM. Terrepb, HCIIOIIb3YSI rrony'teHHhle 

TO rrony'IHM, COOTBe TCTBeHHO, 

y !{ 
naHHhie, MO)i{HO oueHHTh, 

CKOIIb BeiiHKH f5yiJ.yT HCKa)l{eHHH nepeaaeaeMOrO HMIIYIIbC8, Bhi3BaHHhie IIpHMeHeHHeM 

• rrnoxoro H a Hane KTpHKB. B rrepey10 O'lepeab, paccMoTpHM , KBK BIIHHeT a a cpopMy HMrrynb

ca H3MeHeHHe IJ. H8IIeKTpH"!eCKO~ IIpOHHU8eMOCTH BO BpeMeHH • .Hcao, 'ITO BOIIHOBOe COIIpOTHB

neaHe yqacTK8 C .QHS IIeKTpHKOM 6yiJ. eT yMeHbWaTbCSI C Te'leHHeM BpeMeHH, 'ITO IIpHBea eT K 

.QOIIOIIHHTeilbHhiM OTpa)l{eHHHM H K .QOIIOIIHHTent:.HOMY HCKa)l{eHHIO cpopMhl HMIIYIIbC8. Yf3Meae-

HH e H 
0 

, o6ycnOBJieHHOe CTpyKTypHO~ IIOIIHpH38UHeA, 6yiJ.eT 3H8'1HTeiibHhiM IIR I.IJ b IIpH 

6ont:.woA anHTent:.HOCTH cppoaTa. OaaaKo, KaK y )l{e 6hrno rroKa3aao B hri.!Je , cpop Ma HMrry nbCOB 

C 60IIbWHM BpeM e HeM H8p8CT8HHSI M8IIO HCKa )l{ aeTCSI IJ. a )l{e IIpH 60IIbi.IJHX OTKIIOHeHHSIX BOII

HOBOrO COIIpOTHBneHHSI pa3'beM a OT BOIIHOBOrO COIIpOTHBIIeHHSI Ka6enH. EcnH )l{e BpeMH Hapac-

T8HHSI MaiiO, TO H H3MeHeHHe fto , Bh!3B8HHOe CTpyKTypHO~ IIOII!!pH38UHe~, 6y.QeT M8IIhiM. 

TaK
1 

3a epeMH 10-8 
ceK aTa cocTaenHIOmaH H

0 
H3MeHHTCH BC e ro JIH I.!J b H8 0,18 fo 

CoeceM rro-HHOMY o6cTOHT neno a nH H3MeaeaHSI cocTaBJISIIOIUe~ H 
0 

, Bhi3B8HHO~ .Q HIIO IIb-

HO-p8IJ.HK8IIbHO~ IIOIIS!pH38UH e~. TaK KaK ae~CTBHTenbHOe BpeMSI pel18KC8UHH HeH3BeCTHO, TO 

6yaeM paCCMaTpHB8Tb H8HXY.QWHH cnyqaA, IIOJiaraH, 'ITO IIOIIHOe H3MeHeHHe 3TO~ COCTaBJISIIO

IUe~ IIpOHCX O IJ.HT 3a BpeMH, paBHOe BpeMeHH HapaCT8HHSI HMIIyilb·ca. ToriJ.a, B COOTBeTCTBHH 

C Bh!WeCKa3aHH hiM, H8'18IIbHOe 3H 8'1eHHe OT HOCHTeiibHO~ .QHSJieKTpHqecKOH IIpOHHU8eMOCTH 

p8BHO 2,3, a KOHe'IHOe - 3,2. CooTBeTCTBeHHO , KOHeqaoe 3Ha'leHHe BOJIHOBOrO COIIpOTHBIIeHHH 

10 
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L! JlH yqaCTKa C L!HSJl9KTp11KOM 6yaeT paBHO 0,85 OT HaqaJlbHOro. KaK BHL!HO H3 p HCYHKa 2, 

STO Bbi30B9T YM9HbW9HH9 8MIIJlHTYLlbl n e paoli BOJlHbl Ha 10%, "'TO BO MHOrHX CJly"'aliX u o 

nyCTHMO. OuHa.Jto, ecnH Bbi6paTb reoMeTpHqecKHe paaMepbi yqacTKa c L!HsneKTpHKOM TaK, 

"'TOObl ero BOnHOBOe COIIpOTHBJl9HH9 ObinO paBHO BOJlHOBOMy conpOTIIBJl9HIIIO Bcero p83'b9Ma 

IlpH H9KOTOpOM Cp9L!H9M 3H8"19HHH IHanpHMep, npH = 2,8/, TO OTKJlOH9HHll 

C OCTaBHT BC9!'0 6-8%, H, COOTB9TCTB9HHO, YB9JlHqHTCSI aMIIJlHTyL!a nepBOA BOJlHbl. CTpOrO ro· 

BOpS!, yqaCTOK pa3'beMa' C LlH9Jl9KTpHKOul Henb3 SI paCCMaTpHB8Tb K8K JlHHHIO f BBHLlY Manoro 

OTHOW9HHSI L!JlHHhl K L!H8M9Tpy/ H e ro Cfl9L!OB8fl0 Ohl p8CCM8TpHB8Tb C TOqKH 3p9HHSI T90pHH 

sneKTpOMarHHTHoro nonH. O uHaKo arronHe e cTecTBeHHO cqHTaTb, "'TO B peaflbHOM paa'beMe He 

6yaeT CTOJlb pe3KO!'O H rny60KOrO H3M9H9HHSI BOJlHOBOrO COIIpOTHBJl9HHSI H8 T8KOA ManoA 

L! JlHH e ; <i:JopM 8JlbHhiA IIOL!XOL! Ll89T B STOM cnyqae 38HH)K9HHbiA pe3yJlbT8T, qTo H OIIp8BL!biB89T 

nocMOTpHM aanee, K8K 38BHCHT 8MIIJlHTYLl8 H <i:JopMa HMIIynbC8 OT IIpOBOL!HMOCTH L!H~lner 

TpHKa. Vf 3B9 CTHO, qTO rrpeo6pa30B8HH09 H8IIpSI)K9HH9 

/9/ 
HOA nHHHH onpeuengeTcSI Bbipa meHHeM 

- Vx 
u = Be 

" 

rraua10weA BOJlHhi a ToqKe X anl!H-

rue E -Kos¢¢HUH9HT, aaBHCHWHli OT rpaHHqHbiX ycnoaali, a v -KOs<i:J<i:JHUH 9HT pacn:pocT-

oaHeHHH, orrpeuenHeMbili ¢ opMynoli: 

v= y (pL + r)(pC +g). 

p -KoMrrneKcHaH rrepeMeHHaH, L c , r - rroroHH&Ie 

napaMeTpbi nHHHH. BonHoaoe conpoTHBneHHe nHHHH orrpeuenHeTcH awpameHHeM 

z = V pL + r 
I pC + g 

PaccMoTpHM aenHqHHy 

v = v p l L C + p L g + pr C + r g py'--C·y1+_£_+ 
f'C 

r 

pL 
+~ 

p lL C' 

YqHTbiBaH, qTo uelicTBHTenbHaH qacTb p MomeT 6&ITb cuenaHa uocTaToqHo oonbwoA H 

II09TOMY ~- « 1 H _ r_ « 1 H 
rg 

npeHeoperaH 
plL C 

MO)K HO H8IIHC8Tb: 

- B9JlHqHHOA BTOporo IIOpHL!-

pC pL 
Ka M!i.JlOCTH IIO cpaBH9HHIO C 9L!HHHUeA, 

v = pyLC [1 + ~ +_r_] 
2pC 2p L 

p.Jtc + [L-~ + ..!_ JLC" 
2 C 2 L 

HJll! 

n onaraH, qTo 

nonyqaM 

v = p v LC 

z = 
8 

+ {_:_,._ + .!_,; L] 
2y.!::... 2 c 

c 
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II = p yLC 

T o r a a 

{3 = r 

2Za 

~~ 
I. :r.t 

+ [ _r_ + 
2 z 8 

+ gZs 
----y-

.... ,. i 

g Z!! ] 
2 

~;l'~f\~'1 
'~r. if:;_~;,., .. ....... - ..... ,._ ..., ' .. 

rae {3 - K09cpcPHUHeHT 3aTyXaHHH, B TOM Cilyqae, KOrAa {3 He 3aBHCHT OT BpeMeHH, 

Il,biXOAHOe Ha!IpH>KeHHe He 5yaeT HCKa>KeHO H 5yaeT orrpeA8IlHTbCH . ci:JopMyilOlt 

- {3~ U = U e 
Bb!X . BX • 

M O>KHO rroxa3aTb, 'ITO rrpH5IlH>KeHHOe paBI'!HCTBO 

...; p L + r 

p c + g 
...;..b. 

c 

paBHOCHilbHO OT5paCbiBaHHIO B Bblpa>KeHHH AilS! {3 ABYX '1Il8HOB, 

1\ {3 1 H i\ {3 2 , IIpH'IeM 
r 

6(31 « 2Z s H !'J. {3 2 <~ E.L 
2 

'leCKHe CBOHCTBa A H9Il8KTpHKa H8Bb!COKH, TO MO>KHO C'IHTaTb, 'ITO 

Tax xax snexTpH

!._ « ~'Hf3=gz, 

OrrpeaeilHM BeilH'IHHY {3 AilS! MaKeTa 
22 8 2 2 

pa3'beMa, pa3M8phl KOTOporo IIpHB8A8Hbl Ha pHC. 9. 

reoMeTpH'IeCKHe pa3M8pbl y'laCTKa C AH9Il8KTpHKOM Bh!OpaHbl TaK , 'ITO B011HOBOe COIIpOTHBJie-

HHe ero AilH cpeaHero ( '= 2 , 8 paBHO BOilHOBOMy COIIpOTHBil9HHIO OCTailbHOlt 'laCTH p83'b9M8 

/ OKOJIO 55 OM/ . Yf3 pa3MepoB BHAHO, 'ITO 9TO * rrnoxoi!: " pa3'b9M, C o5werrpHHHTOi!: TO'IK.H 3pe

HHH fAilS! Ka5eilei!: C Bb!CO KHM BOilHOBb!M COIIpO.THBileHHeM/. QqeBH A HO, 'ITO IIpOBOAHMOCTb 

yqaCTKa C AH9IleKTpHKOM 5yaeT paBHa cyMMe BCeX npOBOAHMOCTei!: - IIOBepXHOCTHOi!:, CKII03-

HOH1 !IpOBOAHMOCTH, Bbi3BaHHOH CTpyKTypHoi!: !IOilHpH3aUHell:, H npOBO AHM OCTH, Bhi3B8HHOi!: AKIIOlllr' 

Ho-paAH KailbHOi!: nOilHpH3aUHei!: / !IOC JleAHHe, B AaJlbHei!:w eM, 5yAeM H83b!BaTb IIpOCTO CTpyK-

TypHO i!: H paAHKailbH() i!: npoBOAHMOCTHMH I. OaHaKo cpaay BHAHO, 'ITO M O >K HO rrpeHe5pe'lb 

CKB03HOi!: H no B epX HOCTHO i!: COCTaBJIHIOWHMH , 

-13 
YA91lbH8H IIpOBOAHMOCTb KOTOpbiX Ha H8CKOdbXO 

nopHAKOS MeHbWe /oKOilO 10 1/0M•CM/, 'leM y ABYX nocileAHHX. CTpyxTypHyJO nposoaH

-5 
MOCTb 5yaeM C'IHTaTb IIOCTOSIHHOH SO BpeM9HH H paBHOi!: Ha'lailbHOil , T.e. y c =0 13.1,() 1 /o~. 

Y A8IlbHYIO paAHKailbHYIO npOBOAH.MOCTb 5yaeM TO>Ke C'IHTaTb IIOCTOHHHOi!: H paBHOi!: Ha'lallb ... 

BeilH'IHHa Ha'lanbHoi!: y aeilb HOi!: rrpoBOAHMOCTH, BblaBaHHoll: paAHKanbHoA nonHpxaauxeA /11 upe:a:-
-9 -4 

nOilO>KeHHH, 'ITO BpeMH peilaKCaUHH paBHO 10 cex/ , pasHa 0 ,62.10 1/0M,CM, OirCIOAll HCXQ,,. 

'ITO H CTj)YKTypHOi!: IIpOSOAHMOCTb!O MO>KHO npeHe5p9'1b . OoroHKYIO IlpOBOAKMOCTit MO>KHe ~ 

'IHTaTb no cPo P MYJie g =y· 2rr/~nl!.. 
d 

-4 -1 -1 
0Ha pasHa 2,6.10 OM CM • Koaci:Jci:JHUH8HT 3aTyX8HHH Ha 8AHHHUY A1lHHbl {3 6yaeT paae• 

-4 -1 . 
npHMepHO 70.10 CM , a nOilHOe 3aTyXaHHe /y'IHTb!BaH, 'ITO OHO 5yaeT !Ip8KTH'I8CKH pai!IIIO 

3aTyxaHHJO ABYX yqacTKOB pa3'beMa c AHanexTpRKOM o5wei!: AllHHoi!: 0,8 eM I 6yaeT paBHbiM 

-4 -{3~ 
{3 ~ = 60.10 = 0.006. y'IHTbiBa.H, 'ITO e = 0,994 , BHAHM, 'ITO YM8Hbill8HHe aMIIIlHTYAb! 

HMnyilbCa H83Ha'IHT8IlbHO. SlcHo, 'ITO H3MeHeHH 8 aMII1lHTYAbl HM!IyllbCa Ha 0,5% B Il!OOOM MQCTe 

HMnyilbCa /T.e. 'B Il!OOOi!: MOM8HT BpeMeHH/ He MO>KeT Sbl3SaTb 3aMeTHOrO yBe1lH'18HHH A1lHT81tlr 

HOCTH ci:JpOHTa HMnynbCa. 0pH pac'leTe He Y'IHThiBailaCb COCTaBJIHJOWaH 3aTyXaHHH, Bb13BaHH8SI 

OMH'I8CKHM CO!IpOTHSJl8HH8M pa3'b8Ma, OAHaKO, KaK nOKa3aJIH paC'I8Tbl no cl:JOpMY,JlaM, npHB9AQH-

/ } 0 I 
Hb!M B , ee OTHOCHTe1!bHaH B81ll!'IHHa COCTaBnS!eT npHMepHO 7-5% AJlH 'laCTOT 200-500 Mru, 

T , e . 'laCTOT, COOT S8TCTBY IOWHX ci:JpOHTY HMrry IlbCa. 
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Jlnsr onpe.aeneHHSI c}:lupMbi HMnynbca Heo6xo.aHMo 3HaTb BpeMsr npo6era B01IHbi qepea pa a b e M. 

]lnsr .aaHHoro MaKeTa .a BollHoe BpeMsr npo6era cocTaBnS!eT, npHMepHo, 0,25 HCeK. Sbrn a o n pe

aeneHa c}:lopMa HMnynbca , npowe.awero qepea MaKeT. <PopMa Bxo.aHoro HMnynbca onpe.aemi

nacb Bbrpa)KeHHeM 

e 
T1 

rae T
1 

6 bi i iO B3HTO paBHbiM 0,5 HC9K, a r1 - 0,25 HC9 K. npHMepHO T8KHe 3H8'19HHSI 

IIOCTOHHHb!X BpeMeHH H :.feiOT c}:JpoHT HMny1IbC8 ¢3Y H HHTerpHpyiOwasr uenb, o6paao

B8HH8SI BbiXO,aHol!: eMKOCTbiO ¢3Y H BOnHOBbiM conpoTHBneHHeM Ka6ensr. Ha pHc.IO 

IIOK838H BXOllHOH HMny1IbC H HMIIY1IbC 1 npowe,a wHl! '19pe3 pa3b9M 1 COCT8B1!9HHb!l! H3 

Tpe x B01IH C y'l e TOM HX 3aTyXaHHSI H HMnynbC, OTp8)!{9HHb!l! OT p83b9Ma. BH,aHO, 

'ITO HCK8)!{ 9HHSI HMIIY1IbC8 H9Be1IHKH. EcnH HCn01Ib3yeTCSI HCTO'IHHK HMnynbCOB 

C M9HbWHM BpeMeH eM H8p8CT8HHSI, TO npHX.OllHTCSI 6p8Tb K8691Ib C M9HbWHM B01IH0Bb!M COIIpO

Tl-IB1I9HH9M f HH8'19 HMnynbC 6y.aeT HCK8)!{9H napa3HTHOll HHT9I'pHpyiOWell uen&IO, nOCTOSIHHaSI Ko

T Op Ol! onpe.aensreTCH n a pa3HTHOH eM KOCTblO H B01IH0Bb!M COnpOTHB1!9HH9M xa6eng/. Ho K8K y)Ke 

nOK838HO, pa3b9M C M81lb!M B01IH0Bb!M COnpOTHB1I9HH9M I'Op83ll0 npowe H3!'0TOBHTb. 3Kcnepsr-

M9HT81IbHO cpaBHHB81IOCb H9CK01IbKO p83beMOB, COBepweHHO pa31IH'IHblX no KOHCTPYKUHH H pa3-

MepaM. Yl Mnynbc c reHepaTopa Ha pTyTHOM pene noaaaancsr qepea Ka6enr;. H paa'beM Ha nnac

THHbi Tpy6KH 13n03YJ H 38T9M c}:JoTOrpac}:J11pOB81ICSI C 3KpaHa. C 3THX c}:JOTOI'p8c}:JHll npH llOCTa-

TO'IHOM yB91IH'l9HHH CpHCOBb!B81IHCb 0CUH1!1IO!'p8MM bl, npH'19M KpHB8SI, COOTB9TCTBY!OW8S! cepe

!( !I He nyqa, npOBOllH1I8Cb Ha !'1183. 3TH OCUH1I1IOI'p8MM bl npHBe.aeHbl H8 pH C. }}. Yl3 pHCyHKa 

BllllHO, 'lTC HMnynbchr, npowe.awsre qepea pa3Hbre pa3b9Mbr, npaKTH'leCKH o.asrHaKOBbi. Ha 

pHC. i2 nOK838Hb! II01Iy'l9HHb!9 T8KHM >l<e o6pa30M OCUH1IIIO!'p8MMb! OTpa)KeHHb!X HMIIy1IbCOB. 

Bsr.aHo, 'ITO OHH Mano oT1IH'laiOTcSI .apyr oT .apyra. OTpa)KeHHSI 6b!IIH ropaa.ao 6onbwe no Benw

'II!He, KOI'll8 BM9CTO p83beMa 6h! 1!8 IIOllK1Il0'19H8 9MKOCTb IIOpSI,aKa 6 nc}:J /nyHKTHpH8SI 1IHHHSif. 

8TO yK83hlB89T Ha TO, 'ITO 6eCCMhlC1I9HHO I'OBOpHTb 0 C0!'1I8COB8HHH B01IHOBhlX COIIpOTHB1I9HHll 

p83b9M8 H Ka6ensr, ecnH HenocpellCTB9HHO 38 p83b9MOM HMeeTCS! BXOllH8SI eMKOCTb CX9Mbl, 

C03ll8!0W8SI 3H8'l!IT91IbHO 601Ibll1He 0Tp8)!{9HHSI. C ,apyrol! CTOpOHbl H3B9CTHO, 'ITO B M9CT8X 

peaKoro H3MeHeHHSI paaM epoB KOaKcHanbHOll 1IHHHH I ,a a)!{ e npH coxpaHeHHH BenH'IHHbi BOnHoBo

ro conpOTHB1!9HHSif CYW9CTBy!OT HCK8)KeHHSI 31I9KTpOM 8I'HHTHOI'O II01ISI H nOSIB1I SI!OTCSI 0Tp8)!{9!f

Hbl9 sneKTpoMarHHTHbie B01IH hi. T aKHe pe3KHe H3M eHeHsrsr paaM epoB SKBHBaneHT Hbi cocp e.aoTo

'leHHbiM eMKOCTSIM. OTciO.aa cneayeT, 'ITO .aa)Ke B cnyqae, KOr.aa BonHoBoe conpOTHB1!9HHe 

p83b9M8 6y .aeT p8Bff0 B01IHOBOMy COnpOTHB1I9HH !0 Ka6ensr, 6y llYT CYW9CTBOB8Tb OTpa)K 9HHSI, 

Bbi3B8HHb!9 STOll npH'IHHOH. Pa3b9M )1{9, B KOTOpOM H3M9H8HH9 B01IHOB0!'0 COIIpOTHBneHHS! npo

HCXOllHT n1I8BHO, 6y,aeT C1IHlllKOM !'p0M03!(KHM. 

Bb!BOllbl 

1. BonHoBoe conpoTHBneHHe pa3'beMa MO)KeT 6hiTb 3Ha'IHTen&HO MeH&we, qeM B01IHOBOe 

. COnpOTHB1I9HHe Ka6enSI. 3TO 06CTOSIT91IhCTBO n03B01IS!9T 06paTHTb 601Iblll09 BHHM8HH!i! Ha Ha,ae>lt' 

' HOCTb H TeXH01IOI'H'IHOCTb pa3b9MOB. K OHKpeT HO, B01IHOBOe conpOTHB1I9HH9 paabeMa onpenenSI

eTCSI ,aonyCTHMOJ! B91IH'IHHOJ! 0Tp8)!{9HHOI'O CHI'H81!8 H ,aonycTHMb!MH HCK8)!{9HHSIMH c}:Jp0HT8 ne-
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pe.llaHHOro HMnynbca. LlnH cppOHTOB .llllHT eilbHOCTbiO .llO 10 ceK .llOnycTHMO yMeHblll9HIIe 

BOllHOBOrO COnpOTIIBil9HHSI paa~eMa .llO 0,3-0,4 OT BOllHOBOrO COnpOTIIBll9HHSI Ka09ilSI. 

2. Paa~eM .llOU)!{eH ObiTb CKOHCTpyHpOBa.H TaK, 'ITOObi apeMH npoxO)!{.lleHIIH BOllHbi qe

pea paa~eM ObinO no B03MO)!{HOCTH M9Hbllle. 

3. npHM9H9HIIe npecc-nopOlllKa K-21-22 BnonHe .llOITYCTIIMO, HeCMOTpS! Ha ero 3aTyxa-

HHe II , aHa'IHTenbHO 6onbllllle, '!eM y BbiCOKO'laCTOTHbiX .llll~meKTpHKOB. BBII.llY Ma.rioll: 

npoTH )!{ eHHOCTH yqacTKOB · paa~eMa c .llHaneKTpiiKOM, nonH oe aaTyxaHIIe 6y .ll9T npeHe-

6pe)!{HMO ManbiM. 
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0,2 q5 f 

3 aBH CHMO CTb a M n nHT Y.Obl npowe.awei! BO n Hbl OT m .a nH 

p 8 3 HhlX MOMe HT OB B peM e HH _a ng cn y qag npHMOy r o nbHOrO 

cppO HT a n a .a a10w e ll. s o n Hbi: 

t n p < t < 3 t n p 

2 : 3 tnp < t < St n p 

~ : 5 t n p < t < 7 t np 
4 : 7 t np < t < 9 tnp 
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PHC. 3. 3aBHCHMOCTb aMliliHTYLl bl OTpameHHOA BOliHbi OT m LlliH 

pa3Hb!X MOMeHTOB BpeMeHH LlliH cny'laH lipHMOyrOlibHOrO 

cppOHTa li8Ll 810WeA BOliHbi: 

1 0 < t < 2 t np 
2 2 t np < t < 4 t np 
3 4tnp < t < 6t ·np 
4 6 t np < t < 8 t np 

Pac. 4. ¢opMa rrpcwe.amea H oTpameHHOA sonHhi LlliH cny'laH rrpHMO-

yronbHoro cppoHTa rraLlaJOwea sonHhi I m 0,21. 
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P11e. 5. ¢opMa rrpowe.ow11x 11 oTpa )K eHHhiX Bona .onH eny'laH pa3Jtii'!HhiX 
niiHe~HhiX ci:JpoHTOB rra.oarow11x BOnH I m = 0,2 I. 

Us 

t 

0 
1 

j 

2 .3 
t 
t¢ 

P11e . 6. 3aBIIeiiMOeTh
0 

<}:lopMbi rrpowe.owe~ BOJIHhi OT Benll'liiHhi s 
.onH eny'laH n11ae~Horo <}:lpoaTa rra.oaiOwe~ BonHhi. 

I : s 
2 : s = 2 
3 : s = 1 
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PHc. 7. 3aBHCHMOC'Ib M aKcHMaJibHoll: a M nJIHTy .Obi oTpa lK eHHoll: B011Hhi 

oT m H s .a m1 cny'laH JIHHeli:Horo ¢poHTa na.aalOwell: 

B011Hhl. 
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PHc. 8. 3aBHCHMOCTb £
0

£ oT 'laCTOTbl. 

PHc. 9. PasMepbi MaKeTa pas'heMa. 

20 

tg/(2t./) 

/ 



'L/) 

u 
U8x -------
Unp. 

PHC. 10. ¢opMa npowe.awel!: H OTpa)f{eHHOl!: BOnHbl .anH cnyqaH 3KCflOHeH
UHanbHOrO <lJpOHTa na.aaiOruel!: BOnHbl. 
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PRe. 11. OcuHnnorpaMMbi HMnynbcoa, npowe.awHx qepea paa'beM. 
nyHKTHpOM H306pa)f{eH HMnynbC reaepaTOpa. 
CnnowHhiMH nHHHHMH Hao6pa*eHbl HMnynbCbi, npowe.awHe 
'lepe3 pa3'beMbl pa3nH'lHbiX KOHCTpyKUHA. 
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