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OO0uue ykasanus

KonTtponpHas pabora mno auciumuimHe  «TeopeTudyecKrue  OCHOBBI

AIEKTPOTEXHUKHU» TMPEAyCMAaTPUBAET BBIMOJHEHUE CTYJEHTaMH JIBYX 3ajiad,
kotopbie uMmeroT 100 BapwaHTOB W OTIMYAIOTCSA NPYr OT Apyra CXeMamu |
YUCJIOBBIMU 3HAUEHUSAMM 33JlaHHBIX BEIWYWH. BapuaHT, mojanexanui pelieHuio,
ompenensercss Mo ABYM MOciaeAHUM nudpaM mudpa CTyIeHTa: MO MOCIeAHEH
uudpe BbIOMpaeTCS HOMEP CXEMbl, a MO NPEANOCICIHEM — HOMEp YHCIOBBIX
sHaueHni BenmmunH. Hampumep, mmdpy 1110-C3-1345 cooTBETCTBYIOT CXEMBI 5 U
YETBEPThIC BAPUAHTHI YUCIOBBIX 3HAUCHUH.

10.

TpebdoBanusi kK 0GpOPMIICHHUIO KOHTPOJBHOU Pad0ThI

Pabota BBITIOTHSAETCS B OTACIBHON TETpaau Uiu Ha Juctax popmara A4, Ha
00JI0’KKE KOTOpPOM YKa3blBalOT Ha3BaHUE IUCLUIUIMHBI, Kypc, (amuiuio,
M3, OTYECTBO, YUCOHBIN MU(p CTyACHTA.

[lucats cieayer Ha OJHOM CTOPOHE JUCTAa WIM Ha JIBYX NpU HATUIUHU
MIAPOKUX TMOJICH 151 3aMEYaHU .

VYcnoBue 3amaun JTOMKHO OBITH MEPENHCAHO B KOHTPOJIBHYIO paboTy co
CXEMOM 1 YHCIIOBBIMU 3HAYEHUSAMU ISl CBOETO BapHUAHTA.

PacueTHyto yacTh KaXJAOW 3aJaud CIEAYeT COMPOBOXKAATh KPATKUMU U
YETKUMHU MOSICHEHHUSIMU.

OCHOBHBIE  TIOJIOKEHUSI ~ PELICHUS  OOBICHAIT ©  WJUIIOCTPUPYIOT
ANEKTPUUYECKUMU CXeMaMH, YepTeKaMu, BEKTOPHBIMHM JIHarpaMMamMu U T.1.,
KOTOPBIE€ BBIMOJHIIOT AKKypaTHO C MOMOINbI YEPTEKHOTO HMHCTPYMEHTA.
Ha »snekTpuueckux cxeMax IOKa3bIBAIOT MOJOKUTEIbHBIE HAIMPABICHUS
TOKOB.

BriepKuBatOT ClAEAYIONIMN MOPSAOK 3alUCU MPU BBIYUCIICHUSIX: CHaudalia
NPUBOIAT (POpMyJly, 3aT€M TMOJCTABISIOT YMCIOBBIC 3HAYEHUSI BEJIWYUH,
BXOoAsAIMX B ¢opmyny, 0e3 Kakux-nubo mnpeoOpa3oBaHuM, Jajnee
BBITIOJTHSIIOT MPEOOpa30BaHUsl C YHUCIAMH, I[IOCIE H3TOr0 3alUChIBAIOT
pe3yAbTaT BHIYMCICHUN C YKa3aHUEM €IUHUILl U3MEPEHUS.

K pabore mnpuiiaraioT nepedeHb MCHOJb30BAHHOW JIUTEPATYPhl, B KOHIE
paboOTHI CTABAT ATy U MOJIHUCH.

Pa0oThl, BBINOJIHEHHBIE HE IO CBOEMY BapHaHTy, a TAaKXKE HANUCAHHBIE
HEpa300pUMBO, HE PELICH3UPYIOTCA.

[IpaBUIIBHO BBIMOJHEHHAS] KOHTPOJIbHASL pab0Ta BO3BpAIIA€TCS K CTYJIEHTY C
yKazaHueM «JlomymeH K 3a4eTy» U OpU HEOOXOJMMOCTU C MepeyHEM
3aMe4YaHui, KOTOPbIE CTYJEHT JIOJKEH UCIIPaBUTh K 3aU€Ty.

[locne momyuyeHUs OTPELEH3UPOBAHHON pabOThl CTYIEHT JIOJKEH
UCIIPAaBUTh BCE OLIMOKU U cAenaTh TpeOyeMble aonoiaHeHud. [Ipu 6onpmiom
KOJIMYECTBE UCTIPABICHUN OHU JENaI0TCS B KOHIIE paOOTHI.



3agaua Nel

Pacuer pa3BeTBJIeHHOﬁ JIMHEeHHOM 3JIeKTqueCKOﬁ el MmMoCroAHHOIr0o TOKa

Jlmst  arekTpudeckor 1enw,
M300paXe€HHOM Ha pucC. 1, BBIMOIHUTH ClIeIyIOIIEE:

C HECKOJIBKUMH UCTOYHUKaAMU 3J1€KTpI/I‘leCKOﬁ IHEPIrumn

COOTBETCTBYIOIIEH HOMEPY BapuaHTa U

1. 3anucate cuctemMy ypaBHEHHUH Jisl ONpENENCHUS TOKOB B BETBSX IyTEM

HCIIOCPCACTBCHHOI'O IIPUMCHCHHA

ypaBHEHUH ¢ MpUMEHEHHEeM HHTerpupoBanHoro nakera MathCAD.

3akoHOB Kupxroda. Pemmts 3Ty cucremy

2. OnpenenuTh TOKH BO BCEX BETBAX METOJOM KOHTYPHBIX TOKOB.
3. BeITIOTHUTE cpaBHEHHE PE3YIHTATOB MOJTYYCHHBIX B 1. 1 1 B 1. 2.
4. CocTaBUTh 0aJlaHC MOIIHOCTEH.
5. [TocTpouTh MOTEHIIMATBHYIO UAarpaMMy Jis JIF0OOro 3aMKHYTOrO KOHTYpa,
BKJIrOUaromiero B ceds ooe I/C.
3nauennss DJ{C MCTOYHHKOB U CONMPOTHUBJIEHUN PE3UCTOPOB NPUBEICHBI B

Tadm. 1.
Ta6numa 1
Benu- @ Bapuant
YuHa
1 2 3 4 3) 6 7 8 9 0

E;, B 100 | 150 | 140 | 130 | 120 | 110 | 60 70 80 90
r, Om 1 1 2 2 1 2 2 1 2 2
E,, B 160 | 130 | 120 | 110 | 140 | 150 | 200 | 190 | 180 170
I, OM 1 2
Ri, Om 4 4
R,,Om| 5 3
R3, Om| 9 13 | 24 21 25 19 22 17 14 16
Ry, OMm| 23 | 25 | 20 16 18 22 17 15 19 21
Rs,Om | 21 | 23 | 12 19 24 17 14 22 18 15
Re, OM| 19 | 14 | 18 16 22 24 13 24 17 23

TeopeTudeckuii MaTepHall U IpUMeEPHI pacuera npuBeAeHsl B [1; 2; 3; 4; 5; 6;

7.


Татьяна
Выделение
Значения


Татьяна
Записка


Puc. 1


Татьяна
Выделение
схема
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Puc. 1 (okoHuaHue)

MeToxmqecxne YKa3aHud K 3agavde Nel

Ha puc. 1 npencraBieHbl CXeMbl CI0XKHBIX JIMHEHMHBIX AEKTPUUECKUX 1enen
MMOCTOSHHOTO TOKA, COCTOSIIIUE W3 HECKOJBKUX BETBEM M Y3JIOB. BerBpio
JNEKTPUYECKOW LEMM HA3bIBAKOT TAKOM €€ y4aCTOK, KOTOPBIA COCTOUT TOJIBKO M3
MIOCJICIOBATENBHO BKJIIOYEHHBIX MCTOYHUKOB JJIC m compotusiienuid. Bo Bcex
AJIEMEHTax BETBU B JIO00H MOMEHT BPEMEHU TOK MMEET OJHO M TO K€ 3HAUCHUE.
Toukn, B KOTOPBIX CXOASTCS HE MEHEE TPEX BETBEH, HA3BIBAKOTCA Y3JIAMU.
CI10)KHBIE LIEMTA UMEIOT HECKOJBKO 3aMKHYTBIX KOHTYPOB, COCTOAILIMX U3 PAa3HBIX
BeTBel. B 3amave 1 3amaHHbIMU SBISIIOTCS BEIWYMHBI M HampaBieHus Bcex J]1C,
3HAYCHUS BHYTPEHHUX U BHEITHUX COMPOTUBIICHUH, a TPEOYETCS OMPEIeTUTh TOKU
B BETBSX.

Pacuer TokoB ¢ momoub10 3ak0H0B Kupxroga

[Ipu pacuére crmoXHOU IEMM C MOMOIIBI0 3aK0oHOB Kupxroda BeiOmparoT
MPOU3BOJIFHO HAMPABICHHE TOKOB B BETBSIX M HAaMpaBlieHUsS 00X0Ja KOHTYPOB,
3aTEM COCTAaBJISIOT YypaBHEHMS. YHCIO HE3aBUCHMBIX Y3JIOBBIX YPaBHEHUH,
COCTaBIICHHBIX T10 TIepBOMY 3akoHy Kupxroda, 1omKkHO OBITh HA €UHUITY MEHBIIIC
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YyUCIia y3JI0B CXeMbl. UHCIIO HE3aBUCUMBIX YPAaBHEHUW, COCTABICHHBIX II0 BTOPOMY
3akoHy Kupxrodga paBHO uHCIy HE3aBUCUMBIX KOHTYpoB. OOIlee 4ucIio
YpaBHEHUM JTOJKHO OBITh PABHO YUCITY UCKOMBIX HEM3BECTHBIX.

MeTox KOHTYPHBIX TOKOB

IIpn pacu€re neme METOIOM KOHTYPHBIX TOKOB IPHUHHMAETCS, 4YTO B
KaXJOM HE3aBUCHUMOM KOHTYpPE LENU MPOTEKAeT CBOW KOHTYpPHBIA TOK. Jliid
OMpeNIeNICHUs STUX TOKOB COCTABISIOT YpaBHEHUS MO BTOpoMy 3akoHy Kupxroda.
HeszaBucumble  KOHTYpbl MOHO O0O3HAUUTh pUMCKUMU  Iuppamu, a
3aMBIKAIOIMECS B HUX  KOHTYPHbIE  TOKM  OTMETUTh  HWHIEKCaMH,

COOTBETCTBYIOIIUMH CBOEMY KOHTYPY (11,12, 133) Jns  eaquHOOOpa3us
PacU€THBIX YPAaBHECHUN PEKOMEHYETCSl BCE KOHTYPHBIE TOKM HAMNPABIATH B OJHY
CTOpPOHY, HapUMEP MO HAIPABJICHUIO BpaIlCHUS 4acoBOM cTpenku. HampapieHue
00Xx0/1a KOHTYpa NMPUHUMAETCS COBIAAIONIUM C HAMPABICHHUEM KOHTYPHOTO TOKA.
[Ipu cocraBieHMH ypaBHEHMH IO 3TOMY METOIY CJEAYET Y4YHUThIBaTh, 4TO B
KOHTypax, rae uMmerorcs uctouHuku IJC, uucnenneie 3HadueHus 3tux IJ[C
HEOOXOAMMO TMPHUHHUMATh MOJIOKUTEIHLHBIMM, €CIM WX HaIlpaBJICHHE COBIAJACT C
HampaBjeHUEM 00X0/a KOHTYpa, M OTPHUIATCIBHBIMHU, €CIIM WX HAIpaBJICHHE HE
COBITQ/IACT C HaMpaBJIEHUEM 00X0/1a KOHTYpa.

Pemass coBMEeCTHO ypaBHEHMs, COCTAaBJIIEHHBIE [0 BTOPOMY 3aKOHY
Kupxroda, HaxoaaT BeTUUNHBI KOHTYPHBIX TOKOB. TOKM B BETBSIX IIEMTH HAXOISITCS
yepe3 KOHTYPHbBIE TOKH TTO METOAY HAJIOKECHUS.

CocrasiieHune 0aj1aHca MOIIIHOCTEH

VYpaBHEeHME YHEPreTUUECKOro 0ajaHca MpyU MUTAHUU TOJIBKO OT UCTOUYHUKOB
O/J1C 3anuceiBaeTcs CAeayomuM 00pa3oM

YEl = I°R.

Ecnu vepe3 nuctounuk 3JIC Teu€t TOK, HampaBJIEHUE KOTOPOTO COBITAIAET C
HanpasieHuem DJIC, To uctounuk I/[C 0THa€T S3HEPTUIO U €r0 MOIIHOCTh, PaBHAs
npousBeaeHuto El, 3amuceiBaeTcs B JEBYIO 4acTh ypaBHEHUSI YHEPTETHUECKOTO
OaaHca ¢ MOJOXKUTENbHBIM 3HakoM. Eciu e Tok | Hampasien HaBctpeuy I/1C
E, To ucrounnk DJIC paboraeT kak mOTPEOUTENb YHEPTHH, U €r0 MOITHOCTH El
3alUChIBA€TCA B JIEBYI0 YacThb YypaBHEHMsSI DSHEpPreThyeckoro OanaHca ¢
OTPULATEIIBHBIM 3HAKOM.

ITocTpoeHue MOTEHUUANBHON AMATPAMMBbI

[loTeHunanbHOM JAMArpaMMoil Ha3bIBAIOT TPAPUUYECKYI0 3aBUCHUMOCTH
W3MEHEHUs IMOTEHIMajda BJOJIb 3aMKHYTOIO KOHTYypa OT COINPOTHUBJIECHHUN €€
ydacTkoB. [loTeHlMan HCXOMHON TOYKM KOHTYpa, BBIOMpaeMON MPOU3BOJIBHO,
MIPUHUMAIOT 32 HYJIb.

Pacuér moreHuManoB BeAyT IO HaIpaBlIEHHUIO 00XoAa KOHTYpa, KOTOpPOE
BbIOMpaeTcs NMpou3BOIbHO. [Ipu pacuére MOTEHIIMATOB TOYEK KOHTypa CleIyeT
HMMETH B BUY CIEIYIOIICE:!

1. Ha yyacTke ¢ CONpOTUBICHUEM IIPU MEPEXO/€ OT OJHON TOUKH K JIPyrou
MOTEHIIMAJ M3MEHSETCS HAa BEJIMYMHY NAJCHUS HAIPSHKEHUS Ha CONPOTHUBIICHUU
3TOr0  y4acTkKa Apr =*xIR. IloreHunman yBenuuuBaercs, eciu 00X0x



OCYIIECTBJISIETCSL TPOTUB HANpaBlCHUS TOKAa, U TMOHWXKAETCS, €ClIh 00XO0J
OCYILIECTBIISIETCS 110 HAITPABICHUIO TOKA.

2. Ha yuactke ¢ DJIC mortenmuan wusmeHsercs Ha BenuunHy 2IJ[C
Agp. ==*E. IloTeHunan moBbeIIaeTCd B TOM ClIydae, KOTJa HEpexoi OT OJHON

TOYKH K JIPYrod ocymecTBiseTcs mo HamnpasieHuo DJ[C (oT MUHYyCa K IUTIOCY), U
MOHIKAETCSI, KOTJa TIEPeX0,T OCYIIECTBIseTCs MpoTuB Hampasienus DJ[C.

JInst mocTpoeHus auarpaMMbl HEOOXOIUMO OTIIOKHTH IO OCH a0CIHCC B
onpeneIéHHOM MacIiTade IOCIeIOBATEIBHO CONMPOTUBICHUS OTASIbHBIX YI4aCTKOB
KOHTYpa I10 HapaBJICHUIO 00X0/1a, HAYMHAs C UCXOAHOU ToukH. [1o ocu opauHaT B
onpeeIEHHOM Macirade OTKJIaJBIBAIOTCS 3HAYEHUS [IOTEHI[AAIOB
COOTBETCTBYIOIIUX TOYEK KOHTypa. JlomaHass nwHMS, COSAWHSIONIAS KOHIIBI
OpJIMHAT, PaBHBIX IMOTCHIIMAIAM COOTBETCTBYIOIIUX TOYEK, IPEACTABIACT COOOM
MOTCHIIMAIBHYIO THArPaAMMY.

3agaua Ne?

Pacuer JiMHeiHOM 3JIEKTPUYECKO eNnu 0AHO(AZHOr0 CHHYCOUIAJIBbHOI0 TOKA
Jliis e, n300pakeHHON Ha puc. 2 TpedyerTcs:

1. OnpenenuTh KOMIUIEKCHBIM METOJIOM JICHCTBYIOIINE 3HAYCHUS] HAMPSHKEHUN
Y TOKOB Ha BCEX yYaCTKaX LICTH.

2. OnpennenuTh AaKTUBHBIC, DPEAKTUBHBIE W TIOJHBIE MOIIMHOCTH KaXIIOTO
y4acTKa U BCEH IICIIH.

3. CoctaBuTh OamaHC AaKTUBHBIX W PEAKTHUBHBIX MOIMHOCTEH W OIICHUTH
MOrPENTHOCTD pacyeTa.

4. TlocTpouTh BEKTOPHYIO AUATPAMMY TOKOB U HAMPSKCHUI.
3HadyeHue HanpsikeHust uctouHuka U U mapaMeTpbl pe3ucTOpOB, MHIYKTUBHOCTEN
¥ €eMKOCTEH JUIS KaXKI0TO BapruaHTa IPUBEICHBI B Ta0M. 2.
Yacrora nuraroriero Hanpspkeaus f = 50 I,

Tabawnia 2
Bapu- U, I, L., C, I, L., C., I, Ls, Cs,
aHT B Om | M[H | MK® | Om | M[H | MK® | Om | M[H | MKD

220 10 40 50 12 110 | 90 15 40 30

220 | 40 150 | 40 35 100 | 100 | 20 80 30

380 | 30 70 30 20 150 | 80 25 100 | 40

127 | 45 140 | 20 40 200 | 60 30 60 50

220 60 120 | 120 50 120 | 75 40 50 80

220 | 50 150 | 70 30 50 45 25 100 | 100

127 15 60 60 10 80 30 15 100 | 90

380 | 35 50 80 20 75 20 10 60 75

380 | 20 80 150 15 60 40 12 70 60

OO NO|OAWIN|F

127 25 100 | 100 18 90 50 20 50 40

Teopetnyeckuii MaTepuan U IpUMepHI pacueTta npuBeaeHs B [1; 2; 3; 4; 5;
6; 7].
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Puc. 2 (okoHuaHue)

MeTtoaudeckue YKa3aHusd K 3aqa4e Ne?

B kxommiekcHOM MeTojie pacuéTa 3JIEKTPUUECKUX IeNeld TEPEMEHHOT0 TOKa
OJC, HanpsokeHusi, TOKH, CONPOTHUBICHUS, MPOBOJUMOCTA M MOIUIHOCTH
NPEACTAaBIAIOT B BHUJAE KOMIUIEKCOB. KoOMIIJIEKCHbIE 3HAuY€HHsI BEJIWYUH,
MU3MEHSIONIUXCS MO0 TapMOHUYECKOMY 3aKOHY, 0003HA4al0T COOTBETCTBYIOIIUMU
TIPONMCHBIME GYKBaMH, HaJl KOTOPBIMH cTaBaT Touky:. E,U,I . JIna o603HaueHns
MOJyJIed 3TUX BEJIMYMH MPUMEHSAIOT Te€ XK€ OYKBbI, HO 0€3 TOYEK HaJl HUMU
E.U,I.

Kommieke moiHOro comnpoTuBIIeHHs 0003HA4arOT MPOMUCHOW OykBoM Z,
KOMIUIEKC TOJHOM NOpoBOAUMOCTH — OykBoil Y. Moayin 3THX BeJIHYUH
0003Ha4Yar0T COOTBETCTBYIOIIMMH CTPOUHBbIMH OykBamu Z u Y. KommiekcHbie
YucIia 3aiChIBAIOTCS B OJIHOU U3 CIeAyronuX Gopm

A=a+ j-b — anrebpanueckas Gpopma;
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A=A-(cosa + j-sina) — tpuroHomerpuueckas Gpopma;

A=A-e'* —nokasarensnas Gopma,

rae A=+/a% +b? — MOZYJIb KOMIUIEKCHOTO YUCIA;

a =arctg(b/a) - apryMeHT KOMIUIEKCHOT'O YHCIIA;

j=+-1 — MHUMas IUHUIIA.
Ecnu HampspbkeHre U TOK U3MEHSIOTCS 110 3aKOHY CHHYCa
u=U,_ - sin(ot+y,);

=1, -sin(et +y;),

TO DTU BCJIMYUHBI B KOMHHGKCHOﬁ (bopMe 3aHI/IIHYTCSI TakK
U=U.el u | =1-e!Vi,

rae U= u | = —”; — IEHCTBYIOIINE 3HAYCHHS HAITPSKEHHS M TOKA.

Komrnekc moimHoro conpoTUBIEHHS y4acTKa UEMH, COCTOSIIETO U3
IIOCJIEI0BATENbHO BKIIOYEHHEIX L u C

i .1 i 1 i i
Z=r+joL-— j—=r+j-(wL——)=r+ jx=2-¢'?,
L Jo Ja)C J (o a)C) j

rac Z= r2 + X2 — MOAYyJIb KOMIUICKCHOT'O COITPOTHUBJICHUA,

@ =arctg(x/r) — apryMeHT KOMIUIEKCHOT'O CONPOTHBIICHUSI.

JIns pacuéra neneil CUMHyCOHWJIAIBHOTO MEPEMEHHOrO TOKAa KOMIIJIEKCHBIM
METOJIOM IIPUMEHSIFOTCA BCE METO/Ibl, U3BECTHBIE U3 TEOPUU JICKTPUUECKUX LIETIEH
MMOCTOAHHOTO TOKAa. OTJIIMYME COCTOUT B TOM, YTO BMECTO JIEMUCTBUTENBHBIX YHCEN,
COOTBETCTBYIOIIMX TOKAM, HANPSDKEHUSIM MW CONPOTUBICHUSM B  LEMAX
MOCTOSAHHOTO TOKa, MpU pacu€re Ieneil NEePEeMEHHOr0 TOKa HCHOJIb3YIOTCA
KOMIUIEKCHbIE 4Hcia. [Ipy yMHOXEHMM U JEICHUM KOMIUICKCHBIX YHCEIN
HEOOXOJJMMO HCIIOJb30BaTh MOKAa3aTelbHYI0 (OpMY 3amucH, a MpU CIO0XKEHUU U
BBIYUTAHUU - aNreOpanyeckyto Gpopmy.
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