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Coaepxranue

No
TU/TI
BeeneHie

I Lens 1 3a0a4M H3YUESHUS JHCIIHITIIHEI

2 ObopyoBaHNe H MaTepHaJIbI

3 HanMeHOBaHHE ITPaKTHYECKHX padoT

4 CoJiepKaHHe IMPaKTHYECKHX padoT
4.1 IlpaktHdeckas padora Nel. I'pad) snekTpHuecKOH IEITH H HEKOTOPHIE ero IoArpadbl
4.2 Tlpakrrieckas padora No2. 3akonsr Oma H Kupxroda. MeTol KOHTYPHBIX TOKOB.
4.3 llpakrHueckas padora Ne3. MeTo Y3IOBBIX ITOTEHIHAIOB |loTeHI[HATEHAS
JarpaMMa. JHEPreTHYeCKHH OallaHC B SIIEKTPHYECKOH L[ETTH
4.4 IIpaktrmueckas padora Ned. . KoMiuieKCHBIe yHcna. JIeHCTBHS HaJl KOMIUIEKCHBIMH
yrciaaMi. QOPMEI IIPEJICTABIIEHH A
4.5 Ilpaktmyeckasg padora NeS PacyeT nepeXoJHBIX IIPOIIECCOB B HEPA3BETBIIEHHBIX
TIMHEMHBIX STEKTPHUECKHX IETISX IIEPBOTO IMMOPSAKA KIIaCCHYECKHM METOJOM.
4.6 lIpaxrHueckas padora Ne6. OrepaTOpHBIN METOJ pacueTa IepPeXOHBIX ITPOLIECCOB B
TIMHENHBIX STEKTPHYECKHX LETISIX IIEPBOT0 H BTOPOTO ITOPSIKA.
5.1 IlepeyeHs OCHOBHOM H JOIIOJIHHUTEIIBHOH JTHTEPATYPBI, HEOOXOMHMOMH IS
OCBOEHHS JHUCIIHIIIHHEI
5.2 IlepedeHs yueOHO-METOMHYECKOTO O0ECIIEUEHH S CaMOCT OSITEIIPHOH PadOTHI
OOYYAFOIIMXCS IO JUCIHIUIHHE
5.3 IlepedeHp pecypcoB HH()OPMAIHOHHO-TEIEKOMMYHHKAI[HOHHOHN ceTH MHTepHET,

HeOoOXOHMBIX 11 OCBOSHH S JHCLHILIHHBI
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1. Ilens u 3a0auu uzyueHus OUCUUNIUHDL

[{empr0 OCBOEHHMS [UICIMIUIMHBEL «MeTOABI peIlleHHs 3aJad  2JIeKTPOSHEPreTHKH U
AIIEKTPOTEXHUKH» (OPMHPOBaHHEe Habopa oOOIENpodeCCHOHATLHBIX KOMIIETeHIHH OakalaBpa IIO
HAITPaBJIEHHIO ITOATOTOBKH 13.03.02 «DJIeKTpO3HEPreTHKA H 3IEKTPOTEXHHKAY .

3ajaull OCBOEHHS JHCILHIUIMHBEL. (POPMHPOBAHHE Y CTYJEHTOB IIEIOCTHOIO ITPEACTABIEHHS O
MOJEIIMPOBAHNH KaK METOJE ITO3HAHHMS OKPY/KAlOIIEro MHpa;, H3YUEHHE ITPHHIHIIOB ITOCTPOEHH S
MaTeMaTHUYeCKHX MOJeNeH B 3aJavyax HCCIeJOBaHHSA (PH3HYECKHX IIPOIECCOB, a TaKkKe
IPOEKTHPOBAHNI H YIIPABIIEHH I TEXHHYECKHMH 0ObeKTaMH.

2. Obopyoosarue u mamepuaisl
ATlmapaTHEBIE CPENICTBA: TIEPeHOCHOH HOYTOVK, ITPOEKTOP, HHTEPAKTHBHAS JOCKa.

YyeOHagd ayauTOpPHA JUIS ITPOBEAcHHS YUeOHBIX 3aHSATHH, OCHAIlleHAa OOOpYJAOBAaHHEM H
TEXHHYECKHMH CPEICTBAMH O0YUEHHSI.

3 Haumenoseanue npakmuueckux paoom

Ne O0bem 3 aux
TeMbI HaumeHoBaHHe TeM JUCIHMILIHHBI, HX KPATKOE JacoB NpPaAKTHYECKAS
JM CI[HII coJIep KaHme MOAr0TOBKA,
JIMHbI JACOB
2 cemecTp
1. IIpakTHueckasa padora Nel. I'pad »smeKkTpHUecKOH IIEITH H
HEKOTOPHBIE eT0 MOATPA]EI
2. IlpakTHueckas padora Ne2, 3akonsl Oma u Kupxroda. 1.5 1.5
MeToa KOHTYPHBIX TOKOB.
3. IIpakTHueckas padora Ne3. MeToJ y37I0BBIX IIOTEHIHAIOB 1.5 1.5
lloTeHIHAIbHAS JHarpaMma. OHEPreTHYecKHH OallaHC B
BIIEKTPHYECKOM 1IEIH
4, IIpakTinieckan padora Ned, KoMimiekcHbIe rcna. J[eHCTBHA
HaJT KOMIUIEKCHBIMH YHCIIaMH. (DOPMBI IIPEICTABIIEHHAL.
3. IIpakTHueckas padora NeS. PacyeT nepexoHBIX ITPOIECCOB
B HEPasBETBIIEHHBIX JIMHEHHBIX OIeKTPHYECKHX I[EIIIX
TIEPBOTO MOPSIKA KITACCHYECKHM METOJIOM
6. IIpakTHueckasn padora Ne6., OnepaTOpHBII MeTOJ pacueTa
IEPEXOMHBIX IPOIIECCOB B JIHHEHHBIX BJIEKTPHUYECKHX IETISX
IIEPBOI'O M BTOPOIrO ITOPSIKA.
Hroro 3.0
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4. Coodepicanue npakmuiecKkux paoom

IIpaxmuueckan paboma Nel
I'pagh 3nekmpuueckoilt yenu u HekKomopuwie e2o noozpagol.

Ilenb: M3yuuTh OocHOBEI Teopuu rpad)oB 1 €€ NpUMEHEHHE K 3JIeKTPUYECKUM
rernsaM. 11onyunTs HaBRIKU IIOCTPOCHUS rpadoB 3IeKTPUUSCKOI IETIN.

OcHo8bl meopuu.:

B Teopuu sneXTpUUECcKUX LENeil NCIIOIB3YIOTC MOHATUSA I METOILI TOIIOIOT UM —
MaTeMaTHYeCKONl  AUCIUIUIMHLI,  H3ydaromeil  HamOosee  oOmjume  CBOIICTRa
reomeTpudeckux duryp. MMenno xoHurypamusa menu (Hopsagok COSAUHEHUS MEXIY
cOOO0I1 YCTPOMCTB IIE€MH, €€ FTeOMETPUUESCKII 00pa3) COAEPKUT IIOJIC3HYIO NH(OPMaI[HIO
0 HEKOTOPBLIX OOIINX CBOMCTBAX eI O€30THOCHTEILHO K COJEPKAHIIO €€ YCTPOIICTB.

YcnoBHOE M300pakeHNEe CXEMEL, B KOTOPOM KaXKJasd BETBb 3aMEHSIETCS OTPE3KOM
JINHUI, HAa3LIBalOT rpadoM sIeKTpuueckoil menu. OTpe30K JIMHUH, COOTBETCTBYIOI[HIII
BETBU CXEMEI, Ha3bIBAIOT BETBBIO rpada. ['paHmuHbIe (KOHIEBLIE) TOUKI BeTBU Ipada
Ha3LIBAIOT y3JIaMH Ipada. Y3eJI — MEeCTO COSMHEHN TPpeX U OoJIee BETREIL

BerBsaMm rpada MoxkeT OBITL JdaHa OIpeAcsieHHasd OpHEHTAIlNsI, YyKa3zaHHas
cTpenkoil. I'pad, y KOTOpPOro Bce BETBU OPUEHTUPOBAHBI, HA3BIBAIOT OP UEHTHPOBAHHBIM.

BeTBbIO Ha3bIBA€TCS YUACTOK IENN, OOTEeKaEMBIil OJJHIM I TEM K€ TOKOM.

Tononorunueckne (reoMeTpHUUEcKUe) CBOICTBA AIEKTPUUYECKON IIEIIN HE 3aBHUCST
OT TUIIA U CBOMCTB 3JI€MEHTOR, U3 KOTOPBLIX COCTOUT BeTBb. IloaTOoMy IenecooOpa3HO
KaXKJy}0 BETBb CXE€MBbl DJJIEKTPUUECKOIl Ilenn M300pa3uTh OTPEe3KOM JIUHHN. Ecim
KaXKJyl0 BETBb CXEeM Ha pucyHke 1.1 3aMeHUTHL OTpPEe3KOM JHHHH, [OJIy4YaeTCd

reoMeTpryeckas gurypa, mokazaHHas Ha pucyHke 1.2.
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2 3
1
5
Pucynok 1.1 — Cxema snexkTpuyeckoil Pucynok 1.2 — I'pad snexTpiaeckoil
1 (S0 1(SI006i

YcnoBHOE N300pake€HNUE CXEMEI, B KOTOPOM KaiK/Jasl BETBb 3aMEHSIETCS OTPE3KOM
JINHUHI, HazblBaeTcd IpacoM dJIeKTpHUecKOoil 1enu. [Ipm 3ToM ciieayeT MOMHUTB, YTO
BETBU MOIYT COCTOSTh U3 KaKUX-JIMOO 3JI€MEHTOB, B CBOIO OUEPEAL COEIUHEHHBIX
pa3IMdHBIM 00pazoM.

OTpe30K JIMHHN, COOTBETCTBYIOIIMII BETBU CXEMBI, Ha3hIBaeTCsS BETBLIO I'pada.
[ '‘paHNYHEIE TOYUKU BETBHU Ipada HazbIBalOT y3j1aMu rpada. BeTram rpada MoxkeT OBITh
JaHa OIlpejieJIeHHasd OpHeHTallld, YKazaHHas CTpelikoil. I'pad, y KOTOpOro Bce BETBH
OPUEHTHPOBAHEI, HA3LIBAETCS OPHUEHTUPOBAHHBIM.

Ilogrpacdom rpacda HazbIBaeTCd YacTh Ipada, T.€. 3TO MOXKET OBITL OJlHa BETBb
IUIN OJUH M30JIHMPOBAaHHBIN y3el rpada, a Takxke J1r000e MHOMKECTBO BETBEHl U Y3IIOB,
coZepKammxcs B rpade.

B Teopum »sjaekTpHuecKMX Il€llell BaXKHOE 3Hau€HHEe HMEIOT CJIeAYIOI[Le
oATpadmI:

IIyTe — 3TO yHnopsagodeHHas IOCIeA0BaTEILHOCTE BETBEIL, B KOTOPOIl KaXKILIE ABE
cOoCeJHIE€ BETBU NMEIOT OOl y3el, mpudeM Ir00as BETBb I JIF000M y3ell BCTPEeUarOTCs

Ha 5TOM IIYTHU TOJILKO OAUH pa3. Hampumep, B cxeMe Ha pucyHke 1.3 BeTBu 2-6-5; 4-5;

S0 7 T 0T DOKYMEHT MOANUCAH ke mapoil y3imoB [/ u 3. Takmm obpazom,
3NEKTPOHHOW MOAMNUCHIO
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Pucynok 1.3 — I'pad anexTpudeckoil Henu

KoHTyp — 5TO 3aMKHYTBII IyTh, B KOTOPOM OJUH U3 Y3JIOB SIBJISIETCS HadallbHBIM
II KOHEUHBIM y3710M OyTH. Hampumep, amnsa rpada (pucyHok 1.3) MOXHO ONpeAeiIuTh
KOHTYPEI, 00pazoBaHHEIE BETRAMU 2-4-6; 3-5-6; 2-3-5-4. Ecnm mexay moOoil mapoi
y3JI0B Irpada CyIECTBYET CBI3b, TO rpa( Ha3BEIBAIOT CBI3HELIM.

JlepeBo — 3TO CBA3HBII moArpad, coaeps:kamuii Bce y31Iel rpada, HO HI OJHOTO
KoHTypa. Ilpumepamn gepeBbeB I rpada (pucyHok 1.3) MOryT CIIyKHUThL (QUTYPEl Ha

pucyHke 1.4:

Pucynok 1.4 — JlepeBbs rpada

BeTBu cBsA31 (JOMOJIHEHU JEpEBa) — 3TO BETBU rpada, JOIMOIHAIOIIIE JIEPEBO 10
ICXOJHOTO Ipada.
Ecnu rpad comepKuT m y3JI0B U n BETBEH, TO UNCIIO BETBEH IMHOOOTO gepeBa 0 =

m — 1 artrmrema peTpeit coanmrrhatha r—nmn — (M —1)=n—m 1.
NOKYMEHT NnoanncaH ) +
SNEKTPOHHOW NOANMMCHLIO
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Ceuenne rpada — MHOXKECTBO BETBeil, yajleHHE KOTOPBIX AEIUT rpad Ha JBa
II30JINPOBaHHLIX MojArpada, OJUH U3 KOTOPEIX, B YaCTHOCTH, MOJKET OBITh OTJEIbHBEIM
V3JIOM.

CeueHne MOXXHO HAIJIIJJHO M300pazUThL B BHAE CJleJa HEKOTOPOH 3aMKHYTOII
IIOBEPXHOCTH, pacceKaromell COOTBETCTBYIOIIHE  BeTBU.  [IpumepamMm  Takmx
MoBepXHOCTEN saBisiroTCA S; um S> ana rpada (pucysHok 1.3). Ilpu sToM moaydaeMm
COOTBETCTBEHHO CEUEHI:, 00pa3oBaHHLIE BETBAMH 0-4-5 u 6-2-1-5.

C NOHATHEM JepEeBa CBI3aHEI IIOHATUS IVIABHBIX KOHTYPOB I CEUEHUI:

~ TJIABHBIII KOHTYP — KOHTYpP, COCTOSIINII I3 BETBEN AepeBa U TOJIBKO OJHOII BETBU
CBSI3IL,
~ TJIABHOE CE€UYEHHE — CEUCHUE, COCTOAIEE 13 BETBEI CBAZM U TOJILKO OJHOI BETBU
JiepeBa.
T omostornueckne MmaTpuubI

3aJ1aTh BHIUMCINTEIRLHOI MAIlMHE TOMOJIOTURO IIENN PUCYHKOM 3aTPyAHUTEIILHO,
Tak KaK He CYIecTBYEeT 3((EKTHBHBEIX IIpOrpaMM paclo3HaBaHUSA oOpa3za. IloaTomy
TOIIOJIOTMIO Ienu BBOAAT B OBM B BHJAE MaTpHUIl, KOTOPHIE HAa3BLIBAarOT
TOIOJIOTHUECKIMH MaTpUIaMHU. BHIJEISIOT TpU TAaKUX MAaTPUILL. Y3JIOBYIHO MAaTpHILY,
KOHTYPHYIO MaTpUIy U MaTPUITy CEUSHUIL

1. ¥YamoBag maTpuiia (MaTpuila CO€JMHEHNII) — 3TO Tabnuma ko3dduimeHTon
ypPaBHEHHII, COCTAaBJICHHBIX II0 IlepBoMy 3akoHy Kupxrodga. CTpoku 3TOil MaTpUIIBI
COOTBETCTBYIOT y3JIaM, a CTOJIOIBI — BETBSIM CXEMEIL.

JIa rpada Ha pucyHke 1.3 mMeeM 4UCiIo y3/I0B m=4 1 4uncjo BeTBeil n=6. Torga

3aIIUIIEM MATPUIY Ay, NPUHUMAS, YTO SJIEMEHT MATPUILI @;; (i —HOMEp CTPOKH, j —

HOMeEp CTONOI1a) paBeH (+/), €clIu BeTBb j COEQUHEHA C Y3JIOM [ I OPUEHTHPOBaHA OT
Hero, (-/), ecnn opueHTHpPOBaHa K HeMy, U (), €CIIU BETBL j HE COSJUHEHA C Y3IIOM | .

CopueHTHpOBaB BeTBH rpada Ha pucyHke 1.3, nomnydum
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AH:

O -1 -1 0 O 1

JlanHasg MaTpuma Ay 3ammucaHa JJII BCEX UYETHIPEX VY3JIOB U  Ha3BIBAETCSH
HeompeaeneHHoll. CyMMa 5JIEeMEHTOB CTONIOI[OB MaTpHUIlbl Ay BCerja paBHa HYJIO, Tak
KaK KaxObIil cTOJIOeI] COAEpKUT OJMH SIeMEeHT +/ U OJUH SJIEMEeHT -/, OocTaJlbHbIE
HY JI11.

OOBIYHO IIpH pacyeTax OJAUH (JIFOOOI) y3el 3a3eMITOT. Torga IpUXOoAuM K
y3I0BOII MaTpuine A (peayLUIpOoBaHHON MAaTpHUIE), KOTOpas MOXKET ORIThL ITOJIyu€Ha U3
MaTPUIILL Ay Iy TEM BEIUEPKHUBAHIS JTFO00I €€ CTPOKHU.

Hanpumep, Ipu BEIUEPKHUBAHNN CTPOKH «4» IIOJTyYUM

1 1 0
A1=/0 00 1 -1 —1
-1 01 0 1 0O

Yucno cTpok MaTpHIBl A pPaBHO YNCIIy HE3aBUCHMBIX YpaBHEHUII JJIS y3JI0B 0 =
m — 1, T.e. UNCIIy YPaBHEHUN, 3aIINCHIBAEMBIX JJI 3JIEKTPUUECKOI CXEMBI II0 IIEPBOMY
sakoHy Kupxroda. Mrak, BBeasT MOHATHE Y3I0BOM MaTpUIbl A, HepeiljleM K IepBOMY
3akoHy Kupxroda.
Bonpocsl u 3agaHus:
1. CchopmynupyiiTe OCHOBHBIE TOMOJIOTIUEeCKNE MOHATHU JJIST 3JIEKTPHYUECKIX
IEIICII.
2. Uro Takoe yz1oBasg MaTpuila?
3. Yrto Takoe KOHTYpHasd MaTpuia’

4. Yrto Takoe MaTpuIla CEUECHNI?

lIpakmuueckaa paooma No2

NOKYMEHT I:IDﬂI'IHCAH |
INEKTPOHHOW MNOAMNUCHIO emo0 KOHMYPHLIX HOKOG.
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HEJ[L: HB}”—IHTL OCHOBHELIC IIPpABIL/Id PAaCHCTa JJICKTPHHCCKIX L[EHEﬁ ITOCTOAHHOI'O

TOKa C HCIIOJIL30BAHUEM 3aKOHOB OMa H KHp}.TG(bEl I MCTOd KOHTYPHBIX TOKOB.

OcHoebl meopuu.:
OOBIYHO IIepBHIII 3ak0H Kupxroda 3ammceiBaeTcs A Y3JIOB CXE€MBI, HO, CTPOTO
roBOpsSl, OH CIPaBEJINB HE TOJIBKO JUIS Y3JIOB, HO U JuId JIHOOOM 3aMKHYTOI

IIOBCPXHOCTH, T.C. CIIPABC/JINBO COOTHOMICHIIC
$5dS = 0 (1.1)

rne &- BEKTOpP IUIOTHOCTU TOKa; ds- HOpMaJlb K YYacTKy dS 3aMKHYTOII
IIOBEPXHOCTH 9.

IIepBrIil 3axk0H Kupxroda crapaBeyiuB I JJI1 JEOOOTO CEUESHIIS.

B uwactHOCTH, M1 ceueHns S; rpada Ha pucyHke 1.3, cumrasg, 4TO HyMepamus U
HAIIpaBJIICHIS TOKOB B BETRIX COOTBETCTBYIOT HyMepallUl 1 BEIOpaHHOI OpHEHTAI[NU

BETBEII rpada, MOKHO 3alIICaTh

Il 12_15_16=U

IIoCKOJIbKY B UaCTHOM CJIyda€ BETBU CEUEHI CXOAATCSA B yY3JI€, TO IIEPBLI 3aKOH
Kupxroda crpapeanus n aind Hero. Iloka OyaemM InpuMeHITh HNEpBBIN 3akoH Kupxroda

I YV3II0B, HTO MATCMATHHCCKIH MOXHO 3alllCaTh, KaK.

2kl =0 (1.2)
T.e. aireOpandeckas CyMMa TOKOB BETBEIl, COeUMHEHHLIX B Y3€ll, paBHA HYIJIIO.
IIpu »ToM mnOpu pacueTax ypaBHEHHI 10 IepBoMy 3akoHy Kupxroda
3alIICBHIBAIOTCS JJIS (m-1) y37I0B, TaK Kak IpH 3aIlllICH YpaBHEHUIl JJI1 BCeX M y3JIOB
ogHo (Jmoboe) m3 HUX OyAeT IUHEIHO 3aBUCHUMBIM OT JpPYyrux, T.€. He J[JaeT
JOIIOIHUTEILHOIT HH(OPMAaIHIL.

BBejieM cTOJIOIOBYIO MAaTPUIy TOKOB BETBEI
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h
Iﬂ,

Torpga nepBelil 3akoH Kupxroda B MaTpuuHoil hopMe 3alIUCU UMEET BU:
AI=0 (1.3)
—rae O - HyJieBasl MaTpHIla-CTOI0eI].
Kak BuauM, B KaueCTBE Y3JIOBOM B3ATa Marpuia A4, a He Ay, T.K. C YUETOM
BEIIIIECKAa3aHHOTO YpaBHEHMS 0 NepBOoMY 3akoHy Kupxroda zanuceiBaroTcs I (m-1)
Y3JI0 B.

B kadecTBe IpuMepa 3alulleM 1 CXeMbl Ha pUCYHKe 1.3

_Il_
- 1|12 N
110 -10 0] 0
0 00 1 -1 -1 ‘,3 =10
101 0 1 0 1,4 0.
B - 5

I,

OTcrofa JJIs1 IepBOTro y3Ja IIoJIydaeM

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

YTO U JJOJKHO UMETh MECTO.

KonrypHas wmatpunia (MaTpuila KOHTYpPOB) — 53TO Tabmmila ko3¢ QHUINIEHTOR
ypaBHEHUII, COCTAaBJICHHBLIX II0 BTOpoMYy 3akoHy Kupxroda. CTpokn KOHTYpPHOII
MaTpUITEI B COOTBETCTBYIOT KOHTYpPaM, a CTOJIOIEI — BETBAM CXEMHEL.

OnemMeHT b;; Matpuilbl B paBeH [, e€cim BETBb j BXOJUT B KOHTYp [ M €€
OpUEHTallld COBIAJaeT C HalpaBlIeHHeM 00XoJa KOHTypa, -/, €CJII He COBIIAJaeT C
HaIlIpaBJIEHIIEM 00X0/1a KOHTYpa, 1 (), €CIIH BETBb j HE BXOJUT B KOHTYP .

Matpuiy B, 3annucaHHYIO A1 INIaBHBIX KOHTYPOB, Ha3bIBakOT MAaTpUIlEil INIaBHBIX
KOHTYpORB. [Ipu aTOM 3a HampaBiaeHHne 00X0/Ja KOHTypa MPUHUMAIOT HallpaBJIE€HIE BETBU

CBA3UM 2TOTO0 KOHTYpa. BRIAENNB B HameMm npuMepe (cM. pUCYHOK 1.5) mepeso,

! OOKYMEHT NoanuvucAaH |
06| NEKTPOHHOM NOAMUCHIO CHTBI JJIA MaTp HIIBI B.
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Pucynok 1.5 — I'pad snexrpudeckoil Henu

1 -1 1 0 0 O]
p=[1 0 0 1 1 0
01 010 1

IlepeiigeM Terepb KO BTOpOMY 3akoHY Kupxroda.
lloxg HampsKE€HHEM Ha HEKOTOPOM YUacTKE SIIEKTPUUECKON IENN IIOHUMAETCA

PA3HOCTD IIOTCHIMAJIOB MCHAY HpafIHHMH TOHKAMH 95TOI'O YHACTKA, T.C.

Uke = O — P = — (@ — @) = —Uge (1.4)

[IpocyMMupyeM HalpsKEHUS Ha BETBSIX HEKOTOPOI'O KOHTYypa:

U2 = 91 — @2
+

Uz = @2 — @3
+
+

Ukr = 9r — ¢1
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IIockombKy Ipu 00Xo4e KOHTYpa IIOTEHIINAN Kak0Il i-0lf TOUKHN BCTPEUAETCs ABa
paza, IIpUYeM OJIMH pa3 C «+», a BTOPOIl — ¢ «—», TO B I[€JIOM CyMMa paBHAa HYJILO.

Taxum DﬁpELBDM, ET'DpOﬁ 3dKOH KI’IPXFD(I)EI MATCEMATITHCCKII 3aIIIICBEIBACTCH, KaK.

2x U =0, (1.5)

I UMEET CIEeAYIONYEO (QOPMYIIUPOBKY: anredpamdeckas cyMMa HaIpsDKEeHUII Ha
3a’KIIMaxX BETBEl (3JIEMEHTOB) KOHTypa paBHa HYIIO. IIpm 3ToM mIpH pacuere LENei C
ICIIOJIL30BaHNEM 3akOoHOB Kupxroda zamuceiBaerca ¢ = (n —m + 1) He3aBUCHMBIX
ypaBHEHHII II0 BTopoMy 32akoHy Kupxroda, T.e. ypaBHEHMII, 2alHUCHLIBAEMBIX JJII
KOHTYPOB, KaXXJbIil N3 KOTOPHIX OTJIHYAETCSA OT APYIrHUX XOTS OBl OJHON BETBBIO.
3HauCHNE TOIOJIOTUYECKOr0 TMOHATUSA «AepeBay»: JIEPEeBO IIO3BOJISIET 00pa30BaTh
HE3aBICHUMEIE KOHTYpPBElI M CEUEHHSI W, CIIeJ0BaTeNIbHO, (POPMHUPOBATH HE3aBHUCUMEIE
ypaBHeHUS II0 3akoHaM Kupxrodga. Takum oOpazom, ¢ yueToM (m-1) ypaBHEHHI],
COCTaBJIICHHBIX IO IlepBOMY 3akoHy Kupxroda, momyuaem cucrtemy m3 (m—1) +
(n —m + 1) = n ypaBHeHHIi, UYTO paBHO YICJIY BETBeil CXEMEI I, CJIeJOBaTEIILHO, TOKI
B HIX HAXOJATCS OJHO3HAUHO.

BBegeM cTONIOI[OBYIO MaTPUIY HAIpsKEHIII BeTBell

Torma BTopoil 3akoH Kupxrodga B MaTpU4gHOI (popMe 3allCU UMEET BUJ
BU = 0. (1.6)

B kadecTBe npumepa I cXeMEl pUCYHKa 1.5 nMeeMm
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_—
o O =
—
o = O
_— O O
|l
1
=
—

U
OTKYyJla, HAIIpUMEP, JJLI [IEPBOT0 KOHTYypa II0IydaeM

1-U,—-1-U,+1-U;4+0-Us+0-Us+0-Us=U;—-U,+U; =0,
YTO 1 JIOJIKHO IMETE MECTO.

Ecmm BBecTHn CTDH6L[DB}"IG MAaTpHIY Y3JIOBEIX IIOTCHIIIIAIIOB
9, -

| P2

P=1

Pm-1_

[IpIYeM IMOTEHIINAJ IIOCJIEIHETO y3la ¢, = 0, To MaTpuila HalIpsXKEHUII BETBEI I

V3JI0 BEIX IIOTEHIINAJIOB CBSI3aHbl COOTHOIIIEHUEM
U=A"p (1.7)

rae A’ - TpaHCTIOHNpOBaHHAS Y3II0Bast MATPHUIIA.

Jlma onpeneneHusa matpullkl B 1mo mBecTHOn Martpulle A=Az4c , thne Az —
[IOAMATpUIla, COOTBETCTBYIOIIAA BETBAM HEKOTOPOTO Jepera, Ac-- MIoAMAaTpUILA,
COOTBETCTBYIOIIAS BETBSIM CBSI3I, MOJKET OBLITEH HCIIONBL30BAHO COOTHOIIEHNe B= (-4A7c A"
7).

Martpuiia ceueHnii — 3To Tabnuia ko3 PUIINeHTOR YpaBHEHUII, COCTARICHHEIX I10
nnepBoMy 3akoHy Kupxroda mmng cedeHunii. E€e CTpOKH COOTBETCTBYIOT CEUEHILIM, a
CTOJIOIBI — BETBAM I'pada.

Martpurnia () , cocTaBlI€HHas /JIs1 IJIaBHBEIX CEUEHMII, HA3LIBAETCI MaTpUIlei
ITIABHBIX CEUEHMI. YHCIIO CTPOK MaTpUuilbl () paBHO YNCITY HE3aBUCHUMBIX CEUEeHUIA.

OIEMEHT ¢; MaTtpunkl () paBeH [, ecIl BETBb BXOAUT B [-€ CEUEHUE U
OpUEHTHUpPOBaHAa COITIACHO HAIIpPaBICHUIO CEYEeHHUI (3a IIOJIOKUTEIILHOE HaIlpaBICHHE

C.-"'"-‘!"!".-"'"-‘!”!"‘!"'-!"f!" ‘Tﬂ'?"ﬁEE;TM"‘E”I:IT ﬁEEi-—ﬁ{lclﬁﬂT?Trn T ERFTNES TN HEpEEa: EXDJHMEI‘& E HEFG): _}:' ECHI_I
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OpUEHTHUPOBaHa IIPOTHBOIOI0KHO HAIIPaBICHIIO ceueHns, 1 (), €CJIi BETBLj HE BXOJUT B
[-€ CEeUeHIle.
B kadecTBe mpuMepa cocTaBUM MaTpully () IJIaBHEIX CEUEeHHII /11 rpada Ha

pucyHke 1.5.

-1 0 -1 0
1 0 0 -1
0o 1 -1 -1

1 O
Q= O 1
O O
B 3akroueHne OTMETUM, UTO JJII TOIIOJIOTMYECKNX MaTpull A, 5 u Q,
COCTaBIIEHHBIX JJII OJHOIO U TOro e rpada, BEIIIOIHAIOTCS COOTHOMICHMS
ABT= 0; (1.8)

OB™= 0, (1.9)

KOTOPLBIC, B HA4CTHOCTIH, MOKHO HCIIOJIB30BaTh AJIA IIPOBCPKIH IIPABIJIBHOCTI

COCTaBJICHI ATUX MaTpHUIl. 3Aechk () — HyJIeBass MaTpHUIla IIopsaKa d

[ IpuBejeHHLIE YPpaBHEHIS II03BOJIIIOT CJIENIATh BaXKHOE 3aKIIFOUEHIE: 3Hasl OJTHY
13 TOIOJIOTUYECKNX MAaTPHUIl, II0 €€ CTPYKTYPE MOIKHO BOCCTAHOBUTHL OCTAaJILHEIE.

MeToa KOHTYPHBIX TOKOB COCTOUT B TOM, UTO B KauyeCTBE HENU3BECTHLIX B
CUCTEME YpaBHEHUII 1€l HCIOJIBL3VKOTCS TaK Ha3zbklBaeMble KOHTYpPHBIE TOKIH.
KoHTypHEIE TOKHU SBISAKOTCS (PUKTUBHBIMIL

CoIJlacHO METOJYy IIPEAIlolaraeTcs, 4YTo B KaXJOM HE3aBHUCHUMOM KOHTYpE
[IPOTEKAET CBOM KOHTYPHEIN TOK.

HezaBucHUMEIMHE Ha3BIBAKOTCS KOHTYPBI, KOTOPBIE MMEKOT XOTS OBl OJHY HOBYIO
BE€TBb, HE BXOJAIYIO B APYTIUE KOHTYPHI.

Yucmo He3aBUCHUMBIX KOHTYPOB CXE€MBI paBHO UHCIIy YPaBHEHNI, KOTOPhIE HYKHO
COCTaBHUTL 110 BTOpOMY 3akoHY Kupxroda:

n=N,—-(N,-1)—N,, (2.1)

rjc NB— YIICJIO BETBEN CXEMBI, N, — YMCJIO Y3JIOB,; N?. — HIICJIO HCTOYHHKOB TOKA.

Y

B cxeme, nmpeacTaBIEHHON Ha pUCYHKE 2.1, UNCIIO HE3ABUCUMEIX KOHTYPOB M = 3

ITp NOKYMEHT MOANMCAH
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COOTBETCTBEHHO, UMNCJI0O YypaBHEHUII, HEOOXOAUMBIX I ONpeAeNICHNSI STUX
HEHM3BECTHLIX YMEHBINAETCs 10 CPAaBHEHHIO C IIOJIHOI cucTeMoll ypaBHeHUll Kupxroda
II PaBHO YHCJIY HE3aBHCHUMEIX KOHTYPOB. OTOT METOJ SABIACTCA (PAKTHUECKHI 3aMNCHEO
BTOporo 3akoHa Kupxroda uepe3 KOHTYpPHEIE TOKM.

IIycTh nMeEM cxXeMy, COJEPKaAIYIO 1 HE3aBUCHUMBIX KOHTYPOB. (COTIJIacHO
METOJIY KOHTYPHBIX TOKOB B KaxkJJOM k-M HE3aBHCHMOM KOHTYpPE IIPOTEKAET KOHTYPHBI
ToK Ixkx . B oOmem ciydae cucteMa ypaBHEHUII JJI9 pacueTa KOHTYPHEIX TOKOB IIMEET
BT

I11R11 + IoRq5 + I33Ry3+.. .+ Ry

]
e
"

I11Ryy + I52R55 + I33Ro3+... +1,, Ry = Eop; (2.2)
I11Rp1 + 155Ry 0 + I33R 3+ ..+ Ry = By

rae Ryxx — nmonHoe (COOCTBEHHOE) COIPOTHBIEHUE Kk-20 KOHTYpa, PaBHOE CyMME BCEX

EOHpDTHBHEHHﬁ:, BXOJAITNX B 9TOT KOHTYP,

Rik — COIIPOTURJIEHNS CMEXKHBIX KOHTYPOB;
P

E,, = ZEK — anredpanueckas cymMmma OJ[C, BXOIIIUX B K-bitl KOHTYP.
k=1

IlonHoe (cOOCTBEHHOE) CONPOTHUBJIIEHHE  Ryx BCErja IMOJIOXKUTENbHOEe. Ecnu

KOHTYPHBIE TOKI B 00IIell (CMEXKHOII) BETBH IIPOTEKAIOT COIJIACHO (COHAIIPABIICHEI ), TO

COIIPOTHBIICHIIA CMCIHBIX KOHTYPOB R_ik IIPHHNMACTCA IIOJIOZKITTCIIBHBIM I, €CIII

KOHTYPHBIC TOKHI HAIIPpAaBJICHBEI BCTPCHHO, TO Rik IIPHUHIMACTCA OTPHULATCIIbEHBEIM. Co

3HAKOM «IUTrOC» OepyTcsa DJ|C, HanpaBjIeHNEe KOTOPBIX COBIIAJAET C KOHTYPHBIM TOKOM
Ikk, a CO3HAKOM «MUHYC)» HallpaBJIEHIE KOTOPHLIX HE COBIIAJAIOT € [kk.

KOoHTYpHBIE TOKN OIPEACIIIIOTCSA IIOCJIE PEIIEHUs CHCTEMBI YpaBHEHUIL
McTuHHBIN TOK (MCKOMBIM TOK) B JIFOOOM BETBH paBeH ajredOpamdeckoll CyMMe
KOHTYPHEIX TOKOB, MNPOTEKAOMHIX II0 3TOoIl BeTBH. CO 3HAKOM «IUTKOC» OepyTCsd

P ANOKYMEHT NOAMNNACAH AbIM TOKOM, CO 3HAKOM «MIHYC» —
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METD,[[ KOHTYPHEIX TOKOB HEHECDD6p33HD IIPHIMCHATE, KOI'/Id CXCMa COJACPXKIT

MHOTI'O Y3JIOB, HO MaJIO HC3dBHCIIMEIX KOHTYPOB.

HPHMEP. HCHGHBB}’H MCTO/J KOHTYPHBEIX TOKOB OIIPCACIINTE TOKH B BCTBIAX

SJNICKTPHHCEC KOII eIl

Tabmuma 2.1 — JlaHHbIe 4J1 pacuéra

ConporusiieHmusa, Om HcTounukn, B, A

Ri

R2

R3

R4

Rs

Re

Ei

E2

130

40

60

80

110

45

12

13

0,3

YpaBHEHHI COCTaBRILIIOT ToJIbKO 110 II mpaBmny Kupxroda s, Tak HazbIBa€MBIX,
(UKTUBHBIX (KOHTYPHBIX) TOKOB, Mpe€AIionarasd, 4YTO TOK OJMHAKOBEII /1  BCEX

YHACTKOB BbIﬁpaHHDFD KOHTYPa. HaHpaEHEHHE KOHTYPHBIX TOKOB IIPHMHHNMACTCA TAaKOC

’Ke, Kak HalpaBlieHue ooxoga (pucyHok 2.1).

1{] RS T 15

I Pl om
E® r (|1

Pucynok 2.1 — PacuéTHasa cxema 11 OIpeIe]IEHNI KOHTYPHEIX TOKOB

I11, 122, I33 — KOHTYPHBIE TOKHI

Iu(R; + R, + R, )_Iz;:Rj — 1R, =E;
Izz(Rz+R3+R5)_1;;R5_133R3 =E, +E,; (2.3)

I (R AR LRI_T PR —I R, =0.
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(1,,285—1,,110—1,,45=12:
1,210—1,10—1,,60=25; (2.4)

_ 1,,185—-1,45—-1,,60=0.

PemeHnne cucreMel W3 COCTARICHHBIX YpaBHEHNI IIO3BOJIAET OIPEJIEIINTh
BEIIMYUHY KOHTYpHEIX TokOB: 1, =0,147A; 1,, =0,227A; 1,; =0,109A.

J{11s1 onipeieneHns pakTUYECKUX TOKOB B BETBSIX COCTABUM YPaBHEHUS, YUNTEIBAS,
YTO MCTHHHEII TOK (MCKOMBIM TOK) B JIFOOON BETBH paBeH anreOpamyeckoil cymMMe
KOHTYPHBIX TOKOB, IIPOTEKAalOMIUX IO 3Toll BeTBU. CO 3HAKOM «IIIFOC» OepyTcs
KOHTYPHBIE TOKH, COBIIQJAKOI[NE€ € UCTUHHBEIM TOKOM, CO 3HakKoM «MUHYC» —
HECOBIIQJAOINE C NICKOMBIM TOKOM:

1,=1,=0]147A;

I, =1,, =0,227A;

[, =1 —1,, =0,109 -0,227 =—-0,1 18A;

I, =1,; =0,109A;

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

I. =15, —1,, =0,109 - 0,147 = —-0,038A..

Bornpocsk1 u 3ajaHus:

1. Toxu BeTBEIl HEKOTOPOU IIJIAHAPHOIM 1€ YIOBIETBOPAIOT CIEAYIOIIEN TOJIHO
CUCTEME HE3aBUCHMEIX YPaBHEHUIL:
L1 +I5—-1Ig=0;,L+1lg—1I5=0;,—-I3+1;,—1g=0;,—-I,+ 13— 1, = 0.
BoccTtaHoBuB rpad I€nu, COCTaBUThL MAaTPHIbl ITIABHBEIX KOHTYPOB U CEUEHUIL,

I[IPHHAB, HTO BCTBAM JACPCBA IIPICBOCHLI IICPBBEIC HOMCPA.

Omeem:
—1 1 0 0O 1 0 0 0O 1 00 0 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 0 O o1 0 0 1 -1 0
NOKYMEHT NOANUCAH | o001 0 0 1 -1
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2. CocTaBUTh MaTpHIY IVIABHEIX KOHTYPOB 71 I'pada Ha pUCYHKE 1.3, IPHUHSB, UTO
IlepeBo 00pazoBaHO BeTBIMU 2, 1 11 5.
Omeem.

I -1 1 0

B=|1 0 01

-1 1 0 0O

0
1

-1

.
0
1_

Pemuts 3agauy 5, ucrnonbiys cooTHomenus (1.8) u (1.9).
3. CchopMynupyiiTe METOL KOHTYPHBIX TOKOB
4. Kak onpegensrorcs pakTUueckue TOKU 3JIEKTPUUeCKOil renn?

5. )_—[HH BH,HEIHHDﬁ CXCMEI OIIPCACIIITE TOKIL, HCIIOJIB3YA MCTOJ/JA KOHTYPHBIX TOKOB

E> I
RA /
I, b
' E '9 J) E;
R
A R?* I? * ;4 R
6 /.
E R
R m . R

6. HCHGHEB}’H MCTOJ KOHTYPHEIX TOKOB COCTABHUTE YPABHCHIA UIA OIIPCACIICHITA

TOKOB B BETBAX

5. I/IGHGJ]I:-B}"H MCTOJ KOHTYPHBIX TOKOB COCTABHTL YPAaBHCHILA JJIA OIIPCACIICHHA TOKOB B BCTBAX
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7. HCHDHBB}"H MCTOJ KOHTYPHBIX TOKOB COCTABHUTL YPABHCHIIA AJIA OIIPCACIICHITA

TOKOB B BETBX

R; /E}.i

e

\__/
R> b
at b b
L R: I;
1—

N

IIpakmuueckaa pavboma No3

Memoo y3noesix nomenuuanos I[lomenuuansHan ouazpamma.

JHepzemuuecKUil 0 W1AHC 6 IJIEKMPUUECKOU tenu

HEJ[L: HB}”—IHTB MCTOA VY3JIOBBIX IIOTCHIOMAJIOB, OCBOHNTL MCTOAHKY IIOCTPOCHIA
HDTEHL[HHHBHDﬁ AHal'paMMBbl 11 HAYHUTBLCA OIIPCACIIATE IIO Hel HAIIPAMKCHITA MCIHKIY
ABYMA 3adaJdHHBIMII TOYKdMII HCCHE,[[}’EMDE ITCIIIT. HDH}”—IHTB HA4BBIKII COCTABIICHITA
YPAaBHCHIA SHCPICTHHCCKOI'O OajtaHca BHEHTPHT-IECHDﬁ CIII. HayT-IITTBCH HCIIOJIE30BATH

YPaBHCHIIA SHCPICTHHCCKOIO OaJjtaHca AJEL IIPOBCPKIM  BLRIIIOJIHCHHEBEIX PdCHCTOB U

dHaJIl3a 2JICKTPHHCCKIX L[EHEﬁ.

OcHo8bl meopuu:
M [IOKYMEHT MOArNUCAH ISIeT COCTaBUTL CHUCTEMY YpPaBHEHHII, IIO

SNEKTPOHHOW NOAMUCLIO
pCepmudnkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu; lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



MOYKHO OIIPEAEINTh IMOTEHIIMAJbl BCEX VY3JI0B CXEMBI. ll0 M3BECTHHIM pPa3HOCTAM
YV3JIOBBEIX IIOTEHI[MAJIOB MOJYKHO OIIPEAEIUThL TOKU BO BCEX BETBAX. METOJ OCHOBaH Ha
IIPEAIIONIOK EHUN, UTO MEXAY Y3JIaMU €N BKIIFOUEHBI NCTOUHNKI TOKa IIapallIEJIbHO C
IpHEMHHUKaMI, TOIJ[a II0 IIEpBOMY MHOpaBwiIy Kupxrodga coCTaBISIeTCS CHCTEMA
ypaBHEHUIL

B oOmem cinydae [ 53JIEKTPUYECKON IIE€NN, CHCTEMa YpaBHEHHH I

OIIPCACIICHIIA Y3JIOBBIX IIOTCHIIAJIOB IMCCT CHE,[[}’IDH.[HE BIT/.

m

8§1P — 8P~ 81,9, = ZEk_.gk,‘.
k=1

m

— 8P T 8P~ £:,P, = ZEﬁcz ' g*z‘.
k=]

m

—8u® B+ 8P = ZE&. 'gfx;_-’

k=1

rje 215, £2,.., Sm — COOCTBEHHas MPOBOJUMOCTL M-TO Vy3J71a, pPaBHAsg CyMMe
IIPOBOAVMOCTEN BCEX BETBEI, COEAUHEHHBIX C STUM Y3JIOM, 3Ta IIPOBOAUMOCTL BCETr/a
I[IOJIOKUTEILHAS,
g12, 821, &13 ---,&jk — B3alMHas IPOBOJANMOCTb MEXIY j-M U k-M y3JIaMH, 3Ta IIPOBOAU-
MOCTB BCET/ja OTpHUIlaTEIILHAL.

IIpn permeHnn ypaBHEHHNN IIpeaIIoIararoT, YTO IIOTEHIHUAI OJJTHOTO U3 Y3JIOB paBEH
0. Toxkun B BeTBAX ONpEeNEILIOTCSA OTHOCHUTEILHO PAa3HOCTU IIOTEHIINAJIOB, K KOTOPHIM

IoaACOCcAIMHCHA JdHHAA BETBE.

] = (‘FA—%)JFZE,

D> Rap

rne LE — cymma BJIC B maHHOI BeTBH, 3HaK (+) ecnu E HalpapileHa OT OOJIBIIETO

IIOTEHIINAaNa K MeHbIIeMYy I (—) Ha000pOT;

¢4, (p— HNOTEHIUAJIBI Y3JIOB, K KOTOPEIM IIOJKJIFOUEHA BETRBb;
2 R,5 — cyMMa COIIPOTUBIIEHNIT BETBIL.

HpH PacHCTC SJICKTPHYCCKIIX L[EHEﬁ MCTO/JOM Y3JIOBEIX IIOTCHIIMAJIOB

HEH&CGDGI}HBHD HHPHUACPXKHNBATBECA CJICAYIOIICIO IIOPAJKA.
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o [IpHMHATE IIOTEHINAJ OJHOTO U3 Y3JIOB PaBHLIM HYIIIO, T. €. 3a3€MJINTh OQUH I3
y3JI0B I IPOHYMEPOBAThH 110 MOPSJIKY OCTaJIbHBIE Y3JIbL.

e OmnpeaenuTsk COOCTBEHHEIE U B3alIMHBIE IIPOBOJUMOCTH Y3JIOB.

e CocTaBUTL CUCTEMY YpaBHEHUII IO AJIS1 HE3a3eMJIEHHEIX Y3JIOB.

e Pemurs cucTeMy ypaBHEHUI 1 OIPeIeIUTh IIOTSHIIHAIIBI Y3II0B.

e OmpeenuThk TOKH B BETRIX 110 3aKOoHY OMa

e [IpoBepuTh NPaBIWILHOCTL PEIIEHI, COCTAaBUB YpaBHEHIE OajlaHca
MOIITHOCTE.

IIo cpaBHEHIIO ¢ METOAOM KOHTYPHBIX TOKOB METO/, y3JI0 BEIX IIOTEHIINAIIOB
obnajaeT pagoM npeumymecTB.  Kak npaBHilo, B CXEME 3IIeKTPUUSCKOI IIeIN y3JI0B
MEHBIIIE, UeM KOHTYPOB, IIOATOMY I pacueTa e He0OXO0AUMO COCTABILITE MEHBIIIEE
YIICJIO YpaBHEHHIL.

IIoTeHIIUaNBHA JUarpaMMa MO3BOJISIET OIIPeeINTh IIOTEHI[HAJIBl BO BCEX TOUKAaX
I y371aX cXeMbl. McHonb3yeTrcsd IpH AUAarHOCTHKE BO3MOJKHEIX HEHCIIPABHOCTEIN B
pabote cxempbl. I[loTeHIUambHEIE AuarpaMMBl CTPOSTCS AJIS BBIJIEJICHHBIX KOHTYPOBR B
GYHKIIUI OT COIPOTHUBIIEHUS L€ OT MPOH3BOILHO BEIOpaHHOTO Vy31a. llpnu
IIOCTPOSHUN JuarpaMMEI IIPUHIMaeM IIOTE€HI[HaJl BEIOPAaHHOTO y3J1a paBHBIM HYIIIO @) =
0. PacuerT mnOTEHIIMAIOB OCTaJbHBIX TOYEK IPOM3BOJAUM COIJIACHO BEIOpaHHOMY
HaIIpaBJIICHIIO 00X0/1a KOHTYpa (110 YaCOBOII CTPEJIKE ).

3HaueHUsI TOKOB MNPUHHUMAIOTCI B COOTBETCTBUH C pPacCUNTAHHBIMU B

HPCAICCTBYIONIUX IIVHKTAaX 3d4/IdHITM, CO CBOMNMUI 3HdKaMII HaHpaEHEHHﬁ.

B

IIocTpoeHne quarpaMMBl OCYII[ECTBIISAETCS B MacIITabaxX HAIPSKEHU my= —

MM
- OmM

I CONIPOTHBRIECHUI m, = — Ha jguarpamme 1o ocm adOCIUCC OTKJIAAbIBAIOTCS
MM

3HAYUYCHITA CDHpDTHEHEHHﬁ YHACTKOB B IIOCIICAOBATCIIbHOCTII PACIIOJIOZKCHIIA IHX B
KOHTYPC, II0 OCH OpAHNHAT — IIOTCHIMAJIEI COOTBCTCTBYIOIIIIX TOYCK.

Pacevornun mocThoenue HﬂTET—TTTHH.HET—H}ﬁ r}_'[Hal"‘paMM]':.I Ha HpHMﬂpE CXCMEI HaA
OJOKYMEHT NoarnncAH

. SNEKTPOHHOW NOAMUCHIO
I Ceptudukar:- 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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IIocTpouM NOTEHIINATILHYIO JHarpaMMy JJ1 KouTypa 1-2 —3 —4 — 1.

U

U
\ 4

Pucynok 3.1 — [locTpoeHne noTeHINanLHOII JuarpaMMbl 111 KoHTypa 1,2,3.4,1

J[1a BeIOOpa MacmiTaba Mo ocu aOCIIUCC IMPOCYMMUPYEM COIIPOTURICHUSI BIOJIb
paccMaTpUBaeMOIr'o KOHTypa, IIOCJIE UYero OIIpelesinuM IaJIcHUd HaOpsKEHNUs Ha
conpoTuBneHuSIX koHTypa: Ugri= [1R;; Uro= LRy, Ugz= I3R3, Ups= I4R4.

lIoTrenninan Toukn 1 IpUHAT 3a HYJIb.

IIpumep. IlocTpouThk NoTeHIINAILHYIO JUarpaMMy KOHTypa «abcdea». Mcxomubie
na"nueie: 11=2A; Is=3A; I4=1A, 3gauenusa OJIC: E1=5B. Es=8B; E4=3B u 3HaueHus
conpoTuBneHnn: R1=20M; R>=30M; R5=10mM; R3=50M; R4=30M.

L,

Pucynok 3.2 — McxoaHas cxeMa 3IeKTpUYECKO N NN

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar. = 12000002A633E3D113AD425FB50002000002A6

Bnapeneuy; Llebayxoea TatenAHa AnekcaHgpoBHa FHIMA (PEL—O. HEI.H,I[&M HHOTCHIIHAJIbI
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OCTaJIbHBEIX TOUEK KOHTYypa:

0, =@, +E;, =0+4+5=05B;

0. =@, —I41R{ =5—-2-2 =1B;
1—2-3=-5B;
—5—-3:-1=—-8B;

Vg = @ — 1R,
Pe = Pq — I5R5
0, =@, — Ez =—8+8 = 0B.

[Io mmony4eHHBIM JaHHBIM CTPONM MOTEHINAILHYIO JuarpaMmy (pHUCYHOK 3.3).

N I —— Y

Pucynok 3.3 — [loreHnuansHasg Juarpamma
Ha ocHOBe 3akOHa COXpaHEHUd OSHEPrUM MTHOBEHHas MOIIHOCTL BCEX
INCTOYHNKOB DSHEPruym B AJIEKTPUYECKON II€Nd paBHA anreOpamdeckoil CcyMme

MI'HOBCHHEIX MDH.[HDCTEE BCCX IIPHMCMHIIKOB. bamnanc MDH_[HDCTEﬁ CIIpaBCIJINB JIA

Ierneil 1100011 KOH(UTrypaIiim:

2eni, =2 Unplnp, (4.1)
TA€ €y, Upp — MTHOBEHHBIE 3HaueHNd OJ(C 1 HANIpSIKEHNUN, In, Ipp — TOKU UCTOUHUKOB U

IIPHCMHIIKOB.

_I[_.]'IH HNEIICII ITOCTOAHHOI'O TOKA.
OJOKYMEHT NoanmvucAH
SNEKTPOHHOW NOAMUCHIO
Ceptucbukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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- Ry, (4.2)

K= K=l

rJe M— YUCIIO NCTOYHHKOB; 1 — YHCIO NOoTpedburesell (COMPOTURISHNI ) B IS

IIpomzpenenne Eily BXOAUT B ypaBHEHHE OajlaHca €O 3HAKOM ILIIOC €CIIU
HanpaBieHne JJ[C coBmajgaeT ¢ HaIIpaBJI€HHEM TOKa, IIPU BCTPEUYHOM HAIIPABICHUN —
CO 3HAKOM MUHYC.

bajlaHC MOIITHOCTH SBJEIETCS IIPOBEPOUHEIM IIPU pacueTax TOKOB BCEMU
[IepEeYNCIIEHHEIMU BEIIIIE METOJaMI.

IIpumep. CocTaBUTE ypaBHEHIE SHEPreTUUEeCKOoro OalaHca.

B Ttabmnuie 4.1 npuBeAeHHl UCXOAHBIE JJaHHBIE JJII pacuéTa IIapaMeTpOB

Pa3BETRIIEHHON 1€ Ha pUCYHKE 4. 1.

Tabmnuia 4.1 — JlagHBIE 471 pacuéTa

ConporuriieHus, OM Hctounuxn, B, A
Ri R> R3 R4 Rs Re El E> Ix2
130 40 60 80 110 45 12 13 0,3

Jis1 mpeoOpa3zoBaHNE 3aJaHHON CXEMBI B PACUETHYIO HEOOXOIUMO IIPOU3BECTU
3aMEHY HCTOYHHKA TOKa Ha HCTOYHHK HanpspkeHmsd. Ha pucynke 4.2 nOpuBea€H

IIPHMHITHAII 3d MCHBEL.

Ry Rs
R3
'. | ®
E® R
ONOKYMEHT NoanncAaH _ 1
SNEKTPOHHOWM NOAMUCHIO
Ceptuchmkar: 12000002A633E3D113AD425FB50002000002A6 Tyeckasi 1ellb
Bnapeneu; lLlebayxoea TateAHa AnekcaHapoBHa |
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E=J-R

A

PHC}"HGH 4.2 — HpHHL{HH 3aMCHEBI HCTOHUHHKA TOKad Hda HCTOYHIK HAIIPAMKCHIIA

[IosicTaBUB 3HaUEHUS 13 TaOIUILL 1.3, MOJIyduM:
r_ _ _
E;=R,:1,,=40-03=12B.
Ha pucynke 4.3 npuBejicHa pacu€THas cXeMa I10C/I€ 3aMEHbl UICTOYHHUKA

f
ToKa Jk2 Ha HCTOUHHK HalpsbkeHHs E, .

b E E
I
RS
R Rs Tlg (),
N R

W] e 3
E®D r[]1

L

R, <+——

d o
& 1

Pucynok 4.3 - Pacu€TtHast cxeMa 3JIEKTpHYECKOH 1EIHU
JIma TpOBepKH pe3yIbTaTOB BBIYHCIIEHHH TOKOB IIPOBepHM OalaHC MOIIHOCTEH IO

3aBHCHMOCTH.
k m "
D E-1,=>1"-R;.
i=1 j=1
HpH COCTAaBJICHIHN VPaBHCHIIA OajtaHca MOIITHOCTEN HﬂDﬁXD,[[HMD IIOMCHATE
HaIIPABJICHIIA TOKOB B BCTBAX C OTPHIATCIIHBIMHI 3HAYUCHIAMI, YUHTEIBATL, HTO B TCX
BCTBAX ICIIN, TI'AC HaIIpaBJICHHC TOKa COBIIaJaCT C HaIlIPpaBJICHICM BI[C, ITX

IIPOHN3BCACHIIC 6}",[[ET ITOJIOZKIITCJIBHBIM, T.C. MOIIHOCTL I'CHCPHPYCTCA. B BETBAX, I'JC

Hatmnarmedus DJIC 11 Toka mnoTuRomomOWHRE. NCTOYHUK JJ[C creayer paccMaTpUBATh

NOKYMEHT NOANMUCAH
| SNEKTPOHHOW NMNOANUCHIO |
K eeprucpukar: -~ 12000002A633E3D113AD425FB50002000002A6 /MYJIATOP), 1 B ypaBHeHUE OajaHca OH
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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BXOAMUT CO 3HAKOM MIIHYC. Bce COIIPOTHBIJICHIA, HC34dABHCIHMO OT HAIIPpaBJICHIIA

IIPOTCKAKOIICTO HCPC3 HIUX TOKA, ABJIAROTCA HDTpEﬁHTEJIHMH SHCPI'HH.
E,-I,+E,-I,+E,-I,=1,-R,+I;-R,+I;-R,+1;-R,+I.-R,+1-R, (4.3)

[Tocye 1o iICTaHOBK M 3HAYEHUII ITapaMeTPOB:
12-0,227+13-0.227+12-0,147=0,021-130+0,051-40+0,013-60+0,011-80+
+0,0064-110+0,0014-4)5.

/439=7,197.
PE].BHHL[EL COCTABJICT MCHCC 4%:. CJICOBATCIIEHO, paCT—IéTbI BEITIOJIHCHEI

IIPaBHJIBHO.

BOIIPOCDHI 1 3AJTAHITA

1. YTo Takoe rmoTeHIAI TOYKHN?

2. Kak m3mepurs Bemunny O.J[.C.7

3. UTo Takoe HampsKeHUe?

4. OOBsICHUTE, ITIOYEMY IIOCTPOEHUE MOTEHIINAILHOI JUarpaMMBl OBLIIO
3aBEPIIIEHO UMEHHO B 3Toil Touke 1 Ha ocu abciucce (pucyHok 3.1)?

5. IlocTpouTh moTEHIIMAILHEIE JUarpaMMEL JIJI JIEBOIO U BHEITHET'O KOHTYPORB

IIETI.

¢d

I h 4
®:z

I
j
b R_{ﬂ
1 .

6. 3anumure YPABHCHHC SHCPI'CTITHCCKOI'O OaJjtaHca.

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOW NOONUCHIO - 20 OM, Rzz 30 OM:, SI[C ICTOYHIIKA
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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E=120 B u momuocts P=120 BT Bcell nemi. MomuocTe P> BTOporo pesucropa Oyaer

paBHa. ..
/ R,
A
M
R>
a) 30 Bt 6) 125 Bt B) 25Btr 1) 80 BT

8. B nenn m3BectHr! conpoturieHnuss Ri=10 Om, Ro= 20 OM, HanpsKeHUE
U=100 B u momuocts P=200 BT Bceil nenu. MoniHocTs P> BToporo pe3ucropa Oyaer

paBHaA. ..

R R> R:

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

4, YIJE].EHEHHE: OaJjtaHca MOH_[HDCTE:ﬁ IIPCACTABIICHO BEIPAKCHIICM. ..

RN
D= 17 De

a) Eili- Bsls=R 11> +Rol*+Rs15° 6) Eili+ Esl3=R;I;*+Rol,*+R313?
B) E1l1- Esl3=R[{>-Ro,*4+R;15? r) -EiL1+ Esl3=R I, 24+Ro1,>+R;152

9. Ecrn COIIPOTHBIICHITA 11 TOKII B BETBAX HN3BCCTHEI I YKd3dHBI Ha PUCYHKC, TO

HDTpﬂﬁHHEMaH MOIOIHOCTE COCTABILACT . ..

T

ONOKYMEHT I:ID,qI'IHCAH 4}1
SNEKTPOHHOW NOANMMUChLIO |
Ceptudcbmkar: 12000002A633E3D113AD425FBS0002000002A6 )
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

F 3
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| |




a) 8 Bt 6) 10 Bt B) 2 Bt r) 20 Br

10. ¥YpaBHeHne OanaHca MOINTHOCTEN UMEET BUJ. ..

Ji R

Ly, C B,

Ro; v/ Rp;
a) Eil-Ed=1 ER{” +1 2R{]1+I 2R 6) —E{d+E-d=1 sz +1 ER{]1+I 2R
E) El + Erl=1 2R F) Eil+Ed=1 2R{]] +1 2Rﬂ1+1 2R

11. BelpaxkeHue 11 MOITHOCTHU Py, BEIAEIIAIOIIENCI HA BHY TPEHHEM

COIIPOTHBIICHIIM HCTOYHIIKA Rﬂ: IIMECT BI1[]. ..

Ro

D R

2 2 E 7 7
a) P=E?R / (R-Ry)> 6) P=E’R / (R+Ry)?
B) P)=E%/R r) Po=E’R¢ / (R+Ro)’

12. IIpu mBecTHRIX 3HaueHNIX OJ[C 1 TOKOB B BETBIX BhIpaOaThIBaeMasd

HNCTOUHITKAMII MOIITHOCTE COCTABIT. ..

E, =10B R, E; =30 B

P

>
I =1A
R> I%':_Z
E/F{O R Iy=]
—
\_/

a) 20 Bt 0) 30 Bt B) 10 Bt r)40 Bt

IIpakmuueckaa paboma Ned KomnnekcHoie uucna. /[eiicmeus Hao

KOMRARJIEKCHbLBIMU YUC/TAMU. CPHPMEJI HpEdCﬂIﬂﬂﬂEﬂHﬂ.

Bn%%wﬁnggﬂ%”ﬂﬁﬁ%im YUNTBHCS NCIIOIB30BaTh UX JJIs pacyera

Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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I1 AHA4JII134 I.[EHEfi[ IICPCMCHHOI'O TOKA.
OcHosbl meopuu.

YhnopsgoueHHas Ilapa JBYX JACHCTBUTENBLHEIX Umcel (X, ) Ha3BEIBaeTCAd

KOMWIEKCHBIM YUCTIOM 7 = (x, y). MHO¥keCTBO KOMIUIEKCHEIX UNCelI o0o3Hauaercs C.

Yucna Buga (x, 0) — sTo geiictBurermbuple uncia, uncia Buga (0,y), rome y#0
ecTh uncto MHNMble uncia, uncio (0,]) mammas eguumma m oboszgauaercs = (0,1),
torga (0,y) = y(0,1) =iy, uncmo (0,0) ects gelicTBUTENLHOE UNCIIO HYJIb.

Yucno x=Rez HazelBaeTca OelicmseumenvHoli (BEIECTBEHHOII) YaCTBIO

KOMIIUICKCHOI'O YIICJId Z:(.I',y):, d HYIICJIO _}-‘:ImZ MHUMOI YaCTbKO KOMILJIEKCHOT'O

HI1CJIA.

JIBa KOMIUTEKCHBIX umcia Z; =(x;,y;) U 2, =(X,,y, ), Ha3LIBAIOTCA PAGHLIMIL
€CJII paBHBI X JelicTBUTENLHBIE I MHIMEIE YaCTIL, T.€.
Q=2 <& =X, Y=V
CooTHoIIeHe O0MbIIe-MeHbINE I KOMILIEKCHBIX UHICE He BBOIUTCS.

KommexcHoe uncio Z = (X, y) = x +1y m3obpaxkaercs B 1wiockoct XOY Toukoii

M ¢ xoopaunHatamu (x,y), 1100 BEKTOPOM, HayajIo KOTOPOTro HaxoAuTcs B Touke O(0o,0),
a xoHeI B Touke M(x,y) (pucyHok 3.1).
B mosnsapHoil cucTeMe KOOpAMHAT MOJIOKEHIE TOUKH Ha IUIOCKOCTH OIIPeeNsaeTCs

€C PAaCCTOAHIICM p© OT IIOJIFKOCA O:

OM‘ = p (p HOISAPHBII paJlyCc — BEKTOP TOUYKU) H
yVIJIOM @, 00pa3zoBaHHBIM O0Tpe3koM OM mosisipHOil ockio Ox (@ NOJIIPHBLIN YIOl TOUKN).

YroI @ cCUHTAcTCA IIOJIOKHNTCIIBHBEIM IIPHU OTCUETE OT HDHHpHDﬁ OCH IIPOTHB JaCOBOII

CTPEJIKI.

N
AOKYMEHT NoarnmMCcAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TaTeAHa AnexcanapoeHa - X
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Pucynok 5.1 — M300paxeHne koMIUIEKCHOTO YHCia

ﬂeﬂcmﬁuﬂ Hﬂ(ﬁ KOMIIEKCHBIMU HUCTIAMI
[lycTh gaHBI Z; = (x] .V ) U 2y = (xz , Vs ) TOTJ1a
21T 2o :(_r] T X5,y L .VQ):

212 = (XX = V1 V0, X1V T X0 V),

Z Xi X+ Vi Ve XoV; —X; ¥
<1 122 }132? 2}2} 12}2 2, #0.
<2 Xy + ¥ Xy + ¥

z = x+1y — anrebpandeckas popma 3amncu KOMILJISKCHOrO YIIcia, TOTAa
21 £ 2o = +iyy ) (g +iyy )= (o £ x5 )+ iy £ 32),
2125 = (o +iyy ) () +iy, )= X025, +ixyy, +
. .9 :
Ty L YYo= (xlxz —ViY2 )+1(xl Yy + X))
KoMmmnekcHele uymena zZ=(x,y)=x+I1y u Z=(Xx,—y)=x—1y, YV KOTOPLIX

,[[EﬁCTEHTEHBHBIE HdCTH PaBHBI, 4 MHHMEBIC OTJIMHAKOTCH 3HAKOM, HA3BIBAKOTCH 63dUMHO

CONPAHNHCEHHBIMU I KOMWJIEKCHO CONPANCEHHBIMU.

_ 2 2 _
HeTpyaHo BUAETE, UTO ‘z‘ = ‘z‘ = J x“+y", argz=—argZ? (kpome uncen z=x<0
. JUI HUIX argz —argz = 7 ).
JleneHne KOMILUIEKCHEIX YHCeN B alredpamdeckoil popme

G _ L% Mt Ny, XY Th DY)

= 2 2 2 2

)_—[Ef:ICTEH'I‘EHBHaH qacTbk X = REZ 1 MHIMAA 4acCcThk Y — Im:{, KOMIIUIEKCHOI'O HHCJId

< BBIPAKAIOTCH HCPC3 COIIPANKCHHBIC KOMIIICKCHBIC HICJIA CIICAYIOIIIM DﬁpELBDMZ

Z+2 .2—2 _2—Z
Rez=——, Imz=1i =—,
2 2 2i

IIpnmep 1. Ilokasato, 4TO 7, +2, = 2y +2>.

Pemenue. I[DKE].}HEM 2TO PAaBCHCTBO, HMCIIOJIB3YA OIIPCACIICHIIC

AJOKYMEHT NOoAnmMCcCAH . ' = —
SNEKTPOHHOM NOANUCHIO -+ —iy) =2+ 25
Ceptucbmkar: 12000002A633E3D113AD425FBS0002000002A6
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IIpumep 2. Halitu npousBeieHNe U 4aCTHOE YUCEN 2 =2—31 U 2, =4 +1.

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

z; 2-3i (2-3if-4-i) -8-2i+12i+3i> —8+10i-3

2, —4+i (C4+i)-4-i) (4P - 4+

~11+10; 11 100 11

= ———+—=——+12,

5 5 5 5

7, —4+i (-4+i)2+3i) -8-12i+2i+3i> -8-10i-3
o 2-3 (2-3i)2+3) 223} 4+9
C—11-10i 11 10i
13 13 137

(1—2i)(2 - 3i)
(3—4i)(4-5i)

IIpumep 3. BEIUNCIUTE 3HAaUESHUE BREIPpaKECHIS

Pemenune. HCHDHBB}’H IIPpaBHJId PACKPBITIIA CKOOOK I BERIIIOJIHEHUS ,[[EﬁCTBHﬁ Ha/l

KOMIUICKCHBEIMH HIHCJIaMII, ITIOJIVHIIM

(1-2i)2-3i)  2-3i—4i+6i° 2-T7i+6i°  —4-Ti 4+ 7i

(3—4i)(4-5i) 12-15i—16i+20i> 12-31i+20i> —8-3li  8+3li
C (4+7)@8-31i) 32-124i+56i—217i> 249-68i 249  68i

(8 +31i)(8—31i) 64— 061;> 1025 1025 1025

KommexcHoe uncio Z = (X, y) = x +1y m3obpaxkaercs B 1wiockoct XOY Toukoii

M ¢ xoopaunHatamu (x,y), 1100 BEKTOPOM, HayajIo KOTOPOro Haxo urcs B Touke O(o,0),

a xoHeI B Touke M(x,y) (pucyHok 3.2).

A
v M

NOKYMEHT NOANMUCAH

. >
SNEKTPOHHOW NoAnMChbiO V X
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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Pucynok 5.2 — M300paxeHne koMIUIEKCHOTO YHCia

B H{}JIHpHDﬁ CHCTCMC KOOPAHHAT IIOJIOKCHIC TOYKI Ha IUNIOCKOCTIH OIIPCHCIIACTCA

CC PACCTOAHIICM p© OT IIOJIFKOCA O:

OM‘ = p (p TOJSPHBIN palyC — BEKTOP TOUKM) U

YITIOM 0, 00pa30BaHHBIM O0Tpe3koM OM moJisspHOIl ockio Ox (@ NOJIAPHEII YOI TOUKH).

YroI @ CUHHUTACTCA IIOJIOXKHUTCIIBHBEIM IIPH OTCHUETE OT HDHHPHDE[ OCH IIPOTHB JaCcOBOII

CTPCIIKI.

Ecmn wayano ,[[EKapTDBDﬁ HpHMDyFDHBHDﬁ CHCTCMBI KOOPAHMHAT COBMCCTHT C

IIOJIFOCOM, 4 OChb Ox HAIIpaBHUTL 110 HDHHpHDﬁ OCIH, TO IIPAMOVYI'OJIbHBEIC KOOPAIMHATEI X I1

y Toukn M(x,y) U ee NoIdpHBIE KOOPAUHATEL o U (@ CBA3aHBI (popMyJlaMU

X=pCcos@, y=pSInQ@;

P:\/Xz—l—}’l : rgqo:'—?.

X

Torga KOMIUIEKCHOE UICIIO MOJKHO 3aIllICaTh B BIJIE
Z=x+1y= p(cos@+isin ).

Ota opMyia JaeT TPUTOHOMETPHUUECKYO (hopMy KOMIUIEKCHOTO uncia. Ilpu

— 2 2
Z| — P = |ﬁ| — ‘\/JL' + V  HA3BIBACTCA Mﬂ(ﬁ_}!ﬂ@M KOMWJIEKCHOCO HUC/Id, 4 YI'OJI

3TOM,

@ = Argz — apeymeHmom KOMNIeKCHO20 Yucaa. YToll ¢ = Argz onpenemnsaeTcs
HEOJHO3HAYHO, a C TOUHOCTRIO [0 ClIaraeéMoro, KpaTHOro 277 :

Argz=argz+ 27k, k=0+1,12,... .
rje arg(z) €CTh IMIAaBHOE 3HadeHne Arg(z), OIpeaesieMoe YCIOBIUEM — 7 < argz < 7,

IIpIYEM:
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ﬂf‘f‘fgi , aneée, x>0,
X
7T+ ﬂrctgi, anée,x <0,y =0,
X
— T+ arcrgl ,anee, x <0, y(0,
X

arg(z) = 9
anée,x =0,y >0,

7
2 el

: aneée,x =0,y <0.

HMmeroT MecTo CJIICAYVIOIIHNC COOTHOIICHIIA

tg(Arg(z)) = 2, sin(Arg(z)) = . cos(Arg(2)) =

}.’r
. ? )
% \/.x:“ + y°

X
2 2
\/x +y

Bd KOMIUICKCHBEIX HHCJId {11 I~ PABHEI TOI'/ZId I1 TOJILKO TOI'ld, KOI'Zlda I1X MOJAVYIIII
I p

paBHEI, & X apr'yMEHTEI 100 paBHEI, JIMOO OTJIMYAIOTCS Ha BEIINUNHY, KPaTHYIO 277 :

‘z,l| = ‘Zz , Arg(z,) = Arg(z,)+2m (n=0,£112,...).

Vmuoorcenue komnnexkchoix dicen 6 mpHE{?HGME'mpHHECKGﬂ ti?ﬂpME
2123 = P2(COSPy +isingy) - Py (COSP, +ising,) =

= P P> (COS @, COS P, + i* sin @, SIn P, + [(COS @, SIN P, + SIN P; COSP, )) =
= PP, (Cos(@) + @, )+ isin(@) + @, )).

To ecTn,

2125] = |zy|-|2,], Arg(zizy) = Argz; - Argz,.

OTO TIpaBUJIO pPacIpOCTpaHSAETCd Ha IJH000€ YNCIIO COMHOMKUTEIEI.
7| =2y =...= Z,, TO IoJiyuum gopmyiy Myaepa

7" = p"(cosn@+isinng).

I M
To ecth, |7"| = ‘z‘ , Argz" =nArgz+ 27k, (k=0,£112...).
CBOIICTRa MOAYIIA KOMIUICKCHBIX HHCCII
1. |z[ =1l, P 2,2, = 2]
- | NOKYMEHT NOAMNUCAH N 3. |2122] = 2122 »
SNEKTPOHHOM NOAMUCHIO
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lmz‘ i‘z|

6. Rez|<|z

¥

<1 e
5. — ) - 0,
4N {9

* 8. 22| =[ai] <[22 2l

4. M SF

7. ‘zz +z|‘ < ‘ZZ‘_I_‘ZI

leneHue KOMNIEKCHBIX YliCcesl 6 MPUSOHOMeMPUYECKOll hopme

p,(cosp +ising,) p, (cos@, +ising,)(cos@, —ising,)
L, (cos@, +isin @, )(cos@, —isin@,)

-
1

P, (cos @, +isin@,)
P, (cos@, cos@, +sin @, sin @, )+ i(sSin@, cos @, —sin P, COSP,)

g - .
Cos” @, +sin” ¢,

—
432

2
. Py N I3
— —-{LGE(QQ, - ¢j)+151n(¢}| o (pj ))

£

To ecTnb
Z 2] <
L] _ ‘! Arg_lzﬂrgzl—ﬂf‘gl{'.z-
{9 {9 <2

M36/1euenusa 13 KOMNIeKCcHo20 Yiicia KOPHA n-oil cmenexil

argz -+ 27 . . argz+ 27K
+isin :

\/p(cusqwrzsmqo) :W COS - -

rae kK =0,12,...n—1.
OTa popMyJia JaeT pOBHO 1 pazlIMUHEIX KopHel npu k = 0,1,2,...,n—1

TDT—IKH:. COOTBCTCTBYIOIIIIC 3HAYCHITAM }‘{/E:. ABJIAKOTCA BCPIIMHAMII IIPABHJIBHOTIO

C ILCHTPOM B Ha4aJIC

i:_l'
Sy

Nn-yroJIcHIK4, BIINICAHHOI'O B OKPYXHOCTE paJHyca R =

KOOPAITHAT.
HIHCCJI

JlokazaHo, UTO
PacCIpOCTPAHAIOTCA BCE IIpaBIJIa JECTBUIL CO CTEIIEHAMU U

et =" =" e =e*(cosy+isiny).

Ha KOMIIUICKCHEIC CTCIICHII ITOJIOKHMTCIIEHBIX

Ecrm x =0, To nmeer mecto gopmyna Diinepa:

e’ =cosy+isin y.

HUcnoms3ysa hopmyiry Diinepa, IMOIVUNM e€Ie 0gHY (OopMY 3aICH KOMIIIEKCHOTO

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOANMUCHIO
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z=|z|(cosp+isinp)=|zle'? = |z‘€f‘6“"g"’ =| ™.

OHEPHHHH Ha/ HHCJIaMII B [I0Ka3aTeJIbHONI (I)DPME

i(argz, +arg z,)

i(p+@,) :‘Zl"‘ZQ‘E ,

1@, Ef*i”z

_ [ ipy _ _
QL= p€  -pPhe T =00 ¢€ = P1Pr "€

g
Z_lz Pré€ :ﬂ_eﬁﬂ—ﬁ) :@Ei(argzl—argzg)
2y  pre'”? P 25

e

Zn _ (peh;a)n _ pnefm;a _ ‘Z‘?’-‘Efnargz!

@+2 7k arg z+2 7k
Yz =%pe'? =t[p-e " =zflz-e " .rtaek=0]12,..,n-1.

[TokasaTenbHast (QYHKIOUS KOMIUIEKCHOIO IepeMeHHoro z f(z)=e* sBisercs

IepUOAUUECKON ¢ mepuogom 2 7iki, Tak Kak

-

f(z+ 27ki) = e**™ =% . "™ = ¢%(cos 27k + isin 27k ) = €°,

T.e. f(z+ 27i)= f(2).

2 Zﬁizl

Ecrm z=0.T0 ¢ =1lnue

IIpumep 1. KowMmekcHoe — YHCIIO z=—2+2+/3i  mOpencTaBUTL B

TPUTOHOMETPHUECKOIl (hopME.

Pemienue. 31ecb x = -2, y = 2\6. IIo dpopmyne r = ‘Z‘ = \/x2 + J’z ,

IIOJIYHACM
2 2
F=y(2)> + (2V3)2 =41 12 = 4.
IIo ¢popmymnam
X X . ! !
CIDSQ?: — ;S]ﬂ@:i: ) .
r 2 2 r 2 2
X + y X + y
I[IOJIYVHACM
2 1 . V3
CDS(p: —— =——_ 5§11 g'!?: —.
4 2 2
AOKYMEHT NoarnnMcAH
] SNEKTPOHHOW plojninllled-t 0] ;}(( T €
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2
Qp=>—m+ 27k, ke Z

3
rie Z — MHOXECTRO IeleIxX uncen (0, =1, £2, ...).
2
Ilockonbky @ npuHagaexut Il yeTBepTu, To @ = Argz = §H+ 271k, a TJIABHOE
2

3HAUCHUE apIryMeHTa (@ = g;fr

IIoaTOMY YHCIIO Z B TPUTOHOMETPUUECKON hOopMeE UMEET BII

2w . 27w
z =4(cos— + sin —).
3 3

MoKHO HCIIONB30BaTL U APYIUe 3HAUCHUA Argz:

z=4 cnﬁ[zj + 2731&:} + isin[zj + Zm’c} k=01+112.... .

ILIpumep 2. IIpeacraBuTh yucsa zp=—1+1 J3 , 2y =1— i3 B

TPUTOHOMETPHUECKOII (hopME.

Pemrenne. Tak kak r :\/(—1)2+(«/§)2 =2, 1@ \/13\/5 Ho y>0, x<0,

TO  €CTb qﬂlzgﬂ': TO ZIZECDSEEJrismE?I), a r2:\hz+(—\/§)2:2,

3 3 3
T
fgqﬂz—\/lg\/i HO y<0, x>0, TO €CTh @2:—5:, TO
v/ . T
7y =2 c:os[— E)‘l‘ ;sm[— 5) .
IIpumep 3. Hairru <l , IpEJBAPUTEIILHO 3aMcaB KOMIUIEKCHBIE UIICIIA B

TpUTrOHOMETpUdeckoil popMme, ecint Z; =1+1, 2, = J3+im 3 =1+ J3i .
Pemenue. YUnThIBas UTo, — 77 < @ < 77, HalifleM MOJI€JIb U apT'yMEHT KakJOT0

KO NOKYMEHT NoanmnMcAH
SNEKTPOHHOW NOAMUCLIO
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I 2y -l :'\/lz—l—l2 :'\/5? qol :ﬂff‘fgl:E?

HILL Z5 115 :\/(@)erlz =21 @, :arc'rg\/lg: j;,

2 T
JJTLA 23:;?'3:\}]_2_"(‘\/5) :2 11 @3:ﬂrﬂrg'\/7:§
TDF,[[EI. 3dJ/IaHHBEIC HHCJIAd B TpHFDHGMﬁTpHT-IﬂCKDﬁ (I)DpMﬂ HNMCHOT BIL/

71 = J2(cos=+ isin—), 2y = 2(COS—+isin—), z; = 2(cos—+isin—).

4 4 6 6 3 3
CleJoBaTeILHO,
T T T T T
— 2(cos— +isIn 2(cos— +isin —) = 4(cos +isin —
Zp - 23 = : 6)( 3 3) ( (6 3) (6 ))
:4(cnsi+isin£).
2 2
Torma
a o .. T
Z, ﬁ(ms 2 + ISIn 1) NG
— = - = (cm(———)+mm(———))—
2233 4(cos~ +isin ) 4 4 2 4 2 ,
2 2
V2 T. ... 7
— —— - (cos(——) + isin(——)).
1 (cos( 4) ( 4))
IIpumep 4. Hairtu 1.
27k 27k
PE[[IEHHE.%I'BJCDSO—FESMOICDSOJF:S +isin0+3 .

IIpn k =0,1,2 mony4yaroTcsa KOpHHI

&y =cos0+ism0=1,

o _cmz—ﬁJrhm— l(—lJr.h/_)
3 3 2
fx,,_cnsil—HJriam_:l( l—h/_)
3 3 2
NOKYMEHT MOAMNVCAH

SNEKTPOHHOW NOAMUCLIO
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IIpu k=3 a3 =cos2x +isin2zn =1, uro coBmajaer ¢ o Bce mnocnegyroomue

KOpHU OyIyT HOBTOPSATHLCS, TaK UTO PazlIMYHBIX KOpHEIl OyAeT TOJILKO TPHU.
IIpumep 5. Haittu (\/E —\6i).

Pemenue. 1) 3ammmem unciio 7 =+/2 — +/6i B TpUroHOMETpHUUIECKOil (hopMe.

r=|z|= \/(«/5)2 +(—v6)? =2+ 6 =+/8;
cosp X V2 1
. q? 7 '\/E 2 ]
T
OTKY/la @:ig—F 27k, ke Z.
llockonbky yromn ¢@ nexur B deTBepTu IV, To @= Z + 27k. MOXHO B34Th

ITIaBHOE 3HAUYCHUE apr'yMEHTa @ = —%. Wtax, z=+/8 [008[ ;I] + iﬂin[ ?;D

m

2) ITo popmyne Myaspa z' =r" (cosm@ + i sin m@) Haiigem 7

7> = (Jg)ﬁ[cm{ S?H]Jr isin( S?HD = 128@(0(}5% +isIn %] =

) 1zsﬁ{%+%}64ﬁa+@.

(Tak Kak —S?Fr@[—?r;?r), TO —5—}T+ QFI:E).

3 3
IIpumep 6. HaiiTu Bce 3HaueHUs V7. IpHa 7 = 64+/2 (1+ J3i ).

PemieHune. Halinem Moaysis 1 apryMeHT 4lCIIa Z:

15

= (6442)2 (12 + (V3)2) = 2-644/2 = 1282 =22 ,

642 LT ok kez
12842 2 3

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Taxk xax Rez>0 m Imz>0, 1o yron ¢ nexur B uerBeptu I. IlosTOMy

T
= — + 27k
773

n

B gopmyre W%W[CGSQ+ 27+ isin &2

T
3HAYCHIC apI'YMCHTA, B HaCTHOCTH @ —

dbopMyITy, HOIYyUNIM

64+2(1+ /3i) =3128+/2

] MOJKHO B34ThH JIrOOOE
n

—. HOE[CTEIEHHH HaﬁﬂEHHEIE 3HAUCHIA r 1 @@ B

llogcrarmasa 3HaueHusa k =0,1,2,3,4, HallgeM ILITh pPa’3IMUHLIX 3HAUYCHU Q/E

(YUHITEIBas, UTO %/12&./5 —3/21%/2 =232 =2./2):

Wy = 232 = [cm + isin
15

15} e

W =22 = CDSB—E—I—ES'H]B—E , W3
15 15

Wy = Z\E[CGSZS—E—F isin 25—?{}
15 15

T

§ zf[cm[

s3]0

22 = [Cﬂ‘a—F iainm]
15 15

—22 = (cmlgﬁ + i8In 19;:]
15 15

2\/_[0111%— + I8In 5—”]
3 3

B 5 e

OcTalIbHEIE 3HAaUeHNI kK HOBEIX TOUEK Wi YiKC HC HJaAVYT. BaMﬁTHM: qTO, N3BJICKAA

KOpeHb 5-II CTEIEeHHN U3 Ylcja Z :64\/5(1 +4/31), MBI pemanu 3ajady, oOpaTHYIO TOI,

KOTOpas pa3zdupasack B NpuMepe 8, U KOPEHb

HHUCIIY, KOTOPOC BO3BOJIJIOCE B 5-10 CTEIEHD.

3HaUYEHUI 5‘\.} ,  COOTBCTCTBYIOHINC TOYKII

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Wy = J2 —J6i ) OKazaJicid paBHBIM TOMY
Ho xpome wy, OygeT emje 4 pa3InuHBIX
WQ 5eees

W, PpacliOJIOKCHbI B BCPIINHAX



[IPABIJILHOTO IIATHYTOJIbLHUKA C IIEHTPOM B HadaJle KOOpAMUHAT M yJaJeHBl OT Hauajla
KOOpAUHAT Ha PacCTOSHIE 2.2

IIpumep 7. Pemurs ypaBHEHUE 72 +2z+2=0.

Pemenne. D=5b" —4ac=4—-4-1-2=4—8=—4;

JD=VJ-4=\-1-4=2J-1=42

— b+ \/bz —4ac
I[To dpopmyiie z,, = Y
-2+ 2
i — — —1 + L,
1,2 )

IIpumep 8. ¢ =cosm+isinz=-1.
IIpumep 9. Pemuth ypaBHenne @ + 32i =0.

Pemenne. 3ammmeM ypaBHeHHE B Bume @ =-—32i, win @ = 3J—32i. Yucio

z =—32i 3amumeM B TpUroHoMeTpudeckoil dopme. MoyiIb dncia paBeH |(z/= 32 U Tak
. V4
KaK JEHCTBUTEIIbHASA YaCTh ATOr'O YHCJIa paBHA HYJIIO, TO argz = — 5 TO €CTh

/=32 ms[ Ej + isin[ }T)
2 2

BHEIT—IHT:. PCIHICHIIC YPABHCHIIA NMCCT BILI

! T . T —90+ 360k . . —90+ 360k
@ = 32°5|| cos _E +78In _E — 2| cos ” +7sIn ” .

3aIlIiiieM Bce HEIfL[[ﬂHHEIE: KOPHH YPAaBHCHIIA.
mpun  K=0 @, = 2(-::05(— 18" )+ ESiH(— 18" )),

K=1 @ = Z(c:nsﬁélu + ZsIn 54“);

K=2 o, = 2(c:05126u + zsin126'u):.

w— < r'ul'( B I Y B e ¥ = e \'I.

NIOKYMEHT MNMOANMCAH
SNEKTPOHHOWM NOANMUCHIO
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HBDGPE].BHE BCC HEIIFI,[[EHHBIE KOPHHN VPAaBHCHIAXA Ha KOMIIJIEKCHOU IINTOCKOCTI,
IIOJIVHIM BCPIHINHEI IIPABIUJIBHOI'O IIATHYI'OJIBHHKA, BIIICAHHOI'O B OKPYXHOCTL PaJAlyCd

2. TO €CTh

Ws

Pucynok 5.3 — KopHlu ypaBHeHIsI Ha KOMIUIEKCHOM ITTOCKOCTH

Bonipocs1 u 3agaHus:
1. UTo HazkIBaeTCI KOMIUIEKCHBIM YUHCJIOM ?
2. Kakne @opMEl 3annucu KOMIUICKCHBIX UIICEII BBl 3HAETE?

3. Haiitn ,I[EfICTBHTEHBH}"IG I MHIMY O HdCTIH HIICJIa

3

1—1i
Vi)
6) (1+if

(1-if

4. Halitn MmoayJb 1 apryMEHT KOMILIIEKCHOTO YHCIIa

12
a)l+1'3,
aT .. T
0) —cos— +isin —,
7 7

B) (1+i) - (1-iv3) °.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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5. BerinonHunre apH(bMETHT-IECHHE ,[[EﬁCTEHH H4/] KOMIUICKCHBIMITI YHCIJIdMII.

HBDﬁpHBHTE Haﬁ,[[EHHBIE yricJjia Ha KOMIDIEKCHON IDTOCKOCTI.

11 4 (l+\/§i)6—60+21‘
N 2-i)-6+9

- i/(m:)ﬁ —(2-3if

48-(1+i)"

” 3\/(1—2;:)3 +(1+2i)

44 -(1+1i)

1.7. 4/— 128 + i128+/3 .

1.9. 4/—8+i8/3 .

1.11. 4/—128 —i128+/3 .

|13 4(1+«/§i)6—60+21'
o\ 2-if-6+9

115 4(1+«/§i)6—60+21’
o\ 2-if-6+9i

1.17. 3/—8i .

119 4(1+«./§1')6—60+2i
N 2-if-6+9

oy ) 60+ 2i
o\ 2-if-6+9i

1+«/§iT—60+2i

1.23. J ( : _
NOKYMEHT NOANMMUCAH
3NEKTPOHHOW NoanCeio
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o (2—2i)" +72+4i
N (=2 +5

1.4. i/(z;:)~3-

(—1+i)

L5
e 3\/33-(% 2i)

(1+3i)°14

8. 4\/1”‘/§ |
32

#—1—5%
32

1.10.

1.12. 4/—8—i8/3 .

1.14. 4\/(_1;*@')

1.16. 4/— 128 — i128+/3 .

s 3\/(1—25)3 +(1+2i)

44 -(1+1i)

{20, - (2—2i) +72+4i
N (Q-2if+5




125.4(—1+\/§E). 1-26-4(1+J§iT—60+2£-

2 (2—i) —6+9i

q

(2+3i) —(2-3i) {28 (2—;:)“—3.

1.27. 6 :
Va8 (1) C1ti)

6.H3D6p&3HTE HEIfL[[EHHEIE yycJia Ha KOMIIJIEKCHOI IIJIOCKOCTI

(l+\/§iT—60+ 2i
(2—i) —6+9i

a) 4

kel

(2—2i) +72+4i
(1-2i) +5i

0) 3

¥

(2+3i) —(2-3i)
48-(1+.€)m |

B) 6

Ipakmuueckas pavboma Ne).
Pacuem nepexo0HbIx npoueccos 6 HEPA36emeJAeHHLIX JIUHEUHBIX JJIeKMPUUECKUX UEeNnAX

nepe6ozo Hﬂpﬂﬂf{ﬂ Kiaccuueckum mMemoo om

HEJ[L: HE’L}”—II’ITCH IIPOBOJAHUTB PacHCT eI IICPEMCHHOI'O  TOKa IIPpH1
IHOCJICAOBATCIIbHOM COCANHCHII dKTHBHBIX 11 PCAKTHBHBIX 2JICMCHTOB

OcHoesbl meopuu.

KﬂTyl]_lHﬂ HHAYKTHBHOCTH B LICIIH CHHYCOHIA/IbHOI'O TOKA

Ecnn KaTYIIKY HHAYKTIHIBHOCTI BK/IFOUHTE B IICIIE CHMHYCOMAAJIbBHOI'O TOKA,

H3MCHAIOIICI'OCA 110 3daKOHY.
i=1 sinot. 6.1)

rae I, — aMmryga Toka;

M rranmama 1 A

AJOKYMEHT NoarnncAH
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TO TOK B COOTBCTCTBHIH CO BTOPBEIM 3dKOHOM Kprmtba 11 3akoHOM OMa B JTFOOO0IT

MOMEHT BpeMeHH OyJeT paBeH:

”""5'1,

=
r (6.2)

1€ 4 — HAIIpSAKEHHNE Ha 3aXHMaXx KaTYIIKI,

I’ — aKTHBHOE COIIPOTHRIICHHE KaTYIIIKI,

di

eL — L — 2. 4.C. CaMOHNHAYKIINI, PdaBHAAd B3ATOMY CO 3HAKOM <«MIHYC»

dt

IIPOMN3BCACHHNIO HMHAYKTHBHOCTIH L Hd CKOPOCTb H3MCHCHIMIA TOKA. 3HaK «MHHYC»

OTPaXX4acT TO OﬁCTDHTEHBCTBD:, HTO HNHAYKTHPYCMaAd 5. 14.C. IIPCIIATCTBYCT H3IMCHCHIITO

TOKA.
BripaxeHnne (6.2) MOKHO 3alicaTh HHAUE:
. T di
H—IF—E’L—IF‘F — (63)
dt
O6D3HHT-IHM i?‘ = Uy — IIaJICHIC HaHpH}I{EHIm Ha aKTHBEHOM CDHpDTHEHﬂHHH
di
[ —

df — ML — IIaACHHIC HAIIPKCHITA Ha NHIYKTHIBHOCTII.

B BrIpaxkeHnue (6.3) moicTaBIM 3HaueHHe Toka u3 (6.1)

d(!m sin a::r)
dt

u=1 rsinwt+ L =1 rsinwt+ I, wlLcoswt =

| | T (6.4)
=1 rsinowt+ 1 olLsin| ot + >

% ITIOCJICIHCI'O BBEIPAXKCHIIA CJICAYCT, HTO
u =1 rsmot=U_ sinot (6.5)

I1O0 [1)&36 COBIIAJAC€T C TOKOM, a IIaJICHIIC HAIIPAMNKCHIIA Ha HHAYKTIIBHOCTII

1 =T T E_in(_!_fJ.-— — 1 —
NIOKYMEHT MOONVCAH & ) U, sin| of + ) (6.6)
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T

2

1o ¢aze oNeperkacT TOK Ha YIoJl

HpOHBBE,[[EHHE: NMHAYKTHBHOCTII L Ha 4aCTOTy (W NMEET pasMECPHOCTH

COIIPOTHBIICHIIA, 11 CI'O HA3BIBAKOT MHAY KTIIBHBIM COIIPOTHBIICHICM.
X; = 0nyh (6.7)
[Ipu nepexoae Kk KOMIUIEKCHOII (popMe BeIpakeHue (4) 3alnmeTcs:
U=U +jU, =Ir+ jIx, =1(r+ jx, )= Ize"* = IZ (6.8)

B ITOCJICAHCM BEIPAXKCHII

_ e 2 2 darctg(x; [r) _ _ igp
Z—r+]xL—\/r +x;e = ze (6.9)
— KOMIUICKC COIIPOTHBJICHIIA KaTVYIIKII.

Z — TIIOJTHOE COIIPOTHUBIICHHE KaTYIIKH, €ro MOXKHO HalTH KaK OTHOIIEHUE

ﬂEﬁCTE}"}GH_[HX 3HaUYECHUII HAIIPAXKCHIIA Hd 34 KHMaX KAaTYIIKKH I IIPOTCKAROHICI'O IIO

KaTyIIIKE TOKa:

L= (6.10)

B coorBercTBHN ¢ BeIpaxkeHneM (6.8) BeKTOpHas JguarpamMma TOKOB W

HaIIpsDKE€HIIL OyIeT IMETh BIJ, IIPEACTAaBICHHEIN Ha pUCYHKE 6.1.

/| [ [ /
-] — LYY o
U =Ir e i
7 r / Y
=1 o L S——
Pucynox 6.1- BexTopHas quarpamMmma Pucynok 6.2 — Cxema coeqUHEHI
[OKYMEHT NOANWUCAH
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Ha pucynke 6.2 mpencTaBjieHa CXEMa 3aMENICHNS KaTyIIKH HHOIYKTHBHOCTIL.
BexkTtop maaeHMs HaOpsDKeHMS Ha aKTHUBHOM  COINPOTHUBRIEHNHN COBIAJAET IO
HaIlpaBJIEHINIO C BEKTOPOM ToOKa. BekTop MaaeHns HalpsaKEHUA Ha UHAYKTUBHOCTU
orepexaeT BeKTop Toka Ha 90°. CyMMa 3TUX JABYX BEKTOPOB JAET BEKTOP HAIIPSKEHILI

Hd 3dKHMNMdX KaTYIIKIH. )_—[HHHH ITIOCJICAHCIO, KdK CJICAYCT I3 EEKTDPH'Dﬁ AarpaMMBI.

U=JUE+UE =I-.Jr2 +x;, =1-7

»

d HaYdaJIbHAaA (1’)613&

_ U, _ )
p=arcig U_ =arctg T (cm. dopmyny 6.8 u 6.9)

r

Ecnn Ha BEKTOPHOI JuarpaMMe KakJIblil 13 BEKTOPOB TPEYTOJIbHIKA HAIIPSKEHUI

YMHOZXKHTE HAd TOK, TO IIOJIVHHUTCA TPCYI'OJIBHIK MGH_IHGCTEFIZ

- aKTUBHASI MOITHOCTL P = UJ =[1"r=Ulcosy, Br,

- peakTuBHasA MomHocTe O =U, I = szL =Ulsingp, BAp, (6.11)

- ronHas MomHocTeE S =Ul = \/P2 — Q2 , BA.

OTHoOIIeHHe aKTUBHOII MOIITHOCTII K IIOJIHOU HazBIBAETCS HDB(I)(I)HL[HEHTDM

MOIOTHOCTII.

P r

COSPp=—=
P= ~ (6.12)

KUH,E[EHCHTUP B LHCIIH CHHYCOHNOAAJIBHOI'O TOKA

HamnpsxkeHne Ha KOHJEHCATOpE U B JHOOOII MOMEHT BPEMEHU pPaBHO 3apsay Ha

cIo Dﬁﬁﬂaﬂﬂa}i ¢, ACJICHHOMY Ha CMKOCTDB CI

U, =E (6.13)
Hmcmﬂbﬁy TOK €CThb KOJHNUECTBO DJBIEKTpUUECTBa, IIPOTEKAIOUIEro uepes
[IOIIEpEeYHOE CceueHue IIPOBOJHIIKA (E JaHHOM ClIydyae — TIIOCTYyIIaromiero Ha
| NOKYMEHT NoanncAH
KO SNEKTPOHHOW NOAMUCKHIO ACHHOM TOKC
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. dqg
| =— = | idt
dr,OTI{}",[[aq .[ .

[lomcTaBuB 3apsij, BeIpak€HHBIN depe3 TOK, B BeIpaxkeHue (6.13), momydnm

1 I
E:i:—’” sin otdt =——"-coswt+U,
cC C oC "'

U

rne Up — HOCTOAHHBIN 3apsiy Ha KOHJEHcAaTope, KOTOPHIIl IIpM BKIIFOUESHUIN

KOHACHCATOPA Ha IICPCMCHHOC HAIIPAKCHIIC OTCYTCTBYCT.

HDCHE,[[HEE BbBIPAXKKCHHC IICPCIIMIICM, 3aMCHIIB KOCHMHYC CHHYCOM.

I, . LA , ,_T
U = sin|f ot —— |=1_x_sin| of —— 14
‘" oC 2 e 2 (6.14)
|
Bemnunga UJC HNMCCT Ppa3sMCPHOCTE COIIPOTHBIICHIIA, €C HAa3bIBAKOT CMKOCTHBIM

COIIPOTHBIICHICM KOHJACHCATOPAd I1 0003HaYaroT Xe.

HPDHBBE,[[EHHE Imxﬁ CCTb HH HTO HMHOC, K4K aMIUINTYZdda HAIIPAXKCHIA Ha

KOHJACHCATOPC.
Im.xc — Uﬁm.

Kax Bugao m3 (11.14) HanpsxeHne Ha KOHAEHCATOpPE OTCTAET 110 ¢haze OT TOKa Ha

yroJ 7w/2. B xoMIiekCHOIT (popMe 3TO BEIpaKe€HHE 3aIINIIETC:

U, =—jx.I (6.15)

COOTBETCTBYIOIIAsl BEKTOPHOI JuarpaMma IIpejcTaBlIeHa Ha puUcyHKe 6.3..a.
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a) 0)
Pucynok 6.3 — BexTopHas quarpamMmma
[Ipm paccMoTpeHmu mpoliecca IPOTeKaHHS TOKa depe3 KOHJEHCATOp He OBLIO
VUTEHO TO OOCTOSTENBCTBO, UTO JHAICKTPHK MeEXJy OOKIagkaMU KOHJEHcaTopa He
SBIIIETCS HealbHBEIM, TO €CTh €0 aKTUBHOE CONPOTUBICHIE, XOTSI I OYeHb BEJINKO, HO

IIMEEeT KOHEYHOE€ 3HadeHUe. B cOoOTBEeTCTBUU C STHM cxXeMa 3aMCIHICHITA PCaJIbHOI'O

KOHACHCATOPd MOZKCT OLITE IIPCACTABIICHA TdK, KdK HBDﬁpa}HEHD Ha PHCYHKC 64, d I

6.4.,0.

/ /- /
L
g
7 U
be=U U
a) 0)

Pucynok 6.4 — Cxema 3aMelIeHNs peajlIbHOTO KOHAEHCATOpa

JIna cxemel a B coorBercTBUU ¢ (6.15) m ¢ zakoHamu Oma u Kupxroda

CIIpaBCIJINMTBO BEIPAMKCHIIC.

I=1 +1 =Ug+ jUb =U(g+ jb.)=UY (6.16)
I'1C g — HpGE{},I[HMOCTL ,I[HC—JJ'IE:I{TPHI{H;
NOKYMEHT NMNOoAanncAH | _
SNEKTPOHHOW MOANUCHIO 11€HCATOpa,
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)
=8+ Jb. =8 TD € = V€' - KkoMILIEKC MPOBOJUMOCTH
peaJIbHOr0 KOHJEHCATOopa.

JI11s1 cXeMBl 6 cripaBeJJINBO BhIpaKeHUE

U=U +U =Ir-jix =IZ (6.17)

N3 (6.15)u (6.16) cnexyer

U 1 ] 1 — jb b
—=/L=—ymZ=r—jx = =&k _8 ;%
/ Y g+jb g +b y

(6.18)

2

BBH,[[}" TOI'0O, HTO JABad KOMIUICKCHBIX HICJIda PABHBI JAPYI APYVIY, CCIIII PABHBI HX

BeI[€CTBEHHBIE YaCTH U paBHBI KO3( (PUITHNEHTE MHUMBIX dacTeil, u3 (6.18) ciaegyer:

r=— X, =" (6.19)

AHAJIOTHUYHO I[TOJIYHAKOTCA DﬁpELTHI::IEt BbIPaKCHIIA HpGEGﬂHMGCTﬂﬁ KOHACHCATOPa

HCPEC3 COIIPOTHRBIICHIIA.

g=— b =— (6.20)

CHE,[[}"ET OTMETHUTE, UTO 3HAYCHHE I' MaJIbl II0 CPABHEHIIO C X, 11 €0 HaCTO HE

YHHUTBIBAKOT, CHIITAAd KOHACHCATOPEI MACAaJIbHBIMII.

BEKTDPH&H AHalrpaMmMad HaHpH}KﬂHHfI AJE PEAJIbHOI'O KOHACHCATOPA IIPCACTaBIICHA

Ha puc. 6.3,6. Yron 0 Ha3BIBAIOT YIJIOM AUAIEKTPUUECKUX IIOTEPb.

U" = arct T
U g p (6.21)

[ [

O=arctg

I[.HH KaHYCCTBCHHBIX JH2JICKTPIIKOB 5TOT YVI'OJI H3MCHACTCAHA JCCATKAMII MIIHYT I1
HaxKC MITHYTaMI.

YMHOKHIB Ha BeKTOPHOII AuarpaMMe pucyHka 6.3, O BEKTOpHI HaIIPsSIKSHUS Ha

L=
TR TTIATIRITITIAL TTMAYV T TIL TITTE AMMATITIINCSTATT S
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S=UI.P=UI.Q=UI S=P-jQ (6.22)

IlociienoBaTenbHOE BKJIIOYeHHe AKTHBHOI O COIPOTHUBJIEHUS],
HHAYKTHBHOCTH 1 EMKOCTH B Llelb CHHYCOHJAJIbHOI0 TOKA

PaccMoTpuM NpOXOXKIEHUE CHHYCONJAIILHOIO TOKa II0 IENM, COCTOAINEH M3
[IOCJIEIOBATEIILHO BKIIFOUEHHBIX PE3UCTOPa, KaTYIMIKN MHAYKTUBHOCTI U KOHJEHCATOpa
(pucynok 6.5). Crmegyer WHMETh BBHAY, 4YTO Ha JAaHHONM CXE€ME€ 3aMEIleHI
COIIPOTURJICHNE T YUUTHIBAECT U aKTUBHOE COIIPOTHURIICHNE KaTYIIKU MHAYKTUBHOCTU U

dAKTHBHEIC IIOTCPI B JUSJICKTPHKC KOHACHCATOPA.

/ A [
e - Y Y |
'y 44 1y
!
O |

PHC}’HDK 6.5 — Cxema ITOCJICAOBATCIIbHOI'O BKJIFOYUYCHITA PC3HCTOPAd, KAaTYIIIKIH

HNHAYKTHBHOCTII 1 KOHACHCATOPA

B cooTBeTcTBHU ¢ 3aKOHOM OMa 1 BTOPBIM 3daKOHOM KHPXFD(]I’)EL I CXEMBI

3aMCIHICHIIA CIIPABC/IJINBO BEIPAMKCHIIC.
U=U,+U,+U =I[r+ j(x,—x)|=1Z (6.23)

COOTBETCTRYIONIE BEKTOPHEIE JHarpaMMbl IIPeACTaBICHEl Ha pucyHKe 6.6 a,0,B.
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Pucynok 6.6 — BekTopHbIEe JUarpaMME]

Pucynokx 6.6., a COOTBETCTBYET CJIydaro, Korja X; > X¢, IPU 3TOM TOK IIO ase

OTCTA€T OT HAIPsDKEHUS Ha yroJl ¢. PucyHok 6.6,0 COOTBETCTBYET ciIydaro, Korja XL

< Xe, TIIPH 3TOM TOK IIO (I)ELBE OIICPCKACT HAIIPAKCHIIC. Ecmu XL = X, TO TOK U

IIPIIIOKCHHOC K ICIIH HAIIPAMKCHIIC 110 (I)ELBE: COBIIaZAAkOT, BCIINYIHA TOKd4 B 5TOM CJIYHAC
OIIPCACIHACTCAHA TOJIBKO BEJINYITHOII HAIIPAMKCHITA 11 dKTHBHBIM COIIPOTHBJICHIICM I, I HC
3aBHCHUT OT BCJIIMYMNHBI HMHAYVKTHBHOI'O I CMKOCTHOI'O CDHpDTHBHEHHﬁ. Taxoin PCKIM
BHEKTPHT—IECKDE OeIrm HA3BIBAKOT PC30HAHCOM HaHpH}I{EHHfI. HpH PC30HAHCC

HAIIPSDKEHMIT IT0JTHAsE MOIHOCTE paBHA akTUBHOU ( £ (P =0 u cosq = 1), To ecTh U3 cetu

AJIEKTpUYecKas el PEaKTUBHOII MOITHOCTH He IIOTPEOIISIeT.

CormnacHoO KJIIacCHYECKOMY METOJY aHajli3a IIEPEXOIHBIX IIPOIIECCOB PEIIECHIIE
HEOJHOPOJHOr0 JIMHENHOro auddQepeHnajibHoro ypaBHEHHSI MNpeACcTaBIIIET COOOI
CYMMY €ro 4YacTHOTO (NIpUHYXKJEHHAas COCTaBILIIOMIas) U OOIMero peleHHs,
[I0JIy4a€MOro IpU PaBEHCTBE HYIIO IIpaBoil YacTH (CBOOOJHAs COCTARJISIONMIAN).
IIpuHyXIE€HHasA COCTaBILIIOI[As OIPEJENIsIeTcd IIyTeM pacudeTa YCTaHOBHBIIETOCSd
pekKIMa B IIOCJIEKOMMYTALlIOHHOII CXEME H MOpeACTaBISICT COOO0H yCTaHOBHBIIEECS
3HAUCHHUE MCKOMOTO IIEPEeXOJIHOro Toka (HampspkeHms). CBOOOJHas COCTaBJIAIOIIAS
ICKOMOTO TOKa (HaOpsKEeHHs) oOyCIOBJIEHa TOJIBKO BHYTPEHHUMH MCTOYHHKAMH

[IOKYMEHT MOAMUCAH
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Hpu dHWIl5e 1ICPCXOAJHOI'O IIPpOLcCCa B SHEK'IPHT-IECKDﬁ NCIII KJldCCHYEeCKUM

MemoooM MOIKHO PCKOMCH/JOBATD CHE,I[}"IDH_[HE IIOPALOK pdaCHCTA IICKOMOI BEJIINYNHEI

1. IIoAroTOBUTL CXE€MY AJIEKTPUUECKON IIENN K pacueTy: BHIOpaTh HaIlpaBICHILI

TOKOB B BCTBAX CXCMEI IIPIH IICPCXOIJHOM IIPOICCCC.

2. OHpE,[[EHHTL HC3aBHCHMEIC HaYadJIbHBIC YCIIOBIIA — TOK B MHAYKTIIBHOCTIH IL(U_)

HC (U_)

I HAIIPpAXKCHIIC Hd CMKOCTII 13 pacHcTa HCII JO KOMMYTAIIIIL Ha ocHoBanum

3dKOHOB KOMMYTAIHNN TOK Ha HNHAYKTHBHOCTII M HAIIPAXCHIHC Hd CMKOCTII HC MOI'YT

IEMCHIITECHA CKAUKOM:
i,(0-) 2i, (00 =i, 0) , (0-y=lc (0+) _ 0. (0) (6.24)

3. HpE,I[CTEiEHTB HCKOMYIO BCIIMYMHY, HAIIpPHMCP TOK, B BHJAC CYMMBI JIBYVX

- - s 1=1_+1
COCTABJIIONINX. CBOOOJHON I YCTaHOBUBIIIUIIC (HpHHy}I{,I[EHHDH) ce 'y

4. OHpE,[[EHITTB YCTaHOBHBIIYHOCA COCTABJIAROIIYEHO ICKOMOII BEJINMUYNHEL IIOCIIE
KOMMYTalllIll, KOI'/ld HEPEKO,[[HDE ITPOLCCC 3dKOHYIIJICA.

5. OnpegenuTs oOmuil BUJ 3aKOHa M3MEHEHHI CBOOOJHOI COCTaBISIOMICIH:
5.1 CocTaBUTh XapaKTEPUCTUUECKOE YpaBHEHUE JJIA 3aJJaHHON CXE€MBbI. J[J15 5TOro
B IIENHN IIOCJIE KOMMYTaI[U HEOOXOANMO Pa3opBaTh BETBbL C MCKOMOM BEIMYHUHON (MM

KaKyO-JINOO JPYIryIO BETBb, KOTOpasi HE COAEPKUT HNCTOYHNKA Toka). Haiitu

KOMILUICKCHOC BXOJHOC COIIPOTHUBJICHIC IICIII Z(j®) OTHOCHTCJILHO TOHCK Pdad3pPhbIBa.

3aMEHUTH jﬂ) Ha p:, IIPHPABHATE BXOJJHOC COIIPOTHBIICHIIC K HYJIFO, IIOJIVHHB, TdKHM

o0pa3zoM, XapakTepUCTUUECKOE YpaBHEHHE Z(p)=0 .

5.2 Onpenenurb KOpHHU XapaKTEpUCTHUECKOTO YpaBHEHIS.

5.3 Onpegenurs 0Ol B CBOOOAHON COCTABJLIIOMIEN B 3aBICHMOCTH OT BH/la
KOpPHEI XapaKTepUCTUUECKOr0 YpaBHEHI, HAIlpUMep, JJI TOKa:

— CCJII KOPCHb XAdpPaKTCPHCTIHCCKOI'O YPaBHCHIA OJIIH, EEH_IECTEEHHBIFI? TO

_ LI
=A-e";

L8
— €CIIM KOpHEI JIBa, pa3JIMYHBLIX, BEMIECTBEHHBIX, TO i = A, e + A, -e™ ;

AOKYMEHT MNOANUCAH €HHBIX, TO i = A, -e” +At-e”;
3NEKTPOHHOW NOANUCHIO ’
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— €eCnum  KOpHeWl [[Ba, KOMIUIEKCHBIX, CONPSKCHHBIX (p =azjo,), TO

® xr "
i, =B-e" sin(w,, + [).
6. CorylacHo II.3 3amIucaTh OOmNil Bi NCKOMOI'O IIOJIHOTO TOKa (HAIIPIIKEHII).

7. OHpEﬂﬂHITTI:: IIOCTOAHHBIC HHTCI'PIIPOBAHIA, IHCIIOJIE3YVA 3aKOHBI KOMMYTAIIII I1

cucteMy auddepeHIuaIbHEIX YpaBHEHHI, COCTABRICHHLIX II0 3akoHaM Kupxroda s

MoMeHTa BpeMeHn t=0-+. lIpu 3ToM yUUTBEIBATE I1.2 U COOTHOIIEHUS i.(0+)=C dHC;:H) ;
u, (0+) = 19O
dt

Bonipocs1 u 3agaHus:
1. Kak oTimuarorcad no ¢aze HaOpsSKeHHe M TOK B IENIX C aKTHUBHEIM
COIIPOTHURJICHNEM, C NHAYKTHBHOCTBLIO U C EMKOCTBLIO?
2. YTO0 MOHMMAKOT II0JI aKTHUBHBIM COIIpOTHBIeHHEM? Kak oIpedenuTb ero
OIILITHBIM IIYTEM B I[EIIH IIEPEMEHHOTO TOKA?
3. Kak BRIUNCIUTE YITIOBYIO YACTOTY (O UEPE3 KPYTOBYHO YacTOTY f7
4. YT0 NOHUMAIOT IO/ IIOJIHBIM COIIPOTURIEHUEM IEIN IIEPEMEHHOTO TOKa?
S. Kak BBEIUNCINTL MHAYKTHUBHOE COIIPOTURIIEHUE KATYIIKNU OILITHBIM IIyTeM? Kak
OHO 3aBHCHUT OT MHAYKTHUBHOCTH 1 YaCTOTHI?
6. Kak  omnpemenmuts  €MKOCTH — KOHJEHcAaTopa, BKIIIOUEHHOI'0O B  IIelb
CHHYCONIaJIbHOI'O TOKA, OIILITHBEIM ITyTEM?
7. YTO NOHUMAIOT IIOJ IIOJIHOM, aKTHMBHOU UM PEAKTHBHON MOITHOCTAMHN? KakoBO
MEXKY HUMU COOTHOINEHUE ?
8. YTo Ha3pIBaIOT K03 ((UIITUEHTOM MOITHOCTHU B LIEIIN CUHYCONAaJIbHOIO TOKa?

9. YTo Takoe yroia AUANEKTPUUECKNX IOTEPE !

10. Kak BBIUNCINTL aKTHUBHYIO I PEAKTHUBHYIO IPOBOAUMOCTHU KOHJIE€HCATOpa Uepe:
COIPOTHUBIIEHNE €r0 CXE€MBbI 3aMeI[eHIA ?

11. Kax cTpodarcs  BEKTOpHEIE JuarpaMMbl TOKa U HalOpsOKEHII — IIpU

IHOCJICAOBATCIIbHOM COCANHCHIIIT AKTHBHBIX 1 PCAKTIBHBIX 3JIEMEHTOB?

[IOKYMEHT NMOANMUCAH
] ANEKTPOHHOW NMOANKCHIO ‘aCTKa 3JIEKTPUYUECKOI 1IN/
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13. Kakoil peXuM Ha3BIBAIOT PEKHMOM pe30HaHCca HamnpskeHmil? Ilpm kakux

YCIIOBHAX OH BO3 HIIKaeT?

14. YT0 Ha3BIBAIOT 3.7.C. CAMOMHIYKIIUN, B PE3YIILTATE UErO0 OHAa BO3HUKAET, OT UETO
3aBUCHUT €€ BeJIIUHA.

15. Eciin émxocTHOE conpoTurineHne C — sjieMeHTa X., TO KOMIIJIEKCHOE
COIIPOTHURJICHNE Z. 3TOI0 3JIEMEHTA

OIIPCACIACTCAH KaK. ..

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

B) Z. = —]JX, r)24.=] Xc

16. MHAYKTHBHOE CONPOTHRIIEHNE X L IIPH YIJIOBOIl HacToTe =314 pajn/c u BeIUInHe

[.=0,318 ] H, cocTaBuUT... L
—_" Y Y __,
a) 0,318 Om 6) 100 Om B) 0,00102 OmMm r)314 Om

17. lIpeacraBineHHON IIENI COOTBETCTBYET BEKTOPHAs JUarpaMma. ..

[ , R L
» m
U, U,
. >
U
a) 0)
| U 1
> > >
U
B) r) .
[J 4 U, U
> >
U /
NOKYMEHT NMNOoAanncAH ‘ >
SNEKTPOHHOM NOAMUCHIO 1 ]
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18. IIpu manpspoxennu u(t)=100sin(314t) B HauanbHasg gaza Toka i(f) B EMKOCTHOM

sreMeHTe C COCTaBUT. .. . ﬁ L..;
U >
a) W2 pan 0) -4 pan B) O pax r) 31/4 pan
19. Ecnn yacTtoTa f yBEIMYHUTCSA B 2 pa3a, TO €EMKOCTHOE COIIpOTHRIEHNE Xc ...
a) HE U3MEHUTCH 0) yBeIUUUTCS B 2 paza
B) YMEHBIIHUTCS B 4 pasza ') YMEHBIIUTCA B 2 pasza

20. IIpeacrapieHHOII BEKTOPHOII JUarpaMMe COOTBETCTBYET. . .

a) MOCJIEIOBATEIIbHOE COeJUHEHNE PE3NCTURHOTO R 1 MHIYKTHUBHOTO L 3II€MeHTa
0) éMKocTHOII a51emMeHT C

B) HHIYKTUBHBLIN 3J1€MEHT L

') pE3UCTUBHEIII 3JIEMEHT R

21. EmMxkocTtHOe conporusiieHne X¢ npu eianande C=100 Mx® n gactore f =50 I'ng

aBHO . .. C i
p ® ’ l 9
y i Ih
a) 31,84 Om 0) 31400 Om B) 314 Om r) 100 Om
22 HauanwpHas (aza HampsKeHUS u(t) B EMKOCTHOM s1neMeHTe C IIpU TOKE
i(1)=0,1sin(314t) A paBua. . C_L1,
& i I L
U,
a) w/4pao 0) m/2pao B) 0pao r) —z/2paod

23. BexTopHOIl AuarpaMMe COOTBETCTBYET CXEMa. . .

ve)
—
=

=
—
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24.B mHAYKTUBHOM 3JIEMEHTE L. ..
a) HaIIpsKEHUE uy (1) cCOBHAagaeT ¢ TOKOM iz(1) 1o ¢ase
O) HalpsDKEeHUE u (1) 1 TOK iz(1) HaXOOATC B IpOTHBO(aARE

B) HaIlpsDKeHUE uz(1) OTCTa€T OT TOKa iz(1) 1o daze Ha 7 /2pad
') HalIpsDKeHUe Uy (1) onepexaer Tok iz(f) mo (aze Ha 7 /2pad

25. B akTuBHOM 311eMeHTE R . ..
a) HaIIpsDKEHUE u(!) COBIIaJlaeT ¢ TOKOM i(1) 1o dasze
O) HampsKEHUE u(!) 1 TOK i(t) HaXO4ITCS B IIPOTURO (haze

B) HaIlpsDKeHUe u(t) oTcTa€T OT ToKa i(f) no daze Ha m/2pad
I') HalIpsDKeHUe u(t) orepeskaeT TOK i(t) o daze Ha = /2pao

26. B emxoctHOM 311eMenTe C. ..
a) HalIpsDKEHNE U (1) COBIAZAeT ¢ TOKOM i(f) 1o daze
O) HaIpsKEHUE U(1) 1 TOK i.(1) HAXOAATCS B IPOTUBOdaze

B) HaIIpsDKEHIE U (1) OTCTAET OT TOKa i-(?) mo aze Ha 7 /2pao

I') HAIIpSDKEHUE U(1) ollepexkaeT TOK i-(t) mo ¢aze Ha = /2 pao

Ipakmuueckas paboma Neb.
OnepamopHbslii Memoo pacuema nepexooHslX RPOUECCO8 6 TUHEUHIX IIeKMPUYECKUX enax
nepe02o nopAdKa. OnepamopHslii Memoo pacuemda nepexo0HbIX RPOUECCO6 6 JIUHECIUHbIX

MIEKMPUUECKUX HENAX 6mopozo Hﬂpﬂﬂf{ﬂ

HEJIL: HDH}”—IHTB HABBEIKH PaCHCTa IICPCXOJHBIX IIPOLOCCCOB B PaA3BCTBIICHHBIX
JINHENHBIX QJIICKTPHMHCCKHX IMCIFX IICPBOI'O IIOPAJKA OIICPATOPHBEIM MCTOHLOM.

OcHosbl meopuu.

cyH_[HDCTB OIICPATOPHOI'O MCTO/Jdd dHAJIM34d IICPCXOAHBIX IIPONOCCCOB 34 KJIFOHACTCA
B TOM, HWTO ,[[EfICTEHTEHLHEIE (l)yHKL[HH BPCMCHI1, OIINCBIBAIOIINIC IIPOLCCCEI B

JNICKTPHHCCKHX ICIIAX M HA3BIBACMBIC OPHI'TMHAJIAMI, 3dMCHAIOT HX OIICPAaTOPHBIMII

3¢ AOKYMEHT NOANWCAH argraca
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F(p)= jf(:)-e-”f.-;f:. (7.1)
0

IIpeoOpazopanne Jlammnaca IpUBOAUT K 3aMeHE oIepalfuii uddepeHIINpOBaHIL 1
NHTETPUPOBAHNS OpPHTMHAJIOB IIpU pemeHnn auddepeHIualbHeIX YpaBHEHHII Ha
anreOpandeckie omneparui YMHOXKEHUS 1 JeJICHNI N300pakeHuil. PelnB mojrydeHHEl €
anreOpamyecKle YpaBHEHHSI B ONEpaTOpHONl (OpME OTHOCUTEILHO M300paKeHUIl
NCKOMEIX BEJIMUNH, MEpexXoJsAT K OpHUIrMHallaM, IIOJIyYaloT pPelIeHus MHCXOAHBIX
nuddepeHINANBLHEIX  YpaBHEHMI,  OIICHIBAIOINUX  MEPEXOJHBIN  IIpOIecC B
AJIEKTPUYECKOI I[EIIN.

IIlpn aHamuze MepexoJHOro IIpollecca B AJIEKTPUUECKON IENU OlepaTOPHBIM

MCTOJOM PCKOMCHAYCTCA CJ’IEE[}’}DH_IHFI IHIOPAOJOK PaCHCTa.

1. Hr padacHCTa ICIII JO KOMMYTAIIII HAlITH TOKH B HHAYKTHBHOCTAX IL(D_) 1

i, (0-
HHHPH}I{ﬂHHH Ha CMEOCTAHAX E( )

2. Ilo Buay ucciegyeMon 3JIeKTPUYECKOll I[eIIN IIOCJIe KOMMYTAIlUN COCTaBUTH
ommepaTopHyro cxemy (pucyHok 7.1). Ilo omepaTopHOli cxeMe M3BECTHHIMU METOJaMU
pacdeTa Heleil HallTu n300pakeHNe ICKOMOIT BEJIIUIHEI.

3. Ilo m3o0OpaxkeHNO MCKOMON BEIMYMUHBEI HANTH OpPHIHHAI, T. €. HCKOMYIO

(PYHKIIIO BpEMEHI.

e(t) E(p) J(t) J(p) .
u.,-l r J,'L r ‘l’f{p)
# ~— # % -~ % U"i)
O

Ifp)] 2pL I_'f
il Llu.r, . puf,(p) i‘]}::cluc I(p)l Pfc(g) Us(p)
Li(0) ;
. ; Y o ————— *

Pucynok 7.1- OniepatopHas cxema

NOKYMEHT NMNOoAanncAH
SNEKTPOHHOWM NOAMUCKIO pUTHAITY
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l. HpHMEHﬂHHE TCOPCMEL Pa3JIOXKCHIIA. Ecnn HBDGpa}HEHHE IICKOMOII BEJINYNHEI

IMeEeT BHUJ] pallloHaJILHOI Apoou:

F(p) a,p"+a, p" +.+ap‘+.+ap+a, (7.2)
F(p) bp"+b_p" ' +.+bp“+.+bp+b, '

rae a, U b, — IEUCTBUTEIILHBIE YUCIIA, p,, p,.. — AEUCTBUTEJILHLIE U Pa3JINUHbIE KOPHU

XAdPaKTCPUCTIMHCCKOI'O YPd BHCHIIA Fl(p) =0, TO

F(p) . ~F(py) o
(P) e gy = N2 7.3
oy ) ng(m -

Ecnu muoroumied F,(p) UMEET OQUH HYJIEBOIl KOpEHBb, T.€. F,(p) = pF,(p), TO

F(p) . FO) & FE(py) o
= ()= + : e’ . (7.4)
pF(p) F;(0) kZI:PkFE(PL)

Ecmu mHOTOWIEH Fz(p) HNMCCT n IIap KOMIUICKCHBIX COIIPAKCHHBIX HDpHEﬁ, TO

F(p) .. - F(p.) .

22 = (1) =D 2Re| L e 7.5

B 0% 2R k) (7-3)
11 HpH OJHOM H}’HEEDM KDPHE

() e iy~ BO) 3 QRE{ F(p) "“’J (7.6)

pF,(p) F.(0) 5 p.F(p,)

Ecin B nenm AelcTBYET cuHycoupganbHasg 3J[C, TO 3agadyy peKOMEHAYETCH
pemaTh JJI1 CBOOOJAHBEIX COCTAaBJIAIONINMX HMCKOMBIX BEINUNH. Jlamee, M IOJydeHHOM
CXE€MEl paccuuTaTh M300pa’keHUs HNCKOMBIX BEIINYNH OJHHM H3 H3BECTHBIX paHee
METOJOB (KOHTYPHBIX TOKOB, Y3JIOBEIX IIOTCHITNAJIOB U T.JI. )

[Io HaligeHHOMY H300paXe€HUIO ONpPEedeINTh OPHIMHAI MCKOMOII BEJINMYUMNHBI. J[11
STOTO BOCIIONIL30BAaThCSA JHOO TaOIMI[aMI COOTBETCTBHA (CM. MPIUIOKEHUE), IHOO
TEOPEMOIT Pa3I0KEHNUA, IIPEACTABICHHOI BHIIIIE.

Bonpocel u 3apaHus:

1. Mz3noxuTe CYIHOCTh U ATallbl pacyeTa OIepaTOPHBIM METOIOM.
2. Kak yunTBIBarOTCS HayaJlbHBIE YCIIOBUSA B OIIEPATOPHOM METOE”?

3_ I’T“’."ﬁﬁﬁf‘!'ﬁ??"ﬁ.ﬂ- MATTAMPRAIMATRTTIIT ™ MAARTFARIMT DA AaTTTATTTIeT KaTymHII IIH;[}{HTIIBHDETIi

OOKYMEHT NOOMUCAH
. SNEKTPOHHOW NOANMUCHIO
4. |Geprudincar | 12000002A633E 3D 11 3AD425FBE0002000002A6 KOHACHCATOPaA.
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5. Kak ocymiecTrisieTcs nepexo ] oT M300paKeHNsI K OpUrinHaIry ?
6. O uéM CBUJIETEJILCTBYET HYJIEBOU KOPE€Hb XapaKTEPUCTUUECKOTIO YPpaBHEHUA?

7. 3anmmure 3akoHbl Kupxrodga n Oma B oniepaTopHOil hopMe
8. JTist cxeMHI (pICYHOK 7.2) JaHo: e = 5042 sin(100¢+30%) B; » =20 Ou;

r=30 Om; L=0,5I'u. Haiitu onepaTopHEIM METOAOM TOK i IIOCJIC 3aMBIKaHI KITroda. (
05¢™ " A).
9. OnpeaenuTk oNepaTOPHLEIM METOJIOM TOK i B cxXeMe (pHCYHOK 7.3) Mocje 3aMBIKaHNS

kmoua. Jlamo: J=6 A; r=100wm; L=0,25TH. (6™ A).

Fi r e

®. 13 @ |3

Pucynok — 7.3 Pucynok — 7.4
10. B cXeMme PUCYHOK 7.5

F.I' r

TP OMCXO JUT 3aMBIKaHIIC KJTEOUA.
| [TapameTprl cxembl: E =90 B; r =30 OwMm; r
A E ; X

=150m; L=0,11'n HaliTu 1 mocTpouThb

3aBUCUMOCTE i(1). (2¢ ™" A).

11. IlocnegoBarenbHbIl KOHTYP rLC IOAKIFOUAETCS K UCTOUHUKY IOCTOSTHHOU OJ[C E

pucyHok 17.1. Onpenenurs HanpskeHHe u#, M TOK i, a TakKke HX MaKCHMallbHBIE

3HAUYSHNI BO BpeMsd MepexojHoro mporecca, ecmu £=120B; r=200wM; L=0,1TH, C

=2,49 MrD.
(120—-120,1e”"" sin(2000r + 87.1°) B: 0,6¢ '™ sin2000r A; 222.5 B; 0,555 A).
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3. Vuebno-memoouueckoe u uH@opmauuorHroe odecneuerHue 0UCUUNIUHDI
3.1 Ilepeuernv 0CHO6HOU U 0 ONOJIHUMEILHOIL TUMEPAMYPbL, HEODXO00UMOIL 0J11 0C60EHUA
OUCUUNIUHBL

5.1.1 Ilepeuersb 0CHOG6HOIL UM EPAMYPBL:

1.Cokonenko, E. B. Teopusga QyHKIHI KOMIUIEKCHBIX IIepeMeHHBIX. OIepallHOHHOE
HcuHcleHHe: ydyeOHoe mocoOme / E. B. CokomeHko. — CraBpomnons: CeBepo-KaBkazckiit
denepanbHBIH YHHBepcHTET, 2017. — 199 c¢. Pexxamv goctyma: hitp://www.iprbookshop.ru/83226.html.

2.MogemipoBaHHe B SIeKTPO3HepreTHke: yueOHoe rmocobne / A, @©. Illaramnos,
1 .H.Boporuukos, M. A. MacrenaHeHKko [H Ap.]. — CTaBponoib: CTaBpOIIOIbCKHI IOCYIapCTBEHHBIH
arpapHbIN YHHBEPCHTET, AI'PYC, 2014. — 140 C. PexumM IOCTVIIA:
http://www.iprbookshop.ru/47317.html.

3.1.2. Ilepeuerns 0onoaHumensHOU IUMeEpPAmyphbl.

Murpodanor C.B. MojenupoBaHHe B 3NIeKTPOsHEPreTHKe |[OIeKTPOHHBIH pecypce]|: ydyeOHOe
nocoone/ Murpodanop C.B., CemenoBa JI.A.— DJIeKTpOH. TeKCTOBBIE JaHHbIe.— OpeHOYpr:
OpeHOYpPreKiil rocyaapcTBeHHB YHHBepcHTeT, ObC ACB, 2015.— 144 c¢.— Pexwum pocryiia:
http://www.iprbookshop.ru/61379.html.

3.2. Ilepeuens yuedHo-MemoOOUUECKOZ0 00 ecneueHUA CAMOCIOAMESIbHOU PAdomsl 00 yuarouiuxca
no oucyunilHe

1. Metoamyeckie peKOMEHIAIIHH U1 ITOATOTOBKH K ITPAKTHUYECKHM 3aH SITHSIM.

2. MeTtoamyeckiie peKOMEHAAIINH 110 OpraHH3aliH CaMOCTOSTEIBHON pabOTH CTYIEHTOB.

3.3. Ilepeuens pecypcoé UH@OpMAUUOHHO-METIEKOMMYHUKAUUOHHOU cemu «HHmepHem,
Heo0X00UMBbBIX 011 0C60€HUA OUCUUNIUHbL

L. «YHHBEPCHUTETCKAS OHOIMMOTEKA OHIAaHH» - http://biblioclub.ru

2. «ONeKTpOHHO-0noOnuoreyHasa cucreMa IPRbooksy http://www.iprbookshop.ru
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MUHUCTEPCTBO HAVKH U BLICHIET'O OBPA3ZOBAHUW S POCCUUCKOUN OENEPAIUU
OEJJEPAJIBHOE 'OCY JJAPCTBEHHOE ABTOHOMHOE OEPA3SOBATEJIBHOE YUPEXJIEHHUE
BLICHIEI'O OBPA3OBAHW A
«CEBEPO-KABKA3CKUU OEJEPAJILHBIM YHUBEPCUTET»

[Iaruropcxii HHCTHTYT (proman) CKOY

MeToanueckue yKa3saHusi
IIO BEIIIOJIHEHIHEKO HDHTpDJIEHDﬁ paﬁDThI

o gucruirinae «METO/1bl PEHIEHIIA 3AJIAY DJIEKTPOOHEPI'ETHUKI 1
DJEKTPOTEXHNKI»

JUJIsI CTYJ€HTOB HAIIpaBJIEHUS II0ATOTOBKH
13.03.02 OnexTposHepreTkKa 1 SIEKTPOTEXHIKA
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1. ITo 3aganHOIl cxeMe m300pa3uTh rpad 3IEKTPUUEC KON CXEMEI,

BEIJEINUTE JepeBO rpada U CBI3U, IPOHYMEPORATh BETBU rpada, IpHICBONB BETBIM
IIEpERa MEPBLIE IIOPSAAKOBEIE HOMEpA.

2. CocTaBUTH MaTpUIly COEANHEHNN 1 MaTPUIy KOHTYPOB.

3. Ilo 3amaHHBEIM IIapaMeTpaM CXEMBI pacCUlUTaTh TOKH BETBEIl CXEMBI, UCIIONB3Y S
3aK0HBLI Kupxroda.

4. PaccunTaTh TOKH BETBEN CXEMBI, UCIIOJIB3Y S MATPUYHBIIT METO/T

KOHTYPHBEIX TOKOB, METOJ V3JIOBEIX IIOTEHIUAJIOB, METOJ SKBHUBAJIECHTHOTIO
reHeparopa.

5. IlocTpouTk NOTEHIIMAILHYIO JUarpaMMy I OJHOTO 13 KOHTYPOB

0. HpﬂEEﬁpHTB BEIIIOJIHCHHEIC PACHCTEI, IHCIIOJIE3YVA YPABHCHIIA SHCPICTIHCCKOI'O

OajraHca

BHPHHHT 3alaHITA OIIPCACIACTCA 110 HOMCPY B CIIHMCKC I'PVIIIIBL.

Bap | Puc. | Rl R2 R3 R4 R5 R6 El E2 E3 E4 ES5 E6
OmM B
| 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
4 1.8 18 53 33 10 15 20 51 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 1.16 | 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 | 0O 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
i SNEKTFORHOM AOIATAIO 0 |0 |30 [0 [0 |51
L Ceprudumkar.  12000002A633E3D113AD425FBS0002000002A6
Bnageneu; lLlebGayxoea TateAHa AnekcaHapoBHa
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14 .10 | 14 |30 |24 |20 |45 32 10 75 27 10 0 0
15 I.11 |6 3 S 4 S 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 R 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 10 66 |0 0 125 10
24 118 {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

CXeMBl 4711 pacuéTra

Puc. 1.2

Puc. 1.1
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Pue. 1.5

Pue 1.7
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3NEKTPOHHOW glenigl%led=10)
CepTudbmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022




Pue 113
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Pue. 115

RS

a0
Pue. 117

Puc. 1.19
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Pue 121 Puc. .22

Pue. 1.23

Pue. 1.25

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



TEDpETHT-IEC Kadi HdCTb

e (CocraBneHne cucTeMbl ypaBHeHUl Kupxroda

— 3aJlaThb IPOU3BOJILHO HAIIPaBJIEHNE TOKOB B BETBIX CXEMHEL.
— YIIPOCTHUTh 33aJaHHYIO CXeMYy 3aMeHHB HCTOUHMKHN Toka (MT) Ha mcTouHHKU

HanpsoxkeHns (MH) mo BeIpakeHUro:

E,=LR, (1.1)
rae I, — TOK UT;
R, —COIIPOTHURIICHUE ITOAKIIOYEHHOE apajuiebHo ¢ YT,

— CocCTaBUTh YpaBHEHII 10 IIEPBOMY I BTOpOMY 3akoHaM Kupxroda.

Ilo IICPBOMY 3dKOHY JJIA BCCX Y3JIOB CXCMEI CIIPpaBCAJIHIEBO.

311,20, (1.2)

r7le [ — HOMEp BETBHU JJId JAHHOIO y3JIa,
N — YICJIO BETBEl, COEINHEHHEIX B Y3€IL.

3HaK TOKa IPH HAIIpaBJIICHUH K Y3JIy IIPUHNMAETCS IIOJOKUTEILHBIM, a OT y3Jia —
OTPUIATEIIEHEIM.

YpaBHEHI COCTABILIIOTCA A m -1 y31a, e m — o0IIee YICIIO Y3II0B CXEeMEL.

— OmnpelenuTs 3aMKHYTBIE KOHTYPBI CXEMBI [JISI COCTABIIEHUS YpaBHEHUII IIO
BTOPOMY 3aKOHY. B KOHTypax CXEMEl IIPOM3BOJIBLHO 3ajJlaTh HaIIpaBJICHHS OOXOJI0B

(0OBIYHO II0 YACOBOII cTpenke ). JIsd Kaxk/Joro KOHTypa CIIpaBeAJInBO:

iﬁffsib}, (1.3)

e Rr. . fi.— COIIPOTHUBIICHHC I1 TOK B LICIIM 110 HAIIPAaBJICHHEO DGXD,HH KOHTYPa,

k — KOJIITUecTBO CDHpDTHBHEHHﬁ II0 HAIIPpaBJICHHIO D6XD,[[-E1;

E. — 3]J1C B 11emsx 110 HalIpaBISHIIO 00X0Ja KOHTYPa,

L — xonmdecTBO UCTOYHNKOB 3J[C B KOHTYpE.

AOKYMEHT NOANMMCAH IITCIIBHBEIMI, CCJIM X HalIpadaBJIC-
ANEKTPOHHOW NOANUCEIO
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HIIS1 COBIIAJAIOT ¢ HAIIpaBICHIIMU 00X04a U OTPHLATEILHBIMI, €CJIM HallpaBIeHH TOKa
n OJ]C He COBIIafarOT ¢ HalIlpaBJIEHUEM 00X0o/a.

ypaEHEHHH COCTABIIAOTCA JIJIA BCCX KOHTYPOB, PCIINTE CHCTCMY }’paEHEHHﬁZ

: . (1.4)

llocrne pemieHnsT CUCTEMBI YpPaBHEHUN ONPEACIAIOTCI TOKU BETBEN. K
HEJOCTaTKaM METOJla peIIeHHs ypaBHEHHII II0 IpaBmwiaM Kupxroda MOXKHO OTHECTH
OONBINIOE YHCJIO YPaBHEHHUII B CHUCTEME, PABHOE KOJIMUECTBY HEM3BECTHBEIX TOKOB, UTO
MOYKET CO3J[aTh TPYJAHOCTH IIPU pEIMIEHUN 3aau.

MeHbIee 4uciio ypaBHEHHﬁ COCTABJPACTCA II0 MCTOAY KOHTYPHBIX TOKOB.

e Meroa KOHTYPHBIX TOKOB

CormacHoO METOJY IIPEAIIOJIaraeTcs, 4YTO B KaKJOM HE3aBUCUMOM KOHTYpPE
[IPOTEKAaeT CBON KOHTYPHBIN TOK.

HezaBucnuMeIME Ha3BIBAKOTCS KOHTYPEBI, KOTOpPBIE MMEKOT XOTS OBl OJHY HOBYIO
BETBb, HE BXO/IAIIYIO B APYTUE KOHTYPHI.

Yucio He3aBUCUMBIX KOHTYPOB CXEMBI paBHO UHUCIIY YPAaBHEHUN, KOTOPHLIE HYKHO
COCTaBUTH II0 BTOpOMY 3akoHy Kupxroda:

n=N,-(N,-1)-N,, (1.5)

riae N,— UICJIO BETBEIl CXEMBI; N, — UICIIO Y3JI0B; N,— YICJIO NICTOUHUKORB TOKA.

B cxeme, mpeacTaBI€HHON Ha puUCYHKe 1.12, 4UmMCIIO HE3aBUCHUMBIX KOHTYPOB
n=3.
IIpeamnonokeHne 0 KOHTYPHBIX TOKaxX IMIPUBOAUT K TOMY, UTO UMCJIO HEN3BECTHBIX,

I, COOTBCTCTBCHHO, YHCIJIO ypaEHEHHﬁ:. HED6}§O,I[HI\*IEIX AJIA  OIIPCACJICHIIA STIHX

HEHM3BECTHLIX YMEHBINAETCs 10 CPAaBHEHHIO C IIOJIHOI cucTeMoll ypaBHeHUll Kupxroda

I PaBeHS ""nmﬂéﬁﬁEﬁ%H&:ﬂ'ﬁﬁéﬂﬁﬂ'm“ﬂ“ ﬁ*”‘""T MCTOO ABJIACTCA (]I')ELKTHT—IETCI{H 3alllIICERO
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IIycTe nMeeM cXeMy, COJEPKAIYIO /1 HE3aBUCHUMEIX KOHTYPOB. (COIJIacHO
METO/IY KOHTYPHBIX TOKOB B KaX/JOM k-M HE3aBHCHMOM KOHTYpE€ IIPOTEKaeT KOHTYPHHII
ToK Ixkx . B oOmem ciydae cucteMa ypaBHEHHI JJI pacdyeTa KOHTYPHBEIX TOKOB IIMEET
BT

f] ]R]] -I-IEER]E + 133R]3 + ...t IHHRIH = E] K

IRy + IpRop + 133Rp3 + o+ 1y Ry = B (1.6)

J'ir] ]Rnl + IEERHE + IEERHE Tt Inann = Enn

rae Rxx — nmonHoe (COOCTBEHHOE) COINPOTHURIEHHE Kk-20 KOHTYpa, paBHOE CyMME BCEX

CGHpDTHEHEHHﬁ:, BXOJANITNX B 9TOT KOHTYP,

Rik — COIIPOTURIIEHNS CMEKHBIX KOHTYPOB;
P

E, = Z E, — anreOpanueckas cymma OJ[C, BXOIANIUX B K-blll KOHTYP.
k=1

IIonHOE (COOCTBEHHOE) COIPOTHBIEHUE  Rgx BCer[a IIONIOXKUTENIBHOE. Ecnn

KOHTYPHBIE€ TOKI B 00IIell (CMEXHOII) BETBH IIPOTEKAIOT COIJIACHO (COHAIIPABIICHEI ), TO

COIIPOTHBIICHIIA CMCIHBIX KOHTYPOB R_ik IIPHHNMACTCA IIOJIOZKITTCIIBHBIM I, €CIII

KOHTYPHLIC TOKH HaAIIpAaBJICHBEI BCTPCHHO, TO R;’k IIPITHIMACTCA OTPHIATCIIEHBIM. Co

3HaKOM «IUTrOC» OepyTcsa DJ|C, HanpaBjIeHNEe KOTOPBIX COBIIAJAET C KOHTYPHBIM TOKOM
Ikk, a cO3HAaKOM «MUHYC» HaIlpaBJICHIE KOTOPHIX HE COBIIAJAOT C [kk.

KOHTYpHBIE TOKN OIPEACIIIIOTCSA IIOCJIE PEIIEHUs CHCTEMBI YpaBHEHUIL
McTuHHBIN TOK (MCKOMBIM TOK) B JIFOOONM BETBH pPaBeH alredpamdeckoil cyMMme
KOHTYPHBIX TOKOB, MNPOTEKAIOMHUX II0 3Toil BeTBH. CO 3HAKOM «IUTKOC» OepyTcsd
KOHTYPHBIE TOKH, COBIIQJAroliNe C HNCTUHHBIM TOKOM, CO 3HaKOM «MUHYC» —
HECOBIIAJIAFOIIIE C NICKOMBIM TOKOM.

Meron KOHTYpPHBIX TOKOB IE€JI€CO00pazHO IIPUMEHSITh, KOrJla cXeMa COJEpPKUT

MHOTI'O Y3JIOB, HO MaJIO HC3dBHCIIMBIX KOHTYPOB.

R Ao
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METD,[[ Y3JIOBEIX IIOTCHIIHAJIOB PAlIIIOHAJIBHO IIPHMMCHATE, KOI'ZId B CXCMC

y3JI0B MEHBIIIE, UEM HE3aBIUCUMBIX KOHTYPOB.

B ocHOBe MeToJa Y3MOBBIX IIOTECHIIMAIIOB JICKUT IIE€pBBIN 3akoH Kupxroda n
3ak0H OMa J14 yuacTka 1emnu ¢ 2J[C.

ITycTh cxema nMeeT uncio y3i10B N, . Uucio ypaBHEHHII, KOTOPEIE JOJIKHEI OBITE

cocTaBIIEHHI 110 1-My 3akoHy Kupxroda, parao Ny — 1.

HpHHHMaEM IIOTCHIMAJI OJJHOI'O I3 Y3JIOB PABHBIM HVYJIFO, T.C. YCJIOBHO 3a3CMJIZICM

CI'o.

[Iycte @,,, =0. B obmeM Bume ypaBHEHI, COCTABIIEHHLIE 110 METOAY V3IIOBBIX

IIOTCHIIIAJIOB, IMCHOT BIL.

i

91611 + 92612 + 93613 +..9,Gp, — ZEHGH
K=1

L]

m

[-PEGEI + [-PEGEE + (|}3Cr'13 + [-PHGEH — Z Eh’ Gh’
K=1I

L]

(1.7)

e

m

PG + 902G, + 93G5 +..9, Gy, =Z E.G,
K=I

e Gk — cOOCTBEHHA4 IIPOBOANMOCTE k-20 Y3Jla, paBHaA CyMMC HpDEGl[HMDCTEﬁ BCCX

BETBEIl, IPHCOEANHEHHBIX K k-M) y3IIy:

G:ZGH GLZE! (1.8)

G, — 001mas IpoOBOJMMOCTE Y3JIOB «k» U «n», paBHas CYMME IIPOBOJAUMOCTEN BETBEI,

COCAHMHATOIIIX Y3JIbI «k» 1 «ny. OGH_[E’LH IIPOBOAMMOCTE Y3JIOB BCCI'Zlda OTPHIATCIIbEHAA.

Gin = Gk :_ZGR , (1_9)
kn

mn,

> E G, — anrebpanueckas cyMMa IpomBeeHnil OJ[C NCTOYHNKOB Ha IPOBOAIMOCTH
/

Te€X BETBEIL, KOTOPhIE€ IPUCOEAUHEHBI K Y3IIy «k» I coaepxaT ucTouHukm SJ[C.

[Ipomeenenne E, G, OepeTcd cO 3HAKOM  «IUIFOC» B TOM CIIy4dae, €CJII B

paccMaTpuBaeMoll BeTBU OJ[C HampaBlIeHa K y3JIy «k» M CO 3HAKOM «MUHYC», KOrja

NOKYMEHT NMNOoAanncAH
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Pemas cuctemy (1.7), HaxoasT HOOTEHIHMAIBEI BCE€X V3JI0B. VICTUHHEBIE TOKH

PACCHHUTBIBAKOT IIO 3d4KOHY OmMa AJIAA YHACTKa LCIIH, IIO Haﬁ,[[EHHDﬁ Pa3HOCTH

IIOTCHIOMAIIOB JBYX Y3JIOB K KOTOPEIM IIOACOCAMHCHA JaHHAXA BCTEE.

e (CocTaBleHUE YPaBHCHIA SHEPICTHHCCKOI'O OaJaHca i YPaBHCHITA OajtaHca

MOIITHOCTEII

YpaBHeHHe OajlaHCca MOII[HOCTEH HMEET BH/I:

Kk I 5

YE-I.=>1"-R, (1.10)

i=1] i=1
rae k — KOJMMYECTBO HCTOUHHKOB 3 J[C, m — KOIMYECTBO COIMPOTHBIIEHHI B CXEME.

IIpu cocrarineHNH ypaBHeHHS OarlaHca MOIITHOCTEH HEOOXOMIMO VUHTBIBATE, UTO B TEX BETBSIX

IIETH, TJ€ HaIpaBJIEHHE TOKa COBIIQJAET C HalrpaBlIeHHeM 3 J[C, COOTBETCTBVIOIIHH HCTOYHHK J2][C
CIEAYET pacCMaTPHBAaTh KAaK TIe€HEpPaTOpP SHEPIrHH, a B TeX BETBIX, I[e HarpapieHHa 5/[C H Toka
ITPOTHBOIIOJIOKHEL, HCTOUHHK J/1C clIeIVeT pacCMarpHBarh Kak IIOTPeOHTEN SHEPTHH, H B VPABHEHHE
O0alaHca OH BXOJHT CO 3HAKOM MHHYC. Bce CONpOTHBIEHHS, HE3aBHCHMO OT HAaIIpaBIIEHHSI

ITPOTEKAIOIICIO UCPE3 HIIX TOKA, ABJIIAHOTCAH I10T pEﬁHTEJIHMII SHEPI'HH.

* HDC'I'pDEHHE HDTEHL{HE’LHBHDE[ AHaI'PaMMBI

[loTeHIMabHasg aHArpaMma IIO3BOISIET ONPEHelMTh IOTEHI[HAILI BO BCEX TOYKAX H Y3lIax
CXeMbl. Hcrmonmp3yercss IIpH  JHArHOCTHKE BO3MOJKHBIX HEHCIIPABHOCTEH B paloTe CXEMBEI.
[ToTeHIManbpHBIE JHArPaMMbl CTPOSATCS JJIS BBEIJEIEHHBIX KOHTYPOB B (DYHKIIHH OT COITPOTHBIICHHS
I[el OT IIPOHM3BOJILHO BBIOpaHHOro Yyi3ia. [IpH ImocTpoeHHH AHarpaMMbBl TIPHHHMAaeM ITOTEHI[HAI
BBIOPAHHOIO y371a PaBHBEIM HYIIXO (i = (. PacyeT IOTEeHIIHAIOR OCTAIBHBIX TOUYEK ITPOH3BOLHM COITIACHO
BEIOpAaHHOMY HaIIpaBIIEHHIO 00X01a KOHTYpa (10 YacOBOH CTpellKe). 3HaueHHS TOKOB ITPHHHMAIOTCS B
COOTBETCTBHH C PacCUHTAaHHLIMH B IIPEAIIECTBYIOIINX ITYHKTAaX 3aJaHHs CO CBOHMMH 3HaKaMH
HAITPaBJICHHII.

HGCTPGEI—HIE AHalI'PpaMMbI OCYIICCTBILACTCA B MacImradax HHHPH}I{EHI]IUI

B OM

m;= — H GDHPGTI[BHEHI]IUI mr — —. Ha AHaI' paMME 110 OCH aOCI[HCC OTKIIaAbIBAOTCS 3HAUEHH ST
MM MM

COfNOTUR AT VITANTEND D TTNATTATABATATLIINATIT NacTTOTOKEHHT HX B KOHTVDE. TI0 OCH O [HAT —
OJOKYMEHT MNogrcAH YPe P
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[ IprMep MOTEeHIHMAILHOH JHAr PaMMEI IIPHBEAEH HA PHCYHKe 1.11.

v B P .

¢ = 0 50 L0 150 R . OM

P,

I
¥
I
¥
I
¥

Pucyuok 1.11 — IloTeHimansHas guarpamMmMa KOHTYpa LETTH

e [Ipumep pacuéra

B Tabmune 1.3 mnOpuBegeHBl HCXOAHLIE JIaHHBIE JJII pacuéTa IIapaMeTPOB

Pa3BETRIIEHHOII 1IN Ha pucyHke 1.12.

Tabmua 1.3 — JlaHHBIE Q719 pacuéTa

ComnpoTturieHnus, Om HUctounuxkn, B, A
R1 R> R3 R4 Rs Re E1 E> Ix2
130 40 60 80 110 45 12 13 0,3

JIns1 mmpeoOpazoBaHNe 3aJaHHON CXeMBI B PacUETHYIO HEOOXOJAUMO MPOHU3BECTH

3aMEHY HNCTOYHMKAa TOKa Ha WCTOYHHUK HanpspkeHusa. Ha pucynke 1.13 npuseaén

IHIPHHITHIII 3da MCHBEL.

AOKYMEHT NoanmncAH
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O

Ry

Pucynok 1.12 — OnexkTpuyeckas Helb

E=1J]

R
e

Pucynoxk 1.13 — IIpuHiium 3aMeHbl NICTOUHNKA TOKAa Ha NCTOUHHNK HAIPSKECHIU

IIozmcTaBUB 3HaueHNd 13 TaOMUIE! 1.3, moIyduMm:
r _ _ _
E=R,-1,,=-40-03=12B .
Ha pucynke 1.14 npuBegeHa pacu€THas cXeMa IOCJI€ 3aMEHBI HCTOUHHKA

ToKa Jk> Ha MCTOYHHK HampsokeHus E) .

O
\_/
R; Rs TIS @
- R3
da C
g ! !
EQr[T A
AOKYMEHT NogrnnMcAH _ 1 —
SNEKTPOHHOM NMoanuchbio |
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Pucynoxk 1.14 - Pacu€THas cxeMa 3JICKTPUUECKOM 1IETH

— OHpE,[[EHEHHE TOKOB B BCTBAX CXCMEI 110 IIpaBILIdAM KHPXFD(I)H

TpEﬁ}’ETCH IIPON3BOJIEHO 3da1dTh YCIIOBHO IIONOKUTCIIBHOC HAIIPpABJICHIIC TOKOB B

BETBAX. OHpE,[[EHHTB 3aMKHYTBIC KOHTYPBEI B CXCMC K IIPOHN3BOJIbBHO HAMCTUTH

HaIlpaBJICHIE NX 00X0/la IIPH COCTAaBIEHNUN YpaBHEHUII (pucyHOK 1.14).

YpaBHEeHU: 110 IepBoMy IIpaBuiIy Kupxroda cocTaBIgrOTCS 10 BeIpakeHno (1.2):

> 1, =0, 1715 Bcex yaIoB.

i=1

Yaema: —Is+1—-1,=0;

Yaoenb: —IL,+I,+1 =0; (1.11)

Y3enc: I,+1,-1,=0.

KomirgecTBo Y3JIOBBIX ypaEHEHHﬁ JOJIKHO OLITL Ha OJHO MCHLIIIC KOJIITHCCTBA4
Y3JIOB, TAK KadK IIOCJICIHCC Y3JIOBOC YPAaBHCHIIC ﬁyﬂET ABIIATBCH TOXICCTBOM.

YpaBHeHH 10 BTOpoMy IpaBwIy Kupxroda coCTaRISIIOTCS II0 BhIpaxkeHUro (1.3):

m

iUJ =2 E:-
Jj=1 i=l
IB‘ZDHT}’pZ IR —I.R.—I R =FE;
II xoutyp: —I,R,+IR;+1,R, = E,+E,; (1.12)
111 KOHTYP: IR, +1.R,+I,R, =0.

Taxkum oOpazoM, KOJIMYECTBO ypaBHEHHII IO IpaBuiaM Kupxroda paBHO YHCITY

HEH3BECTHHIX TOKOB. 1Iocie ITIOACTAHOBKII 3HaUYEHUII I[1apaMCTPOB.

(=1, +1,—1,=0;
-1, +1.+1,=0;
I,+1,—1,=0; (1.13)
[,-130-1,-110—-1,-45=12;

OJOKYMEHT NoanwvcAH
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[,-45+1,-60+1,-80=0.

Pemenne cucTeMbl YpaBHEHUII OCYIIECTBIIETCS C IIOMOIILIO IIPHKIIaJHBIX
nporpamMM: EUREKA, Mathcad, npunoxkenna Excel, nmn — kanekyisiTopa (METOIOM
Kpamepa).

Ilocre pemeHns YucI€HHbBIe BEIMUUHEI TOKOB:

[, =0147A;1,=0227A;1,=—0118A;1, =0,109A;1. =0,080A;1, =— 0,038A.

OTPHI.[&TEJ]LHBIﬁ 3HAaK I TOKOB [3 [s 0O3HAYaeT, 4YTO HMCTHHHOE HalIPaBJICHHE TOKa

ITPOTHBOIIOJIOKHO HAITPABJIICHIIO, EBIﬁpElHHOI\{}" IIEPBOHAYAJIPHO B KAYECTEEC ITOJIOKHTCIIBHOIO.

— OHpE,[[EHﬂHHE TOKOB B BCTBAX MCTOJOM KOHTYPHEIX TOKOB

YpaBHEHH COCTABRILIIOT ToJIbKO 110 II mpaBmny Kupxroda s, Tak HazbIBa€MBIX,
(PUKTUBHEIX (KOHTYPHBIX) TOKOB, IpEJIIojiaras, 4To TOK OJMHAKOBBIII 11  BCEX

YHACTKOB BbI6pE1HHDI‘D KOHTYPa. HaHpaEHEHHE KOHTYPHEIX TOKOB IIPHHHMACTCA TAaKOC

K€, KaK HallpaBJIeHHe 00xXoa I10 HpeAblayineil zagade (pucyHok 1.14).

b E | )

| HO—O

R; Rs TIS /—\-
I T L1 .

E®DrI[]T M

Pucynok 1.15 — PacuérHas cxema Ji1d opeeIeHs KOHTYPHBIX TOKOB

I11, b2, 133 — KOHTYpPHBIE TOKIL.

IH(RI +R; + R, )_lzsz — ;R = E;:

Izz(Rz+R3+R5J_IHR5_IJJR3:E;:+Ez; (1.15)
NOKYMEHT NMOoanmcAH
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Iloce INIOJCTAHOBOK 3HaUeHNN IIapaMCTPOB.
(1,285—1,,110—1,45=12;
2 1,,210—1,,10—1,,60=25: (1.16)

1,,185-1,45-1,,60=0.

~

PemeHnne cucrteMbl H13 COCTaBJIIEHHBIX ypaEHEHHﬁ IIO3BOJIHACT OIIPCACIINTD

BEJINYNHY KOHTYpHBIX ToKOB: I, =0,147A; 1,, =0,227A; 15, =0,109A.

J{11s1 onpeieneHns pakTUYECKUX TOKOB B BETBSIX COCTABUM YPaBHEHUS, YUNTHIBAS,
YTO MCTHHHEII TOK (MCKOMBIM TOK) B JIFOOONM BETBH paBeH aJreOpamdecKoll cyMMe
KOHTYPHBIX TOKOB, MNPOTEKAIOMMUX MO 3TOIl BeTBU. CoO 3HAKOM «IUIFOC» OepyTcs

KOHTYPHLIC TOKIM, COBIIdJ4rOOIIC C HNCTHHHBIM TOKOM, CO 3HAKOM «MIHYC» —

HCCORBIIAJAAKOIIIC C HICKOMEIM TOKOM.
[, =1, =0l47A;
I,=1, =0227A:
I, =TI, —1,=0109-0,227=—0,118A;
I,=1I,, =0109A:
I, =1, —I,, =0,227 — 0,147 = 0,080A ;
I, =1, I, =0,109-0,147 =—0,038A.

— OHPE,[[EHEHHE TOKOB B BCTBAX MCTOJOM Y3JIOBBIX IIOTCHIINAJIOB

Onua m3 y3710B 3azeminsgercs @, =0 (pucynox 1.15). YpaBHEeHI COCTaBIISIOTCS
IUTS Y3JIOBBIX TOKOB II0 IepBomy mpaBuiry Kupxroda cormacuo (1.7, 1.8, 1.9):
yzena: @G, —@9,G;—9p.G;,=0;
yzenb: @G, —@.G,—p.G,=—(E,+E,)-G,+E,-G,; (1.17)
yzenc: @G -G -G, =(E,+E,)-G,,

1 1 1 1 )i 1 1 1 1
rme G,=—+—+—; G,=—+—+—; G, =—+—+—.
" [NOKYMEHT NOANWCAH Al Al R, R, R;
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Y L N B IS
Pals0 110 45) P 110 Pe0
A I I I I
—p—— @ —=—(12+13)—+12-— (1.18)
< @”(130 40 uo] T i ) 20712 130
1 1 1 I I I
—+—+ -, ——@ —=(12+13) —.
\- @ﬁ[m 80 60] P20 Y60 ( )40

Ilocme PCHICHITA CHCTCMEI IIOTCHIOIAJIBI YV3JIOB PABHEI.
o =169B; ¢,=—714B; @ =877 B.
)_IJIH OILIPCACIICHIIA TOKOB B BCTBAX COCTABIIANOTCH YPABHCHITA JJIA KEI.}I{,[[Dﬁ BCTBII.

1Ehffli'lin:'i’LEHiEHIi[.",FI COCTABIIAROTCA II0 CXCMC.

— EBIGHPELETCH OAHNH H3 Y3JIOB, YCJIOBHO CI'O IIOTCHIOHAIl IIPHMHIMACTCA OombIe

IIOTCHOMAIIOB APYIHX Y3JIOB,

— OT IIOTCHIIIIA4JI4 BbIﬁpELHHDFD Y3Jla OTHHMAIOTCA IIaACHITA H&HpH}I{EHHﬁ H4d

COIIPOTHBIICHITAX BEI 6paHHD 51 BCTBII,

— HpH6aEHHEE}TCH HAIlIpAKCHITA IICTOHHIIKOB 3)_—[@: BKJTFOUCHHEBIX B AaHHY IO BCTBb,

— PEIVIIBTHPYIOIMICC HAIIPAMXKCHIC YPABHOBCIHINBACTCA IIOTCHIMAJIOM BTOPOI'O

Y3Jla B KOHLC BCTBII.

Tok, HampaBIEHHLIN OT BEIOPAHHOTO y3JI1a, IIPHMHUMAETCS CO 3HAKOM MUHYC,
a OJ1C — co 3HaKOM ILIIOC.
P, —Rsls =@,
Dy +E.; +LE,-R,1,=¢,;

@:'—I_Rj’lj:q)a;

(1.19)
@ —I1,R,=0;
@, + 1, R, =0,

@, +1,R,—E, =0.

IIocne ITIOACTAHOBOK.

- I £ a _— 4 N s = e o
JJDHYMEHT MOANMUCAH =0,08A;
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I,=(p,—@ +E\+E,)/R,=(~7,14-877+12+13)/40=0,227A;
I,=(p —@.)/R,=(169-877)/60=-0,118A;
I,=¢p./R,=877/80=0,109A:

I,=—¢ /R =—169/45=—-0,0375A;

I, =(E,—@,)/R =(12—(-7,14))/130=0,147A.

— JJ1d IpOBEPKH pe3yIbTaTOB BEIUNCIIEHNI TOKOB IIPOBEpUM OallaHC

MOIITHOCTeil 110 3aBucumocTu (1.10):

[Ipu cocTariieHHH ypaBHeHH S OajlaHca MOIIHOCTEH HEOOXOHMO IIOMEHSTH
HaITpaBIIEHHS TOKOB B BETBSX C OTPHI[ATEeIbHBIMH 3HAYEHHSMI, YUHTHEIBAaTh, UTO B TeX BETBSX IIEIIH,
Il HallpaBIIEHHE TOKa COBIIQJacT ¢ HampaBleHHeM O J[C, HX ImpomnsBelicHHE OYAET ITOIOKHTEIBLHBIM,
T.€. MOII[HOCTh r'eHepHpyeTcsa. B BeTBAX, e HarpapiaeHHS 2/[C H TOKa IMPOTHBOIIONIOKHEL, HCTOYHHK
BJIC cimexyeT paccMaTpHBATh KakK ITOTPeOHTENIh SHEPTHH (HAIIPHMEDP - aKKYMYIIITOP), H B YpaBHEHHE

OajtaHca OH BXOJIHT CO 3HaKOM MITHYC. Bce COITPOTHBIICHH A, HE3aBHCHMO OT HaAIIPABJICHIA

IMPOTCKAIOIIEIO HEPE3 HIX TOKaA, ABIIAIOTCA ITOTPC OHTeIIMH JHEPITHIL:
r 2 2 2 2 2 2
E.-I,+E,- I, +E,-1,=1> R, +1>-R,+I?-R,+1?-R,+ IR, +I? R,  (1.20)
I[locne INIOAJCTAHOBKIH 3HaUeHUII I1apaMCTPOB.

120227+ 13-0.227+12-0,147=0021-130+0,051-40+0,013-60+0,011-80+

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

PHBHHL[E]. COCTABJIKCT MCHCC 4%5 CJICOBATCIIEHO, paCT-IéTBI BEITIOJIHCHBI 1IPaBIJIBHO.

CpaEHEHHE PE3VIIETATOR, IIOJIVHCHHEBIX B PC3YJIBTATC HMCIIOJIE30OBAHITA ABYX

METO/JIOB IIpUBEAeHO B Tabmuie 1.4.
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3HaUYeHM TOKOB,
3HaueHHUsI TOKOB, O TVEHHLE o
No [IOJIYUEHHEIE C Hy PazHuna B
HICIIOJIL30 BAaHUEM
TOKa | HCIIOJIb30BAaHNEM METO/IA BBIUNCIICHILIX
METO/1a Y3IIOBBIX
KOHTYPHBIX TOKOB
[TIOTEHINAJIOR
I, 0,147A 0,147A 0
L 0,227A 0,227A 0
L, -0,118A -0,118 0
I, 0,109A 0,109 0
I 0,08 0,08 0
L¢ -0,038 -0,0375 0,0005

H-r THﬁHHL{EI BIIJITHO, UTO 3HAYCHIIA TOKOB IIPAKTIHCCKI OJMHAaKOBEIC,
CIICAOBATCIIEHO, MOXKHO CACJIATE BEIBO/I, HTO BBIHMCJICHIIA IIPOBCJACHLEI, BCPHO.
BrruncieHns: BHITOJIHSUINCH C ITOMOIIBHO BBEIYNCIIUTEIILHO IIPpOI'PaMMBI

KOBpPUKay.

— HDTEHL{HEU’ILHHH AdHarpaMma

BriOupaeM 4711 MOCTpOEHN NOTEHINAILHOI JUarpaMMbl KOHTYP ¢ HaIN4YHIEM

ncrounnka JJ[C —dabd. Ha pucyuxke 1,16,a npuBegeHa cxema KOHTypa, a Ha PUCYHKE

1.16,6 — moTeHIMANIBHAS JUarpaMMa.

U.B
On=12B
10
b
5
Ri|| Rs TIS
| 0
T Ib a o :
L < > 50 200 250 | R,OM
Re=45 O
E1© Re l Rs=110 Om R;=130 Om
I LS >
5
| Op=—7.14 B
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Ceprudmkar: 12000002A633E3D113AD425FB5S0002000002A6

Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Pucynok 1.16 — lloTeHninansHas guarpaMmma

CITMCOK PEKOMEH/TOBAHHOMW JIUTEPAT VPLI

OcHoBHas JIITEpPATYpPA:

l.Cokonenko, E. B. Teopnma ¢yHKIMH KOMIIIEKCHBIX IIepeMeHHBIX. OIepalliOHHOE
HcuHcleHHe: ydeOHoe mocoOume / E. B. Cokomenko. — CraBponons: CeBepo-KaBkazckmit
penepanbHBIH YHHBepcHTET, 2017. — 199 ¢. Pexamv goctymna: hitp://www.1prbookshop.1u/83226.html.
2.MogenupoBaHHe B 3JIeKTpPOsHepreTHke: ydyeOHoe T1ocobme / A. @. IIlaranos,
M. H.Boporuukos, M. A. MacrenaneHKoO [H Ap.]. — CraBponoib: CTaBpOIIOIbCKHI IOCYIapCTBEHHBIH

arpapHBIH YHHBEPCHTET, AI'PYC, 2014. — 140 C. Pexiim IOCTVIIA:
http://www.iprbookshop.ru/47317.html.

JlomOJIHUT eJIbHAA JIATEpATYypa:
Murpodanor C.B. MoaennpoBaHie B 3IeKTPO3HEPreTHKe | OIeKTPOHHBIH pecypel: yueOHoe
nmocodne/ Murpodarnor C.B., CemenoBa JI.A.— DIeKTpOH. TeKCTOBBIE JaHHBIe.— OpeHOYpr:

OpeHOYpPreKuil rocygapcTBeHHBIN YHHBepcHTeT, OBC ACB, 2015.— 144 c¢.— Pexum pocrya:
http://www.iprbookshop.ru/61379.html.

IlepeyeHnb pecypcoB HHPOPMAITHOHHO-T €JIEKOMMYHHKANHOHHOH ceTH «IHTepHeT»,
He00X0MMbIX /151 OCBOCHH A JUCIHILTHHDI

1. Vaueepcumemcxas bubnuomexa onnaiin hitp://www.biblioclub. ru
2. Dnexmpouno-bubnuomeunasn cucmema IPRbooks» - http.//www.iprbookshop.ru/
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MUHUCTEPCTBO HAVKH U BLICHIET'O OBPA3ZOBAHUW S POCCUUCKOUN OENEPAIUU
OEJJEPAJIBHOE 'OCY JJAPCTBEHHOE ABTOHOMHOE OEPA3SOBATEJIBHOE YUPEXJIEHHUE
BLICHIEI'O OBPA3OBAHW A
«CEBEPO-KABKA3CKUU OEJEPAJILHBIM YHUBEPCUTET»

[Iaruropcxkaii mucTHTYT (pruman) CKOY

MeToanuecKkune yKa3aHusi

10 OPraHH3aAIHH CaMOCTOSTEIIFHOH paboThl 00YYATOIIHXCS
1o aucimuinHe « METO/IBI PEITIEHW A 3AJIAY
OJIEKTPOSHEPI'ETHUKHU M DJIEKTPOTEXHUMKI»
IUISI CTYASHTOB HallpaBIIEHI ITOATOTOBKH
13.03.02 DrneKTposHepreTHKa M 3IeKTPOTEXHHKA
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CoJiepKaHHE

BreneHue

OOIIasg XapakTepPHCTHKA CaMOCTOSTEIBHOH PpaldoTBEl OOYYaAKOIIErocs IIPH
H3VUEHHH JHCIHHIUIMHBI «MeTompl pelleHHs 3amay  SEKTPOIHEPIeTHKH U
BIIEKTPOTEXHHKID

[TnaH-TrpadHK BEIITOIHEHH I CAMOCTOSATEIIbHOH PaboThI

MeToaHuecKie peKOMEHIALMH 10 H3YUEHHIO TEOPETHUYECKOTO

MaTepHaa

CIMCOK peKOMEHIYEMOH JINTEPaTYPHI.
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BBenenne

CamocTosgTelnbHasg pabora — IUmaHMpyeMas yueOHas, yueOHO-HCCIeIOBaTelIbCKasd, HayIHO-
HccleJoBaTenbckasd padoTa CTYIeHTOB, BBINIOIHSAEMAas BO BHeayJHTOpPHOe (aygHTOPHOE) BpeMs IIO
3aJIAaHHIO M IIPH METOMHYECKOM PYKOBOJCTBE IIPEIOAaBaTelsd, HO 0€3 ero HEMoCpeACTBEHHOIO YUaCTH S
(ITpH 4YacTHYHOM HEIOCPeJACTBEHHOM YYaCTHH ITpeloJaBaTells, OCTABIISIOIIEM BeIVIIYIO POJIb 3a
PabOTOMH CTYAEHTOR).

CamocTosTelbHasa padora CTyAeHTOB B BY3e gBigeTcs BaXKHBIM BHIOM YUeOHOH M HAYYHOIH
IesITe IbHOCTH CTYIEHTA.

Bexaymas 1iens opraHuzaiiii H ocyiiectBieHHns CPC gommkHa COBITAJaTh C IIENBIO OOYUEHHS
CTYACHTA — TOATOTOBKOHN OakanaBpa ¢ BRICIIMM oOpazoBaHneM. IIpu opranmsamgpin CPC BaXHBEIM H
HeOOXOJAHMBIM VYCIIOBHEM CTaHOBSATCA (POPMHpPOBaHHE YMEHHS CaMOCTOSTEIBHOH PaOOTHI JJId
IIPHOOPETEHIMS 3HAHII, HABEIKOB H BO3MOKHOCTH OpraHM3al[HH Y4eOHOH H HaYYHOH AeSTeIbHOCTH.

[lempro caMOCTOSTENBHOH PalOTBI CTYJIEHTOB SBISETCS OBJIaJicHHE (PyHIaMeHTalIbHBIMH
3HAHMSAMH, ITPO()eCCHOHAILHBIMH YMEHHSIMH H HaBBIKAMH JeSTeIbHOCTH II0 IPO(HIIO, OIBITOM
TBOPUYECKOH, HCCIEJOBATENBCKOM JeaTellbHOCTH. CaMocToATeNnbHasA padoTa CTYIAEHTOBR CIIOCOOCTBYET
Pa3sBUTHIO CAMOCTOSTEIBHOCTH, OTBETCTBEHHOCTH H OPraHH30BAHHOCTH, TBOPYECKOI'O IIOAXOJa K
pereHHIo IMpo0neM y4eOHOr 0 H ITpo(ecCHOHAIbHOTO YPOBHS.

1. OBIIAS XAPAKTEPHCTHKA CAMOCTOATEJILHON PABOTHI

ObYYAIOHIETI'OCA ITPH U3YYUEHHUH JINCHUIT/IMH BI
«QJIEKTPOSHEPI' ETUHECKHUE CUCTEMLI 1 CETH»

K coBpeMeHHOMY CIIEIHATHCTY OOMIECTBO IIPEABSIBIIET MOCTATOYHO IIHPOKHI IIEPEUYEHb
TpeOGOBaHMI, CpeAH KOTOPBIX HEMAIOBAKHOE 3HAUYEHHE HMEET HaINYHE V BBITYCKHHKOB
OIIPENEIIEHHBIX CIIOCOOHOCTEM M VYMEHHS CaMOCTOSTEILHO MJOOBIBAThH 3HAHHSA M3 PasiIMUHBIX
HCTOYHHKOB, CHCTEMaTH3HpPOBaTh IIONMYYEHHYIO HH(QOPMAI[HIO, JaBaTh OIEHKY KOHKPETHOH
(pHHAHCOBOH CHTYalnH. (DOpMHpOBaHHE TaKOI'O YMeHHS ITPOHCXOJHUT B TeYeHHe BCEero IIepHOAa
o0yUeHHS Yepes YUYacTHE CTYAEHTOB B IPAKTHYECKHX 3aHATHSX, BRIIIOIIHEHHE KOHTPOJIbHBIX 3aJaHHH H
TECTOB, HAITHCAaHHE KYPCOBBIX H BBITYCKHBIX KBAaTH(HKAIIHOHHEIX padoT. [IpH aToM caMocTOSTelbHas
paboTa CTYJIEHTOB HI'pacT PEIIAFOIIYIO POIb B XOJI€ BCEro yueGHOro IMpoIlecca.

QOpMEI CaMOCTOSTEIIFHOH PadOoThl CTYAEHTOB paszHOOOpasHel. B COOTBETCTBHH ¢ paboueH
IPOrPpaMMOI JUCIHIUIHHBL « OIMEeKTPO3HEPTeTHYECKHE CHCTEMBL H CETHY» IIPEIYCMOTPEHEI CIIEAYIOIIHE
BHIBI CAMOCTOSTEIIEHONH PabOThI CTYIEHTA:

- CAMOCTOSTEIIbHOE H3YUEHHE JIMTEPAT YPHI,
- CAMOCTOSTEIIbHOE PellleHIe 3aday,
- BRITIOJIHEHHE KYPCOBOT'O ITPOEKTa H KOHTPOJILHOH paldOTHI.

Ilens camocmoamensHozo u3yueHuA aumepamypsl — CaMOCTOSTEIIFHOE OBJIAJIEHHE 3HAHH SIMH,
OITLITOM HCCIIEI0BATENLCKOH AesITEIBHOCTH.

3aoauamu caMOCTOSTEIILHOI'O H3VUEHHS IINTEPATYPHI SBILSTFOTCS:

e }TH}’@HEHIIE: H PACIIHPEHHE TCOPETHYCCKILX SHEIHI]IUI;

e Q)DPMIPGEBHHE WEHIHUI HCIIOJIb30BdTh HOPMATHBHVYIO, IIPABOBVIO, CIIPABOYHYIO
AOKYMCEHTAITHIO H CIICITHAIIBHVYIO JIHTCPAT VPV,

- NARRUTHA TTNPHARATATTEHETY ATINCAAENCATATT I AKTHBHOCTH CTYJAEHTOB.

OOKYMEHT NoarnncAH _
SNEKTPOHHOM NOONUCHLIO SIaJICHIC Hpﬂ(l)ECCIIGHElﬂLHHhﬂI YMCHIAMIT I
HaFECeprucburar: 112000002A633E3D113AD425FBES0002000002A6 HOCTH.
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3a0auamu caMOCTOSTEIILHOI'O PEIIEHHS 3a4a4 SBIISEOTCAL:

* CHCTEMATH3aLM A U 3aKpelUIeHHe TIONYYEHHBIX TeOPETHYECKHX 3HAHHHA H ITPaKTHYECKHX
YMEHHIH CTYIEHTORB,

* (OpMHpOBaHHE CaMOCTOSTEIIFHOCTH MBIIUIEHHS, CIIOCOOHOCTEH K CaMOPa3BHTHIO,
CaMOCOBEPIIEHCTBOBAHHIO H CaMOpPeaTH3 Al ;

® Pa3BHTHE HCCIICJOBATCIIb CKITX }MEI—HIﬁ.
B PE3YIIBTATE OCBOCHHA JHCIIIUIIHBI d)DphﬂIp}’TOTGH CIIEAYIOIIHE KOMIICTCHIIIH.

IInaHHpyeMbIe pe3yIIbTaThl
0OyUYEeHHS ITO JUCLIHIUINHE
(MOIYTIXO), XapaKTEPH3YIOIIHE
ATarnbl (POPMHPOBAHH S
KOMITETEHIHH, HHIHKATOPOB

Kom, popmymipopka Kox, hopmympoBka
KOMIIETE HI[HH HHIHKaTOopa

3HaeT METOABI H aJITOPHTMEI
IIPHMEHEHHS METOJIOB
MaTeMaTHYECKOr 0 aIlrapara
TEOPHH (PYHKI[HH HECKOJIBKHX
IepeMeHHBIX, TEOPHH

() YHKIIHH KOMIDIEKCHOIO
IIepeMeHHOI 0, TEOPHH PSIOB,
TeopHH JH(]epeHIaILHBIX
YPaBHEHHI.

BirajeeT MaTeMaTHYeCKHM
arrmapaToM IS pa3paboTKH
MaTeMaTHYECKHX MOJETIEH

WN-2onx-3 llpumeHser
MaTeMaTHYECKHH aImapar
TeOPHH (PYHKITHH HECKOJIBKHX
IIEPEMEHHBIX, TEOPHH
¢ YHKIIHH KOMIUIEKCHOTO
IIePEMEHHOT0, TEOPHH PSAIOB,

OIIK-3 Crioco0eH IIpHMEHSTH
TeOpHH JH(D(epeHI[HAIbHBIX

COOTBETCTBYIOMIHH (DH3HKO-

- YPaBHEHHH .
MaTeMaTHYECKHH ararapar, ITPOLIECCOB M SIBIICHHH IIPH
METOBI AHAIIM3a H HCCIIEOBAHNH H PEllleHHH
MO EIMPOBAHH L ITPHKIIAHBIX 3314
TEOPETHYECKOTO U BIIEKTPOSHEPT ETHKH U
BKCIIEPHMEHTAIbHOTO BIIEKTPOTEXHHUKI.
HCCIIeJOBAHNU S ITPH PEIICHII 3HAET METOJIBI M aJIT OPHTMBI
IMPO(eCCHOHAIIbHEIX 3aa4 ITPHMEHEHHS METOJIOB TEOPHH

BEPOSTHOCTEH U
MaTeMaTHYeCKOH CTaTHCTHKH
B 00JIaCTH 3IEKTPO3HEPT € THKH
1 3IIEKTPOTEXHHKI.
[IprMeHseT
COOTBETCTBYIOIIHH
MaTeMaTHYeCKHH armiapar s
PEIEHNS 3a4a4
3IIEKTPOSHEPreTHKH H
BIIEKTPOTEXHHKH.

N J1-30mx-3 [IpuMmeHser
MaTeMaTHYECKHI aImapar
TEOPHH BEPOATHOCTEHN U
MaTeMaTHYeCKONH CTaTHCTHKH

2. IINIAH-IT'PA®HUK BBIIIOJIHEHHUS CAMOCTOSTEJILHOHN PAEOTHEI
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Kojpr Buj nesreibHOCTH HToroBeri CpenacTBa H
peane3yeMbIX CTYIEHTOB ITPOIYKT TEXHOIIOTHHU K OHTaKTHAS
. g CPC pabora Bcero
KOTIET €H LI CaMOCTOSTEIILHOH|  OIIEHKH
(HHJIHKaTOpA) PabOoTHI HpeHoAaBatelich
2 cemecTp
OIIK-3 |CamocTosSTelhHOe KoHcrekr Komroiekt |99,945 11,105 111,05
NJ1-20mx-3  |M3YUYEHHE JIMTEPATYPHI 3aJaHHH H
MJ1-3omx-3 |10 TeMaM 1- 8 BOIIPOCOB IIO
pazzenaMm
I CIITUTHHEL
OIIK-3 |IlogroToBka K KoHCcIIeEKT Komrmiekr 0,54 0.06 0.6
N-20mr-3  |[IEKIIHSM 3aJaHHH H
HJ1-3omx-3 BOIIPOCOB IIO
pazzaenam
I CIITUTHHEL
OIIK-3 |IlogroToBka K KoHCcIIeEKT Komrmiekr 0,54 0.06 0.6
MNJ1-20mx-3  |TIPAKTHYECKHM 3aJaHHH H
MJ1-3omx-3  |3aHATHSIM BOIIPOCOB IIO
pazzaenam
I CIITUTHHEL
OIIK-3  |BremronHeHne KoHTpomnsHasg Komrmiekr 9 1 10
HNJ1-20mx-3  |[KOHTPOJILHOH PabOTEI pabora 3aJaHHH I
WJ1-3omx-3 KOHTPOJIIBHOH
pPaboTEHI
HMToro:(110,025 12,225 122,25

3. METO/IMYECKHUE PEKOMEHJIAIINH 110 H3YEHHUIO TEOPETHYECKOI' O
MATEPHAJIA

CaMocrosTenbHasg padoTa CTyYIeHTa HAYHHAETCS C BHHMATEIIBHOI'O O3HAKOMIIEHHS C
cojiepkaHHeM YU4eOHOI O Kypca.

M3yyeHHe KaXIOH TeMBl CIEAYeT HAaYMHATh C BHHMATEIIBHOI'O O3HAKOMIIEHHS ¢ Habopom
BOIMPOCOB. OHH OPHEHTHPYIOT CTYAEHTa, ITOKA3BIBAIOT, YTO OH JMJOJKEH 3HATh II0 JAaHHOH TEME.
Bormpocel TeMbl Kak OBl HaKIaJbpIBAIOTCI Ha COOTBETCTBVIOIIYIO IJIaBY HM30paHHOro yueOHHKA I
yueOHOro 1moco0usa. B uTore JOIKHO OBITH SICHBIM, KaKHe BOIIPOCHI TeMBI YUeOHOI0 Kypca H ¢ KaKOH
ITyOHHOH PacKpPBITHI B KOHKPETHOM Y4ueOHOM MaTepHane, a KakHe BOOOINe OIyIeHEl. Tpedyercs
TBOPUYECKOE OTHOIIEHHE H K CaMOMY COJEPKaHHIO JHCIIHUILIHHEL.

BoOImpocel, COCTABISFOIIME €€ CcoJepKaHHe, OO0IaJaroT PasHONH CTEIEHBIO BaXKHOCTH. ECTB
BOITPOCHI, BBIMTOIHSFONHE (PYHKIHIO TOTHYEeCKOI CBS3KH COJePKaHHS TEMBI H BCETO Kypca, HMEIOTCS
BOITPOCHL OIMHCATEIIbHOTO WM Pa3zbsSCHHUTEIIBHOIO XapaKTepa, a TaKKe HCTOPHYECKOTO SKCKypca B
o0macTs HM3y4aeMOH MJHCIMIUIMHBL Bce 5TH BOIPOCEI HE COCTABISIOT CYTH ITOHSITHIHOIO,
KOHIIETITYAJIBHOTO COJEPKAHHS TeMbI, HO HEOOXOAHMBI IS ILIETOCTHOIO BOCIIPHSATHS H3Y4aeMBIX
ITpOOIIEM.

M3yyaeMas JUCIIHMIIIMHA HMeEeT CBOH KaTerOpHAIbHO-TIOHITHHHEII artapar. HayuHsle ITOHSATHS
— 310 Ta 0aza, HAa KOTOPOH CTPOHTCH KakKias Hayka. [IOHATHS — Y3II0BBIE, ONOPHEIE ITYHKTHI KaK

Hay NOKYMEHT NOOMUCAH 'VIIEHH IBH)KeHHI B yduebe OT IIPOCTOro K

CIIC SNEKTPOHHOW NOAINUCHIO AHIS TIOHSTHI yueOa KpaiiHe 3aTpyIHIeTCS, a
CepTudikar: 12000002A633E3D113AD425FB50002000002A6
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CTYJIeHT JOJDKEH IMOHHMAaTh, YTO CaMOCTOSTEIbHOE OBJIaJIcHHEe 3HAHHSIMH SIBIISIETCS TJIIaBHBIM,
ONpeAeIIoIHM. BrICIIas IIKoIa cO3JaeT JJIS 3TOro HeoOXOJHMBIE YCIIOBHS, ITOMOraeT OyayIIeMy
BBICOKOKBATTH(PHIMPOBAHHOMY CITEIHAIIMCTY OBJIAJIETh TEXHOJIOTHEH CaMOCTOSTEIIEHOIO IIPOH3BOICTBA
3HAHHH.

B camocTosarenpHONH paboTe CTYAeHTaM IIPHXOJHTCS HCIIOIB30BaTh JIHUTEPaTypPy Pa3IHIHBIX
BHJIOB: IIEPBOHCTOYHHKH, MOHOIpadmi, Hay4yHble COOPHHKH, XpecTOMaTHH, Y4eOHHKH, y4eOHEIE
IMocOoOHS, KYpHAJIBI H Ap. M3ydeHHe Kypca IpeAronaraeT 3HaKOMCTBO CTYAEHTOB ¢ OOJIBIIHM 00beMOM
HAaYYHOH H Y4eOHOH JIMTEPaTypPhl, YTO, B CBOKO OUYEpPEb, IIOPOKAAeT HeOOXOHMOCTh BRIPAaOOTKH Y HHX
PaIHOHAIE HO-KPHTHYECKOI O ITOIX04a K H3YYaEMBIM HCTOUHHKAM.

YroOkI He «YTOHYTH» B OIPOMHOM O00beMe PEKOMEHIOBAHHBIX MY IS H3y4eHH S HCTOYHHKOB,
CTYIeHT, IIpeXJe BcCero, MOIDKEH HaydHThCS IIPpaBHJILHO HX 4YHTaTh. IIpaBHiIbHOe UTeHHeE
PEKOMEHIOBAHHBIX HCTOYHHKOB IIpEJIIONaraeT clieJJOBaHHE HeCKOIIBKHM HECIIOKHBIM, HO BeChMa
TTOJIE3HBIM ITPaBHIIAM.

[IpegBapHTEIbHBII IPOCMOTP KHHIH BKIIFOYAaeT O3HAKOMIIEHHE C THTYIIBHBIM JIHCTOM KHHTH,
aHHOTAaI[HEeH, ITPeJHCIIOBHEM, OIJIaBIIeHHeM. IIpH O3HAaKOMIIEHHH C OrJIaBIeHHEM HeOOXOIHMO
BBIJIEIIHTh Pa3ellbl, IT1aBhl, ITaparpadsl, IIpeIcTaBILIOINHE UIS Bac HHTepec, Oerjio HX IIPOCMOTPETh,
HAaHTH MecTa, OTHOCSIHecd K TeMe (al3allbl, CTPaHHIILI, Iaparpadsl), H ITO3HAKOMHTILCSA ¢ HHMH B
o0ImX yeprax.

Hayunble H3JaHHS COITPOBOKIAIOTCA Pa3IHYHBIMH BCIIOMOIaTeIbHBIMH MaTepHalaMH —
HAay4YHBIM arrapaToM, IT03TOMY BaKHO 3HATh, H3 KAKHX OCHOBHBIX 3IIEMEHTOB OH COCTOHT, KAaKOBBI €I0
(P YHKIIHH.

3HAaKOMCTBO C KHHIOH IIy4YIlle BCEr0 HAYHHATh C H3YYEHHS aHHOTAlHH — KpaTKOH
XapaKTEPHCTHKH KHHI'H, PacKpBIBAIOIIEH €€ COeprKaHHe, HAEHHYIO, TEMAaTHYECKYI0 H KaHPOBYIO
HaITPaBIIEHHOCTh, CBEJAcHHS 00 aBTOpe, HasHAUYeHHE H APYTHE OCOOEHHOCTH. AHHOTAI[MS ITOMOTaeT
COCTaBHTh ITPeIBAPHTEILHOE MHEHHE O KHHTE.

['myOKe IIOHSTH cOAepKaHHEe KHHTH ITO3BOJIIIOT BCTYIHTEIIbHAS CTAaThs, B KOTOPOH JAeTCs
OLIEHKA COJEpKaHHSI KHHI'H, 3aTparHBaeMOH B HeH MNpoOIIeMaTHKH, COAEPKHTCS HH(OPMAIHSI O
KI3HEHHOH M TBOPYECKOH OHOrpaMH aBTOpa, BBICKA3BIBAIOTCS IIOIIEMHYECKHE 3aMEYaHHSL
Pa3bACHSIOTCSA OTASIBHEIE ITOIOKEHHS KHITH, JAlOTCS KOMMEHTAapHH H T.1. BOT moyeMy 3HaKOMCTBO C
BCTYITHTEIILHOH CTaTheH IMPeJCTaBISeTCS OUeHbh BaKHBIM: OHO ITOMOTaeT CTYIEHTY COPHEHTHPOBAThHCS
B TeKcTe paboThl, 0OpaTHTh BHHMAHHE Ha ee HanOoJIee IeHHbIEe H BaKHbIE Pa3/IeIIbl.

Tol ke ILenH COJEeNCTBYET 3HAKOMCTBO C OIJIABIEHHEM, ITPEJHCIOBHEM, IIOCIIECIIOBHEM.
Becbma monesHBIMH 3JIEMEHTaMH HAyYYHOI'O alllapaTa SBILIEOTCS CHOCKH, KOMMEHTApHH, TaOIIHIIHI,
rpauKH, CITHCKH JHTEpaTypbl. OHH He TOJIBKO HWIIOCTPHPYIOT OTAEIbHBIE ITONIOKEHHS KHHTH HIH
CTaThbH, HO H CaMH IT0 ceOe SBILTIOTCS JOIOIHHTEIFHBIM HCTOYHHKOM HH(POPMALHH JUIS YHTATeIIs.

Ecnn ymrarens 3aHHTepecOoBalla KaKas-TO BBICKa3aHHAs aBTOPOM MbICIb, He HaIlleJInas
IMOJPOOHOI0 OCBEINEHHS B JAHHOM HCTOYHHKE, OH MOXKET OOpaTHThCS K TeKCTY HCTOYHHKA,
YIIOMHHAeMOI'O B CHOCKe, THOO K HCTOYHHKY, KOTOPHIH OH MOKET HAHTH B CITHCKE JIHTEpaTypHI,
PeKOMEeHOBAHHOH aBTOPOM JUISI CAMOCTOSTEIIFHOIO H3YIEHHS.

CyIecTBYyeT HECKOIIbKO (POPM BeJleHH 3aITHCE:

— Iu1aH (IIPOCTOM M pa3BepPHYTHIH) — HaHOoOJIee KpaTKas (popMa 3aIliCH ITPOYHTAHHOIO,
IIpeICTaRILIONAsl COOOH IepedYeHb BOITPOCOB, pacCMaTpHBAEMBIX B KHHIE€ HIIH cTaTbe. PasBepHYTBIH
TUIaH MpeAcTaBIsIeT co0oil Oolee MOAPOOHYIO 3allCh MPOUYHTAHHOTO, C JAeTalH3aI[Hel OTJeIbHBIX
MTOJIOKEHHH H BBIBOJOB, C BBIITHCKOH I[HTAT, CTATHCTHYECKHX JAHHBIX H T.JI. Pa3BepHYIBIH IUIaH —
HEOIIEHHMBIH ITOMOINMHHK IIPH BBEICTYIDIEHHH C JOKIaJOM Ha KOHKPETHYIO TeMy Ha CeMHHape,
KOH(pEpEHIHH,

— TE3HCHl — KPaTKO C(POPMYIHPOBAaHHEIE ITOJIOKEHHS, OCHOBHBIE ITOJIOKEHN S KHHITH, CTaThH.
I NOKYMEHT NOAMUCAH eIIbHOT'O 3HAKOMCTBA C TEKCTOM HCTOYHHKA, ITPH
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CocrapjieHHe KOHCIIEKTOB

Boplyr0 ponk B YCBOEHHH H IIOBTOPEHHH IIPOHJIEHHOIO MaTepHala HIpaeT XOPOIIH
KOHCIIEKT, COJep Kallllii OCHOBHEIE HJIEH ITPOYHTAHHOIO B YYeOHHKE H YCIBIIIAHHOIO B JIEKIHH.
KoHcriekT — 3To, IO CcymiecTBY, HaOpPOCOK, Pa3BEPHYTBIH INIaH CBSI3HOIO paccKasa II0 OCHOBHBIM
BOITPOCAM TEMEI.

B KakoH-TO Mepe KOHCIIEKT paccuHTaH (B 3aBHCHMOCTH OT HHIAHBHIYaJIbHBIX OCOOEHHOCTEH
CTYZIeHTa) He TOJILKO Ha HHTEIUIEKTYallbHYIO H SMOIHOHAIIFHYIO, HO H Ha 3PHTEIIbHYIO ITAMSTh, IIPHYeM
TEKCT KOHCITEKTa HEPEJAKO aCCOIHHPYeETCS EIE H ¢ TEKCTOM y4eOHHKA WIH 3allHChIO JIEKIMH. [lo3ToMy
JIETYE 3alIOMHHAETCS COJIEp’KaHHE KOHCIIEKTOB, HAITMCAHHBIX Pa300p4YHBO, C IMOMYEPKHBAHHEM HIH
BBIJIeJIEHHEM Pa3PsAIKOH KIIFOUEBBIX CIIOB H (Ppas.

CaMOCTOSTEIIFHO H3YYeHHbIe TeMBI ITPeIOCTABIISIOTCS IIPEITojaBaTeIx0 B (pOpMe KOHCIIEKTa, 10
KOTOPOMY IIPOHCXOJHUT coOecelloBaHHe. T eopeTHUYeCKHe TeMbl Kypca (OTJIelbHBIE BOIIPOCHI),
BEIHOCHMBIE Ha CAMOCTOSTEILHOE H3YUEHHE, IIPeJCTAaBIEHBl HHIKE.

METOJHYECKHE YKA3AHUA 110 IIO/II'OTOBKE K OK3AMERY

M3yueHne auUCIIUIMHBEL «MeTompl peleHnsa 3agad 3IEKTPO3HEPIETHKH H 3IEKTPOTEXHHKI
3aBEpIIacTCI SK3aMeHOM. [IoAroToBKa K 5K3aMeHY CIIOCOOCTBYET 3aKpellIeHHIO, VITIYOJIeHHIO H
OOOOINEHHIO 3HAHMIL, TIOJIYYAaeMBIX, B ITpollecce OOYUYEeHHS, a TAKXKe INMPHMEHEHHIO HX K PEIIEHHIO
IPaKTHYECKHX 3a7[ay. ['OTOBSCH K 3K3aMeHY, CTYACHT JHKBHAUPYET HMEIOIHECS ITPOOEIBl B 3HAHHSX,
VIIIYOISIET, CHCTEMATH3HPYET M VIIOPSAOYHBAET CBOM 3HAHMA. Ha 5K3aMeHe CTYAEeHT AeMOHCTPHPYET
TO, YTO OH ITPHOOPEI B Ipoliecce OOYUYEHH S IO KOHKPETHOH YUEOHOH JHCIIHIUIHHE.

Ha KoHcyIbTallMH Tepel 3K3aMEHOM CTYAEHTOB ITO3HAKOMST C OCHOBHBIMH TPeOOBaHH MU,
OTBETAT HA BO3HHKIIIHE YV HUX BOIIPOCHIL. [103TOMY IOCeleHHe KOHCYIIBTAIHI 00s3aTeIbHO.

[IpH MOATOTOBKE K 3K3aMeHY HeOOXOHMO HCIIONIB30BaTh KOHCIEKTHI JEKIHH 110 JUCIIHIUIHHE,
yueOHHKH M y4eOHBIE ITOCOOHS (M3 CIIHCKa OCHOBHOH H JIOIIOJIHHUTEIIbHOH JINT€PaTyPhl) HIIH KOHCIIEKT
JMTEPATYPRI, IIPOYHTAHHOMN I10 YKa3aHHIO ITPEIOJaRaTeld B TEUEHIE CEMECTpA.

BHauare creayeT MpoCcMOTPETh BeCh MaTepHall I10 ClaBacMOH JHCI[HIUIMHE, OTMETHTE I ce0s
TPYAHBIE BOIIPOCHEL. OOS3aTelIbHO B HHX pasolparbcsa B 3akimroueHHe ellle pa3 IelnecooOpasHo
IIOBTOPHTEH OCHOBHEIE TTOJIOKEHHS.

CHcTeMaTHYeCKas IO OTOBKA K 3aHATHAM B TEYEHIE CEMECTPA IMTO3BOJIMT HCIIOIb30BATh BPEMSI
BK3aMEHAI[MOHHOM CECCHH JJIS CHCTeMaTH3alliH 3HAHHII.

Bonpochkl K 3K3aMeHY

3HaTh
1. OCHOBHBIE IIOHSTHSL, OIPEAEIIEHHS H TeOPEMBI TEOPHH Irpad)oB
2. CBS3b MeXKIy rpad)oM H MaTpHIIe
3. MarpHia H ypaBHEHHS CeYeHHI
4. Marpuia H ypaBHeHHS (PyHIaMeHTaJIbHBIX KOHTYPOB
5. I'pad snexTpHyYecKOm I
6. OCHOBBI TEOPHH CHTHAIbHBIX I'Pa)OB
7. MeToaHKa MpoBeAeHHS aHAIH3a SIeKTPHYECKOIT IIEITH ¢ ITOMOIIBbIO CHTHAIBHBIX I'PpadoB
8. KomIiuiekCcHBIE YHCIIa
9. T'eoMmerpHyecKkoe IpeAcTaBlIeHHe KOMIUIEKCHBIX YHCEIl

10. Moaymns B aprymMeHT KOMIUIEKCHOI'O YHCIIa
11. TpuronoMmerpHyeckas (popMa KOMIDIEKCHOTO YHCIIa
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14. YacTOTHBIE KPHTEPHH YCTOHYHBOCTH
15. TpancriopTHas 3agaya
16. Tomonormyeckue (reoMeTpHYECKHE) CBOMCTBA 3JIEKTPHYECKOH IIEITH
YMerh
1. IlpeoGpazoBaHNa pyHAAMEHTAIbHBIX MATPHI]
2. Merompl  pacyera, OCHOBAHHBIE Ha  HEIOCPEACTBEHHOM  IIPUMEHEHHH  3aKOHOB
Kupxrodga
CI1oKeHHE KOMITIEKCHBIX YHCET
BEIYHTaHHE KOMIUIEKCHBIX YHCEIL
YMHOKeHHEe KOMIUIEKCHBIX YHCEI
JlenmeHHe KOMIUIEKCHBIX YH CE]T
OrnpeeleHNe ITapaMeTPOB HArPy3KH B Pa3BETBIEHHOH IEITH
OrnpegeneHne (pakKTHYECKHX TOKOB AIIEKTPHYECKOH I[ETTH
OrnpeJeleHHe TOKOB B BETBSX C HCITONB30BAHIEM METOA V3IIOBBIX ITOTEHIHATIOB
Bﬂa,[[em
MaTpHYHEIN METOJ pacyeTa
Metoz pacyera, OCHOBaHHBIH Ha IIPHMeHEeHHH 3aKOHOB Kupxroda
MeToa KOHTYPHBIX TOKOB
MeToJ V3JIOBBIX ITOTEHIIHAIIOR
[loTeHIManpHas JuarpaMma
MeTo[ 3KBHBAJIIeHTHOI'O F'eHepaTopa
DHEPreTHYEeCKHH OallaHC B 3IIEKTPHYECKOH I1ETTH
IlocTpoeHHe BEKTOPHOH I arpaMMbI
[lepexo OT KOMITIEKCHBIX BETHYHH K BPEMEHHBIM (D YHKITHSIM
10 [IpumeHeHHe 3akoHa Kupxroda 18 onpeielieHH s TOKa B BETBSX I[EITH
11. ITocTpoeHie MTOTEHIMAILHON JHarpaMMebl 11 KOHTYpa

O o0 1O B

‘-DEQ*—-JCI\LH-P-DJM'—

1.KpuTepun oneHHBAHHA KOMIIET eHIIHH

OIleHKa «OTIIHYHO» BBICTABIISCTCS CITYACHTY, €CJIH TCOPECTHYCCKOC COACPKAaHIIC IHCIIHILUIHHBI
OCBOCHO ITOJIIHOCTLBIO, 0e3 HpDﬁEHGE; HCHEPIIBIBAIOIIE, ITOCIICA0BATCIIBHO, YETKO H JIOI'THYECKH CTpGﬁHG
H3JIal'aCT MATCPHAII, CBOOOIHO CIIPABJIACTCA C 3adda'daMI, BOIIPOCAMH H APVYI'HNIT B A4AMII ITPHMCHCHHA
BHEIIHIIﬁ; HCIIOJIB3YET B OTBCTC IIOTIOJIHHT €JIbHBIH MATCPpHAII BCC IIPEAYCMOTPCHHBIC Hpﬂfpﬁhﬂ‘vﬂ}ﬁ
34aHITA  BBITIOIIHCHBI, KAYUCCTBO HX  BBIIIOIIHCEHHA  OIICHCHO - YIHCIIOM 6HJIJIGE:, OIM3KHIM K
MAKCHMAJIbHOMY, dHAJIIH3HPYCT IIOIYUCHHBIC PE3VIIBTATBI, IIPOABIEICT CAMOCTOATCIIBHOCTE IIPH
BBIITOITHEHHH 3alaHHH.

OI1leHKa «XOPOILIO» BBICTABIIACTCA CTYVIACHTY, CCIH TCOPCTHHUCCKOC COJACPKaHHE AHCIIIIIOTHBI
OCBOCHO IIOIIHOCTBIO, HeOoOXO0JHMBIE IMPaKTHYCCKHC KOMIICTCHIIHI B OCHOBHOM Cd)ﬂphﬂ[pﬂEﬂI{BI: BCC
IMPpEAYCMOTPCHHDBIC Hpﬂprﬂﬁ Oﬁ}ﬂIEHIIH WE@HLIE: 34J4aHH A BBEITIOIIHCHBI, KAYSCTBO HX BBIOIOIIHCHIA
HJOCTATOYHO BBICOKOC. CT}",I[EHT TBEPAO 3HACT MATCpPHAJI, I'PAaMOTHO H IIO CYIIECIBY H3JIdl'd€T CI'O, HE
HOIIYCKaA CYIIICCTBCHHDBIX HEeTOYHOCTEH B OTBETE Ha BOIIPOC.

OI1leHKa «YVIOBJIICTBOPHTCIIEHO»? BBICTABIIACTCA CTVIACHTY, C€CJOI TCOPECTHHUCCKOC COIOCP KaHIC
JHCITIIIIIMHEL OCBOCHO YACTHYHO., HO HpﬂﬁEJ]LI HE HOCAT CYHICCTBCHHOI'O XAP4dKTCP4d, OOIBIIHHCTBO
IMpEAYCMOTPEHHBIX HpOI‘pMDﬁ 3aaHHH BBITIOIIHEHO, HO B HIX HMCHTCA DH.III@I{H, IIPH OTBETC HaA
ITIOCTABIIEHHBIH BOITPOC CTYVACHT AJOIIYCKACT HECTOUHOCTH, HEAJOCTATOYHO IIPABHIIBHBIC QJGPI%{}"HHPGEIGI?

HaOmroJarTCs HaPVYIICHHA JIOTHYECKOH TIIOCIIEHOBATEIIBHOCTH B  H3IIOKEHHH IIPOIpaMMHOIO
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OlleHKa «HEeYAOBIIETBOPHTEIILHO» BBICTABJISETCS CTYAEHTY, €CIIH OH HE 3HAET 3HAYHTEIILHOI
YAaCTH IIPOrPaMMHOIO MaTepHana, JOITYCKAeT CVIIEeCTBEHHBIE OIMHOKH, HEYBEPEHHO, C OOJIBIIIHMI
3aTPYAHEHHSMH BBITIOJIHSIET IIPAKTHYECKHE PabOThl, HEOOXOMHMMEBIE ITPAKTHUECKHE KOMIIETEHIIHH HE
c()OPMHPOBaAHEI, OOJIBIIIMHCTBO IPEAYCMOTPEHHBIX ITpOrpaMMoOi oOydeHHd Yy4eOHBIX 3aJaHHH He
BBLITOJTHEHO, KAYECTRBO HX BEIMOJIHEHHS OILIEHEHO YHCIOM 0aUIoB, OIMH3KHM K MHHHMAIbHOMY.
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