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Meroauyeckne yKka3aHHs JUIsl CTYAEHTOB IO BBINOJHEHHUIO IpakTHiyeckux padot no [IM 01 «Coopka, MOHTaX, PEryJupoBKa
U PEMOHT Y3JI0B M MEXaHM3MOB O0OpYyJIOBaHMs, arperaroB, MallWH, CTaHKOB M JPYroro 53JeKTPOOOOpYyIOBaHHS
MIPOMBILIICHHBIX OpraHu3aluii», pa3padoTaHsl Ha ocHOBe DenepajbHOro rocyaapcTBEHHOTO 00pa3oBaTeNIbHOTO CTaHIapTa
cpemHero mpodeccuoHanbHOro obpaszoBanus 1o mpodeccun 13.01.10 DIEKTpOMOHTEp MO PEMOHTY H OOCIYKUBAHHIO
JIeKTpooOOpyoBaHus (IO OTpacisiM), yTBEPKICHHOTO INpHKa3oM MuHHCTepcTBa 00pasoBaHMsi M Hayku Poccuiickoit
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aBrycta 2013 r., peructparmuoHHbiii Ne29611, ¢ W3MEHEHHSIMH, BHECEHHBIMH MUHHCTEPCTBOM 00pa3oBaHWS W HAyKU
Poccuiickoit @enepamun ot 17 mapra 2015 1., Ne247, 3apeructpupoBaHHEIMH MUHHCTEPCTBOM FOCTHUIMH Poccuiickon
Oeneparum03anpens 2015 1., perucrpannonusid Ne 36, ¢ yuerom [Ipmkaza Ne 796 ot 01.09.2022 o «O BHeceHHH
m3MeHernit B PI'OC CIIO» u ¢ yaeToM conepkaHus padodeii mporpaMMbl IPOPEeCcCHOHATEHOTO MOTYJIS.
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MNOACHUTEJBHASA 3AIINCKA
Henbro  u3ydyeHus  npeaMera  «OJEKTPOTEXHUKA» B CHCTEME  CPEAHETO

npodeccuoHaNTbHOTO 00pa30BaHMsl SBISETCS TEOPETUUECKask U MPAKTUYECKas MOATOTOBKA
pPabOTHUKOB 3JIEKTPOTEXHUUECKUX U HE DJIEKTPOTEXHUUECKUX CIIELMAIbHOCTEN B 00IacTH
ANEKTPOTEXHUKH W JJIEKTPOHUKM B TAaKOM CTENEHH, YTOOBI OHHM MOIVIM BBIOMpPATH
HE0OXOJMMBIE 3JIEKTPOTEXHUUYECKHE, JIEKTPOHHBIE, FJIEKTPOU3IMEPUTEIIbHBIE YCTPONCTBA.
YMeTh MX NPaBWIBHO OJKCILIyaTHPOBAaTh M COCTAaBIATH COBMECTHO C HHIYKEHEpPaMU-
ANEKTPUKAMHA  TEXHUYECKHME 3aJaHusl Ha pa3pabOTKy  JJIEKTPUYECKHX  YacTei
aBTOMAaTU3MPOBAHHBIX YCTAaHOBOK U1 YIIPAaBJICHHUS IPOU3BOJCTBEHHBIMHM IPOLIECCAMH.

JlaHHBIN TIpeAMET ABJISIETCS 001IenpodecCHOHATBHON AUCITUTIIINHOM.

[IporpaMmma  gucHMIUIMHBL ~ "DJIEKTPOTEXHHUKA"  MPEAyCMaTPUBACT  H3YyUCHHE
(¢u3NYecKuxX MPOLECCOB, NMPOUCXOSIINX B LEMSAX MOCTOSIHHOTO M IEPEMEHHOrO TOKa,
3aKOHOB, KOTOpPBIM IMOJYUHEHBI 3TU MPOLIECCHI, METOAOB pacyeTa AJIEKTPUUYECKHUX LIETei,
YCTPOMCTBA 3JICKTPOU3MEPUTENILHBIX MPHUOOPOB, ABTOMATUKU U TEJIEMEXaHUKH, KOTOpBIC
HIMPOKO MTPUMEHSIIOTCS B HACTOSILEE BpeMsl. boubllioe 3HaUeHHEe 7151 pa3BUTHSI COBPEMEHHOM
HAYKU U TEXHUKU UMEET AIEKTPOHHUKA. ABTOMAaTH3ALMs J000T0 MPOU3BOJCTBA HEMBICINMA
0€3 MIMPOKOro MPUMEHEHHUs MOIYIPOBOAHUKOBBIX, Ta30pa3psIHbIX (OTOAIEKTPOHHBIX U
APYTUX TMPUOOPOB. DNEKTPOTEXHUUECKHUE YCTPOMCTBA ISl TIOJTyYEeHUSs, Iepeaayn U 00paboTKU
MHpOpMAILMK C KCHOJIb30BAHMEM CPEACTB aBTOMATUKUM W DBM SBISAIOTCS BaKHEUIIMMU
AJIEMEHTAMH TEXHHYECKHUX CPEJCTB aBTOMATH3MPOBAHHBIX cHcTeM yrpaBieHus (ACY),
KOTOpbIE IIHUPOKO NPUMEHSIOTCS B MpPOMbIIUIEHHOCTH. Ocoboe 3HaueHue mpruoOpesio
[IPUMEHEHUE  IIPOMBILUICHHOW  BBIYMCIIMTEIIBHOM  TEXHUKH, OCHOBaHHOU Ha
MuKponporeccopax. I[loatomy crneuuanucty HEoOXOOUMO IMPOYHO OBJIAAETh 3HAHUSIMU
OCHOB 3JIEKTPOTEXHUKH U SJIEKTPOHUKH.

B nporecce mnpenonaBaHusi 0co00€ BHUMaHUE YJEJIEHO CaMOCTOSITENBbHON paboTe
y4aierocsi, Koropas OpraHM30BaHa Ha ayJUTOPHBIX 3aHATHSIX M BO BHEYPOUYHOE BpPEMS.
[lmarupoBaHne CamMOCTOSTENLHOM pPabOTHl TpEArnojaraeT IMOCTENEHHBIA TMEePexo] OT
OTHOCUTEIILHO TMTPOCTBIX K 00JIe€ CIOXHBIM BHJIAM 3aHATUHA, YTO CIIOCOOCTBYET

CHCTEMaTHYECKOMY OCBOCHHUIO O0YYAFOIIIMMUCS HOBBIX 3HAHUM U YMEHUM.
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OCHOBHBIMH 3a1a4aMH U3YyYeHUS MPeAMeTa « JIEKTPOTEXHUKA» ABJIAITCH:
dbopMHpOBaHUE y CTYJEHTOB:

- HEOOXOIUMBIX 3HAHWUN OCHOBHBIX JJICKTPOTEXHHUYECKHUX 3aKOHOB W METOOB
aHaJIN3a JICKTPUUECKUX, MATHUTHBIX U JICKTPOHHBIX LIETIEH;

- TMPUHIUIOB JEUCTBUS, CBOWCTB, OOJACTEd MNPUMEHEHUS M MOTECHIIMATbHBIX
BO3MOYKHOCTEM  OCHOBHBIX  JJIEKTPOTEXHUYECKUX, DJIJIEKTPOHHBIX  YCTPOMCTB H
AIEKTPOU3MEPHUTEIBHBIX PUOOPOB;

- OCHOB 3JIEKTPOOE30MacCHOCTH; YMEHHUSI 3KCIEPUMEHTAIbHBIM CIOCOOOM M Ha
OCHOBE MAaCIOPTHBIX M KATaJ0KHBIX JAHHBIX ONPEACNIATh MapaMeTphbl U XapaKTEPUCTUKU
TUIOBBIX AJIEKTPOTEXHUYECKUX M AJIEKTPOHHBIX YCTPOMCTB; UCIOJIb30BaTh COBPEMEHHBIC
BBIYUCIINTEIbHBIC CpeacTBa TUIS a”Haian3a COCTOSIHHSA u YIIPaBJICHUSA

QJICKTPOTCXHUYCCKUMMH 3JICMCHTAMU, YCTpOﬁCTBaMH H CUCTCMaMU.

K HTOIOBOMY 3K3aMCHY HOITYCKAIOTCA CTYACHTHI, KOTOPBIC BLIIIOJIHUIIN 3aaHHA U HC
HMCIOT TCKYIINX 3a,Z[OH)KeHHOCTeﬁ.
HpI/I IMIOATOTOBKC K JK3aMCHY PCKOMCHAYCTCA OTBCTUTb Ha BOIPOCHI JIA

CaMOIIPOBCPKHU, IIPUBCACHHBIC B ITPHUJIOKCHUHN K I[aHHOﬁ ImporpaMmce.
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Temal.1 Beenenne

CopnepxxaHue IUCUUIUIMHBL, 3aaadyd. OCHOBHbIE NOHATHS. Buael cxem.
I'papuyeckue o0003HAUEHMsI HJIEMEHTOB cXeMbl. llosiydeHue »siekTpuyecKoil
sHepruu. JloCTOMHCTBA M HEJOCTATKH OCHOBHBIX BHJIOB JIEKTPOCTAHIIUM.

Tema 1.2. JaekTpocTaTH4ecKoe moJe.

[TonsiTue 00 HJIEKTPOHHOM CTPOEHMM  BELIECTBA. OJIEKTPUYECKOE IIOJIE.
B3aumogeiictBue 3apsnoB. HanpsoxkenHocTs nosist. 3akoH KynoHa.

Onextpuyeckas eMKOCTb. KoHaeHcaTtopsl. 3apsin U pas3psl KOHIAEHCATOpa.

CnocoObl coeIMHEHNs KOHJIEHCATOPOB.

Tema 1.4. JiiekTpuyecKue Henu NOCTOAHHOI0 TOKA
DJIEKTPUYECKUM TOK B METaJlaXx; €ro HalpaBJEHUE. JJEKTPUUYECKas LEMb: €€

OCHOBHBIE 3JIEMEHTBHl M YCJOBHbIE OOO3HAUCHMS, MpUMEHsieMble Ha cxemax. Cwna u
IJIOTHOCTh TOKA, E€IWHUIBI HW3MEPEHHUs. OJIEKTPOABUKYIAS CHJIA HWCTOYHUKA H
HalpsOKEHUE Ha €ro 3akKuMax. ODHEpPrusi U MOIIHOCTb AJICKTPUYECKOW IenH; OajaHC
MomHocTer. 3akoH Oma g yyacTKa UENH. OJJEKTPUYECKOE COMPOTHBICHHE U
MIPOBOJIUMOCTb. Y JIENIBHOE CONPOTHUBJICHUE U YJEJIbHAasg NPOBOAUMOCTb. Pesucrop.
3aBHUCUMOCTB COIIPOTHUBIJIEHUS OT TEMITEpATypbl. 3akOH OMa I BCEU LIETIH.

[TpeoOpazoBaHKe IEKTPUICCKOM SHEPTUH B TEIIOBYI0. 3akoH JIkoyis - Jlennia. Harpes
npoBojioB. [lmaBkue mnpemoxpanutenu. Bpibop cedeHuss MpoBoja B 3aBHCUMOCTH OT
JOMyCTUMOT0 TOKa. OCHOBHBIE TTPOBOJHUKOBBIE MAaTEPUATIBI.

[TocnenoBarenbHOE, MAPAJUICIBHOE W CMELUIAHHOE COCAUHEHUS CONPOTUBIICHUN U
HMCTOYHUKOB Toka. [lepBriit 3akon Kupxroda.

PaboTa ucrounuka B pexxuMme renepatopa u norpeourens. Bropoi 3akon Kupxroda
Y €ro IIPUMEHEHHE.

l'anpbBaHMUYECKHE DJIEMEHTHI U AKKyMYJISITOPBI: Ha3Hau€HUE, YCTPOICTBO, padoTa,

BUBI U TUIIBL. L{UKIT «3apsia — pa3psan» akKyMyJsaTopa.
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MarautHoe moJjie. MarHutHas WHAYKUMS: HampaBJIEHUE MAarHUTHOTO — TIOJIS.
MarauTHbld NOTOK. HanpskeHHOCTh MAarHUTHOrO MoJid. MarHutHash TNOCTOSIHHAsT W
MarHuTHas TMPOHUIIAEMOCTh BEUIECTBA. B3auMMoaeicTBME MAarHMTHOTO TOJS U
MIPOBOJAHUKA C TOKOM. DJIEKTPOMarHuTHasI CUa.

SIBiIeHUE DJIEKTPOMArHUTHONW WHIYKIMU. DJCKTPOABIKYIAS CUJIa WHAYKIIMU TPU
JBWKEHUM MPSIMOJIMHEHHOTO MPOBOJAHUKA B MarHUTHOM moJie. [IpaBuiio mpaBoil pyku u
npasuio Jlenna. [Ipeobpa3oBanue MEXaHNYECKOW SHEPTHH B dJIEKTPUUIECKYIO;

[TpuHiMn pa®oThl 2JIEKTpUYECKOro reHeparopa. IlpeoOpa3oBaHue 3JIEKTpUUECKOM
SHEPrUU B MEXAHUUYECKYIO; MPUHIUI paboThl snekTpoasurarens. IJ1C caMOUHIyKIIUH.
NunyktuBHOCTh. B3anMHas HWHAYKTUBHOCTh. BHXpeBble TOKM M HMX MNPAKTUYECKOE

3HAUECHHUE.
1.5 DaexkTpuyeckue uenu nepeMeHHOro ToKa .

IlepemenHbIl TOK; ero omnpexaeneHue. Ilepuonx M yacToTa NHEPEMEHHOIO TOKA.
[Tonyuenune cunycoumpanbHoii JOJIC. M3o0paxeHne CHHYCOMIAIbHBIX  BEIMYUH
CUHYCOUJAaMHU U BpauaromuMucsa Bekropamu. BekropHas auarpamma. @a3a. HauanbHas
¢aza, casur ¢as. JleiicTByromie 3HaueHus Toka, Harpsbkenus u J/1C.

Oco0OeHHOCTH Leneld MepeMEeHHOro Toka. llemb mepeMeHHOro TOKa C aKTUBHBIM
conpoTuBieHueM. BekTtopHas auarpamma; rpa@ukd TOKa, HANPSDKEHHS U MOUIHOCTH.
Cpennsst (akTHBHast) MOIIHOCTh. llemb mepeMeHHOro TOKa C HMHIYKTUBHOCTBIO.
BekTopHas auarpamma; rpaduKu TOKa, HANpsHKEHWS W MOIIHOCTU. PeakTHBHOE
CONPOTUBJICHUE HHIAYKTUBHOCTH. Llenb mMepeMeHHOro TOKa € €MKOCThbIO. BekTopHas
muarpamma.  IpeyroibHMK — HanpsbkeHuil.  [lomHoe — comportuBieHuwe.  TpeyrobHHK
conpotuBiieHui. Pe3oHaHCc TokoB M HampsbkeHuil. Cour a3z Mexxay TOKOM U HanpsHKEHHEM.
ITonnas wmomHOCTE. TpeyrosbHUK MoIIHOCTEW. Hepa3BeTBiieHHass UENb €  E€MKOCTBIO.
Bektoprnast mmarpamma. I'paguiku Toka, HampsbkeHMs M MOIIHOCTH.  PeakTuBHOE

COIPOTUBIIEHHE eMKOCTU. CpeHssl U MaKCUMallbHas! (peakTUBHAsSI) MOLTHOCTH.

Tpexdasusbie nenu .



[Toyuenue TpexdaszHoii cucreMsl TOKOB. YUeTbIpexnpoBoaHas Tpex(das3Has cucrema
P COEAMHEHNU 0OMOTOK I'eHepaTopa 1 notpedureneii B 3se31y. Pa3Hble U TUHEWHbIC
HanpsHKEHUs TeHeparopa u norpedurens. COOTHOUIEHHE MEXAY (Ga3HbIMU U JTUHEHHBIMU
HanpspKeHUsAMA. PaBHOMepHas 1 HepaBHOMeEpHas Harpy3ku. Ma3HbIe U JIMHEWHBIE TOKH.
Bekropnas nuarpamma HanpsbKeHHN 1 TOKOB. HeliTpaibHbIH (HYJI€BOM) MPOBO U €TI0
Ha3HA4YCHUE.

CoenuHenue 0OMOTOK I'€HEpaTopa B TPEYTOJIbHUK; HEJOCTATKH 3TOIO COEIMHEHMUS.
CoenuHeHue mnoTpeOUTENE B TPEYroJbHUK. 3aBUCHUMOCTb MEXIy (a3HbBIMH U
JVHEWHBIMM TOKaMHM. BexkTopHas [auarpaMMa HaIpsOHKEHHMHM M TOKOB. MOIIHOCTB
Tpex(a3zHoH enu Npyu COEAMHEHUU OTPEOUTENEH B 3B€3/1y U TPEYTOJIbHUK.

1eKTPOo0€e30MACHOCTS .
OO6mme cBenenus. [leficTBre Ha OpraHu3M AJIEKTPUUECKOro TOKa. BUabl 31€KTpOTpaBM.
OmnacHble U CMepTelbHbIE 3HAUYEHHS CHIbl Toka W HampskeHus. CrnocoObl 3aluThl:
3a3€MJICHME, 3aHyJICHUE, OTKIIOYECHHE, MCIIOJIb30BAHME  HU3KUX  HaAIPSHKCHUM.
NHnuBuayanbHbIE CPEICTBA 3AIINTHI.

Tema 1.6 DiekTpUUYeCKHe N3MePECHUSA

Knaccudukanusa nsmepurenbHbix npubopos. [lorpemnoctu namepennii. U3mepenue
HalpsOKEHUM W TOKOB. YCTPOMCTBO M NPUHUMII JEWCTBUS PA3IMYHBIX THUIIOB
U3MEPUTEIBHBIX MEXaHU3MOB. YCTPOWCTBA [UI PACIIUPEHUS IPEIAEIOB H3MEPEHUs
HalpsoKeHUM U TOKOB. M3mepenme comporuBneHui. M3mepeHue MOIIHOCTH.
DNEeKTpOAMHAMUYECKUN U (PeppOoAMHAMUYECKUN BaTTMETphl. MI3MepeHne 31eKTpruIecKoi
sHepruu. UHaykunoHHsle cueTunku. KoMOMHUpPOBaHHBIE TPUOOPHI.

Tema 1.7 JiiekTpuyecKkue MalMHbI.

MaumuHbI IEPEMEHHOI 0 TOKA.

Ha3znauenve wMammH TIEPEMEHHOTO TOKA. ACHUHXPOHHBIC SJIEKTPOIABUIATENM.
[TomydyeHnue Bpamiaromerocs MAarHUTHOTO TIOJISE B Tpex(a3HbIX  aCHHXPOHHBIX
anekTpoaBuratessx. [IpuHiun gercTBus Tpex(azHoro aCHHXpPOHHOTO
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QJICKTPOABUTATCIIA. Yacrora BpalllcHUsA MArduTHOIO II0JId CTaTopa W 4YacToTa

BpamieHusi potopa. Ckonbxkenuwe. Ilyck B pabory TpexdasHbIX aCHUHXPOHHBIX



AIIEKTPOJIBUTATENIe C KOPOTKO3aMKHYTHIM poTopoM. PesepcupoBanue. OpnodazHblit
anekrpoasuratens. [lorepu u KIIZ[ acuHxpoHHOro 3nexrponaBurarensi. CHHXpOHHBIE

MAaIlUHEI.
MaluHbI HOCTOSAHHOIO TOKA.

OO0miee yCTpPOMCTBO AJIEKTPUUYECKUX MAIIMH TIOCTOSHHOTO TOKA, OCHOBHBIC
AJIEMEHTBhl KOHCTPYKIIMM WM UX HazHaueHue. OOpatumocth MamuH. [IpuHuun paboTsl

MallluHBI TIOCTOAHHOI'O TOKA.

Bunbl Bo30yxkaeHud MamuH mocTossHHOro Toka. Cxewmbl. Ilyck npBurarens; poib
YCKOBOTO M PEryJupOBOYHOTO peocTaToB. PeBepcupoBaHue 3IEKTPOJBUTATENECH

noctostHHOTO TOKa. [Torepu u KIIJ] aBurareneit mocToSHHOTO
Tpancdopmartopsbl.

Haznauenue tpanchopmMaTopoB M HMX MOpPUMEHEHHUE. YCTPOWCTBO W MPHUHIUII
neictBug oaHodazHoro TpaHcopmaropa. Pexum xomoctoro xona. KoaddunueHnt
tpanchopmaru. OnpeneseHrue MoTeph B CTAIM MO JAHHBIM OIBITa XOJOCTOTO XOJa.

Pabota TpancopmMatopoB mmoa Harpy3koi. 3aBUCUMOCTh TOKa B IEPBUYHON OOMOTKE OT

TOKa BO BTOpUYHON oOMOTKe. BHemHsas xapakrtepuctuka. [loHsTHE O TpPOIEHTHOM
W3MEHECHUM HaIpsDKEeHMs; HOMUHAJIBHBIE TOKM W HampsbKEHUs TpaHcdopmaTopa.
Homunanwsnas momHocTs Tpancpopmaropa. [lorepu sueprun u KI1J[ TpanchopmaTtopos.
Tpexdaszusie TpaHchopMaTopbl, WX KOHCTPYKIHS, BHIBI U KOIPHUIIUEHT
tpancopmaruu. Coenruenre oOMOTOK TpexdazHoro Tpanchopmaropa.
Tema 1.8. JjekTpuyecKkue annaparsbi.
KomMyTanmnoHnHble U 3allMTHBIE ANINAPATHI.
PyOunbHUKHK, pa3beAMHUTETN, aBTOMATHYECKHE BBIKIIOYATEIU, MPEIOXPAHUTEINH,

TETJIOBBIC peJie: Ha3HAYeHUe, YCTPOMCTBO, BUIbI, padoTa. [ padudeckue 0003HaueHUS.
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Peocrtatel, KOHTpOIEpHI KOMAaHAOKOHTPOJUIEPHI, CTAHUWUM  IIYJbTHI
ynpasnenusi, MII, KOHTakTOphl Ha3HA4YE€HHWE, YCTPOMCTBO, BHUIBI, padoOTa.

I'paduueckue ob6o3HaAUCHUS.

SAJAHUA U TIPAKTUHYECKUX PABOT.



Kaxapiii CTYyIEHT BBIMIOJIHSAET CBOM BapuaHT pabOThI B 3aBUCMOCTH OT HOMEpA 110 CIHUCKY B
KypHae.

IpakTnyeckas padora Ne 1

Pacuer 3kBuUBajIeHTHOM €MKOCTH IIEIIH.
Bpems pabdorhi: 2 yaca
3anoiHuTe Ta0IUIIBEL

a)

0,0015 ® | 0,33 Mmx® | 0,047 Mx® | 100 1D 6,8 ud 820 nd
MKD (0] nd MKD nd ()]

IOMOMm | 4700mM 0,33 MOM]| 47xkOm | 47000M | 1,5 xOmM

20mM ? kOm TeOm | 27MOM | ?MOm T0m

0)
B)
0,15A 25 MA 140 mrA 0,02 A 1,7A 420 MxA
?MA ? MEA TA TMA ? MKA TMA
r)
0,2B 15kB 0,03 MB 25 MB 1200 mxB 220B
?MB 7B ?kB ? MxB 7B kB
1)

55kBT 1500BT 1,5MBT | 0,33xBr { 0,12 MBr| 312kBT

?Br ? kBT ? kBt ? BT ? kBr ?MsT

0,5Tu 2,6 M | 37mxln | 521 miu (1210 mxI'r| 171

?MI'n ?Mxln ?*mIn ?mMrlu n Tmln
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2) OnpenenuTe 3KBUBAJICHTHYIO €MKOCTh IaHHOM 1eMH, eciiu Bce 3ieMeHThl C1-C9 paBHbI
10 Mx®.

a:’ @ - ' N
I I I
1]} r L} ]
- C3 bor,
I —o
] ——
C4d C5 C6 c9

C2

1
3

C1 1 Cé6

Cs
I
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IIpakTnyeckas padora Ne 2

Pacder pa3BeTBiI€HHOM 1IN TOCTOSTHHOTO TOKA.
Bpems paGorsi: 2 yaca.

YcnoBHbIE 0003HAYCHUS:

| — cuna Toka, A (ammep);

U — nanpsikxenue, B (BoJbT);

R — akTUBHOE COMPOTUBJICHUE y4acTKa 1enu (pesucropa), Om.

JUi1st ieny NOCTOSTHHOT'O TOKA CO CMEIIAHHBIM COETUHEHUEM PE3UCTOPOB ONPEAEIIHUTS!

1) SKBUBaJEHTHOE CONPOTUBIICHHE LN RIKB. OTHOCUTENBHO 3aKMMOB AB;

2) Tox mnu Hanpspxenue (U mwm | mo BapuanTy)

3) MomHOCTh, HOTpebIIsieMyto Beel nenbio P;

4) pacxon snekrpudeckoii sueprun W nen 3a § 4. paboThI.

Howmep pucyHka u BeTMUMHA OJHOTO U3 33JaHHBIX TOKOB WJIN HAIIPSKEHUH IPUBECHBI B Ta0. 1.

WHpekc ToKa WK HaNpsHKEHUS COBIA/IAeT ¢ MHJIEKCOM, PE3UCTOpa, 0 KOTOPOMY IPOXOAUT 3TOT
TOK WJIM Ha KOTOPOM JeHCTBYeT yka3zaHHOE HampsbkeHue. Hanpumep, yepes pesucrop Rz mpoxoaur Tox I3
U Ha HeM JieiicTByeT HanpsikeHue Us

Tabmauua 1
Homep 1 2 3 4 5 6 7 8 9 10
BapHaHTa
Homep 1 2 3 4 5 6 7 8 9 10
pPHCYHKa

SanaBacmas | I=12 A | 1=16A | U=30B | U=24B | I=10A | U=100B | I=4A | I=12A | I=5A | U=24B
BCJIIMYMHA

Homep 11 12 13 14 15 16 17 18 19 20
BapHaHTa

Homep 11 12 13 14 15 16 17 18 19 20
pHCYHKa

3anaBacmas | I=15A | I=12A [U=24B|U=30B| I=6A | U=40B | I=10A | I=5A | I=12A | U=108B
BCIIMUHNHA

BapuaHTa
pUCYHKa

3agaBaemas |U=30B.| U=50B | I=10A | I=8 A |U=100B
BCJIMUYHUHA
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IIpakTnyeckas padora Ne 3.

Pacuer He pa3BeTBIICHHON LIENIH IIEPEMEHHOIO TOKA.
Bpems padotsbi: 1 uac.

[lens mepeMeHHOTO TOKA COJIEPKUT PA3IUYHBIC DIIEMEHTHI (PE3UCTOPBHI, HHIYKTUB-
HOCTH, EMKOCTH ), BKIIFOUCHHBIE TTOCiIeIoBaTeIbHO. CXeMa ey MpUBe/ieHa Ha COOTBET-
CTBYIOIIIEM prcyHKe. HoMep prcyHKa v 3HaYCHUsI COMTPOTHBIICHUH BCEX AJIIEMEHTOB, a
TaK>Ke OJIMH JOTMOJTHUTENIbHBIN TapaMeTp 3a/1aHbl B Ta0I. 2.

YcioBHBIE 0003HAYECHUSA:

| — cuna Toka, A (amriep);

U — nanpsbxenue, B (BosibT);

R — akTHBHOE COIPOTUBIEHNE ydacTKa Lienu (pezucropa), OM;

XL — peakTHBHOE UHIYKTUBHOE COITPOTHBIICHUE YUacTKa 1enu (KaTymku), Owm;
Xc — peakTUBHOE EMKOCTHOE COIPOTUBJICHUE yYacTKa 1enu (KoHaeHncaropa), Om;
P — akTHBHAas MOITHOCTb IIETIH;

Q — peakTHBHAs MOITHOCTH IIETIH;

S — noJIHasE MOLTHOCTb LIETIH.

3ananue: HauepTuTh cXeMy LNy U ONpeaeTUuTh cae1yolue BeTnYHHbI:

1. nonHoe, conpoTUBICHHUE e Z,

2. HanpspkeHue U, IpHI0KeHHOE K LeTH;

3. Tokl;

4. yron cipura ¢a3 COSQ(1mo BeIHUHHE U 3HAKY);

5. aktusnyio P, peaktusnyio Q u nonuyro S mommuocTtu nenu. Haueptuts B MaciiTabe

BEKTOPHYIO AWarpamMmy IEIH U MOSICHUTH €€ TOCTPOCHUE.

Tabmuma 2

Homep |Homep|Ri, Om [R2, OM | X1, OM [ X2, OM [Xc1, OM | Xc2, OM | lOoMOTHUTENBHBIH
Bap. puc. rapamerp
1 1 12 — 4 — 12 8 U=40B
2 2 6 2 6 — — — I=5A
3 3 3 1 5 — 6 U=40B
p 4 4 — 6 — 3 — I=5A
5 5 4 2 12 — 4 — U=60B
6 6 16 — — — 4 8 I=10A
7 7 4 8 10 6 — — U=30B
8 8 3 10 12 26 — I=3A
9 9 40 — 30 20 12 8 U=50B
10 10 4 4 — 2 8 — 1=2 A
11 11 12 - 4 12 8 U=40 B.
12 12 12 - 4 4 - 8 I=5A.
13 13 - 8 4 4 6 8 U=50 B.
14 14 - 6 6 6 - 4 I=5A
15 15 - 12 4 4 - 24 U=60B
16 16 - 4 - 16 9 4 I=10A
17 17 - 8 5 - 9 2 U=100B
18 18 - 12 - - 10 6 I=3A
19 19 3 5 - 6 - - U=50B
20 20 - 6 4 - 12 - I=5A
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IIpakTuyeckasi pa6ora Ne 4.

Pacder pa3BeTBiIE€HHOM LIETH.

Bpems paGorsi: 1 yaca.

PasBerBiicHHAsS LCTIb IICPEMCHHOI'O TOKAa COCTOUT U3 JABYX IAaPAJIJICIbHBIX BeTBefI, COACPpIKAIINX
pa3IMyYHbIC 3JIEMEHTHI (PE3UCTOPBI, UHAYKTUBHOCTH, EMKOCTH).

VciioBHBIE 0003HAYECHUS

| — cuna Toka, A (ammep);

U — nanpsixenue, B (BoJbT);

R — akTHBHOE COIIPOTUBIIEHHUE yyacTKa Lienu (pe3ucropa), OMm;

XL — peakTUBHOE MHAYKTUBHOE COMPOTUBIICHHUE yYacTKa enH (KaTymkH), Owm;
Xc — peakTUBHOE €eMKOCTHOE COIPOTHBJICHUE YYacTKa Lenu (KouaeHcaropa), Om;
Z — 1oJHOE conpoTHUBIIeHUE 1enu, OM;

cos® — K03((HUIIUEHT MOITHOCTH;

¢ — YroJ OTKJIOHEHHUS BEKTOpa TOKa WJIM HaNpsHKEHUS OT OcH, HaxoauTcs 1o tadnuie bpaauca;
P — aktuBHast MoIIHOCTH 1eny, BT (BaTT);

Q — peakTHBHas MOLTHOCTS Ienu, Bap;

S — mosHas MOIIHOCTH 1ienH, B-A (BoabT-ammep).

Howmep pucynka, 3HaueHHs BCEX CONMPOTHUBICHUH, a TAK)KE OJUH JOMOIHUTEIBHBIN MTapaMeTp
3amanbl B Ta0I. 3. Muaexc "1" y MOMOIHUTENHHOTO MapamMeTpa 03HauaeT, YTO OH OTHOCHUTCS K
IIepBOW BETBU; U UHAEKC "2" - KO BTOPOI.

HauepTuTh, cXxeMy LIEMH U ONPECTUTh CIIeAyIOIHE BeTHUUHBL:
IMonnsle conpotusnenus Z1, Z2 B 00enx BeTBAX.

Toxu l1, u |2 B 06enx BerBsX;

Tok | B HEpAa3BETBJICHHON YacTH LECIIH;

Hanpsoxenne U, npunoxennoe x neny;

SN

Axtusnyto P, peaxtupnyro Q u nonnyro momuoctu S ns Beeii nenu.
HaqepTHTL B MaciITabe BEKTOPHYIO IUarpaMMy LeMH.
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Tabmuna 3

Ne |[Ne |R;,Om |R2, OMm X, O | X2, OM [ Xc1, OM | Xc2, OM JOTIOJHUTEIBHBIN
Bap |puc. napameTp

1 )1 2 3 - - - 6 U=60B
2 |2 6 - 4 - 4 - I=5A
3 |3 2 3 6 3 - 6 U=60B
4 (4 4 4 - 3 - - I=5A
5 |5 2 - - - - 4 I=5A
6 |6 16 32 12 24 - - U=60B
7 |7 8 6 - 8 6 - [=5A
8 |5 4 3 - 4 - - U=50B
9 9 4 - - - - 3] 1=10 A
10 |10 4 3 8 3 - - U=100B
11 |11 8 6 - - - 6 I=6A
12 |12 8 - 8 - - 3] U=40B
13 |13 8 6 3 8 - 6 [=5A
14 |14 4 4 - 3 - - U=60B
15 |15 2 - - - - 4 U=120B
16 |16 16 32 12 24 - - I1=3A
17 |17 8 6 - 8 6 - U=60B
18 |18 2 3 - - 4 - I=5A
19 |19 48 - 64 - - 60 1=2A
20 |20 20 32 4 3 6 U=160B
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IIpakTuyeckas padora Ne 5.

Pacuer tpexdasnoii nenu (3Be3na).
Bpems paGorsl: 2 yaca

VcnoBHbIe 0003HAYEHUS

| — cuna Toka, A (ammep);

Un — HOMUHAJIbHOE HanpsbKeHHe ceTH, B (BOJIbT);

RA — akTHBHOE CONPOTHUBIICHHE yyacTKa 1enu 1o ¢asze A, Om;
Rp — akTUBHOE cOnpOTUBIIEHHE ydacTKa 1enu 1o ¢aze B, Om;
Rc — akTuBHOE conmpoTuBiIeHHE ydacTka 1enu 1o ¢asze C, OMm;
XA — peaKkTUBHOE CONPOTUBJICHHE ydacTKa Lemnu no daze A, Owm;
XB — peaKTHBHOE COMPOTHUBIICHUE ydacTKa menu 1o daze B, Owm;
Xc — peakTUBHOE COMPOTUBIIEHUE ydyacTka 1enu o ¢gaze C, Om.
Z — 1I0JIHOE COMpOTHUBIIeHUE Lienn, OM;

cos( — KO3 (PHUITUESHT MOIIIHOCTH;

¢ — YroJl OTKJIOHEHHsI BEKTOpA TOKA MIIM HANIPSDKEHHS OT OCH, HaxoauTcs 1o tadbnuie bpaauca;
P — akTHBHAst MOIIHOCTb LIETIN;

Q — peakTHBHAs MOITHOCTH IIEIH;

S — MoJIHas MOIHOCTH LIETIH.

A — daza A;
B — ¢aza B;
C—dazaC;

N — HyeBo TPOBOJ.

B TpéxdazHyro 4YeThIpeXmpOBOJHYIO CETh C JMHEHHBIM HANpsSKECHHEM U, srmounnu
3BE3/I0M pa3HbIe MO XapakTepy COMpOTUBICHUs» ONpeAeuTh JUHEWHbIE TOKM W HAYEPTUTH B
MaciTabe BEKTOPHYIO auarpamMmy 1end. [lo BeKTOpHOW AuarpaMme OMNpENeNIUTh YHCIOBOE
3HaYeHHUE TOKa B HYJEBOM IIPOBO/IE.

Tabmuna 4
NoNe NoeNe Us, NoNe NoeNe Us, NoNe NeNe | Un, NoNo NeNe | Us,
BapuanTa |PUCYHKOB| B | papuyanra |PHCYHKOB| B | papuamra |PHCYHKOB| B | papuanra |pucyHKoB| B
1 1 380 6 6 380 11 11 380 16 16 380
2 2 660 7 7 660 12 12 660 17 17 660
3 3 380 8 8 380 13 13 380 18 18 380
4 4 220 9 9 220 14 14 220 19 19 220
5 5 380 10 10 380 15 15 380 20 20 380

Onpenenutsb: akTUBHYIO P, peakTnBHYI0 Q 1 NOJIHYI0 S MOIIHOCTH NOTpedIisieMble BCe

OCIBIO.

25




b

Rhb

Fc

A A
B E
e 3
—_— [] & N =
. I g
Puc 1 = T2 Pue. 2
Ra=10 Om; Xb=4 Owm; Ra= 10 Om; Rb= 8 Owm;
Rb=3 Om; Xc=10 Om Xb=6 OM; Rc=12 OMm
i A
= B
(G 5
un}
4 M > ke
—t -_ ]
1 el o 1
Puc. 3 >EE % Puc. 4 E _-:’%
]
[l
Xa= 20 Om; Xb= 38 Owm; Ra= 16 Om; Xa= 12 Owm;
Rc= 38 Om Rb=12 Om; Xb=16 OMm
Xc=20 Om
A A
= E
(& &
7 e o
I EES . 4 d
—r —t >< 2
s | = L&l =R
m | = Fuc. B
= | O
L]
T =

Xa= 8 Om; Rb= 6 Owm;
Xb=4 Om; Rc=10 Om

Xa= 10 Om; Xb= 8 Owm;
Xc=4 Om; Rc= 8 Om

26




B
N—EQ
Puc. 7 T ::§
A
o

Xa=2 Owm; Rb=2 Owm;
Xb= 6 OM; Xc= 6 OMm

A
B
63
oL
M — o % L
2
Puc. 9 as
]
r
Xa= 6 Om; Rb= 6 Owm;
Xb= 2 OwM; Rc= 8 Om;
Xc= 6 OMm
A
E
]
—_— [
|
Pyc. 11 9 T2

Ra= 10 Om; Rb= 10 Om;
Xb=2 Om; Xc=10 Om

#h

Ha
11
11

Fuc 8

Ao

e
o

Xa= 4 Om; Rb= 6 Owm;
Xb=4 Om; Xc= 6 OMm

= (1 m =

Hh
e

Fuc. 10

]
o

Ra= 6 Om; Rb=10 Owm;
Xb= 6 OM; Xc=12 OMm

Z () m =

Xh
i

Fuc.12

Rb

Ra=10 Om; Rb=4 Owm;
Xb=2 OwMm; Rc= 8 Om

27



A, A
B B
i
C (A%}
P
]
== i s ] <l ==
Purc. 13 >'§E ﬁ Fuc. 14 E :;Z:J
e
Y

Xa=2 Owm; Xb=4 Owm;

Rc=4 Om Rb=6 OM; Xb=2 OmM; Xc=4 Om
A A
B B
E
N e N 9
-] T e
— &[ L 2 &
Puc. 15[ g | £] Puc.16
L}
T =
Xa= 10 Owm; Rb= 8 Owm; Xa= 6 Om; Xb= 6 Owm;
Xb=4 OM; Rc= 8 Om Rc= 8 Om; Xc=10 OMm
A A
B B
[ — 4 M ———
2| X -
—_ i =4 i
Puc 17 L Puc. 18 =
| T T
Xa= 8 Om; Rb= 6 Owm; Xa= 10 Om; Rb= 8 Owm;
Xb=4 OmM; Xc=10 OMm Xb=4 Om; Xc= 8 Om
A A
B E
C
O
Puc. 19 i Pic. 20
T o4

Ra= 8 Om; Xa= 6 Om;

Xa= 6 Om; Rb= 6 Owm;
Xb=8 OMm; Rc= 10 Om;
Xc=60

Ra= 8 OM; Rb= 6 Owm;
Xb=4 Om; Xc=10 Om



IIpakTuyeckas padora Ne 6.

Pacuer Tpexdasznoii nienu (TpeyronpHUK).
Bpems paGorsl: 2 yaca

VcnoBHbIe 0003HAYEHUS

| — cuna Toka, A (ammep);
Utom — HOMHHQJIBHOE HaIpshKEHUE ceTH, B (BOJIBT);
RAB — aKTHBHOE CONPOTUBIICHHE yYacTKa Henu Mex 1y ¢azamu A u B, Om;
RBc — akTUBHOE CONPOTUBIICHUE yyacTKa 1enu Mexay ¢azamu B u C, Om;
Rca — akTHBHOE cCONpOTHUBIICHHE yyacTKa 1enu Mexay ¢azamu C u A, Om;
XAB — PEaKTUBHOE CONPOTUBJICHHUE yyacTKa e Mexxay dazamu A u B, Owm;
XBc — peakTHBHOE COMPOTUBIICHNE yUacTKa 1enu Mexay ¢azamu B u C, Owm;
Xca — peakTUBHOE CONPOTHUBIICHUE yyacTKa 1enu Mexay ¢azamu C u A, OMm.
Z — 1oJIHOE cOnpOTHUBIIeHUE Lienu, OM;
cos( — K03 (PUITUEHT MOIIIHOCTH;
¢ — YroJ1 OTKJIOHEHHUSI BEKTOpA TOKA WJIM HAIPsKEHUS OT OCH, HaxoAuTcs 1o tadnuue bpaauca;
P — akTHBHAss MOIIHOCTb LIETIN;

Q — peakTHBHAast MOIITHOCTH IIETIH;
S — MoJIHas MOIHOCTb LIETIH.

A — daza A;
B — daza B;
C—dazaC.

B tpéxdaznyro TpEXIIPOBOIHYIO CETh C IMHEHHBIM HanpsokeHneM UHOM BKITIOUYEHBI
TPEYTOJLHUKOM pa3HbIe MO XapakTepy COnpoTuBiIeHUus. Onpenenuts Gpa3Hble U THHEHHBIE TOKH,
akTuBHYIO P, peaktuBHyr0 Q ¥ MONHYI0 S MOIIHOCTH MOTpeOIsieMol Beel 1enbio. HauepTuthb
BEKTOPHYIO JMarpaMMy LIETIH U 110 HEM ONPEJEIUTh YNCIOBbIE 3HAYEHUS JIMHEHHBIX TOKOB.

Ne Ne Unom Ne Ne Unom Ne Ne Unom Ne Ne Unom
BapHaHTa|pUCYHKA BapHaHTa|pUCYHKA BapHaHTa|pUCYHKa BapHaHTa|pUCYHKa
1 1 380 6 6 380 11 11 380 16 16 380
2 2 220 7 7 220 12 12 220 17 17 220
3 3 380 8 8 380 13 13 380 18 18 380
4 4 220 9 9 220 14 14 220 19 19 220
5 5 220 10 10 220 15 15 220 20 20 220
Ta0muma 5

29




O W

Rbe

Xab /

Xea

Puc. 1
Xab= 10 Om; Rbc= 4 Owm;
Xca= 10 Om

OR >

Rab

Rea
pr—

Rbe

Xbe

|

Puc. 2

Rab= 10 Owm; Rbc= 8 Owm;
Xbc= 6 OMm; Rca= 12 Om

5 A
B B
C &
Xab
J\Xbc
Rab
Ro
Prc. 4
Rab=16 Om; Xab= 12 Owm;
Xbc= 12 OMm; Rca= 16 Om
A A
B B
C C
Rbe
Xbe
Rab
Rca
Puc. 7

Rab=2 Owm; Rbc= 2 Owm;
Xbc= 6 OM; Rca= 6 Om

A
B
B

%{Cﬁ

Puc. 10

Xab= 6 Om; Rbc= 10 Owm;
Rca= 6 Om; Xca= 12 Om

%

Puc. 5
Xab= 8 Om; Rbc=
Xca= 4 Om; Rca= 10 Om

6 Om;

Puc. 8

A

Xat/\Xbc
ﬁ Xca Rea ':

Xab=4 Om; Xbc= 6 Owm;
Rca= 4 Om; Xca= 6 OMm

B

C

Xab /

Xca

Rbe

Puc. 11

Xab= 10 Om; Rbc= 6 OmMm;

Xca= 10 OMm

30

O w e

XaM\Xbc
: Xca Reca ':

Puc. 3
Xab= 20 Om; Xbc= 38 Om;
Rca= 38 Om; Xca= 12 Om

A
B
C

Xat/

Xea

Rbe

Puc. 6

Xab= 10 OM; Rbc= 8 Owm;

Xca=4 Om

A
B
C

Rab

Reca
r—

Xab J \Xbc

d

Puc. 9

Xab= 2 Owm; Rab=
Xbc= 2 Owm; Rca=

6 Om;
8 Om

A
B
&

Rab

Rea
—_—

Rbe

Xbe

e

Puc. 12
Rab= 10 Om; Rbc= 4 Owm;
Xbc= 2 OM; Rca= 8 Om



AW

Xab= 6 OM; Xbc= 4 Owm;
Rca= 10 Om; Xca= 4 Om

A
B
C

Xab= 6 OM; Rbc= 6 Owm;

Xa‘E/ \Xbc

Puc. 13

i Xca Rca E

Xa}:/ Rbe

XC&

Puc. 16

Xca= 10 Om

A
B

C

Xab= 6 OM; Rab= 6 OwMm;
Xbc= 8 Om; Rca= 10 Om

Xab J \Xbc

Rab

Rca
—

| SRS |

Puc. 19

C

OwW e

Rab= 8 Om; Xab= 6 Owm;
Xbc= 6 Om; Rca=2 Om

Rab

Reca
1

Xab J\Xbc

—

Puc. 14

A
B
C

Rab= 8 Om; Rbc= 6 OmMm;
Xbc= 4 OMm; Rca= 10 Om

A

Rbe

Xbe
Rab

Rea

| S|

Puc. 17

B

Xab= 8 Om; Rbc= 6 Owm;
Xca=4 OmMm; Rca= 10 Om

'

Puc. 20

31

oW

Puc. 15

Xab= 10 Owm; Rbc= 8 Om;
Xca= 4 Om; Rca= 8 Owm;

i

Xat/\Xbc
ﬂ Xca Rea }

Puc. 18

Xab= 10 Om; Xbc= 8 Om;
Xca= 4 Om; Rca= 8 Om




BONPOCHI JUIS MOJATOTOBKHM K DK3AMEHY.

1. DnekTpocTaTuueckoe noje. Ero xapakTepucTuKu
2.KonneHcatopsl. Y CTpOMCTBO U BUBI

3. Cnoco0Obl COeTMHEHMS] KOHIEHCATOPOB

4. TTocTOSIHHBIN 3JeKTpUYECKUd TOK. OCHOBHBIE XapaKTEPUCTUKH
5. DNEeMEHTHI JIEKTPUUECKON LIEeTIH

6. OCHOBHBIE TPYIIIBI 3JIEKTPOMATEPHUATIOB

7. 3akoH Oma.

8. | 3akon Kupxrodda.

9. Il 3akon Kupxrodda

10.
12.

13

Buabl v TUIIBI COTPOTUBIICHUI
Croco0Obl COeTMHEHUS CONTPOTUBIICHUI

. 3akoH JIxoyns-Jlenua
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Axkymynsatopsl. HazHaueHnune, ycTpoiucTBo

3apsa, pa3psag akkymydsatopa. CiocoObl COeTUHEHUS.
DnekTpobe3onacHOCTb. OCHOBHBIE (PAKTOPBI.

DnekTpoOe30nacHOCTh. MeToAbl U CpeICTBA 3aIlUTHI OT 3J1. TOKA.
[lepBast momoIib MOCTPAJABIIEMY OT JICKTPUUECTBA.

[lepeMeHHBIN d51eKTpUUECKUN TOK. OCHOBHBIE XapPAKTEPUCTUKH.
[Tonyuenue ogHO(da3HOTO TOKA. Y CTPOHMCTBO MPOCTEUIIIET0 reHepaTopa.
DJIEMEHTHI LIENU IEPEMEHHOTO TOKa. Pe3uctop.

DJIeMEHTHI LIeNU IepeMEeHHoro Toka. KonaeHcarop.

DIJIEMEHTHI LIENU NEPEMEHHOTO TOKa. MHIYKTUBHOCTD.
OnektpousMepennst. OCHOBHBIE BUJIbI TOTPELTHOCTEN.
Onextpousmepenus. O0uiee ycTpoiicTBo mpuOOpoB.
Dnekrponsmepenus. O003HaUEHUE HA IIKAJIE.

DnekTpousMepenus. MIamepeHne Toka u HarpsHKeHUs.
QnektponsMepenusi. smepenne MomHocTi, OCHOBHOM U KOCBEHHBIE METO/IBI.
DnektponsMepenusi. IsMepenne HeaNeKTpUIECKUX BETUYNH
Tpexdasnslii Tok. [lonydyeHne, OCHOBHbIE TOCTOMHCTBA.

CoennHenne 0OMOTOK «3Be31a».

Coenunenne 0OMOTOK « TpeyrobHUK

Kinaccudukanus 31eKTpu4ecKux MallivH.

ACHHXPOHHBIN T€HEPATOp. Y CTPOIMCTBO, JOCTOMHCTBA U HEJOCTATKH.
ACHHXPOHHBIN ABUTATENIb C KOPOTKO3AMKHYTBIM POTOPOM. Y CTPOMCTBO,

JOCTOMHCTBA N1 HCAOCTATKH.

36.
37.
28.
39.
40.
41.
42.

JIBuraTenu nmocToAsHHOTO TOKa. Buabl u yCcTponcTBO.
Tpanchopmaropsl. YcTpoilcTBO mpocteifiiero Tpanchopmaropa.
CrneunanbHble TpaHC(HOpPMATOPHI.

Cunossie TpaHC(HOPMATOPBI.

CHHXpOHHBIN TeHEPATOP. Y CTPOMCTBO.

['padprueckue 0003HaYEHUS ITTEMEHTOB B CXEMAX.

P-N nepexon. Cxema, paboTa.
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