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IHosicHuTEeALHAA 3aNIUCKA

Metoauyeckue yka3aHus MO BBIMOJHEHUIO TPAKTUUECKUX PabOT MOArOTOBIICHBI Ha
OocHOBe paboueid mporpammbl ydeOHOW mucnumuabl OI1.10 «DnexTporexHuka wu
JIeKTpOoHUKay pazpadoTanHoi Ha ocHoBe DPI'OC CIIO mo cnemumansHOocTH 44.02.03
[lemarorvika JIOMOJMHUTEILHOIO OOpa3oBaHUST M  COOTBETCTBYIOIIUMX OOIUX U
npogeccuonansubix (1K) komneTenHmmii:

OK 3. OuenuBarh pUCKU U MIPUHUMATH PEIICHUS] B HECTAHAAPTHBIX CUTYaIUAX.

OK 4. OcymiecTBiaTh NOUCK, aHAJIU3 U OLICHKY WH(pOpMaIu, HEOOXOAUMOM IS
MIOCTAHOBKH U peIlIeHUs MPOPECCUOHANIBHBIX 3a7a4, TPO(PECCHOHATBHOTO U JIMYHOCTHOTO
pa3BUTHSL.

OK 8. CaMoCTOSITENIBHO ONPEEIATh 33]]a4 MPOoheCCUOHATBLHOTO U IMYHOCTHOTO
Pa3BUTHS, 3aHUMATHCSI CAMOOOPa30BaHUEM, OCO3HAHHO TJIAHUPOBATH IMOBBIIIICHUE
KBaJTU(DUKAIIAH.

[1K 3.1. Pa3zpabarbiBaTh METOAMYECKUE MAaTEPHUAIIBI (paboure MporpaMmsl, y4eOHO-
TEMAaTUYECKUE MJIaHbl) HA OCHOBE MMPUMEPHBIX C YUETOM 00JIACTH IESITEILHOCTH,
0COOEHHOCTEM BO3pacTa, rPYIIbl U OTACIbHBIX 3aHUMAIOIITUXCS.

[1K 3.5. YyacTBOBaTh B UCCIIEIOBATEIBCKON U TPOCKTHOM JEATEILHOCTU B 00JaCTH
JOTIOJIHUTEJIBHOTO 00pa30BaHUs JICTEH.

[Ipu BBIMOTHEHUYU PAKTUYECKUX PAOOT CTYJICHT JOKEH 3HATh:

- KJIacCU(DHUKALIMIO AJIEKTPOHHBIX TPUOOPOB, UX YCTPOUCTBO U 00JACTh
MPUMEHECHUS;

— METO/Ibl pacueTa U U3MEPEHUsI OCHOBHBIX MTAPAMETPOB IEKTPUUECKUX LETIEH;

— OCHOBHBIE 3aKOHBI 3JIEKTPOTEXHUKH;

— OCHOBHBIE TIPaBUJIa FKCILTyaTaLMK 3JIEKTPOOOOPYIOBAHUS M METOAbl U3MEPEHUSI
ANEKTPUUYECKUX BEITUYMH;

— OCHOBBI TEOPUH ANEKTPUUECKUX MAIIWH, TPUHITUI pabOThl TUTTOBBIX
AIEKTPUYECKUX YCTPOUCTB;

— napaMeTphl AIEKTPUIECKUX CXEM U €IUHUIIBI UX U3MEPEHUS; MPUHITUIT BEIOOpA
ANEKTPUUYECKUX U DJICKTPOHHBIX TPUOOPOB;

— MPUHIIUAIIBI COCTABIICHUS TIPOCTHIX JICKTPUUECKUX U DJICKTPOHHBIX IIENeH;

— CIIOCOOBI MOTYYEHUS, TIEPEIavu U UCTIOJIb30BAHUS JICKTPUUECKON DHEPTUN;

— YCTPOMCTBO, MPUHITUII JCHCTBUS U OCHOBHBIE XapaKTEPUCTUKHU
AIEKTPOTEXHUYECKUX MTPUOOPOB;

— OCHOBBI (PU3UYECKUX MPOIIECCOB B MPOBOJHUKAX, MOTYPOBOIHUKAX U
JURJIEKTPUKAX;

— XapaKTepUCTUKU U TTapaMETPhI JIEKTPUUECKUX U MATHUTHBIX MOJIEH, MapaMeTpbl
PA3JIMYHBIX JIEKTPUUCCKUX LIeTIeH

[Tpu BEINOTHEHUH MPAKTUYECKUX PAOOT CTYJICHT J0JIKEH YMETh:
- BBIOMPATH AIEKTPUUECKUE, DIEKTPOHHBIE MPUOOPHI U 3JIEKTPOOOOPYAOBAHUE;
- MPaBUJIBHO JKCIUTYaTUPOBATH AJIEKTPOOOOPYIOBAHUE W MEXaHM3MBI Iepeaadu
JIBH)KEHUS TEXHOJIOTMYECKUX MAIMH U annapaTos;
- MIPOU3BOJIUTH PACUETHI IMTPOCTHIX ANEKTPUUECKUX LIETIEH;
- pPacCUMTHIBATH IMAPAMETPBI PA3TUUHBIX JIEKTPUUYECKHUX LENEH U CXEM;
- CHUMAaTh IIOKa3aHUS U IOJIb30BATHCS AJIEKTPOU3IMEPUTENILHBIMU MPUOOpaMU U



MPUCTIOCOOTICHUSIMU

ConepxaHue NPAKTUUYECKUX 3aHATHH ompeneneHo paboyeil mporpamMmoil u

TEMATHYCCKUM IJIAHUPOBAHUEM, COOTBETCTBYET TCOPETUUCCKOMY MaTepHaly U3ydaeMbIX
pa3zenoB y4eOHOU JUCITUTIIHHBI.
OOBEM MPAKTUYECKUX 3aHATHN 10 TUCIUIUIMHE ONpEeeisieTcss YICOHBIM IIIaHOM
TI0 JTAHHOW CHCIMATbHOCTH.
KoMIIIEKT METOIMYECKUX YKa3aHUH 110 BBITOJHCHHIO MPAKTHYECKUX PadOT
JUCIMIUTAHBI «DJICKTPOTEXHUKA M DJICKTPOHHKA» COJCPKUT 19 MpaKTHYECKUX3aHATHH.



IlepeyeHb NpaKTHYECKUX PAdOT
M0 TUCHHUILIHHE «JIEKTPOTEXHUKA U JIEKTPOHUKAY

IMPAKTUYECKAS PABOTA Nel
Tema: DxkcnepruMeHTalIbHAs MpoBepKa 3aKkoHa Oma.

IMMPAKTUYECKAS PABOTA Ne2
Tema: OnbITHas NpOBEpKA MPUHIMUIIA HAIOKEHUS TOKOB

ITPAKTUYECKAS PABOTA Ne3.
Tema: OnbpITHas NpOBEpPKa METOAA SKBUBAJIEHTHOIO T'€HEPATOpa

INPAKTHYECKAS PABOTA Ne4

Tema: Marnutaele nenu. Pacuér Hepas3BETBIEHHOW OJHOPOJHOM MAarHUTHOW LICIIH.
MarautHOoe CONMpOTUBIICHHE. MarHutoaBuxymias cuia. Pacdu€T pa3BEeTBIEHHOU
OJHOPOJAHON MarHMTHOM LEMNU. Y 3JIOBbIE U KOHTYPHBIE YPABHEHHSI MAarHUTHOM LIENN

IMMPAKTUYECKAS PABOTA Ne5
Tema: 3aK0H 3JIEKTPOMArHUTHON HHAYKIUU.

IMPAKTHYECKASA PABOTA Ne6

Tema: Llenu ¢ aKTUBHBIM CONPOTUBIIEHUEM, HHIYKTUBHOCTBIO, EMKOCTBIO, PEAJIbHOU
KaTyIIKOW, peaIbHBIM KOHAEHCATOPOM

IMPAKTUYECKAS PABOTA Ne7.
Tema: MccnenoBanue 1enu nepeMeHHOro ToKa ¢ ociae0BaTeIbHbIM
COCAMHEHNEM AKTUBHOT'O ¥ PEAKTUBHOI'O 3JIEMEHTOB, C NAPAIIJIEIIbHBIM
COEIMHEHNEM AKTUBHOTO Y PEAKTUBHOTO JIEMEHTOB

INPAKTHYECKAS PABOTA Ne8
Tema: M3MepeHne nmapamMeTpoB MHAYKTUBHO CBSI3aHHBIX KAaTyLIEK.

IMPAKTUYECKAS PABOTA Ne9.
Tema: Uccnenosanue TpéxdazHoil Lienu npu COeTMHEHUN MOTpeOUTENeH «3BE301» U
«TPEYTroJIbHUKOM

INPAKTUYECKAS PABOTA Nel0.
Tema: Dnexkrpodu3nyeckue CBONCTBA MMOJYNPOBOJHUKOB. BHYTpeHHSIsT CTpPyKTypa
noyiynpoBoJHuKa. [IoHsITHE «KOBajeHTHAs CBSA3bY» U €€ 0COOEHHOCTD.

IMMPAKTUYECKASA PABOTA Nell.
Tema: Toku B momynpoBogHUKaX: npeiidosbiit 1 nupdy3nonnsii. HepaBHOBecHBIE
HOCHUTEJIH 3aps/ia B OJYNPOBOJHUKE. BpeMst )Ku3HU U CKOPOCTh pEKOMOMHALINN
HEPABHOBECHBIX HOCUTEJEH, CBA3b 3TUX MAPAMETPOB C YACTOTHBIMHU



CBOMCTBaMH MOJIYIPOBOJHUKOBBIX PUOOPOB.

ITPAKTHYECKAS PABOTA Nel2.
Tema: MccnenoBanue xapakTepUCTUKU U TApaMETPOB CTA0MIIUTPOHA

IMMPAKTUYECKAS PABOTA Nel3.
Tema: HccnemoBaHune XapakTEepUCTHK M TApaMETPOB OHUMOJSIPHOTO TPAH3HUCTOPA,
BKJIFOUEHHOTO 110 cxeme ¢ OD

INPAKTHYECKAS PABOTA Nel4.
Tema: MccnemoBanne XapakTepUCTUK U MApaMeTpoB IoJieBoro tpanzucropa M/III-

CTPYKTYPBL.

INPAKTHYECKAS PABOTA Nels.
Tema: UccnenoBanne XapakTEepUCTUKU U TAPAMETPOB TUPUCTOPA

INPAKTHYECKAS PABOTA Nelé6.
Tema: MccnenoBanue XxapakTepUCTUKU U TapaMeTpoB GOTOIHOA

IHPAKTUYECKAS PABOTA Nel7.
Tema: HccnenoBanue yCWIATENS HAPSIKEHUS 3BYKOBOU YaCTOTHI.

INPAKTHYECKAS PABOTA Nel8.
Tema: UccnenoBanne IByXTaKTHOTO YCUITATEINSI MOIITHOCTH

IMMPAKTUYECKAS PABOTA Ne19.
Tema: UccnenoBanne yCUIMTENS IEPEMEHHOTO TOKA

IMPAKTHYECKASA PABOTA Ne20.

Tema: UccnenoBanne cXxeMbl CYMMUPOBAaHUS HANPSIKEHNS HA ONEPALUOHHOM
YCUJIUTEE.

IMMPAKTUYECKASA PABOTA Ne2l.
Tema: MccnenoBanue SMUTTEPHOTO U CTOKOBOT'O TOBTOPUTENIECH HANPSIKEHMUS.

IMPAKTHYECKAS PABOTA Ne22.
Tewma: MccnenoBanue paboThl MyJIbTUBUOpATOpa HA TPAH3UCTOPAX

IMPAKTHYECKAS PABOTA Ne23.
Tema: MccnenoBanne paboTbl MOCTOBOW CXEMBI BBITTPSIMIICHUS



NHCTPYKIHUHA JJIS1 OBYYAIO I XCA
ITO BBIITOJIHEHUIO TIPAKTUYECKHUX PABOT

[Ipexxne 4yeM NOPUCTYNUTH K BBHINOJHEHUIO 33/J1aHWN, BHUMATEIBHO IPOYUTANTE
JaHHble pekoMeHaanuu. lIpakThueckue paOOTHl BKJIIOYAIOT B ceO0sl  3ajaHus
CIEAYIOIIUX BUIOB:

1. OTBeT Ha MOCTABJIEHHBIE BONPOCHI (C apryMeHTaIHeill)

[IpounTaiiTe BOIIPOC 1 BHUKHUTE B HETO.

Jliisa ynoOcTBa moauepkHUTE Ty, (ppasy, KOoTopas, 0 BalleMy MHEHHUIO, SIBISETCS
IJIaBHOM. DTO MOMOKET BaM OBICTpEE COPUEHTHPOBATHCS IIPU OTBETE HA BOIIPOC.

Eciu Bbl cuuTaere, YTO MOXKETE€ OTBETUTh Ha BONPOC O€3 MOMOLIM JIEKIHU U
JOTIOJIHUTENBHON JIMTEpaTypbl — MpucTymnaite. Eciam ke Bompoc 3acTaBisieT Bac
COMHEBATbCA, OTKPOWTE JIEKIMOHHYIO TeTpaab (YYeOHUK WIH JOMOJHUTEIbHYIO
JUTEPATYPY), IPOUYUTANTE HEOOXOAUMBINA MYHKT, BHUKHHUTE B COJAECPHKAHUE U MOCIE 3TOrO
IPUCTYIANTE 3a padboTy.

I''TABHOE! He nepenuchiBaiiTe OTPBIBKHM JIEKIIMU B padouyro TeTpanb! UeTko
otseuaiite Ha [IOCTABJIEHHbBIN Bompoc!

He 3a0yzabTe mpuBecTu aprymeHTanuo (000OCHOBaHUE) Balllel MO3ULIUU, €CITU
BOMPOC MPEANOoiaraeT JUYHOCTHOE OTHOIIEHHE K ITpodieMe.

2. 3anoJiHeHHMe Ta0JIMI M CXeM

[IpounTaiiTe Ha3BaHUE TAOIUIBI MU CXEMBI.

Ucxons u3 Ha3BaHMs, BbI MOMMETE 1IEJIh NPEACTOSIIECH paOOThI.

Bocrnons3yiiTech MarepuaniamMu JEKUMA WIM APYTUMU HCTOYHMKAMHU, YTOOBI
3aMOJIHUTH Ta0IUIly (CXEMY).

Hcnons3yiiTe 11BeTHBIE rpaduyecKre MaTepuabl Js1 BBIACICHUS CTPOK, CTOJIOLOB
VI 3JIEMEHTOB CXEM.

Ocoboe BHMMaHKE oOpaliaiTe Ha YeTKOCTh IPH OTOOPE MaTepuana: JenanTe
3aIMCH KPATKO U YETKO!

3. BelnosiHeHHe pacyeTHBIX 3aIaHUM.

1. BHUMATENBbHO NPOYMTAUTE TEOPETUUECKHM  MaTE€pUall -  KOHCIIEKT,
COCTaBJICHHBIH Ha y4eOHOM 3aHATHH. Bpimummre ¢GopMynbl M3 KOHCIEKTa [0
M3y4aeMOU TEME.

2. OOpatuTe BHUMaHHE, KaK HCIOIb30BAINCH JaHHbIE (POPMYJIIBI IPU PELICHUU
3a/1a4 HA 3aHATHH.

3. BrinuiunTe Bam BapUaHT 3aJ1aHMs], TPEAJIOAKEHHOTO B JAHHBIX METOIHYECKUX
YKa3aHUSX, B COOTBETCTBUU C MOPSAKOBBIM HOMEPOM B y4€OHOM KypHAJIe.

4. PemuTe mpenyoxkeHHYIO 3a/1a4y, UCIIOJb3Ys BBIMHCAHHbBIE (DOPMYIIBIL.

5. B cnyuae He0OX0IMMOCTH BOCHIONB3YHTECh CIPABOYHBIMU IAHHBIMHU.

6. Ilpoananu3upyiite TMOJY4YEHHBIM pe3ynbTaT (MPOBEPHTE PA3MEPHOCTHU
BEJIMYMH, TMPABWIBHOCTh TMOJCTAHOBKA B  (OPMYJbl YMCIEHHBIX 3HA4YEHUH,
[IPaBUWIBHOCTh PAacu€TOB, IPABUJIBHOCTH BBIBOJA HEU3BECTHOW BEJIUYUHBI U3

hopmyIibl).



7. Pemenme 3amad JOJKHO COMPOBOXKAATHCS HEOOXOIUMBIMHU TOSICHCHHSIMHU.
Pacuérubie (opmynbl NpUBOAUTE HA OTACIBHOM CTPOKE, BBIACNAS W3 TEKCTa, C
yKa3aHueM pa3MepHOCTH BenuuuH. Dopmynbl 3amuchiBaiiTe cHauyajga B OOIIEM BUIE
(OyxkBeHHOE BBIpa)XEHHE), 3aT€M IOJICTABIISIATE YKCIIOBbIE 3HAYCHHUS O€3 yKa3aHHs
pa3MepHOCTEH, MOCIE Yero MPUBEIUTE KOHEUHBIN PE3yNIbTaT PACUETHON BEIMYMHBI.

[Toka3zaTenu OolleHKH pe3yJbTaTOB BHEAYIUTOPHOU CAMOCTOSTENLHON pabOThI:
- TpaMOTHasl 3aMKMCh YCIOBUSA 3a7a4M U €€ PEIICHUS,

- TPaMOTHOE UCIOJIb30BaHUE (POPMYIT;

- TPAaMOTHOE MCIIOJIb30BaHNUE CITPABOYHOM JINTEPATYPHI;

- TOYHOCTb U MPABUIIBHOCTh PACUETOB;

- 000CHOBaHME PEIICHUS 3a]a4H.

4.0dopMiieHHe OTYETOB MO JA0OPAaTOPHBIM M NPAKTHYECKMM padoTtaMm H
MOATOTOBKA K UX 3allIUTe

1. OOpaTtuTech K METOJMYECKUM YKa3aHHUSM IO MPOBEICHUIO JTa0OPATOPHBIX U
MPaKTUYECKUX paboT U opopMuUTE pabOTy, YKa3aB Ha3BaHUE, 11€JIb U KPATKUU MOPSIOK
MIPOBEICHHS paOOTBHI.

2. TloBTOpUTE OCHOBHBIE TEOPETHUECKHE IOJOKEHUA MO TeMe JabopaTOpHOM
WM TPAKTUYECKON paldOoThl, HCIONb3YS KOHCIEKT JIEKIUHA WIH METOAUYECKUE
yKa3aHusl.

3. CdopmynupyiiTe BBIBOJBI MO pe3yJibTaTaM pabOThl, BBHIMOJHEHHON Ha
yueOHOM 3aHATHH. B ciydyae HEOOXOAMMOCTH 3aKOHYMUTE BBITIOJIHEHUE PACYETHOU
YacTH.

4. TlonroroBbTeCh K 3alllUTE€ BBHITIOJHEHHONW pa0OTHI: TOBTOPUTE OCHOBHBIE
TEOPETUYECKUE MOJI0KEHUS U OTBETHTE HA KOHTPOJIBHBIE BONPOCHI, NMPEJICTABICHHBIC B
METOJAMYECKUX YKa3aHUSX 10 MIPOBEICHUIO JIA0OPATOPHBIX WM MPAKTUIECKUX Pa0OT.

[Toka3atenu OIleHKH Pe3yJbTaTOB BHEAYIUTOPHON CaMOCTOSITEILHON pabOTHI:

- ohopmiieHHE JTa0OPATOPHBIX U MPAKTUUECKUX PA0OT B COOTBETCTBHUH C
TpeOOBaHUSIMU,0NTUCAHHBIMU B METOAUYECKUX YKA3aHUSX;

- KAYECTBEHHOE BHITIOJIHEHNE BCEX 3TAMOB Pa0OTHI;

- HEOOXOJIUMBINA U JOCTATOYHBIA YPOBEHb MOHUMAHUS 1IEJIU U TIOPsIAKa
BBITIOJTHEHUSIPAOOTHI;

- MpaBWJIbHOE 0()OpMIIEHHE BHIBOJOB PA0OTHI;

- 000CHOBAaHHOCTb ¥ YE€TKOCTh U3JIOKCHHS OTBETAa HA KOHTPOJIbHBIC BOITPOCHI K

pabore.



INPAKTUUYECKAS PABOTA Nel
Tema: DxcniepuMeHTanbHas IpoBepKa 3akoHa Oma.

Heab: ONbITHBIM ITyTEM IPOBEPUTH MPABUIBHOCTH 3aKOHAa OMa sl y4acTKa, HAy4YUThCS
M0JIb30BATHCS aMIIEPMETPOM U BOJIBTMETPOM, COOMPATH IJEKTPUUECKYIO CXEMY.

OO6opynoBanme: VICTOUHUK MUTAaHUS, SJIEKTPUUECKUIN KITIOU, PEOCTaT, pE3UCTOP,
aMIIepMETP, BOJIBTMETP, COCAMHUTEIIbHBIE POBOA

CnpaBouHbIi MaTepuaJl

1. UBanos, U. . DneKTpOoTeXHUKA U OCHOBBI 3JICKTPOHUKH : yueOHUK s cro / U. .
NBanosg, I'. U. Conosbes, B. . ®pono. — Caukr-IletepOypr : Jlans, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — Tekct : anekTpoHHbIH // JIaHb : 37eKTPOHHO-0MOIMOTeYHAas
cucrema. — URL.: https://e.lanbook.com/book/152467

2. Tumodees, U. A. OCHOBBI 2JIEKTPOTEXHUKH, TIEKTPOHUKUA U ABTOMATUKH.
JlaGopatopHbIit TPaKTUKYM : yueOHoe rmocooue s cro / Y. A. TumodeeB. — CaHKT-
[TerepOypr : Jlans, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — TekcT :
3JeKTpOHHBIH // JIaHb : anekTpoHHO-0nOnoTeunas cucrema. — URL:
https://e.lanbook.com/book/153638

Conepxxkanue padoTsbl

DIIEKTPUYECKUM TOK 3TO HAMPABICHHOE JABUKEHUE 3aPSKEHHBIX YaCTHI] B
3JIEKTPUUYECKOM T10Jie. B TBEpIOM COCTOSIHUU BCE METAJIBI UMEIOT KPUCTAIITMYECKOE
ctpoenue. [Ipu oOpazoBaHNU METALUTUYECKOTO KPUCTAILIA, aTOMBI OTJAI0T YaCTh CBOUX
3JIEKTPOHOB "B 0011I€€ MoJIb30BaHue", Oy1arogaps 4eMy B METaUTMYECKOM KpHUCTaIe
00pa3zyeTcs "2JIeKTPOHHBIN ra3". ATOMBI , JIMIIIEHHBIE YaCTH CBOUX JICKTPOHOB
CTaHOBSITCS TTOJIOKUTENIBHO 3apshHKEHHBIMU HOHAMU. VIOHBI MeTallia pacioyIOKEHbI
YHOPSIZIOUEHHO, 00pa3ysi KPUCTATTUYECKYIO PEIICTKY

Honbl MeTasa pacioyioKeHbI YIOPSIOYCHHO, 00pa3ysl KpUCTAJUTMUECKYIO PEIIeTKY
Ecau B MeTasie BOZHUKACT AJIEKTPHUUISCKOE M0JIe, CBOOOTHBIC AICKTPOHBI HAYHHACT
CMEIIaThCs B HAMPaBJICHUH ATOTO IMOJIsI, CO3/IaBasi B METAJIJIE AJICKTPUUYSCKUI

TOK. DJIEKTPUUECKHUU TOK - ATO HAIIPABJICHHOE JIBUKECHHE 3apsHKEHHBIX YACTUI] B
ANIEKTPUYECKOM T10JIe

[Ipu IBUKEHHUH MO KPUCTALTY CBOOOAHBIC DJIEKTPOHBI CTAJIKUBAIOTCSI C AaTOMaMHU
MIPOBOJIHUKA U OTJAIOT UM 3aIac CBOeH KMHETHYECKOM sHepruu. Takum oOpazom
BO3HHUKAET COMPOTUBIICHUE IIPOBOIHUKA, TPUIMHON KOTOPOTO SBJSETCS B3aUMOJICHCTBHE
JBIDKYIIUXCS DJIEKTPOHOB C MOHAMM KPUCTAIUIMUECKON PEIIETKU. DIICKTPUIECKOE
conpoTuBieHue — ¢puzudeckas BennuuHa. O0o3Havaercs OykBod R, enuauma usmepeHus
B CU - Om. [IpoBogHUK, 001aAaI0MINNA SJIEKTPUUECKUM COITPOTUBIICHUEM, HA3bIBACTCS
PE3UCTOPOM.


https://e.lanbook.com/book/152467
https://e.lanbook.com/book/153638

KonnuecTBEHHON MEPOM INEKTPUUECKOTO TOKA CIIYKHUT CHJjla TOKa | — ckaysipHas
dbu3nyueckas BeTU4YMHA, paBHAs 3apsiiy q, IPOXOSIIEMY Yepe3 MOoNepeyHoe CeueHue
MIPOBOJHUKA 32 €UHUILY BPEMEHMU.
B Mexnaynapoanoii cucreme enunui CU cuia Toka usmepsercs B Amnepax (A).
Cuna 3JIeKTpUYECKOro TOKa U3MEPSETCs IPUOOPOM HA3bIBAEMBIM aMIIEPMETPOM.
AMIiepMeTp BKIIIOUAETCA B LIENb IOCIEA0BATENbHO. J{J1s yBenMUeHHs uana3oHa
0003HAYCHUN SUHUIIBI U3MEHEHUS CYIIECTBYIOT TAKUE TPUCTABKU KPATHOCTH KaK MUKPO
- muxpoamuep (1MxkA=10" A), munu — munmnamnep (1MA=103A).
Hanpspkenne — 3710 ¢pusznyeckas BeIUUrHA, XapaKTEPU3YIOIIas 3IEKTPUIECKOE TOJIE.
HanpsikeHue nokasbIBaeT, Kakyro padoTy COBEPIIAET ICKTPUUECKOE MOJIe MpU
MEPEMELIECHUH €UHUYHOTO MTOJI0KUTEJIBHOTO 3apsaaa U3 OJHOM TOUYKU B Apyryro. U =
DNEeKTPUYECKOE HANPSKEHUE U3MEPSIETCS MPUOOPOM, Ha3bIBAEMBIM BOJIbTMETPOM.
BonbpT™MeTp BKIIFOYAETCS B LIENB [MAPAJUIEIIBHO HATPY304YHOMY pe3ucTopy. [
YBEJIMYEHHUS TMara30Ha 0003HAYCHH, CYIIIECTBYIOT KpaTHBIE MPUCTABKU: (MUKPO -
MUKPOBOJIBT (MKB), M — MusimuBoasT (MB), kuio — kunoBonsT (kB), mera —
MeraBoisT (MB).
3axkoH Oma T y4acTKa LENU ONPEAEIISIET 3aBUCUMOCTD MEXKTy CHIION TOKA,
HaIPsSKEHUEM U CONPOTHUBIIEHUEM HA YYaCTKE LIETIH.
i

=Y

R Cuna toka na YYaCTKE LIENH IPSIMO MPOMOPUMUOHAIBHA TPUII0KEHHOMY
HaIPsHKEHUIO U 00paTHO MPOMOPIIMOHANIbHA COMPOTUBIIEHUIO 3TOTO YYacTKa.
Cobepurte 31eKTPUUECKYIO 1IeNb N0 cxeMe (JIF0OOM BaApUaAHT, YKAXKUTE Pa3Inyusl MEXKIY

CcXemMaMu).
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[11aBHO M3MEHSISI COTIPOTUBIICHUE PEOCTAaTa, CHUMUTE MTOKa3aHUS BOJIBTMETPA U
amMIiepMeTpa U 3aHECUTE B TAOIHUILY

Paccuuraiite conpotuBnenue pesuctopa mo gopmyne R=U/I

3aHecuTe OTyYEHHbIE PE3YIbTAThl B TAOIHUILY

[TocTpoiite rpaduk 3aBucumoctu I(U)

[Toctpoiite rpaduk 3aBucumoctH |(R)

Cnenaiite KpaTKuii aHaIu3 rpaUKOB U CAEalTE BHIBOJ O 3aKOHOMEPHOCTSIX MEXKIY
napameTpaMu, BXOASIIMX B 3aK0H Oma.

3aganue 1.

Uto Ha3bIBaETCA ANEKTPUUECKUM TOKOM?

C 2



3aganmue 2.
KakuMm nmpubopom u3MepsieTcsi cuia ToKa, Ha4epTUTE SICKTPUICCKYIO CXEMY BKITFOUCHUS
npudopa
INPAKTUYECKAS PABOTA Ne2
Tema: OmnbITHAS IPOBEPKA MPUHITUTIA HATIOKEHUS TOKOB

Lenb: IIpoBepka ONBITHBIM IIyTEM METO/A HAIOKECHHS TOKOB ISl ONPEIEIICHNS] TOKOB B
BETBSX CJIOKHOU JIEKTPUUECKOU LIENHU

OobopynoBanmue:

VICTOYHHKH MOCTOSTHHOTO HanpspkeHus bII - 15 co BCTpOEeHHBIMU IIUTOBBIM
BOJIBTMETPAMHY;

VCTOYHUK NOCTOAHHOE HanpskeHus ['T1 - 5 co BCTpOEHHBIM IIUTOBBIM BOJIETMETPOM,;
aMIIepMeTp;

BOJITMETD;

pesuctopsl ¢ conpotuBieHusiMu 1 kOwm, 4,3 k Om, 2 kOm.

CupaBo4HbIi MaTepuaJl

1. UBanos, U. U. DnekTpoTeXHUKa U OCHOBBI AJICKTPOHUKH : yueOHuUK 11 cro / U. H.
NBanos, I'. K. ConoBees, B. A. ®ponos. — Cankr-IlerepOypr : Jlans, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — Tekcr : anekTpoHHbIH // JIaHb : 2MeKTPOHHO-0MOIMOTeYHAas
cucrema. — URL: https://e.lanbook.com/book/152467

2. Tumodeen, U. A. OCHOBBI 2TIEKTPOTEXHUKH, STEKTPOHUKNA U ABTOMATUKH.
JlaGopatopHbIit TPaKTUKYM : yueOHoe rmocooue s cro / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlans, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — TekcT :
AJIEKTPOHHBIH // JIaHb : anekTpoHHO-O0MOMMoTeyHas cuctema. — URL:
https://e.lanbook.com/book/153638

Conep:xanue padboTbl

Merton HanoXeHus: TOKOB IIPUMEHSETCS K PaCUeTy JMHENHBIX JIEKTPUIECKUX Lenen. Ero
MIPUMEHEHHE TTO3BOJISIET 3HAYUTEIIBHO YIIPOCTUThH PACUEThI, CBA3AHHBIE C ONPEICICHUEM
TOKOB B BETBSIX CJIOKHOM 3JiekTpuueckon uenu. [lopsaok pacuera 3akirodaercs B
CIEAYIOLIEM:

1. Ha ocHOBE MCXOHOM CXEMBI COCTABJISIOT YACTHBIC PACUETHBIE CXEMBI, B KOXKI0U U3
KOTOPBIX AercTBYyeT Toabko ogHa DJ[C. Bee npyrue 3/1C HCKITIOYAIOT U OT KaXKJI0TO
HMCTOYHHMKA B CXEME OCTAETCS TOJBKO €r0 BHYTPEHHEE COMPOTUBIICHUE.

2. JItoObIM MOIXOSIIIIMM METOOM OIPEETISIOT TOKH B YACTHBIX CXeMaX, KOTOPBIE Yallle
BCEr0 OKA3bIBAKOTCSI OTHOCUTEIIBHO MTPOCTHIMU.

3. AnreOpanyeckuM CJI0KEHHEM (HaJI0KEHUEM ) YaCTHBIX TOKOB OIPEIESIOT TOKU B
HCXOJIHOM CXEME.

3apanme 1.
CoOpaTh 2JEKTPUUECKYIO CXEMY


https://e.lanbook.com/book/152467
https://e.lanbook.com/book/153638

INPAKTHYECKAS PABOTA Ne3
Tema: OnbiTHAsA NIpOBEpKa METOAA SKBUBAJIEHTHOTO T€HEPATOPa

Hexanb: onpeaenenre napaMeTpoB 3KBUBAJICHTHOI'O T€HEPATOPA U MPOBEPKA HA OIbITE
METO0/1a SKBUBAJIEHTHOIO T€HEpaTopa

OobOopynoBanmue:

VCTOYHUKH MOCTOSIHHOTO HanpspkeHus Ha Onoke BbII-15 ¢ mogkmoueHHbIMuI
BOJIbTMETPAMU;

UCTOYHUK TIOCTOSTHHOT'O HanpsbkeHus: Ha Oo0ke BII-5 ¢ moakimo4eHHbIM BOJIBTMETPOM;
BOJILTMETP

amIiepMeTp

pe3UCTOp ¢ conpoTuBieHuem 2 KOm;

pesuctop ¢ conporusieHuem 1,6 kOwm;

pes3uctop ¢ conporusieHuem 1 kOwm;

BBIKJIFOYATEIH.

CupaBo4HbIi MaTepuaJl

1. UBanos, U. W. DnexkTpoTexHUKa U OCHOBBI AJICKTPOHUKH : yueOHUK 11 crio / U. W.
NBanosg, I'. U. Conosbes, B. A. ®ponos. — Caukr-IletepOypr : Jlans, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — TekcT : anekTpoHHbIH // JIaHb : 2IeKTpOHHO-OUOIMOTeYHas
cucrema. — URL: https://e.lanbook.com/book/152467

2. TumodeeB, M. A. OCHOBBI DJIIEKTPOTEXHUKH, OJJICKTPOHHUKA W aBTOMATHKH.

JlaGopatopHbIil pakTUKYM : yueOHoe mocobue s cro / U. A. TumodeeB. — CaHKT-
[Terepoypr : Jlawp, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — Tekcr
aNeKTpoHHbI /[ Jlamb ©  a;mekTpoHHO-OMOnmoTeynas  cuctema. —  URL:

https://e.lanbook.com/book/153638

Conepxxanue padoTsl

Brruncienre Toka B OJJHOM MPOU3BOJILHO BRIOPAHHOM YYACTKE CIIOKHOM dJIEKTPUUECKOMN
I[ETTH MOKHO BBITIOJTHUTh METOJIOM SKBUBAJICHTHOT'O TeHEpaTopa (METO X0JI0CTOro X0/1a
U KOPOTKOTO 3aMbIKaHus1). JIJIst TUM BCA CIIOKHAs 1IETIh pacCMaTPUBAETCS Kak Obl
COCTOSIIAM U3 ABYX YacTel. B mepBYIO BXOAUT TOJIBKO COMPOTUBJIEHUE R TOM BETBU, B
KOTOPOM HY>KHO OIPENICNINTh TOK, BO BTOPYIO YaCTh — BCE OCTajlbHOE. BTOpYIO YacTh
HAa3bIBAIOT AKTUBHBIM JIBYXITOJIFOCHUKOM WJIM SKBUBAJIECHTHBIM T€HEPATOPOM . DTOT
reHepaTop oosnanaetr IJC, paBHOM HANPSHKEHUIO XOJIOCTOrO X0/a Ha 3aKUMax
JBYXTIOJIFOCHHUKA.

E»>=Uxx

BHyTpeHHee CONpOTUBIIEHUE YKBUBAJIEHTHOTO reHeparopa R03, BEICUMTHIBAaETCS Kak
COMNPOTHUBIIEHUE ABYXITOJIIOCHUKA OTHOCUTENIBHO €ro 3aKMMOB 0€3 y4eTa CONPOTUBIICHUS
R, T. €. MO ombITaM X0JIOCTOTO X0/1a U KOPOTKOTO 3aMbIKAHHUSI

R0O>=Uxx/Ix3


https://e.lanbook.com/book/152467
https://e.lanbook.com/book/153638

HGHB C aKTUBHBIM JIBYXITOJIFOCHUKOM

[TapameTpbl SKBUBAJICHTHOTO T'€HEPATOPa MOKHO OINPEICIIUTh U pacueTHbIC myTeM. s
onpenenenus J/]C 3xkBuBaneHTHOrO reneparopa E; Hano npusATh R = 00 1 HauTH
HaIpsDKEHUE Ha 32KUMaX JIBYXIOJIFOCHUKA.

Hns onpenenenust R03, Hago npeanonoxuTe, yto Bce J/1C B ienu JIBYXIOJIOCHUKA
paBHBI HYJIIO, U BBIYUCIUTH O0IIee COMPOTUBJICHUE OTHOCUTEIHHO 3a)KUMOB
JBYXIIOJIFOCHHUKA TIPU OT-KIt0UeHHOM R. 3atem paccuutsiBaeTcst TOK yepe3 R mo

dbopmyie:

3ananme 1.
N3meputh Tok 1 DJIC SKBUBAJICHTHOTO T'€HEPATOPA, PABHYIO HAIPSIKEHHUIO XOJOCTOTO
X0Ja MEXy 3aKMMaMHU JIBYXIOJIFOCHUKA.

INPAKTUYECKAS PABOTA Ne4
Tema: MarnutHsie nenu. Pacyér Hepa3BeTBIEHHON OAHOPOIHOW MAarHUTHOM LEITH.
MarnauTtHoe conpoTtusieHre. MarautoaBuxyias cuia. Pacuér pa3BeTBIEHHON
OJHOPOJHOW MAarHUTHOW LIENU. Y 3JI0BbIE U KOHTYPHBIE YPABHEHHSI MATHUTHOMN LENH

Heab: u3yunTh 0COOEHHOCTH pacyeTa MarHUTHBIX IIETICH.
Oo6opynoBanme: TpanchopmaTop ¢ cepaeUYHUKOM

CunpaBouHbIii MaTepuaJl

1. UBanos, 1. . DnexTpoTexHWKa U OCHOBBI AJIEKTPOHUKH : yueOHUK misa crno / U. U.
WBanos, I'. U. Conosres, B. . ®ponos. — Cankr-IlerepOypr : Jlans, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — TekcT : a5ekTpoHHbIH // JlaHb : 371€KTPOHHO-OMOINOTEUHAS

cuctema. — URL: https://e.lanbook.com/book/152467
2. TumodeeB, M. A. OCHOBBI DIEKTPOTEXHHUKH, DOJICKTPOHMKH ¥ aABTOMATHKH.

JlaGopatopHbIil pakTUKYM : yueOHoe mocobue s cro / M. A. TumodeeB. — CaHkt-
[Terepoypr : Jlamp, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — Texkcr
anekTpoHHbii [/ Jlanb . 3JeKTpoHHO-OMOmmoTeuHas  cuctema. —  URL:

https://e.lanbook.com/book/153638

Conep:xanue padoThbI

VYcerpoiicTBo, coaepikaiiee CcepAeyHUKH U3  (EeppOMArHUTHBIX MaTepuaoB, dYepes
KOTOPBIC 3aMbIKACTCs MAarduTHBIA ITIOTOK, Ha3bIBACTCA MAarHuTHOU LI CIIBHO.



https://e.lanbook.com/book/152467
https://e.lanbook.com/book/153638

Ha puc.1. nokazana Hepa3BeTBIICHHAs! MAarHUTHAsI 11€1b, BO BCEX CEUEHUSIX KOTOPOil
MAarHUTHBIN NTOTOK @ UMeeT OJJMHAKOBYIO BEJIMYUHY.

Pacuer Hepa3BeTBIIEHHON MarHUTHOW LIETIH B OOJIBIIMHCTBE CIy4aeB CBOJUTCA K
ONpEEICHUI0 HaMarHuIuBarolen cuisl /W, kotopas TpeOyeTcs 1JIs MOTyYEHUs
3aIaHHOTO MarHUTHOIO NMOTOKa @ WK MArHUTHOW MHAYKIMHU B. IIpu 3TOM yKa3sIBaroTcs
pa3Mepsl 1 MATEPHUAIT BCEX YYaCTKOB MAarHUTHOM LIENN.

[Ipu pacdyeTax MarHUTHBIX LIENIEH ONPENCIICHUE HAPSKEHHOCTH MArHUTHOTO TOJISI IO
3aJJaHHOMY 3HAYE€HUIO MAarHUTHOW MHIYKIIMY PEKOMEHIYETCSI BECTHU 110 KPUBBIM
HaMarHWYKUBaHUs, IPUBEACHHBIM Ha puc.2. [Ipu nmons30BaHNU KPUBBIMHU OYIbTE
BHUMATENBHBI, TOCKOJIBKY 7151 oripeiesieHuss H npe1IoKeHbI IBE Pa3IMYHbIX IIKAJIbI B
3aBUCUMOCTH OT BUJIa (heppOMarHuTHOroO MaTepuaina. Ha puc.2. myHKTHpOM MOKa3aHO
onpenenenue H mo 3agaHHOMY 3HaueHut0 B s uyryna: npu B=0,85 Tn Bennunna

H = 5700 A/m.
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Puic.2

JIns MarHUTHOM LIEeNH, TPUBEICHHOW HA puUC. . 3a1aHbI pa3Mephl LENu:

1:=26 cm, |, =16 cm, I3 =4 cm , |4 =5 cm , uncino BuTkoB 00MOTKM W =800, MarHuTHEIH
notok 1,6:10° B6 u Matepual cepieuHUKa — IUTas CTalb. B MArHMTHOM Ley UMeeTcs
BO3ay1IHbIH 3a30p lo=0,05 cm .



Omnpenenuts: 1) crty Toka B 0OMOTKE JIJIs1 CO37]aHUS 3aIaHHOTO MATHUTHOTO TTOTOKA 2)
a0COJIIOTHYIO MarHUTHYIO IIPOHUIIAEMOCTh Ha YYacTKe ¢ 0OMOTKOM 3) MOTOKOCHEIICHHE
Y UHAYKTUBHOCTH OOMOTKH.

Perenue: 1. M3 yepTexka HaXOAUM CCUECHHUE CEPACUYHUKA S U [UTMHY CPEIHCH MarHUTHOM
nuHuH |y

S=l3- ,=45 cM?>=20 cM? = 2010 m? ;

l,=112+1,:2=262cm+ 162 cm =84 cm =0,84 M

[Tpu 5ToM Majiol BeauunHoM lo ipeHeOperaem.

2. OnpenensieM MarHUTHYIO UHAYKIIUIO B CEP/ICTHHKE:

B =®/S=1,6-10%(20-10%=0,8 T

3. [1o xpuBbIM HaMarHuuuBaHus (CM. puc.2.), 3Has B, HaXOAUM JJIsl TUTOU CTau
He~ 680 A/m. Hampsixennocts Hp B 3a30pe Beraucisiem mo Gopmyie
Ho=B/up=0,8/(12510%) = 6,4-10° A/m.

4. Cuty TOKa HaXOAMM U3 3aKOHA MOJHOTO TOKA:

IW =He, lep, + Ho lo ; T-800 = 680-0,84 + 6,4-10° -0,05-107 ,

=111 A

5. OnpezensieM a0CONMIOTHYIO MAarHUTHYIO POHUIAEMOCTh:

1. = B/ He; = 0,8/680 = 0,00118 T'u/m

6. OnpenenseM NOTOKOCHCIUICHHE 0OMOTKHU:

¥ = ®dW =1,6:10°-800 = 1,28 BG.

7. OnpenensieM UHIYKTUBHOCTh OOMOTKH:
L=y/1=128/111=115TH

3aganue 1.
ChopmynupyiiTe 3aK0H MOJTHOTO TOKA.

IMPAKTHYECKAS PABOTA Ne5
Tema: 3aK0H 3JI€KTPOMarHUTHON UHAYKIUU.
Heab: 3akpenuTh HA TPAKTUKE 3HAHUS CTYJEHTOB M0 TeMe «SIBiaeHue
ANEKTPOMArHUTHON MHIYKIIUNY;



(bopMHUpPOBATH YMEHUS CTYICHTOB PEIIAaTh 3a7a9M HA 3aKOH AJIEKTPOMAarHUTHON
VHIYKLHHU.

OobopynoBanmue:

CnpaBouHbIii MaTepual

1. UBanog, U. N. DnexkTpoTeXHUKa U OCHOBBI AJIEKTPOHUKH : yueOHUK 11 cro / U. W.
Wsanos, I'. U. ConoBses, B. 5. ®ponos. — Cankr-IletepOypr : Jlans, 2021. — 736 c. —
ISBN 978-5-8114-6756-3. — TekcT : a5ieKTpoHHBIN // JIaHb : 37€KTPOHHO-OMOIMOTEUHAS
cucrema. — URL: https://e.lanbook.com/book/152467

2. TumodeeB, M. A. OCHOBBI JIIEKTPOTEXHUKH, OJJICKTPOHHUKA U aBTOMATHKH.

JlaGopatopHbIil IpakTUKYM : yueOHoe mocobue s crno / Y. A. TumodeeB. — CaHKT-
[Terepoypr : Jlamp, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — Tekcr
aekTpoHHbn [/ Jlanb . 3jekTpoHHO-OMOMMoTeyHas  cuctema. —  URL:

https://e.lanbook.com/book/153638
Conepxxkanue padoTsl
KonTyp miomansio 0,1M? HAXOAUTCSA B OHOPOAHOM MarHMTHOM IOJIE C MHAyKIuen ToL.
Yemy paBeH MarHUTHBIN ITOTOK YEPE3 KOHTYP, €CIM IUIOCKOCTh KOHTYpa NapajuielibHa
BEKTOPY MarHUTHOW WHIYKIIUU?

A 0,2B6b50B20B6
AC Cuna toka B mpoBoagHuke AB HapacraeT npsimMo

! L IPOMOPLUUOHAIBEHO BPEMEHH.

KakoBa 3aBUCUMOCTb CHJIbI TOKA OT BpeMEHU B npoBogHuKe CJ1?
A BO3pacraer npsiMo MpoNnopUUOHAIBHO

B A b yObIBaeT npsiMo nponoprroHaIbHO
B B npoBoaHuke CJl yCTaHOBHWIICS OCTOSHHBIN TOK

3a 2¢ MarHUTHBIN MOTOK, MPOHU3BIBAIOIINM KOHTYD, yBenudmics ¢ 6 1o 20B6. Yemy
paBHa D/IC B koHTYpe?

A-7TBB7BB28BT'-28B

B kaTymiky nepBslii pa3 ObICTpO, BTOPO# pa3 MEIJICHHO, BBOAST MarHut. B kakom ciydae
paborta, coBepienHas Bo3aukatomen IJ[C, 6onpie?

A B nepBom b Bo BTOpoM B ogmHaKkoBeI

OnpenenuTs HaMpaBieHUE UHAYKIIMOHHOTO TOKa B
MPOBOJAHUKAX, JBUKYIIUXCS B OJJHOPOJTHOM MarHUTHOM MOJIE.

% L
i I v . Al)orak06;2)or6ka
% X V= " bl)orax6;2)orak0
Sx sH X . Bl)or6ka;2)orbka
1) 2
LY o o} Ha kakoM M3 pHCYHKOB YKa3aHO IPaBUIILHOE

HarpaBJICHNC HHAYKIIHOHHOI'O TOKa B KOHType?


https://e.lanbook.com/book/152467
https://e.lanbook.com/book/153638

A1B2)B3)T1),2),3)

3anaunme 1.
Onpenenure BpeMs H3MEHEHUS MAarHUTHOTO TIOTOKa 0T 3MBO 10 5 MB0 B mpoBoiHIKE

conpoTusieHueM 25 MOM, eciu CHiia HHAYKIMOHHOTO TOKa B IaHHOM KOHType paBHa 0,2
A.

ITPAKTUYECKAS PABOTA Ne6
Tema: Llenu ¢ akTUBHBIM CONIPOTUBIIEHUEM U UHIAYKTUBHOCTBIO EMKOCTBIO, PEAIbHOU
KaTYILIKOW, peaJIbHbIM KOHJIEHCATOPOM

HCJIL: HSY‘-II/ITB ICIIN C aKTHUBHBIM COIIPOTHUBJICHUCM

OobopynoBanmue:
JlaGopatopHbIil CTEH/T
Boasr™merp B 3-38
Ocmumnorpad C 1-72
['eneparop I" 3-109

CnpaBouHbIii MaTepuaJl

1. UBanos, U. . DneKTpOoTeXHUKA U OCHOBBI DJICKTPOHUKH : yueOHuK s cro / U. U.
NBanos, I'. K. ConoBees, B. A. ®ponos. — Cankr-IlerepOypr : Jlans, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — Tekct : anekTpoHHbIH // JIaHb : 27IeKTpOHHO-0MOIMOTeYHAas
cucrema. — URL: https://e.lanbook.com/book/152467

2. TumodeeB, M. A. OCHOBBI DJIEKTPOTEXHHUKH, DOJICKTPOHMKH ¢ aABTOMATHKH.

JlaGopatopHbIil pakTUKYM : yueOHoe mocobue s cro / U. A. TumodeeB. — CaHKT-
[Terepoypr : Jlamp, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — Texkcr
aekTpoHHbii [/ Jlamb . 3JeKTpoHHO-OMOmWoTeuHas — cuctema. —  URL:

https://e.lanbook.com/book/153638

Conepxxkanue padoTsl

B naGopaTopHoii paboTe HE0OX0IMMO HCCIIeI0BAaTh PaObOTy HEPa3BETBICHHOM LIeTH
MEPEMEHHOTO TOKa B aKTUBHO-WHIYKTUBHOM pexknme. CoOpaTh Ha 1abopaTOpHOM
CTEHJIC IAaHHYIO IPUHITUTTUATILHYIO CXEMY.

a Rnl Rl

U-=8B

I'3-109 fr =200 I'rg

Rui= 10 Om

L1 R1 =100 Om

0Rx=0

R()r =0

C nomourpto BoapTMeTpa B 3-38 n3Meputs A€HCTBYIOIINE 3HAUEHUS NaJCHUM
HaIpsDKEHUs Ha 3jeMeHTax 1enu Ry, Ri, L1 Ha BeIxoje reneparopa.



https://e.lanbook.com/book/152467
https://e.lanbook.com/book/153638

C nmomoursio ocuusuiorpada C 1-73 u3mMepuTh aMIUTUTYIHBIE 3HAUCHUS TTAJCHHMA
HanpsDKEHUS Ha dJeMeHTax nenu Ri, L1 1 Ha BbIXo/e reHepaTopa.

Pesynbrarhl H3MEpeHNi 3aHECTH B TaOJIHILY.

[To cnexyrorum Gopmynam onpeaenuts |, Im:

| =Uu /R Im=1-141

[To u3MepeHHBIM ISHCTBYIOMNM 3HAYCHUSAM MaICHUN HAPSHKSHUS Ha DJIEMEHTaX
rend Uui, Uz, UL, BeIOpaB Macmitab Toka 1 MaciiTad HanpspKEHHsI, TOCTPOUTD
BeKTOpHYIO Auarpammy HanpspkeHud. (Ua= UuitU1)

ITo BEKTOPHOI AuarpaMMe ONpeeuTh 3HadeHHe yriia ¢ ¥ CpaBHUTE C YIIIOM @,
paccuuTanHubM 110 hopmyiae €oS ¢ = (Ui+ Uui) / Ur

Cnenatb CpaBHUTEIBHBIA aHAIN3 U3MEPEHHOTO HANPsHKEHUS Uag C TIOTYYCHHBIM B
pe3yJIbTaTe BEKTOPHOTO CIIOKECHUS 3HaUYCHUEM HANPSHKCHUS Uag.

B oxHO# crcTeMe KOOpaMHAT MMOCTPOUTH BpEMEHHBIC THArpaMMBbl

HAIpPsDKEHUH Uas, UL, U1 1 TOKA .

3anmcarh ypaBHEHUSI MIHOBEHHBIX 3HAYCHHI HAIIPSDKCHUH U TOKA, UCTIOIb3YS
U3MEPCHHBIC aMILTATY THbIC 3HAUCHUS U pACCYMTAHHOE 10 (hopMyJie 3HAUCHHE O = 27f
I = Imsin ot

U1 = Uim Sin ot

Uas = Uasm sin (ot + @)

UL = Urm Sin (ot + 1t/2)

3aganue 1.
YTo MOXHO CKazaTh O TOKE W HANpPSOKEHUH B IIENM C aKTUBHBIM CONPOTUBJICHUEM H
WHIYKTUBHOCTBIO?

IHPAKTHUYECKAS PABOTA Ne7
Tema: MccnenoBanue nienyu nNepeMeHHOr0 TOKA € MOCJIEI0BATEIbHBIM COCUHEHUEM
AKTUBHOTI'O U PEAKTUBHOI'O DJIEMEHTOB, C ITapaJIJICIbHBIM COCAUHEHUEM aKTUBHOI'O U
PEaKTUBHOIO 3JIEMEHTOB.

Heab: M3ydyeHne CBOMCTB LENEN PU MOCIEA0BATEILHOM COCIMHEHUU aKTUBHBIX U
PEAaKTHUBHBIX JIEMEHTOB, 3HAKOMCTBO C SIBJIEHHEM PE30HAHCA HAIIPSYKEHUN, IOCTPOCHUE
BEKTOPHBIX JUarpaMm.

Oo0opynoBanmue:

J1a00paTOPHBIN CTEH]I, IBa APOCCENisl, KOHICHCATOP MepekioyaeMblii, peauctop 47 Owm,
COEIMHUTEIbHBIE IPOBOAA

CnpaBouHbIi MaTepuaJl

1. UBanos, U. . DnekTpoTexHUKa U OCHOBBI 3JIEKTPOHUKH : yuyeOHuk amns cro / U. W.
NBanosg, I'. K. Conossbes, B. S. ®ponos. — Cankr-IlerepOypr : Jlanp, 2021. — 736 ¢c. —
ISBN 978-5-8114-6756-3. — Tekcrt : 251eKTpoHHBIH // JIaHb : 2JIeKTPOHHO-OUOINOTEYHAs
cucrema. — URL: https://e.lanbook.com/book/152467

2. TumodeeB, M. A. OCHOBBI 3JIEKTPOTEXHHUKH, DOJICKTPOHMKH U ABTOMATHUKH.

JlaGopatopHbIil pakTUKyM : ydeObHoe mocobue s cro / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlanb, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — TekcrT :



https://e.lanbook.com/book/152467

anexktpoHHbd /[ Jlame :  anekTpoHHO-OMOMMoTeuHas cucrema. —  URL:
https://e.lanbook.com/book/153638

Coaep:xanue padoThl

CoOpaTh 11eTb ¢ IOCIeI0BaTEIbHBIM COETUHEHHEM 3JIEMEHTOB. [10IKITI0UNTh COOpaHHYIO
LEMb K UICTOYHUKY NepeMEHHOro HarnpsbkeHus A-0. s uamepenus HanpsokeHUul
UCITI0JIb30BaTh MYJBTUMETP B PEXKUME U3MEPEHUS IEPEMEHHOTO HAIIPSKEHUS.
[lepexntouaTens KOHJIEHCaTOpa ycTaHOBUTH Ha 4.R A 47

[ToncoenMHUTH MapauieIbHO KOHAEHCATOPY

JOTIOJTHUTENBHBIN TPOBOJIHUK, HCKIIFOYUB TEM CaMbIM

KOHJIEHCATOp U3 Lenu. VI3MEepUTh TOK U HAIIPSKEHUS Ha

L1 oTnenbHBIX yYacTKaX.

YOparb 10NOJHUATENBHBIN MPOBOJIHUK OT KOHJEHCATOpA U

MOJICOEAUHUTH NapAJJIEIbHO UHIYKTUBHOMY MOTPEOUTEIIO

L2 (ucKiIt04MB TEM CaMbIM €ro U3 1enu). 3MepuTs ToK

HaIpsHKEHUS Ha OTJENbHBIX y4aCTKaX.

YO6parb 10NOJHUTENBHBIN MPOBOJAHUK. MI3MEpUTH TOK U HAIPSKEHUS HA OTAEIBHBIX
y4acTKax.

PaccuuTaTh 111 COOpaHHBIX LIETIEN AKTUBHBIE, PEAKTHUBHBIEC U MTOJHBIE MOIIIHOCTH,
KO3 PHUIIMEHTHI MOIITHOCTH, Pa3HOCTH (Pa3 MEKITY TOKOM U HAMPSXKEHUEM.


https://e.lanbook.com/book/153638

3aganue 1.
[TocTpouTh B MaciiTabe BEKTOPHBIC THarpaMMBbl JJIsl KCCIIEI0BAHHBIX 1IETICH

IMPAKTUYECKAS PABOTA Ne8
Tema: l3mepenune napaMeTpoB UHAYKTUBHO CBSI3aHHBIX KaTyIIEK.

Heﬂb: 3KCHCpI/IMeHTaJ'IBHOe HCCJICAOBAHNC LCTIN CUHYCONIAaJIbHOI'O TOKA, conepmameﬁ
Y4aCTKH C HHAYKTUBHO CBA3aHHBIMH 3JICMCHTAMMU.

Oob6opynoBanmue:

M cToyHUK 3HEprun nNepeMeHHoro Toka «~30 By.
MynbsTumeTp - 3mIT.

Karymiku - 2 mr.

[IpyTKOBBIN CTAILHOW CEPACYHUK - 21T

CupaBo4HbIi MaTepuaJl

1. Vianos, 1. W. DyeKTpOTEXHUKA U OCHOBBI JIEKTPOHUKH : yueOHUK mis cro / U. U.
NBanosg, I'. U. Conosbes, B. S. ®ponos. — Canxkr-IlerepOypr : Jlanb, 2021. — 736 c. —
ISBN 978-5-8114-6756-3. — TekcT : anekTpoHHbIH // JIaHb : 3J€KTPOHHO-OMOIMOTeUHAs

cucrema. — URL: https://e.lanbook.com/book/152467
2. TumodeeB, M. A. OCHOBBI DJIEKTPOTEXHHUKH, DOJICKTPOHMKH ¢ aABTOMATHKH.

JlaGopatopHbIit pakTUKyM : ydeOHoe mocobue s cro / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlamp, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — Texkcr
anekTpoHHeld /[ Jlamb :  3jekTpoHHO-OMONMOTeyHas — cucrema. —  URL:

https://e.lanbook.com/book/153638

Conep:xanue padboTbl

HamnpsokeHne Ha  MHAYKTUBHO — CBSI3QHHBIX — DJIEMEHTAx  DJICKTPUUYECKOM  IIenu
OIPENENSAOTCS  COCTaBJISIOIIMMA  HANPSDKEHUW caMoO- ©  B3aUMOMUHAYKUUM. B
3aBUCHUMOCTH OT IMOJIOKUTEIBHBIX HAIIPaBIECHUM TOKOB B MAarHUTHOCBS3aHHBIX KaTyIIIKax
MarHuTHbIE TOTOKA CaMOWHAYKIIMM W B3aUMOMHIYKIIMM MOTYT KakK COBIAJaTh IO
HaIpaBJiIeHUIO (CyMMHpPOBAThCSI), TaKk W OBITh BCTPEYHBIMU (BBIUMTATHCS). Ecnm
coOCTBeHHas! MHAYKTUBHOCTh BTOPOTO KOHTYypa L2, a HampspkeHus Ha MX 3akuMax ul u
U2, TO B yCTAaHOBUBIIIEMCS PEKUME B KOMIUIEKCHOM (pOpMeE 3aIHiCH MOTydaeM:

UToOBbl ompenenuTh 3HAK TMOTOKA B3aMMOWHIYKIIMHM JUISI JABYX MAarHUTHOCBSI3aHHBIX
KaTyIIEeK, BBOJSIT MOHSATUE OJIHOMMEHHBIX 3a)KMMOB. BBIBOJIBI KXKIOW KATYIIKA MOXKHO
0003HAYUTh KaK Hayajo W KOHell OOMOTKH. [[Ba 3akuma, TNpHUHAJJIEkKAIUE Pa3HbIM
KaTyIllIKaM C MarHUTHOW CBSI3bI0, HA3bIBAIOTCS OJJTHOMMEHHBIMH, €CIIHM MPU OJUHAKOBOM
HaMnpaBJIE€HUU TOKOB OTHOCUTEJILHO 3TUX 3aKMMOB MarHUTHbBIE IOTOKM CAMOMHIYKIWH U
B3aMMOUHJIYKIIMM CYMMHUpPYIOTCA. Ha cxemMax OJHOMMEHHBIC 3aKHMMbI 0003HAYaIOT
TOYKaMM WM 3BE3J0YKaMU. BKiItoueHue, 0Opu KOTOPOM TOKH TMOATEKAT K
OJITHOMMEHHBIM 3aKMMaM, Ha3bIBAaeTCS COTJIAaCHBIM.
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3ananmue 1.
OmnpenenuTe 3HaK MOTOKA B3aUMOUHIYKIIMH JJIs IBYX MarHUTOCBSI3aHHBIX KaTYIIEK

INPAKTHYECKAS PABOTA Ne9
Tema: UccnenoBanue TpéxdasHo 1My TP COSAMHEHUHN TIOTPEOUTENICH «3BE310M» U
«TPEYTroJIbHUKOM

ue.]'lbi I/ISY‘II/ITB COCIMHCHUA 3B63,Z[Oﬁ " TPCYT'OJIBHUKOM

O6opynoBanme: ACUHXPOHHBIN JIBUTATENb,MYJIbTUMET]P

CnpaBouHbIi MaTepuaJl

1. UBanos, 1. 1. DnexTpoTexHruKa U OCHOBBI AJEKTPOHUKH : yueOHUK aiig crno / U. U.
NBanos, I'. K. ConoBees, B. 5. ®ponos. — Cankr-IlerepOypr : Jlanb, 2021. — 736 ¢c. —
ISBN 978-5-8114-6756-3. — TekcT : anekTpoHHbIH // JIaHb : 3IeKTPOHHO-OMOINOTeYHAs
cucrema. — URL: https://e.lanbook.com/book/152467

2. TumodeeB, M. A. OCHOBBI JIIEKTPOTEXHUKH, OJJICKTPOHHUKA W aBTOMATHKH.

JlaGopatopHbIil pakTUKYM : yueOHoe mocobue s cro / M. A. TumodeeB. — CaHkT-
[lerepoypr : Jlawp, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — Tekcr
NeKTpoHHBIH  //  Jlanb ©  a;mekTpoHHO-OMONmoTeyHas  cuctema. —  URL:

https://e.lanbook.com/book/153638

Conepxxkanue padoTsbl

OcgelleHue 3/1aHus MATAETCA OT YEThIPEXITPOBOIHOM Tpex(a3HOM CETH ¢ IMHEIHHBIM
HanpsbkenueM Uy = 380 B. IlepBsiii aTax nutaetcs ot ¢aszsl "A" u notpediuser
MotHocTh 1760 BT, BTOpoii — oT ¢a3sl "B" u notpedaser momuocts 2200 BT, TpeTuii —
ot ¢a3el "C", ero MomHoCcTh 2640 BT. COoCTaBUTB 3IEKTPUUECKYIO CXEMY LIEIH,
paccuuTaTh TOKH, OTpeOsieMble Kaxa0i (pa3oil, U TOK B HEUTPaIbHOM MPOBOJIE,
BBIYMCJIUTH AKTUBHYIO MOIIIHOCTh BCEX HArpy3Ku. [I0CTpOUTE BEKTOPHYIO THArpaMMYy.
Cxewma 1enu nokaszaHa Ha puc. 1

JlaMIIBI OCBEIIEHNS COEIUHSIOTCS 10 CXEME 3B€3/1a C HEUTPAIBHBIM IPOBOJIOM.

Ag Ia,
B, s,
c, ic:
N o Iv,
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Pacuet pa3upix HanpsoxkeHuit U TokoB. [Ipu coenunenuu 3se3non Uy = 3 Ue, oTCrOna

Uop =Ujx/ V3 =380/ +/3 = 220 B. Ocsernremsnas Harpyska umeeT Kod(QUIEeHT
MOIIHOCTH cos ¢ = 1, moaToMy Po = Ug - lo 1 pa3Hbie TOkH OyayT paBHBI:
la=Pa/Us=1760/220=8 A; Ig = Pg / Uy =2200 /220 = 10 A;

lc =Pc/Up=2640/220 =12 A.

ITocTpoeHne BEKTOPHON IUarpaMMsl U OIPEIEICHUE TOKA B HEUTPAIILHOM IIPOBOJIE.
BekTopHas quarpaMma rnokasasa Ha puc. 6.27. Ee IoCTpO€HHE HaYnHAeM C
PABHOCTOPOHHETO TPEYToIbHUKA MuHeHHbIX Hanpskernii Uag, Ugc, Uca, 1
CHMMeTPHYHOM 3Be37151 (pasubix Hanpskernii U,, Up, Ue. ITpy TaKOM HOCTPOSHHH
HaNpsHKEHUE MEXTY JTHOOBIMUA TOUKAMU CXEMbl MOKHO HAalTH KaK BEKTOP, COSANHSIIOIINN
COOTBETCTBYIOIINE TOYKU JUATPAMMBI, [I03TOMY JUAarpaMMy Ha3bIBarOT
TOnorpauyecKou.

Toxu a3 Ia, Is, Ic cBA3aHBI KAXKIBII CO CBOMM HaNpsDKEHNEM; B HAIIEM CITydae 10
yclIoBUIO @ = 0, ¥ TOKHM COBMAJAIOT 1O (ha3e ¢ HANpsKEHUAMH. TOK B HEUTPaIbHOM
MIPOBO/IE Iy=1a+1g + Ic. ITo MOCTPOCHUIO (B MacIITabe) 1Mo BEIMUUHE in= 2,5A.
Brluncnenne akTMBHOW MOIHOCTH B LIETIN.

AKTHBHas MOITHOCTb LIENM paBHA CYMME MOLTHOCTEH ee (a3:

P =Pa+ Pg+Pc=1760 + 2200 + 2640 = 6600 Br.

3aganue 1.

Kak BpIUMCINUTH TOK B HEUTPAIBHOM HPOBOJIE?

IMPAKTUYECKAS PABOTA Nel0
Tema: DnexkTpodusznueckue CBOMCTBA MOTYIIPOBOJHUKOB. BHYTpEHHSISI CTPYKTypa
noJiynpoBogHUKA. [IoHsATHE «KOBaJeHTHAs CBSI3b» U €€ 0COOEHHOCTb.

Henab: ONBITHBIM IyTEM U3YYHUTh JIEKTPUUECKUE CBOMCTBA MOJIYIIPOBOJHUKOBOTO
IV0/a, HAYYNUTHCSI CTPOUTH BOJIbTAMIIEPHYIO XapaKTEPUCTUKY JUOAA.

O6opynoBanmue:
HcTouHuK TOKaA, aMIIEPMETP, BOJILTMETP, MOJYITPOBOJHUKOBBIN U0, PEOCTAT,
COCOAMHUTCIIBHBIC ITPOBOAA, MUJIJIMMCTPOBAA 6yMara.

CnpaBouHbIi MaTepuaJl

1. Viranos, 1. W. DneKTpOoTEeXHUKA U OCHOBBI DJICKTPOHUKHU : yueOHMK mis cro / U. U.
WBanos, I'. U. Conoswes, B. . ®ponos. — Cankr-IlerepOypr : Jlans, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — TekcT : a5ekTpoHHbIH // JlaHb : 2IeKTPOHHO-OMOINOTEUHAS

cuctema. — URL: https://e.lanbook.com/book/152467
2. TumodeeB, N. A. OCHOBBI JIIEKTPOTEXHUKH, OJJICKTPOHHUKA U aBTOMATHUKU.

JlabGopaTopHbIil TpakTUKyM : yueOHoe mocobue s cro / Y. A. TumodeeB. — CaHkT-
[Terepoypr : Jlamp, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — Tekcr
aekTpoHHb /[ Jlamp ©  anekTpoHHO-OMOmmorewynas cuctema. —  URL:

https://e.lanbook.com/book/153638
Coaep:xanue padoThI
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CocTaBbTe AIEKTPUUECKYIO IIEMb [0 CXEME

Jlnoa BKIIFOUUTE B TIPSMOM (ITPOITYCKHOM ) HaIlpaBJICHUH. 3aMKHUTE IETb U 3aIUIINTE
MMOKa3aHus aMIIepMETpa.

[lens pazomkHUTE J[MOT BKIIOYNUTH B OOpaTHOM HarpaBiieHHH. Llenb 3aMkHUTE U
yOeauTech B OTCYTCTBUM TOKa B 1ienH. Llens pazoMKHUTE.

[To pe3ynpTaTaM HAOMIOACHUH ClealiTe BHIBOJIBI.

CHsiTHE BOJIBTAMIIEPHOW XapaKTEPUCTUKHU AUOA.

Jlnon BKIIIOYUTE B MIPSIMOM HaMpaBjeHUU. 3aMKHUTE 11enb. [logdepute mosoxeHue
peocTtara Tak, 4ToObI BOJIBTMETP TTOKA3aJl CaMO€ MaJioe HaNpsDKCHHE. 3aruIInTe
MOKa3aHUs BOJIbTMETPA U aMIIEpMETPa B HIXKEIPUBEICHHYIO TaOJIUILY.

[TocTeneHHo nepeMenmanTe JBMKOK PEOCTaTa U CHUMUTE MOKA3aHUS HE MEHEE IISTH
3HAYEHHUI HANpPsKEHUA U CUJiIbl ToKa. Llenb pasoMKHUTE.

3aganue 1.

OOBsICHUTE MMOJTYUYCHHBIC PE3YIbTAThI

INPAKTHYECKAS PABOTA Nell
Tema: Toku B monynpoBogHUKaX: IpeioBbii U 1udpy3noHHbIid. HepaBHOBECHbBIE
HOCHUTEIH 3apsA/ia B MOITYIIPOBOIHUKE. Bpemsi )KM3HU U CKOPOCTh PEKOMOMHALIUN
HEPaBHOBECHBIX HOCUTENIEH, CBSI3b 3TUX MAPAMETPOB C YACTOTHBIMH
CBOMCTBaMM NOJYTIPOBOJHUKOBBIX PUOOPOB.

ean:M3yunTh TOKH B TPOBOJHUKAX
OobopynoBanme: VIcCTOUHUK MUTaAHUS,IPOBOAA, TOTYTIPOTHUKOBBIE U0 IbI

CnpaBouHbIii MaTepuaJl

1. Vranos, 1. W. DnekTpOoTEeXHUKA U OCHOBBI JICKTPOHUKH : yueOHMK 1yist crio / W. U.
NBanosg, I'. U. Conosbes, B. S. ®pono. — Canxkr-IlerepOypr : Jlanb, 2021. — 736 c. —
ISBN 978-5-8114-6756-3. — TekcT : anekTpoHHbIH // JIaHb : 3J€KTPOHHO-OMOINOTeUHAs
cucrema. — URL: https://e.lanbook.com/book/152467

2. TumodeeB, M. A. OCHOBBI 3JIEKTPOTCXHHKH, DJJICKTPOHHKH ¥ aBTOMATHKH.

JlaGopatopHbIil pakTUKYM : yueOHoe mocobue s cro / M. A. TumodeeB. — CaHKT-
[Terepoypr : Jlamp, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — Texkcr
aNeKTpoHHbI [/ Jlanb ©  a;mekTpoHHO-OMOnmoTeynas  cuctema. —  URL:

https://e.lanbook.com/book/153638

Conepxxkanue padoTsbl

HpetidoBblii TOK B MOJYIPOBOJIHUKE — 3TO TOK, BOSHUKAIOUIUN 32 CUET MPUIIOKEHHOTO
JNIeKTpUYeckoro Tmosia. [lpuw  STOM BJEKTPOHBI JIBWXKYTCS HABCTPEUy JIHUHHUSAM
HANpPSsOKEHHOCTU TIONSA, a JBIPKM — IO HAMpPAaBICHUIO JTUHUN HANpPsHKEHHOCTH OIS
Jubdy3uoHHBI TOK — 3TO TOK, BO3HUKAIONIMI K3-32 HEPABHOMEPHON KOHIIEHTpPALUU
HocuTenel 3apsiia.n2>nl N2 — nl=An.

OTHoIllIEHHEe — 3TO TPATUEHT HEPABHOMEPHOCTH KOHIEHTpAlMK npuMecei. Bennuuna
U Gy3UOHHOTO TOKAa OyAeT OMpeAeNaTbCs TPaAUeHTOM HEpaBHOMEPHOCTUH Oyner
coctaBiATh: T1ie Dpu DN —xo3dpunments nuddysuu.

3aganue 1.

Hammcats Bce oTimuuns TokoB ApetidoBbiii ot qudPy3noHHOTO
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IMPAKTUYECKASI PABOTA Nel2
Tema : VccnenoBanue XapakTEpUCTUKU U apaMETPOB CTAOMIIUTPOHA.

Heanb: M3yuyenue npuHnuna paboTbl KpEMHUEBBIX CTAOMIUTPOHA U CTAOUCTOPA, CHATHE
BOJITAMIIEPHBIX XapPAKTEPUCTUK; ONIPEAECICHUE OCHOBHBIX ITAPAMETPOB.

O6opynoBanue: Ocumiorpad,MyIbTUMETP

CnpaBo4HbIi MaTepuaJl

1. "BanoB, U. . DneKTpoTEeXHUKA U OCHOBBI DJIEKTPOHUKU : yueOHuK s cro / W. U.
HBanos, I'. 1. Conosses, B. A. ®pono. — Cankr-Ilerepoypr : Jlaup, 2021. — 736 c. —
ISBN 978-5-8114-6756-3. — TekcT : 251eKTpOoHHBIN // JlaHb : 3JIeKTpOHHO-OMOIMOTEUHAs
cucrema. — URL: https://e.lanbook.com/book/152467

2. TumodeeB, UN. A. OCHOBBI 3IEKTPOTEXHUKH, DICKTPOHUKH U aBTOMATHKH.

JlaGopatopHbIil TIpakTUKyM : ydeOHoe mocobue misa cno / U. A. TumodeeB. — CaHKT-
[TetrepOypr : Jlanp, 2021. — 196 c¢. — ISBN 978-5-8114-6827-0. — TekcT : 3MeKTPOHHBIN
/l JlaHb : DJICKTPOHHO-OMOIHOTCUHAS CUCTEMa. — URL.:

https://e.lanbook.com/book/153638
Conepxxkanue padoTsl

dUu

dugh = dl
MuddepeHipaibHoe CONMPOTUBIEHUE CTAOMINTPOHA Ha paboveM ydacTKe

MaJio ¥ COCTaBJISIET HECKOJIBKO JECATKOB U Aaxke eAUHULl OM.

VYyactku BAX, cOOTBETCTBYIOIINE MIEKTPUUECKUM PEKUMaM CTA0OUIUTPOHOB U
CTaOMCTOPOB B PEKUME CTaOMIIN3allUU, HA3bIBAIOT pabounmu. Pabounii yuacTok
CTaOMIUTPOHA PACIIONOKEH HAa 00paTHOM BeTBU BAX, T.€. mpubop paboTacT B pekume
po6osi. Pabounit yuacTok ctabucTopa pacrosoxeH Ha npsimoii BeTBu BAX.

CobepuTe 11€11h COTJIaCHO MPHUHITUITHATBHOW cXeMe MM MOHTaXKHOM . [TogaliTe Ha BXOJ
CHHYCOUJATIBLHOE HAMPSKEHUE OT FeHepaTopa HaMpsHKEHUs CrieluaibHOM (hOpPMBI 4aCTOTOM
0,5...1 kI 1 MakcUMaIbHON aMIUTATYBI.

Bxotounte u HacTpoiiTe ocuuniuiorpad B pexxume X-Y. Britounte ”HBEpTUPOBAHKE
BEPTUKAIHLHOTO BXO/IA.

o

| 100 OMm

BXO# ! BXogll
(X) Y)
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BENOK FEHEPATOPOB HAMPAXEHWA C HABOPHBLIM NOMEM

00000000 &

@_@)m_@

® 054 CETb
(

BXOA | BXoall
X)

[lepenecute n3o0paxeHue ¢ skpana ociuiorpada Ha rpadux .

Onpenenure MO OCHUUIOTPAMME HAMPSHKEHUE CTA0MIIM3AIMH, HAPSDKEHUE Ha
CTAOWJIUTPOHE MPH MPSMOM TOKe, MU PepeHnraribHOe COMPOTUBICHUE B CEPEIUHE
Mana3oHa CTa0MIN3aIlii.

YBennubTe yacToTy B 10 pa3 v mocMoTpHTe, KaKk U3MEHHUTCS BOJIbTaMITCpHAsT
xapakTepucTrka. OOBSICHUTE OYEMY.



Macmraﬁbl_

Mo kanany X:
MEMGR =i MA/aen
Mo kanany Y:
1| 1 —— B/gen
M3 ocummnorpaMMst:
Ucr= B;
Unp = B.
R;[Hq; S tssasssnciatioteranisnnes OMm
3ananue 1.
Ha kakux gusnueckux sSiBICHUSIX OCHOBAHBI MPUHIIUI paOOTHI CTAOUIMTPOHA U
crabucropa.
3aganmne 2.

Kaxkue cBoiicTBa CTaOMIMTPOHA OLIEHUBAIOTCS AU (PEpeHITUATEHBIM COPOTUBICHUEM?

INPAKTHYECKASA PABOTA Nel3

Tema : lcciaenoBanue xapakTepUCTHK U ITapaMETPOB OUITOJISPHOTO TPAH3UCTOPA,
BKJIFOUEHHOTO 110 cxeme ¢ OD

Leab: HAYYUTHCA CHUMATh ONBITHBIM MTyTEM BXOJHBIE M BHIXO/IHBIE XaPAKTEPUCTH -
KU TPAH3UCTOPA, BKIIFOUEHHOTO 110 CXEME C OOIIUM SMUTTEPOM, U OIlpe-
JEJSTh €r0 NapaMeTphl.

OobopynoBanmue:

HMCTOYHMK TUTaHus; Tpan3uctop tuna I113;BoasT™MeTp nocrossHHOrO ToKa 0,5B;
BOJILTMETP MOCTOSIHHOTO TOKa 12B;MuinaMnepmeTp NOCTOSIHHOTO ToKa 1 MA;
MUJITUAMIIEPMETP MOCTOSHHOTO ToKa SOMA .

CnpaBouHbIi MaTepuaJl

1. UBanoB, W. W. DnekTpoTeXHUKA U OCHOBBI DJEKTPOHUKHU : yueOHUK s crio / 1. U.
NBanog, I'. 1. ConosbeB, B. f. ®ponoB. — Cankr-IlerepOypr : Jlans, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — TeKcT : 351eKTpoHHBIN // JlaHb : 3JIeKTpOHHO-OMOIMOTEUHAs
cucrema. — URL: https://e.lanbook.com/book/152467

2. TumodeeB, WM. A. OCHOBBI 3IEKTPOTEXHUKH, OIJIEKTPOHUKHM U ABTOMATHUKH.

JlabGopaTopHbIil TpakTUKyM : ydeOHoe mocobue g cmo / U. A. TumodeeB. — CaHKT-
[TerepOypr : Jlanp, 2021. — 196 ¢. — ISBN 978-5-8114-6827-0. — TekcT : 3neKTPOHHBIN
/l Jlann : AIEKTPOHHO-OMOIMOTeUHAS cucTema. — URL:

https://e.lanbook.com/book/153638
Conep:xanue padoThbI



https://e.lanbook.com/book/152467
https://e.lanbook.com/book/153638

O3HaKOMUTBCS C MAKETOM U IipubopamMu, HEOO-

XOJUMBIMH IS BBIIOJTHEHUS paOOThl, U 3alIMCaTh UX TEXHUYECKUE IAHHBIE B

TaOIUITy BKITIOUMTH MakeT B CETh MIEPEMEHHOTO TOKa ¢ HanpspkeHuem 220B.

BKJIIOYUTE TOK M CHATH TPU BXOJHBIE XapaKTe-

PUCTUKH TpaH3UCTOpa, u3meHss Hanpsukenue Ug, ot 0 1o 0,3 B gepes 0,05 B ¢ momonipro i
oteHnromeTpa R; mpu Hem3MeHHBIX Uy, -0, Ui =-5B , U= -7B.

CHATH TpU BBIXOJHBIE XapaKTEPUCTUKU TPAH3UCTOPA, U3MeHss Hanpsbkerre Uks ot 0 1o -
8 B uepe3 1B ¢ nomompio noteHuoMeTpa Ry mpyu HEeM3MEHHBIX

3Ha4YeHMUAX Toka 0a3kl Is 1= 0,2MA, I5; =0,4MA, Is3 = 0,6 MA.

BBIKIIFOUUTH TOK.

[TosryueHHble 3HaUE€HUS TOKA KoJulekTopa I n Hanpsbkenust Uy, 3aHecTu B TaOIUILY
ITocTpouTk Ha OTHOM KOOPJAMHATHOM II0JIE CEMENCTBO BXOIHBIX XapAKTEPUCTUK TPAH3IUCTO
pa lg =f(Us, ) mpu Uks = CONSt 1 onpeeiuTh 110 HUM BXOJIHOE COTIPO-

THUBJIEHUE TPaH3UCTOPa Ryy.8.1I0CTpONTE HA OTHOM KOOPAMHATHOM IIOJIE CEMENCTBO BBIXOJ
HBIX XapakTtepuctuk Tpansuctopa I, =f(Uy, )

npH Is = const u onpeAenuTh Mo HUM KO3P(HULIHEHT

YCWJICHHS IO TOKY [3, a 3aTeM KO3((DULIMEHT YCUIICHHS OL

3ananme 1.

[TapameTpsl TpaH3ucToOpa

HNPAKTHYECKASA PABOTA Nel4
Tema : MccnenoBanne XapakTEpUCTHK U IMAPAMETPOB MOJIeBOro tpanzucropa M/I1-
CTPYKTYPBI.

Heab: M3ydyeHue MoaeBpIX TPAH3UCTOPOB € N U P KAHAJIOM, CHATHE CTATUYECKUX
BBIXOJIHBIX XaPAKTEPUCTUK U CTOK-3aTBOPHYIO XapaKTEPUCTUKY.

Oo6opynoBanme: McTouHMK MUTaHKS, TPAH3UCTOP,MYJIBTUMETP
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Conep:xanue padboTbl

[ToneBbIM TPaH3UCTOPOM HA3BIBAETCS MOJYNPOBOIHUKOBBIN MTPUOOP, B KOTOPOM TOK Uepes
KaHall ynpaBJ'IHeTCH BHCKTpI/IHCCKI/IM I10JIEM, BO3ZHUKAOIIINUM HpI/I Imoaaduce HaHp}I)KeHI/ISI
MEXIY 3aTBOPOM U HCTOKOM.

B otnnune ot OUIONSApHBIX TPAH3UCTOPOB, B MOJIEBBIX TPAH3UCTOPAX B MEPEHOCE TOKA
yLIaCTBYIOT TOJIBKO BJIeKTpOHbI NJIN TOJIBKO I[LIpKI/I.
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Puc.1 CtpyKkTypa 1oieBoro TpaH3ucTopa ¢ yupaspisiomM P-N-TIEPEXOI0M.

TpaH3uCTOp UMEET CTPYKTYPY, NPE/ICTABICHHYIO Ha puc.l. Mexay 3aTBOpoM 3 U KaHAJIOM
1 o6pa3zyercs p-nN-niepexoj1, 00CTHEHHBIN CJI0OH KOTOPOTO COCPEIOTOUYCH IJIaBHBIM 00pa3oM
B 00beMe KaHasla, BRIMIOJIHEHHOTO U3 MaTepHraia ¢ HU3KUM cojiepkanueM npuMecu. Ot
KaHaJia CJeJIaHbl BEIBOALI 3 ¥ 4 — CTOK M UCTOK. McTok /1 0OBIYHO 3a3eMJISIOT, a Ha

ctok C MoJarT HAPSIKEHUE, IIPU KOTOPOM OCHOBHBIC HOCUTENM 3apsia YCTPEMIIAIOTCS K
HeMy. Kanan - omo obnacme noiynpo8ooHuUKa, 8 Komopot homoK Hocumenel 3apsoo8
pecyrupyemcs U3MeHeHUueM ee NONepeyHoco cevenusl. lcmokom Hazvl8aemcs 271eKmpoo
N0J1e6020 MPAHIUCIOPA, Yepe3 KOMOPbl 8 KAHAL 6MEKAOM HOCUMENU 3apsl008,
cobupaemvle npu 8bIX00€ U3 KAHAAA OPY2UM IJIEKMPOOOM - CHOKOM. 3ameop - 3mo
97IeKMpPo0, HA KOMOPbLLL NOOAemcsl YNPAasisaoujee HanpaiceHue.

[TpuHIUIT 1EMUCTBUS TTOJEBBIX TPAH3UCTOPOB C KAHAJIOM N WU P TUIIOB UACHTUYCH.
[TosToMy B manpHeHIIIEM Oy1eM paccMaTpUBaTh pabOTy MOJIEBBIX KPEMHHUEBBIX
TPAH3UCTOPOB C YIPABISAIONIUM P-N-TIEPEX0I0M Ha MMPUMEPE TPAH3UCTOPA C

KaHaJioM P Tumna. Ha 3aTBOp OTHOCUTENBHO UCTOKA MOJAETCS MOJI0KUTEIbHOE HANIPSKEHUE.
B aTOoM ciyuae p-n-nepexoj 3aTBOP-UCTOK HAXOAUTCS MOJi 00OpaTHBIM cMeleHreM. Ha
CTOK OTHOCUTEJILHO UCTOKA JIOJHKHO MOJIaBaThCsl OTpUIlATEIbHOE HanpsbkeHue. CxeMa
BKJIFOUEHHUSI TIOJIEBOTO TPAH3UCTOPA C YIPABISIOMINM P-N-TIEPEX0I0M U KaHAJIOM P TUIa
MIpUBEJICHA Ha PUCYHKE 3 a).

Ynpaenenue moxom mpaunzucmopa 0CHO8AHO HA UBMEHEHUU Ce4eHUs KAHALA nymem
Ppecyiuposanusl WUpuHsl p-N-nepexooa npu nooaue 6X00H020 HANPIHCeHUs. (HanpsadICeHus
3ameopa). I1pu nojgayve Ha 3aTBOP OTHOCUTEIIBHO UCTOKA MOJIOKUTEILHOTO HAMIPSKEHUS
obJacTh pP-N-niepexoaa OyneT pacHIupAThCS.

P-n-nepexo pacmupsieTcsi B COOTBETCTBUH C BHIPAXKEHUEM:
1

L el
2o U ()
0 E
1 | P2 | I

Al e N N
e i o alll IIUpUHA P-N-IIEPEX0A B PABHOBECHOM COCTOSHHH.

HCXO,Z[H&H JIACTUHKA KPEMHHUEBOI'O ITOJYIIPOBOJHUKA P TUIIA ci1abo JICTUPOBaHa

npumecsiMu, noaromy N >>N, u pacuipenue p-n-nepexo/ia C ypelIuyeHUEM Usn 1)
POU30iIeT B 00JIaCTh MOTYIPOBOAHHKA P TUIIA, CEYCHHE KaHaa S, YMEHBIIUTCSA, a €T0



COIIPOTUBJICHUE I, YBEIIMYUTCSH. 9JICKTpPI‘1€CKOC COIIPOTHUBJICHUEC KaHala I, 3aBUCHUT OT €ro
TOJIIIUHBI, ITUPUHBI 1 JJIMHBbI:

[ [
y =—% =
) as el pPhW (2)

K p

K

rje W - TOJIIIKHA KaHana, |, - ;muHa kanana, h - mupuHa kaHana, G - 3JIEKTPOIPOBOTHOCTD
MOJIYIIPOBOJIHUKA P TUNA, Llp - TIOJBUKHOCTH JIBIPOK,

Pp - KOHLEHTpALUs AbIPOK (OCHOBHBIX HOCUTENEH 3apsA0B) B 001acTu

MOJIYIIPOBOJIHUKA P TUIIA, S - CEUCHHE KaHaa.

B cooTtBercTBUM ¢ cooTHOmeHUs MU (1) U (2) pu U3MEHEHUN HANIPsHKEHUS Ha 3aTBOPE
MEHSETCS IMpUHa P-N-Tiepexo/ia, CEYeHUE KaHaja U ero 3JIEKTPUYECKOe COpoTURiIeHE. B

PE3YIBbTATC YCTO 6yI[eT HU3MCHATHCA BCIIMUKHA ITPOTCKAOIICTO TOKAa CTOKA. C

YBCJIIMYCHUEM [, TOK CTOKa ]C YMCHBbIIACTCA. Ceuenue kaHana SK HU3MCHIACTCA

HepaBHOMepHO. CO CTOPOHBI ICTOKAa MMeeM OoJiee MUPOKUI KaHal, a CO CTOPOHBI CTOKA

CCUCHHUC KaHalJla YMCHbIIACTCA. 910 IMPOUCXOJUT IIOTOMY, YTO CCUCHUC KaHaJIa ABJISICTCA

byHKIMEH TBYX HAMPSIKEHUM: S.=f (UW,UCH ). Hampsioxenue y croka Oyier 6oJiblie, ueM

y HUCTOKa, IO3TOMY pacllIMpeHue P-N-nepexoaa B 00JacTH CTOKa O0Jblle, YeM B 00JaCTH
ucToka (puc.2).

Hanp;m(eHHe UC” pacipcaciIiaACTCAa BAOJIb KaHalld, OHO OoubIIIe Y CTOKAa U MCHBIIIC Y
HUCTOKA. 32 CUET 3TOr0 CCUCHME KaHaJia, paCIIOJIOKCHHOTO CO CTOPOHBI CTOKA, BCCTAa 6yI[eT
SHAYUTCIIbHO MCHbIIIC, YEM CO CTOPOHBI MCTOKA.
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Puc.2. CtpykTypa M0oJeBOro TpaH3uCTOpa NpH Pa3IUUHbIX HAMPSKEHUSIX MEXITY CTOKOM H
VICTOKOM.

Bxoonoii mox nonesoco mpanzucmopa pasen moky zameopa I = |, u on o6ycnosnen
NepeHOCOM HEOCHOBHBIX HOCUmenell 3apsa00s yepes p-N-nepexoo.

BrixogHble XapaKTEepUCTUKH MMOJIEBOTO TPAH3UCTOPA C YIPABIISIONIUM

p-n-tiepexoaom

1100 8b1X00HLIMU XapaKMePUCTMUKAMU NOAEB020 MPAHIUCIOPA C YNPABAAIOWUM p-N-
nepexo0oM NOHUMAIOMCS 3A8UCUMOCIU MOKA CMOKA OM HANPAXCEHUs CIMOK-UCMOK NpU
NOCMOSHHOM HANPANACEHUU HA 3aMBOope:

]c :f(U ) U,, =const (3)

CH pu
PaccmoTpum ceMelcTBO BBIXOHBIX XapaKTEPUCTUK TIOJIEBOTO TPAH3UCTOPA MPU
Pa3TUYHBIX HANPSDKEHUSIX HA 3aTBOPE. ITH 3aBUCUMOCTH MPEJCTaBICHBI HA
pucyske 3 0).

Usn

I_

—



Ui = 0 maunHaetcs u3 Havyana koopauHat. [Ipu momade

HaIpsHKEHUS HA CTOK B KaHAJIe BOBHUKAET TOK lc a p-N-repexo/1 noJiy4aeT 00paTHoe

U

XapakTepucTruKa pu

cMmenieHue u pacumpsiercs. Ha yuactke OA npu yBeTUUeHUN HAPSHDKEHUS — ¢4 BBIXOJHOM

ok !¢ pacTeT JIMHEWHO, TOUUHSsACh 3akoHy Oma. [1nmoTHOCTh apeiidoBoro Toka yepes
KaHaJI ONPEEISIETCS BRIPAXKEHUEM:

j@p :OE :el’lpv (4)

1€ Jop - TUIOTHOCTH IPpeH(OBOTo TOKa, E - HanpsHKeHHOCTH AIEKTPUIECKOTO MOJISL, V -
nperioBasi CKOPOCTh IBMKEHHSI HOCUTEIIEH 3apsiI0B B MOIYIPOBOAHUKE p Tuna. [Ipu

YBCIMYCHUN UC""' PacTeT IIprI(bOBaH CKOpPOCTb HOCHUTEIICH 3apAa0B, a, CJICAOBATCIIBHO, U

TOK cTOKa. [ Ipy nmpoTekannn Toka CTOKa NOSABISIETCS NAJCHUE HANIPSKEHUS B KaHAJE, MO
€ro IeHCTBUEM P-N-TIepexo Moy4aeT 00paTHOE CMEIIEHUE U PACIIMPSAETCs B 001aCTh
MaJIOJIETUPOBAHHOIO KaHaya. Yem OnmKke K CTOKY, TeM O0JIbllIe CMEIIEHNE P-N-Tiepexoaa u
TEM YK€ B TOM MecTe kaHai. Ha ydactke AB kpuBoi 1 pocT TOKa CTOKa 3aMeIseTCs U3~

3a YMCHBIICHUA CCUCHU KaHajla SK N 3aBUCHUMOCTDH TOKa CTOKa Ie OT HaIIPAKCHHA CTOK-

ncrox Uen me noguuHseTca 3akoHy OMa. B Touke B HanpsiKeHHe CTOKa BO3POCIO

HACTOJIBKO, YTO H3-3a YMCHBIICHHUA CCUCHUA KaHald U YBCIIMYCHHUA CTO COIIPOTUBIICHUA (2)

HACTyIaeT OrpaHUYCHUE POCTa TOKA lc Hanpspkenue croka B
TOYKE B Ha3bIBaeTCs HanpsiceHuem Hacvlujerus: Upo U OTpakaeT mpeKpalieHue

HapacTaHMUs TOKa CTOKa le Vyacrox 04 KpUBOM 1 Ha3bIBaeTCs 00.1acmblo nPo6OOUMOCHU
Kanana (OMAYECKANA y9acToK), a osioruid yaactok BC - obracmuio nacviwenus, komopulil
U s6151emcs paboyum y4acmKoM 8bIXOOHOU XapaKmepucmuKy nojieeo2o mpaH3ucmopa ¢
ynpasasaowum P-N-nepexooom. HesHaunTenbHOE U3MEHEHUE TOKA CTOKA Ha paboueM
y4acTKe OOBSACHSAETCS IBYMS IPUUMHAMMU:

1. C yBenuueHreM HaIpsHKEHUS CTOK-MCTOK MOYTH MPOMOPIIMOHATIBHO BO3pacTaeT
COTMPOTHUBIIEHUE KaHaja (2) 3a CYET ero Cy>KEeHHUS.

2. C nanpHEHIINM pOCTOM HaNpsKEHUs] CTOK-UCTOK MPUOJIM3UTEIHHO BCE BHYTPEHHEE
najieHue HaNpsHKEHHsI COCPE0TOUYEHO B CAMOM Y3KOM 4acTH KaHajia cO CTOPOHBI CTOKA.

B pe3ynbTaTe B 007aCTH KaHajaa HAIPSHKEHHOCTD AJIEKTPUUECKOTO MOJISt MOKET OBbITh
BBICOKO. B 3TOM ciyyae mioTHOCTh ApeidoBoro Toka (4) 40CTUraeT HACBILEHUS U HE
3aBUCHUT OT HAIPSKEHUSI CTOK-UCTOK. ITO MPOUCXOIUT MOTOMY, YTO MOABUKHOCTD
HOCHUTEJIEN [y YMEHBILAETCS C YBEIMUECHUEM HANPSKEHHOCTH 3JIEKTpUUecKoro nois E, a
nperidoBasi CKOPOCTh V UX TBUKEHUS IOCTUTaeT HACHIILIECHUS:

v=uE=v, mconst’ 5)

TO €CTh MOYKHO OTMETHUTD, YTO NP YBEIIMYECHUN HATIPSHKCHUS CTOK-UCTOK TIPOUCXOIUT
BO3pacTaHre HANPSHKEHHOCTHU DJIEKTPUIECKOTO TMOJIS, YMEHBIIIEHUE TTOABMKHOCTH
HOCHTEJICH 3apsI0B U TUIOTHOCTH Apei(hoBOro Toka Ha pabouemM

yuacTke BC npuban3uTe1bHO NOCTOSIHHA!

.](?p :eppvmrc ~const (6)
JIunie HpI/I 3HAYUTCIIbHOM YBeJII/IquI/IH HaHpH)KeHI/Iﬂ CTOK-UCTOK MOXKET HaCTyrII/ITB

po0oii pP-N-repexojia U TOK CTOKA le Oynet naBuHOOOpa3Ho Bo3pacTaTh. Ha pucynke 3
oTMeueHa Hepabouas 00JaCTh MOJIEBOT0 TPAH3UCTOPA C YIIPABIISIIOIIUM P-N-TIEPEX0I0M,



KOTOpasi OrpaHUYMBAETCS TPEMS MTapaMeTpaMu: MAKCUMATILHO-00NY CIUMbIM MOKOM
U.

cmoka — IC MAKC1 MCZKCMMCZJZbHO'OOI’ZyCWluMblM HanpsiasiceHuem cnoK-ucniokK - H

siony MAKCUMATIHO-00NY CIMUMOT MOWHOCMbIO PACCESHUSL CIOKA — Fe —

Ha paGouem yuactke BC yron HakjoHa BBIXOJHON XapaKTEPUCTUKH OJIM30K K HYIIIO,
IIOSTOMY BBIXO/IHOE COTPOTUBJICHUE Ry, MTOIEBOTO TPAH3UCTOPA C YIIPABIIAIONIUM P-N-
HEPEXO0JIOM BEJINKO U UMEET 3HaUEHUs Nopsiaka coTeH KOM.

Ecau Ha 3aTBOP OTHOCUTCIIbHO NCTOKA ITOJATh ITOJIOKHUTCIIbHOC HAIIPAKCHUC U-3”2 :+2B, TO

HCXOAHOC CCUCHUEC KaHaaa SK YMCHBIIACTC, COIIPOTUBJIICHUEC KaHala I, BO3pacTacT u

BBIXO/THASI XapaKTepUCTUKA 2 le =f(UCH ) ipu v

o, <o

31 >0 B 001aCTH TTPOBOAUMOCTH TOMAET

moa MCHbBIIWM YI'JIOM HAKJIOHA I, a B pCKNMC HACBIIICHUS HUKC, YCM BbIXOAHAsA
XapaKTCPUCTHKA l. HaCBIH_IeHI/Ie KaHaJia JJIs1 BBIXOIIHOﬁ XApPaKTCPUCTHUKH 2 HaCTyIIacT IIpH
MEHBIIICH BEJIMUHHE HaIIPAKCHUA CTOK-HCTOK!

U, NUHD - UsmUs'm (7)

U

[Ipn nanpHENIIEM YBEIMYEHNN HANPSKEHUS 3aTBOP-UCTOK — 3#3=+4B nmpouncxoaur

YMEHBIIICHHE TOKA CTOKA /€ 1 BBIXOJHAS XapAKTEPUCTUKA 3 TOMIET elie HIKe, KaK 3T0
MOKa3aHO Ha PUCYHKE 3.

CTOK-3aTBOpPHBIE XapaKTEPUCTUKH ITOJICBOTO TPAH3UCTOPA C YIPABIISIONIAM P-N-
IEPEX0I0M

1100 cmok-3ameopHOU Xapakxmepucmukou nojieeo2o MmpaH3ucmopa NOHUMAaemcs
3a8UCUMOCb MOKA CMOKA OM HANPANACEHUS 3AMEOP-UCMOK NPU NOCMOSAHHOM 3HAYEHUU
HanNps’ceHusi CMoK-UCMoK:

1 Zf(U ) U, =const (8)

c SHOTIpU — CH
Ha pucynke 4 npuBeneHo ceMENCTBO CTOK-3aTBOPHBIX XAPAKTEPUCTHUK MOJIEBOTO

TPaH3UCTOPA C KAHAJIOM P-TUTa. XapaKTEepUCTHKA 1 COOTBETCTBYET HAIIPSKEHUIO CTOK-

U U

uctok - cn=-10B. U3 3aBucumoctu 1 cnegyer, 4To mpu HEKOTOPOM HAIPSKEHUU — 34

=Usore TOK cTOKA ¢ =0. Munumanvhoe Hanpsiicerue 3ameop-ucmok, npu KOmopom moxk
CmMoKa paeen Hymo, Hasvieaemcs Hanpsicenuem omcedku Usgr.. 3HAUCHNE HAIIPSKEHUS

OTCEYKH ONPEIEIISIETCS PABHOBECHOW IIMPUHOM KaHana. [Ipu Usn= yepes MoJIEBOU
TPAH3UCTOP MPOTEKAET MAKCUMAaJIbHBIM TOK, CEYCHHE KaHalla B 3TOM CITydae
MaKCHUMaJlbHOE, a COMPOTUBJICHNE KaHalla HauMeHbIee. [Ipu yBeTMYeHNH HAMPSHKEHUS
3aTBOP-UCTOK YIPABIISAIOINIA P-N-TIEPEX0/] pACIIAPSIETCA B 00J1aCTh ¢1a00 JIETHPOBAHHOTO
noxynpoBoanuka p-tuna (lys, yBeIMYMBaeTCs1) ¥ CCUCHHE KaHalla YMEHBINACTCS, YTO
NPUBOUT K POCTY comnpoTuBicHus kanana I=l./(cS,) 1 yMeHbIIIEHUIO TOKA CTOKA.

[Tpu HanpsHKEHUH HA 3aTBOPE PABHBIM HATPSKEHHIO OTCEYKH CCUCHHE KaHajaa CTAHOBHUTCS
IPUOIM3UTEBHO HYJIEBBIM, TPAH3UCTOP 3aMUPAETCS, @ TOK CTOKA CTPEMHUTCS K HYJTFO
(pucynok 4 (1)).

[Ipn mogaye Ha CTOK HaHpH)I(eHI/IHUCm:-lsB TOK CTOKA U3MEHUTCS HE3HAUYUTEIILHO, TaK
KaK 3TO HaNpsHKEHHE COOTBETCTBYET pabodyeMy peKUMy MOJIEBOr0 TPAH3UCTOPA, TOITOMY
CTOK-3aTBOpPHAs XapaKTEPUCTUKA B ATOM ciTydae (3aBUCUMOCTb 2 pUCYHKa 4) monaer

U

HECKOJIbKO BBIIIIE, YEM 3aBUCUMOCTb | npu Hanpsbkenun — <#=-10B. Orcrona cnegyer, 4to



[P pa3HBIX HAMPSKEHUAX CTOK-UCTOK B paboueM pexuMe CTOK-3aTBOPHBIE
XapaKTEPUCTUKH TOJIEBOTO TPAH3UCTOPA UYT OYEHB OJIU3KO APYT K JPYTY, a HAMIPSKEHUE
OTCEUKH MPaKTUUEeCKU He u3MeHseTcs. C yueTom 3Toro (akta B CIpaBOYHHUKAX
MIPUBOJUTCA CTOK-3aTBOPHAS XapaKTEPUCTUKA TOJIEBOTO TPAH3UCTOPA C YIPABISIOIINM P-
N-Mepexo0M MPU OAHOM HANPSIKEHUU CTOK-HCTOK.

Ha cTOK-3aTBOpPHYIO XapaKTEPUCTUKY MOJIEBOTO TPAH3UCTOPA C YIPABISAIONIUM P-N-
NEPEXOA0M 3HAUUTENILHOE BIUSHUE OKA3bIBAECT TEMIIEpATypa OKpyKarolen cpeasl. [Ipu
M3MEHEHUH TEMIIEPATYPbl OKPYKAIOIIEH Cpebl HAa X0/ CTOK-3aTBOPHOU XapaKTEpUCTUKU
MI0JIEBOTO TPAH3UCTOpA BIMSIOT J1Ba (hakTopa:

1. ITpu yBenmyeHun TeMIepaTypbl yMEHbIIAETCS OABH)KHOCTh HOCUTEIIEH 3aps/ia B
KaHaJle, KoTopasi onpejiesercs cooTHomenueM - u=AT32 510 NIpUBOAUT K YMEHBIICHUIO
AIIEKTPOIPOBOIHOCTH KaHaja, CJIEOBATENbHO, K POCTY CONPOTUBIICHUS KaHAJIA U
CHMKEHUIO 3HAYECHHSI TOKA CTOKA.

2. [loBpIllIeHNE TEMIIEPATYPHI BEAET K CHUKEHHUIO BRICOTHI TOTEHIIMATIBHOTO Oapbepa
YHOPABISIIOUIETO P-N-TIEPEX0/1a, K YMEHBIIEHUIO €r0 IIUPUHBI, a, CIEI0BATEIbHO, K
YBEIMYECHHIO CEYEHMSI KaHajla, POCTY TOKA CTOKA U HAIIPSDKEHUS OTCEUKH.

[TapameTpsl IOJIEBBIX TPAH3UCTOPOB C YIPABISAIOIIUM P-N-IIEPEXOIOM

[TapameTpsl IOJIEBBIX TPAH3UCTOPOB ONPEAEISIOTCS U3 CBSA3H MEKY BBIXOJAHBIM TOKOM -
TOKOM CTOKa M HANPSKEHUAMHU 3aTBOP-HCTOK, CTOK-UCTOK:

Ic :f(Um 'U(.‘H ) (9)
N3 pyHkmonanbHoro ypasHenus (9) nonydyaem nuddepeHiuanbHOe ypaBHEHUE B
YaCTHBIX IPOU3BOIHBIX BUA:

dle=@1c 1aVsn)oVsu+(p!c 1V enyoUen . (10)
Hpyras 3anucs ypaBauenus (10) umeer Bua:

dle=sdVsu+@/RydVen . (12)
N3 ypaBHenus (11) HaxoasTCS OCHOBHBIE CTATHUECKUE MAapaMETPhl TTOJIEBBIX
TPAH3UCTOPOB: KPYMU3HA XAPAKMEPUCMUKU - S; BHYMPEHHEee CONPOMUBIIEHUE -

Ri; cmamuyeckutl koaghuyuenm ycunenus no HANPAMNCEHUIO - K,

O} pexTUBHOCTD YIPABIISIIONIETO ACHCTBHUS 3aTBOPA B MOJIEBBIX TPAH3UCTOPAX OIICHUBACTCS
KPYTU3HOM CTOK-3aTBOPHOW XapaKkTepuCTUKU. Kpymusua xapakmepucmuku S nokazvieaem
HA CKOJIbKO MUNLIUAMNED USMEHAEMCs 6eIUYUHA MOKA CMOKA NPU USMEHEHUU HANPANCEHUS
Ha 3ameope Ha 0OUH BOJIbIM.

ol dl

S: C — c

ou,, du,, mpu Uen =const. (12)

[Tpu onpeneneHnn KPyTU3HBI S HAMPSHKEHNE CTOK-UCTOK JI0JKHO OCTaBaTHCS TOCTOSIHHBIM.
['padmyecku BenynMHa S COOTBETCTBYET HAKJIOHY KacaTeJbHOM B 3a/1aHHOM TOUKE CTOK-
3aTBOPHOM XapakTepucTHKH: S=tg(al), rIe o.- yros HaKJIoHa KacaTenbHOM. [T0CKONIbKY TOK
CTOKA HEJIMHEMHO 3aBUCUT OT HANPSKEHUS HA 3aTBOPE, TO U KPYTU3HA XapaAKTEPUCTUKH

sBIsieTCs PYHKIMEH HampsoKeHus Ha 3aTBope: S=f( U,y ). B 3aBuCHMOCTH OT THIIA IIOJIEBOTO
TPaH3KMCTOPa KPYyTH3HA MAJIOMOIIHBIX TPaH3UCTOPOB UMEET CPEAHEE 3HAUEHUE

nopsiaka: S=(1,5-2,0) MmA/B.

BHyTpeHHEE COIPOTHBIIEHHUE [TOJIEBOTO TPAH3UCTOPA R XapakTepu3yeTcst BO3AEHCTBHEM
HANPSOKEHUS CTOKA Ha TOK CTOKA M ONPEAESETCS U3 BhIPAKEHUS:



ou dU

R— CH — CH

a dl. npu Usn=const (13)

Buympennee conpomuenenue noiego2o mpauzucmopa - 3mo omHouleHue U3MeHeHus
8bIXOOH020 HANPANCEHUs] (HANPANCEHUS CMOK-UCMOK) K USMEHEHUIO 8bIXOOHO20 MOKA
(moka cmoxa) npu NOCMOAHHOM HANPANCEHUU HA 3ameope. ITOT MapaMeTp NOKa3bIBAET
CONPOTHUBIIEHUE TIOJIEBOI'O TPAH3UCTOPA IEPEMEHHOMY TOKY U COCTABIISIET COTHU KOM B
3aBHCHMOCTH OT THIIa TIOJIEBOTO TpaH3UCcTOpa. I'paduuecku BHyTpEHHEE COMPOTUBIICHUE
COOTBETCTBYET HAKJIOHY KacaTeJIbHOM B 3aJJaHHON TOYKE BBIXOJIHOW XapaKTEPUCTHKU
noJjieBoro Tpansuctopa: R; = ctg(a), rae o - yroy HakiIoHa KacaTeIbHOM. YeM mosoxke uaer
BBIXO/IHAsl XapaKTEPUCTHUKA MOJIEBOTO TPAH3UCTOPA, TEM OOJIbLIEE 3HAYEHUE UMEET
BHYTPEHHEE COIPOTHUBIICHHE.

C

Cmamuueckum KOQQbeLtZ/ﬂ/leHmOM YCUneHus no HanpAsMNCeHUo K" Has3vlearom OMHOULEHUEe

U3MEHEHUA HANDANCEHUS CMOK-UCMOK K USMEHEHUIO HANDAINCEHUA 3AMBOP-UCNIOK npu
HEUBMEHHOM mOKe CmMOKd.

ou dU

K j— CH — CH

- du,, pH lc =const (14)

Cratnyeckuil KO3(QPUUUEHT YCUIIEHUS IO HAIPSKEHUIO TTOKA3bIBAET BO CKOJIBKO pa3

HaIIPAKCHUC HA 3aTBOPC CUJIBHCC BJIMACT HA TOK CTOKA ITO CPABHCHHUIO C HAIIPSAKCHHUCM Ha
K

3H

CTOKE. 3HaueHue v, KaK MpaBuiio, MHOTO Oombine enunuiibl. Ecnu quddepennmansroe
ypaBHeHue (11) npupaBHATH HYIIO, TO MTOJTYYHM:

dl. =SdU.,, +idum —0
R, , (15)
NJIn

KV :SRE. (16)

VYpasuenue (16) nonyunno Ha3BaHUE HYMPEHHE20 YPaGHeHUs. ITO YPaBHEHUE ITUPOKO
MIPUMEHSIETCSI Ha MIPAKTUKE JIJIs1 BBIYUCIICHUS TPETHET0 NapaMeTpa Mo ABYM U3BECTHBIM.
YT0oObI ONpeIeNIUTh MapaMeTPhl MOJIEBOI0 TPAH3UCTOPA C YIIPABISIONIUM P-N-TIEPEX0I0M
HEO0OXOJIMMO UMETh CEMEUCTBO BBIXOJHBIX XapaKTepUCTUK. KpyTHU3Hy XapakTepuCTUKH U
BHYTPEHHEE COMPOTUBIICHUE MOTYT OBITh ONPeIeNieHbl rpad)uIECKU MO BBIXOIHBIM
XapaKTEPUCTHKaM Ha pabodyeM ydacTke (PUCYHOK 5).

Kpyrtusny xapakrepuctuku S=(A le /AUSH) npu Ucn =const OTIPEACTISIOT
no ToukaM A u B 3aBucumocrteit 1 u 2 pucynka 5. Ilpupaiiienrie Toka CTOKa HaXOAsT KaK

. U
Pa3HOCTh 3HAYEHUI TOKOB CTOKa B TOUYKax A u B npu Hanpsi>keHUU CTOK-UCTOK Ucw =Y crtuon

, Ale =l ey , @ IPUPAILICHUE HANIPSKEHUSI 3aTBOP-UCTOK - KAK PA3HOCTh HANPSHKECHUI

AU =Uy U

Ha 3aTBOPE MEX]Y 3aBUCUMOCTSIMU | 1 2 pUCYHKA D' 3 =" 3= 3m2



Ica

PHc.5. OmpefeneHHe MapaMeTPOE IIONEBLIX TPAH3HCTOPOE IIO
BBIXO/HBIM XapaKTepHCTHKAM.

U

Buyrtpennee conportusienue Ri=A Ueniale Ipu ~ 3#2 =CONSt onpeAensroT 1o

toukam B u C pucyHnka 5, pacriosoKeHHbIX Ha pabodeM ydacTke, Py HapsHKEHUU Usn

:U3H2 =const: AUCH :UCH — Ucm : A I = Icz - IC3 .

3HaUYeHHE CTAaTUUECKOTO KOd(PhHUIIMEHTa YCHIICHUS 110 HAIIPSKEHUIO OTPEIEIIIeTCS U3
ypaBHeHus (16) mo HalineHHBIM S 1 R;.

Ilopsinok BbINMOJTHEHHS IKCIIEPUMEHTOB

1. [TepexitounTe MyJIbTUMETP B PEKUM TECTHPOBAHUS JTUOJIOB U U3MEPHTE MaJICHUE
HaIPsHKEHUS Ha P-N Tepexoaax TPAH3UCTOPOB IO TIEPBBIM YETHIPEM CXeMaM,
npuBeAEHHBIM B Ta0J1. 2.8.

2. [lepexitounTe MyJIbTUMETP B PEKUM H3MEPEHUS COMPOTUBIICHUIN 1 H3MEPhTE
COIIPOTHBJICHUE «CTOK - UCTOK» TIpu U3u = 0 1mo 1ByM mocieaHuM cxeMmam

COM VQ |COM VQ
CxeMmbl
name-
peHui
AU, mB Ryc=.-- OMRc=......OM

3. CobepuTe 1ens AJisi CHATUS XapaKTEPUCTHK TpaH3ucTopa (puc. 6). Jlnom BkitoueH B
CXEeMYy ISl IPEIOTBPAIEHUS TI0/Ia4X OTPUIIATEILHOTIO HAMPSHXKEHUS Ha TPAH3UCTOP MPHU
CHATHH BBIXOJHBIX XapaKTEPHUCTHUK, a MKy ToukaMu A 1 B BK/ItoUeHa nepeMbluka,
yAQINB KOTOPYIO MOKHO BKJIFOUUTH B LIETIh CTOKA COMPOTUBJIEHUE HATPY3KH.
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BrxomtounTe 6510k TeHEpaTOpOB HANPSHKEHUN U MYJIBTUMETPHI. Perynupys HanpsbkeHue Ha
3aTBOPE MOTEHI[MOMETPOM, ONPENAEITUTE HAYAIbHBIN TOK CTOKA U HAIIPSYKEHUE OTCEUKHU.

]Ha‘l S MA; UOTC BRI B.

N3mensis HanpshKeHUE Ha 3aTBOPE MOTEHIIMOMETPOM OT HYJIS 10 HAIMPSIKEHUS OTCEUKH,
CHUMUTE CTOK-3aTBOPHYIO XapaKTEPUCTUKY

3ananme 1.

[IporecTupoBaTh TPAH3UCTOPHI THIMA N U TUIIA P C TOMOIILI0 MYJIbTUMETPA, CHATH
CTaTUYECKHE BBIXOHBIC XapPAKTEPUCTUKU U CTOK-3aTBOPHYIO XapaKTEPUCTHKY.
HccnenoBarh BIUSIHUE COMPOTHUBIICHHS HATPY3KH HA CTOK-3aTBOPHYIO XapaKTEPUCTHKY U
KOA(OPUIIMEHT yCUIICHUS HATPSKSHMUS.

IMPAKTUYECKAS PABOTA Nel§S
Tema : HccnenoBanne XapakTepUCTUKU U TAPAMETPOB TUPUCTOPA

Heab: M3yuynTs OCHOBHBIE IapaMETPhI U CBOMCTBA TEPUCTOPOB
OobopynoBanme : Tupucrop
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Tupucropamu Ha3bIBAIOT MOJIYNPOBOJIHUKOBBIE MPUOOPHKI € TpeMs U Ooiee p-N-
nepexoaamu, UMeronme S-o0pa3HyIo BOJIbT-aMIIEPHYIO XapaKTEPUCTUKY. Y CTPONCTBO
TUPUCTOpPA CXEMAaTUYHO MTOKa3aHo Ha puc. 1.

[Ipu u3roroBaeHun TUpUCTOpa OEPYT MIACTUHY MOTYNPOBOJIHHUKA C TApaMeTpaMu
00J1aCTH N1 ¥ METOJIOM ABYXCTOpoHHEH auddy3un GopMUPYIOT 001aCTH p1 U P2. 3aTeM
METOIOM OJHOCTOpOoHHEH auddy3un GopmMupyroT 0061acTh ny. [Ipu Takol TeXHOIOTHN
M3TOTOBJICHUSI HAMMEHEE JISTHPOBAaHHOM OyeT 00JacTh ny, a Hanbosee JeTHPOBAHHOM -
00JacTsh Ny.

KOHTAaKT K BHENIHEMY P-CIJIOI0 Ha3bIBAIOT aHOAOM, & K BHEIIHEMY N-CJIOKO - KATOJIOM.
BuyTpenHue o01acTHl p- U n-TUIa Ha3bIBAlOT 0a3aMu. BeiBoabI OT 0a3

00pa3yroT ynpasiisitoue 3JekTpoasl YOI u Y32,

B 3aBUCHMOCTH OT 4yKCIia BBIBOJOB THPUCTOPHI JAEIIAT HA

JTUOJHBIE (AMHUCTOPHI), UMEIOIIHE JIBA BHIBOJIA - OT aHOJIA U KaTO/1a;

TPUOAHBIE (TUPUCTOPHI), UMEIOILIME BBIBOJBI OT aHO/A, KaTo/la U OJHOU U3 0a3;
TETPOAHbIE, UMEIOIIINE BBIBOJBI OT BCEX 00IACTEH.

B Hayane cBoero pa3BUTHs TUPUCTOPHI IPETEHI0BAIN HAa POJIb MHOTO()YHKIMOHAIBHOTO
npudopa. Ha HUX mbpITanuck Aenatb TPUITEPHI, CYETYUKHU, MYJIbTUBUOPATOPHI U IpyTHe
caMble pa3HOOOpa3HbIE AIEKTPOHHBIE YCTPOiicTBA. OAHAKO MOCTENEHHO BBISICHUIOCH, YTO
110 OOJIBIIIMHCTBY HaNpaBJICHUI OHU HE BBIACPKUBAIOT KOHKYPEHIUH C IPYTUMHU
HOJTyTIPOBOJJHUKOBBIMU NpuOopamu. EnuHcTBeHHAs 001aCcTh, B KOTOPOUM TUPUCTOPHI
IPOAEMOHCTPUPOBAIIN BBICOKYIO KOHKYPEHTOCIIOCOOHOCTBD - 3TO MOIIIHBIE TOKOBBIE KIIFOUU
Pa3IMYHOr0 HaA3HAYEHUS, B KAUECTBE KOTOPBIX OHU CelYac YCIEIIHO U IIUPOKO
UCIIOJIB3YFOTCS.

[Tpu ucoaB30BaHUM B KAYECTBE TOKOBOT'O KJIK0Ya TUPUCTOP BKIIFOYAETCS NOCIEI0BATEIBHO
C UCTOYHUKOM MHUTaHUs U Harpy3koi (puc. 1). B mpoiiecce paboTbl THPUCTOP MOKET
HaXOJUTHCA B OJHOM U3 JIBYX BO3MOKHBIX COCTOSHUI. B 0fHOM HX HUX

TUPUCTOP BBIKIIOYEH WM 3aKPBIT. B 3TOM COCTOSIHUM TUPUCTOP UMEET BBICOKOE
COMNPOTHUBIIEHUE U TOK B HArpy3Ke MPaKTUUYECKU paBeH HYJ0. Bo BTOpOM COCTOSIHUU
TUPUCTOP BKJIFOYEH WM OTKPBIT. B 3TOM COCTOSIHUM TUPHUCTOP UMEET MaJIOe
COMNPOTHUBIIEHUE, U TOK B LIETIH ONPENEISAETCS COPOTUBIEHUEM HATPY3KHU.

Paccmotpum ¢pusndeckue nporeccsl B THPUCTOPE, ISl YEro MPeICTaBUM €T0 B BUJIE ABYX
OUMONSPHBIX TPaH3UCTOPOB (puc. 2). Ha dusuveckue mpoiiecchl B THPUCTOPE OCHOBHOE
BIIUSIHUE OKa3bIBAIOT JiBa (haKTOpa: 3aBUCUMOCTH KOd(ppuItneHTa nepeiadu mo ToKy ot
TOKa SMUTTEPA U JAaBUHHOE YMHOXEHHE HOCUTEJICH B 00€THEHHOM CJI0€ KOJUIEKTOPHOTO
nepexona.

Ecnu Ha aHO MO1aHO OTpUIIATEIFHOE HANIPSHKEHHE, TO IIEHTpalbHbIN nepexon [12 Oyner
CMEUIEH B IPSIMOM HarpaBlieHuH, a kpaitHue nepexoasl [11 u I13 - B oOpaTtHOM. B 3TOM
Clly4ae MOJIIPHOCTh HAMPSXKEHUN Ha MepexoiaX COOTBETCTBYET PEKUMY OTCEUKU
tpan3uctopoB VT1, VT2 u yepes tupucrop Oyner nporekaTb oOpaTHBIN TOK JBYX
MOCIIEIOBATEIBHO BKIIOYEHHBIX nepexooB I11 u I13.

[Ipy MOI0XKUTEIHLHOM HaNPSHKEHUU Ha aHoje KpaiHue nepexossl [11 u 113 oynyT
CMEIIECHBI B MPSIMOM HAIpaBJeHHH, a [IeHTpaibHbIi nepexox [12 - B o6patHom. B aTom
ClIy4ae MOJIIPHOCTh HANPSKEHUI Ha MEPeEXoJax COOTBETCTBYET AKTUBHOMY PEXUMY
paboTtsl TpansuctopoB VT1 u VT2. Kak BunHO U3 puc. 2, BEIXOIHOM TOK TpaH3uctopa VT1
SBJISIETCS] BXOJHBIM TOKOM TpaH3uctopa VT2, a BBIXOAHOU TOK TpaH3uctopa V12 - BOJHBIM
TokoM Tpan3uctopa VT1, 1. e. Tpanzuctopsl V1 u VT2 006pa3yroT AByXKacKaaHbIHI



YCUJIMTEND, BBIXOJI KOTOPOTO COEANHEH CO BXOOM. B Takoi cxeMe BO3MOKEH
pereHepaTuBHbBIN IPOLIECC JAaBUHOOOPA3HOIO HapacTaHUs TOKa.

[Tpu HEOOIBIIMX MOJOKUTENBHBIX HAMPSDKEHUSIX HA aHOJIE Yepe3 KOJUIEKTOPHBIE MEPEX0/Ibl
OyIyT MpOoTeKaTh 0OpaTHBIE TOKH, KOTOPBIE OYIyT ycuiieHbl Tpan3ucTopamu VT1 u VT2,
Ho, Tak xak 3T TOKM MaJbl, a Ipu Toke smutrepa 1,0 koadduimenT nepenayun Toka
smutTepa 0, TO B THPUCTOPE YCTAHOBUTCS TOK, HEHAMHOTO MPEBBIMAIONTUH .

[To mepe pocTa HanpsKEHUs Ha aHO/E€ TOK TUPUCTOpa OyJEeT BO3pacTaTh 3a CUET
JAaBUHHOTO YMHOXEHHS HOCUTeNen 3apsaa B nepexoze [12. 91o camo mo cebe mpuBOAUT K
YBEIIMYEHHUIO TOKA TUpUcTOpa. Ho yBennuenne Toka THpUCTOPA MPUBOJIUT K BO3PACTAHUIO
K03 GUITUEHTOB Nepenadn Toka amMuTTepa TpanzuctopoB VT1 u VT2, yto Bnedér emé
OoJplIEE YBETUUEHUE TOKA THPUCTOPA.

[Tpu HekoTOpOM TOKE KOI(PPUIMEHT yCUIIEHUS T10 METIe, 00pa30BaHHON

tpanzuctopamu VT1 u VT2 npesbicut eagununy. [Ipu 3ToM ecinu TOK HE OTpaHUYEH, TO B
TUPUCTOPE BO3HUKAET PET€HEPATUBHBIN Mpoliece JTaBUHOOOPA3HOTO HApaCTaHUsI TOKa,
3aKaHYMBAIOIIMIICS HachleHneM Tpan3uctopoB VT1 u VT2, korna Bce ux nepexosl
OyAyT CMEILIeHbI B IPSIMOM HarpaBjieHUU. Takoil mpouecc OyAeT MpOUCXoIuTh B
JIEKTPOHHOM KJIFOU€ Ha TpaH3UCcTope. Ecii TOK OrpaHudeH, 4TO UMEET MECTO IIPU
MUTAHUU TUPUCTOPA OT UCTOYHUKA TOKA IPU CHATUHU €T0 BOJIbT-aMIIEPHOU
XapaKTEPUCTHKH, TO C POCTOM TOKA Yepe3 TUPUCTOP HAIpsHKEHUE HAa HEM OyJeT majiath
(puc. 3).

Ecnu B nenu ynpasJIrOIIEro nepexoaa NpoTeKaeT HEKOTOPBIM TOK, TO 3TO IPUBOAUT K
YBEJIMYECHHIO TOKA TUPUCTOPA U BO3PACTAHUIO KOA(P(ULIMEHTOB NEPEeIaun TOKa IMUTTEPA
TpaH3ucTopoB VT1 u VT2, yTo NpUBOAUT K YMEHBIICHUIO HANPSKEHUS, TPH KOTOPOM
HAYMHACTCS PETCHEPATUBHBIN NPOIIECC BKIIOUYCHUS THPUCTOpA (puc. 3).

BonbsT-amnepHast xapakTepucTuka THPUCTOPA UMEET TISATh XapaKTEPHBIX y4aCTKOB (puc. 3).
VYyactok 0-1. HanpsbxkeHne Ha aHOA€E MOJOKUTEIBHO, TOK HE3HAYUTEINIEH, TO €CTh THPUCTOP
3aKpBIT. ITOT YUaCTOK BOJbT-aMIIEPHON XapaKTEPUCTUKU COOTBETCTBYET PEKUMY MPSIMOTO
3anupaHus.

VYyactok 1-2. B Toukax 1 u 2 quddepeHimanbHOe COMPOTUBICHUE TUPUCTOPA PABHO
HYJIIO, @ MEXJY HUMU - OTPULIATENBHO. JTO YYACTOK XapaKTEPUCTUKH C OTPULATEIIbHBIM
nuddepeHnnanbHBIM COTPOTUBICHUEM TUPUCTOPA.

Koopnaunate! Touek 1 u 2 sSBisSt0TCS TapaMeTpaMu THPUCTOPA:

Uskn - HaIIPsSDKEHUE BKITFOYEHUS;

|z - TOK BKIIOUEHHUS,

lyx (Iencn) - TOK yrepkaHusi (TOK BBIKITIOYCHUS );

Uyn (Usgn)- HaTIpsDKEHHE YACpIKaHUs (HAPSDKEHUE BBIKITFOUCHHS ).

VYyacTok 2-3. Ha 3ToM y4acTKe THPUCTOP OTKPBIT, U TOK Y€PE3 HErO OrPAHUYEH
COIIPOTHUBJICHUEM BHEIIHEH LIENH. YYaCTOK COOTBETCTBYET PEKUMY MPSIMOMN
IIPOBOJAMMOCTH.

VYuacrok 0-4. Ha 3ToM yuyacTke HalpsbKeHHE Ha aHozie oTpuuarenbHo. Tok Man. Tupucrtop
3aKpBIT. YHYaCTOK COOTBETCTBYET PEKUMY OOpPaTHOTO 3arMpaHusl.

VYyactok 4-5. Ha a3ToM yuacTke HaOII01a€TCsl Pe3KOe YBEIMUECHUE TOKa TUPUCTOPA IIPU
YBEJIMYEHUH OTPULATEIBHOIO HANPSHKEHUS HA aHOJE. Y YacTOK 4-5 COOTBETCTBYET PEXKUMY
00paTHOro Mpooos.

JIns1 BBIKIIFOUEHUSI TUPUCTOPA IIPH €70 UCIIOJIb30BaHUU B KAYECTBE TOKOBOTO KIIFOUA
HEO00XO0MMO KaKUM-TH00 CTIOCOOOM YMEHBIIUTh TOK YEPE3 TUPUCTOP 10 3HAUEHUS,
MEHBIIETro TOKa yJiep KaHusl. BBIKIIOYUTH TUPUCTOP, TI0/1aBasi KAKKe-TM0O0 BO3/ICUCTBUS Ha



YIPABISIOUUHI 3JIEKTPOJI, B OOJIBIIMHCTBE TUIIOB TUPUCTOPOB HEBO3MOXKHO. OJHAKO
CYLIECTBYIOT TUPUCTOPBI, KOTOPBIE MOT'YT ObITh BBIKJIFOUEHBI 10 YIPABISAIOLIEMY
3JIEKTPOly UMITYJIbCOM TOKa 00paTHOro 3HaKa. Takue THPUCTOPHI Ha3bIBAIOT 3aIIMPAEMbIMU
10 YIPABJISIOLIEMY JIEKTPOLY.

Ecnu B kayecTBe yNpaBIAIOIIET0 UCIIOIB3YETCS MEKTPox Y1, TO THpUCTOp

Ha3bIBAIOT YIIPABIIEMBIM 110 KaTOAY, €CIIM B KAYECTBE YIIPABIIAIOLIETO UCIIOJIb3yETCs
ANEKTPOJ Y2, TO TAPUCTOP HA3BIBAIOT YIPABIISIEMBIM I10 aHOJY.

PaccMmoTpeHHbIe THPUCTOPBI IPU OTPULIATEILHOM HANPSLDKEHUH HA aHOJE 3aKphIThL. Takue
TUPUCTOPHI HA3BIBAIOT 3alIMPAEMBbIMH B 00paTHOM HampasiieHuu. OJIHaKO CyHIIECTBYIOT
TUPUCTOPBI, IPOBOJAIINE B 0OPATHOM HAIPABIIEHUH, KOTOPHIE KaK-Obl 3allyHTUPOBAaHbI
JUOJIOM.

BrlTycKarOTCsl TAPUCTOPHI, UMEIOIINE CUMMETPUUYHYIO BOJIb-aMIIEPHYIO XapAKTEPUCTHKY
JUTsL 00euX MOJSIPHOCTEN HAaNpsHKEHUS Ha aHojie. Takue THPUCTOPBI

Ha3bIBAIOT CUMUCTOPAMHU.

3aganmue 1.

3anucaTh pa3HUILY MEXKIY TUPUCTOPOM U TUHUCTOPOM, CPABHUTH HMX BOJBT-aMIIEPHbIE
XapaKTEPUCTUKU

INPAKTUYECKAS PABOTA Nel6
Tema : MccnenoBanue xapakTEPUCTHKU U MTApaMeTPoB PoToANO 12

Heab: O3HaKOMUTHCS C NPUHITUIIOM AEHCTBHS, YCTPOMCTBOM, XapaKTEPUCTUKAMU U
IPUMEHEHUEM TTOJTYTTPOBOJHUKOBBIX (POTOINOIOB.

Oo6opynoBanme: repmanueBbiii poroguon /-7, ctena ais usMepeHus BOJIbT-aMIIEPHBIX
XapaKTePUCTHUK JUOJOB, ONITUYECKAsl CKaMbsl C OCBETUTENEM, OJIOK MUTaHUs, ocIiuiuiorpad.

CnpaBouHbIii MaTepuaJl
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Conep:xanue padboTbl

DOoTOANOAO0M HA3BIBAECTCS MOIYIIPOBOJHUKOBBIN U0/, YyBCTBUTEIBHBIN K CBETY U
npeaHa3HauYeHHbIN 1715 IPeoOpa3oBaHusl CBETOBOIO MOTOKA (ONTHYECKOTO U3JIyUYEHHUs) B
AIEKTPUYECKUN CUTHAI.

He otnuuasics mo npuHIuny AecTBHs OT GOTONPEeoOpa3oBaTes COMHEYHOW SHEPTUH,
(GbOTOIMOABI UMEIOT CBOU KOHCTPYKTUBHBIE OCOOEHHOCTH M XapaKTePUCTUKH, KOTOPbIE
ONPENEIISIIOTCS UX HA3HAYEHUEM.

@OoTOMOABI IPETHA3HAYEHBI J1JIsI IPUMEHEHHUS B KAU€CTBE NPUEMHHUKOB U JATYUKOB
ONTUYECKOTO U3Ty4eHus (0OBIYHO BUJMMOTO U MH(PAKPACHOTO) B COCTABE anmaparypbl U
Pa3IMYHBIX TPUOOPOB, UCIIONIB3YIOMINX BUAUMOE U UH(paKpaCHOE U3ITyUYEHUE.
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B ocHoBe paboThl (OTOAMOIOB JEKUT SBJIICHUE BHYTpeHHETO oToddekTa, mpu KOTOPOM
1O/ ISUCTBUEM CBETA B MOJYNPOBOJAHHUKE TOSIBISIOTCS TOMOJHUTENbHbIE (HEPABHOBECHBIE)
AJIEKTPOHBI U JILIPKH, co3/aronue GoToTok min GoTosic.

1. [Tpunnmn padotel GoTOAMO0B ¢ p-N-niepexoaomM. B dhoToamomax
CBETOUYBCTBUTEIILHBIM 3JIEMEHTOM SIBJISICTCS IEPEX0aHast 00JacTh - P-N-Tiepexo,
pacmoyioKeHHas! MEXTy 00JaCTSIMU C JICKTPOHHOU M IBIPOYHOM MPOBOAUMOCTHIO (puc.1).
Oo6pazoBanue p-n-nepexona. [loaynpoBoJHUK N-TUTIA COAEPKUT HEKOTOPOE KOJIMYECTBO
MPUMECHBIX ATOMOB JIOHOPHOT'O TUIIA, KOTOPBIE MPXU KOMHATHOM TeMIeparype
MPaKTUYECKU BCE MOHU30BaHbI. TakuM 00pa3oM, B TAKOM MOJIYIIPOBOJHUKE UMEETCS

No CBOOOHBIX AIIEKTPOHOB U TAKOE K€ KOJMYECTBO HEMOIBUKHBIX MOJIOKUTEIHHO
3apsSOKEHHBIX HOHOB JIOHOPHOU MTPUMECH.

B npipouHoM nomaynpoBoaHUKE (TIOTYTPOBOAHUKE P-THUIIA) PEATU3YETCs TOJ00HAs
cutyanus. B Hem umeercs p, CBOOOIHBIX JIBIPOK U CTOJIBKO K€ OTPULIATETHLHO 3aPsHKCHHBIX
MOHOB aKIENTOPHBIX aToMOB. [IpuHnunm o6pa3oBanus P-N-nepexo/ia mokasad Ha puc. 1.
[Tpu KoHTaKTE p- U n- 00JIaCTEN B HUX, BCJIEACTBUE HAINYUS ITPAJUEHTa KOHIEHTPALIHMA
AJICKTPOHOB U JBIPOK, BO3HUKACT MU(PPY3NOHHBINA MOTOK AJICKTPOHOB U3 MOIYIIPOBOTHUKA
N-TUTIA B TTOJIYIIPOBOJHUK P-TUIIA U, HA00OPOT, MOTOK ABIPOK U3 P- MOIYIPOBOJIHHUKA B N-
MOJIyIPOBOJHUK. DIIEKTPOHBI, IIEpEHIeININE U3 N-00JaCTH B P-00J1aCTh, PEKOMOMHUPYIOT C
JBIpKaMU BOJIM3U TPAHUIIBI paszienia. AHAJIOTMYHO PEKOMOUMHUPYIOT JABIPKH, IEPEHs U3 p-
obJyactu B n- o6sacte. B pesynbraTe BOIM3M p-N-niepexo/ia MPakKTUYeCKH HE OCTACTCs
CBOOOJTHBIX HOCHUTEJIEH 3apsia (DIEKTPOHOB U JBIPOK).

Tem cambIM 0 06€ CTOPOHBI OT pP-N-Tiepexoaa oopa3yercs: chOpMUPOBAHHBIIN
HEMOJBWKHBIMHU MIPUMECHBIMU MOHAMH JIBOMHON 3apsIAKEHHBIN CIOM (Ipyrue Ha3BaHUs —
cioi 0b6eHeHus Ui 00JacTh pocTpaHcTBeHHOTO 3apsiaa (OI13), 3anupatomuii cioi),
CO3/IAIOIINN CHIIBHOE DJIEKTPHUUECKOE ToJe. DIEKTPUIECKOE TI0JIE 3aMUPAIOIIETO CII0s
HAIpaBIIEHO OT N —00JIACTH K p-00JaCTH U IPOTUBOCUCTBYET Mpoueccy nuddy3un
OCHOBHBIX HOCUTEJEH 3apsaa u3 o0iacTell yJaleHHbIX OT p-N-Tiepexo/ia B 00EAHEHHYIO
obmacte. Takoe cocTosTHUE SBISCTCS PABHOBECHBIM U TIPU OTCYTCTBHH BHEIITHHX
BO3MYIIIEHUH MOKET CYIIECTBOBATH CKOJIb YTOJAHO JOJTO.




Puc. 1 — O6pazoBanue p-n- nepexojna Puc. 2

[Tpunnumn padots! poroanoaa. OnTuueckoe U3aydeHue (CBET), MOTIOMAEMOE B
MOJIYNPOBOJHUKOBOM CTPYKTYpE ¢ P-N-MepeX00M, CO3AAET CBOOOIHBIC MAPHI “IIEKTPOH-
JBIpKA” TIPU YCIIOBUM, YTO dHEPTHS (POTOHA hv MpeBHIIaeT MUPUHY 3aIPEIICHHON 30HbI
noJIynpoBoJHuKa EQ.

CBOOOIHBIE AJEKTPOHBI U JILIPKA BO3HUKAIOT KaK B p- U N- 00JIACTAX MEePEexo/ia, TaK U B
HETOCPEACTBEHHOM OJIM30CTH K 3amuparoiieMy cior. CyIiecTByoIIee B 3aUparoem
CJI0€ BJIEKTpUYECcKOoe ToJIe (TmoJie p-N-repexoaa) pa3aesieT Co3JaHHbIe CBETOM CBOOOTHbIE
HOCHUTEJIU 3apsjia B 3aBUCUMOCTH OT MX 3HaKa B pa3Hble yacTu (POTOM01a: CBOOOIHBIC
AJIIEKTPOHBI MEPEMEIIAIOTCS B N-00J1aCTh Mepexo0/1a, a IbIPKH MePEeMEIaoTCs B p- 00J1acTh,
YTO MPUBOJIUT K 3aPsHKEHHIO ATUX objiactei (puc.2).

[Ipu ocBelieHNH IBIPKA HAKAIIMBAIOTCS B P-00JIaCTH, 3apsikasi €€ MOJIOKUTEIIBHO.
DJIEKTPOHBI HAKAIIJIMBAIOTCS B N-00J1aCTH, 3apsikas e€ oTpunareabHo. [loaTomy Mexy
HHUMH BO3HHUKAET PA3HOCTh MOTEHIMAJIOB.

[Ipu 5TO BO3MOKHBI BA pekuMa padOThI MPUOOpa: B CXEMaxX C BHEIIIHUM UCTOYHUKOM
nuTanus u 6e3 Hero. PexxuM pabotsl poTOAMOMA C BHEITHUM UCTOYHUKOM MTUTAHUS
Ha3zbIBaeTCa POTOMOAHBIM, a 0€3 BHEIIHETO UCTOYHUKA MUTAHUS - PEKUMOM IeHepaIuu
dboTod1¢c (Mpyroe Ha3BaHUE - (HOTOBOIBTAUNYECKUN PEKHM).

Pexxum reneparuu. B 3ToM ciiyyae Ha epexo He MoJaHO BHEIIIHEE HAIPSKEHUE U 1IeTh
pazoMkHyTa. OCBelIeHnEe MPUBOAUT K HAKOTUICHHUIO (DOTODJIEKTPOHOB B N-00JIACTU U JBIPOK
B p-oOnactu. B pe3ynbTate 00paszyeTcst pa3HOCTh noTeHIHanoB Uy (4acTo Ha3bIBaIOT
HATPSDKCHUE

o

Puc. 3 Puc.4 — BonbT-amrnepHbie XxapakTepucTuku Gporoanoaa
IPU Pa3IUYHBIX CBETOBBIX MOTOKAX (D1 < Dy < D).

xomoctoro xonaa Uy »), TO ecTh mosiBisieTcs porodac. Hakomnenue n30bITOUHBIX
AJIEKTPOHOB U JIBIPOK MPOUCXOTUT He OecripenenbHo. OTHOBPEMEHHO C BO3paCTaHHEM
KOHIICHTPAIUH JBIPOK B IBIPOYHOM 00IaCTH U 3JIEKTPOHOB B DJIEKTPOHHOM 00J1acTH
MPOUCXOIUT MTOHMKEHHE MMOTEHIINATLHOTO Oapbepa mepexoaa Ha BeMUYuHy (POoTodAC u
BO3HHKaET Au(dy3us OCHOBHBIX HOCUTEINEH 3apsia yepe3 p-N-nepexon. Hactymaer
JTUHAMUYECKOE PAaBHOBECHE.

[Tpu moakIrOYeHNN K BHEITHUM BhIBOIaM (poToaMO1a HATPY3KH Ry B €€ 11enu mosiBUTCS TOK
(puc.3). Bo BHemHe# 1ieny (OTOTOK HaMpaBJIeH OT p-00JjiacTu K N-00acTu. B Takux



yclioBUsIX (hOTOANO paboTaeT Kak mpeodpa3oBaTellb SHEPTUH U3ITYUEHUS B
AIIEKTPUYECKYIO SHEPTHIO.

BonbT-amnepHas xapakTepucTuka OCBEIEHHOTO p-N-niepexoaa. BonpT-amnepHyio
XapaKTEPUCTHUKY P-N-TIepexo/ia NpHU OCBEUIEHUH MOKHO 3aIIMCaTh B CIEIYIOLEM BUIE:
R E LA )
F iT P
- - ()
rne I, - TOK HachlLeHus B TEMHOTE; I - (POTOTOK, TO €CTh TOK, CO3/1aHHBIN
B0O30Y>X/IEHHBIMU CBETOM HOCHUTEJISIMU 3apsi/ia U MPOXOAsIInid yepe3 p-n-nepexox; U —
BHEILIHEE HAINIPSHKEHHUE Ha MEPEXO/Ie.
Ha puc. 4 mokazansl rpaKu BOJIbT-aMIEPHBIX 3aBUCUMOCTEH MPHU Pa3INnIHBIX CBETOBBIX
norokax ®. IIpu orcyrcrBun ocsenienus (I = 0) BonpT-amnepHas (TeMHOBAas)
XapaKTEePUCTHUKA MTPOXOIUT Yepe3 Hauaao KoopauHat. OcTalbHbIE KPUBBIE ,
COOTBETCTBYIOIIIME ONPEAEIIEHHBIM CBETOBBIM ITOTOKAM, CMEIIAIOTCS 110 OCU OpAUHAT (OCH
TOKOB) Ha OTPE3KH, paBHbIE cuie (poToToKa - |¢. Y3 Belpaxkenus (1) BuaHO, 4TO pU
ob6patHom BrJtoueHuu (U < 0) u ipu
(qU >> KT ) cuna Toka uepe3 mepexon [ = - (I + 1g).
YacTtu KpUBBIX, PACIIONOKEHHBIE B TPETHEM KBAJPAHTE, COOTBETCTBYIOT (POTOJUOTHOMY
pexuMy pabOoThl): YACTU KPUBBIX, PACIIONIOKEHHBIE B UETBEPTOM KBAJIPAHTE, - PEKUMY
reHepanuu QpoTod/Ic.
Ecnu Bo BHemHel nenu cuia toka [ = 0 (uenb pa3oMKHyTa), TO U3 BbIpaxkeHus (1) MOXKHO
HAUTHU HaIpsLKEHUE X0J10cToro xona Uy, .
AR
Toog 7,

- @

Ecnu ¢poToamnon B pexxrMe reHepalviy BKIFOYEH BO BHEIIHIOIO 1IETTh C MaJIbiM
COIPOTUBIIEHUEM, TO (OTOIIEKTPOHBI B N — 00J1aCTH HE HakamuBatoTess U Uy = 0. A
IIOCKOJIbKY BHEIIIHEE HANPSKEHUE OTCYTCTBYET, TO B LIENH TE€YET TOK I = - |y, yacTo
Ha3bIBAEMbI TOKOM KOPOTKOTO 3aMbIKaHUS U MPSAMO MPONOPIIMOHATBHBIN CBETOBOMY
oToKy Iy ~ @.

Puc. 5 — CtpykTypHas cxema HoToauoaa u cxema

€ro BKJIIFOUCHHMS TIpU padoTe B poTtoanogHom pexume: Puc.6
1 — kpucTamI NOMyNpPOBOIHUKA; 2 — KOHTAKTHI,

3 — BBIBOJIbI; D — MOTOK AJIEKTPOMAarHUTHOTO

U3ITydeHUs]; N U p — 00JIACTH TOTYyIPOBOTHUKA;

E — ucTtoyHuK nocTossHHOTO TOKa; R,; — Harpyska.

doTtonnonHklil pexxuM. B aToM pexume Ha p-N-niepexo/] MogaHo 0OpaTHOE HAIPsHKEHNE



(p-o6sacTh MOAKIIOYEHA K MUHYCY HCTOYHUKA HAMPSHKEHMS, 2 N-00J1aCTh K ILTIOCY
MCTOYHHUKA; puc. 5). Cxema BKII0UYAET TaKKe HAarpy304HOe conpoTuBiieHue (pe3uctop) Ry.
B atom ciywae nepexon 061ajaeT OrpOMHBIM COITPOTUBIICHUEM U YEPe3 HETO TEUET
c1a0bIi 0OpaTHBIN TOK (TOK HachIeHUs B TeMHOTE I, ). [Ipu ocBemennu ¢hoToamnoia Tok
yepe3 Hero pe3Ko BO3pacTaeT 3a CUET BO3SHUKHOBEHUS (JOTOTOKA M MOKET 3HAUUTEIHLHO
MPEBBICUTH TEMHOBOM TOK Iy (puc. 4). COOTBETCTBEHHO U3MEHSETCA U MaJICHUE
HaIPsHKCHUS Ha HArpy309HOM comnpoTuBieHuH Ry. [Ipu mpaBmiibHOM BEIOOpE MCTOYHUKA
HaIPSHKSHUS M BHEIITHETO COMPOTUBJICHUS R, BEIMUMHA DJIEKTPUIECKOTO CUTHAJA
(HampsDKEHUS Ha PE3UCTOPE) MOKET OBITH OOJBITION U TTO3TOMY (hOTOIUOBI ITUPOKO
MIPUMEHSIOTCS JIJIS1 PETUCTPAIIMH U U3MEPEHHS CBETOBBIX CUTHAJIOB.

Tok "epe3 GoToaroT B OCHOBHOM OIPEAEIISICTCS MOTOKAaMU HEOCHOBHBIX HEPABHOBECHBIX
HOCHTeJIeH 3apsasia (JIEKTPOHOB B P-00JIaCTH U JBIPOK B N-00J1aCTH ), BOSHUKAIOIIUX MPU
OCBEIICHUH, U HE 3aBUCUT OT HANPSHKEHUS], TO €CTh HOCUT XapaKTep TOKa

HackimeHnus. [Toatomy B poToAMOIHOM pekruMe HaOII0AaeTCs CTporasi JIMHEeHHAs
3aBUCUMOCTH ()OTOTOKA OT OCBEIIEHHOCTH BILJIOTH JI0 BEChbMa OOJIBITUX 3HAYCHUH
OCBEMIEHHOCTH. DTO SABJISETCSA BaKHBIM JTJOCTOMHCTBOM (POTOMOIOB.

JIJ1st perucTpanuy MepeMEHHBIX ONTHYECKUX CUTHAIIOB (CBETOBBIX IMTOTOKOB) MPUMEHSETCS
cxeMa, Ioka3aHHas Ha puc. 6. 3meHsronuiics CBETOBON MOTOK, Majaroiuil Ha GOTOIUO,
BBI3BIBACT B ICTIH MTEPEMEHHYIO COCTABJISIFOIIYIO TOKa, KOTOPask IOBTOPSET U3MCHCHHS
WHTEHCUBHOCTH CBeTa. A Ha pe3ucTope Ry MpOUCXOmIT Takue ke N3MEHEHHUS HaIIPSKCHUS,
KOTOpOE M MOCTYNAaeT Ha BXOJ pETUCTPUPYIOLIEH CUCTEMBI. UTOOBI OTACIUTD (HE
MPOITYCTUTH) TIOCTOSIHHYIO COCTABJISIOIILYIO HAMIPSIKEHUSI HA PE3UCTOPE, B CUTHATILHOM
IEMU HAXOJUTCS pa3fenuTeNbHbii kKonaeHcatop C.

2. TexHONOTUS U3TOTOBJICHUS U KOHCTPYKIIHSL. J{J11 M3roTOBIEHUS P-N-TIEPEX0I0B TIPH
MIPOU3BOICTBE (POTOMOIOB UCITONB3YIOT METO/T BIUIABIICHUS NTpuMecel u 1uddy3uro.

OCHOBHOE BHUMAHUE MIPU 3TOM YyJIESAETCA INIyOMHE pacloloKeHus p-N-nepexoaa
OTHOCUTEJILHO
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Puc.7 — Konctpykuus repanneBoro Puc.8 — CnekrpaibHble XapaKTEepUCTHKA
doroarona DJI-1. repmanneBbix (1) u kpeMHHEBBIX (OTOIMOI0B (2).

OCBELIAEMON IIOBEPXHOCTH KPUCTAJUIA , TIOCKOJIBKY OHA ONPEIEseT UHEPLIMOHHOCTD
(6bicTpOeiicTBrE) dhoToamoma. Ha puc.7 mokasaHa KOHCTPYKIIHS T€PMaHUEBOTO
doroanona ®JI-1 B metammmueckoM kopmyce. Kpyrnas rmiactunka 1, Beipe3aHHast us
MOHOKPHCTAJIJIA TEPMAHUS € 3JIEKTPOIPOBOJHOCTBIO N-TUIIA, 3AKPEIJIEHA C TOMOIIBIO
KpUCTaJUIOAEpKaTens 2 B KoBapOBOM Kopnyce 3. BbiBoa 4 OT HHAMEBOIO 3IEKTPOA,
BILJIABJICHHOTO B T€PMaHUM, IPOIYIICH Ye€pe3 KOBAPOBYIO TPYOKY 5, 3aKpEIIEHHYIO



CTEKJISIHHBIM M30JISTOPOM 6 B HOXKKE KopItyca /. JIpyrum 35eKTpOoAOM SIBIISIETCS caM
Kopnyc (poToanoa, Tak Kak KpUCTaIT TepMaHus MPUIAsSH K KPUCTAILIOIEPKATEIIO
OJIOBSIHHBIM KOJIBIIOM 8. B KopIiyce ¢oToanoia uMeeTcs Kpyrilioe OTBEpCTHE, 3aKPhITOE
CTEKJIIHHOM JIMH301 9, KoTOpas coOrpaeT CBETOBOM MOTOK Ha OTPAaHUYEHHYIO TOBEPXHOCTh
repMaHMEBOM MIIACTUHKH. J[JIs1 3aIUTHI p-N-TIEpex0/ia OT BO3AECUCTBUS OKPYKaIOIIEh
cpenbl Kopiyc (HoToaroAa repMETU3UPOBAH.

HexkoTtopsie BubI (OTOAMOI0B UMEIOT IIACTMACCOBBIN KOpITyC. MaTepuai Takoro
KOpIyca ¥ OKHA B METAJUTMYECKOM KOPITYCE€ BHIOMPAIOT TAKUMH, YTOOBI OHU OBLTH
MPO3pPAaYHBIMU JJIsl TOW YACTU CTIEKTpa (M3IIy4eHUs1), K KOTOPOH JAOJIKEH ObITh
YyBCTBUTEJCH MaHHBIN (oTomnoa. Tak, sl repMaHUEBBIX TPUOOPOB — ATO BUIUMBIN CBET
¥ KOPOTKOBOJHOBOE MH(PpaKpacHOE U3NTyUEHHUE.

Marepuanamu, U3 KOTOPBIX U3rOTaBIMBaOT poToanosl, ciayxkart Ge, Si, GaAs, HgCdTe u
JIPYTUE MOTYIPOBOIHUKOBBIE COEAUHEHUS.

OCHOBHBIE XapaKTEPUCTUKHU U MapamMeTpsl (HOTOIHOIOB

- UyBCTBUTENBHOCTH S -MIapamMeTp, KOTOPBIN OTpakaeT M3MEHEHHUE ITEKTPHUECKOTO
cUrHaiia (cuia ToKa WM HanpsbKeHHUE) Ha BbIxoJie (DOTOIMOoAa MPU €ro OCBELICHUU.
KonnuecTBeHHO M3MEPSAETCsl OTHOIICHUEM U3MEHEHHS DIIEKTPHUUECKON XapaKTePUCTUKH
(cunbl Toka Iy mnm Hanpsbxkenust Uy ), CHUMaeMO# Ha BBIXOJIE POTOANO0/A, K TOTOKY
u3nyyeHus O, nagaromeMy Ha mpuoop.

Si =14y / @ - TOKOBas UyBCTBUTENBHOCTD, Sy = Uy, / @ - BOIBTOBas UyBCTBUTEIIBHOCTb.

- [lopor uyBcTBUTENBEHOCTU D — BETMUYMHA MUHUMAJIBHOTO CBETOBOI'O TIOTOKA,
peructpupyemMoro (GoToIu0I0M, OTHECEHHAS K €AMHULIE TIOJIOCHI pab0YMX YacTOT.

- [locTosiHHAsE BpEMEHH T,KOTOpPAst XapaKTepU3yeT HHEPIIMOHHOCTD MTPUOOPA, TO €CTh €ro
OBICTPOJICHCTBHE.

D70 BpeMs, B TeUeHHE KOTOPOTo (POTOTOK (HOTOAMO 1A H3MEHSIETCS MOCIE OCBEIICHUS WITH
nocJje 3areMHeHus (OoToANO0/1a B € pa3 10 OTHOIICHUIO K YCTAaHOBUBIIEMYCS 3HAUEHHIO.
Jlns poroauomos ¢ p-N-nepexonom ona cocrasisier 10° — 108¢.

- TemHoBoe conpotuieHue Rt — conporusienue Goroaroaa B OTCYTCTBUE OCBELICHMUSL.
- CriexTpanbpHas XapakTepUCTUKa— 3aBUCUMOCTh (DOTOTOKA OT JUIMHBI BOJHBI A MAJAIOIIETO
Ha ¢oToanoa ceerta. [ repMaHUEBBIX U KPEMHUEBBIX (DOTOIMOIOB CIIEKTPaIbHbIE
XapaKTePUCTHKU MOKa3aHbl Ha puc.8. J[TmHa BOJTHBI, HA KOTOPYIO IPUXOAUTCS
MaKCHMaJbHasi YyBCTBUTEIBHOCTh, Y KPEMHHUEBBIX (POTOINOI0B IPUMEPHO PaBHA Ayaxe =
800 — 900 uMm, y repMaHueBbIX (POTOINOI0B HAXOIUTCS MPH Ayare = 1500 — 1600 HM.

- BonbpT-amriepHas xapakTeprucTUKa - 3aBUCUMOCTh CBETOBOTO TOKA OT HANIPSDKEHUS TIPH
MOCTOSTHHOM CBETOBOM ITOTOKE.

- CBeTOBast XapaKTEPUCTHKA - 3aBUCUMOCTH ()OTOTOKA OT OCBEIIEHHOCTH.

HexoTopsie aApyrue napaMeTpsbl MpUBEIEHBI B TAOIUIIE.

Tabnuna



YcnoBHoe rpadguueckoe o6o3HadeHue GOoTOMOI0B MTOKa3aHo Ha puc.9, dororpaduu
HEKOTOPbIX PoToANO0I0B — HA pHC.10.

Sal % :
4. Tlpumenenne GoroanooB. CoBpeMeHHBIE POTOANO LI 00JIaIAI0T HAWITYYIITUM

Puc. 9 Puc.10

COYETaHUEM OCHOBHBIX ITapaMETPOB:

1. Bricokasi 4yBCTBUTEIHHOCTh K ONTUYECKUM CUTHAJIaM;

2. Bricokoe ObICTpOICCTBHE;

3. Manoe pabouee HanpsKEHUE;

4. Jlunetinast 3aBUCUMOCTH (DOTOTOKA OT OCBEIIEHHOCTH B ITUPOKOM JTUATIa30HE
OCBEIIIEHHOCTEN.

5. Huszkuit ypoBeHb 1IyMOB;

6. [IpoctoTa ycTpoiicTa.

[TosTOMy OHM HIMPOKO MPUMEHSIOTCS B YCTPOMCTBAX aBTOMATUKHU, BBIYUCIUTEILHON U
Ja3epHON TEXHUKHU, BOJIOKOHHO-ONTUYECKUX JIMHUSX CBSI3U.

B noBcenHeBHO KU3HU (POTOANOIBI HCTIOIB3YIOTCS B TAKUX MPUOOpax, Kak YCTPOUCTBA
YTEHUSI KOMIIAKT-JIUCKOB, COBPEMEHHBIE (POTOKAMEPHI, pa3INYHBIE CEHCOPHBIC YCTPONCTBA.
Hamnpumep, nadpaxpacHsie HOTOAUOIBI MPUMEHSIOTCS B MyJIbTaX AUCTAHIIMOHHOTO
yIPABJICHHS], CHCTEMaX OXPaHbl, 0€30MTaCHOCTH ¥ aBTOMATHUKH.

Cy1ecTBYIOT peHTTeHOBCKHE (POTOUO B, PUMEHSIEMBIC JIsI PETUCTPAIIHH
VMOHU3HUPYIOIIETO U3JIyYEHUS U YaCTHI] C BBICOKOM 3HEpruei. OMHO U3 BaXKHBIX
NPUMEHEHUH - B MEAUIIMHCKUX MpUOOpax, HApUMepP B YCTAHOBKAX JJI MPOBEACHUS
KOMITBIOTEPHOU TOMOTpaduu.

3ananue 1.

HazoBwuTe Bce BuabI hOTOIMOA0B




INPAKTHYECKAS PABOTA Nel7
Tema : MccnenoBanue yCHIIMTENs HAIPSKEHUS 3BYKOBOW YaCTOTBHI.

Hean: CoOpathk cxemMy 3JEKTPOHHOTO YCHIIUTEIS, UCCIENOBaTh e€ B pabote

Oo6opynoBanmue:

YHuBepcabHbIi cTeH «JIYU-2)

ITanens-cxema Nel4

[IpoBona

Tpuox MII-40

Conportusnenus: Ry = 22 kOMm, Ry = 2 kOMm, R3= 1 kOMm, R4 =200 Owm, Rs. = 2,4 kOMm
Konnencatopsr: C; = C,= 0,1 mxd; C3=5 Mxd; C4= 0,1 Mxd

CupaBo4HbIi MaTepuaJl

1. UBanoB, W. W. DneKkTpoTeXHUKA U OCHOBBI DJEKTPOHUKHU : yuyeOHMK s cro / WM. U.
NBanos, I'. . Conosbes, B. f. ®ponos. — Cankr-IlerepOypr : Jlanp, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — TekcT : 25eKTpoHHBIN // JIaHb : 3IeKTpOHHO-OMOIMOTEUHAs
cucrema. — URL.: https://e.lanbook.com/book/152467

2. TumodeeB, M. A. OCHOBBI JJIEKTPOTEXHUKH, OJJIEKTPOHUKH U aABTOMATHKH.

JlaGopatopHbIil TIpakTUKyM : ydeOHoe mocobue misg cno / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlanp, 2021. — 196 ¢. — ISBN 978-5-8114-6827-0. — TekcT : 3AEKTPOHHBIN
/l JlaHb : DJICKTPOHHO-OMOIHOTCUHAS CUCTEeMa. — URL.:

https://e.lanbook.com/book/153638
Conepxxkanue padoTsl
O3HaKOMHUTBCS CO CTEHJIOM, TaHEIb-CXEeMOM, mpubOopamu, 3amucaTh HX TEXHUUYECKHUE
JaHHble, TyMOJieppl Ha OJIOK€ TMUTaHUS T[IOCTaBUTh B HIDKHEE TMOJIOKEHUE —
BBIKJIFOYEHBI.

[TorennmomeTtpsl renepatopos I'T, 'H1, 'H2, I'H3, I'TIN, 'HY, ' BY - nocTraButh B
KpaiiHee JIeBO€ MOJI0KEHNe, BKIIIOUUTh THYp NMUTaHus B po3eTky 220 B.
[TocTaBUTh 3IE€MEHTHI YCUIIUTEIIA COTJIaCHO CXEME Ha MaHeb-cxeMbl Ne 14,

Coeaunuts nposoaamu ['HY ¢ rueznamu ycumurens —

Jns wero: 'HY 1:1 coequnuts ¢ X1
I'HY coennuuts ¢ X2

Coenunuts npoBogamu ['H2 ¢ ruézmamu —

st wero: 'H2 «+» coemuHUTD ¢ X8 «+»

I'H2 «—» coequnuth ¢ «—» EC.

Tym6nep AMB2-MB noctaButh B nosioxxenue MB. Ilepexitouarens poja padoTsl
MOCTaBUTh B TIOJIOXKEHUE D B.

[Tepexmntouatens pona padotsl UB (M3mepuTens BbIX0/1a) TOCTAaBUTH B TTOJIOKEeHHE «25B
I'H2», coequunts rue3na X3 ¢ rue3namu f, X14 coequauts ¢ L.

[Tepexmtouarens poaa padot 6;10ka UM noctaButh B mosiokerue 1 kI'1. Bkirounts
Tymbsepsr Ha 61oke nuranus: ['TIW, T'HY, MB, UM. BxatouuTs ceTh M TOTEHIIMOMETPaAMHU
['H2 «I'py6o», «Touno» - ycranoBuTh HanpsixeHue 10 B (1o BoasTMeTpy n3mMepuTens
BBIXO/1a).

[Tepexmounts niepextouaTens padotr B ¢ «25B» 'H2 na UM.
VYcranoBuths quamna3od yactoT Ha [ HY 1 x['m.
[Torenunomerp 'HY «AMIumMTy1a» OCTaBUTH B MPABOE KPanHEE MOJIOKEHUE.
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Coenunuth npoBogamu MB ¢ Beixonom ycunutens: MB ~c 1, MB 1 ¢ X7

Otcoequuuth KoHAeHCATOP C1 OTCOEIUHHUTH ITPOBOJI C THE3/1a «1» M COETMHUTH €TI0 ¢
rHe30M «+» Cy.

[Torenunomerpom 'HY « AMIIMTy1a» yCTAaHOBUTH BXOJIHOE HAIPSIKCHUE.

[ToctaButh KOHAEHCATOp C1 HA MECTO, a MPOBOJ] COEAUHUTD C THE30OM « 1.

N3menss yactory Ha ['HY norenimomerpom «HYactoTtay ycranoBuTh 4acToThl: 0,2:0,4: 0,6:
0,8: 1: 2: 4: 6: 8: 10: 20: 30: 40: 60: 80: 100 x['1 1 3HAYEHNE BBIXOHOI'O CUTHAJIA.

[To mosiy4eHHBIM JaHHBIM MIOCTPOUTH rpaduK 3aBUCUMOCTH K03 duimenTa ycmieHus K ot
yactotsl f ipu Ugx = const.

3ananmue 1.

Yro Ha3bIBaeTCA yCHIIATENEM?
3aganue 2.

Yro Takoe K03 (PULHEHT yCUIICHHUS?

INPAKTHYECKAS PABOTA Nel8
Tema : HccnenoBanue AByXTaKTHOI'O YCUIIUTENA MOLTHOCTH

Heab: M3yuntb 0cCOOEHHOCTH pabOThI ABYXTAKTHOTO YCUIIMTEIS MOITHOCTH.

OO0opynoBanme: /[ByXTakTHBIN YCUIIUTENb,MYIbTUMETP

CnpaBouHbIii MaTepuaJl

1. BanoB, U. . DnekTpoTeXHUKA U OCHOBBI DJIEKTPOHUKU : yueOHuK s cmo / W. U.
NBanos, I'. . ConoBbeB, B. f. ®ponos. — Cankr-IlerepOypr : Jlanp, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — TekcT : 25eKTpoHHBIN // JIaHb : 3JIeKTpOHHO-OMOIMOTeUHAs

cucrema. — URL: https://e.lanbook.com/book/152467
2. TumodeeB, M. A. OCHOBBI D3JIEKTPOTEXHUKH, DICKTPOHUKH U aBTOMATHKH.

JlaGopatopHbIil TIpakTUKyM : ydeOHoe mocobue mist cro / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlanp, 2021. — 196 ¢. — ISBN 978-5-8114-6827-0. — TekcT : 3MEKTPOHHBIN
/l JlaHb : DJICKTPOHHO-OMOIHOTCUHAS CUCTEeMa. — URL.:

https://e.lanbook.com/book/153638

Conepxxkanue padoTsbl

Yeunurenu MomHocTd (YM) mnpenHazHaueHbl ISl YCUJIGHHST BXOJHOTO CHTHAJIA 10
MOIIHOCTH ¢ MakcuMaiabHO Bo3MOkHBIM KII/I. BasxknocTh 3TOrO TpebOBaHusa 00ycioBieHa
TeM, 4To YM MOryT nepenaBaTh B Harpy3Ky JOBOJbHO OoJjbline TOKH, mosTomy K KII/]
NOI00HBIX YCTPOMCTB MPEIBABIAIOTCS 0COObIE TPEOOBAHMUS.

HccnenyeMblii  ycuiutenb cOOpaH IO JABYXTAKTHOW CXeMe, KaxkJas H3 KOTOPBIX
npeacraBiger coboi ycwiurens no cxeme ¢ OK, mostomy pgaHHas cxema He
IpeaHa3HavYeHa I YCUJICHHUS 110 HAIIPSDKEHUIO, @ YCUIIMBAET BXOJHOM CUTHAI 10 TOKY.
[TonoxxeHne pabouyeil TOYKM B CXEME€ 3a7aeTcsl LENbI0 CMEIEHUs, COCTOALIEH W3
pesuctopoB Ri, R, m guomo VD1, VD2. CuMMeTpUYHOCTH CXEMBI OO0YyCJIaBIMBAECT
aBTOMAaTHYECKOE «3a3€MIJICHHE» MOTEHLHANa TOYKH A U CO3JaHHE OTHHPAIOIINX
HanpsOKEHUM Ha BXoJax o000ux TpaH3UCTOpoB. Takol pexkuMm pabOThl yCHIIUTENS
COOTBETCTBYET pPEkKuUMy «AB», mpu KOTOpOM MOTYT OBITH YCHJIEHBI 00€ MOJIYBOJIHBI
BXOJHOTO HaIIPSKEHHUS.

PaGota ycunurenst Ha mepeMeHHOM TOKe npoucxoauT Tak. Ilycts, Ha Bxoa YM nocrynuna
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MOJIOKUTEIIbHAS MOJYBOJIHA HAMNPSDKEHUSA. JTO O3HA4YaeT oTnupaHue TpaH3uctopa VT u
3amupanue Tpanzucropa VT2. Ilpu 3TOM B aKTUBHOM peXrMMe OYIET HAXOIUTHCS
«BEPXHUN» YCWIHMTENb U TOK B Harpy3Ky OyJeT MOCTYyNnaTh 4epe3 OTKPBITBIA TPaAH3UCTOP
VT1. Ecnu Ha Bxoa YM moctynuia oTpulaTeldbHas MOJYBOJIHA HAMNPSXKEHUS, TO 3TO
MpUBEAET K 3anupanuio Tpansuctopa VT1 u k ornupanuio tpansucropa VI2. Teneps 3ToM
B AKTUBHOM pe&XuMe OyAeT HaXOJWTHCS «HWKHUN» YCHIHTEIb U TOK B HArpy3Ky OyaeT
MOCTYNaTh Yepe3 OTKPBITHIN Tpan3uctop V2.

Pesuctopel Rz 1 R4, ¢ HEOOJIBIIMM CONPOTUBIAEHUEM BBOJST B YCUIIUTENb OTPHULIATEIIBHYIO
obpatayro cBsa3b (OOC), HeoOxomumyro s ero crabwnmsamuu. [lpu pacdere
K03 dUIMEHTa YCHWICHUS MO0 MOIIHOCTH HEOOXOAMMO YYUTHIBATh, YTO HEKOTapas 4acTb
BXOJTHOTO HAIpsDKEHUs HE MPHUKIIAABIBACTCS K Harpyske, a majaeT Ha nepexoaax Oasza —
AMUTTED VISl CO3AAHMS HEOOXOIUMBIX TOKOB 0Oa3bl.
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Cxema ABYXTAKTHOT'O YCHUJIUTCIISI MOITHOCTHU

1. Jlna npoBepku paboTel uccneayemoro /Y no nepeMeHHOMY TOKY ciielyeT coOpaTh
CXEMY, MIPEJICTABICHHYIO Ha puc. 16.1. YcTaHOBUB HaAINPSIKEHUE HCTOYHUKA B
npenenax ot S5 10 7 B, cieayer yIoCcTOBEpUTHCS B TOM, YTO BBIXOJHOE HAIIPSKEHUE
UMEET CUHYCOUIAJIBHYIO (hOopMYy.

2. [anee cienyet U3MEPUTh U MOCTPOUTH BHEIIHIOIO XapaKTEPUCTUKY UCCIETyEMOTO
YCUJIATEIIS], U3MEHSISL CONPOTUBJIEHUE HATPY3KH U U3MEPSSI COOTBETCTBYIOIIUE UM
3HAYEHHUS HAIMPSHKEHUS M TOKA HArpy3KU. Pe3ylibTaThl U3MEPEHUH CIIEIYET 3aHECTHU B
tabm. 16.1.

3. Ompenenuth pabounii qUaNa30H HAPSHKCHUN YCUITUTENS: H3MEHSATHh BXOHOE
HaMpsHKeHUe, Ha0oas (OpMy BBIXOTHOTO HANPSDKEHHMS 10 TEX TMOp, TIOKa B HEM HE



CTaHYyT 3aMCTHbI HECJIWMHEHUHBIC HCKaXXCHHA, 33(1)I/IKCI/Ip0BaTB BCIIMYUHY Usx max;
COOTBCTCTBYIOIIYIO MAaKCHMAJIbHO I[OHYCTI/IMOﬁ BCIIMYMHC BXOJHOI'O HAITPSIKCHUA.

Ta6n. 16.1 Jlanusle s noctpoenus BHemHeH xapakrepucTiuku Uy (ly)

RH, Om

IH; MA

Un, B

3ananmue 1.
Kaxk onpenenuts HeImHEHHbIC HATIPSHKSHUS ?

IMPAKTHYECKAS PABOTA Nel19
Tema : HUccnegoBanue ycunuTens NEPEMEHHOTO TOKa

He.]'IB: I/ICCJIGI[OBaTB YCHIIUTCIIb IICPCMCHHOI'O TOKA

Oo6opynoBanue: Boibrmerp, Amnepmerp, Ocumimorpad, @yHKIIMOHAIBHBIN T€HEPaTop,
Ucrounnk nocrosinnoi 3/]C,Onepannonnsiii ycunutens LM741, [Tnoast, Pesuctopsl

CnpaBouHbIii MaTepuaJl

1. UBanos, M. W. DnekTpoTeXHUKA U OCHOBBI DJEKTPOHUKHU : yuyeOHMK s crio / WM. U.
Hpanos, I'. . Conosees, B. f. ®ponos. — Cankr-IlerepOypr : Jlans, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — TekcT : anekTpoHHbIH // JlaHb : 3JIeKTpOHHO-OMOIHOTEUHAS

cucrema. — URL: https://e.lanbook.com/book/152467
2. TumodeeB, M. A. OCHOBBI JJIEKTPOTEXHUKH, OJJIEKTPOHUKH U aABTOMATHKH.

JlaGopatopHbIii TIpakTHKyM : ydeOHoe mocooue st cro / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlans, 2021. — 196 c. — ISBN 978-5-8114-6827-0. — TeKcT : 37eKTpOHHBIN
/l Jlanb : AJICKTPOHHO-OUOTHOTEUHAS CUCTEMA. — URL.:

https://e.lanbook.com/book/153638

Conepxxkanue padoTsbl

OnepalOHHBIE YCUJIUTENN LIMPOKO NPUMEHSAIOTCA I IMOCTPOEHUS HHBEPTUPYIOLIUX
YCUJIUTENEH. Y CIIINTENb IEPEMEHHOIO TOKapabOTAET B PEKHUME MAJIOI0 CUTHAJIA U OOBIYHO
OXBaTbIBaeTCAd (PUIBTPOM B LIENHM OTpHUIATENbHOW 00paTHOM cBs3u. Ha Bxoa ycuiurens
TofaeTcsi CHHycomaanbHoe BxomHoe Hampspkenune UO(t), xotopoe uepes3 pesuctop R1
MOCTYyIaeT Ha uHBepTUpyromuii Bxox OY. B nenb 00paTHOl CBSI3M BKIIIOYEH KOHIEHCATOP
C2. Ha HU3KHX 4YacTOTax BXOJHOTO CHTHAJIa KOMIUIEKCHOE CONPOTHUBJIEHUE LIENHU
OTPHUIATENFHOM 00paTHON CBSI3M BEIUKO, MO3TOMY KOA(P(GUIIMEHT YCUIICHUS CXEMbI TAKKe
0onpmoi. [To Mepe NoBBILIEHUST YACTOTHI BXOJHOI'O CUTHAIA KOMIUIEKCHOE CONPOTUBIICHUE
nenu oOpaTHOM CBA3M YMEHBIIAETCs, B pe3yJbTaTe yMEHbIIaeTcs: U KO3(h(UIIUEHT
ycusieHusi. COOTBETCTBEHHO MPU YMEHBIICHUH YaCTOThl BXOJHOTO CUTHaNIa KO3 (GUIIUEHT
YCUJICHUS YBEIUYUBAECTCs, KaK CICACTBUE YBEIMUYUBACTCSA aMILIUTYAa BEIXOAHOIO CUTHAJIA.
Tak Kak BEIMYMHA BBIXOJHOI'O HAIPSDKEHHSI YCUIIMTENSA OTPaHUYEHA, TO Ha HU3KHUX
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gacToTax (opMa BBIXOJHOTO HAIPSHKEHUS MOXKET HCKaKaThCs. Y CHINTENIb HAaYWHAET
paboTath B pexuMe orpaHudeHus curHaia. Emxocts Cl Ha puc. 1 mpenHasHadyeHa st
(bUIBTpaMK BRICOKOYACTOTHBIX IIOMEX Ha BXOJC CXEMBI.

3aganue 1.

B xakoMm ciyuae ycunmuTe s paboTaeT B peKUME OTPAaHUYCHHS CUTHAJIA?

HPAKTHYECKAS PABOTA Ne20

Tema : HCCJ’IGI[OB&HI/IG CXCMbI CYMMHUPOBAHUS HAIIPSKCHUA HA OIICPAITMOHHOM
YCUIIUTCIIC.

Heab: Ananu3 paboThl CXeMbl CYMMUPYIONIETO ycuiauTens Ha OY

O6opynoBanme: Boibstmerp, Amnepmetp, Ocuuiuiorpad, yHKIMOHAIBHBIN reHepaTop,
Hcrounnk nocrossHHoi DJ1C,Onepanuonnsiii ycrwsurens LM741, JTuonel, Peauctopsl

CupaBo4HbIi MaTepuaJl

1. UBanos, W. W. DneKkTpoTeXHUKA U OCHOBBI AJEKTPOHUKHU : yuyeOHMK s crio / WM. U.
NBanos, I'. 1. ConosbeB, B. A. ®ponoB. — Canxkr-IlerepOypr : Jlans, 2021. — 736 ¢c. —
ISBN 978-5-8114-6756-3. — TekcT : a5eKkTpoHHbIN // JlaHb : 3JIeKTPOHHO-OMOIMOTEUHAS

cucrema. — URL: https://e.lanbook.com/book/152467
2. TumodeeB, M. A. OCHOBBI JJIEKTPOTEXHUKH, OJJIEKTPOHUKH U aABTOMATHKH.

JlaGopatopHbIii TIpakTHKYyM : ydeOHoe mocobue mia cno / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlanp, 2021. — 196 ¢. — ISBN 978-5-8114-6827-0. — TekcT : 3MEKTPOHHBIN
/l JlaHb : DJICKTPOHHO-OMOIHOTCUHAS CUCTEeMa. — URL.:

https://e.lanbook.com/book/153638
Conepxxkanue padoTsl

Cobepure cxemy. Brimounre cxemy. 3anuimmre nokasaHus mpuoOpoB B pas3jiel
"Pe3ynbTaThl 3KCIIEPUMEHTOB".

[To 3agaHHBIM HOMUHAJIAM JIEMEHTOB CXEMBI paccuuTaiTe 3HaueHUs TOKOB I, Iz, loc.
Hcnonw3ys 3nauenus HanpsokeHUd U u Uy, BBIYUCIUTE BBIXOAHOE HANPSIKEHUE Ulyyy.
Pe3ynbTaTel 3anumure B pazaen "Pe3ynbTaThl 3KCIIEPUMEHTOB".

¢loc

I LM741
= Usaxx

T 10:0%



https://e.lanbook.com/book/152467
https://e.lanbook.com/book/153638

3aganue 1.
OObscHUTE BAMSHYUE HApsbKeHUs cmenieHns OY Ha ommOKy CyMMHUPOBaHMSI TOCTOSIHHBIX
HaIIpsSKEHUM B CXEME

IHPAKTHYECKASA PABOTA Ne21
Tema : MccnenoBanue SMUTTEPHOIO U CTOKOBOT'O IIOBTOPUTENIEW HANPSIKEHUS.

Heanb:
Oo6opynoBanmue:

CnpaBouHbIi MaTepuaJl

1. "BanoB, U. . DrekTpoTEeXHUKA U OCHOBBI DJIEKTPOHUKU : yueOHuK s crmo / W. U.
WBanos, I'. . ConoBbeB, B. f. ®ponos. — Cankr-IlerepOypr : Jlanp, 2021. — 736 ¢. —
ISBN 978-5-8114-6756-3. — TekcT : 35eKTpoHHBIN // JlaHb : IeKTPOHHO-OMOIMOTEUHAS

cucrema. — URL: https://e.lanbook.com/book/152467
2. TumodeeB, UN. A. OCHOBBI 3IEKTPOTEXHUKH, DICKTPOHUKH U aBTOMATHKH.

JlaGopatopHbIil TIpakTUKyM : ydeOHoe mocobue mis cno / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlanb, 2021. — 196 ¢. — ISBN 978-5-8114-6827-0. — TekcT : 3MEKTPOHHBIN
/l Jlanp ) AIIEKTPOHHO-OUOIMOTEUHAs CUCTEMA. — URL:

https://e.lanbook.com/book/153638
Conepxkanue padoTsbl
YHpOIIIGHHaH cxeMa BMHTTepHOFO HOBTOpI/ITCHH BBITJIAAWUT BOT TakK:

+Unum

%,

VT

R UBbIX
Q _1'_ %

Hanpspxenne Uy, Menbie Uy, Ha kakux-1o 0,6-0,7 BonbT (magenue HanpsikeHus Ha 6asze-
IMUTTEPE)

Usux B TOUHOCTH TTOBTOPsET 10 hopme 1 aze Uy

ComnpoTuBIIEHHE CO CTOPOHBI BXOJIa (BXOHOE COMPOTUBIICHHE) OOIBIIIOE

ConpoTuBIIEHHE CO CTOPOHBI BbIX0/1a (BBIXOJIHOE COMTPOTUBRIICHUE) MAJICHBKOE
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ﬂaBaﬁTe p8,36I/IpaTBC$I 4TO XC€ M KaK OTOT IOBTOPUTCJIb IMOBTOPACT @ Haﬂpﬂ}KeHI/Ie Ha
BBIXOJC:

U u=1i_c\medspace R_1Uu=icR1
Tok cToka MBI MOYKEM OIPEACIIUTh Yepe3 HAIPsHKCHHE 3aTBOP-HUCTOK CICAYIOIIUM
obpazom:

I_c =g_m\medspace U {3u} = g_m\medspace (U _3\medspace-\medspace U_mn)ic=gmUsu
=gm(Us—Uu)
[Toacrasnsiem 1_cic B popmyny nnst U ulUu v nosrydaem BOT YTO:

U u = \frac{R_1\medspace g m}{1 + R_1\medspace g_m}\medspace U 3Uu=1+R1gmR1
gmUs
n ecim CONPOTHBIICHUE Harpy3ku R _1R1 mamHoro ITPEBBIIIAET

emmmuuny \frac{1}{g_m}gml, To Mbl mojy4aeM IOBOJBHO-TAKH XOPOIIHMH MOBTOPHUTEIb
(U 3=U uUsz=Uu).

Ho y oroii cxembl ecTh mapoyka CyIIECTBEHHBIX HENOCTATKOB. Bo-mepBrIX,
XapakTEepUCTUKHA  IIOJIEBOTO  TPAH3UCTOpPAa TPYAHO IMOAMAKOTCS  KOHTPOIK  NpPH
W3TOTOBJICHUH, MIO3TOMY TaKOM MCTOKOBBIM MOBTOPUTENIb MOKET UMETh HEIPEACKAZYEMOE
CMELIEHUE IO MOCTOSTHHOMY TOKY. A BO-BTOPBIX, TAKOM MOBTOPUTENb MUMEET JOBOJIBHO-
Takd OOJBIIOE BBIXOJAHOE CONPOTHBIIEHHWE, COOTBETCTBEHHO, AMIUIUTY/AA BBIXOJHOIO
CUTHaJIa BCe-Taku OyJeT MEHbIIIE, YeM aMIUIUTY/la CUTHaJIa Ha BXO/IE.

Paccmotpum paboty nannoit cxembl. [lonmeBuxk Q2 3amaeT ompeneneHHbIM TOK. DTOT TOK
COOTBETCTBYET HAIPSKEHUIO 3aTBOP-UCTOK, PABHOMY HYJIO. TpPaH3UCTOPHI BKIHOYEHBI
nocle0BaTeNbHO, 3HaUUT Yepe3 Q1 TeueT Takoil e TOK, a TaKk Kak MOJEBUKU aOCOIFOTHO
oJIMHAKOBbIE, TO U st Q1 HampspKeHre 3aTBOP-UCTOK paBHO HYIIO. B To ke Bpemsi:
U {3u} = U 3\medspace-\medspace U u =U _{Bx}\medspace-\medspace U {Bwix} = 0U3u
=Uz—Uu=Usx—Usbix=0

Bor u nonydaem, yto U_{Bx} = U_{BbIX}Usx=Usbix, TO €CTh HANpPSKEHUE HA
BBIXO/JI€ IOBTOPSET CUTHAII HAa BXOJIE.

DTy cXeMy HCTOKOBOTO TOBTOPUTEST MOXKHO €Ie MOJICPHU3UPOBATH, JI00aBUB
pe3ucTOphl B 11eMb UcTOKA. C MOMOIILI0 T0A00pa UX 3HAYCHUN MOYKHO YCTAaHOBUTH Pa3HbIC
3HAYEHMS TOKA CTOKA:

3ananme 1.
Kaxkoii moBroputens nyumie?
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Coaep:xanue padoThl
JleiicTBre MynbTUBHOpATOpa OCHOBAHO Ha CIEAYIOUINX MOJIOKEHUAX. [IpsMoyroapHbie
UMIYJIBCHI (POPMUPYIOTCS Ha KOJUIEKTOPE TPAH3UCTOpA: IJIOCKas BEpIIMHA- KOTAa
TPAH3UCTOP 3alePT U €0 KOJUIEKTOP UMEET OTHOCUTEIBHO BBICOKHH (110 aOCOIIOTHOMY
3HAYEHHIO) MMOTEHINAN; TIay3a MEXI1Y UMITYJIbCAMHU- KOT1a TPAH3UCTOP HACHIIIECH U
NOTEHLMAN Ha ero Koyyiekrope Man. KpyTeie ppoHTHI UMIyJIbca 00eCIeunBaloTCA
JaBUHOOOPA3HBIM MEPEXO0J0M TPAH3UCTOPA U3 OAHOIO COCTOSTHUS B IPYTO€ 3a CUET
MOJIOKUTEIBHON 0OPAaTHOM CBSI3U B YCHUJIMTENIbHBIX CBOMCTB TPAH3UCTOPOB.
MynbTUBHOpaTOp NMpEACTABISAET COOO0M IBYXKAaCKaAHbIA PE3UCTUBHBIA YCUIIUTEID,
ITOCTPOECHHBIN HA TPAH3UCTOPAX KIII0YaX — HHBEPTOPAX.
[TonoxxurenbHast 0OpaTHas CBS3b HUMEETCSI B CXEME 3a CUET TOr0, YTO BBIXOJ OJIHOTO KIIH0Ya
COEIMHEH C BXOAOM JIPyroro.

®u3nyecKue MpoLecchl B MyJIbTUBHOpPATOpE
HcxoaHoe cocTossHME cxeMbl TpaH3ucTop T2 HacklleH, koHaeHcaTop C, paspsikaeTcs U
HaMpsHKEHUEM Ha HeM mpuOimkaetcs K Hylto . Hanpsikenuem Uc, Tpansuctop T1 3anepr,
TaK Kak JieBas 1o cxeme ookiaaka C, HemocpeACTBEHHO coequHeHa ¢ 6a3oii T1, a mpaBast
OKa3bIBACTCS MOJICOCAMHEHHOM K K SMUTTEPY 11 Yepe3 HACBIICHHBIN TPAH3UCTOP
T, .TakoMy COCTOSTHUIO COOTBETCTBYIOT BPEMEHHBIE TMarpaMMBbl JO MOMEHTA BPEMEHH {1, B
COOTBETCTBUH C KOTOPBIMH
Us2 = 0, Uxa = 0. Ilepuon cnemoBanust GOpMUPYEMBIX HMITYJILCOB MOYKHO Pa30UTh HA PST
CTaJHH.
dopmupoBanue ppoHTa ummyibsca. Korna nanpsnkenue Uc, Ha pa3psiokaroniemMmcs
KoHJieHcaTope Cy CTaHeT paBHBIM HYJO, TpaH3uctop T1 oTnupaercs.
[Tpu oHOBPEMEHHO OTHEPTHIX TPAH3UCTOPAX 3aMBIKAETCS IEMb MOJIOKUTEIIBHON 00paTHOM
CBSI3U- B CXEME CO3/IaeTCs YCIOBHS Jisl JaBUHOOOpa3HOro mpoiiecca. OTnupanue
TpaH3ucTopa T1 MPUBOIUT K YMEHBIIEHUIO OTPULIATEIBHOTO TOTEHIMAJIA HA €r0
KoJuiektope. Tak kak HanpspKeHue Ha KoHaeHcaTope Cq HE MOKET U3MEHATHCSI MTHOBEHHO,
TO 3TOT MOJIOKUTEIbHBIN CKaYOK HANPSHKEHUS LIEJIMKOM MPUKIIAIbIBAETCS MEXAY 0a30i 1
AMUTTEPOM T2, UTO BBI3BIBAET YMEHBIIEHUS TOKA B €r0 LENH. BeineacTeue 3Toro
NOTEHIMaN KoJuleKTopa T2 cTaHOBUTCS OoJiee OTpUIATEIbHBIM- OTPULIATEIbHBIN CKaYOK
HanpsbkeHus yepes konaencarop Cp nepenaercs Ha 6a3y Tpanzuctopa Ti1, YTO MPUBOAMT K
eiie 60JbIIeMy OTIUPAHUIO. Tak Kak MOCIeIYIONINM CKauOK HanpsKeHus Ha 0aze Ooblie
IPEIBIIYIIEro, TO OMMCAHHBIN MPOLIeCC HApacTaeT JABUHOOOPA3HO U CIYCTSl HEOOIbIIOEe
BpeMs. Mcuncnsiemoe 10JIsIMU MUKPOCEKYH b, TpaH3uCTOp T2 okaspiBaeTcs 3anepThiM. C
3TOr0 MOMEHTA eI MOJOKUTEIbHOI 00paTHOM CBSI3U 0OPHIBAETCS U JIABUHOOOPA3HBIN
npolecc MpeKkpaniaeTcs. 3aupaHuio TpaH3ucTopa T2 COOTBETCTBYET
yaacTok ab kpusoit Uy,
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Bo Bpems 1aBHHOOOpa3HOrO Mpoliecca HanpskeHue Ha KonaeHcatope Co He ycreBaeT
U3MEHUTHCS. TOJIBKO MOCIIe 3anupaHus TPaH3UCTOpa T2 3TOT KOHAEHCATOP HAYMHAET
3apsKaThCsl TOKOM 13 IO 1emnu : + Ex — « 3emiist» - sMUTTEp- 0a3a HACBIIEHHOTO
tpan3ucTopa Ti1- C2 — Rka - (-Ex). 3a cuet sToro Hanpspkenue Ha kosuiekTope ToUk) = -
(Ex — 13*Rk; ) mocTeneHHo nMpuOIMKaeTCs K yCTAHOBUBIIEMYCS 3HAUEHUIO (
ydactok be kpuBoii Uk, Korga konnencarop C, 3apsaaurcs (i3 = 0), HanpsbkeHne Ha
KosutekTope nmpuMet 3HaueHne Uk, = - Ex. Ha aTtom dhopmupoBanue GpoHT umimybca
3aKaHYMBAETCA.
dopMupoBaHUE IIOCKOM BEPIIMHBI UMITyJIbca. [JJo MOMeHTa BpeMeHH t; KoHeHncatop Cy,
MPUCOEIMHEHHBIN K KOJUIEKTOPY 3allepToro npexiae Tpansuctopa Ti1 ObLI 3apskeH 10
Hanpspkenust Uci= = Ex. [locie Hachimenus tpansucropa T1 HanpspkeHre Ha 3TOM
KOHJICHCATOPE OKa3bIBACTCSI MPUIIOKEHHBIM MEXAy 0a30i u aMuTTEpOoM T2 U yaepKuBaet
ero 3anepTbiM. [loaTomy Hanpsikenue Uk, ocTaeTcsi HEM3MEHHBIM- Ha KOJIEKTOPE
T2 popmupyetcst miiockasi BeplIMHa UMITYJIbCA.
[Ipu HaceieHHOM TpaH3ucTope T1 KoHneHcaTop Cq MOTydaeT BO3MOKHOCTD Pa3psiKaThCs
o nenu: + Ex — «3emus» - T1 — C1- RO, — (- Ex ). Koryma HanpsbkeHne Ha HEM OKaXeTcs
OJIM3KUM K HYJIO, TPAaH3UCTOp T2 OTIHPAETCS U B CXEME BHOBb CO3AAOTCS YCIOBUS JUIS
JaBUHOOOpPA3HOTrO MpoleccoB. B MoMeHT t; (hopMupoBaHHE MITIOCKOIN BEPIIUHBI
3aKaHYNBACTCA.
dopmupoBaHue cpe3a umnyibca. HauaBimiicss 1aBuHOOOpa3HbIM MpoIece MpoTeKaeT
aHAJIOTUYHO OMMCAHHOMY C TOM JIMIIIb Pa3HULIEH, UTO TENEPh HAIIPSKEHHUE HA KOJIEKTOPE
T1 o abCoOMOTHOMY 3HAYEHUIO YBEIIMUMBAETCSI, a HAMIPSKEHUE HA KOJIJIEKTOPE
T, ymenbiaercs. B pesynbrare Tpansuctop T1 3anupaercs , a TpaH3ucTop T2 HackIaeTcs-
Ha kosutektope Tz popmupyetcst cpe3 ummyJbca ( yaactok de kpusoit Uy, ).
[Tay3a. Uepes HaChIIEHHBIA TpaH3UCTOP T2 MpoucxoauT pazpska konaeHcaropa Cy mo
nenw : +Ex — «3emis» - T, — Co- R - ( - Ex). Ilo nanpsbkenune U, He TPUOTU3NTCS K HYJTIO
Tpan3ucTop T 3aneprt, a Tpan3uctop T, HaceiueH. [locne ornmpanus T1 HaunHaeTcs
dbopMupoBaHUEe OuepeIHOTO UMITYJIbca Ha KoJimekTope Tz, MHTepBan tz- t3
B nnTepBane t; - t3 Hapsany ¢ paspsakon KoHaeHcatopa C,; MPOUCXOAUT 3apsaKa
koHaeHcatopa Cj o nenu: + Ex — «3mits»- amutTep- 60a3a T, — C; — (- Ex ). AHanoruuHo
panee 3apspkaics konaeHcatop Cp, koraa Tpan3uctop T1 ObLT HACKIIIEH, a TPAH3UCTOP
T, 3amnepr.

OcHOBHBIE TapaMeTPhI KoJIeOaHU
AMIUTUTY]1a TEHEPUPYEMBIX UMIYJIbCOB:
Um = Ukn — Uk 3an = Ex.
[TocTosiHHast BpeMeHH pa3psaku koHaencaropa Cy :
T 2=~ C1R62; (C)
[TocTosiHHas BpeMeHH pa3psaku koHaencaropa Cs :
T 1~ C2R61;
JIMUTEeNbHOCTh TEHEPUPYEMBIX UMITYJIHCOB:
tiz = C1R621n 2= 0,7 C1R6, = 0,772 (¢)
t = C2R61 In 2= 0,7 C2R61 = 0,71‘1 (C)
[Tepuon konebaHui:

T=tm+twx=0,7 ( C1R0O,+ C2R61) =0,7(t2+ ‘El) ( C)
Teopwust Ul pacueTa TPAH3UCTOPHOTO aBTOKOJIE0ATEIBHOIO MYy/IbTHBUOPATOPLI
Br16op TpaH3uCTOpa MPOU3BOAUTCS U3 Psijia COOOPasKEHHIA.



[Tpu 3anupaHuu TpaH3UCTOpa Ha €ro 0a3y nepenaeTcs MOJ0KUTEIbHBIN NIepena
HanpsbkeHuss Um = Ex. [loTeHiman kosekropa npu 3toM ctpeMuTes K -Ek. [loatomy
MaKCHUMAaJIbHO JOIMYCTUMOE HaNpPsDKEHHE MEKTY KOJIJIEKTOPOM U 0a30l TpaH3UCTOpa

JTOJPKHO OBITH
UK6 JIOITIO >2 Ek (11)

MaxkcruManbHasi 4yacToTa KojeOaHui MyJIbTUBHOPATOPA fnax 3aBUCUT OT 4aCTOTHI
TpaH3uCTOpa

Y BBIOPAHHOTO TPAH3UCTOPA JOJIKHO OBITh

15> 0,7 frnax (1.2)

UtoO0bI 00ecIeUnTh 3aJJaHHYIO JJIMTEIbHOCTD MOJOKUTEIBLHOTO TIepenana — JJIUTETbHOCTh
cpesa t. wactora Tpansucropa f# | 1omKHA COOTBETCTBOBATH YCIIOBHUIO

fa > 1/ (1.3)

HampsikeHue uCTOYHUKA MUTaHUS OEPyT paBHBIM

E«=(1,141,2)Uy (1.4)

C T€M YTOOBI U3MEHEHHE MOTEHIMAa KOJUIEKTOpa HE ObLIO MEHBIIIE 3aJJaHHON aMILTATYIbI
umitysbca Uy

Comnpotusiienue pe3uctopa Rk, BHIOUPAIOT C TAKUM PacueToOM, YTOOBI TOK OTKPBITOTO
TPaH3UCTOPA HE MPEBBIIIAT MAKCUMAIBHO JOITYCTUMOTO

IKH ~ EK/ Rk < IK[{OH

OTKyJa

Rk > Ry / |Kﬂon(1.5)

C npyroii CTOpOHBI, MaJIeHue HAMpsKEHUsT Ha pe3uctope Ry oT oGpaTHOro Toka
KOJIIEKTOpa He no/ukHo npesbiiath (0,05 90,1)E,, T. e.

IKO max * I:Qk < (0,05 {),I)EK

Otkyna

Rk <[(0,05-0,1)Ex |/ lxo max(1.6)

rae ko max - OOpaTHBIN TOK MPU MakcUMasbHOU padbouel Temneparype. [lpu BbIoIHEHUH
ATOr0 YCIOBUS MOTEHIMAN KOJUIEKTOPa 3alepTOro TpaH3uCTOpa Majio oTiandaercs oT E.
ConpoTusiieHue pe3uctopa RO ciemyer BHIOUpaATh ¢ TAKUM PACYETOM, YTOOBI 00ECTICUUTh
HETJIy0OKOE HAChIIEHHE TpaH3ucTopa (S = 2)

(Ec/ R)* B = (E«/ R) *S, (1.7)

OTKyJ1a

R6=(#*R) /S (1.8)

Emkoctb koHgeHcaTopa C BbIOMpaeTcsi B COOTBETCTBUM C 33AHHON JUTUTEIbHOCTHIO
UMITYJIbCOB

C1 = tuz / 0,7 R62, (19)

Cz = tuz / 0,7 R61 (110)

Konnenctops! Beiouparorces mo ['OCry.

[Tpumep pacyera aBTOKOJIECOATETFHOTO MYJITUBHOpATOPA

PaccunTtarh TpaH3UCTOPHBIN MyJIBTUBHOPATOP B AaBTOKOJICOATEITPHOM PEXUME TIO
cnenyromuM gaHHeM: amumtyaa Uy, = 10 B, nmutensHOCTE cpesa t. 9,02, wactoTta
noBTOpeHus uMitybcoB 10 k11, MakcuManbHas TemrepaTypa

t =40°C, Bpemst BoccTaHOBIIeHUs cxeMbl t; 9,2 1,



HOJIBBYHCB BBIPAXKCHHUCM, OIIPCACIIACM HAIIPSIKCHUC NCTOUYHUKA ITUTAHUS
Ex(1,1 +1,2) U,

B cootBeTcTBUM C JAHHBIMHU BO3bMEM

Ex=12*10=12B

Bri6upaem TpaH3uCTOp, MapaMeTpbl KOTOPOTO JOJKHBI YIOBIETBOPATH YCIOBUSIM
Uso s = 2Ex; T8 20,7 fraut T = 1/t

B cooTBeTCcTBUU € 3a1aHUEM TPAH3UCTOP JOJKEH UMETh

Uss v = 2%12 =24 B; £ =0,7*10 = 7 x['1

t. 9,02 t,, t,=T/2f; f = 1/(2*10*10%) = 50mxkc

t. 9,02*50*%10° = 1 mxc

fa 21/(1*10°) = IMI'y

Bribupaem no crpaBounuky tpanzuctop ['T 1156, mis koToporo

Uss vax=30 B, leyax = 30MA, for = IMI'rt, £ = 20480, lo yax = 40MKA, (110
temrepatypsl t =45°C).

Y BBIOpaHHOTO TPaH3UCTOPA £ o =50, 8 =fa,;f+1 =20kl L.

(0,05- 0,1)Ex

Hcrionp3ys BeIpakeHue onpesensem conpotusieHne Ry; Ry = /ko.max  (Owm)
Bei6upaem no 'OCTy Rg;

Haxoxum comnpoTusieHne Rg. OnpenensieM ero o cpeaHeMy 3HaueHHo - =00 1

KO3 GUIIMEHTY HACBIIICHHS S = 2;

Rs= # o * R/ S = (50*1*10%)/2 = 25 kOm

Bribupaem o 'OCTy Rs =24 xOm

[Ipu sTOM 6a30BBIN TOK OTIEPTOTO TPAH3UCTOPA

ls=Ex/ Rs = 12 /(24*10%) = 500 MKA,

YTO MPEBBIMALT lyo vax OONBIIIE, YEM HA MTOPSAAOK, OJarogapst 4eMy cXxema TepMOCTaOMITbHA.

OmnpenensieM eMKkocTh KoHeHcaTtopa Ci u C,
C:=C,=t,/0,7 Ry,

C =50*10%/(0,7*20*10%) = 3000 nd
Bei6upaem mo 'OCTy C; = C, = 3000 nd

OmnpenensieM BpeMsi BOCCTAHOBJICHUS CXEMBI
t, = 3CR, = 3*3000*1012*1*10° = 9 mxc,
4TO HE MPEBOCXOAUT JOIYCTUMOTO t; < 0,2*50*10° = 10 mkc.

3aganmue 1.
OrnpenenuTe CONPOTUBIICHHUE MO CPETHEMY 3HAUCHUIO

IHPAKTHYECKASA PABOTA Ne23
Tema : UccnenoBanue paboThl MOCTOBOM CXEMBbI BHIIPSIMIICHUS



Heab: O3HakoMIIeHHE C YCTPONUCTBOM M MPUHIIUIIOM PabOThI MOTYPOBOIHUKOBBIX
0/1HO(Da3HBIX BBIIPSIMUTENEH, SKCIIEPUMEHTAILHOE HCCIIEIOBAHUE UX CBOMCTB U
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OobopynoBanue: Tpanchopmatop,BEIIPIMUTETb,MYIBTUMETP

CnpaBouHblii MaTepuaJl

1. BanoB, U. M. DieKTpoTEXHUKA U OCHOBHI JJIEKTPOHUKH : yueOHUK s cmo / W. U.
Usanos, I'. U. Conosses, B. A. ®pono. — Cankr-Ilerepoypr : Jlaup, 2021. — 736 c. —
ISBN 978-5-8114-6756-3. — Texkcrt : anekTpoHHbIH // JlaHb : 37€KTPOHHO-OMOIMOTEUHAS

cucrema. — URL: https://e.lanbook.com/book/152467
2. TumodeeB, M. A. OCHOBBI JJIEKTPOTEXHUKH, OJJIEKTPOHUKH U aABTOMATHKH.

JlaGopatopHbIii TTpakTHKyM : ydeOHoe mocobue mia cro / M. A. TumodeeB. — CaHKT-
[TerepOypr : Jlanp, 2021. — 196 ¢. — ISBN 978-5-8114-6827-0. — TekcT : 3AEKTPOHHBIN
/l JlaHb : DJICKTPOHHO-ONOTHOTEUHAS cUCTEeMa. — URL.:

https://e.lanbook.com/book/153638
Conep:xxkanue padoTsbl
CXGMa OI[HOHOJ'IyHepI/IOI[HOFO BBIHpSIMI/ITeJ'IH HepeMeHHOFO TOKa HpI/IBeI[eHa Ha pI/IC.

VD :
a N H
¥ L1
~ U1 U2 UH H -

OnHOMOIYNIEpUOAHBIN BBIIPSIMUTEID

Ha puc. o603nauensl: U- HanpspbKeHUE Ha EpBUYHOM 00MOTKe TpaHchopmaropa; U;-
HaIpsHKeHUE Ha BTOPUYHOM 00MOTKE TpaHc(opmaTopa; uy - HaNpsHKEHUE Ha

Harpyske Sly; In- TOK, MPOTEKAIOIIHIA Yepe3 Harpy3Ky.

B nonoxxutensHbIN MOTyepruo MePEMEHHOTO HAMIPSKEHUS B TOukea OyaeT
MOJIOKUTENIBHBINA MOTEHIIMAT OTHOCUTENIbHO TOYKHU b.Jlnox VDOyneT oTKphIT, 1 4epe3 Hero
POXOIUT TOK /#. B pe3ynbTaTe Ha Harpyske S OyaeT co3/1aBaThes MajcHHUe

Hanpspkenus Uy =iym S, npaktuvecku paBHOe HanpsokeHuio Uy, T.K. U0 B TIPOBO/ISIIEM
COCTOSIHMM 00J1aJ1aeT HU3KUM COTIPOTUBIICHUEM.

Korma HaunHaeTcs OTpUIIaTeNbHBIN TOTYTIEPUO, B TOUKea OyIeT OTPUIIATEIbHBIN
MOTEHINAI OTHOCUTENHLHO ToukH b.J[no VDOyaeT 3akphIT, U uepe3 Harpy3Ky TOK HE
MIPOTEKAET, CIEAOBATENbHO, 1= 0 M BRIXOAHOE HaIpshKEHUE HYI0. V3 H37105)KEHHOTO SICHO,
YTO TOK M HAIIPSDKEHUE HA HATPY3KE SBIIETCA MYyJIbCUPYIOIIMMU, IPUYEM 32
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nepuoa TcuHyCONIANbHOTO NEPEMEHHOIO HAMPSHKEHUS B HATPY3KY MPOXOAUT TOJIBKO OJHA
IIOJTYBOJIHA.

Takum 006pazom, yepe3 AUOJ U HAarpy304HbINA PE3UCTOP MPHU OTHOMOIY-TIEPUOTHOM
BBITIPSIMIICHUH TIPOXOAUT MYJIbCUPYIOIIMI TOK B BUAE UMITYJIBCOB, JISIIUXCS MOJIIIEPUOAA
Y pa3JIeJICHHBIX IPOMEKYTKOM TakKe B noJrepuoaa. I1o0aTomy BpeMeHHbIE THarpaMMbl
TOKA W HalpsDKEHUS Ha Harpy3Ke BBITJISIAT Tak, Kak MoKa3aHo Ha puc. 13.3.

Benununny mysibcaruii Toka Wik HanpsDKEHUS OLIEHUBAIOT KO3(DPHUIIMEHTOM MyIbCalluip -
OTHOILIEHUE aMILIUTYAbI IEPBOY TAPMOHUKH TOKA WJIN HAIIPSDKEHUS K IIOCTOSTHHOM
COCTaBJIAIOLIEN TOKA UJIW HAIIPSKCHMUS.

CIENYET:

a) cpefHee 3HaYeHUe BhIIPSIMIIEHHOTO HarnpshkeHus: UgpaBHO

u,, = —,

0) aMITUTYy/1a TIepBOi rapMOHUKH HanpskeHus Uim

=1

B) KO3 (GUIIMEHT MyJIbCAIHi

HenocrarkamMu 0gHOIOIYIIEPUOAHON CXEMBI BBIIPAMIICHUS SBIISIOTCS:

BBICOKHUH ypoBeHb myibcanuu (K ~ 1,57) BBIIPAMICHHOTO HATPSKCHHUS,

Huskui KI1J1, T.K. BEIIpsIMUTENb paboTaeT TOJIBKO Ha OAHOMU (ITOJIOKUTEIIBHON) TIOJTYBOJIHE
IIEPEMEHHOTO HANIPSKEHNUS,

3HAYUTEIHHO OOJIBIINMA, YEM B APYTHX CXEMaX, BeC TpaHC(hopMaTopa U HEPALUMOHAIBHOE
UCITI0JIb30BaHUE B TpaHC(PopMaTope MeIu U cTanu. [laHHas cxema BhIIPSIMHUTENS
IIPUMEHSIETCS KPAWHE PEIKO U TOJBKO B

TEX CIy4asX, KOTJa BBIIPSIMUTEND UCIIOJIB3YETCS JUIsl TUTAHUS LIENEH C HU3KUM TOKOM
NOTpeOIeHUS.

JABYXIIOJIYIIEPUOAHOE BBITIPAMIIEHUE

Jlnst cHrbkeHHs K03 UIMEHTa MyJIbCALMA BHITPSAMIEHHOTO HANPSKEHUS pY MOBBIILICHUS
K.I1.JI. BBIIIPSIMUTEISI IPUMEHSIOTCS JBYXIIOJIYIIE-PUOAHBIE CXEMBI BBIIPSMIICHUS.
Haubonee yacTo npuMeHsieTcs B CaMbIX Pa3IMYHbIX YCTPOHCTBAX MOCTOBasl cXema
BBINPSIMUATEIIS], TOKA3aHHAs HA PUC.

B nonoxxutensHbIN MOTyNepruoa TOYKaa UMEET MOJIOKHUTENbHBINA MOTSHIINA, a TOUKa b-
otpunatensHelif. Beneacrsue storo quoast VD2u VD46ynyT OTKpBITHL U IO HUM
IPOTEKAET TOK 11,KOTOPBIN ABJSETCS U TOKOM Harpy3kH In,co31aBasi Ha Harpy3Kke
HanpspkeHue vy. [Ipu oTpuiareTbHOM MOTyNepro/ie MOTeHIMal TOukra Oyner
OTpHUIIATEIBHBIM, @ TOUKH b- nojoxutenbHbiM. Juoast VD3u VD1

otkpbiBatoTcs (VD2u VD43akpeiBatoTcs), YTO MPUBOAMUT K MPOTEKAHUIO TOKA 12, KOTOPbIN
B Harpy304HOMCOIPO-

TUBJICHUMRHUMEET Takoe ke HallpaBJIeHUe, YTO U TOK ij.

Takum 00pa3om, B IOJIOKUTEIbHBIA U B OTPUIIATEIbHBIN MOTYIIEPUOIBI TOK Yepe3
Harpy3Ky UMEET OJMHAKOBOE HAIIPABJICHUE, HO U3MEHSETCS MO BEJIMYHHE,

T.€. MyJIbCUPYET. Bu BEIIPAMIIEHHOTO HANPSKEHUS MIPU JBYX-TIOJIYIIEPUOJHOM
BBIIIPSIMIICHUM IPEICTABJIEH HA PUC.

U3 rpaduka BRIIPSMIEHHOTO HAMPSKEHUS BUAHO, YTO MPH JIBYXIIOTYIEPUOTHOM
BBIIIPSIMJICHUM YaCTOTA ITyJIbCALUM Ha BBIXO/E BBIIIPSIMUTEINS BABOE IIPEBBIIIAET YACTOTY
BXOJHOTO ITMTAIOIIETO HANPSKEHUS, TOTJA KaK IPY OAHONOIYIIEPUOIHOM BBIIPSIMIEHUN
94acTOTa MyJIbCAIUN COBIIAAAET C YaCTOTOM MUTAOIIEro HanpsbkeHus (puc. 13.3).

N3 paznoxenus B psag Oypbe HANPSAKEHHUs, BBIIPSIMIEHHOTO JBYXIIOJIYIIEpU- OJHON
cxeMou
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a K03 HUIIUEHT MyJIbCAINA MCHBIIIC
B nByxnonynepuoaHOi MOCTOBOM CXE€ME TOK 4epe3 Harpy3Ky B 00a mojiynepuojaa
POTEKAET B OJJTHOM HAIPABIICHUH, IPUYEM TOK BO BTOPHUHOM 0OMOTKE TpaHcopmaropa
TaK)K€ MMPOTEKAET B TEYEHUE O0OMX MOIYIIEPUOJIOB U SIBISETCA CUHYCOUIAIBHBIM, UYTO
VCKJIFOYAET JOIMOJHUTEIbHOEC HAMAarHUYMBAaHNE CEPICYHUKA.
N3 pyCYHKOB BUIHO, YTO MYJIbCALIMKU BBIIPSAMIICHHOTO HATIPSKEHHUS IOBOJILHO
3HauYUTENbHbl. OHU MOTYT OBITh YMEHBIIEHBI C IOMOIIBIO CIIIAXKUBAIOIIETO (PUIIBTPA.
[IpocreiimuM GUIBTPOM SIBISIETCS KOHACHCATOP, KOTOPBIM BKIIOYAETCS MapaljIeIbHO
Harpy3ke. B moJIo)KuTenbHbIN MOTYNEepHo] KOHIEHCATOP 3apsyKAeTCs 40 MaKCUMaIbHOTO
BXOAHOTO HarnpsKeHUsT UmaxH 3aTEM paspsikaeTcs uyepes Harpy3ky Ry.EmMkocTs
KOHJIEHCATOpa BEIOMPAIOT TAKOM BEJIMYMHBI, YTOOBI JJI1 YACTOTHI MyJIbCAllUN
0[] PEAKTUBHOE COMPOTUBIIEHUE KOHJIEHCATOpa X, ObLIO MHOTO MEHBIIE COMPOTUBIICHUS
Harpy3ku Ry.Torna nocrostHHas Bpemenu paspsiga uenu 1 = Cy-11, 3HaunTensHo 0obIe
Iepuoaa MyJIbCalui, KOHAECHCATOP Pa3psKaeTCs CPaBHUTEIBHO MEUIEHHO U HAIIPSKEHUE
Ha HEM YMEHBIIAETCSA HE3HAYUTEIBbHO. DTO NPUBOJAUT K YBEJIIMUYCHHUIO CPEAHETO 3HAYEHUS
BBIIIPSIMIICHHOTO HanpsbkeHns UoHa Harpy304HOM pe3UCTope RyM K CHUKEHHIO
koddduieHTa myabcaui p.
BJIMSIHME HAKOIUTENBHOIO KOH/IEHCAaTOpa Ha (POPMY BBIXOAHOTO HAPSKEHUS
OJIHOIIOJIYIIEPUOIHOTO BBIIPSIMUTENIECH. BBIXOTHOE HAPSIKEHUE COACPKUT 3HAUNTEIBHYIO
110 BEJIMYMHE ITOCTOSIHHYIO COCTAaBIISIOILYI0, HA KOTOPYIO HAJIOKEHBI MaJIbI€ MyJIbCALIUU
HaIpsDKEHUS. AMIUIMTYZA 3THX ITyJIbCALMI ONPEAEIIAETCS TOCTOSIHHOW BPEMEHH Tpgs. IS
ucnojbs3zyemoro konaeHcaropa Cg u Harpy3zouHoro pesucropa Ry. [loatomy koHneHcaTop
JTOJDKEH UMETh 3HaIII/ITe(J'/IBHyIO eMKkocTh - oT 100 1o 5000 Mx® (u maxke OOBIIIE).

- A

3apsaCy  Paspan Cp Uy(f)

o AN 2

Uo

Bnusitnue koHieHcaTopa Ha (popMy BBHITIPSMIIEHHOTO CUHYCOMIAIbHOTO HAIPSKCHUS
D¢ dexTUBHOCTH GUIBTPOB OIIEHUBACTCS KOA(PDUIIMEHTOM CTIaKUBaHUS
="~ (13.10)
P
* BBIX
TJI€ Pex ¥ Penx - KOADOUIIMEHTHI TTyJTIbCAIIUNA HAMIPSKEHUH, COOTBETCTBEHHO, Ha BXOJIE U
BbIXO/I€ (pUnbTpA.

3aganmue 1.
HazoBute BUAbI BHIIPSAMIICHHOTO HANpsKEHU
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