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BBegoeHue

MeToanyeckme ykasaHus No BbINOSIHEHMIO NTaBOPaTOPHbIX 3aHATMI (4Ns
oByyaroLnXcst) cocTaBneHbl B COOTBETCTBMM C paboyern nporpammont aucumnnumiel Ol 05
«dnekTpopaanomaTepumansl 1 paguOKOMMOHEHTbI»

Pabouen nporpaMmmon ANCUNNNNHBI «dnekTpopaanomaTepmarnbl n
pagnoKoMMNOHeHTbI» No cneunansHocTM 11.02.03 npegyCMOTPEHO NpoBeaeHue YeTbipex
nabopaTtopHbIx paboT.

Llenbto  npoBegeHnss nabopaTopHbIX  3aHATMA  sBRAsieTCs  (hopMupoBaHue
KOMNETEHLWUN:

MK 1.5. TlNpoBoauTb npogunakTuyeckoe W pernaMmeHTUpyeMoe TexHU4ecKoe
obcnyxusaHne obopynoBaHUsS pagnocBs3n U aneKkTpopaguoHaBuraumm cyaoB.

MK 2.3 lMpoBoauTb PEMOHT CygoBOro pagnoobopynoBaHMM B MOPE Ha YpPOBHE
3aMeHbl 6riokoB/Moaynen.

MK 3.1 OcywectBnatb MOHTaX o6opyooBaHuMs paguoCcBA3M U CPedcTB
aneKkTpopaguoHaBuraumMmM  CydoB, BKMAYasi MoABeAeHMEe MUTalWMX  CUMNOBLIX U
CUrHanbHbIX NIMHWUIA Nepegad U aHTEHH.

MK 3.2 OcywectBnaAtb JeMOHTax obopynoBaHus pagmocBa3n "
3NeKTpopagnoHaBuraumm Cyaos.

MK 3.3. BbinonHATb onepauMmM MO KOMMYTaUMW WU COMPSDKEHWUIO  OTAENbHbIX
anemMeHToB 060pyaOBaHUSA PaAMOCBA3N U SNEKTPopaanoHaBmraumnmn cyaos.

MK 3.4 BbinonHATb onepaumm MO MHCTANNAUMM U BBEOEHUK B AeucTBue
obopynoBaHMs pagnocBa3n 1 ANEKTpopagnoHaBuraumm Cyaos.

A Takke 3akpenneHue W yriybrneHne TeopeTUYeCKUX 3HaHuK, npuobpeTeHue
NPakTU4YECKMX HaBbIKOB W YyMeHuMW. B TO e Bpemsi TeopeTuyeckue 3HaHud
KOHKpeTnanpytotcs, obobLiatoTcs, n BblpabaTbiBaeTCss CNOCOOHOCTb MPUMEHEHUSA 3TUX
3HaHUM Ha NpaKTUKe.

JTabopaTopHble paboTbl NO AaHHOW ANCUMNINHE NMPUBUBAIOT YMEHME NOSb30BaTbLCS
nameputenbHbiMM Npubopamn, cnpaBoyHon nutepatypon, NOCTamu, a Takke 4uTaTb
MapKNUPOBKY PaANOKOMMOHEHTOB, U3MEPSATb UX OCHOBHbIE MapaMeTpbl N AenaTbh BblBOAbI
no pesynbtatamMm U3MepeHuMn.

K nabopatopHbiM paboTtam gonyckatotcs oby4varolmecs, npoweawme MHCTPYKTax

no TexHuke 6e3onacHOCTU, NoxapHou Ge3onacHoCTU, obyyYyeHHble NpaBunamM u npuemam

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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nx BbInonHeHns. OcHOBHble TpeboBaHWs MO NpaBuriaM TEXHUKM 6e30nacHOCTU AaHbl B
NPUNOXEHUN.

OCHOBHOM  LEenbld  MeToau4ecKkMx nocobun SBNSETCs OKa3aHMe MNOMOLUM
oGyvalowmmes npu BbINONHEHMM nabopaTopHbix paboT. MeTtogudeckne ykasaHus K
Kaxxgon nabopaTopHon paboTe cogepxaT MnodAcHeHMe uenu paboTbl, NepeyeHb
ucnonb3yemblx B gaHHoM paboTte npubopoB wn obopyaoBaHWA, UCCReOyeEMYHO
3NEKTPUYECKYID CXEMY, NMOPSOOK BbINOMHEHNUS paboTbl, BONPOCHlI AN CAMOKOHTPONSA U
dopmy oT4yeTa no npoaenaHHon pabore.

Mepen npoBegeHmem nabopatopHon paboTbl oby4varolmecss 4OMKHbI NpopaboTaTb
COOTBETCTBYHOLUMIA MaTepuarn, MOHATb Uenb paboTbl M MNOpsSgoK ee  MpoBeAEHMSs.
MpenogaBaTenb NpoBepPSET rOTOBHOCTb KYPCAHTOB K NPOBeAEeHMIO paboThl.

OTtyetbl no nabGopaTopHbiM paboTaM [AOMKHbl  BbIMNOMHATLCS  aKKypaTHO.
Mpadmyeckas 4acTb OTHETA BbLIMOJHAETCS C MOMOLLBI YEPTEXHbIX NPUHAANEXHOCTEMN,
KapaHOaLLOoM.

Mo kaxpgon nabopaTopHoM paboTe npoBoauTCA 3awmTa, rae obyvarowmmnca
AOJDKEH rnokasaTb He TOMIbKO 3HaHMe TeOpuM, HO TakkKe MOHMMAaTb, MOSICHATbL pacyeTbl U

genaTtb BblBOAbI MO NMNOJTy4YEeHHbIM pe3yJibTaTaM.

MepeyeHb nNabopaTopHbIX 3aHATUN

Ne n/n HanmeHoBaHue nabopHbIX 3aHATUN Kon-Bo
yacoB
1 ﬂab‘opamopHoe 3aHsamueNe 1: «Msyquue 3asucumocmu coripomusesieHuss  pealibHbIX 2

MPOBOOHUKOE OmM UX 2e0MEemPUYECcKUX napamempoe U yoesfbHbIX COMPOMUSNeHUl
Mamepuarnos.»

2 JlabopamopHoe 3aHsmueNe 2: «MccnedosaHue conpomuenieHul rnpoeodHUKO8 rpu 2
riapa’snnesbHoM U rnocriedosameribHoOM COedUHeHUU»
3 JlabopamopHoe 3aHsmueNe 3: «3nemeHmbl ueneli rnepemMeHHO20 moka. EmMkocmHoe u 2

UHOmeUGHOG conpomuersieHue, UX 3asucumMocmb OmM 4Yacmombl rNepemMeHHoO20 mOKa U
rapamempos dsieMeHmos»

4 JlabopamopHoe 3aHsmueNe 4: «5leneHue pe3oHaHca 8 Uernu rnepeMeHHO20 moka»

N

NTOro 8

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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ANEKTPOPAOUOMATEPUAITbI U PAOUOKOMMNOHEHTDI
Tema 1.1 NpoBoAHUKOBLIE MaTepuanbl

NNa6opaTtopHoe 3aHATMEN? 1 N3y4yeHne 3aBUCMMOCTM CONPOTUBNEHUA
pearnbHbIX MPOBOAHMKOB OT UX FeOMETPUYECKUX NapamMeTpoB U yAerbHbIX
CONpoOTUBIIEHMN MaTepuarnoB

Lenb: onpegennte yaenbHOe COMPOTUMBIIEHME MPOBOAHMKA WM CPaBHWUTb €ro C
TabnnMyHbIM 3Ha4YeHnEM.

1. KpaTkoe TeopeTuyeckoe onucaHue

Hemeukuin dunsnk Neopr Om (1787-1854) B 1826 rogy obHapyxun, 4To OTHOLLEHWE
HanpsbkeHnst U Mexay KOHUaMm MeTannnmdeckoro npoBOAHMKA, SABMASOWErocsi y4acTKOM
3NEKTPUYECKON Lenu, K cune Toka | B uenn ectb BeNn4MHa NOCTOSAHHAS:

H=— =rcaonst

1)

OTy BenuuMHy R HasbiBalOT  3MEKTPUYECKMM  COMPOTMBIIEHMEM  MPOBOAHUKA.
OnekTpunyeckoe conpoTmerieHne namepsetca B Omax. OnekTpnuiyeckuMm conpoTUBNEHNEM
1 Om obragaeT Takom y4acToK Lienn, Ha KOTOPOM Npu cune Toka 1 A HanpskeHne paBHO
1B:

100 = E
14

OnbIT noKasblBaeT, YTO JMEKTPUYEcKoe COMPOTUBMEHWE MPOBOAHMKA MNPSIMO
nponopuuoHansHo ero AnuHe L 1 obpaTHO nponopumoHanbHO Mrowagmn S nonepeyHoro
ceyveHusi NPoBOAHMKa:

L

R=p—;
75 @

MoCTOSIHHLIM  ONa  OaHHOro  BewlecTBa napamMeTp I Ha3blBaeTCA yOelibHbIM
ANEKTPU4ECKUM conpoTumerieHNEM BeLlecTBa. YpensHoe conpoTtuereHne namepdeTcd B

Oom? m.

2. MopsaAaoK BbINONIHEHNA pPaboThbl

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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®

PucyHok1

2.1. Cobepute Ha MOHTaXHOM CTOSle 3fIEKTPUYECKYID CXeMy, MOKa3aHHYyK Ha
pUCYyHKe 1:

2.2. Bbibepute maTepuan npoBOAHMKA — HUKEIb, YCTAHOBUTE 3HAYEHUS1 OSIMHbI U
naowazan nonepevyHoro ceyeHus:

L =100 m; S =0.1 Mmm2;

2.3. Onpegenvte aKcnepuMeHTanbHO C MOMOLLBI MyNbTUMETPa HanpsXXeHwe Ha
NPOBOAHNKE.

[na atoro HeobGXxoAUMO NOAKMYUTE MNapannensHO NPOBOAHUKY MyNbTUMETP B
pexvMme U3MepeHnsa NoCTOSTHHOIO HanpshkeHns, cobniogast NoNApHOCTb.

3anuwmnte nokasaHusa MynbTUMeTpa.

2.4. Onpegennte aKCnepmuMeHTanbHO C MOMOLLbIO MyNbTUMETPa CUIy TOKa B Lienu.

BkntounTte MynbTUMETP B peXnme namepeHusi MOCTOSAHHOMo Toka nocnegoBaTtenbHO
B Uenb, cobntogasi noNapHOCTb.

3anuwmnte NokasaHusa MynbTUMeETpa.

2.5. PaccuntanTte conpoTmBrneHne npoBogHuka no dopmyne (1).

2.6. Onpepenute yaenbHoOe CONpPOTUBIEHNE HUKeNS no dopmyrne (2).

2.7. MNpogenante nyHKTbl 2.3 — 2.6. U3MeHss ONVHY, HO, HE MeHss nnowanb
nonepeyHoOro ceveHns U Matepuan NPoBOAHUKA.

2.8. PesynbTaTbl U3MepeHnin 3aHecute B Tabnuuy:

Ne OnuHa, HanpsixeHue, Cuna TOKa, ConpotuBneHue, YoenbHoe
onbiTa M B A Oom cConpoTuBrieHue,
OoOmM? m
1
2
3
4
5

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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2.9. Hangnte cpepHee 3HadeHue yOenbHOro COMPOTUMBIEHUS U CPaBHUTE €ro C
TabnnyHbIM 3Ha4YeHUEM.

2.10. N3mepbTe conpoTuBrieHNe MNPOBOAHUKA HENOCPeaCTBEHHO C MOMOLLbHO
ommeTpa. CpaBHUTE MOMyYeHHble pesynbTaThbl.

CdopmynupyinTe BbIBOAbLI MO NpoAenaHHon paboTe.

KoHTponbHbIe BONPOCHI.

1. Y10 Ha3bIBalOT yaAenNbHbIM CONPOTUBNEHNE NPOBOAHMKA?

2. Kak 3aB1CUT CONPOTMBEHME NPOBOAHNKA OT €ro ANvHbI?

3. o kakon hopMyrie MOXHO paccuynTaTb yYaeNbHOe CONPOTUBNEHNE NPOBOLAHMKA?

4. B kaknx egnHuuax namepdeTca yaeribHoe CornpoTuBrieHne I'IpOBOD,HI/IKa?

lNpunoxeHue 1

3akoH Oma gns yyacTka uenu.

Hemeukuin dunsnk Neopr Om (1787-1854) B 1826 rogy obHapyxun, 4To OTHOLLEHWE
HanpsbkeHust U Mexay KOoHUaMm MeTanfMyeckoro npoBOAHMKA, ABMASOLWErocsi y4acTKOM
3NEKTPUYECKON Lienu, K cune Toka | B uenu ecTb BenmymnHa NoCTostHHas:

U/l=R =const.

OTy  BenuUUHY R HasbIBalOT 3/1eKMpUYEeCKUM  COMpomuesieHuUeM NpoBOLHMKA.
AnekTpunyeckoe COMpoTUBNEHNE n3mepsieTcs B Owmax. OneKkTpu4eckum
conpotueneHnem 1 Owm obnagaeT TakoM yyacTOK Uenu, Ha KOTOPOM Mpu cune Toka 1
A HanpsixeHue paBHo 1 B:

1Om=1B/1A.

OnbIT noOKasblBaeT, 4YTO 3feKTpUYecKoe COMpPOTMBIEHWE MPOBOAHMKA MNPSAMO
nponopumnoHarnbHO ero AnvHe L n obpaTtHO nNponopuuoHanbHO nfnowaan S nonepeyHoro
ceyeHus NPOBOAHNMKA:

R=p-L/S.

[MOCTOAHHBIN  ANs  AaHHOrO  BelwecTBa NapaMeTp p HasbliBaeTcs  yoesibHbIM
3/1eKmpuYeCcKuUM corpomusrieHueM BeLlecTBa. YenbHoe COonpoTUBNeHne namepseTcs B
Om - m.

B Tabnuue npuBoasTca 3Ha4YeHUS yOENbHOro 3MeKTpUYeCcKoro ConpoTUBMEHNS Ans

HEKOTOPbLIX MaTepunarioB 1 CrniaBoB:

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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Tabnuua 1. YaenbHoe conpoTuBreHne NpoBOAHNKOB.

Marepuan YpenbHoe conpoTuBneHue YaenbHoe conpoTuBneHue
(Om - m) (OM - MM?/m)
AnIOMUHWI 2,82-108 0,0282
Bucmyt 1,2-10° 1,2
Bonbdpam 55-10% 0,055
XKeneso 9,8-108 0,098

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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MpogomkeHne

Martepuan YpenbHoe conpoTuBreHue YaenoHoe conpoTuBneHue
(Om - m) (OM - Mm2/m)

3onoto 2,42 - 108 0,0242

KoHcTaHTaH 4,9-107 0,49

NaTyHb 8108 0,08

MaHraHuH 4.4 -107 0,44

Menob 1,72 - 108 0,0172

MonunbaeH 56108 0,056

Hukenb 7,24 - 108 0,0724

Huxpom 1-10°6 1

OrnoBo 1,14 - 107 0,114

MnatuHa 1,05 - 107 0,105

CsuHel, 2,06 - 107 0,206

Cepebpo 1,62 - 108 0,0162

LinHk 5,92 - 108 0,0592

JKcnepuMMeHTanbHO YCTaHOBIEHHYHO 3aBMCMMOCTb CUSbl ToKa | oT HanpsikeHus U un
3MNEKTPMUYECKOr0 COMPOTMBIEHUS R yyacTka Lenu HasblBaloT 3akoHoM Oma Onsi y4acmka
uenu:

I=U/R.

Tema 1.3 Pe3sucrtopsl
NabopatopHoe 3aHATMEN?2 WccnepoBaHMe CONPOTUBIEHUA NMPOBOAHMUKOB
npuv napannenbHOM U NocneagoBaTeNibHOM COeAUHEHUN

Llenb: n3y4ymTtb 3aKoHbl NPOTEKAHMA TOKa Yepes nocnegoBaTenbHO U napannensHo
CoeIHEeHHble NPOBOAHWKM W onpedenuTb (opMyrbl pacyeTa COMPOTUBIEHUN TaKUx
y4acTKOB.

1. KpaTkoe TeopeTuyeckoe onucaHue.

[MpoBooHMKM B cxemax MOryT coeguHATbca nocneposatensHo (Puc 1)) wn
napannensHo (Puc.2.).

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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T'Tl ‘ U2 ‘ U3
|_|IEl I — E_—
IT
li
|I
U
P 1.

FPrc. 2.

PaccmoTtpum cxemy nocrnegoBaTenbHOro coefMHeHNs NPOBOOHWKOB,
n3obpaxeHHyto Ha Puc. 1.

HanpshkeHne Ha KOHUax BCeW Lenu CKnagblBaeTCs M3 HanpsbkKeHUW Ha KaXkaom
NPOBOAHNKE:

U=Ui+U2+Us (1)

Mo 3akoHy Oma ang yyacTtka uenu:

Ui =Ril; U2 =Ral; Us = Rsl; U=RI, (2)

rae R - nonHoe conpoTuBneHue uenwu,

| - 06NN TOK, TEKYLLUIN B LLEMNMN.

M3 BbipaxeHuin (1) n (2), nony4aem:

RI = Ril + Rzl + Ral, (3)

oTKyaa MOfiHOe  COMPOTMBIIEHME  UEnW  MocrnefoBaTerlbHO — COeaMHEHHbIX
NMPOBOAHUKOB:

Mpu nocnedoeamenibHOM  coeQUHeHUU NpPoe8OOHUKO8 ux obuwee
conpomuesieHUe pPasHO CyMMe 3JIeKMPUYECKUX CconpomuesieHull Kaxoo20

npoeoOHUKa.

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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PaccmoTpum  Tenepb cxemy napanfenibHoro  COeAMHEHUs  MPOBOLHUKOB,
n3obpaxeHHyto Ha Puc. 2.

Uepes uenb TedeT NoMHbIA TOK | :

=11+ 12+13 (4)

Mo 3akoHy Oma Ons y4acTkoB Lenu:

U =Rul1; U = Ral2; U = Rasls; U =R, (5)

M3 BbipaxeHuin (4) n (5), nony4aem:

| =U/R =U/R1 + U/R2 + U/R3

oTKyAa:
l = L + 1_+ L
ROE R B g

lMpu napannenbHOM coeQuHeHUU MpPoeOOHUKO8 eeslu4uHa, obpamHasi
conpomueJsieHUro uernu, pagHa cymme obpamHbix ee/luMUH COornpomuesieHull ecex
napaJsiniesibHo COeOUHEHHbIX MPO80AGHUKOS.

2. MNopsaaok BbINONHEHUS paboThbl.

2.1. Cobepute Ha MOHTaKHOM CTONie JNEKTPUYECKYID CXeMy, MOKa3aHHyl Ha

puCyHke 3:
L= ]
IE1 - Hﬂ o
L1 L2 1
D
A E
Pre. 3

Bbibepute cnegytoime HOMMHaNbl CONPOTUBIIEHUNA:

R1 =1 kOMm; R2 =2 kKOMm; R3 = 3 kKOM; R4 = 4 kOwm;

2.2. OnpepgenuTte 3KCNepuMeHTanbHO C MNOMOLBbD MynbTuMmeTpa (B pexume
N3MepeHns CoNPOTUBIEHNIA) CONPOTUBINEHNE MEXAY TOYKaAMMU:

AnC;CubD;BubD; AnD.

3anuwmTe 3TM NokasaHus.

2.3. Paccuntanite TeopeTudeckne 3Ha4yeHusi COnpPOTUBMNEHUA MeXOY yKasaHHbIMK
TOYKaMU CXEMbI U CPABHUTE NX C N3MEPEHHbLIMM.

Kakne BbIBOObl MOXXHO caenaTb U3 3TOro onbita?

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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2.4. N3amepbTe C MOMOLLBID MyNbTUMETPA (B pPEXUME U3MEPEHUS TOKa) TOKM,
TekyLue Yepes Kaxkgoe ConpoTuBrieHne. 3anuwmnte nokasaHnsa npubopa.

2.4. lNpoBepbTe 3KCNepMMeHTarnbeHO, YTO B NocnenoBaTenbHOM Lieny TOK O4MHaKOB
yepes BCe COMPOTUBIEHUS, a B NapannenbHON Lenn pasgenseTcs Tak, YTO cyMmma BCex
TOKOB Yepes3 napasnfiesisHo CoefMHEHHble 3fIEMeHTbl, paBHa MOMHOMY TOKYy Yepes3 BeCb
y4acTOK.

2.5. VlamepbTe C nomowpbd MyrbTUMeETpa (B pexume U3MepeHusi MOCTOSAHHOro
HaNpPsHKEHWs) HANPSPKEHUS Ha KakaoM COMpOTUBNEHUN. 3anuwimnte nokasaHusa npubopa.

2.6. [poBepbTe 3KCNepuUMeHTanNbHO, YTO B NocnegoBaTeNlbHON Lenu HanpshkeHue
Ha BCEM y4acCTKe paBHO CyMMe HanpsKeHWW Ha Kaxaom aremMeHTe, a B napasnnenbHon

uenun, HanpsaxXeHmne ogHo 1 TO XKe Ha KaXKQOM 3JIEMEHTE.

KoHTpoOnbHble BOMPOChHI.

1. MoxeT nu conpoTUBMNEHMe y4yacTka [AByX nNapanfnefnbHo COoeAUHEHHbIX
NPOBOAHUKOB BbITb BonbLue (MeHbLue) Nboro n3 HUX? O6bsCHUTE OTBET.

2. Kakve 3aKkoHbl COXpaHeHUs UCNOSb3yTCA AN BbiBOAa hOpMYyn CONPOTUBIIEHMUSA

napannenbHoOro n nocrnegoBartesibHoro coeanHeHunA I'IpOBO,EI,HVIKOB?

3. lMpoaHanuaupyinte pasHuMLy Mexay npUBOAMMBIMU 34eCb opMynamu u
cdopmyron ans pacyeta CONpoOTUBIIEHUSI OQHOIO NMPOBOAHMKA Yepes ero reoMmeTpuyeckme

napamMeTpbl:
= g

B yem 3akntoyaeTtcsa ata pasHuua ?

Mpunoxexwue 1

MocnepoBaTernbHOE 1 NapannensHoe coeguHeHne NPOBOOHUKOB

Mpn nocnepoBaTenbHOM coeAMHEHUM K NPOBOAHUKOB MX obLlee anekTpuyeckoe
COMPOTUBNIEHME PABHO CyMME 3fIEKTPUYECKMX CONPOTUBIIEHNIA BCEX MPOBOAHUKOB:

R=R1+R2+..+R«k.

Mpn napannensHoM coeanHeHun K NpOBOAHMKOB Benu4ymMHa, obpaTHasi obLiemy
3NEKTPUYECKOMY COMPOTUBIIEHUIO LIENMW, paBHA CyMMe 0OpaTHbIX BENTMYUH INEKTPUYECKNX
COMPOTUBNEHUIN BCEX NapansienbHO BKMOYEHHbIX MPOBOLAHMKOB:

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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1/R=1/R1+1/Ra+..+1/R«k.

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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Tema 1.4 KoHgeHcaTopbl ; Tema 1.7 HamMoToO4YHbIe nsgenus

Na6opartopHoe 3aHATUENe3 OnemeHTbI Lenen nepeMeHHOro Toka. EMKoctHoe
M MHAYKTUBHOE CONPOTUBIIEHUSA, UX 3aBUCMMOCTb OT 4YaCTOTbl NePEeMEHHOro Toka u
napamMeTpoB 35IEMEHTOB

Llenb: n3yuntb 3aBUCMMOCTb EMKOCTHOIO W WHOYKTUBHOIMO COMPOTUBMEHUN OT
4YacTOTbl MEPEMEHHOIO TOKa U NapaMeTpoB 3N1IEMEHTOB.

1. KpaTKoe TeopeTun4yeckoe ornmcaHune

B uenu nepemMeHHOro TOKa KpOMe pe3nUCTOPOB MOryT WMCMOMb30BaTbCS KaTYLLUKK
WHOYKTUBHOCTU M KOHAEHcaTopbl. 51 NOCTOSAHHOIO TOKa KaTywka WHOYKTUBHOCTU UMeeT
TONbKO aKTMBHOE COMPOTUBNEHME, KOTOPOE OObIMHO HEBENWKO (€Cnv KaTylika He
coaepxut B6onbluoe KONMMYecTBO BUTKOB). KoHaeHcaTop e B LEenM MOCTOSIHHOrO Toka
npegcrasnseT "paspbiB" (0O4eHb 60MbLWOe akTUBHOE conpoTusneHue). [na nepeMeHHoro
TOKa 3TW 3neMeHTbl obnagarT cneumdruyeckuMm peakTUBHbLIM CONPOTUBEHNEM, KOTOPOE
3aBMCUT Kak OT HOMWHANOB pJeTanen, Tak W OT 4acToTbl MNEPEMEHHOro TOKa,
npoTeKarLero Yyepes KaTyLLKy U KOHAEHcaTop.

1.1. Katywka B uenv nepemMeHHoro Toka.

PaccmoTpum, 4TO npoucxoguT B Uenu, coaepxawen pesnctop W KaTyLlky
WMHOYKTMBHOCTU. KonebaHus cunbl TOKa, NpoTeKaroLwero Yepes KaTyLUKy:

1= 1, rcos{wt)

BbI3bIBAKOT NafEHME HAMpPsPKEHUA Ha KOHLAX KaTyLKW B COOTBETCTBUM C 3aKOHOM

caMouHOyKuuKn n npasunom JleHua:
cdi i )
Uy = LE =—Loof, sy oX ) = ool Tl cos(of + 7/ 2)

T.e. konebaHns HanpsbkeHus onepexaroT no dase KonebaHusa cunbl Toka Ha p /2.
MpounsseneHue w Lin sBnseTca amnnmutygon konebaHnsa HanpskeHus:

U =wlil,

MpousseneHve YyacToTbl Ha WHOYKTUBHOCTb Ha3bIBalOT UHOYKMUBHbLIM
cornpomuesieHUeM KaTyLLKN:

XI. =wl (1)

NMO3TOMY CBSi3b MeXAy aMninTygamMu HanpsbkeHust U TOKa Ha KaTyluke coBrnagaeT
no gpopme ¢ 3akoHoMm OMa Ans yd4acTka uenu NoCTOAHHOro Toka:

Up =41, (2)

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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Kak BuaHO w3 BblpaxeHus (1), MHOYKTMBHOE CONPOTUBIIEHME He SABnsSieTCs
MOCTOSAHHOMW BESIMYMHOW [ONA  [OaHHOM KaTyWKW, a MponopumoHanbHO 4YacToTe
nepeMeHHoOro Toka 4epes KaTywky. [loatomy amnnutyga kKonebaHuni cunbl Toka Im B
NPOBOAHMKE C WHAYKTUBHOCTBLIO L NpM NOCTOSAHHON amnnuTtyae UL HanpsbkeHus yobiBaeT

o6paTHO NponopLMOHaribHO YacToTe NEPEMEHHOIO TOKa:

1.2. KoHaoeHcaTop B LEenuM NepeMeHHOoro Toka.

I'Ipvl M3MEeHEHNN HaNpAXeHna Ha obknagkax KOHOeHCaTopa no rapMmoHn4eCKomy

3akoHy: “C = U, cos{wt)

3ap4d4 g Ha ero obknagkax n3aMeHsieTcsa Takke no rapMoOHNYECKOMY 3aKOHY:

g = Clir = CU, cos(wt)

SﬂeKTpMLIeCKMVI TOK B Uenn BO3HWMKaAET B pe3yribTate U3MeHeHuda 3apsaga

KoHOeHcaTopa, No3aToMy KonebaHus cunbl Toka B Lenu dyayT nponcxoanTb MO 3aKOHY:
od ) .
i=—=—ml L7 s of )= lL7, cos(af +m/2)
d m w- m "

BuaHo, 4To KonebaHua HanpskeHUs Ha KoHAEeHcaTope OoTcTakT no dase oT
konebaHunm cunbl TOka Hap/2. [lpomsBegeHne w CUm ABRSETCA  aMnnuMTygoun
KkonebaHun cunbl TOKa:

I, =wllr,

AHanormyHo TOMYy, Kak Obifl0 caenaHo C  WHOYKTUBHOCTLIO, BBEOEM
MNOHATUE EMKOCMHO20 COMpPOMuUBIIeHUs KOHAEHcaTopa:

xe-L
ol (3)
[nsa koHaeHcaTopa nonyyaem COOTHOLLEHME, aHarnormyHoe 3akoHy Oma:
Ur=Xo1, 4)
®opmynbl (2) n (4) cnpaBeanuebl M ANA 3PEEKTUBHBIX 3HAYEHUN ToKa W
HanpsPKeHWs.
2. Mopsaaok BbINOSIHEHUA paboTbl

2.1. CobepuTte uenb NOKasaHHy Ha puUCyHke 1.

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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2.2. YcTaHoBUTE criegyouime 3Ha4yeHUs napaMmeTpos:

"eHepaTOp — HanpsikeHne (adpdpekTneHoe) 100 B, yactoTta 100 IMu;

KoHaoeHcaTop — paboyee HanpsixxeHue 400 B, emkoctb 10 Mk®;

Pesuctop — paboyas mowHocTb 500 BT, conpoTtuenexHne 100 Om.

2.3  WameHsas eMKocTb koHaeHcaTopa oT 5 o 50 MKk® (4epes 5 Mk®P), 3anuwmTte

nokasaHusl BONbTMETPOB (HanpsikeHne Ha KoHAeHcaTope U Ha pesucTope).

2.4 Paccuutante 9o(p(eKkTMBHOE 3HayeHMe TOKOB, TeKylwmMx B LUenu, B
3aBMCUMOCTN OT 3HA4YeHUsI EMKOCTW KOHAeHcaTopa (And 3TOro Hafdo HanpshkeHue Ha
pes3ncTope pas3nenntb Ha ero ConpoTUBIIEHNE).

2.5 Onpegenute 3HA4YeHUS] EMKOCTHbIX COMPOTUBIIEHUA KOHAEHcaTopa Ans

COOTBETCTBYOLLNX 3HaYEeHUN ero eMKoCcTn n cpaBHUTE UX C paCCYUTAHHbLIMU MO cbopmyne

3).

2.6 YcraHoBute eMKoCTb koHAaeHcaTopa 10 Mk®. N3ameHsas YyacToTy reHepaTtopa
oT 20 po 100 Tu 4yepes 10 Uy, noBTOpPUTE W3MEPEHUST U pacyeTbl E€MKOCTHOrO
COMPOTUBNEHUS B 3aBUCMMOCTM OT YaCTOTbl MEPEMEHHOIO TOKA.

Puc.1. Puc.2.

2.6.1
2.7 CobepuTe Lienb NOKa3aHHY Ha PUCYHKe 2.
2.8 YcTtaHoBuTe crneyoLline 3Ha4yeHna napameTpoB:

"eHepaTOp — HanpsikeHne (adpdpekTneHoe) 100 B, wactoTta 100 IMu;

KaTywka - uHgyktuBHOCTb 50 MIH;

Pesuctop — pabouas mowwHocTb 500 BT, conpoTtuenexHmne 100 Om.

2.9 W3meHsia uHOYKTMBHOCTL KaTywkn ot 50 go 500 mMIMH (yepes 50 mIH),

3anmumnte Nnoka3aHma BOJIbTMETPOB (HanpmkeHme Ha KaTyLlKe U Ha pe3MCTope).

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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2.10 Paccuvtante addeKkTMBHOE 3HayeHMe TOKOB, TeKywux B Uenu, B
3aBUCMMOCTN OT 3HaYeHUS WMHOYKTUBHOCTWU KaTyLKM (4NA 3TOro Hafo HanpshkeHwe Ha

pesncTope pasgenvTb Ha ero ConpoTUBIIEHME).

2.11 Onpepgenute MHOYKTUBHbIE CONPOTUBMEHUS KaTyLWKX AN COOTBETCTBYHOLLNX
3Ha4YeHU ee NHOYKTUBHOCTN U CPaBHUTE UX C paccymMTaHHbIMK No dopmyre (1).

2.12 YcraHoBuTe WHAYKTMBHOCTL KaTtywkn 100 MIMH. W3meHsa yacTtoty
reHepatopa ot 20 go 100 lu 4yepe3 10 U, NOBTOPUTE WU3MEPEHUST U pacyeTbl
WHOYKTUBHOIO COMPOTMBIIEHUS B 3aBUCMMOCTU OT YaCTOThbl NEPEMEHHOIO TOKA..

2.13 [lloctponte rpadumkn  3aBUCUMOCTEM  WMHAOYKTUBHOIO W €MKOCTHOrO

COI'IpOTMBJ'IeHI/Iﬁ OT 4YaCTOTbl NepeMeHHOro Toka.

KoHTpoOnbHble BOMPOChHI.
1. [Moyemy eMKOCTHOEe COMpPOTUBIIEHNE YMEHbLLAETCS C yYBENNYEHNEM YacTOThbl

nepemMeHHOro ToK a, UHOYKTMBHOE CONMpoTUBIeHne — yBeJ'II/I‘-II/IBaeTCFI?

2. KakoBbl pasHuubl a3 Mexay TOKOM W HanpskeHvem ANnd KaTywky u
KOoHOeHcaTopa?

3. B kakux egnHuLax namepsaioTca eMKOCTHOE U UHOYKTUBHOE COMNPOTUBIIEHUS?

4. Kak 3anuceiBaetcst aHanor 3akoHa OmMa ana MakcumarbHbIX (3(EKTUBHBIX)

3Ha4YeHUn TokKa un HanpsaXXeHna gna peakTuBHbIX 3J1IEMEeHTOB — KOHAEHCaTopa U KaTyLUKA

WHOYKTUBHOCTUN?

Tema 1.7 HamoTo4HbIe usgenus

NabopaTopHoe 3aHATMEN? 4 flBNneHUe pe3oHaHca B Lienu NnepeMeHHOro Toka

Uenb: n3yyvyeHumne YCTaHOBUBLUUXCA BblHY>XXOEHHbIX konebaHumn B uenax
nepemMeHHOro Toka. WccnepnoBaHue siBneHnsa pe3oHaHca.

1. KpaTkoe TeopeTuyeckoe onucaHue.

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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PucyHok 1

PaccMoTpuUM 3neKTPUYECKYD CXEMY Ha pUCyHke 1, B KOTOpPOMW mocrenoBaTenbHO
coeaMHEHHblE KOHOEHCaATOp, PEe3NCTOp W KaTyllka WHAYKTUBHOCTU MOAOKMOYEHbl K
reHepaTopy NepeMeHHOro HanpPsHKeHUsI:

B aToi Lenu BO3HMKAOT BbIHY>KAEHHbIE KOnebaHus Cumbl TOka M HanpsKeHUs Ha
oTAenbHbIX €€ anemeHTax. AMNNUTyaa konebaHuin cubl Toka B Lienn GyaeT 3aBuceTb OT
4acTOTbl W MPUITOXKEHHOIO  MOCTOSIHHOTO ~ HanpsbKeHUsl  reHepaTopa, Tak  Kak
COMPOTUBIIEHNSI PEaKTUBHbIX 3NIEMEHTOB — KOHAEHCATopa W KaTyLWKA WHOYKTUBHOCTW
3aBUCAT OT YaCTOTbI.

|_|pl/l HU3KOM 4yacTtoTe w nepemMeHHoro TOKa €MKOCTHOEe conpoTtusneHune

X =1H{w )
KoHOeHcaTopa OygeT oyeHb GonbLKMM, NO3TOMY Cuna Toka B uenn Gyger

mana. B oGpaTtHom npegenbHoM crydae 60MbLIOA YacTOTbl W MEPEMEHHOIO  Toka

X;=wl
Gonbwum 6yaeT WHAOYKTUBHOE COMPOTMBIEHME KaTywku “ L , N cuna Toka B Lenu
onATb OyaeT mana.
MonHoe conpoTtuBneHne Z uenn, mn3obpaxxeHHOW Ha pucyHke 1, onpegensieTcs

doopmyrion:

Iy B 2

Z= R 4|l - —
'

h%

ACcHO, 4YTO MakcMmanbHasi cuna Toka B Lenn OygeT COOTBETCTBOBATb TakoW
4yacToTe W o NPUIIOXKEHHOTO MEPEMEHHOro HanpsiKeHUsl, Npu KOTOPOW WHAYKTUBHOE W

E€MKOCTHOE conpoTtumsIieHnA 6y,El,yT OAMNHAKOBbI:

0y L= ].“LJD C} 1)

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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Mpyn paBeHCTBE peaKkTUBHbIX COMPOTMBMNEHWA KaTylWKM W  KOHAeHcaTopa,
aMnnUTYAbl HanpPsPkeHUWM Ha STUX anemeHTax Takke OyayT oauHakoBbiMu Uc = UL
KonebaHusi HanpshkeHWsi Ha KaTyllke W KOHAEeHcaTope MpOTMBOMOMOXHbLI Mo dase,
NOSTOMY MX CyMMa Mpu BbINONHeHUW ycnosusi (1) GyneT paBHa Hynw. B pesynbTate

Hanps)keHne Ur Ha aKTUBHOM COI'IpOTI/IBJ'IeHI/II/IR6y,D,eT paBHO TMOJIHOMY HaNpPAXeHUo

I,=U/R
reHepatopa U, a cuna Toka B Lenu OOCTMraeT MakCMmarbHOro 3HaveHus ~™ :

Linknuyeckas yactota w konebanum cunel Toka n 3.[0.C. npu 3TOM paBHa

|| 1
= G:h = _|—
L
(2)

N coBnagaer C 4acTtoTon CBODOOAHbLIX He3aTyxalolWwnx 3J1IEKTPOMArHNTHbIX

konebaHWin B 3MEKTPUYECKOM KOHTYpe.

1. |

0 R

&
E\/

PucyHok 2

ABneHne peskoro Bo3pactaHus aMmnimTyabl BbIHY>XAEHHbIX konebaHui cunbl Toka B
KonebaTtenbHOM KOHType npu  NPUOAMXKEHUM  LMKIIMYECKOM  4acTOTbl WBHELLHEN
nepeMeHHon 3.0.C. K 4acTtoTe W o CBOOOAHbIX He3aTyxawuwmx KonebaHun B KOHType
Ha3blBaeTCs pe30HaHCOM 8 ariekmpuyeckou uenu rnepemeHHo20
moka. Yactota w = W o Ha3bleaemcs pPEe30HaHCHoOU yacmomou. Pe3oHaHcHas
UMKIIMYeckas 4actota He 3aBUCUT OT akTMBHOro conpotueneHusa R.  [padwuk
3aBUCMMOCTHU Im OT W Ha3biBaeTCA pe30oHaHCHOU Kpueoul. Pe30HaHCHble KpuBble WMET

TeM Gornee oCTpbIi MAaKCUMYM, YEM MEHbLLE aKTUBHOE COMNpoTUBneHne R:

2. MopsAAoK BbINONIHEHUA paboThbl.

LokymeHm ynpasnsemcs npozpaMmmHbimMu cpedcmeamu 1C Konnedx
lMposepb akmyanbHOCMb 8epcuu o opuauHay, xpaHsauwemycs 1C Konnedx
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2.1. Cobepnte Ha MOHTaXHOM CTONI€ CXEMYy, MOKa3aHHYyl Ha pucyHke 1,
npegBapuTenbHO BblIOpaB 3Ha4YeHWs1 NapaMeTpOoB 3MEMEHTOB CeayrLUMMU:

MeHepaTop: Usp =100 B; n =10 Iy;

Pesunctop: R =200 Om; P = 500 BT;

KoHaeHcaTop: C = 10 Mk®; Upas = 400 B;

Katywka: L =1 TH.

2.2. 'ameHsasa yactoty reHepatopa ot 10 'y go 100 Ny 4yepes 10 4, ¢ noMoLbIO
BONIbTMETPOB U3MePbTE HaMNpsXXEeHUS Ha KaTyllke, KOHAEeHcaTope, pe3ncTope 1 3aHecuTe
U3MepeHHble 3HadyeHns B Tabnuuy. B Habope KOHCTpyKTOpa wWMmeeTcsa nuwb [Ba
MynbTMMETpa, NO3TOMY MPUAETCHA , U3MEHAA YacTOTy reHepartopa, NPoBeCTU U3MepPEHUs
ABaXAbl — CHa4yana rnoaknioYme BOMbTMETPbI K KaTyLLKe N KOHAEHcaTopy, a BTOpOn pas —
NOAKITHOYMB BOSIbTMETP K pE3NCTOPY.

2.3. lNocTponTe rpadomkm 3aBUCUMOCTU HaNpPsKEeHUM Ha pe3ncTtope, KoHaeHcaTope
N KaTyLlKe B 3aBMCUMOCTM OT YacTOTbl reHepaTopa.

2.4. Paccuntante no copmyne (2) 4acToTy pe3oHaHca W CpaBHUTE MOSTyYeHHOEe
3Ha4yeHue C SKCnepuMeHTasnbHbIM.

2.5. lameHuTe napamMeTpbl 5IEMEHTOB N NOBTOPUTE U3MEPEHUS U pPacyeThl.

2.6. TllonbiTantecb OOBACHUTL 3KCMEPUMEHTanbHbIE TpadukM  3aBUCUMOCTHU

HaI'IpFI)KeHI/IIZ Ha 3lieMeHTax OT YaCTOTbl NepeMeHHOro Toka B Lielnu.

KoHTponbHble BONPOChHI.

1. Kak 3aBuCAT peaKkTuUBHble COMPOTUBMEHUS KOHAEHcaTopa W KaTyLUKK
WHOYKTUBHOCTU OT YaCTOThbl MEPEMEHHOrO ToKa?

2. loyemy cuna ToKa B nocnegoBaTerlbHOW Lenu C KOHOEHCATOPOM, KaTyLUKOW U
pe3nCTOPOM MMEET MaKCUMyM npu onpedenieHHOW 4acTtoTe UM CTPEMUTCS K HYN npu
OYEeHb Marion n o4eHb 6orbLLION YacToTe.

3. lMoyemy npu pesoHaHCe HanpsHKeHWe Ha pe3ncTope pPaBHO HaMpPsKEHUIo
NCTOYHUKA NEPEMEHHOro ToKa?

4. Tpn kakoM ycCnoBuUW HaCTyrnaeT pe3oHaHC B nocnefoBaTenbHOM LUenu
nepemMeHHoro Toka?

5. Kak ncnonbsyeTtcs sBneHne pesoHaHca B ObITy, TEXHUKe, Hayke?

MpaBuna TexHMKn 6e3onacHOCTM Npu NpoBeAeHMU nabopaTopHbIX paboT
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1. Tlepeg BbINOMHEHMEM NAabOpPATOPHbIX 3AHATUNKYPCAHT OOJDKEH MPOUTU
WHCTPYKTaX No TexHWKe 6e30nacHOCTW.

2. Bo Bpemsa BbinonHeHus nabopatopHon paboTbl KaTeropuMyeckn 3anpeLiaeTcs
XoxaeHue no nadopatopuu.

3. KypcaHT, 3ameTuBLUMI HapyLleHne npaBui TEXHWKM 6e30MacHOCTW, OOSKeH
HemMeasIeHHO coobLWmTL 06 3TOM NpenogasaTenio.

4. HeobxoaMmMoO NOMHUTb, YTO HapyLUEHUsI NpaBusl TEXHWKM 6e3onacHOCTU MoryT
NPUBECTU K NOPAKEHUIO ANEKTPUYECKMM TOKOM.

5. Tllocne okoH4yaHus paboTbl OOMKHbI ObiITb 0OECTOYEHbI BCE KOMMLHOTEPHI, TO

€CTb A0JMKHO BbITb OTKMOYEHO NUTaHNE, paboyee mecTo ybpaHo.
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Mcnonb3yemMbie UICTOMHUKN NUTepaTypbl

Buabl ncrouHukoB

HanmeHoBaHue pekomMeHAyeMbIX y4eOHbIX U3gaHumn

OCHOBHbIe

C6opHuk TOCToB «O603Ha4YeHNs1 YCITOBHbIE rpadnyeckne B Cxemax».

Boropoanukun H.M., MacbiHkoB B.B., TapeeB BE.M. «3nekTpoTtexHunyeckue
matepuanel», J1., QHeproatommagart

WaHgpukoB, A. C. 3OnekTpopagmoaneMeHTbl U YCTPOMCTBA (OYHKLMOHASbHON
3NEKTPOHUKN [ONEKTPOHHbIN pecypc] : yvyebHoe nocobue / A. C. LLlaHgpukoB. -
MwHck : PUMO, 2020

[dononHuTtenbHeble,

Hedeoues E.B. «Paguomatepmanbl WM paguoOKOMMOHEHTbI»,  TOMCK,
M3gaTenbctBo TOMCKOro MEXBY30BCKOrO LieHTpa AUCTaHLUMOHHOIrO o6Gpa3oBaHus,
2010.

Metpoe K.C. «3nekTpopagnomarepuarnbl, paguoKOMMOHEHTbI N SMEKTPOHMKAY,
C.-., U3g-Bo «[utepy.

AnveB WN.W. «CnpaBOYHMK MO 3NEKTPOTEXHUKE W 3MNEKTPOOOOPYOOBaHMION,
PocTtoB-Ha- [JoHy, ®eHukc, 2003.

BokyHsieB A.A. «CnpaBoyHas KHUra pagmontoduTtens- KoHcTpykTopay. M., Pagmo
1 cBs3b, 1990.

OneKTPOHHbIe
obpasoBaTesibHble
pecypchbl

1. 3BC «Book.ru», https://www.book.ru

2. 3BC « OPAUT»https://www.biblio-online.ru

3. 96C «Akapgemusy, https://www.academia-moscow.ru

4. NspgaTenbcTtBo «JlaHby, https://e.lanbook.com

5.9neKkTpoHHO-6nbnnotevHas cucrtema «YHuBepcuTeTckas BubnuoTteka
OHnawH», https://www.biblioclub.ru

Mepuopunyeckue
u3paHuA

XXypHan «Paguoy;

KypHan «3kcnnyatauus MOPCKOro TpaHcnopTay;

>KypHan «Mopckue Bectu Poccuny;

XKypHan «Mopckon ®roTy;

XKypHan «CtaHgapTbl U Ka4eCcTBO».

Hay4Ho-TexHMn4Yecknin cOOpHMK POCCMINCKOrO MOPCKOro permctpa cygoxoicTaa.
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