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BBenenue

BaxupiM  31eMEeHTOM  y4eOHOTO  mpollecca  SBISETCS  BBIMOJTHEHUE
7abopaTOpHBIX padoT, KOTOphIC TO3BOJSIOT CTYACHTaM HE TOJIBKO 3aKpEIUTh
TECOPETUYECKHUE 3HAHUS, HO M HAYYUTHCS CAMOCTOSITEIIBHO WX NPUMEHATh B PaMKax
pelIeHus yueOHbBIX MPaKTUKO-OPUCHTHPOBAHHBIX 3a/1a4.

JlanHoe mocoOue SIBISETCS PYKOBOJCTBOM JUISI MOATOTOBKH W BBITOJIHEHHS
nabopatopHoit paboTHI, 1LE€Th KOTOPOM — U3y4EeHHE TEOpUM M TPHOOpEeTEeHUE
NPAaKTHYECKUX HABBIKOB €€ TMPHMEHCHHS B paMKaxX TUCHUIUIMHBI «Du3uka» TIo
pazneny «JIeKTPUUECKHE LEMU TTOCTOSTHHOIO TOKa.

B pykoBOACTBE M310XKEHBI: LEAb U TEXHUUYECKOE OCHAILIEHHE J1abOpaTopHOM
paboThl, OCHOBHBIE TEOPETHYECKHE CBEJICHUS, OIMCAHUE SKCIEPUMEHTAIBHOM
YCTaHOBKH M METOAMKA MPOBEACHUS IKCIIEPUMEHTA, TOPSAOK BBIMIOJIHEHUS PaOOTHI U
00pabOTKH Pe3yJIbTaTOB, MPUBEICHBI KOHTPOJIbHBIE BOIIPOCH U OuOIMOrpadnyecKuii
CITHCOK.

B nponecce BbImogHEHUs Ja00paTOpHON pabOThl CTYAEHTHl HM3y4yaroT
OCHOBHBIE DJIEMEHTBHI AIEKTPUUECKUX IETNeH, CIOCOObI UX COCAMHEHHSI M yCIOBHBIC
0003HAYECHHS B CXEMax, MPUOOPETAIOT MPAKTUYECKHE HABBIKA COOPKHU IIeTei W HX
pacuera.

[Inanupyemass TpyAOE€MKOCTh JabOpaTopHON pabOThl COCTAaBISIET YETHIpE

AKaJCMHNYCCKHUX Haca.



1 ean padoTbI

N3yueHre OCHOBHBIX JJIEMEHTOB JJICKTPUYECKHX IeNed M CIOCOO0OB UX

COCOIUMHCHUA.

2 Texnuveckoe ocHaIIeHUE PAOOTHI

B Xxozxe BbIMOMHEHUS SKCHEPUMEHTAIBHOW 4YacTH pPaOOThl HCHOJIB3YIOTCS
cienyroume npudopsl U MPUHAIIICKHOCTH

- uctounuk nuranus (3C);

- MOHTa)XHasl MIaHEIIb C Pa3bEMaMU,;

- pe3uctopsl (HomuHaibl 47 Owm, 100 Om, 500 Om, 1000 Owm, 4,7 xOMm
MoIHOCTEIO 2 BT; 10 kOM, 47 kOM MomHOCTEIO 5 BT);

- koHzeHncaropsl (46 HO, 47 Mxd, 470 MxD);

- nepemeHHbie pe3ucTopbl (HomMuHaIbl oT 0 10 350 Om u ot 0 mo 10 kOm
MOIIHOCTHIO 2 BT);

- COCIMHUTEJIbHBIE MPOBO/IA;

- COCAMHUTCIIbHBIC IICPCMBIYKH.

3 OCHOBHbBIE TeOpPeTHYECKHE CBeIeHUA

JIro0oe DIEKTPOTEXHUYECKOE YCTPOMCTBO COCTOMT U3  DJICKTPUYECKUX
AJIEMEHTOB, COCIMHECHHBIX MEXKIy COOOH OIpeaeieHHbBIM 00pa3oMm, 00pasys
ANEKTPUUYECKYIO 1EMb. JJEKTPUUECKas ILeNb — 3TO COBOKYMHOCTb YCTPOWCTB, IO
KOTOPBIM MPOTEKAET AIEKTPUUECKUIN TOK.

B osnektpudeckodl 1ienuM ecTb reHepatop (MCTOYHUK TOKA), MNPHEMHUK
(HampuMep, JTaMITOYKa) W CHCTeMa Iepenadu dHepruu (mpoBoja). UToOsl mo 1enu
IpOTEKaNl JIEKTPUUECKUN TOK, OHA JOJIKHA ObITh 3aMKHYTa, TO €CTh €€ 3JEMEHTHI
JOJDKHBI OBITh COCTUWHEHBI MEXAy co00i mpoBogHUKaMH. CyIIECTBYIOT IIETH

ITOCTOAHHOI'O 1 IIEPEMEHHOI'O TOKA. B OCIM IMOCTOAHHOI'O TOKa OH HE MEHACT CBOCTO
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HaIpaBJICHUS, TOJIIPHOCTh UCTOYHUKA MOCTOSIHHA. [lepeMeHHbIN TOK MepruoguYECcKu
M3MEHSETCS BO BPEMEHU U 10 HAMPABJICHUIO, U 10 BEJIMYUHE.

DNEeKTPOTEXHUUECKHE YCTPOMCTBA U B LIEJIOM IIEMb U300pakaloT Ha Oymare c
MOMOIIBIO YCIOBHBIX 00O03HaueHuil. Takoe Trpaduyeckoe H300paKEHHUE IEnu
MOJIYYMJIO Ha3BaHME MPUHIMIIMAIBLHON cXeMbl. B cxeme snekTpudeckue ycTpoicTBa
MOKAa3bIBAIOT C TMOMONIBIO PA3IMYHBIX HACATM3UPOBAHHBIX JJIEMEHTOB COTJIACHO
I'OCT 2.702 —2010.

Kaxnaplii 37€MEHT MOKET MOAKIIOYAThCA B LIENU TOJIBKO YCTAHOBJIEHHBIM
Ccroco0OM, MOTOMY YTO BBIMOJHSAET CTPOTO ONPEAECICHHYI0 (DYHKIHIO. DJIEMEHTHI
AIEKTPUUYECKUX LIETEeH JEeNsATCSd HAa aKTUBHBIC U TMACCUBHBIC. AKTUBHBIE 3JIEMEHTHI
e — 3TO AJIEMEHTHI, KoTopble MHAYyIupyoT DJC wnm ee npeoOpa3oBHIBAIOT.
[TaccuBHBIEC 3JIEMEHTHI — ATO COCIUHUTENIbHBIC MPOBOAA U AJEKTponpueMHuku. K
ANEKTPONIPUEMHHUKAM  OTHOCST  PE3UCTOPBI,  KAaTyNIKy  HWHAYKTUBHOCTH U
KOHJICHCATOPHI.

Paznuyator 3aBUCHUMBIE U HE3aBUCUMbIE aKTUBHBIE 2JIeMEHTHI. K He3aBUCUMBIM
OTHOCATCS HWCTOYHMKM Toka W Hanpsokenus (D/1C). MameanbHbIM HCTOYHHUKOM
HaMpsOKEHUST  SIBIIICTCS  UACATM3UPOBAHHBIM DJIEMEHT DJEKTPUUECKOM Ilenu, Ha
3@KMMax KOTOpPOTO HAamNpsbKEHUWE HE 3aBUCUT OT MpoTekaromero Toka. Ha
pucynke 1 mpeactaBieHsl OOO3HAYEHWE U BOJIbTAMIIEpHAS XapaKTEPHUCTHUKA
WJICaIbHOTO HMCTOYHMKA HampsbKeHUs. BHyTpeHHee CONMpOTHUBIICHUE WJICAIBHOTO

HMCTOYHHMKA HAIIPSKEHUS PABHO HYJIIO.

& CD U=¢

~Y

a) 6)
a) o0o03HaueHHE HACAJIbHOIO HCTOYHHKA HAIIPSAKCHUSA B CXEME;

0) BoJbTaMIIEpHAs XapaKTEPUCTHKA UCTOYHHUKA

Pucynok 1 — MneanbHblil HICTOUHUK HaPSHKEHUS
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HNcTouHMK TOKa — WACATW3UPOBAHHBIN JJIEMEHT JJIEKTPUYECKOW LEMH, TOK
KOTOPOTO HE 3aBUCHUT OT HaNpsHKEHUS Ha ero 3axkumax. O003HaueHHE UeaTbLHOIO
MCTOYHHMKA TOKA B CXEME M €ro BOJIbTaMIIEpHAsl XapaKTEPUCTUKA MPEACTABICHBI Ha
pucynke 2. BenumumHa TOKa dYepe3 HMCTOYHUK COOTBETCTBYET TOKY KOPOTKOTO

3aMbIKaHUA NCTOYHHKA ITMTAHH .

Ty

a) 0)
a) 0003HauEHHE UACATHHOTO HCTOYHHUKA TOKA B CXeMe; 0) BOJIbTaMIIEpHAsl XapaKTePUCTUKA

HCTOYHHKA

Pucynok 2 — MneanbHblil HCTOYHUK TOKA

CoenuHUTENbHBIE TTPOBOJA CIIYXAT JJI1 COCAMHEHUS AJIEMEHTOB B 1enu. Ha
cxemax uX M300pa)xaroT B BUJE MApaJICIbHBIX U MEPECEKAIONMINX MPSIMBIX JIMHHM.
Hekoropsle mpumepbl 0003HAYEHHUS MPOBOJOB AJIEKTPUYECKOM CBSI3M Ha CXeMax
npuBeneHsl B Tabiuie 1. Mecrta coequHEHHsT TPOBOJIOB, CHMBOJIM3UPYIOIIUE
INEKTPUYECKUN KOHTAKT B BHUAC TNaWKW, CKPYTKHM WM CBapKH HM300pakaroT
3a4epHEHHON TOYKOW. Eciu nuMHUM TPOBOJOB TepecekaroTcsi 0€3 COCIUHEHHS, TO
MECTE UX MEPECEUECHUs TOUKA HE CTABUTCHI.

JlnvHa U PacToONOKEHUE COCAMHHUTENbHBIX JUMHUN Ha CXeMe HE OTOOpa)karoT
HaTypaJbHYIO [UIMHY IPOBOJA WJIM €r0 PAaCIIOJIOKEHUE B PEaJbHOM YCTPOMCTBE.
MOosKeT MoTyYuThCA TaK, YTO camasi IJTMHHASL COSTMHUTENIbHAS TUHUS, U300pasKeHHAS
Ha CXEM€, B PEaJIbHOM YCTPOUCTBE OyAET MPEACTaBIATh KOPOTKUM MPOBOJHUK HIIH
€ro MOJIHOE OTCYTCTBHE, MOTOMY UYTO 3JIEMEHTHI CXEMbI MEXAY COOON MOryT OBITh

COCIHMHCHBI UX BbBIBOJAAMM. 3J'I€KTpI/I‘-I€CKI/Ie XapaKTCPUCTUKHU IIPOBOAOB IMMPAKTUICCKHU



HC OKa3bIBAIOT BJIMSIHUC HA JIPYTUC IMAPAMCTPblI CXCMBbI, IIO3TOMY HUX HC YUYHTbLIBAIOT

IIPU pacyeTax Leneu.

Tabmuua 1 — Buabl 0003HaUYE€HNI 3JIEKTPUYECKOM CBSI3U B CXeMax MpHU 3a3€MJICHUU U

COCIMHCHUAX B IIPUHIOUIIMAJIBHBIX CXEMaX

CxemaTnueckoe
M300paKeHne HazBanwe cBsizu
CBSI3U

3azemiieHue

Kopmyc (Mamuusl, annapara, npudopa)

JIMHUM 3JEKTPUYECKON CBA3U C OTBETBICHUAMMU:

OJHO OTBCTBJICHUC

—_— JABa OTBCTBJICHUA

B AIEKTPUYECKUX LIETISIX HIAPOKO HCTIOJIb3YIOTCS pa3IuyHbIC
KOMMYTAIlMOHHBIE YCTpOMCTBa — KItO4YM. Kirod CioyXUT 1JIs MOIKITIOYEHUS WU
OTKJIFOUCHHSI UCTOUYHMKOB TMUTAHMS, a TaKKE COCIMHEHUS Pa3JIMYHBIX 3JIEMEHTOB B
Henu. OJIEKTPUYECKUE XAPAKTEPUCTUKU KIIIOYEH HE OKa3bIBalOT BIMSHUE Ha
nmapaMeTpbl IIE€NU: TOK OMNpeAeseTCs CTPYKTYpOM LeNu U €€ DJIEMEHTaMH.
HekoTopeie o0003HaueHUs KiIro4ueld mpeAcTaBieHbl B Tabnuie 2. B maHHOU
nmabopaTopHOM pabOTe UCTIOIB3YIOTCS MEXaHMUECKUE KITIOUH.

B crpokax manHo¥l TaGmuubl 1, 2, 3 moka3zaHo 0003HAUYECHHE OIHOTIOJIIOCHBIX
kirodeit. [lepeximrouaTenu Ha qBa B 60J1e€ MOJIOKESHHUS OTHOCSATCS K MHOTOIIOJTFOCHBIM
Kioyam (tabmuma 2, ctpoku 4, 5). Takue mnepexiaouaresd HM3MEHSIOT BUJL

COCAUMHCHUA JJICMCHTOB W HAIIPABJICHHUC 3JICKTPUYCCKOI'O TOKA B ICIIH.



Tabmuua 2 — OO03HAaYeHUsT KOMMYTALIMOHHBIX YCTPOMCTB M KOHTAKTHBIX

COCI[I/IHGHI/Iﬁ B IPUHIOUITUAJIBHBIX CXCMaAX

Ne VciioBHBIE 0003HAYEHUS Hassanus 3neMeHTOB
SJIEMEHTOB

Ki1r04 — BEIKITFOYATEIL HEABTOMATUYECKHUI

—_—
2 L K104 — OTAeNuTENb B LIENAX yIpPaBICHUs

3 Kimrou — KOPOTKO3aMbIKAaTECJIb B LCIIAX
praBHeHI/Iﬂ
4 L Kittou — nepexitouarenb Ha pasHble HENu
[
l—l—.
—1
5 + I K.HIOLI JJISL HepeKJIIOquI/IH HaHpaBJIeHI/Iﬂ TOKAa B

nersx (1 u 2 — BXoa 1 BBIXOJT COOTBETCTBEHHO)

/N

DNEeKTPUUECKHE 1IETTH MOTYT UMETh OJJHY UM HECKOJIBKO BETBEH C pa3TUYHBIM
YHCJIOM aKTHUBHBIX M NMACCUBHBIX 3J1€MEHTOB. JIt0OON 3aMKHYTHIM MyTh ISl TOKa,
MPOXOAIINA 0 HECKOJBKAM BETBSIM, Ha3bIBaeTCsl KOHTYpoM. B 3aBucuMocTH OT
qyclla KOHTYpOB DJJEKTPUUECKHE IIeNH pa3AeisioT Ha OJHOKOHTYpHbIE U
MHOTOKOHTYpHBIE. Takyke CYIIeCTBYET rpajals MO THUIy COCTUHEHHS SJICMEHTOB:
nocjeaoBaTenbHas, MapajiefbHas U IociIe 0BaTeIbHO-TIapalieIbHasl.

YcrpoiicTBo, 005aa01Iee CONMPOTUBIICHUEM, MOIYYHIIO Ha3BaHUE PE3UCTOP.
Pe3uctop B cxeme oOo3Hauaercss OykBoM R, a ero compoTHBIEHHE HU3MEpSIETCS B

Omax (Om). VYcinoBHoe 0003Ha4Y€HHE HEKOTOPHIX PE3UCTOPOB TIOKA3aHO Ha

e
a) 0)

a) TMHEHHBINA pe3ucTop; 0) MepeMEHHBINH PE3UCTOP

pucyHke 3.

Pucynoxk 3 — YcnoBHoe 0003HaueHNE PE3UCTOPOB



B nuHeWHOM pPE3UCTHUBHOM 3JIEMEHTE (PUCYHOK 3, a) TOK MPOMOPIMOHATIEH
HanpspkeHuto  (3akoH  Owma).  ComnpoTHBJIEHHE  OLICHUBAETCA  OTHOIIEHHEM
HanpspkeHuss U, IprIoKEeHHOro K KOHIIAM pe3ncTopa, kK cuie toka | B Hem: R=U/I.
Tak kak U=IR, To BoJibTamIiepHas XapaKTEPUCTHUKA PE3UCTOpPA MOTYy4aAETCs
JIMHENHOM.

[IepeMeHHBIN PE3UCTOP WM MOTEHIIMOMETP — 3TO YCTPOMCTBO, B KOTOPOM
MOYXHO HM3MEHSTH CONPOTUBIICHHE B MPOIIECCE IKCIUTyaTallih, U3MEHSS TEM CaMbIM
HampsDKeHUE WIM TOK B IIENU. YCIOBHOE O00O3HAUYE€HHE TaKoro pe3ucTopa
MPEACTABIICHO HAa PHCYHKE 3, 0. DTOT D3JIEeMEHT TOXe SBISICTCS OOBIYHBIM
CONpOTHUBJICHUEM. BCe pe3ucTopbl MOTYT MOJCOCIUHSITLCA B LEMH MOCIEA0BATEIBHO
U TIapaJlIeIIbHO.

B mocnenoBaTenpbHOM DJIEKTPUYECKOM ILENM KOHEL MEPBOTO  JJIEMEHTA
COEMHEH C HayaJoOM BTOPOI0, KOHEIl BTOPOr0 C HAYajoM CIEAYIOLIEro U Tak Jajee,
Kak Obl 110 Kpyry (pucyHok 4). [Ipu TakoM coeIMHEHUHN TOK UMEET TOJIBKO OJUH MYTh

IMPOXOKACHHUA OT UCTOUYHHUKA K HAI'PY3KC.

R, R, R,
e B o B
U ! S s N P I 4

Pucynok 4 — [locnenoBarenbHoe COEIMHEHHE PE3UCTOPOB

Jlns mocnenoBatenbHOM 1enu 001lee CONMPOTUBICHUE YBETUYMBAETCS U PABHO
CyMME BCEX COMPOTUBIICHUIN pEe3UCTOPOB ([1JIs1 pUCyHKa 4, TI€ TpU PE3UCTOPA)
R=R1+R>+R3. (1)
Toxku yepe3 Kaxablid pe3ucTop LEenu paBHbl Mex1y coboil: 1=11=I,=Is.
[Tagenue HampspKeHUs BAOJb BCEHl 1ienu OyAeT paBHO MPUIOKEHHOMY K 3TOMY
yuactky Hanpspkenuto U (DJIC), T.e. COCTaBUT CyMMy HaIpsDKCHHH Ha BceX

yuactkax nenu: U=U;+Uy+Us.
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B mapannenpHOM 3JIEKTPUYECKOM LEMH BCE PE3UCTOPBI COCAWHEHBI TAaKUM
o0pa3oM, 4TO WX HAYaJIO MOJACOCAUHSAIOTCA B OJHY OOIIYIO TOUKY — y3€J, @ KOHIIbI B
Apyroi ys3en (pUCyHOK 5). B aToM ciiydae TOK MpOTEKaeT 4epe3 KaKIblil pe3ucTop
OTJENbHO, a o0mmid Tok | Oyaer paBeH CyMMe TOKOB MapajulebHBIX BETBEH:
I=11+1,+15. ITanenue HanpsKEHUS HA BCEX pe3rUCTOpax OyJIeT paBHO MPHUIIOKEHHOMY

HAIIPSKCHUTIO Uk Y4aCTKy C HapajlJICJIIbHbBIM COCAMHCHUCM PC3UCTOPOB.

I—z-  J—

vl R L] |R, 26 R; — U R

Pucynok 5 — [TapaimenbsHO€ coeIMHEHUE PE3UCTOPOB

[Ipn mapaieTbHOM COCIWHEHWH PE3WCTOPOB OOIIee COMPOTHUBIICHUE IICTIH
OylIeT MEHbIIIC HAUMCHBIIETO M3 COMPOTUBIICHMS, BKIOUEHHOIO B TapaJlICIbHYIO
nenb. J[nsg Tpex mapaiieNbHO COSOUHEHHBIX PE3WCTOPOB 00IIee COMPOTHUBIICHHUE
ompenenseTcs mo dhopmyie

_ Rl RZ R3
R,+R, +R, "

(2)
[IpencraBnsieT MNpakTHYECKUH HMHTEpeC IeMb C JABYMS [apauIeIbHO

BKIIIOYEHHBIMH PE3UCTOPAMM, MMEIOIIHE PaBHBIE CONPOTHBICHHS. DKBHBAJICHTHOE

COIPOTHUBIJICHUE TAKOH LIEMTH PaBHO MOJOBHUHE OJJHOTO M3 CONMPOTHBIICHHIA.

[MTocnemoBarenbHO-MapaIeabHas SIIEKTPHYECKAs 13013 SBJISICTCS
KOMOMHaIMen Mmocae0BaTeIbHON U apajuieIbHON LIeTeil.

Bo MHOrMX memsiX MPUMEHSIOTCS JJICKTPHYCCKHE KOHICHCATOPHI  C
OIPEICIICHHOM 3JIEKTPOEMKOCThI0. EMKOCTBIO Ha3bIBAETCSI CITIOCOOHOCTH MPOBOTHHUKA
yIACPKUBATH 3apsd. TEOPETHUECKH M SKCIEPUMEHTAIBHO OKa3aHO, YTO IS JIF000M
nmapbpl M30JMPOBaHHBIX JApyr oT apyra Tten otHomenne Q/U (U — pasHOCTH

IMOTECHIIMAJIOB M Q — 3apdad MCXKAY TeJ'IaMI/I), OCTAaCTCA IIOCTOAHHBIM M HA3BIBACTCA

emkocThio Mexny HumMu C=Q/U. TloaTomy s mMaHHOW TWapel TeN MPH 3aJaHHOM
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MOJOKEHUU WX OTHOCUTEIBHO JApPYr Jpyra 3apsii MPOMOPIMOHANIEH Pa3HOCTH
noTeHranoB Mexay Humu: Q=CU. Enununieli m3MepeHus €MKOCTH SIBIISCTCS
dapana (D).

KonnencaTop — 3TO MpoCTeHIINiA AIEMEHT dJISKTPUUECKOM 11eTH, 001 aron i
eMKOCTbI0. [Tpumepbl yCIOBHBIX 0003HAYEHHI KOHJEHCATOPOB B MPUHIUITHAIBHBIX
cxemax MpelcTaBlieHbl Ha pucyHke 6. KoHaeHcatop XpaHHUT JHEpPryi0 B BUJC

QJICKTPHUICCKOIO I10JIA.

H= e E
a ) B

a) HeperyJupyeMslii; 0) peryaupyemMblii; B) 2IEKTPOIUTHUECCKHIA

Pucynok 6 — YcnoBHoe 0603HaUeHNE KOHACHCATOPOB

KoHzeHcaTop B menu MOCTOSIHHOIO TOKAa MOKET IPOBOAUTH TOK B MOMEHT
BKJIFOYEHHS €ro B 1enb (IPOMCXOIUT 3aps/iKa WM Nepe3apsaka KOHJIEHCATOpa), HO
10 OKOHYAaHHWH MEPEXOJHOI0 MPOLECCAa TOK Yepe3 KOHACHCATOP IpPEKpaIlaeTcs, TaK
KaK ero OOKJaJAKW pa3JesieHbl TUAIEKTPUKOM, U BCE HAIPSKEHUE LENU MPHUIOKEHO
MMEHHO K HEMY.

B menm mnepeMEeHHOro TOKa HPOMCXOAUT TEpe3apsika KOHAEHcaTopa C
onpeneneHHol yactotoil. Ilpu »aTom mosiBasieTcss cIBUr Mo (a3ze MeXay TOKOM U
HaIpsDKEHUEM: TOK OllepekaeT HampsbkeHue mo ¢aze Ha 4eTBepTh nepuoaa. Kak u B
ClIyda€ COEIMHEHHsI PpE3UCTOPOB, OCHOBHBIMU COEAVUHEHUSMU KOHIEHCATOPOB
ABJIAIOTCS MOCJIEAOBATENbHOE U MapajuienbHoe. [ noaydeHus: O0JIbIINX eMKOCTEN

KOHJICHCATOPbI COCAUHSIOT NapaJUIeIbHO (PUCYHOK 7).

I—. I,

U =FC =F=C TFCepp |==C

Pucynox 7 — [1apamiensHoe COeTMHEHNE KOHICHCATOPOB
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[Ipu 3TOM HampsKEHHE MEXIy OOKJIaIKaMi BCEX KOHIECHCATOPOB OJHHAKOBO.
OOG1mast eMKOCTh MapauIeIbHO COCTUHEHHBIX KOHICHCATOPOB PaBHA CyMME EMKOCTEH
BCCX KOHACHCATOPOB

Q=Q1+Q2+Q3=C1U+CoU+C3U=(C1+C2+C3)U,
OTKyJ1a
C=C1+C2+Cs. (3)

HpI/I IIOCJICA0OBATCIIbHOM COCANHCHUUN KOHICHCATOPOB 3apAabl BCCX

KOHJICHCATOPOB OJIMHAKOBHI, TaK KaK OT UCTOUYHHMKA MUTAHUS OHHU MOCTYMNAIOT TOJbKO

Ha BHEIIHUE OOKJIAIKU KpallHUX KOHJEHCATOPOB (PUCYHOK 8).

3 I,

U > | — s | =—=C

Pucynok 8 — [locnenoBarensHOE COeTMHEHUE KOHICHCATOPOB

OOKnaAKu NBYX CMEXHBIX KOHJIEHCATOPOB (Hampumep, KoHjeHcaTtopoB Ci
u C2), COSIUHEHHBIX OOINMM IPOBOJIOM, MPEACTABIIAIOT COO0M OJMH MPOBOIHUK, HA
KOTOpPOM 3apsisl HE MOTYT HakaruBaTbes. [loaToMy OOKIaaKd KOHACHCATOPOB
UMEIOT OJMHAKOBBIE [0 BEIWYMHE U TMPOTHUBOIOJOXKHBIE TIO 3HAKY 3apsiibl:
Q1=Q2=Q3. PasHOCTh HanmpsDKEHWI HA BXOJIE 1IETH, TTOKa3aHHOW Ha PUCYHKE 8, paBHA

CyMMe€ HalpsKEHUM OTIECIIBHBIX KOHJEHCATOPOB

U:U1+U2+U3:g+g+2:Q i+i+i :g,
C, C, C, C

Cl Cz 3
OTKyJ1a
1 1 1 1
= 4+
C C C, G
0071 C:%_ (4)
C,+C,+C,

13



MOXHO OTMETUTBb, YTO €MKOCTh IPH NApPaUIEIbHOM  COCAUHCHHU
KOHJICHCATOPOB OIPEAEseTCs] MOAOOHO TOMY, KaK OIPEAENseTCS CONMPOTHUBICHHE
MOCJIEIOBATEIbHO COCAMHEHHBIX COIMPOTHUBICHUM, W HAO0OPOT, €MKOCTh MpHU
MIOCJIEIOBATEIbHOM COEIMHEHHH KOHAEHCATOPOB OMpENENsSeTcsl MOJOOHO TOMY, Kak
OTIPENEIISIETCS CONPOTUBIIEHUE MTAPAJUIEIIBHO COEINHEHHBIX COTPOTUBIICHUM.

Takke 4YacTo BCTpEYaEMbIM D3JIEMEHTOM ILEMH  SBISETCS — KaTyllKa
WHJYKTUBHOCTU. DTO TACCHUBHBIM 3JEMEHT, OCHOBHOE NpPEAHA3HAUYEHHE KOTOPOTO
COXpaHEHHME HJHEPrud B BHUIAEC MATHUTHOrO mnoJyil. MHAYKTUBHOCTE — 3TO
XapaKTEPUCTHKA, OMNMUCHIBAIONIAS BO3HUKHOBEHHME MArHUTHOTO TOJISI  BOKPYD
MPOBOJIHUKA C TOKOM. TOK, MPOTEKAOIIMKA Yepe3 KATYIIKY UHIYKTUBHOCTH, CO3/1AET
B HE MAarHUTHOE I10JI€, KOTOPOE BBI3bIBAECT B BUTKAX KATYLIKU AJIEKTPOJIBUKYILYIO
cuity. B TO BpemMsa Kak KOHAEHCATOpP OKAa3bIBAET COMPOTHUBJICHHE W3MEHEHHIO
HaIpPsDKEHUs, UHAYKTUBHOCTD IIPEISITCTBYET U3MEHEHUIO TOKa. MieanpHas karyiika
WHAYKTUBHOCTH 0OJIaaeT HYJEBBIM CONPOTUBJIICHUEM, MOITOMY HE OKa3bIBAET
COIPOTHUBJIEHUE MOCTOSTHHOMY TOKY. OZHAKO B peajbHOM LEMH ITO COMPOTUBIICHUE
HYKHO YYUTBIBATh.

[Ipu 3amMblkaHUKM WM PA3MBIKAHWM IIEMHA C KaTYIIKONW BO3HUKAET SIBJIICHUE
CaMOMHAYKIMU. BUTKK KaTymiku OynyT MPOHU3BIBATHCA COOCTBEHHBIM MarHUTHBIM
MOTOKOM, KOTOPBIM HAa3bIBAE€TCA MOTOKOM CaMOUHIYKIUHU. COBOKYIHOCTh MOTOKOB
CaMOMHAYKIIMM BCEX BHUTKOB KATYIIKA Ha3bIBACTCS MOTOKOCIECIJICHUEM .
OTHOLIEHHWE TOTOKOCHEIUVIEHUS i/ K TOKY | KaTyniku mpu HEM3MEHHBIX MapaMeTPOB
cpeabl Ha3bIBAETCSd WMHIAYKTHUBHOCTHIO L= /1. Jlpyrumu cioBamu, WHIYKTUBHOCTH
XapaKTEpU3yeT CBA3b MOTOKOCUEIUIEHUS! CAMOMHIYKIMU C TOKOM JIF00Or0 KOHTYpa.
Ennnuneit nsmepenus ”HAYKTUBHOCTH CIyKUT reHpu (I'H). YciaoBHoe ob603HaUCHUE
Pa3IMYHBIX UHIYKTUBHOCTEN MPEICTABICHO HA PUCYHKE 9.

[Ipy BKIIFOYEHHNM KATYLIKW MHAYKTUBHOCTHU B LIENb IEPEMEHHOTO TOKA B LIETU
MOSIBIISIETCSA CABUT (Da3 MEXAY TOKOM W HaIpPsOHKEHUEM, MPH 3TOM TOK OTCTaeT OT

HAIpsHKCHUA Ha YCTBEPTH IIEPHUOJIA.

14
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a) 0) B)
a) KaTylIKa MHAYKTUBHOCTH; 0) KaTylIka UHAYKTUBHOCTH C MarHUTOIIPOBOIOM; B) KaTyIIIKa
WHIYKTUBHOCTU CaMOPETYJIUPYIOIast

Pucynok 9 — YcnoBHoe n300pakeHue KaTyleK HHIYKTHBHOCTEH

HpI/I IMOCJICAOBATCIIBHOM HWJIM IIAPAJUJICIIBHOM COCOAUMHCHHC I/IHIIYKTI/IBHOCTGI\/’I
ClIpaBCJIMBbl COOTHOIICHWA, AHAJOIMYHBIC TCEM, KOTOPBIC IPUMCHAIOTCA IIPpH
HOI[O6HI:IX COCINHCHUAX PC3HUCTOPOB. Ecan KaTyllKyu COCAHMHCHBI IIapaJlyICIbHO, TO

HaIpsHKEHUE Ha KaXJI0W U3 HUX OJIMHAKOBO (pucyHOK 10).

Pucynok 10 — ITapamienpHoe coelMHEHNE UHIYKTUBHOCTEN

OKBHUBAJIECHTHYIO (0OOIIYI0) WHAYKTUBHOCTh TapajuieIbHO COEAMHEHHBIX

KaTyIIeK MOYXHO OINPEIENIUTh 10 Gopmysie (coryiacHo pucyHky 10)
—=—"+—"+— wm L=—1123__ (5)
Tok, mpoTekaronMii dYepe3 TOCIEIOBATEIPHO COEAMHEHHBIE KaTYyIIKH

HHAYKTUBHOCTH, OAMHAKOB, HO HAIIPSAXKCHHUC Ha Ka)K,Z[OI\/'I KaTyIKEC MHAYKTUBHOCTH

oTiinyaercs (pucyHok 11).

Pucynox 11 —I[TocnenoBarenbHOE COEIMHEHNUE KAaTYIIEK UHIYKTUBHOCTEN
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CymMa pa3HoOCTel MOTCHIUAIOB (HAMPsHKEHWI) HA KaTYIIKaxX paBHA OOIIeMy
HanpsokeHuto  U=U;+U,+U;. OOmass  MHAYKTUBHOCTH  IOCJENOBATEIBHO
COEIMHEHHBIX KaTyIlIeK onpeaensercs no popmyre

L=L +L,+L,. (6)

OTO ypaBHEHHE CIpaBEIJIMBO MPH YCIOBUHU, YTO MAarHUTHOE TOJE KaXII0N U3

KaTyIIeK HEe OKa3bIBACT BIMSHUE HA COCEAHUE KATYIIKH.

PaccMOTpUM OJTHOKOHTYPHYIO 3JICKTPUYECKYIO IIeTb (PUCYHOK 12, a).

A

I . rl

-

i

I,
a) 0)

Pucynok 12 — OiHOKOHTYpHas JTUHEHHAS SJIeKTpUYECKas 1eMb (a) U BHEIIHSS

XapaKTepUCTHKA UCTOYHHUKA NUTaHus (0)

[Tox neficteuem DJIC & Bo BHemHel nenu OyaeT nporekaTh Tok |, BennumHa

KOTOPOTO omnpeaesiercs no 3akony OMa 11 Bceit 1enu

E
I_R0+R’ (7

rne R,— BHyTpeHHEE CONPOTUBIIEHHE UCTOUHHMKA.
13 Beipakenus (7) MOXHO MOiy4uTh E —IR,=IR., a BEJIMYMHA HAMPSHKCHUS
OyneTt paBHa
U=E-IR,. (8)
[To dopmyne (8) paccunThIBAETCS HANPSHKEHUE HMCTOYHUKA DIECKTPUUCCKOMN

sHepruu. OTCI0/1a MOKHO 3aIUCaTh

U=IR. 9)
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3aBucuMoCTh (9) Ha3pIBaeTCAd BHEIIHEW XapaKTEPUCTHKOM HMCTOYHUKA IPHU
MOCTOSIHHBIX 3Ha4YeHUsXx Hanpspkerus U u comporuBienust R, (pucyHok 12, 0).

Touka 1 COOTBETCTBYET PEKUMY XOJIOCTOIO X0Ja (X.X.), KOTOPBIM UMEET MECTO MpPHU
pa3oMKkHyTOM 1enu. Touka 2 COOTBETCTBYET PEXKUMY KOPOTKOIO 3aMbIKaHus (K.3.),
KOT'JIa 32KUMbI HCTOYHHKA ITUTAHUs coennHeHbl MexXay co0oit (R=0). Tok kopoTkoro

3aMBIKaHUS BEIYUCIIACTCS 110 (hOpMyIIe

| == (10)

I[JI}I ClIy4das COI1aCOBAHHOI'O PCKKUMA, KOI'la BBIIIOJIIHACTCA YCIIOBHUC R:Ro, BO
BHCIIHIOKO IICTIb 6y):[eT O0TAaBaTbCs HauOOoJIbIIAS MOIIHOCTB

E E?
Pu :ICZR:(E)ZRZE- (11)

rjae lc — Tok B lenu mpu COTrJIaCOBAHHOM PEKUME.

[Tpu n3mMenenun Harpy3ku R B Hee OyzieT MOCTyNaTh pa3inyHas MOIIHOCTh. M3
BBIPAXXEHUA I MOIIHOCTH P=Ul ciegyeT, 4To B KpalHUX PEXUMAX — XOJOCTOrO
X0la M KOpPOTKOTO 3aMblKaHWS — 3Ta MOIIHOCTh paBHA HYJO. MOIIHOCTS,
BbIJICNIIEMasi BO BHEIIHEH 11eTH (Ha Harpy3Ke), pacCUUThIBAETCS 10 (hopmyIie

Pu =I°R, (12)
a TIOJIHAsi MOITHOCTh BO BCE 1IeNU
P= ¢l (13)

Koaddunment nonesnoro aerictBus (KIIJ]) mcToyHMKa paBeH OTHOIICHHUIO

MOIITHOCTH BHEIIHEHN 1en Py K MOJIHOM MOIIHOCTH, OT/IaBa€MOM MCTOYHUKOM,

P, R:X R 1
TP T(R+R)I? R+R, L+R /R

(14)

N3 dopmynst (14) cnemgyer, 9TO MPU COTIIACOBAHHOM pexume, korma R=R,
n.~0,5. Ha xonocrom xony, Koraa conpoTuBieHue R crpeMutcs K O€CKOHEYHOCTH,
KITZ #xx=1, mpum kopoTkoMm 3ambikanuu, korma R=0, KII/ paBen Hym10.
3aBucHMOCThL 7 OoT oTHomeHus Ro/R mokasano ma pucynke 13. 3nauenuto #.=0,5

COOTBCTCTBYCT MaKCHUMaAJIbHAA Mnepcaadya MOITHOCTH B HAI'PY3KY.
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Bo MHOrmx ciaydasx B 3JIEKTPUYECKHMX LIETISIX HArPy3KOM SIBJIAIOTCS AKTHUBHBIE
MpUEMHUKH. B mpocreiimeM citydae akTUBHBIM JBYXIIOIIOCHUK MPEACTABIISIET COOOM

IMOCJICAOBATCIIbHO BKIIFOYCHHBIC HCTOYHUK ITUTAHUA U PC3UCTODP.

i

—

1 2 3 4 5 6 R/

Pucynok 13 — 3aBucumocts 7 ot otHomeHus Ro/R

Ha pucynke 14 npencraBieHa cxema 3aMellleHHs] aKTUBHOTO MPUEMHHUKA C
unaeanbHbiM ucTouHukoM OJIC (a) u ero BodbTaMmIiepHas xapakrtepuctuka (0).
HanpsbkeHne Ha BXOJ€ aKTHBHOTO IPHEMHHKA (IBYXIIOJIOCHHKA) PaBHO CyMME
HaAMPSHKEHUH U1€aTbHOTO UCTOYHUKA U PE3UCTUBHOTO DJIEMEHTA

U= &+IR. (15)

2) 5)
a) CXEMa 3aMCIICHUS aKTUBHOT'O HpI/IeMHI/IKa C nCaJIbHBIM HCTOYHUKOM;, 6) BOHBTaMHepHafI
XapPaKTCPUCTHKA AKTUBHOTO ITPUCMHUKA

PucyHnok 14 — AKTUBHBIN JBYXIOJOCTHUK
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4 OnucaHue HIKCHEPUMEHTAJIbHOW YCTAHOBKM M MeETOAHMKA

NMPOBECACHUSA IKCIICPUMEHTA

dotorpadus dSKCIEPUMEHTATBLHONW YCTAaHOBKHM MMOKa3aHa Ha pucyHke 15. Ha
MOHTaKHOM maHenu 1 ocymecTBiasieTcss cOOpKa ILeNd — YCTAaHOBKAa MOIYJei
UCCIIEAYEeMbIX 3JEMEHTOB: pe3uctopsl (2, 5), kouaeHcatopel (3), kmou (6),
npoBoja (4), mepembruku (7). ['He31a HA MOHTa)KHOHN TAHENIM COSJIMHEHBI COTJIACHO

MHeMocXeMe (pUCYHOK 16).

Plug In Board

o o o o o o oo

5 6 2

1 — MOHTa)KHas NaHeNb ¢ Pa3beMaMU; 2 — PE3UCTOPHI Ha Pa3INYHbIe HOMUHAbL;

3 — KOHJIEHCATOPBI C PA3INYHBIMU DIIEKTPOEMKOCTSAMU; 4 — COETUHUTENbHBIE TPOBO/IA;
5 — mepeMeHHbBIE PE3UCTOPBI; 6 — KII0Y; 7 — MepeMbIUKa

Pucynok 15 — ®otorpadus Habopa 111 cOOPKU AIEKTPUIECKUX Lenei

JleBsTh OTBEPCTUH KaXJ0T0 U3 12 GJIOKOB MOHTa)XKHOM MAaHENH MPECTABIISIOT
co0OM OIWH pa3zbeM I MOAKIIOUCHHS. BBIOOp OJ0Ka MM OTBEPCTHS 3aBHUCHT OT
pasmepa moaynsa. Kaxaelii Moaynb JOJDKEH MOAKIIOYATBCA B JiBa OJIOKa, Kak
OKa3aHO Ha pHUCYHKe 16 — moakiaroueHa mepembiuka (1) M COeTUHHUTEIbHBIM

npoBo (2). [TepeMbruka CITy>KUT IUIsI COETMHEHHS OJIOKOB 0€3 3JIEMEHTOB.

19



ST aslsslas
I /m

HH H BH

1 — nepembluka; 2 — COEAMHUTEIbHBINA TPOBOJL

Pucynok 16 — MHemocxema MOHTaKHOM MaHeIu

Cxema coOupaeTcsi C HCIOJb30BAaHHEM DJIEMEHTOB IIEMHU, 3aKIIOYCHHBIX B
MOJYJIM C HM300pakKEHUSMH SJEMEHTOB. MOJyliM Ha TaHeIu pacroJiaraloTcsi B
IIPOU3BOJIBHOM TIOPSJKE, HO coOpaHHas IeMnb JI0JbKHA ObITh 3aMKHYTOH. McTOUHUK
nutanus (D/1C) moakIroYaeTcs K MaHeau JBYMsI COCIMHUTEILHBIMH MTPOBOJIaMU, a B
MPUHLIUIHATBHON cXeMe N300paxaeTcs CoriacHO PUCYHKY 17.

1
L

Pucynok 17 — YcnoBHoe o6o3Hauenne ucrounuka 3J1C B cxeme

5 llopsinok BbINOJIHEHHS Pa00THI 1 00padoTKA pe3yIbTaTOB

B nynkrax 5.1-5.4 HeoOxomumo coOparh MPEMIOKEHHYIO IeMb, O HEH
HAYEPTUTh DJICKTPUYECKYIO MPUHIMIHUAIBHYIO CXEMYy C YKa3aHHEM HalpaBJIeHUS
CUJIbl TOKA B IIEMHU U y KaXJOTO JIEMEHTA MPOCTABUTh 3HAKU «—» U «1», 3aMucarh
HOMUHAJBl JJICMEHTOB U BBIMOJHUTH 3a7aHus, HCHoab3ys dopmynsl 1-15.
Hanpsixkenne ucrounuka 3/JC & =10 B. HomuHansl pe3ucTopoB U KOHAEHCATOPOB
BBIOMPAIOTCSI CAaMOCTOSATENbHO. B myHKTax 5.5 u 5.6 pacCUMTHIBAIOTCS U CTPOSATCS
3aJIaHHbBIE XapaKTEPUCTUKH, COOPKa IIENH HE TIPOBOUTCS.

5.1 DneMeHTBHl D3JIEKTPUYECKOM 1LeMu M  Cnocod MX COEIUHEHHUS:

MOCJEA0BATEIBLHO COCIMHEHHBIE KITto4, UCTOUHUK D/[C, Tpu pa3HbIX pe3ucTopa.
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3adanue. PaccuutaTth 00II€€ COMPOTUBICHHUE LIETIH, MOIIHOCTD, BBIACISIEMYIO
Ha Harpy3Ke, 3HaYeHUE CUJIbI TOKA B IIEMH.

5.2 DneMeHTbl DSJIEKTPUYECKOM 1enu M  Crnocod MX COEIUHEHHUS:
MIOCJIEIOBATEIbHO COEIMHEHHbIE K04, HCTOYHMK OJC W Tpu mnapamienbHo
COCIMHEHHBIX PE3UCTOpa.

3aoanue. Paccunrtath 00I1€€e CONMPOTUBICHUE IEMHU, MOIIHOCTh, BBIACISIEMYIO
Ha Harpys3Ke, 3HaUYeHUE CUJIbI TOKA B IIEMH.

5.3 DaeMeHThI IEKTPUUYECKON LIETIH U CIIOCO0 MX COEAMHEHMS: K UCTOUHUKY
OJIC moaKIOYeHbl PE3UCTOP U JIBA PA3HBIX KOHJEHCATOPA, KIFOY MOJCOCAUHSACTCS
TaK, 4TOOBI MOYKHO OBUIO K MCTOYHHKY MOJIKIIOYATh TOOYEPETHO WM OJIUH, WIH JIBa
KOHJIEHCATOopa.

3aoanue. PaccunTaTh NI JABYX BApUAHTOB MOAKIIOYEHHUS KOHIEHCATOPOB
0O0IIy 0 2JIEKTPOEMKOCTb, OOIIMI 3apsi/] U MMaJIeHUE HAIPSHKEHUS Ha KOHJEHCATOpax,
a TaKKe 3apsijl ¥ MMaJICHUEe HAIMPSHKEHUST Ha Ka)KJIOM KOHJIEHCATOPE.

5.4 DneMeHThl JJNEKTPUYECKOM 1enmu U CIHOCO0 UX  COCJAMHEHUS:
MIOCJICIOBATEIHHO TMOAKIIOYEHBI KITto4, UCTOYHUK DJIC, pe3uctop u mepeMeHHBIH
pe3ucTop.

3aoanue. PaccuntaTh MUHUMAJIBLHOE M MAaKCUMaJIbHOE 3HAUYEHUE CHUJIBI TOKA B
JTAaHHOM IETIN.

5.5 DneMeHThI ANEKTPUYECKON IEeNU U CIOCOo0 MX COCIWHEHUS MOKa3aHbl Ha
pucynke 18. 3nauenue conporuBnenus Rp=100 Owm.

I—

Pucynok 18 — OnHOKOHTYpHasl TOCJIeI0BATENbHAs 1IETb C BHIHECEHHBIM BHYTPEHHUM

conpoTuBiieHHeM Ro
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3adanue 1. Paccuntarh U MOCTPOUTH 3aBUCUMOCTH KO3((UllMeHTa MOJIE3HOro
neiicTBus nenu ot otHoumenus Ro/R.

3aoanue 2. Vicnonw3ys naHHble TaOMUIBI 3 (TOK M HANpPSIKEHUE) U CXEMY,
M300paXEHHYIO Ha PUCYHKE 18, MOCTpOUTH BHEIIHIOW XapakTepuctuky. [lo rpaduxy
OMpENEINTh TOK KOPOTKOTO 3aMbIKaHHS W CPaBHUTh STO 3HAYEHUE C PaCUETHOU

BEJIMUUHOU.

Ta6Jmua 3 — 3HaueHus HaIIPAKCHUA, TOKA, MOIITHOCTH W COIIPOTHUBJICHUA HAI'PY3KH

Benumuwabl | 3HaueHHsS BETWYWH
I, MA 9 | 17 | 50 | 70
U,B 9185|5133
Py, Bt
R, Om

3adanue 3. Vcnonw3ys naHHbIE TaOMUIBI 3 U cxeMy, H300paKEHHYIO Ha
pucynke 18, paccuuTaTh MOIIHOCTH Py, BBIACISIEMYI0 BO BHEIIHEW menu (Ha
Harpy3ke), M CONpPOTHBJICHHS Harpy3ku R, moctpouts 3aBHCHMOCTh P,=f(R).
PacueTrHbie 3HAUE€HHS MOIIHOCTM M COMNPOTUBJICHHUS 3aHecTH B Tabmumy 3. Ilo
rpauKy OmpenenuTh MaKCUMAJIbHYIO MOIIHOCTD, BBIJICTSIEMYI0 BO BHEIIIHEW IIETH,
CPaBHUTH ATY BETUYUHY C PACUCTHBIM 3HAUCHHECM.

5.6 DeMeHTBI PIEKTPUUYSCKOM e U CIOC00 WX COCIMHEHUS IOKa3aHbl Ha
pucynke 14. Conpotusinenus paBHbl 500 OM u 1000 Om.

3aoanue. PaccuuTaTh W TIOCTPOUTH BOJBTAMIICPHBIC XapPaKTEPUCTHKU

AKTUBHOI'O IIPUCMHHKA.
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6 KoHTpoJIbHBIE BONIPOCHI

Yro npeacTasiset co0o0il deKTpruecKas Hemnb?

Urto onpenensieT xapakrep uenu?

[lepeuncnute OCHOBHBIE 3JIEMEHTHI JIEKTPUUECKON LEIH.
YTo Takoe KOPOTKOE 3aMbIKAHUE U XOJIOCTOM X0 LenH?

O6msicaute 3aBucuMoctb KII/ oT Toka Harpy3ku?

L A

Uto Ha3bIBAE€TCS BHENIHEW XapAKTEPUCTUKOM JICKTPUUECKOM 1eTn?

7. YUem oTiauvaeTcss aKTUBHAs Harpy3ka OT TIaCCUBHOM HArpy3ku H UX
BOJIbTAMIIEPHBIC XapaKTEPUCTUKU?

8. OnummTe MacCUBHBIC 3JIEMEHTHI JIEKTPUUECKOM TSN U MX CBOWCTBA.

9. 3amumuMTe COOTHOIICHHWS TPU TMOCICIOBATEIPHOM W TapalieIbHOM

COCOAMHCHHUH ITACCUBHBIX 3JICMCHTOB IICIIH.

bubuanorpaguyeckuii CNucok

1. Ocenenuuk, 10.C. ®usnka: MoayiabHBIM Kypc JUIsi TEXHHUYECKHX BY30B:
yueb. mocobue mis OakamaBpoB / FO.C. Ocenemuuk, IL.U. Camoiinenko. — M.:
WznatensctBo FOpaiit; U] FOpaiit, 2013. — 526 c. — (Cepus: bakanasp. bazoBbrii
KypC).

2. Tpodumona, T.U. Kypc ¢pusuku: yuaed. mocodbue s By30B. Pex. MO. — 17-
e usn., crep. / T.W. Tpopumosa. — M.: M3nat. nentp «Axkamemus»: Beicmt. mk., 2010.
—560 c.

3. Hetnad, A.A. Kypc ¢usuku: yueb6. mocob. mist BTy3oB. Pex. MO. — 6-¢
3., crep. / A.A. letnad, b.M. ABopckuit. — M.: U3nat. nentp "Axanemus", 2009.
— 720 c.

4. TOCT 2.702-2011 Epunast cuctemMa KOHCTPYKTOPCKOM JOKYMEHTAIMU
«IIpaBuia BbImOMHEHUS 3MeKTprUueckux cxem». lata Beenenus 2012-01-01 Mocksa

Crapunaptundopm, 2020. — 23 c.

23



VyeOHoe n3nanue

Tununa Enena Banepuesna

QJEKTPUYECKUE LHEIIA IIOCTOAHHOI'O TOKA

MGTOIII/I‘-ICCKI/IG YKa3aHH:A 110 BBIIIOJIHCHHIO Ha60paTOpHOﬁ pa6OTI>I

[Tonnucano B neyathb . Tupax 10 k3.
Ps3zanckuit uHCTUTYT (buman)

MOCKOBCKOTO ITOJIATEXHAYECKOTO YHUBEPCUTETA
390000, r. Psizann, yu. [IpaBo-JIsibenckas, 26/53



