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1. Ilenv u 3a0auu uzyuenus ouCHUNIUHbI

[lemsro ocBoeHmsa guciumumHel  «MeTogel  pemeHusa 3amad AJIEKTPOSHEPreTUKH U
MIEKTPOTEXHUKNY (popmupoBanue Habopa oOmienpodeCCHOHATBHBIX KOMIIETEHIMA OakamaBpa mo
HanpasiaeHuto moaAroTOBKH 13.03.02 «DnekTposHepreTuka u 3MEKTPOTEXHUKAY.

3amadyy OCBOEHWUA MM CIMILIAHEL (DOPMUPOBAHME Yy CTYJAEHTOB LEJIOCTHOTO IPEACTABIEHUAA O
MOJEIUPOBAHUN KAaK METONE IMO3HAHMA OKPYKAIOMIEr0 MHUpPAa; M3YUYCHUE IPUHIAIIOB HOCTPOCHUA
MATEMATHYECKUX MOJENEH B  3aJadax MCCIEIOBaHUA (PU3MYECKUX TMPOLECCOB, 4a TAKKE
OPOEKTUPOBAHUA U YOPABICHUA TEXHUYECKMMH 00 BEKTAMMU.

2. Obopyoosanue u mamepuainl

ArnnaparHsele CpENCTBA: NEPEHOCHOU HOYTOYK, MMPOEKTOP, MHTEPAKTUBHAA JOCKA.
YueOnas ayauTopus i TPOBEOCHUSA YYEOHBIX 3aHATHIL, OCHAMIEHA OOOpygOBaHMEM U
TEXHUYECKUMU CPEACTBAMHU OOy UIEHHUS.

3 Haumenosarnue npakmuueckux paoom
A crynenToB 3aounHon (popmel 00ydeHusa npegycmoTrpensl [Ipaktnueckas padbora Ne2. 3akonsr Oma
n Kupxroga. Meron kourypueix TokoB. [Ipaktnueckas padbora Ne3. Meron y310BEIX NTOTEHIIMATIOB
[TorenuuanpHas quarpaMma. JHEPreTH4eCKuid OAIaHC B AJIEKTPUUECKON LIETH.

Ne O0beMm M3 nux
TeMbl HanMmeHoBaHHe TeM THCIHHILIHHbI, HX KPATKOE 4acoB [pPAKTHYeCKAH
JTH CI{ATI co/ie p:xaHue MOJAr0TOBKA,
JIHHBI 4acoB
2 ceMecCTp
l. IIpakTHueckast padora Nel. I'pad smexrpuueckoil nemi u 1.5
HEKOTOPBIE €T0 mOArpadEl
2. IlpakTnyeckas padora Ne2. 3akoner Oma u Kupxroda. 3.0 3.0
MeTroa KOHTYPHBIX TOKOB.
3. IIpakTnyeckasa padora Ne3d. Meroa y3710BBRIX ITOTEHI[UMAIOB 3.0
[Torenmmanenas guarpamma. JHEPreTMYECKMU OamaHc B
YIEKTPUIECKOM HEMH
4. IlpakrHyeckast padora Ned. KommaekcHrie uncna. Jlencreus 1.5
HAJT KOMIUIEKCHEIMH guCIaMu. @OpMBI TPEICTABICHHA.
5. IlpakTHueckast padora NeS. Pacuer mepexoqHBIX OpoOnEeCcCcoB 1.5
B HEPA3BETBJICHHBIX JIMHEMHBIX OJIEKTPUUECKHUX LEMAX
IePBOTO MOPAAKA KIACCUUIECKUM METOI0M
6. IIpakrnyeckaa padora Ne6. OneparopHeIii METOA pacdera 1.5
OEPEXOOHBIX MNPOIECCOB B JIUHEHHBIX AJIEKTPHUECKHUX MEIAX
OEPBOTO M BTOPOTO TMOPSIKA.
Hroro 12,0
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4. Cooeprycanue npaKkmuueckux paoom

Ipaxkmuueckasn pavboma Nel
I'pagh snekmpuueckoit yenu u Hekomopwie ez2o noozpagut.

[lean: M3yuuTk OCHOBEI Teopuw TpadoB U ee NMPUMEHEHHE K 3JISKTPUYESCKHM
nersiM. [ToayuuTs HaBBEIKH MOCTPOEHUS rpad OB AICKTPUUCSCKON LICTIH.

OcHoebl meopuu:

B Teopuu 31EKTpHUUECKUX LIEMIEH UCIOIB3YIOTCS MMOHATUS U METO/BI TOIIOJOTUHN —
MaTeMaTUYECKON  JUCIMIUIMHBI,  H3y4darolle  Haubojiee  oOIIMe  CBOMCTBA
reoMeTprudeckux puryp. imenno xoundurypamus nenu (mopsoK COSJUHESHUS MEXTY
co00M YCTPOMCTB LIENH, €€ TCOMETPHUYECKHI 00pa3) COJICPKHUT MOJIS3HY0 MH(DOPMALIUIO
0 HEKOTOPBIX OOIIMX CBOMCTBAX LIeNH O€30THOCUTENBHO K COJICPIKAHUIO €€ YCTPOMCTB.

YcnoBHOE N300pa)KE€HUE CXEMBI, B KOTOPOM Ka)K[asi BETBb 3aMECHIETCS OTPE3KOM
JIMHHUH, Ha3BIBAalOT rpadoM snekTpudeckoi nenu. OTpe3oK JTUHUU, COOTBETCTBYIOIIIHMI
BETBH CXEMEI, Ha3bIBAlOT BETBEIO rpada. 'paHnunble (KOHIIEBBIC) TOUKH BeTBH I'pada
Ha3EIBAIOT y3JIaMH Ipada. Y3eI — MECTO COCUHCHUS TpeX U 0ojIee BETBE.

BerBsim r1pacda mokeT OBITE JaHa OIpeJelIcHHAs OpPHEHTAI[Ud, YyKa3aHHas
cTpenkoi. I'pad, y koToporo Bce BEeTBH OpHEHTHPOBAaHBL, HA3EIBAIOT OPHUEHTHPOBAHHBIM.

BeTBb10 Ha3bIBa€TCS yUACTOK LIEIH, O0TE€KaeMBIM OJHHUM U TEM K€ TOKOM.

Tomonoruueckue (reoMeTpHUYECKHE) CBOMCTBA AJIEKTPUUECKOM IIEMH HE 3aBUCST
OT TUIIA U CBOMCTB 3JIECMEHTOB, U3 KOTOPEIX COCTOUT BeTBb. [loaTomy memecoobpa3HO
Ka)KIyI0 BETBb CXEMBI JJISKTPUYECKOM II€MM H300pa3uTh OTPE3KOM JUHUHU. Ecnu
Ka)KJIyl0 BE€TBb CXEM Ha pUCyHKe 1.1 3aMEHUTH OTpPE3KOM JIMHUM, IOJYy4aeTCs

reoMeTpudeckas (purypa, moxkazaHHas Ha pucyHke 1.2.
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Pucynok 1.1 — Cxema snekTpuuecKkomn Pucynoxk 1.2 — I'pad snexrpudeckon
1 (851 (S 0051

YcnoBHOE M300pa)K€HUE CXEMBI, B KOTOPOM KaK/1asi BETBb 3aMEHSETCS OTPE3KOM
NUHHW, Ha3bIBaeTcs rpaoM 3JIeKTpuueckoi Ienu. IIpu 3ToM ciaeayeT MOMHHUTE, 4UTO
BETBU MOTYT COCTOSITh M3 KaKHX-JIMOO SJIEMEHTOB, B CBOK) OUYEPEIb COCOUHEHHEIX
pa3IMYHBIM 00pa3oM.

OTpe3oKk JIMHUHM, COOTBETCTBYIOIIMI BETBH CXEMBI, HAa3BLIBA€TCS BETBELIO I'pada.
['pannunEIe TOUKM BeTBU I'pada Ha3bIBaIOT y3aaMu rpada. BetBsam rpada moxeT OBITH
JaHa oIpe/e/IcHHass OpHUEHTAI[Usd, YKa3aHHas cTpelkod. I'pad, y KoToporo Bce BeTBH
OpPUECHTHUPOBAHELI, HA3EIBAETCSI OPUCHTHUPOBAHHBIM.

[Tonrpadom rpacda HaszpiBaeTcs 4acTh rpada, T.e. 3TO MOXKET OBITh OJHa BETBb
WUTA OJIMH W30JMPOBAHHEIN y3ell rpada, a TakKe JI000e MHOKECTBO BETBEH M Y3JI0B,
coJIep Kaluxcs B rpade.

B Teopuu osiaekTpuuecKMX II€led BaKHOE€ 3HAUYCHHE MMEHT CIIEIYIOINUe
nmoarpadml:

[IyTb — 3TO ynmopsgouyeHHas MOCIE€0BaTEILHOCTE BETBEIH, B KOTOPOM KaK/ILIE JBE
COCEJIHME BETBU MMEIOT OOIIMHU y3€JI, IpUuYeM JIr00asi BETBb U JIFHOOOU y3€JI BCTPEUarOTCS
Ha 3TOM IIyTH TOJIBKO OJWH pa3. Hanpumep, B cxeme Ha pucyHke 1.3 BeTBu 2-6-5; 4-5;

3-6-4; 1 DﬁpamHmpﬂmMﬂmﬂy OJTHOM U TOH e mapoi y370oB I u 3. Takum oOpa3zom,

Of NOAMNUCHIO

rgyn. — jTﬂ"étiE(}EﬁynHmTi ,[BéTBen npﬂ}{ﬂﬂHMLﬂ{ HETIPEPHIBHO.



Pucynok 1.3 — I'pad snekrpudeckoi memnu

KoHTyp — 3T0 3aMKHYTBIHN IIyTh, B KOTOPOM OJIMH U3 Y3JI0B SIBISETCS HadallbHBIM
M KOHEUHBIM y3noM IyTu. Hampumep, mqns rpada (pucysok 1.3) MOXHO ompeJeHTh
KOHTYpPBI, 00pa30BaHHEIC BETBAMU 2-4-6, 3-5-6; 2-3-5-4. Ecim Mexmay nro0ou mapou
y3JI0B T'pada CYIIECTBYET CBI3b, TO I'pad HA3BIBAIOT CBSA3HEIM.

JlepeBo — 3TO CcBA3HEIN moATpad, coaepsKalluil Bce y3nbl Ipada, HO HU OJHOTO
koHTypa. [Ipumepamu nepeBneB s rpada (pucyHok 1.3) MOTYT CIIy>KUTH (DUTYypHI Ha

pucyHke 1.4:

Pucynox 1.4 — JlepeBbs rpada

BeTBu cBs3M (JIOMMOIHEHUS JepeBa) — 3TO BETBU I'pada, JOMOITHIIOIINE JEPEBO 10
MCXOJTHOTO Tpada.

Ecnu rpad comep:kuT m y37I0B ¥ 1 BETBEH, TO YHCJIO BeTBEH JI000ro epesa d =

m — 1, auucnaperpeiicpgaprpapa c=n—(m—-1)=n—-m+ 1.
ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023 6



Ceuenne rpada — MHOKECTBO BETBel, yJaJleHHE KOTOPHIX JeJIWT rpad Ha JBa
M30JIMPOBAHHLIX IOJTrpada, oJJUH U3 KOTOPEIX, B YACTHOCTH, MOJKET OBITH OT/CILHELIM
y3JIOM.

CedyeHHE MOXKHO HarjIggHO H300pa3uTh B BHJE CJIe]a HEKOTOPOW 3aMKHYTOM
MOBEPXHOCTH, paCCEKarILEeld  COOTBETCTBYIOILIME BeTBU. llpumepamMm  Takmx
MOBEepXHOCTEH fABIsOTCA S; US> musa rpada (pucynok 1.3). Ilpum sToM momydaem
COOTBETCTBEHHO CE€UEHHUS, 00pa30BaHHEIE BETBAMU 0-4-5 u 6-2-1-5.

C moHsATHEM JIEPEBa CBSA3aHbI IOHATHS TNIABHBIX KOHTYPOB U CEUCHUM:

— TJaBHBIM KOHTYpP — KOHTYpP, COCTOSIIMU M3 BETBEH JIEpeBa U TOJIILKO OJJHOM BETBU

CBSI3U;

~ TJIAaBHOE CEUYEHHUE — CEUYCHME, COCTOSIIEE U3 BETBEHM CBA3U U TOJBKO OJJHOM BETBH
TiepeBa.
TomosiorHyeckue MATPHIIbI

3a/1aTh BBIYMCIIMTEILHON MAIIMHE TOIOJIOTHIO LIETTH PUCYHKOM 3aTPyIHUTEIIBHO,
TaK KaK He CYIIecTByeT 3((EeKTUBHEIX IIPOrpaMM paclio3HaBaHHs oOpa3za. Ilosromy
TOMOJOTHMI Ienmu BBoaAT B OBM B  BuAe MaTpull, KOTOPEIE Ha3BIBAIOT
TOMOJIOTUYECKUMH MaTpUllaMu. BBIIEISIOT TpU TaKMX MaTPHIBI: Y3JIOBYI MaTpHUILY,
KOHTYPHYH MaTpUIy U MaTPHUILy CEUCHUM.

1. V3goBags marpuia (MaTpulla COEJIHUHEHUI) — 3TO Tabiaumia Kod(p(HIHESHTOB
ypaBHEHUI, COCTaBJICHHBIX IO IiepBoMy 3akoHy Kwupxroda. CTpokum 3ToH MaTpHIBI
COOTBETCTBYIOT y3J1aM, a CTOJIOIBI — BETBSIM CXEMBL.

Jlng rpacda Ha pucyske 1.3 umeem uuciio y3noB m=4 1 yuciao BeTBei n=6. Tora
3aMUNIEM MaTpully Ap, MPUHUMAS, YTO 3JIEMEHT MAaTpPULBI @;; (I —HOMEp CTPOKH; | —
HOMEP CToJiOIa) paBeH (+/), €CIM BETBbL j COEUHEHA C Y3JI0M [ U OPUEHTHPOBAHA OT
HeTo, (-/), eclin OpUeHTUPOBaHA K HEMY, U (), €CIIU BETBb /] HE COE/IUHEHA C y3JIOM I .

CopuenTupoBaB BeTBU rpada Ha pucyHke 1.3, moayaum
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JlanHas wMaTpuia Ap 3amMcaHa s BCE€X UETBIPEX VY3JI0B M Ha3BIBAETCS
HeornpeaenreHHon. CyMma 3]1eMEeHTOB CTOJIOL0B MaTpUllbl Ay BCerJa paBHaA HYJH, TaK

KaK Ka)XIBIM CTOJIOCI] COACPIKUT OJUH SJICMEHT +/ U OJQUH SJIEMEHT -/, OCTaJIbHBIC

HYJIU.
OObluHO mpU pacueTax OAUH (JIHO00M) y3€d 3a3eMIISIIOT. Torjga IpuXoguM K
y3710BOM Matpulle 4 (peaylupoBaHHONU MaTpHUlle), KOTopas MO)KeT OBITh IOJIydeHa U3

MaTpULbl Ay MyTEM BBIUEPKHUBAHUA JTHOO0U €€ CTPOKH.

Hampumep, npu BEIMEPKUBAHUU CTPOKHU «4» MTOJYUYUM

Yucno crpok Matpuibl A paBHO YHUCITY HE3aBUCUMBIX YpPaBHEHUM IS Y3JI0B 0 =
m — 1, T.e. YUCIIy YpaBHEHUH, 3aIIMCLIBAEMBIX JJIS SJIEKTPHUUECKOM CXEMBI IO MIEPBOMY
zakoHy Kupxroda. Mrak, BBeIs MOHATHE Y3JIOBOM MaTpUILl A, IIepeaeM K IIepBOMY
sakoHy Kupxroda.
Bonpocsl 1 3apaHust:
1. ChopmMynupyiTe OCHOBHEBIC TOIIOJIOTHYSCKHE ITOHATHS JIJIS ANCKTPUICCKUX
[IETIEN.
2. Yro Takoe y3ioBas maTpuia’
Uro Takoe KOHTypHas MaTpuia?

4. Uto Takoe MaTpHIia CEUYCHUN !

Ipaxkmuueckasn pavboma Ne2
AOKYMEHT NOANMWUCAH
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[IE.J][:: HB}’IH/ITL OCHOBHELIC ITpaBHJIa pacycTa JICKTPUYCCKHUX Hﬂl’[ﬂﬁ ITOCTOAHHOI'O

TOKa ¢ UCIIOJIL30BaHHEM 3akoHoB Oma u Kupxrodga MU MeTOJla KOHTYPHBIX TOKOB.

OcHoebl meopuu:
OOrruno mepBEIi 3akoH Kupxroda 3amuceiBaeTcsl IS y3J10B CXEMBI, HO, CTPOI'O
rOBOps, OH CIIPaBEJIMB HE TOJIBKO JJIS Y3JI0B, HO U I JHOOOM 3aMKHYTOM

IIOBEPXHOCTH, T.C. CITPpaBCIAJIMBO COOTHONICHUC
$ 5dS = 0 (1.1)

rme o- BEKTOP ILUIOTHOCTH TOKa; dsS- HOPMaJIb K YYacTKy dS 3aMKHYTOM
[IOBEPXHOCTH .

[Tepsrni 3axon Kupxroda cnpaseyins u Jj1d JIFOOOTO CEUEHUS.

B wactHOCcTH, n1s cedyenus S> rpada Ha pucyske 1.3, cuuras, 4To HyMepalus U
HaITpaBJIEHUSI TOKOB B BETBSX COOTBETCTBYIOT HyMepalliM M BBIOpAHHOM OpHEHTAL[UM
BeTBel rpada, MOXKHO 3aIllMCaTh

L+, —I1s— 1, = 0.

[IoCKOIBEKY B 4UaCTHOM CIIydae BETBHM CEUCHUS CXOJSATCS B y3J€, TO MEPBBLIM 3aKOH

Kupxroda cripaseyius u jta Hero. [loka Oymem nmpumeHATs nepBblil 3akoH Kupxroda

JJIA Y3JI0B, UTO MaTCMaTHYCCKH MOYKHO 3aIlMCaTh, KaK:

2l =0 (1.2)
T.e. alIreOpanyuecKasi CyMMa TOKOB BE€TBEl, COeJUHEHHBIX B y3€Jl, paBHA HYIIIO.
[Ipy 5sTOoM mnpu pacuerax YypaBHEHHS II0 IiepBomy 3akoHy Kupxroda
3alIUCHIBAIOTCS IS (m-1) y310B, TaK Kak IIPH 3aIllUCH YPaBHEHUM JJIs BCEX M Y3JIOB
oqHo (Mr000€) M3 HUX OyJeT IHHEHWHO 3aBHCHUMBIM OT JIPYTHX, T.€. HE JaeT
JOTIOTHUTEIBHON HH(MOPMAIIUH.

BBeneM cTonO110BYIO0 MaTPHUIy TOKOB BETBEMU
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Torma nepseiii 3akoH Kupxroda B MaTpuuHo# (popMe 3aImucy UMEeT BHT:

AI=0 (1.3)
—r1ae O - HyJieBasi MaTpulla-CTOJI0ell.
Kak BUguM, B KauyecTBe Y3JI0BOW B3sira Mmarpulla A, a He Apy, T.K. C y4E€TOM

BEIIIICCKAa3aHHOTO YpaBHEHHSA Mo IepBoMy 3akoHy Kupxroda 3amuceiBarorcs s (m-1)

y3JIOB.

B xauecTBe nmpuMepa 3aruiieM s cXeMbl Ha pUcyHKe 1.3

_Il_
1 1 0 -1 0 O I 0]
0 00 1 -1 -1 13 =10
101 0 1 0 f‘ 0.
- - 5

I

OTcro1a U1 MEPBOTO y3J1a MTOJIy4acM

1-L+1-L+0-I3—-1-1,+0-Is+0-Io =1, +1,—1, =0,

4TO U JIOJIXKHO UMETh MECTO.

Konrypuasgs matpuia (MaTpuia KOHTYpOB) — 3TO Tabiuia Ko3(p(dHUIMeHTOB
ypaBHEHHI, COCTaBIEHHBIX II0 BTopoMmy 3akoHy Kupxroda. CTpoku KOHTYpHOH
MaTpHULEI B COOTBETCTBYHOT KOHTYpPaM, a CTOJIOLBI — BETBAM CXEMHEL.

DneMeHT b;; MaTpullel B paBeH [, e€Clii BETBb | BXOJUT B KOHTYp I H €€
OpUEHTAIL[MSl COBMAJAacT C HampaBJICHHEM 0O0XO/Ja KOHTypa, -/, €ClIi HE COBIAJaeT C
HaIpaBIICHUEM 00X0/Ja KOHTYpa, U (), €ClIK BETBb j HE BXOJUT B KOHTYD i.

Matpuiy B, 3anucaHHYIO I8 TIaBHBIX KOHTYPOB, Ha3bIBalOT MaTPHUIIEH I'JIABHBIX
KOHTYpoB. IIpu 3ToM 3a HanmpaBlieHHE 00X0/a KOHTypa MPUHUMAKOT HaMpaBJICHUE BETBU
CBSI3M HSTOr0 KOHTypa. BrigenuB B Hamem mnpuMepe (cM. pUCYHOK 1.5) mepeBo,

AOKYMEHI NoAarcAH
o0pa3zyeMoe BeTRAMMIHAH oflyRARUIIIEM KO3 (PUIIHEHTHEI IS MAaTPHUIIEL B.
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Pucynok 1.5 — I'pad snekrpudeckoi menu

1 -1 1 0 0 O]
p=/1 0 0 1 1 O
0 1 010 1

[Tepeiinem Teneps ko BTopoMy 3akoHy Kupxroda.
[loq HampsK€HHMEM Ha HEKOTOPOM YYAaCTKE SJICKTPHUUECKOM LIENH ITOHHUMAETCS

Pa3HOCTL ITIOTCHIOHAJIOB MCKIY KpHﬁHHMH TOHKAMH 5TOI'O YHACTKA, T.C.

Uke = P — Qe = _((pe — (pk) = —Uge (1.4)

[IpocymMupyeM HanpsyKEHUS Ha BETBIX HEKOTOPOTO KOHTYpa:

Uz = @1 — ¢
+

Uzz = @2 — @3
+
+

Ut = @ — @

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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[lockonbKy npu 00X0/1€ KOHTYpa MOTEHI[UAJ KaXKI0H i-OM TOYKHU BCTpEYAETCs JIBa
pasza, Mpu4eM OJMH pa3 C «+», a BTOPOH — C «—», TO B LIEJIOM CyMMa paBHA HYJIHO.

Taxum o0pazom, BTopo 3akoH Kupxroda MaTeMaTHYSCKH 3aITUCEIBACTCS, KaK:

2x U =0, (1.5)

H HMEeT CIEAYIoNIyo (OpMyIHpPOBKY: aiaredOpaddeckas CyMMa HamnmpsDKEHUM Ha
3a)KMMaX BETBEM (DJIEMEHTOB) KOHTypa paBHaA HyIr0. Ilpu 3ToM nmpu pacdere nenew ¢
MCITOJIb30BaHHEeM 3akoHOB Kupxroda 3amuceBaetcs ¢ = (n —m + 1) He3aBUCHMEBIX
ypaBHEHUI 10 BTOpoMy 3akoHy Kupxroda, T.e. ypaBHEHUH, 3alMCHIBACMBIX I
KOHTYPOB, KaXIbId W3 KOTOPBIX OTJIMYAETCS OT APYTHX XOTA OBl OJHOH BETBBIO.
3HA4YCHHUE TOIMOJOTHYECKOTO TOHATHS «JEpeBa». JIEPEBO IIO3BONSICT 0Opa30BaTh
HE3aBHCHMBIE KOHTYPHI M CEUEHHUsS U, CJIeJoBaTeJIbHO, (POpMHpPOBATH HE3aBHUCHMEIE
ypaBHeHHs1 1o 3akoHaM Kupxroda. Taxkum oOpaszoMm, ¢ ydeTom (m-/) ypaBHEHHH,
COCTaBIIEHHBIX IT0 IlepBoMy 3akoHy Kupxroda, momygaem cucremy m3 (m—1) +
(n —m + 1) = n ypaBHEHHII, YTO PaBHO YHCIY BETBEU CXEMBI H, CJICJOBATEILHO, TOKH
B HUX HAXOJSATCS OJJHO3HAYHO.

BeejeM cTOIOLOBYHO MaTPHIy HANIPSHKEHUM BETBeH

Torma BTopoii 3akon Kupxroda B MaTpuaHOl (hopMe 3aITUCH UMEET BUJ
BU = 0. (1.6)

B xauecTBe nmpumepa 419 CXeMEI pUCYHKa 1.5 umeeM

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023 12



o O =
p—
o = O
—_— O O
|l
|
=
(—

OTKYa, HAITpUMCP, JJIA IICPBOI'O KOHTYpa II0oJIydyacM
1'U1_1'U2+1'U3+0'U4+0'U5+0'U5=U1_U2+U3 =0,
qT0 1 JOJIXKHO UMCTH MECTO.

Ecnu BBecTH GTGHGHGB}’IG MaTpULlly Y3JIOBLEIX ITIOTCHIIHAJIOB

B
.

@Y = :

_(pm—l_

MPUYEM ITIOTEHIIHAII IIOCTIEAHETO y37a ¢, = 0, TO MaTpuIla HaIIPsHKEHUU BETBEU U

y3JIOBBIX MOTEHIUAIOB CBI3aHbl COOTHOIICHUEM
U=AT¢p (1.7)

riae A’ - TpaHCOHMpOBaHHAS y3/10Basi MATPHIIA.

Jlng ompenenenus MaTpulsl B 1o u3BecTHOU Mmatpule A=AnAc , toe Ag —
MOJMAaTpPHUIla, COOTBETCTBYIOIIAsA BETBSAIM HEKOTOPOTO JepeBa, Ac- IToJAMaTpHUIa,
COOTBETCTBYIOIAsI BETBSM CBSI3H, MOXeET OBITh UCIIONB30BAHO COOTHOMEHHe B= (-Alc A
ITﬂ])_

Matpuiia ceuenuii — 310 TadiHIa Ko3(pPUIIMEHTOB YpaBHEHHN, COCTABICHHEIX I10
nepBoMy 3akoHy Kupxroda mmsa cedenmi. Ee CTpokM COOTBETCTBYIOT CEUCHUSIM, a
CTOJIOIIBI — BETBSM Tpada.

Matpuna () , cocTaBieHHas I TJaBHBIX CEUYEHMH, Ha3bIBAE€TCS MAaTpPHIIEH
IJIaBHBIX ceueHuM. Yucno cTpok MaTpullbl ) paBHO YMCIIY HE3aBUCUMBIX CEUEHHUM.

DnaeMeHT ¢;j Marpullsl 0 paBeH [, €CIM BETBb BXOJUT B i-€ CEUCHHE H
OpUEHTHUPOBAHA COIJIACHO HAIIPABJIEHUIO CEYEHHUS (3a MOJIOKUTEILHOE HaIlpaBICHHE

ceyeHUs TPUHUMAIOEHRANpaBIeHHe BETBU JIEpeBa, BXOJSIIEH B HETo), -/, ecnu

ANEKTPOHHOW NOAMUCHIO
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OpUEHTHUPOBAHA IIPOTUBOIIOJIOKHO HAIIPABICHUIO cEUeHMs, U (), €CIIU BETBh] HE BXOJIUT B
I-€ CEeUeHHE.
B kadecTBe mpumMepa cocTaBUM MaTpully () TJIaBHBIX CEUEHMM I rpadpa Ha

pucyHke 1.5.

-1 0 -1 0
1 0 0 -1
0O 1 -1 —1|

B 3akmodyeHne OTMETHM, 4TO /15 TOIIOJOrHuecKux MaTpuil A, B u Q,
COCTAaBJIEHHEBIX JIJISI OJJTHOTO U TOTO K€ Tpada, BEIIIOTHSIIOTCS COOTHOIIEHUS

AB"= 0; (1.8)
OB’= 0, (1.9)

KOTOPEBIC, B HaCTHOCTH, MOKHO HMCIIOJIE30BaTh JJIA ITPOBCPKH IIPABUJIBHOCTH

COCTABJICHUA 3THUX MaTpull. 37Iechk () — HyJIeBasg MaTpHIla MOPSIKa J.

[IpuBeqeHHBIC YpaBHEHMS ITO3BOJISIIOT C/ie/IaTh Ba)KHOE 3aKJIFOUSHHE: 3HAS OJTHY
M3 TOIMOJIOTUYECKUX MAaTpPHII, MO €€ CTPYKTYPE MOKHO BOCCTAHOBUTE OCTAJIbHEIC.

MeT10/1 KOHTYPHBIX TOKOB COCTOUT B TOM, YTO B KaudeCTBE HEH3BECTHBIX B
CAUCTEME YpaBHEHUM [ MCIOJB3YIOTCS TaK Ha3blBa€MbIe KOHTYPHBIE TOKH.
KoHTypHEIC TOKH SBIASIOTCS (PUKTUBHEIMHU.

CormacHo MeTOAy IIpeJmojaraercs, 4To B Ka)KJOM HE3aBHCHUMOM KOHTYpe
MPOTEKACT CBOM KOHTYPHEIN TOK.

He3aBucHMMBIMI HA3BIBAIOTCS KOHTYPBI, KOTOPBIE MMEIOT XOTS OBl OJJHY HOBYIO
BETBb, HE BXOJISIIYIO B JPYTHe KOHTYPHL.

Yucno He3aBUCUMEBIX KOHTYPOB CXEMBI PAaBHO YHUCIY YPaBHEHUM, KOTOPBIE HY)KHO
COCTaBUTH IO BTOpoMYy 3akoHy Kupxroda:

n=N,—(N, -1)—N,, (2.1)
rjae N,— YUCIIO BETBEM CXEMBI; N, — YMCJIO Y3JI0B; N, — YHMCJIO HCTOYHUKOB TOKA.

B cxeme, mpecTaBieHHON Ha pUCyHKeE 2.1, 9HCIIO HE3aBUCUMBIX KOHTYpOB 1 =3

[TpeamonokeHYE khokdH Py k&R TOKaX MPUBOAMT K TOMY, UTO YKCJIO HEM3BECTHHIX, W,
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COOTBETCTBEHHO, 4YHCIIO YpPaBHEHHUM, HEOOXOJMMBIX I OIPEACICHUS OTHX
HEU3BECTHBEIX YMEHBIIAETCS 0 CPABHEHHIO ¢ MOJTHOM cucTeMoil ypaBHeHuii Kupxroda
M PaBHO YHCJIY HE3aBHCHMBIX KOHTYPOB. JTOT METOJ SABIISCTCS (PAKTUUCCKH 3aITHCHIO
BTOporo 3akoHa Kupxrodga gepe3 KOHTYpHEBIE TOKH.

[lycTh uMeeM cxemMy, COIEPIKAIY0 71 HE3aBUCUMBIX KOHTYpoB. (CorimacHo
METO/IY KOHTYPHBIX TOKOB B Ka)KJIOM k-4 HE3aBUCHMOM KOHTYpPE MPOTEKACT KOHTYPHBIN
TOK Ikk . B oOmem ciydae cucteMa ypaBHEHHUM JJIS pacyeTa KOHTYPHBIX TOKOB UMEET
BU/T:

I11Ry1 + I35Ry5 + I33R 3+ .. + L, Ry

1

T3
i
i
o

fufan ¥ 22822 ¥ laaRaat . HlnnRon = Eazs (2.2
JI(11Rn1 T IZZRHZ T IBBRHB'I'- - +Inann — Enn-

rne Rxx — momHoe (COOCTBEHHOE) COMPOTHUBIEHUE K-20 KOHTYpa, paBHOE CyMME BCEX

CDHpDTHBHEHHﬁ, BXOJAIIUX B 5TOT KOHTYDP,

Rjl — COIPOTUBICHUS CMEKHBIX KOHTYPOB;
P
E, = ZEK — anredopandeckas cymma 3/1C, BXOAAIMX B K-biti KOHTYDP.
k=1
[lonHoe (cOOCTBEHHOE) CONPOTUBIEHUE  Ryx Bcerjga mojoxurelbHoe. Ecnu

KOHTYPHBIE TOKHM B O0OILIEH (CMEXHOM) BETBHU IIPOTEKAIOT COTJIACHO (COHANPABJIEHEI), TO

COIIPOTHUBIICHHUA CMCHBIX KOHTYPOB R;’k IIPUHUMACTCA ITOJIOKHUTCIIBHBIM H, CCIIHA

KOHTYPHBIE TOKHM HaMpaBJIEHBl BCTPEYHO, TO Rjx MpHUHUMAaETCsA oTpuLaTedbHBIM. Co

3HaKOM «Iumrocy» Oepyresa D/1C, HanpaBiaeHHEe KOTOPBIX COBIIAJAa€T ¢ KOHTYPHBIM TOKOM
Ixk, a co 3HAKOM «MHHYC)» HAIIpaBJICHUE KOTOPHIX HE COBIAJAIOT C [kk.

KoHTypHBIE TOKH ONpeAesiOTcs TOCIe pEeIIeHHs CHUCTEeMbl YpaBHEHHUM.
HNctuHHBIT TOK (MCKOMBIM TOK) B JIHOOON BETBH paBEeH aareOpamdyecKoM CyMMeE

KOHTYPHBIX TOKOB, IPOTEKAKIIUX IO 3TOoM BeTBU. (CoO 3HAKOM «IIJIHOC» OepyTcH

KOHTYPHBIC EMHLWMHE ¢ MHMCTHUHHBIM TOKOM, CO 3H4AKOM «MHHYC» —

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
HECOBITA TAIQNINE. ClCKQAMBIM..TOKOM.
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METD,[[ KOHTYPHBIX TOKOB HEHﬂCDDﬁpﬂBHD IIPpUMCHATH, KOorja CXEéMa COICPKHT

MHOTI'O Y3JIOB, HO MaJIO HC3aBUCHUMBLIX KOHTYPOB.

IIpumep. lcmone3yss MeTol KOHTYPHBIX TOKOB OIPEACIHUTE TOKHM B BETBSX

NIEKTPUYECKOM LU

Tabmuna 2.1 — /lanHasle 115 pacuéTa

ConporuBneHus, Om Uctounuku, B, A
Ri1 R2 R3 R4 Rs Re E1 E2 | %
130 40 60 80 110 45 12 13 0,3

YpaBuenus coctaBiasioT Tonbko 1Mo Il mpasuny Kupxroda mns, Tak HazpIBaeMEIX,
(UKTHBHEIX (KOHTYPHBIX) TOKOB, NpeJIoiaras, 4TO TOK OJIMHAKOBEIM IS BCeX

Y4aCTKOB BBIOpaHHOTO KOHTypa. HampaBneHHEe KOHTYPHBIX TOKOB MPUHUMAETCS TaKOE

)K€, KaK HaImpaBJIeHHE 00xoaa (pUcyHoK 2.1).

b E;_ EE
jsNe
‘ R —1,
R[] R [T,
I22
) |a IR_3| [c
I ! L :13
E® r TI Y
6 I33
d Ry +—]4

Pucynok 2.1 — PacuéTHas cxema JJ1sl onmpe/ieieHusI KOHTYPHBIX TOKOB

[11, I22, [33 — KOHTYPHBIE TOKH

IH(RI + R, +Rﬁ)_lzzR5 — 1Ry =E};
L,(R, + R, +R;)~1,,R;— I ,R, = E; + E,; (2.3)
ﬂﬁw%r(ﬁbﬁv&++ Rﬁ )_ I”Rﬁ T Izsz =0.

SNEKTPOHHOW NOANWUCHIO

I:::'--::.:l.' TMKAaT 20:0000N43F9ABRBRO S :'|-_-,E_.-' AR "|'“'|"'|:-,'“'|"'|"'|'“'|Hm',:.
UTToCTe O IETAHOBOK 314
nageney 203y XoEd

YEHNI TTapaMeTPOB:

il
disHAHE AJIEKCAaHOADOBHA

- e s . A0 A0 SN0 . o Y .
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(1,285-1,,110—1,,45=12:
20,,210—1,,10—1,,60=25: (2.4)

Pemenue cucTeMbl M3 COCTABICHHBIX YpPaBHEHHH ITO3BOJISECT OIPEICIUTD

BenIn4uHy KOHTYpHBIX TokoB: 1, =0,147A; 1,, =0,227A ; 1,; =0,109A .

Jlns onpenenenus (paKTHYECKUX TOKOB B BETBSAX COCTABHUM YPaBHEHUS, YUUTHIBAS,
4YTO HUCTHUHHBIM TOK (MCKOMBIM TOK) B JHOOOM BETBU PAaBEH allr€OpandecKod CyMMeE
KOHTYPHBIX TOKOB, IPOTEKarwIMX I10 3Tod BeTBH. CoO 3HaKOM «ILIIOC» OepyTcs
KOHTYpPHBI€ TOKH, COBIIQJAOIIME€ C MCTHHHBIM TOKOM, CO 3HAKOM «MHHYC» —

HCCOBIIAJaOIIHNC C HCKOMBIM TOKOM.
I, =1, =0147A;
I,=1,,=0,227A:
[, =I5 —1,, =0,109-0,227 =—0,118A ;
[,=1,;=0,109A:
I, =1, —1,; =0,227 — 0,147 = 0,080A:
I =1, -1, =0109-0,147 =—0,038A .

Bonpocsl 1 3a1aHHA:
1. Toku BeTBel HEKOTOPOU IJIaHAPHOM LIENH YJOBIETBOPSIOT CIEIYIONIEH MOJTHOU
CUCTEME HEe3aBUCHUMBIX YPaBHECHUM:
L+1ls—1lg=0;L+1I—1s=0,—-I3+1,—I,=0;, =1, +13g—1, =0.
BoccTtanoBuB rpad memu, cOCTaBHTH MATPHIBI TJIaBHBIX KOHTYPOB U CEUCHHI,

ITPUHAB, YTO BCTBAM ACPCBa IIPHUCBOCHEI IICPBEIC HOMCPA.

Omeem:
-1 1 0 0O 1 0 0 O] 1T 000 1 0 O -1
B — O -1 -1 O O 1 0 0 Q . o1 0 0 -1 1 0 O
0 0 I =1 0 O 1 0O O o1 0 0 1 -1 0
| Liekrdnnodnogcee? O 0 1 0001 0 0 1 -1
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2. CocTaBUTHL MaTPHILy IJIaBHBIX KOHTYPOB I rpada Ha pUCYHKe 1.3, MpUHSB, UTO

JIepeBO 00pa30BaHO BETBAMHU 2, 1 u 5.
Omeem:

I -1 1 0
B=|1 0 01
-1 1 0 0

==

0
|

.
0
-1 1

Pemmthk 3agauy 5, ucrionb3ys cootHomeHus (1.8) u (1.9).

3. ChopmynupyiiTe METO KOHTYPHEIX TOKOB

4. Kak ompenensrorcs (paKTHUSCKHUE TOKH 3ISKTPUISCKON 1eTTH?

S. IL]IH BHﬂHHHGﬁ CXCMBEI OIIPCACINUTE TOKH, UCIIOJIE3YA MCTOJ] KOHTYPHEIX TOKOB

k> [
R- IE -/—\h l»B, C'*"“)fE
\_/ /

R~ [7 * Ly R

6. I/ICHGHLTS}’H MCTOJ KOHTYPHEIX TOKOB COCTAaBHTE YPaBHCHHA IJIA OIIPCACICHHA

TOKOB B BECTBAX

5. HCHDJTE:E%}HM TK HBEIX TOKOB COCTABHUTE VPdBHCHHUA IJIA OIIPEOCIICHUA TOKOB B BCTBAX
NEKTPOHHOW NOAMNMCBLKO
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7. HCHGJ’ILB}’H MCTOJ KOHTYPHEIX TOKOB COCTABHUTE YPaBHCHHUA IJIA OIIPCACIICHUA

TOKOB B BCTBAX

L E
N e P
S

<
NI
R> I
at b * b
E Rz I3
h

Ilpakmuueckan padboma Ne3

Memoo y3noevix nomenyuanoe Ilomenyuanvnan ouazpamma.

IHepzemuUeCKUn 0a1anc 6 31eKmpudecKou yenu

[IE.J]I:: H3}"IHTB MCTOJ] Y3JIOBBIX ITIOTCHIHAJIOB, OCBOUTE MCTOIHKY ITOCTPOCHHA
HDT@HHHHHBHGﬁ JuarpaMMbl U HAYYHUTLBCA OIIPEACIIATE IIO Hel HaIIpKECHHA MCKIAY
JIBYM: 3aJaHHBIMH TOYKaMH HCCHEﬂyEMDﬁ LICITH. HDH}’LII«ITL HdBBIKH COCTABJIICHHA
YPaBHCHHA SHCPICTHYCCKOI'O OajtaHca BJIEKTPHLIECI{GE[ LICITH. HH}’LIHTLCH HCITOJIB30BaTh

YPaBHCHHUA OSHCPICTHYUYCCKOIO OajtaHca IJIsd  IIPOBCPKH BBIIIOJIHCHHBIX PAaCyYCTOB H

dHaJIn3a 3JICKTPHYCCKHX I_Iﬂl'[ﬂﬁ.

Ocnoebn POETVICAH
SANEKTPOHHOW NOONWUCEID
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MeTo/1 y3J10BBIX MOTEHIIHAJIOB II03BOISET COCTABUTH CHUCTEMY YpaBHEHHUMH, IO
KOTOpOU
MOJKHO ONPEJICAUTh MOTSHIMAIEl BCEX Y3I0B cXeMEL Ilo HM3BECTHEIM pa3HOCTIM
y3J0BBIX IOTEHI[MAJIOB MOJKHO OIIPEIEINTh TOKH BO BCceX BeTBSIX. MeToj ocHOBaH Ha
Ipenoa0KeHNN, YTO MEXK/TY y37IaMH LIEU BKIIOUEHB HCTOYHUKM TOKa ITapajuieIbHoO C
NpUEeMHHKaAMH, Torja IIo IiepBomMy mnpaBuiy Kupxroda cocraBisgercs cHcTeMa
ypaBHEHHH.

B o0mem ciaydae A8 DJICKTPUYECKOM IIEMH, CHCTEMa YpaBHCHHH I

OITPEACIICHN A Y3JIOBBIX ITIOTCHIHUAJIOB HMCCT CHEﬂ}’IDH_IHﬁ BHU]I:
8P —8pP, 8., = Z‘Ek]g.ﬂ;_.‘.
k=1

) _Hg;w; +g22¢}2 _..._HEJ]{;JJJ = ZEL'; .g-'!-'g:
k=1

- !—3’,,;@; T guz‘??z — -t guuﬂ] — ZE-'!CI._. ) g-'!-',._.’
X k=l

rJIe g, £22,..., Zm — COOCTBEHHAsi MNPOBOAUMOCTH H-TO Y374, paBHAs CYMME
MPOBOJUMOCTEHN BCEX BETBEH, COCIMHEHHBLIX C 3TUM Y3JIOM; 3Ta MPOBOJMMOCTEL BCET/a
MMOJIOKUTEJIbHAS;
g2, 221, £13,...,¢jk — B3aUMHas MIPOBOJUMOCTE MEKIY j-M U k-M y3JaMH, 3Ta IIPOBOJIU-
MOCTB BCETJIa OTPHLIATEIbHA.

[Ipu pemennn ypaBHEeHUH MIPENOJIArat0T, YTO IIOTEHIIUA OJJTHOTO U3 Y3JIOB paBeH
0. Toku B BETBSX OMPEACIIAIOTCS OTHOCHTEIBHO Pa3HOCTU MOTEHI[MAJIOB, K KOTOPBIM

IMOACOCIHMHCHA JdHHAA BCTBL.

(pa—op)+ D E :

D Rap

rne 2E — cymma DJIC B maHHOM BeTBH, 3Hak (+) ecnm E HampaBlieHa OT OOJBIIETO

I =

MOTEHI[Maja K MeHbIIeMy U (—) Ha000poT;

P4, p— INOTCHOHAJILI Y3JI0OB, K KOTOPBIM ITOJAKIHOYCHA BETBL,

2 R4 — CyMMa COITPOTHBIIEHHII BETBH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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[Ipu pacueTe 3IEKTPUUECKHUX LIETIEH METOJOM Y3JIOBBIX IIOTEHIIUAJIOB
[IeJIECO00Pa3HO MPUIEPKUBATLCS CIEIYIONIIETO MOopsIKa:

e [IpUHATE MOTEHIIMA OJHOTO U3 Y3J0B PaBHBIM HYJIO, T. €. 3a3€MJIUTh OJJUH U3
y3JI0B U IIPOHYMEPOBATH MO MOPSJIKY OCTAJIbHBIE Y3IIHI.

e OnpeaenuTs COOCTBEHHBIE M B3aUMHBIE MIPOBOJIUMOCTHU Y3JI0B.

e (CoCTaBUTH CUCTEMY YPaBHEHUM I10 JIJIS HE3a3E€MJICHHBIX Y3JIOB.

e PemuTh cucTeMy YpaBHEHUM U ONPEICIUTh IIOTEHI[HAIbI Y3II0B.

e OmnpenenuTs TOKU B BETBAX IT0 3akoHY OMa

e [IpoBepUTH NPaBUILHOCTE PENISHUS, COCTABMB ypaBHEHHE OallaHCca
MOII[HOCTEN.

[lo cpaBHEHHUIO ¢ METOJOM KOHTYPHBIX TOKOB METO]I Y3JI0BBIX TOTECHIIMAIOB
obnagaet psagoM nmpeumyiiects. Kak mpaBuiio, B cXeMe 3JIeKTPHUYECKON 1IEITH Y3I0B
MEHBIIIE, YeM KOHTYPOB, IIO3TOMY JIJIS pacueTa LIEIMA HEOOXOJUMO COCTABIIAThE MEHBIIIEE
YUCJI0O YPaBHEHMH.

[loTeH1IManbHasg JuarpaMma Io3BOJISIET OIPEICIUTh IIOTeHI[MAIbl BO BCEX TOUKaX
M y3IaxX cXembl. Mcmonb3yeTrcss mpM JUAarHOCTUKE BO3MOJKHBIX HEHCIIPABHOCTEH B
pabote cxemnl. IloTeHIManbHBIE AUArpaMMbl CTPOSTCS JJS BBIIEJIEHHBIX KOHTYPOB B
(YHKIIMH OT CONPOTHUBJICHUS IIEIH OT IIPOU3BOJILHO BEIOpaHHOTrO YV371a. llpm
MOCTPOCHUHU JUarpaMMbl MIPUHMMAEM IMOTEHIIMAT BEIOPAHHOTO y3JIa PaBHEIM HYIIO O =
0. Pacuer moTeHIHaJOB OCTAlbHBIX TOYEK MPOU3BOJAHUM COINIACHO BBIOpaHHOMY
HAIIpaBJICHUIO 00X0/1a KOHTYpa (II0 4aCOBOM CTPEIIKE ).

3HauYeHUsI TOKOB MPUHUMAKOTCS B COOTBETCTBUM C pPAaCCUUTAHHBIMH B

MpCAIICCTBYOIIUX IIYHKTaxX 3aJJaHusi, CO CBOMMH 3HAKaMH HﬂHpﬂBJ’IEHHﬁ.

5 B

[TocTpoenmne mquarpaMMbl OCYIIECTBISETCS B MacliTadaxX HANPsSHKEHUA My= —

MM
y OMm

M COIIPOTHUBIICHHUI m, =— Ha pgmarpamMme mo ocu aOcIycc OTKJIaJBIBAFOTCS
MM

3HaA4YCHHUA Cﬂfﬂgg}g%gmkl YHAaCTKOB B, ITOCJICHOBATCIIBHOCTH PAacCIIOJIOKCHHUA HX B

3NEKTPOHHOW NOANMCLIO
KOHTYPC , WOOeH ‘OPZIFTHAT BASMMOTEHHHAIIEI COOTBCTCTBYHOIIIHUX TOYCK.
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PHCCMDTPHM ITOCTPOCHHEC HDTEHHHHJILHGﬁ auarpaMMmbl Ha IIPUMEPE CXCMBI HA

pucyHke 3.1.

[locTpouM moTeHIMAIBHYO JUarpaMMmy I KouTtypa 1-2 -3 -4 — 1.

-U 2
A 4

Pucynok 3.1 — IlocTpoeHne moTeHIIMAIBHOM JUarpaMMBI 11 KoHTypa 1,2,3.4,1

Jlis BeIOOpa MacmTaba mo ocH adCIUCC MPOCYMMHUPYEM COIMPOTUBJICHUS BIOJIb
pacCMaTpMBAa€MOTO0 KOHTypa, IOCJIE€ UYEro ONpeAclIuM IIaJcHUS HaIpsHKEHUS Ha
conpoTtuBlieHUsiX KOHTypa: Uri= [1R;; Urz= LRz, Urs= [3R3, Urs= L4R4.

[loTeHIam TOUKHM | IPUHSAT 3a HYJIE.

IIpumep. IlocTpouThk NoTEHIMANEHYIO qUarpaMMmy KoHTypa «abcdea». Mcxomgnbie
nmanueie: [1=2A; Is=3A; 14=1A, 3nauenus 2JIC: E=5B; Es=8B; E4=3B u 3nHaueHus
conpotuBiacHu: R1=20M; R>=30M; Rs=10M; R3=50m; R4=30m.

R; L

[OKYMEHT MG MCAH
ANEKTPOHHOM NOAMKCBIO

BO52205ET7TBASDOOE000DQD

Ceptudukar [lu,_, A
Braneneu EPHE}{HQK 3.2~ Mcxonnas cxema SIEKTPUUECKON L[EITH

- = - O YT e 4 (=] ] -]
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3a3eMJIMM TOYKY «a», IpUHSAB ee mnoTreHuuan @a=0. Haugem moTreHIMans

OCTaJIbHBIX TOYEK KOHTYpa:

@0, =@, + E; =0+4+5 = 5B;

O =@p — 1Ry =5—-2-2=1B;
1—2-3=—-5B;
—5—-3:1=-8B;

Pq = P — 1R,
Yo = Qg — IsRs
O, = Q. —Es =—-8+8 = 0B.

[lo mony4yeHHBIM JaHHBIM CTPOUM ITOTEHI[MAIBHYIO qUarpaMMy (pUCYHOK 3.3).

¥ 1 e —

Pucynok 3.3 — IlorennmansHas quarpamma
Ha ocHoBe 3akoHa COXpaHEHUS OSHEPTUM MIHOBEHHAas MOIIHOCTE BCEX
NCTOYHHUKOB HSHEPrUM B JJIEKTPUYECKOM II€NMM paBHA ajareOpandyeckoid CyMMe

MI'HOBCHHBIX MGU_IHGCTEE[ BCCX IIPHUCMHHUKOB. bamaHc MGU_IHDCTEfI CIIpaBCIJINB [JIA

Ierei Jr000H KOH(MUTYpaIlHH:

2 enin = 2 Unpinp, 4.1)

T7I€ €n, Unp — MTHOBEHHBIE 3HaueHuA DJ1C ¥ Haps)KEHUM; in, inp — TOKA HICTOUYHUKOB U
OOKYMEHT NoarmmcCAH

3NEKTPOHHOWM NOANUCHIO
[IRAEMEBHN K& B0043E9AB8B952205E7BA500060000043E

Bnapeneu Lilel 1AV X0Bd iITbHAHA AJIeKCaHOpoBHA
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J1s 1ienel MOCTOSIHHOTO TOKa:

;Eﬁfﬁ = ;J;RE , (4.2)

r7I€ M— YHUCJIO HCTOYHUKOB; /1 — YHUCJIO TOTpeOuTeIeH (COMPOTUBIICHU) B LICTIH.

[IpousBenenue Eil;y BXOJUT B ypaBHEHHE OajlaHca CO 3HAKOM ILIIOC €CIIH
HampaBlieHue DJ1C coBmajaeT ¢ HampaBJIEeHMEM TOKa, IIPH BCTPEYHOM HAINpPaBIICHUU —
CO 3HAKOM MHHYC.

bajaHc MOIIIHOCTH SIBJISICTCS MPOBEPOYHEIM IIPU pacyeTaXx TOKOB BCEMH
MEPEUYNCIICHHEIMHU BEIIIIE METOJaMH.

IIpumep. CocTaBUThE ypaBHEHUE SHEPTETUUECKOTO OalaHca.

B Ttabmune 4.1 1puBeeHBI HMCXOJHBIE JaHHBIE JJII pacdyéTa MapaMeTpPOB

pPa3BETBJICHHOM 1I€TIU Ha pUCYHKE 4. 1.

Tabmuna 4.1 — /lanHsle 115 pacuéra

Conporusnenus, Om Uctounuku, B, A
Ri1 R2 R3 R4 Rs Re Ei E2 | 0%
130 4() 60 80 110 45 12 13 0,3

Jlns mpeoOpa3oBaHue 3aJJaHHOM CXEMBI B PACUETHYIO HEOOXOJUMO HPOHU3BECTU
3aMEHY MCTOYHHMKA TOKa Ha MCTOYHHUK HamnpsbkeHus. Ha pucynke 4.2  npuBen€H

ITPUHIIUIT 3aMEHEI.

E®D r

AOKYMEHT MNOANMCAH
SNEKTPOHHOW I'ID,EII'IHEF:N{

Ceprudomkar: 2C0000043ESABBES52205E7BASOQO60000043E R4
&
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Pucynok 4.1 — Dnekrpudeckas Lelb

E=J-R R

< | o= ot

PucyHnok 4.2 — IIpuHIMI 3aMeHBI ICTOYHHKA TOKA Ha UCTOYHHUK HAMPSHKCHUS

[logcTaBuB 3HAUEHUS M3 TAOIUIEI 1.3, MoayunMm:

r —_— —_— —_—
E'=R,-1.,=40-03=12B.
Ha pucyHke 4.3 npuBeIeHa pacy€THasA CXEMa I1OCIIE 3aMEHBI HCTOYHHUKA

f
ToKa Jx> HA UCTOYHMK HampspkeHus E,

b 3 B
TZOO

R3

I]T @.a
E®D wr ] Tk 7
Rl

d

Pucynok 4.3 - Pacu€THas cxema 3JICKTPUYECKOU LIETIH
Jlns mpoBepkw pPE3ynbTATOB  BBEIUMCICHWM TOKOB HOPOBEPUM OamaHC MONIIHOCTEM IO

3dBHCHMOCTH.

m

k
ZE;' ;= ZI ’
i=l j=1
[Ipu cocTaBieHUM ypaBHEHHMS 0ajlaHCa MOIHOCTEH HEOOXOJUMO MOMEHSTh
HaIIpaBJICHUS TOKOB B BETBAX C OTPHUIIATEIIEHBIMU 3HAYCHUSMH, YUUTBEIBaTh, YTO B TEX
BETBSIX II€IM, TJiI€ HaOpaBJIeHHME TOKa coBmajaeT ¢ HampaBiaeHuem J/1C, ux
MPOU3BEJICHUE OYJ/IeT MOJIOKUTENBHBIM, T.€. MOILUHOCTH I'eHepupyeTcs. B BeTBsX, ruie

HT NogrimcaH

HHHpElBJIEﬁHHFEJbﬁ%"ﬁ”'ﬂmtﬂpﬂTHBﬂﬂﬂﬂﬂH{HhI HCTOYHHK 3}:[(: CJICAYCT pacCMaTpHBaThb
~epricbukar: 2000004 ABBBO52205E7BAE000600000 I

Bnagene U;'.F-::}'}'-“TH.! iTbAHa AnexkcaHopoBHa



KaK IOTPEOUTENIL SHEPTUM (HAIIpUMEP - aKKyMYJISTOp), U B ypaBHEHHE OajlaHca OH
BXOJJUT CO 3HAaKOM MHHYC. Bce compoTuBiIeHHS, HE3aBUCHMO OT HallpaBICHUS

HpﬂTE:KﬂIGH_IETG lIE:pE:B HHUX TOKd, ABJIAHOTCA HﬂTpeﬁIﬂ“e.]IHMH BHE:pI‘HH:
E -I,+E,-1,+E -I,=1'-R,+I;-R,+I;-R,+I;-R,+I.-R.+I’-R, (4.3)

[locne moacTaHOBKY 3HAYCHUM MapaMETPOB:

12-0227+13-0.227+12-0,147=0,021-130+0,051-40+0,013-60+0,011-80+
+0,0064-110+0,0014-45.

7439~7,197 .
Pa3uunia cocrtaBiasier wmeHee 4%, cII€IOBaTEIIbHO, PAacy€Thl BBIMOJHEHEI

IPaBUJILHO.

BOIIPOCHI U 3AJIAHUA

1. YUTo Takoe MoTEHI[UAJI TOUKHU?

2. Kak usmeputs Bennuuny J./.C.?7

3. Uto Takoe HanpsikeHHUE?

4. OOBICHUTE, MOYEMY MOCTPOSCHUE MOTEHIUAIBHOM JITHarpaMMbl OBLIO
3aBEPIIEHO UMEHHO B 3TOoM Touke 1 Ha ocu abciucc (pucyHok 3.1)?

S. IlocTpouTs MOTEHIIMANEHEIE JHATPAMMEI JJI51 IEBOTO U BHEIIIHETO KOHTYPOB

LIEITH.

JOKYMEHT MNMOANCcAH

6. BanuIREFEHHaABIREMIEOHEPreTHYECKOro 0ajIagca.
Cepmudomkatr: 2C0000043ESABEB952205E7/BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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7. B nenu u3BectHBl conporuBieHuss Ri= 20 Om, Ro= 30 Owm, 3/IC ucrounmuka

E=120 B u momuocts P=120 BT Bcel nenmu. MomiHocts P2 BTOporo pesucropa OyaeT

paBHa...
I R
o .
R>
a) 30 Bt 0) 125 Bt B) 25Bt 1) 80BT

8. B niermu u3BectHel conpotuBieHus Ri= 10 Om, Ro=20 Om, HanpskeHUE
U=100 B u momaocts P=200 BT Bceu nenu. Momuocts P> BToporo pe3ucrtopa Oynet

paBHa...

i1

a) 30 Bt 0) 25 Bt B) 80 Bt r) 125 Bt

4. YpaBHeHHe OajaHca MOIIIHOCTEH ITPECTABIIEHO BBIPAXKECHUEM. ..

R

@E; lRE @a

2) Eili- Esls=Ruli*+Rol ™+ Rsl* 6) Eili+ Esls=Ri11>+Ro12 4R35
B) Eili- Esl5=R 1,%-Ral,*+R313 r) -Eil1+ Ezl:=R I 2+Ro[*+R31;5°

9. Ecnn COIIPOTHUBJICHHUA U TOKH B BCTBAX M3BCCTHEI U YKA3aHBI HaA PUCYHKEC, TO

HGTpEﬁJIHE'MHH MOIIIHOCTB COCTABJIACT...

AOKYMEHT MNOANMCAH
SANEKTPOHHO

Ceptwcomkatr: 2C0000043ESABEB
Bnaneneu: LI_IEEJ',LJBE aThLAR

R; =20m

Nencteutened: ¢ 19.08.2022 no 19,

05E7BAS000600000

EHEEH,D,F&EH_E!'2A Ij :]A
R> =100 Rz =40Mm




a) 8 Bt 0) 10 Br B) 2 BT r) 20 Bt

10. YpaBHeHHUE OalaHCca MOIIIHOCTEN UMEET BHU]I. ..

] R
C E,, C E>,
Roi Y/ Rop
a) E1I — EoI =1 %Ro1 +1 R+ °R 0) —Eil + Eol =1 °Ro1 +1 2Rpo+1 °R
B) B\l + ExoI=1°R r) Eil + B2l = 1%Ro1 +1 ?Roa+1 R

11. Beipaxxenue 1jist MOIIHOCTHU Po, BEIIEISIONIENCS HAa BHYTPEHHEM

COITPOTHUBJICHHUH MCTOYHHKA Rﬂ, HMMCCT BHU/I...

Ro

D R

E

a) P=F*Ry / (R-Ro)? 6) Po=E’R / (R+Ry)?
B) Po=E*/Ry r) Po=E*Ro / (R+Ry)*

12. Ilpu n3BecTHBIX 3HaueHUAX 3 /]|C 1 TOKOB B BETBIX BhIpabaThIBacMas

HCTOYHHKAaMH MOIIIHOCTE COCTABHT...

E;=10B R E> =30 B
/
O=
I1=1A
R»>
E3=10 R Ii=]
a) 20 Bt 0) 30 Bt B) 10 BT r) 40 Bt

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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IHpaxkmuueckas paboma Ned Komnnexcuwie uucna. /leiicmeust Hao
KOMRJEeKCHbiMU yucaamu, Dopmut npeocmasieHuA,
[ean: M3yunTs KOMIUIEKCHEIC YHCIIa M HAYYUTHCS UCIIOIB30BaTh HX JIJIS pacyeTa

M aHaJIn3a Lenei nepeMeHHOro ToKa.
OcHogbl meopuu:

YnopsmoueHHass Iapa JIBYX JEUCTBUTEIBHBIX 4Mcel (X, V) Ha3bIBaeTCs

KOMNJAEKCHbIM YUCTIOM T = (x, y). MHoXecTBO KOMIUIEKCHEIX YHCeI 0003HadaeTcs C.
Yucna Bupga (x, 0) — 3170 AeiicTBUTEeNnbHBIe uncaa, uyucia Buga (0,y), rme y#0
ecTh ynucTo MHHMBIe uucia, yuciao ((0,1) mMmmummasg emununa m obosnauvaercsa = (0,1),
Ttorjga (0, y) = y(0,1) =iy, uucmo (0,0) ecTb JeMCTBUTEILHOE YHUCIO HYIIb.
Uucno x=Rez Ha3pBaeTca OJeucmeumebHou (BEILIECTBEHHONW) YacCTBIO
KOMIUIEKCHOTO YHCJIa z=(x, y), a gucno y=Imgz muumol 4YacTbO KOMIIJIEKCHOI'O

HHCJIA.

JIBa KOMIIIEKCHBIX 4YHCHa I, =(xl,yl) H 2 =(x2 : yz), Ha3bIBAKOTCS PABHLIMU,

cCJIH pHEHLI HUx ﬂﬂﬁCTBPIT'SHLHBIE H MHHUMBEIC HdCTH, T.C.
Q=3 <= X=X, Y= WM.
CDGTHGHIEHHE GDHLHIE-MEHLHIE JJIA KOMILUICKCHBIX YHCCJI HC BBO/ITHUTCA.

KommnexcHoe uncno z =(x, y) = x + 1y u3od0paxaercsa B miIockocTH XOY Toukoi

M ¢ xoopauHaTamu (X,y), ITMOO BEKTOPOM, HayaJlo KOTOPOTro HaXoUTCA B Touke (J(0,0),
a koHell B Touke M(x,y) (pucyHok J.1).
B nmonsgpHo# cucTeMe KOOpAUHAT MOJIOKEHHE TOUKH Ha IMJIOCKOCTH OMpeaeIsieTcs

ee pacCTosiHHEM p OT momoca O: |OM ‘ = p (p TONSAPHBIN pajuyC — BEKTOP TOYKH) U

YIJI0M (@, 00pa3oBaHHBIM OTpe3KkoM OM nonspHoU ockio Ox (¢ MOASIPHBIA YTOJI TOUKH).

Yron @ CHUTACTCA ITOJIOKHUTCIIBHBIM IIPpH OTCUCTC OT HDJIHpHDﬁ OCH IIPpOTHB JaCcOBOU

CTPEJIKH.
OOKYMEHT NoarmmcCAH

3NEKTPOHHOW NOANMUCLIO

Ceptudmkar: 2C0000043ESABBB952205E7BASOQRE0000043E M
Bnageney, llleBbayxoBa TaTeAHa Anex Ilﬁ'iraI
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Pucynok 5.1 — M300paxeHne KOMIIJIEKCHOTO YHCJIa
Jleucmeusa Hao KOMNIEKCHbIMU YUCTAMU

[lycTs maHbl 74 =(.1:'1, yl) U 2 =(x3, yz), TOr A
212 = (£ X2,y £ y7),
21+ 2 = (XX = Y1Y2: X1 Y2 + X2 )1)

Z Xi XA~t+W V¥ Xa Vi — X4V
<1 122+1£2,2+1 12:2 2, #0.

w2 :
Xy s
z = x +iy —anredpaundeckas gpopma 3anmucH KOMILUIEKCHOTO YHCIa, TOT/Ia
21+ 25 = (0 +iy )2 (xy +iyy )= £+ iy, £ 3,).
220 = (x +iyy)- (g +iyy )= X120 +ix v, +
+‘x;+‘2;;—( _;;)+‘( '~ + :r)
Xo Y1 T8 V1Yo =\ X Xo = V1 V2 )T X Yy T X V)
KomnekcHeie umcima z=(x,y)=x+iy U Z=(x,—y)=X—1Iy, Y KOTOPBIX

ﬂEﬁCTBHTEHLHLIE HaCTHU paBHLBI, 4 MHUMBIC OTIIHMYAKOTCA 3HAKOM, HA3bIBAKOTCA 63dUMHO

CONPANCEHHbIMU WU KOMNJIEKCHO CONPAHCEHHbIMU.

_ 2, .2 _
HeTpyaHo BUAETh, UTO ‘Z| = ‘z‘ = \/x + vy~ , argz=—argz (kpome uncen z=x<0
, JUIA HUX argz =arg ? =1 ).
Jlenenne KOMILIEKCHEIX YHCEI B anreopandeckoi popme

4 4 EE X - Xy T V1" Vs +i'x2yl — )2
)

_ " ” 2
{9 "4 X5 + V5 Xy T V5

JlericTBuTeNnbHAs YacTh x = Rez ¥ MHUMas 4yacTh y = lm z KOMIUIEKCHOTO UHcia

Z BBIPpAKarTCA 4EPE3 COIPAKCHHBIC KOMILUICKCHBIC YHUCIA CIICOY HOIIUM GﬁpﬂBDMZ

AOKYMEHT MOAMWCAH _ _ _
SNEKTPOHHOM MOQOMUCLIO 7 + 7 Z—-27 zZ-7Z

CepTudbmkar: 2C0000043E9AB8BI52205E%EAED B 0000043E , Im Z =1 = :
Bnapeneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa 2 21
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Ilpumep 1. Ilokasarts, uto z; + 2z, = Z; + 25.

Pemnrenue. HGKHH{EM 3TO PaBCHCTBO, UCITIOJIE3Y:A OIIPCACIICHHC

21+ 20 = (X +x0) —i(yy + o) =(x —iy)) + (x5 —iyp) =21 + 2.
IIpumep 2. Haiitu npou3sBeieHNe M YacTHOE UKMCell Z; =2—3I U 25 =—4+1.

Pemienue.

212y =(2-3i -4 +i)=-8+2i +12i —3i* =8 +14i +3 =5 +14i,

z; 2-3i (2-3i-4-i) -8-2i+12i+3i° -8+10i-3

z, —4+i (—4+i)-4-i) (-4)* —i? 441
—~11+10; 11 10 11 .
— :——+_:—_+2I,
5 5 5 5
2 —4+i (“4+i)2+3)  -8-12i+2i+3i"° —8-10i-3 _
7y 2-3i (2-3i)2+3i) 22— (3i) 4+9
_—11-10i 11 10i
13 13 13

(1—2i)(2-3i)
(3—4i)(4—5i)

IIpumep 3. BerunciauTh 3HaUEHUE BBIPAXKECHUS

Pemienue. Mcnonab3ys mpaBuila pacKpbITUS CKOOOK U BBIMIOJIHEHUS JIEHCTBUM HaJl

KOMIUICKCHBIMHA HYHCJIAMH, ITIOJTYHHUM

(1-2i)2-3i))  2-3i—4i+6i°  2-7i+6i° —4-7i  4+7i
(3-4i)4-5i) 12-15i—16i+20i* 12-31i+20i° —-8-31L  8+3l
 (4+7i)(8-31i) 32-124i+56i—217i> 249-68i 249  68i

(8 +31i)8—=31i) 64— 9612 1025 1025 1025

KomrmnekcHoe uncio z =(x, y) = x+1iy n3o0paxkaercs B INIOCKOCTH X(OY Toukomn

M ¢ xoopauHaTamu (X,y), THOO BEKTOPOM, Ha4yaJio KOTOPOro HaxoJuTcs B Touke (J(0,0),

a KoHel B Touke M(x,y) (puCyHOK J.2).

4 M
OOKYMEHT NoanwvcAaH |
SJIEKTPOHHOMW ﬂDﬂﬂMth} p |
Ceptudomkatr: 2C0000043E9ABBBO52205E7BAS00060000043 |
Bnageney, llleGayxoea TaTeAHa AnexkcaHoppBHa :
Nencteutened: ¢ 19.08.2022 no 19.08.2023 :
I
I
|
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Pucynok 5.2 — M300paxeHne KOMILJIEKCHOTO YHCJIa

B HDJIHpHDfI CUCTCMC KOOPIHHAT ITOJIOKCHHC TOYKH HA INTOCKOCTH OIIPCHACIIACTCA

ee pacCTosHHeM p oT momwoca O: |OM ‘ = p (p TOIAPHBIA pagUuyC — BEKTOP TOYKHU) U

YIJI0M (@, 00pa30oBaHHBIM OTpe3KoM OM nossipHOU oChbi0 OX (¢ MOASIPHBIA YTOJI TOUKH).
Yron ¢ cuuTaeTcs MOJOKUTEIBHBIM MPU OTCUETE OT MOJSPHONW OCH IMPOTHUB HACOBOU

CTPEJIKH.
Ecnm Havamo AeKapTOBOW MPSAMOYTOJIBHOM CHUCTEMBI KOOPJUHAT COBMECTHUT C

ITOJIDCOM, a4 OChH Ox HaIlpaBHUThE IIO HD.]IHpH'Df:I OCH, TO IIPAMOYTOJILHBIC KOOPJHUHATEI X H

y Toukn M (x,y) W ee TOJspHBIE KOOPAWHATEI p W (¢ CBsA3aHBl (OpMyIamMH

X=pCOSQ, y=pSNQ;

2 2 )
p=vx*+y? tgp=2.

X
Torma KOMILIEKCHOE YMCIIO MOXKHO 3allMCaTh B BUJIE
z=x+1iy= p(CosS@+isin@).

Ota opMmyna JaeT TPUTOHOMETPUYECKYHO (hopMy KOMILIEKCHOro yucia. [lpu

~ 2 2
ITOM, ‘Z‘ =p= ‘ ,0‘ = \/ X~ + y~ Ha3pIBaeTCS MOOyIeM KOMNAEKCHO20 YUCId, a YTOII

@ = Argz — apeymenmom KOMNIeKCHO20 yucia. Yron ¢ = Argz ompeaenasieTcs
HEOJIHO3HAYHO, a C TOYHOCTBIO JJO cJIaraeMoro, KpaTHOTO 277 :

Argz =argz + 27k, k=021, £2,... .
rJI€ arg(z) €CTh IJIABHOE 3HAYEHUE Arg(z), OMPEACIIEMOE YCIOBUEM — 7 < arg z < 7,

[IPUYEM:
AOKYMEHT MNOANMCAH
INEKTPOHHOW NOANWUCEID
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T+ ﬂrfrgl, anée,x <0,y >0,
X
Y

arg(z) =4 —w+arctg—,anée,x <0, y{0,
X

;z'- 0 o oww %

5 anée,x =0,y > 0,

-—, anée,x =0,y <0.

UmeroT mecTo CICAYIOIIHC COOTHOLLICHMUA

¥

Fl

: V X
18(Arg(2)) ==, sin(Arg(z)) = ——=2— -
s Va? 4y’ Va? 4y’

}_IBH KOMIIJICKCHBIX YHUCJ]Ia TjU 7> PAaBHEI TOT'ZIa U TOJIBKO TOT'Z[a, KOT1a X MOJYJIA

, COs(Arg(z)) =

paBHBI, @ KX apTYMEHTEI IMOO paBHEL, IMOO OTJIMYAIOTCS HA BEIUYUHY, KPaTHYO 277 :

, Arg(z,)=Arg(z,)+2m (n=0,£1,12,...).

|21 =22
Vmnooswcenue komniekcHblx yucen 8 mpucoHoMempu4eckou popme
22y = Pr(COsS@ +ismn @) p,(COSQ, +isSIN@,) =

= PP (cos @, COS @, +1” Sin @, sin @, +i(cos @, S1n @, + Sin @, cnsgoz)) =

= P12 (COs(@y +@y) +isin(@ +@y)).
To ecTn,
2124| =|21|*|z2|s Arg(zz,) = Argz, - Argz,.
DTO IMpPaBWIO paclpoCTpaHsIeTCsd Ha Jr00e UYHCIO coMHOXUTenen. Ecmu
1 =29 =...= Z,, TO IOOy4uM popmyay Myaepa

7" = p"(cosne +isin ny).

To ects, |7"|=|7|", Argz" =nArgz+ 27k, (k=0,£1,12...).
CBoiicTBa MOJAVIIA KOMIUICKCHBIX HHUCCII
1. 1Z| =2, 5 = || _
‘Z‘ ‘Z‘ AOKYMEHT MOAMUCAH 2. 22 _|Z‘ ? 3.1z EE‘ = <1<

1
3NEKTPOHHOW NOANMCLIO
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Imz\ < ‘Z‘

6. |Rez|<|7,

2‘2’-‘”! 5. |24 =

4 ‘ZH

]

wd
=
-

1. ‘Zz +Z1‘£‘Zz‘+‘zl‘, 8 ‘Zz _‘Z|“£‘22_Z|‘.

Jlenerue komnieKkcHolX yucesl 8 mpuecoHoMempuueckou gopme

P (cos@, +isme,) e (cose, +isIng@, )(cos @, —isIng, )
P, (cose, +ising,)(cose, —ising,)

-
“~1

P, (cos@, +isin @, )
p, (cosg, cos@,+sing, sing, )+ i(sin @, Cos@, —sin @, CosQ, )

cos” @, +sin” @,

E
%2

£
Jo, ..
==L .(cos(@, —@,) +isin(p, —@,)).
P>
To ecTth
Z | <]
ad ) u, Arg — = Argz; — Argz,.
) ‘Zz )
H3eneuenus Uz KOMNIeKCHO20 YUCId KOPHA N-0U cCmeneHu
— arez +2mk .. arez+ 27k
2/ p(cos @ +isin @) =1/|2|| cos 52 +isin 25 :
n n

roe kK =0.1.2.....n—1.
DTa hopMyJia JaeT POBHO /1 Pa3IUYHBIX KOopHEeHd nipy k =0,1,2,....n —1

T'DLIKH, COOTBCTCTBYHOIIUEC 3HAYCHHUAM %, ABJIIHOTCA BCPpUIMHAMHM IIPaBHJBHOTO

n-yTOJIBHUKA, BIIMCAaHHOIO B OKPYKHOCTh pajuyca R=1)“z‘ C LICHTPOM B Hayaje

KOOpOHUHAT.
CTCIICHH ITOJIOKHUTCIIBHBIX HHUCCJI

I.['DKHBHH'D, qTO Had KOMIIJIICKCHEIC

pPacCIIPOCTPAHSIOTCS BCE MpaBujia JEUCTBUM CO CTEIEHIMHU U

et =" =" . e” =e*(cosy+isiny).

Ecnu x =0, To umMeet Mmecto gpopmyna Juiepa:

e’ =cosy+isin y.

HUcnone3ys dhopmyny Ditiepa, IOIydHUM eIlle OJJHY (hOpMY 3aITUCH KOMILJISKCHOTO

JOKYMEHT MNMOANCcAH

'Pmﬁnﬂnnmcbm
qﬂggp@mﬁu%g%ﬁf Ser 205E7BA500060000043E

llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Z= ‘z|(c05(p +i1SIn @) = |z‘€f¢? = ‘zlefmgz = |Z‘€fmgz :

Ormnepanuu HaJl YHCJIaMH B IT0OKa3aTeNbHOU (popMe

— (@ [Py _ (o) iy _ i +@r) _ i(argz;+argz,)
2 2 =pe - pre’? = pipy e e’ = pip, e =|z,||zo|e" B FAE )

i@
ZL_Pe _PL i) _ [P itarg g —arg2s)

23 pre'r po 22

¥

inarg z

"= (pe'?) = p"e™? =" e ,

@+27k arg z+2 7k

%:”fﬁf'ﬁ?:’{/ﬁ-ﬂ n :\/‘Z"E n ,I‘ﬂek:(],l,z,...,ﬂ—

[Toka3zaTennpHada HKIIMA KOMIIJICKCHOI'O IICPCMCHHOIO 2 < =€E ABJIACTCAH
YHKI

IIEPUOUUECKON C TIEPUOIOM 2 77ki, TAK KaK
f(z427ki) =e* *™ =% . 2™ = ¢%(cos 2k +isin 27k) = €7,
T.€. f(z+2nki)= [(2).

S )
Ectu z=0,70 e?® =1l u ¢”™ =1.

IIpumep 1. KommiekcHoe  umcio  z=-2+ 2:/3i MpeICTaBUTh B

TPUTOHOMETPHUUECKOU (hopMe.

Pemienue. 3necb x = -2, y= 2.3 . Tlo bopmye r Z‘Z‘ = \/IE + }-’E ,

MOJIydaeM
r=y(-2)2+2V3)> =4+12 =4
[To hpopmymam
cmgy— \/x e *?_.mq::— —\/x e
MOJIydacM
caﬂgaz—z:—l;ﬂingazé.
4 2 2

i b sl
1@%%5 %&D%GEEEAZBEB%%H@ %{ﬂ&ﬁ — —J + 27k, T.e.
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2
p=t—n+2nk, ke’

3
rje Z — MHOKecTBO IienblX uncen (0, 1, £2, ...).
2
[Tockonbky ¢ mnpunaginexut Il derBepTH, TO @ = Argg =§fr + 27k, a TIaBHOE
2

3HAUCHHUE apryMeHTa () = gfr.

[TosTOMY UHMCIIO Z B TPUTOHOMETPHUUECKOH (popMe HMEEST BH/I

2 . 27w
7z =4(cos— +sm—).
3 3

Mo)KHO UCIIONIB30BaTh U APYTUE 3HaUCHUSA Argz:

z=4 cus(zj + 2711(,] + isir{zj + 27#(] L k=01+112.... .

IIpumep 2. IIpencraBuTh qucJa 1 =—1+ i/3, 77 =1-— i3 B

TPUTOHOMETPHUYECKOH (popMe.

Pemenue. Tak kak r =\/(—l)2+(\/§)2 =2, 12Q, _\/lg_\@, HO y >0, x<0,

2 2 2
TO €CThb golzg;?r, TO EI—Z(CGS3E+ESM3EJ, a f‘z:\/lz+(—\/§)2=2,

HO y<0, x>0, TO eCTh @y =——, TO

1

IIpumep 3. Hanru

, IIPECABAPHUTCIIBHO 3aITNCaB KOMIUICKCHBIC YHCJIA B

TPUTOHOMETpHUECKO# opme, eciiu 7y =1+1, z, = J3+im Z3 =1+ J3i .

Pemienue. YuuteiBas 4to, — 7 < @ < 77, HAWJIEM MOJIE]Ib U apPTYMEHT KaXK0Tr0

HT NOONWCAH
KﬂMMﬂKCHGTGEWHDH NoanNUCLIO
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IS 7, \/1 +12 =42, Ql—ﬂf‘ffgl—z

IRIS: | zzzrz=\/(\/§)2+12 =2u @, :arﬂrg\/lg::,

IS 25 1y =\/12 +(\/§)2 =2 U Py =ﬂrﬁrg«6=§.

Tﬂl"ﬂﬂ 3a/IaHHBIC HHUCJIA B TpHFGHDMETpH[{ECKDﬁ (bﬂpME HMCHOT BHU]]

T T T
7. = /2(cos = +isin — 2CD‘§—+HH‘I— 72 = 2(cos—+ism
! ( 2 4) ( : 6) 3 = 2( 3 3)
CnemoBaTensHO,
T T T T
Z, - 23 = 2(cos—+isin 2cm—+15‘m— = 4(cos + i sin =
223 = 2 6 6) ( 3 3) ( (6 3) (6 ))
= 4((:::1:5E +isin E).
2 2

Torna

T .. T
\/E(ma—erm —) NG)

. 4 = — (CDH(E—E)-FIHH]( jr)):
2% 4(cos +isin ) 4 42 4 2
2 2 ’
V2 T ... T
= —-(cos(——) +ism(——)).
2 (cos( 4) ( 4))
IIpumep 4. Haiitu 1.
Pemenne. 3/1 =3/cos0+isin0 = cos L +327£k +iSIn 0 +327zk .
IIpu k£ =0,1,2 mony4arTCca KOPHU
oy =cos0+isin( =1,
oy = CGSZ_;?rJrmeZ_fr = l(—1+1§'\‘/§),
3 3 2
azzcus?+ism4?=l(—l—i 3).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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[Ipu k=3 ay=cos2r +isin2z =1, uyro coBnmamaer ¢ ao. Bce mocnemyromme

KOPHU OYIYT MOBTOPSATHLCS, TAK UTO PA3]IMUHLIX KOPHEHN OyIE€T TOIBKO TPH.
ITpumep 5. Haiitu (V2 —+/6i)°.
Pemenne. 1) 3anumem yucio z = V2 —6is TPUTOHOMETPHYECKOM (hopMe.

r =\z\ = \/(\/5)2 +(—/6)* =42+ 6 =4/8:

X
r

=

COSQ =

=

OTKyJla @ = i% + 27k, ke ”Z.

-
[Tockonbky yrom ¢ nexur B derBeptd IV, TO @0 =——+27k. MOXHO B3STH

3

rJIABHOE 3HAUYEHUE apTyMEHTa (@ = —%. Hrak, z = V8 {CUF{— %} +1 Siﬂ(— %D

2) ITo dopmyne Myaspa z" =r" (cosme +isin me) Halinem 7

2> = (\/g)s[ms[ %EJ + iﬂiﬂ[ S%B = 128&[@05% + isin %J =

— 128«/5[; + J;;J = 64~/2(1+ /30).

(Tak KaK —S—EE [—}'Z';FZ'),TG —5—E+2ﬁ'z=£).
3 3 3

ITpumep 6. Haiitu Bce 3nHauenns Vz, npHu 7 = 64~/2(1++/3i).

Pemenne. Haiimem Mo1ynib 1 apTyMEHT YHCa Z:

15

r=(6442)2(12 +(\3)%) =2-64/2 =128v2 =22,
64+/2

|
COS( = =—:

P 12842 2

OOKYMEHT NoarincCAaH

ANEKTPOHHOW NOAMUCHIO
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Tak xak Rez>0 u Imz>0, 10 yron ¢ nexur B uerBeptu I. Ilosromy

Q= T 4ok,
3
2 2
B dopmyne w="47 = %(CDSQ + I +isIn P ﬂk} MOKHO B34Th JH000€

n n

3HAUEHHUE apryMEHTa, B YACTHOCTH -z [loncTaBiss HaliIeHHBIE 3HAYECHUS ¥ U @ B

GopMyIy, IOTYUHM
1 \

~ vk ~ v omk
{/64&(1 +\/§) =§/128\/§ cos-> . +isin ”

\ /

IloncraBnsig 3Hauenus k =0,1,2,3,4, HaljgeM OSTh pa3/IMYHBIX 3HAYCHUU %

(Y4UTBIBas, UTO 3128\/5 =3/213/2 =232 =2./2):
.
Wy = 22 = (cm— +181n J =22 = (cm— +isin —EJ
15 15 15 15

wy =242 —(msm +isml3ﬁ} Wy = 2.2 = (cmm +isin IQHJ
) 15 15 15 15

Wy = 232 ={le‘5ﬂr +ismmJ = Z\F(cmSﬂF +£sm5ﬂrJ =
15 15 3 3

afol )l ol -3

OcTanpHble 3Ha4eHUS K HOBBIX TOUYEK Wi YiKC HC HaJVT. 3EIME?THM,. qTO, U3BJICKasd

KOPEHBb 5-U CTEIICHU W3 YHCJIA 7 = 64\/5(1 ++/3i ), MBI peIlagIu 3ajady, OOpaTHYH TOH,

KOTOpasi pa3doupainach B Iipumepe 8, U KOPEHb W, = J2 —+/6i) oxkazancs PaBHBEIM TOMY

YUCIIy, KOTOpPOE BO3BOJUIIOCH B 5-10 cTeneHb. Ho kpome wy, OyaeT eme 4 pa3audHBIX

3HAYCHUU 5\/2, COOTBCTCTBYROIIHC TOYKH Wﬂ,...,w4pﬂCHGHGH{EHBI B BCpIIHHAX

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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MPaBUJILHOIO MATHYTOJILHUKA C LIEHTPOM B Hauajle KOOPJMHAT M yjJajeHbl OT Hadaja
KOOPJIMHAT Ha paccTosHuE 2+/2.

IIpumep 7. Pemuts ypaBHEHUE 722 +2z42=0.

Pemenne. D =b”> —d4ac=4—-4-1-2=4—-8=—4:

JD=\-4=J-1-4=2J-1=42i.

_h+ 2 _
a
_ 495
20y = 2_2I=—liz,
’ 2

z1=—1+1i; zp=-1-1
IIpumep 8. ¢™ =cosz+isinz=—1.
IIpumep 9. Peruts ypaBHeHue @ +32i =0).

Pemrenne. 3amuiieM ypaBHEHWE B BHAE @ =-—232i, wm © =3/—32i. Yucmo

z =—232i 3amuireM B TPUTOHOMeTpudeckod ¢opme. Moayns uncna paBeH |z|=32 # Tak

i
“ur

o 7T
KaK JCUCTBUTCIIbHAA HaCTh 3TOT'O YHCJIA paBHA HYJIKO, TO ArgZ = ——, TO €CTh

rrfof ol

3HHLIHT, PCHICHUC YPaBHCHHUA UMCCT BHU ]I

. y .. ( & -90+360k . . —90+360k
@ =3255]| cos _E +isin _E = 2| cos 5 +isin 5 .

3anuiieM Bce HalJIeHHBIE KOPHU YPaBHEHMS:
mpu k=0 @, = 2({:05(— 18 )—|— zﬂin(— 18 )),-.

k=1 w, = Z(CGSSZLU + 15in54“)5

K=2 @, = Z(C‘:DSIZEIG +7sin 126 ),-.

k=3 ., = ﬂ&msﬂﬂﬁﬁmﬂcmin 198 ):.
" BNEKTPOHHOW NOANUCHIO

Eepnllg:iagﬁ' 2C000004 BABBBBEEEQEETBASQGﬂEﬂﬂﬂﬂﬂ%S
Brapdten 7 @Rpimodd GRS ddcainosin 270 )-
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300pa3uB Bce HaMJAEHHBIE KOPHHM YpaBHEHMS Ha KOMIUIEKCHOM IIJIOCKOCTH,
MOJIy4YMM BEPIINHEI ITPABUILHOTO MSTUYTOJILHHUKA, BIMCAHHOIO B OKPY KHOCTB pajuyca

2, TO €CTh

Pucynok 5.3 — KopHu ypaBHEHUS HA KOMILUIEKCHOH IIJIOCKOCTH

Bonpocsl 1 3a1aHus:
1. UTo Ha3BIBaeTCS KOMILUIEKCHBIM YHCIOM?
2. Kakue popMEBI 3aImicH KOMIUICKCHEIX YHCEIT BB 3HaeTe?

3. HaiiTk 1eNCTBUTEILHYH) U MHUMYIO YacTH YHCIa
L3
1 —1i
a) | — | >
1+ 1
S
(1 + I)

(1-i)

4. Hauitu Mo1ynb U apTyMEHT KOMILJIEKCHOTO YHMCJIa

0)

2
a)l+1]“3,
T .. T
0) —cos— +isin—,
7 7

p) (1+i) -(1-iv3) .

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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5. Brmomnuure HpH(bMETHqECKHE ﬂEﬁCTEHH Ha]l KOMIUICKCHBIMKW YHCJIAMH.

300pa3ure HalJeHHBIE YHCIa Ha KOMIUIEKCHON ILIOCKOCTH.

1G] - 60+ 2i
N -y -6+9

3 ﬁ\/(z +3i) -(2-3i)"

8-+

- 3\/(125)3 +(1+2i)

44 -(1+1i)

1.7. 4/—128 + 1283 .

1.9. it\/—8+.i8\/§.

1.11. 4/—128 —i128/3 .

|13 03I — 60+ 2i
N @2-iy-6+9

|15 o[BI — 60+ 2i
o\ @2-iy-6+9

1.17. /-8i.

1o o1+ 3i) —60+2i
N -y -6+9

oq [ 3 60+ 21
N @2-if-6+9

. i/(1 ¥ ﬁf)j’ ~60+2i
(Bl o

SNEKTPOHHOW NOAMNUCHLIO
Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E
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. 2 =2i) +72 +4i
N (-2 +5

J(@2-i) -3
e

e q\/33-(2+2;:)5 |

(1+3i)°14

1.8. i/l“‘/g.
32

1.10 i/li‘/g

32
1.12. 4/— 8 —i8/3 .

1.14. i/(_lhﬁf).
2

1.16. 4/—128 — 128+/3 .

s #(1—25)3+(1+2£)3-

44 -(1+1i)

20, - (2-2i) +72+4i
o\ (-2 +5

Cod (2 -2i) +72 +4i
o\ (-2 +5

42



. #(—H@i) {26, . (l+\/§i)6—60+2.i-
2 (2-i) —6+9i

(2+3i) —(2-3i)

1.27. .
Vo oag (1) (~1+i)

6.M300pa3ure HaliJICHHLIEC YHCJIa HA KOMILJIEKCHOM IJIOCKOCTH

(1+/3i) — 60 +2i
(2-if -6+9i

a) 4

(2-2i)" + 72 +4i

6) .
)3 (1-2i) +5i

¥

(2+31) —(2-3i)
8-+

B) 6

IIpakmuueckan padooma Nes.
Pacuem nepexoonvlx npoueccoe 6 Hepa36em g1eHHbIX JTUHCHUHBIX ITeKMPUYECKUX Y enax

nepeo2o NOpPAOKa KacCudeCKuM Memooom

Ileas: HayuuTcs nOpoBOJUT, pacueT Iend IIEepPeMEHHOro TOoKa IIpH
MOCJIC/IOBATEIILHOM COC/ITMHEHUU aKTUBHBIX M PEaKTUBHBIX JIECMEHTOB
OcHoebl meopuu:

KﬂTYl].ll{'ﬂ HHAVKTHBHOCTH B ICIIH CHHYCOHAA/IBHOTIO TOKA

Ecnn KaTYHIKY HHAYKTHBHOCTH BKJIOHHUTL B IICIIb CHHYCOHWJA4JIBHOT'O TOKA,

U3MCHAONICTOCA 110 3aKOHY !
(=1 sinmt (6.1)

riae Im —aMmnryma Toka;

(0 — JacToTa, 1/c;
NOKYMEHT MOANUCAH
SNEKTPOHHOW MOAMMUChHIO

Ceptucuifar_ @EQWE%BBBQEEEDEE?BAEﬂmEmmmaE
LU

»
BJ'IE,EI,E.I'IEI_I,Z e03YX0Ed :r-EITI:-HHE .l':"..I'IEHEEIH,D,Fl'DEHEI
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TO TOK B COOTBETCTBHH CO BTOPEIM 3akoHOM Kupxroda u 3axkoHom Oma B 110001

MOMEHT BpE€MEHHU OYJIET paBEH:

u+e,

j —
- (6.2)

1€ U — HAIIPAXKECHHUE Ha 3aKUMaX KaTyIIKH,

" — aKTHBHOC COIIPOTHBJICHHEC KaTYIIKH,

di

€r =_LE — 93.JI.C. CAMOMHIYKI[MH, paBHas B3ATOMY CO 3HAKOM «MHHYC»

ITPOU3BCACHUK HHIAYKTHBHOCTH L Ha CKOPOCTHL HU3MCHCHHA TOKA. 3HAK «(MHHYC»

oTpaxacTt TO ﬂﬁCTGHTﬂIILCTBD, HTO HUHAYKTHpyCMad 3.J1.C. IIPCHATCTBYCT H3MCHCHHIO

TOKA.

Bripaxxenue (6.2) MOKHO 3alMcaTb HHAYE:

. . di
M:IF—€L=IF+L— (6.3)
dt
06ﬂ3HﬂqHM I'?' = Uy — IHaJICHHUC HHHpHHﬂHI’Iﬂ Hd AaKTHUBHOM CDHpDTHBJIEHHH
r di
E o HL — ITAJICHHC HaHp}IH{eHI{H Ha HH,H}’KTHEHGCTH.

B BeIpaxxenue (6.3) moacraBum 3HaueHue Toka u3 (6.1)

. d\l sinwt .
u=1 rsinwt+ L ( ’”d )=Imr51n wt+ 1 olcoswt =
[
| | T (6.4)
=1 rsmmot+ 1 oLsin| ot + P
I3 mocne1HET 0 BBIpaKEHUS CIEAYET, YTO
u =1 rsmowt=U_ smwot (6.5)
1o (pa3e coBMaJaeT ¢ TOKOM, a MMaJieHHe HaNpsHKEHUS Ha WHIYKTHBHOCTH
=1 oLs = |=U,,si -
ooviert nomilda = LnoLsinf of + — |=U, sin| of +— (6.6)

3NEKTPOHHOW NOANMCLIO 2 2
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s

-

o (pa3e oIeperkaeT TOK Ha yroJl

HpﬂHBBEﬂﬂHHE HHAYKTHBHOCTH L Ha 9aCTOTy (0 UMEET pa3sMEPHOCTH

COIIPOTUBIICHHS, M €T0 Ha3bIBalOT HHAYKTHUBHBIM COIIPOTUBIICHUEM:
X, =L (6.7)
[Tpu mepexoe Kk KOMITIEKCHOH (hopMe BeIpakeHHe (4) 3amnImeTcs:
U=U,+jU, =Ir+ jix, =1(r+ jx, )= ze" = 1Z (6.8)

B ITOCJICOTHCM BEIPpaKCHHH

_ - _ 2 2 darctg (x, /r) _ i
Z—F-I—JIL—JF +Xx;e = ze (6.9)
— KOMIIJICKC COIIPOTHUBJICHHUA KAaTYIIIKH.

/£ — TIOJIHOE COIIPOTHBJICHHE KaTyIIKH, €ro MOXHO HAUTH KaK OTHOIICHHUE

,[[EﬁCTB}’IDH_IHX JHAYEeHUH HAIIpAKCHHUA Ha 3aXKMMaXx KAaTYIIKHM M IIPOTCKAKIICTO II0

KaTYIIIKE TOKA:

= (6.10)

B coorBercTBUM ¢ BhIpakeHHeM (6.8) BeKTOpHas JuarpaMma TOKOB H

HANPSKCHUM OyeT UMETh BUJI, IIPE/ICTABICHHBIN Ha pUCYHKeE 6. 1.

/| s /[ /
L 7Y Y -
» ‘
- lz _ ' —gll g —
U* b= 1% U 4
—igl] —
\ ¢ b =1rr / U
0 v —
Pucynok 6.1- BexropHas quarpamma Pucynok 6.2 — Cxema coeJMHEHU
AOKYMEHT MNOANMCAH
NEKTPORROW NOANTMCBEHO
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Ha pucynke 6.2 mpeicTaBieHa cXema 3aMEIEHMS KaTyIIKAd WHIYKTHUBHOCTH.
BekTtop majaeHuss HanpsyKEHUST Ha aKTHUBHOM  COINPOTHUBIEHHMHM COBMOAJAeT IO
HAIIpaBIICHUIO C BEKTOPOM TOKa. BekTop majaeHus Hanmps)KECHUS Ha HHIYKTHBHOCTH
onepexaeT BeKTop Toka Ha 90°. Cymma 3THX JIBYX BEKTOPOB Jla€T BEKTOP HAMNpPSKEHUS

Ha 3a’KMMMaX KaTYIIKH. IL]’IHHE. ITOCJICOIHECTO, KaK CJICAYCT U3 BEI{TDPHDﬁ JruarpaMMBal.

U:\/U3+UE :[-\/r2+xf =1/-z,
a HavajbHas (paza

U, X

¢ =arcig U =arcig TL (cM. popmyny 6.8 1 6.9)

.
Eciu Ha BEKTOpHOM qUarpaMMe KaKJbI U3 BEKTOPOB TPEYTOIbHUKA HAIIPSKCHUM

YMHOKHUTE Ha TOK, TO ITOJIYUYUTCA TPCYT'OJIBHHUK MDU_IHDCTEﬁl

- aktuHasg Monocts P=U I =1°r=Ul cos® , Br,

- peakTuBHAas MolHocTh O =U I = IEIL =Ul'sin @, BAp, (6.11)

- mojHas MorHocTs O = Ul = JPE +0° .BA.

OTHOIIEeHNEe aKTUBHOMN MOIITHOCTH K [TOJTHOM Ha3LIBaeTCH KDBlb(bHHH'SHTGM

MOIIITHOCTH.

P r

COSPp =— =
P 7 (6.12)

KDH,E[EHCHT{][J B IHCIIH CHHYCOHIAJ/IBHOI'0O TOKA

HanpspkeHue Ha KOHJEHCATOpe Ue B THOOOM MOMEHT BPEMEHH PaBHO 3apsay Ha

ero oOKJIaJKax ¢, JIeJIEHHOMY Ha eMKOCTh (-

U, :E (6.13)

HDCKDHLI{y TOK CCITbE KOJIHYCCTBO HJIEKTpHLIECTBa, HpGTEI{aIDH_IEFD qepe3

HDHEP&‘LIHGE: CCUHCHHC HpDBDﬂHI«II{a (B JdHHOM  ClIy4Hac — IIOCTVYVIIAHOHICTO HaA
OOKYMEHT NOANMNCAH

KOHJICHCATOP ) BISIPHITMYOBPEMEHI, TO IIPU IIEPEMEHHOM TOKE
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. dq

i—E, OTKYy/1a q:J.fdf.

[logcTaBuB 3aps, BeIpa)XeHHBIA Yepe3 TOK, B BeIpakeHue (6.13), momyuum

I, . /
1~ Zn (sin wtdt = ——"cos o +U,

T CC oC

rne Up — moCTOSHHBIM 3apsiy Ha KOHIEHCATOPE, KOTOPELIA IPH BKIOUYEHUN

U

KOHJCHCATOpa Ha IICPCMCHHOC HAIIPAXKCHHUC OTCYTCTBYCT.

HDCJ’IE,[[HEE BBIpAaXCHHE IICPCITUIICM, 3aMCHHB KOCMHYC CUHYCOM:

I”"' sin| ot I I x sin| ot I
u.=——- B - T 6.14
m .
' oC 2 ‘ 2 (6.14)
1
BEJ’IHL:IHHH (OC HUMCCT pHBME‘:pHDCTB CGHpDTHEHEHHH, cCc HABBIBAKT eMKOCTHEIM

COIIPOTHUBJIICHUEM KOHJACHCATOPA H 0003Ha4varoT Xc.

[Ipomssenenne InXc €cTh HM 4YTO HHOE, KaK aMIUIMTYJa HAIpsHKCHUS Ha
KOHJIeHCaTOope:
Lnxe = Uen.
Kax Bumno u3 (11.14) HanpsiykeHue Ha KOHJIEHCATOPe OTCTaeT 1o (pa3e OT ToKa Ha

yroJyi /2. B xomiiekcHOM (hopMe 3TO BEIPa)KCHHE 3aITHIICTCS:

U ,=-jx 1 (6.15)

COOTBETCTBYHOIIIAsl BEKTOPHOM JJUarpaMMa IpeJiCTaBlIeHa HA pUCYHKe 6.3..a.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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/ 7 / 7
=g - 77 ) -
7 i{. p
| N
i{,
{ U= x.1 n
a) 0)

Pucynok 6.3 — BekTtopHas quarpamma
[Ipu paccMoTpeHmH mpoljecca MpPOTEKaHWS TOKAa dYepe3 KOHASHCATOp He OBLIO
YITEHO TO OOCTOSTEILCTBO, UTO JHAJCKTPUK MEXJy OOKJIAaJKaMH KOHJICHCaTopa He
SIBIISICTCS HJCaIbHBIM, TO €CTh €r0 aKTHBHOE CONPOTHBIICHHUE, XOTS M OUCHb BEIIMKO, HO
NMEET KOHEUHOE 3HaueHHE. B COOTBETCTBHH ¢ STHM cXeMa 3aMEIEHUs pPealbHOro

KOHJIEHCAaTOpa MOJKET OBITH MpeACTaBlI€HA TaK, KaK U300pakeHO Ha pUCyHKe 0.4, a Wiu

6.4., 0.

Pucynok 6.4 — Cxema 3aMeIIEHUS peaJlbHOTO KOHJIEHCAaTOpa

JIng cxemel a B coorBercTBUM ¢ (6.15) m ¢ 3akomamm Owma m Kupxroda

CHpElBE‘:,E[JIHBD BLIPHH{EHHE:Z
I=1 +1 =Ug+ jUub =U(g+ jb )=UY (6.16)

I'J1C g — IIPOBOJUMOCTE NHUIJICKTPHUKA.,

AOKYMEHT MNOANMCAH

b{: 0) HE“‘ OBY ] ﬁﬂﬁe*ﬁh eaJILHDm KOHJIeHCcaTopa:
HNIE pa,

.__ ITH ‘I |||||| |_ E E,H -:.__l .-i'.-ill E E ENN0EDDNNNA
Bnapneneu |_|£. bayxosa TaTeAHa AnekcaHgpoBHa
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™

. 5 5 Jarctg | 6 :
Y = g+ ]bf = \/ g + b{, € (AJ = ye"“’ - KOMILJIEKC IIPOBOJIUMOCTH

PE€aJIbHOTO KOHJACHCATOPA.

Jl1s1 cXeMBl 6 cipaBeINTHBO BEIpa)KEHHUE
U=U +U =Ir—jIx =IZ (6.17)
N3 (6.15) u (6.16) cnenyer

U 1 s
_':ZZ_H.HHZZF_jIC: 1 :gj jb‘;:gj—Jb‘:
! Y g+jb g +b y

(6.18)

2

BBumy Toro, 4yro JBa KOMIUICKCHBIX YMCJIa PaBHBI APYTr JAPYTY, €CIH PaBHBI KX

BEILICCTBEHHBIC YACTH U paBHBI KOA((PUIIMEeHTE MHUMEBIX YacTeH, u3 (6.18) ciemqyer:

r=— X.=—7. (6.19)

AHaIOTrH4HO IMOJIVHARKOTCA DﬁpHTHLIﬂ BEIPpAaKCHH A HpDEGﬂHMDCTEfI KOHJICHCATOpa

Hcpe3 COIMPOTHUBIICHUA !

g=— b =— (6.20)

CJ’IEH}’ET OTMETHTB, UTO 3HAYCHHE I MaJIbI 11O CPaBHEHHIO C Xo, H €0 HaCTO HE

YUYHUTBIBAKOT, CHHUTAasA KOHACHCATOPLI HICaJIbHBIMU.

BE‘:KT'DPHHH JuarpaMma HﬂHpHH{ﬂHHfI IJIA pCaJIbHOI'O KOHJACHCATOpa ITpCcACTaBIICHA

Ha pHc. 6.3,0. Yroa 0 Ha3bIBAIOT YIJIOM JUANIEKTPUYECKHX IIOTEDE.

U, r
O =arctg——=arctg— (6.21)

U X

. .
J171 Ka4eCTBEHHBIX JTUAIEKTPUKOB 3TOT YIOJI U3MEHIETCS JISCATKAMH MUHYT U
JTa’Ke MUHYTaMH.
YMHOKHB Ha BEKTOPHOM JIHarpaMMe pucyHka 6.3, 0 BEKTOpEI HANPSHKSHUS Ha

TOK., 11O UM c OJIEHHEK MO HlDCTEfIZ
’ iy EVNET NOONWUCAH i

3NEKTPOHHOW NOANMCLIO

CepTudukar: EE[I'[I'[I'[IIMSEEABBBQEEEDEE?ﬁEﬂEﬁWTC:EP — UrI ! Q — U{_[} § — P — JQ (6.22)
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IlocsienoBaTesibHOE BKJIIOYEHHE AKTHBHOTO CONPOTHRJIEHHUS,
HHAYKTHBHOCTH H €MKOCTH B llellb CHHYCOHJAJILHOT0 TOKA

PaccMoTpuM DIpOXO0KIEHHE CHHYCOWJIAJbHOTO TOKa IO ILEeMH, COCTOSIIeNd U3
MOCJIEOBATEIIbHO BKIFOUEHHBIX PE3UCTOpa, KATYIIKH HMHJIYKTUBHOCTH U KOHJEHCAaTopa
(pucynok 6.5). Cneayer HMMETh BBHJY, YTO Ha JaHHOM CXE€ME 3aMEIICHUS
COIPOTUBJICHHE ' YUUTHIBA€T U aKTUBHOE COIPOTHBICHHE KATYIIKH WHIYKTHUBHOCTH U

dKTHBHBIC ITOTCPH B NTHIJICKTPHUKEC KOHIACHCATOpPA.

/ A [
O— L Y Y l
'y 4 4 1y
!
O |

Pucynok 6.5 — Cxema nmocae10BaTelIbHOTO BKIFOUSCHHUS PE3UCTOPA, KaTYIIKU

HMHAYKTHUBHOCTH U KOHJACHCATOpPA

B coorBeTcTBUM ¢ 3akoHOM OMa U BTOpsIM 3akoHOM Kupxroda 11a cXeMsl

3aMCILICHHUA CHpElBEﬂJIHBG ELIpB.H{EHHEZ
U=U,+U,+U =I[r+j(x,-x)|=1z (6.23)

COOTBETCTBYIOIIME BEKTOPHBIE JHAarpaMMEl IPeICTABIICHBI Ha pUcyHKe 6.6 a,0,B.

/ / /
| | '
I |
Y Uy Y
! 17 2
- /) l
U
U
: Y / / U=y ¢/
il b - - - - &
/ / /
U U
o
‘ADI-WMEP iT NOANMCAH éf/ ﬁ/
EKTPOHHOW MNOANMCbLHIO
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Pucynok 6.6 — BekTopHbIe quarpaMMel

Pucynok 6.6., a COOTBETCTBYET CIy4aro, Korja X, > Xc¢, IPU 3TOM TOK IO (ase

OTCTAE€T OT HAIPSDKEHUS Ha yroJl ¢. PucyHok 6.6,0 COOTBETCTBYET clydaro, Koraa XL

< X, TIpH 3TOM TOK II0 (paze omepexkaeT HampspDkeHwe. Ecomm XL = Xc¢, TO TOK H

MPUIOKEHHOE K IISIH HanpsDKEHHeE 1o (pa3e coBITajaroT, BeIMYMHA TOKa B 3TOM clIydae
OMpeACIIAETCA TOJBKO BEIMUYHMHOW HANPSIKECHUS U aKTUBHBIM COIIPOTHUBIICHHUEM I, M HE
3aBUCUT OT BEJIWYHUHBI MHIYKTHUBHOIO M €MKOCTHOTO COIIPOTHUBJICHHUH. TakoH peKum
NIEKTPUYECKOM II€MU Ha3BIBAalOT pe30HaHCOM HampsokeHuM. Ilpu  pes3onHaHce

HAIIPSHKEHW U TI0JTHASI MOIIHOCTh paBHa akTUBHOU ( Zp =0 u cos¢p = 1), To ecTh U3 ceTn

NIEKTPUUECKAs LIeNIb PEAKTUBHOM MOIIJHOCTH HE ITOTPeOISeT.

CorimacHo KJIacCMYECKOMY METOJy aHallh3a IepeXOJHBIX MPOILECCOB pEIIeHUE
HEOJHOPOJIHOTO JIMHEHHOTO U] (EpEHIINaNLHOTO YpaBHEHHS MNPEJCTABIsACT COOOH
CYMMY €ro dacTHoro (IIpUHYKJSHHas COCTaBJISIONMIas) W OOIIero peIICHHS,
MOJIy4aeMOro IIpM pPaBEHCTBE HYJIK IIpaBOM 4YacTU (CBOOOJHAS COCTABIISIOILIAS).
[IpuHyXJI€HHasT COCTaBISAIOILNAS OIpEAEIseTcs IYyTeM pacyeTa YCTaHOBHUBIIETOCS
peXXHUMa B MOCICKOMMYTALIMOHHOM CXEME U MpeJCcTaBlIsieT cOo00N YCTaHOBHUBIILEECS
3HAUCHUE MCKOMOTO II€peXOMJHOTO Toka (HampsbkeHus). CBoOogHas COCTaBIIAIOIIA
NCKOMOTO ToOKa (HampshKeHHs) OOYyCJOBJIEHa TOJNBKO BHYTPEHHHUMHM WCTOYHHMKAMHU
YHEPrUU ISKTPUIECKOTO U MATHUTHOTO ITOJIS.

[Ipu ananuze mepexXoqHOrO IPOIECCa B IICKTPHUECKON IENU KAACCUYUCCKUM
MemoOooM MOXKHO PEKOMEHJOBATh CIEeAYIOIIUM MOPSIIOK pacueTa UCKOMOM BEJIMUHHEI:

1. IloAroTOBUTE cXEMY 3JEKTPHUYECKOM IIENH K pacdyeTy: BEIOpATh HANpaBIICHUS

TOKOB B BE€TBAX CXCMEI IIPH IICPEXOTHOM IIPOLECCE.

2. OHPEHEHHTL HC3aBUCHUMBLIC Ha4YaJIbHBIC YCJIOBHA — TOK B HHIAYKTHUBHOCTH IL({}_)

3 Hﬂﬂpﬂ}}{@ﬂg@i—%ﬁ%ﬁ?@ﬁﬁﬁm‘”?m_) M3 pacueTa LENH J0 KoMMyTauud. Ha ocHoBaHUM
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3aKOHOB KOMMYTAallMHM TOK HAda HHAYKTHUBHOCTHM W HAIIPAKCHHUC Ha €MKOCTH HE MOIVYI

H3MCHHTBECA CKAQUKOM:
i,(0-) =i, (0+) —i, (0) ', (0-) _uc(O+) ~u,.(0). (6.24)

3. llpenacraBUTh HCKOMYHK BEIHMYHWHY, HAIlpUMEP TOK, B BHIE CYMMBI JBYX

" " oy 1=1_+1,
COCTABJISIOIINX : CBOOOJHOU U YCTAHOBUBIIUUCS (IPUHYKIACHHON) ¢ V.

4. OHpﬂﬂEHHTL YCTAHOBHBIHIYHOCA COCTABIIAROIIY H) HCKOMOMW BEJIMUUHEI ITOCJIE
KOMMYTAllMH, KOI'Id HEpEXGﬂHDﬁ IIpOoNecCC 3aKOHYHIICA.

5. Onpenenuts 00NN BU/JT 3aKOHA U3MEHEHMS CBOOOTHOM COCTABJIISIOIICH
5.1 CocTaBUTE XapaKTEpUCTUUYECKOE YPaBHEHHUE IJIA 3aJJaHHOM cXeMEI. 1 3Toro
B IICIIH IIOCJIE€ KOMMYTAL[UH HEOOXOJUMO pa30pBaTh BETBL C MCKOMOM BEIMUMHOM (MIH

KaKyl-I100 JpPYIyH) BeTBb, KOTOpas HE COJEPKUT HCTOYHMKA ToKa). Haltwu

KOMIUIEKCHOE BXOJHOe compoTuBieHne uenu <(/%) oTHOCHTENBHO TOUEK pPa3pHIBa.
3aMeHUTh jo Ha P, IpUpaBHATE BXOJHOE COIPOTHUBICHHE K HYJIIIO, ITOJIYYHB, TAKUM

00pa3oM, XapaKTEpUCTUIECKOE YPABHEHHUE Z(p)=0

5.2 OnpenaenuTh KOPHU XapaKTEPUCTHUECKOTO YPaBHEHUS.

5.3 Onpenenuts oOIMM BHUJ CBOOOJHOU COCTABIISIOILEH B 3aBUCUMOCTH OT BHJA
KOpHEN XapaKTePUCTUYECKOTO YpaBHEHUS, HAIIPUMED, JJI5 TOKA:

— @CJIM KOpPEHb XapaKTEePUCTUYECKOTO YpPaBHEHHUS OJIMH, BEIIECTBEHHBIM, TO
i, =A-e";

— €CJIM KOpHEH JIBa, pa3IMYHBIX, BEIIECTBEHHBIX, TO i, = A, ™ + A, -e”*;

— €CJIM KOpHEeH JiBa, OJJUHAKOBBIX, BEIIIECTBEHHBIX, TO i, = A -e” + At-e” ;

— €CIIM  KOpHEeW [1Ba, KOMIUICKCHBIX, CONPSUKCHHBIX (p =ai jo,), TO

" . ¥t ®
i, =B-e" sin(w, +[).
6. CornacHo n.3 3amucaTh OOIMM BHJ UMICKOMOI'O IIOJTHOT'O TOKA (HAIIPSDKEHMS).

7. OHpEﬂEJIHTL ITOCTOAHHBIC UHTCTPHUPOBAHHUA, UCITOJNL3YS 3aKOHBI KOMMYTAallHH U

cucteMy JH(pQepeHIHaIbHBIX ypaBHEHUH, COCTaBIeHHBIX IO 3akoHaM Kupxroda s

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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_ du,. (0+)
MoMeHTa BpeMmeHHU t=0+. IIpu 3ToM yuuteiBaTh n.2 U cooTHOmEHU i (0+)=C—= .

dt
u, (0+) = L 910
dt

Bonpocsl 1 3a1aHuA:
]. Kak ornmuuarorcss mo ¢a3ze HanpspkeHHE M TOK B IENSX C  aKTUBHBEIM
COIIPOTHBJICHUEM, C HHIYKTUBHOCTBIO U C €MKOCTBIO?
2. Uto mnoHMMAaWOT IIOJ] aAKTUBHBIM cONpOTHUBICHHEM? Kak omnpeaenuTs e€ro
ONBITHEIM IIyTEM B 1[€ITH IEPEMEHHOT0 TOKa?
3. Kak BEIUUCIWTE YTIIOBYIO YACTOTY (O YEPE3 KPYTOBYIO HACTOTY f7
4. YTo moHMMarOT MOJI MOJIHBIM COMMPOTUBIICHUEM L€ MEPEMEHHOTO ToKa?
S. Kak BEIUMCINUTE MHAYKTHBHOE COIPOTHUBJIICHHE KATYIIKH ONBITHBIM IyTeM? Kak
OHO 3aBHUCHUT OT UHJIYKTUBHOCTH M YaCTOTHI?
6. Kak onpemenuTts  ©MKOCTb  KOHJIEHCAaTOpa, BKIKOYEHHOIO B IIeNb
CUHYCOMJAIBHOTO TOKA, OMBITHEIM ITyTeM?
7. Uto moHMMAarOT MOj] MOJHOM, aKTUBHOM M peakTHBHOM MomlHocTsAMmu? KakoBo
MEKTy HUMU COOTHOIIIeHHE?
8. Yro Ha3pBaoT KO3 (UIIMEHTOM MOIIIHOCTH B L€ CHHYCOUIaJILHOT0 TOKa?

9. Yto Takoe yroy qUi3JeKTPHUYECKUX IMOTeph?

10. Kak BBIYUCIWTH aKTUBHYIO U PEAKTUBHYI MPOBOJMMOCTU KOHJECHCAaTOpa 4epe3
COIIPOTUBJICHUE €r0 CXEMBI 3aMEILeHUS !

11. Kak cTposiTcd BEKTOpHBIE JuarpaMMbl TOKa U HaIOpsDKEHUS  IIPH
MOCJIEIOBATEILHOM COCTUHEHUN aKTUBHBIX U PEaKTUBHBIX 3JI€MEHTOB?

12. UYro Takoe KOMILJIEKC COMPOTHUBIEHHS yUYacTKa SIEKTPUUECKON LIemu?

13. Kakol peXHUM Ha3BIBalOT PEXKHUMOM pe3oHaHca HampsDkeHuu? Ilpu kakmx
YCJIOBUSIX OH BO3HHMKAET?!

14.  UYrto HaA3BIBAIOT 3.7.C. CAMOUHIYKIMH, B pe3yJIbTaTe UEro OHa BO3HHMKAET, OT YETO

3aBHCHUT €C BCIIMYHMHA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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15. Ecnu émkocTHOE conpotuBiaeHne C — s3neMeHTa X, TO KOMILIEKCHOE
COIIPOTHUBJICHUE Z. 3TOTO 3JIEMEHTAa

OITPCACIACTCA KaK...

a)Z.=C 0)Z.=Xc

B) Z. =—jXc r)Zc.=] Xe

16. IHnykTHBHOE COMMPOTUBIEHNUE X L MPH YIIIOBOM YacToTe =314 paj/c U BenUUnHe

[=0.,318 I 1, coctaBur... L
—_ 1Y Y _,
a) 0,318 Om 6) 100 Om B) 0,00102 Om r) 314 Om

17. IlpencraBaeHHOM LI COOTBETCTBYET BEKTOpHAA JUarpaMma. ..

] R L
° Y Y

. >
U
a) 0)
[ .
U I
> > >
U

B) r) .

U 4 U, U

> >
Ur I
> >
U, i
18. IIpu nanpsoxenuu u(t)=100sin(314t) B nauanshas a3a Toka i(f) B @MKOCTHOM
s1eMeHTe C COCTaBUT... C i
. | .
u
OOKY HT NMACAH

a) /2 pan 3NEKT !%{I}Elﬂbm B) 0 pan r) 3n/4 pan

Ceptudukar: 2C0 D43E9ABBBO952205E7BA 16000004 3E
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19. Eciiu yactota f yBeIM4UTCS B 2 pa3a, TO EMKOCTHOE CONPOTUBIIEHHE Xc ...
a) HE U3MEHHUTCS 0) yBenuuuTcs B 2 pasa

B) YMEHBIIIUTCS B 4 pa3a ') yMEHBIIHUTCS B 2 pa3a

20. IIpencTaBiieHHON BEKTOPHOM JUAarpaMMe COOTBETCTBYET. ..

a) IoCIeOBaTeIbHOE COeJUHEHNE PE3UCTUBHOTIO R U UHYKTUBHOIO L 3IeMeHTa
0) émkocTHOM 31eMeHT C

B) MHIYKTHUBHEIN 3JIEMEHT L

') pE3UCTUBHBIM 3JIEMEHT R

21. EmxoctHOe compoTuBienue X¢ npu Bennunae C=100 Mx® u gactore f=50 'y

paBHO. .. . ﬁ i .
Uy
a) 31,84 Om 0) 31400 Om B) 314 Om r) 100 Om
22.HauanrHas ¢da3a HanpsokeHUS u(t) B EMKOCTHOM 31eMeHTe C IIpH TOKe
i(t)=0, Isin(314t) A paBHa. .. C_i,
) | |
a) 7/4pao 0) 7/2pao B) Opao r) —x/2pao

23. BexTopHOU qUarpaMMe COOTBETCTBYET CXEMa. ..

24.B MHIYKTUBHOM 3JIEMEHTE L. ..
a) HanpspKeHue u(t) COBIIaJaeT ¢ TOKOM iL(1) 1o (a3e

0) HampsDKEHUeE U(t) U TOK ir(t) HAXOIATCS B POTUBOda3e

OOKYMEHT NMoanncAH

E) HﬂHpHH{EHHEHH’WTWEJ@WT ToKa ir(t) mo ¢ase Ha 7/2pao
) HallpLECHHAS Rbobo52205E7BA00060000
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I') HanpsHKEHHE ur(t) oreperxaeT ToK ir(t) mo ¢asze Ha /2 pao

25. B akTuBHOM 351€MeHTE R...
a) HanpsHKEHUeE 1(!) COBITaIaeT ¢ TOKOM i(t) mo (ase
0) HaNpsDKEHUE U(!) Y TOK i(1) HaXOaATCa B IpoTUBO(dase

B) HaIIpsDKEHHE u(t) OTCTa€T OT ToKa i(t) mo pas3e Ha /2 pao
I') HAIIpsKSHUE u(1) onepeskaeT TOK i(t) mo ¢asze Ha /2 pao

26. B emxoctHOM snemenTe C...
a) HAIIPSDKEHUE U(1) COBIIAaeT C TOKOM ic(?) 110 paze
0) HAIPsDKEHUE Uc(1) U TOK i.(1) HAXOIATCS B IPOTHUBO(da3e

B) HAIPSDKCHHUE Uc(1) OTCTAET OT TOKA i.(t) o (aze Ha /2 pao

I') HAIIpSHKEHUE U(1) OIIepeiKacT TOK ic(t) 1o (paze HA 7/2pao

IIpaxmuueckasn padooma Neb.
Onepamopuulit Memoo paciema nepexooHblx NPOUeCcCO8 6 TUHEHHBLX ITeKMPUUEeCKUX enax
nepeo2o nopaoka. OnepamopHulii Memoo pacidema nepexooHblIxX NPOUecCo8 6 TUHECHHbBIX

AeKMPUYECKUX H{enAax 6mopo2o NopAoKa

Heuan: IlonyuuTh HaBBEIKM pacueTa IEPEeXOJHBIX MPOIECCOB B pPa3BETBJICHHBIX
JTUHENHBIX 3JEKTPUUECKHUX LEISIX IIEPBOro MOPSKa OIePaTOPHEIM METO IOM.

OcHoebt meopuu:

CyIIHOCTE ONEepaTOPHOTO METOjla aHalIh3a MePeXOJHBIX IIPOLIECCOB 3aK/TI0OYASTCS
B TOM, 4YTO JCHCTBUTCIbHBIE (YHKIMHU BPEMEHH, OIMCHIBAIOIINE TIIPOIECCHI B
HNIEKTPUYECKUX IIEMsIX U Ha3blBaeMbI€ OpPUTHHAIAMU, 3aMEHSIOT HMX OIlepaTOPHBIMHU

N300pakeHUSIMHU C ITIOMOILBIO IpeoOpa3oBanud Jlammaca

F(p)=[f0)-emdr. (7.1)
0

[IpeobOpazosanue Jlanmaaca mpuBOIUT K 3aMeHe onepanuil JudhepeHIIMPOBAHUS U

MHTETPHUPOBAHUS OPHIMHAJIOB IIPU pelleHHH JudQepeHIHalbHEIX YpPaBHEHUH Ha
AOKYMEHT MNOANMCAH
INEKTPOHHOW NOANWUCEID

ANTEOPANHECKHIS  QHePALIAIE YMHOKEHHSI U JIeJICHUS n300pakeHu. PemuB monydyeHHbIE

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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aireOpardyecKre YpaBHEHHS B OINEPaTOpHOM (oOpMe OTHOCHTEIILHO H300paKeHuil
MCKOMBIX BEJIMYHH, MNEPEXOJAT K OpUTrHHajlaM, I[OJy4arT pPEIIeHUS MCXOJHBIX
maddepeHIIUaIbHEIX ~ YpaBHCHHUI,  OIMCHIBAIOIIMX  IIEPEXOJHEI  IIpolecC B
NIEKTPUUECKOH LICTIH.

[Ipy ananmuze mepexoJHOro Impolecca B SJISKTPUUESCKON ILICMH OmepaTOPHBIM

METOJIOM PEKOMEHIYETCS CIICTYIOIIMH IMMOPSOK pacyeTa:

1. M3 pacuera nenu A0 KOMMYyTAllMM HAaWTH TOKHM B HHIYKTHBHOCTSX $(0-) y

HATIPSDKEHUS HA EMKOCTAX ¢ ©=)

2. Ilo Buay ucciaenyeMou 3JIeKTPUYECKON IIEMM IOCIE KOMMYTAIMd COCTaBUTH
onepaTopHyro cxemy (pucyHok 7.1). Ilo omepaTopHOM cXxeMe M3BECTHBIMH METOJaMHU
pacdeTa IeIIeH HauTH N300paKEHHUE UCKOMOM BEIUYUHEL.

3. Ilo wu300pakeHUI0 HCKOMOW BEIWYMUHBI HAWTH OPUIHMHAJL, T. €. MCKOMYHO

(YHKIIUIO BpeMEHH.

e(t) E(p) J(t) J(p) .
u,—-l r J,I. r ‘Lf(p)
Q

I(p) L I_'f
il L l”-.{. PL pU,-:, (o) il'::{,’luﬂ' I(p)l pfc(g) Up(p)
Li(0) 5
! & Y

Pucynok 7.1- OnepaTopHas cxema

Croco0nlI mepexoa oT n300paKeHUs K OPUTHHAITY
1. IlpumeneHue TeopeMsl pa3zaoxeHus. Ecim n300paxeHHe MCKOMOM BEJIWYHHEI

MMEET BUJ] PallMOHAJILHOU JPOOM:

F(p) a,p"+a, p" " +.+ap +.+ap+a,

: (7.2)

n n=1 k
NOKYMEHT HDJZI,HMEAI—FE(AH) b,p"+b,,p +..+bp +..+bp+b,
3NEKTPOHHOW MOAMUCHIO
Ceptucmkar: 2C0000043E9ABBBI52205E7BAS00060000043E

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa
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ra€ a, 1 b, — IEUCTBUTEIIbLHBIC UNCIIA; p,, p,... — JEUCTBUTEIbHBIC U PA3JIMUYHEIE KOPHHU

XapaKTepUCTUYECKOr0 YpaBHEHUS F,(p)=0, TO

Fl(n”) _* (1) = iM@”ﬂ ) (73)

Eciiu MHOroulleH F,(p) UMEET OJJMH HYJIEBOU KOPEHB, T.€. F,(p)= pF(p), TO

B F(O) -~ F(p,)
pF.(p) ' _(0) o 2 F(py)

e (7.4)

Ecmu MmHorounen Fz(p) HMCCT n IIdPp KOMIUICKCHBIX COIIPAAKCHHBIX l{ﬂpHEf;I, TO

F.(p) F(p.) o,
= f(H=> 2R k2 e 7.5
Epy 1 ? Z E{Fm) J (7.9)
M IIPU OJTHOM HYJIEBOM KOpPHE
F(p) .. F(0) F(p.)
! _ M =2 R Py pt | 7.6
o O R0 L E{pﬂ(m)e J (7.0

Eciu B memm jaelicTtByeT cuHycoujainbHas J1C, To 3amadyy peKOMEHIyeTCs
pelars A8 CBOOOJHBIX COCTABJISAIOIIMX HMCKOMBIX BeIWYMH. Jlamee, mis IMoaydyeHHOU
CXE€MBl paccyuTaTb HM300pa)KEHMS HCKOMBIX BEIMYHUH OJHUM W3 H3BECTHBIX paHee
METOJIOB (KOHTYPHBIX TOKOB, Y3JIOBBIX ITOTCHIIUATIOB H T.]I.)

[lo HalimeHHOMY H300pa)KEHUIO OIPEIEINTh OPUTHMHAJI UICKOMOMN BEJIUYUHEL [l
3TOI0 BOCHOJIL30BaThCS JIMOO TaOJHMIIAMM COOTBETCTBUSA (CM. IPUIIOKEHHUE), JTHOO
TCOPEMOU PA3IIOKEHMS, IPEICTABICHHOM BBIIIIE.

Bonpocsl 1 3aqaHust:

1. 310xuTE CYILIHOCTE U ATalbl pacdeTa OIepaTOPHEIM METOIOM.
2. Kak y4uUTBIBalOTCS HayaJlbHBIE YCIIOBUS B OIIEPaTOPHOM METoe?
3. N300pa3ure onepaToOpHYIO CXEMY 3aMEILEeHMS KaTYIIKU UHYKTHBHOCTH.
4. N300pa3uTe onepaTOpHYIO CXEMY 3aMEILICHUS KOHEHCaTOpa.
5. Kak ocyiecTBisgeTcs nepexo/ oT H300paKeHUs K OpUruHay?
6. O 4€M CBUJIETENBCTBYET HYJIEBOU KOPEHb XapaKTEePUCTUUECKOTO YPaBHEHMS !

7. 3anuainmnuTe 3amm&£m%nmua%)a 1 Oma B ortepaTtopHoi hopMe
IANEKTPOHHOW NOANWUCEKD p p dp p

pTUdMKar: EEGG[&?dSEBABBEBEEiE&T BAS00060000043E

8. 7GXEMbE(PHCYHQK ok )oaHO: e = 5042 sin(100¢ +30°) B; r,=20 Om;

Nencteutened: ¢ 19.08.2022 no 19.08.2023 58



r=30 Om; L=0,5 I'n. Halitu onepaTopHBIM METOJIOM TOK i IOCJIE€ 3aMbIKaHU KIIFO4Ya. (
0,5¢ " A).

9. OnpeeMTh ONIEPaTOPHEIM METOJIOM TOK i B cXeMe (pUCYHOK 7.3) Imocjie 3aMBIKaHUSs
kiroda. Jlano: J=6 A; r=100OMm; L=0,251'H. (6™ A).

J"I 2

®- 13 & 13

Pucynok — 7.3 Pucynok — 7.4
, . 10. B cXeMme PUCYHOK 7.5
MPOUCXOTUT 3aMEIKaHUE KJTFOUA.
G_D [Tapametpr! cxemel: E=90 B; » =30 OM; r
E 1 B

=150mM; L=0,11n. HaiitTu u mocTpouTth

3aBUCHUMOCTbD i(7). (2¢ " A).

11. ITocnenoBaTtenbHEIM KOHTYp rLC MOJKIIOYAETCS K UCTOUYHMKY mocTtosHHou J/C E

pucyHok 17.1. OnpenenuTs HanmpspKeHUE u. U TOK i, a TaKKe€ HUX MaKCHMaJbHEIC

3HAUEHHUS BO BpeMs MepexojiHoro mpoiiecca, ecau E=120B; r=200wm; L=0,11H; C

=2,49 MKOD.

(120 —120,le""™" sin(2000z +87,1°) B; 0,6 '™ sin2000r A; 222,5 B; 0,555 A).

5. Yueono-memoouueckoe u ungpopmayuonnoe odecnevernue OUCHUNTUHDI
5.1. Ilepetuernv 0CHOGHOI U OONOIHUM EJIBHOU JIUMEPAMYPbL, HE00X00UMOIL 0151 OCEOCHUS

OUCHUNTUHbI
5.1.1 IHHepeuenv oenven amypuol.:
P EHEHTF‘DHHDH I_ID,D,I'IMCIJ? yp
Ceprudukar: 2C00000. 043 E‘Ia—\E-H ﬂf,l 12205ETBAS 6000004 3E
E[Ié'l,'lk!."k!.l. |_|{. HIH_T.‘-{-.-h iTeHHE AdIEeKCaHODOBHA

A . A0 A0 SNAT . 40 (0 ANaT
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1.Cokonmenko, E. B. Teopus (yHKIMH KOMIUIEKCHBIX II€PEMEHHEIX. OmepanuoHHoe
ucuuciaenue: yuednoe mocodbue / E. B. Cokxonenko. — Crasponons: Cesepo-KaBkasckuii
(¢enepanenbi yausepcuret, 2017. — 199 c¢. Pexum gocryna: http://www.iprbookshop.ru/83226.html.

2.MogemipoBaHHEe B DJCKTPOYHEPreTHKE: yueOmoe mocodoume / A. @. Ilaramos,
N.H.Boporaukos, M. A. Mactenanenko [u ap.]. — Crasponons: CTaBpOmoabCKHM IroCyAapCTBEHHBIN
arpapHbIi YHHUBEPCHUTET, AT'PYC, 2014. — 140 C. Pexum OOCTYIIA:
http://www.iprbookshop.ru/47317.html.

5.1.2. Ilepeuens oononnumenbHou umepamypol:

Murpodanor C.B. MogenupoBanue B 3MCKTPOIHEPTETUKE | DIEKTPOHHEIM pecypc|: yuedHoe
nocooune/ Mwurpodanos C.B., Cemenosa JILA.— DnekTpoH. TEKCTOBEIEC maHHBIE.— OpeHOypr:
OpenOyprckuii rocynapctBeHHeid yauBepcurer, 9bC ACB, 2015.— 144 c¢.— Pexum pocryna:
http://www.iprbookshop.ru/61379.html.

5.2. Illepeuens yueoHo-Menm oo0UdeCKko20 00ecnedeHus Cam oCmoameibHol padonpl 00yuauiuxcs
no OUCHUNIUHE

1. Meroguueckue pekOMEHIAINK 714 TOATOTOBKU K MPAKTUUECKUM 3AHATHAM.

2. Merognueckue peKOMEHJAIUH M0 OPTAHU3AIHN CAMOCTOATENRHONU PA0OTHI CTYIEHTOB.

5.3. Ilepeuens pecypcoe unpopmayionno-mereKoOMMyHUKauuonnou cemu «Humepnemy,
Heo0X00UMBIX 0151 0C80CHUA OUCHUNTUHDI

L. «YHuBepcurerckas Ombnnoreka onynainy - http://biblioclub.ru

2. «InmeKTpoHHO-0nbnmuoreunas cucrema IPRbooks» http://www.iprbookshop.ru

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

Ceprvdomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
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MHHUCTEPCTBO HAVYKHU U BEICIHIET'O OFPA30BAHNSA POCCUNCKOU ®EJEPALINN

denepanpHOE TOCYJAPCTBEHHOE ABTOHOMHOE 00pa30BaTEILHOE YUPEKIEHUE
BBICHIETO 00pa30BaHUA
«CEBEPO-KABKA3CKHWU OEJIEPAJIBHBIN YHUBEPCUTET»

[Taruropckuit uacturyt (pruman) CKOY

MeToanuecKne YKa3aHU S

ITO BEIMMOJTHEHUIO KOHTPOIBHBIX PadoT

no muciurumue « METO/IbI PEHIEHW A 3AJIAY SJIEKTPOSHEPI'ETHUKH U
SJIEKTPOTEXHUKW»
U1 CTYJEHTOB HAIIPABJICHUA ITOAT OTOBKA
13.03.02 DnekTposHEPreTHKA U SIEKTPOTEXHHUKA

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1. ITo 3aymanHOM cXeMe n300pa3uTh rpad MEKTPUYECKON CXEMEI,

BEIJICITMTE JIEPEBO rpada U CBS3H, IPOHYMEPOBATh BETBU I'pada, MPHUCBOUB BETBSIM
JIEPEBa MEPBEIC MOPSIIKOBEIC HOMEPA.

2. CocTaBUTh MAaTPUILy COEIUHEHUN U MAaTPHUIY KOHTYPOB.

3. Ilo 3agaHHBIM IMapaMeTpaM CXEMBI PACCUUTATh TOKH BETBEM CXEMBI, UCIIOIL3YS
3akoHEI Kupxroda.

4. PaccunTaTh TOKHM BE€TBEH CXEMBI, UCIIOIB3YS MAaTPUYHBIA METO/]

KOHTYPHBIX TOKOB, METOJI V3JOBEIX MOTCHIIMAJIOB, METOJI 3KBHBAaJICHTHOTO
reHeparopa.

5. IlocTpouTs MOTEHIMANBEHYIO JUArpaMMy JJIsl OJJHOTO U3 KOHTYPOB

6. IIpoBepuTh BEIMOJHEHHBIE PACUETHI, UCHOJB3YS YpPaBHEHUS SHEPTETHUECKOTO

oajraHca

BapuaHT 3ajaHus onpeIesaeTCs MO0 HOMEPY B CIIMCKE TPYIIIIHL.

Bap [ Puc. |[RI |R2 |R3 |R4 |R5 |R6 |El |E2 |E3 |[E4 |ES5 |E6
Om B
1 1.5 |20 |8 3 12 17 30 (24 |0 30 |0 0 0
2 1.6 |12 15 9 30 |32 10 |0 0 30 |0 0 50
3 1.14 | 6 20 14 15 8 36 |0 0 32 |0 15 |0
1 1.8 |18 33 33 10 15 20 |31 0 18 0 0 0
5 1.9 |6 17 7 20 11 15 15 |0 0 50 |0 0
6 1.15 | 8 15 18 10 12 |21 30 |0 0 0 0 38
7 .16 {20 |60 |90 100 | 165 |60 |0 26 |0 38 |0 0
8 1.7 |83 120 | 150 | 60 105 [ 200 |0 0 125 {300 |0 0
9 1.19 | 10 18 6 15 220 {20 |0 0 15 48 |0 0
10 1.20 [ 165 |90 | 68 20 120 | 100 | 21 0 0 0 0 54
11 1.25 | 30 120 | 150 |60 [225 |60 |0 300 | 210 | O 0 0
12 1.4 |23 18 15 12 12 10 |0 0 0 30 |0 24
AOKY. AH
B3 L [eeerprenayeg s 130 [0 [0 [0 [ [0 [0 |5

Bnaneneu:

llleGayxoea TaTeAHa AnexkcaHgpoBHa
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14 1.10 | 14 | 30 24 |20 |45 32 |0 75 27 |0 0 0
15 I.11 | 6 3 R 4 R 2 0 0 6 0 0 15
16 1.1 |6 12 9 5 20 16 |0 69 |0 0 22 |0
17 1.2 |15 27 8 16 12 |4 0 0 52 |0 0 4
18 1.18 | 45 60 33 30 |21 20 |0 0 50 |0 0 20
19 1.13 | 8 10 15 5 24 |42 |45 33 0 0 0 0
20 1.21 |9 7 12|20 10 12 145 |0 0 0 0 20
21 1.21 |7 3 1 4 6 10 |0 0 0 7 10 |0
22 1.22 | 2 4 3 2 7 7 0 19 |0 74 |0 0
23 1.23 | 10 | 40 50 (40 |75 20 |0 66 |0 0 125 |0
24 1.18 | 22 | 64 96 110 | 155 | 68 32 |0 0 0 24 |0
25 1.25 | 16 | 34 20 |26 |47 30 |0 0 0 70 |0 25

CxeMsl [J1 pacueTa

Puc. 1.2

Puc. 1.1

OOKYMEHT NMoanncAaH
SNEKTPOHHOW NOANWUCHIO

2C0000043ESABBBO952205E7BAS00060000043E
llleGayxoea TaTeAHa AnexkcaHgpoBHa

CepTudukar:
Bnapeneu;
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Pue. 1.5 Puc. 1.6

Pue 1.7 Pue. 1.8

AOKYMEHT MNOANMCAH
NNEKTRPORHOW NOANHMCBIO

N e ACANNNNAIEGABRDGEATINEETE A EACOENONMA 2
Ceprwdukatr: 2C0000043E9ABEBS52205E7BAS00060000043E

Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Puc. .13 Pue. .14

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

—~ ) o APV A 7 A DODOCAANECTD A SRS
Ceptmwdomkatr: 2C0000043E9ABEB952205E7BAS00060000043E

Bnapeneu Lilel 1AV X0Bd iITbHAHA AJIeKCaHOpoBHA



Pue. 115

RS

e — T
Pue. 117

Puc. 1.19

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

CepT WPOUMKaT ZCO0000043E9ABBRBAS2205ETBASOOO&0000043E
Bnaneney llebayxora TaTeAHa AnNekcaHnpoBeHa

Puc. 1.20
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Pue. 1.22

Puc. .23 Puc. .24

AOKYMEHT MNOANMCAH
HEKTRPORHOW NOONHMCBIO

CeptudmMKa Z2C0000043E9ABBBS952205ET7TBAS00060000043E

Bnageney, LUleD3ayxoBa |aTeAHa ANeKkcaHapoBHa
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TEGPETHHECKHH HacCThb

e (CocraBiaenue cucteMsl ypaBHeHud Kupxrodga

— 3:’:1,[[EITI: ITPOU3BOJIEHO HAIIPaBJICHHUC TOKOB B BCTBAX CXCMEI.

— YIOpoCTUTh 3aJJaHHYK CXE€MY 3aME€HMB MCTOUYHHMKH Toka (MT) Ha mcTOouHMKH

Hanpsixenus (MH) mo Beipaxenuro:

E, =LR. (1.1)
rae [, — Tok UT;
R —COMPOTUBIIEHUE TIOIKITIOUEHHOE MmapasuiesbHo ¢ UT.

— CocTaBHUTh YpaBHEHHMS 1O IIEpBOMY M BropoMy 3akoHaM Kupxroda.

HD HﬂpB'DLfIy BHKDH}’ JIJIA BCCX }’3.]'[{}3 CXCMBEI CHpHEEﬂHHEG:
>1,=0, (1.2)
i=l

r7Ie | — HOMEpP BETBHU JIJIS JIAHHOIO y3J1a;
N —YHUCJIO BETBEH, COEIMHEHHBIX B Y3€Il.

3HAaK TOKa MPH HaNpaBJICHUHU K Y31y IMPUHUMAETCS IMOJTOKUTEIBHBIM, a OT y3JIa —
OTPUILIATEILHBIM.

YpaBHEHUS COCTABISIOTCS IJi m -1 y3na, e m — o0Ilee YHUCIIO Y3I10B CXEMBEI.

— OmnpenenuTh 3aMKHYTBIE KOHTYPBI CXE€MBI JIJII COCTaBJICHUS ypPaBHEHUM IIO
BTOPOMY 3aKOHY. B KOHTypaxX CXEeMBI MpPOM3BOJBHO 3aJlaTh HAIIpaBJICHHS O0OO0XO/OB

(0OBIMHO MO YacoBOU cTpenke). s kaxJoro KoOHTypa CIpaBe/IJINuBO:

(1.3)

-
=
P

I
e

= i=1

I'IIC Rr. . I;_ COITPOTHUBJICHHUC U TOK B ILICITH 11O HAIIPpaBJICHHUIO DGXGI[H. KOHTYpa,

k — KOTU4ecTBO CDHpGTHBHﬂHHﬁ 11O HAITPaBJICHHUIO GﬁXDﬂﬂ;

E —3JIC B memnsx 1o HanpaBJIEHUIO 00X0/1a KOHTYDa;

L — xonmuuecTtBO ucTouHUKOB 2J1C B KOHTYpE.

3HAKU TORGRLT i HendiPL I IMAtOTCSI ITOJIOXKUTEIBHBIMY, €CIT UX HallpaBlie-

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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HHUSI COBIIAJAl0T C HAIlpaBJICHUIMHU 00X0/a U OTPHUILIATEILHBIMM, €CIM HAITpaBJICHUS TOKA
u DJ1C He coBmajaloT ¢ HaIrpaBlIeHHUEeM 00X0/1a.

YpaBHEHHUS COCTABIISIFOTCS JJISI BCEX KOHTYPOB, PEIIUTh CUCTEMY YPaBHECHUI:

: . (1.4)

Ilocne penieHUss CHCTEMBI YpaBHEHUU ONpelensdroTcss TOKM BeTBeM. K
HeJJoCTaTKaM MeToja pelIeHHs ypaBHeHMIl mo mpasBmiaM Kupxroda MOXHO OTHeCTH
OONBIIOE YHCJIO YPAaBHEHUM B CUCTEME, paBHOE KOJMYECTBY HEU3BECTHBEIX TOKOB, UTO
MOJKET CO3/1aTh TPYJHOCTH IIPU PEILICHUH 3aja4.

MeHErI111ee Unciio ypElBHEHHfI COCTaBJIACTCA 110 MECTOY KOHTYPHEIX TOKOB.

e MeToa KOHTYPHBIX TOKOB

CormacHo MeETOAy IIpeArojlaraeTcsd, 4YTO B KaKJIOM HE3aBHUCHUMOM KOHTYpe
IPOTEKAeT CBOM KOHTYPHBIN TOK.

HezaBucuMBIMH Ha3BIBAIOTCS KOHTYPBI, KOTOPEIE UMEIOT XOTSA OBl OJHY HOBYIO
BETBb, HE BXOSIIYIO B IPYTHE KOHTYPBL

Yucmo He3aBUCUMBIX KOHTYPOB CXEMBI PaBHO UHMCIIY YPaBHEHHM, KOTOPBIE HYKHO
COCTaBHUTE IT0 BTOpoMy 3akoHy Kupxroda:

n=N,—(N,—-1)-N,, (1.5)

rjae N,— 4UCJI0 BETBEH CXEMBI; N, — YMCJO Y3JI0B;, N, — YHUCJI0 UCTOYHUKOB TOKA.

B cxeme, mpejacTtaBieHHOM Ha pHUCYHKe 1.12, 4MciI0 HE3aBHCHUMBIX KOHTYPOB

3.

n

[IpenmnonoxxeHue 0 KOHTYPHBIX TOKaX MPUBOJUT K TOMY, YTO UHCJIO HEM3BECTHBIX,
M, COOTBETCTBEHHO, YMCJIO YpaBHEHUIN, HEOOXOJUMLIX IS ONPEACICHUS STHX
HEU3BECTHBEIX YMEHBIIAETCS M0 CPABHEHUIO C IIOJTHOU cucTeMoll ypaBHenuii Kupxroda

U PaBHO YHUCITY,He33RHGUMBIX KOHTYPOB. DTOT METOJ SBIIAETCS (PaKTUUECKHU 3aIUCHIO
SNEKTPOHHOW NOAMNUCHLIO

B“T‘-’BF!FF{D' ﬁWEﬁﬁﬁﬁ%Tﬁgﬁﬂ%ﬁ@ﬁﬂ% HbI€ TOKH.
Bnafgeneuy; lleGayxoea TaTenAHa AnekcaHgpoBHa Typ
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IlycTh uMeeM cXxeMy, COICpIKaIlY0 71 HE3aBUCUMBIX KOHTYpoB. (CorimacHo
METOJIY KOHTYPHBIX TOKOB B Ka)XJOM k-M HE3aBHCHMOM KOHTYPE MIPOTEKAET KOHTYPHBIN
TOK Ixx . B oOmiem ciydae cuctemMa ypaBHEHHM JJISl pacyeTa KOHTYPHBIX TOKOB UMEET
BU]T:

1Ry + IRy +I3R3 ..+ 1Ry, = B

I]]RE] + 44 RAH +133R13 +"'+IIH1R2H :EEE* (16)

J'ir] ]Rn] + IEERHE + Jtir33‘1?11*13 +...+ Inann = Enn

rae Rxx — monaHoe (COOCTBEHHOE) COMPOTHUBIEHUE K-20 KOHTYpa, paBHOE CYMME BCEX

CGHPGTHBJ’IEHHﬁ, BXOJAIIHNX B 5TOT KOHTYP,

Rjl — COIPOTUBICHUS CMEKHBIX KOHTYPOB;
i
E, = ZEK — anredopandeckas cymma JJ1C, BXOAAIMX B K-blii KOHTYP.
k=1
IlonHoe (coOcTBeHHOE) COIPOTHBIIEHHE  Rgx Bcerja IoloxuTeabHoe. Ecim

KOHTYPHBIC TOKU B OOIIIEH (CMEKHOM) BETBH IIPOTEKAIOT COTNIACHO (COHAIIPABICHEI), TO

COIIPOTHUBJIICHHUA CMCHBIX KOHTYPOB Rfk IIPUHUMACTCA ITOJOKHUTCIBHBIM H, CCIIHA

KOHTYPHBIC TOKH HAIIpaBJICHLI BCTPCYHO, TO R;’k IIPUHUMACTCSA OTPHLUATCILHLBIM. Co

3HaAKOM «Iumroc» oepyrca D/1C, HampaBiaeHHE KOTOPBIX COBITAJIAET ¢ KOHTYPHBIM TOKOM
Ixk, a co 3HAKOM «MHHYC» HaIlpaBJISHUE KOTOPHIX HE COBIAJAOT C [kk.

KoHTypHBIE TOKHM OIPEEISIOTCS IIOCJIE peIIeHUS CHUCTeMbl YpaBHEHUM.
NcTtuHHBI TOK (MCKOMBIM TOK) B JIHOOON BETBU paBEH ajareOpamdeckom CyMMe
KOHTYPHBIX TOKOB, IpOTeKarommx mno 53Tod BeTBH. Co 3HAKOM «IIIHOC» OepyTcs
KOHTYPHEIE TOKH, COBIQJAOIINE C MCTHUHHBIM TOKOM; CO 3HAKOM «MHHYC» —
HECOBMAJAIOIIHUE C MCKOMBIM TOKOM.

MeTo KOHTYPHBIX TOKOB II€J€CO00pa3HO IMPHUMEHSIThb, KOIJa CXeMa COASpPIKUT

MHOT'O Y3JIOB, HO MaJlIO HC3aBUCHUMBIX KOHTYPOB.

o MeToyemessnaTIOFCHIIAIOB
an POHHOW NOAOMACKLIOD

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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METD,[[ Y3JIOBBIX ITIOTCHIHUAJIOB pallUOHAJILHO IIPUMCHATEL, KOT'Jla B CXEMCE

y3JI0B MEHBIIIE, YEM HE3aBUCHUMBIX KOHTYPOB.
B ocHOBe MeToma Y370BEIX ITOTCHIIMAIOB JICKHUT IEepBEIM 3akoH Kupxroda wu

3akoH Oma fyis yyactka enu ¢ 9/1C.

ITycTh cxema nmMeeT umncio y310B NV, . Uucio ypaBHeHHI, KOTOPEIE JJOKHEI OBITH

cocTaBlieHBI Mo 1-my 3akony Kupxroda, pasao Ny — 1.

HpHHHMElEﬁM I[IOTCHIHAJ OJHOI'O U3 Y3JIOB paBHBEIM HYIIHO, T.C. YCIIOBHO 3a3CMJIFICM

cIro.

[Iycts @,.; =0. B o0meM Buje ypaBHEHUs, COCTABIEHHBIE IO METOY Y3JIOBBIX

ITOTCHIIHMAJIOB, HMCHOT BH/I.

il

P1G11 + 20612 + 93613 +..9,G, — ZEKGK
K=1

L

ke

M

P2G21 + 92622 + 03623 +..0,Gapy N EG
=Y E.G,
K=I

L

(1.7)

ke

(P]Gn] + (PEGHE + [103{:1‘13 + "'IWDHGH]H =ZEKGK

K=I

k.

rne Gkk — COOCTBEHHas MPOBOJIUMOCTE k-20 y37a, paBHasg CyMME IIPOBOJMMOCTEHN BCEX

BETBEH, MPUCOCIUHECHHBIX K Kk-M) Y31y

GZZGR, Gk:R_? (18)

Gin — G6H_IHH ITPOBOTHUMOCTE Y3JIOB «ky 1 «n», paBHasi CYMMC HpDBDﬂHMGCTEﬁ BEﬁTBEﬁ,

COCOIMHAROIIHNX Y3JIbI «ky 1 «ny. OGH_IHH ITPOBOAHMMOCTE Y3JIOB BCCT1d OTPHULATCIIbHAA:

Gin = G = _ZGR , (1.9)
kn

Y EG, — anrebpandeckasi cymma rpoussenernii 3J]C UCTOYHMKOB Ha IPOBOIMMOCTH
!

Te€X BETBEU, KOTOPBIC MPUCOECIUHEHEI K Y3y «k» U cojiepkat uctouHuku J/1C.

HpﬂHBBEﬂﬂHHE ER.GR. GEPETCH CO 3HAKOM «(ILIHOC» B TOM ClyHadc, CCIIM B

paccMaTpuBaeMQM-BETBH /A C HanmpaBiaeHa K y3iIy «k», U CO 3HAKOM «MHHYC», KOTJIa

ANEKTPOHHOW NOONMCHLIO
e ra m&%&%mxm%ﬁ%mwww
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Pemas cucremy (1.7), HaxomsaT IOTEHUMAIBl BCeX Yy3J0B. VICTUHHBIE TOKHU
pacCUHUTHIBAOT II0 3akoHy Oma i ydyacTKa Ii€md, II0 HaMJEHHOM pa3HOCTHU

I[IOTCHOHAJIOB JIBYX Y3JIOB K KOTOPBEIM ITIOACOCOAHMHCHA TaHHaA BCTBE.

e (CocraBieHue YPpaBHCHHA SHCPICTHYUYCCKOI'O OajaHca WJIHN YPaBHCHHA OajtaHca

MOIITHOCTEN

YpaBaenue OanaHnca MONTHOCTEN UMEET BUI:

k i
YE-1,=>17R,, (1.10)
i=1 =1
rae k —KOmI4ecTBO UCTOUHUKOB JJ[C; m — KOMMYECTBO COMPOTHUBIEHUH B CXEME.
[Tpu cocraBnenun ypaBHeHus OaaHCa MOITHOCTEH HEOOXOIUMO YUUTBIBATE, YTO B TEX BETBIAX
LIEMH, TI€ HANPABIECHUE TOKA coBmamaer ¢ HampaBiaeHueM JJIC, coorBercrByronmi uctouyHuk I[C
CIEOYyeT pacCMaTpUBATh KAaK TEHEPATOP SHEPrHMH, 4 B TE€X BETBsX, rae HampasiaeHus IJ[C u Toka
OPOTUBOMOJIOKHEL, HCTOYHUK J/[C cremyer pacCMATpUBATE KAK ITOTPEOUTENE SHEPTHUH, U B YPABHEHHUE

Oamanca oOH BXOOUT CO 3HAKOM MHHYC. Bce COIIPOTHBJICHHA, HC3dBUCHMO OT HAIIPABJICHHA

MPOTEKAIOMIETO YEPE3 HUX TOKA, ABJIAIOTCA MOTPEOUTEIAMH SHEPrHH.

e [locTpoeHue nmoTeHIMaIbHON JUarpaMMEI

[TorentmaneHas guarpaMma IMO3BOJISET ONPENEIUTh MOTEHIMAIBI BO BCEX TOYKAX M y3Jax
cxemel. Mcmone3yeTcs mpu  OUMATHOCTUKE BO3MOKHBEIX HEUCOPABHOCTEH B padOTE CXEMHEI.
[ToreHnyaneHele qUATPAMMBL CTPOATCS I BBELAEICHHBIX KOHTYPOB B (DYHKIIUM OT COIIPOTHUBIICHU
LIEMM OT IPOM3BOIBHO BEIOpaHHOTO Yy3ua. [Ipm mocrpoenmn auarpaMMel OPUHMMAEM MNOTEHIAAI
BEIOPAaHHOTO y31a paBHEIM Hy O (i = (). Pacuer moTeHnuanoB OCTAIBHBIX TOUEK HPOU3BOIUM COTJIACHO
BEIOpPAHHOMY HAIPABJIEHUIO 00X01a KOHTYpa (M0 4aCOBOM CTPEIKE). 3HAUEHUSA TOKOB MPUHUMAIOTCS B
COOTBETCTBHHM C pPaCcCUMTAHHBIMM B IPEANIECTBYIOIMIMX ITYHKTAaX 3aJaHusA CO CBOMMHM 3HAKAMHU
HAMPABJICHUH.

[TocTpoenne muarpaMmbl OCynIECTBIIETCA B MACIITA0AX HAIPSIKEHUN

B Owm

—— W COONPOTUBJIEHUH me =——-. Ha puarpamme mo ocu abOCIMCC OTKIAOEIBAIOTCA 3HAUEHUA
MM MM

My

COMPOTUBICHUI YYaEhiOR BIFNEASI0BATCIEHOCTH PACIOIOKEHN X B KOHTYPE; MO OCH OPIHHAT —
ANEKTPOHHOW MOANMCHIO

MOTEHIHAIb] COODBEECIRYIOTIHX FPOMOEI000043E
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[Tpumep moTeHtMamEHOM AUArpaMMel TpuBEAEH HA pucyHke 1.11.

¢..B -

. =0 50 100 150 R, OmM

&
¥
&
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Y

Pucynok 1.11 — Ilorennuansuas nuarpamMMa KOHTYpa LEMU

e [Ipumep pacuéta

B T1abmumue 1.3 npuBeneHBI HCXOJHBIE JaHHBIE [JIS pacueéra IapamMeTpPOB

pPa3BETBJIEHHOM 1I€MU HA pUcyHKe 1.12.

Tabmuna 1.3 — Jlanuble 11g pacuéra

ConporuBnenus, Om Hctounuku, B, A
Ri R2 R3 R4 Rs Re E1 E> | %)
130 40 60 80 110 45 12 13 0,3

Jliisg mpeoOpa3oBaHUE 3aJaHHOM CXE€MBlI B PAaCUETHYH) HEOOXOJUMO IIPOM3BECTH
3aMEHY HCTOYHHMKA TOKa Ha HCTOYHUK HanpsbkeHus. Ha pucynke 1.13 mpusenén

[TPUHIIAIT 3aMEHBI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Pucynok 1.12 — DnekTpuueckas Leb

E=J-R

J.
< | o= oot

Pucynok 1.13 — IlpuHIMDO 3aMEHBI HICTOYHHKA TOKA Ha UCTOYHHUK HAIIPSKEHUS

IlogcTaBuB 3HaYeHMs U3 TAOIMUIE 1.3, moay4uMm:
Ha pucynke 1.14 npueneHa pacu€THas cXeMa IOoCjI€ 3aMEHbI UICTOYHHUKA

TOoKa Jk, Ha HCTOYHHUK HampsokeHus E) .

. F, B
OO
I R —
R[] &[] T A
R3

AOKYMEHT NOANMGAH R4 4
SNEKTPOHHOW NOANKCLIO d
Ceptudmkar: 2C0000043ESABEB952205E 7 BASLOLEL000 25 '
Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynox 1.14 - Pacu€THast cxema JIeKTpUUECKOH 1IETTH

— OmpeeeHne TOKOB B BETBSIX cXeMbI o npaBuiaaM Kupxroda

TpebyeTcs mMpou3BOJILHO 3a/1aTh YCIOBHO ITOJIOKUTEIIEHOE HAPaBICHHUE TOKOB B
BeTBsIX. OrmpeenuTh 3aMKHYTbIE KOHTYPbl B CXE€ME€ U IIPOHU3BOJILHO HaMETUTh
HaIpaBJieHUE UX 00X0/]a IIPU COCTABJICHUH YpaBHEHMH (pUCYHOK 1.14).

YpaBHeHud 110 nepsomy npapmwry Kupxroda cocrasistores mo Beipaxkenuro (1.2):

ZI; =0, msa Bcex Y3JIOB.

i=]
Viema: —-I.+1,-1,=0;
Vi3enb: —-I,+15+1 =0; (1.11)

Vienc: I,+1,-1,=0.

KomnuecTBo Y3JIOBBIX ypHBHEHHﬁ JOJIZKHO OLITH Ha OJHO MCHBLBIIC KOJIMYCCTBA
Y3JIOB, TaK KaK IIOCJICAHCC Y3JIOBOC YPABHCHHC ﬁyﬂET ABIIATHCH TOMICCTBOM.

YpaBHeHHd 110 BTopoMy npaBuny Kupxroda coctaBnsaroTcs mo BeipaxkeHuo (1.3):
guj . ZIE -
[ kouryp: IR —I,R,—I,R, =E;
[l kouryp: —I,R, +I,R +I,R, =E} +E,; (1.12)
[II xouryp: [ R, +I;R;+I,R, =0.
Taxkum oOpa3oM, KOIWYeCTBO ypaBHeHHUH 1o mpaBuinaM Kupxroda paBHO umciy
HEHM3BECTHBIX TOKOB. Iloce moicTaHOBKM 3HaU€HUIN NTapaMeTPOB:
(—1.+1,—1,=0;
-1, +1,+1, =0;
I,+1,-1,=0: (1.13)
[,-130—-1,-110-1,-45=12;

OOKYMEHT MNOFIVMCAH

anektroHHon ndanueslo, -60+ 1. -1 10+ 1, -40 =25
Ceptvdmkatr: 2C0000043E9ABBB95220pE7BAS00060000043E
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I, -45+1,-60+1,-80=0.

Pemenue cucTeMbl YpaBHEHHM OCYILECTBISETCS C IIOMOILBI IIPHKJIAJHBIX
nporpamMm: EUREKA, Mathcad, npunoxenus Excel, mnu — kanekynsgropa (MeTomoMm
Kpamepa).

[locne pelieHns YuclIeHHbIE BEJIMUUHEI TOKOB:

[, =0147A;1,=0227A;1,=—0118A;1, =0109A;1. =0,080A;1, =— 0,038A.

OTpunareabHbId 3HAK I TOKOB [3, [s 03HAuaer, 4r0 MCTUHHOE HANPABICHHE TOKAa

[MPOTHBOITOJIOKHO HAITPABJICHHIO, BEI GpﬂH’I—ID MY IMCPBOHAYAJIBHO B KA4CCTBC IMOJIOKHUTCIIBHOTO.

— OHpEiHEJIEHHE‘ TOKOB B BCTBAX MCTOJOM KOHTYPHEIX TOKOB

YpaBuenus coctaBasioT Tonbko 1Mo Il mpasuny Kupxroda nns, Tak Ha3pIBaeMEIX,
(UKTUBHEIX (KOHTYPHBIX) TOKOB, IIpeJIIojiaras, 4To TOK OJHMHAKOBEIM IS  BCEX
Y4aCTKOB BBIOpaHHOTO KOHTypa. HampaBieHHE KOHTYPHBIX TOKOB MPUHHMAETCS TAKOE

K€, KaK HaIlpaBJIeHHe 00X0/a 110 Ipeablaylled 3agade (pucyHok 1.14).

BREAE

R Rs TIS m

I22
N a0 [c
o 1] I —
E® [T M
lg I3
d Ry <*+—1,

777

Pucynok 1.15 — PacuéTHas cxemMa JJ1s1 onipeieIeHNS] KOHTYPHBIX TOKOB

111, I22, [33 — KOHTYpPHBIE TOKHU.

!;;(R; +Rj +Rﬁ)_IE‘ERj _Iijrs = E;;

IEE(RE+R3+R5)_IHR5_I_?3R3:E.;_l_EE; (1.15)
OOKYMEHT NoarmmcCAH

ANEKTPEOHHGH NQOMMCH .
Ceptudmkart ;n:::-;:-;:-;:-;:-;:-a:e[?ﬂiﬁ L?[%:)g:iERﬁ)_{HRﬁ T IEER_? o 0 )
HOD ]

Bnapeneu Lilel 1AV X0Bd iITbHAHA AJIeKCaHOpoBHA
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ITocne INOJJCTAHOBOK 3HAYEHUHU HapaMCcTpoOB:
(1,,285-1,,110—1,,45=12;

< 1,,210-1,,10—1,60=25: (1.16)

| 1,185-1,45-1,,60=0.
PemeHne cHCTEMBI U3 COCTABJIEHHBIX }’pﬂEHEHHﬁ IIO3BOJIACT OIIPCACIIUTD

BEJIMYMHY KOHTYpPHBIX TOKOB: I, =0,147A; 1,, =0,227A; 1;; =0,109A..

Jlns onpenenenus (pakTHYECKUX TOKOB B BETBSAX COCTABHUM YpaBHEHUS, YUUTHIBAS,
YTO HUCTHUHHBIM TOK (MCKOMBIM TOK) B JIFOOOM BETBM pPaBE€H alreOpamuyecKod CyMMeE
KOHTYPHBIX TOKOB, IpPOTEKamoIMX mo 3Tod BeTBU. Co 3HAKOM «ILIIOC» OepyTcs
KOHTYPHBIE TOKH, COBIAQJAIOIIUE C MCTUHHBIM TOKOM; CO 3HAKOM «MHHYC» —
HECOBMAJAlOIHe C HICKOMBIM TOKOM:

[, =1, =0I147A;

I,=1,,=0227A;

I, =1;;-1,, =0,109 -0,227 =-0,118A;

I, =1, =0,109A;

I, =1, -1, =0,227 - 0,147 = 0,080A ;

I, =1, —1I, =0,109—0,147 =—0,038A .

6

— OHpEﬂEHEHHﬂ TOKOB B BCTBAX MCTOJOM Y3JIOBBIX ITOTCHIIHAJIOB

OjnuH u3 y310B 3a3zemisiercss @, =0 (pucyHok 1.15). YpaBHeHMS COCTaBISIOTCS
JUIS Y3JIOBBIX TOKOB IO nepBoMy npaBuiay Kupxroda cormacuo (1.7, 1.8, 1.9):
yzena: @G, —¢,G,—p.G, =0,
yzenb: ¢,G, -G, —p.G,=—E,+E,)-G,+E, -G,; (1.17)
yzenc: @.G.—¢p,G,—,G,=(E,+E,)-G,,

11 I 1 1 I 1 1
rne G, = G =—+—+—; G, =—+—+—.
R; ﬂCﬂWEHTﬁﬁ'ﬂHHGHH R, R, R K, K, R,
SNEKTPOHHOW NOANMWUCHIO
CEpTHdJHITT: 2C0000043E9ABBB952205E7/BAS0006000004 3E

OGHE, HQACTAHOBOK JIQTYUUM CUCTEMY YPaBHEHUM:

Bnanene
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~ / 1 ) 1 /
@c{ —— t———t— _@h__g?c_zo;

60 110 45 110 " 60
1 1 1 I I I I
—+—+ —p ——@ —=—(12+13)—+12-—:  (1.18)

';0”(130 40 HOJ Y710 % 90 ( )40 130
1 1 1 I I I
| —+—+ -, ——@,—=12+13)—.

~ ';0‘:(40 80 50} 720 P60 ( )40

[Tocne PCHICHHA CUCTCMBI ITOTCHIIMAJIBI Y3JIOB PABHEI:
o =169B;, @ =—714B; @ =877 B.

I[I[H OIIPCACICHUA TOKOB B BCTBAX COCTABJIANOTCA YPaBHCHUA JJIA KH}KﬂDﬁ BCTBH.
VpﬂEHﬂHHH COCTAaBJIAKOTCA IIO CXCMC.

— BLIGHPHETCH OJMH M3 Y3JI0B, YCIIOBHO €TI0 IMOTCHIHAJI IIPHUHHUMACTCA OO0JILIIE

ITIOTCHUOHAJIOB JIPYTHUX Y3JIOB,

— OT IIOTCHIIHAJId BLIﬁpHHHDTG y3JIa OTHHMAKTCA ITaJICHHA HﬂHpHH{'SHHﬁ Hd

COIIPOTHUBIICHUAX BLIGPEIHH'DfI BCTBH,

— HpHﬁHBﬂHIDTCH HaIIpSAKCHUA HCTOYHHUKOB BI[C, BKJIFOUEHHEBIX B HJaHHYH BCTBb,

— PE3SVIBTHUPYROILCC HAIIPAKCHUC YPAaBHOBCHINBACTCA IIOTCHIHAJIIOM BTOPOIO

y3JIa B KOHIIC BCTBH.

Tok, HampaBJICHHBIM OT BEIOPAHHOIO Y314, MPUHUMAETCS CO 3HAKOM MHUHYC,

a DJ1C — co 3HaKoOM ILTIOC.

@, — R =¢,;
o, +E,+E,—RI,=¢,.;

@{' +Rj’13 =$a;

(1.19)
@.—1,R,=0;
@, +1;R; =0;

¢, +1,R —E =0.
[Tocne IMOJCTAHOBOK.

I; = (o, VERENEG9 —(—7,14))/110=0,08A:

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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I,

(0, —@ +E,+E,)/R,=(~7,14-877+12+13)/40=0,227A;
(g, —@.)/ R, =(1,69-877)/60=—0,118A;
I,=¢ /R,=877/80=0,109A;

~@, /R, =—169/45=—-00375A;
1, =(E,—¢@)/R,=(12-(-7,14))/130=0,147A.

J1I1s mpoBepKH pe3yabTaTOB BEIYUCIIEHUM TOKOB IIPOBEPHUM OallaHC

MOIITHOCTEM 1Mo 3aBHCUMOCTH (1.10):

[Tpu cocraBnennn ypaBHeHus OanaHca MOMIHOCTEN HEOOXOOAUMO MOMEHATH

|| ME

HAMPABJIEHUS TOKOB B BETBAX C OTPUIATEIBHBEIMU 3HAUCHUAMH, YUUTHIBATh, UTO B TEX BETBAX IIEIH,
IJI€ HANpaBJCHUE TOKA coBmamaer ¢ HampariaeHuem J/[C, ux mpousBeneHue OyaeT MOJIOKUTEIEHEIM,
T.€. MOIIHOCTE TeHepupyerca. B Bersax, rae Hanpasnenusa JJ|C 1 TOka MpPOTUBOITOIOKHEL, UCTOUHUK
2J1C cnemyer paccMmaTrpuBaThk Kak MOTPEOUTENh YHEPTUHN (HAMPUMED - AKKYMYJIATOP), U B YPABHEHUE
Oamanca OH BXOOWT CO 3HAKOM MHHYC. Bce compoTuBi€HU:sA, HE3aBUCHMMO OT HAIpPaBICHUA

MPOTEKAIOMIETO YEPE3 HUX TOKA, ABISAIOTCS MOTPEOUTENAMU YHEPTUU :
E.-I,+E,-I,+E,-I,=I-R,+I;-R,+I, R, +I,-R,+I:-R.+I-R. (1.20)
HDCJIE: ITIOJJCTAHOBKH 3Ha[IE3HHﬁ HﬂpﬂMETpDEZ

12-0,227+13-0.227+12-0,147=0,021-130+0,051-40+0,013-60+0,011-80+

+0,0064-110+0,0014-45.
/439=7,197 .

PEIBHHI_IEI COCTABJIXICT MCHCC 4%, CJIICOBATCIIBHO, pﬂCqéThI BBIITOJIHCHEI ITPABHUJIBHO.
CPHEHEHHE PE3YILTATOB, IIOJIVUCHHEIX B PC3YJILTATC UCIIOJIB30BAHUA JIBYX

METO]IOB ITpUBEcHO B Tabaulie 1.4.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptu ¢I'I'1 E[I'[I'[I'[I'[M.?riﬂﬁ-. 8B9 SE7BAS00060000043E
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3HaYEeHUA TOKOB,
3HauYeHUS TOKOB,
MMOJIYyYCHHEIE C
Ne MOJIyYEHHEIE C Pa3uuiia B
HCIIOJIL30BAaHUEM
TOKa | HCIOJIL30BaHUEM METO/Ia BEIYUCIIEHHUSIX
METO/Ia Y3JIOBBIX
KOHTYPHBIX TOKOB
[TOTEHI[AAJIOB
I 0,147A 0,147A 0
I, 0,227A 0,227A 0
I, -0,118A -0,118 0
I, 0,109A 0,109 0
L5 0,08 0,08 0
I -0,038 -0,0375 0,0005

N3 TEIGJIHI_H:I BHJHO, YTO 3HAYCHHA TOKOB IIPaKTHUYCCKH OJJHMHAKOBEIC,
CJIICIOBATCIbHO, MOHO CIACIATh BBIBO/I, UTO BBIYHUCIICHUA ITPOBCIACHBI, BEPHO.
Braucnennsa BEIMOTHSINCE C ITOMOILBHO BBEIUHCIIUTEILHON IIpOrpaMMBI

«IBpHUKaA».

— HGTEHHHHHLHHH quarpamMmma

BribupaeM 1151 mocTpoeHUsI OTEHI[UAIBHOM JUarpaMMbl KOHTYP ¢ HaJIM4HEeM
ncrtounuka JJ1C —dabd. Ha pucynke 1,16,a mpuBe/ieHa cxeMa KOHTYpa, a Ha pPUCYHKE

1.16,0 — moTeHnManLHas qUarpamMma.

U, B
¢Pb'=12B

R.Om

Rs=110 Om

[TNMCAH
Onncbio

hE7TBAS00060000Q043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynok 1.16 — IlorennuansHas quarpamMmma

CITMCOK PEKOMEHJIOBAHHOM! JINTEPATVYPEI

OcHoBHAasl JIATepaTypa:

l.Cokonenko, E. B. Teopua (QyHKIMH KOMIUIEKCHEIX HOEpPEeMEHHEIX. OmnepanmoHHOoe
ucuucaenue: yuednoe mnocodbume / E. B. Cokomenko. — Craspononas: Cepepo-KaBkasckui
(penepampabni yausepcuret, 2017. — 199 c. Pexxum nocryma: http://www.iprbookshop.ru/83226.html.

2.MoagemipoBanue B DJCKTpOSHEpreTuke: yuebnoe mocodbume / A. @. Ilaranos,
N.H.Boporuukos, M. A. Macrenanenko [u ap.|. — Crasponosbs: CTaBpOIOasLCKUH TOCYIapCTBEHHEBIH
arpapHeIA YHUBEPCHTET, AT'PYC, 2014. — 140 C. Pexum IOCTYIIA:
http://www.iprbookshop.ru/47317.html.

Jlomo/THUTE/ILHAS JIHTepaTypa:

Murpodanos C.B. MogenupoBanne B 3JIEKTPOSHEPreTUKE | DIEKTPOHHBEIN pecypc|: yuedHoe
nocodoue/ Mwutpodanor C.B., Cemenoa JI.A.— DaeKTpOH. TEKCTOBEIE mgaHHbIE.— OpeHOypr:
OpenOypreckuii rocyaapctBenHeni yausepcurer, 3bC ACB, 2015— 144 c¢.— Pexum pocrtyna:
http://www.iprbookshop.ru/61379.html.

Ilepeuens pecypcoB HHPOPMALNMOHHO-TEIeKOMMYHHKANIMOHHOHN ceTn « MHTepHeT),
He00XO0IUMBIX JIJISl OCBOCHHUS THCIHILTHHbI

1. Vuueepcumemckas bubnuomeka ownaun http://www.biblioclub. ru
2. DnekmpouHo-oubnuomeunasa cucmema IPRbooks» - http://www.iprbookshop.ru/

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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MUHHUCTEPCTBO HAYKHU U BBICIIETO OBPA3OBAHMS POCCUNCKOU ®EJIEPALINU

denepanbHOE TOCYJAPCTBEHHOE ABTOHOMHOE 00pa30BaTENIBHOE YUPEIKIEHUE
BBICHIEr 0 00pa3zoBaHuA
«CEBEPO-KABKA3CKHWUH OENEPAJIBHBIN YHUBEPCUTET»

[Taruropckuit uacturyt (prman) CKOY

MeToanuecKne YKa3aHUS

M0 OPTaHU3AIUN U MPOBENEHUIO CAMOCTOATEILHOU PAa0OTEI

no muciurumue « METO/IBI PEHIEHW A 3AJIAY SJIEKTPOSHEPI'ETHUKH U
SJIEKTPOTEXHUKW»
171 CTYJEHTOB HAINPABJIEHUS ITOATOTOBKHT
13.03.02 DnekTposHepreTuka U SIEKTPOTEXHUKA

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Conepixanue

Beenenue

OO0mias xapakTepucTUKa CaMOCTOATENBHOM padoTel O0Oyuaromierocs mpu
M3YYEHUN OUCHMIUIMHEL «MeTonsl pemeHus 3amad SIEeKTPOSHEPTETHKH H
HIEKTPOTEXHUKI

[Tnan-rpauk BEIMOTHEHUA CAMOCTOATEIFHOU PA0OTEI

KOHTpOJIBHEIE TOUKY ¥ BUIEL OTYETHOCTH 110 HUM

Meroangyecknue peKOMEHIAIMHN 10 U3YUEHUIO TEOPETUIECKOTO

Marepuana

Comcok peKOMEHIYEMOM JINTEPATY PHI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Brenenne

CamocrosarensHas pabora — IaHupyemas ydeOHas, yueOHO-MCCIenOBaTENhCKAA, HAYYHO-
UCCIIENOBATENLCKAA padoTa CTYAEHTOB, BBIMOJHAEMAs BO BHEAYAUTOPHOE (AYIMUTOPHOE) BpEMsA MO
3a0aHUI0 U IPU METOAUYECKOM PyKOBOJICTBE ITPENOAABATENA, HO 0€3 €ro HEmOCPEeACTBEHHOT 0 Y4aCTHA
(mpy 49aCTUYHOM HEMOCPEICTBEHHOM YYACTUW MPEMNOJABATENsA, OCTAB/LIIONIEM BEOYIIYIO POIb 34
paboTOM CTYIEHTOB).

CamocroarensHas padora cTyaeHTOB B BY3e ABmAeTcsa BaHBIM BHIOM Y4EOHOM U HAYUHOU
NEATENBEHOCTH CTYEHTA.

Benymas uems opranmsannu U ocymiectBiaenna CPC pmomkHa coBmagars ¢ UEABH0 00ydeHUA
CTyAEHTAa — HOArOTOBKOM OakamaBpa ¢ BeiciumM oOpaszoBanuem. llpu oprammzanmm CPC BaxHBIM 1
HEOOXOOUMEIM YyCIOBHEM CTAHOBATCA (POPMUPOBAHUE YMEHMA CAMOCTOATEILHOM paldOTEI 1A
OpUOOPETEHNA 3HAHUI, HABBIKOB M BO3MOKHOCTH OPTaHU3AIN Y4€OHOH U HAYUHOU JEATEIIHHOCTH.

[lempro camocrosaTensHONU padOTEl CTYIEHTOB ABIAETCA OBJAACHUE (DYHIAMEHTAIBHBIMH
3HAHUAMM, IPO(PECCHOHATBHEIMA YMEHUAMH WM HABBIKAMH JEATEIBHOCTH HO HOPO(PWIO, ONBITOM
TBOPUECKOM, UCCIEAOBATENLCKON NeATENLHOCTH. CaMocToATEnpHAS padoTa CTYAEHTOB CHOCOOCTBYET
Pa3BUTHIO CAMOCTOATENBHOCTH, OTBETCTBEHHOCTHM W OPraHM30BAHHOCTH, TBOPUYECKOTO MHOAXOOA K
peneHno npodnem yueOHOT0 U mpo(PeCcCHOHATBHOTO YPOBHSL.

1. OBUIASI XAPAKTEPUCTUKA CAMOCTOSITEJIbHOHU PABOTBI
OBYYHAIOUWEI'OCA IIPU U3YUHEHHUH JUCHUIIJINHDI
«METO/IbI PEHIEHUS 3AJIAY DJIEKTPOOHEPI'ETHKHU U
IJIEKTPOTEXHUKN»

K coBpemMeHHOMY CHENUATUCTY OOMIECTBO HOPEIBABIAECT OOCTATOYHO MIMPOKHHM IEPEYEHD
TpeOOBaHMIL, CpEeOu KOTOPHIX HEMAJOBAKHOE 3HAUECHHE WMEET HAJIUYME VY  BBITYCKHHUKOB
ONPEAENCHHEIX CHOCOOHOCTEN M YMEHHUSA CaMOCTOATENRHO MAO0OBIBATE 3HAHUS W3  PA3TUIHBIX
MCTOUHUKOB, CHCTEMATU3UPOBATL MOJYUEHHYIO MH(OpManMioo, OaBaTh OLEHKY KOHKPETHOM
¢unancoBon curyanuu. DQOpMUPOBAHUE TAKOTO YMEHUS MPOUCXOAUT B TEYEHUE BCETO MEPHUOIA
00yueHus uepe3 ydacTue CTyIEHTOB B MPAKTUYECKUX 3aHATUAX, BRIMOJTHEHUE KOHTPOIBHBIX 3aaHUN U
TECTOB, HAITMCAHUE KYPCOBBIX U BBIMYCKHEBIX KBATM(PUKAIMOHHEIX padot. Ilpu sTom camocroarensHasd
paboTra CTYIEHTOB UTPAET PEIIAIONIYIO POJE B XOI€ BCETO yIeOHOTO mporneccea.

@opMEI CAMOCTOATEIEHON pabOTHl CTYAEHTOB pasHooOpasHel. B coorBerctBum ¢ paboueit
IPOrpaMMON JUCIHMIUIMHBL «JIEKTPOSHEPTETUYECKUE CUCTEMBI U CETH» MPETYy CMOTPEHBI CIEAYIONINE
BUBI CAMOCTOATENEHON PA0OTHI CTYAEHTA:

- CAMOCTOATENRHOE U3YUCHUE JINTEPATY PEIL;
- CAMOCTOATENRLHOE PENICHNE 3a70a4;
- BBIIIOJTHEHUE KYPCOBOTO MPOEKTA U KOHTPOJIBHOU PaOOTHI.

L{ens camocmoamensvrHoco U3ydeHUA aumepamypsvt — CaMOCTOATEILHOE OBJIANECHUE 3HAHUAMH,
OMBITOM HCCJIEN0BATENCKON AEATEIEHOCTH.

3adauamu CaMOCTOATEIBLHOTO U3YUECHUS JTUTEPATYPhI ABIAIOTCA:

. yIIyOJIEHHUE U PACIIUPEHNUE TEOPETUICCKNX 3HAHU U,
. (popMHUpOBAHHE YMEHWUH HWCHOIB30BATH HOPMATHBHYIO, IIPABOBYI, CHOPABOYHYIO
OKYMEHTALWIO U CIEHHAILEHYIO JIUTEPATYPY;
ADRY ! AOKYMEHT NOANMMCAH PATYPY .
. Pa2BETACHAORNAB¥I@E HEIX CITOCOOHOCTEN U AKTUBHOCTH CTYNEHTOB.
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Ilenv camocmoamenviozo pewienusa 3aday - OBIaAEHUE MPO(PECCHOHATEHEIMU YMEHHAMA U
HABBIKAMU JIEATENLHOCTH IO PO Oy Iymen IeaTeabHOCTH.
3adauamu CaMOCTOATEILHOTO PEIIEHNA 3a1a9 ABIAIOTCA:

. CUCTEMATH3ALMA U 3aKPEIUICHUE IMOJIYYEHHBIX TEOPETUUECKUX 3HAHUM M NMPAKTUUECKUX
YMEHUU CTYIEHTOB;

. (pOpMUPOBAHNE CAMOCTOATENBHOCTH MBINUIEHHA, CIIOCOOHOCTEH K CaMOpa3BUTHIO,
CAMOCOBEPIICHCTBOBAHUIO U CAMOPEATN3AIUH;

. pPa3BUTHE UCCIEI0BATENLCKUX YMEHHI.

B pesynrsrare 0CBOCHUA TUCHUIUIMHEL (POPMUPYIOTCA CIEAYIONINE KOMIETEHIITUN:

[Imanupyemeie pe3ynsTaTel
00y4eHMS MO0 TUCITUIIIIAHE
(MOIyITI0), XapAKTEPHUIYIOIIINE
yTans! (HOPMUPOBAHUS
KOMITETEHIIUH, UTHIUKATOPOB

Konx, popmymipoBka Kon, popmymipoBka

KOMIICTCHIIMH HHIOIHUKATOPpa

3HAET METOIBI U AJITOPUTMEL
OPUMEHEHNA METOOB
MATEMATUYECKOTO armapara
TeOpUH (PYHKIIUH HECKOJIbKUX
IEPEMEHHBIX, TEOPHUH
(PYHKIIUI KOMILJIEKCHOTO
NEPEMEHHOT 0, TEOPUH PAIOB,
Teopun au(epeHInaTbHbIX
yPABHEHUH.

Brmaneer MmareMarnuecKum
anmaparom Ajs pa3padoTku
MAaTEMATHUIECKHX MO IEJIeH

NJ1-2omx-3 [Tpumenser
MATEMATHYECKHUN armmapar
TEOpUM (PYHKIMN HECKOIBKUX
MEPEMEHHEIX, TEOPHUH
(PYHKIMHI KOMILIEKCHOTO
MEPEMEHHOT0, TEOPUH PAIOB,

OIIK-3 CnocobeH mpUMEHATE
Teopun au(depeHInaTbHBIX

COOTBETCTBYIOIIMHI (PU3UKO-

" ypPaBHEHUH “
MaTeMaTUIEeCKUH ammapar, OPOIECCOB U ABJIECHUN HPU
METOIBI AHAJIN3a 1 MUCCIENOBAHUM U PENIEHUH
MO JETUPOBAHMA, NPUKJIATHBIX 3a7a4
TEOPETUIECKOT 0 U YIEKTPOIHEPTETUKHI U
YKCHEPUMEHTATEHOT O YIEKTPOTEXHUKH.
MCCIENOBAHUS IPU PEIIEHUH 3HAET METOBI U ATOPHUTMEL
npo(peccuoHaIBHEIX 3a0a4 OPUMEHEHNA METOIOB TEOPUA

BEPOATHOCTEHN H
MAaTEMATUIECKOU CTaTHUCTHUKHU
B 001aCTH ANEKTPOIHEPTETUKHU
U SIIEKTPOTEXHUKH.
[Tpumenser
COOTBETCTBYIOIIUHI
MATEMATUIECKUHN anmapar 1
pemeHns 3anad
IEKTPOSHEPrETUKHU U
IEKTPOTEXHUKH.

NJ1-3omk-3 [Tpumenser
MATEMATUUECKUN armmapar
TEOPHUHN BEPOATHOCTEH U
MATEMATHUECKOU CTATUCTHKH

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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2. INTAH-TPA®HUK BBIIIOJTHEHUSI CAMOCTOSITEJIBHOM PABOTBI

Komper Bun nesrenmsHOCTH HtoroBeni Cpencra u
peasie3yembIx CTYICHTOB OPOIYKT TEXHOJIOTHH Kouraxrias
o o CPC pabora ¢ Bcero
KOTIETEeHIINI CAMOCTOATEIBHOM|  OIEHKH
MPETOIaBATEIEM
(MHIMKATOpa) padoTHr
Ounas popma o00yueHHs
2 ceMecTp
OIK-3 |Camocrosremroe Koucmoekt Kommmekt 63.36 7.04 70.4
NUJ1-2omk3 |[M3ydeHne muTepaTypel 3adaHui U
NJ1-3omk-3 |rmo Temam 1- 8 BOMPOCOB HO
paznenam
TUCIHUTLUTAHEL
OIIK-3 |IloaroroBka K Koucmoekt Kommmekt 1.08 0.12 1.2
HUJ1-2o0mnk-3 prekmumam 3a0aHuN U
NJ1-30mk-3 BOIIPOCOB IO
paznenam
TUCIHUTLUTAHEL
OIIK-3 [[IogroTroBka K Koncrekr KoMILJIeKT 2.16 0.24 2.4
U/1-2onk3 |mpakTuueckum 3a0aHuN U
NJ1-3omk3 pandaruam BOMPOCOB HO
paznenam
TUCLIUTUTAHEL
OIIK-3  |Brmomnenue KonrpoapHas Kommnekr 9 1 10
NJ1-2omk-3 |[KOHTPOIIEHOU PadOTEI paboTta 3aMaHAN IS
NJ1-30mk-3 KOHTPOJIBLHOMN
padoTHI
Hroro:| 75,6 3.4 84,0
3aouHas (popMa 00yUeHHHA
2 ceMecTp
OIIK-3 |[CamocTosTemsHOe Koncnoexr Kommmekt |98,595 10,955 109,55
WUJ1-20nk-3 |M3y4eHUE JIMTEPATY P 3aIaHUH |
N/I-3onk-3 |mo Temam 1- 8 BOIIPOCOB MO
pazgenam
TUCIIATLIMHEI
OIIK-3 |[TogroroBka K KoHCITeKT Kommiekt 0.54 0.06 0.6
NJ1-2omnk-3 |[mekipsam 3a0aHUN 1
NJ1-30mnk-3 BOIIPOCOB IO
pazmenam
TUCIIATLIMHEI
OIIK-3 |[TogroroBka K KoHCITeKT Kommiekt 0.54 0.06 0.6
WUJ1-2omnk-3 |OpakTHYECKAM 3a0aHUN 1
UJ1-3onk-3 [3aHATHAM BOITPOCOB MO
pazmenam
T AUCIATIIMHEBI
OIIK-3  |Beimojm POHHOW NOpr CPOTTBHAS Komriekt 9 1 10
eptugpurat: 2C0000043ESABSBO952203E7BAS00060000043E
W J1-2 01630 fBOHT OB HOH PAQOTBlexchiaposn 00T 3agaHui A7
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NJ1-30mnk-3 KOHTPOJBHOM
padoTEI

HUroro:{108,675 12,075 120,75

3. KOHTPOJIBHBIE TOYKH U BUJIbI OTYETHOCTH 110 HUM
B paMkax peUTMHTOBOM CUCTEMBI YCIIEBAEMOCTh CTYAEHTOB MO KAXKI0W MTUCHUILUIMHE OI€HUBAETCA
B XO/I€ TEKYIIETO KOHTPOIS U MPOMEKYTOUHON ATTECTALNH.

[lpn mpoBeneHnn TEKYNMIETrO KOHTPOJIA PEUTHUHIOBAs OLEHKA 3HAHWUM CTYIEHTA OLEHUBAETCH
CIECAYIOMAM 00pa3om:

Ne /o Bun nearensHOCTH CTYIEHTOB Cpoxu KomraecTso
MOJTHECHUSA OamIoB
2 ceMecCT
1 |IIpakTtnueckoe 3ansarue 2 6 15
2 [lIpakTuueckoe 3anaTue 4 10 25
3 HPH,I{THLIECI{DE 3auaTue 7 16 15
HToro 3a 2 cemecTp: S5

MaxkcumansHO BO3MOJKHBIN 0471 3a BECh TEKYIINIT KOHTPOJIL YCTAHABIMBAETCA PAaBHEIM 55. Tekymiee
KOHTPOJIBHOE MEPOMPUATUE CUUTAETCSA CAAHHBIM, E€CIM CTYIEHT MOJy4ma 3a Hero He meHee 60% ot
YCTAHOBJIEHHOTO Ui 3TOTO KOHTPOJII MAKCUMAIBHOTO Oaiuta. PENTUHrOBEIN Oai, BEICTABIIAEMBIN
CTYAEHTY 34 TEKYIIEE KOHTPOJILHOE MEPOIIPUATHE, CAAHHOE CTyIEHTOM B YCTAHOBIECHHEIE TPA(PUKOM
KOHTPOJIBHBIX MEPOIPUATHA CPOKH, ONPENEIACTCA CAEAYONMM 00pa3oM:

YpoReHBb BHINOJIHEHHS KOHTPOJIBLHOI'O PeliTHHr oBbIH 02171 (B % OT MAKCHMAJILHOTO
3a1aHHs 0aJu1a 32 KOHTPOJILHOE 3a/IaHHE)
OTaUgHBIH 100
XOpoumit 80
Y 1oBIETBOPUTEILHEIH 60
HeynoBieTBopUTENLHBIN 0

4. METOIUWYECKHUE PEKOMEHJIAIIUU 11O U3YHEHUIO TEOPETHYECKOI'O
MATEPHAJIA

CamocroarenpHas padoTa CTyOeHTa HAYWHAETCA C BHUMATENBHOTO O3HAKOMIIEHUA C
cComepKaHueM yueOHOro Kypca.

M3yuenne kaxmoll TEMBI CIEQYET HAYMHATHE C BHUMATEIBHOTO O3HAKOMIIEHHA C Habopom
BONMPOCOB. OHU OPHUEHTUPYIOT CTYIAEHTA, IMOKA3BIBAIOT, YTO OH MOMKEH 3HATh MO OAHHOM TEME.
Bonpocel Tembl kKak OBl HAKIAABIBAIOTCS HA COOTBETCTBYIONIYIO TJIABY HM30paHHOrO ydyeOHMKA WU
yaeOHoro mocodusa. B urore momkHO OBITE ACHBIM, KAKME BOIPOCH TEMEI Y4€OHOTO Kypca U € KaKOH
IIyOMHOM PACKPBEITEI B KOHKPETHOM Y4€OHOM Marepuane, a Kakue BooOmie omymieHel. |peldyercs
TBOPUYECKOE OTHOLIECHUE U K CAMOMY COAEPIKAHUIO TUCIUATIINHEL.

Bompocsl, cocraBasionine €€ coaepkaHue, 00magaroT pa3sHOM CTENEHbI0 BAKHOCTH. ECTh
BOIPOCHI, BEIMOTHAONINE (DYHKIIUIO JTOTHUECKOU CBA3KU COOEPKAHUS TEMBI U BCET0 KypCa, UMEIOTCA
BOIMPOCHI OMUCATENBHOTO WJIM PA3bACHUTEILHOTO XapaKTEpa, d TAKKE HCTOPHYECKOrO JKCKypca B
00macTe M3yd4aeMOM IUCHUIUIMHEL. Bce 53TH BOMPOCEI HE COCTABILAIOT CYTH HOHATHHHOIO,
KOHIICTITYAThHOTO  COTCPIKAMIA  TCMBI, HO HEOOXOOUMEBI I IEIOCTHOTO BOCHPUATHA HM3YyUaEMBIX

AJOKYM NMoarnncAH
ITpo OJ1eM. SNEKTPOHHOW NOAMNWMCLIO
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M3yuaemas quCIMIITIHA UMEET CBOM KaTETrOPHATHHO-TOHATUIHEIN anmapar. Hayuneie moHsaTus
— 5TO Ta 0a3za, HA KOTOPOM CTPOWUTCA Kaxkaad Hayka. [loHATHMA — y3/10BBIE, OMOPHEIE ITYHKTHI KAK
HAYYHOTO, TAK W y4e€OHOTO IMO3HAHWA, JIOTUUECKHE CTYIEHHW ABMKEHHMA B yuede OT MpOCTOro K
CJIOKHOMY, OT ABJICHHA K CyHIHOCTH. be3 ACHOTO MOHMMAHUA MOHATUH yuelda KpaiHe 3aTpyaHACTCS, a
COmEpKaHNE NPUOOPETEHHBIX 3HAHUM CTAHOBUTCSA TYCKIIBIM, PACILIBIBUATEIM.

CTyneHT DOKEH HOHMMATh, YTO CAMOCTOSTEILHOE OBIAJICHHUE 3HAHMAMU SBIAECTCA TIABHBIM,
onmpenessronM. Briciias mikoma CO3maeT MIid 3TOr0 HEOOXOAWMBIE YCIOBHS, MOMOTAET Oyaymiemy
BEICOKOKBATU(PUIIMPOBAHHOMY CHENHAINUCTY OBJANETH TEXHOIOTHEH CAMOCTOATEIBHOTO TPOU3BOACTBA
3HAHUH.

B camocroArensHOU padOTE CTyAEHTAM NPUXOOUTCA HMCIOJB30BATH JIMTEPATYPY Pa3IUUHBIX
BUJOB: MEPBOMCTOYHUKH, MOHOrpa(uu, HAydHBIE COOPHUKHM, XPECTOMATHHM, YYEOHUKH, Y4EOHBIE
nocoous, KypHaiasl u ap. M3ydenne kypcea npeanonaraer 3HaKkOMCTBO CTYAEHTOB € DOMBIMM 00BEMOM
HAYYHOU W y4€OHOU JIUTEPATYPEL, 4TO, B CBOIO OUEPEND, MMOPOKITAET HEOOXOAUMOCTE BRIPAOOTKH Y HUX
PalMOHAIEHO-KPUTHUECKOTO ITOIX0A K N3yJa€MbIM HCTOUHUKAM.

YT00BI HE «YTOHYTE» B OTPOMHOM O00BEME PEKOMEHIOBAHHEIX €MY IS M3YUEHUA MCTOYHUKOB,
CTYIEHT, TIPEXKIE BCEr0, MOOJKEH HAYYWTBCA NPABWILHO uUX 4yurare. llpaBuisnoe urenue
PEKOMEHIOBAHHBIX HMCTOYHMKOB MPEAMNONATAET CIEN0BAHME HECKOJIBKMM HECIOKHBIM, HO BECHMA
MOJIE3HBIM ITPABUIIAM.

[TpenBapuTensHBIIT MPOCMOTP KHUTH BKIIFOUAET O3HAKOMIICHHE C THUTYJIBHBIM JMCTOM KHWIH,
AHHOTAIMEN, MTPEOUCIOBUEM, oOriaBacHueM. [Ipu o3HakOMIEHMHM C OTJABIEHHUEM HE00X0IUMO
BBIJIEJINTE Pa3Jenbl, IIABEL, Nmaparpasl, MpeacTaBIAoNINe U1 BAC UHTEPEC, OErI0 UX NPOCMOTPETS,
HAUTH MECTA, OTHOCAMMECA K Teme (ad3aipl, CTpaHuIkl, maparpa@sl), © MO3HAKOMUTLECA C HUMH B
o0mmMX geprax.

Haygynele u3manmsa CONPOBOKIAIOTCA PA3TUYHBIMU BCIIOMOTATENBHBIMM MaTE€pHATAMU —
HAYYHBIM AMapaToM, MOSTOMY BAyKHO 3HATH, M3 KAKUX OCHOBHEIX 3JIEMEHTOB OH COCTOUT, KAKOBEI €T0
(PyHKIMH.

3HAKOMCTBO C KHMIOHM JIy4ml€ BCEr0 HAYMHATE C W3YUYEHHUS AHHOTAIMM — KPAaTKOM
XAPAKTEPUCTUKA KHWUIH, PACKPBIBAIOIIEH €€ CONEPKaHUE, HIECHHYI0, TEMATHUECKYI) M KAHPOBYIO
HAMPABJIEHHOCTh, CBEAEHUA 00 aBTOpE, HA3HAUEHUE U IOPyTrue O0COOEHHOCTH. AHHOTAUMA MOMOTAET
COCTABUTH MPEABAPUTEIEHOE MHEHHE O KHUTE.

['myGixe moHATH COmep:KaHME KHUTHU ITO3BOJIAIOT BCTYNWUTENBHAS CTAThS, B KOTOPOW MAETCA
OLIEHKA COIEPKAHWS KHHUTH, 3aTParuBaeMON B HEW MNPOOJIEMATHKH, COIEPKUTCA HHPOpManusa o
KU3HEHHOM W TBOPUECKOM Oworpauu aBTOpa, BBICKA3BIBAIOTCA MOJIEMHUYECKHE 3aMECYaHMA,
Pa3BACHAIOTCA OTAEIBHBEIE MOJIOKEHUA KHUTH, JAIOTCA KOMMEHTAPHUH U T.1. BOT mouemy 3HAKOMCTBO C
BCTYIIUTENBEHON CTATHEH NMPENCTABIIECTCA OUEHb BAKHBIM: OHO ITOMOTAET CTYIAEHTY COPHEHTHUPOBATHCSA
B TEKCTE pabOTHI, 0OPATUTE BHUMAHHE HA €€ HANOO0JIEE IIEHHEIE U BAKHBIE PA3IEIHL.

Toun ke memt CcOAEUCTBYET 3HAKOMCTBO C OTJIABJIEHUEM, NPEIUCIOBUEM, I10CIECIOBHUEM.
Becpma IONE3HBIMHA BJIEMEHTAMH HAYYHOIO anmapara SABJIOTCA CHOCKM, KOMMEHTApWUW, TaOIUIEL,
rpauky, COUCKH JUTeparypel. OHM HE TOMBKO WILIIOCTPHUPYIOT OTIENBHEBIE IMOJIOKEHUSI KHUTH WIH
CTaTbH, HO U CaMU IT0 Ce0e ABIIAIOTCA TOTOJTHUTEILHBIM HCTOYHUKOM HH(POpMALIMK 1T YATATEN.

Ecmm uwurarend 3aMHTEpECOBANA Kakasg-TO BBICKA3aHHAA ABTOPOM MBICIb, HE HAMIEAIIAS
noApPOOHOTO OCBENMIEHHS B MOAHHOM HCTOYHHMKE, OH MOKET OOpaTUThCA K TEKCTY MCTOYHHKA,
YIIOMUHAEMOTO B CHOCKE, JTHOO K MCTOYHHMKY, KOTOPEIM OH MOKET HAWTH B CIHCKE JIWUTEPATYPHI,
PEKOMEHIOBAHHON aBTOPOM /I CAMOCTOATENRHOTO U3YUEHUS.

CymecTByeT HECKOIBKO (OPM BEIEHUS 3aMUCEN:

— muaH (ODpoCcTOM W pa3BEePHYTHIM) — Hauboiee kparkas (opma 3amicH OPOYHUTAHHOTO,
OPEACTABIIAIOMIAA COOOU MEepeUueHbs BOONPOCOB, PACCMATPUBAEMEIX B KHUTE€ WIH CTaThe. PazBepHyTHIN

IIaH Hp&ﬂﬂTﬂBIﬂ%ﬁoﬁgﬁggE‘%EGﬂpﬂﬁH}m 34MUCh NPOYUTAHHOTO, C ACTAMM3AIMEH OTIEIbHBIX
HOTQIKEHI WcBEIBOEOB G s BOEI KO HMTAE, CTATUCTUYECKUX OAHHBIX U T.O0. Pa3BepHyTHI mimaH —
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HEOIEHUMBIM MOMONIHMK NPH BBICTYIUIEHHM C OOKJIAJI0OM HAa KOHKPETHYI0 TEMy Ha CeMHHAape,
KOH(DEPEHIINH;

— TE3UCHI — KPAaTKO C(OPMYIUPOBAHHBIE MOJIOKEHMA, OCHOBHEIE MOI0KEHUA KHUTH, CTATHH.
Kak npasuio, T€31Chl COCTABIIAIOTCA ITOCIE IIPEABAPUTEIEHOTO 3HAKOMCTBA C TEKCTOM MCTOYHHKA, IIPH
€r0 MOBTOPHOM MPOUTEHNHU. OHU MOMOTAIOT 3aMMOMHUTE U CUCTEMATH3UPOBATH UH(PO pMAILIHTO.

CocraBiieHHe KOHCIIEKTOB

bonpmryro poms B YCBOEHMH M HOBTOPEHMH NPOHACHHOTO MATEpHANd WrPAET XOPOLINH
KOHCHEKT, COJAEPKANIUA OCHOBHEIE HIEH MPOYUTAHHOTO B YUEOHMKE M YCIBIIMIAHHOTO B JIEKIMH.
KoHCIIekT — 3TO, IO CymEeCTBY, HAOPOCOK, Pa3BEPHYTHIM IUIAH CBI3HOTO pacCka3a IO OCHOBHBIM

BOIIPOCAM TEMBEI.
B kakou-TO Mepe KOHCIEKT pacCuuTaH (B 3aBUCUMOCTH OT MHIWBUAYAIBHBIX OCOOEHHOCTEH

CTYI€HTA) HE TOJIBKO HA UHTEIIEKTYANBHYIO U SMOIIMOHAIBHYIO, HO ¥ HA 3PUTEIBHYIO NAMATh, IPUIEM
TEKCT KOHCITIEKTA HEPEAKO ACCOLMUPYETCA €MIE U C TEKCTOM yueOHMKa WM 3amichio Jekimu. [Tosromy
JIETUE 3aIIOMUHAETCS COAEPIKAHME KOHCIIEKTOB, HAMMCAHHEIX Pa300puMBO, C MOTYEPKUBAHUEM WIIH
BEIJIEJICHUEM PA3pPAIKON KIIOUEBEIX CI0B U (hpas.

CaMOCTOATENIEHO N3YUEHHEBIE TEMBI TPENOCTABIIAIOTCA MPEMOAABATENO B (POPME KOHCIIEKTA, IO
KOTOpOMY mpoucxomut cobecenoBanue. Teopernueckue Ttembl Kypca (OTHAENBHBIE BOMPOCHI),
BBIHOCHMBIE HA CAMOCTOATENBHOE U3YUEHHUE, ITPEICTABIEHBI HUKE.

METOINYECKHE YKA3ZAHHUSA ITO TOJAI'OTOBKE K OK3AMEHY

N3yuenne mucimmmmuael « MeTonsr pemeHus 3amad SAEKTPOSHEPTETUKH U AIEKTPOTEXHUKI»
3agepmaercsa sk3ameHoM. lloaroroBka k 5k3aMeHy CHOCOOCTBYET 3aKpEIUIEHWI0, YTUIYyOJIEHHI0 W
0000mEeHNI0 3HAHWN, TOJIYYAEMBIX, B OPOILECCE OOYUEHMA, 4 TAKKE MPUMEHEHHIO UX K PEMIEHUIO
NPAKTUYECKUX 3a1a4. [ '0TOBACE K DK3dMEHY, CTYNEHT JIMKBUAUPYET UMEIONIIMECT IPOOEIEI B 3HAHUAX,
yrayOsser, CUCTEMATU3UPYET U YIOPAIOUMBAET CBOU 3HAHUA. Ha sKk3aMeHe CTYIEHT JHEMOHCTPUPYET
TO, YTO OH MPUOOpEN B MpoLecce 00ydeHNs M0 KOHKPETHOM yI4eOHON AU CIUILINHE.

Ha xoncCympTammu mepen SK3aMEHOM CTYAEHTOB IMO3HAKOMAT C OCHOBHBIMHU TpeOOBaHMAMMU,
OTBETAT HA BOZHHUKIINE Y HUX BOMPOCEHL. [105TOMY mocenienne KOHCyIbTalui 00A3aTENBHO.

[Tpu moaroToBke k sk3amMeHy HEOOXOIUMO HCIIONL30BATE KOHCHEKTHI JIEKIMHA N0 AUCLMILIAHE,
yaeOHMKN 1 yueOHbIe mOCco0usA (M3 CIMMCKAa OCHOBHOM M JOIMOJTHUTEIBHON JTUTEPATYPHI) UIH KOHCITEKT
JUTEPATYPEI, TPOYUTAHHOM IO YKA3AHUIO ITPENOAABATENS B TEHEHUE CEMECTPA.

Brauane cieqyer mpoCcMOTPETh BECH MATEPUA IO CAABAEMON JUCHUIIINHE, OTMETUTH IS Ce0s
TpyAHBIE BOMOpPOCHL. OOs3arensHO B HUX pazoOparecsa. B 3akmouenune eme pas nemecooOpaszHo

[TOBTOPHUTE OCHOBHEIC ITOJIO KCHH A
CucremMarnueckas MOATOTOBKA K 3dHATHAM B TCUCHHC CCMCCTPA MO3BOJHUT UCITOJIB30BATE BPEMA

IK3AMEHAITMOHHON CECCHH I CHCTEMAaTHU3alliy 3HAHWH.

Bomnpocs! k YJx3aMeHy
3HaTh
1. OcHOBHEIE TOHATHSA, ONIPEAEIEHNA U TEOPEMEBI TEOPUHU rpadoB
CBs3p Mexay rpadom u MaTpurien
Marpuna u ypaBHeHUs CEUEHUH
Marpuna u ypaBHenus (pyHIaMEHTAIBHBIX KOHTYPOB
L pa RO
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7. Meroauka npoBEOEeHNS aHATU3A YIEKTPUUECKON IEMH ¢ MOMOMIBI0 CUTHATBHBIX TPadoB
8. KowmmnekcHsie gyucia
9. T'eomerpuueckoe NMPEACTABICHUE KOMIUIEKCHBIX YHCET
10. Monysie 1 apryMeHT KOMIIIEKCHOTO 9UCIa
1 1. Tpuronomerpuueckas popma KOMILDIEKCHOTO YHCIa
12. ITokazarensHas (popMa KOMILUIEKCHOTO YUCA
13. AnreOpanueckue KpUTEPUH YCTOMIUBOCTH
14. HacToTHBIE KPUTEPHUH YCTOMYUBOCTH
15. Tpancnopruas 3amaga
16. Tomonornueckue (reOMETPUUECKHUE) CBOMCTBA SNMEKTPUIECKON €N
YMern
1. IIpeoOpazoBanusa pyHIaMEHTATBEHBIX MATPHIL
2. Meroner  pacuera, OCHOBAHHBIE HA  HEMNOCPEACTBEHHOM  OPUMEHEHHMH  3aKOHOB
Kupxrodga
C10keHNe KOMIUIEKCHBIX YHUCE
BelunTaHne KOMIIIEKCHBIX YHCET
Y MHOKEHHE KOMIUIEKCHBIX YU CE
JleneHne KOMIUIEKCHBIX YU CEN
OmnpeneneHue mapaMeTpoB HATPY3KU B PA3BETBICHHON LIEMH
Omnpenenenne (PaKTHIECKNX TOKOB SIEKTPUUECKON TETTH
OnpeneneHue TOKOB B BETBAX C MCHOIB30BAHUEM METO/A Y3IOBEIX MOTEHIMATIOB
BJIH,[[ETI:.
Marpuunsiii MeTon pacuera
Meron pacuera, OCHOBAHHBIM HA MPUMEHEHHUH 3aKOHOB Kupxrogda
Meron KOHTYPHEIX TOKOB
Meron y3m0BBEIX MOTEHIINAIIOB
[Torenumanenas guarpamMma
Meron 5KBHBaJIEHTHOTO T€HEPATOPA
JHEPreTUueCcKuil 0AIaHC B AJIEKTPUYECKON [ETTH
[TocTpoenue BEKTOPHOM AUATPAMMEI
[lepexon OT KOMITIEKCHBEIX BEJIMIUH K BPEMEHHBIM (PYHKIIMAM
10 [Tpumenenne 3akona Kupxroda s onpeneneHns TOKa B BETBIAX LEMH
1 1. ITocTpoenne nmoTeHINATEHON AUATPAMMEI I KOHTYPa

e e Al

‘*E'EI:'“--IU\LH-P-L&JM'—

1.Kpurepuu olleHHBAHHS KOMIICTeHIIHI

O1neHKa «OTIWYHO» BBEICTABIIETCA CTYIEHTY, €CIM TECOPETUUECKOE COAEPKAHUE NUCHMUILIUHEL
OCBOEHO MOJTHOCTHI0, 0€3 Mpo0enoB; UCUEPIBIBAIONIE, MOCIEIOBATENRHO, YETKO U JIOTUUECKH CTPOITHO
W3JIaraeT Marepuan; cBOOOIHO CHpaBiIgeTcs C 3aJadaMu, BOMMPOCAMH U APYTUMH BUIAMU ITPHMEHECHU
3HAHUW, WCIIOJB3YET B OTBETE AOIOJHUTEIBHBIM MATEPHAT BCE MOPEAYCMOTPEHHBIE IPOTPAMMOM
3a0aHUs  BBIMOJHEHBI, KAaueCTBO WX BBIMOJHEHMA OLEHEHO 4YHCIOM OamnoB, OMM3KUM K
MAKCUMATFHOMY; AHATM3UPYET TOJYYECHHBIE PEe3YIBTATH; MPOSBISET CAMOCTOSTEIBHOCTE TIPH
BBITTOJTHEHHH 3aTaHHH.

O1neHKa «XOpOIIO» BBICTABIAETCS CTYIEHTY, €CJIM TEOPETHUECKOE COMEPKAHUE MUCHMILTHHBI
OCBOEHO ITOJHOCTBIO, HEOOXOIMMBIE NPAKTUUECKUE KOMIIETEHIIMH B OCHOBHOM C(POpMHUpOBAHEI, BCE
IpeayCMOTPEHHBIE MPOrpaMMOoil 00ydeHus yueOHBIE 3aaHUs BBIMTOJTHEHEI, KAUECTBO MX BBHIMOJHEHU

TOCTATOYHO BHC%ﬁmmmmﬂﬂ 3HAeT Marepual, rpaMOTHO M MO CYIIECTBY H3Jaraer €ro, He
TOTREKAASYTHECTREHERIX HOTQ HIEAGTHEH (BoEBETE HA BOIIPOC.
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OneHka «yOOBIETBOPUTENBHO» BBICTABIIACTCA CTYAEHTY, €CIM TEOPETHUECKOE COIEPKaHHUe
TUCIUILIMHEL OCBOEHO YACTUYHO, HO IMPOOENEI HE HOCAT CYMIECTBEHHOIO Xapakrepa, OOJbIIMHCTBO
NPERYCMOTPEHHBIX HNPOTPAMMON 3aJAHUM BBIITOJHEHO, HO B HMX MUMEIOTCA OMMOKW, IIPH OTBETE HA
MOCTABJIEHHBIN BOIIPOC CTYAEHT NOITyCKA€T HETOYHOCTH, HEAOCTATOYHO NPABUJILHEIE (DOPMYIUPOBKH,
HAOMIOTAIOTCSA  HAPYWIEHWUSA JOTHMYECKOW IOCIEOOBATEILHOCTHM B M3JIOKEHHM IPOTPAMMHOTO
MaTepuana.

OneHka «HEYyIOBIETBOPUTEIBHOY» BBICTABIAECTCA CTYIEHTY, €CIM OH HE 3HAET 3HAYUTEIBHON
JacTH NPOTPAMMHOIO MATEpPHAIA, HOMYCKAET CYIIECTBEHHEBIE OMMOKH, HEYBEPEHHO, C OOIBILINMH
3aTPYAHEHUAMH BBINOIHAET IIPAKTHYECKHE padOTEI, HEOOXOOUMEIE NPAKTHUYECKUE KOMIETEHLIUU HE
c(popMHUPOBAHEI, OOJBIIMHCTBO HOPEAYCMOTPEHHBEIX HOPOTPaMMOil O0yueHMs Y4eOHBIX 3a0aHUM HE
BBIITOJIHEHO, KAYECTBO UX BBIMOJIHEHUS OIEHEHO YHCIIOM OAJLIOB, OJIM3KUM K MUHUMAIEHOMY.

CIIMCOK PEKOMEHJYEMOMU JINTEPATYPBI
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