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Conep:kaT OCHOBHBIE CBEJICHUSI IO TEOPETUYECKUM OCHOBAM U METO-
JlaM pacuera 3JeKTpuueckux nerneil. I[IpencrasiieHbl BapuaHThl 3a1aHUN
MO pacuery JMHEHHBIX IIeNel OCTOSHHOTO, TIEPEMEHHOr0 oHo(a3Horo
u Tpex(azHOro TOKA; MPUMEpPbI PelIeHUH 3a/1a4 MO pacueTy dJIeKTpHye-
CKHX ueneﬁ, a TaK)KC BApUAHTHI 3aJaHUs 110 BBIITOJTHCHHIO KOHTpOJ’ILHOﬁ
paboTHL.

[Ipeana3naveHa i CTYAEHTOB OYHOTO U 3209HOTO 00yUYEeHUs
-Hanpasienus 35.03.06 «ArpouHxeHepus» Ipoduiei:

- «TexHU4eCKUE CUCTEMBI B arpoOU3HECe»;

-«TexHomoruueckoe 00OpyIOBaHUE Ui XpaHEHHS W TiepepaboTKu
CEJIbCKOX 03 CTBEHHON MTPOLYKIUNY;

-«Texunueckuii cepsus B AIIK»;

-nampasienus 20.03.01 «TexHocdepHas 0€30MaCHOCTEY» MPOPHILS

-«be3onacHoCTh Tpyay.

YTBepkKACHA M PEKOMEHJIIOBaHA K HM3JaHHUI0 y4eOHO-METOIUYCCKUM
coBeToM NH)KeHepHOro HHCTUTYTA (mpotokon NeS ot 12 nexabps 2017 r.).
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BBEJIEHUE

JucuunimHa J1ekmpomexHuKa u 31eKmpoHUKa B COOTBETCTBUH
c TpedoBanusiMu ®I'OC BO HampapneHa Ha GOpPMUPOBAHUE CIIETYIOLINX
KOMIIETCHIIUI OakayiaBpa:
- o1 Hanpasaenusi 35.03.06 «Aepounsicenepusy npoduneit: «TexHuue-
CKHE CHCTeMBI B arpoOm3Hece», «TexHomorndeckoe o0OpymoOBaHHE IS
XpaHEHUsI U TepepabOTKH CEIbCKOXO3SUCTBEHHON MPOAyKIun», «Tex-
Hudeckuii cepBu3 B AITK»: obmenpodeccrnonanbHBIX KOMIIETECHIIHINA:

- CHOCOOHOCTBIO pellaTh WHXKEHEPHBIE 3a/laud C HCIOJIb30BAaHHEM
OCHOBHBIX 3aKOHOB MEXaHUKH, DIIEKTPOTEXHUKH, THIPABINKU, TEPMOIH-
HaMHKH U Teruiomaccooomena (OIMK-4);

- TOTOBHOCTBIO K HCIIOJIb30BaHUIO TEXHHUECKHX CPEJCTB aBTOMATHUKH
Y CUCTEM aBTOMAaTH3alluU TeXHOIornueckux mpoieccos (OI1K-9).

B pesynbprare n3ydeHus: AMCIMIUIMHBI CTYACHT JOJIKEH

3HaTh:

- DIJIEKTPOTEXHUYECKYIO TEPMHUHOIIOTHIO 1 CHMBOJIHKY;

- OCHOBBI TEOPUH IIEKTPHUUECKHX IICTICH;

- DIIEKTPUYECKHE MAIIMHBI U allapaThbl;

- DIJIEKTPOHUKY U MHKPOITPOIIECCOPHBIE CPEACTBA;

- OCHOBHBIC BEIWYHMHBI, XapaKTEPUIYIOLIHE dJIEKTPUUECKHE U MarHuT-
HBIC IIETTH ¥ TIOJISL, ¥ €AMHUIBI X H3MEPEHUS;

- TPUHLHUIBI SIEKTPUIECKUX HM3MEPEHUH DIIEKTPUUYECKUX U HEDJICKTPH-
YECKUX BEIHYHH;

- TPUHIMITEI yCTPOWCTBA OCHOBHBIX AIIEKTPOHHBIX MPHOOPOB;

- CcBOIicTBa W 00JIACTH MPUMEHEHUS! OCHOBHBIX DJIEKTPOTEXHUYECKHX U
3JIEKTPOHHBIX YCTPOUCTB;

YMers:

- YUTATh JEKTPUUYECKUE U DIIEKTPOHHBIE CXEMBI;

- PacCUMTHIBATH JIEKTPUIECKUE M MATHUTHBIC LEMTH 1 TOJIS;

- BBIOMpATh SJIEMEHTHl DJIEKTPHUUYECKHX IIeTIe W CpelCTBa W3MEpeHHS
ANEKTPUIECKUX BEITHYHH;

- aHAJIM3UPOBATh PAOOTY PIEKTPOTEXHUUECKHX YCTPONCTB;

- obecrieunBaTh 3P PeKkTUBHYIO U Oe30MacHyI0 paboTy MepcoHaa ¢ JIeK-
TPUUYECKUMH H DJIEKTPOHHBIMU YCTPOHCTBAMH.

Bianers:

- METOJaMH{ WCCIIENOBAaHUS M pacuera DJIEKTPOMATHUTHBIX MPOIECCOB U
npeoOpa3oBaTeseil SHepTuu.



- ona Hanpaenenust 20.03.01 «Texnochepnas 6ezonacnocmoy npoduis
«bezonacHocTh Tpyzaa»: OOMIEKYIBTYPHBIX M MPOPECCHOHANBHBIX KOM-
HEeTEeHIUHN:

- cocoOHOCTBIO paboTath camoctosTensHo (OK-8);

- CIOCOOHOCTHIO MTO3HABaTeNbHOM nesitenbHocThIo (OK-10);
npodecCHOHANBHBIMU KOMIIETECHIIUSMHU:

- CIOCOOHOCTBIO OPHEHTHUPOBATHCS B MEPCIIEKTUBAX Pa3BUTHS TEXHU-
KW ¥ TEXHOJIOTHH 3aIIMTHI YEJIOBEKa U MPUPOTHOM CpPebl OT OMacHOCTEN
TEXHOTI'€HHOr0 U mpupoHoro xapakrepa (I1K-1).
B pesynbrare n3ydeHus: AUCHUILIMHBI CTYACHT JOJDKEH :

3HATh:

- OCHOBHBIE TIOJOXKEHUS, METOJBl W 3aKOHBI €CTECTBEHHOHAYUYHBIX
JMCUUIUINH, JIEKTPOTEXHUYECKYIO TEPMUHOIIOTHIO M CUMBOJIMKY, OCHO-
BBl TEOPHUHU AJIEKTPOMATHUTHOTO TOJISI U DJIEKTPUYECKUX Iered, OCHOB-
HbIC BEJTMUUHBI, XapaKTePU3YIOUINE JIEKTPUIECKIE U MAaTHUTHBIC IIETTH 1
MOJISl ¥ €MHMIIBI UX U3MEPEHUS], IPUHLUIBI DJIEKTPHUECKIX H3MepeHHU
ANEKTPUYECKUX W HEIIEKTPUUECKUX BEIWYMH, NMPHHLIUIBI YCTPOHCTBA
OCHOBHBIX 3JIEKTPOHHBIX MPHOOPOB, CBOMCTBA M 00JaCTH MPUMEHEHUS
OCHOBHBIX DJIEKTPOTEXHHUYECKHUX M AJIEKTPOHHBIX YCTPOWCTB U amapaToB
aNeKTpoobopynoBanus aBTomarndeckux cucrem (OK-8,10);

- UMETb MPEJCTaBIIeHNE MO MPAKTUYECKOMY MPUMEHEHHIO 3JIEKTPO-
MarHUTHBIX MPOIIECCOB, JIEKTPOTEXHMUECKUX U DIIEKTPOHHBIX PHOOPOB
u ycrpoicts (ITK-1).

yMETb:

- YHUTaTh DJIEKTPUUYECKHE M D3JCKTPOHHBIC CXEMBI, PAacCUUTHIBATDH
ANEKTPUYECKHE M MAarHUTHBIC IIEU M TOJIs, BHIOMPATh DJIEMEHTHI dJIeK-
TPUYECKUX IeMed M CpelcTBa H3MEPEHHs 3JCKTPHUSCKHX BEIUYMH,
aHaM3UPOBaTh paboTy AnekTpoTexandeckux ycrpoiicts (ITK-1);

- obecrieunBath 3((HEKTUBHYIO M Oe30MacHy0 paboTy mepcoHaa ¢
ANEKTPUUECKUMH H DJIEKTPOHHBIMU ycTpoiictBamu (T1K-).

BIIAJIETh:

- METOJIaMH M CPEJCTBaMHU U3MepeHHs (PU3HUeCKUX BETUYMH; METO/Ia-
MU U IpUOOpaMu W3MEpPEHHs YPOBHEW M TIIyOWH BOJIBI, CKOPOCTEH Teue-
HUS, PAcXO/I0B BOJBI, MPHEMaMH HCIIOIb30BaHUSI CPEICTB W3MeEpEHHS
(TIK-1).



TEMA 1. PACUET DJIEKTPUUYECKUX IENEN
MHOCTOAHHOI'O TOKA
1.1 OcHOBHBIE CBEIEHUS.

[Ipuctynas x pacdery dSJIEKTPHUECKHX Iernel, HeoOXOAMMO 3HATh
crocoObl coeiMHeHHs (TMOcIe0BaTeIbHOE, MapalIeNnbHOe, CMEIIaHHOE)
KaK IMPUEMHHKOB, TaK 1 HICTOUHUKOB 3JIEKTPUYECKON 3HEPTHU.

Tak, mpu NOCIEAOBATENBHOM COEIUHEHUU PE3UCTOPOB IIOJIHOE
SKBUBAJICHTHOE CONPOTUBJICHUE PABHO CYMME COIPOTUBIIEHUN BCEX
PE3UCTOPOB, BKIKYEHHBIX B 3JIEKTPUYECKYIO LIETIb:

Ruw= D R,

rae R,—DKBHBaJIECHTHOE WU
MOJTHOE CONPOTUBIIEHUE
3JIEKTPUYECKON 1Ienu;

R, - omuyeckoe COnpoTUBIIEHHE i

—I'0 pe€3ucTopa.

a Ipu napajiyieIbHOM COCIMHEHUHN PE3NCTOPOB ITOJIHOC
OKBUBAJICHTHAA MPOBOANMMOCTL paBHAa CyMME HpOBOI[HMOCTefI BCEX
PE3UCTOPOB, BKIIKOUCHHBIX B 3JICKTPUYCCKYIO IICIb!:

+ . 1 i | 1 1
—= 1 I il LIS o
4 * : * 4 * R3K8 z Ri
u R R; R; rne R, — KBHUBAJICHTHOE MITH

IIOJIHOE COIPOTUBIICHUE
3JIEKTPUUYECKON 1enu;

R, - omuyeckoe COnpoTUBIIEHHE i

—T0 Pe3nCTOpa;

1 1
_ ? - TPOBOJIMMOCTH,

R

COOTBCTCTBCHHO, ITOJIHAA 1

K6 i

SDKBHUBAJIEHTHAS 1-TO DJIEMEHTA
3JIEKTPUYECKON 1IEMH.




[Ipu pacyere >MeKTpUUECKON IeNMH OOBIYHO MOJIB3YIOTCS 3aKOHAMH
Owma u Kupxroda.

3akoH OMa ompezensercst BRIpa)KeHUEM: I =

v
R

3axonsl Kupxroda onpenensirorcsi BBIpaKeHHSIMU:

IepBolIii 3akoH: Anredpanyeckas CyMMa TOKOB, COSIMHEHHBIX B OJIUH
y3ell, paBHa HYJIIO

I, I, 2 1=0,
I UIs1 IpuMepa
-1, -1,+1,-1,+1,=0

IIpuMedanue: HanpaBJIEHUE TOKOB B

14 BETBAX ONPEACIIACTCA MIPOU3BOJILHO!
HaIlpuMep, TOKHU, BXOJIAIINE B y3€ll,

5 HpI/IHI/IMaIOT IIOJIOXUTCIbHBIMH, a

BBIXOOAIINEC U3 y3na —

OTpI/IHaTeIII)HLIMI/I

Bropoii 3akon: Anrebpanueckas cymma 3J[C B 3aMKHYTOM KOHTYpe
AIIEKTPUUECKOM LMK paBHA anreOpanyecKoil cyMMe majeHni

HaIpsDKEHUH Ha BCEX y4acTKax TOW Lenu

Y E =YR-I

[Tpumeuanue: it onpeaeneHus

3HAKOB B alreOpanveckoi cymme
MIPOU3BOJIBHO 33at0TCS
HanpaBieHHeM 00Xo1a KOHTYpa:
I10 YaCOBOW CTPENKU WU IPOTUB.
O/1C ucTouHrKa U HampaBJeHne
TOKOB BETBEH, COBIAJIAIONINE C

BBIOpaHHBIM HaIpaBICHUEM
00X0/1a KOHTYpa, CYUTAIOTCS
IIOJIOKUTECIBbHBIM, A HE

COBITAJIAIOIIUE — OTPULATEIBHOM.




3aganue 1

JUist  DNEeKTpUYECKOM ILenM, CcXema 3aMelIeHUus KOTOpOH
n3o0pakena Ha puc. 1.1 — 1.27, no 3aganHbIM B Ta0i1.1 3HAaUCHUSIM
conpoTtusiieHui 1 DJC BBINOIHUTH CIIEIYIONICE:

- yKa3aTh Ha CXeMe TOKH BO BCEX BETBSX, NPEABAPUTENILHO , €CIH
3TO HEOOXOJUMO, YIPOCTUTh CXEMY, 3aMEHHMB TPEYrOJIbHUK
COITPOTUBJICHUI 3KBUBAJICHTHOW 3BE3/0M;

- COCTaBUTh CUCTEMY YpaBHEHUII 1o 3akoHam Kupxroda;

- HAUTHU TOKH, IPOTEKAIOLINE BO BCEX BETBSX, MOJIb3YSICh METOJOM
KOHTYPHBIX TOKOB;

- OIpENEeNNTh MOKa3aHUE BOJIBTMETPA, YCTAHOBIEHHOTO B II€Mb, U
COCTaBHTh 0aJlaHC MOITHOCTEH JUIS 3aJJaHHOIN CXEMBI;

- TIOCTPOUTh B MaclITade NOTEHUUANbHYI JIuarpammy s
BHEIIIHEr0 KOHTYpa.

Howmep BapuaHTa 3a1aHUsI COOTBETCTBYET HOMEPY B CIIMCOYHOM
COCTaB€ IPYIIIbI.




Puc.1.17 Puc.1.18



Puc.1.25 Puc.1.26 Puc.1.27



Tabnuna 1

Bapwuanr / 3HaveHus1 mapaMeTpoB
Ei, | Eo, | Es, | Rot | Roa | Ros | Ry, | Ry, | Ry, | Ry, | Rs, | Ry,
/cxema B B| B| OMm| OM|OM| OM | OM | OM | Om | Om | OMm
1 1-1 5/ 16] 30| 04 - 10,7 6 4 3 2 5 3
2 1-2 54 | 27 3] 1,21 0,9 - 8,0 3 1 4 2 2
3 1-3 22| 24| 10| 0,2 -1 1,2 2 1 8 41 10 6
4 1-4 48 | 12 6 08| 14 - 42 4 21 12 6 2
5 1-5 36 | 10| 25 -1 04105 4 8 3 1 2 7
6 1-6 16 51 32 -1 06|08 9 3 2 4 1 5
7 1-7 72| 12 41 07| 1,5 - 6,0 1 10 41 12 4
8 1-8 36 91 24 -1 0,808 3,0 4 2 1 5 1
9 1-9 3| 66 9 -1 07112 1,0 4 2 2 7 3
10 | 1-10 36 | 10| 25 -1 04105 4 8 3 1 2 7
11| 1-11 16 51 32 -1 06|08 9 3 2 4 1 5
12 | 1-12 48 | 12 6 08| 14 - 42 4 21 12 6 2
13| 1-13 10 6| 24| 08| 0,3 - 3,5 5 6 6 3 1
14 | 1-14 6| 20 4 -1 08|12 4 6 4 4 3 3
15| 1-15 20 | 22 91 0,1 - 1,1 1 2 6 3 8 4
16 | 1-16 41 24 6| 09 -10,5 9,0 8 1 6| 10 4
17 | 1-17 16 8 91 0,2 0,6 - 2,5 6 6 5 10 5
18 | 1-18 12 | 48 6 -1 04104 25 1 41 15 2 2
19 | 1-19 121 30 25| 1,0 04 - 1,0 5 1 1 6 4
20 | 1-20 30| 16| 10| 0,6 | 0,8 - 2,0 5 3 1 8 5
21 | 1-21 4 91 18| 0,8 -10,7] 27| 10 4 8| 10 2
22 | 1-22 10 6 24| 08| 0,3 - 3,5 5 6 6 3 1
23 | 1-23 6| 20 4 -1 0,81 1,2 4 6 4 4 3 3
24 | 1-24 8 6| 36| 13 -1 1,2 3,0 2 1 6 8 6
25 | 1-25 12 6| 40| 1,2| 0,6 - 2,0 3 8 5 7 8
26 | 1-26 8 6| 36| 1,3 -1 1,2 3,0 2 1 6 8 6
27 | 1-27 16 8 91 0,2 0,6 - 2,5 6 6 5 10 5
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IIpumep pewmenus 3axanus 1.
B cooTBeTcTBHMM € 33AaHUEM IIPOBECTH PACUET IIEKTPUIECKON
LIETH TOCTOSTHHOTO TOKAa, IPEACTaBICHHON Ha puc. 1-1.

Puc. 1.1. Bapuant
BIEKTPUYECKON LETIH,
MPEJI0KEHHOMN JUIs
IpuMepa pacuera.

Hano:
E]Z 12 B, E2: 36 B, E3: 12 B,
R1:3,5 OM, R02:0,4 OM, R2:5 OM, R03:1,2 OM, R3:1 OM, R4:5 OM,
Rs=6 Om; R¢=9 Om.
BrinonHsaeM cienyromue 1eicTBU:
1. B mpousBosnibHOM nopsjke OykBamu A, b, B, I', ]I o6o3navaem

Y3Jibl, @ TAK)XKC HAMEYacM HallpaBJICHHUEC TOKOB,
MPOTEKAroNMX BO BCEX BETBSX (cMm.puc. 1.2).

C 4 1 g
Errr—d
3 _ I
4 7 R “/ Puc.1.2. Cxema 3aMemnieHus
~ 7 TN r L SIIEKTPUYECKOM LEMH C
A {722 £ . ) [] Re 0003HAYEHHBIMH Y3JIaMH H
' _ TOKaMH, TIPOTEKAIOIIMH BO
. RJ L m i’?‘, - p juit
[ Sw. BCEX BETBSX IICITH.
* ’ . f N ‘\
£ A ) \
D _ B

1 —LF

L
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2. CocraBisgeM ypaBHEHHUS:
- 1o l-omy 3akony Kupxropa B  COOTBETCTBHM C BBIOPaHHBIM
HaIPaBJICHUEMTOKOB B BETBSIX, CXOJISIIUXCS B y3JIaX:
mistysna A L=hL+ Ig;
msaysnab Ii= L+ Is;
msaysnaB =1+ 1 ;
maysnal Ig=1, +1s.
- mo 2-omy 3akoHy Kupxropa B  COOTBETCTBHMM ¢ BLIOPaHHBIM
HanpaBieHHeM 00X0/1a KOHTYPOB:
st koutypa 1 Ex— Es;= (R« Ry I +ReIs+ (Ros+Ry) I6 5
s koutypa 2 E;—Ei=R; L-(Rp3+R3) I - Ry Ly;
JUTSI KOHTYpa 3 0=RyL4-RegIs+Rs1;
[Ipu noxacrasieHNN B ypaBHeHUs 3HaueHHH compotuBieHuit u OJ1C u3
JAHHBIX MOJIyYUM CIICAYIOIINE YPABHCHUS:
JUTst KOHTYypa 1 24=541; +91s+221;
JUTSI KOHTYpa 2 0=3,51L-2,215- 5l
JUTSI KOHTYpa 3 0=>5I4 - 915 + 6I;.

3. CocraBnsieM sl KaxJOTO BBIODAaHHOTO paHee KOHTYpOB
ypaBHEHUS KOHTYpPHBIX TOKOB, TIPEIBAPUTEILHO HaMETUB
HaTpaBJiecHHEe COOCTBEHHBIX KOHTYPHBIX TOKOB. B pesyibrare
Mojdy4aeM  ypaBHEHHS,  IpEACTaBIEHHbIE  CIEIYIOIIMMHU
BBIPAKEHHUSIMHU:

aust KoHTypa 1 (Rea+ Ryt R+ R+ Rg) Iy (R34 R3) Lo -Rg I3 = Ex— E;
it KoHTypa 2 -(Ro3+R3) I +(Re3+R3 + Ry ++ Ry) [ -Ry ;s = Es— E;
st kKoutypa 3 -Rgl -Rylo  +( Ry +Rg +Rs) [3.=0

[Ipu noxacrasieHNN B ypaBHEHUs 3HaueHHH compotuBieHuit u OJ1C u3
JIAHHBIX II0JIyYUM CIENYIOLUE YPABHEHHUS:

JUTst KOHTYypa 1 16,6 I, -2,2 I, - 913=24,
JUTSI KOHTYpa 2 221 10,71, - 51z =0;
JUTSI KOHTYpa 3 O9Lq - 5Io +20L5=0.
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[Mony4yeHnHas cucreMa ypaBHEHHH MOXET OBITh pelIeHa ¢ TOMOMIBIO
onpenenureneid (cm. Ilpunoxenue 1). Takum oOpazom, mHoIyduM
CIIEAyIOIIUE 3HaUEHUS OIpeAeIuTeIei:

+16,6 -22 -9
rIaBHbI onpenenurens A= —22 +10,7 -5 =19759
-9 -5 420

+24 -22 -9
qacTHbIN onpenenuteab Ag= 0 +10,7 -5 =4806
0 -5 +20

+16,6 +24 -9
YaCTHBIN onpenenureab A= —2,2 0 -5 =2136

-9 0 +20

+16,6 —-22 +24
YyacTHBIN onpenenurens Ag= —2,2 +10,7 0 =25752
-9 -5 0

4. Ilo momydyeHHBIM 3HA4YEHUSAM OIpeNeIuTeNell onpeaesieM
3HAYCHUA KOHTYPHBIX TOKOB, T.€. 3HAUCHHA TOKOB B BCTBAX
BHEIIHETO KOHTYpa CXEMBl 3aMeIleHHs paccMaTpUBaeMOi
ANIEKTpUUECcKOit 1enu (cm. puc. 1.2):

4806

L_Lg= = 2,43 (A);

19759 )
2136

o= = 1,08 (A);

2T 19759 )
2575.2

Ls= 2 = 1,30 (A);

T 9752 ®)
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OnpezensieM 3Ha4YECHUS TOKOB B BETBSIX, SIBJISIOIIUXCS OOIIMMU
JUIA, COOTBETCTBEHHO, KOHTYpoB lu 2 m koHTypoB 2 u 3. Jlus
ATOTO BOCIIOJIB3YEMCSI YPaBHEHHSIMH, COCTABJICHHBIMU IO 1-0MYy
3akony Kupxroda, v moay4um Ciaeayroue BeTnIHHbL:
L=L-L=13-1,08=0,22 (A);

I=1-1=2,43-1,30=1,13 (A);

Ie=1,-1,=2,43-1,08 =1,35 (A).

Jns npoBepku TpaBHIBHOCTH PELICHHUS COCTaBUM YpPaBHEHHE

OaJjtaHca MOIIHOCTEH:

-E> 11 + B3 Is — By I = R’ + Roly + Rylg’ + Raly*+ Rsl™+ Rels®

HO[LCTaBI/IB paCHeerle 3Ha4YCHHS TOKOB, HOJ'Iy‘II/IM paBeHCTBO
58,32 Br = 57.29 Br.

[orpemnocTs BeIuucieHus cocrasuia 1,7%.

ITocTpoenne mNOTEHUHAIBHOW JHAarpaMMbl OCHOBBIBAE€TCA Ha
3HaHUM 0000meHHOro 3akoHa OMa W CTPOHUTCS TOJIBKO JJIsi
BHEIITHET0 KOHTYPa CXEMBI 3aMEICHUS dIEKTPUIECKON IEIH.
st TocTpoeHMsT TOTCHIIMABHON —TUarpaMMbl  [PHHUMAEM
MOTEHIIAN y37la A, pPaBHBIM HYJIO, T.C. YCIOBHO 3a3€MIISEM.
Torma moTeHUMANBI IPYTUX TOUYEK BHEIIHETO KOHTYpa CXEMBI
3aMeIeHUs AIEKTPUIECKON Lenu OTpeesIoTCA B
COOTBETCTBHUHH CO CIICTYIOIIUMHE BhIPAXKECHUIMU

92=0B;

Ooc=0a+E, =0+36=36B;

05 =0c-R,I; =36-12,2=238B;

o = @5 — Rs[5=23,8 -7,9=15,9 B;

¢on=¢s—R1,=15,9—-3,81 =12,09 B;

or=¢g—E, =12,09-12,0=0,09 B.

Jlanee BBITIOMHAIOTCS CIEAYIOMIUE JEHCTBUS:

- CTPOMM KOOPJUHATHYIO CETKY.

- 0 ocu aOCIUCC OTKJIAJbIBAEM 3HAYCHUS COMPOTHBIICHUM,
BKJIIOYCHHBIX BO BHEIIHUM KOHTYpP CXEMBbl 3aMEIICHUS
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JJIEKTPUYECKOW IeMi, a MO0 OCH OpJAWHAT — 3HauYeHUE
pacCuUuTaHHBIX TOTCHIIUAJIOB.

- TOJyYEeHHBbIE TOYKH TIEePEeCeUeHHs KOOPIMHAT Ha CETKe
COCIMHAEM IMpsAMOM U IOJNy4aeM KPUBYHO HM3MEHEHUs
MOTEHIINAJIOB BTOYKAX AIIEKTPUIECKOM LeITH, T.C.
MOTEHIUAIBHYIO uarpaMmy (cm. puc. 1-3).

¢ B

¢c
36 /' \

30

24 \ mp_ 10%/1

18
15 S
12 ~

()N R2:5 R5:5 R1:3,5

Puc. 1-3. IlorenunansHas quarpaMma.
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TEMA 2. PACUET DJIEKPUYECKHX HENEN

HEPEMEHHOI'O TOKA
2.1. OCHOBHBbIE CBE/ICHUS.
IlepeMeHHBIN DJIEKTPUYECKUM TOK — DJIEKTPUYECKUH TOK,

MIEPUOANYECKU M3MEHSIOIMNCS 10 BEJIMYMHE M HAIPABICHUIO C
TEYEHHEM BpPEMEHU,T.€. XapaKTEPUIYIOUIUIICS MIHOBEHHBIMU
3HAYEHUSIMU TOKA B KOHKPETHBI MOMEHT BPEMEHH.

B o0meM cnydae Lenb NMEPEMEHHOIO TOKa XapaKTepHU3yeTcs
HaJIMYMEM B JIEKTPUUECKUX LIEMSAX TPEX MPUEMHUKOB: aKTUBHOIO
conpotusyieHus R, uanykruBnoctu L u emxocrtu C.

IIpu aHanu3e paboThl M pacyerax LEned NEPEeMEHHOTO0 TOoKa
UCXOJAT U3 TOTO, YTO /ISl MTHOBEHHBIX 3HAUEHUH TEPEMEHHOTO

TOKa MOXHO HCIIOJIb30BaTh BCE COOTHOLIEHUs, 3aKOHbI U
METO/Ibl, HUCIIOJIBb3YEMBIE B LEIMSX MOCTOSHHOTO ToKa. [Ilupokoe
IIPUMEHEHHE JUIsl pacdyeTa CIOKHBIX ILENell IEepEeMEHHOro TOKa
Hallel CHUMBOJIMYECKHM METOJ|, OCHOBAHHBIM Ha HCIOJIb30BAaHUU
KOMIUIEKCHBIX ~4YMCEJI W IO3BOJISIOIIMH  BECTH pacue ¢
MpUMEHEHHEM anreOpandeckux Gopmyn. Micxoast u3 3Toro, pacdyer
EKTPUYECKUX CXEM ITEPEMEHHOT0 TOKA, COJIep KAIIUX

- uneanbHble eMeHThl R, L u C, ocCHOBBIBaeTCS Ha JaHHBIX
Ta0aume 2.1;

- peanbHbie eMeHThl R, L u C, ocCHOBBIBaeTCS Ha JaHHBIX
Ta0IUIE! 2.2,
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Tabnuna 2.1.

AHanu3 mpoCcTeUINX IEKTPUIECKUX IIeTIel TePEMEHHOT0 TOKa,
conepxkamux uaeanbueie aemMedaTsl R, L u C.

napayempol IIpocreiimme cxemMbl 3aMeIEHUS
SNeKmpuiecKkou —
yenu L3 Tp —L=
Ly, —o= L
L
2 8 R XL=27Z'-f-L _ 1
& Z c=
E | E g 27[-f-C
= =} o
0| 5 &
=R o g
S =l & g
O = s o
sl 2 ¢ R X =+j2m-f oL o ]
CIEE e e
= o a 9
mEle e
m L:) e %
(]
HEE
O o
= o 000 o0
90 - j90
S22 X, e X e’
o 8| 8 =
QB s &
2 E| o 2
S = s S| R
223
B o=
=]
s P=R-I’
=
2 B
3 <M
e}
g =
= | £ =+jX I’ =—jX.- I’
= O, =+jX - Oc=—jXc-
=
5 5
A M
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Tabnuna 2.2.
AHanu3 NpocTeUINX MEKTPUIECKUX IIeTIel TePEeMEHHOr0 TOKa,
coJiepkamux peanbHble daeMenTol R, L u C.

napayempot DNEKTPUIECKUX IIeTIel TepEeMEHHOr0 TOKa,
SNeKmpuiecKkou
yenu cofiepkaux peajbHble aeMeHTs R (OMm), L (I'n) u
C(D).
= W
Dty o, v
. C‘)— ¥
t DT’ I Ur
2 L .
L }d‘r - J&
Gey= Ot
o 2| o < .
E(O = g R+ jX, = R—jX.=
H S| 8 &
/M 5 L% ..g 2 2 +/-arctgﬁ P 2 7/-arctgi
© E| © g R +X,-e" R VR + X e R
= S
s 2 < B
= o
a I
= =
= B < < -arctgﬁ ,-arctgi
S 2 8= 2| VRI+X, - Tk VR + X0/ TR
gl © ¥ ©
= B &
g
2 P=R-I’ P=R.-I*
E =
2
<A
=
3 2 g 2 2
= E m QL:+]XL-I Oc=—jX.1
g =
9 O <
= AT
. S=P+jO, = S=P-jO. =
=]
g F ) +jarctg& F ) 7_/'arctg&
éé =VP" +Q, e P =\P" +Q;-e P
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3aganue 2

PACYET JEKTPHYECKUX I_[EHE171 OJHO®A3HOI'O
INEPEMEHHOI'O TOKA
JIns DNEeKTpUYECKOM WLEeNu CO CMEUIAHHBIM COEIUHEHUEM

anremedToB R,L,C, 1 U1 11enu ¢ mocjenoBaTeIbHBIM COeTUHEHUEM
TE€X € DJEMEHTOB, CXe€Ma 3aMEIleHUs] KOTOpOM M300pakeHa Ha
puc. 2.1 — 2.28, no 3aganHeiM B Tabn. 2.3. mapamerpam u J/1C
HMCTOYHUKA MTPOBECTH PacUeT B HATPY30UHOM PEKHUME.
J11s1 BBIMOJTHEHUS 3a/1aHUSI OTIPEJICIIUTD:

- TOKM BO BCEX BETBSIX IEMU W TMAaJCHUS HANPSDKCHHUS Ha
OTJICTBHBIX YUACTKAX;

- OTPENENIUTh AKTUBHYIO, PEAKTHBHYIO W TOJHYIO MOIIHOCTHU
AJIEKTPUYECKON LIEMU U COCTaBUTh OajlaHC MOIIHOCTEN;

- MOCTPOUTHh B MacliTade Ha IUIOCKOCTH KOMILIECHBIX YHCEN
BEKTOPHYIO JHATrPAMMY;

- OTIPEJCNUTh MOKa3aHUS BOJHTMETPA U aKTUBHYIO MOIIHOCTD,
U3MEPSEMYIO BATTMETPOM.
Howmep BapuanTa 3a1aHusi COOTBETCTBYET HOMEPY B CITUCOUYHOM COCTaBE

TPYIIIBL.
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Puc. 2.9 Puc. 2.10
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Puc. 2.11
- Ty

Ry

W

[

Puc. 2.13 Puc. 2.14

Ry

Puc. 2.17
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Puc. 2.20
Lt Lz

Puc. 2.22

‘1 Ry

Puc. 2.27 Puc. 2.28
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Ta6muua 2.3

Ba puc 3Ha4YeHUS TAPaMETPOB
pu YHO E, C, Cy, Cs, L;, Ly, Ls, Ry, Ry, Rs,
aH K B MK | Mk | Mmxp | M[H | M[H | M[H | OM Om Om
T i)
1 2-1 150 | 637 | 300 - - - | 159 2 3 4
2 2-2 100 - - 100 | 15,9 91 15,9 8 3 4
3 2-3 120 | 637 - - -| 159 | 15,9 8 3 4
4 2-4 200 - | 300 - | 159 - | 159 8 3 4
5 2-5 200 - 159 - - - 115 10 4 100
6 2-6 50 | 100 159 - - - 115 10 4 100
7 2-7 220 -| 318 159 | 9,55 - 95 - 10 40
8 2-8 50 | 500 159 159 - - 31,8 35 20 40
9 2-9 120 -| 300 | 100 | 31,8 - - 5 - 8
10 | 2-10 200 - - 100 | 31,8 - - 5 10 8
11 | 2-11 220 | 637 - | 200 - | 159 - 5 10 8
12 | 2-12 150 | 100 - | 200 - | 159 - 10 2 10
13 | 2-13 120 | 100 - | 200 - | 159 - 10 8 10
14 | 2-14 200 | 637 - | 200 - 31,8 - - 8 10
15 | 2-15 50 - 159 - 31,8 - 95 15 10 10
16 | 2-16 100 - 159 | 200 | 15,9 - - 15 - 10
Ipomomxenne Tabnuis 2.3
Ba puc 3Ha4YeHUS TAPaMETPOB
pu YHO
aH K
T E, C, Cy, Cs, L;, L, Ls, Ry, Ry, Rs,
B Mk¢ | Mk¢ | Mkp | M[H | M[H | M[H | OM | OMm | Owm
17 | 2-17 | 200 637 159 | 200 - 31,8 | 95 15 10 20
18 | 2-18 | 220 637 159 - - - 95 - 10 20
19 | 2-19 | 100 637 159 | 637 - - 95 6 - 20
20 | 2-20 | 100 - 159 - 25 - 95 6 4 -
21 | 2-21 | 220 637 - 637 - 9 - 6 - 20
22 | 2-22 50 318 637 - - - 31,8 - 10 40
23 | 223 | 120 - - 300 | 19/1 | 15,9 | 31,8 | 40 - 10
24 | 2-24 | 200 318 - 300 - 159 | 31,8 10 10 40
25 | 2-25 50 - 318 - 19,5 - 31,8 8 10 4
26 | 2-26 | 100 637 - 200 - 31,8 | 95 8 - 4
27 | 227 | 200 - 318 | 200 | 15,9 - 95 8 - 4
28 | 2-28 | 220 - - 200 | 15,9 | 31,8 | 95 8 - 4
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I[Ipumep pemenusi 3axaHus 2.
B kauectBe nmpumepa Jijis pelieHus IPOBEAEM PACUET JICKTPUICCKON
LIeTIH, CXeMa 3aMeIlIeHUsI KOTOPOH IpecTaBieHa Ha puc. 2-29.

Puc.2-29. Cxema
3aMelleHus

3JIEKTPUUYECKON Lenun
oHOo(pazHOro
[IEPEMEHHOr0 TOKA.

Hano: E=110 B; R;= 0 Om; R,=5 Om; R3= 6 Owm;
C, = 1482 mMxd; C; = 0 Mrd; C; = 398 Mkd;
Li=0wmIn; L,=63,7 m['H; Ly=0 MIH.

Pemenue.
1. Pacuer 3j1eKTpUY€ECKOii I[eNH €O CMEIIAHHBIM COeTHHEHNEM
jaeMenToB R,L,C B Harpy3o4HoM pexume

1.1. OmpenensgeM peakTHBHBIE COMPOTHBIEHUS 3JIEMEHTOB: KaTyIIKU
UHIyKTUBHOCTH L, 1 koHAeHcatopoB C; u C,.

Xp=2-7wf-L,=2-314-50-63,7-107 =20 Om;

1 1
2.7 f-C, 2-314-50-398-10°°

Xc1 = =2 Owm;

1 1
2.7 f-C, 2-314-50-398-10°°

1.2. OmnpenensieM KOMIUIEKCHbIE COTPOTUBIIEHUS BETBEH LieTH

=8 OMm.

Xe3

B areOpanyvecKoi 1 Mmoka3aTenbHON (opMax KOMIUIEKCHBIX YHCET:

XLZ
+ jarctg—=
Z, =Ry +jXi,=5+j20= R} + X;, ¢ B= 5% +20%.

, 20
+ jarctg—

e 5 =20,6-¢77 Omy
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Xc

- jarctg =53 + jarct, 3
Zy=Rs—jXes=6 - j8 = R? + X2 e B =\6> +8%..¢ " o=

10-e7% Om.
1.3. OmpenensieM  KOMIUIEKCHOE  CONPOTUBIEHUE  MapajuiedbHO
COEIMHEHHBIX BETBEH, couepxamux Z, Z; , U KOMIUIEKC IOJHOTO

CONPOTUBIICHUSI IeNM B aireOpanyeckod M IMOKazaTelbHOW (opmax
KOMIUIEKCHBIX YHCeN:

Z,-7 20.6-¢"7" . +/24°
Zoy = 2 s 9,6 e 1067 = 202,6e _
Z,+7Z, 5+j20+6—- ;8 11+ /12
206 +j24
e—w212,68€7j220 =
16,25¢"/%
12,68 -cos(—22") + 12,68 -sin(—22°) =11,76-j4,75 Owm;
Zoow = t(= jXc1) + Zoz = — 2 + 11,76 — j4,75= 11,76— j6,75=

— jarctg— a0
V11,76 +6,75% e "0 =13,55.¢7% Owm.
2. OmpenenseM TOKU B BETBSIX:

E 11 300
= = 0 =8,11 - A;

Zpr 13,557

I_HOJ'[H

Uss = Zos Luow = 12,68¢ 72 8,117 = 102,83- "% B

Uy, _ 102,83¢""

I,= =50/ A;
Z, 20,6e"
U, 10283 -
L= 23— 2209 1908 .¢t e A
Z3 1097'153

1.4. OmpenensieM majeHUsT HANPSDKEHUSI HA BCEX DJIEMEHTAX CXEMBI
3aMeIleHHS:
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U = (- iXct) Luom=2-¢7" 8,11 = 16,22 - ¢/ B;
Upo=Ry12=35"5- e =257 B;

Ui =(jXw) 12=20-¢"7% 5.7 =100 - ™" B;
Urs=R; 13= 6-10,28-¢7/" = 61,68 -¢™/*" B;

Uss=(jXes) L3=8-¢7™ 10,28 -/ = 8224 . /"B,

1.5. OmpenensieM aKTUBHYIO, PEaKTUBHYIO U TOJHYIO MOIIHOCTD.
CocraBiisieM OaaHC MOIITHOCTEH.

AKTHBHas MONIHOCTh paBHa P = R, -[22 + R, -[32= 125+634,07=

759,07 Br;
PeaKTI/IBHaH MOIIIHOCTH onpeﬂenﬂercsl BI)Ipa)KeHI/IeM:

2 2 2
0= 0,,-00-0p3= X, 1) —Xg -1, — Xy - 1;=-500-1358-
845,4= - 481,2 Bap;

Sym=P+jO=P> +Q’ s
a1
Soom = 759,07 — j481,2 :mz +481,2> o Eas0.07 _
892,87-¢ /> BA;
S = E-1" m=110- 811-¢7°" =893. 07" Ba
Tax kax S, = S, ( 892,87 ~893), to Gananc cobmonaercs ¢

TouHocThIo 0,01 %.

1.6. IToctpoeHne  BEKTOpHON  OuUarpaMMbl  Ha  TUIOCKOCTH
KOMITJIEKCHBIX YHCE:

Jnst mocTpoeHusl BEKTOPHON AMarpaMMbl COCTABIIsieM YpaBHEHHUS MO
2-oMy 3akoHy Kupxroda s KOHTYpOB :

KOHTYD 1 E- 70+lz+@
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Puc. 2-30. BexrtopHas
JuarpaMma TOKOB U
MaJeHUI HanpsSyKEHUM
JUISL DIIEKTPUYECKOM LIEeTH
CO CMEILIEHHBIM
COEIMHEHUEM DJIEMEHTOB
R,L,C B Harpy3ouHom

pexuMe.

2. PacuyeT 1enu ¢ nocjie10BaTeILHO COeTMHEHHBIMU dJieMeHTaMu R,
L C B Harpy304HOM peskume.

UToObl MpOBECTH pacuer  HEOOXOIUMO IMPeodpa3oBaTh CXEMY
3aMElUIEHU, T.€. B OJJHY M3 BETBEH BKIIOUHUTH PA3MBIKAIOIIMN DJIEMEHT.
oMiuiekc JlIe JaHHOM CXEMBl 3aMELICHMS DJJIEKTPUYECKOW ILenu
Pa3MBIKAIOUIUH 3JIEMEHT BKAJIOYMM B BETBb, COJEPIKAIILYIO DJIEMEHTHI R
u C;. Torma nenb OyAeT MpeNCcTaBIATh MOCIEA0BATEILHOE COCANHEHHE
snementoB Ci, Rom L,

Pacuer npoBoguM 1o cieayomel nporpaMme:

3.1. OmpenenseM KOMIUIEKC TOJIHOIO COMPOTUBIIEHUS OIYYEHHOM 1enn
Zoow = (= jXc1) + Ry + jXipo= - j2 +5 +j20 = 5 + H18 =
S 18 T 1870 O
2.2. OmnpenensieM 3Ha4€HUE TOKA, MPOTEKAIOIIET0 B IIETIH:
E 110
Zop 18777

2.3. OnpenensieM 3HaueHWs TNAJEHUN HaNpsDKEHUM Ha  Becex

~-588-¢7 A

NOJIH

DJIEMEHTAX:
Uoi = (- jXc1) Luom=2-¢7" -588-¢7™ =11,76-¢/""B;
Uro=Ro Lo = 5 -5,88-¢ /7% =29.41.¢7/% B;
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. :90)0 _ mg0 150
Up, =(jX12) 1,=20-¢"" -5.88.¢7/" =117,6-¢"/" B;
1.7. _OmnpenensieM akKTUBHYIO, PEAKTUBHYIO U MOJTHYIO MOIITHOCTb.
CocraBiisieM OaaHC MOIITHOCTEH.

AKTHBHas MOIIHOCTb paBHa P = R, -] > =172,9 Br;

PeakTuBHas MOIIHOCTDH OIPCACIIACTCA BbIPAKCHHUEM !
0=0,,-0n=X,, 1., — X 12 =691,5-69,15= 622,35 Bap;

HOJIH HOJIH
KomMriieke momHo#i MOITHOCTH OMPENEsIeTCs] BEIPaKEHUEM

. 0
— jarctg—:
J! gP‘

S =P+ jO=AP>+Q% e

NOJIH

622,35

172,9— j62235= 1729 +62235% ¢ 179

646,0-¢ /" BA;

S

NOJIH

S =FE-1 om=110-588-¢/> =6468 -¢ ™ Bap

Tak xak S, .= S, ( 646,0 =646,8), bananc cobmomaercs c
TouHocThio 0,1 %.

1.8. IToctpoeHne  BEKTOpHON  OuWarpaMMbl  Ha  TUIOCKOCTH
KOMITJIEKCHBIX YHCE:

Jnst mocTpoeHusl BEKTOPHON AMarpaMMbl COCTABIIsieM YpaBHEHHUS MO
2-oMy 3akoHy Kupxroda 11t KOHTYpOB:

E=Uy+ U, +

Puc. 2-32. Bextopnas
JarpaMMa TOKOB U TaJICHUN
HaNpsHKEHUH JUIst
3JIEKTPUUYECKON LENU C
MOCTIeI0BATENBHO
COEIMHEHHBIMHU dJIEMEHTAMHU
R,L,C.
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TEMA 3. PACUET JJIEKTPUUECKHUX LIENEN
TPEX®A3ZHOI'O IEPEMEHHOI'O TOKA

Ocnoenure ceeoenus

Tpexdasznoit HazpiBaeTcsi 3JEKTpHUECKas IeMb, B Pa3IUIHBIX
BETBSIX KOTOpOW JACHCTBYIOT TpPH OAWHAKOBBIE MO aMIUTUTYAE
cunyconganbapie JJIC, wMeromme OgHy 4YacToTy f, HO CHBUHYTBIE
OTHOCHTENBHO ApyT apyra Ha yrox 120° (27/3), T.e.

e,=Epsinot; eB=Emsin(0)t-120°); eC=Emsin(mt+120°).

st komruiekcHbIX 3HaueHuit JJ1C

E,=E,e E,=Ene ™ E.=E,e"™.

CyiecTByer JiBa criocoba coeuHeHus pa3HbIx 00MOTOK:

-110 THITY «3BE3/1a», KOTJa KOHIIbI (Pa3HBIX 0OMOTOK 00'bE/ICH CHBI
B OOIIYIO TOYKY, Ha3bIBAEMYIO HEHTPAIbHOM;

-110 THITY «TPEYTOJILHUKY», KOTJIa HAa4yaJio mocienytonieid (ha3Hoi
O0OMOTKH COEJJMHEHA C KOHIIOM MPEAbIIYIIEH.

OCHOBHBIMM COOTHOIICHHSIMH MEXAY JHMHEHHBIMH U (Da3HBIMU
HaNpsDKEHUSIMHU, a TAKKEe MEKIY JUHEHHBIMA M (Da3HBIMU TOKaAMHU
MPHUHEHUS Pa3HBIX criocobax o0beanHeHns (ha3HbIX 0OMOTOK:

-TIPY COCAMHEHHH «3BE3I0M»

U,=V3U P 1
- IIPY COEIMHEHUH «TPEYTOIHLHUKOM)

U,=U,; I,=+3I,.

¢ °

:[d)

J

C y4yeroM OTHX COOTHOIICHUI BBIPRXKEHHS U 3aIllCH
KOMIUTEKCOB ~ (Da3HBIX HANpPsHKCHUH IPEACTABJICHBI  BBIPAKCHUSMHU:
(hazHbIe HAIIPSDKEHUS:
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Tum coenquaesns 0OMOTOK Tum coenquaesns 0OMOTOK

«3BEC3aa» «(TPCYTOJILHUK)
U =Yoot g | Uy=U, e B
f Uy =U, e’ B;
U === _efjlzo“ .B: Uac _ Uﬂ _e+jl20° B.

_ +_/‘1200
U.= e , B.

Kpowme Toro, Tpe3daszHas memnb, hazHbie 0OMOTKH KOTOPOU
COEIMHEHBI 110 TUITY «3BE3/1a», MOKET KaK TPEXNMPOBOAHOM, TaK U
YETBIPEXITPOBOJHOM.

Juist Tpexda3HbIX 1ereil BBOIUTCS MOHATHE «CUMMETPHYHOM
HArpy3KH, T.€. Harpy3KH, KOMIUIEKCHBIE COMTPOTHBIICHHUS (ha3HBIX
Harpy3oK paBHBI.

B cityuae, ecinu Harpy3ka CMHMMETpUYHAs, a TpexdasHas HeMb
YeThIPEXNPOBOIHAS, TOK B HEUTPaAJIbHOM MTPOBOJIE€ PaBEH HYIIIO.

B ciryuae, ecnu Harpy3ka HecuMMeTpHYHasl, a TpexdaszHast 1enb
YeThIPEXNPOBOIHAS, TOK B HEUTPAJIEHOM IIPOBOJIE PABEH CyMMeE
KOMIUIEKCOB TOKOB, ITPOTEKAIOIINX B KaXK10M (ha3HOM Harpys3Ke,T.e.
Ly=1,+1,+1..

[Tpu HEcuMMeTpUYHOM HArpy3Ke a3 MOoNMHAS aKTUBHAS U TIONTHAS
peaKkTUBHAsI MOITHOCTU Tpex(a3HoH LeNH CKIabIBAIOTCs U3
COOTBETCTBYIOIIIMX MOIIHOCTEH B KaxK10# (ase, T.e.

P =P, + P+ Pc, BT

Q=Qa + Qs+ Qc, Bap.

[Momuas MomHOCTH Tpexa3Hoit nenu: S :sz + Q2 , BA
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3amanme 3.
PACYET TPEX®A3ZHOMN IIETI>IPEX11POBOI[HOI7I HEIIN
INEPEMEHHOI'O TOKA

Jlnst srexkTpuueckol Ienu, cxeMa 3aMelleHUs] KOTOPO M300pakeHa
Ha puc. 3.1 — 3.27, mo WCXOAHBIM JAaHHBIM, 3aJlaHHBIM B TaOi. 3
rapamMeTpaM 1 JTUHEHHOMY HaIPsHKEHUIO, ONPEICTUTh:

- KOMIUTEKCHI (ha3HBIX HAMPSHKCHUH;

-KOMIUIEKCHI (Da3HBIX M JIMHEHHBIX TOKOB M TOKA B HEUTPAILHOM
IIPOBO/JE;

-aKTUBHYIO, PEAKTHBHYIO MOIIHOCTH Ka)1oi (a3bl W BCel Iiernu, a
TaKKe MOJHYIO0 MOIIHOCTD 1EMH;

-IIOCTPOUTDH BEKTOPHYIO AUArpaMMy TOKOB U HAIPSIKEHHUI.

Howmep BapuanTa 3a1anus COOTBETCTBYET HOMEPY B CIIMCOYHOM
COCTaBe TPYIIIHIL.

§ a

it

Sc,l W Xa
c. ln

c Xe ‘\/

C
et L SR
Puc.3.1
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Puc.3.13 Puc.3.14 Puc.3.15

32



o
Puc.3.16
4

g
L TR

Puc.3.19

LES

T e

Re

| "c\/"wa,zgl

L=

Puc.3.25

Re n \/XK fg
£
c AQ\
e
Puc.3.17

2
Xe ke ,
C
W e
Puc.3.20

Puc.3.26

33

A 2

n R
z

Xa

8

Xe \} £y
Coly \%\‘
I'L;
Puc.3.18

Puc.3.21
A a @
lU,‘ ;ifi
8 al.

< n .X
PN
c {og

.

Puc.3.27



Ta6muua 3

BapwuanT | cxema | U,B | Conporusnenns ¢azHbix norpedureneii, Om
R, Ry, R, X, X5 X,
1 3-1 660 16 - 8 11 20 6
2 32 [380 |6 - 10 8 22 -
3 3-3 1660 8 38 - 6 - 19
4 3-4 1220 |5 3 6 - 4 8
5 3-5 [380 |6 8 10 8 6 -
6 3-6 220 |22 - - - 11 22
7 3-7 380 |- 20 8 11 - 8
8 3-8 220 8 - 17 8 10 -
9 3-9 1660 |38 14 - - 14 19
10 3-10 | 380 |- 10 20 22 11 -
11 3-11 | 220 12 10 6 12 - 8
12 3-12 380 |6 20 - 8 - 10
13 3-13 220 8 12 - 8 12 15
14 3-14 | 660 |- - 6 20 15 8
15 3-15 [ 380 |20 - 38 20 19 -
16 3-16 | 660 8 9 22 12 11 -
17 3-17 [380 |- 6 12 10 8 -
18 3-18 | 660 14 11 - 14 - 22
19 3-19 220 |- 3 8 6 4 6
20 3-20 | 380 22 - 8 - 11
21 3-21 | 220 19 - 15 - 38 10
22 3-22 1380 |- 6 - 22 8 20
23 3-23 220 |3 6 10 4 8 -
24 3-24 1660 |20 - 14 - 11 14
25 3-25 380 8 6 10 10 22 10
26 3-26 1220 |- 18 12 - - 22
27 327 [380 |6 - - 8 - 38
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IIpumep pemrenus 3axanus 3.
B kagecTBe mpuMepa Aj1sl pelieHus MPOBEAEM pacueT TpexdazHoit
YeTHIPEXTTPOBOHOM 3JIEKTPUYECKON LIEMH, CXeMa 3aMelIeHUsI KOTOpOil

MpeacTaBiieHa Ha puc. 3.28.
7 :

Puc.3-28.Cxema 3amerienus
Tpex}a3Hoil YeThIPE3nPOBOAHON
3JIEKTPUUYECKON Lenu

Hano: U, =380B,R, =80mM, X, =6 O0M, R, = 6 0m, X, = 8 Om,

Rc=50m Xc=50m.

Pacuer TpexdaszHOil 3JIEKTPUUECKOH IIeK BEAETCS CUMBOIUYCCKUM
METOJIOM U IIPEIIOJIAraeT BhIIIOIHEHHUE CIECAYOMUX JEUCTBU.
3.1. OmnpeneneHnne KOMIUIEKCHBIX (Pa3HBIX HANpPSHKEHUH € y4eToM
OCHOBHBIX COOTHOILIGHHH U CITIOCOOOB coeIMHEHHS (Da3HBIX OOMOTOK:

U 0 0
U =—2.¢"" =220-¢"" B;

o)

U ==2.¢/%"=220.¢7 B;

120° 120°
Ue.=—~-e"""" =220-¢""" B.

3.2. Onpenencaue (a3HbIX CONPOTHBIICHUH B alreOpandyeckod u
nokaszatenbHOH  (opMax KOMIUIGKCHOTO 4YHciaa 1o  (opmynam,
MpeACTaBICHHBIM B Tabmd. 2.2:

. 6
—jarctg—

Z, =R, —jX, =8-j6=~8 +6>-¢  ®=10-¢7", Ou

. § .
Z, =R, +jX, =6+ j8=82 +62-c 6 =10-¢"*" Oum
b b T JAY J
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. 5
+ jarctg— L e0
. . 2 2 4
Zc=Rc+ jXc=5+j5=45" +5"-¢ 5=7-¢7%  Om
3.3. OmpenenceHrue KOMIUIEKCOB (ha3HbBIX, JIMHEWHBIX TOKOB U TOKa B
HEUTPAJIBLHOM IIPOBOJE:

— ﬂ — 220— e+j0 = 22 e+_7370 A
- Z, 10-¢7" ’
I = 2 _ 2207 e ™ 20,0 A
- 4 10-¢™% ’
U, 220" -
I.== :;:31’4 et A
Zc 7_e+_;45°
ILy=1,+1,+1 =

22cos(+37° )+ j22sin(+37°) + 22cos(~ 173" )+ j22sin(~173%) +

314cos(+75° )+ j314sin(+75°) = 3,86 + j40,886 = 41,1 &**

A

3.5. Onpenenenve akTUBHOW, PEAKTHUBHOM, MOMHOM MOIIHOCTH KaXIOH
(ha3HOI1 HArpy3KHU U 1ICTIU B 1[EJIOM

P =R, -1} =8-22"=3872 Br

P, =R,-1; =6-22> =2904 Br
P.=R, -1} =5-31,4" =4929,8Br
Q,=X, 1} =6-22" =2904 Bap
Q,=X, 1} =8-22° =3872Bap

Q0. =X, -1} =5-31,4" =4929,8Bap
P.,,=P +PB +P =11705Br

Opom = =79y + 7O, + O, = 5897,8 Bap
S=P

n

4O, =11705+]5897,8= 13107-¢"/*" BA.
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3.6. [TocTpoeHue BEKTOPHOM qUarpaMMbl OCYIIECTBISIETCS] Ha TIIOCKOCTH
KOMITJIEKCHBIX YHCE.
Meroayka mOCTPOSHHS 3aKITI0YACTCS B CIIEIYIONIEM:
- BEIOMpaeM MammTad OCTPOEHHS BEKTOPOB HANPSHKEHHUM U TOKOB;
- CTpPOMM PaBHOCTOPOHHHH TpPEYTOJIHUK, CTOPOHAMH KOTOPOTO
SIBJISIFOTCSI JIMHEWHBIE HANIPSDKEHUS B BBIOPAHHOM Maciirade;
- U3 BEPUIMH TPEYrojbHHWKAa METOJOM 3aCeUeK OTKJIAJbIBAEM BEKTOPHI
(ha3HBIX HATIPSHKEHUH B BHJIE PaJNyCOB IIUPKYIIS (B TOM K€ MaclTaoe);
- TOYKa TepecedeHus] Tpex paauycoB (asHBIX HAMPSHKEHUH SBISETCS
HEWTpabHOI TOUKOH M 0003HaYaeTCs n;
- COEIWHUB TMOJYYEHHYI0O TOYKY N C BEpHIMHAMH TPEYrOJbHUKA,
Mojy4aeM BeKTopa (a3HbIX HAlPsDKEHUH;
- oT ocH (+ 1) BemecTBEHHBIX YMCEN MO PACYETHBIM 3HAUYCHHUSM TOKOB
OTKJIaJbIBaeéM BEKTOpa (pa3HBIX TOKOB U TOKA B HEUTPaIbLHOM MPOBOJIE.

B pesynpraTe momydaeM BEKTOPHYIO AWArpammy, MpecTaBICHHYIO
Ha puc. 3-29.

Puc. 3-29. Bekropnas
nuarpamma (hazHbIX
TOKOB U HaIIPSLKEHUM
TpexdaszHoii
YETBIPEXITPOBOJIHON

3JIEKTPUYECKOU
LEeITH,COeIMHEHHOMN T10
THITY «3BE€311a», C
HECUMMETPUYHON
Harpy3Kou.
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[MTPUJIOXXEHUE
Pemenune cucTeMbl TpeX JUHEHHBIX YPABHEHH I ¢ MOMOIILIO OMpe/e-
JUTeel

Omnpenenenue:

ay b o

az bo 2 | =a bacg | asbhze) | azbies  asbies;  apbzes

az ba 2
HA3bIBAETCS OMPEISTUTENEM TPETHEro TOPSIKA.

Uncna @1 @2, Az, by, bo, by, e, €2, €3 yaspmarores anenenmamu
OTpeICTUTENS.
Srementer @15 b2, €3 00pa3yIOT 21a6HYI0 OUA2OHAIbL OTIPEICITUTEIS, a
snementst C1s P2+ @3 _ ero nOOOUHYIO OUALOHATD.

ITpocToe mpaBUIo T 3aITOMHUHAHUIN 3TOTO BRIPAKEHUS:
3aITHIIEM eIlle Pa3 BCE DIEMEHTHI OMPEAETUTENS, TPUITUCAB K HUM CHOBA
HepBHI?I Y BTOPOU CTONOLIBI:

\,.b \c ﬂ" &, Co 3HakoM IuIIOC OepeM Tpo-
1 1 W3BENICHUE JJIEMEHTOB, CTOSI-
ﬂz\b'é 52\9’2\\& 2 IMX HA TJIABHOM JMAroHasu
ONpeNeNUTeNs, a TaKkKe Ha
4’“3 ’,.'bﬁ s 3\ aﬂ.\ 63 JBYX Tapajjiensx K Hei, co-
- - + + ¥ jepsxamux no Tpu
JJIeMeHTa (Ha pUCYHKE OHU TIepEYEPKHYTHI CIUIOIIHOMN JTHHHEH ).

Co 3HakOM MUHYC OepeM MPOU3BEACHHS JIEMEHTOB, CTOSIIMX Ha MO-
OOYHOI JMaroHajaM M Ha JBYX MapajuleNsX K Hei, CoepKallue 1o TpU
dJIeMEeHTa (Ha PUCYHKE OHU MepeuepKHYTHI yHKTHPOM).

Pemenue cucTemsl TMHENHBIX YPABHEHUN C TOMOLIBIO ONPEIEINUTE-
JISH MOXKHO 3anucath Tak (¢popmynvt Kpamepa):

ayx 4+ by + ey = dy,
agx + bay + e = do,
azr + bay + ez = da
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ff] E-‘rl 1 ] fﬂl 1 - E-‘rl l'.'l!l
da o oo g dy £ s o ds
de by e3 iy dz 03 N g by ds
CT a- oy ¥= ay by o |07 - 1 o
ia b g o by 0o s b eg
@z bz ea i3 bz e3 iz bz e3

OnpenenuTens, CTOSIIMN B 3HaMEHATENe, Ha3bIBAETCS TJIABHBIM OII-
peIenuTENEM CUCTEMBI YpaBHEHH . ECTECTBEHHO, BBHILIECIPUBE/ICHHbBIE
(hopMyJIBI TPUMEHUMBI TOJILKO B TOM
CJLy4ae, €CJH TJIaBHBIN OIPENEIUTENb OTIINYEH OT HYJIS.
IIpumep..Pemuts cucremy

20 —y—z=1T,

r+y—2z=2,
r—y—dz=-2
HNmeem
7 -1 -1
2 1 -2
=2 -1 8] 2142-4-6-14-2 45 _
2 1 1 —6+142-3-4-(-1) -9
1 1 -2
1 -1 -3

Ilocne atoro CBOAMM PCUICHUC HCXO)IHOﬁ CUCTEMBI K PCIICHUIO CUC-
TEMBbI C IBYMsI HCU3BCCTHLIMU

2+y—2z =2,
D—1y —3dz = -2
Pemms ee, nonyanm @ = 2,y = L,z =2
Jr —y + 42 =15,
o+ 3y +z =185,

2z +y —3z=11.
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