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1. Pacuer YCTAHOBHBIIECTOCHA PEKUMA B JICKTPHYECCKUX LHENAX ¢ HICTOYHUKAMHA
MOCTOAHHOI'O HAIIPSIZKCHUHA M TOKA
MemoduquKuepeKOMeHOauuu Nno 8bINOJHEHUIO 3A0AHUS

OcHoeHble 3aKOHbBL U MEMO0O0blL AHAIU3A
3akoH OmMa: HAIIPSOKCHUC YHACTKA LHCIIN OIIPCACIIACTCA KaK ITPOU3BCACHUC COIIPOTHUB-
JICHUA OTOT'O y4aCTKa Ha HpOTeKaI-OHII/Iﬁ gcpe3 HCTO TOK
U=Rl.

[eperit 3akoH Kupxroda: anrebpandeckas cyMMa TOKOB B y3Ji€ paBHA HYJTIO

K
k=1

Btopoii 3akon Kupxroda: anrebpandeckas cymMmMa HanpsuDKEHUHA KOHTypa paBHA all-
reopandeckoit cymme DJIC 3Toro KoHTypa

M K
> Rm’lm:kZEk-
-1

m=1

[Tpumenenue 3akoHoB Kupxroda.

VYcTaHaBIMBAETCs YUCIIO HEU3BECTHBIX TOKOB p = py — Py, TIE p; — 00LIEe KOJIU-
YECTBO BETBEU LIETIH, p; — KOJMUECTBO BETBEM C UICTOYHUKAMM TOKA. Y CTAHABIIMBACT-
Csl YHCJI0 Y3JI0B (. Y CTaHABIMBACTCS YUCIIO HE3aBUCUMBIX KOHTYpOB 12 = p — (0 — 1).

JUtst KaXa0W BETBM 3aJAI0TCS IMOJOKUTEIbHBIM HAmpaBlIEHHEM TOKa. YHcIo
YpaBHEHUH, COCTaBJIEHHBIX M0 NepBoMy 3akoHy Kupxroda, cocrasnser (q — 1). Huc-
JIO YpaBHEHUH, COCTaBJIEHHBIX MO BTOpoMy 3akoHy Kupxroda, coctaBnser n. [lpu
COCTaBJICHUH TOCJIEIHUX CJEeNyeT BhIOMPATh HE3aBHUCHMBIE KOHTYpBI, HE COJAEpKa-
1€ UCTOYHUKOB Toka. OO0I1ee KOJIMUYECTBO YpaBHEHHH, COCTABIEHHBIX O 3aKOHAM
Kupxroda, 101KHO COCTaBIATS p.

[Tpumepsl paccmoTpens! B 3agavax 1.1, 1.2.

MeTo/1 5KBUBaJICHTHBIX TPEOOPa30BAHUN.

CyIIHOCTh METO/1a 3aKJIFOYAETCS] B TOM, YTOOBI CIIOKHYIO Pa3BETBJICHHYIO 1€
C NOMOIIBIO 3KBUBAJIEHTHBIX MPEOOpPa30BaHUI MPUBECTH K MPOCTEUIIEH OJIHOKOH-
TYPHOH LIENY, BKJIFOYAIOIIEH BETBb C MICKOMBIM TOKOM, 3HaUY€HUE KOTOPOIr'o Ompeze-
nsieTcs 3aTteM 1o 3akoHy OMma. K 3KBUBaJIEHTHBIM MpeoOpa30BaHUSIM OTHOCATCS: a)
peoGpa3oBaHue MPECTABICHNS MCTOUYHUKOB SIEKTPHUECKON SHEpruy ; 6) 3aMeHa
MOCJIEAOBATEIbHBIX U NAPAJUICIbHBIX COEAUHEHN OJHOTUITHBIX 3JIEMEHTOB DKBUBA-
JIEHTHBIMU OJIMHOYHBIMU 3JIEMEHTaMH; B) MpeoOpa30BAHUE COCIUHEHUMN «3Be3Han—
«TPEYTOJIBHUK» U «TPEYTOIbHUK»—«3BE3I.

[Tpumepst paccmoTpens! B 3agavax 1.3 u 1.4.

MeToa S5KBUBAJICHTHOTO reHeparopa (MeTo1 akTHBHOTO JIBYXITOJIFOCHUKA).
JInst HaXOXKIeHUsI TOKa B MPOU3BOJIbHON BETBY BCIO BHEIIHIOKO [0 OTHOILICHUIO K
HEU JJIEKTPUUYECKYIO LETb IPEACTABISIOT B BUJIE HEKOTOPOrO YKBUBAJIEHTHOI'O I'€HE-

* kv

IMox atuM npeoOpazoBaHUEM MOHUMAETCS MIEPEXO0]] OT MPEACTABICHNS! HCTOYHHUKA JJICKTPUUECKOI SHEPTUU TOCIIE10-
BaTENIbHBIM coeuHeHNeM ucTouHuka DJ]C u BHYTPEHHEr0 CONPOTUBIECHUS K NapaIeIbHOMY COSAUHEHHUIO UCTOYHHUKA
TOKa ¥ BHYTPEHHEH ITPOBOAMMOCTH, a TaKkKe 00paTHOE peoOpa3oBaHHE.
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patopa ¢ DJIC E; u ¢ conpotuBienueM R;. Torga Tok B 3TO BETBHM MOXHO ONpeJie-
JMTH 110 3aKoHYy OMa.

O/1C »KBHUBaAJIEHTHOIO TeHepaTopa £, M €ro BHYTpPEHHEE CONpPOTHBIECHUE R
paBHBI COOTBETCTBEHHO PA3HOCTH MOTEHIMAIOB U CONPOTUBICHUIO MEXIY TOUKaAMH
(y3mamu) 3IeKTpUYECKON LEenH, K KOTOPbIM MOJKIIIOYEHAa BETBb C HCKOMBIM TOKOM B
pPEXHUME XOJIOCTOr0 X0/1a, T.€. B peKUME, KOTIa 3Ta BETBb OTKJIIOUECHA.

Hckomyro DJIC MOXKHO ONPEENNUTh JTHOOBIM METOJOM aHAIM3a JIEKTPUUECKUX
neneil. [Ipu onpeneneHUN BHYTPEHHETO CONMPOTHUBICHUA R MCTOYHUKHU 3JEKTpUYE-
CKOH PHEpPruM JTOJDKHBI OBITH 3aMEHEHbl HSKBUBAJICHTHBIMU COMPOTHUBICHUSMU: HC-
touHuku DJIC — HyJIeBBIMH CONPOTUBICHUSMH, T.€. KOPOTKUM 3aMBbIKAHHEM TOUEK
UX TOAKIIOYEHHS, & UCTOYHUKUA TOKa — OECKOHEYHO OOJIBIIMMH CONPOTHUBICHUSIMH,
T.€. Pa3pbIBOM €M MEXKIY TOUYKAMHU MOJKIIOUYEHUSI.

[Tpumepst paccmoTpens! B 3a1adax 1.5 u 1.6.

MeTtoa KOHTYPHBIX TOKOB (MakcBeia).

MeToa OCHOBBIBAa€TCS Ha TOM CBOMCTBE, YTO TOK B JIIOOOM BETBHU ILIEIIH MOXKET
OBITH IIPEJICTABJICH B BU/IE allreOpandecKoil CyMMBbl HE3aBUCUMBIX KOHTYPHBIX TOKOB,
MPOTEKAIOIIUX IO 3TOM BeTBU. [IpH MCIoNp30BaHUYN TAaHHOTO METO/Ia BHAYaJIe BHIOH-
paroT U 0003HAYAIOT HE3aBUCUMBbIC KOHTYPHBIE TOKH (110 J1H000H BETBH IIETH JOJIKEH
MPOTEKATh XOTS Obl OAWH KOHTYPHBIN TOK). OO0IIee YiCIIO HE3aBUCUMBIX KOHTYPHBIX
TOKOB paBHO p, — (q — 1). PekoMeHayeTcst BEHIOMpATh p, KOHTYPHBIX TOKOB TaK, 4TOOBI
KXl U3 HUX TIPOXOAMIT Yepe3 OJUH UCTOUYHUK TOKA (3TH KOHTYPHBIE TOKH MOXHO
CUYUTATh COBMAJAIOIIMMH C COOTBETCTBYIOIIIUMU TOKAMU UCTOYHUKOB TOKA: Ji, J, ...,
J,r, 1 OHM OOBIYHO SABJIAIOTCS 33JAHHBIMHU YCIIOBHAMH 33/ja4M), & OCTaBIIUECA 1 = P —
—(0—1) KOHTYpPHBIX TOKOB BBHIOMpAThH MPOXOASIIAMH 110 BETBSIM, HE COJICPIKAIIIM
HMCTOYHUKOB TOKa. [[s1 ompenesieHus: MOCIEAHUX COCTABJISIOT MO BTOPOMY 3aKOHY
Kupxroda 1151 3TUX KOHTYpOB 77 YpaBHEHH B BUE

R11I11+R12I22 +...+ Rln 'Inn +R1n+l'\]1+...+ R1n+pT JpT - Ell
R21|11+R22|22 +...+ Rzn 'Inn+R2n+l‘Jl+...+ R2n+p_|_ '\Jp_l_ - E22
Rn1'|11+Rn2|22 +...+ Rnn 'Inn +Rnn+1"]1+"'+Rnn+p-|- 'JpT - Enn

rine Ry — cyMMa CONpOTUBIICHUH BCeX BETBEH, BXOASANIMX B KOHTYp K Min Bceraa rmo-
JIO’KUTENbHOE COOCTBEHHOE COMPOTUBIIEHUE KOHTYPA,;

R = Rk — cyMMa conpoTHBIICHHI JIEMEHTOB, BXOSIIUX B KOHTYpHI K u |, ipu-
YeM, €CIIM HANPAaBJICHUS KOHTYPHBIX TOKOB B 00IIeH Jisi KOHTYpoB K u | BeTBU COB-
MajaroT, TO 3HaUeHHEe Ry MOJI0KUTEIBHO, B MPOTUBHOM CIIy4ae OHO OTPUIATEIBHO;

Ew — anre6panueckas cymma 9J{C MCTOYHUKOB, BKIIFOUEHHBIX B BETBHU, 00pa3y-
IOIIHE KOHTYD K;

Rik+m — oO1iiee compotuBiieHre K+M KOHTYpa ¢ KOHTYPOM, COJIEPKAIMM HCTOY-
HUK TOKa Jp.

[Tpumepst paccmoTpens! B 3a1auax 1.7 u 1.8.



banaHc MOIIHOCTEH.

Jliist 11060M 3IIEKTPUYECKON 1IeT CyMMapHas MOIIHOCTh P,, pa3BuBaeMas uc-
TOYHHKAMU 3JIEKTPUUECKOM 3Hepruu (uctounnkamu Toka u J/1C), paBHa cyMMapHOU
MOIIIHOCTH P, pacXoyeMoi moTpeouTensiMu (pe3ucTopamu).

Pr = U =R'1°= U?R — MOIHOCTb, paccenBacMasi pe3HCTOPOM.

Py ==+E-l — momtHoCcTh cTounnka DJ[C.

P; =+ U;-J — MOIIHOCTh NICTOYHHUKA TOKA.

MomHOCTH, pacceBaeMble PE3UCTOpaMU, BCErJa IMOJOXKUTEIbHBI, B TO BpPEMs
KaK MOIIHOCTH MUCTOYHUKOB JIEKTPUUECKOW IHEPTUH, B 3aBUCUMOCTU OT COOTHOIIIE-
HUSl HANpaBJICHUW MaJCHUs] HANPSKEHUS U TOKa B HUX, MOTYT MUMETh JIO0OM 3HAK.
Ecnu HanpaBiieHne mpoTeKaHUsS TOKA Yepe3 MCTOYHUK MPOTHBOIIOJIOKHO HaIpaBJie-
HUIO TIAJICHUS HAMPSHKCHUS Ha HEM, TO MOIITHOCTh MCTOYHUKA TIOJIOKHUTENIbHA, T.€. OH
OTIaéT SHEPTHIO B AICKTPUUECKYIO 11eTb. B MPOTUBHOM ciTydae MOIIHOCTh UCTOYHU-
Ka OTpHUIlATeIbHA, M OH SIBJISETCS MOTPEeOUTEIEM AJIeKTprUecKoi sHeprun. Ciemyer
3aMETUTh, YTO HAMpAaBIICHUEC TAJACHHUS HAIPSHKCHUS BCEra MPOTHBOIOJIONKHO
Hanpasieauto JJC, mostomy mis ucrounuka IJ[C yclOBHEM MOJO0XKUTEIBHOU
MOIIIHOCTH SIBJII€TCS coBMnajienne HanpasieHuit 3/1C u Toxa.

[Tpumepsl paccmotpens! B 3agavax 1.1 u 1.2.

,ZZanee npu@edeﬂbl 3a0aqu, peméHHbze ONUCAHHBIMU 8blIULE MEMOOaMU pacduema.

3AJJIAUA 1.1
Jlano: E=100 B; R=5 Om; R,=15 Owm; R3=40 Owm;

R4=35 Om; Rs=85 Owm.
~ | |3 Hatimu: Bce HEM3BECTHBIE TOKHU, UCIIOJIb3Ys 3aKOHBI
E +\ ! R3 + I , Knpxroq)a IMOKa3aTh, YTO OaJaHC MOIIHOCTEH NUMEET Me-

Pewenue:
Bcero B cxeme Tpu BETBU p,=3, BETBEH C UCTOYHU-
KaMu TOKa HeT p,=0, 4MCI0 HEU3BECTHBIX TOKOB paBHO p=(p;—p.)=3-0=3, xomude-
CTBO Y3JIOB — (J=2, YHCJIO ypaBHEHHUH 10 niepBoMy 3akoHy Kupxroda — (q—1)=2-1=1,
YKCJI0 YpaBHEHUH 110 BTOpoMy 3akoHy Kupxroda — n =p—(g-1)=3—(2-1)=2.
BriOepeM TOJTOKHUTEIBHBIC HANIPABJICHUS TOKOB M 0003HAYMM HX CTpPEITKaAMHU.
Bri6epem u 0603HaYMM CTpesIKaMH HaIpaBiIeHUsT 00X0/a ABYX HE3aBUCHUMBIX KOHTY-
poB: | u ll. CoctaBum cuctemy ypaBuenuii Kupxroda
TUTSE y371a 2 1+, +13=0
g koHtypal  (Ri+ Ryl +Rs'l, = E
s koutypa Il Rl — (R4 + Rg) 13 =0
[Tomy4yeHHBIC YpaBHEHHSI TIOCIIC TTOACTAHOBKH B HUX YHCIIOBBIX 3HAYCHHH OYyIyT
AMETH CICIYIOLINN BU
-l +1,+153=0
20-1;,+40-1, =100.
40-1,-120-1, =0
Pemenwne nannoui cucremsr: I, =2 [A], I, =1,5[A], I =0,5 [A].




bananc momHocTeN 11 paccMaTpuBaeMOM LENH

E‘ll = R1‘|12 + R2‘|12 + R3'|22 + R4'|32 + R5'|32 NN

100-2 = 5-2% +15-2% +40-1,5* +35-0,5* +85-0,5°.

[Tonyueno Toxaectso 200 = 200.

Omeem: 1, =2 [A], I, =15[A], 13=0,5 [A], P, = P, = 200 [BTt].

3AJIAUA 1.2

L8
N2
\\
) ]
|2 R2
R; ——_ Rs
L] (O )
E, E,

ﬂaHO.' R1:R2:R3:R4:R5:R6:1 OM, E1:E2: E3:10 B, J=2 A.

Hatimu: Bce HenW3BECTHbIE TOKH, UCIOJIb3YA 3aKOoHbl Kupxroga; nokasats, 4to
OaJlaHC MOIITHOCTEW UMEET MECTO.

Pewenue:

Bcero B cxeme cemb BeTBEW p,=7, BETBEW C UCTOYHUKAMHU TOKa p,=1, 4ucCIo He-
U3BECTHBIX TOKOB paBHO p=(p,—p.)=7—1=6, KOJMYECTBO y3J0B — (=4, YNCJIO ypaBHe-
HU 1o mepBoMy 3akoHy Kupxroda — (—1)=4—1=3, yucio ypaBHEHHi 110 BTOPOMY
3akony Kupxropa — n =p—(q-1)=6—(4-1)=3.

BriGepem mosioKUTENbHBIC HAMpaBleHUs TOKOB M O0O03HAYUM UX CTPEJIKaMHU.
BriOepeM u 0003HaUUM CTpeIKaMu HampaBjeHUs 00Xo0Ja TPeX HE3aBUCUMBIX KOHTY-

pos: I, Il, 11l. CocraBum cuctemy ypaBuenuii Kupxrogda
it y3na 1 l1—I,+1g O;
TS y371a 2 l—15+1,=0;
TSt y3ma 3 —lp—l5—lg+I=0 mm —l—ls—lg =J;
AJIs1 KOHTYypa | R1'11+R2'12+R3‘[3=E1+E2;
AJIs1 KOHTYypa I —R3’13—R4‘[4+R5'15=—E2;
st koutypa |1 —Ry-[,+R41—Rg I6=E3;

HOJ’Iy‘-IeHHI)Ie YPaBHCHUA IIOCJIC IMTOJACTAHOBKH B HUX YHUCJIOBBIX 3HA4YCHUH 6YI[YT
HMCTDb CIICAYIOIINH BU
I, -1, +15=0
I, —1;+1,=0
—l,—l5—-1lg=-2
I, +1,+15;=20
—l3=1,+15=-10




Pemenne mannoit cucremsl: 1:=9,5 [A], 1,=2,5 [A], 15=8 [A], 1,=5,5 [A],
15=3,5 [A], ¢ =7 [A].

OTtpunarenbHbIld 3HaK TOKa lg 0O3Ha4aeT, YTO UCTMHHOE HAMpaBJICHUE TOKA 4e-
pe3 JaHHYIO BETBb MMPOTUBOIIOJI0KHO TPUHITOMY.

bananc MoHOCTEM U1 pacCMaTpUBAEMOM LIETIN

E1'|1+E2'|3—E3'|6 +J‘R5‘|5 :Rl‘l12+R2‘|22+R3'|32+R4‘|42+R5'|52+R6'|62 501051

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)%

[TomydyeHo ToxmecTBo 252 = 252.
[Ipumeyanue: najgeHrue HaNpsHKEHUsT Ha UCTOYHUKE Toka Uj, onpeneneHo no BTOpoMy
3akoHy Kupxroda nms konTypa, conepxkamero J u Rs, kak —U;+1sRs=0 = U; = I5Rs.

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

3AZIAYA 1.3
I R R. Jlano: E=100 B; R;=5 Om; R,=15 Om; R3=40 Owm;
< — R4s=35 Om; Rs=85 Om.
Haumu: Tok 4depe3 UCTOYHHK FE, UCMOIb3ys METO]
E(D Rs D Rs  skeuBanenTHbIX npeodpa3zoBaHUM.
R,
Pewenue:

O0603HaYMM MOJOKUTETHLHOE HANPABICHUE HCKOMOTO TOKA .
3aMeHUM MOCJeI0BaTeIbHOE COSAMHEHNE CONPOTUBIeHN Ry 1 Rs SKkBUBaIeHT-
HBIM COIPOTHUBJICHHEM R,

J‘—|R: t R,; = Rs + Rs = 35 + 85 = 120 [Om].
1
E<?> R R3 |:| Ral
EZ PY 3aMeHI/IM mapaJuiCJibHOC COCAMHCHUC COIIPOTUB-

nenuii Rz u R, skBUBajeHTHBIM conpoTUBICHUEM R,

R
T . .
+ +
KD (R R
R,
CornacHo 3akoHy OMa UCKOMBIN TOK OYJIET ONPEACISIThCS KaKk

R —— Y N
Ri+R,+R,, 5+15+30
Omeem: Iy =-2 [A].



3AJIAUA 1.4

EL R
(=) —

,ZZCZHO.' R1:R2:R3:R4:R5:R6:1 OM, E\=E,= E3:10 B, J=2 A.

Haiimu: Tox yepe3 E3, UCNOJIb3YysI METO] IKBUBAJICHTHBIX MPE0OpPa30BaAHMIA.
Pewenue:

O0603HaYNM MOJOKUTETHFHOE HAPABJICHUE HCKOMOTO TOKA .

3amenum «3Be3ny» RoR3R, Ha «TpeyronbHUK»

®.

E
o i
NG —
Re
Ry
[I RZS R34 R
5
El@ E2 ‘
Pacmenmum» £5
E
> i
U I
B
R
R 34
1] R
e

El@ \

®.

R23:R2+R3+R2'R3/R4:3 [OM],
R34:R3+R4+R3'R4/R2:3 [OM],
R42:R4+R2+R4'R2/R3:3 [OM]

E21=E»=10 [B].

[Tapannensubie coenuuenust E1R;||E21Ro3 11 ExR34||Rs 3amMennM Ha sxBUBaIeHT-

R31:R1'R23/(R1+R23):3/4 [OM],

HBIC
(&) ]
E3U Ix Re
R42
LT *
Ral R32
Eal + E32

R32:R5' R34/(R5+ R34):3/4 [OM] )
E.1=(-E1/R1+Ex/R23)-R1=-5 [B],
(A)J  En=(Ex/Ra)- R,=2,5[B].




HcTtounuk Toka J npeobpasyem B uctounuk I/1C

Ak R
\:’/ LI
Rs2
L1
R E;=J-R,,=1,5[B].
' of
Eal + R E32
2 )
L1 U
IlocnenoBarensHble coenuuenus £, E,, E;u R, Ry, 3aMeHrM Ha S5KBUBaJICHTHBIE
Ak R
N2 —
Rao
[ ] E33:'E31+E32'EJ:6 [B],
R33:R31+R32:1,5 [OM]
E
R 53
= ()
| | U

[TapannensHoe coequnenue E,3R3||R42 3aMeHnM Ha SKBUBasIeHTHOE
Es

~ Iy Re

= - R,4=R,3-Rus/(Ry3+R42)=1 [OM],
R Ess E,=(E.»/Ry3)-R=4 [B].
= D
| | v

CornacHo 3akoHy OMa UCKOMBIN TOK OyAET ONpeaenaThes Kak
E;+E

__E3+Ey :_1O+6:_7 (Al
Re + R, 1+1

Omeem: |y =T [A].

3AJIAUA 1.5

IX

Jlano: E=100 B; R1=5 OM; Ry=15 Om; R3=40 Owm;
R4=35 OM, R5=85 Owm.
Rs Haiimu: Tox yepe3 pe3uctop Rz, HCIONB3ys METO/
HKBUBAJICHTHOTO TeHEepaTopa.

Pewenue:
O003HaYMM ITOJIOKUTEIBHOE HAPABICHNE UICKOMOT'O TOKa
I E. |x. Hapucyem 5KBHUBaJCHTHYIO SJICKTPUYCCKYIO CXEMY C OKBU-
BAJICHTHbIM reHeparopoM. Ha cxeme mnpou3BOJILHO BbIOpaHO
R, R, monoxutensHo Hanpasnenue D/IC E,. DTo MO3BOIAET 3a11UCaATh

@
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JUTS PEKUMA XOJIOCTOTO X0/1a YKBUBAJIEHTHOTO T€HEPATOPA C OTKIIOYECHHOU BETBBIO
Er = U12xx-
NHneke «xX» yka3bIBaeT Ha TO, YTO BEJIMYHMHBI COOTBETCTBYIOT PEKHUMY XOJIO-
cToro xoaa. Pa3BepHyTas cxema pekuMa XOJIOCTOr0 Xo0jia OyJeT BBITJISIETh CIIEIy-
IOIIUM 00pa3oM

Hanpspkenune xomoctoro xomaa Ugoyy, ONpeaensmoniee BeIuunny £, Oyaer ompe-
IEIAThCSA KaK

Uioxx = (R4+R5)'|*;

Omnpenenum Tok |, ncnoas3ys 3akon Oma

|” = E/(R;+R,+R4+Rs) = 100/(5+15+35+85) = 5/7 [Al.

Toraa Usa = (Re+Rs)-1” = (35+85)-(5/7)=600/7 [B].

Haiinem comportuBnenue R,. Jlms sToro mpeoOpasyeM MpEAbIAYIIYIO CXEMY,
yIAJIMB U3 HEC HCTOYHUKHU SHEPTHH

R @ R?
_ (Ri+Ry)-(Ry+Rs) _ (5+15)-(35+85)

[IRs R:=
Ri+R, +R; +Rg 5+15+35+85

= 120/7 [Om].

Py

| | ~
R, @
Bo3sBpaiasce k cxeMe ¢ 9KBUBAJICHTHBIM I'€HEPATOPOM, HaXOAUM UCKOMBINA TOK
1o 3akoHy Oma
E 600/7

|, = - = 1,5 [A].
R;+R. 40+120/7
Omeem : I, =15 [A].
3AJIAYA 1.6
Es
) b, R
U | S|
QD4——— .
R
Ry (] ° Ry

ﬂaHO.' R1=R2=R3=R4=R5=R6=1 OM, E]_:Eg: E3=10 B, J=2 A.
Haumu.: Tox qgepes Es, HCIIOJIB3Yyda METOI 3KBHUBAJICHTHOI'O I'€HEpATOpa.

11



Pewenue:
O0603Ha4YUM MOJIOKUTEILHOE HAIIPABJICHHE HCKOMOT'O TOKa .
Hapucyem SKBHBaJICHTHYIO 3JIEKTPUUECKYIO CXEMY C DKBHBAJCHTHBIM TI'eHEpa-
TOpOM

Es | Re

AR\ X, —

(=) -]
H306pa3I/IM CXEMY pCKHMa XO0JIOCTOI0 X01a

U12xx

)
R[]

El@ E.

Hanpspkenne xonoctoro xona Uyou =F, OyAeT onpenensarbes Kak
Uioxx = Ra-l =Rl - o
Omnpenenum toku | u |, ucnons3ys 3akonsl Kupxroga. Cucrema ypaBHEHHIA
o 3akoHaM Kupxroda OyaeT BhIMISACTh Kak
1" +17 177 =0
1717 =2
(Rg+R,)-1"+Ry- 17" =E, +E,
Ry- 17 +Ry- 17 +Rs- 17 =E,
Pemenne mannoit cuctemsr: | =6 [A], T =2 [A], I =8 [A], |
Torna EF:U12XX:R4'| —R2'| =1.2-1-6=4 [B]
Haiinem comporusnenue R,. lng 3toro mpeoOpazyem NpeablIyllyl0 CXeMy,
yAAJIUB U3 HEE UCTOYHUKH SHEPTUH

*kk*k

=0 [A].

Q¢——F 1@
R, U R

12



3ameHuM «3Be3ny» R,R3R, Ha «TpeyroabHuK»

R42

D) ]
R; U R,3 Ras

Rs ]

@ R23=R2+R3+R2°R3/R4=3 [OM],
R34:R3+R4+R3'R4/R2:3 [OM],
R42=R4+R2+R4°R2/R3=3 [OM]

3amenuM napaienbabie coenuHeHus R1||R23 1 Rs||R34 Ha sxBUBasIeHTHEBIE

R42

D) 1
R

R31:R1'R23/(R1+R23):3/4 [OM],
R,2=Rs-R34/(Rs+R34)=3/4 [OmM].

3aMeHUM IIoCJICA0BATCIBbHOC COCAMHCHUC R31 u R32 Ha 3KBHBAJICHTHOC

R42

@ R33=R31+R32:3/2 [OM] .

@) (]
R33

| I R

BXO)IHOC COIIPOTHUBJIICHUC CXCMBI ABJISICTCA COIPOTHBJIICHUCM 3KBUBAJICHTHOI'O

reHeparopa
_ Rp-Ry 315
Rp+R; 3415

r

=1 [Om].

B03Bpamaﬁc1> K CXCMC C 3KBUBAJICHTHBIM I'CHCPATOPOM, HAXOJHNM HWCKOMBIN TOK

1o 3akoHy Oma
| = E-E, :10—(—4)=
* Rg+R.  1+1
Omeem : Iy =T [A].

7A]
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3AJIAUA 1.7

Jlano: E=100 B; R;=5 Om; R,=15 Owm; R3=40 Owm;
R,=35 Om; Rs=85 Om.

Haiimu: BCce HEM3BECTHBIC TOKH METOJOM KOHTYP-
HBIX TOKOB.

E

Rs

Pewenue:
Bribepem HampaBieHUss KOHTYPHBIX TOKOB, KOTO-

pbie 0003HAUHMM |11 7 1.
CocraBuM cUCTEMY ypaBHEHHH JJI1 KOHTYPOB
(R1+ Ry + Rs)‘ I -Rs- 1 =E
~Rg-ly; +(Ry+ Ry +Rs)-1,, =0
ITocne moacTaHOBKH YMCJIEHHBIX 3HAYEHUH HMEEM
60-1,,—40-1,,=100
{—40- |, +160-1,,=0"
PemmB 5Ty cucreMy ypaBHEHMH, HaigeM KOHTypHble Toku ljp =2 [A],
l,, = 0,5 [A], a 3aTeM HaliieM HCTHHHBIE TOKH BO BCEX BETBSIX.
B BetBu ¢ E, Ry u R, uctuHHBIN TOK |; MMeeT HampaBiieHHEe KOHTYPHOTO TOKa lqp
u paseH |; = 133 = 2 [A].
B BetBu ¢ R; nctuHHBIN TOK |, MOIYyYHUTCS CIOKEHHEM KOHTYPHBIX TOKOB |y U
I, ¢ yuérom ux HanpaBieHui u Oynet paBeH I, = 133 — 1, =2-0,5=1,5[A].
B BeTBU ¢ R4 1 Rs MCTUHHBIN TOK |3 MeeT HanpaBiieHHe KOHTYPHOTO Toka |y
paBCH |3 = |22 = 0,5 [A]
Omeem: 1, =2 [A], I, = 15[A], 13=0,5 [A].

3AJIAUA 1.8

ﬂaHO.' R1:R2:R3:R4:R5:R6:1 OM, E=E,= E3:10 B, J=2 A.
Haiimu: Bce HEM3BECTHBIE TOKA METOJIOM KOHTYPHBIX TOKOB.
Pewenue:
BriOepem HampaBiieHUsT KOHTYPHBIX TOKOB, KOTOpbie 0003HaUUM l11, 157, 33 1 J
(mocyienHMI U3BECTEH ).
CocTtaBuM cUCTEMY YpaBHEHUH s KOHTYPOB

14



(Ry+Ry+Rg)- 13y —Rg-15 =Ry - 133 =B +E,
~Rg- 1y +(Rg+Ry +R5)- 19 =Ry - 133 +Rs - J =—E,.
—Ry-lyy =Ry -1y +(Rg + Ry +Rs ) 133 = Eg
[Tocne moICTAHOBKYM YMCIICHHBIX 3HAUYCHUN HMeeM
3-131 =15 =133 =20
PemmB 3Ty cucTeMy ypaBHEHHH, HaijeMmM KoHTypHble Toku 11;=9,5 [A],
1,,=1,5 [A], 153=7 [A], a3aTem HaiieM UCTHHHBIC TOKH BO BCEX BETBSIX.
B BetBu ¢ E1, R; uctunHbIi TOK | MMeeT HampaBieHUE KOHTYpHOTO Toka |y u
pasen 1:=1,=9,5 [A].
B BetBU ¢ R, uctunHbIM TOK |, TOTydUTCS OT HAJOKEHUSI KOHTYPHBIX TOKOB l1p
u lz3 u Oynet paBeH l,=111—133=9,5-7=2,5 [A].
B BeTBU ¢ R3 1 E; ncTuHHBIN TOK |3 TOYYUTCS OT HAJOKEHUS KOHTYPHBIX TOKOB
l1; u 1, u Oynmer paBeH l3=l1;—1,,=9,5-1,5=8 [A].
B BetBU ¢ R4 uCTUHHBIN TOK |4 TOTydUTCS OT HAJOKEHUSI KOHTYPHBIX TOKOB |5
u l33 m Oyner pasen l4=l33—1,,=7-1,5=5,5 [A].
B BetBU ¢ Rs uCTUHHBIN TOK |5 TOMTydHUTCS OT HAJOKEHUSI KOHTYPHBIX TOKOB |5
u J u Oynert paseH ls=l,,+J=1,5+2=3,5 [A].
B BetBu ¢ Rg u E3 uctuHHBIN TOK |g MPOTHBOMOJIOKEH MO HANPABICHUIO KOH-

TypHOMY TOKY l33 1 Oyzet paBen lg= — l33=—7 [A].
Omeem: 1,=9,5 [A], 1,=2,5 [A], 15=8 [A], 1,=5,5 [A], I5=3,5 [A], &= -T7[Al.

15



3ATAHME 1.1

Ha pucynke 1.1 moka3zaHa CTPyKTypa CXEMBbI JIEKTpUYECKON mernu. [[isi BbI-
IIOJIHCHHUS 3aJaHusl HEOOXOIMMO 3aMCHHTH YCJIOBHBIC 3JIECMEHTHI CXEMBI 1...8 pe3u-
CTUBHBIMHU 37ieMeHTaMu U uctounukamu IJ[C cormacuo tadbmumam 1.1.1...1.1.4 B co-
OTBETCTBHH C 3aJIaHHBIM IIpernojaaBaresieM BapuaHToM. OOBIYHBIM HIPUPTOM B Tad-
JUIAX yKa3aHbl 3HAYCHUS CONPOTUBIICHUI B OMaX, a JKHPHBIM KYPCUBOM — 3HAUCHUS
OJ1C ucrounukoB B BojibTax. Hanpasnenue neictBus 3/1C UCTOUHUKOB BBIOMpPACTCS

ITPOU3BOJIBHO.
© 5 ®
@ ®
®
@——©

Pucynok 1.1

PaccuutaTh 3Ha4Ye€HHs BCEX HEU3BECTHBIX TOKOB, HCIOJIb3YysA: a) 3aKOHBI
Kupxroda, 6) MeTo 3KBHBaJIEHTHBIX MPEeOOpa3oBaHUil, B) METOJ 3KBHBAJIEHTHOIO
reHepaTopa, ') MEeTOJi KOHTYPHBIX TOKOB. [loka3arh, 4TO OamaHC MOIIHOCTENH MUMEET
MECTO.

16



Ta6auma 1.1.1

Bapu- Homepa 311eMeHTOB CTPYKTYPHOUM CXEMBbI
aHT 1 2 3 4 S) 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 78B 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 3) 4 6 - 10 - 27,2B 10
28 2 8 28,8B - 10 S) 6 4
29 2 3 5 - 10 47,5B - 20
30 ) 6 9 38B 15 - 5 -
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Ta6auua 1.1.2

Bapu- Homepa 311eMeHTOB CTPYKTYPHOUM CXEMBbI
aHT 1 2 3 4 S) 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 57B 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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Ta6auua 1.1.3

Bapu- Homepa 311eMeHTOB CTPYKTYPHOUM CXEMBbI
aHT 1 2 3 4 S) 6 7 8
1 13 7 - 2B 10 - 20 -
2 - - 20 6 14 30 8B -
3 9 11 9,6B 30 - - 20 -
4 - ) 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 3) 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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Taoauna 1.1.4

23B

31B

38B

47B

23B

17B

47B

38B

23B

17B

47B

23B

31B

38B

31B

47B

23B

31B

Homepa 311eMeHTOB CTPYKTYPHOUM CXEMBbI

31B

17B

31B

38B

19B

17B

47B

47B

17B

19B

23B

17B

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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3ATAHME 1.2

Ha pucynke 1.2 nmoka3ansl Tpu BapuaHTa CTPYKTYP CXEM IJIECKTPUUECKOM IICIH.
JInst BBITMOJTHEHMSI 3aaHUsl HEOOXOAUMO 3aMEHUTHh YCJIOBHBIC 3JEMEHTHI cXeM 1...6
PE3UCTUBHBIMH JJIEMEHTAMH M MCTOYHHMKAMU coriacHo Tabmuiam 1.2.1...1.2.4 B co-
OTBETCTBHH C 3aJlaHHBIM ITIpernojaaBaresieM BapuaHToM. VHIEKCh 3HaAYeHUN TOKOB M
OJIC UCTOYHUKOB B TaOJMIIAX COOTBETCTBYIOT HOMEpPAM JJIEMEHTOB CTPYKTYPHBIX
CXEM, a HallpaBJICHUE UX JEUCTBUS — HAIIPABJICHUIO CTPEJIOK.

© D
&/ =/
06— @ (3
® ® OO @E SIEOIo
I I O
Cxema 1 Cxema 2 Cxema 3
Pucynok 1.1

PaccuutaTh 3HauY€HHsS BCEX HEU3BECTHBIX TOKOB, HCIOJIb3Yysd: a) 3aKOHBI
Kupxrogda, 6) MeToa KOHTypHBIX TOKOB. PaccunTaTh TOK J1000I BETBH, HE COIEp-
Kallel MCTOYHMK TOKa: a) METOJIOM 3KBHUBAJIEHTHBIX MpPeoOpa3zoBaHuil, 0) METOIOM
HKBHUBAJIEHTHOTO reHeparopa. [lokasaTs, 4To OajlaHC MOITHOCTEN UMEET MECTO.
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Taoauna 1.2.1

[TapameTpsl pe3ucTopoB

P | Cxewa | P ] [Ov]

11234 |5]|6
1 1 N1=01|>E=11 | PE,=29 | - | 8| 5|6 |29
2 1 NVJ36=0,15 | DE=12 | €E,=28 | 6 | 8 | 7 |4 | 1| -
3 2 NV3;=02 | 2E=13 | VE4=27 | 4 | 9 | - | 4| 3| 2
4 2 €J;=025|VE;=14 | €Es=26| - | 5|3 | 1|2 |6
5 1 €J;=03| €Es=15 | VE;=25| 5|1 | -3 3|9
6 1 Ne=0,35 | ME; =16 | €E3=24 | 3 | - | 7 | 5|7 | 4
7 2 23,=04 | €E=17 |VE4=23 | 1 | - | 1|4 |23
8 2 2>J1=045| ME3=18 | MEs=22 | - | 5| 7 |1 |8 | 4
9 1 Ne=05| €E=19 | MPE;=21 | 5 | 4 |7 |2 ]9 | -
10 1 2J3=055 | ME; =20 | ME,=20| 9 | 5| - |54 |1
11 2 €J;=06|VE;=21 | VE,=19 | - | 2] 9|3 9|8
12 1 VJe=0,65|VE,; =22 | >E3=18 | 6 | 9 | 3 | 8 | 2 | -
13 2 €J;=0,7|VE;=23 | VE,=17 | - | 6 | 8| 5|9 |5
14 1 VJ3e=0,75 | €Es=24 | ME1=16 | 2 | 6 | 7| 5|9 | -
15 3 Ne=08 | MNE,=25| 2E4,=15| 5 | 7 |1 | 2| 4| -
16 1 >J,=085 |VE; =26 | €Es=14| 8 | 6 | - | 9 | 5| 4
17 1 N1=09 | 2E=27 | ME,=13 | - | 3| 4|8 | 5|6
18 2 2J,=0,95 | ME3=28 | MEs=12 | 7 | - | 5| 4| 3|5
19 2 MNs=1 | 2E,=29 | VE;=11 |8 | 4 | 8 | 5| - | 2
20 1 MNe=11|VE,=30| €E3=10| 6 | 7 |4 | 6| 1| -
21 1 NyL=12 | ME,=31|>Es=105| - | 5|1 |4 | 8| 3
22 2 Ns=13 | €E,=32 |VE,=115|8 | 9 | 8 |5 | - | 7
23 2 Ns=14| >E,=33 | MEg;=125| 4 | 3 | 4|9 | - | 6
24 1 NV31=15| DE:=34 | €<Es=135| - | 8 |4 | 7 | 4| 6
25 1 Ne=16| €E;=35 | 2E;=145| 6 | 5 | 8 | 3| 2 | -
26 2 €J,=17| €E;=36 |VEs=155| 3 | - | 1|3 |9 |2
27 1 V), =18 | €E,=37 | €E;=165| - | 2 | 8 |6 |5 |7
28 2 V35=19 |\VE;=38 | D2E=175| 5 | 3 | 6 | 2 | - | 2
29 1 NhL=2 | €E;=39 |2E=185| - | 5|4 |1 |3 |7
30 3 V3=2,1 | €E=40 | ME¢=19 | - | 2 | 6 | 7 | 4| 8
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Taoauna 1.2.2

[TapameTpsl pe3ucTopoB

P | Cxewa | PR B [Ou]

1123456
1 1 €J;=01| >E,=40 | VE<=10| 2 | 9| - | 9| 6 | 1
2 1 <J;=0,15| 2E,=39 |[ME,=11 7 | 1 | - | 8 | 2 | 7
3 2 2J1=02 | MEs=38 | 2E,=12| - | 2 | 7 | 5| 4 | -
4 2 Ns=0,25 | PEs=37 | €E,=13| - | 6 | 9 | 7 | 3 | -
5 1 €J;=03| 2E,=36 |VEg=14| 3 | 9 | - | 2 | 7 | 9
6 1 <J;=035| €Es=35 |PME; =15 7 | 4 | - | 4|5 |1
7 2 MNs=04 |VE,;=34| €E,=16| 9 [ 3 |9 | 5| - | -
8 2 €J,=045| >E,=33 |VEs=17| - | 4 | 6 | 3 | 5 | -
9 1 2J;=05 | 2Es=32 |VE,=18| 7 | 2 | - | 3 | 9 | 3
10 1 <J;=055| €E,=31 |ME; =19 4 | 3 | - | 9| 8| 4
11 2 NVJ3,=0,6 | VE;=30| 2E;=20| 9 [ 8 | 1 | - | 9| -
12 1 <J;=0,65| ME,=29 |PME; =21 2 | 9| - | 8 | 6| 6
13 2 N,=0,7 | MEg=28 | €E,=22 | 9 | 5| 4| - | 6 | -
14 1 2J3=0,75 | MNE4, =27 | PMEg=23| 6 | 4 | - | 5| 7 | 3
15 3 NVJ;=0,8 | DE3=26 |[MEs=24| - | 6 | 9 | 6 | 8| 3
16 1 >J,=0,85| 2E;=25 |[\VE;=25| 5 | - | 8 | 8 | 5| 3
17 1 €J,=09| €E3=24 |\VEg=26| 5 | - | 1|6 | 9|1
18 2 VJ3,=095| €E=23 | €E,=27| 3 | 5| 2| - |5 | -
19 2 V3,=1 |VE;=22 | >E;=28 | 6 | 2 | 4 | - | 8 | -
20 1 2J,=095| €E;=21 | 2Es=29 | 1 | - | 8 | 8 | 6 | 6
21 1 2J,=09 | 2E;=20 |[ME¢=30| 8 | - | 1 | 3 | 6 | 6
22 2 >J,=0,85 | \VE; =19 |[VE,=31| - | 7 | 3 | 4 | 8 | -
23 2 Ns=08 | MEg=18 | €E;=32| 8 | 6 | 5| 9 | - | -
24 1 €<J,=0,75| €Es=17 |[\VE;=33| 4 | 9 | 3 | - | 7 | 6
25 1 <Js=0,7| €E,=16 |[ME4=34| 2 | 3 | 4| 9 | - | 7
26 2 VJ5=0,65 | 2E,=15 |[ME4=35| 9 | 2 | 7 | 8 | - | -
27 1 N,=06| 2Es=14 | MEg=36| 5 | - | 8 | 7 | 1 | 4
28 2 N;=0,55 | €E,=13 |[\VE;=37| 7 | 2 | - | 2| 8 | -
29 1 €J,=05|VE;=12 | VE,;=38| 3 | - [ 3 |5 |7 |9
30 3 VJ3e=045 | VE; =11 | €Es=39 | 4 | 8 | 1| 9 |5 | -
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Taoauna 1.2.3

[TapameTpsl pe3ucTopoB

P | Cxewa | P ] [Ov]

11234 |5]|6
1 1 Ne=2 <Es=6 | ME;=35|8 |9 |1 6|9 -
2 1 Ne=195| €Es=7 |€E,=345|8 (6 |7 |2 | 7] -
3 2 V3=19 | 2E;=8 | €E,=34| 9 | 4 |3 |4 | - | -
4 2 MNs=1,85 | VE;=9 | >E=335| 7 | 3 | 6 | 3 | - | -
5 1 Ne=18 | €Es=10 | €E3=33 |2 | 5|9 | 7 | 4| -
6 1 VJ36=1,75 |[VE,=11 | €E;=325| 2 | 1 | 3 | 5 | 4 | -
7 2 NV3,=17 [VEs=12 | €E,=32| 2 | 1|3 |- |5 -
8 2 <J,=165| 2E;=13 | MEs=315| 5| - | 2 | 5| 3| -
9 1 Ne=16 [VE,=14 | €E,=31| 4 | 5|9 |7 | 3| -
10 1 \J,=0,55 | VE; =15 | VE=305| - | 9 | 5|8 | 9| 4
11 2 N,=15|€E=16 | PMEs=30| 2 | 6 | 9| - | 6 | -
12 1 MNe=1,45 | MNE, =17 | 2Es=295| 8 | - | 7| 6 | 8 | 6
13 2 N,=14 | €E=18 | VEs=29 | 6 | 8 | 5| - | 9 | -
14 1 \VJe=1,35 | >E,=19 |\VE;=285| 6 | 2 | 3 | 7 | 5| -
15 3 Ny=13 | 2E=20 | VEs=28 | - | 5|3 | 8|6 |9
16 1 VJ,=1,25 | €E;=21 | €E,=275| - | 8 | 3 |5 |8 | 4
17 1 Ny=12 | €E=22 | 2Es=27| - | 6 | 1|9 |6 |3
18 2 MN;=1,15 | €E,=23 |\VE=265| 7 | 9 | - | 5| 5| -
19 2 20=11|>E=24 | MEs=26 | - | 8 | 1|8 ]| 3| -
20 1 Ny=1 €E;=25 |VE;=255| - | 5|6 |7 |87
21 1 N1=0,95 | €Es=26 | MEg=25| - | 1 |6 |6 |9 |1
22 2 VJ3;=09 | VEs =27 | >E,=245| 4 | 8 | - | 8 | 6 | -
23 2 VJ:=0,85 | €E;=28 | VEs=24 | 3 | 4| - | 5|9 | -
24 1 NVJ;=08 | €E,=29 | €<Es=235| - | 6 | 6 | 7| 3| 8
25 1 MNe=0,75 | DEs=30 | VE4=23 | 5 | 6 | 7 | 4 | 9 | -
26 2 2J1=0,7 | ME3=31 | ME4,&=225| - | 3 | 1| 4| 8| -
27 1 N;=0,65 | VEs=32 | MEg=22 | - | 3 | 4|1 |38
28 2 2J1=06 | ME3=33 | MEs=215| 1 | 5| 3|8 | 2| -
29 1 VJ,=055 | >Es=34 | VE,=21| - | 4 | 5|7 |53
30 3 MNs=05 | ME,=35|2E=205| 2 | 3 | 7|5 ] - |1
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Taoauna 1.2.4

[TapameTpsl pe3ucTopoB

P | Cxewa | PR L [Ov]
11234 |5]|6
1 1 V3,=025 | ME4=6 | MEg=25| - | 2 | 6 | 5| 4|8
2 1 V3=03 | ME,=7 |2Es=245| - | 9 |4 | 7|3 |1
3 2 N,=035| €E;=8 | 2E,=24 | 2 | 3 |4 | - | 7| -
4 2 V3,=04 | ME3=9 |€E=235| 6 |2 |1 | - |4/ -
5 1 VJ,=0,45 | NE4=10 | €E3=23 | - |3 | 7|3 |79
6 1 V3,=05 | ME,=11 | VE=225| - | 7 | 5|7 |5 |1
7 2 2J,=055 | ME3=12 | MEs=22 | 3 | - | 4|1 |9 | -
8 2 VJ3,=0,6 | WEs=13 | DE,=215| 4 | 8 | 1| - | 3 | -
9 1 N=0,65| 2E,=14 | €Es=21| - | 9 | 5 | 7 | 8| 2
10 1 Ne=0,7 | 2Es=15 | >E;=205| 9 | 4 | 5| 6 | 5 | -
11 2 Ns=0,75 | ME;=16 | €E,=20| 8 | 9 | 3 | 9 | - | -
12 1 VJ3;=0,8 | €Es=17 |VE=195| - [ 2 | 8 | 3| 2|3
13 2 Ns=0,85 | ME;=18| 2E; =19 | 5 | 9 | 5 | 8 | - | -
14 1 VJ3,=09 | 2Es=19 | >E;=185| - | 9 | 4 | 7 | 5 | 4
15 3 VJ3,=095 | PEs=20| MEg=18 | 6 | - | 2 | 1| 2|3
16 1 V3,=1|>E=21 | €E,=175| 4 | 5|9 | - |8 |9
17 1 N,=1,05| €E3=22 | €Es=17| 1 | 5|8 | - | 8| 6
18 2 >J,=1,1 |\VE; =23 | €E,=165| - | 3 |5 | 5| 9 | -
19 2 V3=1,15|VE,=24 | >E,=16 | 2 | 6 | 9 | 8 | - | -
20 1 V=12 | €E;=25 |VE=155| 6 | 1 |4 | - | 1|5
21 1 N,=125 | 2E3=26 | MEg=15| 3 | 8 | 1 | - | 2 | 3
22 2 V3=13 |VE3=27 | €E,=145| 7 | 8 | 5| - | 2
23 2 VJ3,=135 | €E=28 | VEs=14 | 6 | 8 | 9 | - | 5
24 1 <J,=14 | DE=29 | ME=135| 9 | 4 | 7| - | 4] 5
25 1 N1=145 | 2Es=30 | MEg=13 | - | 2 | 3 | 8| 5|9
26 2 V=15 |VE; =31 | €E,=125| 2 | 9 | 3 | 7 | -
27 1 N,=155 | 2E=32 | €Es=12| 7 | 5|8 | - | 8| 6
28 2 Ns=16 | MNE,=33 | 2E=115| 2 | 7 | 2 | 6 | -
29 1 2J3=165| 2Es=34 | PME;=11 |1 | 3| - | 7|6 |2
30 3 VJ3s=1,7 | VE;=35 | €E;=105| 8 | 4 | 7 | 6 | - | 5
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2. PacyeT nepexoaHbIX MPOIECCOB B JIEKTPUYECKHUX HENAX ¢ HCTOYHUKAMHU T0-
CTOSIHHOTO HANPSIKEHUS M TOKA

Memoouueckue peKOMeﬂdaL;uu 1O 8bINOJIHEHUIO 3A0AHUS

OcHoéHble 3aKOHbBL U MEMOObl AHAIU3A

3akonvt KoMmymayuu

Tok B MHAYKTUBHOCTH M HAIPSHKEHUE HA €MKOCTH CPa3y MOCIe KOMMYyTAIHHU (B
MOMEHT BpeMeHH t=0,) 0CTaloTCs TaKUMHM K€, KAKMMH OHU OBUIA HEIOCPEACTBEHHO
JI0 KOMMYTAIMH (B MOMEHT Bpemenu t=0).

B kpatkoit 3armucu: i (0_) =i (04) m uc (0_) = uc (04).

Dopmyna paznodicenus
Ecnu u3obpaxenue MCKOMOI BETMUYUHBI UMEET BUJ| pAlIMOHATILHOM 1poou

by, P +b1p’“+ +b_ .p+b_ bopm+b1pm‘1+...+bm_1p+bm F.(p)
F(p)= — ,
a,p"+ap"+...+a p+a, a(p-p)p-p,)...(p-p,) F(p)

npu4éM, Bce K03 (OUIMEHTH MHOTOUYICHOB BEIICCTBEHHBIC YKMCIa © M <N, TO OpHU-
ruHai GyHkiuu A(pP) HaAXOAAT Kak

R SRR o
e F(p)= L e™ = f(t), ecim xopHu ypasHenms F,(p)=0
F(p) ;Fz(pk) i

BCIICCTBCHHLBIC pa3HHquIe;
F(p) FO) < F(pP) _p
° F(p): L [ 1 + %kepk :f(t),
pF(p)  FK(0) kzz;‘kag(pk)
F,(p)=0=pFK,(p), tne F(p)=a,(p—p,)(P—P;)...(P—P,), umeer oauH
HyneBoi kopenb P, =0
. F(p)=_FP) | F1(0)+2R{ F(p.) epzt}i FP) g _
pF(p)  F(0) p,F(p,) iz PF(Py)

eciu ypaBHEHUE

_RO + 2\ A2 +B? -e ¥ cos(omt + @) + Z R(P) e™ = f(t), ecnu ypasHe-
R0 PR (Py)
HUE F,(p)=0 UMeeT napy KOMIUTEKCHBIX COMPSHKEHHBIX
KOPHA P, , =—0 =% jo. [Ipuuém, w =A+ |B; o= arcth.
’ p2 F3( p2) A

Kraccuuecknii MeETOI pacuéra.

[Mpu anamuze neneir N-ro nopsiaka (K — uHAyKTHBHBIX 31eMeHTOB U (N-K) — &M-
KOCTHBIX 2JIEMEHTOB) ¢ MCTOYHHMKaMH mocTossHHOM DJ[C pacd€r mpou3BOAMTCS TIO Clie-
AYIOIIEMY aJITOPUTMY:

1) OnpenenuTh 3HA4YEHKS TOKOB 4Yepe3 WHIYKTUBHBIC AieMeHThI 11(0.) u Hampsi-
’KEHUH Ha EMKOCTHBIX d1eMeHTaX Ucy(0.) B amekrpuueckoii rienu 10 kommytaiuu (t<0),
riae k=1, 2,...K; n=1, 2,... (N-K). Cratndeckuii pe>kuM 10 KOMMYTaIlHA PACCUNTHIBAIOT
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IpY COOTBETCTBYIOUIEM COCTOSIHUM KITIOYa, 3aMEHsIsI MHIyKTUBHBIC SJIEMEHTHI B LIETH
NIepeMBIYKaMH, a EMKOCTHBIC pa3phIBAMH MEXKIY TOUKaMH UX TTOTKITFOUCHHSI.

2) OnpenenuTh 3HAYCHUS HANPSHKCHUH HAa WHAYKTHBHBIX 3jieMeHTax Up(0.) u
TOKOB 4epe3 EMKOCTHBIC AIEMEHTHI LIeH Icy(0.4) HEMOCPEICTBEHHO MOCIE KOMMYTAIIUH
(t=0.). Jlyst 5TOro MHIYKTUBHBIC 3JICMEHTHI IICTH HYKHO 3aMCHUTh HCTOYHUKAMHU TOKa
co 3HaueHusIMU Jik = 11x(0_), a EmkocTHBIC 351eMeHThI — ncTounrkaMu DJIC co 3HaYCHU-
ssMu Ec, = — Ucy(0.)

3) OnpenenuTh 3HA4YEHHS TOKOB Yepe3 WHIYKTUBHBIC JIEMEHTHI | (oc) 1 Hamps-
KEHUI Ha EMKOCTHBIX 3JIEMEHTax Ucn(oc) B DJICKTPUYECKOW IIENHM B YCTAHOBHBIIIEMCSI
pexuMe rmociie kKommyTaiuu (t=cc), BBITIOJIHUB 3aMEHY 3JICMEHTOB aHAJIOTUYHYO T1. 1.

4) CocTaBUTh XapaKTEPUCTUUECKOE YPaBHEHUE U ONPEACTUTH €ro KOpHU. [[j1st 3Toro
HYKHO pa3opBaTh JIO0YI0 BETBb ANIEKTPHUECKOM IIEMH B MOCIEKOMMYTAIIMOHHOM COCTO-
SHUM U OIPEAEIUTh KOMIUIEKCHOE CONPOTUBIICHUE OTHOCUTENIBHO TOUEK pa3pbiBa. lpu
ATOM HY>KHO 3aMEHHUTh UCTOUHUKHU DJ[C 1 TOKA WX SKBUBAJICHTHBIMH COTIPOTHBIICHUSMH,
T.€. 3aMeHUTh UCTOYHHUKH DJIC mepeMbIuKoid, a UICTOYHUKU TOKa Pa3phbIBOM MEXITY TOY-
Kamu nofxiroueHus. [locne yero, 3aMeHUTh B BBIPAKEHUH KOMIUIEKCHOTO COIIPOTHBIIE-
HUS TIPOU3BEICHUSI | HA P U, IPUPABHSB MOJTYYCHHOE BBIPAKCHUE HYJIIO, PEIIUTh ypaB-
HEHHE OTHOCHUTEINBHO .

5) IlpencraBUTh MIHOBEHHBIC 3HAYCHHS TOKOB Yepe3 WHIYKTUBHBIC JIEMEHTHI U
HaANPsHKEHUM HAa EMKOCTHBIX JIEMEHTaX B BUJIE

o i(t)=ino) AP LA™, Ucn(t)=Ucn(oc)+By-e” .. +By-e™!,  ecim
BCE KOPHU XapaKTePUCTUIECKOTO yPaBHEHUS BEIIIECTBCHHBIC U Pa3HbIE;

o i()=iLk(o0)+(Art+A) €% AAGE™, Ucy(t)=Ucn(oc)+(Byt+By)-€%" +.. + Bye™,
€CJIM CpeI KOPHEW XapaKTEPUCTHUECKOTO YPaBHEHHUS €CTh Mapa OJJMHAKOBBIX
P1=p2=9;

o i(0)=iLd)+H[Ar-sin(o-1)+Ay-cos(e-t)]-e” . . . +Ay-e™,
Ucn(t)=Ucn()+H[Ar-sin(w-1)+A,-cos(w-t)]-e*...+ Bye™ ', ecnm cpemn KopHeit

€CTh Mapa KOMITICKCHO-COMPSKEHHBIX 1 ;=01 (.

6) CocraButh cuctemy u3 N ypaBHeHuit Kupxroda as1st CocTOSHHS 1IETTH B MOMEHT
BpeMeHH 1=0, u onpeaenuTb MOCTOSHHBbIE UHTETPUPOBaHUs Aj,...Ay, Bi,...By. ¢ yué-
TOM 3HauYeHUH, moiaydennsix B m.2: L di, / dt‘t=0+ =u, (0,) u C du.,/ dt‘t=0+ =i.,(0,).

7) C momomipio 3akoHoB Oma m Kupxroda onpenenuTs, eciu TpeOyercs,
OCTaJIbHBIE TOKU M HAMPSHKEHUS B IICTIH.
[Tpumepst paccmoTpeHs! B 3a1avax 2.1 u 2.2.

OnepaTtopHbIi METO pacyeTa.

[Tpu anamu3e teneit N-ro mopsaka onepaTopHbIM METOJI0M PACUYET MPOU3BOIUT-
Csl 110 CIICYIOIIEMY aJrOPUTMY:

1) OnpenenuTh 3HA4YEHKS TOKOB 4Yepe3 WHIYKTUBHBIC AieMeHThI 1(0.) n Hampsi-
KEHUH Ha EMKOCTHBIX d1eMeHTax Ucy(0.) B amekTpuueckoi rienu 10 kommytaiuu (t<0),
rae k=1, 2,...K; n=1, 2,... (N-K). Cratudeckuii pexkxuM 10 KOMMYTAIlMH PACCUNTHIBAIOT
IpU COOTBETCTBYIOIIEM COCTOSIHUM KJTFOYa, 3aMEHSISI MHIYKTUBHBIE AJIEMEHTHI B IICTIH
NepeMbIYKaMH, a EMKOCTHBIC pa3pbIBAMH MEXKIY TOUKAMH UX MOTKITFOUCHHSI.
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2) CocTaBuTh ONEPATOPHYIO CXEMY 3aMEIICHUS, BHIMOJHUB CIEAYIOIINE 3aMEHbI
DJIEMEHTOB IIETIH B MOCIEKOMMYTAIIMOHHOM COCTOSTHUU:

E J R L i(0) C
—— —6)— O — —F
v v v v y, 1)
Elp Jp R L-p L4 (0) 1/(C-p) uc(0.)lp
> —6)— T 13> =)

3) Tlonp3ysick MOOBIME METOJAMH aHAIIN3a JJICKTPUYCCKHUX IENei B cTaTHU4e-
CKOM COCTOSTHUH, OTPEICIUTh ONEPaTOpPHBbIC H300paKEHUS HMCKOMBIX TOKOB H
HaIpsKCHUM.

4) C nomoInpto TeopeMbl (GopMyJIbl) pasaoKEHUS WK ¢ IIOMOIILI0 TaO I 00-
patHoro mpeoOpazoBanus Jlammaca, meperTH OT ONEpPaTOPHBIX H300paKEHUN K
(GYHKIHMSIM MTHOBEHHBIM 3HAYCHU HCKOMBIX BEJTMYHH.

[Tpumep paccMoTpeH B 3amaue 2.3.

,ZZanee npueedeHbl 3616611{1/[, peWéHHble ONUCAHHBIMU 8blIULE MEMOOaMU pacduema.

3AJIAYA 2.1
——1__} *
i(t) R, Jano: E=100 B, R;=10 Om, R,=40 Om,
E R; Rs=50 Om, C=10"° ®.
Q —_ \u(t) Haumu: i(t), u(t) xmaccuueckuM METOA0M
R pacyera.
o Pewenue:
1) Lens mpu t<0
—— | *
I(0)R,
E Rz | i(0.)=E/(Ry+R,+R;3)=100/(10+40+50)=1 [A];
Q lU(O—) u(0.)=(R,*+R3)-1(0_)=(40+50)-1=90 [B].
Ry ¢
2) lens mpu t=0,
1 \ I
i(04)R; ic(0. _
E R, 1(04)=(E-Ec)/R;=(100-90)/10=1 [A];
Ec i"(0,)=Ec/R,=90/40=1,75 [A];

® i) i(0,)=i(0,)—i"(0,)=1-1,75=0,75 [A].
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3) Llens mpu t=oo
i(oc) Ry

E R: | i(oc)=E/(R,+R,)=100/(10+40)=2 [A];
(t IU(OC) u(oc)=Ry-i(oc)=40-2=80 [B].

o

4) CocTaBiisieM M peliaeM XapakTepUCTUYECKOE YPABHEHHE

R U(Cp)  2(p)=— + 2R =g (p+125))p.
R: C-p R+Ry
z(p) [TpupaBHsB z(p) k 0, TOTYIUM KOPHHU
XapaKTePUCTHUECKOTO YPaBHCHHUS
T p=-125[1/c]

B nensx mepBoro mopsijika BequunHa T=1/|p| HOCUT Ha3BaHUE NOCMOAHHOU 8pEeMeHU
ICTIH.

5) 3anuceiBaeM MIHOBEHHOE 3HAUCHHME HAIPSDKEHUS EMKOCTHOTO 3JIEMEHTA B 00IIeM
Buze Uc(t)=Uc(oc)+B-e"'=80+B-¢ ",

6) OnpenesnseM MOCTOSIHHYIO HHTETPUPOBAHUS.

Hanpsokenne Uc(t) B Moment xommytaruu (t=0,) Oyaer Uc(0.)=80+B wm ¢ yderom
uc(0:)=uc(0.)=90 momyaaem 90=80+B. Torma B=10 u uc(t)=80+10-e >,

7) Ioay4eHHoe B 1.6 COOTHOIICHUE JaeT BO3MOYKHOCTh OMPEICIUTh OCTAIbHBIC TOKH
U HaINPSDKEHUS:

ic(t)=C-duc/dt=10%(-125-10-e **"=—1,25.e "*' [A];
Upa(t)=Uc(t)=80+10-e "> [B];

ir2()=Uro(t)/R,=(80+10-6 *°")/40=2+0,25-¢ "' [A];
i()=ic(t)+ira(t)= —1,25-6 242+0,25.6 151=2 1.6 B [A];
Ur1()=Ry-i(t)=10-(2-1-e ***)=20-10-e **" [B].

Omeem: i(t)=2—1-e ' [A]; u(t)=80+10-e ' [B].

3AJIAUA 2.2
] * e
0 R le(®) Jano: E=200 B; R;=R,=10% Om;
R, L=0,1 T'n; C=10"° .
®e ¢ ==l Hatimu: TOKH BO BCEX BETBSIX M HAIIpsi-
L % 1 u(t) uc(t) ’KEHUS Ha MHIYKTUBHOM M EM-
* : KOCTHOM DJIEMEHTAX
> . |L(t)
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Pewenue:

1) Lens mpu t<0
iL(0)=0[A];
D Rz uLC(O)=O [B].
uc(0-)

v il(0) T

2) Llens ant=O+ ) ‘
R ic(0.)
R, Ec=uc(0) ic(0.)=E/R;=200/10%=0,2 [A];
Ol L0y ® u.(0,)=0 [B].
Ji=i(0)

3) Hemnb npu t=00 )

e R R, i, (o)=E/(Ry+R;)=200/(10°+10%=0,1 [A];

() Ue()] ) (x)=Rri(>)=10"01=100 [B]

4) CocTtaBiisieM 1 peliaeM XapakTepUCTUYECKOE YPaBHEHHE

T ] e
R, 172
_ 1 +103-(103+O,1-p):
Lo 5} 10°%.p 10%+10%+01-p
1/(C-p) 103 (p? +11-10° +2-107)

p-(p+2-10%)

[Mpupasusie z(p) k 0, MOJTyYUM KOPHH XapaKTEPUCTHUECKOTO YPaBHEHHSI
p1=—-2300 [1/c], p,=-8700 [1/c].

5) 3anucbiBaeM MTHOBCHHBIC 3HAYCHHS HANIPSDKEHMSI HA EMKOCTHOM DJIEMEHTE U TOKa
Yyepe3 MHIYKTHBHBIN 2JIEMEHT B OOIIEM BH/IE
uc(t)zuc(oc)+Bl.epl-t_i_Bz.epZt :1OO+Bl~872300't+82°678300't [B],
iL ()= (o) +A- €M+ Ay- P2 =0, 1+A € POU A, B0t [A],
6) OnpezernsieM MOCTOSTHHbIE HHTETPUPOBAHMUS.

Toxk i (t) B momenT t=0, Oyner i.(0.)=0,1+A;+A,, a ¢ yuerom i (0.)=i (0,)=0,
nonydaem A;+A; =—-0,1.

Hampsokerne U, (t)=L di /dt=0,1-(-2300-A,-e 2?*-8700-A,-¢ ¥®Y B moment t=0,
oynmer u.(0,)=0,1-(-2300-A; —8700-A,) nmu, ¢ yuerom U, (0,)=0, 2,3-A;+8,7-A,=0.
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Hanpsokenne Uc(t) B moment t=0, Oymer Uc(0.)=100+B;+B, wmm, c yderom
Uc(0+)=0, Bl+BZ=—lOO .

Tok ic(t)=C duc/dt=10"°(-2300-B,-e 2**'-8700-B,-¢ ¥ ™) mms  t=0,, Gyumer
iC(O+)=1O_6-(— 2300-B; —8700-B;) wmm, ¢ yuerom ic(0.)=0,2, 2,3-B; + 8,7-B, = -200.

Pacnionaraem ABYM: CUCTCMaMH ypaBHeHI/Iﬁ h Ux peﬂleHI/IHMI/IZ

A+A, =01 A =-01359 (B,+B,=-100 B, =-104,7
{2,3-A1+8,7- A, =0 {Az =-0,0359 {2,3. B, +8,7-B, = —200 {BZ =47
Torxa i (t)=0,1-0,1359-e ***+0,0359¢ *"** [A];
Uc(t)=100-104,7-e 2" +4,7¢ ¥ [B].

7) HOJIy‘IeHHBIe B I1.6 COOTHOIIIEHUS Jar0T BO3BMOXKHOCTD OIIPCACIIUTD OCTAJIBHBIC TO-
KU U HaHp}DKeHI/ISI:

ic(t)=C-duc/dt =107°.(104,7-2300-e 2*®'_4,7.8700- %) =
=0,2406-¢ " —0,0406-¢ °"*" [A];

uy (t)=L-di /dt=0,1-(0,1359-2300-e 2**-0,0359-8700-e3"°") =
=31,26-e °%"-31,26.e¥"" [B];

i(t)=i (t)+ic(t)=0,1+0,1047-e"2%-0,0047-e 3" [A].

Omeem: i, (t)=0,1-0,1359-e *®'+0,0359¢ *"*" [A];
ic(t)=0,2406-e 2% —0,0406-e ¥ [A];
i(1)=0,1+0,1047-e 2%"-0,0047-e ¥ [A];
u (t)=31,26-e 231 26.e "% [B];
Uc(t)=100-104,7-e 2% +4,7e 8% [B].

3AJIAYA 2.3
R iL(t)
R, [ano: E=450 B; R;=400 Owm;
Q £ L R,=20 Om; R3=50 Owm;
C=10"*®; L=0,2Tn.
— C o -
Haumu: i, (t) omepaTOpHBIM METO-
R3 JIOM pacyera.
PN
Pewenue:
1) Hens mpu t<0
Ry iL(0-)
R iL(0.)=E/(R,+R3)=450/(400+50)=1 [A];
O uc(0.)=Ryi,(0)=50-1=50 [B].
l uc(0.)
——
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2) CocTaBUM ONEPATOPHYIO CXEMY 3aMEIICHUS

R g W)
2 V4
E.(p)=L-i.(0.)=0,2-1=0,2;
(DEp 1(Cp) Ec(p)=uc(0.)/p=50/p.
E.(p) (D
Ec(p)

3) Ompenenum | (p) METOIOM SKBHBAJICHTHBIX MTPE0OPa30BaHHUMA.

3ameHuM napauienbHoe coenunenue (E, Ry)||(Ec, R2,1/Cp) Ha sxBUBaNeHTHOE

_?3 1.(p) Ly R.(D) = R [R, +1/(I§16)] _400-(20+1/1078) _

CD y R +R,+1/(N8) 400+20+1/1078
E.(p) EL(p) ~400-(p +500)

~ 21-p+500

E (5) :(A(p) ,_Ec(p ] R ( ):( 450 500 ]'400-(p+500) _
R,-p R,+1/(Cp) 400-p 20+1/(10*p)) 21-p+500
~ 50-(29- p+4500)
~ p-(21-p+500)
CornacHo 3akony OMa n300pakeHre HICKOMOTO TOKa OyIeT ONpeaensaThes Kak
| (p)= E(P+E(P) :[50.(29- p+4500) +02)/(400-(“500) +0’26J:
R,+L-p p-(21- p+500) 21- p+500
_ p®+369p+5357-10*  F(p) _  p’+bp+h,
~ p-(p*+119p+4,762:10') pF,(p) p-(p°+ap+a,)
4) OcymiecTBUM oOpaTHOE npeoOpazoBanue Jlannaca no hopmylie pa3ioxKeHus, s
3TOTO ONpEAeNUM KOpHH NonrHoMa 3HameHarens pF;(p) =0:

p1=0; P23 = —d+jw = —59,5+j210.
Torma F(p)=2p+a =2p+119; F(0)/F,(0)=Db,/a,=5,357/4,762=1125;

_R(p,) =-0,062- j0,578=H; |H|=0,581;, ¢=arg(H)=-96,15°.
P.F5(P,)
Otcrona

i, (t) = % +2|H | e cos(wt + ) =1,125+1,162 - 65 . cos(210t — 96,15°) [A]
3

Omsem: i (1) =1,125+1,162-e" . cos(210t —96,15°) [A].
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3AJTAHME 2.1

BhInonHUTh aHANM3 MEePEeXOoJHOTO IMpoliecca B Lienu nepBoro nopsaka. CTpyk-
Typa 3IEKTPUUECKOM 1enu n300paxeHa Ha pucyHke 2.1 B 00001EHHOM BUJIE.

uq u;
—_— —_

Puc. 2.1

[lepen pacu€ToM HEOOXOIUMO COCTABHTH CXEMY IICTH, BOCIIOJIH30BABIINCH WH-
dbopmarueit Tadau 2.1.1...2.1.4. Kirod B 1ienu pacrnoJiokeH MOCIeI0BATEILHO WU
napayuiesIbHO OJTHOMY M3 DJIEMEHTOB, U JJO KOMMYTAaIlMU OH HAXOJAUTCS 3aMKHYTOM (3)
uiu pazoMkHyToM (P) coctosinum.

PexomeH/0BaHHBIM TIpeNojlaBaTesieM METOJOM TpeOyeTcsi OmpeNeuTh U TO-
CTpouTh B mHTepBasie BpeMenHu 0...471 [C] 3amannbie kpuBbIe Ii(t), Un(t).

33



Taoauna 2.1.1

Bapu- DIeMEHTBI HckoMmbie Be- | Pacnomoxe- Kirou
aHT E[B], R[Owm], L[T'H], C[D] TV HEL Hue Kmoda | mpu t<0
E=270; R;=R,=R,=200; ] I[MapasnnensHo
i e L@ | 3
9—VY, 1
E=260; R;=R5=R¢=R1,=300; )
5 1 ) 5_ A ?S: 10 i, (), Us (£) HapaJIF\iIgeJIBHO 3
4=V,
E=250; R;=R,=R;,=400; ] I[MapasnnensHo
3 o 0w | 3
o=2-
E=240; R;=R3;=Rg=500; ] [MTocienoBa-
4 s io (1), us (t) P
C,=2-10 TenbHO Rg
E=230; R;=R,=R,=600; ] [MocneoBa-
5 _ i3 (t), ug (t) P
L.=0,4 TeabHO Ry
E=220; R;=R5=R1,=700; I -
6 1 ) 5 10 Uy (t), U (t) ocCJICa0Ba P
L,=0,5 TenpHO Rig
E=210; R;=R,=R4=800; ) [Mocnenosa-
7 A i3 (), ug (t) P
C,=4-10 TENBHO Ry
E=200; R;=R5=R1;,=900; ) ) [MocnemoBa-
8 ERR 0, 1) p
C,=4-10 TesnbHO Rig
9 E=190; R1=Li4=:0Ré=R9=lOOO; i, (1), Ugo () HapanlienLHo P
= " = = = = ) H -
10 E=180; R, R4_ R,=Rg=1100; U 1), s (1) oceoBa p
Ly=0,7 TenbHO Ry
Cy=6-10" ! R
12 E=160; Ré=|:\i46=i7;6R8=1300; Ua (1), is (8) HapanFienLHo 3
10—V
13 E=150; R1=|_R4_:OR§:R10:1400; is (1), U (1) HapaanenLHo 3
5—VY,
14 E=140; R1=LR4_:0R95:R7=1500; i, (1), us (1) Hapanéenbﬂo P
9—VY,
E=130; R;=Rg=R1,=1600;
15 C1_8 810_;0 i (1), Us (1) HapaJéJI(?JILHO 3
=8
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E=120, R1:R4:R5:1700;

16 C 10 iz (1), us (1) Hapanl:\ienbﬂo
s=8-
17 | FPHORERERTEEREI @, i | e
18 E=100; Rl:REZEleR7=R8=1900; iz (1), iy () HapaJ'IFJQ'ISGJ'ILHO
19 E=105; RFE‘SBSEFRQ:ZOOO; Ugo (8), iy (1) HapanFJ;enLHo
20 E=115; Rlz%‘;:i%:_57=R8=2100; is (1), Us () HapanéenLHo
21 E=125; R1=L|i)4::1R;:R7:2200; is (1), U (1) HapaJIF\.lI?eJII)HO
= *R.=R:=R.=R.~= . II -
99 E=135; R; |_RS—1R§ R10=2300; i, (), Uy (1) ocneﬂoza
4=1, TenbHO Rg
E=145; R,=R,=Rs=R,=2400; . [Tocnenora-
23 (:19:142-1%_6 7 110, Us (1) TENBHO Ry
24 E=155; Ré:BfZZRf(?ElOZZSOO; i, (1), U (1) Hapan%enLHo
4—L,L0
E=165; R,=Rs=R,=2600; [TocnenoBa-
25 " Uz (1), ug (t)
Cg=1,3-10 TenbHO Rs
E=175; R1=R,=Rg=2700; ] IMocnenosa-
26 ip (t), Ug (1)
Ly=1,4 TEIbHO Ry
27 E=185; 2125;23;;57:2800; i, (1), Ugo () HapaanlenLHo
E=195; R;=R,=Rs=R,=2900; ) [TapannensHo
28 LoiE Iz (1), Uo () .
9—41, 5
E=205; R;=R5=R¢=R;=3000; ]
29 1 I_5_196 10 i5 (1), s (1) HapanFJi)enLHo
4= 4,
30 E=215; R1=R4:R5:_|:10=3100; (0, U (0 IMapannensHo
Cy=1,4-10 Rs
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Ta6auua 2.1.2

Bapu- DIIEMEHTHI Hckomeie Be- | Pacmonosxke- Kirou
aHT E[B], R[Om], L[T'H], C[D] JINYMHBI HUE KJIF0Ya npu t<0
E=50; R1=Rs=R4=100; ) I[MapasnnensHo
1 I (t), Uz (t) 3
L,=0,01 Ro
E:55, R1:R5:R7:R9:1000; . II
2 1 i, (1), Us (1) apaJIF\J)IfJIBHO 3
E=60; R1=R3=R4=R¢=R17,=105; ) I
3 1=R3=R4=Rg=R1o 2 (D), Us (8 apauIebHO .
L¢=0,011 R4
E=65; R1=R4s=R5=R¢=R1;=2000;
4 1—Rg=R5=Rg=R1p i, ('[), U (t) [TapamiensHO P
C;=1,110°° Rs
E=70; R1=R3=R5=R¢=R1¢,=110; )
5 1—R3=R5=Rg=R10 i (t), Ugg (t) [TapannensHo 3
L,=0,012 Rio
E=75; R1=R;=R;=R1,=3000;
5 1—R3=R7=R10 iz (1), Uy (1) [TapamiensHO P
Cs=1,2:10°° Rio
E=80; R;=R5=R¢=115; ) IMapannensHo
! i3 (1), Us (1) 3
L,=0,013 R1
E=85; R1=R3;=Rs=R;=R¢y=4000; I
3 1=R3=Re=R7 6 9 i (1), us (0 apalIeabHo 3
C10:1,3'10_ Rj
E=90; R;=R,=R,=120; ) IMocnenosa-
9 i1 (1), us(t) P
L,,=0,014 TeabHO Ry
E=95; R;=Rs=R;=Ry=5000; ) I[MapannensHo
10 6 D) (t), Ug (t) 3
Cs=1,4-10 R1
E=100; R;=R3;=R¢=R;=125; ] TTapayuiessHo
= Ls=0,015 w (0. 7 (1) Ry ;
E=105; R;=Rs=R,=R4=6000; ) [Tocnenosa-
12 C@:f|.,5°10_6 5 (0) Us (1) TenbHO Ry P
E=110; R;=R¢=Rs=R;=R;,=130; . IMapannensHo
13 L,=0.016 i1 (1), ugo (t) Re P
E=115; R;=R,=Rs=R;,=7000; . ITocnenosa-
14 C;=1,6.10°° 2O U O o R, F
E=120; Ri=R3=Rs5=R(,=135; ) I -
15 1 3 5 10 |3 (t)’ u4 (t) ocjieaoBa P
L,=0,017 TenabHO Rig
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E=125; R3=Rs=Rs=R;=Ry=140;

16 ot iz (1), Us (1) Hapanl:\ienbﬂo
10—V,
E=130; R;=Rs=Ry=145; .
17 ) 1_O (;319 9 iy (1), Us () Hapanl:ieHLHo
4—VY,
E=135; R3=R;=R¢=R;,=8000; . [Tocnenosa-
18 (:5:1,7-10_6 12 (0), Us (O tenpHO R7
E=140; R;=R,=R;=150; )
19 L3_0402 7 is (t), U (t) HapanFJ;enLHo
6— VY,
20 E=145; R;=R;=R,=Rs=R4y=9000; L (0, U (0 TTapainensHo
1 y U7
C;=1,8-10° Rs
E=150; R;=R3=Rg=Ry=R;,=155; ) [Tocnenosa-
21 L,=0,021 12 (1), Uso (1 TenbHO Rg
22 E:155, R1:R3:R7:R9:104; | (t) u (t) HapannenBHo
3 y U4
C,=1,9-10°° Re
23 E=160; Rl:EfOR8;§92R10:160; i, (1), Us (1) HapanéenLHo
—1RE- P =P =P =P —1 1.10%
24 E=165; RS_CF:S:_ZF.?B—FSSJ-O_]-’]- 10%; i, (1), us (1) HapanFJ;GeﬂLHo
E=170; R;=Rs=R;=165; ) [TocnenoBa-
25 ~ i3 (1), Us (1)
Ls=0,023 TenbHO Ry
E=175; Ry=R¢=R¢=Ry,=1,2-10";
26 SC _62 1910_(130 iy (1), Ugo (1) HapaJI;J:EHLHO
4—4&, L0
E=180; R;=R5=R;=Ry=170; . I
27 L310:8 0274 9 |2 (t), U10 (t) apaHFieHLHO
E=185; R1:R4:R5:R9:1,3-104; ] [MapasensHo
28 b i (0), U7 1)
7=2,2-10 R4
E=190; R;=Rs=R;=R¢=180; .
29 Il_ _; 0275 9 is (t), U (t) Hapanl:ienbﬂo
6—VY,
E=195; R;=R3=R,=Ry=R,=14000; | [MapasensHo
30 _ 5 i2 (1), Uzo (t)
Cs=2,3-10 Rio
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Tab6auua 2.1.3

Bapu- DIIEMEHTHI Hckomeie Be- | Pacmonosxke- Kirou
aHT E[B], R[kOm], L[mI'H], C[MKD] JTHYUHBI Hue Kimoya | mpu t<0
E=100; R,=Rs=R;=R4=0,1; ) I[MapasnnensHo
1 L. =10 i1 (), U () R 3
10— 7
E=105; R,=Rs=R;=Rg=0,11; . Tocen0Ba-
2 Lo=15 I3 (), Us () TeJNBbHO Rs P
E=110; R,=R,=Rg=R1p=2,3; . IT
3 2 C4 i 8—N10 i, (0, Us (1) apanFJ:enLHo 3
9= 2
E=115; R,=Rs=R;,=Rg=2,2; . I1
4 2C 5 2 7 8 is (t), Us (t) apaJIF;IeJILHO 3
10— 2
E=120; R,=R;,=R¢=R1,=0,12; . I1
5 2 i 4 i 09 10 2 (0, Us (1) apaJ:IeJII)HO P
5: 10
E=125; R,=R,=Rs=R;=0,13; . I1
6 2 ’ 4 255 7 L (0, U () apansenLHo 3
9= 4
E=130; R,=Rg=R10=2,1; . I1
7 z: &; 10 is ('[), Us (t) apaJ;nenLHo p
5— 10
E=135; R,=R,=Rs=2; ) I[MapannensHo
8 Cu=4 i3 (), Uz (1) R 3
9= 4
E=140; R,=R,=Rs=R;=R¢=0,14; . I1
9 2 I_4 ;0 7=Rg i, (0, Uy () apanFJ:enLHo p
10— 7
E=145; R,=R,=Rs=R;=Rg=0,15; ) ] I1
10 2 |4_ ;5 7—Rg i (), is (0 apan;enLHo 3
9= 4
E=150; R,=R;,=R5=R;=R¢=1,9; . I1
11 2 (;1 55 7—Rg i, (0, U () apan;enLHo p
10— 5
E=155; R,=R;,=Rs=R;=Rs=1,8; . I1
19 2 é 65 7—Rg i (0, U () apanFJ:enLHo 3
9= 4
E=160; R,=R,=Rs=R,=0,16; ) [TapannensHo
13 L =0 i3 (1), Us (t) . P
10— 7
E=165; R,=R;,=Rs=R,=0,17; . -
14 2—R4—Rg—R10 i (t), Us (t) ITocnenosa P
Ls=45 TeJNBbHO Rg
E=170; R,=R,=Rs=R;,=1,7; . [MocienoBa-
15 C9:7 11 (t), Ug (t) TembHO Rs P

38



E=175; R,=R,=Rg=R1,=1,6; ) [TapannensHo
16 12 (1), Ugo (t
e SONTHON R
E=180; R,=R,=R;=1,5; [MocnenoBa-
17 Lg=47 Uz (1), Us (1) TeJBHO Ry
E=185; R,=R5=R3=0,18; ] TocrnenoBa-
18 Ls=50 12(t), Us (1) TeNbHO Rs
E=190; R,=R,=Rs=R,;=1,4; ] I
19 2=R4=Rs=R7 L (0, U (O apalUIebHO
C10=1O Rs
E=195; R,=Rs=R,=0,19; ) IMapannensHo
20 i1 (1), us (t)
Ly=55 Rs
E=200; R;=R3=R5=Rg¢=0,2; ) I
21 1=R3=R:5=Ry (D), Us (D apalieabHoO
L2:60 Ro
E=205; R,=Rs=R1p=1,3; ) I
29 2=Rs5=R10 i, (), s (0 apalIeIbHO
Cy=11 Rz
E=210; R,=R,=R;,=Rg=1,2; ) I
23 2=R4=R7=Rg i (), us (0 apalIeIbHO
Cs=12 Rs
E=215; R,=Rs=R,=0,21; ] [Tocnenoa-
24 i3(t), uz (1)
L10=65 TeabHO Rs
E:220, R2:R4=R10=0,22; [TocnemoBa-
25 Ls=70 Us (1), uz (1 TenbHO Rig
E=225; R,=Rs=R¢=1,1; ) I[MapannensHo
26 i3 (t), Uz (1)
C,=13 Rs
E=230; R,=R4=R1,=1,0; . i [Mocnenosa-
21 C=14 11.(0), 13 (1 TeNBHO Rig
E=235; R,=R5=R;=R¢=0,23; ) I
28 2=R5=R7=Ry L (), Us () apanienbHoO
L,=75 Ro
E=240; R,=R,=Rs=R,=0,24; ] I
29 2=R4=Rs=R7 s (0, Uy () apainnenbHO
L8=80 R4
E=245; R,=R,=R¢=R1p=1,2; ] I
30 2=R4=R9=R1go 2 (0, Us (0 apaluIeIbHO
C5:15 Ro
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Ta6auna 2.1.4

Bapu- OneMeHThI HckoMmble Be- | Pacroioxe- Kirou
aHT E[B], R[Om], L[T'H], C[D] JTHIHHBI Hue Kmoda | mpu t<0
E=270; R,=R,=R,=100; ) I[MapasnnensHo
1 L 201 i1 (1), Ug (1) . 3
9—V, 1
E=260; R;=R5=R¢=R1,=150; )
5 1L _50 15:5 10 iy (1), Us (1) HapaJIF\iIgeJIBHO 3
4=,
3 E:250;§1=1R;;_R510:800; L (0, Us (O Hapan;eHLHo 3
9: . 1
E=240; R;=R3;=Rg=1000; ] [MocienoBa-
) C,=1-107° 12 (), Us (¥ TenpHO Rg P
=1
E=230; R,=R,=R,=300; ) [MocneoBa-
S L.=0.2 i3 (), ug (t) R P
=0, TeabHO Ry
E=220; R;=R5=R1;,=350; I -
5 Ll 0525 10 0y (0), U (1) Ocnezm:a p
=) TenpHO Rig
E=210; R;=R,=Ry=1600; ] [Mocnenosa-
! C,=2-10" s (6), 1 (1) TenbHO R P
7=2- 4
E=200; R;=Rs=R;,=1800; ) ] I -
3 Cl 2510_(150 L (0, s (0 ocne)m;a p
4=2- TCJIBHO K10
9 E=190; R151§i3F237=R9=500; i, (1), Uso (1) HapanlienLHo P
= - = = = = b H -
10 E 180, R]l__ F_QB 3R57 Rg 550, Us (t), i3 (t) OCJ'ICJIO;& P
9=V, TeabHO Ry
E=170; R;=R5=Rg=R1,=600; ]
11 é i ;2 11; . 10 iy (), Us (1) HapanF\J}lenLHo 3
o=12.
12 E=160; F\(;lz_Ri;RfO:_IGQBZBSOO; U (1), is (1) HapanFienLHo 3
10=12
13 E=150; R1=IE{4_=OR§:R10=14OO; is (1), Ua (1) HapaanenLHo 3
5—VY,
14 E=140; RZEB:;{;:R7=75O; i, (1), Us (1) Hapanéenbﬂo P
15 E=130, R1=R8:R_10:8001 i3 (t)’ u4 (t) HapaJIHeJILHO 3
C,=1610° Rio
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E=120, R1:R4:R5:850;

16 e 1610° iz (1), Uy (1) Hapanl:\ienbﬂo
o=16-
17 E=110; R1=RL4=5;=OR7=R9:3200; g (1), i (1 HapaHF\J>17€JIBHO
10— 4,
18 E=100; RlzRE=525=2R7=R8=3800; is (1), iy (8) HapaJ'IFJQ'ISGJ'ILHO
9—4,
19 E=105; Rlzc:igzs-g,]-zol:\zg:RS,:lOOO; Ugo (0), iy (1) HapanFJ;enLHo
20 E=115; R1=CI§4_:§§B|357=R8=1050; is (1), Us () HapanéenLHo
o=2-
21 E=125; R1:LR4_:OREZR721100; is (1), Ua (1) HapanéeﬂLHo
10—V,
E=135; R;=Rs=Rg=R;,=1150; ) Ilocnenona-
22 L,=0,65 L@ WO T o Rs
E=145; R,=R,=Rs=R,=1200; ) [Tocnenora-
23 Co=2,4-10"° LU O Rs
24 E=155; Réjfszl.?f;Elo:lZSO; i, (1), o (1) Hapan%enLHo
E=165; R,=Rs=R,=1300; [TocnenoBa-
25 I Uy (t), Ug ()
Cg=2,6-10 TeNnbHO Rs
E=175; Ri1=R,=Rg=1350; ) IMocnenosa-
2 i 20, Us ()
Ly=0,7 TeIbHO R4
97 E=185; 2112524263]?;5721400; i, (1), ugo (1) HapaanleﬂLHo
E=195; R;=R,=Rs=R,=1450; ) [TapannensHo
28 L2075 iz (1), Ug (1) Re
9—VY,
E=205; R;=Rs=R¢=R1;=1500; ]
29 1 L5_098 10 i (1), s (1) HapanFJi)enLHo
4=V,
E=215; R1=R,=Rs5=R;,=1550; ) IMapannensHo
30 ~ 6 i (1), us (1)
Cy=0,7-10 Rs
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3AJTAHME 2.2

BoInonHUTE aHaIM3 MEepexoHOTO Mpoiiecca B enu BToporo nopsaka. CTpyk-
TYpBI JIEKTPUUECKUX 1ETIel N300pakeHbl Ha pUCYHKE 2.2 B 0000IIEHHOM BUJIE.

) T
2) O,

D ® ® ©
W > o 7 & e

hd @ hd @ hd
2/ \&/
Cxema 1 Cxema 2
Puc. 2.2

[lepen pacu€TtoM HEOOXOIUMO COCTABUTH CXEMY IIETH, BOCHOJIH30BABIINCH UH-
dbopmarueit Tabauiy 2.2.1...2.2.4. Kiitou B menu pacroJioKeH IMOCIeI0BaTeIbHO WU
MapayuiesIbHO OJTHOMY M3 DJIECMEHTOB, ¥ IO KOMMYTAITUH OH HAXOAUTCS 3aMKHYTOM (3)
win pa3oMKkHyToM (P) coctosiHum.

PexomMeHI0BaHHBIM TIpETIOIaBaTelieM METOJOM TPeOyeTCs OMpeneiauTh W I10-
cTpouTh 3amaHHbie KpuBbIe ik(t), Un(t). MHaTepBam BpemeHH, B mpeaeiiax KOTOPOro
HY)KHO BBITIOJIHATH TIOCTPOCHHE KPHUBBIX, HY)KHO BBIOpaTh TaKUM OOpa3oM, YTOOBI
OTKJIOHEHHE TOKA U HAIPSIKEHUSI OT YCTAHOBUBILETOCS HE MPEBbIIIao 2%.

42



Taoauna 2.2.1

Bapu- | Dnementst J[A], E[B], Uckomble | Pacmonoxe- | Kirou
aHT R[Om], L[MI'H], C[Mk®D] BEJIMYHHBI Hue kmova | npu t<O
1 . J=3; R;=R,=R;=50; I (t), [TapanensHo p
Le=20; C4=2 uc(t) Rz
5 5 E=90; R,=45; Rs=15; Rs=30; ic(t), [TapasiensHo 3
L1=25; C3=2,5 u(t) Rs
3 ) J=9; R;=Rs=R;=100; I (1), [TapannensHo 3
L,=30; Cs=3 Ure(t) Re
4 5 E=84; R,=R5=50; R¢=300; I (t), [TapannensHo P
L,=35; C3=3,5 uc(t) Rs
5 1 J=12,6; R;=220; Re=20; ic(t), | Mapamnensuo p
R;=200; L3=40; C,=4 Urs(t) Re
6 5 E=143; R;=10; R,=15; ire(t), | Mapamrensro 3
R;=250; L,=50; C5=5 uy (t) R,
. 1 J=15; R;=R,=15; R3=20; iro(t), | Mapamwrensuo 3
R,=100; Ls=50; C;=5,5 uc(t) Rs
5 5 E=150; R,=100; R,=15; iri(t), | Mapamrensuo b
R3=35; L4=45; Cs=4,5 u(t) R,
9 L | 376 Ri=R:=Ry=50; R,=100; ic(t), | Mapamrensro b
Ls=40; C¢=4,5 Urs(t) R,
10 5 E=210; R,=60; Rs=45; uc(t), Tocrenosa- p
Ls=60; C5=3,5 Ugs(t) | TemsroRsu Le
11 1 J=3,5; R1=50; R,=25; R¢=65; ir2(t), [ocnenosa- p
L,=65; Cs=7 U (t) | TemmoRsu Ly
1 , E=145; R,=70; R3=75; Urs(t), TocueoBa- b
L,=60; C6=5 uc(t) TenbHO Ce
13 . J=4; R;=R,=40; R¢=80; Irs(1), Tocrenosa- P
L;=75; Cs=8 uc(t) TebHO Ry
E=75; R,=60; Rs=90; i (1), Hocnenosa-
1 ) L,=85; C3=6 Urs(t) TebHO Rs F
15 . J=1,4; R;=50; R3=60; R4=90; Ire (1), TMapannensHo 3
Ls=120; C¢=10 u(t) Rs
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16 J=6; R1=R53=100; R¢=400; ic(t), TapasiensHo P
L,=20; C5=2 Urs(t) Rs
17 E=70; R,=250; Rs=100; irs(t), | Mapamrensno 3
Re¢=150; L,=25; C,=2,5 uc(t) Re
18 J=6; R,;=30; R=R,=15; ic(t), | Mapamrensio )
Ls=35; C,=3,5 u (1) Ry
19 E=130; R;=100; Rs=70; iL(t), | Mapamremsno P
Re=30; L,=40; C,=4 Urs(t) Rs
20 J=5; R1=Rs=40; R;=20; I (t), [TapaniensHo P
L,=30; Cs=3 uc(t) Ry
21 E=150; R,=R,=100; R,=400; Ira(1), [TapannensHo 3
L5=50; C¢=5 uc(t) Rz
2 J=12; R;=15; R,=R;=10; iL(t), | Hapamnensuo 3
R,=35; Ls=45; Cs=4,5 Ura(t) R,
23 E=126; R;=200; R,=100; iL(t), | Mapamremsuo p
R4=400; Ls=60; Cs=5,5 uc(t) Ry
Y J=5,6; R;=R,=100; R3=150; irs(t), | Mapamrensro p
R,=450; Ls=65; C;=6 u(t) R,
- E=74; R;=70; Rg=300; ic(t), Tocnenosa- P
L-=50; C,=7 uy (t) TebHO Rg 1 Ls
i J=3; R;=100; R3=150; Ir7(1), Iocnesosa- p
R,=350; L¢=80; C,=7,5 uc(t) | Temsro Ry m L
- E=144; R,=120; R,=600; ic(t), Iocrenosa- P
L;=85; Cs=9 u(t) TenbHO Cs
28 J=4,5; R;=100; R,=50; ir2(t), Tocnenona- b
Re=350; L;=160; C,=12 uL () TensHo Ry
20 E=53; R,=400; Rs=130; ir(t), Tocnenosa- >
L,=100; C,=14 uc(t) TensHo Ry
30 J=4,2; R;=R,=60; R,=300; Ira(t), [TapasniensHo 3
Ls=140; C,=16 uc(t) R.
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Taoauna 2.2.2

Bapu- | . Dnementst J[A], E[B], Uckomble | Pacmonoxe- | Kirou
aHT xema R[Om], L[MI'H], C[Mk®D] BEJIMYHHBI Hue kmova | npu t<O
1 . J=1,5; R;=R,=R,;=50; I (t), [TapanensHo p
Le=20; C,=2 uc(t) Ra
5 5 E=45; R,=45; Rs=15; Rs=30; ic(t), [TapasiensHo 3
L1=25; C3=2,5 UL(t) Rs
3 ) J=4.5; R1=Rs=R;=100; I (1), [TapasniensHo 3
L,=30; C5=3 URG(t) Re
4 5 E=42; R,=Rs=50; R¢=300; I (t), [TapannensHo P
L1=35; C3=3,5 Uc(t) Rs
5 1 J=6,3; R;=220; Rs=20; ic(t), [TapasuiensHo p
R,=200; L;=40; C,=4 Urs(t) Re
6 5 E=71,5; R,=10; R,=15; Ire(1), TapastensHo 3
R;=250; L,=50; Cs=5 UL(t) R,
. . J=75; R;=R,=15: R;=20; Ir2(1), TapaiensHo 3
R,=100; Ls=50; C;=5,5 Uc(t) Rs3
3 5 E=75: R;=100; R,=15; Ira(t), [apastensHo P
R5=35; L,=45; Cs=4,5 u(t) Rz
9 1 J=3: R;=R,=R;=50; R,=100; ic(t), [TapaiensHO P
Ls=40; C¢=4,5 Ura(t) R:
10 5 E:105; R1:60; R5:45; Uc(t), ITocnenona- P
L¢=60; C5=3,5 Urs(t) TenbHO Rs 1 Lg
1 . J=1,75; R;=50; R,=25; Ira(t), TocrezoBa- P
Re=65; L,=65; Cs=7 uL(t) TelnbHO Rg 1 L7
19 ) E=725; R,=70; R;=75; Urs(t), [MocnenoBa- p
L,=60; C¢=5 uc(t) tesbHo Cg
13 1 J=2; R1=R,=40; Rs=80; Irs(1), Tlocnenoa- p
L,=75; Cs=8 Uc(t) TesnbHO Ry
14 A E=36,5; R,=60; Rs=90; i (1), [ocnenosa- p
L,=85; C;=6 URS(t) TeJIbHO Rs
15 1 J=0,7, R]_:SO, R3:60, R4:90, iRl(t), [lapannensHo 3
L5:120, CG:].O UL(t) R3
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16 J=3; R1=R53=100; Rg=400; ic(t), TapasiensHo
L,=20; Cs=2 Urs(t) Rs
17 E=35; R;=250; Rs=100; irs(t), | Mapamrensno
R¢=150; L,=25; C,=2,5 uc(t) Re
18 J=3; R,;=30; Rg=R,=15; ic(t), | Mapamrensio
L5=35; C,=3,5 uy (t) Ry
19 E=65; R,=100; Rs=70; iL(t), | Mapawrensro
Re=30; L,=40; C,=4 Urs(t) Rs
20 J=2,5; R1=Rs=40; R;=20; I (t), [TapaniensHo
L,=30; Cs=3 uc(t) Ry
21 E=75; R,=R,=100; R,=400; Ira(1), [TapannensHo
L5=50; Cs=5 uc(t) Ro
2 J=6; R;=15; R,=R;=10; iL(t), | Mapawrensro
R,=35; Ls=45; Cs=4,5 Urs(t) R,
23 E=63; R,=200; R,=100; iL(t), | Mapawrensro
R,=400; Ls=60; Cs=5,5 uc(t) R,
Y J=2,8; Ry=R,=100; Ry=150; irs(t), | Hapamnensro
R,=450; Ls=65; C;=6 uL(t) R,
o E=37; R;=70; Rs=300; ic(t), IMocnesosa-
L:=50; C,=7 u(t) TebHO Rg 1 Ls
i J=1,5; R;=100; R3=150; Ir7(1), Iocnesosa-
R,=350; Ls=80; C,=7,5 uc(t) | remsroRymLs
- E=72; R,=120; R,=600; ic(t), IMocienoBa-
L;=85; C5=9 uy () TensHo Cs
28 J=2,25; R;=100; R,=50; ira(t), Mocreosa-
Re=350; L;=160; C,=12 uL () TensHo Ry
20 E=26,5; R,;=400; Rs=130; ira(t), Tocnenosa-
L,=100; C,=14 uc(t) TensHO Ry
30 J=2,1; R;=R,=60; R,=300; Ira(t), ITapasniensHo
Ls=140; C,=16 uc(t) R




Tab6auua 2.2.3

Bapu- | . Dnementst J[A], E[B], Uckomble | Pacmonoxe- | Kirou
aHT xema R[Om], L[MI'H], C[Mk®D] BEJIMYHHBI Hue kmova | npu t<O
1 . J=3; R;=R,=R;=25; I (t), [TapanensHo p
Le=10; C,=1 uc(t) Ra
5 5 E=90; R,=45; Rs=15; Rs=30; ic(t), [TapasiensHo 3
L1=50; C3=5 UL(t) Rs
3 ) J=9; R;=Rs=R,=50; I (1), [TapasiensHo 3
L,=15; Cs=1,5 URG(t) Re
4 5 E=84; R,=Rs=50; Rg=150; I (t), [TapannensHo P
L,=35; C3=3,5 Uc(t) Rs
. . J=12,6; R;=110; Re=10; ic(t), | Mapamrensro b
R,=100; L3=20; C4=2 Urs(t) Re
5 ) E=143; R,=20; R,=30; Ira(t), [TapasiensHo 3
R5=500; L,=100; Cs=10 u(t) R,
; 1 J=15; R;=R,=30; R3=40; Ir2(%), [TapauienbHO 3
R,=200; Ls=100; C;=11 uc(t) Rs
g 5 E=150; R;=200; R,=30; iri(t), | Mapamrensuo b
R;=70; L,=90; C5=9 u(t) R,
9 1 J=6; R;=R,=R;=100; R,=200; ic(t), [apastensHo P
Ls=80; Cs=9 URg(t) R,
10 5 E:210; R1:120; R5:90; Uc(t), ITocnenona- P
Le=120; C5=7 URS(t) TenbHO Rs 1 Lg
u |1 J=3,5; Ry;=100; R,=50; ira(t), | Mocrenona- >
Re=130; L,=130; Cs=14 uL(t) TelnbHO Rg 1 L7
19 ) E=145; R,=140; R;=150; Urs(t), [MocnenoBa- p
L,=1200; Cs=10 uc(t) TenbHO Co
13 1 J=4; R1=R,=80; R¢=160; Irs(1), [ocnenosa- p
L,=150; Cs=16 Uc(t) TeapHOo Ry
14 4 E=75; R,=120; R5=180; i (1), [ocnenosa- p
L,=170; C5=12 URS(t) TeabHO Rs
15 1 J=1,4; R,=100; R3=1200; Ire (1), ITapannensHo 3
R,=180; Ls=240; Cs=20 u (t) Rs
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16 J=6; R;=R3=200; Rs=800; ic(t), TMapannensHo
L,=40; Cs=4 Urs(t) Rs
17 E=70; R;=500; Rs=200; irs(t), | Mapamrensno
Re=300; L,=50; C,=5 uc(t) Re
8 J=6; R,;=60; Rs=R,=30; ic(t), | Mapamrensio
Ls=70; C,=7 u (1) Ry
19 E=130; R;=200; Rs=140; iL(t), | Mapamremsno
Re=60; L,=80; C,=8 Urs(t) Rs
20 J=5; R1=Rs=80; R;=40; I (t), [TapaniensHo
L,=60; Cs=6 uc(t) Ry
21 E=150; R,=R,=200; R,=800; Ira(1), [TapannensHo
L;=100; Cs=10 uc(t) Ro
2 J=12; R;=30; R,=R;=20; iL(t), | Hapamnensuo
R4=70; Ls=90; C¢=9 Urs(t) R2
23 E=126; R,;=400; R,=200; iL(t), | Mapamremsuo
R,=800; Ls=1200; Cs=11 uc(t) R,
Y J=5,6; R;=R,=200; R3=300; irs(t), | Mapannensno
R,=900; Ls=130; C,=3 u(t) R,
o E=74; R;=140; Rs=600; ic(t), IMocnesosa-
Ls=100; C,=14 u(t) | TemsnoRsuLs
i J=3; R;=200; R3=300; Ir7(1), Iocnesosa-
R,=700; L¢=160; C,=15 Uc(t) | remsro Rym L
- E=144; R,=240; R,=1200; ic(t), IMocienoBa-
L;=170; Cs=18 u (t) TeneHo Cs
28 J=4,5; R,;=200; R,=100; ira(t), | TMocnenona-
Re=700; L,=3200; C,=24 uL(t) TensHo Ry
20 E=53; R;=800; Rs=260; ir(t), Tocnenosa-
L,=200; C,=28 uc(t) TenbHO Rs
30 J=4,2; R1=R,=120; R,=600; Ira(t), ITapasniensHo
Ls=280; C,=32 uc(t) R.




Taoauna 2.2.4

Bapu- | Dnementst J[A], E[B], Uckomble | Pacmonoxe- | Kirou
aHT R[OM], L[mI'H], C[Mk®D] BEJMYUHBI Hue kmova | npu t<O
1 . J=1,5; R;=R,=R,;=100; I (t), [TapanensHo p
Le=40; C,=4 uc(t) Rz
5 5 E=45; R,=90; Rs=30; Rs=60; ic(t), [TapasiensHo 3
L;=50; C3=5 u(t) Rs
3 . J=4.5; Ri=R¢=R;=200; I (1), [TapannensHo 3
L,=60; Cs=6 Urs(t) Re
4 5 E=42; R,=R5;=100; Rs=600; I (t), [TapannensHo P
L;=70; Cs=7 uc(t) Rs
5 1 J=6,3; R;=440; Rg=40; ic(t), | Mapamnensuo p
R;=400; L;=80; C,=8 Urs(t) Rs
6 5 E=71,5; R;=20; R,=30; ire(t), | Mapamnensro 3
R3;=500; L,=100; Cs=10 u.(t) R,
. 1 J=7,5; Ri=R,=30; Ry=40; ira(t), | Mapamnensro 3
R,=200; Ls=100; C;=11 uc(t) Rs
5 5 E=75; R;=200; R,=30; iri(t), | Mapamwrensho b
Rs=70; L4=90; Cs=9 u(t) R,
9 L | 973 Ri=R;=R;=100; R4=200; ic(t), | Hapamwrensro b
Ls=80; C6=9 Ur3(t) Ro
10 5 E=105; R;=120; Rs=90; uc(t), Iocnenosa- p
L;=120; Cs=7 Urs(t) | Temsmo Rsm L
11 1 J=1,75; R;=100; R,=50; ira(t), Iocnenosa- p
Re¢=130; L,=130; Cs=14 uy (t) tenpHO Rg 1 L7
1 , E=72,5; R;=140; R3=150; Urs(t), TocnexoBa- b
L,=120; C¢=10 uc(t) TesbHO Ce
13 1 J=2; R1=R,=80; Rs=160; Irs(1), Hocnenosa- p
L,=150; C:=16 U(t) | temioRs
14 4 E=36,5; R,=120; Rs=180; i (1), Tocnenosa- p
L,=170; C3=12 Urs(t) TebHO Ry
15 1 J=0,7; R;=100; R3=120; Ire (1), IapannensHo 3
R4=180; Ls=240; Cs=20 u(t) R;
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16 J=3; R1=R3=200; R¢=800; ic(t), TapasiensHo
L,=40; Cs=4 Urs(t) Rs
17 E=35; R;=500; Rs=200; irs(t), | Mapamrensno
Re=300; L,=50; C,=5 uc(t) Re
18 J=3; R,=60; Rs=R;=30; ic(t), | Mapamrensio
Ls=70; C,=7 uy () Ry
19 E=65; R;=200; Rs=140; iL(t), | Hapamnensuo
Re=60; L,=80; C,=8 Urs(t) Rs
20 J=2,5; R1=Rs=80; R;=40; I (t), [TapaniensHo
L,=60; Cs=6 uc(t) Ry
21 E=75; R,=R,=200; R,=800; Ira(1), [TapannensHo
L,=100; Cs=10 uc(t) Ro
2 J=6; R;=30; R,=R3=20; iL(t), | Mapawrensro
R4=70; Ls=90; C¢=9 Urs(t) R2
23 E=63; R,=400; R,=200; iL(t), | Mapawrensro
R,=800; Ls=120; Cs=11 uc(t) R,
Y J=2,8; R;=R,=200; R3=300; | Irs(f), | Mapamrensio
R,=900; Ls=130; C,=12 uL(t) R,
o E=37; R;=140; Rs=600; ic(t), IMocnesosa-
L.=100; C,=14 u.(t) TenbHO Rg 1 Ls
i J=1,5; R;=200; R3=300; Ir7(1), Iocnesosa-
R,=700; L¢=160; C,=15 uc(t) | remsroRymLs
- E=72; R,=240; R,=1200; ic(t), Iocrenosa-
L;=170; Cs=18 uy (1) TensHo Cs
28 J=2,25; R;=200; R,=100; ira(t), Mocreosa-
Re=700; L;=320; C,=24 uL () TensHo Ry
20 E=26,5; R,;=200; Rs=260; ira(t), Tocnenosa-
L,=200; C,=28 uc(t) TeNbHO Rs
30 J=2,1; R;=R,=120; R,=600; Ira(t), ITapasniensHo
Ls=280; C,=32 uc(t) R




3. Pacuer 3j1eKTpryecKkuX nemnei 0qH0Ga3HOro CHHYCOMIAIbHOI0 TOKA
Memoouueckue pexomenoayuu no GbINOIHEHUIO 3A0AHUS

1. Mznoeennoe 3nauenue 6€/1UYUHDI, C”HyCOUOCIJleO u3melmlou4eﬁcn C me-
UCHUEM 6DEMEHU

a(t)=A,sin(ot +vy,),
rne Ay — MakCHMallbHOE 3HaueHWe wim amiuatyaa; (ot+yg) — dasza (has3osbrit

yron); Y — HaudanbHas (a3a (HayasibHBbIA (ha30BBIM Yroj); @ — YrjoBas 4acToTa

[pan/c].
IMepuon T [c], yrioBas yacrora ® u yacrora f [['I[] CBA3aHBI COOTHOIEHHEM
03=27rf=2—7r; f=l.
T T

[To mpuBeAEHHOMY YPaBHEHHUIO MO>XHO MOCTPOUTH CUHYCOUIY U COOTBETCTBY-
IOIIYI0 BEKTOPHYIO Juarpammy, KOTOpasi Mojydaercsi ¢ y4€TOM TOTO, YTO MTHOBEH-

HBIC 3HAYCHUS d — 3TO IMPOCKIMA BpallaroIIerocsa BEKTOpa Am Ha OChb MHHUMBIX YHCCII.
T :

/ A, \ all) /
\\

\ T 3n 2/ 2n. o1, paa -y k e, 1 1
/ Aycos(y,)

n \\//

) >

(39
2]

AHaIUTAYECKH 3TOT BPAIIAOIIUICS BEKTOP 3aMUCHIBACTCS KaK
j jot
Ay elVie!

AMIunryna Omneparop nmoBopoTa Omnepatop BpateHus ¢
Ha YIOJI Ya YIJIOBOM 4aCTOTOM ®

O06o03HaUYNM Amej‘"“ = A, ,rae A, — KOMIUIEKCHOE aMIUTUTYIHOE 3HAaUEHUE.
Takum o6pazom, a(t)=Ansin(wt +y,) = Im[ 4, e Y.

T orncpanus BbIJACICHUA MHHUMOH
YaCTHU KOMIIJICKCHOT'O YHCJIa.

Meron npenicTaBieHns CHHYCOUIATBHBIX (DYHKIIMI BpeMEHU U300paKeHUSIMH B
BUJIE BEKTOPOB HA KOMIUIEKCHOM IJIOCKOCTH HA3bIBAETCA CUMBOJIWYECKAM METOJOM
WJIA METOJAOM KOMIUIEKCHBIX aMIUTATY/I.

[Ipu HEOOXOAMMOCTH MOKHO ONIEPUPOBATH KOMIUJIEKCHBIM JIEHCTBYIONIUM 3HA-

yeanem A=A,/ J2 ¢ Y4ETOM TOTO, UTO JeHCTBYIOIIee 3HadueHne A= A / J2.

2. Komnaexcuwte uucia. KOMIIEKCHOE YHCIIO, COOTBETCTBYIOIIEE TOUYKE, B KO-
TOPOH JISKUT KOHEI] BEKTOPa Ay, MOKET OBITh HAIMMCAHO B CAEAYIOMUX hopmax

-anreOpanyeckoir A, = p+ jg= A, (Cosy, + jsiny,);

o1



-nokaszarenpHon A, = A, e"= (B coorBerctBum c¢ dopmymoii Diinepa
cosy, + jsiny, =e* V),
3necy p=A, cosy, =Re[A, ] — BemecTBeHHas 4aCTh KOMIUIEKCHOTO YKcia Ap;
q=A, siny, =Im[A,] — MEHIMas YacTh KOMIIEKCHOTO YHCIa Ap,

2 2
A, =|A, |=yP*+0° — Moayns kommiekcHoro uncna 4_ (Bcerga molno-
KUTEJICH);

arctg(ﬂ)

p>0
Wa = — YI'oJl 1JId apryMmCcHT KOMIIJICKCHOI'O YU CJIa.

arctg % +180°

p<0

*

KowmmiekcHoe uncio A, = p— jg=A, e '* Ha3piBaeTCsl COMPSHKEHHBIM YHCITY
A, =p+jg=A,e".
- T
: i T
j=+-1=€? — MHUMas eIMHHULIA UK OIIEPATOP OBOPOTA HA yrOJI 5 20° ;

VMHOKeHHe KOMIUIEKCHOTO uicia A, Ha 4uciio €' CBOAHMTCS K IOBOPOTY BeK-
Topa A, B KOMIUIEKCHOM IJIOCKOCTH Ha yrol . A el = A e:el = A /%" TIpu
o>0 BekTop A,, MOBOpPAYMBACTCS MPOTHB YaCOBOM CTpesku, mpu a<0 — 1mo 4acoBoii
CTpEJIKe.

o

3. Hcmounuk nanpaxcenua c J]IC e(t) =E_sin(ot+e¢)
MOJKHO TIOJJHOCTBIO OXapaKTepHU30BaTh, 3aJI1aB KOMILICKCHYIO aM-
wintyny DJC E, =E, e" nnmm xommnekcHoe aeiicTByromiee 3Ha-

yenne DJIC E=Ee” (E=E,_//2).

l“uh, (_-"ruh

b
4. Ilaccuenblii 31emenm 3Jzekmpultec1<oﬁ uenu OIpcacCisICT-

Cs KOMILICKCHBIM COIIPOTHUBJIICHUCM Z = Ze”’ - KOMIIZICKCHBIM YHCJIOM,

PaBHBIM OTHOIIICHHWIO KOMIIJICKCHOI'O HAIIPSAKCHUS HA 3aKMMaxX OaH-
HOTO OJIECMCHTA K KOMIIJICKCHOMY TOKY 3TOI'O 3JICMCHTA

Y_R+jx=ze",

I'me U u | — koMIIIeKCHBIE IEMCTBYIOIINE 3HAUEHUS HANPSHKEHUS U TOKA;

R — BellleCTBEHHAs: 4aCTh KOMIUIEKCHOTO CONPOTUBJICHUS Z WM aKTUBHOE
COIIPOTHUBJICHUE LIEIIY;

X — MHMMas 4acTh Z WIIM PEaKTUBHOE CONPOTUBIICHUE LIETIN, COCTABIECHHOE
u3 MHAyKTHBHOTO X, = ¢l ® emkoctHOrOo X. =1/ oC conpoTuBIe-
HUM;

Z — MOZlyJIb KOMIUIEKCHOTO COIIPOTHUBIICHHS LENH UM MOJIHOE CONPOTUBIIE-
HHE 1IETIH;

(@ — apryMeHT Z , paBHbIH yIily cABUTa (pa3 MEkKAY TOKOM U HANpPSHKEHHEM.
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OTHOIlIEHHE KOMIUIEKCHOTO TOKAa B JIaHHOM LENW K KOMIUIEKCHOMY Hampsbke-
HUIO Ha €€ 3a)KUMax Ha3bIBACTCS KOMNIAEKCHOU NPOGOOUMOCHIbIO SNEKTPUYECKON LU
I - e _ 1
===G-jB=Ye ==
VR z
Taxum 006pazom, OT KOMIUIEKCHOTO COTPOTUBIICHUSI Z MOYKHO BCET/a MEPEUTH K
KOMIUIEKCHOM POBOJAUMOCTH Y, MOJIb3YSICh COOTHOLLIEHUSIMU

G G X B B

G?+B* Y? G?+B* Y?
R R X X
R*+X? Z? R*+X? Z?
6. 3axon Oma 1714 y4acTka 11enu, He coqeprkaiiero 3/(C, umeeT BUI
u:uab:l'Z'

7. 3axonvt Kupxcoga. [Ina 3anvcu ypaBHEHMM Ha OCHOBAaHMHM 3aKOHOB
Kupxroda Hamo BbIOpaTh MOJIOKUTENbHBIE HANIPABICHUS AJII BCEX TOKOB U 0003Ha-
YUTh UX HA CXEME.

[lepBerit 3akoH Kupxroda B KOMIUIEKCHON (popMe B MPUMEHEHHUH K Y3IIy JJIEK-
TPUYECKOI 1IeNU UMEET BUJ

n
>1,=0,
k=1

[Ipu 3ammcu 3TOro ypaBHEHUS! TOKHU, HAIllpaBi€HHBIE K Y3y, CIEAyeT 3alucarh
CO 3HAKOM IUTIOC, @ HAMpPaBJIEHUE OT y3Jia — CO 3HAKOM MUHYC (MM HA000pOT).
Bropoii 3akon Kupxroga npumensiercs K 3aMKHYTOMY KOHTYPY LI U IMEET BUTL

Zl_k Z = Z =
k=L k=L

n
rae ZEk — anreOpanyeckas cymma KomIuieKCHbIX DJIC HCTOUYHMKOB Hampsike-
k=L
Hus. Co 3HAKOM IUIIOC 3aIMCHIBAIOTCS T€ U3 HUX, MOJIOXKUTEIbHBIE HAIlpaBiie-
HUS KOTOPBIX COBIAQJAIOT C BbIOPAHHBIM HampaBJICHHEM 00XO0Ja KOHTYpa;
O/J1C, umMeroniyie HanmpaBieHUs, TPOTUBOIIOJIOXKHBIE 00XOAY KOHTYpa, 3aIMHUChI-
BalOTCS CO 3HAKOM MHUHYC;

n
Zlk; « — NAJeHUsl HANpSHKEHWH Ha KOMIUIEKCHBIX CONPOTHBIIEHUAX Z, OT-
k=1
JenbHBIX y4acTKoB. Co 3HAKOM MHHYC OepyTcsl Te, JJil KOTOPBIX HampaBlieHHE
TOKa MPOTHUBOIIOJIOKHO HAMPABICHUIO 00X0/1a KOHTYpa.
[Ipu cocraBieHuu ypaBHEHHI MO BTOpoMy 3akoHy Kupxroda ciemyer BbIOU-
paTh HE3aBUCUMBIE KOHTYPBI, HE COAEPKAIINE UCTOYHUKOB TOKA.

8. Ilocneooseamenvnoe u napannenvHoe coeounenue conpomuenenuit. 1lpu
MOCJEA0BATEILHOM COEJMHEHUM YYAaCTKOB IIEMU KOMIUIEKCHOE KBHBAJIEHTHOE CO-
MIPOTUBJICHUE PABHO CYMME KOMILJIEKCHBIX COMPOTUBIECHUN OTAEIbHBIX YYaCTKOB

Z= Zn:;k
k=1
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HpI/I NnapajuiCJibHOM COCIMHCHHUN BCTBU ILICIIM KOMIUICKCHAA 3KBUBAJICHTHAA
IMPOBOAUMOCTD paBHA CYMMC KOMIIJICKCHBIX HpOBO,ZIPIMOCTeﬁ BETBEH

Y= iik
k=1

B 4acTHOM citydae AByX NMapajuleIbHO COEAMHEHHBIX CONPOTUBICHHUN Z, U Z,

9KBHBAJICHTHOE KOMILICKCHOE COMPOTHBIICHUE
L, 27,
- 4+ 4,
KoMIuteKCHbIC TOKH, MPOTEKAMOIIME B KAXIOW U3 BYX MapaUIeIbHbIX BETBEH,
MOTYT OBITh PACCUNTAHBI YePe3 KOMIUICKCHBIN TOK | B HEpa3BETBJICHHON YacTH CMH
¥ KOMITIEKCHBIE CONIPOTUBIICHHS BETBEH 1O popMyIam

Z, . I Z,

lzhzg Rl
9. Komnaexcnas mowHocmuo
S=UIl=Ulcose+ jUlsing=P+ jQ=_Se,
rae S = Ul — momnas MoutHocTs; P = Re[§] =Ulcosp Q= Im[§] =Ul sin@— akTuB-

*

Has ¥ PEaKTUBHASI MOITHOCTh; Q = Im[§ ] =Ul sing — peakTUBHAs MOITHOCTD; | —

COHpH)KGHHLIfI KOMIIJICKC TOKa, (p —yIroJ CABUIa (1)213 MCKIY TOKOM 1 HAIIPSPKCHHCM.

10. bananc mownocmeit

ZEK L :Z[Ikzrk + jIkZ(XLk _XCK)]’
k=L k=L

*

n
31eCh ZEk 1, =S — anreOpamyeckas cyMMa MOIIHOCTeN Bcex McTouyHUKOB DJIC;
k=1
MOJIOKUTEIIbHBI TE€ U3 CJIATAEMBIX, ISl KOTOPBIX HarpasieHue aeucteus J1C
E, u coorBercTByromero Toka |, yepes OJIC coBnanaroT, B IpOTUBHOM CIIy-

qac cjJaracMocC OTpuIaTCIIbHO,

2 o
Z |,°r, =P — anrebpanyeckas cyMMa MOLIHOCTEH Ha aKTHBHBIX COIPOTHUB-

JCHUAX, 3JC€Ch JOJIKHBI OBITH YUTCHbI KaK BHCHIHHUEC COIIPOTUBJICHUA, TAK U
COIIPOTUBJICHUA CaMUX NCTOYHHUKOB SHCPIHH,

n n

2 2 v
E I X, — E l,“Xo, =Q — anreOpanyeckas cyMMa MOLIHOCTEH Ha PEaKTHB-
k=1 k=1

HBIX COIIPOTHUBJICHUAX.

11. Ilpu pacyeTte ueneil MNeEPeMEeHHOr0 TOKa MOCPEACTBOM KOMILIEKCHBIX YH-
ceJl 0CTAKTCH CIpPaBelIMBBIMHI BCe METO/AbI pacueTa, MpuMeHsieMble [IJIs pacye-
Ta Heneil NOCTOAHHOrO ToKAa. [Ipy 3TOM BO BCceX ypaBHEHUSIX, IPUBEICHHBIX B pa3-
nene 1, Bce DJIC, HanpskeHUs, TOKH, CONPOTHUBICHHUS M MPOBOJUMOCTH JOJIKHBI
OBITh 3aMKcaHbl B KOMILUIEKCHOM opMme.
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3AJIAYUA 3.1

U — Uy—— —= U, U — o Yne
L R C X R —JX
- = — U
() Ugc E < émR
¢ = | limRC
I Im

Hano: Ug.(t) =22,64sin(100t —82°) B; R=4 Om; L = 70 mI's; C = 2500 mMk®.

Haiimu: Hen3BecTHBIC TOKH, HANPSDKEHUS, TPOBEPUTH COOIIIOIeHUE OajlaHca MOIIHO-
CTEH.

Pewenue:
OrnpenensieM peakTUBHBIEC COMPOTUBIICHUSI DJIEMEHTOB 1ICTIM U TIPEJICTABIIAEM UX,
a TaKXXe 3aJJaHHOC MTHOBEHHOE 3HaY€HUE Ug (t) , KOMIUTEKCHBIMH YHCIaMHU

X, =oL=100-0,07 =7 [Om] — Z, = joL=jx_=]7 [Owm];
X. =1/ oC =10°/(100- 2500) = 4 [Om] = Z. =1/ joC =—jx. =—j4 [Om];
Urc(t) = 22,64sin(100t—82°) [B] — U .. =22,64e7% [B].

Pemenue 3aj1aun ¢ moMoIIbI0 3akoHa Oma

3Has HanpspkeHue U .., HaiiieM Tok |, depe3 CONpPOTHBIIEHHE ITOrO Y4acTKa
Z xc , HCTIOJIB3YS 3aK0H OMa

Zoc =R+Z.=R—jx.=4—4j=42-¢* =565¢* [Om];
U,re 22,6467
Zee  5,65e71%

—mMm
Bce snemeHTBI 11enu COEMHEHBI MOCIIEI0BATEIBLHO, TOATOMY YEPE3 HUX TEYET
onnHakoBbIl TOK |, . Torna Hanps>KeHUsT Ha HUX BBIPa3HM Kak

=4e P [A]

Une =Zcln ==X Ly =—j4- 467" =471 . 4e77" =16¢ " [B];
U,r=Rl,=RI,=4-4¢" =16 *" [B];

U =Z 1, =jx 1,=j7-4e7% =7/ . 4¢75" =28¢)% [B].

SJC E,, onpenenum 4epes Tok |, m obmiee conpotusienue Z g,
Zou=R+Z.+Z =R—jx.+jx =4-4j+7j=4+3j=5-¢"*%*[Owm];
E,=1,2Z., =4 " .5e71%5 = 20710 < 20[B].

K ananornunomy pe3ynbTaTy MOKHO MPUNUTH, UCTIOJIB3Ys TIPpH petieHu |l 3a-
koH Kupxroda. s koutypa «K»

E,=U_ +U .. =28e"" +22 64 =16,85+ j22,36+3,15— j22,42 =
=20— j0,06 ~ 20 [B].
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Paccunraem nencTByroniue 3Ha4eHUs TOKOB U HANPSDKEHUN

| =1,/\N2=4/2=22 [A]; U, =U,, /2 =28//2=142 [B];
U, =U,./\2=16/\2=82 [B]; U. =U, . /\2 =82 [B];
E=E_/<2=20/J2=10J2 [B].

AKTHBHYIO WJIM CPEIHIOI0 MOIIHOCTb, MOTPEOIAEMYIO LENbIO, MOKHO paccuu-
TaTh C YYETOM JICUCTBYIOLIETO 3HAUEHUS TOKA
R 4
P=I1°R=1?—=16-—=32 [Br].
2 2
PeakTuBHAs1 MOIIIHOCTB, 3amacaeMas LIEIbIO
X X I 4
Q=1%x —I’x.=1>"~—1?"C=16-—-16-— = 24 [Bap].
2 2 2 2
bananc 3neKTpuiyecKux MOIIHOCTEN OoNpeaeanuM U3 GopMyIibl AJis1 KOMIUIEKCHON
MOILIHOCTH

S=E-1=10J2-22e"¥" =32+ j24=P + jQ [BA],

* *

rae | =1,//2 - KOMIUIEKCHO CONpPSDKEHHOE JEWCTBYIONIEE 3HAUCHUE TOKA.

BGKTOpHaH AuarpamMma, KOTopad COOTBCTCTBYCT PACUCTHBIM 3HAYCHUAM, IIPHU-

BCIICHA HUXKC.
+j

E.=20B

©=—37"

) h (",,,;_ { ",,I( =|2B
L mR— l 6B

[,=4A
3anuiinemM KOMIUIEKChl aMIUIATYJIHbIX 3HAYEHUN TOKA W HAINpSHKECHUW B BUJIEC
MTHOBEHHBIX 3HAUYCHUM

i(t) =4sin(100t —37°) [A]; u. (t) =16sin(100t —127°) [BI;
U, (t) =16sin(100t —37°) [B]; u, (t) =28sin(100t +53°) [B]; e(t) =20[B].
N3006pa3uM 3Tu nepeMeHHbIe Ha BPEMEHHOM TIJIOCKOCTH

i[A], u[B]

-ooF
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3AJIAUA 3.2

a a
L Uy l ;L L_Jmab l
R R
oz DAy | AT
e En E.
i} Y i2 Il:; lml Y lmz Il_m3
N b' N

b.

Jlano: Ug(t) = 10sin(100t—90°) [B]; R=1[OmM]; L =0,01 [I'u]; C = 0,01 [D].
Hartimu: Hen3BecTHBIC TOKHU, HAIIPSDKEHUS, TPOBEPUTH COOITIO/ICHUE OalaHca MOIITHOCTEH.
Pewenue:

[IpencraBiasieM CONMPOTHMBIIEHUS DJCMCHTOB M MTHOBeHHbIe 3HaueHus e(t), u(t),

|(t) KOMIUICKCHBIMHA YHCJIaMH U PUCYCM CXCMY 3aMCIICHH:A, 3aMCHAA JJICMCHTBI HX
KOMILICKCHBIMHU COIIPOTHUBIICHUAMHA

X, =L =100-0,01=1 [Om] — Z, =1,

X. =1/oC=1/(100-0,01) =1[Om] — Z. =-}1;

Uap(t) = 10sin(100t—90° ) [B] — U, =10e%";
it)—1,.;et)— E,.
Penienue ¢ momonipio 3akoHa Oma

[TockonpKy Ham U3BECTHO HamnpsikeHue U
qepe3 CONPOTUBIICHUE Z

map » HAMJIEM TOK |, Ha 3TOM y4acTKe
. —_ i —j90° T
Zy=nfe 1 _ € _g707e%
R+Zc 1-j 2.e*
| _Qmab — 106_]900
™ Z,  0,707e%

=14,14e 1%

VuuteiBad, uro U, , =U . =U ., MOXHO olpeaennTs Toku uepes R, C
1, =U,_ . /R=10e ¥*/1=10e 7 ;

Im3 :L_Jmab /-jXC =10e % /'j]-: 10, 'jlze _j90°.
3Has ToK |, yepe3 DIC, MOKHO ONPEIETUTH €€ BEIUUUHY

I T I 1 "
Z,=2Z,+2Z,=j+ = = — =0,707e’*;
=5 =L —=ab J 1—J l—J \/Ee71450

Em = lml ;9: :14’l4e7j450 0,7O7ej450 =10,

Hampsoxenue U, Takke HAXOQUTCS 4epe3 TOK HA HHAYKTUBHOCTH |,

U, =1, X =14,14e77j1=14,14e%";  j1=e ™"

3anuchIBAEM MTHOBEHHBIE 3HAYEHMS BEJIMYMH, HE 3a0bIBasg O PaHEE OITYIEHHOM OIle-
j100t
patope €’

iy(t) = Im[1,,, €9%] = Im[14,14e7*"¢1%" = 14,14 sin(100t—45° ) [A];

S7



io(t) = Im[1,,,€"%"] = Im[10e7**¢™*] = 10sin(100t—90° ) [A];

is(t) = Im[1_,e"%'] = Im[10e°"] = 10sin(100t ) [A];

Ur(t) =uc(t) =ump(t)= Im[U " ]=Im[10e7**¢"*"] =10 sin(100t—90°) [B].
u () = Im[u,, %] = Im[14,14e"*°e%"] = 14,14 sin(100t+ 45° ) [B].

e(t) = Im[E, &"°"] = Im[10e"°"] = 10 [B].

BexTopHyto quarpammy mpeanouTuTeIbHO
CTPOUTH B TAKOW MOCIIEAOBATEIHHOCTH:

- 32 0a30BBII BEKTOP PUHUMAIOT BeKTOp U ;
- BekTop |,, udepe3 R oOpasyer ¢ BeKTOpoM
U ., HYJIEBOU yroi;

- BekTop |, depe3 C 00pazyeT ¢ BEKTOPOM

Limab yroi _900;
- Bexrop |

—ml

ONPENEIAECTCS T€OMETPUYECKOU
CyMMOM BEKTOpOB |, =1, +1,;

- Bektop U . Ha L onepexaer Bektop |,,, Ha 90°.
- ecim BeKTop U, . =U . TIEpEHECTH B KOHEII

BekTOpa U , TO CyMMa 3THUX BEKTOPOB JOJDKHA
IaTh BEKTOp E |

M3 maHHOTO MOCTPOEHUsI CIIEAyeT BBITOJHEHHE 3aKOHOB Kupxroda mit y3ma b u ms
KOHTYpa K; , YTO TOBOPHUT O MPaBHJIBHOCTH perienust. Macirad: AB = 10[B] mwmu 10[A)].

Pemenne 3agaun ¢ moMoIibio 3akoHoB Kupxroda

Kak u B npeapiaymmieM mMetToze, epeprucoOBbIBAEM CXEMY, MPEACTABIIAS JICMEH-
Thl UX KOMIUIEKCHBIMH CONPOTHUBJICHUSIMU. KOJIMYECTBO ypaBHEHMH IOJIKHO pPaB-
HSTHCSI KOJIMYECTBY HEU3BECTHBIX. B TaHHOW 3a/1aue HEM3BECTHBIMM SIBIISIFOTCA TOKH
I_ml’ |_m2 ' lmS’ a TaKxKe 9I[C Em -

3Has HaIpsHKEHUE U.r =Y, > HETPYIHO OIIPENEIUTH TOK

1.,=U, . /IR=10e7*71=10e *°, Tem cambIM, COKPATHB KOTHUECTBO HEM3BECTHBIX.
CoctaBuM Tpu ypaBHeHus 1o 3akoHaMm Kupxroga
y3en b: Ly —1n2 =103 =0;
koutyp Ki: Zy Ly + Rl =Eps
koutyp k20 —RI,, +Z.1,;=0.
Bce HensBecTHBIE TEPEHOCHM BJIEBO, a U3BECTHBIE — BIPABO
Iy =1 +0-Ep =10,
Z 1 —En=-Rl,;
Ol +Zclig +0E, =RLy, .
[ToncTaBuB 3Ha4YeHUs BEJIMYMH B CUCTEMY YpaBHEHMM, 3allMChIBAEM €€ B MaT-
puuHO popme
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1 -1 0 [Ln] [20e7%
il 0 -1 x|l |=|-10e7

—m3

0 -j1 0 | |E, | |10e

Pemias cucremy, HaxomuMm |, =14,14¢71*"; | =10; E_ = 10.

[IpoBepuM perieHue ¢ MOMOIIBI OaaHca MomtHOcTeH. [[ims 3Toro Hakmem
MoIIHOCTh ucTouHMKa DJIC, mpencTtaBuB B ajredOpandeckoit ¢opme 3amucu KOM-
IUICKCHOT'O YHCIIa

S=E,I,/2=(10-14,14e*")/2=70,7e!* =50+ j50
AKTI/IBHYIO " PCAaKTHUBHYIO MOIITHOCTH HaﬁHeM UCpe3 TOKHU Ha COOTBCTCTBYIOIIUX
DJICMCHTAx

*

2
p:(lﬂj 'R=50-1=50

2

Q[ﬁj X, ( ﬁj X =100-50=50

Takum 006pa3om, MbI MMOTYYHUIIA TOKIAECTBO S =P + jQ, 9TO CBUACTEIHCTBYET O
BBINIOJTHEHUH OajlaHca MOIIIHOCTEH.
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3ATAHME 3.1

[TocnenoBarenbHas 1enb nepeMeHHoro Toka (puc. 3.1.1, 3.1.2) coctaBneHa uc-
TouHrKOM DJIC, pe3uCTUBHBIM, UHAYKTUBHBIM U €MKOCTHBIM 3JIEMEHTaMU, apaMeT-
PBI KOTOPBIX YKa3aHbl B Tabnmmax 3.1.1 ... 3.1.4.

— Ug(t) rL(t uc(t)
— UrL(t) I
R L R C
7 e e 1 Ure(®) e(t) ut)  upc(t)
0 7T ()
Puc. 3.1.1 PNI/IC.3.1.2

1. PaccunTaTh KOMIIEKCHbIE aMITUTy A6l DJ]C HCTOUHMKA, TOKA U HANIPSLDKEHUN
Ha 3JIEMEHTAaX; OJIHa U3 NIEPEUUCIICHHBIX BEINYNH 3a7jaHa B (PYHKIIMHA BPEMEHHU.

2. Onpenenutb MrHOBEHHBIE 3HAUEHUS TOKA U HAIIPSHKEHUH.

3. OnpenenuTts JeHCTBYIOIME 3HAYCHNS TOKA U HAIIPSKEHU .

4. OnpenenuTh aKTUBHYIO, PEAKTUBHYIO U MOJIHYIO MOIIHOCTH. Y O€IUThHCS B
TOM, YTO BBINIOJHSETCS OaTaHC MOIIIHOCTEM.

5. [loctpouts B MaciTabe BEKTOPHYIO AMArpaMMy TOKa U HAIPSDKEHUH AJ1s aM-
IJIMTYIHBIX 3HAYEHHUI BEJIMYMH.

6. [IpeacTaBuTh TOK M HANPSXKEHUS rpaUuecKy B MOAXOASAIIEM MaciTale.
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Ta6auua 3.1.1

% g 3aanHas BeEIMYNHA
2 & . - ¢ AT, e.u[B]

m [OMm] [MIH] [MKD]

112 9 80 2000 u. =50,59sin(100t+71,56°)
2 | 2 6 40 7142 Uc =46,03sin(200t-99,46°)
311 4 22,5 2500 U c = 35,78sin(400t+26,56°)
4 |1 3 10 666,6 Ug = 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°)
911 5 8 285,7 U c =25,72sin(500t-59,03°)
10| 1 9 5 1000 ug =5,68sin(1000t-23,96°)
111 2 6 20 1111,1 | ug.=20,58sin(100t+67,83°)
12| 2 6 40 1666,6 | urc =68,71sin(200t—66,37°)
131 1 8 15 312,5 e =50sin(400t)

141 1 2 12 285,7 1 =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°)
171 1 6 15 1250 Uc =13,15sin(200t-80,53°)
18| 1 9 17,5 500 ug = 39,05sin(400t-12,53°)
19| 2 8 8 250 UrL = 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 1 =6,201sin(200t+7,125°)
23| 2 4 7,5 625 u_ =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 UrL = 32,25sin(200t+97,12°)
28 | 2 5 7.5 416,6 Urc = 26,79sin(400t-19,23°)
29 | 1 4 10 250 e =10sin(500t)

30| 1 3 2 166,6 I =14sin(1000t+53,13°)
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Ta6auua 3.1.2

% g 3aanHas BeEIMYNHA
2 & . - ¢ AT, e.u[B]

m [OMm] [MIH] [MKD]

111 2 16 333,3 e =40sin(500t)

2 |1 3 15 1250 I =14sin(400t-53,13°)
3|1 5 40 5000 Ug =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 UrL = 74,65sin(500t+20,64°)
71 2 9 2,5 625 Urc = 31,14sin(400t-5,527°)
8|1 5 15 5000 ULc =7,428sin(200t+68,2°)
911 1 30 1428,6 | e =30sin(100t)

10| 1 2 7 200 I =24,75sin(1000t-45°)

111 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 ug = 80,5sin(200t—26,56°)
14| 2 5 10 2000 UrL = 31,85sin(100t+49,97°)
15| 2 2 9 333,3 Urc =51,31sin(1000t-127,9°)
16| 1 8 6 250 uc =10,6sin(500t-58°)

171 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 1111 u_ =65,76sin(1000t+99,46°)
21| 2 3 8 250 uc =80sin(500t-36,87°)

22 | 2 7 12,5 625 UgL = 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 1 =8,433sin(500t-18,43°)
27| 1 3 40 1111,1 | ur=36sin(100t+59,04°)

28 | 2 8 20 7143 u_ =18,73sin(200t+110,5°)
29| 2 5 80 10000 | uc=2,325sin(100t-144,5°)
30| 2 1 7 333,3 UgL=154,3sin(1000t+5,906°)
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Taoauna 3.1.3

% g 3aanHas BeEIMYNHA

2| 2 R - ¢ AT, e.u[B]

m [OMm] [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 | ug.=58,31sin(100t+30,96°)

4 | 2 3 1 500 Uc =37,95sin(1000t—71,56°)

5| 2 3 14 666,6 u_ =126sin(500t+36,87°)

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

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

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

91 7 5 1111 Uc =9,923sin(1000t—60,25°)
10| 2 1 10 500 Urc = 87,46sin(500t-120,9°)
11| 2 9 7,5 271,7 UgrL = 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 1111 Ug = 34,73sin(1000t+29,74°)
15 1 1 4 500 I =26,83sin(500t+63,43°)
16 | 1 8 22,5 500 e =40sin(400t)
17| 1 4 40 1000 ULc = 6sin(200t+53,13°)

18 | 2 5 40 3333,3 | Urc=57,18sin(100t—42,27°)
19| 2 8 5 166,6 Ug = 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 I =14,55sin(100t—14,04°)
24 | 1 4 7 250 e =90sin(1000t)
25| 1 8 2 1000 u.c=3,721sin(500t-82,87°)
26 | 2 7 7,5 271,7 Urc = 24,73sin(400t-11,52°)
27| 2 8 30 1000 Ug = 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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Taoauna 3.1.4

% g 3aanHas BeEIMYNHA
2 & . - ¢ AT, e.u[B]

m [OMm] [MIH] [MKD]

111 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 | ug.=48,81sin(1000t+139,4°)
512 7 6 222,2 | Upc =24,73sin(500t-11,52°)
6 | 1 5 17,5 625 Urc =5,145sin(400t+59,04°)
711 4 45 1666,6 | e=380sin(200t)

8 |1 1 80 2500 I =14,55sin(100t-75,96°)
911 5 9 500 Ug =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 UgL = 64,32sin(100t+22,28°)
14| 1 5 9 250 Urc =42,43sin(1000t+45°)
15| 1 2 8 333,3 | e=90sin(500t)

16| 1 9 12,5 625 i =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 | ugL=62,3sin(500t+49,27°)
21| 2 4 20 833,3 | Urc =7,809sin(400t-88,21°)
22 | 1 5 40 714,3 | uc=5,883sin(200t+78,7°)
23] 1 9 80 1666,6 | e=>50sin(100t)

24 | 1 7 4 111,1 1 =4,65sin(1000t+35,54°)
25| 1 1 4 666,6 | ur=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 UgL = 13,52sin(100t+5,856°)
29 | 2 1 3 142,8 | ugc =51,45sin(1000t-5,906°)
30| 1 7 8 250 Urc =4,961sin(500t—60,25°)
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3AJIAHUE 3.2

AHanu3y MOJUISKUT dIEKTPUYECKas 1IeNb, BAPUAHTHI CXEM KOTOPOU (popMalibHO
U300pa’KEeHbI Ha TPEX PUCYHKAX.

T (e A o N
\ \
& iz\\b \/h N Ao
i Tus i .
e 3 J/u3 3y 37 Yl 3 $u3 e
U <= Us — W = Usg — W — Us
Puc. 1 Puc. 2 Puc. 3

[lepen pacueToM HEOOXOJUMO COCTABUTh CXEMY MPEIOKEHHOTO MpenoaaBaTe-
JeM BapuaHTa (rmapaMeTphl JIEMEHTOB yKa3aHbl B Ta0Oymnax 3.2.1 ... 3.2.4). B kaue-
CTBE IpHUMEpA MMOKa3aHa CXeMma TPUAUATOro BapuaHTa u3 Tabmuusl 3.2.1. Broporo
3JIeMeHTa B TaOJUIIE HET U Ha CXEME OH 3aMEHEH MEPEMBIUKOM.

S II C4 1250 mMx®
: :
R 7 Om ‘ iy = 23,185in(400t+29,7°) A
. L
e % 103 Ml H €
PekoMeHIyeTCsl He U3MEHSITh HyMepaluio
* I2 " Cs AJIIEMEHTOB, TOKOB M HAPSHKEHU.

1250 mx®D

1. Paccuurate MrHoBeHHble 3HaueHus DJIC HCTOUYHMKA, TOKOB B BETBSIX U
HaIpsKEHUN Ha DJIIEMEHTAX.

OnpenenuTh aKTUBHYIO, PEAKTUBHYIO M MOJIHYIO MOIIIHOCTH.

3. IlocTpouTh BEKTOPHYIO AMArpaMMy TOKOB M HAMPSHKEHUH AJIST aMIUTHTY JHBIX

3HAYEHUU BEJIUYMH.

N
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Taoauna 3.2.1

= g
a E DNeMEeHThI BETBEH 3aiaHHas BEJIMUYUHA
Al &5 R [Om], L[], C[Mk®] i [A]; e,u [B]
1 C,=10000, R3=2, L4=40, Rs=2 e =10sin(100t)
2 C1=2500, R3=3, L4=25, Rs=3 i1 =2,647sin(200t+36°)
3 C1=312,5, R3=4, L,=10, Rs=4 12 =1,65sin(400t—45°)
4 L1=10, R3=6, C4,=1000, Rs=6 13=1,445sin(500t—46,2°)
5 L1=2, R3=8, C4=250, Rs=8 u; =4,472sin(1000t+63,4°)
6 L1=40, Rs=4, C4,=5000, Rs=4 Us =6,667sin(100t—90°)
7 R;=2, L3=25, C4=1000, Rs=2 Us =7,172sin(200t+71°)
8 R1=5, L3=5, C4=625, R5=5 e =22sin(400t)
9 R;=3, L3=10, C4=500, Rs=3 11 =4,1sin(500t+27,2°)

[HEN
o

R1=6, C,=250, L3=8, R4=6, C5=250

i2 = 1,938sin(1000t-63,4°)

[HEN
[EEN

R1=3, C,=2500, L3=50, R4=3, C5=2500

i3 = 4,174sin(100t-63,4°)

[EN
N

R1=6, C,=1000, L3=10, R4=6, C5=1000

Us = 9,864sin(200t+99,5°)

[EN
w

C1=625, R3=3, L4=20, C5=625

Us = 24sin(400t—90°)

[N
N

C4=1000, Ry=5, R3=5, L4=8, C5=1000

uz =10,43sin(500t+71°)

[HEN
(O

C4=1000, R3=5, L4=8, Cs=1000

e =32sin(500t)

[HEN
()]

R1:8, R2:8, C3:1250, R4:8, L5:60

i, =0,741sin(100t+14,5°)

[HEN
\l

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

i, = 1,468sin(200t+49,8°)

[EN
oo

R1=9, Ry=9, C3=1250, R4=9, Ls=12,5

i3 = 0,2502sin(400t-101,7°)

[EN
©

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

Us = 11,56sin(500t+43,7°)

N
o

C4=1000, Ry=5, L3=60, R4=5

Uy = 42,96sin(100t-141,7°)

N
[

C;=1000, Ry=1, L3=30, Rs=1

U, = 5,286sin(200t+77,3°)

N
N

L1=10, R2=7, C3=312,5, R4=7

e = 30sin(400t)

N
w

L1=4, R2=4, C3=1000, R4=4

iy = 12,25sin(500t+35,8°)

N
D

L1=100, R2=6, C3=2500, R4:6

I, =5,153sin(100t+50°)

N
(€]

L1=30, R2=5, C3=500, L5s=30

i3 = 4,169sin(200t-76,5°)

N
»

L1=12,5, Ro=3, C3=625, Ls=12,5

u; = 62,1sin(400t+168,7°)

N
-~

L1=20, R,=8, C3=1000, Ls=20

us = 11,68sin(500t-171,8°)

N
oo

R1:6, L3=50, C4=2500, C5=2500

u; =17,24sin(100t—65,7°)

N
O

Ri=4, L3=40, C4=500, C5=500

e =44sin(200t)

W
o

WINIFP OWOINIFPIWNPFPIWOINMNPFPIODNPEP ONPEPWONNPOPNNPIOINP ONIPE

R1=7, L3=10, C4,=1250, Cs=1250

i, = 23,18sin(400t+29,7°)
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Taoauna 3.2.2

=
o
% % DJIeMEHTHI BETBEM 3amaHHas BEJIMYMHA
m| O R [OmMm], L[MI'H], C[MKD] I [A]; e,u [B]
1 1 R1=6, C,=250, L3=8, R4=6, C5=250 i3=2,15sin(1000t+60,2°)
2 2 R1=3, C,=2500, L3=50, R4=3, C5=2500 us =41,74sin(100t+26,6°)
3 3 R1=6, C,=1000, L3=10, R4=6, C5=1000 Uz = 6,315sin(200t+49°)
4 1 C1=625, R3=3, L4=20, C5s=625 Uz = 24sin(400t+90°)
5 |2 C1=1000, Ry=5, R3 =5, L,=8, C5=1000 e =32sin(500t)
6 |3 C,=1000, R3=5, L4=8, C5s=1000 I, =43,08sin(500t-21,8°)
7 |1 | Ri=8, Rs=8, C4=1250, R;=8, Ls=60 i, = 0,898sin(100t+65,5°)
8 2 R1=6, R,=6, C3=1250, R4=6, Ls=15 I3=2,626sin(200t+23,2°)
9 3 R1=9, R,=9, C3=1250, R4=9, Ls=12,5 us =1,251sin(400t-11,7°)
10 |1 C1=400, R,=6, L3=20, R4=6 u; =11,24sin(500t—77,3°)
11 |2 | C1=1000, R,=5, L3=60, Rs=5 U, = 7,595sin(100t-6,69°)
12 |3 C1=1000, Ry=1, L3=30, Rs=1 e =28sin(200t)
13 |1 L1=10, Ry=7, C3=312,5, R4=7 Iy =2,733sin(400t-2,77°)
14 |2 L1=4, R,=4, C3=1000, R4=4 i, =5,942sin(500t+21,8°)
15 |3 L1=100, R,=6, C3=2500, R4=6 i3=1,767sin(100t—99°)
16 |1 L1=30, R,=5, C3=500, Ls=30 us = 25,01sin(200t+13,4°)
17 |2 L1=12,5, Ry=3, C3=625, Ls=12,5 uz =103,7sin(400t-11,3°)
18 |3 L1=20, R,=8, C3=1000, Ls=20 Uz =7,295sin(500t+137°)
19 |1 R1=6, L3=50, C4,=2500, C5s=2500 u; =42sin(100t)
20 |2 R1=4, L3=40, C4,=500, C5=500 i1 =5,372sin(200t-62°)
21 |3 | Ri=7, Ls=10, C,=1250, Cs=1250 i, = 20,125sin(400t)
22 |1 C1=10000, R3=2, L4=40, Rs=2 i1 =6,324sin(100t+18,4°)
23 |2 C1=2500, R3=3, L4=25, Rs=3 I, = 3,65sin(200t+49,8°)
24 |3 C1=312,5, R3=4, L4=10, Rs=4 i1 =0,8245sin(400t+45°)
25 |1 L;=10, R3=6, C,=1000, Rs=6 u; = 14,63sin(500t+34,3°)
26 |2 | Li=2, Rs=8, C,=250, Rs=8 us = 2sin(1000t)
27 |3 | L1=40, Rs=4, C,=5000, Rs=4 U3 = 9,428sin(100t+45°)
28 |1 R1=2, L3=25, C,=1000, Rs=2 Us = 22sin(200t)
29 |2 R1=5, L3=5, C4=625, Rs=5 iy =7,18sin(400t-21,8°)
30 |3 R1=3, L3=10, C4,=500, R5=3 i,=2,109sin(500t-31,8°)
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Taoauna 3.2.3

=19 DeMeHThI BETBEN 3amaHHas BeIUYNHA
A © R [Om], L[M[ ], C[mMk®] i [A]; e,u [B]
1 1 C1=400, R,=6, L3=20, R4=6 us =11,57sin(500t+43,7°)
2 |2 | ci=1000, R,=5, Ls=60, R4=5 e = 26sin(1001)
3 3 C,=1000, R,=1, L3=30, R4=1 I3 =1,245sin(200t+32,3°)
4 1 L,=10, R,=7, C3=312,5, R4=7 I, =1,8sin(400t+46°)
5 2 L:=4, R,=4, C3=1000, R4=4 i3 =6,644sin(500t+48,4°)
6 3 L;=100, R,=6, C3=2500, R4=6 u; =17,67sin(100t—9°)
7 1 L,=30, R,=5, C3=500, Ls=30 uz = 25sin(200t+13,4°)
8 2 L1=12,5, R,=4, C3=625, Ls=12,5 up = 37,26sin(400t+78,7°)
9 3 L,=20, R,=8, C3=1000, Ls=20 e =40sin(500t)
10 {1 R1=6, L3=50, C4=2500, Cs=2500 Iy =2,873sin(100t—65,7°)
11 (2 R.1=4, L3=40, C,=500, C5s=500 I, =5,2652sin(200t-73,3°)
12 |3 R.=7, L3=10, C4=1250, C5s=1250 i3=11,5sin(400t+90°)
13 |1 C,=10000, R3=2, L4=40, Rs=2 I, =5sin(100t+36,87°)
14 |2 C1=2500, R3=3, L4=25, Rs=3 i3=1,247sin(200t—99°)
15 |3 C,1=312,5, R3=4, L,=10, Rs=4 Ug =7,376sin(400t+71,6°)
16 |1 L,=10, R3=6, C4,=1000, R5=6 Uug =2,89sin(500t-136°)
17 |2 L,=2, R3=8, C4=250, R5=8 us =16,48sin(1000t-14,04°)
18 |3 L,=40, Rz=4, C,=5000, Rs=4 e =20sin(100t)
19 (1 R.=2, L3=25, C4,=1000, R5=2 i1 =1,434sin(200t-19°)
20 | 2 R.=5, L3=5, C4=625, Rs=5 i, =4,268sin(400t—38,6°)
21 |3 R.=3, L3=10, C4=500, R5=3 i3=3,515sin(500t+58,2°)
22 |1 R1=6, C,=250, L3=8, R4=6, C5=250 uz = 15,5sin(1000t+26,6°)
23 |2 R.=3, C,=2500, L3=50, R4=3, C5=2500 Uy =16,7sin(100t-153°)
24 |3 R.=6, C»,=1000, L3=10, R4=6, C5=1000 u; =7,5785sin(200t+139°)
25 |1 C1=625, R3=3, L4=20, C5=625 e = 32sin(400t)
26 |2 C1=1000, R,=5, R3=5, L,=8, C5=1000 11 =5,216sin(500t-19°)
27 |3 C,=1000, R3=5, L4=8, C5=1000 I, = 16sin(500t—90°)
28 |1 R1=8, R,=8, C3=1250, R4=8, L5=60 i3=0,719sin(100t-61,4°)
29 |2 R1=6, R,=6, C3=1250, R4=6, Ls=15 Us = 7,878sin(200t+113°)
30 |3 R1=9, R,=9, C3=1250, R4=9, Ls=12,5 uz =4,508sin(400t-102°)
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Taoauna 3.2.4

=
o
% % DJIeMEHTHI BETBEM 3amaHHas BEJIMYMHA
m| O R [OmMm], L[MI'H], C[MKD] I [A]; e,u [B]
1 1 R.=2, L3=25, C,=1000, Rs=2 i, =3,862sin(200t-87,2°)
2 2 R2=5, L3=5, C4=625, Rs=5 I3 =3,333sin(400t)
3 |3 R,=3, L3=10, C4=500, Rs=3 us =10,54sin(500t+58,2°)
4 1 R;1=6, C,=250, L3=8, R4=6, C5=250 Uy =7,748sin(1000t-86,1°)
5 |2 R;=3, C,=2500, L3=50, R4=3, C5=2500 u; =12,52sin(100t—-63,4°)
6 3 R;1=6, C,=1000, L3=10, R4=6, C5=1000 e = 30sin(200t)
7 1 C1=626, R3=3, L4=20, C5=625 i, = 10sin(400t+53,1°)
8 2 C1=1000, Ry=5, R3 =5, L4=8, C5=1000 I, =2,086sin(500t+71°)
9 3 C1=1000, R3=5, L4=8, C5s=1000 i3 =40sin(500t)
10 |1 R1=8, R»,=8, C3=1250, R4=8, Ls=60 us = 4,31sin(100t+28,6°)
11 |2 R1=6, R,=6, C3=1250, R4=6, Ls=15 uz =5,87sin(200t—40,8°)
12 |3 R1=9, R»,=9, C3=1250, R4=9, Ls=12,5 u; =2,252sin(400t-101,7°)
13 |1 | C,=400, R,=6, L;=20, Rs=6 e = 24sin(500t)
14 |2 C1=1000, R,=5, L3=60, R4=5 iy =4,296sin(100t-51,7°)
15 |3 C1=1000, R,=1, L3=30, R4=1 i, =4,492sin(200t-91,4°)
16 |1 L1=10, R,=7, C3=312,5, R4=7 i3=2,057sin(400t—43,9°)
17 |2 Li1=4, R,=4, C3=1000, R4=4 u; =11,88sin(500t+111,8°)
18 |3 L1=100, R,=6, C3=2500, R;=6 uz =20,61sin(100t—40°)
19 |1 L1=30, R,=5, C3=500, Ls=30 U, = 8,335sin(200t—76,6°)
20 |2 | Li=12,5, Ry=4, Cs=625, Ls=12,5 e = 38sin(400t)
21 |3 | Li=20, R,=8, C5=1000, Ls=20 i, = 5,158sin(500t-88,1°)
22 |1 R;=6, L3=50, C4=2500, C5s=2500 I, =7,659sin(100t—65,7°)
23 |2 R;=4, L3=40, C4,=500, Cs=500 i,=1,053sin(200t+16,7°)
24 |3 | Ri=7, Ls=10, C,=1250, Cs=1250 U3 = 80,5sin(400t+90°)
25 |1 C1=10000, R3=2, L4=40, Rs=2 I3=2.236sin(100t—26,5°)
26 |2 | C1=2500, Rs=3, L,;=25, Rs=3 Us = 6,235sin(200t-9°)
27 |3 C1=312,5, R3=4, L4=10, Rs=4 Uz =6,596sin(400t—45°)
28 |1 | Li=10, Rs=6, C,=1000, Rs=6 us = 9,14sin(500t—64,6°)
29 |2 L1=2, R3=8, C4=250, Rs=8 e = 18sin(1000t)
30 |3 L1=40, R3=4, C,=5000, Rs=4 i1 = 3,333sin(100t)
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4. Pacuer 3J1eKTPHMYECKHUX Lelneil HeCHHYCOUAATBHOI0 MePHOIMYECKOro TOKa
Memoouueckue pexomenoayuu no 6bINOIHEHUIO 3A0AHUS

B snexktpuyeckux uensx HECMHYCOUJANbHBIM TOK MOXET MPUCYTCTBOBATH B
JBYX CIydasx:
® [IpU JCUCTBUU UCTOYHUKOB HECUHYCOUIAILHOTO HANIPSHKEHUS WIIA TOKA;
® BCJICJCTBUE HEITMHEHHOCTH 3JIEMEHTOB JIEKTPUUYECKOU LIETIH.

1. Cnocoowt npedcmagienus HeCUHYCOUOANbHBIX PYHKUULL
[Ipu pacuere 1eneil HECUMHYCOUAAIBHOTO MEPEMEHHOIO TOKA HUCIOIb3YETCS
pasNIoKeHHE TepUoanYecKnX (YHKIWA B OMHY W3 (OpPM TapMOHHYECKOTO psaa
®ypre. Ecnu ¢pyHkuus ¢ nepuoaoM T npeacTaBieHa CYMMON MeHOBEHHbIX 3HAYEHULL
2APMOHUYECKUX KOleOaHull Pa3IHYHbIX 9acToT ®, =Ko, =K21/T , rne k=1, 2, ... mo-

PSAIKOBBIM HOMEDP TapMOHUKH, TO Pl Pypbe 3aMHUCHIBAIOT B CIECIYIOIIEM BUJIE

f(ot)=A + i:[Bk sin(ka,t) +C, cos(kot)] = A, + i['&km sin(ko,t + ¢, )]

T/2

rae A\)=1 I f(ot)dt — moctosHHas cocraBistomas ¢ynkuun f(ot), paBHas ee
-T/2

cpenHemy 3a nepuoj 1 3HaYEHHUIO;
2 T/2 T/2

B, = = I f (wt)sin(kot)dt = A cosd, 1 C, :'IE' J f (ot) cos(kot)dt = A, sind, — KodpPu-
-T/2 -T/2
IIUEHTHI psga Oypre, COOTBETCTBYIONMINE aMITIUTYIaM TapMOHUK KBaJpaTypPHBIX CO-

CTaBJIAIOIINX,

A, =+ B} +C} — amunmumyoa k-oii rapmoHnKH;

¢, =arctg(C, / B,) — nauanvnas ¢aza K-oit rapMOHUKH.
3aBucuMocTH A U ¢, OT MOPSIKOBOro HOMepa K-oif rapMOHUMKH (MJIK OT ee 4acTo-
Thl K®,) IPUHATO HA3bIBATH aMIUTUTYIHBIM M ()a30BBIMHU CIEKTpaMH KoJieOaHHUs CO-
OTBETCTBEHHO. J[JIsl IepHOINYECKUX HECUHYCOUIATBHBIX KOJICOAHHMI aMIUTHTYTHBIH
U (a3oBbie CIEKTPbI UMEIOT JUCKPETHBIA XapaKTep, a PacCTOSHHE MO OCH YacTOT
MEX/Iy CMEKHBIMHU CIICKTPaJbHBIMU JIMHUSIMU paBHO ,. Teoperuuecku psg Pypbe
COJICPKUT OECKOHEYHOE YHCIIO YICHOB, OJIHAKO B OOJIBIIMHCTBE MPAKTHYCCKHUX CITY-

4acB OTOT pAd JOCTATOYHO 6BICTpO CXOIUTCA, U IIPHU paCUCTaxX MOKHO OI'PaHUYIUTHCA
CPaBHUTCIIBHO HEOOJIBIITUM YUCIIOM rapMOHHK.

2. DHepzemuueckue xXapaKmepucmuKku HeCUHYCOUOAIbHO20 MOKA
[Ipu pacueTre IHEPreTUIECKUX XaPAKTEPUCTHK B IETSX HECUHYCOUIATIBHOTO
MEPUOANYECKOr0 TOKA UCIIOIB3YIOT CIIECIYIOIINE BETUYUHBIL:
nercTByoIMe 3HaueHus Hanpspkenus U u Toka |;
CPEIHIOI0 MOIIHOCTH P;
peakTuBHYI0 Q U MOJIHYIO S MOIIIHOCTH, a TaKXke
MOIIHOCTB HcKaxeHui D, kosddunmeHT nuckaxxenuii 1 MomHocta Ky, K,, ;

eucmsyrowue 3Hauenus HanpsNCeHus U MoKa ONPENeIIAI0T KaKk FTeoMeTpruye-
CKYI0 CYMMY JIEMCTBYIOIINX 3HAYCHUN OTAECIbHBIX TAPMOHHK
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U=Juz+Y Uz
1= 12+317;

rnre U, =U_ / \2 — nelictByroniee 3HaYenue K-0if TapMOHUKY HAIIPSKEHUS;

I, =1, /N2 — neiictByrouee 3naueHne k-oif rapMOHUKH TOKa,;
U,, |, — IOCTOSIHHBIE COCTABIIAIOIIUE HANPSKEHHS U TOKA, COOTBETCTBEHHO.

Cpec)mo;o MouiHOCNnb HCCMHYCONIAJIbHOT'O TOKA OIIPECACIIAIOT KaK CYMMY MOIII-
HOCTEH OTACJIbHBIX 'APMOHHK

P=P+> R,
rae B, =U, I, cos¢p, — cpemnsas MomHOCTh K-0if TapMOHHKH TOKa;
P, =U,l, — MOIIHOCTb ITIOCTOSIHHOI'O TOKA.

Tonnyto mowHoCcms HECUHYCOHUIATFHOTO TOKA OMPENETSIOT aHAIOTUYHO TOJI-
HOM MOIITHOCTH CUHYCOUJIATBHOTO TOKa 1Mo dopmyie S=UL.
[To ananorum ¢ CHHYCOUTTBHBIM TOKOM BBOJAUTCS TIOHSITHE PeaKmusHOU MO~

Hocmu Q = ZQk :
rae Q =U, I, sing, — peakTuBHast MOIIHOCTH K-0if FTapMOHUKH TOKa;

B oTanume oT CHHYCOMIAIBLHOTO TOKA IMOJHAS MOITHOCTh S OKa3bIBaeTCs 00JIb-
1€ TEOMETPUYECKON CYMMBI CPEHEN U PEAKTUBHOM MOIITHOCTEMN

3. Pacuem ueneﬁ Hecuuycoudaﬂbnozo REPEMEHHO020 MOKa

[Tpu HerapMOHMYECKHUX BO3ACUCTBUSIX AJITOPUTM pacdera LEnu MOXKET ObITh
CJIEIYIOLIUM:

1) mepuoaMUecKoe HETAPMOHUYECKOE BO3JCHCTBHE TPEACTABISIIOT B BHIC
CYMMBI 2apMOHUYECKUX CUSHANI08, UCTIONB3Ys psig Dypbe;

2) OrpaHMYUBAIOT OCCKOHECUHBIH psiag Dypbe HexomopviM 4UCIOM 2aApPMOHUK,
YUHUTHIBASI MIPU 3TOM, YTO MOIIHOCTh Ka)XJOW MOCIEAYIOIIE TapMOHHUKHU
yOBIBa€T MPONOPLUMOHAIBHO KBAAPATY €€ AMIUIUTYAbL;

3) BBINOJHSIOT pacyeT MEeNH IS KaXI0W OTISIIbHON FapMOHUKH HAIPSDKCHUS
WIM TOKA, YYWTBHIBAsA IPU 3TOM, YTO CTPYKTypa LIENH COXPAaHAETCS, a Co-
NPOMUGNEHUs. U NPOBOOUMOCINU DEAKMUBHBIX JIEMEHINO08 USMEHAIOMCSA C
M3MEHEHUEM YacCTOThl FTAPMOHUKU;

4) pe3yIbTHPYIOIIYIO PEaKIMI0 [IEMH HAXOMIAT MPH MOMOIIY METOJla HaloXKe-
HUS ITyTEM CIIOKEHUS PEaKUUi JUIsl OTACIIBHBIX TAPMOHMK BO3JIEHCTBHS.

B tabun. 1. mpuBeneHbl HEKOTOpPbIE TUIIOBBIE (DYHKLIUU M UX PA3JI0KEHUS B P
Oypre. ['paduku 3tux Gynkumii npuseaensl Ha puc. 4.1. Ilpu 3TOM NpuUHATHI cie-
ayromue obo3HaueHus: X =mt; o, =2n/T.
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Puc. 4.1. I'paduku TUIIOBBIX HECUHYCOMAATIBHBIX (DYHKIIMN
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Puc. 4.1. 'paduku TUTIOBBIX HECUHYCOUAAIBHBIX (QYHKIUH (TIPOIOJIKEHHUE)
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Puc. 4.1. I'padviku TUIIOBBIX HECUHYCOUAAIBHBIX (YHKIUH (IIPOIOIKEHUE)
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Ta6uuua 4.1. Paovt @ypve ns necunycoudansuvix Qynkuyuii puc. 4.1."

g =
.54 S
g E Pasnoxxenune ¢pyakiun Y(X) B psag Oypbe
—
5 &
1 2
1 f(x)~£3~+2F (ﬂnx+lsm3x+1sm5x+ j
2 T 3 5
2 fz(x)zi—i(sinx+lsin2x+lsin3x+---
2 2 3
3
f3(x)zi—@ COSX + 20083 + = COS5X + -
2 9 25
4 f(x)~i—£ 1cost+icos4x+ic056x+---
V4 T \3 15 35
5 fs(x)zZFM ﬂ(ECOSZX—iCOS4X+iCOS6X—---j
Vs T \3 15 35
6 f(xwa—+F mnx+1sm2x+1sm3x+ j
2 T 2 3
7 f(x)~—+4F cosx+1c032x+1c053x+i0055x+
4 2 9 25
F 1. 1 1
8 f.(X) = +2F,| =sinX——=——C0S2X———C0S4X—---
() T M(4 3z 157 j
I 7l . s . w1 s |
7r+1snmx—325)+$n@x+90)+§mn6x—90)+
Ful 1. R o 1. .
9 gooz——-+§$n0x+90)+g$n®x—90)+gsmaix+90)+
T

+%sin(13x—90°)+...

X=ot, o =

B tabnune npuBeaeHsl pazioxkenue B psag Oypbe TUNIOBBIX QyHKIMHI, rpaduKu
KOTOPBIX NMPUBEIEHbI Ha pucyHKe. [Ipu 3TOM NpHUHATHI cleayrolue 0003HAYCHUS:
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1 2
8F . 1 . 1 .
10 f.(X) *—M| sinx —=sin3Xx+—sin5x —---
w0~ ( Linas L j
11 11(X)~F—+2F (Cosx—lcos3x+1c055x— j
2 /4 3 5
12 f (X))~ M +2F, | =COSX+-——C0S2X — ——COS4X +- -
12( ) e M£4 37[ 157[ j
13 £.(X) ~ Fu . Fu sin(x—32,5") _sin(2x) +S|n(3x) _sin(4x) N sin(5x)
4 r 0,843 2 3 4 5
R 1 1. . 1.
14 f(x) = M| sinXx —=c0S2X —=Sin3Xx+=sin5x---
W00~ 50 ( 2 Lingcs L j
15 £ () ~ Fu . Fu sin(x+32,5) +sm(2x) N sin(3x) +sm(4x) N sin(5x)
4 7z 0,843 2 3 4 5
16 £ () ~ 3F, N Fu | Sin(x-12%) _S|n(2x) N sin(3x) _sm(4x) +sm(5x) B
0,653 4 2 8 333
17 f(x) ~ 3F, N Fu | sin(x+12°) N sin(2x) +S|n(3x) N sin(4x) +sm(5x) B
7 | 0,653 4 2 3 333
18 fls(X)~ \FF (COSX——COS5X+1COS7X— j
19 flg(X)z4FM Sinx+%sin3x+%sin5x+.-.)
20 fzo(X)zZFM Sinx—lsin2x+lsin3x+---)
T 2 3
21 f21(x) ~ ZFM sin x+lsin 2x+15in 3X+---j
4 2 3
22 Fao (X )~6\/_ SinX—isinSX+isin7x—isinll><+"'j
25 49 121
(0~ Fu | Sin(x—32,5%) N sin(3x) N sin(5x) N sin(7x) o
23 7z 0,422 15 2,5 3,5
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L 2
24 | f,(x)~ —F , Fu|sin(x=12°) sin(2x) sin(3x) sin(4x) sin(5x)
2 x| 032% 2 1 s T 1e7
25 fos(X )~6\/_ Fu (COSX—iCOSSX—iCOS7X+icosllx+---
25 49 121
sin(x+32,5° 3 in(5 in(7
26 f.(X) ~ (x+32,5)  sin(3x)  sin(5X)  sin(7x)
0,422 15 2,5 3,5
27 £, (X) ~ Fy [ sin(x—-12")  sin(3x)  sin(dx) sin(7x) ,
4 0,326 1 1,67 233
28 f,e(X) = Z\EFM (cosx—20055x+%cos7x—--.j
T

CJ'IGIIYCT IIOMHUTB, YTO IJIA paCYCTOB JAHHBIC q)YHKIII/II/I HYZKHO IIPUBCCTU K BUAY:

f(X)=Ay + A, sin(ot +y,) + Ay Sin(2ot +y,) +...+ A sin(kot +y, ) +...

ITpuBeneHne ocyIIeCTBIAETCS CIEAYIOINM 00pa3oM:

—sin(ot + y) =sin(ot + y + 1);
cos(ot +y) =sin(ot +y + t/2);
—cos(ot + y) =sin(ot +y — 1t/ 2).
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3AJIAUA 4

Hano: K 3IeKTpUYECKON 1enH, CXeMa KOTOPOi PUBOAUTCS HIDKE, TIPUIT0KEHO
HECHHYCOHIaJIbHOE MEPHUOIUIECKOe HaMpshKeHHE, (hopMa KOTOPOTo TakKe IMOKa3aHa.
[TapameTpsl nenu umeror cienyromue 3HadueHus: R, =R, =10 [Om]; L =L,=0,1
[I'H]; C, =100 [Mxd]; E,, =F, =100[B]; », =100 [pan/c].

Tpebyemcs evinonHums ciedyrowue onepayuu.

1) mpencraButh HanpsbkeHue ucrtounuka f(x)=e(wt) psgom Dypbe, orpaHUYMB
YHCIIO YJICHOB Psifia MMOCTOSHHOM COCTaBISIONICH M TPEeMsl IIEPBBHIMH T'apMOHU-
KaMH.

2) TOCTPOUTH rpauKu CIIEKTPOB aMILTUTY/I M HAaYaIbHBIX (Da3 3aJaHHOTO MUCTOY-
HUKA.

3) ompenenuts HampsbkeHHe Ha Harpyske U, (t), mcmome3ys meron pacdera Io

KOMIIJIEKCHBIM 3HAYEHUSM;

4) mocTpouTh rpadUKHU CHEKTPATBHBIX COCTABJISIONIUX JJIs HANPsDKCHUsS (TOKa)
Ha Harpyske.

5) ompenenutk AeHCTBYONIEE 3HAYCHNE HATIPSHKCHUS (TOKA) HA HArpy3Ke M MOIII-
HOCTb, PACCENBAEMYIO B HEM.

. e(t)
L j_C L, el T
e(®)] L
2 ot
N 0 n' 2%:
a) 0)

Cxema nenu (a) u popma BXOJHOTO HANpsKEHUs (6) K IpUMeEpPyY

Pewenue
1. Bocnonbzyemcst manubsivMu Tabut. 1 (bynkmusa fy(X)) m npencraBum Hamps-

KEHHE UCTOYHHUKA B BUAE psiaa Pypbe, OrpaHUYEHHOTO MOCTOSSHHOW COCTABIISIOILIEH
Y TpeMS NEPBBIMU TAPMOHUKAMU

e(t)=E,+E_,;sin ot—E,_,cos2mt—E,,cosdat=E,+e/(t)+e,(t)+e,(t) =

= 31,8+ 50sin100t — 21,2 cos 200t — 4,2 cos 400t =

= 31,8 +50sin100t — 21,2sin(200t —90°) — 4, 2sin(400t — 90°). [B]

2. Tloctpoum Tpaduku CHEKTPOB aMIUTUTYJl U HAYaIbHBIX (a3 HAMPSKECHUS
HMCTOYHHKA, KOTOpBIE M300pakeHsl HA puc. 4.3 a, 6. Ilpu mocTpoeHuu rpadukoB mc-

MOJIb3yeM MacmTad, Py KOTOPOM OJIHO JCJICHUE IT0 OCH OPAMHAT COOTBETCTBYeT 10
B, a mo ocu a6cruce — 100 I'm.
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Emk Wek
60 | | @Q
50 — Eml O (V] 20)1 3(,01 4(,01
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0 o 201 30 4o o Yey Yey
%) 0)

Puc. 4.3. Cniektpbl ammmutyn (a) u a3 (6) BXOJHOTO CUrHajIa K MpUMeEpy

3. Tenephb BBITIOJIHUM pacyeT HAMPsHKEHUST Ha HArpy3Ke, UCTOb3ys I ATOTO
METOJI KOMIUIEKCHBIX aMIUIUTYA.

s nocmosinnol cocmaensaoweli HapsHKEHNUsT Ha Harpy3Ke, HUCIOJIb3Ysl CXEMY

3aMElIEHNs, IPUBEACHHYIO Ha puc. 4.4 a, TOIy4YuM CIEayIolee 3HaUeHUE
U,, =E, =318 [B].

[Ipy BBIOTHEHHH 3TOTO pacyeTa YYTEHO, YTO HA MOCTOSIHHOM TOKE WHIYKTHB-
HocTH L, L, Hy’KHO 3aMEHUTh IepeEMbIUKaMU, a eMKOCTb C, — pa3pbIBOM LIENH, KaK
MOKAa3aHO HUKE Ha pucyHKe. TOK B Harpy3ke onpeaenauM 1o 3akony Oma

I =Uu /R, =31,8/10=3/18 [A].

[Mpu pacuere HampspkeHust Ha Harpyske mias rapmonuk DJIC e(t) mcTouynmka
MOKHO TIOJTb30BaThCS CXEMOM 3aMelleHus, npuBeneHHon Ha puc 4.4 6. Ha atoit cxe-
M€ BCE 3JIEMEHTHI LIENU 3aMEHEHbl UX KOMIUIEKCHBIMUA CONPOTUBIICHUSIMU, KOTOPBIE
AMEIOT JBOWHBIE MHACKCHI. [IepBbI MHIECKC COOTBETCTBYET MOPSAIAKOBOMY HOMEPY
BETBHU, 4 BTOPOM — HOMEPY IapMOHHMKU. KOMIUIEKCHBIE 3HAUYE€HHUS TOKOB B BETBSX
onpenenanm mno popmynam

Iy =En/Zy,
e Zy=Zy+Zy(Zoy +R)IZy +Z4 +R,) — DKBUBAICHTHOE KOMILIEKCHOE CO-
NPOTHBIICHHUE LIEH [T K-0f TApMOHUKHU HAITPSKEHUS] HCTOYHHKA,
Ly =10 (Za + R ) (Z oy +Z5 +Ry ),
Lo =12y /(;Zk +Z5 +R; ),
B KOTOPBIX YUTE€HO, YTO TOK |, JIETUTCS B BETBSAX CXEMbI Ha JBa TOKAa, KOTOpbIE 00-
PaTHO MPOMOPLUHOHAIBHBI COITPOTUBIIEHUSAM BETBEM.
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|

llk ;1k le ;3k lHk

I
Eol’ [ﬁ i IR Enl Z, R,
2

o
Puc. 4.4. Cxembl 17151 pacuera NOCTOSHHOM (@) U IEpEeMEHHBIX (0) COCTaBIISIO-
IIUX HAMPSOHKEHUS Ha HAarpy3Ke

Jlna nepsou eapmoHuku, OJIB3YSICh CXEMOM 3aMELICHUS, TTOJTYYUM HAIPSKCHUS
Ha Harpys3ke
E..=50[Bl; Z,,=2; = jX;; = jo,L, = jIO[OmM]; Z,, =R, — jX,, = (10— j100) [Om];
2,=2,+2,,(Z4+R)I(Zxy+24+Ry)= 23e/%¥ [OM] — compoTHBICHHS LemH UL
MIEPBOI TapMOHUKHU HATIPSIKEHUSI UCTOYHUKA.

KowmriekcHast amruintya Toka nepBoi rapMOHUKH UCTOYHUKA UMEET 3HAUCHHE

I, =E, ,/Z,=50/23e1% =2175e % [A]

OTOT TOK JEAUTCS 0OpaTHO MPOMOPIUOHATBHO COMPOTHUBIICHUSIM TMapalieIbHO

BKJIFOUEHHBIX BeTBel Z,, U (Z + R,), HO3TOMY TOK B Harpyske
Vo =V Zo (2 +Z5 + RH) = 2v175e_j580 (10— j100)/(20— j90) = 2’37e_j650 [A]
KomMriekcHoe 3HaueHue HANpsKEHUs] Ha Harpy3Ke ONpeeNuM 1o 3akoHy Oma
_ _ —j65°
U = L Ry = 23,7€77 [B]

[TonydyeHHOE 3Hay€HHE IMO3BOJISIET 3aMMCaTh MTHOBEHHOE 3HAYEHUE IEPBOM

rapMOHUKH HANPSKEHUS HA HArpy3Ke

U, (t) = 23,7sin(100t — 65°) [B]
Bmopyo capmonuky HanpsHyKeHUs HA HArpy3Ke ONpeaeiuM, UCIOJIb3Ys B CXEME

3amerieHust puc. 4.4 6 CONpOTUBIIEHUS MU U HANPSHKEHUE UCTOYHMKA JJI BTOPOU
TapMOHUKH

E.,=212¢7"[B]; Z,=Z;=2]ml, = j20[Owm];
Zy, =R, - jI(2w,C,) =(10— j50) [Om];
Z,=Zi;+Zpp(Zsp + Ry)(Zop + Lo + Ry) = 47,4¢™ [Om].
3HaueHUE KOMIUIEKCHON aMILTUTY Ibl TOKa BTOPOI TApMOHUKH B LIEMH UCTOYHU-
Ka HanpspKeHUs Hailiem 1o 3akony Oma
|, =E, ,/Z,=212e1 /47 4% =0,45e7 1" [A]
KommiekcHyto amMIuiMTyny TOKa BTOPOMl TapMOHMKHM B Harpy3ke RH Haiinem

aHAJIOTMYHO TOKY MEPBOI TApMOHUKH MYTEM JIEJICHUSI TOKa UCTOYHUKA 0OpaTHO MPo-
MMOPIMOHAIBHO CONPOTUBIICHUAM MMAPAIJIENBHO BKIIFOUEHHBIX BETBEU

Lo = Vo Z 5 I(Z 5y + 235 + Ry) =0,45e % (10— j50) /(20 — j30) =0,635e 7' [A]
KOMI‘[JICKCHOC 3HAYCHUC Hal'[p}I)KeHI/IH BTOpOﬁ FapMOHI/IKI/I Ha HarpySKe HafI,IIeM
C IIOMOIIIBKO 3aKOHA OMa
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Uire = LRy = 6,35¢ "% [B]

m

HOHY‘ICHHOG 3HAYCHHUC IIO3BOJISICT 3allMCaTb MI'HOBCHHOC 3HAUYCHHC BTOpOﬁ
FapMOHI/IKI/I HaHpH)KeHI/Iﬂ Ha Harpy3Ke
u,,, (t) = 6,35sin(200t —172°) [B]
Ol'[peI[CJIeHI/Ie HaIIPAKCHUA qemeepmoﬁ 2APMOHUKU BBIIIOJIHUM AHAJIOTHUYHO
pacucTy HAIIPSKCHHUA BTOpOﬁ IrapMOHHKH. COHpOTI/IBHeHI/I}I LOCIIKM 1 HAIIPSAKCHUC HUC-
TOUYHUKA IJIs1 I-IGTBG]:’)TOI‘/’I IFapMOHHKHN UMCIOT 3HAYCHHUA

E..=4, 2 1% B; Z,=2;=4jol, = j20[OMm];
Zy =R, - j/(40,C,) =(10- j25)[OmM];
2,=Zy+Zy(Zoy +R)IZ oy +2Z3+Ry) = 4317 [Om].

KoMIUIeKCHYI0 aMIUTUTy Ty TOKa Y€TBEPTOW FapMOHUKH ONPEICITHM 10 3aKOHY

OmMma
|, =E. ,/Z,=424e77%[43e1% =0,098e 1" [A]

Hcnonp3ysl TOK YeTBEPTOM TapMOHUKHA B BETBH ¢ MCTOYHHKOM HANpsDKCHUS,

paccurTaeM TOK B Harpy3Ke

_ _ —j220°
Vs = 10420y I(Z 5 + 23, + Ry) =0,106€ [A]
KoMIuiekcHOEe 3HauYeHHE YEeTBEPTOM TapMOHMKM HAIpPsDKEHUST Ha Harpyske
OIpeneNInM 1o 3akoHy Oma

U e = LssR, =1,0667 17 [B]
MrHoBeHHOE 3HAaYeHHE BTOPOM FapMOHUKH HANPSDKEHHS Ha HArpy3Ke orpese-
UM 110 hopmyiie
Uy, (t) =1,06sin(400t — 220°) [B]
PesynbTupyroniee HanpspkeHHe Ha Harpy3Ke HaljeM IMmyTeM CyMMHUPOBAHUS OT-
JIEBHBIX COCTABJISIONINX, PACCUUTAHHBIX BBIIIE

U, (1) =U; +up, (t) +u, (1) +ug,(t) =
=31,8+23,7sin(100t —65°) + 6,35sin(200t —172°) +1,065sin(400t — 220°) [B]
[MpencraBum rpaduku IJC ucrounnka e(t) U HaIPsHKCHUS HATPY3KH U, (t)

46U, B
100[

80
60
40

20

0

20 0 0.02 004 006 008 01 012 014 016

Puc. 4.5. I'paduku BXOTHOTO HANIPSKEHUS U HANIPSDKEHUST HA HArpy3Ke
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4. IlocTponM rpaduKu CHEKTPAIbHBIX COCTABISIIOIIMX HAMPSHKEHUS HA HArpy3-
K€, UCIIOJIb3Yysl IIOJyYEHHOE BBIIIIE MTHOBEHHOE 3HAUEHUE HANPSKEHUS. DTH rpapuKu
IIOKa3bIBAIOT, YTO JIEKTPUYECKAs LIE€Tb, BKIIOYCHHAs MEXy UCTOYHUKOM U HArpys-
KO, OKa3bIBACT OINPEIEICHHOE CrIaXUBAKOLIEe NEUCTBUE: AMIUIMTYIbI CIIEKTpaib-
HBIX COCTAaBJAIOIIMX YMEHBUIAKOTCSA 10 MEpe yBEIMYEHMs 4acToTel. Kpome 3toro,
3aMETHO CYILECTBEHHOE 3ala3/JbIBAHUE CUTHAJIA 110 OTHOLICHUIO K HAIPSHKEHUIO UC-
TOYHUKA.

Umfp B Wek
100 200 300

50 4 , panlc
40

Us 100”4 Ve
30 - UmH1
20 -
10 IUmH Ui 200" - Ve

0 100 200 300 400 Ve

Puc. 4.6. AMmuutynabii (a) u (ha3oBbIii (6) CIIEKTPHI HANIPSDKEHUST HA HATPY3Ke

5. Ompenenum AeMCTBYIOLIEE 3HAUCHHE HANPSIKEHUsS] HAa Harpy3ke U CpeIHION0
MOIIHOCTb, PACCENBAEMYI0 B HEeH. [[elicTByroniee HanpsHKEHUE Ha HArpy3Ke MOXKHO
paccuutath 1o popmyie:

U; =UZ +UZ +UZ, +UZ, =/31,80% +16,772 +4,49% +0,75° = 36,24[B],
rae U,,,=31,80 B — mocTostHHas coCcTaBIsAIOIIAs HAPSHKEHUS Ha HATPY3KeE;

U, =U ./ J2=16,77 B - JEMCTBYIOIEE 3HAUCHNE HAINPSDKEHMsI IEpBOM rap-
MOHUKH;

U, =U ./ J2=4,49 B - JEHCTBYIOIEE 3HAYCHUE HAINPSOKCHHsI BTOPOH rap-
MOHUKH;

U =U ! J2=0,75 B — peiicTByiolee 3HAYCHHE HATIPSKCHUS UYETBEPTOM

FapMOHUKHU.
Cpennsisi MOIITHOCTh HECHHYCOHMIATLHOTO TOKA OTpeessieTcs mo popmyie:

P =P,+P,+P,+P,=101+28,12+2,02+0,06=131,2[A9],
rae P, =175R, =3,18°-10=101 BT — MOIHOCTH HOCTOSHHOM COCTABIAIONIEH TOKA;
P, =12,R, =28,12 Bt — cpeaHsis MOIIHOCTh NIEPBOii FApMOHHMKM TOKA;
P, =15,R, =2,02 BT — cpeaHss MOIHOCTb BTOPOI rapMOHHMKH TOKA;
P, =12,R, =0,06 BT — cpeaHss MOIIHOCTb YeTBEPTOH TAPMOHHKH TOKA.
W3 moiy4eHHBIX BBIpaXEHUN CIEAYeT, YTO CPEAHSAS MOIIHOCTb MOYTH MOJIHO-
CTBIO ONPENEIIAETCS ITOCTOSTHHON COCTABIISIIOIIEH U IEPBOM FapMOHUKON TOKa. Bknan

BBICIIMX TapMOHHMK BE€CbMa HE3HAYUTEIEH M COCTaBisieT Bcero 1,6% oOT moaHoM
MOIIHOCTH, PACCEUBAEMON B HArPy3Ke.
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3AJIAHME 4

JIJist 3a1aHHON CXEMBI DJIEKTPUYECKOM IIEMH, CTPYKTYpa KOTOPOM MpecTaBieHa
Ha puc 1 wim 2 u napamerpamu u3 Tadauil 4.1...4.4, BEITIOTHUTS:

1) mpencraBuTh 3aaaHHyI0 (yHKIMIO UcTouHnka DJIC wiu Toka psaoMm Dypee,
OTpaHUYMB YKCIIO WICHOB Psiia MOCTOSHHON COCTABIISIIONICH U TpeMsl e PBBIMU
rapMOHUKaMHU.

2) TOCTPOUTDH rpaUKK CIIEKTPOB aMILTUTY/ M HadalbHBIX (Da3 3aaHHOTO UCTOY-
HUKA.

3) ompenenuts pynkuuto f, (wt) - Hanpsoxkenue U (t) wmu tok i (t) Ha Harpys-
K€, UCTIOJIb3YsI METO/JI pacueTa Mo KOMIUIEKCHBIM 3HAYCHUSIM;

4) mocTpouTh rpadUKHU CHEKTPATBHBIX COCTABJIIONIUX I HANpsDKCHUS (TOKa)
Ha HarpyskKe.

5) ompexenuTh ACUCTBYIOIIEE 3HAUYCHHUE HATPSHKEHUS (TOKA) Ha HArpy3Ke M MOIII-
HOCTb, PACCEMBAEMYIO Ha HAarpys3Ke.

w @ ® w @ ®lu
iH
Puc.1 Puc.2

[lepen pacueToM B COOTBETCTBUU C BAPUAHTOM 3aJ]aHUsI HEOOXOAMMO COCTABUTh
AIIEKTPUYECKYIO CXEMY IIeTH, 3aMEHUB AJIEMEHTHI CTPYKTYphI nementamu R, L u C.
B kauecTBe nmpumepa cocTaBUM cxemy BapuanTta 29 tabmauus 4.1

C1=50-10° @

— I

Pa3zmeniaem B nepBO BETBU JIEMEHT
C, B BeTBIX 2 1 5 3eMEHTHI L, B BETBAX
3 u 6 snmementsl R. MHnekcel dneMeH- D e D Rs l [
(v BX
TOB COOTBETCTBYIOT HOMEpaM BETBEM.
OTCYTCTBYIOIIUM YETBEPTHIM DJIEMEHT
CTPYKTYpPHI 3aMEHSIEM NEPEMBIUKOIA.

} TSO OMm

L,=0,025Tn Ls=0,025TH
Puc. 3
VYka3pIiBaeM 3HAUEHUS COMPOTUBIICHUS, EMKOCTH W MHIYKTUBHOCTH JJIEMEHTOB.
B pesynbTaTe MBI oTy4aem cxemy, IpeICTaBICHHYIO Ha pucC 3.
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Tab6anna 4.1 (Hauamo)

Bapuant | Pucynok [TapameTpbl HCTOYHUKA fu(ot)
CXEMBI Tun dopma F,[AB] w[l/c]

1 2 BJ1C 12 E,=50B 1000 Uy (ot)
2 1 TOKa 15 J=1A 600 I(t)
3 2 BJ1C 6 E.=55B 1000 Uy (ot)
4 1 TOKa 3 J=1,1A 1000 I(t)
5 2 SC 1 E,=60B 1000 Uy (ot)
6 1 TOKa 23 Juw=1,2A 1200 I,(ot)
7 2 SC 4 E,=65B 200 U, (ot)
8 1 TOKa 5 J=13A 200 I,(ot)
9 2 SC 19 E.=70B 2000 Ug(t)
10 1 TOKa 27 Jw=14A 2000 I,(ot)
11 2 SC 10 E.=75B 1000 Ug(t)
12 1 TOKa 14 Jw=1,5A 200 I,(ot)
13 2 SC 17 E,=80B 200 U, (ot)
14 1 TOKa 26 J,=1,6A 1000 I(t)
15 2 SC 11 E.=85B 100 U, (ot)
16 1 TOKa 28 J=1,7A 1000 I,(ot)
17 2 3C 22 | E,=90B | 1000 u,(ot)
18 1 TOKa 25 J,=1,8A 1000 I(wt)
19 2 BJIC 2 E.=95B 1000 Uy (ot)
20 1 TOKa 20 Juw=1,9A 1000 I, (ot)
21 2 BJIC 16 E.=100B 1000 Uy (ot)
22 1 TOKa 24 Ju=2A 200 I, (ot)
23 2 BJIC 18 E.=105B 200 Uy (ot)
24 1 TOKa 21 Ji=2,1A 2000 I.(wt)
25 2 BJIC 7 E.=110B 2000 Uy (ot)
26 1 TOKa 8 J=2,2A 200 I.(ot)
27 2 BJIC 9 E.=115B 500 Uy (ot)
28 1 TOKa 13 J=2,3A 1000 I.(ot)
29 2 BC 1 E.=120B 200 U, (ot)
30 2 BJIC 19 E.=125B 100 Uy (ot)
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Tab6auna 4.1 (okoH4YaHHKE)

= i [TapameTtpsl anemenToB R[OMm], L[MI'H], C[MKD]

% S Homepa BeTBEI

2 ;:) % 1 2 3 4 5 6 7
1 2 R=20 - L=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=25 - 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=7,5 | L=7,5 | 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|1L=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=75 | 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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Ta0auna 4.2 (HavaJjo)

Bapuant | Pucynok [TapameTpbl HCTOYHUKA fu(ot)
CXEMBI Tun dopma F,[AB] w[l/c]

1 1 TOKa 2 Ji=2,3A 1000 I(t)
2 2 SC 14 E,=110B 2000 Ug(t)
3 1 TOKa 16 J=2A 200 I, (ot)
4 2 BJ1C 13 E.=95B 1000 Uy (ot)
5 1 TOKa 18 J=1,7A 1000 I(t)
6 2 BJ1C 11 E,=80B 200 Ug(t)
7 1 TOKa 16 J=1,4A 2000 I(t)
8 2 SC 8 E,=65B 200 Ug(t)
9 1 TOKa 10 J=1,1A 1000 I(wt)
10 2 SC 5 E.=50B 1000 Uy (t)
11 2 SC 19 E,=120B 200 Uy (t)
12 1 TOKa 4 J=2,2A 200 I,(ot)
13 2 SC 28 E,=105B 200 Uy (t)
14 1 TOKa 23 Ji=1,9A 1000 I(t)
15 2 B/1C 25 E,=90B 1000 Uy (t)
16 1 TOKa 15 Juw=1,6A 1000 I, (ot)
17 2 BJIC 3 E.=75B 1000 Uy (ot)
18 1 TOKa 12 Ji=13A 200 I.(wt)
19 2 5AC | 11 | E,=60B | 1000 u,(ot)
20 1 TOKa 26 J=1A 600 I.(wt)
21 2 DIC 1 | E~125B | 100 u,(ot)
22 2 SC 6 E.=115B 500 Uy (t)
23 1 TOKa 15 J=2,1A 2000 I,(ot)
24 2 SC 27 E,=100B 1000 Uy (t)
25 1 TOKa 22 Jy=1,8A 1000 I(t)
26 2 B1C 1 E.=85B 100 Uy (t)
27 1 TOKa 7 J=1,5A 200 I, (ot)
28 2 BJIC 1 E.=70B 2000 Uy (ot)
29 1 TOKa 20 J=1,2A 1200 I.(ot)
30 2 BC 15 E.=55B 1000 Uy (t)
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Tab6auna 4.2 (okoHYaHHKE)

= i [TapameTtpsl anemenToB R[OMm], L[MI'H], C[MKD]

% S Homepa BeTBEI

2 ;:’ % 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=7,5 | L=7,5 | 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 - L=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=1,25|1=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 - L=2 | R=25 - L=2
30 2 C=100 - R=15 | C=100 - R=15
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Ta0auna 4.3 (HavaJio)

Bapuant | Pucynok [TapameTpbl HCTOYHUKA fu(ot)
CXEMBI Tun dopma F,[AB] wi[l/c]

1 1 TOKA 16 J,=1,4A 2000 1.(oot)
2 2 SC 19 E,.=70B 2000 Ug(t)
3 1 TOKa 6 J=1,3A 200 I, (ot)
4 2 BJ1C 26 E.=65B 200 Uy (ot)
5 1 TOKa 23 Ji=1,2A 1000 I(t)
6 2 SC 25 E,=60B 1000 Ug(t)
7 1 TOKa 4 Jw=1,1A 1000 I(wt)
8 2 SC 5 E.=55B 1000 Ug(t)
9 1 TOKa 1 J,=1,0A 1000 I(wt)
10 2 B/1C 7 E.=50B 1000 Uy (t)
11 1 TOKa 9 Juw=1,9A 1000 I, (ot)
12 2 B/1C 6 E.=95B 1000 Uy (t)
13 1 TOKa 3 Juw=1,8A 1000 I, (ot)
14 2 DIC 12 | E,=90B | 1000 u,(ot)
15 1 TOKa 15 J=1,7A 1000 I,(ot)
16 2 SC 14 E.=85B 100 Uy (t)
17 1 TOKa 2 J,=1,6A 1000 I(t)
18 2 SC 13 E,=80B 200 U, (ot)
19 1 TOKa 11 J=1,5A 200 I,(ot)
20 2 SC 17 E.=75B 1000 Uy (t)
21 2 BJIC 18 E.=125B 100 Uy (ot)
22 2 SC 8 E.=120B 200 Uy (t)
23 1 TOKa 21 Ji=2,3A 1000 I(t)
24 2 SC 10 E.=115B 200 Uy (t)
25 1 TOKa 22 Ji=2,2A 200 I(t)
26 1 TOKa 26 J,=0,9A 2000 I.(wt)
27 2 BC 28 E,=45B 2000 Uy (ot)
28 1 TOKa 24 J,=0,8A 250 I(t)
29 2 BC 20 E,=40B 250 U, (ot)
30 1 TOKa 27 J,=0,7A 1000 I(t)
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Ta6auuna 4.3 (okoHUYaHHE)

5 i [TapameTpsl anemenToB R[OMm], L[MI'H], C[MKD]

% %é Homepa BeTBeCH

8 £ = 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 C=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 C=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=7,5 | 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




Tab6auua 4.4 (Hayano)

Bapuant | Pucynok [TapameTpbl HCTOYHUKA fu(ot)
CXEMBI Tun dopma F,[AB] w[l/c]

1 1 TOKa 16 J,=0,8A 250 I,(ot)
2 1 TOKa 25 Ju=2,2A 200 I,(ot)
3 2 DIC 4 |E~=120B| 200 Uy (ot)
4 1 TOKa 17 Ji=1,5A 200 I(t)
5 2 SC 7 E.=85B 100 Uy (ot)
6 1 TOKa 10 Jy=1,8A 1000 I,(ot)
7 2 SC 14 E.=50B 1000 U, (ot)
8 1 TOKa 8 J=11A 1000 I,(ot)
9 2 SC 15 E,=65B 200 Uy (ot)
10 1 TOKa 27 Ju=1,4A 2000 I,(ot)
11 2 SC 23 E,=40B 250 U, (ot)
12 1 TOKa 21 J,=0,9A 2000 I(t)
13 1 TOKa 6 J=2,3A 1000 I, (ot)
14 2 DIC 11 | E=75B | 1000 Uy (oot)
15 1 TOKa 13 Ju=1,6A 1000 I, (ot)
16 2 B/1C 5 E.=90B 1000 Uy (ot)
17 1 TOKa 6 Ju=1,9A 1000 I,(ot)
18 2 SC 4 E.=55B 1000 U, (ot)
19 1 TOKa 20 J=1,2A 1000 I,(ot)
20 2 SC 1 E,.=70B 2000 U, (ot)
21 1 TOKa 16 J,=0,7A 1000 I,(ot)
22 2 SC 18 E.=45B 2000 U, (ot)
23 2 3I1C 3 |E~115B| 200 Ug(oot)
24 2 SC 28 E.=125B 100 U, (ot)
25 2 BJIC 2 E,=80B 200 Uy (ot)
26 1 TOKa 26 J=1,7A 1000 I.(ot)
27 2 BJIC 15 E.=95B 1000 Uy (ot)
28 1 TOKa 11 J,=1,0A 1000 I.(wt)
29 2 BC 22 E,=60B 1000 U, (wt)
30 1 TOKa 26 Ji=1,3A 200 I(t)
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Tadanua 4.4 (okoH4YaHUE)

5 i [TapameTtpsl anemenToB R[OMm], L[MI'H], C[MKD]

% %é Homepa BeTBeCH

8 £ = 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 - L=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 C=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=7,5 | R=10 | L=15 - R=10
27 2 C=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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FOCYOAPCTBEHHbIM YHUBEPCUTET ‘l\\\ 170'0 «Obpas3oBaHue»

B 2007 romy CII6I'Y UTMO cran nobenureneM KOHKYpCa MHHOBALIMOHHBIX
oOpazoBaTenbHbIX MporpamMm By30B Poccun Ha 2007-2008 roasl. Peanuzanus uHHO-
BAI[MOHHOUN 00pa3oBaTeNbHON MporpamMMbl «IHHOBalMOHHAs CUCTEMa MOATOTOBKH
CHEIHATMCTOB HOBOTO MOKOJICHUSI B 00J1aCTH MH()OPMALIMOHHBIX U ONTUYECKUX TEX-
HOJIOTHi1» TO3BOJIMT BBIMTH HA KAUECTBEHHO HOBBIA YPOBEHb MOJTOTOBKH BBITYCK-
HUKOB M YJIOBJIETBOPUTH BO3PACTAIOLIMI CIPOC HA CHEUAIMCTOB B MH(OPMAIMOH-
HOM, ONITUYECKOHN U IPYTUX BBICOKOTEXHOJIOTMYHBIX OTPACIISIX SKOHOMUKH.

KADEJAPA SJIEKTPOTEXHUKHU n
IMPENU3NOHHBIX SJIEKTPOMEXAHNYECKHUX CUCTEM

B 1930 rogy TeXHHMKYM TOYHOW MEXAHMKHM M ONTHKU ObUI PEOPraHM30BaH B
y4eOHbI KOMOMHAT, COCTOSIIIMI U3 MHCTUTYTa, TeXxHUKyMa U @3V B cucreme Bce-
COIO3HOT'O 00BbEIMHEHUS ONTUKO-MEXaHUYECKON MPOMBIIIJIEHHOCTH.

B Te roapl 3J€KTPOTEXHUYECKYIO MOJTOTOBKY B HAllEM MHCTUTYTE MPOBOAWIH
Kadeapbl «IIEKTPOTEXHUKN» U «IIEKTPOU3MEPUTEIBHBIX MpubopoBy». Kadempoii
«OnexTporexHukn» pykoBoaui npod. CanreikoB JI.H., a kapenpoit «Dnekrponsme-
puTenbHBIX prdopoB» pod. [umemnos JLIT.

C centsa6ps 1933 roga ucnomHATH OOS3aHHOCTH 3aBEAyHOIIEro Kadempoit
«INEKTPOTEXHUKW» HAIIETo MHCTUTYTa HaunHaeT PykaBumnukoB H. H, a ¢ HOs10ps
1937 rona, Ha 3aBenoBaHue Kadeapoit HazHauaercs CoJIOAOBHUKOB A. A., U3BECT-
HBI CHeUanucT B OOJACTH AJIEKTPOTEXHUKHU, JIEKTPOU3IMEPUTENIBHBIX TPUOOPOB U
000py10BaHUS.

Bo Bpewms Boiinbl nipu 3Bakyanuu JIMTMO B r. UepenanoBo kadeapoii pyKoBO-
Ui Jon., K.T.H. bepesnukoBckuit C. @.; mraTHoe pacnucanue kadeapsl B T€ TOAbI
HAaCUUTHIBAJIO BCETO 4 YETIOBEKA.

[Tocne Bo3Bpamienus JIMTMO wu3 sakyauuu B 1944 rony kadenpoit 3aBeayet
bepesaukosckuit C.®., kotoporo 25 suBaps 1945 roga ocBoOOXIaOT OT 00s3aHHO-
cTel 3aBeyromero kadeapoit «O0Iei u crieruaaTbHON AIEKTPOTEXHUKI U Ha3HAYAIOT
3aBeyrommMM 3Toi Kadeapoit mpodeccopa 3mmmtenkeBuya C. .

B nocneBoeHHbIe TOBI B 1IEJIOM 1O cTpaHe U B JIeHuHrpane ourymancs aedu-
AT ONBITHBIX MpEnoAaBaTesield BbICIICH HIKOJIbI U PYKOBOJCTBO MHCTHUTYTOM MpH-
TJIACUJIO B KayecTBe 3aBeayromiero kadenpoit «O0mel u crenuanabHON IeKTPOTEX-
HUKW» U3BECTHOI'O YYEHOro, negarora u merogucra Ilnorposckoro JI. M. bonpmmn-
CTBO Y4€OHMKOB IO 3JEKTPUUYECKUM MalIMHAM B Ty Mopy ObLI0 HanmucaHo [1uoTpos-
ckuM JI.M. TMYHO MM B COABTOPCTBE C APYTMMH BUJHBIMU YUEHBIMU.
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B 1948 rogy na 0a3e kadenpsl «OOmIEH U CEUAIBHON 3JEKTPOTEXHUKI 00-
pasytorcsa kadenpol: «OO01Iel 3JIeKTPOTEXHUKU U DJIEKTPUUYECKUX MAIIMH» 3aB.Kad.
nou. bepesnukoBckuii C.D., «TeopeTHUecKUX OCHOB JJIEKTPOTEXHHKW» 3aB. Kad.
npod. Cnensin JI.b. n «3nekTpon3MepuTenbHbIX MPUOOPOB» UCTIONHSIOMUN 00s3aH-
HocTH 3aB. Kad. mpod. Cnensia JL.b.

B 1951 rony xadenpsr «dnekrporexHuku» u «TOD» 00BEAUHSIOT B €AUHYIO
kadenpy «nexrporexHuku U TOD» moj pyKOBOJACTBOM J0Il. bepe3HHKOBCKOIO
C.®. B coctraBe Pagnorexundeckoro (axkynpTera,

B 1956 rony Ha paguorexHndeckoM (pakybpTeTe BHOBb 00pa3yroTCs 1Be Kade-
pbl — «TOD» 3aB. kad. no1. CouneB A.fl. u «DNEKTPUUIECKUX MAIIUH 3aB. Kad. JOI.
bepesnunkoBckuii C.D.

B wnrome 1958 roma mor. CouneBa A.Sl. ocBOOOXHar0oT OT 00sA3aHHOCTEN 3aB.
kad. «TOD», a nou. @ynroBa H.M. Ha3HayaroT B.M.0. 3aB. Kad. U U30UPAIOT 1O KOH-
KypcCy Ha JOJDKHOCTH 3aBenytomero B 1960 rony.

B 1961 rony B JIMTMO Ha 10mKHOCTH 3aBeayromiero kapeapo «iaeKTpruye-
CKHUX MalIH» npuriamatot npodeccopa Caxapona A.Il.

B 1965 rony Ha NOJKHOCTB 3aBEyIOMIET0 Kapeapon « DNEKTPUUECKUX MAIIIUH
u3bupaercs Aoi., K.T.H. [ mazenko T.A.

B 1968 rony xadenpet «TOD» u «DneKTpUYECKUX MAIIUH» OOBETUHSIOTCS B
enuHyIo Kadenpy «DIeKTpOTEeXHUKN» 1oj pykoBoAcTBOM T.A. ['mazenko.

TarbsiHa AnatonbeBHa ['mazeHko B 1948 roay ¢ oTimumeM 3aKOHYMIIA SHEpre-
tuueckuit paxynbTeT JICHUHTPAJACKOTO MHCTUTYTAa UHXKEHEPOB >KEJIE3HOAOPOKHOTO
Tpancnopta. B 1953 rony oHa 3ammrina KaHAMAATCKYO auccepTanuio U B 1966 ro-
Iy NOKTOPCKYIO JUCCEPTALUIO. 3aCiy>KEHHBIN IeATeNIb HAYKM U TEXHUKH Poccuii-
ckoi Denepanry, NOYETHBIN 4YjieH DJIEKTPOTEeXHUYECKOM akagemuu Poccuum mpod.
I'mazenko T.A. ABaguaTh mATh JieT Bo3miaBisuia kadeapy. OHa sBIASaCh BUIHBIM,
TBOPYECKH aKTUBHBIM Y4YEHBIM, aBTOpoM Oojiee 200 omyOJIMKOBaHHBIX HAyYHBIX pa-
0OT.

B 1990 rony Ha moJpKHOCTH 3aBeayromiero kadenpoit m3dupaercs mpodeccop,
n.7.H. 'epman - I'ankun C.I'.

B 1996 rony xadenpa «DIeKTpOTEXHUKW» OblIa MeperuMEeHOBaHa B Kadenpy
«INEKTPOTEXHUKHU U MPEIUZUOHHBIX FIEKTPOMEXAHUUECKUX CUCTEM).

C 1991 rona xadenpoii pyKOBOAMUT AOIEHT, KAHAUIAT TEXHUYECKUX HaAyK, To-
MacoB Banentun CepreeBuy.

C 1992 o 2005roas! Ha kadenpe paboTan 3aciyKEHHbBIN esITeNIb HAYKH U TeX-
Huku Poccuiickoin denepanyu, N1€MCTBUTENBHBIA YlieH MexTyHapoJHOH DHEpreTH-
YyecKou akageMuu, npodeccop, A.T.H., Cabunun [0.A..

Ceromnst Ha kadenape padborarot: npodeccop, a.T.H. OuuHHUKOB WU.E.; nouen-
ThI, K.T.H.: ['yoanoB H.H., bopucos I1.B., [lenucora A.B., Kporenko B.B., Jlykuues
J.A., Hukutuna M.B., Ocunos FO.M., IlerpoB E.A., Cunuisia B.A., ConoBseB B.1.,
TonmaueB B.A., YconbueB A.A.; noueHt ['ypbsHoB B.A.; cT. mpenomaBarenu: K.T.H.
Maxun U.E., lleancoB K.M.; accuctentsi: CepeopsikoB C. A., XKXnanos 1. H.
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TonmaueB Banepunii AsekcaHIpOoBUY
YconbueB Anekcanap AJEeKCaHIpOBUY
JlyknueB Imutpuii BsueciaBoBuu
Huxutnna Mapus BaagumupoBHa

OO01mas 3J1IeKTPOTEXHUKA
MeTtonuueckre peKOMEH IalUU 10 BHITIOTHEHUIO TOMAITHUX 33/IaHuN

B aBTOpckoy penakuuu
Kommnbrorepnas BEpcTka J1.B.JlyknueB
Jln3aiiH 00J0KKH A.A.Ycomnbies

Penakuuonno-usnarensckuit otaen Cankt-IlerepOyprekoro rocy1apcTBEHHOTO YHU-
BepcuTeTa HHGHOPMAIIMOHHBIX TEXHOJIOTHI, MEXaHUKH W ONTHUKH.

JTunenszus ]I Ne00408 ot 05.11.1999

3aB. peJaKIIMOHHO-U31aTEIbCKUM OTAEIOM H.®.I'ycaposa
[Tonnucano k neuatu 23.03.2009

Tupax 500 k3. 3akaz Ne2095. Orneuarano Ha puzorpade.
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PepakunmoHHoO-u3patenbCcKUn otaen
CaHkT-lNeTepbyprckoro rocygapcTBEHHOro
yHUBepcuTeTa MHPOPMALIMOHHBIX TEXHOJIO-
M, MEXaHUKN M OMTUKK

197101, CaHkT-leTepbypr, KpoHBEPKCKUI
np., 49

@

FTOCYAAPCTBEHHbBIN YHUBEPCUTET ‘l\\\
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