Brimonnenne nomarinero 3aganus Ne 1 Bropas 4acThb
0 KypeCy «DNEKTPOTEXHUKA U SJIEKTPOHUKA
Tema «Pacuér TMHEHHBIX LENel CUHYCOMAAIBHOTO TOKA
Mertoauueckue yKka3zaHus

]_[eJ'IB pa6OTBIZ OCBOCHUC aHAJIN3a JJICKTPUICCKUX Lemnemn OI[HO(l)EBHOFO CHUHYCOUJAJIBHOI'O TOKA C

HCIIOJIB30BAHUEM CUMBOJIHMYCCKOI0o ME€TOoAA.

1. 3apanue

1) M3y4uTh TEOpETHUYECKOE BBEJCHUE U METOIMUECKHIE YKAa3aHU MO BHITOJHEHUIO TIOMAIITHETO
3aaHusl.

2) HauepTuTh cxeMy C 3JIeMEHTaMH COTJIACHO BapUAHTY.

3) OrmnpenenuTh KOIUYECTBO Y3JIOB, BETBEH M HE3aBUCUMBIX KOHTYPOB.

4) OmpenenuTb KOIUYECTBO yPaBHEHUH MO IIEPBOMY M BTOpoMY 3akoHOB Kupxroda.

5) CocraBuTh ypaBHEHUS 110 IEPBOMY U BTOpOMY 3aKoHOB Kupxroda.

6) PaccunTarh 3KBHBAJCHTHOE COMPOTUBIICHUE CXEMBI M OIPEACIUTh XapaKTep LEIH.

7) OmpenenuTb TOKU B BETBSIX METOJIOM 3KBHBAJICHTHBIX MPEOOpa3OBaHUH.
3amucaTh TOKH B alreOpanvecKkou, moka3aTeabHON 1 BO BpeMEeHHOU (popme.

8) CocraBuTh M paccuuTaTh OajgaHc MoIHOCTeH. OnpenenuTs K03()GUIMESHT MOIIHOCTH LETTH.

9) PaccunTaTh HAIPSHKCHUS HA 3JIEMEHTAX U MIOCTPOUThH BEKTOPHYIO UArpaMMy TOKOB U
HaIIpsHKEHUN BCEH LIETIH.

10) OnpenenuTh moKa3aHus IPUOOPOB.

11) HayepTuTh cXxeMy 3aMELICHUS UCXOJIS M3 XapaKTepa Ienu. BBecTu B cxeMy 3aMeIIeHHsI
JIOTIOJTHUTEIHHBIA 3JIEMEHT, 00ECTICYMBAOIINH B IS PE30HAHC HanpspKkeHui. Paccuntats
HaANPSDKEHUS U TOK, IOCTPOUTH BEKTOPHYIO AUArPAMMY.

12) Beectu B cxeMy 3aMEIICHUS JOMOTHUTEIbHBINA JIEMEHT, 00CCIICUNBAIOIIHIA B IICTH  PE30HAHC

TOKOB. PaccuuTaTh HanpsiKEHUE U TOKH, IIOCTPOUTH BEKTOPHYIO IAarpamMmy.

13) CoOparts ucxonuyto cxemy B cpeae MULTISIM. IToctaButh mpuOOpsl B M3MEPUTH TOKH, HANIPSKEHHE

M MOIITHOCTb.

2. VYxazaHus 1o opopMICHUIO pacueTHO-TpapruecKoil paboThI

1) BsinucaTh napamMeTphl COMPOTUBIICHUI BETBEH CXEMBbI B COOTBETCTBUU C HOMEPOM BapHaHTa
(Tabmuia npunoxenuel ). Homep BapuaHTa COOTBETCTBYET HOMEPY B yU€OHOM JKypHae.
2) JlomaiHee 3aJaHUE BBIMOIHSICTCS Ha JrcTax popmaTta A4 ¢ OIHOM CTOPOHBI JIKCTA,

KEJIATCIIbHO UCITOJIB30BAaTh KOMIIBIOTCPHEIC IPOTrpaMMBEL.



3) BoInonMHHATE YepTeXK CcXeMbl U €€ di1eMeHTOB B cootBeTcTBHH ¢ 'OCTom. Cxema
NpeJCTaBjIeHa B MPUIOKEHUH 2.

4) O6pas3er; 0hOpMIICHUS TUTYJIBHOIO JINCTA MIPEICTABIICH B MPUIIOKECHUH 2.

5) Kaxzaplif myHKT 3aaHHs JOHKEH UMETh 3aroJIoBOK. DOpMyITbl, pacy€Thl, AUarpaMmbl JTOJKHBI
COIIPOBOXKAATHCS HEOOXOIMMBIMHE MOSICHEHUSIMH 1 BBIBOIaMU. [lomydeHHbIe 3HaueHUS
COIPOTHBIICHUH, TOKOB, HAIIPSDKEHUH W MOIIHOCTEH JOJIKHBI 3aKaHUYUBATHhCS €JMHULIAMU
U3MEpEHMs B COOTBETCTBUH ¢ cuctemoi CH.

6) I'paduku (BeKTOpHBIC TUAarpaMMbl) JOJDKHBI BBIMOIHATHCS Ha MIJUTUMETPOBOI Oymare ¢
00s13aTeIbHON IPaJyNnPOBKOM 1O OCSAM M YKa3aHHEM MaclITa0OB [0 TOKY U HAPSDKEHUIO UITU

HCIIOJIB30BATh NIPOTIrpaMMy Kommac.

7) Tlpu pabore ¢ nporpammoii MULTISIM HeoGxomumo B paboyeM 1mmosie coopath CXeMy, MOIKIIOYUTH B
BeTBU amnepMeTphl. [lepeBectn kapTuHKy ¢ pesyabratamu B Word. Ammepmerpsl yopath U3 BETBEH.
[MoaxmounTh BOJIBTMETP M BATTMETP M U3MEPUTH HAMIPSHKEHUE U MOIIHOCTE. [lepeBecTr KapTHHKY C

pesynbratamu B WOord. Pe3ypTaTsl BKIIOYHTH B OTYET.
8) Ecmu crymeHT caenan omMOKK IIPH BBIMOJHEHHH JOMAIITHETO 3aIaHus, TO UCIIPaBICHUE
MPOBOJUTCS HA OTACNBHBIX JICTaX ¢ 3aroioBkoM «Pabora Haj ommOkaMmy.

9) Cpok BBHIMOJHEHHUS TOMAIIIHEro 3a1anus 10 Heaens cemecTpa.
3. Teopernveckoe BBeICHUE
3.1 Bpemennas ¢popma npeacTaBiaeHus dJISKTPUICCKUX BETUYHH, IPU CHHYCOUTATBHBIX

BO31EHCTBUAX

AHaMTUYECKOE BBIPAXKEHUE MTHOBEHHBIX 3HaueHUM Toka, DJIC W HampspKeHUs OINpeiesieTcs

TPUTOHOMETPUYECKON (PYHKITHEH

i(t) = Imsin(ot + yi)
u(t) = Um sin(ot + yu)
e(t) = Em sin(ot + ye),

rae Im, Um, Em- aMmmuTyanabie 3HadeHust Toka, HanpspxeHus u DJ[C.

(ot + y) - aprymMeHT cuHyca, KOTOPBI ONPEIENsIOT (a30BbId yrol CHHYCOMAAIbHOW (DYHKIUU B

JAHHBIH MOMEHT BpeMEHH {.
v - HavanpHas (aza cuaycousl, ipu t = 0.

i(t), u(t) BpemennbIe HOPMBI TOKA U HAMPSKEHUS.



I[To I'OCTy f = 50 I', cnenoBarenbHo, ® = 2nf = 314 pan/cex.

Bpemennyio GyHKIIMIO MOXKHO MPEJCTaBUTh B BUAEC BPEMEHHOM JAUarpaMMbl, KOTOpPasi MOJTHOCTHIO
OIMCBIBAET FApMOHUYECKYIO (DYHKIIMIO, T.€. IaeT MPEJICTaBICHHE O HAYalbHOH (ase, ammuurye

U TIepuoJie (4acToTe).

3.2 OCHOBHBIE TApaMETPHI ANEKTPUUECKUX BEITUUNH

[Ipu paccMoTpeHHH HECKONMBKUX (DYHKIINNA 3MEKTPUYECKIX BETUYUH OTHOM YaCTOTHI
UHTEpecyIoTCs (Pa30BBIMU COOTHOIICHHUSIMU, Ha3bIBAEMON YIJIOM CABHMTa (ha3.
Yroa capura ¢a3 ¢ 1Byx GYHKIHHI ONMPEACIOT KaK pa3HOCTh MX HadalbHBIX (a3. Eciou
HayanbHbIe (a3bl OAMHAKOBBIE, TO @ = 0, Torna GyHKIUK COBNAAAIOT MO (pa3e, €ClIi ¢ = *+ 7, TO
(GyHKIMY TPOTHBOIOJIOKHBI 110 (a3se.

Oco0pblit MHTEpeC MPEICTABIAET YIoJl CABUra (a3 MEX1y HAPsHKEHUEM U TOKOM: @ = Wy - Wi

Ha IMPAKTHUKE UCIOJIB3YIOT HC MTHOBCHHBIC 3HAYCHHA 3JICKTPUICCKUX BCIIMYWUH, a l[GﬁCTByTOH.[HG
3HA4YCHMUA. Z[eﬁCTBYIOIHHM 3HaAYCHUEM HA3bIBAOT CPEAHCKBAAPATUYHOC 3HAYCHHUC HepCMeHHOﬁ

AIIEKTPUYECKON BEJIMUMHBI 33 IEPUOL.
JI7Ist CHHYCOMIaTbHBIX BEIHUHH ACHCTBYIONIME 3HAYCHHS MEHBIIIE aMIUTHTY/HBIX B V2 pas, T.e.

_Un

V2

1=1n _0707. U

=0,707Un
J2

DNeKTpOu3MepUTENbHbIE TPUOOPHI TPAAYUPYIOTCS B JEHCTBYIONINX 3HAUCHUSX.
3.3 [IpuMeHeHre KOMIUIEKCHBIX YHCeN

Pacuer snexTpruyeckux Lemnei ¢ UCIoIb30BaHUEM TPUTOHOMETPUUECKUX (PYHKIMM BeCcbMa
CJIO’KEH U T'POMO3JI0K, IIOITOMY IIPH PacueTe dJIEKTPUUECKUX LIETIe CHHYCOMIAIBHOIO TOKa
UCIIOJIB3YFOT MaTEMAaTUYECKUM almapar KOMIIEKCHBIX Ynucell. KOMIUIEKCHBIE NEUCTBYIOIIUE

3HAYCHHA 3aI1MChIBAOTCA B BU/IC:
I.:Iejw- E:Eejlﬂe U:Uej‘/fu

CI/IHyCOI/IJIaJ'IBHI)Ie QJICKTPUYCCKUEC BCJINYHNHBI, IPCACTABJICHHBIC B KOMIIJIICKCHOM q)opMe,
MOXXHO I/I306pa)i(aTB Fpa(l)I/II-ICCKI/I. Ha xomMmmiekcHoM mI0CKOCTH B CUCTEME KOOpAUHAT C OCAMU +1
u +j, KOTOpPBIMH 0003HAYCHEI ITOJ0KUTEIIHLHEIC HCfICTBI/ITCJ'IBH&?I 1 MHHUMas MOJIyOoCH, CTPOATCA
KOMIIJICKCHBIC BEKTOPHI. I[J'II/IHa KaKJ0ro BEKTopa nponopuroHaibHa MOAYJIHO HeﬁCTBYIOLHHX

3Ha4YeHUH. YTJIOBOE MOJIOKEHUE BEKTOPA OIPEIEIIAETCSl apryMEHTOM KOMILIEKCHOro uncina. [lpu



OTOM OTCYECT IMOJIOKHUTECIBHOI'O yIijia BEACTCA IIPOTUB JacOBOMU CTPCJIKH OT ITOJIOKUTEIILHOM

JIEACTBUTEIBHOM MOITYOCH.

[Ipumep: mocTpoeHre BEKTOpa HAIPSKEHUST HA KOMITJIEKCHOM IJIOCKOCTH PUCYHOK 1.

U=U.+jU,

Hanpspxenue B anreGpandeckoil popme 3anucbiBaeTcs:
+f A .
J U

Up

b

t‘rﬂ + 1

JnvuHa BeKTOpa HaNPSKEHUS :
— lrrZ 2
U= U +U,

KommnekcHoe COIMPOTUBJICHUEC BBIPAXKACTCA 4Y€PC3 KOMIIJICKCHEBIC l[GﬁCTByIOHIHG 3HaA4YCHU

HaIIpsAKCHUA U TOKA B COOTBCTCTBHUU C 3aKOHOM Owma:

A

3.4 3axonsl Oma u Kupxrodga B KoMIuiekcHOU hopme

3akon OMa B KOMILIEKCHOH (opme:

- U

E JKE
Kommexcuoe COMMPOTUBJICHUEC BBIPAXKACTCA YCPC3 KOMIIJICKCHBIC HeﬁCTBYIOLHHC SHAYCHHUA HAITPAKCHUA U
TOKa B COOTBETCTBHU C 3aKOHOM OMa:

*  AHanu3 ueneil CHHyCoOuJajIbHOTO TOKA MIPOUCXOJUT MPHU YCIOBHUH, YTO BCE 3eMeHTHI 1enu R, L,

A

C uneanpHsl (Tabmuma 1).

® SHGKTpI/I‘-ICCKOG COCTOSIHHUE IIeTIeH CHUHYCOMJAJIBHOI'O TOKA OMUCBIBACTCA TCMHU KE 3aKOHAMU U

pacCUUTBIBAIOTCA TEMU K€ MECTOHAaMH, UTO U B LECTIAX MMOCTOSAHHOT'O TOKA.



[Tepserit 3akon Kupxroda B KOMIIJIEKCHOM BHJIE:

iik =21, e =0
k=1 k=1

Bropoii 3akon Kupxroda B KOMIUIEKCHOM BHUJIE:

- m I -
ZU:: = ZU::E"H”R = ZEk
P

m
k=1 k=1

CBO,[[HaH Ta6J'II/II_[a HAcaJIbHBIX 3JIEMEHTOB U X CBOMCTB.

Tabnuia 1
Yron BekropHast
Onement | ConpoTuBIeHUE caBUra 3akon Oma MorHOCTb MarpaMma
da3
. . I [’:r
R Z=R 0 Ur=1IR S=P T
Z=-]jXc .
c L 90° |[Uc=1 (-jXo) | 8=-1Q
c COC H L'T
i
Z= )X v (i )
L 90° Uc=1 (JX)) S=]JQ
XL =ol I

3.5 Bananc MoIHOCTEl B IIENAX CMHYCOMAATLHOrO TOKa
: ;§I/ICT _ : :§Hp
. k
§I/[CT = ZU I = PHCT + JQHCT
I[ﬂf[ HpI/IeMHI/IKOB BBIYHUCIISIEM pa3}1€J'H)HO aKTI/IBHyI'O MOIITIHOCTH
_ 2
PIYPI/IEM = Z I“R

H PCAKTHUBHYIO MOITHOCTD




QHPI/IEM ZZIZXL _ZIZXC .

IIpu BeINIOIHEHUH pEaIbHBIX PACYETOB MOLIHOCTH NCTOYHUKOB M IPUEMHUKOB MOT'YT
HECKOJIBKO OTIMYATHCA. DTH MOTPEUTHOCTH 00YCIOBIIEHBI OIPEIIHOCTIMHI METO/1a, OKPYTICHHS

pPE3yabTaTOB PacUETOB.

TOYHOCTE BBIIIOJTHEHHOT'O pacycTa CXEMbI OLICHUBAIOT C IIOMOIIBIO OTHOCHUTEJIbHOMN MOrpCIIHOCTHU

IIPpH BBIYUCIICHUN OajlaHca aKTMBHBIX MOH_[HOCTef/'I

3p% = M-loo

ucr

" pCAKTHBHBIX MOIIIHOCTEH

5% = M-mo

HUCr
[Tpu BBIMIOTHEHUU PACUYETOB MOTPEIIHOCTH HE JOJKHBI IPeBbIIaTh 2%.
3.6 Onpenenenue k03P PHUIIMEHTa MOITHOCTH

9HCKTpOO60pYI[OBaHI/IC OHCPICTUYCCKHU BBIM'OAHO 3KCILTYaTUPOBATh, €CJIM OH COBCPIIACT

MaKCcUMalbHYIO paboTy. PaboTa B 351eKTpruecKol 1IenH ONpeesseTcs akTUBHON MOIHOCTbIO P.

KoaddunueHT MOIHOCTH MOKa3bIBaeT, HACKOIBKO 3¢ (HEKTUBHO UCIOIb3YeTCA FeHepaTop WK

AJIEKTPOOOOPYIOBAHHE.
A=PIS=cosp<1
MonrtHoCTh MaKCHMaJTbHA B CciTy4ae, koryia P = S, T.e. B cily4ae pe3uCTHBHOU ISITH.
3.7 Pe30HaHCHI B LIEMSAX CHHYCOUJAIBHOIO TOKa
3.7.1 Pe3onanc nanpaxcenuii

Pexum pabotel RLC nenu pucynok 2 niu LC-1enu, npu ycioBUU paBEHCTBA PEaKTUBHBIX
conpotuBieHuii Xc = X\, Korja o0lee HanpskKeHKe HENU CoBHaaaet mo dase ¢ eé Tokom COS¢p =1,

HAa3bIBACTCA PE€30OHAHCOM HANIPHAKCHUS.



Xc = XL — yc/ioBHE pe30HaHca
Ilpusnaku pe3onanca HanpAdCeHUA:

1. HampsokeHue Ha BXO/E COBIaaaeT mo (aze ¢ Tokom, T.e. casur pa3z mexay lu U ¢ =0, cos ¢ = 1
2. Tox B nienu OyaeT HaMOONBIIUM U KaK CIEICTBUC Pmax = I maxR MOIITHOCTB TOXE MaKCHMAlbHa, a

pCakTHBHAasd MOIIHOCTb paBHA HYIIIO.

3. Pesonancuas gacrora ®,, = 1

\VLC
s U.=U =U.-U,=0=U=U,_.+U,+U, =U,
Pesonanc MmoxHo JAOCTUT'HYTh, U3MCHAA L, C nnu .

BeKTOPHLIe AnarpaMmbl Ipu pEe3OHAHCE Hal'lpﬂ)l(el—ll/lﬁ

LC uens RLC uemns
J }
U, k1
o f__.j.‘ —————— 1
v ’ |
- > I
j.' +I | .
LU
. Yo, .
—J U=U, I 1

3.7.2. Peszonanc mokoe

PC)KI/IM, IIpHU KOTOPOM B IICIIH, conepmameﬁ napaajaiCibHbIC BETBU C THAYKTUBHBIMU 1 €MKOCTHBIMUA
9JICMCHTAMHU, TOK HCPA3BCTBJICHHOI'O YUAaCTKa IETIN COBIIAAACT I10 (1)8.36 C HAIIPSZKCHHUEM ((0:0), Ha3bIBarOT

PE€30HAHCOM TOKOB.

choeuepe&*ouauca MmMOKo0e6: pasHOCTb PCAKTHUBHBIX HpOBO}IHMOCTeﬁ mapajiCJIbHbIX BETBEH paBHa 0

B,—B,=0

__ X g oKX
X2+R?2 ° XZ+R]

B1



B1 — peaktuBHas NpOBOJMMOCTh IEPBOM BETBH,

B>— peakTuBHasi MPOBOJUMOCTb BTOPOIl BETBU

Hpu3mn<u pe3onanca mokoe:

1. PeakTuBHEIC COCTaBJIAIOIINEC TOKOB BETBEU PpaBHBI |PC = |PL 1 HaXoOsATCs B l'IpOTI/IBO(I)EBC B CJlIy4dac,
Korjga HallpsKCHHUE Ha BXOAC YHMCTO aKTUBHOC,

2. Toxu BeTBeit ITPECBLIIAKOT 06IJ_II/II71 TOK IICIIN, KOTOpBIfI UMECT MUHHUMAJIbHOC 3HAYCHHUC,

3. I u U COBITAIAIOT 110 (haze

RLC — yens BekTopnas nmarpamma
i I, =1, +jl, yJo
‘_:-_.. ) ] = I
L F=haly
jX; Jic I.
. -1 oy e S
U fI . i - +1
R, R, I, I
PrY I
L
LC — uyeno BekTopHasi amarpamma
I J
I Iy
—
wr
r X - +‘1' * ;‘ =
J Xt g i_ I [ *+
I )
* _IZ




4. Meronuueckue yKa3zaHus
4.1 HavepTuTh CXEMY C JJIIEMEHTAMH COTJIACHO BAPUAHTY.
Cxema pucyHok 1 npeobpasyem cornacuo Bapuanty ( Z1 — RC, Z> — R, Zs — RL).

Z,

Zs

Pucynok 1 Mcxonnas cxema
4.2 PaccMOTpUM cXeMy PUCYHOK 2, M 3allMIIeM ypaBHEHHS 1Mo 3akoHaM Kupxroda.

Cxema cofiepKHT J1Ba y3I1a, Ba HE3aBUCUMBIX KOHTYpa U TPU BETBH.

Rl X a - R3
— 1
. [ L |
Il
— .
» - » iXI'
U 2 R2 I3
L
b

Pucynok 2 Cxema ¢ aieMeHTaMu
3anumiem nepBbii 3aKkoH Kupxroda s y3ina a:
L=12+13
3anuiem BTopoi 3akoH Kupxroda i1 mepBoro KoHTypa:

I"(Ri— J X¢c) +12R.=U

3anumiem BTopoit 3akoH Kupxroda 11 BToporo KoHTypa:
I5-(Ry+ IX)-1,R.=0

4.3 Ompenenum 3KBUBAJICHTHOE CONPOTUBJICHHE 1ICTIH.

CBepHéM cxeMy puc 2.

_ ;2 ) Za
;ab ;2 + ;3 Zaxn

I
IN
[N

+
1 ab



[To 5KBUBaJICHTHOMY COIIPOTUBIICHHUIO ONPEAEeTCs XapaKTep LEenu U YePTUTCS cXeMa

3aMCIICHUA.
- L]
Il
I
L]
U g IKE
L

Pucynok 3 cBepHyTas cxema

4.4 OrmipeniensieM TOKH B BETBSIX CXEMBI pUCYHOK 2, METOJIOM SKBHUBAJICHTHBIX MPE0Opa30BaHU:

3HasA SKBUBAJICHTHOC COIIPOTUBJICHUC, OIIPCACIIACM TOK HepBOﬁ BCTBU |‘l'

PaccunThIBaeM TOK B KOMIUIEKCHOH (popme 110 3aKoHy OMa B COOTBETCTBHH CO CXEMOW PHCYHOK
3: 1=

YroObI ONMPEENUTh TOKH B OCTAIBHBIX BETBAX, HY)KHO HAWTH HAMPSHKEHUE MEXKIY Y3JIaMHu «aby
pucynok 2. U = [1°Zyp
OrnpenenseM TOKHU:
_Us o _Us
YA Z

=2 =3

l2 I3

4.5 3anumieM ypaBHEHHUS OaraHCca MOITHOCTEH:
. *
§I/ICT = ZU I = PHCT + JQHCT
2 2 2
Pwp=11"Ri+12-R2+15°R3
_ 2 2
an— |1'(—XC)+ 15 XL
rae li, |2, Is— aelicTByromye 3Ha4eHUs: TOKOB.

Omnpenenenne KO3PHUITUEHTA MOIIHOCTH

Pacuér koadpuimenTa MOIIHOCTH MPOBOJAT, OIPEIEIUB aKTUBHYIO U MOJHYIO MOIIHOCTH:

P/S = cosy . Ucnionp3yeM paccunTaHHBIE MOIIHOCTH, KOTOPBIC HAlIEHBI IPH pacuére OanaHca.

2 o
S =./P?*+Q° MOIyIb IOJTHOM MOLIHOCTH .

4.6 PaccumTaeM HanpspKEHUs Ha 3JIEMEHTAaxX, UCHOIb3Ys CXEMY PUCYHOK 2:

Un=I1Ri Ux= I (=3X¢) Uro=12"R2 Urs=1I3"R3
UXL= |.3'(jX|_)



4.7 TTocTpoeHre BEKTOPHOU AUarpaMMbl

[locTpoeHne BEKTOPHOM AuarpaMMbl BEAETCS MOCIIE MOTHOIO pacyeTa BCeH LEu, ONpeaesICHUs
BCEX TOKOB U HanpsbkeHuid. [TocTpoeHre HaunHAeM C 3aaHKst OCeH KOMIUIEKCHO#M TUTOCKoCcTH [+1; +j].
BeiOupatorcst ynoOHbIe 7151 TOCTPOSHUS MaclITaObl AJIsl TOKOB M HamnpsbkeHuil. CHavasa CTpouM Ha
KOMIUIEKCHOM TUIOCKOCTH BEKTOPA TOKOB (PHCYHOK 4), B COOTBETCTBUH C TIEPBBIM 3akoHOM Kupxroda s

cxeMbl 2. Clio)keHHsI BEKTOPOB OCYILECTBIISIETCS 110 MPaBUITy Hapaijiesorpamma.

+j i

[ ]

+1

PucyHok 4 BekTOpHas [uarpaMMa TOKOB

3aTeM CTpOUM Ha KOMILJIEKCHOM IIOCKOCTH BCKTOpa paCCYUTAHHBIX HaHpﬂ)KeHI/Iﬁ IMPOBEPKa 11O

Tabnuie 1 pucyHoK .

L

+1

Pucynok 5 BekropHas quarpamma HanpsKEHUA U TOKOB
4.8 OmpeneneHue MoKa3aHuii MpuOOPOB

AmrnepMeTp U3MepsieT TOK, MPOXOAAIINI yepe3 ero 0OMoTKy. OH TOKa3bIBaeT JeHCTBYOIIEEe

3HaYEHHUE TOKa B BETBU, B KOTOPYIO OH BKJIIOUEH. B cxeme (puc.l) amrepmerp moka3bpiBaeT

JeUCTBYIOLIEE 3HaYeHHEe (MOAYIb) ToKa |, . BonbTMeTp noka3bIBaeT AeHCTBYIONIEE 3HAUCHHUE



HANPSDKEHUS MEXY IBYMsI TOUYKAMU 3JIEKTPUYECKOM L[ENH, K KOTOPhIM OH NOJKI04YeH. B

paccMaTpuBaeMoM mpumepe (puc. 1) BOIbTMETP MOAKIIOUCH K TOYKaM a u D.

Brruncnsem Hanpsbkenue U, B KOMIUIEKCHON GopMme: |, = [,° R

BarTmeTp usmepsieT akTUBHYIO MOIITHOCTb, KOTOpasi pacXoAyeTcs Ha y4acTKe 1eH, 3aKIIF0UEHHOM
MEX]ly TOUKaMH, K KOTOPbIM MOAKII0YeHa 0OMOTKA HaNPsDKEHUs BAaTTMETPA, B HAILIEM MpUMeEpe

(puc.1l) mexay ToukamMu a u b.
AKTHBHYIO MOIIHOCTB, U3MEPSEMYIO BATTMETPOM, MOKHO BBIYHCIIHUTH 110 (hopMyIie

P=U_l,cosp ,
rae @ - yron Mexay Bektopamu U, u ..

B stom BelpaxkeHnn U, JelicTByIOIIEe 3HAYEHUE HANPSHKEHHS, Ha KOTOPOE MOJAKII0YeHa 00MOTKa

HaNpsDKEHUs BaTTMETpa, U |, JelicTByrolee 3HaUeHHE TOKA, IPOXOAAIIET0 Yepe3 TOKOBYIO OOMOTKY

BaTTMETA.

Wnu paccunThiBaeM MOJIHYIO KOMIUIEKCHYIO MOIITHOCTh S

*
§ =Uap 1= P+ JQ
BaTTMCTP MMOKAXKET aKTUBHYHO MOIIHOCTb P.

4.9 Pacuér pe30HaHCHBIX Lienei

4.9.1 J1o6aBUTh B CXEMY 3aMEIIEHUS JIIEMEHT JIJIsl IOJTYUYCHHS pe30HaHCa HAMIPSHKCHHM.
Hampumep, cxema 3amemenus npeacrasiser RL nens. Torma Heooxoaumo 100aBUTh

MocJie/I0BaTeNbHO BKIIOUEHHBIN KoHAeHcaTop C — anemeHT. [lonyyaercss mocienoBareiabHas

RLC uemns.
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Paccuntarh TOK M Bce HapsKEHUS LIENU B KOMIIEKCHOM (popMe, MpU BHINIOJTHEHUH YCIIOBUS
pe30HaHca, MOCTPOUTH BEKTOPHYIO AUAarpaMMy, CM.TEOPETUYECKOe BBeIeHHe MYyHKT 3.7.1



4.9.2 J1o6aBUTh B CXEMY 3aMEIICHUS JIEMEHT JIJIs TIOYYCHHs pe30HaHCa TOKOB.
Hampumep, cxema 3amemenust npeacrasiseT RL nens. Toraa HeoOxoaqumMo 100aBUTh

napauieIbHO BKIIIOUEHHBIN KoHAeHcaTop C — AJIEMEHT.
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Paccuurath MpoOBOAUMOCTHU BeTBCﬁ, TOKHW U HAIIPAKCHUA, ITPU BBIIIOJIHCHUH YCJIOBUS PE30OHAHCA.

[TocTponuTh BEKTOPHYIO THArpaMMy, CM.TEOPETHUECKOE BBEJICHHUE MTYHKT 3.7.2
5. Co6patb cxemy B cpeae MULTISIM. IToctaBuTh MpuOOpEl B M3MEPHUTH TOKH, HAMIPSHKEHUE U MOIITHOCTb.

Coopka cxemsl B cpeae Multisim 10.1. Ha pucynke 6 paGouee oxno B cpene Multisim. ITaxens

puOOPOB pacmosaraercs Crpana.
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Pucynok 6 pa6ouee oxno B cpene Multisim



Pa3mecTuTh Ha pabodem mosie HeoOXOoMMMBIE sk CXeMBI AJIEMEHTHI. J1JIsi 9TOr0 Ha BEpXHEH MMaHeIn
UHCTPYMEHTOB cjieBa HaXMEM KHOMKY «Place Basic» (cm. Pucynok 7 ). BeibpaTh pesuctop (BHUMaHue!
O6o03HaueHue pe3rucTopoB Ha cxeme B Multisim otnuuaercst ot mpunstoro 'OCTowm). [TosiBUTCS OKHO
«Select a Componenty, rae u3 ciincka «Family» namo BeiOpath «Resistory. ITox ctpokoii «Component»
HOSIBSITCS. HOMHUHAJIbHBIC 3HAUCHUSI COMPOTUBJICHUM, BRIOMpaeM HY)KHOE HAXKATUEM JIEBOM KHONKHU MBIIIN WU
K€ HeMOCPEICTBEHHBIM BBeieHHeM B rpady «Componenty» Heobxoanmoro 3Hadenus. B Multisim

UCIOJIb3YIOTCS CTaHapTHbIe npucTtaBku cuctembl CH (cm. Tabmuny 1)

Tabauma 1
O6o3Hayenue Multisim
Pycckoe o6o3nauenne | Pycckast mpucraBka ITopsnox
(MexTyHApOIHOE)

m M MUJTH 1073

M (u) MK MHUKPO 10°°

n H HaHO 10°°

p i TUKO 10712

f ¢ bemrto 107

.
«# Select a Component

Database: Component: Symbol (ANSI)
[ Master Database v| x* Q
o B s
| Basic v A
Family:
.Select all families g
- BASIC_VIRTUAL [} save unique component on placement
BB RATED_VIRTUAL et
F+ERPACK <no type>
+— SWITCH
Tolerance(%):
3E TRANSFORMER 5 -
BE NON_LINEAR _TRANSF| =
5 RELAY Model manuf./ID:
() connecTors Generic/VIRTUAL RESISTANCE
W sockeTs

&f SCH_CAP_SYMS

Footprint manuf. /Type:

W

CAPACITOR T IPC-2221A/2222 j RES1300-700%250 J—|
3 IPC-2221A/2222 / RES1400-800X%250 —
i INDUCTOR IPC-2221A/2222 / RES1500-900X250 5
"“'CAP_E].ECTROLIT SR e
2 Hyperlink:
—E vantari F capacTTOr
L < | 1 | »
i :
—1 |Components: 1 Searching: 2k

Pucynox 7



B mone «Symbol» Beioupaem snement. [locie Beioopa, Haxkumaem kHonky «OK» u pazmeriaem
JJIEMEHT Ha I10JIe CXEMBbl HA)KaTUEM JIEBOW KHOITKM MBIIIH. J[aree MOXKHO IPOJ0IDKaTh pa3MeeHue
HEOOXOIMMBIX 3JIEMEHTOB HJIM HaXkaTh KHOIKY «Close», uro0sl 3akpbiTh 0kHO «Select a Component».
Bce aeMeHTBI MOKHO TOBOpAuUBATh /It Oosee YA00HOTO M HArISAHOrO PACIONOKEHHS Ha paboueM
none. [yt 3T0r0 HEOOXOAUMO HABECTH KypCOpP HA JIEMEHT U HaXKaTh JICBYIO KHOIKY MbIIIHU. [TosBUTCS
MEHI0, B KOTOpOM HaJ10 BeIOpath omniuro «90 Clockwise» mis moBopora Ha 90° 1o 4acoBoii cTperke
i «90 CounterCW» mst moBopota Ha 90° mpoTHB YacoBoi cTpenku. Pasmenénnpie Ha mone
3JIEMEHTHI HEOOXOIMIMO COSJMHUTH MTPOBOAAMH. [{J1s1 5TOro HaBOJMM Kypcop Ha KJI€MMY OJTHOTO U3
9JIEMEHTOB, H)KUMAEM JICBYIO KHOIKY MbIIIH. [10sBIIsIeTCS IPOBOJI, 0003HAYCHHBIN ITYHKTHPOM,
TIOJIBOJIIM €T0 K KJIEMME BTOPOI'O 3JIEMEHTAa M CHOBA HA)KMMAEM JICBYIO KHOIKY MbIIIH. [IpoBoay Tak
e MOKHO MIPUIAaBaTh IPOMEKYTOUHBIC H3TUObI, 0003HaYas UX KIMKOM MbIliH (cM. Pucynok 8). Cxemy

HCO6XO,Z[I/IMO 3a3CMJIUTh.

[MoxkmrouaeM K enu mpubopst. st TOro, 4To0bI MOICOEANHUTD BOJIBTMETP, HA TAHEIN HHCTPYMEHTOB
BeIOHpaem «Place Indicatory, B ciicke Family» oTkpsiBIierocst okHa BBIOMpaeM THUI 3JIEMEHTa

«Voltmetr_V».

I/IBMCPCHI/IC TOKOB

CoenuuuB Bce pa3MeIIEHHBIC JIEMEHThI, MOTy4YaeM pa3paboTaHHYIO CXeMY PHCYHOK .

Ha nmanenu unctpymeHToB BeiOupaem «Place Sourcey. B criicke «Family» oTkpsiBierocs: okua

BbIOMpaeM Tum 31emMenTa «Power Soucesy, B ciicke «Component» - snementT «DGND».

HSMepeHI/IC HAIPs>KCHUA 1 MOITHOCTH
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6. KoHTpoJibHBbIe BOIIPOCHI



1. Cdopmynupyiite 3akonbl Kupxroda n 00bsICHUTE MTpaBUiia COCTABJIICHHS CUCTEMbI YpaBHEHHH 110
3akoHaMm Kupxroga.

2. Merton >KBUBAJICHTHBIX MTpeoOpa3oBanuii. OOBSICHUTE IMOCIEA0BATEILHOCTh pacueTa.

3. VYpaBHeHue OanaHca MOLTHOCTEH Ul HENMH CUHYCOUJabHOTr0 ToKa. OOBsICHUTE MpaBUIIa

COCTaBJICHUS YpaBHEHUs OalaHCa MOITHOCTEH.

OOBscHUTE TOPSIJIOK pacueTa U IOCTPOECHUS BEKTOPHOU Auarpammsbl Jutst Bameit cxemsl.

Pe3onanc HanpspkeHUit: onpeaeseHne, YCIoBHIe, IPU3HAKHA, BEKTOPHAs THarpaMMa.

Pe3onanc TOKOB: onpeaeneHue, ycioBue, MpU3HaKku, BEKTOpHAst TuarpaMma.

OOBscHUTE, KaK pacCUUTATh IOKAa3aHUs IPUOOPOB (aMIiepMeTpa, BOIbTMETPA, BATTMETPA).

P N o g b

ChopmynupyiiTe MOHSITHS MIHOBEHHOTO, aMIUIUTYJHOTO, CPEAHEr0 W JCHCTBYIOLIETO

3HAYEHHI CHHYCOHMIaJIbHOTO TOKA.

9. Hamwmmwure BBIpaXkeHWE JJIsi MTHOBCHHOTO 3HAYCHHSA TOKa B IE€NMH, COCTOSAMIEH W3
COCIMHEHHBIX IIOCIIEI0BATENBLHO 3JIeMeHTOB R u L, ecnu K 3akMMaM IENu MPHIIOKEHO
HanpspkeHne U =U_ sin(ot +y) .

10. Ot KaKkuX BEJTMYUH 3aBUCUT 3HAUCHHE YIJIa CABHTa (a3 MEeX 1y HAIIPSHKECHUEM M TOKOM Ha BXOJIe

LIETH C IIOCJIENOBATEIBHBIM coequuenneM R, L, C?

11. Kak OpeaACInuTb MO SKCICPUMCHTAIBHBIM OJaHHBIM IIPpHU IMOCICAOBATCIIBHOM COCAWMHCHUU

comporuBnenuit R, X, u Xc 3nauenus Benmuun Z, R, X, Zx,Rk, L, Xc, C ,coso , cospk?

12. B nocnenoBarensHoii RLC menu ycraHoBiieH pekuM pe3oHaHca HanpsbkeHui. CoxpaHUTCs

7 PE30HAHC, €CIIH:
a) mapajuIeIbHO KOHJICHCATOPY MOJKIIOYHTH aKTUBHOE COMPOTHBIICHHE,
0) mapayuiedIbHO KaTyIIKe HHIYKTUBHOCTH MOAKIIOYUTH aKTUBHOE CONIPOTHUBIICHHE;
B) IOCJIEIOBATEIHHO BKIFOUUTH aKTUBHOE COMPOTUBIICHUE?

13. Kak nomkeH W3MeHATBbCS TOK | B HEpa3BETBICHHOW YacTH L€ NpPU HapajuleIbHOM
COCMHEHUH TOTpeduTeNs u 6arapen KOHAEHCATOPOB B cirydae yBenuueHust eMmkoct oT C = 0
n0 C = oo, ecu MOTPEeOUTENh MPEICTABIISIECT COOOM:

a) aKTUBHYIO,
0) EMKOCTHYIO,
B) aKTHBHO-WHYKTUBHYIO,

I') aKTUBHO-€MKOCTHYIO Harpy3Kky?



o)

. Jlureparypa

becconoB JI.A. Teoperrueckne OCHOBBI AJIEKTPOTeXHUKKU- M.: Boicias mkosna, 2012r.
beneBonenckuii C.b., Mapuenko A.JI. OCHOBBI 31eKTpOTeXHUKH. Y4eOHUK st BY30B —
M., ®u3mariut, 2007T.

Kacarkun A.C., HemnioB M.B. Dnexrporexnuka. YueOHuk s By3o8- M.: B. 11, 2000r.
DIIEKTPOTEXHHUKA U JICKTPOHUKA. YUeOHUK /It BY30B. / [lon penakiueit

B.I'.I'epacumosa. - M.: Dueproaromusaar, 1997r.

Bonsiackuit b.A., 3eitn E.H., [llarepuukos B.E. Dnexrporexnuka, -M.:

Dneproaromusaar, 1987r.

[Tpunoxenue 1



Cxema 1 MT4-61

Cxema 2 MT8-61

Cxema 3 MT8-62



Cxema 4 MT11-61

Cxema 5 MT11-62

[Ipunoxenue 2




Bapuanat Z1 2 Z3 Z4 U
1 2+j2 5 5+j3 8-j2 40
2 2-j2 -j5 8-j2 4-j4 50
3 3 15 4-j4 6+j3 80
4 -15 2+j2 6+j3 2-J5 60
5 j4 2-j2 6 3 20
6 5-j2 4 5+j3 ja4 80
7 2-j5 -j6 8-2 5+j3 40
8 5+j3 3-j4 4-j4 8-j2 100
9 4+)6 4-i3 3 2-J5 20
10 6-j3 5+j5 7 j4 70
11 3-16 8-j2 2-15 -15 50
12 5 2+j4 8-j2 6+j3 90
13 8+j4 5 6+j3 8 40
14 6 5+j3 ja 2 60
15 -j3 14 6 -15 40
16 j8 -15 5+j3 2-j5 20
17 5 5+j3 -5 4 60
18 6+j3 8-j2 2-j5 5+j3 80
19 4-j4 j4 8 8-j2 60
20 4+j4 5+j3 4-j14 6+j3 50
21 2 j6 2 5 120
22 -15 5 5-j5 8 110
23 2+j4 -j4 7 15 70
24 3-j4 3-j4 2 9 150
25 j4 2+j6 7 -j2 130

[Ipunoxenue 3.

OO6pa3zel TUTYIBHOTO JIUCTA.




MOCKOBCKHI TOCYAAPCTBEHHBIA TEXHUYECKUHA YHUBEPCUTET

nmenn H. D. baymana

Kadenpa anexkTpoTeXHUKH U TPOMBITIUICHHON SJIEKTPOHUKHU

Jlomamnee 3aganue Ne 1 yacth 2

M0 KypCy « DIEKTPOTEXHUKA U JIEKTPOHUKA »

Ha TeMy «PacdeT TMHENHBIX [eNel CHHYCOUJATIbHOIO TOKA

Bapuant Ne
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