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BBenenue

[IpakTrueckue 3aHATHS CO3/Ial0T ONTUMAaJIbHbIE TUIAKTHUYECKUE YCIOBUS TSI
JESITEIIBHOCTHOTO OCBOCHUS CTY/ICHTAMU COACPKAHUS U METOJOJIOTUU U3ydaeMon
JTUCHUTUTMHBL « THXKEHEepHBIE CUCTEMBI 3/IaHUN U COOPYKEHHM (3JIeKTpOoCcCHAOKEHNE
C OCHOBaMH DJICKTPOTEXHUKH)», HCIOIH30BAaHUE CIEHUATBHOTO Ja0OPaTOPHOTO
o0OpyZIOBaHUSI M TEXHUYECKUX CpelcTB. [lpakThueckue 3aHATHUS 3aHUMAIOT
IPEUMYIIECTBEHHOE MECTO IpU HU3YYEHHHM  OOIIEeNpOoPecCUOHANbHBIX U
npo(heCcCHOHANBHBIX AUCHUIUINH. [IpakTHdeckune 3aHSATHS MPOBOISATCS C IETBIO
BBIPAOOTKU MPAKTUYECKUX YMEHHUI U MPUOOPETEHUS HABBIKOB B PEIICHUU 3ajad,
0TpabOTKH yNpa>KHEHUH, BBIMIOJTHEHUN YePTEXKEN, IPOU3BOACTBE PACUETOB H T.I1.

Llenpro MpaKTUYECKUX 3aHATHH sBIAETCS (HOPMHUPOBAHHE MPAKTUIECKUX
yMEHUN — MPOQPECCUOHANIBHBIX (BBIMOIHATH OMpPEACIEHHbIE ACHCTBUS, ONEpallui,
HEOOXOJMMbIE B TIOCJIEAYIOIMIEM B MNPO(PECCHOHATBLHON NESITEIBbHOCTH) WU
y4eOHbIX, HEOOXOJUMBIX B TIOCIEAYIONIEH y4eOHOW  JeATeTbHOCTH IO
oOmenpodeccuoHanbHbIM U MPO(heCCUOHATBHBIM TUCIUILTHHAM.

bubmuorpaduuecknii CUCOK COAEPKUT CBEICHHSI O CIIPABOYHOM JIUTEPATYpE
U JIONOJIHUTEIBHBIX W3JAaHUAX, HEOOXOAUMBIX I YIIIYOJIEHHOTO W3Y4YeHUS

OTACJIBbHBIX BOIIPOCOB.



Ilpakmuueckaa paooma Nel

Tema: DKBUBAJNICHTHBIC TPEOOPA30BAHUS B AIEKTPUUECKUX LIETISIX

Ileny: Hayuutbcsi paccUMTHIBATh HSKBUBAJIEHTHOE COINPOTHUBIICHHE IpU
Pa3IMYHBIX CXeMaX COCAUHEHHS PE3UCTOPOB: MOCIEI0BATEIbHOM, MMAPAIIIETBHOM,
TPEYTOJIBHUKOM U 3BE3]I0M.

3HaHua u ymeHus, npuoopemaemvie 00yuUaOWUMCA 6 pe3yibmame
0C60€HUA meMbl:

B pesynbrate BBINOJIHEHWS MPAKTUYECKOTO 3aHATUA y  CTYACHTa
bopmupyroTCA:

3Hanusn:

o OCHOBHBIE 3aKOHBI AJIEKTPUYECTBA U MArHeTH3Ma, 3JIEKTPOTEXHUKH;
OCHOBHBIE€ ONpEJEICHUs, TOMOJOTUYECKHE TMapaMeTphl M METOJbl pacyeTa
IEKTPUYECKUX LIETIEH; OCHOBBI SJIEKTPOHUKHU U JJIEKTPUUECKUE U3MEPEHUS;

o TUIIOBBIE CXEMbI 3JIEKTPOCHAOKEHUSI U COBPEMEHHOE 000pyI0BaHUE
CTPOUTEIBHBIX OOBEKTOB.

Ymenua:

o OPUMEHATh MPUHLMIBI MOCTPOCHMS, aHaIu3a U OKCIUIyaTaluuu
ANEKTPUUECKUX IEeNeil, 3JIeKTPooOOPYI0BaHUS U MPOMBIIUIEHHBIX 3JEKTPOHHBIX
pUOOPOB;

o MPUMEHSITh MPUHIUIIBI OCTPOEHUS, aHanu3a CUCTEM
AIEKTPOCHAOKEHUS 31aHUI, COOPY>KEHUI, HACEJICHHBIX MECT U TOPOJIOB, METO/IbI
UX MPOEKTUPOBAHUS, JIEMEHTHI, SKCIUTyaTalls U PEKOHCTPYKIIUS.

Bnaoenus:

° DIEKTPOTEXHUYECKOMN aInmnapaTypou M dJIEKTPOHHBIMU YCTPONCTBAMHU,
IIPUMEHEHUEM METOJIOB TEOPETUYECKOTO M IKCIEPUMEHTAIBHOIO UCCIEIOBAHMS B
AIEKTPOTEXHUKE U MTPOMBIIIIEHHON AJIEKTPOHUKE.

o OPUMEHEHUsI METOJAaMH  pacyeTa CHCTeM  DJIEKTPOCHAOKEHUS
CTPOUTEIHHBIX 00BEKTOB.

AxmyanvHocms memoi:



3akmrouaercs B HEO0OXOIMMOCTH MIPOBOJAUTH SKBUBAJICHTHbBIEC
npeoOpa3oBaHus MPHU pacueTax dICKTPUUIECKUX IETEeH.

Teopemuueckaa uwacmao:

DnekTpudeckas Ienb, oOpa3oBaHHAs ITyTEeM COCIMHECHHS MEXOY COOOM
UJICATTM3UPOBAHHBIX AJIEMEHTOB, SIBJISIETCS MAaTEMaTUYECKOW MOJIEIBI0 PEAJIbHOIO
AIEKTPOTEXHUYECKOTO WIIM 3JEKTPOHHOIO ycTpoiicTBa. Uem OoJbIle 3JIEMEHTOB
CONCPKUT Takas Ielb, TEM TOYHEEe OTOOpakaeT OHa XapaKTECPUCTHKHU
MOJEIUPYEMOr0o  ycTporcTBa. JlaguM  ompeneneHuss OCHOBHBIX — ITOHSATHIA,
KacaloluXcsd T€OMETPUYECKOM KOH(UTYypaluu, WM TOMOJIOTHUH, DJICKTPUYECKUX
LETIEH.

BeTBb — ydacTok 1enu ¢ AByMs BbIBOIaMH. BEeTBbIO MOXKET ObITh OT/IETBHBIH
leMeHT JM00o Trpynmna »>JIEMEHTOB, COCAUHEHHBIX IMOCIEAOBATEIbHO WIIU
napajuiesibHO.

VY3en — Touka coeTMHEeHUs IBYX U Oosiee BeTBeH. MecTo coeTMHEHUS IBYX
BETBEH yJI0OHO paccMaTpuBaTh B KA4eCTBE y3j1a MPU MAIMHHBIX pacuerax. [Ipu
PYUHBIX pacueTax HECKOJBbKO 3JIEMEHTOB, COEAUHEHHBIX IOCIIEIOBATEIBHO WIH
napasuiesibHO, yJA00HO paccMaTpuBaTh Kak OJHY BETBb. IloaTOMYy mpu pydHBIX
pacyerax y3jJ0M CUMTAIOT COSAMHEHUE TPEX WK 00Jiee BETBEH.

KoHTyp — 3aMKHYTBIN yTh, IPOXOIAIINN YEPE3 PsIl BETBEU U Y3JIOB.

3agadya a”anM3a DJIEKTPUUECKON 1enu  (QopMyaupyercss CleayronuM
oOpa3oM. 3amaHbl cXema IeNH W XapaKTePUCTUKH €€ DJIEMEHTOB, a TaKkKe
HaMpsDKeHUST W TOKM HE3aBUCUMBIX HCTOYHUKOB. TpeOyeTcss HalTH TOKU U
HaIpsHKEHNUS BETBEM.

YpaBHEHUS, OMUCHIBAIOIINE MMOBEACHUE IEKTPUUECKON ILIEMH, COCTABIISIIOT
Ha OCHOBE 3akOoHOB Kupxroda.

UrtoOsl 3amucath ypaBHeHHUs Mo 3akoHaM Kupxroda, HeoOxonumo cHauana
BBIOpAaTh TIOJIOKUTENLHBIE HAMpaBJIEHUS TOKOB W  HANPsHKEHUW  BETBEH.
[TonoxxutenbHOE HAMPABICHUE TOKA MOKA3BIBAIOT CTPEJIKOW HA BBIBOJE AJIEMEHTA.
[lonoxkutenbHOE  HANpaBICHUE  HAMNPSDKEHHS  TOKAa3bIBAIOT  CTPEJIKOM,

pacnonomeHHoﬁ paaoM C DSJICEMCHTOM. HaﬂpaBHGHI/ISI TOKOB H HaHpﬂ)KGHI/Iﬁ
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PE3UCTUBHBIX  DJIEMEHTOB  BBIOMpAIOT  corjacoBaHHbIMH. CONMpOTUBIICHHE
IIPOBOJHUKOB, COCAMHSIOIIUX 3JEMEHThl, OYEHb MaJ0 IO CPaBHEHUIO C
COMPOTHUBJICHUSIMU PE3UCTOPOB, U UM ITPeHEOperaror.

HampaBnenuss HanpsoKeHUH M TOKOB HMCTOYHHUKOB CIIEIYET PacCMOTPEThH
0c060. Ctpenka JIC ucTouyHMKA HAIPSHKEHUS HAMIPABIIEHA K €T0 MOJIOKUTEIHLHOMY
BbIBONYy. [loaTOMy HampspkeHME Ha BHEIIHUX 3aKHUMaxX »3TOr0 HMCTOYHHKA

HaIIpaBJIEHO B CTOPOHY, MPOTUBONOJIOXHY0 DJ(C.

3aoanue:

3aoaua Nel

Jins 1enw, wu300pakeHHOW Ha pucyHke 1.1, HaWTH SKBHBAJICHTHBIC
COIPOTHBIICHUS MKy 3akuMaMu a U b, ¢ u d, d u f. 3navyeHus conpoTuBIIeHUH

npeacTaBieHbl Ha cxeme B Omax. (Fap = 12 Om, Feg = 4 Om, g = 4 Om)

oC e d

Js (][]

ln:]: o f

Pucynok 1.1 — IIpuHuunuanbHas cxema

3aoaua No2
st mienu, M300pakKeHHOM Ha pHUCYHKE 1.2, OompenenuTh SKBUBAJIECHTHOE
COIPOTHUBIICHHUE IICTTH MK Ty TOUKaMH @ i D pH pa30MKHYTOM U 3aMKHYTOM KJTIOUE

k.Ecmrl =r2=r3=rd=r5=r6=r7=100m. (rab =12 Om, rab = 8,33 Om)



C

Pucynok 1.2 — IIpunnunuansHas cxema

3aoauakie3

Jist nenu, nu3o0pakenHor Ha pucynke 1.3, J =12 A, E1 =30 B, E2 = 40 B,
3HaueHusi comnpotuBieHnit B Owmax yka3zaHel Ha cxeme. Haiitu BXxoaHOE
COMPOTUBJICHUE  OTHOCHTEIHHO  BBIBOJIOB  HCTOYHWKA TOKA, IPHUMCHUB
npeoOpa3zoBaHus: 1) TpeyrojibHUKAa COMPOTHUBICHUA B 3Be3dy; 2) 3BE3Jbl

COMPOTUBJICHUH B TPEYTOJbHUK. (3,25 OM)

Pucynok 1.3 — [IpuHuunuanbHas cxema

Konmponwvuwvie gonpocor:
1. Kak ompenensiercss oOmiee COMPOTHBICHUE TPU TMOCIEI0BATEILHOM

COEJIMHEHUH CONPOTUBIIEHUI? TP MapajuIeIbHOM COETUHEHUH?



2. Kak ompenensiercs HanpsyKeHUE HA yYacTKE JJIEKTPUYECKOM Lenu C
MIOCJIEA0BATEIbHBIMI CONPOTHUBIICHUSMM, IIAJCHUSA HANPSDIKEHUS Ha KOTOPBIX
U3BECTHBI?

3. Kak ompenenuts TOKM B IBYX NMAPAIIENbHBIX BETBAX 10 U3BECTHOMY
TOKY B HEPA3BETBIICHHON YaCTH JIEKTPUUYECKOMN e ?

4. [Ipy KakoM COEIMHEHHWH COIPOTHUBIECHHH TOK Yepe3  BCE

CONPOTHUBJICHUS PABEH?

5. IIpy KakoM COEIMHEHUM COINPOTUBJICHUM HAMNpPsKEHHWE Ha HUX
OIMHAKOBO?
6. B  kakom ciydae  HE0OOXOQUMO  HCIIOJIB30BaTh  B3aMMHBIE

Hpeo6pa3013aHH;1 COCIUHCHUA COHpOTHBHGHI/Iﬁ 3BC3/1a B TpGYFOJ'IBHI/IK?

7. ®opMyiibl peoOpa3OBaHMs 3BE3/Ibl B TPEYTOJbHUK, TPEYTOJbHHUKA B
3BE31y.
Cnucox numepamypot:

1. HauumoB M.U. HHXeHEpHbIE CHUCTEMbl 3JaHUN M COOPYKEHUH
(37IeKTpOCHAOXKEHUE C OCHOBaMHU DJJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype]
yaeOHoe nocodue / M.U. Jlanunos, N.I'. Pomanenko, C.C. SctpeboB. — DneKTpoH.
TekcToBble naHHble. — CraBpomnoinb: CeBepo-KaBkasckuii  (enepanbHbIii
yauBepcutet, 2015. — 118 c. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.M. HHxeHepHBIE CHCTEMBI 3IaHUA W COOPYKEHUU
(371IeKTpOCHAOXKEHUE C OCHOBAMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
nabopatopusiil npaktukym / M.U. Jla-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DneKTpoH. TekcToBble AaHHble. — CtaBponoiib: CeBepo-KaBkaszckuil penepanbHbIN
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum no-cryma:
http://www.iprbookshop.ru/63085.html

3. HanunoB, M. WN. HHxeHepHbIE CHUCTEMbl 3JaHUH U COOPYKEHUU
(9meKTpoCHAOXKEHHE C OCHOBAMH JJICKTPOTEXHUKH) [DNEKTpOHHBIN pecype]| :

yaebHoe rocooue (kypce nekuuid) / M. U. Jlanunos, U. I'. PomaneHko. — DIEKTPOH.
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TekcToBble naHHble. — CraBponons : CeBepo-KaBkasckuil (enepanbHblii
yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgoctymna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnektpocHabxeHre ¢ OCHOBAMHU JIEKTPOTEXHUKHU. YacTh
1 [DnexTponnslit pecypce] : yuedHnoe nocodue / H.I'. Cemenona, A.T. PaumoBa. —
DneKkTpoH. TeKCTOBbIE NaHHble. — OpeHOypr: OpeHOyprckuil rocynapCcTBEHHbIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctymna: http://www.iprbookshop.ru/69976.html

5. I'opaees-bypreunr M.A. OO1asi 3JIEKTPOTEXHUKA U 3JIEKTPOCHAOXKEHUE
[OnexTpoHHBI pecypc] : yudeOHoe mocobue / M.A. T'opaeeB-bypreun. —
ONEeKTpOH. TEKCTOBbIe naHHble. — M. : MOCKOBCKUI TrOCyAapCTBEHHbBIN
CTPOUTENbHBIN YHUBEpcHUTET, Ali [1u Op Menua, ObC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexxum noctyna: http://www.iprbookshop.ru/65651.html

6. TuxoHoB A.®D. DNEKTpONpPUBOJ CTPOUTEIBHOTO MEXAHU3UPOBAHHOTO
MHCTPYMEHTA [DNeKTpOHHBIN pecypc] : yuebHoe nocooue / A.®. Tuxonos, B.H.
baryeB, A.H. Jlpo3noB. — DneKTpoH. TeKCTOBbIe AaHHble. — M. : MOCKOBCKuUIA
rOCYJapCTBEHHBIM CTPOUTENBHBIM yHHBepcutTeT, Al 1lu Op Meaua, ObC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:
http://www.iprbookshop.ru/64540.html

7. KontoxoBa E.A. DnekTpocHaOxeHue [DNEeKTpOHHBIA pecypc]: yueOHHK
11t By3oB/ KonroxoBa E.A.— D7ekTpoH. TekcToBbIe nanHbie.— M.: U3narenbckmii
nom MOU, 2014.— 510 c.— Pexxum noctyna: http://www.iprbookshop.ru/33222.—
OBbC «IPRbooksy, nmo naposto

8. DnexkTpocHa0KeHUE CTPOUTETBHBIX IUIOMAAeH [DIEeKTPOHHBINA pecypc]:
METOJIUYECKUE YKa3zaHusi/ — OJEeKTpoH. TekcToBbie naHHbie.— CII0.: CaHkt-
[TeTepOyprckuit TOCyAapCTBEHHBIM apXUTEKTYPHO-CTPOUTETBHBIN YHUBEPCUTET,
ObC ACB, 2014.— 35 ¢.— Pexwum no-cryna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, nmo maposto



Ilpakmuueckaa paboma Ne2

Tema: AHamu3 pEeXUMOB LENEN MOCTOSIHHOTO TOKAa C HCIIOJb30BAHUEM
3akoHOB Oma n Kupxroda

I]ens: HayunThCsl pacCUMTHIBATH TOKK B BETBSIX C MTOMOIIBIO 3aKOHOB OMa H
Kupxroda.

3HaHua u ymeHus, npuoopemaemvie 00yHaAOWUMCA 6 pe3yiabmame
0C60€HUA meMbl:

B pesynbrate BBINOJIHEHWS MPAKTUYECKOTO 3aHATUA y  CTYACHTa
bopmupyroTCA:

3Hanusn:

o OCHOBHBIE 3aKOHBI AJIEKTPUYECTBA U MArHeTH3Ma, 3JIEKTPOTEXHUKH;
OCHOBHBIE€ ONpEJEICHUS, TOMOJOTMYECKUE MapaMeTpbl M METOJbl pacyeTa
IEKTPUYECKUX LIETIEH; OCHOBBI SJIEKTPOHUKHU U JJIEKTPUUECKUE U3MEPEHUS;

o TUIIOBBIE CXEMbI 3JIEKTPOCHAOKEHUSI U COBPEMEHHOE 000pyI0BaHUE
CTPOUTEIBHBIX OOBEKTOB.

Ymenua:

o OPUMEHATh TMPUHLMIBI TOCTPOCHMS, aHajdu3a M SKCIUlyaTaluu
ANEKTPUUECKUX IIeNei, 3JIEeKTPOOOOPYIOBAaHUS U MPOMBIIUIEHHBIX 3JEKTPOHHBIX
pUOOPOB;

o MPUMEHSITh MPUHIUIIBI OCTPOEHUS, aHanu3a CUCTEM
AIEKTPOCHAOKEHUS 31aHUI, COOPY>KEHUI, HACEJICHHBIX MECT U TOPOJIOB, METO/IbI
UX MPOEKTUPOBAHUS, JIEMEHTBHI, SKCIUTyaTalls U PEKOHCTPYKLIMS.

Bnaoenus:

° DIEKTPOTEXHUYECKOMN anmnapaTypou M 3JIEKTPOHHBIMU YCTPONCTBAMHU,
IIPUMEHEHUEM METOJIOB TEOPETUYECKOTO M IKCIEPUMEHTAIBHOIO UCCIEIOBAHMS B
AIEKTPOTEXHUKE U MTPOMBIIIIEHHON AJIEKTPOHUKE.

o OPUMEHEHUsI METOJAaMH  pacyeTa CHCTeM  DJIEKTPOCHAOKEHUS

CTPOUTEIHHBIX 00BEKTOB.
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Axmyanvnocmo memol:
3axrodaeTcsi B HEOOXOMMOCTH MCIIONIb30BaTh 3akoHbl OMa u Kupxroda amns

pacucTa SJICKTPHUICCKUX ueneﬁ.
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Teopemuueckaa wacmao:

CnoXxHOM 1Eenbpl0 IOCTOSTHHOTO TOKAa HAa3bIBAIOT 3JIEKTPUYECKYIO IIENb,
COCTOSIIYI0 M3 HECKOJIBKMX COIPOTHUBICHUN M HWCTOYHUKOB HAIPKCHUS,
COEJIMHEHHBIX MEX]Ty COOO0I TEM WJIM UHBIM CIIOCOOOM.

V3nom C-)JIGKTpPI‘i@CKOﬁ OCIIM HA3bIBACTCA MCCTO COCAHMHCHUS TPCX U Ooiece

BeTBel menu. IIpM HAIMYME B cXeMe N TakuX y3I0B MOXKHO cocraButs (11— 1)
ypaBHEHUH coryiacHo nepBoMy 3akony Kupxroda. B cooTBeTcTBHM € 3THUM 3aKOHOM
CyMMa TOKOB, MOAXO/SIINX K Y311y, paBHa CyMM€E TOKOB, OTXOSIIMX OT y3ja, WIH
anredpandeckas cyMMa BCeX TOKOB B y3Jie paBHa Hyl, T.e. X/ =0. Ilpu sTom
HE0OXO0MMO TOKH, MOJXOSIINE K Y31y, 3alIUChIBaTh B YpaBHEHUE C OJTHUM 3HAKOM
(Hanmpumep «+»), a TOKH, OTXOISAIIUE OT y3J1a — C MPOTHBOIIOJIOKHBIM 3HAKOM.

[Tpu nmocnenoBaTeNbHOM COEAMHEHUN HECKOJIBKUX compoTuBiieHui (puc. 1.1

a) obIee CONPOTUBIICHUE YYacTKa PABHO CyMME BCEX CONPOTUBIICHHI HA 3TOM
yuactke: R, =R, + R, + R,. Tox Ha yyacTKe LENH C HECKOJIBKMMH TOCIIEN0BATEIBHO

COEJIMHEHHBIMU COTMPOTUBIIEHUSIMU OyJieT paBeH (1o 3akoHy OMma):

=Y
R3
—>1
|
IO Rl IO
T+ — —
R1 R> R3 R2

Pucynox 2.1 — IlocnenoBatenbHoe () 1 napayuienbHoe (0) coeuHeHue

COINPOTUBIICHU

[Ipu mapanienbHOM COENMHEHMHM JBYX comnpoTtuBieHuir (puc. 1, 0)

R ‘R,

HKBUBAJIEHTHOE COIIPOTHUBIIEHUE ONpeaenseTcs o popmyne: R, = TR
+
1 2

Ecnu u3Becren Tok lg, mpoTekaromuii o Hepa3BETBICHHON YacTH 1I€MH, TO

Toku |1 u |, B conporuBnennsix Ry u Ry MoxkHO onpenenuTs o Gopmysiam:
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I, =1 —'
> "R +R,

[Ipu Tpex mapauienbHO BKJIIOYEHHBIX CONpPOTUBIEHUAX (puc. 1.2)

9KBUBAJICHTHOC COIIPOTHBJICHHNC 6yz[eT PpaBHO:

_ Rl'Rz'R3
R-R,+R,-R,+R, R,

c]

BeTBbIO 37EKTpUUECKON LIENM HA3bIBAETCA YYAaCTOK AJIEKTPUUYECKOUM UEIH,
3aKJIIOYEHHBIA MEXKIYy IBYMs y3i1aMu (Hanpumep, KOHTYp abefa Ha puc. 1.3).

B kaxmoM KOHType MEXIy DSJICKTPOABIKYIIUMU cwiamMu  (3.1.C.),
UMCIOIIMMHUCS B 1I€NH, W TMaJCHUSIMU HAIpPsHKCHUS Ha OTHCIBHBIX ydacTKax
CYILIECTBYET CTPOTO ONPENEIICHHAS] 3aBUCUMOCTD, ONIPEAEISIEMas BTOPBIM 3aKOHOM
Kupxroda:

SE=3IR,

T.€. ajnredpanveckas cyMma 3JeKTPOABIKYIIUX CHJI B JAHHOM KOHTYpE paBHa
anredpanyecKkoil cymMMe NajeHui HapsDKeHUM Ha y9acTKaXx ey 9TOr0 KOHTYpa.

Jlist Toro, 4ToOBl MpPaBUIIBHO 3alMCATh YPAaBHEHHE IO BTOPOMY 3aKOHY
Kupxroda, HeoOXommMo 3amaThCsi HampaBlieHHEM o00X0Ja 3TOro KOHTYypa
(Hampumep, Mo X0y 4acoBou cTpenku). Eciau nmpu o0xo/ie KOHTypa HampaBJIeHHE
3.]1.C. COBMAJAET C HANpaBJICHHEM O00XO0Aa, TO €€ 3aMHUCHIBAIOT B JIEBYIO YaCTh
YpaBHEHHUS CO 3HAKOM «1», a €CIIi €€ HaIpaBJIE€HHUE HE COBMAJAET C HAMPABICHUEM
00x0/1a, TO €€ CUUTAIOT CO 3HAKOM «—». AHAJOTMUYHO MOCTYMAIT CO 3HAKaMHu
MaJICHUM HAIpsDKeHUW. Eciu HampaBiIeHHME TOKa Ha y4acTKE LENMU COBIIANAET C
HarpaBjeHueM o0xona, To IR Ha 3TOM ydYacTke 3amMChIBAIOT CO 3HAKOM «+», B

IMPOTHUBHOM CJIY4a€ — CO 3HAKOM «—».

1. Jlns koHTypa abefa, coBepiiasi 00X0/1 M0 YaCOBOM CTPEIIKE, TOTYUHM:
E =1R + LR,
2. s xontypa bcedb, comepmass 00X0oa HMPOTHB HYaCOBOM CTPEJIKH,
MOJYYHM:
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E =LR, + R,
3. Jlna xontypa abcdefa, coBepiras 00xoa MO YacoBOW CTpEJKe,

MTOJTYYUM:

E -E,=1R —L,R,

3aoanue:
3aoaua Nel
OrnpenenuTs MOKa3aHUe BOJBTMETPA JIJIS CXEMbI, H300paKeHHON Ha PUCYHKE

2.2. (15 B).

5 OM 5 OM

Pucynok 2.2 — [IpyHuunuanbHas cxema

3aoaua Ne2

OnpenenuTe TOKM B BETBSX CXEMBl PUCYHOK 2.3, NPUMEHSS 3aKOHBI
Kupxroda. lano: E; =3 B,E;=2B,E3=2B,Es=1B,J;=1A,J,=0,5A, =4
OM, I, =60M,r3=20M,r;=80M, I5s=100m. (I, =0,2A,1,=0,7A,13=-0,5A,

I,=0,1A, ls=0,1A)
@ I
I's

O
I Tli Iz Cob o~ T4 I's
|::| ‘le Ja I;J L4 I:]ll\

E(1) (DE (DE:

Pucynok 2.3 — IIpuHiiunuaibHas cxema
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3aoaua Ne3

Jist menu pucyHOK 2.4 TIOCTPOWTH MOTEHITMATBHBIC JUArpaMMBbl TIPH
Pa30MKHYTOM U 3aMKHYTOM Kitoue. Jlano: E1 = 15 B, Eo =5 B, E3=20B, E4 = 35
B, r1 =8 Om, ro =24 Om, r3 = 40 Om, r4 = 4 Om. BHyTpeHHUE CONPOTUBIICHUS

HMCTOYHMKOB dHEPTUU: 10 = 2 Om, 120 = 6 Om, r30 = 2 Om, rao = 4 Om.

VR d_@_.f

I K h

Pucynok 2.4 — IIpuHuunuanbHas cxema

Konumponwvnwvie 6onpocur:

1. 3anucath 3akoH OMa U1 y4acTKa SKJICKTUYECKOW LIENU U I HOJIHOU
LICIIH.

2. Kak omnpenensiercsa HampaBlIeHHME TOKA MPU HW3BECTHBIX MOTEHIHAIAX

AIEKTPUYECKON 1enu?

3 JlaiiTe onpeneneHue y3iaaM U BETBSIM JIEKTPUUYECKOM LIETIH.

4, Chopmynupyiite u 3anuimmTe nepebii 3akoH Kupxrodga.

3) Chopmynupyiite u 3anummTe BTOpoit 3akoH Kupxroda.

6 Kak omnpenenuTts mnoka3zaHusi BOJIBTMETpPA IO HM3BECTHBIM TOKax B
BETBSX?

1. Metoauka nocTpoeHus MOTEHINAIBHON IUarpaMMbl sl 3aMKHYTOTO

KOHTYpa 3JIEKTPUUECKOM LIeTIH.
8. [losicHuTe, Kak TPOU3BECTH YYET BHYTPEHHEIO COMPOTUBICHUS

HNCTOYHHKA SHCPI'UHU IMPH IOCTPOCHUUN HOTCHHH&HBHOﬁ AuarpaMMal.
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Cnucox numepamypot:

1. [JanmmoB M.U. UH)eHepHbIE CHUCTEMBl 3IaHUHM M COOPYKEHUHI
(9NeKTpoCcHAOXKEHHE C OCHOBAMH AJIEKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yuebHoe nocodue / M.W. [lanunos, N.I'. Pomanenko, C.C. fcTtpeGoB. — DIEKTpOH.
TekcToBble naHHble. — CraBpomnonb: CeBepo-KaBkasckuii  (enepaibHbIii
yHuBepcuteT, 2015, — 118 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.MU. HHxeHepHBbIE CHCTEMBI 3IaHUW U COOPYKEHUU
(97eKTpOCHAOXKEHNE C OCHOBAaMH 3JIEKTPOTEXHUKH) [DIIEKTpOHHBIN pecypc] :
naboparopusblil mpaktukyM / M.W. Jla-aunos, U.I'. Pomanenko, C.C. Sctpe6oB. —
DJeKTpOH. TEKCTOBbIE AaHHbIe. — CraBponosib: CeBepo-KaBkaszckuil penaepanbHbIi
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum pgo-cryma:
http://www.iprbookshop.ru/63085.html

3. JanmnoB, M. W. HHxkeHepHbIE CUCTEMBI 3JaHUW U COOPYKEHHUI
(27IeKTpOCHAOXKEHUE C OCHOBaMHU DJJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
yaebHoe rmocoodue (kypce neknuid) / M. U. Jlaaunos, U. I'. PomaneHko. — DIEKTpOH.
TekcToBble JaHHble. — CraBponoab : CeBepo-KaBkaszckuili (enepanbHbIi
yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnexktpocHabxeHHE ¢ OCHOBAMU 3JIEKTPOTEXHUKHU. YacThb
1 [DnexTponnslii pecypce] : yuedHnoe nmocodue / H.I'. Cemenona, A.T. PaumoBa. —
DnexkTpoH. TeKCToBbie naHHbe. — OpeHOypr: OpeHOyprckuii rocynapcTBEHHbIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryna: http://www.iprbookshop.ru/69976.html

5. T'opaees-bypreunr M.A. OO1asi JIEKTPOTEXHUKA U AJIEKTPOCHAOKEHUE
[OnexkTpoHHBIN pecypc] : ydeOHoe mocobue / M.A. TopaeeB-bypreum. —
ONEeKTpOH. TEKCTOBbIE JaHHble. — M. : MOCKOBCKHII TIOCYyIapCTBEHHBIN
CTpOUTENIbHBIN yHUBEpcuteT, At [1u Op Menua, 9bC ACB, 2017. — 470 c. — 978-
5-7264-1602-1. — Pexwum noctyna: http://www.iprbookshop.ru/65651.htmi
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6. TuxonoB A.®D. DNEKTPONPUBOJ CTPOUTEIBHOTO MEXaHU3HUPOBAHHOTO
UHCTpYMEHTa [DIeKTpoHHBIN pecypce]| : yueOHnoe nmocodue / A.®D. Tuxonos, B.H.
baryeB, A.H. JIpo310oB. — DneKTpOH. TEKCTOBbIE AaHHble. — M. : MOCKOBCKHUI
rOCYJapCTBEHHBIM CTpOUTENbHBIA yHUBepcuTeT, Al Ilm Op Memua, ObC ACB,
2017, — 244 c. — 978-5-7264-1520-8. — Pexum po-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnekTpocHaOxeHue [DIEeKTpOHHBIA pecypc]: yueOHHK
1151 By30B/ KoHtoxoBa E.A.— DekTpoH. TeKCTOBbIe JaHHbIe.— M.: 3 naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222 . —
OBC «IPRbooksy, o naposto

8. DnekTpocHabXKeHHE CTPOUTENbHBIX IUIOMIAZe [DIeKTpOHHBIN pecypc]:
METOJIUYECKUE YKa3zaHusi/ — OJEeKTpoH. TekcToBbie naHHbie.— CII0.: CaHkt-
[leTepOyprckuii ToCyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIBHBIN YHUBEPCUTET,
ObC ACB, 2014.— 35 ¢.— Pexwum no-cryna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, no naposto

17



Ilpakmuueckaa paboma Ne3

Tema: AHanu3 peKMMOB LIENIEH NOCTOSHHOIO TOKa METOJAMU KOHTYPHBIX
TOKOB M Y3JIOBBIX ITOTEHIIUAJIOB

Ilens: HayuuTbes pacCUUTHIBATE TOKU B BETBSAX METOAAMU KOHTYPHBIX TOKOB
U y3JI0BBIX [IOTECHIUAJIOB.

3nanua u ymenus, npuoopemaemvie 00yuUaANOWUMCA 6 pe3yabmame
0C60EHUA MeMbl:

B pesynbrate BBINIONHEHUS MPAKTUYECKOIO 3aHATHS Yy CTYAEHTA
bopmupyroTCA:

3Hanusn:

o OCHOBHBIE 3aKOHBI JJICKTPUYECTBA M MAarHeTU3Ma, JJIEKTPOTEXHUKHU;
OCHOBHBIE ONPEACIICHUS, TONOJOTMYECKHE IapaMeTpbl W METOIbl pacyeTa
IIEKTPUYECKUX LIETIEN; OCHOBBI JJIEKTPOHUKH U DIIEKTPUUECKUE U3MEPEHUS,

o TUIIOBBIE CXEMbI 3JIEKTPOCHAOKEHUSI U COBPEMEHHOE 000pyI0BaHUE
CTPOUTEIBHBIX OOBEKTOB.

Ymenua:

o NPUMEHSTh TNPUHLUIIBI TMOCTPOEHWs, aHalv3a W OKCIUTyaTaluu
ANEKTPUUECKUX IEeNeil, 3JIeKTPooOOPYI0BaHUS U MPOMBIIUIEHHBIX 3JEKTPOHHBIX
pUOOPOB;

o IIPUMEHSTh MIPUHLATIBI MIOCTPOCHMUS, aHanusa CUCTEM
AIEKTPOCHAOKEHUS 31aHUI, COOPYKEHUH, HACETIEHHBIX MECT U TOPOJIOB, METObI
UX IIPOCKTUPOBAHUS, DJIEMEHTBI, IKCIUTYyaTallusl U PEKOHCTPYKLIHSL.

Bnaoenusa:

° DIEKTPOTEXHUYECKOMN aInmnapaTypou M dJIEKTPOHHBIMU YCTPONCTBAMHU,
IIPUMEHEHUEM METOJOB TEOPETHUUECKOTO M IKCIIEPUMEHTAIBHOIO UCCIIEIOBAHNS B
ANEKTPOTEXHUKE U MPOMBILIIIEHHON JJIEKTPOHUKE.

o OPUMEHEHUs METOJaMH  pacueTa CHCTEM  JJIEKTPOCHAOKEHUs

CTPOUTEIHHBIX 00BEKTOB.
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AKmyaﬂbnocm b memaol.
3aKiroJaeTcss B HeO6XOI[I/IMOCTI/I HCIIOJIB30BATh  MCTO/JbI  Y3JIOBBIX

IMOTCHIOMAJIOB U KOHTYPHBIX TOKOB IJI1 paCudCTa 3JICKTPUICCKUX HCHCﬁ.
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Teopemuueckasn uacmo:

MeTon KOHTYPHBIX TOKOB TAaKK€ MO3BOJISIET YMEHBIIUTH KOJMYECTBO
peliaeMbIX ypaBHEHUHN B CpPaBHEHUH C CUCTEMOM ypaBHEeHUH 110 3akoHam Kupxroda.
KonnuecTBO ypaBHEHUH IO METOJy KOHTYPHBIX TOKOB OIPEIEISIETCS YHCIOM
ypaBHEHUH 10 BTOpoMy 3akoHy Kupxroda ais paccMarpuBaeMoil 31eKTpUIeCKOM
uenu. MeToj1 OCHOBBIBAETCSI HA TOM CBOMCTBE, YTO TOK B JIF000I BETBU MOXKET ObITh
MIPE/ICTABIICH B BUJE alnreOpandecKoll CyMMBbl HE3aBHCHUMBIX KOHTYPHBIX TOKOB,
MPOTEKAIONIUX 0 3TOW BETBU. B COOTBETCTBUM C JaHHBIM METOJOM HEOOXOIUMO
BBIOpaTh KOHTYPHBIE TOKH TAKUM 00pa30M, YTOOBI KXKIbIA U3 HUX TIPOXOAMIT YEPE3
OJINH UCTOYHUK TOKA, & OCTaBILIMECS KOHTYPHbIE TOKH BRIOMPATH MPOXOASIIIIUMU TIO
BETBSIM, HE COJICPKALLNM UCTOUYHUKH TOKA.

CucreMa ypaBHEHHMI MO METOJYy KOHTYPHBIX TOKOB B BHUJI€ MAaTPUIIbl OyAET
UMETh CTOJILKO CTPOK U CTOJOIIOB, CTOJIBKO YpaBHEHUN HEOOXOIUMO 3amucaTh 10
BTOpOMY 3akoHy Kupxroda nns paccmatpuBaemoil snektpudeckoi nenu. Eciu B
AIIEKTPUUYECKOM IIEMU UMEETCS UCTOYHUK TOKa, TO I0OABUTCS CTOJIOCI] B CUCTEMY
ypaBHEHUH, €CJIU J1Ba, TO JIBa CTOJIONA U T.II.

MeTton y310BbIX TOTEHIIMAIOB.

JIaHHBIT METOJ TaKXKe IIO3BOJSET YMEHBIIUTh KOJIMYECTBO PEIIAEMbIX
ypaBHEHUH B CPAaBHEHUU C CUCTEMOM ypaBHEeHUH 110 3akoHaM Kupxroda.

KonnyecTBO ypaBHEHMI MO METOAY Y3JIOBBIX MOTEHUIHUAIOB OMPEACTACTCS
KOJIMYECTBOM ypaBHEHUU MO TmepBoMy 3akoHy Kupxroda mis paccMarpuBaemon
AIIEKTPUUYECKOM 11en. B COOTBETCTBUM ¢ JaHHBIM METOJOM, HEOOXOIUMO CHavaJIa
ONPENENIUTh NOTEHIMABl BCEX Y3JIOB JIEKTPUUYECKOW LIETH, a 3aTEM C MOMOILBIO
3akoHa Oma onpeAeauTh TOKH B BETBSIX. [Ipy 3TOM OJMH U3 y3JI0B 3JIEKTPUUYECKON
CXEMBbI, KOTOPBIM HAa3bIBAIOT OMOPHBIM, 3a3E€MJIICTCS, €r0 NOTEHINAN [ | CTAHOBUTCS
paBeH HyJI0. Y3em IS 3a3eMJICHUsI BRIOUPAETCs MPOU3BOILHO. Y TIOOHO 3a3eMJISATh
y3eJ1, HOMep KOTOPOT0o UMEET HauOoJIblliee 3HAYCHUE B 33JIaHHOM IJICKTPUUECKOU
LCTIH.

CucreMa ypaBHEHHMI MO METOJY Y3JIOBBIX MOTEHIIMAJIOB B BUAE MATPHUIIbI

OyZeT MMeTb CTOJBKO CTPOK M CTOJOIOB, CTOJBKO YpaBHEHUNW HEOOXOIUMO
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3amucaTth Mo nepBomy 3akoHy Kupxroda ans paccmMaTpuBaeMoi 3JEKTPHUUECKOMN
uenu. Eciii B 3IEKTPUYECKON IENU UMEETCS BETBb COJIEpKAIasi TOJIbKO UACATbHbBIN
ucrounuk DJIC. Torma yno6HO MpOHYMEPOBATh Y3JIbI JICKTPUUYECKON IENU Tak,
9TOOBI HOMEpP y3Jia C HauOOJBIIMM 3HAYCHHS B 3aJaHHOU AJICKTPUUCCKOU IIEIH,
OKa3aJicsi B y3JI€ OT KOTOPOro OTXOAUT UCTOYHUK D/IC. ITOT y3es NpUHUMAIOT 3a
OTIOPHBIN U 3a3eMJISIIOT. Toraa noTeHuuran y3ia, B KOTOpbIi BXOAUT UCTOYHUK DIC,

OyZeT U3BECTHBIM U paBHBIM BennunHe J/[C ncTtouHukKa.

3aoanue:

3aoaua Nel

OnpenennTs TOKM BETBEM B DJJIEKTPUYECKOM LENM CXeMa, KOTOPOU
IpEeACTaBlIeHa Ha pUCYHKE 3.1 MeTomoM: a) KOHTYpPHBIX TOKOB; 0) Y3JOBBIX
noteHnuanoB. Jlano: E; =36 B, E; =12B, J=8A,Ri1 =R, =4 0m, R3=1 Om, Ry
=20mM,Rs=10m. (1=9A, 1, =3A I3=6A,1.=2A)

-

Pucynok 3.1 — [IpuHuunuanbHas cxema
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3aoaua No2

BprauciauTh Bce TOKH B 3JIEKTPUUECKOM LIEMH, CXEMa KOTOPOU NPEACTABIIEHA
Ha PUCYHKE 3.2 METOJIOM: a) KOHTYPHBIX TOKOB; 0) METOJIOM Y3JIOBBIX OTEHIIAJIOB.
Hano: J =50 MA, E; =60 B, R1 =5 kOm, R, = 4 kOm, R3 = 16 kOm, Ry = 2 kOwm,
Rs=8x Om. (11 =20 mA, 1, =30 m A, I3 =10 m A, 12 =40 MA, |5 = 10 mA)

Pucynok 3.2 — [IpuHuunuaibHas cxema

Konmponwvnwvie éonpocowr:

1. ChopmynupoBaTb  OCHOBHBIE  MPHUHIMIBI ~ METOAA  Y3JIOBBIX
ITOTCHITUAJIOB.

2. CKOJIbKO ypaBHEHHH HEOOXOJMMO COCTaBUTHh IO METOIY Y3JIOBBIX
MMOTEHIINAIOB?

3. CdopmynupoBaTh OCHOBHBIC TPUHITUITBI METOa KOHTYPHBIX TOKOB.

4, CKOJIbKO ypaBHEHHI HEOOXOJMMO COCTABUTH MO METOAY KOHTYPHBIX
TOKOB?

5. KakoBbl 0COOCHHOCTHM TPUMEHEHHUS METO/JAa KOHTYPHBIX TOKOB JIJIS

CXEM, COJIEpKAIMX UCTOYHUK TOKA?
6. KakoBbl 0COOEHHOCTH TPUMEHEHUSI METO/1a Y3JIOBBIX TOTEHIIUAJIOB TSI
CXeM, coAepKalmx naeanbHblii ncrouuk J/C mexay yznamu?

7. Kak HaliTu TOKHM B BETBSIX [0 METOJY JIBYX Y3JIOB?

22



Cnucox numepamypet:

1. [JammmoB M.U. UHH)eHepHbIE CHUCTEMBl 3IaHUM UM COOPYKEHUHI
(9NeKTpOoCHAOXKEHHE C OCHOBAMH AJIEKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yuebHoe nocodue / M.U. [lanunos, N.I'. Pomanenko, C.C. fctpe6oB. — DIEeKTpoH.
TekcToBble naHHble. — CraBpononb: CeBepo-KaBkaszckuii  (enepanbHbiii
yHuBepcutetr, 2015, — 118 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.MU. HWHxeHEpHBbIE CHCTEMBI 3IaHUA U COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecypce] :
naboparopusblil npaktukyM / M.W. Jla-aunos, U.I'. Pomanenko, C.C. Slctpe6oB. —
DJeKTpOoH. TEKCTOBbIE AaHHbIe. — CraBponosib: CeBepo-KaBkaszckuil peaepanbHbIi
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum pgo-cryma:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HHxkeHepHbIE CHUCTEMBI 3JIaHUM M COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBAMHU DJJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
yaebHoe rmocoodue (kypce neknuid) / M. U. Jlaaunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBponoab : CeBepo-KaBkaszckuili (enepanbHbIi
yauBepcuteT, 2015, — 223 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnexktpocHabxeHHE ¢ OCHOBAMU 3JIEKTPOTEXHUKHU. YacThb
1 [DnexTponnslii pecypce] : yuedHnoe nmocodue / H.I'. Cemenona, A.T. PaumoBa. —
DNEKTPOH. TeKCTOBbIe AaHHble. — OpeHOypr: OpeHOyprckuii rocyaapCcTBEHHBIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryna: http://www.iprbookshop.ru/69976.html

5. T'opaees-bypreunr M.A. OO1asi JIEKTPOTEXHUKA U JIEKTPOCHAOKEHUE
[DnexkTponHbIl pecypc] : yueOHoe mocobue / M.A. Topnees-bBypreum. —
ONEeKTpOH. TEKCTOBbIE JaHHble. — M. : MOCKOBCKHII TIOCYyIapCTBEHHBIN
CTpOUTENIbHBIN yHUBEpcuteT, At [1Tu Op Menua, 9bC ACB, 2017. — 470 ¢c. — 978-
5-7264-1602-1. — Pexwum noctyna: http://www.iprbookshop.ru/65651.html
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6. TuxonoB A.®D. DNEKTPONpPUBOJ CTPOUTEIHHOTO MEXaHHU3UPOBAHHOTO
UHCTpYMEHTa [DIeKTpoHHBIN pecypce]| : yueOHnoe nmocodue / A.®D. Tuxonos, B.H.
baryeB, A.H. JIpo310oB. — DneKTpOH. TEKCTOBbIE AaHHble. — M. : MOCKOBCKHUI
rOCyJapCTBEHHBIM CTpOUTENbHbI yHUBepcuTeT, Al Ilu Op Meaua, ObC ACB,
2017, — 244 c. — 978-5-7264-1520-8. — Pexum po-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnekTpocHaOxeHue [DIEeKTpOHHBIA pecypc]: yueOHHK
1151 By30B/ KoHtoxoBa E.A.— DekTpoH. TeKCTOBbIe JaHHbIe.— M.: 3 naTenbckuii
nom MDBU, 2014.— 510 c.— Pexum nocryma: http://www.iprbookshop.ru/33222.—
OBC «IPRbooksy, o naposto

8. DnekTpocHabXKeHHE CTPOUTENbHBIX IUIOMIAZe [DIeKTpOHHBIN pecypc]:
METOJIUYECKUE YKa3zaHusi/ — OJEeKTpoH. TekcToBbie naHHbie.— CII0.: CaHkt-
[leTepOyprckuit TocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIBHBIN YHUBEPCUTET,
ObC ACB, 2014.— 35 ¢.— Pexwum no-cryna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, no naposto

24



Ilpakmuueckaa paboma Ned

Tema: KoMIUIEKCHBIA METOJ| AaHAJIN3A LIETIEW CHHYCOUAAIBHOIO TOKA

Ilens: llomyunTh HaBBIKM NIEPEBOJA CUHYCOMJAIBHBIX BEJIWYHMH B
KOMIIJIEKCHBIE, HAYYUTBHCS CTPOUTH BEKTOPHBIE IUArPaMMBI.

3nanua u ymenusa, npuodpemaemvie 00yualOWUMCA 6 pe3yibmame
0CBOCHUA MeMblL:

B pe3ynbrare BBINOJIHEHUS MPAKTUYECKOTO 3aHATUA y CTyACHTA
bopmupyroTcs:

3nanua:

o OCHOBHBIE 3aKOHBI JJIEKTPUYECTBA U MAarHeTH3Ma, 3JIEKTPOTEXHUKH;
OCHOBHBIE€ ONpEJEIEHUs, TOMNOJOTUYECKHE MapaMeTpbl M METOJbl pacyera
AIEKTPUYECKUX LIETIEH; OCHOBBI 3JIEKTPOHUKHU U JJIEKTPUUECKHE U3MEPEHUS;

o TUIIOBBIE CXEMBI AJIEKTPOCHAOKEHHUSI U COBPEMEHHOE 000pyIOBaHHE
CTPOUTEIIBHBIX 0OBEKTOB.

Ymenua:

o IPUMEHATh NPUHLMIIBI TOCTPOCHMS, aHajau3a M JSKCIUIyaTaluuu
AIIEKTPUYECKUX LIETEH, AJIEKTPOOOOPYI0BaHUS U IPOMBIIUICHHBIX 3JEKTPOHHBIX
npuOOpOB;

o IPUMEHSATH IPUHLUIIBI IOCTPOEHUS, aHanIu3a CUCTEM
AIIEKTPOCHAOKEHUSI 3AaHUM, COOPYKEHUI, HACETICHHBIX MECT U TOPOJOB, METOMIbI
UX MPOEKTUPOBAHUS, DJIEMEHTHI, SKCIUTyaTallls U PEKOHCTPYKIIHS.

Bnaoenus:

° AIEKTPOTEXHUYECKOMN aInmnapaTypou M dJIEKTPOHHBIMU yCTPONCTBAMHU,
NPUMEHEHUEM METOJIOB TEOPETUYECKOTO U IKCIEPUMEHTAIBHOIO UCCIEAOBAHMS B
AIEKTPOTEXHUKE U TPOMBIIUIEHHON JIEKTPOHUKE.

o OPUMEHEHUsT METOAaMHU  pacyeTa CHCTeM  DJIEKTPOCHAOKEHUS

CTPOUTCIIbHBIX 00BEKTOB.

AxmyanvHocms memoi:
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3axiarodaeTcss B HEOOXOIMMOCTH MCIOJIB30BAaTh KOMIUIEKCHBIA METOI IS

pacuera JIEKTPUUECKHUX LIETIEH.
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Teopemuueckasa yacmp:
[TycTh B 1IeTIh IEpEMEHHOTO TOKa ¢ dacToToid f = 50 [y BKIIOYEeHA KaTyIIKa,
o0J1aaronias HHIYKTUBHOCTBIO L ¥ aKTHBHBIM cONpoTHBIIeHHEM I (puc. 2.1).
[lpy npoTekaHWM TO KaTyIIKe TMEPEMEHHOTr0 TOKa I B MPOCTPAHCTBE,
OKPYXaIOIleM BUTKH, OYJIET CO3/1aBaThCsl MATHUTHBIN MOTOK @ M TOTOKOCLIETIICHUE

C BUTKAMH KAaTYHIKH:

rac w — 4ucCjio BUTKOB KaTYHIKH.

0 @

—
l -~
!
U=Ir
o 4
v
@
I
Y ¥

Pucynok 4.2 — Cxema nocneaoBaTelbHOro coequenust R u L

OTHo1IeHNE IMOTOKOCHCINNICHUA KAaTYHIKHM K TOKY KaTyIIKH i|_ Ha3bIBACTCA
COOCTBECHHOM WHAYKTUBHOCTBIO NJIM HHAYKTHBHOCTBIO!

wa-d)

I I
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Ecnu coOGcTBEeHHOE MOTOKOCLEIUIEHHE MPOMOPLHOHANIBHO TOKY (B cllydae
KaTylmKu Oe3 CTalbHOro cepjeyHuka), To L = const. OCHOBHON enuHULEN

U3MepeHust UHIYKTUBHOCTH siBiisieTcs ['enpu (I'n):

UH=— 15107 =1uln
147

Ecnu Tok B KaTyiike u3MeHsercs (Hanpumep, o CHHYCOUIaIbHOMY 3aKOHY),
TO U MOTOKOCLICTJICHUE KATYIIKH U3MEHSETCA U MOATOMY B BUTKAX KATYIIKHU T10
3aKOHY JICKTPOMArHUTHON MHAYKIIUA HABOJAUTCS 3.]1.C. CAMOUHAYKITUU €|

0
e, =WV _

dt dt
T.. HaBoAMMas 3.4.C. €. NPENsATCTBYET M3MEHEHUIO0 Toka j.. Kpome Toro,
KaTyllka 00J1aJJaeT HEKOTOPbIM aKTUBHBIM COMTPOTUBIICHUEM T.
[Ipumensis BTopoil 3akoH Kupxroda s MrHOBEHHBIX 3HAUYCHHM

DIICKTPUYECKUX BEJIMYMH, MOYKHO 3aINCaTh:
ute, =i-r
OTCIO/Ia HAIIPSKEHHE HA 3a)KMMax LeTId paBHO
u=i-r—e, =u, tu,

ITanenne HanpsOKEHUs HA AKTMBHOM COINPOTHMBJICHWHU HA3bIBAIOT aKTUBHOM
COCTABJIAIOIIEH HANPsKEHWs WM aKTUBHBIM  HANpPsDKEHMEM, a I[aJeHue
HANpsDKEHWs HAa MHAYKTHBHOM CONPOTHBJICHMHM Ha3bIBAIOT HMHIYKTHUBHOM
COCTaBJIAIOIIEH HaNpsKeHUs. MITHOBEHHBIE 3HAUYEHMs 3TUX BEJIMYMH 0003HAYaIOT
U, ¥ U, a geiicTByromue — cooTBeTcTBeHHO Uy m Uy, Ilpu cuHyconnansHOM 3aKoHe

HN3MCHCHU TOKA HAIIPAKCHHC Ha 3aKUMax LCIIN 6y,Z[eT PaBHO!

i : I, sin
u=ir—e_=rl_sin a)t+Ld( mg' wt):rl

. Sin ot + wl1  coswt =
. - 7T
=U_,sIn wt +U  sin [a)t +Ej’

T.e. MEXIy aKTHBHBIM M WHIYKTUBHBIM IMAJCHUSMH HANPSDKCHHUS UMEETCS
casur 1o (ase Ha 90°.

[lepexoast k KOMIUIEKCHOU (POpME MOKHO 3aIHCATh:
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U:Ua+jUL =jr+jixL

rae jIx, = joLl - koMIUIEKCHOE COTPOTHBIICHUE HHIYKTHBHOTO 3JIEMEHTA,;

: vU,, - U .
U, = \/“5’ un U, = \/LE’” - JICUCTBYIOIIMC 3HAYCHUSA AaKTUBHOIO U

WHIYKTUBHOI'O HANPSKEHUU.

Takum 06pa3zoM, HanpskeHHe Ha 3axuMax et U MoKHO TIpecTaBUTh B
Bujie cyMMbI 1ByX cunycoua U, u jU, . I3BeCcTHO, YTO BCAKYIO CHHYCOUIAIBHO

W3MEHSIOIIYIOCS BEJIMYUHY MOXHO TIPEICTaBUTh B BUJE BEKTOpa (HaIpuMep, ToKa
7 ), BpaIaromnierocs B MpOCTPAHCTBE C YIIIOBOW YaCTOTOU @, TPOCKIIHS KOTOPOTO

Ha MHUMYIO OCh U JIa€T CHHYCOUAAJIbHYIO BeTMUuHY (puc. 4.3).

j‘ ‘-\C‘D‘

+
Pucynok 4.3 — 300pakeHne CHHYCOMIaIbHOTO U3MEHSIOMIEHCS BETUIMHBI

TOKa B BUJC BCKTOpa

OnpenenuM HaNpsHKEHUST HA 3aKUMax [ENd IpU MOMOIIM BEKTOPHOM

nuarpamMmMbL. Bextop Toka / OTI0KHM B IIPOM3BOIBHOM HAIMPABICHHUH, HATIPHMED,
ropusoHTaidbHO (puc. 4.4). Bce ocranbHbie BEKTOPHI OYyAYT KECTKO MPUBS3AHBI K

BEKTOPY 7 , T.. UX CABUT IO (pa3e OyAeT CTPOTO ONpeAcIICHHBIM.

Bektop aktmBHOrOo Hampsbkeams U, =1-r Qymer coBmaaath IO

HAIPaBJICHUIO C BEKTOPOM I. BekTop MHIYKTUBHOM COCTABIISIIOLIEN HATIPSIYKEHUS
U, =j-1-X_ 6ymer onepexars Ha 90° Bextop / . CkiaapiBas reoMeTpHUCCKH

Bektopel U, u U, momyunmM BEKTOp HANpsHKEHHsT U HA 3aKUMaXx IEIIH.
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Pucynok 4.4 — BekTopHas iuarpaMma npH Moclie/IoBaTeIbHOM COCTUHEHUN

RulL

Bennunna X =0-L=27-f-L Ha3bIBACTCSA UHOYKMUBHLIM

conpomuejieHuem U U3MCPACTCA B Owm. COHpOTI/IBHCHI/IC XL 3aBHCHUT OT 4aCTOThI U
IIpU BKIIIOYCHHUHU KATYHIKH MHAYKTHBHOCTHU B IICIIb IIOCTOAHHOI'O TOKa ( f =O) TOK

KATyIIKA OyJeT OrpaHUYE€H TOJIbKO €€ aKTUBHBIM CONPOTUBICHUEM U OKAXKETCS

HaMHOTO Ooubiue. [loaToMy KaTymikM HHAYKTMBHOCTH, MpEIHAa3HAUYECHHbBIE IS

paboThl HA TIEPEMEHHOM TOKE, HEJIb3s BKJIIOUATh B €M MOCTOSIHHOTO TOKA.
Tpeyronenuk OAB  (puc. 4.4) [nOpsAMOYroibHBIA W Ha3bIBAETCS

TPEYTrOJbHUKOM Hanpsikenuil. 13 Tpeyronsauka OAB numeem:
2 a2
u-=U,+U,
72 SN2 (] 2 2002 | 2
U= +{-x) =1°(r"+x;)
N3Bnekas u3 o0eux yacteid KOpEeHb, MOTYIUM
U=1I-4r*+x?
Bemuumnna /r? +x? , ©MeroIIas pa3MEepHOCTb COMPOTHUBIICHUS, HAa3bIBACTCS
MOJTHBIM COTIPOTHBIICHUEM 1IN U 0003HAYACTCS Z :
z=r’>+x’

u 3akoH Oma AJL eI IIEPEMECHHOT'O TOKa UMCCT BHU:

|':EI/IU = I.Z
Z

Kocunyc yrna casura ¢a3 ¢ mexay Tokom | u Hanpsbxenunem U paBeH:
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_I-r_z
Il-z

a

COosS @ =

N3 TpeyronbHuKa MOITHOCTEN, KOTOPBIM MOKHO ITOJYYHUTh U3 TPEYTOJIbHUKA

HANPSOKEHUHA YMHOXKEHUEM €r0 CTOPOH Ha TOK I, IIOJITyYruM aKTUBHYIO MOIIHOCTE:
P=I°v=U-I-cosg
PeaxTuBHAsA MOIIHOCTD:
O=I°x, =U-I-singp
ITonHas MOIIHOCTE:

S=U-1=+P>+0O?

OTHoOIlIEHHE aKTMBHOW MOIIHOCTH K IMOJIHOM Ha3bIBaeTcs KOA((ULHEHTOM

MOIIIHOCTH.:

CcoS _E_—
O

Ecnu nens mepeMeHHOro Toka 00JaacT aKTUBHBIM CONPOTUBICHUEM I U
emkocthio C (puc. 4.5), To mo BTOopomy 3akoHy Kupxroda s MrHOBEHHBIX
3HAYCHUH DJIICKTPUUCCKUX BEIIMYMH MOKHO 3aITUCATh:

u=i-r+u,

r7ie U— MITHOBEHHOE 3HaYCHHUE MPUIIOKCHHOTO K I[EITH HAMPSKCHHS,

| - MTHOBEHHOE 3HAYEHUE TOKA LIETIH;

U, - MTHOBEHHOC 3HAYCHUEC HAIPSHKCHUS, IPHIIOKCHHOr0 K OOKJIaaKam
KOHJICHCATOpa U MPEACTABIIAIONIEro OO0 MaicHNue HAMPSHKCHHUS Ha EMKOCTH.

Ecmu TOK u3MEHSAETCS BO BPEMEHHM II0 CHHYCOMAAIBHOMY 3aKOHY, T.€.

i =1, sin @t 1o npenpinyiee ypaBHeHHe OYIET HMETh BHI
i 1 - 7T
U=rl,sinowt+——1_,sin(et ——).
wC 2

N3 710it popMysbl BUIHO, YTO MPHIOKEHHOE K IIEMH HAIPSKEHUE COCTOUT

3 IByX COCTaBISIOIIMX: aKTUBHOM UM akTHBHOTO Hanpsbkerus U, = rl  sin ot
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COBMIQAIONICH MO (pa3e C TOKOM, M PEAKTUBHOW WM €MKOCTHOW COCTaBIISFOIICH

c

1 i T
U, = oC I, sin( ot — E) , OTcTarorei ot Toka Ha 90° (puc. 1.6). Torma

U - U a -+ U c
HOCTpOI/IM BCKTOPHYIO JHATr'paMMy I JAaHHOTO ClIy4dasd, II0JIb3YyACh TEMHU KC

npaBujJIaMH, KaK HW IIPpHU HOCTPOCHHUH JuarpaMmbl JJIsI IIOCJICA0BATCIBHOTO

coequHenws r u L (cm. puc. 4.4).

-l
L

e @
<

C == | Ui xc

Y v

Pucynox 4.5 — IlocnenoBarensHoe coenuaenne R u C

I

Pucynox 4.6 — BekropHast auarpamma Jist moCae10BaTeIbHOTO

coenunenusa Ru C

I[Tpu 5TOM HEOOXOAUMO UMETH B BHY, 4TO BeKTop Hanpsbkenus U . orcraer

oT ToKa | Ha 90° (puc 2.6).

N3 tpeyronbauka OAB Ha pucyHke 6 umeeM:

U?=U2+U¢

NN
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1 1
U?=Ir)’ +(—)?=1"(r*+—)°
(Ir) (a)C) ( a)C)'

W3Bnekas KBagpaTHBIA KOPEHb U3 00E€UX YaCTEU, MOIYUHM:

Uzl-\/r2 +(é)2 ,

OTKYyaa
U U
I pr— prm—
1 2 2
\/7‘2 _‘_(7)2 \/7' + X
oC
Beanunna X, = % Ha3bIBACTCA  €MKOCMHbIM  conpomusileHuem u
(42

HU3MCPACTCA B Om. EMKOCTHOE COIMPOTHUBJICHHUC 3aBUCHUT OT YAaCTOTLI HAIIPAKCHHA

[ 2 2
CeTH M OT €MKOCTH KOHJeHcaTopa. Bemwmumna 47" +X- Ha3pIBaeTCS MOJHBIM

COIIPOTHUBJICHHUCM U o0o3Hauaercsa Z. 3akoH Oma IMPUMCHHUTCIIBHO K IIaHHOﬁ 11(S2005¢

NEPEMEHHOr0 TOKa Oy/IeT UMETh BUJ:

e Z=\/l’2 +)C(2j .

Ecnu Bce cTopons! Tpeyronbauka HanpsbkeHuit OAB pazgenuts Ha Tok |, TO
MOJIYYUM TPEYTOJbHUK COMTPOTUBJICHUM ¢ KaTeTaMU I' U Xc ¥ TUIIOTEHY30M Z.

IIpu mocnenoBatensHOM coenuaeHun f, L u C OymyT crpaBeIIMBBI BCE
BBIBOJIBI, TMOMy4deHHBIC miig 1enu ¢ r-L u memm c r-C. Ilpu 3TOM BO3MOXKHBI

cleayoIe KOMOUHAITUY:
a) X > X¢ ;0)X, <X ;B)X, =Xc .
PaccMoTpuM ¢ TOMOIIIBIO BEKTOPHBIX AHMArpaMM Kax bl U3 STUX BapUAHTOB.
a) ImeeM 1iens 13 mociie1oBaTeNIbHO coeIMHEeHHBIX I, L 1 C, mpuyem

X_ > Xc . 1o Bcem TpeM cOmpOTUBIICHUSIM OYJET TPOTEKATh OJIUH B TOT KE

Tok [/, BEKTOp KOTOPOTO OTIOXHM B BHIOPAHHOM MacIITabe HPOM3BOIKHO,
HanpuMep, TOPU3OHTAIBHO, T.€. HaIpaBJICHHE MEPBOIO BEKTOpa BBIOMpAETCS

pou3BOJILHO (puc. 4.7).
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BekTop maneHuss HampsDKEHUsT Ha AaKTUBHOM  COINPOTUBJICHUH Oyner

CoBIIaJaTb C HAIIpaBJICHHUCM TOKA, a IMaACHUC HAIIPAKCHUA Ha HWHAYKTHBHOM

snemente win U, Oynmer onepexarth BEKTOp | Ha % [Tanenne HanpsKeHUs Ha

€MKOCTHOM dieMenTe U C 6YI[GT OTCTaBaTh OT BCKTOpPa TOKA HA 7 5 Hn COorjiaaCHo

YCIIOBHIO

U.<U,.

Pucynok 4.7 — BexkropHas nuarpamma HanpspKeHu npu X > X¢

OO61iee HanpspKEeHUE ey OyIeT PaBHO CyMMe

U.,.+U.+Uc=U.
%3 BeKTOpHOfI AuarpaMMbl BUJHO, 9YTO MCIKAY TOKOM ILCIIN [ N HaAIIPpSAKCHHUCM

U ecTb yron ¢ u TOk MMeeT OTCTAIOIMI XapakTep, a CoS ¢ < 1,0.
0) Ilpn X, <X, mageHue HAMPSOKCHUS HA WHAYKTHBHOM COINPOTHUBIICHUU

6y,Z[eT MCHBIIC TMAaACHUA HAIPSKCHUSA Ha CMKOCTHOM COIIPOTUBJICHUHU, IMO3ITOMY

BEKTOpHAs quarpamma Oyzaet umeTh Buf (puc. 2.8):

U,

Pucynok 4.8 — BekropHast auarpamMma Hanpsokeruit mpu U . > U I
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B) [Ipu X, =X, umMeeT MecTo pesonarnc nanpsicenuil, T.e. U.= U, u aro

Oyner npu COL:g. IIpu 3TOM BEKTOpHI U , 1 U, paBHB 0 MOIYIIO H

MPOTUBOIOJIOKHO HampasieHbl (puc. 4.9), mo3ToMy UX cymMMa paBHa HYJO. Tok
HeMd TMpPU  PE30HAHCE HANPSHKEHUW  OMpenensercs TOJbKO  aKTUBHBIM
COMPOTHUBJICHUEM, MTOATOMY YIOJI CIBUra (ha3 MKy TOKOM M HaIpPSHKEHUEM ILIeTH
paBeH Hyto, a CoS ¢ = 1. IIpu 3TOM HagO MMETH B BUAY, YTO PE3YJIbTUPYIOILEE
CONPOTHUBJIEHUE LIEMH PE3KO YMEHBIIUTCS O 3HAYEHUS Z = I U TOK LIENU MpHU

PE30HaHCE MOKCT PE3KO BO3PACTATh.

p=0 U.=U=Ir .

Pucynox 4.9 — BekropHas auarpamma HampsiKeHUH pU pe30HaHCe

3aoanue:
3aoaua Nel
ITocTpouTh KpUBBIE U3MEHEHUS HANIPSHKEHUS M TOKA BO BPEMEHU M HAUYEePTUTD

BEKTOPBI, M300pakalolye 3aJlaHHble CHHYCOUIabHbIe (DYHKIIUN

yis Vis
u(t) = 1008 sin (157 *t + 1—0) ;i(t) =5 *sin (157 *xt — §)

Yemy paBeH caBur ¢a3 MeKIy HanpspKeHueM U TokoM? OnpenenuTs Iepro/y

T u yacrory o.

3aoaua Ne2

Haitn ananuTuyecku M OpU MOMOIIM BEKTOPHOM AuarpaMmbl CyMMy U
Pa3HOCTh CHHYCOHWJAJIBHBIX TOKOB. HaWTW aHaIMTUYECKH HMX IPOU3BEACHUE H
YaCTHOE OT JICJICHUS.

i, (t) = 100 = sin(wt + 30°)
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i,(t) = 120 * sin(wt — 459)
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 ¢ aktuBHBIM cornpotuBienreM R = 10 OM, uHAYKTUBHOCTBIO L =
0,05 ' moKITFOUEHa K KICTOYHUKY CHHYCOHTAIBHOTO HanpshkeHust (pucyHok 4.10),
neictByromee 3HaueHue koroporo U= 120 B, f = 50 I'm. OnpexenuTs mojHOE
CONPOTUBIIEHUE KaTyIIKH, TOK U CIBHUI (a3 MEXIy HaIlpsHKEHHUEM U TOKOM.
BbIYMCINTG aKTUBHYIO U PEAKTUBHYIO COCTABIISIIOLIME HANPSHKEHUEM Ha 3aKUMax

KaTymku. [TocTpouTh BEKTOPHYIO AMArpaMMy HaNpsDKEHHUM U TOKA.

R L

ey (T|U

Pucynok 4.10 — [IpunnunuansHas cxema

3aoaua Ned

Haiiti MrHOBEeHHBIE 3HAYCHHSI HAMIPSKEHHUS HA BCEX YUYAaCTKAX M MTHOBEHHYTO
MOLIHOCTh UCTOYHHUKA (pucyHok 4.11). Ilano: J(t) = 2 = sin(wt + 30°),f =200 ',
r=10Om, L =0.01 T'n, C=80 Mx®D

I(t) @l

Pucynok 4.11 — [IpunuunuansHas cxema

[ 1
| S

r

{":.

U
L
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Konmponwvnwie 6onpocut:

1. YeM oTIaM4YaETCs EPEMEHHBIN TOK OT TOCTOSIHHOTO?

2 [IpuBeuTE OCHOBHBIE XapAKTEPUCTUKN CUHYCOUAAIBHOIO TOKA.

3. Kaxk onpeznensiercs neicTByroniee 3Ha4eHUsI IEPEMEHHOTO TOKa?

4 Kak n3o0pakaercst nepeMeHHbI TOK Ha KOMITJIEKCHOM MJI0CKOCTHU?

) [TpuBenuTe KOMIUIEKCHBIE (POPMBI 3aIMCH IEPEMEHHOTO TOKA.

6. Kak anamuTuecku M rpadUyuecKkd CIOXHUTh (BbIYECTh) JBa
IIEPEMEHHBIX TOKa?

7. Kak aHanuTHYeCKH YMHOXXWUTHh WM Pa3JeiIUTh JBE KOMIUJIEKCHbBIE
BEJIMYUHBI?

8. Kak onpenensieTcss ¥ 4To NOKa3bIBa€T MTHOBEHHAs! MOIIHOCTh?

9. Kak onpenensieTcs MHIyYKTUBHOE conpoTuBieHne? EMKOCTHOE?

Cnucox numepamypot:

1. [HJauummoB M.U. HHXkeHEpHbIE CHUCTEMBl 3IaHUM M COOPYKEHUU
(oNeKTpOoCHAOXKEHHE C OCHOBAMH JJICKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yueOHoe nocodue / M.U. lanunos, N.I'. Pomanenko, C.C. SctpeboB. — DaeKTpoH.
TekcToBble naHHble. — CraBpononb: CeBepo-KaBkaszckuit  (enepanbHbIi
yauBepcuteT, 2015, — 118 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.U. WHxeHepHbIE CHCTEMBbI 3[aHUA U COOPYKEHUU
(27IeKTpOCHAOXKEHUE C OCHOBAMHU DJIGKTPOTEXHHUKH) [DJIEKTPOHHBIA pecype] :
naboparopuselil mpaktukyM / M.W. Jla-aunos, U.I'. Pomanenko, C.C. Sctpe6oB. —
DnexTpoH. TeKCTOBBIE nanHbIe. — CTaBponoib: CeBepo-KaBkasckuii (henepaibHbIN
yHnuBepcutetr, 2015. — 135 c¢. — 2227-8397. — Pexum po-crymna:
http://www.iprbookshop.ru/63085.html

3. JanwnoB, M. WM. HuxkeHepHblE CUCTEMBbI 3JaHUW U COOPYKEHUI
(9NeKTpOCHAOXKEHHE C OCHOBAMU AJIEKTPOTEXHUKH) [DNEeKTpOHHBIN pecype]| :
yaeOHoe nmocobwue (kypc nekiuit) / M. U. Jlanunos, U. I'. Pomanenko. — DneKTpoH.

TekcToBble JaHHble. — CraBponons : CeBepo-KaBkaszckuii (enepanbHbii
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yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgoctymna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnexktpocHabxkeHre ¢ OCHOBAMU JJIEKTPOTEXHUKHU. YacTh
1 [Dnexrponnsiit pecypc] : yuebHoe nmocodue / H.I'. CemenoBa, A.T. Paumona. —
DneKkTpoH. TeKCTOBbIE NaHHbIe. — OpeHOypr: OpeHOyprckuil rocynapcTBeHHbIN
yauBepcutet, 9bC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryna: http://www.iprbookshop.ru/69976.html

5. I'opnees-bypreunr M.A. O01mas 371€KTPOTEXHUKA U 3JIEKTPOCHAOKEHUE
[OnexTpoHHBI pecypc] : ydeOHoe mocobue / M.A. T'opaeeB-bypreum. —
ONEeKTPOH. TEKCTOBbIE naHHble. — M. : MOCKOBCKMI TroCyAapCTBEHHBIN
CTpPOUTENBbHBIN yHUBepcuteT, At [1Tu Op Menua, 9bC ACB, 2017. — 470 ¢c. — 978-
5-7264-1602-1. — Pexxum moctyma: http://www.iprbookshop.ru/65651.html

6. TuxonoB A.®. DIEKTPONPHUBOA CTPOUTEIHLHOTO MEXaHU3UPOBAHHOTO
HHCTpYMEHTa [DJeKTpOHHBIN pecypc] : yueOHoe mocobue / A.®. Tuxonos, B.H.
baryes, A.H. Ipo310B. — DJIEKTpOH. TEKCTOBbIE AaHHbIE. — M. : MOCKOBCKHI1
roCyJJapCTBEHHBIN CTpouTeNbHbIM yHHBepcutTeT, Al Ilu Op Meaua, 96C ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnekTpocHaOxeHue [DNEeKTpOHHBINA pecypc]: y4eOHHK
1151 By30B/ KontoxoBa E.A.— DnekTpoH. TekcToBbIEe JaHHbIe.— M.: 3naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222.—
OBbC «IPRbooksy, nmo naposto

8. DnekTpocHaOXKeHHE CTPOUTENIBHBIX IUIOMIaAei [DIeKTpOHHBIA pecypc:
METOJMYECKHE YyKazaHus/ — OnekTpoH. TekcTtoBbie nanubie.— CII6.: CaHkT-
[leTepOyprckuii rocyAapCTBEHHBIM apXUTEKTYPHO-CTPOUTEIbHBIN YHHUBEPCUTET,
ObC ACB, 2014.— 35 ¢.— Pexum no-cryna: http://www.iprbookshop.ru/33305.—
OBC «IPRbooksy, o mapoito
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Ilpakmuueckaa paboma Ne5

Tema: Pacuer onHO(Da3HBIX LIENEl CHHYCOUIAILHOTO TOKA

Ilenwy: TlonyuuTh HaBBIKM pacueTa pPa3BETBICHHBIX OMHO(DA3HBIX IIETICH
CUHYCOUJATBHOTO TOKA PA3IMYHBIMU METOaMH KaK B OOBIYHBIX PEKUMAaX, TaK U B
peXrMMeE pEe30HaHCA, HAyYUThCA CONPOBOXKAATh PACUETHl BEKTOPHBIMH H
TonorpadMYECKUMH TarpaMMaMu.

3HaHua u ymeHus, npuoopemaemvie 00yHarOWUMCA 6 pe3yibmame
0C60€HUA meMbl:

B pe3ynbraTe BBINOJHEHUS MPAKTUYECKOTO 3aHATHS Yy CTYJEHTa
dbopmupyrorcs:

3nanus:

o OCHOBHBIE 3aKOHBI JJICKTPUYECTBA U MAarHeTU3Ma, SJEKTPOTEXHUKHU;
OCHOBHBIE ONPEACIICHUS, TOIMOJOTMYECKHE TapaMeTpbl U METOJbl pacyeTa
AIEKTPUUYECKUX IENEeH; OCHOBBI AJIEKTPOHUKH U DJICKTPUUCCKUE U3MEPCHHUS;

o TUTIOBBIE CXEMbI JJIEKTPOCHAOKEHUS U COBPEMEHHOE 000pY/I0BaHUE
CTPOUTEIIBHBIX 0OBEKTOB.

Ymenua:

o NPUMEHSTh TNPUHIUIIBI TMOCTPOEHHUS, aHalu3a W SKCIUTyaTaluu
IEKTPUUECKUX IIeTeH, 3IEKTPOOOOPYIOBAHUS U MPOMBIIIIEHHBIX 3JIEKTPOHHBIX
npuodOpOB;

o MPUMEHSITh TIPUHITUTIBI MOCTPOCHUS, aHaau3a CHUCTEM
AIIEKTPOCHAOKEHUS 3/IaHUI, COOPY>KCHUI, HACEJICHHBIX MECT ¥ TOPOJIOB, METOJIbI
WX TIPOCKTUPOBAHUSI, DJIEMEHTBI, SKCIUTyaTalUsl U PEKOHCTPYKIIUS.

Bnaoenus:

. AIEKTPOTEXHUYECKOMN anmnapaTypou M 3JIEKTPOHHBIMU yCTPOMCTBAMHU,
MPUMEHEHUEM METOJ0B TEOPETHUUYECKOT0 U AKCIIEPUMEHTAILHOTO UCCIICIOBAHUS B
ANEKTPOTEXHUKE U MPOMBIIUIEHHOMN 3JIEKTPOHHKE.

o NPUMEHEHUST METOJaMH  pacdyeTa CHCTEM  DJIEKTPOCHAOKEHUS

CTPOUTCIIbHBIX 00BEKTOB.
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AKmyanbnocmb memol.
3aKJroyaeTcs B HGO6XO,ZII/IMOCTI/I IMPOBOAUTL PACUYCTBI O,ZIHO(l)aBHLIX ueneﬁ

UCIIOJIb3YEMBIX MPH AEKTPOCHA0KEHUU MTOTPEOUTETCH.
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Teopemuueckas uacms:

B srnexTpuueckux Lemax MNEPEeMEHHOTO CHHYCOMJAIbHOTO TOKa TOKU U
HANpsDKEHUS BCEX BETBEH M3MEHSAIOTCS BO BPEMEHHU MO CUHYCOMIAaJIbHOMY 3aKOHY.
OOmwii B 3TOTO 3aKOHA JUTsl CHITBI TOKa clieayronmid (puc. 5.1)

JlaHHOE BBIpaKEHHUE JIJIsl CUITBI TOKA B KaXKJBIH MOMEHT BPEMEHU HA3bIBAETCS
MT'HOBEHHBIM 3Hau€HUEM ToKa. Bennunna Im Ha3bIBaeTcs aMIUIUTYI01, OHA paBHA

MaKCUMaJIbHOMY 3HAYCHHUIO TOKaA.

i(t)

j"_

m

h J
o~

Y
~

PucyHokS5.1 — 3aBUCHMOCTh MTHOBEHHOTO 3HAYEHUS TOKA OT BPEMEHHU

Ilepuon  cunycompanbHOM  ¢GyHkumu T  ompenensieTcs  4acTOTOM
cuHycounanbHbIX konebanuit f=1/T . Kpyroas uin nukinyeckasi 4acToTa CBsI3aHa
c yrimoBod uactotoi Hauanpnas ¢daza y omnpenenser CABUT CHUHYCOUJIBI
OTHOCHUTEJIBHO OCH OpPAUHAT.

B nensx cuHycoOngansHOrO TOKA MPUCYTCTBYET HCTOYHUK CHHYCOUIAIBHOIO
TOKa WK HaNpspKeHUss. MoxeT ObITh HECKOJIBKO UCTOYHUKOB OJIMHAKOBOM YaCTOTHI.
Ecnu B ienu HECKOJIbKO MCTOYHUKOB CHHYCOMJAIBHOIO TOKA WJIM HANPSLKEHUS C
pa3HBIMU YaCTOTAMH, TOKA U HAIMPSOHKEHUS 1N He OyAyT CHHYCOMJAIbHBIMU, U,
CJIeI0BATEIbHO, IIENb HE OYJIET SIBIATHCSA LIENbI0 CUHYCOMJAIBHOTO TOKa. B tanHOM
paszesie Takue e HE pacCMaTPUBAOTCS.

Takum 00pa3zoM, B LIETSIX CUHYCOMJAIBHOTO TOKAa NMEPEMEHHBIE COCTOSHUS

(TOKH U HaIpsHKEHUsI BCEX BETBEH ) M3MEHSIOTCS BO BPEMEHH 10 CUHYCOUJATbHOMY
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3aKOHY C OJIHOM W TOM K€ 4acTOTOW, HO Kaxaas CO CBOEH HauaidbHOU (a3zoil u
aMIUTMTYJ0M. DTU JIB€ XapaKTEPHUCTUKHU IO3BOJSIOT 33JaTh 3HAYEHUE TOKa WIIU

HaIIPAKCHUA B 100011 MOMEHT BPCMCHHMH.

3aoanue:

3aoaua Nel

JIist anekTpudeckol menu oHo(Ga3HOro TIEPEMEHHOTO TOKa CXeMa, KOTOpOi
Mpe/icTaBlieHa Ha pucyHKe 5.2. 3amucarh ypaBHEeHHs 10 3akoHaM Kupxroda B
nuddepenunanbioi popme. HaliTu ToOku BETBE METOJOM KOHTYPHBIX TOKOB U
y3JIOBBIX MOTCHI[MAJIOB, HAMIPSIKEHUSI HA YYacTKaXx 1€, aKTUBHYIO, PEAKTUBHYIO U
MOJHYI0 MOIIHOCTH, a TakKXe IOCTPOUTh BEKTOPHYIO JHarpaMMy TOKOB H
HanpspkeHud. OTnpeaeauTh MOKa3aHue W3MEPUTENbHBIX MpubopoB. JlaHo e (t) =
e,(t) = 20 * V2 sin(314  t), C;=C,=318.5 mx®, R,=10 Om, L2= 16 MI'H, R:=10
Owm.

[iq

(|

Pucynok 5.2 — [IpuHuunuaibpHas cxema
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3aoaua No2
JIJIsl DJIEKTPUYECKOM IeTH, cXeMa KOTOPOU MpeCcTaBiIeHa Ha PUCYHKE 5.3 C
napamerpamu X1 =20 Om, X2 =20 Om, XC = 10 Om, X1 =20 Om, R =40 Om, XM

=10 Om, E =200 B. Onpeaenuts nokazanue BojbT™MeTpa. (97 B)

iXa
E T -iXc

Pucynok 5.3 — IIpunnunuansHa cxema

Konmponwsnwie eonpocor:

1. N310XuTe OCHOBBI CHUMBOJMYECKOIW MeTona pacyera. [louemy Bce
METOJIbI pacyeTa Iernen MOCTOSTHHOIO TOKA TPUMEHUMBI K LENSIM CUHYCOUJAIbHOTO
TOKa?

2. Jaiite onpeeneHue BEKTOPHOU U TONorpaduyecKkoi 1uarpaMmam.

3. Kak ompenenuth HanmpsiKE€HHUE MEXKIYy ABYMSI TOYKAMH CXEMbI IO
Tonorpaduyeckoi ruarpamme?

4, dusnuecku uHTepnperupyiite P, Q, S.

d. BripazuTte KOMIUIEKCHYIO MOIIHOCTD S 4epe3 KOMILIEKChl HAMPSHKEHUS
U TOKA.

6. 3anummre 0anaHC aKTUBHBIX U PEAKTUBHBIX MOIITHOCTEH.

1. JaiTe onpeneneHne pexxuMy pe30HAHCA TOKOB M PEXUMY PE30HAHCA
HaNPSKCHUM.

8. Kak B pacueTe y4UTHIBAIOT MATHUTHYIO CBSI3b MEXKAY WHIYKTUBHBIMU
KaTylKkamu?
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Cnucox numepamypel:

1. [JammmoB M.U. UHH)eHepHbIE CHUCTEMBl 3IaHUM UM COOPYKEHUHI
(9NeKTpOoCHAOXKEHHE C OCHOBAMH AJIEKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yuebHoe nocodue / M.U. [lanunos, N.I'. Pomanenko, C.C. fctpe6oB. — DIEeKTpoH.
TekcToBble naHHble. — CraBpononb: CeBepo-KaBkaszckuit  (enepanbHbii
yHuBepcutetr, 2015, — 118 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.MU. HWHxeHEpHBbIE CHCTEMBI 3IaHUA U COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecypce] :
naboparopuselii npaktukyM / M.W. Jla-aunos, U.I'. Pomanenko, C.C. Sctpe6oB. —
DJeKTpOoH. TEKCTOBbIE AaHHbIe. — CraBponosib: CeBepo-KaBkaszckuil peaepanbHbIi
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum pgo-cryma:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HHxkeHepHbIE CHUCTEMBI 3[JaHUM U COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBAMHU DJJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecype] :
yaebHoe rmocoodue (kypce neknuid) / M. U. Jlaaunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBponoab : CeBepo-KaBkaszckuili (enepanbHbIi
yauBepcuteT, 2015, — 223 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnexktpocHabxeHHE ¢ OCHOBAMU 3JIEKTPOTEXHUKHU. YacThb
1 [DnexTponnslii pecypce] : yuedHnoe nmocodue / H.I'. Cemenona, A.T. PaumoBa. —
DNEKTPOH. TeKCTOBbIe AaHHbIe. — OpeHOypr: OpeHOyprckuil rocyaapCTBEeHHbBIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryna: http://www.iprbookshop.ru/69976.html

5. T'opaees-bypreunr M.A. OO1asi JIEKTPOTEXHUKA U JIEKTPOCHAOKEHUE
[DnekTponHbIl pecypc] : yueOHoe mocobue / M.A. TopmeeB-bByprBum. —
ONEeKTpOH. TEKCTOBbIE JaHHble. — M. : MOCKOBCKHII TIOCYyIapCTBEHHBIN
CTpOUTENIbHBIN yHUBEpcuteT, At [1Tu Op Menua, 9bC ACB, 2017. — 470 ¢c. — 978-
5-7264-1602-1. — Pexwum noctyna: http://www.iprbookshop.ru/65651.html
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6. TuxoHoB A.®D. DJEKTPONPHUBOJ CTPOUTEIHHOTO MEXAaHHU3UPOBAHHOTO
UHCTpYMEHTa [DIeKTpoHHBIN pecypce]| : yueOHnoe nmocodue / A.®D. Tuxonos, B.H.
baryeB, A.H. JIpo310oB. — DneKTpOH. TEKCTOBbIE AaHHble. — M. : MOCKOBCKHUI
rOCyJapCTBEHHBIM CTpOUTENbHbI yHUBepcuTeT, Al Ilu Op Meaua, ObC ACB,
2017, — 244 c. — 978-5-7264-1520-8. — Pexum po-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnekTpocHaOxeHue [DIEeKTpOHHBIA pecypc]: yueOHHK
1151 By30B/ KoHtoxoBa E.A.— DekTpoH. TeKCTOBbIe JaHHbIe.— M.: 3 naTenbckuii
nom MDBU, 2014.— 510 c.— Pexum nocryma: http://www.iprbookshop.ru/33222.—
OBC «IPRbooksy, o naposto

8. DnekTpocHabXKeHHE CTPOUTENbHBIX IUIOMIAZe [DIeKTpOHHBIN pecypc]:
METOJIUYECKUE YKa3zaHusi/ — OJEeKTpoH. TekcToBbie naHHbie.— CII0.: CaHkt-
[leTepOyprckuit TocyaapCTBEHHBIM apXUTEKTYPHO-CTPOUTEIBHBIN YHUBEPCHUTET,
ObC ACB, 2014.— 35 ¢.— Pexwum no-cryna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, no naposto
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Ilpakmuueckaa paboma Neb

Tema: Pacuet Tpex(da3HbIX 1eNel CHHYCOUIAILHOTO TOKa

Ilenw: TlonmyunTh HaBBIKM pacueTa Tpex(aszHbIX Ienell CHHYCOHAAIbHOTO
TOKA MPU CUMMETPUYHON U HECUMMETPUYHOU HArpy3Ke.

3nanua u ymenus, npuoopemaemvie 00yuUAOWUMCA 6 pe3yibmame
0CB0CHUA meMbl:

B pesynbrare BBIIOJHEHUS IPAKTUYECKOIO 3aHATUS Yy CTYAEHTA
bopmupyroTcs:

3unanua:

o OCHOBHBIC 3aKOHBI JJIEKTPUYECTBA U MAarHeTU3Ma, JJIEKTPOTEXHUKHU;
OCHOBHBIE ONPEACIICHUSA, TOIOJOTMYECKUE ITapaMeTpbl M METOIBl pacyeTa
ANEKTPUYECKUX LENEN; OCHOBBI JJIEKTPOHUKH U JJIEKTPUUECKUE N3MEPEHNS,

o TUIIOBBIE CXEMBI AJIEKTPOCHAOKEHHUSI U COBPEMEHHOE 000pyIOBaHHE
CTPOUTEIIBHBIX 0OBEKTOB.

Ymenua:

o IIPUMEHATh NPUHLMIBI TOCTPOECHUS, aHaIM3a M IKCIUTyaTaluu
AIIEKTPUYECKUX LIETIEH, AIIEKTPOOOOPYIOBaHUS U IPOMBIIUIEHHBIX 3JEKTPOHHBIX
npuOOpOB;

o IIPUMEHSATH MIPUHLIUIIBI IIOCTPOCHMUH, aHanusa CUCTEM
AIIEKTPOCHAOKEHUSI 3AaHUM, COOPYKEHUI, HACETICHHBIX MECT U TOPOJOB, METOMIbI
UX TIPOEKTUPOBAHUS, DJIEMEHTBI, SKCIUTyaTallUsl U PEKOHCTPYKIIUS.

Bnaoenus:

° AIEKTPOTEXHUYECKOMN aInmnapaTypou M dJIEKTPOHHBIMU yCTPONCTBAMHU,
MIPUMEHEHUEM METOJOB TEOPETHUYECKOTO M IKCIEPUMEHTAIBHOIO UCCIIEIOBAHNS B
AIIEKTPOTEXHUKE U MPOMBILUIEHHOMN 3JIEKTPOHUKE.

o OPUMEHEHUsT METOAaMHU  pacyeTa CHCTeM  DJIEKTPOCHAOKEHUS

CTPOUTCIIbHBIX 0O0BEKTOB.

AxmyanvHocms memoi:
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3aximrouaercss B HEOOXOIUMOCTH TPOBOAUTH pacyeThl TpexX(a3HbIX Lenei

WCITOJIB3YEMBIX TIPH JICKTPOCHAOKEHUH 3/TaHUN.
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Teopemuueckasa yacmp:

Tpexgpaznou cucmemoti DASKTPUYECKUX IIEMEel HA3BIBACTCS CHUCTEMA,
cocTosiiasl U3 TpexX OJHO(MA3HBIX JIEKTPUUECKHUX IeNeH, B KaXJAOW U3 KOTOPBIX
JEUCTBYIOT CUHYCOMJAIbHBIE 3.7.C. OJIMHAKOBOW YacTOThI, HO CIBUHYTHIC JIPYyT

OTHOCHUTEJIHHO Jpyra Ha % nepuona (120°) u cozmaBaeMblie 0OITUM (TpeX(pa3HbIM)

HMCTOYHUKOM BJICKTPUYECKON SHEPIUH.

OTnenpHBIC IEKTPUUECKUE IIETIH, BXOISIINE B COCTaB Tpex(ha3HOIl CUCTEMBI,
Ha3bIBAIOT ¢azamu. Ecnu 3.1.c. Kol u3 (a3 paBHBI M0 BEIUYUHE, A MOJHbBIE
CONMPOTHUBJIEHUSI HATPY30K BCEX TpeX (pa3 Mo BEIUUHMHE U XapakTepy Harpy3ku (1o
BEJIMYMHE U 3HaKy (a30BOr0 CABUTA) OJMHAKOBBI, TO TaKOW PEXKUM HA3bIBAIOT
cummempuyHovimM. HeBBITIOJIHEHWE JAaHHBIX  YCIOBUW  SIBISIETCA  MPUYUHOU
Hecummempuunoz2o pexuma. Harpy3ka TpexdaszHbIX Ieneil penko ObIBaeT
CUMMETPHUYHOM, KaK IMPaBUJIO, OHA B TOW WJIM MHOW CTENIEHU HECUMMETPUYHA U3-32
HaJIM4Ms OJHO(A3HBIX MOTpeOUTene.

TpexdaszHbie reHepaTophl CO31aI0T CHMMETPUYHYIO CUCTEMY 3.]1.C., IO3TOMY
HECUMMETPUYHBINA PEKUM BO3HUKAET M3-3a HECUMMETPUUYHON Harpy3ku ¢a3. Eciu
KOHIIbI OOMOTOK (pa3 CHHXpPOHHOTO IeHepaTtopa WK TpaHc(popmaTopa COEIUHUTH
BMECTE 3BE3/I0M, a K HadallaM MPHUCOECIUHUTH MPOBOJAA, UAYIIME K IMPUEMHUKAM
ANEKTPUYECKOW SHEPruu, KOTOpbIE TOXKE COCOUHUTH 3BE3J0W, TO MOIYYUM
Tpexdasznyto cucrtemy (puc. 1). [IpoBoa, coequHsAIONIMN HYJIEBbIE TOYKHA UCTOYHUKA
U TOTpeOuTeNsl  Ha3bIBA€TCA  HYJNEBBIM. [aKyld CHCTEMY  Ha3bIBAIOT
yemvipexnpogoonol. B 1ensx Tpex@azHOro TOKa HE3aBUCUMO OT crocoda
COEIMHEHUS OOMOTOK TE€HepaTropa W MOTpeOWTENel paziuyaroT HaMpsSKEHUs —
muneriaele Uy m dasaele Uy, a Takke TOKM — JmHEWHBIE |7 M dasHbie |g.
Hanpspokenune Mexy JUHEWHBIM M HYJIEBBIM IMPOBOJOM HAa3bIBAETCA (hazHbiM, a
MEXK]ly JTMHEUHBIMU MPOBOJAMH — JuHelHbiM. TOKH, MPOTEKAIONIUE B JIMHEHHBIX
MPOBOJIAX, HA3BIBAIOT JUHEUHbIMU, a TpOTEKallue B Qa3zax Harpy3ku WU
UCTOYHUKA — ¢asnvimu. B cxeme (puc. 6.1) nuHeliHble TOKU paBHBI (a3HBIM, T.C.

JUHEHHBIN TOK OJHOBPEMEHHO sSBiSIETCS U (pa3HbIM. [Ipu paBHOMEpHOW Harpyske

U, =+/3U,, eciut cXeMa COeMHEHNUS - 3BE3/1a.
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Pucynok 6.1 — Cxema Tpex¢a3Hoii YeThIPEXIIPOBOIHON LIETIH MTPU

COECIMHEHNH 3BE3101

[Tpu HEpaBHOMEPHO# Harpy3ke (a3 B cXxeMe ¢ HyJIEBBIM IIPOBOI0M (pHcC. 6.1),
B HYJIEBOM IIPOBOJIC€ TOSIBISETCS TOK, BEJIMYMHA KOTOPOTO OIpeAeisieTcs Mo

nepBomy 3akoHy Kupxroda:

Hanuumne Toka B HYJICBOM IIPOBOJIC BbI3bIBACT HC3HAYUTCIIBHOC IIAJICHUC
HAaIpsHKCHUS B HEM, KOTOPBIM MOXXHO HpCHC6pC‘II> " CYUTATh, YTO MCKIY HYHCBOﬁ

TOYKOM MCTOUYHUKA U IMPUECMHHUKA PA3HOCTD ITOTCHIIMAJIIOB OTCYTCTBYCT.
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Ha puc. 6.2 nokazano rpaduueckoe onpeaeneHne JMHEHHBIX HAPSDKEHUH ¢
MOMOIIbI0 BEKTOPHOM auarpammbl. OTIOXKHM Jisi MPOU3BOJIBHOTO MOMEHTA

BPEMEHHU KOMILICKCHI (pa3HBIX HAIPSHKEHUM, CIBUHYTHIC 1O ¢aze Ha 120°.
U AB — U A— U B
Usc =Us—-Uc ,
U CA — U C— U A

JUist monmy4eHus: JIMHEWHbIX HanpskeHUd Cl0)KMM F€OMETPUYECKH BEKTOPHI

Ua, Us u Uc ¢ BektopamMu —Us, —Uc, —Ua, KOTOPBIC paBHBI COOTBETCTBEHHO

Us,Uc,Ua, HO mpOTHBOIMOIOKHO HAITPABJIECHEI.

BekropHas auarpaMMa JIMHEHHBIX HAOpsDKEHUM TakKe MOXKET ObITh
MoJIydeHa M3 BEKTOPHOM nuarpammbl (pas3HbiX HampspkeHud (puc. 6.3). Takum
oOpa3oM, 3Be3/la JIMHEWHBIX HaIpsHDKEHUH orepekaeT 3Be3ny (asHbix Ha 30°.
Haiinem cooTHomenne Mexay (pasHbIMU ¥ THHSHHBIMHU HAMIPSDKCHUSMU, YIUTHIBAS,

4TO BCC HAIIPSIKCHUA CUMMCTPHUYHEIL:

C Usc B

PucyHok 6.3 — BekTopHas auarpaMma HarpsKeHHN PU COETMHEHUT
3BE310U
N3 npamoyronsHoro tpeyrojibauka OAJl nmeem:

Yn _Yse =U, -c0s30° =
2 2

=U, -c0330°:U®§ )
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U, =3U,

®da3HbIC TOKH IMPUCMHHUKOB OIIPCACIAIOTCA TaK KC, KAK U B OI[HO(baSHBIX

Hernsax:
M Ua Ua
IA: - 2 2;
In  \rs+X,
® UB UB
IB: - 2 2;
Zg  \ry +Xg
Uc  Uc

le = N 2 2 !
Ze IS +X%g

Vsl cABUTa MCKIAY HAIIPsSLOKCHUSAMHW U TOKAMUA Cl)a3 MOHO OIIPCACIUTb N3

dbopmy:

r, r r,
A Cos g = —2; CoS Q. =< .
ZA

CoS@, = £
ZB ZC

Ecnu npuemHuku 0071aal0T YUCTO aKTUBHBIMU COTPOTUBIICHUSIMU, TO ZA=
A, Zs = I's, Zc = I'c, @ YIJIBI CABUTA MEXKAY TOKAMHU W HAIPSHKEHUSIMU BO BCEX TPEX

(dazax OyayT HyJIE€BbIMHU.

Pucynok 6.4 — BekTopHas AuarpamMma HarpsiKeHH 1 TOKOB
YETHIPEXIIPOBOAHON 1NN MTPU aKTUBHON HECUMMETPUYHOM Harpys3ke a3
Toxk HyJIeBOTO poBOAA [o=Ia+ I+ Ic
Ceudenue HyJIEBOrO MPOBOJIA 3aBUCHUT OT CTEIEHH HECUMMETPUU HArpy3KH

a3, Ho 0OBIYHO ero MPUHUMAOT paBHBIM 50% OT cedeHUs TMHEHHOTO MPOBO/IA.
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[Ipn wHamuuuu HeWTpanu (HYJIEBOrO NPOBOJA) HAmNpsyKEeHUS Ha ¢azax
IPUEMHUKOB OCTAlOTCS HEW3MEHHBIMH W pPaBHBIMHU (Pa3HBIM HAMNPSHKEHUSIM
UCTOYHMKA JaX€ TpU HEPaBHOMEPHOW  Harpys3ke, €clii IpeHeOpeyb
CONPOTHUBJIEHUEM IPOBOJIOB JIMHUKM W HYJEBOro mpoBoja. IIpenenbHbM ciydaem
HEpPaBHOMEPHOM Harpy3ku (a3 B UETBIPEXIPOBOJHOM cucrteMe Tpex(azHOTo
IPUEMHUKA, BKIIOYEHHOI'O 3BE3/10H, MOXXHO CUUTaTb OOpBIB OJHOW U3 (as.
Hanpumep, ecnu ¢daza A4 Oyner obopBaHa, TO HE OyAeT HANPSKEHHUS U TOKA Y
noTpeduTeNsl, BKIIOUEHHOTO B 3Ty (pa3y, a B OCTaBLIMXCS MO HaNpshKeHHEM (pazax
peXUM pabOThI HE U3MEHUTCS. UTO KacaeTcst HyJIeBOro IIPOBOJA, TO €CIIH 10 0OpbIBa
O/THOH U3 (a3 TOK 0wl paBeH [ o= Ia+ I+ Ic (puc. 4.4), To Temepb OH N3MEHHUTCS U
OyIeT onpeenaThes 110 nepsoMy 3akoHy Kupxroda: Io+ [+ Ic=0, otkyga -1o=

Ig+ Ic (puc. 6.5)

Pucynok 6.5 — BektopHas auarpaMMa TOKOB U HaPsDKEHUM pu 0OpbIBe

da3zer A

[Ipu oOpbIBE WM OTCYTCTBUU B CXEME€ HYJIEBOTO IPOBOJA YHEPreTUUYECKUE

COOTHOIIICHUS B TOU OCIIN U3MCHATCA.
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Pucynok 6.6 — Cxema TpexmpoBOHOM 11eTH TpeX(Ppa3HOTro TOKa

[Ipu cuMMeTpUYHON Harpy3Ke B TPEXMPOBOAHOM Tpex(azHo cucrteMe (puc.
6.6) HanpsKEHNE MKy HYJI€BBIMUA TOUKAMU HCTOYHUKA U IPUEMHHUKA PABHO HYIIIO
U KOKIYI0 a3y CUCTEMbI MOKHO pacCMAaTPUBATh KaK 3aMKHYTBI KOHTYD.

[Ipn HEepaBHOMEpPHOM HArpy3Ke M OTCYTCTBUM HYJIEBOrO IpoBOJa (pa3HbIe
HaANpsDKEHUs: OyAyT U3MEHATHCS MPSIMO MPONOPIMOHATIBHO CONPOTUBIECHUSAM (a3.
Ecnu Ob1 cucTteMa Oblia YeThIPEXITPOBOJHOM, TO MO HYJIEBOMY MPOBOY MPOTEKAI
ObI TOK lp 1 TakM 00pa30M MPAKTHUUECKU BHIPABHUBAIMCH ObI (Da3HbIe HATTPSHKCHUS.
Ha puc. 4.7 uzoOpakeHa BEKTOpHas JauarpaMma HaIpsHKEHUH W TOKOB MpHU
HEpPaBHOMEPHOM HArpy3Ke BceX Tpex (a3 U OTCYTCTBHH HYJIEBOTO IPOBOJA.

TpeyronbHUK JIMHEWHBIX HAMPSDKEHUM OCTAETCSl TAKUM K€, a 3Be3/1a (Da3HbIX
HanpspkeHUi 1 Touka O’ MOTyT OBITh JIETKO MOTYYEHbl METO/IOM 3aC€UYEK U3 BEPLINH

JIMHENHBIX HaAIPSKECHUMN.

Pucynok 6.7 — BektopHas nuarpamma TOKOB M HANPSKEHUW TPU

HEpPaBHOMEPHOW Harpy3Ke U OTCYTCTBUE HYJIEBOTO MPOBOAA
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Ecnu ogna u3 a3, Hanpumep, A, 060pBeTCs WK BCe NOTPeOUTENH 3TOH (ha3bl
OyAyT BBIKIIOYEHBI, TO MPU OTCYTCTBUU HYJIEBOTO IMPOBOJA OCTABIIMECS O]
HanpspbkeHueM ¢asbl B u C okaxyTcs BKIIOYEHHBIMH nocienoBaTesibHo. da3Hble
Toku I u Ic, mpoTexaromme yepes nocen0BaTeILHO BKIIOUEHHbIE COMPOTHBICHHUS
INpUeMHHKa, B 3TOM ciy4ae OyIyT OAMHAKOBBIMHU, a (pa3HbIe HampsyKeHUs OyayT
NPONOPLHUOHANBHBL compoTuBieHusAM ¢a3 (puc. 4.8). IloaToMy Ha BEKTOpPHOI
nuarpamme Touka O’ mepeMecTUTCs Ha BEKTOp JHHEWHOro HampsbkeHus Upc H
OyzAeT JenuTh ero Ha yacTH, paBHble (a3HbM HanpspkeHussM UB u UC (B Hamem
ciyyae UB = UC)

. . 1 . 1

UCZUB :EUH ZE\/ﬁL.J@ =O,87L.J<p

Harnpsixenue da3pl A Bo3pacTer:

U =OAB.cos3OO=\/§L]¢.§=1,5LJ¢

[ToaTOMy B 4YETBIPEXNPOBOAHBIX LEMSAX HA HYJIEBOW IMPOBOJ HE CTaBAT
NPEIOXPAHUTENH, T.K. €r0 MEPEeropaHue MU3MEHSET pAcHpeeieHUe HaIpsKEHUN
dbas.

[Tpu KOpOTKOM 3aMbIKaHUU Kakoi-mu6o (asbl, Hanpumep, C, HysneBasi TOUKa
O' nmpuoOpeTaet noTeHMan JuHeHoro nposoja BC, a ¢a3bl A 1 B oka3bIBatoTCA
IO/l JIMHEWHBIM HanpsbKeHWeM. BekTopHas auarpamMma Juis 3TOro  cirydas

npenacrasieHa Ha puc. 6.9. Touka O' mepemernaercst B Touky C.

Pucynok 6.8 — BexktopHasi AuarpaMma TOKOB M HaIlPsDKEHUN TTpU 0OpBIBE

¢da3sl B cxeme 6€3 HyJIeBOTO MPOBOAA
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Hanpsoxenns a3 A u B craHOBsITCS paBHBIME JTHHEHHBIM (puc. 4.9):
Uy=Ue =U,;=U, '\/g’
Ug =Ug. =U, =U, .Jﬁ,
U. =0.
Tox xopotkoro 3ambikanus ¢aszel C pacnpenensercs Ha ¢assl B u A, T.e.
I.=1y,=—-(,+1y) . Takum obpazom, aBe (Pa3el NPUEMHHUKA OKA3BIBAOTCS IO/

JIMHEHHBIM HAIIPps’KCHUECM, HA KOTOPOC OHU HC paCCHHUTAHbl, U OHU MOT'YT BBIMTH U3

CTpOSL.

PucyHok 6.9 — BekTopHas nuarpaMma TOKOB Y HaIIPsSKEHUHN TIPU

3aMblkaHUM (a3bl C MpuEMHUKA TPEXTPOBOAHON CUCTEME

B 1ICIIn T‘p@X(l)a?)HOFO TOKAa aKTHMBHAasj1 MOIIIHOCTH paBHa CYMMC AKTHUBHBIX
MOIITHOCTEH (ha3:
P=P +P,+P.=1,-U,-cosep,+1,-Ug-cosp, +1.-U,-cose,
JIng  u3MepeHHss MOIIHOCTM B  YETBIPEXIPOBOAHOM LEMH  MOXKHO
HCIIOJIB30BaTh TpI/I O,Z[HO(baSHBIX BaTTMeTpa, CYMMI/IpySI HUX IIOKa3aHuA, HWIN
HCIIOJIB30BaTh OAHO(A3HBIM BATTMETP C MEPEKIIOUYESHUEM €ro MOoOYepeaHO BO BCE
Tpu (ha3bl. DTOT METOA MOKET ObITh MCIOJB30BaH KaK MPU CUMMETPUYHOMU, TaK U

IPU HECUMMETPUYHOMN Harpyske.

55



3aoanue:

3aoaua Nel

Ha pucynke 6.10 mpencraBieHa cUMMeETpUuYHas TpéxdazHas cucTeMa C
napameTpamu Xc = 90 Om, r = 40 Om. OnpenenuTh MoKa3aHusl MPUOOPOB M TOK 1

pu Ua =120<00 B. (207,5 B; 4 A; 2,3 A; 625 Bt; 950 Bt; 1 =3 2 sin ot A).

Pucynox 6.10 — [IpuniunuanbHas cxema

3aoaua No2
B nenu pucyHok 6.2 onpenenuTs TOKA B JIMHUM U B (azax NpUEMHUKA TIPU
KOPOTKOM 3aMbIKaHUU Mex1y Toukamu b u ¢, eciit UJI =380 B; oL =2 OMm; Z A =

10 OM; Z 5 = j10 Om; Zc = —j10 Om. (0; 95 A; 95 A; 0; 33 A; 33 A).

no e kgl Zs
o— —
Ip L plsr, Zs

Pucynok 6.11 — IlpunnunuaneHas cxema

KOHmI)OJleble 60NPOCHL.

1. UTto 03HauaeT CHMMETPUYHBIN TpeX(a3HbI NCTOYHUK DIICKTPHUUECKOU
sHeprumn?

2. UTto 03HaYaeT HECUMMETPUYHBIN TpeX()a3HbI UCTOYHUK?

3. [lepeunciure cmocoObl  coeauHEHUsT OOMOTOK  Tpex(dazHoro
MCTOYHHKA.

4, Yro Takoe HEUTpaAIbHBIN IPOBOA?
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S. Kakoe nanpspkeHnue Ha3piBaeTcs (pa3HbIM, JIMHEHHBIM?

6. Yro 03HaYaeT CUMMETPHUYHAA U HECUMMETPUYHAs Harpy3Ka?

7. Yto Takoe HanpsHKEHUE CMELIECHUsI HEUTpanu?

8. Kak omnpenenuTs TOK B HEWTPAJIbHOM IPOBOAE NPU CUMMETPUYHOM
Harpy3ke?

9. UYemy paBHa MOIIHOCTb TpeX(}a3HONW CHCTEMBI B CHMMETPUYHOM
pexume?

10. Yro Takoe oJiHO-, IBYX- U TpeX(a3zHoe KOPOTKOE 3aMbIKaHKE?

Cnucox numepamypot:

1. [HauumoB M.U. WHxkeHEpHBIE CHUCTEMBI 3JaHUM U COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBAaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecypce] :
yueOHoe nocodue / M.U. lanunos, N.I'. Pomanenko, C.C. SctpeboB. — DaeKTpoH.
TekcToBble JaHHble. — CraBpononb: CeBepo-KaBkasckuil — (enepanbHblii
yauBepcutet, 2015. — 118 c. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.M. HHxkeHepHBIE CHCTEMBI 3IaHUA W COOPYKEHUU
(oneKTpoCcHAOXKEHHE C OCHOBAMH ODJICKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
nabopatopuslil npaktukym / M.U. la-aunos, U.I'. Pomanenko, C.C. fctpeboB. —
DNeKTpoH. TeKCTOBbIe AaHHble. — CtaBponoiib: CeBepo-KaBkaszckuil penepanbHbIi
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum no-cryma:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HMuHxeHepHbIE CUCTEMBI 3JaHUNA W COOPYKEHUH
(9MeKTpOCHAOXKEHHE C OCHOBAMH DJICKTPOTEXHUKH) [DNEKTpOHHBIN pecype]| :
yauebHoe rmocooue (kypce nekuuii) / M. U. Jlanunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JnaHHble. — CraBpomons : CeBepo-KaBkaszckuii (enepanbHbIi
yauBepcutetr, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnekrpocHaOxeHre ¢ OCHOBAMHU JIEKTPOTEXHUKHU. YacTh

1 [DnexTponnbiii pecypc] : yuedbnoe nocodue / H.I'. Cemenona, A.T. PaumoBa. —
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DJNEeKTPOH. TeKCTOBbIe AaHHbIE. — OpeHOypr: OpeHOyprckuii Tocy1apCTBEHHbBIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctyma: http://www.iprbookshop.ru/69976.html

5. Topaees-bypraui; M.A. OOGmias 31eKTPOTEXHUKA W DJICKTPOCHAOKECHHE
[DnekTpoHHBI pecypc] : yueOHoe mocobdue / M.A. Topnees-bypreum. —
ONEKTpOH. TEKCTOBbIe HaHHble. — M. : MOCKOBCKUI TrOCyAapCTBEHHbIN
CTpOUTENbHBIN YHUBEpcHUTeT, Ali [Iu Op Menua, ObC ACB, 2017. — 470 c. —978-
5-7264-1602-1. — Pexxum noctyna: http://www.iprbookshop.ru/65651.html

6. TuxoHoB A.®D. DNEKTPONPHUBOJ CTPOUTEIHHOTO MEXaHU3HUPOBAHHOTO
MHCTPYMEHTA [DNEeKTpOHHBIN pecypc]| : yueOHoe nocooue / A.®. Tuxonos, B.H.
baryeB, A.H. JIpo31oB. — DneKTpOH. TEeKCTOBbIE NaHHble. — M. : MOCKOBCKUI
rOCYJIapCTBEHHBIN CTpOUTENBbHBIN yHUBepcuter, A [lm Op Menua, ObC ACB,
2017, — 244 c. — 978-5-7264-1520-8. — Pexum jgo-crymna:
http://www.iprbookshop.ru/64540.html

7. KontoxoBa E.A. DnekTpocHaOxeHue [DNEeKTpOHHBIA pecypc]: yueOHHK
1151 By30B/ KoHtoxoBa E.A.— DiiekTpoH. TeKcToBbIe JaHHbIe.— M.: 3 naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222.—
OBC «IPRbooksy, o mapoito

8. DnekTpocHaOKEeHHE CTPOUTENBHBIX ILIOIMIaAeH [DIeKTpOHHBIA pecypc]:
METOJUYECKUE YKa3zaHusi/ — OJEeKTpoH. TekcToBble naHHbie.— CII0.: CaHkt-
[TeTepOyprckuii TOCyAapCTBEHHBIM apXUTEKTYPHO-CTPOUTETHHBIN YHUBEPCUTET,
3BbC ACB, 2014.— 35 ¢.— Pexxum no-ctyna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, nmo naposto
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Ilpakmuueckaa paboma Ne7

Tema: OnpeneneHue MOKa3aHU aMIEPMETPOB, BOJIBTMETPOB U BATTMETPOB
B LIEMISAX MOCTOSSHHOTO M CUHYCOUAAIBHOTO TOKOB

Ilenv: HayuuThcsi paccuuThIBaTh IIOKa3aHUS INPUOOPOB  Ppa3IMYHbBIX
U3MEPUTEIBHBIX CUCTEM B LIETAX [IOCTOSHHOIO ¥ CUHYCOUAAIBHOTO TOKOB.

3nanua u ymenus, npuoopemaemvie 00yuUaANOWUMCA 6 pe3yabmame
0C60EHUA MeMbl:

B pesynbrate BBINIONHEHUS MPAKTUYECKOIO 3aHATHS Yy CTYAEHTA
bopmupyroTCA:

3Hanusn:

o OCHOBHBIE 3aKOHBI JJICKTPUYECTBA U MAarHeTU3Ma, JJIEKTPOTEXHUKHU;
OCHOBHBIE ONPEACIICHUS, TONOJOTMYECKHE IapaMeTpbl W METOIbl pacyeTa
IIEKTPUYECKUX LIETIEN; OCHOBBI JJIEKTPOHUKH U DIIEKTPUUECKUE U3MEPEHUS,

o TUIIOBBIE CXEMbI 3JIEKTPOCHAOKEHUSI U COBPEMEHHOE 000pyI0BaHUE
CTPOUTEIBHBIX OOBEKTOB.

Ymenua:

o NPUMEHITh TPUHUMUIIBI TIOCTPOEHHUS, aHaIh3a M OKCIUTyaTaluu
ANEKTPUUECKUX IEeNeil, 3JIeKTPooOOPYI0BaHUS U MPOMBIIUIEHHBIX 3JEKTPOHHBIX
pUOOPOB;

o IIPUMEHSTh MIPUHLATIBI MIOCTPOCHMUS, aHanusa CUCTEM
AIEKTPOCHAOKEHUS 31aHUI, COOPY>KEHUI, HACEJICHHBIX MECT U TOPOJIOB, METO/IbI
UX IIPOCKTUPOBAHHUS, DJIEMEHTBI, KCIUTYyaTalUs U PEKOHCTPYKLIMS.

Bnaoenusa:

° DIEKTPOTEXHUYECKOMN aInmnapaTypou M dJIEKTPOHHBIMU YCTPONCTBAMHU,
IIPUMEHEHUEM METOJOB TEOPETHUUECKOTO M IKCIIEPUMEHTAIBHOIO UCCIIEIOBAHNS B
ANEKTPOTEXHUKE U MPOMBIIUIEHHOM 3JIEKTPOHHKE.

o OPUMEHEHUs METOJaMH  pacueTa CHCTEM  JJIEKTPOCHAOKEHUs

CTPOUTEIHHBIX 00BEKTOB.
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AKmyanbHocmb membl:
3akiodaeTcsi B HEOOXOJUMOCTH OIpPEIEsTh MOKa3aHUs H3MEPUTEIIbHBIX

puOOPOB.
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Teopemuueckaa yacmo:

[lo Tumy oOTCYEeTHOro MexaHu3Ma Bce u3MeputTenbHble npuOopsl (MII)
MoApa3eysatoT Ha ABe Tpyibl: aHajgoroBeie (AUII) u mudpossie (LIUIT). B AUII
MOKa3aHusl SBJSIOTCS HEMPEPBHIBHON (YHKIMEH M3MEHEHUS BXOJIHON M3MEpSIeMOit
BEIMUYMHBL.  OnekTtpoMexanuueckue WMII  ocHoBanbl Ha  mpeoOpa3oBaHUU
IEKTPUYECKOW 3HEPrUM BXOJHOIO CHTHAjJa B MEXAHMYECKYIO DHEPIHUIO, Yalle
BCEr0, YIJIOBOE NIEpEeMEIICHHE MOIBUKHOTO OTCUETHOTO YCTPOUCTBA. DTH MPUOOPHI
JUIsL CBOEW paboThl 3a0HpalOT HEKOTOPYI0 HHEPTUI0 OT HU3MEPSEMOM IIEMH.
Bxnrouenue Takux npuOOpOB B HCCIEAYEMYIO 3JEKTPUYECKYIO LEMb HW3MEHSET
pexuM ee paboThl M, KaK pe3yibTaT, 0OyCIaBIMBAET IMOSABICHUE MOTPELIHOCTH
B3aUMOZEHCTBUS Tpubopa B M3MEPSIeMOM LEMH, T.€. MOSBISAETCS METOJIUYecKas
HNOTPEUTHOCTh U3MEPEHMUS.

B LIUII uzmepsiemast uiau mponopiioHaibHasl il BeJIudruHa mpeodpasyercs B
YKCJIOBOW SKBUBAJICHT, KOTOPBIM BBIBOAUTCA Ha LU(POBON MHIUKATOP (IUCIUIEH).
Cospemennsbie [IUIT mocTpoeHsl ¢ UCIIOIB30BAHUEM MJIM MUKPOKOHTPOJUIEPA, WU
MUKPOIIPOLIECCOPA, YTO CYIIECTBEHHO MOBBIIIAET IPOU3BOIUTEILHOCTh U TOYHOCTh
[MUII. 3T npubopbl MOTYT MUMEThH ONOJHUTEIbHbIE (DYHKLHMHU Uisi 00pabOTKU
pe3yabTaTOB HU3MEPEHMs,, AaBTOMATHUYECKOTO BbIOOpa IMpenesoB HU3MEpEHHE,
pacno3HaBaHMs MOJSIPHOCTH MOCTOSTHHOTO HANPSKEHUS U T.]1., @ HEKOTOPBIE U3 HUX
MOTYT OBITh 3a/IeiCTBOBAaHHBIMM B aBTOMATH3MPOBAHHBIX HW3MEPUTEIbHBIX
YCTAaHOBKax M CHUCTEMax. B MpakTHKe 3JIEKTPUUYECKUX H3MEPEHHI BCE IIMPE
UCIIOJIB3YIOTCSL LIM(POBBIE METOJbI U CpPEICTBA NpeoOpa3oBaHUs, XpaHEHUS,
o0paboTku, mnepegaud W mpenacrabiieHus uHopmanuu. [ludpossie npuOOPHI
BBITECHSIOT aHAJIOTOBBIE CPEJICTBA MPU U3MEPEHUU CAMBIX Pa3IMIHBIX (PUIUUECKUX
BenuuuH. Cpenu HU@POBBIX CPEICTB U3MEPEHUI MOKHO BBIACIUTH JIBE OOJIbIINE
IpYyMIbI: U3MEPUTEIbHBIE TPUOOPHI U U3MEPUTENbHBIE ITpeodpa3oBarenu. K nepsoit
rpymnne oOblYHO OTHOCAT aBToHOMHBbIe UII, mpegHazHaueHHblE B OCHOBHOM JUIs
CTATHUYECKUX OJHOKPATHBIX M3MEPEHHUH, OOBIYHO BBINOJIHAEMBIX BPYUYHYIO
ormepatopoM (mosb3oBareneMm). Ko BTropoll rpymme OTHOCAT —IM(POBBIE

HpCO6p&30BaTCJII/I, HCIIOJIb3YCEMBIC B COCTaBC I/IH(i)OpMaLII/IOHHO-I/ISMCpI/ITeHBHI)IX

61



CUCTEM, HW3MEPUTEITHLHO-BBIUNCIUTENBHBIX CcUCTeM u T.1. I[IpeoOpaszoBarenu
00J1a1af0T BEICOKUM OBICTPOICHCTBUEM.

OcHOBHBIE MOHATHS 00 AJIEKTPOMEXAHUYECKUX H3MEPUTEIBHBIX MPUOOpax
(OMUII). DMUII otHOCcsaTcs k anHanoroBbiM UII. dynkumonupoBanne OMMUIIL
OCHOBAHO Ha HCMOJb30BAHUM H3MEPUTENbHBIX MexaHu3MoB (MIM), B KOTOpbIX
peanusytorcsa — pasznuuHble  (usmdeckue npuHnunel. WM obecneunBaer
npeoOpa3oBaHWe 3HAYCHUS H3MEPSIEMOW BEIWYMHBI B  IMPOMOPIIMOHAIHHOE
U3MEHEHHUE TMOKa3aHusi OTCYETHOTO YCTPOMCTBA, HANpUMeEp, CTpENKu npubopa. B
Tux VIM BbI3BIBAIOIIEMY TTOBOPOT CTPEJIKM MOMEHTY BpallleHUs], (PYHKIIMOHAILHO
CBSI3aHHOMY C M3MEpPSIEMOM BEJIMYMHOM (4allle BCEro ¢ TOKOM B U3MEPHUTEIBHOMN
KaTylIKe), MPOTUBOJCHCTBYET MOMEHT CONPOTUBIICHUS 3aKpy4HBAIOIIEHCS
MPY>KUHBI.

B 3aBucumMocTu ot ucnons3yemoro B nmpudope UM paznudaroT cieayrolme
OMMUII: a) MarHUTORNEKTPUYECKUE; 0) BRIMPSIMUTEIBHBIE; B) TEPMOAJICKTPUUECKHUE;
I') AJEKTPOMArHUTHBIC; 1) DJEKTPOJUHAMHUYECKUE, €) JJICKTPOCTATUUYECKUE; K)
WHYKIIMOHHBIE.

B 3aBucumocTtu oT npuHuuna ucrnoaHenuss MM, cxemsl ero UCIoab30BaHUs B
UIT peanusyroTcss mpuOOpbl JJisi M3MEPEHUs TOKA, HAMPSHKEHUS, MOIIHOCTH,
AIEKTPUYECKON IHEPIUU U T. [I.

N3mepeHnne MOITHOCTH B EMSIX MOCTOSIHHOTO U MEPEMEHHOTO 0JIHO(A3HOTO
TOKa TPOU3BOJIUTCA BaTTMETpamMu. BaTTMeTpbl UMEIOT J1B€ OOMOTKH: TOKOBYIO U
HanpspkeHusi.  HampapieHue OTKJIOHEHMSI CTpPeJKM Mpubopa 3aBUCUT  OT
MOAKIIIOUCHUSI OOMOTOK BaTTMETPa, MOATOMY MX 3KMUMbI UMEIOT CIECIHATbHYIO
MapKHUPOBKY, 00€CTICUNBAIONIYIO MPABUIBLHOE MOAKIIOYEHUE MPUOOpa. 3aKUMBbI,
0003HaYeHHBIC 3HAKOM * (3BE€3]104YKa), COCIUHSIOTCS C MPOBOJIAMH, UAYIIUMHU OT
WCTOYHUKA MUTAHUS. 3AKUMBI, HE UMEIOIIHE 3TOTO 0003HAUYCHHUS, TIOIKITFOYAOTCS K
Harpyske.

[Ipu nonBeneHun K OOMOTKaM BaTTMETpa HANpSHXKEHUS Ha HArpy3Kud |

IPOTEKAIOIIEr0 TOKa Yepe3 Harpy3kd IOKa3aHus Mpudopa OIpenessioTcs
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BBIPAKECHUSAMMU: B LIETSAX MOCTOSIHHOTO Toka P = U-I; B nensix cuHycOnaanbHOro ToKa

P =U-I-cosp, e ¢ — yroa casura a3 Mexy BEKTOpaMU HAMPSKEHHS U TOKA.

3aoanue:
3aoaua Nel
OnpenenuTs oKka3aHus HUGPOBOTO aMIIEpMETpa U BaTTMETPA, BKIFOUCHHBIX

JUI. UBMEPEHHM B MOCIeNoBaTeNbHYy0 RL-11enb, eciny HanpsbkeHue Ha BXOJIE LETH

u3MeHsieTcs 1o 3akoHy u(t) = 12 + 50 * V2 * sin(w * t)). [TapameTps! nerm: R =

3 Om, XL =4 Om.

3aoaua Ne2

W3meputenbHblii npuOOp € MaKCUMajdbHBIM OTKJIOHEHHEM YyKa3aTels,
COOTBETCTBYIOIIUM TOKY 50 MKA, MMEEeT BHYTPEHHEE COINPOTHUBICHUE, PABHOE D
kOMm. Kakoe myHTHpYyIOII€Ee CONPOTUBIIEHUE HYKHO MOJKIOYUTH, YTOOBI MPUOOP
m3mepsn Tok B mpeaenax 0 — 1 A? Kakoe conmpoTHBieHHE HYKHO MOJKIIOYUTH

MOCJIEIOBATEIBHO AJI TOTO, YTOOBI MPUOOP MOT U3MEPUTH HAIIPSKEHUE B MPEeIax

0-10B?

3aoaua Ne3

Onpenenuth mnpenen u3MEpeHus Toka [1 B cxeme JBYXIpEAEeabHOTO
MUJUTHAMIIepMeTpa (pUCYHOK 7.1) ¢ TOKOM TMOJIHOTO OTKJIOHEHHUS PaMKH
u3MepurtenbHoro Mexanusma [a = 50 MxA, BHyTpeHHHM corpotuBiieHneM Ra = 1,0

KOM. 3HayeHus! COMPOTUBIIEHUI pe3ucTOpOoB cTynenyaToro myHTta R; = 0,9 Om, R,

=0, Om.
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Pucynok 7.1 — IlpuHuunuaibHas cxema

3aoaua Ned

OnpenenuTs 3HAYEHHWE COMPOTHUBJIEHHUS J00ABOYHOTO pe3ucrtopa Ry,
BKJIIOUEHHOT'O TIOCJIEIOBATEIbHO B LM MArHUTOXJIEKTPUUYECKOTO BOJIBTMETpA C
npenenom usMmepenus 30 B, BHyTpeHHum conportuBieHueM Ry = 1000 Om u
mkanou Ha 150 geneHunii 11s paciMpeHus peeia u3sMepeHus HanpspkeHust 10 300

B. Uemy paBHa 1ieHa iesieHus?

Konumponvuwvie éonpocot:

1. [ToyeMy Henb3sT NOAKIOYATH AaMIIEPMETP HEMOCPEJACTBEHHO K
HUCTOYHUKY HANPSHKEHUS?

2. Cnenyer nu coOMIOJATh TMOJISIPHOCTh TMOAKIIOUEHUS] LHUPPOBOTO
BOJILTMETPA K IIEMH, B KOTOPOIl IPOTEKAET MOCTOSTHHBIN TOK?

3. KakoBbl npuHIMIHATBHBIE OCOOCHHOCTH HMCIOJIb30BaHUS ITU(PPOBBIX

aMIIEPMETPOB U BOJIBTMETPOB?

4, Jly1st 4ero ucmonb3yoTes TpanchopmMaTopsl TOKa?
5. Yewm omaceH pa3pblB BTOPUYHON 0OMOTKH TpaHChopMaTopa Toka?
6. KaxkoBbl 3HA4YEHUS HOMUHAJIBHBIX BTOPUYHBIX TOKOB

TpaHCHOPMATOPOB TOKA M U3 KAKMX COOOPaKEHHUI OHU YCTAHOBJICHBI?
7. J171s1 uero Ucnoab3yTCs TpaHCcHOpMaTOPhl HANPSXKEHUS?
8. Yemy paBHBI HOMUHAJIbHbBIE BTOPHUYHBIE HATPSHKCHUS

TpaHc(hHOPMATOPOB U U3 KaKMX COOOpaKEeHUN OHU YCTAaHOBJICHBI?
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9.  Jlns 4yero npu U3MEPEHUAX UCTIONb3YIOTCS IIYHTHI?

10. Jns dyero mpu  U3MEPEHUSX  HCIOJB3YIOTCS  J100aBOYHBIC
COTIPOTUBIICHUS?

11. TIlpuBemute Gopmyy npeoOpa3oBaHUs aMIIEPMETPa C IIYHTOM?

12. Tlpuenute Qopmyny mnpeoOpa3oBaHHsS BOJBTMETpPA C J0OABOYHBIM
CONMPOTHUBJIEHUEM? 3aU€M UCIOJIb3YIOT HECKOJIBKO J00OABOYHBIX COMPOTUBICHUI?

13. Kak ompexnensercs BXOAHOE COIMPOTUBJICHHE aMIepMeTrpa H

BOJIbTMETpa?

Cnucox numepamypot:

1. HJauumoB M.U. HHXeHEpHbIE CHUCTEMBl 3JaHUN M COOPYKEHUH
(37IeKTpOCHAOXKEHUE C OCHOBAaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecypce] :
yueOHoe nocodue / M.U. lanunos, U.I'. Pomanenko, C.C. Sctpe6oB. — DIeKTpoH.
TekcToBble JaHHble. — CraBpononb: CeBepo-KaBkasckuil — (enepanbHblii
yauBepcuter, 2015. — 118 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.M. HHxkeHepHBIE CHCTEMBI 3aHUM W COOPYNKEHHU
(oneKTpoCcHAOXKEHHE C OCHOBAMH ODJICKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
nabopatopuslil npaktukym / M.U. la-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DNeKTpoH. TeKCTOBbIe AaHHble. — CtaBponoiib: CeBepo-KaBkaszckuil penepanbHbIi
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum no-cryma:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HMuHxeHepHbIE CUCTEMBI 3JaHUNA W COOPYKEHUH
(9NeKTpOoCHAOXKEHHE C OCHOBAMH DJICKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yuebHoe rmocooue (kypce nekuuii) / M. U. Jlanunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JnaHHble. — CraBpomons : CeBepo-KaBkaszckuii (enepanbHbIi
yauBepcutetr, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnekrpocHaOxeHre ¢ OCHOBAMHU JIEKTPOTEXHUKHU. YacTh

1 [DnexTponnbiii pecypce] : yueobHoe nmocodbue / H.I'. Cemenona, A.T. PaumoBa. —
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DJNEeKTPOH. TeKCTOBbIe AaHHbIE. — OpeHOypr: OpeHOyprckuii Tocy1apCTBEHHbBIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
noctyma: http://www.iprbookshop.ru/69976.html

5. Topaees-bypreuir M.A. OGmias 3JI€KTPOTEXHUKA W DJICKTPOCHAOKECHHE
[DnekTpoHHBI pecypc] : yueOHoe mocobdue / M.A. Topnees-bypreum. —
ONEKTpOH. TEKCTOBbIe naHHble. — M. : MOCKOBCKMI TrOCyAapCTBEHHbIN
CTpOUTENbHBIN YHUBEpcHUTeT, Ali [Iu Op Menua, ObC ACB, 2017. — 470 c. —978-
5-7264-1602-1. — Pexxum noctyna: http://www.iprbookshop.ru/65651.html

6. TuxoHoB A.®D. DNEKTPONPHUBOJ CTPOUTEIHHOTO MEXaHU3HUPOBAHHOTO
MHCTPYMEHTA [DNEeKTpOHHBIN pecypc] : yuebHoe nocooue / A.®. Tuxonos, B.H.
baryeB, A.H. JIpo31oB. — DneKTpOH. TEeKCTOBbIE NaHHble. — M. : MOCKOBCKUI
rOCYJIapCTBEHHBIN CTpOUTENBbHBIN yHUBepcuteT, A [lm Op Menua, ObC ACB,
2017, — 244 c. — 978-5-7264-1520-8. — Pexum jgo-crymna:
http://www.iprbookshop.ru/64540.html

7. KontoxoBa E.A. DnekTpocHaOxeHue [DNEeKTpOHHBIA pecypc]: yueOHHK
1151 By30B/ KoHtoxoBa E.A.— DiiekTpoH. TekcToBbIe JaHHbIe.— M.: 3 naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222.—
OBC «IPRbooksy, o mapoito

8. DnekTpocHaOKEeHHE CTPOUTENBHBIX ILIOIMIaAeH [DIeKTpOHHBIA pecypc]:
METOJUYECKUE YKa3zaHusi/ — OJEeKTpoH. TekcToBble naHHbie.— CII0.: CaHkt-
[TeTepOyprckuii TOCyAapCTBEHHBIM apXUTEKTYPHO-CTPOUTETHHBIN YHUBEPCUTET,
ObC ACB, 2014.— 35 ¢.— Pexum no-ctymna: http://www.iprbookshop.ru/33305.—
OBbC «IPRbooksy, nmo naposto
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Ilpakmuueckaa paboma Ne8

Tema: Pacuet nonynpoBOJHUKOBBIX TUOI0B

Ilens: Hayuntbcst pacCUMTBIBATD MOJTYIPOBOHUKOBBIE JUOIbI

3nanua u ymenusa, npuoopemaemvie 00yuUAIOWUMCA 6 pe3yibmame
0C60€HUA meMbl:

B pe3ynbraTe BBINOJHEHUS MPAKTUYECKOTO 3aHATHS Yy CTYICHTA
bopmupyrorcs:

3unanua:

o OCHOBHBIE 3aKOHBI AJIEKTPUYECTBA U MArHeTH3Ma, 3JIEKTPOTEXHUKH;
OCHOBHBIE ONPEACIICHUS, TOMOJOTMYECKHE TMapaMeTpbl W METOJbl pacyeTa
AIEKTPUYECKUX LIETIEH; OCHOBBI 3JIEKTPOHUKHU U DJIEKTPUUECKHE U3MEPEHUS;

o TUIIOBBIE CXEMbI 3JIEKTPOCHAOKEHUS U COBPEMEHHOE 000pY/I0BaHHE
CTPOUTEIHHBIX 00BEKTOB.

Ymenua:

o NPUMEHSITh TPUHIUIIBI TOCTPOSHHUS, aHalu3a U OKCIUTyaTalluu
IEKTPUUECKUX IIeTIeH, DIEKTPOOOOPYIOBAHUS U MPOMBIILIIEHHBIX 3JIEKTPOHHBIX
pUOOPOB;

o MPUMEHSITh MIPUHIIUATIBI MOCTPOCHMUS, aHanu3za CUCTEM
AIIEKTPOCHAOKEHUS 3/IaHUI, COOPY>KEHUI, HACEJICHHBIX MECT U TOPOJIOB, METOJIbI
WX IPOCKTUPOBAHUSI, DTIEMEHTBI, SKCIUTyaTalUsl U PEKOHCTPYKIIUSL.

Bnaoenus:

. AIEKTPOTEXHUYECKOMN anmnapaTypou M 3JIEKTPOHHBIMU yCTPOMCTBAMHU,
MPUMEHEHUEM METOJ0B TEOPETHUECKOTO U IKCIEPUMEHTAIBLHOIO UCCIIEIOBAHUS B
ANEKTPOTEXHUKE U MTPOMBIIIIEHHON AJIEKTPOHUKE.

o OPUMEHEHUST METOJaMH  pacdyeTa CHCTEM  DJIEKTPOCHAOKEHUS

CTPOUTEIIBHBIX 0OBEKTOB.

AKmyanbnocm b memaul.
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3axiouaeTcsi B HEOOXOAMMOCTH OMPEAENATh OCHOBHBIE XapaKTEPUCTHKU

AUOJ0B.
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Teopemuueckasa yacmp:

JIBYX3JIEKTPOIHBIA MOJYIPOBOJHUKOBBIN JJIEMEHT — JUOJ COIEPKUT N - U P
-npoBoAsMi ciaou (puc. 8.1). B n-mpoBoasiieM cioe B KayecTBEe CBOOOIHBIX
HOCHUTENEH 3apsia npeodiaiatoT JIEKTPOHbI, a B P-MPOBOSIIEM clioe * npIpku. B
pesyabrare aud@y3un 3JIEKTPOHOB U3 N-00JaCTU B P-001aCTh U, HA00OPOT, JBIPOK
13 p-00JIaCTH B n-00J1aCTh HA TPAHUIIC CO3AAETCs MOTEHIIUANIBHBIN Oaprep (puc. 8.1
auo).

[Ipu mpsiMOM MPUIIOKEHHOM HAMPSHKEHUU («+» K CIOI0 P, « - » K CIIOIO n)
NOTEHIMATBHBIA Oaphep YMEHBIIACTCS, U JAMOJ HaYMHAECT MPOBOAHUTH TOK (IUOJ
OoTKpbIT). [Ipn oOpaTHOM HaNpsKEHWH NOTEHIMAIbHBIA Oapbep YBEJINYUBAETCS
(mmon 3amepT).

BonbT-ammnepHast xapakTepuCcTHKa TU0/1a IMEET BUJI, N300paXEHHBIN HA PHC.

8.1B.
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Pucynok 8.1 — JIByX2J€KTpOJHBIN MOIYITPOBOAHUKOBBIN JIEMEHT

[IpsiMmoii TOK wyepe3 p-N mepexo]l ONpeneisieTcss HOCUTEISIMU 3apsfa,
HEOCHOBHBIMHU JIJIsl TOTO CJOsI, KyJla OHM MPOHUKAIOT. B mpouecce ABUKEHUS OHU
CTAJIKUBAIOTCSI C OCHOBHBIMH HOCHUTENISIMU JAaHHOTO CJOS U peKOMOMHUPYIOT. C
YBEJIIMYEHUEM TMPSIMOTO TOKA MaJIEHUE HAINpsDKEHWS Ha JIMOJIE HECKOJBKO
Bo3pactaer. [Ipu pekoMOMHALIMKM MOXKET BBIAETSTCS SHEPTUS B BUJEC U3IIyUCHUS.

OTO SIBIICHHUE HCITOJIB3YCTCA B CBETOAMNOJAX.
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B oOGpatHom HampaBieHUUW depe3 AUOJA MPOTEKAET TOJbKO HEOOJBIION TOK
yTE€UKH, 00YCIOBJICHHBII HEOCHOBHBIMU HOcuTelsiMUu. C yBenmuueHrueM oOpaTHOTO
HAIIPSDKEHUS BBILIE MPEAEIBHO AOIMYCTUMOTO JUIsl JAHHOTO THIIA JMOJA HACTYIAeT
npoboi p-n mepexona. B nuomax pa3nuyHBIX TUMOB OH MPOTEKAET MO-Pa3HOMY: B
OOBIYHBIX BBIIPAMUTEIBHBIX AUOAX — 3TO HEOOpATUMOE pa3pylleHue p-N nepexoa
B PE3yJIbTATE €T0 MEPErpeBa, B JABUHHBIX — IIPOMCXOAUT JABUHHOE PAa3MHOKEHUE
HEOCHOBHBIX HOCHTENEH, YTO MPUBOAMT K PE3KOMY YMEHBIICHHIO OOpaTHOIro
HaANpsDKEHUS Ha HEM M YMEHBIICHUIO HAarpeBa, B CTAOMIUTPOHAX — IPU YBETUYEHUN
o0OpaTHOr0 TOKAa HMMEETCS JOCTATOYHO MPOTSKEHHBIM YYAaCTOK BOJIBT-aMIIEPHOU
XapaKTEPUCTHKU, HA KOTOPOM HANpsHKEHHE Majio 3aBHCHT OT TOKa (3€HEpPOBCKUM
po0oit).

OCHOBHBIE CTaTMYECKHE IMMAPAMETPHl JHOJOB, TAaKHWE KakK IOPOTrOBOE
Hanpsokenue Ug, mnpsmoe mnaaeHue HampsbkeHue Upy, auddepeHnmnansHoe
cornportusieHue R, o0patHbiil TOK log,, HapsKEHNE CTAOMIN3ALMH CTA0MIUTPOHA
Us, MOXKHO ONPENENIUTh IO BOJBTAMIIEPHOM XapaKTEpUCTHUKE, CHATOM Ha
ITIOCTOSTHHOM MJIM MEJUIEHHO U3MEHSIOIIEMCS TOKE.

[lepexntoueHne nroaa u3 3aKpbITOrO COCTOSHUS B OTKPBITOE IPOUCXOIUT HE
MI'HOBEHHO. DTO MOXKHO Ha0JIt0J1aTh Ha SKpaHe ocIiuiorpada, eciu npuiokUTh K

JMOY HANpPsHKEHUE MPSMOYTOJIbHOM (POPMBI BEICOKO# 4acTOTHI (puc. 8.2).
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Pucynok 8.2 — BonbT-amIiepHas XapakTepUCTHKA IMOJTYTPOBOIHUKOBOTO

Mojia
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IIpu nepexojie U3 3aKPBITOTO B OTKPBITOE COCTOSIHUE HEOOXOAUMO BPEMS oy,
HEOOXO0MMOE JIJIsl paccachiBaHUsI U30BITOYHBIX 3apsA0B MOTEHIIMAIBHOTO Oapbepa
U JIOCTHKEHUS AU(PPY3MOHHOTO paBHOBECHS.

[Ipu nepexoie U3 OTKPHITOrO COCTOSIHUSA B 3aKPHITOE HEOOXOIUMO BpeM4 ti,
3a KOTOPOE paccachIBatOTCsl U30bITOYHBIE HOCUTENIN U BpeMs 1o, 32 KOTOpOE BHOBb
yCTaHaBJIMBAETCS MOTEHUUAIbHBIN Oapbep. OO11ee BpeMs BBIKIIOUEHUS tyyen = 11 +
to. Ha srame t; uepe3 nuoa mpoTtekaeT O0JbIION OOpaTHBIM TOK, a HAMpsHKEHUE Ha
HEM yObIBaeT, coxpaHss npsMoe HampasieHue. Ha srame t; Tok oOpaTHBIM TOK
yOBIBaeT 10 HOPMAJIBHOTO 3HaueHUs. PeanbHas kapTHHA, HaOMo1aeMasl Ha KpaHe
ocumiiorpaga, MOXKET HECKOJIBKO OTJIMYaThCsl OT OINMCAHHOM W3-3a BIIMSHUSA

BXOJIHOM €MKOCTHU ocImuiorpada u MOHTaxa.

3aoanue:

3aoaua Nel

Onpenenuts auddepeHiaibHoe CONPOTUBICHUE AUOAA TPU MPSIMOM U
O0OpaTHOM CMEILEHUH, €CIU NMPU U3MEHEHUH npsiMoro HanpspkeHus Uy, ¢ 0,75 1o
0,85 B npsmoii Tok Iy, n3menuics ¢ 25 no 85 MA, a npu u3MeHeHUH oOpaTHOIO

HanpspkeHust Uogp ¢ 5 10 10 B 06pathbiif Tok Lygp, n3mMenuncs ¢ 20 no 40 MxA.

3aoaua Ne2
OnpenenuTh W3MEHEHHE MPSMOTO TOKAa dYepe3 KPEMHHEBBIM JTUON TIPH
u3MeHeHuu mnpsmoro Hanpstkenust Uy, ¢ 1,0 no 1,1 B, ecnu quddepenunansHoe

COIPOTUBJICHUE THOJA HA 3TOM yUYaCTKE Iy, = 8 OM.

3aoaua Ne3
[To BonbpT-ammepHol xapaktepuctuke pauwoma JI9I' (puc. 8.3) nHaiiTu
COMPOTHUBJICHUE TOCTOSHHOMY TOKY B TPSMOM M OOpaTHOM HAmpaBJICHUH TPHU

npsimoM HanpspbkeHun Unp=0,4 B u o6patHoM Hamnpsbkenun UoOp = 20 B.

71



Igp.neA '

110
Uosg.B 30 30 10
" o 04 08 UgpB
~al Tt
fﬂ .
r g 02
Logp. [MA

Pucynok 8.3 — BonpT-amnepHas xapaktepuctuka auozaa /9T

3aoaua Ned
[To BonbpT-ammepHoi  xapakrtepuctuke auoma J9I'  ompenenuthb
nuddepeHnnanbHOe COMPOTHRICHNE Tpu mpsiMoM HampspbkeHun Unp=0,56 B u

oOpatHoM Hanpspkenuu Uoop=15 B.

3aoaua Ne5
KakoBo nuddepenunanbHoe comnpotuBienne auona J9I° B mpsiMmom
HanpaBJICHUH MPU CICAYIONIMX 3HAYEHUSIX MpsiMmoro Hampsikenus: 0,16; 0,24; 0,4;

0,48; 0,56; 0,72 B. [TocTpouts rpadmk 3aBUCUMOCTH Ty = F(Uyp).

3aoaua Neb
KakoBo muddepennumansuoe conpotusienue auoaa 91" B obpaTtHOM
HaIpaBJICHUH MPHU CICAYIONINX 3HAYEHUIX 00paTHoro HanpsikeHus: 10; 20; 25; 30;

35 B. IlocTpouTs rpadmk 3aBHCUMOCTH Topp = f(Uoep)-

Konmponwvuwie eonpocer:

1. [Touemy y auona IlloTku moporoBoe HaIpsPKEHHE MEHBIIE, YeM Yy
BBITIPSIMUTEIHHOTO TMO/Aa ¥ UMITYJILCHOTO IMOJIa, @ OOPAaTHBIN TOK O0JbIIIE?

2. Kakoii u3 ucnbITaHHBIX JTUOJOB UMEET HAaMMEHbIIIee OBICTPOICHCTBUE

U rnouemy?
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3. Yewm oTamyaeTcs BOJIbTAMIIEPHAS XapaKTEPUCTUKA JUOAA, CHATAS NPU

BBICOKOW YaCTOTE OT CTAaTUYECKOU XapaKTePUCTUKU?

Cnucox 1umepamypel:

1. JanunoB M.M. UWHXeHEpHbIE CHUCTEMBl 3JaHUW M COOPYKECHHI
(9NeKTpoCHAOXKEHHE C OCHOBAMH AJIEKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yuebHoe nocodue / M.U. [lanunos, N.I'. Pomanenko, C.C. fctpe6oB. — DIeKTpoH.
TekcToBble JaHHble. — CraBpononb: CeBepo-KaBkasckuil — (enepanbHblii
yauBepcutet, 2015. — 118 c¢. — 2227-8397. — Pexum pgoctyma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.U. WHxeHepHBbIE CHCTEMBI 3IaHUA U COOPYKEHUU
(37IeKTpOCHAOXKEHUE C OCHOBAaMHU JJICKTPOTEXHHUKU) [DIEKTPOHHBIA pecypce] :
nabopatopuslil npaktukym / M.U. la-aunos, U.I'. Pomanenko, C.C. fActpeboB. —
DJEeKTpOH. TEKCTOBbIE AaHHbIe. — CraBponosib: CeBepo-Kaskaszckuil penaepanbHbIi
yauBepcutet, 2015. — 135 c¢. — 2227-8397. — Pexum po-cryma:
http://www.iprbookshop.ru/63085.html

3. HanmnoB, M. WM. HMHxeHepHbIE CUCTEMBI 3JaHUA W COOPYKECHUH
(omeKkTpocHAOXKEHHE C OCHOBAMM JJICKTPOTEXHUKH) [DIEKTpOHHBIA pecypc] :
yaebHoe rmocoodue (kypce neknuid) / M. U. Jlaaunos, U. I'. PomaneHko. — DIEKTPOH.
TekcToBble JaHHble. — CraBponoab : CeBepo-KaBkaszckuii (enepanbHbIi
yauBepcutetr, 2015. — 223 c¢. — 2227-8397. — Pexum pgocryna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnexktpocHabxeHne ¢ OCHOBAMU 3JIEKTPOTEXHUKHU. YacThb
1 [DnexTponnslii pecypce] : yuedHnoe nmocodue / H.I'. Cemenona, A.T. PaumoBa. —
DNEKTPOH. TeKCTOBbIe AaHHbIe. — OpeHOypr: OpeHOyprckuil rocyaapCTBEeHHbIN
yauBepcutet, ObC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryna: http://www.iprbookshop.ru/69976.html

5. T'opnees-byprauny M.A. OOGmias 31€KTPOTEXHUKA U DIIEKTPOCHAOXKEHHE
[DnekTpoHHBI pecypc] : yueOHoe mocobue / M.A. Topnees-bBypreum. —

DJIEKTPOH. TEKCTOBbIE JdaHHble. — M. : MOCKOBCKMI TrOCyJapCTBEHHbIN
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CTpOUTENbHBIN YHUBEpcHUTeT, Ali [Iu Op Menua, 9bC ACB, 2017. — 470 c. —978-
5-7264-1602-1. — Pexxum moctyma: http://www.iprbookshop.ru/65651.html

6. TuxonoB A.®. DIEKTPONPHUBOA CTPOUTEIHLHOTO MEXaHU3MPOBAHHOIO
UHCTpYMEHTa [DIeKTpoHHbIN pecypce]| : yueOHoe nmocobue / A.®. Tuxonos, B.H.
baryeB, A.H. JIpo310B. — DneKTpOH. TEKCTOBbIE NaHHble. — M. : MoCKOBCKuUI
rOCyJapCTBEHHBIN CTpPOUTENbHBIN yHHBepcuTeT, Al Ilu Op Meaua, 9bC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:
http://www.iprbookshop.ru/64540.html

7. KontoxoBa E.A. DnexkTpocHaOxeHue [DIEKTPOHHBIN pecypc]: yueOHUK
1151 By30B/ KontoxoBa E.A.— DneKkTpoH. TekcToBbIe JaHHbIe.— M.: 3naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctymna: http://www.iprbookshop.ru/33222.—
OBC «IPRbooksy, mo naposto

8. DnekTpocHabXXeHHE CTPOUTENbHBIX IUIOIMaJei [DeKTpoHHbIN pecypcel:
METOJMYECKUE yKa3zaHusd/ — OJEKTpoH. TekcToBble naHHble.— CII6.: Cankr-
[leTepOyprckuii TocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIbHBIN YHHUBEPCHUTET,
OBC ACB, 2014.— 35 ¢.— Pexwum go-cryna: http://www.iprbookshop.ru/33305.—
OBC «IPRbooksy, no napoiito
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Ilpakmuueckasa paboma Ne9

Tema: Pacuer oHO- ¥ JBYXIIOJIYIIEPUOIHBIX BBIIPAMUTENEH

Ieny: HayunTbCsl pacCUMTHIBATh NApaMETPhl OAHO- U JBYXIIOTYIEPUOIHBIX
BBINIPSIMUTEIICH.

3nanua u ymenus, npuoopemaemvie 00yuUAOWUMCA 6 pe3yibmame
0CB0CHUA meMbl:

B pesynbrare BBINOJHEHHS IPAKTUYECKOTO 3aHATUS Y CTYJICHTA
bopmupyroTcs:

3unanua:

o OCHOBHBIE€ 3aKOHBI 3JIEKTPUYECTBA U MAarHeTU3Ma, JJICKTPOTEXHUKHU;
OCHOBHBIE ONPEACIICHUS, TONOJOTMYECKHE IapaMeTpbl W METOIbl pacdeTa
ANEKTPUYECKUX LEIEN; OCHOBBI JICKTPOHUKH U SJIEKTPUUYECKUE U3MEPECHUS,

o TUTIOBBIE CXEMbI AJIEKTPOCHAOKEHUS U COBPEMEHHOE 000pY/I0BaHUE
CTPOUTEIIBHBIX 0OBEKTOB.

Ymenua:

o IPUMEHATh NPUHLMIOBI TIOCTPOECHUsS, aHaIu3a M IKCIUIyaTaluu
IEKTPUUECKUX IIeTeH, 2IEKTPOOOOPYIOBAHUS U MPOMBIIIIEHHBIX 3JIEKTPOHHBIX
npuOOpOB;

o IIPUMEHSATH MIPUHLIUIIBI IIOCTPOCHHS, aHanIu3a CHUCTEM
AIIEKTPOCHAOKEHUS 3/IaHUI, COOPYKCHHI, HACEJICHHBIX MECT M TOPOJIOB, METOJIbI
MX MIPOEKTUPOBAHMS, DIIEMEHTHI, SKCILUTyaTallisd U PEKOHCTPYKIIHS.

Bnaoenus:

° AIEKTPOTEXHUYECKOMN aInmnapaTypou M dJIEKTPOHHBIMU yCTPONCTBAMHU,
MIPUMEHEHUEM METOJOB TEOPETHUUYECKOTO U IKCIIEPUMEHTAIIBHOTO UCCIIEIOBAHUS B
AIEKTPOTEXHUKE U IMTPOMBILIJIEHHON 3JIEKTPOHUKE.

o OPUMEHEHUsT METOAaMHU  pacyeTa CHCTeM  DJIEKTPOCHAOKEHUS

CTPOUTCIIbHBIX 00BEKTOB.

AxmyanvHocms memoi:
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3aKI04yaeTcsi B HEOOXOAUMOCTH ONPEAEATh NapaMETPhl BBIIPSIMHTEIIA.

Teopemuueckaa yacmo:

OcHOBHasl 4acTh DJIEKTPOSHEPTHMU BbIpabaThiBaeTCs MW mepenarcs OT
TE€HEPATOPOB K MOTPEOUTENSIM B BUJE SHEPIUU MEPEMEHHOIO TOKa. /(s muTaHus
HOTpeOUTENEN TMOCTOSHHOTO TOKAa HCIOJB3YIOT  BBIIPSIMHUTENH, KOTOpBIE
BBITIOJHSIOT, B OCHOBHOM, C MCIIOJIb30BAHUEM IOJIYIPOBOJIHUKOBBIX MPHOOpOB. B
CcXeMax HEYIPaBISEMbIX BBIIPSIMHUTENIEH MCIOJIB3YIOT AMOIbI. B 3aBHCHMOCTH OT
MOIIHOCTH HAarpy3ku U TpeOOBaHUN K KAueCTBY BBIIPSMIICHHOTO HamlpsKEHUS
NPUMEHSIOT Pa3JIMYHbIE CXEMBI BBIPSMIICHUS.

Haubonee npoctoil siBisieTcst cxema OJHO(A3HOTO OJHOIOIYIEPHOIHOIO
BbIIpsIMIIEHUS (pUC. 9.1), ucnonp3yemas Ajig MOTpeOuTEeNel Manoil MOIIHOCTH,
JOMYCKAIOUUX 3HAYUTENbHBIA YPOBEHD ITyJIbCALIMN BBIIPSMIEHHOTO HAIMPSKEHUS.
dopma KpUBOH BBINIPSAMICHHOIO TAaKUM BBINPSMUTEIEM HampsKeHUs (KUpHas
JUHUS) TpeAcTaBieHa Ha puc. 9.2. Jlng criaxxkvBaHus MyJbCalldiil HANPSKEHUS
napajuleIbHO HArpy3ke OOBIYHO BKJIIOYAIOT AJIEKTPOJIMTUYECKUI KOHAEHCATOP

OO0JIBIIION EMKOCTH.
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Pucynox 9.1 — Cxema ogHO(a3HOTO OAHOIIOIYIIEPHUOTHOTO BBITIPSIMIICHUS
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Pucynox 9.2 — ®opma KpuBOil BRINPSAMIIEHHOTO HAIIPSKEHUS

[Ipy nuTanuu oT oAHO(A3HOW LEenu dYalle MOPUMEHSIIOT CXEMbI
JIBYXIIOJIYTIEPUOTHOTO BBIMPSMIICHHSI, UMEIONINE 3HAYUTEITFHO MEHBIINI YPOBEHb
NyJIbCALMKA BBIIPSAMIIEHHOTO HanpsbkeHus. CylmiecTBYeT /1Ba BUAA TAKUX CXEM: CO
cpenner Toukoit (puc. 9.3) u mocroBas (puc.9.4). Ha cxemax HampaBieHHE TOKa
MOKa3aHO CIUIOIIHBIMM CTpEJIKaMU T[pPU OJHOM TMOJSPHOCTH MHUTAIOLIETO
HANPSDKEHUS U MyHKTUPHBIMU — IIPU IPOTUBOMNOJIOKHOM. JIOCTOMHCTBOM MOCTOBOM
CXEMBbl SIBIIIETCS OTCYTCTBHE TpaHc(opmaTopa CO CpeaHEl TOYKOW BTOPUYHOM
oOMoTKH. BMecTe ¢ Tem, B 3TOH cxeMe TOK OJTHOBPEMEHHO MPOXOAMT Yepe3 JBa
JMO0/1a, a HE 4Yepe3 OJMH, KaK B CXEME€ CO CpPEIHEH TOYKOH, IMOATOMY IaJICHHE
HaMpsDKeHUST Ha JAMOJIax B ATOM cxeme OyneT B JBa pasza Oosbiie. B cBs3u ¢
OTMEUYEHHBIM OOCTOSITEIbCTBOM CXEMY CO CpEOHEM TOYKOW MpeArnodYTHTEIbHEE
UCIOJIb30BaTh NPU OOJBIINX TOKAX.

KpuBass BBIIPSIMIIGHHOTO HAMpsDKEHUS JUIS  O0CMX CXeM  BBITJISIAUT

OJIMHAKOBO, OHA TpeJICTaBJIeHa Ha pucC. 9.5.
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Pucynok 9.3 — CxeMa BBIPSAMIICHHUS CO CPEIHEN TOUKOM
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Pucynok 9.4 — JInoaHbIi MCOT

U !

U

Pucynok 9.5 — OcuuiorpaMma IMOHOTO MOCTa

IToTpebuTenn MOCTOSHHOTO TOKA OOJIBIIION MOIIHOCTH OOBIYHO ITHUTAFOTCS
yepe3 BBIIPAMUTENN OT TpéxdazHbix nened. TpéxdaszHble cXeMbl BBITPSIMICHUS,
Kak ®u oaHodasHble, OBIBAIOT OJHOMOJYNEPHOAHBIMU (puc. 9.6) wu

JBYXTIOIYIIEpUOIHBIMU (pHC. 9.8).
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Pucynox 9.7 — Ocmmnorpamma cxembl MUTKeBUYA

A B C
L ] L ]
Uz
Vi >
it T
~l N
L-T° LA
+ Ra
Nl NI
By By I
R s ;
N NI Usin :
LA L1 i
s Hs

Pucynok 9.8 — Cxema Jlapuonosa
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Pucynox 9.9 — Ocmmmorpamma cxemsr Jlaprionosa

Ha npomexytke 0<wt<30° HauOosblias pa3HOCTh MOTECHIIMAIOB MEXIY
¢dazamu C u B, mosToMy OTKpBITBIMH OYyIayT AWONBI /[s U /{3; Ha TIPOMEKYTKE
30°<wt<90° morenmman ¢gazpl A ctaHer Oosbiie moteHnuana ¢assl C, mo3ToMy
nuon Jg 3akpoercs, a I — oTkpoercs. B mocnenyromue uHTEpBaibl OyAyT
noouepénHo OTKpHITB: 90°<wt<150° — /b /[s; 150°<wt<210° — Ji4,/Is;
210°<wt<270° — /14, /11; 270°<wt<330° — [f5,/]1; 330°<wt<30° — cHoBa /s, /{3 , 1 T.1.
Takum 00pazom, MeXaTy KaTOJHOW U aHOJHOM TPyHIIaMH TUOJI0B TOCTOSTHHO OyIeT
HaIpsHKEHUE, paBHOE HaWOOJIbIIEMy MO a0CONIOTHOMY 3HAUYCHHUIO JIMHEHHOMY
HanpspkeHuto. KpuBasi BBINPSIMIIEHHOTO HampspDkeHHsT Ha puc. 12.9 mokaszana
KUPHOM JIMHUEH.

CpenHee 3HayeHHE BBIIPAMIIEHHOTO HamnpsbkeHus Ug, Mg cxemsl
0JIHO()a3HOTO OJTHOMOTYTIEPUOTHOTO BHITIPSIMIICHUS OTIPEEIISICTCS BEIPAKECHUEM

Uep=Un/r=N2U/ 7~0.45U,

rie U — [feilcTBylolllee 3HAYE€HHE NEPEMEHHOrO0 CHHYCOUIAIbHOTO
HaIpsDKEHUS,

Um — aMImuTygHOE 3HaUY€HHE NEPEMEHHOTIO HAMPSIHKEHUSI.

JI1s1 OCTaNbHBIX CXEM BBINPSIMIICHUS

Ue,=(m/ z)sin(m/ z) Un=N2(m/z)sin(m/z)U,

rae M — 4ucio (1)213 BBIIPAMIIICMOI'O HAIIPAKCHUS.
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3aoanue:

3aoaua Nel

Onpenenuts 3Hauenue lacp , lamax , UoGpmax uieansHOT0 BEHTHIIS (110/1a)
B BeIpsimuTtene (puc. 9.10) u koadpdurment tpanchopmaruu Tpanchopmaropa n,
ecnu Ha Harpy3ke RH = 3 kOwm cpennee 3HaueHUE BBHITPSAMICHHOTO HANPSKEHUS

UH = 180 B. Hanpsxenue cetn U= 220 B.

Pucynox 9.10 — [IpunnunuanbHas cxema

3aoaua Ne2

JUItT ~ MOCTOBOTO  BBIIPSMUTEIBHOTO  YCTPOWCTBA  HCIIOJIB30BAIUCH
MOJIYIPOBOJHUKOBBIE THOABL. OnpenenuTs HEOOXOJUMbIE MapaMeTpbl BEHTUIS U
BBIOPATH MO CMPABOYHUKY (C MOMOILBIO TAOIUIbI) COOTBETCTBYIOIINI THUIT JUOJA,
€CJIM U3BECTHO, YTO B HArpy304HOM pE3UCTOpE ¢ conpoTuBieHueM Ry = 600 Om
BoIIpsiMiIeHHbIH TOK Iy = 200 MA. Haiitu ko3pduuumeHt Ttpanchopmanuu

TpaHchopMaTopa, MOJKIIOUEHHOTO K CeTU ¢ HampsikeHueMm Uj.

Taomura 9.1
Tun H7A | 1202 | 0207 | H217 | 4226b | 12426 | 1302 | KO202T

Jlnona

300 400 100 100 300 5000 | 1000 1000
50 100 200 800 400 100 100 100

3aoaua Ne3
OnpenenuTh cpeaHee 3HAYEHHWE TOKA B CXEME JBYXIIOIYIIEPHUOIHOTO

BBITIPAMUTEIS, eciii Ry = 2 kOM, U, = 50 sin ot B
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Konmponvnwvie sonpocuwi:

1. Hapucylite cxembl BBIIPSMUTENIEH U YKAKATE IIyTh IPOXOKIAEHUS TOKA
IIPYU U3MEHEHUHU NOJISIPHOCTH MUTAIOIIETO HAIPSYKEHUSI.

2. OOBbsAcHUTE, TOUYEMY TIPH BHIMPSAMIICHHH TPEX(PA3HOTO TOKA B CXEME C
HYJIEBO TOUKOW MOKET OBITh OTKPBIT TOJIBKO OAMH JUOJ, 3 B MOCTOBOH cXxeme —
TOJIBKO JIBa IMO/1A.

3. OOBsACHUTE TOCNEAOBATEIBHOCTh OTKPBITHS JHOAOB B TpEX(QazHOii
MOCTOBOH CXEME.

4, [Io xakoil ¢opMyne MOXHO BBIYUCIUTh 3HAYEHUE CPEAHETO
BBIIIPSIMJIIEHHOTO HANPSKEHUA?

5. [ToueMy QaxTuueckoe BHIIPSIMIECHHOE HAINPSHKEHUE HECKOJIbKO HUKE

TCOPECTUUCCKU BBIYKCJICHHOT'O?

Cnucok aiumepamypuot.

1. [HJauummoB M.U. HHXkeHEpHbIE CHUCTEMBl 3IaHUM M COOPYKEHUU
(oNeKTpOoCHAOXKEHHE C OCHOBAMH JJICKTPOTEXHUKU) [DNEKTpOHHBIN pecype]| :
yueOHoe nocodue / M.U. lanunos, N.I'. Pomanenko, C.C. fctpe6oB. — DaeKTpoH.
TekcToBble naHHble. — CraBpononb: CeBepo-KaBkaszckuit  (enepanbHbIi
yauBepcuteT, 2015, — 118 c¢. — 2227-8397. — Pexum pgocryma:
http://www.iprbookshop.ru/63086.html

2. [JanmnoB M.U. WHxeHepHbIE CHCTEMBbI 3[aHUA U COOPYKEHUU
(2NeKTpOCHA0XKEHHE C OCHOBAMM JJIEKTPOTEXHUKH) [DJIEKTPOHHBINM pecypc| :
naboparopuselil mpaktukyM / M.W. Jla-aunos, U.I'. Pomanenko, C.C. Sctpe6oB. —
DnexTpoH. TeKCTOBBIE nanHbIe. — CTaBponoib: CeBepo-KaBkasckuii (henepaibHbIN
yHnuBepcutetr, 2015. — 135 c¢. — 2227-8397. — Pexum po-crymna:
http://www.iprbookshop.ru/63085.html

3. JanwnoB, M. WM. HuxkeHepHblE CUCTEMBbI 3JaHUW U COOPYKEHUI
(9NeKTpOCHAOXKEHHE C OCHOBAMU AJIEKTPOTEXHUKH) [DNEeKTpOHHBIN pecype]| :
yaeOHoe nmocobwue (kypc nekiuit) / M. U. Jlanunos, U. I'. Pomanenko. — DneKTpoH.

TekcToBble JaHHble. — CraBponons : CeBepo-KaBkaszckuii (denepanbHbii
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yauBepcutet, 2015. — 223 c¢. — 2227-8397. — Pexum pgoctymna:
http://www.iprbookshop.ru/63087.html

4. CemenoBa H.I'. DnexktpocHabxkeHre ¢ OCHOBAMU JJIEKTPOTEXHUKHU. YacTh
1 [Dnexrponnsiit pecypc] : yuebHoe nmocodue / H.I'. CemenoBa, A.T. PaumoBa. —
DneKkTpoH. TeKCTOBbIE NaHHble. — OpeHOypr: OpeHOyprckuil rocynapcTBEHHbIN
yauBepcutet, 9bC ACB, 2016. — 142 c. — 978-5-7410-1559-9. — Pexum
nocryna: http://www.iprbookshop.ru/69976.html

5. I'opnees-byprauny M.A. O01mas 3J€KTPOTEXHUKA U 3JIEKTPOCHAOXKEHUE
[OnexTpoHHBI pecypc] : yudeOHoe mocobue / M.A. T'opaeeB-bypreun. —
ONEeKTPOH. TEKCTOBbIE naHHble. — M. : MOCKOBCKMI TroCyAapCTBEHHBIN
CTpPOUTENBbHBIN yHUBepcuteT, At [1Tu Op Menua, 9bC ACB, 2017. — 470 ¢c. — 978-
5-7264-1602-1. — Pexwum noctyna: http://www.iprbookshop.ru/65651.htmi

6. TuxoHoB A.®D. DNeKTpONpPUBOJ CTPOUTEIBHOTO MEXaHU3HUPOBAHHOTO
HHCTpYMEHTa [DJeKTpOHHBIN pecypc] : yueOHoe mocobue / A.®. Tuxonos, B.H.
baryes, A.H. Ipo310B. — DJIEKTpOH. TEKCTOBbIE AaHHbIE. — M. : MOCKOBCKHI1
roCyJJapCTBEHHBIN cTpouTenbHbli yHHBepcuteT, Al [lu Op Memua, O9bC ACB,
2017. — 244 c¢. — 978-5-7264-1520-8. — Pexum go-cryna:
http://www.iprbookshop.ru/64540.html

7. KonroxoBa E.A. DnekTpocHaOxeHue [DNEeKTpOHHBINA pecypc]: y4eOHHK
1151 By30B/ KontoxoBa E.A.— DnekTpoH. TekcToBbIE€ JaHHbIe.— M.: 3naTenbckuii
nom MOMU, 2014.— 510 c.— Pexxum noctyma: http://www.iprbookshop.ru/33222.—
OBbC «IPRbooksy, nmo naposto

8. DnekTpocHaOXKeHHE CTPOUTENIBHBIX IUIOMIaAei [DIeKTpOHHBIA pecypc:
METOJMYECKHE YyKazaHus/ — OnekTpoH. TekcTtoBbie nanubie.— CII6.: CaHkT-
[leTepOyprckuii rocyAapCTBEHHBIM ApXUTEKTYPHO-CTPOUTEIBHBIN YHHUBEPCUTET,
ObC ACB, 2014.— 35 ¢.— Pexum no-cryna: http://www.iprbookshop.ru/33305.—
OBC «IPRbooksy, o mapoito
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