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BBeaenue

JlanHoe = y4eOHO-METOAMYECKOE IOCOOME  TMOCBALICHO  BBIMNOJIHEHUIO
KypCOBOM pabotrer  (KP) mno aguciumimnbe «TeopeTHyeckue OCHOBBI
AIEKTPOTEXHUKW». B  y4eOHO-METOAMYECKOM TI0COOMU TMOAPOOHO OMUCAHBI
TpeOOBaHMsI K BBIOJIHEHUIO, IPUMEPHI BBIOJHEHUS, U O()OPMIIEHUIO KypCOBOU

pabOThI U MOSICHUTEITHLHOM 3aITUCKH.

esan u 3a1a4un KypcoBoii padoThl

['maBHOM M OCHOBHOM IIEJBIO JIFOOOH KYpCOBOM pabOTHI SIBISIETCS MPOBEPKA
MOJIYYEHHBIX 3HAHUN M 3aKPEIUICHNUE UX MPU UCCIICTOBAHUH PA3JINYHBIX aCIIEKTOB,
CBSI3aHHBIX KaK C TEOPETHMUYECKOH, TaK M C MIPAaKTHUYECKOM uacTsiMU palOoThlI.
KypcoBas pabGora no cBoeil TemaTuke pa3zpaboTaHa TakMM OOpa3oM, UTO Ji00Oas
TEMa CBf3aHAa C COAEpKAaHMEM pa3leloB JaHHOro yudeOHoro kypca. KypcoBas
paboTa cOCpeOTOYMBAET CTYAEHTAa HA pEIIeHHE CIEAYIOUMX 3aj1ad: - coop u
aHaJIM3 MaTepHalla, KaCArOIIErocss BHIOPAHHON TEMBI; BBIIIOJHEHUE MPAKTUYECKON
4acTH.

Boemonnss KP, ywyammiics npuoOperaeT ONbIT M HaBBIKM HMCIOJIb30BaHUS
TEOPETUYECKUX 3HAHUM B PEIICHUM IIPAKTUYECKHUX 3a4ad, TAKKE pPACIIUPSIET
OPaKTUYECKWE HAaBBIKM M ONBIT PabOThl CO CIEUUATIbHOM JIMTEpaTypoOi,
CaMOCTOSITEJIbHOTO OCMBICIICHUSI W U3JIOKEHUS TEOPETUYECKUX TIOJOKECHUM,

daHaJIn3a IIPaKTHYICCKHUX CHTyaHHfI, YMCHUA ACIATH COOCTBEHHEIC BBIBOJBI.

IlepeyeHb MIIAHUPYEMBIX Pe3yJIbTATOB 00y4YeHHS MO JTUCHUILIHHE (MOAYJII0),
COOTHECEHHBIX € IVIAHUPYEMBIMH pPe3yJibTaTaAMH OCBOEHHSI 00pa30BaTeIbLHOI

NMpoOrpaMmbl



[InanupyembiMu pe3yibTaTaMu OOYYEHHS M0 JUCHUIUIMHE (MOIYIIO),
SIBJITFOTCST 3HAHUS, YMEHUS, BIAJICHUS W OIBIT JACATEILHOCTH, XapaKTePU3YIOIINe
ATanbl/ypoBHH (HOPMHUPOBAHUSA KOMIIETEHIIMA M 00€CIEUMBAOIINE JTOCTHKCHHE

IUTAHUPYEMBIX PE3YJIbTATOB OCBOCHHS 00Pa30BaTEIbHONU MPOrpaMMBbl B LIETIOM.

TemaTnka KypcoBbIX padoT

TemaTuka KypcoBoil pabOThl OXBAaThIBAET H3ydaeMble pasfesbl Kypca TOD u
HampaplieHa Ha TMOJrOTOBKY CTYyJI€HTa K BBINIOJIHEHUIO 3ajady 10 BHUIaM

npodeCCUOHATBHON ACSITETLHOCTH.

Crpykrypa u opopmiieHHe KypcoBOi padoThl

KypcoBas pabota BeinmosiHsieTcs Ha auctax ¢opmara A4 (210 mm x 297 Mm) B
coorBercTBUM ¢ TpeOoBanusamu crangapra ECK]J[ «O6mme TtpeboBaHus K
TEKCTOBBIM JIOKyMeHTaM». KypcoBas palOoTa BBINOJIHSIETCS € HPUMEHEHHEM
NEPCOHAJIBHOIO KOMIIbIOTEpA. TEeKCT pacmosiaraeTcsi Ha OJHOW CTOPOHE JIMCTA,
000OpoTHasi CTOpOHa ocTaeTcsi uuctoil. PacnomaraTe maTepuan HEOOXOAUMO B
CJIEIYIOIIEM MOPSIKE:

e THUTYJIbHBIN JIUCT (MIPHIOKECHUE A);

e 3aJaHUE HAa KYpPCOBYIO paboTy;

e COJEpKAHUE;

e paszelibl KypcOBOM paOOThl B COOTBETCTBUU C TUIAHOM 3a/1aHuUs;

e CIMCOK HCIIOJB30BAaHHOM JIUTEPATYPHI.

Hymepanust nmucToB KypcoBOil paOOThl CKBO3HAs, BKJIOYAsi TUTYJIbHBIN JIHCT,
COZIEpKaHNE, CIIMCOK MCIIOJIb30BaHHOM JInTepaTypsl. [IepBoil cTpaHuen SBIseTCA
TUTYJIbHBIN JIUCT, HO Ha HEM HoMep He ctaBuTcs. ConepikaHue KypcoBOW paOOThI

oopMIIsIeTCsl Ha OTICJILHOM JIMCTE ¢ OCHOBHOM HamuUChio 1o [1].
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NznoxxeHnne marepuana B KypcOBOM padOTe MOMKHO OTJIMYATHCSA JOTMYECKOM
IIOCJIEIOBATEJIBHOCTBIO M COOTBETCTBOBATH IUIaHY. llosgcHuTenbHas 3amucka
numercs B 0e3nmnyHoi (popme «PacyeTsl MOKa3bIBalOT, B IPOEKTE YCTAHOBIEHO» U
T.1.[2] B 3amucky Helb3s epenuchiBaTh OTICIbHBIC MOJIOKCHUS U3 YICOHUKOB. B
TEKCT€ HEOOXOIMMO JeJIaTh CChUIKM Ha MCTOYHMKH (CHPABOYHUKU, YYCOHUKH), U3
KOTOPBIX 3aMMCTBOBaHbI METO/IMKA pacyeTa, (POpMYIIbl U Jp.

B kypcoBoii paboTe He TOMycKaeTcsl COKpalleHud Ha3BaHUM U CJIOB, KpOME
OOIIETIPUHATHIX TEKCTOBBIX COKPALICHUIN U COKPALIEHUS €AMHUL] U3MEPEHHUS.
TekcT AoKyMeHTa TpU HEOOXOAMMOCTH MENAT Ha pPa3fesibl U TMOApPa3Aebl.
Hymepanus gomkHa ObITh B MIpefenax KakJIoro paszaenia, 1 HOMEp MHojapasjaena
JIOJDKEH COCTOSITh U3 HOMEPOB Pa3/IesIOB U MOAPA3AECIOB, Pa3/ICICHHBIX TOYKOU. B
KOHIIE HOMEpa Mojpasjiesla TOUKa He CTaBUTCA. BHYTpHu pasliesioB MOTYT OBITh
IIPUBENICHBI TepeuncieHus. llepen kakaom NO3WIMEN IEPEUYUCIEHUS CIEIYEeT
CTaBUTH Jieuc. 3arojoBKH pa3zesioB MUILYT C MPONUCHONW OYKBBI, O€3 TOUKHU B
KOHIIE, HE MoauyepkuBas. Kaxnaplii pas3nesn peKOMEHAYETCs HAaYMHATh C HOBOTO
mucta. [losicHEeHHs CHMBOJIOB M YHCIOBBIX KOI(PQPUIMEHTOB, BXOIALIMX B
(dbopMyiy, JOKHBI OBITH MPUBEIEHBI HEMOCPEACTBEHHO M0 hopmysoi. Dopmysibl
JOJDKHBI HYMEpPOBAaThCsl B TMpefeniax paszzena, apaOCKUMU IU(pamMu, KOTOpPbIE
3aMKChIBAIOTCS HA ypoBHE (hOPMYJIbI CripaBa B KPYribIX CKoOKax. B atom ciyuae
HOMep (OpPMYIIbI COCTOUT M3 HOMEpA paszzesia U MOPSAKOBOr0 HOMeEpa (HOPMYIIbI,
pa3lIeJIEHHBIX TOUKOU, HATPUMED:

OnpenenuM MarHUTHOE CONPOTHUBIIEHUE ydacTKa Mo 3akoHy Oma uisi MarHUTHOR

OCIIn

|
R, :ﬁ (1.4)

rae | — amMHa OTHOPOAHOTO Y4acTKa MAarHUTHOH IIeTIH;
S — muTomak ero NonepeyHoro ceueHus;

L, — a0COMIOTHAS MarHUTHAS! TTPOHUIIAEMOCTh CPEIbI.
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Nnmroctpaniun MOryT OBITH PACIOJIOKEHBI MO TEKCTY KYpPCOBOM paOOTHI.
Hymepyrores wimmoctpauuu B npenenax paszaena. OHH JTOJKHBI UMETh HOMEDP U
HaMMEHOBaHUE /IOAPUCYHOUHBIN TEKCT/.

HaszBanme tabmumiel ciaepayer momemniate Haj Tabmuiei. [lpu mepenoce
Ta0NUIBI Ha JPYyrod JIMCT Ha3BaHHWE MOMEIIAIOT TOJILKO HaJ TMEPBOM YacCTbIO
tabymnpl. Tabnuiel ciaemyeT HymepoBaTh apabckumu udpamMu B Tpemenax
paszena, HoOMep TaOJIMIBI COCTOUT M3 HOMEpa pasjiesia U MOPSIKOBOrO HoMeEpa
TaOJIUIIBI, pa3feleHHBIX TOYKOM. Ha Bce TaOmuIel AOMKHBI OBITH TPHUBEACHBI
CCBUIKU B TEKCTE JOKYMEHTA, MIPHU CCHUIKE MUIILYT CIOBO «TabJIMIIa» MOJHOCTHIO C
yKa3aHUEM HOMepa. 3arojioBKM Tpad M CTPOK TaONULbl CIEAYyeT MUCaTh C
MPONUCHON OYKBBI, a IMOA3aroJIOBKH Trpad) — CO CTPOYHOW OYKBBI, €CIH OHHU
COCTaBIIIIOT OJHO TMPEJIOKEHUE C 3ar0JIOBKOM, WMJIM C MPOMUCHON OYKBBI, €CIH
OHHM UMEIOT CAMOCTOSITEIbHOE 3HAYCHHUE.

[Tpunoxxenus: ohopMIIAIOT, KaK MPOJIOJDKEHNUE KypCcoBOM paboThl. B Tekcte
pa3liesioB Ha BCE€ NPWIOKEHUS JODKHBI OBITh JaHbl CCHUIKH, HaIlpuMep:
..... npuBeleHa B npwioxkeHun A. Kaxpoe mnpunoxeHue cieayer HauuHaThb C
HOBOTO JIMCTA C YKa3aHHEM HaBepXy mocepenuHe jaucta ciioBa «lIpunoxkenue...» ¢
3aroJIOBKOM, KOTOPBIN 3alUChIBACTCS CUMMETPUYHO OTHOCHUTEIBHO TEKCTA C
OPONUCHOM OYKBBI  OTAEIBHOM CTpokKoW, Hmke cnoBa «lIpuioxxenuey.
[Tpunoxxerns: 0003HAYAIOT 3aryIaBHBIMU OYKBaMH PYCCKOro aiaBuTa, HAUMHAS C
OYKBBI A, 32 UCKJIIOUYEHHEM OYKB E,3,1,0,4,b,b. [TpriioxeHus BBITIOJIHSIIOTCA
Ha jmctax ¢opmara A4, HO gomyckaeTcs OGOPMIIATH MPUIOKEHUS Ha JHCTaX
dopmara A3. I[lpunoxeHus IJOMKHBI HMMETh OONIYI0 C OCTAJbHOM YacThiO
KypCcOBO# pabOThl CKBO3HYIO HYMEpAIIMIO JTUCTOB. Bee mpuitoskeHust JOMKHBI ObIThH
MEePEYUCIICHbl B COJEpPXKAHUU KypCOBOM pabOTBHl C yKa3aHUEM HX OYKB U
3aroyioBkoB [3].

B crmcok ucnonb3oBaHHOW JaUTEepaTyphl [4] BKIFOYAOT BCE MCTOYHHMKH, Ha
KOTOPBIE UMEIOTCS CCBUIKM B MOSICHUTENBHOM 3anucke K KP. Mctounnku B crincke

HYMEPYIOT B MOPSIIKE UX YIIOMUHAHUS B TEKCTE apaObCckuMu nudpamu 6€3 TOUKH.
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3aganue Ne 1
Pa3BerBJIeHHAA IeNb MOCTOSAHHOI O TOKA

1. 3anucate mo 3akoHaMm Kupxroda cucremy ypaBHEHUM Jyisl OpeeieHUs
HEeU3BECTHBIX TOKOB U DJIC B BETBSX CXEMBI.

2. Omnpenemuts DJIC B mepBOM BETBM M TOKHM BO BCEX BETBIX CXEMBI
METOAOM KOHTYPHBIX TOKOB (cM. MeTtoauueckue ykazanus, 11.3).

3. CocraButh OanmaHc MolrHOCTEH (cM. MeTtoandeckue ykasanus, 1.3).

4. HaiiTn moka3zaHue BOJIbTMETPA.

5. Onpenenuth TOK BO BTopoit BeTBH (R m Ep) MeTo/m0M 3KBHBaJIGHTHOTO
reHeparopa.

6. Paccuurtarp 3Hauenue u HamnpaieHue OJC, KoTopyro HEOOXOAMMO
JIOTIOJIHUTENIFHO BKJIIOUUTH BO BTOPYIO BETBb, YTOOBI TOK B HEH yBEIWYWICA B 2
pa3a U U3MEHWJI CBOE HAIPABJICHUE.

7. OnpenenuTs BXOJHYIO TPOBOAUMOCTb BTOPOU BETBH.

8. OnpenenuTh B3aMMHYIO TPOBOAUMOCTh BTOPOM U TPETHEN BETBEM.

9. Hailitu u nocTpouTh rpaduK 3aBUCUMOCTHM TOKa IE€pPBOMl BETBU OT
COIIPOTHUBIICHHUSI BTOPOM BETBHU IPU ITOCTOSHCTBE BCEX OCTAJbHBIX IApaMETPOB
CXEMBI.

10. Haiitu 1 mocTpouTh rpauk 3aBUCUMOCTH MOIIHOCTH, BBIJEISIONICICS B
pe3ucTope conpoTHBIeHHEM R2, mpu ero u3MeHeHUu OT HyJs 10 OECKOHEYHOCTH
Y TIPH IIOCTOSIHCTBE BCEX OCTAJIBHBIX NAPAMETPOB CXEMBI.

Meroauyeckue ykazaHus:

1. HoMmep cxembl COOTBETCTBYET MOPAIKOBOMY HOMEpY, MOJ KOTOPBIM
(ammiIns CTy[EHTa 3alKcaHa B IPYNIIOBOM JKypHAJe.

2. YucnoBble AaHHBIE MapaMETPOB CXEMbl TpUBEAEHBI B Tabnume 1 wu
BBIOMPAIOTCA B COOTBETCTBUU C HOMEPOM TPYIIIBL.

3. OxoHYaTENbHBIE PE3yNIbTAaThl pacyeTa Ii. 2 U 3 AOJKHBI OBITh MOJTyYEHBI
JUI NCXOAHOM CXeMbl U3 TaOJUIBI 2, T.€. JAJISl CXEMBbI, B KOTOPOM UCTOYHHMK TOKA HE
npeoopazoBaH B uctounuk JJ(C.

4. Ilpm BBINOJHEHWH 1.5 PEKHAM XOJOCTOTO XOJAa BTOPOM BETBH
ucnose3yerca uist onpeneneHus OJC s3kBHBaleHTHOro reneparopa. Ilpu stom
pacuer TOKOB B cXeMme, 00pa3oBaBILEiics B pe3yJbTaTe pa3pbiBa BTOPOW BETBH,
CIelyeT BBINOJHATH METOAOM  VY3JIOBBIX IMOTEHUMAIoOB. MCTOYHMK TOKa
pekoMeHyeTcs: mpeodpaszoBarh B uctouyHuk DJIC, mpu 3TOM cxema CBOJUTCS K
cxeme C IBYMSI y3JIaMH. [5]
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Tabmumna 1
YucnoBble JaHHBIE TAPAMETPOB CXEM
Ne | Ry, | Ry, | Rs, | Ray | Rs, | Re, | Ry, | Re, | E2, | Es, | Ea, | Es, | Es, | E7, | Es, | 3, | 14,
I'p. OMm | Om |[OM | OM | OM | OM | Om | OM | B B B B B B B |[A A
1 5 4 6 5 8 7 2 8 30 | 40 | 20 | 50 | 30 | 20 | 40 | 2 | 2
2 7 5 4 6 4 7 3 8 40 | 30 | 50 | 20 | 40 | 20 | 50 | 4 | 2
3 4 3 5 7 8 6 2 6 20 | 35| 40 | 25 | 30 | 30 | 60 | 4| 2
4 6 4 5 5 6 7 4 6 35 | 20| 40 | 60 | 20 | 30 | 40 | 4| 2
5 3 5 4 6 8 5 4 4 20 | 40 | 60 | 50 | 30 | 40 | 30 | 4| 2
6 8 6 3 4 7 4 2 4 50 | 20 | 45 | 30 |40 | 25| 20 | 4| 2
7 3 5 4 6 8 5 4 8 40 | 80 | 120 | 100 | 60 | 80 | 60 | 8 | 3
8 7 5 4 6 4 3 3 8 80 | 60 | 100 | 40 | 80 | 40 | 100 | 8 | 4
9 4 3 5 7 8 6 2 7 40 | 70 | 80 | 50 | 60 | 60 | 120 | 8 | 4
10 | 10 8 12 | 10 | 16 | 14 4 14 | 60 | 80 | 40 | 100 | 60 | 40 | 80 | 4 | 2
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[Tponomxenue Tadauisl 1

11 | 12 8 10 | 10 | 12 | 14 12 | 70 | 40 | 80 | 120 | 40 | 60 | 80
12 | 16 | 12 6 8 14 8 8 | 100 | 40 | 90 | 60 | 80 | 50 | 40
13 | 12 6 6 10 8 5 4 45 | 60 | 65 | 30 | 40 | 30 | 50
14 | 10 5 5 8 6 2 7 50 | 50 | 60 | 30 | 35 | 20 | 40
15 6 5 5 10 4 8 3 50 | 40 | 30 | 60 | 60 | 20 | 20
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Tab6mauua 2

PacueTHbie cXeMBbl
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[Tponomxenre TabaUIIbI 2
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[Tponomxenre TabaUIIbI 2
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[Tponomxenre TabaUIIbI 2
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[Tponomxenre TabaUIIbI 2
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3amanue 2.

Pa3BerBJieHHas 1leNb CHHYCOUJAJTBHOI'0 TOKA.
Herm C HHAYKTUBHO CBA3AHHBIMM 3JIEMCHTAMMN

YacrTb nepsas

Cuurasi, 4YTO UHIYKTUBHAS CBSI3b MEXY KAaTyILIKaMU OTCYTCTBYET, CIEAYET:

1) onpenenuTh TOKM BO BCEX BETBSIX 3aIaHHON CXEMBI;

2) TOCTPOUTH BEKTOPHYIO JHarpaMMy TOKOB M Tomorpaduueckyro
IrarpaMmy HarpsKeHUN;

3) cocTaBUTh OaJlaHC AKTUBHBIX M PEAKTHBHBIX MOIITHOCTEH;

4) mocTpouTh Ha OAHOM rpaduke KpuBble MrHOBeHHBIX 3HaueHuil JJC e, u
TOKa I3,

5) onpenenuTh NOKa3aHUE BaTTMETpPA.

Yacrtb BTOpast

Jst cxem Ne 1, 2, 4, 6, 8—11, 13—17, 19, 21—24, 27, 29—3 yuutsiBas
B3aMMHYIO MHIAYKTUBHOCTb KaTYIIEK, 3aJJaHHbIE 3HAUEHUS KO3(DPUIIMEHTOB CBSI3U
U cunTas 3a7aHHbIMU TOK 1 DJ1C BTOpOil BETBU, HEOOXOAUMO:

1) onpenenuts Hem3BecTHbIE TOKU U D/C;

2) TOCTPOUTH BEKTOPHYIO JAHarpaMMy TOKOB M TONOTrpauuecKyro
IarpaMMmy HanpsHKEHUU.

Jns ocTanbHBIX CXEM YYMUThIBasE B3aUMHYI0 HWHIYKTUBHOCTBH KaTyIIeK,
3aJlaHHbIe 3HAaYeHUsA KO3(P(UUMEHTOB CBSI3W U cuuTas 3aiaHHbIMU TOkU U DJIC
NepBOIl BETBU, HEOOXOAUMO:

1) onpeaenuts HenszBecTHbIE TOkU U DI C;

2) TOCTPOUTH BEKTOPHYIO JAHarpaMMy TOKOB M TOIOrpaduueckyro
IarpaMMmy HamnpsHKEHUN.

MeToandeckue yKka3aHus:

1. Ilpu yyere B3aMMHON MHIYKTUBHOCTH 3ajaHHbie TOK U JJIC ciemxyer
CUMTATh PaBHBIMHU COOTBETCTBYIOIMMM TOKy M DJIC B 1mepBoit yacTu pabOThI TIpH
OTCYTCTBUM UHIYKTUBHOM CBSI3U.

2. Ha Tomorpaduueckux jguarpaMmax JIOJDKHBI  OBITh  MOKa3aHbBI
KOMIUICKCHBIE HANpPs)KEHUSI HAa BCEX 3JIEMEHTaxX CXEMbl. B 4acTHOCTH, JOJHKHBI
OBITh OTJEIHLHO TIOKa3aHbl BCE Cjararolde KOMIUICKCHBIX HaIpsOKCHUN Ha
KaTylikax, 00JIaJaroIuX B3aUMHON MHIYKTHBHOCTBIO.

3. Ha BekTopHOI auarpamMme TOKOB JIOJDKHBI OBITh MOKA3aHBI BEKTOPHI BCEX
IISITH TOKOB B 33JITaHHOM CXEME.
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4. N — HOMeEp, MO/l KOTOPHIM (GaMUJIUsl CTyJEHTa 3alucaHa B TPYHIIOBOM
xypHaie, N — HoMep yueOHO TpyIIb.

5. na Bcex cxem yacrora 50 [ y.

6. YncnoBble 3HAYCHUS TMMAapaMETPOB CXEM IMPUBEICHBI B HIKECICIYIOIINX
Tabnuiax gaHHeix 2.1 u 2.2 [5]

7. 3nauenust IJ1C onpenensroTcs 1mo cleayonmm GopMysam:

Tabmuma 2.1.
3Hauenus DJ1C

Howmep cxembl N 91C, B

El — 9,4(71 + N) ej(58°+10°(n+N))

1,6,8, 10,11, 14-16, 21, 24, 29 E, = 15,6(n 4 N) /10°0)

E; = 15,6(n + N) e/10°(n*+N)

2,4,9,13,17, 19, 22, 23, 27, 30 E, = 9.4(n 4+ N) o/ (58+10°(14m)

El — 15,6(Tl+ N) ej(58°+10°(n+N))

3,5,7,12, 18, 20, 25, 26, 28 E, = 0.4(n + N) e/10°GH)
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Tabmuma 2.2
HcxonHple JaHHEBIC
Howmep
CXEMBI 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
(n)
Ly, mlu | 19,1 16 31 16 31 19,1 31 19,1 16 19,1 | 19,1 31 16 19,1 | 19,1
Cy, Mx®@ | 122 318 211 318 211 139 211 483 318 | 483 483 211 318 140 200
Ry, Om | 345 | 154 | 451 | 154 | 451 55 | 451 | 115 | 1,54 55 55 | 451 | 154 | 69,1 24
L, mln| 31 31 19,1 31 19,1 31 19,1 31 31 31 31 19,1 31 31 31
C,, mx®| 311 311 61 211 170 211 483 211 211 211 211 484 211 211 211
R,, Om | 451 | 451 24 4,51 55 | 451 | 205 | 451 | 451 | 451 | 451 55 | 451 | 451 | 451
Ly, mIn| 16 19,1 16 19,1 16 16 16 16 | 19,16 | 16 16 16 19,1 16 16
C;, mx®| 318 140 318 162 318 318 318 318 450 318 318 318 122 318 318
Ry, Om | 154 | 69,1 | 154 | 464 | 154 | 154 | 154 | 154 | 17,7 | 154 | 154 | 154 | 345 | 154 | 154
kio 0,593 - 0,593 - 0,593 | 0,593 | 0,593 | 0,593 - 0,593 | 0,593 | 0,593 - 0,593 | 0,593
ki3 0,732 | 0,732 - 0,732 - 0,732 - 0,732 | 0,732 | 0,732 | 0,732 - 0,732 | 0,732 | 0,732
k,s - 0,593 | 0,732 | 0,593 | 0,732 - 0,732 - 0,593 - - 0,732 | 0,593 - -
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[Tponomxenue TabauIbI 2.2

Howmep
CXEMBI 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
(n)
Ly, mIn| 19,1 16 31 16 31 19,1 16 16 19,1 31 31 16 31 19,1 16
Cy, Mx® | 162 318 211 318 211 483 318 318 483 211 211 318 211 170 318
Ry, Om| 5,5 154 | 451 | 154 | 451 | 17,7 | 1,54 | 1,54 59 | 451 | 451 | 154 | 451 9,9 1,54
Ly, miu| 31 31 19,1 31 19,1 31 31 31 31 19,1 | 19,1 31 19,1 31 31
C,, ux® | 211 211 139 211 | 483 211 211 211 211 122 140 211 162 211 211
R,, Om| 451 | 4,51 59 | 4,51 41 451 | 451 | 451 | 451 | 345 | 69,1 | 451 595 | 451 | 451
Ly, mIn| 16 19,1 16 19,1 16 16 19,1 | 19,10 | 16 16 16 19,1 16 16 19,1
C;, mx®| 318 170 318 483 318 318 | 483 483 318 318 318 61 318 318 139
R;, Om| 1,54 5,5 154 | 205 | 1,54 | 154 | 55 5,9 154 | 154 | 1,54 24 154 | 154 5,9
ki 0,593 - 0,593 - 0,593 | 0,593 - - 0,593 | 0,593 | 0,593 - 0,593 | 0,593 -
ki3 0,732 | 0,732 - 0,732 - 0,732 | 0,732 | 0,732 | 0,732 - - 0,732 - 0,732 | 0,732
k,s - 0,593 | 0,732 | 0,593 | 0,732 - 0,593 | 0,593 - 0,732 | 0,732 | 0,593 | 0,732 - 0,593
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Tabmuna 2.3

PacueTHbie cXeMBbl




23

[Iponomxenue Tabauis! 2.3

11.
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[Iponomxenue Tabauis! 2.3

13.

14.

15.

17,
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[Iponomxenue Tabauis! 2.3
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[Iponomxenue Tabauis! 2.3
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IIpumep pereHusi u ogpopmJieHusl 3aJaHUs 2.

[lycTe ncxonHas cxeMa UMEET BU, KaK IMOKa3aHo Ha puc. 2.1:

Cl * Ll * LZ

PV a v

||
|
Rl L3 CZ

Pacuetrnas cxema JJIA 3aJaHUsL 2.

Puc. 2.1
aHo.
E, = 280(n + N)e/(80°+10°(n+N)) R, =40 Om
E, = 240(n + N)e/10"(**N) L, =3mln=3-10" I
n=1 C, =10Mxk® =10-10°
N=
f =500y
C = L, =10l =10-10"I'n
kly2 =06 C, =140mx® =140-10"°®
1,3 !
k,, =08
R, =24 Owm
L,=2mln=2-10"THn
C,=20ux® =20-10"®
l1yacrp.

C“II/ITaﬂ, YTO HHAYKTHBHAA CBA3b MCXKAY KaTyllKaMH OTCYTCTBYCT,

OIIPpCACIUTDb TOKH BO BCCX BCTBAX CXCMBI.

3aI[aIH/IMC$I YCJIIOBHO IIOJOKUTCIbHBIM HAIIPABJICHUCM TOKOB B BCTBAX
CXCMbBI U IPOHYMCPYCM NOTCHIUAJIBI TOUYCK CXCMBI ITOCJIC KAXKAOI0 U3 3JICMCHTOB

(cMm. puc. 2.2).
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) 0

hd

Pacuetnas cxema c 3aJaHHBIMH HAIPABICHUSIMU TOKOB
¥ TIPOHYMEPOBAHHBIMU MTOTCHITHATIAMH
Puc. 2.2

1.1. 3nas 3nauenus N u N, onpeaenum BeipakeHus:i E; u E; B kommiekcHon
dbopme:
E; =280e190 =280c0s90° +280- jsin90° = j280 B,
E, =2408B.

1.2. Onpenenum 3HaU€HUE YITIOBOM YaCTOTHI:

w=2-n-f =2-314-500=3140 pao/cex.

1.3. OHpGI[GJII/IM BCC HMCIOIMUCCA B CXCMC HHAYKTHUBHBIC M CMKOCTHBLIC
COIIPOTHUBJICHUA:

X, =al, =3140-0,003=9,42 On
X, =al, =3140-0,01=314 O

X, = oL, =3140-0,002 = 6,28 Oxu
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X, =+ -1 31870
wC, 314010

X, =t L _227150m
oC, 3140-14-10
1 1

=15,924 Om

x = =
“ wC, 3140-2-10°

1.4. YopoctuB cxeMy (cMm. puc. 2.3), onpeaeauM KOMIUJIEKCHbBIE
CONPOTHUBIICHUS BETBEU Z1, Z, U Zs.

Z, =R + jX_, - jX., =40+ j9,42— j31,847=40- j22,427 Om;

Z,=JX,— X, =]J3L4—-)2,275= j291250xm;
Conporusnenusa konaeHcaropa Cs; u pesuctopa Rz mpeoOpaszyem aiis

yJ100CTBa B OJTHO COMPOTUBJICHUE 33!

L. _Ra-(=iXc) _24-(-[15924) _

33 : : 7,336 — j11,057 Om.
—  Rg—jX, 24 — j15,924

Z,=jX,, +Zy = j6,28+7,336— j11,057=7,336— j4,777Om.

04
Z1 23 22
Er E>
o

YnpoliieHHas cxema
Puc. 2.3

1.5. Jlns cxembl Ha pucyHke 2.3 ompeaeauM TOKH IO METONY JABYX Y3JIOB,
33[IaBIIMCh MPEABAPUTEIILHO HUX TOJIOKUTEIIbHBIM HampaBieHueM. [Ipumem
NOTEHLIMATT Qp, PaBHBIM HYJIIO. YpaBHEHHUE JJIi KOMIUIEKCHOIO IMOTEHIMAaIa (g4
OpUMET BU:
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1 1 1 E E
Pa(c—+——+—)="L+ 22
Z1 Zy, Z3 27 Zy

HOI[CTaBI/IB BCC M3BCCTHLIC BEJIMYMHBI, OIIPCACIIACM ITOTCHIHAI (4.

t, .1 P L = 0,115 + j0,039;
7,2, Zs 4022427 j29125 7336 4,777
Ei Eo  J280 280 _ 5445 i2015:

Z, Z, 40— 22,427 29125
_ 298612915 45997 _ 14,836 B.

2= 0115+ j0,039

ITo 3axony Oma ompeneinseM Toku 1y, 1, u l3:

,+E. 0-(-30,997 — j14,836) + j280
40 — j22,427

= —2,555 + j5,938 = 6,465 "% 4;

—p,+E, 0-(-30,997 — j14,836) + 240 _

@,
j29,125

—
22 22

= 0,509 — j9,305 =9,319¢ '**" 4;

_ 2,79, 3097 - 14836 _ ;45 i3350 ~3095. % 4

|. =
oz, 7,336 — j4,777
Onpenenum 1y u s o 3akony Oma. [[ns aToro onpenenum Hampspbkenue Uy

(cm. puc. 2.2):
U,=1,-Z,,=(-2,042- 3352)-(7,366— j11,057) =-52104— j2,112B;

1, = 970 =— 52'1(_)4 - 12112 0133 — j3,272 =3,275¢ """ 4;
— X, — 115,924

I, = QRm - 52’10‘; 1212 5171- j0,088 = 218677 4

2. I[locmpoums 6exmopHyro Ouazpammy mMoKo8 U MoNnocpaguuecKyro

oUASPAMMY HANPAHCEHUI.
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2.1. JInsg 3Toro HEOOXOAUMO OIPEISTUTh OCTABIINECS MOTCHIIHAIBI CXEMBbI
1o 3aKoHy Oma.

Jnst Toro, 4ToObI JTOMOJHUTENBHO MPOBEPUTH MPABUIBLHOCTh PpEIICHHUS,
OIPEICITUM BEPXHUN TIOTEHIIMAT Qg4 IO TPEM BETBSIM (CM. pucC. 2.2).

(pO=OB.

ITepBast BETBb:

@ =E,=j280B5;

ITo 3akony Oma 17151 yyacTka 1enu P —Q,= 1,R,, ciegoBaTebHO:

@, =@ — 1R = j280—40-(—2,555+ j5938) =102,2 + j42,48 B.
¢, ~P3=—1Xc, " 1u;
p,=¢,+ X, -1, =102,2+ j42,48 + 31,847 - (—2,555 + j5,938) =
— —86,908 — j38,889 B.

@, =@, — jX, -1, =-86908— j38889— j9,42-(—2,555+ j5938) =
— 31— j15B.

Bropas BeTBb:

¢ = Eo =240 B;

@5 — Pg =—JXc, " 12;

@, =@, + X, -1, =240+ j2,275- (0,509 j9,305) = 261169+ jL158B.
Pg — Py = X1, 12
P, =0, — X, -1,=261169+ j1158- j31,4-(0,509— j9,305) =

=-31- j157B.

TpeThbs BETBB:

@, =U,, =-52104- j2112B.

9, — ¢, = 1X3-13;
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0. =@ +jX,-1,=-52104- j2112+ j6,28-(-2,042— j3352) =
- -311- j15B.

2.2. 1lo NOJIy4EeHHBIM JaHHBIM CTPOMM BEKTOPHYIO JHarpamMmy TOKOB
U Tomnorpauyeckylo auarpaMMmy HampsoKEHUM € yKa3aHMEM MacliTaba TOKOB
U HarpsbKeHuit (cm. puc. 2.4).

[Ipu mocTpoeHMM auUarpaMMbl CIEAYET 3aJaTbCsid MaciuTaboMm JUIsl TOKa
U HamnpspkeHds. BekTopbsl TOKOB M TOYKM MOTEHIMAIOB MOXHO CTPOHUTH JHOO
M0 UX BEIIECTBEHHBIM U MHUMBIM YacCTsIM, JTHU0O0 MO MOIYJIIM U HaYaJIbHBIM (a3am.

Bekropa TOKOB CTpoATCS OT HyJsl 0 MX KOMIUIEKCHOrO 3HadeHus. Bekrtopa
HaANpSHKEHUH COETMHSIOT JIBa OMDKAMIIMX MOTEHIMAala, MPUYEM CTpENIKa BEKTOpa
BCET/Ia HAIIpaBJIEHA B TOYKY NEPBOro mHaekca. [lox monoxuTenbHbIM HapsKEHHEM
ITOHMMAIOT HAIIPSKEHUE HA DIIEMEHTE, OITPEAEIIEHHOE 10 HAIPABJIEHMIO TOKA.

Paccmorpum npumep mocTpoeHus BEKTOPOB HAIPSKEHUN 110 IIEPBOM BETBU

(cm. puc. 2.2 u puc. 2.4).
Hotenuman ¢, =0 B, N03TOMY TOUKY Hayala KOOPAMHAT 0003HaYUM Q.

Mexay MOTEHIHAIOM Qo U Q1 HaXoauTcs 3.4.C. . CoequHuM @ ¢ Qo, HAIIPaBUB
CTpesKy K Hadany koopauHar. Ilomyuurcs nanpsoxenne Uqo, 4nciaeHHO paBHOE £y
Y HaIIPaBJIEHHOE ITPOTHBOIIOIOKHO.

Hanee coenuHseM MOTEHIHUAILI Q1 ¥ Qp, HANIPABUB CTPEIIKY K IMOTEHLHAILY
1. Iomyunncs Bexkrop HanpskeHuss U;, HaNpaBiIeHHBIA 10 TOKY |; ¥ 4mcineHHO
paBHEIN pousBeneHuo 1q - Ry.

AHAJIOTUYHO CTPOATCS OCTANbHbIE BEKTOPA HANPSKEHUH.

JIns mpoOBEPKM INPABUIBHOCTH TONOrPa(UUECcKOl JuarpamMMbl HEOOXOIMMO
CPaBHHUTh OPMEHTALIUIO HAIPSHKEHUH Ha OTAENILHBIX DJIEMEHTAX C BEKTOPAMH TOKOB,
TEKYyIIMX 4Yepe3 HHX. Tak IO0JI0KUTENBHOE HANpsHKEHWE Ha WHIYKTHBHOCTH
onepexaeT Tok Ha 90° ; OJIOKUTENBEHOE HANIPSHKEHHE HA CONPOTHBIIEHUN COBIIAacT
C TOKOM, MTOJI0KUTENBHOE HANPSKEHHE Ha EMKOCTH OTCTaeT oT Toka Ha 90°.
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(013

Puc. 2.4

10 11 12

BCKTOpHaﬂ AauarpamMma TOKOB U IMIOTCHOUAJIbHAA JUuarpamMmma HaHpH)KCHI/If/'I

13
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3. Cocmasumu 6ananc aKmueHbIX U peaKkmueHblX MOZMHOCmeZZ.

3.1. OHpeI[GJ'H/IM KOMIIJICKCHYIO MOIITHOCTh HCTOYHHUKOB CXCMBI:

—E,-1,+E,-1,=j280(~2,555— j5,938) + 240 - (0,509 + j9,305) =

—ucm

=1784,8+ j15178B- 4
3.2. OnpenenM KOMIUIEKCHYIO MOIITHOCTh IMTOTPEOUTENel CXeMbl (Harpy3Ku):

Sy =L Zi+15-Z, + 15 X+ 15 - (=jXg,) + 1R, = 6,465% x

= nomp

x (40 — j22,427) +9,3192 - j29,125 + 3,925 - j6,28 + 3,275 - (~ j15,924) +

+2,18°-24 =1785,9+ j1517,9B- 4
S S

Snotp ~ 2wucr:

banmanc comécs.

3.3. Haiiném  MeTOmMYeCKyl0 TOTPEUTHOCTh  BBIYMCICHUA  aKTHUBHOU
U PEaKTUBHOM MOIIHOCTH. (DTa MOTrPEIIHOCTh TOSABISIETCS HW3-3a OKPYIJICHUMN
JECATUYHBIX ApoOei B pacuérax.)

P — —
5, = =L g 000p( 17848717859 504 — 0,06%.
P, 17848
5, = @ .100%| = ‘1517’81_7:;517’9 -100%| = 0,007 %.

Takoe Manoe 3HaU€HUE MOTPENIHOCTEM TOBOPUT O MPABHIBHOM pPELIEHUU
3aJa4H.

4. Ilocmpoums Ha 0OHOM epapuKe Kpusvle MCHOBEHHbIX 3HAUEHULL €3 U 13.

KoMIieKcHbIe BBIPaKEHHsI TOKA B TPEThE BETBM U HJC B IIEPBOMl BETBH
MOJYYHMJINCH COOTBETCTBEHHO: |, =3925¢7"%*"4 n E, =240e'"B.



35

Torma MmraoBenHbie popMel 3anucu Toka U JJ]C 3anunryrcs:
i, (t) =3,925 - /2sin(wt —121,4°) = 5,551 - sin(wt —121,4°) 4,

e, (t) =240 /2sin(wt + 0°) = 339,41sin(wt + 90°) B.

JIJIs1 TOCTPOEHUST KPUBBIX HEOOXOIUMO 3alOHATE Ta0auIy (cMm. tadi. 2.3).
JlocTarouHO MOCTPOUTH OJWH MEPHOJ CUHYCOMAANbHBIX (yHKLIMA. Uem Oosnblie
TOYEK OyAeT MOCYMTaHO, TeM TOouHee rpaduk. BaxkHO MOHMMAaTh, YTO 3HAYEHUE
(GyHKIMU CHHYCa B OCHOBHBIX mporpammax (Hampumep B Excel) ompenensiercs
BBOJIOM B IPOrpaMMy pajiiaH, a He TpajycoB.

Hamomuum, uro uucio n= 3,1416 u Take m=180°, mooromy mums i, (t)

HavanpHas (aza B paguaHax OyaeT OnpeaessiThCs CAeAYIOIIM 00pa3oM:

o (—121,35°) — 2118
=180~ “
Jlnst onipeneneHust wt B paariaHax, BOCIOIb3yeMcst (pOPMYIIOH:
x° T
t=——,
“* = 180°

/i€ X- TPaiychl (CM BEPXHIOIO CTPOKY).

Bpewms t onpenensem o popmyiie:
xX°- T
180°- w’
Jnst ynobcTtBa 3amucu B TaOJMIy BpeMs 3alucaHO B Mc, a Ui JIydlleu
BU3yaJIM3allMK Ha rpaduke 3HAYCHUE TOKA * i3 yBeaudeHo B 20 pas.

t

Tabmuna 2.3

wt, ° 0 |20 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180
wt,pad 0,00 |035 | 0,70 | 1,05 | 1,40 | 1,75 | 2,00 | 2,44 |2,79 | 3,14
t,10°% |000 [011 | 022 | 033 | 044 | 056 | 067 | 078 |0:89 | 1,00
elot), B | 000 |116,1 | 218,2 | 293,9 |334,3 | 3343 |293,9 | 218,2 |116,1 | 0,00
is(wt), 4 | 474 | 545 | 549 | -488 | -367 | 202 | -013 | 1,78 |347 | 4,74

[Tponomkenne Tadbmmib 2.3

wt, ° 200 220 240 260 280 300 320 340 | 360
wt, pao 3,49 384 | 419 | 454 | 489 | 524 | 559 | 593 |6,28
L, 10°c 1,11 1,22 1,33 1,45 1,56 1,67 1,78 1,89 2,00

el(ot), B -116,1 |-218,2 |-293,9 |-334,3 |-334,3 |-293,9 |-218,2 |-116,1 | 0,00
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is(wt), 4 545 | 549 | 488 | 367 | 202 | 013 |-178 |-347 |-474

I'paduku e1(wf) n 20-i3(ot) u3odbpaxensr Ha puc. 2.5. I'paduxu eq(t) u
20-i3(t) m300paskeHsI Ha puc. 2.6.

400

300

200

100

0 20 40 60 80 O 120 140 160 183\ 200 220 240 260 280 300

-100

-200

-300

-400

—t—rcl(wt), B =@=20%3(wt), A
['paduxu e1(wt) u 20-i3(wt)
puc 2.5
400
300
200

100

0 0,11 0,22 0,33 0,44,0/56 0,67 0,78 0,89 1\1,11 1,22 1,33 1,45 1,56 1,67 17787,

-100

-200

-300

-400

—t—c1(t), B =@=20*3(t), A

['paduku eq(t) u 20-i3(t)
puc 2.6
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5. Onpeodenums noxazauue eammmempa.

[epBsiii criocob:
P= Re[(go -p,): i } = Re[(0 + 86,908 + j38,889) - (—2,555 — j5,928)|=
= Re[8.9 - j615]=8,9 Bm.

BTopoii cioco6:

P=U, I, -cosp=95212-6,465-0,0145=8,9 Bm;

U, =—¢, =86,908 + j38.889 =95,212 - ¢'**"'B;

1, =6,465-"*#A,;

CoS¢ =C0S(¢, —¢,) =C0s(24,11° —113,28") = 0,0145.

Yacrs 2.

YuurbiBasg B3aMMHYI0 MHAYKTHBHOCTH KaTyIleK W 3aJaHHbIC 3HAYCHUS
K03 PuMeHTOB CBA3M, a TaKkke cuuTasi u3BecTHHIMUA TOK U J/IC B nmepBoi

BETBH, ONpeleuTh Bce HeusBecTHbIe TOKU M J/IC BTOpOI BETBH.

6.1. Onpenennm CONPOTHUBIICHHUS B3aUMOWHTYKIINH:

XM12 =ki2 - X1- X2 =0-M1p =0 On;
Xm23=Koz-\/X 2 X1 3=08-y324-628=11234Own;

Xm13 =K1z /X1 X3 =06-+/942-6,28 = 4,615 Owm.

6.2. CocTaBUM CHCTEMY YypaBHCHHHA TO METOAY KOHTYPHBIX TOKOB C
y4€TOM B3aUMOMHYKIIMU MO puc. 2.7.



2 (1 3 * L1 4 * L2 6
I_‘ —_— —
L * DL
Ri \23 Ls 1O
1 1

Puc. 2.7

lll (;1 +;3 +2jX|v|13) +|_22 (Zs - jX|\/|12 + jxm13 - jxng) :El

lzz (;2 +;3 _2jX|v|23)+111'(;3 - jXM12 + ijl3 - jxmzs) :Ez

Pemmim mosny4eHHYX0 CHCTEMY ypaBHEHHM, ITOACTaBUB BCE HW3BECTHBIC
BEJIMYMHBI, CUUTasA L9 HEU3BECTHBIM U IIPUHKUMAs TOK B IIEPBOM BETBU PAaBHBIM
I, =1, =-2555+ j5938 = 6,465¢"** 4.

E,—1.(Z,+ ijlS — jXMzs) —
;2 +Zs —2jX

122 =
M 23

_ j280—(~2,555+ j5,938) - (40 — 22,427 + 7,336 — j4,777 +2- 4,615)
7,336 — j4,777 — jO+ j4,615— j11,234

= 3,484 — j0,995 4.
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E, = (3,484 — j0,995)- (7,336 — j4,777 + j29,125—2- j11,234) +

+(=2,555 + j5,938) - (7,336 — j4,777 — jO+ j4,615— j11,234) = 76,366 + j71,925 B.

6.3. 3Hass KOHTypHBIE TOKH l11 W lpp, ompemenuM HEW3BECTHBIC TOKU B

BCTBAX CXEMBI:

|, =1, =3484— j0,995 4;

-2

|, =1, +1, =-2,555+ j5,938+3,484— j0,995= 0,929+ j4,943 4;

U, = Q.= 1,2y = (01929 + j4’943) : (71366 - j11;057) =

= 61,47+ j25,99 B;

| = _BLATHI2DD 6o, 36 4
%7 X, - j15,924
61,47+ 25,99

24 =2,561+ j1,083 =2,781 pi2 4

I5

— U7O
RS

6.4. IIpoBeprM MpaBUIBLHOCTH PELICHHUS] 0aJaHCOM AKTHBHBIX MOIIHOCTEH.
(baylancOM peakTUBHBIX MOLIHOCTEW MPOBEPUTH MPABUIBLHOCTh PELIECHUS HEIb3S
13-3a B3aUMOMHAYKLIUN MEXAY KaTyIIKaMH):

UCT

p =Re[gl-i1+ﬁz-fz}=

= Re[j280-(—2,555 - j5,938) + (76,355 + j71,925)- (3,484 + j0,995]|=1857 1 Bm;

PHarp = |12R1 + I52 : R3 = 6’4652 40+ 2,7812 : 24 :1857,5 Bm.
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7. Yuumvieasn 63aummnyto uHOYKmMuHOCMb Mexcoy KamywKamu, noCmpounts
BEKMOPHYIO OUASPAMMY MOKO8 U MON02PAPUUECcKyI0 OUAspaMM) HANPAHCEHULL.

7.1. OnpenenyM MOTEHITMAIBI IEPBOM BETBU, MPUHSB MOoTeHIIMAN Qo= 0 B.

[Torenuumaner @1, @, U Q3 HAXOAATCS AHAIIOTMYHO pacy€raMm IEpPBOM YACTH
pacu€THOrO 3aJaHUA:

¢, =E = j2808B;

¢, =, —1, R = 280~ (-2,555+ j5,938)-40=102,2 + j42,48 B;

@, =@, + jX¢ -1, =102,2 + j42,48 + (-2,555 + j5,938) - j31,847 =

=-86,913 - j38,8895.

Jlng onpeneneHust MOTeHLUaNa @4 HEOOXOAMMO YYECTh B3aUMOWHIYKIIMIO
Mexnay 1 n 2, 1 u 3 karymkamu:

P39, = X1l - Xmaz2- 1o+ 1XMm13-13;

@4 =¢3— X111+ Xm12- 12 — XMm13-L3;

40_4’ =@, — jX,-1,=-86,907 — j38,889 — (2,555 + J5,938) - ]9,42 =

~ 30,977 - j14,821 B;

0, =p, — X, -1, =-30,977 — j14,821— (0,929 + j4,943)- j4,615 =

- -82- j191B.

7.2. Onpenenrm NOTEHIIMAIIBI BTOPON BETBHU:
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@, =E, =76355+ j71925B;

Q. = + X, 1,=76355+ j71,925+ j2,275- (3,484 — j0,995) =

—~ 78,619 + j79,851B.

Jlnst onpezeneHus MOTEHLHANA @ HEOOXOAUMO YYECTh B3aUMOUHIYKIUIO
Mexay 2 u 1, 2 u 3 kaTymkamu:

Qg =P, = X212 = 1 Xm23- 13— Xm12-11;

0, =, — iX.,1,=78,619+ j79,851— (3,484 - j0,995)- j31,4 =

= 47,376 — j29,547 B,

0, =@, + jX, - 1; = 47,376 — j29,547 + (0,929 + j4,943) - j11,234 =

- 82— j191B:;

7.3. Onpenenm MOTEHINAIIBI TPETHEH BETBU:

@, =U_ 6147+ j2599 B.

Jlnst ompeneneHrs MOTEHIMANA (4 HEOOXOAUMO YUECTh B3aUMOWHIYKITUIO
Mexay 3 u 1, 3 u 2 karymkamu:

@, — 9, =X 3 13— 1XMm23- 12 + [ XMm13-1y;

0, =@, + X, 1,=6147+ j2599+ (0,929 + j4,943)- j6,28 =

= 30,428 + 31,824 B;
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v /

Pu :¢4//+ Xy 1=

— 30,428 + 31,824 + (~2,555 + j5,938)- j4,615 = 3,024 + j20,033 B:

Q, :(”4/\/ - jxmzs 1, =

—3,024 + j20,033 - (3,484 — j0,995)- j11,234 = 8,2 — j19,1 B.

7.4.Tlo paccuyMTaHHBIM TOTEHIMAJaM M TOKaM IOCTPOMM TOMOrpapHUIECcKyIo
JMiarpaMMy HalpsHKEHUN U BEKTOPHYIO JUarpammy TOKOB (CM. puc. 2.8).

Bektop HanpspkeHHsT Ha KaTyIIKe WHIYKTHBHOCTH COCTOMT U3 CYMMBI
BEKTOPOB TMMAQJICHUS HANpPsDKEHUS Ha DJIEMEHTE M HaNpsHKECHUM, BBI3BAaHHBIX
B3aMMO/ICHCTBUEM KaTYIIIEK MEXTY COOOM.

I[lo nuarpamme BHUIHO, YTO JOMOJHUTEIBHBIA BEKTOP ﬂ’gﬁ YHUCJICHHO

) / -
paBHbIA @, @, = jX,,;-1; Oyxer cocraBisath ¢ BekropoMm ToKa I, yrom 90°.

AHajloruyHa CUTYyaIus JjIsi BCEX BEKTOPOB, COJIEPKAIIUX JIOMOJHUTEIbHBIC TOUKU
1

v
P 0 P
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BekTopHast quarpaMMa TOKOB U TOIOrpauuecKas JuarpaMMa HarpsHKeHUH
Puc. 2.8
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3amanue Ne 3
Ilepexoanblie mpoiecchl B JJMHEHHBIX HENAX € COCPET0TOYEHHBIMH

napamMmerpamMu

Llenb conep>KUT UCTOYHUKU TTOCTOSHHOTO HAMPSKEHHUSI U TIOCTOSTHHOT'O TOKa
E uJ, a Takke UCTOYHUKH rapMOHHYECKOro Hampsbkenus e(t) = E,, sin(wt + @)
u Toka J(t) =Jpsin(wt+ @) c yraoBoit uacrtoron ® = 1000 pan/c.
[Ipennonaraercs, 4To 10 3aMblKaHUA (WM pa3MbIKaHUsS) MEPBOrO KIOYa LEMb
HAXO/JMUTCS B YCTAaHOBUBIIEMCS PEKUME.

1. PaccumrtaTh KJIaccCHYECKMM METOAOM TOK i(t) Ha Tpex JTamax,
COOTBETCTBYIOIIUX IOCJEOBATEILHOMY 3aMBIKAHHIO (MJIM Pa3MBIKAHUIO) TPEX
KJIFOYEH.

2. Paccuutath TOT ke TOK i(t) omepaTopHbIM MeToAOM. Jlns mepBoil u
BTOPO KOMMYTAllUd BOCIIOJB30BAThCSI OMEPATOPHBIM METOAOM JJISi TOJIHBIX
COCTABJISIIOIINX TOKA, /U TPEThel KOMMYTAIlUU MPUMEHUTH OMEPaTOPHBIM METO.
JUIst ipexoAsiei (CBOOOIHOM) COCTaBIAIONIEH TOKA.

3. [locTpouTs Tpaduk 3aBUCUMOCTH i (t) AT TPEX ITAIOB.

MeToauieckue yKa3aHus U UCXOJHbBIC TaHHbIC

o Jns Kaxaod W3 KOMMYTAlMM CHA4dajla BBINOJHAETCS PacdeT
KJIACCUYECKUM METOJIOM, a 3aTeM orepaTtopHbiM. [Ipu coBmageHun pe3ynbTaToB
pacueta 000MMHU METOJIJaMH TIPUCTYIUTD K pacueTy CJICIYIOIIeH KOMMYTAIIHUH.

o Kimtoun  3ampbikatoTcss (WM Pa3MBIKAIOTCS)  MOOYEPEHO B
COOTBETCTBHM C yKa3aHHBIMH Ha CX€M€ HOMEpaMH 4epe3 WHTEpBal BPEMEHHU ty.
[Ipu Bo3HMKHOBEHUHU KojiebaTenbHOro mpoimecca t, = T/6, tne T = 2m/wq; —
nepuo cBOOOAHBIX KojeOaHuil. IIpy BOZBHUKHOBEHUH allepuoIMUYECKOro mnpouecca

t, = 1/| p1|, roe p; — MeHbIIMIA MO MOYJO (UM €TUHCTBEHHBIN) KOPEHb
XapaKTEePUCTUICCKOTO YPABHCHHS.
o Homep cxembI (Tabmu1ia 5) COOTBETCTBYET MOPSIKOBOMY HOMEPY, IO/

KOTOpBIM (pamMuiMsl CTYACHTA 3amucaHa B rpynmnoBoM xypHaine. 3Hauenus DJC E
u E,, 1 TOKOB J ¥ J,, ICTOUHUKOB TOKa, a TaKXe HadalbHas (a3a ¢ , B MOMEHT
BKIIFOUCHUSI TPEThEro KIo4ya, TapMOHUYECKUX HCTOYHUKOB e(t) u J(t) B
3aBUCUMOCTH OT HOMEpA Tpymnbl HaxonasTcs u3 ycinosusi: E = 10-N, B; ] =
04-N, A;o=30-N, rpan; E,, =10-N, B;J,, =0,4-N, A, rne N — Homep
TPYIIIIBL.

° Hna Bcex cxem L = 20 mI[H, C = 100 mMx®, a 3HaAYCHUS
COINPOTUBJICHUN yKa3aHbI Ha cxeMme B Tabnuiie 6.
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Tabmuua 5

PacuertHrie cxeMbl
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ITponomxenue Tabauubl 5
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ITponomxenue Tabauubl 5

17.

\/

[
L] 5O
5— I[]i(t) e(®)
G, o oay
R "

23.

24.




ITponomxenue Tabauubl 5

31. 32.

r‘j:@ >ﬁ®

£ ‘ ¢L® :’(r}. ‘J(t) E CD_% = jf—‘;i(t) ,:)—-
[ C €

% 25T 1O CDR, UR, R’U R, ®

- 11— g S
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Tabmuua 6
HcxonHple maHHBIC
Ne Bap-Ta R1, OMm R2, OM R3, OM R4, OM
1 20 20 8 -
2 5 80 15 -
3 8 8 10 -
4 50 50 20 -
5 50 50 20 -
6 30 20 20 -
7 10 20 180 -
8 20 30 20 -
9 10 5 10 -
10 10 8 - -
11 12 6 - -
12 10 20 20 -
13 30 30 10 -
14 60 10 10 -
15 10 200 8 -
16 10 90 6 -
17 5 95 4 -
18 10 120 300 -
19 10 100 20 -
20 15 100 10 -
21 15 20 30 -
22 60 40 10 -
23 10 100 20 -
24 20 30 - -
25 20 20 20 -
26 100 100 15 -
27 40 40 10 -
28 15 60 140 -
29 30 40 12 -
30 5 80 5 -
31 30 20 20 -
32 20 80 30 10
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IIpumep pemienusi u opopmiieHus 3aganus 3.

Paccunraem nepexomHo# mpoliecc B 1enu, u3o0pakeHHou Ha puc.3.1.

X N

IRol W oR
“)J L
N ia(t) AN

e(t
Ra| | © _}@

Puc. 3.1. UcxonHas cxema

Hcxonubie nannsie: Ry = 8 OM, R, =8 0M, R; =100mM, | =4 A,
L =20wMIH,C=100Mkd, e(t) =200sin(1000t + 240°)B.

1. 3ameikaercs karoy K.

Pacuernas cxema st mepBoro pexuma paboThl CXEMBbI, puc.3.2.

g
@ R[] |20t

YN | L
AN

i1(t)
C=

Puc. 3.2. PacueTnas cxema IMEPCXOaAHOr 0 IMponccca 1pu 3aMbIKAHHWHN KJIFO4Yad 1

Pacuem nepexoonoeo npoyecca knaccuueckum memooom.
1.1. PaccunTaem 1emnp 10 KOMMYTallid B YCTAHOBUBILIEMCS PEKUME.
3anuieM He3aBUCUMBbIE HaYalbHbIE YCIIOBUS - 3aKOHBI KOMMYTaIlUU:
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i,(0-)=1i,(0+)=0;(1.1)

1.2. PaccunTaem cxeMy nocie KOMMyTaluu. PacueTHbie TOKH U
HANPSDKEHHS COCTOST U3 MIPUHYKIEHHOW 1 CBOOOIHON COCTABJISIFOIITHX.

ih(t) = ilnp + 185 (1.2)
ir(t) = i2np + i (1.3)
[IpuHyX1€HHBIE COCTABIISIOLIIME:

lnp = lanp = J/2 = 44; (1.4)
1.3. CocTtaBuM XapaKTEepUCTUUECKOE YpaBHEHUE AJIs onpeaeneHus: (GOpMbl
CBOOOJTHBIX COCTaBJISIOIIHX.

Z.(@)=R{+R, +pL =0.(15)
Pemum ypaBHEHHE OTHOCUTEIILHO P, IO BHTY KOPHEH 3amuieM GopMy
CBOOOIHBIX COCTABJISIOIINX.
B R1+R2_ 18 B 8001
p= L 20-10—3 c

ITo KOpHIO XapaKTEePUCTUUECKOTO YPaBHEHUS 3aUILIEM dKCIIOHEHIIUAIbHBIN
BUJ] CBOOOIHBIX COCTABJISIOIINX:

S ~800t .
g =A-e ; (1.6)
iy = B e 8006 (1.7)
Hckomble TOKM UMEIOT BU:

i, (t) = /2 + A-e800; (18)
i,(t) =J/2 + B - e8¢ (1.9)

1.4. Jlng omnpeneieHWs TOCTOSHHBIX HWHTETPUPOBAHUS  pacCUUTaeM
3aBUCHMbIC HauajdbHbIe yCiaoBHS i,(0). C 3Toi 1eNbi0 COCTaBUM ypaBHEHUE 1o 1
3akoHy Kupxroda nms momenTa Bpemenn t=0 1151 cxemsl Ha puc.3.2.

i, (0)+i,(0) =/, (110)= i,(0)=/—i;,(0)=8—-0=8

OmnpenennM MOCTOSTHHBIE HHTErpupoBanus u3 Gpopmy (1.8) u (1.9)
COOTBETCTBEHHO:

i1(0)=é+A=O=>A:O—é:_é=_4
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i2(0)=é+B=8=>B=8—é=4

il(t) — é_ 4 - e—800t =4 —4- 6_800t;

1.5. 3anuceiBaeM OKOHYATEILHBIC BBIPpAKCHHUA IJII KICKOMOTI'O TOKA, B
COOTBCTCTBHUHU C KIIACCHYCCKHUM MCTOJOM pPacCdcCTa.

() = é+ 4-e7800 =4 + 4. 7800,

Pacuem nepexoonoeo npoyecca onepamopuvim memooom.
1.6. CocraBisiemM OnepaToOpHYyIO CXeMY JIJIsl pacdeTa MepexoTHOro mporecca
orepaTopHbIM MeToIoM (prc.3.3).

J

ot o]
TN

Li1(0)<> T
R2 Lr L(p)

Puc.3.3. OnepaTopHas cxema, IpH 3aMbIKaHUU Kiro4a 1.

3anuinemM cUCTeMy ypaBHEHMH 1o 3akoHaM Kupxroda s onepaTopHoi
cXeMbl Ha puc.3.3.

] _
{ > =1L+ L/ (1.10)
ILi(p) - (R, +pL) — I;(p) - Ry = Li; (0).

Pemnim cucremy (1.10) MeTogoM moJICTaHOBKH.

( L o) =
{ » I;(p) = I,(p)

1) R+ 91 = € = 1o - R = L (O)
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J Ry

Iy(p) - (R;+Ry + pL) = Li; (0) +

]'R1/
L) JR, L
1p = s =
- (R,+R L R,+R
p- (Rz+Ry +pL) p'(p+(2 1)/L)
_ 3200 ., 1 _—800ty — 4 _ A,—800t
—p(p+800).—4 (1—e )=4—4e :

ii(t) =4 — 47800
OpurvHan ToKa I; ONpeleseH C TMOMOIIbI0 TAOGJUIbI OPUTHHAIOB U
COOTBETCTBYIOLIMX UM U300paxeHui (mpuioxxkenue 2). Onpenennum ToK iy.

8 3200

Lo =L - 1@ =

- =8-—4-(1-e7800t) =
p p(p+800)

=4 (1+ e7800%),

ip(t) =4+ 4 e300,
Bu rckomoro Toka i, (t), HaiIeHHOTo B I1. 1.5 KJIACCHYECKUM METOJIOM COBITAIacT
C BHJIOM TOKa i, (t) omepaTopHbIM METOIOM.

2. Pasmeikaercs kiarou K2.

Kirou K2 pa3mbikaeTcss B MOMEHT BPEMEHHU
te =1/jp; = /oo = 1,25 107

J_—[HH 3allMCH 3aKOHOB KOMMYTallMH, OIIPCACINM 3HAYCHHUC TOKa il JJIA

MOMeHTa BpeMeHH t, = 1,25 107 3¢
i,(1,25-1073) = 4 — 4. ¢80 — 253 A

Pacuem nepexoonozo npoyecca knaccuueckum memooom.
2.1. 3anumeM He3aBUCUMBIE HAaYalbHBIE YCIOBHUS - 3aKOHBI KOMMYTAIIUH,
110 pa3MbIKaHMs KJIt04a 2, JUIsl YCTaHOBHUBIIETOCS pPEKHUMAL!
i;(0-)=1i,(0+)=2,53;(2.1)
uc(0-)=us(0+)=0.(22)
2.2. Paccuutaem cxeMmy TIOclie KOMMYyTaluu. PacueTHble TOKH H
HANPSDKEHUS COCTOST U3 IPUHYKIEHHOW ¥ CBOOOIHON COCTABJISIFOIITHX.
I = ilnp + l1cs; (2.3)
I = i2r1p + iy (2.4)
Ue = ucnp + Uccg;
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, Cdu,
lz == .
dt
OHpe,Z[eJ'II/IM MPUHYXACHHBIC COCTABJIAIOIINC JJIA pacquHoﬁ CXCMBI Ha pUC.

3.4.

12(t
PN | L Ri ( )
AT
i1(t)
R, C ——

Puc. 3.4. PacueTHas cxema, ocjie KOMMYTAIIMH KJtoua 2, JJIs onpeeeHus
MIPUHYKJICHHBIX COCTABIISTFOIITHX

ill‘[p = ] = 8A,
iZI'Ip = 0,
Ucnp =] - Ry = 64B.

2.3. CoctaBuM XapaKTepUCTUYECKOE ypaBHEHHE, COTJacHO puc.3.4, s
onpenenaeHust GopMbl CBOOOTHBIX COCTABIISIIOIINX.

Z..0) =R, +R, +pL + i =0(2.5)

PemiuM ypaBHEHUE OTHOCHUTENLHO P, MO BUIY KOpHEW 3amuiieM ¢Gopmy
CBOOOIHBIX COCTABJISIFOIIUX.

LCp? + pc(R{ +R,) + 1 =0;

R, + R, 1
p2+p( = 2)+_=0;

LC
p? +800p + 0,5 - 10° = 0;

—800 +vV64-10*—2-10°

P12 = > ;

p1,2 - _4‘00 i]580

KopHu XapakTepHCTHYECKOr0 ypaBHEHHUS KOMILIEKCHO-CONMpPsKEHHBIE. Bu
CBOOOJIHBIX COCTABJISIOIIMNX:
i1 = C-e %00t . 5in(580t + 0); (2.6)
ires = D e %90t . 5in(580¢t + 6); (2.7)
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Uces = M - 74008 . 5in(580t + p). (2.8)

[ToNHBIE TOKU 3alMIIEM KaK CyMMY [PHHYXIEHHBIX M CBOOOIHBIX
COCTaBJIAIONINX.
iy =8+ C-e %90t .5in(580t + 0); (2.9)
i, =D -e %00 .5in(580t + §). (2.10)
Uc = 64 + M- e~400t . 5in(580¢ + p). (2.11)

Bo3bmeM mpon3BoiHbIE TOKOB, IPEACTABICHHBIX B (hopmynax (2.9) u (2.10).

i'y =—400-C-e %09 .5in(580t + o) + 580 - C - e 400 - c0s(580t + 0) ;
i'y =—400-D - e %00 .sin(580t + &) + 580 - D - e ~*0% . c0s(580¢ + §).

u’ =2
c=
C

2.4, Jlns omnpeneneHUss TMOCTOSHHBIX HWHTEIPUPOBAHUS  PACCUUTAEM
3aBUCHMBbIEC Ha4aJIbHbIEC yCIIOBUS. C 3TOM LEIbI0 COCTABUM CUCTEMY YPABHEHU IO
3akoHaMm Kupxroda ass cxemsl Ha puc.3.4 , 171 MOMeHTa BpemeHu t=0.

i,(0) +i,(0) =] = i,(0) =] — i;(0) = 8 — 2,53 = 5,47

uc(0) +i,(0) Ry —u,(0) — 1 (0) R, =0 = (2.12)
i',(0) = 23,52 =1176 A
TP T

[TponuddepenmpyeM coctaBieHHbIE ypaBHEHUS B cucTeme (2.12)

i'1(0) +12(0) =) = i"1(0)+,(0) =0=
= 1'1(0) = =i';(0) (2.13)
wWe(0) +i2(0) Ry —u',(0) = i'1(0) R, =0

Brruncnum Beipaxkenus (2.9) (2.10) (2.11) B momeHT t=0.
i1(0) =8+ Csin(o) = 2,53;
i,(0) = Dsin(8) = 5,47.
uc(0) = 64 + Msin(u) = 0.
PaccunTaem 3HaueHUs MPOU3BOJIHBIX HCKOMBIX TOKOB B MOMEHT BpeMeHH t=0.
i'7(0) = —400-C-sin(o) + 580-C- cos(o) = 1176;
i'2(0) =—400"-D -sin(6) + 580+ D - cos(6) = —1176.
i,(0) 5,47

C —100_10_6=54700.

u'-(0) = —400-M - sin(u) + 580+ M - cos(u) =
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I[JBI OIpCACIICHUA ITOCTOAHHBIX HHTCTPUPOBAHUS B (bopMax HCKOMBIX ITapaMCTpPOB
COCTaBUM CJIICAYIOMNUC CUCTCMBI ypaBHeHI/If/'I.

{ i1(0) =8+ C-sin(o) = 2,53; (2.13)

i"1(0) = —400-C-sin(o) + 580-C-cos(c) = 1176;
Orcrona, onpeaenum C u o

C-sin(o) = —5,47;

{C -cos(o) = —1,74

tano = 3,14; o0 = arctan(3,14) = 72,3°

C = —5,74.
{ i,(0) = D -sin(6) = 5,47; (2.14)
i'2(0) = —400-D -sin(6) + 580D - cos(6) = —1176; *
Otcroaa, onpenenum D u §

{D -sin(6) = 5,47;

D -cos(6) = 1,74

tand = 3,14; § = arctan(3,14) = 72,3°
D = 5,74.
{ M sin(u) = —64; (2.15)
u'-(0) = —400-M -sin(u) + 580 - M - cos(u) = 54700;

Orcrona, onpeaenum M u

tanu = —1,27; u = arctan(—1,27) = —51,8°

M = 81,2.

3anuieM HaieHHbIe (POPMBI TOKOB M HAIPSKCHHS HA eMKOCTHOM 3JICMEHTE.
iy = 8—05,74-e7400t . 5in(580t + 72,3°);

i, = 5,74 =409t . 5in(580t + 72,3°);
U = 64 — 81,2190t . 5in(580t — 51,8°).
Pacuem nepexoono2o npoyecca onepamopHvim MenoooM.

2.5. CocraBisieM ornepaTopHyr cxeMy 3amerieHust (puc.3.5). s cxemsl
3aMuIlieM CUCTEMY yYpaBHEHHU 1o 3akoHaM Kupxroda as t=0.
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]

ot o]

AT\

Li1(0)<> T w0
SOk

R2

Puc.3.5. Oneparopnas cxema, pu pa3MbIKaHUU KJIro4a 2.

=L@+ L)
L(p)* (R +pL) = () (Ry +-0) = Liz (0).

Pemum CUCTEMY MCTOAOM IIOACTAHOBKH.

( L L) =L

4 p
1
t(é — Iz(p)) *(Ry +pL) —IL,(p) - (R, + p_C) = Li; (0).

(2.16)

pLi1(0)+]-R2 _l_]'PL

1
L(p) - (Ry+Ry + pL +—) = —
2(p) (z"‘ 1+tD +pC> » » »

—pLi;(0)'p+J-R,+ ] pL

L) = » Cp(J L =Ly (0) +] Rz ~
2 - 2 -
LCp? + pCI§§2+R1) +1 L(p? +p (RZ—LI—Rl) LC)
_ /- Rz
p(J—i(0) +——2 (547p +3200)  F,(p)
v+ (R2+R1) ~ (p2 +800p +0,5-10%)  F,(p)
p L LC)

OpuruHai Toka i,(t) OompeaeanM ¢ MOMOIILI0 TEOPEMBI PA3JIOKEHHS.
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F,(p) = p*+800p+0,5-10°=0
p1,2 - _4‘00 i]580
F',(p) =2p + 800

Fi(p1) eplt} — 2Re {5,47(—400 + j580) + 3200e(—400+j580)t} _

i, = 2R
2 e{F’z(pl) 2(—400 + j580) + 800

_p {(1012 +J31726) | _so04 58000

(1'1160) } = 2R€{2,87€_j17'7°e_400tej580t} —

= 5,74e400t c05(580t — 17,7°) = 5,74e~*%0 5in(580¢ + 72,3°)
Onpenenum TOK i .
J 8 .
L(p) = o I,(p) = — I,(p) = 8 — 5,74e~*%% 5in(580¢t + 72,3°)

Bun uckomoro Toka i, (t), HaiieHHOTO B 11.2.4 KJIaCCHYEeCKUM METOOM COBIIAIacT
C BHJIOM TOKa i, (t) pacCYMTaHHBIM OIEPATOPHBIM METOOM.

3. 3ambikaercyd Kiaro4 K3.

Kirou K3 3ambikaercss B MOMEHT BpEMEHU
T

__ _2m _2n — .10-3
t3—6— /6'wcd_ /6-580_1’8 10~°c

JIns  3amMcu  3aKOHOB KOMMYTAlMM, OIPEACIMM 3HAUY€HUE TOKAa [ W
HANPSKEHUs Ug Il MOMEHTa BpeMmeHH t; = 1,8 107 3¢, cornacHo HaiifieHHBIM
BBIPAXEHUSM B 11.2.4.

i;(1,8-1073) = 8 — 5,74 400 5in(580¢t + 72,3°) = 5,93 A.
uc(1,8-1073) = u, = 64 — 81,2 - 400 . 5in(580¢ — 51,8°) = 58,49B.

Pacuem nepexoonozo npoyecca kiaccuueckum memoooM.
3.1. 3anumeM HE3aBHUCUMBIE HAa4yalbHBIE YCIOBUSA - 3aKOHBI KOMMYTALIUU
JUTSL CXEMBI 10 KOMMYTALIUH:

ip(0-)=1i,(0+)=5093;(3.1)
uc(0—-) =us-(0+) =58,49. (3.2)
3.2. PaccunTaem cxeMmy nocie kommyrtanuu (puc.3.6). PacueTHsie TOKU 1
HANPSDKEHUS] COCTOST U3 MPUHYKIEHHON 1 CBOOOIHOM COCTaBJISAIOIINX.
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I = iZHp + ize5 (3:3)
Ue = Uepp T Ugess
_ Cdu,
i, = :
27 dt
[IpunyX1€HHBIE COCTABIISIOIIME:

[Io MeTony HaNOXKEHUs ONPENEIIMM IPUHYKIACHHBIE COCTaBIISIFOIIME TOKOB
i , [y W HaOpsSHKEHUS U, OTAEIBHO OT HMCTOYHHMKA ITOCTOSSHHOTO TOKa J M
CHHYCOHUIaIbHOI 3/1C € (puc.3.6).

X
R3
ANNT L Ri @
Q)? ¥ D

EREG
Ry C—— i3(t)

Puc.3.6. PacueTnas cxema nepexofHOro mpolecca mpy 3aMbIKaHUH KTro4a 3

lnp(J) = 0 A

R, R 8-10
j- (B2 3)/(R2+R3) g ( )/(8+10)

Lnp J) = R, 3

R{'R 8-10
uCnp(]) =]( 1 3)/(R1 -|—R3) — 8( )/(8 + 10) — 35,56 B.

= 4,44 A.

e(t) = E,, sin(1000¢t + 30-20) = 2005sin(1000t + 360 + 240) =
= 200sin(1000t + 240)

X, =wL =1000-20-10"3 =20 Om.

1 1
¢~ wC _ 1000-100-10-5 M
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Ep 200e/240°
. R . o
Pma =7 T SRR S S
R, +jXx, "R —jX. TR, 8+,20'8—j10 " 10

; _ Pma =119,7ej234°
™R+ X, 8+,20

= 5,56/1658"

iynp = 4,44 + 5,565in(1000t + 165,8°); (3.4)
i1np(0) = 4,44 + 5,56 5in(165,8°) = 5,80.

Pmq _ 119,7e/5%

Imanp = = = 9,35¢/2853°
mzmp = p iy T 8— 10 ¢

iz = 0+ 9,355in(1000t + 285,3°); (3.5)

i2np (0) = 9,355in(285,3°) = —9,02.

_ Pma (=jXc) 119,7e/234° . 10e7/90°

Uncnp = = 93,47¢/1953°
memp = TR X, 8 —j10 ¢

Ucnp = 35,56 + 93,47 sin(1000¢ + 195,3°) ; (3.6)
Ucnp(0) = 35,56 + 93,47 sin(195,3°) = 10,87.

3.3. CocTaBuUM XapakTEPUCTUUECKOE YPABHEHUE, COTJIACHO CXEME Ha pUC.
3.6, miig onpeiesIeHus BU1a CBOOOIHBIX COCTABJISIFOIITHX.

_ R, 4Ly Re(RetpD) _
Zx() = Ry + o+ 5 P2 =0, (37)

R1Cp+1+R3Lp+R3R2_
pC Ry +R, +pL

PemM ypaBHEHHE OTHOCHTEIIBHO P, 110 BUIY KOPHEH 3alliIleM BH]
CBOOOIHBIX COCTABJIAIOIINX.

(LCR, + LCR3)p? + p(L + CR,R; + CR,R; + CR,R,) + R, + Ry = 0;

3,6-1075p2 + 42,4+ 1073p + 18 = 0;
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p? +11,78-10%p + 5 - 105 = 0;

—11,78-10% + \/13,88- 105—-20-105 —11,78-10% +7,82- 102
P12 = = ;
’ 2 2

KopHu xapakTepuCTHYECKOro ypaBHEHUS JIECUCTBUTENBHBIE U pa3Hble. Bua
CBOOOJTHBIX COCTABJISIONINX:

ires = N-e 8% -sin(391¢t + p); (3.8)

[Tomuplii TOK OIpenenuM Kak CyMMy NpUHYXKACHHBIX (3.5) u cBOOOIHOI
cocTapstromux (3.8).

i, =0+ 9,35sin(1000¢t + 285,3°) + N - e7>8" - 5in(391t + p); (3.9)
3HaueHue TOKA I, B MOMEHT t=0).
i,(0) =—-9,02+ N -sin(p); (3.10)
Bo3bMeM npon3BOAHYIO TOKA i.

i'’, =9,35-1000 - cos(1000t + 285,3°) — 589 N - e >89 «
*sin(391t + p) + 391N - e758% . cos(391t + p). (3.11)

Haiinem 3nauenue i', B MOMeEHT t=0.
i'5(0) =1000-9,35co0s(285,3°) — 589 - Nsin(p) + 391N - cos(p). (3.12)
3.4. [na onpeneneHuss TOCTOSHHBIX HMHTETPUPOBAHUS  PACCUUTAEM

3aBUCHMBbIEC Ha4aJIbHbIEC yCJIOBUS. C 3TOM LEIbI0O COCTABUM CUCTEMY YPABHEHUM IO
3akoHaMm Kupxroda ans momenTta Bpemenu t=0, i cxembl Ha puc. 3.6.
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( (0 +,(0)+i3(0)=] =
= i, (0) =] —i1(0) — i3(0) =8 —5,93 — i3(0)
X = 2,07 —i5(0) (3.13)

uc(0) +i2(0) - Ry —u,(0) — i3, (0) R, =0
\ uc(0) —i3(0) - Rz +1i,(0) - R, = e(0)

uc(0) —i3(0) - Rz + (2,07 — i3(0)) - R, = e(0)
58,49 — i5(0) - (R, + R3) + 2,07 - R, = e(0)

_ —e(0) + 58,49 + 2,07-R, 173,2+58,49+2,07-8
3(0) = R, + R, - 8+ 10 = 1379
1

i,(0) = 2,07 — i5(0) = 2,07 — 13,79 = —11,72
uL(O) = uC(O) + lz(O) ' Rl - ll(O) . Rz = lll(O) L = _82,71 B

u,(0)  —82,71 ;
L ~20-10 w10

i’1(0) =

i(0) -11,72 .
¢ ~100-10%  17er 10

u'c(0) =
e(t) = 200sin(1000t + 240°)
e'(t) = 200- 103 cos(1000t + 240°)
e’'(0) = 200 103 cos(240°) = —100- 103

[MponuddepeHnupyeM COCTaBICHHBIC YpaBHEHHS TIIEPBOE U TPEThe B
cucreme (3.13) u pemum ux oTHOCUTEIBHO i, (0).

i'1(0) +1i',(0) +i'3(0) =] = i',(0) = —=(",(0) + i'5(0))
u'c(0) —i'3(0)-R3 +i',(0) - Ry = €'(0)

u'c(0) = i'3(0) - R3— (', (0) +i'3(0)) - Ry = €'(0)
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—e'(0) +u'¢(0) —i'1(0)-R;  10%-(100—117,2 + 4,14 - 8)
R, +Rg B 8+ 10

A
= 0,88 103E

ils(o) =

i'2(0) = —(i',(0) +i'5(0)) = —((—4,14 + 0,88) - 10%) = 3,26 - 103%

Mo HaiimeHHbIM 3HaUeHUAM i5(0) 1 i’,(0) HalieM MOCTOSIHHBIC HHTETPUPOBAHUS
Nu p.
i,(0) =-=9,02+ N -sin(p) = —11,72;

i'5(0) =1000-9,35cos(285,3°) —589 - Nsin(p) + 391N - cos(p) =
=3,26-103

Pemaem ypaBHeHUs oTHOCUTENIBHO N Y p.

{N -sin(p) = —2,7; (3.14)

N - cos(p) = —2,04

tanp = 1,32; p = arctan(1,32) = 52,9°
N = -3,38.
ires = —3,38- 7589 - 5in(391t + 52,9°);
3anuceiBaeM MOJIHYIO GOopMY HANECHHOTO TOKA is.

i, = 9,35sin(1000t + 285,3°) — 3,38 - ¢~>8% - 5in(391t + 52,9°); (3.15)

Pacuem nepexoonozo npoyecca onepamopuvim memooom.

3.5. Tak kak mpu 3ambikaHuu Kioya K3 B pacueTHOM cxeme MOSBISIETCS
HMCTOYHHUK CHHYCOMAAIBHOW 3/IC, OMEPATOPHBIM METOJOM ONPEIEIUM TOJIBKO BHUJ
cBoOOAHON cocTaBiisiomeld. COCTaBIsIEM ONEPATOPHYIO CXEMY 3aMEIICHUsS IS
OIIpeICIICHHUS CBOOOTHBIX COCTABIISIOIIHX (pHc.3.7).
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I

R3
IlCB(P)J/ L Rl LIECB(F) J/

[3ce(p)

Liice(0) (\D ﬁ) @
N

Puc. 3.7. OnepaTopHas cxema, JJi ONPEACICHUS CBOOOTHBIX COCTABIISIONINX,
I1ocJjIe 3aMbIKaHus Kiroda K3

PaccuuTaem He3aBHCHMBbIC HaYalIbHBIC YCIIOBHA (BaKOHBI KOMMYT&III/II/I) JIIA
CBO6OI[HBIX COCTaBJIAIOIIHUX.

l1c(0) =i, (0) — if1p(0) = 5,93 — 5,80 = 0,13 A; (3.16)
Uees (0) = Uc(0) — ugyy (0) = 58,49 — 10,87 = 47,62 B. (3.17)

Jlst cxembl Ha puc.3.7. 3anuiieM cucteMy ypaBHeHUH 1o 3akoHaM Kupxroda.

( Ich(p) + IZCB(p) + I3cg(p) =0

. B . 1 7 Uccs(0)
< Lis(p) - (Ry + pL) — L (P) (Rl + /pC> Ll (0) + p (3.18)

CB(O)
L1 (p) - <R1 + 1/pC) —he(p) Rz = _uCT-

Permum crcteMy METOIOM MOJCTAHOBKH, U3 BTOPOTO M TPETHETO BBHIPA3HM
I1.s(p) ¥ I3 (p) COOTBETCTBEHHO U MO/ICTABUM B [IePBOE BbIpaXKeHUE
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Liy;(0) + uc%(()) + e (p) - <R1 + 1/pC>
) Li(p) = (R, + pL)
uCc;(O) + IZCB (p) (Rl + /pC)
. I3CB (p) (R3)

. (0) (0)
Lizen(0)+ 22t by (0)-(Ru+Y/pe) 22 s () (Ri+ /)

(Rz+pL) (R3)

+ Le(p) =0 (3.19)

IIpuBenem Beipaxkerue (3.19) k o61eMy 3HaMEHATEITIO.

. Uces (0
Lizen(0) + 220 ) <R1 - 1/pc> Ry

(R, +pL) - R3

uCC;(O) + L (P) - <R1 1/pC> *(Rz +pL)

+ +
(Ry + pL) - Ry

Les(p) - (R + pL) - Ry _
(R, +pL) - R3

3amnuiineM BhIpaKEHUE OTHOCUTEIBHO I, (p).

_[p(uCCB (O)CL + LilCB (O)RS C) + Uccp (O)C(RZ + R3]
LCp?(R; + R3) + p(L + CR,R; + CR{R3; + CR{R,)+ R, + Ry

L (p) =

—[9,78-10"°p + 85,72 - 1073] K
36 1075p2 +42,4-103p+ 18  F,(p)

F,(p) =3,6-10"°p?2 +42,4-103p+18=10

F',(p) =72-10"°p+42,4-1073
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Mepﬂf} —

F',(p1)
) {—[9,78- 1072(—589 +j391) + 85,72]
= 2Re

7,2-1072(=589 + j391) + 42,4

g = 2Re{

(—589+j391)t} —

_ {(_28'12 _j38’24)e(—589+j391)t

(j28,8) } = 2Re{1,656—j216°e—589tej391t} —

— 3,3¢758% 0s(391t — 216°) = 3,3¢~58% cos(391t — 180° — 36°) =
= —3,3e7°8% c0s(391¢t — 36°) = —3,3e7°8%" 5in(391t + 54°).
i35 = —3,3¢7°8% sin(391t + 54°). (3.20)

Haiinennas ¢opma cBOOOAHON cocTaBisOmeH TOKa iz (3.20),
OIEPaTOPHBIM METOJIOM, COBIIAJAaeT CO CBOOOIHOM cocTaBiisitoleii Toka iz (3.15),
PacCUMTaHHON KJIACCUYECKUM METOOM, C HEOOJBIIION MOTPEIIHOCTHIO.

4. TlocTpoeHue rpauKoB MEPEXOAHBIX MPOIECCOB

B nannoit pabote BpeMsi KOMMYTaIlMU KJIIOUEH 3a7a€TCsl, TOITOMY CBSIKEM
ATU OTPE3KHU BPEMEHHU.
Kirou K1 3ambikaercst B MomeHT t=0 c. Kimtou K2 pasmbikaercs B MOMEHT BpEMEHU

1 =1 = .10~

H03TOMy HHTCPBaJ BPpEMCHH IICPBOIo MEPEXOAHOIO IMpoIeccca
tl—Z == [O - 1,25 * 10_3]C.

q)OpMa HCKOMOI'O TOKa Ha IICPBOM HMHTCPBAJIC BPEMCHU !

i (t) = é+ 4-e78000 = 4 4 4. 7800,
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. 9
IZ(t), (A) L\‘\

8

7

; \‘v

5

4 N * * N * T npuHyxA

3 | == cB0604H

i \-\I*.\.— == CYMMa

1

0 T T 1

0 0,0005 0,001 0,0015 t(C)

Puc. 3.8. I'paduk nepexomHoro mporecca mpu 3aMmbikanuy kimoda K1

Kimrou K3 3ampikaeTcss B MOMEHT BpEMEHHU

T

I _2n — 27 — .10-3
ts =5="/6-wy=""/6-580 =18 107%¢

OTcro1a HHTEpBaJ BpEMEHH BTOPOTO MEPEXOAHOTO Mpoliecca
t,_3 =[1,25-1073 + (1,25-1073 4+ 1,8 - 107 3)]c.
dopma HCKOMOT0 TOKa Ha BTOPOM HHTEPBaJIc BPEMEHHU:

i,(t) = 5,74e~40% sin(580¢ + 72,3°).

== NPUHYX],

= cBo60H

‘-\-\-\- ‘\- “he= CyMMa

0 0,0005 0,001 0,0015 0,002 0,0025 0,003 0,0035 t(C)

O B N W b~ U1 O N

Puc. 3.9. I'padux nepexomHoro mporecca mpu pa3MbikaHuu Kiitoua K2
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Uto06b1 HauepTUTH rpaduKk TOKA i, (t) U €ero COCTaBISIONIUX, IPU 3aMbIKAHUU
kioya K3 HyXKHO onpenenuTtb HWHTEpPBal BPEMEHH, Ha KOTOPOM MOXHO
IIPOCMOTPETH TOJHBIA IEPUOJ CHUHYCOWUIBI MNPUHYKICHHOM COCTaBISIOUIEH U
3aTyxaHue cBOOOHON cocTaBJstomei. JlJig 3Toro HaiaeM nepuo MpUHYXACHHON
COCTABJISIONICH M TIEPHOJT CBOOOTHON COCTABIISIOIICH.

[Iepro MpUHYXIEHHON COCTABIISOMIEH:
2T

T ,.=—=——= 2 C.
w =% = To00 000 ¢
Ilepron cBOOOIHOM COCTABIISIONICH:
T =2 _ 2T 0016
=y T391 P C

[TocTosiHHAs BpeMEHH 3aTYXaHHUs aMILTHTYIbI CBOOOTHOH COCTABIIAIONICH:
T,=1= /|P| = /589 ~ 0,017c

CDopMa HCKOMOI'O TOKa Ha TPECTbEM HHTCPBAJIC BPCMCHU:!

i, = 9,35sin(1000t + 285,3°) — 3,38 - ¢7>8% - 5in(391t + 52,9°);

. 15
IZ(t)a (A) ——n
o PUHYXA
/\\ —— csoboaH
At \ cymma
WM
) 0,002 ¢f 0,004 0,006 0,008 0,01 t(C)
-5 )4

-10

-15

Puc. 3.10. I'paduk nepexogHoro mporecca npu 3ambikaHuy kioda K3
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3aganue Ne 4.
Pacuér Tpéx¢a3Hoi JIeKTPHYECKOH LEeNH CHHYCOUIAJIbHOI0 TOKA

Tpexdasznas 1enb coaepkXUT Tpexda3HbIi T'eHepaTop, CO3AOIIHI
cuMMeTpuuHyto Tpexdasznyto cucreMy IJC u cumMmeTrpuyHas Harpyska.
HeinictByromee 3Hauenue DJC da3el 4, mnepuon 7, mapaMeTpsl Harpys3Kd
npuBeneHbl B Tabnuie 6. Hauanshyto da3zy 3/]C daspl 4 NpUHATH paBHOU HYIIO.
BapuaHThl pac4eTHBIX CXeM MPUBEICHBI B TabMIIE 7.

Tpebyercst paccuntarh JuHEHbIe U (Da3Hble TOKU. [IOCTPOUTH BEKTOPHYIO
quarpaMMy TOKOB U HampsbkeHud. OnpefenuTh MIrHOBEHHOE 3HA4YeHUE
HaMpsDKEHUST MEXAY 3aJaHHBIMM TOYKaMH. PaccuuTaTh akTHBHYIO MOIIHOCTH
Tpex(da3HOI CUCTEMBI.

Meronnueckue ykazaHus

1. Homep cxembl COrIacOBBIBAETCS C TIPEMOIaBaATEIIEM.

2. ConpoTHBIICHHS] OOMOTOK T'eHepaTopa MPUHATHh PaBHBIMU HYITIO.

3. Jlms BapmaHTOB, B KOTOPBIX HArpy3ka COEIWHEHA TPEYroJIbHUKOM, MPH
pacuere npeoOpa3oBaTh €€ B COEIMHEHHUE 3BE3/101

4. Tlpu pacuere CUMBOJMYECKHUM METOJIOM PEKOMEHIYETCS OINEPUPOBATh

KOMIUIEKCAMHU JAEHUCTBYIOIIMX 3HAYCHUM.

Tabauma 6
YucnoBble JaHHBIE TAPAMETPOB CXEM

Bapuant | Ne E.,B |T,c L, Ci, Cs, Ry, R, Onpenenutsb

CXEMBbI Ml 'H MKD MK® | Om OMm HanpsoKeHH e
1 1 100 | 0,015 | 22,32 276 - 4,33 8,66 Ubc
2 2 80 0,015 | 18,33 598 138 - 17,32 Upc
3 3 60 0,015 | 4,78 398 - 7,66 2 Upc
4 4 40 0,015 | 35,88 | 119,6 - 25,98 - Ubc
5 5 20 0,015 | 17,94 | 79,7 - 4,33 - Ubc
6 6 90 0,015 | 107,6 | 119,6 - 8,66 - Ubc
7 7 70 0,015 | 414 | 1751 - 17,32 - Ubc
8 8 50 0,015 | 8,75 138 - 17,32 - Ubc
9 9 30 0,015 | 23,92 | 478,5 - 17,32 - Ubc
10 10 10 0,015 | 3588 | 210,9 | 138 | 17,32 - Upc
11 11 200 | 0,015 | 22,32 276 - 4,33 8,66 Ubc
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[Mpomomkenue TabIMIB! 6

12 12 160 | 0,015 | 18,33 | 598 138 - 17,32 Ubc
13 13 120 | 0,015 | 4,78 398 - 7,66 2 Ubc
14 14 80 0,015 | 3588 | 39,8 - 26 - Ubc
15 15 40 0,015 | 17,94 | 957 79,7 | 8,66 - Ubc
16 16 180 | 0,015 | 107,65 | 119,6 - 26 - Ubc
17 17 140 | 0,015 | 414 | 1196 - 17,32 - Ubc
18 18 100 | 0,015 | 8,75 | 1751 - 17,32 - Ubc
19 1 100 | 0,02 | 29,71 | 367,5 - 433 | 8,66 Uca
20 2 80 0,02 | 24,39 | 796,2 | 183,8 - 17,32 Uca
21 3 60 0,02 6,36 530 - 7,66 2 Uca
22 4 40 0,02 47,7 | 1592 - 25,98 - Uca
23 5 20 0,02 | 23,88 | 106,1 - 4,33 - Uca
24 6 90 0,02 | 143,3 | 1592 - 8,66 - Uca
25 7 70 0,02 | 55,16 | 2331 - 17,32 - Uca
26 8 50 0,02 | 11,65 | 1838 - 17,32 - Uca
27 9 30 0,02 | 31,85 | 636,9 - 17,32 - Uca
28 10 10 0,02 47,7 | 280,8 | 183,7 | 17,32 - Uca
29 11 200 | 0,02 | 29,71 | 3675 - 4,33 | 8,66 Uca
30 12 160 | 0,02 | 24,39 | 796,2 | 183,8 - 17,32 Uca
31 13 120 | 0,02 6,36 530 - 7,66 2 Uca
32 14 80 0,02 47,7 53 - 26 - Uca
33 15 40 0,02 | 23,88 | 1274,8 | 106,1 | 8,66 - Uca
34 16 180 | 0,02 | 143,3 | 159,2 - 26 - Uca
35 17 140 | 0,02 | 55,16 | 2331 - 17,32 - Uca
36 18 100 | 0,02 | 11,65 | 1838 - 17,32 - Uca
37 1 100 | 0,025 | 37,32 | 4616 - 4,33 | 8,66 Umn
38 2 80 0,025 | 30,64 | 1000 | 230 - 17,32 Umn
39 3 60 0,025 8 666 - 7,66 2 Umn
40 4 40 0,025 60 200 - 25,98 - Umn
41 5 20 0,025 30 133,3 - 4,33 - Umn
42 6 90 0,025 | 180 200 - 8,66 - Umn
43 7 70 0,025 | 69,28 | 292,8 - 17,32 - Uab
48 8 50 0,025 | 14,64 | 230,8 - 17,32 - Uab
44 9 30 0,025 40 800 - 17,32 - Uab
45 10 10 0,025 60 352,7 | 230,8 | 17,32 - Umn
46 11 200 | 0,025 | 37,32 | 4616 - 4,33 | 8,66 Umn
47 12 160 | 0,025 | 30,64 | 1000 | 230 - 17,32 Umn
48 13 120 | 0,025 8 666 - 7,66 2 Umn
49 14 80 0,025 60 66,7 - 26 - Uab
50 15 40 0,025 30 1600 | 133,6 | 8,66 - Umn
51 16 180 | 0,025 | 180 200 - 26 - Uab
52 17 140 | 0,025 | 69,28 | 292,8 - 17,32 - Uab
53 18 100 | 0,025 | 14,64 | 230,8 - 17,32 - Uab
54 1 100 | 0,04 | 59,42 | 735 - 433 | 8,66 Unk
55 2 80 0,04 | 48,78 | 1592 | 368 - 17,32 Unk
56 3 60 0,04 |12,738| 1061 - 7,66 2 Unk
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[Mpomomxenue TabIMIBL 6

57 4 40 0,04 955 | 3184 - 25,98 - Unk
58 5 20 0,04 | 47,77 | 2122 - 4,33 - Unk
59 6 90 0,04 | 2866 | 318 - 8,66 - Unk
60 7 70 0,04 |110,32| 466,3 - 17,32 - Ubc
61 8 50 0,04 23,3 | 367,5 - 17,32 - Ubc
62 9 30 0,04 | 63,69 | 12739 - 17,32 - Ubc
64 10 10 0,04 955 | 561,7 | 36,75 | 17,32 - Unk
65 11 200 | 0,04 | 59,42 | 735 - 433 | 8,66 Unk
66 12 160 | 0,04 | 48,78 | 1592,3 | 368 - 17,32 Unk
67 13 120 | 0,04 | 12,74 | 1061,5 - 7,66 2 Unk
68 14 80 0,04 955 | 106,1 - 26 - Ubc
69 15 40 0,04 | 47,77 | 2547 | 212,2 | 8,66 - Unk
70 16 180 | 0,04 287 | 3184 - 26 - Ubc
71 17 140 | 0,04 | 110,32 | 466,3 - 17,32 - Ubc
72 18 100 | 0,04 233 | 3675 - 17,32 - Ubc
73 1 100 | 0,01 | 14,86 | 183,8 - 4,33 | 8,66 Uab
74 2 80 0,01 | 12,19 | 398 91,9 - 17,32 Uab
75 3 60 0,01 3,18 | 265,2 - 7,66 2 Uab
76 4 40 0,01 23,8 79,6 - 25,98 - Uab
77 5 20 0,01 | 11,94 53 - 4,33 - Uab
78 6 90 001 | 7165 | 79,6 - 8,66 - Uab
79 7 70 0,01 | 27,58 | 116,5 - 17,32 - Uab
80 8 50 0,01 5,82 91,8 - 17,32 - Uab
81 9 30 0,01 | 15,92 | 3184 - 17,32 - Uab
82 10 10 0,01 23,8 | 1404 | 919 | 17,32 - Uab
83 11 200 | 0,01 | 14,86 | 1838 - 433 | 8,66 Uab
84 12 160 | 0,01 | 12,19 | 398 91,9 - 17,32 Uab
85 13 120 | 0,01 3,18 | 265,2 - 7,66 2 Uab
86 14 80 0,01 23,8 26,5 - 26 - Uab
87 15 40 001 | 1194 | 637 53 8,66 - Uab
88 16 180 | 0,01 | 71,65 | 79,6 - 26 - Uab
89 17 140 | 0,01 | 27,58 | 116,5 - 17,32 - Uab
90 18 100 | 0,01 5,82 91,8 - 17,32 - Uab
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Tab6mauua 7

BapI/IaHTBI PaCUYCTHBIX CXCM
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IIpumep pereHusi u ogpopmJiieHust 3a1anus 4.

[TycTh ucxonHas cxeMa UMEET BU/I, KaK MoKa3aHo Ha puc. 4.1:

A IR—1IL> a
1 —9

Ea XLE’i_X“
W W g

, B

EB IB
ke X CIN //\ //

C B ¢ Xeci b
L Ry

R1

Puc. 4.1 Pacuernas cxema

Hcxonnwie nanneie: E,=130B, 7=0,01256 ¢, L=8 mI'n, C;=250 MxD,
R1=6 OmM, onpeaenuTh Upc.

Paccuntaem  comporuBienne  (paspl  CUMMETPUYHOTO  Tpex(aszHOro
NPUEMHUKA COCIUHEHHOTO «3BE3M0M», KOIJIa WHAYKTHBHOE M EMKOCTHOE

COTMPOTUBJICHHS B KOKI0U (pa3ze COCNUHEHBI TapaJIIeTbHO.

X Xc
Xcl):Xa =Xb =Xc =—m:8OM,FI{e
2rtL T
XL :T=4OM,XC :ﬁZSOM.

CornpoTuBieHus B TUHUSX paBHble Z; = Z, = Zg = Z, = Ry = 6 OM
Ornpenenvim CONMPOTUBIIEHNE HArPY3KHA U yroi casura Mexay 9C u Tokom

B JIMHUH.
Z= |R?+ X3 =.6%+82=100m,

Xo
@ = arctg— = 53°,
R,

PaccunTaem TOKM B JIMHUSIX



[lo 3akomy OMa OmpemeIMM HAmpsDKeHHe B (ase CHMMETPHYHOTO
NPUEMHUKA
Up=U,=U,=U, =1y Xo = 104 B
Paccunrtaem TOKY B (ha3ax IPHEMHHKA
Up

/) = =Y _
lp=Iy=1lp =l =% =268

U

// @

Iy =1 =15 =1 =~ =13B.
C

[TocTpouM BEKTOpHYIO Auarpammy puc. 4.2.
Cucrema tpexdasznoit 3/[C cummerpudHOro Tpexda3Horo reneparopa.

E, = 130 B,Eg = 130e7/120°B, E. = 130e/12%° B,



+1
,lA 20 B

Puc. 4.2. BekTopHas nuarpamma

JIunelinbie TOkU Iy, I, I oTcTator ot coorBercTBytomux IC Ey, Ep, Ec Ha
yroi ¢ = 53°,

DOKBUBAJICHTHAasl peaKkTUBHAs Harpy3ka B (a3e, MHIYKTUBHOIO XapakTepa,
caguraetr (¢asupie HanpspkeHus Uy, Up,U. MO OTHOMIEHWIO K JUHEHHBIM TOKaM
Iy, 15,1 va yron 90,

@da3Hble TOKM, MHAYKTUBHOI'O Xapakrepa, [ / v é,]é OTCTalOT OT (Pa3HbIX

Hanpspkeanit Uy, Uy, U, coorBeTcTBeHHO Ha yron 90,

@da3Hble TOKM, E€MKOCTHOIO XapakTepa, 17/ ,IL/;,/ ,Ié/ orepexaroT (pasHbie

Hanpspkennit Uy, Uy, U, coorBeTcTBEHHO Ha yrona 90.
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Eciu Ha guarpamMme COEIUHHUTH KOHIIBI BEKTOPOB (Da3HBIX HampsHKEHUN
Uy Up,U., TO oOpa3yercsi paBHOCTOPOHHUN TPEYTrOJbHUK, CTOPOHBI KOTOPOTO
COOTBETCTBYIOT BeKTOpaM HanpsikeHuu Uy, Uy, Uqq .

113 paBHOCTOPOHHETO TpeyroibHHKa Hampsykenne U,. = /3 - Ugp = 180 B.
[lo nuarpamMme BHIHO, YTO BEKTOpP 3TOrO HANPSDKEHHS HMMEET CABUT Ha -53.
MrHoBeHHOE 3HA4YEHUE 3TOr0 HaIpsKEHUS UMeEeT BU/T —
pe (£) = UpeVZsin (2t — ) = 253,8sin(500t — 53°) B.

AKTUBHYIO MOIIHOCTh CHUMMETPUYHOM Tpex(pa3HOH CHUCTEMBI MOXKHO
OlpeNeNuTh 10  yHUBEepCanbHOH  dopmyre Psp = V3 - Upljcos@ =+/3-
V3 Egl cos@ =3 Egl;cos@ = 3051 Br.

KpuTtepuu ouneHkn pe3yJibTaTOB KYpPCOBOii pad0oThI 10 IUCHUIIIHHE

«TeopeaneCKHe OCHOBBI 3JICKTPOTEXHUKH

MakcumaiibHoe KonuecTtBo 6auios 3a KP 60.

OTmerka Kpurepumn ouenku
(0anJIBI)
60 KypcoBast paboTa BBITTOTHEHA B COOTBETCTBUU C TPEOOBAHUSIMHU

crangapra ECK]I. 3noxxeHue Marepuana OTJIMYAETCS JIOTUYECKOU
MOCJIE/IOBATEIBHOCTBIO U MOJTHOCTHIO COOTBETCTBYET 3a/JaHHUIO.
KypcoBas paboTa BBINIOJIHIETCS B COOTBETCTBUU € IpaduKoM, B
paboTe ucnoJib30BaHa CrelrabHas JIUTepaTypa U HOPMATUBHbBIC
nokyMeHThl. KypcoBasi paboTa BBITIOTHEHA 110 UCXOAHBIM JIaHHBIM B
COOTBETCTBUHU C BAPUAHTOM U COACPIKUT DJIEMEHTHI
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CaMOCTOATEIBHOIO UCCIIEI0BAHMs. BBINOJIHEHBI IOJHOCTHIO
pacuéTtHas u rpaduueckas 4acTb MOACHUTENbHOM 3anucku. [Ipu
3alUTe KypcOBOW pabOThI yHallUiics IEMOHCTPUPYET KOMILJICKCHbBIE
3HaHHUS 0 TEME KypCOBOM pabOThI, OTBEYAET HA BCE ITOCTABICHHBIE
BOIIPOCBL.

50

KypcoBast paboTa BbINOJIHEHA B COOTBETCTBUM C TPEOOBAHUSIMHU
crangapra ECK]I. 3noxxeHue Marepuana OTJIMYAETCS JIOTUYECKOU
MIOCJIEIOBATENBHOCTBIO U IMOJTHOCTBIO COOTBETCTBYET 3aJaHHUIO.
KypcoBas paboTa BBINOJIHIETCS B COOTBETCTBUU € IpauKoM, B
paboTe ucnoJib30BaHa CrelaIbHAS JIUTepaTypa U HOPMATUBHBIC
nokyMmeHThl. KypcoBasi paboTa BbITIOIHEHA 110 UCXOAHBIM JIaHHBIM B
COOTBETCTBUHU C BAPUAHTOM U COACPIKUT FIIEMEHTHI
CaMOCTOSITEJILHOTO UCCIIEIOBAHMS. BBIMOTHEHBI HOTHOCTHIO
pacuéTHas u rpauyeckasl 4acTh MOSICHUTENIbHOM 3anucku. [Ipu
3aIlUTE KypCOBOW pabOThl yUalIUiCs IEMOHCTPUPYET 3HAHUE
BOIIPOCOB IO TeME KypCOBOW paboThl, OTBEYAET HA NTOCTABICHHBIC
BOMPOCHI C HE3HAYUTEITHLHBIMU OIIMOKAMH.

40

KypcoBast paboTta BbIIIOJHEHA B COOTBETCTBUHU € TPEOOBAHUAMMU HA
50 6am1oB, HO TIPH ITOM:

« He cobmonensl TpedoBanust ECKJI npu odopmiiennu
OTJEJIbHBIX TAOJIUI] PUCYHKOB, CIIMCKA UCIOJIb30BaHHON
JUTEPATYPHI;

¢ HE MPUMEHEHA CIelNaIbHas JUTEePaTypa;

o HeT 0003HaYEHUS OTACNBHBIX (POPMYII, HACTUIHO OTCYTCTBYIOT
CIMHHUIIBI

U3MEpEHNUS,;

o yYaIIUKCS 3aTPYTHSAETCS MPU OTBETE HA OJMH BOIPOC IIPU

3alIuTe KypcOBOM PabOTHI.

30

KypcoBas paboTta BbINOJIHEHA B COOTBETCTBUU C TPEOOBAHUSAMHU Ha
40 6annoB, HO PU ITOM:
e HMCIOTCS HE3HAYNTEIbHBIE HETOYHOCTHU B PEIICHHUH 3a/1a4;
e JIOMYLIEHBI IOIPENIHOCTH B pacyéTax, KOTOPbIC HE TIOBIIMSIIN
Ha KOHEYHBIN pe3yJbTaT;
e HUMEIOTCS HE3HAYUTENbHBIEC OIIMOKU B rpapuuecKux
MOCTPOEHUSX, HE BIMAIOIINE B LIEJIOM Ha UX Ka4€CTBO;
o yyaluics 3aTPyAHSIETCS IPU OTBETE HA OJIUH-IIBA U3
BOIIPOCOB IPH 3allUTE KypCOBOU padOTBHI.

20

KypcoBast paboTa BbINIOJIHEHA 110 UCXOAHBIM JaHHBIM B
COOTBETCTBUHU C BApUaHTOM U TpeboBanusimu crangapra ECK/I.
W3noxeHne Marepraia COOTBETCTBYET 3aJaHUIO KypCOBOW PaOOTHI.
BoinonHens! pacu€rHas u rpadudeckas 4acTh NOSICHUTEIbHON
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3aIlIMCKH, HO IIPHU OTOM:

JIOITYIIEHbl HETOYHOCTHU B pacuérax;

HapyieHsl TpedoBanuss ECKJI npu odopmiennu;

UMEIOTCSI OJJHA-/IBE OIIMOKHU B rpapuueCcKuX MOCTPOCHUSX,
KOTOPBIE€ MOYKHO YCTPaHUTh;

y4anuiicst Hapyiai rpaduK BBIOJTHEHHS KypCOBOM pabOThI;
y4YalIuics 3aTpyaHseTCs Py OTBETE Ha ABa-TPU BOIPOCA MPHU
3aIlUTe KYPCOBOU pabOTHI.

15

KypcoBas paboTa BbINOJIHEHA IO UCXOIHBIM JaHHBIM B
COOTBETCTBUHU C BapuaHTOM U TpeboBaHusiMu crangapra ECKJI.
N3noxeHue Marepuana COOTBETCTBYET 3aJaHUI0 KypCOBOUM pabOTHI.
Brimonnena pacuéraas u rpaduyeckas 4acTh MOSICHUTETHHON
3allMCKH, HO MPH ITOM:

JIOIYIIEHBI OIIMOKU B pacuéTax U NpHU U3JI0KEHUHN MaTepHUaa;
Hapyuensl TpedoBanust ECK/I mpu odopmienuu;

UMEIOTCS OJTHA-/IBE OIIMOKHU B TpaUueCKUX MOCTPOCHUSX;
yJaluiics Hapyal rpaduK BbITOJHEHUS KYpCOBOU padoThI;
y4Yaluics 3aTpyaHseTcs IpyU OTBETE HA TPU BOIIPOCA MPHU
3alIUTe KypcOBOM pabOTHI.

10

KypcoBas paGoTa BbINOTHEHA IO UCXOIHBIM JAHHBIM B
COOTBETCTBUHU C BapuaHTOM U TpeboBanusimu cranaapra ECKJ/I.
W3noxeHne Marepuana COOTBETCTBYET 3aJaHUI0 KypCOBOM paOOTHI.
Brinonnena pacuéraas u rpaduyeckas 4acTh MOSICHUTETbHON
3allMCKU, HO MPU ITOM:

JIOTYIIEHBI OIUOKH B pacuéTax U MpHU U3JI0KCHUH MaTepHaa;
HapymieHsl TpedboBanus crannapra ECKJI npu odopmnenny;
rpaduueckas 4acTb KypcoBOW pabOThI UMEET Psilt
CYIIECTBEHHBIX OIINOOK;

yJaluiicsa Hapyuan rpaduk BHIIIOTHEHHS KypCOBOU pabOThI
yJaruiics 3aTpyaHsIeTCs IpU OTBETE Ha YEThIpEe BOIPOCca MpH
3alIMTe KypcoBOil paboThI.

N3noxenne mareprana COOTBETCTBYET 3aJJaHUIO0 KYpCOBOU paOOTHI,
HO TIPU ITOM:

HapyieHbl TpeOoBanus crannapra ECKJl npu odpopmuenun
KypCcOBOH paOoOThI;

UMEIOTCSI HETOPAOOTKHU MPU HAITUCAHUU PA3/IEIIOB KypCOBOM
paboTHI;

pacu€THas 4acTh BBIMIOJIHEHA, HO UMEET PsiJl CYLLECTBEHHBIX
OmMOOK;

OTCYTCTBYET rpa(uueckast 4acTh HJIM B IOCTPOEHUSX UMEETCS
P CyHIECTBEHHBIX OIHOOK;
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« HapyueHsl TpeOoBanus crannapra ECKJl npu odpopmnenuu
KypCOBOM paOOTBHI.

3 Conepxkanue KypcoBoil pabOThI HaCTUYHO HE COOTBETCTBYET
3aJIaHUIO0 TAHHOW TEMBbI, OTCYTCTBYET rpaduueckasi 4acTb
MOSICHUTEIILHOM 3aIUCKH.

2 ConeprxkaHue KypcoBoil pabOThI HE COOTBETCTBYET 3aJaHUIO TaHHOMN
TEMBI.
0 KypcoBas paboTa He ipeicTaBiIeHa B YCTAHOBJICHHBIE CPOKH,

BBIITOJIHCHA 10 UCXOJHBIM JJaHHBIM HEC CBOCTO BapUaHTA.

Cnmcok BONpocoB sl 3a1IUTHI KyPCOBOH padoThl

9H€KTDH‘1€CKH€ OCTIM ITOCTOAHHOI'O TOKA

1. Yro Ha3bIBaeTCs B AJIEKTPUYECKOW LIETIH BETBBIO, Y3JI0M, KOHTYpOM?

2. 3akoH OMa U ero pa3HoBHJIHOCTHU. [IpuMeHeHre 3TOro 3akoHa Ha MPaKTUKE.

3. 3axonsl Kupxroga u npuMeHeHue ux Ha MPaKTUKE.

4. CocTaBiieHHE ypaBHEHUH 1O IEPBOMY U BTOpoMY 3akoHaMm Kupxroda.

5. OT yero 3aBHCHUT KOJMYECTBO SHEPrUH, BBbIIEISIEMONW B MPOBOJHUKE, INPHU
IIPOTEKAHUU 110 HEMY AJIEKTPUYECKOr0 TOKa?

6. Uto Takoe sneKTpruecKas LeMlb U U3 KaKMX YCTPOHCTB OHA COCTOUT?

7. Yro npencrasisier coO0M cxema 3aMeIIeHUs IIEKTPUIECKOM 1enu?

8. OxapakTepu30BaTh MOIIHOCTh B 3JIEKTPUUECKON LEMH MOCTOSITHHOTO TOKA.

9. Yro Takoe najieHue HaNpsHKEHUsS Ha y4acTKe LEenu?

10. Eaunuiel u3MepeHus: >JIEKTPUUECKOTO CONMPOTHBICHUS, MPOBOJAUMOCTH HU
MOIIHOCTH.

11. Kakoe coelMHEHHE BJEMEHTOB  JSJEKTPUYECKOM  I€MH  Ha3bIBAIOT
HOCJIEA0BATEbHBIM?

12. Kak HalTH 5HKBUBAJICHTHOE COMNPOTUBIEHUE OHJEKTPUUYECKON Ienu NpH
[0CJIEI0BATEIbHOM COEAMHEHUH CONPOTUBIICHUH ?

13. Kakoe coeauHeHHE OSJEMEHTOB  JJEKTPUYECKOW IeNMH  Ha3bIBAIOT

napajuieJIbHbIM?.
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14. Kak HaliTH 5SKBHUBAJIECHTHOE CONPOTUBIEHUE OJIIEKTPUYECKOM ILENU Mpu
napajuieIbHOM COEIUHEHUN CONIPOTUBIICHUN ?

15. Kak pacnpenenstorcss TOK M HalpsDKEHUE TMIPU  MOCIEA0BATEIbHOM
COEIMHEHNH ITPUEMHHUKOB JIEKTPUUYECKON SJHEPIUU?

16. Kak pacmpenenstoTcs TOK U HalpsDKEHHWE TPHU MapajuieIbHOM COCIUHEHHUH
IPUEMHUKOB 3JIEKTPUYECKON SHEPTUH?

17. Yto ecTh CMEIIAHHOE COEUHECHHE DJIEMEHTOB DJICKTPUUYECKOM 11enu?
18.Ha3oBuTe TrpaHUYHBIE YCIOBUS OSKBUBAJEHTHBIX MpeoOpa3oBaHUN B
AIEKTPUUYECKON LENN: TPEYrOJIbHUKA U 3BE3/1bI CONPOTUBIICHUM.

19. CkonpKO M KaKMX YpaBHEHUH COCTaBISIETCS MPU pacueTe 3JIEKTPHUUYECKHUX
LeNneil myTeM HeMmOoCPeACTBEHHOT0 pUMeHeHus 3akoHoB Kupxroda?

20. B xakoM ciydae 1enecooO0pa3sHO MPUMEHHUTH pacd€T SJIEKTPUUYECKOW Lenu
METOJIOM KOHTYPHBIX TOKOB?

21. Kak ocyiiecTBiIsieTcs Iepexo OT KOHTYPHBIX TOKOB K peaibHbIM?

22. B xakux ciydasx IejIecoo0pa3HO MPOBECTH PacUET CIOKHOU SJIEKTPUICCKOU
LENU METOJIOM Y3JIOBBIX IOTEHLIUAJIOB?

23. Yto Takoe MoTeHIMaIbHas AuarpaMmma 3JIeKTpUIeCKON Lemnu ?

24. KakoBa METOJIMKA MMOCTPOCHUS MOTEHIIUATHHOM TUarpaMMbl?

DIEKTPUYSCKHE LICNH CMHYCOUIAIHLHOIO TOKA

1. Yro Ha3pIBacTCS aMIUIMTYAHBIM, MTHOBCHHBIM W JICUCTBYIOIIMM 3HAYCHUSMH
NIEPEMEHHOT0 TOKa?

2. Kaxoil Tok Ha3bIBaeTCs EpeEMEHHbBIM ?

3. JlaiiTe ompeneneHue Mepro/Ia, 4aCTOTH HadabHOU (a3bl U (pa3sl MEpEeMEHHOTO
TOKa?

4, Kak MOXHO M300pa3uTh CHHYCOUJAITBHBIC BETMYUHBI IIPH TTOMOIIN BEKTOPORB?
5. Kakumu nmapameTrpaMu xapakTepu3yeTcs Ienb IePeMEHHOro ToKa?

6. Uro BiuseT Ha BCJIIMYMHY aKTUBHOT'O COITPOTHUBIICHHA I_ICHI/I?
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7. OT KakuxX BEJIMYUH 3aBUCAT BEJIMYUHBI PEAKTUBHBIX COMNPOTHUBIICHUH LIETIH
MIEPEMEHHOI0 TOKa?

8. Ilo xakomy MpHU3HAKY MOXKHO Pa3JeIUTh 3JIEMEHTHI I[ENH IePEMEHHOT0 ToKa Ha
AKTHBHBIC U PEAKTUBHBIE?

9. 3amucarh MOJHOE COMPOTUBIICHHE IEMH TMEPEMEHHOTO TOKa, MOATBEPIAUTH
IPUMEPOM.

10. Kak u300paxaloT Ha NPUHUUIHATBHBIX CXEMaxX 3JIEMEHThl C AKTUBHBIM H
PEaKTUBHBIM CONPOTUBIECHUSMHU?

11. Kakue MOIIHOCTH paccMaTpuBarOT B ILIEMSIX MEPEMEHHOTO TOKa U B KaKUX
€AUHUIIAX UX UBMEPSIOT?

12. Yro noapazymeBaeTcs Moj peakKTUBHON MOILTHOCTBIO JEKTPUUYECKOM 1ernu?

13. U3 4ero cocTouT TpeyroJbHUK MOLUTHOCTEM?

14. Kak u300paxaroT B KOMIUIEKCHOW ()OopMe 3amucu HaIpsKEHUs, TOKOB U
COIPOTHUBJICHUI y4aCTKOB LIETINA?

15. Yto BXOAUT B KOMITJIEKCHYIO MOIIHOCTb IIETIH MIEPEMEHHOTO TOKa?

16. Ha3oBure yciaoBHe€ BO3HHUKHOBEHHUS B DJIEKTPUUYECKOM LIEMM pe30HaHCa
HaIPSKECHUM.

17. Ha3oBute yciaoBHe BOZHUKHOBEHHS B AJIEKTPUUECKON LIEMTHA PE30OHAHCA TOKOB.
18. HazoBuTe npu3HaKku pe3oHaHCa HAPSHKEHUM.

19. Ha3zoBuTe npu3Haku pe30HaHCA TOKOB.

20. B xakoMm cityyae TOK OTCTA€T OT HapsyKEHUsI Ha HEKOTOPBIA yron?

21. Korzaa TOk omepeskaeT BhI3BIBAIOIIEE €r0 HAMpsKeHHe?

IIepexoaHbIC IPOLECChI B IMHEWHBIX 1IEMSIX C COCPEAOTOUYCHHBIMHU ITIapaMeTpaMu

1. ChopmynupyiiTe 3aKOHBI KOMMYTaIIUH.

2. B ueM cyTh KJIacCHYECKOT'O0 METO/Ia pacyeTa MepexoIHbIX MPOIecCOoB?

3. 3a cuer yero BO3ZHUKAIOT MPUHYXJACHHBIC COCTABJISIONINE TOKOB U HATIPSKCHMH ?
4. Kakue mporecchl xapakTepu3yer obimiee perieHue auddepeHmaibHoro
OJTHOPOJHOI'O YPABHEHUS?

5. Ot 4ero 3aBUCHUT 3aKOH M3MEHEHUS CBOOOIHBIX COCTABIIAIOIINX?
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6. Kak cocTraBUTh XapaKTepUCTHUYECKOE YpaBHCHHE JIJII paccMaTpUBacMOU
CXEMBI?

7. CKOJNBKO JUTUTCS TIEPEXOTHON mporiecc?

8. Kakoit ¢usmueckuil CMBICI TOCTOSHHOW BpPEMEHM 3aTyXaHHsl CBOOOIHOMU
COCTaBJIAIONICH?

9. Kak rpaduyecku OmpenenuTh MOCTOSHHYIO BPEMEHHM 3aTyXaHusl CBOOOIHOU
COCTaBJIAIONIEH?

10. Kak onpenenuTb NOCTOSHHYIO MHTEIPUPOBAHHUS B CXEMax C OJHUM
PEAKTUBHBIM 3JIEMEHTOM ?

11. Yem npuHUMNMAIBHO OTIMYAOTCS 3aKOHBI M3MEHEHUS TOKA IIPU MOAKIFOUEHUH
WHJIYKTUBHOM KaTyIIKM K MCTOYHHUKAM TMOCTOSHHOTO U CHHYCOHJAJIbHOTO
HaIpsHOKeHUS?

12. B kakoM ciiydae TpU TMOAKIIOYEHWHU MHIYKTUBHON KAaTYIIKHM K HCTOYHUKY
CUHYCOHMIAJIbHOTO HAIPSHKEHUS MTEPEXOIHBINA MPOIECC HE BO3HUKAET?

13. Kaxoif TOK Ha3bIBatOT yAapHBIM?

14. Kak omnpenenuth TOCTOSHHBIE WHTETPUPOBAHUS B CXE€Max C JBYMS
PEAKTUBHBIMU dJIEMEHTaMM ?

15. B xakoM citydae mepexoHbIi mporiecc OyAeT anepruoaundecKum?

16. B xakom ciydyae nepexoiHbIN Mporecc OyIeT KPUTHIECKUM ?

17. B xakoM citydae mepexoHbIi mporiecc OyaeT KoieOaTenbHbIM?

18. B uem 3akmirouaercs CyIIHOCTh pacyera MepexXoaHbIX MPOLECCOB ONEPaTOPHBIM
MeToaoM?

19.Yt10 Takoe onepaTopHasi cxema 3amMelIeHus ?

20.Kakumu criocobamMu Ha MPAKTUKE OCYHIECTBISIETCS TIEPEX0T OT U300paKEHUs K

opurnHary?

TDéXd)aSHBIe QJICKTPUYCCKHNC IICTIM CHHYCOMAAJIBHOI'O TOKA

1. Hamumure COOTHOIICHUS MEXAY (asHBIMM UM JUHEHHBIMH TOKAMH H

HaIPSHKEHUSIMU TIPY COEAMHEHUH CHMMETPUYHON Harpy3KH 3BE3/10M.
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2. Kak, B TpexmpoBoaHO# Tpexda3zHoil 1enH, ONpeaeauTh (a3Hble HAPSIKEHUS Ha
HECUMMETPUYHON HArpy3Ke, COEUHEHHOM 3BE3/101 7

3. 3anmcaTh BBIPAKECHUS I ONPEICIICHUS IOJHOM, AKTUBHOM M PEAaKTHUBHOMN
MOIIIHOCTEN TpPU CUMMETPUYHOW U HECUMMETPUYHON Harpy3ke B TpeX(azHbIX
LEIsX.

4. Kak B Tpexda3zHbIX LEMNsIX pacCUUTaTh JIMHEWHbIE TOKU [UJIsl HarpyskKw,
COEIMHEHHOMN TPEYr OJIbHUKOM?

5. B cOOTBETCTBHH C KAKUM METOJOM MOXKHO OIPEAEIUTh HAPSHKEHUE CMEIICHUS
HeWTpanu?

6. JlaTp TOHATHA CUMMETPUYHOW W HECHMMETPHYHON Harpy3ke B Tpex(azHoii
LIETIN.

/. KakoBo Ha3HaueHUE HEUTPAILHOrO NMPOBOJA B Tpex(pazHoi cucreme?

8. IlepeuncnuTe mpenMymiecTBa Tpex(pa3HbIX METeH.

9. Kakue criocoOb1 n3o0pakeHus: cuMmeTpuaHor cucteMbl D/[C BbI 3HaeTe?

10. Kak momyuator coeauHeHue (a3 oOOMOTOK TeHepaTopa 3Be3OH U
TPEYTrOJIbHUKOM?

11. Kakue Hanps>keHUs Ha3bIBalOT (Da3HBIMU, KaKU€ — JIMHEUHBIMU ?

12. KakoBo cooTHomeHne (Pa3HbIX W JIMHEWHBIX HANPSDKEHUH TPH COCTUHEHUU
(a3 3Be3710i1 ¥ TPEyroIbHUKOM ?

13. CornacHoO KakKuM 3aKOHAM 3JIEKTPOTEXHUKH BBIUUCISIOT TOKUA MPU COETUHEHUH
¢da3 npuemHuka A?

14. Yemy paBHO HampsikeHHE HA (Da3e MPUEMHHKA MPU COSAMHEHUH ero A?

15. KakoB mopsoK MOCTPOEHUsI BEKTOPHO-TONOrpauueckol IuarpaMMbl MpU

COCIMHEHUH Harpy3ku A?

16. Kakue MeTo/b! pacyeTa IPUMEHSIOT HPU COeUHEHUH HATPY3KH <% ?
17. I'ne v B KakuXx Ciy4astX BO3HUKAET HAPsHKEHHE CMEILEHUsI HeuTpanu?

18. KakoB TOpsIOK MOCTPOEHUS BEKTOPHO-TOMOrpaduyecKoil auarpaMMmbl MPU

COE/IMHEHUHN HArPY3KH <% (Harpyska HeCUMMETPHYHAs)?
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19.KakoB MOpsiiOK TOCTPOEHHSI BEKTOPHO-TONMOIPAPUUECKON JauarpaMMbl IpU
COEJIMHEHUH HArPy3KH < (Harpys3ka CHMMETpUYHAas)?

20. Yemy paBHO HampspkeHUE Ha (paze CUMMETPUYHOW Harpy3KH, COEIMHEHHOW B
A2

21. Yemy paBHO HampsbKeHUE Ha (pa3ze CUMMETPUYHON HArpy3KU, COCTMHEHHOW B
A ¢ HYJIEBBIM IIPOBOJIOM?

22. Yemy paBHO HampsbkeHUE Ha (paze HECUMMETPUYHON Harpy3Ke, COSTMHECHHOU B
A ¢ mynesbiM poBogoM?

23. Kak onpeaenuTh TOK B HYJIEBOM MPOBOAE?

24. Kakue crocoObl n3MepeHHs aKTUBHON MOIITHOCTHU BbI 3HaeTe?

25. Korzna MOXKHO MPUMEHUTH METOJI IBYX BATTMETPOB MPU U3MEPEHUH MOIIHOCTH

B Tpexda3zHoii uenu?
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p pasen Y
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[Ipunoxenne C

[IpeoOpazoBanus Jlannaca curHanaoB, HCHOJIb3yEMBIX IIPU aHAINU3E Ienen
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