ddil
HEEH
CTABPOMOAbCKHHI TOCYAAPCTBEHHbIN

aaaaaaaa Bf.‘fiiil"!i P MMHUCTEPCTBO CEJIbCKOI'O XO35ICTBA

e s SIS SRRl OEJIEPAJIBHOE TOCYJIAPCTBEHHOE BIOJIKETHOE
S OEPASOBATEJIBHOE YUPEXIEHUE BBICIIEIO OBPA3OBAHIS

E=glbuh@stgau.ru, G=MeaH Bsu

it CTABPOIIOJIBCKUI TOCY JAPCTBEHHBII ATPAPHBII
2026-06-16 14:41:24 yHHBEPCHTET

H. H. BOPOTHHUKOB, C. B. AHUKVEB, C. H. BOH/IAPD,
E. A. BAXTHUHA, 1. XX. TABPUEJISIH, M. A. MACTEITAHEHKO,
1. K. ITAPUIIOB, A. A. IIYHUHA, T. C. PEJOCEEBA

TEOPETUYECKHUE OCHOBbI DJIEKTPOTEXHUKU
DNEeKTpUYECKUE HENU NOCTOSTHHOTO U IEPEMEHHOTO TOKA

MeTtoauveckue YKazaHuda U 3aJaHUsA

K KypcoBOi padote

1o HanpasJieHUIo 13.03.02 «DneKTpOoIHEPreTUKa U SJIEKTPOTEXHUKA

npouiIb MOArOTOBKH: « CHCTEMBI 3JIEKTPOCHAOKEHHUS TOPOJIOB,

MPOMBIIIJICHHBIX MPEANPUATHH, CETLCKOTO X03HUCTBA U UX O0OBEKTOBY

JUIsl CTYJIEHTOB BceX (hopMm oOydeHust

CraBponions 2026



VJIK 621.3.01

ABTOPCKHUH KOJJICKTHUB:
U. H. Bopomnuxos, C. B. Anukyes, C. H. bonoapy, E. A. Baxmuna,
111 K. I'abpuenan, M. A. Macmenanenxo, U. K. lllapunos

BoporaukoB, M. H., AnukyeB, C. B. u ap. Teopernueckue OCHOBBI
AIIEKTPOTEXHUKH. DJEKTPUUECKUE LIENH IMOCTOSIHHOTO W IEPEMEHHOIO TOKa:
METOJMYECKNE YKa3aHMs Ul BBIMOJHEHHS] KypCOBOM pabOThI MO JUCIUILINHE
«Teopernueckue ocHOBBI diekTporexnukn» / W. H. Boporaukxos, C. B.
Anukyes u ap. — Crasponons : AIPYC, 2026. — 36 c.

Hacrosimmme ykazaHus coaepXaT YKa3aHUSK  BBIIOJHEHUIO  JIBYX
CaMOCTOSITENIBHBIX padOT IO pacyery CIOXKHBIX JIMHEWHBIX SJIEKTPUYECKUX
LENEH MOCTOSIHHOTO U IEPEMEHHOTO TOKOB M YKa3aHUS K X BBIIOJIHEHHUIO.

Meronuueckue ykazaHHUspa3padOTaHbl B COOTBETCTBHM C Y4E€OHBIM
IUTAHOM M TIPEAHA3HAYEHBbI JJIsl CTYIEHTOB BceX (hopM 00ydeHHsl, 00yUYaroIuXCsl
no HarpasyeHuto 13.03.02 — «DnexTpo3HepreTuka 1 MEKTPOTEXHUKA» TPOPHUITH
noarotToBku  «CHUCTEMBI  3JIEKTPOCHA0KEHHUS  TOPOJOB,  MPOMBIILICHHBIX

MPEANPUATHN, CETTLCKOTO X035HUCTBA U UX OOBEKTOBY»
YK 621.3.01

© Bopotaukos, 1. H., Anukyes, C. B. u np., 2026

© ®I'bOY BO CraBponosbCKuid TOCyI1apCTBEHHbIN
arpapHblii yHUBepcHTeT, 2026



BBEJAEHUE

N3ydyeHne OCHOB TEOpHUM JIMHEWHBIX JIEKTPUUECKUX LETIEN, SBIISIIOLICHCS
TEOPEeTUYECKON 0a30i MHOTUX AMCIMIUIMH JIEKTPOIHEPTETUUECKOTO U JIPYTUX
CMEXHBIX MNpoduiel, 3HAUUTENbHO YIayOJseTcs U CTAaHOBUTCS MPOYHEE MpPH
OpUOOPETEHMN NPAKTUYECKUX HABBIKOB CaMOCTOSITEJIBHOIO pEUIEHUs 3a]ad.
Hacrosmme  ykaszaHuss  comepKaT  yKa3aHMsT K  BBIIOJHEHUIO  JBYX
CaMOCTOSITENIbHBIX PabOT MO pacuery CIOXKHBIX JIMHEWHBIX SJIEKTPUUECKUX
LIENEW IMOCTOSHHOIO M NEPEMEHHOI0 TOKOB M YKa3aHUSA K MX BBIIIOJIHEHHUIO.
[lenpro JaHHOM KYypCOBOM pabOTHI SBISETCS BBIMOJHEHHUE 3aJaHUMN MO pacuery
CJIOKHBIX DJJIEKTPUYECKUX LENEeW NOCTOSIHHOTO M NEPEMEHHOIO0 TOKOB B
YCTaHOBHMBLIEMCS pexuMe. B mpouecce pemieHus 3aaad UCMIOJIb3YHOTCS METOJ
CBEPTKH, KOTOPHIH BKIIIOYAET B ce0sl SKBUBAJICHTHBIE IPEOOpPa30BaHus B LICTIH,
3akoHbl Oma, Kupxroda, kak B mpocToi, Tak ¥ B KOMIUIEKCHOW (hOpMe, METOIbI
Y3JIOBBIX INOTEHIHUAIOB M KOHTYPHBIX TOKOB, METOJl 3aMEHbI MCTOYHHMKA TOKa
uctouHukoM OJIC, mepeHoc MCTOYHMKOB TOKa M ucTouyHHKOB DJIC, Merox
KOMILUIEKCHBIX aMIUTUTYI.

Tak Kak mpH HKCHOJB30BAHMM 3THUX METOJOB HAJ0 PELIATh CIIOMKHBIE
CUCTEMBI JIMHEHHBIX anreOpandeckux ypaBHEHHH, TpeOyrolue OObIINX 3aTpaT

BPEMEHU, TO PEKOMEHIyeTCsl HCTOJIb30BaTh nporpammy MathCAD.



1 TPEBOBAHUSI ITPU O®OPMJIEHUM KYPCOBOM PABOThHI
OBIIUE TPEBOBAHUA

KypcoBas paboTa BBINOJHAETCS HAa OJHON CTOpOHE JiUcTa Oeyiol Oymaru
dbopmarta A4 (210x297 mm).

Texct meuyaTaeTcss MOJYTOPHBIM HHTEPBAJIOM HOPMAJIbHBIM IIPUDTOM
yepHoro 1Beta. Pasmep mpudra — 14 (TimesNewRoman). MexcTpodHsiii
uHTepBan — 1,5.

[IpenycmarpuBaroTcst cleAyronme pasMmepnl mnoniei: yesoe — 30 M,
npaBoe — 15 Mm; BepxHee — 20 mM; HIKHEE - 20 MM.

PexomenmyeTcs mTpPOW3BOAWTH BBIPABHUBAHHE TEKCTA TO IITHUPHHE.
A03a11bl B TEKCTE HAUMHAIOTCSI OTCTYIIOM OT JIEBOTO TOJISI.

Otctyn paBeH 1,25 cm.

HYMEPALIMA CTPAHULL
Hymepanusi HaunHaeTcst ¢ TUTYJABHOTO JucTa. Ha TUTynbHOM JuCTE U
OTJIAaBJICHWM HOMEp CTpaHWIbl He craBuTcs. llepBas mmdpa craBuTcs Ha
BBeZIeHUU. DT0 00bdHO 3 miu 4. HoMep cTpaHMIIBI MPOCTABISETCS B MPAaBOM
HIDKHEM yriiy Oe3 Touku B KoHIE. CTpaHMIIBI TEKCTa KypcOoBOM pabOThI
HYMEpYIOTCs apaOCKkuMu nudpamu, codroaas CKBO3HYI0 HyMEpaIuio 1Mo BCeMy
TekcTy. MimrocTpauuu, cXxembl, TaOMuIbl, PUCYHKH, pACIOJOKEHHBIE Ha

OTJICIbHBIX JTUCTAX, HYMEPYIOTCS B 00111eM TOPSIKE.

OI'JIABJIEHUE
OrnaBiieHME PACIOJNOXKEHO HAa 2 CTpaHMIE. 3aroJIOBKU OIJIaBJICHUS
JOJDKHBI TOYHO MOBTOPATH 3arojioBKH B Tekcte. CokpamaTh WM 1aBaTh UX B
Ipyroi (opMyJIHpPOBKE U MOCIEA0BATEIBHOCTH MO CPABHEHHIO C 3aT0JIOBKaMH B
TEeKCTe HeNb3sd. Bce 3arojoBKM HAYMHAIOT C MPOMUCHON OYKBBI 0€3 TOYKH B

KOHIIC.



Ilocnenqnee CIOBO KaXXIOrO 3arojoBKa COCOMHSIOT OTTOYMEM C
COOTBETCTBYIOIIMM €My HOMEPOM CTPaHMUIIbI B MMPABOM CTOJIOIE orjiaBiieHus. B

OIJIaBJICHUC HC BKIOYAIOT THTy.]'II;HBIﬁ JIUCT.

OPOPMIJIEHUE 3AI'OJIOBKOB
HanmenoBanus CTPYKTYPHBIX JJIEMEHTOB «BBEJAEHUEY,
«BAKIIIOYEHHUE», «CIIMCOK HCIIOJIb3OBAHHBIX HMCTOYHHKOB»,
«ITPUJIOKEHUE» ciyxaT 3arojloBKaMu CTPYKTYPHBIX 3JIEMEHTOB KYypCOBOM
pabotsl. CnoBo «I'7aBa» B 3arojioBke He mumieTcs. B 3aronoBkax HYXKHO MO
BO3MOXKHOCTH  M30€eratb  y3KOCHEUHMAIbHBIX  TEPMUHOB,  COKpAIlECHUH,

ab0peBHaTyp, MaTeMaTHUECKUX HOpMYII.

COKPAILIEHNMA

Jlia cHIbKeHUs o0beMa U TPYAOEMKOCTH HCIIOJIHEHUSI KypCOBBIX padoT B
TEKCTaX MPUMEHAIOT cokpauieHus. CymecTBYIOT OOIIENPUHATBIE COKpPAIEHHUS,
OpUMEHATh KoTopble cienyer B coorBerctBuM ¢ ['OCT 7.12 — 77 «CUBU/I.
CokpallleHe PYCCKUX CJIOB M CJIOBOCOUETaHMM B OubiMorpapuyeckom
onucaHum». B pabore Moryr ObIThb BBEIECHBI CBOM COKpAILIEHUS, KOTOpbIE
JOJKHBI OBITH OTIPEAETICHBI IPU NMEepBOM yroMuHanuu. Eciu olliee KoJm4ecTBo
BBOJMMBIX YCJIOBHBIX OOO3HAY€HWH, BBOJUMBIX TEPMHUHOB M COKpalllEHUH
npeBbimaer 10, UX OPEACTABISIIOT B BHJE OTHENbHOro nepeuHs «Cnucka

COKpAIICHUI.

®OPMVIJIbI 1 YPABHEHUA
dopmynbel 00s3aTeNbHO HaOuparT B penaktope Gopmyn. Dopmyssl u
ypaBHEHUS, €CIM K HUM €CTh TOSICHCHHS, BBIJCISIOT B TEKCTE OTIEIbHBIMHU
cTpokamu. BeIme 1 HUKe Ko (GOpMysbl WM YPaBHEHUS OCTABISIOT OJHY

CcBOOOJIHYIO CTpOKY. [losicHeHus CUMBOJIOB MPUBOJAT N0 (HOPMYJION B TOM ke



NOCJIEI0BATEIbHOCTH, B KaKOM OHM AaHbl B popmyne. [loscHeHns HaUMHAIOT CO

CJIOBa «TJIe» 0€3 IBOCTOUMSI, HAPUMED:

S=ab (1)
e S — MIomab MPAMOYrOILHHUKA, M2

a v b — IJIMHBI CTOPOH MPSIMOYTOJIbHUKA, M.

dopMyIbl M YpaBHEHUS HYMEPYIOT apaOCKUMH u(pamMu U MOMEAloT B
KpPYTJIbIX CKOOKax ¢ MpaBOM CTOPOHBI CTpaHUIbI Ha YypoBHE (opmynsl. B
npenenax paboThl JOMYyCKAeTCsl TOJBKO o/Ha hopMa HyMepanuu (CKBO3HAS WU
B mpenenax pasnena). llepernoc ¢opMyn Ha ApPyryro CTPOKY pasperiaeTcs
TOJIBKO TOCJie MaTeMaTudeckux 3HakoB. KoadduumeHntsl B dopmynax MUIILYT
BIIepeI OYKBEHHBIX BBIPAKEHWNW U CIUTHO ¢ HUMH. OOO3HAYCHHE €IHHMII
(bu3MYecKuX BEJIMYUH TMOJCTABISAIOT B (OPMYIY TOJBKO IOCHE MOJICTAHOBKH
YHCJIOBBIX 3HAYCHUMU.

OCHOBHBIM 3HAKOM YMHOXEHHUSI SBJISIETCA TOYKAa HA CpeAHeld JUuHUM ().
3HaK yMHOXEHHUS (X) mpuMeHseTcs s mepeHoca ¢GopMyll Ha 3HaKe
YMHOXKEHHSI, I 0003HAUYCHUS TTPOU3BEICHUS BEKTOPOB. 3HAK YMHOXEHUS ()
HE CTaBAT: Nepes] OyKBEHHBIMU 0003HAYCHUSIMU (PU3NYECKUX BEIIUYUH U MEXK]Y
HUMH, TIepell CKOOKaMH, TOCJI€ U MEeXAYy HUMHU, MEXAy OyKBEHHBIMU
COMHOXUTENISIMA B CKOOKaX, Mepej] 3HaKaMU pajuKalia, WHTerpaya, Iepes

apryMeHTaMu TPUTOHOMETPUUYECKHUX (DYHKIIHIA.

O®OPMIJIEHUE UJIJTFOCTPALIWM
1. Pucynku
Bce nimoctpariuu 10KHBI OBITH BBITIOJTHEHBI B OJTHOM CTHJIE.
WnnmrocTpanuu pa3MeNnaroTcsi cpazy Mocie MEepBOM CChUIKM HAa HUX B TEKCTE.
Kaxmas unmaroctpanus JoJKHA COMPOBOXKAATHCS COJIEPAKATETbHON MNOJMUCHI0 U

HymepoBatbcs. Miumoctpanyu MOIyT MMETh CKBO3HYIHO HYMEpALMIO WIH



HyMepoBaThCcsi B Tmpeenax onHoM rnaBbl. Ilpu OonblioM KonMU4YeCTBE
WUIIOCTPAllUd KX TOMEIAI0T IO TOpSAAKY HOMEPOB B KOHIE paboThl (B
npuiiokeHuu). B cimydae, korma Hymepaluss PHCYHKOB OCYIIECTBISETCA B
npeenax 0JHOM IJIaBbl, TO HOMEP PUCYHKA JOJDKEH COCTOATh U3 HOMEPA IIaBbl
(paznena) U MOPSAAKOBOTO HOMEpa PUCYHKA, pa3/IeJIeHHbIX TOYKOH, HapUMep:
puc.2.1 (mepBblii pUCYHOK BTOpoHM rnaBbl). lloanmuck mnoa wuiIrOCTpanuei
IUIIETCS C NPONUCHOW OYKBBI B OJIHY CTPOKY BCiea 3a HOMepoM. B koHue
MOJITUCHU TOUYKY HE CTaBsIT.

2. TaGmuist

OcHoOBHOE TM0JI€ TaOJUIIBI COJEPXKHUT CTPOKH (TOPU3OHTAJBHBIE PSbI)
urpadsl (KOJOHKH). 3ar0J0BKH CTPOK U rpad B Tabiuile MULIYTCSA C MPOMUCHON
OykBbI, a TMOA3aroJOBKM CO — CTPOYHOM, €CIM OHU COCTaBJISIOT OJIHO
IPEJIOAKEHUE C 3ar0JIOBKOM, U C MPOTMHUCHBIX OyKB, €CJIM OHU CAMOCTOSITEIIBHBI.
Tabnuiyy pasMemialoT mociie MEpBOro yHOMHUHAHUS B TekcTe. Bce Talmuiibl
HyMepyloTcsl apabckumu Ludpamu B Ipenenax BCero TekcTa. B mpenemax
paboThl HUCHOJB3YIOT TOJBKO OAHY (OpPMY HyMepaluu, CKBO3HYIO WU B
npezenax paszena (cM. HyMepaiusi pucyHkoB). ClOBO «Tabiuiiay nuimercs 0e3
KaBbIYEK CTPOUYHBIMU OyKkBaMu (repBasi OyKBa - MPONMCHAsI) B IPABOM BEPXHEM
yIiIy ¢ yKa3aHHEM MOpPsAKOBOrOo Homepa, Hampumep: Tabmuna 13. 3Hak Ne u
TOUKY B KOHLIE HyMEpAllMOHHOI'O 3arojloBKa He cTaBsT. Ecau B pabore oaHa

Tabnuia, To €€ He HyMepyIoT.

OPOPMJIEHUE CCBIJIOK
IIpy ccplnke B TEKCTE HA UCTOYHMKH HY)KHO ITHCATh NOPSIAKOBBIA HOMEP
UCTOYHUKA B CIHUCKE MCIIOJb30BAHHBIX HCTOYHUKOB. IlOpsAaKoBBIE HOMEp
UCTOYHMKA 3aKJII0YaeTcsi B KBaJpaTHyro ckoOky. Ecmm ccbuiaerech Ha
KOHKPETHYI0 CTpPaHUIly JaHHOTO HCTOYHHKA, TO 3Ta CTPAaHHALA TOXE

ykasbiBaercs. Hanpumep:[9], [9, c. 123].



CchbUIKM Ha 4acTU TEKCTa BBIMOJHSAIOT, UCIOJIb3Ysl COKpAIEHHBIE 3aIUCH,
HarpuMep: «IpUBEACHO B pas3i. 3.2», «ykazaHo B . 3.3.1», «B dopmyne (3)»,
«Ha pHC. 2», «B MPUIOKEHUU 5», «B Ta0MI. 12)%.

[Ipu MOBTOpPHOM CCHUIKE HA OAHY M Ty K€ WJUIIOCTPALMIO YKA3bIBAIOT
COKpAIIIEHHO CJIOBO «CMOTpW», Hanmpumep: (cM. puc.l). Ecnu ykazaHHble cioBa
HE COINPOBOXKAAIOTCS TMOPSAKOBHIM HOMEPOM, TO HX TMHIIYT B TEKCTE
MOJIHOCTBIO, HANPUMEP: «WU3 PUCYHKA BHJIHO, 4TO...». CCBUIKM Ha
JUTEpaTypHble MCTOYHMKMA YKa3blBalOT Cpa3y IMOCJIE WX YHIOMHUHAHUS
NOPSAIKOBBIM HOMEPOM U HOMEPOM CTpaHULbl, Harpumep: [28, c. 74].

Ecnu TexcT muTHpyeTCsHE MO MEPBOMCTOYHHMKY, TO CChUIKY HAYHWHAIOT
cioBamu «Llut. mmo: ...» wmm «llut. mo cr.: ...». Korma ectp He0OXOIUMOCTH
NOIYEPKHYTh, YTO UCTOYHUK, HAa KOTOPBIN JelaeTcsl CChlIKa, — JIUIb OJUH U3
MHOTHUX, TO UCHOJB3YIOT clioBa «CM., Hanmpumep, ...», «CM., B 4aCTHOCTH, ...».
Korga HyXHO NHOMYEpPKHYThb, YTO CCBUIKA MPEACTABISIET JOMOJHUTEIbHYIO

JUTEPATYPY, YKA3bIBAIOT «CM. TaKKE.



(O0paszen TUTYIBHOTO JIHCTA)
MMHUCTEPCTBO CEJIbCKOI'O XO35ICTBA
®EJIEPAJIBHOE 'OCY JAPCTBEHHOE BIOJ[)KETHOE
OBPA3OBATEJILHOE YUPEX/IEHUE BBICIIET'O OBPASOBAHM S
CTABPOIIOJILCKUN T'OCYIAPCTBEHHbBIN ATPAPHBIN
VYHUBEPCUTET

DNeKTpOIHEPreTHUeCKUl (haKyIbTeT

Kadenpa anexkTpoTeXHUKH, aBTOMATUKH U METPOJIOTUHU

IAJIEKTPUYECKHUE LHEIIA IIOCTOAHHOI'O 1
HEPEMEHHOI'O TOKA

KypcoBas pabota 1o yueOHON TUCIUILIMHE

«Teopernueckue OCHOBBI JIIEKTPOTEXHUKI

Bapuanr 1
[Ipenonasareinb
®. 1. O.
“ o7 20 T
CryaeHT __ Kypca _ TpYIIIbI
®. 1. O.
“ 7 20 r.
CraBpornob
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MUWHHCTEPCTBO CEJIbCKOI'O XO3511ICTBA ®EJIEPAJIBHOE
I'OCYIIAPCTBEHHOE BIOJI’KETHOE OBPA3OBATEJIbBHOE
YYPEXJIEHUE BBICIIEI'O OFPASOBAHMS CTABPOIIOJIbCKUI
I'OCYJIAPCTBEHHBII ATPAPHBI YHUBEPCUTET
DneKTpodHepreTuYeckuil (hakyabTeT

Kadenpa 3neKTpOTEXHUKH, aBTOMATHKH ¥ METPOJIOTHH
3ananue
Ha KypPCOBYIO pabOTy 1O TUCIIUTIIINHE

((TeOpCTI/I‘IeCKI/Ie OCHOBBI OJICKTPOTCXHUKH»

BBIJIAHO CTYJIGHTY __ Kypca rpynibl 04HOM PopMbl 00yUeHus

(pammns, ums, oTdecTBO, Ne 3a4eTHON KHHMKKN)

1. Pacder »ieKkTpu4ecKou e NOCTOSTHHOTO TOKA.

2. PacdeT pa3BeTBICHHOM 11eTH TpeX(pa3HOTo TOKA.

3. Ucxonuble faHHBIE K TPOEKTY:

3.1 Cxembl pnna pacuera 3amaHuss | mnpuBeneHsl B Tabmuie 1
METOJMYECKOTO YKa3aHUs JJIsl BBITIOJTHEHUS KYpPCOBOTO IIPOEKTA.

3.2 Cxembl nia pacdeTa 3aJaHusi 2 TpUBEICHBI B Tabnuie 2

MCTOAMYCCKOT'O YKa3aHH OJIs1 BBIIOJHCHUA KypCOBOI'O IIPOCKTA.

JlaTta BbI1auM 3a71aHUS «  » 20 T
Cpok chauM TOTOBOIO NPOEKTa « _ » 20 r. 8.
PykoBoauTens mpoexTa /
noamnuce, nata, O
3ajaHue MPUHSI K UCIIOJIHEHHIO «_ » 20 r.
/

noanuck, Aata, ®M1O



CIIMCOK COKPAII[EHUI
T — uctounuk Toka
WNH — ncToyHuK HanpsiKeHUs
MKT — MeTo1 KOHTYPHBIX TOKOB
MYH — MeTton y3710BbIX HANPSIKEHUN
OJC — snekTpoaBMKyIIas Cuiia

25CxX — sieKTpUYecKas cxema



2 IPUMEP PEIHIEHUA 3AJAHUSA 1«QJIEKTPUUYECKHUE LHEIINA
IHOCTOAHHOI'O TOKA»

2.1 POPMVYIJIMPOBKA 3AJJAHU

JI1s1 3a1aHHOM CXEMBI AJIEKTPUYECKOM LIENN BBIIIOJIHUTD CIIECAYIOIIEE:
1.CoctaButh cucremy ypaBHeHu Kupxroda namns pacuera TOKOB BO BCEX
BETBSX.

2. PaccuuTaTh BC€ TOKM METOAAMH KOHTYPHBIX TOKOB M y3JIOBBIX MOTEHIHAJIOB,
pE3yNIbTaThl CPAaBHUTH B TAOJIHIIC.

3. CocTtaBuTh OajgaHC MOIIHOCTEI.

4. Omnpenenuth TOK Il MeTosOM aKTUBHOTO JABYXMOJIOCHUKA U IOCTPOUTH
NOTEHUUATIBHYIO JUarpamMmy Uis KOHTYypa, cofepxaiiero 06a nctounuka 3/1C.
6. Homep 3amanus BwiOupaercs mo Tabmuie 1 mo AByM mociaenHuM nudpam

mudpa (HoMepa 3a4€THOU KHUKKH).



Tadonuma 1 - Ucxonaele TaHHbBIE

[Tocnemuss nudpa mudpa ol1121314]| 5 6 7 8 9
E:B 10 {20]30(40 (50| 60 | 70 | 80 | 90 | 100
E,B 5 10152025 | 30 | 35 |45 | 50 | 55
E; B 15 120253035 | 40 | 45 | 50 | 55 | 60
E.B 100 {90 |80 |70 (60| 50 | 40 | 30 | 20 | 10
EsB 50 [60]70|80({90 100|110 120 | 130|140
JiL,A 516789 10|12 |14 | 16 | 18
J2,A 10 {1214 16|18 | 20 | 22 | 24 | 26 | 28
[Ipeanocneanss mudpa ol1l213lals 6 7 2 9
mudpa
R;, Om 1 (1213 ]4|5] 6 |7 8 9 |10
R, Om S |6 (718910 |11 |12 |13 | 14
R3, Om 10 {11 (1213|1415 | 16 | 17 | 18 | 19
R4, Om 6 |7 (89|10 11 |12 | 13 | 14 | 15
Rs, Om 8 |9 1011|1213 | 14 | 15|16 | 17
Rs, OM 15 |14 (131211 10 | 9 8 7 6
R7, Om 20 |18 (16|14 {12| 10 | 8 6 | 4 | 2




2.2 TIPUMEP PACYETA BJIEKTPUYECKOMH I{EITU C

NCITIOJIb3OBAHUEMTABJIMYHOI'O ITPOLIECCOPA MSEXCEL

PaccMorpuM mpumep pacdera mpencTaBICHHOW 3JIEKTPUYECKOU LIEMU C

UCIIOJIb30BaHueM npuiiokenus: Microsoft Office — TaGauuHoro mpoueccopa

MSExcel as caeayromux UCXOIHBIX JaHHBIX:

Ei=20B,E,=50B,E;=30B,E4s=40B, Es=50B,Ji =4 A, J,
A, Ri=80M, R, =50M, R3=4 0Om, Ry =6 OMm, Rs =6 OM, R¢ =7 Owm,
2 Om.

1}

o

Es
AP}

@

Ji

=10
R7:

Puc. 1. Cxema 351eKTpUUECKOMN 1IENH JIJIsl pacueTa Mo UCXOAHBIM JaHHBIM

3anuiieM yYpaBHEHUS COCTOSIHUSL — DJIEKTPUYECKOM 1enu 0
ypaBHeHUsIM Kupxroda ¢ y4eToM UCXOIHBIX TaHHBIX:

[1-I3+17=—-4

2+13-14=0
I4+15—I7 =10
16—15:—10

81 =51, + 41 =20 -50 +30;
61s + 7Is =5 I, —614= 50 — 50+ 40
217 + 614 + 413: - 40 + 30

(1.1)
(1.2)
(1.3)
(1.4)
(1.5)
(1.6)

(1.7)



B Matpuunoi#t popme cuctema UMeeT BU:

[10-10001 17, ] [-4 ]

011-1000 || Z,| |0

000110-1 |, | |10

0000-110 || 7, |=|-10 (1.8)
8-540000 | I,| |0

0-50-6670| 1, | |40

10046002 | 7, | [-10]

PeruM cucteMy MeTo0oM 00paTHOM MAaTPHUIIBI.

YMHOXkas cieBa 00€ yacTi MaTPUYHOTO PaBEHCTBA HAa OOPATHYIO MaTpUILY,

TOJTyYHM:
(K] [K][1°]= [K]" [P], (1.9)
[E] [1°]= [K] " [P], (1.10)
T.x. [E][I®]=[I®], to[I®]= [K] [P], (1.11)
rae [K]! - marpumna, o6patHas marpuie Ko3(duimenTos (o0paTHas
MaTpuIa),

[E] — enuHuyHast Marpunia (BCE 3JIEMEHTHI TJIABHOM JUaroHaIu

paBHbl 1, octanbhble — 0)

PemmuM monyuyeHHyto cucreMy B TabnuyHoMm mpoueccope MSExcel. Jlns
ATOT'O BBINOJIHUM CJIEAYIOIINE IEHCTBUSL:

1. 3amyctum npusoxenue MSExcel .

2. BBenmem kBaJpaTHyI0 MaTpully KO3(QQHUIMEHTOB pa3smepoM 7X7 B
nuarmna3od A4:G10.

3.BBeneM cTONOLIOBYIO MAaTpHIly BHEUIHMX BO3MYIICHUH B JHAIa3oH

14:110.

4. Haiinem Matpuily, oOpaTHyto MaTpulle ko3 duimentos. [y sToro:



BBIIETUM OJIOK STY€eK o1 00paTHyro MaTpuily. Hanpumep, Beiiennm 610K
A13:G19 (ykazaTesneM MbIIIY MPU HAKATOU JIE€BON KHOTIKE);

HaXMEeM Ha TnaHenu uHCTpymMeHToB CraHjapTHas KHONKY BcraBka
byHKINY;

B MOSIBUBILIEMCSI MAIOroBOM okHe Mactep ¢yHKIMI B paboueM TmoJie
Kareropun BeiOepem MaremaTnueckue, a B pabodem mone DyHKIMA — HUMS
dbynkuuu MOBP. Tlocne storo menkaem Ha kHorike 0K

BBEJIEM JHAaIa3oH UCXOAHOU MaTpuilbl ko3 durmentoB A4:G10 B pabouee
nosie MaccuB (ykazaTeleM MBIIIM TPU HaXaTOM JieBOoM KHomke). Haxmem
coueranue kiaapuil CTRL+SHIFT+ENTER;

B pesynbrate B anana3zone A13:G19 nosiButcst oOpaTHas MaTpHIia.

YMHO)XEeHHEM O00paTHOW MaTpuIlbl HAa BEKTOpP BHEIIHUX BO3MYIIECHUN
HailIeM BEKTOp UCKOMBIX TOKOB. /{11 3TOrO:

BBIJICTTM OJIOK sTU€eK IMoj pe3ybTHpyrolIyto Matpuily (roa Bextop[l]). Ee
pa3MepHOCTh OyZeT BAaHHOM mpumepe 7x1. Hampumep, Bbiienum OJIOK sueek
B22:B28 (ykazaTesieM MbIIIM [IPU HAKATOM JIEBOM KHOIIKE);

HaXMEM Ha TnaHenu uWHCTpyMeHToB CraHaapTHas KHONKY BcraBka
byHKINY;

B TOSIBUBIIEMCSI JTUAJIOrOBOM OKHe Mactep ¢yHKIMii B paboueM IoJe
Kareropust BbiOepeM Matematuyeckue, a B pabouem rmosie DYHKIUS MM
¢ynkunn — MYMHOX. Haxmem knomky 0K

BBeJZieM auana3oH oOpartHoit matpuiel A13:G19B padouee nmone Maccusl
(yka3zarenem MbIIIM MPU HAXKATOW JIEBOM KHOIMKE), TUANa30H MATPULIbI BHEIIHUX
Bosmymienuit 14:110 - B pabouee mome MaccuB2. Ilocie 3Toro HaxkMmem
coueranue knauil CTRL+ASHIFT+ENTER. B pesynbrarte B suelikax B22:B28,
BBIJIEJICHHBIX T10/] BEKTOP TOKA, MOSIBATCSI ICKOMBIE TOKH BETBEH CXEMBL.

[IpoBepka pemieHus IPOU3BOAUTCS CIEIYIONIUM 00pa3oM:

1. Beigenure OJIOK siueeK MOJ PE3yIbTUPYIONLYI0O MaTpUIy (O] BEKTOP

BHEIITHUX BO3MYIIeHUI). Ee pasmepHOCTh OynmeT Tux B JaHHOM mpumepe 7 x 1.



Hampumep, Beigenure 6ok saeex 113:119 (ykaszaTeneM MBIIIM MpU HAXATOU
JIEBOU KHOIIKE).

2. Haxxmute Ha nmaHenu MHCTpyMeHTOB CTaHaapTHas KHONKY BeraBka
GyHkuum.

3. B nosiBuBmemcs auaioroBom okHe Mactep (pyHkumid B padouem
nosie Kareropusi Beibepute Maremaruueckue, a B padbouem mnosne DyHKOMS -
ums pyakiun MYMHOK. Hlenkaute Ha kHonke OK.

4. Beeaute auamna3zoH HMCXoaHOM Matpuisl KodpduuuentoB A4:G10B
pabouee mosie MaccuBl (ykazatenem MBI MPU HAXKAaTOW JIEBOW KHONKE), a
nuarna3oH Marpuilbl TokoB B22:B28 - B pabouee none Maccus2. Ilocne 3toro
Haxkmute couetanue knapuil CTRLASHIFT+ENTER. B pe3ynbraTe B nuamna3one
113:119 nosiBUTCA BEKTOpP BHEUIHWMX BO3MYIICHUM, W, €CIM CHUCTEMa pellieHa
NpaBWIbHO, MOSABUBIIHIICS BEeKTOp OyaeT paBeH nucxonuomy (14:110).

Bun oxna B cpene MSExcel npeacrasinen Ha puc. 2.

E Microsaft Excol e ewet i Kapaiodsa

4] mafn Mpema Baa Boramcn Qopmar Cooms Qwies O Cnpaee -# X
RN N NG = B R e Z - Al e ce 0+ XK XY EER S Wy -0 A [
124 - o

| A | B L o | E F [ H_ [ J K [ L M_| N [ I
Ll PacHer snesTpReckal Lenin MeToasl yiragneHiin Knpxroda
12
| :l Marpuya koaddpnunentos Bextop BHew NN BO3UYWEHMIT 33 0aHABIRA

4 | 0 -] lu] 0 lu} 1 |
| 5 o 1 ] =4 ] a o 0
E6 1 L1] 1] 1 1 Q 1 1]
| el | i} 3] 1] a -1 1 [} -10
[N 8 5 4 u] 0 a [n} ]
12 1} -5 a Bl 3 7 a ag

iz} o a 1 [ a a 2 -10

11
_- 12 OfparThan matpuya kasipduupenton Besrop eHemt: RosuyseHin RposepsHni
|13} 0300787 0330709 0.276378) 0,148815 0O0E7400 002126 00132 -4
|14 016378 0707402 0295614 0154331 002047 002205 DOS1417 -1 2E-15
| 151 -D39eE5 0322835 -0,19443 010472 0049606 0014961 0101181 10

B DBREFE 0206 0260614 0154331 00?0 02a0s 0osidlr -10
LIF ) 0133563 0204724 D245 04077 00173 0058268 0051568 18615
|18 0133563 0204724 D243520 0591126 001732 0058268 DO51969 40
|19 030262 000787 0470687 025354 00378 003622 011366 -10

y.i
_21_ BakTop HEKOMBIK THEGE
12m = -0 65591
|33 = 0 82835
|22iE = 0276378 I !
|25 = 082535
|&BIE = 7 .7RDE3
|ZrE = 223937
|1|BAF = 306772
|3
=]
13

32
EEE

3 5
[ 4 Wl mheerd fTuerz fiveces / |« v
FOTEEG hLE

Puc. 2 - Bug oxna B cpene MSExcel



AHaJOTMYHO MPOBOJUTCA PaCyeT 3aJaHHOM 3JIEKTPUYECKOW LIEeNH
METOAOM KOHTYPHBIX TOKOB. [l MMEOMHXCA UCXOAHBIX [TaHHBIX CHUCTEMA

ypaBHenuit (12)-(14) , coctaBiaeHHast 10 METOAY KOHTYPHBIX TOKOB UMEET BUJIL:

171y +5Ty +4Ty; —8-4 = 0; (1.12)
514241y 61y +6-10 = 40; (1.13)
ATy — 6T+ 12I= -10; (1.14)
nin

1711 +51y; +41y = 32; (1.15)
5T+241y- 61y = -20; (1.16)
4Ty — 61+121 = -10; (1.17)

Pemmm cucteMy ¢ ucnosnb3oBanueM TabiaudHoro npormeccopa MSExcel,
TOKHU B BETBSIX CXEMBI OopeesuM 1o ypaBHeHusm (12)-(17).

Bun oxna B cpene MSExcel npencrasien Ha puc. 3.

Microsoft Excel - pew cuer yp Kupxroda

i) osiin DOpasks BYa  BeTaeks  opeaT  Cepenc  AaHHblE  OKHD  Crpamka

P S g g E el e e o <10 -

18 - A

a [ 8 [ ¢ [T o [ e T F e w [ 7 [0 [ w [t [ wm [~ [ o [F

EN PacueT INeKTPHYLCKON LENH MeTOA0M KOHTYPHBIX TOKOB
2
| 3 |MaTpuua koHTYpHBIX cOnpoTHBREHHI Matpuua KoHTypHEIX JOC
4 | 17 5 4 32
[l 5 24 B -20
6 | 4 6 12 10
7|
| 8 | 06paTHAA MATPHLLA KOHTYPHLIX CONPOTHBNEHUI Matpuua koHTypHLIX 3[C nocne npoBepkH
L= 0.075 0025 00375 32
(10| 0025 0055952 00363 -20
11| 00375 003631 0113988 -10
12
|13 | BekTop HCKOMBIX KOHTYPHLIX TOKOR
14 [0 3,275
15 -2,26214
| 16 |l -3,06607
[17]
|18 | Tokn B BETBAX CXeMbI I _|
[19(n = 0725
o2 = -0,99286
21|13 = 0,208929
2|4 = -0,78393
|23[5 = 7 7178s7
| 246 = -2,26214
|1 25|17 = -3,06607
| 26 |
| 27
| 26 |
El
|30
El
|32
E=l
34
=2 ] | | | ] i3
W4 b WP TMeTL Y et { Tera /- < >
loToso UM

Puc.3. - Bun okna B MSExcel nipu pernieHuu cucTeMbl ypaBHEHUM

MCTOJOM KOHTYPHBIX TOKOB



I[JISI pacdu€Tta OC€IHM MCTOJOM Y3JIOBBIX IIOTCHOUAJIOB MCIIOJIb3YCM
CUCTCMY ypaBHeHHﬁ, KOTOpasa IMOCJIC MOACTAHOBKMU HMCXOJHBIX JAaHHBIX JJIA

PacCMOTPEHHOM BBIIIE CXEMBbI DJIEKTPUUECKON L€ UMEET BUI:

<1+1+1> 1 1 B E1+E3 (1.18)
R, R,  Rs Y1~ R, o P2~ R, 593 =—J1— R, Ry’
1 +(1+1+1> 1 E, Ej E4_ (1.19
ROT\R, "R, TR R, TR, R, R,
1 1 1 1 1 1 E, Es (1.20)
R_7<P1 R_4<P2 <R4+R_5+R7>(p3 Rs = /2 +R_4 R_5
1 1 1 Es (1.21)
<R5 R6> Py — Rs @3 =/t Re
WA B KOMIIAKTHOM BHJIEC:
G111 + Gnex +Gi3e3+ Grues =17 (1.22)
Gaipr + G292 + G303+ G s = LY (1.23)
G3101 + G302 + G303+ Gya s = 1575 (1.24)
Gu101 + G202 + G393 + Gaa s = 1,7 (1.25)
1 1 1 1 1 1 1 1
FI[CG“——+—+— Gzz——+—+— G33 +—+—,
R, R R, R, R, R, R, R, R

1 1 1 1
Gu= —+—3G12=Ga1 = ——, G13=G31= ——, Gi4= Gy =0,
44 R 12 21 R 13 31 R 14 41

5 6 3 7

1 E, K,
Gy =Ga= ——, Guu =G =0;G34 =Ga3= - —;1," = -7, - L+ 2, I,Y
R, R5 R, R’
= _ﬂ_ﬂ_ﬂ 13y: J +ﬂ_£ I4y: _J +£
R, R, R,’ * R, R’ 2R,

Bun okna B cpeae MSExcel mpu pemeHun MeToaoM Y3JI0BBIX

MOTEHIIMAIOB MPEICTaBICH Ha pUC. 4.



B3 Microsoft Excel - peu cHeT yp Kupxroda. xls

ﬁﬂ Daiin  Mpaska Bug  Beraeka  dopmar  Cepenc  daddsle  OkHo  Cripaska BeEAWTE BOMpOC » _ 8 X
N EEBo S 8 8Bz sl me o S0 - K K4S w|iEE- - A B
L12 - &

A |08 [ e [ v [ e [ F [ & [ w [ 1+ [ 4 [ w [ &€ ] W [ u [ o [F
1P CHCTEMBI Y] i METONOM Y3NOBLIX NOTEHUHANOE | | P
| 2 [McxofHele DaHHbIe ANA pacdeTa MpoEoAUMOCTH BeTEeM 3analliue TokM yanoe | 3aRaKLLME TOKM NOCAE NPOEEPKK
|3 [R1= ] Gl1= 0875 = 1 1
4 R2= 5 GZ= | 0518667 = | 24,1867 | 24,1667
5 |R3= 4 G33= | 0833333 I3= | 8,333333 | 8333333
| B |Rd= ] G44= | 0309524 4= | -156667 | | -1 56T
| 7 |RE= g G12=621 025
| B |RE= 7 G13=G31 | 05
|9 |R7= 2 Gl4=G41 | 0|
|10 E1= 20 G23=632 | -0,16667
|11 E2= 50 G24=0642 0
12 |E3= a0 G34=G43 | -0,16667 | | | | I _|
13 |[E4= 40
| 14 |E5= 50
15 1= 4
18 |12= 1 . . . . .
|17 | hlaTpuuya yanoeelx npoEogMMocTed | OBpaTHas Matpuua nposoguMocTed |
|18 0875 025 05 0 3,200059) 2,000057 | 2600075 1.400068
19| 025 D&IESE7 -0,16B67 a | | 2000057 | 2 976243 2011879 1083394
120 05 016867 0833333 -0,16867 | | 2500075 2011979 3544142 1908421
21| 0 0 -0,16667 0,309524 | | 1400068 1,083334 1908421 4258399
|22
[23]
|24 | | |
| 25 |Yanoewle NoTeHUMank ) ~ TOKM BETBEW
| 26 |jm1= -25,8008 1= 07251
| 27 | hu2= -54 965 | 2= | 0893
28 [pu3= -19 6683 | 3= | 0,208958
29 dud = -159756 | 4= | 076399
30 5= 7.717808
131 | | IB= | 228225
132 | 7= | -306594)
|33 |

34
W4y M et £ TicT2 ) mer3 /. |« | >

Puc.4- Bug oxna B cpene MSExcel npu penieHun cucTemsl

METOAOM Y3JOBLIX IIOTCHIOHWAIIOB.



3 IPUMEP PEHIEHUSA 3ATAHUA 2 «PASBETBJIEHHAS L EIID
TPEX®A3HOI'O TOKA»

3.1 POPMVIIMPOBKA 3AJJAHNA

3ajaHueM IpelyCcMaTpUBAETCs BBITOJIHEHUE PACUETOB CUMMETPHYHBIX U
HECUMMETPUYHBIX TPEX(Pa3HBIX LIETIEH.

B  kauectBe HMCXOOHOW B  3aJaHMM  PACCMATPHUBAETCS  CXEMaA
ANIEKTPOCHAOKEHHS C JABYMs MPUEMHHKAMHU, OJIMH U3 KOTOPBIX MPEACTABIISET
co0OM CTaTHMUYECKYI0 Harpy3Ky C CONpPOTUBIEHUEM Zy, IPYrol — Harpys3ky B
BUJI€ ACHHXPOHHOro nBurarenas Jl ¢ W30IMpOBaHHOW HyJEeBOMl Toukon 07
ITpenmnosnaraercs, 4To ABUraTelb pabOTAET B PEKUME XOJIOCTOrO X0Aa, IMOTEPU
B HEM HE YYMTBIBAIOTCS. B HEKOTOPBIX BapuaHTaX UMEETCs BTOPas CTATUYECKAS
CUMMETPUYHAs Harpy3Ka, COCTOSILIAs U3 PE3UCTOPOB R.

HecumMMeTpuyHBI peXUM B LENU BO3HUKACT B PE3YyJbTaTe KOPOTKOIO
3aMBIKaHHSI B OJHOM W3 BETBEU CXEMbl, WIM IPU MOAKIIOYEHHHU C ITOMOIIBIO
pyOunbHuka P HecummerpuuHoil Harpy3ku R. [lpu cymiectBoBaHMM — HE
CUMMETpUU B TpeX(a3HOU Lienu, CONPOTUBIIEHUS T€HEpaTOpa, JUHUU Nepeaay,
JBUTATENS JUI Pa3IMYHBIX MOCJENI0BATEILHOCTEN — HEOJUHAKOBBL. OCHOBHBIM
METOAOM  pacuyera TakUX LeNed  SABIAETCS  METOX  CUMMETPHUYHBIX
COCTaBIIAIOLIUX.

HecunyconnanbHplii  peXMM  pacCMaTpUBaeTCd B CUMMETPUYHOMU
Tpex(da3Hoi uenu. Pacyer BBINOJHAETCS Ha OCHOBE METOAA HAJIOKEHHUS.
CraBuTcs 3a/1aya onpeeeHus MOKa3aHUui MPUBEICHHBIX HA CXEME BOJIBTMETPA
u ammepmerpa. IlpenycmarpuBaercss mNOCTpoeHHE TIpauka MIHOBEHHBIX
3HA4YEHUM TOKA B OJJHOM W3 JIMHENHBIX IPOBOJOB JIUHUU.

Homep cxembl COOTBETCTBYET MNOPAIKOBOMY HOMEPY, IOJ KOTOPBIM

(baMI/IJ'H/ISI CTyJACHTa 3alluCaHa B TPYIIIIOBOM JXYpHaAJC. YucnoBbie JAaHHBIC



napamMeTpoB JJEMCHTOB IMCIIM IIPUBCIACHBI B Ta6n1/1ue u BBI6I/IpaIOTC$I B

COOTBETCTBUHU C HOMEPOM TPYNIIbI.

Yacrtp 1. CummerpudHas Tpexdga3Hasa uenb

B cxeme uCXOAHOW IeMU KOPOTKOE 3aMbIKAHUE OTCYTCTBYET, WJIH B
3aBUCMMOCTH OT BapHaHTa CXeMbl, pyOMIbHUK P — pa3oMkHYT. Pexxum B nienu
ONpeeIseTCs TpexQa3HbIM TEHEPaTOPOM c CUMMETPUYHBIMU
CUHYCOUJIAIbHBIMU HAIPSHKECHUSIMUA TPSIMOU TOCIEAOBATEIbHOCTH, ¢ (a3HOoM
OJC E,, CONpOTHBICHUSIMHU CTAaTHUYECKOW HArpy3Ku Z,, CONPOTUBJICHUSIMHU
MPSAMOM NOCIEN0BATENBLHOCTH T'eHEPATOpa Ly, JIMHUU L]y, IBUTATENS L] .

1.1. Ona ¢a3el 4 HA4YepTUTh CXEMy pacuera IeNu C YyKa3aHHUeM
apamMeTpoB DJIEMEHTOB. BBIUMCIUTL TMOKa3aHUs, W300paKCHHBIC HA CXEME
LEIH, BOJIbTMETPA U aMIIEPMETPa ANEKTPOMATHUTHON CUCTEMBI.

1.2. Ucnonws3ys mokazaHusi IpuOOpOB, HaijeHHbIe B 1.1.1, onpenenuTsb
AKTUBHYI0O M PEAKTHUBHYIO MOIIHOCTA CHUMMETPUYHOW Harpy3ku Z, u A. B
KA4ueCTBE IPOBEPKH, CPABHUTh IOJYYEHHBIE PE3YJbTAThl CO 3HAYEHUSMHU
MOIIIHOCTEN, HAUACHHBIMHA U3 PACCMOTPEHUS CONIPOTUBIECHUN Zy U A.

1.3. I[TocTpouTh BEKTOPHO-TOMOTPaGUUECKYIO THarpaMMy IIEIH; MOKa3aTh
Ha HEW BEKTOP HAIPSDHKEHUS HAa BOJIBTMETPE U BEKTOP TOKA B AMIIEPMETPE.

1.4. BpINOAHUTE MOAECNIUPOBAHUE CXEMbl B BJIEKTPOHHOM Cpene
ElectronicsWorkBench. Omnpenenuts moka3zaHue BOJBTMETpAa M aMmIepMmeTpa.
N3meputh (aszHple TOKM TEeHepaTopa, CTaTUYECKOW HArpy3KW W JIBUTATEII.
[TpoBectn monenupoBanue B mporpamme MathCad mo HaiiIeHHBIM 3HAYCHUSM U

IMOCTPOUTH BCKTOPHYIO AUAIrpaMMy TOKOB.



Yactp 2. HecummeTpuuHas Tpexda3Has Henb

B ucxonHoW 1enu y4uThIBaeTCS KOPOTKOE 3aMBIKAHUE WJIM 3aMbIKAaHUE
pyownsHuka P. Cuctema DJ1C renepaTopa cuHycoualibHAs, CAMMETPHUYHAS.

2.1. CoctaBUTh 3KBHUBAJICHTHBIE CXEMbl U ONPENEIUTh CUMMETPUYHBIC
COCTaBJIAIOIIME TOKOB U HAMPSKEHUH HA HECUMMETPUYHOM y4acTKE JTMHUMU.

2.2. Ilo HaliIcHHBIM B 1I. 2.1 CUMMETPUYHBIM COCTABJISIIOIIIMM PACCUUTATh
(a3HbIC TOKW U JINHECWHBIC HATIPSHKCHUS Ha JIBUTATETIE.

2.3. IlpoBepuTh YIOOBJIETBOPEHHWE TIOJYYECHHBIX pE3yJIbTATOB I1.2.2

nepBoMy U BTopomy 3akoHam Kupxroda.

Yacrtp 3. HecunycouiaabHbIM PeKUM B CHMMETPUYHOM Tpex(pasHou

Henu

B wucxomnomn cxeme 1enu KOPOTKOC 3aMbIKaHHUC OTCYTCTBYCT WU

pyounsauk P — paszomkayT. JJIC reHepaTopa CHUMMETpPUYHBIC, HO HE
CHUHYCOUIAJbHBIE.
OJ1C da3wiA:
_ <1)\/>. (3>\/>. o (5)\/>. o (21)
e, =E, N2sin314t+E, v2sin(942t+30°)+ E, ~2sin(1570¢-60"), .

rie £, =E,-DJIC ¢asbl A OCHOBHOI FapMOHHUKH (CM. TAOIIHILY);

E\ =0,5E,, E, =0,3E,.

3.1. Jlnsg kaxaoil U3 rapMOHHUK, HA OCHOBE SKBUBAJIICHTHBIX CXEM IS
da3pi4, ONpeneauTh COCTABJISAIONIME TOKA B aMIIEpPMETpEe M HaNpsOKEHUS Ha
BOJIETMETPE.

3.2. BbIUMCIUTh MOKa3aHUs BOJIBTMETPA U aMIIepMETpA.



3.3. Tloctpouts Ha onHOM TrpaduKe KpUBHIE MTIHOBEHHBIX 3HAaYCHUI

OTAEIBHBIX TapMOHUK UM PE3YJIbTHUPYIOLIETO TOKA B aMIepMmeTpe. YKazaTb

nepuoabl M HauadbHbIE (a3bl TAPMOHUK.

Tabnura 2 - Ucxonaele JaHHBIE

Ne ®dasnag ConpoTuBneHus Conporusnenust | CompoTHBICHHS
rpyn SJC reseparopa 7 JIMHUHU JIBUTATEIIs A
bl | TeHepaTopa 63 " R, JIMHUH Om
E4 B Zr, Lo, Zor, M OM | Ziu=_2n | Zon, Zin, Zox,
Om Om Om Om Om Om Om
1 230 72 1507104 j3 5 | 40,5 | +41 |+/58]| +/3 | 13,2132
2 230 2 |07 | jo4 | ja 6 | 405 | +j1 |+/58 | +/3 11,4
3 400 | 25| j1 | o5 | j3 7 | 40,7 | +j13| +j4 | +25] 114
4 400 | 2,5 | j1 | jo,5 | j4 8 | 40,7 |+j13| +j4 |+25] 132
5 230 2 | jo,7 | jo4 | j3 5 | 405 | +j1 |+/58| +/3 11,4
6 400 |25 | j1 | o5 | j3 8 | 40,7 |+j13] +j4 |+25] 132
7 230 2 | o7 | jo4 | j2 6 | 405 | +j1 |+/58 | +/3 11,4
8 400 | 2,5 | j1 | jos | j2 7 | 40,7 |+j13] +j4 [+/25] 114
9 400 |2.52 | j1 | jos | j2 8 | 40,7 |+/13| +j4 |+25] 132
10 230 | 2,5 | jo,7 | jo4 | 2 5 | 405 | +j1 | +58 ] +/3 11,4
11 400 2 | j1 | jos | j3 8 | 40,7 |+j13] +j4 |+25] 132
12 230 2 o7 | jo4 | j3 6 | +j05 | +j1 |+/58 | +/3 13,2
13 230 | 2,57 | jo,7 | jo.4 | ja4 5 | 405 | +j1 |+/58]| +/3 11,4
14 400 | 2,512 j1 | o5 | j4 8 | 40,7 |+j13] +j4 |+25] 114
15 400 | 25 | j1 | jos | 2 7 | 40,7 | +j13| +j4 | +25] 132
16 230 70,7 | jo4 | j2 5 | 405 | +j1 |+/58]| +/3 11,4
17 400 i1 | jos | ja 8 | 40,7 |+j13| +j4 |+25] 114
1. 2.
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2.2 IIPUMEP PACUETA PA3BETBJIEHHOM LIEITN
TPEX®A3HOI'O TOKA

- 0
NN
) i T
E' W—()—— LD
TN s
B C

\W/ N
C
(n)
L SP
()
\/
JlaHo: R=25«M XLy =15«M XC, =30xM
17«N . _11xN __7#N
U, = 7 Us; = NG Us = 7
Pemenue:
U; = 12.028N
U; =7.7782N
Us = 4.9497N
U =U;

Ug1 = 12.0208N
|Ug1| = 12.0208N
arg(U,,) = 0xdeg
Uy, = U, * e~ 120j*deg

Uy, = (—6.0104 — 10.4103i)N
|Ub1| = 12.0208N

arg(Ub1l) = —120 * deg



Ucl = U, * e120/deg

Ucl =(—6.0104 — 10.4103i)N
|Ucl| = 12.0208N

arg(Ucl) = 120 * deg

Ua3 = U, * e30/*deg

Ua3 = (6.7361 + 3.8891i)N
|Ua3| = 7.7782N

arg(Ua3) = 30 * deg

Ub3 = Us * e30/*d¢d

Ub3 = (6.7361 + 3.8891i)N
|Ub3| = 7.7782N

arg(Ub3) = 30 * deg

Uc3 = U, * e30I7deg

Uc3 = (6.7361 + 3.8891i)N
|Uc3| = 7.7782N

arg(Uc3) = 30 * deg

Ua5 = Ug * e~ 45J*deg
Ua5 = (3.5 — 3.5{)N
|Ua5| = 4.9497N
arg(Ua5) = —45 = deg

Ub5 = Ug * e75/*d4¢9
Ub5 = (1.2811 + 4.78110)N
\Ub5| = 4.9497N



arg(Ub5) = 75 * deg

Uc5 = Ug * e~165/+deg
Uc5 = (—4.7811 — 1.2811i)N
|Uc5| = 4.9497N
arg(Uc5) = —165 = deg
Pacuer menu mpu COCIMHEHMHM WCTOYHWKA M HATPY3KH 3Be3/1a-3BE3/a C
HYJIEBBIM ITPOBOJIOM.
OnpenenuM JTUHCHHBIC HAPSIKCHUS:
Uabl = Ual — Ub1
Ubcl =Ubl —Ucl
Ucal = Ucl —Ual
Uab3 = Ua3 — Ub3
Ubc3 = Ub3 — Uc3
Uca3 = Uc3 —Ua3
Uab5 = Ua5 — Ub5
Ubc5 = Ub5 — Uc5
Uca5 = Uc5 — Ua5

OHpelICJ'H/IM KOMIIJICKCHBIC COITPOTHUBIICHUS !

XC1 =30
XC3 =)£1

3
XC5 = &

5
XC3 =10
XC5=6
XL1 =15
XL3 =XL1%*3

XL5 = XL1+*5



XL3 = 45
XL5 =175

COOTBETCTBEHHO!
Zal =R+ j*XL1
Za3 =R+ j*XL3
Za5 =R+ j*XL5

Zbl1 =R
Zb3 =R
Zb5 =R
Zcl =—j*XC1
Zc3 = —j*XC3
Zc5 = —j*XC3

Onpenenum TOKHU:

Ual
Ial =M
Ub1
Ib1 =71
Ucl
Icl =Z_cl
Ua3
Ia3 =%
Ub3
Ib3 =73
_ Uc3
Ic3 =73
Ua5

Ia5 =

~ Zab



Omnpenennm nokaszaHus aMIEepMeETpa, BKIYEHHOTO B (azy B
Ib = /(IIb1))? + (Ib3])? + (|Ib5])?
Ib = 0.606N

OHpe,Z[CJ'H/IM MI'HOBCHHOC 3HAYCHMEC TOKA HYJICBOI'O ITPOBOJA:

lol =Ial + Ib1 + Icl
lolm = |lo1]| *\2

Iol = (—0.2339 — 0.8289i)
lolm = 1.218N

llo1l] = 0.8613N
Yol = arg(lol)
Yol = —105.7565 x deg

lo3 =1a3 + 1b3 + Ic3

[o3m = |103] * V2

lo5 = Ia5 + 1b5 + Ic5

05 = |I05| * V2

iol(t) = 12.18 = sin(314t — 105.7565 deg)

i03(t) = 10.9183 * sin(942t — 89.2281 deg)
io5(t) = 5.3533 * sin(1570t — 66.1817 deg)
io(t) =iol(t) +io3(t) +io5(t) = 12.2 *sin(—1)



OnpenenuM Moka3zaHus aMIEPMETPa, BKIIFOYEHHOTO B HYJIEBOM TPOBOL

Io = /(ITo1])% + ([103])% + ([105])2
lo =1.2029N

_y 20 20
771000 * 6471000

t

30r

10f
iol(t) +
6€
103(1)
< +H+ 3
— 105(t)

io(t) ; E

—10r & ‘(‘

A +4
*Xa(xx%*’f

-30

M=1Algen

Puc. 5 — I'padux MrHOBEHHBIX TOKOB

OHpeI[CJ'II/IM IMOKa3aHusl BaTTMCTPOB

Pw1 = Re(—Ual = Io1) + Re(—Ua3 * I03) + Re(—Ua5 * [05)

Pw2 = Re(Uab1 x Io1) + Re(Uab3 x 103) + Re(Uab5 * 105)
Pacuer nienu npu coeMHEHNN UCTOYHUKA W HArpy3KH 3Be3/a-3Be3/1a 0e3

HYJIEBOT'O NMPOBOJIA



-03 ~02 -01 0 0.1 02

Puc. 6 — BekropHas nuarpaMmma TOKOB

OnpenenuM MpoBOANMOCTH



OrnpenenuM HanpsiKEHUE CMENIeHUs HelTpanu, B:

Ual-Yal+Ubl-Ybl+ Ucl- Ycl_

Uo'ol = Yal + Ybl + Ycl ’
Ua3:-Ya3+Ub3-Yb3+Uc3-Yc3
Uo'03 = ;
Ya3 +Yb3 +Yc3
Ua5-Ya5+ Ub5-Yb5+ Uc5-Ych5
Uo'o5 = .

Ya5 + Yb5 + Yc5

OnpenenuM nmoka3aHus BOJIbTMETPA, BKIIFOUEHHOTO Mexk 1y ToukamMu OO’

Uvoo' = /(JUo"01])2 + (|U0’03|)2 + (U0’ 05])?

Onpenenum (a3Hble HanpsHKEHUs ¢a3bl,B:

Ubo'5 = Ub5 — Uo'05.

Onpenenum Toku ¢assl, B:

Ubo'l
Ibl = 751 ;

Ubo'3
Ib3 = 753 ;

Ubo'5
Ib5 = m;

I, = Y (IIb1)2 + (I1b3])2 + (|1b5])?
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