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1. OBIIUE METOANYECKHUE YKA3AHUA K BBIIIOJIHEHHUTIO
KOHTPOJIBHOI'O JOMAIIHEI'O 3ATAHUA

1.1. I{env kKonmponvHo2o domauine2o 3a0anus

Kontponbaoe nomamnee 3aganue (K/3) mo aucuuruimie «DIEKTPOTEXHUKA U
AIIEKTPOHUKA» UMEET IIEJIbI0 3aKPEIIEHUE 3HAHUM CTYACHTOB MO CIEIYIOIIMM pasJie-
JaM y4eOHOM JUCUUIUIMHBL: 1IETA MOCTOSHHOTO TOKA, LIEMU OJHO(A3HOTO CUHYCOU-
AanpHOTO ToKa. B xo1e camocrositensHoro BeimonHeHus: KJ3 cTyaeHTs! npruodperator
MIPAKTUYECKUE HABBIKM aHAJIM3a M pacyeTa 3JIEKTPUUYECKUX LIeTel MOCTOSHHOIO TOKa
(Bamanus 1-2), BKItouas onpeesieHue BXOIHBIX COMPOTHUBIICHUN JIBYXIOJIOCHUKOB U
npuMeHeHne 3akoHoB Kupxroda, m memeit cunycommanbHOro Toka (3amanue 3),
BKJIIOYAsl PacyeT TOKOB M HANPSHKEHUN CUMBOJUYECKHMM METOAOM, a TaKKe MOTpeo-
JIIEMOM MOIIHOCTH.

1.2. Tpebosanusa k ogpopmnenuro K/13

KJI3 BeimomnHsieTcss U oopMiisieTcss B OOBIYHOM TeTpajy WM Ha JIUCTaX CTaH-
naptHoro (opmata A4, KOTOpbIe JOKHBI OBITh 0053aTENLHO CIIUTHI.

DNEeKTpUYECKUE CXEMBbI, TPaQUKU BBITIOJHSIIOTCSA ¢ COOIO/IEHNEM TPEOOBAHMIA
ECKJl 1 ucnosib30BaHUEM YEPTEKHBIX MHCTPYMEHTOB (HE OT PYKH), JOMYyCKaeTCs
MpUMEHEHUE KOMIIBIOTEpHON rpaduku. B ciyyae ucmonb30BaHMs MPU pacyeTax
KOMITBIOTEPHBIX CPEJICTB COOTBETCTBYIOIINE PACIICUATKU JOJDKHBI ObITh BBITIOJHEHBI
TaKXe Ha CTaHJIAPTHBIX JINCTAX U BJIOKEHBI B pabOTy.

VYcnoBus 3agaur HEOOXOJUMO MPUBOJIUTH MOJHOCTBIO B TOM BHJE, KaK OHH
c(hopMyIUpPOBaHbI B 33JJaHUU, C YU€TOM OCOOCHHOCTEHN CBOEro BapuaHrta. B pelieHue
BKJIIOYATh HEOOXOIUMBIH MUHUMYM MPOMEXYTOYHBIX pacdyeToB. OKOHYATEIHHBIM
pe3yNbTaT pacyeTa NPUBECTU C YKA3aHUEM €AMHUIBI U3MEPEHUSI COOTBETCTBYIOIICH
BEJIMYMHBI.

PaGoTa momkHa OBITH BHITIOJIHEHA COOCTBEHHOPYYHO, JIaTHPOBAaHA U TOJIMCA-
Ha CTyAeHTOM. BrinmonHeHHas paboTa mpeacTaBisieTcss Ha Kadeapy ImpernoaBaTesto
U1l IpoBepkU. Bce 3amedaHusi, OTMEUEHHbIE MPENOJIaBaTEIEM, YCTPAHSAIOTCSA CTY-
JICHTOM B YCTAHOBJICHHBIE CPOKH, ITOCJIE YETO OH 3alIMILAET CBOIO padoTy.

Crynentsl, He BeinosiHuBIIME K/[3 B Ha3HAUYEHHBIN CPOK, K 3K3aMEHY IO JUC-
nurnHe «OO01as AMeKTPOTEXHUKA U AJIEKTPOHUKAY HE JTOMYCKAIOTCA.

1.3. Ykazanusa k evioopy eapuanma

BapuaHnt 3a1anust BBIOUpAETCsl CTYJEHTOM M3 COOTBETCTBYIOIIMX Ka)XXIOMY 3a-
JAHWIO TAOJIMII TI0 JABYM MOCIEIHUM LudpaM HoMepa 3adeTHON KHMXKKH (mudpa):
AJIEKTpPUUECKasi cxema — Mo mpeanocienHeid uudpe Homepa; YUCICHHbIE 3HAUYCHUS
napameTpoB 3JIEMEHTOB IeNH — [0 MocaeaHel udpa HoMepa.

1.4. Pekomenodyemasn numepamypa:

1. Kacarkun A.C., HemunoB M.B. Onekrporexnuka. — M.: Beicmas mikona,
2005.

2. becconoB JI.A. COOpHUK 3a/1a4 110 TEOPETUUESCKIUM OCHOBAM 3JICKTPOTEXHU-
ku. — M.: Beicmag mxkouta, 2000.



2. BAPUAHTBI 3AJAHUM

3aoanue 1

B cooTBeTCTBUU C BapWaHTOM JUIS 3aJaHHOW IIEMM OTHOCHUTEIHHO 3aJaHHBIX
3KMMOB (TOYEK) ONMPEICTIUTh BXOIHbIE COTPOTUBICHUS Ry U Ryyo.

Tabmura 1.1
Br100p 251eKTpriecKoi CXeMbl
[Ipennocnennsis Raxi Reuxo
mudpa mudppa | Cxema | Otrocut. | ITomoxkenuwe | OtHocut. | [lomoxenue
TOYECK KJIIOYEH TOYECK KJIIOYEH
0 Puc. 1.1 1-6 1-3
1 Puc. 1.1 2-6 1-4
2 Puc. 1.1 3-6 2-4
3 Puc. 1.1 4-6 2-5
4 Puc. 1.1 5-6 3-5
5 Puc. 1.2 1-2 K: K, 1-2 K K,
6 Puc. 1.2 1-3 K: K, 1-3 K, K,
7 Puc. 1.2 1-4 Kl K2 1-4 Kl K2
8 Puc. 1.2 1-4 Kl Kg 2-3 Kl K2
9 Puc. 1.2 1-2 Kl Kg 2-4 Kl K2
VYcnoBHoe 0603HaueHue: K — COOTBETCTBYET PA30OMKHYTOMY MOJIOKEHUIO KITH0Ya;

K — 3aMKkHyTOMY.

1 2 3 4 5
o RE o R4 o Rﬁ o RE o
1 | I | | I | I

R (R [ R
L&
Puc. 1.1
Rs
L =B
R a? R4
1o .' | I
Rs
R{| R
K~ Kz
4 o I |




Tabnuua 1.2
ITapaMeTphI BJIEMEHTOB LEeIH

o™ Ru | Ro | Ry | Ro | Rs | Re | Re | Re | Re
mudpa OMm  OM | OM | OM | OM | OM | OM | OM | OMm
1 7 4 2 4 9 9 10 9 10

2 5 3 6 2 5 10 3) 3 6

3 4 10 3 7 6 3 1 10 3)

4 1 9 3 10 6 6 1 6 1

5 9 6 9 5 9 8 6 4 9

6 7 6 3 6 5 3 9 10 6

7 4 7 4 7 7 3 2 4 8

8 6 9 9 6 3) 8 3 6 5

9 3 10 2 5 1 8 10 2 1

0 2 2 6 9 7 7 9 9 8

Ykazanus:

[lepen Hayaom pelieHUs] U300pa3uTe CXEMy B TOM BHJIE, KOTOPBIH COOTBET-
CTBYET MMEHHO BallleMy BapUaHTY, WCKJIIOYMB U3 HEE COOTBETCTBEHHO «JIUIIHUEY
AJIIEMEHTHI (3aKUMBI, KITHOUH).

[Tonp3yiiTech MpaBUJIaMH 3KBUBAJIEHTHBIX MPEOOpPa30BaHUN MOCIIEI0BATEIb-
HBIX U MapajulesIbHbIX COEIMHEHUN COMTPOTUBIICHUM, a MPYU HEOOXOAUMOCTH — IIPE00-
Pa30BaHUN «3BE3bD» B «TPEYTOJIBHUK» HUIIU «TPEYTOJIbHUKA» B «3BE3LY».

3aoanue 2

B cooTBeTcTBUM ¢ BApUAHTOM IS 3aJaHHOM LIETIN:

1) paccunTaTh TOKH BO BCEX BETBSIX IICIIH;

2) onpenenuth Hanpsbkeaue Uy, Mexay Toukamu 1 u 2;

3) NpUHAB PaBHBIM HYJIIO IMOTCHIMA OJHOW M3 TOYEK CXEMBI, pACCUMTATD I10-
TEHIIMAJIBI BCEX OCTAJbHBIX TOUCK;

4) onpeaeIuTh MOIIHOCTh, PACCEMBACMYIO Ha KaXKIOM COIPOTHUBJICHUH IICIIH, a
TaK)Ke MOIIHOCTH Ha Ka)k1oM uctoudnuke IJ[C 1 HICTOYHHKE TOKA.



Tabnuma 2.1
Br100p 351eKTpriecKOi CXeMbl
[Ipennocnenuss
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9 Oxonuanue Tab. 2.1

Puc. 2.10

Tabnuma 2.2
ITapameTpbl 371EMEHTOB LIENU

Hoenezwtat | g | Ry, | Ry, | Ry | Rs, | Re, | Es, | Ep | Es

;P;I(E)%z OmMm [ OM | OM | OM | OM | OM | B B B

1 10 5 20 | 30 6 12 | 30 | 40 | 10

20 | 15 | 15 | 10 | 30 | 30 | 12 | 20 | 60

5 20 1 20 | 10 | 30 | 80 | 50 | 30

20 7 12 | 12 6 15 | 30 | 12 | 20

6 10 | 10 | 30 | 15 | 12 | 60 | 100 | 80

30 | 10 | 20 | 30 | 20 | 28 | 36 | 120

10 | 10 1 10 | 20 | 24 | 20 | 30 | 40

8 12 | 16 | 20 | 10 | 20 | 10 | 28 | 36

20 | 25 7 25 2 8 |120| 60 | 90
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Tabmuma 2.3

I{OHOJIHI/ITCJ'II)HBIG HAaHHBIC O ITOKA3aHUAX aMIICPMCTPOB
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3aoanue 3
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K 3a7aHHOM 3NEeKTpHYecKOoll ey MPUIOKEHO CHHYCOUIANbHOE HANpsKEeHHe
u(t)=Un-sin(wt) c ussecthoii ammnutymoi Uy, n wactoroii f .

1. Paccunrath MraoBeHHoe 3Hadenue Toka I(t) Ha Bxoze nenw.
2. OnpenenuTth NMoKazaHusi BOJLTMETPOB Vi u V.
3. PaccunTarh moHY0, aKTUBHYIO U PEAKTUBHYIO MOITHOCTH, MOTPEOIsIeMbIC

JTAHHOU LETIRIO.

Tabmuua 3.1
Bb160p 37€KTpHUECKON CXEMBI
[Ipennocnennsis Cxena
nudpa mmdpa
‘i’lﬁ-) Rl Ll
o vy
R
o ow@ M e
: “T
Puc. 3.1
Eﬁ) Rl Ll Rg
—T 1
1 urr)| r(| L
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I.l(i) R B>
P — 1 1
: uff)| W ety In
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12 [Tponomxenne Tadm. 3.1
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Tabmuma 3.2
[TapamMeTpsI 27IEMEHTOB IIETIH U HAIIPSKCHUS

Tocnennss R]_, RZ, R35 Ll’ L21 Cl! CZ’ Um’ f’

I?II:ICE)T; OmMm| Om | OM | M[H| M[H | MKD® | MkD | B I

1 30 | 60 | 100 | 40 90 70 90 | 100 | 50

20 | 100 | 20 | 80 80 30 60 | 200 | 100

50 | 60 | 40 | 10 10 40 50 | 300 | 400

90 | 100 | 80 | 20 30 5 5 40 | 800

40 | 20 | 60 | 30 40 5 10 | 30 | 400

30 | 100 | 20 | 10 20 10 20 | 60 | 800

40 | 70 | 80 | 40 60 50 80 | 80 | 50

90 | 60 | 90 | 90 90 30 80 | 120 | 100

100| 50 | 100 | 30 10 20 10 | 90 | 400

ol ©| 00 N O g b~ W DD

10 | 70 | 100 | 100 | 60 40 50 | 150 | 50
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3. NIPUMEPBI U METOANYECKUE YKA3ZAHUSA

3adanue 1

Cyrtblo 3a1aHus 1 sBIs€TCS 3HAHKWE MPABUII ONPEAEICHUS SKBUBAJIEHTHOTO CO-
IOPOTUBJIEHUS y4YacTKa LN MPHU MOCIEA0BAaTEIbHOM U MapajlieIbHOM COEAMHEHUU
AJIEMEHTOB (CONPOTUBIIEHUI), @ TaKKe NMPEOOPa30BaHMsI COCAUHEHMS «3BE3J0W» B
«TPEYrOJIbHUK» WIH COEIMHEHUSl «TPEyroJIbHUKOM» B «3Be3ny». Ho, kpome Toro,
Ba)KHO HAYUYUTHCS 6udemb, KAK UMEHHO B 33JJaHHOW CXEME COEIMHEHBI T€ WIH JPyTUe
AJIEMEHTBHI.

PaccmoTpum npumepst.

1.1. B nemnu:
Rs
1
R; 02 Ry
1o |' || ||

ol

OTIPEICTUTH BXOHOE COMMPOTHBIICHHE OTHOCUTEIIEHO TOUeK 1-2.
Hawnbonee oueBUIHO, YTO B JaHHOM cxeMe conpoTuBiieHus R, u R, coequHeHbl
napasuiesibHO; TIEPEPUCYEM CXEMY:

Rs
| |
B3 7 R4
1o
R;
Ry ]

Tenepb, HapucoBaB R; TOPU3OHTAIBHO, 3aMETUM, YTO CONPOTUBICHUS Rs 1 Ry
COEIMHEHBI TaKKe NapaJlyIeNIbHO:

E; 5
L R:; [ Ry
ol ]_ o
Rs | ¥ — R
1= I I 2
Eo R
— = —5
4] R
1 5
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Haxkowner, n300pa3uB cxeMmy B yA0OHOM BHUJE, C OUYEBUIHOCTHIO KOHCTATUPYEM
CTPYKTYPY LICIIH:

R4
— Ra4
2o B3 2e {1
—__
R Ry — Rj
— Ris
le Rs 1o {1
—__

DKBHUBAJICHTHOE COMPOTURIICHUE TTapaJUICIbHO COSTMHEHHBIX Ry 1 Ry!
R24 = Rz‘R4j(R2+R4).
DKBHUBAJICHTHOE COMPOTURIICHUE TTapalIeIbHO COSTMHEHHBIX Ry 1 Rs!
Ris = R1°Rs/(R1+Rs).
Comnpotusnenust Ry; n Ris coeuHEHbI MMOCaeI0BaTEeIbHO, SKBUBAJICHTHOE CO-
MPOTUBJICHHUE:
Ri5 = Ros + Rys.
Comnpotusnenust Rz 1 Ry.5 coeMHEHBI TTapauieIbHO, TO3TOMY OKOHYATEIhHO
BXOJIHOE COMPOTHUBIICHUE BCEH 1IETIH:
Rev2 = R3'Ris/(Rs+Rys).
[ToncTaHOBKA YMCIEHHBIX JAHHBIX U apu(PMETUUYECKUE BBIYUCICHUS HE Tpe.l-
CTaBJISIOT MPOOJIEMBI.

1.2. B uemnmu:
Rs
| I
R: 12 Ry
1 | 3

A
(=3
1
L 1

B |

4 o

OTPEICIIUTh BXOJIHOE COMPOTUBJICHNE OTHOCUTEIHLHO TOUEK 2-4.

B nanHOl cxeme MOKHO 3aMETUTh, YTO COMPOTHUBIICHHE R, BKIIFOYEHO HEIO-
CPEACTBEHHO MEXIYy TOYKamu 2-4, ciefoBaTeIbHO, BCS OCTallbHAas 4YacTh LIEMH
BKJIFOYCHA TapaiiesbHo eMmy. OpHako, aHAMM3UPys Jajee, Mbl HE OOHAPYXUM HU
OJIHO¥M Taphl DJIEMEHTOB, KOTOPhIC ObUTH OBl COEAMHEHBI MOCIEAOBATEIILHO WUJIU Tia-
pamtensHo. Cam 1o cebe AToT (haKT TOBOPUT O TOM, YTO HEOOXOJIUMO MPUMEHHTH
peoOpa30BaHUE «3BE37a»-«TPEYTOJbHUK» WJIN «TPEYTOJBHHUK»-«3Be3/a». B cxeme
MBI OOHApY>KMM KakK «3Be3my» (Hampumep, u3 comportusieHuii R1,R3,R5), tak u
«TpeyronbHuK» (Hampumep, u3 conpotuBienuit R3,R4,R5). OcrtanoBuMcs Ha 3TOM
«TPEyroJLHUKE» U MPEeoOpa3yeM ero B «3BE3Iy»:
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Rs
L
R3 2~ Ry
1 3
R{| R[] R
4 o

Pacder SKBHBaJICHTHBIX CONPOTHBIICHUH «3BE3/BI» CIENYET BBHIIOIHHUTD IO CO-
OTBETCTBYIOLIUM (pOpMyJIam:
R = Ra'Rs/(Rs+Ry+ Re);

Rs¢ = Ra'Ra/(R3+R4+ Rs);
Rs; = R4Rs/(R3+R4+ Rs).
B nocienHeit cxeme BUIHO, YTO cOnpoTHBICHUS R;,, U Ry coenuueHs! mocie-

HOBATCJIbHO, TAK K€ KaK COIIPOTHUBJICHUA R536 u RG. HaXOIII/IM COOTBCTCTBYIOIIUC DK-
BHUBAJICHTHBIC COITPOTHBJIICHHUA:

wal] [ [

R1-333 = Rl+ R336 ;
R6-536‘ = R6+ R536"

Haxkonen, nepepucyem cxemy B BHUJE, C OYEBHIHOCTHIO JIEMOHCTPUPYIOIIEM

CTPYKTYpY LIEIHU:
Risg

2o

|5 Ri-3sp Ri-52p

4 ol

A umenHo, Ry_;,, 1 Re_s,, cOequHEeHBI mapamieabHO: Ry = Ry 3,0'Re-556/ ( R1-3:6FR6-556),
3aTeM MOCJIEA0BATEIbHO Ry,: Ry = Ry + Ry,
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HaKOHeH, mapajuiCJibHO Rz, N OKOHYATCJIbHO BXOIHOC COIMPOTUBJICHHUC Bcelt

0(SI00% 8
Rexi2 = Ra'R/ ( Ry+HR5y).

3amMeuaHue: MPU BHITIOTHEHUH YUCIEHHBIX pacuyeToB 0O0paTuTe BHUMAHUE, YTO
P TIOCJICIOBATEILHOM COCIMHCHHHM HECKOJBKHX COINPOTHBIICHHH SKBHUBAJICHTHOC
COMPOTHUBJICHUE OOJIbIIIEe KaKJIOTO M3 HUX (CONMPOTUBICHUEC YBEIMUYMBACTCS), a MPH
napauieIbHOM — MEHBIIE (COMPOTUBICHUE YMEHBITIACTCS, & YBEIUIUBACTCS MPOBO-
JTUMOCTD ).

3adanue 2

3ananue 2 npezanonaraeT 3HaHue 3akoHoB Oma u Kupxroda u ux npuMeHeHnne
K pacyeTy CJIOXHOW IENH, a TAKKE BBIYUCICHUE AIEKTPUIECKONW MOIIHOCTH HCTOY-
HUKOB U IPUEMHHUKOB.

Paccmotpum npumep. Peanusyem myHKTHI 3a1aHUS 1JI4 LETN:

[Ipu cnenyromuyx 3HaAYEHUSIX TAPAMETPOB JIEMEHTOB:
E;=30 B; E,=120 B; J=3 A; R;=5 Owm; R,=15 Owm; R3=15 Om; R;=10 Om; Rs=25 Owm.
Kpowme Toro, 10moaHUTENBLHO U3BECTHO, UTO aMmnepmeTp Aj nmokassiBaeT 1,58 A.

2.1. PaccuntaeM TOKH BO BCEX BETBSIX.

Jlnst aTOro He0OXOAMMO 3a/1aThCS HAIPABJICHUEM TOKa B Kak1oi BeTBH. I1ycTh
B BETBAX 1-4, IJie yCTAHOBJIEHBI aMIIEPMETPhI, OHO COBIIAJIACT C HAIPaBJICHUEM,
OTIPEJICIICHHBIM MX MOJIIPHOCTHIO, & B BETBU 5 BBIOEPEM €ro Mpou3BoJbHO. [Ipu 3TOM
COITPOTUBJICHUE CAMUX aMIIEPMETPOB NPUMEM PABHBIM HYJIIO.

dos 14
Rl Rz J B~ R4
1 2
I
Ey 24 s E,
R5 I a
| I i
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Ecnu Tok |; ye u3BecTeH, TO OCTalIbHbIE TOKM MOKHO HAaWTH, OPOCTO MpPUME-
Hsis 3aKoHbI Kupxroda K cOOTBETCTBYIOUIMM KOHTYypaMm W y3jaM 1enu. Tak, cocTa-
BUM ypaBHEHHE M0 2-My 3aKkoHy Kupxroda s KoHTypa, BKIIOYAOUIEro 1-10 u 2-1o

BETBU:
-1°R; + 1R, = Ey,

orkyna |, = (E; + 1;°R)/IR, = (30 +1,58:5)/15=2,53 A.
Teneps coctaBuM ypaBHeHue 1o 1-My 3akony Kupxroda ans yzna 3:
|1+ |2+ |5—J=0,
orkyga ls=J-1;-1,=3-158-253=-1,11 A. 3Hak ”-” rOBOPUT O TOM, UTO HC-
THHHOE HalpaBJIeHHE TOKA |5 MPOTUBOMOJIONKHO BHIOPAHHOMY.
Hanee npumenuM 2-i 3akoH Kupxroda k KoHTYypy, cocrosieMy u3 2-i, 3-il u
5-ii BeTBel:
-|2‘R2 + |3‘R3 + |5‘R5 = 0,
orkyna |3 = (I,'R, — I5'Rs)/Rs =(2,53-15 - (-1,11)-25)/15 =4,38 A.
Hakonen, npumenus 1-it 3akon Kupxroda k y3iy 4, HaliieM Tok lg:
|3 — |4 — |5 = O,
orkynma ls=13—15 =4,38 —(-1,11) =5,49 A.
Takum 00pa3oM, pe3yabTaThl pacueTa TOKOB BETBEH, UCXOMS U3 33JIaHHOTO T0-

Ka3zaHus aMIiepMeTpa Aj, CIEIyIOIIHE:
I1=158A; 1,=253A; I5=438A; 1,=5,49 A; Is=-1,11 A.

To, uro Tok |; ObUI 3a/1aH, KOHEYHO, CYIIECTBEHHO YIPOIIAET PacUeT OCTallb-
HBIX TOKOB, OJIHAKO C TOUYKH 3pEHUs 00IIel MOCTAaHOBKH 3aJlauM pacyeTa AJIeKTpuye-
CKOM LIEeNH 3TO HE SIBISIETCS HEOOXOAUMBIM. BBl MOXeTe paccuuTaTh Li€Mb, COCTABUB
MOJIHYIO CUCTEMY YpaBHEHMH mo 3akoHam Kupxroda, u pemmTs ee, B TOM YHCIIE C
ITOMOUIBI0 KOMITBIOTEPA.

B Hameill cxeMe BCero msaTh BETBEN C HEM3BECTHBIM TOKOM, 3HAYUT HYXKHO CO-
CTaBUTH ITh ypaBHEHUM. V3 HUX, Tak Kak B CXEME TPH y37a, ABa YpaBHEHUA MO 1-My
3aKOHY U TpU ypaBHEHUs 1o 2-My 3akoHy Kupxroda. Jta cucrtema ypaBHEHUH MoO-
JKET BBITVISACTD TaK:

I, +1,+1,-3=0;
l,-1,-1,=0;

RI,+R,l, =E;
~R,l, + R, + Rl =0;
R,l,+R,l, =E,.

Yhopsiiounm cucteMy i MOATOTOBKH K OOpalIeHUI0 K CTaHAApTHOM Mpo-
rpamMMe pENIEHUsI CHCTEMbI YPAaBHEHUM:
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10, +1-1,+0-1,+0-1, +1- 1, = J;
0-1,+0-1,+1- 1,11, -1-1, =0;
“R,+R,1,+0-1,+0-1,+0- I, =E,;
0-1,—R,l, +R,1,+0-1, +R.] =0;
0-1,+0-1,+R,l, +R,I, +0-1, =E,.

OOpatumcs k Bo3MoxkHOCTM nakera MathCad. [[ns perieHus ¢ ero momoribo
CHCTEMbI JIMHEHHBIX areOpanvecKux YpaBHCHUH HEOOXOIUMO BBECTH MATPHILY CH-
cteMbl A W BEKTOp MpaBod 4actu B, a 3aTeM BBI3BaTh CTaHIAPTHYIO HPOLEIYPY
Isolve(A,B), kak moka3aHo HUXKeE:

Marpuna CuCTEMBI: [IpaBas Pemenue:
YacTh:
1 1 0 0 1 3 1.58
o 0 1 -1 -1 0 2.53
0 -15 15 0 25 0 5.46
0 0 15 10 O 120 -1.10

Toecte 11=1,58A; 1,b=253A; 13=436A; 1,=546A; Is=-1,1 A.
[ToyueHHBIN pe3ylbTaT, Kak BUAHO, BIIOJIHE COBIAAACT C paHEe MPOBEICHHBIM
pacuerom.

2.2. Onpenenum Hanpsikeane Uy, Mexay Toukamu 1 u 2.
OpHuM U3 cnoco0OB, MO3BOJISIIOUIMM OINPEACIUTh HAMPSKEHUE MEXKIY JHOOBI-
MU JBYMsl TOYKaMU LENHU, €CIM BCE TOKH YK€ HM3BECTHBI, SIBISETCA 2-M 3aKOH
Kupxroda. Joctatouno 0603HAYUThH CTPEIKONW UCKOMOE HAMPSHKEHUE W MPUMEHUTD
2-1 3aKOH K JIIOOOMY KOHTYPY, B KOTOPBIM 3TO HAMPSXKEHUE BXOJIHT.
Uiz
5

-

: R
R, Ry R:\ Ry
1 2
I
Rs s
- '_| -
3 — 4

OO6oiineM, HarpuMep, KOHTYp, coaepkamuii 006a ucrounuka IJ1C, conpoTus-
nenue Rs u Hame Hanpspkenue Upp. Torna cooTBeTCTBYIOIIEE YpaBHEHUE 110 2-MY 3a-
koHy Kupxroga Oyzaer BbITIAAETh TaK:
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Ui, + Rsls = E; — By,
otkyna Ugp = E;— E, - Res = 30 -120 - 25-(-1,11) = -62,25 B.
2.3. IlpuHsAB paBHBIM HYJIO MOTEHIMAJ OJHOM M3 TOYEK CXEMbI, PACCUMTATh
HOTEHIMAJIBI BCEX OCTAbHBIX TOUEK.

[IprMeM PaBHBIM HYIIO MOTEHIMA TOUKHK 5: (5 = 0.
Torna 1= ¢5—R1'|1:0'5‘1,58:'7,9 B;

QO3 = Q1 — E,=-7,9-30=-37,9 B;
@ = @,—E,=54,9-120=-65,1B.

2.4, OHpGIIGJII/ITB MOITHOCTB, PaCCCUBACMYIO Ha KAKIOM COIIPOTHUBIICHHUU IIC-
111, a TaKOKC MOIIIHOCTH HAa KaKJI0OM MCTOYHHKC 3]:[(: U UCTOYHHKC TOKA.

MOHIHOCTB, paCCGI/IBaeMaSI Ha COHpOTPIBJIGHPIHX:
Pr; = I,%R; = 1,58%5=12,5 Br;

Pro = I,>°R, = 2,53%15 = 96 Br;

Prs = 15%°Ry = 4,38%-15 = 288 Br;
Pra = 1,Rs = 5,49%:10 = 301 Br;
Prs = Is*Rs = 1,11%-25 = 38,8 Br.

MomHocTs Ha uctouHnkax JJC:
Per = E1+(-11) =30-(-1,58) = -47,4 Bt (MCTOYHHUK MOTPEOJIAET MOIIIHOCTD);
Pe, = Ex'l4=120-5,49 = 659 BT (MCTOYHUK OTJA€T MOITHOCTH).

MOH.[HOCT]':: Ha UCTOYHHUKE TOKA.
HaIIPsAKCHUC HaA KCTOYHUKE TOKAa COOTBECTCTBYCT HAIIPAKCHUIO MCIKY TOUKaMHU S5u 3,

KOTOPO€ PaBHO pa3sHOCTH NMOTeHIUaNoB: Uss = (s - (3 = 37,9 B, mo3ToMy MOIIHOCTB
P;=Us3d =37,9-3 =114 BT (MCTOYHUK OTAAET MOIIIHOCTH).

3aoanue 3

DTO 3a7aHue OTHOCUTCA K LIEMSIM MEPEMEHHOTO CUHYCOUIAbHOTO ToKa. [Ipu
€r0 BBIMIOJHEHUU HEOOXOUMO MPUMEHUTh CUMBOJIMUYECKUI METOJI, OTICPUPYIOIIHI C
KOMIIJIEKCHBIMM TOKamu, HanpstkeHussMu M DJIC, a Takke KOMIUJIEKCHBIMHU COMpO-
THUBJICHUAMH 31e¢MeHTOB. COOTBETCTBEHHO, HAaJ0 HMMETh ITIOHATHE O KOMIIIEKCHBIX
qyuciax, aaredpanuecko W mokaszaTeiabHOM (PopMax MX MPEeACTaBICHUS, YMETh BbI-
MOJTHSATH apuPMeTHyecKue ACHCTBUS C HUMU.
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Paccmotpum npumep. Peanusyem myHKTBI 3a1aHus 1T LETN:

it

¢, R

L=

W@ )

MIpU CIAEAYIONIUX 3HAYCHUSIX MTAPAMETPOB JIEMEHTOB U MPUJIOKEHHOTO HATIPSAKEHUS:
- conpotusienne Ry =20 Ow;
- conpotusiieHne R, = 60 Owm;
- conpotuBiieHne Rz = 10 Owm;

- eMkocTh Cy = 10 MkD;

- ”HAYKTUBHOCTH Ly = 30 MI'H;
- amruntyzaa Hanpspkenust Uy = 120 B;
- yactoTa Hanpspkerus f = 400 B.

3.1. Paccuurats MraoBeHHoe 3Hauenue Toka I(t) Ha BXoze uenmu.
[Ip¥MeHsiEM CUMBOJIMYECKUI METO. DTO 03HAYAET, YTO MPUIOKEHHOMY CHUHY-
counansHomy Hanpsokernio U(t)=Uy,Sin(w?) mocrasum B coOTBETCTBHE KOMILIEKC-

. o 5
noe manpsoxenne: U =U -e” e U =U_/ J2 - NeficTByIOIIEe 3HAYEHHUE

. -
HanpsokeHust; 0° — HyJIeBast HauanbHas Qasa Hanpsokenns. U = 84,9 - el”

PaccunTaem KOMILIEKCHBIC CONPOTHUBJICHUA KAXXA0I'0 3JICMCHTA.

- conpoTuBJIeHU R, :
- conpoTuByieHUs R, :
- COMpOTUBJICHUS Rj !
- emkoctu Cy :

- UHAYKTUBHOCTH L :

21: R1:20 OM;
Zzz R2:6O OM,
Zgz R3: 10 OM,

Z4 = -jloC = -j[27fC = -j/27-400-10-10"° = -j39,8 Owm;
Zs = joL = j2afL = j27-400-30-10° = j75,4 Om.

I[J'If{ pacuc€Ta KOMILUICKCHOI'O TOKa I/I306paSI/IM CXEMY C KOMIIJICKCHBIMUA COIIPO-
TUBJICHUAMHU, YITCM IIpU 3TOM TaKKC, YTO COIIPOTUBJICHUC BOJIBTMCTPOB MOKHO
IIPUHATD OECKOHEYHO OOJIBIINM Y OHU HE BIHUIIOT HA pacyer.

sl 2] [




22

JlanpHelme qeicTBUS — 3TO UCMOJIBb30BaHKUE TeX XK€ M0 (hOpMe METOMIOB, UTO U

JUIS LeTeil TIOCTOSIHHOTO TOKA. B 1TaHHOM ciyuae, yToObl HAWTH KOMIUIEKCHBIHA Tok |

AOCTATOYHO paACCUUTATh BXOAHOC KOMIIIICKCHOC COIIPOTHUBJICHUC LCIIM U ITPUMCHUTDH
3akoH Oma. XOpOHIO BHAHO, YTO COIIPOTUBJICHUA Z]_ 141 Z4 COCINHCHBI ITapaJlJICIIBHO,
TaK K€ KaK U COIIPOTUBJICHUA Zz )41 Z5. HaﬁﬂeM COOTBCTCTBYIOIIHUC 3KBHUBAJICHTHBIC
COIMIPOTHUBJICHUA:

_Z,-Z, 20-(—j39,8) 20-398-¢71
“Z,+Z, 20-j398  445.¢716%F

_Z,-Z; 60-j754 60-754-e'°
® Z,+Z, 60+ 754 96 4.5t

Z =17,9-e71%7 =16 - j8,040x;

=46,9-¢/°%° =36,7+ j29,20m.

COHpOTI/IBJ'IeHI/IH 214, Z3 n 225 COCIMHCHBI ITOCJICIOBATCIIBHO. HOBTOMy

Zpx = Zia+ Zs + Zps = 16 — 8,04 + 10 + 36,7 + j29,2 = 62,7 + j21,2=

66,2-e18" Om.

Teneps HAXOMM KOMIUIEKCHBIH TOK | :

.U 84,9.-¢1° _i18.7°
| = = Es =128-¢1%7 4.
Ly 66,2-
Takum oOpazom, AeilcTByrollee 3HaueHue uckomoro Toka | =1,28 A, a ero

HayanbHas ¢aza — ¥ = -18,7°. AmMmmuTyna Toka |, =1-v2=181A.
CrnenoBaTeslbHO, MTHOBEHHOE 3HAYEHHME U3MEHSETCS 110 CHHYCOUAAIBHOMY 3a-

KOHY: 1(t)=In-sin(wt +¥) = 1,81 sin(2z-400-t - 18,7°) A.

3.2. OnpenenuTh OKa3aHus BOILTMETPOB Vi 1 V.

B nensix nmepeMeHHOro ToKa U3MEPUTEIIbHBIE MPUOOPHI MTOKA3BIBAIOT JICHCTBY-
I0111€€ 3HAUYECHUE COOTBETCTBYIONIUX TOKA WJIU HAIPSKECHMUS.

[loaTOMy mnOKa3aHHs TEPBOrO BOJBTMETPA, H3MEPSIOIIETO MPUIIOKEHHOE
HarpsbkeHue, yxe ¢pakrudecku nzpectsl: Vi = U = 84,9 B.

UToOBI HATH TIOKA3aHUsI BTOPOTO BOJBTMETPA, KOTOPBIM M3MEPSET HaIpsixKe-
HUE€ Ha MapajuielIbHO BKJIIOUYEHHBIX COMPOTUBICHUU R, U MHIYKTUBHOCTHU L, HY>KHO
OTIPENIETNTh COOTBETCTBYIOIIEE KOMITJIEKCHOE HampsbkeHne. Panee ObLTIO BBIUMCIICHO
AKBUBAJICHTHOE KOMILJIEKCHOE COMPOTUBIICHUE Zys. [103TOMY HCKOMOE KOMILIEKCHOE
HamnpspKeHue 1o 3akony Oma:

U2 = |'.225 :1’28.e—j18,7° ‘46,9-ej38,5° =60-€j19'803_

Monynb 3TOro KOMIUIEKCHOTO HAMPSKEHUS U €CTh JICHCTBYIONIEE 3HAYCHUE, TO
€CTh TIOKa3aHus BToporo BosibTMeTpa: V, = U, = 60 B.
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3.3. Paccuutath MmonHyl0, aKTUBHYIO M PEAKTHBHYIO MOIIHOCTH, MOTpedisie-

MbI€ JAHHOW LIEIBIO.

Tak kaK KOMIIJICKCHBIC HAIIPsAKCHUC U TOK HAa BXOAC ICIIM HaM U3BCCTHLBI

U=849-¢"B: | =1,28-e7 1187 4

TO TOJIHYIO0, AKTUBHYIO M PEAKTUBHYIO MOIIHOCTH JIETKO HAUTHU 10 PopMyIiaMm:

rac

IIOJIHAs S=UT1,

aKTHBHAas P = Ulcos(p);

peakTUBHAsI Q = Ulsin(p),

U u | — neficTByrolue 3Ha4€HNs CUHYCOUIATIbHBIX TOKA U HAIIPSKEHUS
(0 — caBUT (pa3HOCTh) (a3 MEKIY TOKOM U HAIPSHKEHUEM.

S=84,9-1,28 =109 BA;

P =84,9-1,28-cos(18,7°) = 103 Br;

Q =84,9-1,28-sin(18,7°) = 34,8 Bap.
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