Здесь представлена и теория, и задание, и пример решения, оформление по требуемым гостам не обязательно (просто можно скинуть маткадовский и микрокаповский файлы, и ворд, если в нем фиксировалось что-то по ходу работы)
Условия выполнения - Микрокап и Маткад, никаких других программ в вузе не принимают
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Prcyok 1 - Cxema
HociexoBaTenBHOMD
CoemUHEHNR PESHCTHEHOTO
MEZYKTHEHOTO i 8MKOCTHOTO
eMerTOR

KOMILJIEKCHOE CONIPOTHBJIEHNE:

pPeaKTUBHOE CONPOTHBJIEHNe:

e
¢ = w- L - MHIYKTHBHOE CONPOTUBIEHNE;

Z¢ = 55 - EMKOCTHOE CONpPOTHBIIEHILE.
VIHIYKTUBHOE CONMPOTMBJEHIE MPAMO IIPONOPIMOHANBHO YacTOTe TOKa. OTO OOBACHAETCA TeM, 4TO HalpfKeHNe Ha
MHIYKTUBHOCTY MPOMOPIIOHAIbHO CKOPOCTI M3MEHEHNA TOKa.

EwmkocTHOe . conpoTuBieHMe  00paTHO . NPONOPHMOHAJBHO .= HacToTe = TOKA, I[OCKOJBbKY  TOK . EMKOCTHOTO = 3JeMeHTa
TIPOTOPIMOHANIeH CKOPOCTI M3MeHeHuA 3apaAna. HanpsskeHue Ha I0CJeN0BATENbHO COEIVHEHHBIX MHIYKTMBHOCTM M E€MKOCTH
TIPOTUBOMOJOKHEI 10 (hase, IOITOMY T ¥ Tc BXOAAT C Pas3HBIMM 3HAKaMIL

Ecan paccMaTpuBaeMblii y9acTOK I[eTlM COMEPyKNT TOJbKO COMPOTUBJIEHNE, TOJIbKO MHIYKTUBHOCTh MM TOJNBKO EMKOCTB, TO
KOMIIJIEKCHOE CONPOTUBIIEHIE COOTBETCTBEHHO PaBHO:
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Pa3BeTBJIeHHBIE JIMHEIIHbIE BJIEKTPpUYECKMEe LIelM [IEPEMEHHOr0 TOKa
Bamanme: [l1A 371€KTPIIECKOll CXeMEl, BhHIOMpaeMoit 10 BapiaHTaM, BEIOJHITE CJelyolee:

HaliTy KOMIIIeKCHOe BXOIHOE CONpOTMBIeHNe >>>
OrnpenennTs pesoHaHCHYIO JacTOTY.
Hafiti nepeaaToynyo (PYHKIMIO [0 HANPAMKEHUIO >>>

IIporpammuoe obecmewerme: OC Windows, cmcTeMa CXeMOTeXHIYeCKOro Momeimposannma MicroCap, cncrema 1A
MaTeMaTH4Yecknx pacueTos MathCad.

IlopsnoK BBINONHEHNS 3akaHUA:

MeTonoM KOHTYDHBIX TOKOB COCTaBUTD, ypaBHEHNE 3JIeKTPUYEeCKol Hemyu B MaTPUYHOM Bume. ONpefiesnTh KOMILIEKCHOE
BXOIHOE COTpOTHBIeHNe. ONpeneluTh Pe3OHaHCHYH0 YacToTy. ONpenesmTh MepelaTodHylo (YHKINMIO 1o Hampasceruo. (Bce
PacyeTh! BBINOJHAITCA C MICTIOIb30BaHNEeM KOMILIEKCHOTO MeTofa .)

MaTpuyHble BBIYMCIEHMA BHINOJHAOTCA B cucreMe MathCad. Tpacukm CcTpoATCA OTAeNbHO AJMA MOAyJdel U IIaA
apryMeHTOB KOMILIEKCHBIX (DYHKIIL

B cucreme MicroCap BBIIOJHUTH [OCTPOEHNME MCXOMHOI cxeMbl. Ha BXOZI CXeMbl MOAKJIIOYNTb MCTOYHUK TepeMenHoit DJIC.
TloctpouTs rpadyKy IJIA MONYJTA ¥ apryMeHTa BXONHOTO CONPOTHBJIeHMA. IlocTpouTh Tpadyky MONYTA M apryMeHTa
TepenaToyHOM (PYHKIMM MO HampaskeHmo. IIo 3KCTpeMyMy ONpelesiTh pPe3OHaHCHYH 4YaCTOTy ¥ CPaBHUTb CO 3HaYeHeM,
nony4enHbiM B-MathCad.

IlpumeyaHye: IPY HEBO3MOKHOCTI BBINOJHEHNA pacdeTos B MathCad, pacyeT MoskeT OBITh BBITIOJHEH BPYYHYIO.
OTyer 10 Ja6opPaTOPHOI padoTe JOJKeH BKIOYATh:

= TUTYABHBIT JIMCT

= 3ajaHne

=  TOPANOK BBITIOJHEHNA Ja00PaTOPHOI PaGOTE, B KOTOPBI/ MOMEIIeHb! CXeMbl, BCe ITPOMesKyTOYHbIe PacyeTsl I
pesyJbTaThl

= “BBIBOXBI TIO PaboTe

= CINMCOK MCIIOJIb30BAHHBIX MICTOYHIKOB

OTyeT chaeTcA B pacleyaTaHHOM M PYKOIICHOM BJI€, BHIIOJHEHHOM aKKypPaTHO.
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¥ Tadmyma 1 - BapuaHTel 3alaHmit 1A PacyeTos (KJIMK pacKpeIBaeT TadJuIly)
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BHumaHune!

OTOT [OOKYMeHT nokasbiBaeT pgeuctema B MathCad wn MicroCap npu
BblNonHeEHUW JlabopaTopHo padboTbl Ne3, WHbIMM cCrnoBaMu SABMAETCS
YEPHOBUKOM.

He cnepgyetr paccmaTtpumBaTb ero kKak npumep odopmneHuns. OTYET
ohopmMnaeTca Takke Kak u ansa JlabopatopHon padoTbl Ne2:

[lepBOHa4anbHO BeCb pacyeT BbinonHaeTca B cpeae MathCad

Heobxogmmo BbINOMHUTL CcoxpaHeHne pacyeta B dopmate RTF (Rich Text Format)
[MonyyeHHbln RTF-hann oTkpbiTb pepakTopom Microsoft Word u BbINONHWUTHL cnegytoLlee:
BblAENNUTb BC& KoMmOuHauunen Ctrl-A

ouncTuTh BCe cCcTunum KombuHaumen Ctrl-Alt-Shift-S n BbiGopom onuum «O4YNCTUTL BCEY

He ponyckaeTtca npamoe KonnposaHue unn nepetackusaHme gopmyn n3 MathCad

He ponyckaetca nepeHabop pacyé€THbix dopmyn B pepaktope Microsoft Word

Bce rpadundeckme o0ObekTbl U dopMynbl SOMMKHbI MMETb napameTp «OOTekaHMe TEKCTOMY
3aJaHHbIM B 3HadeHne «B TekcTe», T.e. He4ONYCTUMO NPUMEHATL NNaBarLme 00bLEKTbI

Ha ocHOoBe MOMny4YeHHOro [OOKYMeHTa OMOopMNAeTca OTYET B COOTBETCTBUM C
[OCT-2.105:

Pasmep nucta: A4 (KHWXXHas opueHTauns)

OTCTynbl. CrieBa He MeHee 25MM, cripaBa He MeHee 10, cBepxy U CHU3Y He MeHee 15
[[apHUTYpa WwpudTta — Times

Pasmep wpndgpta — 14 NyHKTOB

MexaycTpoudHblit nHTepsan — 1,5

PucyHkn, noacHsaowme xon pewweHus cosgatotcs B MicroCap

dann gomkeH ObITb coxpaHéH B oopmate «dokymeHT Word 97 -2003»

O O O O

O

Nmsa dainna otyéTa AomkHO ObITh B criegyowem oopmarte: Homep nabopaTtopHoit npoben Homep
BapuaHTa npodben ®amunua .doc, Hanpumep:

3 4 Anekceeb.doc 3 49 KysHeuloBa.doc
dopmart ganna .DOCX HegonycTum!

Acnonb3oBaHWe CMMBOOB NOAYEPKMBAHUA B UMEHW paina HeaonyCcTUmo!
damunna gormkHa ObITb HabpaHa pycckummn dyksamu!
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PUCyHOK 2 — BnekTpuyeckas Lenb C NOAKNIOYEHHBIM K €€ BXOAY eANHUYHBIM UCTOYHUKOM, 0603HaYEHHbIMM
KOHTYPHbLIMU TOKaMM

3agaém ncxoaHble 3HadeHusa B MathCad:

3 — 6
CocTaBnsgem maTpuyHoe ypaBHeHNEe, NCNOMNb3ys METOL KOHTYPHbIX TOKOB:

Ncnonb3yem Ctrl-M gna sctasku maTtpuubl 1 Ctrl = ons BCTaBkM paBeHCTBaA

Giver

/111\

\\

/111\

S

I55| :=Find | by

I I
33/ \\"33//
3anucbiBaeM NomyvYeHHble KOHTYPHbIE TOKM B BUAE OYHKLUMIA OT LUMKITMYECKON YacTOThl W:
OnepaTtop cTpenkun Habupaetca Ctrl-touka

40401.00" — 1.61604e9%0° + 4.225¢120° + 5.1005¢21+ 9.69095¢1 7in

I{ (o) =1 —>
11 11 4 N
2.02005¢70  — 1.546495elan  + 5.1005e24

40401.()0)4 - 1.6886130)2 + 4.040168i0)3 + 1.111el 71w

HhA®) =1y —
2 22 4 N
2.02005¢70  — 1.546495elén + 5.1005¢24

40401.()0)4 - 1.40499e9i(03 + 1.1116130)2 + 1.0201el81m

Ihx(w) =1 —>
33 33 4 >
2.02005¢70  — 1.546495el6n + 5.1005¢24
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BxofgHoe koMniekcHoe conpoTueneHne Z. , okasblBaeMOe 3MEKTPUHECKON LieMnbio UCTOMHKKY, ByaeT

O6paTHO nponopumnoHalribHO KOHTYPHOMY TOKY BXOAHOIO KOHTYpPA, MOCKOJIbKY Ha BXO4€E ,El,eVICTByeT eaVNHUYHbIN
NCTOYHUK:

—1.5464956160)2 + 2.02005670)4 + 5.1005e24

Z;y(®) = —>
(9.69095el Nk + 4.225¢el20 - (1.61604e9-0 + 40401.00 + 5.1005¢2]

[1ns HaxoxaeHus pe3OHaHCHOI7I 4acTOTbl BbINOSTHUM BblAeNeHNEe MHUMOWN YaCTN OT BXOAHOIO KOMMJIEKCHOrO
conpoTuBIi€Hnd, nonyvynmMm peaktnBHoe COrnpoTuBIIEHUE Xj,.

4.845475€20n — 8.08023110)3

Xp(©) = Im(Z; (0)) complex —
4 2 |
40401.00 + 1.040215el4n  + 2.55025¢2
YacToTa, Ha KOTOPOW BXO4HOE peakTUBHOE CONnpoTmnBreHne obpallaeTcs B HOMb U €CTb pe30HaHCHasd
4acToTa, T.€. Ha PE30HaHCHOWN YacToTe BXOAHOE CONPOTMBNEHNE ABNAETCA AENCTBUTENBLHON BENMUYMHOW. [ng
HaxoX4eHUs pe30HaHCHON YacToTbl MPUPaBHAEM X, K HYNO U peLUMM OTHOCUTENBHO W:

Habupaem x;,(w), 3atem Haxxumaem Ctrl-Shift-touka n Habupaem solve, w.

3 nony4YyeHHbIX TPEX KOPHEN BbIOUpaeM NuLlb OANH NONOXUTENbHbINA:

0 = 24488.214647405605¢

DE30OHAHCHYI0 YacToTy B 'U:

[MTony4ymnm

3anuiem BblpaXeHWNe A4 NMOoJIHOro BXOAHOIo CONMpoTUBNEHUA Zj,. [TonHoe conportumBineHne — eCtb MoAyJib
KOMMMEKCHOINo COnpoTmMBJIEHUA.

1.546495¢160% 1 2.02005670" + 51005624

Zin(©) = |Zip(@)| -
. 2 .3 4
‘(9.69095617)1-0)+4.2256120) — (1.61604e9i- 00~ + 40401.00 +5.1005e21|

CTpOVIM rpacbvm A4 3aBUCUMMOCTW NMOJNTHOIro BXOAHOro conpoTnBineHnd OoT YaCToThl.

BHumaHue! BctaBnsem rpadouk komouHaumnen Shift-2. INpu nocTpoeHnn rpacduka cnegyet npasuiibHO 3a4aTh
AnanasoH 4acToT. [na 3Toro HMXKHAS rpaHnua 3agaétcs B 2-3 pasa MeHbLUE pe30HaHCHOW YacToThl fy, a
BEPXHAS B 2-3 pasa bonbLue pe3oHaHCcHOW YacToThl fy. Beibnpaem poBHble 3HauyeHnsa. Ecnu Bcé caenaHo
npaBusibHO, BONMU3N Pe30HAHCHOM YacTOThl Ha rpaduke NofHOro CONPOTUBNEHUS OXUAAETCA MUHUMYM UK
Makcumym. [ padpuk pactarmueaem nog WnpuHy A4 v Bkrnrovyaem Ha HEM CeTKy. Bce ocTaBLunecsd rpaukin
CTPOUM MNpU TEX Xe NapameTpax, YTo NnyylLle BCero caenatb, NPUMEHNB KONUPOBaHNE N BCTaBKY HUXE.
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PucyHok 3 — 3aBUCUMOCTb MNOSHOro BXOAHOIO CONPOTMBIEHUSA OT YacToTbl. [ pauk NOCTPOEH B
OKOJTOpe30HaHCHOW obnacTtu

3anuiem Bblpa*XEeHNE OA aprymeHTa BXOAHOINo KOMMNJIEKCHOINo COnpoTmuBI1IEHNUA.
Pipn(®) = arg(Z;(0)) — arg

—1.5464956160)2 + 2.02005670)4 + 5.1005e24

| (9.69095elro + 4.2256120)2 - (1.6160469)'-0)3 + 40401.()0)4 + 5.1005e2]]
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PucyHok 4 — 3aBNCMMOCTb apryMmeHTa BXO4HOMO COMPOTMBNEHUS OT YacToThl. [ padnk NOCTPOEH B
OKOJTOpe30HaHCHOW obnacTtu

3anuiiem BbipaKeHue 4ns KOMMNNEeKCHON nepeaaToyHon yHKLMKM No HanpsxeHuio K . MNockonbky Ha BxoAe

Luenn gencteyeT egnHnyHas O0C, oHa OyaeT akBUBasieHTHa BbIXOLHOMY HanpskeHuto. CriegosaTenbHo,
KOHTYPHbIA TOK BbIXOAHOrO KOHTYpa crieayeT YMHOXUTb Ha BbIXO4HOE CONpOoTUBNEHME. B HaweMm crnyyae Ha
BbIXO4e CTOUT éMKOCTb C4, N, TakKuMm 0Opa3om, nosiyyaem:

1 o (5.0661)-[(1.0201618)’-0) + 1.111613(02 - (1.4049969)’-0)3 + 40401.()0)4]

Ku((!)) i— I33((D)J O)Cl

0)-(—1.5464956160)2 + 2.02005670)4 + 5.1005624)

Moaynb KOMMNIEKCHOW YaCTOTHOW XapaKTePUCTUKN MO HanpsaXeHuio K, (w) HasbiBaoT AYUX:

|(2.00005¢1 io® + (5.555¢19502 + 7.02495¢150° + 5. 10056240

ky(0) = |Ky(@)| — > ;
‘—1.5464956160) + 2.02005¢70  + 5.1005624-|0)|
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PucyHok 5 — AMNNuUTyQHO-4aCcTOTHadA xapakrepuctuka uenn. 'padmnk noCcTpoeH B OKONOpe3oHaHCHoW obnacTtu

ApPrymMeHT KOMMNJIEKCHON YaCTOTHOW XapaKTepPUCTUKN MO HaNpaXeHuto @,(w) HasbiBaoT PUX:

(2.02005¢l 1)i-0)4 + (5.5556191-0)2 + 7.024956150)3 + —5.1005e24m

9 y(®) = arg (K (0)) — arg

0)-(—1.5464956160)2 + 2.02005670)4 + 5.1005624)

-05

0 (2m-f) _ ]

- 15

2%10° 4x10° 6x10° 8x10°

f
PucyHok 6 — ®a3o-4acToTHas Xxapakrepuctuka uenu. ['paduk NoCTpoeH B OKOSIOpe3oHaHCHOW obnacTtu
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[na npoBepku NpaBUbHOCTN PacYETOB CriefyeT UCXOOHYIO AfieKTpudeckyro Luenb coctaBsutb B MicroCap
YTOObI BbINONHUTL €€ aHanu3 No NeEPeEMeHHOMY TOKY.

K Bxoa4y uenu nogknioynTb NCTOMHUK CUHYyconganbHOro HanpsxxeHusa (Sine source, mogens GENERAL),
BEPXHUI BbIXO4HON npoBod 00603Ha4YnTb meTkon OUT, K HUXKHEMY BbIXOAHOMY NPOBOAY NOAKMHYUTD
3aszemneHune. 3anyctutb pexum AC Analysis (Alt+2). B guanorosom okHe aHanusa no nepeMeHHoOMY TOKY
3ajaThb:

Frequency Range- [Log-BbiOpaTtb] 1Meg,100 {nonoca yacTtoT, B koTOpoun cTpoutca rpacduk 100y - 1M u}
Number of points- 500  {uncno Touyek, n3 KoTopbIX OyaeT cocTasneH rpaduk}
Auto Scale Ranges- Bkn  {aBTomMaTu4yeckui macitad}

B konoHke Y Expression :

[na moayns BXOAHOro CONPOTUBMIEHUS: 1/i(V1)
[na aprymeHTa BXO4HOro CONpOTUBIIEHUA: ph(-1/i(V1))
[Ona moaoynsa nepeaatovyHON YHKUUK NO HANPSXKEHWUIO: v(out)

[na aprymeHTa nepenaTtoyHON PyHKLUMW NO HANPAXKEHMUIO: ph(v(out))

[na Toro, YToObl COXpaHUTb NOJSTIy4EHHbIE rpadukn, Yepes bydep oOMeHa ux BCTasnAoT B AOKYMeHT Microsoft
Word. YUtobbl ckonnposaTb rpadpuk B Oycdep odmMeHa UCrnosib3yT NYHKT MEHIO
"Edit\Copy to Clipboard\Copy the Visible Portion of Window in BMP Format™

R1
500
. LM . — b et
L1 3
10m 0
W1 . | o
(™) 1000
GENERAL |

& Lt J_

PucyHok 7 — Cxema aneKkTpu4eckoin Lenu, NoaroToBneHHas K aHannsy no nepemeHHomy Toky B MicroCap
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PucyHok 8 — Moaynb 1 apryMeHT KOMMMEKCHOro BXO4HOro ConpoTUBIEHNSA B 3aBUCUMOCTU OT YacCTOThl.
[‘patuK NOCTPOEH B LLUNPOKON nosioce YyacTtoT ¢ nomoLlybio MicroCap

2500 ; : , — . : . R Ichpuﬂ?sh

2.000

1.500

1.000

0500
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-60.000
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phiv(out)) (Degrees)

F (Hz)
PucyHok 9 — Moaynb 1 apryMmeHT KOMMJIEKCHON YaCTOTHOWN XapaKTePUCTUKM NO HanpsXXeHuto. [ padpuk
MOCTPOEH B LLUMPOKOW nonoce 4YactoT ¢ nomowybto MicroCap
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K HMM OTHOCATCA BXOOHBbIE 1 MepenaTo4Hble (DYHKLMM, 3alicaHHble B KOMILIEKCHOI (ropme.
BxonHad KOMIUIEKCHAA (DYHKINA LeM - 3TO 3aBUCHMOCTb OT YaCTOTBI KOMILTIEKCHOTO COTPOTHBICHNA:

Z'=Z(jw

I KOMIIJIEKCHOI TPOBOIMMOCTI:

OTHOCHTEJLHO IBYX BBIIEJEHHBIX BBIBOIOB.
IIpumep 1

R

Pricyrox 1 - Duextpiseckan &)
cxema zs npiepa 1

JnA maHHON cXeMbl HajilleM KOMIUIEKCHOe BXOIHOe CONpPOTHBJIEHME, ero MOLYJb ) apryMeHT:

J-Rw-C+1
i jrw-C

T TR

Vw?-C? w?-C?

- = :arng-u»C—g
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Vi+R%w?-C?
Vw?-C?
Rw-C =«

:m‘ctgil —E:m‘ng-uwC—g

‘Z':z(

arg(2) = ol
Tlo MOJTyYeHHBIM 3aBUCHMOCTAM CTPOMM COOTBETCTBYIOIINe TpauKiL:

26 06)

a) 6)

Pitcysok 2 - YacToTHEIe XapaKTePUCTIKI CXeMs! Tpivepa 157
@ - MOZyb BXOTHOI (pYRKIIL 6 - apryMeHT BXOIHOI
bymemoe - |
IlepenaTo4yHas KOMILIEKCHasA (PYHKINA (KOd(p(UIMEHT Iepenayy, CUCTeMHadA (PYHKLUMA) LeNy onpenesseT Peaklio Lerm
Ha BHeIIHee BO3NeICTBIE ¥ paBHa OTHOUIEHNIO BBIXONHOJ BEJMYIHLI (HAllpAceHIe, TOK) K BXONHON BeM4iHe (HalpaceHue,
TOK), BhIPasKeHHBIX B KOMILTIEKCHO chopMme.

PasanyaioT YeTblpe BUIA NepelaTouHbIX (DYHKII:
1) nepenaTo4Had (PYHKIMA 10 HANPANKEHMUIO:

Ky=—-"=

2) nepenaToyHaA (PYHKLMUA MO TOKY:





image3.jpeg
2) mepenaToyHad (PYHKLUA MO TOKY:

3) mepenaToYHOE CONPOTUBJIEHNE

n L.(G-w)
4) mepenaToyHaA MPOBOAMMOCTS:
T T Ln(i-w)
Uy Ux(i-w)
B obuiem Buie mepenaTodHad (PYHKINA:
K = K(w) - &%

npencrasigerca B sune AYX - K(w) u @UX - p(w)
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Pucysok 3 - Duextpiieckas &)
cxena z7 npiMepa 2

Jlna nmaHHOM CXeMBl HajifleM MepelaTOYHyM (OYHKHNIO IO HANPAEHIo, BEIPasuB eé depes OTHOIIEHNE  BBIXOIHOTO
KOMIITEKCHOTO HalPAYKEeHNA K BXOIHOMY:

Za— Bedsiuwny

il 7w
==,
-
g meop vy grpesid ik
e
g
Ky=——= ]L.UL ‘
(I R+j-w-L

Haxonum A9X:

Haxonum OIX:
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Haxonum A9X:

V(w-L)’

K| = Kolw) = — e
/R + (w- L)
Haxonum OIX:
y L w-L
arg(Ky) = pu(w) = 5 —aretg 1.

Tlo mosy4eHHbIM (PYHKI[MOHAIBHBIM 3aBUCUMOCTAM cTpouM rpacukyn AYX n OIX:

gl ?0)

Pucysok 4 - YacToTHble XapaKTepUCTIKI CXeMbl npmepa 257
a - MOAY MepeAaTOuHOM (DYHKLUI; 6 - apryMenT
nepexaTouHoit ymKumM
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OTHOIIEe e KOMIIJIEKCHOTO HallpAKeHNA K KOMILIEKCHOMY TOKY Ha3blBAa€TCA KOMILIEKCHBIM CONPOTHBIIEHIEM:
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aMILINTYTHOMY TOKY Ha3blBaeTCA TOJHBIM CONPOTUBIEHNEM.
KoMIIIeKCHOe CONPOTUBIIEHE MOKHO 3allicaTh B BILIe
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= Z-COS(p - IefiCTBUTENBHAA YAaCTh KOMILIEKCHOTO COMPOTHBIIEHNA HABBIBACTCA QKIMMUBHBLN CONPOMUBLCHUCH];
& = z:-singp - MHUMAa#A YAaCTh KOMILIEKCHOTO COMPOTHBIIEHNA HA3BIBAETCA PDEAKMUBHBLIL CONPOTNUBLEHULM;
z=+/r? + z2 - MoIyJb KOMILIEKCHOTO CONPOTHBIIEHIA HasbIBACTCHA NOAHBLAL CONPOMUBACHUCH];
@ = arctg; - apryMeHT KOMIIEKCHOTO CONPOTHEBJIEHNA ABIAETCA CO8U20M (a3 MeHY HANPAHCCHULM U MOKOM.
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