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Coaepxranue

No
IUTI

BBeneHie

I [ems H 3a0a4M H3YUYEHU S JHCIIHIUTHHEL

2 ObopyaoBaHie H MaTepHaJIbI

3 HammeHoOBaHHE ITPAaKTHYECKHX padoT

4 CopepKaHHe IMPaKTHYECKHX padboT
4.1 IlpaktHueckas padora Nel. I'pad sreKTpHYeCKOH IEITH H HEKOTOPBIE er0 ITOATPa]EI
4.2 Ilpakrrieckas padora No2. 3akonsr Oma H Kupxroda. MeTol KOHTYPHBIX TOKOB.
4.3 ITpakrHueckas padora Ne3. MeTo Y3IOBBIX IIOTEHIHAIOB lloTeHIHaTbHAS
JHarpaMma. SHEPreTHYeCKHH OalaHC B AIIEKTPHUYECKOH L[EITH
4.4 Ipaktryeckas padora Ned. . KoMIiekcHbIe YHcna. JJeHCTBHS HAJl KOMIUIEKCHBIMH
yrciaaMi. DOOopMBI IIPeICTaBIIEHH A
4.5 Ilpakrmyeckasg padora NeS PacyeT nepexoJHBIX IIPOIECCOB B HEPA3BETBIIEHHEIX
TIMHEMHBIX STeKTPHYECKUX IIETIIX IIEPBOTO IMMOPSAKA KIaCCHYECKIM METOIOM.
4.6 IIpakrnueckas padora Ne6. OrnepaTOpHBIN METOJ pacyeTa IePeXOaHBIX IIPOLIECCOB B
TIMHENHBIX 3TEKTPHYECKUX IIETHIX IIEPBOTO H BTOPOIo ITOPSIKA.
5.1 IlepeyeHs OCHOBHOM H JOIIOIHUTEIIBHOH JTHTEPATYPHI, HEOOXOMHMOH IS
OCBOEHHS JHUCIIHITIIIHHEI
5.2 IlepeyeHp yueOHO-METOAHUYECKOTO O0eCTIeYEeHHSI CAMOCTOSATEIILHOH pabOoThI
OOYYAFOIMXCS IT0 JUCIHMIUIHHE
5.3 Ilepedensp pecypcoB HH()OPMAIHOHHO-TEIeKOMMYHHKAIHOHHOH ceTH MHTepHET,

HeOoOXOIHMBIX 151 OCBOSHH S JHCIHIUIHHEBI
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1. Ileny u 3a0auu usyueHus 0UCUUNIILHDL

[{lempro OCBOEGHHMSA JHCIUOUIMHBI «MeTOAsl pellleHHd 3aJad  SIEKTPOSHEPTreTHKH M
AIIEKTPOTEXHHKH» (POPMHpPOBaHHE HaOopa oOIenpodecCHOHAIbHEIX KOMIIETEHI OaKalaBpa IIO
HAITPaBJIEHHIO ITOATOTOBKH 13.03.02 «3IeKTpOsSHEPreTHKA H AIIEKTPOTEXHHKA.

3agauyi OCBOEHHS JHCIHIUINHEL. ()OPMHPOBAHHE Y CTYAEHTOB I[EIOCTHOIO IIPEJCTAaBIEHHS O
MOJIETIMPOBAHHHM KaK METOJE ITO3HAHHMS OKPY/KAIOIIErOo MHpa; H3VUEHHE ITPHHIHIIOB ITOCTPOEHHS
MaTeMaTHYeCKHX MOJeleH B 3aJjadyaxX HCCIeJOBaHHSA (PH3HYECKHX IIPOL[ECCOB, a TaKKe
IIPOEKTHPOBAHNI H YIIPABIEHHI TEXHHYECKHMH O00BEKTaMH.

2. Obopyoosarue u mamepuaisl
ArnmapaTHeIe CpeAcTBa: IIEPEHOCHOH HOYTOVK, IPOEKTOP, HHTEPAKTHBHASI JOCKA.

YyeOGHass ayguTOpHSA IJIS IIPOBEAEHHS YUYeOHBIX 3aHATHH, OCHAaIeHa OOOpYAOBaHHEM H
TEXHHYECKHMH CpeJIcTBaMH OO0YUEHHS.

3 Haumenosanue npaxmuueckux paoom

Ne O0bem 3 aux
TeMbI HanmeHoBaHHE TeM MHCHHILIHHBI, HX KPATKOE JacoB NPaKTHYECKAS
M CITHII coJIep KaHmne MOAr0TOBKA,
JIHHbI JACOB
2 ceMecCTp
1. IIpakTHueckasa padora Nel, I'pad >1meKTpHUecKOil IelmH H 1.5
HEKOTOPBIE IO IOArPadHI
2. IlpakTHueckas padora Noe2. 3akoHel Oma u Kupxroda. 3.0 3.0
MeToa KOHTYPHEIX TOKOB.
3. IIpakTHueckas padora Ne3. MeTon y3IOBBIX IOTEHI[HAIOB 3.0
lloTeHIMaIbHASA JHarpaMma. OHEPreTHYeCKHH OalaHC B
BJIEKT PHYECKOMH 1IEIH
4, IIpakTnieckan padora Ned4. KomiiekcHele yHcnIa. J[eHcTBHA 1,5
HaJ{ KOMIUTEKCHBIMH YHCITaMH. DOPMEI ITPEACTABIIEHHA.
3. IIpakTHueckas padora NeS. PacueT nepexoHBIX ITPOI[ECCOB 1.5
B HEpPasBETBIIEHHBIX JIHHEHHEBIX SIEKTPHYECKHX  IIEIAX
IIEPBOIO IMOPSJIKaA KIIAaCCHYECKHM METOOM
6. IIpakTHueckas padora Ne6. OnepaToOpHBEIH METOJ] pacueTa 1.5
IEPEXOMHBIX ITPOIIECCOB B JIHHEHHBIX 3MEKTPHUYECKHX IIETISX
IIEPBOrO H BTOPOr'O ITOPSIIKA.
Hroro 12,0
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4. Cooepotcarnue npaKkmuiecKkux paoom

IIpakmuueckasn paboma Nel
I'pagh snekmpuueckoii uenu u Hekomopbie e20 noozpagoi.

Ileaab: M3yuuTh OCHOBHI Teopuu rpadoB u ee NpUMEHEHUE K 3JIEKTPHUSCKUIM
rensM. I1omyduTk HaBBEIKH HOCTPOSHIS IpadoB 3JIeKTPUUECKOIl IS

OcHoebl meopuu:

B Teopun sneKTpHUUEeCKUX ISl NCHOJBLAYIOTCS IMIOHATIA U METOABI TOIIOJIOTHHI —
MaTeMaTUUecKkoil  AUCIMIUINHBI,  M3ydaromieii  Hambonee  obOmue  cBoiicTBa
reoMeTpuueckux ¢uryp. MiMenno xoHdurypamus nenu (IMopsaoK COSOUHEHUS MEX Iy
cOo0O0I1 YCTPOIICTB IENN, €e reoMeTpudueckuil o0pa3) coAepKUT MOJIE3HYIO NHQPOPMAIUIO
0 HEKOTOPEIX OOIIIX CBOIICTBaX Ien O€30THOCUTEILHO K COJAepiKaHUIO €€ YCTPOICTB.

YcioBHOE M300pakeHNe CXEMbI, B KOTOPOM Kaxk/ias BETBb 3aMEHIETCS OTPEe3KOM
JINHUHI, Ha3bIBaroT rpacdoM snekTprmueckoil nenn. OTpe’oK JUHHHN, COOTBETCTRBYIOIUIL
BETBI CXEMBI, Ha3LIBalOT BETBbIO I'pada. I'panmuHnle (KOHIIEBBIE) TOUKU BETBU Ipada
HAa3EIBAIOT y3J1aMII Irpada. Y3el — MECTO COSAMHEHIS TpexX U Oojiee BETREIL

Beresam rpada MoxkeT OBITH /JdaHa OIpeJeleHHas OpHEHTAIUs, YyKazaHHas
ctpenkoii. I'pad, y KOTOporo Bce BEeTBU OPUESHTUPOBAHBI, HA3LIBAIOT OPHEHTHPOBAHHEIM.

BeTBBIO HAa3LIBAE€TCS YUACTOK IIEIIN, 0OTeKaeMbIil OJHUM U TEM JKE TOKOM.

Tomonornueckne (reomMeTpruueckue) CBoiicTBa SIEKTPpUUECKOIl LN HE 3aBHCIT
OT TUIIa I CBONMCTB 3JIEMEHTOB, U3 KOTOPBIX COCTOUT BETBL. [loaToMy IenecoobpazHO
KaXKJIylO BETBb CXEMbI 3JIEeKTPUUECKOIl Ienu H300pa3uTh OTPe3KOM JIHHHU. Ecmn
KaXJI[yl0 BETBb cXeM Ha pucyHke 1.1 3aMeHUTL OTpe3KOM JIMHUHU, IIOJIydaeTcsd

reoMeTpudeckas uUrypa, mokazaHHas Ha pucyHke 1.2.
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2 3
1
5
Pucysok 1.1 — Cxema snexkTpuieckon Pucynok 1.2 — I'pad snexTpmdaeckoil
eI eI

YcnoBHOE n300pakeHne CXeMbl, B KOTOPOM KaxK/Jas BETBb 3aMEHIETCSI OTPE3KOM
JINHUHI, HasbIBaeTcsd rpadoM snekTpuueckoil 1emu. IIpu 3ToM cieayeT IMOMHUTbL, UTO
BETBU MOTYT COCTOSATH M3 KaKHIX-JINOO S3JII€MEHTOB, B CBOIO OUEpPEIb COCAUMHEHHEIX
paz3JIMYHBIM 00pazoM.

OTpe30K JIMHNHN, COOTBETCTBYIOI[UII BETBU CXeMBI, Ha3hbIBa€TCSI BETBBbIO rpada.
| paHnuHBIE TOUKH BETBHU rpada HA3BIBAIOT y3laMu rpada. BerBsam rpada MokKeT OBITh
JaHa OIIpeJeIeHHasl OpUeHTal[Us, YKazaHHad cTpenkoil. ['pad, y KOTOporo Bce BETBU
OpUEHTUPOBAHBI, HA3LIBAETCS OPHMEHTIPOBAHHBIM.

Iloarpadgom rpada HazeIBaeTCs 4acThb rpada, T.€. 3TO MOXKET OBIThL OJlHA BETBb
IUIN OJMH H30JINPOBaHHBIN y3ell rpada, a Takke JIr000€ MHOXKECTBO BETBEIl H Y3IIOB,
coJiepKamuxcs B rpade.

B Teopunm »sSIEKTpUUECKHX IIENell BaXKHOE€ 3HAYeHNUE HNMEIOT CJeAyIOoIIle
roArpadm:

IIyTh — 3TO yIOpSAA0UYCHHAs MOCIIEA0BATEIILHOCTEL BETBEI, B KOTOPOIl KaXKILIE ABE
coCeJHIIE€ BETBI UMEIOT OOIIMIl y3€eJ, IpuueM JiroOas BETBb U JIFOOO0M y3€ell BCTPedaroTCs
Ha 5TOM IIyTH TOJILKO OJHNH pa3. Hanpumep, B cxeme Ha pucyHke 1.3 BeTBu 2-6-5; 4-5;

_— ¥ = & = r

] [OKYMEHT MOANUCAH " xe mapoil y3joB / n 3. Takum oOpazom,
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Pucynok 1.3 — I'pad sanexrpudeckoil 1enu

KoHTyp — 5TO 3aMKHYTBEIIl IyTh, B KOTOPOM OJIMH M3 Y3JIOB SIBJISIETCS HauaJlbHBEIM
I KOHEYHBIM y31IoM IIyTH. Hampmmep, g rpada (pucyHok 1.3) MOXKHO OIpeIeIuTh
KOHTYPEI, 00pa3z0BaHHBEIE BETBAMU 2-4-6, 3-5-6; 2-3-5-4. Ecnu mexay modoll mapoil
y3JI0B rpada CyImeCTBYEeT CBI3b, TO I'pad) HA3LIBAIOT CBI3HBIM.

JlepeBo — 5TO CBI3HBIN HoArpad, coaeps:kamuii Bce y31Ibl I'pada, HO HU OJHOTO
KoHTypa. IIpumepamn gepeBbeB 11 rpada (pucyHok 1.3) MoryT ciaykuth Gurypel Ha
pucyHke 1.4:

Pucynok 1.4 — JlepeBbs rpada

BeTBu cBa31 (JOMOJIHEHUS J€peBa) — 3TO BETBU rpada, JOIMOIHIIONIIIE JIEPERO 10
INCXOJHOTO rpada.
Ecnu rpad coaep:XuUT m y3JI0B I 1 BETBEIL, TO UICIIO BETBE IFOOOTO Aepera 0 =

— 1  atrmrrma namnatt cnantr Tnarha 7 — n (1 — — —
m NOKYMEHT NOANMUCAH m 1) n m + 1.
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CeueHne rpadga — MHOKECTBO BeTBell, yJal€HHE KOTOPEIX JEIUT rpad Ha ABa
II30JIMPOBAaHHEIX IToArpada, OAMH U3 KOTOPEIX, B UaCTHOCTH, MOXKET OBITh OTSIILHLIM
V3JII0M.

CeueHlle MOJKHO HAaITISIAHO H300pazuTh B BHJE CJIEJa HEKOTOpPOIl 3aMKHYTOI
IIOBEPXHOCTH, pacCeKarolleil  COOTBETCTBYIOI[UE BETBU. [IpumepamMm  Takmx
MoBepXHOCTEN gBmoTca S; u S»; ana rpada (pucyHok 1.3). Ilpm sToM monydaem
COOTBETCTBEHHO CE€UEHUs, 00pa3oBaHHBIE BETBIMU 0-4-5 1 6-2-1-5.

C MOHATHEM JIEPERa CBA3aHEI ITIOHATIL ITIABHBIX KOHTYPOB 1 CEUCHUIA:

~ TIJIaBHBIM KOHTYP — KOHTYP, COCTOSIIMII U3 BETBEIl AepeBa U TOILKO OJHOII BETBU

CBA3H,

- TIJIAaBHOE CEUEHHUE — CEUEHIE, COCTOMAIIEeE I3 BETBEIl CBI3U U TOJILKO OJHOI BETBU

JlepeBa.

Tonmonornyeckye MaTpHuLbI

3aaTh BBIUNCINUTEILHON MAIINHE TOMNOJOTHIO IIEIH PUCY HKOM 3aTpyJHHUTEILHO,
TaKk KaK He CylecTByeT »(pdeKTHUBHEIX HporpaMM pacliozHaBaHUg oOpaza. IloaTomy
TOIOJIOTHMIO Ienu BBOIIT B OBM B  Buae MaTpull, KOTOpPEIE Ha3LEIBAIOT
TOMOJIOTHUECKUMHU MaTpUIlaMH. BBIJEISIIOT TpU TaKUX MaTPHUILI: Y3JIOBYIO MAaTpHILY,
KOHTYPHYIO MAaTPUIYy U MaTPUITy CEUESHUII.

1. ¥Yanopasg marpuina (MaTpuila CoeqUHEHHII) — 3To Tabimia ko3 UIUIEHTOB
ypaBHEHNII, COCTaBJIEHHLIX IO INepBoMy 3akoHy Kupxroda. CTpokn 3Toil MaTpHUIILI
COOTBETCTBYIOT y3JI1aM, a CTOJIOIIEI — BETBSIM CXEMHI.

Jliis rpada Ha pucyHke 1.3 mMeeM 4HCIIO y3JI0B m=4 1 4UCJIO BeTRell n=6. Toraa

3aIUIIEeM MATPUI Az NPUHUMAS, YTO SJIEMEHT MATPUIR! a;; (i —HOMEp CTPOKHU; j —

HOMEp CTOJIOIa) paBeH (+/), ecliu BeTBL j COEJUHEHA C y3JIOM [ I OPpUEHTUPOBAaHA OT
Hero, (-7 ), ecnn opueHTHpORaHa K HeMY, 1 (), €CIIU BETBbL j HE COEQUHEHA C Y3JIOM | .

CopHueHTHPOBAB BeTBU I'pada Ha pucyHke 1.3, momydum
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AH:

JlanHasg Matpumna Ay 3ammpcaHa Qg BCeX UETHIPEX VY3JIOB U Ha3bIBAETCH
HeompeaeneHHoll. CyMMa 5JI€MEeHTOB CTOJIOLIOB MaTpHUILl 4y BCErja paBHa HYIIIO, Tak
KaK KaXXIblil CTONOEI] COAep KUT OANH 3JeMEHT +/ 1 OJUH 3IeMeHT -/, OCTallbHEIE
HY JII.

OOBIYHO IIpU pacdeTax OAUH (JIF000I) y3el 3a3eMISTEOT. Torga OpUXOAUM K
y3JIOBOII MaTpuile A (peayIpOBaHHOII MAaTpHUIE), KOTOpasd MOXKET OBITHL IIOIyUEHA U3
MaTpULBl A IIyTeM BEIYEPKHUBAaHI JTFO00I €€ CTPOKIL

Hampumep, pu BEIMEPKUBAHUU CTPOKH «4» ITOJIyUNIM

Yucno cTpok MaTpHUILl A paBHO YNCIIy HE3aBHCHUMEIX YpPaBHEHHII JJII y3JI0B 0 =
m — 1, T.e. UNCIIy YPaBHEHNII, 3aIIICHIBAEMBIX JJI 3JIEKTPUUECKON CXEMEI II0 IIEPBOMY
sakoHy Kupxroda. Mrak, BBegd IMOHSATUE y3JIOBOII MAaTpHLbl A, mepelijeM K IepBOMY
3akoHy Kupxroda.
Bonipocskl 1 3agaHun:
1. ChopmMyIupyiTe OCHOBHBIE TOIIOJIOTNYECKUE TOHSITUS I AJIEKTPMUECKUX
I[EIICH.
2. Uro Takoe y3Jj10Bas MaTpuiia?
3. Yrto Takoe KOHTYpHasa MaTpua’

4. Yro Takoe MaTpHUIla CEUECHNII1?

lIpakmuueckas paboma Ne2

ONOKYMEHT I:ID,HI'IHCAH
SNEKTPOHHOWM NOAMNMUCHIO emoo0 KOHMYPHbLIX MOKOE.
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HEJ]L: HB}”—IHTB OCHOBHELIC IIPdBIlJId PaCHCTa JJICKTPITHCCKIX L[EHEE[ IIOCTOAHHOI'O

TOKa C HCIIOJIBE30BaAHHEM 3aKOHOB OMa H Kprmcba I MCTOld KOHTYPHEBIX TOKOB.

OcHo8bl meopuu.
OOBIUHO IEpBEIN 3ak0H Kupxroda zamnucelBaeTcs I Y3JII0B CXEMEI, HO, CTPOTO
rOBOpSI, OH CIPaBEIJINB HE TOJIBLKO /IS Y3JI0B, HO U UId JHOOOH 3aMKHYTOM

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

rme 6- BEKTOp IUIOTHOCTH TOoKa, dS- HOpMAlb K V4YacTky dS 3aMKHYTOIL
ITIOBEPXHOCTH S.

IIepBriit 3axkon Kupxroda crpaBeyiue 1 I TFOO0T0 CeUeHIUS.

B uwacTHOCTH, Ay cedueHus S, rpacda Ha pucynke 1.3, cunutas, 4uTo HyMepalus U
HaIIpaBJIEHNSI TOKOB B BETBIX COOTBETCTBYIOT HyMepaIlUl I BbBIOpaHHOII OpHeHTaI[IH

BETBEII rpada, MOXKHO 3aIlcaTh

Il 12_15_16=U

IIOCKOJIbLKY B YaCTHOM CJIydae BETBHU CEUECHUS CXOJATCA B y3JI€, TO IEPBBIN 3aKOH
Kupxroda crnpaBeqmue n i1 Hero. Iloka OyzgeM NpuMeHSAThH IIepBhIil 3akoH Kupxroda

AIIA Y3JI0B, HTO MATCMATIMHCCKII MOYKHO 34lIlICaTh, K4dK.

2kl =0 (1.2)

T.€. anredOpandeckas cyMMa TOKOB BETBell, COEQUHEHHBIX B y3€II, paBHA HYJILO.

IIpy »TOM mpm pacdyeTrax YypaBHEHHSI II0 IIepBoMYy 2akoHy Kupxroda
3alHCHIBAXOTCA M1 (m-1) y310B, Tak Kak IIpU 3alllICH YpaBHEHUI JJI1 BCEX M Y3JIOB
ogHO (/Mmoboe) m2 HUX OyJIeT NIHHENHO 3aBUCUMBEIM OT JAPYruxX, T.€. HE JaeT
JOTIOJTHUTEILHOIT NH(OPMAIHIL.

BBeseM cTOJIOIOBYIO MaTpUIy TOKOB BETBEI
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I
Iﬂ,

Torpga nepBrIil 3akoH Kupxroda B MmaTpuuHoil opMe 3alIUCU UMEET BT
AI=0 (1.3)
—rae O - HyJeBas MaTpuIla-cToI0ell.
Kak BuamM, B KauecTBE Y3JIOBOM B3jgTa MaTpuila 4, a He Ay T.K. C YUETOM
BEIIIIECKA?aHHOTO YpaBHEHUS II0 II€pROoMYy 32akoHy Kupxroda zamnncweiBaroTcsa A (m-1)

V3II0B.

B kadecTBe npumMepa 3aluiieM LI CXeMEl Ha pUCyYHKe 1.3

-Il-
- Ll
L 10 -10 0] 0
0 00 1 -1 -1 ‘,3 = |0
101 0 1 0 f 0,
- - 5

I,

OTcroia JJ1 IEPBOTO y3/1a IIoIydaeM

1-L+1-L,+0-3—-1-I,+0-I;4+0-Io=0L+1,—1, =0,

YTO U JOJIKHO UMETh MECTO.

Konrypunasg wmaTtpuma (MaTpuia KOHTYpPOB) — 53TO Tabnuia Ko3¢QQUINIEHTOR
ypaBHEHUII, COCTaBJIEHHLIX II0 BTOpoMy 3akoHy Kupxrodga. CTpokH KOHTYpPHOII
MaTpHIEl B COOTBETCTBYIOT KOHTYPaM, a CTOJIOIBI — BETBSIM CXEMEL.

OneMeHT b; MaTpuilbl B paBeH [, €clm BETBb j BXOJUT B KOHTYp [ U €€
OpUEHTAaI[Is COBIIAJAET C HaIpaBJIeHHEM o0xoJa KOHTypa, -/, €CII He COBIAJaeT C
HaIlIpaRrJI€HIEM 00X04a KOHTYpa, 1 (), eClIu BETBL j HE BXOJUT B KOHTYP .

Martpuiy B, 3anucaHHYIO A1 INIaBHBIX KOHTYPOB, Ha3BEIBaIOT MaTpHIlE IJIABHBIX
KOHTYpOB. [Ipu 53TOoM 3a HampapieHne 00XoJja KOHTypa IPUHHIMAIOT HallpaBJIEeHIE BETRU

CBS31 STOTO0 KOHTypa. BrlgenunB B Hamem mOpumepe (cM. PHCYHOK 1.5) mgepero,

) AOKYMEHT MNoanucAaH |
06| SNEKTPOHHOM NOAMUCHIO CHTHBI JJI MdaTPHIIBI B.
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Pucynok 1.5 — I'pad snexTpudeckoil Henu

1 -1 1 0 0 0
g=[1 0 0 1 1 0
0o 1 010 1

IIepeligeMm Tenepb KO BTOpOMY 3akoHY Kupxroda.
llog HampsskeHUEM Ha HEKOTOPOM YUACTKE SJIEKTPUUECKON IIENMU ITOHUMAETCS

PA3HOCTD IIOTCHIIMAJIOB MCHAY HpaﬁHHMH TOHKAMH 5TOI'O YHACTKA4, T.C.

Uke = P — P = _((Pe — (Pk) = —Uge (1.4)

[IpocymMMupy eM HaIlpSI2KEHUS Ha BETBSIX HEKOTOPOI'O KOHTYpa:

U2 = 91— @2
+

Uz = @2 — @3
+
+

Ukt = Qr — @1
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[IockompKky Ipu 00Xo4e KOHTypa MNOTEHIINAI KaX 0l [-0I1 TOUKH BCTPEYAETCS JBa
paza, IpudeM OJINH pa3 ¢ «+», a BTOPOU — C «—», TO B IIE€JIOM CyMMa paBHAa HYJIO.

Taxum {}6PHBDM, ETGpGﬁ 3dKOH KI’IPXFDCI)EL MATCMATITHCCKII 3alIlICEIBACTCA, KaK.

2k U =0, (1.5)

I HMEET CIEAVIONYIO (OPMYJINPOBKY: anreOpamdeckas CyMMa HaIpsOKeHHN Ha
3a)KIIMax BeTBell (PJIIEMEHTOR) KOHTYpa paBHa HYJIIO. [Ipu »ToM Ipu pacdeTe Iemeil ¢
ICIIONIL30BaHEM 3akK0HOB Kmupxroda zammceiBaercsi € = (n —m + 1) He3aBHUCHMBIX
ypaBHeHHII 1o BTopoMmy 3akoHy Kupxroda, T.e. ypaBHEHHII, 3alNCBIBA€MBIX JIJII
KOHTYPOB, KaXJbII M3 KOTOPEIX OTJIMYAETCSA OT JAPYTUX XOTS OBl OJHON BETBBIO.
3HadyeHNE TOIMOJIOTHMYECKOro IIOHATH «JIEpeBa». JIEPEeBO IIO3BOISIET 0Opa30oBaTh
HE3aBHUCUMBIE KOHTYpPhI M CE€UYEHMS W, CJIEAOBATEIILHO, (POPMHUPOBATHL HE3aBHCUMBIE
ypaBHeHHd 1o 3akoHaM Kupxroda. Takum oOpazom, ¢ yderom (m-1) ypaBHEHUII,
COCTaBJICHHBLIX II0 HepBoMy 3akoHy Kupxrodga, momyuaem cuctemy m (m—1) +
(n —m + 1) = n ypaBHeHNIi, YTO paBHO YUCJIy BETBeil CXEMEI I, CJIeJJOBAaTEJILHO, TOKI
B HIIX HaXOJATCS OJJHO3HAUHO.

BBegeM cTOJIOIOBYIO MaTpUIly HaIIPSKEHUIT BeTBell

Torpga Bropoii 3akoH Kupxroda B MaTpu4HOI (popMe 3aIIiCc HIMEET B
BU = 0. (1.6)

B kxadecTBe mpumMmepa 1 CXEMEI piCYyHKa 1.5 nmeem
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OTKY A4, HAalIpUMCP, IJIA IICPBOI'O KOHTYpPa IIOJIYHAaCM
1U1_1U2+1U3+UU4+UU5+UU6:U1_U2+U3:U,
qT0 I1 JOJIZKHO IIMCTE MECTO.

Eciu BBeCcTH CTOJIOIIOBYIO MAaTPHUIYy Y3IOBEIX IOTEHIIUAJIOB
-0, -
| P2
Q= :

Pm—-1]

I[IPpIYUCM IIOTCHI A IIOCJICHETO Y3JIa Py, — U':, TO MaTplld HaHpH}HEHHﬁ BETBEI I

YV3JIOBBIX IIOTEHIINAJIOB CBA3aHKLI COOTHOIIEHIEM
U=ATgp (1.7)

rae A’ - TpaHCIIOHMPOBAHHAS V37I0Bast MATPUIIA.

Jli1a ompeneneHuss MaTtpuill 5 1o m3BectHou Mmartpune A=Az4c , tae A7 —
[IOAMATPUIla, COOTBETCTBYIOI[As BETBAM HEKOTOPOTO JepeBa, Ac- MIOAMATpHILA,
COOTBETCTBYIOIAs BETBAM CBSI3H, MOXKET OBITE HCIIOIL30BAHO COOTHOIIEeHNE B= (-47- A"
jTJ})-

MaTtpuria ceueHmii — 3To Tabauia ko3 PUITNEHTOB YpaBHEHNI, COCTARICHHBIX II0
nepBoMmy 3akoHy Kupxrodga mig cedeHmnili. E€ CTpoOKH COOTBETCTBYIOT CEUEHISIM, a
CTOJIOIEI — BETBSAM I'pada.

Matpumia () , cocTaBleHHas /JId IJIaBHBIX CEUYEHMI, Ha3LIBae€TCS MAaTpHIIEH
ITIaBHBIX ceueHnil. Yucno cTpok MaTpuilkl () paBHO YHCIy HE3aBUCHUMEIX CEUEHUIL.

OneMeHT ¢; MaTtpunel () paBeH [, ecin BeTBb BXOJUT B [-€ CEUEHUE U
OpUEHTHPOBaHA COIJIACHO HAIIPaBJIEHUIO CEYEHH: (3a II0JIOKUTEILHOE HaIlpaBIICHIIE

C.-"'"-‘!"!".-"'"-‘!”!"‘!"'-!"f!" ‘Tﬂ'?"ﬁaé;r:i"énljl_r ﬁgﬁ‘fbiﬁn"?"?n T SRFIAES T HEpEEa: EXD,[[HH.IEE E HEI‘G):‘ _}:' ECHI_I
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OpUEHTHPOBaHAa IIPOTUBOIIOIOKHO HAaIIpaBICHUIO cedeHs, 1 (), €ClIi BETBb] HE BXOJUT B
[-€ CEeUeHIIE.
B kauecTBe mpumepa cocTaBUM MaTpuly () TIIaBHEIX CEUEHHII /I rpada Ha

pucyHke 1.5.

-1 0 -1 0
1 0 0 -1
0o 1 -1 —1

B zakmrodueHne oTMETHM, UTO JJII TOIIOJIOTHUeCKX MaTpui A, B u Q,
COCTaRJIEHHBIX JIJII OQJHOTO U TOro e rpada, BLIIIOIHSIIOTCSI COOTHOIIIEHIT
AB'= 0; (1.8)
OB'= 0, (1.9)

KOTOPLBIC, B HaCTHOCTIH, MOZHO HCIIOJIb30BaTh AJIA IIPOBCPKIH IIPABIUVIBHOCTI

COCTaBJICHIS 3TUX MaTpHIl. 37echk () — HyJIeBas MaTpulla IopsaKa d

IIpuBeneHHBIE YpaBHEHUS IO3BOJIIIOT CAEJIATh BaXKHOE 3aKIIFOUEHIE: 3HasI OJHY
13 TOIOJIOTHMUECKUX MaTpUIL, II0 €€ CTPYKTYPE MOXKHO BOCCTAHOBUTEL OCTaJIbHEIE.

MeToa KOHTYPHBIX TOKOB COCTOUT B TOM, UTO B KaueCTBE HENU3BECTHLIX B
CICTEME VpaBHEHUN II€IU WCIIOJIL3VIOTCS TaK Ha3bIBAEMLIE KOHTYPHBIE TOKI.
KoHTypHBIE TOKH SIBIISFOTCS (PUKTUBHBEIMIL.

CormacHo MeETOAYy IIpeArioyiaraeTcsl, 4YTO B KaXJOM HE3aBUCUMOM KOHTYpE
[IPOTEKAET CBOM KOHTYPHBIN TOK.

HezaBuCHUMBIMHI Ha3BIBAKOTCS KOHTYPBI, KOTOPBIE MMEIOT XOTS OBl OJHY HOBYIO
BETBb, HE BXOIAIIYIO B JIPYTUE KOHTYPHI.

Yucsio He3aBUCUMBIX KOHTYPOB CXEMBI PAaBHO UNCITY YPAaBHEHUII, KOTOPHIE HY KHO

COCTABUTH II0 BTOpOMY 3akoHy Kupxroda:
I'1€ Nﬂ— YIICJIO BETBEIl CXCMEI, N}’ — HICJIO Y 3JIOB, N-_,- — HHCJIO NCTOYUYHHNKORB TOKA.

B cxeme, mpecTaBieHHoil Ha pucyHke 2.1, 41ClIo He3aBICUMLIX KOHTYpoB =23
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COOTBETCTBEHHO, UNCIIO ypaBHEHNI, HEOOXOAMMBIX JUIA OIpEAeleHNd STHX
HEN3BECTHLIX yMEHBIIAETCs II0 CPAaBHEHMIO ¢ IIOJIHOI cucTeMoil ypaBHeHHnil Kupxroda
I paBHO UICIy HE3aBUCUMBIX KOHTYPOB. DTOT METOJ SBIAETCSA (haKTIMUECKH 3aIHChEO
Broporo 3akoHa Knpxrodga uepes KOHTYPHBIE TOKI.

[IycTh IMEEM CXEMY, COAEPIKALYIO /1 HE3aBHCHMBIX KOHTYPOB. COITIaCcHO
METOLy KOHTYPHBIX TOKOB B KaXJOM k-M HE3aBICHMOM KOHTYpE IIPOTEKAET KOHTYPHBIII
ToK Ixx . B o0IeM cilydae crcTeMa ypaBHEHHII A1 pacdeTa KOHTYPHBIX TOKOB IMEET
BIIT:

[11Ry1 + 132Rq5 + [33R3+. ..+ Rip = Eqq;
I11R21 + I5oR5 + I33Rp3+.. . +1pnRoy = Epp;

--------------------------------- (2.2)
I11Rpq + 152Ry 0 + I33R 3+ .+ Ry = By,

rie Ryxx — nonHoe (COOCTBEHHOE) COIPOTUBIEHUE K-20 KOHTYpa, paBHOE CyYMME BCEX

CDHpDTHEHEHHﬁ:, BXOJAIINX B 5TOT KOHTYP,

Rfk — COIIPOTHBIICHNA CMCIHBIX KOHTYPOB,

P
E, = Z E, — anrebpamueckas cymma 3J[C, BXOASNNX B K-biti KOHTY]P.
k=1

IlonmHoe (coOCcTBEHHOE) COIPOTHUBIEHNE Ry BCErjga MOJIOXKHTeIbHOe. Eciau

KOHTYPHBIE TOKI B 00IIell (CMEXHOII) BETBH IIPOTEKAIOT COTJIACHO (COHAIIPaBJIEHHI ), TO

COIIPOTHUBIICHNA CMCIXHBIX KOHTYPOB R_fk IIPHHNMACTCA IIO0JIOKHTCIIbHBEIM I, CCJII

KOHTYPHBIC TOKH HAIIPABJIICHBI BCTPCHHO, TO Rik IIPHMHUIMACTCA OTPHIOATCIIEHEBEIM. Co

3HAKOM «ILTrOC» OepyTcsa 3JIC, HanmpaBlIeHHE KOTOPHIX COBIAJAET ¢ KOHTYPHBEIM TOKOM
Ikk, a cO 3HAKOM «MIHYC» HaIlpaBIICHIE KOTOPLIX HE COBIAAar0T C [kk.

KOHTYpHBIE TOKU ONPENEIISAIOTCS IIOCIIE PEIIeHNs CHUCTEMbl YpPaBHEHUI.
McTuHubIT TOK (HMCKOMBIII TOK) B IHOOON BETBU paBEeH anreOpamdeckoll cyMme
KOHTYPHBIX TOKOB, MNPOTEKAIOMHUX II10 3TOoi BeTBH. CoO 3HAKOM «ILIOC» O€EpyTcd

I OOKYMEHT NOoAarnn1cAH dAbIM TOKOM, CO 3HA4KOM «MIHYC» —
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METD,[[ KOHTYPHBIX TOKOB I_[EHECDD6I)EIBHD IIPHMCHATE, KOI'Jda CXCMd COJACPIKIT
MHOI'O Y3JIOB, HO MdJIO HC3dBHCIIMBIX KOHTYPOB.

HPHMEP. HCHGHEB}’H MCTOA KOHTYPHBEIX TOKOB OIIPCACIINTE TOKH B BCTBIAX
BHEHTpHT—IECHDﬁ eIl

Tabmnuma 2.1 — JlaHHbelie Q714 pacuéTra

CornpoTturieHnsa, OM Hctounukn, B, A
R R> R3 Ra4 Rs Re Ei E» | %)
130 40 60 80 110 45 12 13 0,3

YpaBHEHNI COCTaBJLOT TOJbKO 1o II mpaBminy Kupxroda ams, Tak Ha3kEIBa€MEIX,
(GUKTUBHBIX (KOHTYPHBIX) TOKOB, MpeAIlojaras, 4To TOK OJMUHAKOBBIN OJII  BCEX
y4acTKOB BLIOpaHHOI'O KOHTypa. HampaBieHne KOHTYPHBIX TOKOB IIPHHHMAETCS TaKoe

’Ke, KaK HalpaBRiaeHne ooxoja (pucyHok 2.1).

L, Es
&6
‘ R — 1
R[] &[] T a)
M la B 7 e
I ! L) :13
ED K TI Y
o I3
d ~ L

Pucynok 2.1 — PacuéTHasg cxema 1 onpeaeNICHN KOHTYPHEIX TOKOB

I, 122, I33 — KOHTYPHBIE TOKU

IH(RI + R; + R, )_ [,,R; — 1 ;R = E;
IEE(RE’+R3+R5)_IHR5_I_?3R3 :E.;+Ez§ (2.3)

7 (R AR LR \_T R _1T R —(
ONOKYMEHT NOoAanncAH K )
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(1,285-1,,110—1,45=12:
1,,210—1,,10—1,,60 = 25 : (2.4)

. [,,185—-1,,45—-1,,60=0.

Pemenne cuCTeMBI U3 COCTABICHHBIX VPaBHEHUII IIO3BOJIIET ONPECIINTh
BEJIMUUHY KOHTYpHEIX TokoB: I, =0,147A ; 1,, =0,227A ; 1;; =0,109A..

Jl1a onipeesieHns (haKTHYIECKIIX TOKOB B BETBIX COCTABUM VPaBHEHU, VUNTHIBA,
YTO HNCTHUHHBIA TOK (MCKOMEINI TOK) B JIIIOOOHM BETBH paBeH ajredOpamdeckoil cyMMe
KOHTYPHLIX TOKOB, IIpOTeKaromux no 5Toil BeTBH. CoO 3HAKOM «IUIIOCY» OepyTcs
KOHTYpHEIE TOKH, COBIQJAION[NE C MCTUHHBIM TOKOM, CO 3HAaKOM «MUHYC» —
HECOBITaJaIONIIIe C ICKOMEIM TOKOM:

I,=1,=0]147A;

[, =1, =0,227A;

[,=1,;-1,, =0,109-0,227 =—-0,1 18A ;

[, =15, =0,109A ;

[.=1,,-1,,=0,227 - 0,147 = 0,080A ;

[, =1, -1, =0,109 - 0,147 = —-0,038A..

Bonpocs1 u 3ajaHusn:
1. Toxu BeTBell HEKOTOPOIl IIJIAHAPHOM 1€ YAOBJICTBOPSIOT CIEIYIONISHT IOIHOII
CUCTEME HE3aBUCHUMBIX YPaBHEHUIA:
L +15—1Ig=0;L+1lg—15=0,—-"13+1,—Ig=0;, -1, +Ig— 1, = 0.
BoccTtaHoBUB rpad HENM, COCTABUTHL MAaTPUIBl ITIABHBIX KOHTYPOB M CEUYEHUIL,

IIPHHAB, 4TO BCTBAM JACPCBA IIPHCBOCHLI IICPBEIC HOMCPA.

Omeem:

-1 1 0 O 1 0 0 O] 1 0 00 1 0 0 -1
8—0_1_100100 Q_0100—1100
10 0 1 -10 010 1001 0 0 1 -1 0

NOKYMEHT MOANUACAH o001 0 0 I -1
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2. CocTaBUTh MAaTPUIY ITIABHBIX KOHTYPOB AJI I'pada Ha pUCYHKE 1.3, IMPUHAIB, UTO
nepeBo 0OpazoBaHO BeTBAMH 2, 1 1 5.
Omeem:

I -1 1 0O

B=|1 0 01

-1 1 0 0

0
1

o
0
l_

i — 1
Pemuts 3agauy S5, UCoJL3Ys cooTHomenus (1.8) u (1.9).
3. ChopmynupyiiTe MeTO KOHTYPHBEIX TOKOB

4. Kak onpenensroTcs (pakTUIECKUE TOKH 3JIEKTPHUUECKOM IIeITn?

5. )_IHH BaﬂaHHDﬁ CXCMEI OIIPCACIINTE TOKI, HCIIOJIB3YA MCTO/J KOHTYPHBIX TOKOB

Eg [
R- |
/ ,6 9 b5
: J)Eﬁ
R
A R?q I? i;’é}, R
6 Ij
R
" hﬂ -

6. HCHDHBB}"H MCTO/ KOHTYPHBIX TOKOB COCTABHTE YPABHCHITA JJIA OIIPCACJ/ICHITA

TOKOB B BETBX

5. I/ICHGHI:-B}"H MCTOJ KOHTYPHBIX TOKOB COCTABHTE YPAaBHCHHA JIJIA OIIPEACIICHIA TOKOB B BCTBAX
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7. HCHDHBB}"H MCTO/ KOHTYPHBIX TOKOB COCTAaBHUTb YPABHCHIA JJIA OIIPCACJICHIIA

TOKOB B BCTBAX

e

R, /EZ}A
NI

N N
>

lIpakmuueckas paboma Ne3

Memoo y3noeésix nomenuuanos I[lomenyuansHan ouazpamma.

JHepzemuuecKUil 0 W1AHC 6 IJIEKMPUUECKOU enu

HEJ]L: HB}”—IHTE MCTO/I Y3JIOBEIX IIOTCHIOHAJIOB, OCBOMNTL MCTOAHKY IIOCTPOCHIIA
HGTEHL{HHHBHGﬁ AUarpaMMBl 11 HAYHHTBCA OIIPCACIHATE IIO Hell HAIIpAXKCHIIA MCHKAY
ABYMA 3daJdaHHBIMIT TOHKdAMI HCCHE,[[}’EMDE IMCIII. HDH}”—IHTB HA4BBEIKII COCTABJICHITA
YPABHCHIIA SHECPI'CTHHCCKOI'O Oajtadca BHEKTpHT—IECI{Dﬁ ICIIIT. HayT—IHTBCH HCIIOJIB30BATH
YPAaBHCHIIAA OHCPICTIHHCCKOI'O OaJjtaHca AJIA  IIPOBCPKH BHIIIOJIHCHHBIX PAaCHCTOB 11
dHaJII3d SJICKTPHYCCKIIX L[EHEﬁ.

OcHoebl Meopuu.

JOKYMEHT NOAMNMACAH IACT COCTABHTE CHCTCMY }’paBHEHHﬁ: 110
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MOZHO OIIPpCACIINTE IIOTCHIOHAJIEI BCCX VY3JI0OB CXCMEI. IIo m3BecTHBIM Pa3HOCTAM
Y3JIOBBIX IIOTCHIMAJIOB MOZKHO OIIPpCACIINTE TOKII BO BCCX BCTBAX. METD,[[ OCHOBA4H HA
IIPCAIIOJIOKCHII, HTO MCIKAY Y3JlaMH ICIIN BKJIFOYCHBEI NCTOHHHNKI TOKa IIApaJIJICJIEBHO C
IIPHCMHIIKaMII, ToI'Ja IIO IICPBOMY IIpaBIJIY KHle"D(ba COCTABJIACTCHA CHCTEMA

YpaBHEHUIL.
B oOmem craydgae Q1 SJIEKTPUUECKOIl I[€IM, CHCTeMa YpaBHEHHI I

OIIPCACIICHIA Y3JIOBBIX IIOTCHIIHAJIOB IIMCCT CHE,[[}"}DH_IHFI BITI.

81 — 8P~ 8., :Z Eﬁ:_.g.f:_.:
k=1

m

— 8P+ 8P, — 82,0, = ZEA'; "y
k=1

m

—8u® 8P T &P, = ZEﬁcu ' gku’

k=1

rje 215, £22.., Sm — COOCTBEHHas MPOBOJUMOCTbL H-TO Y374, paBHAsI CyMMe
IIPOBOAUMOCTEN BCEX BETBEI, COEAUHEHHBIX C S3TUM Y3JIOM, 3Ta IIPOBOJUMOCTL BCEr/A
I[IOJIOKUTEILHA,
g12, 821, 813 ---,&jk — B3alMHas MPOBOJANMOCTb MEXJY j-M U k-M y3JIaMU, 3Ta IIPOBON-
MOCTB BCET/Ia OTPUIIATELHAS.

[Ipu pemeHnn ypaBHEHII IIPEAIIONIararoT, YTO [MOTEHI[HAall OJHOTO 13 Y3JIOB paBeH
0. Toku B BETBAX ONPEHEIIAIOTCA OTHOCUTEILHO Pa3HOCTHU IMIOTEHIIUANIOB, K KOTOPHIM

IoaACoOCcAIMHCHA JdHHAA BETBLE.

e ep)+ S E
> Rap

rne LE — cymma BJIC B maHHOil BeTBHU, 3Hak (+) ecnu E HampaBieHa OT OOJIBIIErO

IIOTeHI[MalIa K MeHbIIeMy U (—) HaoOOpoT;

¢4, @5— IMOTEHIUAIILI Y3JIOB, K KOTOPBIM IIOJK/IFOUEHA BETRBB,
2 R45 — cyMMa CONpOTHBIIEHNUIT BETBIL.

HpH PaCHCTC SJICKTPHYCCKIIX L[EHEﬁ MCTO/JOM V3JIOBEIX IIOTCHIIHMAJIOB

HEHECDDﬁp&BHD IPHIACPAKHNBATBCA CJICAYVIOIICIO IIOPAJKA.
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e [IpuHATE IIOTEHIMAJI OJHOIO 13 Y3JIOB paBHBEIM HYJIFO, T. €. 3a3€MIINThL OJINH 13
V3JIOB U IIPOHYMEPOBATH I10 IIOPSAKY OCTAJIbHEIE Y3JIbI.

e OmnpenenuTbk COOCTBEHHBIE I B3aIMHEIE IIPOBOJUMOCTH Y3IIOB.

e (COCTaBUTH CUCTEMY YPaBHEHMI II0 JJIS1 HE3a3€MIIEHHBIX Y3JIOB.

e Pemures cucTeMy yYpaBHEHUI 1 OIIPEACIINTL IIOTEHINAIIL] Y 3JI0B.

e OmnpeJenuTs TOKM B BETBAX II0 3aKOHY OMa

e [IpoBepUTh NPaBUIILHOCTL PEIISHUS, COCTAaBUB YpaBHeHUe OalaHca
MOIITHOCTEI.

IIo cpaBHEHMIO ¢ METOJIOM KOHTYPHBEIX TOKOB METO/] Y3JIOBLIX IIOTEHIINAJIOB
oOmagaer pagoM npeumymecTB.  Kak mpaBuio, B cXeMe 3JISKTPUYECKOIl e Y3II0B
MEHBIIIE, UEM KOHTYPOB, IIO3TOMY JJIS pacueTa el HEOOXOIMO COCTaBIISThL MEHBIIIEE
YIICJIO YPaBHEHMIL.

IIoTeHnnaabHasg quarpaMmma II03BOJIIET OPEAEIINTE IIOTEHINAILEI BO BCEX TOUKAaX
N y3Jlax cxXeMbl. Mchmonb3yeTcsa IIpu AUarHOCTHUKE BO3MOJKHBIX HEHCIIPABHOCTEIH B
pabore cxeMmul. IloTeHIIMaJIbHEIE AUarpaMMbl CTPOSTCS I BBIJIEJIEHHBIX KOHTYPOB B
GYHKIIIH OT COIPOTHRJICHHSI 1€l OT MOPON3BOJIBHO BEIOpaHHOro Vya3na. Ilpnu
IIOCTPOSHUHU JUarpaMMEl IIPIHUMAEM IIOTEHI[NAI BEIOPAaHHOTO y3JIa PaBHBEIM HYJIIIO @; =
0. PacueT mNOTEHIIUAJIOR OCTAaJIbHLEIX TOYEK IIPOM3BOJUM COIJIACHO BEIOpaHHOMY
HaIIpaBJIICHUIO 00X0/1a KOHTypa (II0 4aCOBOII CTPEJIKE).

3HaueHUs TOKOB IPHMHHMAKOTCSI B COOTBETCTBUM C pPacCCUNTAHHLIMI B

IPCAMICCTBYOMNINUX IIVHKTAX 3dJIaHITA, CO CBOUMII 3HAKdMII H&HpaEHEHHﬁ.

B

IIocTpoeHne guarpaMMbl OCYIECTRIISIETCS B MacIliTabax HaOpsDKEHHIT my= —

MM
. OMm

II COIPOTUBIICHUII me =—. Ha pgmarpamMmme mo ocu aOCIUCC OTKJIaABIBAFOTCS
MM

3HAYUCHITA CDHpDTHBHEHHﬁ YHACTKOB B IIOCIICAOBATCIIHOCTII PA4dCIIOJIOMKCHITA IIX B
KOHTYPC, 110 OCH OpAHNHAT — IIOTCHIIMAJIEI COOTBCTCTBYIOII X TOYCK.

Pacemornun moeThoeume  mIaTeurtma mLrg JTuarpaMMbl Ha IIPpUMEPE CXEMBI Ha
NOKYMEHT NMNOAanncAH

. SNEKTPOHHOW NOAMUCHIO
¢ Ceptudukar:- 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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[IocTpouM moTEHINAIBLHYIO JUarpaMmy Juid KoHTypa 1-2 -3 —4 — 1.

0 Q

-U
\ 4

Pucynok 3.1 — IlocTpoeHne noTeHInaaLHON JuarpaMMel 411 koHTypa 1,2,3.4,1

JIna BeIOOpa MacmiTadba Mo ocu aOCIUCC IMPOCYMMHUPYEM COIIPOTHURICHHS BAOJb
paccMaTpHUBAaeMOI'0 KOHTYpa, IIOCJI€ UYEro ONpeAelIuM IIaJCHUS HAOpsKEHII Ha
conpoTuBleHNsIX KoHTYpa: Ugr;= [1R;; Uro= LR, Ugrs= IR3, Ups= LiRy4.

IIoTeHnan TOUk | OpUHAT 3a HYJIb.

IIpumep. IlocTpouTs noTeHIINAILHYIO JUarpaMMy KOHTypa «abcdea». McxogHbie
nangweie: [[=2A. Is=3A; I4=1A, 3xauenua OJIC:. E1=5B; Es=8B. E4s=3B u 3HaueHUs:
conpoTurneHnii: R =20m; R>=30mM; R5=10M;, R3=50M; R4=30Mm.

L,

Pucynok 3.2 — McxoaHasa cxeMa 3JIEKTPHYECKOI IeIn

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: = 12000002A633E3D113AD425FB50002000002A6

Bnapeneuy; Llebayxoea TatesHa AneKkcaHgpoBHa FHIHAI (Pa_o' HHH,[[EM HHOTCHIII1AJIbI
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OCTaJIbHBIX TOHCK KOHTYP4d.

0, =@, +E;, =04+5=05B;

Y =¢p —L1Ry =5—2-2=1B;
0; =0, —LR,=1—2-3=—5B;
@Y, =04 — IR =—-5—3-1=—8B;

Pg = Qo —Es = —8+ 8 = 0B.

[Io mony4eHHBIM JaHHBIM CTPOHNM IIOTE€HI[MAJILHYIO JUuarpaMMy (pUCYHOK 3.3).

N I —— Y

Pucynoxk 3.3 — [loTeHIuaneHas JuarpaMma

Ha ocHoBe 3akoHa COXPAHCHIIMA OSHCPIHM MI'HOBCHHAJA MOIIHOCTE  BCCX

HNCTOHYHIKOB SHCPI'HII B BHEHTPHT-IECKDE LICIIIT pPaBHA aﬂreﬁpm{qem{ﬂﬁ CYMMC

MI'HOBCHHEIX MDH.[HDCTEE BCCX IIPHMCMHIIKOB. bamnanc MDH_[HDCTEﬁ CIIpaBCIAJINB OJIA

Ierell moool KOH(UIypaIun:

Z‘Eﬂiﬂ —_ Zuﬂpiﬂp, (4'1)
TJ€ €y, Upp — MTHOBEHHBIE 3HaueHNA OJ|C 1 HaIPSXKEHUI, Ip, Iy — TOKU NCTOUHUKOB U

IIPUCMHIIKOB.

JI11d merie HOCTOSSHHOTO TOKA:
OJOKYMEHT NoanmvucAH
SNEKTPOHHOW NOAMUCKIO
Ceptudcbukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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- Ry, (4.2)

K= K=I1

rJ€ m— YHCII0 UCTOYHHKORB; 1 — YHCIIO IIOTpeduTesell (COIpOTUBRIECHUIT) B IIEIIH.

IIpomzBeaenue Eif;, BXOAUT B ypaBHEHHE OajlaHCa €O 3HAKOM ILIEFOC €CIIU
HanpaBineHne OJ[C coBIajlaeT ¢ HallpaBJIEHHMEM TOKa, IIPM BCTPEYHOM HAIIPaBJICHUN —
CO 3HAKOM MUHYC.

bajlaHc MOIHOCTH SIRJISETCS IIPOBEPOUHEIM IIPH pacdyeTaX TOKOB BCEMU
[IepEeYNCIIEHHLIMI BEIIIE METOAaMIIL.

IIpumep. CocTaBUTE ypaBHEHIE dHEPreTUUECKOro OajtaHca.

B Tabmume 4.1 1npuBegeHBl HCXOAHBIE JaHHBIE [OJI9 pacdé€Ta IIapaMETPOB

Pa3BETRIIEHHOM 1[I Ha pUCYHKE 4. 1.

Tabnuna 4.1 — Jlauuble 471 pacuéTa

CornpoTturieHns, OM HUctounuxkn, B, A
R R> R3 R4 Rs Re E1 E>2 | %)
130 40 60 80 110 45 12 13 0,3

J1s1 mpeoOpazoBaHUE 3aJaHHON CXEMEI B PAaCUETHYIO HEOOXOAUMO IIPOM3BECTU

3aMCHY HNCTOYHHHMKA TOKd Hd4 HCTOHHHIK HAIIPANKCHITA. Ha PHCYHKC 4.2 HpHBE,[[éH

IIPITHITHIT 3aMCHEI.

b
C——
| I
R,
R; Rs
Rs
L 1
A
E® w
ONOKYMEHT NnoanwncAaH - ]
SNEKTPOHHOWM NOAMUCHIO
Ceptuchukar: 12000002A633E3D113AD425FB50002000002A6 Tgeckas Ielb
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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E=J-R

e | = o

PHC}"HGH 4.2 — HpHHL{HH 3aMCHEI HCTOHHIIKA TOKd Hd HCTOHYHHK HAIIPAXKCHIIA

IIoacTaBuB 3HaAUYEHUS U3 TaOJMHUIEL 1.3, MOIyYnM:
r_ _ _
E,=R,-1,,=40-03=12B.
Ha pucynke 4.3 npuBeeHa pacu€THasa cXeMa II0CjI€ 3aMEHbl UCTOUHHKA

/
ToKa Jk2 Ha HCTOYHHK HampsokeHus L, .

E
&

R Rs T 5

E;

T Ro _ng
A
Rs

—PIB
EQ [T, A
d R -

PucyHnok 4.3 - Pacu€THast cxema 3IIeKTpHUECKOH 1EIHU
JIlIe  IIPOBEPKH Pe3VIILTAaTOB BBIYHCIIEHHI TOKOB IIPOBEPHM OallaHC MOIIHOCTEH IIO

3dBHCIHIMOCTI.

!

k 2
NE-1,=1R,.
i=1 j=1

-

HpH COCTABJICHII YPABHCHIIA Oaramca MDH_[HDCTEﬁ HED6XD,I[HMD ITOMCHATE
HalIpaBJICHITA TOKOB B BCTBAX C OTPHLATCIBHBIMHM 3HAHCHIUIMII, YHIITBEIBATE, HTO B TCX
BCTBAX ICII, TI'AC HAIIPAaBJICHIIC TOKa COBIIaJdaCT C HaIIpaBIICHICM BI[C:. X
IIPOM3BCCHIIC 6}’,[[ET IIOJIOKHTCIIbHBIM, T.C. MOIIHOCTL I'CHCPHPYCTCA. B BETBMX, T'JIC

HarmarteHug DIIC 1 Toxka TTNOTUROTIONOWHK . ICTOUHUK DJ[C cieayeT paccMaTpuBaTh

NOKYMEHT NOANMUCAH
| NEKTPOHHOW MNOANUCHIO |
K ceprumukar: -~ 12000002A633E3D'113AD425FB50002000002A6 /MYJIATOP), U B ypaBHeHUe OajlaHCca OH
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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BXOJUT CO 3HAKOM MHIHYC. Bce COIIPOTHBIICHIIA, HC3dBHCIMO OT HAIIPAaBJIICHIIA

IIPOTCKAKOIICT'O HCPC3 HIIX TOKA, ABJIANOTCA HD'I'pEGHTEJIHMH SHCPI'H.
’ g2 2 2 2 2 2
E,-ILL+E,-IL+E,-I,=1, - R+I,-R+1I, - R+I,-R,+I;-R.+1, -R, (4.3)
IIocne IIOACTAaHOBKII 3HadyeHUII I1IapaMCTPOB.

120227+ 13-0.227+12-0,147=0,021-130+0,051-40+0,013-60+0,011- 80+
+0,0064-110+0,0014-45.

/439 = 7,197 .
PE].BHHL[EL COCTABJIMCT MCHCC 4%: CJICJOBATCIIEHO, paCT—IéTbI BEIITOJIHCHEI

IIPABIJIBHO.

BOIIPOCBDI U1 3AJTAHIIA

. UTto Takoe moTeHI[AaI TOUKU?

2. Kax mmepurs Bennunngy 3. J[.C.7

3. UTo Takoe HamnpspKeHHue?

4. OOBsACHUTE, ITOYEMY IIOCTPOEHUE MOTEHINAILHOI JHarpaMMbl OBLIIO
3aBEPIIIEHO UMEHHO B 3ToIl Touke 1 Ha ocu adbciucc (pucyHoxk 3.1)7

5. IlocTpouTk NoTE€HINAIBHEIE JUarpaMMEI JIJIS JIEBOTO 1 BHEITHETO KOHTYPOR

eI,

&
-

E | |R
b ﬁiu
Ry 0§
1
a4 1

6. 3anmumnre YPABHCHIIC SHCPI'CTITHCCKOI'O OaJjtaHca.

NOKYMEHT NoanncAH
SNEKTPOHHOW NOONMUCHLIO - 20 OM, Rgz 30 OM:, SI[C ICTOYHIIKA
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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E=120 B u momuocte P=120 BT Bcent nerm. MoniHocte P> BTOporo pe3ucropa Oyaer

paBHa. ..
/ R,
D+ ;
R>
a) 30 Bt 6) 125Bt B) 25BT 1) 80BT

8. B e uzBecTHrl conpoTuriaeHsT R1= 10 OMm, R,= 20 OwMm, HanpsKeHNE
U=100 B n momuocts P=200 BT Bceil nenu. MomHocTs P2 BTOporo pe3uctopa OyaeT

paBHaA. ..

R R> Rz

1

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

4. YPE].EHEHHE: OallaHca MOH_[HDCTﬂﬁ IIPCACTABIICHO BBEIPAYKCHIICM. ..

[ -

T R; l l R;
A R> A

C) E, l C) E;

a) Eil1- E3l3=R;[,*+Ro1*+R315° 6) E\li+ Esli=R I, 24+R,1,%+R;152

B) Eili- Esl3=Ry[*-Ro1,*+R315? r) -E [+ E3s=R[;>+R,[,*+R315°

I

9. Ecnu COIIPOTHUBIICHIA 11 TOKII B BCTBAX HN3BCCTHEI I YKd3dHBI Ha PHCYHKC, TO

HDTpﬂﬁHHE:MaH MOOIHOCTE COCTAaBJIIHACT. ..

T

OOKYMEHT I:ID,qﬂHCAH 4}l
SNEKTPOHHOW NoOANnMUChLIO |
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 )
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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a) 8 Bt 0) 10 Bt B)2 BT r)20 Bt

10. YpaBHeHne OanaHca MOITHOCTEH UMEET BUJ. ..

I R
( Ey, ( k>,
Ro; Y/ R
El) Ed-E.=1 ER{]] +1 ER{E-I-[ ’R 6) ~Edl+ Bl =1 1R{].] +1 ER{E-I-I ’R
B) EiI + E,I=1 2R ) E(d + Eol = I 2R +1 2Roo+] 2R

11. Brrpaxenue g MomHOCTHU Py, BEIJIEISIFOIENCS HA BHYTPEHHEM

COIIPOTHUBIICHNIN MCTOHYHIKA R{]:, IIMECT BI1[]. ..

E
a) Py=E*R¢/ (R-Ry)* <> 6) Po=E’R / (R+Ry)’
B) Pi=E%/R, r) Po=E’Ry / (R+Ry)*

12. IIpu m3BecTHRIX 3HauUeHILIX OJ[C 1 TOKOB B BETBSX BhIpaOaThIBacMasd

HNCTOYHHKAMII MOIITHOCTE COCTABIIT . ..

::CEMB R AT
>
I/=1A U
R> =2
» *_
%%0 R: Iﬂ
\_/
a) 20 Bt 0) 30 Bt B) 10 BT r)40 Bt

IIpakmuueckasn paboma Ned KomnnexcHoie uucna. /[eiicmeus Hao

KOMRJIEKCHBIMU YUCTTAMU. fpﬂprI HPE()CHHIHJIEHHH.
AOKYMEHT MNOANWUCAH

ANEKTPOHHOW NOANUCHIO YHUTBHCA HMCIIOJIB30BATE HNX JJIA PACHCTA
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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1 AHA4JII134 L[EHEf’I IICPCEMCHHOI'O TOKA.

OcHoébl meopuu.

YhnopsgoueHHass Iapa [ABYX JACHCTBUTEILHBEIX dYncen (X, )) Ha3BIBaeTCA

KOMWIEKCHbIM YUC/IOM I = (}:, }-’). MHO%€ECTBO KOMIUIEKCHBIX YHceNI 0003HauaeTcs C .
Yucna Buga (x, 0) — aTo gelicTeuTenbHEle uncia, uncna Buga (0,y), rme y =0
ecTb uncto MHumMmble uncia, uuciao (0,1) maumas eguumnia u odoz”auvaerca 1= (0,1),
Torga (0, y) = y(0,1) =iy, uncno (0,0) ecTs geiicTBUTEILHOE UNCIIO HYJIb.
Uucao x=Rez mHazwBaerca oOelicmeumenvHoli (BEIIECTBEHHOII) UacTBIO
KOMIUIEKCHOTO YIICIIa ZZ(x, y):, a unciio y=1Imgz MmHuMOI YaCTBbIO KOMILIEKCHOIO

HIl1CJIqa.

Ba KOMIIJICKCHBLIX YIHCIIa ; — (X, V n Z» —\ X9, Vs ), HAZEIBAKOTCA PAGHBLIMI,
1 1.1 2 2272

€CJIN PaBHBI X JEIICTBUTENbHLIE I MHUMBIE UACTI, T.€.
=2 < X=X, V= 2.
CoOTHOIIIEHNE OOJbIIe-MEHBIIIE I KOMIUIEKCHBIX YUCEN HE BBOJUTCS.

KommexcHoe uncio Z =(x, y) = x+ 1y mobpaxkaercs B Iockoctu XOY Toukoii

M ¢ xoopaunHatamu (x,y), 1100 BEKTOPOM, Hayajlo KOTOPOro Haxo uTcs B Touke O(0,0),
a xoHeIll B Touke M(x,y) (pucyHoxk J.1).
B mosspHOI cucTeMe KOOpANHAT MOJIOKEHNE TOUKH Ha IIJIOCKOCTH OIpEAesIseT s

€cC PaCCTOAHIICM L OT IIOJIKOCA O:

OM ‘ = p (p HOISApHBIN paglyCc — BEKTOP TOUKH) H

yVIJIOM (@, 00pazoBaHHBIM OTpe3koM OM monsipHoil ockro Ox (@ NOJISAPHBLII YIOJI TOUKN ).

Yroi @ CHHUTACTCA IIOJIOKHNTCIIBHBIM IIPpH OTCUCTC OT HDHHpHDﬁ OCIH IIPpOTHB JacoOBOU

CTPCIJIKIL.

n
AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TaTeAHa AnexkcaHapoBHa > Y
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Pucynok 5.1 — M300pakeHne KOMIDIEKCHOTO YNCIIa

ﬂ@ﬂﬂ'mﬁuﬂ HAO KOMWNJIEKCHbIMU YCIaMU
TTycTb JaHHL 2y = (X, V;) 1 2o = (X5, Y, ), Torza
21tz = X0,y £ ;).

2120 = (XX — V1 Y2, X1 V2 + X)),

Z XiXr+ViVy X9 Vi —X;V
<1 _ | MA2TYIY2 A2 1.2 ,Zgiﬂ.

w2 2 2

2

Xy T V2

Z = x+iy — anrebpanueckas gopma 3amucu KOMIIIEKCHOTO YNCIIa, TOr/a

21t 2y = (0 +iy )£ (g +iyy )= (x x5 )+ iy £ 35),
21722 = (xl T 1Y )'(-’Cz 1)) ): XjXp TIX Yo +
' § ‘2 § 5 e 5 § : § §

2 V1 1Y2 =\ XX = Vi )2 1Y2 T X2 V1)

+ixy y iy vy = (x5 — v yo )+ ilx v, +x33;)
Kommnexkcunle uncna Z=(x,y)=x+1y un Z=(x,—y)=x—1y, y KOTOPEIX
nelicTBUTENbHBIE YacT! PaBHEBL, 4 MHUMBIE OTJIMYAIOTCS 3HAKOM, HA3BLIBAIOTCS 83AUMHO

CONPAHCEHHBIMU IUIN KOMNJIEKCHO CONPANCEHHBIMIL.

HerpyaHo BUAETE, UTO |z" = ‘z"| = \/.1:2 + y2 , argz ——argz (kpome uncen z=x<0
. I HUX argz=argz =7 ).
JlenneHne KOMIUIEKCHEBIX UHCEII B aliredpandeckoii popme

G _ Lt K EYi Y, XN T

= 2 2 2 2

ILE?ICTBHTEHEH&H HacTbk X = REZ I MHIMaAA HaCTb V — Imz KOMIIJIEKCHOI'O HIICJI4

£ BBEIPAKAKOTCAH HCPC3 COIIPANKCHHBIC KOMIUICKCHBIC HICJIa CJICAYHROIIIIM DﬁpEIBDMZ

Z+2 .2—2 2—2Z
Rez=——, Imz=1i = —.
2 2 21

IIpumep 1. Ilokazats, uto z;, +2, = 2; + 2,.

Pemenne. )_—[DKEI}I{EM 3TO PAaBCHCTBO, HCIIOJIB3YA OIIPCACIICHIIC

JOKYMEHT NoAanncAH —

SMEKTPOHHOW NMOANUCHIO —iy)+ (X —iy) =7+ 25
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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IIpumep 2. Haiitu npousBeieHne 1 YacTHOE YUCEN Z; = 2— 31 U 2, = —4+1.

Pemenue.

2120 =(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 (—4+i)-4-i) (4P -2 4+l

~11+10i 11 10i 11 _.

- =—— 4+ —=——+2i,

5 5 5 5

2, —4+i (-4+i)2+3i) -8-12i+2i+3i® -8-10i-3
g 2-3i (2-3i)2+3i) 22 -(3)P  4+9
_—11-10i 11 10i
13 13 13

(1—2i)(2-3i)
(3 —4i)(4-5i)

IIpumep 3. BEIUncInTe 3HaUeHIUE BREIPaKEHIS

Pemenne. HCHOHBB}’H IIpaBIJIa PACKPBITIA CKOOOK 1 BREITIOJTHEHU ,[[EﬁCTBHﬁ Ha/l

KOMILUICKCHBIMI HHCJIaMI1, ITOJIYVHIIM

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

(8 +31i)8—31i) 64 — 96152 1025 1025 1025

KommexcHoe uncio Z =(x, y) = x+ 1y mobpaxkaercs B Iockoctu XOY Toukoii

M ¢ xoopaunHatamu (x,y), 1100 BEKTOPOM, Hayajlo KOTOPOTO HaXoAuTcs B Touke O(0,0),

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

Y

NOKYMEHT NOAMUCAH

- >
SNEKTPOHHOWM NOAMMUCHLIO % X
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



Pucynok 5.2 — M300pakeHne KOMIDIEKCHOTO YNCIIa

B HGHHPHDfI CICTCMC KOOPAMHAT IIOJIOXKCHIC TOYHKH Ha ILUIOCKOCTI OIIPCACIIACTCA

CC PACCTOAHIICM p OT IIOJIKOCA O:

OM ‘ = p (p TOJAPHBIN palyC — BEKTOP TOYKU) U

YITIOM (0, 00pazoBaHHBIM OTpe3zkoM OM monsipHOIl 0ckio Ox (@ NOISPHBINA YTOJI TOUKH ).
YT0oJl (¢ CUUTAETCS IIOJIOKUTEIBLHBEIM IIPU OTCUETE OT MOJIIPHON OCU HPOTHUB YaCOBOU

CTPCIJIKII.
Ecmm Haugao ,[[EKHPTGEDE[ HpHMD}'TDHEHDﬁ CHUCTCMbLI KOOPpAIMNHAT COBMCCTHT C

IIOJIFOCOM, 4 OCH Ox HallpaBHUTE 11O HDHHpHDﬁ OCIH, TO IIPAMOVYI'OJIbHBEIC KOOPAIMHATEI X I1

y toukun M(x,y) U ee IoJHpHbBIE KOOPJAMHATHI L U (@ CBI3aHBl (POpMyJIaMU

X=pCOoSQ, y=pSMQ;

p=vx>+y?, rg@:f

Torma KOMIIJIEKCHOE YICIIO MOYKHO 3aIlICaTh B BIJE
Z=x+1y = p(Cos@+isin@).

OTta popmyJia JaeT TPUTOHOMETPUUECKYIO (pOopMy KOMILJIEKCHOTO Yncia. [Ipn

_ 2 .2
Z‘ = p= ‘ ,0‘ — Jx + y“ HAa3BIBAa€TCs MOOYJIeM KOMNJIEKCHO20 YA, a YIoJl

STOM,

@ = Argz — apeymeHmom KOMNIeKCHO20 Yiicaa. YTon @ = Argz onpeaeniercs
HEOJHO3HAYHO, a ¢ TOUHOCTRIO JO CJIaraeéMoTo, KpaTHOIoO 277 :

Argz=argz+ 27k, k=0,£112,... .
rjie arg(z) €CTh IJIJABHOE 3HAUCHUE Arg(z), OIPEACIIIEMOE YCIOBUEM — /T < arg z < 7T,

[IpUYEM

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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arctg i, anée,x > 0,
X
Yo e |
T+ arctg—, anée,x<0,y=0,
X

Y

arg(z) =4 —m+arctg 4 ,anee, x < 0, y(0,

X
ﬂ. [ QY
—, anée,x =0,y >0,
2
/] o maen
—5, anée,x =0,y < 0.

HmMmeroT MecTo CJIICAY FOI[HC COOTHOIICHITA

, COS(Arg(z)) =

y oo . / X
18(Arg(2)) =, sin(Arg(2)) = ——=— L
X \/IH—I—_}*H \/;c“—|—}:r“

J_IEEL KOMIUICKCHEIX YIICJIa {311 J» PABHEI TOTAa II TOJIEKO TOI'Jla, KOI'Jla X MOJY JII

PaBHEI, a X apTyYMEHTEI MO0 PaBHEL, MO0 OTIIMYAIOTCS Ha BEIMUNHY, KPATHYIO 27 :

, Arg(z;) = Arg(z,)+2m (n=0,£112,...).

‘Z-l‘ - ‘2'-2
Vmnoorcenue xkomnnexkcuoix diucen 8 FHPHEGHGME'FHPHHECKGIE @?GPME'
2y 2y = Py(cose, +ism@,)- p,(cos@, +ismp, )=

= PP, (COSP, cOSP, +i” sin @, sin @, +i(COSP, Sin @, +Sin @, COSP, )) =

= P1P(cos(@y + ;) +isin(@, + @, )).

To ecTn,
2125| =|z1|- |z, Arg(zy2,) = Argz, - Argz,.
OTO MOpaBUIIO pacIpocTpaHsIeTcd Ha Jno00€ YHCIO0 COMHOXUTeNnell. Ecnm
71 =2y =...= Z,, TO DOJIydnuM ¢popmyay Myaspa

7" = p"(cosn@+isin ng).

To ectn, |7

=", Argz" = nArgz + 27k, (k=0£112...).

CBOMNCTBA MOAYJIA KOMIUICKCHBIX HIHCCII

3

, [OKYMEHT nn,qnwclH Z=1 3. ‘ZIZE‘ = ‘Zl ”Zz‘ =
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E ‘

Imz‘ <

¥

6. |[Rez| <|z
5. '_:i,zz =0, ‘ e{‘i‘{

<9 )
8. 22| a1 <[22 — 21l

M
— 4",

4 ‘ZH

7. |z + 21| <|za| + |21l

leneHie KOMNACKCHBIX YlCell 6 MPUSOHOMeMPUYECKOoll hopme

—-
]

_ p(cosp +ismp,) p, (cose +ism @ )cosp, —ism@,)
P, (cos@, +ism @,)(cos@, —isn @,)

p,(cos @, +ism @, )
P, (cos@, cos@, +sm @, sin @,)+i(sin @, cos @, — S @, Cos@,)

g . g
cos” @, +sin ~ ¢,

E
ey

2
_ P : Q1
= L. (cos(p, — @,)+isin( @, — @,)).
£
To ecThb
e B | { _
— , Arg — = Argz, — Argz,.
2| |29 <2

H361euenus 13 KOMNIeKCcHo20 Yucia KOPHA n-oil cmenexil

arg z+ 27k . . argz+ 27k
+isin :

ﬁp(casgojtism P) = W COS
n n

rae k=0,1.2,....n—1.
Ota opMyia JaeT POBHO 1 pa3IMUHBEIX KopHell npu k =0,1,2,...,n —1.

TDT—IHH:. COOTBCTCTBYHROIINC 3HAYCHITAM E{/E:. ABIIAKOTCHA BCPHINMHAMI IIPpABIIJIBHOI'O

n-yroJlbHHK4, BIIMCAHHOI'O B OKPYXHOCTE paJHyca R:ﬂ"Z‘ C ILCHTPOM B HaHaAJIC

HIICCEJI

KOOpAHHAT.
ITOJIOKHITCIIEHBIX

KOMIIIIECKCHEIC CTCIICHII

JloxkazaHo, dYTO Ha
PacCIIpOCTPAHSIOTCS BCE IIpaBUia JECTBUN CO CTEIICHAMU I

e*=e¢ "V =¢" -e” =e’(cosy+isiny).

Ecnu x =0, To umeer Mecto gopmyna Diinepa:

e” =cosy+isin y.

Hcnomsaysa dopmyiry Diinepa, MOIVUNM emie ogHY (opMY 3alIUCH KOMIIIEKCHOTO

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOANMUCLIO
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o . e o
z=|z/(cos@p+isin@)=|ze'? =|z|e"™ =|z]e™™ .
Omnepaiyn HaJ 4icIaMH B II0Ka3aTelIbHo Gopme

= pe'? iy _ P iy _ i(p+@y) _ i(arg 7, +arg 25 )
21° 2 = pe'? - e’ = pip, - e Pe'™? = pip, et =|zy| - |[zo|e" B TR

1
ﬂ_ ;01E . pl _Ef(qol—qqz) o Zl‘ Ef(arg;l—argzg)
— - — — 1 ! :
<2 PEEI% P2 Zg‘
1 10~ 1 noin N (narcz
7 = (pg {F) =pe P — 7" "™ :

@2k arg z+27k
e " rne k=0L1.2,....n—1.

?{/E:,ﬂ'wfﬁp:r{/;.g no —n

IlokazarenpbHasd (QYHKINA KOMIIJIEKCHOTO IIEpEMEHHOIo 7z f(z)=e* sBIsIeTCS

-
e

MEPUOAMUECKOII ¢ IIepuoJJoM 2 7Iki, TaK Kak

-

f(z+ 27ki) = e¥T 2™ = % . ™" = ¢ (cos 27k + isin 27k ) = e°,

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

27 2 ki
Ecmu z=0. 10 e =1nue ™' =1.

IIlpumep 1. KowmmekcHoe  uncino  z=—2+2+4/3i  IOpeacTaBUTL B

TPUTOHOMETPUUECKOIT (popMe.

Pentenue. 3nech x = -2, y= 2\@ .IIo popmyne r= ‘Z| = sz + }’2 ,

I[IOJIYHAaCM
r=(2)% + (232 =Ja+12=4.

IIo popmymam

X X . ’ ’

CDSQ?:—: ;S]Il(p:l: ) .
r 2 2 r 2 2
X+ y X+ y
IIOJIYHaCM
o2 Lo J3
COS@P=——=——_ SN Y = —.
4 2 2
AOKYMEHT NoarnnMcAH
] SNEKTPOHHOWN AOANMMCLIO ;}(( T €
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@Ii%?f+2ﬂk,k€z

rae Z — MHOeCTBO HeNbIX uncen (0, =1, 12, ...).

2
Ilockomeky @ npuHagiaexut Il uerBeptu, To @= Argz =—m + 27k, a TIIaBHOE
2
3HAUCHNE apTyMEHTa @ = gﬂ"
[IoaTOMY YHCIIO Z B TPUTOHOMETPUUECKON JOopME NMEET BUJ
27 . 27
7 =4(cos— +sin—).
3 3

Mok HO ICNOBL30BaTh U APYTUE 3HaAUCHUS Argz:

z=4 ca{z?ﬁJrZﬂk}Liﬂm[z;JrZﬂkj L k=0+112,....

IIpumep 2. IIpeacTaBUTE 1215 () 2} 1 =—1+ i3 , Zp=1— i3 B

TPUTOHOMETPUUECKOI (pOpME.

Pemienue. Tak xak r :\f(—l)z +(«/§)2 =2, 1gQ, :—\? :\/i Ho y>0, x<0,

2 2 . 2
TO €CTh @1:5?1’:, TO ZIZECDSE}’I—FESU};H}? a r2:\/12+(—\/§)2 =2,
3 T
rgq::’z:—\/l_:\/i HO y<0, x>0, TO ECTh @zz—g, TO
T . T
7y =2 CG{——)-F zsm[——)
3 3
. {1
IIpumep 3. Halitu , IpeABapUTEIILHO 3alllCaB KOMIUIEKCHBIE UNCIIa B

{733

TpUroHoMeTpuueckoit popme, ecmu z; =1+i, 2, = V3+im Z3 =1+ J3i
PemeHne. YUuTteiBas 4To, — 7 < @ < 7 , HAIJIEM MOJIEJIb I apIYMEHT KaxJOro

KO/ AOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCLIO
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VIS 7, :r1:\/12+12 =2, @, :ﬂrcrgIZE,

hinp s ZE:FEZ\/(\@)Z—I—IZ —21u qoz:arcrg\/lg:z,

IS 23 1 3 :\/12 +(\/§)2 =21 @, :arcrg«/gzg.

TGI‘,I[EI 341aHHBIC YICJId B Tle"DHDMETpH‘-IECKDﬁ (I)DPME HMCHOT BI1/

T T T T T T
7, =~/2(cos= +isin = , 7, = 2(cos—+isn—), z; = 2(cos—+isin —).
! ( 4 4) 2 ( 6 6) 3 ( 3 3)
CleJoBaTeILHO,
T T T T T T T T
252, = 2(COS—+isin —)-2(cos—+isin—) =4(cos(—+—)+ismn(—+ —)) =
2 6 6 3 3 6 3 6 3
= fil(f:n::'-f-;E + isIn E).
2 2
Torna
T .. 7
Z, ﬁ(cm;+zam4) NG r T oo
— = —-(cos(———)+isin(———)) =
2223 4(CDS£+fSi[1£) 4 4 2 4 2 ,
2 2
V2 T, .. 7
— —-(cos(——)+ismn(——)).
2 ( (4) ( 4))
IIpumep 4. Hailiru .
+ 27k + 27k
Pemenue. /1 =3/cos0 +isin 0 = 0050 + iSIn 0 .

IIpu k=0,1,2 mony4aroTcsa KOpHU

&y =cos0+isn0=1,

a, :casz—ﬁ+ism2—ﬁ:l(—l+i\/§),
3 3 2
aﬁ:c054—ﬁ+ism4—ﬁzl(—l—i 3).

- 3 3 2
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IIpn k=3 oz =cos2zm +ism 2w =1, 94To coBmajaer ¢ . Bce mnocneayromue

KOPHH OyyT MOBTOPATLCS, TaK YTO Pa3IMUHBEIX KOpHEH OyIeT TOJILKO TPIL.
IIpumep 5. Haiitn (\/5 —6i)’.

Pernenue. 1) 3anumem uncio z =+/2 —+/6i B TpuroHoMeTpudaeckon Gpopme.

r=|z=J(2)% + (V6)> =2+ 6 = 8;

1
2!‘

COSP =

OTKYy Ja go:igjt 27k, k€ Z.

V4
Ilockobky yroia @ Jexur B ueTBepTu IV, To ¢@=——+27mk. MoXHO B3ATH

ITIaBHOE 3HAYUECHHE apryMEHTa @ = —%. Wrax, z=+/8 [005[ %] +1 Sin[ %D

2) ITo dopmyne Myaspa z =r" (cosm@ + isin mp) Haiinem 7

7> = (\/g)ﬁ[ﬂﬂ{ S;T}r isin[ S;D — 128@[0ﬂs§+ isin ;r} —

= 128\/5{% + g:,} = 64~/2(1++/30).

(Tak Kak —S—H%‘é [—FI';FI):,TD —S—H—FZ?I':E).

3 3
IIpumep 6. Haiitu Bce 3HaueHNS V7. Ipu 7 = 64+/2 (1+ J3i ).

Pemnenne. Halinem MoayJib 11 apT'yMEHT YIICIIA Z:

15

r=(6442)2(12 + (V3)1) =2 6442 =128/2 =22,

642 L o=t ok kez.
128+/2 2 3

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
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Taxk xax Rez>0 m Imz>0, To yron ¢ mexur B uerBepTu I IlosTOoMy

o="2+ 27k
3
B dopmyne w= 47 = W(cas@ + 27k +isin? i Zﬂk) MOJKHO B34Tb JIH00O€

n n

3HAUYCHUE apryMEHTa, B YaCTHOCTH (;9:5. [IoacTaRmsasa HallqeHHBIC 3HAUCHILL ¥ U () B

dopMy Iy, IOIYyUNM
4 A

— + 27k — + 27k
%/64@(1+\/§) :5\/128x/§ oS- 5 +isin 5

\ /

lloncraBmsasa 3HaueHus k =0,1,2,3,4, HalijgieM I[IAThL pa3jIMYHBIX 3HAUYECHUI ¥z

(YUUTBIBAs, UTO 2/128\/5 3272 =932 24/2 ):

Wo = 232 = [CD% +isin ) =22 = [cm + isin 7'?!)
15 15 15 15

Wy = 22 = [casm+ ismm} Wy = 22 (cmm+ ismm)
15 15 15 15

w42\/§[ca525—ﬁ+ism25—ﬁl 2\/_[{:()‘,_+5‘,j115_ﬁ}
15 15 3 3

—Zf{cm[?;]ﬂam[:sﬂ v LB

OcTalbHble 3HaueHNI K HOBBIX TOUEK Wi YiKC HC JdAVT. BaMETHM:, HTO, N3BJICKAA

KOpeHb S5-i cTrenenn u3 uncia Z =64v2(1++/31), MBI pemann 3agady, oOpaTHYIO TOI,

KOTOpas pasdupasnack B npuMepe 8, U KopeHb w, =+ 2 —+/6i) okazascs paBHBIM TOMY

HHUCIIY, KOTOPOC BO3BOJHIIOCE B 5-t0 crenenb. Ho KPOMC W4y, 6}’,[[ET CIIC -4 Pa3JINYHBIX

3HaAUYEHUI 5‘\1‘ g, COOTBCTCTBYHOIINIMC TOHKII Wpose.e s Wy PACIIOJIOKEHBI B BCPHINMHAX

AOKYMEHT NoanmncAH
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IIPAaBIWILHOI'O IIITHYTOJILHUKA C IIEHTPOM B Hayajle KOOpAWHAT U yAaJIeHkl OT Hadaja
KOOpPIMHAT Ha PaCcCTOSHUE 242

IIpumep 7. Pemurs ypaBHEeHUE 72 +27+2=0.

Pemenue. D= b’ —4ac=4—-4-1-2=4-8=—4;

JD =4 =J-1-4=2J-1=%2i

—b+t \/bz —4ac
I[To dpopmyie z;, = oy
—2+2i
ZI,Z — 2 :—1"‘;‘,’

IIpumep 8. ¢” =cosz +isin 7 =—1,
IIpumep 9. Pemuts ypaBuerne @ +32i = 0.

5 . .
Pemtenne. 3ammmeM ypaBHEHHIE B Buae @  =—32i, mwm o =3/—232i. Yucno

z =—32i 3anumemM B TpUroHoMeTpudeckoii hopme. Moayin umncia paBeH |z/=32 u Tak

- /A
KaK JCUCTBUTCIIEHAA HaCTh 3TOI'0O HHNCJIAa paBHAa HYJIIO, TO arg Z = —-——, TO €CTh

/=32 CD{ }T) + I,'Sil'l[ }T)
2 2

BHEIT—IHT:. PCIHICHIIC YPABHCHIIA IMCCT BILJI

! T .. T —90+360k . . —90+ 360k
@ = 32°5|| cos —5 +7sin _E — 2/ coSs : + Isin 5 :

3amnmmieM Bce HalileHHBIC KOPHU YPaBHCHI:
mpu k=0 @, = 2(cos(- 187 )+ zsin (- 18 )),
K=1 @ = 2(:.:05 54" + zsin 54‘3),

K=2 @, = E(UDH 126 +1sin 126 ),

?.-‘:2 I ""-.!‘(.___..'!!_"_H'__."IE|I '!!_":-'__."u\i!

NIOKYMEHT MNMOANUCAH
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HBDﬁpaBHE BCC HﬂfLI[EHHEIE KOPHII YPABHCHIIA HA4 KOMIUIEKCHOH INIOCKOCTII,
IIOJIVHIM BCPIIHMNHEI IIPABHJIbHOI'O ITATHYI'OJIbHHKA, BIINCAHHOI'O B OKPYHOCTL pPaJdyCd

2. TO €CTh

Ws

Pucynok 5.3 — KopHlu ypaBHeHIsI Ha KOMILJIEKCHOI INIOCKOCTH

Bﬂﬂpﬂﬂbl H 3aJJaHHUA:
|l. UTo HazpIBaeTCSI KOMILIEKCHBEIM YIICIIOM?
2. Kaxue (b{}pI\fII::I 3alllICU KOMIUIEKCHBIX YIICEII BEl 3HaeTe?

3. Hanit ,I[EfICTBHTEHEH}"IG I MHIMYHO HaCTH HIICJI4

N3

1 —i
V)
A\

6) (1+1)

(1-i)

4. Hantu MoAyJIb U apT'yMEHT KOMIUIEKCHOTI'O YHCIIa

12
a) [+,
a o ... T
0) —cos—+isin—,
7 7

B) (1+if -(1-iv3]".

AOKYMEHT NoanmncAH
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5. Brmmomnnure aquJMETHLIEGHHE ,[[EﬁGTBHH HaJd KOMIIVICKCHBIMITI YIICIIdAMII.

HBDGPHBHTﬂ Haﬁ,[[ﬂHHBIE yHcJla Ha KOMIIJIEKCHOU IIJIOCKOCTIL.

N+ 3 60+ 2i
V' 2-if-6+9

2+3; —(2— 3.;)
13‘/ T

15 3 1+21
1+1

1.7. 4/—128 +i128+/3 .

1.1.

=

1.9. f‘\/—8+1‘8\/§.

1.11. 4/—128 —i128+/3 .

1 L3S =60+ 2i
N (2-if-6+9

s L3I — 60+ 2
N (2-if-6+9

1.17. 3/—8i .

1o, oL 60+ 2i
o\ (2-if-6+9

(14+/3i] — 60+ 2i
1.21.\/ o v

/ﬁ+J1T 60 + 2i

ROKYMEHT NOAMMCAH
SNEKTPOHHOW MOANMUCHIO
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5 J(2-2i) +72 +4i
S\ (-2 +5

1.4. #(25)23.

(—1+i)

« 15
e 3\/33-(2+ 2if

(1+3i)14

1.8. ijl“‘*@ |
32

o J‘/—l—fﬁ
10. 5

1.12. 4/—8—i8/3 .

1.14. 4\/(_12‘6’:).

1.16. 4/— 128 — i128+/3 .

s 3\/(1—2;:)3 +(1+ 20

44 -(1+1i)

{20, - (2—-2i)" +72+4i
N (=20 450




| 25 4 (—1+\/§E). | 26. 4 (1+\/§£T—60+ 21"

2 (2—i) —6+9i

2

1216(2+3”24?;F”H. 12&3(2_ﬂi;3.
48 -(1+1) (—1+1i)

6.H3D6p&3]§1‘TE HafI,I[EHHEIE YICcJla Ha KOMIIJIEKCHOU IIJIOCKOCTH:

(1+«/§£T — 60+ 2i
2-i)-6+9

a) 4

(2-2i) +72+4i
(1—2i) +5i

0) 3

¥

(2+3i) —(2-3i)
48-(1+i)"

B) 6

Ipakmuueckana paboma NoJ.
Pacuem nepexoo0HbIX npoueccos ¢ HEPAa36emeJAeHHBIX JIUHEUHBIX JJIeKMPUUECKUX L enax

nepe6oco Hﬂpﬂﬂf{ﬂ Kiaccuueckum mMemoo om

Ileab: Hayuurca 1npoBoauThb pacder MEenu IIEPEMEHHOIO TOKa  IIpU

IHOCJICAOBATCIIBHOM COCAMNHCHIIN dKTHBHBIX 11 PCAKTIHBHBIX 3JICMCHTOB

OcHoebl MmMeopuu.

KHTYIJ]HH HHAYKTHBHOCTH B LCIIH CHHYCOMIA/IBHOI'0O TOKA
Ecnn KaTYIIKY NHAYKTIHBHOCTIH BKJIFOHHTE B IICIIE CHUHYCOIJ4JIBHOI'O TOKA,

H3MCHATOIICI'OCAH 110 3dKOHY.
1 =1 sin ot 6.1)

rae I, — ammnTy ga Toka;

™ TTM AT TN 1 J‘rn

AJOKYMEHT NoanncAH
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TO TOK B COOTBCTCTBIH CO BTOPBIM 3dKOHOM KHle"D(ba 11 3akoHOM OMa B 1000

MOMEHT BpeMEHH OyJIeT paBeH:

u+e,

| =
. (6.2)

1€ 4 — HAIIPSAXKEHHNE Ha 3aXNMaxX KaTyIIKI,

" — aKTHBHOE COIIPOTHBJICHIIE KaTYyIIKII,

di

df — 2. 4.C. CaMOHNHAYKIIII, pPdaBHAXd B34ATOMY CO 3HAKOM <«MHHYC»

e, =—L

IIPOMU3BCACHHNIOD HMHAYKTHBHOCTII L Ha CKOPOCTb H3MCHCHIIA TOKA. 3HaK «MHHYC»

OTpaxacT TO DﬁﬂTDHTEHBCTED? HTO HNHAYKTHPYCMAA 5. 4.C. IIPCIATCTBYCT H3IMCHCHIHEO
TOKaA.

Bripaxenue (6.2) MOXKHO 3alIlCcaTh NHAYE:

. T di
u=1ir—e, =1r + d_ (6.3)
{
O6G3HHT-IHM fi’ — Hr — 114 JICHIIC HaHpH}HﬂHI{H Ha aKTHEHOM CDHpDTHEHﬂHHH

L4

At — Uy IIaJICHIIC HAIIPAMKCHIIA Ha NHAYKTHBHOCTII.

B BrIpazxkeHnne (6.3) moacTaBUM 3HaueHue Toka u3 (6.1)

, d(I sin ot) _
u=1_rsmwt+ L y =1 rsm wt+1 wlLcosor =
[
7T (6.4)
=1 rsn wt+1 owlLsm| ot + >
M3 nmocneiHEro BEIpaKEHNs CIEYET, UTO
u, =1 rsmowt=U_sm ot (6.5)

I1O0 (I)E’LBE COBIIaJa€T C TOKOM, a IIaJCHIIC HAIIPAXKCHIIA Ha HHAYKTIIBHOCTII

T —_— -r _!__r E‘_';!"'!_(_!_fJ.—— == 1 S
NIOKYMEHT MOANVCAH & ) U, si| of+ ) (6.6)

SNEKTPOHHOW NOAMUCHIO
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1o (aze oneperkaeT TOK Ha YIoJl
HpDHBEE,[[EHHE NHAYKTHBHOCTII L Ha 4aCTOTYy (W NIMEET pasMECPHOCTH
COIIPOTHBIICHIA, I1 €CI'0 HA3BIBAOT HHAYKTIIBHBEIM COIIPOTHBJICHIICM.
X = o L (6.7)
IIpu mepexojie kK KOMIUDIEKCHOI (popMe BeIpaxkeHne (4) 3anIercs:
N T N e
U=U,+ U, =1Ir+ jlx, —I(I‘+JXL)— Ize™ =17 6.8)

B o CJIICIHCM BBIPAXKCHIII

Z=r+ jx, =[r? +x; e ) = e (6.9)

— KOMIUICKC COIIPOTHUBIICHNIA KATYIIKII.
Z — TIIOJIHOE€ COIIpOTHUBJICEHIE KaTYHIKH, €I0 MOXHO HalIT KakK OTHOIIEHHE

,[[E:ﬁCTE}’IGL[[HX 3HaYeHII HAIIPAMKCHIIA Hd 3dXHNMdX KATYIOKI H IIPOTCKAROIICIO IIO

KaTyIIIKE TOKa:

v
7 (6.10)

[
U=Um,1=_m

V2uo o2

B cooTrBercTBUM ¢ BhIpaxkeHueM (6.8) BEkTOpHas JAuarpaMma TOKOB U

HaIIpsIKEHNN OyJIeT IMETh B/, IIPeACTaBJICHHBII Ha puCyHKE 6. 1.

/| [ /[ /
,..-1 - . L 7Y Y i
L Ui i - —, -
e %00 T v B
Pucynoxk 6.1- BexTopHas quarpamma Pucynok 6.2 — Cxema COeIUHEHUS
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Ha pucynke 6.2 mpeacTariieHa cXe€Ma 3aMENICHNS KaTYIIKH HHIYKTHBHOCTHU.
BexkTtop majeHus HaIpsOKEHHS Ha AaKTUBHOM  COIIPOTHBIIEHUN  COBIIAJIAET IO
HaIIpaRJIICHUIO C BEKTOPOM TOKa. BekTop majeHns HaIpsDKECHUSI Ha UHAYKTUBHOCTU
ornepexaeT BekTop Toka Ha 90°. CymMma 3THUX JBYX BEKTOPOB JIa€T BEKTOP HAIPSIKEHIS

Hd 3aKHNMdX KaTYIIKIH. )_—[HHHB. ITIOCJICIHCI'O, KaK CIICAYCT I3 EEKTGpHDﬁ AHal'PpaMMBI.

U=\/U3+Uf =I-\/r2+xi =]-7

»

d HaYdaJIbHAA (1’)613&

_ U, _ )
p=arcig U ar‘crgT (M. popmyny 6.8 1 6.9)

I

Ecnu Ha BEKTOPHOM JuarpaMme KakIblil 13 BEKTOPOB TPEYTOJIbHIKA HAIIPSKEHUI

YMHOZKHTE Ha TOK, TO IIOJIVHHUTCA TPCYI'OJILHIIK MDH_[HDCTﬁﬁZ

- akTuBHasg MomHocte P =U [ = I’r=Ulcos@_Br,

- peakTuBHas MomHocTe O =U, [ = !ExL =Ul'sm ¢, BAp, (6.11)

- moTHast MoIHocTs O = Ul = \/PE +Q0% . BA.

OTHOIIIEHE aKTUBHOU MOIITHOCTII K II0JIHON Ha3bIBaeTC s KDB(I)(IJHL[HEH'I‘OM

MOITHOCTII.

P r

COS( = —
¢ S L (6.12)

KGH,E[EHCHTBP B LHCIIN CHHYCOHNIAJIbBHOTI'O TOKA

HampsokeHne Ha KOHAEHcATope Ue B JIFOOOII MOMEHT BpEMEHU paBHO 3apsly Ha

ero oOKJIagKax ¢, JeleHHoMy Ha eMKocTb C:

U, _E (6.13)
HDCKDHEI{}’ TOK CCTb KOJIMHCCTBO OSJICKTPHUHCCTBA, IIPOTCKARKOIICI'O HCPC3
IIOIICPCHHOC CCHCHIIC IIPOBOJHIIKA (E AaHHOM  CJIYHAaC — IIOCTYIIAKOHOICI'O Ha
| NOKYMEHT NoanncAH
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. dq .
I=E,DTK}-’,[[& Q=J.’5df.

[IoacTaBUB 3apsl, BEIPaKE€HHEIN Yepe3 TOK, B BeIpaxkeHue (6.13), moayduum

. I
u£=i=—m sin otdt =——"-coswot +U,
c C oC ’
e U{} — IIOCTOSIHHBIN 3dpAd Hada KOHICHCATOPC, KDTDphIﬁ IIPII BKJIKOHYCHIII

KOHACHCATOpPA Hd IICPCMCHHOC HAIIPAMKCHIIC OTCYTCTBYCT.

HDCHE,[[HEE BEIPAXKCHHUC IICPCIIMIICM, 3aMCHIIB KOCHHYC CIIHYCOM.

P . TE . TE
u, = sm| ot = IchE SN | wf —— (6.14)
oC 2 2 '
|
BEHHT—IHHH (I)C IMCCT pE’LBMEpHGCTh EOHpGTHBHEHHH: cC HARBIBAIOT EMEKOCTHEIM

COIIPOTHUBIICHHNCM KOHACHCATOPA I1 0003HaYaIOT Xc.

HpDHBEﬂﬂﬂHHﬁ Imx,c CCTb HHN YTO HMHOC, Kd4dK aMIIINTVJa HaIIpAXKCHIA Ha
KOHJACHCATOPC.
Imx[? — Ucm.

Kak BugHo u3 (11.14) sanpspkeHne Ha KOHJIEHCATOpe OTCTAET II0 (paze oT Toka Ha

yroJi /2. B xoMIUIEKCHOIT (pOpMeE 3TO BhEIpa’K€HHE 3aITUIIETCH:

U, =—j.xfl', (6.15)

COOTBETCTBYIOIAs BEKTOPHOI JuarpaMMa IIpeAcTaBlIeHa Ha pucyHKe 6.3..a.
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Pucynok 6.3 — BexTopHas guarpaMmma
[Ipn paccMoTpeHHU mpoliecca IMPOTEKaHHsS TOKa uepe3 KOHJEeHCAaTOp He ObBLIOo
VUTEHO TO OOCTOSITENLCTBO, YTO JUAJISKTPUK MEXKJy OOKIagkaMH KOHJEHCaTopa He
SIBJIIETCS UEeaIbHBEIM, TO €CTh €ro aKTHUBHOE CONPOTHRIIEHUE, XOTS U OUeHb BEJIMKO, HO

IMeeT KOHEUYHOe 3HauceHUue. B CcOOTBETCTBHU C ATHUM CXeMa 3aMCHICHITA PCaJIbHOI'O

KOHACHCATOPa MOKCT OLITE IIPCACTAaBJICHA TdK, KdK IIBD6pa}HEHD Ha PHCYHKC 64, d HJII

6.4.,0.

Pucynok 6.4 — CxeMa 3aMeIeHIs pealbHOTO KOHAeHcaTopa

JIna cxemel a B cooTBercTBHU ¢ (6.15) m ¢ 3akoHamu Oma u Kupxroda

CIIpaBCAJIIIBO BBEIPAXKCHIIC.

I=1 +1 =Ug+ jUb =U(g+ jb )=UY (6.16)
I'1€ g — HpGE{},I[I’IMDCTB ,[[HBJ'IE:I{TPHKEI;
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. 5 > jarctg / .
Yy =9+ be = \/g +b{~ € [ 5,] = ye” - xomrekc IIPOBOJINMOCTH

PCAJIbHOI'O KOHJACHCATOPA.

J{11s1 cXeMBI 6 CIIpaBe JINBO BEIpakKeHIE

U=U +U. =Ir—jIx =17 (6.17)

N3 (6.15) u (6.16) ciieqyer

U ] | 1 — ib b
—=Z=—ymZ=r—jx=——=5"L_ 8 ;% (5
I Y g+Jjb. g +b. y  y

BBH,[[}" TOI'O, HTO JBa KOMIIIICKCHBIX HIICJIa PaBHBLI APYI APVIY, CCII PABHBI HX

BEI€CTBEHHBIE YAaCTH U paBHEI KOA((UITMEHTE MHUMBIX dacTell, 13 (6.18) cneayer:

r=—f X, =—7. (6.19)

AHAJIOIM4HO ITOJIVHAKOTCA DﬁpaTHBIE BEIPAXKCHITA HpDED,I[HMDCTEﬁ KOHACHCATOpPA

HCPC3 COIIPOTHUBIICHITA.

g=—. b =— (6.20)

CHE,[[}"ET OTMETHUTE, UTO 3HAYCHUEC I' MaJIbI II0 CpaBHEHHIO C X¢, 11 €I'0 YaCTO HE

YHHTBIBAIOT, CHHUTAA KOHJACHCATOPEI I1/]ICaJIb HEIMIIL.

BEKTDPH&H AdI'PpaMMa HaHpH}KﬂHHfI AJE PCaJIbHOI'O KOHJACHCATOPA IIPCACTABJICHA

Ha puc. 6.3,6. Yrol 0 Ha3eIBaIOT YITIOM JUAJIEKTPMUECKHX [IOTEPE.

U" =arct T
U g . (6.21)

(& (&

O =arctg

I[.HH KaHYCCTBCHHBIX JH3JICKTPIHKOB 9TOT YI'OJI H3MCHACTCA JCCATKAMII MITHYT H
AdKC MITHY TdMII.

YMHOKIB Ha BEKTOPHOI AuarpaMMe pucyHKa 6.3, O BEeKTOpHI HAIPXKEHI Ha

L
TR TTATIRITITIAL TMaV TNTTL TTTTE AMATITIOTASTATTS
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S=UI.P=UI,Q=UI S=P-jQ (6.22)

IlocaenoBaTtesibHOE BKJIIOUEHHE AKTHBHOI O COIPOTHBRJICHHUS,
HWHAYKTHBHOCTH U eMKOCTH B Liellb CHHYCOHAAJIbHOI0 TOKA

PaccMOTpuM IIpOXOXKJAEHNE CHHYCONJAJIbHOT'O TOKa II0 IE€IM, COCTOSINEH U3
[IOCJIEAOBATEIILHO BKJIFOUEHHEIX PE3UCTOpA, KaTYIMIKN MHAYKTUBHOCTU M KOHJEHCATOpa
(pucynok 6.5). CrnemyeT wuMeTb BBHJAY, UYTO Ha JaHHOH CXe€ME€ 3aMEIMEHN
COIIPOTHURIIEHNE I YUUTHIBAET M aKTHUBHOE COIIPOTHUBIIEHUE KaTYIIKU MHIYKTUBHOCTHU U

dAKTHBHEIC IIOTCPH B AHNSJICKTPHKC KOHJACHCATOPA.

/ A [
O— Y Y ‘
\y 4 4 1Ly
!
O |

PHC}’HDH 6.5 — Cxema ITOCJICAOBATCIIbHOI'O BKIIFOYUYCHIIA PC3IHCTOPA, KAaTYIIKII

HNHAYKTHBHOCTH I KOHACHCATOPA

B cooTtBeTcTBUN ¢ 3akoHOM OMa 1 BTOPBIM 3dKOHOM KHle"dea 1A CXEMEBI

3aMeIlle s CIIPABEINBO BEIPAKEHIIE:!
U=U,+U, +U =l[r+j(x,—x)|=1Z (6.23)

COOTBETCTRYIOIINE BEKTOPHBIE JUArpaMMbI IIPEACTaBIEHEl Ha pUCYHKE 6.6 a,0,B.
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Pucynok 6.6 — BekTopHBIE JI1arpaMME]

Pucynok 6.6., a COOTBETCTBYET CIIydaro, Korja X; > X, IPU 3TOM TOK IIO0 ase
OTCTAa€T OT HapsIKEHI Ha yroj ¢. PucyHok 6.6,0 COOTBETCTBYET CiIydaro, Korga  Xi

< Xe, IIPH 3TOM TOK IIO (bELBE OIICPCHKACT HAIIPANKCHIIC. Ecin XL = X¢, TO TOK H

IPIUIOKCHHOC K LCIIN HAIIPAXKCHIC 11O (I)EI.BE COBIIaAAAarOT, BCJIIIMMHIHA TOKa B 5TOM CJIYHAC
OIIPCACIIACTCA TOJIBKO BEJIMUITHO I HAIIPAKCHITA 11 aKTHBHBIM COIIPOTHBIJICHHCM I, I HC
3aBHCHUT OT BCIIMHYHMHBI MHAYKTHBHOI'O I €MKOCTHOI'O CGHpDTHEHEHHﬁ. Takoi PCKIM
BHEHTPHT-IECHDE IICIIIT  HA3BIBAKOT PC30HAHCOM HaHpH}I{EHHﬁ. HpI’I PC30HAHCC

HAIIPSDKEHNI TI0JIHAsI MOIHOCTh paBHA aKTUBHOM ( <@ =0 u cos@ = 1), To ecTb U3 cetu

AlIeKTpHUUeckas ek peaKTUBHON MOITHOCTH He IIOTPeOIseT.

CorjacHO KJIaCCMYECKOMY METOJY aHaln3a I[IEePeXOJHBIX IIPOIECCOB PEIIECHNIE
HEOJHOPOJHOTO mHHelHoro auddQepeHIuaJIbHOr0 YpaBHEHHS MPEJCTaBILIET COOOI
CYMMy €ro 4acTHoro (IpHHYXKJIEHHAas COCTaBJLIOIas) ¢ OOINero peleHns,
[I0JIy4a€MOIro IIpH PAaBEHCTBE HYJFO IIpaBoil dYacTH (CBOOOJHASI COCTaBIISROINA).
IIpuHYXI€HHAass COCTaBRISIOINAS OIPEAEIIIETCS IIYyTEM pacdeTa YCTaHOBHUBIIETOCSH
peKIMa B IIOCIEKOMMYTAlIIOHHON CXEME U MpEJCTaBILIET CcOO0Il YCTaHOBHUBIIEECS
3HAUCHHE HCKOMOTO IIEpEXOJHOTr0 Toka (HampskeHNn:d) CBoOOJHAs COCTaBIISIONMIAS
ICKOMOTO TOKa (HaIpsKEeHMs) OOyCIOBJIEHA TOJBKO BHYTPEHHUMH HCTOYHHKAMI

[IOKYMEHT MOAMUCAH
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IIpu ananuze NEPEXOTHOTO MpoIlecca B AIEKTPHUECKON IENU KJAACCUUECKUM
MemoooM MOKHO PEKOMEH/I0BATh CJIEAYIOIII IIOPSA0K pacdeTa NCKOMOI BEJIMUNHEI:
1. IIoATOTOBUTL CXEMY 3IEKTPUUECKON IIENN K pacueTy:. BEIOpaTh HAIIpaBRJICHI

TOKOB B BCTBAX CXCMbLI IIPH IICPCXOJAHOM IIPOLICCCC.

2. OHpEﬂEHHTB HC3daBHCIHMbBIC HAaYaJIEHBIC YCJIOBIIYM — TOK B HHAYKTHBHOCTIH IL((}_)

u-(0-)

I HAIIPpAMKCHIIC Hd CMKOCTIH 13 pacHcTa OCIII JO KOMMYTAIlIII. Ha ocHoBanun

3dKOHOB KOMMYTAlMl TOK Ha HHAYKTHBHOCTII M HAIIPAXKCHIC Hd4 CMKOCTII HC MOI'YT

N3AMCHHITECH CKAYUKOM.
i, (0-) =i, (0 =i, (0, 0-)="O) =, (). (6.24)

3. llpeacTtaBUTh MCKOMYEO BEINYNHY, HaIpUMep TOK, B BUJAE CYMMBI JBYX

- - s 1= 1. +1
COCTABIIAIONINIX . CBOOOJHOIT I YCTaHOBUBIINICS (HpHHy}H,[[EHHDH) LA

4. OHpE,[[EHHTB YCTAaHOBHBIIYHOCA COCTaBIAROIIYIO IICKOMOII BEJINYHNHBL IIOCIIE
KOMMYTAIII, KOI'/[d HEpEKDﬂHDﬁ IIPOLECCC 3aKOHYIJICA.

5. OnpegenuTs OO BIJ 3aKOHA M3MEHEHUSI CBOOOHOII COCTAaBJISIONIEI:
5.1 CocTaBUTh XapakTEepUCTHUUECKOE YpaBHEHNUE JJI1 3aJaHHOI cXeMbI. J[J1d 5Toro
B II€II IIOCJIE KOMMYTAIId HEOOXOQIMO Paz0pBaTh BETBb C NMCKOMOI BEJIMYMHON (MM

KaKylO-JINOO JpYyrylO BETBb, KOTOpas HE COAEPKHUT HNCTOUYHMKA ToKka). Hailtu

KOMIIJIEKCHOE BXOJHOE COIIPOTUBJIEHUE I[CIIN Z(J®) oTHOCUTEILHO TOUEK pa3phIBa.
3aMEHUTh jw Ha | npupaBHATE BXOJHOE COIPOTHUBIEHNE K HYIIO, IIOJYUHNB, TAKIM
00pazoM, XapaKTEpHUCTUUECKOE YpaBHEHHUE Z(p)= 0

5.2 OnpenenuTsb KOpHU XapaKTepUCTHYECKOT0 YpaBHEHUS.

5.3 OnpenennuThk 0OMMII B CBOOOJHOI COCTABRILIIOIIEH B 3aBHCUMOCTH OT BHA

HDpHEﬁ XAPAKTCPHCTHHUCCKOI'O YPABHCHITA, HAIIPIIMCP, IJIA TOKA.

— CCJII KOPCHb XAdPaKTCPHUCTIHCCKOI'O YPAaBHCHMA OJ/IHNH, EEH_[ECTEEHHEIﬁ: TO

Par

— eCII KOpHeill JIBa, pa3/INYHLIX, BEIIECTBEHHEIX, TO i, = A, -e¢”" + A, - ;

AOKYMEHT MOAMUCAH EHHBIX, TO i = A -e” + At-e:
INEKTPOHHOW NOANMAUCHLIO )
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— eclIm  KOpHeH [JBa, KOMIUIEKCHEIX, CONPSKEHHBIX (p =a+jw,), TO

. o .
i, =B-e sm(w, + ).
6. CornacHo 1.3 3ammicaTh OOmMIT BUJ ICKOMOTO IIOJTHOTO TOKa (HAIIPSHKEHIL ).

7. OHpEﬂﬂHHTL ITIOCTOAHHBIC MHTCIPUPOBAHIA, HCIIOJIBE3YA 3aKOHBI KOMMYTAIIIHI 1

cuctemy auddepeHIIaJIbHEIX YPaBHEHHI, COCTaBJIEHHBIX II0 3akoHaM Kupxroda s

MOMeHTa BpeMeHU ¢=0+. IIpn 3TOM yUUTHIBaThL I1.2 U COOTHOWEHU i, (0+)=C duﬂ;?ﬂ ;
u, (0 = L 9O
dt

Bonipocskl 1 3agaHusA:
]. Kak ormmuyarorcg 1o aze HampskeHne U TOK B I[EISIX C aKTUBHBIM
COIIPOTURIIEHNEM, C NHAYKTUBHOCTHIO M C EMKOCTBIO?
2. YTo MNOHMMAIOT II0J AaKTHUBHBIM comnpoTurieHueM? Kakx oIpenenurs ero
OIILITHEIM IIYTEM B I[E€IIU IIEPEMEHHOTO TOKa?
3. Kak BEIUNCIINTE YITIOBYIO YaCTOTY M YEpe3 KPYTOBYIO HACTOTY f?
4. YTO MOHNMAIOT I10/]] IIOJIHEIM COIIPOTHRIICHUEM I[€IIN IIEPEMEHHOT'0 TOKa?
5. Kak BBEIUMCIINTE UHAYKTHUBHOE COIIPOTHURIIEHNE KaTYIIKU ONBITHBIM IIyTeM? Kak
OHO 3aBHCHUT OT MHAYKTHUBHOCTH 1 YaCTOTHI?
6. Kak  omnpemenurts  €MKOCTH  KOHJAEHCATOpa,  BKJIKOUEHHOIO B IE€Ib
CIHYCOHJIaJIbHOI'O TOKAa, OILITHBIM ITyTEM?
. YTO MOHMMAIOT IIOJ IIOJIHOI, aKTUBHONM UM PEAKTHUBHOIN MOITHOCTAMHN? KakoBo
MEXKIY HIMU COOTHOIIEHHIE?
8. YT0 Ha3BIBarOT KO3 (P PUIEHTOM MOITHOCTU B eI CHHY COUaIbHOIO TOKa?

9. YTo Takoe yroJi JU3JIEKTPUUECKUX IIOTEPh?

10. Kak BBHIUNCIINTHL aKTUBHYIO I PEAKTUBHYIO IIPOBOJMMOCTH KOHJAEHCATOpa 4Uepe’
COIIPOTHUBIIEHHUE €0 CXEMEI 3aMEeI€HIA?

11. Kak cTpodTrcd  BEKTOpHBEIE JAUarpaMMBl TOKa U HAOpsDKEHHS — IIPH

INIOCJICAOBATCIIHOM COCAIHCHIII dKTIIBHBIX I PCAKTHBHBIX JIEMEHTOB?

ONOKYMEHT I:ID,HI'IHCAH
] QNEKTPOHHOW MOAMUCHIO [aCTKa AJIEKTPUUECKOM 1€’
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13. Kakoil pexnM Haz3pIBalOT PEXKHIMOM pe3oHaHca HampsbkeHuit? Ilpm kakux

YCIIOBHAX OH BO3HHUKAaET?

14. YTo HaA3BIBAIOT 2.4.C. CAMOHNHAYKIHNIH, B PC3YJILETATC HCI'O OHa BO3HHNKACT, OT HCIO

34dBHCHT €€ BCIIITHITIHA.

15. Ecimu éMKoCcTHOE COIIPOTHBJICHIC C — »ayieMeHTa X,::, TO KOMIIICKCHOC
COIIPOTIHBIICHIIC Z,; 2TOI'O 3JIEMCHTA

OIIPCACIIACTCA KdK. ..

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

B) Zc =-jX¢ r)Z.=)Xec

16. MHAYKTHUBHOE COIPOTURIEHNUE X L IIPH YINIOBOIl HacToTe ®W=314 paj/c n BeIUINHE

[L=0.318 I H, cocTaBUT. .. L
a) 0,318 Om 6) 100 Om B) 0,00102 Om r)314 Om

17. HpEﬂCTaEHEHHDﬁ INCIIIT COOTBCTCTBYCT BCKTOPHAA JHdaI'PaMMa. ..

1 , R L
® M
U, U,
. ’
LI
a) 0)
I U I
o > >
U
B) r) .
Uu 4 1, U
> >
Ur I
NOKYMEHT NoanncAH ) >
SNEKTPOHHOWM NOAMNUCHIO L) I
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18. IIpu nHanpspxennu u(t)=100sin(314t) B HauanpHasA daza Toka i(f) B EMKOCTHOM

snemeHTe C COCTaBUT. .. ) ﬁ LF.
U,
a) W2 pan 0) -4 pan B) 0 pan r) 31/4 pan
19. Ecnu yactoTa f yBeImduTcs B 2 paza, TO €MKOCTHOE COIIpOTHRIeHNE Xc ...
a) HE N3MEHHITCS 0) yBeIuuuTcs B 2 paza
B) YMEHBIINTCS B 4 pasza ') YMEHBIIUTCA B 2 paza

20. IIpencTarneHHOII BEKTOPHOI AUarpaMMe COOTBETCTBYET. ..

a) MOCIIEeIOBATEIbHOE COEMHEHIE PE3UCTUBHOIO R 1 MHAYKTHUBHOTO L 3JIeMeHTa
0) éMKOCTHOII 351eMeHT C

B) NHIY KTUBHBIN 3JIEMEHT L

') pE3UCTURHEII SJIEMEHT R

21. EmxocTtHoe conporusienne X¢ npu Beanande C=100 mx® n gyactote f=50 I'ng

aBHO . .. C i

’ — =

U
a) 31,84 Om 0) 31400 Om B) 314 Om r) 100 Om
22 .HauampHas ¢daza HanpsKeHU u(f) B EMKOCTHOM seMeHTe C IIpU TOKe
i(t1)=0,1sin(314t) A paBHa... ﬁ L...

& i | 9

Uy

a) mw/4pao 0) m/2pad B) 0pao r) —z/2pao

23. BexTopHOII UarpaMMe COOTBETCTBYET CXEMa. ..

I
(2 > [/
L C L R
), Y Y { { . 0) /Y Y | .
R
E) R F)! ﬁ —i
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24.B uHIyKTUBHOM 3JIeMeHTe L. ..
a) HaIIpsKeHNe uy(!) COBIagaeT ¢ TOKOM iz(t) mo daze
O) HanpsKEeHNE ur(t) 1 TOK iz(1) HaXOOATCSA B IPOTUBO(]a3e

B) HaIIpSI2KEHNE Uy (1) OTcTa€T OT TOKa iz(f) mo daze Ha 7 /2 pao
I') HalIpsDKEHUE u; () onepexaeT ToK i;(t) mo daze Ha 7 /2pao

25. B akTuBHOM 3J1eMeHTe R. ..
a) HaIIpsiKEHUE u(t) COBIIaJla€T ¢ TOKOM i(t) Io dase
O) HaIpsKeHUE u(t) U TOK i(t) HaXOAATCs B IPOTUBOdaze

B) HaIIpsI)KEHME u(t) OTCTAET OT TOKa i(t) 1o aze Ha 7/2 pao
') HalIpsDKEHUE u(t) onepexkaeT Tok i(f) mo daze Ha x/2pao

26. B emxoctHOM niteMmente C . ..
a) HaIIpsiKEHUE U (1) COBIagaeT ¢ TOKOM i.(¢) mo ¢aze
0) HaIpsKeHUE U (1) 11 TOK i-(1) HaxXoAATCcS B IPOTHBO (paze

B) HAIIPSIKEHUE U(1) OTCTAET OT TOKa i.(f) 1o paze Ha 7 /2pad

I') HAIIpsDKEHNE U (1) oIlepexkaeT TOK i.(f) o ¢aze Ha = /2pao

Ipakmuueckas pabooma No6.
OnepamopHbsiii Memoo pacuemda nepexooHslX NPOUecCOs 6 JIMHEIUHbIX IJIeKMPUUECKUX Uenax
nepe02o nopAdKa. OnepamopHslii Menmoo pacuemd nepexooHsblx RPoUeccos 6 JTUHECIUHbIX

MIEKMPUUECKHX HENAX 6Mopo2o Hﬂpﬂﬂf{ﬂ

HEJ[[:: HOH}”—IHTB HABBIKII pPacHCTa IICPCXOJHBLIX IIPONCCCOB B Pd3BCTBJICHHLBIX
JINHENHBIX SICKTPHMHCCKIUX ICIIAX IICPBOI'O ITIOPAAKA OILICPATOPHBEIM MCTO/J0 M.

OcHoesbl Meopuu.

C}"H_[HDCTE OIICPATOPHOI'O MCTOJda dHaAJll3a IICPCXOJHBIX IIPOLCCCOB 3aKIIKOHACTCA
B TOM, HYTO ,[[ﬂﬁCTEHTEHLHEIE (l)yHHL[HH BPCMCHI, OIINCBEIBAOIIIC IIPOIOCCCEI B

SJJNCKTPHUHCCKIX ICIIAX H HA3BIBACMBIC OPHI'MHAJIAMIM, 3aMCHAIOT HX OIICPATOPHBIMII

| NOKYMEHT NOANUCAH
( 4
3¢ SNEKTPOHHOW MOAnUCHIO alrjiaca
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F(p)= Tf(r) -e”dr . (7.1)
0

IIpeoOpazoBanne Jlamnaca mpuBOAUT K 3aMeHe omepaluil uddepeHIIIpOBaHI I
NHTEIPUPOBAHUS OPHTHHAJIOB MNpH peleHnn auddgepeHualbHpEIX ypaBHEHHN Ha
aﬂret')pautlemme OIICPpalllll YMHOXCHIA 11 JCJICHIIA HBDGpa}I{EHHﬁ. Pemun IIOJIYHCHHEIC
anreOpanyeckue YypaBHEHUS B OIepaTOpHON QopmMe OTHOCHTEILHO M300paKeHUIl
HNCKOMLBIX BCIIMHIIH, IICPCXOJAT K OPHI'MHAJIAM, IIOJIVHAKOT PCHICHIIAA HNCXOJHBIX
middepeHINAIbLHEIX  YpaBHEHHUN,  OMNNUCHIBAIOIINX  IIEPEeXOJHEIII  MpoIlecC B

BHEHTpHLIECHDﬁ ITCIIH.
HpH dHAJIN3C IICPCXOJHOI'O IIPOLCCCa B BHEKTleIECHDﬁ LCIIIT OIICPAaTOPHBIM

MCTOAOM PCKOMCHIYCTCA CHE,[[}’IGH.[HE I[HOPAAOK PACHCTA.

1. H» pacdcTa LCIIM 0 KOMMYTAIIIN HalITH TOKH B HHAYKTHBHOCTAX IL(O_) 1

i (0-
HaHpH}KeHHH Ha CMEKOCTHAX C( ) ]

2. Ilo Bugy uccremyeMoil 3JIEKTPUYUECKOMN I[ENN II0CJIe KOMMYTAIlUl COCTaBUTH
omepaTopHyrO cxeMy (pucyHok 7.1). Ilo omepaTopHOll cXeMeé H3BECTHBEIMH METOJaMMU
pacudeTa Ieneil HaliTu n300pakeHe NCKOMOIT BEIINUIHEIL.

3. Ilo HBDﬁpEI}I{EHHIrD IICKOMOII BEJINMYNHBI HaUTH OpHUI'MMHAJI, T. €. HMCKOMYVIO

Y HKIIUIO BPEMEHIL.

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

Ifp)] 2pL .T,_'f
il Llu.r, . puf,(p) f-ly:cluc I(p)l Pfcm) Up(p)
Li(0) ;
- ; Y a e *

Pucynoxk 7.1- OnepatopHas cxeMma
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l. HPHMEHEHHE TCOPEMEBI PA3JIOMKCHITA. Ecnn I’IBD6pa}I{EHHE IICKOMOI BEJIINYNHBI

IMeeT BUJ pallioHaIbHOI Jpo0Ou:

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

-1 k ¥ (7'2)
F(p) bp +b_p" +..+bp +..+bp+bh,
rae a, U b, — JENCTBUTEILHLIE UNCIIA, p,, p,... — JENCTBUTEIILHBIE U pa3JINUHLIE KOPHU
XapaKTEepUCTUUECKOIO YpaBHEHUA F,(p)=0, TO
F( | " F(p,
(P) e piy= 3P e (7.3)
FE(P) k=1 FE(P,L-)
Ecnu mMHoroumneH F,(p) UMEET OAUH HYJIEBOU KOpeHb, T.€. F,(p)= pF,(p), TO
Fll{p) _* f{f) — F;{O) IZI: F{pﬂ ;:AI - (74)
pF’;{p) ‘ F’;{O) k=1 PAF (PL)
Ecim MHOTOWIEH F,(p) UMEET n Iap KOMIUIEKCHEIX COTPSIKEHHBIX KOPHEN, TO
‘F‘I(p) .:' f(f) — ZzRE F‘I'(pﬁ.) EFMF (7.5)
F,(p) k=1 F,(p,)
11 IIp1 OJTHOM HYJIEBOM KOPHE
F(P) . - FO { E(fm)fﬁ“} (1.6

pPF,(p) F,(0) o pF(p,

Eciam B 1memnun pgenctByeT cuHyconmganbHad OJIC, TO 3agady pPEKOMEHIYETCS
pelaTh A1 CBOOOJHBIX COCTABRISIOMIIX MCKOMBIX BEIMUNH. Jlanee, I MOIyUeHHOM
CXeMBl pacCUHUTaTh H300paXE€HUS HCKOMBIX BEIMYNH OJHHUM M3 H3BECTHBEIX paHee
METO/A0B (KOHTYPHEIX TOKOB, Y3JIOBEIX IIOT€HITUAJIOB I T.[.)

[Io HallleHHOMY H300pake€HHIO OIPE/IEIINTL OPUTHHAI NCKOMOI BEJINMYNHEL. J[11
STOr0 BOCHOJB30BaThCA JIHOO TaOJMIlaMU COOTBETCTBUSA (CM. MOPIJIOKEHHE), JIHOO
TEOPEMOU Pa3JIOKEHNS, IIPEACTABIIEHHON BHIIIIE.

Bonipocsl u 3aaHun:

1. MI3moxuTte CYI[HOCTh U 5TaIlbl pacueTa OIIepaTOPHBEIM METOIOM.
2. Kak yuUuTHIBaKOTCS HaYaJIbHLIE YCIIOBUS B OTIEPAaTOPHOM METOIE?

3 Tﬁnnﬁﬁnnrrmﬂ. ATTAMAMAMTTIIIT D AAFARATT AN ASMAGaTTITATTITIAT KHT}IU_IKI’I IIHMKTI&BHDCTI'I

NOKYMEHT ﬂDﬂI’IHCAH
_ SNEKTPOHHOWM NOANUCHLIO
4. .|Cepmcbmar: 12000002A633E3D113AD425FB5S0002000002A6 KOHJCHCATOPA.
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5. Kak ocymecTBRIsIeTCs NePEXo/1 OT N300pakeHNsI K OpUTHHAITY ?
6. O 4éM CBUJIETEJILCTRY €T HYJIEBOIl KOPEHb XapaKTePUCTUUECKOTO YPaBHEHMA?

7. 3annmure 3akoHel Kupxroda n OMa B oniepaTopHOII (popme
8. I cxeMsl (pucyHOK 7.2) aHo: e = 50+/2sin( 1007 +30°) B; r =20 Ow;

r=30 OM; L=0,5I'u. HaiiTu ommepaTopHEIM METOLOM TOK i IIOCJIE 3aMBIKaHILI KiIoda. (
0,5¢ " A).

9. OnpeenuTh OIepaTOPHLEIM METOJOM TOK i B cXeMe (pHCYHOK 7.3) mocie 3aMbIKaHUS
kroua. Jlano: J=6 A; r=100m, L=0.25TH. (6e™" A).

Fi s ¥

. 13 @ |3

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

.i"‘||T r

[IPONCXOTUT 3aMBbIKaHIE KJIEOUA.
Cf’\) E _ [TapameTpnl cxemul: E=90B; »=30Om; r

=15 0Om; L=0,1TH HaillTu n IOCTPpOUTHL

3aBICHMOCTE i(t). (277" A).

11. IlocnemoraTenbHublil KOHTYp rLC moaKIrOYaeTcs K UCTOUHHKY IocTosHHOII OJ[C E

pucyHok 17.1. OnpenenuTk HaOpsSKeHHUE u,. U TOK i, a TaKXKe X MaKCHUMaJlbHbIE

3HAUYSHUI BO BpeM: IlepexogHoro mpoilecca, ecnu E=120B; r=200wMm; L=0,11H, C

=2,49 MxOD.
(120 —120,1e™*" sin( 2000¢ + 87,1°) B; 0,6¢”'% sin 2000¢ A; 222.5 B: 0,555 A).
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3. Vuebno-memoouueckoe u un@hopmauuorHtoe odecneuerHue 0UCUUNIIUHDI
3.1 Ilepeuens 0CHO6HOU U 0 ONOJIHUMEJILHOU JIUMEPAMYPbl, HEODX00UMOIL 0J11 0C60EHUA
OUCUUNIUHBL

3.1.1 Ilepeuersb 0CHOG6HOIUL UM EPAMYPBbL:

1.Cokonenko, E. B. Teopua QyHKIHI KOMIUIEKCHBIX IIepeMeHHBIX. OIepallHOHHOe
HcuHciaenne: yieOHoe tocobme / E. B. Cokxomenko. — CraBpomnonb: CeBepo-KaBKa3cKii
denepanbHbli YHHBepCHTET, 201 7. — 199 ¢. PexxmM moctymna: hitp://www.1prbookshop.ru/83226.html.

2.MogemipoBaHHe B SIeKTPO3HepreTHke: yueOHoe TIocodme / A. @. IIlaramnos,
1 .H.Boporuukos, M. A. Macrtemnanenko [u ap.]. — CraBpononb: CTaBpOIOIbCKHI TOCYIapCcTBeHHbBIH
arpapHLIN YHHBEPCHTET, AI'PYC, 2014. — 140 C. Peximm IOCTYIIA:
http://www.iprbookshop.ru/47317.html.

3.1.2. Ilepeuernv 00noaHUMENLHOU JIUMEPAMYPLL:
Murpodanor C.B. MojenupoBaHHe B 3JIeKTPOsHEpreTHKe | OIeKTpoHHBIH pecypce|: yueOHOe

nocoone/ Murpopanor C.B., CemenoBa JI.A.— DIeKTpoOH. TeKCTOBBIe JaHHBIe.— OpeHOYpr:
OpeHOYprckui rocyaapcTBeHHBIH yYHHBepcHTeT, ObC ACB, 2015.— 144 ¢.— Pexum pocrtyIia:
http://www.iprbookshop.ru/61379.html.

3.2. Ilepeuens yuedHo-MemooOUUeCKO20 00 ecneueHu CAMOCIOAMeIbHOU pad omsl 00 yuarouiuxc

no oucyuniHe
1. MeTognyeckie peKOMEHIAIHH I ITOATOTOBKH K ITPAKTHYECKHM 3aHSITHSIM.
2. MeTtoamueckie peKOMEHIAIHH I10 OpraHH3al[HH CaMOCTOSTEIILHOH pabOThl CTYAEHTOB.

3.3. Ilepeuens pecypcoé uH@popmMauioOHHO-MEIEKOMMYHUKAUUOHHOU cemu «HHmeprem)y,

Heo0X00UMbBIX 0J11 0C60ECHUA OUCHUUNTIUHDI
L. «YHHBEpPCHUTETCKasA OMOIMHOTEKA OHITAaHH» - http://biblioclub.ru
2. «ONMeKTpoHHO-0nOmoreuHast cucreMa IPRbooks» http://www.iprbookshop.ru
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MUHUCTEPCTBO HAVKHU U BELICIIET'O OFPA3OBAHUS POCCUUCKON GEEPAITUU
OEJIEPAJIBHOE 'OCY JJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YUPEXJ/IEHUE
BBICIHETI'O ObPA30OBAHHMA
«CEBEPO-KABKA3CKWH ®EJEPAJILHBIA YHUBEPCUTET»

[Iaruropckwmit vHCTHTYT (pryman) CKOY

MeToaundecKkue yKazaHusi

I10 BBITTOITHEHHIO KOHTPOILHOH PadoTHI
o gucipnmHe « METO/IBI PEIIEHNU A 3A/TAY DJIEKTPOOHEPI'ETHKHA 1
JIEKTPOTEXHHUKIH »
JUL CTYAEHTOB HaIpaBJIEHH I IIOATOTOBKH
13.03.02 2IIeKTPO3HEPreTHKA H 3JIEKTPOTEXHHIKA
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1. ITo 3amanHOl cxeme n300pazuTh rpad SNEeKTPHUECKON CXEeMEI,

BBEIIEINTL JepeBO I'pada u CBI3U, IMPOHYMEpPOBaTh BETBU I'pada, IPHUCBOUB BETBIM
IIEpERa IEPBEIE MIOPAIKOBEIE HOMEPA.

2. CocTaBUThL MAaTPUIYy COECIUHEHNI 11 MaTPUIy KOHTYPOB.

3. Ilo 3agaHHBEIM HapaMeTpaM CXeMBl PacCUUTaTh TOKU BETBEIl CXEMBI, UCIIOJIb3Y S
3akoHBI Kupxroda.

4. PaccunraTh TOKU BETBEI CXEMBI, UCIIOJL3YS MaTPIUHBIN METO/T

KOHTYPHBIX TOKOB, METOJ V3JIOBEIX IIOTEHI[MAJIOB, METOJ SKBUBAJIEHTHOTIO
reseparopa.

5. IlocTpouThs NOTEHIMAILHY IO JUarpaMMy IS OJHOI'O 13 KOHTYPOB

0. HPDEEPHTB BEIIIOJIHCHHEBIC PACHCTEI, HMCIIOJIB3VA YPABHCHHIA SHCPICTHHCCKOI'O

OaJlaHca

BapHaHT 3dJIdHITA OIIPECACIEACTCAH 110 HOMCPY B CIIHNCKC I'PVYIIIIBL.

Bap | Puc. | Rl R2 R3 R4 R5 R6 El E2 E3 E4 E5 E6
OM 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 |0 0
9 1.19 { 10 18 6 15 220 | 20 0 0 15 48 0 0
10 1.20 | 165 | 90 68 20 120 | 100 |21 0 0 0 0 54
11 1.25 | 30 120 | 150 | 60 225 | 60 0 300 | 210 [ 0O 0 0
12 1.4 |23 18 15 12 12 10 0 0 0 30 0 24
i SNEKTAORHOMAGINNCSHO 0 |0 |30 o |o |51
L Ceprudbukar: —12000002A633E3D113AD425FB50002000002A6
Bnageneu; lLleBayxoea TateAHa AnekcaHapoBHa
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14 .10 | 14 |30 |24 [20 |45 32 10 75 27 |0 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
23 123 110 |40 |50 [40 |75 20 |0 66 |0 0 125 |0
24 1.18 {22 |64 |96 110 | 155 | 68 32 |0 0 0 24 |0
25 125116 |34 |20 [26 |47 30 |0 0 0 70 |0 25

CxXeMnl JJ1s pacuéra

Puc. 1.2

Puc. 1.1
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SNEKTPOHHOW NOAMUCLIO
12000002A633E3D113AD425FB50002000002A6

lLleBayxoea TateAHa AnekcaHapoBHa

CepTtudmkar:
Bnageneu;

Heincreutened: ¢ 20.08.2021 no 20.08.2022



Pue. 1.5

Pue 1.7
NOKYMEHT NoanncAH
3NEKTPOHHOW gleaigl%led=10)
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Puc. 1 13
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Pue. 115

RS

a0
Pue. 117

Puc. 1.19
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Pue. .23

Pue. 1.25

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



TEDpETHT-IECKaH HaCThb

e (CocrapleHUe CUCTEMEI ypaBHeHUIT Kupxroda

— 3aJlaThb IIPON3BOJILHO HAIlpaBIIEHNE TOKOB B BETBSIX CXEMHEI.
— YIIPOCTHUTh 3aJIJaHHYIO CXE€MYy 3aMe€HHB HCTOYHHKH Toka (MT) Ha ncTOYHHKH

HanpspkeHns (MH) o BeipaxkeHmo:

E =1IR, (1.1)
rae I, — TOK UT;
R.—COTIPOTURIIEHUE IIOKJIFOUeHHOE MapasuiesbHo ¢ UT.

— CocCTaBHUTL YpaBHEHUS II0 IIEPBOMY U BTOpoMy 2akoHaM Kupxroda.

IIo IICPBOMY 3dKOHY AJIA BCCX YV3JIOB CXCMEI CIIPABCIIINEBO.

>1,=0, (12)

rle [ — HOMEp BETBU JJI1 JAHHOTO y3JIa,
N — 4YICJIO BETBEM, COEIIHEHHEIX B Y3€Il.

3HaK TOKa IIpHU HAIIpaBJICHUN K y3JIy IIPUHNMAETCS IIOJIOKUTEIILHEIM, a OT y3JIa —
OTpULIATEIILHBIM.

YpaBHEHUS COCTABILIIOTCS A1 m -1 y31a, re m — odIIee YHUCIIO Y3JI0B CXEMEI.

— Omnpelenurs 3aMKHYTHIE KOHTYPEI CX€MBI JII COCTAaBII€HUS YpPaBHEHMII IIO
BTOPOMY 3aKOHY. B KOHTypax cXeMBl HOPOH3BOJILHO 3ajJlaTh HAIIpaBIIEHUS O0OXOJIOB

(0OBIYUHO II0 YAacOBOIl cTpesike). J[JIs kaxkJoro KOHTypa CIpaBe JIIBO:
k L
ZREIEZZEM (1.3)

e RE. . fi.— COIIPOTHUBJICHIC I1 TOK B IICII 110 HAIIPpAaBJICHHEO DGXD,HH KOHTYPaA,

k — KOJIIUecTBO CDHpDTHBHEHHﬁ II0 HAIIPpaBJICHHIO D6XD,[[H;

E. — 3JIC B 111X 0 HaIlpaBIEHNIO 00X0/1a KOHTYPa,

L — xonmdecTBO NCTOUHUKOB 3J[C B KOHTYpE.

AOKYMEHT MNOANMMCAH NTEJILHBIMIL, €CJIN X HaIllpaBJIIe-
3NEKTPOHHOW NOAMUCHIO
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HIISI COBMNAJAIOT ¢ HaIlpaBICHUIMHI 00X0Ja 1 OTpUIaTeIbHEIMI, €CJIN HAlIPaRJICHUS TOKA
n OJ[C He COBIIafarOT C HalpaBJIeHUueM 00X0/a.

YPHEHEHHH COCTABIJIAROTCA JJIA BCCX KOHTYPOB, PCIIUTE CHUCTCMY ypaEHEHHﬁI

-

(1.4)

llocnme pemeHns CcUCTEMBI YpaBHEHUII ONpPEAEIIFOTCA TOKM BeTBen. K
HEJOCTaTKaM MeTOJa pelleHHd ypaBHeHUI o IpaBumiaM Kupxrodga MOXKHO OTHECTH
OONIBIIOE YICJIO YPaBHEHUII B CHCTEME, paBHOE KOJIMUECTBY HEM3BECTHEIX TOKOB, UTO
MOYKET CO3/1aTh TPYJHOCTH IIPU pEIIEHNN 3ajau.

MeHb1ee 41ciio ypaBHEHNI COCTABIISAETCS 110 METOAY KOHTYPHEIX TOKOB.

e MeTo KOHTYPHBEIX TOKOB

CorJlacHO METOZY IIPEeAIojlaracTcs, 4YTO B KaXJOM HE3aBUCHUMOM KOHTYpE
[IpOTE€KaeT CBOU KOHTYPHHII TOK.
HezapucumMeIMI Ha3BIBaIOTCS KOHTYPEI, KOTOPEIE HMEIOT XOTS OBl OJIHY HOBYIO
BETBb, HE BXO/IAIIYIO B JIPYT'M€ KOHTYPHIL.
Yucno He3aBUCUMBIX KOHTYPOB CXE€MbI PABHO YNCITY YPaBHEHUI, KOTOPLIE HYKHO
COCTaBUTL I10 BTOpoMy 3akoHY Kupxroda:
n=N,—(N,-1)-N,, (1.5)

I'J1c NE— YIICJIO BETBEll CXeMbI; N, —4YHCIIO Y3JIOB, NT — HIICJIO HCTOYHIIKOB TOKA.

Y

B cxeMme, npezcraBleHHoil Ha pucyHke 1.12, 4nciao He3aBHCHMBIX KOHTYPOB
n=3.

[TpennomnoxkeHne o KOHTYPHBIX TOKaxX IIPUBOJUT K TOMY, YTO YUCIIO HEN3BECTHBIX,
I, COOTBETCTBEHHO, UNCIIO VpPaBHEHNIl, HEOOXOAMMEBIX JUIsI OIpEAeIeHNs STHX

HEHN3BECTHLIX YMEHBLIIAeTCs 0 CpaBHEHHIO C IIOJIHOM cHCTeMOil ypaBHeHuil Kupxroda

I PaeHO ""nmﬂéﬁhﬂéﬁ?ﬁaﬂﬁﬁéﬂﬁﬂ"m“ﬂ“ ﬁ*”‘"’"T MCTO/ ABJIACTCA tbaKTHLIETCI{H 34alllICERO
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IIycTh uMeeM cXeMy, COJEp KAy 1 HE3aBUCHUMBIX KOHTYpOB. COTIJIAaCHO
METOQy KOHTYPHEIX TOKOB B KaXKJOM k-M HE3aBHCHUMOM KOHTYpe€ IIPOTEKaeT KOHTYPHEII
TOK Ixx . B oOmeMm ciydae cucTemMa ypaBHEHUII JJII pacueTa KOHTYPHEIX TOKOB IMEET

BUT:

LRy + IRy + I3Ry3 + ..+ 1, Ry, = By

Iy Ryy + IppRop + I33Ry3 + .4 1y Koy = B (1.6)

J'ir] ]RH] + IEERHE + IESRHE Tt IIHIRHH = Enn

rae Rxx — nonHoe (COOCTBEHHOE) COIPOTHUBIIEHHE Kk-20 KOHTYpa, paBHOE CyMME BCEX

CDHpDTHBHEHHﬁ:, BXOJAITIX B 9TOT KOHTYP,

Rji — COIPOTURIIEHNS CMEXKHBIX KOHTYPOB;
i

E, =Y Ey — anrebpanueckas cymma OJ[C, BXOJSIUX B K-blil KOHTYD.
k=1

IlonmHOE (COOCTBEHHOE) COIPOTHBIIEHNE  Ryx BCerja IIOJIOXKUTeIbHOoe. Ecin

KOHTYPHEIE TOKU B 00IIell (CMEXHOI) BETBU MPOTEKAIOT COTTIACHO (COHAIIPaBJIEHHI ), TO

COIIPOTHBIICHIIA CMCKHBIX KOHTYPOB Rjk IIPIHIMACTCA IIOJIONHTCIIbHBIM 1, €CIII

KOHTYPHEIC TOKI HAIIPABJICHBEI BCTPCHHO, TO R;’k IIPITHNMACTCA OTPHLIATCIIbEHBIM. Co

3HAKOM «IIroc» OepyTcsa OJIC, HanpaBlIeHHE KOTOPEIX COBHAJAET ¢ KOHTYPHBEIM TOKOM
Ixk, a CO 3HAKOM «MUHYC» HaIlpaBIICHIE KOTOPLIX HE COBHAJMatOT C [kk.

KoHTypHBIE TOKN OIPENENIIIOTCAd IIOCJIE PEIIeHNsI CUCTEMBl ypPaBHEHUIL
WcTuHHBIT TOK (HCKOMEIII TOK) B JI:OOONM BETBU paBeH ajredpamdeckoll CyMMe
KOHTYPHBIX TOKOB, IIPOTEKAaIOIMUX II0 »Toil BeTBU. CO 3HAKOM «IUIIOC» OepyTcsd
KOHTYPHBIE TOKH, COBIAJAONIE€ C WMCTUHHHLIM TOKOM, CO 3HAKOM «MUHYC» —
HECOBIIAJAIOIINIE C NICKOMBIM TOKOM.

MeTo1 KOHTYPHBIX TOKOB II€JIECOO0Opa3HO IIPUMEHAThH, KOTJa CXEMa COIEpPIKUT

MHOI'O Y3JIOB, HO MaJIO HC3dBHCIHIIMEIX KOHTYPOB.

R Ao

NOKYMEHT NOAMCAH
SNEKTPOHHOW NOANUCLIO
Ceptudbmkar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



METD,[[ Y3JIOBBIX IIOTCHIHNAJIOB PAlIIOHAJIbHO IIPHMMCHATE, KOI'/Id B CXCMC

Y3JIOB MCHBIIIC, HCM HC3dBIHCIHMEBIX KOHTYPOB.

B ocHoBe MCTOJJ4a VY3JIOBEIX IIOTCHIHNAJIOB JICIKIIT HEpEI::-Iﬁ 3dKOH Kprmtba I

3aK0H OMa 14 yuactka 1enu ¢ 91C.

[IycTh cxema mmeer ynciio y3iaoB N, . Uncio ypaBHEHMIT, KOTOPBIE JOJIKHBI OBITh

cocTarleHEl 110 1-My 3akoHy Kupxrodga, paao Ny — 1.

HpHHHMaEM IIOTCHIMAJI OJHOI'O I3 Y3JIOB PaBHBIM HVYJIFO, T.C. YCIIOBHO 3a3CMJIACM

Cro.

IIycte @,,; =0. B o0meM Bujie ypaBHEHUs, COCTaBIEHHLIE 10 METOLY Y3JIOBEIX

IIOTCHIIAJIOB, IIMCIOT BIIJI.

i

Q161+ 2012+ 93613+ -G = N, G,
K=1

L]

n

(PEGEI + [-PEGEE + (pgf}'gg + ---LPHGEH — ZEF{GH
K=1

L]

(1.7)

e

n

PGy + 92G,2 + 936,53 +..9,Gy1, =Z E.G,
K=1

1€ GKK — coOcTBeHHAad IIPOBOAMMOCTD k-2o Y3Jla, paBHAA CYMMC HpDED,[[HMDCTEfI BCCX

BETBEIl, IPHCOSANHEHHBIX K K-M) Y3IIY:

G:ZG;L.; G;L.:R_:r (18)

G, — o01as IMpoBOJMMOCTE Y3JIOB «k» U «n», paBHaAs CYMME IIPOBOJUMOCTEIN BETBEII,
COCIUHSIONINX Y3JIbl «k» 1 «n». OOIIas mpoBOAUMOCTE Y3JIOB BCETJa OTPHIATEILHAS:

Gin =G == Gy
= (1.9)

n,

> E,G, — anrebpandeckas cyMma IipomsBeaeHnii 3/[C HCTOYHNKOB Ha IIPOBOANMOCTH
!

TE€X BETBEI, KOTOPLIE IIPHCOEANHEHEl K Y3IIy «k» U coaepxkar uctounuku SJ1C.

HpGHBEE,[[EHHE Eﬁ.’Gﬁ: 6EpETCH CO 3HAKOM «INJIKOC» B TOM CJlIyHac, CCIIH B

paCCMHTpHEaEMDﬁ BCTBIH B'I[C HalIpaBJICHA K Y3JIV {{k}}, 1 CO 3HAKOM «MHHYC», KOI'/ld
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Pemas cuctemy (1.7), HaxomsAT HOTEHIUAIBEI BceX V3J0B. VMCTUHHBIE TOKH
pacCUMTHIBAIOT II0 3akoHy OMa JUII ydyacTka IE€NH, II0 HalJIEHHON pPa3HOCTHU

IIOTCHIOIAJIOB ABYX Y3JIOB K KOTOPEIM IIOACOCAIMHCHA JaHHAaA BCTBL.

e (CocTaBJIEHHUE YPAaBHCHIIA SHCPI'CTHHCCKOIO OaJlaHca win YPaBHCHIIA Oajranca

MOIITHOCTEN

YpaBHeHHe OajlaHCca MOIITHOCTEN HMEET BH/I:

k m
DEL =301 R,, (1.10)
i=1 i=1
IJe kK —KOIHYECTBO HCTOUHHKOB 3 J[C, m — KOIMYECTBO COIMPOTHBIIEHHI B CXEME.
[Ipu cocTtaBineHHH ypaBHEHHS OallaHCa MOIMHOCTEH HEOOXOMHMMO VUHTEIBATh, YTO B T€X BETBSX
IIETH, IJI€ HallpaBJIIEHHE TOKa COBIIQJAET ¢ HampapieHHeM 3J[C, COOTBETCTBVIOIIHMH HCTOYHHK O/[C
ClIedyeT paccMarpHBaTh KaK TIeHepaTOp SHEPrHH, a B TeX BeTBSX, IJe HarpabileHHs J/]C M Toka

IIPOTHBOITOIIOKHEL, HCTOUYHHK JJIC clleyeT paccMaTpHBATh KaK ITOTPeOHTENb SHEPIHH, H B YPaBHEHHE

OalmaHca OH BXOJHT CO 3HAKOM MITHYC. Bce COIIPOTHBIICHHA, HE3aBHCHMO OT HaAIIPpAdBJICHIA

ITPOTCKAIOIICIO HCPE3 HHIX TOKA., ABJIIAOTCA HGTPE@HTEJIHIMHI SHCPI'HH.

* HDCTpDEHHE HDTEHL{HE’LHBHDﬁ AHaI'PaMMBI

[loTeHianpHasgd AHarpaMma ITO3BOJISET OIPEJENHTh ITOTEeHIHAalIbl BO BCeX TOYKAX H Y3JIax
cXxeMbl. Mcrmonp3yeTcd TIIpH JHAarHOCTHKE BO3MOKHBIX HEHCIIPaBHOCTEH B paboTe CXEMBI.
[loreHIManbHBIE JHATPAMMBI CTPOSTCS IS BBIAEIEHHBIX KOHTYPOB B (PYHKI[HH OT COIPOTHBJIEHHS
IIEITH OT IIPOH3BOIBHO BBIOpaHHOrO Yy37a. IIpH IOCTpOeHHH JHAarpaMMbl IPHHHMAaeM ITOTEHI[HAT
BBIOPAHHOI'O y3IIa PaBHEIM HYIIO @; = 0. PacyeT IMOTEHIHAIOB OCTaIbHBIX TOYEK IIPOH3BOHM COITIACHO
BRIOpaHHOMY HaITpaBJIeHHIO 00X0Ja KOHTYpa (IT0 YaCOBOH CTpellKe). 3HaueHHSI TOKOB IIPHHHMAIOTCS B
COOTBETCTBHH € PAacCUYHTAHHBIMH B IIPEAMISCTBYIOIMNX ITYHKTaX 3aJaHHSI CO CBOHMMH 3HaKaMH

HAITPaBJICHIH.

HGCTPOEHIIE: AHalrpaMMbl OCYIICCTBIDICTCA B MacImradax HElI[pH}I{EHIIﬁ

B OMm
my = —— ¥ CONPOTHBIEHHII M. =——. Ha auarpamme 1o ocH aGCIICC OTKIAIBIBAOTCS 3HAUEHUS
MM MM
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[IprmMep mmoTeHIM AL HOH JHAT PaMMBI IIPHBEIEH Ha pHCYHKE 1.11.

¢..B o
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PucyHok 1.11 — IloTeHinansHas guarpaMmMa KOHT ypa L[eITH

e |Ipumep pacuéra

B Ttabmmie 1.3 mnpuBedeHbl HCXOAHBIE JaHHBIE UII pacuéTa HapaMeTpOB

pPa3BETRIEHHON 1€ Ha pucyHke 1.12.

Tabmuma 1.3 — JlanHBIe 1 pacuéTa

ConporusieHns, OM HUctounuxkn, B, A

Ri R2 R3 R4 Rs Re E1 E2 | %)

130 40 60 80 110 45 12 13 0,3

Jns npeoOpa3zoBaHNE 3aJaHHOII CXEMEI B pacdeTHYIO HEOOXOAMMO IIPOM3BECTU
3aMEHY MCTOYHMKA TOKa Ha WCTOYHUK HanpspkeHusa. Ha pucynke 1.13 npuseaén

IHIPHHITHIT 3a MCHEIL.
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Pucynok 1.12 — DnexkTpuueckas 1ielb
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Pucynoxk 1.13 — IIpuHIuI 3aMeHBI ICTOUHNKA TOKA HAa NCTOUYHUK HAIIPSKEHI

[TomgcTaBuB 3HaUeHNS 13 TaOMUIE 1.3, MOIydnM:
r _ _ _
E,=R,-1,,=40-03=12B.
Ha pucynke 1.14 npuseneHa pacy€THas cXeMa Mocjie 3aMEHbI HCTOUHHKA

f
ToKa Jk> Ha HCTOUHHK HanpsokeHus E) .
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Pucynok 1.14 - Pacu€THast cXeMa 3JIEKTpHUECKOM 1ISTH

— OHpE,[[EHEHHE TOKOB B BCTEBAX CXCMEI 110 IIpaBIJIaM KHPXFD(I)H

TpeOyeTcsa mpoM3BOILHO 3aJaTh YCIIOBHO IIOJIOKUTEILHOE HAaIIpaBJICHIIE TOKOB B
BeTBiAX. OmpelennTs 3aMKHYTBIE KOHTYPHEL B CXEME€ U IIPON3BOJIbHO HAMETUTH
HalIpaBJIeHIE UX 00X04a IIPH COCTABJIICHNN YpaBHEHHUN (pUCYHOK 1.14).

YpaBHEHH 10 IIEPBOMY HpaBITy Kupxroda cocTaBIsSIOTCS 0 BhIpakeHmto (1.2):

> 1, =0, 1y Bcex y37I0B.

i=1

Yaema: —Is+1,-1,=0;

VYaenb: —-I,+1,+1, =0; (1.11)

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

KommgecTBo Y3JIOBBIX ypaEHEHHﬁ JOJIZKHO OLITL Ha OJHO MCHEIIIC KOJIMYUCCTBA4
Y3JIOB, TAK KdaK ITOCJICAHCC Y3JIOBOC YPABHCHIIC 6}’,[[ET ABIIATBCH TOXKIACCTBOM.

YpaBHEHI 10 BTOpoMy IIpaBWwIy Kupxroda cocTaRIIIOTCS IO BEIpakeHUo (1.3):

L

iU_;‘ — Z L
j=I i=1
[ kouTyp: IR —I,R,—I,R,=E,;
11 xounTyp: —I:R,+I;R;+I,R,=E,+E,; (1.12)
I1I kontyp: IR +I,R,+I,R, =0.

Takum oOpazoM, KOJIMYECTBO YpaBHEHUI IO IpaBmiaM Kupxroda paBHO YHCIY

He3BEeCTHLIX TOKOB. l1lociie IIOJCTAHOBKII sHAUeHUN IIAPpaMCTPOB.
(=1, +1,-1,=0;

1, +1,+1,=0;

I,+1,-1,=0; (1.13)
< [,-130—-1,-110-1,-45=12;
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I[,-45+1,-60+1,-80=0.

PemeHne cucTeMbl YpaBHEHUII OCYIIECTBIIETCS C IMOMOIIBIO IIPUKIIAJHBIX
nporpamMMm: EUREKA, Mathcad, mpunoxennsa Excel, mmn — kanpkyaTopa (METOAOM
Kpamepa).

Ilocie peneHns YucIeHHBIE BEJIMUUHEI TOKOR:

[, =0147A;1,=0,227A;1,=—0,118A;1, =0,109A;1, =0,080A;I, =— 0,038A.

OTPHI.[&TEJ]LHBIﬁ 3HAaK 119 TOKOB [3, [s 0O3HAYaeT, 4YTO HCTHHHOES HAIIPpaBJIICHHC TOKa

ITPOTHBOIIOJIOAHO HAIIPABJIICHIIO, EBIﬁpElHHOI\{}" IIEPBEOHAYAJIBHO B KAUCCTBC ITOIIOKHICIIBHOI'O.

— OHpE,[[EHEHHE TOKOB B BCTBAX MCTOJOM KOHTYPHBEIX TOKOB

YpaBHEHI COCTaBJLIOT TOJIbKO 1o II mpaBminy Kupxroda amis, Tak Ha3EIBa€MEIX,
(PUKTUBHEIX (KOHTYPHBIX) TOKOB, IIpeJIlojiaras, 4Yro TOK OJUHAKOBHIM JJII  BCeX

y4aCTKOBR BBEIOpaHHOIO KOHTypa. HampaBieHne KOHTYPHBEIX TOKOB IIPHHUMAETCS TaKOe

’Ke, KaK HallpaBJIeHne 00Xoja o npeaplayineil 3ajgaue (pucyHok 1.14).

b E, E,
‘ 55

R —» 1,

R[] R[] T
165
) |a R: [c

I Pl 1 jh

lg I3
Ry <+—],

Pucynok 1.15 — PacuérHas cxema 11 olIpeAeIeHsI KOHTYPHBIX TOKOB

I11, 22, 133 — KOHTYpPHBIE TOKI.

IH(RI +R; + R, )_ I,,R; — I, ;R =E;

r
IEE(RE—I_Rj—l_Rj)_IHRj_Iijj:E2+EE; (1.15)
ONOKYMEHT NoanncAH
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[locme INIOAJCTAHOBOK 3HAaUEeHUNI 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.

~

Pemenune cucremMsl 13 COCTaBJIEHHBIX ypaEHEHHﬁ IIO3BOJIACT OIIPCACIINTD

BEJIMUIHY KOHTYpHBEIX TOKOB: 1, =0,147A; 1,, =0,227A; 1;; = 0,109A..

Jlns onipenesieHns (paKTHUECKIX TOKOB B BETBIX COCTABUM YpPaBHEHUS, YUNTHIBAS,
YTO MCTHHHBINI TOK (MCKOMEIII TOK) B JIFOOOM BETBU pPaBEH alreOpamdecKoll CyMMe
KOHTYPHBIX TOKOB, MPOTEKAaIOIMUX II0 3TOl BeTBU. CO 3HAKOM «IIJIFOC» OepyTcd
KOHTYpPHBIE TOKH, COBIAJarolIUI€ C HNCTHHHBIM TOKOM, CO 3HAaKOM «MHHYC» —

HCCOBIIAJIAFOIIINIC C HCKOMBEIM TOKODM.
I, =1, =0,147A;
[,=1,, =0227A:
I,=1,;—-1,,=0109—-0,227 =—0,118A ;
I,=1,=0]109A:
I. =1, —I,, = 0,227 — 0,147 = 0,080A ;
I, =1,,—1,=0109-0,147 =—0,038A .

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

Omud m3 y3110B 3azemnsietcss @, —0 (pucynok 1.15). YpaBHEHHNST COCTaBIITFOTCS
JUIS Y3JIOBEIX TOKOB IIO IIEpBOMY ITpaBIUIy Kupxroda cormachHo (1.7, 1.8, 1.9):
yzena: @,G,—9,G;—9.G; =0;
yzenb: ¢,G,—p.G,—p.G,=—(E,+E,)-G,+E,-G,; (1.17)

yzenc: @.G, —-9,G, -G, =(E,+E,)-G,,

Ji Ji Ji Ji Ji Ji Ji Ji Ji
rme G,=—+—+— G, =—+—+—, G, =—+—+—.
" NOKYMEHT NOOMUCAH A\ A\ Rz R4 Rj
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4 1 1 1 1 1

—t—t— |-, ——@. — =0;
P60 110" 25) 110 Y60
Y B ] ] ] ]
—+— 4 —p ——¢ —=—(12+13)—+12-—;  (1.18)
< @"’[130 40 uo) @“uo g 40 ( )40 130
] 1 ] ] ]
—+— —p,——@ —=12+13) —.
- ﬂ[m 80 60) r 40 60 ( )40

Ilocre pemeHnst CUCTEMEBI IIOTEHIINATILL Y3JI0B PABHEL:
@ =169 B; o =—714 B; @ =87/ B.
J11s1 onipesiesieHnst TOKOB B BETBAX COCTABJIAIOTCS YPaBHEHNS I KaX /{011 BETBU.

1Ehffli'lin:'i’LEHiEHIi[."EI COCTABJIAROTCAH 11O CXCEME.

— EBIGHPHETCH OdMNH M3 Y3JIOB, YCIIOBHO CI'O IIOTCHIOMAJI IIPHHIIMACTCIH OoJILIIIE

IIOTCHIOIAJIOB APVYI'HX Y3JIOB,

— OT IIOTCHIIII4JI4d BBIﬁpElHHDFD Y3Jla OTHHMARKOTCA IIaJCHIIA H&HPH}HEHHﬁ Hd

COIIPOTHUBIICHIAX EBIﬁp aHHOI BETBII,

— HpH6aEHHEE}TCH HAIIPAKCHIA INCTOHHIIKOB BI[C: BKJIFOUEHHEIX B AaHHYIO BCTBD,

— PEIVIILTHPYIOIICC HAIIPAXMKCHIIC YPABHOBCIHINBACTCAHA IIOTCHIHNAJIIOM BTOPOI'O

Y3Jla B KOHIIC BCTBII.

Tok, HanpaBJIEHHBII OT BEIOPAHHOTO Yy3J1a, HIPUHUMAETCS CO 3HAKOM MIHYC,
a OJ1C — co 3HaKOM ILIIOC.
@, —R;l; =q@,;
@, +E,+E,—R,[,=,;

@ +RI;=@,;

(1.19)
o, —1,R,=0;
@, +1,R, =0;

@, +1R—E =0.

IIocne ITIOJACTAHOBOK.

- s
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I,=(p,—@ +E,+E,)/R,=(~7,14—877+12+13)/40 = 0,227 A;
I.=(p —@ )/R,=(169-877)/60=-0,118A:

I,=¢ /R,=877/80=0,109A;

I, =—@ /R, =—169/45=-0,0375A;

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

— JJ1s1 IpOBEPKH PE3yIbTATOR BEIUNCIICHNII TOKOB IIPOBEpUM OallaHC

MoIITHOCTel 110 3aBucuMocTtu (1.10):

[Ipu cocTaBneHHH ypaBHEeHHS OajlaHca MOIIHOCTEH HEOOXO MO ITOMEHSITH
HaIIpaBIEHHS TOKOB B BETBSX C OTPHIATEILHBEIMH 3HAUEHHSAMH, VUHTBIBATh, UTO B TeX BETBSX IIEIIH,
IJlc HaIlpaBIE€HHE TOKa COBIIaJacT ¢ HampaBileHHeM J2J1C, HX Ipou3BelcHHe OVAET IMOJIOKHTEIILHEIM,
T.€. MOII[HOCTh I'eHepHPYETCS. B BeTBsX, rae HamnpaBiaeHHs D J[C U TOKa ITPOTHBOIOIOKHBI, HCTOYHHK
OJIC cnexyeT paccMaTpHBaTh KakK IIOTpPeOHTENb SHepruH (HalIpHMeP - aKKyMYJISTOpP), H B YpaBHEHHE
O0ajlaHca OH BXOJHT CO 3HAKOM MHHYC. Bce COIMPOTHBIIEHHS, HE3aBHCHMO OT HallpaBIEHHS

ITPOTEKAIOIMICI'O UEPE3 HIIX TOKA, ABJIIAHOTCA HGTpEﬁHTEJIHTuﬂI JHCPI'HI:
E -1,+E,-I,+E -1,=I'-R+1I,-R,+1;-R,+1,-R,+1I.-R.+I_-R_ (1.20)
IIocne IIOJACTAHOBKI 3HaueHIII IIapaMCTPOB.

12-0227+13-0.227+12-0,147=0,021-130+0,051-40+0,013-60+0,011-80+

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

PEIBHHL[E’L COCTaBJIFET MCHCEC 4%? CJICJOBATCJIEHO, paCT-IéTBI BBIITOJIHCHEI IIPAaBIUIBHO.

CpaEHEHHE PE3YJIBTATOB, IIOJIVHCHHEIX B PC3YJIETATC HCIIOJIB30BAHIIA JBYX

METO/IOB IIPpUBEAECHO B Tabmuie 1.4.
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3HaueHNs TOKOB,
3HaUueHHUSI TOKOB, COTVIEHHLIE o
No [IOJIYUEHHEIE C Ty Paznuma B
HICIIOJIL30BRAHIIEM
TOKa IICIIOJIL30BaHIIEM METO/ a BBLIUNICJICHIISIX
o T TOKOR METO/1a Y3JIOBLIX
HIYP [IOTEHIINAJIOB
I, 0,147A 0,147A 0
I, 0,227A 0,227A 0
I -0,118A -0.118 0
I, 0,109A 0,109 0
L 0,08 0,08 0
I, -0.038 -0,0375 00,0005

H-r TEI.6HHL[E:-I BII/THO, HTO 3HAYCHIA TOKOB IIPAKTIHCCKIT OJIHAKOBEIC,
CJIICA0OBATCJIBHO, MOXKHO CACJIATE BBIBO/, HTO BBEIHHCJICHIIA IIPOBCACHEI, BCPHO.
BrruncieHns BEIIIOJIHSUINCE C ITIOMOIINBIO BHEIYMCIIUTEIILHO IIPOI'PaMMBI

KIOBPUKa.

— HDTEHL[HHHEHELH AHalr'paMMa

Bribupaem A1 MOCTPOEHNS NOTEHINAILHOI AUarpaMMbl KOHTYP ¢ HaJINYUEM
ncrounuka OJ[C —dabd. Ha pucynke 1,16,a npuBeeHa cxeMa KOHTYpa, a Ha pUCYHKE

1.16,6 — moTeHIManbHAS JUarpaMMma.

U, B

T .b’ a (a=0
¥

E]© Rg l Rs=110 Om R,=130 Om
Ie < >
5
3 Oh=-7.14 B
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Pucynoxk 1.16 — lloTeHnnansHas guarpaMmma

CITUCOK PEKOMEH/TOBAHHOMW JIUTEPATYPEI

OcHoBHas JIUTEpaTyYpa:

1.Cokomenko, E. B. Teopug ¢QVYHKIMIT KOMIUIEKCHBIX TIIepeMeHHBIX. OrepallHOHHOE
HcuHcleHHe: ydeOHoe T1ocobme / E. B. Cokomenko. — CraBponons: CeBepo-KaBkazckmit
(penepambHBIH YHHBepcHTET, 201 7. — 199 ¢. Pexymvm goctyma: http://www.iprbookshop.ru/83226.html.

2. MojgemipoBaHHe B D3IeKTposHepreTHKe: y4eOHoe T1ocobme / A. @©. Illaranos,
M. H.BopotHrkoB, M. A. MacrtemnaneHko [H 1p.|. — CraBponons: CTaBpOITOILECKHH IOCylapCTBEHHBIH
ar papHBIH YHHBEPCHTET, AI'PYC, 2014. — 140 C. Peximm IOCTVTIA:
http://www.iprbookshop.ru/47317 . html.

JlOmMOJIHUT eJIbHASA JIATEpaTypa:
Murpodanor C.B. MogemipoBaHie B 3MIeKTPO3HEPreTHKE [ONMeKTPOHHBIN pecypel: yueOHoe
nmocoone/ Murtpodarnor C.B., CemeHoBa JI.A.— DIeKTpoH. TeKCTOBBIE JaHHBIe.— OpeHOYpr:

OpeHOYPICKHH rocyaapcTBeHHBIN YHHBepcHTeT, ObC ACB, 2015.— 144 c¢.— Pexmm pocryra:
http://www.iprbookshop.ru/61379.html.

IlepedeHnb pecypcoB HH(POPMAIHOHHO-T JIEKOMMY HUKAINHOHHOM ceTH «lIHTepHeT»,
He00XO0NMMbBIX /ISl 0CBOE€HHA JHCIHILTHHbI

1. Vuueepcumemcrxas bubnuomerxa onnaiin hitp://www.biblioclub.ru
2. Dnexmpouno-bubnuomeunas cucmema IPRbooks» - http://www.iprbookshop.ru/
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MUHUCTEPCTBO HAVKHU U BBLICIIET'O OBPA3BOBAHUS POCCUNCKON GEIEPALIUNU
OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBEPA3OBATEJIBHOE
YUPEX/IEHHUE BEICHIETI'O OEPASOBAHUWA
«CEBEPO-KABKA3CKUU OEJEPAJILHBIM YHUBEPCUTET»

[Iaruropcekit HHCTHTYT (proman) CKOY

MeToandeckue peKOMeHIALHH

110 OpraHH3aIHH CaMOCT OSTEIIbHOHN PadoThl 00YUaArOIIIXCS
1o mucipIrmie « METO/JIBI PEIINEHW A 3AJIAY
OJIEKTPOSHEPI'ETHUKHA M SJIEKTPOTEXHHUKH »
IUIS CTYIEHTOB HaITpaBIIEHH IIOAT OTOBKH
13.03.02 D71eKTposHEPreTHKA H AIEKTPOTEXHHKA
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ComepxaHne

BBegeHie

OOI1mass XapakTepHCTHKA CaMOCTOSTEIIbHOH pPadoTel OOy4aromerocs IIpH
H3VUEHHH JUCIMIUIMHBL «MeTonpl peleHHsa 3agad SIeKTPOSHEPreTHKH H
BIIEKTPOTEXHHKH

[TnaH-rpadHK BEIIOTHEHHS CaMOCTOSTEIbHOH PadOThI

KOHTPOIBHEIE TOYKH M BHIBI OTUETHOCTH ITO HHM

MeToauuecKe peKOMEHJAIIHH T10 H3YVUEHHIO TEOPETHUECKOTO

MaTepHaa

CIHCOK pPeKOMeHIyeMOH JINTepaT yPHI.
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BBenenne

CamocrosrenpbHas padora — IUmaHupyemas yueOHas, yueOHO-HCCIIeJOBaTeIbCKas, Hay4yHO-
HcclleoBaTeIbcKass padoTa CTYAEHTOB, BBINIOJHSEMAas BO BHeEayIHTOPHOE (ayAHTOPHOE) BpeMs IIO
3aJIAHHIO U ITPH METOMUYECKOM PYKOBOJCTBRE TIPEITOAAaBATENI, HO 0€3 ero HEIIOCPEACTBEHHOIO YYaCTH A
(ITpH 4aCTHYHOM HEIIOCPEICTBEHHOM YYacTHH ITperoJaBaTells, OCTAaBILIOIIEM BEAVIIYIO POIb 3a
pPabOTOH CTYJIEHTOB).

CamocrosrenbHasa padora CTyAeHTOB B BY3e gBISeTCS BaXKHBIM BHIOM YUeOHOH M HAYYHOIH
HEeSITEIIbHOCTH CTYJIEHTA.

Benyiasa 1iens opraHuzaliii H ocvyiecTBiIeHHs CPC mgomkHa COBIIAJaTh C IENBI0 OOYUEHHS
CTYAEHTa — IMOArOTOBKON OakamaBpa C BRICIIMM oOpaszopaHHeM. IIpu oprammszaimn CPC BaXXHBEIM H
HeOOXOJHMBIM YCIIOBHEM CTAaHOBSATCS (POPMHPOBAaHHE YMEHHS CaMOCTOSTEIIbHOH pabOTHI IS
IPHOOPETEHN S 3HAHII, HABBIKOB H BO3MOKHOCTH OpraHH3alli YU4eOHOH H HaYUHOH JAESTEIBHOCTH.

[[empro caMoOCTOATENbHOH PabOTBl CTYAEHTOB SBIISIETCS OBJIaJicHHE (PyHIaMeHTaIbHEIMH
3HAHHSMH, ITPO(EeCCHOHAIbHEIMH VMEHHSIMH H HaBBIKAMH JIESITEJIbHOCTH IO IPOQIUIO, OIBITOM
TBOPYECKOH, HCCIEN0BATENBCKON MeaTelIbHOCTH. CaMocTosATeNnbHas padoTa CTYAEHTOB CIIOCOOCTBYET
Pa3sBUTHIO CAMOCTOSTEIBHOCTH, OTBETCTBEHHOCTH H OPraHM30BAHHOCTH, TBOPYECKOIO IIOAXOAA K
pereHHto IpodileM y4eOHOro H ITpo(PecCHOHATBHOIO YPOBHSL

1. OBIINAA XAPAKTEPUCTHKA CAMOCTOATEJILHON PABEOTHI
ObYYAIOHIEI'OCH ITPH U3YUHEHHUUN JINCIHHITJ/IMHBI
«METOJbI PEHIEHH A 3AJTAY DJIEKTPOOHEPI'ETHKH 1
IJIEKTPOTEXHHKIM»

K COBPEMCHHOMY CIICIHHAJOICTY 00IIeCTBO IPEABABIIACT AJOCTATOYTHO I_T_IHPGI{I]IUI IIEPEYUCHD
TpEﬁDEElHI]IUI: CpcAH KOTOPBIX HCMAIOBAAKHOC 3HAYCHIIC HMCCT HAJIHYHC |V  BBIIIYCKHIIKOB
OITpEACIICHHBIX CIIOCOOHOCTEH H YMCHHA CAdMOCTOATCIIBHO nOoOBIBaTE BHAHHSA H3 Pa3JIMYHBIX
HCTOYHHKOB, CHCTICMATH3HPOBATb ITOJIIVHCEHHYIHO I]H(l)DpMElI_[HIG:, AdBaTh  OIICHKY I{G}E{pETHGﬁ
(bIH-IElHGGEOﬁ CHTVYAITHI. (DCIPMIPGEHHHE TAKOI'0 YMCHHA IIPOHCXOIHT B TCHUCHIC BCCIO IICPHOMTA

Gﬁ}HIE}HIH HEPE3 YHACTHE CTYACHTOB B IIPAKTHUYCCKIX 3dHATHAX, BBIITOIIHCHHEC KOHTPOJIIBHBLIX 3aJlaHHH H
TSCTOB, HAIIHCAHHE KYPCOBBIX H BBRITYCKHBIX ICBEIJ]II(I)I]K&L[HGI—H—ILD{ pﬂﬁﬂT : HpH JTOM CaMOCTOATCIIbHAMA

pabora CTYJIEHTOB HI'PaeT PEIIArOIYIO POIb B XOJIe BCEr0 YueOHOI0 IIPoIeCca.
QOpMBI CaMOCTOSITENIFBHOH PabOoThl CTYAEHTOB paszHOoOOpasHel. B COOTBETCTBHH C paboueH

HPGIpMDﬁ AJHCITITUIHHBI {{BJIEI{TPDBHEPI‘ETHLIEGIGIE CHCTEMBI H CETH» IIPCAYCMOTPCHBI CJIICAYIOIIHE
BHIBI CAMOCTOSTEIIbHOH pEIﬁIDTLI CTYICHTA.

- CAMOCTOATCIIBHOC H3VUCHIC JINTCPAaTVYPHI,
- CAMOCTOATCIIBHOC PEIICHIIC 3a4a™,
- BBRITIOJIHEHHE KYPCOBOI'O IIPOCKTAa H KOHTPGHLHDﬁ pﬂﬁﬂT bI.
HEJH: CAMOCIIOAMENIbHOCO U3YUeHUA Jiumepamypbl — CAMOCTOATCIIbHOC OBJIAJICHIHEC SHAHIAMI,
OITBITOM HCCIIE0BATEIbLCKOH JCSTEIIbHOCTH.

3adauamil caMOCTOSITEIIbHOI'O H3VUCHHA JOITCPATYPhI ABIAIOTCH.

® }’T‘HY@HEHHE H paCHHpPcHIC TCOPCTHYCCKHX BHEIHI]IUI;
® QJGPMIPGEHIHIE }"I\IEHI]IUI HCIIOIIB30BdTh HOPMATHBHVIO, IIPABOBVIO, CIIPABOYHYIO
JOEVMEHTATTHEY M CTIETTHATTRHVHY MTHTAENAT VNIV
NOKYMEHT NnoanncAH
SNEKTPOHHOWM roanuceio H aKTHBHOCTH CTYIACHTOB.
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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HEJH: camMocmoame/ibHoco pedieHUA 3a0ay - OBIAJcHHE Hpﬂ(bECCHGHﬂHLHBIMI YMCHHAMI H

HABBIKAMI JCATSIIBHOCTH I10 HPD(IJHHID 6}",[[}"1_[[81?'[ AEATCIIBHOCTH.
3adauamu caMOCTOSTEIILHOIO PELICHIA 3aa ABJIAIOT CA.

® CHCTCMATH3aIllHA H 3dKPCIUICHHE ITOJIIYVUCHHBIX TCOPECTHYCCKIX 3HAHHH H ITPAKTHHYCCKIX

YMEHHH CTYIEHTOB,

® (prhﬂIpGEEH—]IIE CAMOCTOATCIIHOCTH MBIITIUUICHIA, CITOCOOHOCTEH K CAMOPA3BHTHIO,

CAMOCOBCPIICHCTBOBAHHIO H CAMOPCAIIH3aIlHH,
® Pa3BHTHC HCCIICAOBATCIIb CKHX }VI%{EHI]IUI.

B PE3VIIbTATC OCBOCHITA JH CITIILIHHBI QJGPMIP}JTOTCH CIICAVIOIIHE KOMIICT CHITII.

Kon, hopmymnmpoBka Kon, ¢ opmympoBka
KOMITETEHI[HH HHIHKATOPa

[ImannpyeMble pe3ylbTaThl
00y4YeHHS 110 JHUCIIHIUTHHE
(MOIYIIIO), XapaKTepH3YIOIIHE
aTarnbl POPMHPOBAHHS
KOMITET €HI[HI, HHAHKAaTOPOB

NJ1-2omx-3 [ IprmeHseT
MaTeMaTH4Ye CKHI armrapaT
TEOPHH () YHKI[HH HECKOIIbKIX
TIepeMeHHBIX, T€ OPHH
(YHKIHIT KOMITIEKCHOTO
IIepeMeHHOT' 0, TEOPHH PSIIOB,
TeOpHH JH(D () epeHIHATIEHBIX
ypaBHEHHH

OIIK-3 CrmocobeH ITpHMEHATH
COOTBETCTBYIOMIHH (PH3HKO-
MaTeMaTHYEeCKHI ararapar,

METOJIEI aHAIM3a U

3HaeT METOBI H alITOPHTMBI
IIPHMEHEHH S METOJIOB
MaTeMaTHYEeCKOr0 almrapara
TEOPHH (P YHKI[HH HeCKOIIbKHX
IIepeMEeHHBIX, TEOPHHA

() VHKITHIT KOMITJIEKCHOT O
IIepeMeHHOI 0, TEOPHH PSJIOB,
TeOpHH JH( PepeHIHaTbHBIX
YPaBHEHHI.

Birajeer MmaTeMaTHYeCKHM
arrmapaToM I pa3paboTKH
MaTeMaTHYECKHX MOJEIEH
IIPOIIECCOB H SBJIEHHI ITPH
HCCIEJOBAaHHH H PelIeHHH

MOACIIPOBAHITA, IIPHKIIAAHBIX 3aJ41
TCOPETHHUCCKOI'O H IJICEKTPOSHEPI' CTHEI H
JKCIICPHMEHTAJIbHOT'O SIEKTPOTCXHHKII.

HCCIICOJOBAHHM A ITPH PCHICHHH
Hpﬂ(l)EGCHDHElJ]LHBIX 3444

N1-3omx-3 IprveHseT
MaTeMaTH4Ye CKHI ararapar
TEOPHH BEPOSTHOCTEN U
MaTeMaTHYe CKOH CTaTHCTHKH

3HAET METOJIBI H aJITOPHTMBI
IIPHMEHEHH S METOJOB TEOPHH
BEPOSTHOCTEH H
MaTeMaTHYECKOH CTaTHCTHKI
B 00JIaCTH NEKTPOIHEPTETHKH
H 3IIEKTPOTEXHHKI.

[ IprMeHsIeT
COOTBETCTBYIOLIII
MaTeMaTHUYeCKHII alrapatr I
PeIeHN S 3a1ay
BIIEKTPOSHEPreTHKH H
BIIEKTPOTEXHHUKH.

AOKYMEHT [NOATNCAH CAMOCTOSATEILHOHN PABOTEI
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Kozpr Buj nesre IbHOCTH HT1oroBein Cpencrea
peane3yeMbIX CTYIEHTOB IIPOAYKT TEXHOIIOTHH KL OHTaKTHAL
. - CPC pabora C Bcero
KOITET €HI[HI CaMOCTOSTEIBHOIM OILIEHKH
ITPEITOAaBaTEIIEM
(HHJIMKaTOpAa) PabOoThI
2 cemecTp
OIIK-3  |CamocTosTemsHoe KoHcriekT KoMrmekT 63.36 7.04 70.4
NJI-2omx-3  [M3YYEHHE JHTEPATYPHI 3aJJaHHH H
MJ1-30mx-3 o TemaM 1- 8 BOITPOCOB I10
pasmaenam
I CIIMTTIIHEL
OIIK-3 |Iloaroroeka K KoHcriekT KoMrmekT 1,08 0,12 1.2
N-2omx3  PIeKIpisaM 3aJaHHi H
MNJ1-30mx-3 BOITPOCOB I10
pasmaenam
I CIIMTTIIHEL
OIIK-3 |Iloaroroeka K KoHcriekT KoMrmekT 2.16 0,24 2.4
NJ1-2omx-3 [IPpaKTHYECKHM 3aJaHHH |
MJ1-3omx-3 BaHATHIM BOITPOCOB I10
pasmaenam
I CIIMTTIIHEL
OIIK-3  |BremionHeHne KoHTponsHag Komriext 9 1 10
NJ1-20mx-3  [KOHTPOIIBEHOH PadOTHI pabora 3aJaHHH 71
MNJ1-30mx-3 KOHTPOIIbHOH
PaboTEHI
Hroro:| 75,6 3.4 34,0

3. KOHTPOJIBHBIE TOYKHN H BUJAbLI OTYETHOCTH 110 HUM
B paMxax peHTHHTOBOH CHCTEMEI YCIIEBAEMOCTE CTYAEHTOB 110 KayKIOH JUCIUIUIHHE OL[EHHBAETCS

B XOJA€ TCKYIIICI'O KOHTPOIIA H HpDME)I(}’I‘G‘H—IGﬁ dTTCCTAaIlIH.

HPH IMPOBCACHHH TCKYIICIO KOHTPOJIA pEﬁTIH—Il"GEﬁH OlleHKa 3HaHHH CTYJICHTA OICHHBACTCA

CIIEIVIOIIMM O0pa3oM:
No /11 Bug 1egreIbHOCTH CTVAEHTOB Cpoxat KOmiriecTBo
TTOITHEHH S 0aJU1oB
2 cemecT
1 |[lIpakTHUuecKOe 3aHIATHE 2 6 15
2 [[IpakTHYecKkoOe 3aHSTHE 4 10 25
3 [[IpakTHYecKOE 3aHSITHE 7 16 15
HToro 3a 2 cemecrp: 55

MakcHMAJIBHO BO3MOJKHBIH 0aJUl 3a BECh TEKYIIIHH KOHTPOIb YCTAHARIIHBAETCSA PaBHBIM J). Tekyilee
KOHTPOJIbHOE MEPOIIPHATHE CUHTAETCS CAAHHBIM, €CIIH CTYAEHT IIOIYYIUI 32 HEro He MeHee 60% ot
YCTAHOBJIEHHOI'O JIJIS 3TOI'0 KOHTPOJII MAaKCHMAIBHOrO Oaruia. PeNTHHIOBEIN OajIll, BRICTABIISIEMBIH
CTYAEHTY 3a TeKVIlee KOHTPOILHOE MEPOITPHATHE, CAAaHHOE CTYJIEHTOM B YCTaHOBJIEHHEIE IrPpadHKOM
FOIITHM OOpa3oM:

KOE AOKYMEHT NOANVUCAH
— INEKTPOHHOW NOANMMCHLIO
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3aJaHUA 0a/L1a 32 KOHTPoJIbHOE 3a/IaHHe)
OTIHYHBIN 100
X OPOIIHH 80
Y IOBJIETBOPHT €T HBIH 60
HeynoBineTBOpHTEIBHEIH 0

4. METO/JMYECKHUE PEKOMEHIAIINH 110 U3YUEHHUIO TEOPETHYECKOI O
MATEPHAJIA

CaMocTosarellbHass paldoTa CTYAEHTa HAYHMHAETCS C¢ BHHMATEILHOIO O3HAKOMIIEHHS C
CoIepKaHHeEM yueOHOI 0 Kypca.

HM3ydueHne KaXIOH TEMBI CIeAYeT HauMHATh C BHHMATEIILHOI'O O3HAKOMIIEHHSI ¢ HabopoMm
BOIIPOCOB. OHHM OPHEHTHPYIOT CTYAEHTAa, ITOKA3hIBAlOT, YTO OH JOIKEH 3HATh II0 JAaHHOH TEME.
Borpockl TeMBbl Kak OBl HAKIA[AbIBAIOTCS HA COOTBETCTBYIOINYIO ITIaBY H30paHHOrO yuyeOHHKA IJIH
yueOHOro nmocodus. B urore momKHO OBITH SICHBIM, KAKHE BOITPOCHI TEMBI YUeOHOI'O Kypca H ¢ KaKOH
IITYOHHOH PacKpPBITEI B KOHKPETHOM YUeOHOM MaTepHalle, a KakKHe BOOOIE OIVyINeHEL. Tpedyercs
TBOPUYECKOE OTHOIIEHHE M K CAMOMY COAEPKAHHIO I CIIHIUIHEI.

BOITpOCEL, COCTaBISIOIINE €€ cojepkaHHe, OOMaaroT pa3sHOH CTEIEHBIO BaKHOCTH. ECTB
BOITPOCKI, BEITOTHSIIONTHE (PYHKI[HIO JIOTHUYECKOH CBS3KH COJep KaHHS TeMBl H BCErO Kypca, HMeIOTCS
BOITPOCHI OIIHCATEIBHOIO IIH Pa3bsICHHUTEILHOIO XapaKTepa, a TaKKe HCTOPHYECKOro HSKCKypca B
o0nmacTh HM3YyYaeMOH [JUCIHIUIMHBEI. Bce HSTH BOIPOCEI HE COCTABIIIOT CYTH ITOHSTHHHOIO,
KOHIIETITYAJIbHOT'O COAEP KaHHS TeMBI, HO HEOOXOIMMEBI IS ILEIOCTHOI'O BOCIIPHATHS H3YYacMBIX
IIpooIIEM.

M3yyaemas JHCIIHIIIMHA HMEEeT CBOH KaTerOpHaIbHO-TIOHATHHHEBIN ararapaT. HayuyHele TTOHATHS
— 5TO Ta 0asza, Ha KOTOPOH CTPOMTCS KaxkJas HaykKa. [IOHATHS — Y3II0BBIE, OIIOPHEIE ITYHKTHI KakK
HAYYHOIO, TaK M Y4eOHOro ITO3HAHHS, JIOTHYECKHE CTYIIEHH IBHKEHHS B y4uede OT IIPOCTOro K
CIIOJKHOMY, OT SIBIIEHHS K CYII[HOCTH. be3 SICHOr O ITOHMMaHHS ITOHATHI yucOa KpaiHe 3aTPYIHACTCS, a
COAEPKaHHE IIPHOOPETEHHEIX 3HAHHIH CTAHOBHTCS TYCKJIBIM, PACIUIBIBYATEIM.

CTYIEHT OOIKEH ITOHHMATh, YTO CAMOCTOSTEIILBHOE OBIAJIEHHE 3HAHHSMH SIBISIETCS ITIABHBIM,
OIpeJeIIOINM. BEICIIIasa IKoiIa co3JacT IJIS 3TOro HeOOXOAHMEBIE YCIIOBHS, ITOMOracT OYAVIIEMY
BBICOK OKBaJTH(PHITHPOBAaHHOMY CIIEI[HAIMCTY OBJIAJeTh TEXHOJIOTHEH CaMOCT OSTEIBHOIO ITPOH3BO/ICTRA
SHaHHI.

B camocrosrenpHOH padoTe CTYAeHTaM IIPHXOAHTCS HCIIONB30BATh JIMTEPATYPY Pa3IHYHBIX
BHJOB: IIepPBOHCTOYHHKH, MOHOrpa(pHH, Hay4dHble COOpPHHKH, XPeCTOMATHH, Y4eOHHKH, Yy4eOHBIE
ITOCOOHS, KYPHAILI H Ip. HM3yueHHe Kypcea IIpeArioaraeT 3HaKOMCTBO CTYIEHTOB ¢ OONIBIIHM 00heMOM
HAaYVYHOHN H YUeOHOH JIMTePaTyPhI, YTO, B CBOI OUEPED, IIOPOKIAET HEOOXOHMOCTE BEIPAOOTKH Y HHX
PAIHOHAJIBHO-KPHTHYECKOT' O TTOAX0Ia K H3YUaeMBbIM HCTOUHHKAM.

YTOOKI HE «YTOHYTE» B OT'POMHOM OOBEME PEKOMEHOBAHHBIX MY JIJII H3YUEHHS HCTOUYHHKOB,
CTYAEHT, IIpeXIE BCEro, MOIKEH HAYYHTHCS IIPAaBHJIPHO HX 4YMTaTh. lIpaBHiIbHOEe 4YTeHHE
PEKOMEHJOBAHHBIX HCTOYHHKOB IIPEAIIONAraeT CIEeJOBAaHHE HECKOJBKHM HECIIOKHBIM, HO BECHEMa
TTOJIE3HBIM ITPABIIIAM.

[IpeaBapHTENBHEIN IIPOCMOTP KHHTH BKIIIOYAET O3HAKOMIIEHHE C THTVIBHBIM JTHCTOM KHHIH,
AHHOTAI[HEH, IIPEJHCIIOBHEM, OITIaBIeHHeEM. [IpH O3HAaKOMIEHHH C OIJIaBJIEHHEM HEOOXOIHMO
BRIJIEIIMTH pasjlellbl, TIaBhI, IMaparpadsl, IpeJcTaBISIONHe U1 Bac HHTepec, OerI0 HX IIPOCMOTPETH,
HAaNTH MecTa, OTHOCSIHecS K TeMe (abzallbl, CTpaHHIIBL, ITaparpadpl), H ITO3HAKOMHILCSI ¢ HHMH B
OOIIIX Yeprax.

HayuHble H3JaHHS COMPOBOKIAIOTCSA PasIMYHBIMH BCIIOMOTraTelbHBIMH MaTepHalaMH —

HAVUHRIM ATMTADATOM TTOSTOMY BAKRHO 3HATHR M3 KAKITX OCHOBHBIX 2JICMCHTOB OH COCTOHT., KaKOBEL CI'0
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3HAKOMCTBO C KHHMIOH JIy4Yllle BCEro HAaYHMHATh C M3YYEHHS aHHOTAIMH — KpPaTKOH
XapaKTEPHCTHKH KHHIH, PAacKpBIBAIOIIEH €€ COAep KaHHe, HASHHYIO, TEMAaTHUYECKYIO H KAaHPOBVYIO
HAIlPaBIIEHHOCTh, CBeJcHHSA 00 aBTOpe, Ha3HAuYeHHe H APYITHE OCOOEHHOCTH. AHHOTAIMS ITOMOTraeT
COCTABHUTh IIPEABAPHTEILHOE MHEHHE O KHHTE.

['1y0GKe IIOHATH cofep:KaHHe KHHIH ITO3BOISIOT BCTYIIMTEbHAS CTaThs, B KOTOPOH JacTcs
OlleHKa CcoOJlepKaHHsI KHHTH, 3aTparHBaeMOH B HeH ITpoOJIeMaTHKH, COJEepP:KHICS HHQOpMAaIHsa o
KH3HEHHOH MW TBOpPYeCKOH OHorpaPMH aBTOpa, BBICKA3BIBAIOTCS ITOJIEMHUYECKHE 3aMeYaHH,
Pa3bACHSIIOTCS OTAENIbHEIE ITOJIOKEHH S KHIUTH, JAI0TCSI KOMMEHTAPHH H T.JI. BOT ImoyeMy 3HaKOMCTBO C
BCTVITMTEIIbHOM CTAaTheH IMPEACTARISETCSI OUYEHh BaXKHBIM. OHO ITIOMOT'aeT CTYACHTY COPHEHTHPOBATHCS
B TeKCTe padoThl, OOpPaTHTh BHHMAHHE Ha ee HaHOOJIee IIeHHbIe H BaKHbIE Pa3IcIibl.

Tol Ke Iem COAeHCTBYET 3HAKOMCTBO C OIJIABJIEHHEM, IIPEAHCIOBHEM, IIOCIECIIOBHEM.
BecbMma IMONMe3sHBIMH SlIeMEHTAMH HAYYHOIO allllapaTa SBIISIOTCS CHOCKH, KOMMEHTApHH, TaOIMIIBL,
rpa)HKH, CITHCKH JHTepaTyphl. OHH He TOJBKO WIIIOCTPHPYIOT OTJAEIbHBIE TTOIOKEeHHS KHHIH HIH
CTaThH, HO H caMH ITO ce0e SBIISTIOTCS JOIOIHHUTEIbHBIM HCTOYHHKOM HH(pOPMAIHH JJIS YHTaTeII.

Eci uymTarensd 3aHHTEpecOBala Kakas-TO BBICKA3aHHAS aBTOPOM MBICIIb, HEe HaIleAIIas
IOAPOOHOr0 OCBEIIEHHS B JAaHHOM HMCTOYHHKE, OH MOKET OOpaTHThCAd K TEKCTY HCTOYHHKA,
VIIOMHHAEMOI'O B CHOCKe, THOO K HCTOYHHKY, KOTOPBIH OH MOJKET HAHTH B CIMMCKE JINTEPaTYPHI,
PEKOMEHIOBAHHOH aBTOPOM IS CaMOCTOSTEIIBHOIO H3YUEHH .

CymiecTBYeT HECKOIIBKO (pOpM BeJIeHHS 3aImHCceil:

— 11aH (TIPOCTOH M pa3BEepHYTHIN) — HaHOOIee KpaTkas (popMa 3aIlFiCH IIPOYHTAHHOTO,
TIPEICTABIISIONAS cOOOH IepeueHb BOIPOCOB, PacCMaTpHBAEMBIX B KHHIE HIIM CTaThbe. PasBepHYTHII
IUIaH ITpeACcTaBsIeT cOoOOH Ooriee IMOAPOOHYIO 3aIlHCh IPOYHTAHHOIO, ¢ AeTalH3alHeH OTAEIIBHBIX
TTOJIOKEHHH M BBIBOAOB, C BBIIMCKOH IHTAT, CTaTHCTHYECKHX JAaHHBIX M T.A. Pa3sBepHYTBIH IIIaH —
HEOLIEHHMBII ITOMOIIHHK ITPH BBICTYIUIEHHH C JOKJIAJOM Ha KOHKPeTHYIO TeMY Ha CeMHHape,
KOH(pepeHIHH,

— TEe3HCBhl — KpaTKO CPOPMYIIHPOBAHHEIE ITONO0KEHHS, OCHOBHBIE ITOJIOKEHHS KHHTH, CTaThH.
Kaxk ImpaBHI0, TE3HCHl COCTARIISIOTCS ITOCIIE IIPEABAPHUTEIBHOIO 3HAKOMCTBA C TEKCTOM HCTOYHHKA, ITPH
ero ITOBTOPHOM ITPoYTeHHH. OHH ITOMOraroT 3allOMHHTh H CHCTEMATH3HPOBAaTh HH() OPMAITHIO.

CocTaBjieHHe KOHCIIEKTOB

BOJIBIIIYIO pONIB B YCBOEHHH H IIOBTOPEHHH IIPOHIEHHOIO MaTepHajla HIpPaeT XOPOIIHIH
KOHCIIEKT, COJEPIKaIliii OCHOBHBIE HAEH IIPOYHTAHHOIO B VUeOHHKE H VYCIBOIAHHOIO B JIEKI[HH.
KoHCITEKT — 3T0, II0 CVYINECTBY, HAaOPOCOK, Pa3sBEPHVYIBIN IUIAH CBA3HOI'O pacckKas3a II0 OCHOBHBIM
BOITPOCAM TEMBEI.

B KakoH-TO Mepe KOHCIIEKT pacCuHTaH (B 3aBHCHMOCTH OT HHIHBHYaIIbHBIX OCOOeHHOCTEH
CTyZeHTa) He TOJIBhKO Ha HHTEUIeKTYaJIbHYIO H SMOIIHOHAIBHYIO, HO H Ha 3PHTENbHYIO ITaMSTh, IIPHYEM
TEKCT KOHCIIEKTA HEPEIKO aCCOLMHUPYETCH EIIE H ¢ TEKCTOM YUueOHHKA HIH 3aIlHChIO JeKIHH. IIosToMy
JIETYe 3allOMHHAETCS COJEP KaHHE KOHCIIEKTOB, HAIlHCAaHHBIX Pa300puyHBO, C IOJUEPKHBAHHEM IIH
BBIJIETIEHHEM Pa3psAKOI KIFOUEBEIX CIIOB H (hpas.

CaMOCTOSTEIIbHO H3YUYeHHBIe TeMBI ITPeJOCTaBIIIOTCS ITPEITofaBaTelto B ()OpMe KOHCIIEKTa, I10
KOTOPOMY IIPOHCXOJIHT coOeceJoBaHHe. TeopeTHUYecKHe TeMbl Kypca (OTZelNbHBIE BOITPOCHI),
BBIHOCHMEBIE Ha CAMOCTOSATEIIbHOE H3YUEHHE, TIPEACTARIIEHEI HIKE.

METOJHYECKHE YKA3AHHA 110 ITIO/II OTOBKE K OK3AMERY

M3ydeHHe AUCIMIUIMHBEL «MeTombl peleHns 3amayd 3JIeKTPOSHEPIETHKH H 3JIEKTPOTEXHHKI)
3aBEpINAcTCS 3K3aMeHOM. [IoJMroTOBKa K 3K3aMEHY CIIOCOOCTBYET 3aKPEIIEHHIO, YITIYOIEHHIO H
00« AOKYMEHT NOANMCAH AU, a TaKXXe IIPHMEHEHHIO HX K PelIeHHIO
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VIIIYOIISIET, CHCTEMATH3HPYET M VIIOPSAOYHBAET CBOHM 3HAaHHI. Ha »sK3aMeHe CTYIAeHT JAEeMOHCTPHPYET
TO, UYTO OH IPHOOPEIN B Ipolecce O0YUYEHHS 10 KOHKPETHOH YUeOHOH JTH CIIATIIIHHE.

Ha xoHCyIbTal[MH Ilepel 5K3aMEHOM CTVYAEHTOB ITO3HAKOMST C OCHOBHBIMH TpPeOOBaHHSIM,
OTBETSAT Ha BO3HHUKIIIHE YV HUX BOITPOCHL. [103TOMY ITOCEIeHH e KOHCYIIBTAL[IIT 00s3aTeIbHO.

[IpHu mmoAroToBke K ’K3aMeHY HEOOXOAHMO HCITOIb30BATh KOHCIIEKTHI IEeKI[HH IO JHCIHIUIHHE,
yueOHHKH H Y4eOHEBIe ITOCcOOHS (H3 CITFCKa OCHOBHOH H JOINOIHHUTEIBHOH JIHTEPATyPhl) HIIH KOHCIIEKT
IHTEPATYPHI, IIPOYHTAHHOM IT0 YKa3aHHIO IIPEIIOJaBaTells B TEUECHHE CEMeCTpa.

BHauasne ciueayer IIpOCMOTPETh BECh MaTePHAI 110 CIaBAEMOH JUCIIUIUIHHE, OTMETHTE I ce0s
TPYAHBIE BOITPOCEL. OO0s3aTelIbHO B HHX pa3o0parbcsa. B 3aKimrouyeHHe €Ie pas ILEenecood0pasHo
TIOBTOPHTH OCHOBHBIE ITOJIOKEHHS.

CHcTeMaTHYeCKas ITOAr OTOBKA K 3aHATHSAM B TeUeHHE CEMECTPa IT0O3BOIHT HCITOIB30BATh BPEMS
AK3aMEHAIMOHHON CEeCCHH IS CHCTEMATH3AI[HH 3HAHMIT.

Bompocsl K 3K3aMeHy

3Harb

1. OcHOBHBIE TIOHSTHS, OIIpeIelIeHHS H TEOPEMBI TEOPHH I'padoB
CBsI3p MeXIy I'papoM H MaTpHIIEH
MartpHila H YpaBHEHHS CEUESHHI
MarpHiia 1 ypaBHEHHSI QyHAaMeHTaJIbHBIX KOHTYPOB
['pad 31MeKTpHYeCKOH IIEITH
OCHOBBI TEOPHH CHTHAJIGHEIX I'pa) OB
MeTojrKa ImpoBeAeHH S aHaIH3a AIIEKT pPHYeCKOH IEITH C IIOMOINBIO CHIHAIIBHBIX I'pad OB
KoMIUIEKCHBIE YICIIa
['eoMeTpHUECKOe IIPEACT ABIIEHHE KOMIUIEKCHBIX YHCEIT

10. Moayis H apryMeHT KOMIIEKCHOTO YHCIIa

11. TpuronomeTpHueckas (popMa KOMIUIEKCHOI'O YHCIIA

12. IlokazaTenpHasa (popMa KOMITIEKCHOT O YHCIIA

13. AmmrebpanyecKie KpUTEPHH YCTOHUHBOCTH

14. YacTOTHBIE KPHTEPHH YCTOHYHBOCTH

15. TpancrioprHas 3aaua

16. Tonmonmornyeckne (reoMeTpHYECKHE) CBOHCTBA SIeKTPHUYECKOH IIEITH
YMerhb

1. TIpeobpazoBanusa pyHAaAMEHTAIbHBIX MATPHI]

2. Mertogel  pacuera, OCHOBAaHHBIE Ha  HEIMOCPEACTBEHHOM  IIPUMEHEHHH  3aKOHOB
Kupxroda
CHoKeHHEe KOMIUIEKCHBIX YHCEIT
BrIuntaHie KOMIUIEKCHBIX YHCE]
YMHOXKEHHE KOMIUIEKCHBIX YHCE]T
JlenmeHHe KOMIUIEKCHBIX YK CETT

OrmnpeAeleHe ITapaMeTPOB HArPy3KH B Pa3BETBIIEHHOH IIETTH

OrnpeaeneHue (PaKTHIECKHX TOKOB AIIEKTPHYECKOH IIEITH
OrnpeAeleHNe TOKOB B BETBSX C HCIIOIIB30BAHHEM METO/IA Y3IIOBBIX ITOTEHIHAIIOB
Baajgern

1. MaTpHYHBEIH METOJ, pacueTa
Metop pacyeTa, OCHOBaHHBII Ha IIpHMeHeHHH 3aKOHOB Kupxroda
MeToJl KOHT YPHBIX TOKOB

Meton Y3JIOBBIX ITOTCHITIAIIOB
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7. DHepreTHYeCKHH OalaHC B 3JIEKTPHYECKOMH I1ETTH

8. llocTpoeHHe BEKTOPHOH JHATPAMMEI

9. Ilepexona OT KOMIUIEKCHBIX BEIIMYHH K BPEMEHHBIM (DYHKIIFSM

10. IIpumeHenne 3akoHa Knpxroda I orpeaerneHIs TOKa B BETBSX LIEITH
1 1. ITocTpoeHHe MOTEHIMAIBHON JHArPaMMBI J15S KOHTYpa

1.Kpurepun onieHHBAHHA KOMIIETEHIIHN

OILlEHKa «OTJIHYHO» BBICTABIISIETCS CTYAEHTY, €CIIH TEOPETHYECKOE COAEPKAaHHE THUCIIMITIIMHEL
OCBOEHO ITOJHOCTRIO, Oe3 IMpoOesIoB, HCUEPITBIBAIOIIE, TIOCIIEA0BATEIHFHO, YETKO H JIOTHYECKH CTPOMHO
H3j1araeT MaTepHal, cBOOOJHO CITPaBILIETCA € 3aJadaMil, BOIIPOCAMH H IPYTHMH BHAAMH IIPHMEHEHHS
3HAHHI, MCIIOJIb3YET B OTBETE JOIOIHHUTELHBI MaTepHall BCE IIPEAYCMOTPEHHBIE ITPOrPAMMOI
3alaHHS BBOIOIMHEHBI, KayeCTBO MX BBIIIOIHEHHS OI[EHEHO 4YHCIOM OamioB, OIH3KHM K
MaKCHMaIbHOMY, AHAIM3HPYET IIOIYYEHHBIE PE3VILTATHI, IIPOABIIET CaMOCTOSTEIIBHOCTh IIPH
BBITOJTHEHHH 33 aHHI.

OIlEHKa «XOPOINO)» BBICTABIISIETCS CTVAEHTY, €CIIH TEOPETHYECKOE COJIeprKaHHe MHUCIIMITIIMHEL
OCBOEHO ITOIHOCTBEO, HEOOXOMMEIE ITPAaKTHYECKHE KOMIIETEHIIHH B OCHOBHOM C(OPMHPOBAHEI, BCE
IPEAYCMOTPEHHBIE ITPOrpaMMON 00yUeHHI yueOHEBIE 3aJaHNs BBIIOITHEHEI, KaUeCTBO HMX BBIITOITHEHH
IOCTAaTOYHO BBICOKOE. CTYIEHT TBEPAO 3HAET MaTepHall, I'PaMOTHO H IIO CVYIIECTBY H3JIaraeT €ro, He
IOITYCKas CYIIECTBEHHBIX HETOUHOCTEH B OTBETE Ha BOIIPOC.

OLlEHKa «YIOBIETBOPHUTEIIFHO» BBICTABISETCS CTYIEHTY, €CIIH TEOPETHYECKOE COAeprKaHIe
IMCIMIUIMHBL OCBOEHO YaCTHYHO, HO ITPOOEIBI HE HOCST CVYIINECTBEHHOI'O Xapakrepa, OONIBIIHHCTBO
IPEAYCMOTPEHHBIX IIPOrPaMMOH 3aJaHIil BEITIOJIHEHO, HO B HHX HMEIOTCS OMMMOKH, ITPH OTBETE Ha
ITIOCTABIEHHBIH BOIPOC CTYJIEHT JOITYCKaeT HETOYHOCTH, HEJJOCTaTOYHO ITPaBHIILHBIE (DOPMYIIHPOBKH,
HAaOIOAIOTCS  HAPVIINEHHS JIOTHYECKONH IIOCIIEMOBATENIBHOCTH B H3IOKEHHH ITPOrPaMMHOIO
MaTepHaa.

OLIEHKa «HEVYAOBIIETBOPHTIEIIBLHO) BBICTABRIISETCA CTVAEHTY, €CIIH OH He 3HAET 3HAUYMTEIIBHOM
YaCTH ITPOrPpaMMHOI0 MaTepHala, IOIIYCKAeT CYIIECTBEHHEBIE OINMMOKH, HEYBEPEHHO, C OOIBIIMI
3aTPYIHEHHSIMH BBIIOTHSIET ITPAaKTHUYeCKHE PaboThl, HEOOXOAUMEIE ITPAKTHYECKHEe KOMIIETEHI[HH He
c()OPMHPOBaHBI, OOJBIIHHCTBO IIPeJYCMOTPEHHBIX ITPOrpaMMoil oOyuyeHHS Y4eOHBIX 3aJaHHH He
BBIIIOJTHEHO, KAYECTBO MX BBIITOIHEHHA OL[EHEHO YHCIIOM OalyIOB, OIM3KHM K MHHHMAJIbHOMY.
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