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1. PacyeT yCTAHOBHUBIIET OCSl PeKMMA B JJIEKTPHUUYECKUX HENAX ¢ MCTOYHUKAMH
MOCTOSIHHOTO HANIPSKEHUS ¥ TOKA
Memoouueckue pekomeHoayuu no 8bINOJHEHUI 3A0AHUS

OcHoeénble 3aKOHbL U MEmoObl AHAIU3A
3aKOH OMa H&Hpﬂ)KeHI/Ie yqaCTKa j1{S28051 OHpeIIeJISIeTCH KakK HpOHBBeI[eHI/Ie COHpOTI/IB‘
JICHHUA 3TOT0 y4aCTKa Ha HpOTeKaIOH_II/Iﬁ 4epe3 HETO TOK
U = R%.
IlepBbIN 3aK0H Knpxrod)a: anre6paI/ItIec1<aH CyMMa TOKOB B Yy3JIC paBHa HYIIIO
K
a | k =0.
k=1

Bropoit 3akon Kupxroda: anrebpanueckas cymma HanpsokeHUM KOHTypa paBHa al-
reopanudeckoit cymme IJ[C aToro koutypa

M K
a anxlm: a Ek
m=1 k=1

[Ipumenenune 3akonoB Kupxrodba.

YcraHaBiIMBaeTCsl YUCIO HEU3BECTHBIX TOKOB p = py — Py, TJI€ py — 0011Iee KOJu-
YECTBO BETBEU LIENH, Py — KOJIMYECTBO BETBEU C HCTOYHMKAMH TOKA. Y CTAHABJIUBACT-
Csl YMCJI0 y3JIOB (. Y CTaHABIMBACTCS YMCIIO HE3aBUCUMBIX KOHTYpOB 1 = p — (0 — 1).

JImg kaXKaoM BETBU 3aJal0TCA IOJOKUTEIBHBIM HAIPaBICHUEM ToOKa. YucIo
ypaBHEHHUH, COCTABICHHBIX IO TIepBoMY 3akoHy Kupxroda, cocraBiser (q— 1). Huc-
JI0 YpaBHEHHH, COCTaBJIEHHBIX MO BTOpomy 3akoHy Kupxroda, coctaBnser n. [Ipu
COCTaBJICHUU TOCIEIHUX CJIEAYEeT BbIOMpPATh HE3aBUCHUMbBIC KOHTYpBI, HE COJIEpKa-
[[Me UCTOYHUKOB Toka. OO0Iee KOJTUYECTBO YPaBHEHUI, COCTABICHHBIX MO 3aKOHAM
Kupxroda, 1075KkHO COCTaBIATS p.

[Ipumepsl paccmoTpensl B 3a1avax 1.1, 1.2.

MeTo/1 SKBUBaJICHTHBIX OPE0OPa30BaHUM.

CymHOCTh METO/1a 3aKI0YAeTCsl B TOM, YTOOBI CIIOKHYIO Pa3BETBICHHYIO LIETIb
C NOMOIIBIO SKBUBAJEHTHBIX MPeoOpa3oBaHUN NPHUBECTH K MPOCTEHIIEeH OJHOKOH-
TYPHOM L€, BKJIIOYAIOLIEH BETBb C UCKOMBIM TOKOM, 3HAYEHUE KOTOPOIO Ompee-
asiercst 3ateM 1o 3akoHy Oma. K 9KBHBaJeHTHBIM MPeOOpa3OBaHHUSIM OTHOCSTCS: a)
npeoOpa3oBaHUE MPEACTABICHUS WCTOYHUKOB 3JIEKTPUUECKOU 3Hepr1/11/1*; 0) 3ameHa
IIOCJICIOBATENIBHBIX U MapaJuIeJIbHbIX COCAUHEHUN OJHOTUIIHBIX JJIEMEHTOB DKBUBA-
JICHTHBIMU OJIMHOYHBIMH JJIEMEHTAMH; B) TpeoOpa30BaHUC COCIUHEHHI <3BE3Ia»—
«TPEYTOJBHUK» U «TPEYrOJIbHUK»—~GBE3a».

[Tpumepsl paccmoTpensl B 3a1auax 1.3 u 1.4.

MeTo/1 5KBUBAJICHTHOTO reHepaTopa (MeTOT aKTUBHOTO JIBYXITOTFOCHHUKA).
JIns1 HAXOXJECHUS TOKA B MPOU3BOJIBHON BETBU BCIO BHEIIHIOK) MO OTHOIIEHHIO K
HEW 3JIEKTPUYECKYIO LIETb MPEACTABIISIIOT B BUAE HEKOTOPOrO 3KBUBAJICHTHOI'O IE€HE-

[Mox atM npeoOpazoBaHneM ITIOHUMAETCS MTEPEXO0]] OT MPEACTABICHUS] HICTOYHUKA JJIEKTPHUYECKOH SHEPTUH TOCIIe 10~
BaTEeJBbHBIM coequHeHHeM ncTouHuka DJ]C 1 BHYTpEHHEro CONPOTUBIICHUS K MapauIeIbHOMY COEAUHEHHUIO HCTOUYHHUKA
TOKa ¥ BHYTpEHHEH NMPOBOANMOCTH, a Takke o0paTHOe mpeoOpa3oBaHue.

4



patopa ¢ DJIC E; u c conporuienrem R.. Torna Tok B 3TOil BETBH MOXHO OIpe/ie-
JIUTB 110 3aK0Hy OMma.

O/1C »SKBUBaJEHTHOrO TeHepaTopa FE. UM €ro BHYTpeHHee compoTuBieHHE R
pPaBHbI COOTBETCTBEHHO Pa3HOCTU MOTEHIIMAJIOB U COMPOTUBIECHUIO MEXY TOUKAMHU
(y3/1aMu) 3JIEKTPHYECKOMN TN, K KOTOPBIM MOJKIOYCHA BETBh C HCKOMBIM TOKOM B
pEXKUME XOJIOCTOTO X0/, T.€. B PEKUME, KOT/1a 3Ta BETBb OTKIIIOYEHA.

Hckomyro DJIC MOXHO onpeaenuTh JI0ObIM METOI0M aHajlu3a 3IEKTPUUYECKUX
uenei. [Ipu onpeneneHnn BHYTPEHHETO CONPOTUBIEHUS R. MCTOUYHMKHU 3JIeKTpUye-
CKOM SHEpruu JOJDKHBI OBITh 3aMEHEHbl SKBUBAJEHTHBIMU CONPOTUBICHUSMHU. HC-
TouHUKU DJIC — HyJIEeBbIMU CONPOTUBIEHUSMH, T.€. KOPOTKHUM 3aMbIKAHUEM TOUYEK
UX MOJKIIOYEHHS, & UICTOYHUKH TOKa — OECKOHEUHO OOJBIIMMU CONPOTUBICHUSIMH,
T.€. pa3pbIBOM LEMHU MEXAY TOUKAMH MOJKIIOUEHHUS.

[Ipumepsl paccmoTpensl B 3aga4ax 1.5 u 1.6.

MeToa KOHTYPHBIX TOKOB (MakcBea).

Meton OCHOBBIBAETCS HA TOM CBOMCTBE, UTO TOK B JIFOOOH BETBH LIEMU MOXKET
OBITh MPEACTABJIEH B BUJIE aNreOpandeckoil CyMMbl HE3aBUCUMBIX KOHTYPHBIX TOKOB,
MPOTEKAIOUIUX MO 3TOM BeTBU. [Ipu MCMONb30BaHUU JAHHOTO METO/a BHayaje BbIOU-
parT 1 0003HAYAIOT HE3aBUCUMBIC KOHTYPHBIE TOKHU (IO JIFOOOW BETBU IEHH JIOJIKCH
NPOTEKATh XOTs Obl OJMH KOHTYPHBIN TOK). OO0IIIee YUCIIO HE3aBUCHUMbIX KOHTYPHBIX
TOKOB PaBHO p;, — (0 — 1). Pekomenmyercs BEIOUPATH p; KOHTYPHBIX TOKOB TaK, YTOOBI
KaXIbIi M3 HUX MPOXOJAMI Yepe3 OJUH UCTOYHUK TOKA (ITH KOHTYPHBIC TOKH MOXKHO
CUMTATh COBMAJAIOIIMMH C COOTBETCTBYIOIIMMH TOKAMHU MUCTOYHUKOB TOKa: Ji, Jo, ...,
Jyr, ¥ OHH OOBIYHO SIBISIFOTCS 3alaHHBIMU YCIIOBUSIMH 33Ja4H), @ OCTABIIUECS 1 = p —
—(g—1) KOHTYpHBIX TOKOB BBIOMUPATH MPOXOISIIUMH [0 BETBSAM, HE COACPKALIIM
MCTOYHUKOB TOKa. [[7s1 ompeneneHus: MOCIeIHUX COCTaBISAIOT MO BTOPOMY 3aKOHY
Kupxroda a5 3TUX KOHTYpOB 7 YpaBHEHU B BUJIE

T Ry Mgy + R X + K+ Ry Xy + Ry Xy + K+ Ry, X =By
|
[ Roa Mgy + Rop Mgp K+ Ry Xy + Ry X K+ Ry X = By

: KKKKKKKKKKKKKKKKKKKKKKKKKK '

FRuX 1t R ¥ + K+ Ry Xy + Ry X K+ Ry X = By
rne R — cyMMa conpoTHBIIEHHI BCeX BETBEH, BXOAIIMX B KOHTYp K Min Bcerja mo-
JIO)KUTETHLHOE COOCTBEHHOE CONPOTHRIICHUE KOHTYPA,

R¢ = Rk — cyMMa CONpOTHBIICHUH 3JIEMEHTOB, BXOJSAIIUMX B KOHTYpHI K 1 |, ipu-
YeM, €CJIM HalpaBJCHUS KOHTYPHBIX TOKOB B OOIIEH /it KOHTYpOB K u | BeTBU COB-
MajaroT, TO 3HaYeHUe Ry MOI0KUTEBHO, B POTHBHOM CIIy4ae OHO OTPHUIIATEIIBHO;

Ew — anrebpanueckas cymma JJIC MCTOYHUKOB, BKJIFOUEHHBIX B BETBH, OOpa-
3yromue KoHTyp K;

R+ m — 001iiee conpoTtuBiieHue K+M KOHTypa ¢ KOHTYPOM, COJEPKAIIUM HCTOY-
HMK TOKa Jp,.

[Ipumepsl paccmoTpensl B 3agavax 1.7 u 1.8.




bananc MomHoCTEN.

Jliist 11000 37EeKTpUYECKON Leu CyMMapHash MOIIHOCTh P, pa3BuBaeMas uc-
TOYHUKAMH dJICKTpUYecKor sHeprun (uctounnkamu Toka U 3J1C), paBHA CyMMapHO
MOIITHOCTH P;;, pacxoayemMoit moTpeOuTessiMu (pe3ucTopamu).

Pr=Ux% = Rl %= U?/R— MomHOCTb, paccenBaemas pe3uCTOPOM.

Pr=2zFE:1 —wmomuocTh ncTounuka DJC.

P; =+ U;> — MOIIHOCTh NICTOYHHMKA TOKA.

MoniHOCTH, pacceBacMbIE PE3UCTOPAMH, BCErAa IOJOKHUTENIbHBI, B TO BpEMs
KAaK MOIIIHOCTH MCTOYHHMKOB AJIEKTPUYECKON DHEPTUH, B 3aBUCUMOCTH OT COOTHOLIE-
HUSl HANpaBJICHUW MaJCHUs HANpPSKEHUS U TOKAa B HUX, MOTYT UMETh JIFOOON 3HaK.
Ecnu HampaBiieHME TPOTEKAaHHs TOKA Yepe3 UCTOUYHMK NMPOTUBOIIOIOKHO HalpasJe-
HUIO MMAJICHUs HAIpsDKEHHsI Ha HEM, TO MOITHOCTh UCTOYHUKA MOJIOKUTEbHA, T.€. OH
OTIAET DHEPTUIO B DJIEKTPUUECKYIO LEMNb. B MPOTHBHOM cily4ae MOIIHOCTh UCTOYHM-
Ka OTpHILATeNIbHA, U OH SIBJISIETCS MOTpeOUTENeM INeKTpruuecKkoi suepruu. Crnenyer
3aMETHUTh, YTO HANpaBJICHUE MAaJICHUS HANPSIKEHUS BCErja MPOTHUBOIOJIOXKHO Ha-
npasnennto DJ1C, nmoatomy mist ucrounuka IJIC ycioBHEM MOJIOKUTEIBHON MOII-
HOCTH SIBIIsIETCS coBnajieHue HanpasiaeHut JJ[C u Toka.

[Ipumepsl paccmotpensl B 3agavax 1.1 u 1.2.

ﬂaﬂee npugedeﬂbz 361@61'-!1/!, peméHHble ONUCAHHBIMU 8bIULE MEMOOAMU pacdema.

3AZIAUYA 1.1
Jlano. E=100 B; R;=5 Owm; R,=15 OmM; R3=40 Owm;

R4=35 Om; Rs=85 Owm.
P P |3 Havimu: Bce HEU3BECTHBIC TOKH, HUCIIOJIb3YSl 3aKOHBI
\
E +\ I /; R + I ; KI/Ipxrocpa [M0Ka3aTh, YTO OaJIaHC MOIIHOCTEN UMEET Me-

Pewenue:

Bcero B cxeme Tpu BeTBU p,=3, BeTBEH C UCTOUYHH-
KaMH TOKa HeT p,=0, 4MCI0 HEU3BECTHBIX TOKOB PaBHO p=(py—p;)=3—-0=3, KonuuecT-
BO Y3JIOB — (J=2, YMCJIO ypaBHEHHUH 10 mepBomy 3akoHy Kupxroda — (0—1)=2-1=1,
YKCII0 YPaBHEHHH 10 BTOpoMy 3akoHy Kupxroda — n =p—-1)=3—(2-1)=2.

BriOepeM 1oI0KUTENbHBIC HANPABICHUS TOKOB M 0003HAYMM HX CTpPEIKaAMHU.
BriOepem 1 0003HaYMM CTpeIKaMy HaIlpaBJICHUs 00X0/1a IBYX HE3aBUCHUMBIX KOHTY-
poB: | u ll. CocraBum cucremy ypaBuenuii Kupxroda

TSt y3n1a 2 —11+1L,+13=0

it koutypal  (Ri+R)11+Rsl, = F

s koutypa Il Rslo— (R4 + Rs) 13 =0

[TonyueHHbIe YpaBHEHHS MOCJIC TIOJCTAHOBKH B HUX YMCJIOBBIX 3HAYCHHUU OyIyT
AMETH CIEAYIOIMNA BUJ

i-l;+l,+13=0

{ 20, +40, =100.

140X ,- 1204, =0

Pemenne nannoui cucremsl: 13 = 2 [A], I, = 1,5[A], I3=0,5[A].




bananc momHoCTEN 171 paccMaTpuBaeMOU LENH

Edy = Rpl? + Roli? + Reel,? + Ryl + Reels® mim

100-2 = 5:2% +15.2° +40-1,5° +35.0,5° +85.0,5.

[Tonyueno Toxaectro 200 = 200.

Omsem: 11 =2[A], 1,=1,5[A], Is=0,5[A], P, = P, = 200 [B1].

3AJIAUA 1.2

ﬂCZHOZ R1:R2:R3:R4:R5:R5:1 Owm, E1=E>= E3:10 B, J=2 A.

Haiimu: Bce Heu3BeCTHBIC TOKH, MUCTOJB3Ys 3akoHbl Kupxroda; mokasarb, 4to
OayiaHC MOIIHOCTEN UMEEeT MEeCTO.

Pewenue:

Bcero B cxeMe ceMb BeTBel p,=7, BETBEH C HCTOYHUKAMU TOKa p,=1, 4ncio He-
M3BECTHBIX TOKOB paBHO p=(p;—p.)=7—1=6, KoIu4ecTBO y3710B — (=4, YHCJIO ypaBHe-
HU#l 10 nepBoMy 3akoHy Kupxroda — (G—1)=4-1=3, 4yncio ypaBHEHHIA 10 BTOPOMY
3akony Kupxropa — n=p—~q-1)=6—+4-1)=3.

BriGepeM mosioKUTEIbHBIE HAMPABICHUS TOKOB U OOO03HAYMM KX CTPEIKAMHU.
BriGepeM u 0603HauMM CTpesIKaMH HampaBjieHUs 00X0/1a TPEX HE3aBUCUMBIX KOHTY-

pos: I, I, I11. CocraBum cuctemy ypaBHenuii Kupxroga
st y3na 1 [1—o+16 O;
TS y3na 2 | —3+1,=0;
JJIs y3J1a 3 —l 4~ 5—| 6t J=0mwm -l 5_|6 =-J;
JJIsL KOHTYpa | Ri-l1+ R+ Rgl 3= E+E,;
1u1st KoHtypa |l —Rs: 1Ry 14+ Rs:ls=—E5;
mu1st kKoutypa || —Ro- o+ Ry 1 /—Rgl6=E3;

HOHy‘-IGHHBIC YpaBHCHH:A MMOCJIC MOACTAHOBKH B HUX YHMCJIOBBIX 3HAYEHUU 6YIIYT
HMCTDb CICAYIOININU BUA

ily-l,+15=0

ila-13+1,=0

- l,-lg-lg=-2
415 =20
- 14-1,+1g=-10

T‘ |2+|4‘ |6:10



Pemenue mamnoit cucrembl: 1,=9,5 [A], 1,=2,5 [A], 15=8 [A], 1,:=55 [A],
1s=3,5[A], le =7 [A].

OTpunatenbHbIi 3HaK TOKa lg 03HAaYaeT, YTO UCTUHHOE HAMPABJICHUE TOKA 4Ye-
pe3 TaHHYIO BETBH MPOTHUBOTIOIOKHO TPHHSITOMY.

bananc momHoCTEN 171 paccMaTpuBaeMOU LENH

Eyly+Epl5Eale +J-Re-ls =Ry-11+ Rorl o+ Rl ™+ Ryl ,*+ Revls™+ Re-lg” mimm

10-9,5+10-8-10-(-7)+2:1:3,5=1.9.5°+1.2,5°+1.8°+1.5.5°+1.3 5°+1-(=7)".

[TonyueHo ToxaecTBo 252 = 252.
[IpuMmeuaHue: najieHue HAMPSXKEHUST HA UCTOYHUKE Toka U, onpeieseHo mo BTopomy
3akony Kupxroda myist koutypa, cogepxarniero J u Rs, kak —U;+IsRs=0 P U; = I5Rs.

Omeem: 1,=9,5 [A], 1,=2,5 [A], 15=8 [A], 1,=5,5 [A], 15=3,5 [A], le=—T7[A],
P,=P,=252 [BT].

3AJJAYA 1.3
L R R Jlano: E=100 B; R;=5 Owm; R,=15 OmM; R3=40 Owm;
<] — R4=35 OM; Rs=85 Om.
Haiimu: Tox 4yepe3 UCTOYHUK E, UCTIONB3Ys METO/I
E(D R D Rs  skBuBanenTHBIX npeoOpa3oBaHUA.
R>
Pewenue:

O0603HaYMM MOJOKUTETBLHOE HANPaBIEHUE HCKOMOIO TOKA |y.
3aMeHUM MOCJe0BATENbHOE COEUHEHUE CONpOoTUBIeHU Ry n Rs akBUBaneHT-
HBIM COINPOTUBIIEHUEM Ry1

4‘—|R: * R1= R4+ Rs =35+ 85=120[Om].
1
FO R (R
:2 . 3aMEeHHMM IapajllebHOE COEIMHEHHUE CONIPOTUB-

nenuii R; u R,; 5KBUBaJIeHTHBIM CONpOTUBIECHUEM Ry)

l,
< ) )
Rz = RPRy _ 40°120 30 [Om].
E(D D R, R;+R; 40+120
R>
CornacHo 3akoHy OMa HCKOMBIN TOK OYZET OnpeaensThes Kak
- E - 100

| =—2]Al.

*"R+R,*+R, 5+15+30
Omeem: |y = =2 [Al.



3AJIAUA 1.4

v‘ -1
1 ’
R>
R: Rs
E; E,

ﬂCZHOZ R1:R2:R3:R4:R5:R5:1 Owm, E1=E>= E3:10 B, J=2 A.

Hatimu: Tox yepe3 E3, UCNONIb3ys METOJ] SKBUBAJICHTHBIX MPE0OpPa30BAHUM.
Pewenue:

O0603HaYMM MOJOKUTETBLHOE HAMPaBIEHUE HCKOMOIO TOKA |y.

3ameHuM «3Be3ny» RoRsRy Ha «TpeyronbHuK»

Es

: I Re
Ra2
—1 *

“Rs

®,

R34 R5
RO
Pacmennium» £,
Es I Rs
Q < 1
N —
R42
——1 *
Ras
Rl[] Ros
R
E 5
21 E22

El@ v

®,

R23: R2+ R3+ R2 >R3/ R4:3 [OM] ,
Rss=Rs+Ry+RaRy/R,=3 [OmM],
R42: R4+ R2+ R4>R2/ R3:3 [OM] .

E>1=E»=10 [B].

[Mapamtensabie coenuuenus E1Ry||F21Ros 1 E2Ra||Rs 3aMennM Ha SKBUBaJICHT-

Ry1=RiRos/(Ri+R23)=3/4 [OMm],

HBIC
Q < =
E3\I Ix Re
R42
L | *
Ral R32
Eal v E32

R,2=Rs>Rss/ (Rs+Rs4)=3/4 [OmM],
E1=(-Ei/Ri+Ex/Res) R1=-5[B],
@) J  E=(Ex/Rs)*R1=2,5[B].




HcTtounuk Toka J npeodpazyem B ucTouHUK DJ(C

(2 F
Rao
C 1
R L EJ:\]>R32:1,5 [B]
’ (DE
Eal v R E32
—2 (D
L1 u
INocnenoBarensHble coequueHus £y, Ep, Eyu Ry, R, 3aMeHnM Ha DKBUBaJICHTHBIE
Bl R
N2 T
Rao
: E33:' 31+E32'EJ:6 [B]1
Rs=R1+R2=1,5[Om].
E
R 53
— Q)
L1 u
[MTapamtensHoe coenunenue E,3R,3||Ry2 3aMeHUM Ha SKBHBAJICHTHOE
Ak R
7 R, s=R,3Ruo/ (RyztRa2)=1 [OM],
E. E,=(E:d/R3)R4=4 [B].
L1 \\/

CornacHo 3akoHy OMa HCKOMBIN TOK OYZET OnpeaensThes Kak
E;+E
| =- st 10%6_ oo
Re + R, 1+1
Omeem: |y =—T7 [A].
3AJJAYA 15

Jlano. E=100 B; R;=5 Om; R,=15 Owm; R;=40 Owm;
R4=35 OmMm; Rs=85 Owm.
D Rs Haiimu: Tox 4epe3 pe3uctop Rz, ucmonb3ys MeTon
AKBHBAJICHTHOT'O TeHEepaTopa.

Pewenue:
O003HaYMM MOJIOKUTEIBHOE HAIPaBICHUE HCKOMOT'O TOKa
I E. |x. HaprcyeMm 5KBHBAaJICHTHYIO SJICKTPHYECKYIO CXEMY C OKBU-
BaJICHTHBIM reHepaTopoM. Ha cxeme npou3BOIBHO BBIOPAHO
Rs R. nonoxurenbHo HanpasneHue DJC E;. DTo O3BOJIAET 3alUCaTh

@
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JUTSL PEKUMa XOJIOCTOTO X0/1a YKBHBAJICHTHOTO T€HEPATOPa C OTKIIOUYSCHHON BETBBIO
E. = Up.
WNuaeke «xx» yKa3bIBaeT Ha TO, YTO BEIMYHMHBI COOTBETCTBYIOT PEKHUMY XOJIO-
cToro xoja. Pa3BepHyTas cxema pexuMa XOJOCTOTO Xo0ja OYyJeT BBITIIANETH Clie-
JYIOIIUM 00pa3zom

Hanpsixenue xonoctoro xoaa Uisy, onpenensioniee Benuunny E,, 6yaer onpe-
JACIIATBCA KAaK

Uik = (R4+R5))‘*;

Onpenenum Tok |, ucnonssys 3akon Oma

" = EI(R+Ro+Ry+Re) = 100/(5+15+35+85) = 5/7 [Al.

Torzia Usse = (RiFR)A” = (35+85)%5/7)=600/7 [B].

Haiinem compotupnenue R.. J{ns 3Toro mpeoGpasyeM NpeablAyIIYIO CXEMY,
YIIaHI/IB N3 HCC NCTOYHHUKHU 3HepFI/II/I

Ri @ R?
Jr R= (R +Ry)>(Ry +Rs) _ (5+15)5(35+85) _ 1207 [Om]
Rs R+R,+R,+Ry 5+15+35+85 .

L —=
R, @
BO3BpaH1a$ICB K CXEMEC C DKBUBAJICHTHLIM reHepaTOpOM, Haxo0JIumM HCKOMBIﬁ TOK

1o 3akoHy Oma
E 600/7

I, = = =15][A].
R; +R. 40+120/7
Omeem : Iy, =1,5[A].
3AZ1AYA 1.6
E3 | RG
() X —
2 T
Q¢—r .
R
R1 Rs
Es =

ﬂCZHOZ R1:R2:R3:R4:R5:R5:1 Owm, E1=E>= E3:10 B, J=2 A.
Haiimu: Tox yepe3 E3, UCNIOJIB3ysl METOJ SKBUBAJIECHTHOI'O T€HEPATOPA.
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Pewenue:
O0603HaYMM MOJOKUTETBLHOE HAMPaBIEHUE HCKOMOIO TOKa |y.
HapucyeM SKBUBaJ€HTHYIO 3JIEKTPUUYECKYIO CXEMY C SKBUBAJEHTHBIM IeHepa-
TOPOM

E3 | RG
(D) X, —
2/ T
(D) S oy S |
@ “E, R @®
N300pa3uM cxemy pekruMa X0JIOCTOro X0/1a
p U12XX
I* I**
Q¢———11 ° —
R,
R: D Rs
I***

El@ E,

Hanpsixenune xonoctoro xona Uio =F; OyaeT onpeaensiThes Kak

Uiz = Rt —Rot . .

Onpenenum toku | u |, ucnons3ys 3axkonsl Kupxroga. Cucrema ypaBHEeHHI
no 3akoHaM Kupxroga Oyzaer BbIIIISIIETh KaK

*

N * *%* *%*
H +1" - 1™ =0

: e =
-:-(R1+R2)x|* +RyN =B +E,
}R4><I** +R3><I*** +R5><I**** - E,

Pemenne nanHoit cuctemsr: | =6 [A], | =2[A],1” =8[A], " =0[A].

Torma E;=Uipe=Ret —Rp% =12-16=4 [B].
Haiinem comportuBnenue R.. Jlns 3Toro mpeobpasyem MNpeabIAyIIyI0 CXEMY,
YAaJIuB U3 HEC HCTOYHUKHU SHCPIrun

@ ’ ——@
R, R4
Ry Rs

12



3ameHuM «3Be3ny» RoRsRy Ha «TpeyronbHuK»

R42

Rs||

@ R23: R2+ R3+ R2>R3/ R4:3 [OM] ,
Ras=Rs+Ry+RaRy/R,=3 [OmM],
R42: R4+ R2+ R4>Rg/ R3:3 [OM] .

3aMeHuM napauieibHble coenuHeHus Ry||Rys 1 Rs||Rs4 Ha SxBHBaneHTHBIC

R42

@ T}

Ry1=RiRos/(Ri+R23)=3/4 [OM],
R,2=Rs>Ra4/(Rs+Rs4)=3/4 [OMm].

3aMeHuM IociaeaoBaTenbHoe coequuenne R,; u R,» Ha DKBUBaIeHTHOE

R42

@ T+

@ R:=R,1+R,»,=3/2 [OM] .

RaS

L1

BXOIIHOG COIIPOTUBJICHUC CXCMBI ABJISICTCA COIMPOTUBIICHUCM 3KBHBAJCHTHOTIO

reHeparopa
R = Rip>Rs _ 3015 _
Rp+Rg 3+15

1[Om

].

BO3BpaI_Ha${CB K CXCMC€ C DKBUBAJICHTHBIM I'CHCPATOPOM, HAXOAUM HCKOMBIN TOK

1o 3akoHy Oma

| = E- E. _10- (-4):
“TRg+R . 1+1
Omeem : |, =7 [A].

7[A]

13



3AJIAYA 1.7

Jlano: E=100 B; R;=5 OwMm; R,=15 Owm; R3=40 Ouw;
R4=35 OmMm; Rs=85 Owm.

Hatimu: Bce HEM3BECTHBIC TOKH METOJAOM KOHTYP-
HBIX TOKOB.

Pewenue:

BreiGepem HampaBiIeHUS KOHTYPHBIX TOKOB, KOTO-
pbie 0003HaUUM |17 U | 2.

CocTaBuUM CHCTEMY ypaBHEHHI JJIs1 KOHTYPOB
(R1+ R, + R3)X|11' RsX o, =E

RyXy +(Rg+ Ry +Rs)¥ =0
ITocne moacTaHOBKM YMCIICHHBIX 3HAYEHUH HMEEM
160, - 404 ,, =100
1-404,,+160x,,=0"
PemiB 3Ty cucteMy ypaBHEHWH, HalaeM KOHTypHble TOkH |13 =2 [A],
l» = 0,5[A], a 3aTem HaiiieM UCTHHHBIE TOKH BO BCEX BETBSX.
B BetBU ¢ E, Ry 1 R, uctunHbIil TOK |1 MMeeT HanpaBieHne KOHTYPHOTO Toka |11
M PaBCH |1 = |11 =2 [A]
B BeTBU ¢ R; ucTUHHBIN TOK |, MONYYUTCS CIIOXKEHHUEM KOHTYPHBIX TOKOB |11 1
|22 ¢ yaétom ux HanpaBieHui u Oyaet paBeH I =111 —1,=2-05=15[A].
B BeTBU ¢ Ry 1 Rs uCcTHHHBIN TOK |3 MMeeT HampaBieHre KOHTYPHOTO TOKa |po
paBcH |3 = |22 = 0,5 [A]
Omeem: 11 =2[A],l,=15[A], Is=0,5[A].

i
I,
’I‘_

3AJJAYA 1.8
J‘//,_‘\ B
\
=
I R,
R: R
14 < \|11 P, 3
E; E,

ﬂCZHOZ R1:R2:R3:R4:R5:R5:1 Owm, E1=E>= E3:10 B, J=2 A.
Haiimu: Bce HEU3BECTHBIE TOKU METOJOM KOHTYPHBIX TOKOB.
Pewenue:
BriGepeM HampaBiieHUS KOHTYPHBIX TOKOB, KOTOpble 0003HauuM |11, 122, 133 1 J
(mocneAHMIA U3BECTEH).
CocTtaBuM cUCTEMY YpPaBHEHH 1JIsI KOHTYPOB

14



(R1+R2+R3)x|11‘ RyX - RyXg3=F +E,

- RgXyy +(Ry+ Ry +Rs)X 0 - Ry¥gg + RsxJ =- .

- Ry¥y - Ry g +(Re + Ry + R )X 33 = Eg

[locne moACTaHOBKY YUCIIEHHBIX 3HAYEHUN UMeeM

I 3Xyy-lpn-133=20
f- 1 +3X - 155 +2=-10.
1 -l 1p+3x3=10

PemB 3Ty cucTreMy ypaBHEHWH, Haiaem KOHTypHble Toku [11=9,5 [A],
1,=1,5[A], 133=7 [A], a 3areM HalijeM UCTHHHBIE TOKHA BO BCEX BETBIX.

B BetBU ¢ E1, Ry ucTuHHBIN TOK |; MMeeT HampaBiieHHME KOHTYPHOTO ToKa |11 u
paBcH |1:|11:9,5 [A]

B BetBU ¢ Ry UCTHHHBIN TOK | MONTYYUTCS OT HANOKEHUSI KOHTYPHBIX TOKOB |11
u |33 u 6YI[6T paBcH |2:|11—| 33:9,5—7:2,5 [A]

B BetBu ¢ Rs u E; ncTHHHBIHN TOK |3 I0y4UTCS OT HAJOKEHUS KOHTYPHBIX TOKOB
|11 u |22 u 6YIIGT paBcH |3:|11—| 22:9,5—1,5:8 [A] .

B BetBU ¢ Ry UICTHHHBIN TOK |4 MONMYYUTCS OT HANOXKEHUSI KOHTYPHBIX TOKOB |2
n |33 n 6YI[6T paBcH |4:|33—| 22:7—1,5:5,5 [A]

B BeTBU ¢ Rs UCTHHHBIN TOK |5 MOTYYUTCS OT HANOKEHUSI KOHTYPHBIX TOKOB |2
u J u Oyzaer paBeH Is=l»+J=1,5+2=35[A].

B BetBu ¢ Rs u B3 uicTuHHBIN TOK |g MPOTHUBOMNOI0XKEH MO HANPaBICHUIO KOH-
TYpHOMY TOKY |33 1 Oyzer paBeH lg= — l33= —7 [A].
Omeem: 1,=9,5[A], 1,=2,5[A], I5=8 [A], 1,=5,5[A], 15=3,5 [A], le= =T7[A].

—— —— —
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3AJIAHUE 1.1

Ha pucynke 1.1 nmoka3zaHa CTpyKTypa CX€Mbl dJIEKTpUUeckoil uenu. st BbI-
MOJIHEHUS 3aJ]aHusl HEOOXOAUMO 3aMEHHUTh YCIOBHBIE AJIEMEHTHI cxeMbl 1¥48 pesu-
CTUBHBIMH 3JIeMeHTamMu B uctounnkamu I J[C cornacuo tabmumam 1.1.1%41.1.4 B co-
OTBETCTBUM C 33JlaHHBIM IpernojaBareieM BapuaHToM. OObIYHBIM HIPUPTOM B TaO-
JUIAX yKa3aHbl 3HAYEHMsI COMPOTUBJICHUN B OMax, a >KUPHBIM KYpPCUBOM — 3HAUCHMUSI
3/1C ucrounukoB B BosibTax. Hampasnenue neiictus 9J{C MCTOUHUKOB BbIOMpaeTcs

ITPOU3BOJIBHO.

3 5 ®
® ®
®
@——®

Puc. 1.1

PaccunTath 3HaUYEHUS BCEX HEM3BECTHBIX TOKOB, UCIONB3Ys: a) 3aKOHbI Kupx-
roga, 0) MEeTOJ1 SKBUBAJIICHTHBIX MPEOOPA30BaHHMIA, B) METOJI YKBUBAJICHTHOT'O TeHEpa-
TOpa, T') METOJ KOHTYPHBIX TOKOB. [10Ka3ark, 4To OalaHC MOIIHOCTEH HMEET MECTO.
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Taoauma 1.1.1

Bapu- Homepa 351eMEHTOB CTPYKTYPHOU CXEMBI
aHT 1 2 3 4 5 6 7 8
1 2 2 6 - 10 13 7 27,5B
2 42B 30 - 10 - 4 6 -
3 30 - - 22,75 10 6 - 4
4 10 - - 30 - 24,5B 2 8
5 20 41,25 - - 30 4 6 -
6 - - 20 10 35,2B 12 - 18
7 - 30 - - 30 7 42,5B 3
8 10 20 67,5B 10 - 10 5 15
9 71,25 20 10 - 10 - - 30
10 14 - 6 40B 10 - 20 -
11 - 20 - 12 8 44B 30 -
12 12 8 38,4B - 30 - - 20
13 7 - 13 20 41,6B 13 17 -
14 - 20 - 12 8 40 70B -
15 25 /8B 15 - 30 - 13 7
16 - 20 - 12 18 40 - 83,2B
17 93,5B - 40 10 20 14 16 -
18 10 20 - 85,5B 40 - 10 -
19 2 - 8 - 30 25 90,25 15
20 - 30 76B 15 25 6 4 -
21 - 6 4 30 41,8B - - 40
22 - 3 7 40 - 33,6B 11 9
23 13 36,4B 7 - 40 7 - 3
24 4 3 3 15 - - 5 15,4B
25 21B 3 7 5 - - 14 6
26 2 2 6 15 32B 10 - -
27 5 4 6 - 10 - 27,2B 10
28 2 8 28,8B - 10 5 6 4
29 2 3 5 - 10 47,5B - 20
30 5 6 9 38B 15 - 5 -
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Taoaunma 1.1.2

Bapu- Homepa 351eMEHTOB CTPYKTYPHOU CXEMBI
aHT 1 2 3 4 5 6 7 8
1 10 10 - - 10 40 34B 10
2 20 20 10 20 20 20 94B 10
3 38B 40 10 20 - 30 - 10
4 10 30 10 30 62B - - 20
5 - 10 - 10 40 46B 20 10
6 10 51B - - 20 10 30 10
7 10 141B 20 30 10 10 30 10
8 30 10 10 40 76B 20 - -
9 - 20 - 10 40 10 20 93B
10 69B 10 20 30 20 - 10 -
11 10 - 68B 40 10 20 - -
12 20 10 - 188B 40 20 - 30
13 - 20 - 20 30 10 30 114B
14 10 10 124B 40 10 20 10 -
15 30 10 10 92B 10 30 - -
16 10 - - 30 20 85B - 20
17 20 10 20 30 - 30 10 235B
18 20 - 152B 20 30 10 10 20
19 - 10 20 155B 20 10 30 10
20 - 30 - 30 20 10 - 115B
21 102B 10 10 40 10 - 10 -
22 282B 30 20 10 30 10 10 10
23 40 5/B 10 20 20 - 20 -
24 10 20 - 186B 50 10 - 10
25 - 10 20 - 10 30 20 138B
26 119B 40 10 10 - - 10 10
27 20 - 10 50 329B 10 10 20
28 30 10 - - 50 190B 10 10
29 20 30 217B 20 - 10 - 20
30 - 10 - 50 161B 20 10 -
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Taoauma 1.1.3

Bapu- Homepa 351eMEHTOB CTPYKTYPHOU CXEMBI
aHT 1 2 3 4 5 6 7 8
1 13 7 - 2B 10 - 20 -
2 - - 20 6 14 30 8B -
3 9 11 9,6B 30 - - 20 -
4 - 5 15 12,8B 20 12 - 18
5 20 - - 9 11 - 40 25B
6 31,2B 21 19 30 - 6 - 14
7 - - 20 16 14 - 36,4B 40
8 40 44B - 13 17 11 - 19
9 18 - 12 40 42,75 10 - -
10 6 4 - 30 - 47,5B 24 16
11 41,8B - 30 24 16 5 - 5
12 3 - 7 45,6B 30 40 - -
13 6 4 - - 40 8 36,4B 12
14 14 6 39,2B 40 - 3 7 -
15 2 3 5 - 15 16,5B - 5
16 8 22,4B 2 - 5 7 - 13
17 3 6 1 34B 15 - 10 -
18 6 5 4 10 - 28,8B - 10
19 30,4B 7 3 - 10 3 6 6
20 4 4 2 10 - 20 50B -
21 7 8 5 15 39,9B 5 - -
22 5 3 2 10 - 55B 8 12
23 30 - 80,5B - 10 7 - 3
24 - 30 - 10 42B - 2 8
25 - - 10 - 30 6 4 43,75
26 71,5B - 20 30 - 5 - 5
27 - 20 - 59,4B 10 16 14 -
28 30 - - - 30 70B 4 6
29 18 108,75 12 10 - 14 6 10
30 11 19 112,5 - 10 - 30 -
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Taoaunma 1.1.4

Homepa 351eMEHTOB CTPYKTYPHOU CXEMBI

23B

31B

38B

47B

23B

1/B

47B

38B

23B

1/B

47B

23B

31B

38B

31B

47B

23B

31B

31B

1/B

31B

38B

19B

1/B

47B

47B

1/B

19B

23B

1/B

Bapu-

aHT

10
11
12
13

14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
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3AJIAHUE 1.2

Ha pucynke 1.2 nmoka3anbl TpY BapuaHTa CTPYKTYpP CXEM DJIECKTPUUECKOU IIEeTH.
JI71s1 BBITIOTHEHUSI 3a/IaHUSI HEOOXOJAUMO 3aMEHUTh YCJIIOBHBIE AJIEMEHTHI cxeM 1Y 6
PE3UCTUBHBIMU 3JIEMEHTAaMH M UCTOYHUKAMH coriacHo Tabnuuam 1.2.1¥21.2.4 B co-
OTBETCTBHUM C 3aJIaHHBIM TpernojaaBaTeseM BapuaHTOM. VHIIEKChl 3HaUYCHHUI TOKOB U
3/1C UCTOYHUKOB B TabIMIIAX COOTBETCTBYIOT HOMEpAM 3JEMEHTOB CTPYKTYPHBIX
CXEM, a HallpaBJIE€HUE UX JEUCTBUS — HAIIPABJICHUIO CTPEIIOK.

© @
&/ =/
2+ +2— ©
® ® 6O @?@ SIoOIo
I I (4
Cxema l Cxema 2 Cxema 3
Puc. 1.2

PaccunTath 3HaUYeHUS BCEX HEM3BECTHBIX TOKOB, UCIONB3Ys: a) 3aKOHbI Kupx-
roga, 0) METOJ] KOHTYPHBIX TOKOB. Paccuutarh TOK JIt00OW BETBHU, HE COJICpIKAIICH
UCTOYHUK TOKA: a) METOJIOM JKBHUBAJICHTHBIX MPeoOpa3oBaHuii, ) METOJOM IKBUBA-
JIEHTHOT0 TeHeparopa. [loka3aTe, 4To OanaHc MOIIHOCTEW HMEET MECTO.
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Taoauma 1.2.1

ITapameTpsl pe3ucTOpOB

P | o Torese v ey o
11234 ,5)|6
1 1 al=01|aks=11| &e,=29| - | 8| 5|6 | 2
2 1 al=015 | akEs=12 | RE,=28| 6 | 8 | 7 | 4 | 1 | -
3 2 alk=02 aE=13| &e4,=27| 4 | 9| - | 4| 3| 2
4 2 3),=025| &E3=14 | 3Es=26| - | 5| 3| 1| 2| 6
5 1 3):;=03 | REs=15| &E;=25| 5| 1| - | 3]3]|9
6 1 al=035|aE; =16 | RE;3=24| 3 | - | 7| 5| 7 | 4
7 2 al)=04| BE=17 | &E,=23 | 1 | - 114,23
8 2 aJ=045 aE;=18| &Es=22| - | 5|7 |1 |8 | 4
9 1 aJ=05|MRE=19| &E;=21 | 5 | 4 | 7| 2| 9| -
10 1 al=055 aE; =20 &e;,=20| 9 | 5| - | 5|41
11 2 3J,=06 | &E=21| &ag;,=19| - | 2| 9| 3] 9| 8
12 1 alJ=065|aE,;=22| &aE;=18 6 | 9| 3 | 8 | 2 | -
13 2 3),=0,7 | &E;=23| &ag,=17| - | 6 | 8 | 5] 9 | 5
14 1 alJ=0,75| REs=24 | &k, =16 | 2 | 6 | 7 | 5| 9 | -
15 3 aJjk=08|aE,=25 | ak=15| 5| 7|1 |2 | 4| -
16 1 al=085 &E; =26 | REs=14| 8 | 6 | - | 9 | 5| 4
17 1 al=09 | akE=27 | &k,=13| - | 3| 4| 8| 5|6
18 2 a)=09 aE;=28| &Es=12| 7| - | 5|4 | 3|5
19 2 ak=1 akE=29| &k;=11 |8 | 4 | 8| 5| - | 2
20 1 ak=11aE;,=30| RE;=10| 6 | 7 | 4 | 6 | 1 | -
21 1 al=12 ak,=31|aEs=105| - | 5| 1| 4| 8| 3
22 2 alk=13 | RE=32 | &E,=115|( 8 | 9 | 8 | 5| - | 7
23 2 Ak=14 | aE=33 | &aEs=125| 4 | 3 | 4| 9| - | 6
24 1 al=15|akE=34 |REs=135| - | 8 | 4 |7 | 4| 6
25 1 Aal=16 | RE=35|ak:=145| 6 | 5| 8| 3| 2| -
26 2 3J,=17|BE;=36 | &Es=155| 3 | - | 1| 3 | 9 | 2
27 1 al)=18 | RE,=37 |3Ex=165| - | 2 | 8 | 6 | 5| 7
28 2 ak=19 ak;=38|akE=175| 5| 3 | 6 | 2| - | 2
29 1 ali=2 |3Es=39 |aEs=185| - | 5| 4| 1 7
30 3 al=21 |[REs=40| &Ec=19| - | 2 | 6 | 7 8
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Taoaunma 1.2.2

ITapameTpsl pe3ucTOpOB

P | o T v ey o

1|1 2|3|4|5]| 6
1 1 ;=01 &aE=40 | &Ec=10| 2 | 9 - 9 1 6 |1
2 1 3):=0,15| &aE,=39 |aE,=11| 7 | 1 - 8| 2| 7
3 2 a)=02| aEs=38| aE=12 | - 2 | 7| 5|4 -
4 2 AaJ;=0,25 | &Es =37 | RE,=13 | - 6| 9| 7| 3| -
5 1 3);=03| aE,=36 | &Es=14| 3 | 9 - 2 | 719
6 1 3):=0,35| I3Es=35 | &E,;=15| 7 | 4 | - 4 | 51
7 2 ak=04 | ae;=34 | RE;=16| 9 | 3 | 9 | 5 | - -
8 2 3J,=0,45| &aE,=33 | &Es=17| - 4 | 6| 3|5 ] -
9 1 al=05| aEs=32 | &E,=18| 7 | 2 - 31 9] 3
10 1 3J;=0,55| I3E,=31 | &E;=19| 4 | 3 - 911 8| 14
11 2 al,=06 | aE;=30| aE=20| 9 | 8 | 1 - 9 | -
12 1 3);=0,65| &E,=29| &E;=21| 2 | 9 - 8| 6 | 6
13 2 al,=07 | aE3=28 | RE,=22| 9 | 5 | 4 | - 6 | -
14 1 al=0,75 | AE, =27 | &Es=23| 6 | 4 | - 5| 7] 3
15 3 aJ=08| akE=26 | &Es=24| - 6| 9| 6| 8] 3
16 1 a)=085| akEx=25 | &E;=25| 5 | - 8| 8| 5| 3
17 1 3),=09 | REs=24 | &E;=26| 5 - 16|91
18 2 aJ;=0,95| 3E;=23 | 3E,=27 | 3 | 5 | 2 - 5| -
19 2 al,=1 ae=22|akE=28| 6 | 2 | 4 - 8 -
20 1 a),=0,95| RE:=21 | aEs=29 | 1 - 8| 8| 6| 6
21 1 a),=09| aE=20 | &Ec=30| 8 | - 1| 3|6 |6
22 2 aJ=085 | aE;=19 | &k, =31 | - 7|1 3| 4| 8] -
23 2 alk=08 | &aE;=18| RE=32| 8 | 6 | 5| 9 | - -
24 1 3J,=0,75| 3Es=17 | &E;=33| 4 | 9 | 3 | - 7 | 6
25 1 RJ=0,7|RE=16 | &E,=34| 2 | 3 | 4 | 9 | - 7
26 2 al=065| akE=15ae;=3| 9 | 2 | 7| 8 | - -
27 1 al=06| akEs=14 | AEs=36| 5 | - 8| 7|1 )| 4
28 2 AaJ;=055| RE=13 | &Es=37| 7 | 2 - 2 | 8| -
29 1 3J,=05|aE;=12| &g,=38| 3 | - 3| 5| 7] 9
30 3 aJ=045|aE;=11|(3Ex=39| 4 | 8 | 1 | 9 | 5| -
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Taoauna 1.2.3

ITapameTpsl pe3ucTOpOB

P | o Torese v ey o
11234 ,5)|6
1 1 aJj=2 REs=6 | &E;=35| 8 | 9| 1| 6|9 -
2 1 Aal=195| REs=7 |[RE=345| 8 | 6 | 7 | 2 | 7 | -
3 2 alk=19 | aE;=8 RE,=34| 9 | 4| 3| 4| - -
4 2 alk=185| aE;=9 | aE=335| 7| 3| 6 | 3| - -
5 1 alk=18 [REs=10 | RE3=33| 2 | 5|9 | 7 | 4 | -
6 1 al=175 |aE;=11|(3Ex=325| 2 | 1 | 3| 5| 4| -
7 2 al,=17 |ae=12| RE;=32| 2 | 1| 3| - |5 ] -
8 2 RJ=165| aE=13 | &Es=315 5| - | 2 | 5| 3 | -
9 1 alk=16 ae;=14 RBE,=31| 4 | 5|9 | 7| 3| -
10 1 alJ=055 | aE;=15|aEs=305| - | 9 | 5| 8| 9| 4
11 2 al,=15|RE=16 | &Es=30| 2 | 6 | 9| - | 6 | -
12 1 Aal=145 | aE, =17 akE=295| 8 | - | 7| 6 | 8| 6
13 2 al,=14 |RE=18 | &Es=29 | 6 | 8 | 5| - | 9 | -
14 1 al=135 | aE=19 | &E=285| 6 | 2 | 3| 7 | 5
15 3 al=13 | akE=200 &Es=28| - | 5| 3| 8| 6|9
16 1 al=1,25 | 3E;=21 | 3E,=275| - | 8 | 3 | 5| 8| 4
17 1 al=12 | RE=22 aE=27| - | 6| 1| 96| 3
18 2 Aal=1,15 | RE=23 | &E,=265| 7 | 9 | - | 5| 5| -
19 2 alh=11aE=24 &es=26| - | 8| 1| 8| 3| -
20 1 al=1 RBE;=25 | &Es=255| - | 5| 6| 7|8 |7
21 1 aJ=095 REx=26 | &Ec=25| - | 1|6 | 6|9 1
22 2 al=09 aEs=27 akE=245| 4 | 8| - | 8| 6 | -
23 2 alk=085|R3E=28 | &Es=24| 3 | 4| - | 5|9 | -
24 1 al)=08 | RE,=29 | 3Es=235| - | 6 | 6 | 7| 3 | 8
25 1 al=0,75 | akEs=30 &E4=23| 5 | 6 | 7| 4| 9| -
26 2 a) =07 | aE;=31 aE,=225| - | 3| 1| 4| 8| -
27 1 alJ=065 | aE=32| &E;3=22| - | 3|4 |1 3|8
28 2 a)=06 | aE;=33/&aEs=215| 1 | 5|3 | 8| 2| -
29 1 aJ=055|aEs=34 | &k,=21| - | 4| 5|7 |5]| 3
30 3 alk=05 aek=35akE=205| 2 | 3| 7|5 | - |1

24




Tab6auna 1.2.4

ITapameTpsl pe3ucTOpOB

P | o Torese v ey o
11234 ,5)|6
1 1 al=025| ae,=6 | ag=25| - | 2| 6| 5| 4| 8
2 1 aJ=03| ae;=7 | aEs=245| - | 9|4 | 7| 3|1
3 2 al=035| RE;=8 |akE,=24| 2 | 3| 4| - | 7| -
4 2 al=04| &E;=9 |RE=235| 6 | 2 | 1| - | 4 | -
5 1 alJ=045| &e,=10 | RE3=23| - | 3 | 7| 3| 7|9
6 1 alJ=05| aE=11 |aEs=225| - | 7| 5| 7| 5|1
7 2 al=055|aEs=12 | &Es=22| 3 | - | 4| 1| 9 | -
8 2 al=06| &E=13 |aE=215| 4 | 8 | 1| - | 3| -
9 1 alJ=065|aE=14 | R3Es=21| - | 9| 5| 7| 8| 2
10 1 Aal=0,7| aEs=15 | akE:=205| 9 | 4 | 5| 6 | 5| -
11 2 Aal=0,75 | aE3=16 | RE,= 20| 8 | 9| 3 | 9 | - -
12 1 al;=0,8 | REs=17 | &Es=195| - | 2 | 8| 3 | 2 | 3
13 2 al=085|aE;=18| aE;=19| 5| 9| 5| 8 | - -
14 1 aJ=09 | aEs=19 |aEs=185| - | 9 | 4 | 7 | 5| 4
15 3 al=095 | aEs=20| &gs=18| 6 | - | 2| 1| 2 | 3
16 1 al=1|akE=21 |RE=175 4 | 5| 9| - | 8] 9
17 1 al=105| BEs=22 | 3Es=17| 1 | 5| 8| - | 8 | 6
18 2 al=11 ag,;=23|RE=165| - | 3 | 5|5 | 9| -
19 2 alk=115|aE,=24| ak,=16| 2 | 6 | 9| 8 | - -
20 1 al=12|3Es=25 | &E=155| 6 | 1 | 4 | - 1|5
21 1 al=125 | aEs=26 | &gs=15| 3 | 8 | 1| - | 2 | 3
22 2 al=13 | aE3=27 | 3Ex=145| 7 | 8 | 5| - | 2
23 2 al=13|RE=28| &Es=14| 6 | 8 | 9| - | 5
24 1 RJ,=14| aE=29 | &Es=135| 9 | 4 | 7| - | 4 | 5
25 1 al=145 | aEs=30 | &Es=13| - | 2| 3| 8|5 ]9
26 2 alk=15|aE;=31|RBE=125| 2 | 9 | 3 | 7 | -
27 1 al=155 | aE=32 | REs=12| 7 | 5| 8| - | 8 | 6
28 2 alk=16 | aE,=33|aE=115| 2 | 7| 2| 6 | -
29 1 al=165akEs=34 |  ae;=11| 1| 3| - |7 |6 |2
30 3 ak=17| ag=35|MRE=105| 8 | 4 | 7| 6| - | 5
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2. PacyeT nepexogHbIX NPOLECCOB B JJIEKTPHYECKUX LENAX ¢ MCTOYHUKAMM 10-
CTOSIHHOI'O HANPSI’KEHUS M TOKA

Memoouueckue pekomeHoayuu no 8bINOJHEHUIO 3A0AHUS

OcHogHble 3AKOHBL U MEMOObL AHAIU3A

3akonwl KoMmymayuu

Tok B MHAYKTUBHOCTH M HAOPsHKEHUE HA €MKOCTH cpa3y Iociie KoOMMyTaruu (B
MoMeHT Bpemenu t=0,) ocTaloTcs TakKMMH K€, KAKUMU OHU OBLIN HEIMOCPEICTBEHHO
10 kommyTaiuu (B MOMeHT Bpemenu t=0).

B kpatkoit 3anucu: i (0.) = i (0:) u uc (0. ) = uc(0.).

Dopmyna pasnodcenus
Ecnu n3o0pakeHre HCKOMOU BEJIMYMHBI UMEET BUJ pallMOHATBHOM Ipo0u

F(p) =P *BP™ +K+b,,p+b, _Bp"+bp™ +K+b,,p+b, _ F(p)
a,p"+ap"t+K+a, ,pta, a(p- p)(p- p,)K(p- p) F(p)

npu4éM, Bce KOAPPUIIMEHTH MHOTOWICHOB BEUICCTBEHHBIC YHCIa U M<N, TO OpH-
ruHan GyHkiu A(P) HaXOIAT Kak

_FR(P) x 2 R(P) .ot — _
F(p)=—+~Aq 2 *e*=f(t), eciu xopuu ypasuenus F,(p)=0
Fz(p) k=1 Fz(( pk) ?

BELIECTBEHHBIE PA3IUYHEIE;
_ R(p) x RO, & FR) ot _
F(p)=— AL+ L el =1f(1), eciu ypaBHEHHE
pR(p)  R(0) & pF&R)
F,(p) =0=pF;(p), rae F;(p)=ag(p- p)(P- P:)K(P- p,), mmeer omuu

HyJIeBOU KopeHb P, =0;

F(p) »x R(0) e F(p,) pil, 8 FR(P)
F(p)=———~ A +—+2Reg——=—e™+gq — e =

pF;(p) F;(0) eb; ng P,) H k=4 Py F3(( Py)
S0 + 24 A2 +B? e * cos(wt +j )+ § _R(p) e™ = f(t), ecin ypaBHe-

F;(0) s PFEP)
HUE F,(p)=0 uMeeT napy KOMIUTEKCHBIX COTIPSIKEHHBIX
KOpHA P, ; = - d* jw. [Tpuuém, _RlP) =A+|B;j = arcth.
P.F&p,) A

Kinaccuueckuii METOI pacyéTa.

[Mpu ananmuze neneit N-ro nopsinka (K — uamaykTiBHBIX eMeHToB U (N-K) — émko-
CTHBIX JJIEMEHTOB) C MCTOYHUKaMH TocTostHHONM DJIC pacuér mpoM3BOIUTCS 1O Clie-
AYIOLIEMY aJrOPUTMY:

1) OnpenenuTh 3Ha4YEHHUsT TOKOB 4Yepe3 MHIYKTUBHBIC dieMeHTHI I (0.) u Hamps-
KEeHUI Ha EMKOCTHBIX AyieMeHTaX Ucn(0.) B aekTpuueckoit menu 1o kommyraruu (t<0),
rae k=1, 2,...K; n=1, 2,... (N-K). Ctatudeckuii pe:xum 10 KOMMYTAIIUH PACCUMTHIBAIOT
IPU COOTBETCTBYIOILIEM COCTOSIHUM KIIIOYa, 3aMCHSSI WHIYKTUBHBIC JIEMEHTHI B IICIH
HePEMbIYKaMH, 8 EMKOCTHBIC pa3pbIBAMU MEXKY TOUKAMHU MX MOKITFOUYCHHSI.
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2) OmnpenenuTh 3HAYCHUS HAMPSHKCHUH HAa WHAYKTUBHBIX dyieMeHTax U(0.) u
TOKOB 4epe3 EMKOCTHBIC dieMeHThI 1ienH icn(0:) HermocpeAcTBEHHO MoCie KOMMYTaIlUU
(t=0,). 1y 3TOro MHAYKTUBHBIC JIEMEHTBI IS HY)KHO 3aMEHUTh HCTOYHHUKAMH TOKa
co 3HaueHusaMu Jyx = i1x(0.), a émKkocTHBIC 3eMeHThI — ucTounukamu DJIC co 3Haue-
nusiMu Ecn = — Ucn(0.)

3) OnpenenuTh 3HAYCHUS TOKOB Yepe3 WHIYKTUBHBIC JIEMEHTHI Iy (|l) 1 Hanps-
KEHUN Ha EMKOCTHBIX 3JIEMEHTaX Ucy(ll) B DJICKTPUUECKOW IIEMU B YCTAHOBHBIICMCS
pexuMe mociie KoMmyTaruu (t=|1), BBITOJHUB 3aMEHY 3JIEMEHTOB aHAIOTHYHYFO IT. 1.

4) CocTaBUTh XapaKTePUCTHUCCKOE YPABHEHUE U ONIPEICIUTh €ro KopHH. J{ist aToro
HY»XHO Pa30pBaTh JIOOYIO BETBb DJICKTPUYECKOHN IIEMM B IOCICKOMMYTAITHOHHOM CO-
CTOSHHHM W ONPEICINTh KOMIUICKCHOE COINPOTHUBJICHUE OTHOCHUTEIILHO TOYEK DPa3phiBa.
[Ipu sTOM HY)HO 3aMeHUTh HCTOYHHKH DJIC 1 TOKa UX SKBUBAJICHTHBIMU COTPOTHBIIC-
HUSIMH, T.€. 3aMEHUTHh NCTOYHUKN DJIC TIepeMbIUKOM, 8 ICTOYHHKH TOKA Pa3pbIBOM MEXK-
Iy TouKamu noAkmoueHus. [locie dero, 3aMeHUTh B BRIPAKEHUH KOMIUIEKCHOTO COTIPO-
THUBJICHUS TIPOM3BECHUS |W Ha P M, IPUPABHSB MOJTYYCHHOE BBIPOKCHHUE HYITIO, PEIIUThH
ypaBHEHHE OTHOCHUTEIIBHO .

5) INpeacraBuTh MIHOBEHHBIC 3HAYCHUS TOKOB Yepe3 WHIAYKTHBHBIC JIEMEHTHI U
HaIpsKECHUN Ha EMKOCTHBIX DJIEMEHTAaX B BUJIE

iL(0)=iLdp ) FADE + .+ A, Ucn(t)=Ucn(l )+Bpe™ +.. . +Bye™,  ecim

BCE KOPHH XapaKTEPUCTUICCKOTO YPaBHEHUS BEIIECTBCHHBIC U Pa3HEIC;

L= ) +HAHA) ™+ +APE™, Ucn(t)=Ucn(p ) +H(Brt+By)e™ +...+ Bye™™,

€CJIM CpeI KOPHEH XapaKTEPUCTHUECKOTO YPaBHEHHUS €CTh Iapa OJJMHAKOBBIX

p1=p2>=d,

iLt)=iLp)HADS N(WA)+Aeos(WA) 6™+ +AE™,

Ucn(t)=Ucn(H )+HApsin(wx)+Axcos(wit) e™+...+ Bype™™, ecim cpemu KkopHeit
€CTh Mapa KOMIUIEKCHO-COTPSKCHHBIX 1 ;=CE] XV.

6) CoctaButh cuctemy u3 N ypaBHeHuid Kupxroda i COCTOSHUS IS B MOMEHT
BpemeHH t=0, u onpeneanuTh MOCTOSHHbIC UHTETPUPOBAHUS A1,...Ay, Bi,...Bn. ¢ yué-
TOM 3HaueHuH, noayuenHsix B m.2: L di, / dt|t=0+ =u,(0,) u C du.,/ dt|t=O+ =ig,(0,).

7) C nmomomreto 3akoHoB Oma u Kupxroda omnpenenuts, eciu TpedyeTcs, oc-
TaJbHbIE TOKU U HATPSDHKEHUS B IICTIH.
[Ipumepsl paccmoTpensl B 3afauax 2.1 u 2.2.

OrnepaTopHbId METO pacueTa.

[Tpu ananuze ueneit N-ro nopsijika onepaTopHbIM METOJIOM Pacd€T MPOU3BOIUT-
Csl 110 CIIEIYIOIIEMY aITOPUTMY:

1) OnpenenuTh 3HaUYCHHUST TOKOB 4Yepe3 MHIYKTUBHBIC dyieMeHTHI I (0.) u Hamps-
KEeHUI Ha EMKOCTHBIX dyieMeHTaX Ucn(0.) B aekrpuueckoit menu 1o kommyraruu (t<0),
riae k=1, 2,...K; n=1, 2,... (N-K). Ctatudeckuii pe:xuM 10 KOMMYTAIIUH PACCUMTHIBAIOT
IPU COOTBETCTBYIOILIEM COCTOSIHUM KIIIOYa, 3aMCHSSl WHYKTUBHBIC JJIEMEHTHI B IICIIH
HepPEeMbIYKaMH, 8 EMKOCTHBIC pa3pbIBAMU MEXKY TOUKAMHU MX MO KITFOYCHHUSI.

2) CocTaBUTh ONIEPATOPHYIO CXEMY 3aMEIICHUS, BHITIOJIHUB CIICIYIOIIUE 3aMEHBI
DJIEMEHTOB IICTIH B MOCJIIEKOMMYTAIIHOHHOM COCTOSIHUU:
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E J R L ii(0)
- C
O— —o— & 0 ye
+—UclU.
3 3 R R :
Elp Jip R Lp Lx*.(0) 1/(Cp) uc(0)/p
O & T OO 50

3) Ilonb3ysich MOOBIME METOJAMH aHAN3a JJICKTPUYCCKUX LIENeH B cTaThuye-
CKOM COCTOSIHUH, ONPENETUTh ONepaTopHble M300pakKeHHs] MCKOMBIX TOKOB U Ha-
MPSKCHUMN.

4) C noMotibto TeopeMbl ((HopMyIibl) pa3iokKEeHUs WU C MTOMOIIBIO Ta0IHIl 00-
paTtHOorO mpeoOpazoBanus Jlarmuaca, meperTH OT OMEPATOPHBIX H300PAKEHUN K
(yHKUMAM MTHOBEHHBIM 3HaY€HUN UCKOMBIX BEJTUYUH.

[Ipumep paccMoTpeH B 3aaaue 2.3.

ﬂaﬂee npugedeﬂbz 361@61111/!, peWéHHble ONUCAHHBIMU 8bIULE MEMOOAMU pacuemada.

3AJIAUA 2.1
_—’—E »
i(t) R, Hano: E=100 B, Ri=10 Om, R,=40 O,
E R: R:=50 Om, C=10" .
Q — lu(t) Hatimu: i(t), u(t) x1accH4ecKUM METOI0OM
Rs pacuera.
] Pewenue:
1) LHens npu t<O
—— |
()R,
E R | i(0_)=E/(R;+R,*+R;)=100/(10+40+50)=1 [A];
(1 Ju(o-) u(0.)=(Ry*+Rs)%(0_)=(40+50)3=90 [B].
Ry 9
2) lens npm t=0,
i(0)R, ic(O: _
£ R, i(0:)=(E-Ec)/R:=(100-90)/10=1 [A];
( (0. Ec i"(0.)=Ec/R,=90/40=1,75 [A];
ic(0+)=i(0,)— (0,)=1-1,75=0,75 [A].
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3) Lenb npu t=¥

(M) Ry
E Re | i(L)=E/(Ry+Ry)=100/(10+40)=2 [A]:
¢ JU(H) U(l )=Rx(} )=402=80 [B].

o

4) CocTaBisieM U pelaeM XapaKTepUCTHYECKOE YpaBHEHHUE
| — o

R UCP) 2P+ 2 =g{p+125)p.
R> Cxp R+R,
2(p) [Mpupasuss z(p) k 0, OayIrMM KOPHHU
XapaKTePUCTHYCCKOTO YPaBHCHHUSI
T p=-125[1/c]

B nensix mepBoro mopsijaka BenuunHa t=1/|p| HOCUT Ha3BaHWE NOCMOSHHOU 8peMeHU

O CIIN.

5) 3anucbiBacM MTHOBEHHOE 3HAYCHHUE HAIMPSHKCHHUS EMKOCTHOT'O 3JIEMEHTa B 00IIEM

Brze Uc(t)=uc(H )+B¥"*=80+Bx ",
6) OmnpenenseM NOCTOSTHHYIO UHTETPHUPOBAHHS.

Hanpsoxenue Uc(t) B Mmoment kommytaruu (t=0,) Oynmet Uc(0.)=80+B wmu ¢ yderom

Uc(0,)=uc(0)=90 monyuaem 90=80+B. Torna B=10 u u(t)=80+10% ",

7) IonyyeHHoe B 1.6 COOTHOIIICHHE JaeT BO3MOXKHOCTD OTPECIIUTh OCTAIbHBIC TOKH

nu HaprDKeHI/I}I:
ic(1)=Couc/dt=10"%—1253 0% **)=—1,25% ** [A];
Ura(t)=Uc(t)=80+10%*[B];

i ro(t)=Uro(t)/Ro=(80+10% 2*)/40=2+0,25% ** [A];

()= c(t) +irp(t)= —1,25% 2*+2+0,25% 2* =21 ¥ [A];
Ur(t)=Re¥(t)=10%2—1% **)=20-10% **[B].

Omesem: i(t)=2=1%"2*[A]; u(t)=80+10% "**[B].

3AJIAUA 2.2
® R et Jano: E=200 B; Ri=R,=10° Owm;
R L=0,1 T'n; C=10"° ®.
A 2 C b
< E --l Haiimu: TOKM BO BCEX BETBSIX M HaIIPsI-
L l uL(t) Uc(t) ’KCHUS HA UHAYKTHBHOM U EM-
* i KOCTHOM 3JIEMEHTAX
>< . L( )
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Pewenue:

1) lHens npu t<O
iL(0)=0[A];
R 1c(0)=0 [B].
uc(0)

vy il(0) [

2) llens ant=O+ X X
R 1c(0.)
R Ec=uc(0.)  i¢(0,)=E/R;=200/10°=0,2 [A];
®E 109 ® 0L (0.)=0 [B].
JL:iL(O_)

3) Lenb npu t=¥ )

DE R R, i (1)=E/(Ry+Ry)=200/(10°+10%=0,1 [A]:

i(u) Yc(u )l? U (1 )=Ro%_ (11)=10°9,1=100 [B].

4) CocTaBisieM U peliaeM XapaKTepUCTHYECKOE YpaBHEHHUE

— ° 1 R (R, +L:
? Z(p)= + 1 ( 2 p) —
1 R Cxp R+Ry+Lxp
_ 1 10° (10° +0,1xp) _
Lp 10 %xp 103 +10%+01xp
1(Cop) _10°X(p® +11x0° +2x10")

” p><(p+2>104)

[Mpupasuss z(p) k O, mosyYyrnM KOPHH XapaKTEPUCTHUECKOTO YPaBHCHHS
p1= —2300 [1c], p,= —8700 [1/c].

5) 3aHI/ICBIBaeM MI'HOBCHHBLBIC 3HAQUCHUSA HaHpﬂ)KeHI/IH Ha éMKOCTHOM DJIEMCHTC U TOKA
4yepe3 UHIYKTUBHBIN JIEMEHT B O0IIIEM BUJIC
Uc(t)=uc(pt )+Bre”+Bye™* =100+B6e “*+Bye ™ [B];
iL (D)=L () AP AN =0,1+ApE P+ A P [ A].
6) OmnpenensieM MOCTOSTHHbIC HHTETPUPOBAHUSI.

Toxk i (t) B MomenT t=0, Oynet i (0+)=0,1+A;+A;, a ¢ yuerom i (0)=i (0.)=0,
nonyyaem Ag+A; =- 0,1

Hanpsoxerne Uy (H)=Loxli /dt=0,1%- 2300:A¢ 2P 87004 ™" B moment t=0,
oynmet UL(0.)=0,1%- 230054 - 8700%A;) uiu, ¢ yuetom U, (0,)=0, 2,3A;+8,7A,=0.
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Hanpsbxenne Uc(t) B moment t=0, Oymer Uc(0.)=100+B;+B, umu, ¢ yderom

Uc(0+):O, B:+B,=- 100 .

Tok  ic(t)=Coeuc/dt=10 °%- 2300:Be - 8700:B,¢ ") mma  t=0., 6ymer

ic(0,)=10 - 23008, - 8700:8,) wm, ¢ yuetom ic(0:)=0,2, 2,3, + 8,78, = - 200.

Pacnonaraem 1ByMsi CUCTEMaMH YPAaBHEHUU U X PELICHUSMU:

iA+A,=-01  ]A=-01359 |B,+B,=-100 1B, = - 1047

123xA +87xA, =0 { A, =-0,0359 {2,3xB,+8,78, =-200 B, =4,7
Torma i (t)=0,1- 0,1359% **+0,0359¢ "™ [A];
Uc(t)=100- 104,75 2P+4,7e % [B].

7) IMonmyueHHbIe B 1.6 COOTHOIIICHHUS 1al0OT BO3MOXXHOCTH OIPEICIUTh OCTAIbHBIC TO-

KW M HAIPSIKCHUA .

ic(t)=Cxluc/dt =10 °%104,7:2300% ***- 4,7:8700% *'*) =
=0,2406% “*** - 0,0406% ** [A];

UL (t)=L>sli /dit=0,1%0,1359:23005¢ ****- 0,0359:8700% °*) =
=31,26%¢ - 31,26 ** [B];

i(t)=iL(t)+ic(t)=0,1+0,10475 *°"- 0,00475¢ *** [A].

Omeem: i (t)=0,1- 0,1359% **'+0,0359¢ ¥ [A];
ic(t)=0,2406x% > - 0,0406% ™" [A];
i(1)=0,1+0,1047> - 0,0047% ¥ [A];
u (t)=31,26% 2 31,26 ¥ [B];
Uc(t)=100- 104, 75 2%+4,7e 5% [B].

3AZIAYA 2.3
R1 ||_(t)
R, [ano:. E=450 B; R;=400 Ow;
®E L R;=20 On; Re=50 Ow;

C=10" @: L=0,2 I'n.

=C Haiimu: i, (t) onepatopHbIM MeTO-
’j\;‘ JIOM pacuera.
<
Pewenue:
1) LHens npu t<O
Ry iL(0)
R i, (0.)=E/(R,+Rs)=450/(400+50)=1 [A];
ME uc(0.)=Ra%,(0)=504=50 [B].
l uc(0.)
-
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2) CocTaBiM OMEPATOPHYIO CXEMY 3aMEIICHUS
1 o >

E R IL(p) L)
2 P
E.(p)=L3(0)=0,2:1=0,2;
(DEp v(Cp) Ec(p)=uc(0.)/p=50/p.
EL(p) Q)
Ec(p)

3) Onpenenum | (p) MeTOIOM IKBUBAJICHTHBIX TPEOOPA30BAHHIA.
3amennM napamiensHoe coeaunenue (£, Ry)||(Ec, R:,1/Cp) Ha sxBHBanieHTHOE

— ]
R, I(p) Ly R (p) = RAR, +1/(Cp)] _ 400>(20+1/1o-44p) _
o R+R,+1/(Cp) 400+20+1/10*p
E.(p) EL(p) _ 400X p +500)
~ 21xp+500
£ (1) _ﬁ(p) E.(P) O R () =2 450 . 50/p 6 400x(p+500) _
ER>P R, +1(Cp)y £400xp  20+1/(10°p); 21xp+500
_ 5029 xp + 4500)
~ pX21xp+500)
CornacHo 3akoHy OMa n300pakeHne HCKOMOTO TOKa 6YIIGT ONPEAEIATHCA KaK
(D)= E,(p) +E, (p) _a50x29xp +4500) | +0,28 200X p +500) o,2p2:
R+Lxp & pX21xp+500) & 21xp+500 P

p°+369p+535740" _ F(p) _ p°+bp+h,

T pX(p? +119p+4,76240°)  pF,(p) pXpi+ap+a,)

4) OcymiecTBUM 00paTHOE Mpeobpazopanue Jlamiaca mo Gpopmyse pasioxeHus, IS
3TOTO ONpeesIUM KOPHHU ToJIMHOMa 3HaMeHatenst pF;(p) =O0:

P1=0; p23=—dtjw = - 59,54j210.
Torna F&p)=2p+a =2p+119; F(0)/F;(0)=b,/a, =5,357/4,762=1,125;

P - 5062 jo,578=H; |H[=0,58; j =arg(H)=-96,15°.

p,F(p,)
Otcrona

i (1) = % +2|H [ * cos(wt +] ) =1,125+1,162 % % >cos(210t - 96,15°) [A]
3

Omeem: i (t) =1,125+1,162 > ** xcos(210t - 96,15°) [A].
L
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3AJIAHUE 2.1

BbinosiHUTh aHaJIU3 NMEpPeXOoJHOro mpolecca B Lenu neporo nopsaka. CTpyk-
Typa 3JEKTPUUECKOM 1enu u3o0paxeHa Ha pucyHke 2.1 B 00001EHHOM BUJIE.

Puc. 2.1

Ilepen pacu€TomM HEOOXOIUMO COCTABUTH CXEMY II€TH, BOCIIOJIH30BABIIUCH WH-
dbopmarnmeit Tabmun 2.1.1%22.1.4. Kirou B 11ienu pacmoioKeH MOCIeI0BaTeIbHO WU
napasuieIbHO OJJHOMY U3 3JIEMEHTOB, U O KOMMYTAIIMK OH HaXOIUTCS 3aMKHYTOM (3)

win pa3oMkHyTOM (P) cocTosiHum.
PexoMeH10BaHHBIM TperoaBaTeieM METOJIOM TpeOyeTcs OMpeaeIuTh U IO-

cTpouTh B nHTepBasie Bpemenn 0% 4t [C] 3amannbie kpuBbie Iy(t), Un(t).
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Taoaunma 2.1.1

Bapu- OneMeHTsI HckoMmele Be- | Pacmoiosxe- Knrou
aHT E[B], RIOwm], L[T'H], C[®] JTIAHbL Hue Kmoya | npu t<0
E=270; Ri=R,=R;=200; IT
1 I_1 _022 7 L (), o (1 apaJIl;IeJH)HO 3
9—Y, 1
E=260; Ri=Rs=Ry=Rc=300;
5 1 LRS_O ; 10=300; i (1), Uo (1) HapangeJIbHo 3
4—Y,
E=250; Ri=Rs=R,,=400; I1
3 o L (), Us () apanseano 3
9— 1
E=240; R;=R3;=Rs=500; IT -
4 06 20 us) | T
4= TENBHO
E=230; R,=R,=R;=600; I1 -
5 Ll o ’ i (), Uy () OCHGH": p
-=0, TENBHO
E=220; Ri=Rs=Ry,=700; I1 -
6 1 10 Uy (1), Us 1) ocjeno0Ba =
L,=0,5 TenbHO Ry
E=210; Ri=R;=Ry=800; IT -
7 a0 i3 (), uy (1) OCHGH": P
= TENBHO
E=200; Ri=Rs=R,,=900; I1 -
8 g n@ s | TP
4= TCIIBbHO M10
E=190; Ri=R,=R;=Ry=1000; : I1
9 1 Llo:o,é ¢} |1 (t), ulo (t) apaH£7eJIBH0 P
E=180; Ri=R+=R;=Rs=1100; ) [Tocnenosa-
10 1 L920,77 Ug (t), i3(t) — P
E=170; Ri=Rs=Rg=Rc=1200;
1 o . 10 i (t), U (t) Hapw£leHbH0 3
=
E=160; Ri=R,=R;=Rs=1300; :
12 é 10246&(7)_ 6R8 Us (0), i3 (1) Hapanglenbﬂo 3
E=150; Ri=R;=Ro=Ryo= ; ,
13 'Ry ll_:?:oR% R10=1400; i (1), U (1) Hapanlggeano 3
E=140; Ri=R,=Rs=R/;= ; ,
14 1 LljioRS R;=1500; iy (1), s (1 Hapangseano p
E=130; Ri=Rs=Ry0=1600;
15 _;0 i (1), Us (1) [TapamiensHO 3
C,=840 Rio



IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение


E=120; Ri=R,=Rs=1700;

16 o0t 5 (D), s () HapanéISeJILHO
17 E=110; R1:I:|\’_4;S§-,ZOR7=R9=1800; Ugo (), iz (8) Hapanéeano
18 E=100; R1=RE::ng,=1R7=R8=l9OO; i (1), i1 (1) Hapanésenmo
19 E=105; Rlzzjff(:)_%:Rg:ZOOO; Ugo (1), i1 (1) Hapanéleano
20 E=115; R]_:iz;::?{;02_5R7:R8:2100; i (1), Us (1) Hapangseano
21 E=125; R1:Li4::]|?;:R7:2200; i (1), Ua (1) Hapanéeano
2 | SRR g |
n | ST |
o4 E=155; %jffZZSS-I?lO:ZSOo; i (1), Uso (1) Hapanlgsenmo
25 5:165;025125:1:6:2600; Uy (1), Us (1) HHR
26 E=175; RE;F\’;;Rg:27OO; (0, Us () 1122120:‘1_
o7 E=185; 211232?15857:2800; L (1), Uso (1) Hapanéenmo
s E=195: R;= Ri:R5:R7:29OO; 0, (| P
Lo=1,5 Rs
o E=205; R;= E:EZ:RN:S,OOO; (0, WO HapanggeJIBHO
20 E=215; 23225;?0:3100; 5 (0, s O HapaJII;ISeJILHO
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Taoauna 2.1.2

Bapu- DeMeHTbI Hckomele Be- | Pacrnonoxe- Kirou
aHT E[B], R[OM], L[I'x], C[®D] JTHYHHEL Hue Kioda | 1pu t<0
E=50; R,=Rs=Ry=100; _ I1
1 Ll |(:\;501 9 L (), U () apan:eano 3
7=V, 9
E=55; R,=Rs=R;=Ry=1000; _
5 1 . 1(;_6 9 i (t), U (t) HapaJIéI:)JIBHO 3
6:
E=60; R,=R;=R4;=Ry=R;0=105; _ I1
3 1 L3_§401 f 10 13 (1), Us (1 apan;eano p
6—VY,
4 E=65; R,=R,=Rs=Ry=R;;=2000: L (), U () HapaﬂéIeJIbHo p
C=1,120"° ’ 5
. E=70; R;=R;=Rs=Ry=R;;=110; i (1), Uso (1) HapaJéJIeJIbHo 3
L,=0,012 ’ 10
B E=75; Ri=R:=R,=R;,=3000; i (1), Uy (0 HapaJ;neJIbHo P
Cs=1,240"° ’ 10
E=80; Ri=Rs=Ry=115; _ I1
- I_1 (Ij;lsg 5 (0, Ua (1) apan:eano 3
4=V, 1
E=85; R,=R;=Rs=R;=Ry=4000; _ I1
3 1C 3 ) 3)1(;_6 9 (), Ua () apan:seano 3
10—,
E=90; Rs=R;=R;=120; . I1 -
9 s=R4=Ry L (0, U () oCJIeIoBa 5
L10,=0,014 TenbHO Ry
E=95; R,=Rs=R;=Ry=5000; _ I1
10 é X 4)47_0_ 69 (1), Us () apan:eano 3
6: ’ 1
E=100; Ri=R;=Rs=R;=125; _
11 li ' 03 O?; 7 iz (1), ur () HapaJIéIseJIBHO 3
5—Y,
E=105; Ri=Rs=R;=Ry=6000; . [Tocnenosa-
12 Ce=1,520"° O U6® | o R, F
E=110; Rs=Rs=Rs=R;=R;,=130; : [MapasnnensHo
13 L9:0,016 I (t)1 Uio (t) Rs P
E=115; Ri=Rs=Rs=R;,=7000; - [Tocnenosa-
14 C=1,640° 20 6O | or | T
E=120; Ri=Rs=Rs=Ry(x=135; _ I1 -
15 1=Rs=Rs=Ryo 5 (0, U () ocreoBa >
L,=0,017 TenpHO Rig
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IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение


E=125; Ry=
 R=Re=Re=R=R=140,

16
L10=0,018 i
, i
17 E:130, Rl: Re_ 1 (t)1 UQ (t) Hapa‘HHeJII)HO
] —R9: _‘]_45; Re
4=0,019 i
18 E:135 . ) (t), Uy (t) Hapa‘HHeJII)HO
, I3— R7:R :R _ R
Cs=1 7)5-30_ 610_8000; '
19 E=140; Ry=R=R= (0, Ua(t) |
] 7=150; TenbpHo Ry
6=0,02 '
20 E=145; Ri=R:=Rs=Rs= . (t), Ua (t) HapannensHo
c Rs=Ry=9000; Ra
-=1,840° -
o1 | E=150; Ri= iy (1), up (t) | 1epAenERO
} Ri=Re=Re=Ry= Rs
Py
. : i I
L, | EF155R=ReR=Re=10' 2O o) |
c 7—Ro=10", TenbHO Rg
,=1,940° :
oy | E=160; Ri=Re=Rs= (), us(t) | PR
o ”
4=0, , ,
24 E:165; R3: R5:R6:R _ & (t)’ Us (t) HapaﬂéIeHBHo
Co=240 610—1, 140* | 9
_ i2(t), u Ila
25 E=170: Ri=Re= , Uz (1) pasienbH
; Ri=Re=R7=165, Re °
Ls=0,02 i
sg | E7175 ReRe ° 13 (1), us (1 Hocrenosa-
C =Ri=Rip=1,240", Ten:Ho Ry
4=2,140 6 i
27 E=180; Ry=Re=R,= 1 (t), U1o (t) [TapannensHO
3 =R.=R.= . Rio
Ll :O O U 9 170,
E=1 =002 i2(t), u Ma
28 - 85, Rl:R4:R5— » Y10 (t) pa‘HHeHLHO
c _R9:113>§-O4' R;
1=2,240°° Lol I
29 E=190; Ri=Re=R= (), U () |
. =R;=Ry=180; R
6=0,025 -
30 E=195; Ri=R;=R=Ry= 13 (1), Us (1) [TapannensHo
C 9_R10:14OOO R?
£=2,340° T
Rio
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Taoauna 2.1.3

Bapu- DeMeHTbI Hckomele Be- | Pacrnonoxe- Kirou
aHT E[B], R[xkOwm], L[MI'H], C[Mk®D] JIMYUHEI HHE KJII0Ya npu t<0
E=100; R.=Rs=R;=R,=0,1; _ I1
1 >=Rs=R/=Ry 3 (t), Ui (t) apaJienbHo 3
Ll():lo Ry
E=105; R,=Rs=R;=Rs=0,11, . IMocnenoBa-
E=110; R.=Rs=Rs=R0=2,3; _ I1
3 >=R4=Rs=Ryg ! (t), o (t) apajuiesIbHO 3
C9:1 R>
E=115; R=Rs=R;=Rs=2,2; _ I1
4 SRR 2@, us ) |3
C10:2 Ro
E=120; R:=Ri=Ry=Ryx=0,12; _ I
5 Sk 50 us®) |
5= 10
E=125; R=R=Rs=R,=0,13; _ I
6 — L@ u® | e 3
Lo=25 R4
E=130; R.=Rs=R0=2,1; _ I1
. é RZ 10 ] (t), s (t) apaJ;JICJIBHO p
5= 10
E=135; R.=R,=Rs=2; _ I1
o 5 Rs s (t), U (t) apajuiesIbHO 3
Co=4 R4
E=140; R.=R,=Rs=R;=Ry,=0,14; _ I1
5 L=R=Rs=R;=Ry I2(t), T (t) apajeabHo p
L10:30 Ry
E=145; R.=R,=Rs=R;=Rs=0,15; _ _ I1
10 FRERRER L@ 1) | T g
Le=35 R4
E=150; R=R;=Rs=R=Ry=1,9; | 1
1 L=R=Rs=R;=Ry 3 (t), Ui (t) apaJienabHo p
C10=5 Rs
E=155; R.=R,=Rs=R;=Rs=1,8; _ I1
12 FRERERER 2@ w3
Cy=6 Ra
E=160; R,.=R,=Rs=R;=0,16; . I
13 >=R=Rs=R; ] (t), s (t) apaJienabHo p
L10:4O Ry
E=165; R,=R;=Rs=Rc=0,17; : IMocnenoBa-
14 L=45 i2(t), U2 (t) TenbHO Ry 3
E=170; R.=Rs=Rs=R;=1,7, ) IMocnenoa-
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IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение


E=175; R=R;=Rs=R;p=1,6; _ I1
16 ’ 54_:8 10 i2(t), Ui (1) apansseano
=
E=180; R,=Rs=R;=1,5; IMocnemnoBa-
17 L =47 Uz (t), Ug (f) TenbHO Ry
E=185; R,=Rs=Rs=0,18; ) IMocnenoBa-
18 Ls=50 i2(t), U (1) TenpHO Rs
E=190; R.=Rs=Rs=R,=1,4; _ I1
19 >=R=Rs=R; |1(t), Ui (t) apajjenbHo
C10=10 Rs
E=195; R.=Rs=R;=0,19; _ I1
20 e OO |
o=
E=200; Ri=R:=Rs=Ry=0,2; _ I1
21 SRRy ), o)) |
L,=60 Ro
E=205; R.=Rs=R,=1,3; _ I1
- >=Rs=Ryg 3 (t), Us (t) apajjenbHo
Co=11 R>
E=210; R=Rs=R;=Rs=1,2; _ I1
2 2CRf127 e 2O.w® |
=
E=215; R.=Rs=R;=0,21; _ I1 .
2 SRRy o ) |
L10=65 TensHO Rs
E=220; R,=R4;=R10=0,22; ITocnenoBa-
25 . Us (D), L () | ernmo Ry
E=225; R=R=Ry=1,1; _ I1
- >=Rs=Ry ] (t), U (t) apaJienabHo
C=13 Rs
E=230; R.=R,=Ry,=1,0; _ _ .
57 »=R4=Rio Il(t), I3(t) ITocnenona
Ce=14 TenbHO Ryg
E=235; R.=Rs=R;=Ry=0,23; _ I1
28 A HONTICN
4= 9
E=240; R.=R,=Rs=R;=0,24; _ I1
29 ’ LRfSEE 7 2O we® |
g=
E=245; R.=R,=Ry=R;p=1,2; _ I1
20 RERRuo S0, Us() |
Cs=15 Ro
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Taoauna 2.1.4

Bapu- OneMeHTsI HckoMmele Be- | Pacmooxe- Knrou
aHT E[B], RlOwm], L[TH], C[®] JTIAHbL Hue Kmoya | npu t<0
E=270; Ri=R,=R;=100; _ [MapasnnensHo
1 =01 i1 (t), Ug (t) R 3
9—Y, 1
E=260; Ri=Rs=Rg=Rc=150; _
5 1LR_50 195 10 i (), Us (1) HapangeJIbHo 3
4—Y,
E=250; Ri=R4=R1,=800; _ I
3 . 1 o 510 11 (), Us (1 apan:eJH)Ho 3
9= 1
E=240; R;=R;=Rs=1000; _ I -
4 Cotar® 20, | oo
4= TEJBHO
E=230; Ri=R,=R;=300; _ I -
5 I_1 2’42 7 12 (0, Uy (0 ocnez[o: p
=0, TEJBHO
E=220; Ri=Rs=R1,=350; I -
6 1=Rs=Ryo 0y (0), s (0 0CJIe/I0Ba =
L,=0,25 TenbHO Ry
E=210; Ri=R;=Ry=1600; _ I -
7 Cl 2>§Lo-59 i3 (1), s (t) OCHGH": P
= TEJBHO
E=200; Ri=Rs=Ry,=1800; _ _ I -
3 Cl o ;0 L (@), i(0) ocnezlolza p
4= TCIIBbHO M10
o | ERORARASD | | B
— - - - —_ ju * H =
10 E=180; RlL Ii% 557 Rg=550; U (1), s (0 OCJIC[[O: b
9=V, TEJBHO
E=170; Ri=Rs=Rs=R;c=600; _
11 é ot . 10 i (t), U (t) Hapw£leHbH0 3
9:
12 E=160; %;3;270:_5826500; U (1), is (1) Hapw£leHbHo 3
13 E=150; R1:E4:OR§:R10:1400; i (1), U (1) Hapanlggeano 3
14 E=140; R1|_258:4R55:R7:750; iy (1), Us (1) Hapangseano p
E=130; Ri=Rs=R;0=800; :
15 1 '1;0 i (1), Us () HapaJéJIeJILHO 3
C4,=1640 10
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IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение


E=120; Rj=R,=Rs=850;

10 Ce=1640'° B w () | TR
=
E=110; Ri=R+=Rs=R;=Ry=3200; .
17 1 by 7—Mg Uz (t), i, (t) Hapanéenbﬂo
E=100; R,=R;=Rs=R;=R3=3800; , ,
18 1 P =Rg i (1), i1 (0 Hapanlgseano
E=105; Ri=R4+=Rs=R;=Ry=1000; .
19 1 Clo:z)io_g 9 Uso (1), iz (£) HapaJIéIfJIBHO
E=115; Ri=R+=Rs=R;=Rs=1050; .
20 1 (24:;510_ 57 Rs is (t), Us (t) Hapangsenbﬂo
E=125; Ri=R=Rs=R;= ; .
21 1|_i4:OR(55 R;=1100; i (1), U (1) Hapanéeano
E=135: R :R5:R8:R =1150: ) ITocnenosa-
22 y N\ 10 ’ i (1). u
L,=0,65 2(0), L (1) TenbHO Rg
E=145; R1:R4:R5:R7:1200' . ITocnenosa-
23 i ’ i1 (t), u
Co=2,440 6 1(0), Lo (1) TenbHO Ry
E=155; Ri=Rs=Rs=R;0=1250; .
24 64525 4'2\;-80_ 510 i (1), Uso (0) Hapanlgsenbﬂo
E=165; Ri=Rs=R;=1300; I1 -
o5 i g 0y (1), Us (1) ocJeIoBa
Cg=2,640 TenbHO Rs
E=175; Ri=R4=Rs=1350; IT -
%6 1 L (1), Uo (1 ocJeIoBa
Lo=0,7 TenbpHO Ry
E=185; Ri=R+=Rs=R;=1400; .
27 Cllofél 6'150_ 57 i2 (1), o (0) Hapanélenbﬂo
E=195; Ri=R+=Rs=R;=1450;
o8 1LF\:40|:55 ,=1450; (0, Uo (8 Hapan:eano
9—Y, 5
E=205; Ri=Rs=Ry=R0= ;
29 1 :_?5_098 10=1500; is (t), Us (t) HapangeJIbHo
4—Y,
E=215; Ri=R4=Rs=R;0=1550; IT
30 _610 i (D), uy (1) apaJuIeIbHO
Co=0,740 Rs
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3AJIAHUE 2.2

BbInosiHUTh aHaJIM3 MEPEXOJHOro IMpoliiecca B Lenu Broporo nopsaka. CTpyk-
TYPBbI JIEKTPUUYECKUX LeNel N300pakeHbl Ha pUCYHKE 2.2 B 00001EHHOM BHUJIE.

I® E()

Cxema 1 Cxema 2
Puc. 2.2

Ilepen pacu€ToM HEOOXOIUMO COCTABUTH CXEMY II€TH, BOCIIOJIH30BABIIUCH WH-
dbopmarnueit Tabmun 2.2.1%22.2.4. Kiirou B 11enu pacnoioKeH MOCIeI0BaTeIbHO WU
napayieIbHO OJJHOMY M3 JIEMEHTOB, M 0 KOMMYTAIIMA OH HaXOAUTCS 3aMKHYTOM (3)
win pa3oMkHyToM (P) cocTosiHum.

PekoMeH10BaHHBIM TPENoJaBaTeIeM METOJIOM TpeOyeTcsl ONpeAeNuTb U Mo-
CTpouTh 3amanHbie KpuBbIe Iy(t), Uy(t). IHTepBan BpeMeHH, B mpejaeiiax KOTOPOTo
HY>KHO BBITIOJIHUThH MOCTPOCHUE KPUBBIX, HYKHO BBIOpaTh TakKUM 0Opa3oM, 4TOOBI
OTKJIOHCHUE TOKA U HAMPSKEHUS! OT YCTAHOBUBILIETOCS HE MpeBbiiaio 2%.
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Taoauma 2.2.1

Bapu- | . Dnements J[A], E[B], Uckomble | Pacnonoxe- | Kimou
aHT R[OM], L[MFH], C[Mch] BEJIMYUHEBI Hue kmova | npu t<0
1 1 J=3; Ri=R,=R;=50; I (1), TapaniensHo b
Le=20; C,=2 uc(t) R,
5 5 E=90; R=45; Rs=15; R=30; | ic(), | Tapamrensto 5
L,=25; C5=2,5 u (t) Rs
2 . J=9; Ri=Rs=R;=100; iL(t), | Mapamnensuo 5
L,=30; Cs=3 Urs(t) Rs
A . E=84; R=Rs=50; Rs=300; iL(t), | Mapamnensuo >
L,=35; C5=3,5 uc(t) Rs
. 1 J=12,6; Ri=220; Rs=20; ic(t), | Mapamensno p
R;=200; L5=40; C,=4 Urs(t) Re
6 5 E=143; Ri=10; R,=15; ira(t), | Tapamrensro B
Rs=250; L,=50; Cs=5 u.(t) R,
- 1 J=15; Ri=R,=15; Rs=20; ir2(t), | Mapamwrensho 3
R,=100; Ls=50; C;=5,5 uc(t) Rs
8 5 E=150; R;=100; R=15; ira(t), | Tapanrensro p
Rs=35; L4=45; Cs=4,5 u (t) R,
g 1 | 76 Ri=R=Rs=50; R=100; ic(t), | Mapamrensro .
Ls=40; Ce=4,5 Urs(t) R
10 5 E=210; R,=60; Rs=45; uc(t), Tocnenona- b
Ls=60; C5=3,5 uR5(t) TenbHO Rs 1 Lg
1|1 J=3,5; Ri=50; R,=25; Rs=65; | ira(t), Mocrenoa- >
L,=65; Cs=7 u (t) TenbHO R 1 L7
P E=145; Ri=70; Rs=75; Urs(t), | Tocnenosa- >
L,=60; Cs=5 uc(t) TenbHo Ce
P J=4; Ri=R,=40; Rs=80; ire(t), Mocrenoa- >
L1=75; Cs=8 uc(t) TemBHO Ry
| a E=75; R,=60; Rs=90; iL(t), TMocrenoa- >
L,=85; C;=6 Urs(t) TenbHO Rs
5 | 1 J=1,4; Ri=50; Rs=60; R;=90; | iry(t), | TMapamnensuo 5
Ls=120; Cs=10 u (t) Rs



IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение

IIIIIGOOOOOR
Выделение


16 J=6; Ri=Rs=100; Rs=400; ic(t), | Mapamrensho
L,=20; Cs=2 Urs(t) Rs
17 E=70; R=250; Rs=100; irs(t), | Mapamrensro
Re=150; L,=25; C,=2,5 uc(t) Rs
18 J=6; Ri=30; Re=R/=15; ic(t), | Mapamrensho
Ls=35; C,=3,5 u (1) R,
19 E=130; R,;=100; Rs=70; iL(t), | Mapamrensro
Re=30; L,=40; C,=4 Urs(t) Rs
20 J=5; Ri=Rs=40; R,=20; iL(t), | Hapamnensho
L,=30; Cs=3 uc(t) R7
o1 E=150; R;=R,=100; R,=400; Ir2(1), TapaniensHo
Ls=50; Cs=5 uc(t) R
9 J=12; R;=15; R,=R;=10; iL(t), | Mapamensro
R:=35; Ls=45; C¢=4,5 Ura(t) R;
o3 E=126; R=200; R,=100; iL(t), | Mapamwrensro
R:=400; Ls=60; C¢=5,5 uc(t) R;
o4 J=5,6; R;=R,=100; R;=150; ira(t), | Mapamensro
R,=450; Ls=65; C;=6 u (t) R.
- E=74; R,=70; Rs=300; Ic(t), Iocnenosa-
Ls=50; C4,=7 u (t) TenbHO Re 1 Ls
26 J=3; R;=100; R;=150; ire(t), Tocnenosa-
R,=350; L¢=80; C,=7,5 uc(t) | TemsHo RyuLe
- E=144; R,=120; R,=600; ic(t), Tocnenosa-
L;=85; Cs=9 u (t) TenbHO Cs
- J=4,5; Ri=100; R=50; ira(1), Mocrenosa-
Rs=350; L,=160; C,=12 uL(t) Tenbio Ry
’ E=53; R,=400; Rs=130; ira(t), Tocnenosa-
L,=100; C,=14 uc(t) Tenbio Ry
20 J=4,2; Ri=R,=60; R4=300; Ira(t), TMapaniensHo
Ls=140; C;=16 uc(t) R




Taoauna 2.2.2

Bapu- | . Dnements J[A], E[B], Uckomble | Pacnonoxe- | Kimou
aHT R[OM], L[MFH], C[MKqD] BEIIMIHUHBI Hue kmova | npu t<0
1 1 J=1,5; Ri=R,=R;=50; I (1), TapaniensHo b
Le=20; C,=2 uc(t) R,
E=45; R,=45; Rs=15; Rs=30; Ic(t), TNapaniensHo
2 2 L,=25; C3=2,5 u (t) Rs 3
3 1 J=45; Ri=Rs=R;=100; I (1), TapaniensHo 3
L,=30; Cs=3 Urs(t) Re
4 5 E=42; R.=Rs=50; Rs=300; I (1), TapaniensHo b
L,=35; C3=3,5 uc(t) Rs
5 1 J=6,3; R;=220; Rs=20; ic(t), | Mapamrensro b
R;=200; L5=40; C,=4 Urs(t) Re
6 5 E=71,5; Ri=10; R=15; ira(t), | Tapamnensro B
Rs=250; L4=50; Cs=5 u (t) R
- 1 J=7,5; Ri=R=15; Rs=20; Iwe(l), | Mapamensro |
R,=100; Ls=50; C+=5,5 uc(t) Rs
8 5 E=75; R;=100; R,=15; ira(t), | Tapanrensro p
Rs=35; L4=45; Cs=4,5 u (t) R,
g 1 | 73 Ri=R=Rs=50; R=100; ic(t), | Mapamnemsio =
Ls=40; Cs=4,5 Urs(t) R,
10 5 E=105; R;=60; Rs=45; uc(t), ITocrenoBa- b
Ls=60; C3=3,5 Urs(t) | TempHO RemLe
1|1 J=1,75; R;=50; Ry=25; Rell), | Mocnenona- |
Re=65; L;,=65; Cs=7 u. () tenpHo Rs 11 Ly
12 5 E=72,5;, Ri=70; Rs=75; Ura(t), Hocnenosa- p
L,=60; Cs=5 uc(t) TenbHo Co
13 1 J=2; Ri=R,=40; Rs=80; irs(t), Tocrnenosa- b
L1=75; Cs=8 uc(t) TemBHO Ry
14 4 E=36,5; R=60; Rs=90; iL(t), TocreoBa- .
L,=85; C;=6 Urs(t) TenbHO Rs
15 1 J=0,7; Ry=50; Rs=60; R4=90; ire(t), | Hapamrenpro 3
Ls=120; Cs=10 u (t) Rs
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16 J=3; Ri=R:=100; Rs=400; ic(t), | Mapamnenso
L,=20; Cs=2 Urs(t) Rs
17 E=35; R=250; Rs=100; irs(t), | HMapamwrensho
Rs=150; L,=25; C,=2,5 uc(t) R
18 J=3; Ri=30; Re=R/=15; ic(t), | Mapamnenso
L5=35; C,=3,5 u(t) R,
19 E=65; R;=100; Rs=70; iL(t), | Mapamrensro
Rs=30; L,=40; C,=4 Urs(t) Rs
20 J=2,5; Ri=Rs=40; R;=20; I (1), TMapaniensHo
L,=30; Cs=3 uc(t) Ry
o1 E=75; Ri=R,=100; R,=400; Ir2(1), TapaniensHo
Ls=50; Cs=5 uc(t) R
9 J=6; R;=15; R,=R;=10; iL(t), | Mapamensro
R:=35; Ls=45; Cc=4,5 Urs(t) R,
23 E=63; R,=200; R,=100; iL(t), | Mapamwrensro
R,=400; Ls=60; C¢=5,5 uc(t) R,
o4 J=2,8; Ri=R,=100; Rs=150; ira(t), | Mapamrensho
R,=450; Ls=65; C;=6 u (t) R
- E=37; Ri=70; Rs=300; Ic(t), TMocnenopa-
Ls=50; C4,=7 u (t) TenbHO Re 1 Ls
- J=1,5; R;=100; Rs=150; irr(t), Tocrenona-
R,=350; Lg=80; C,=7,5 Uc(t) | TemHoRruLg
- E=72; R,=120; R;=600; ic(t), Tocnenosa-
L;=85; Cs=9 u (t) TenbHO Cs
- J=2,25; R;=100; Ry=50; ira(1), Mocrenosa-
R¢=350; L;=160; C,=12 uL(t) TeneHo Ry
’ E=26,5; R=400; Rs=130; ira(t), Tocnenosa-
L,=100; C,=14 uc(t) TeneHO Rs
20 J=2,1; Ri=R,=60; R4=300; Ira(t), TMapaniensHo
Ls=140; C,=16 uc(t) R
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Taoauna 2.2.3

Bapu- | . Dnements J[A], E[B], Uckomble | Pacnonoxe- | Kimou
aHT R[OM], L[MFH], C[Mch] BEJIMYUHEBI Hue kmova | npu t<0
1 1 J=3; Ri=R,=R;=25; I (1), TapaniensHo b
Le=10; C,=1 uc(t) R,
5 5 E=90; R=45; Rs=15; R=30; | ic(), | Tapamrensuo 5
L;=50; C5=5 u (t) Rs
3 1 J=9; Ri=Rs=R;=50; I (1), TapaniensHo 3
L,=15; Cs=1,5 Urs(t) R
4 5 E=84; R,=Rs=50; Rs=150; I (1), TapaniensHo b
L,=35; C5=3,5 uc(t) Rs
. 1 J=12,6; R;=110; Re=10; o), | Mapannemsiio |
R;=100; L5=20; C,=2 Urs(t) Re
6 5 E=143; R;=20; R,=30; ira(t), | Tapamrensro B
Rs=500; L,=100; Cs=10 u.(t) R,
- 1 J=15; Ri=R,=30; Rs=40; ir2(t), | Mapawrensho 3
R,;=200; Ls=100; C;=11 uc(t) Rs
8 5 E=150; R;=200; R,=30; ira(t), | Tapanrensro p
Rs=70; L4=90; Cs=9 u (t) R
g 1 | 376 Ri=R;=Rs=100; R,=200; ic(t), | Mapamnemsio =
Ls=80; Cs=9 Urs(t) R
0 | 5 E=210; R;=120; Rs=90; uc(t), Mocrenoa- >
Ls=120; C5=7 Urs(t) | TempHO RemLe
TR J=3,5; R;=100; R,=50; ir2(t), | Tocrenosa- b
Rs=130; L,=130; Cs=14 u(t) | remuoRsuLy
P E=145; R=140; Rs=150; Urs(t), | Tocnenosa- >
L4=1200; C¢=10 uc(t) tenbro Ce
P J=4; Ri=R,=80; Rs=160; irs(t), Mocrenoa- >
L,=150; Cs=16 uc(t) TenbHO Ry
| a E=75; R,=120; Rs=180; iL(t), TMocreoa- b
L,=170; Cs=12 Urs(t) Tensio Ry
5 | 1 J=1,4; R;=100; Rs=1200; iR, | Mapamrensio |
R,=180; Ls=240; Cs=20 u () Rs
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16 J=6; Ri=Rs=200; Rs=800; ic(t), | Mapamemsno
L,=40; Cs=4 Urs(t) Rs
17 E=70; R;=500; Rs=200; irs(t), | HMapamwrensho
Rs=300; L,=50; C,=5 uc(t) Rs
18 J=6; Ri=60; Rs=R;=30; ic(t), | Mapamemsno
Ls=70; C,=7 u (t) R,
19 E=130; R;=200; Rs=140; iL(t), | Mapamwrensro
Rs=60; L,=80; C4=8 Urs(t) Rs
20 J=5; Ri=Rs=80; R;=40; iL(t), | Mapamrensuo
L,=60; Cs=6 uc(t) R7
- E=150; Ri=R,=200; R;=800; | iro(t), | Iapamnensho
Ls=100; Cs=10 uc(t) Ro
9 J=12; R;=30; R,=R;=20; iL(t), | Mapamensro
R,=70; Ls=90; Cs=9 Urs(t) R
o3 E=126; R=400; R,=200; iL(t), | Mapamwrensro
R,=800; Ls=1200; C¢=11 uc(t) R,
o4 J=5,6; Ri=R,=200; Rs=300; ira(t), | Mapamrensho
R,=900; Ls=130; C;=3 u (t) R.
- E=74; Ri=140; Rs=600; ic(t), Tocrenosa-
Ls=100; C,=14 u (t) | TemsnoReulLs
26 J=3; Ri=200; Rs=300; irr(t), Tocrenosa-
R,;=700; L¢=160; C,=15 Uc(t) | TemeHo RymLg
- E=144; R,=240; R,=1200; ic(t), Tocreosa-
L5=170; Cs=18 u (t) TensHo Cs
- J=4,5; Ri=200; R,=100; ira(1), Mocrenosa-
Rs=700; L;=3200; C,=24 u.(t) Tensno Ry
’ E=53; R,;=800; Rs=260; ira(t), Tocrenoa-
L,=200; C,=28 uc(t) TenbHO R
20 J=4,2: Ri=R,=120; R,=600; Ira(t), TapaniensHo
Ls=280; C;=32 uc(t) Ro
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Taoauna 2.2.4

Bapu- | . Dnements J[A], E[B], Uckomble | Pacnonoxe- | Kimou
aHT xema R[OM], L[MFH], C[MKqD] BEIIMIHUHBI Hue kmova | npu t<0
1 1 J=1,5;: Ri=R,=R;=100; I (1), TapaniensHo p
Le=40; C4=4 Uc(t) R:
5 5 E=45; R,=90; Rs=30; Rs=60; ic(t), [MapasniensHo 3
L,=50; Cs=5 UL(t) Rs
3 1 J=45; Ri=Rs=R;=200; I (1), TapaniensHo 3
L,=60; Cs=6 URe(t) Re
4 5 E=42; R,=Rs=100; Rs=600; I (1), TapaniensHo p
L,=70; Cs=7 Uc(t) Rs
. 1 J=6,3; R;=440; Rs=40; ic(t), TapaniensHo b
R;=400; L3=80; C4=8 Urs(t) Rs
5 5 E=71,5; R;=20: R,=30; Ira(t), TNapaniensHo 5
Rs=500; L4,=100; Cs=10 u(t) R,
. 1 J=7,5; R=R,=30; R;=40; Ir2(1), TapaniensHo 3
R4=200; Ls=100; C;=11 uc(t) Rs
5 5 E=75; R;=200; R,=30: Ira(1), TapaniensHo b
Rs=70; L4=90; Cs=9 u (t) R
g n J=3; Ri=R,=R;=100; R,=200; ic(t), TapaniensHo .
Ls=80; Cs=9 Ur3(t) R>
10 5 E=105; Ri=120; Rs=90; uc(t), [MocnenoBa- p
Le=120; Cs=7 UR5(t) TenbHO Rs 11 Lg
1 1 J=1,75; R;=100; R,=50; ira(t), Tocnenopa- b
Re=130; L;,=130; Cs=14 uL(t) TenbHO Rs 1 L7
12 5 E=72,5; Ri=140; R;=150; Urs(t), [Mocnenosa- p
L,=120; Cs=10 uc(t) tenbHO Cg
13 1 J=2; Ri=R,=80; Rs=160; Irs(t), ITocnenosa- p
L,=150; Cs=16 uc(t) TenbHO Ry
14 4 E=36,5; R,=120; R5:180; iL(t), ITocnenoBa- P
L,=170; C3:]_2 UR5(t) TeIbHO Rs
15 1 J=0,7; R;=100; R3:120, iRl(t), [TapannensHo 3
R4=180; Ls=240; Cc=20 u (t) Rs
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16 J=3; Ri=Rs=200; Rs=800; ic(t), | Mapamnenso
L,=40; Cs=4 Urs(t) Rs
17 E=35; R,=500; Rs=200; irs(t), | Mapannensro
Rs=300; L,=50; C,=5 uc(t) R
18 J=3; Ri=60; Rs=R;=30; ic(t), | Mapamnenso
Ls=70; C,=7 u(t) R,
19 E=65; R,;=200; Rs=140; iL(t), | Mapamwrensro
Rs=60; L,=80; C4=8 Ure(t) Rs
20 J=2,5; Ri=Rs=80; R;=40; iL(t), | TMapamrensho
L,=60; Cs=6 uc(t) Ry
o1 E=75; Ri=R,=200; R,=800; Ir2(1), TapaniensHo
L5=100; Cs=10 uc(t) R
2 J=6; R;=30; R,=R;=20; iL(t), | Mapamensro
R,=70; Ls=90; C¢=9 Urs(t) R.
23 E=63; R,;=400; R,=200; iL(t), | Mapamwrensro
R,=800; Ls=120; Cs=11 uc(t) R,
o4 J=2,8; Ri=R,=200; Rs=300; ira(t), | Mapamrensho
R,=900; Ls=130; C,=12 uL(t) R,
- E=37; Ri=140; Rs=600; Ic(t), Tocnenona-
Ls=100; C4=14 u (t) | remHoReuLs
26 J=1,5; R;=200; Rs=300; irr(t), Tocrenosa-
R,=700; Le=160; C,=15 Ug(t) | Temsno RyuLg
- E=72; R,=240; R;=1200; ic(t), Tocnenosa-
Ls=170; Cs=18 u (t) TensHo Cs
- J=2,25; R;=200; R,=100; ira(1), Mocrenosa-
Rs=700; L;=320; C,=24 uL(t) TeneHo Ry
’ E=26,5; Ri=200; Rs=260; ira(t), Tocrenona-
L,=200; C,=28 uc(t) TenbHO R
20 J=2,1; Ri=R,=120; R,=600; Ira(t), TapaniensHo
Ls=280; C;=32 uc(t) Ro
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3. Pacuer ay1ekTpryeckux neneii 01Ho¢a3Horo CHHyCOUJaJIbHOI0 TOKA
Memoouueckue pexkomeHoayuu no 8bINOJHEHUI 3A0AHUS

1. Mznoeennoe 3nauenue eejluvdunbl, CtuCOI/loaJleO M3MeH}110u(eﬁC}l C me-
UCHUEM 6peEMEHU

a(t) = A,sin(ot +v,),
rne Am - MakCHMaJbHOE 3HA4YeHUE Wi amiuutyaa; (Wi+yg) - dasa (haszossiii

yron); Y 5 - HavanbHas (aza (HauanbHbIN (Da30BbIA yrom); W -  yrjioBas 4acToTa

[pan/c].
IMepuon T [c] , yrnosas yacrora W u yacrora f [['1] cBsI3aHBI COOTHOMIEHUEM
o=2p f _2p ; :1.
T T

[To mpuBeIEeHHOMY YpaBHEHUIO MOKHO IMOCTPOUTh CHUHYCOUAY M COOTBETCT-
BYIOIIYIO BEKTOPHYIO AUarpaMmy, KOTOpas MOJYy4aeTcs C YYE€TOM TOro, 4TO MIHO-
BEHHBIE 3HAUYEHUS @ — 3TO MPOEKIHS BPAIIAIOUIETOCA BEKTOpa Ay HA OCh MHUMBIX

YHUCEII.
:, Y w
[, . i e e e e i o i -.‘:'. é.‘?l
/ An/ ]
/ il ) ,-'!,,.,:41n[1|{f)
[ o ¥
‘- b 1
Y =0 £t
« Ay cos(yi )
»
AHaNUTUYECKH 3TOT BPALIAIOIIMICSI BEKTOP 3alIUCHIBAETCA KaK
: ot
Ammutyna Oneparop noBopoTa Omnepatop BpalieHus ¢
HA yTONY 4 YIJIOBOM 4aCTOTOM W

O603HauUM Amejy“ =A,,,rae A, - KOMIUIEKCHOE aMIUTUTYTHOE 3HAUYCHHUE.
TakuMm o6pazom, a(t)=Amsin(wt +vy,) =Im[ 4, e™].

= ornecpanus BbIACIICHUA MHHUMOM
YaCcTH KOMINJICKCHOT'O YHCJIa.

Merton npeacTaBieHus CHHYCOMAAIbHBIX (DYHKIMI BpEMEHU U300paKeHUsIMU B
BHJI€ BEKTOPOB Ha KOMIUIEKCHOW IUIOCKOCTH HA3bIBAE€TCSI CHMBOJIMYECKUM METOAOM
WM METOJOM KOMILJIEKCHBIX aMIUIATY/I.

[Ipy HEOOXOAMMOCTH MOKHO ONEPUPOBATH KOMIUIEKCHBIM ACHCTBYIOIIUM 3Ha-

yenuem A=A/ J2 ¢ y4eTOM TOrO0, YTO JeicTBytomee 3HaueHne A=A/ J2.

2. Komnnexcuwvie yucna. KOMIIIEKCHOE YHCIIO, COOTBETCTBYIOLIEE TOUKE, B KO-
TOPOH JIEKUT KOHELl BEKTOPA Ay, MOKET OBITh HAIIMCAHO B CIAEAYIOMUX hopMax

-anrebpandeckoir A, = p+ jq= A, (cosy, + jsiny,);
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-mokasarensHoit A, =A e€Y* (8 coorBercTBHM ¢ QopMynoii Diinepa
cosy, * jsny, =€),
3nece p=A, cosy, = Re[A,] —BemecTBeHHas 4aCTh KOMIIEKCHOTO YUCTA Ay,
g=A, sny, =Im[A,] —MHIMas 9aCTh KOMIIJIEKCHOTO YHCIa_Anm,

A, =|A | ={P*+9* — Momynp KommIekcHOro uncna 4 (Bcerma momo-

KHUTEJICH);

Q
Q
Q
—~
|2
N’

p>0
- yTOJI NN apFYMeHT KOMIIJICKCHOT'O YHcCJia.

<
I3
1
—_— —— — —

! arctgﬂIO +180°

—_——

p<0

*

Kommuiekcnoe unciio A, =p- jq=A, € V2 HA3BIBACTCS COMPSKEHHBIM YHCIY
—_ 1 —_ j a
A,=ptjg=A,e".
: 2 p 0
| =+v-1=€e ? —MHHuMas eMHHUIIA UIIA OTIepaTOp MOBOPOTA HA YTOJ 5 =90 ;

YMHOKEHHE KOMIIIEKCHOTO 4icia A Ha Yhclio € CBOIMTCS K MOBOPOTY BEK-
Topa A, B KOMILIEKCHOII mockocTn Ha yronm a: A, e® = A e¥=e? = A V=) Tlpu
a>0 BexTop A, MOBOpayMBaETCS MPOTUB YACOBOU cTpenku, npu a<0 — mo 4yacoBoi
CTpeJIKe.

il

3. Hcmounuk nanpancenun c DJIC e(t) =E_sin(ot+eg)
MOJKHO TTOJTHOCTBIO OXapaKTepU30BaTh, 3aJaB KOMIUIEKCHYIO aM-
wtyny DJIC E,, = E " umu xommnekcHoe naeiicTByromiee 3Ha-

. €,L
yenne DJIC E=Ee” (E=E,_//2).

4. IlaccusHulil Inemenm INeKMPUUECKoil yenu onpeeseT-
Csl KOMILIEKCHBIM COIPOTUBJIEHnEM Z = Z€” - KOMIIJIEKCHBIM YHCIIOM,

PaBHBIM OTHOIICHUIO KOMIIJICKCHOI'O HAITPSAKCHUA HA 3aKUMax daH-

HOI'O 3JICMCHTA K KOMIINICKCHOMY TOKY 3TOI'O 3JICMCHTA
U . !
L=T7 R+ jX =2z¢e",

I'me U u | — xomMIIeKCcHbBIC IEUCTBYIONTME 3HAUEHUS HANPSHKEHUS U TOKA;
R — BenecTBeHHass 4acTh KOMIUIEKCHOTO CONMPOTUBJICHUSI Z WU aKTUBHOE

¢ I““h' fo.h-

1,/ b

COIIPOTUBJIEHUE LIEIH;

X —MHHMas yacTh Z WIA PEaKTUBHOE CONPOTUBIIEHUE LIETIH, COCTaBICHHOE
u3 uHayktuBHoro X, =olL u emxoctHoro X. =1/wC compoTusie-
HUH,

Z — MOJlyJIb KOMIIJIEKCHOTO CONPOTUBIIEHUS LIEMU WIH MOJIHOE CONPOTHUBIIE-
HUE LIETIH;

] —aprymeHT Z, paBHBIH yrity caBura ¢as3 MexJy TOKOM U HalpsKEHUEM.
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OTHOIIEHNE KOMIIJIEKCHOTO TOKa B JJAHHOM LIENHU K KOMIIICKCHOMY HaIIPsKe-
HHUIO Ha €€ 3a)KMMaXx Ha3bIBACTCS KOMMNJIEKCHOU npoeooumocmblo 3JI€KIpPI‘I®CKOﬁ e

X:I;: - J'B:Ye'jj =

(an
IN~

Takum 006pa3oM, OT KOMIUIEKCHOTO CONPOTHUBIIEHUS Z MOXHO BCEra NepenTu K
KOMIIJIEKCHOM TPOBOJUMOCTH Y, MOJIb3YsCh COOTHOLIEHUSMHU

G _G. ,_ B _B

R R X X
G= = : B=—m—— =—
R*+X? Z? R*+ X% Z°
6. 3akon Oma nns ydactka uenu, He cojepxariiero J1C, umeet Bu
U=U,=1%.

7. 3akonwvt Kupxzogha. ]Ins 3anvcu ypaBHEHHM HAa OCHOBAaHWHU 3aKOHOB Kupx-
roa Haso BHIOPATH MOJOKUTEIbHBIE HAMPABICHUS IJIs1 BCEX TOKOB U 0003HAUYUTh UX
Ha CXEMe.

[lepseiit 3akon Kupxroda B komIuiekcHO#M (opMe B MPUMEHEHUH K Y31y 3JIEK-

TPUYECKOM LIENIU UMEET BUJI

n
o]

a L =0,

k=1
[Ipu 3amucu 3TOro ypaBHEHHUs! TOKH, HAIlpaBJICHHbIE K Y3Iy, CIEAYeT 3alucaTth
CO 3HAKOM IUTIOC, & HAMpaBJICHUE OT y3Jia — CO 3HAKOM MUHYC (WJIH HA000pOT).
Bropoii 3akon Kupxroga npruMeHsieTcss K 3aMKHYTOMY KOHTYPY LIEU U IMEET BUJL

o o
alZi=a E

k=1 k=1

n
o}

rie g E. — anreOpanyeckas cymma koMiuiekcHbIX DJ[C MCTOYHMKOB Hampsike-
k=1

Hus. Co 3HAKOM IUTIOC 3aMMCHIBAIOTCS T€ U3 HUX, MOJIOKUTEIbHbIE HalpaBJe-
HUS KOTOPBIX COBIAJAIOT C BbIOpAHHBIM HaNpaBICHHEM 00XO0Ja KOHTYpa,
O/1C, uMmeromiue HampasieHUs, IPOTUBOMNOJIOKHbIE 00X01y KOHTYpa, 3aIluChl-
BaIOTCSI CO 3HAKOM MUHYC;

n

o} V)

a 1L, Z« — naneHus HanpsHKEHWH HA KOMIUIEKCHBIX CONPOTHUBICHUAX Z, OT-
k=1

JeNbHbIX ydyacTKoB. Co 3HAKOM MUHYC OepyTcs Te, AJisi KOTOPBIX HalpaBiIeHHUE

TOKa MPOTHUBOIIOJIOKHO HAPABICHUIO 00X0a KOHTYpA.

[Ipu cocraBieHun ypaBHEHHUI 1O BTOpoMy 3akoHy Kupxroda cineayer BbIOu-
paTh HE3aBUCUMBIE KOHTYPBI, HE COJAEPKAIIUE UCTOYHUKOB TOKA.

8. Ilocneooeamenvnoe u napannenvHoe coeouneHue conpomuenenui. lpu
MOCJIEIOBATEIbHOM COEMHEHUN YYacCTKOB LEMU KOMIUIEKCHOE 3KBHUBAJIEHTHOE CO-
MPOTUBJICHUE PABHO CYMME KOMIUJIEKCHBIX COMPOTUBIIECHUN OTAEIbHBIX YYACTKOB

;:éZk

k=1
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[Ipu mapamienbHOM COEIMHEHUW BETBU I€MM KOMIUIEKCHAsl KBHUBAJICHTHAs
MIPOBOJIMMOCTh PaBHA CYMM€ KOMITJIEKCHBIX MMPOBOJUMOCTEN BETBEH
n
Y= é. Yy
k=1

B yacTHOM citydae OByX mapajuleIbHO COEAMHEHHBIX CONPOTUBIEHUN Z, u Z,

HKBUBAJICHTHOE KOMIUJIEKCHOE COMTPOTUBIICHHE
S ZZ,
- 4itZ,

KommiekcHbie TOKM, TPOTEKAIOIINE B KaXJ0M M3 JABYX MapalijiebHbIX BETBEH,
MOT'YT OBITh PACCYUTAHBI Yepe3 KOMIUIEKCHBIA TOK | B HEpa3BETBICHHOW YaCTH LIETTH
Y KOMIUIEKCHBIE CONTPOTUBIICHUSI BETBE 1O popMynam

=1 _Z2 . I I—;1 :
- TZ,+Zy) = =Z,+Z,

9. Komnnexkcnas mownocms
S=Ul =Ulcosj +jUlsinj =P+ jQ=Se! ,
rne S = Ul — nmomHass MOIIHOCTB, P=Re[§] =UIl COS] — aKkTUBHAs MOIIHOCTE,

| — conpsikeHHBIN KOMIUIEKC TOKa,

Q= Im[ §] =Ul sinj — peakTWBHAs MOIIHOCTS;
] —yroux casura (a3 MeKTy TOKOM U HAPSDKCHUACM.
10. bananc mownocmeii

°r1 *
aEl=

k=1

Al 2

8|k he + jlkz(XLk - XCK)H’

Qo

=~
11,

1
on *

3nece Q E 1 =S — anrebpanueckas cymma MoOIHOCTEH Bcex MCTOYHMKOB DJIC;
k=1
MOJIOKUTEIIBHBI T€ U3 CIaraeMbIX, U1 KOTOPBIX HampasieHue aeiictus IJ1C
E, u coorBercTByromero toka |, depes DJIC coBmagaroT, B IPOTUBHOM CIIY-
=k —k

4ac cjiaracMo€ OTpULATCIbHO,

o 9
a |.’r, =P — anre6panyeckas cymMMa MOIIHOCTEH Ha aKTHBHBIX COMPOTHB-

JICHUSIX,; 34CCh MOJIXKHBI OBITH YUTCHbI KaK BHCHIHUC COIPOTHUBJIICHUSA, TaK U
COIIPOTUBJICHUA CaMHUX UCTOYHUKOB DHCPTHH,

n n

22 21 2 — o

a X - A X« =Q — anreOpanyeckas cyMMa MOIHOCTEH Ha PEAKTHUB-
k=l k=l

HBIX COITPOTUBJICHUAX.

11. Ilpu pacyeTte ueneil NePeMeHHOr0 TOKa MOCPEACTBOM KOMILIEKCHBIX YM-
ceJl 0CTAITCS CpaBelNIMBLIMH BCe METOAbI pacueTa, NPpUMeHsieMble IS pacue-
Ta Lenel MOCTOSSHHOTO Toka. [Ipu 3TOM BO BCceX ypaBHEHUSIX, IPUBEJACHHBIX B pa3-
nene 1, Bce DJIC, HanpsbkeHHs, TOKU, COMPOTUBICHUS U MPOBOJUMOCTH JOJIKHBI
OBITH 3aIMCaHbl B KOMIUJIEKCHOU (hopMme.
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3AJIAUA 3.1

u — U%Tfu _mL I—_mc
'JXc
D

e Hec quD @ =

. = mRC
I

e )
~N

Jano: Ug.(t) = 22,64sin(100t - 82°) [B]; R=4 Owm; L = 70 MI'n; C = 2500 Mx®.

Haiimu: Hen3BeCTHBIE TOKH, HAMIPSKEHUsI, IPOBEPUTH COOJIIO/ICHUE OajaHca MOIIIHO-
CTEM.

Pewenue:
OmnpenenseM peakKTUBHBIC COMPOTUBIICHUS DJICMEHTOB IIETIH M MPEJCTABISEM UX,
a TaKKe 3aJJaHHOE MTHOBEHHOE 3HaueHHUE U (1), KOMIJIEKCHBIMU YUCIaMU

X, =wL =100>0,07 =7 [OmM] ® Z, =jwL=jx =]j7 [Om];
X. =1/wC =10°/(100>2500) =4 [Om] ® Z. =1/ jwC =- jx. =-j4[Om];
Urc(t) = 22,64sin(100t- 82° ) [B] ® U, o =22,64¢ 1 [B].

PemeHue 3a1aun ¢ moMoIbi0 3akoHa Oma

3Has HanpspkeHue U .., HaliieM TOK |, 4depe3 CONPOTHBIEHHE YTOr0 y4acTKa

Z ¢, ¥cnonb3ys 3akoH OMa

Zee =R+Z.=R- jx.=4- 4] =4J2 % 1% =565¢ 1 [Om];
1, = - 22608 _ pgior g,
Zpc  5,65e 1%

Bce anemMeHThl nenu COeAMHEHBI MOCIEA0BATENBHO, IOATOMY YEPE3 HUX TEUET
OJIMHAKOBbIN TOK | . Torna HanmpsiKeHUs: Ha HUX BBIPa3uM Kak

U,c=Zclm=- jx L, =- j4xde ¥ =4e 1% x4e 1" =16e *" [B];
ng = Rl_m = Rl_m =4 xde j37° —16e j37° [B],
U =2, 1= X 1, = 754 15 =7e/% xde 1 = 28e/% [B].

SJC E,, onpenenum 4yepes ToK |, u obiiee conpotuBinenue Z g,

Zyou =R+Zc+Z =R- jx. +jx =4- 4] +7]=4+3] =55/ [Owm];
Ep =1 nZos, =46 1% 566 135 =206 1% » 20[B].

K ananmornuynomy pe3yibTaTy MOXKHO NMPUNTH, UCIIOJIB3YA NpH peiienuu |l 3a-
koH Kupxroda. [{ns koHtypa «K»

E, =U, +U, .. =28/ +22 64e % =16,85+ j22,36+315- j22,42=
=20- j0,06» 20 [B].
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Paccuuraem aericTByromme 3Ha4eHUst TOKOB U HAIIPSKEHUN

| =1_/\J2=4/\J2=2J2 [A]; U, =U,, /\2=28/2=142 [B];
U, =U_./+/2=16//2=8J2 [B]; U. =U_./~2=8V2 [B];

E=E_ /+2=20/4/2=10J2 [B].

AKTHBHYIO WIH CPEHIOI0 MOUIHOCTb, NOTPEOISIEMYIO LIEMbIO, MOXKHO paccyu-
TaTh C y4€TOM JEUCTBYIOLIETO 3HAYECHUS TOKA
R 4
P=1°R=12—=16% =32 [Br].
2 2
PeakTuBHAast MOIIIHOCTD, 3aracacMast 1ieTb0
X 7 4
Q=12 - 12, =122 - 12%c 2165 - 165 = 24 [Bap].
2 2 2 2
banaHc 31eKTpruYecKuX MOILIHOCTEH onpeaenum U3 GopMyibl i KOMIUIEKCHOM
MOIIHOCTH

S=ExX =10/2\/2e"¥ =32+ j24=P + jQ [BA],

* *

rie | =1,/ V2 - xommekcHo COMPSKEHHOE JIEHCTBYIOIIEEe 3HAYEHUE TOKA.

BCKTOpHaH auarpamMma, KOoTopass COOTBCTCTBYCT PACUYCTHBIM 3HAUCHUAM, HPHU-

BejIcHa HIbKe (10 Hel MOXHO mpocienuTh BeinoiaHenue || 3akona Kupxroga).
+7

E.=20B

1 -y

¢=-17

r {"'Iu.'!._ fl-"Ill.llli =12 B
L'I.un'f =1b B

f=4A
3anuiieM KOMIUIEKChl aMIUIATYJHBIX 3HAYEHHU TOKAa W HAINpSHKEHUW B BUJIE
MT'HOBEHHEBIX 3HAYEHUU

i(t) =4sin(100t - 37°)[A]; u.(t) =16sin(100t - 127°) [B];
Ug(t) =16sin(100t - 37°) [B]; u, (t) =28sin(100t +53°) [B]; e(t) = 20[B].
N300pa3um 3Tu nepeMeHHble Ha BPEMEHHOM MJIOCKOCTH

$iA], u[B]

l/JL(t)

20- uc(t)

5
i

-0

56



3AJIAUA 3.2

Jlano: Ug(t) = 10sin(100t- 90°) [B]; R=1[Om]; L =0,01 [I'x]; C = 0,01 [D].
Hatimu: HewsBeCcTHBIC TOKU, HAIIPSDKEHUS, IPOBEPUTH COOITIO/ICHUE OanaHca MOIITHOCTEH.
Pewenue:

[IpencrasisieM COMPOTHUBICHUS JJIEMEHTOB M MTHOBeHHbIC 3HaueHus €(t), u(t),
I(t) KOMIJICKCHBIMH YHCIIAMH M PHCYEM CXEMY 3aMEIICHUS, 3aMCHSS JICMEHTBI UX
KOMIUTICKCHBIMHU COIPOTHUBIICHUSIMHU

X, =wL =100>0,01=1 [Owm] ® Z, =]

X. =1/wC =1/(100>0,01) =1[Om] ® Z. =-]1;

Uap(t) = 10sin(100t- 90°) [B] ® U, =10e %0

e 1, e) ® E,.

Pentenue ¢ noMoIib0 3akoHa OmMa
[TockonbKy HaM M3BECTHO HampsbkeHue U, HalaeM TOK |, Ha 9TOM y4acTkKe

Jepe3 CONPOTUBIICHUC Z

. oo -
L= RZc = J. =_° —=0,707e *,
R+Z:. 1- ) \/§>e-145
- oo o
| =T o 108 gy s

Z, 0,707¢’*
VuauteiBas, uto U, =U - =U ., MOXHO onpenaenuts Toku yepes R, C

., =U _, /R=10e 1%/1=10e 7*";

|=U_  jXc=10e 7 /j1=10; -j1=e7%.
3Has ToK |,, yepe3 D1C, MOKHO ONPENETUTh €€ BEJIMUNHY
_ S I s S DS S 5.
Z.=2 +Z., =|+ = = =0,707e'™ ;
=5 ZL  Zab J 1_ ] 1_ ] \/Ee_j‘lso

Em =1 wZ,= :14,146-1'4500, 707e/* =10.

Hanpsixenue U | Takke HaXOOUTCS 4epe3 TOK Ha MHIYKTUBHOCTH |

=1 ORX =14,14%7%1= 14,147, j1=e!,

m

U

3amuchiBaGM MTHOBEHHBIC 3HAYCHHs BEIMYMH, HE 3a0bIBasi O paHee OIMYIICHHOM OIle-
j100t
parope €

i) = Im[ 1, €] = 1m[14,14e?*°"™] = 14,14 sin(100t- 45°) [A];
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io(t) = Im[1,,€"%] = Im[10e?%d**"] = 10sin(100t- 90° ) [A];

is(t) = Im[ 1, .€'*] = Im[10%"°"] = 10sin(100t ) [A];

UR(t) =Uc(t) =Ua(t)= Im[U_, €% ]=Im[10e’**¢"*"] =10sin(100t- 90°) [B].
u(t) = Im[u , €% = 1m[14,14* '] = 14,14 sin(100t+ 45° ) [B].

e(t) = Im[ E, '] = Im[10'®] = 10 [B].

BexTopHyro quarpamMmy npeanoYTUTEIbHO
C’[pOI/ITB B TaKOU HOCJIEA0BATCIbHOCTHU.

- 3a 0a30BbIM BEKTOpP MPUHUMAIOT BeKTOp U, ;
- BekTop |,, uepe3 R obpa3yer ¢ BekTOpoM
U ., HYJIEBOH yrou,

- BeKTOp |, uepes C oOpasyeT ¢ BEKTOpOM

U, yroa -90°;
- BEKTOp |, OIpenensercs reoMeTpUYECKOU
CyMMO# BEKTOpOB | ., =1 ., +I .;

- Bexktop U . Ha L onepexaer Bexrop |,, Ha 90°.

- eciau BekTop U . =U . TIEpEeHECTH B KOHEI]

BekTOopa U , TO CyMMa 3TUX BEKTOPOB IOKHA
nath BEKTOp E |

W3 naHHOrO MOCTPOEHHMS CIIEAYET BBITOIHEHHE 3aKOHOB Kupxroda mis yzna b u mis
KOHTYpa Ky , 4TO TOBOPHT O MpaBUILHOCTH perienuns. Macmrao: AB = 10[B] wiu 10[A].

Pemenue 3amaun ¢ noMompo 3akoHoB Kupxroda
Kak u B npenpiaymeM mMeToje, NepeprucoOBBIBAEM CXEMY, MPEACTABIISIS 3JIEMEH-
Thl UX KOMIUJIEKCHBIMM CONPOTHUBICHUSMH. KoOIuuecTBO ypaBHEHUU IOJKHO paB-
HATBCSA KOJMYECTBY HEU3BECTHBIX. B JaHHOI 3a/1aue HEM3BECTHBIMHU SIBIISIOTCS TOKU
| .3, a Takke OJC E,, .

I_ml’ I_m2 1 Im3
3Has HaIpsDKCHUE Ur=Y, HETPYIHO OIIPEACINUTH TOK

1»=U, . /R= 10e*°/1=10e 7" | Tem caMBIM, COKPATHB KOMIYECTBO HEH3BECTHBIX.
CocraBuM TpH ypaBHEHHUs 110 3akoHaM Kupxroda
y3en b: L= Lo - Lig =05
koutyp k1. Z, 14+ Rl , =E.;
koHtyp k2. - Rl ,+Z.1,3=0.
Bce HensBecTHBIE IEPEHOCUM BIIEBO, a U3BECTHBIE — BIPABO
Lipm g 7 OXEL =1
;Ll_ml - Em =" Rl_mz;
A+ Zclms +OE,=RL,.
[TogcraBuB 3HaUYeHUS BEJIUYMH B CHCTEMY ypaBHEHHH, 3allUChIBAEM €€ B MaT-
pu4HO popme
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, < , BT A

61 -1 ou é,U €10e’™ U
é. u. ? u ¢ -j90°l5I
ail 0 -1 @, :6=610e'74
A . . A 5 é . u
0 -j1 o4 ¢ u ¢ - joo°
& J d gEng gloe {

Pemas cucremy, HaxoauM |, =14,14e '*"; | .= 10; E,_ =10,

[IpoBepuM perieHre ¢ momoiblo Oananca MourHocTed. [[ns sToro Haiinem
MOIIHOCTh HcToyHuKa DJIC, mpeacTaBuB B anredpandeckoil (opme 3amucu KOM-
MJIEKCHOTO YKClIa

*

S=E,|../2=(1044,14e*")/2=70,7e'* =50+ j50
AKTUBHYIO M PEAKTHUBHYIO MOLIHOCTH HalJIEM 4e€pe3 TOKU Ha COOTBETCTBYIOIIUX

DJIEMCHTAax
.2

a o
P=cim” xR=504="50
&2 5

o= &, 0, @,0

825 " &25

Takum o0pa3om, MbI MOTYUYUIIA TOXKAECTBO S=P+ jQ, 4TO CBUIECTEIBCTBYET O
BBIIIOJIHEHUN OastaHca MOIIHOCTEH.

XX X, =100- 50 =50
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3AJIAHUE 3.1

[TocnenoBarenbHast memnb nepeMeHHoro toka (cxema 1 u 2 Ha puc. 3.1) cocras-
neHa uctoyHukoM OJIC, pe3sucTUBHBIM, HHAYKTUBHBIM U EMKOCTHBIM 3JI€MEHTaMH,
napameTpbl KOTOpbIX yKa3aHsl B Tabiaunax 3.1.1 ... 3.1.4.

— U(t) UrL(t) uc(t)
A L R C
D e ie® D wl)  uel)
0" ©
Cxema 1 C;(eMa 2
Puc. 3.1.

1. Paccuutath KOMIUIEKCHBIE aMITUTYAbl D/]C UCTOUHMKA, TOKA U HANIPSHKEHUIM
Ha AJIEMEHTAX; OJIHA U3 MEePEUUCIICHHBIX BEJIUYHH 3a7aHa B (QYHKLIUH BPEMEHHU.

2. OnpeenuTh MTHOBEHHBIE 3HAUEHMSI TOKA U HANPSKEHUH.

3. Onpenenuth JeHCTBYIOLIME 3HAUCHUS TOKA U HAIIPSKEHUH.

4. OnpenenuTb AaKTUBHYIO, PEAKTUBHYIO U MOJTHYIO MOLIHOCTH. Y O€IUThCS B
TOM, YTO BBINOJHSAETCS OaTaHC MOLIHOCTEM.

5. [loctpouTk B Macmtabe BEKTOPHYIO TUAarpaMMy TOKa U HAMPsKEHUH 11 aM-
IUIUTYIHBIX 3HAYEHUIN BEJTUYUH.

6. [IpencTaBUTh TOK U HANPSKEHUS rPaQUUECKU B MOAXOASIIEM MacIiTaoe.
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Taoaunma 3.1.1

c% g 3ataHHas BEJIMYMHA
252 - c Al eu(E]

aa) [OM] [MIH] [MKD]

1|2 9 80 2000 u_ = 50,59sin(100t+ 71,56°)
2 | 2 6 40 714,2 | uc=46,03sin(200t- 99,46°)
3|1 4 22,5 2500 Uc = 35,78sin(400t+ 26,56°)
4|1 3 10 666,6 | ur=8,319sin(500t- 33,69°)
5|1 5 1 333,3 | e=70sin(1000t)

6| 1 3 20 1428,5 |i=8,575sin(100t+59,03°)

7] 2 1 10 5000 U =56,57sin(200t+45°)

8 | 2 6 12,5 357,1 | uc=11,07sin(400t- 71,56°)
9|1 5 8 285,7 | u.c=25,72sin(500t- 59,03°)
10| 1 9 5 1000 ugr =5,68sin(1000t- 23,96°)
11] 2 6 20 1111,1 | ug =20,58sin(100t+67,83°)
12| 2 6 40 1666,6 | ugrc=68,71sin(200t- 66,37°)
13| 1 8 15 312,5 | e=50sin(400t)

14| 1 2 12 285,7 |i=22,36sin(500t+26,56°)
15| 2 5 7 1000 u_ =17,92sin(1000t+ 39,8°)
16| 2 8 60 1250 Uc = 87,31sin(100t- 75,96°)
17 1 6 15 1250 ULc = 13,15sin(200t- 80,53°)
18| 1 9 17,5 500 ug = 39,05sin(400t- 12,53°)
19| 2 8 8 250 Ur. = 50sin(500t+ 53,13°)

20| 2 5 7 250 Urc = 65,89sin(1000t- 69,62°)
21| 1 1 50 10000 | e=40sin(100t)

22| 1 8 45 625 | =6,201sin(200t+ 7,125°)
23| 2 4 7,5 625 UL = 65,48sin(400t+104°)
24 | 2 6 16 500 Uc = 38,83sin(500t- 123,7°)
25| 1 6 5 125 U.c =4,472sin(1000t- 63,43°)
26| 1 3 10 1428,5 | ur=13,42sin(100t+63,43°)
27 | 2 3 10 625 Ur. = 32,25sin(200t+97,12°)
28 | 2 5 7.5 416,6 | ugc=26,79sin(400t- 19,23°)
29| 1 4 10 250 e=10sin(500t)

30| 1 3 2 166,6 | i=14sin(1000t+53,13°)

61



62

Taoauna 3.1.2

c% g 3ataHHas BEJIMYMHA
252 - c Al eu(E]

aa) [OM] [MIH] [MKD]

1|1 2 16 333,3 | e=40sin(500t)

2 |1 3 15 1250 i = 14sin(400t- 53,13°)
3|1 5 40 5000 Ur=17,43sin(200t- 54,46°)
4| 2 2 60 1428,6 | u_=107,3sin(100t+116,5°)
51| 2 8 5 166,6 | uc=14,88sin(1000t- 82,87°)
6 | 2 8 14 500 Ur. = 74,65sin(500t+20,64°)
7] 2 9 2,5 625 Urc = 31,14sin(400t- 5,527°)
8| 1 5 15 5000 ULc = 7,428sin(200t+ 68,2°)
91 1 30 1428,6 | e =30sin(100t)

10| 1 2 7 200 | =24,75sin(1000t- 45°)

11] 2 2 2 500 u_ = 24,96sin(500t+ 146,3°)
12| 2 5 17,5 2500 Uc = 10,24sin(400t- 140,2°)
13| 1 4 35 1000 ugr = 80,5sin(200t- 26,56°)
14| 2 5 10 2000 Ur. = 31,85sin(100t+49,97°)
15| 2 2 9 333,3 | Ure=51,31sin(1000t- 127,9°)
16| 1 8 6 250 u.c = 10,6sin(500t- 58°)

17 1 6 20 500 e=90sin(400t)

18| 1 6 35 1000 i = 14,23sin(200t- +18,43°)
19| 1 7 10 5000 ug = 39,6sin(100t+ 8,13°)

20| 2 6 8 111,1 | u =65,76sin(1000t+99,46°)
21| 2 3 8 250 uc = 80sin(500t- 36,87°)

22| 2 7 12,5 625 Ur. = 36,49sin(400t+27,41°)
23 | 12 4 40 1000 Urc = 76,84sin(200t- 88,21°)
24| 1 7 40 1666,6 | u.c=2,747sin(100t- 74,05°)
25| 1 5 1 250 e= 80sin(1000t)

26| 1 9 16 400 I = 8,433sin(500t- 18,43°)
27| 1 3 40 1111,1 | ur=36sin(100t+59,04°)

28 | 2 8 20 714,3 | u_ =18,73sin(200t+ 110,5°)
29| 2 5 80 10000 | uc=2,325sin(100t- 144,5°)
30| 2 1 7 333,3 | ur.=154,3sin(1000t+5,906°)




Taoauna 3.1.3

c% g 3ataHHas BEJIMYMHA

252 - c Al eu(E]
aa) [OM] [MIH] [MKD]

1|1 5 15 1250 U c = 56,22sin(400t+ 51,34°)

2 | 2 7 20 833,3 | Urc =12,66sin(200t- 24,65°)

3] 2 1 40 3333,3 | ur. =58,31sin(100t+30,96°)
4| 2 3 1 500 Uc = 37,95sin(1000t- 71,56°)

51| 2 3 14 666,6 | u_=126sin(500t+36,87°)

6 | 1 7 12,5 357,1 | ur=38,46sin(400t+ 15,94°)

711 1 20 555,5 |i=5,883sin(200t+78,7°)

8| 1 7 10 1250 e=40sin(100t)

9 1 7 5 111,1 | uc=9,923sin(1000t- 60,25°)
10| 2 1 10 500 Urc = 87,46sin(500t- 120,9°)
11] 2 9 7,5 277,7 | Ur =70,16sin(400t+52,12°)
12| 2 3 40 2500 Uc = 26,83sin(200t- 153,4°)
13| 2 8 50 1111,1 | u.=27,95sin(100t+116,5°)
14| 1 7 5 111,1 | ur=34,73sin(1000t+29,74°)
15| 1 1 4 500 | = 26,83sin(500t+63,43°)
16| 1 8 22,5 500 e=40sin(400t)

17 1 4 40 1000 U c = 6sin(200t+ 53,13°)

18| 2 5 40 3333,3 | Urc=57,18sin(100t- 42,27°)
19| 2 8 5 166,6 | ur =23,4sin(1000t+39,13°)
20| 2 4 12 2000 Uc = 9,37sin(500t- 141,3°)
21| 2 1 10 312,5 | u.=29,1sin(400t+165,9°)
22| 1 8 25 625 Ug = 65,54sin(200t+ 20,56°)
23| 1 4 90 1250 | =14,55sin(100t- 14,04°)
24| 1 4 7 250 e=90sin(1000t)

25| 1 8 2 1000 ULc = 3,721sin(500t- 82,87°)
26| 2 7 7,5 277,7 | Urc =24,73sin(400t- 11,52°)
27 | 2 8 30 1000 Ur. = 86,82sin(200t+29,74°)
28 | 2 6 20 1428,5 | uc=17,92sin(100t- 50,19°)
29| 2 8 1 333,3 | u.=8,489sin(1000t+104°)
30| 1 6 14 500 Ug = 71,52sin(500t- 26,56°)
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Tao6auna 3.1.4

c% g 3ataHHas BEJIMYMHA
252 - c Al eu(E]

aa) [OM] [MIH] [MKD]

1|1 6 5 277,8 | ur=19,52sin(400t+49,4°)

2 | 2 4 30 5000 u_ = 65,59sin(200t+ 38,66°)
3] 2 4 30 5000 Uc = 33,95sin(100t- 104°)

4| 2 1 2 166,6 | ur =48,81sin(1000t+139,4°)
51| 2 7 6 222,2 | Urc =24,73sin(500t- 11,52°)
6 | 1 5 17,5 625 U c = 5,145sin(400t+ 59,04°)
711 4 45 1666,6 | e=80sin(200t)

8| 1 1 80 2500 | = 14,55sin(100t- 75,96°)
9|1 5 9 500 ugr =40,68sin(1000t- 54,46°)
10| 2 5 8 666,6 | u_=31,38sin(500t+ 78,69°)
11] 2 3 22,5 312,5 | uc=25,3sin(400t- 108,4°)
12| 2 8 10 555,5 | Urc =67,96sin(200t- 7,18°)
13| 2 5 90 2000 Ur. = 64,32sin(100t+22,28°)
14| 1 5 9 250 ULc = 42,43sin(1000t+45°)
15| 1 2 8 333,3 | e=90sin(500t)

16| 1 9 12,5 625 | = 8,834sin(400t- 6,34°)

17 1 8 25 5000 ug = 17,89sin(200t- 26,56°)
18| 2 4 30 2000 u. =13,42sin(100t+ 116,5°)
19| 2 5 6 500 Uc = 12,49sin(1000t- 128,6°)
20| 2 6 2 333,3 | Ur.=62,3sin(500t+49,27°)
21| 2 4 20 833,3 | Urc =7,809sin(400t- 88,21°)
22| 1 5 40 714,3 | u.c=5,883sin(200t+78,7°)
23| 1 9 80 1666,6 | e=50sin(100t)

24| 1 7 4 111,1 | i=4,65sin(1000t+35,54°)
25| 1 1 4 666,6 | Uur=28,28sin(500t+45°)

26| 2 3 22,5 1250 u_ =82,72sin(400t+23,2°)
27 | 2 6 25 714,2 | uc=88,54sin(200t- 71,56°)
28 | 2 2 70 5000 Ur. = 13,52sin(100t+5,856°)
29| 2 1 3 142,8 | Urc =51,45sin(1000t- 5,906°)
30| 1 7 8 250 ULc = 4,961sin(500t- 60,25°)




3AJIAHUE 3.2

AHanu3y MOJJICKUT AIEKTPUIECKas 1eMb, BAPHAHTHI CXeM KOTOPOW (opManibHO
M300paKEHbI Ha TPEX PUCYHKAX.

%Ul %U4 < U W eU1
| (1) ——(2)
i U \J(Jj \2/ U :
. 3 Tus :
¢U3 i3 y vyl2 I I3y Y ¢U3
e
euz e Us —> W <— Us % Uz % Us
Cxema 1 Cxema 2 Cxema 3
Puc. 3.2

[lepen pacueToM HEOOXOAUMO COCTABUTH CXEMY MPEIJIOKEHHOrO MpenoiaBaTe-
JeM BapuaHTa (mapaMeTpbl 3JEMEHTOB yKka3aHbl B Tabmunax 3.2.1 ... 3.2.4). B xaue-
CTBE MpUMeEpa MOoKazaHa cxema TPUANATOTo BapuaHta u3 Tadmuisl 3.2.1. Broporo
AJIeMEHTa B TAOJUIE HET U HA CXEME OH 3aMEHEH MEPEMBIUKOM.

— Cs 1250 mx®
g Ii i, = 23,18sin(400t+29,7°) A
R1 70m 1= ’
. L3
\% I3 e
10MIH PeKkOoMEH 1yeTCS HE U3MEHATH HyMEPALHIO
* I2 Cs JJIEMEHTOB, TOKOB U HAIIPSIKECHUM.
“ 1250 mx®

1. PaccuntaTth MraoBeHHble 3HaueHUs1 DJ[C MCTOYHUKA, TOKOB B BETBSIX M HAMps-
’)KeHHMH Ha BJIEMECHTaX.

OnpenennuTs aKTUBHYIO, PEAKTUBHYIO U TTOJTHYIO MOIIIHOCTH.

[TocTpouTh BEKTOPHYIO AMArpaMMy TOKOB M HAIpPSKEHUN IS aMIUIUTYIHBIX
3HA4YCHHUU BEIWYMH.

w N
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Taoaunma 3.2.1

Cxema

DJIeMEHTEI BETBEH
R[Om], L[MI'H], C[MkD]

3amanHas BEIMUYNHA

i [A]; eu[B]

C1: 10000, R3: 2, L4: 40, R5: 2

e=10sin(100t)

C1=2500, Rs=3, L4=25, Rs=3

i, = 2,647sin(200t+36°)

C1=312,5, Ry=4, L,;=10, Rs=4

i, = 1,655in(400t- 45°)

L1=10, Rs=6, C,=1000, Rs=6

i3= 1,445sin(500t- 46,2°)

L1:2, R3:8, C4:250, R5:8

Uy = 4,4725in(1000t+ 63,4°)

L1=40, Rs=4, C,=5000, Rs=4

Us = 6,667sin(100t- 90°)

R1:2, L3:25, C4:1000, R5:2

Us = 7,172sin(200t+ 71°)

R1:5, L3:5, C4:625, R5:5

e=22sin(400t)

LOOO\ICDO'I-bOOI\)l—\BapHaHT

R1:3, L3:10, C4:500, R5:3

iy = 4,1sin(500t+ 27,2°)

=
o

R1:6, C2:250, L3:8, R4:6, C5:250

i>=1,938sin(1000t- 63,4°)

=
[EY

R=3, C,=2500, L3=50, R=3, Cs=2500

i3 =4,174sin(100t- 63,4°)

=
N

R1=6, C,=1000, L3=10, Rs=6, Cs=1000

Us = 9,864sin(200t+99,5°)

=
w

C1=625, Rs=3, L4=20, Cs=625

Us = 24sin(400t- 90°)

[EEN
~

C1:1000, R2:5, R3:5, L4:8, C5:1000

Up = 10,43sin(500t+ 71°)

=
a1

C1=1000, Rs=5, L4=8, Cs=1000

e=32sin(500t)

=
o

R1=8, Ry=8, C3=1250, Rs=8, Ls=60

i1 =0,741sin(100t+ 14,5°)

=
\‘

R1:6, R2:6, C3:1250, R4:6, L5:15

i, = 1,468sin(200t+ 49,8°)

[EEN
(00]

R1:9, R2:9, C3:1250, R4:9, L5:12,5

i3=0,2502sin(400t- 101,7°)

=
O

C1:400, R2:6, L3:20, R4:6

uz = 11,56sin(500t+43,7°)

N
o

C1:1000, R2:5, L3:60, R4:5

up =42,96sin(100t- 141,7°)

N
[y

C1:1000, Rzzl, L3:3O, R4:1

Up = 5,286sin(200t+ 77,3°)

N
N

L1=10, R=7, C5=312,5, Ry=7

e=30sin(400t)

N
w

L,=4, Ry=4, C3:1000, Rs=4

i, = 12,25sin(500t+ 35,8°)

N
N

L1=100, Ry=6, C3=2500, Rs=6

i, =5,153sin(100t+50°)

N
(6)

L1:30, R2:5, C3:500, L5:3O

i3 =4,169sin(200t- 76,5°)

N
(o))

L1:12,5, R2:3, C3:625, L5:12,5

Up = 62,1sin(400t+ 168,7°)

N
~

L1=20, R»=8, C5=1000, Ls=20

Us = 11,68sin(500t- 171,8°)

N
(00)

R1:6, L3:50, C4:2500, C5:25OO

Uy = 17,24sin(100t- 65,7°)

N
(o]

Ri=4, L3=40, C,=500, Cs=500

e=44sin(200t)

W
o

WINIFPIWINIEFPIWINIFPIWINIPWINIPIWINIFPIWINIEFPIWINIPFPWINIFPIWIN|E

R1:7, L3:10, C4:1250, C5:1250

i1 = 23,18sin(400t+ 29,7°)




Taoauna 3.2.2

= .

§ Qi, OneMeHThI BETBEH 3aganHas BeIUYHHA
m| O R[Owm], L[mMI'H], C[Mk®D] I [A]; eu [B]
1 R;=6, C,=250, L3=8, R=6, C5s=250 i3=2,15sin(1000t+60,2°)
2 R;=3, C,=2500, L3=50, R4,=3, Cs=2500 Uz =41,74sin(100t+ 26,6°)
3 R;=6, C,=1000, L3=10, R4,=6, Cs=1000 Up = 6,315sin(200t+49°)
4 C1=625, Rs=3, L4,=20, Cs=625 Us = 24sin(400t+90°)
5 C;=1000, R,=5, R3 =5, L,=8, Cs=1000 e=32sin(500t)
6 C;=1000, R;=5, L4=8, Cs=1000 i1=43,08sin(500t- 21,8°)
7 R;=8, R,=8, C3=1250, R4=8, Ls=60 i>=0,898sin(100t+65,5°)
8 R1=6, R,=6, C3=1250, R4=6, Ls=15 i3 =2,626sin(200t+ 23,2°)
9 R;1=9, R,=9, C5=1250, R;=9, Ls=12,5 us =1,251sin(400t- 11,7°)
10 C1=400, R,=6, L3=20, R;=6 up =11,24sin(500t- 77,3°)
11 C;=1000, R,=5, L3=60, R4=5 Up = 7,595sin(100t- 6,69°)
12 C;=1000, R=1, L3=30, Ry=1 e=28sin(200t)

=
w

L1=10, R=7, C5=312,5, Ry=7

i1 =2,733sin(400t- 2,77°)

[EEY
D

L1:4, R2:4, C3:1000, R4:4

i, =5,942sin(500t+ 21,8°)

=
(62}

L,=100, Ry=6, C3=2500, Rs=6

is=1,767sin(100t- 99°)

=
(o]

L1:30, R2:5, C3:500, L5:3O

Us = 25,01sin(200t+ 13,4°)

[ —
\‘

L1:12,5, R2:3, C3:625, L5:12,5

Us = 103,7sin(400t- 11,3°)

=
[o¢]

L1=20, R»=8, C5=1000, Ls=20

Up = 7,295sin(500t+ 137°)

=
(o]

R1:6, L3:50, C4:2500, C5:25OO

Uy = 42sin(100t)

N
o

Ri=4, L3=40, C,=500, Cs=500

i, =5,372sin(200t- 62°)

N
=

R1:7, L3:10, C4:1250, C5:1250

i, = 20,125sin(400t)

N
N

C1=1OOOO, R},:Z, L4:40, R5:2

i1 =6,324sin(100t+ 18,4°)

N
w

C1=2500, Rs=3, L4=25, Rs=3

i, = 3,655iN(200t+ 49,8°)

N
N

C1=312,5, Ry=4, L,;=10, Rs=4

i1 = 0,8245sin(400t+ 45°)

N
(62}

L1=10, Rs=6, C,=1000, Rs=6

Uy = 14,63sin(500t+ 34,3°)

N
(o))

L1:2, R3:8, C4:250, R5:8

Us = 2sin(1000t)

N
~

L1=40, Rs=4, C,=5000, Rs=4

Us = 9,428sin(100t+45°)

N
[o¢]

R1:2, L3:25, C4:1000, R5:2

Us = 22sin(200t)

N
©

R1:5, L3:5, C4:625, R5:5

i, =7,18sin(400t- 21,8°)

w
o

WINPT WINIPIWINIFPIOWOINIPIWOINIPIWOINIPIWOINIPIWOINPFPIWOINFPIWIN|PF

R1:3, L3:10, C4:500, R5:3

i, =2,109sin(500t- 31,8°)
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Taoauna 3.2.3

Z|

g Qi’ DJEMEHThI BETBEH 3ajaHHas BEIMYMHA
2| © R[OM], L[], C[mx®] i [A]; eu[B]
1 C,=400, R,=6, L3=20, R;=6 us =11,57sin(500t+43,7°)
2 C1=1000, R,=5, Ls=60, R=5 e=26sin(100t)
3 C:=1000, R;=1, L5=30, Ri=1 i1 = 1,245sin(200t+32,3°)
4 L,=10, R,=7, C5=312,5, Ri=7 i, = 1,8sin(400t+46°)
5 L1=4, R=4, C3=1000, R,=4 i3 =6,644sin(500t+48,4°)
6 L1=100, Ry=6, C3=2500, R=6 u; =17,67sin(100t- 9°)
7 L1=30, Rx=5, C3=500, L5=30 Uz = 25sin(200t+13,4°)
8 L1=12,5, R=4, C3=625, Ls=12,5 Uy = 37,26sin(400t+ 78,7°)
9 L1=20, R,=8, C5=1000, Ls=20 e=40sin(500t)

=
o

R1:6, L3:50, C4:2500, C5:25OO

i, =2,873sin(100t- 65,7°)

=
=

Ri=4, L3=40, C,=500, Cs=500

i, = 5,2652siN(200t- 73,3°)

=
N

R1:7, L3:10, C4:1250, C5:1250

i3 = 11,55in(400t+90°)

=
w

C1=1OOOO, R},:Z, L4:40, R5:2

i, = 5sin(100t+36,87°)

[EEY
D

C1=2500, Rs=3, L4=25, Rs=3

3= 1,247sin(200t- 99°)

=
(62}

C1=312,5, Ry=4, L,;=10, Rs=4

Uy = 7,376sin(400t+71,6°)

=
(o]

L1=10, Rs=6, C,=1000, Rs=6

Us = 2,89sin(500t- 136°)

[ —
\‘

L1:2, R3:8, C4:250, R5:8

Us = 16,48sin(1000t- 14,04°)

=
[o¢]

L1=40, Rs=4, C,=5000, Rs=4

e=20sin(100t)

=
(o]

R1:2, L3:25, C4:1000, R5:2

i, = 1,434sin(200t- 19°)

N
o

R1:5, L3:5, C4:625, R5:5

i, = 4,268sin(400t- 38,6°)

N
=

R1:3, L3:10, C4:500, R5:3

i3 =3,515siN(500t+ 58,2°)

N
N

R1:6, C2:250, L3:8, R4:6, C5:250

Us = 15,5sin(1000t+ 26,6°)

N
w

R=8, C,=2500, L3=50, R=3, Cs=2500

Up = 16,7sin(100t- 153°)

N
N

R=6, C,=1000, L3=10, R=6, Cs=1000

Uy = 7,5785sin(200t+ 139°)

N
(62}

C1=625, Rs=3, L4=20, Cs=625

e=32sin(400t)

N
(o))

C1:1000, R2:5, R3:5, L4:8, C5:1000

i, =5,216sin(500t- 19°)

N
~

C1=1000, Rs=5, L4=8, Cs=1000

i, = 16sin(500t- 90°)

N
[o¢]

R1=8, Ry=8, C3=1250, Rs=8, Ls=60

i3=0,719sin(100t- 61,4°)

N
©

R1:6, R2:6, C3:1250, R4:6, L5:15

Us = 7,878sin(200t+ 113°)

w
o

WINIFPIWOWINIFPIWINIPI WINIP WOINIPIWOINIPIWOINIPIWINFPIWOINPFPIWIN|PF

R1:9, R2:9, C3:1250, R4:9, L5:12,5

Us = 4,508sin(400t- 102°)




Tao6auna 3.2.4

N
=

L1=20, R»=8, C5=1000, Ls=20

i, =5,158sin(500t- 88,1°)

N
N

R1:6, L3:50, C4:2500, C5:25OO

i, =7,659sin(100t- 65,7°)

N
w

Ri=4, L3=40, C,=500, Cs=500

i, = 1,053sin(200t+ 16,7°)

N
N

R1:7, L3:10, C4:1250, C5:1250

Us = 80,5sin(400t+90°)

N
(62}

C1=1OOOO, R},:Z, L4:40, R5:2

i3 =2.236siN(100t- 26,5°)

N
(o))

C1=2500, Rs=3, L4=25, Rs=3

Us = 6,235sin(200t- 9°)

N
~

C1=312,5, Ry=4, L,;=10, Rs=4

Uy = 6,5965iN(400t- 45°)

N
[o¢]

L1=10, Rs=6, C,=1000, Rs=6

Us = 9,14sin(500t- 64,6°)

N
©

L1:2, R3:8, C4:250, R5:8

e=18sin(1000t)

= .
§ Qi, OneMeHThI BETBEH 3aganHas BeIUYHHA
m| O R[Owm], L[mMI'H], C[Mk®D] I [A]; eu [B]
1 |1 |R=2 L3=25 C,=1000, Rs=2 i, = 3,862sin(200t- 87,2°)
2 |2 | R=5, Ls=5, Cs=625, R==5 i3=3,333sin(400t)
3 |3 | R=3,L3=10, C4=500, Rs=3 us = 10,54sin(500t+ 58,2°)
4 |1 |R=6,Cy=250, L3=8, R=6, Cs=250 Up = 7,748sin(1000t- 86,1°)
5 |2 | R=3, C;=2500, L3=50, Rs=3, Cs=2500 up =12,52sin(100t- 63,4°)
6 |3 | Ry=6,C,=1000, L3=10, R=6, Cs=1000 e=30sin(200t)
7 |1 | C=626, Rs=3, L4=20, Cs=625 i1 = 10sin(400t+53,1°)
8 |2 | C=1000, R=5, R3=5, L4=8, Cs=1000 i>=2,086sin(500t+71°)
9 |3 | C=1000, Rs=5, L4=8, Cs=1000 i3=40sin(500t)
10 |1 | R=8, R=8, C4=1250, Ry=8, Ls=60 Us = 4,31sin(100t+ 28,6°)
11 |2 | R=6, R=6, C3=1250, R=6, Ls=15 Us = 5,87sin(200t- 40,8°)
12 | 3 R1=9, R,=9, C3=1250, R4=9, Ls=12,5 up =2,252sin(400t- 101,7°)
13 |1 | C;=400, R=6, L3=20, R,=6 e=24sin(500t)
14 |2 C1=1000, Ry=5, L3=60, Ry=5 i1 =4,296sin(100t- 51,7°)
15 |3 | C;=1000, R;=1, L5=30, R=1 i = 4,4925in(200t- 91,4°)
16 |1 | L1=10, R=7, C3=312,5, R:=7 i3=2,057sin(400t- 43,9°)
17 | 2 | Li=4, Ry=4, C3=1000, Ri=4 uy = 11,88sin(500t+111,8°)
18 |3 | L;=100, R;=6, C3=2500, R,=6 uz =20,61sin(100t- 40°)
19 |1 | L;=30, R=5, C3=500, Ls=30 U, = 8,335sin(200t- 76,6°)
20 |2 | L;1=12,5, Ro=4, C5=625, Ls=12,5 e=238sin(400t)

3

1

2

3

1

2

3

1

2

3

w
o

L1=40, Rs=4, C,=5000, Rs=4

i, =3,333sin(100t)
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4. PacyeT 3JIeKTPUUYECKHX Ilenell HeCUMHYCOMIAJbHOI0 MePUOAUYECKOr0 TOKA
Memoouueckue pekomeHoayuu no 8bINOJHEHUI 3A0AHUS

B QJICKTPUYCCKUX HCITAX HGCI/IHYCOI/II[aJIBHIJﬁ TOK MOXXCT IPUCYTCTBOBATH B
JABYX ClIy4yasX:. IIpH IIGfICTBPIPI HCTOYHHUKOB HCCHUHYCOWAAJIBHOI'O HANPSAXKCHUA WU
TOKa, a TaKKEC BCIICACTBUC HEJIMHEMHOCTHU AJICMECHTOB 3JICKT‘pH‘IeCKOI>'I O CIIN.

1. Cnocoo6wl npedocmasnenus HeCUHYCOUOATbHBIX PYHKUULL
[Ipu pacuete neneit HECUHYCOUIAILHOTO TEPEMEHHOTO TOKA MCIOJIB3YETCS pas-
JIO’)KeHUE Tepuoandeckux (QyHKIUA B 0JIHY U3 GhopM rapMoHudeckoro psjga dypee.
Ecnn ¢ynkuus ¢ nepuogom T mpencrtaBieHa CyMMON MeHOBEHHbIX 3HAYEHUL 2apMO-
HUuYeckux Konebanuu pa3nmuaHbix yactot W, =kw, =k2p/T , rne k=1, 2, ¥4 nopsako-

BBIi HOMEp TapPMOHHKH, W, - 9aCTOTa HECHHYCOMJAIBHOTO CUTHAJIa WIIM YacTOTa OC-
HOBHOI1 (1IepBoit) rapMOHUKH, TO psif Dyphbe 3aMKUCHIBAIOT B CIEYIONIEM BHIC

fot) = A +5 [Be sin(koyt) +C, cos(ko,t)] = A, +5 [Amsin(kot +f,)],

T/2

rie A== () f(ot)dt — mocTtosnnas cocrasusiomas Qynkuuu f(Wt), paBnas ee
-T/2
T/2
cpennemy 3a mnepuox T 3HadeHuio, B == () f(ot)sin(ket)dt = A cosf, u
-T/2
2 T/2
C, == O f(ot)coskat)dt = A, sinf, — kodbduuuentsl psaga ypbe, COOTBETCTBYIO-

-T/2
UC aMITIMTyJaM IFapMOHHUK KBaAPaATYPHBIX COCTABIIAIOIINX

A =B +C? —aunmumyoa k-0t rapMOHHUKHY;

f . =arctg(C,/B,) —nauanvnas ¢asza K-oit rapMOHHKH.
3aBucumoctu A u f, OT mopsakoBoro Homepa K-oif rapMOHHKH (MJIH OT €€ JacTo-
TBI Wy =KW, ) IPUHATO HA3BIBATH AMAIUMYOHBIM W (PA3068bIMU CREKMPAMU KOJIeOAHUS]
COOTBETCTBEHHO. [[/IsI MepHOANYECKUX HECHHYCOMAAIBHBIX KOJNCOAHWH aMIUIUTYI-
HBIM U (pa30oBbIe CIIEKTPbl UMEIOT JTUCKPETHBIN XapakTep, a pacCTOSTHUE MO OCH Yac-
TOT MEXJIy CMEXHBIMH CIIEKTPabHBIMU JIMHUAMU paBHO W, . Teopernuecku psg Dy-
pbE COAEPKUT OECKOHEUHOE YMCIO YICHOB, OJHAKO B OOJBIIWHCTBE MPAKTUYECKUX
CIIy4aeB 3TOT PsiA AOCTATOYHO OBICTPO CXOIWTCS, W MPH pacueTax MOXKHO OTpaHH-
YUTHCS CPABHUTEIHHO HEOOIBIITUM YHCIOM TapMOHHK.

KoMmmnekcHbIM k02 puyuenmom nepedayu 3AEKTPUUECKOW LENMU HA3bIBAIOT
OTHOILICHUE BBIXOJIHOM BeNWYMHBI (Ha HAarpy3ke) K BXOJHON B KOMIUIEKCHOH (opme
3anmucu. Ecii 5TO OTHOIIEHWE HANpPSDKEHUN WM TOKOB, TO YaCTOTHBIE XapaKTepH-
CTHKH HAa3bIBAIOT KOMIUIEKCHBIMU KOd()PUIMEeHTaMU Tepefayd M0 HampsKEHUIO
Ku(w) = U/ Ugr, 1 TOKY Ki(JW) = gl lr. TTOCTEIHNME COOTHOICHUS TIPECTABISIOT B
BUJI€ BYX (YHKUMIA YacTOTBI: UX MOJYJIb Ha3bIBAIOT AMAIUMYOHO-4ACMOMHOU Xa-
paxmepucmukou (AUX), HX apryMeHT — ¢Hazo-4acmomuoi Xapakxmepucmurxoll
(PUX).

K(w) = [KGw)pe/™™, re | KGw)| - AUX
q(w) = arg K(jw) - ®UX.
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2. InepzemuyecKkue xXapaKkmepucmuKku HeCUHYCOUOAIbHO20 MOKA

[Ipu pacueTe 3HEPreTUYECKUX XapaKTEPUCTHUK B LIETISIX HECUHYCOUIAIbHOTO
NEPUOJUYECKOTO TOKA UCHOJIb3YIOT CJIEYIOUINE BEIUUHHBI:

neicTByomMe 3HaueHust Hanpspkenus U u Toka |;

CPEIHIOK MOIIHOCTH P;

peakTuBHYIO Q U MOJAHYIO0 S MOITHOCTH.

Heticmeyowue 3nauenus HanpsAdjICeHus U moka ONpenemsoT KaKk FeoMeTpHuye-
CKYIO CYMMY JI€MCTBYIOIINX 3HAYEHUHN OT/IEIbHBIX TAPMOHUK

U=Ju2+3a Uz
1= J12+§ 12

rne U, =U_ [/ \/E — JIeHCTBYIOIIEe 3HaUCHHE K-0if rapMOHUKH HANPSHKEHUS,

I =1/ J2 - NelcTBYIoIIee 3HaYeHUe K-0if TapMOHUKH TOKa;
U,, |, —IOCTOSIHHBIE COCTABIAIOIINE HANPSKEHUS U TOKA, COOTBETCTBEHHO.

Cpeonroio mowHocms HECUHYCOUAAIBHOIO TOKA ONPEIENA0T KaK CyMMY MOIII-
HOCTEH OTACIIBHBIX TAPMOHUK

P=P+3 PR,
roe B =U,l, cosj , —cpennss momrHoCTh K-0if rapmonuku Toka; Py =U |, —mom-
HOCTbB ITOCTOSIHHOT'O TOKA.
[To aHamoruu ¢ CHHYCOHMIAIbHBIM TOKOM BBOJUTCSI TIOHATHE PeaKMUGHOU MOUY-
nocmu Q= é_ Q.. roe Q, =U,l, Sinj , —peakTuBHas MOIIHOCTb K-0if rapMOHHKH;
Tonnyto mowHoCcms HECUHYCOUIATLHOTO TOKA OTPEEISAIOT aHAJTOTHYHO TTOJT-
HOM MOIITHOCTH CUHyCOMAIbHOTO ToKa 1o hopmyne S=UIl. B otnuuue ot cunycou-

JATBHOTO TOKA MOJIHAS MOUTHOCTh S OKa3bIBAETCS 0O0JIBIIIE T€OMETPUUECKON CYMMBI
CpPEIHEN U PEAKTUBHOM MOIIHOCTEN

3. Pacuem ueneﬁ HectucoanJlbnozo nepemennoco moka

Chayana nepruoM4ecKoe HErapMOHUYECKOE BO3JAEHCTBUE MIPEACTABISIOT B BU-
1€ CYMMBI 2APMOHUYECKUX CUSHAI08, UCTIONB3YS psia Pypbe, U OTPaHUYUBAIOT
€ro HeKOMopPbiM YUCIOM 2APMOHUK;,

3aT€M BBIMOJIHSAIOT PacyeT LEeNH JUIsl KaXA0W OTIEeIbHOM TapMOHHUKHU HaMpsixKe-
HUS WIK TOKA, YYUTHIBASK MPU ITOM, UTO CTPYKTypa IEMU COXPaHSAETCs, a Co-
NPOMUGNEeHUsi U NPOBOOUMOCMU PEAKMUBHIX IJIeMEHMO8 UBMEHAIOMCS C U3-
MEHEHHEM YacCTOThl TapMOHUKH. [lanee pe3yabTUPYIOUIYIO PEaKInio 1enu Ha-
XOJIAT MPU MOMOIIY METOJIa HAJIOKEHUS — IMyTEeM CIIOKEHUS PeaKIuid s OT-
JIebHBIX TAPMOHUK BO3/ICUCTBUSL.

["'apMOHMKH BBIXOZHOTO CUTHAJIA TAKXKE MOXKHO OINPEAETUTh, aHan3upyss AUX
1 OYX 3j1eKTpUYECKON LEeNU Ha COOTBETCTBYIOIIEH YacTOTE.

B Tabnuue 4. npuBeaeHbl HEKOTOPbIE TUIOBbIE (PYHKIUU U UX PA3NIOKECHUS B
psan @ypee. 'paduxu 3tux GyHkumii npusenensl Ha puc. 4.1, [Ipu 3ToM NPUHATHI
cnenyrone obo3HadeHus: X =Wt; w, =2p/T, Fy — ammuTyqHOe 3HaYCHHE HECH-

HYyCOMJAJIBHOTO CUTHAIA.
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Puc. 4.1. I'padvku TUMIOBBIX HECUHYCOUIATBHBIX (DYHKIIMIMA



A fuu(x) A f2(X)
FM _:u\ J_fﬂ ™,
FM t""l. .'"II H"-.
X IH'-.I 'I VooX
~ \ . |
0 pl2 p 2p 11 0 p/2 » 12
f13(X) A f1a(X)
Fu { Fu t
A ’ x
0 p 2p g ol p2 p 2p -
13 10 14
N flS(X)
Fwm Fm
Fu/2
X X
0 p 2p 15 0 p 2p
16
\ f17(X) A f1s(X¥)
Fu Fu
Fu/2 + Fu/2 +
X p/3 p X
f19(X) A T20(X)
FM I FM
X / X
0 2p 19 0 p 2p
_ . 20 /

Puc. 4.1. I'paduku TUMOBBIX HECUHYCOUAATBHBIX QYHKIHH (TIPOIOJHKCHUE)
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Ta6auua 4. Psgpl @ypbe 4151 HeCHHYCOMAATBHBIX GyHKImii (cm. puc. 4.17)

g =
=
S 2 Paznoxenne pynkuun f (X) B psg ypee
= o
2 =
1 2
1 fl(x)»i+2|:“" 8%inx+isin3x+lsin5x+><><><2
2 T 8 3 5 2
2 f2(x)»i-ia%inx+lsin2x+isin3x+>o«2
2 p & 2 3 &
3 I
fa(X) » R . 4F§" 8%osx+1c033x+ic035x+ ><><><2
2 & 25 P
4 f,(X) » 2Py AR & oo+ L cosax + L cosex+ 00
P p & 15 35 p
5 fs(x) o 2Fu AP B oo L cosax+ L cos6x- ><><><O
P p &3 5 35 5
6 fs(X) »i+iaesinx+lsin2x+isin3x+>o«2
2 & 2 3 o
7 fo(X) » Fu 4F Feosx + 1c032x+ 1c033x+ic035x+ ><><><O
4 2 9 25 @
8 f5(X) »i+2FM aelsinx- icost- icos4x- ><><><2
p g7 15p o
€p? . . 1. u
8 [—+1x6in(x- 32,5°) +sin(3x +90°) + =sin(5x- 90°) +(
eV 4 3 G
é a
fy(X) » i‘§+Esi n(7x+90") +lsi n(9x- 90°) +lsi nl1x+90°)+
§+isin(13x- 90°) + K u
C 7 8
é

B tabnuiie npuBeneHo pasnoxenue B psag Oypbe TUIOBBIX GYHKIUHN, rpaduKu
KOTOPBIX MPUBEACHBI Ha pUCYHKE. [Ipu >TOM NpPHUHATHI CleAyrOIIMe 0003HAYEHUS:
X=wt; w, =2p/T, Fy —ammiuTyaHOe 3Ha4eHNEe HECHHYCOHMIATEHOTO CHTHAJA.
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1 2
8F, a&. 1. 1 . o
10 fo()» 2 &nx- Z6n3x+-—sin5x- X%
10( ) p2 8 9 25 ;
11 f (X) >>i + 2P aCosx - 1c033x+£(2035x- ><>o<2
2 & 5 5
12 f12()() »i-l-ZFM ﬂ_COSX'FiCOSZX- iCOS4X+)°°(9
p &4 3 15 p
13 fo(X) » Fu 4 Fu gsm(x- 32,5’) _sin(2x) , sin(3x) _ sin(4x) . sin(5x) _ E
4 p g 0843 2 3 4 5 M
14 fu(X »i+ 4F§" &inx- 1cost- 1sin3x+£sin5x><><><2
4 & 2 9 5
15 | fo(x)» s D gs'“(x+32,5 ), Sin(2x) , sin(3x) , sin(4x) , sin(5x) _ 0
4 p & 0843 2 3 4 5
16 fo(X) » SFu 4 Fu gs' n(x-12°) sin(2x) . sin(3x) _ sin(4x) . sin(5x) _ E
8 p é& 0653 4 2 8 333 |
17 f..(X) » 3P, Fu gsm(x+12 ), Sin(2x) | sin(3x) , sin(4x) , sin(5x) _ E
8 & 0,653 4 2 8 333 X
18 fi(x) » P s /3, L0SX - ~COS5X + = COSTX - 3000
2 p 7 p
aF, @ 1. 1. 5
19 fo(X) » —M 8%lnx+—sm3x+—sm5x+><><><+
19(X) 0 8 3 c p
20 fo(X) » 2Ry &inx- 1sin2x+isin3x+><><><2
p & 2 p
2F, @ . 1. 1. 8
21 f (X) » —M 8%lnx+—sm2x+—sm3x+><><><+
2(X) 0 8 5 3 s
22 f,(X) » 6\/§:F“"a%inx-isin5x+isin7x-isinllx+>oo<2
p? & 25 49 121 5
£,(0) » Fy gsm(x- 32,5) , sin(3x) , sin(5x) , sin(7x) U
23 p & 0,422 15 2,5 3,5 o]
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1 2
24 | ,,(X)»- P Fu gs n(x- 12°) sin(2x) . sin3x) _ sin(4x) , sin(5x) U
25 f25(x) » 6\/_3—:FM&EIOSX - iC035x - icos7x + iCOSllX + ><>o<9
& 25 49 121 P
26 fe(X) » Fu gs n(x+32,5) + sin(3x) + sin(5x) N sin(7x) 4ol
27 £ () » Fu gsm(x- 12°) N sin(3x) N sin(5x)  sin(7x) 1)
p & 03% 1 167 233 4
28 foe (%) » 23, Teosx- 1c035x+1cos7x- 3000
Y & 5 7 P

Crnenyer NOMHUTB, YTO JJI paCYETOB JaHHbIE (PYHKI[MU HY>KHO MPHUBECTH K BUIY:

F()= A+ A SINWE+y 1) + Ay SIN2WE+Y ) + K+ Agsin(kat +y ) +K

[IpuBeaeHue OCyIECTBISIETCS CAEAYIOUUM 00pa3oM:

-sin(wt +y ) =sin(wt +y +p);
cos(Wt +y) =sin(wt +y +p/2);
- cos(wt+y) =sin(wt+y - p/2).
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3AJIAUA 4

/lano: K 35eKTprdecKon 1enu, cxema KOTOpO MPUBOAUTCS HUXKE, IPUIOKEHO
HECUHYCOUJIAJIbHOE TIEPUONYECKOE HAMPsiKEHUE, (hopMa KOTOPOTO TaKKe MOKa3aHa.
[Mapametpsl menu umMerot ciexyromue 3HaueHusa: R, =R, =10 [Om]; L =L,=01
[['H]; C, =100 [mx®]; E,, =F,, =100[B]; w, =100 [pax/c].

Tpebyemcsa evinonnums ciedyrowue onepayuu.

1) mpencraButh HampsbkeHue uctounuka f(X)=e(wt) psmom ®dypwe, orpaHuyuB
YUCJIO YICHOB PAJa IMOCTOSHHOM COCTaBIIAIOLIEH U TPEMs IEPBBIMU FapMOHHU-
KaMH.

2) TOCTPOUTH TPAPUKH CIIEKTPOB aMIUTUTY U HAYaJdbHBIX (a3 UCTOYHHUKA.

3) onpenenuTh BHIXOMHOW CHTHAJ — HaNpsDKeHUE Ha Harpyske U, (t), ucrmons3ys

METOJ] pacyeTa Mo KOMIUIEKCHBIM 3HAYEHUSIM.

4) mocTpOUTh TPaPUKU CHEKTPATBHBIX COCTABIISIONIMX ISl HATPSOKCHUS HA Ha-
IpYy3Ke.

5) ompenenuTh NEHCTBYIOIIEE 3HAUCHUE HAMPSDKEHUS HAa HArpy3Ke M MOIIHOCTB,
pacceuBacMyIo B HEM.

6) mpoBecTn pacueT rapMOHWK HamnpsbkeHus U, (t) Ha Harpyske, MCHONB3ysS KO-
s¢dunmeHT nepenayn no HanpsbkeHuro. I[lapaMerpsl BXOJHOIO, BBIXOJHOIO
CUTHAJIOB M mepenayu uenu cBectd B Ttadmuiy. Iloctpouts AUX n ®UX, a
Tak)xe rpa UKy BXOJIHOI'O CUTHAJIA U CUTHaja Ha Harpyske.

e~ &(t)
L J_C L, e, T
ety D TR luﬂ(t)
Ro wt
0 p' 2|'o
a) 0)

Puc. 4.2. Cxema nienu (a) 1 popma BXOJHOTO HanpspkeHus (6) K IpuMepy

Pewenue
1. Bocnonbs3zyemcs AaHHBIMH TabJ. 4 ¥ MpeACTaBUM HaIpsSKEHUE HUCTOYHUKA
(bynxmus fy(X)) B Bune psna dypbe, OrpaHHYCHHOTO IOCTOSHHOM COCTABIISIONICH U

TpEMA MCPBBIMU T'APMOHHUKaAMU

F =l . 1 1 0
e(t) = E, +e(t) +e,(t) +e,(t) :?M+ 2F,, stmoalt - gcos&nlt - ﬁcos%ltzz

=E,+E Shot- E_,cos2n,t- E, , cosdot =
=31,8+50sn100t - 21,2cos200t - 4,2cos400t =
=31,8+50sn100t +21,2sin(200t - 90") +4,2sin(400t - 90°) [B]

2. [TocTpoeHHble TpaUKU CIIEKTPOB aMIUTUTY/A U HA4aJbHBIX (pa3 HANPSIKEHUS
HMCTOYHUKA N300pakeHsl Ha puc. 4.3 a, 6.
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Em, Y e«
60 , , W
50 — Emy 0 wi 2w, 3wy | 4w
40 — 0 _|

E =30
30 - E
20 - e 60°
10 Em

1 g0 o -
0 W1 2W1 3W1 4W1 W yez ye4
a) 0)

Puc. 4.3. Cnektpbl ammutya (a) u ¢a3 (6) BXOJHOTO CUTHAIA K TPUMEPY

3. Tenepb BBHINOJIHUM pacyeT HaNpsDKEHUS Ha HAarpy3Ke, UCHOJb3Ys AJI 3TOrO
METOJ, KOMIUIEKCHBIX AMIUIUTY/I.

Pacuem nocmosnnou cocmasnsioweti HapsHKEHUST HA HArpy3Ke MPOBOJIUTCS C
Y4E€TOM TOr0, YTO Ha MOCTOSSHHOM TOKE BCE€ MHIYKTUBHOCTH L 3ameHstoTcs mnepe-
MbIUKamu, a eMkocTH C — pa3pblBaMu LIENH, KaK NokKa3aHo Ha pucyHke 4.4, a. Uc-
noJib3ys 3akoHbl Kupxroga nu Oma, nosinyaum

U,,=E, =318 [B].
lyo =Uo/ Ry =31,8/10=318 [A].

[Ipu pacdere ocTalbHBIX TAPMOHMK HampsokeHus U, (t) Bocmomb3yemcst cxeMoi
3aMelleHus, npuBeeHHoN Ha puc 4.4 6. Ha »Toii cxeme Bce 3JIeMEHTHI LIeNU 3aMeHe-
Hbl MX KOMIUIEKCHBIMH COIPOTUBJIEHUSAMH, KOTOPBIE HUMEIOT JIBOWHBIE HHJIEKCHI.
IIepBbIli MHIEKC COOTBETCTBYET MOPSAJKOBOMY HOMEPY BETBH, & BTOPOM — HOMEPY
rapmonuku (k=1,2,...).

KoMmekcHble 3HaueHs] TOKOB HalJieM ¢ y4eTOM TOro, yTo oOwmui ToK |, Je-
JUTCSL B BETBSIX CXEMbI Ha JIBa TOKa, KOTOpPbIE 0OpAaTHO MPONOPLUUOHAIBHBI COMPO-
TUBJICHUSAM BETBEU

Ly =B/ Zy,
Lo =1y (Za * R I(Za + Z5 + Ry),
Vi =Ly Za (Zy + Zy + Ry),
tne Zy =2y +Z,(Zy +R)I(Zy +Z4 +R,) — dKBUBaJCHTHOE KOMILIEKCHOE CO-

NPOTHUBIICHHE BCEW NenH i K-0if TApMOHUKH HANPSKCHHUS MCTOYHHMKA, HAWJICHHOE
4yepe3 CONPOTHBIEHHUS OTHENBHBIX BeTBed Z, =Z, = X, = jo, L = jko,L;

Zy=R- Xy =R - j/(0C,)=R,- jl/(kn,C,).
KoMIiekcHOe 3HaYeHUe HAIPSKEHHs HA HArPy3Ke onpeieuM no 3akony Oma

U = LRy
C y4eTOM BBIPaKCHHBIX paHee TOKOB, OKOHYATEIHHO TOTyIaeM

U = LRy = EZuR N2y (2o + 2o + Ry) + 2,5 (25 + RY)I
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Torna koMruiekcHasi BeIMYMHA Ko@uyuenma nepedauu no HANPANCEHUNO B
byHKIMH 4acTOThl ®= Km; paBHa

Ku(W)=U , 1E, = Zy Ry [Zy (Zy + Zy + Ry) + Z 5 (24 + RY)I

o |

| 0 S I_lk Zlk |_2k Zsk I_Hk

20 Jr e [z [=

a) 0)
Puc. 4.4. Cxembl 151 pacyeTa mocTOsTHHON (a) ¥ MepeMeHHBIX (6) COCTaBIIAIO-
IIMX HAIPSDKCHHS HA Harpy3Ke

Ilepeyto eapmonuxy HalpsDKEHUS HA Harpys3ke ONpEAesnuM, UCIONb3ysl B CXEMe
3aMmeleHus puc. 4.4 6 conpoTUBICHUS LIENU U HANPSYKEHUE UCTOYHUKA JJIsl IEPBOM
rapMOHUKH

2y =25 =X, = jol, =j10[0OM]; Z, =R, - jX, =(10- j100)[Om],

_ — 925 : _
;31 - ;11 +;21(Z31 + RH)/(;ZI + Z31 + RH) - 236] [OM]’ Eml - 50 [B] .
KomruiekcHast aMIuimTyia Toka epBoi TapMOHUKY HCTOYHHUKA MMEET 3HaUCHHUE
Logs = En/ Z, =50/ 23’ =2,175¢ 1% [A]
DTOT TOK JIENUTCSI 0OPaTHO MPOIMOPLUUOHAIBEHO COMPOTHBICHUSAM MapajlIeIbHO
BKJIFOUCHHBIX BeTBeH Z, u (Z, + R,), mosTomy Tok B Harpyske

Vo = Va1 2oy (2 + 25 +R,) = 2,175€ ¥ (10~ j100)/(20- j90) = 2,37 1*'[A]
KommmexkcHoe 3HaueHune HaIPs>KCHUA Ha HArpy3Ke OMpCaAc/IiuM 110 3aKOHY Oma
Ui = LRy =23, 7€ j&’ [B]

HOqueHHoe 3HAUYCHHUEC IIO3BOJISICT 3allMCaTb MI'HOBCHHOC 3HAUYCHUC HepBOﬁ
TapMOHUKH HANPSDKEHUS Ha HaTrpy3Ke
Uy, (t) = 23,7sin(100t - 65°) [B]
Jlist Bmopoti eapmonuky HaAPSHKSHUST TIOTydaeM
Zy, =2y =2jwL, = j20[OM]; Z,,=R,- j/(20,C,) =(10- j30)[Om];
2y =Zp+Zy(Zyp*R)(Zp+Zy+Ry)= 47,46 [Om]; E,, =21,2€ ol [B].

3HaueHHE KOMIUIEKCHON aMIUTUTY/Abl TOKa BTOPOM FTapPMOHHMKHU B LIEMU UCTOYHU-
Ka HanpspKEHUs Haiinem 1o 3akoHy Oma

Lo =EnlZ,,=212€ 19 1 47,485 = 0, 45¢" 115 [A]

KoMmekcHyto aMIiuTyy TOKa BTOPOM TrapMOHMKM B Harpy3ke RH Haiinem
aHAJIOTMYHO TOKY MEPBOI TApMOHUKH MYTEM JI€JICHUSI TOKa UCTOYHHKA 0OpaTHO MPO-
MOPLIMOHAIBHO COMPOTUBIICHUSIM TapaJuIeIbHO BKIIFOUEHHBIX BETBEN

Lo = Voo Zop (Z oy + Z, + R,) = 0,45¢ ™7 (10- j50)/(20- j30) =0,635e '™ [A]
KomrmnekcHoe 3HaueHue HanpsHKEHHWs BTOPOW TapMOHUKHM HA HArpy3Ke Haujaem
C MOMOIIBIO 3aKkoHa OMa

80



Ui = LRy =6,35€ e [B]
[lonyuyeHHOE 3HAYEHHE MO3BOJISIET 3aMUCaTh MTHOBEHHOE 3HAYE€HHE BTOPOM
rapMOHUKU HANPSHKEHUSI HA Harpy3Ke
U, (t) =6,35sin(200t - 172°) [B]
OnpeneneHue HaNPSOKEHUS uYemeepmou 2apMOHUKYU BBIOJIHUM aHAJOTHYHO
pacyeTy HampspKeHUs: BTOpoil rapMOHUKU. CONPOTUBIIECHUS 1IEMU U HANPSKEHUE UC-
TOYHHUKA JIJI1 YETBEPTON FrapMOHUKHA UMEIOT 3HAYEHUS

Zyy=Zy=4jo,L, = j20[Om]; Z,, =R, - j/(40,C,) =(10- j25)[Om];

Ly =Lyt Zy(Zy *R)I(Zy+Zy +Ry) = 43¢ [Om], Eu=4,2€ 0B,

KOMIUIEKCHYIO aMIUTUTY1y TOKA YETBEPTOW TAPMOHMKH OIPEIEIIUM II0 3aKOHY
Oma

Logs = Ena 1 2, =4,26 1% 1 4361%" =0,008¢ "' [A]

Hcrmons3ys TOK Y4ETBEPTOW I'aPMOHHKH B BETBH C MCTOYHHKOM HAIPSHKEHUS,

paccuuTaeM TOK B HAIPYy3Ke
Voess =V saZog (Z oy + 25, + R,) = 0,1058 127 [A]

KoMIutekcHOe 3HaYeHHE YETBEPTONW FApMOHHUKH HAINPSOKCHHS Ha HArpys3Ke Oll-

penenum 1o 3akony Oma
U e = LRy =1,05€ 177 [B]
MrHOBEHHOE 3HAa4YE€HUE BTOPOM FAPMOHMKHU HAIPHKEHUS Ha HArPYy3Ke OIpejie-
UM 1o hpopmyiie
u,, (t) =1,05sin(400t - 220°) [B]

Pe3yabpTuUpyIollee HApsHKEHHE Ha HAarpy3Ke HaiIeM IyTeM CyMMHPOBaHHS OT-

JENBHBIX COCTABIISAIONIMX, PACCYMTAHHBIX BBIIIIE

Uy (1) =U o + Uy, (1) +u, (1) +u, (1) =

=31,8+23,7sin(100t - 65°) +6,35sin(200t - 172°) +1,05sin(400t - 220°) [B]

4. TloctpouM rpaduKK CHEKTPAIbHBIX COCTABIAIOIINX HAMPSIKEHUS HA HArpy3-
K€, I/ICHOHB3y5{ HOJIy‘{eHHOG BBIIIIC MI'HOBCHHOC 3HAUYCHUC HaHpSDI(eHI/I}I.

ump ,B Y«
100 200 300 400

50 4 I W, pan/c
40 U
01" Uiy a0 4 7
20
10 - Umu Umay 0 Ye

l‘ | . —200

0 100 200 300 400
Ye
a) 0)

Puc. 4.5. AMmuryasbiii (@) u Ga3oBbIi (6) CIEKTPhI HAIPSHKCHUS HA HArpy3Ke
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OTu rpaduKy MOKA3bIBAIOT, YTO 3JIEKTPUYECKas LIeNb, BKIOYEHHAs MEXIY HC-
TOYHUKOM M HAarpy3KoM, OKa3bIBaeT OMPEJIEJICHHOE Cria)kKUBalollee NEHCTBHUE. aM-
TUTUTY/bl CHEKTPAIbHBIX COCTABISIOIIMX YMEHBIIAIOTCS 110 MEPE YBEJIIMYEHUS YacTO-
Tbl. Kpome 3T0ro, 3aMeTHO CyIllecTBEHHOE 3ama3blBaHUE CUTHAIA MO OTHOLIEHUIO K
HaIpsHKEHUIO UCTOYHHKA.

5. Onpenenum JEHCTBYIONIEE 3HAYEHUE HAMPSIKEHUs Ha HArpy3ke U CPeaHIOI0
MOIIHOCTh, PACCEUBAEMYIO B HEW. JleHCTByOIIEe HANIPSHYKEHUE HA HArPYy3KE MOXKHO
paccuuTarh 1no popmyie:

U, =UZ% +U2 +UZ, +U2, = [31,80% +16,77% +4,49? +0,75 = 36,24[B],
rae U,,=31,80 [B] — mocrosiHHAs cocTaBistonasi HaNpsDKeHUS HA HAaTPy3Ke,;

Uy =U !/ \2=16,77 [B] — neiicTByIomee 3HaueHMe HATPSIKEHNS TIEPBOA rap-
MOHHKHY,;

Uy =U ! 2 =4,49 [B] - neiicTByromee 3HaUCHNE HATPSIKCHAS BTOPOA Tap-
MOHHKHY,;

U =U !/ \2=0,75 [B] — neiictByiomee 3HaueHHe HANPSKEHHS HETBEPTOM
TapMOHUKH.

CpenHsisi MOITHOCTh HECHHYCOUIAIBHOTO TOKa OIpeessieTcs 1Mo hopMye:

P,=PR,+P,;+P,+PR, =101+2812+2,02+0,06 =131, 2[Br],

riae P, =12,R, =3,18°%0=101 [B1] ~MOIHOCTb MOCTOSAHHOMN COCTaBISIONIEH TOKA;

P, =12,R, =28,12 [Br] — cpeanss MOIHOCTH MEPBOil TAPMOHUKH TOKA;

P, =17,R, =2,02 [Br] — cpe/iHsst MOIIHOCTb BTOPOil FApMOHHMKM TOKA;

P, =15,R, =0,06 [BT] — cpesHsis MOIIHOCTb YeTBEPTOI FAPMOHUKH TOKA.

N3 nostydeHHBIX BBIPAXKEHUN CIIEAYET, YTO CPEAHSAS. MOILIHOCTbH ITOYTH ITOJIHO-
CTBIO OIIPEIEIIACTCS IOCTOSTHHON COCTABIISIOIICH U IEPBOM TapMOHUKOUN ToKa. Bkian
BBICIIIUX TapPMOHHMK BEChbMa HE3HAYMTEJEH U cocTaBisieT Bcero 1,6% ot momHoit
MOIIHOCTH, pACCEUBAEMON B Harpy3Ke.

6. OTnenbHble TAPMOHUKH HAIpPsDKEHUS Ha Harpyske U, (t) MOTYT OBITh Takxke

OIPE/ICIICHBI, UCTIONB3Ysl KO3 duimeHT nepenayn no Hanpspkeruro Ky(jw), HaliaeH-
HBI HaMM pasee. IIpu noacraHoBKe B HETO 3HAYCHUW CONPOTUBIICHUW OTAEIBHBIX
BETBEU MOJIyYUM

Ku(jW): (RZ - J /(k(DlCZ))RH .
ST ko L((R, - [ (ko,Cy) + oyl + Ry) + (R, - [ /(ko,C,)) (koL + R,)
[To maHHOMY BBIpa)KCHHIO, 3a1aBIIUCh U3MeHeHHeM K, moctpoum AUX u OUX.

Jlns  sTOro BOCHOJIB3yeMCs Ji0ObIM MaremMaTuueckuMm maketoMm (MathCAD,
Mathematica u T.11.)
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paccuuThIBa€M MapameTPhI
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100~
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Puc. 4.6. AYX u @YX snekTpuyeckoil nenu

10

OmnpenenseM 3HauCHUS MOIYJs U aprymenTa npeaaun K, (W) Ha gactorax co-
crapisiomux: K= 1, 2, 4; Wy = Wy, 2Xvq, 4%vy, rie W1=100 [1/c]. A nanee, ucronb3ys
UHGOPMAITHIO O TAPMOHUYECKUX COCTABJISIONIUX BXOIHOTO CHTHAJIA
g(t) =31,8+50sin100t + 21, 2sin(200t - 90°) +4,2sn(400t - 90°) [B]

COCTAaBJIAIOIIHUX HAIPSIKCHUA Ha HArpys3ke IMICIn

Uik = Ku(K)PEm Yk =Y ek + ag(Ky(K)) 1 momermaeM pe3ysibraT B HMPHUBEACHHYIO
HIWDKE TaOuILy.

Tabnuua x 3agaue 4

Ha Bxone nenn

Ilepenaya nenu

Ha BeIXOI1€ enn

k | wflic] | EwdB] |y e[| IKu(K) | arg(Ku(K)[°] | Umik[B] Y nk[°]
1 100 50 0 0,474 -65 23,7 -65

2 200 21,2 90 | 0,299 -82 6,35 172
4 400 4.2 -90 0,25 -130 1,05 -220

OKOHYATENBHO [IJI1 HANIPSDKEHUS Ha HAarpy3ke u,(t) mojaydaem
u,, (t) = 31,8+ 23,7sin(100t - 65°) +6,35sin(200t - 172°) +1,05sin(400t - 220°) [B]
[Mpencrasum rpapudecku IJC ucrounrka €(t) u HanpsKEHHUsI HArPY3KHU U, (t)

»

L E,Uy, B
100

0 0.02

0.04

0.06

Puc. 4.7. I'paduku BXOJHOTO HANPSKEHUS U HAPSYKEHUS Ha Harpy3Ke
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3AJIAHUE 4

JIns 3a1aHHOM DJIEKTPUYECKOM LENH, CTPYKTypa KOTOPOW IpencTaBiieHa Ha
cxemax 1w 2 (puc. 4.8) u ¢ napamerpamu u3 tadnwi 4.1....4.4 BbINOTHUTH:

1)

2)
3)
)
5)

6)

NpeICTaBUTh 3aJaHHyl0 GyHKIMI0 uctouHuka DJC wmm Toka psgom Dypbe
(cMm. Tabnuiy 4 u puc. 4.1), OrpaHUYHMB YUCIIO WICHOB Psijia MOCTOSIHHOM CO-
CTaBIISIONIEH M TpeMs TIEPBHIMU TAPMOHUKAMH.

MOCTPOUTH TPaQUKHU CIIEKTPOB aMIUIUTY/ U HA4aJlbHBIX (pa3 3alaHHOTO UCTOY-
HUKA.

onpeaenuts Gpynkmuoo f,(Wt) - nanpspkenue Uy (t) wam Tok i, (t) Ha Harpys-
K€, UCIIOJIb3Ysl METO/JI pacyera Mo KOMIUIEKCHBIM 3HAYEHUSIM;

NOCTPOUTh TPaQUKU CIEKTPAIBHBIX COCTABISIONIMX JIJISl HANpsDKEHUs (ToKa)
Ha Harpyske.

OIPEICIIUTh JCUCTBYIOIIEe 3HAUCHUE HANpPsKeHUs (TOKa) HA HArpy3Ke M MOIII-
HOCTb, PACCEMBAEMYIO Ha Harpys3Ke.

npoBecTH pacueT rapmoHuK ¢ynkmmu f, (Wt) Ha Harpyske, Mcrmonb3ys Haii-
NneHHbIN k03 duimeHT nepenaun. Pe3ynbTaThl cCBECTH B TaOIUIly, aHAJIOTHY-

Hyto Tabnuue u3 3agaun 4. [loctpoute AUX n ®UX, a Takxke rpaduku BXoA-
HOT'O CUTHAJIa U CUTHAJIa Ha Harpys3Ke.

OnnO O—®
SNONNO De @ ©lu
iy
OO &——
Cxema 1 Cxema 2
Puc. 4.8

[lepen pacueToM B COOTBETCTBUM C BApUAHTOM 3aJ]aHUsI HEOOXOAUMO COCTAaBUTh
ANEKTPUUECKYIO CXEMY LIETH, 3aMEHHUB 3JIEMEHTBI CTPYKTYphl 3neMenTamu R, L u C.
B kaudecTBe npuMepa cocTaBuM cxemy Bapuanta 29 tabnuusl 4.1

Pa3zmemaem B nepBoOi BETBU DJIEMEHT

C, B BeTBsIX 2 U 5 onemeHTHI L, B BETBSIX

3 u 6 smementel R, MHaekcwl diaeMeH- D Rs l [
C Eix 100 Om

TOB

OTCYTCTBYIOIIMN YETBEPTHIM SIEMEHT
CTPYKTYPBI 3aMEHSEM NEPEMBIUKOU. ah A

C;=5040° ®

—

1%
COOTBETCTBYIOT HOMEPaM BETBEIA. 100 Om

L,=0,025TH Ls=0,025Tn

VYKa3bplBaeM 3HAYCHUS COINPOTUBIICHUM, EMKOCTEN U MHIYKTUBHOCTEH JJIEMEH-
TOB. B pe3ynbraTe Mbl I0JIy4aeM 3JIEKTPUUECKYIO LElb, [IPEACTABICHHYIO BbILIE.



HauvaJjo Ttadoauus! 4.1

Bapuantr | Cxema [TapameTpbl UCTOYHUKA fa(wt)
Tun dopma F,[A,B] wq[1/C]

1 2 SJIC 12 E.=50B 1000 U, (W)
2 1 TOKa 15 J=1A 600 I (Wt)
3 2 SAC 6 E.=55B 1000 Uy (WE)
4 1 TOKa 3 Jv=1,1A 1000 I(Wt)
5 2 SAC 1 E,—60B 1000 Uy (WE)
6 1 TOKa 23 J=1,2A 1200 I(Wt)
7 2 SJIC 4 E.—65B 200 U, (W)
8 1 TOKa 5 J=1,3A 200 I(Wt)
9 2 SAC 19 E.=70B 2000 Uy (WE)
10 1 TOKa 27 J=1,4A 2000 I(Wt)
11 2 SJIC 10 E.=75B 1000 U, (W)
12 1 TOKa 14 J.=1,5A 200 I(Wt)
13 2 SJIC 17 E.—80B 200 U, (W)
14 1 TOKa 26 Ju=1,6A 1000 I (Wt)
15 2 SJIC 11 E.—85B 100 U, (W)
16 1 TOKa 28 J=17A 1000 I (Wt)
17 2 SJIC 22 E.=90B 1000 U, (W)
18 1 TOKa 25 J.=1,8A 1000 I (Wt)
19 2 SC 2 E.=95B 1000 U, (W)
20 1 TOKa 20 J.=19A 1000 I (Wt)
21 2 SC 16 E.=100B 1000 U, (Wt)
22 1 TOKa 24 J=2A 200 I x(Wt)
23 2 SAC 18 E.=105B 200 U, (Wt)
24 1 TOKa 21 J=2,1A 2000 I (Wt)
25 2 SJIC 7 E.=110B 2000 U, (Wt)
26 1 TOKa 8 Ju=2,2A 200 I(Wt)
27 2 SAC 9 E.=115B 500 U, (Wt)
28 1 TOKa 13 J=2,3A 1000 I(Wt)
29 2 SJIC 1 E.=120B 200 U, (W)
30 2 SAC 19 E.=125B 100 U, (Wt)
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Oxonuanue Tadauub! 4.1.

= [Tapametpsl asteMentoB R{OM], L[MIH], C[MKkD]

g % HoMmepa BeTBECH

g |3 1 2 3 4 5 6 7
1 2 R=20 - =10 | R=20 | R=20 | L=10 -

2 1 R=10 | L=15 - R=10 | L=15 - R=10
3 2 C=100 - R=15 | C=100 - R=15 -

4 1 R=12 | C=20 - R=12 | C=20 - R=12
5 2 R=18 | L=20 | R=18 | L=20 - R=18 -

6 1 R=25 | R=25 - L=2 R=25 - L=2
7 2 R=30 | C=250| R=30 | C=250 - R=30 -

8 1 R=35 - C=250| R=35 | C=250 - R=35
9 2 L=4 | R=200| C=5 L=4 | R=200 | R=200 -
10 1 R=200 | L=2,5 - C=20 | L=25 - R=28
11 2 C=50 - L=50 | C=50 - R=50 -
12 1 R=32 | C=500 - L=150 | C=500 - R=32
13 2 L=25 | C=50 | R=80 | L=25 - R=80 -
14 1 R=70 | L=20 - R=70 | L=20 | C=6,7 | R=70
15 2 L=200 | R=100 | C=100 | L=200 | R=100 | R=100 -
16 1 R=10 | L=75 | L=75 | R=10 | L=15 - R=10
17 2 R=8 R=12 | L=10 | R=22 | R=18 | L=10 -
18 1 R=100 | C=20 - R=100 | C=40 | C=40 | R=100
19 2 C=100 - R=13 | C=200 | C=200 | R=13 -
20 1 R=24 | R=12 | R=12 L=2 R=24 - L=2
21 2 R=19 | L=20 | R=19 | L=10 | L=10 | R=19 -
22 1 R=37 | C=500 | C=500 | R=37 - C=250| R=37
23 2 R=33 | C=250 | R=33 | C=500 | C=500 | R=33 -
24 1 R=30 | L=2,5 - C=40 | L=1,25|L=1,35| R=30
25 2 L=2 L=2 C=15 - L=4 R=50 -
26 1 R=34 | C=10° | C=10° | L=150 | C=500 | - R=34
27 2 C=333 | C=333 | L=75 | C=167 - R=30 -
28 1 R=75 | L=10 | L=10 | R=7/5 | L=20 | C=6,7 | R=75
29 2 C=50 | L=25 | R=100 - L=25 | R=100 -
30 2 R=12 | L=200 | C=100 | R=12 | L=200 | R=96 -
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HauvaJjo Tadauuni 4.2.

Bapuantr | Cxema [TapameTpbl UCTOYHUKA fa(wt)
Tun dopma F,[A,B] wi[1/C]

1 1 TOKa 2 J=2,3A 1000 I (Wt)
2 2 SJIC 14 E.=110B 2000 U, (W)
3 1 TOKa 16 Ju=2A 200 I(Wt)
4 2 SC 13 E.=95B 1000 U, (W)
5 1 TOKa 18 J=17A 1000 I (Wt)
6 2 SC 11 E,.—80B 200 Uy (WE)
7 1 TOKa 16 Ju=1,4A 2000 I(Wt)
8 2 SAC 8 E..—=65B 200 Uy (WE)
9 1 TOKa 10 J=11A 1000 I(Wt)
10 2 SAC 5 E.=50B 1000 U, (W)
11 2 SJIC 19 E.=120B 200 U, (W)
12 1 TOKa 4 Ju=2,2A 200 I(Wt)
13 2 SC 28 E.=105B 200 U, (W)
14 1 TOKa 23 J—=19A 1000 I (Wt)
15 2 SAC 25 E.=90B 1000 U, (W)
16 1 TOKa 15 J=1,6A 1000 I (Wt)
17 2 SJIC 3 E.=75B 1000 U, (Wt)
18 1 TOKa 12 J—=13A 200 I(Wt)
19 2 SC 11 E,—60B 1000 U, (Wt)
20 1 TOKa 26 J=1A 600 I(Wt)
21 2 SJIC 1 E.=125B 100 U, (Wt)
22 2 SJIC 6 E.=115B 500 U, (W)
23 1 TOKa 15 Ju=2,1A 2000 I(Wt)
24 2 SJIC 27 E.=100B 1000 U, (W)
25 1 TOKa 22 J—=1,8A 1000 I(Wt)
26 2 SC 1 E.=85B 100 U, (W)
27 1 TOKa 7 J—=1,5A 200 I(Wt)
28 2 SJIC 1 E.=70B 2000 U, (W)
29 1 TOKa 20 Ju=1,2A 1200 I(Wt)
30 2 SAC 15 E.=55B 1000 Uy (WE)
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OxoHnuanue TadauubI 4.2.

= o [Tapametpsl asteMentoB R{OM], L[MIH], C[MKkD]

5 § HoMmMepa BeTBeEi

8 &) 1 2 3 4 5 6 7

1 1 R=75 | L=10 | L.=10 | R=75 | L=20 | C=6,7 | R=75

2 2 L=2 L=2 | C=15 - L=4 | R=50 -

3 1 R=37 | C=500 | C=500 | R=37 - C=250 | R=37

4 2 C=100 - R=13 | C=200 | C=200 | R=13 -

5 1 R=10 | L=75 | L=75| R=10 | L=15 - R=10

6 2 L=25 | C=50 | R=80 | L=25 - R=80 -

7 1 R=200 | L=2,5 - C=20 | L=25 - R=28

8 2 R=30 |C=250| R=30 | C=250 - R=30 -

9 1 R=12 | C=20 - R=12 | C=20 - R=12
10 2 R=20 - =10 | R=20 | R=20 | L=10 -
11 2 C=50 | L=25 | R=100 - L=25 | R=100 -
12 1 R=34 | C=10° | C=10° | L=150 | C=500 - R=34
13 2 R=33 | C=250 | R=33 | C=500 | C=500 | R=33 -
14 1 R=24 | R=12 | R=12 | L=2 | R=24 - L=2
15 2 R=8 | R=12 | L=10 | R=22 | R=18 | L=10 -
16 1 R=70 | L=20 - R=70 | L=20 | C=6,7 | R=70
17 2 C=50 - L=50 | C=50 - R=50 -
18 1 R=35 - C=250| R=35 | C=250 - R=35
19 2 R=18 | L=20 | R=18 | L=20 - R=18 -
20 1 R=10 | L=15 - R=10 | L=15 - R=10
21 2 R=12 | L=200 | C=100 | R=12 | L=200 | R=96 -
22 2 C=333 | C=333 | L=75 | C=167 - R=30 -
23 1 R=30 | L=2,5 - C=40 | L=125|L=1,35| R=30
24 2 R=19 | L=20 | R=19 | L=10 | L=10 | R=19 -
25 1 R=100 | C=20 - R=100 | C=40 | C=40 | R=100
26 2 L=200 | R=100 | C=100 | L=200 | R=100 | R=100 -
27 1 R=32 | C=500 - L=150 | C=500 - R=32
28 2 L=4 | R=200| C=5 L=4 | R=200 | R=200 -
29 1 R=25 | R=25 - =2 | R=25 - =2
30 2 C=100 - R=15 | C=100 - R=15 -
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HauvaJjo Tadauusi 4.3.

Bapuant | Cxema [TapameTpbl UCTOYHUKA fa(wt)
Tun dopma F,[A,B] wi[1/C]

1 1 TOKa 16 J=1,4A 2000 I(Wt)
2 2 SJIC 19 E.=70B 2000 U, (Wt)
3 1 TOKa 6 J=13A 200 I(Wt)
4 2 SJIC 26 E.—65B 200 U, (W)
5 1 TOKa 23 J=1,2A 1000 I(Wt)
6 2 SJ1C 25 E,—60B 1000 Uy (WE)
7 1 TOKa 4 Jv=1,1A 1000 I(Wt)
8 2 SJ1C 5 E.=55B 1000 Uy (WE)
9 1 TOKa 1 J.=1,0A 1000 I(Wt)
10 2 SJIC 7 E.=50B 1000 U, (W)
11 1 TOKa 9 Jw=1,9A 1000 I x(Wt)
12 2 SJIC 6 E.=95B 1000 U, (Wt)
13 1 TOKa 3 J.=1,8A 1000 I (Wt)
14 2 SJIC 12 E.=90B 1000 U, (W)
15 1 TOKa 15 J=17A 1000 I (Wt)
16 2 SJIC 14 E.—85B 100 U, (W)
17 1 TOKa 2 J=1,6A 1000 I (Wt)
18 2 SJIC 13 E,—80B 200 U, (W)
19 1 TOKa 11 J.=1,5A 200 I (Wt)
20 2 SJIC 17 E.=75B 1000 U, (W)
21 2 SJIC 18 E.=125B 100 U, (Wt)
22 2 SJ1C 8 E.=120B 200 U, (W)
23 1 TOKa 21 J=2,3A 1000 I(Wt)
24 2 SJIC 10 E.=115B 200 U, (W)
25 1 TOKa 22 J=2,2A 200 I(Wt)
26 1 TOKa 26 J.=0,9A 2000 I (Wt)
27 2 SJIC 28 E.=45B 2000 U, (W)
28 1 TOKa 24 Jy,=0,8A 250 I x(Wt)
29 2 SJIC 20 E.—40B 250 U, (W)
30 1 TOKa 27 J,=0,7A 1000 I (Wt)
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Oxonuyanue Tadauub! 4.3.

[Tapametpsl asteMentoB R{OM], L[MIH], C[MKkD]

=

g % HoMmepa BeTBECH

g 1 2 3 4 5 6 7
1 1 R=28 | L=5 - C=10 | L=5 - R=28
2 2 L=4 - C=5 | L=4 - R=26 -
3 1 R=35 - C=250| R=35 | C=250| - R=35
4 2 R=30 |C=250| R=30 |C=250| - R=30 -

5 1 R=25 | R=25 - L=2 | R=25 - L=2
6 2 R=18 | L=20 | R=18 | L=20 - R=18 -

7 1 R=12 | C=20 - R=12 | C=20 - R=12
8 2 |Cc=100| - R=15 | C=100| - R=15 -

9 1 R=10 | L=15 - R=10 | L=15 - R=10
10 2 R=20 - L=10 | R=20 | R=20 | L=10 -
11 1 R=24 | R=12 | R=12 | L=2 | R=24 - L=2
12 2 |Cc=100]| - R=13 | C=200 | C=200| R=13 -
13 1 R=100 | C=20 - R=100 | C=40 | C=40 | R=100
14 2 R=8 | R=12 | L=10 | R=22 | R=18 | L=10 -
15 1 R=10 | L=75 | L=7,5 | R=10 | L=15 - R=10
16 2 L=200 | R=10 | C=100| L=200 | R=10 | R=100 -
17 1 R=70 | L=20 - R=70 | L=20 | C=6,7 | R=70
18 2 L=25 | C=50 | R=80 | L=25 - R=80 -
19 1 R=32 | C=500 - L=150 | C=500 - R=32
20 2 C=50 - L=50 | C=50 - R=50 -
21 2 R=12 | L=200 | C=100 | R=12 | L=200 | R=96 -
22 2 C=50 | L=25 | R=100 - L=25 | R=100 -
23 1 R=75 | L=10 | L=10 | R=75 | L=20 | C=6,7 | R=75
24 2 | C=333|C=333| L=75 | C=167 - R=30 -
25 1 R=50 | C=10° | C=10° | L=150 | C=500 - R=50
26 1 R=30 | L=5 - C=12 | L=5 - R=30
27 2 L=5 - C=7 | L=5 - R=29 -
28 1 R=40 - C=250 | R=40 | C=250 - R=40
29 2 R=35 | C=300 | R=35 | C=300 - R=35 -
30 1 R=28 | R=28 - L=5 | R=28 - L=5
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HauvaJjo Tadauuni 4.4.

Bapuantr | Cxema [TapameTpbl UCTOYHUKA fa(wt)
Tun dopma F,[A,B] wq[1/C]

1 1 TOKa 16 Jy,=0,8A 250 I (Wt)
2 1 TOKa 25 J=2,2A 200 I (Wt)
3 2 SAC 4 E.=120B 200 U, (W)
4 1 TOKa 17 J.=1,5A 200 I(Wt)
5 2 SAC 7 E.—85B 100 Uy (WE)
6 1 TOKa 10 J.=1,8A 1000 I(Wt)
7 2 SJIC 14 E.=50B 1000 U, (W)
8 1 TOKa 8 J=11A 1000 I(Wt)
9 2 SAC 15 E.—65B 200 Uy (WE)
10 1 TOKa 27 J=1,4A 2000 I(Wt)
11 2 SJIC 23 E.—40B 250 U, (W)
12 1 TOKa 21 J.=0,9A 2000 I(Wt)
13 1 TOKa 6 J=2,3A 1000 I (Wt)
14 2 SJIC 11 E.=75B 1000 U, (W)
15 1 TOKa 13 J=1,6A 1000 I(Wt)
16 2 SAC 5 E.=90B 1000 U, (Wt)
17 1 TOKa 6 J—=19A 1000 I(Wt)
18 2 SC 4 E.=55B 1000 U, (Wt)
19 1 TOKa 20 J=1,2A 1000 I(Wt)
20 2 SJIC 1 E.=70B 2000 U, (Wt)
21 1 TOKa 16 Ju=0,7A 1000 I(Wt)
22 2 SJIC 18 E.=45B 2000 U, (W)
23 2 SJIC 3 E.=115B 200 U, (Wt)
24 2 SJIC 28 E.=125B 100 U, (Wt)
25 2 SC 2 E.=80B 200 U, (Wt)
26 1 TOKa 26 J=17A 1000 I(Wt)
27 2 SJIC 15 E.=95B 1000 U, (W)
28 1 TOKa 11 J=1,0A 1000 I(Wt)
29 2 SJIC 22 E,—60B 1000 U, (W)
30 1 TOKa 26 J=1,3A 200 I(Wt)
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Oxonuanue Tadauubl 4.4.

[Tapametpsl astementoB R{OM], L[MIH], C[MKkD]

=

g % HomMepa BeTBei#

g 13 1 2 3 4 5 6 7
1 1 R=40 - C=250 | R=40 | C=250 - R=40
2 1 R=50 | C=10° | C=10° | L=150 | C=500 - R=50
3 2 C=50 | L=25 | R=100 - L=25 | R=100 -
4 1 R=32 | C=500 - L=150 | C=500 - R=32
5 2 L=200 | R=10 | C=100 | L=200 | R=10 | R=100 -

6 1 R=100 | C=20 - R=100 | C=40 | C=40 | R=100
7 2 R=20 - =10 | R=20 | R=20 | L=10 -

8 1 R=12 | C=20 - R=12 | C=20 - R=12
9 2 R=30 |C=250| R=30 |C=250| - R=30 -
10 1 R=28 | L=5 - C=10 | L=5 - R=28
11 2 R=35 | C=300 | R=35 | C=300 - R=35 -
12 1 R=30 | L=5 - C=12 | L=5 - R=30
13 1 R=75 | L=10 | L=10 | R=75 | L=20 | C=6,7 | R=75
14 2 C=50 - L=50 | C=50 - R=50 -
15 1 R=70 | L=20 - R=70 | L=20 | C=6,7 | R=70
16 2 R=8 | R=12 | L=10 | R=22 | R=18 | L=10 -
17 1 R=24 | R=12 | R=12 | L=2 | R=24 - L=2
18 2 |Cc=100| - R=15 | C=100| - R=15 -
19 1 R=25 | R=25 - L=2 | R=25 - L=2
20 2 L=4 - C=5 | L=4 - R=26 -
21 1 R=28 | R=28 - L=5 | R=28 - L=5
22 2 L=5 - C=7 | L=5 - R=29 -
23 2 | C=333|C=333| L=75 | C=167 - R=30 -
24 2 R=12 | L=200 | C=100 | R=12 | L=200 | R=96 -
25 2 L=25 | C=50 | R=80 | L=25 - R=80 -
26 1 R=10 | L=7,5 | L=75 | R=10 | L=15 - R=10
27 2 |Cc=100]| - R=13 | C=200 | C=200| R=13 -
28 1 R=10 | L=15 - R=10 | L=15 - R=10
29 2 R=18 | L=20 | R=18 | L=20 - R=18 -
30 1 R=35 - C=250| R=35 | C=250| - R=35
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o
rOCYAAPCTBEHHbBIMI YHUBEPCUTET "\\\ ‘7170 «Ob6pasoBaHue»

B 2007 rony CIIOI'Y UTMO cran nobeautenieM KOHKYypca WHHOBAIIMOHHBIX
oOpazoBaTenbHbIX MporpamMm By30B Poccuu na 2007—2008 ronpl. Peanu3zanus nHHO-
BallMOHHOM oOpazoBaTenbHON Mporpammbl «/HHOBanMOHHAs cCUCTEMa MOJArOTOBKH
CHEHUATNCTOB HOBOTO MOKOJIEHUS B 00J1aCTH MH(POPMALIMOHHBIX U ONTHUYECKUX TeX-
HOJIOTHi1» TIO3BOJIUT BBIUTH HAa KaUYE€CTBEHHO HOBBIA YpOBEHb MOJATOTOBKHU BBIMYCK-
HUKOB M YyJIOBJIETBOPUTH BO3PACTAIOUIUI CIPOC HA CHELUAINCTOB B MH(OpPMAIMOH-
HOM, ONTUYECKOHN U IPYTUX BBICOKOTEXHOJOIMYHBIX OTPACIIAX IKOHOMUKHU.

KA®EAPA JIEKTPOTEXHUKU n
HPEIIN3NOHHBIX JIEKTPOMEXAHNUYECKUX CUCTEM

B 1930 rogy TeXHMKYM TOYHOW MEXaHUKM M ONTHUKU ObUI pEOpPraHu30BaH B
y4eOHbII KOMOWHAT, COCTOSUIMI U3 UHCTUTYTA, TexHukymMa u @3V B cucreme Bce-
COIO3HOTO 00BEIMHEHUS ONTUKO-MEXAHUYECKON MPOMBIIIJIEHHOCTH.

B Te roabl 31€KTPOTEXHUYECKYIO MOJATOTOBKY B HAIIEM MHCTUTYTE IMPOBOIUIH
Kaeapbl «ONEeKTPOTEXHUKU» U «IIEKTPOU3MEpUTENbHBIX Hpubdopos». Kadenpoii
«QnexkTpoTexHuku» pykooaun npod. CanrsikoB JI.H., a kapeapoit «dnekTponsme-
puTeNbHbIX MprubopoB» npod. [umenos JIII.

C centsa6ps 1933 roga uCHONHATH OOS3aHHOCTH 3aBeAyrOIIEro Kadenpoit
«DNEeKTPOTEXHUKM» HAIllero MHCTUTYTa HaunHaeT PykaBumnukoB H. H, a ¢ Hos10ps
1937 rona, Ha 3aBenoBanue kadenpoi HazHadaetcss ColoJOBHUKOB A. A., U3BeCT-
HBIM CHeUalIUCT B O0JACTH 3JIEKTPOTEXHUKHU, 3IEKTPOU3IMEPUTENbHBIX TPUOOPOB U
000opy10BaHUSI.

Bo Bpems Boiinbl npu sBakyainuu JIMTMO B r. YepenanoBo kadenpoil pykoBo-
Ui Jol., K.T.H. bepe3nukoBckuii C. @.; mratHoe pacnucanue Kadeapsl B T€ TOJbI
HACUYUTHIBAJIO BCETO 4 YeIoBeKa.

[Tocne Bo3Bpamienus JIMTMO wu3 sBakyauuu B 1944 rony kadenpoit 3aBeayet
bepesnnkoBckuit C.®., koroporo 25 sHBaps 1945 roga ocBoO0XKIaOT OT 00SI3aHHO-
cTeit 3aBeaytoiero kadgeapoit «O0IIeH U CrieluaTbHON AIEKTPOTEXHUKU» U HA3HAYAIOT
3aBeIyIONINM 3TOH Kadeapoit nmpodeccopa 3unurenkesuya C.1.

B nocneBoeHHbIe rosibl B 1I€IOM 1O cTpaHe U B JIeHuHrpazae ourymancs aedu-
LUT OMNBITHBIX MpernojaBaTeieil BhICIIEH IHIKOJBI U PYKOBOJCTBO MHCTUTYTOM IpH-
IJIACWJIO B Ka4ecTBe 3aBeaymoliero kagenpoit «O01e u cnenuanbHON dIEKTPOTEX-
HHUKHW» U3BECTHOTO YYEHOrO0, neparora u Mmeroaucra [luorposckoro JI. M. bosnbimmnH-
CTBO Y4€OHHKOB IO 3JEKTPUUYECKUM MallMHaM B Ty Mopy ObLI0 HanucaHo I[Inotpos-
ckuM JI.M. IMYHO UM B COABTOPCTBE C APYTMMHU BUJHBIMH YYEHBIMH.

B 1948 rony Ha 6a3e kadeapsl «O0uel U cueualbHON IEKTPOTEXHUKU» 00-
pasyrotcst kadeapsl: «OOIMIEH AMEKTPOTEXHUKH U DJIEKTPUUECKUX MAIIUH» 3aB.Kad.
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nou. bepesnukoBckuii C.@D., «TeopeTHUECKUX OCHOB JJIEKTPOTEXHHKH» 3aB. Kad.
npod. Cnensn JI.b. n «29nekTpon3aMepuTenbHbIX MPUOOPOB» UCIIOMHSIIOUUN 00s13aH-
HOCTH 3aB. Kad. npo¢. Cnensn JI.b.

B 1951 rony xadenpsl «nekTpoTeXHUKU» U «TOD» 00BEAUHSIOT B €AUHYIO
kaeapy «OnektporexHukn U TOD» moa pykoBOJACTBOM J0L. bepe3sHHKOBCKOro
C.®. B coctae PannorexHuyeckoro ¢akynbrera,

B 1956 rony Ha panuotrexHuueckom (hakyinbTeTe BHOBb 00pa3yroTcs JBe Kade-
pbl — «TOD» 3aB. kad. go11. CouneB A.f. u «IIEKTPUUYECKUX MAIIMH» 3aB. Kad. AOII.
bepesznukosckuii C.D.

B wurone 1958 rona non. CouneBa A.fl. 0cBOOOXKIAlOT OT 00SI3aHHOCTEH 3aB.
kad. «TOD», a nou. @ynroBa H.M. Ha3HauaroT B.1.0. 3aB. Kad. U M30UPaIOT MO KOH-
KypCy Ha JOJDKHOCTH 3aBeaytoiero B 1960 rony.

B 1961 roay B JIMTMO Ha n0omKHOCTH 3aBeaytomero kadeapoi «iexkTpuye-
CKHX MalIMH» npuriamaiot npodeccopa Caxapona A.Il.

B 1965 rony Ha J0KHOCTB 3aBeNYIONIETO Kadeapon «IMEeKTPUIECKUX MaIIuH»
n3bupaercs aoil., K.T.H. ['mazenko T.A.

B 1968 rony xadeapsr «TOD» n «INEKTPUUECKUX MAIIUH» OOBEIUHSIIOTCS B
eaunyto kadenpy «INeKTPOTEXHUKU» Mo pykoBoacTBoM T.A. I'mazeHko.

Tatesina AHatonbeBHa ['mazenko B 1948 romy ¢ ornuuvMeM 3aKOHYMIIA dSHEpre-
THyeckuil (pakynbrer JICHUHIPaJCKOro MHCTUTYTa MHXKEHEPOB >KEJIE3HOJO0POKHOTO
Tpa"cnoprta. B 1953 rony ona 3ammuTiiia KaHIUJATCKYIO Auccepraunio u B 1966 ro-
Iy ITOKTOPCKYIO JTHCCEPTALMIO. 3acilyKEHHBIN AeATeNb HaYKH M TeXHUKH Poccuii-
ckoil denepanuu, NOYETHBIM YJieH DNEKTPOTeXHUUYECKON akagemuu Poccuum mpod.
I'nmazenko T.A. aBaauarh naTh JeT Bo3riasisia kKadenpy. OHa sSBIsAIaCh BUIHBIM,
TBOPYECKH aKTUBHBIM y4eHbIM, aBTOpoM Oosiee 200 onyOIMKOBaHHBIX HAYyYHBIX pa-
0oT.

B 1990 rogy Ha moiBKHOCTH 3aBenytoiero kadenpoit uzdbupaercs mnpodeccop,
n.T7.H. 'epman - ['ankun C.I'.

B 1996 rony xadenpa «OneKTpOTEXHUKHU» Oblla MeperuMEeHOBaHa B Kadeapy
«DNEKTPOTEXHUKU U MPELUZUOHHBIX ANEKTPOMEXaHUYECKUX CUCTEM.

C 1991 rona xadenpoit pyKOBOJIUT JIOIEHT, KaHJIUJIAT TEXHUUYECKUX Hayk, To-
MacoB Banentun CepreeBuy.

C 1992 o 2005roas! Ha kadeape paboTan 3aCiyKEHHbBIN JIeSITEIh HAYKU U TEX-
Huku Poccuiickoit @enepanuu, 1€MCTBUTENbHBIA YiieH MeXIyHapoaqHOH DHepreTu-
Yyeckou akajemuu, npodeccop, A.T.H., Cabunun F0.A..

Ceronns Ha kadeape pabortarot: npodeccop, A.1.H. OBunnaukoB WU.E.; nonen-
ThI, K.T.H.. ['y0anoB H.H., bopucos I1.B., [lenucosa A.B., Kpotenko B.B., Jlykuuen
J.A., Hukutuna M.B., Ocunos FO.M., IletpoB E.A., Cunuiisia B.A., ConosseB B.I1.,
TonmvaueB B.A., Yconbue A.A.; noueHt ['yppsHoB B.A.; cT. npenogaBaTenu: K.T.H.
Maxun NL.E., [lenucos K.M.; accucrentsi: CepebdpsikoB C. A., XKXnanos U.H.
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TonmvaueB Banepuii AnekcanapoBuy
VYconbueB Anekcanip AHATOIbEBUY
JlyknueB Imutpuilt BsiuecnaBoBuu
Huxnruna Mapus BrnagumuposHa

OO01as 31eKTPOTEXHUKA
Metonnueckre peKOMEHJalluu 10 BHIMOTHEHUIO JOMAIIHUX 3aJJaHnul

B aBTOpCcKOM penakuuu
KomnbrorepHas BépcTka J1.B.JIykuues
Jln3aiiH 00I0KKH A.A.YconblieB

Penakunonno-uznarensckuit otaen Cankr-IlerepOyprckoro rocy1apcTBEHHOTO YHH-
BepcuTeTa HPOPMALIMOHHBIX TEXHOJIOT M, MEXaHUKU U ONTHKHU.

JIunensus NJ] NeO0408 ot 05.11.1999

3aB. peIaKIIMOHHO-U3/IATEIBCKUM OTJEIIOM H.®.I'ycaposa
[Moanucano k neuaru 23.03.2009

Tupax 500 sx3. 3aka3z No2095. Otneuarano Ha pusorpade.
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