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CepTudukar:
Bnaneneu:

Copepxanue

Beenenue

Llens u 3amaun U3y4eHUs QUCITUILIMHEL

O0opynoBaHue U MaTEPUAITEI

HanmenoBanue nmpaktugeckux pador

Copepxanne mpakTHIECKUX padoT

[TpakTnueckoe 3amarme Ne 1. Dnekrpuueckme nenW ITOCTOAHHOTO TOKA.
DKBUBAJIEHTHEBIE MTPEOOPA30BAHUA B SNEKTPUUECKUX LIETIAX.

[TpakTnueckoe 3amarme Ne 2. Meronsl pacdera 5SIEKTPHUYECKHX MEHEH
MOCTOSHHOTO TOKA. AHaIM3 PEXKUMOB IENMEH MOCTOAHHOTO TOKa C
MCITOJIE30BaHNEM 3aKO0HOB OMma u Kupxrodga.

[TpakTnueckoe 3amarme Ne 3. Merongel pacdgera 5SJIEKTPUYECKHX IIENEH
MOCTOSIHHOTO TOKA. AHAIM3 PEKUMOB ILIEMEH IMOCTOSHHOIO TOKAa METOJAMH
KOHTYPHBIX TOKOB M y3JIOBBIX MOTEHIIHAIOB.

[TpakTuueckoe 3anarne Ne 4. AHanu3 JTUHEWHEBIX OTHO(A3HBEIX SIEKTPUUECKUX
LEIMeM  OEePEMEHHOr0  TOkda. KOMIUIEKCHBEIM  METOX — aHajau3a  Leneu
CUHYCOMIAIBHOTO TOKA.

[TpakTnueckoe 3anarne Ne 5. AHanu3 JIMHEWHBIX OJHO(A3HBIX SIEKTPHYECKUX
Ienenl nepeMeHHoro Toka. Pacuer oqHo(a3HeIx 1ieneld CHMHYCOMIATIBHOTO TOKA.
[TpakTueckoe 3anarue Noe 6. AHanu3 JIMHEMHBIX TPEX(PasHBIX NIEKTPUUECKUX
Leneld NepeMeHHOro Toka. Pacuer tpexda3HeIx 1ienel CHHYCOMOAIBHOTO TOKA.
[TpakTnueckoe 3anarue Ne 7. Bpamarommecsa SJI€KTPHYECKHE MALIWHEL. Pacuer
HIEKTPUUECKUX MOTEPh M KO3(P(PUIIMEHTA MOME3HOTO OEHMCTBUA ACMHXPOHHBIX
IBUTaTeIeH.

[TpakTnueckoe 3anarue Ne 8. THUMOBBEIE CXEMBI CHCTEM HIEKTPOCHAOKEHWA
3IaHUA W COOPYKEHUM.  JNEKTPUYECKHE  HArpy3Kl  MOPOMBINUIEHHEBIX
IPEaNPUATHH.

[TpakTnueckoe 3ansatue Ne 9. OCHOBEI SJEKTPOHHUKH U SJIEKTPOU3MEPEHHH.
OrnpenenceHue MOKa3aHUM AMIIEPMETPOB, BOJIBTMETPOB M BATTMETPOB B IEIAX

[MOCTOAHHOTO U CHHYCOMIAJIBHOTO TOKOB.

Yﬁ%ﬁﬁﬁﬂﬁ%ﬁ%ﬁﬁﬂe 1 HTH(POPMAIIMOHHOE 00€CIEUYEHNUE T CLIUIUTUHEI
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5.1 [TIlepeyens OCHOBHOM U AOMOJHUTEILHOM JUTEPATYPHI, HEOOXOMUMOW I
OCBOCHUS JUCIUTUTHHEI

5.2 Ilepeuenr yueOHO-METOAMUECKOTO OOECHIEUEHUS CAMOCTOATEIEHOM pPabOTHI
00YyJaArOMIUXCS IO AU CIUTITHHE

5.3 Ilepeuens pecypcoB HH(POPMAIIMOHHO-TEIEKOMMYHUKAITMOHHOU ceTn UnTepHer,

HE0OXOOUMBIX U OCBOEHWA U CIATLUIHHEI
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Beenenune

[IpakTnueckue 3aHATHA  CO3JAOT ONTHUMAIBHBIE JHUAAKTHYECKHE YCIOBHAA A
NEATEIEHOCTHOTO OCBOEHUS CTYIEHTAMH CONEPKAHUA U METOJ0JIOTUHA U3y4aeMOH TUCHUILINHEI
«MHxeHepHbple  CHUCTEMBI  3JaHUM UM COOPYKEHUM  (DIEKTpoCHAOkeHHe ¢  OCHOBAMHU
SIEKTPOTEXHUKH )», MCHOJB30BAHUE  CHEIUANBHOr0  jaboparopHoro o0OpymoBaHuA U
TEXHUYECKUX cpencts. llpakthueckue 3aHATHA 3aHUMAIOT MIPEUMYNIECTBEHHOE MECTO IIPH
U3y4EHUN 00MIENPO(ECCHOHATBHEIX U NPO(PECCHOHATBHEIX TUCHUILIMH. [IpakTinueckue 3anarus
MPOBOJATCA C LEIBI0 BEIPAOOTKH IMPAKTUUECKUX YMEHUH U NPUOOPETEHNA HABBIKOB B PENICHUH
3a7a4, OTPAOOTKH yIIPaKHEHUN, BEIIIOJTHEHUN YEPTEKEHN, MPON3BOICTBE PACUETOB U T.II.

[lenpro mpakTHYECKUX 3aHATHA SABISAETCA (POPMUPOBAHME MPAKTUUECKUX YMEHHM —
OpO(ECCUOHANBHEIX (BEIMOJMHATE ONPEAENEHHEIE AEUCTBUA, ONEpalni, HEOOXOINMMEBIE B
DOCIHEAYIOMEM B IPO(ECCHOHAIBHOM JACATEARHOCTH) WM Y4E€OHBIX, HEOOXOOUMEIX B
MOCIHEAYIOMEH YUeOHOU AEATENRHOCTH MO OO0menpodeccunoHamsHEIM U OpO(PEeCCHOHATEHBIM
OUCHHATLIINHAM.

bubmuorpapuuecknii COMCOK COAEPKUT CBEAEHUA O COPABOYHOM JMTEPATYPE U

OONOJHUTENBHBIX U3TAHUAX, HEOOXOAUMBIX I YyTAyOJIEHHOTO U3Y4E€HUA OTAEIbHBIX BOMPOCOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1. Ilenw u 3a0aun usyuenus OUCUUNIUHDI

[lenpro 0OCBOEHMA TUCHMITINHGL ABIACTCA U3 yIEHUA TUCHUILIMHEL « MHKEHEPHBIE CUCTEMBI
30aHUU W COOPYKEHUM (DIEKTpOCHAOKEHME C¢ OCHOBAMM JIEKTPOTEXHHUKHU)» ABIACTCA
(popmMHupoBaHHE 3HAHWI B 0014CTH TEOPHUM, PACUETa M AHAIN3A SIEKTPUYECKUX M MArHUTHBIX
Leneld, pacCMaTPUBAEMBIX KAk MOAEIM PEATbHBIX  AIEKTPOTEXHUUECKHX  YCTPOMHCTB,
HCIOJIB3YEMBIX B CTPOUTEIECTBE.

3amaumn OCBOEHUA OUCHUILIIUHEI ABJIAIOTC:

— W3YUUTh OCHOBHBIE IIOJIOKEHMA TEOPUM W NPAKTUKM pacdera OOHO(A3HBIX H
Tpex(Pa3HbBIX YNEKTPUUECKHX HEMEH, AMEKTPOTEXHUIECKYI0O CHMBOJIMKY U TEPMHHOIOTHIO;

— MOJYYUTH MPAKTUUECKUE HABBIKM PACUETA SIAEKTPUUECKUX MENeH, MCHOIb3YEMBIX B
Ipo(PECCUOHATBEHON NPAKTHKE;

— HAYYUTHCS ITOJIB30BATHECS TOCTHIKEHUAMH COBPEMEHHOMN JJIEKTPOTEXHUYECKON HAYKHU B

CBOEH MPO(PECCHOHATBEHOUN OEATEITEHOCTH.
2. Obopyoosarte u Mamepuaibl
AnmnapaTHele CpeCTBa: MIEPEHOCHOU HOYTOYK, ITPOEKTOP, JOCKA MATHUTHO-MAapKEepHAsL.
YuebHas ayauTopus A OpOBENCHUSA YUEOHBIX 3aHATHIL, OCHANIEHA 000pyZOBAHUEM H

TCXHHUYCCKHMH CPCOCTBAMHA 06}’15[ CHH A.

3. Haumenoeanue npakmuueckux paoom

M3 aux
Ne Temrr HanmenoBanue TeM DTUCIIUNIINHEL, UX KPATKOE O0Bem
MPAKTUIECKas
MACIIATTAHEL coaepIKaHue qACOB
[TOATOTOBKA, 4YACOB
S ceMecTp

IIpakTHueckoe 3anaTHe Ne 1. JlekTpHUyecKkue
Hend MOCTOSHHOI0O TOKA. OKBUBAJICHTHBIE
npeoOpa3zoBaHus B JIEKTPUUECKUX IETIAX.

1 Hayuurecsi ~ paccuuTeiBaTE  HKBUBAJICHTHOE 1.5
CONPOTHUBICHHUE NPH  Pa3saUYHBIX  CXE€Max
COEIMHEHUSA PE3UCTOPOB: MMOCIEIOBATEILHOM,
HapauIeIbHOM, TPEYTOJIBHUKOM M 3BE3I0M.

IIpakTnueckoe 3anaTHe Ne 2. Meroabl
pacuera 3JIeKTPHYeCKHX Helel MOCTOSAHHOIO
TOKA. AHAIW3 PEKUMOB IIEMEH MTOCTOSHHOTO

2 TOKA C WCOOJB30BAHHMEM 3akOHOB Oma o 1.5
[0 T NOANUCAH

SMEKT PXDARELI0
Gepnl vkat:  2C0000043ES ﬂ?ﬁﬂ%ﬁﬂgﬁﬁ&%ﬁ‘iﬁmﬂam TOKH B BETBIX C
I

Bnangneu: llleGayxoea TafeAHa AnexkcaHOpoBH

MOMOIIBIO 3akO0HOB Oma u Kupxroda.
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IIpakTnueckoe 3ansaTHe Ne 3. Meroanl
pacuera 3JIeKTPHYECKUX Heleil MOCTOSAHHOIO
TOKA. AHaIN3 PEXUMOB LEMEH MOCTOSHHOTO
TOKA METOJAMH KOHTYPHEIX TOKOB MU Y3JIOBBIX
MOTEHIUATIOB.

HayuuTbCcsi pacCuuThIBaTE TOKM B  BETBAX
METOOAMH KOHTYPHBIX TOKOB W  Y3JIOBEIX
MOTEHIUATIOB.

1,5

IIpakTHueckoe 3anaTtHe Ne 4. Axaaus
JUHeHHBLIX  OAHO(PA3HBLIX  JJIeKTPHYECKHX
Hereil IepeMeHHOr0 TOKA. KOMIUIEKCHEIN
METOJ AHAJIM34A LIETIEN CUHYCOUOATLHOTO TOKA.
[TonryunTes HABBIKM MEPEBOAA CHUHYCOMOATBHBIX
BEIMUMH B KOMILIEKCHBIE, HAYUYUTHCS CTPOUTEH
BEKTOPHBIE THATPAMMEI.

1,5

IIpakTHueckoe 3anaTtme Ne 5. Axaams
JHHEHHBIX  OJHO(PA3HBIX  JIeKTPHYECKHX
Hernei mepeMeHHOro Toxka. Pacuer ogHo(azHbeIx
1ENeN CUHYCOUIAIBHOTO TOKA.

[TonyunTe HaBBIKM pacdyera pa3BETBICHHBIX
OMHO(Aa3HEIX LIEMEN CHHYCOMJZAILHOTO TOKA
pa3IMUYHBIMA ~ METOAAMM KaK B  OOBIYHEIX
pEKMMAX, TAK U B PEKUME PE30HAHCA, HAYIUTHCA
COOpPOBOKIATH  PACUETHl  BEKTOPHBIMM U
TOMOrpa(pUIECKUMIA TUATPAMMAMH.

1,5

IIpakTHueckoe 3aHaTtHe Ne 6. AHaaus
JHHEHHBIX Tpex(asHbIX IIeKTPHYECKHX
Hernei mepeMeHHOro Toka. Pacuer TpexQazHeix
Henell CHHyCOUIAMBEHOTO TOKA.

[TonyunTe HaBEIKM pacdera Tpex(a3HbIX LEnei
CUHYCOUJAIBHOT0 TOKA IPH CUMMETPHUYHOU H
HECUMMETPUIHON HATPY3KE.

1,5

IIpakTH4yeckoe 3ansaTHe Ne 7. Bpamapomuecs
NIeKTPHYECKHe MALIHHBI. Pacuer
SIEKTPUUECKUX  TIOTEPER W KO3 (puimenTa
MOJIE3HOTO IENCTBUSA ACHHXPOHHBIX JBUTATENEH.
[Toryuutes HaBBIKM pacuera HSIEKTPUUECKUX
NOTEPE U KOA(P(PUIMEHTA ITOJIE3HOTO IEHUCTBHUS
ACHHXPOHHBIX TBUTATEIECH.

1,5

IlpakTH4yeckoe 3aHATHE N 8. THIIOBBIE CXeMBbI
CHCTEM  JJIEKTPOCHAO:KeHHH  3aHHH H
COOpY:KeHHH. DIIEKTPUY ECKUE HArpy3KH
NPOMBINUICHHEBIX ITPEAIPUSTH.

[TpuobpecT HaBBIKM pacdyeTra SAEKTPHUUECKHUX
HArpy30K OPOMBINUIEHHBIX MPEATPHUATHIL.

1,5

cdumkar: 2C0000043ES EH'EI

IIpakTHueckoe 3anaTrHe Ne 9. OcHOBbI
NIEKTPOHHKH 7] YJIeKTPON3MepeHHil.

Qﬂﬂgﬁﬁ%{&ﬂﬂe HOKAa3aHUH AMIIEPMETPOB,

BAOILTMOTPEO8 M BATTMETPOB B ILIEIAX

@&ﬁﬁﬁ?ﬁ“ﬁ%ﬂuﬂaﬂmﬂm TOKOB.

1,5
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Hayuurscs paccuuTEIBaTE IMOKA3aHUS IPUOOPOB
pPa3IMUHBIX W3MEPUTENBHBIX CHCTEM B IIEIIAX
IOCTOSAHHOTO W CHHYCOMJAIBEHOI0 TOKOB.

Hroro 3a 5 cemecTp:

13,5

HUroro:

13,5

AOKYMEHT MNOANMCAH
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4. Coodeporcanue nadopamopHsix paoom
Ilpakmuueckan paooma Nel. Inekmpuueckue yenu nOCMOAHHO20 MOKQA.

IKGUBAICHMHbIE NPEOOPA306AHUA 6 ITEKMPUUECKUX U{enaX

I]env: HayunTbCs pacCUMUTHIBATE SKBUBAJIEHTHOE COIPOTUBIIEHUE ITPH PA3INUHBIX CXEMAX

COEIMHEHUA PE3UCTOPOB: MOCIEN0BATENBLHOM, MAPAJUIEIEHOM, TPEYTOJIBHUKOM U 3BE310M.

Ocrnoevt meopuu:

DJIEKTpUYECKasd  [emb, 00pa3oBaHHAA  MYTEM  COEOMHEHUSA  MEXKIy  Co0Oou
UICATM3UPOBAHHBIX  SJIEMEHTOB,  SABJLIETCA  MATEMAaTHM4YECKOW  MOJENBI0  PEaTbHOrO
HIEKTPOTEXHUUECKOT O WM AJIEKTPOHHOTO YCTPOUCTBA. UeM OONbIIE AEMEHTOB CONEPKUT TaAKas
IIEMb, TEM TOYHEE OTOOPAXKAET OHA XAPAKTEPUCTUKA MOJETUPYEMOro ycTpoucrBa. Jlamum
ONMPENENIEHUs OCHOBHBIX MMOHATHM, KAaCarlONIMXCA TEOMETPUYECKON KOH(pUrypamuu, Win
TOIIOJIOTHH, SJIEKTPAYECKUX LIEIIEH.

BeTBp — yuacToK 11€nu C ABYMA BBIBOJAMH. BETBBIO MOKET OBITh OTHENBHBIA SJIEMEHT
nu0O0 rpymnmna 31€MEHTOB, COEUHEHHBIX TOCIIET0BATEIFHO U MAPAIUIENBHO.

Y3en — Touka COemuHeHua ABYX wim Oomee BeTBeil. MecTo coequHeHns OBYX BETBEM
ynoOHO paccMaTpuBaTh B KA4ECTBE y3Jia ONPH MAIIMHHBEIX pacuerax. [Ipm pyduHbIX pacuerax
HECKOJIBKO  JJIEMEHTOB, COEQUHEHHBIX ITOCIENOBATEIEHO MM  ITAPAIIENBHO, YI00HO
paccMarpuBark Kak OOHY BETBb. [103TOMy mpu pydHBIX pacuerax y3JI0M CUMUTAIOT COETUHEHUE
Tpex Wi 00JIee BETBEML.

KOHTYp — 3aMKHYTBIN YTh, IPOXOANINH YE€PE3 PN BETBEH U Y3JI0B.

3amaga aHamm3a SAEKTPUYECKOU LEMmA (PopMymMpyeTcs CIeayiommMm 00pa3oM. 3amaHb
CXEMa IENM M XAPAKTEPUCTHUKH €€ HSIEMEHTOB, 4 TAKKE HAMPIKEHUSA U TOKH HE3aBUCHMBIX
MCTOYHHUKOB. 1 peOyeTcs HAUTH TOKH U HANIPSAKECHUS BETBEM.

YpaBHEHH:A, OMHCHIBAIONINE ITOBENEHUE SIEKTPUYECKOM I€MM, COCTABJIAIOT HA OCHOBE
3akoHOB Kupxroda.

Yro0Or1 3amucate ypaBHeHHsA 1o 3akoHam Kupxroda, Heodxomgumo cHauama BEIOpATEH
MOJIOKUTENEHBIEC HAMPABIEHUA TOKOB U HANPKEHUN BETBEH. [ono)kuTensH0 € HANPABIEHUE TOKA
MOKA3BIBAIOT CTPENKOM HA BEIBOAE OsneMeHTa. [lookurenpHOE€ HanpaBiIeHWE HANPAKEHHUA
MOKA3BIBAIOT CTPENKOH, PACIOJOKEHHOW PAOOM C dSjJeMeHTOM. HampaBieHusa TOKOB H
HANPSKEHUA ~ PE3UCTUBHBIX  AJEMEHTOB  BBIOMPAIOT  COrmacoBaHHBIMU. (CONMpPOTHUBIEHUE

[IOKYMEHT NOANWUCAH
IPOBOIHMEOBPOHEOATBHAONGNX SJIEMEHTEI, OU€Hb MAJI0 II0 CPAaBHEHWUIO C COIIPOTHBICHUAMH

Ceprudomkar: 2C0000043ESABBESS52205E7BAS00060000043E
BranenqdE3VCEOPOB, TH M ATPEHEDPEratoT.
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Hanpapnenus Hanps:;k€HUH U TOKOB UCTOYHUKOB CIEOYET pacCMOTpeTs 0C000. CTpenka
DJIC ucTouyHMKA HAOPAKEHUS HANPABICHA K €r0 IIOJOKUTEIRHOMY BEIBOAY. I[losromy

HAIMPAKCHHUC Hd BHCIIHHX 34 KUMAX 5TOT0 HCTOYHHKA HAITPABJICHO B CTOPOHY, ITPOTHBOITOJIOKHYIO

SC.

3aoanue:
3aoaua Nel
Jlnsa nenm, n300paxkenHon Ha pucyHke 1.1, HalTH SKBUBAJIEHTHEIE COMMPOTUBIEHUS MEKIY

3aKuUMaMi a U b, cu d, d u f. 3HaueHus COMPOTUBIECHUN MTPEACTABIEHEI HA cXeMe B OMax. (rgp =

120m, reg =4 Om, rgg =4 Om)

o C d
a

o— | [ ]
6 5

o

Pucynok 1.1 — [Ipunnunuanenas cxema

3aoaua No2
Jlng nenm, n3o0paxeHHond Ha pUCYHKE 1.2, OmpenenuTs SKBUBAJIEHTHOE COTPOTUBIIEHUE

e MEXKIY TOUKAMU @ U b TIPH pa3OMKHYTOM U 3aMKHYTOM kmoue k. Ecmirl =12 =r3 =rd =

ry =r6 =r7 =10 Om. (rab =12 Om, rab = 8,33 Om)

a9 b

I

I'

C

Pucynok 1.2 — [Ipunnunuanenas cxema

JadauaAas nognucaH

3NEKTPOHHOW NOANMCLIO

Cepruchukar:  2COTNGPAS O FAAY PRIOO PAREMIvIiTa pucynke 1.3, J =12 A, E1 = 30 B, E2 = 40 B, 3nauenus

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHOpoBHa

comporuBiaeHnd B OMax ykazanel Ha cxeme. Haltu BXOOHOE COMPOTHBIEHHE OTHOCHTEIBHO

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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BEIBOJOB HCTOYHHMKA TOKA, NPUMEHWUB OpeoOpazoBaHuA: ) TpeyroapHUKA COMPOTHUBICHUN B

3BE€31Y; 2) 3B€34BI COITPOTUBIICHUN B TPEYTOJIBHUK. (3,25 Om)

Pucynok 1.3 — [Ipunnunuanenas cxema

Koumponsnwie sonpocwi:

1. Kak ompenemnsaerca o0miee COMPOTUBICHUE MPU MOCIENOBATEIHFHOM COEIMHEHUH
COMPOTHUBJIEHUI? TIPU NAPAILIECIBHOM COEIUHEHUHN !

2. Kak omnpenenserca HampsKEHUE HA  YYACTKE  ODJIEKTPUYECKOW HEmu ¢
MOCIE€I0BATENbHEIMA COMPOTUBIIEHUAMU, MAEHWA HANIPAAKEHUA HA KOTOPBIX U3BECTHEI!

3. Kak ompenemmTe TOKA B JBYX HAPAJUIEIBHBIX BETBAX MO WU3BECTHOMY TOKY B

HEPA3BETBIECHHOW YACTH SIEKTPUIECKOU 1IenH !

4. [Tpn kakoM COETMHEHUN COMMPOTUBIIEHUM TOK YEPE3 BCE COMMPOTUBIICHUS PABEH !
5. [Tpn kakoMm coeaMHEHUN COMPOTUBICHUIN HANIPSKEHNE HA HUX OIMHAKOBO?
0. B kakom cinygae HEOOXOOMMO WCITOJB30BATH B3aUMHEIE NPe0Opa3zoBaHUsA

COEIUHEHUA CONPOTHUBIECHUH 3B€3/1a B TPEYTOJBLHUK

7. dopmysiel npeodpazoBaHus 3BE3BI B TPEYTOIBHUK, TPEYTOJIBHUKA B 3BE31TY.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ilpakmuueckaa paooma No2. Memoowt pacuema 31eKmpudecKux yenei noCmosHHO20
moKa. AHaIu3 pedicuMos yeneii ROCMOAHH 020 MOKaA C UCROIb306aHIeM 3aKkoH06 OMa u

Kupxzoga.
I]ens: HayuuTsCs pacCUUTEIBATE TOKM B BETBAX C MOMOMIBIO 3aKkOHOB Oma u Kupxrodga.

Teopemuueckan uacmbo:

C/105kHOM 1EMbI0 MOCTOAHHOTO TOKA HA3BIBAIOT JJIEKTPUUECKYIO IIEMb, COCTOANIYIO M3
HECKOIBKHNX COMPOTUBJIEHHMH U UCTOYHUKOB HATPSAKECHUSA, COCIUHEHHBIX MEKIY COOOM TEM WU
MHBIM CITOCOOOM.

Y3710M SIEKTPUUECKON TIEMTH HA3BIBAETCS MECTO COETUHEHUS TPEX U 00JIee BETBEH IIETIH.

[Tpn Hanuunu B CXEME 1 TAKUX Y3JI0B MOKHO COCTABUTH (” - 1) YPABHEHUH COTJIACHO ITEPBOMY

3akoHy Kupxroda. B cOOTBETCTBHUM C 3TUM 3aKOHOM CYMMA TOKOB, MOAXOIANIMX K Y31y, pABHA
CyMME TOKOB, OTXOANIAX OT y3JId, WIN aJredpanueckas CyMMa BCEX TOKOB B y3JIE PABHA HYIIIO,
T.€. 2/ =0 . [Ipu 5TOM HEOOX 0 TMMO TOKH, TOAXOIATIIME K V3TV, 3AMUCHIBATE B YPABHEHUE C OJTHUM
3HAKOM (HAMMPUMED «1»), & TOKH, OTXOAANIAE OT y3/1a — C MPOTHUBOIOJIOKHBIM 3HAKOM.

[Tpu mocnemoBaTrembHOM COEIUMHEHUM HECKOJBKUX compoTuBiaecHuil (puc. 1.1 a) obmiee

COIIPOTHUBJICHHME y4aCTKa pPaBHO CyMME BCEX CONPOTUBIEHHM HAa OTOM  yYacCTKe:

Ry =R, +R, +R;. Tox na Y4aCTKE I€NM C HECKOJBKMMH ITOCIEI0BATEIBHO COECIUHEHHBIMH

COIPOTUBICHUAMU OyIOeT paBeH (1o 3akony Oma):

_G..., H 1 L
] ] [ -1 r—
R R> R3 R:

Pucynok 2.1 — [locnenoBarensnoe (a) u mapamnenasHoe (0) COeTMHEHNE COMPOTUBIEHUMN

[Ipn napamnensHOM COEOMHEHWM OBYX COONpOTHBACHUN (puc. 1, O0) SKBUBaIEHTHOE

R R,
comporng SRS ikscn o popwyae: R, =12

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E Rl + RZ
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ecnu u3BecteH TOk Jyp, IPOTEKAONINN ITO0 HEPA3BETBICHHON YACTH LENH, TO TOKU /; U I> B

COIPOTUBICHUAX R; 1 R> MOxkHO onpenenurs 0o (popmynam:

R,

IIZID :
R, +R,

R

1, =1, 1
) R, + R,

[Mpu Tpex napannenbHO BKAKYEHHbIX conpoTuBneHusx (puc. 1.2) akemsaneHTHoe

conpoTusaeHue byaeT paBHoO:

. Rl'Rz'Rs
R -R,+R,-R,+R, R,

R,

BeTBBIO SIEKTPUUECKOU [ENMN HA3EIBAETCA YUACTOK UIEKTPUUECKON LENMH, 3aKIH0YEHHBIN
MEKITY IBYMS y3JIaMH (HampuMep, KOHTYp abefa na puc. 1.3).

B kaxn0M KOHTYpE MEXKAY SAEKTPOABUKYIIUMHI CHIAMH (3.11.C.), UMEIONTAMHACS B IENH, U
MaJeHUAMM HANPSKEHUs Ha OTAEIBHBIX YYacTKaxX CyIIECTBYET CTPOrO OIpeaencHHasA

3aBMCUMOCTD, OTIpEAenaeMas BTOPBIM 3aKk0HOM Kupxroda:
LE=2IR,

T.e. amreOpanueckas CyMMma OJIEKTPOABIKYIIMX CHJI B JAHHOM KOHTYpE paBHA
anredOpandecKkor CyMME MaIEeHUN HATIPSKEHUH HA YIaCTKaxX e 3TOTO KOHTYPA.

Jlns TOoTO, 4TOOBI MPABUIBHO 34MUCAaTh yPABHEHHE IO BTOpOMY 3akoHy Kupxrodga,
HEOOXOOMMO 3a0aThCA HAMPABICHUEM 00X01a 3TOr0 KOHTypa (Hampumep, m0 XOAy 4acOBOH
crpenku). Ecim mpu 00x0a€e KOHTYypa HAIIPABIEHUE 3.1.C. COBIAAAET C HATPABICHUEM 00X01a, TO
€€ 3aIMMCHIBAIOT B JIEBYIO YACTh YPABHEHHS CO 3HAKOM «1», 4 €CIIM €€ HAMPABJICHUE HE COBIMANAET
C HampaBiIeHHEeM 00X01a, TO €€ CYUTAIOT CO 3HAKOM «—». AHATOTMYHO MOCTYHAIOT CO 3HAKAMH
nageHu Hanps:keHuil. Ecmi HanmpaBneHue TOKa HA y4aCTKE LEMH COBOANAET C HAMPABIECHUEM
00xoma, To /R Ha ATOM y4aCTKE 3aMMCHIBAIOT CO 3HAKOM «1», B IPOTUBHOM CIIy4ae — CO 3HAKOM

=

l. Jlna koutypa abefa, copepmas 00X01 10 4aCOBOU CTPEIIKE, MOTYIHUM:
E, =1,R + R,
2. Ilna kourypa beedb, copepmas 00xoa MPOTUB YACOBOU CTPEIKH, TTOTYIHUM:

E, =1,R, + R,

AOKYMEHT MOAMWCAH "
3anEKTP KoETApPOabcdefa, coBepmas 00X01 MO 4ACOBOM CTPENKE, MOTYIHUM:

Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa _ — _
E —-E =IR —-1,R,

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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3aoanue:
Jaoaua Nl

OnpenemTe MOKa3aHue BOJLTMETPA IJIA CXEMEI, n300paxennoun Ha pucynke 2.2. (15 B).

40 B 10 B

A

OM 5 OM

Pucynok 2.2 — [IpuHiiunuansHas cxema

3aoaua Ne2

OnpeneniTe TOKU B BETBAX CXEMBI PUCYHOK 2.3, mpuMmeHsas 3akoHel Kupxroga. /lano: £
=3B, Er=2B,E:=2B,Es=1B,i=1A, J1=05A. n=40Mrn=60M,rn=20M, rs=38
OMm, s=100Mm. (1 =02 A, L=0,7A, =-05A,L=0,1 A, Is=0,1 A)

Pucynok 2.3 — [IpunnunuaneHas cxema

3aoaua No3

Wﬁgﬁ%m 2.4 mOCTpPOUTH MOTEHIWAJIBHEIE AWATPAMMEI OPH Pa30MKHYTOM H
Cepmdjﬁhfﬂce‘%%ﬂgg&jﬁféﬁ i %éiggj LUSB, E2=5B E;=20B,E4=35B,r1=80m,1r2=240m, r; =

Bnapneney: VX

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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40 Om, r4 = 4 Om. BEyTpEeHHHE CONMPOTUBIEHUA UCTOYHUKOB SHEPTUU: rio = 2 Om, r20 = 6 Owm,

rzo =2 Om, re0 = 4 O
O

k

Pucynok 2.4 — [IpuniunuansHas cxema

Koumponsnwvie sonpocwi:
1. 3anucarh 3ak0H OMa A1 y9acTKa SKIEKTHYECKON HEMU U AJIA HOJTHOU LIETTH.

2. Kak onpenemraercs HanmpaBIE€HME TOKA IIPA  M3BECTHBIX  ITOTEHIMANAX

HYIEKTPUIECKON TETH 7

3. JlaitTe ompeneneHue y3mam U BETBAM SJIEKTPUUECKOU LIEIH.

4. ChopmympyiTe U 3anummure nepBeId 3akoH Kupxroda.

5. ChopmymupyiTe 1 3amimmuTe BTOPOH 3akoH Kupxroda.

6. Kak onpenenuts moka3zaHusa BOJIBTMETPA IO U3BECTHBIM TOKAX B BETBAX 7
7.

Meronuka moCTpOEHMsA MOTEHIMAJIBHOM IHATPAMMEL Ui 3aMKHYTOTO KOHTypa

YIEKTPUYECKOM TIEIH.

8. [Toscoure, Kak DPOM3BECTH YUYET BHYTPEHHErO CONPOTUBIECHHUA WCTOYHHKA

SHEPrUM IPU NOCTPOECHUN NOTEHIIHAITEHOU JUATPAMMBEL.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ilpaxkmuueckaa pavooma Ne3. Memoowl pacuema 31eKmpudecKux yenei noCMoAHHO20
moKa. AHanus pexcumos yenei nOCHOAHH 020 MoKa Memooamu KOHMYPHBHIX MOK0G U

Y3/108bIX NOMEHUUWTL06.

I]env: HayauTeCa pacCUNTHIBATE TOKU B BETBAX METOJAMH KOHTYPHBIX TOKOB U Y3JIOBBIX

ITOTEHITUAIOB.

Ocrnoevt meopuu:

Meron KOHTYPHBIX TOKOB TAaKKE€ ITO3BOJIAET YMEHBIINUTH KOIWUECTBO PEMIAEMBIX
YPABHEHHUM B CPABHEHUH C CUCTEMON ypaBHEHUH no 3akoHaMm Kupxroda. KonnaectBo ypaBHeHHH
MO METOAY KOHTYPHBIX TOKOB OMPENEISIETCS YMCIOM YPaABHEHUHN MO BTOpOMY 3akoHy Kupxroda
IJI1 paCCMATPUBAEMOU SIEKTPUUECKOUN nermd. MeTon 0CHOBEIBAETCA HA TOM CBOMCTBE, UTO TOK B
000 BETBH MOJKET OBITH NPEACTABIECH B BHUAE aIreOpandecKOM CyMMBI HE3aBHCHMBIX
KOHTYPHBIX TOKOB, IPOTEKAIOMIMX II0 STOM BETBHM. B COOTBETCTBMM C IAHHBIM METOAOM
HEOOXO0OUMO BEIOPATh KOHTYPHBIE TOKH TAKUM 00pa3oM, 4TOOBI KaKIBIM U3 HUX IIPOX OOWII UEPE3
OIVH MUCTOYHUK TOKA, 4 OCTABIIMECS KOHTYPHEIE TOKH BRIOMPATh ONPOXOIANIMMA IO BETBAM, HE
COAEepKaniuM UICTOUHUKHU TOKA.

CucreMa ypaBHEHHMH IT0 METOY KOHTYPHBIX TOKOB B BUJIE€ MATPULIEL OYIET UMETH CTOJBKO
CTPOK M CTOJIOIOB, CTOJBLKO YPABHEHUH HE00X0AUMO 3aIMUCATh MO BTOPOMY 3ak0Hy Kupxroda mis
paccMaTpUBAEMOM UIEKTPUUECKON Hemu. ECnn B SJIEKTPUYECKON [EMM UMEETCA NCTOYHUK TOKA,
TO 100aBuTCA CTOIOEI B CUCTEMY YPABHEHUH, €CIIHU B4, TO ABA CTONMONA U T.1.

Meron y3/10BEIX DOTEHIUAIOB.

JlaHHBIM METOHN TAK’KE ITO3BOJIIET YMEHBIIUTH KOJIMYECTBO PEHIAEMBIX YPABHEHHU B
CpaBHEHHMU C CUCTEMOM yPaBHEHHMH 110 3aKk0HaM Kupxroda.

KonnuecTBo ypaBHEHMH MO0 METOIY Y3JIOBBIX HOTEHIMAIOB ONPENEIAETCS KOJIMIECTBOM
yPaBHEHUM N0 NEPBOMY 3akOHY Kupxroda mnma paccMarpuBaeMOM SIEKTPUYECKOM 1enu. B
COOTBETCTBHU C JAHHBIM METOJ0M, HEOOXOIMMO CHAYana ONMPEIEIUTh MOTEHIINAILI BCEX Y3JIOB
YIEKTPUYECKON IEMU, 4 3aTEM C MOMOMIBI0 3akoHa OMa onmpenenuTs TOKH B BETBAX. [Ipu sTom
OOVH W3 VY3J0B DJIEKTPUYECKOU CXEMBI, KOTOPBIM HA3BIBAIOT OIOPHEIM, 3a3€MILIETCS, €ro
MOTEHIIUAJ CTAHOBUTCA PABEH HYIIIO. Y3€Il I 3a3€MJICHUA BRIOMpPAETCA MPOU3BOJIBHO. Y TOOHO
3a3EMIISTh Y3€J1, HOMEP KOTOPOT0 UMEET HAMOOJIBIIEE 3HAUEHUE B 3aTAHHOM SJIEKTPHUY ECKOU TIETTH.

CucreMa ypaBHEHMH MO METOAY Y3JIOBBIX MOTEHIMAIOB B BUAE MATPUIILI OyAET MMETH

CTOJIBKO ﬁ%%%ﬁﬁﬂ%&%%g, CTONBKO YPABHEHWUH HEOOXOOMMO 3amucaTh MO MEPBOMY 3aKOHY

Ceptvdukat: 2C00Q0043E9ABBBI52205E7BA500060000043E 5 _
ﬁ}{p)ﬁ]@@ =L PACCMATPUBACMOHN SIEKTPUUECKON nenu. Eciyu B SIEeKTPpUYECKON HEn MMEETCS

Bnanen

BETBh COAEpIKamias TOnbkO uaeansHbil ucTOUHMK JJ[C. Torma ymoOHO mpoHyMEpOBATEH V3B
Nencteutened: ¢ 19.08.2022 no 19.08.2023



IEKTPUUECKON TIeMA Tak, uTOOBI HOMEp y3jJa ¢ HAuOOMBIIMM 3HAUEHUA B 3aJaHHOU
3IEKTPUYECKON MEMM, OKA3aJICiA B y3I€ OT KOTOporo orxomur ucrtogunuk JIJC. Jtor y3en
MPUHUMAIOT 33 OMOPHBIM M 3a3€MIIAIOT. 10raa MOTEHIHAN y3/1d, B KOTOPBIM BXOIUT UCTOYHHK

2J1C, Oyner n3BeCTHEIM U paBHEIM BemmunHe J]1C ncrounuka.

3adanue:

3adaua Nel

OmnpenemTe TOKM BETBEM B ANEKTPUYECKONW IEMU CXEMd, KOTOPOHM OpPEICTaBIE€HA HA
pucyHKe 3.1 METOIOM: a) KOHTYPHBIX TOKOB; 0) y3JI0BBIX MOTeHIMAIOB. [lano: £y =36 B, E> = 12
BJ=8A Ri=R>=40mM R3=10um,Re=20m, Rs=10mu. (I =9A, L =3A 1=0A,[.=2
A)

Pucynok 3.1 — [IpuninmuansHas cxema
3aoaua No2
BEIMUCINUTE BCE TOKU B ANEKTPUYECKOM IIEMH, CXE€MaA KOTOPOU MPEACTABICHA HA PUCYHKE
3.2 METOIOM: @) KOHTYPHBIX TOKOB; 0) METOIOM y31M0BBRIX mOTEHIUANOB. [lano: J = 50 uA, E; =
60B, Ri =5 kOm, R> =4 kOm, R3 = 16 kOm, R4 =2 kOm, Rs=8 k Om. (I1 = 20 mA, L = 30 .m A,
[3=10mA, 1+ =40 MA, Is = 10 MA)

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

) Pucynok 3.2 — [IpuninuaneHas cxema
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Koumponsnwvie eonpocwi:

L.

S

3.

CdopmympoBare 0CHOBHBIE IIPUHINIEI METOJA Y3JI0BEIX MOTEHIUAJIOB.
CKOIBKO YpaBHEHHMH HEOOXOAMMO COCTABUTH MO METOAY Y3JI0BBIX IMOTEHIMATIOB?
ChopmympoBarsk 0CHOBHBIE MTPUHIUIIEI METOAA KOHTYPHEIX TOKOB.

CKONIBKO YPAaBHEHUH HEOOXOIUMO COCTABUTEH MO METOAY KOHTYPHBEIX TOKOB?

KakoBel OCOOEHHOCTH NPUMEHEHUA METOJA KOHTYPHBIX TOKOB [JIA CXEM,

COEPIKAMNX UCTOUHHK TOKA?

6.

KakoBbl 0COOEHHOCTHM NPUMEHEHHS METOAA Y3JIO0BBIX ITOTEHIUAIOB IS CXEM,

coOepKamux uaeanbHeit nCTouHuk JJ[C mexny yznamu?

7.

Kak HAalTH TOKHU B BETBAX MO METOY ABYX Y3JIOB?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ipakmuueckaa paboma Ned. Ananus 1uneinblx 00HOPA3HBIX ITEKMPUUECKUX Henell

nepemMeHnH020 moka. KomMnieKkcHolit Memoo ananusa yenei CUHyCOUOAIbHO20 MOKdA.

HB.?I!:.' HDJ’[}“IHTB HABBIKM MMEPCBOOd CHHYCOHIAJIBHBIX BCIWYHH B KOMIDICKCHEIC,

HAYYUTHCSA CTPOUTH BEKTOPHBIE THUATPAMMEL.

Ocrnoevt meopuii:

[TycTs B nens mepemMeHHoro Toka ¢ 4actotou f = 5() [ iy BkiroueHa Karymika, o0magaromasn
WHIYKTUBHOCTBIO L M aKTUBHBIM COIIPOTUBIEHHUEM 1 (puc. 2.1).

[Tpu mpoTekanuu mo KaTyuike nePEeMEHHOT0 TOKA i1 B TPOCTPAHCTBE, OKPYKAIOIIEM BUTKH,

6}’,[[&"[‘ CO30dBATHECA MATHUTHEIH TOTOK @ 1 MOTOKOCHCIUICHUEC C BUTKAMH KATYIIKH.
y=w-O

racw —4HuCjIo BUTKOB KATYIIKH.

I
—
A
@
AV 7
@

/
R
A | $
F
&
@
I
U =Nx
OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOANWUCEKO
Ceptuidmkar: EE[I'[I'[I'D[I'-HEEABBEBEEEDSETBASGG'DEEIEIGGCIGSE
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa T k 4

Heicreurenes ¢ 19.08.2022 o 19.08 20 ACYHOK 4.2 — CXeMma 1mocne 1oBaTeabHoro coennuenus R n L
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OTHOLIEHNE MOTOKOCIEIUICHU KATYMIKH K TOKY KATYIIKH 1] HA3BIBAETCA COOCTBEHHOHU

HHAYKTHBHOCTBIO MJIH HHAYKTHBHOCTEIO.

Ecnu coOCTBEHHOE MOTOKOCIUEIIEHNE MPOMOPHMOHATBEHO TOKY (B ClIydae KaTymku Oe3
CTAIBHOTO cepaeunuka), To L = const. OCHOBHOM €TUHUTIEN U3MEPEHUA MHIYKTUBHO CTH SIBJIAETCSA
I'enpu (I'n):

1B6
1['H= _1A W 107 =1l u
Ecnn TOK B KaTylIKe M3MEHAETCA (HAOpUMEp, MO CHHYCOMJATBHOMY 34KOHY), TO U

[TIOTOKOCHCIUICHUC KATYIOKH HM3MCHACTCA M II0O3TOMY B BHTKAX KATYIOIKH II0 34KOHY

3JIEKTPOMATHUTHOM MHAYKIIMK HABOJUTCS 3.11.C. CAMOUHIYKIIAH €1

T.. HABOOWUMAA 5.4.C. €L NPEMATCTBYET M3MEHEHHIO TOKa L. Kpome TOoro, karymka

ﬂﬁ]’[ﬂﬂﬂﬂ HCKOTOPBIM dKTHBHBIM COIMMPOTHBJICHHUCM T.

[Tpumenss Bropou 3akoH Kupxroda qis MrHOBEHHBIX 3HAYEHUH IEKTPUUECKUX BEITMUNH,

MOKHO 34l CaTh:
u+e, =i-r
OTCIOIa HAMPSKEHUE HA 3QKUMAX TN PABHO
u=i-r—e, =u, +u,
[Tanenue HanpsceHN HA AKTUBHOM COINPOTUBIIEHUH HA3BIBAIOT AKTUBHOW COCTABIIAIONIECH
HANIPSKEHUS WM AKTUBHBIM  HANPSKEHWEM, 4 TMaJCeHUEe HANPSKEHUA Ha WHIYKTUBHOM
COIPOTUBJICHUN HA3BIBAIOT WHAYKTUBHON COCTABIIAIONIEN HANPsKEHHA. MTrHOBEHHBIE 3HAUCHU

3TUX BEIWYMH 0003HAYAKT U, WU U, a AeuctByronme — coorBerctBeHHO U, m UL, Ilpum

CHHYCOHOAJIBHOM 3dKOHC H3MCHCHHA TOKA HAITPAKCHHUC Hd 3dKHMAX [CITH 6}’,I[E'T PaBHO.

. . d(I s wt .
u=1r—e, =rl sm wt+ L (’”d ):rfmsma)r+wLImc-::nswr:
l

. . 7T
=U,_, smat+U, sm| ot+— |
2

T.C. MCKAY dKTUBHBIM M MHAVKTHBHEBIM ITAACHWAMHN HAITPAKCHHUA HMCCTCA CABUI 110 Cl)EL?-E‘

Ha 90° AOKYMEHT MNOANMCAH
" 3NEKTPOHHOW NOOANWCHLIO

Ceptmwdukar: 2C0 043E9ABBBO952205E7TBASO006000Q043E
e

CXOQIAL K KOMITICKCHON (POPME MOKHO 3aIMCaTh:
U:Uﬂ +jUL :fr+jij

Bnaneneu:

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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rae j]I L = ] WLl - xommnexcuoe COITPOTUBJIIEHUE HHAYKTUBHOTO 3JIEMEHTA,;

U _ U.:;'jm U _ UL}‘H v
a .J_ H I — _-J_ - JCHCTBYVIOIIIMEC 3HAYCHWA dAKTHUBHOTO WM MHAVKTHBHOT O
2 2

HATIPSIK CHUH.
Takum oOpazom, HanpsIKEHNE HA 3aKUMAX LETTH U wmoxmo MPENCTABUTE B BUIE CYMMEI

meyx cunycoun U, u JU, . M3BecTHO, 4TO BCAKYIO CHHYCOMAATEHO N3MEHSIONIYIOCS BETNUNHY

MO’KHO MPEICTABUTH B BUE BEKTOpA (HAMpPUMEp, TOKA [/ ), BPANAIOIIErOCa B MPOCTPAHCTBE C

YTI0BOH 4ACTOTOH @, MPOEKIUA KOTOPOTO HA MHUMYIO OCh M JTA€T CHHYCOMJAIBHYIO BEINYNHY

(puc. 4.3).

Pucynok 4.3 — M300paxkenne CMHYCOMIATEHOTO U3MEHATONIENC BEIMYMHBL TOKA B BUE

BEKTOPA

Onpenenym HAMPAKEHU A HA 3aKUMAaX [ENH ITPU HOMOIIM BEKTOPHOU auarpamMmel. Bekrop

roka 1 ormoxmm B HPOU3BOJIEHOM HAIPABJICHUH, HAIIPUMEDP, TOpU30HTAILHO (puc. 4.4). Bee

OCTAIBLHBIE BEKTOPE! OYIYT KECTKO MPUBA3AHEI K BEKTOPY 7 , T.€. uX ¢ABUT Mo (haze Oyaer CTporo

OMPEOCIICHHBIM.

Bekrop axtusnoro mampsxenus U _ =1 -r Gyger coBmajare MO HAMPABICHUIO C
BEKTOPOM I, BekTop MHIYKTHBHOM cocrapironieii manpsxenus U, = J-1-X, Gyner

onepexars Ha 90” BexTop I, CxmaneiBas reomerpuaecku sextopsr U, u U | momyaum Bexrop
NOKYMEHT MOAMNVCAH

u

Pﬁﬁﬁ”._ﬁ%@i{ﬂﬁ%u&nn. )

- y B

;
0000043E9ABBBA52205E 7/BAS0O060000043

HaIPSIK

CepTudukarn

Bnapeneu Lilel 1AV X0Bd iITbHAHA AJIeKCaHOpoBHA

S e = A0 A8 37T 5 - 3 M T3
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023
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t:] L L 1
U =1Ir

Pucynok 4.4 — Bekropnas guarpamMma npu mociaen0BarensHoM coequaeHn R u L

Bemmuuna X; =@~ L=2r- f - L maseBaercs unOykmueHvIM conpomugieHuem u
usmepsercas B Oum. ConpoTuUBAEHME X 3aBUCUT OT YACTOTHL M NPH BKJIIOYEHMU KaTYHIKH
WHAYKTUBHOCTH B LEIb IOCTOAHHOrO TOKA ( f =0) TOK KAarylmKu OyJE€T OrPaHUYEH TOJIBKO €€

dKTUBHBIM COIMPOTHUBJICHHUECM H OKAKCTCA HAMHOTO OoInIIIE. HDC—)TGN[}’ KATYIIKHY HHIVKTUBHOCTH,

[MPCOAHA3HAYCHHBIC I pHGDTLI Hd IICPEMCHHOM TOKC, HCJIB3dA BKJIHOUATE B LCIIH ITOCTOAHHOTO

TOKA.

Tpeyromeauk OAB (puc. 4.4) npaMOYrodbHBEIM MW HA3BIBAETCA TPEYTOJIBHUKOM

Hanpsxenun. M3 tpeyronsanka OAB nmeewm:
0 -U,? +U,?
T2 ' 2 ' 2 2,2 2
U ={U-r)+U-x,)" =1"(r +x;)

M3Bnekas n3 00enx uacTel KOPEHb, MOTYIUM

U:I-\/rz +,:~:i

¥ ¥
Bemtunnaa —\/f*d -I-IE , AMCOMAaa pasMCpPHOCTE COINPOTHUBJIICHHA, HA3BIBACTCA IIOJIHBIM

COIMMPOTHBJICHUCM LICTTH U o003HaUaeTcd Z :

g 7
z:\/r‘ + X;

1 3aKOH OMa U 1IEM TEPEMEHHOTO TOKA UMEET BU!
U,
I =—y U — IZ
-
e

Kocunye, yrma capuLa gpas ¢ mexay Tokom / n HanpsokerneM U paseH:

SNEKTPOHHOW NOANWUCHIO

Ceprvpukar: 2C0000043ESABBBO52205E7BAS00060000043E Z ] I - J I
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3 TpeyrompHMKa MOITHOCTEM, KOTOPHBIM MOKHO ITOJIYUUTE U3 TPEYr OJIbHUKA HATIPSAKCHUH

YMHOKEHHEM €T0 CTOPOH HA TOK [, MOIyUYnM aKTUBHYIO MOMIHOCTE:
P=Ir=U-I-cosg

PeakTuBHAI MOTITHOCTE:
O=1’x, =U-1-sin ¢

[Tomaas MOTTHOCTE:

2 >
S=U-1=+P>+0°
OTHOLIEHNE AKTUBHOM MONTHOCTH K ITOJTHOW HA3EIBAETCA KO3 PUIITUEHTOM MOMIHOCTH:

P P
COSQP =— =—

S Ul

Ecnu nens mepeMeHHOr0 TOKa 001agaeT akTUBHEIM COIPOTHBIEHHEM I' U €MKOCTBIO C
(puc. 4.5), To mo BTOpoMy 3aKkoHy Kupxroga mis MrHOBEHHBIX 3HAYEHUH SJIEKTPHIECKNX BETMIHH

MOMKHO 34aIMTHCATE.
u=1i-r+ u,

rac 4 — MTHOBECHHOC 3HAYCHHEC ITPHJIOKCHHOT O K TICTTH HAITPAKCHHA ,
[ - MTHOBEHHO€ 3HAYCHHE TOKA I CITH,
e - MTHOBCHHOC 3HAUCHHWC HANIPAKCHHA, IMPHUIONKCHHOTO K DﬁI{JIH,I[I{HM KOHICHCATOpPA U

MPEICTABIAIONIEr0 COO0M MaaeHNEe HATIPSKEHNUA HA EMKOCTH.

Ecnu TOK M3MEHAETCA BO BPEMEHH MO CHHYCOMIAIBHOMY 3aKOHY, T.€. I = Im SN ax |

TO MIPEBIAYNIEE YPABHEHUE OYIET UMETH B!

U =rl, sinat+——1 sin(wr—2).
aC 2

M3 stoir (popmynel BUIHO, UTO IPHUIOKEHHOE K LEMA HANPKEHUE COCTOUT U3 IBYX

COCTABJIAIONINX: AKTUBHOM WJIH AKTUBHOTO Hampsxenusa U, = F ! ., SN CUI copmamaronien 1o

1

. 7T
(base ¢ TOKOM, M PEAKTHBHON mm eMKocTHO# cocrapmmomeii U, = ——=1,, sin( &f — E) ,

wC

orcraronied ot Toka Ha 90° (puc. 1.6). Torma

. . .
U — U a T U e
HU CTPGHM BEI{TQPH}’TD ,I[Hﬂrpﬂhﬂﬂ}’ IOJId JaHHOTO CH}"—IHH, HQHBE}"HCE TEMI KC HpﬂBIﬂIﬂh‘ﬂ*’[,

KakK | II aMMBI [IJIA TTOCJIEA0BATENBHOr0 coeqnuaenua r v L (em. puc. 4.4).
YIRS p p
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Pucynok 4.6 — Bekropnas guarpamma sl MOCIEO0BATEIEHOTO

coemuueHd R u C

L
[Tpu 5TOM HEOOX0IMMO UMETH B BUAY, uro BekTop Hanpaxenus U ¢ orcraer orToka I Ha
90° (puc 2.6).

13 tpeyromsunka OAB Ha pucynke 6 umeem:
U*=U;+U¢
198151
U? =r)” + (L)2 =I1°(r’ + L)E |
wC aC

3BneKasa KBaapaTHbIA KOpPeHb M3 0benx yactei, NoNy4nm:

1
U=171-_[r° +(—)2 ,
awC
OTKYIa
U U
[OKYMEHT NOANWUCAH o 4 (L)E \/‘V + Xc
3NEKTPOHHOW OLNTMCBH) mc

-~ T T P ———
) IE9ABBRBG! 05ETBA i =
Ceptvdukar: 2C0000043E9AB8B952205E7/BAS00060000043
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1
BemmumnHa . = —— HAa3BIBACTCA eMKOCHHbIM CONPOMUBTECHUEM W U3MEPSICTCI B Owm.
o

EmkocTHOE COMPOTHBJICHHUEC 3dBUCHUT OT HdCTOTEI HAITPANKCHHA CCTH H OT CMKOCTH KOHIACHCATOPA.

2 2
Bemiunna \/ ¥ + Xc HaseIBaCTCA MOJHEIM COIMPOTHBICHHEM M 00o3Hawaercs z. 3akon Oma

MPUMEHUTEIEHO K JAHHOU [EMHU IMMEPEMEHHOTO TOKA OyIeT UMeTh BUL:

U

-
st

] =

*

2 2
roe Z — V +3fc1 .

Ecnu BCce croponsl TpeyronsHuka Hanpsxenuit OAB pazpenurs Ha TOK [, TO mMOIydnm

TPEYTOJILHUK COMPOTUBIECHUH C KATETAMH F U X¢ U TUITOTEHY30H Z.

[Ipu mocnenoBarensHOM coenunenuun r, L u C OyayT COpAaBEIIMBEL BCE BBIBOJIEI,

MmosTydeHHsIe 714 1erm ¢ 7-L u rierm ¢ r-C. TIpu 5TOM BO3MOKHBI CJI€TYFOITIE KOMOMHAIMH:
a) X; = Xo ;0)X, <Xo ;B)X; =X, .

3

PaccMOTpyM € MOMOIIIBIO BEKTOPHBIX JUATPAMM KA b M3 STUX BAPUAHTOB.

a) Umeem 1iens 13 MOCAEI0BATENRHO COEAMHEHHEIX 1, L 1 C, mpuyem

X; > X . Ilo Bcem Tpem COmpoTHBIEHMAM OYOET MPOTEKATH OOWH U TOT K€ TOK I,

BEKTOP KOTOPOT0 OTJIOKUM B BEIOpAHHOM MacmTade mpou3BOJILHO, HAIPUMED, TOPU30HTAILHO,
T.€. HATPABJIECHHUE NEPBOTO BEKTOPA BEIOUPAETCA MPOU3BOILHO (puc. 4.7).

BekTop mameHus HAOpPS/KEHWs HA AKTMBHOM CONPOTHBICHHM OyOEeT COBHANATH C

HAIIPABIECHUEM TOKA, a MAJEHHE HANPMKEHMS HA WHIYKTHBHOM s1emente wmn U, Oyner
omepexars BeKTop | Ha % [Tanenue HanpskeHus Ha emkoctHOM snemente U . Oyzmer

OTCTaBaTb OT BEKTOpA TOKA Ha % M COIIACHO YCJIOBHIO

U< U,

AOKYMEHT MNOANMCAH
SANEKTPOHHOW NOANUChL
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OOmniee HanpsKeHNE 1IENHU OyAeT paBHO CyMME

- -

U.+Ur+Uc =U.

13 BekTOpHON muarpamMMel BUOHO, UTO MEKIAY TOKOM LMW | M HANPIKECHUEM U ecrb

yTOd @ W TOK UMEET OTCTAIOIINI XapakTep, a cos @ < 1,0.

0) [Ipn X; < X mageHuwe HAPSHKEHUS HA HHAYKTUBHOM COMPOTHUBIEHHUH OYyIET MEHbIIE

MaJeHUA HANPMKEHUA HA €MKOCTHOM COIPOTHBJIEHHWH, IMO3TOMY BEKTOPHAsA auarpamma Oyner

UMETh BUI (puc. 2.8):

Pucynok 4.8 — Bekropnas muarpamMma HanpsKEHWH ITPH U o> U I

B) [Tpu X; =X umeer Mecto pesonanc nanpsaxcenuil, T.e. U= U, u s10 Gyner nmpu

b
wC

(puc. 4.9), mosToOMy NX CyMMa paBHA HYJIIO. 10K LIEMM ITPH PE30HAHCE HATIPAKEHUN ONPEAEIAECTCA

oL

. ITpu srom Bexroper U ; 1 U paBHEI MO MOIYITIO 1 TPOTHBOIIOIOKHO HATPABIEHEI

TOJIEKO AKTUBHBIM COITPOTHUBIIEHUEM, ITO3TOMY YIOJI CABHUra (paz Mexay TOKOM U HANIPAKECHUEM
e paBeH Hymo, a cos ¢ = [. llpu 3TOM Hamo MMETH B BHUAY, UTO PE3YILTUPYIOLIEE
COIPOTUBJICHUE L€ PE3KO YMEHBIIUTCA 00 3HAYECHUA 7 = F ¥ TOK L€ IIPU PE30HAHCE MOKET

PE3KO BO3PACTAaTh.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW rnoan
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3aoanue:

Jaoaua Nl

[TocTponuTs KpHBBEIE U3MEHEHUA HANMPAKEHUA U TOKA BO BPEMEHU M HAYEPTUTH BEKTOPEI,

n300paxkaroniue 3a1aHHbIe CHHYCOUOATBHEBIE (D YHKIINA

n T
u(t) = 1008 sin (157 % ¢ +E);i(t) =5 xsin (157 % T —g)

Yemy pasen caur (paz Mexay HanpsaxeHuem u Tokom? Onpenemmts nepuon 1 u 4actory

3aoaua Ne2
HaiiTh ananuTudeckn W Npu MOMOIIA BEKTOPHOM OUArpaMMbl CYMMY W Pa3sHOCTb
CUHYCOUJAIBHBIX TOKOB. HaliTh aHA/MTHYECKH MX TPOU3BEAEHUE U YACTHOE OT JEIEHHS.
i1(t) = 100 = sin(wt + 30°)
i,(t) = 120 * sin(wt — 45°)
i,(t) = =20 = sin(wt — 112°)
i,(t) = 50 = sin(wt + 250°)
i,(t) = 50 *sin(wt —90?)
i,(t) = 25 = sin(wt + 110°)

3aoaua Ne3

Karymka ¢ aktuBHeIM compotuBiaeHuem R = 10 Om, ungykruBHocteio L = 0,05 I'n
MOOKIIOUEHA K HCTOYHMKY CHUHYCOWIANBHOTO HanpskeHus (pucynok 4.10), meucTByromiee
3naueHne koroporo U= 120 B, f= 50 I't. Onpenemite mOMHOE COMPOTUBIEHUE KATYIIKH, TOK U
caBur (pa3 MEXAY HANIPAKEHUEM U TOKOM. BEIUUCINTE aKTUBHYIO U PEAKTUBHYIO COCTABIIAIONINE

HAIPsKEHUEM Ha 3a)KUMax Karymku. [1oCcrpouTs BEKTOPHYIO TUarpaMmy HAIPSKECHUN U TOKA.

R L

(1)

[IOKYMEHT MOAMNUCAH
snEKTPOHHOM noanvcbio  PACYHOK 4.10 — IIpunnmmmansnas cxema

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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3adaua Ned

Haiitn MrHOBEHHEBIE 3HAUEHUS HANIPSAKEHUA HA BCEX YUACTKAX M MCTHOBEHHYIO MOIIHOCTE
ncrounnka (pucynok 4.11). Jlano: J(t) = 2 = sin(wt + 30°), f =200 'y, =10 Om, L=10.01 T'x,
C=80 MxD

Pucynok 4.1 1 — [Ipuniinmansnas cxema

Koumponsnwie eonpocui:

l. Yem oTanuaeTcs mepeMeHHBIN TOK OT IMTOCTOAHHOTO?

[IpuBenrTE OCHOBHBIE XAPAKTEPUCTUKHA CHHYCOMOAIBHOTO TOKA.

Kak onpenenserca JEHCTBYIONIEE 3HAUEHUA TEPEMEHHOT 0 TOKa?

Kak m300pakaercs nmepeMeHHbIN TOK Had KOMIUIEKCHOW TIITOCKOCTH?
[TpuBemuTe KOMILIEKCHEIE (DOPMEI 3AMTUCH MEPEMEHHOTO TOKA.

Kak aHanurnuecku v rpapmaecKku CIOKUTE (BEIUECTE ) JBA MEPEMEHHBIX TOKA?
Kak anHanuTuuecKy YMHOKHWTH UM PA3J€IUTE OBE€ KOMIUIEKCHBIE BETUYHHEL

Kak onpenenserca 1 4T0 NOKA3bIBAET MTHOBEHHAS MOITHOCTE?

o oo 1 O i k= Wb

Kak onpenenserca MHAYKTUBHOE conpoTuBieHne? EmkocTHoe?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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EIH

Ipakmuueckaa paboma Ne5. Ananus 1uHeiHblx 00HOPA3HBIX IIEKMPUUECKUX Henell

nepemenrozo moka. Pacuem oonogasnvix yenei CunHycouoaibHo2o moka.

L]enn: ITonyanuTs HABEIKM pacdeTa Pa3BeTBICHHBIX 0OHO(A3HBIX LENEH CHHYCOUIATEHOTO
TOKAa Pa3IMYHBIMI METONAMM KAK B OOBIYHBIX PEKUMAX, TAK U B PEKUME PE30HAHCA, HAYIUTHCA

COITPOBOJKIATE PACUETHI BEKTOPHBIMU M TOIMOTPa(PUIECKUMH qHATPAMMAMU.

Ocrnoevt meopuu:

B snexTprdeckux Hemax NnepeMeHHOr0 CHHYCOMIAMBHOTO TOKA TOKA U HAMPAKEHUA BCEX
BETBEH W3MEHAIOTCSA BO BPEMEHHU IO CHHYCOMOAIBLHOMY 3aKOHY. OOmmii BUA 5TOr0 3aKOHA IJIA
CHUJIBI TOKA Craexyromui (puc. 5.1)

JlaHnHO€ BRIpakE€HUE 71 CUITHI TOKA B KAXKIBIM MOMEHT BPEMEHU HA3EIBAETCS MTHOBEHHEIM
3HAUEHUEM TOKA. Besmuauna [n Ha3eiBaeTcs aMImTyI01, OHA paBHA MAKCUMAIBHOMY 3HAYEHHIO

TOKAd.

it

PucynokS5.1 — 3aBUCMMOCTE MTHOBEHHOTO 3HAYEHUA TOKA OT BPEMEHHU

[leppon cunycommaneHON QyHknuu 1 onpenensercas 4acTOTOM CHHYCOMTATBHBIX
koneOann £ =1/T . Kpyrosas wnm nukimmaeckas 4acTora CBa3aHa C yria0BOU yacToTon Hauanmesnas
(paza y onpenenaer CABUT CUHYCOUAEI OTHOCHTENLHO OCH OPANHAT.

B nensax CHMHyCOMOaJIpHOTO TOKA MPUCYTCTBYET MCTOUHMK CHHYCOMJAIBHOTO TOKA WIH
HanpspkeHus. Moxker OBITE HECKOJNBKO HUCTOYHMKOB OJWHAKOBOM 4YAcCTOTHI. Ecim B uenu

HCCKOJIBKO HCTOYHHKOB CHHYCOHMOAJIbHOTO TOKAd MJIH HAIIPAMKCHHUA C PA3HBIMH YdCTOTAMH, TOKH A

Hanpﬂmgﬁﬁfgmﬁﬁwﬁﬁgy CHHYCOMOAIBHEIMH, H, CI€I0BATEILHO, [EMb HE OyIeT SBIATHCA

00000 IESABBBO52205E7BAS0006000Q0
U,Em.m cmycqngfthqu TOKA. B namnoMm paszesne Takue e HE pacCMaTpPUBarOTCA.

IaTENaH: C 1Y 08 202 no 19.08_ 2023
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Ceptudomukatr: 2C000004 JESABEBBO952205E7BAS00060000043E
Bnageney, U;'.F-::}'}'-“TH.! iTbAHa AnexkcaHapoBHa

eUCTEMTENEH: ¢ 19.U08. 2022 no 19.08. 2023

Takum o0pazomM, B ILEMAX CHHYCOMOAIBHOTO TOKA MHEPEMEHHEBIE COCTOAHUA (TOKH U
HAIPSKEHUS BCEX BETBEH ) N3MEHSIIOTCS BO BPEMEHH IT0 CHHYCOMJANTBHOMY 3aKOHY C OOHOU U TOU
K€ 4ACTOTOW, HO KaXkJas CO CBOEH HAYAILHOU (PAa30Ud U aMIUTUTYIOU. JTH ABE XAPAKTEPUCTHUKHU

[TO3BOJIAKOT 340dTh 3HAYCHHE TOKA HJIH HAITPAKCHHUA B 7m0 00 MOMEHT BPCMCHH.

3aoanue:

3aoaua Nel

Jnsa ospexkTpudyeckod nenu  ogHO(A3HOTO MHEPEMEHHOTO TOKA CXEMa, KOTOpPOU
OpEenCTaBIe€Ha Ha PpUCyHKE 5.2. 3anucare ypaBHEHMA 1O 3akoHam Kupxroga B
nu(ppepentmanbaon  popme. HallTh TOKM BETBEM METOAOM KOHTYPHEIX TOKOB W Y3JIOBBIX
MOTEHIMATIOB, HAMPSKEHUA HA YIACTKAX I[€TH, AKTUBHYIO, PEAKTUBHYIO M MMOJHYIO MOMIHOCTH, a

TAKKE IMOCTPOUTE BEKTOPHYIO AUATPAMMY TOKOB M HampsxeHmil. OIMpeneamTs MMOKa3aHue
M3MepUTENBbHEIX TproopoB. Jlano e;(t) = e,(t) = 20 *v/2sin(314 * t), C;=C=318.5 mx®,
R>=100m, L2= 16 Ml H, R3=10 OmMm.

[ o [
e %

®.] I O
[3 OFe T e

Pucynok 5.2 — [Ipunnunuanenas cxema

3aoaua No2
Jlns 5neKTpUYeCKON 1IENMN, CXEMA KOTOPOH MPEACTABIEHA HA PUCYHKE 5.3 ¢ mapamMerpaMu
X1 =20 Om, X2 =20 Om, XC =10 Om, X1 =20 Om, R = 40 Om, XM = 10 Om, £ = 200 B.

OmnpenemTs nokazanue BoabT™MeTpa. (97 B)

™M

_{'W"'.

_]XI

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1O4INMCBEHD r

Pucynok 5.3 — [IpuHiiumianeHa cxema

29



Koumponsnwvie eonpocwi:

1. M3n0xuTe OCHOBBEI CHMBOJIMYECKOI Meroma pacuera. [louemy Bce Mmeronmr
pacuera Heneu NOCTOAHHOTO TOKA MPUMEHUMEI K IEITSIM CHHYCOMIANBHOTO TOKA?

2. Jlaiire onpeneneHne BEKTOPHOU U TOTTOrpaMuIeCcKOr TuarpaMmamt.

3. Kak onpene/mTs HAmpsKEHHME  MEKIY  JIBYMS  TOYKAMH  CXEMBI 11O
Tonorpapuyeckoun auarpaMmme?

4. @Ousnuecku uarepnperupyure P, Q, S.
BeIpasure KOMIUIEKCHYIO MONTHOCTE S U€pPEe3 KOMIUIEKCH HATIPSAKEHNU U TOKA.
3anumuTe 0ATaHC AKTUBHEIX U PEAKTUBHBIX MOITHOCTEH.

Jlaitre onpeneneHue pe;xuMy pe30HAHCA TOKOB U PEKUMY PE30HAHCA HAMTPSAKEHUM.

oo 1 O~n h

Kak B pacueTe yUUTEIBAIOT MATHUTHYIO CBA3b MEKIY UHAYKTUBHBIMU KATYIIKAMU?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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IHpaxkmuueckasn paboma Neb. Ananusz 1unennplx mpexpasnplx 31eKmpuldecKux yeneu

nepemenno20 moka. Pacuem mpexghasnoix yeneii CUHYCOUOWIbHO20 MOKA.

Ilenn: Ilomyuurs HABBEIKM pacdera Tpex(aszHeIX LENmed CHUHYCOMTAILHOTO TOKA IpPH

CUMMETPHYHON U HECUMMETPUYHOH HATPY3KE.

Teopemuueckan uacmbo:

Ipexghaznou cucmemou >IEKTPUUECKUX LEMEN HA3BIBAETCA CUCTEMA, COCTOAMIAA U3 TPEX
O0THO(A3HBIX SJIEKTPUUECKUX HEMEH, B KaXKI0H U3 KOTOPEIX AEHUCTBYIOT CUHYCOUOAITBHEIE 3.1.C.
OIWHAKOBOM YAaCTOTHI, HO CIOBUHYTHIE APYTr OTHOCUTENRHO apyra Ha 1/3 mepuoma (120°) u
co3aaBaemeie 00nIuM (Tpex(PazHbIM) HCTOUHUKOM SIEKTPUIECKOU SHEPTUH.

OTaensHBIE STEKTPUIECKUE HEMHN, BXOIANIME B COCTAB TPeX(Pa3zHOU CUCTEMBI, HA3LIBAIOT
¢gpazamu. Econ 5.40.c. Kakaou u3 (pa3 paBHEI MO0 BEIMYUHE, d MOJIHEBIE COMPOTUBIICHUA HATPY30K
BCeX Tpex (pa3 mo BEIMUYMHE U XAPAKTEPY HATPY3KHU (MO BEIMUYMHE U 3HAKY (DA30BOTO CIBUTA)
OIVHAKOBEI, TO TAKOM PEKHUM HA3BIBAIOT CUMMEMpuYHbIM. HEBBITOITHEHNE NAHHBIX YCIOBUH
ABJIAETCSA TMPUUMHON HecummempuuHozo pexnma. Harpyska tpex@dasHeix nemnen pegko ORBaeT
CUMMETPUYHOM, KAK MPABUIO, OHA B TOM WJIM WHOWU CTENEHM HECHUMMETPUYHA W3-3a HATMYHA
0aHO(pa3HEIX MOTPEOUTENIEN.

Tpexdaszusie reHeparopel CO30a0T CHUMMETPUYHYK) CHUCTEMY 3.14.C., MO3TOMY
HECUMMETPUYHBIA PENKUM BO3HUKAET W3-3a HECUMMETPUYHOM HArpy3ku (a3. Ecau kOHIEBI
00MOTOK (pa3 CHHXPOHHOTO TEHEPATOPA WM TpaHC(OpMATOpa COEAUHUTH BMECTE 3BE3I0M, 4 K
HAJaj1aM OPUCOEAWHUTE MPOBOIA, MAYIIME K HPUEMHUKAM SJIEKTPHUECKOW SHEPrHUH, KOTOPHIE
TOKE COCOUHUTEL 3BE3I0U, TO MOIyuuM Tpex(dasuyro cucremy (puc. 1). [Iporoa, coequnsaroniia
HYJIEBBIE TOUKW MCTOYHHKA M HNOTPEOUTENA HA3BIBACTCA HYJIEBBIM. |aKyrO CHCTEMY HA3BIBAIOT
yemovlpexnpogoonou. B niemax Tpex(azHoro TOKa HE3aBUCUMO OT CHOC00a COETMHEHNUA 0OMOTOK
re’Heparopa U norpeduTeneu pazmyaroT HanpsxeHusa — muHenHsle Uy u gasueie Ugp, a Takxke
TOKU — JIUHEWHEBIE [7 U (azusie [¢. Hanpskenue mexny JTMHEHHBIM M HYJIEBBIM HPOBOAOM
HA3BIBACTCA (PA3HbIM, 4 MEKIY TUHEUHBIMU MPOBOAAMU — JTUHEUHbIM. 10K, MPOTEKAONINE B
JIMHEWHBIX ITPOBOAAX, HA3BIBAIOT JIUHECUHbIMU, & IIPOTEKAONME B (pa3ax HATPYy3KHU WIH UCTOYHHKA

— ¢asuetmu. B cxeme (puc. 6.1) nunenHBle TOKM paBHBEI (DA3HBIM, T.€. JIMHEHMHBIM TOK

omHOBpeMeHHO sBisgerca u (asueim. [Ipm pasHomepuoii marpyske U :\/gU o> ECIH CXema

COeIMHEHHUA - 3BE3/4a.
AOKYMEHT NOAMWCAH
3MNEKTPOHHOW NOAMNUCHIO
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Za

Pucynok 6.1 — Cxema tpex(a3zHoM 4eTEIPEXTTPOBOAHOMN LETH OPU COECANHEHHUH 3BE310U

[Tpu nepaBHOMEpPHOM HArpy3ke (pa3 B CXeme C HyJIEBBIM NPOBOAOM (puc. 6.1), B HyIEBOM

IPOBOJIE MOABIAECTCA TOK, BEJIMYMHA KOTOPOTO ONPENEIAETC M0 EPBOMY 3akoHy Kupxrodga:

Pucynok 6.2 — BexrtopHas muarpaMma HAOPsDKEHWM P COETUHEHUH 3BE301
L] L L L]
To=Ta+1s+1c
Hanuuue Toka B HyJIE€BOM IIPOBOAE BBEI3BIBAET HE3HAUUTEIBEHOE NMAJCHUE HAMPIKEHUS B

HEM, KOTOPBIM MOJKHO IIPEHEOpeur M CUMTAThH, YTO MEXKIY HYJIEBOM TOYKOM HMCTOYHHKA H

MPUEMHHUKA Pa3HOCTh IIOTEHIMAIIOB OTCYTCTBYET.

%@%mmﬂ rpapuuecKoe ONpeneneHue JINHEHHBIX HANPAKEHUH ¢ MOMOIIBIO

Ceprudbvkar: _2C0000043E9ABBBI52205E 7BAS00060000043E
BnanenBCKTOPHOM AEATRANMEL, ()TJIOKHUM /1A MPOM3BOJLHOTO0 MOMEHTA BPEMEHH KOMIUIEKCEI (Da3HBIX

HAIPKEHUI, CABUHYTEIE TIO (paze Ha 120°.
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32



Uas=Ua-Us
Usc =Us—Uc
Ucr =Uc—Ua ,

Jlns monydeHus TUHEHHBIX HanpsKeHn CI10KUM reOMEeTpHUIeCKH BEKTOPEI U Ao, Up

Uc c BEKTOPaMH Uy, ~Uc, —Ua, koropere pasusl coorsercreenno Us,Uc,Ua, no
MPOTHUBOITOIOAKHO HAIPABJICHEL.

BekropHas aguarpaMma JIMHEHHBIX HANPSKEHUM TaKkKe MOKET OBITh MOJydueHa U3
BEKTOPHOM aumarpaMmbel (pa3HBIX HanpspkeHwi (puc. 6.3). Takum oOpa3zom, 3BE€3[a JTIMHEMHBIX
HAMpsKEHU onepexaer 3e3ny (pasneix Ha 30°. Haiimem coorHomeHuwe mexay (pasHBIMH U

JTHHEHHBIMHA HAIIPAKCHHAMH, YUHHUTEIBAA, YTO BCC HAIIPAKCHHUA CHMMCTPHYHBI.

Uasa=Us=Uc=Uos

A

L

C b

Pucynok 6.3 — BekropHas muarpamMma HaOpsKEHWM MPH COEAUHEHUH 3BE3001

13 mpamoyromsroro tpeyroasauka OAJl nmeem:

Un _Uss _ U, -cos30° =

2 2
J3

=Ugy -c0os30°=U 4, —

OOKYMEHT UDﬂHHCHH 2
IANEKTPOHHOW NOANWUCEKO
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa _
U, =~3U,
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@dazHpIe TOKU IPUEMHHUKOB ONPEAEIIAIOTCA TAK K€, KAK M B OTHO(PA3HBIX LEMAX:

’ U a Ua

IA: o ;
<A \/r:+xi

IEZUB: Usp ’

—
™
|
1

E

- 2 2
“C Fe + Xc

YIIel cIBUTA MEKIY HANPHKECHUAMA U TOKAMH (pa3 MOKHO OIPENEIUTE U3 (popmyir:

T4 Ig I,
cos@, =—; cos @, =—=; COS . =
<A iR {e

Ecmn [MPHCMHHUKH DﬁHHﬂHPDT JHUCTO AKTHBHBIMH COITPOTHUBJICHHAMH, TO ZA= I'A, ZB = IB, ZC

= I'C, @ YIJIBI CIBUTd MEK Y TOKAMH M HANPSKEHUAMM BO BCEX Tpex (pazax OyayT HYJIEBEIMM.

|-T -~
LUsc

Pucynok 6.4 — Bekropnaa guarpamMma HaNpsKEHUH U TOKOB YETBIPEXTPOBOIHOH 1EMH

IPU AKTUBHOM HECUMMETPUUHON HATPy3kKe (a3

Tox mynesoro mposoma [ o= Ia+ Ip+ Ic
CedeHnue HyJI€eBOTO MPOBOAA 3aBUCUT OT CTEIEHU HECUMMETPHUHN HATPY3KU (pa3, HO 0OBITHO

€r0 NPUHUMAIOT PaBHEIM 50% OT CEYEHUA JIMHENHOT O MPOBOJA.

[ TpEOKYRERTGRGRIVEre TP (HVJIEBOTO IIPOBOIA) HANPSKEHHIS Ha (aszax nopHeMHHKOB
SII:']IEH.TF'DHHDH I'ID,EII'IHEF:HJP (1y poBO/Ia) p 1) P

CePTP G ETaroT e HERIMERITBIMIT VO aBHEIMIT  (DA3HBEIM  HATIPSDKEHWSAM  WCTOYHMKA JTAKE TIPH

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

HE‘pHBHGMEpHGﬁ Hﬂl"p}’.?.l{e, CCIIN HpﬂHEﬁpelﬂa CﬂHpGTHBI[E-‘H'HEM HpCIBCI,I[GB JHIUHHH H H}’J’[E‘Bﬂl"ﬂ
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npoBoaa. IlpenensHeIM CiyuaemM HEPABHOMEPHOU HATPY3KU (Pa3 B YETBIPEXIIPOBOIHON CHUCTEME
Tpex(pa3zHOr0 NPUEMHHMKA, BKIIOUEHHOIO 3BE300M, MOMKHO CUATATE OOpBIB OmHOM u3 (has.
Hampumep, ecrm aza A Oyner obopBana, TO He OyIeT HANpSKEHUSA U TOKA y morpedurens,
BKJIFOUEHHOTO B ATy (pa3y, a B OCTABMIMXCA MOA HANpskeHWeM (pazax pexum padoTel HE
u3MeHuTCs. UTo Kacaercs HyJIeBoro mpoBOd, TO € 10 00peIBa 01HOM 13 (a3 Tok Okl paBeH [

o= Ia+ Ig+ Ic (puc. 4.4), TO TEmeps OH M3MEHUTCA U OYAET ONPENETIATECA 10 TIEPBOMY 3AKOHY

Kupxroda: Ip+ Ig+ Ic = 0, orkyna - I o = Ig+ Ic (puc. 6.5)

Pucynok 6.5 — BexropHas guarpamMma TOKOB U HAMPAKEHUI Tpu 0OpEIBE (pa3sr A

[Tpn 0OpeIBE MM OTCYTCTBUHU B CXEME HYJIEBOTO MPOBOJA SHEPTETHUECKHUE COOTHOMIEHUA

B ATOH I[EITH U3MEHATCA.

TEA Z4 I

Ec
C 5 L
Iy

Pucynok 6.6 — Cxema TpexnpoBOSHOMN €N TPeX(Pa3Horo TOKa

AOKYMEHT MOANUCAH ., . .
[HpBreMMeTIiiEol Harpy3ke B TPEXMpoBOAHON TpexdazHour cucreme (puc. 6.6)

Ceptudpukat:  2C0000043E9ABBBI52205E7BAS00060000043E
Bnagendi ATTPAECHECT MWK AV HYASBE M TOUKAMH MCTOUHUKA W MPUEMHHKA PABHO HYIIIO U KaXAYI0 (pazy

CHCTCMBI MOKHO pﬂCCMHTpITBﬂTB KdK 33MK]—I}’TLIﬁ I{CIHT}"p.
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[Tpn HEpaBHOMEPHOU HATPY3KE M OTCYTCTBUM HYJIEBOTO MPOBOAA (Pa3HBIE HANPIKEHUA
OyIyT W3MEHATHECS MPAMO NMPOMOPHUOHAIRHO compoTtuBneHusaM (pa3. Ecau Obl cuctema ObLia
YJETBEIPEXMPOBOOHON, TO IO HYJIEBOMY MOPOBOAY MpoTekan Ovl TOK [p M Takum o00pazom
MPAKTUYECKH BBIPABHUBAIMCE OBl (pazueie mampssxenua. Ha puc. 4.7 m3oOpaxkeHna BeKTOpHas
quarpaMma HaInpsaKEeHUH U TOKOB IPH HEPABHOMEPHOM HATPY3Ke BCEX Tpex (pa3 M OTCYTCTBUHU
HYJIEBOTO ITPOBOJA.

TpeyronpHuk JIMHENHBIX HANIPAKEHUN OCTACTCA TAKMM K€, 4 3B€31a (Da3HBIX HAIPSKECHUN

1 TOuka O’ MOTYT OBITE JIETKO MOMYYEHBI METOIOM 34CE€UEK U3 BEPIIVH JIMHEWHBIX HAOPSAKECHUMN.

Pucynok 6.7 — Bekropnaa guarpamMma TOKOB U HAMPAKEHUH ITPU

HEPABHOMEPHOU HATPY3KE U OTCYTCTBUE HYJIEBOTO MPOBOAA

Ecou omna mu3 (a3, nanpumep, A, 000pBETCA MM BCE MOTPEOUTEMN STOM (pa3sl OyIyT
BBEIKJIFOUEHEI, TO IIPH OTCYTCTBUHU HYJIEBOTO MIPOBOAA OCTABIIMECS oA HanpsxeHueM (passl B u C
OKaXyTCA BKIIOYEHHBIMU mocaenosarensHo. Dasmeie Toku Ip m e, mporekaromme uepes
MOCIEIOBATENbHO BKIIOYEHHEIE COMPOTUBICHHUA HPUEMHHKA, B 3TOM Ciaydae Oyayt
OIWHAKOBBIMHU, a4 (pa3HBIE HANPAKEHUA OyAyT NPONOPHHMOHAIBHBEI CONMPOTHUBIAEHUAM (pa3 (puc.
4.8). Ilostomy Ha BEKkTOpHOM muarpamme Touka O' mepeMecTUTCs HAa BEKTOP JIMHENHOTO
HanpsokeHusa Upc u Oyzer menurs ero Ha 4actu, paBHeI€ (pasHeiMm HanpsxkeHusam UB u UC (B

namem cayuae UB = UC)

[}r: =(}3 =%Uﬂ =%\g(}w=0,37[}¢

Hanpsxenue a3er A Bo3pacrer:

V3

Ua =Uas-c0830° =30~ =15U,

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptudukar:  2COMYRGARRY TP EXAPIBIAHBIX 11EAX HAa HYJIEBOH MMPOBO HE CTABAT MPENOXPAHUTED,

Bnaneneu: llleGayxoea TaTeRHa AnexkcaHgpoBHa

T.K. ET0 NEPETOPAHUE UIMEHIET PACTIPENEIEHNE HATIPSKEHUN (a3.
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[Ipn koporkoM 3ameikaHuMK Kakou-mOo (a3er, Hanpumep, C, HyneBas touka O
npuoOperaer noreHuan JuHenHoro nposoaa BC, a (a3el 4 u B 0Ka3pIBAIOTCS MO JTMHEUHBIM
HANpsKEeHUeM. BekropHas amwarpaMma Ui 3TOTO Ciiydas mpeacraBieHa Ha puc. 6.9. Touka O

nepememaercsa B Touky C.

i[:"c o {5

Pucynok 6.8 — BekropHas muarpaMma TOKOB U HANPSKEHUN OpU 0OpEIBE (Pa3bl B CXEME

0e3 HyIeBOro mMpoBOaa

Hampsxkenus ¢pa3 A u B craHOBATCA paBHBIMU JIMHEUHBIM (puc. 4.9):
Uy,=Ugy=U,;=U, “‘/gs
U,=Up, =U, =U, 3.
U, =0.

Tok koporkoro 3ameikanua ¢aszer C pacnpenensercas Ha (Gazset B u A, Te.

I c = 1 K= —(I p +1 B) . Takum obpazom, nBe Ppa3sl TPUEMHHKA OKA3BIBAIOTCA HOJ JTMHEHUHBIM

HAIPsKEHUEM, HA KOTOPOE OHM HE PACCUATAHBL, © OHA MOTYT BEIUTH U3 CTPOAL.

A

JTo—
OOKYMEHT UDﬂﬂHCHH
IANEKTPOHHOW NOANWUCH

Ceprudmkar:  2C0000043E9ABBBI52205E7BAS00060000043E
Bnageneu:  LeBayxosa Tatesva AnPpreymeor 6.9 — BexkTopHas nuarpamma TOKOB U HANIPSAKEHAW TPU

3aMbIKaHUU (pa3el C mpuéMHMKa TPEXTTPOBOTHOU CUCTEME
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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B nemu Tpex(a3zHoro Toka akTUBHAA MOITHOCTE PABHA CYMME AKTUBHBIX MOITHOCTEH (pa3:
P=P +P,+FP.=1,-U,-cosep,+1,-U,-cosp,+1,.-U,-cose,.

Jlnsg w3MepeHus MONIHOCTH B YETHIPEXNMPOBOJHON IEMH MOKHO HCHOJIB30BATH TPH
0IHO(pa3HBIX BATTMETPA, CYMMHPYA UX MOKA3aHWSA, WIH UCHOJIL30BATE OTHO(A3HEIN BATTMETP C
MEPEKITIOUEHUEM E€r0 MOOUEPENHO BO BCE TPH (Pa3el. ITOT METO MOKET OBITH UCIIOJIB30BAH KAK

IpU CUMMETPHUUHOM, TAK U TP HECHUMMETPUIHOM HATPY3KE.

Jaoanue:

3aoaua Nol

Ha pucynke 6.10 npencraBnena cummerpuynas Tpéxdaznasn cucrema ¢ napamerpamMu Xc
=90 Om, r = 40 Om. Onpegenurs nokaszanusa npuOopoB u Tok 1 mpu Ua =120<00 B. (207,5 B; 4
A; 2,3 A;625Bt; 950 Br; 1 =3 2 sin ot A).

Pucynok 6.10 — [Ipuniunuansnas cxema

3aoaua No2
B nenu pucynok 6.2 onpenenurs TOKHU B JIMHAU U B (pazax MPUEMHHUKA IIPU KOPOTKOM
3amMbeIkaHu MexkTy Toukamu b u ¢, ecomt UJI =380 B; oL =2 Om; Z A =10 Om; Z 8 =310 OMm; Zc

=—10 Om. (0; 95 A; 95 A; 0; 33 A; 33 A).

OOKYMEHT Nognwvc
3NEKTPOHHOW NOoOnn

LepTUHOUKaT Z2C0000043E9ABBBA52205E/BAS00060000043E

UWieniyxoBd iTeHHE AdIeKCaHODOBHS

Pucynok 6.1 1 — [Ipuniinmumansnas cxema

38



Koumponsnwvie eonpocoi:

l. Yro 03HAUAET CUMMETPUYHEIN TPEX (PA3HBIM UCTOUHUK SJIEKTPUIECKON SHEPrumn’

Y10 03HA9aET HECUMMETPUYHBIN TPEX(PA3HBIA UCTOYHHK !
[lepeuncaure cnocoOrl coenuHEHNs 00MOTOK Tpex(Pa3HOTO UCTOTHHKA.
Yro Takoe HEUTPAIBLHEIN IPOBOL ?

Kakoe HanpskKeHne Ha3pIBAeTCA (Pa3HBIM, JIMHEUHEIM !

Yro o3HaUaeT CUMMETPUYHAA U HECUMMETPUYHASA HATPy3Ka?

Yro Takoe HanpAKEHNE CMENIIEHUA HEUTPATIH !

Kak onmpenenuts TOK B HEUTPAJIBHOM IIPOBOJIE TP CUMMETPHUUHOMN HATPy3Ke?

o o 1 Sy i B W 1

Yemy paBHA MOTIHOCTE TpexX(pazHOM CUCTEMBI B CHMMETPHUYHOM PEXUME?

f—
—

Yro Takoe ogHO-, IBYX- U Tpex(a3zHOEe KOPOTKOE 3aMBIKAHUE?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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IIpaxkmuueckaa paooma Ne7. Bpawarowgueca snekmpudeckue mautunnl. Pacuem

IeKMPUHEeCKUX nomeps U KoIppuyienma noie3Hozo 0eiCmeus aCUHXPOHHbBIX Oguzameell.

Ilens: IlonydnTs HABBIKK pacdyeTa SIEKTPUYECKUX MOTEPh M KOA(P(PULIMEHTA MOIE3HOTO

OENCTBUSA ACHHX POHHBIX IBUTATEIIEH.

Ocrnoevt meopuii:
M3 cetn k mepBUYHON 0OMOTKE ACHHXPOHHOTO JIBUTATEIS MTOIBOAUTCSI MOIITHOCT:

Pympl1Ujcosy (13.1)
YacTe 5TOM MOLIIHOCTH TEPSAETCA B BUJE SNEKTPUIECKUX MTOTEPEL B MEPBUIHON 00OMOTKE
P':}..l'l']. = nll‘(‘flrl (132)

4 4aCTh — B CTAJIM CTATOpPA (MATHUTHEIE TOTEPH)

m, E2 (13.3)

OcraBmascs 4acTh MePeaeTcs JEKTPOMATHUTHBIM CITOCOO0OM HA pOTOP, COTJIACHO CXEME

3aMENICHUS (2JIEKTPOMATHUTHAS MOITHOCTE )

, .
P = my * I -2 = my By I cos ¥, (159

Yacts P,y TepseTcsa B BUae Temia B 0OMOTKE pOTOpA (SIEKTPUUECKUE TOTEPH B 0OMOTKE
poropa)

P =my x5 51y =my* 15 %1, (13.5)

OCTaBILIAACA YACTh IIPEBPANIACTCA B MEXaHUYECKYIO MOIIHOCTh, PA3BUBAEMYIO HA POTOpE

1--=s (13.6)
5

— — 2
PI'-'[}{ — P.':H'-'[ — Panz = ml‘{lrl
JaCTh Pyx TEPAETCSA B MAIIMHE B BUJE€ MEXAHUUECKUX TTOTEPB Phx.

Jlo06aBouHEBIE MOTEPU pACCUNTATE OUEHE TPYAHO, MOATOMY MX NPUHUMAIOT paBHEIMU (0,5%

ot Py opu I; = L.

[Tone3nas MOMIHOCTE HA BAITY

NOKYMEHT MOANUCAH
SNEKTPOHHOW MOAMUCHIO Pr—P.. " — . 137
CepTUduKaT: 2C0000043E9ABBBI52205E7BA50006000004382 — MX —PMxX—P0> ( )
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
P>= P~ Op. (13.8)

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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r71€ CYMMApHBIE TOTEPH

(13.9)
Ep = Pam + Pur + Panz + Pux + p,u,
KII/] nBuraremns onpeneniercsa Kak
P Z 13.10
p=i2-q1_%» ( )
P Py
13 Beipaxkenua o Poy ¥ pyn2 BEITEKAIOT COOTHONIEHUSA
Pon2 —SPoy: (13.11)
Pyx—(1_8)P,,,. (13.12)

13 KOTOPBIX BUIHO, 4TO OpHU S = () MOTEPE B POTOPE HET (MOCATBHEIN XO0IOCTOU X0 ), 4
npu S = | Bca Py maoer va morepu B 00OMoTke poropa, a Pyx = 0. [Tostomy ¢ Toukm 3penus KIIJ]

geM MEHbIIE S, TeM ayume (s _ 0,02 — 0,05).
[Tpumep 1. Acunxponneii Tpex(aszHeld ABUTATENL IIpu HanpskeHnun cetu U.=380 B

pa3BUBAET HOMUHAIBbHYIO MOMHOCTE Py = 10 kBt, Bpamasce ¢ gacrtoroit my = 2920 00/MuH n
morpedmssa Tok s = 18,6 A mpu ko3 puruente momHOCTH cos@y — 0,913 .B pexuMe xonoctoro
X014 IBUTATENE TOTpednaer 3 cetu momiHoCTe Po = 325 Bt npu toke Ip = 5,04 A. AxtuBHOE
compoTuBieHue 00MmoTku craropa r; = 0,326 Om, MEXaHUYECKHUE MOTEPU MONTHOCTH Pux = 130
Br. Cxema coenunenus oOMOTKU CcTaropa — «3Be3aa». Onpeaenurs MOTEPH MONIHOCTH B MEIU
craropa ¥ poTopa, MOTEPHU B CTAIH, JOOABOUYHEIE MOTEPH NPH HATPY3KE, KOYPPUIMEHT MTOJIE3HOTO
nercreua AJl.

Pemenue:

[Tpu pemennu 3amaun MPUHATO JOMYIICHUE, YTO CyMMa MTOTEPH B CTAM U MEXAHWYECKUX
MOTEPh — BEJIMINHA MTOCTOSIHHAA.

[Torepu B cram:

P~ Py~ ~my 13- p..~03250 03 05,047~ 1300° 170 Br.

DNIEKTPUUECKUE MOTEPH B OOMOTKE CTaTopa:

Pan1 = m1‘(§r1 =3 _ 18,62 _ 0,326 [1 338 Br.
[Torpebnsiemas 13 c€TH MOTIIHOCTE:

P,"\3-Uy, ~ 11, ~ cos—, —380 ~18.6 ~ 0,913 ~ 11163,8 Br.

AOKYMEHT MNOANMCAH

e NATERET M A A0 ITHOCTE:

Ceprudomkar: 2C0000043E9ABBES52205E7BAS00060000043E

Bnapenew; llleGayxoea TaTbAHa MEHPE&?DE’_HEPI ~ Pem :pﬂﬂl — 11163‘}8 — 170 — 338 — 106551'8 Bt
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DNIEKTPUUECKHE MOTEPH B 0OMOTKE pOTOpA:
P,,, =8 *P, =0.027 » 10655,8 = 287.7 Br.

rAe IMPU 9aCTOTE BPANIEHU MATHUTHOTO moJist craropa m = 3000 00/MuH CKONBXKEHUE

ni-ny  3000-2900
§ = ——= = 0.027

ny 3000

JlobaBouHEBIE TOTEPH:

Py _ Pay 1Py — P2 — Pux — 106558 L 10000 _ 287,7 LI 130 _| 238 Bt

CyMMapHBI€ MOTEPU MOITHOCTH:

P _Poal — P2 dPem J Pux — Po — 3380287701700 130 — 238 0 1163,8

Br.
KosduipieHt mone3noro aeicTBUA:
P, —2p 10000
n= P, * 100% = 11163.8* 100% = 89.6%
3aoanue:
3aoaua Nel

JIIeKTpudeckue morepu B o0morke craropa AJl ps,1 = 500 Br. MonmocTts, moasoanmas K
neuraremo, 13.8 kBr. Onpenennure 5SIEKTPOMATHUTHYIO MOMNIHOCTH, MOIIHOCTH HA Baly
OBUTATEIA, SJIEKTPHUECKUE MOTEPU B OOMOTKE pOTOpPA, MEXAHWYECKUE M NO0ABOYHBIE MOTEPH,
€CJIA YETHIPEX MO0 CHBIN ABUTATENs Bpam@aerca ¢ gactorou n = 1450 o06/vun, KIIJ| mamunaer —
_ 87 % . Yacrorta cetnS0 I'u, MarautHEIE NOTEPH B MATHUTONPOBOIE CTATOPA IPUHATE PABHBIMH

2/3 0T SAEKTPUYIECKUX NOTEPE B OOMOTKE CTATOPA.

3aoaua Ne2

ACUHXpOHHBIM IBUTATENH NpU HampskeHuu cetu 380 B B pexnme x0mocTroro xona
morpedmsetr u3 cetu ToK 30 A ¢ kor(pduinpienrom montHocTH 0,09. AKTUBHOE COONPOTHUBIIEHHUE
(pa3el mMECTHHOMOCHOM OOMOTKM CTaropa, COeAMHEHHOM B 3Be3ny, paBHo 0,07 Owm. llon
HOMWUHAJIEHON HATPY3KOM IBUTATENbL HOTPEOIAECT U3 CETH AKTUBHYIO MONIHOCTE 145 kBt mpu
kod(ppunuente momuoctn (0,88 m Bpamaerca ¢ gacroron n = 965 o0/mun. [IpenebOperas
MEXAaHWUYECKUMH U JOOABOYHBIMHM HOTEPSAMH, ONMPENEIUTH MOJE3HBIM BPAMIAIONIMA MOMEHT HAa

Bany asurarend. Hacrora nuraronieit cetu f = 50 I'.

3“%8% EMQI‘;H OANMWCAH

NEKTPOHHOW NOAnNUChLIO

Ceprudbmcar: 2C0ndTREQIEASMAT-ACHHXPQFFHRIM IBUTATEIEM MOIIHOCTE 16,7 kBT, Hanpspxenne cern 380 B,

Bnaneneu: ebayxoea TaTteAHa Anekcavgpo

KO3(PPUITUEHT MOTITHOCTH ?LES 8. AKTUBHOE CONTPOTUBIIEHHE 0OMOTKH CTATOPAa, U3MEPEHHOE MEKIY
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ee muHenHbBIMU BEIBOZamu, 0,56 Owm. Ckombxenue — 0,033. Ilpenmomoxum, 94TO MATHUTHEIE
MOTEPU B CEPAEYHHMKE CTATOPA PABHBEI MOJOBUHE JJIEKTPUUECKUX ITOTEPE B OOMOTKE Craropa,
MEXAHUYECKHUE U 100aBOYHBIE MOTEPU COCTABAAIOT 5 % OT CyMMAapHBIX MOTEPh. OnpenemmTs

MOJE3HYI0 MOIIHOCTh U KOS PUIIUEHT MTOJIIE3HOTO EUCTBUS IBUTATENA.

3aoaua No4
DJIEKTPOMArHUTHAasA MONIHOCTh ACUHXPOHHOrO asurarent FP,, = 500 Br, nonnas
MEXAHUYECKAs MOMIHOCTE Py = 470 Bt. Haitu ckonwxkenue, mpu KOTopoM padOTAET IBUTATEND,

W SJIEKTPUIECKUE TTOTEPHA B POTOPE.

3aoaua N5

YersipexmomtocHeii A/l ¢ (pazueim poropom npu Hamps:keHun cetu 380 B B pexmme
X0JI0CTOTO X0xa Bpamaercsa ¢ gacrorou 1500 o0/mun u npu kos(pduiuente momHoctu 0,08
nOTpEOIAET U3 CETH TOK 25 A. AKTUBHOE COMPOTUBIIEHUE (Da3bl OOMOTKHU CTATOPA, COEUHEHHOU
B 3Be31y, paBHO (0,02 Om. OOMOTKA pOTOPA BKJIIOUEHA B TPEYTOAbHUK. COMPOTUBIEHHE 0OMOTKH
poropa, m3mepeHHoe Ha komenax, pasao 0,008 Om. [log HOMMHATEHON HATPY3KOM IBUTATEID
norpedmaer uz cetu 110,5 kBt npu kosppummente moninoct 0,85, TMHEHHBIN TOK B POTOPHOU
nerm 278,5 A. Ilpeamosaras, 4r0 MEXaHWYECKUE ITOTEPH PABHEI MATHUTHBEIM IIOTEPSIM B

CEepJIEUHUKE CTATOPA, ONMPEAETUTE CKOPOCTh BPANMIEHUS POTOPA B HOMUHATLHOM PEKUME.

Koumponwsnwie eonpocwi:

1. Kakmue NOTEPH B ACHHXPOHHOM ABHIATCIIC OTHOCATCA K IMOCTOAHHBIM ITOTCPAM, d

KAK1e K TEPEMEHHBIM
Kakue morepu OTHOCATCS K MEXAHWYECKUM ITOTEPAM B ACHHX POHHOM ABUTATENE?

Yewm onpenenarorcs nodaBoynsie motepu B A/l 1 KAk OHU PACCUUTHIBAIOTCA 7

> w

HEPEIII«{CI[HTE BCC BHAEI ITOTCPb MOMHOCTH B ACHHXPOHHOM IBHUIATCIIC.

>. KakoBa 3aBUCHMOCTE MEKIY SJIEKTPHUECKAMHU MOTEPAMH B 00MOTKE poropa AJl u

3JIEKTPOMATHUTHON MOTIHOCTBIO?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ilpakmuueckaa paooma Ne8. Tunoewvie cxembl cucmem 31eKmpoCHAOICEHUA 30AHUNL U

COOpyHCceHUU. IneKmpuldeCKue Hazpy3Ki npoMblICHHHIX RPeOnpUAmUil.

Ilens: IlpuoOpecTn HaBBIKM pacdera HSAEKTPUYECKHX HATPY30K ITPOMBINLIEHHBIX

IPETIPUATHH.

Ocrnoevt meopuu:

Pacuer snekTpuuecKux Harpy30Kk OPOU3BOIMUTCA [JIA KAKOOTO SJIEKTPUYECKOTO y37a, OT
KOTOPOTO THUTAKTCA HSJEKTponpueMHUKH. B cerax nanpskennem no | kB wa pazmiunbix
CTYIIEHAX PpAacClIpeneneHus B KA4ECTBE HJIEKTPUUECKOTO y3Jla MOIYT pPacCMaTpHUBATHCA
pacmpenenmMTenbHBIE  TYHKTBE, mKa(pel, COOpKH, pACHpEeNeTUTENbHBIE,  TPOJIECUHEIE,
MATUCTPAIEHBIE [IMHOMPOBOABI, II€XOBBEIE TpaHCPOpPMATOPHEIE NOACTAHIMM. Harpyzku
ONPENEIIAIOTCA 0 LEXY, KOPIYCY, MPEAIPUATHIO B LIETOM.

Meron kos(pduumenra pacuerHou Harpy3ku. CormacHo VYka3aHuAM 10 pacyeTy
3JIEKTPUYECKUX HATPy30K pacdyeTHas AakTUBHAA HArpy3Kka TCPyNNObl SIEKTPONPHEMHUKOB,

MOOKIIOYEHHBIX K 3JIEKTPHUECKOMY Y3I1V:

rae K, - kospunumenTt pacueTHon HArPy3KH;

Pyi n Kyi - HOMUHAMBbHAS AKTUBHAS MONIHOCTH U CpemHee 3HadeHue Kod(duimenra
MCHOIB30BAHUA OTAEIBHOTO HIEKTPONPHUEMHUKA; N- KOMMUECTBO 3JIEKTPONPUEMHHUKOB B TPYIIIIE.

(P (PeKTUBHOE UNCIIO SJIEKTPONPUEMHHUKOB

_ B Pui)?

3 n 2
i=1 PHL

rae PHi - HoMuHambHAas MONIHOCTE OTAEIBHOTO AIEKTPONPUEMHHKA B TPYIIIE.

[Torygaennoe pacueTroM OKpPYTISAETCS 10 OMMKANIIET0 MEHBIIETO IEA0TO YHCIIA.

[Ipp OOnBIIOM KOMMYECTBE HIEKTPONPUEMHUKOB B TPYNIE IS MAaruCTPaTbHBIX
IIWHOTIPOBOJOB, COOPHEIX MIMH IEXOBRIX TpaHchopmaropHeix moacranumi (T11 nexa, kopmyca,
IPEANPUATHS B 1IEJIOM BEIMIHHY N, MOKHO OIIPEIEIUTE TAKKE MO YIIPOIIECHHOMY BBIPaK CHUIO:

_ 22?:1 PHL

PH’ Haub

n,

I 1AGRMERT AGIONIAHAIEHAA MOMIHOCTE CAMOTO MOIIHOTO 3JIEKTPONPUEMHHUKA B TPYIIIIE.
3NEKTPOHHOW NOAMNUCHIO

Ceptudpmukar:  2CORBIHPF METETeH 6 CMOCTHOCHEAHEMY BRIPAKEHHUIO N, OKAKETCA OOMBIIE N, TO MPUHUMAIOT I,

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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PHHﬂHﬁ{:‘g

PH MHH

Jlns rpymnnel, COCTOAMIEN U3 SJIEKTPONPUEMHHUKOB PA3JIMYHBIX KATETOPHUH (C Pa3IMIHBIMHA

Kwu), cpenneB3BenieHHbIN KOA(PPUITMEHT NCTTOTB30BAHUA
m
=1 HHEPHE
m
=1 PH]

K, =

a) Ui MUTAIONINX CETEH HAMPSKEHUEM 10 |1 kB B 3aBUCUMOCTH OT N,

opu n, < 10

mn
¢, = 1.1 Z Ky Py tan ¢
i=1

opu n, > 10

n
= Z Ky Py tan ¢
i=1

0) mnd MaruCTpaJbHBIX MIMHOMPOBOJOB M HA mmHAaxXx nexoBeix [II, a takke mnpu

ONPENEIEHNH PEAKTUBHOU HATPY3KH IT0 HEXY, KOPITYCY, MPEAITPUATHIO

Qp = HPZ KyPy tan ¢ = Pp tan ¢

i=1

K pacueTHBIM aKTUBHOUN U PEAKTUBHOM HATPY3KAM CUJIOBHIX AJIEKTPONPUEMHHUKOB 10 1kB
OOJKHEI OBITH JOOABIEHEI MPU HEOOXOJUMOCTH OCBETUTENBHBIE HATPY3KU Ppo 11 Qpo

Pacuer »snekTpu4YeCKnX HArpy30K OSIEKTPONPUEMHUKOB HanpsbkeHneMm Beime | kB
OCYILECTBJIAETCA B LEIOM AHAJIOTHYHO PACUETy, HPUBEAECHHOMY IJS JIEKTPOIPHEMHHUKOB
Hanpsskenuem 0 1 kB, ¢ yuerom Hekoropeix ocoOennocren. [lns smekTpoaBurarenen
HanpsxenueMm Beime 1 kB Bmecro Ky mpunumaercs 3nauenue kosp@uumenra zarpy3ku Ki u
HAXOJWUTCA PACUETHAS HATPY3Ka

Por = KiPyy

rae Puj - HOMMHaIRHAS AKTUBHASA MOMIHOCTE BEICOKOBOJIBTHOTO SIIEKTPOIBUTATEI.

[Ipu ompenenenun pacdeTHOM HATPY3KU NPEANPUATAS HOACYUTHIBACTCSI KOIMIECTBO
npucoequHeHnd K cOopusM mmHaMm 6 - 10 kB pacnpenemurensnoro mynkra (PIT) mmi rmaBuoM
nonmsuteasHou noncranunu (I'TIIT), or koTopeIX muTaerca mpeanpusatue. B 3aBUCUMOCTH OT
KOJIMYECTBA MPUCOEAMHEHUH U CpemHeB3BemeHHoro Ky mo tabn. I13 ompenensercs 3nauenue
kod(pumnenta oguoBpeMeHHOCTH K. IIpu sTOM mpunnmaerca senuunna Ky = 1. Anmanoruunoe

3HAYECHUE KE:«' p I_rﬂ%%{ﬁurjlﬁggﬁﬂ U B TE€X CIydasdxX, KOrJAa pacueTHas Harpys3ka OIPENensaeTCsa i

Eepmd:bwﬁ%%dﬁg E%Héﬂrgn@:ﬁﬁ%m HEKDBW TH

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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PacuerHas nHarpy3ka CHIOBEIX 5SIEKTpOONpPUEMHHMKOB A0 | kB xapakrepHeix rpymnm,

IPUBENECHHAA K BBOAY NPEAIIPUATHA, ONPENEILIETC IO (pOopMyIIe

n
P, = K, Z Ky Py
=1

T
Qp = K':'Z Ky Pytang@ = Pptan @
i=1

PesympTupyromiasa Harpy3ka NpeanpuATHA ONPENENAETCcs C YYETOM OCBETUTENBHOH M
BEICOKOBOJIFTHOH HATPY30K, 4 TAKKE CPEICTB KOMITEHCAIIMM PEAKTUBHOM MOMIHOCTH (Q M MOTEpH
MOTIIHOCTH B TpaHC()OPMATOpax.

Meron kos(ppummenta cnpoca. Ha mnepBou cramuu HOpPOEKTUPOBAHUA CHCTEMEI
3JIEKTPOCHAOKEHNA MOTYT OBITH HEW3BECTHBIMM MONIHOCTH OTAEIBHBIX SJIEKTPONPHEMHHUKOB
XApPAKTEPHBIX TPYIIH U PEXUM UX paboTel. Pacuernas MakcuManbHas HATPy3Ka AJ1d TAKUX TPy
3JIEKTPONPUEMHUKOB OMPEAEIACTCA CIEAYIOILMM 00pa3om:

Pr = K. Py
Qp = Pptang
3nauenusa kod(QduienToB copoca KcHucosQanaa yka3aHHBIX TPYINT SJIEKTPONMPHUEMHHUKOB
ONPENEIIAIOTCS U3.
PacuerHas Harpy3ka y3iaa CUCTEMBI SJIEKTPOCHAOKEHMS OMPENEIAETCS B 3TOM CIOydae C
yueToM KO3 (UIIMEHTa Pa3sHOBPEMEHHOCTH MAKCUMYyMOB HArpy30K OTIEIBHBIX TPy

IEKTPOIPUEMHUKOB:

1 2 n 2
Sp — Z Ppi + Z Qiﬂi H‘pm
i=1 =1

TO€E I - KOJIMIECTBO XAPAKTEPHBIX MOATPYIII YIEKTPOIPUEMHUKOB.

3naueHue Ky MOKHO mpulImKeHHO MPUHAITE paBHEIM (9.

Meron yaenpHEIX NOIOTHOCTEM HArpy3ku. ECiIM UMMETCA CBEOEHWA O BEIMYMHAX
MPOU3BOJCTBEHHBIX IUIOIMIAAEH OTAENBHBIX I1IEXOB, HANPUMEP, MAIIHHOCTPOUTEIbHBIX
IPEONPUATHI, TO PACUIETHYIO AKTUBHYIO HATPY3KY MOKHO OMPEIEIUTh, UCIOJIb3YS BEIPAKEHUE

By = by F
rae F- mionans pasMenienus TPUEMHHKOB TPYIIIIBL, M
Pyr - VAETbHAA IUIOTHOCTH HATPY3KM HA | M° NMPOM3BOACTBEHHOM mIomamu, KBr/m~.

3HAYCHUA MECHBHEIEIAOFHO CTEH HATPY30K Py; MPUHUMAIOTCA IO CIIPABOYHOM JIMTEPATYPE.
ANEKTPOHHOW MOAMNMUChHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Meron ynensHOro pacxoma snekrposHeprud. [Ipy Hammuum OAHHBIX MO YOEIBHOMY
pacxony OSJIEKTPOIHEPTHHU HAa €OMHUIY MPOAYKIIMM PAaCcdeT HArPy30K IO OTHEJIBHBIM LIEXaM,
MPEIIPUATHIO B LEIOM MOJKHO BBIIOJIHUTE, UCIOJIB3YsI BEIPAKEHNUE

M-3
P, = 7

rae M - BRIDYCK ONPOAYKIMHA B HATYPAIBHOM BBIPAKEHHH 34 BpeMsa |3 Ha3zHauyeHUe

dyi

YAEABHBEIX PACXOJ0B AJIEKTPOIHEPTUH HA €AUMHUILY OPOIYKIHH.

DJIEKTPUUECKHUE HATPY3KH OTHO(A3HEBIX 3JIEKTPONPHEMHHKOB.

OpnHodazHeie 2IEKTPONPUEMHUKN YIUTEIBAIOTCA HPH OIIPEIEICHUN CYMMAaPHBIX HATPY30K
Kak Tpex(asHbple, €CIM OHU PABHOMEPHO pacmpeneieHel Mexay (azamMu Tpex@asHou CETH.
CuuraroTCs HEPAaBHOMEPHO  pacOpefeleHHBIMM T€  OOHO(A3HBIE  BIEKTPONPHEMHHKH,
HOMUHAIBHAA MONIHOCTE KOTOPEIX cocrasisger Oonee 15 % cymMmapHOM MOIIHOCTH Tpex(Pa3HBIX
1 O#HO(MA3HBIX TPUEMHUKOB, MNPUCOEOUHEHHBIX K OAIEKTpUIecKoMy y3ay. Jlma Taxkux
3JIEKTPONPUEMHHKOB ONpeaenasercs Tpexdaznas HOMUHATBEHAA YCIOBHAS MOMIHOCT:

MPU BKJIFOUEHUH OTHO(PA3HBEIX IEKTPONPUEMHUKOB HA (pAa3HOE HANIPAKEHUE

PH‘_‘,.-'=3.PH]"-'[[IJ

PH},-’ = ﬁ * By

MontHocTs OTAEMBHOM (Pa3bl B ATOM CAYYAE OMPENEIACTCA KAK MOTY CYMMa HOMHUHATBEHBIX
MOTITHOCTEH MJIEU, MPUIETAIONINX K JAaHHOU (pase.

[Tpu GonbpmIOM KOTMYECTBE 0AHO(A3HBIX ATEKTPOMPUEMHHUKOB B TPYIIIE, BKIIFOYEHHBIX HA
(pazHOE M TUHEWHOE HANPAKEHUE U HE PACIIPENEIEHHBIX PABHOMEPHO, HOMUHAJIBHAS MOITHOCTD
OTAEIEHOU (DA3kl OMPENEIAETCS C YIETOM KOI(P(PUIIMEHTOB MPUBEIECHUSA JIMHEHMHBIX HATPY30K K
nanuou (paze u paznomy HampskeHuro. Hampumep, ms dassr A

PH(::) = Py P(ab)a T Pcap{ca)a + Py
QH(:I) = Py Pab)a T Pcap{ca)a + Qao

rae » - 0OaHo(a3Has Harpy3Ka, BKIo4eHHas B mwiedo AB tpexdaznon ceru;

Pac - TO e B mieuo AC:

Pao 1 Qao- HATPY3KH, BKIIFOUCHHEIE HA (Ppa3y A U HyJIE€BOU ITPOBOS;

Pab)as P(cajas q(abja- KOO(P(PUIIMEHTEI TPUBEAEHUA JTMHENHBIX

HArpy30K, ONPEIEIIEeMBIE U3 CIIPABOYHEIX TA0MHII.

PacuerHbpie aKTUBHYIO M PEAKTUBHYIO HATPY3KHU IS OTHO(PA3HBIX 3JIEKTPONPUEMHHKOB,

BKJIFOUEHHBIX B TPEX(Pa3Hyo CETh, MOKHO ONPEREINUTE IO (popMymam
AOKYMEHT [MOAMWCAH

ANEKTPOHHOW NOAMUCHIO n
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E P — K K P .
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opu n, < 10

mn
Qpy = 1.12 K, Pyyitan @

=1

opu n, > 10

n
pr — Z HH PH},-’i tan ¢
=1

Jlns y3ma, moAKMF0YEHHOTO K TpeX (hpa3sHOoM AIMEKTPUIECKOH CETH, UMEIONIEN TPpeX (Pa3HbIe U

OZHO()A3HBIE NIEKTPOIMPHEMHHUKH, PACUETHBIE AKTUBHAA U PECAKTUBHAA HATPY3KH ONPEAECIAIOTCA

no (popmytam:

ml m2 m3 m4
Pova =Ky [ ) KuPuct ) KuPuyi |+ ) KuPui + ) K Pay
(=1 (=1 =1 (=1

opu n, < 10

mil m2 m3 md
Qpys = 1.1 Z Ky Pyitang@; + Z Ky Py;tang; | + Z Ky Py; tang@; + Z Ky Py;jtan;
i=1 =1

i=1 =1

opu n, > 10

ml m2 m3 m4
QF ya — 2 ‘KH ‘PHi fan Qi + Z HH ‘PHi fan Qi + z KH ‘PHi tan QP + Z KH PH'i tan @i
=1 [=1 1

(=1 [=
rI€ M my — KOIMYECTBO TPEX(PA3HBIX M OZHO(PA3HBIX OJIEKTPONPHEMHHKOB C
MEPEMEHHBIM IPA(PUKOM HATPY30K;

M3M M4 - KOTWYECTBO TPEX(PA3HBIX M OJTHO(MPA3HBIX HSIEKTPONMPHEMHHKOB C MAJo

MEHAONIMMCA rpa(puKoM HArpy3oK.

3adanue:

3adaua Nel

OmnpenemTs 1, IS SJIEKTPONMPUEMHUKOB MEXAHMUECKOT0 Y4ACTKA WHCTPYMEHTAIBHOTO
1€XA CO CIEOYIOMMMH JAHHBIMU

a)  tokapusie craHku: 4 x (7 + 1,1 +0,25) xBr;

0) crporaneHeie ctaHku: 2 x (4,5 +0,5) kBt; 2 x (5,5 +0,75) kBr;

B) CBepmIBHEIE cTaHku: 3 X (7,5 +0,25) kBt; 3 x (3 +0,25) xBr;

r) 3aTOuHEBIE cTaHKu: 2 X 2,8 kBT; 2 x 4,5 kBT;

1) nocMexatgscke Hoxosku: 3x (3,2 +0,3) kBr.

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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3aoaua Ne2

B Tpexdaznyro osmexkrpuueckyro cete  380/220 B Brimrouensl  ogHO(A3HEIE
YJIEKTPOTPUEMHHUKH:

a) nmeun conpotusiaeHusa: Py = 12 kBT, cos@=0,95, n =2, Uy= 220 B;

0) CcBapouHBIE TpaHCPOPMATOPEI: Sca= 75 kBA, [IB =45 %.cos@=10,55, o= 1, Uy =380

B; Onpenemuts Tpex(pazHyo YCIOBHYIO HOMUHAIBHYIO MOITHOCTE.

3aoaua Ne3

OT mmH BTOPUYHOTO HampssKeHus 1exoBord [II nuraroTCa ciaemyromime TpPYIIkD
Tpex(Pa3HBIX YTEKTPOTTPUEMHHUKOB:

a) 35 DSIEKTPOABUTATENEHU MNPONOJIKUTEIRHOTO pexuma padoter or 5.5 mo 10 kBt
CYMMapHOM MOMIHOCTEIO XPy= 265 kBt; Ky = 0,18; cosg =0.,75;

0) 8 snekTpoaBUraTeNel NOBTOPHO-KPATKOBPEMEHHOTO pexnuma padoTel oT 4,0 no 7 kBT;
" 2Py = 42 xBr; IIB = 50 %; Ky=0,15; cosp=0,55;

B) 20 5neKTpOABUTATEIEH TPOOOIKUTEILHOTO pekuMa padoTel oT 3 no 15 kBt; XPy= 175
kBt, Ky =0.,2; cosg =0.7;

r) 15 snekTpoaBurarened NpogOLKUTENRHOTO pexuMa padboTel ot 5 1o 7,5 kBt; 2Py =
100 kBT; Ky =0,3; cosg=0,65.

OnpenemTs 414 HUX MOJHYK PACYETHYIO HATPY3KY.

3aoaua Ned

['pynma 11ex0B TPaKTOPHOTO 3aBOJA MMEET CIEAYIONINE YCTAHOBIEHHBIE MOMIHOCTH
3JIEKTPOTIPUEMHHUKORB:

a) arperarueii uex Py= 3000 kBr;

0) mpeccoBo-mTamMmnoBOUHBIN 1eX Py =4000 kBT;

B) Mexanudeckui 1ex Py = 3500 kBr;

r) mokpacounsd 11ex Py = 1800 kBr.

OnpenemmTs I HUX [MOJHYI0 PACUETHYIO HATPY3KY.

Jaoaua Ne)
TexHonmornueckue y4acTKM PEMOHTHO-MEXAaHWYECKOr0 I[€Xa HWMEIOT CIEIYIONINe

HOMHWHAJIbHBIC MOITHOCTH 3JICKTPOIIPHCMHHKOB.
JOKYMEHT ﬂDﬂH WCAH

?ﬁ MBEPCATBHOTO HA3HAYECHUA:! 6 x 45 +1 + + 0,25) kBr -
CeprudmKar: 2C0000043 EABBBQEEEDSETBASWEE 00043

SranenfopMEBIEIPPERANECS R + 1,5 + 0,25) kBt - HOpManmsHeI pesxum; S x (14 + 2 + 0,75) kBT -

NeicTe H?%ghq:% Bgﬁ%{%’ﬂﬁ 2023
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0) y4acToK CHEeNUATM3UPOBAHHBIX CTAHKOB C snekrpomsuraremaimu ot 0,25 mo 5,5 kBt
CyMMapHOUM MOMIHOCTEIO Py = 87 kBT;

B) SJIEKTPOCBAPOYHBIN YUACTOK, CBAPOUHBIE TPAHC(POPMATOPEI:

Stacn1 = 37kBA; I1B = 40 %; cosep=0,5; Uy= 380 B;

Smacm2 = 32 kBA; I1B =40 %; cosp=0.,5; Us= 380 B;

Snacm3 =22k BA; IIB = 60 %;cosp=0.,5; Uy=380 B,

OnpeneniTs TOIHYIO PACUETHYIO HATPY3KY IEKTPONPHEMHHKOB LIEXA.

3aoaua Nob
['pynma nexoB aBTOMOOMIBEHOTO 3aBOAA nUTAETCA OT oTAeabHOrO PII Ha manpsaxennn 10

kKB 1 uMmeer cnenymomme 1aHHEBIE:
— cbopounsriii niex; Pp = 1800 kBT; cosp=0.,7; Kiy =0,2;
— 1ex 3agaux MoctoB: Py = 2900 kBt; cosp=0,75; Ku = 0,25;
—uex kabun: Py = 2300 kBT; cosp=0.7; Ki=0,3;
— nmokpacounbsd 11ex: Py = 1500 xkBt; cosp= 0.65; Ku=0.4;
— ranpBannuecku nuex: Py = 1700 kBt; cosp=0.8; Kix =0,5;
— KOMIIPECCOPHAS: ANIEKTponpueMHUKN HanpsoxeHueM 10 1 kB: Py= 1300 kBt; cosp=0,7;
Ky = 0,35, snexrpoasurarenu Hanpsxkenuem 10 kB: Py = 4000 kBt; n= 3; cosp=0,75; K3
=0,85.
KommuecrBo npucoegunenuit k PII n = 10. Camenii MONIHBEIN SJEKTPONPHEMHUKOB B

rpynne Hanpsxenuem 380 B - anexkrpoasurarens, y kotoporo Py = 15 kBr. Onpenenurs nomyro

pacueTHyto Harpy3ky Ha muHax PII.

Koumponsnwvie eonpocwi:

l. Kakum 00pa30M CBA3aHEI PACUETHEIC AKTUBHAA U PEAKTUBHAS MOITHOCTH !

2. B kakux ciayuasx HeoOXO0AUMO UCMOJIb30BATE CUCTEMY 00MIEro OCBENIEHNA

3. B kakom cinyuae HEOOXOIUMO MPOBECTH KOPPEKTHUPOBKY PACYETHOH AKTUBHOU
MOTITHOCTH?

4. Kak 3aBUCHUT HOpMHUpPYEMAsA OCBENIEHHOCTE JTOPOT M NPOE3I0B OT MHTEHCUBHOCTH

IBIKEHUSI aBTOMOOmei”?

5. Oxapakrepu30BaTh CHOCOOBI YCTAHOBKH MPOKEKTOPOB M OCBENIEHUS OTKPEITBIX

IUTOMTATOKROKYMEHT MOANACAH
3NEKTPOHHOW MOAMNUCHIO

CepTudpmkar: ECG@QG43E9ﬂB@Em5WGM}DTCH HCXOOHBIMH IIPH PpdcdeTe VYIHMYHOTO OCBCIICHHA

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

TOUYEYHEIM METOIOM?

Nencteutened: ¢ 19.08.2022 no 19.08.2023

50



IHpaxkmuueckasn paooma Ne9. OcHo6bl 31eKMPOHUKU U ITEKMPOUIMEPEHULIL.
Onpeodenienue noKazanuit amnepmempos, 60J1bMMempoe U 6ammmenpos 6 Uensax

HOCMOAHHO20 U CUHYCOUOQTbHO20 M OKOB.

Ilenv: HayuuTeca pacCuMTHIBATE ITOKA3aHWA MPUOOPOB PA3IMYHBEIX W3MEPHUTENbHBIX

CHCTEM B HCIAX IMOCTOAHHOTO 1 CHHYCOMOAJIEHOTO TOKOB.

Ocrnoevt meopuu:

[To Tumy orcuernoro mexanmsma Bce n3mepurensusie npuOopet (MII) mogpaznenstor Ha
nee rpymmel: aHamoroBeie (AWII) w mmdposeie (LIUIT). B AMII nokazanua sasasrorcs
HEMPEPBIBHON (DYHKIMEN M3MEHEHUSA BXOTHON M3MEPAEMOUN BETUUUHBI. JJIEKTPOMEX AHUUECKHE
HII ocHoBanEel HA TPE0OPA30BAHNM SIEKTPHUECK O YHEPTUN BXOJHOIO CUTHAJA B MEXAHUUECKYIO
SHEPrUI0, 4Yaml€ BCETO, VIVIOBOE IIEPEMENICHUE ITOABMKHOIO OTCYETHOIO YCTPOMCTBA. JTH
mpuOOPEI 11 CBOEU padOTEI 3a0MPArOT HEKOTOPYIO SHEPTHUIO OT U3MEPAEMOH 1enu. Bximouenue
TAKAX MPUOOPOB B HCCIENYEMYIO SJIEKTPHUUECKYIO LN U3MEHAET PEeXHM €€ padoThl U, Kak
pe3yabTar, 00yCIaBIUBAET MOSABICHUE MOTPEMIHOCTH B3aMMOIEHCTBUA OPpUOOpa B U3MEPAEMOM
LIEIH, T.€. MOABIAETCA METOANYECKASA MOTPENIHOCTE H3MEPEHUS.

B LIUII u3mepsaemas nm nponopuuoHanbHasA €d BEJIMYMHA OpeoOpa3yercs B 4ACIOBOU
SKBUBAJIEHT, KOTOPBIM BBIBOAWUTCA HA 1] poBoit mumukarop (aucruiein). CoBpemennsie [[UII
MOCTPOEHEI C MCHOJIB30BAHUEM WIM MHUKPOKOHTPOIIEPA, WIM MHUKPOIPOIECCOpa, 4YTO
CYIIECTBEHHO IMOBHIMIAET MPOU3BOAUTENHHOCTE U TOYHOCTE L[WUII. 3ti mpuboper moryr nmers
OOMOJMHUTENRHEIE (DYHKIIMU 11 00padOTKN pe3yapTaTOB U3MEPEHU A, ABTOMATUUYECKOTO BEIOOPA
MPEAEIOB W3MEPEHHE, PACIO3HABAHMA IOJLIPHOCTU ITOCTOAHHOTO HANPAKEHUSA U T.O., a
HEKOTOPBIE W3 HUX MOTYT OBITH 3aA€MCTBOBAHHBIMU B ABTOMATH3HUPOBAHHBIX W3MEPUTEILHBIX
YCTAHOBKAX M CHUCTEMAX. B NpakTHKE SIEKTPHUUECKUX H3MEPEHUH BCE MIMPE HCHOJIB3YIOTCA
nu(pOBEIE METONBEI W CpeacrBa mpeoOpa3zoBaHusA, XpaHeHus, o0paboTku, mnepemauu u
npencraBneHua uHbopmammu. [{udppoBeie mpuOOpPEI BEITECHAIOT AHATOTOBEIE CPEACTBA OpPHU
M3MEPEHUN CaMBIX Pa3IMUHEIX (pu3nuecknux BexmuuH. Cpemu nu()poBEIX CPEACTB M3MEPEHUU
MOJKHO BBIIEIUTE [ABE€ OOJBIINE TPYINBEI: H3MEPUTEIBHBIE MPUOOPEI M W3MEPUTEIBHBIE
npeoOpazoBarenu. K mepBou rpymnme 00bsiaHO oTHOCAT aBTOHOMHBIE UII, mpennasnaueHnnsie B
OCHOBHOM I CTAaTHUYECKUX OIHOKPATHBIX W3MEPEHHHM, OOBIYHO BBITOJHAEMBIX BPYYHYIO
omeparopoM (momp3oBarenem). Ko BTOpoil rpymme OTHOCAT UM(PPOBBEIE TpeoOpazoBarenw,

chﬂﬂhayﬁgﬁigﬁw ﬂ%m%ﬁpe UH(POPMAIIMOHHO-U3MEPUTENBHEIX ~ CUCTEM, HW3MEPHUTEIBHO-

Ceptudmkar: 2C0000043ESABBB952205E7TBAS0006000Q043E -
Bnanendbl THGHILEEI RHBIX AAUETON AT . . pEDﬁpHEDEHTEIﬂ{ DGJ’[H,I[HIDT BEICOKHM GLICTPD,I[EHCTBHEM.
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OCHOBHEIE TOHATHUA 00 SIEKTPOMEXAHWUECKUX H3MEPUTENBHEIX mnpudopax (IMMUII).
OMMUII otHOCATCA K ananoroBeM UI1. @ yuknnonuposanne SMUII ocHoBano Ha nCoas30BaHAN
U3MEPUTENBHBIX Mexanu3dmMoB (MM), B KOTOpEIX peanu3yroTCAd pa3ndHble (PU3NYECKUE
npuniumnel. MM obOecneuuBaer mnpeoOpaszoBaHue 3HAYEHUS W3MEPAEMOM BEIWYUHBL B
MPONMOPUUOHAIBEHOE M3MEHEHME MNOKA3aHWA OTCUETHOTO YCTPOMCTBA, HANPUMEpP, CTPEIKH
npuOopa. B stux MM BEeIBIBarOnieMy moBOPOT CTPEJIKH MOMEHTY BpamICHUsA, (PYHKIMOHAIEHO
CBA3AHHOMY C HM3MEPAEMOM BEIMYMHOM (4Yamie BCETO C TOKOM B H3MEPHUTEIBHOU KATYIIKE),
MPOTUBOJICUCTBYET MOMEHT COMMPOTUBICHUS 3aKPYUMBAIOTIEHCSA TPYKUHEL.

B 3aBucumoctn ot ucnoge3yemoro B npudope MM pazmugaror cnempyronme SMUIL: a)
MATHUTONIEKTPUUECKUE; O) BEIMPAMUTENLHBIE; B) TEPMOAIEKTPHUECKHE; T') SIEKTPOMATHUTHEIE;
1) SIEKTPOTUHAMUUECKUE; €) SIEKTPOCTATHUECKHE; ) UHIYKIMOHHEIE.

B zaBucumoctu ot mpuHimna ucnomHenus MM, cxemwr ero mucnoms3oBanus B UII
peaM3yIOTCA NPUOOPEI WIS U3MEPEHU TOKA, HAIPAKEHU A, MOITHOCTH, SJIEKTPUUIECKON SHEPrHUH
U T. 1.

M3mepenne MONIHOCTM B LEIAX MNOCTOSHHOTO W IEPEMEHHOr0 OmHO(A3HOrO TOKA
IPOM3BOOUTCA BATTMETpaMH. BAarTMETpel MMEIOT ABE OOMOTKM: TOKOBYIO M HAIMPSIKEHUI.
Hampapnenue OTKIOHEHUS CTPEIKH OPUOOpa 3aBUCHUT OT MOAKIIOUYEHHUsS 0OMOTOK BATTMETpa,
MO3TOMY HX 3@KHMMBI HMMEIOT CHEIUAJIBHYI0O MAapKUPOBKY, OOECIIEUMBAIONIYI0 IIPABHUIBHOE
DOOKIIOYEHHE nOpuOopa. 3amuMbel, 0003HAUEHHBIE 3HAKOM * (3BE3M0YKA), COEOUHAIOTCA C
MPOBOJAMH, UAYNIUMH OT HUCTOUHMKA NMUTAHWUA. 3aKUMBI, HE MUMEIOIIHE 3TOr0 0003HAYEHHI,
MOJKJIIOYAIOTCS K HATPY3KE.

[Tpu mopBenenun k 0OMOTKAM BATTMETPA HANPSKEHUA HA HATPY3KU M MPOTEKAFOIIETO
TOKA 4EPEe3 HATPY3KU IMOKA3aHWUA NpHO0Opa ONPENEAOTCA BEIPAKEHUAMM: B HEILIX MOCTOSIHHOIO
Toka P = U-[; B nemax cunyconmansnoro toka P = U-I-cosp, roe ¢ — yron casura ¢a3 mMexay

BCKTOPAMH HAIIPAKCHHA H TOKA.

3aoanue:
Jaoaua Nl

OnpenemiTe nokazaHusa LUA(PPOBOTO aMIIEPMETPA W BATTMETPA, BKIIOUEHHBIX [UIA

M3MEPEHUH B mociaenoBarenbHyo RL-nens, ecmm HAmpsSKEeHUE HA BXOJE HEMH U3MEHIETCS MO

saxony u(t) = 12 + 50 = /2 * sin(w * t)). [Tapamerpsr merm: R =3 Om, X1 =4 Owm.

OKYMEHT [104MNMNCAH
Nnoannchbio

Ceptudpukat:  2C0000043E9ABBBIS2205E 7BAS00060000043E
Bnagenew:  WecK8MEPHTQIBHBIIAPHOOP C MAKCHMAILHBIM OTKIOHEHHUEM YKA3aTEelA, COOTBETCTBYIOMINM

TOKy 50 MKA, MMeEeT BHYTPEHHEE CONPOTHUBIECHUE, paBHOE 5 KOM. Kakoe myHTupyromiee
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COMPOTHUBJIEHUE HYKHO MOJKIOYUTE, 4TOORI MpuOop u3mepsan Tok B npenenax 0 — 1 A? Kakoe
COIIPOTHUBJIEHUE HYKHO MOIK/IFOUNATE ITOCIENOBATENBHO LI TOr0, 4TOOEI NpuOOp MOT M3MEPHUTE

Hanpsmxenue B npenenax 0 — 10 B?

3aoaua Ne3

OnpenemuTs mpeaen u3MepeHus Toka I} B cxeme IByXmpeaeasHOr0 MUILUTHAMIEPMETPa
(pucyHOK 7.1) ¢ TOKOM IMOTHOTO OTKJIOHEHUA PAMKH U3MEPUTEILHOTO0 Mexanusma [a = 50 MxA,
BHYTpeHHUM comnpotuBienneM Ra = 1,0 kOwm. 3nHauenus COMNpPOTUBIEHUM PE3UCTOPOB

crynenuaroro myHnra Ry = 0,9 Om, R =0,]1 Owm.

Pucynok 7.1 — [Ipuniunmuanexas cxema

3aoaua No4
OmnpenemTe 3HAYEHWE COMPOTHBIEHUSA O00ABOYHOrO pes3ucropa R, BKIOYEHHOTO
MOCIEN0BATEILHO B LEMb MATHUTOAIEKTPUYECKOTO BOJBTMETpA € mpenenom usmepenus 30 B,

BHYTpeHHUM conpoTuBieHueM Ry = 1000 Om u mkanou va 150 genenwit mis pacmmpeHus

npenena m3Mmepenusa Hanpsxkeraus 10 300 B. Uemy paBHa uena nenenus?

Koumponsnwvie sonpocwi:

1. [Touemy HenBp3A MOOKMIOYATE AMIIEPMETP HENOCPEACTBEHHO K MCTOUHHKY
HATPSKEHUS
2. Cnemgyer nu coOmOOaTh ONOSIPHOCTH IMOJKIOYEHHUS IM()POBOrO BOIBTMETPA K

IIEIMH1, B KOTOPOU MPOTEKAET IMTOCTOSAHHBIA TOK?

3. KakoBEI MPUHINITUAIEHEIE 0 COOCHHOCTH UCITOIB30BAHUS AP POBEIX AMIIEPMETPOB

151 BDJILTMETpDB?
OOKYMEHT NOANWMCAH

4..—3;1 EKTPC WeNOVHEIOIE3YIOTCA TPaHC(hOpMaTOPEI TOKA?
{DOMKAT 2C00000 |:“ \B8 E2205ETBASDOODE00D0O0D43E
H.-#S.. osa Ta qem.ﬂnaaempaapm BTOPUYHOI 0OMOTKH TpaHcpopmaropa Toka?
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6. KakOBEI 3HAUEHU I HOMHUHAIBLHBIX BTOPUYHBEIX TOKOB TPAHC(OPMATOPOB TOKA U U3

KAKNX CO0OpaeHnd OHU YCTAHOBIICHEI?

7. Jlns 4ero ucnone3yrTca TPaHC()OPMATOPEI HAMPAKEHUA !

8. Yemy paBHbEI HOMHHAIBHEIE BTOPWUYHBIE HANPKEHUA TPAHCPOPMATOPOB U U3

KAKUX COOOpakeHnid OHU YCTAHOBIIEHKI !

9. Jlns yero mpu U3MEPEHUAX UCIOIB3YIOTCS IIYHTHI?

10.  Jlng gero npu M3MepEHUAX UCHOIB3YIOTCS JOOABOUHEIE CONTPOTUBICHUS !

11.  IlpuBemure popmyny nmpeoOpazoBaHug aMIEpMeTpa ¢ MIYHTOM?

12. IlpuBemure  Qopmyny  mnpeoOpa3zoBaHua  BOIBTMETpPA € O00aBOYHBEIM

COMPOTUBIAEHUEM? 3a4EM HUCHOIB3YVIOT HECKOIBKO 100ABOUYHBIX COMPOTUBIEHUM

13.  Kak onpegensercs BXOOHOE COMPOTUBIECHNE aMIEPMETPA 1 BOIBTMETpA?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnedentie OUCHUNTUHDI

5.1 Ilepeuenv o0CHOGHOIU U OOROTHUMEALHOU JuUmMepamypovl, HeoOX00UMOU O01A
0C60CHUA OUCHUNTIUHDI

5.1.2 Ilepeuensv oCHOGHOIL TUmMEPAMYPbL:

1. Janunor M.U. UnxkeHepHEIE CUCTEMEL 3TAaHUN U COOPYKEHUU (SIEKTPOCHADKEHNE C
OCHOBAMM SJIEKTPOTEXHUKH) [ DIEKTPOHHBIM pecypc| : yuebnoe mocodue / M.W. danunos, U.I'.
Pomanenko, C.C. SlctpeboB. — OnekTpoH. TeKCTOBbIe AaHHble. — (CraBpomons: (CeBepo-
Kaska3zckuit (pemepanensni yausepcurer, 2015. — 118 ¢. — 2227-8397. — Pexum mocrymna:
http://www.iprbookshop.ru/63086.html

2. Jlanunos M.H. UnmxeHnepHsie CUCTEMBI 30aHUM U COOPYKEHHUM (AIEKTPOCHAOKEHUE C
OCHOBAMH JMEKTPOTEXHUKH) | DMEKTPOHHBIN pecypc| : maboparopuel mpaktukym / M.WM. [la-
HunoB, M.I'. Pomanenko, C.C. SlcTpeboB. — DIEKTpPOH. TEKCTOBEIE OaHHBIE. — (CTABPOIIOIIE:
Cemepo-Kaskazckuii (penepamsuseiii yausepcurer, 2015. — 135 ¢. — 2227-8397. — Pexum
nocryma: http://www.iprbookshop.ru/63085.html

3. Nanunos, M. U. UnxenepHsie CUCTEMBI 3TAHUAI U COOPYKEHUI (IEKTPOCHAOKEHHE C
OCHOBAMH 3JIEKTPOTEXHUKH ) | DMEKTPOHHEIN pecypc| : yaueOHoe mocobue (kypc nekmumit) / M. H.
Hanunos, U. I'. Pomanenko. — OnekTpoH. TeKCTOBEIE naHuele. — CraBpomons : (CeBepo-
Kaskazckuit (pempepaneneni yausepcurer, 2015, — 223 ¢. — 2227-8397. — Pexum mocryna:
http://www.iprbookshop.ru/63087.html

5.1.3 Ilepeuensv oononnumenvHoll 1Umepamypol:

1. CemenoBa H.I'. Onexkrpocnadxenue ¢ ocHoBamu SJaeKTporexHuku. Yacres | [Dnek-
TPOHHBIN pecypc] : yuebnoe mocodue / H.I'. Cemenora, A.T. PaumoBa. — DIEKTPOH. TEKCTOBEIE
nanuele. — OpenOypr: OpenOyprekuit rocynaperBeHusid yausepeurer, ObC ACB, 2016. — 142
c. — 978-5-7410-1559-9. — Pesxxum nocryma: http://www.iprbookshop.ru/69976.html

2. T'opnees-bypraury M.A. O0mias 51EeKTPOTEXHUKA U AJIEKT POCHAOKEHNE [ DIEKTPOH-HBIN
pecypc] : yaebnoe nocodbue / M.A. I'opaeer-byprautl. — DnekTpoH. TEKCTOBEIE faHHBIE. — M. :
MoOCKOBCKMI TOCYZApPCTBEHHBIN CTPOWUTENBHEIN yHuBepcurer, Au [lm Jp Menua, S5bC ACB,
2017. — 470 C. — 078-5-7264-1602-1. — Pexum TOCTyIIA:
http://www.iprbookshop.ru/65651 .html

3. Tuxonor A.@. DAEKTPONMPUBOA CTPOUTENLHOTO MEXAHU3UPOBAHHOTO WHCTPYMEHTA

[C—)neKTpg#ﬁ-ﬁﬁﬁﬂﬂéﬂ%%MeﬁHﬂe nocobue / A.®. Tuxonor, B.H. baryer, A.H. Jlpo3nos. —

Ceptudukar: 2C0000043E9ABBBI52205E7BAS00060000043E . 5 _
:éﬂew%amgmmee. — M. : MOCKOBCKMH TOCYOAPCTBEHHBIA CTPOUTEIBHEIM YHHU-

Bnanen
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Bepcurer, A [Tu Op Megua, ObC ACB, 2017. — 244 ¢. — 978-5-7264-1520-8. — Pexum
nocryma: http://www.iprbookshop.ru/64540.html

4. KonroxoBa E.A. DnektpocHaOxkeHne |[IDIEKTPOHHBIM pecypc|: y4eOHUK Ansfd BY30B/
KonroxoBa E.A.— DnekrpoH. TekcroBele ganueie.— M.: U3narensckuit jom MOU, 2014.— 510
¢c.— Pexwum mocryma: http://www.iprbookshop.ru/33222 .— 3BC «IPRbooksy, mo maposmo

5. DneKTpoCHADKEHNE CTPOUTENBHEIX ILUTOMIAIEH [ DNEKTPOHHBIN PECYPC|: METOTUYE-CKUE
yKa3zaHus/ — JIeKTpoH. TeKCToBEIE nanueie.— CI10.: Cankr-IlerepOyprekuii rocynap-CTBEHHEIN
APXUTEKTYpHO-CTpouTebHEIN yHuBepcurer, DObC ACB, 2014.— 35 c¢.— Pexum no-cryma:

http://www.iprbookshop.ru/33305

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MUWHUCTEPCTBO HA VKU U BBICHIET'O OFPA3OBAHIS POCCUMCKOU ®EIEPALIUU
OEJ/IEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEX/IEHUE BBICHIET'O OBPA3OBAHUWA
«CEBEPO-KABKA3CKHNI ®EJEPAJIBHBI YHUBEPCUTET»

[Taruropckmii UHCTUTYT (punman) CKOY

MeToan4ecKre YKazaHUs

MO BBIITOJIHEHUIO JTA00OPATOPHEIX padOT

no micuummne «MHXEHEPHBIE CUCTEMBI 3JTAHUU U COOPYXEHUN
(JIEKTPOCHABXEHHWE C OCHOBAMMU SJIEKTPOTEXHUKHW)»
IULA CTYIEHTOB HAIPABJICHUA ITOATOTOBKH
08.03.01 CrpourensctBo, CTPOUTENECTBO 30aHUH U COOPYKEHUH

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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4.3

4.4

4.5

4.6

4.7

4.7.1

4.7.2

Copepxanue

Berenenne

Llens 1 3apaun U3ydeHUs AU CIUITIIMHEL

OOopynoBanue U MaTEPUAIBL

HanmenoBanue nmaboparopHeix padot

Conepxanue maboparopHeIX padoT

Jlaboparopuasa pabora Ne 1. DnekTpuueckue LE€md IMOCTOSHHOTO TOKA.
HMccnenosanue CI0KHBIX IETIEH MOCTOAHHOTO TOKA.

Jlaboparopunasa padbora Ne 2. AHanu3 TUHEHHBIX OOHO(DA3HBIX AJIEKTPUIECKUX
nenen mepemMeHHoro Ttoka. llocimemoBarenmsHOE COEAMHEHUE AKTHUBHOTO,
MHAYKTUBHOTO U EMKOCTHOTO CONPOTHUBIEHUN. Pe30HaHC HATPAKEHN.
Jlaboparopunasa pabora Ne 3. Ananu3 TUHEHHBIX ONHO(DA3HBIX AJIEKTPHUYECKUX
LEIMEd MEPEMEHHOTO TOKA. DJIEKTPUYECKAA IENb CHHYCOMTAIBRHOTO TOKA IIPH
mapauIeIbHOM BKIFOYEHUH AKTUBHOTO M PEAKTUBHEIX COMPOTUBICHUH.
Jlaboparopuas padora Ne 4. Anami3z MAHEUHBIX TPEX(PA3HBIX AMEKTPUUECKUX
neneu mnepeMmeHHoro Toka. MHMccnegoBanme Tpex(azHOM CHUCTEMEBI  IIPHU
COEOUHEHUN NOTPEOUTENEN 3BE3TON.

Jlaboparopuasa pabora Ne 5. Ananu3 JMHEWHBIX TPEX(PA3HBIX AIEKTPUYECKUX
LIEMEN MEPEMEHHOT 0 TOKA. T pex(pasHas uens mpu COeTMHEHNN MMOTPEOUTENEH TT0
CXEME TPEYI OJIBFHHUK.

Jlaboparopuas pabora Ne 6. Tpancopmaroper Hcnmeitanne onHO(pasHOTO
Tpancgopmaropa.

Jlaboparopuas pabora Ne 7. Bpamarommecs 5SIEKTPUYECKHME MALIWHEL.
HcneiTanue Tpex(pazHoTO ACUHXPOHHOTO IEKTPOABUT ATENA C
KOPOTKO3aMKHYTBIM POTOPOM.

Yacte 1. Cuarue u ompeneneHue xapakrepuctuk xomaocroro xoma lo=f(U),
Po=t(U), cospo=f(U)  tpex¢daznoro  acMHXpOHHOTO  OBUTATEIA  C
KOPOTKO3aMKHYTBIM POTOPOM

Yacte 2. Ilyck B xom Tpex(a3HOro AaCHMHXPOHHOTO JBUTATENA C

KOPOTKO3aMKHYTEIM / (pa3HBIM POTOPOM C PETHUCTpPAlIMEN M OTOOpaKEHUEM

DERHMHRIA BARAMETPOB Ha KOMITEIOTED

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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4.7.3

7.8

4.9

5.2

5.3

Yacte 3. CHATHE U ONpenencHUE XapakTEPUCTHUK KOPOTKOTO 3aMBIKAHMA
Ik=t(U), Px=f(U), Zyx= {(U) Ttpex¢azHoro acMHXpPOHHOTO [OBUTATEIA C
KOPOTKO3aMKHYTBIM POTOPOM

Jlaboparopunas pabora Ne 8. OCHOBBEI SIEKTPOHMKH H SJIEKTPOU3MEPEHHHU.
HccnenoBanme xapakTepUCTHK IMOIYIIPOBOAHUKOBEIX THOJ0B HA IMOCTOSHHOM H
MEPEMEHHOM TOKaX.

Jlaboparopuasa padora Ne 9. OCHOBEI SIEKTPOHMKH W 3JEKTPOU3MEPEHHHU.
OmnpeneneHne OCHOBHBIX XAaPAKTEPUCTHK CTAOMIMTPOHA M HCCIEIOBAHHE
mapaMeTpudeCcKOT0 CTadmIn3aTopa HanpAKEHUs.

Yuebno-meroquueckoe u MH(POPMAMOHHOE 00ecTIeueHne QUCIIUTLIMHEL
[lepeuens OCHOBHOM W OONOMHUTETRHOM IUTEPATYPHI, HEOOXOAMMOM s
OCBOEHMSA TUCHUILINHEI

[lepeuens yueOHO-METOOMYECKOTO 00ECIEYEHUA CAMOCTOATEIBEHON PAOOTEI
o0ygarommxca o JUCIUIUTHHE

[lepeuens  pecypcoB  uH(OPMALMOHHO-TENEKOMMYHUKAIIMOHHOU  CETH
HNurepuer, HEOOXOAUMBIX /I OCBOEHM S TUCIIUILTHHEI

[Tpunoxenus

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Beenenue

Llenpro pabotrer B naboparopuu ABIAETCA YriIyOJIEHHE M 3aKPENIEHHE NTPHUOOPETEHHBIX
TEOPETUYECKUX 3HAHUM MYTEM SKCHEPUMEHTATBHON MPOBEPKHU TEOPETUYECKHUX IMOJIOKEHUH, a
TAKKE 3HAKOMCTBO C OJIEKTPOHHBEIMM KOMITOHEHTAMH, OOOpPYyIOBAHMEM, H3MEPHUTEIBHEIMU
OpuOOpaMu M ANIapaTrypou, UCHOIb3YEMBIMU B 1A00PATO PHH.

B pesynprare BRIOJIHEHN JIA00PATOPHBIX PA0OT CTYAEHTEI JOIKHEI HPUOOPECTH YMEHU
M HABBEIKA ITI0 COOpKE W UCCIEOOBAHUIO OJJIEKTPOHHBIX CXEM W MPUOOPOB, H3MEPEHHAM
IEKTPUYECKUX BEIMYMH. lemartuka naadoparopHeix padoT MOMHOCTBIO COOTBETCTBYET
CONEPKAHUI0 OCHOBHBIX pAa3l€l0B KypCd, HM3y4aeMOTO B BBEICIIMX TEXHMYECKHUX Y4EOHBIX
3aBeneHusax. B mpenmaraemom yueOHOM mocoOuu OmicaHo OOQUHHAAIATE 1a00pATOPHEIX padoT.
B omucannu kaxaou nadoparopHOi pabOTe CPOpMyIMpPOBaHA €€ 1€]1b, U3JI0KEHE OCHOBHBIE
TEOPETUUECKHUE MOJIOKEHHA, OMMUCAHA CXE€MA YCTAHOBKH LA NMPOBENECHUS SKCIIEPUMEHTAIBHOIO
VUCCIENOBAHMSA, [NAaHBI PEKOMEHIAIMU I10 HPOBENECHHUIO OILITOB M 00padOTKE pe3yneTaToB

W3MEPEHHH, a4 TAKKE KOHTPOJIEHBIE BOIIPOCHI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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1. Ilenw u 3a0aun usyuenus OUCUUNIUHDI

[lenpro 0OCBOEHMA TUCHMITINHEL ABIAETCA U3 ydE€HUA TUCIUILIMHEL « IHAKEHEpHBIE CUCTEMBI
30aHUU W COOPYKEHUM (DIEKTpOCHAOKEHME C¢ OCHOBAMM JIEKTPOTEXHHUKHU)» ABIACTCA
(popmupOBaHHE 3HAHWU B 00JACTH TEOPUM, PACUETA U AHAIN3A SJIEKTPUIECKUX W MATHUTHBIX
Leneld, pacCMaTPUBAEMBIX KAk MOAEIM PEATbHBIX  AIEKTPOTEXHUUECKHX  YCTPOMHCTB,
HCIOJIB3YEMBIX B CTPOUTEIECTBE.

3amaumn OCBOEHUA OUCHUILIIUHEI ABJIAIOTC:

— W3YUUTh OCHOBHBIE IIOJIOKEHMA TEOPUM W NPAKTUKM pacdera OOHO(A3HBIX H
Tpex(pa3HbIX YNEKTPHUECKHX HEMEH, MEKTPOTEXHUIECKYIO CUMBOJMKY U TEPMUHOJIOTHIO;

— MOJYYUTH TMPAKTUUECKUE HABBIKA pPACUETa AIEKTPUUECKHUX MEMEeH, MCIMOJIb3YEMBIX B
Ipo(PECCUOHATBEHON NPAKTHKE;

— HAYYUTHCS ITOJIB30BATHECS TOCTHIKEHUAMH COBPEMEHHOMN JJIEKTPOTEXHUYECKON HAYKHU B

CBOEH MPO(PECCHOHATBEHOUN OEATEITEHOCTH.

2. Obopyoosarte u Mamepuaibl

ATmapaTHeI€ CPEACTBA:

— KommnekT TumoBoro madoparopHoro 000pynoBaAHUA «DNEKTPOTEXHUIECKUE MAILIMHBI

— Kommuekr tumororo maboparopHoro o0opymoBanusa «leoperndeckmne OCHOBEI
3JIEKTPOTEXHUKH»

— YueOHb1i creHn «1'eopus SIeKTPUUECKUX LEMEN U OCHOBBI AEKTPOTEXHUK W

YuebOHas ayauropus A OpOBEOCHUSA YUCOHEBIX 3aHATHIL, OCHANIEHA 00OpyZOBAHUEM U

TEXHUYECKUMU cpencrBamu o0Oyuenusa. Ilepenocnon HOyTOyK, MPOEKTOp, MOCKA MArHUTHO-

MapKepHasi.
3. Haumenoeanue nadopamopuuix paoom
M3 aux
Ne Temnr HanmenoBanue Te€M AMCHUIIINHEL, UX KPATKOE O0BneMm
MPAKTUIECKas
MTACITATUTHHBI COJIEPIKAHUE JacoB
[MOArOTOBKA, 4YACOB

5 cemectp
Jlaboparopnasi padora Ne 1. DiekTpHyeckue
HenH IMOCTOAHHOr0O Toka. Hccnemosanue
CJIOKHBIX LIETIEH MTOCTOAHHOTO TOKA.
noKyMERO MYEMWIBHITPAKTUYECKUE HABBIKM COOPKH CXEM

SNEKTPOHHOW NOONUCEH, w
CEpTlldJHHETI 2C0000043E9 %E%@gﬁﬁ%%%wl{ﬂﬂ Hp ﬂBE‘p KB H p acacra

1,5

E

Bnapneneu; Webayxosa Tap-HIQIEGHcall@E O AHHOTO TOKd C HCIIOJIB30BAHHMEM
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3akoHa Owma, nDepBoro M BTOPOr0 3aKOHOB
Kupxroda.

JlaboparopHass pabora Ne 2. AHaau3s
JUHeHHBLIX  OAHO(A3HBIX  NIEKTPHYECKHX
neneil mepeMeHHoro toka. [locnemomarensHoe
COEIMHEHNE AKTHUBHOTO, HWHAYKTUBHOTO U
E€MKOCTHOTO CONPOTUBIICHHUH. Pezonanc
HAMPSTK CHU.

OneITHAS MPOBEPKA OCHOBHBIX COOTHOILIEHUM IS
MOCIAENOBATENHHON 1IN MNEPEMEHHOTO TOKa,
oOiamaronieyl  AKTHUBHEIM, WHAYKTUBHEIM W
€MKOCTHBIM COTTPOTHBICHUSIMH.

1,5

JlaboparopHass pabora Ne 3. Anaau3s
JHHeHHBIX  0AHO(A3HBIX  IIEKTPHYECKHX
Herei nmepeMeHHOr 0 TOKA. DIEKTPUYIECKAS 11ETh
CHHYCOUJAIBHOTO TOKAa NPH HAPALICIBHOM
BKJTIO YEHHH AKTUBHOTO M PEAKTUBHBIX
CONPOTUBIECHUH.

OKCIIEPUMEHTAIBHAS NPOBEPKA  3aBUCHUMOCTH
AKTUBHOTO W PEAKTUBHBIX COIMPOTHUBICHUH OT
JacTOTBl, @ TAaKkK€ COOTHOHIEHWHM  MEKIY
HAIPKECHUEM, COIPOTHUBIICHU MU,
OPOBOOUMOCTIMM M TOKAMHM B €O C
mapauIeIbHO BKJIFOUEHHBIMH AKTUBHBIM
COMPOTHUBIECHUEM, KATYIIKOW WHIYKTUBHOCTH H
KOHJIEH CATOPOM.

1,5

Jlaboparopnass pabora Ne 4. Anaaus
JTHHEeHHBIX TpeX(a3HbIX )IeKTPHYECKHX Heleil
nepeMeHHOro Toxka. Mccnegosanme tpexdaznou
CUCTEMBI HOPU  COEOUHEHUM  MOTpeOUTEneH
3BE3T0H.

O3HaKOMUTECA ONBITHBIM IyTEM C
ocobeHHO CTAMHI COeIMHEHU 3BE3I0H
NPUEMHUKOB AJEKTPUUECKON SHEPrud B IEMH
tpex(aznoro Toka. MHcememoBate —peKHUMEI
PaBHOMEPHOM W HEPABHOMEPHOM HArPy30K, a
TAKKE padOTy CHUCTEMEBI IIpU OOpPBEIBE OJHOU W3
(pa3. [TonyuuTs NpakTUUECKNE HABBIKU pacueTa u
UCOBITAHUS  TpexX(PazHBIX UTEmel, a TaKKe
MOCTPOEHMA BEKTOPHEIX THATPAMM.

1,5

Jlaboparopnass pabGora Ne 5. Ananus
JTHHEeHHBIX TpeX(a3HbIX VIeKTPHYECKHX Henei
nmepeMeHHOro Toka. Ipexdaznas nems npu
COEMMHEHUH noTpedburenei o cxeme
TPEYT OIbHHK.

HccnenoBare ocobennoctn padOTel Tpex(azHou
HEMM HOpU COCOMHEHWH CHUMMETPUYHOIO U

HECUMMETPUYIHOT O noTpeOnTEnen
EHT NOAMWC

HP@YTIONBACHROM, YCBOUTH IO CTPOECHUE BEKTOPHBIX
panMM 16 pesYASTaTam skcepumenra.

1,5

| Jladopatopnas paGora Ne 6. TpancdopMmaTopsI

pITAHUE OTHO(A3HOT0 TpaHCpopmaropa.

1,5
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O3HaKOMMTECA C€ KOHCTPYKIUEH, METOIAMHU
UCTIBITAHUA W ONPEIEICHUS XaPAKTEePUCTHK
TpaHCc(phOpMaTOPOB.

JlabopaTropnasi padora Ne 7. Bpamawuuecs
NIEKTPHYECKHE MallHHbI. Wcnerranne
Tpex(azHOTr0 ACHHXPOHHOTO IEKTPOABUIATENS C
7 KOPOTKO3aMKHYTBEIM POTOPOM.

O3HAKOMUTECA C KOHCTPYKIMEN, METOJAMHA ITYCKA
1%} XapaKTEepPUCTHKAMA ACHHXPOHHOTO
SITEKTPOIBUTATENA

1,5

Jlaboparopnass pabora Ne 8. OcHOBBI
NIEKTPOHHKH 1] IeKTPOH3MepeHH H.
HccnenoBanue XaAPaKTEPUCTUK
MOJIYIIPOBOTHUKOBEIX AUOJOB HA MOCTOSHHOM H
MEPEMEHHOM TOKaX.

CHATB BOJILTAMITEPHBIE XapaKTEPUCTUKHN
BEITpAMUTENLHOTO nuoaa (tuma KJ[226, IN5408),
umiynscHOro auonaa (tuma KJI521, KJI522,
IN4148), muoma Ilorkm (Tuma 1N5819), mo
XapaKTEPUCTHKAM OIPENEITNTE OCHOBHEIE
mapaMeTpel W CpaBHUTH HX. Ha skpane
ocuutorpada OpOoHAa0II0 JaTh POLECCEI
BKJTIOUEHMS W BBEIKIIOYEHUA QUOAA, OMPENEITUTEH
BpPEM: BKJIIOUEHWA U BEIKIIOUEHHA.

1,5

Jlaboparopnass paGora Ne 9. OcHoBbI
NIEKTPOHHUKH 1] Y IeKTPOH3MepeHH H.
Omnpenenenne OCHOBHBIX XapaKTEPHCTUK
crabumiTpona 151 HCCIIETOBAHUE
mapaMeTPUUIECKOTO CTA0OMIN3aTOPA HATTPA KEHMA.
CHATB C MTOMOTLIB O ocuuutorpada
BOJIbTAMITEPHYIO XAPAKTEPUCTUKY WU ONMPENEIUTE
Hanpspkenne cradwmsanun UCT crabumirpona.
Hccnenorars 3aBUCUMOCTE BBIXOJHOTO
HAMPAKEHNUSA U TOKA CTAOWINTPOHA OT BXOIJHOTO
HANPSKEHUST B HEOM  HapaMeTPUYECKOro
cradunmmszaropa HanpsKEHH .

1,5

Hroro 3a 5 cemectp:

13,5

HUroro:

13,5

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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4. Coodeporcanue nadopamopHsix paoom
Jlabopamopnan padboma Nel. Inexkmpuueckue yenu nOCHMOAHHO20 MOKaA.

Hcecneoosarnue cnoxcHvix eneit ROCHMOAHHO20 MOKA.

Lenv padomupi: 1101ydnTE IPAKTUYECKUE HABEIKHA COOPKH CXEM I SKCIIEPUMEHTAIBHON
DPOBEPKU M pacdera ILEeNmed MOCTOAHHOTO TOKA C MCIOJB30BAaHMEM 3akoHAa Owma, mepBOro u

BTOpOTro0 3ak0HOB Kupxroda.

Ocrnoevt meopuu:
C/107kHOH 1ENbI0 MOCTOSAHHOIO TOKA HA3BIBAIOT 3IEKTPHUECKYIO 1€, COCTOANIYIO M3
HECKOTBKHNX COMPOTUBIEHUN U UCTOYHUKOB HATIPSIKEHUA, COEIMHEHHBIX MEKIY COO0M TEM WIH
WHBIM CIOCO00OM.

Y3510M 2JIEKTPUYECKON LEMM HA3BIBACTCSI MECTO COCOUHEHMUA TPEX W 00Jee BETBEU LIEIH.

[Tpy HAMYMK B CXEME /1 TAKUX Y3JI0B MO#kHO coctasuts (77 —1) ypasmenwuii cormacno mepsomy

sakoHy Kupxrodga. B cOOTBETCTBUM C ATHM 3aKOHOM CVMMAa TOKOB, MOIXOIANIMX K V3V, PaBHA
Y Y Y31y

CyMME TOKOB, OTXOIANIAX OT y3J1d, WIN aJredpandeckas CyMMa BCEX TOKOB B y3JIE PABHA HYIIIO,

r.e. 2/ =0. ITpu 3TOM HEOOXOOUMO TOKH, MOJXOMANIME K Y3JIY, 3AlMCEHIBATL B YPABHCHUE C
OTHMM 3HAKOM (HAIMPUMED «+»), @ TOKH, OTXOIANINE OT Y3JId — C TPOTHBOTIOIOKHEIM 3HAKOM.

[Ipn mocrmemoBaTenrbHOM COEIMHEHUM HECKONBKMX compotuBaeHui (puc. 1.1 a) oOmee

COMPOTHUBJIEHNE YIACTKA PABHO CYMME BCEX COITPOTHUBICHUN HA 3TOM ydacTtke: R, =R, + R, + R,

. Tok Ha YUdCTKE TCIMH € HCCKOJIBKHUMH IMOCIHCOOBATCIBHO COCOAMHCHHBIMH COIMPOTHUBJICHHAMH

Oyner paBeH (mo 3akony Oma):

oYU
RH‘
!
—
—{_ — -
R1 A2 R3
R P

Pucynok 1.1 — [locnenoarensnoe (a) u mapamneasHoe (0) cCoOenMHEHNE COMPOTUBIEHUI

OKYMEHT NOANWCAH .
l‘gq%q HAOM COCOUHEHWU OBYX CONPOTHBICHUM (puc. 1, 0) SKkBUBanIEHTHOE

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa Rl . RZ
R +R,

CONMPOTUBIIEHUE ONPEAEIAETCA O popMmyre: R, =
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Ecnu u3BecteH TOk Jyp, IPOTEKAONINN ITO0 HEPA3BETBICHHON YACTH LENH, TO TOKU /; U I> B

COIPOTUBICHUAX R; 1 R> MOKHO onpenenurs no (popmynam:

R,

I].:IU -
R, + R,

R

I, =1, :
] R, + R,

[Ipu Tpex mnapamnensHO BKIMOYEHHBIX CcoOnpoTuBiacHUAX (puc. 1.2) skBuBamentHoe
COIPOTUBIEHHUE OYIET PABHO:

R -R, R,

R =
> R, ‘R, +R,-R,+R, R,

BETBBIO SJIEKTPUUECKOM €U HA3BIBAETCA YUACTOK SIEKTPUUECKON €M, 3aKIHYEHHBIN
MEKAY IBYMSA y3JIAMHU (Hampumep, KOHTYp abefa na puc. 1.3).

B kaxn0M KOHTYpE MEXKAY SAEKTPOABUKYILIUMHI CUIAMH (9.11.C.), UMEIONTUMHACS B IENH, U
MAaJeHUAMH HANPSKEHUA HA OTHOEIBHBIX YYacTKaxX CyIIECTBYET CTPOro OIpPEneIeHHAsA

3aBMCUMOCTD, OTIpEAenaeMas BTOPBIM 3aKk0HOM Kupxroda:
XE=2IR,

T.e. amredpandeckas CymMMa OSIEKTPOABMKYIIUX CHJI B JAaHHOM KOHTYpPE paBHa
anreOpandecKkor CyMME MaIEeHUN HATIPSAKEHUHM HA YYAaCTKaxX [ENN 3TOTO KOHTYPA.

Jlnsg TOoTO, 4TOOBI NMPAaBWIBHO 34MUCaTh yYPABHEHHE IO BTOpPOMY 3akoHy Kupxrodga,
HEOOXOOUMO 3a0aThCSA HAMPABIEHHUEM 00XO0a STOr0 KOHTYpa (HAMPUMEDP, MO XOAY 4YacCOBOU
crpenku). Ecim mpu 00x0a€e KOHTYypa HAIIPABIEHUE 3.1.C. COBIAAAET C HATPABICHUEM 00X01a, TO
€€ 3aIMMCHIBAIOT B JIEBYIO YACTh YPABHEHHS CO 3HAKOM «1», 4 €CIIM €€ HAMPABJICHUE HE COBIMANAET
C HampaBiIeHHEeM 00X01a, TO €€ CYUTAIOT CO 3HAKOM «—». AHATOTMYHO MOCTYHAIOT CO 3HAKAMH
nageHu Hanps:keHuil. Ecmi HanmpaBneHue TOKa HA y4aCTKE LEMH COBOANAET C HAMPABIECHUEM
00xoma, To /IR Ha ATOM yJaCTKE 3aMMCHIBAIOT CO 3HAKOM «1», B MPOTUBHOM CIy4ae — CO 3HAKOM
“—=».

[Toxaxxem 310 Ha npumepe (puc. 1.3)

l. Jlna koutypa abefa, copepmas 00X01 10 4aCOBOU CTPEIIKE, MOTYIHUM:
E, =1R + IR,
2. Il xonrypa beedb, copepmas 00xon IPOTUB YaCOBOU CTPENIKH, ITOTYIUM:

E =LR, +1,R,

AOKY % :
3$HEHTPW%WCE%HdeEfH’ COBEpILAA 00X0M IO YJACOBOU CTPENKE, MOTYIHUM:

Ceptudomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa El o Eg — Il Rl o Ig Rg
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Yrazanue no mexunuke d0ezonacHocmii:
YKazanus 1o TeXHUKe 0€30IacHOCTH IIPU BEITOJIHEHUU JJA00OPATOPHEIX padOT NpUBEIEHEL

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii pavbomoi:

1. [TomoOpaTe mpuOOPEL, HEOOXOAUMBIE I BBEITOMHEHUA PAaOOTHI, 03HAKOMHUTECS C
HUMHM W 3aMucaTh TEXHUYECKUE MOAHHBIE HCTOYHUKOB 9.4.C., PEOCTATOB, WU3MEPUTEIBHBIX
IpruOOPOB.

2. CoOpars cxemy s nIpoBepkH nepBoro 3akona Kupxrodga (puc.1.2). Yceranosurs

MAKCHMAJIBHEIC 3HAYCHHA CDHPOTHBJIEHI’H?I PEOCTATOB H U3MCPHUTE ITOCJIC 3dMBIKAHHWA KJTHOYd Knl

TOKU B MAPAIJIENBHBIX BETBAX U 001l Tok 1iermu [0. Pe3ymeTarser m3Mmepenuit 3aHecTil B TA0IMILY

1.1.

A

Pucynok 1.2 — Cxema mis nmpoBepku nepBoro 3akona Kupxrodga

B ompite 1.2 cnenyer mepeaBUHYTH NOM3YHKH PEOCTATOB ONPOU3BOIBHO, HAOTIOAAS, UTOORI
CTPEJIKH AMIIEPMETPOB HE 3AMKATUBAIIH.

Tadmiua 1.1 — PeayneTaTel n3MepeHni U BEIYUCICHUN

No
f Pe3yneTaTe! H3MEpEHHH PeayiILTaTel BEM HCIIEHHH
/T
(Do3HAY. ff) f} f;_& fj U H} R;_:' R_; H;, Yo
En. mzMm. A A A A B Om Om Om Owm Y6

RO MEHT -: ’GH-FI-HGAH
OneIT 15nEKTPOHHOM NOANKUCHIC

CepTudpras—2c0000003E5ABEE55]

Bnanensu: DHHJG%/KD

ba TaTeAHa Al

[1eKcaHapoBHS

PAESEFEASBRE6600004<

m

OneIT 3
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[To 3akony Oma BEIUMCIUTE CONPOTHUBICHUE KAaXKJOTO PEOCTATa M SKBUBAIEHTHOE

COIPOTUBICHUE CXE€MBI RH BBIYMCINTE OTHOCHUTENBHYIO MOTPEHIHOCTE U3MEPEHHN Yo % mo

popmymne:
Iy—U, +1,+1
y = 0 ( | 2 3) ) 100%\
/
3. CoOparts cxemy (puc. 1.3) ana npoBepku BToporo 3akoHa Kupxroda.
He
= - g - C

@® E !
A Thi-"f A 5 -'E'T

— | Ry R: —={ |R:

I = 9]

Pucynok 1.3 — Cxema nns mpoBepku BTOpOTO 3akoHa Kupxroga

[Tpu pazomxuyreix pyOwiasHukax Py u P2 u3Mepurs BOJBTMETPOM BETUUMHBL 9.1.C.
Kaxa0ro akkymymaaropa. Conporusnenus peoctaroB Ri, R2 u R3 m3mepute ommerpom. Toku Ha
OTAEIBHBIX YIACTKAX LEMA U3MEPUTE UL TPEX CIIy4acB:

Omneir |1 — pyOuisnuk Py 3amkuyT, P2 — pazomMkuyT.

Omneit 2 — pyOnisHuk P2 3aMkuyT, P| — pazomMkHyT.

Omneir 3 — 00a pyOwisHuka P u P2 3aMkHyTEHL.

PesynpTarel W3MEpPEHMH W W3BECTHHIE BEJIWYWHBI BHYTPEHHUX COIMPOTHBICHUMN
MCTOYHUKOB 3.1.C. o] U Fg2 3aHECTH B Tadmiry 2.

Tabmina 1.2 — Peaynerarel n3MepeHN U BEIYUCIEHUMN

H3BecTHEIE
PezyneTarTel H2MEpeHH PeayisTaTe]l BEIMHCIEHHH
No BEJTHYHHEI
/1T E; E> I I I Ui Us Us Foi o2 R; R R; 2 IR Yo
B B A A A B B B Om Om Om Owm Owm B Y

atlas .
OneiT 1 EJ'IEH.TF'DHCIDF! nﬂnmncbm

:!,E;E““““E A A D e P T ?Dnznnmﬂc
LI D e L I e L L

B MJ,E llleGayxqea TatenAHa AnexkcayopoBHa

OnwIT 3
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[To pesynpTaram M3MEpPEHUH M BBIYUCIECHUH CHENIATE BEIBOJ O MPUMEHHMMOCTH BTOPOTO

3akoHa Kupxroga mia pacuera nenen noOCTOSIHHOTO TOKA.

Brraucianrs OTHOCHTCIIbHYIO ITOTPCIIHOCTE IJIA KaXKI0T0 U3 TPCX OIIBITOB

_SE-3IR
SE

-100%

Vo

J171s1 0MHOTO U3 KOHTYPOB NPOBEPUTE DATAHC MOITHOCTEM:

SEI =3I°R+XI%r,

Cooepoicanue omuema:

OT4eT DOmKEH CONEPHKATE:

l.

-1 O b BB W

HaszBanme pabotsr;

[lems paboTsr;

Kparkue TeopeTnueckue CBEIeHMA;

Omicaniie NCmoap3yeMoro 000pyI0BaHNA U MATE PHAIOB,;
[Topsanok BEIMOTHEHUA PAOOTHI;

Beruncnenusa n 00paboTka pe3ybTaToB;

BBIBOIEL.

Koumponwsnwie eonpocwi:

l.

AN S

KakoBa (pu3ngeckas CyniHOCTE IIEPBOTO U BTOPOTO 3aKkOHOB Kupxroga?
Maremarnueckoe BEIpaKEHUE IIEPBOTO U BTOPOTO 3aKOHOB Kupxroda.
YT0 Ha3pIBAETCI UCTOUHHUKOM 3.11.C.7

B ueMm cynHOCTE OataHca MONTHOCTEN ?

YT0 HA3BIBAETCS Y310M HIEKTPUUECKON 1ETH

Kak BriOMparoT HanpapiaeHusa 00X01a KOHTYPOB?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jabopamopnasa paboma Ne2. Ananus 1uHeUHbIX 00HOPAZHBIX ITEKMPUUECKUX Henell
nepemennozo moka. Iocneoosamenvroe coeounenue aKkmugHo20, UHOYKMUBHO20 U

eMKOCMH 020 conpomueienuii. Pezonanc nanpasycenuil.

ILlenv padomwpi: OnblTHAA NMPOBEPKA OCHOBHBIX COOTHOWNIEHWH IS MOCIENOBATEIBHOMN

LM MEPEMEHHOTO0 TOK4, 00magaromied AakTUBHBIM, MWHAYKTUBHEIM W €MKOCTHEIM

COITPOTHBJICHUAMMH.

Ocnoevt meopuu:
[Tycte B ienms mepemMeHHoro Toka ¢ gactoTou f = 30 [y BkmodeHa karymka, oonagaronias
WHIYKTUBHOCTHIO L M aKTUBHBIM COTIPOTUBIEHUEM F (puc. 2.1).

[Tpu mpoTexkaHnm 1Mo KaTymke MEPEMEHHOT0 TOKA [ B IPOCTPAHCTBE, OKPYKAONIEM BUTKH,

G}V,I[E'T CO30dBATECA MATHHUTHEIH TOTOK @ 1 I[MOTOKOCHCIUVICHHUEC C BUTKAMH KATYIIKH.

w=w-O
rac w —4uciio BHTKOB I{H,T}’I_I_II{H.
'fL
b
A
©
" U
®
Y

ok
A A
¥
U=Ir
@
@
L
U =Jix
AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMWUCHEIO
Ceprudmkar: 2C0000043ESABBBO52205E7BAS00060000043E ' ¥

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pucynoxk 2.2 — Cxema nociegoBarensHoro coequuenus R u L
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OTHOLIEHNE MOTOKOCIEIUICHU KATYMIKH K TOKY KATYIIKH 1] HA3BIBAETCA COOCTBEHHOHU

HHAYKTHBHOCTBIO MJIH HHAYKTHBHOCTEIO.

w-@O

A
I I

Ecau coOCTBEHHOE MOTOKOCIEIIEHNE MPOMOPHMOHATBEHO TOKY (B CIydae KaTymiku 0e3
CTAJILHOTO cepaeuHuka), To L = const. OCHOBHOU €QUHUIIEU U3MEPEHUA UHIYKTUBHO CTH SABIIAETCA
I'enpu (I'n):

1[H= 15;6, 17n-107 =1uln
14

Ecau TOK B KaTymike M3MEHAETCS (HAOpUMEp, MO0 CHUHYCOMJAITRHOMY 3aKOHY), TO H

MOTOKOCIEIUICHNE KATYIIKH W3MEHAETCA U HOSTOMY B BHUTKAX KATYHIKU M0 3aKOHY

3JIEKTPOMATHUTHOM MHIYKIMU HABOAUTCS 3.1.C. CAMOMHIYKIIAU €1

T.€. HABOAMMAA 3.4.C. €L INPEMATCTBYET M3MEHEHUIO TOKa L. Kpome Toro, karymka
00magaeT HEKOTOPEIM AKTUBHEIM COIPOTHBIIEHUEM I.

[Tpumenssa Bropoi 3akoH Kupxroga 11 MrHOBEHHBIX 3HAUEHUH €K TPUY €CKUX BEINUHH,

MOHO 3dITHCATE:
u+e, =i-r
OTCHOOd HAIIPANKCHHE HAd 3dKHMMAX TICITH PABHO
U=i-r—e, =u, +u,
HH,I[E‘HHE HAIIPAKCHUA Hd dKTUBHOM COITPOTHBJICHHUH HA3BIBAIOT AKTHBHOM CDCTHBJIHI—DH_IE‘ﬁ
HAIIPAKCHUA HWIH dKTHBHBIM HAIIPAXKCHUCM, d IMQACHHC HANPAKCHUA Hd HHIYKTHBHOM
COMMPOTHUBJICHUH HA3BIBAIOT I/H-I,I[}’I{THBHﬂﬁ CDCTHBHHPDMEﬁ HAITPAKCHIA. MruoBeHHEBIE 3HAYCHHI

3TUX BEIWYMH O0003HAYArOT U, W U, a AeucrByromme — coorBerctBeHHO U, m Up. Ilpum

CHHYCOHOAJIBHOM 3dKOHC U3MCHCHHA TOKA HAITPAKCHHUC Hd 3dKHMdAX ICITH G}V,I[ET PdBHO.
d (I _sin @)
dt

u=ir—e, =rl_sin wr+ L =rl, sm ot +wlLl coswr =

: : T
=U,. smat+U, sm| of+— |
2

T.C. MCKAY dKTUBHBIM M MHAVKTHBHBIM ITAACHHAMH HAITPAKCHHA HMCCTCA CABUI 110 Q)aae

o
Ha 90°. nokymMeHT nopnvcaH
BNEKTPOHHOW MOAMMUCHIO

Ceprudurar:  2Coll@pexoTpoR KOMBIIEKer0id4f0 pMe MOKHO 3aICaTh:

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
U=U_,+ jU, =1Ir+ jlx,
Nencteutened: ¢ 19.08.2022 no 19.08.2023

70



CepTud

rae jlIx, = jowll - KOMILIEKCHOE COMPOTHUBICHUE MHIYKTUBHOTO AJIEMEHTA;

— am ) L L wr
Uu,= u U, = - MEVCTBYIONIME 3HAYCHWUS AKTUBHOTO W WHIYKTUBHOTO
A2 A2

HAIP K CHUN.
Taxum 00paszom, HampsKeHne Ha 3axuMax Hemd U MOKHO IpencTaBUThL B BUIE CYMMBI
neyx cunycoun U, u jU, . 3BecTHO, 4TO BCAKYIO CHHYCOUIAIEHO H3MEHAIONYIOC BEIUUNHY

MO3JKHO MPENCTABUTHL B BUIE BEKTOpA (Hampumep, Toka { ), BpANAIOMIETOCA B MPOCTPAHCTBE C

YTIOBOM 4aCTOTOH @, MPOEKIMA KOTOPOrO0 HA MHUMYIO OCh M JTAET CHHYCOWJAIBHYIO BEIMUNHY

(puc. 2.3).

Pucynok 2.3 — M300paxkenne CHHYCOMIATEHOTO U3MEHATONIENHCS BEIMYMHBL TOKA B BUAE

BEKTOPA

Onpenenym HAMPAKEHU A HA 3aKUMAaX [ENH ITPU HOMOIIM BEKTOPHOU auarpamMmel. Bekrop

Toka /| OTIONXMUM B MPOM3BOILHOM HAMPABJIEHIH, HAPHUMED, TOPU3OHTATLHO (puc. 2.4). Bee

OCTAJLHEIE BEKTOPBI OyAYT KECTKO NPUBA3AHEI K BEKTOPY [ , T.€. ux casur o (paze Oyaer cTporo

OMPEOCICHHEBIM.

Bekrop axtusrHOro mampsxenus U, =1 -7 Oymer coBmamare 1m0 HANpaBIEHUIO C
pektopom [ . Bekrop uHaykTHBHON cocrapamomelt manmpsxenus U, = j-I-Xx, Gyzxer

omepesxars Ha 90" Bexrop [ . Cxnagesas reomerpuuecku sektopel U, u U, , momyanm BekTop

HanpsokeHus U Ha 3a)KUMax Lenu.

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

. N T, A GOOOEARRECSTE A OO0
MK 2C0000043E9ABEBB952205E7BASO0060000043E

Bnapeneu Lilel 1AV X0Bd iITbHAHA AJIeKCaHOpoBHA

NelcTeMUT
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Pucynok 2.4 — Bekropnas guarpamMma npu mociaen0BarensHoM coequaeHn R u L

Bemmuuna X; =@-L = 277 - f - L wmaseiBaercs unOyKmugHwIM conpomuegieHuem u

H3IMCPACTCA B Om. CDHPDTHBJIEI-H{E XL 3aBHCHUT OT YACTOTBI H IIPH BKJIHYCHHMH KAdTVIIKH

WHIYKTUBHOCTH B 1€ NOCTOAHHOTO TOKA ( f =0 ) TOK Karymku OyAeT OrpaHUYEH TOJIBKO €€

dKTHBHBIM COITPOTHBJICHHUEM H OKAKCTCA HAMHOTO OoIBIIIE. HDSTDN[}’ KATYIIKH HHIYKTUBHOCTH,

MPCOIHA3HAYCHHBIC I pHGUTH Ha MEPEMCHHOM TOKE, HCJIB34A BKJIOHATH B ICIH IMTOCTOAHHOTO

TOKA.

Tpeyromeank OAB (puc. 4) npsaMOyTOJIBHEIN U HA3EIBAETCS TPEYTOIBHUKOM HANPAKECHUM.

13 tpeyromsanka OAB nmeem:
U2 =U 2 +U,2
U* =)+ -x,)" =1"(r" +x;)

M3Bnekas n3 00enx uacTel KOPEHb, MOTYIUM

U:I-\/rz-l-,ri

> ¥
Bemiunnaa \/ r-+Xx; , uMern@ai pa3MEPHOCTh COMPOTHBIIEHHA, HA3BIBAETCA MOJIHBIM

COMMPOTHUBJICHUECM LICTTH AU 0003HaUaeTCa Z :

__\/2 ?
T =alTF —|—.IL

1 3aKOH Oma U1 1IEMU TEPEMEHHOTO TOKA UMEET BUA:

.U ) i
[=—un U = Iz
<
KﬂCIhﬂdI C YIJIA CBUTA (a3 ¢ mexay Tokom [ u nanpaxenuem U pasen:
SJIERTPORHROW NO4NMCBIO
Ceprvcukar:  2C0000043E9ABBBI52205E 7BAS00060000043E U I-r r
Bnapeneuy llleGayxoea TaTeAHa AnexkcaHgpoBHa COS (;{) — 2 = —

L 3
D I = =
Neicteutenex: ¢ 19.08.2022 no 19.08.2023
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13 TpeyronpHKa MOIITHOCTEN, KOTOPBIN MOKHO ITOJTYYUTE U3 TPEYTOIBHUKA HATTPAKEHUHN

YMHOKEHHUEM €T0 CTOPOH HA TOK I, mOIydnM akTUBHYIO MONTHOCTE:
P=Ir=U-1-cosq
PeakTuBHAI MOTITHOCTE:
O=1°x, =U-1-sin ¢

[Tomas MOTTHOCTE:

S=U-I=+P>+0O>
OTHOMEHNE AKTUBHOM MOIIHOCTH K MOJIHOU HA3BIBAETCA KOY(DPUIMEHTOM MOTITHOCTH:

P P
COSQP = —=—
S Ul
Ecnu nens nmepeMeHHOro toka 001amaeT aKTUBHBIM COMPOTHBICHHEM I' 1 €MKOCTRIO C

(puc. 1.5), To mo BrOpoMy 3akoHy Kupxroga mis MrHOBEHHBIX 3HAYE€HUN SJIEKTPUIECKHUX BEIMUUH

MOHO 3dITHCATE:
U=1-r+u,

rac 4 — MrHOBCHHOC 3HAYCHHC ITPHJIOKCHHOT'O K ICITH HAIIPAKCHHA,

[ - MTHOBCHHOC 3HAUYCHHEC TOKA 11CITH,
e - MTHOBCHHOC 3HAUCHHC HANPAKCHHA, IMPHUIONKCHHOTO K DﬁI{JIﬂ,I[I{HM KOHICHCATOpPA U

IPEICTABIIONIET0 COO0M MageHNE HATIPSKEHN HA EMKOCTH.
Ecnu TOK M3MEHSAETCsl BO BPEMEHU 10 CHHYCOUOAIBHOMY 3aKOHY, T.€. 1 =1 .. SIN i |

TO OPEOBIAYyNIEE YPABHEHNE OYIET UMETH BU/I:
: 1 : 7T
U =rl sinwr+ El’” s wr —E).

M3 sTon (popmynsl BUAHO, 4TO NPHJIOKEHHOE K IEMH HANPKCHUE COCTOMT W3 JBYX

COCTABJLAIOIINX: AKTUBHOM WM AKTUBHOI'O HANPMKEHUA U, = vl - SIN f coBmamaromieii mo

1 . T
(aze ¢ TOKOM, M PEAKTHBHOM WIM eMKOCTHOH cocrapmaromeit U, = _C’Im SI( r — 5) ,
«w

orcraronied ot Toka Ha 90° (puc. 1.6). Toraa
U — U a+ U C
[TocTpoum BEKTOpHYIO AUATPAMMY [IJIS JAHHOTO CIyYas, MOJB3yACh TEMHU K€ MPABUIAMM,

KAK ¥ I[IPH Rissiind rPpaMMBI IS 10 CJIEI0BATEIRHOTO coenmuuaenusa r 1 L (eMm. puc. 2.4).
PLiRe HEHEGM nﬂnnac“btml P A A A ( p )

ANEKTPO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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l r Y
' U=l r
@ , . ]
n, U
@
C = | Ul xc
Y v

Pucynok 2.6 — Bekropnas nuarpamma s moCiae10BaTeIsHOrO0

coequueHud R u C

L ]
[Tpu sTOM HEOOXOOUMO UMETE B BUAY, YTO BEKTOP HANPIKEHUA U . orcraer or Toka [

Ha 90° (puc 2.6).
13 tpeyromsunka OAB Ha pucynke 6 umeem:
2 2 2
U-=U, +Ug;

HJIN

1 1
U>=Ur)>"+(—)’=1"r>*+—)" .
(r) (mC) ( mC’)

M3Bnekas kBaapaTHeI KOPEHE U3 00ENX YACTEH, TTOTYUHM:

1

2 2
U=1-.lr"+(—)
woC’
OTKyIa
U U
I p— p—

1 \/ 2o+ x2

\/ r2 o4 (—) 2 c
aC
OOKYMEHT NoarmmcCAH
ANEKTPOHHOW HG,U,HL""IG[}I'C]J
Commmmear 200 BETHA X g 75 oopmoBA3BIBACTCA eMKOCMHbIM conpomueieruem 1 u3mepaerca B Om.

Bnageney, lllebayxoBa TaTbAHa AnexkcaHapoe

EMmkocTHOEC COMPOTHUBJICHUEC 3dBUCHUT OT HACTOTEI HAITPANKCHHA CETH H OT EMKOCTH KOHOCHCATOPA.

- = - O YT e 4 (=] ] -]
NeiticteuteneH: ¢ 19.08.2022 no 19.08.2023



2 2
Bemiunnaa \/ I + X, Ha3eIBAETCA MOJHBIM CONPOTHBICHHEM M 0003HAuaercsa z. 3akoH Owma

MPUMEHUTEIEHO K JAHHOU [EMHU IMMEPEMEHHOTO TOKA OyIeT UMeTh BUL:

3 a
roe ZZ-\/P“—FIE *

Ecnu BCce croponsl TpeyronsHuka HanpsxeHnuit OAB pazpenurs Ha TOK [/, TO MOIyUnM
TPEYTrOJIBLHUK COMMPOTUBIEHUI C KATETAMH ¥ U X¢ U THIIOTEHY30H Z.
[Ipu mocnemoBarenmsHOM coenquHeHud r, L m C Oyayr CIpaBeIIMBEI BCE BBIBOJEI,

MOMy4EHHBIE 1A ermu ¢ r-L w nem ¢ r-C. [Ipu 5ToM BO3MOKHEBI ClI€ IyFOIINE KOMOWHAINN

a) X; > Xe ;0)X; <Xg ;B)X; =X .

3

PaccMOTpUM € MOMOMIBIO BEKTOPHEIX IUATPAMM KA IbIA U3 3TUX BAPUAHTOB.

a) Umeem niens 13 mocnenoBaTenbHO COEAMHEHHBIX 1, L u C, mpuuem

X; > X . Ilo Bcem Tpem CONpOTUBIECHUAM OyIOeT NMPOTEKATh OOWH U TOT K€ TOK I,

BEKTOP KOTOPOrO OTJIOKUM B BEIOpPAHHOM Macmurade mpou3BOJILHO, HAIPUMED, TOPH30HTAIEHO,

T.€. HATPABJIECHHUE NEPBOTO BEKTOPA BEIOUPAETCA MPOU3BONEHO (puc. 2.7).

BekTop mameHus HAOpPS/KEHWs HA AKTMBHOM CONPOTHBICHHM OyOEeT COBHANATH C

HAIIPABICHUEM TOKAa, a4 MAJAEHHE HANPAKEHUSA Ha WHAYKTUBHOM snemeHte wimm U, Oyzer

omepexarb BEKTOp [ Ha % [TageHue HANPSKEHUA HA E€MKOCTHOM s71eMeHTe U, Oyzder

OTCTAaBAThL OT BCKTOPAd TOKd Ha % H COTJIACHO YCJIIOBHIO

U.<U,.

Pucynok 2.7 — BekropHas nuarpamMma HanpsSKEeHUU Ipu X,; > X -

OOmniee HanpsKeHNE 1IENHU OyAeT paBHO CyMME

L - - -
OOKYMEHT NnoanncCAH
SNEKTPOHHOW MOAMNMCHIO U.+Ur+Uc =U.
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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M3 BekTOpHOM auarpamMmbl BUOHO, UTO MEKIY TOKOM IIEMA [ W HAMPAKEHUEM U ecrs

yTOd @ W TOK UMEET OTCTAIOIINI XapakTep, a cos @ < 1,0.
0) Ilpu X; < X, nmageHue HAMPAKECHUSA HA UHIYKTUBHOM CONPOTUBICHUH OyIE€T MEHBIIE

MaJeHUA HANPMKEHUA HA €MKOCTHOM COIPOTHBJIEHHWH, IMO3TOMY BEKTOPHAsA auarpamma Oyner

UMETh BUI (puc. 2.8):

Pucynok 2.8 — BekTopHas quarpamMva HanpsskeHui mpu U . > U .

B) ITpu X, = X, umeer mecto pesonanc nanpscenuil, T.e. U= U, n 310 Gyner npu

I

oL = _C . ITpu stromBexTopsr U ; u U, paBHBI O MOTYTO ¥ IIPOTUBOMOIOAKHO HANPABICHEI
w

(puc. 2.9), mosroMy MX CyMMa paBHA HYIIO. TOK LEMU OPU PE30HAHCE HATIPSAKEHUM ONPEIEIAETCA
TOJLKO AKTUBHBIM COIPOTUBIEHUEM, MOATOMY YIOJ CABUra (pa3 MEKIY TOKOM U HAMNPIKEHUEM
LenM paBeH Hymo, a cos ¢ = [. Ilpu srom Hamo umeTrs B BUAY, 4TO PE3YJIbTHPYIOIIEE
CONIPOTUBIEHUE LEMH PE3KO YMEHBIIUTCA OO 3HAUECHUA 7 = F U TOK LIEMU NP PE30HAHCE MOKET

PE3KO BO3PACTATh.

Pucynok 2.9 — Bekropnas nuarpamma HAInpsKEHUN IIPH PE30HAHCE

Yrazanue no mexunuke d0ezonacHocmii:

YKazanus 1o TEXHUKE 0€30IMaCHOCTH NPU BBITOJTHEHUH JA00OPATOPHEIX padOT MPUBENEHEI

B ITPUIIO K GHIAKENT noanmcan
SNEKTPOHHOW MOAMMUChHIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ykazanua no evinonnenuro nadopamopHou pabomoi:

l. CoOpars cxemy ¢ mocnemoBarensHBIM coegunenneM R, L u C (puc. 2.10). B
KAueCTBE AKTUBHOTO COMPOTHUBIIEHUA UCIOIB3YETCA PETYIUPOBOUYHBIN peoctar R, a B kauecTse
emkoctu C — Ddarapes KOHIEHCATOPOB.

Bonermerpom V1 m3mepsaroT BxoaHoe (00niee) HanpsKEeHUE 1EMH, 4 BOJIBTMETPOM V2 C
[MTOMOIIBIO IIVITOB IMTOOYCPCIHO M3IMCPAIOT MMAJCHUC HAIIPAXKCHIA Hd dKTHBHOM COIMPOTHUBJICHHH R

(B TOukax a u 0), Ha MHAYKTUBHOCTH L (B TOukax B u r) u emkocTu C (B TOUKAX T U 1).

NATP
. A S
°
»
", 220B Vi
I
@ L 4

Pucynok 2.10 — Cxema ¢ nocnegoBarensHeiM coenuneHueM R, L u C

M3mepenns Heo0X0aMMO BEIMOMHATE IS TPEX PEKUMOB:
1)UL > Uc, 2) UL < Uc; 3) UL = Uc.

Jlns kaxaoro U3 peKUMOB BHEITIOJHUTE PACUETHI U BMECTE C PE3YIbTATAMH W3MEPEHUH
3aHectu B Ttabmumy 2.1. Ilo pesympraram pacdeTroB misd KamAOTO W3 PEKUMOB IMOCTPOUTE
BEKTOPHYIO IUATPAMMY HAIPSIKEHUH, Ui 4€T0 HEOOX0AMMO BEIOpPATh MACIITAO HATIPSKEHUS My
TaknuM 00pazom, uTo0sI BEKTOP HanpsxeHus nenu U Obin npumepHo paBeH 8 — 12 cm.

Tabmina 2.1 — Pe3ynerarel n3MepeHNd U BEIYUCIEHUMN

No M3MmepeHHEIE BETMUNHEL BEI1unClIEHHEIE€ BETUYMHEI
oA U 1 Ur UL Uc Cos @ S P 0
B A B B B : BA Bm BAp
1
2
3
Buumanue! llpn pe3onance HanpsSKEHWH TOK LENHM OOPEAENAICTCA AKTUBHBIM

CONPOTUBJIEHHNEM R, Mo3TOMY amMmepMerp MOKET 3amKamuBarek. B sTom cioydae HeoOXomumo
AOKYMEHT MOAMNNCAH

o n00p adfiF aRaTePM

Bnanenyo HEBOMBII TIPeieA IO TOKY.

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Cooepoicanue omuema:

OT4eT DOmKEH CONEPHKATE:

l. HaszBanme pabotsr;

[lems paboTsr;

Kparkne TeopeTnaeckue CBEICHNA,

Omcanne UCIToIb3yeMOro 000pyI0BAHUA U MATEPHATIOB;
[Topanok BEImOTHEHUS PAOOTEHL;

Beruncnenusa n 00paboTka pe3ybTaToB;

-~ N B W

BBIBOIEL.

Koumponsnwvie eonpocwi:

l. UT0 mOHMMAIOT MOA MHAYKTUBHOCTEIO U KAK OHA OMPEAEIAETC A

2. Kak 1 mouemMy M3MEHAECTCA WHAYKTUBHOCTE IIPU BBEAECHUU B KATYIIKY CTAJIBHOTO
CepaeUHNKA?

3 YT0 MOHUMAIOT MO EMKOCTBIO U KAK OHA OMPENEIeTCs !

4. YT0 HA3BIBAIOT YTJIOBOM YACTOTOU M7

5 [To kakum (popmysraM OIPEREAIOT I; XL; XC U Z [IEMHU NEPEMEHHOTO TOKA?

6. KakoBEI OCHOBHEIE COOTHOIIEHUSA U BEKTOPHEBEIE TUATPAMMEI B IE€IAX C AKTUBHOMU,
WHIYKTUBHON U €MKOCTHOHM HATPY3KOMN !

7. [Tpn KaKnX yCIOBHAX BO3HUKAET PE30OHAHC HAMPAKEHUI?

8. Yemy paBeH KO(P(PHUIIMEHT MONIHOCTH €OS @ IIPH PA3JIMUHBIX YCIOBUAX U KaK OH

ompenenaeTcs’

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jabopamopnasa paboma Ne3. Ananus 1UHEUHBIX 0OHOPAZHBIX ITEKMPUUECKUX Henell
nepeMeHHo20 moKa. neKmpudecKkas yenb CUHYCOUOWIbHO20 MOKA NPU NAPA/IIETbHOM

GKITIO YeHUU AKMUBHO20 U PeAKMUGHBIX CORPOMUGTCHUU.

Illens padompr: >KCOEPUMEHTAIBHASA MPOBEPKA 3aBUCHUMOCTH AKTUBHOTO M PEAKTHBHBIX
COIPOTUBJICHUN OT YACTOTHI, & TAKKE COOTHOMIEHUH MEKAY HANPAKEHUEM, CONPOTHBICHUAMH,
MPOBOAUMOCTAMH U TOKAMH B L[ENH C ITAPAJIJIEIBHO BK/IFOYCHHBIMHA aKTUBHBIM COIIPOTHBIIEHUEM,

KaTymKON MHAYKTUBHOCTH M KOHJIEHCATOPOM.

Ocrnoevt meopuiui:

[Tpu mapannensHOM BKJIIOYEHMH AKTUBHOTO COMPOTUBICHUS, KATYIIKN HHAYKTUBHOCTH U
KOHJeHcaTopa (puc. 3.1) HA BCE TPU SIEMEHTA SIMEKTPUYECKON LEMM MOJAETCA OJHO U TO XK€
HanpspkeHue u. MruoBeHHOe 3HAYEHHWE TOKA 1 B HE-PA3BETBJICHHOM YACTU LIEMA PABHO CYMME
MTHOBEHHBIX 3HAYEHUH TOKOB PE3UCTOPA 1y, KATYIIKH Ix U KOHAEHCATOPA Lc:

I=Ir+ix+ic
COOTBETCTBYIONIEE PABEHCTBO CIPABEAINBO A1 KOMILUIEKCOB TOKOB!
I=I+ L+ 1
KOMILIEKCEI TOKOB ONPENENMOTCS KOMIUIEKCOM HAmpskeHus U M KOMIUIEKCHBIMH

COIMMPOTHBJICHUAMH COOTBCTCTBYIOIIIHX 3JICMCHTOB LICITH.

I=Usr L.=U/Z. I.=U/Z.

Iy I IC
| | }

u I L __

. l

Pucynoxk 3.1 — [lapannensHoe BKIFOUEHNE AKTUBHOTO COMMPOTHUBIICHUA, KATYIIKH

HHIAYKTUBHOCTH M KOHOCHCATOPA

KoMmImekcHOEe COMPOTHUBIEHHUE PE3UCTOPA PABHO €r0 AKTMBHOMY CONPOTHUBIICHHIO I,

KOMILI EKCH&&&%{}%’E}W@IHE KaTYIIKH HHOYKTHBHOCTH YUHTBIBACT €€ aKTUBHOE CO I[TPOTHUBJICHHC
3NEKTPOHHOW NOANUCHIO

Cepruchiet] BEBRYKTHREOCER ds Z s obednftose= Tt XL

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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[Tpu pacuére nenen ¢ mapayiensHO BKIIOUYEHHBIMUA 3JIEMEHTAMUA YIOOHEE MOIB30BATHCA

HE COMPOTHUBJICHUAMH, a IIPOBOIUMOCTAMU:
Y.=1/r=g
Yi=1/Zi=1/ re+joL)=r/(r* +x1°)-jxi/( r’+x1°)=gi-jbk

KommekcHas mpoBOIMMOCTE KOHIEHCATOPA C YIETOM HNPOBOAUMOCTH H30IALUNA MEKIY

oOKIamKaMu g.:
Yo=gct+jowC=g+jb,
I= U[(gr+gk+8c) +j(be-bi)] = UY

Toxk, mporekaronmii uepe3 KaTymky MHIYKTUBHOCTH, MOYKHO NMPEACTABUTh B BUIE OBYX
COCTABJIAIONINX . AKTUBHOM jﬂ:[ffgm o (paze, COBMANAIONIEN C HANIPSIKEHUEM, U PEAKTUBHOU I1=-
jUbL, oTcTaromeii mo (aze ot Hampskenus Ha 90°.

Toxk, mporekaromuii gepe3 KOHAEHCATOP, TAKKE MOMKHO MNPEACTABUTH B BUIAE CYMMEI
akTuBHOH [,c=Ug. u peakTuBHOH I,c=jUb. COCTABIAIONNX; PEAKTUBHAS COCTABILIIONIAS
omepexaer mo (aze Hampsxenne Ha 900, Cxema 3aMeleHHs MPH 3aMEHE COMPOTHBIEHHI
MPOBOJINMOCTSIMU UMEET BU, N300pakEHHEBIN HA puc.3.2.

1

—_—
L -

l'j’ lia liL l‘ Ipc

u Er gk Zc br. bc

* lax * lac

Pucynok 3.2 — Cxema 3amMenieHus

Bun BEKTOPHBIX AuarpamMM HANPSKEHWS U TOKOB PACCMATPHUBAEMOM CXEMBI 3aBUCUT OT

COOTHOMIEHHUA TPOBOANUMOCTEN b1 be (puc.3.3).

I ] II'F!IIZ
=) =] 0
U - > : UI" iFI U
u [ i 1 = .— : ."
T IEI. ]]]-E: [I ]:
ng
I I Inw
I »
OOKYMEHT UDﬂHHGHH
SNEKTPOHHOWM NOANMCbIG ) h} C)
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pucynok 3.3 — Bekropnas guarpamma
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CEpTHdJHHﬁT 2C00 [Il[lldE'-E &BBEQ 2205 TBASEIEIEIEEIEIEI 043E
Eina,u,eneu xu:usa aTBRAA EHEEH,EI,FI'DEHEI

Ecou bp>be, TO TOK uepe3 MHAOYKTUBHOCTE OONbHIE, UEM uepe3 E€MKOCTh, U TOK B
HEPA3BETBICHHOU 4acTu nemu no (asze orcraér or Hanpskenus (puc 4.3a). Eciu b <bc, T0 TOK
4EePE3 UHAYKTHUBHOCTE MEHBIIIE, YEM TOK UE€PE3 EMKOCTD, 4 TOK B HEPA3BETBIEHHON 9ACTH LIETH I10
(aze onmepexaer HanpsakeHue (puc.3.3¢).

[Ipu paBencrBe WHAYKTUBHOM W EMKOCTHOM MPOBOIMMOCTEH BEIMYMHA TOKA B
HEPA3BETBJICHHON YACTH LIEMH ONPEIEIAECTCA TOIBKO CYMMON AKTUBHBIX ITPOBOAUMOCTEMN g+ gi+
g¢= g, IPU 3TOM TOK IO (paze coBmanaer ¢ HanpsaxeHuem (puc.4.3b):

[=Ug

Bekropuas muarpamma, m3oOpaxkEénnas Ha puc.4.3b COOTBETCTBYET pEXUMY pE30HAHCA
TOKOB, B 3TOM PEXHUME TOKH 4E€PE3 MHAYKTUBHOCTH M 4e€pe3 EMKOCTh PABHBEI MO BEIWUUYMHE U
MPOTUBOIMOIOKHEI MO (paze, B HEPA3BETBIEHHON YACTH IEMM TOK MPUHUMAET MHUHHUMAIBHOE

3HAYCHHC.

Yrkazanue no mexnuke 0e3onacHocmi:
VYkazanud mo TeXxHuKe 0€30macHOCTH MPU BEITOJIHEHUM JTA00OPATOPHBEIX pad0T NPUBENEHBI

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro 1adbopamopuoii padomel:
l. JleraibHO 03HAKOMUBIIMCE C OCHOBHBIMM TEOPETHYECKUMH ITOJIOKEHUAMHU,

coOpars cxemy, n300paxk€HHy0 Ha puc.3.4.

W
Az
~10B 40MIH — |MKD
r
1 000OM
e & & |

Pucynok 3.4 — Cxema ¢ mapamuiensaeiMm coemuaenneM R, L u C

Y CTaHOBUTE MPENENEI U3MEPEHUN: BobTMETpA — 20B, ammepmerpor — 200MA.

Qmm OUTAHWA U YCTAHOBUTE 4acTOTY o, IPH KOTOPOI B HEPA3BETBIEHHOU

HO€ 3HAYEHME. 3HAYEHNE JaCTOTHI fo 3aHecTu B Tabmumy 3.1.
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2. YOpare nepeMeldKM B 1€MW KAaTymIKM MW KOHJIEHCATOpa, I0 MOKA3aHUAM
aMIIEpMETpPa W BOJBTMETPA WIM aMIEPMETpa WU BarTMETpa MNPOBEPUTH COIPOTHUBICHUE H

BEIYMCIIUTE IPOBOAUMOCTE PE3UCTOPA.

r=U/I=P/P, g-=1/r=l/U=P/U>.

3. PazopBare 1ens pe3ucropa M yCTAHOBUTH IMEPEMBIYKY B IIEMH KATYHIKH, ITO
MOKA3aHUAM NMPUOOPOB BEIYUCINTE CONPOTUBJICHUA U MIPOBOINMMOCTH KATYIIKH.

r=P/P, zx=U/I, x.=\ (z;;‘?—l‘z ),
g;;=PfU‘?} vi=1/U, bL:\{(j/'kE—ng).

4. PazopBare 1ens KaTymiku M YCTAHOBUTH IMEPEMBIUKY B I[EMM KOHAEHCATOPA,
HCIOaB3ya (hOpPMynbl, aHATOTHYHBIE (POpMynaM M.3, MO MOKA3aHWUAM MPUOOPOB BEIYHUCIUTE
COMPOTUBICHUSA U MPOBOAUMOCTH KOHAEHCATOpa. BRIUMCIEHHEBIE 3HAUEHUSA CONPOTHUBICHUH U
MPOBOAMMOCTEH 3aHECTH B Tabmny 3.1.

Taomama 3.1

fo, | Pesucrop Karymka Konpnencarop g,

ru r',- gl"',- rke: gka KL*,- b]_a L*.: rﬂ*,- gﬂﬁ RC-,- bﬂ',- C-,- CM
OmMm | CMm [OM |Cm |OMm |CMm | TH OMm |[CMm |OMm | Cm | Mx®D

5. YCTaHOBUTE BCE IEPEMBIUKH, IMOAKMOYUTH ammepMmerp A2, mpu gacrore fo
U3MEPUTH MTOTPEOIAEMYI0O MOIITHOCTh, HAIPAKEHUE, TOK B HEPA3BETBAEHHOMN YACTH LEMH U TOKH
OTAETBHBIX BeTBEH. Pe3yabTaTsl 3aMepoB 3anectu B Tadmuiry 3,2.

6. BeraucmiTe 3HAYEHMA AKTHBHBIX M PEAKTUBHBEIX COCTABISIONIMX TOKOB Yepes3
KATYIIKy U 4€pe3 KOHAEHCATOP M KOA(PPUIINEHT MONTHOCTH, TOJIB3YACEH BEIPAKCHUAMMU:

L=gU, Lie=gcU, Li=Ia+1ae, IL=NTE-1042), Le=N(1>-1.%),
cos Q=TI+ L+ 1o )/1.

Pe3ynbpTarsel BEIUMCIEHUN 3aHECTH B Ta0mny 3.2.

Taomara 3.2

f._, U, ], ]r, Ik_.}. ]c, P, }", b._, ]ﬂ._, ]]_,, ]pc.}. cO Sq)
I'a B MA MA MA MA | MBT | CMm Cwm MA MA MA

fo=
fr=

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptucukar: 2C0QP0043E9ABEBI52205E7BA500060000043E
Bnaneney  IWebdyxosa Tardsh P SAETOTAX ﬁ=}§—200 I'm u f2=fo+200 ' npou3BecTH T€ K€ U3MEPEHUA U

BEIYHCJIICHHA, YTO H HpH qacTOoTEC f{], pe.?p}’JIBTHTLI H?-MEPEH’HITI H BLIIIHCHEH'Hﬁ 3dHCCTH B THGJTHL[}’
Nencteutened: ¢ 19.08.2022 no 19.08.2023



4.2. Ilpu BEIMOMHEHUM PACYETOB HE CAEAYET 3a0BIBATH, UTO COONPOTHUBIIEHUA U MPOBOIUMOCTH
UHAYKTUBHOCTHU U EMKOCTH 3aBUCAT OT YACTOTHL.
8. [To pesympTaram M3MEPEHNUH U BBIUMCIEHUH HNOCTPOUTH BEKTOPHBIE TUATPAMMEL,

AHAIOTUYHEIE MPEICTABIEHHBIM HA pucC.2.3.

Cooepoicanue omuema:

OT4eT DOmKEH COIEPHKATE:

l. HaszBanme pabotsr;

[lems paboTsr;

Kparkue TeopeTnueckue CBEIeHMA;

Omicaniie NCmoap3yeMoro 000pyI0BaHNA U MATE PHAIOB,;
[Topsanok BEIMOTHEHUA PAOOTHI;

Beruucnenusa n 00padoTKa pe3yIbTaTOB;

-1 O W = W 2

BBIBOIEL.

Koumponwsnwie eonpocwi:

1. Kak onpeaenuts aAKTUBHYIO M PEAKTUBHYIO IPOBOAMMOCTH KATYILIKH, €CIIH
W3BECTHEI €€ AKTUBHOE U UHAYKTUBHOE CONMPOTUBJICHUA?

2. Kak 3aBUCAT pEAKTUBHBIE MPOBOOAUMOCTH KATYUIKM MHAYKTUBHOCTH U
KOHIOEHCATOpa OT YaCTOTHI!

3. Kak onpenemiTs AakTUBHYIO MNPOBOJUMOCTE KATYHIKHM WHAYKTUBHOCTH WM
KOHAEHCATOPA, MOIB3YIChE MOKA3aHUAMHU BATTMETPA, AMIIEPMETPA U BOILTMETPA?

4. Kak omnpenemuTe MOJHYH0 NPOBOOUMOCTE YYACTKA OSIEKTPUUECKOM LEMH II0
MOKAa3aHUAM SIIEKTPON3ZMEPUTENBHBIX TPUOOPOB?

5. Kak oTimuaroTcsa mo (paze nmpunoKEHHOE HAMNPSIKEHUE U TOK, MPOTEKAIMINH IT0
KaTylIKE MHIYKTUBHOCTU? 4epe3 KOHIEHCATOp?

6. [Towemy u Kak W3MEHUTCA TOK UYEPE3 KOHIEHCATOpP (UEpe3 KATYIIKY
WHAYKTUBHOCTH ) TP YBEIUUEHUN YACTOTHI MIPUIOKEHHOTO HAMIPSIKEHUA?

7. B Kkakol SIEKTPUYECKON LENMM MOKET BO3HUKHYTE PEXKUM PE30HAHCA TOKOB?
KakoBo ycnoBue ero Bo3HukHOBeHUA! [loscHure (Qpuznueckyro CymHOCTE pekUMa pe30HAHCA

TOKOB.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jadopamopnan pavoma Ned. Ananus nuneitHovlx mpex@asnoix 3 1eKmpuUldecKux yenei
nepemennozo moka. Hecneoosanue mpexghaznoit cucmemst npu coeouHeHuw nompeoumenei

38€300Il.

Llens padompr: O3HAKOMUTHECA ONBITHBIM MYTEM C OCOOEHHOCTSAMM COEIUHEHHUS 3BE310U
OPUEMHUKOB SJIEKTPUYECKOM SHEPruM B 1enu tpexdaznoro toka. MccnemoBare pPeXMMEI
PAaBHOMEPHOU U HEPABHOMEPHOU HATPY30K, 4 TAKKE pa0OTY CUCTEMEI TPU OOPEIBE 0THON U3 (has.
[TomyunTe MpakTHYeCKNE HABBIKA PACUETA U UCTIBITAHUS TPEX(PA3HBIX LIETIEH, A TAKKE ITOCTPOEHUA

BEKTOPHEIX JTHAT PAMM.

Ocnoevl meopui:

I'pexghaznou cucmemou SNEKTPUYECKUX LEMEH HA3BIBAETCA CUCTEMA, COCTOAIIAA U3 TPEX
O0ZHO(A3HEBIX SJICKTPUUECKUX LEMEH, B KaXKIOU M3 KOTOPEIX ACHCTBYIOT CUHYCOUOAIBHEIE 3.1.C.
OIWHAKOBOM YAaCTOTHI, HO CIOBUHYTHIE APYTr OTHOCUTENRHO apyra Ha 1/3 mepuoma (120°) m
co3aaBaemeie 00nIuM (Tpex(PazHbIM) UCTOUHUKOM 3MEKTPUIECKOU SHEPTUU.

OTaensHBIE AAEKTPUYECKHUE TIEMH, BXOIANIME B COCTAB TPEX(PA3HOH CHUCTEMEI, HA3BIBAIOT
¢azamu. Ecnu 5.10.C. Kaxxaou u3 (a3 paBHBEI IO BEIMYHUHE, 4 MOJHEIE COMMPOTUBIIEHUA HATPY30K
BCEX Tpex (pa3 mo BEIMUMHE M XAPAKTEPy HATPY3KH (IO BEIMUMHE U 3HAKY (Pa30BOrO CIBUra)
OIVHAKOBEI, TO TAKOM PEKHUM HA3BIBAIOT CUMMEMpPUYHbIM. HEBBITOITHEHNE NAHHBIX YCIOBUH
ABJIAETCA MPUUMHON HecummempuuHo2o pexnma. Harpyska tpex@dasHeix nemer penko OnIBaeT
CUMMETPHUYHOW, KAK MPABWIO, OHA B TOM WIM WHOM CTEIMEHH HECUMMETPHUUHA W3-3a HATWYUS
0aHO(Pa3HBIX TOTPEOUTENEH.

Tpexdgaszueie reneparopel C€O30al0T CHUMMETPUYHYED CHCTEMY 3.14.C., MOSTOMY
HECUMMETPUYHBIN PEXKUM BO3HUKAET W3-3a HECUMMETPUYHOW HArpy3ku (a3. Ecmm KOHIBI
00MOTOK (pa3 CHHXPOHHOTO TEHEpPATOpA WIM TpaHC(pOpMATOpa COEOAUHUTE BMECTE 3BE310M, 4 K
HA4Ya1aM OPUCOEOUHUTE IMPOBOIA, UAYIINE K NPUEMHUKAM SJIEKTPHUYECKOW SHEPrHUH, KOTOPEIE
TOKE COEIUHUTE 3BE3I0M, TO MOIyuuM Tpexdazuyro cucremy (puc. 1). [IpoBoxa, coemunsaroniuia
HYJIEBEIE TOUKU MCTOYHMKA M HOTPEOUTENS HA3BIBACTCSA HYJIEBBIM. 1aKyH CHCTEMY HA3BIBAIOT
yemblpexnpogoorou. B nemax Tpex(pazHoro TOKa HE3aBUCUMO OT CHOC00a COETMHEHNUA 0OMOTOK
re’Heparopa u norpeduTenen pazamyaroT HanpsaxeHusa — muHenHslie Uy n gasueie Ugp, a Takxke
TOKA — JUHEWHEBIE [7 U (asueie [¢. Hanpskenune mexny TUHEHHBIM W HYJIEBBIM HPOBOIOM

HA3BIBACTCA PA3HbIM, 4 MEKAY JUHEWHBIMH MPOBOJAMU — JIUHEUHbIM. 1OKH, MPOTEKAIONINE B

v H L
ﬂ}ﬂ{&ﬂﬂ@éﬁﬁ@ﬁ%}ﬁ%@ﬂfﬂT JUHEUHbIMU, & IPOTEKArONIMeE B (pa3ax HArPY3KU WIN UCTOUHUKA

Ceptudmkar: . 2C0000043E9A BQEEEDEE?BASGEEEﬂﬂGE&di _ L
Bnanenst: gb@gﬁmgﬁmﬁa%mmgmc. E) JIUHEVHBIE TOKW paBHEI (DA3HBIM, T.€. JIUHEHHBIN TOK

OTHOBPEMEHHO sBAfgeTCa M (pasHeiM. [Ipu pasBHOMepHOM Harpyske U, =+3U,, ecmu cxema
Nencteutened: ¢ 19.08.2022 no 19.08.2023 )



COEIUHEHHA - 3BE314.
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Pucynok 4.1 — Cxema tpex(pa3zHou 4eTHIPEXTTPOBOTHON LIEMU OPH COETUHEHUH 3BE3T01

[Tpu nepaBHOMEpPHOM HArpy3ke (pa3 B CXEME C HYyJAEBBIM NPOBOAOM (puc. 4.1), B HyI€eBOM

MPOBOJIE MOABIAETCA TOK, BEJIMYMHA KOTOPOTO ONMPENEIHAETC N0 NEPBOMY 3akoHy Kupxrodga:

Pucynok 4.2 — BekropHas nuarpaMma HanpsKEHUW MPU COETUHEHUHN 3BE3101

L] L] ] L]
To=Ta+1Tp+1c
HHJIH'—IHE TOKd B H}IHEBGM Hpﬂﬂﬂﬂ;e BBIZBIBACT HC3HAUYMTCIEHOC ITAOCHHC Hﬂnpﬂﬂfem{.ﬂ B
HEM, KOTOPBIM MOJKHO TpEeHeOpeds M CUMTATh, YTO MEKAY HYJIEBOM TOUKOW HCTOYHHUKA W

MPUEMHHUKA PAa3HOCTh MOTEHIMAIOB OTCYTCTBYET.
AOKYMEHT QOANNCAH o .
I—E]maoﬁ APQHA3AE0 TpaUUIeCcKOe ONPENENEHNE JIMHEMHBIX HANPAKEHUHU C MOMOIIBIO
Ceptucukat:  2C0000043E9ABBBIS2205E 7BA500060000043E
BnanenBEKTOPHOE THATPAMMBIpCIEITI0 JKUM 171 MIPOU3BOJIEHOTO MOMEHTA BPEMEHM KOMILIEKCH (Pa3HBIX

HAMPSKEHUN, CABUHYTEIE IO (paze Ha 120°.
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Ui =Ur—Ursp ,
Upc =Upp—U¢ ,

UC'A :UC'_UA .

Jlisa mosyaenus muHEHHBIX HanpsokeHnid Ciroxum reomerpuuecku BeKTOpel U A, Us u

L L] L] L]
Uc c sektopasmu —U p, —Uc, —Ua, xoropeie pasusr coorsercrsenno Usg,Uc,U 4, Ho

IPOTUBOMOIOKHO HAMPABJICHEL.

BekropHas aguarpaMma JIMHEHHBIX HANPAKEHUU TAKKE MOKET OBITH MHOMy4€HA U3
BEKTOPHOM aumarpaMmbl (pa3HbeiX HanpsxkeHud (puc. 3). Takum o0paszom, 3Be3qa JTMHEWHBIX
HANpsHKEHUU omnepexaer 3e3ny (pazueix Ha 30°. Haitmem coornomenune mexny (pasHbBIMH U

JTUHEWHBIMHU HAITPSKEHUAMH, YIUTHIBAS, UTO BCE HAMPIIKEHUSI CHMMET PUTHEL:
L L L] L
Ur=Us=Uc=Uo

Uas=Usc=Uca=Urn.

A i

C B

Pucynok 4.3 — BekropHas muarpaMma HaOpsKEHUN MPH COEAUHEHUH 3BE30U

13 mpamoyromsroro tpeyroasauka OAJl nmeem:

Un _ Y =U, -cos30° =

2 2
oy V3
=Ug -c0s30°=U45 —
AOKYMEHT O/INNCAH 2
3MEKTPOHHOW MOAMNACHIO

Ceptudmkar: 2C0000043ESABEB952205E7BAS00060000043E \/_
Bnapeneu. lllebayxoea TaTeaHa AnexkcaHapoBHa Uﬂ — 3U1I1

(I)H,?J{E:IE TOKH HpHEhf[HT'IKUB DHpEﬂEﬂﬁH—DTCH TdK K€, KAK 1 B OOHO q)ﬂ?pHI:IK HCITAX:
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IA: - . 'J‘;
A Jr‘;+xﬂ
. ]

* U g Usg

IB: — .

I':-:—: )
- 2 2
L0 \/rc+xc

YTl CIBUTA MEKAY HAMPKEHUAMA U TOKAMH (pa3 MOKHO OIIPEIEIUTE U3 (popmyir:

r r
&) | —_— ‘:4 L] ) | —_— 'H L] ) | —_—
CosSQ, = —; COSQp = —; COS Q. =

L L d L
LA “B ~C

F.

Ecnu mpueMHauky 0051a1ar0T 4MCTO aKTUBHBIMHA COMTPOTUBICHUAMHA, TO ZA= T'A, ZB = IB, ZC
= I'C, @ YIJIBI CABUTA MEKIY TOKAMH U HANPKECHUAME BO BCeX Tpex (azax Oyxyr nyineBeimu. Ha
puc. 4 mpexacraBneHa TtomorpauyeckKas auarpaMma HAOpPsKEHUN W TOKOB TIPU AKTHBHOH

HECUMMETPUIHOU HArPy3KeE.

. -
Use

Pucynok 4.4 — BekropHas nuarpaMma Hanmpsa;K€HUH U TOKOB YETBIPEXITPOBOHON EMU

IPU AKTUBHOHM HECUMMETPUUHON HATPy3kKe (a3

Toxk nyneBoro nposona [ o= Ia+ Ip+ Ic
CedeHnue HyIeBOTO MPOBOJA 3aBUCHT OT CTEMEHH HECUMMETPUHN HATPY3KH (pa3, HO 0OBITHO
€r0 NPUHUMAIOT PAaBHEIM 50% OT CEYEHMA IMHENHOTO MPOBOJA.

I[Ipn Hamumuum HeEUTpaImn JICBOTO IIPOBOOdA) HAIIPAXKCHMA Had d3dX IIPHUCMHHKOB
pﬂ.DK‘.‘:"MEHT NoanvcAaH P (H}’ P A ) P q) P

SNEKTPOHHOW NOANWCHIO

Coprucy YT AT Ao s HEHAMEHIBIME 00 F 0o PABHEIMI  (Pa3HEIM  HATPKCHUAM  MCTOYHMKA ITAKE  TPH

Bnageneuy; llleGayxoea TaThgHa AnexkcaHgpoBHa

HEPABHOMEPHOM HArPy3KE, €CJIM MPEHEOPEYs CONMPOTUBIIEHUEM HPOBONOB JIMHUHW WU HYJIEBOTO
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npoBoaa. IIpenensHeIM ciygaem HEPABHOMEPHOU HATPY3KU (a3 B UETHIPEXIIPOBOTHOU CUCTEME
Tpex(pa3zHOr0 NPUEMHHMKA, BKIIOUEHHOIO 3BE300M, MOMKHO CUATATE OOpBIB OmHOM u3 (has.
Hampumep, ecrm aza A Oyner obopBana, TO He OyIeT HANpSAKEHUS U TOKA y morpedurens,
BKJIFOUEHHOTO B ATy (pa3y, a B OCTABIIMUXCA IO HANpPsSKEHWEM (asax pexnum padoTel HE
u3MeHuTCs. UTo Kacaercs HyJIeBoro mpoBOd, TO € 10 00peIBa 01HOM 13 (a3 Tok Okl paBeH [
o= In+ Ig+ Ic (puc. 4.4), TO Temeps OH M3MEHUTCA U OYAET ONMPENETIATECA 10 TIEPBOMY 3AKOHY

Kupxroda: Ip+ Ig+ Ic = 0, otkyna - I o = Ig+ Ic (puc. 4.5)

-~
=~ >
Uze

Pucynok 4.5 — Bexropnas guarpamMma TOKOB U HAMPAKEHUI Tpu 00pEIBE (pa3sr A

[Tpn 0OpEIBE MM OTCYTCTBUHU B CXEME HYJIEBOTO NPOBOAA SHEPTETUUECKUE COOTHOIEHUA

B ATOH I[EITH U3IMEHITCA.

Pucynok 4.6 — Cxema TpexnpoBOIHON 1enH TPeX(Pa3HoOro TOKA

[Ipu cummeTrpuuHON HArpy3ke B TPEXIPOBOOHOM Tpex(daznou cucreme (puc. 4.6)

HAPS/KEHUE MEAKIY HYJIEBEIMUA TOUKAMH MUCTOYHUKA U MPUEMHHKA PABHO HYIIO U KaXkAyio (pa3y

CHUCTEMBI MOJKHO PACCMATPHUBATE KAK 3aMKHYTEIH KOHTYP.

[T HERaRHONEII0N Harpy3ke 1 OTCYTCTBHH HYJICBOTO IIPOBOJA (Da3HBEIC HAIPSIKCHILL

Ceprudopkar. 2C0000043E9ABBESS2205E 7TBAS00060000043E

Bnanendy Y B HANMSHALLCA JIDAMO IIPOIIOPIHOHATIBEHO CompoTuBaeHuaM (a3. Ecamn Obr cucrema Opura

YETEIPEXTPOBOOHOM, TO IO HYJIEBOMY MOPOBOAY Imporekan Obl TOK [p 1 Takum o00pazom
Nencteutened: ¢ 19.08.2022 no 19.08.2023



OPAKTUUECKHU BBIPABHUBAIUCE OBl (pasHbeie HanpsxeHusa. Ha puc. 4.7 nzoOpaxkeHa BEKTOpHAA
quarpaMma HalpsaKEHUH U TOKOB IPH HEPABHOMEPHOM HATPY3Ke BCEX Tpex (pa3 u OTCYTCTBUHU
HYJIEBOTO ITPOBOJA.

TpeyronpHuK TMHEWHBIX HANIPAKEHUH OCTAETCA TAKUM K€, a 3Be€31a (Pa3HBIX HANPAKECHHUHN

1 TOuka O’ MOTYT OBITE JIETKO MOMYYEHBI METOIOM 3aCE€UEK U3 BEPIIVH JIUHEHHBIX HAMPKEHUI.

Pucynok 4.7 — BektopHas muarpamMma TOKOB M HAIIPSIK €HUM ITPH HEPABHOMEPHOU

Harpy3Ke U OTCYTCTBUE HYJIEBOTO IIPOBO A

Ecou ogna w3 (a3, nHanpumep, A, obopBercs unm Bce morpedurem 3Tou (pa3el OyayT
BBEIKJIFOUEHEI, TO IIPH OTCYTCTBUH HYJIEBOTO IIPOBOAA OCTABIIMECH MO HANpsukeHueM (pa3el B u C
OKaXyTCA BKIIOUEHHBIMU mociaenoparensHo. Dasmeie Toku Ip m e, mporekaromme uepes
MOCIEIOBATENBHO BKIIIOYEHHEIE CONMPOTHBIECHHUSA MPUEMHHUKA, B OSTOM Cciaydae Oyayt
OIMHAKOBBIMU, 4 (pa3HEIE HANIPAKEHUA OyAYT HNPOMOPIMOHAIBEHEI CONPOTUBIECHUAM (pa3 (puc.
4.8). Ilostomy Ha BekTOpHOM auarpamme TOuka O’ mEpeMEeCTUTCS HA BEKTOP JIMHEHHOTO
HanpspkeHus Upc u Oyager nenuTh €ro Ha 4acTu, paBHee (pasHeiM HanpsxeHuaMm UB u UC (B

namem cayuae UB = UC)

. . l . l . .
Uc=Us=-Us =EJ§U¢ - 087U ¢

Hanmpsxenue ¢aser A BO3pacrer:

. . . 3 .
U a :UAB*CIDS3OG:‘\/§U¢‘§:LSU¢,{:

[TosTOoMy B 4ETEIPEXTPOBOAHEIX LEMAX HA HYJIEBOW ITPOBOJ HE CTABAT IPEIOXPAHUTEND,

T.K. €r0 MERETAPAHIC HIMeHIeT PACTPeReTCHNe HAPSIKCHUH (a3,

SNEKTPOHHOW NOONUCHIO . ,
Ceprudmkar:  2c0ldPIBEKOPOTIOM 5 SAMBIKANIE KakoU-m00 (asel, HanmpuMmep, C, HyneBas Touka O

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

npuoOperaer noreHman JnmHenHoro nposoaa BC, a (a3el 4 u B 0Ka3pIBAIOTCS MO JTMHEUHBIM
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HanpsKeHueM. BekropHas auarpamMma s 3TOro ciyuas npencraBieHa Ha puc. 4.9. Touka O

nepememaercsa B Touky C.

Pucynok 4.8 — BekropHas nuarpamMma TOKOB U HANPSKEHUI OPUA 0OPEIBE (Pa3kl B CXEME

0€3 HyJIEeBOT O IPOBOaA

Hanpsxenus ¢pa3 A u B craHoBATCA paBHBIMU JIMHEUHBIM (puc. 4.9):
Uy,=Uq, =U,=U, "\6:
Up =Uy.=U, =U, "‘/1
U, =0.
Tok koporkoro 3ameikanua ¢aszer C pacnpenensercas Ha (Gazset B u A, Te.
I.=1,=—(,+1;) . Takum oOpazom, aBe (pa3sl MPUEMHHKA OKA3BIBAIOTCSA IIOJ JIMHENHEIM

HAIPKEHUEM, HA KOTOPOE OHHM HE PACCUNTAHBL, © OHU MOTYT BEIUTH U3 CTPOSL.

A

[IOKYMEHT NQANUCAH o
anEmPoHHDH%Iﬁj{HQ& 4.9 — BexropHas auarpaMma TOKOB W HAMIPSAKEHUH ITPU

Ceptucomkatr: 2C0000043ESABBBO952205E7BAS00060000043E
Brnageneu; lleBayxoea TateaHa AnekcaB3@MEIK AHIT q)ﬂ.?pLI C [IPHCMHHWKA TPEXIIPOBOAHOM CUCTCME
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B nemu Tpex(a3zHoro Toka akTUBHAA MOITHOCTE PABHA CYMME AKTUBHBIX MOMIHOCTEH (pa3:
P=P +P,+FP.=1,6-U,-cose,+1, -U,-cosg,+1.-U,-cose,

Jlns w3MepeHus MONIHOCTH B YETHIPEXMPOBOJHON IEMM MOKHO HCHOJIB30BATH TPH
0IHO(pa3HBIX BATTMETPA, CYMMHPYA UX MOKA3aHWUSA, WIH UCHOJIL30BATE OTHO(A3ZHEIN BATTMETP C
MEePEKTIOUEHUEM €T0 MO0YEPETHO BO BCe TPH (Pa3bl. ITOT METOI MOKET OBITh UCIIOIB30BAH KAK

P CUMMETPUYHOU, TAK U IIPH HECUMMETPUYHON HATrpPy3Ke.

Yrazanue no mexunuke d0ezonacHocmii:
YKazanus 1o TeXHUKe 0€30IacHOCTH IIPU BEITOJIHEHUU JJA00OPATOPHEIX pad0T NPUBEIECHEL

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii pavbomoi:

1. O3HaKOMUTECA € NOpuOOpamMu, HEOOXOOUMBIMM [/ BEIOOTHEHUS pPAOOTEI U
3amUCaTh UX TEXHUUECKUE JAHHEBIE.

2. CoOpars cxemy (puc. 4.10) mma uccnenoBaHua YETBIPEXHTPOBOTHOW IEMU IIPH
COETUHEHUH 3BE3I01.

3. [Tpou3sBecTH UCIBITAHUA TPU CIEAYIOMIMX YCIOBUAX:

a) mpu paBHOMEPHOH HArpy3ke Bcex (a3 (Ra=Rp=Rc), UCTIONB3yA B KAUECTBE HATPY3KHU
(pa3 maMIOBEIE PEOCTATHI,

0) Ipu HEPABHOMEPHOU HArpy3ke (pa3 maMImoBeEIMU peocTtaTtamu (B ogHOU (paze 4 mamiisl,
BO BTOPOM — 3 U B TPETHEN — 2 JIAMITHI );

g) npu oOpeiBe (azel A (B omHOU (paze BCE mammbl OTK/IFOYEHBI, & B OBYX IOPYIHUX —
BKJIFOUECHEI ).

4. CoOpare cxemy nansd HCCAENOBAHMA TPEXHNPOBOOHOM Tpex(azHOM LEMHM NOpU
coeguHeHun 3Be310i (puc. 4.11).

5. [Tpon3sBecTH UCIIBITAHUA OPHU CIAEOVIONIUX PEKUMAX PAOOTHL:

a) paBHOMEPHAA HATPY3Ka BCEX (pa3 JIAMITOBBIMU PEOCTATAMU;

6) HEepaBHOMepHas Harpyska (a3 (anamoruyaHo 4,0)

g) 0OpEIB (pa3el (B 0IHOM (pa3e BCE JTAMIBI OTKIIOYEHEL, 4 B IBYX APYTUX — BKJIIOUEHEI );

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Pucynok 4.10 — Cxema 11 uccnenoBaHus Y€THIPEXITPOBOIHOM TpeX(Pa3HON HEMH TTPH

COEMMHEHHWH 3BE3I0H

0
A W
AR
* | /
|
[/ (v
B

Pucynok 4.11 — Cxema nis uccnenoBanus TPEXIPOBOIHOU TPEX(Pa3HOM LEMH IIPU

COEMMHEHWH 3BE3I0H

[Toxazanus npuOopoB 3amicare B Tadmuny 4.1.

NOKYMEHT NOONWCAH
3NEKTPOHHOW NOONMCLIO
13F9ARBBRAS2205ETBAS
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Tabmina 4.1 Pe3ynpraTsl n3MEpPEHUI U BEIUUCIIEHUM

Pesxxum paboTel

BemiunHel [Tapamerp C Hy/IeBbIM
be3 nynesoro mpoBoaa

IIPOBOIOM

W3vepermEre _ la |6 a_| 6 | ® | T

BCIIMYMHEI

Briaucienusre
BEJIMUMHBI

BemuauHeL,
HaWIEeHHLIE
W3 quarpaMm

MomnHoCTEs e onpenensars no (popmymam:

P=1,U,+1,-U;+1.-U,
Po=1,-U,c+1;-Up

BBugy TOrTO, 4TO B OaHHON 1a0OpaTtoOpHOM padOTE HCHMOIB3YETCA W3MEPHUTENbHBIN
komruiekCc K505, Bce M3MepeHus M BBIUMCIEHUS MPOBOIATCS AHATOTHUUYHO UYETHIPEXITPOBOTHOM
CXEME.

[To pesynpTraTtam m3MepeHul MOCTPOUTE B MACHITA0E BEKTOPHBIE TUATPAMMEL I BCEX
pacCMOTpEHHBIX caydaeB. Omnpenenurs Ha BEKTOpHBIX auarpammax lp u Uppr U 3aHECTH
pe3ynsTarel B TA0mLy 4.1.

OKYMEHT MOAMVCAH
CPICAWUDTINCLENL(:
Ceprudmkar:  2C0000043E9ABBBI52205E7BAS00060000043E

Bnapeneu; LUE@@EHE@MHHU&HEE@@F)}HHTE

1. HaszBanme pabotsi;
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[leas paboTHI;

Kparkue TeopeTnaeckue CBEICHNs,

Omicanre nCmoap3yeMoro 000pya0BaHuA U MATE PUAIIOB,;
[Topanok BeImoTHEHUS PAOOTHI;

Beruncnenusa n 00pabdoTka pe3yIbTaToB;

-1 O i = 9

BEIBOIEL.

Koumponsnwvie sonpocwi:

1. Kakoe coequHeHne Ha3bIBAETCA COCTUHEHUEM 3BE30H !

2. Kak cTpouTcs BEKTOpHAA IuarpaMma TOKOB M HAMPSKEHUW OPA CUMMETPHYHOU
Harpyske?

3. B kakowm ciydae OTCYTCTBYET TOK B HYJIEBOM MPOBOAE?

4. [Touemy Ha HYZIEBOU HPOBOA HE CTABAT IIPETOXPAHUTEND !

5. KakoBEI 0COOEHHOCTH peKUMA padOTEI TOTPEOUTENEN, COETUHEHHEIX 3BE3I0U, TTPH

HEPABHOMEPHOM HArpy3Ke (pa3 CUCTEM C HYJIEBBIM MPOBOIOM?

6. KakoBEI 0COOEHHOCTH peKUMA padOTEI TOTPEOUTENEN, COETUHEHHEIX 3BE3 101, TIPH

0OpeIBE (Pa3bl CUCTEM C HYJIEBEIM IIPOBOAOM WIIH 0€3 HETO?

7. Kak mMepsaoT MOMIHOCTE TPEX(PA3HOr0 TOKA B UETBEIPEXITPOBOTHOM CXeMe?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jadbopamopnan pavoma Ne5. Ananus nuneiHbvlx mpexgaznoix 31eKmpuUdeCKUx yenei
nepemenno2o moka. Tpexgpasuaa yens npu coeounenuu nompedoumenei no cxeme

mpeyzobHUK.

Lenv pabomwp: ViccnenoBars 0coOeHHOCTH padOTHI Tpex(PazHOM LEMU NPU COEIUHEHUH
CUMMETPUUHOTO U HECUMMETPHUHOTO MHOTpeOUTEeneil TPEYrOILHUKOM, YCBOUTH ITOCTPOCHHE

BEKTOPHBIX JUATPAMM I10 PE3YyJIbTATAM SKCIIEPUMEHTA.

Ocrnoevt meopuu:

[Torpeburenu 3meKTpUIECKON SHEPTUN MMPU MUTAHUU OT TPEX(Pa3sHOro UCTOYHUMKA, KAK U
MCTOYHUKHU SIEKTPUIECKON YHEPTUN, MOTYT OBITh COEIMHEHEI B TPEYTOMbHUK (puc. 5.1). Cnemyer
TOMHUTE, 9YTO CXEMa BKIIOYEHHA 00MOTOK Tpex(pa3HOTO reHepaTopa HE MPEAOIPENCIACT CXEMY
COEQUHEHMA HArPy3KH. lak, Impu coenuHeHuun (pa3 reHeparopa B 3BE3y HArPy3Ka MOKET OBITEH
COEIMHEHA B 3BE31ly C HEUTPAILHBIM MPOBOAOM, B 3BE€31y 0€3 HEUTPAIBLHOTO MPOBOJA WIH B

TPEYTOJIbLHUK.

N©o
Pucynok 5.1 — Cxema coequaenus (pa3z B «TPEyrOJTBHUKY
[Ipu coemuHeHun B TPEYTONBHUK CHUMMETPUYHON TpeX(Pa3zHOU HATPY3KH JIUHEWHBIE

HAINnpKEHUA OKAa3bIBAKOTCA PaBHEIMU (paszueiM HanpsaxeHusaMm Uyp = U, a TMHEHMHBIE TOKH B

\/5 pa3 OosbLIe, 9eM TOKHU B (pazax morpeduresr:
I, = VER P

[Tpu 5TOM BCe (pa3HBIE TOKM PABHEI MO BEIMYUHE U OTJIMYAIOTCA OPYT OT Apyra mo (pase Ha
120°. To xe camoe OTHOCUTCA U K TUHEUHBIM TOKaM (puc. 5.2).

[Tpu nHECHMMETPHYHON HATPY3KE CBA3b MEKAY JIUHEHHBIMHM W (Pa3HBIMHM TOKAMHU
BEIPAKACTCSA YPABHEHMsAMM, 3aMUCAHHEIMH Ha OCHOBAaHWM mepBoro 3akoHa Kupxroga B

KOMIUIEKCHOM WJIA BEKTOPHOU (pOpME:
AOKYMEHT MOANNCAH

SANEKTPOHHOW MOAMUCKLED
CepTudukar: EcﬂﬂﬂﬂﬂdaEmBaﬂaﬁzzuSET%gﬂﬂaﬁﬂﬂjﬂgﬁE— ICA i
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

g =g —1,,, 1. =1, —1

AB 7 BC
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[Ipn coemuneHMM B TPEYTONBHUK HYJIEBOM MPOBOJ OTCYTCTBYET, HO BCE (Da3HEIE

MOTPEOUTEMN B 5TOM CIIYUae NOJIKHEI OBITE pACCUMTAHBI HA HOMUHAJIBHOE JTUHEWHOE HAIIPAKEHUE

Uag

Pucynok 5.2 — Bekropnas guarpamma Tpex(pa3Horo HampsKeHUs

Ykazanue no mexnuke desonacnocmu:

YKazanus 1o TeEXHUKE 0e30ITaCHOCTH IIPU BBITOJIHEHUH JIA0OPATOPHEIX pad0T NPUBENEHEI
B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamopnoii pavbomoi:

l. O3HaKOMUTECA ¢ J1a0OpaTOpHOM  YCTAHOBKOM  (MOAOyms  Tpex(dasHoro
Tpancopmaropa, MOAYIL PE3UCTOPOB, MOAYJIL AMIIEPMETPOB IIEPEMEHHOIO TOKd, MOIYJIb

BOJILTMETPOB).

2. Bkmounte MOOynh NOUTAHUA  MOIOynb  Tpex(azHoro  rtpanchopmaropa

(BeIKTRO"ATEs QF1).

3. M3mepuTs CTPEIOUHBIM BOJIBETMETPOM HA MOAyJe Tpex(pazHoro tpaHncdopmaropa
JUHEVHBIE HANPKECHUS UCTOYHMKA NUTAHWUSA HA XOJOCTOM XOAy (P Pa3OMKHYTOM ILIETH).

Pesynerarel n3amMepeHni 3anectu B Tadi. S.1.

Taomra 5.1
Uas, B Usc, B Uca, B
4. B coorBerctBum ¢ puc. 3. coOpare CxeMy COEAMHEHHM IOTpeOuTenel B

TpEeyroJapHUK. [IpenpaBure cxemy id MpOBEPKH.

. AOKYMFETR®IBAAL, B (pazax moTpeOuTENs MO YKA3aHWI0 IMPENOAaBaTesisl OTUHAKOBBIE
SNEKTPOHHOW NOANWUCHIO

CePPsaucHitl  COfipoTnBACHI " PEICTopoB  (cuMMerpranylo  Harpysky). Msmepurs ¢asneie

Bnaneneu: llleGayxoea TaTenHa AnexkcaHgpoBHa

nUHEeNHsIe TOKU. Pe3ynpTaTe 3anectu B Tadm. 5.2.
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6. Pa3oMKHYTE mOOUYepeqHO MMHEHHEIM OpoBOoa (pa3el «A» u (pa3er «B» 1 mpoecTu

n3MepeHus (pa3HoOro U JIMHENHBIX TOKOB. Pe3ynsTarel 3anectu B Ta0mI. 2.

A B C

A A

R1 2 R3

Pucynok 5.3 — Cxema coennHeHUH MOTPEOUTENEN «TPEYTOIBHUKOM

7. [To ykaszanuro mpemomaBarenda W3MEHUTh HATPY3KYy B (pazax moTpeOuTens Tak,
yTOOBI B Kakmoul (paze OBLIM BKIIOUEHBI PA3MAYHBIE 3HAUEHUWSA CONPOTUBIECHUI. Pe3ynprars

3anmucares B taodm. 5.2.

Tadomma 5.2

Tok narpysku, A

Pexum Harpys3ku

14 Ig Ic IaB Ipc lca

CuMmMerpuuHas Harpys3kKa

OOpBIB THHEMHOT O TPOBOIA «A»

OOpsIB nuHENHOTO0 TTpoBOAa «B»

OOpsIB (pa3er noTpeduTens «AB»

Hecummerprnunas Harpyska

8. Jlnsg BCEX OMBITOB MOCTPOUTH B MACIITA0E€ BEKTOPHBIE TUATPAMMEI.
9. CpaBHUTE pe3yIbTATH U3MEPEHUH TUHEUHBIX U (Pa3HBIX TOKOB ITPU COSIUHEHNUH B

TPEYTOJILHUK IIPU CUMMETPHUYHON U HECUMMETPUYHOM HATPY3Ke.

10.  Ilpoanmanmu3upoBare BIMAHHUE OOpEIBA JTMHEWHOIO MHPOBOIA HA PEKUM PaOOTHI
nOTpeOUTENEH.
I1. CpaBHuth pexUMBI padOTBEI TPU BKIYEHUH IMOTPEOUTENEH B 3BE3AY U

TPEYTOJLHUK TP CHMMETPUUYHON U HECUMMETPUYHON HArpPy3Ke.

OOKYMEHT UDﬂHHCHH
ggg&lﬂ'F’DHHDH I'IE;%I'IHEEIEI .
Ceptudmkatr: 2C0 %M%ﬁ ﬁ%ﬁ%ﬁﬂﬂﬂdEE
Bnaneneu: lebayxoea TaTeAHa AnekcaHapoBHa

TUET JOJIKEH CONEPKATH:
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l. Hazpanue paOoTEHI;

Llems padoTe;

Kparkne TeopeTnaeckre CBEICHNA,

Omicanne nCnoap3yemMoro 000pyaI0BaHuA U MATE PHAIIOB,;
[Topanok BeImoTHEHUS pA0OTHI;

Brerauciaenns n 00paboTka pe3yasTaToB;

-1 O W BB W

BEIBOIEL.

Koumponsnwvie sonpocwi:

1. Kakum 00pa3om Tpu 0qHO(a3HBIX MOTPEOUTENS COETUHAIOT B TPEYTONBHUK ?

2. Kyna cnenyer mogkmoOUYare BOJIBTMETP, YTOOBI M3MEPUTH (PA3HOE U JIMHENHOE
HAMPSIKEHUA TpexPazHoro noTpeduTemnt?

3. B kakoM COOTHOHIEHMM HAXOAATCA (PA3HBIE W JMHEHHBIE HANPIKCHUA
CUMMETPHUYHOTO MMOTPEONUTEN A, COEANHEHHOTO B TPEYTOIBHUK !

4. Kakoe coorHomeHnne mexnay (pa3HBIMM M JTMHEHHBIMA TOKAMA CHUMMETPHUYHOTO
nOTpeOUTENS, COEQUHEHHOTO B TPEYTOMBHUK?

5. Becerna nu copaBeqymMBEL NMPU COEOMHEHHMHM B TPEYTOJBHUK COOTHOIIEHMUA:

Ly=1,p =1y, Iy =1y —1,p, 1o =1 + 15

6. Bcerna i mpu coenunenuu B TpeyroysHuk crpasemmso [, + 1, + 1. =0

7. Kak oTpaszurcsa oTkiaroueHne 0gHON (pa3el MOTPEOUTENA HA PEXUM PAOOTEI APYTHUX

(a3 u HA pexxkuM padboTeI BCel Tpex(hazHOM EMH, COEAUHEHHOM B TPEYTOIBHUK !

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Taovopamopran padooma Neb. Tpaucghopmamoper Henvimanue oonogasrozo

mpancgopmamopa.

Llens padomui: 03HAKOMUTHECA C KOHCTPYKIMEN, METOOAMH UCIBITAHUA U OMPENEICHUA

XaPaKTEePUCTHUK TPAHC(HOPMATOPOB.

Ocrnoevt meopuu:

Tpancopmarop — 510 CTaTHIECKUM SNEKTPOMATHUTHBIN ANapar, MPEaHa3HAYEHHBIH I
npeodpa3oBaHusA MEPEMEHHOTO TOKA OOHOTO HANPAKEHUA B DIEKTPUYECKYI0 HSHEPTHIO
MEPEMEHHOT0 TOKA APYTOTO HANPAKEHUS ITPHU HEM3MEHHON JacTOTE.

Tpancopmaropel MIMPOKO MPUMEHSIIOTCS B TEXHUKE, TPOMBINLIEHHOCTH U OBITY, MOSTOMY
yYCTAHOBJIEHHAs MOITHOCTH BCEX TPAHCPOPMATOPOB B HECKOIBKO Pa3 MPEBHILIAET MOMIHOCTE
UCTOUHUKOB AJIEKTPOSHEPTUH, T.€. DJICKTPOIHEPIHs HA IIYTH OT MCTOYHUKA OO0 MOTpeOuTens
HECKONBKO pa3 tpanchopmupyercs (mpeoOpasyercsa). Ilo wHasznauenuro Ttpancdopmaroper
MOAPA3IEIIAIOTCA HA CUIIOBBIE, CBAPOUHBIE, U3MEPUTENLHBIE; IT0 KOHCTPYKIIMHU — HA CTEP/KHEBEIE,
Oponessie; mo yucay (pa3 — Ha TpexaszHeie U 0qHO(]A3HEIE.

[Tpocrelimmii  ogHO(a3HeI TpaHC(POPMATOP COCTOUT M3 JOBYX OCHOBHBIX YacCTEH:
mMarHuronpoona (cepmeunuka) u  odOmorok. Cepmeunuk  HaOupaercsa W3 JHUCTOB
HIEKTPOTEXHUUECKON CTAMN TOMMMHOU 0,5 MM, € 00€UX CTOPOH MOKPHITHIX SMEKTPOTEXHUUECKUM
JAKOM JIJI1 YMEHBILIEHUA OTEPh B CTAIH HA BUXPE-BEIE TOKU. KpoMe TOro, 3IeKTpOoTEXHNIECKas
CTaJIb UMEET MOBBINIEHHOE YAEIbHOE COMPOTUBIEHUE U MAJBIE MOTEPU HA TucTepe3nc. CepaeaHuk
CIIYKUT I YCUJIEHUA SICKTPOMATHUTHOH CBA3U MEKIY OOMOTKAMM.

Ha cepneunuke pacnonararorcs oOMoTkn. OOMOTKA, MOAKIIOUaEMas K NUTAONIEN CETH,
HA3BIBAETCA MEPBUYHON, & 00MOTKA, K KOTOPOH MOJIKIIOYAIOTCA MOTPEOUTEIN MEPEMEHHOTO TOKA,

HA3BIBAETCA BTOPUUHOU 00OMOTKOH (pucC. 6.1).

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprudbmcar:  2C0000043E9ABBBI52205E7BA500060008EYHOK 6.1 — Cxema Tpancdopmaropa

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Ecnn k nepBuyHOM OOMOTKE, MMEIOMIEM 4YMCIO BUTKOB W] MOABECTH HEPEMEHHOE

Hanpsxeane u=U msinot, To Mo Hel HauHeT MPOTEeKaTh TOK i1, KOTOPHIi 6yaer orcraBars ot U
Ha 90°, 1 co3macT B CEPOEUHMKE MEPEMEHHBIM MATHUTHBIM MOTOK, TAKKE WU3MEHSIOMIUNICA 10

CUHYCOUTAITEHOMY 3aKOHY ¢, =D, -cos@ . MarHuTHeIM NOTOK, 3aMBIKAACE IT0 CEPAECYHHKY,

OyIer HAaBOAUTH B MEPBUYHOM M BTOPUYHOM OOMOTKAaxX 3.1.C., MPOMOPIUOHAIBHBIE YUCIAM

BHUTKOB.
dO : .
e,=-w,——=-—w,-0-®,, smnwt=—E,, -sinwt
dt
dd : .
E-,:_w-, dﬂ :_w-_' 'm'(I)ﬂH Sm mI:_ij'Smmr
2 2 2 j 2]

JlencTByronMe 3HaUEHUE TUX 3.4.C. OyayT PABHHI:

E = 4,44 - W, - f ' (D{}M
E,=444-w, - f - Dy,

OTHOMmIEHNE ATUX 3.1.C. HA3BIBAETCA KOA(PPUIIeHTOM TpaHC()OPMAITHN:

Ecou Uz> Uy, To Tpancopmarop moBermaronini, a ecim Uz <U; — 10 monmxkaronmi. B
macmopre TpaHcopMaropa yKa3eplBAeTCA OOBIYHO HE KO3(pumuent tpanchopmanuu, a
OTHOIIEHU € BEICIIETO HANIPSAKEHUA K HU3IIEMY.

[Tpn mocTpoeHMM BEKTOPHBIX AUATPAMM HANPKEHUH U TOKOB TpaHC(OpPMATOpPA MOTYT
BO3HUKHYTE 3aTPYIHEHUA C BEIOOpPOM MacmTada HATPAKEHUH IIEPBUYHON U BTOPUYHOU OOMOTOK,
T.K. Uj=xU2, a guarpammser nomkHel ObITeE B 0gHOM macmrtade. [1osromy BMECTO peanbHOrO
Tpancopmaropa OOBIYHO PACCMATPUBAIOT TAK HA3BIBAEMBIM ITPUBEIECHHEIN TpPaHC(OPMATOpP, Y
KOTOPOTO0 OaHAa OOMOTKAa (OOBIUHO BTOpPHUYHAA) NOPUBEAEHA K JPYrod, T.e. €€ Mmapamerpsl
MEePECUNTAHEl TAKUM O00pa3om, dTOOBI ATO HE OTPA3WIOCH HA HHEPTrETHUECKUX MPOIECCAX B

Tpancopmarope. I[IpuBeneHnoe HampsKEeHUE MU IOPYTHE MAPAMETPEl BTOPUUHOM OOMOTKH

r ' r J f

obosmawarorca U, , I, ,r, , X, Z,.

. F =)

r )

r
Ecom U, =xU,=U;, u w, =kw, =w,, 10 TOoK 1,

—

OIPENENUTCA W3 YCIOBUA

r r
[TOCTOAHCTEBA HDTDI{DCHEHHE‘HITFI IE Wz — IZ WZ . DTI{}’,I[H
[IOKYMEHT MOAMWCAH Al Ig W, Ig w, Ig
IANEKTPOHHOW NOANWUCEKO Ig T r — =
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E W Wl K
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa .

Nencteutened: ¢ 19.08.2022 no 19.08.2023

100



F

)
AHAJIOTMYHO, NMPUBEIEHHOE COMNPOTHUBIEHHE F, =K F, ONPENEIAeTCAd W3 PABEHCTBA

MOTEPHh MOMIHOCTH BO BTOPUYHON 0OMOTKE 10 MPUBENECHUA U MOCIE IPUBENCHHNA:

I;%rz =(/, )Erz ;

OTKYyZIa

bt
b

.
b

o
-

-
b

Py, =K P

AHATOrHIHO,

r f

2 2

i

r

Cymma #, +7, =7r, Ha3bpBAETCA AKTUBHBIM CONPOTHBJIEHHUEM KOPOTKOTO 3aMBIKAHUA, a

r f

X, +X, = X,- HHIYKTHBHBIM COIPOTHBJICHHEM KOPOTKOrO 3aMbIKaHUA H I, +2Z, = I, -
TOJTHBIM COIPOTHUBIIEHNEM KOPOTKOTO 3AMBIK AHHA.

Pexum paboTel, mpH KOTOPOM BTOpHUYHAsA OOMOTKA pPa3OMKHYT4, T.€. Harpyska
Tpanc(opMaropa OTCYTCTBYET, HA3BIBAETCA PENMMOM XOJI0CTOro xoxaa. IIpu s3ToM mMarHUTHBEIN

MOTOK CO3Aa€TCsI HAMATHUYMBAIOMIEH CUIION MEPBUYHON 0OMOTKHU:
by =1,w,

roe lp — TOK XomocToro xoaa.

Bemiunna namaramunBaronien cuisl Fo SABIAETCA MOCTOSHHOM U 3aBUCHUT OT Pa3MEPOB U
MaTepuana CepaeuHuKa.

Pexum paboTEI, mpHU KOTOPOM BO BTOPUUHYIO OOMOTKY BKIIOUEHA HATPY3KA, HA3BIBAETCA
paboumM pexuMOM UM pexuMOM Harpy3ku. [Ipm pabore B pexume HArpy3kH Kaxkgas W3
00MOTOK TpaHc(popmaTopa co3aaeT CBOX0 HAMATHUYMBAIONIYIO CHITY, TPUYEM HAMArHU YU BAO A
CHJIa BTOPUUYHON OOMOTKHM OyAeT HampaBji€HA HABCTPEUY HAMATHUYMBAIOMIEH CUIE IEPBUYHOU

0OMOTKH:
Fo=Fi+F>

L L L
Lo-wy=1L-w +12-w,,
Takum  oOpazom, MarHUTHBEIM MOOTOK, CO3JABAEMBIM  BTOPUYHOH  OOMOTKOM,

Pa3MarHUUMBAET MATHUTHEBIN NOTOK, CO3JAHHBIN NEPBUYHON OOMOTKOH.

Tako k@K nAAAFHMTHEIN — IIOTOK  TpaHCopmaropa 1m0 BEIWYMHE IOCTOAHEH, TO
ANEKTPOHHOW MOAMNMCHIO

EEpTHd}HH}E&IMﬁME&PEMSH@M&Mﬁ 0OMOTKH VBCIIMUMBACTCA TOJIBKO Hd TAKVIO BCIHYHUHY,

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

-
qT00BI TeoMeTpuueckas cymma 1w, u 2 W, ocrapasace MPakTHIECKU MOCTOSIHHOM.
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CnenoBaTrensHO, IPU YBETUUEHUH TOKA BO BTOPUIHOM 00OMOTKE TOK NEPBUUHOM 0OMOTKH

YBEITUYUBAETCA TAK, YTOORI HAMarHWIuBaronias cuna o w, mognepKuBaIach MOCTOSHHOM.

[Tpu yBemuuenun wHarpy3kum TpaHcopMmaTropa HANPOKEHUE BTOPUYHOM OOMOTKH
CHIKAETCA HA BesmunHy AU, KOTOpoe y MaibIX TPaHC(POPMATOPOB MOIKET OBITH OIIPENEICHO
MyTEM UCHBITAHUM TOJ HATPY3KOM TpaHC(popmaropa U HEMOCPEACTBEHHBIM m3Mepenuem AU .
Tpancdopmarop O0nBEMION MONIHOCTH HATPY3UTh U UCIBITATH ITOJ HATPY3KOM OYEHB CIIOKHO U
HESKOHOMHMYHO, NO3TOMY Wi HUX AU OmpenendaroT paCd4eTHBIM MYTEM.

Harpyzka Tpancgopmaropa MOKET OBITE 4MCTO AKTUBHOH (OCBEMIEHUE), IIPU KOTOPOU COS
@2 = 1,0, m cMemannou — akTUBHO-UHAYKTUBHOU (R-L) mmm aktuBnO-emkoctHou (R-C), mpu
KOTOPBIX cos @2 < 1,0.

3aBUCUMOCTEL HANPAKEHUS BTOPUIHOM OOMOTKHM OT TOKa HArpy3ku, T.e. Ux=f ( 12 ), mpu
OOCTOAHHOM II0 BEIWUYMHE HANMPKEHUM mepBUUHOM 00OMOTKH U; M IMOCTOAHHOM 3HAYECHUU

KO3(ppUIeHTa MONIHOCTH COS (P2, HA3BIBAECTCA BHEIIHEH XAPAKTEPUCTHUKOM TpaHc(popmaropa

(puc. 6.2).

Hanpsxenne Ha BTOpU4HOM OOMOTKE MPH XO0JIOCTOM Xoxe, T.e. npu > = (), HazeiBaercsa

HOMMHAILHEIM HanpsxeHneM. [Ipu narpyske nanpssxenue OyaeT u3sMeHaATsCsa Ha Benmanny AU

U,, —U,
AU =—2—=

—

L | i
0 I,, I,

Pucynok 6.2 — Buemnsasa xapakrepuctuka Tpanchopmaropa

s onpenenenns Bemunael AU pacdeTHBIM MyTEM HEOOXOOUMO BBIMTOJIHUTE JIBA OITBITA:

OITBIT XOJOCTOTO XO0Od U OIIBIT KOPOTKOI'O 3aMBIKAHMA.

Om&mmmatﬂlé[a BBITTOJIHACTCA IS OTPENETCHU S HAMMPSAKEHUA BTOPUUIHON 00MOTKM
3NEKTPOHHOW NOANUCH

cepmey Srewd xonoeToroxend I i tdreps MmomrocTH x0mocroro xona Po. Tak kak mpu xosoctom

Bnaneneu: il ebayxoea TaTeAHa AnekcaHgpoBHa

xome Tok b =0, a Tok I, = lp 1 cocraBmaer HECKOMBKO OMPOIEHTOB OT TOKA liy, TO morepu B
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00OMOTKE IPH XOIOCTOM XOI€ MAJIBI U MOKHO CIUTATE, YTO MOTEPH XOIOCTOTO X044 — A3TO MOTEPHU
B CTAJIN CEPIECUHUKA.

OnbIT KOPOTKOTO 3aMBIKAHU A, TP KOTOPOM BTOPUYHAA 00OMOTKA 3aMKHYTA HAKOPOTKO (ZH
= (), BeITONMTHAETCA MTPU MOHMKEHHOM HanpsxeHnnu Uikn . [Ipu 5ToM HanpskeHue moBhIIIAETCA
oT HynA 10 3HadeHua Ujky , TPy KOTOPOM TOK 3aMKHYTOH HAKOPOTKO BTOPUYHON OOMOTKH paBEH
HOMUHATEHOMY Ipn. Tak kak 5TO HampsaKEeHHE COCTABIAET HECKOJIBKO MPOLEHTOB OT
HOMHWHAJIEHOTO, TO 1 MATHUTHEIN MOTOK, ITPONMOPIHOHATEHEIN HATIPSKEHUIO B CEPICYHHUKE, OUEHD
Mala U MOTEPSMU B CTAJIM MOJKHO MPEHEOpPEUsr M CUUTATH, UTO MOTEPU MPHU OMNBITE KOPOTKOTO
3aMBIKAHWSA — 3TO MTOTEPH B MEAU 00OMOTOK TpaHc(hopmaropa.

3uaa Uxy v motepu Py MOKHO ONPENETNTH ZK, 1K, XK:

_ Uik _
ik = 7 X
1| H
— PR’H
rﬁf o 2 ]
1 H

/ /
rne 'y =1 +5r u X =X +X, -akTUBHOE U PEAKTUBHOE COIPOTUBIIEHUA KOPOTKOTO

3dMBIKAHH A.

M3menenune HanpspkeHus npu Harpyske AU MOKHO ONpEnemuTs o (popmyie:

AU:,B-(Um -cosg, +U,, -sm G’-’z)ﬁ

rne U, =1,, ' 1y - akTuBHAS COCTABILIONIAS HAMPSIKEHUS KOPOTKOTO 3aMBIKAHHS;

U, =1, - X - peakTHBHAS COCTABILIIONIAS HAIPSIKEH IS KOPOTKOTO 3AMBIKAHILS;
'.} -
f=—— - xosppuimeHT HArpy3ku TpaHcPOPMATOpA; 3HAYECHHAMU COSQ2 U Sin (2
Ly
3a0aeMCH.

3uas Uxgpyn AU nipu pasmmuHbIX 3HAUECHUAX [ U XapaKTepe HATPY3KHU, MOKHO OTIPEICITUTE
3naueHue U2 npu HArpy3Ke ¥ HOCTPOUTE BHEIIHUE XAPAKTEPUCTUKH TPAHC(POPMATOpPA PACIETHEIM
ITyTEM.

Baxnou xapakrepuctukou Tpanc@opmaropa ssaserca ero KII1/I:

P _R-3P_ 2P __ P
B P B P, +3P

17

AOKYMEHT MNOANMCAH
SANEKTPOHHOW NOAMNWCLIO

Ceprucbmkar:  2CcoddyE MO0k GHPSACIHTR@YTEM HEIMOCPENCTBEHHOT0 M3MEPEHUA MOTITHOCTEN P2 1 P unu

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

pPACUYETHBIM ITYTEM, 3HAA OJHY M3 €ro MONIHOCTEH W CyMMy HOTEPs B Hewm. llepBeii meron
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OPUMEHAIOT OPU UCOEITAHUN MAJIOMOIIHEIX TPAaHC(OPMATOPOB, T.K. B 3TOM CIIy4a€ HET MpooIem
¢ Harpy3kou tpancpopmaropa peocraramu. B monmeix tpancpopmaropax KIIJl ompenensror

MyTEM W3MEPEHUA WJIM pacdyera IOTEPh B HEM M IIOJE3HOW HArpy304HOM MONIHOCTH

P, =U,I, cos ¢, . Bemnmuauna KI1J] 3aBucut ot Harpy3ku (puc. 3).

P
KII/l mmeer MakCuMyM OpH OTHOCHUTENBEHOM HArpy3Ke >~ 0,7, korma MOCTOSHHEIE
2H
norepu (Fo) paBHEI IEPEMEHHBIM TOTEPAM (FK).
J
10
0,3
1
.
0 03 1,0 P

aM

Pucynok 6.3 — 3aBucumocts KIIJ] Tpancopmaropa ot Harpy3ku

[Tpu yBemuuenvu narpy3ku Beime (0,7 Py KIIJ] ymensmaercsa, Tak kak nmepemMeHHEIE

2 .
MOTEPU PACTYT MPONMOPIMOHATEHO /| , @ MOIIHOCTE — MPOMOPIMOHAIEHO MIEPBOI CTETTEHH TOKA.

[Tpu ymensmenun narpy3ku KIIJ] ymensmaercsa u3-3a yBenmuueHns GOJIM NOCTOSHHBIX MOTEPEH B

00mIe MOTITHOCTH.

Yrkazanue no mexHuke 0e30naCHOCHIUL:
VYKazanusd mo TeXHUKe 0€30macHOCTH MPU BEITOJIHEHUH JTA00OpATOPHBEIX padOT NPUBENEHBI

B IIPUJIOKEHUE A.

OOKYMEHT NOANWMCAH
3NEKTPOHHOW NOONMCLIO

icbukaTt _'I:_' : "EE"!-'.".l:';'"::';I:_':-_I:-_':|:_I:TEI.'..'.:_" 1CIOVWE D000 I"E

HHE AJ1e2KCaHODOBHA
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Ykazanua no evinonnenuro nadopamopHou pabomoi:
l. BeIMOMHUTE OOBIT X0a0CTOr0 xoxa. [ns storo codpare cxemy (puc. 6.4). Ilpu
OMPENENEHNN MOTEPL XOJIOCTOr0 xoaa Po kmou K B 11ema BTOpUYHOM 0OMOTKU JOJKEH OBITH

3aMKHYT Ha BOJBTMETP. Pe3ynprarel M3MepeHHi Npu HECKOJBKMX 3HadeHusax U) 3aHECTH B

Tabnuny 6.1.
VI, N
!
K
P [ |
oy
Og— ™
X x
Pucynok 6.4 — Cxema ucnelTanusa TpaHcpopmaropa B peKuMe
X0JIOCTOTO X014
Tabmima 6.1 — PeaynsTaTe!l BEIUMCIEHW U U3MEPEHUI
HM3mepeHHbIe BETMYNHEL BbI1unClIEHHBIE€ BETUIUHEI
Ne Ul
Uix Lio Po U2 cos Qo K=—
OIILITA U,
B A Bm B - -
1
2
3

2. BEIMOMHUTE OMBIT KOPOTKOTO 3aMbIKaHuA. [y 3Toro codpars cxemy (puc. 5), mpu 5TOM
B CXeMe BOINBTMETP V2 3aMeHuTh ammepmerpom Az. Ilepen BkioueHmMeM CXembl IMMOBOPOTHYIO
pykosaTky JIATPa HykHO yCTAaHOBUTE HA HONIB. 3aTE€M 3aMKHYTh K04 K, BKIIFOUUTH CXEMY U
NJaBHO yBennuuBaThk HampsxkeHue JIATPom mo tex mop, moka ammepmerpsl A1 U 42 HE CTAHYT
MOKA3BIBATE HOMUHAJILHEIE 3HAYE€HUA TOKOB 14 U [211, TPX STOM HAMPAKEHUE IEPBUIHON 00OMOTKH

Oyner paBHO Ujxy. 3armmcaTe mokazaHusa npuOopos B Tabimity 6.2.

w7

O g—

OOKYMEHT HDJ:III_IHEAH
%HTPDHHDF I ,U,H )
xema HCIBITAHMA TPAHC(OPMATOPA B PEKUME KOPOTKOTO 3aMBIKAHUA

':::u:.:l."1;.'-.i1' 2C00000 JUOSTUO0U

Bnapeneu ll]eb D3YyxX0oBd TateAHa AnekcaHapoBHa

- = - « } 'l L E [=] ]
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[To pesymeraram OMOBITOB XOJOCTOTO XOJa M KOPOTKOTO 3aMBIKAHUS ONPEACITUTE
ko3(ppuuuent tpanchopmaunuu k, Uzk, cos @o, cos @k, TOIHOE, AKTUBHOE U WHAYKTUBHOE

COIMMPOTHBJICHUA KOPOTKOTO 3aMBIKAHHA Tk , 'K H XK .

Tabmina 6.2 — Pe3yneTarel BEIUMCIEHUH U U3MEPEHUN

Ne
M3mepeHHbIE€ BETUUNHEL BrerauciaeHHbIE BEIIMUHHEL
OIBITA
)
Uik lik Pik Dk 7 cos OK K FK XK
!
B A Bm A - - Owu Owm Owm
|
2
3
Cos @ % '
S = : COSQ, =
i) ’ K '
U] 1 0 Um' I 1K
B UIH‘ _ B P K
ZH o I ’ rﬁi’ 9 ’
K K

\/ 2 2
A =A<k Tk
OnpenemTs KO3()PUIUEHT NONE3HOTO IEUCTBUA TpaHc(opMmaropa #:

_Pz_ Py
B Py +P +P

7

3naueHud 2y Oepercs u3 macmOPTHEIX JAHHBEIX TpaHc(popMaTopa.

3amaBasce 3naueHuamu f = 0,25; 0,5; 0,75; 1,0 onpenemmts AU npu 3HAYEHUAX COS @2 =
1.0; 0.8 (R — L) u 0,8 (R — C), pe3yapTarsl pacueToB CBECTH B Tabmuiy 6.3. 3aTeéM mOCTPOUTH
BHENIHNE XAPAKTEPUCTUKH [IJI MPUHATEIX 3HAUYEHUM COS (2, TPA 3TOM UMES B BUIY, UTO COS (2

mpu (R — C) Harpy3ke OTpullaTesieH.

Tabmina 3 — Pe3ynpraTsl BEBIYMCIEHUH U U3MEPEHHUU

, U, -cosp, +
B Upy=1y 1w | Uy =Ly-x¢ | U, -cosp, | U, -smng, U g AU
+ o SN (2,
- B B B B B B
0
0*‘25 JOKYMEHT NonnMcAH
INEKTPOHHOW NOoOnNKCH
Ceprndukar——2C0001 O EABReRe5226 =lam ivivivisivieiviey
Bnaneneu: 0 pEayioea TateAHa AnekcaHgpogHa
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2. BEIMOMHUTE OMEBIT ITOJ HATPY3KOU IO cxeMe puc. 6.6. [Ipu sTom cxemy coenmHeHuni
NEPBUYHON O0OMOTKM (puUC. 6.5) HE HM3MEHAIOT, 4 K BTOPHUYHOM OOMOTKE ITOJKIIFOYAIOT

HArpy3049HEIN PEOCTAT U BBITOIHAIOT U3MEPEHUSA ITPU TPEX — YETHIPEX 3HAUEHUAX HATPY3KH.

JIATP
Adg T
T
Og—0w0 ™%

X

Pucynok 6.6 — Cxema ucneiTanus Tpancpopmaropa mon Harpy3Kou

B cnemyromieM OOBITE MNOCAEOOBATENRHO C HATPYy30UHBIM PEOCTATOM TOJKIFOYAIOT
KATYIIKy WHOYKTUBHOCTH W BHIMOMHAKT 3amep [» u Uz, 3areéM ONBIT MOBTOPAIOT HPHU
MONKJIIOYEHUH ITOCIENOBATEILHO € HArpPy304HBEIM peocratoM Ry emxoctu C. PesyibTars
usmepenuii 3anocar B Tabmuity 4. [lo pe3syasraram OSTUX OOBITOB CTPOAT BHEMIHUE

XapPaKTEePUCTUKH.

Tabmnua 6.4 — /lannsie 11 NOCTPOEHUA BHEIIHUX XAPAKTEPUCTHK

Ne
M3mepenHsie BEMIMHEL
OMEBITA
AKXTHUBHAA HATPy3Ka R-L narpyska R-C Harpyska
1> U> 15) U> /5 U>
A B A B A B
1
2 _ _ _ _
3 _ _ _ _

Cooeporcanue omuema:

OT4eT DOmKEH CONEPHKATE:

l. HaszBanme pabotsr;

2. [lems padoTsr;

3. Kparkue TeopeTnaeckie CBEIeHMA;

4. Omcanne UCIToIb3yeMOro 000pyI0BAHUA U MATEPHATIOB;

5. noHOPEAQKBEIITOIHEHS PaOOTEL;

SNEKTPOHHOW NOAMNUCHLIO
Ceprudmcar 2c0f0043E9/ BEramese vy iw00paboTKa pE3yIbTaTOB;
Bnageney, llleGayxoea TaTeAHa AnexkcaHgpoBHa

7. BBIBOIEL.

- = - O YT e 4 (=] ] -]
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Koumponsnwvie eonpocwi:

1. C KakoH HeJbI0 BEIMOJIHAIOT ONBIT X0JIOCTOrO Xxoma?

Kak onpenenserca nanpsxenue Uoy?

Yem 00yCnoBAEHBI MOTEPU MONITHOCTH B PEKUME XOIOCTOTO X0ma?

C KaKOM IENBI0 U KAK BBITOJHAIOT OIBIT KOPOTKOTO 3AMBIKAHU S

Kak onpenenstoT n3MEHEHHE HOMUHAIBLHOTO HanpaxeHusa AUy?

Ot 4gero 3aBUCAT ITOTEPU MOITHOCTH B PEKHUME KOPOTKOTO 3aMBIKAHUWA
[Tpn kakux ycmoBusax KIIJl mmeer makcumanbsHoe 3HaueHUE?

Kakas Harpy3ka ang tpancopmaropa aBisaercsa 00Jiee npeamodTUTEIbEHOM

o o 1 Sy i B W 1

[Touemy cepneunuk Tpancpopmaropa HAOUPAIOT U3 THCTOB SIEKTPOTEXHUIECKOU
cTanu?

10.  bygmer nu paborats TpancopMarop ¢ IEPEBAHHBIM CEPIACIHUKOM?

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Jabopamoprnasn padboma Ne7. Bpawarouiuecs snekmpuieckue mawunnl. Henoimanue

mpex@pazno2o aCUHXPOHHO20 IIeKMPoosUzamenn ¢ Kopomko3amMKHYmMbsIM poniop oM.

Llenv pabompl: 03HAKOMUTECA C KOHCTPYKIHMENH, METONAMH IMyCKA U XAPAKTEPUCTUKAMH

dACHHXPOHHOTO 3JICKTPOABHIATCJIA

Ocrnoevt meopuu:

ACHHXPOHHBIM JBUTATEIEM HA3BIBAIOT ABUTATEIs HEPEMEHHOTO TOKA, POTOP KOTOPOTO
BPANIAETCs HE CHHXPOHHO C BPAIIAIOIIMMCI MATHUTHBIM ITOJIEM CTaTOPA.

CtaTopOM HA3BIBAIOT HEMOABUKHYIO YACTh MAILIUHEL, @ POTOPOM — BPANIAIONIYIOCA JACTh.
Cratop COCTOMT W3 CEpPOEYHMKA, HAOPAHHOTO W3 MHCTOB HSIEKTPOTEXHUYECKOW CTalH,
WU30IMPOBAHHEBIX JPYT OT APYTra SIEKTPOTEXHUUECKUM JTaKOM I/ YMEHBIIEHNUS BUXPEBEIX TOKOB,
1 OOMOTKH, YKJIAZBIBAEMOM B ITA3EI, BEIIUTAMIIOBAHHEIE HA BHYTPEHHEH MOBEPXHOCTU CTATOPA.
[Ipn monkmouenun tpexdaznoit 0OMOTKH craropa B Tpex(pazHyO CETh, B CTATOpPE CO3OAETCH

Bpamammee':ﬂ MAT'HHUTHOEC IT0JIC, HaCTOTa Bpﬂ]l[E‘I—H{H KDTOPDTO [MOCTOAHHA H pﬂBHH:
_60f,
o b

P

rae {1 — gacrora nanpsxenusa muraromen cetu (1 = 50 ')

n,

P — YACIIO Tap MOJKOCOB ABUTATENA.

PoTop Taks;xe COCTONT U3 CepAeUuHMKa U 0OMOTKH, KOTOPBIE HACAKEHBI HA Bas1. Cepaeunnk
poropa HaOUpaArT U3 TUCTOB SACKTPOTEXHUUECKON CTAIN, B KOTOPEIX HA BHENIHEH IMOBEPXHOCTH
BBEIIITAMOOBAHEI Ha3bl. ACUHXPOHHEIE IBUTATEIN B 3aBUCUMOCTH OT KOHCTPYKIMU POTOPA MOTYT
OpITh OBYX TUIIOB. B mBurarenax ¢ (pasHeIM pOTOPOM B Ma3bl POTOPA VKIAOBIBAIOT TAKYIO KE
Tpex(paznyro 0OMOTKY, KAK U HA CTATOPE.

Tpu koHIIa 0OMOTOK COEOUHSIOT B 3B€31Y, 4 TPU APYTUX BEIBOJAT HA KOHTAKTHBIE KOJBIIA.
B mBurarene ¢ KOPOTKO3aMKHYTBIM pPOTOPOM B Ma3el pPOTOpPA 3aIMBAIOT PACIUIABICHHBIN
AIIOMAHUN, HOPA 3TOM BMECTE€ C OOMOTKAMM OTJIMBAIOT KOPOTKO3AMBIKAIONIME KOIBLA, B
pe3yabTare 4ero 00OMOTKA MOJIYYAETCA KOPOTKO3AMKHYTOM.

Bpamaronieecs MarauTHOE IOJIE CTATOpA MEpeceKaeT 0OMOTKY pOoTOpa M HABOJUT B HUX
5.0.C., @ TAK KaKk 0OMOTKAa 3aMKHyTa HAKOPOTKO, TO B HEH HAYMHAKOT NPOTEKATh TOKH, IPH
B3aMMOJIEUCTBUM KOTOPBEIX C MATHWUTHBIM IOJEM CO3AAETCS BPAMIAIONIMM MOMEHT, U POTOP
HAYMHAET Bpamarecsa. Yacrora BpameHus poTopa h B JABUTATEIEHOM PEXKUME BCET1d MEHBIIE

AOKYMEHT NOAMNCAH

JaCTOTHISBPARTEHEA MINCHTATOPA Ni. Pa3HOCTE 3THX 4acTOT, OTHECEHHAS K 4AaCTOTE BPAINICHUS
Ceptudmkar: 2C0000043E9ABBBI52205E7BAS00060000043E

BnanenqpO)I A CTaTOPE HABBIBA@TeE-CKOIbKCHUEM IBHUT AT
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Tak xak Bpamiaromiyii MOMEHT HOSABISIETCA B PE3YJILTATE B3aUMOICHCTBUS TOKA poropa Iz
C MAarHUTHBIM NOTOKOM (D cratopa, TO €ro BEIMUYMHA HPOMOPHMOHATIRHA WX MPOU3BEICHUIO.
[Tockompky B MeXaHWUeCKyr0 pabOTy MOJKET MPEBPAMIATHCS TOJMHKO AKTUBHAS MOIIHOCTE,

IPOIOPLIUOHANBHAS AKTUBHOM COCTABJISIONIEN TOKA, TO
M=C, -1, - ®-cosy, .
rae Y2 — yroa capura (pas Mexay 3.4.C. U TOKOM poTopa,

Cy — KOO PUIIUEHT, 3aBUCATIINI OT KOHCTPYKIIUNA JBUTATEIA.
Takum obpazom [, - COS(, - akTHBHAA COCTABJIAIONIAA TOKA POTOPA.

OCHOBHBIE OKCIUTyaTAl[MOHHEIE CBOWCTBA [JBUTATENA OIPENEAAIOTCA €ro padounmu
XaPaKTEPUCTUKAMH, T.€. 3aBUCUMOCTAMU Py, cos@, n, 1, I| oT mone3nou monocru apuraresn Pa .
[TonBoguMas k aCHHXPOHHOMY JBUTATEN0 MONIHOCTE PABHA:

F=3-U,-1I, -cosg

rae: cosp — KO3 (PUIIMEHT MOTIHOCTH JBUTATENS;

N — 4acToTa BPANIEHUs POTOPA;

I} — Tok craropa.

Paboune xapakTepucTuky aCHHXPOHHOTO ABUTATEIS MPEACTABICHEI HA puc. /.1.

Paboumne xapakrtepucTtuku MOTYT OBITH HOJYYEHBI MO0 PACUETHBIM IIyTEM, JIOO
OMPENEJIEHBl OIBITHBIM ITYTEM IIPA WCIBITAHWM OBUTATEN ITOI HArpy3kou. Harpyska Ha Bamy
W3MEHAETCA B MpEenax OT HyJdsd B pexume xonocroro xoma (P2 = 0) mo mommHamsHOU WM
oomemett. [Ipu stom m3mepsaior nmorpedmsemerii Tok [, wactoTy BpamieHus portopa n,
noTpedIaeMyr0 MOIITHOCTE P, KO3(hpuiimeHT MOIHOCTH C0S¢. BennunHy moye3non MONHOCTH
P> BEIYUCILAIOT "epe3 BEIMYMHY BPANIAIONIET0 MOMEHTA, €CJIA B KAYECTBE HATPY3KH JIBUTATENA
VCITOJIB3 YETCA SIEKTPOMATrHUTHBIM TOPMO3, WJIA 4E€PE3 MOMIHOCTE T€HEPATOPA, €CIIM B KAUECTBE
HATrPY3KH ABUTATENA UCHOIB3YETCA TEHEPATOP NOCTOAHHOTO TOKA.

[Ipu sTroM mone3nas MOMIHOCTE TEHEPATOpA ONPENEIAECTCA W3MEPEHHEM TOKA |

HATPSKEHUA TEHEPATOPA:
P.=U, I,
[Togpomumas OT gBUTATENA TTOJIE3HASA MOIIHOCTE P2 paBHAETCA MOABOAUMON MONTHOCTH

reneparopa Pir
AOKYMEHT MOAMNNCAH

ANEKTPOHHOW NOAMUCHIO PF
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E "F;f‘ — PE,JB -,
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa f? r

roe n — KIIJ] regeparopa (13 puc. 2).
NeilcTeutenaud: c 19. E.EEI;L no 19-08%023 p p ( p )
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[Tpu Harpy3ke Ha 31EeKTPOMATHUTHEIM TOPMO3 U3MEPSAETCA MOJIE3HBIM MOMEHT M Ha Bamy

NBUTATEIA M 4acTOTA BPALICHHUA N, 10 KOTOPBIM OIIPENENACTCA MOJIE3HAA MOMIHOCTE JBUTATEIA

P>:
M -n
P =——
9550
n P I
— —— — q.cosQ
m By Iy
& & 'y +
10 i)
A 7
cos @

W

-
s

Pucynok 7.1 — Paboune xapakTepucTHKN aCHHX POHHOTO ABUTATEIIA

0.
H. .-u-‘.
100 .{I
o0 ,.«d/{ .
60 1 I
40
20 ' i
. P %
0 20 40 60 80 100

Pucynok 7.2 — 3aBucumocts KII]J] reneparopa ot momuoctu Pr

Yrkazanue no mexnHuke 0e3onacHoOCmI:

YKazaHus 1o TEXHUKE 0e30ITaCHOCTH IIPU BBITOJIHEHUH JIA0OPATOPHEIX pad0T NPUBENEHEI

JOKYMEHT MNOANMCAH
B ITPHJIO HEHFFOHNOWN NOANUCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ykazanua no evinonnenuro nadopamopHou pabomoi:
Yacme 1. Cuamue u onpeodenenue xapakmepucmuk xo1ocmozo xooa Ip=f(U), Py=f(U),

cos@o=f(U) mpexgpaznozo acunxponnozo oguzamens ¢ KOpomKo3aMKHYmbIM POHLOPOM

1. Yoenurecs, 4TO YCTPOUCTBA, UCIIOIE3 YEMBIE B SKCIIEPUMEHTE, OTKJIIOYEHBI OT CETH
3JIEKTPOITATAHHUSL.
2. ColOepute HIEKTPHUECKYIO CXEMY COEQUHEHMUM TEIIOBOW 3alIMTHl MAIMHBI

[ICPEMCHHOTO TOKA.

3. CoemuHWTE THE3OA 3ANIATHOTO 3a3eMIIEHUI "@" YCTPOUCTB, UCHOIB3YEMBIX B
sKcmepumenTe, ¢ rue3goM "PE" Tpexdasznoro ucrounnka mutanus Gl.

4. CoequHuTe annaparypy B COOTBETCTBUM C ANEKTPHUECKOU CXEMOH COETUHEHUH.

5. [lepexmouarenun pexuma padoTel BeIKmouarenen A6 u A8 yCTaHOBUTE B
mosoxkenue "PYUH.".

6. B tpex@asznsix TpancpopmaTopHeix rpynmax A2 u A7 yCTaHOBUTE HOMUHAJIbHEIE

BTOPUYHBIE HANPsKEeHUA Tpancpopmaropos 127 B u 127 B.

7. Bxmounte Beikmouarenu «CETby» 0510k0B, 3aa€1ICTBOBAHHEIX B SKCIIEPUMEHTE.
8. AKTUBM3UPYUTE MyIBETUMETPEL O10Ka P1, 3a1€11CTBOBAHHEIE B SKCIEPUMEHTE.
9. Bkmouute ncrounnk Gl. O Hamnuum Hanpskenuit a3 Ha €ro BEIXOJE TOTKHEI

CUTHATIU3UPOBATEH CBETAMINECS JIAMITOUKH.

10.  Ilycrure mBurarems M1 naxaruem knonku « BKJL.» Beikmouarens A6.

11.  Mensaa nonokeHne peryaupoBOYHBIX PYKOATOK Tpex(pa3HbIX TpaHCPOpPMATOPHBIX
rpynn A2 u A7, Bapeupyure noaoaumoe K asurarenro M1 nunennoe nanpsaxenue U B
auamnaszone 100...250 B u 3anocure nmokaszanusa soasrMmerpa Pl.1 (manpsxenue U), amnepmerpa
P1.2 (¢a3ueii Tok lo nurarens M1 ), a Takxke Barrmerpa u Bapmerpa m3mepureni P2 (aktnBHas

Po1 u peaktuBaag Qo1 moniHoCcTH, moTpedasemeie oaaon (pazou asurarents M1) B rabmiry 4.2.1.

Tadomma 7.1

U, B

lp, A

Po1, Bm

Qoi, Bm

12. Orkmounre uctouuuk Gl.

JOKYMEHT MNMOANCcAH
1 AEKTP

Cepudukar:  2C00000 4359%%%%%@%%?@&“{ «CETb» 010k0B, 3a1€HCTBOBAHHEBIX B SKCIIEPUMEHTE.

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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14. Hcnoms3ys nanneie tabnunel 4.2.1, BEIUMCINTE COOTBETCTBYIONINE HAMPAKEHUIO

U momueie aktuBnyio Po u peaktuBnyro Qo mommoctu, nmorpedOisemsie asurarernem M1, mo

(popmymnam:
Po=3"Po1,
Q0=3"Qo1
1 3aHECUTE UX B TA0mny 7.2.
Tadomma 7.2
U, B
Py, Bm
Qo, Bm
15. Hcnone3ysa nanneie Tadnunsl 4.2.2, BEIUMCIATE COOTBETCTBYIONINE HAIPSKEHUIO

U 3nauenusa ko>(pPpuiinenTa MONIHOCTH MO (POpMyJIe

5

2 2’
VB +0,

COS @y =

M 3aHECUTE MOJIYICHHBIE PE3YILTATH B Ta0mny 7.3.

Taomima 7.3
U B
CoS
16. Ilpu nHeoOxommmocTH OOJBIIEHM BAapUATUBHOCTH 3HAueHWd HanpsxeHus U,

MOBTOPUTE SKCIIEPUMEHT IIPHU 3aKOPOYEHHOM JIMHENHOM peakTope Al4.
17.  Hcnome3ysa panHeie tabman 7.2 u 7.3 MOCTPOUTE MCKOMEIE XApPAKTEPUCTUKHU
xonoctoro xoma lo=f(U), Po=f(U), cos@o=f(U) Tpexdaznoro acmHXpOHHOrO IBUTATEISA C

KOPOTKO3aMKHYTBIM POTOPOM.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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AOKYMEHT MNOANMCAH

INEKTPOHHOW NOANWUCEID
2C0000043E9ABEBO952205E7BAS00060000043E

llleGayxoea TaTeAHa AnexkcaHgpoBHa

CepTudukar:

Bnaneneu:

Pucynok 7.3 — Cxema mycka aCHHXPOHHOTO 3JIEKTPOIBUTATEISA

Nencteutened: ¢ 19.08.2022 no 19.08.2023



Yacms 2. Ilyck 6 x00 mpexgasnozo  aCuUHXpoHHO20  Oguzamens  C
KOPOMKO3aMKHYMBIM/(Pa3HbIM pomopom ¢ pecucmpauiieil U omoopaircenHuem peincuMHbIX

napamempoeé Ha KomMnoviomep

1. Yoenurecs, 4TO YCTPOUCTBA, UCIIOIE3 YEMBIE B SKCIIEPUMEHTE, OTKJIIOYEHBI OT CETH
3JIEKTPOITUTAHHUAL.
2. ColOepute HIEKTPHUECKYIO CXEMY COEOUHEHWM TEIIOBOM 3alIATEl MAIIWHEI

[ICPEMCHHOTO TOKA.

3. CoemuHWTE THE3OA 3ANIATHOTO 3a3eMIIEHUI "@" YCTPOUCTB, UCHOIB3YEMBIX B
sKcmepumenTe, ¢ rue3goM "PE" Tpexdasznoro ucrounnka mutanus Gl.

4. Coegunure anmaparypy B COOTBETCTBUHU C SIEKTPUYECKOM CXEMOM COEIUHEHUH
(KOPOTKO3aMKHYTEIM POTOPOM) / ((pazHEIM pOTOPOM).

5. [lepexmouarenun pexnma paborel uctounuka (G2 u BeIkmogarenen A6, AS
ycTaHoBUTE B noJioxkeHue «PYUH.».

6. YcranoBuTe B KaKI0H (paze akTMBHOM HArpy3ku Al0 ee cymMmapHyro BEITHUMHY
paBHyro, Hapumep, 100 %.

7. Ycranoeure B Kaxaou (pase peocrara AY conporusienue, Hanpumep, 18 Om (rmpu
MyCKE OABUTATEINA C (PA3HBIM POTOPOM).

8. B tpexdasznon tpanchopmaropHon rpynme A2 MEPEKTIOYATENEM YCTAHOBUTE
K EJIAeMO€E€ HOMMHATEHOE BTOPUYHOE HAMPSKEHUE TpaHncpopmaropa, Hanpumep, 133 B.

9. [IpuBegure B pabouee COCTOSHHE MEPCOHATBHBIM KOMIBIOTEP AS W 3amyCTUTE
MPUKIAOHYIO TporpaMmy «PerucTparop peKUMHBIX MapaMETPOB MAIIMHEL IEPEMEHHOTO TOKA».

10. Bxmounte Beikmogarenu «CETh» 0m0koB, 3a1€ICTBOBAHHEIX B 3K CHEPUMEHTE.

11. Bkmouute ncrounnk Gl. O Hanmnuum HanpskeHuil a3 Ha €ro BEIXOJE TOJIKHEI
CUTHAJIM3UPOBATE CBETANINECS JTAMIIOUYKH.

12. Bpamenuem pykoATKH HA nepegHed maHemn wuctognnka G2 ycTaHoBuTE
Hanpskenue, Hanpumep, 100 B va ero perymipyemom Brixoae «SIKOPDb»y.

13. Haxwmure Ha BUPTYANbHYIO KHONKY «3aITyCTUTE)» HA SKPAHE KOMIBLIOTEPA.

14. Hax;xxvire mocinemosarensH0 KHOOKH «BKJL.» ucrounuka G2, Beikmrogarenas A6 1
CIyCTda, Hanmpumep, 2 ¢ Beikodarena A8 W 3arem HE mo3aHee, yem uepe3 10 ¢, ocranoBure
CKAHUPOBAHUE JAHHBIX PETUCTPATOPOM HAKATHEM HA BUPTYAIBHYIO KHONKY «OCTaHOBUTH». B
pe3yabTaTe AOJDKEH OCYIIECTBUTHCS ABYXCTYMEHUYATHIM HYCK HATPYKEHHOTO ACHHXPOHHOTO
aeurarens M1 m momkHBEI 3amucareCs B KOMITBIOTEP OAHHBIE O PEKUMHEIX ITapaMerpax Ha

AOKYMEHT OAMNCAH
WHTEPBAARETYORHOV NOANMCHIO
Ceprvcukar:  2C0000043E9ABBBI52205E7BAS00060000043E

Brapenew:  WeG}yioea Tar@PEFAROBIPPE'3ATTHCE MIPOILECCOB, HAKAB HA BUPTYAIBHYIO KHOTIKY «OCTAaHOBUTH ».

16.  Hawxwmure knonky «OTKIJL.» ncrounuka G1.
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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17. Orxmounre Beiktouarem « CEThy 0510k0B, 3a1€CTBOBAHHEIX B SKCIIEPUMEHTE.

18.  Hcnomp3ys BO3MOKHOCTH NPOTpaMmbl «Perucrparop peKUMHBIX HapaMETPOB
MAIINHBl TEPEMEHHOTO TOKa», MPOAHATM3UPYUTE OTOOPAKEHHBEIE HA MOHHUTOPE KOMITBIOTEPA
MEXAHUUECKYIO XAapPAaKTEPUCTUKY U BPEMEHHBIE 3aBHCHUMOCTH TOKA CTATOPHOM OOMOTKH,
3JIEKTPOMATHUTHOTO MOMEHTA, YAaCTOTHI BPAMIEHUA ACHHXPOHHOTO ABUTATENA HPU ITYCKE €T0 B

XO/I.

N
A

e
O
O

kG2

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pucynok 7.4 — Cxema CHATHS MEXAHNYECKUX XAPAKTEPUCTHK

om Gl
y/d
),
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Pucynok 7.5 — Cxema noakmodeHusa K KOHHEKTOPY

Hacmo 3. Cuamue u onpedenenue xapakmepucmuk Kopomrkozo samvikanua Ix=f(U),

Pi=f(U), Zx= f(U) mpexgpaznoco acunxponnozo oguzamens ¢ Kopomro3amMKHymsM pomopom

1. Yoenurecs, 4TO YCTPOUCTBA, UCITOJIE3 YEMEIE B SKCIIEPUMEHTE, OTKJIIOYEHEI OT CETH
3JIEKTPOITATAHHUSL.
2. CHUMUTE KOXKYX, 3aKpeIBAlOMIMK My(PTy, COEOUHAIONIYI0O Bajl MAIINHEI

mocTOSHHOTO ToKka M2 ¢ Banom neurarens M1, u 3akpenure Ha HEH CTONOPHOE YCTPOUCTRBO.
3. ColOepure DSIEKTPHUECKYI0O CXEMY COEQUHEHMH TEMIOBOM 3alIUThl MAIIWHEL

[MEPEMCHHOTO TOKA.

"

4, CoenquHuTe THE3Oa 3alMTHOTO 3a3eMJICHUA " yCTpPOHCTB, UCHOIB3YEMBIX B
skcnepumente, ¢ rue3noM "PE" Tpex¢asznoro ncrounnka murtanus Gl.

5. CoenguHuTe anmaparypy B COOTBETCTBUU C INEKTPUYECKON CXEMOH COETUHEHNH.

6. [lepexmouarenu pexuma padbotel ucrounnka G2 u Beikmoygarens A6 yCTAaHOBUTE
B monoxenue "PYUH.".

7. B Ttpexdasznueix TtpancpopmaropHeix rpynmax A2 u A7 mepeknrdarenem
yCTAHOBUTE HOMUHAJIEHEIE BTOPUYHBIE HATIPAAKEHUA TpaHcpopmaropos 242 B.

OKYMEHT NOANUCAH o
SQH%mpgw peikrouareny «CEThy 0510k0B, 3a1€MICTBOBAHHBIX B OKCHEPUMEHTE.

Ceptucbukar:  2C0000043E9ABBBI52205E7BA500060000043E .
Bnapeney:  lWetHwosa TarAKEHBHBHPYHTE MyTbTUMETPHI O110Kka P1, 3a1eliCTBOBAHHEIE B SKCIEPUMEHTE.

Nencteutened: ¢ 19.08.2022 no 19.08.2023

117



10.  Bxkmounte uctounuk Gl. O manmuumn HanpsaxeHni (pa3 Ha €ro BEIXOAE NOMKHEI
CUTHAJIM3UPOBATE CBETAINECS JTAMIIOUKH.

11. Haxxatuem kvomku «BKJL» BeIKMOuarens A6 monkmounTte neurarens M1 k
HIEKTPUIECKON CETH.

12.  bercrpo (menee uem 3a 10 ¢) cumranrte m 3anecure B Tabimny 7.4 mokaszaHus
BoasT™MeETpa Pl.1 (smmneitnoe nanpsaxenune U nurarens M 1), ammepmerpa P1.2 (Tok Ik craropuon
oomoTku pBurarena MI1), a rtaxxe Barrmerpa m3mepurens P2 (axkruBnas Pki1 MOODIHOCTS,
norpedmaemas ogHou (pazou aeurarens M) u cpasy mocne storo Haxaruem kHonku «OTKJI»
BRIKTIOUATENS A6 orkmrounre neurarens M1 ot snekrpuueckont ceru.

13.  IloBrOopuTe HEOOXOIUMOE KOTUUECTBO pPa3 MPOUEAYPY MOAKIIOUEHUS IBUTATENSA
M1 K sIeKTpU4ecKOr CeTH, CHUTHIBAHUA MOKA3aHWUH U3MEPUTENBHBIX MPHOOPOB U OTKITIOUEHUSA
neurarens M1 ot snekTpuaeckor CeTH MPH Pa3IMIHBEIX 00I€€ HU3KUX HOMUHAIBHBIX BTOPHYHBIX

HANPKEHUAX TpaHnchopmaTopoB rpymm A2 u A7.

Taomima 7.4
U B
Ir, A
Px1, Bm
14. Otxmroganre ucrouduk Gl.
15. Orkmouwnre Beikmouarenn «CETby 0510k0B, 3a1€HCTBOBAHHEIX B SKCIIEPUMEHTE.
16.  Ilpu neoOxomgumocTu OOMBIIEN BAPHATUBHOCTU 3HAYEHUM JIMHENHOTO HATIPSAKEHUSA

HOBTOPUTE SKCIEPHUMEHT C COETMHEHHUEM BTOPUIHEIX 0OMOTOK TpaHC(POopMaTOpOB rpynnsl A7 mo
CXEME «3BE3Ian».

17. Hcnone3ya nanueie Tadnuiel 7.4, BEIYUCIUTE COOTBETCTBYIOMIME HANpsaxeHuo U
3HAYEHUA ITOJIHOM aKTUBHOM momHocTH Pk, morpebmnaemont neurarenem M1, u momnHoro ero

COITPOTHUBJIEHN A KOPOTKOTO 3aMbIKaHuA ZK 1Mo (popmynam

Pr= 3Pkl

Zg=U/ Ik.
[Toryuennsie pe3ynpTaThE 3aHECUTE B TAOIMIY 7.5.

Taonuya 7.5

U, B

Pr, Bm paicymient NQANMCAH
ANE Chi()

TEEZK?C@WGM ESABBBO52205E /BASO0Q60000043E
Tk lebayxoed TateaHa AngkcadnpoBHa
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18.  Hcnoms3ysa mannsie tadbmun 4.3.1 1 4.3.2 D0OCTPONTE UCKOMBIE XAPAKTEPUCTUKHU
koporkoro 3ameikanus Ik=f(U), Px=f(U), Zx=f(U) Tpex{aznoro acHHXpOHHOr0 ABUTATEIN C

KOPOTKO3aMKHYTBIM POTOPOM.

Cooepoicanue omuema:

OTuer 10KEH COIEPKATE:

l. Haszpanue paOoTer;

[lems paboTsr;

Kparkue TeopeTnueckue CBEICHUA;

Omicanue nCnoap3yemMoro 000pyag0BaHusA U MATE PUAIIOB,;
[Topamok BeImoTHEHUS PAOOTHI;

Brerauciaenns n 00paboTka pe3yasTaToB;

-~ O B L

BEIBOIEL.

Koumponsnwie sonpocwi:

1. KakoBO yCTpOMCTBO TpeX(Pa3HOro aCHHXPOHHOTO ABUTATENS?

2. KakoB mpuHoUn OeucTBUA Tpex(Pa3zHOr0 AaCHMHXPOHHOTO  OBUTATENA €
KOPOTKO3aMKHYTBEIM POTOPOM?

3. YT0 Takoe CKOIBKEHUE IBUTATENA U KAK OHO OMPENENAeTCA?

4. [Touemy myCcKOBOM TOK ACHHXPOHHOTO ABUTATENA MPEBEIIAECT HOMUHAIBHBIN U BO
CKOJIBKO paz?

5. Kakumu cmocobamu MOMKHO PEryJIMpoBaTk 4YacTOTy BpAamIeHUs poTopa

dACHHXPOHHOTO ,I[BPIFHTEJIH?

0. [Ipn kakux ycmoBuax KIIJ| acuuxpoHHOro nBUTATENA HUMEET MAKCUMAIBHOE
3Ha4eHue?
7. Kak oxy1a)aarorca aCHHXPOHHBIE IBUTATEIH
8. Kak mMeHNTEL HAMMPABICHUE BPANIEHUS POTOPA ABUTATENS ?
AOKYMEHT MOAMNNCAH

ANEKTPOHHOW NOAMUCHIO
Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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JMavopamopnas paooma Ne8. OcHoevt 3n1eKmpoHUKU U INEKMPOUIMEPEHUIL.
Hcceneoosanue xapakmepucmuk noiynpo6oOHUKOBbIX 00008 HA NOCH OAHHOM U

nepemMeHHOM moKax.

Lenv padoompi: CHATE BOJBTAMIIEPHBIE XAPAKTEPUCTHKU BBITPAMUTENBRHOTO THOAA (THITA
KJ1226, IN5408), nmnynecunoro muoma (tuma KJ1521, KJ[522, 1N4148), nuoma llorku (Tuna
IN5819), mo xapakrepucTukaM OIPENEIUTs OCHOBHEIE ITAPAMETPEI U CPABHUTEL uX. Ha skpane
ocipuurorpada mpoHadMoIaTh MPOLECCH BKIIFOUYEHHA U BBIKIIOUEHNA THO0AA, OMPENEIUTEL BPEMS

BEKJIHOYCHHA U BEIKJIFOUCHH A.

Ocnoevl meopui:

JIByX51€KTPOOHEIN NONYITPOBOJHUKOBEIN 3NIEMEHT — U0 COOEPKHUT N - U P -IPOBOIAIIAN
ciiou (puc. 8.1). B n-mpoBoasmemM cioe B kauecTBe CBOOOIHBEIX HOCUTEIEH 3apsaia Ipeo0IanaoT
3JIEKTPOHEL, 4 B P-MPOBOIANIEM croe * neipku. B pezymsrare qud ¢ y3um 3;1eKTpoHOB M3 n-001acTH
B p-o0macte u, HA00OpPOT, IOBIPOK W3 p-0o0mactu B n-00JACTh HA TPAHUIE CO3MAETCA
MOTEHIMANEHEII Oaprep (puc. 8.1 a u 0).

[Tpu mpaMOM DPUI0KEHHOM HATIPAKEHUH («H» K CIOIO P, « - » K CIIOI0 N) MOTEHIUAITEHEIN
Oapeep yMEHBIIAECTCA, W OWOA HAYWHAECT MPOBOAUTE TOK (amon OTKpeIT). IIpm oOparnom

HAIPSKEHUN TTOTEHIUAIBHBIN Oapbep YBEMUUMBAETCSA (IMOM 3aMEPT).

BonpT-amriepHas XxapakTepUCTHKA J101a UMEET BUI, M300paxEnHbIi Ha puc. 8.1B.
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Pucynok 8.1 — JIByX31eKTpOaHEIN HOTYyITPOBOIHUKOBEIM 3JIEMEHT

[Tpseoid How HEPE3 P-N mEepeEXon ONMPENEIAETCA HOCUTEIIMHI 3apaad, HEOCHOBHBIMHU IS
3NEKTPOHHOW NOONMCLIO

Tﬂl"D EJI’UH E\E}’Hﬂf &HI‘{EHPGH'HEHIGTEB nponecce ABHNKCHHA OHH CTAJIKHUBAKOTCA C OCHOBHBIMH

YXOBEd

HHE _.".__".: AH

HOCUTEIIMA OAHHOTO CI0A M pPeKOMOMHUPYIOT. C yBEIMYEHHMEM NPAMOTO TOKA MAIEHUE

T = 4
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HANPSKEHUA Ha AM0E HECKOJIBKO Bo3pacraer. [Ipu pekoMOMHAIIMY MOIKET BELAEIATCA SHEPTHUS B
BU/JIE U3JIYUECHUA. JTO ABJICHUE UCIIOJIL3YETCA B CBETOIMOAAX.

B oOparnom nHampaBie€HMH 4epe3 IMON NPOTEKAET TOMBKO HEOOIBIION TOK YTEUKH,
00yCIOBIEHHBIM HEOCHOBHBIMU HOCUTEmLAMHM. C yBEIMYEeHHEM 0OpATHOTO HAMPSIKEHUS BBIIIE
OPENENbHO JOMYCTUMOTO AJI JAHHOTO TUIA OUOJa HACTynaeT npo0ou p-n mepexona. B nuonax
pPa3MMUHBIX TUIIOB OH MPOTEKAET IMO-Pa3HOMY: B OOBIYHBIX BBEIOPAMHUTENBHBIX OUOAAX — ATO
HEOOpaTHMOE pa3pyLICHUE P-N IEPEXOA B PE3YALTATE €T0 NEPETPEBA, B IABUHHEIX — IIPOUCX OJTUT
JIABUHHOE PAa3MHOKEHUE HEOCHOBHBIX HOCHTENEH, 4TO IPUBOIUT K PE3KOMY YMEHBIICHHUIO
00parHOro HANPsKEHUA HA HEM U YMEHBIIEHUIO HATPEBA, B CTAOMIUTPOHAX — NP YBEIWYEHUH
00paTHOrO TOKA UMEETCA JOCTATOUYHO NPOTAKEHHEIN YIACTOK BOIBT-AMIIEPHOU XaPAKTEPUCTHKH,
HA KOTOPOM HANPSKEHUE MAI0 3aBUCUT OT TOKA (3EHEPOBCKUN TPOOOI ).

OCHOBHBIE CTATUYECKHE MAPAMETPEI JUOJOB, TAKME Kak moporoBoe HampsxeHue Uy,
npamoe nagenue Hanpsxenue Upp, nudepenunansnoe conpotuBieHue Ry, oOparusiil TOK logp.
Hanpspkenue cradwmsanuu  cradbunurpona Uer, MOKHO ONPENENINTh IO BOJBTAMIIEPHOH
XapaKkTEPUCTUKE, CHATOW HA MOCTOAHHOM WIH MEIJICHHO U3MEHSIOMIEMCA TOKE.

[Tepexmouenne a1oaa U3 3aKpPEITOrO COCTOAHUS B OTKPBITOE MPOMCXOIUT HE MTHOBEHHO.
JTO MOXKHO HAOMOIATHE HA SKpaHe ocuwmwiorpada, €CaM OPUIOKUTE K JUOAY HAIPIKEHUE

IPAMOYTOJIEHOU (DOPMBI BEICOKOM 9acCTOTEHL (puc. §8.2).

O u A UE!}'{
U
| D f
>
R
Ut:rﬁp
uex =
e th iy
T it
¥lo 1= Py
Gﬁp} E ----E—----."" E
- by T
C Em§ : tshmn :
> « >

Pucynok 8.2 — BonsT-amMmepHas XxapakTepuCcTUKa MOTYyITPOBOIHUKOBOTO THOA

[Ipu nepexome w3 3aKpPEITOTO B OTKPEITOE COCTOAHUE HEOOXOOUMO BpPEMA  Ifpkn,

HeobxomuMmoe JULA DACCACEIBAH M U30BITOUHBIX 3aPA10B HOTCHIMAILHOT O 0aprepa U TOCTUIKECHUSA
NOKYNMEHT HOANMCAH

SNEKTPOHHOW NOANWCLIO

Ceprnb ik d HBOEPABHEBECH A 000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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[Tpu mepexome w3 OTKPEITOTO COCTOSHUA B 3aKPHITOE HEOOXOIUMO BpeMs 1, 34 KOTOpOe
paccaceIBarOTCA M30BITOUHBIE HOCHUTEIW WU BpeMsA [2, 3a KOTOPOE€ BHOBB YCTAHABIMBAETCA
NOTEHIMANBHEI Oapeep. OOmiee BpeMs BBIKIMIOYEHUS lun = [1 + f2. Ha otame £ wepe3 muon
OpoTeKaeT OOnbmION OOpPATHBIM TOK, a4 HANPSKEHWE HA HEM YOBIBAET, COXPAHAA MPIAMOE
Hamnpasienue. Ha srane 2 Tok oOpaTrHEII TOK yOBIBAaeT 10 HOPMAILHOTO 3HAadeHudA. PeampHas
KapTuHa, HA0mogaeMas Ha SKpaHe ocuumiorpada, MOKeT HECKOJIBKO OTIMYAThHCSA OT OMMCAHHOU

13-33 BIMSHUA BXOIHON EMKOCTH OCHWIIOrpad)a 1 MOHTAXKA.

Yrkazanue no mexnuke 0e3onacHocmi:
VYkazanud mo TeXxHuKe 0€30macHOCTH MPU BEITOJIHEHUM JTA00OPATOPHBEIX pad0T NPUBENEHBI

B IIPUJIOKEHUE A.

Ykazanun no evinonnenuro nabopamoproii pavomoi:

I. Cobepure mnemp (puc.8.3. a) Oma CHATHA NOPAMON BETBH BOJBTAMIIEPHOU
XapakTEepUCTUKN TUonoB. OQbpamume 6HUMAHUE, YMO GOJbMMEmMp 3MOU cXeMe NOOKIIOYEH K
mouke «B» (nocie amnepmempa.) u Ha e2o nokazawus He GIUAEM NAOCHUE HANPANCEHUS HdA
amnepmempe, KOmopoe COUSMEPUMO C NPAMbIM NAOCHUEM HANPAMCeHUs Ha ouode. B mo dice
gpeMsa MOK 4Yepe3 BOJbMMEMpP HEeCOUIMEPUMO MAl € HPAMbIM MOKOM Ouo0d U HE GHOCUM

3AMEMHOl nozpeitHocmit 6 HOKA3dHUA dMReEPMempd.

-13..#+13BB 6800m A [oB
O—

a)

_ +
2..28 B Vi
\/ \J
-15B O ¢
a) [lpamasa nonapHOCTL 6) ObpaTHasi NoNAPHOCTb
Pucynok 8.3 — Cxema BKImoueHus auoaa
2. YcranaBmmBas TOKM, VyKasaHHele B TaOn.8.1 CcHuUMHMTE OpAMYyI0 BETBB

EDJTETHN[HEpHﬂﬁ XAPAKTCPUCTHUKH CHAYdJId BBIMPAMUTCIBHOTO JHOOA 3dTCM — MMIIYJIBCHOTO H,

HakoHen, auona llorku. Ha puc. 8.4 mocrpoirre rpaduku.

SNEKTP

Ceptudukar.. 2C0000043E9ARBBO52205E7BA500060000043E -
Bnanen &épe%%ﬁagﬁ@ggﬁé JB,LOUKY (0 amrmiepMeTpa) U mepeBEPHYB AMOA. B 5TOM cxeme gepe3

OKY i
3. A gﬁ}m@%ew 71 CHATAA OOpaTHOM BETBU BOJBTAMIIEPHBIX XAPAKTEPUCTHUK

AMIIEPMETP HE MPOTEKAET TOK BOJBTMETPA, KOTOPBIM TEHEph COM3ZMEPUM M Aaxke OoJbiie
Nencteutened: ¢ 19.08.2022 no 19.08.2023



oOparHOoro TOKa uepe3 auoa. B To ke Bpems maneHue HANpPsKEHUS Ha aMIIEPMETPE HUUTOKHO
MAJI0 0 CPABHEHUIO ¢ 0OpATHBEIM HANPAKECHUEM HA JUOIE.

4. YcTraHaBimmBasd HANPAKEHWsA, YKa3aHHbIE B Ta0n. 8.2, CHUMMTE OOpaTHYIO BETBB
BOJBT-AaMIEPHON  xapakrtepuctukn gawoma llorkm. VYOemurecs, uTo 00paTHBIM TOK
BBIIPSAMUTEIEHOTO U UMIOYJIBCHOTO AMOJOB HACTOJIBKO MAJ, YTO €r0 HEBO3MOIKHO WU3MEPUTH

npudopamu, nmMeronuMucs B crenae. Ha puc. 8.4 mocrpoure rpauku.

Taomarma 8.1
I, MA 2 5 10 20 30 40 5 10 20 40

KJ1226
U,B | K521

IN3819

Tadmima 8.2

U,B 2 R 10 15 20 25 30

I, mA | K/1226

K521

IN5819

5. Jlng uccnemoBaHus XapakTEPUCTHK TUOA0B HA MEPEMEHHOM TOKE coOepuTe Ha
HAOOPHOM ITOJIE HEMb COTJIACHO MPUHIMOMANLHOU cxeme puc. 8.4. U3mepurensusie mpuOOpEl B
CXEMYy HE BKIIIOYANTE, TAK KAK OHW MOTYT CO3JaTh AOMOJHUTEIbHBEIE MmapasuTHeie émkocTu. He
3a0yabpTe BKIIOYWTHE MHBEPTUPOBAHUE CUTHANA MO KaHamy I, 4TOOBI OTKIOHEHWE Tyda BBEPX
COOTBETCTBOBAJIO MIPAMOMY TOKY UEPE3 AUOS.

6. Jlng Hagama BKIIOUWTE B LENb BBEIOPAMUTEIBHBEIM OHOA, MONANTE HA BXOI
CUHYCOUTAIBHOE HampsukeHnue uvactorou | klh, ycraHoBuTe pydky pETYAATOP AMILUTUTYIBI
OPUMEPHO B cpemHee momoxkeHue (4...6 B) u oTperyimpyite pa3BepTKy, CHHXPOHM3AIUI0 U
yCHJIEHHE TI0 ABYM KaHaiaaM ocuuanorpada tak 9ro0sI HA SKpaHe moOMEemamcs 1,5...2 nepuona

KPHUBBIX TOKd H HAIIPAKCHHA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Pucynok 8.4 — BoneT-amMmepHas xapakTeprucTrKa

| 680 Om
~U
1....100 kl'y Z
] BXoOl BXxoAll
ORI (X (¥),/

UHBE.

Pucynok 8.5 — Cxema mogkiroueHus ocuuuiorpada

7. [Tepexkmouas mmoO)urens gactorel X1, x10, x100, u perymupys kaxaeii pas
AOKYMEHT TOATNCAH . .
ITU TEIIE BUESTEOHP@A oocuuutorpada, npoHadmoganuTe 3a W3MEHEHUEM KPHUBOM TOKA.

Ceptudmkat:  2C0000043E9ABBBIS2205E7BA500060000043E
Branen{)OpACIIPE: TpeIVIBTATEPO(IMENTE B BUAY, 4TO B momokeHum MHoxkurena X100 BexomHoe

HAPSKEHUE TEHEPATOPA CHUKAETCA IPUMEPHO B 2 pasa).
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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8. [Tepexkmounre ocummnorpadp B pexum X-Y. Ilpum 5TOM HaA SKpaHE MOABUTCA
1300paxeHne TMHAMUYECKON BOJIBTAMIIEPHON XAPAKTEPUCTUKHA IMOOA: MPAMOU TOK IO OCH Y
BBEPX, MPAMOE TAJEHUE HANPAKEHHUA — 110 OCH X BITPABO.

0. CHOBA MOMEPEKMIOYAUTE MHOKWUTEIb 4YacCTOTBl, HAOMIOOAA 3a W3MEHEHHEM
OUHAMWYECKON BOJBTAMIIEPDHOM XapAaKTEPUCTUKH. OOBACHUTE, MOYEMY OPHU HU3KOM 9acToTe
OUHAMUYECKASA BOJBTAMIIEPHAS XAPAKTEPHUCTHKA COBIIAIAET CO CTATUYECKOM, & IPHU BEICOKOM — HE
COBHANAET.

10. [TormpoOyliTE MOBTOPUTE 3TH OMBITEL ¢ UMIOYJIBCHBIM I10A0M U ¢ guoaom Hlorku.
OOBACHUTE OTIINUHAL.

I1. CHOBA BKIIHOUNTE B LIENb BEIMPAMUTEIBLHBIN JUOM, MEPEKITIOUNTE Ocuummiorpad B
PEKUM Pa3BEPTKHU U YCTAHOBUTE HA BXOI€ MPAMOYTOJIHLHOE ABYXITOJIIPHOE HANPAKEHHUE YACTOTOM
npumepHo 40...50 kI’ u Hebompmon ammmryael (2...3 B), uTo0B MEHBHOIE MCKAKAIOCH
BBEIXOJHOE HAIPAKEHUE FEHEPATOPA.

12. Hacrpoure n3o0paxenue, mepepucynre oCipuiorpaMmy B OT4€T (puc. 8.6), HE
3a0BIB yKazaTh MAacmTadel mo ocAaM (mMacmTad MmO OCH TOKA BBIUUCIAETCA Kak Macmrad
HanpsKeHus, o kanany 1, nenéuHsnt Ha COMPOTUBIEHUE, C KOTOPOTO CHUMAETCA CUTHAIL. ).

13, Omnpepemure Mo 0CIMJUIOTPAMME BPEMSA BKJIFOUECHUA lpin U BPEMS BEIKITIOUECHHUA: taxn.

MacwTabbl

Mo kaHany I:

Mo kaHany ll:
M =i, mA/gen.

No BpeMeHu:

M=, Mmc/gen.

Pucynok 8.6 — OcipymorpamMma muoaa

Cooepoicanue omuema:
OTuer 10KEH COIEPKATE:
l. Haszpanue paborter;

2. OOKY 1 ¥bI;
ANEKTPOHHOW MOANMCHIO

Coprucurar.  2C0B00ISEARERFIGHE HEGETHHCEme cBenemA;

Bnaneneu: llleGayxoea TaTenAda AnexkcaHgpos

4. Ormicanre ncnoap3yemMoro 000pyI0BaHNa U MATEPHAIOB;
Nencteutened: ¢ 19.08.2022 no 19.08.2023
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5. [Topsanok BEIMOTHEHUA PAOOTHI;
0. Berancnenus n 00padoTka pe3ynbTaros;

7. BEIBOIEL.

Koumponwsnwie eonpocwi:

l. [Touemy y gmuoma IlloTkn OOpPOroBO€ HAOPIKEHUE MEHBIIE, YEM ¥
BBEIITPSAMUTENBHOT O THOJA U UMITYJIECHOTO IHO4A, 4 0OpaTHEIN TOK Oobmie?

2. Kakou 13 UCIIBITAHHBIX JUOA0B UMEET HAUMEHBIIEE OBICTPOAECUCTBUE U MTOUEMY !

3. Yem oTmmuaercs BOJBTAMIIEPHAA XAPAKTEPUCTHKA TMONA, CHATAA MPU BBICOKOM

JaCTOTE OT CTATUYECKOU XAPAKTEPUCTUKU

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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JMadopamopnas paooma Ne9. OcHoevl 31eKmMpOHUKU U ITEKMPOUIMEPEHUIL.
Onpeoenerntie OCHOBHBIX XAPAKMEPUCMUK CIMAOUTUMPOHA U UCCTe006aHUe

napamempuuecKko2o CmaduIu3amopa HanpACeHus.

Iens pabompr: CHATE ¢ MOMOIIBIO OCHWLIOTpadpa BONBTAMIEPHYIO XAPAKTEPUCTUKY U
ompenemuTs HanpskeHue cradwmmsanyun Uct crabumurpona. HcecnemoBares 3aBUCHMOCTH
BEIXOQHOTO HANPAKEHAA M TOKAa CTaOWIMTPOHA OT BXOJHOTO HANPAKEHUA B LENH

MapaMeTPUIECKOTr0 CTa0MIM3aTOPa HATPAKEHU .

Ocrnoevt meopuu:

CTaOunuTpoH OpPEencTaBaseT COOOM KPEMHHEBBIM IMOMI, XAPAKTEPHUCTHUKA KOTOPOTO B
OTKPBITOM COCTOSTHAM Takas €, KAK y BBEIIPAMUTENRHOrO auoxa. Ormuune CTaduauTpoHa
3AK/II0YAETCA B OTHOCUTENBEHO HU3KOM HANPSKEHUHN IPo00sa npu oOparnom Hanpsmxenuu. Korma
3TO HANPSAKEHUE MPEBBINIEHO, TOK 00paTHOrO HampaBieHus Bo3pacraer (mpoOoit 3enepa). B
BBITPSAMUTENBHBIX AUOJAX TAKOM PEXHUM SBIAECTCS ABAPUMHBIM, 4 CTAOMIMTPOHBI HOPMAIBHO
paboTaroT npu 00OpaTHOM TOKE, HE MPEBBIIIAONIEM MAKCUMATLHO JOMYCTUMOTO 3HAUEHUSL.

Hanmuuue mnmoutu TOPHM30HTANBHOIO VYYACTKA HA BOJBTAMIIEPHON XAaPAKTEPHUCTHKE
CTAa0MJIMTPOHA [ENdeT €ro IPUrOAHBIM LA CTAOMIM3alINUK ITOCTOSHHOTO HANPMKEHUS Ha
Harpy3ke. Jlmd 5TOro Harpy3ky BKIIOUAIOT MAPALIENBEHO CTaOmmTpoHy. UTOOBI H30€kKaATH
MEepPErpy3KH, MOCAENOBATENBHO CO CTAOMIMTPOHOM BKIOYAOT OAJ/UTACTHRIN pe3ucTop. Bemiunna

€T0 BEIYUCIAETCA CIEAYIONIAM 00pa3om:
Rean= (Upas - Uct)/(Ict + Inarp),
rae Upas — MPHIIOKEHHOE padouee HANPAKEHUE,
Uct — nanpsaxenne cradmimmsany CTadMIMTPOHA UCHBITEIBAEMOTO THIA,
[cT — DOMYCTUMBIN TOK CTA0MIIM3AIINH,

[ — TOK B pe3UCTOpPE HATPY3KH Ry, BKIIIOYEHHOM MMAPAJIEIBEHO CTA0OMIUTPOHY.

Yrkazanue no mexnuke 0e3onacHocmi:

YKazaHus 1o TEXHUKE 0e30ITaCHOCTH IIPU BBITOJIHEHUH JIA0OPATOPHEIX pad0T NPUBENEHEI

B IIPUJIOKEHUE A.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Ykazanua no evinonnenuro nadopamopHou pabomoi:

l. Cobepure nens COrnmacHO NpuHOUIMUATEHON cxeme (puc. 9.1). ITonaitre Ha BxOA
CUHYCOUTAIEHOE HANMPSKEHUE OT TEHEPATOPA HANPMKEHUA CHEMUATBHOH (POPMBI 4AaCTOTOU
0,5...1 k' MakcUMaTEHOM AMIIIINTY IBL.

2. Bkmounure wu wHacrpourte ocumwuiorpadp B pexume X-Y. Bxmouure

WHBEPTUPOBAHUE BEPTUKAIBHOTO BXO4A.

BXoA4! BXopgll
(X) (Y)

Pucynok 9.1 — Cxema nmoakmrouenus ocruuiorpada

3. [Tepenecure u3zodOpaxkenue ¢ sxkpana ocuumiorpada Ha rpapuk (puc.9.2)

4. Omnpenemmre Mo OCHWJIOTPAMME HANPAKEHUE CTAOWIM3AIMU, HANPSIKEHHUE HA
CTAOMIUTPOHE TIPU TIPAMOM TOKE, Au(p(epeHIMansHOoe COMPOTUBICHUE B CEPEANHE AMAMA30HA
cTaOM T3 aI[HH.

5. YBennubre uwactory B 10 pa3 m mocMOoTpuTe, KaK M3MEHHUTCS BOJIbTAMIIEPHASA

xapakrepuctuka. OObsSCHUTE MOUEMY.

MacLraosbl

Mo kanany X;
m|=mu!RLu=.......................MA}p,en

o kaHany Y:
M= Bl0ET,

OKYMBHT TNOQNACAH
SNEKTPOHHOW NOAOMNUCEKHIO
Ceptudumkatr: 2

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pucynoxk 9.2 — Caarue ocrpnnorpamMm

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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6. CobOepure 11emb MapaMEeTPUUYECKOT0 CTA0MIM3aToOpa COTJIACHO HPHHIIMITHATBHON

cxeMme (puc. 9.3) cHagasa He BKJIIOYAsA B HEE COIPOTUBIIEHUE HATPY3KH.

7. BxmrounTe reneparop Hanps K EHAN U, N3MEHA A TOCTOIHHOE HAMPAKEHNE HA BXOJE
crabmmazaropa ot 0 10 MakCUMaTBEHOTO 3HaueHud 13...14 B, cHuMHTE 3aBUCUMOCTE BBIXOTHOTO

HAMPHKEHUS 0T BXOTHOTO HA X0JIOCTOM X0y. Pesynprare 3anuceiBaiire B Tadm. 9.1.

100 Om

=U ’ R
H
0..13B g ZE 33...150 Owm

\
O -

Pucynok 9.3 — Cxema mapaMeTpuyeckoro cradmmmsaropa

Tadbmna 2.2.1
Usx, B 0 2 4 6 3 10 12 15
Usnix, B

8. YcranoBuTe MaKCHMAJLHOE HAMPSKEHWE HA BXOAE W, BKIIOYAS Pa3THIHBIC

COMPOTUBIIEHUE HATPY3KH, COTIACHO TA0. 8.2, CHUMHTE 3aBUCUMOCTE BBIXOJTHOTO HATPSIKECHUS

cradum3aTopa OT TOKA HATPY3KH.

Tadbmma 8.2
Ri Om o0 150 100 47+22 | 47+10 47 33+10 33
I, MA 0
Usnix, B

9. Ha puc. 9.4 a u 6 mocrpoiite rpadukn Upbrx (Usx) 1 Usnix (In).

,EI.DHFMEIIIT roan

3

2

a)

Bblx

B

C—.'IHEHTF'DHHqIF'I I"ICFI'IHHI:I'D
Ceptucomkatr: 2C0000043ESABBBYSZZUSE TEASUUUGUUTOUA3E '
Bnaneneu: llleGayxoea TaTbﬂiga .l‘:".J'IEHgEIH,D,FIIgEHEI 6 8 10 12

Nencteutened: ¢ 19.08.2022 no 19.08.2023
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Pucynok 9.4 — IToctpoenne rpadpukos

100 120 140 MA,
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10. Ha rpajdukax ykKaxuTe MHUHUMAIBHO JONYCTUMOE BXOJHOE HAIPIKCHHUE,
MAKCUMAIEHO JOMYCTUMBIM TOK HATPYy3KH U ONpenemTe KO3((PUIMEHTH CcTadum3anumn 1o

HANPKEHUIO U 110 TOKY, NpuHAB Upx oM = 8 B 1 [iinom = 80 MA.

v _ AU, AU, _ U,
v UB}E HOM | UBLDL HOM (S‘UBLD{
Al A Sl
K-DT‘; — H v UBLL'{ — H
II—I HOM UBL]}E HOM (S‘UBLDL

Cooepoicanue omuema:

OTUeT DOmKEH CONEPKATE:

l. HaszBanue pabotsr;

[lems paboTst;

Kparkue TeopeTuueckue CBEICHMA;

Omicanne nCnoap3yeMoro 000pya0oBaHusA U MATE PUAIIOB,;
[Topanok BeImoTHEHUS PAOOTHI;

Beruncnenusa n 00pabdoTka pe3yIbTaToB;

~N o b B W

BEIBOOEI.

Koumponsnwvie sonpocwi:

1. Kak n3MeHAeTCa BOIbTaMIIEPHAA XaPAKTEPUCTHKA CTAOMINTPOHA IPH YBEINUYECHUH
JaCTOTHL U MOUYEMY?

2. Hanpsokenne nuranua napamerpudeckoro craOwmmsaropa Hanpsokenus 10 B,
HamnpspKeHue crabumizanmu cradwiurpona 5,6 B, Ttok crabunusanum - ot 3 mo 160 MA,
conporuBaeHue Harpy3ku — 100 Om. Onpenemre BemmunHy O0a/UTaCTHOTO CONPOTHUBIIEHUS, TAK,

4TOOBI B HOPMAJIBHOM PEKUME TOK "epe3 cTadmmTpoH Owin paBeH 80 MA.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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5. Yueono-memoouueckoe u ungpopmayuonnoe ovecnedentie OUCHUNTUHDI

5.1 Ilepeuenv o0CHOGHOU U OONOTHUMETIbHOU JUmMeEpamypvl, HeoOX00UMOU O01a
0C60CHUA OUCHUNTIUHDI

5.1.2 Ilepeuensv oCHOGHOIL TUmMEPAMYPbL:

1. Janunor M.U. UnxkeHepHEIE CUCTEMEL 3TAaHUN U COOPYKEHUU (SIEKTPOCHADKEHNE C
OCHOBAMM SJIEKTPOTEXHUKHU) [ DMEKTPOHHEIM pecypc| : yuebnoe mocodue / M.U. Hanunos, U.T.
Pomanenko, C.C. SlctpeboB. — OnekTpoH. TeKCTOBbIE AaHHble. — (CraBpomons: (CeBepo-
Kaska3zckuit (pemepanensni yausepcurer, 2015. — 118 ¢. — 2227-8397. — Pexum mocrymna:
http://www.iprbookshop.ru/63086.html

2. Jlanunos M.H. UmxenepHsie CUCTEMBI 30aHUM U COOPYKEHUU (DIEKTPOCHADKEHHNE C
OCHOBAMH JMEKTPOTEXHUKH) | DMEKTPOHHBIN pecypc| : maboparopuel mpaktukym / M.WM. [la-
HunoB, M.I'. Pomanenko, C.C. SlcTpeboB. — DIEKTpPOH. TEKCTOBEIE OaHHBIE. — (CTABPOIIOIIE:
Cemepo-Kaskazckuii (penepamsuseiii yausepcurer, 2015. — 135 ¢. — 2227-8397. — Pexum
nocryna: http://www.iprbookshop.ru/63085.html

3. Nanunos, M. U. UnxenepHsie CUCTEMBI 3TAHUAI U COOPYKEHUI (IEKTPOCHAOKEHHE C
OCHOBAMH 3JIEKTPOTEXHUKH ) | DMEKTPOHHEIN pecypc| : yaueOHoe mocobue (kypc nekmumit) / M. H.
HNanunos, U. I'. Pomanenko. — OnekTpoH. TeKCTOBEIE mgaHHele. — (CraBpomons : (CeBepo-
Kaskazckuit (pempepaneneni yausepcurer, 2015, — 223 ¢. — 2227-8397. — Pexum mocryna:
http://www.iprbookshop.ru/63087.html

5.1.3 Ilepeuensv oononnumenvHoll 1Umepamypol:

1. CemenoBa H.I'. Onexrpocnadxenue ¢ ocHoBamu 3neKkTporexHuku. Yacres | | Dnek-
TPOHHBIN pecypc] : yuebnoe mocodue / H.I'. Cemenora, A.T. PaumoBa. — DIEKTPOH. TEKCTOBEIE
nanuele. — OpenOypr: OpenOyprekuit rocynaperBeHusid yausepeurer, ObC ACB, 2016. — 142
c. — 978-5-7410-1559-9. — Pexum nocryma: http://www.iprbookshop.ru/69976.html

2. T'opnees-bypraury M.A. O0mias 51EeKTPOTEXHUKA U AJIEKT POCHAOKEHNE [ DIEKTPOH-HBIN
pecypc] : yaebnoe nocodbue / M.A. I'opaeer-byprautl. — DnekTpoH. TEKCTOBEIE faHHBIE. — M. :
MocCkOBCKII TOCyZApCTBEHHBIN CTPOUTENBHEIN yHuUBepcurer, Au Ilu Jp Menuna, ObC ACB,
2017. — 470 C. — 078-5-7264-1602-1. — Pexum TOCTyIIA:
http://www.iprbookshop.ru/65651 .html

3. Tuxonor A.@. DAEKTPONMPUBOA CTPOUTENLHOTO MEXAHU3UPOBAHHOTO WHCTPYMEHTA

[C—)neKTpg#ﬁ-ﬁﬁﬁﬂﬂéﬂ%%MeﬁHﬂe nocobue / A.®. Tuxonor, B.H. baryer, A.H. Jlpo3nos. —

Ceptudukar: 2C0000043E9ABBBI52205E7BAS00060000043E . 5 _
:éﬂew%amgmmee. — M. : MOCKOBCKMH TOCYOAPCTBEHHBIA CTPOUTEIBHEIM YHHU-

Bnanen
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Bepcurer, A [Tu Op Megua, ObC ACB, 2017. — 244 ¢. — 978-5-7264-1520-8. — Pexum
nocryma: http://www.iprbookshop.ru/64540.html

4. KonroxoBa E.A. DnektpocHabxenne [DMEKTPOHHBIM pecypc|: yUeOHUK A BY30B/
KonroxoBa E.A.— DnekrpoH. TekcroBele ganueie.— M.: U3narensckuit jom MOU, 2014.— 510
¢c.— Pexwum mocryma: http://www.iprbookshop.ru/33222 .— 3BC «IPRbooksy, mo maposmo

5. DneKTpoCHADKEHNE CTPOUTENBHEIX ILUTOMIAIEH [ DNEKTPOHHBIN PECYPC|: METOTUYE-CKUE
yKa3zaHus/ — JIeKTPoH. TeKCTOBEIE nanHbie.— CI10.: Cankr-IlerepOyprckuii rocynap-CTBEHHEBIN
APXUTEKTYpHO-CTpouTebHEIN yHuBepcurer, DObC ACB, 2014.— 35 c¢.— Pexum no-cryma:

http://www.iprbookshop.ru/33305

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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[Tpunoxenune A

Yrazanue no mexuuke vezonacHocmiu

Jlo nauama pa®oOTBEI CTYOEHTHI 00fA3aHBI M3YYUTh NMPABWJIA TEXHUKH 0€30IMacHOCTH IIPH
pabore ¢ snekrpoycraHoBkamu. OO0 M3ydEeHHU MPABUI TEXHUKU OE30MACHOCTH W ITOJIYUYEHUH
WHCTPYKTAKA CTYJAEHTHl PACHUCBIBAIOTCA B CHEIUAIBEHOM KypHane. CTyIEeHTHI, HE U3YUHUBILINE
IPaBUIA TEXHUKHW O€30MaCHOCTH M HE NPOMIEANNE HHCTPYKTAXK, K BEIIIOJHEHHUIO J1a00PaTO PHEIX
paboT HE TOMYCKAOTCA.

Yuebnaa rpynma (wau noarpynma) paszOusaercs Ha Opuragel, 49MCIO KOTOPBIX
YKA3BIBAETCA MPEMOAABATENEM, 4 COCTAB OpUrag KOMIUIEKTYETCS CTYIEHTAMU HAa JOOPOBOILHBIX
Haganax. CHIMCOK Tpynmel (MOATPYINIEI), pazOMTON HA OpUragsl, CTApoOCTa MHPEIOCTABIAET
MPEMNOIABATEM0, BEAYIIEMY JIA0OPATOPHEBIE 3aHATHA.

Kaxnas w3 Opuran BeIMOMHAET J1a0OpaTOpHyr0 pabOTy B COOTBETCTBUM C Tpa(pUKOM,
HAXOOAMIEMCS B 1a0OpaTOprH.

[Tepen kaxapIM 3aHATHEM CTYAEHT 00A3aH MOATOTOBUTECS K BEIIIOJTHEHUIO JJA0OPATOPHOM
pabOTEI MO TAHHOMY METOIMUECKOMY MOCOOMIO U pekoMeHayeMou mreparype. [lepen naganom
paboTEI MpenogaBarels NPOBEPAET 3HAHUA CTYAEHTOB IO COIEPKAHUIO BEIMOTHAEMOU PAOOTHI.
[110X0 mOArOTOBIEHHEIE CTYAEHTEI K BEIMOJHEHUIO 1A00PATOPHOU PA0OTEI HE TOMYCKAIOTCAL.

Paboras B maboparopun, HeoOxoauMo CoOOM0OaTh CIEAYIONIME MPAaBUIA:

K Beimomnenuto maboparopHon padOTEI CIEOyeT MPUCTYINATh TOJBKO IMOCIE ITOJTHOTO
ySACHEHMSA €€ CONEPKAHMUA U MOMYYEHUA TOIMyCKa K HEH.

2. Haumnares pabory cnegyer ¢ O3HAKOMIEHUA C mnpubopamu U 000pyIOBaHUEM,
MPUMEHAEMBIMU B JAHHOU padoTe.

3. Ha mabGoparopHOM CTONE IOIKHBI HAXOOUTHCA TOJIBKO MPEAMETHI, HEOOXOTUMBIE I
BBIITOJIHEHUA TAHHOHU padOTHI.

4. PacnonoskeHue anmaparypsl Ha padodeM CTOJE AOJKHO OBITH TAKUM, 4TOOBI CXeMa
COEIMHEHUN MNONyYMIach HaumOoOIee mpoCTOM, HATLAOHOM W padoTa ¢ ammaparypoil Owina
ya00OHOI.

5. JKemarenpno, 4roOBl CxeMy coOupas OOWH W3 4YICHOB Opurangel, a JIpyrue
KOHTPOJIMPOBAJIH.

6. IIpu cOOpke CIOKHBIX CXEM CIEIYET BHAYAIE COEQUHUTE TJIABHYIO, MOCIEN0BATEIBHYIO

IIEIb, HAYMHAA COOPKY OT OOHOTO0 3aKMMa MCTOYHHKA TOKA M 3aKAHUYNBAA HA IPYTOM, @ 3ATEM YKE

TOAKITFO B AP B A GAPRIRBIS L1CTIIL.

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
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7. Ilocne toro, kak cxema Oymer coOpana, HEOOXOAUMO YOEIMTHECA B NPABWIEHOU
YCTAHOBKE NBUKKOB PEOCTATOB, aBTOTPAHC(POPMATOPOB M PYKOATOK APYIUX PETYIUPYIONINX
yCTPOUCTB.

8. CoOpannas cxema o00g3arenbHO O0JKHA OBITH MPOBEPEHA IPEMOAABATENEM WIH
CTApIINM JJADOPAHTOM M TOJILKO C MX Pa3pelIeHrs MOKET OBITh BKIIOUEHA MO HAIPSIKEHHE.

9. Ilpn BxkmodyeHMM cxeMmel 0C000€ BHUMAHHME Cieayer OOpaTUTh HAa IOKA3aHUA
AMIIEPMETPOB M JOPYIUX WU3MEPUTENBHEIX IIPUOOpOB. B ciiyuae pe3koro ABUIKEHUSA CTPEIKH
AMIIEPMETPAa K KOHIY MIKAJIBI CXEMY HE0OXOIUMO HEMEMIEHHO OTK/IIOYUTHE OT HCTOYHHKA
HAITPSKEHHUAL.

10. HeoOxoaumo OepexHO OTHOCHUTBHCSA K anmaparype, UCIoib3yeMou B padore. 000 Beex
3aMEYEHHBIX HEHUCHPABHOCTAX WJIHM IMOBPEKIECHUAX CTYACHT MOKEH HEMEIJIEHHO COOONIWTH
NPENOaABATEII0 NN TA00PAHTY.

11. Ilocme BemomHeHus paOOTEI CTYAEHT 00sg3aH, HE pazdupas CXEMbBI ITOKA3aTh
MOJIYUCHHBIE JAaHHEIE mpenoaaBaremo. Ecmt pe3yasTaTsl H3MEPEHU BEPHEIL, TO MPENoIaBaTElNb
VX NOIIHCEIBAET. JKCIIEPUMEHT C HEIMMPABUIBHBIMU PE3YJILTATAMHI CIENYET ITOBTOPHUTE.

12. Cxemy cnenyer pazOUpaTe TOMBKO MOCHE €€ OTKIIOYEHUS OT CETH.

13. Kareropuuecku 3anpeniaercs:

— TpOrark pPyKdMH OrOJIEHHBIE IIPOBOJAA W YaCTH IPUOOPOB, HAXOIAIMIMECST ITOT
HAIPSKEHUEM, JAKE €CITU OHO HEBEINKO;

— MMPOU3BOIUTE U3MEHEHHA B CXEME ITPH IT0IKJIFOYEHHOM UCTOYHHUKE ITUTAHMNS;

— 3aMEHATH UM OpaTe 000PyAOBAHUE, UM MIPUOOPEI ¢ IPYTUX PadOUnxX MECT

— 0e3 pazpenieHns npenogaparesnd Wi 1adopaHTa;

— OTXOOUTE OT NPUOOPOB M MALIWH, HAXOMAMMXCA MO HANPSKCHUEM WM OCTABILATH
CXEMY ITOJ HANPSDKEHUEM ITPU 00padOoTKe pe3yIpTaTOB U3MEPEHHH;

— TEPErpyarb OPUOOPEI TOKOM WM HAINPSKEHUEM, IPEBBIIAIONINM HOMWHAIBHOE
3HAUEHUE.

[Tpoepky Hamiuusa, MOOABAEMOTO K CXEME WIM SIEMEHTAM CXEMBl HANPAKEHUA
HEOOXOIMMO TPOU3BOAUTE TOJBKO KOHTPOJBHOM JIAMIIOUKOM WM BOJBTMETPOM, COOOmas
MpaBUId TEXHUKHA O€30MaCHOCTH.

[Tpu pabore B maboparopuu cnenyer cTporo coOmonaTh MEPH MPENOCTOPOKHOCTH, TAK
KaK JIEKTPUUECKUN TOK, TPOXOIAIIMH YePE3 TENMO YenoBeKa, BemmunHou B (0,025 A yxke aBisgercs

OIMaACHBIM OJIA KIM3HH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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[Tpunoxenune b

BJ]ERTPH‘IEERHH cxeMa coeJHHeHHH TeIIOBOH 3alllHT LI MAallHHLI

NEPEMEHHOI'0O TOKA
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Ilepeuensv annapamypuol:
O0o3HaueHne HanmenoBanue Tun [Tapamerpel
100 Br /230 B~/
Al Mammna nepeMeHHOro ToKa 102.1
1500 v~
Gl Tpex¢a3znsiit HICTOYHUK MATAHU A 201.2 400B~/16 A
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3aoanue:
Jaoaua Nl

OnpenemTe MOKa3aHue BOJLTMETPA IJIA CXEMEI, n300paxennoun Ha pucynke 2.2. (15 B).

40 B 10 B

A

OM 5 OM

Pucynok 2.2 — [IpuHiiunuansHas cxema

3aoaua Ne2

OnpeneniTe TOKU B BETBAX CXEMBI PUCYHOK 2.3, mpuMmeHsas 3akoHel Kupxroga. /lano: £
=3B, Er=2B,E:=2B,Es=1B,i=1A, J1=05A. n=40Mrn=60M,rn=20M, rs=38
OMm, s=100Mm. (1 =02 A, L=0,7A, =-05A,L=0,1 A, Is=0,1 A)

Pucynok 2.3 — [IpunnunuaneHas cxema

3aoaua No3

Wﬁgﬁ%m 2.4 mOCTpPOUTH MOTEHIWAJIBHEIE AWATPAMMEI OPH Pa30MKHYTOM H
Cepmdjﬁhfﬂce‘%%ﬂgg&jﬁféﬁ i %éiggj LUSB, E2=5B E;=20B,E4=35B,r1=80m,1r2=240m, r; =

Bnapneney: VX
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7. Ilocne toro, kak cxema Oymer coOpana, HEOOXOAUMO YOEIMTHECA B NPABWIEHOU
YCTAHOBKE NBUKKOB PEOCTATOB, aBTOTPAHC(POPMATOPOB U PYKOATOK OPYIUX PETYIUPYIOMIAX
yCTPOUCTB.

8. CoOpannas cxema o00g3arenbHO O0JKHA OBITH MPOBEPEHA IPEMOAABATENEM WIH
CTApIINM JJADOPAHTOM M TOJILKO C MX Pa3pelIeHrs MOKET OBITh BKIIOUEHA MO HAIPSIKEHHE.

9. Ilpn BxkmodyeHMM CcxXeMmel 0C000€ BHUMAHUE CreayeT OOpaTuTe HA NOKa3aHWA
AMIIEPMETPOB M JOPYIUX WU3MEPUTENBHEIX IIPUOOpOB. B ciiyuae pe3koro ABUIKEHUSA CTPEIKH
AMIIEPMETPAa K KOHIY MIKAJIBI CXEMY HE0OXOIUMO HEMEMIEHHO OTK/IIOYUTHE OT HCTOYHHKA
HAITPSKEHHUAL.

10. HeoOxoaumo OepexHO OTHOCHUTBHCSA K anmaparype, UCIoib3yeMou B padore. 000 Beex
3aMEYEHHBIX HEHUCHPABHOCTAX WJIHM IMOBPEKACHUAX CTYACHT MOKEH HEMEIIEHHO COOONINTH
NPENOaABATEII0 NN TA00PAHTY.

11. Ilocme BemomHeHus paOOTEI CTYAEHT 00sg3aH, HE pazdupas CXEMbBI ITOKA3aTh
MOJIYUEHHBIE JAaHHEIE mpenoaaBaremo. Ecim pe3ynsTarel U3MEPEHUH BEPHBI, TO MPENOAaBaTenb
VX NOAIMCEIBAET. JKCIIEPUMEHT C HEMMPABWIBHBIMU PE3YJILTATAMHI CIENYET ITOBTOPHUTE.

12. Cxemy cnenyer pazOUpaTe TOMBKO MOCHE €€ OTKIIOYEHUS OT CETH.

13. Kareropuuecku 3anpeniaercs:

— TpOrark pPyKdMH OrOJIEHHBIE IIPOBOJAA W YaCTH IPUOOPOB, HAXOIAIMIMECST ITOT
HAIPSKEHUEM, JAKE €CITU OHO HEBEITUKO;

— MMPOU3BOIUTE U3MEHEHHA B CXEME ITPH IT0IKJIFOYEHHOM UCTOYHHUKE ITUTAHMNS;

— 3aMEHATH UM OpaTe 000PyAOBAHUE, UM MIPUOOPEI ¢ IPYTUX PadOUnxX MECT

— 0e3 pazpenieHns npenogaparesnd Wi 1adopaHTa;

— OTXOOUTE OT NPUOOPOB M MALIWH, HAXOMAMIMXCA MOJ HANPAKEHUEM WIH OCTABIIATH
CXEMY ITOJ HANPSDKEHUEM ITPU 00padOoTKe pe3yIpTaTOB U3MEPEHHH;

— TEPErpyarb OPUOOPEI TOKOM WM HAINPSKEHUEM, IPEBBIIAIONINM HOMWHAIBHOE
3HAUEHUE.

[Tpoepky Hamiuusa, MOOABAEMOTO K CXEME WIM SIEMEHTAM CXEMBl HANPAKEHUA
HEOOXOIMMO TPOU3BOAUTE TOJBKO KOHTPOJBHOM JIAMITOUKOM WJIM BOJBTMETPOM, COOMOmas
MpaBUId TEXHUKHA O€30MaCHOCTH.

[Tpu pabore B maboparopuu cnenyer cTporo coOmonaTh MEPH MPENOCTOPOKHOCTH, TAK
KaK JIEKTPUUECKUN TOK, TPOXOIAIIMH YePE3 TENMO YenoBeKa, BemmunHou B (0,025 A yxke aBisgercs

OIMACHBIM IS JKHA3IHH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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[Tpunoxenune b

BJ]EETPH‘IEERHH cxeMa coeJHHeHHH TeIIOBOH 3alllHT LI MAallHHLI

NEPEMEHHOI'0O TOKA
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Iepeuens annapamypol:
Obo3HaueHue HaumenoBanue Tum [TapameTper
100 Br /230 B~/
Al Mammna nepeMeHHOoro ToKa 102.1
1500 M-
Gl Tpex¢a3znsiit HICTOYHUK MATAHU A 201.2 400B~/16 A
AOKYMEHT OAMNCAH

ANEKTPOHHOW NOAMUCHIO
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MUWHUCTEPCTBO HA VKU U BBICHIET'O OFPA3OBAHIS POCCUMCKOU ®EIEPALIUU
OEJ/IEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEX/IEHUE BBICHIET'O OBPA3OBAHUWA
«CEBEPO-KABKA3CKHNI ®EJEPAJIBHBINM YHUBEPCUTET»

[Taruropckmii UHCTUTYT (punman) CKOY

MeToan4ecKne YyKazaHUs

0 OPraHu3alluy U MPOBENEHUIO CAMOCTOATEIEHOM PA0OTEI

no mucuummne «MHXEHEPHBIE CUCTEMBI 3JTAHUU Y COOPYXEHUN
(DJIEKTPOCHABXEHHUE C OCHOBAMMU SJIEKTPOTEXHUKHW)»
IULA CTYIEHTOB HAIPABJICHUA ITOATOTOBKH
08.03.01 Crpourenscro, CTpOUTENLECTBO 34aHU U COOPYKEHUH

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO
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Copepxanue

Brenenne

1 OO0mias xapakTepuCTUKA CaMOCTOATENbHOM padoTel oOyuaronmierocs npu
W3YUEHUN JOUCHUIUIMHBEL «VIH¥KeHepHBIE CHCTEMBI 3JaHUW M COOPYKEHUH

(31EKTPOCHADKEHUE C OCHOBAMHU SIEKTPOTEXHUKH ) »

2 [Inan-rpaduk BEIMOMTHEHWA CAMOCTOATENBHON PaOOTEL
3 KOHTpOIBHEIE TOUKH U BUJIBI OTYETHOCTH ITO0 HUM
4 Meroanueckne peKOMEH JAINH 10 N3YUEHUIO TEOPETUUECKOTO
Marepuana
5 Yuebno-merognueckoe 1 THPOPMATMOHHOE 00eCTIedeHe QU CIIUTLIMHEL
IOKYMEHT MNOANVCAH

ANEKTPOHHOW NOAMUCHIO
Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
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BBenenue

CamocrosrensHaa padoTa — naaHupyemas yueOHas, yaeOHO-MCCIen0BATENL CKAA, HAYIHO-
HCCIIEIOBATENBCKAA PA00TA CTYAEHTOB, BEITOIHAEMAA BO BHEAYIUTOPHOE (AyAUTOPHOE) BPEMHA I10
3aJaHUI0 U IIPH METOOUYECKOM PYKOBOJICTBE IPEMONABATENA, HO 0€3 €ro HEmoCPeaCTBEHHOTO
y4acTu (IpH 9aCTUYHOM HEIMOCPEICTBEHHOM YUACTHH MPENOJABATEN A, OCTABIIAIONIEM BEAYIIYIO
pOIE 3a padOTOM CTYAEHTOB).

CamocrosrenpHas padora CTyneHTOB B BY3e ABIACTCA BaKHBIM BHAOM YYEOHOU M
HAYYHOM NEATEIBHOCTH CTYIEHTA.

Bengymas nens oprammszanum u ocymiecrBaenuss CPC pmomxkHa COBMagare € IENBIO
00ydeHUs CTyIEeHTAa — TOArOTOBKOM OakanaBpa ¢ BeicmM oOpazosanueM. [Ipu opranmsamum CPC
BAXKHEIM M HEOOXOAMMBIM YCIOBHEM CTAHOBATCA (POPMUPOBAHUE YMEHUSA CAMOCTOATEIBHOU
paloTEl A1 MTPUOOPETEHNA 3HAHUI, HABEIKOB U BO3MOKHOCTH OPraHu3aluuu ydeOHOM U HaydHOU
NEATEIEHOCTH.

Llenpro camocToATENBEHON PAOOTEI CTYIEHTOB ABISAETCA OBJAAEHNE (DYHIAMEHTAILHBIMU
3HAHUAMHA, MPO(PECCHOHATEHBEIMA YMEHUAMHI 1 HABBIKAMH OEATEILHOCTH MO MPO(PUITIO, OTBITOM
TBOPUYECKOM, MCCIEIOBATENBCKON AeaTensHOCTH. (CamocTroATensHas padora CTyIOEHTOB
CHOCOOCTBYET pa3BUTHIO CAMOCTOATEINBHOCTH, OTBETCTBEHHOCTH M OPraHW30BAHHOCTH,

TBOPYECKOTO MOAXO0A K PEMIEHUIO TpodneM yueOHOro u mpo) eCCHOHAIBEHOTO YPOBHH.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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O01Ias XapakTepHCTHKA CAMOCTOATEILHOH padoThI 00y4Yarerocs nNpu H3y4yeHHH

THCHHILTHHBbI «MH:keHe pHbIe CHCTeMbI 3[IaHHH H COOPYKEHHH (DJIeKTPOCHADKEHHE ¢

OCHOBAMH 3JIeKTPOTEeXHHKH)»

CamocrosarensHad padoTa - maaHupyemas yaeOHas, yaeOHO-uCCIeN0BATENbCKAL, HAYIHO-
HCCIIEIOBATENBCKASA pA00TA CTYAEHTOB, BEITOIHAEMAA BO BHEAYAUTOPHOE (AyIUTOPHOE) BPEMA I10
3aJaHUI0 U TIPH METOOUUECKOM PYKOBOACTBE MPEMOIABATENA, HO 0€3 €ro HEMmOCPEeACTBEHHOTO
y4acTus (IPH 9aCTUYHOM HEIMOCPEACTBEHHOM YUACTUH NPEIOAABATEIA, OCTAB/IAIONIEM BEIYIIYIO
ponb 3a padOTOM CTYAEHTOB).

CamocrosarenpHas padora CryneHTOB B BY3e ABmAECTCA BaHBIM BUAOM YY4EOHOU M
HAYYHOU OEATEIbHOCTU cTyneHTta. CamocTosTensHas padoTa CTYIEHTOB UTPAET 3HAUUTEIBHYIO
pPOIE B PENTUHTOBOU TEXHOIOTHMN 00yueHus. B cBa3u ¢ atum, 00yaenue B BY3e Bkmouaer B ce0s
IBE, MPAKTUYECKW OJMHAKOBBEIE MO 00BEMY W B3aMMOBJIHMSHHUIO YACTH — MPOIEcca 0OOyueHus U
npouecca camooOyuenusa. [losromy CPC pmomxna crare 5>(p(PEKTUBHOM M LIE€IE€HANPABICHHOM
paboTou cryneHra.

K coBpeMeHHOMY CIENMATUCTY OOMIECTBO MPENBABIAET JOCTATOYHO NIMPOKHUHN MEPEYEHE
TpeOOBaHUM, CpEAM KOTOPHIX HEMAJOBAKHOE 3HAYCHWE WMMEET HAIMYWUe YV BBIMYCKHUKOB
OMPENEIIEHHBIX CIMOCOOHOCTEN M YMEHMA CAMOCTOATENBHO OOOBIBATH 3HAHUA W3 Pa3IMUHBIX
UCTOUHUKOB, CHUCTEMATH3UPOBATL MHOMIYUYECHHYIO HMH(POpMAnMIo, OaBaTh OLIEHKY KOHKPETHOH
(purancoBou curyauun. QOopMHUPOBAHUE TAKOTO YMEHHUS MPOUCXOJIAT B TEUEHHE BCETO MEPHOAA
00yueHHuA depe3 ydacTHe CTYJEHTOB B NPAKTHUECKUX 3AHATHAX, BBITOJHEHHE KOHTPOIBHBIX
3a0aHUN U TECTOB, HAIMMMCAHUE KYPCOBBIX U BBIMTYCKHBIX KBAMM(PUKAUMOHHBIX padoT. [Ipu stom
CaMOCTOATENRHAA Pad0TA CTYIEHTOB UTPAET PEMIAIONIYIO POJIb B XO€ BCEr0 yueOHOT0 mpouecca.

Begymas nens oprammszanum u ocymecrBaeHus CPC pomxna COBmagare C IENBIO
00ydeHMA CTYOEHTAa — MOArOTOBKOW Creruanncra u 0akamaBpa ¢ BeICIIMM OOpaszoBanuem. [lpu
opranm3anuu CPC BaxHBIM U HEOOXOOMMEBIM YCIOBHEM CTAHOBATCS (POPMUPOBAHUE YMEHMA
CaMOCTOATEIbHOW padOTHI OJIs MPUOOPETEHNA 3HAHUH, HABBIKOB M BO3MOKHOCTH OPraHU3aIuu
yueOHOW ¥ HAYUHOUN JEATETBHOCTH.

DopmMEI CAaMOCTOATEIBHOM PAOOTEI CTYAEHTOB pasHO00pa3Hel. B cooTBeTcTBHU ¢ pabouen
OPOrpaMMOM AUCHUIIIMHEL NPEIYCMOTPEHEl CAEAYIONINE BHUALI CAMOCTOATEIBEHOM PAOOTEI
CTYIEHTA:

- CAMOCTOSTETLHOE N3YUEHUE JINTEPATYPHI;

- CAMOCTOATCIBHOC PCIIICHUE 3a1a4,

- SEREBAREYSBbenoro mpoeicra

Ceptudmkar: 2C0QDD043ESABBB952205E7TBAS00060000043E
Brnaneneu: memaﬂwﬁgmm?bﬂﬂfﬂ UiyuenHuna Jumepamypsl — CaAMOCTOATCIBEHOC OBJIAJCHHC

3HAHHUAMH, OIIBEITOM HCCIICIOBATCIIE CI{Dﬁ JEATCIEHOCTH.
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Jaoauamu CaMOCTOAT EIEHOTO M3YUECHHUS JTUTEPATYPHI ABIAKOTCA:

. yriiyOneHne U paclMpeHne TEOPETUUECKUX 3HAHUM;

. (popMUpOBAHNE YMEHUM HMCIIOJB30BATH HOPMATUBHYIO, HPABOBYIO, CHPABOUYHYIO
JOKYMEHTALWIO U CIENUAILHYIO JIMTEPATYPY;

. pa3BUTHE MO3HABATEIBHBIX CIOCOOHOCTEN M AKTUBHOCTH CTYIEHTOB.

Ilenv camocmoamenvho2o pewienus 3a0aqd - OBJIAJCHUE MPO(PECCHOHAIBHBEIMA
YMEHUAMA U HABBEIKAMHU JEATEIHHOCTH IO TPOo (Prutro Oyaymien IeATeabHO CTH.

Jadauamu CaMOCTOATEIILHOT0 PEMIEHNA 34149 ABJLAFOTCA:

. CUCTEMATH3AIMA M 3AKPEIUIEHUWE IOJNYUYEHHBIX TEOPETMYECKMX 3HAHUM W
MPAKTUUECKUX YMEHUM CTYIEHTOB;

. (pOpMHUPOBAHME CAMOCTOATEIBHOCTH MBILLTIEHN, CITIOCOOHOCTEN K CAMOPA3BUTHIO,
CaMOCOBEPIICHCTBOBAHUIO U CAMOPEATM3aLIHH;

. Pa3BUTHE UCCIETOBATEIECKUX YMEHUH.

Llenvio camocmoamenvHo20 6bINOJIHEHUA pacYemHO-2paguyeckou padompl 10
OUCLUANIIMHE ABIACTCA OBIAACHUE (DYHIAMEHTAJIBHBIMU 3HAHUAMH, NIPO(PECCHOHATBHEIMU

YMEHUAMH M HABBIKAMH JEATEIRHOCTH MO HNPO(PHIo, ONBEITOM TBOPYECKOH, UCCIEN0BATENLCKON

OCATCIBEHOCTH.

JadayaMu TAHHOTO BUAA CAMOCTOATEIBEHON PAOOTHI CTYIEHTA ABIIAIOTCA:

® CHCTCMATHU3AlUA W 3dKPCINVICHHC IMOJYUCHHBIX TCOPCTHUCCKHUX 3JHAHUH H

MPAKTUYECKUX YMEHHI CTYIEHTOB;

. YIIyOIEeHNE U PACIIMPEHNE TEOPETUIECKUX 3HAHWM;

. (popMUpOBAHME YMEHHUM HMCHOJIB30BATh HOPMATHUBHYIO, NMPABOBYIO, CHPABOYHYIO
OOKYMEHTAIIUIO U CIIEHUATBEHYIO TUTEPATYPY;

. pPa3BUTHE MO3HABATEIBHBIX CIIOCOOHOCTEN M AKTUBHOCTH CTYAEHTOB: TBOPUECKOM
WHUIMATHUBEL, CAMOCTOATEIHHOCTH, OTBETCTBEHHOCTH U OPraHU30BAHHOCTH;

. (popMUPOBAHNE CAMOCTOATENBRHOCTH MBILILIEHU, CHOCOOHOCTEN K CAMOPA3BUTHIO,
CAMOCOBEPILIEHCTBOBAHUIO M CAMOPEATN3 AL H;

. pa3BUTHE UCCIENOBATENECKUX YMEHUH;

. HUCIOJB30BAHME  MATepuasa, COOpaHHOr0O W HOAYYEHHOIO0 B XOI€

CaMOCTOATENBHBIX 3aHATHH HAa CEMHUHAPAX, HA MPAKTUYECKUX M JIAOOPATOPHBIX 3aHATUAX, IIPH

HAMMCAHUN KYPCOBOU pPaOOTEHI.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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B pesymprare OCBOEHMA OUCHUIIIAHEL  (POPMUPYIOTCA CAEOVIONIMM  IEPECYEHB
IAHUPYEMBIX PE3YJIBTATOB OOYYEHUSA IT0 OUCLHMILUIMHE, COOTHECEHHBIX C IJIAHUPYEMBIMHA

pe3yIpTaTaMH 0CBOEHUA 00PaA30BATEILHON MTPOTPAMMEL:

[Inanupyemeie pe3yabTaTel
00ydueHus Mo IUCHUILTHHE

Kon, opmymipoBka Kon, (hopmymipoBka (MOIymIO),
KOMIETEHINH WHOIUKATOpa XaPAKTEPU3YIOMINE ATATIBL
(opmupoBaHUA

KOMITETEHIIU N, UHIUKATOPOB
3HaeT OCHOBHEIE 3aKOHEI
IEKTPOTEXHUKHN; OCHOBHBIE
OmpeaeneHus,
TOTIOJIOTHUECKHE TAPAMETPEI
11 METOIHI pacueTa
YMEKTPUIECKHX TIETIEH,
OCHOBBI ATEKTPOHUKH U
IEKTPUUECKIE U3MEPEHMU S,

OIIK-1 Cnocoben pemars WU1-2omnk-1 [Tpumenser YMeer NpuMEHATh TPUHIAIIEL

3a0a4u Mpod eCCHOHATIBHOU MAaTEMATUYECKUHN anmapar OOCTPOEHUS, AHAIN3A U
NEATEIEHOCTH HA OCHOBE TEOPHUH (PYHKIIUH SKCILTyaTanun

MU CHOIb30BAHUA HECKOJIbKUX MTEPEMEHHBIX, IEKTPUUECKUX LIETEH,

TEOPETUUECKUX U TEOpUH () YHKIUH BEBIITOJIHATE PACUET
OPAKTUIECKHUX OCHOB KOMIIJIEK CHOTO IIEPEMEHHOTO, | CTPOUTEIHHOM MIOMIATKH.
€CTECTBEHHBIX U TEXHUYECKNUX TEOPHUH PAIOB, TEOPUU Bnaneer
HAyK, 4 TAKXKE ma(pepeHtmans HeIxX IEKTPOTEXHUUECKOU

MATEMATUUECKOTO armnapara YPAaBHEHUM ammaparypou u
3JIEKTPOHHBIMHA

yCTPOMCTBAMH, MPUMEHEHUEM
METOI0B TEOPETHYECKOr 0 U
YKCHEPUMEHTAILHOTO
UCCIEN0BAHNA B
MEKTPOTEXHUKE U
OPOMBIIILIEHHON
STEKTPOHUKE.
3HAET THUITOBEIE CXEMBI
3JIEKTPOCHAOKEHUA U
COBpPEMEHHOE 000pyIOBaAHUE
CTPOUTENBHBIX OOBEKTOB.
THUITOBBIE CXEMEBI CHCTEM
3JIEKTPOCHAOKEHUSA 3JaHUU U

HU/I-1omnk.3 [Ipumenser
OIMMCAHNUE OCHOBHEIX
cCBeneHHil 00 00BEeKTax 1

OIIK-3 Coocoben mpuHUMAaTh
pelIeHNS B

npo(peccunonansHON cepe, IPOTeccax COOPYKEHUH.
UCIOJIB3YS TEOPETUUECKUE P " Ymeer BEIOUpaTs HCTOYHUK
npo()eCCHOHATEHOU
OCHOBBI 1 HOPMATHUBHYIO 0a3y HIEKTPOCHAOKEHMA,
. | JEATEIBHOCTH ITOCPENCTBOM
CTPOUTENBCTBA, CTPOUTEIBHON pa3padaTeBATE CUCTEMEL
M CITOJIL30BAHN A
WHIYCTPUM U KUIUIIHO- . 3IEKTPOCHAOKEHUA
o npo()eCCUOHATEHOU -
KOMMYHAJILHOTO X031 CTBA CTPOMIIIONIAIOK.

TEPMUHOJIOT MU
[OKYMEHT NOANWUCAH CobOmrogaeT HOPMATUBHEIE

SNEKTPOHHOW NOANMWUCHIO

_ [MTpaBIIad

Ceptydomkatr: 2C0000043ESABBB952205E7/BAS000600Q0043E
l1J'|!=JL|,: lle6ayxosa TaTtbAHa AnekcaHapoeHa JJICKTPO Oe30macHOCTH [IpH

BBITTOJIHEHUH PadoOT.

Bnan
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ILman-rpa¢guk BoINOJTHEHHA CAMOCTOATE/ILHOM padoThl

Ko O0BEeM 4acoB, B TOM UHCJIIE
pearTn3yeMBIX Bun negarensHOCTH T(;I; Ziir;i; KGE;:E}?H
KOMITCTCHI[HH, CTyIEHTOB CPC P Bcero

K ATOPA(OB) OLIEHKH mpernomaBat
ernem
S ceMmecTp
CamocrogrensHoe
mydenne gureparypel | CobecemoBanme | 29,16 3,24 32,4
mo Temam Nel-9
OITK-1 iiﬁfﬁa K CobGecenosamme | 1,215 0,135 1.35
HUJ1-20rmk-1
OTTK.3 [TonroToBKa K
VT om nmabopaTopHEIM CobOecenoBanne | 3,645 0,405 4,05
3AHATHAM
[ToaroroBka K .
OPAKTHIECKUM 2.43 0,27 2.7
3AHATHAM Jafatd
Hroro 3a 5 cemecrp: | 36,45 4,05 40,5
Hroro: | 36,45 4,05 40,5
[IOKYMEHT NOQMACAH

SNEKTPOHHOW NOAMNUCHLIO
Ceprudomkar: 2C0000043E9ABEBOS52205E7BAS00060000043E

Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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KﬂHTpﬂ.]]hthE TOYKH H BHIbI OTHE¢THOCTH 11O HUM

No Bung nesarensHOCTH CTYIEHTOB Cpoxkn KommuaecTBo
/o BBLIMOJIHEHUA OamoB
S ceMecTp
l. [TpakTrueckoe 3ansatue No 2 6 Hexena 25
2 JTaboparopnoe 3anstue No 3 10 nenena 15
3. [TpakTrueckoe 3anstue Ne 7 16 nenens 15
Hroro 3a 5 cemecTp 55
HUroro 55

Maxk cumManbHO BO3MOKHBIM 04t 3a BECh TEKYIIAN KOHTPOIE MakCUMATBEHO BO3MOKHBIH

Oannm 3a BECh TEKYNIMM KOHTPOJEL YCTAHABIMBAETCA pAaBHEIM 55. Tekymiee KOHTPOIBHOE

MEPOIPUATHE CUMTAETCA CHAHHEIM, €CIA CTYOEHT IToaydus 3a Hero He MmeHee 60% ot

YCTAHOBIEHHOTO [JIA OTOT0 KOHTPOJSA MAKCUMAIbHOTO Oamma. PeurtunroBern Oamm,

BBICTAB/IEMBIA CTYIEHTY 34 TEKYyIIEE KOHTPOJBHOE MEPOINPUATHE, CHAHHOE CTYIEHTOM B

yCTAHOBJIEHHBIE TPA(PUKOM KOHTPOIBHBIX MEPOIPUATHH CPOKH, OHPENEIETCA CIEAYIOINIM

obpazom:

YPOBEHB BEIMOJHEHUA KOHTPOJIBHOTO

PeirruHrossiit 0amwt (B % 0T MaKCUMAJIBHOT O

3anaHud Oanya 3a KOHTPOIBHOE 3a1aHHE)
OTIMYHEIN 100
Xopommit 80
Y 1OBIETBOPUTEITEHEIN 60
HeynoBneTBopuTEIEHEIN 0

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MeToanueckue PEKOMEHAAIHHA 10 H3YHEHHIO TEOPETHYECCKOI'0O MaTepHaJ/Ia

CamocroarenpHas pabora CTyZEHTA HAYAHAECTCA C BHUMATEIBHOTO O3HAKOMIIEHHA C
COOEpKAHUEM yIeOHOr0 Kypca.

M3yuenue KamI0u TEMBI CIENYyeT HAUMHATE C BHUMATEIBEHOTO 03HAKOMIEHU ¢ HA0OpOM
BOIIPOCOB. OHM OPUEHTHUPYIOT CTYAEHTA, MOKA3BIBAIOT, UTO OH JOJKEH 3HATH II0 JAHHOU TEME.
Bonpocel TeMEI kKak OBl HAKIAABIBAIOTCS HA COOTBETCTBYIONIYIO IIaBY H30PAHHOTr0 yUeOHMKA WIH
yueOHoro mocoOus. B urore momkHO OBITH ACHBIM, KAKHUE BOMPOCH TEMBI YUEOHOTO Kypca U C
KAKOW TJyOMHOM PAaCKpBITEI B KOHKPETHOM yU4eOHOM MATEpPHAIE, 4 KAKME BOOOIIE OMYIICHHI.
Tpebyercs TBOpUECKOE OTHONIEHUE M K CAMOMY COIEPKAHUIO T CIIUTLINHEL.

Bompocsl, cocTraBigronife ee coaepxanmue, 00IagaroT pa3Hoil CTENEHBI0 BAKHOCTH. ECTE
BOIIPOCEI, BEHITOJHAIONINE (DYHKIWUIO JIOTHUECKOW CBA3KH COAEPKAHUS TEMBI M BCETO Kypca,
MMEIOTCS BOIPOCEL OIMMCATEIBHOTO WIA Pa3biACHUTENBHOTO XAPAKTEPa, 4 TAKKE MCTOPHIECKOTO
KCKypca B 00JIACTh M3y4aeMOW AUCIUILIMHEL. BCe STH BOMPOCHEI HE COCTABIAIOT CYTH IMOHA-
THUMHOTO, KOHIENTYAJIBHOTO COJNEPKAaHNUA TEMBI, HO HEOOXOIUMEBI UL ETOCTHOIO BOCIIPUATHA
M3y4aeMBIX TpoOmem.

M3ygaemas mucnMIUIMHA MMEET CBOM KATErOpHANBHO-TIOHATUWHEIA anmapar. Hayuneie
MOHATUS — 3TO Ta 0a3a, Ha KOTOPOU CTPOUTCA Kaxaas Hayka. [lomaTnsa — y310BEIE€, OOPHEBIE
MyHKTHl KAK HAYYHOTO, TAK U Yy4€OHOTO MO3HAHMA, JOTUYECKUE CTYNEHU IBHKEHUA B yuede OT
IPOCTOTO K CI0KHOMY, OT ABJIEHUS K CYITHOCTH. be3 ACHOTO MOHMMAHUS MOHATHUN yueDa KpaiHe
3aTPYAHAETCSA, a COIEePKaHNe MPUOOPETEHHBIX 3HAHUU CTAHOBUTCS TYCKJIBIM, PACTLUIBIBIATHIM.

CTyneHT OO0KEH HOHMMATh, 4TO CAMOCTOATENRHOE OBIANECHUE 3HAHUAMM SABIACTCA
TJIABHBEIM, ONPEACIAIONINM. BeICIIas mKoaa co3aaeT A1 3TOr0 HE0OXO0qUMEIE YCI0BUS, TOMOTAET
Oynymiemy BBICOKOKBATH (PUITUPOBAHHOMY CHEUATUCTY OBJIAJIETh TEXHOIOTUEHN
CaMOCTOAT €JIbBHOTO MMPOW3BOICTBA 3HAHUM.

B camocroAaTemsHOM padoTe€ CTyAEHTAM MNPUXOOUTCA WCIOIB30BATE JUATEPATYPY
pa3MMUHBIX BHOOB: IEPBOMCTOUYHHUKHA, MOHOTpaum, HayuHele COOpPHHUKHM, XpPECTOMATHH,
yueOHuKH, ydeOHsie mocoOus, xypHanel U ap. M3yueHue kypca mpeamoiaraer 3HAKOMCTBO
CTYOIEHTOB C OOmpmmMM OOBEMOM HAYYHOM M YY4EOHOM JIUTEPATYPHl, YTO, B CBOIO OYEPEXb,
MOPOKIAET HEOOXOOUMOCTH BEIPAOOTKM Yy HHUX PalMOHAILHO-KPUTHUECKOTO MNOOXO0OA K
MU3yJa€MBIM UCTOUHHKAM.

UTtoOBI HE «YTOHYTBE» B OTPOMHOM OOBEME PEKOMEHIOBAHHBIX €My UISI M3YUEHUS
MCTOTHIKRR: ol a% Hag HDGHIE BCETO, TOKEH HAYIMTHCS TPABMIEHO WX UATATh. [IpaBMIBHOE

Ceprvcukar: 2C0000043E9ABBBI52205E 7BAS00060000043E
BnanendiTCHUGPEKOMERA QRAHHBEX M CTOUHUKOB MPENITOIArdeT CIEN0BAHNE HECKOJIBKAM HECIIOKHBIM, HO

BECEMA ITOJIC3HEIM HpﬂBIﬂIﬂM.
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[TpenBapurensHBIN MPOCMOTP KHUTH BKIFOYAET O3HAKOMIIEHHE C THUTYJIBHEIM JHCTOM
KHUTH, AHHOTALMEH, NPEOUCIOBHUEM, OrjaBiaeHueM. [Ipm o3HakomueHumu ¢ OryaBI€HHEM
HEOOXOOUMO BBIJIENUTE PA3I€bl, TJIABEL, naparpadsl, NPeaICTaBIAIONINE I BAC UHTEPEC, OETIIo
UX MPOCMOTPETh, HAWUTH MECTA, OTHOCAIMMECS K Teme (ad3amel, CTpaHulbl, maparpadsr), u
MO3HAKOMUTHCA C HUMM B O0IIUX 4epTax.

Hayunsie n3ganus COMpoBOKAAOTC PA3IMIHBEIMHE BCIIOMOTATEIEHBIMI MATEPHATAMH —
HAYYHBIM AIIapaTrom, MO3TOMY BaKHO 3HATh, U3 KAKUX OCHOBHEIX JIEMEHTOB OH COCTOUT, KAKOBEI
€ro () YHKIHH.

3HAKOMCTBO C KHWTOM JIy4ll€ BCETO HAYMHATH C M3YUEHHUSA AHHOTAIIMM — KPATKOU
XapaKTEPUCTUKN KHUTH, PACKPBIBAIONIEH €€ CONEPKAHNE, HIEHHYIO, TEMATHYECKYIO U KAHPOBYIO
HAIIPABIECHHOCTh, CBEOEHUA OO0 aBTOpE, HA3HAYECHME M APYyTHE OCOOEHHOCTH. AHHOTAIMA
MOMOTAET COCTABUTE MPEABAPUTEIHLHOE MHEHHUE O KHUTE.

['1y0Ke MOHATE COOEPAHNE KHUTH ITO3BOJIIIOT BCTYIIUTENLHAA CTATEA, B KOTOPOU JAETCs
OLIEHKA COJIEPKAHUA KHUTH, 3aTPArMBAEMOUN B HEHU MPOOJIEMATHUKH, COAEPKUTCI UH(POopMAaIns o
KU3HEHHOM W TBOpPUYECKOM Ouorpaduu aBTOpa, BBICKA3BIBAIOTCS IMOJIEMHUYECKHE 3aMEYaHUs,
Pa3BACHAIOTCA OTAEIABHBIE IOJNIOKEHUSA KHUTH, TAIOTCA KOMMEHTApMU M T.0. Bor mouemy
3HAKOMCTBO C BCTYIIUTEILHOU CTATHEN NMPEACTABIACTCA OUEHb BAKHBIM: OHO ITOMOTAET CTYAEHTY
COPHUEHTUPOBATLECA B TEKCTE PadOTEI, 0OpATUTE BHUMAHWE HA €€ HAMOOJIEE IIEHHBIE U BAKHEIC
pas3aeJsl.

Toit ke nenn comencTByeT 3HaKOMCTBO € OTJIABIEHUEM, MPENUCIOBUEM, MOCIECIOBHEM.
Becekma mnone3HeIMM HIEMEHTAMM HAYYHOTO Aanmapara SBJIAIOTCA CHOCKH, KOMMEHTAapHH,
TAOIUIEI, TPapUKH, CIIUCKU TIUTEPATYPEL. OHU HE TOIBKO WLTHOCTPUPYIOT OTAEIBHBIE TTOJIO KEHH A
KHUTH WM CTATBH, HO M CaMU N0 Ce0€ ABJIAIOTCA NOMOJHUTENBHEIM HCTOYHMKOM HMH(POpMaIUn
IJI UMTATENA.

Ecnmn gurarens 3amHTepecoBana Kakas-TO BRICKA3aHHAS ABTOPOM MEIC/Ib, HE HAILEAMIasn
MOAPOOHOT0 OCBENIEHUA B JAHHOM HCTOYHHMKE, OH MOKET OOpaTWThCA K TEKCTY MCTOYHHKA,
YIOMHHAEMOT 0 B CHOCKE, TH00 K UCTOUYHUKY, KOTOPBIM OH MOJKET HAUTH B CHUCKE JIUTEPATYPHI,
PEKOMEHIOBAHHOM ABTOPOM IS CAMOCTOATENBHOI O U3YUEHUA.

CyIEeCTBYET HECKOIBKO (POPM BEICHUA 3AITNCEN:

— 1u1aH (MPOCTOH U Pa3BEPHYTHIN ) — HAnOoIee Kparkas (popmMa 3ammucH OpOYUTAHHOTO,
mpencrasjiaonias co00M nepedeHb BOMPOCOB, PACCMATPHUBAEMBIX B KHHUIE€ WM CTATHE.
PasepuyTerii mmaH mpencraBmaer cobo Oomee moapoOHYIO 3amuch MPOUYUTAHHOTO, C
TCTATI3 AHHE Bl AbihIR,BOTOKEHHIT M BEIBOJIOB, C BRITUCKOH ITUTAT, CTATHCTHUECKHX TAHHBIX

Ceprvcukar:  2C0QQ0043E9ABBBI52205E7BAS00060000043E .
Bnanendd: T.Hesh)a3BEPHYTBIL I, — HEOLEHHMMBIH IMMOMOIIHHUK IIPH BBICTYIUIEHWH C OOKJIATOM HAa
KOHKPETHYIO TEMY HA CEMUHAPE, KOH(PEpPEHIMH;
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— TE3UCBl — KPAaTKO C(POPMYTUPOBAHHEIE ITOJIOKEHUA, OCHOBHEIE ITOJIOKEHUS KHUTH,
crarbu. Kak mpaBmiio, TE3UCH COCTABILAIOTCA IMOCIE MIPEABAPUTEIBHOIO 3HAKOMCTBA C TEKCTOM
UCTOYHUKA, IPU €r0 ITOBTOPHOM NMpodTeHNH. OHA MOMOTAOT 3aOMHHUTE U CUCTEMATU3UPOBATH
WH(O pMAaIHIO.

CocraBiieHHE KOHCIIEKTOB

bosblIyl0 poIE B YCBOEHUM U MOBTOPEHUH MPOMIAEHHOTO MATEPUANIA UTPAET XOPOIIMH
KOHCIIEKT, COAEP/KANIAi OCHOBHEIE HIEH IIPOUYUTAHHOTO B YI€OHHKE U YCIIBILIAHHOTO B JIEKIIHH.
Koncnekt — 510, o CyniecTBy, HAOPOCOK, pa3BEPHYTHIN IIAH CBA3HOTO PACCKa3a Mo OCHOBHBIM
BOITPOCAM TEMHEIL.

B kako#i-To Mepe KOHCHEKT paccuuTaH (B 3aBUCHUMOCTH OT WHAWBHUIYATBHBIX
O0CODEHHOCTEM CTYOEHTA) HE TOJBKO HA HWHTEIUIEKTYATBHYI0O W SMOIMOHATBHYIO, HO WU HA
3PUTEIBHYI0 HAMATh, NMPUYEM TEKCT KOHCIIEKTAa HEPEIKO ACCOIMUPYETCS €mE€ M C TEKCTOM
yueOHMKAa win 3anuceio jgekuuu. [losTomy nerue 3amomMmHaeTrcs COOEpPKAaHUE KOHCIIEKTOB,
HAIMMCAHHBIX Pa300pYnBO, C MOJUEPKUBAHHUEM WJIM BBIOEIIEHUEM Pa3PANKON KIFOYEBBEIX CJIOB U
(ppa3s.

CaMOCTOATENRHO W3YUYEHHBIE TEMBI MPEIOCTABIAIOTCA TMpenoaaBarento B (opme
KOHCIIEKTA, [0 KOTOPOMY OPOUCXOAUT cobecenoBanue. Teopernueckne TeéMel Kypca (0T AEIbHEIE

BDHPDCLI), BBIHOCHMEBIC Hd CAMOCTOATCIIEHOC H3YUCHHC, ITPCACTABIICHEL HHKC.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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Yueono-memoouueckoe u unpopmauuonmnoe odecneueniie OUCHUNIUHbI

Ilepeuenv ocHOGHOU U OONOAHUMENbHOU JTUMEPAMYPbl, HEOOXOOUMOU 01 OCEOCHUA
OUCHUNTUHbI

Ilepeuensv ocroeHoll TUmMepamypbl:

1. Januno M.U. UnxkeHepHBIE CUCTEMEI 3TAaHUN U COOPYKEHUU (SIEKTPOCHADKEHNE C
OCHOBAMM SJIEKTPOTEXHUKHU) [ DMEKTPOHHEIM pecypc| : yuebnoe mocodue / M.U. Hanunos, U.T.
Pomanenko, C.C. SlctpeboB. — OnekTpoH. TeKCTOBbIe AaHHble. — (CraBpomons: (CeBepo-
Kaskazckuit (pemepanehbii yausepcurer, 2015. — 118 ¢. — 2227-8397. — Pexum mocrymna:
http://www.iprbookshop.ru/63086.html

2. Jlanunos M.H. NnxenepHsie CHCTEMBI 30aHUM U COOPYKEHUHN (DIEKTPOCHADKEHNE €
OCHOBAMH JMEKTPOTEXHUKH) | DMEKTPOHHBIN pecypc| : maboparopuel mpaktukym / M.WM. [la-
HunoB, M.I'. Pomanenko, C.C. SlcTpeboB. — DIEKTpPOH. TEKCTOBEIE OaHHBEIE. — (CTAaBpPOIOIIE:
Cemepo-Kaskazckuii (penepamsuseiii yausepcurer, 2015. — 135 ¢. — 2227-8397. — Pexum
nocryma: http://www.iprbookshop.ru/63085.html

3. Nanunos, M. U. UnxenepHsie CUCTEMBI 3TAHAI U COOPYKEHUN (DIEKTPOCHAOKEHNE C
OCHOBAMH 3JIEKTPOTEXHUKH ) | DMEKTPOHHEIN pecypc| : yaueOHoe mocobue (kypc nekmumit) / M. H.
HNanunos, U. I'. Pomanenko. — OnekTpoH. TeKCTOBEIE mgaHHele. — (CraBpomons : (CeBepo-
Kaskazckuit (pempepaneneni yausepcurer, 2015, — 223 ¢. — 2227-8397. — Pexum mocryna:
http://www.iprbookshop.ru/63087.html

Ilepeuensv OononHUmMEIbHOU JIUMEPANYPbL:

1. CemenoBa H.I'. Onexrpocnadxenue ¢ ocHoBamu 3neKkTporexHuku. Yacres | | Dnek-
TPOHHBIN pecypc] : yuebnoe mocodue / H.I'. Cemenora, A.T. PaumoBa. — DIEKTPOH. TEKCTOBEIE
nanuele. — OpenOypr: OpenOyprekuit rocynaperBeHusid yausepeurer, ObC ACB, 2016. — 142
c. — 978-5-7410-1559-9. — Pexum nocryma: http://www.iprbookshop.ru/69976.html

2. T'opnees-bypraury M.A. O0mias 51EeKTPOTEXHUKA U AJIEKT POCHAOKEHNE [ DIEKTPOH-HBIN
pecypc] : yaebnoe nocodbue / M. A. I'opaeer-byprautl. — DnekTpoH. TEKCTOBEIE faHHBIE. — M. :
MocCkOBCKII TOCyZApCTBEHHBIN CTPOUTENBHEIN yHuUBepcurer, Au Ilu Jp Menuna, ObC ACB,
2017. — 470 C. — 078-5-7264-1602-1. — Pexum TOCTyIIA:
http://www.iprbookshop.ru/65651 .html

3. Tuxonor A.D. DAEKTPONMPUBOA CTPOUTENBHOTO MEXAHWU3UPOBAHHOTO WHCTPYMEHTA

[C—)neKTpg#ﬁ-ﬁﬁﬁﬂﬂéﬂ%%MeﬁHﬂe nocobue / A.®. Tuxonor, B.H. baryer, A.H. Jlpo3nos. —

Ceptudukar: 2C0000043E9ABBBI52205E7BAS00060000043E . 5 _
:éﬂew%amgmmee. — M. : MOCKOBCKMH TOCYOAPCTBEHHBIA CTPOUTEIBHEIM YHHU-

Bnanen

Nencteutened: ¢ 19.08.2022 no 19.08.2023

150



Bepcurer, A [Tu Op Megua, ObC ACB, 2017. — 244 ¢. — 978-5-7264-1520-8. — Pexum
nocryma: http://www.iprbookshop.ru/64540.html

4. KonroxoBa E.A. DnektpocHabxenne [DMEKTPOHHBIM pecypc|: yUeOHUK A BY30B/
KonroxoBa E.A.— DnekrpoH. TekcroBele ganueie.— M.: U3narensckuit jom MOU, 2014.— 510
¢c.— Pexwum mocryma: http://www.iprbookshop.ru/33222.— 35BC «IPRbooksy, mo maposmo

5. DneKTpoCHADKEHNE CTPOUTENBHEIX ILUTOMIAIEH [ DNEKTPOHHBIN PECYPC|: METOTUYE-CKUE
yKa3zaHus/ — JIeKTpoH. TeKCToBEIE nanueie.— CI10.: Cankr-IlerepOyprekuii rocynap-CTBEHHEIN
ApXUTEKTYpHO-CTpouTebHEIN yHuBepcuTter, DbC ACB, 2014.— 35 ¢.— Pexum no-cryma:

http://www.iprbookshop.ru/33305

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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