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B noco6un n3nokeHsl OCHOBBI pacueTa JIEKTPUUYECKUX LIeTed OCTOSHHOTO U MEPEMEHHOIO
TOKa, Tpex(das3HbIX Iernei, JaHO ONUCaHHe »OJEKTPUUECKUX MalIuH U TpaHCHOPMaTOPOB.
PaccmoTpeHa ocHOBHas  31eMeHTHas 0a3za B3JEKTPOHUKU: JUOJbI, TUPHUCTOPBI, TPAH3UCTOPHI,
aHaJIOroBble M LU(POBBIE MUKPOCXEMBI, a TaKKe CO3/JaHHE Ha MX 0a3e CXeM yCuiIuTened u
reHepaTopoB

[Tocobue paspaborano Ha kadeape snekrporexHukun CI'AY mins HampaBieHUs TMOATOTOBKH
it cneruanbHocTh 220700 «ABTOMAaTH3aIMS TEXHOJIOTMYECKUX IPOLIECCOB U TPOU3BOICTB
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1. JIEKTPOTEXHHUKA

DNeKTpOTeXHUKa - 3TO (pyHIaMeHTalbHas Hayka, Oasupylollascsi Ha HCCIEIOBAHUSIX B
00JacTH ANEKTPUYECKMX M MAarHUTHBIX sSBJIEHUN. B TOM Bujae, kKak Mbl €€ 3HaeM, OHa BO3HHKIA
CPaBHMTEIBHO HEJAaBHO — B Havajge XX BeKa, OJHAKO IyTh, KOTOPBIH OHA IMpouuia, ObLI
JOCTaTOYHO JOJIMM U TpyaHbIM. [loTpeboBanoch AOCTaTOYHO MHOTO TBOPYECKHMX YCHJIMN Kak
HaIINX, TaK U 3apyOeXHBIX YYEHBIX, YTOObI BHEIIHE Pa3pO3HEHHBIEC SBJICHUS MPHUPOABI ObUIH
CUCTEMAaTU3UPOBAHBI U BHICTPOEHBI B CTPOTYIO TEOPHIO.

be3 anexTpuyeckoil SHEPruu CerojHs HEBO3MOXKHO IIPEJICTaBUTh Hamly »ku3Hb. OHa
MPUMEHSETCST TOBCIOAY M MOTpPeOHOCTh B HEHl HeykIOHHO Bo3pactaeT. CToyb MIMPOKOE
pacnpocTpaHeHue 3TOro BUJa YHEPIHH HE CIy4aiHO, TaK Kak €€ MOYKHO IepeaBaTh Ha OTPOMHBIE
paccTosiHUs OT UCTOYHHKA /10 noTpedurtens. OHa criocoOHa JIETKO TPaHC(OPMUPOBATLCS B IpYTrHe
BU/Ibl, TAKHE KaK: MEXaHUYECKYI0, XUMUYECKYI0, CBETOBYIO U Jip. [Ipu 3TOM BO3MOXKEH U 0OpaTHBI
ee Mepexo/l, YTO MOATBEPXKIAeT YHUBEPCAILHOCTh JAHHOTO BH/1a SHEPTHH.

Pa3BuTHe S1EKTPO’HEPreTUKH, KaK HayKH, MOTpeboBasio OOJbIIMX YCWIMH B oOnactu
U3YYEHHUs DJIEKTPOMArHUTHBIX SIBJIEHUHM W MX NPAKTHUECKOro NpuMeHeHHs. PaboTel B 3TOM
HaIlpaBJICHUH HA4Yajauch JaBHO. IlepBbIl TpakTaT mo 3JeKTpuyecTBY Bbuuemmuid B 1753 r.,
MIPUHAJUICKUT HAIIEeMy BEJIMKOMY cooTedecTBeHHHKY M. B. JlomoHOCOBY — «CiioBO O SIBIEHHUAX
BO3JIYIIHBIX, OT AJIEKTPUYECKOW CHIION MPOUCXOISIINX», MOCBSIIEHHBIH TEOpUH aTMOc(hepHOro
AJIEKTPUYECTBA.

[TorpeboBaniocs Gosee yeMm mojBeka, nmpexae ueM A. BoiabT n3o0pen cBoW rajibBaHUYECKUN
cToJ16. Bee 310 1103B0NIMIIO0 BiEpBbIE MOIYYUTh PEANIbHBIN AIEKTPUUECKUI TOK.

IIepBbie rompl XIX Beka SBWINCH HA4aJlOM pPa3BUTUS TEOPUM M IPAKTUKU Lenen
MIOCTOSIHHOTO TOKa. B 3TOl cBsI3W mpuBeAeM XPOHOJOIMYECKYIO MOCIEI0BAaTEIbHOCTh OTKPBITHH,
MOJIOKMBILHUX HAYAJIO CUCTEMATUYECKOMY H3YYEHUIO AIEKTPUUECKUX U MAarHUTHBIX SIBJICHUI.

PaccmaTpuBast XpOHOJIOTHIO pa3BUTHSI JAHHOW HAyKH, BBIJICIIMM OCHOBHBIE €€ JaThl.

1802 r. — B. B. IletpoB oOHapyXusl U UCCIIEOBal SBJCHUE 3JIEKTPUUECKON AYrH MEXAY
JBYMsI YrOJIbHBIMU 371ekTpoaaMu. OH yKa3all Ha BOBMOYKHOCTb €€ MCII0JIb30BaHMs JJIs OCBELICHUS,
IUIaBKU U CBApPKU METAJUIOB.

1819 r. — DOpcren 0O0HAPYXWJI MEXaHMYECKOE BO3ICHCTBHE JJICKTPUYECKOTO TOKa Ha
MarHUTHYIO CTPEJKY.

1820 r. — AMnep OTKpbUI MAarHUTHBIE CBOMCTBA COJICHOU]IA C TOKOM.

1831 r. — ®apazneit OTKPHLI U BIEPBBIE ONKCAI SIBJICHUE MIEKTPOMArHUTHON UHIYKLIAH.

1833 r. — O. X. Jlenu (pycckuil axkaaeMHK) OTKPBLI (YHAAMEHTAJIbHBIM MPUHIIMII
AJIEKTPOAMHAMUKHN — MPUHLUI 3JIEKTPOMAarHUTHOW MHEpLUMHU; OH ke B 1844 r., HE 3aBUCHUMO OT
JIxKO0yIis, OTKPBUI 3aKOH O TEIJIOBOM JIEUCTBUH SJIEKTPUUECKOTO TOKA.

1845 r. — Kupxrodd chopmynnpoBan OCHOBHBIC 3aKOHBI IS Pa3BETBICHHBIX AIEKTPUIECKUX
ueney, uMmeromue GyHIaMeHTallbHOE 3HaYeHHE.

1876 r. — IlI. H. 5I6noukoB (pycckuil MHMXKEHEpP) M300pen 3IEKTPUUYECKYIO CBEdy, KOTopas
MOJIOKUJIA HAYajlo DJEKTPUUYECKOMY OCBELIEHUIO; OH e ObUl M aBTOPOM pealu3aluu
UCIOJIb30BAHUS MEPEMEHHOIO JJIEKTPUYECKOTr0 TOKa, a TaK JKe co3Jajl IEepBbli B MUpE
Tpanchopmarop.

IIepuon Bpemenu ¢ 1800 mo 1880 rr. MOKHO CUMTaTh MEPUOJOM CTAHOBIICHUS TEOPUU U
MIPAKTUKU Lenell MOCTOSIHHOTO TOKa.

C otkpeituem I1. H. 5107104k0OBBIM IE€pEMEHHBIX TOKOB HAayajCcs HOBBIM 3Tam pa3BUTHUS
ANIEKTPOTEXHUKU. [lepeMeHHbI TOK MOJYYMJI HCKIIOYUTENBHO HIMPOKOE IPAKTUYECKOE
pUMeHeHue Oyiaroaps u3o0peTeHusiM pycckoro uHxxenepa M. O. JlonnBo-/{06poBosbCKOTO.

1889 r. — M. O. JlonuBo-ZloOpoBOJILCKHI MOCTPOMI MEPBBIA 3-X (a3HbIM 3IEKTpUUECKUN
JBUTATENh U pa3paboTan Bce OCHOBHBIC 3BCHBS 3-X (Da3HOMU 3JIEKTpUUYECKON 11enu, oH ke B 1891 T.
OCYIIECTBUJI TIepeIauy EeKTpodHeprun 3-X (ha3HbIM TOKOM Ha paccTosiHue 175 kM.

[IpumeHeHre MEepeMEHHbIX TOKOB NMOTPeOOBalO pPEUICHHS LEJOro psaa TEOPETUYECKUX U
MPaKTUYECKUX 3a/1a4, CYLIECTBEHHO OTJIMYAIOIIMXCA OT 3aJad MO pacyeTy Leneld MOCTOSHHOIOo



TOKa. BakHehmmm »>Tamom 3€Cb MOXHO CYUMTAaTb BBCACHUC aMCPUKAHCKHM MWHXCHCPOM
[IITeitHMeTIIEM KOMIUIEKCHOTO METO/Ia pacyeTa LEerneil IepeEMEHHOro TOKa.

Coznanue  mepBbIX  JJEKTPUYECKUX ~ MallMH  (AJIEKTPUYECKUX  JIBUratened  u
Tpanc(hopMaToOpoB), a TaK K€ JUHUU DJIEKTpoIepenad MoTpedOBaI0 HUCCIEAOBAHUI IO pacydeTy
QJICKTPUYCCKHUX U MAarHUTHBIX HOHeﬁ, a TaK K€ UX COBOKYIIHOCTHU — €AWMHOT'O JJICKTPOMArHuTHOI'O
OIS

1.1 OcHoBHBIE OIIpee/IeHUsA

DJIEKTPOTEXHUKA — 00JIaCTh TEXHUYECKUX HayK, U3ydarollas MoJy4eHHe, paclpeeieHue,
npeoOpa3oBaHHe W MCIOJIb30BAHUE BJIEKTPUYECKON SHEPruu. JNEKTPOTEXHUKA BBIACIUIACH B
CaMOCTOSTENIbHYI0 HayKy u3 (u3uku B koHme XIX Bexka. OCHOBHOE OTIMUME OT JJIEKTPOHUKH
3aKJIIOYaeTCsl B TOM, 4YTO OJJIEKTPOTEXHHUKA H3y4daeT MpoOJeMbl, CBSI3aHHbIE C CHJIOBBIMU
KpYNHOTabapUTHBIMU 3JEKTPOHHBIMU KOMIIOHEHTAMM: JIMHUU 3JIEKTPOIEpelaut, JIEKTPUUECKUe
IIPUBOJBL, B TO BPEMS KaK B IEKTPOHUKE OCHOBHBIMU KOMIIOHEHTAMM SIBJIIFOTCS IIOJIYIIPOBOIHUKH
U HHTETpalbHBbIE CXEMBI. B IpyroM cmsIcie, B 3JIEKTPOTEXHHKE OCHOBHOM 3a/1ayeil SBIIETCS
nepeaaya MEKTPUIECKON IHEPTHUH, a B AICKTPOHUKE — WH(OpMAIUK.

JIeKTPH YeCKHil TOK— YIOPSIOYCHHOE HEKOMIICHCHPOBAHHOE JBIDKEHHE CBOGOIHBIX
EKTPUUECKH 3aPSKEHHBIX YaCTHULL, HAIIPUMED, IO BO3AECHCTBUEM IEKTPUYECKOTO NOJIsA. Takumu
YaCTULAMHU MOTYT SIBJISATHCA: B IIPOBOJHHUKAX — 3JIEKTPOHBI, B JJIEKTPOJINTAX U T'a3aX — HOHBI, B
MOJIYIIPOBOAHUKAX — JIEKTPOHBI U JBIPKHU (3JIEKTPOHHO-/IBIPOYHAsI TPOBOAUMOCTB).

VYcinoBUsIMM BO3HUKHOBEHMSI 3JIEKTPUUECKOrO TOKa SBISAIOTCA: 1) HamuuyMe MCTOYHUKA
AIIEKTPUYECKOM dHEPruu; 2) 3aMKHYTOCTb IIyTH, [0 KOTOPOMY IIEPEMELIAIOTCS 3apsiibl.

O6o03HauaeTcsi BEIMYMHA TOCTOSHHOrO Toka OykBoW /. M3mepsiercs Tok B ammepax, [A].
Benuunna toka / ompezensercs KOJIMYECTBOM 3JIEKTpUUECTBA (3apsA0B) ¢, MPOXOAAIIUM dYepes
IIOIIEPEYHOE CEYEHUE IPOBOIHNKA B €AMHUIY BPEMEHH 1
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IlocTOSAHHBIN JIEKTPUYECKHI TOK — BHJ TOKAa, BEJIUYMHA U HAIIPABICHUE KOTOPOTO HE
MU3MEHSETCS C TCYEHUEM BPEMEHH.

3a HampaBlIEHHE TOCTOSIHHOIO TOKa B 3aMKHYTOM JJIEKTPUYECKOW IeMH HPUHUMAETCS
HAIlpaBJICHUE OT IIOJIOKUTEIBHOIO IIOJI0CA MCTOYHHMKA K €ro OTPUUATEIbHOMY IOJIIOCY IO
BHCITHEMY YYAaCTKY IIE€TIH, T. €. OT «1+» K «-».

Cuny 31eKTpUUECKOro TOKa U3MEPSIOT ¢ MOMOUIbIO aMIiepMeTpa. AMIEpPMETP BKIIIOUAETCS B
Lenp IocienoBarenpHo. [IpuyeM B Hensx IIOCTOSSHHOTO TOKa KIEMMa CO 3HAaKOM  «+»
ITOJKJIIOYAETCS B HAIIPABJICHUU IIOJIOKUTEIBHOIO IOJIKOCA MCTOYHMKA JHEPruM, a KIeMMa CO
3HAKOM «—» B CTOPOHY OTPHULATENBHOTO MOJI0CA HICTOYHUKA SHEPIHH.

[ToMuMO cuiIbl TOKA B 3JIEKTPOTEXHUKE CYIIECTBYET MOHITHE MJIOTHOCTH Toka. O003HavaeTcs
IUIOTHOCTh TOKa OykBoil J. OTHOLIEHME BeIMYMHBI TOKAa B MpoBOAHUKE I K IUIOIIAaU €ro
MONEPEYHOT0 CeYeHHUsI S XapaKTepU3yeT IIOTHOCTh TOKA B ’TOM ITPOBOJHHKE.
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Enununielt namepeHus IIOTHOCTH TOKA sIBJsieTCs A/M .

DJleKTpUYecKoe 1oJie — OCOOBIN BUJ MaTepPUH, CYIIECTBYIOIIUN BOKPYT TeJ, 00JIadar0InX
AIIEKTPUYECKUM 3apsOoM, a TakKe IMPU HW3MEHEHUH MArHUTHOTO Mojs (B 3JEKTPOMAarHUTHBIX
BOJIHAX). OJEKTPUUECKOE I10JI€ HEMOCPEICTBEHHO HEBUAMMO, HO MOXKET OBbITh OOHapyX eHO
O5arojapst €ro CUJIOBOMY BO3JICHCTBHUIO Ha 3apsDKEHHBIE TeJa.

CunoBoi XapakTepUCTUKON JEKTPUUECKOTO MOJIs ABJISETCS HANpsHKeHHOCTh. O003HauaeTcs
HanpsLKeHHOCTh E, m3Mmepsiercs B B/M. HampsikeHHOCTh KakJIO0M TOYKU 3JEKTPUYECKOTO IOJIS
XApaKTEPU3YeTCsl CUIION, C KOTOPOW MOJ€ ACUCTBYET Ha €OUHUILY 3apsla, IIOMEUIEHHOTO B 3Ty
TOYKY H OTIPEENsieTCs o popMmyIie:
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rae, £ — HanpspKEeHHOCTh AJIEKTPUYECKOTO Mons, [ — cwia JAedCTByromias Ha 3apsafn, g —
BIEKTPUYECKUI 3apsil.

JeKTPUYeCKHMil 3apsii— 5T0 (U3HUECKAs CKANSIPHAS BEIMUMHA, ONPE/IC/IAIONIAs
CIOCOOHOCTh T€N ObITh HCTOUYHHMKOM DJEKTPOMAarHUTHBIX MOJE€H U MNpUHUMATh YydacThE B
JIEKTPOMAarHUTHOM B3anMOJEHCTBHH. EnuHuna m3mepeHus 3apsaa B MexIyHapoJaHOU cucTeme
equaul (CU) — xynon [Ki] — snexktpuyeckuii 3apsi, TPOXOISIINA Yepe3 MONEepeyHOe CEUCHUE
IIPOBOJIHHMKA IIpU cuiie Toka 1 A 3a Bpems lc.

DNeKTpUUYECKUH 3apsij — YUCIICHHAs XapaKTepUCTUKA HOCUTEIIEH 3apsa U 3apsyKEHHBIX Tell,
KOTOpas MOJKET MpPUHUMATh IOJIOKUTENbHbIE W OTpHUIATEeJbHbIE 3HAYEHMs. OJTa BEJIUYMHA
omnpezensercs TakuM o0pa3oM, 4YTO CHUJIOBOE B3aMMOJEWCTBHE, IMEPEHOCHMOE IOJIEM MEXIY
3apsaMH, OpsIMO MPOTNOPLMOHATIBHO BEJIWYUHE 3apsAA0B, B3aWMOJEHUCTBYIOIIUX MEXKIY cO00i
YacTULl WJIM TE€J, a HAIpaBJIEHUS CUJ, JEUCTBYIOIIMX HAa HHUX CO CTOPOHBI 3JIEKTPOMArHUTHOIO
T0JIsI, 3aBUCST OT 3HAKa 3apsii0B.

DnexTpuyeckui 3apsj J000M cuCTeMbl TEI COCTOUT U3 LEJNOro 4YHcia 3JIeMEHTapHBIX
3apsi0B, PaBHBIX MPUMEPHO 1,6-107"  Kin. Hocuremsimu AJIEKTPUYECKOTO 3apsiia SBJISIIOTCS
AIIEKTPUYECKH 3apsSOKEHHBIE JJIEMEHTAapHbIE YaCTULIBbI- 3JIEKTPOH (OTPULATENIbHO 3apshKEHHAsS
4acTULa) U MPOTOH (II0JIOKUTEIBHO 3apsKEHHAs YaCTULIA).

3aKkoH coXpaHeHHUs FIEKTPUYECKOro 3apsiaa IJacuT, 4To ajredpanyeckas cymma 3apsioB
AIIEKTPUYECKH 3aMKHYTOU CUCTEMBI COXPAHSIETCS.

g1 + g2 + g3+ ...... + g = const

B 3aBucuMOCTH OT KOHILIEHTpalMM CBOOOJHBIX 3apsAJ0B Teja JENATCd Ha IPOBOJHUKH,
JTUDJIEKTPUKHU U TOTYIPOBOIHUKH.
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[IpoBogHUKY (METAUIBI, COJIM) — OTO Te€Ja, B KOTOPBIX AJIEKTPUUYECKUN 3apsia MOXKET
IIepEMEILAThCS 110 BCEMY €ro 00beMy.
JvdnexkTpuky  (CTEKII0, IJIacTMacChl) — Tejla, B KOTOPBIX INPAKTUYECKH OTCYTCTBYIOT

CBOOOHBIE 3apsi/Ibl.
[TonynpoBoAHUKM (TepMaHUM, KPEeMHMI) 3aHHUMAIOT MPOMEXYTOUHOE IOJIOKEHUE MEXIY
IIPOBOTHUKAMU U JUAIICKTPUKAMU.

DJIeKTPUYECKUIl MOTeHUuaa — padoTa, KOTOPYIO HY)KHO BBIIOJHUThH, YTOOBI MEPEHECTH
equauUIy 3apsiaa (1K) uz nanHo# Touku B 66CKOHEUHOCTD WITH
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[loTeHnman — ckajlsgpHas BeIMYMHA. EcCiM dIEKTpUYECKOe IOJIE CO3JaHO HECKOJIbKHMU

3apsamMHM, TO NOTEHLMAd B KaXJOW TOYKE IMOJs ONpenensercs anredpanuyeckoil cymMmoit
MOTEHIIMAJIOB, CO3JaHHBIX B 3TOM TOYKE KaXKJbIM 3apsAaoM. 3aps] MepeMellaeTcs U3 TOUKH C
OOJIBIIMM MOTEHIMAJIOM B TOUYKY C MEHBIIUM MOTEHIHAIOM. Mexay AByMs TOUYKaMHU C paBHbIMU
MOTEHLIMATIAaMU 3aps] nepeMernatses He Oynet. [l nepeMenieHus 3apsaa Mexay AByMsl TOUKaMH
AJIEKTPUYECKOTO MOJIS TOJDKHA ObITh pA3HOCTh MOTEHIIMAIOB B ATUX TOYKaX.

HanpsizkeHue — pa3HOCTh NOTEHIIMAIOB MEXKY IBYMs TOUKAMM.

U=¢ -0,

Hanpspokenue sBisieTcs cKallsipHOW BeNMYMHOM, u3Mepsiercst B BosibTax [B]. Kpome Toro,
HallpsDKEHUE MEXAY JBYMS TOYKAMHM JJIEKTPUYECKOTO TMOJSA XapaKTEPU3YEeTCsl SHEpruew,
3aTpayeHHOM Ha NEPEMEIECHUE €INHULIBI ITOJIOKUTEIBHOIO 3apsiia MEXK Yy 3TUMHU TOYKAMM, T. €.
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Mexny HanpsskeHHeM U HalpsHKEHHOCThIO B OJHOPOJHOM  BJIEKTPUYECKOM  II0JIe
CYLIECTBYET 3aBUCUMOCTh
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Otcrozia BUIHO, YTO HANpsDKEHUE - 3TO paboTa, 3aTpadynBaeMasi Ha IIEPEHOC €AMHUIBI 3apsa
(1K) 13 01HOM TOUKH M0JII HAPSDKEHHOCTBIO £ B IPYTYIO TOUKY IO MMPOU3BOJILHOMY ITYTH.

duexTpoasmkymas cuia (31C). - BennunHa, XapaKTepu3yrolas ClocCOOHOCTh CTOPOHHUX
CHJI BBI3bIBATh JIEKTpUUecKuil ToK, Enununeit usmepenus 3/1C takxke sBisieTcs BOJbT.

O/1C xapakTepusyeTcsl JHEpruei, KOTOpYIo 3aTpayuBaeT WM MOXKET 3aTPaTUTh UCTOYHHK Ha
MepeMeIeHUE eINHULBI [TOJI0KUTEIBLHOTO 3aps/ia 10 Bcel 3aMKHYTON LIETH:
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CKOpOCTh pacIpOCTPaHEHHUsI AIIEKTPHUYECKOTO TOKAa pPaBHA CKOPOCTH PACIPOCTPAHCHHS
AJIEKTPOMArHUTHLIX BOJH (B Bakyyme oHa cocrtaBisieT 299 792 458 meTpoB B CEKyHAY WU
npumepHo 300 000 kwm/c). HecmoTpss Ha 3TO CKOPOCTh HAMpaBJICHHOTO JBWKEHHUS YAaCTHI[ B
MIPOBOJTHUKAX HAMHOTO MEHBIIE W 3aBUCUT OT MaTepualia POBOTHIKA, MACCHI M 3apsiaa 4acTull. 3a
1 ¢ BNeKTPOHBI B MPOBOJIHUKE MEPEMEIIAIOTCS 32 CUET YIIOPSIOYEHHOTO JBM)KEHUSI MCHBIIIE YeM Ha
0,1 mm.

JJIeKTpUYecKoe COMPOTHBJIeHHE — (U3NYECKas BEIWYMHA, XapaKTEpU3YIOIIas CBOWCTBA
BEIIECTBA TIPEISATCTBOBATh MPOXOXKICHHUIO DJIEKTPUYECKOTO TOKa. EIWHUIEH COMPOTHBIICHHS
aBisgercsa OM, B 3JIEKTPOTEXHUKE COIIPOTUBIIEHUE 0003HadaeTcsi OyKBoi R.

[ToMHMO COTIPOTHBIIEHUSI YaCTO HCIIOJB3YeTCSl MPOBOJAMMOCTh — BEIMYMHA OOpaTHas

1 y
conpoTuiieHu0. G = n Enununei npoBoaumocTu siBisiercsa cuMeHc (Cm).

Pe3uncTop — nacCuBHBIN JEMEHT NIEKTPUUECKOM LIENH, B HJI€AJI€ XapaKTepU3yeMbIid TOJIBKO
COMPOTHUBIIEHUEM JJIEKTPUUYECKOMY TOKY, TO €CTh JJSl HACaJIbHOTO PE3UCTOpa B JIIOOOW MOMEHT
BPEMEHH JIOJDKCH BBITIOJHATHCS 3akoH Oma mius ydactka uenu. Pesuctop mpeoOpasyer
OOJIBIIMHCTBO 3JEKTPUYECKON SHEpruu B TEIUIOBYI0. Ha NpuHIUMNUANBHBIX CXE€Max pe3UucTop
pucyeTcsi B BUJe NPAMOYroybHUKa (pUcyHOK 1.1) ¢ aAByMs BbIBOJamMu U o0o3HauaeTcsi OykBoi R,
MIOCKOJIBKY OCHOBHOI1 IapamMeTp pe3nucTopa — €ro COpoTUBIICHHE.

3akon Oma s yuyacrka menu. 3akoH OMa Juig ydacTKa DJEKTPUYECKOM Lenu
YCTaHABJIMBAET 3aBUCUMOCTb MEXJIy TOKOM, HalpsHKEHHEM U COMPOTHBIIEHUEM Ha 3TOM Y4acTKe
uenu. MaremaTuueckoe BbIpakeHue 3akoHa Oma 11 yyacTKa UMEET BUJL:

U
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Jlst mpoBOIMMOCTH 3aKOH OMa MOYKHO 3aIlicaTh
1=UG

1.2 DaexTpuyecKue Henu U UX Kjiaccupukanuu.

JJIeKTprYecKas Lelb - COBOKYIMHOCTb YCTPOMNCTB MJIM 3JIEMEHTOB, IPEIHA3HAYEHHBIX IS
MPOTEKAHUS AJIEKTPUUYECKOTO TOKA. OJIEKTpUYecKas LENb COJACPKUT WCTOUYHUKA U IPUEMHHUKH
AJIEKTPUYECKOM SHEpruu, a TakkKe YCTpoilcTBa KOMMYTAlMH (MpoBOJA M IMEpPEKIoYaTenan) H
U3MepUTeNbHbIE TPUOOPHI (BOJIBTMETPHI, aMIIEPMETPbI, BATTMETPHI U JIP.).

B uctouHmnkax 31eKTpUUeCKON 3HEPTUU OCYLIECTBIISIETCS IPE0Opa30BaHue B AJIEKTPUUECKYIO
SHEPrUI0 KaKUX-JIM0O IPYruxX BUIOB SHEPTUU.

B mpuemHMKaxX 3JIEKTPUYECKOM SHEPrUu 3JEKTpUYECKas 3HEprus mnpeoOpasyercss B JIpyrue
BU/Ibl SHEPTUH, HAIPUMEDP B MEXaHUUYECKYIO, TEINIOBYIO, CBETOBYIO.

DJIeMEHTOM  JJIeKTPHYEeCKOil  ILeNnM  Ha3blBalOT  MJACaIM3MPOBAHHOE  YCTPOMNCTBO,
oToOpaXkaroriee Kakoe-1100 U3 CBOMCTB pealbHOM SIEKTPUUECKOMN TIETIH.

[Ipocreiiias anexkTpuyeckas Henb COCTOUT U3 UCTOYHUKA, TPUEMHUKA U IPOBOTHUKOB.



B onexrtpuueckoll nenu pas3nuyaroT JBa ydacTKa: BHYTPEHHUMM M BHEWHUW. VcTOYHMK
SBJISIETCS. BHYTPEHHMM Y4YacTKOM Ienu. Bce oCTalbHBIE 3JEMEHTBl OTHOCATCA K BHEHIIHUM
Y4aCTKaM 3JIEKTPUYECKOH LEIN.

DJIEKTPUYECKO CXeMOH Ha3bIBAIOT HW300pKEHUE DJIEKTPUUYECKONW IEMH C TOMOIIBIO
yCIIOBHBIX 3HakoB. Hanbosnee pacnpocTpaHeHbl TpU BUJA CXEM: MOHTa)KHbIE, IPUHLUIIUAIbHBIE U
3aMeIIeHUs.

Ha MOHTaXHBIX cXeMax 3JIEMEHTHI LIENU U X COCIMHEHME IMOKA3bIBAIOTCS B BUJEC PUCYHKOB
WM 3CKHM3a. JTa CXeMa 4acTo MCIOJIb3YeTCs IPU COSAUHEHUH Kabesell U mpoBOJOB NpHUOOpPOB WU
YCTaHOBOK.

[IpyHIMNMaBHAs cXeMa OIPEAEseT COCTAB JJEMEHTOB BXOJAIIMX LENb U CBA3b MEXIY
TUMHU 31eMeHTaMH. C MOMOIIbI0 MPUHIUIHAIBHON CXeMbI MTOJIy4aloT JeTaIbHOE MPECTaBICHUE O
MPUHIMIAX pabOThI JIEKTPUUECKOTO U3IENINS, YCTAHOBKH.

Cxema 3aMelleHusi — 3TO cXeMa, B KOTOpPOH pealibHble 0OBEKThI U YCTPOICTBA 3aMEIAI0TCs
UJeaTu3UpPOBAaHHBIMU MOJEISIMU. DTU CXEMbI UCHOJB3YIOT AJIsi oOjierdeHus pacueroB. B cxeme
3aMEIIeHUs JJIEKTPUUECKUE COCAUHEHUST MEXTY dJIEMEHTAMM TaKOe K€, KaK U B IPUHIUITNAIBHOMN
CXEMe.

Bce simeMeHTBI 3IEKTpUYECKOM LEeNMM Ha CXeMaxX YKa3blBAIOT C ITOMOIIBIO YCIOBHBIX
0003HaYeHU (MCKIIOYEHHE COCTABJISIIOT MOHTa)XHbIE CXEMbl). YCIIOBHblE O0O3HAYeHUS s
AIIEKTPUYECKUX CXEM YCTaHOBJIEHBI cTaHgapTamu cucteMbl ECK/I.

DeMEeHTBI JIEKTPUUECKON LIEeNN JAEIATCS Ha JIMHEHHBIE U HEJIMHEWHbIE, B 3aBUCUMOCTH OT UX
BOJIBTAMIIEPHOM XapaKTEPUCTUKH.

BoabsTamnepnas xapaktepuctuka (BAX) — 3To 3aBUCMMOCTb HampspKEHUS Ha 3akHMax
3JIEMEHTA WIM Y4acTKa LENU OT TOKa, IPOTEKAOILET0 Yepe3 Hero.

JIMHeHHBIMM HA3bIBAIOTCS JIEMEHTHI U LIENH, BOJIbTAMIIEPHBIE XAPAKTEPUCTUKH KOTOPBIX
MIPEJICTaBISAIOT cO00H TUHEIHYI0 3aBUCUMOCTh. [IpuMepaMu TUHEHHBIX JIEMEHTOB (Kak MpaBuUIIo,
B OYEHb XOPOIIEM NMPUOJIMKEHUH) SBIISETCS PE3UCTOP, KOHACHCATOP U KATyIlKa UHIYKTUBHOCTH.
CoOOTBETCTBEHHO JTMHEMHBIMU SIBJIAIOTCS LIEMH, COAEpIKAILUE TOJIbKO PE3UCTOPHI, KOHIAEHCATOPHI U
KATYILIKH UHYKTUBHOCTH.

HenmHeiHBIMH Ha3bIBAIOTCS DJIEMEHTHl M LEIM, y KOTOPBIX IapaMeTphl CYIIECTBEHHO
3aBUCST OT TOKa WJIM HaIpsDKEeHUs, T.e. rpaduku BAX 3THX 37€MEHTOB UMEIOT KPUBOJIMHEHHBIN
xapakrep. Ecnu snextpuueckas 1enb COAEPXKHUT XOTsI Obl OJUH HEIMHEWHBIM 3JIEMEHT, TO OHa
SIBJISIETCSI HEJIMHEUHOM 3JIEKTPUUYECKOM LIETIBIO.

IIpocTbIMH 3JIeKTPHYECKMMH LENSAMM HA3bIBAIOT LENHU, COACPXKAIIME OJHU HCTOYHHK
sHepruu. Llens, coneprkaiias aBa u 60jee HCTOUHMKA, HA3bIBAETCS CJOKHOM.

AKTHBHBIM YYaCTKOM LeIIM HAa3bIBAECTCS YYACTOK, COJEPKAIINI UCTOYHUK 3JIEKTPUUYECKON
SHEPIUH, HE COAEPIKAIIUN UCTOYHHUKA — MACCUBHBIM.

BeTBBI0 HA3BIBACTCS y4aCTOK 3JEKTPUYECKOU LIENH, 10 KOTOPOMY IMPOXOJIUT TOK OJHOTO U
TOT'O K€ 3HAYCHHS U HAIPABJICHHUS.

¥Y310M Ha3bIBaeTCSI MECTO COEIMHEHUS TpeX U OoJiee BeTBEH. Y3el 3J1eKTpUYecKol Lenu Ha
CXe€Me OTMEUaloT KUPHOM TOUKOH (IIpH coeAMHEHNHU Ha cxeMme Tpex y310B 1o ['OCT Touky cTaBUTH
HeoOs3aTenbHo). Eciu Ha cxeme MecTo CKpelMBaHUs BETBEN TOUKOM HE OTMEUEHO, 3TO 03HAYAeT,
YTO 3JIEKTPUUYECKOTO COCAUHEHUS MEK Ly HUMH B TOUKE I1€pECECUCHUS HET.

KoHnTypoM Ha3pIBalOT 3aMKHYTYIO 3JEKTPHUUECKYIO L€llb, 00pa3yemMyl0 OJHOM uiu
HECKOJIbKUMH BETBSIMH. KOHTYp, BHYTpH KOTOPOTO HE JIEXKaT APYTrue BETBH, CBS3BIBAIOIINE MEXKIY
co00i1 ero y3ibl, Ha3bIBaIOT MPOCTHIM.

Ha pucynke 1.1 nmoka3zana npuHIMIHAIBHAS CXeMa, COCTOSIIAs U3 0HOTO ncTouHnka DJ(C u
cemu pe3uctopoB. Kaxaplii BUA 371eMEHTOB (MCTOYHHMKH, PE3UCTOPBI, KOHJIEHCATOPHI, KaTYIIKU
MHIYKTUBHOCTH) UMEIOT CBOE Tpaduyeckoe 0003HaueHue, CBOK OYKBY C MOPSAKOBBIM HOMEPOM.
Ha cxemax ucrounuku DJIC oGo3Hauatorcs OykBOW E, UCTOYHHMKM TOoKa — [, pe3uctopsl — R,
KaTYILKH UHIYKTUBHOCTH — L, koHAeHcaTopbl — C. B citydae, eciii 311€MEHT BCTpedaeTcsl Ha CXeMe
OIMH pa3 (Hampumep HUCTOYHUK E Ha pucynke 1.1), TO NHOpAAKOBBIH HOMEP MOXHO HE
ucnoJsib3oBath. bykBamu a,b,c, 0003HaYEHBI Y3IIbI CXEMBI, TO €CTh TOUKH, B KOTOPBIX COEAUHSIETCS



Tpu u Oosee mpoBoAHWKA (BeTBH). HeoOXOIMMO OTMETHTH, YTO MPH TOJKIIOUYCHHH YETHIPEX
BETBEH U OoJiee B OJIMH y3€J Ha cxeMe o0s3aTebHa XKUpPHAs TOoUuKa (y3el a), B IPOTUBHOM Cilydae
3TO OyJIeT MPOCTO MPOCTOE MepeceyeHrne MPOBOIHUKOB. [[i1si y1oOcTBa 0TOOpaKeHus pa3peniaeTcs
pa30buBaTh y3€J Ha HECKOJIBKO OTJIENIbHBIX COEIMHEHUH (y3€Il ¢ B IpUMepe pa3AeiieH Ha TPH YacTH).

R,
HET COCTUHCHHUS

R;

R;s
— b
L |
E R[ R4 R6 R7
c c c

Pucynok 1.1 — npumep 2neKTpuIecKON IPUHIMIINAIBHON CXEMBI

BetBsiMu B mIpHBEICHHOM CXeMe SIBISIOTCS BETBH, COCTOSIIME M3 PE3UCTOpOB R; u Rs, U3
pe3ucTopoB R> U Ry, a Takke PE3UCTOPOB MO OJHOMY — R;, R4, R;. Ilpumep koHTypa — R2R4R;.

JIBYXIIOJTIOCHUKOM Ha3bIBAETCSl YaCTh JIEKTPUUECKOW LIENHU, KOTOpas MUMEET JBa 3a)Xuma,
Ha3bIBaeMbIX MojrocamMu. JI1oOyr0 BETBb 3JIEKTPUYECKOM LIEMM MOXHO paccMaTpUBaTh Kak
JBYXIIOJIFOCHUK. /IByXIIOJIFOCHUKY ObIBAIOT ACCUBHbBIE U AKTUBHBIE.

JIBYXIIOJIIOCHUK, He CcoOJep:KaliMii HMCTOYHHMKA JHEPruM, HAa3bIBaeTcsl IACCHBHBIM.
JIBYXIIOJIFOCHUKHM YCJIOBHO H300pakatoT B BUJE NPSIMOYTOJIbHHMKA, IPU 3TOM JUIsi 0003HAYEHUS
[IACCUBHOTO JIBYXITIOJIIOCHHKA B MPSMOYToJbHUKE 100 ctaBAT OykBy I, mub0 He cTaBAT HUKAKOU
OYKBBI

JIByXIOJIIOCHMKHM, B KOTOPBIX COJAEpPKATC MCTOYHHUKH JJIEKTPUYECKOil JIHepruu,
Ha3bIBAIOTCH AKTUBHBIMU B 3TOM ciydae npu 0003Ha4eHUH JBYXIIOJIIOCHUKA B IPSIMOYTOJIbHUKE
CTaBsIT OYKBY A.

[Ipu aHanm3e 5IEKTPUYECKOW 1LIE€NU, B KOTOPYIO BXOJWUT IaCCUBHBIM JBYXIIOJIOCHUK,
JIOCTaTOYHO 3HATh €ro XapakTepucTuky. Tak Kak MacCUBHBIM JBYXIIOJIIOCHUK SIBJISIETCS
MOTPEeOUTENIEM HHEPruu, TO B KayeCTBE XapaKTEPUCTUKU MOXKHO B35ATh €ro COINPOTHUBIICHHE,
KOTOpOE€ B 3TOM Cllydae€ Ha3bIBA€TCS BHYTPEHHUM WM BXOAHBIM. ClieOBaTelIbHO, Ha CXEMe
3aMEIEHUs] TaCCUBHBIM JBYXIOJIOCHUK MOKHO NpPEICTaBUTh B BHUAE OJHOIO 3JIEMEHTa C
CONPOTHUBIICHUEM, PpABHbIM BXOJHOMY CONPOTHBIICHUIO JBYXIOJIOCHHMKA. [[nsi aKTUBHOrO
JBYXIIOJIFOCHUKA Hapsily C CONPOTUBJICHUEM BaXKHOM XapaKTEPUCTUKOW SIBJISETCS BHEIIHSS, WIH
BOJIbTAMIIEpHAs], XapaKTEPUCTUKA, KOTOPAask IOJHOCTBIO OIPEAEIISET €ro CBOMCTBA.

1.3 Ucrounmnkm 3ekrpuyeckoii 3nepruu. Ucrounnkm I/C u Toka

B Hacrosimee BpeMs I NOJIy4EHHs DIEKTPUYECKOM SHEPIHMM HCIOJIB3YETCS HECKOJIBKO
BHJIOB HMCTOYHHUKOB. Haubonbiee pacpoCTpaHeHHe HOJIYYHIIN XUMUYECKHUE,
AJIEKTPOMEXAHNYECKHE UCTOYHHUKH, (POTOIEMEHTHI U TEPMOTIAPHIL.

B XuUMHMYeCKHX HMCTOYHHKAX DJHEPIrus NPOTEKAUMX B HEM XUMHUYECKHX pEaKIUi
HEIMOCPEACTBEHHO IPEBPAILACTCS B DJIEKTPUYECKYIO JHEPrur0. XUMHUYECKHE HCTOYHHUKU TOKa
XapaKTEepU3yIOTCsl  OECIIYMHOCTbIO  (OTCYTCTBYIOT  JIBWJKYILHMECS YacTH), OTHOCUTEIIbHOMI
IIPOCTOTOM, MOTYT HaKaIUIUBaTh YHEPTHIO (HAIpUMEp - aKKyMYyJISATOpbl). OCHOBHBIM HEIOCTaTKOM
XUMUYECKNX UCTOYHUKOB SIBJIAETCSI HU3KAsl SJHEPreTUYECKask EMKOCTb.
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Pucynoxk 1.2 — XuMU4eCKU UCTOYHHUK

OCHOBY XMMHYECKHX HMCTOYHHUKOB TOKA COCTaBILSIFOT J[Ba AJIEKTpPOoJa (aHOM, COIEpIKaIluid
OKHUCJIMTENb, ¥ KaTOI, COJICPKAIMI BOCCTAHOBUTENH ), KOHTAKTHPYIOIIUX C AJIEKTPOJIUTOM. Mexay
AIIEKTPOJAMH  yCTAHABJIMBACTCS  PAa3HOCTh TOTEHIMAJIOB —  JJIEKTPOJIBIDKYIIAs — CHJIA,
COOTBETCTBYIOIIAsi CBOOOHON IHEPrUU OKHUCIUTEIbHO-BOCCTAHOBUTEIBHON peakiuu. JlericTBue
XUMHYECKAX HCTOYHUKOB TOKAa OCHOBAaHO HA MPOTCKAHWHM IPU 3aMKHYTOW BHEIIHEH IETH
MPOCTPAaHCTBEHHO-PA3/ICIEHHBIX  TPOIIECCOB: HA  KaTOJE  BOCCTAHOBUTENb  OKHCISETCH,
oOpa3yrormuecs cBOOOHBIE AIEKTPOHBI MEPEXOIST, CO3/IaBast pa3psAIHBIA TOK, IT0 BHEITHEH IENH K
aHOJTy, TJIC OHM YYaCTBYIOT B PEAKIIMH BOCCTAHOBJICHUS OKUCITHTEIIS.

B coBpeMeHHBIX XMMHUYECKHX HCTOYHUKAX TOKAa B KaueCTBE BOCCTAHOBUTENS (HA KaToIC)
WCIIONB3YIOTCA CIeAylue Matepuansl — cBuHel Pb, kaamuii Cd, TMHK Zn W Ipyrue METajuibl; B
KaueCcTBE OKUCIUTENSI — OKcua cBUHIA PbO,, ruapokcookcua Hukens NiOOH, oxcua MapraHia
MnQO; n npyrue; B Ka4eCTBE AICKTPOJIUTA — PACTBOPHI MIETOUCH, KHCIIOT WA COJICH.

XHWMHUYECKUE AJIEMEHTHI TOJIPAa3JICIIIOTCS Ha OJTHOPA30BbIC TaIbBAHUYCCKUE DIIEMEHTHI, TIC
XHUMHYECKHE TPOIECChl HEOOpAaTUMBI U Ha aKKyMYJISITOPHI —MCTOYHHKH 3JICKTPHYECKOTO TOKa, B
KOTOPBIX XHMHUYECKHE TIPOIECCHI HOCIT 0OpAaTUMBIN XapakTep.

DJIeKTPOMEeXaHUYEeCKUH TreHepaTop - 3TO DJIEKTPHYECKas MaIllWHa, B KOTOPOH
MexaHudeckas pabora (0OBIYHO BpallleHWE Bajia) MpeoOpazyeTcss B DIEKTPUUYECKYIO SHEPTHIO.
[TpuHIMI pPabOTHl ANEKTPOMEXaHUYECKOTO TeHepaTopa OCHOBaH Ha Bo3HUKHOBeHWH DJ[C
CAMOWHJIYKIIMK B TMPOBOJHUKAX IPU BO3JACUCTBHHM TEPEMEHHOTO MAarHWTHOro Imoys. B
OOJIBIIMHCTBE CIIy4aeB IPOBOJHHKU (OOMOTKAa pOTOpa) BpaIlatOTCsl B MOCTOSHHOM MAarHUTHOM
oJIe, CO3/1aBaeMOM CTaTOpoM (pucyHOK 1.3).

Pucynok 1.3 — anexkTpoMexaHuueckuii reHepaTop



DNEeKTPOMEXaHUUYECKUE TE€HEpPaTopbl KMMEIOT MOIIHOCTh OT €IWHUI[ BaTT [0 THUraBarT.
AKTHBHO IPUMEHSIOTCSA JUIsl NOJIYYEHMS IEKTPUYECTBA HA TEILIONIEKTPOCTAHLHUAX, ATOMHBIX,
BETPSHBIX U THJIPOIEKTpOoCTaHIMIX. B Hacrosiee Bpems 98-99% Bcell anekTpuyecKoil SHEpruu
BbIpa0aThIBaeTCAd C IOMOILIBIO AJIEKTPOMEXAaHUYECKHX IeHepaTopoB. biaromaps Bo3MOXKHOCTH
BbIpa0aThiBaTh OOJIBIIOE KOJMYECTBO AJIEKTPOSHEPTUU IPHU OTHOCHUTEJIBHO KOMIIaKTHBIX
rabapuTax, JaHHbII  BUJ  TE€HEPATOPOB  HCIOJB3YEeTCS  HA  TEIUIOUIEKTPOCTAHIIMSX,
TUAPOIIEKTPOCTAHIMAX, ATOMHBIX U BETPSHBIX CTAHLIHSX.

[IpssMpiM  cocOOOM  TOJIy4EHHUsS] 3JEKTPUUECTBA M3 CBETOBOW DJHEPIHMM  SBISAIOTCA
(OTO3IEMEHTBI, KOTOPBIE Yallle Ha3bIBAIOT COJIHEYHBIMU OaTapesiMu.

doT03/1IeMeHT — DJJIEKTPOHHBIA NpUOOp, KOTOPBIA MpeodpazyeT 3HEprur (HOTOHOB B
MEKTpUUECKyr0 sHepruto. Hambonee 3¢pGheKTUBHBIMU, € SHEPreTHYECKON TOUYKH 3pEHUS,
YCTpPOWCTBAaMHU Uil IIPEBpPALEHUs COJIHEYHOM HOHEPIMH B  DJIEKTPUYECKYIO  SBISIOTCS
MOJIYIIPOBOIHUKOBBIE  (DOTO3JIEKTpUUECKHE IMpeoOpa3oBaTeNy, IOCKOJIbKY 3TO  MPSMOI,
onHoctyneHuyaTelii mepexon sHepruu. KIIJ[ mpou3BoAMMBIX B HPOMBILIJIEHHBIX MacluiTadax
($hoTO27IEMEHTOB B cpefHeM cocTaBisieT 16%, y mydmmx oo6pasmos 10 25%.

[IpeobpazoBanue sHEPTUH OCHOBAHO Ha (POTOIIEKTPHUIECKOM d(PPeKTe, KOTOPHI BOSHUKAET
B HEOJHOPOJHBIX IOJYIPOBOJHHUKOBBIX CTPYKTypax IpHW BO3JACHCTBHUM Ha HHUX COJIHEYHOTO
u3nydeHus. DPPekTUBHOCTh NMpeoOpa3oBaHUsl 3aBUCUT OT 3JIEKTPODU3MUECKUX XapAKTEPUCTHUK
HEOJHOPOJHOMN MOJIYIIPOBOJIHUKOBON CTPYKTYpBI, a TAaK)KE€ ONTUYECKHMX CBOWCTB (POTOZIEMEHTA,
Cpeay KOTOPBIX HanboJiee BaXHYIO POJIb UTPaeT (POTOMPOBOIUMOCTb.

[IpeumymiectBaMu (POTOZIEMEHTOB SIBJISETCS HA/IEKHOCTh, OECHIYMHOCTb, HEJOCTaTKaMU —
Hu3kuii KITJ] u BeICOKas 11eHa M3roToBieHus. VIMEHHO 3TH HENOCTaTKU OOYyCIaBIMBAIOT HU3KOE
pacpoCTpaHEHHE JAHHOTO NCTOYHUKA MIEKTPOIHEPTUH.

Tepmona pa — MCTOYHMK JIEKTPHUCCKOi SHEPrHH, NPUHIUI JCHCTBUS KOTOPOIO OCHOBAH
Ha BO3HUKHOBeHHH TepMO-IDJC (addext 3eedexa). Mexay cCoeaMHEHHBIMH TTPOBOTHUKAMHU
MMEETCsl KOHTAaKTHAsl PAa3HOCTh MOTEHIMAIOB. ECIH CTBIKM CBSI3aHHBIX B KOJIBLIO ITPOBOJIHUKOB
HaxoJATCsl MPHU OJMHAKOBOM TEMIIEpAaType, CyMMa TAKUX Pa3HOCTEM NOTEHIMAJIOB PaBHA HYIIIO.
Korga e cThIKM HaxoJATCs NPU pa3HbIX TEMIEPATYpaX, Pa3HOCTh MOTEHIMAIOB MEXAY HHUMH
3aBUCUT OT pa3HOcTU Temmeparyp. KosapduuueHt nponopruoHanbHOCTH B 3TOM 3aBHUCHUMOCTH
Ha3piBaloT kodpduinmentom Ttepmo-OJIC. Ilomemas cmaidk ©U3 METAUIOB C  OTIWYHBIMHU
koa¢ppunuentamu tepmo-I/IC B cpeny ¢ Temneparypoil 77, Mbl MOJIYYUM HAINpPSKEHUE MEX]Y
MIPOTUBOMOJIOKHBIMU KOHTaKTaMH, HaXOJSIIMMUCA IpU Apyroil temmneparype 7>, KoTopoe Oyner
IIPONOPLUOHAIBHO pa3HocTy TemMiiepatyp 71 u 7.

Tepmonapa Kak 3JIEKTPUYECKUMN MCTOYHHMK IPHUMEHSETCS PEIKO, IMOCKOJIbKY MMEET HU3KHM
KIII. IIpenmyiiecTBOM SIBISI€TCA BBICOKAsI HAIEKHOCTh M KOMIIAKTHOCTh YCTPOMCTBA.

B Hacrosimiee BpeMsi TepMoOINapel 3HAYMTEIBHO Yallle NPUMEHSIOTCS B HM3MEPUTEIbHBIX
YCTPOWCTBAX TEMIEPATYPHI B KAa4ECTBE JATUMKA, MO3BOJISIOLIEIO MOJYYUTh TOYHOCTH U3MEPEHUs
110 0.01° C.

B OGonpmMHCTBE ciydaeB NpU pacyeTax >JIEeKTPUUYECKOW LEeNu HEBAXKHO, KaKUM 00pazoM
IIPOMCXOJUT TIOJIyUEHHE DJJEKTpOdHepruu. [l pacueTroB ropasio BaKHEE 3HATh, KaKUMU
AJIEKTPUYECKUMU CBOMCTBAMH 00J1a1a€T UCTOYHUK.

HUcrounuk IAC — 3TO HMCTOYHHUK DIICKTPUUECKOM DHEPTUH, XapaKTEPU3UPYIOIIHICS
ANEKTPOJBWKYIIEH CUIIOW E M BHYTPEHHHUM DJJIEKTPUUYECKHUM CONPOTUBJIECHUEM Ren. VneanbHbIi
uctounuk DJIC xapakTepu3yeTcsi HyJIE€BbIM BHYTPEHHUM comnpoTuBiieHueM Re =0. Hampsokenue
MEeXAYy BbIBOAAMM uJeasbHOro wucrounnka OJJ[C He 3aBUCUT OT TOKa, a €ro BHEIIHSIS
XapakTepuCcTUKa omnpenensercs BblpaxkenueM: U = E = const. BHemHel xapaKTepHCTUKOMN
HMCTOYHHMKA ITUTAHUS HA3bIBAECTCS 3aBUCUMOCTh HANPSDKEHUS HA €ro BBIXOJE OT TOKA, BBIIABAEMOTO
B LEMb.
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| PeameHeIit HCTOTHITK \U

| I l I U=E

! R ! U=const

! R (Reu=0)

: E ; R

| I
R ! I=U/R,,

Pucynoxk 1.4 — npocreiimas nens ¢ uctounukom 3J[C 1 BoJapTamMnepHas XapaKTepUCTHUKA

Buyrtpennee comnpotuBieHue Re: IOKa3bIBa€T, YTO YacTh DSHEPruu, BblpabaThIBaeMOU
HMCTOYHMKOM, OCTaeTCs BHYTPU MCTOYHHKA. [l03TOMY, HanpshkeHrne Ha BbIXOJaX UCTOYHHUKA PABHO
pazHoctu Mexay OJIC UCTOYHMKA M MaJeHUEM HampsyKEHUs Ha BHYTPEHHEM COINPOTHUBICHUU U
omnpenensiercs mno hopmye:

E
U=E-U, =E-R,I vwm [=——
R, +R
[Tpu nanpsoxenuu U = ) TOK HCTOYHUKA paBeH TOKY KOPOTKOro 3aMmblkaHus (R=0):
I E
=
RGH
Hcrouynnk TOKAa — WCTOYHHUK OJIEKTPUYECKOM OSHEpruu, ¢ OOJIBIIUM BHYTPEHHUM

CONpOTHUBIICHHEM. B maeanbHOM ciydae, koraa Rg, >> R, HICTOUHUK CO3AAa€T TOK, HE 3aBUCAIIUNA
OT CONPOTHUBJIEHUS HArpy3kd, K KOTOpPOM OH MNPUCOEAUHEH. PeallbHbII HCTOYHMK TOKa -
YCTPOMCTBO, KOTOPOE JIMIIb CTapaeTcs MOJJICPKUBATh B LENH, K KOTOPOW OH MOJKIIIOYEH, TOK
3aIaHHOTO YPOBHSI, MOKa 3TO TO3BOJISIOT €r0 BO3MOXHOCTH (MaKCHMMaJIbHBIA BBIXOJHOM TOK H
HaIpsHKEHUe).

PeanbHbIi HCTOYHUK \U

l Ji 3 I=const
U=JR,, (Ro>>R )

R

~

®
&

L I:J
Pucynok 1.5 - npocreiimas nens ¢ ICTOYHUKOM TOKa

VY pearbHBIX MCTOYHHUKOB BHYTPEHHEE COIPOTHBIICHHE MMEET KOHEYHOe 3HadeHue. Ecmum
COTNIPOTUBIICHUE HArpy3Khu R CTpEeMHTCS K OCCKOHEYHOCTH, TO MAKCHMAaJIbHOE HAaINpsDKEHHE Ha
BBIBOJIaX UCTOYHUKA TOKA OyneT U=JR,.

Heob6xomqumMo o0co00 TOMYEPKHYTH, YTO SKBUBAJEHTHOE BHYTPEHHEE COMPOTHUBIICHUE
HMCTOYHMKA TOKa TMOJKIIOYAETCS IMapamienbHo, a y ucrounuka OJIC - mociemoBaTtenbHO C
Harpy3kou.
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2. Pacuer nenei mocTOSTHHOIO TOKA
2.1 Ilepsoiii 3axoH Kupxroga.

A.ﬂreﬁpauquKaﬂ CyMMa TOKOB B JI000M y3jae 3.J'IeKTpI/[‘leCKOI7I HEI paBHA HYJIIO0:

n

Zl . =0, rne n — 4ucio BeTBeH, CXOAALIMXCS B y3IIE.

k=1

[lepBriit 3akoH Kupxroda roBoputr o ToM, 4To B JHOOOH MOMEHT BpPEMEHHU KOJIUYECTBO
AIIEKTPUYECKUX 3apsAA0B, HAIPABIECHHBIX K Y37y, PaBHO KOJIMYECTBY 3apsi/iOB, HAIPABIEHHBIX OT
y371a, OTKyJla CJIEeIyeT, YTO IEKTPUUECKU 3aps]l B y3Jie HE HAKaIUIMBAeTCS.

Jlo HanucaHusl ypaBHEHHUs IO nepBoMy 3akoHy Kupxroda Heo6xoauMo 3aAaTh yCIOBHbBIE
MIOJIOKUTEIbHBIE HAIIPABIIEHUS TOKOB B BETBSIX, 0003HAUMB 3TH HAIIPABJICHUS HAa CXEME CTPEJIKAMU.
Toxu, HampaBlieHHbIE K Y3J1y, 3alUCBIBAIOT C OJHUM 3HAKOM (HalpuMep, ¢ MUHYCOM), a TOKH,
HaIpaBJIEHHBIE OT Y3714, C POTHUBOTIOJIOKHBIM 3HAKOM (C TUTFOCOM).

2.2 Bropoii 3axkon Kupxroga.

AJirefpanyecKkasi CcyMMa HaNpsiskKeHUH Y4aCTKOB JIIOO0r0 KOHTYPA JIeKTPUYECKOi 1enu
PABHO HYJIIO:

m

YU, =0,

k=1
I7Ie€ M — YHUCIIO0 YYACTKOB KOHTYpa.

B nmaHHOM BBIpOKEHHH CO 3HAKOM IUTIOC 3aMUCHIBAIOTCSA HAIPSDIKEHUS, TOJIOKHUTEIHHBIC
HarpaBJieHus 00X0J/1a KOTOPBIX COBMAJAOT C MPOW3BOJIBHO BBIOPAHHBIM HaIlpaBICHHUEM 00XO0ma
KOHTYpa, a CO 3HAKOM MUHYC — MPOTHUBOIIOJIOXKHO HAIPABIICHHBIE.

B wactHOoCcTH, I KOHTYypa, cojaepxamiero Toiabko ucTouHuKA JJ[C U pe3ucTUBHBIC

DJICMECHTHI, anre6pa1/1qe(:1<a$[ cymmMma HaHpFDKeHI/Iﬁ Ha  PCE3UCTUBHBIX OJICMCHTAxX  paBHaA
anredpandeckoit cymme DJ1C:

zEk = szlk
k=1 k=l

riae n —yqucno I/1C B KOHType; m — 4UCIIO DIEMEHTOB C COIIPOTUBICHUEM R, B KOHTYpE.

2.3 lIpumenenune 3akoHoB Oma u Kupxrodga 11 pac4eToB 3JIeKTPUYECKHUX Lerneil

Ilycts cxema mMmeer B BeTBed U YV y310B. Pacuer Takol cXeMbl CBOJUTCA K HaXOXKJICHHIO
TOKOB B B BeTBsiX. i 3TOr0 HEOOXOIMMO COCTaBUTh Y— | HE3aBUCHUMBIX YPaBHEHHM IO TIEPBOMY
3akoHy Kupxroda u K=B- Y+ He3aBUCUMBIX ypaBHEHUI 110 BTOpoMy 3akoHY Kupxroda.

Ha pucynke 2.1 npuseneH npumep, B KotopoMm Y=2 y3na u B=3 BerBu, T.e. K=B-Y+[=2
He3aBUCUMbIX KOHTYpa (1 mu 2, wmu 1l u 3, umu 2 u 3).
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Pucynoxk 2.1 — Pacuet neneit ¢ momonisto 3akoHoB Kupxroda

[Ipou3BoJIbHO BBIOMpPAEM MOJIOKHUTENbHBIE HANIPAaBICHUE TOKOB BeTBeM [, I», [3. Ilo nmepBomy
3akoHy Kupxroga MoxxHO cocTaBUTh OJHO (Y— /=2— [/=]) He3aBUCHUMOE ypaBHEHUE, HAIIpUMEP
JUISL y3J1a a:

—I—L+13=0
U o Bropomy 3akony Kupxroda — nsa (K=2) He3aBUCUMBIX ypaBHEHUS, HAIPUMEP U1l KOHTYPOB
1 u2:

R/ I+R3I3=E,+E;

RoL+R3I=E;+E;

Pemenue cuctembl ypaBHEHHH (TpU ypaBHEHMsI C TPEMSI HEU3BECTHBIMH) ONpPEIENsieT TOKU
BCEX TPEX BETBEH.

Cucremy anreOpandecKux ypaBHEHUW CIIOKHOHM IIETH, COCTaBJICHHYI0 Ha OCHOBE 3aKOHOB
Owma u Kupxroda, nenecoobpazHo pemarb B MaTpuaHOH hopme:

AI=BE
rie A u B — kBazapatHble MaTpulibl KodpduiuentoB npu Tokax u O/C, a [ u E — maTpuusl-
CTOJIOIEI H]eI/ISBeCTHI)IX ToKOB 1 3a7aHHbIX DJIC. PemenuemM cucreMbl B MATPUIHOM BHJIE€ OyIeT

I=A"BE

Jljis IpUBEAEHHOTO IpUMepa YpaBHEHHUE B MATPUUHON OpME IPUMET BUA:
-1 -1 +1 |, 0
R, 0 R|L|=|E+E,
0 R, R||L| |E,+E,
Pemenne nanHOTO ypaBHEHHS MOYKHO 3allMCaTh B CJICIYIOIIEM BHJIE:
-1
-1 -1 +1 0
I=\R, 0 R, -|E+E,
0 R, R |E,+E,
Cucremy anreOpandecKux ypaBHEHUW CIIOKHOHM IIETH, COCTaBJICHHYI0 Ha OCHOBE 3aKOHOB

Oma u Kupxroda, menecooOpa3sHo pemiath YHCICHHBIMU METOJaMH C TpuMeHeHueM OBM,
HarpuMep ¢ moMoIsto mporpamm Mathcad, Mathlab nunu anamoruuHsIX.

2.4 MeToj y3/10BbIX IOTEHIINAJIOB
B cimydae, korma B cXeMe€ NPHUCYTCTBYIOT JBa Yy3JIa HIM HCXOJHYIO CXEMY MOXHO
npeoOpa3oBaTh B CXEMY C JIBYMs y3JlaMU, HauIpPOCTEHIIUM SBJSETCS pacyeT ¢ MPUMEHEHUEM

MCTOJa Y3JIOBOT'O HAITPSIKCHHA.
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Ha pucynke 2.2 npuBeneHa cxema, cOCTOsAIIAs U3 71 BETBEH, CXOAAIIMXCA B IBYX y3nax. /s
m000i M3 BETBEW pPa3HOCTh MOTEHIMAIOB MEXAY y3JIaMU a U b MOXeT ObITh IpejacTaBieHa

COOTHOIIICHUEM
b = o + iR — E.
[Ipeobpazyem ee:
Gp— Pu = Usp = Ex— iRy,
rie Uab— y3110BO€ HanpsiKeHUE TS JTAHHON CXEMBI.
B sToM ciyuae TOK B Kak/10¥ U3 BeTBEH OyleT HaXOaUThCA 10 hopMyIie:
Iy = (Ex— Uu)gr, THE
1
8k =7~

R, _ MPOBOJIMMOCTb JIAHHOM BETBH.

Hanpasrnenue TokoB B 001IeM ciiydyae MOXET ObITh NMPOU3BOJIBHBIM (Kak M HaIlpaBlIEHHE

B/1C). D10 HYXHO YYUTHIBATh IIPU 3aIIMCHU OTBETA.
a

1
D= D= O= D=

Pucynok 2.2 - Cxema mnenu ¢ AByMs y3JlaMH

[Tpumenus nepsblil 3akoH Kupxroda, a1 1aHHOM cXeMbl MOTydaeM:

L+ +. .+ +.+1 :Elk 0= Z(E,\, ~U,)g,.
k=1 k=1
CrnenoBaTenbHO, Y3710BOE HANPSDKEHUE MOYKHO BBIPA3UTh (DOPMYIIOM:

n
ZEk 8
U, = —.
Egk
k=1
[IpakTHueckoe NpuMeHEHUEe METO/Ia Y3JIOBbIX OTEHIIMATIOB BO3MOXKHO 0 HIKEOTTMCAHHOMY
anroputmy. Ilepen Hagasiom pacuéra BbIOMpaeTcs OOWMH M3 Y3JI0B (0a30BBIM y3€i1), MOTEHIIMAI
KOTOPOTO CUUTAETCS PaBHBIM HYIIO. 3aT€M Y3JIbl HyMEPYIOTCS, MOCIIE Yero COCTaBISETCSl CUCTEMa
yYpaBHEHUN. YpaBHEHHsSI COCTaBISIOTCA Ul KaXJOro y3ia, kpome OasoBoro. CieBa OT 3HaKa
paBEHCTBA 3aIIMChIBACTCS:
e T[OTEHIMAJI pPACcCMAaTPUBAEMOIO Y3Jla, YMHOXKEHHBIH Ha CyMMYy IIPOBOIUMOCTEMN
BETBEH, MPUMBIKAIOIINX K HEMY;
¢ MHHYC TIOTEHLHaJbl Y3JI0B, IPUMBIKAIOUIMX K JaHHOMY, YMHOXCHHbIE Ha
IIPOBOJIMMOCTH BETBEM, COSUHSIONINX UX C JAHHBIM Y3JIOM.
CripaBa OT 3HaKa paBEHCTBA 3aIIMChIBACTCS:
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® CyMMa BCEX HCTOYHUKOB TOKOB, IPUMBIKAIOIINX K JAHHOMY Y3I11Y;
e cymma npousseneHuit Bcex J/]C, npuMbIKaOmKUX K JAHHOMY Y31y, Ha IPOBOJUMOCTb
COOTBETCTBYIOILETO 3BEHA.
Ecnu MCTOYHMK HampaBieH B CTOPOHY pacCMaTpHBA€MOIO Y3ja, TO OH 3allUCBIBACTCA CO
3HAKOM «1», B IPOTHUBHOM CJIy4ae — CO 3HAKOM «—».
PaccmoTpum npumep, n300paskeHHBIN Ha pucyHke 2.3

Pucynok 2.3 - npumep [u1s pacuyera METOJ0M Y3JI0BBIX TOTEHIIMAJIOB

Ha nmpuBenennoit cxeme uetsipe y3na. [lorenmuan B y3ne 0 mpuHAT paBHBIM HYIIO (o = 0).
3aHI/ICBIBaeM ypaBHeHI/Ifl JUISt y3n013 1,2n 3'

1 1 1
— - V4o (—)=E ——E, —

col(R Z, R) o, ( ) o5( Rﬁ) & B,
(—L)+ (—+i+—)+ (—L)—O

qo] RI qoz RI R2 R3 CDS R3

1 1 1 1 1 1

-——)+o,(——)+o,(—+—+—)=J, - E, —

o, ( Rﬁ) o, ( R}) %(R3 X, Rﬁ) s~hop

HOCHC OHpCI[eJ'IeHI/Iﬂ y3J'IOBBIX IIOTCHIIMAJIOB HAXOOATCA TOKU B Ka)K}IOfI BCTBHU IIO SaKOHy
Oma.

2.5 MeToa KOHTYPHBIX TOKOB

MeTtoa KOHTYpHBIX TOKOB IO3BOJISIET YMEHBIIUTH YMCIO COBMECTHO-PEIIAEMBIX YPaBHEHUI
1o K=B-Y+1 u ocHOBaH Ha npuMeHeHnu BToporo 3akoHa Kupxroga. Cyrs MeTO1a OTTMCaHa HUXKE

1) BeiOupaercs K=B—-Y+! He3aBUCUMBIX KOHTYpPOB M IOJIOKUTEJIbHBIX HalpaBlIE€HUN Tak
Ha3bIBa€MBIX KOHTYPHBIX TOKOB, KaXKIbI1 M3 KOTOPBIX IPOTEKAET II0 BCEM HIIEMEHTaM
COOTBETCTBYIOIIETO KOHTYpa.

Jlig mutaHapHBIX cXeM, T. €. JOIYCKaloluX HM300pa’keHue Ha IJIOCKOCTU 0e3 repeceueHust
BETBEH, JOCTAaTOYHBIM YCIOBHEM BblAeNeHUs K HE3aBHCHMBIX KOHTYPOB SBIIIETCS HAJIM4YHE B
KaXKJIOM U3 HUX XOTsI Obl OZJHON BETBHU, IPUHAJIEKAILEH TOJIBKO 3TOMY KOHTYPY;

2) mia K He3aBUCHMBIX KOHTYPOB COCTaBJIIEM YpaBHEHHs 10 BTOpoMy 3akoHy Kupxroda,
COBMECTHOE PELICHNE KOTOPBIX ONPEIEIISIET BCE KOHTYPHBIE TOKH;

3) TOK KaXXJI0¥ BETBU OMpeaessieM Mo mnepBomy 3akoHy Kupxroda kak anredpandeckyro
CyMMY KOHTYPHBIX TOKOB B COOTBETCTBYIOLIEH BETBH.
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— 1, :r"__l"i -
E | 33
S 1R

Pucynok 2.4 — Pacuer 1eneit MET0/10M KOHTYPHBIX TOKOB

B kagecTtBe mpumepa pacCMOTPHUM pacyeT LEenu C 4YHCIOM BeTBed B = 6, y310B V = 4,
HE3aBUCUMBIX KOHTYpoB K = B -V + | = = 6-4 + 1 = 3 (pucyHok 1.7). BeibepeM He3aBUCHUMBIE
KOHTYpHI 1-3 U MOJOXKUTENbHbIE HANPABICHUS] KOHTYPHBIX TOKOB B HUX [;; 52 I33. B oTinnuune ot
TOKOB BETBEH KaXIbIii KOHTYPHBIM TOK OO0O3HAYMM JBOWHBIM HHJIEKCOM HOMEpa KOHTYpa.
VYpaBHenus no BTopomy 3akoHy Kupxroda:

KOHTYp 1:
(Ri+R4+tRe)111—Rel 22+ Ryl 33=E—F3
KOHTYp 2:
—RgI]]+(R2+R5+R6)122+R5133:E2
KOHTYp 3:

R4[]]+R5122+(R3+R4+R5)I332E3—E4
WNnu B MmatpuuHoii popme:

R +R,+R, ~R, R, 1| |E -E,
~R, R, +R,+R, R, ||L,=| E,
R, R, R,+R,+R{ |Ls| |E,—E,

Pemenue naHHOM cCUCTEMBI YpaBHEHHUI ONIPEACIISIET KOHTYPHBIE TOKH 177, 12, [33. Toku BeTBer
HaxoJuM I10 IIEPBOMY 3aKOHY Knpxm(ba I] :I]], 122122, 132133, 14:—111—133, 152122+I33, 16:I]]+122.

2.6 IlocaexoBaTeIbHOE M nmapamuieJJbH0€ COCAMHCHHUE 3JIEMECHTOB 3J'leKTpl/l‘{eCKOI7[ menu.

Ecnu HeckonbKO pe3UCTOPOB COENMHEHBI OJAMH 3a JAPYyruM Oe3 pa3BeTBICHUN U IO HUM
MIPOTEKAET OJIMH U TOT K€ TOK, TAKOE COEIMHEHUE HA3bIBACTCS M1OCIIEJ0BATEIbHBIM.
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R; R, R; R,
-
NN AN N

Un

U=U;+U;+...+U,

Pucynok 2.5 — IlocnenoBarenbHOE COETMHEHUE PESUCTOPOB

[Ipu TakoM coeaMHEHWH TOK BO BCEX JJIEMEHTAaX IIENMW OJMHAKOBBIA, a HANpPsDKCHHS Ha
pe3ucTopax u 0011ee CONPOTUBIECHHUE LIETIN CKJIaIbIBACTC:

U=U+U,+_+U,=>U,,R=R +R,+_+R, =) R,, 1:% Wi 1:%

k=1 k=1 k
Hapa.]]JIeJILHLIM COCAMHCHHUEM ITPUEMHUKOB HA3BIBACTCA TAKOC COCANMHCHUEC, ITPU KOTOPOM K
OJHUM U TEM K€ IBYM Yy3JIaM SHGKTpH‘IGCKOﬁ LCru MpUCOCANHACTCA HECKOJIBKO BETBEM.

— ]

Pucynok 2.6 — [lapaienbHoe COeJUHEHHE PE3UCTOPOB

HpI/I TAaKOM COCIMHCHHU CKJIaJAbIBAIOTCA TOKHW U ITPOBOAUMOCTH!
n n
U=const, [ =1, +1,+_ +I,=)1,, R S +L:ZL.
po R R R, = R, =R
Ilpy KOMOMHMPOBAHHOM COEIMHEHUH 3JCMCHTOB MOXHO BOCIOJB30BATHCS METOAOM
IKBHBAJIEHTHOr0 mpeodpa3zoBanusi cxeM. CyTh MeToJa 3aKIIOYAeTCs B TOM, YTO TPYIIY
PE3UCTUBHBIX J3JIEMCHTOB MOXHO 3aMCHHUTL OJHUM HJIN prHHOfI PE3UCTUBHBIX DJJICMCHTOB,

BKJIFOUEHHBIX JIPYTUM CIIOCOOOM.

n

— R; —]; R;
[— a
[
® 8
E=U E=U
b

Pucynox 2.7 — 3KkBUBaJI€HTHAs 3aME€HA T'PYIIIIbI PE3UCTOPOB
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I'pynna pe3nucropoB R, R3, R4 3aMEHSETCS pe3UCTOPOM C HIKBUBAJIEHTHBIM COIIPOTHUBIICHUEM

1 1 1 1 1
—=—+—+— HJIHU R3 -,
R3 R2 R3 R4 L+L+L

R, R R,

YTO HE U3MEHseT 00IIero Toka B renu. Ob1iee ConpoTUBIEHUE LIETTH MOYKET ObITh HallIEHO Kak

R=R +R =R+ ]
R, R, R,

O6mmit Tox B menu ompenenutcs kak [;=FE/R, nanpsokenne Ug,,=IiR,, a Toxku L=U,/R;,
L;=Uw/R3, 1;=U/Ry.

v
11
+7

2.7 llocaenoBartesibHOE U MapaJjliebHoe coequHenue I C

Ha npaktuke JOCTaTOYHO 4acTO BCTPEYAETCS IOCIEA0BATEIBHOE COEIMHEHUE MCTOUYHHKOB
OJC. [TlocnenoBarenbHO BKIIOYEHHBbIE HCTOYHMKM MOXHO paccMaTpuBaTh Kak  OJIMH
skBUBaJIEHTHBIN ucTouHUK ¢ D/IC, paBHoll cymme DJIC OTneNnbHBIX UCTOYHUKOB U BHYTPEHHUM
COMPOTHBIIEHUEM, PaBHBIM CyMME€ BHYTPEHHHUX COIPOTHBIICHHUI OTHAEIbHBIX HMCTOYHUKOB. I[lpu
3TOM, €CJIM UCTOYHMKH BKJIFOUEHBI COTJIACOBAHHO, TO HAIPSHKEHHUE CKIIAJbIBAETCS, €CIIH BCTPEUHO —
TO BBIUUTAETCS.

[TocnenoBarenpbHOE BKIIFOUEHUE HCTOYHMKOB HCIOJIB3YETCS [UISl YBEIMUEHUS HampsKEeHUs
nuTaHus cxeMm. Hampumep, oAMH 3JI€MEHT XMMHMYECKOIO MCTOYHMKA NUTaHUs (Oatapen) MmeeT
E=1.5B, uyto B OONBIIMHCTBE CIy4acB HEIOCTATOYHO /I MHUTAHUS OJIIEKTPOHHBIX CXEM.
[IpumeHeHre HECKOJIbKMX OaTapedl MO3BOJIAET YBEJIMYUTH HAIpPSDKEHHE J0 HE00XOAUMBIX
3HA4YCHU.

[lapannensHoe BkiItoueHue wucToyHuKoB OJIC Ha mOpakTHKE BCTpPEYaeTcss peIKo u
MIPUMEHSIETCS, KaK MPaBUJIO, JJIsi YMEHbIIEHUS BHYTPEHHETO CONMPOTUBIIEHUS, U KaK CIIEJCTBUE —
YBEJIMYEHUSI MaKCUMaJIbHOTO TOKa B Harpyske. OJHaKko, Bce MUCTOUYHUKU MMEIOT pazHyro DJIC.
W3-3a cymecTBylome pa3HULIBI MEXy MCTOYHHKAMU BO3HHMKAET TOK, HE HAYILIUN B IOJIE3HYIO
HarpysKy, BclieZICTBUE uero cHrkaercs oot KIIJI nenu.

2.8 PaboTa 1 MOIIHOCTH 3J1eKTPUYECKOI0 TOKA. JHepreTHYecKnii dajianc

Pabora, coBepiiaemas 3J€KTPUUECKUM IOJIEM NpU MEPEMEIICHUH IOJIO0XKUTEIBHOTO 3apsia
O BJIOJIb HEPa3BETBJIECHHOTO Y4YacTKa 3JEKTPUUECKOM LIEMH, HE COJEP)KAILero HCTOYHUKOB
AJIEKTPUYECKON PHEPruM, paBHA MPOU3BEICHUIO 3TOTO 3apsja Ha HamnpsbkeHue U Mexay KOHLIAMU
yuactka: A = QU. Ilpu paBHOMEPHOM JIBHKEHHUH 3apsJia B TEUEHUE BPEMEHU ¢, T.€. IIPU MOCTOSHHOM
TOKE, 3apsi

O=It

u paboTa

A=Ult

JlJis OLIEHKH SHEPreTUYEeCKUX YCIOBHMM Ba)XKHO 3HATh, CKOJIb OBICTPO coBepliaeTcs padoTa, T.
€. ONPEJEIUTh MOITHOCTb

P=UL

OcHoBnas eaununa pa6otsl B CU — mxoyns (Ix), MomnHoct — BarT (BT). [IpakTrueckoit
EAVMHUIIEH W3MEPEHMs DSJEKTPUUYCCKONM JHEPruu CIYKHUT KuioBarT-uyac (kBt1-u), T.e. paborta,
coBepiiaemasi mpu Hem3MeHHON MomHOCTH 1 kBT B Teuenue 1 4. Tak kak 1 Bt * ¢ = 1 JIxk, TO
1 kBT * 9 =3 600 000 [Ix.

JIist pe3uCTUBHBIX 3JIEMEHTOB, BOCMOJB30BaBIIMCH 3aKOHOM Oma U = RI, MOXHO TaKxke
3amucaTs:
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2 2
P=UI=rR="=0"6="
G R
st ucrounmka DJ1C, HanpaBiieHHEe KOTOPOW COBIIAJIAET C HANPABJICHHEM TOKA, MOIIHOCTH
ctopoHHUX cuil Py =EI. Ecnu nanpasnenus 3/IC u Toka NpoTHBOIIOJIOKHBI, TO MOLUIHOCTb Pr = -
EI (Hannpumep, Ipy 3apAKe aKKyMyJIaTopa). AHAJIOTUYHO, MOLIIHOCTh UCTOUHUKA ToKa P ;= Uyl.
[ToTepu MOIIHOCTH BO BHYTPEHHEM conpoTuBiIeHuH uctouHuka J/IC cocraBsr:

P@H = IZRBH
2.9 bBajganc MourHocrei

B nmro6o¥i sneKkTpudeckoi 1enu JOJKEH COOI0aThCs SHEPreTHUeCKUi Oalanc — OanaHc
MOIIHOCTEH: aeebpauveckas cymma MOWHOCMeEl 6ceX UCMOYHUKO8 JHepeuu (8 uYacmHOCmu,
ucmounuxos moka u ucmounuxos 3/]C) pasna apupmemuueckol cymme MowHocmel 6cex npu-
eMHUKO08 dHepeuu (B YACMHOCMU, PE3UCMUBHBIX JJIeMEHMO8):

zchmlucm = ZRIIZ? nwim ZPIJ()m = ZPR .

B kauecTBe nmpumMepa coctaBuM OajlaHC MOLTHOCTEH 1IeTH, IPEICTaBICHHON Ha puc 2.4:

El +EJL+EI+E]I,=RI'+RI;+RI;+RI;+RI}+RI;

2.10 YcaoBue nepesauyn NpuéMHHUKY MaKCHUMAJIbHON YJHEPIUH

P.Umn: %
f e A
!
| L ! 100
: R@H : T]
o]
i i 50 ’({"' ST Pll max
! | E P
: ! J U.=5E/2
TTTTTTTTTTTTms ' y \ el
R i I

Pucynok 2.8 — YcnoBue nepegaun MaKCUMAJIBHOM MOIIIHOCTH B HArpy3Ky

OTHOIIEHNE MOIITHOCTH MPUEMHUKA (TTOJIE3HOW MOITHOCTH ) K MOIITHOCTH MCTOYHHKA
sHepruu P, HasbiBaeTcs ero kosgduuuentom noseszHoro aeicreus (KIII). Jus nenm,
IIPUBEJICHHOM Ha PUCYHKE 2.8, MOXKHO 3aIIMCaTh:

P Ul U IR R
P EI E IR+IR, R+R,

MomHOoCTb, BBIZIEsIEMasi Ha HAarpy3ke, OyAeT paBHa:

n

B
P,=UI=I’'R=————R

(R+R,)
[Ipn 1ByX ©IpeAenbHBIX 3HAYECHMSAX compoTuBieHus R = (0 wm R crpemsamemcs K

OECKOHEYHOCTH, MOIIHOCTh NMPUEMHHUKA paBHA HYNIO, TaK KaKk B IEPBOM CIyyae pPaBHO HYJIIO
HaNpspKEHWE MEXJly BbIBOJAMU IMPHUEMHHUKA, a BO BTOPOM ciiyyae — TOK B Lenu. CienoBaTesbHoO,
HEKOTOPOMY OIpEEeIEHHOMY 3HAaUEHHUIO COOTBETCTBYET HauOOJIblIee BO3MOXKHOE (IIpH JaHHBIX £ 1
R,) 3HaueHHWe MOUIHOCTU MpUeMHUKA. YTOObI ONpenesuTh 3TO 3HAYEHUE CONPOTUBIICHUS,
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JIOCTaTOYHO TMPUPABHATH HYJIIO MEPBYI0 NPOU3BOAHYIO OT MomHoctd P mo R. Ilpum stom
IIOJIY4aeTCsl, YTO MAKCUMYM MOIIHOCTH IIEPENAETCS B HATPY3Ky Ipu R=Rq,.

Takum o6pa3zoM, uctounuk DJ[C pa3BuUBaeT MaKCHUMAaJbHYIO MOJIE3HYI0 MOIIHOCTb, KOTJa
BHEIIIHEE CONPOTUBJICHUE PABHO BHYTPEHHEMY COIPOTHBIICHUIO UCTOYHMKA, IIPU 3TOM MOIIHOCTh
OyneT paBHa:

2
E
4R,

Takolt pexxuM SIBIS€TCS HEBBITOAHBIM, Tak Kak 50 % sHeprum Tepsiercs BO BHYTPEHHEM
COIIPOTHBIICHUH HCTOYHHKA

R R
R+R, 2R
PC)KI/IM eIy, HpI/I KOTOpOM BHCIIIHEC COHpOTI/IBJ'IeHI/Ie uenu paBHO BHyTpeHHCMy

COHpOTI/IBJ'IeHI/IIO HNCTOYHHKA 3H€pFI/II/I, Ha3bIBACTCA pC)KI/IMOM COFJ'IaCOBaHHOI\/’I Harpy31<1/1.
[Ipu cornacoBaHHOM pEKUME 1) cory = 0,5, MPU XOJOCTOM XOJi€ R =00, a MpU KOPOTKOM

P =

max

n =0,5.

3ambikannd R= 0 1, = 0. Takum oOpaszom, Gosiee Beicokue 3HaueHus KIIJ[ mocturarorcs mpu
R>R,_,.

2.11 IIpumep perieHust 3a1a4H, € HeNsAIMH MOCTOSHHOIO TOKA

Jlana cxema, n3o0paxxeHHas Ha pucyHke 2.9:

Pucynok 2.9 — npuHnunuaibHas cxema 3a/iauu

JaHbl cneayronye YuciaoBble 3HAYECHUS TapaMeTPOB:
E1|E2|E3|Ro1|Ro2{Ro3|R1[R2|R3|R4|Rs5|Re
20]22| 9 (0,1 L1|1|2|6[3|8|4
OTcyTcTBYIONINE 3HAYEHUS B TAOIUIE TPUHUMAEM 32 HYJIIb.
Jiist mpuBEACHHOM CXeMbI HEOOXO0IMMO HAWTH:
1. TOKM BO BCEX BETBSIX C MOMOIIBIO 3aK0OHOB Kupxroda;
TOKHM BO BCEX BETBSIX METOJOM Y3JIOBBIX MIOTCHIMAJIOB;
TOKH BO BCEX BETBSX METOJIOM KOHTYPHBIX TOKOB;
COCTaBHUThL 0aJIaHC MOIIHOCTCH;
ONPEAEIIUTH MTOKA3aHUS BOJIBTMETPA

Nk

[To kmaccudukanuu JaHHAs LEMb SBISETCA CIO0KHOM LIENbI0 MOCTOSHHOIO TOKAa C TpeMs
uctounukamu JDJIC. llenb nMeer ueThipe y3ia U mecTh BeTBeil. CieayeT OTMETHTb, YTO €CJIU He
OroBapHBaeTcs OTHEIbHO, TO B 3aJadyax MPUMEHSIOTCS HJCaJIbHbIE W3MEpUTENIbHbIE MPUOOPHI
(ammepMeTpbl, BOJIBTMETPBI, BATTMETphI). Takum 00pazoMm, B cXeme, IPHUBEIECHHOM Ha PHUCYHKE
2.12, ucnonb3yeTrcs HJealbHbIH BOJBTMETP C OECKOHEYHBIM BHYTPEHHUM COIPOTUBIICHUEM,
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[I03TOMY TOYKY €r0 MOJCOeIMHEHHs (JIEBBIN BBIBOJ BOJILTMETPA IO CXEME) pacCMaTpPUBaTh B POJIU
y3J1a HE UMEET CMBbICIA.

1. lnsa cocraBneHus ypaBHeHui o 3akoHaM Kupxroda HeoOxoqumo BeIOpaTh HalpaBiIeHUS
TOKOB ¥ OTMETHUTh Y3J1bl cXeMbl. HarnpaBieHus TOkoB BbIOMPaIOTCs IPOU3BOIbHBIM 00pa30M.

Pucynoxk 2.10 — BbI60p HanpaBiieHUsI TOKOB B LIENH

Jlanee HE0OXOAMMO HamHMcaTh TPU YPaBHEHUS MO TMEPBOMY 3aKOHY M TPU YpPaBHEHHS IO
BTOpOMY 3akoHYy Kupxroda.

[epsrrii 3axon Kupxroda:

V3en a: 1,+1;-I5=0

V3en b: -14-1>-16=0

V3en c: I3+I5+15=0

Bropoii 3akon Kupxroda:

abc: R4[4—R6[6+ R5I5:0

abd: R4[4—R2[2—R]I]—R0]l]:—E2—E]

cdb: R3I3tRp:[3+R>1-Rels=E>+E;

B maTpuuHOM BHIE cucTeMa ypaBHEHUN IPUMET BUL:

1 0 0 1 -1 0] 0
0 -1 0 -1 0 ~-1|1] 0
0 0 10 1 1] 0
0 0 0 R R -R| LI o0
~R-R, -R, 0 R, 0 0| |L| FE-E
0 R, R+R, 0 0 =-R| || |E+E,

Pemenne paHHOTO MATPUYHOTO YpaBHEHUS IIEI€COO0pa3HO MPOBOJUTH C IMOMOIIBIO
[EPCOHAIBHOTO KOMITBIOTEPA.

[ToncraBuB uncia, NOIy4UM:

1;=7.175A4; [,=8.081 A; 15=0.907 A; 1,=-5.982A4; [s=1.193A4; 1;~=-2.100A4

3HaK «MHUHYC» y TOKOB [y W [s; O3HAYalT, YTO OHU TMPOTEKAIOT B HAMPABICHUH,
MIPOTUBOTIOJIOKHOM BHIOPAaHHOMY.
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2. Jlma Merona y3JOBBIX TMOTCHIIMAIIOB BbIOepeM Oa3MCHBIM (HYJIEBBIM) y3en a. Toraa
CUCTEMa ypaBHEHUH MPUMET BU/I:

1 E,
¢b(R R, R) q)c( ) ®,( 2) R,
1 1 1 -1 - E,
¢b( ) ¢C(R3+RO3 R, R(,) q)d(R3+RO3)_R3+RO3
- - 1 1 E E E
R I o b e
R, Ry + Ry, R+R, R, R+Ry, R +R, R, R +R,

PemuB cuctemy, mony4um noTeHIUANBI y3I0B: ¢p=17.945; ¢.=9.545; ¢,=12.108.
Jlanee BpluuCIsieM TOKM 1O 3akoHy Oma ¢ ydyeToM BBIOpDAaHHBIX HANpaBiICHUH TOKOB H
HampaiieHueM uctouynukoB J/1C:

Bl _gyg5, = 0amhtE _gogy g 2ttt E 997,
R, +R, R.+R

01 2 3

1
03

I4=_—¢”=—5.982; 15—%_1 193; I, _¢R¢b =-2.1.

4 6
PCSYJ'IBT aThl paCyY€TOB COBIIAJIAIOT C NPCALIAYIINM METOA0M.

3. Jlns pemieHust 3a1a4d METOJIOM KOHTYPHBIX TOKOB BBIOEPEM TpHU HE3aBHUCHUMBIX KOHTYpA,
Kak TMoka3aHo Ha pucyHke 2.10 cuaum nBetoM. KoHTypHBIE TOKH OyAyT UMeETh 3HaueHus 1y, 1oy,
I33.

Cucrema ypaBHEHHUI MPUMET BHI:

11 1(Ri+Ro1+R3+Rp3+R5)-12(R3+Rp3)-133R5=E-E3
-171(R3+Rp3)+12(R2+R3+Rp3+Re)-E33Rs=E3+E>
-171Rs-1Rs+133(R4+R5+Rs)=0

B pe3ynbraTe pemieHus cucTeMbl KOHTYpHBIE TOKU nosrydatorest 1;;=7.175; 1,,=8.081; 133=5.982.
Toku B Ka101 BETBH MOKHO OTIPEJICTUTH CJICIYIOIIUM 00pa3oM:
11:[11:7. 175; [2:[22:8.08 1; [32122—[1]:0.907; [42—1332-5.982; 152111—[3321 . 193; 162133'122:'2- 1.

4. J1ns OanaHca MOILHOCTEH pacCUMTaeM MOLIHOCTh, BbIpabaTbiBaeMyto ucrounukamu J/(C:
LE+LE>+13E3=329.448 Bt
MOHIHOCTB Ha IPpUCMHHKAaX SHCPIruu COCTABUT:
(Ri+Ro1)[+RoL*+H(R3+R03) 7 +R4 1% +R sIs+R16°=329.448 Br

5. HampsixkeHue Ha BOJIBTMETPE BBIYHCIIAEM 10 BTOpoMy 3akoHY Kupxroda, s yero MoxxHo
MpeCTaBUTh BOJIbTMETP Kak uctouHuk J/IC ¢ nanpsixenuem V. Torna:
V+E;=I1Ry;+15R5, OTKYyJZa V =I1Ro;+IsR5-E;=-9.737 B.

3HaK «MHHYC» O3HAYAET, YTO HaNpsHKEHHE MPOTUBOMOJIOKHO BRIOpAaHHOMY 00XOy KOHTYpa,
T.€. IUTFOC BOJIBTMETpA OyJIET ciIeBa 110 CXEME.
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3. MarauTHoe noJie. UHAYKTHBHOCTb M éMKOCTH B 3JIEKTPUYECKHUX HEeNsX
3.1 O0mue cBeeHNs

MarnuTtHoe moje — ocobas gopma marepuu, 00pa3yroImasicsi BOKPYr MPOBOJHHKA, IO
KOTOPOMY TMPOTEKAeT TOK. OJEKTPUUYECKHH TOK O00JIalaéT HaMarHMYMBAIONMIEH CHJIONW, W B
MarHuTHOM TIOJIE CYIIECTBYIOT MAarHuTHbIE CHJbl. C TOMOIIBI0O HAMAarHWUYWBAIOIICH CHIIBI
CO3/Ia€TCsl OTpECIICHHAs], MPOTIOPIIMOHATIBHAS €M HAMPSKEHHOCTh MAarHUTHOTO ToJisi H, KoTopas
OTIPENIETISETCS N3MEHEHNEM MarHUTHOTO COCTOSIHUSL CPEJIbI.

Ecnu cpena cnocoOHa HamMarHW4YMBAaTHCS B MarHUTHOM II0JIE, T.€. CO3JaBaTh COOCTBEHHOE
MarHuTHOE TII0Jie, TO Takas cpeAa Ha3blBaeTcsi MarHeTukoM. B camom geme, eciu

HEHAMarHWYEHHBIM MAarHeTHK IIOMECTHTh B MAarHUTHOE IOJI€ C MHIOyKIHMEeW B =pu,H , 10 OH

HaMarHWYMBAETCS U JAeT A00aBOYHYIO MHAYKIMIO TOJS B ', KOTOpas BEKTOPHO CKJIAABIBACTCS C
’

IIEpBOHAYAIBHOW MHAYKIUENH B ,T.e. B=Bo+ B .

Bekropnas cyMmma B Ha3bIBaeTCsl BEKTOPOM MAarHUTHOM MHAYKLIIMHM BHYTPU MarHeTHKA.

—_—

BemectBa, 1 KOTOpeIX B ' cOBHajgaeT 1O HANpaBIeHUIO ¢ B, Ha3bIBAIOTCA

IapaMarHeTukamMu. BHyTpu nmapamMarHeTHKOB MAarHUTHOE I0JIE YCHIIMBAOTCSL.

—_—

BemecrBa, i1 KOTOpbIX B~ M B, NPOTUBONIOJIOXHBI IO HANPABICHHUIO, HAa3bIBAIOTCS

AnaMardHeTuKamMu. MarnurHzoe 1oine BHYTPpU JUAMarHCTHUKOB 0CIa0IAroTCS. I[J'If[ nmapaMarHeTUKOB
(amOMMHMI, TJATUHA W Jp.) MarHuTHas MpoHuuaemMocts p>1. Jlnsg auamarHeTukoB (Menb,
MOBapeHHas CoJb U Jp.) u<l.

Hapsiny ¢ mapa- u JuamMarHeTMKaMM CYIIECTBYIOT (eppOMarHeTuku (3Kene30, HHUKelNb,
KOOaJIbT U JIp.), Ul KOTOPBIX W>>1, T.€. OHU CIIOCOOHBI CUIIBHO HAMarHUYMBAaThCS.

—

Jliid Bcex MarHeTukoB B = uu, H

o IH
rae p, =4m-10 7 =~ - MarHuTHas NOCTOSHHAS,

M
U - HAIIPSOKECHHOCTh MarHuTHOI'O I10JI4.

Jlnst mapa- 1 IMaMarHeTUKOB 3aBUCHUMOCTh MexAy B m H nuHelHas, Tak kak p=const. s
(eppoOMarHeTMKOB 3Ta 3aBUCUMOCTb HOCUT HEIMHEWHBbIN xapakrep (pucyHok 3.1), motomy 4To
p#const, a 3asucut ot H, T.e. p=f(H)

ﬂmax

M

A 4

H

Pucynok 3.1

XapakTepHOH O0COOEHHOCTBHIO (EPPOMArHETHKOB SIBIISIETCA THCTEepe3uc (puUcyHok 3.2).
SIBiienne TUCTCPE3UCa 3aK/IIOYACTCA B TOM, UTO MArHuTHas WMHAYKOUA B 3aBucuT HEe TONBKO OT
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MTHOBEHHOTO 3Ha4yeHus H, HO u OT Toro, KkakoBa OblIa HANPSHKEHHOCTH MOJIs paHblie. [Ipu aTom
MPOUCXOJAUT OTCTaBaHWE M3MEHEHUs WMHAYKuuM B npum mamenenun H. Ecnym HeHaMarHW4eHHBIN
(dheppoMarHeTUK MOMECTUTh B MArHUTHOE TI0JIE, KOTOPOE YBEITUYUBACTCA OT HYJISA, TO 3aBUCUMOCTh
B ot H (xpuBast HamarunuuBaHus) Belpazutcsa KpuBod A. Touka S Ha puUCyHKE COOTBETCTBYET
MarHUTHOMY HaChIIIEHUIO.

He

Pucynoxk 3.2 - Iletns rucrepesuca A CTajlu IpU CUHYCOUIaIbHOM U3MEHEHHH IOJIeH

Ecmn ke 3arem ymenpmmmteh H 1o 0, TO KpuBas HamarHm4yuBaHWs He coBmagaer ¢ A. B
pedynpraTe, korna H craHer paBHOW HyaI0, HaMarHW4YMBaHWE HE MCYE3HET U Oyader
XapaKTepU30BaTbCsl  BEIWYMHOM  B;, KoTOpas  Ha3pIBaeTCs  OCTAaTOYHOM  MHIYKIUEH.
HamaruuuuBanue oOpaiiaercs B HyJdb JIMIIb [OJ JEHCTBHMEM INOJs C HampskeHHocThio He,
MMEIOIIET0  HaIlpaBJIEHHWE, IPOTHBOIOJOKHOE IO, BBI3BIBAIOLIEMY HaMarHUYHMBaHUE.
HanpsixeHHOCT MaruuTHOTO 110J11 He Ha3pIBaeTCs KOAPLUTUBHOMN CHIION.

[Ipn BO3IEHWCTBUM NEPEMEHHOTO MAarHUTHOIO IIOJIS HANpPsSDKEHHOCTbHO [ mHAykuus B
(dbeppoMarHeTuka MEHSIETCSl MUHYS HAyajo KOOPJIMHAT B COOTBETCTBUM C KPHUBOW, KOTOpas
HaszbIBaeTcsl metrieil rucrepesuca. Ilernst rucrepesnca MokeTr ObITh OOBSICHEHA HaJUYUEM B
(deppoMarHeTukax OTAEIbHBIX OOJlacTell CcaMOIPOW3BOJBLHOTO HaMarHWMYMBaHUS, HAa3bIBAEMbIX
JOMEHAMH.

MaruutHOM 1eNbl0  HA3bIBACTCSl COBOKYNMHOCTh  MarHuroABikymux cuin  (MC),
(eppOMarHUTHBIX TEJl WIH IPYTUX CPel, 10 KOTOPHIM 3aMbIKAETCs] MarHUTHBIN MOTOK.

Ecayn MarHuTHBIM IOTOK BO BCEX CEYEHMSIX MAarHWTHOM LENU OJWHAKOB, TO Takas LeElb
Ha3bIBACTCSl HEPA3BETBICHHOW. MarHuTHble LIENH, B KOTOPBIX MAarHUTHbIE NOTOKM Ha Pa3HbBIX
Y4aCTKaxX HEOJMHAKOBBI, HA3bIBAIOTCS PA3BETBICHHBIMHU.

Jlyig pacueTa MarHUTHBIX LENeil MOJIb3YIOTCS 3aKOHOM IIOJTHOTO TOKAa. 3aKOH MOJHOIO TOKa
IJIACHUT, YTO LUPKYJISALUSA BEKTOPA HANPSYKEHHOCTH MATHUTHOTO IOJIS [ IO 3aMKHYTOMY KOHTYPY
paBHa anredpanvdeckoil CyMMe TOKOB, KOTOPbIE OXBAU€HbI 3TUM KOHTYPOM

§H =1

Ecmm KOHTYp HMHTCTPUPOBAHUA OXBATHIBACT W BUTKOB KaTYIIKH, II0 KOTOPBIM IIPOTCKACT
TOK I, TO 3aKOH IIOJTHOT'O TOKa NPUHUMACT BU

§Hdz=1w.

B Ttom ci1ydac €CJIM HAIIPsS)KCHHOCTb MMCECT IOCTOAHHYIO BCJIIMYMHY IO BCEMY KOHTYPY, a
HaITpaBJICHUC I10 MarguTHOM JIMHUH, TO YPAaBHCHUC ITPUHUMACT BU:

HI=Y1

J1y1st pa3BETBIICHHBIX MAarHUTHBIX LIETIEH CTpaBeTUBHI 3aKoHbI Kupxroda.
IlepBrlii 3akon Kupxroga — anredpanueckas cyMMa MarHUTHBIX ITOTOKOB B y3JI€ paBHa
HYIIIO

Z@k :0,
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rae @, - MarHUTHBIN ITOTOK, KOTOPBIM ONPENEIAETCS KaK HHTETpajl BEKTOpAa MarHUTHOM MHAYKIIMH

B uepe3 xoHeuHyto noBepxHOcTh S. [Ipu B = const MOXKHO 3amucarh:
@, = BScosa,

rac o - yroj MExay BEKTOpOM MarduTHOHU HHAYKIOOUU 1 HOPMAJIbIO K IIJIOCKOCTH IIJIOIIaau.

Bropoii 3akon Kupxroga — anredOpandeckas cymma J/IC B 3aMKHYTOM KOHType paBHa
anredpanvyeckoi CyMMe MaJeHU MarHUTHBIX HANpPSKEHHUI Ha ydacTKax 3TOro KOHTypa

> Iw=>U, =Y HI

[IpousBenenne umnciia BUTKOB KaTylIKM Ha MOPOTEKAOIMIMHA B HEH TOK HAa3bIBAKOT
MarHuroaBu:kyei cuinoit (MJIC)

F=1Iw,][A].

MJIC BbI3BIBaCT B MarHMTHOW Iiend MarHUTHBIM moTok. Ha cxemax MJIC ykaspiBaroT
CTPEJNKOM, HAMPABJIEHUE CTPEIKHU ONMPENEIIAIOT 110 IPAaBHIIy TPAaBOrO BUHTA.

3.2 3JIC caMOMHAYKUMH U HHAYKTHUBHOCTb. JHEPrUsi MATHUTHOI'O TOJISL.

NHnyknped Has3pIBaeTCs SBJICHHE BO3HUKHOBEHHS DSJIEKTPUYECKOIO TOKA B 3aMKHYTOM
KOHTYp€ MpU U3MEHEHUU MarHUTHOTO MOTOKA, IPOHU3BIBAIOIINN 3TOT KOHTYp (3akoH Papajes).

O/1C vHAYKIMH B 3aMKHYTOM KOHTYpE MPONOPLUUOHAIIbHA CKOPOCTH U3MEHEHUSI MarHUTHOTO
IIOTOKA:

E =—
At
3HaK MUHYyC cieqyeT U3 mnpaBuia JIeHla, KOTopoe YTBEpXkAAeT, YTO MHAYKLHOHHBIH TOK
MMEEeT TaKoe HampaBlieHHe, IPU KOTOPOM CO37aBa€MO€ UM MAarHUTHOE TOJi€, IPOTHUBOAEHUCTBYET
W3MEHEHHMIO MATHUTHOTO MTOTOKA, BBI3bIBAIOIIETO 3TOT TOK.
Ecnu MarHuTHBIN NOTOK Yepe3 NOBEPXHOCTh, OTPAHUUYEHHYIO KOHTYPOM, MEHSETCS B CBSI3U C
M3MEHEHHEM TOKa, MPOTEKAIOIIEro [0 KOHTYPY, TO B KOHTYpe Bo3HHKaeT D/[C caMOMHAYKIUU:
AD
A
OTHoOlLIIEHHE MarHUTHOrO MOTOKa 4epe3 KOHTYp, CO3JAHHOIO MAarHUTHBIM IIOJIEM TOKa B
KOHTYpE, K CHJIE 3TOTO TOKa Ha3bIBAIOT MHAYKTUBHOCTBIO KOHTYpa. O003HauaeTcsi HHAYKTUBHOCTD
L, B cucreme CH uzmepsiercs reapu (I'n). Orcroga 9J1C caMOMHAYKIMN HAXOAUTCS KaK

AD AT
A At
[Ipu npoun3BOJILHOM U3MEHEHUH CUJIbI TOK B KOHTYpe DJIC caMOMHAYKIIMU ONpeeseTcs] Kak
dl
ESI' = _L_
dt
WHAyKTHBHOCTH OECKOHEYHO JJTHHHOTO COJICHOM/ 1A MOKET OBITh BBIUKCIICHA 110 (GopMyJIe:
L= p,un’v
NN
N2
L= /Jo/JTS

N
e n= 7; N — 4HCII0 BUTKOB COJIEHOM A, HA €AUHHUILIE JINHEI [; V' — 00bEM COIEHOUIA.

DHeprusi MarHUTHOTO TOJIS BBIPAXKAETCS CIICYIONIEH (HopMyIoi
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3.3 EmkocTh npoBoasimux Tej. KonaencaTopbl. JHeprus 3JIeKTPHUYecKoro moJis.

SJICKTpI/ILICCKaS{ €MKOCTh YCAUHCHHOI'O 3aps’KCHHOI'O IMPOBOJHUKA HA3bIBACTCSA OTHOLICHUC

c=—=
@

Ecmm ABa M30JIMPOBAHHBIX APYr OT Apyra MPOBOAHHKA 3apAAWNTH paBHBIMH 110 BCIWMYUHC U
IPOTHBOTIOJIOKHBIMH TI0 3HAKY 3apsiaMH, TO OHI 00pa3yroT KOHJICHCATOP, EMKOCTh KOTOPOTO
~9 _9
¢—p, U

DNEeKTPOEMKOCTb INIOCKOTO KOHJICHCATOPA BBIYNCIIIETCS TI0 hopMyIte

£,8S
Cc =
d
JJ1s1 BBIYHMCIICHUS 2JIEKTPOEMKOCTH YeIMHEHHOTO 1Iapa IPUMEHSIOT popmymy
¢ =4re,eR
Ecny n KoHIEHCaTOPOB COEIMHEHBI MOCIEA0BATENbHO, TO UX 00IIasi EMKOCTh BBIYMCIIACTCS
13 GOpMyIIbI:
1 1 1 1 &1
SLENEE S S
c ¢ C ¢, oc¢

n

C =

ooy
Ecnmu mocnenoBaTelbHO BKIIIOYCHO M OJMHAKOBBIX KOHJICHCATOPOB, TO O0OIIas €MKOCTh
omnpenensiercs mno hopmye:

Ecimm n KOHIEHCATOPOB COEIMHEHBI MapajlIeIbHO, TO MX OO0Mas eMKOCTh BBIYMCIISACTCS W3
(bopMyIb:

n
Copy =CLHCy +ot 0, =D ¢
i=1

Ecmn mapamnenbHO BKITIOYEHO M OJWHAKOBBIX KOHJEHCATOPOB, TO OOIIas €MKOCTb
omnpenensiercs o hopmye:
Coy = NC

o

DHeprus yeIuHEHHOTO 3apsKEHHOTO MPOBOIHUKA BhIYHUCIETCS 10 opMyde:
2 2
c
w49 _¢c¢ _ 4

2 2 2¢

DHeprus 3apsKEHHOr0 KOHJEHCATOpa BhIYUCIAETCs 10 hopMyIe:
U cU? 2
w=9Y _¢Y _ 4

2 2 2c¢
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4. OnHo(a3HbIe NIEKTPUIECKHE el CHHYCOMIAIBLHOT0 TOKA
4.1 O61mue cBe1eHUA

Ecniu B OMHOPOJHOM MarHUTHOM IIOJIE C WMHIYKIHEH B paBHOMEPHO CO CKOPOCTBHO U
Bpallath paMKy, TO B KaXIOW CTOpoHE 3ToW pamMku uHAykTHpyercss DJC s1meKTpoMarHUTHOM
MHIYKIUH, KOTOpas paBHa:

e=Bulsina

Ecnu x paMke NOAKIIOYUTH HArpy3Ky, TO B 3aMKHYTOW LEMU MOWAET TOK, U3MEHSIOIINICS 1O
CUHYCOMJIAJIbHOMY 3aKOHY.

3naueHus, npu kotopbix DJIC nocTuraer CBOMX MAaKCHUMAaJIbHBIX BEJIMYUH, HA3bIBAIOTCS
aMIITMTYJHBIMH, o0o3Havyaercs £ . Ilpu ammuurynaom 3Hadenun OJIC stom sina =1 u e=FE ,

cienoBarenbHo £, = Bul,ae=FE sina.

[TpoMBIIIUIEHHBIH TOK W3MEHSETCS 10 CHHYCOMIAIBHOMY 3aKOHY, TaKKe KaK M3MEHSIOTCS
O/1C. u HanpsKEHUSs:

1=Iysinwt W 1=Ihsin(wt+ o)
e=Ensinwt wumm e=Ensm(wt+ao)
u=Uysinwt wm u=Upsin(wt+ o)

rae 1, €, U — MTHOBEHHBbIE 3HaueHus Toka, J/]C 1 HanpsHKeHUsI COOTBETCTBEHHO;
I, Em, Un - aMmmuTyaabie (MakcUMalibHBIC) 3HaYeHUs Toka, DJC 1 HanpspKeHus;
@ =2nf — yriaoBas 4acToTa;
a, 0, O, — HaYaJIbHBIC (Pa3bI.

4.2 Cpezlﬂee Hu neﬁCTBylomee SHAYCHHE IICPEMEHHOI'0 TOKA

CpenHee 3HAYCHHE MEPEMEHHOTO TOKA PABHO BEIMYHMHE IMOCTOSHHOTO TOKA, IMPU KOTOPOM
gepe3 TMOIMEePeYHOe CEUCHHE MPOBOJJIHUKA MPOXOIUT TAKOE K€ KOJUYECTBO IJICKTPUYECTBA, YTO U
npu mnepemeHHoM Toke. (OOo3HauaeTrcs cpeaHee 3Ha4YeHHE TOKa, HampsikeHuss u DJIC

cootBercTBeHHo /., U, E, .

OnpenensroTcst CpeIHue 3HaYCHUS 110 GOopMYyIIaMm:

U =2U 06370,

T
2

E =ZE =0637E,
T

=21 =06371
T

D¢ hexTUBHBIM WIN JIEHCTBYIOIIMM 3HAYEHHUEM MEPEMEHHOTO TOKA HA3bIBACTCS TAKOH TOK,
KOTOPBIN 32 OJIMHAKOBBIM MPOMEKYTOK BPEMEHH BBIIEIUT B OJHOM M TOM € IPOBOJHUKE TaKOE
K€ KOJIMYECTBO TEIUIOTHI, YTO U JaHHBIA NIepeMEeHHBIN ToK. Onpenensiercs: ASUCTBYIOIIEe 3HAYCHHE
IIepeMEeHHOT0 Toka, HanpsbkeHus u 3J1C no gopmymnam:

I
I= = 20,7071,
V2
_Y 07070,
V2
=0,707E,

27



B wmensix mnepeMeHHOro TOKa MPUHATO MCIOJIB30BATH JIEUCTBYIOIIME 3HadYeHusd. Hampumep,
HanpsbkeHne 220B B anexTpudeckon cetu — AelcTByromee. MakCHMalbHOE HANPSYKEHUE IIPU STOM

cocrasnsger U, =220+/2 =311 B, 4TOo HE0oOXOIUMMO YYMTHIBATH NHPU BHIOOPE H3OJALUOHHBIX

MaTepHaJIOB.
4.3 BekTOpHBbIE IMAarPAMMBI.

[Ipu pacuere 1eneil nmepeMeHHOro TOKA YacTO MPUXOAUTCS CyMMHUPOBATh (MM BBIYUTATH)
HECKOJIbKO OJJHOPOJIHBIX CHHYCOMJIAIbHO M3MEHSIIOIUXCS BEJIMYUH OJIHOM U TOH K€ 4acTOThl f, HO
UMEIOLUX pa3Hble aMIuMTyasl (1, , E, , U,) n HauanbHble (asbl (o, aj, a2 ).

Takyto 3amady MOXXHO  peliaTh  AHATUTHYECKHM  IIYTEeM  TPUTOHOMETPHYECKUX
peoOpa3oBaHUN UM FEOMETPUYECKH.

I'eomerpuueckuii MeTo1 60s1€€ MPOCT U HATJISIIEH, YEM aHAJIUTUYECKHUI.

CunycounanpHyto Benmuuuny (Hampumep, u=U,sin(wt+a)) wn300paxaioT B BUAE paauyca-
BEKTOPA O4={/, C ACKAPTOBBIMU KOOPIUHATAMH X=a, =6 (cM. pucyHok 4.1).

Pucynoxk 4.1 — IlocTpoeHue BEKTOPHBIX AMArpaMM

o — yroj, obpa3oBaHHBIN OA c¢ ockio X B HAYAJIbHBII MOMEHT BPEMEHH, Ha3bIBA€MbI

HavyanpHOUM (azoi. Bextop OA BpallaeTcs B 3aJJaHHOM IUIOCKOCTH BOKPYT Touku O ¢
IIOCTOSIHHOM YIVIOBOW CKOPOCTBIO, PaBHOW YIJIOBOM 4YacTOTE€ (), IPOTUB YAaCOBOM CTPEJIKH.

Hanpasnenue Bektopa OA He yKa3blBaeT HallpaBiieHUE AeicTBUS HanpsbkeHue (mim Toka u DJ1C).
DTO €ro OTIMYKEe OT BEKTOPOB B MEXaHUKE, KOTOPHIMH O0O03HAYAIOTCS BEJIMYMHA W HAIIPABIICHHUE
CHJIBI, CKOPOCTH, ycKopeHHus. CymMMa JBYX CHHYCOWJAIBHBIX BEIHYMH H300pa)kaeTcsi CyMMOM
BEKTOPOB, HM300paKaIOIUX OTHECIbHBIC CllaracMble, a JHMHEHHAs KOMOMHAIMS HECKOJIBKUX
CUHYCOMJIAJIbHBIX BEJIMYMH — COOTBETCTBYIOIICH JMHEHHON KOMOMHAnMeW BEKTOPOB. Takoe
n300pakeHNe CHHYCOMIAIBHBIX BEIMYUH Ha3bIBACTCSl BEKTOPHOW auarpammon. [Ipu moctpoeHun
BEKTOPHBIX JHarpaMM OJIMH M3 BEKTOPOB — HWCXOJHBIA pAacIlONIaraloT IPOU3BOJIBHO, JPYrue
BEKTOPBI — IT0JT COOTBETCTBYIOIIUMH YIJIAMU K UCXOTHOMY.

[TycTh HEOOXOIUMO CIIOKHTH JIBE CHHYCOUATBHBIE (DYHKIIMH C OJTMHAKOBBIM TIEPHOJIOM, HO
pa3HbIMU HayalbHBIMU (azaMu (CM.pUCYHOK 4.2):
U =Upsin(owt+a;) un U,=U,;sin(ot+ ay) .

Y=

Pucynoxk 4.2 — cnoxeHnne Ha BEKTOPHBIX JUarpaMmax
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[Io w3BeCTHOMY TpaBWIIy CIIOXKECHHS BEKTOPOB MOXHO TIOJYYUTH BEKTOp OM ,
nzoOpaxatomuii cymmy obeux ¢ynkuui Uj(t) u Us(t), kKak reoMeTpruecKyr0 CymMMy BEKTOPOB
OM, n OM,, n3o0paxkaronmx 3Tu QyHKIUU. Bce Tpu BekTOpa BpariaroTcs OJHOBPEMEHHO C

VIJIOBOM CKOPOCTBIO (® W JIETKO HEMOCPEJICTBEHHO IPOBEPHUTh, YTO OpJHMHATA TOYKH M
npeAcTaBisieT coboit cymmy GyHkut Uy, sin(wt + o) n Uyosin(ot + o). Ananornyno adcemucca
Toukd M paBHa cymme QyHKUMMN U,y cos(ot + ap) n Uycos(ot + ay).

BMmecTo Toro, 4ToOBI BpamaTth BEKTOPHI C YIIIOBOH CKOPOCTHIO, MOKHO MPEIIIOI0KHUTh, YTO
OHHM HETIOABHMIKHBI, & OCH KOOPAWHAT BPAIIAIOTCS C YIIIOBOW CKOPOCTHIO ©.

Ha pucynke 4.2 n300pakxeHO OTHOCHTEIBHOE PACIIOJIOKEHIE BEKTOPOB M 0OCel B MOMEHT ¢=0.

['eomeTpuyeckoe MOCTPOCHUE, OTMMMCAHHOE BEIIIE, onpeaenser ammutyny OM =U,, da3y o
M TEM CaMbIM TO3BOJISET HaWTH BeIpakenue U,sin(wt + a) = U, sin(ot + a;) + Upssin(ot + ay),
npudem amruutyna U, Oyner paBHa

U, :\/U,f11+U,f12+2UmlUm2 cos(a,—) >
daza o MoxeT OBITH OTIpeieNieHa yepes tg o
U
U

AHaJIOrMYHO JMHEWHAas KOMOMHAIMS HECKOJbKUX CHUHYCOWJAJIbHBIX (QYHKIUI BpEMEHU U
TOM K€ YaCTOThI €CTh CHHYCOUJAJIbHASI (PYHKLIMS BPEMEHU TOU e YaCTOTHI:

simoy+U,,sina, -

ml

tga
cosa,+U,,, cosa,

ml

n . .
> U, sin(wt+a;)=U,, sin(wt+a)
=1 !
Yacto HY)XHO BBIYUCIATH HIPOU3BOJHYIO WM HMHTETpajibl CHUHYCOMAAIbHBIX (DyHKUIMN
Bpemenn tuna U(t) = Uysin(ot + o) . Umeem
ddU =oU cos(wt+a)=wU sin(of+a +§)
t

jUdt:—% cos(a)t+oc):% sin(wt+a —E)
w w 2

[IpousBomubie u mepBooOpasHbie OT ¢yHkuuu U(?) u300pakaroTcs BEKTOpPaMHU,

T T
IOBCPHYTBIMU K HCXOJHOMY BCKTOPY COOTBCTCTBCHHO Ha YIJIbL +E n -5, a JIMHBI J2TUX

Um
BEKTOPOB paBHbl WU, 1 ——.
0]
W3noxxeHHOE BhINIE MPUMEHMMO B TEX CllydasX, Korjaa TpeOyercs MPOU3BECTU CIIOXKEHHE,
g depeHIpoBaHUe, UHTEIPUPOBAHUE CUHYCOUAANBHBIX HAPSDKEHUH U TOKOB, TMOO JMHEHHbIE
KOMOHMHAaIMK 3TUX onepauuil. Ho 310 HEe mpUMeHNUMO, €clli Hy>KHO MOJBEPrHYTh HANPSHKEHUS WIN
TOKU HEJTMHEMHBIM aire0panyeckuM OonepanusM, Kak, HalpruMep, YMHOKEHHIO WJIM BO3BEJCHUIO B
creneHb. llpu Takux omepanysax BO3HHUKAIOT KPYIOBBIE YACTOTHI, OTIWYHBIE OT (0, YTO JEIAET
HEBO3MOXKHBIM UX BEKTOPHOE CJI0KEHHE KaK pUCyHKe 4.2.
[TocTpoenne BEeKTOpPOB, H300paKEHHOE HA PUCYHKE 4.2, Ha3bIBAETCSI BEKTOPHOM JUArpaMMOM.
OOBIYHO TIPM  TMOCTPOCHUM BEKTOPHBIX JUAarpaMM BMECTO AMIUIMTYAHBIX 3HAYCHHM

CUHYCOMIAJIbHBIX BEJIMUUH OEpyT UX JEHCTBYIOLINE 3HAYCHUSI.

4.4 Pacuér neneii CUHYCOMAAJBHOI0 TOKa CUMBOJIMIYECKUM METOAOM

BenuuuHbl MOCTOSHHOTO TOKa HCYEPIIBIBAIOUIE ONpEAeNsoTcs OJHUM yuciom. Jlius
OIIpE/IeNIEHUs] BEJINYMH IIEPEMEHHOI0 TOKa 3aJaHHON 4acTOThl OJJHOIO YUCIIA yXKE HE JOCTATOYHO,
3/1eCb HEOOXOIMMO JIBa YHMCJIA: aMIUINTY/a U HadaibHast (a3a. OJHAKO U IEPEMEHHBIN TOK MOXKET
ObITh ompelieNi€éH He 2-Msl BEIMYMHAMHU, a OJHUM KOMIUIEKCHBIM UYHCJIOM, €CIM BOCIHOJIB30BATHCS
CUMBOJINYHBIM METOJIOM.
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[Ipu ero ucnoJsib30BaHMM )i pacu€ra Lener nepeMeHHas ToKa BOCIOIb3YEMCS 3aKOHAMM,
METOJIaMU U TIpUEMaMH, PACCMOTPEHHBIMU PAaHEE NSl LETeH MOCTOSHHOTO TOKa.CHMBOJIMYECKHI
METO/I yIOOCH B TeM, UTO MO3BOJISIET N30€KaTh MOCTPOCHUS BEKTOPHBIX AuarpaMm. OH OCHOBaH Ha
HCII0JIb30BAHNH KOMIUICKCHBIX YHCEI.

KomImiekcHoe YHCI0 COCTOMT M3 2-X YacTeW ACUCTBUTCIRHOM W MHHMOM, M MOXET
M300paxaThCsi BEKTOPOM Ha KOMIUIEKCHOW IJIOCKOCTH.

Pucynok 4.3 — npezcraBiieHne BEKTOpa Ha KOMIUIEKCHOM IJIOCKOCTH

AnrebOpandeckas Gpopma 3anmucu KOMIIJIEKCHOTO YHUCIIA:

Y=axjb.

B QJICKTPOTECXHUKE BO n30exanue MyTaHulbl ¢ MIHOBCHHBIMHW TOKaMM MHHMasl CIWHHILA
o0o3Havaercs OykBoil j. KoMmIulekcHble BeNMYMHBI H300pa)kaloTCs 3arylaBHBIMU  OyKBaMu

JIATUHCKOTO ajipaBUTa C TOUKOW HaBEPXY.

‘Y‘:\/a2+b2 uwm Y =+a’ +b’ sinq):L L;tgqozé
Na® +b’ Na® +b’ a
MOJICTaBIIsAsA 3HAYEHUS @ U b B IpelplIylIiue BBIPAXKEHUSI, MOJYyYUM TPUTOHOMETPUUYECKYIO
(dbopMyiy 3anMCH KOMIUIEKCHOTO YHCIa!
Y =Y(cos¢ + jsin @)
OYEBHUIHO, YTO 2-1 UJIeH, CTOAIIMUN B CKOOKAX, IPEICTABIISIET COO0 MTHOBEHHOE 3HAYCHHE TOKA.
®opmyna Dilsiepa CBA3bIBAET TPUTOHOMETPUIO U TIOKa3aTENIbHYIO POpMY 3amKcH
Y =Y(cosp + jsing) =Y xe’®
Takum 006pa3zom, KOMIJIEKCHOE 3HaUE€HUE TOKa 3amuiueTcs B TpEX popmax:
1. anrebpanyeckas

;COSQ =

2. TPUrOHOMETpHYECKAs Y =a+ jb=Y(cosp+ jsinp)=Y xe’®
3. moxasareibHas

N3 u3/I0)KEHHOro BBHIIE BBITEKAET, YTO CUMBOJWYECKUHA METOJI PABHOCHIIEH METOLY
BEKTOPHLIX JUarpaMM.

Omneparuu + 1 — BEKTOPOB KBUBAJICHTHI OTIEPALHSIM + U — KOMIUIEKCOB.

VYMHOKEHHE KOMIUIEKCHOI'O YHCJia Ha I[GI\/'ICTBI/Ie O3HA4YacT M3MCHCHUC IJIMHBI BCKTOpPaA oe3
NU3MCHCHUA €TI0 IIOJIOKCHUS Ha IIJIOCKOCTH.

YMHO)€eHHEe 1-ro KOMIUJIEKCHOTO YKciia Ha JIpyroe NpUBOAUT K 00pa30BaHMIO HOBOIO YKCIIA,
n300pakaeTcsi HOBBIM BEKTOPOM, MMOBEPHYTHIM Ha HOBBIN YroJl OTHOCUTEIILHO OCH KOOPIMHAT.
AB —q-e’” xb-e’? :ab,e.f(ww) —c-el =¢

[TockonbKy TpU MEPEMHONKEHHH KOMIUIEKCHBIX YHUCEI U3MEHSIETCS U YroJ MOBOpOTa, TO

11
+j

. I1 5 .
MHOKHTEJb e+ j Ha3bIBalOT OIEpaTOPOM MIOBOPOTA, €CIIH ) = PR TO e ? =4%j

CrnenoBaTenbHO, YMHOKEHHE KOMIUJIEKCHOTO YMCIIa HA (1) 03Ha4YaeT MOBOPOT BEKTOpaA
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/4 . .
Ha +5 B TMOJIOKUTEILHOM HaIlpaBJIEHUH, T.€. MPOTUB YaCOBOW CTPEIKH, a YMHOXKEHHUE Ha (—j)

T
0O3Ha4YacT IMOBOPOT HA 5 B IIPOTHUBOIIOJIOKHOM HaIllpaBJICHUU.

. Em
E=—=e¢e/” =E(cos@, + jsing,)

V2 ‘ )
U:ﬁe- =U(cos@, + jsing,) ()
- Ym .. .

v =2 e _ Y (cos @i + j sin i)

NG

4.5 3akon OMa B KoMILIeKCHOH opme

1.PaccMoTpuM LieTlb, COCTOSIIYIO TOJBKO U3 aKTUBHOTO conpoTuBieHus R. 1o 3akony OMa Tok B
TaKoM Lenu

==
R
Tx. U= U,sin wt, 10 i:U sin ot
R

Ortcrona ciemyeT, 4To HaNpsHKEHHE U TOK COBMAIAIOT 1o ¢ase.

B xommutekcHOM Bujae 3akoH OMa Ui PE3WCTHBHOIO 3JIEMEHTa 3alUIICTCS KaKk W IPH
MTOCTOSTHHOM TOKE:

U=RI.
MOHIHOCT2B, BBIZICIIIEMAast 32 TIEPHOJ] CHHYCOUIbI HA PE3UCTHBHOM JJIEMEHTE, COCTABUT

P=IR

=] sinowt
m

2. IlycTp B ienu TOJIBKO MHAYKTUBHOCTH L. JIOIyCTUM, YTO TOK B LIETIH
i =1, sinwt.
OTOT TOK B MHAYKTUBHOCTHU BbI3bIBaeT DJIC camonHIyKIIuM

—Lﬂ —a)LIm coswt

dt

[To 2-my 3akony Kupxroda: e, =-U;,
OTCrOJa nojydyaeM u; = @ L I, cos wt . W3 3T0r0 cimenyer, 4To HanpsHKEeHUEe Ha MHAYKTUBHOCTH
ormeperkaeT TOK Ha yron 7/2. B CHMBOIMYECKOM BH/IE MOXKHO 3aIIHCaTh:

U= joLIl wmn U= jX;I, tne X;=wL — MHIYKTHBHOE COMPOTUBIICHHE.

AKTUBHAsI MOILIHOCTb, BBIJENIIEMas HA MHIYKTUBHOM 3JIEMEHTE 3a IEPUOJI CUHYCOU bl paBHA
HYJIIO.
3. Ecnu snextpuyeckas 1enb COJAEPKUT DJIEKTPUUECKYIO €MKOCTh, TO B HEHl MPOXOAMT 3apsi U
pasps]l KOHJAEHCATOpa. OJTO BbBI3bIBAET IOCTYNATEIbHOE W BO3BPAaTHOE IBIM)KEHHUS 3aps]0B B
MIPOBOJHUKAX, COEAMHAOWMX EMKOCTh C HCTOYHMKOM IIE€PEMEHHOTO HampsbkeHus .Paccyxnas
aHAJIOTMYHO MpEeAbIAYyIIeMy CiIy4aro, M Lenu ¢ eMKOCThio C BBISIBUM, YTO HAINpsOKEHUE Ha
€MKOCTHU OTCTAET OT TOKa Ha yroJ m/2:

i=C@ =C7d(U’” sin @) =U wCcoswt

dt dt "

Bripa3uB u3 nocneaHero BbIpakeHUs HAIPsDKEHUE, B KOMILIEKCHOM BUE MOYKHO 3aIlUCaTh:

ARy

WM {7 —_jx [ » TAe X _ 1 - eMKOCTHOE CONPOTHBIICHHE.
joC  oC oC
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AKTHBHas1 MOIIHOCTD, BbIJIEsi€EMasl HA UHAYKTUBHOM 3JIEMEHTE 3a IIEPUOJ CHHYCOU/IbI paBHA
HYIIIO.

B o6mem ciydae, eciu nienb coaepxkuT R L C 35eMeHTHI, 00111ee COMPOTUBIICHUE LIETH NN

MOKHO 3amucatb Kak Z=R+jX, rme r — AaKkTUBHOE CONPOTHBIEHHE. X — PEAKTUBHOE
COIIPOTHUBJIICHHE.
BenuunHa moTHOTO CONMPOTHBICHUS MOKET OBITH NMPEJCTaBICHA U B TIOKa3aTeIbHOU (hopme.
U ,
Z:?:z-e”’; Zl=Ar*+x*

KommnekcHoe conpoTuBieHue Lenu Z HEe 3aBUCUT OT HAdalbHBIX CABUTOB (a3, TOKOB U
HanpspkeHud. Z onpeaensiercss R ,C, L , oHa He SIBISIETCS CUHYCOMAANbHON (QYyHKLIMENH BpEeMEHH U
II0TOMY TOYKa HaJ Z HE CTaBUTCHI.

4.6 3axonbl Kupxroga B komimiexkcHoi ¢popme

1) B mo0oit y3moBo# Touke 1enu anredpandeckas CyMmma CHJI TOKOB paBHA HYITIO.
HJ’I?I IICHCI)’I MNEPEMEHHOT'O TOKA 3TOT 3aKOH BBITIOJIHACTCA 1J11 MTHOBCHHBIX 3HA4YCHUH.

>i=0
2) B mo0Oom 3amMKHYTOM KOHType cymma aeictByromux DJIC= cymme najeHuil HanmpspKEHUs

MEPEMEHHOTO TOKaA.
B LECIAX IIEPEMEHHOTO TOKA JJIsI MTHOBCHHBIX 3HAYCHHI €.J.C. TOKOB 1 Haprl)KeHI/Iﬁ 3aIlIUIIECTCA:

Ye=Yu=Yi
4.7 Mo1HOCTH B LNl CHHYCOUAAJIBLHOI0 TOKA

MrHOBEHHON MOIIHOCTBIO HA3bIBAIOT MPOU3BEICHUE MTHOBEHHOI'O HAIPSIKEHUS HA BXOJE
[IeTI1 Ha MTHOBEHHBIN TOK. [lycTh MrHOBEHHBIE HAPSDKEHUE M TOK OMPEACIIAIOTCS 110 GOopMyIIaMm:

u=U, -sin(@t +@) i=1I, sinwt
Torpa
p=u-i=U_ I -sim(wt+@)sinwt=

1
=U,, 4y, 2 -[cos (mf+ Q- fuf)— cos(fuf +@p+w f)] =
_ Um fm
V2 V2
Cpennee 3Ha9€HHE MTHOBEHHOM MOIHOCTH 32 IIEPUOJ COCTABHT:

T
Py = 1 I[U-I-cosqo—U-f-cos(me+qo)]-dr:
0

[cosqa— cos (me+¢))] =0 J-cosp—U7 [ -cos (me+ q}).

cp‘?
1 P f
:F-U-I-cosq&jdﬁ—;-iﬁ-I-cos&jcos(2f9f+qa)-df:U-f-cosrp.
0 a

cos@=—

N3 TpeyronpHKa CONMPOTUBICHUI v z,
Cpennee apudmMernaeckoe 3HAYCHHE MOITHOCTH 33 MEPUO]T HA3bIBAIOT aKTUBHON MOIIHOCTHIO
n 00o3HayaroT OykBOoM P. DTa MolIHOCTH M3MepseTcss B BaTTaXx U XapaKTepU3yeT HeoOpaTumoe
npeoOpa3oBaHUe AIIEKTPUYECKOW SHEPTHMHM B JPYrod BHUJ DHEPrUH, HAIPUMEp, B TEIUIOBYIO,
CBETOBYI0 M MEXaHHUYECKYI0 JHEpruio. Bo3pMeM peakTHUBHBIA 3IIeMEHT (MHIYKTUBHOCTH WIIH
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eMKOCTb). AKTHBHAsI MOLIHOCTb B 3TOM 31emente & — &+ 4 €08 90° =0 , TAK KaK HAMPSUKCHUE U
TOK B MHJYKTHBHOCTH HJIM €MKOCTH paszimyarorcs nmo ¢asze Ha 90°. B peakTHBHBIX dJeMEHTax
OTCYTCTBYIOT HEOOpATUMBIE TIOTEPH AIIEKTPUUECKON SHEPTHH, HE MMPOUCXOTUT HarpeBa dJIEeMEHTOB.
[TpoucxoauT 0OpaTUMBIi Tpotiecc B BUE 0OMEHa 3JIEKTPUIECKOM SHEPrueil Mex 1y HCTOUHUKOM H
npueMHUKOM. J[JIsi KaueCTBEHHOW OIICHKM WHTCHCUBHOCTH OOMEHA DHEPrueil BBOJHMTCS TOHSTHE
peaKkTUBHOM MoIHOCTH Q.

je :U-f-cosqﬂ—U-I(cnsz.rdr-cnsqa—sin Zmr-sinq}):
=0 -I-cos@(l—cos2@t)+ U/ [ sing-sin2@t = p, +p,,

p=U-7-cos qp(l— cos 2&)?)_

rac MTI'HOBCHHAas MOIMHOCTb B AKTUBHOM COINIPOTHUBJICHUH,

py=U-T-sing sin2wt
- MFTHOBEHHAsI MOIIIHOCTh B PEAKTHBHOM 3JIEMEHTE (B MHIYKTHUBHOCTH

WIM B €MKOCTH). MakcuMallbHOE€ WM aMIUIMTYJAHOE 3HAYeHHE MOIIHOCTH P, Ha3bIBACTCs
PEaKTUBHON MOITHOCTBIO

. X
Q=U-I-smgp sm@=—
z

)

rne X - pEaKTUBHOE CONPOTHUBIICHUE (MHIYKTUBHOE 15803071 €MKOCTHO®).
PeaktuBHas MomHOCTH, H3MepsieMas B BoJbTamIepax peakTuBHBIX (Bap), pacxomyercs Ha
CO3/JaHME MArHUTHOTO TIOJII B MHIYKTUBHOCTU WM DJIEKTPUUYECKOTO IMOJST B €MKOCTHU. DHEPrus,
HAKOIUJICHHAas B €MKOCTHM WM B HHAYKTHBHOCTH, NEPUOJUYECKH BO3BPAIIACTCS HCTOYHUKY
NUTaHUA. AMIUIMTYTHOE€ 3HAYE€HHWE CYMMApHOM MOIIHOCTH p = P; + p2 HA3bIBAETCS MOJHOMN
MOIIHOCTBIO. [lonmHasgs MOIIHOCTH, wu3MepsieMass B BOJIbTAMIIEPAX, paBHA MNPOU3BEIACHUIO
JEUCTBYIOIMX 3HAYEHU HAIPSHKEHUS U TOKA:

S=U-I=F.z (BA)U=17z

rie Z - IOJIHOE COIpoTHBiIeHHE uenu. llonHas MOIIHOCTE XapakTepu3yeT IpeelIbHbIe
BO3MOHOCTH HMCTOYHUKA 3HEPTUU. B ayeKkTpuyeckoil 1enu Mo>KHO MCHOJIB30BaTh YacTh IOJIHOM
MOIIIHOCTH
F=U-7-cosp=5-cos@
)
cosp=—2_=£
rae u-i 5. KOA(pGUIIMEHT MOITHOCTH WM "Kocunyc "¢pu".

Kosdduuuent  momHocTH — sABiAsSETCS  OJHOM M3 BaXHEMIIUX  XapaKTEPUCTHK
ANIEKTPOTEXHUYECKUX YCTpOUCTB. [IpuHUMAIOT criennaibHble MEpPhl K YBETUUYEHUIO KOApPUIueHTa
MOIIIHOCTH. Bo3bpMeM TpeyrojibHUK COMPOTUBIIEHUN U YMHOXUM €0 CTOPOHBI Ha KBaJpaT TOKa B
uenu. [loxyunm nogo0OHBINA TPEYTroabHUK MOLTHOCTEH (pUCYHOK 4.4).

Pucynoxk 4.4

N3 TpeyronpHrKa MOITHOCTEN TOTyduM psif GOPMYIT:

_F
FP=5S-cosp O=5 sme S=\fp2+Q2 cosg=-o

AxTrBHAA MOIIHOCTHB BCE€raa MnoJIOKHUTEIbHA. PeaktuBHas MOIIHOCTD B IICIIH, I/IMCIOIIIGﬁ
I/IH)IYKTI/IBHBII\/’I XapakKTep, - MOJIOKHUTCIIbHA, a B IECTIM C EMKOCTHBIM XapaKTCPOM - OTPHULATCIIbHA.
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AKTUBHAsE MOILHOCTb pacXojyeTcs Ha MpeoOpa3oBaHME B TEIJIOBYIO dHEpruro. PeakTuBHas
MOIIIHOCTh XapaKTepru3yeT MHTEHCUBHOCTh OOMEHA SHEPruu MEXI1y UCTOYHUKOM U PEaKTUBHBIMU
Harpy3kamu. [losiHas MOLIHOCTH S HE SBISETCS CUHYCOMJAIbHON (YHKLIHMEH BPEMEHH, MO3TOMY
HaJ CUMBOJIOM HE€ CTaBUTCSl TOYKa. 3HAYEHHE MOJHON MOIIHOCTH 00O3HAYyaeTcs Ha IIUTKAaX U B
[IaCIopTax BJIEKTPOTEeHEPAaTOPOB IIEPEMEHHOr0 TOKa. Pacmpenenenune €€ Ha akTUBHYK U
PEaKTHBHYIO YacTH 3aBUCUT OT XapaKTepa Harpy3okK. B IIPOMBINIIEHHBIX 3JIEKTPOYCTAHOBKAX
IIEPEMEHHOI0 TOKA PEAKTUBHYIO MOIIHOCTH CTPEMATCS CBECTH K MHUHMMAJIBHOW BEIMYMHE, U TEM
CaMbIM MOBBICUTH KO3((ULMEHT MOJE3HOro NEHCTBUS TOW WIM HMHOM 3JEKTPOIHEPreTHYEeCKOn
YCTaHOBKH.

4.8 llenu ¢ mocjeaoBaTeIbHBIM coeIMHEHHEM dj1eMeHTOoB R L C

Jns mociienoBaTeNbHOM LENMU, COCTOAIIECH M3 HECKOJBKHX 3JIEMEHTOB, CTPOUTCS BEKTOPHAS
JyarpaMma HanpspKeHU.

3a MCXOJHBIA BEKTOP MPUHUMAETCS BEKTOP TOKA, T.K. MPHU IMOCJIEIOBATEILHOM COCIMHEHUN
4yepe3 BCE DJIEMEHTHI LIETH TPOTEKAET OJWH U TOT K€ TOK. Takum 00pa3om, BEKTOpHas Iuarpamma
HaIpsDKEHUW IS TENH C MOCIEA0BATeIbHO COCMHEHHBIMU 3nieMeHTaMu R, L, C  (CM. pUCYHOK
4.4a ) Oynet uMeTh BHJI, KaK TIOKa3aHo Ha puc.4.40.

R L C I
U .
U Ur 1
|z
a) 0)

Pucynok 4.4 - nocnenosatenbHasa R L C uenb

Bekrop HampspkeHus U, TPUIOKEHHOTO K IENH, OMPEAENSAETCS KaK CyMMa BEKTOPOB
U=Up +U[ +U(> & €ro Belu41Ha paBHa

U=Ui+(U,~Uc)?
[TocTpouM BEKTOpHYIO JuarpamMMmy HampsDKeHUH s uenu Ha pucyHke 4.4a. [Jlns

MIPOM3BOJIbHBIX 3HaUeHUH conpoTuBieHuit R, X; u Xc u Toxa / oHa OyneT uMeTh BUJI, TOKa3aHHBIH
Ha pucyHke 4.5a.

Pucynok 4.5 — noctpoeHue BEKTOPHOU JuarpaMmbl Ui [OCJIE. Lenu

Ecnu Monynu BEKTOPOB TpEyroJibHUKa HANPSHKEHUN pa3/iesIuTh HA MOJYJIb BEKTOpa TOKa, TO
MOJIy4UM CONPOTHBJIEHUS MociienoBaTenbHoi nenu R X, Z :

X=X —Xc; Z=|R+(X, - X.)’

OTU  CONPOTHUBJIEHUS COOTHOCATCS KaK CTOPOHBI MPSIMOYTOJIBHOIO  TPEYrOJbHUKA.
[IpsAMOYrOnBHBIM TPEYrOJBHHUK, CTOPOHBI KOTOPOrO YMCIIEHHO paBHbl BenuuuHam R, X, Z,
Ha3bIBAETCS TPEYTOJIbHUKOM COMPOTHUBIICHUHN (CM.pUCYHOK 4.50).
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Taxum o6pazom, Uz\/U,§+(UL—Uc)2 WK U:I\/R2+(XL_XC)2 =1z

- 3TO BBIpaXKEHHUE sBIIsETCS 3aKkOHOM OMa JJ1s1 OCIIe10BaTEIbHON e IEPEMEHHOr0 TOKa.

Ha pucynkax 4.4, 4,5 paccmotpen ciyuail, korqa  X;>Xc(U>Ug). Ecmn X1 <X, T1O
TPEYroJbHUKH HAIPsHDKEHUH U COMPOTHUBIICHUN OyIyT pacrojaratrbcs HUXe ocu adcuucc. B atom
Cllydae BEKTOp HAIIPSHKEHUs OTCTAeT OT BEKTOPA TOKA Ha yroj ¢. Bo3Mo)keH 4JacTHBIM Cirydaii,
korga X;=Xc. B nenu npu 3ToM HacTynaer pexum, Ha3bIBa€MbII PE30HAHCOM HANPSKECHUM.

OObIYHO 1 pacuera D3JIEKTPUYECKUX IeNell HCHOJIb3YIOT KOMIUIEKCHble yucia. B
KOMILJIEKCHOM (popme MosHOe HanpshKeHHE 3aliChIBAETCS CIEAYIOIINM 00pa3oM

U= (ja + 0L + 0(;

Jlist ienu Ha pucyHke 4.4a

0(1 = 0R1 + 01?2, R=R; +R, wm

U=1IR+ joLl +1/joC

U=R+j(wL—1/wC)L

D10 cooTHOLIEHHE ecTh 3aKkoH Owma, 3amucaHHbIi B KOMIUIEKCHOH (opme. COMHOXKUTEIND
nepenl / ecTb MOJIHOE CONTPOTUBIIEHHUE NOCIEA0BATEIbHON LIENU B KOMIUIEKCHON opme

|
Z=R+jL—-j—)=R+j(X,-X_,).
wc

[onnoe Hanpsoxerne U = Z [
Bce KOMIUIEKCHBIE BEJIMYMHBI MOYKHO 3aIlMcarh B MOKasaTedbHON (opme. B obmiem ciydae TOk
paBeH:

I=1¢",
rae 'Y — yroa Mexxay TOKOM M BEHIECTBEHHOM OCBIO.

B HameMm mnpumepe HalpaBJIEHHE TOKA COBIAJIAET ¢ BEMIECTBEHHON OCBIO, YroJ y=(, Toraa
I=1 .

[Monuoe conporusnenue Z = Ze¥ | rae

Z=ﬂR2+(XL—X(,)23 (p:grctg%-

Komrmiekc HanpspkeHus: B ToKazaTelbHOU (popme
U=zI=zI1".

4.9 llenu ¢ napajuieIbHBIM COeIMHEHHEM BeTBeil

Jnst  pacdera [enmd C THapajuIeNbHBIM  COCIMHEHHEM BETBEH MPHUMEHSETCS METOT
IIPOBOIUMOCTEH.

PaccmoTpuM mpuMeHeHHe 3TOro MeTo/la Ha IIPUMEpe pacueTa [eMu, TOKa3aHHOW Ha PHCYHKE
4.6a. Hyxxno onpenenuth o0muil Tok / B Hepa3BeTBiieHHOW 1enu. OH paBeH BEKTOPHOW CyMMe
TOKOB TapaJUICIbHBIX BETBEH.

[Tpu mocTpoeHNM BEKTOPHBIX AUArpaMM B Cllydae MapauieIbHOTO COCTUHEHHS DJIEMEHTOB B

Ka4CCTBC UCXOJHOT'O BEKTOPA HUCIIOJIB3YCTCA BEKTOP HAIIPSIKCHHA U , TaK KaK HaIlIpsAKCHHUEC B 3TOM
CJIydae OJIHO M TO e JUIsI BCeX BETBEH (CM puCYHOK 4.60).

; A _
1 ‘IR { jL ‘ jC @ I_L U
U R L C 1 I—
C
Y
a) 0)

Pucynox 4.6 - niens ¢ napajiienbHbIM COSTUHEHNEM BETBEH
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Bekrop Toka [ mpexacraBisieT coboii CyMMy BEKTOPOB TOKa Ir, KOTOPBIA COBHAJAaeT C
BEKTOpOM HanpspkeHuss U 1o (asze ¢ BEKTOpOM TOKa [, OTCTAIOLIEr0 OT BEKTOpa HAINPSHKEHUS

U Ha yros w2 u BEKTOpOM TOKa /2, ONEPEKAOLIUM HANPSKEHUE Ha yroJl w2.
OnpenenuM TOK B Lenu 1o nepBomy 3akoHy Kupxroda c yuerom 3akona Owma s

IPOBOJAMMOCTEH: _
I[= I+ I+ IC:(G—jBL+ch) U=YU,
rne G=1/R; B;=1/wL; Bc~wC - MPOBOJUMOCTH AKTMBHOIO, MHIAYKTHBHOTO W E€MKOCTHOTO

OJICMCHTOB, _Y — CyMMapHad KOMIUJICKCHAaA IIPOBOAMMOCTL LCIIH, KOTOpPasA ABJIACTCA O6p3THOI7[
BEIIMYMHOM KOMILIIEKCHOTO COITPOTUBJICHU:

Y=G+B,+jBc= G+j(Bc-B)  y_ L+(a)C—L)2
R? oL

Taxum 06pasoM, TOK B 1eru Gy/IeT paBeH j _r; \/1 +( a)C—L)Z .
R? oL

4.10 Pe3onaHc HanpsKeHU

PaccMoTpeHHBIE BBIIE MEKTPUUYECKUE LENH MPEICTaBISIOT cOO0M Mocie10BaTeNbHbIN 1
napajuieIbHbIN KojieOaTeIbHbIe KOHTYPHl COOTBETCTBEHHO. Llemb, B KOTOpPOW HWHIYKTUBHOCTb,
€MKOCTh M  aKTHMBHO€  CONPOTHUBIIEHWE  COEAMHEHbl  IOCJIEI0BaTENbHO,  HAa3bIBAETCS
MIOCJIEIOBATENbHBIM KOJIeOaTeabHbIM KOHTYpoM. Llenb, B KOTOpOl HHIYKTHMBHOCTb, €MKOCTH M
AKTUBHOC COIIPOTHUBJICHHUEC COCIAWHCHBI IapaJlJICIbHO, HA3BIBACTCA MapaJlJICIbHBIM Ko1e0aTeIbHBIM
KOHTYPOM.

B konebarenbHBIX KOHTYpax MpU OMNPEIENIEHHBIX YCIOBUSX MOTYT BO3HHKaTh 0COObIE
SBJICHUSI, KOTOpbIE HA3bIBAIOT PE30HAHCHBIMU. PE30HAHC B IMOCIIENOBATEIILHOM KOJIEOATEIbHOM
KOHTYpE Ha3bIBAaIOT PE30HAHCOM HallpsDKEHUI, PE30HAHC B MapajuIeIbHOM KOJIEOAaTEIbBHOM KOHTYpe
— PE30HAHCOM TOKOB.

B LOEIAX TIEPEMEHHOI0 TOKa PE30HAHC HACTYMAaeT TOorga, Korjga 4YacToTa HWCTOYHHKA
HaIpsDKEHUs paBHA PE30HAHCHOM 4yacToTe KOHTYypa (COOCTBEHHOM 4dacToTe KojeOaHUN KOHTYpa,
eciu Rk —=()- Ilpu pe3onance TOk 1 HalpsKEHUE COBIAAIOT 1o ¢ase, T.€. yroa ¢ = 0.

PaccMoTpuM 1emb, COCTOSIIYIO W3 IOCJIEI0BAaTEIbHO COECIUHEHHBIX PE3UCTOpa, KaTYyLIKU
MHIYKTUBHOCTU U KOHJEHcaTtopa, 3akoH Oma A MOCJeNOBaTEeIbHOM ILENH, COCTOSIIEH U3
AKTUBHOTO, WHIYKTUBHOTO W E€MKOCTHOTO COMNPOTHBICHUU (CM. pUCYHOK 4.4a), BBIpaKaeTcs
dhopmyroit

Z R*+(x,-x.)
rae R — akTUBHOE CONIPOTHUBJIEHUE KOHTYPA;
X v X¢ - MHIYKTUBHOE U €MKOCTHOE CONPOTUBIICHUSI KOHTYpPa COOTBETCTBEHHO.
VYrou casura a3 Mex1y TOKOM M HaNPsHKEHUEM

X, —X
@ =arctg=L——=C
R

Pe3onaHc HacTymaer Torna, KOTjaa Ienb BeAeT ce0s KaKk YUCTO aKTHBHAs, T.€. KOTJAa TOK U
HaIpsDKEHUE COBMAAIoT 1o ¢ase, yroa ¢ = 0.

VYcmoBueM BO3HMKHOBEHHUS PE30HAHCA B TOCIEIOBATEIBHOM KOJIEOATeIbHOM KOHTYpE
SABJISICTCS PAaBCHCTBO PCAKTHBHBIX COHpOTI/IBJ'IeHI/Iﬁ KOHTYpa XL — XC .

Torna moHOE COMPOTUBIICHUE LIETIH OyIET PAaBHO €r0 aKTHBHOM COCTaBJISIFOIICH:

Z=|R+(X,-X ) =R
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Casura Qa3 Mexa1y TOKOM M HanpsbkeHueM He Oyaer, yroa ¢ = 0, cos ¢ = 1.

[Ipu pezoHaHce HANPSHKEHUHN ACVCTBYIOIIME 3HAYEHUST PEAKTUBHBIX COCTABJIISIOIINX
HanpspkeHus U u Uc paBHBI 110 BEIMYMHE, MTHOBEHHbIE 3HAUEHUSI PaBHBI U TPOTUBOTIOJIOKHBI 110
3HAKY.

PesynbTHpyroniee HanpsKeHNUE IPU PE30HAHCE PaBHO €ro aKTUBHOM COCTaBJISIOLIEH

U =U.,.

CnenoBarenbHO, MOUIHOCTb, pa3BUBaeMasi UCTOUYHHUKOM, SBJISIETCSI aKTUBHOM MOUIHOCTBIO,
OHa mojepxkuBaeT B enu R, L, C He3aTyxarouiye KojedaHus, HECMOTpPS Ha TO, YTO B LIENU €CTh
aKTUBHOE CONPOTHUBJICHHE. DHEPrus MarHUTHOTO IOJS MPH PE30HAHCE IMOJIHOCTHIO MEPEXOAUT B
SHEPTHI0 NIEKTPUUECKOTO MO0JIs U HA00OPOT:

2 2
2 2

YacroTa, Ipy KOTOPOH B KOHTYpPE HACTYIAeT PE30HAHC, HA3bIBAETCS PE30HAHCHOM.
3HaueHue Pe30HAHCHOM YaCTOThI MOKHO ONPEAEIUTh U3 YCIOBHS pe3oHaHca X=X

— 1
T.k. XL—a)L u X, = ,
wC
TO PE30HAHCHAs YaCTOTa KOHTypa

1
O=—=

JLC
Pe3onanc HampshkeHUH MOXKHO TOJYYUTh M3MEHSS B IEMH WHIYKTUBHOCTh, €MKOCTh WJIU
YaCTOTY HaIpsDKEHUS WCTOYHMKA MHUTAHHUS KOHTYpPA, BCEro, €CIM XOTSIT HACTPOUTH KOHTYP B
PE30HAHC, MCIOJIB3YIOT KOHJEHCATOp IepeMeHHON emkocTh. C 3TOro KOHJIEHCaTopa CHUMArOT
BBIXOJTHOE HAIPSKEHUE.

Ecmu X;=Xc>=R, HanpsbkeHue Ha UHAYKTUBHOCTH U; u eMkoctTH Uc MOTYT JOCTUTaTh
3HAYUTEJIbHON BEJIMYMHBI M BO MHOTO pa3 MpeBbIIIATh o0Iiee HamnpspkeHue U, MPUIIOKEHHOE K
nend. Tok B menu / Takke 3HAYUTEIBHO BO3PACTAET: J = U . JInst MCKIIOYEHHs Teperpy3Ku

pe3 R
WCTOYHHKA IHUTAaHUA B CXEMY HHOTJA BBOJSAT OTIPAHMYMBAIONIEE COMPOTUBIICHHUE. [IOCKOJBKY
PE30HAHC COIMPOBOXKIAETCS 3HAYUTEIBHBIMUA TEPEHANPSHKEHUSIMA M CBEPXTOKAMHM, B MOIIHBIX
YCTaHOBKAaX OH SBIACTCS aBapuitHbIM. CBOICTBa KOJEOATETHHOTO KOHTYpAa XapaKTEPU3YIOTCS
PSAIOM BETUYHH:
a) XapakTepUCTUIECKOE COMPOTUBICHUE KOHTYpa (MIJIH BOJHOBOE)

L
P
DTa BEIWYMHA HUMEET PaSMEPHOCTL CONPOTUBJIICHHUA - BCIWMYHHY P MOXHO IIOJYYHUTH M3

ypasuenns U, _ |L .

I C

m

R R\C
JIoOpOTHOCTH KOHTYpa CIYKUT XapaKTEpPUCTUKON peaibHOTO KOHTYpa, koraa R #0).
[Ipu pe3onance AOOPOTHOCTh KOHTYpa paBHA  OTHOIIECHUIO HANpSHKEHUS HAa EMKOCTH WIH
MHJYKTUBHOCTHU K HAIIPSDKEHUIO HA aKTUBHOM CONPOTHUBIICHUH.

0) 1oO6poTHOCTH MOCIEN0BATEIFHOTO KOHTYPA 0= P _ 1 |L

X _Up w g Xe_Ue

0
R U, R U,

J1oOpOTHOCTH pagOTEXHUYECKUX KOHTYPOB 00bI4HO cocTaBisieT 5S0-200.
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B) 3aTyXxaHHe KOHTYpa  — l
4.11 Pe3oHaHC TOKOB
Pe3oHancoM TOKOB B IIENM € MapajljieIbHO COEAMHEHHBIMH WHIYKTUBHOCTBIO U EMKOCTBIO

Ha3bIBAETCS PEKUM, NPH KOTOPOM TOK B HEPA3BETBICHHOM YYacTKEe IEMH M HaNpsDKEHUE,
MIPUIJIOKEHHOE K ATOM IIeTH, COBIAIA0T 1o (ase.

e
Roep ‘ I] ; 12
L C
O I
U
R 1 R2
Y

Pucynoxk 4.7 — cxema ¢ mapasuienbHbIM BKiroueHuem L u C

Ha pucynke 4,7 npuBeneHa cxema ¢ MapauielbHbIM BKItoueHueM L u C, B KOTOpOWH
BO3MOKEH PE30HAaHC TOKOB. Pe3uctopel R; u R; B WACAIBHOM Cilydae MOTYT OTCYTCTBOBATb,
OJIHAKO B peaJibHbIX pacuerax OHM 0003HAYAIOT MOTEPHU IHEPIMH B EMKOCTHOM M MHAYKTUBHOM
aneMeHTe. R,,, BKJIIOYAIOT ISl UCKIIOYEHUS NIeperpy3Ku UCTOUYHUKA TUTAHMS.

3akoH Oma Juisl HapajulesIbHOTO COEJUHEHMsS] aKTHBHOIO COINPOTUBIIEHUS, E€MKOCTH,
WHIYKTUBHOCTH B OOIIIEM Cllydae BhIpaxkaeTcs: (hOpMyIoi:

[=yU=U+g*+(b,~b,) -

I7ZI€ g - aKTUBHAs IPOBOJAUMOCTB;

by v b, - peakTUBHbIE IPOBOUMOCTH, UHAYKTUBHAS U EMKOCTHAsI COOTBETCTBEHHO.

VYron cnpura (a3 MexIy TOKOM B HEpa3BETBICHHOM dYacTh Lenu | M IpuiioKeHHbIM
HaIlpsHKEHUEM paBeH

Q= arctgibc —b,
g
Ecom by = b, , uenp Oynmer Bectn cebs Tak, Oy/ATO OHA COJEPKHUT TOJHKO AKTUBHOE
comnpoTuBiieHUE. B 3TOM cinyyae B Hepa3BETBICHHOW YacTu Lienu ToK / OyneT coBnaaath 1o ¢ase ¢
MIPWJIOKEHHBIM K KOHTYpPY HampsbkeHueM, ¢ = 0, cosp = 1. Takoe COCTOSIHME LIeNM Ha3bIBaeTCs
PE30HAHCOM TOKOB.
Pe3oHaHcHas yacToTa KOHTYpa OINpeAesseTcs CaeAyoIM 00pa3oM

b = X, _ oL
PORI+X] RP+(wL)
1
_ X. _ C
bc _R2+CX2 - 1 2
20 R —
wC

T.k. mpu pe3onance
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Orcrona

IIpr ManbIX 3HAYEHUSAX AKTHBHBIX COIPOTHBIEHMHA R; W R, BBIpaXeHUE A fpes A
MOCJIEI0BATEIILHOTO KOJIE0ATEIbHOTO KOHTYpPa

BekropHas auarpamma nenu Juid ciaydasi, korga be=b; moka3zaHa Ha pucyHke 4.8a (3HaueHus
BCJINYUH B3ATHI HpOI/I3BOJ'H)HO).

J
_ T,1e,1, I
S C
1. " \ A
P2 I U \ o 4
= f
01 _ \ I N1eIe-T
I ; ‘
II \&5 ) / I g
)/ a) ‘speh 6)

Pucynoxk 4.8 — BekTOopHas quarpaMMa M pe30HaHCHBIE KPUBBIE IIeNH C mapauienbHbiMu L C

OOuuii peakTUBHBIA TOK, PaBHBIM Pa3HOCTU PEAKTHBHBIX TOKOB BETBEW, IpPU PE30OHAHCE
ToKOB paBeH 0. OOmuil TOK Henu UMEET TOJIbKO aKTUBHYIO COCTaBJISIOLIYIO0, TAKUM 00pazoM, €ro
BEJIMYMHA B MOMEHT PE30HAHCAa UMEET HAUMEHbIIEE 3HaUYeHne. B uaeansHoM citydae, eciiu R; = R;
= (), pe30HaHC TOKOB YKBUBAJICHTEH PA3MBIKAHUIO LIETIH.

CpoiicTBa MNapajuIEILHOTO  KOJIEOATEILHOTO  KOHTYpa  XapakKTepU3yloTCsl TEMU  Ke
BEJIMYMHAMH, YTO U MOCJIEIOBATENIbHBIN KOJIeOaTeNbHbIN KOHTYP.

HoOpotHocts Q = p / R 118 mapamiensHOro KOHTypa paBHA OTHOILIEHUIO TOKa B
VHJYKTUBHOCTH /; WIA €MKOCTH /. K TOKY B HEPA3BETBICHHON YaCTH LIENH [IPU PE30HAHCE
Ie _1I

o=

Pe3onancHeie KpuBbIE UIsI TApaJICIBHOTO KOJEOATEIBPHOTO KOHTypa IIOKa3aHbl Ha
pucynke 4.86 (R=0).

Pe3onanc TOkOB B OTIMUME OT pPE30HAHCA HANPSHKEHUM HE SBIACTCS OIMACHBIM IS
ANEKTPUYECKUX YCTAHOBOK, MOCKOJIBKY B PEATHHBIX YCIOBHUSX PEAKTHUBHBIC MPOBOJAUMOCTH PEIKO
OBLIBAIOT BLICOKHMH.

SBneHus pe3oHaHCAa HAMPSKEHUH W TOKOB IIMPOKO  HMCIOJB3YIOTCS B TEXHHKE CBS3H,
ABTOMAaTHKE M TeJIEMEXaHUKE, [T YITYUYIICHUS COS( B TPOMBIIIUICHHBIX YCTAaHOBKAX.

[TyTem HACTpOMKHK KOJIEOATEIIPHOTO KOHTYpa B PE30HAHC C YaCTOTOM MEepe1aBaéMOro CUTrHasIa
MO>KHO BBIJICJIMTH ITOJIE3HBIM CUTHAJL
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4.12 Ilpumep 3a1a4M N0 pacyeTy Leneil MepeMeHHOr0 TOKa

IIpu pacuere neneil mepeMeHHOro TOKa HaubOojee YHAOOHBIM SIBISETCS KOMIUIEKCHBIN

(CI/IMBOJ’IBHBII)'I) MCTOA pacd€Ta, MMOCKOJIbKY IIpHU €ro NMpuMEHCHUH MOXHO PaCCYHUTHIBATH LCIIb, KAK
IIpH TOCTOSIHHOM TOKE.

Beimie 66110 000CHOBaHO MPUMEHEHUE KOMITIIEKCHOTO MeToa. CobepeM 0CHOBHOM MaTepHal

B TaOIHILy.

Tabmuma 4.1. IlpencraBieHue BeTUYUH B KOMIJIEKCHOM BHJIE

cTounnk MrHoBeHHOe Kommiekcnoe Yenosnoe
3HayeHHe 3HayeHue uzobpaxenue
BIC | e=E,sin(wt+v,) | B=Znew | B
V2
o Tapamep Kommexcrnoe Kommiekcnas
COTPOTHUBJIEIHE IIPOBOJIMMOCTD
PesuctuBHbIi R R % =G
WHpykTHBHBI L L = jX; L = —jB,
JwL Y
EMKocTHDIH C — = X wC = jB,
wC IAe M JB¢

HeobxomumMo 1OT4epKHYTS,
MOMOIIBIO BEKTOPHBIX JHarpamm

Ha pucyHke 4.9.

YTO pacyeTbl C IOMOINBI KOMIUIEKCHOTO METOJa WIH C
BO3MOJKHBI JIMIIb B TOM ClIy4ae, KOrja B LENU JEHCTBYIOT
uctounuku OJIC uiam TOKa OAMHAKOBOM 4acTOThl. DaKTHUYECKHU JaHHBIE METOJIbl OTCIEKHUBAIOT
JUIIb (pa3bl ¥ HE B COCTOSIHUU ONIEPUPOBATH C UCTOYHUKAMU Pa3HbIX YacTOT.

Jliig mpumepa mpoBeeM pacdeT Lenu ¢ oJHUM ucrounukoM DJIC, cxema KOTopoii mpHUBeIeHa

Pucynok 4.9 —snexrpuueckas Leb IEPEMEHHOI0 TOKa

Hano E=50B, F=50y, C;=100mk®, Ly=15mIn; L3= SmlH;
R;=10 Om; R>=4 Om; R3=100 Om.

Haitu:

1. COHpOTI/IBJ'IeHI/Ie OEIn B KOMIIJIEKCHOM BHIC

2. Toxu B nenu
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3. HanpsixkeHue Ha BoJibTMETpE
4. AKTUBHYIO, pEAKTHBHYIO H ITOJIHYIO MOIITHOCTH

Jlnis pelieHus 3ajauy CXeMY pas/ieIMM Ha TPU BETBH, KaK MOKa3aHo Ha pucyHke 4.10

(7
\/
i —— 7 Z3
. ‘jg—»lé
U
V4,

Pucynoxk 4.10 — s5xBUBaJIeHTHas cxeMa Lenu

[TockonbKy CONPOTHUBIICHUS IOCIIEIOBATEILHO COEAUHEHHBIX 3JIEMEHTOB CKJIAJbIBAIOTCS,
MOJIy4aeM:

Z,=R+- 1  Zy=Ry+jol,, Z;=R+joL,

o JjoC
JUis TONy4eHUs UUCIEHHBIX MMEET CMBICI HCIIOJIb30BaTh MaTeMAaTUYeCKUEe IPOrpaMMHBIE
npoykThl. HeoOXxoammo Takke yuecTb, YTO B 33JaHUSX BEIMUMHBI 4aCTO JAIOTCS C pa3MEPHOCTHIO
MK®, MTH, To ectb 10° ® 1 10° I'n. IToxcraBuB 3HAYCHHS C y4eToM w=27f, IoJiydaeM

2:=10-31.83j;, Z,=4+4.71j; Z;=100+1.57]
OO111ee conpoTrBIIEHUE LIETTH OYAET paBHO

ZyZ; .
Z=7,+——=14.038-27.483;
— ZytZ4

OOmwmit TOK B 1[eNU BBIYHCISIETCS 10 3aKoHy OMa: I=1,=E/Z=0.737+1.443i
B3sB monynp uncna, nosydaeM TOK B 1enu [;=1.62A

Toxku 12 u 13 MOXHO NOJyYUTh HECKOJBKMMH CIHOCOOAMH, B TOM YHCJIE€ U IO 3aKOHaM
Kupxroga. C ydyeroM KOHKPETHOM CXEMbI, MUMEET CMBICI CHayaja HalTH HampsbKeHUEe Ha
BosibT™MeTpe. [lo BTopomy 3akony Kupxroda nomyyaem:

U:['Z] +V V:U_['Zl =-3.29749.03; - BoasT™merp mokaxer V=9.61 B.

OcTaBuyecs TOKU B OEIy MOXKHO OIIPCACINTE KaK:

i =" =0769+1352; i =" =-0.032+0.091;

Z, Z,
B3sB Momynb KOMIUIEKCHBIX uncen, noinyduM [,=1.555 A 13=0.096 A
Jns HaxoXIeHUsT AKTUBHOW, PEAaKTUBHOM U TOJHOM MOIIHOCTH LENU JOCTATOYHO
MEPEMHOKUTH B KOMIUIEKCHOM Buae S=F [=36.848+72.143].

3HauuT aKTUBHAas MolHOCTh P=36.848 Bt, peaktuBnas 0=72.143 Bap u nonnas S=81 BA
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5. Tpexdasubie 3JIeKTPUYECKUE Lenu

5.1 O0mme cBeeHus

Tpu B3auMHO cBsi3aHHBIE AeKkTpuueckue uenu ¢ 3/1C o1MHAKOBOI YacTOTHI M aMILTUTY/bI,
HO CIBHHYTHIE MO ¢a3e OJHA OTHOCHTEIBHO nIpyrod Ha 1/3 mepwoma Ha3piBaeTcs TpexdazHoi
CUCTEMOM NIEPEMEHHOIO TOKa.

VYyactok Tpex(a3sHOW CHCTEMbI, IO KOTOPOMY MPOTEKAeT OJMHAKOBBIM TOK, Ha3bIBAETCS
(hazoii.

TpexdazHas 1enb COCTOUT U3 Tpex(a3zHOTO TIeHepaTopa, COEAMHHUTEIbHBIX IMPOBOJOB U
MIPUEMHHUKOB WJIM HArpy3KH, KOTOPbIE€ MOTYT ObITh OJTHO(PA3HBIMU U TpeX(pa3HbIMU.

MrHoBeHHbIe 3HaueHus AecTByrouux 3HaueHui 3/{C uMeroT cieayonuil Bu:

e,=F smot, e, =FE sin(wt—120"), e, =E, sin(wt —240")

OTcroaa BUJIHO, YTO CyMMa 3JIEKTPOJIBMXKYIUX CHUJI CHMMETPUYHOMN Tpex(a3HOU CUCTEMBI B
0001 MOMEHT BPEMEHU paBHA HYJIIO.

Ecnu xoHuBI Tpex OOMOTOK COEAMHHMTh B OJUH Yy3€J, a Hadajga OyAyT CIyXHUTb IS
MOJAKIIIOUEHUSI HAarpy3Ku, TO TaKOW BUJ COEIMHEHUs HA3bIBAIOT COEAMHEHUS OOMOTOK IreHepaTtopa
3Be310ii. [Ipu 3TOM Tpu OOpaTHBIX MPOBOJA CIMBAIOTCS B OJIMH, HA3bIBAEMBIM HYJIEBBIM HJIH
HEUTPAIbHBIM.

Iy

A la,
EaT lﬂa . ﬁa Za
Iy Z l

N(X,Y,Z) e N'

Ey ' Zee Z.

C /UC UCT TUEW

— Ts
I

Pucynok 5.1 - TpexdasHnas nenb, coeAMHEHHAs 3B€3/101

[Ipu Takom cnocobe coearHeHusT HanPsHKEHUE MKy KXo (a30i U HYJIEBBIM MMPOBOJAOM
Ha3bIBalOT (asHbIM HanpsikenueM. Hampspkenune mexnay ¢dazamu A-B, B-C, C-A nHaszpiBaiorT
JINHEIHBIM HaNpPsKeHUeM.

CooTHoIIEHHE MEX1y HATIPSKEHUSIMHI UMEET CIIEIYIONYI0 (POpMYILy:

U — Uﬂ

/4
V3
Buu3y mnpencraBieHa BeKTOpHass auarpamMma  (asHbIX U JIMHEMHBIX  HANpsDKEHUN
CUMMETPUYHOTO UCTOYHHUKA.
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Pucynoxk 5.2 - BektopHas quarpamma (Ga3HbIX U JIUHEHHBIX HAPSKEHUM

Ecnu coennunTh KOHEII MepBO 0OMOTKH C HA4aJioOM BTOPOM, KOHEIl BTOPOU — C HaYajIoM
TpPEThEN, KOHEIl TPEThEN — C HaYaJIOM IIEPBOM, TO ITOJIyYHM COE€IMHEHHE TPEYroabHUKOM. [Ipu aToMm
Y3JIbl COEIMHEHHUSI SIBISIOTCS OTBOJAAMM.

o

Ziah

Pucynok 5.3 - cxema coeIMHEHHUsI TPEYTrOJIbHUKOM

[Ipy TakoM COeAMHEHHUU HET pa3inyus MexAay (asHbIM M JUHEHHBIM COEAMHEHHEM. 37eCh
MOSIBJISIETCSI pa3iinuue Mexay (pasHbIMU U TMHEHMHBIMU TOKaMU IPUEMHHUKA.
CootHouieHne Mexay (pasHbIMU U JTUHEHMHBIMU TOKAMU UMEET CIAEAYIOUIYI0 (popmyy:

I — Ifl

/4
V3
Buusy mnpencraBieHa BekTOpHas AuarpamMma (a3HbIX U JIMHEWHBIX TOKOB CUMMETPUYHOIO
HMCTOYHHUKA

. — i a
Ues Tea Ic Tpe
Pucynok 5.4 - BekropHas quarpaMma (GasHbIX U JIMHEHHBIX TOKOB

AXTUBHAsI MOIITHOCTh TpeX(a3HOTO reHepaTopa paBHa CyMME aKTUBHBIX MOIIHOCTEH BCEX

¢bas:
P=R+P+P=1,U,;cos¢ +1,,U,,cosp, +1,U,; cose,

[Ipu cuMMeTpuYHON Harpys3Ke:
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P=31,U,cosp,

J

N

Korzma nens coennuena 3se3gon U b= , ¥ lo= |1, KOrja 1ens coeamHeHa TpeyronbHUKOM,

Ur=Upnl, = L .
V3

Eciu B ¢dopmynax 3ameHUTb (Da3Hble BEIMYMHBI JIMHEWHBIMH, IOMY4UM BbIPEKEHWS ANs
MOLLHOCTH:

P=31,U,cosp = \/glﬂUﬂ cosQ

HNannast ¢opMmyna npumMeHuMa Uil Tpex(asHbIX CUMMETPUYHBIX Leneid unu Ans NOuTH
CUMMETPUYHBIX.

PeakTuBHYI0 MOIITHOCTB CO3/AI0T KOJIEOAHUSI SHEPTUHU AIEKTPOMArHUTHBIX noJiel nenu. Ecnu
MpPOTEKAIIIUe KojeOaHUs NIPOUCXOAIT OJMHAKOBO BO BceX (hazax Tpexda3zHOMl CHCTEMBI,
peaKTUBHAsA MOILIHOCTb 3TOM CHCTEMBbI OIPEEIIAETCS] COOTHOLUIEHUEM (Da3HBIX BEIUYUH:

0 =31,U,sing =~31,U, sing

Tpexda3zuble nenu 06JaAa0T CASAYIOIINMMI NPeUMYyIIeCTBAMM:

- DKOHOMUYHOCTh NEepeAayy JIEKTPOIHEPIUH HA 3HAUYUTENbHbIE PACCTOSHUS U3-32 MEHbIIEH
MaTepUaJo€MKOCTH CHUJIOBBIX KaOesiel, Tak Kak MpU OJUHAKOBOW MOTpeOIsieMONd MOIIHOCTH
CHIDKAIOTCS TOKU B (pazax (110 CpaBHEHUIO ¢ 0AHO(DA3HBIMU LIETISIMHU).

e MeHb11ast MaTepUAIOEMKOCTD 3-(pa3HbIX TPaHCHOPMATOPOB.

¢ VYpPaBHOBELIEHHOCTb CHUCTEMBI. DTO CBOMCTBO SBJIAETCS OJHUM W3 BAOXHEHIIUX, TaK Kak B
HEYpaBHOBEUICHHON CHUCTEME BO3HMKAaeT HEpaBHOMEpHAs MEXaHU4YecKas Harpyska Ha
SHEProreHepUPYIOILYI0 YCTAHOBKY, YTO 3HAUUTEIBHO CHIKAET CPOK €€ CIIYKOBI.

e BO03MOXHOCTh HIPOCTOrO MOJYYEHHS] KpPYrOBOI'O BpAIAIOUIErOCs MAarHUTHOIO IOJIf,
HEOOXOIUMOTO Ui paboThl  AJIEKTPUYECKOTO  JBUTATENsl W psAa  JIPYrux
ANEKTPOTEXHUYECKUX yCTpoucTB. JIBuraremn 3-¢a3zHoro Toka (aCHHXPOHHBIE W
CUHXPOHHBIE) YCTPOEHBI MIPOIIIE, YEM JIBUTATENIM IOCTOSTHHOTO TOKA, OJTHO- WK 2-(ha3Hble, U
HUMEIOT BBICOKHE MTOKa3aTeId IKOHOMUYHOCTH.

e Bo03MOXHOCTh MOJy4YeHHs B OJAHOW YCTaHOBKE JABYX pabO4MX HaNpsLDKEeHUH — (a3HOro U
JIMHEIHOT0, ¥ IBYX YPOBHEN MOIIHOCTH IIPU COEMHEHNUHN HA «3BE3Y» WU «TPEYrOJbHUK.

bnaronaps stum npeumyiecTBam, Tpéx@asHble CUCTEMbI HanbOJIee pacIPOCTPAHEHBI B
COBPEMEHHOM IEKTPOIHEPTETHKE.

5.2 Pacuer Tpex¢a3HbIX Henei

[Ipu pacuere uemnel, B KOTOPbIX TpexdaszHas HaArpy3ka CHUMMETpUYHA WIM OJM3Ka K
CUMMETPUYHOM, pacyeT TOKOB U YaCTUYHbBIX HAINPSLDKEHUN BBIMOIHSIOT 715 OJTHOU (ba3bl.

Hecummerpuunass Harpy3ka HaumOoJjiee 4YacTO paccMaTpUBAaeTCsl Kak  COEAMHEHHE
noTpebuTenel 3Be310i 06e3 HylIeBOro MpoBOJa WM C HYJIEBBIM IPoBOAOM (puc. 5.5), KOTOpPHIH
o0nazaeT HEKOTOPHIM CONPOTHUBIIEHUEM zj. llpu 3amaHuu JMHENHHOTO HampshkeHus Harpysku U,
MOXKHO K JJaHHOU cxeme J00aBUTh BOOOpaxaeMblil Tpex(da3Hbli HICTOYHHUK, KOTOPBIM COETMHEH IO
cxeMme «3Be3zia». B urore ucxoaHas cxema MMEET JBE HYJIEBble TOUKU: TreHepaTopa O U Harpy3ku
O', KOTOpBIE TIPEACTABIISIIOT COOOM JIBA y3J1a CXEMBI.
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Pucynox 5.5 - HecummeTpuuHast Harpys3ka

I/ICXOIISI M3 OTOI0 IpH pacucTax CICAYCT UCII0JIb30BaTh METO/J Y3JIOBOT'O HAIIPSAKCHHA. B stom
ciydya€ IIPOBOJAMMOCTH  IIOCTOAHHOIO TOKa 3aMCHAIOTCA  KOMINIICKCHBIMHM  BCJIIMUWHAMU,

COOTBETCTBYIOILIUMHU
MOJIHBIM TPOBOJUMOCTSM IepeMeHHoro Toka Y = 1 / Z. Tlpu 3TOM MOCTOSIHHBIE 3. . C. U

TOKH 3aMCHAIOTCS HAa KOMIIJICKCHBIC BBIPAXKCHUSA COOTBCTCTBYIOIIUX INEPEMCHHBIX HaprDKeHI/II\/’I n

TOKOB.
[lpu sTOM B KayecTBE Y3JOBOTO HANpsOHKCHUS NpUHUMaeTcs HampspkeHue Uo Mexmy

HyJeBbIMU ToukaMu rereparopa (O) u Harpyskoii (O").
_UY,+U,Y, +U.Y,
¥ +Xp +Xs
Eciu yd4ecTb COOTHOIIEHHE MEKIy JTUHCHHBIME U (ha3HBIMU HAIPSDKCHUSIMH U CIBHTH (a3
MEK/Ty JINHEHHBIMU HATPSDKCHUSMU TPeX(ha3HOH [enH, MOTyIaeM:

Uy=Uy;

Uy

2r 1 \/g

U, :U(bc;z:U(bejT =Uy|l—=+j—

Takum obpasom, popmMyna NnpUMeT BUA;:
_ Y, +a’Y,+aY,
- ¢ .

Y, +Y, +Y.+7,

[IpumeHsist METOJT y3JI0BbIX MOTEHIMAJIOB, MOJIY4aeM BhIpaKeHUE JUIsl (a3HbIX HANPSLDKEHUN U

U,

TOKOB Harpy3KI/I:
UAH = UA _UO; UBH :UB _UO; UCH =
IA:((]A_UO)YA; IB:((]B_UO)YB Ic:@c_Uo Ve

HyneBoii Tok onpenenuTcs: BoIpaKEHUEM:

I,=-U,Y,.
Ha pucynke 5.6 mokazaHa BEKTOpHas auarpamMma JaHHOW cuTyauud. M3 HylIeBOWl TOYKH
CTPOSIT TPU BEKTOpa (ha3HBIX HANIPSHKEHUH, TI0 HUM CTPOSTCS JIMHEHHbBIC HAITPSHKCHHUS.
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Pucynok 5.6 — Cmerienue HelTpanu

Ecnu HyneBoi nmpoBoJ OTCYTCTBYET, (ha3Hble HANPSKEHUSI Harpy30K He OyAyT CBSA3aHHBIMU C
(a3HbBIMU HaNpPSDKEHUSMU T'e€HepaTopa, NOTOMY YTO Ha Harpy3Ky ACHCTBYIOT TOJBKO JIMHEHHBIE
HaIlpsDKEHUs TreHeparopa. B 3ToMm cilydae 3a cyeT HECUMMMETPUYHOCTH HAarpy3Kd BO3HHUKAKOT
HECUMMETPUYHOCTh €€ (a3HbIX HaNpsDKEHUH W CMEIIeHHE HYJIEBOM TOYKHM OT LIEHTpa

TPEYroJIbHUKA JJMHEHHBIX HAIIPSKCHUH.

B mpocrefimem ciydae, xkorna BCs Harpyska, mpuueM JBe HU3 Tpex (a3 MMEIT paBHbBIC
MIPOBOJIUMOCTHU gp = gc = g U g4, PaBHA OT HYJS 10 OECKOHEYHOCTH PEKUMBI (ha3bl IEPEXOIIT U3
peKuMa X0JIOCTOTO X0Ja K PEKUMY KOPOTKOTO 3aMbIKaHus. BBeneM 0003HaueHMeE:

n=g4/g
[Ipu 5TOM BBIpaXKE€HUE IPUMET BUJL:

: (n+az+a)g_ - n—1

U, =U U :
’ 4 m-2) “n+2
OTKYJa IIOJIydacM:
| 1
Uo = L A 7;
1+—

n
Ecnu g4 u3mensiercs ot Hyns 10 6eckoHeuyHOCTH, Uy MpUHUMAET JeHCTBUTENIbHbIE 3HAUCHNUS,
[IO3TOMY HAIpsDKEHUE CMEIEHUs HeiTpanu coBmajgaer no (asze ¢ Ua. I'eomerpuueckoe Mecto
tTouku ' Ha AUArpaMMe SIBIISCTCS MEPICHANKYISIPOM, ONYIICHHBIM U3 BEPIIUHBI 4 TPEYroJbHUKA

Ha IPOTHUBOJIEXKAIYI0 cTOpoHy. Hampumep, npu xosoctom xozae das3sl A
o . 1
U, =U,| ——

2

[Ipu 3TOM HanpsiKeHUs] HArpy3KHU OyIyT ONPENEIATHCS BRIPAKCHUSIMU:
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2
Ug =Upg=U, =Uj, at+ 2 =-J ; ;
: - L1 Uu, U,
L'T ;= (J'T - L"T - L"T~ 6‘? +— |= ‘\/g ° — j ¢ .
ci c 0 6 > J 3 7 5

Korpaa conpotuBienus (a3 paznuyaroTcs 0 XapakTepy, HallpaBJI€HUE CMEIIeHUs] HeWTpaiu
OIpeIeNsIeTCs MOCIE0BATEIBHOCTBIO (Da3 CUCTEMBI.

47



6. Tpancpopmaropsbi
6.1 O0mme cBegeHus

TpancpopmaTopoM Ha3bIBaeTcs CTaTHUHBIM (T.e. 0€3 JBMXKYIIMXCA dYacTeil) mnpuoop,
IpeHa3HAYeHHBIN Yalle BCero JUisl MpeoOpa3oBaHUs OJHOTO IEPEMEHHOTO HAIPSLKEHUsS B JIpyroe
HapPSHKEHUE TOW e YaCTOTBI.

TpancdopmaTop cOCTOMT U3 JABYX WK Oojiee OOMOTOK, KOTOpPbIE CBA3aHbl MEXIY COOOM
yepe3 OO MarHUTHBIA MOTOK. OOMOTKHM H30JMpOBaHbl JAPYr OT Jpyra (3a HCKIIOUYEHUEM
aBTOTpaHchopMaTopoB). MarHuTHAsE CBSI3b YCUIIMBAETCS 3a CUET CEP/ICUHHUKA, KOTOPBIM COCTOUT U3
JIUCTOB ANMEKTPOTEXHUYECKOH cTamm (6.1).

1

U i, H

| 2 Wy ——p

g1 ’

Pucynox 6.1 — Tpancdopmarop

O6MoTKY TpaHchopmaropa, KOTOpash COCIUHSETCS C HCTOYHHUKOM OHHEPTUU, HA3BIBAIOT
nepBu4HON. OOMOTKY, OTIAIOUIYIO AJIEKTPOIHEPIHIO, a TAKKE€ BEJIMYUHBI, KOTOPbIE OTHOCSTCS K
Hel, Ha3bIBAIOT BTOPUYHBIMU. COOTBETCTBEHHO BCE€ BEJIMYMHBI, XapaKTEPU3YIOLIUE IMEPBUUYHYIO
00MOTKY, 0003Ha4arOT UHAEKCaMHU 1, a BTOPUYHYIO — HUHIEKCOM 2.

Tpancopmatopsl Moryr ObITh oAHO(a3HBIM WM TpexdaszHbiM. s TpexdazHoro
TpaHcpopMaTopa NEPBUYHON WM BTOPUYHOW OOMOTKOM Ha3bIBAIOT TPU (pa3Hble OOMOTKU OJIHOTO
HanpspkeHusd. [o criocoOy oxnaxkaeHus: TpaHc(hOpMaTOpbl MOTYT ObITh CYXMMH WJIM MacCJITHBIMHU.

HluTox TpaHcpopmaTopa COIEPKUT UH(POPMALMIO O €r0 HOMHMHAJIBHBIX HANPSDKEHUAX —
BBICIIMX M HU3IIMX, HOMUHAJIbHON U TOJHOW MOIHOCTH, JIMHEHHBIX TOKaX, 4acTtoTe, yucie a3,
cXeMe W TpymIe coeAuHeHud u 1p. B ciywae, xorga nepBuuHOoe HanpspkeHue Ui MeHblie
BropuyHoro U-, tpanchopmatop Has3piBaroT mnoBbimaromum, eciu Ui > U, ero HasbiBaloT
MOHIKaIMKM. {1 TpancpopmaTopa OTHOUIEHHE aMIUIMTYIHBIX, MTHOBEHHBIX U JEHCTBYIOIIMX
3HAYEHUH 3. JI. C. COOTBETCTBYET OTHOIIIEHUIO KOJMYECTB BUTKOB 0OMOTOK TpaHCchopMaTopa:

a_o
€, w,
Elm El _ (Dl _k
== 125
EEm EE ('02

ki> Ha3pIBaroT K03 duIeHTOM TpaHCcHOPMAIUH.

CymecTByeT HECKOJIBKO BHIOB HOTEph B TpaHchopmarope. YacTp MOJE3HOM MOITHOCTH
TPAaTUTCS Ha HarpeB OOMOTOK, TaK KaK MX COMPOTHBIICHHE HE PaBHO HyI0. CyIIECTBYIOT TaKxkKe
MOTEPH B CEpJICYHUKE, CBSI3aHHBIC C 3aTpaTaMH SHEPrHH Ha NepeMarHUYMBaHUE, HA PACCCHBAHHE
MarHWTHOTO TIOJSl W BUXpPEBbIe TOKH. HecMOTpsi Ha OOJBIIOE KOJIMYECTBO BHJOB IOTEPH,
K03 (ULMEHT NOJIE3HOTO IeHCTBUS TpaHcpopMaTopa 04eHb BBICOK U cocTaBiisieT 98-99.5%.
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6.2 XoJocToit xoa Tpancopmaropa

X0JIOCTBIM XOJIOM Ha3bIBAE€TCS TAKOW PEXHUM TpaHCPOopMaTopa, IpU KOTOPOM K 3aKMMaM €ro
MEPBUYHON OOMOTKM TOJKIIOYEHO NMEPEMEHHOE HAIpsKEHHE, a BTOpUYHasi 0OMOTKAa pa30MKHYTA.
CxeMa X0JIOCTOr0 X0/ TIOKa3aHa Ha PUCYHKe 6.2.

OTOT peXUM MPUMEHSIETCS NPU UCIIBITAHUU TOTOBOTO TpaHchopmaropa. [Ipu xonoctom xone
nepBuYHOe Hanpspkenue Ui cosmaercs TOkOM X00CToro xojna /o, KOTOPBIA CO31aeT MarHUTHBIH
0ToK @ = ®msinwf. BMecTe ¢ TeM NPOUCXOAUT YACTUYHOE PACCESIHUE MAarHUTHOTO NMOTOKA D).

Ha BektopHoii mgmarpamMme TpaHcpopMaropa TPH XOJOCTOM XOJE€ H300paKkaroTCs
COOTHOIIEHUS, MOJAOOHBIE COOTHOIIEHMSIM B KAaTyIIKE CO CTaJbHbIM CEpJACYHHUKOM, T. €. OHa
MTOBTOPSIET BEKTOPHYIO IUarpaMMy KaTyLIKH.

L7y Lo/xy

Pucynoxk 6.2 — Xosocroit xoa Tpanchopmartopa

[TocTpoenne ee HauMHAIOT C BEKTOpa @m MarHUTHOTO TOTOKA cepaeyHuKa. ToK X0JI0CTOTO
xoxa [0 ormepekaeT BEKTOp MOTOKAa Ha yroJl MarHMUTHOTO 3amasasiBanus. [lox IPSAMBIM YIJIOM K

BEKTOPY @m B CTOPOHY OTCTAaBAHMS OTKJIAAbIBAEM JiBa BeKTOpa £; u E,. K BekTopy E npubaBisieM
BEKTOP IIOE KOTODPBIM HANPAaBIICH M1APAUIEIBHO Ilo ,a TaKKe I 10JX; » KOTOPBII OIIEPEIKAET Ilo Ha

m/2. 3aMbIKaeTcs MPSIMOYIOJIbHBIN TPEYrOJbHUK BHYTPEHHETO MAaJCHHUS HAINpPSKEHHS, KaTeTaMu
KOTOPOTO SIBJISIFOTCSI BEKTOPbl AKTUBHOTO M PEAKTUBHOIO NaJCHUS HANPSDKEHUS Ha MEPBUYHOMN
00MOTKE, BEKTOPOM II0JIHOI'O BHYTPEHHETO Na/ICHUsI HApsDKEHUs: B 0OMOTKe — ;7).
1o ombITy X0JIOCTOTO X0J1a MOKHO BBIYMCIUTH KO3(PPUIMEHT TpaHCHOpMAILIIH:
o £ U,
k,=—=—"=—-.
oo, By Uy
Mo1HOCTb, KOTOpasi moTpedsieTcss TpaHCPOPMATOPOM IPU XOJOCTOM XOJ€E, TPATUTCS Ha
IOTEpPH B CEPACUHNKE M NOTEPH B MPOBOIAX TOIHKO MEPBHYHON 0OMOTKH i’ ;oR ;. IIpi 3TOM mouTH
BCE NOTEPU CBOJATCS K MOTEPSIM B CTajM, MO3TOMY OIbBIT XOJIOCTOIO XOJa MPUMEHSETCS IS
pacuera noTepb CTajld TpaHCHOopMaTOpa.
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6.3 IlocTpoeHne BEKTOPHBIX JUATPAMM HArPYy:KeHHOI0 TpaHcdopMarTopa

C noMoIpl0 BEKTOPHBIX JUarpaMM Harpy:KeHHOro TpaHcopmatopa (puc. 6.3) HariasaHo
IMOKa3bIBACTCA COOTHOMICHUC MMCPBUYHBIX U BTOPUYHBIX HaHpﬂﬁ(eHHﬁ, a TaK)XX€ TOKOB. ILI/IanaMMy
HAaYMHAIOT CTPOUTH C BCKTOPA I'NIABHOI'O MArHMTHOI'O IIOTOKaA CDm, IMOCJIC YCTO CTPOUTCA BCKTOP
TOKa X0JIOCTOr0 X0ja 10, KOTOPBI onepexaeT BeKTop @m Ha YroJl MArHUTHOTO 3ara3blBaHus O.
BexTop orcraer ot Bektopa Ha yroa 90°.

Pucynok 6.3 — quarpamma Harpy:>xeHHOTO TpaHchopmaTopa

Vron mexay DJAC E, m TOKOM BO BTOPUYHOH OOMOTKE [, ompeaensercs YCIOBHIMU
Harpy3Kku, KOTopas BKJIIOY€HAa BO BTOPHYHYIO Lielb. EciaM Harpy3ka HOCUT aKTUBHO-EMKOCTHBIN
XapakTep, 3TOT YroJl OIPEesieTCs] COOTHOLIEHUEM:

v, = arctg X2 X,
? R, +R

JUis mOCTpoeHUs1 BEKTOpa BTOPUYHOTO HampspkeHus U, w3 E, BBIUMTAIOT 00a MaJeHUs

n

HaNpsDKEHUST HAa KaKJIOM U3  CONPOTUBIICHUI i2 Jx, u isz. OO6pazyercs TPSIMOYTOJIBHBIN
TPEYroJIbHHK, KaTeTaMi KOTOPOTo siBIsiotcest 1,jx, u I,R,, a runotenysoit — Bektop 1,Z,. s
TOCTPOEHHS BEKTOPA BTOPMYHOTO HANpPSUKEHHA U, COENMHAIOT HAYaI0 KOOPIMHAT C HAYAJIOM
BekTopa 1,7, , yauteBas, uro U, = £, — 1,7, .

JIiist TIOCTPOEHMS BEKTOPA MEPBHYHOTO TOKA [, HAXOMAT BEKTOPHYIO CYyMMY TOKA XOJOCTOTO

X0J1a W MPUBEICHHOTO BTOPHYHOTO TOKa ['=—I, —=. BeKTOp MepBUYHOrO HAIPSDKEHUS CTPOUTCS
1

ucxons us cootHomenus U, =(—E))+I R, +1 jx,. B urore mnoysydeHHbI BEKTOP INEPBHYHOIO

omepexaer BEKTOp [, Ha yYroa ¢;; OpU 3TOM ¢@; > @ TaK KakK IpPOSBIACTCA BIHIHUC
HaMarHWYMBAIOIIETO TOKA U BHYTPEHHETO MHAYKTUBHOTO CONIPOTUBIICHUS TpaHchopmaTopa.

6.4 DxBuBajleHTHasA cxeMa TpaHcopMaTOpa U ee BeKTOPHasi AUarpaMmma

DOKBHUBaJIEHTHAas cxeMa TpaHchopmaropa — 3TO KOMOHMHAIMS CONPOTUBIICHHM, KOTOpas
noTpedssieT Ty XK€ MOIMHOCTh IPU TOM K€ TOKe W capure (a3 MpH BKIIOUYEHHH €€ BMECTO
Tpanchopmaropa. MoxxHO mpeoOpa3oBaTh CUCTEMY YpaBHEHUM TpaHCchopMaTopa TakuMm oOpazoM,
9YTO TapaMeTphl OKBUBAJICHTHOW CXEMBI MOXXHO OyIeT ONpeAeiuTh dYepe3 MapaMeTphl
Tpanchopmaropa:
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U =1z, +CE)=12 —k,E,:
E,=LR+U,=1,7,+1,7, .
Bo BTOpOM ypaBHeHuH, 3aMeHss [, = —k,1,", moTydaem:
U =12+ 1Lk, Z,+1'k,Z,
raek’,Z, =Z," ABNAETCA NPUBEICHHBIM MOJNHBIM BHYTPEHHUM CONPOTHBIEHHEM BTOPHYHOM

obMoTkM; k7, =Z,' - NPUBEIEHHBIM MOJHBIM COTPOTHUBIECHHUEM HArPY3KH, BKIIOYEHHOH BO

BTOPUYHYIO 0OMOTKY Tpanc(opmaropa.
Takum 00pa3om, oTy4aeM ypaBHEHHE, KOTOPOE SIBJISIETCS MEPBbIM YPAaBHEHUEM HaIPSHKEHUS

SKBUBAJICHTHOMN CXEMBI:

U1 =1 Z+1'2,+1',7" .

Ecmu ydects, yto 1u1s Tpancdopmaropa —E, = 1,,Z,, , Ipu IPUMEHEHUU 3TOTO BBIPAKEHUS K
IIEPBOMY YPAaBHEHUIO CHUCTEMBI MOXHO IIOJIY4YUTh BTOPOE€ YPABHEHUE HANPSDKEHUN U1
COCTaBJICHUS DKBUBAJICHTHOW CXEMBI:

Uy=1Z2+1,7,

TpeTbuM ypaBHEHHEM MOXKET CIIY’)KMTh YPABHEHHE MIEPBUYHOIO TOKA!

S .

1'=1,+1,.

[Ipu aHanu3e MOJIy4YEHHBIX YpaBHEHUH IOJIydaeM SKBHBAJICHTHYIO CXeMY TpaHcpopmaTopa,
KoTopas siBisiercs T-o0pasnoil. Ilpu 3Tom Z; 3ameHsieT nepBUYHYI0 OOMOTKY, Z'; — BTOPUYHYIO
0OMOTKY U Z;, SIBIs€TCA MarHUTHOW 1menbio. [Ipu sToM Z', 3aMeHseT Harpys3Ky, 3aMbIKAIOIIYIO

BTOPUYHYIO OOMOTKY (puc. 6.4). JlaHHO€ CONPOTUBIICHUE HAXOJUTCS BHE DKBUBAJICHTHOW CXEMBI
Tpanchopmaropa.

—-
| o | -~
T Z, 7 T
U ] le U

Pucynok 6.4 — DxBUBaJICHTHAs cCXeMa U BEKTOpHas Juarpamma Tpancopmaropa

BextopHas aumarpaMma SKBUBAJIEHTHOM cxembl (puc.6.4) oOTiaMYaeTcss OT AuarpamMMbl
TpaHcopMaTopa TE€M, YTO B HEHl BEKTOpPHl BTOPUYHBIX HAMNPSIKEHUH U TOKOB IMPHUBEAEHBI K
nepBuuHOM o0OMOTKe M cMmemeHbl Ha 180°. CrpouTh JaHHYIO [JuMarpaMMy HayWHAKOT C

Bektopa E, = E.'. IlpuBeneHHBIII BTOPUYHBIN TOK CTPOUTCS IIOL VIJIOM > K E, B CTOpOH
1 2 4 1 y

OTCTaBaHMA:

t x2'+ 1"
v, =arclg ———
R,'+R/'
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6.5 KopoTkoe 3ambikanue Tpancgopmaropa

PexxuM KOpOTKOTO 3aMbIKaHWs TpaHchopMmaropa XapaKTepU3yeTcss TEeM, YTO BTOPHYHAS
00MOTKa 3aMKHYTa HAaKOPOTKO HMJIM Ha OYCHb MaJioe CONMpOTUBIeHHE. OMBIT KOPOTKOTO 3aMBIKAaHUS
WCIIOJIL3YIOT JUTSl HAXOXKICHUS TTapaMeTpOB TpaHCPOopMaTopa: BHYTPEHHETO MaJICHUS HAMPSKCHHS,
MOTeph B TPOBOJHUKAX W T. M. [IpW MpPOBEICHHH 3TOTO OMBITA 3aKHUMBI BTOPUYHON OOMOTKH
TpaHcpopMaTopa HAKOPOTKO 3aMBIKAIOT M HANpPsHKEHUE HA TMEPBUYHON OOMOTKE 3HAYUTEIIBHO
MMOHMXKAIOT, TIPX 3TOM CHJIa TOKa /;; B IEPBUYHON 0OMOTKE paBHA HOMUHAILHOU. B e (puc. 6.5)
mMmepsrotes Uy, 1 Py Ilpy 5TOM B ONIBITE JOKHO BBITIOJIHATHCS:

E2k = jzzz

IIutanue 1 U] k

Pucynok 6.5 - Cxema onpITa KOPOTKOTO 3aMbIKaHUS

B ombiTe KOpOTKOro 3amblKaHHsl TOTEpsl B NIPOBOJAHMKAX OOMOTOK HE HW3MEHSETCs
OTHOCHUTENIbHO padoydero pexuma, U MOTepU CepACeYHHKA Majbl, T. €. IPU OIBITE KOPOTKOIO
3aMBIKaHUS BCSI MOIIHOCTb Pj; TpaTUTCS HA AJIEKTPUYECKHE MOTEpPH B IMPOBOJHHUKAX OOMOTOK

2 2
Tpanchopmaropa, T. €. Py = I'jR; + I';R.

W ecnu ydectb, YTO HAMAarHMYMBAIOIIMM TOKOM MOKHO IpeHeOpeub, To noisyyaeM [; = I,
T.€.

_ 72 12 _ 2 1y — 12

Pyu=IR,+1 2—11(R1+R2)—11R.

By

2

1
3aMblkaHus TpaHchopMaTopa. OHO ompenaensercss Mo pe3ylibTaTaM OIbITa U OPUEHTHUPOBOYHO
OTIpeJieIieT CONMPOTUBIIEHUE HArpy)kXeHHOro TpaHcpopmaTopa. s ompeneneHus: MUHUMAIbHBIX
pa3MepoB TpaHcpopmaTopa BbIOMpPAETCS IUIOTHOCTh TOKAa B NPOBOJHUKAX M HHAYKIHS B
CepJIeUHMKAaX BEJIUYMHBI, COOTBETCTBYIOLIEH IMpPH paboTe MpeAeabHO JOIMYCTUMOM TeMIlepaTypbl
HarpeBaHus. [logoOHOe HarpeBaHue U3MEHSET aKTUBHOE CONPOTHUBIIEHHE MPOBOJHUKOB OOMOTOK

TpaHcpopMmaTopa U MOTEPU B HUX.

s MOCJICOHETO BBIPAXKCHUA R= M HA3bIBACTCA AKTHUBHBIM COIIPOTHBICHUEM KOPOTKOI'O

6.6 OcodennocTH TpexgasHbIX TPaHCHOPMATOPOB

Jisg  Tpexda3HpIX TpaHCPOPMATOPOB MOXKHO TNPUMEHATh  (Popmysbl  0AHO(DA3HOTO
TpaHcpopmaTopa s Kaxaod uz das. Ilpu TpanchopmupoBanuu TpexdasHOW CHCTEMBI TOKOB
BO3MOYHO MCIOJIb30BaHKE TPaHC(HOPMATOPHOI TPyHIIbL, T.€. TpEX 0AHO(]A3HBIX TPaHCPOPMATOPOB,
KOTOpbIe pabOTaIOT KaK €IMHBIN arperar.

MOo3KHO Tak COeIMHUThH TPU TpaHCcPOopMaTOpa, YTOOBI MPU 3TOM CIKOHOMUTH MaTepual. Tpu
oaHo(dazubeix Tpanchopmartopa (puc. 6.6) coenuHseM B OAUH TPHUOOP, MPH 3TOM B CEPIACYHHKE
ocTalTcs 0€e3 HM3MEHEHUs YacTH, B KOTOpPhIX HaMOTaHa KaTyllKa, CBOOOJHBIE € 4YacTH
CEPJICYHUKOB COEAMHSIOTCS B o0mmii. B cpeaHeit yacTu o0Iiee MarHMTHOE TOJIE PaBHO HYJIIO,
[O3TOMY €€ MOXHO yOparb. CuUMMETpUUYHBIE CEpJACYHHUKH HEyIOOHbI B TPUMEHEHUU U
M3TOTOBJICHUH, TIO3TOMY 3aMEHSIOTCS APYTHUM MarHUTOMPOBOAOM (puc. 6.6r).

CummeTpudHOi Tpexda3HOW CHUCTEMOW TEpPBUYHBIX HANpsDKEHHWH TpaHchopmaTopa
BO30yXKJaeTcd B MAarHUTOINPOBOJE CHMMETpPUYHAs CHUCTEMa MAarHUTHBIX MOTOKOB. OpaHaKo
BCJIE/ICTBME€ HEPAaBEHCTBA MAarHUTHBIX CONPOTUBICHUM HAaMarHWYMBAIOLIME TOKH B OTIEIbHBIX
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¢azax He paBHbl. HO naHHas acuMMeTpusl AJii OCHOBHBIX COOTHOLIEHUI OOJBIIOTO 3HAYEHUS HE
umeeT. C pu3nueckoil TOUKU 3pEeHUs B KaX/Iblii MOMEHT IOTOK OJTHOTO CTEPKHS 3aMbIKAETCS Yepes
JIBa JIPYTUX CTEp)KHS MarturonpoBofa. s (a3HbIX HaOpsDKEHUH M TOKOB OTHOIICHMS ISt
oHO(a3HbIX TpaHCHOPMATOPOB MPUMEHUMBI U JUIS Tpex(a3HbIX. JTO HApyLIaeTcs TOJIbKO MpHU
HECMMMETPHYHOM Harpyske Tpex(dasHoro tpanchpopmaropa.

o, @, D
t
——-
t
— ? —p—
(DA <DB (D(

Pucynok. 6.7 - MarautHble IOTOKU B CEpACUHUKE

Tpexda3znpie rpynmnbl XapakTepU3yroTcsl OoJIbLIEH HAAEKHOCTBIO IPHU SKCIUTyaTalluH 110
CPaBHEHMIO C OAHO(A3HBIMU U MPU 3TOM 00J1aJJal0T MEHBIIMMU pa3MepamMu MpH TOH K€ MOILIHOCTH,
nmosTomy Oosiee ynooHsl. OOMOTKH Tpexda3zHoro TpaHchopmMaTopa MOTYT COCTUHATHCS MO CXEME
3Be3ga» Y WIH cXeMe «TpeyroiapHuk» A. bojee mpocTto W JEMIeBO COEOUHSATH OOMOTKH
TpanchopmarTopa 3Be310. [Ipr 3TOM 0OMOTKH M MIX WU3OJALMS MPH TIIYXOM 3a3€MJICHUHM HYJIEBOM
TOYKH JOJDKHBI OBITh paccuMTaHbl TOJBKO Ha (a3HOE HANpPSDKEHHWE W JIMHEHHBIH TOK. OTO
00BSACHSETCS TEM, YTO YUCIIO BUTKOB OOMOTKH TpaHc(opma Topa NpONOPIHOHATIBHO HAPSHKEHHUIO,
a TpH COCTUHEHUHW 3BE3JI0M TpeOyeTcs MEHbBIINEE KOJWYECTBA BHUTKOB, HO OOJIbIIeEe CEUYCHHE
MIPOBOJTHUKOB C M3O0JISAIMEH, KOTOpPBhIE pacCUYMTaHbl TOJIBKO Ha (ha3HOe HampspDkeHue. Takoe
COCIMHCHUE TPUMEHSACTCS IS TPaHCHOPMATOPOB Majol W cpeaHei momHoctu. CoeauHEHHUE
TPEYroJabLHUKOM 0oJiee y100HO mpu OOJIBIITNX TOKAX.
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7. DiieKTpUYeCKHe U3MepPEeHUA
7.1 U3mepuTeibHbIe NPUOOPHI ¥ METOAbI M3MepPeHUit

W3mepenueM Ha3bpIBaeTCsl CpaBHEHUE (U3UYECKON BEJIWYMHBI C IPUHATHIM 32 €IUHUILY
3HaueHueM uepe3 (u3MUecKuil SKcrepuMeHT. B o0mux ciydasx i Takoro CpaBHEHHS
U3MEPSIEMON BEJIIMYMHBI C MEPOM, KOTOpas HA3bIBACTCA BEUICCTBEHHBIM BOCIIPOU3BEIACHUEM
€IMHULIBI U3MEPEHHUsI, He0OXO0IMMO MPUMEHUTD ClIeUaNbHBINA IpUOOp cpaBHEeHUs. [ yripoleHus
nporecca U3MEpeHHsl MpUMeEHseTcs TpuOop HENOCPEACTBEHHOIO OTCUETa, KOTOPHIA MOKAa3bIBAaeT
YHUCJIEHHOE 3HAYeHHME H3MepseMON BeIUYMHb Ha ImKane uiau uudepdnare. Ilpu sToM He
MIPUMEHSETCS] Mepa, HO OHA YYUTHIBAJIACh IPU I'PaAyUPOBAHUU LIKAJIbl JAHHOTO Ipubopa.

[Io cnocoOy mnonydeHus pe3yjabTaTa W3MEpPEHUs HAa3bIBAIOT MNPSIMbIMU, KOCBEHHBIMHU U
COBOKYITHBIMH.

N3mepeHuss Ha3bIBAIOTCA MPSAMBIMH, €CIIA PE3YJIbTAThl H3MEPEHUM HENOCPEICTBEHHO
ONPENEAIOT 3HAYCHHE BEIMYNHBI.

N3mepenuss Ha3pIBalOTCS KOCBEHHBIMH, €CIM M3MEPSAEMYIO BEJIMYHMHY OIPEACIAIOT Yepe3
NpsIMbIE U3MEPEHMs] JpYyrux (U3MUECKUX BEJIMYUH, CBSI3aHHBIX C OIpeAesieMOl HU3BECTHOM
3aBUCUMOCTBIO. [IpyM KOCBEHHBIX M3MEPEHMSIX BEPOSITHO CHUKEHHWE TOYHOCTH II0 CPAaBHEHUIO C
TOYHOCTBIO NPU HPSIMOM HM3MEPEHUH, TaK KaK HAOJIIOJACTCsl CII0KEHHE MOrPELIHOCTEH MPsIMbIX
U3MEPEHUN BEJIUYMH, KOTOPBIE BXOJAT B PACUETHBIE YPABHECHHUS.

N3mepeHuss Ha3pIBalOTCSI COBOKYIHBIMHM, €CIM KOHEUYHBIM  pe3ylbTaT H3MEPEHUHI
OIIPENENAETCS U3 PE3YJIbTATOB HECKOJIBKUX I'PYI MPSMBIX WIM KOCBEHHBIX U3MEPEHUN OTIEIIBHBIX
BEJIMYMH, OT KOTOPBIX UCCIIelyeMasl BETMYMHA 3aBUCUT HEKOTOPHIM 00pazoM.

[To cnocoOy mpumeHeHHs: TpUOOPOB W MEp PA3IMYAIOT CJIEAYIOIIME OCHOBHBIE METO[IbI
M3MEpEHUs: METO]I HEMOCPEICTBEHHOTO U3MEPEHUs, HYI1eBOU U quddepeHInaabHbIMH.

Metoa HENMOCPEICTBEHHOIO M3MEPEHUsl XapaKTepU3yeTcs TE€M, 4TO U3MepsiemMas BeINYuHa
OTpeJeNsieTcss MyTeM HEMOCPEICTBEHHOr0 OTCUeTa MOKa3aHUs H3MEPHUTEIBHOro IMpudopa wiu
CpaBHEHMsI ¢ Mepoi wumeromelca ¢usnueckoil BenuyuHbl. llpu AaHHOM MeToe MpeaeIoM
TOYHOCTH M3MEPEHUsl CUUTAETCS TOYHOCTh M3MEPUTEIBHOrO MpuOOopa HEMOCPEICTBEHHOTO
oTcUerTa.

HyneBoit Mmeros 3akitodaercss B TOM, YTO 00pa3loBasi BEIUUYUHA PETYIUPYETCS U TOBOJUTCS
70 paBeHCTBa ¢ u3MepseMoil BenudyuHoi. [Ipu 3ToM M3MepuTeNnbHbIM Npubop, KOTOPBIN TOJIKEH
00nanaTh BBICOKOM UYYyBCTBUTEJILHOCTBIO, YCTAHABIMBAET (DAKT OCyIIECTBICHHS paBeHCTBa. 3
yyciia TMOJOOHBIX METOJIOB  DJEKTPUUECKUX  M3MEPEHHUH  BBLACISAIOTCS  MOCTOBbIE U
KOMIIEHCAllMOHHBIE.

Huddepenunanbapie METOABI U3MEPEHUST 00Iaar0T emie OoJbIieil TouyHoCThIo. [Ipu 3TOM
MU3MEPSIEMYIO BEJIMYMHY YPAaBHOBEIIMBAKOT U3BECTHOM BEIMYMHON, OJHAKO JI0 IIOJIHOIO PABHOBECHS
M3MEPUTENIbHAS LENb HE JOBOJUTCS, a IyTEM IIPSAMOTO OTCYETAa U3MEPSIETCS PA3HOCTh U3MEPSAEMOMN
Y U3BECTHOM BEIWYMH. l[puMepoM nmpuMeHEeHUs: TaKOro METoa SIBJIIETCS U3MEPEHHUE 3. 1. C. 4Yepe3
CpaBHEHHE €€ C U3BECTHOM 1 OJM3KoN K Hel 1o 3HaueHuto D/{C npyroro uCTOYHUKA.

7.2 Buabl NOrpelHoCTeil M3MepeHusl U KJIacChl TOYHOCTH

[TorpemHocTy nensTCAa Ha OCHOBHBIE U JOTIOJTHUTEIIbHBIE.

OcHOBHasI TOTPEITHOCTh XapaKTEPU3YIOT TOYHOCTh HM3MEpeHui. Pasznmuuaior abCostoTHBIE,
OTHOCHUTEIIbHBIE W TIPHUBEJCHHBIC TOTPEITHOCTH. AOCOJIOTHON MOTPENTHOCThI0 AA Ha3bIBAIOT
Pa3HOCTb MEXIY U3MEPEHHBIMU A,; U NEUCTBUTEIbHBIMU A 3HAYEHUSIMH UCKOMOW BEJIMYUHBI:

AA=A,;— A

OTHOCUTENHHOW MOTPEITHOCTHIO HA3bIBACTCS  OTHOIICHHE a0COJIOTHOW MOTPEIIHOCTH K
JNEUCTBUTEILHOMY 3HAUEHUIO U3MEPSEMON BEIUUYMHBI

AA

v
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Ecmu yuects, uto A u A,; TpUOIU3UTEIIBHO MaJIbl, TO MOKHO 3aIHCaTh:

YacTo JUIs OTHOCHTENBHYIO IIOIPEITHOCTD YKA3bIBAIOT B IIPOLIEHTAX:
AA
7o =—-100%
A
Jist TOro 4ToOBI OLEHHTH TOYHOCTH CTPEIOYHBIX M3MEPHTEIBHBIX NMPHOOPOB HPUMEHSIOT

MIPUBEJICHHYIO TOTPEITHOCTh. DTO BBIPAKEHHAs B MPOICHTAX BEJIMYMHA, PaBHAsl OTHOIICHHIO
a0COIIOTHON MOTPEIIHOCTH K HanboJIblIeMy OKa3zaHUIo Ipudopa A,

[TorpemHoCTh 3aBUCUT OT KadyecTBa NMpuOOpa U BHEIIHUX yciaoBHil. OCHOBHON Ha3bIBaeTCs
Takas MPUBEJIEHHAs OTPEIIHOCTb, KOTOPAsl ONpe/eNsieTcs B HOpMaJbHbIX padOUuuX YCIOBHSIX, T. €.
3aBUCUT TOJIbKO OT HEIOCTaTkoB mpubopa. K HOpMaibHBIM paboyuM YCIOBUSM OTHOCST
temieparypy 20 °C, nojoxeHnue npuopa, ykazaHHOE YCIOBHBIM 3HAKOM Ha €ro IIKaje, N30S0
OT BHEUIHUX MarHUTHBIX MOJIEH U JIp.

Jlommyckaemasi OCHOBHAsi IOIPELIHOCTh JaHHBIX MPUOOPOB OTHOCUT HUX K TOMY WJIH HHOMY
KJj1accy ToyHoctd. Knace TouyHocTn — fonyckaemasi OCHOBHasl morpemHocts npudopos. [lo T'OCT
1845-59 snexkrponsmepuTenbHbIe TPUOOPHI EIATCS Ha BoceMb kiaccoB Tounoctu: 0,05; 0,1; 0,2;
0,5; 1; 1,5; 2,5; 4. Knacc TOYHOCTH YKa3blBaeT MAaKCHMAaJIbHO JOMYCTUMYIO OCHOBHYIO
MOTPEIIHOCTh MPUOOpa Ha BCEX JIENEHUSIX paboueil 4acTu IIKaJIbI.

OTKJIOHEHHsST BHENIHMX YCIOBUM OT HOPMAIbHBIX TNPUBOJUT K JONOJHUTEIbHBIM
MIOTPEIIHOCTSIM.

7.3 Cucrembl 3JIEKTPOU3MEPHUTEIbHBIX IPHOOPOB

[Tpubopsl mpsIMOro OTCUETa BKIIOYAIOT B C€0s1 U3MEPUTENbHBIM MEXaHU3M U U3MEPUTEIIbHYIO
LEIIb.

W3mepuTenbHbIE MEXaHU3M IpeAHa3HaueH s NpeoOpa3oBaHUs MOJBOJAUMON K HEMY
AIIEKTPUYECKOM SHEPrUM B MEXAHMUYECKYI0 JHEpPruio, KOTopas HeoOXxoAuma JUlsl HepeMelieHHs
MOJIBMOKHOM YacTH M CBSI3aHHOTO C HEW ykazarens. M3mepurenbHas Uenb NpeaHa3HauyeHa it
peoOpa3oBaHusl U3MEPSAEMOMN 3JIEKTPUUECKON BEIMYMHBI B IMPONOPIHOHAIBHYIO €H BEJIMYUHY,
KOTOpasi HEMOCPEICTBEHHO BO3/ICHCTBYET HA N3MEPUTEIIbHBIA MEXaHU3M.

[To Buay ¢u3nueckoro sIBIEHUS, KOTOPOE HCIOIb3YETCS Ui MU3MEPEHUsI, U3MEPUTEIbHbIE
npubopsl paznenstoT 1no cucremaMm. Cpenu HHUX CaMbIMM  pPacHpOCTPAaHEHHBIMM  SIBJISIOTCA
MAarHUTOMNIEKTPUYECKUE,  JJIEKTPOMArHUTHBIC, HWHAYKIMOHHBIC, JJIEKTPOJUHAMUYECKHE U
(dheppoIMHaMHYECKIE CUCTEMBI.

MarsuTosIeKTpUYECKHE H3MEPUTENbHBIE MEXaHU3Mbl NPUMEHSIOT JUISl  U3MEpPEHUM
IIOCTOSTHHOTO TOKa. B 3THX MexaHuM3Max BpalalOIIMM MOMEHT CO3JAECTCS IPHU B3aUMOJCUCTBUU
MU3MEPSIEMOTO TOKA, KOTOPBIM MPOXOIUT MO KaTyIIKEe MEXaHMW3Ma, C MOJEM INOCTOSIHHOIO MArHUTA.
[IpuMeHsIOTCS /1Ba OCHOBHBIX THIMA MPUOOPOB MarHUTORJIEKTPUUECKON CHUCTEMBI: MPHUOOPHI C
MOJBWKHOM KaTylmIKoM (IMOJBWXHOM paMKON) M MpUOOpHI C MOABMKHBIM MarHutoMm. [IpuGopsl,
coJlepKallue TOJBIKHYIO KATyIIKy, HIPUMEHSIIOTCS uYamle, 4eM HpuOopbl, cojepxaline
MTOABMKHBIM MarHur.

B npubopax ¢ moBUKHOM KaTYIIKOM €e yCTaHaBJIMBAIOT HAa ONOpax TakKUM 00pa3oM, 4TO OHa
ObuTa crtocoOHa MOBOPAYMBATHCA B BO3JYLIHOM 3a30p€ MAarHUTHOM II€NM MOCTOSIHHOTO MarHura 1
(pucynok 7.1). Tok K KaTylKe MOJBOJUTCSA MOCPEICTBOM IMPYXKUHBI WIM PACTSKKH, C MX K€
ITOMOIIIBIO ITOJIY4AETCs] IPOTUBOICHCTBYIOINA MOMEHT.
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Pucynok 7.1 - MarHuTo3neKTpu4eCKU MEXaHU3M C BHYTPHPAMOYHBIM MAarHUTOM

Ha pucynke 7.1 moka3aHbl MeXaHWU3Mbl C BHYTPUPAaMOYHBIM MarHutomM. B 3tom ciywae
MarHuTHas 1enb O0O0pa3yloTCs MAarHUTONPOBOJOM 2, TOJIIOCHBIMM HaKOHEYHUKaMH 3 U
UWIMHAPUYECKUM cepaeyHuKoM 4. B Takux mMexaHu3Max B KauecTBE CepJIeYHHMKAa MPUMEHSETCS
caM MarHuT 1, a ero OxBaThIBaeT UWIMHAPUYECKHA MarHUTONPOBOJ 3,M3TOTOBJICHHBIA W3
MAarHUTHO-MATKOTO MaTepHuana.

Ha kax1p1ii TpOBOJTHUK B TAKUX MEXAHM3MAaX JCUCTBYET 3JIEKTPOMAarHUTHAs CHJIA!

F =Bl

npu 3ToM | — aKTHUBHAs JUIMHA TMPOBOJHHMKA, KOTOpas MPHOIM3UTEIBHO paBHA BBICOTE
katymku h. Tak Kak KaTyIika UMeeT () BHUTKOB U Juamerp d, TO Ui OMPEACIICHHS BPAIAIOIIEro
MOMEHTA, KOTOPBIN JEMCTBYET HA IMOJBWKHYIO YaCTh MEXaHU3MA,

M,, = S20d _ whdBI

2

Ecmu ygects, uro S = h d, nomydum:

M BprSBI.

Orcroga BUIHO, 4YTO BpaLIAlOIMIMM MOMEHT MPSAMO NPONOPIHOHAJIEH TOKYy. Tak Kak
MIPOTUBOJACUCTBYIOIIMM MOMEHT, KOTOPBIA CO3/a€TCAd CHUPAIBHBIMM IMPYKUHAMHU, IPSIMO
IIPONOPLUOHAJIEH YTy 3aKPyYHMBaHUS, MOXKHO CJIEJaTh BBIBOJ, YTO CHJIA TOKA MPOIOPLMOHAIBHA
YIIIy IOBOPOTA MEXAHU3MA.

[IpuOopsl MarHUTOINEKTPUYECKON CHUCTEMBl C TOJBHKHBIM MarHUTOM 00nanaoT
BpPalAlOIIMM MOMEHTOM, KOTOPBIM CO3JAaeTCsl ACWCTBMEM HA IOJABWIKHBIM MAarHUT MAarHUTHOTO
MOJIA U3MEPAEMOro TOKa, MPOXOAIIero yepe3 Karymky 1. [IpyXuHy 3aMeHSIOT HalpaBJIsIOLIEH
CHJION HEIOJBHKHOTO MOCTOSIHHOTO MarHura 2. ToT Npubop MPOCT M0 YCTPOMCTBY U YCTOMUYUB K
neperpyskam, Ho o0s1a/iaeT HU3KOH TOYHOCTBIO U3-3a BIUSHUMN rUcTEpe3uca.

W3meputenbHble MPUOOPHI  3JEKTPOJMHAMUYECKON MPHUPOAbI 00Jaa0T  BpallaioluM
MOMEHTOM, KOTOpBIM 0Opa3yeTcst mpu B3aUMOAECHCTBUM MPOBOJHUKOB, MO KOTOPBIM IMPOTEKAIOT
TokU. [lo0GHBIE U3MEPUTETbHBIE MEXaHU3MbI COCTOAT U3 HEMOJBWKHOM U MOJBUKHON KaTyIIEK.
[IpoTHBOAECUCTBYIOIIMIT MOMEHT CO3/1a€TCs COUPAIBHBIMUA IPYKMHAMU 3, KOTOPBIE BMECTE C TEM
HCIIOJB3YIOTCA JUIsl TMOJBOJA TOKa B IOABW)KHYK KaTyIIKy, 3aHUMAIOIIYK0 IOJ JEHCTBHEM
NEKTPOJAMHAMMYECKUX CWJI IIOJIO)KEHUE, IIPU KOTOPOM €€ MarHuTHOE IOJII COBMNAJAeT I10
HaIIPaBJICHUIO C HAIIPABIICHUEM I10JI51 HENOABM)KHON KaTYyIIKH.

DNeKTpOAMHAMUYECKHE MPUOOPHl MPUMEHSIOTCSA Uil U3MEPEHHUs] KaK MOCTOSHHOTO, TaK U
MIEPEMEHHOT0 TOKOB, IIPU 3TOM LIKaja y NMpuOOpoB A1 000MX pOJAOB TOKa OJHA U Ta xe. M3-3a
IIPUCYTCTBUSA MOJBOJA TOKAa B MOJABMKHYIO YaCTh U IJIOXOTO OXJIAXICHUS JJIEKTPOJIUHAMUYECKUE
MEXaHU3MbI HE BBIJICP)KUBAIOT 3HAUUTEIIBHOM NIEPETPY3KH, K TOMY K€ OHM oporu. [Ipu atom knacc
TOYHOCTH 3JIEKTPOIMHAMUYECKUX MPUOOpOB MoxkeT nocturats 0, 1.

B Hacrosiee BpeMs Bc€ OoJibliiee pacpOCTpaHEHHE MOIY4aroT HU(PPOBbIE U3MEPUTEIbHbIE
npuOopsl. OCHOBHBIM HEJIOCTAaTKOM  CTPEJIOYHBIX U3MEPUTEIbHBIX YCTPOUCTB  SIBISETCS
HEOOXOJIMMOCTh 3PUTENIbHO OMNPEIENATh IMOJOXKEHUE CTPEeIKd Ha ImKaue. J[ias NOoBBILIECHUS
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TOYHOCTH TpeOyeTcsi yBeIW4YMBaTh pa3Mep LIKajbl, 4TOObI pa3MecTUTh Oojblie AeneHuil. Kpome
TOT0, MEXaHWYECKHI NpPUHLMI JCHCTBUS JeNaeT 3aTPYAHUTEIbHBIM IOJIYY€HHE TOYHOCTH
n3Mmepenuit ceoimie 0.1%. B mudpoBbiX U3MepUTENbHBIX MPUOOpPaX OTCYTCTBYIOT JIBMIXKYILHECS
4acTU W UIKajia; U3MEPUTEIbHBIM 3JIEMEHTOM SIBISIETCSI aHAJOroBO-LU(POBON MpeoOpa3oBaTelb,
KOTOPBIA BXOJIHOE HAaIpshDKEHUE MpeodpazyeT B IU(POBOM KO, KOTOPHIM Mociae oOpabOTKH
BBIBOAUTCA Ha juciuied. [lorpemHocTs COBpeMEHHBIX LU(POBBIX H3MEPUTENEH JOCTUTAeT
0,0001% 1 moOCTOSTHHO yITy4IIaeTCsl.
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8. ACHHXPOHHBIE MallIUHbI
8.1 O0mue ceenenust

DJNeKTpUYecKue JABUTaTeId — MalllUHbI, [PeoOpa3yIoUIue 3IEKTPUYECKYI0 SHEPTHI0 B
MEXaHUYECKYI0. OJEKTPUYECKHE T'€HEepaTOpbl—MAaIlUHbl, [peoO0pa3yolue MeXaHHYECKYIO
SHEPTHIO B ANEKTPUUYECKYIO.

Cpenu 0O0NBIIOTO 4YHUCHIA D3JIEKTPUUYECKUX MAalIMH CaMOMl paclpoCTpaHEHHOM SBJISETCS
aCUHXpOHHas OECKOJUJIEKTOpHAash MalluHa, KOTOPYI NPUMEHSIOT KakK JBUrareiab. ACHUHXpOHHAas
MalllMHA XapaKTepU3yeTCsl TeM, 4TO IIPU ee paboTe BO30YKJaeTCsl Bpalllalollleecss MAarHUTHOE MOJIe,
KOTOpPOE€ BpAIllaeTCsl ACHUHXPOHHO OTHOCHUTEIBHO CKOPOCTH BpallleHus poropa. B cocras
ACMHXPOHHOM MAIllMHBl BXOJSAT TPU HEMOJBH)KHBIE KATYIIKH, KOTOPbIE pa3MelleHbl Ha 00IeM
CepJIeUHUKe, M IOMEIICHHas MeXJy HUMHU ueTBepTas Bpallaromascs KaTymka. B mogoOHbIX
MalIMHax OTCYTCTBYIOT JIETKO MOBPEXJAIOLIMECS WM W3HAIIUBAIOLIUECS AJIEKTPUUYECKHE YacTu
(KomutexTOp).

Tpexda3Hble acHHXpOHHBIE MalIMHBI JOKHBI MMETh Ha CTaTope TpH (a3Hble OOMOTKH,
KOTOpbIE OCTAaBJIAIOT OOMOTKY craTopa. Toku Tpex(a3HOW CUCTEMbI IPOXOIAT MO ATUM 0OMOTKaM
1 BO30YXJAal0T B MAllIMHE Bpalllalolleecs] MAarHUTHOE MoJjie. Y CUJIIEHHE 3TOTO TOJIS U IPUIaHuE eMy
HY)KHOM KOH(UI'ypalluud OCYIIECTBJIIETCS C MOMOLIbI0O MarHUTHOM CUCTEMBbl MAalIUHbBI, B COCTaB
KOTOPOl BXOJAT J1Ba LMUJIMH/APA, MOJIbINA HUIMHIP U cepAeYHUK poTopa (pucyHok 8.1). CepaeuHuku
coOpaHbl U3 IUIACTUH JIEKTPOTEXHUYECKOW CTAIM U U30JIMPOBAHBI APYr OT Jpyra CJIOeM Jaka, YyTo
o0OecrieunBaeT yMEHbIIEHHE TIOTEPh OT BUXPEBBIX TOKOB. DazHbIe 0OMOTKHU, KOTOpPBIE BO30YKIAIOT
Bpallaollieecss MarHUTHOE MOJIe, pa3MELIAIOTCsS B Ia3aX Ha BHYTPEHHEW CTOPOHE cepledyHHKa
craropa. OOMOTKa pOTOpa pacrnoiaraeTcs B Ma3ax Ha BHEIIHEH MOBEPXHOCTH LIMIMHIpPA POTOpA.
OHa He coequHEHa C CeThI0 M € OOMOTKOW cTaropa, Tak Kak TOKM B HEW UHAYKTHUPYIOTCS
BpAIIAIOIIMMCS MarHUTHBIM T1OJIEM.

NS
;\\\\\\\\\\\\\\\

Pucynoxk 8.1 Cepneunuk potopa

MamnHa Takke COCTOUT M3 HENIEKTPUYECKUX 4YacTeil: Bajla, Ha KOTOPbIM HACaKEH
CEepJICYHUK POTOpPa, MACCHBHOIO KOpITyca, B KOTOPOM YKPEIUIETCS CEepJIEYHUK CTaTopa,
MO IIMITHUKOBBIX IIIATOB, HA TIOAITUITHUKH KOTOPBIX OTTUPACTCS BaJl MAIIIMHEI.

ACHHXpOHHas MalllhHa MOXXET paboTaTh Kak JBUTATENh WM Kak TeHepaTtop, T. €. OHa
oOpaTrMa, HO YaIle BCEro OHA UCIOJIB3YETCs KaK ACHHXPOHHBIN JIBUTATENb.

B acuaxponHbIX ABuraTensx (azHbie 0OMOTKH CTAaTOpa MOJIYYarOT SHEPTUI0 U3 Tpex(paszHoi
CETH, TOKH KOTOpPOil B 0OMOTKax cTaTopa BO30YK/Ial0T B MAIIMHE BPAIIAIOIIEECs] MArHUTHOE TOJIE,
WHIYKTUPYIOIIEE TOK B 3aMKHYTOM 0OOMOTKe poTopa. PoTop Bpamaercss mo HampaBJICHHIO
BpaIlleHUs TI0JIS BCIEACTBUE B3aMMOJICHCTBHSI TOKOB POTOPA C BPAIIAIOIIMMCS MATHUTHBIM TIOJIEM.
Bpaienue potopa J0IKHO OCYIIECTBISITHCS aCHHXPOHHO M MEJUICHHEE MoJisi. B aToM ciiydae Tokw,
KOTOPBIE MHAYKTUPYIOTCSI B POTOPE, CO3JAIOT BPAIAIONINN MOMEHT, KOTOPHIH ypaBHOBEIIMBAET
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TOPMO3SIIIMHA MOMEHT OT CHJI TPEHMsI M Harpy3ku Ha Bally. ODJEKTPOIBMKYILAs CHJa, KOTOpas
UHIYKTUPYETCs B OOMOTKE pOTOpa, NPONOPLUUOHATIbHA YAaCTOTE BPALICHUS IOJISI IO OTHOIIEHUIO K
poTopy. Takas OTHOCUTENIbHAs! CKOPOCTh ONpPEAEIIAETCS KaK Pa3HOCTh YaCTOT BPALLIECHUS OIS N1 U

poropa N, T. €. paBHa N — N 000poToB B MUHYTY. CKOJBXKEHHE SBIIACTCS OTHOIICHUEM
OTHOCHUTEIILHOM CKOPOCTH K YaCTOTE BPAILICHUS TIOJIS:
g_mn
m

O/1C, xotopasi HHAYKTUPYETCS B POTOpE, MPONOPLUOHANIbHA CKOJbXeHHuto. Ecnu Harpyska
BO3pacTaeT, TOPMO3ALIMII MOMEHT Ha Baly JBUIaTelsl CTAHOBUTCSA OOJbIlE BpaIlaloOIIEro, B
pe3yibTaTe pPOTOpP YMEHbIIAET CKOpocTh. OJHAKO MpH YBEIMYEHUU CKOJIBKEHUS BO3pPAacTacT
BEJIMYMHA UHIYKTUPYEMBIX B POTOPE 3. . C. U TOKOB, MO3TOMY YBEJIMYUBAETCS BPALIAOLIUIT
MoMmeHT. [Ipum BO3pacTaHUM CKOJIbKEHHS BOCCTAHABIMBAETCS JWHAMUYECKOE paBHOBECHE
BpAaIAIOIIUX M TOPMO3SIIUX MOMEHTOB. Ilpu 3TOM yBelnyYeHHE TOKOB pOTOpa MPUBOAUT K
YBEJIMYEHHUIO TOKOB CTaTOpPa U BO3PACTAHUIO MOIIIHOCTH, KOTOPYIO MOTPEOISET IBUraTelb U3 CETH.

Yame Bcero B ABUrareisiX HPUMEHSETCS KOPOTKO3aMKHYTbI porop. OH oTinyaercs
JENICBU3HOM U MPOCTOTOM oOcaykuBaHusi. OOMOTKY KOPOTKO3aMKHYTOTO POTOpPA U3TOTABIMBAIOT
B BUJE IWJIMHIPUYECKON KJIETKU W3 MEAHBIX WM AIOMUHUEBBIX CTEP)KHEW, BCTABIIIEMbIX 0€3
M30JISIUMM B Ta3bl cepjedHrka poTtopa (pucyHok 8.1). KoHIpl cTepikHEl 3aMbIKalOT HAKOPOTKO
KOJIbIIJaMH, KOTOPbIE U3TOTaBJIMBAIOT U3 TOTO K€ MaTepuaa.

OO6MoTKa cTatopa npeaHa3HaueHa JUlsl BO30YK/I€HHUs MarHUTHOTO MOTOKa MamuHbl. [loToku
(a3HbIX OOMOTOK JOJDKHBI ObITH pacrpeneaeHbl CHHYCOUJAIbHO BAOJIb OKPYKHOCTH CTAaTOpa, TakK
KaK B 3TOM cJIy4yae Bpalllalolleecsi MarHUTHOE T0JIe UHAYKTUPYET B 0OMOTKaX CUHYCOHUAJIbHBIE 3.
n. c¢. Jlug Jydiiero HMCHOJIb30BaHUS OKPY)KHOCTH CTaTopa CTOPOHBI KAaTylIeK OOMOTKH
pacnpeziesieHbl 10 HECKOJIbKUM Ma3aMm (puc. §8.2) BI10Jb BHYTPEHHEH OKPYKHOCTHU CTaTopa.

: Fy ;:-

Pucynok 8.2 -Karymika pacnpeeneHHoil 0OMOTKH cTaTopa

C nomoiuplo pacnpeseneHuss OOMOTKH IO Ia3aM JOCTUraeTcs paclpelesieHue MarHUTHOU
UHAYKIUA 10 OKPY)XHOCTHU cTaTopa. MarHuTHOE CONPOTHBIIEHHE II0 OKPYKHOCTH CTaropa
CUMTAETCSl MOCTOSHHBIM, TaK KaK MAarHUTHas CHCTeMa CHUMMETPHYHA, U MAarHUTHOE HACBIIIECHUS
CepJIeUHMKa BIIMAET Majo, TaK Kak OoJjblIas 4acTb MarHUTHOIO CONPOTHUBIIEHUS OOpasyer
MarHUTHOE COIPOTHBIIEHHE BO3AYIIHOIO 3a30pa MEXIY CTaTOPOM U pOTOPOM. Tak Kak MarHUTHOE
COMPOTHBIIEHUE MO 3aKoHy OMa s MarHUTHOW IIeNM MOCTOSHHO, MOTOK M HMHAYKIHUIO (a3
CUMTAIOT MIPOMOPLIMOHAIBHBIMI HAMAarHUYMBaOMKUMHU cuiaMu. OHAKO 1Mo KpasiM (pa3HbIX KaTylIeK
MarHuTHasE MHIAYKUUS U3MEHSETCS MPONOPLUMOHAIBLHO BO30YXAarolield HaMarHUYMBAIOIIEH CHIIE.
KpuBas pacnpenenenyss MarHuTHOM MHAYKIUU KAaTYIIKU [TOKa3aHa Ha pucyHke 8.3. 3Has xapakrep
JAHHOTO  pachlpefesieHuss OOMOTKHM, MOXKHO MOJy4yaTb IPAKTUYECKH CHHYCOHMJAIbHOE
pacnpeziesieHne MHAYKIUU B BO3IYIIHBIX 3a30paxX MallIUHBI.
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OJOXOJ0JO, RIIXIRXD

Pucynoxk 8.3 — KpuBasi MarHuTHOM MHTYKITUU

Jlnst pacnpeneneHusi MHOTOBHUTKOBOH KAaTYIIKA IO HECKOJBKHM Ia3aM HEOOXOIUMO ee
pa3fenuTh Ha HEKOTOPOE YUCIO COCTUHEHHBIX IMOCIIEAOBATENBFHO CeKImid. [lpu 3ToM Kaxknmas w3
CEeKIIM COCTOWT M3 HECKOJBKUX BUTKOB. CXeMbl OOMOTOK TMOKAa3bIBAIOT HE OTAEIHHBIC BHUTKH, a
CTOPOHBI CEKIIH.

[Ipu co3maHuM AaCHHXPOHHOTO JBHUTATENsI HEOOXOIMMO YMEHBIIUTH CKOPOCTH BpAIICHUS
noJist. J{Jist 9TOro mpuMeHsieTCss MHOTOTIONIOCHBIE OOMOTKY cTaropa. B aTom ciydae xakaoi mape
TMIOJIFOCOB BPAIAOIIETOCs TIOJIS CTABSATCS] B COOTBETCTBUE TP KATYIIKH.

[Tpu 5TOM B ciydae, KOTIa 1MoJje UMEeT p map MOJIOCOB, YUCIO KAaTyleK OOMOTKH cTaTtopa
JOJKHO OBITE K = 3.

Ha pucynke 8.4 mokazaHa ympolleHHasi cXxeMa LIECTUIOIIOCHON (P = 3) oOMOTKH cTartopa.
JI1st IBYXIIOIOCHBIX 0OMOTOK XapaKTepHO PACCTOSHUE MEXKIAY CTOPOHAMH KaTyIIKH, paBHOe 180°,
B MHOTOTIONIIOCHOU — 180/ p T. €. B IECTUIIOIIOCHOH KaTyiike oHO paBHO 60°. B 3T0i#t 00MOTKE 3p
= O Karymexk, T. e. Kaxast pa3a uMeeT TpH KaTymku. [t ympomeHust n300pakeHUsI CXeM KaxIyro
KaTYIIKy U300pakaloT B BUJIC OJJHOBUTKOBOW CEKIIMU M COCAMHEHHS HAHOCST TOJIbKO Ui (asbl A,
IIPU STOM COEJMHEHHUS Ha THUILHOW TOPIIEBOM CTOPOHE CeplIeYHMKa MOKa3bIBAlOT MyHKTUpOM. Ha
PUCYHKE TaKXe ITOKa3aHbl KPHBBIE JUII MTHOBCHHBIX 3HAu€HHH Tpex(a3HOH CHCTEMBI TOKOB
craropa.

Ag

Pucynok 8.4 - Cxema 1mecTUnoatoCHOW 0OMOTKHU cTaTopa
I[J'If[ TOro 4YToOBl H3MEHHTH HampaBJICHUC BpallCHUA ABUTraTciid, T. €. COBCPHIUTH

peBepCUpPOBAaHUE, HY)KHO M3MEHHTb COEIUHEHHsI OOMOTKM CTaropa C CEeTbl0 — JJIsi 3TOro
JIOCTaTOYHO MOMEHSATh MECTaMH JIt00bIe JABE (pa3bl ABUTATEIS.
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8.2 DkBHUBaJIeHTHasl cXxeMa ABHUTI'aTEJIdA

[Ipu pacuerax paboOyMX MPOIECCOB ACHUHXPOHHBIX JABHUrareiaed yaoOHO HCIOJIb30BAThH
SKBUBAJIIEHTHYIO cxemy aurarens (pucyHok 8.2). Ona mpezicTaBiseT co0OM HECKOJBbKO
QJICKTPUYCCKHN COCOAMHCHHBLIX AKTHUBHBIX W HWHIAYKTUBHBIX COHpOTI/IBJICHHI)’I U HU3MCHAIOLICCCS
AKTUBHOC COIIPOTUBJICHUEC, KOTOPOC 3aMCHACT Ha SKBHBAJICHTHOM cXeMe Harpys3Ky BaJia IBUT'aTCJIs.
O6ocHOBaHUE HKBHUBAJIEHTHOM CXEMbl OOECIIEUMBAETCS C MOMOIIBIO MPeoOpa3oBaHUsI OCHOBHBIX
ypaBHeHHfI ABUIaTECIIs. Ecmm Y4€CTb, YTO OSKBUBAJICHTHYIO CXCMY BKIIOYAIOT B CE€Tb BMECTO
cratopa, BCC€C POTOPHBIC BCIWYMHBI HYXXHO IPHUBECTH K YHUCIY BHUTKOB, O6MOT0‘-IHOMy
K03 duLMEeHTyY, a TaKke Ynuciy a3 ctatopa.

Pucynok 8.5 - DxBUBaJIeHTHAs cXeMa JBUTATENS

ACUHXpOHHBIH JBUTATEIb — Tpex¢azHoe YCTPOWCTBO, B KOTOpPOM (ha3bl SBISAIOTCA
cumMmeTpuyHbIMU.  CrenoBaTeNbHO, TPU  COCTABJIEHWUM  HSKBUBAJIEHTHOW CXE€Mbl  MOYHO
OTPaHUYHUTHCSA OAHON (ha3oi mBurarens. DJIEKTPOABMKYIIas cuia craropa Ei cessana ¢ DJIC
HETMOJIBMKHOTO poTopa £,

E — E2Ha)1k062 :E k ;

1 W k 21"" 00
2™ o062

2

rae ke— ko3¢ dunuenT TpanchopMaluy Hanps>KeHUH aCUHXPOHHOM

MalIUHBbI.

C y4eTOM BEKTOPHO AnarpammMbl ABUraTens:

(R ) ) )
E, =L|—=2+joL, |=1,RR, +R+ jolL,)=1,Z,+ L,R,

i

2n

OTctopa
E =1,Z,+R)k,.
JInst Toka poTopa MOKHO 3alKcaTh BBIPAXKEHHUE Yepe3 MPUBEACHHBIN TOK:

r’
I 1,30k e
k 1
m,0,K 5,
rie Ki— ko3 duireHT TpanchopMaIi TOKOB aCHHXPOHHON MaIlIuHBI.
B pe3ynbraTe noJICTaHOBKY MOIY4aeM:

E, =—1.(Z, + R)k k,.

Beipaxenue Keki= K Ha3biBaeTcst KOAQUIMEHTOM TpaHCHOPMAIH ACHHXPOHHON MaIlIUHBbI.
[TpuMeHnM BBIp@KEHHE ISl IPUBEICHHBIX COMTPOTUBIICHUI:

szeki = Z; H Rkekl - R,
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JlaHHBIE COMPOTUBIIEHUS MPU BKIIOYCHUH B LIETIH CTATOPA MOTPEOIISIOT TaKyIO K€ MOIIIHOCTb,
KaK U ITpHU COOTBCTCTBYIOIIUX COIIPOTUBJICHUAX, KOTOPBIC HAXOAATCA B LCIIM pOTOPA.
[ToncraBnsis B Beipaxenue aisg DJIC craTopa, moimydaem:

E =-I'(Z.+R).
[Ipu 5TOM HaNpPsHKEHHME CTATOPA HAXOIUTCSA COOTHOIIEHHEM:
U =CE Wiz =12, +I'Z,+R).

Ecnu yuects, uto 3/1C E; nponopruoHaibHa TOKY HaMarHU4MBaHUs /;), MOKHO 3alKcaTh
COOTHOLIEHHE:

(_E1):j10212,

rae Ziz UMEeT Pa3MEpPHOCTb CONPOTUBJIEHHMS M H300pa’kaeT B JKBUBAJEHTHOW CXeMe
MarHuTHYIO 1ens Apurarens. OTcioa nojay4aeM BbIpaKeHUE Ul HAPsDKEHUs cTaTopa:

Ul = IlZl + 110212-
y'-ITeM TAaK)KC YpaBHCHHUC TOKa CTaTopa:
! | = I ot I ).

Ecnu paccmoTpeTs /1Ba ypaBHEHUsI HallpsDKEHMsI CTaTOpa Ha OCHOBaHUU 3akoHOB Kupxroda
JUISL CXEMbI Ha PUCYHKE, TO B HeW Z;’— 0OMOTKa cTatopa, — 0OMOTKa poTopa, Z;» — MarHUTHas
LeTb MAIIUHBI, R’ — MeXaHH4YecKas Harpys3ka.

B ciydae cMHXpOHHOrO BpallleHus IBUraTels, T. €. korjaa s = 0, mo Hemy npoxoauT Tok /g
XOJIOCTOTO XOJla U ONPEIENseTCss U3 OMBITa XOJIOCTOro Xoja. B 3THX yCIOBHSX CONMPOTHBIIEHUE,
KOTOpO€ M300pakaeT MEXaHUYECKYIO Harpy3Ky, MOKHO BbIPa3uTh COOTHOIIIEHUEM:

R l-s
R="2-R =R —> =00,
S S
Korpa mpoumcxonut TopmoskeHume pasurarens, s = 1, moatomy R’ = 0. Iloaromy ombIT

TOPMOKCHUA ABUTaTCII HA3bIBAIOT OIIBITOM KOPOTKOT'O 3aMbIKaAHU A, KOTOpBII\/’I OCYIICCTBIIACTCA ITPU
IMOHMKCHHUU HAIIPSXKCHUA Ha CTATOPC ACHHXPOHHOI'O JABUTaTCIIA.

8.3 PaGouue xapakTepHCTHKH ABUTATEJIA

C moMoIIpI0 MEXaHUYECKUX XapaKTEPUCTUK MOKHO MOKa3aTh CBOMCTBA JIBUTATENS KaK YacTH
aneKTponpuBoia. Paboune xapakTepucTUKU ABUTATENS 00JI€e TOJIHO BBISBISIOT CBOMCTBA CAaMOTO
nsurarens. K HUM OTHOCAT 3aBUCMMOCTD 4acTOThI BPAllIEHUs N, OT MOITHOCTH P2, KOTOPYIO OTJAeT
JIBUTaTeNIb HA BaJl, BPAIIAIOIIMX MOMEHTOB M U T. 1.

i
s, 1, COS P, 1,
n, M, I )

2HOpM

Pucynoxk 8.6 - PabGoune xapaKTepUCTUKHU JBUTATEIS
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Jliia cHATHS pabOyuX XapaKTEPUCTHK MPUMEHSIOTCS LENU ¢ HOMUHAJIbHBIMU 4YaCTOTAMH CETH
f u HanpspkeHusiMu Ha cratope U. Bpamaromumii MOMeHT M, KOTOpBIH pa3BHUBAET IBUIATEllb,
MOJIy4aeTCsl MPHU CIIOKEHUM I0JIE3HOTO0 MOMEHTa M>, KOTOpBIA OTHaeTcs Bajy JBUTaTens, U
MOMEHTa XO0JIOCTOTO X0Aa Mo, KOTOPBIM 3aTpayuBaeTCs Ha MEXaHUYECKUE MoTepu asurarensd. Mo
NPUOIMKEHHO CUMTAIOT HE 3aBUCSIIMM OT Harpy3ku asurarens. [ns monesHoro Momenra M: =
F(P2), T. e. Ipy TOCTOSIHHOM CKOPOCTH BpaIlleHHsl IBUrATENIs 3aBUCUMOCTb sBJIsieTcs inHerHoi. Ho
B pEAJIbHBIX YCIOBUSIX M2 OTKIOHSETCS BBEPX.

s noctpoenust kpuBod M = F(P2) HEOOXOAMMO CJIOXUTh MOMEHT XOJOCTOTO XO0Ja U
noJsie3Hbli MoMeHT. OHa mepeceder OCh OpAMHAT B TOUKe Mo, 1OCIE Yero mo4Tv NpsMOJIMHEHHO
HaIpaBJisieTcs BBEpX (PUCYHOK 8.6).

J1ig BBISICHEHHUS 3aBUCUMOCTHU cOs(1 IBUraTesi OT Harpy3Ku HEOOXOIMMO y4ECTh HEKOTOphIE
COOTHOILIEHUS. TOK HaMarHWYMBaHUS JBUraTelsl MMOYTH HE 3aBUCUT OT HArpy3KH, IOCKOJBbKY €€
yBEJIMUYEHUE MPUBOJUT K BO3PACTAHUIO TOJBKO MOTOKOB PACCESIHUS, KOTOPbIE MPONOPLHOHAIBHbI
TOKaM craropa u poropa. llpu 3TOM Iy1aBHBI MarHUTHBIA MOTOK JBUTATels MPH YBEIUYECHUH
Harpy3ku cia00 yMEHbIIAeTCs, a aKTUBHBIM TOK JBUTaTeNs 3aBUCUT OT €ro MeXaHHM4ecKOou
Harpy3ku. CrnenoBarenbHO, YBEJIMYEHHE HArpy3KH JIBUraTess [PUBOAUT K  YOBIBaHHUIO
OTHOCHUTEJIbHOTO 3HAa4YeHUsl peakTHuBHOro Toka. Ilpu stoM cosdi yBenumuuBaercs. B pexume
XO0JIOCTOTO XOJa ABUrates ero Koagp(uuueHT MOITHOCTH HU30K. YBEJIIMYEHHE Harpy3Ku IPUBOIUT
K €ro YBEIMYECHHIO 10 MakcuMayibHbIX 3HaueHud (0,7—0,9), korma Harpy3ka Onu3Ka K
HOMHMHAJIBHOM, T. €. Ja)Ke MOJHOCTBIO 3arpy>KEHHBIM ABUrareiab 00JaJaeT PEakTUBHBIM TOKOM,
KoTopblit coctaBisier 70—40% Toka craTtopa.

MaruuTHbIi TOTOK JBUTATeNd MPSMO IPONOPLUUOHAJIEH HANpPSDKEHUI0 Ha CTaTope.
HamaruuuuBaromuil TOK, KOTOpPbIi BO30yXJaeT 3TOT MOTOK, NMPU HM3BECTHOM 3HAUYEHUHU IOTOKA
00paTHO IPONOPLUOHATIEH MAarHUTHOMY COIIPOTHBJICHUIO Ha IyTH MOTOKA. B 1aHHOM MarHUTHOM
CONPOTHUBIIEHUN OCHOBHYIO YacThb COCTaBJISIET CONPOTUBIEHHE BO3IYIIHBIX 3a30pOB MEXKAY
cratopoM U potopoM. [lo3TOMy BeIMYKMHY BO3AYLIHBIX 3a30POB CTPEMSITCSI YMEHBIIUTbH, YTO
MOJIOKUTENIFHO BIIMSET Ha BEIMYUHY Ko3(dduurenta moutHoctu. i HaXoKaeHUsT KodphuueHTa
MIOJIE3HOTO JEMCTBUS MpUMEHseTCs popmyIa:

P,

=2
n I

1

[Ipu 5TOM NOJIBOMMYIO MOIIHOCTh HAaXOJAT KaK CyMMY IIOJIE3HOM MOIIHOCTH M MOIIHOCTEN
BCEX NIOTEPH JABUTATEIISA:

P; =P+ Py

[loTepn NpUHATO pa3iensATh HA MOCTOSHHBIE, KOTOPBIE MOYTH HE 3aBUCAT OT HArpy3ku, U
IIEPEMEHHBIE, KOTOPBIE OT HEE 3aBUCHT.

[locTosiHHBIE MTOTEPU — MOTEPU B CTAIN CEPJICYHMKA CTATOpa HAa TMCTEPE3UC U BUXPEBBIE
TOKH, a TAK)K€ HA MEXaHUYECKHE MOTepHU. [ X onpeaeneHns: IPUMEHSIOT OIBIT XOJIOCTOTO X0/1a
JBATATES.

IlepemeHHBIE TIOTEpH — NIOTEPH HA HArpeBaHWE IPOBOJHMKOB B CTAaTOpPE M POTOPE.
[lepeMeHHBIMU TOTEPSIMU CUUTAIOT M JOOABOYHBIE IOTEPH, BO3HHUKAIOUIME IPU HU3MEHEHHUU
BpAIlleHUs] pOTOpa OTHOCUTEILHOTO TOJIOXKEHUS 3yOloB cratopa. ljis CHWKEHUS JaHHBIX MOTEPb
MPUMEHSIOT CKOC Ma30B pOTOPa OTHOCUTENBHO Ma3oB cratopa. KIIJ[ sBiisieTcss MakCMManbHbIM MPHU
YCIIOBUH, YTO IIE€PEMEHHBIE NOTEPU paBHbI NMOCTOSHHbIM. Makcumanbnbli KIIJ[ acnHXpoHHON
MAIIIMHBI COCTABJISIET MpUMEpHO 75%.
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9. CUHXPOHHBIE MAIIINHbBI

9.1 O0mme cBeIeHUd

MamnHa Ha3bIBae€TCsi CHUHXPOHHOM, €ClIM 4YacToTa BpalIeHUs CBSI3aHAa MOCTOSHHBIM
OTHOIIEHHEM C 4acTOTOW f CeTH MEPEMEHHOro TOKa, B KOTOPYIO 3Ta MalluHa BKJIO4aercs. Takue
MalluHbl IPUMEHSIOT B Kaue€CTBE I€HEPATOPOB MEPEMEHHOI'O TOKA MPOMBIIIJICHHOW YacTOTHI, a
TaKkKe, KOrja HYXEH JBUraTellb, KOTOPbIH padoTaeT NIpU MOCTOSHHOM 4YacToTe BpallCHUS.
CuHXpOHHas MallMHA COCTOUT M3 CTaTopa W pPOTOpa, IPU STOM CTATOpP IOXOX HA CTATOp
aCMHXpOHHOM MamuHbl. CepAeyHUK cTaTopa cOOMpaeTCsl U3 JIMCTOB AIEKTPOTEXHUUECKON CTaH,
KOTOpbI€ M30JIMPOBAHbI JAPYr OT JpYyra, M YKpeIulsieTcss BHYTPH MAacCHUBHOIO Kopmyca. B mazax
BHYTPHU CTaTopa pa3Melnaercss oOMOTKa IEpEeMEHHOro TOKa, 4aule Bcero TtpexdasHas..Porop
CUHXPOHHOM MalllMHBI sBJsEeTCS 3jeKTpoMarHuToM. Ha oOMOTKy BO30YyXAE€HHS TOK MOCTYIaeT
yepe3 KOHTAKTHbIE KOJbL@ M IIETKM OT BHEUIHEr0 HCTOYHHMKA IOCTOSIHHOTO TOKa, KOTOPBIi
Ha3bIBalOT BO30yauTesneM. MHOromnoiocHas CHHXpOHHAsi MalllMHA COJIEPKUT POTOp C p HapaMu
110Jit0coB. Toku B 00MOTKe cTaTopa (POpMUPYET p Nap MOTOCOB MAarHUTHOT'O T10JI51, COBEPILAIOIIETO
BpaiieHus. PoTop Bparaercs ¢ 4acTOTON BpallleHHss MarHUTHOT'O TOJIs, T. €. €T0 CKOPOCTh

n=-<>
p

CHUHXpOHHBIC [IBHTATEIW IIMPOKO MIPUMEHSIOT I Pa3HbIX BHJIAOB TPUBOJIA, KOTOPHIE
paboTarOT C MOCTOSIHHOW 4YacTOTOW BpamieHus. Yamie Bcero NaHHbBIE IBUTATENH SIBISIOTCS SIBHO
MOJTIOCHBIMU MOITHOCTBIO 0T 40 1o 7500 kBT, ¢ wactotamu Bpamenus ot 125 mo 1000 06/muH.
JIBurarenu U reHepaTopbl OTIWYAIOTCS HATMYUEM Ha POTOPE AOTIOTHUTEIHHOM KOPOTKO3aMKHYTOM
OOMOTKM WM TOJO0OHOTO  TpucnocoOieHus. Takke pasznuyue BBIPAXACTCS B  MEHBIIEM
BO3JIYIITHOM 3a30p€ MEXAY CTaTOpoM U potopoM. CuaxpoHHbIe apurarenu umetot KII1/] Beie, yem
ACUHXPOHHBIN JABUTATENb TON )K€ MaCChI.

Pucynok 9.1 - mpuHIUI AEUCTBUS CHHXPOHHON MaIIMHBI

Jns CMHXpOHHBIX MallMH HMHOTJA HCIMOJIb3YIOTCS T€ K€ Ha3BaHMs, KAaK W B MallMHAX
MMOCTOSTHHOTO TOKA: SIKOPEM HAa3bIBAIOT YacTh, B OOMOTKE KOTOPOW MHIYKTHPYETCS 3. 1. C., T. €. B
CUHXPOHHBIX MAIlIMHAX CTaTOpP SBJSETCA AKOopeM. MHIYKTOpOM, KOTOPBIM BO30YXKIAeT TJIaBHBIN
MAarHWTHBIM TOTOK, B CUMHXPOHHOW MAaIllMHE SBISIETCA POTOP. BaxkHOE OTIMYME CHHXPOHHOM M
ACMHXPOHHOW MAaIllMH 3aKJII04YaeTcsi B TOM, YTO TIJIaBHBIH MArHUTHBIM TOTOK B HEH CO3/1aeT
HaMarHWYWBAKOIIAs CUjla TIOCTOSHHOTO TOKa BO30YXKIEHHS, TOJy4aeMOro MAaIIMHOW OT
Bo3OyauTena. [lodToMy CHHXpOHHas MallMHA TPU PpabOTe B PEKHUME ABUTATEISI MOXKET HE
3arpykath C€Th HaMarHMYMBAIOIIUM TOKOM. Yare Bcero B KauecTBe BO3OyaUTENeH TPUMEHSIOTCS
HEOOJIBIINE TEeHEepaTophl TMOCTOSHHOTO TOKAa C CaMOBO3OYXJICHHEM WJIH TEHEepaTOphl C
HE3aBHCHUMBIM BO30YKJIEHUEM OT MOABO30YIUTEIS.

CuHXpOHHAs MalllMHA SIBIIAETCS OOpaTUMOM, T. €. MOXET padoTaTh KaK JBUTaTelb M KAk
reseparop. MaivHa nepexoJuT U3 PeKUMa reHeparopa K PeKUMy JBUIaTessl B 3aBUCUMOCTH OT
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JNEUCTBHSI HA €€ BaJ BPAILAIOIIEH WIM TOPMO3SIIEH MEXaHMYeCcKou cwibl. Ecnm nencTByer
Bpallamoolias Ccuia, MalldHa I[I0JIydaeT Ha Baly MEXaHHYECKYI0 DJHEpPIruio, KOTOPYK OH
nepepadbaTbIiBaeT B AeKTpuueckyro. Eciu neficTByeT TopMmo3sias cuiia, MalldHa MOoTpediiser u3
CEeTH JJIEKTPUUYECKYIO SHEPTHIO epepadaThIBAET €€ B MEXaHUYECKYIO.

JlJ11 CHHXpOHHOTO TeHepaTopa padouuii mpolecc onpeaesnseTcs TeM, CBs3aHa JIM €ero 4yactoTa
U 3. JI. C. C YaCTOTOH TOKa B CETH, KOTOpasi MUTAETCS APYrUMU CUHXPOHHBIMH T'€HEpaTOopamMu, WK
OH paboTaeT HE3aBUCHMO M caM 3aJaeT 4acTOTy TOKa B ceTu. [Ipu He3aBucuMoO paboTe yacTtoTa
CETH U3MEHSET 3HaUeHHE BMECTE C YaCTOTOM BpalleHHUs IEPBUYHOTO JIBUTaTEsl, KOTOPBIM BpaliaeT
CUHXPOHHBIN reHepatop. [Ipu 3TOM 3. 4. ¢, KOTOpble UHIYKTUPYIOTCS B OOMOTKax cTaropa, Ipu
MOJAKIIIOUEHUN Harpy3Ku CO3Jal0T TOKM B OOMOTKAax cTaropa. DT TOKH B3aMMOJCHCTBYIOT C
MarHUTHBIM TOJIEM MAIIMHbI M CO3/al0T TOPMO3ALIYI0 CUJIYy, MPEOJ0JIEBAIONIYIO MEPBUYHBIN
nsurarenb. llpu yBenmuyeHMM HArpy3ku TeHepaTopa yBEJIWYHMBAETCS M TOpMO3silas cuia,
OpUBOJALIAs K MpeoOpa3oBaHUI0 MEXaHWYECKOM MOIIHOCTH IEPBUYHOIO JBUraTessl B
AJIEKTPUYECKYIO MOLTHOCTb, KOTOpasi OTAAETCS B CETh.

Korzaa cuHXpoHHBIH reneparop paboTaeT mapauielibHO C CEThbI0, KOTOpasi MUTAETCs APYTUMU
reHepaTopaMu, 4acToTa MallMHbl COOTBETCTBYET yacToTe ceTd. OmHaKo Uig TOro 4ToObl 4acToTa
MaliuHbl ObUIa MOCTOSHHOHM, HEOOXOJUMO TOCTOSHHO CHHXPOHH3MPOBAaTh YacTOTy BpallleHUS
potopa, yToObl uHAYKTUpYeMas uM D/]C coBnasnana ¢ U3MEHEHUSIMU HaIPSDKEHUS BHEIITHEH ceTu.

[Tone potopa, KOTOpo€E SABJISETCS TJIaBHBIM MAarHUTHBIM II0OJIEM, BO30OYXKIaeTcs MOCTOSHHBIM
TOKOM, HO, KpOM€ Hero, TpexdasHasi cucTeMa IEepeMEHHBIX TOKOB cTaTopa 00pa3zyeT cBoOe
MarHuTHOE T0Jie. YTJIOBYIO CKOPOCTh JAaHHOTO I0JIS OIPEEIISIET YacTOTa IEPEMEHHOI0 TOKa:

o 2
0w, =—=—
p P

IJIe (0 — 4YacToTa IEPEMEHHOT0 TOKa,

P — KOJIMYECTBO Map IMOJIOCOB BPAIIAKOLIETOC ITOJIS.

['eHepaTOpHBI PEKUM MaIllMHBl XapaKTEPU3YeTCs OIEPEeKEHUEM POTOPOM IOJIsSl CTaTopa,
[Py KOTOPOM B3aMMOJEHMCTBHE TOKOB CTaTopa M IOJII MAIWHBI CO3/1a€T MEXaHUUYECKYIO CHIY,
KOTOpas TOPMO3HUT BpallleHHE pOTOpPa; 3Ty CHIYy HEOOXOJUMO MpPeoojeBaTh IMEPBUYHOMY
JIBUTATEII0 MalIUHBbI.

B cnyuae mnapamiensHOil paOOThl CHHXPOHHOM MAalIMHBI € JPYTMMH CHHXPOHHBIMU
MallMHaMH, JUIsi TOTO 4YTOObI BKJIIOYUTH MAIWMHBI B OOIIYI0 CETh, HY)KHa IpelBapUTENIbHAS
cuHxpoHu3aius. OHa 3akio4yaeTcss B TOM, YTOObI NPHUPABHATH YAaCTOTY BpPAILEHUS MAIWHBI C
gactoToi cetu. Ilpu 3TOM 3. 1. C. MalIMHBI 10JDKHA OBITH paBHA 110 BEJIMYUHE U MPOTHUBOIOJIOKHA
no (asze HampspKeHHIO ceTH. B ciaydae upeanbHOM CHHXPOHM3AllMM MAIUIMHBI U CETU TOKU B
0o0OMOTKax cTaTopa MOCJ€ BKJIIOYEHHS MallMHbl Ha NapajuleJbHYI0 paboTy CTaHYT PaBHBIMU B
pe3yiapTaTte TOro, 4YTO IIOJI€ POTOpa HUHAYKTUPYET B OOMOTKax craTopa 3. J. C., KOTOpbIE
YpaBHOBEILIMBAIOT MOJHOCTbIO HampspkeHue ceTu. [Ipu 3ToM cHHXpOHHas MaliuHa He Oyzer
OT/JaBaTh PHEPTHUIO B CETh M HE OyneT moTpednars ee. Takum oOpa3oM, MalIMHA HE SIBISETCS HU
reHepaTopom, Hu jBurateneM. [loTepu Takoil MalIMHBI, MEXAaHUYECKUE U MAarHUTHbBIE, [IPH ITHX
YCIIOBUSAX TOKpPHIBa€T NEPBUYHBIM JBHUrareib, T. €. UYTOObl CHHXPOHHAs MallliHa, KOTOopas
BKJIIOUEHA B CETh, paboTana Kak I'eHepaTop, OTHaBas B 3Ty CEThb SHEPrUIO, HY)KHO YBEIUYUTH
MEXaHUYECKUH MOMEHT, IPUJIOKEHHBIN MEPBUYHBIM JBUTaTEIEM K BaJly MAIIUHBL.

9.2 ACMHXPOHHBIH IyCK CHHXPOHHOI'0 IBUIaTeJIA

[Ipu mycke CUHXpOHHOTO ABUrATEISl €r0 BPallalOIIMi MOMEHT PaBEH HYJIIO, T. €. IBUTATEIb
HY)XHO PacKpyTHTh JO YacTOTHI BpAIllCHHs, KOTOpas OMu3Ka K CHHXpOHHOW. MHOTHma asis 3Toro
MPUMEHSETCS CIIELMAIbHBIN Pa3rOHHBIA ACHHXPOHHBIN JBUTaTENb MAJIOW MOIIHOCTH, & JIBUTATEIIb
CUHXPOHHU3UPYETCS C CETHIO MO MIPUMEPY F'eHEpaTopa MPH BKIIOYEHUN Ha MapaJUIeIbHYI0 padoTy.

Yamre Bcero mpumeHseTcs Ipyro Buj mycka. st mpucrnocoOiieHust TBUTaTemsi K TaKOMY
MYCKYy TpU SBHO IMOJIOCHOM pPOTOPE B IMOJIOCHBIE HAKOHEYHHUKH 3aKJIAJbIBAIOT ITYCKOBYIO
KOPOTKO3aMKHYTYI0O OOMOTKY, KOTOpasi COCTOMT W3 MEIHBIX WJIM JIATYHHBIX CcTepkHer. OnHa
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M0X0XKa Ha OeIMYbe KOJIECO aCUHXPOHHOW MAIMHBI M 3aHUMAET HEOOJbIIYIO YaCTh OKPYXHOCTH

potopa.
[lyck nBuratens MOXHO pa3AeiauTh Ha JBa d3Tana: | — acHMHXpOHHBIM HAOOP YacTOTHI
BpalieHust 0e3 BO30YyXKJeHUS MOCTOSHHbIM TokoM; Il — BTAruBaHue B CHHXPOHHU3M IOCIE

BKJIFOUEHUS MTOCTOSIHHOTO TOKa BO30ykJeHus. IlepBblil aTan Takoro mycka XapakTepU3yeTcs TeM,
9TO0 OOMOTKY BO30YXJEHHS OTKIIOYAIOT OT MCTOYHUKA MOCTOSIHHOIO TOKAa W 3aMBIKAlOT €€ Ha
AKTHBHOE COIPOTHUBIICHHE Ruyx, KOTOPOE BO MHOTO pa3 IMPEBBIIIACT aKTUBHOE COIMPOTHUBIICHHUE
oOMOTKM B030yxneHus. Henb3s ocTaBiaTe 0OMOTKY BO30YXICHHS Pa30OMKHYTOM, MOTOMY 4YTO
BpaIaroIeecs 1moje cnocooOHo HHAYKTUPOBaTh B Hel Oosbiryro D/]C koTopas onacHa AJis eJT0CTH
m3ossiuy. OJHAKO He cleAyeT 3aMblkaTb 3Ty OOMOTKY HAKOpPOTKO, H3-3a TOTO 4YTO B HEH
BO3HMKaeT OoJibIIOW OAHO(A3HBIH TOK, CHOCOOHBIM TOPMO3UTH POTOP MNPU JOCTHNKEHHUH WM
MIOJIOBUHBl CHUHXPOHHOM 4YacTOThl BpalleHus. Yamie Bcero Juisi YMEHBIIEHHS IYCKOBBIX TOKOB
MIPUMEHSIOT BKJIFOUEHHUE JABUTATENs Yepe3 MMyCKOBOM aBTOTpaHchopMaTop Jubo yepe3 peakTUBHYIO
KaTYILKY. JlBurarens npuoOpeTaeT CHUHXPOHHYIO YacTOTy BpalleHHsl MO0J JeHCTBUEM
AJIEKTPOMArHUTHBIX CUJI U Pa3BUBAET HEOOXOIUMbIN Bpaliaromuii MoMeHT. Takoil myck He Tpedyer
onepanuil 10 CUHXPOHU3ALMK JBUTATENS C CEThIO U MOKET ObITh aBTOMATHU3HPOBAH.

Jljig mycka MOILIHBIX CUHXPOHHBIX JIBUTaTelleld MOKHO YJIyYIIMThb YCIOBUS IycKa U pabOThI
yepe3 NPUMEHEHHE JUIsl MUTAHUS LEenu BO30YXKIEHUS YINPaBISEMbIX KPEMHUEBBIX BEHTHIIEH —
TUPHUCTOPOB.
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10. ManimHbl MOCTOSAHHOI0 TOKA
10.1 O01mMe MoJI0KEeHU S

JlBurarenp MOCTOSHHOTO TOKa — JJIEKTpUYECKas MallliHa, MalldHa IOCTOSHHOTO TOKa,
npeoOpasyroias AEKTPUUECKYIO0 SHEPTUIO MOCTOSHHOTO TOKAa B MEXaHUUYECKYIO SHEPIHIO.

B cocraB HEKOTOPBIX AMEKTPUYECKUX MAIIMH BXOJUT KOJUIEKTOpP, KOTOPBIM MpeACcTaBIIsSeT
co00il MOJBIA LMIMHAP, HAOpaHHBIM W3 M30JUPOBAHHBIX KIMHOOOPA3HBIX MEAHBIX IJIACTHH.
[InacTuHBI KOJIJIEKTOpa H30JIMPYIOT OT Bajlia MamIMHbL J[JIs cOeOquHEHHs C BUTKaAaMH OOMOTKH,
KOTOpblE pa3MelleHbl B Ta3ax poTopa, MPUMEHSIOTCS MPOBOJHUKU. B KOJUIEKTOPHBIX
LIETKOIEPXKATENSAX MOMEIIAIOTCS HEMOIBWKHBIE IIETKH, CIy)Kallue A COCJUHEHHsS] C BHEUIHEH
LIETIhIO BpaIlaronencs 0OMOTKH.

Komekropsl npuMeHsitoTCS B reHepaTopax MOCTOSHHOro Toka. OHU IpeaHa3HaueHbl AJis
BoipsimiieHust nepemenHodt OJIC, koropas HWHAYKTHpYyeTCs IO Bpaluawomieiics obmortke. B
JBUTATENSAX MOCTOSHHOIO TOKa KOJUIEKTOP IMpUMEHSETCS Ui 00pa30BaHMs MOCTOSIHHOTO TOKa IO
HaIPaBJICHUIO BPAIAIOIIEr0 MOMEHTA.

[Ipy nmpuMeHeHHHM KOJUJIEKTOpa B JIBUraTeNsIX IMEPEMEHHOI0 TOKa IpPOSBIIAIOTCS LEHHBIE
CBOMCTBa JBUTrarejeil MOCTOSHHOTO TOKAa: BO3MOXHOCTh IUIABHO U B LIMPOKUX Hpelenax
peryiupoBaTh CKOPOCTh BpAlICHMSI; KOJUIEKTOPHbIE I'€HEpaTOphl NEPEMEHHOTO TOKAa IMO3BOJISIOT
[I0JIy4aTb IIEPEMEHHBI TOK IIOCTOSHHONW 4YacTOTHl IIPU NEPEMEHHOM YacTOTe BpalleHUs
MEPBUYHOTO ABUTATEIS.

KomekropHblit 0JTHOSKOPHBIN ITpeoOpazoBaTelb NPUMEHSIETCS B KauecTBe MpeoOpa3oBaTess
MIEPEMEHHOT0 TOKa B IIOCTOSIHHBIN, UM IOCTOSIHHOTO TOKA — B IIEPEMEHHBIN, WM JJIs1 H3MEHEHUS
4acTOThl MEPEMEHHOT0 TOKa. B HEKOTOpBIX clelMaIbHBIX YCTAaHOBKaX HCIOJIB3YIOT KacKaJHOE
COEIMHEHUE KOJUIEKTOPHBIX MallMH C OECKOJUIEKTOPHBIMU KPYINHBIMH  aCHHXPOHHBIMU
NBUTATEIsIMU, 4YTO T[O3BOJIIET IUIABHO U HKOHOMHUYHO pETYJIHpPOBaTh 4YacTOTy BpallleHUs H
K03(h(ULHUEHT MOLTHOCTH JaHHbBIX JBUTATENEH.

Ho mnpucyrcTBue KoJIEKTOpa YIOpPOXKAET MAIKHY, YCIOXHSIET €€ OKCIUTyaTaluilo |
YMEHBIIAIOT HAJIC)KHOCTb.

B cocraB MammHbl MOCTOSIHHOTO TOKAa BXOJAST HEMOABM)KHAS YacThb, KOTOPAsl CIYXKHUT AJIs
BO30YKJIEHHsI IJIaBHOTO MAarHUTHOTO I0JIsI, U Bpallarouiasics 4yacTb, kotopas unaykrupyer 9J1C u
TOKH, CO3/1a€T TOPMO3SIINIA MOMEHT B F'€HEPATOpE U BPAILlAIOLIIil MOMEHT B JIBUraTelIe.

Cranuna

[TonrocHblit
HAKOHEYHHK

Pucynok 10.1 — CranuHa MalinHbI TOCTOSIHHOTO TOKa
HemnoasmwkHyr0 4acTh MHOTIa Ha3bIBAIOT CTATOPOM, U OHA COCTOMT M3 ctanuubl (puc. 10.1) ¢

YKPCIUICHHBIMA B HEel OCHOBHBIMH MOJIOCAMH B036Y)KILGHI/I${ TJJaBHOI'O MArHuTHOIO IIOTOKa H
JOIIOJITHUTCIIbHBIMHU ITOJIFOCAMHU JJISA J'Iy‘IHIGﬁ KOMMYTallii MalllMHBI.
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['aBHBIN NOJIOC COIEPIKUT CEPICUHHUK, HAOPAHHBIN U3 JINCTOB AJIEKTPOTEXHUUECKOHN CTaIN U
YKpeIJIeHHbI 00JITaMU Ha CTaHMHE, a TaKXe KaTyluKy oOMOTku Bo3OyxaeHus. Ha cBobGomHom
KOHIIE CEpACYHMKA YKPEIUIAIOTCSA IOJIFOCHBIE HAKOHEYHWKHU JII PAaBHOMEPHOTO PACIPEICIICHUS
MAarHUTHOM MHAYKIMH 10 OKPYKHOCTH SIKOPS.

CraHuHa UrpaeT poJib ipMa MAIIUHBL, T. €. OHA 3aMbIKA€T MAarHUTHYIO LIE€TIb IIABHOTO MOTOKA.
Ee nM3roTaBimBarOT U3 JIUTON CTAJIH, TaK KAK MAarHUTHBIA IOTOK B HEW OTHOCUTEIBHO MOCTOSHEH.
Ha crannne Mex 1y OCHOBHBIMH IOJIFOCAMH ITOMEIIAKOTCS TOIOJIHUTENIBHBIE, CEPACUYHUKN KOTOPBIX
KpensiTcst 001TaMM K CTaHUHE, a KATYILKH UX OOMOTOK COEIUHSAIOTCS MOCIEI0BATENBHO C SKOPEM.

SIkopb — 4YacThb MalllMHBI, B 0OOMOTKE KOTOPOM IpH BpallleHUU €€ OTHOCUTEIHHO TIJIaBHOI'O
MarHuTHOro nosst uaayktupyercss J/1C. Skopp B MalmHax MOCTOSIHHOTO TOKa UMEET B COCTaBe
3yOuaThlii ceplieYHUK, O0OMOTKY, KOTOpasi YyJlO)K€Ha B Ia3ax CepJIeYHHMKA, U KOJIJIEKTOp, KOTOPBII
HacakeH Ha Bal skopsd. CepleyHHK COCTOUT M3 JIUCTOB JJIEKTPOTEXHUUYECKOW CTajH,
M30JIMPOBAaHHBIX APYr OT Jpyra. B ma3ax cepiedHuka SKOpsi pacrosiaraercsi oOMOTKa SIKOps,
KOTOpasi 0OBIYHO COCTOUT U3 OTAENbHBIX CeKUUU. JIJi1 OTBEICHUS TOKA OT KOJUIEKTOpa MPUMEHSIOT
YIOJIbHBIE WM MEIHBIE IIETKH, KOTOpbIE YCTAHABIMBAIOT B HIeTKoAepkaremsax. Illerka
MPIKUMAETCS K KOJUIEKTOpPY NpYXHHOM. TOK OT IIEeTKH OTBOJAT uepe3 cleuuaibHbli TMOKui
kabenb. llleTkoaep:karenu HaJeBalOT Ha IIETOYHYIO TpaBepcy, OT KOTOPOH OHH H30JIHUPYIOTCA.
TpaBepcy ycTaHaBIMBAIOT Ha MOJALIMIIHMKAX MalIMHBL, 1 OHA CIIOCOOHAa MOBOPAYMBATHCA U IPU
9TOM U3MEHSATH MOJIOKEHHUE IETOK 110 OTHOUIEHUIO K MOJIF0CAM MAallIWHBI.

MaiunHa nocTosIHHOTO TOKa SBJIIETCS 00paTUMOM, T. €. OHa paboTaeT B peXUME reHeparopa,
KOI/Ia €€ Bpaulaer jABurarenib. [Ipu 3TOM riiaBHOE MarHUTHOE I0Jie BO3OYXKIaeTcs, a Lelb SKOPs
3aMKHYyTa 4Yepe3 IIEeTKH Ha Harpy3ky. B Takux ycioBusix obmoTka sikopst unuaykrupyer DJ1C,
IIOCBUIAIOINYI0 TOK Yepe3 KOJUIEKTOP M IIEeTKM BO BHEIIHIOKO LeNb. BHYTpH MamuHbI
B3aMMOJICMCTBYET TOK SIKOpS C IJIAaBHBIM MAarHUTHBIM IIOJIEM, B PE3yJbTaTe€ YEero CO3IacTCs
TOPMO3SIILIUNA MOMEHT, KOTOPBIA JOJDKEH MPeoJIojieBaTh MEPBUYHBINA JABUraTesb. Takum oOpazom,
MaIllMHA U3 MEXaHUYECKOW SHEPIUH MOJy4aeT NIEKTPUUECKYIO.

Eciu nenbp skops u uenb BO3OYKIEHHS MALIMHBl NPUCOEIUHUTh K HMCTOYHHKY, TO
HaIpsDKEHHUE CO37aeT TOK B OOMOTKAaxX MalIMHbI U TOK SKOps, KOTOpbIE IPU B3aUMOJEHCTBUM C
[JIaBHBIM MAarHUTHBIM T0JieM ¢opMupyeT Bpamaroumii MoMmeHT. [lox ero neicTBuemM SKOpPb
MIPUXOJUT BO BpalleHUE, T. €. MallHa pab0TaeT B PEXKUME JIBUraTEIs.

[Io cnocoGy BO30YXIEHHUS TIJIaBHOTO MAarHUTHOTO TIOJII MAIUWHBI IOCTOSIHHOIO TOKa
pa3fendoT Ha rpynnbl. MamiiHbl HE3aBUCUMOIO BO30Y)KJIEHUS MMEIOT OOMOTKY BO30YXKICHMS,
KOTOpasi MojJy4aeT TOK OT He3aBUCHMMOro ucrouHuka (pucyHok 10.2a). Ilpm sToM cmma Toka
BO30YXKJICHUSI HE 3aBUCUT OT HANPsHKEHHS HA 3aKUMax AKOps MaIIUHBbI.

IIpu BbIOOpE ceueHHil MPOBOJOB OOMOTKM BO3OYKIEHUS HEOOXOAMMO YYHMTHIBATh
HanpsDKeHWEe HCTOYHMKA TOKa BO3OYKIeHHs. [l Takux MamiMH XapakTepHa HE3aBUCHMOCTD
IJIABHOTO MarHUTHOTO MOTOKA OT HAIPy3KH MAalllVHBI.

nap w

a) 0) B)

Pucynok 10.2 — Cxembl noaxitoueHusi 0OMOTOK BO30YKICHUS

MaiuHbsl napajuieaIbHOro BO30YKJIeHUS 00J1a/1al0T 1IeTbio OOMOTKH BO30YXK/I€HUs, KOTOpas
COCIMHSETCS TapaJlyiebHO ¢ 1enbio SKops (pucyHok 10.20). IIpu Takoit cxeme BO3OYKIEHUS TOK
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l6 B HECKOJBKO pa3 MEHBIIE CHJIBI TOKa SKOPs, U HampspkeHne U Ha 3aXuUMax Iened sSKops U
BO30YK/ICHHSI COXpaHSETCSA, T. €. CONMPOTHBJICHUE OOMOTKH BO3OYXKIEHHUS MOHKHO TPUHUMATh
OoJpioe 3HaueHue. B 00MoTKe BO30YKIEHUS TAKOW MAITUHBI COJEPKUTCS O0JIBIIIOE YUCIIO BUTKOB
TOHKOTO TIPOBOJIa, W TO3TOMY €T0 CONPOTHBJICHHE 3HAYMTEIHHO. B MammHax mapayienbHOTO
BO30Y)KJICHHSI TJIaBHBIA MarHUTHBIN TIOTOK SIBJISICTCS HE3aBUCHUMBIM.

MaiuHbl MOCNIE0BATEILHOIO BO30YXXKJIEHUS 00Jaal0T TOJHBIM TOKOM SIKOpS, KOTOPBIN
MPOXOJUT 4Yepe3 OoOMOTKY Bo30yxneHus (pucyHok 10.2B). Ilo srToil mpuumHe uis OOMOTKH
WCIIOJNIB3YeTCsl TPOBOJ 00biIoro cedeHus. OOMOTKa TOCIIENOBATEILHOTO BO30YKIIEHUS HMEET
OOJIBIITYI0 CHJIy TOKa [, TIOATOMY JJisi TOJYYEHHUsT HaMarHW4YuBaromen cuibl (o) J0CTaTouyHO
HEOOJIBIIIOTO YKCIIa BUTKOB, KOTOPBIE 00J1aat0T HEOOIBIITUM CONTPOTHUBIICHHEM. B Takux MammnHax
W3MCHCHHS TJIABHOTO MArHWUTHOTO IIOTOKA BO3MOXXHBI B MIMPOKHX TpefesiaX MPUMEHEHHUSIX
Harpy3Kd MaIluHbl. OTO SBJISICTCS CIICACTBUEM HW3MEHEHUW CHJIBI TOKa SIKOPS, SBISIOMIETOCS
OJIHOBPEMEHHO U TOKOM BO30YKICHUS.

10.2 Boinpsimiienne nepemennoii 3/1C nocpeacTBoM KoJLIeKTOPA U ETOK

O/1C., xoTopast HHIYKTUPYETCS B 0OMOTKaX, UMEET BHI:
AD

.Y
Takum obOpazoMm mpu mpoaospkuTebHOM Tporiecce DJ[C momkHa OBITH MEPEMEHHOM, TaK Kak
MIOTOKOCLEIUIEHHE HE MOXET BO3pacTaTh HEOIPaHUYEHHO, a NpH yosiBanuu JJIC MeHseTcs 3HaK
npou3BoHOM. [loaTOMy BO Bpararomieiics 0OMOTKe MallluHBI UHIYKTUpYyeTcsa nepemerHas JDJ[C,
JUIS BBIIPSAMJIEHHS] KOTOPOW HE0OX01MM KoJuiekTop. Brinpsmienue 3toit 3/1C MOXKHO mpociaeauThb
Ha IpUMepe YCTPONCTBA KOJIBLIEBOTO SKOPSL.

Pucynok 10.3 — Cxema K0JIbLIEBOTO SIKOPSI ¢ 0OMOTKOM

CepeyHHUK KOJIBLIEBOTO SKOPS BBIIIOJIHEH B BUE noJioro nuiauHapa (puc. 10.3), koTopsiid
coOpaH M3 IIACTUH JIEKTPOTEXHUUECKOH cTamu. OOMOTKa KOJIbLIEBOTIO KOPS OOBUBAET LWJIMHAP U
oOpazyeT 3aMKHYTBHIM KOHTYpP H3 OOJBIIOTO 4YHCJIa BHUTKOB. [JIaBHBIE TOJIOCHI 0Opa3yroT
MarHUTHBIA TOTOK, KOTOPBIM MPOXOAMUT IO CEPACUHUKY SKOPS, HE MPOXOJIs BO BHYTPEHHIOIO
MOJIOCTh LWIHMHJIpa Kops. [loaTomMy npu BpaiieHu# SKOpsi MarHUTHOE T10JI€ BO3JAEHCTBYET TOJIHKO
Ha TPOBOJHHUKM OOMOTKM, KOTOpbIE JIeXaT Ha BHeUHeW mnoBepxHocTH skops, u OJIC
UHAYKTHpYeTcs ToibKO B HHUX. [lo mpaBuiy mpaBoil pyku ompeaesnsieM, 4To 3. 1. C., KOTOpbIE
UHAYKTUPYIOTCS B TNPOBOJAHMKAX, JIEXKAT I0J Pa3HOMMEHHBIMU IIOJIOCAMH, IO3TOMY HMEIOT
IIPOTUBOINOJIOKHOE HampasieHue. BcenenactBue cummerpuyHoro mnoctpoenust mamuuel DJIC He
CO3/al0T BHYTPEHHET0 YPaBHUTEIHHOTO TOKA.
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Jisa ucnosb3oBanus DJIC AByX MONOBMH OOMOTKM NpU PAaCCMOTPEHUU JIBYXITOJIFOCHOU
MallMHbl MOXKHO HAJIOXHUTh Ha SIKOPb JIBE HEMOJBIDKHBIE ILETKHU, MPH 3TOM OCBOOOJUB OT
M30JISIUU Ty 4acTh MOBEPXHOCTHU MPOBOJHUKOB SIKOPS, KOTOpas KacaeTcs IIETOK MpPHU BpalleHUU
saxops. CTaBUTh LIETKH HEOOXOAMMO MOCPEIUHE MEXIY IVIaBHBIMU MoJocaMu. Takum oOpas3owm,
00MOTKa pa3zenseTcs Ha JIBe NapajieibHble BETBU, KOTOPbIE ABISAIOTCS ABYMs ncTouHukamu DJ[C
Ot DJIC crmocoOHBI COBMECTHO IOCHIJIATh TOKH BO BHEIIIHIOO IIETTh.

OJIC, obpazoBbIBarolyecss B BUTKaX NapajUICIbHBIX BETBEH OOMOTKH, JODKHBI HMETh
OJINHAKOBbIE HAIIPaBIICHUSA, KOTOPbIE 3aBUCAT OT HANpPABICHUN MarHUTHOTO MOJS U BpallleHUs
saxops. 1LleTku cTosT MeXly TJIaBHBIMU IOJIFOCAMU MAIllMHBI B 00JIACTH, /1€ MAarHUTHAs! MHIYKLINS
SBJIIETCS MPAKTUUECKU paBHOU Hymto (puc. 89). JlaHHOE MpOCTPaHCTBO HA3bIBACTCSI HEUTPaJIbHOMN
30HOM MamuHbl. [lo OKpPY)KHOCTM SIKOpS MarHuTHas MHIYKUMs OyIyT paclnpenensitbcs B
3aBUCHUMOCTU OT MarHUTHOTO CONPOTUBIIEHUS. i1 paBHOMEPHOCTH paclpeleIeHUsl IPUMEHSIOTCS
IIOJIIOCHBIE HaKOHEeUHMKHU. Korga mieTkn CABUHYTBI M3 HEUTPAIBHOM 30HBI, B OJHOW M TOH Xke
napajuleIbHOM BETBU MOMEUIAIOTCS CEKLUU C IPOTUBONOJIOKHBIM HampanieHuem JJC, mostomy
HaNpsDKEHUE MEeXAy LIeTKaMu yMeHblaeTcsi. OHO CTaHeT paBHBIM HYJIO IPHU IMOMEUICHUH LHIETOK
M0/l CPEIMHAMU MOJIFOCOB.

Pucynoxk 10.4 - MarautHas HHAYKIHS

3a cueT IIETOK HANpsHKEHHE Ha 3a)KMMaxX MAaIIUHbBI SBJISETCS MMOCTOSHHBIM, HECMOTPS Ha TO
YTO B KaXJIOM U3 IPOBOJHUKOB OOMOTKM €€ sKops HUHAyKTupyercss mnepemenHas OJ/IC.
[IpoBOHUKH, KOTOpBIE IBUXKYTCS HEMPEPHIBHO, MEPEXOJAT OT CEBEPHOrO0 K KOKHOMY IOJIOCY,
[I03TOMY HallpaBJIEHUE UHIAYKTUPYEMOU B HUX 3. [I. C. U3BMEHSETCS.

[Ipu 3TOM O OTHOIIEHUIO K MOJIOCAaM MAIIMHBI [T0JI0)KEHHE TPYIIIBI IPOBOJHUKOB OCTAETCS
MOCTOSAHHBIM. OJTHM MPOBOJHUKU U3 3TOU TPYIIIBI YXOJAT, HO TO K€ KOJUYECTBO MPOBOJHUKOB B
Hee IOCTYTaeT.

Korpa uucio nmap mosocoB MamuHbl 0ojbiie 1, crivpalibHas 0OMOTKA KOJIBIEBOTO SIKOPS
JOJI’KHA UMETh YBEJTMYEHHOE YHCIIO HIETOK, YTOObI COETUHSATH MapajlieIbHO BCE BETBU OOMOTKH.

PaccmoTpeHHas cxeMa MallMHBI HE MMeENa KOJUIEKTOPA, TaK KaK €ro poJib BBINOJHSAIA cama
oOMoTKa skopsi. OfHAaKO MPU KOHTAKTE IIETOK C OOMOTKOM SIKOps YCJIOBHS pabOThl KOHTAKTOB
HeOJIaronpusTHbI BCIEACTBHE BBICOKON CKOPOCTH Ha MOBEPXHOCTH SKOPsL. Takue KOHTAKThl MOKHO
clleNaTh HaJleXKHee, €CIU MEePEeHECTH IIETKU Ha IUIaCTHUHBI Kojulekropa. [lnmactuHbel HeoOxoaumo
COEIMHUTh MPOBOJHUKAMH (ME€TYLUIKaMH) C COOTBETCTBYIOIIUMHU ceKuuaMu skops. Lllerku
COEJIMHSIOT MapaljielIbHO BETBU OOMOTKHU Tak e, Kak IpU IpsIMOM KOHTakTe ¢ sikopeM. Tak kak
JUaMeTp KOJUIEKTOpa HaMHOTO MEHBIIE AUaMeTpa SKOps, €ro OKPYKHas CKOPOCTb 3HAYMTEIIHLHO
yMmeHblnaercs. Ilpu 3TOM IUIACTUHBI  KOJUIEKTOpPA MEXaHWYECKHM 3HAYMTEIBHO IpPOYHEe
IIPOBOJTHUKOB OOMOTKH SIKOPA.

B renepartopax IIETKM U KOJUIEKTOP HPUMEHSIOT JJs BhIIpsMieHus nepemenHoit D/1C
BUTKOB OOMOTKH. B ABUrarensx KOJUIEKTOp M LIETKU MPHU3BAHBI 00ECHeYrnBaTh HENPEPHIBHOCTD
BpamieHus. Yepes Bce MPOBOJHUKHU MapajljiesIbHOM BETBU OOMOTKHU SIKOPSI IPOTEKAIOTOIMHAKOBbIE
Toku. Korma Ha Bce 3TH NPOBOJHUKU JEMCTBYET JJIEKTPOMAarHUTHas CHJa OJUHAKOBOTO

70



HalpaBJIEHUs, JIBUTATENb Pa3BUBAET MAaKCHMAaJbHBINM Bpamlaromuid MoMeHT. Eciu mpoBoaHHK
MEPEXOIUT OT OJHOr0 MOJICa K APYroMy IOJIIOCY, TO W IIETKU, U KOJUIEKTOP IPOU3BOJIST
MEePEKIIIOUEHNE HAIPaBJICHUSI TOKA, MPOXOAIIETO MO MPOBOAHUKY. 32 CUET ITUX MEPEKIIOUCHUM
HaIpaBJIEHHUE BPAIIAIOIIEr0 MOMEHTA COXPAHSAETCS MOCTOSHHBIM.

10.3 Peakuus sxops

Peaknust sikops — BO3ACHCTBME HAMArHWYMBAMOIIEW CHIIBI SKOPS HAa MarHUTHOE IIOJIE
MaluHbl. Peakius sikops daiie BCero MpU3HAETCsl HeXeNaTeIbHbIM SBJICHUEM, KOTOPOE MCKaXaeT
OCHOBHOE MAarHUTHOE TMOJie M yXyIulaer ycjloBus pabotsbl MamuHbel. [lostomy mnpu
KOHCTPYMPOBAHUU MAIIUHBI CTPEMSATCS YMEHBIIUTD BIUSHUE PEAKIIUH SIKOPSI.

[Ipu nmpoxoxJieHuu TOoKa Mo 0OMOTKe BO30yxneHus ([z2 = 0) MarHUTHOE IOJIE MalIUMHbI
SBJIIETCS CUMMETPUYHBIM OTHOCHTENIBHO OCH CEPJCYHHKOB IOJIOCOB M IOJ MOJIIOCAMU IOYTH
paBHoMepHO. Ha pucynke 10.5a cxeMaTnyecku MoKa3aHo I0JIe ABYXIOJIIOCHOH (p = 1) MallKHBI.
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Pucynox 10.5 - MarauTHO€ noJie MaliuHbI

['eomeTpuueckoli HEUTpaNblO # — n' Ha3BIBACTCS JIMHHS, KOTOpas MEPHEHANKYISIPHA OCH
MOJIFOCOB M pa3eiisIeT Ha IYyre SIKOPsS CEBEPHBIM M I0KHBIA MOJIOCHL. ['eoMeTpruyeckas HEUTpaib
SBISIETCS (PU3NYECKOW HEUTpaliblo, T. €. JUHUEH, KOTOpas MPOXOIUT 4Yepe3 TaKhue TOYKH
OKPY>KHOCTH SIKODSI, IJI€ MAarHUTHAsl UHAYKLMS paBHA HYIIO.

B MOMEHT mnpoxokJeHHsi TOoKa 1O OOMOTKE SKOpS OH CTAaHOBUTCS DSJIEKTPOMarHUTOM
(pucynok 10.50) c¢ HampaBieHueM ocu 1o ocu wieTok. Och TMoyis SKOps HalpaBlieHa
MEPIEeHIUKYJIIPHO OTHOCUTEIBHO OCH MOJISl TJIaBHBIX MOJIOCOB. [Ipu TakuX ycloBHX HOJIE SKOPS
ABJIIETCA MONEpeYHbIM. ECciin HAarpy3uTh MaluHy, peakiust sIkopst BO3/IeHCTBYET HA OCHOBHOE T0JIe
M CO3/IaeT PE3YIbTUPYIOIIEE MoJie. XapakTep 3TOro moJisg n3odpaxeH Ha pucyHnke 10.58. B mammne
MIOTOK CMEILIAeTCsl B HAIpPABJICHUU €€ BpAlllEHUs] B T'€HEPATOPHOM pPEXHMME WM IPOTUB — B
JIBUTATEJILHOM pekuMe. B 3ToM ciiydyae mOTOK pacnpenesieH HECUMMETPUYHO OTHOCHUTEIBHO OCH
nostocoB. OH ocnabisiercss y 0JHOTO Kpast U ycunuBaercs y apyroro. Ilpu stom noxa BiausiHHEM
peakuuu SKops (Qusmyeckas HEUTpaib m — m' CMECTUTCS OTHOCUTEIbHO TI'€OMETPUUYECKOM
HEWUTPaAIH U IIETKU.

st Toro 4ToObl OCHAOWTH pEaKIHMIo0 SKOpPsS B MAaIllMHAX, YBEIWYMBAIOT MAarHUTHOE
COINPOTHBIIEHUE HA ITyTU MIOTOKA SKOPs. DTO 0OecreynBaeTcsi CO3JaHUEM OTHOCUTEIBHO OOJIBIIOrO
BO3JIyLIHOTO 3a30pa MEXIY SKOPEM U MOJIIOCHBIMU HAaKOHEYHHUKaMH, a TaKKe€ BbIOOPOM CEUEHMUS
3yOLIOB SIKOPSI TaKuM 00pa3oM, 4TOObI YBENIWYUTHh UX MHAYKUUIO. [Ipu nanpHeilniemM yBeIu4eHUU
MHIYKIHUUA TPOUCXOJUT BO3pAaCTaHHE MAarHUTHOTO CONPOTHUBIIEHHS 3yOL0B, YTO COOTBETCTBYET
YBEJIMUEHHUIO BO3JYIIHOTO 3a30pa Ha MyTH MOToKa sikops. Ho aisa nmopnep:kanus He0OX0IMMOro
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MIOJIE3HOTO TOTOKa B MAalIMHE HY)KHO COOTBETCTBEHHO YBEJIUYUTh HAMATHUYMBAIOUIUE CHIIBI
[JIaBHBIX MOJIFOCOB, T. €. YBEIUYUTH rabapuUThl U MacCy MallliHBbI.

Emie oHuM cioco6oM yMeHbILIEHUs cMeleHusl (pru3nueckoi HeHTpaiu u3-3a peakluu aKops
SBJIIETCA CHAOXEHUWE MAIIMHBI JONOJHUTEIbHBIMU IOJIOCAMH, KOTOpPble HEOOXOAWMBI M JUIS
yllydlleHus: KoMMyTanuu. VX ycTaHaBiIMBalOT Ha CTaHMHE MAIUWHBI [0 JIMHUM T'€OMETPUUYECKOM
Hertpanu (puc. 10.6).

Pucynok 10.6 - YcTpoilcTBO JOMOJHUTENBHBIX MOJIFOCOB

OOMOTKH 3THX MOJIOCOB COCTUHSIIOT Yepe3 MIETKU TOCIeJ0BATEIBHO ¢ 00MOTKOH sikopsi. [Ipu
OTOM HaIIPaBJICHUC HaMaFHI/ILII/IBaIOHIGI\/'I CHUJIbBI OOIIOJIHUTCIIBHBIX ITOJIFOCOB HOOJIDKHO OBITH
IMPOTUBOIIOJIOKHO HAITPABJICHHUIO HAMAarHMYUBAIOMIUX CHJI PCAKIHUU SAKOPsA, T. €. JOIMOJIHUTCIIBHBIC
MOJIIOCHI  DKPAHUPYIOT TOJI€ PEaKIHWH SKOPS B HEOOJIBIIOW 30HE KOMMYTHPYEMBIX CEKIIH.
bnaromaps 3ToMy mpenmympexgaercss CcMeleHne (PU3MYECKOW HEWTpadd  OTHOCHUTEIIBHO
r€OMETPHUYECKOM.

Tak kak HaMaron4iuBarOmyr CHIIYy JOIOJJHUTCIBHBIX IIOJOCOB CO34aC€T TOK SAKOPA,
KOMIIEHCAUSI PEAKIUHN SKOPSI IPOUCXOAMT IPH JIFOOBIX Harpy3Kax MAaIlUHBI, MPU 3TOM BaKHO,
4TOOBI MarHUTHAs IEeMnb AOIIOJIHUTCIIBbHBIX ITOJIFOCOB HE Obl1a HAaCBIIICHA.

KOFHa MalllrnHa pa60TaeT B PCIKUME IreHepaTropa, JOIOJIHHUTCIBHBIC ITOJIOCHI JOJ’KHBI UMETh
MOJISIPHOCTh TE€X TJIABHBIX TOJIIOCOB, HAa KOTOpBhIE Ha0eraer sKopb, a Mmpu paboTe B pexXUME
ABUTATCIIA — IMOJIAPHOCTD TEX ITOJIOCOB, U3-II0A KOTOPBIX AKOPb BBIOETaeT.

C momomIpio JOTMOJHUTEIBHBIX IONIOCOB HE YCTPAHSIOTCS CO3JIaBacMble PEaKIUeH SKOpPS
HEpaBHOMEPHOE pacHpe/IelieHHe WHAYKIUH TI0]] TIOJIF0CaMU M YMEHBIIICHHE ITOJIE3HOTO MOTOKa. B
KPYIIHBIX MalllMHaxX 3HAYUTCJIbHOC IIOBBIICHUC MWHAYKIMW 1I0J IOJHOCaAaMH MHNPHUBOAWUT K
MEPCKPLITUIO U3OJIALNUOHHOI0 MPOMEKYTKA MCKAY IJIIACTUHAMUA KOJUICKTOPA U BbI3bIBACT prrOBOI\/'I
OTOHb. /{1151 mpeaynpexIeHns TaKOW aBapuu HYKHO IIOJIHOCTBIO KOMIIEHCHPOBATh PEAKIUIO SIKOPSI.
JIJ'I?[ 9TOIr0 NPUMEHAIOT KOMIICHCAIITUOHHBIC 00OMOTKH.

[Ton meTkaMu Ha KOJUIEKTOPE MPOUCXOAUT UCKPOOOpa30BaHKE, CIIOCOOHOE BHI3BATH OBICTPOE
paspylieHre KOJUIEKTOpa M3-3a BBICOKOH TeMIlepaTypbl MCKpBI, KOTOpas CIIOCOOHA pa3pylIUTh
MCTAJUIBI U CILJIABBI. HOBTOMY A YBCIIMYCHUA CpPOKa CJ'Iy)K6I)I MallIUHBI ITOCTOSHHOI'O TOKa
HEO0OXO0IMMO YCTPaHHUTh MCKPEHUE IOJ HIETKaMH, TaK KaK MCKPbI ObICTPO pa3pylIaOT IJIACTHHBI
KOJUIEKTOPA U IETKH.

CpC)II/I MIpHUYHH I/ICKpOO6p2130BaHI/I$I MOXXHO BBIACIUTb MCXaHUYCCKUC U DIJICKTPHUYCCKHUC.
CpC)II/I MCXaHUYCCKUX MMPUYINH OCHOBHOH SBJIETCSA YXYAICHUEC KOHTAaKTa KOJUICKTOpa CO MICTKaMu,
4TO BO3HUKACT BCJICACTBUEC HCPOBHOCTH KOJIJICKTOPA, APOKAaHWA HICTOK U T. II.

DNeKTpUUECKON MPUYUHON SIBISIETCS] HEYIOBIETBOpUTENbHAsA kKoMMyTauusa. Kommyranus —
9TO COBOKYITHOCTBH SIBJICHUU IIpru HU3MCHCHHWH HAIIPaBJICHHA TOKa B CCKIHUAX 00MOTKH SAKOpA B
TCUCHHUC 3aMbIKaHUS HIICTKAMU 3TUX CeKHI/IfI HAKOPOTKO.
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10.4 Pesxum aBuUrares

Tak Kak 3JEKTpUYECKHE MaIllMHbl OOpaTUMbl, I€HEPATOPHBI PEXUM MAaIIUHBl MOKHO
U3MEHUTh Ha JABUrareibHblil. [lonoOHOE M3MeHeHue pexkuma 4Yallle BCEro OCYLIECTBISETCS s
reHepaTopa NapajuielIbHOro BO30YXKJEHHs, KOTOpPbI paboTaeT OT CETH MOCTOSIHHOIO ToKa. Jlis
3TOT0 HYXHO YMEHBIIMTHh CUJIYy TOKa BO30YxJeHus Tak, uyTtoObl DJIC sikops cTajia MeHbIe
HanpspkeHus cetu. [IpeoOnaganue HampspKeHHs! CETU MPUBEIET K M3MEHEHUIO HallpaBJICHUs TOKA

OOMOTKH SIKOPSI, CO3/[aBAEMOI0 PasHOCThIO Hanpskenust cetu u IIC sikops, T. e.

E =iR +1%

de

[Ipu B3aMMOJEMCTBUM 3TOTO TOKAa C MAarHUTHBIM IOJIEM MAIIMHBI CO3/aeTCs Bpallarollui
AJIEKTPOMArHuTHeIM MoMmeHT. Iloj ero aelicTBueM sIKOpb MPUIET BO BpallleHHe O0e3 MOMOIIU
MEPBUYHOIO JIBUraTelsl, U JBUraTeIb MOXKHO PACHENUTh C MAIIMHON. DTUM CIOCOOOM MallluHA U3
peXuMa TreHepaTropa IEepeBOJUTCS B PEKUM JBUTATeNss UM Ipu paboTe NOTpeOiasieT U3 CeTH
MotrHocTs P = U(I,; + 1,).

DHEepreTUyecKyo auarpaMmy MOHO IpPEJICTaBUTh B BHJE, NOKa3aHHOM Ha pucyHke 10.7.
MoIHOCTh, KOTOpasi MOJBOJWUTCA U3 CETH, pa3AeiseTcss MEXIy LEeNbl0 SKOpPS M LEMbIo
BO30ykaeHus. HeOGombIIol NpoueHT MOUTHOCTH, KOTOpas MOTPEOsSeTCsl HENblo KOs, TPATUTCS
Ha HarpeBaHHe OOMOTKH; OCTaBILAsCS MOILIHOCTb MpeoOpaszyercs B MEXaHUYECKYIO P,... Ho mis
OTpe/eNieHUs] TMOJE3HOM MOIIHOCTH, KOTOpas OTHAaeTcs Bajy MallWHbI, HEOOXOJUMO OTHSTH OT
MEXaHUYECKON MOIIHOCTU OTEPH B CTATU P, 1 MEXaHUYECKUE TIOTEPH.
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Pucynok 10.7 - Duepreruueckas quarpamma JBUTaTeNs

OJIC sikops TIpu TakOM peXUME padOTHl HANpPABJICHA MPOTHUB TOKA, MO3TOMY €€ Ha3bIBAIOT
IIPOTUBOAJIEKTPOABIKYIIEH cniloi. HanpspkeHre Ha sikope ONpenesnseTcs BhIPaXKECHUEM:

U=LR, + E,

YMHOXKHUM 3TO YpaBHEHUE HA TOK SKOPS U, €CJIU y4ecTb, uto Ul, —12,1R,1=me=E,J,l, MOJIYYUM:

UL=FRy + Prex

JlanHO€ ypaBHEHHE TIOKa3bIBAE€T, YTO MOINHOCTh, KOTOPYI TMOTPEOJISET IEMb SKOPS,
CKJIQJIBIBAETCS U3 MOITHOCTHU TEIUIOBBIX OTEPH [,R,; 1 MEXaHUYECKON MOITHOCTH.

[IpucyrctBue npotuBo-2/[C, XapakrepuszyeT NnpeoOpa3oBaHUE AIIEKTPUUYECKOW SHEpPruu B
MEXaHUYECKYIO0 AJICKTPOMAarHUTHBIM yCTpoHcTBOM. OTCIOo/a SICHO, YTO TpH YBEIUYCHUH FEs
yBennuuBaercs KIIJ[ neurarens.

Yame Bcero peKMM JBUTaTeNsl OCYIIECTBIISIETCS MYCKOM MAIIMHBI B XOJ, JJISI YEro €€
BKJIFOYAOT I10]1 HAIIPSKEHUE MUTAIOLIEH CETH MOCTOSIHHOTO TOKa. [IpH 3TUX ycloOBUsX, MTOKa AKOPb
nokoutcs (m = 0), 3JIC B Hem He mosBisieTcs, mosTomy Hampsbkenue Us = [R; Tak xak
COIIPOTUBIICHHE HE HU3MEHSETCS, CHiia TOKAa [ B MOMEHT ITyCKa ABUTraTels JOJDKHA IPEBBIIIATH
pabouee 3HaueHue B 25—40 pa3, 4TO HEAOMYCTUMO HU ISl KOJIJIEKTOPA U OOMOTKHU SIKOPS, HU JIJIst
CETH, KOTOPAsi MUTAET JIBUTATENb.
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Jlyig ycTpaHeHus MyCKOBOI'O TOKa MOCJIEeI0BATENIbHO K SIKOPIO BCEX JBHUraTelei MOCTOSTHHOTO
TOKa BKJIIOYAIOT ITyCKOBOW peocTaT

Bpamaromuii MOMEHT, KOTOPBIH CO37]a€T MMYCKOBOM TOK, MPUBOAMT B JABHKEHUE SKOPb, U B
ero obmortkax uHAykTHpyeTrcs NpoTuBoD/C FEs, KoTOpas OrpaHMYMBAET CUIY TOKa SIKOPA,
nsurarens. C DIOMOUIIbIO paBEHCTBA MOMEHTOB OIpEAENsSeTcs 4YacToTa BpalleHUsl SKOps,
[IPONOPLIMOHANIbHAS TPOTUBO-3. 1. C. Ex.

Ecnu ydectb, 4uTo yacToTa BpalleHHs IBUTATENs] OOpaTHO MPOMOPIHOHAIbHA TJIABHOMY
MarHuTHOMy 1noToky @ u mpsiMo mponopuuoHaIbHA HanpspkeHuto U SKOpsi, TO PeryaupoBath ee
MO>KHO U3MEHEHUEM MarHUTHOTO MOTOKA UM U3MEHEHUEM HaNpsHKEHUS SIKOPSL.

Jis Toro uToObl peBepCHUpOBATH JBUraTellb IOCTOSHHOTO TOKa, HY)XHO HW3MEHUTH
HaIpaBJIEHHE TOKA B OJTHOM LIeNHU ABUraTes, J100 B LienH BO30yXaeHus, 1100 B Lenu skops. Eciu
M3MEHUTh HampaBlieHHEe TOKa B 00EMX LIEMSX JBUTATeNs, U3MEHEHUsI HAIpaBJIECHUS BPAIaroOIIEero
MOMEHTA HE MPOU30MUJIET.

Bun pabounx xapakTepuUCTUK JBUTaTeseill 3aBUCUT OT criocoba BO30YXIEHHSI UX TJIABHOTO
MarHUTHOTO MOJIS.
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11 DaexkTpode3onacHOCTH

[upokoe mprUMeHEHue 3JIEKTPUUECKON SHEPruu MPUBEIO K TOMY, YTO MPAKTUYECKU BCE
HaceJIeHHe B CBOEH KM3HU KaXKIOJIHEBHO COINPHUKACACTCS C Pa3IMUYHBIMHU AJIEKTPOYCTaHOBKAMH.
Kak u Bce MalMHbI 1 MEXaHU3MBI, 3JIEKTPOYCTAaHOBKH IIPHU X HEUCIIPABHOCTU WJIM HEMPaBUIIbHOMN
AKCIUTyaTallMd MOTYT SBJSATHCS MCTOYHUKOM TpaBMaTu3zMa. UTOObl yMEHBUIUTH OINAaCHOCTb
MOPAXKEHUS YeIOBEKa IJIEKTPUUYECKUM TOKOM, HYKHO 3HATh MpaBuja 0€30MacHON IKCIUTyaTalluu
AJIEKTPOYCTAHOBOK M TEXHHUKY O€3011aCHOCTH IPOBEACHUS pabOT Ha HUX.

DNeKTpUYECKU TOK, MPOXOJs 4Yepe3 TEJIO YeJIOBEKa, OKAa3bIBAeT TEIJIOBOE, XUMUYECKOE U
Oouosnoruueckoe Bo3aeiicTBus. TermioBoe NEHCTBUE MPOSBISETCS B BUJIE 0XKOIOB YYaCTKOB KOXKH
Tena, MeperpeBa pa3jIMyHbIX OPraHoB, a TAKKE BO3HUKAIOLIUX B pe3y/bTaTe MEeperpeBa pa3pbiBOB
KPOBEHOCHBIX COCYJIOB U HEPBHBIX BOJIOKOH. XUMHUECKOE JEHCTBHE BEAET K 3JIEKTPOJIU3Y KPOBH U
JPYTUX COJEpKalIUMXCsl B OPraHu3Me pacTBOPOB, YTO MPUBOAUT K HU3MEHEHHIO HX (DU3HKO-
XMUMHMUYECKHUX COCTABOB, @ 3HAYUT, U K HAPYIIEHUIO HOPMAJIBHOTO ()YHKIIMOHUPOBAHUS OpraHu3Ma
buonorudeckoe neicTBUE 3JEKTPUUECKOrO TOKA IMPOSBIISAETCS B OMACHOM BO30OYKICHUH >KHBBIX
KJIETOK ¥ TKaHel opranusMa. B pe3ynbrare Takoro Bo30yX/1€HUS OHU MOT'YT IIOTHOHYTb.

Paznuyatror 11Ba OCHOBHBIX BHUJA [OPAXKEHHS YEJIOBEKA AJIEKTPUYECKHUM  TOKOM:
ANIEKTPUYECKUI yoap W JJIEKTPUYECKUE TPaBMbl. ODJEKTPUUECKUM YIapOM Ha3bIBAETCS TaKoe
JeiCTBE TOKa HAa OPraHu3M YeJOBeKa, B pPE3ylbTaT€ KOTOPOrO MBIl Tejla HAYMHAIOT
CYJIIOPO’KHO cokpamiarbes. [Ipu 3ToM B 3aBUCMMOCTH OT BEJIMYUHBI TOKA U BPEMEHHU €ro JIeHCTBUS
YeJIOBEK MOYKET HaXOJUThCSl B CO3HAHUU WM O€3 CO3HaHUS, HO IIpU HOPMaJIbHOM paboTte cepiua u
npixaHus. B Oonee TskenbIxX ciaydasx MOTEps CO3HAHUS COMPOBOXKIAECTCS HapYIIEHHEM padOThI
CEpJICUHO-COCYIUCTON CHUCTEMBI, YTO BEIET Jaxe K CMepTelbHOMY Hcxony. B pesynbrare
AJIEKTPUYECKOT0 yAapa BO3MOXKEH Mapajiny Ba)KHEHIINX OpraHoB (cep/ia, Mo3ra U Ip.).

DNEeKTpUYECKON TpaBMOM Ha3bIBAIOT TAKOE JAEWCTBUE TOKa HAa OPraHu3M, IpU KOTOPOM
MOBPEXKJAIOTCS TKAHM OpraHM3Ma: Ko)a, MbIIIbl, KOCTH, CBs3KU. Oco0yl OmacHOCTb
MPEJICTABIISIOT JIEKTPUUYECKHE TPAaBMbI B BUJIE 05KOTOB. Takoil 0KOT MOSBISETCS B MECTE KOHTAKTa
TeJIa YeJIOBEKAa C TOKOBEIYILEH YacThIO AJIEKTPOYCTAHOBKU WJIM BJIEKTPUUECKOW Iyrou. beiBaroT
TAaK)K€ TaKWe TpPaBMbl, KAaK MeETAJUIM3alUsl KOXH, pa3IMYHble MEXaHUYECKHE IOBPEXKICHUS,
BO3HUKAIOIIME B pe3yJibTaTe€ PE3KUX HENpPOU3BOJIbHBIX JIBUKEHUN uenoBeka. B pesynbrare
TSKENBIX (OPM AJIEKTPUYECKOTO yAapa YEIOBEK MOXKET OKa3aTbCsl B COCTOSIHUM KIMHUYECKOM
CMEpPTHU: y HEro IpeKpalaercs AbIXxaHue U KpoBooOpamieHue. IIpu OTCYTCTBUM MEAMIIMHCKON
MOMOIIM KJIMHUYECKass CMEpPTh (MHHMasi) MOXKET INepeiiTH B cMepTh Ouosiornyeckyio. B psze
CllydaeB, OJIHAaKO, IIPU MPABWIbHON MEIUIIMHCKOM MOMOIIU (MCKYCCTBEHHOM JIBIXaHUU U Maccaxe
cep/ua) MOXKHO JOOUTHCS 0KUBJICHUSI MHUMOYMEPILIETO.

HenocpencrBeHHbIMU NPUYMHAMUA CMEPTH YEJIOBEKA, MOPAKEHHOTO AIEKTPUUYECKUM TOKOM,
ABJIIETCA TpeKpalieHue padoThl cep/lla, OCTAHOBKA JbIXaHUS BCIEJICTBUE MMapajnya MbIIII]
IPYAHOM KJIETKH U TaK Ha3bIBAEMBbIHN DJIEKTPUUYECKHM IIOK.

[Ipexpamenue paboThl cepilla BO3MOXKHO B pe3yjibTaTe HEMOCPEACTBEHHOIO JIEeHCTBUS
AJIEKTPUYECKOTO TOKA HA CEPJACYHYIO0 MBIy WIM pPEeQIEKTOPHO H3-3a MNapajudya HEpBHOU
cuctembl. [Ipu aTOM MOXkeT HaOIIOAAThCS MOJIHAS OCTAaHOBKA padOThI cep/lla UM TaKk Ha3blBacMast
¢ubpriALMsg, OpU KOTOPOH BOJIOKHA CEPAEYHOM MBIIILbBI MPUXOJSAT B COCTOSIHUE OBICTPBIX
Xa0THYECKUX COKpalleHui. OcTaHOBKA JbIXaHUs (BCIEACTBHE Mapajnya MBI TPYJTHON KIETKH)
MOXXET OBbITh PE3YJIbTATOM MJIM HENOCPEACTBEHHOIO MPOXOXKIEHUS SJIEKTPUUYECKOTO TOKa 4epes3
o0nacTb Ipy/lHON KJIETKH, WIK BbI3BaHA pe(IEKTOPHO BCIEACTBHE Napajniya HEPBHOM CHCTEMBI.
DNeKTpUYeCKUi IIOK MPEACTaBIAET CcO00M HEPBHYIO pEaklMI0 OpraHu3Ma Ha BO30YyXKAEHUE
AIIEKTPUYECKUM TOKOM, KOTOpas MpOSIBISETCS B HApYyLIEHUH HOPMAJIbHOTO  JbIXaHMS,
KpoBoOOpamieHus: 1 ooMeHa BeliecT. [Ipu UTEIbHOM IIOKOBOM COCTOSTHUM MOKET HACTYIUTh
cmepth. Eciin okazana HeoOxoaumas BpaueOHasi MOMOIIb, TO HIOKOBOE COCTOSTHHE MOXET OBITh
CHATO 0€3 JalbHEeNIINX MOCIeACTBUM [yl YeI0BEKa.
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OcHOBHBIM (haKTOPOM, ONPEIEIIAIONIUM BEIUUYNHY CONPOTHUBIICHUS TeJla YeJIOBeKa, SBJIAETCS
KOXa, €€ POroBOi BEpPXHUM CJION, B KOTOPOM HET KPOBEHOCHBIX COCYIOB. DTOT CIION oOnazaeT
OuYeHb OOJBIIMM YIEIbHBIM CONPOTUBICHUEM, U €r0 MOXHO paccMaTpuBaTh KaK IUAJIEKTPUK.
BHyTpeHHuE cI0M KOXHM, MMEIOIUE KPOBEHOCHBIE COCYHBI, JKEJIEe3bl M HEPBHBIE OKOHYAHUS,
00J1a/1al0T CPaBHUTEIHHO HEOOJBIINM YAEIbHBIM CONPOTHUBIIEHUEM .BHYTpeHHEee conmpoTUBIEHHE
TeJla 4YeJOBeKa SIBIIACTCS BEIWYMHON TMEPEMEHHOM, 3aBHCSIIEH OT COCTOSIHUS KOXKU (TOJIIMHBI,
BJIQXKHOCTH) M OKpy’Karoledl cpenbl (BIaKHOCTH, Temmeparypbl U T. A.).Ilpu mnoBpexaeHun
pOroBOro ciosi KOXu (ccajvHa, LlapalvHa M Ip.) Pe3KO CHIKACTCS BEIUYMHA 3JIEKTPUUYECKOTO
COIIPOTHBIICHHsI TeJa 4eJIOBEKAa U, CIEJOBATEIbHO, YBEINYUBAECTCS MPOXOIAIIMN Yepe3 TEIO0 TOK.
[Ipy NOBBIIEHUN HANPSKEHUS, MPUJIOKEHHOTO K TENy 4YeJoBeKa, BO3MOXKEH MpPoOOH poroBoro
CJIOsl, OTYEr0 CONPOTUBIEHUE TEJIA PE3KO TOHMKAETCA, a BEJIWYMHA IOPAKAIOLIET0 TOKA
BO3pACTaeT.

W3 BpIIECKa3aHHOIO CTAHOBUTCS IIOHATHO, YTO Ha TSKECTh IIOPAKEHMS YEIOBEKa
AJIEKTPUYECKUM TOKOM BIHMsIeT MHOTO (akTopoB. Hanbosee HeOmaronpusaTHBIN UCXO MOPAXKEHHS
OyZeT B ciyyasix, KOrja NpUKOCHOBEHHE K TOKOBEAYIIMM YacTsIM IPOU3O0ILIO BIaXXHBIMU PYKaMU B
CBIPOM HJIM KAPKOM ITOMEIIEHUH.

[TopaxxeHue 4denoBeKa JIEKTPUYECKUM TOKOM B PE3YNbTAaTe DJIEKTPUYECKOTO YAApa MOXKET
OBITh Pa3IMUHBIM I10 TSHKECTH, T. K. HAa CTENEHb MOPAXKEHUS BIUSAET Psii (PAaKTOPOB: BEJIMYMHA TOKA,
IIPOJOJKUTENIBHOCTD €r0 IPOXO0KACHMS 4epe3 TeNo, 4acToTa, IyTh, IPOXOJUMBIM TOKOM B TeJe
YeJI0BEKa, a TaKKe€ MHIUBUIYyalbHbIE CBOMCTBA MOCTPAAABILEro (COCTOSTHUE 3[0POBbS, BO3pAcT U
ap.). OCHOBHBIM (PaKTOPOM, BIMSIIOIIUM Ha UCXOJ MOPAXKEHUS, SIBISIETCS BEIMYMHA TOKA, KOTOpasi,
corjacHo 3akoHy OMa, 3aBUCUT OT BEJIMYMHBI IPUIIOKEHHOT'O HANPSHKEHUSI M COTPOTUBIICHUS Tea
4esloBeKa. boJblIyo posib UrpaeT BeIMYMHA HANpPSDKEHUA, T. K. IPH HalpspkeHusax okoso 100 B u
BBIIIE HACTYyIMaeT MpoOOW BEPXHEro POroBOrO CIOS KOXH, BCIEACTBHE YEro M 3JIEKTPUYECKOE
COIIPOTHBIICHHE YEJIOBEKA PE3KO YMEHBIIAETCS, @ TOK BO3PACTAET.

OOBIYHO YEJIOBEK HA4YMHAET ONIYyIIaTh pa3apakaroniee ACHCTBHE IEPEMEHHOr0 TOKa
IIPOMBIIIJIEHHON YacTOTHI MPHU BelHuuHe Toka 1—1,5 MA 1 moctosiHHOro Toka 5S—7 MA. DTH TOKU
Ha3bIBAIOTCS [TOPOTOBBIMU OUTYTUMBIMHU ToOKaMu. OHHM HE MPENCTaBISAIOT CEPbEe3HOM OMAcHOCTH, U
IpU TaKOM TOKE YEJIOBEK MOXKET CaMOCTOSTEIbHO OCBOOOAUTHCS OT Bo3aehcTBud. [lpu
nmepeMeHHbIX Tokax 5—10 MA paszgpaxkaroliee ACHCTBHE TOKAa CTAHOBHUTCS 00Ji€€ CHIIBHBIM,
nosiBisieTcst 00JIb B MBIIILAX, COMPOBOXKIaEMas CyI0POKHBIM UX cokparieHueM. [Ipu tokax 10—
15 MA GoJyib CTaHOBHUTCSI TPYAHO NEPEHOCUMOMW, a CyJOpPOTH MBI PYK HJIK HOT CTaHOBSTCA
TaKMMH CHJIbHBIMH, YTO YEJIIOBEK HE B COCTOSIHUM CAMOCTOSTEIbHO OCBOOOAMTHCS OT ACHCTBHS
Toka. [lepemennbie Toku 10—15 MA u Bblle 1 NOCTOsIHHBIE TOKH 50—80 MA U BBbIIII€ HA3bIBAIOTCS
HEOTITyCKAlOIMMHM TOKaMH, a HauMeHbllag uxX BenuunHa 10—15 MA 1npu HanpsskeHUn
npomsbinieHHOM 4acTtorel 50 I'm m 50—80 MA mnpu DOCTOSIHHOM HaIpsSKEHWM HMCTOYHHUKA
Ha3bIBAETCS IOPOTOBBIM HEOTIIYCKAIOIUM TOKOM.

[lepemMeHHBIN TOK MPOMBIIIEHHOW YacTOThl BEIMYMHON 25 MA U Bbll€ BO3ACHCTBYET HE
TOJIBKO Ha MBIl PYK U HOT, HO TAaK)K€ M HA MBIIIIBI TPYAHON KJIETKH, YTO MOKET IPUBECTH K
napanudy JbIXaHuss U BbI3BaTh cMepThb. Tok 50 MA mpu yactore 50 [ BeI3BIBaeT ObIcTpOE
HapylieHue paboThl OpraHoB AbixaHus, a TOK okoyio 100 MA u 6onee ipu 50 I'm u 300 MA mpu
MIOCTOSIHHOM HaIpsDKEHUU 3a KOPOTKoe Bpems (1—2 ¢) mopakaeT MBIIILY Cep/iia U BbI3bIBAET €r0
¢ubpwianMoo. OTH TOKM HasbiBaroTcsd QuOpwuisuuoHHbiMu. [lpu  QubOpwsuuu  cepaua
Ipekpamaercss ero paboTa Kak Hacoca MO IepekaunBaHuio KpoBu. [loaTomy BciencTBue
HEJOCTaTKa B OpPraHM3Me KHCIOPOJa IPOUCXOJUT OCTAHOBKA JIBIXaHMS, T. €. HACTyIaeT
KIIMHUYeckast (MHUMast) cMepTh. Toku Oosiee 5 A BBI3BIBAIOT Hapajiny cepiua U JbIXaHUsl, MUHYS
craauio Gudpmusiiuu cepama. Yem OoJbliie BpeMsi TPOTEKaHUsSI TOKA Yepe3 TEJIO YeJIOBEKa, TEM
TSKEJIEeE €ro pe3yabTaThl U 00JIblIe BEPOATHOCTD JIETAIBHOTO UCX0/1A.

bonbinoe 3HaueHue B MCXO0lle MOpakeHHUs UMeeT IyTh Toka. [lopakenue Oyner Oouee
TSKEIIBIM, €CJIM Ha ITYTH TOKa OKa3bIBA€TCs CEpALle, IPyJAHas KJIEeTKa, TOJOBHOW M CIIMHHOW MO3T.
[Iyrb TOka uMMeeT ele TO 3HA4YeHHE, YTO MPU PA3IMUYHBIX CiIydasX MPUKOCHOBEHHsS Oyzaer
pa3IMyHOM BEJIIMYMHA COINPOTHBIICHUS Tela 4YeJIOBEKa, a CIEJOBAaTEIbHO, M BEJIWYMHA
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MPOTEKAIOIIEro dYepe3 Hero Toka. Haumbosee omacHbIMU MyTSIMH IPOXOXKJEHUS TOKa 4epes
YEJI0BEKa SBJIIIOTCA: «pyKa — HOTH», «pyKa — pyKa». MeHee OnacHbIM CUMTAETCS IyTh TOKa
«Hora — Hora». Kak mokas3plBaeT CTAaTUCTUKA, HaWOOJIbIIEE YMCIO HECYACTHBIX CIy4yacB
MPOUCXOJUT  BCJEJICTBUE CIY4alHOrO TNPUKOCHOBEHUS WM OPUOIIKEHUS K  TOJIbIM,
HE3aIIMIIECHHBIM YacTsAM 3JEKTPOYCTaHOBOK, HAXOJAIIMXCSA MOJ HampspkeHueM. Jlis 3amuTel OT
MOPAXKEHUSI TOKOM TOJIble IPOBOJA, IIMHBI M JIPYrHe TOKOBEIYLIUE YacTH JIMOO pacnojiaraioT B
HEJOCTYIHBIX MECTaX, JUOO 3alUIAI0T OrPAXKICHUSAMHU. B HEKOTOPBIX ciydasx JUlsl 3alllUThl OT
MIPUKOCHOBEHHUS IPUMEHSIOT KPBIIIKU, KOpoOa u T. II.

[lopaxxeHnE TOKOM MOJKET BO3HUKHYTh TP NPUKOCHOBEHHMH K HETOKOBEIYIIMM YaCTIM
AJIEKTPOYCTAHOBKH, KOTOpPbIE OKAa3bIBAIOTCA O] HaNpsDKEHHEM Npu mpoloe u3oisauuu. B stom
cllydae IOTEHIMAaJ HETOKOBEAYIIEH 4YacTH OKAa3blBa€TCAd pAaBHBIM IMOTEHIHMAIY TOM TOYKH
AIIEKTPUYECKOM LeNu, B KOTOPOM MPOM30LUIO HapylmieHHe H30Jsi1uu. ONacHOCTh MOpa)KEHUs
ycyryonsiercs TeM, YTO IPUKOCHOBEHHE K HETOKOBEIYLIUMM YacTSAM B YCIOBHUSAX AKCIUTyaTalluH
SIBJISIETCSI HOPMAJIBHOM pabodeil onepalueid, mo3ToMy MOpaXeHNUE BCETIa SIBIISICTCS HEOKHTaHHBIM.
B orTHOmeEHum mnopaxkeHHMs JIIOAEM dIeKTpuueckuM TOKOM B «lIpaBmimax  ycTpoiicTBa
NEKTPOYCTAHOBOK» PA3INYAOT:

1. IlomenieHus ¢ NOBBILIEHHON OMACHOCTBIO, KOTOPBIE XapaKTEPU3YIOTCS HAIMYNEM B HUX
OJIHOTO M3 CIIEYIOIIUX YCIOBUM, CO3AAIOIINX ITOBBIIIEHHYIO OITACHOCTD:

a. CBIPOCTHU WJIM MPOBOJSAIICH MBLIN;

b. TOKOMPOBOAAIIMUX MOJIOB (METAJUTMUECKHX, 3EMIISTHBIX, JKEJI€300€ TOHHBIX,
KUPHOUYHBIX U T. I1.);

C. BBICOKOM TEMIEPATYpBHI;

d. BO3MOKHOCTH OJJHOBPEMEHHOI'O IPUKOCHOBEHUS YEJIOBEKA K UMEIOLIUM
COEIMHEHUE C 3€MJIEH METAJUIOKOHCTPYKIMAM 3/1aHUM, TEXHOJIOTHUECKUM
anmnaparaMm, MEXaHU3MaM U T. II., C OJHON CTOPOHBI, U K METAJNIMYECKHM KOpITycaM
ANEKTPOOOOPYAOBAHUSA — C JPYTOM.

2. Oco0o0 onacHble NOMELIEHUS, KOTOPbIE XapaKTEPU3YyIOTCs HATMUUEM OJIHOTO U3
CJIEYIOIIMX YCIOBHM, CO3aI0IINX 0COOYIO0 OACHOCTH:

a. 0co0oil chIpoCTH;

b. XMMHMUYECKU aKTUBHOM CPEJIbI;

C. OJHOBPEMEHHOTIO HAJMYMSI JIBYX WJIN 00Jiee YCIOBUI MOBBIILIEHHOW OMACHOCTH.

3. TlomemieHust 6€3 MOBBIIICHHOW OMTACHOCTH, B KOTOPBIX OTCYTCTBYIOT YCJIIOBHSI, CO3/IAIONINE
MOBBILIEHHYIO OITACHOCTh U 0COOYIO OMACHOCTb.

B kadecTBe 3alUTHBIX Mep NpPU HNPUKOCHOBEHUH K HETOKOBEIYLIUM YacCTSIM MPUMEHSIOT
3aIIMTHOE 3a3€MJICHHE, 3aHYJICHUE WIM OTKIYEHUE, JABOMHYIO W30JALUI0, I[OHWKEHHOE
HaIlpsDKEHUE, 3alUTHBIE CPEICTBA U JIp.

3alUTHBIM 3a3€MJICHUEM Ha3bIBAIOT METAJIMYECKOE COCTUHEHHUE C 3eMJIeH HETOKOBEHYIINX
METAJNIMYECKUX YacTed dSJIEKTPUYECKOW YCTaHOBKM (KOpIlyca 3JIEKTPUYECKUX  MaIlMH,
TpaHC(OpPMATOpPOB, PEOCTATOB, CBETHJIHLHUKOB, allapaToB, KapKackl IIUTOB, METaJUINYECKUE
0000ukH Kabeneil, (GepMbl, KOJOHHBI W [Ip.). 3alIMTHOE 3a3eMJICHUE NPHUMEHSIOT B CETIX C
M30JIMPOBAHHOM HEUTPAIBHOM TOYKOM. B deTwIpex nmpoBoaHbIX ceTsax HanpspkenueMm 1o 1000 B ¢
3a3€MJICHHOM HEWUTPAJbI0 IMPUMEHSIOT 3aIlUTHOE 3aHYJICHHE — IPHUCOCINHEHHE HETOKOBEIYIINX
METaJNINYECKUX YacTel K MHOTOKPAaTHO 3a3€MJICHHOMY HEHTpajibHOMY MpoBoay. B ciayuyae nmpobos
M30JISIUM CO3/1aeTCsl PEKUM KOPOTKOTO 3aMbIKaHUA (aBapUUHBIA pEXUM), U IJIEKTPOYCTAaHOBKA
OTKJIFOUAETCS anrapaTamMy 3allUThl. 3aHyJIeHHE He TpeOyeTcs A yCTaHOBOK Majol MOIIHOCTU B
KHUIBIX, O(UCHBIX, TOPrOBBIX OTAIJIMBAEMBIX IOMEIICHUAX C CYXUMHU IUIOXO MPOBOJSIIMMHU
I0JIaMH.

3allUTHOE OTKIIIOUEHHE — AaBTOMATHYECKOE OTKIIOYEHHUE DJIEKTPOYCTAHOBKH CHCTEMOM
3alUThl TP BOSHUKHOBEHUH OMACHOCTH MOPAKEHUS YeIOoBeKa dJIEKTPUYECKUM TOKOM. Tak Kak B
cllydae IOBPEXKICHHUS DJIEKTPOYCTAHOBKM  M3MEHSIOTCS 3HAYEHUS HEKOTOPbIX  BEIUYMH
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(HampshKeHUEe KOpIyca OTHOCUTENBHO 3€MJIM, TOK 3aMbIKaHUS Ha 3€MJII0 U Jp.), TO €CIU 3TU
U3MEHEHUSI OKaXyTCS BOCHPUHMMAEMBIMM UYYBCTBUTEJIbHBIMU JaTUYMKAMHU, allapaTbl 3allUThI
CpaboTalOT U OTKIIOYAT IEKTPOYCTAaHOBKY. B HacTosiee BpeMsi pacrpoCTpaHEHbl pa3jinyHbIE
yCTpoiicTBa 3amuTHOTO OTKII0YeHUs (Y30), moMorarIire moBbICUTh 0€30MaCHOCTD IKCIUTyaTallii
NIEKTPUYECKUX TPUOOPOB.

[Ton nBOWHOW MOHMMAETCs JOINOJHUTENbHAs, KPOME OCHOBHOW, H30JS1HUsI, KOTOpas
OTpaKJAeT YEJOBEKa OT METAUIMUYECKUX HETOKOBEIYLIUMX YacTed, MOTYLIUX CIy4aHO OKa3aTbCs
noa HanpsbkeHueM. HaumbOonee HanexHyro [ABOHHYIO H30JSALUI0 OOECHEYMBAIOT KOPIYChl U3
n3oJupymomero marepuana. OObIYHO OHU HECYT Ha ceOe BCIO MEXaHMUYECKYIO YacTh. DTOT CIOCOO
3allMTBl  Yallle BCEro NPUMEHAIOT B  3JIEKTPOOOOPYIOBAHUU  HEOOJIBIIOW  MOIIHOCTH
(2neKTpUPUIMPOBAHHBI PYYHOW HHCTPYMEHT, OBITOBbIE MNPUOOPHI M PYUHBIE 3JIEKTPUUECKUE
JIaMIIbl).

B nmomerieHusx ¢ MoBbILIEHHON OMAaCHOCThIO U 0CO00 OMAaCHBIX, AaXK€ MPU OJHOBPEMEHHOM
KOHTaKT€ YeJOBEKa, C TOKOBEOYIIMMM 4YacTsIMHU pa3HbIX (a3 WMWiK TMOJIIOCOB, NPUMEHSIOT
noHmwxkeHHoe HampspkeHue (12 m 36 B). McTouHukom Takoro HampspKeHUs SIBISIIOTCS OaTapeu
raJIbBAHUYECKUX JJIEMEHTOB, aKKyMYJATODPbI, BBIIPSIMHUTEIbHbBIE YCTaHOBKH, IPeoOpazoBaTelu
4acTOThl W TpaHchopMaTopsl (MPUMEHEHHE aBTOTPaHC(POpPMATOPOB B KAYECTBE HCTOYHHKA
MOHI>KEHHOTO HampsHKEHUs 3arpeleHo). Tak Kak MOIIHOCTh ATHX MCTOYHUKOB HE3HAUMTEJIbHA,
o0nacTb NPUMEHEHHS IOHWKEHHBIX HANpPSDKEHUH OIpaHUYMBAETCS PYUYHBIM HHCTPYMEHTOM,
PYUYHBIMU U CTAHOYHBIMU JaMIIAMH MECTHOTO OCBEIICHHUS.

BaxxubiMm (axkTopom obecrieueHusi 0€30MaCHOCTU SABJIAETCS 3HAHUE YCTPOMCTBA M IpaBHUII
AKCIUTYaTalMy IEKTPOYCTAaHOBOK, HOJIEpKAHUE B UCIIPABHOM COCTOSTHUM 3JIEKTPOOOOPYI0BaHUS,
HCIPABHOCTh CUTHAIIM3ALUHU U OJOKHUPOBOK, HATMYKUE CPEJICTB MOKAPOTYILIEHUSI.

Ecnu HecMoTps Ha Bce MNPUHATBIE MEpPbl BCE KE IMPOUCXOAUT MOPAXKEHHE 4YeIOBEKa
AJIEKTPUYECKUM TOKOM, TO CIIAaCEHUE IIOCTPAJaBUIEr0 B OOJBIIMHCTBE CIy4aeB 3aBUCHUT OT
OBICTPOTHI OCBOOOXKIEHHUS €r0 OT JAEUCTBUS TOKA, a TAKXKE OT OBICTPOTHI U MPaBUIIBHOCTH OKa3aHUs
IIOCTPaJaBIIEMY IIEPBOM ITOMOIIN.

MoskeT oka3aThCsl, YTO NOCTpaJaBIIMil caM HE B COCTOSIHUM OCBOOOJMTHCS OT JAECUCTBUS
AJIEKTPUYECKOr0 TOKa. B 3TOM cilyyae eMy HEMEJIEHHO HYXHO OKa3aTh IOMOIlb, IPUHSB MEPbI
MIPEIOCTOPOKHOCTH, YTOOBI CaMOMYy HE OKa3aThCsl B IMOJIOXKEHHM mocTpanaBuiero. HeoOxomumo
OTKJIFOUUThH YCTAHOBKY OJIMIKaWIIMM BBIKJIIOUATEIEM WUJIU MpepBaTh LENb TOKA, Iepepe3aB IpOBOJ
HOKOM, KycauyKaMu, TOTIOpoM U Ap. Eciu noctpagaBuinii IeXKUT Ha 3eMJIe WIK Ha IIPOBOJASAIIEM TOK
T0J1y, CJIEAYET U30JUPOBATh €r0 OT 3€MJIHU, MOJICYHYB I10J] HETO JIEPEBSIHHYIO JOCKY WU (paHepy.

[Tocnie ocBOOOXKAEHUS MOCTPAIABLIETO OT JAECHCTBUS AJIEKTPUUYECKOrO TOKA €My HEMEIJIECHHO
HY)KHO OKa3aTh JI0BpaueOHYI0 IOMOILb B COOTBETCTBUU C €ro cocTosiHueM. Eciiu noctpaaaBmnii He
MOTEPSI CO3HAHUS M MOKET CAMOCTOSITEIbHO MEPEJIBUraThCsl, OTBECTU €r0 B IIOMEIIEHHE, YA00HOe
JUIS OT/AbIXa, YCIIOKOWTh, JaTh BBIIUTH BOJbI, MNPEMUIOKHUTH Mojiexars. Eciau npu stom y
MOCTPaJaBIIEro OKa3aJUCh Kakue-JIMOO TpaBMbl (yIIMOBI, TOPE3bl, BEIBUXU CYCTAaBOB, IEPEIOMBI
KOCTEel M T. I.), TO OKa3aTh HAa MECTE€ COOTBETCTBYIOILYIO MOMOIb, a MPH HEOOXOJIUMOCTH
HaIpaBUTh B MEIMLIMHCKUN IyHKT UJIM BbI3BAaTh Bpaya.

Ecniu mnocne ocBOOOXIEHHS OT JJIEKTPUYECKOIO TOKAa IOCTPAJaBLIMN HaxOJUTCs B
0ecco3HaTeIbHOM COCTOSIHUH, HO JBIIIUT HOPMAJIBHO U IPOCIIYILINBAETCS MYJbC, HAI0 HEMEAJIEHHO
BBI3BaTh Bpaua, a JI0 €ro NpuOBITHS OKa3bIBaTh MOMOIb HA MECTE — MPHUBECTH MOCTPAJABILETO B
CO3HAHME: JaTh MMOHIOXaTh HAIATBIPHBIN CIIUPT, 00ECIEUNUTD MOCTYIJICHHE CBEXEro Bo3ayxa. Eciu
II0CJIE€ OCBOOOXAECHUS OT JEMCTBUS AJIEKTPUUYECKOTO TOKA MOCTPAJABIIMI HAXOJUTCS B TSHKEIOM
COCTOSIHUM, T. €. HE JBIIIUT WM JBIIINUT TSHKENO0, MPEPBIBUCTO, TO, BHI3BAB Bpadya, HEOOXOJUMO, HE
Tepsii HU MUHYTHI, IPUCTYIUTh K MUCKYCCTBEHHOMY JAblxaHMio. [lepen HauaaoM HCKYCCTBEHHOTO
IBIXaHUS HEOOXOIUMO:

a. HC TCPAA HHU CCKYH/bI, OCBO60)II/ITI> MOoCTpagaBIICTO OT CT€CH$IIOHICI7I OACK bl —

paccTerHyTb BOpOT, pa3Bsi3aTh mapd, CHATH MOSC | T. [I.;
b. PpacKpbITh POT MOCTPAIAABIIETO, €CIIH OH CYJOPOXKHO CKaT;
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c. OBbICTPO OCBOOOJUTH POT MOCTPAAABILETO OT IOCTOPOHHUX MPEAMETOB, BEIHYTh 3yOHBIE
MPOTE3bI.

[Tocnme 3TOro MOXKHO HAYWHATH BBHIOJIHEHHE WCKYCCTBEHHOTO IBIXaHUS METOJIOM «POT B
por». TexHuka BAyBaHus BO3/yXa 3akiodyaeTcs B cienyromeM. [locTpaagaBuinii 1eKUT Ha CIIUHE,
MoJ JIOMaTKaMH — BaJMK W3 OJISXKIbL [0JOBY €ro 3ampoOKWIBIBAIOT Ha3al, IS Yero
MOJKIAIBIBAIOT OJHY pYKy IOJ WICI0, a JpYyrod pyKoW HAJAaBIUBAIOT HAa TeMs. OTHM
o0ecrieuynBaeTCss OTXOXKICHHE KOPHS s3bIKAa OT 3aJHEH CTEHKHM TOPTAaHW M BOCCTAaHOBJICHHE
MIPOXOAMMOCTH JIBIXaTEIbHBIX ITyTeH. [Ipy TakoM TMOJI0KEHUH TOJIOBBI OOBIYHO POT PACKPBIBACTCS.
Ecimm Bo pry ecTb cim3b, TO €€ BBITHPAIOT IUIATKOM WJIM KpaeM pYOallKe, HATSHYTHIM Ha
yKa3aTeIbHBINA TaJiel], MPOBEPSIOT, HET JM BO PTY IMOCTOPOHHUX MPEAMETOB (3yOHBIX MPOTE30B,
MYHIUITYKa U T. JA.), KOTOpble Hajo ynanuTh. [locie 3Toro mpuctymaroT K BAYBAaHHMIO BO3/yXa.
Oxa3bIBalOIIUKA MMOMOLIL JAEJaeT IIIyOOKHH BIOX, IJIOTHO (MOXHO Yepe3 Mapiio I IJIaTOK)
MPHKUMAET CBOM POT KO PTY MOCTPAJABUIETO U C CUJION BYBaeT BO3IYX.

Bo Bpems BayBaHHs BO3ayXa ClEAyeT NalblaMH 3aKPBITh HOC Yy TOCTPATABIIErO, YTOOBI
MIOJIHOCTBIO 00ECTIEYUTh MOCTYIUIEHHE BCEro BAYBaeMOIo Bo3ayxa B Jjierkue. [Ipu HeBO3MOKHOCTH
MIOJIHOTO OXBaTa pTa y MOCTpPaJaBIIEro CIEAYeT BAYBaThb BO3AyX B HOC (IIpU 3TOM HAIO y HEro
3aKpheIBaTh poT). BiayBaHWe BO3ayXa MPOM3BOIAT KaXKIble 5—O6 C, 9TO COOTBETCTBYET YacTOTE
neixanust 10—12 pa3 B muHyry. Ilocnme kaxaoro BayBaHHs OCBOOOKIAIOT POT U HOC
MOCTpaJaBIIero Jisi CBOOOHOTO BBIXOJa BO3/AyXa U3 JIETKHUX.

[Ipu oTcyrcTBUM Iynbca CleAyeT MPOAOJDKATh MCKYCCTBEHHOE BIXaHWUE W OJHOBPEMEHHO
IIPUCTYNIUTh K TMPOBEICHHUIO HAPY)KHOTO Maccaxka cepaua. Hapyxsslii Maccax cepana
MOJJIEP)KUBAET KPOBOOOpAIllEHUE KaK IpPH OCTAaHOBUBLIEMCS, TaK M Npu (QUOPHILIUPYIOIIEM
cepate. OOIIEen3BEeCTHO, YTO TAKOW MACCaX MOXKET MPUBECTU K BO3OOHOBJICHUIO CAMOCTOSATEIBLHOM
HOPMAJIbHOM JeATeNbHOCTH cepana. OKa3bIBaroIui ITOMOIIh HAKIAIbIBACT HAa HIDKHIOK YacTb
IPYAMHBI MOCTpajaBIIero o0e pyKu Ipyr Ha japyra jJajoHsMu BHU3. Purmmuno 60—S80 pa3 B
MUHYTY HaJaBJIMBAIOT Ha HWKHIOK YacTh IPYAWHBI BEPTUKAIBHO BHH3. [ pynHas KIeTKa BO BpeMs
KJIMHAYECKOW CMEPTH YeJIOBEKa M3-3a MOTEPH MBIIICYHOTO TOHYCa CTAHOBHUTCS OYEHB IOJIBIKHOM,
YTO IMO3BOJIIET MPHU MAacCake CMEUIaTh HIDKHUHA KoHen rpyauHbsl Ha 3—4 cm. Cepaie, Takum
00pa3oMm, CIaBIMBAETCS U U3 HETO BHIJAABINBAETCI KPOBb B KPOBEHOCHBIE cocybl. [locie kaxaoro
HA/IaBJIMBAHMS CIIEAYET OTHUMATh PYKU OT TPYIUHBI UISl TOTO, YTOOBI TPYAHAS KJIETKA ITOJHOCTHIO
pacnpaBuiiach, a CepJLE HAMOJIHUIOCH KpoBbIO. Jlydine Bcero mNpOBOAUTH OKUBIIECHUE
MOCTPAJIABIIETO BIBOEM, MMOOYEPENHO BHITONHSASA HAPYXKHBIH MaccaXk Cep/ia W HCKYCCTBEHHOE
TbIXaHUe.
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12. BeeaeHue B 3JIEKTPOHHUKY

DONeKTpoOHWKa 3apojuiach B Hadase XX BEKa IMOCJE CO3/JaHHUsI OCHOB JJICKTPOIMHAMUKH
(1856-73 r.r.), wuccienoBaHUs CBOWCTB TEPMOAJIEKTPOHHOM smuccuu (1882-1901 r.r.),
doToanekrponHoi smuccun (1887-1905 r.r.), penrrenoBckux yyuder (1895-97 r.r.), oTkpsiTus
anekrpona (/x. k. Tomcon, 1897 r.), co3nanus anekrporHoit Teopuut (1892-1909 r.r.).

Pa3BuTHe 25IEKTPOHUKHU HA4YaJIOCh ¢ N300peTeHus tamnoBoro auona ([x. A. ®nemunr, 1904
r.); TpexanekTpoanou jammbel — Tpuona (JI. Jle dopecrt, 1906 r.); ucnonp3oBaHus Tpuoaa IJis
TEHEpUPOBAHMS DJIEKTPUUECKUX KosieOaHuil (Hem. mHxk. A. Meiicaep, 1913 r.); pa3paborku
MOIIHBIX T€HEPaTOPHBIX JIaMIl ¢ BOJSHBIM oxiaxiaeHueMm (M.A. bonu-bpyesuu, 1919-25 r.r.) ans
paauonepeaTIuKoOB, UCIOJIb3YEMBIX B CUCTEMAaX JajbHEH pagloCBsI3u U paguoOBELIaHUs.

B TteueHume KOpPOTKOTO BpeMEHM ObUIM CO3JaHbl OCHOBHBIE JJIEKTPOHHBIE HPUOOPHI.
Bakyymubie QoTonsieMeHThl (3KcriepuMeHTallbHbIi oOpaser co3nan A.I'. Croneros, 1888 r., mpom.
obpazer — Hem. yuenbie FO. Dnbctep u I'. Xeitrens, 1910 r.), GOTOIEKTPOHHBIE YMHOXUTEIN —
onnokackangusle (I1.B. Tumodeen, 1928 r.) u muorokackagusie (JI.A. Ky6Genkuit, 1930 r.) —
MO3BOJIMJIM  CO3/aTh 3BYKOBO€ KHMHO, NOCIYXWIA OCHOBOM i pa3pabOTKU NepeaaroIinx
TEJIEBU3UOHHBIX TpPyOOK — BUAMKOHa (uues npemioxkeHa B 1925 r. A.A. UYepHbllieBbiM),
ukoHockona (C.M. Karaes, nezaBucumo ot Hero B.K. 3Bopsikun, 1931-32 r.), cynepukoHockona
(IL.B. Tumodees, I1.B. llImakos, 1933 r.), cynepopTUKoHa (JIBYXCTOPOHHSSI MMILEHb ISl TaKOU
TpyOKu Oblia mpeuioxkeHa coB. yueHbM ['.B. bpayne B 1939 r., BnepBbie CynepopTUKOH OMUCaH
amep. yueHbiMU A. Po3e, I1. Belimepom u X. Jloy B 1946 1.) u nip.

Coznanne MuHoropezonaropHoro marHerpona (H.®. AnekceeB u [I.E. MansipoB moa pyk.
M.A. bonu-bpyesuua, 1936-37 r.r.), orpaxkarenpHoro kiauctpona (H.J. [eBarkoB u np. u
He3aBucuMo oT HUX B.®. Kopasienko, 1940 r.) nociyxuno oCHOBOH JUIsl pa3BUTHUS paHOJIOKaIUMU
B CAaHTMMETPOBOM Juamna3oHe BOJH. [IponeTHbie KIUCTpoHBI (Maes mpemioxkena B 1932 r. [I.A.
Poxanckum, passuta B 1935 r. A.H. ApcenbeBoii u HeMm. pusukom O. XailneMm, peanu3oBaHa B
1938 r. amep. ¢uzuxamu P. u 3. Bapuanamu u n1p.) u gamnbl Oeryuieil BoaHbl (amep. yueHbld P.
Komnduep, 1943 r.) obecneunmnu panbHeiliee pa3BUTUE CUCTEM pPaJUOpEIeHHON CBS3H,
YCKOpUTENEH 371€MEHTAPHBIX YAaCTHUI] ¥ CIOCOOCTBOBAIN CO3JaHUIO CUCTEM KOCMUYECKOU CBS3H.

OnHOBpeMEHHO C pa3pabOTKOM BaKyyMHBIX JJEKTPOHHBIX MPUOOPOB CO3MABAIUCH U
COBEPLICHCTBOBAJIUCH T'a30pa3psAHble NPUOOPh! (MOHHBIE TPUOOPHI), HAIPUMED, PTYTHBIE BEHTUIIHU,
UCIOJIb3yeMblE€ TJaBHBIM 00pa3oM Juid IpeoOpa3oBaHUs MEPEMEHHOIO0 TOKa B TOCTOSIHHBIA B
MOIIHBIX TPOMBIIICHHBIX YCTAaHOBKAX, THPATPOHBI JUIsi (OPMHPOBAHUS MOIIHBIX HMITYJIHCOB
AIIEKTPUYECKOTO TOKA B YCTPONUCTBAX UMITYJIbCHOW TEXHUKH, Fa30pa3psIHble ICTOYHUKHU CBETA.

Hcnonb3oBaHME KPUCTAUIMYECKUX MOJYNPOBOJAHUKOB B KauecTBE JETEKTOPOB JJIs
paguonpueMHbIX yeTpoicTB (1900-1905 r.r.), co3manue KYIPOKCHBIX M CEJICHOBBIX BBHITIPSMUTEIEH
Toka u dotornementoB (1920-1926 r.r.), m3zobperenne kpucraguna (O.B. Jloces, 1922 r1.),
m3o0perenue Ttpansucropa (Y. Ilokmu, VY. bparreitn, JIx. bapmun, 1948 r.) ompenenunu
CTaHOBJIEHUE U Pa3BUTHE HOJYIPOBOJIHUKOBOM 3IEKTPOTEXHUKH.

Pa3paboTka 1uUIaHapHOM TEXHOJIOTMM  TOJYIIPOBOJHUKOBBIX  CTPYKTYp (koHer 50-X,
Hayasmo 60-X TI.r.) ¥ METOJIOB MHTErpalid MHOTUX 3JIEMEHTapHbIX HpUOOpPOB (TPaH3UCTOPOB,
JIMOJIOB, KOHJEHCATOPOB, PE3UCTOPOB) HA OJHOM MOHOKPHUCTAUNIMYECKOW MOJYINPOBOIHUKOBOM
IUIACTUHE TMPUBEIO K CO3JaHUI0 HOBOTO HANpaBIEHUS — MUKPOIIEKTPOHUKU. (OCHOBHBIE
pa3paboTKu B 00JIaCTU MHTETPAJIbHOM 3JIEKTPOHUKU HAIIPaBJICHbI HA CO3/1aHUE MHTETPAJIbHBIX CXEM
— MUKPOMUHHUATIOPHBIX JIEKTPOHHBIX YCTPOUCTB (yCHIIHMTENEH, mpeoOpa3oBaresnieii, mpoIeccopoB
OBM, »55IeKTpOHHBIX 3alOMUHAIOLIIMX YCTPOMCTB M T. M.), COCTOSILIUX K3 COTE€H M ThICSY
AJIEKTPOHHBIX AJIEMEHTOB, Pa3MEIIA€MbIX Ha OJIHOM IOJYIIPOBOJIHUKOBOM KpUCTAJLIE IJIOLIA/IbIO B
HECKOJIBKO MM".

MUKpO3JIEKTPOHHUKA OTKpPbLIa HOBBIE BO3MOXKHOCTH JUIsl PEIIEHUs TakuX MpoOjeM, Kak
aBTOMATHU3alUsl YIpaBJICHUS TEXHOJOTMYECKUMHU Mpolieccamu, InepepaboTka HHPOpMAIHH,
COBEPIICHCTBOBAHUE  BBIYMCIUTECIPHOH TEXHUKH W JAPYIHX, BBIIBUTAEMBIX Pa3BUTHEM
COBPEMEHHOTO IMPOU3BO/ICTBA.
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Coznanne xkBanToBBIX TeHepaTtopoB (H.I'. bacos, A.M. [IpoxopoB u He3aBucuMo OT HuX Y.
Taync, 1955 r.) — npubGOpOB KBAHTOBOW OJJIEKTPOHUKU — OMNPEACINIO KAaueCTBEHHO HOBBIC
BO3MOKHOCTHU 3JIEKTPOHUKH, CBSI3aHHBIEC C HCIIOJIb30BAHMEM MCTOYHHKOB MOIIHOIO KOT€PEHTHOTO
U3JIy4YeHUsl ONTHUYECKOro Juamna3oHa (J1a3epoB) U IIOCTPOEHHUEM CBEPXTOUHBIX KBAHTOBBIX
CTaHJAPTOB YaCTOTBHI.

dyH1aMEeHTAJIbHBIC UCCIEAOBaHMS B 00J1aCTH (PU3UKH M TEXHOJIOTHUH JIEKTPOHHBIX TPUOOPOB
BeimotHIIIM M.A. bonu-bpyesuu, JI.W. Mannenpmramm, H.Jl. [lanmanekcu, C.A. BekmmHCKUH,
A.A. Yepnbiues, M.M. BorocioBckuii 1 MHOTHE IPYTHE.

[To mpob6imemam BO30OYKIEHUSI W MPeoOpa3oBaHUS DIEKTPUUYECKUX KOJICOAHWU, M3ITydCHUS,
pacIpoCTpaHEeHHs U MpUEeMa pPaJuOBOJIH, UX B3aUMOJIECUCTBUS C HOCUTEISIMU TOKA B BaKyyMe, razax
1 TBepawpiX Tenax padortanu b.A. Beenenckuii, B.Jl. Kanmeikos, A.JI. Munn, A.A. Pacrnerun,
M.B. lllyneikus u np.

B oGnactu ¢usuku nomynpoBogHukoB — A.D.HModde, MrOMUHECIICHIINN U TIO Ap. pa3enam
¢usnueckoit ontuku — C.M. BaBunoB, KBaHTOBOW TEOpUM paccesHUs CBETa W3JIy4EHUs,
dotorddexra B meramuiax — M.E. Tamm u MHOTHE ApyTHE.

OobJ1acTH, OCHOBHBIE pa3/ie/ibl U HANIPABJICHUS YJIEKTPOHUKH

DNEeKTPOHUKA BKIIIOYAET B ce0sl TpU 00JIACTH UCCIEAOBAHUM:

1. BaKyyMHYIO 2JIEKTPOHHUKY;
2.TBEPAOTEIBHYIO NIEKTPOHUKY;
3.KBAHTOBYIO JJIEKTPOHUKY.
Kaxnas oOnacts noapaszzensercs Ha psj pa3AesaoB U psj HalPaBICHUN.

Paznen oObenuHseT KOMILUIEKCHI OJHOPOAHBIX (U3UKO-XMMHUYECKUX SIBIIEHUH M IPOLECCOB,
KOTOpble MMEIOT (DyHIaMEHTaJIbHOE 3HAu€Hue ISl pa3pabOTKU MHOTHX KJIACCOB 3JIEKTPOHHBIX
IpuOOPOB TaHHOM 00IaCTH. Hamnpasnenue oxBaTbIBaeT METO/Ibl KOHCTPYUPOBAHUS U PAaCUETOB
AJIEKTPOHHBIX NPUOOPOB, POJICTBEHHBIX MO MPUHLUIAM ACUCTBUSA WM IO BBINIOJHIEMbIM HMHU
GYHKIMAM, a TaK)Ke CIOCOOBI U3rOTOBJIEHUSI TUX TPHUOOPOB.

HepCHeKTI/IBbI Pa3BUTHUA IJIEKTPOHUKH

OpHa M3 OCHOBHBIX MPOOJEM, CTOSIIUX Iepea 3JIEeKTPOHUKOH, cBsi3aHa ¢ TpeOOBaHUEM
yBEJIMUYEHUs! KojimyecTBa oOpabaThiBaeMON MH(OpPMAIMKM BBIUYHUCIUTEIBHBIMU U YIPAaBISIOIIMMHI
AJIEKTPOHHBIMU CUCTEMAaMH C OJHOBPEMEHHBIM YMEHBIIEHHEM HMX TabapUTOB U NOTpedsieMoit
SHEpruu.

Ota npobiemMa pemaeTcs myTem:

® CO3JIaHUSl  TOJIYNPOBOJHHUKOBBIX HHTErPalbHBIX CX€M, OOECHEeYMBAIOIIUX BpeMs
nepexsrouetust 1o 107! cek;

e VyBEJMYEHHUS CTENEHU HHTErpalMd Ha OJHOM KpHUCTaUle J0 MWUIMOHA U Ooliee
TPaH3UCTOPOB pa3MepoM MeHee 1-2 MKM Ha OCHOBE HCIIOJIb30BaHUSI HAHOTEXHOJIOTUN U B
MEPCIIEKTUBE — MOJIEKYJIIPHOM 3JIEKTPOHUKH;

® UCHOJIb30BAHHUS B  HHTErPaJbHBIX CXEMaxX YCTPOHCTB  ONTHUYECKOM CBSI3U U
ONTOAJIEKTPOHHBIX ITpeoOpa3oBaTesieli, CBepXIpPOBOIHUKOB;

e pa3pabOTKH 3allOMHHAIONIUX YCTPOWMCTB EMKOCTBIO HECKOJIBKO THUTa0alT Ha OIHOM
KpHCTAJLIE;

® [PUMEHEHUS Ja3€PHOU U JIEKTPOHHO-IYyYEBON KOMMYTALUH;

e pacimupeHuss GyHKIHOHAIbHBIX BO3MOXHOCTEN MHTErPAJbHBIX CXeM (HalpuMmep, nepexo
OT MUKpoTIpo1eccopa K MUHU-OBM Ha oHOM KpucTaie);

81



e [epexoja OT ABYMEpPHOH (IJIaHapHOM) TEXHOJIOTUH HMHTErPajbHBIX CXEM K TPEeXMEpHOI
(0OBbEeMHOI) M UCHOJB30BAaHUSI COUYETAHUS Pa3IMYHBIX CBOMCTB TBEPAOIO Tela B OJHOM
YCTPOWCTBE;

e pa3paboOTKM M peanu3aluy MPUHIUIOB U CPEICTB CTEPEOCKONMYECKOTO TEJIEBHUICHUS,
obaaromiero 0oJbiIe HHPOPMATUBHOCTHIO TIO CPABHEHHIO C OOBIYHOM;

® CO3JIaHUSl DJIEKTPOHHBIX MPUOOPOB, pabOTAIOUIMX B JWANA30HE MILIUMETPOBBIX H
CyOMUJUIMMETPOBBIX BOJH, JJs IIMPOKOMNOJOCHBIX (Oosnee 3((PEKTHUBHBIX) CHCTEM
nepenayd UHGOpMaIHK, a TaKkKe NPUOOPOB I JMHUM ONTHYECKOHN CBS3H;

e pa3pabOTKH MOIIHBIX, C BEICOKUM K.IL.J., TpuOoopoB CBY u na3epoB 1jisi SHEPTeTHUECKOTO
BO3JICHCTBUS Ha BEILIECTBO M HAINIPABJIICHHON Mepeaayu S3Hepruu (HapuMep, U3 KocMoca).

OpHa 13 TeHJEHIUH pa3BUTHUS AIEKTPOHUKU — IPOHUKHOBEHUE €€ METOJI0B U CPE/CTB B

O6uosoruIo (17151 U3y4eHUs KIETOK U CTPYKTYpPHI )KUBOT'O OpraHu3Ma U BO3JIEHCTBUS Ha HETO) U
MEIUIMHY (JU1s1 AMarHOCTUKH, T€paruu, XUPYPTrun).

JJIeMEeHTHI CXeM

CoBpeMeHHbIE AIEKTPOHHBIE CXEMBI COJIEPXKAT B KAUECTBE HEJIMHEHHBIX JIEMEHTOB 0OJIBIIOE
KOJIMYECTBO (PYHKIMOHAIbHBIX KOMIIOHEHTOB, OCHOBAHHBIX Ha HCIIOJIb30BAHUM CBOMCTB
ITOJIYITPOBOJHUKOBBIX MAaTEpPUAJIOB.

[TonynpoBoAHUKOBBIE MaTepuaibl (TepMaHUil, KpeMHUH) TIO0 CBOEMY YJAEIbHOMY

QJICKTPUYCCKOMY COITPOTUBJICHUIO p 3aHUMAIOT MECTO MCXKAY IMPOBOJHUKAMU U IUIJICKTPUKAMU

(p=10'3...108 Om-cm). Pa3Hasg BenuuMHA MPOBOAMMOCTH Y METAJUIOB, MOJIYIPOBOJHUKOB U
IMAJIEKTPUKOB OOYCIIOBIIEHA Pa3HOW BEIMYMHOW DYHEPTUH, KOTOPYIO HAJ0 3aTPAaTUTh HA TO, YTOOBI
OCBOOOJMTH BAJICHTHBIM OJEKTPOH OT CBA3€d C arOMaMH, pacloJIOKEHHBIMH B  y3Jax
KpUCTATNIECKOH pemeTku. [IprudemM mpoBOIUMOCTH MOJIYITPOBOAHUKOB B 3HAYUTEIHHON CTENICHH
3aBHCHUT OT HAJMYMS TIPUMECEd U TeMIEpaTyphI.

B monynpoBomHMKaxX TNPUCYTCTBYIOT TOJBWIKHBIE HOCHUTENH 3apsloB JIBYX THIIOB:
OTPHIIATEIEHBIC AIIEKTPOHBI U TOJIOKUTEIBHBIC ABIPKH.

OneMeHTHI ACKTPOHHBIX CXEM
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Puc. 12.1. Knaccuduxamus 371€KTpOHHBIX TOIYIPOBOTHUKOBBIX TPHOOPOB

Yucrtble (COOCTBEHHBIE) MOJIYIPOBOJHUKU B IMOJIYIPOBOJHUKOBBIX MPUOOpaX NMpPaKTUYECKU
HE MIPUMEHSIOTCS, TaK KaK 00J1a/1al0T MaJIol IPOBOJUMOCTBIO M HE 00ECIeUnBaOT OJHOCTOPOHHEN
npoBoauMocTu. [lonBH)KHBIE HOCHUTENM 3apsiia B COOCTBEHHBIX MOJYIMPOBOJHUKAX BO3HUKAIOT
OOBIYHO B pe3ylbTaTe TEepMOIreHepaluu. TeXHHUYecKoe MPUMEHEHHUE MOJY4YMJIM TaK Ha3bIBaeMble
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IIPUMECHBIC TIIOJYIIPOBOAHHWKH, B KOTOPBIX B 3aBUCHMMOCTH OT poJaa BBe}IeHHOﬁ npuMecu
npeobsagaeT aUO0 AIEKTPOHHAs, JHOO IbIPOYHAs MPOBOAMMOCTh. B 3aBUCHMOCTH OT THIIA
MPOBOJMMOCTH  (OCHOBHBIX HOCHTEJICH 3apsjga) IOJYIPOBOJHUKHA  MOJAPA3JCIAIOTCS  Ha

HOJTYIPOBOAHUKH P-THNA (IBIPOYHOTO THUIA) W Fl-TMma (3IeKTpoHHOro Tuna). KoHueHTpaums
OCHOBHBIX HOCHTEJEH oIpeneisieTcss KOHLEHTpauued NPUMECH W IPAKTHYECKU HE 3aBUCUT OT
TEMIIEpaTypbl, TaK KaK YK€ P KOMHATHOI TeMIIepaTypbl BCE aTOMblI IPUMECH MOHU3UPOBAHBI, a
YHUCJIO OCHOBHBIX HOCHUTENIeH, BO3HUKAIOIIMX 32 CYET TEHepaluu Mmap 3JIeKTPOH-AbIpKa,
MPeHEeOPEKUTENBHO MaJIO 110 CPAaBHEHUIO C OOLIMM YHCIOM OCHOBHBIX HocHTenel. B To ke Bpems
KOHLIEHTpAlMs HEOCHOBHBIX HOCUTENIEH Majla U CUJIBHO 3aBUCUT OT TEMIIEPATypbl, YBEIUUUBAsSICh B
2-3 pa3a npu yBeIMUEHUU Temiepatypsl Ha Kaxasie 10°C.
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13. IlonynpoBOAHUKOBBIE TUOAbI

[ToryrpoBOAHHKOBBIM JTOJIOM Ha3bIBACTCS AJIEKTPOITPE0Opa30BaATEIHHBIHI
HOJ'IyrIpOBO)IHPIKOBBIfI HpI/I60p C OJHUM BBIIPAMIIAIOMIUM 3JICKTPUUCCKHUM IIEPEXO0A0M, UMCIOIIIUM
JBa BBIBOJIA.

CrpyKTypa TOJYIIPOBOJHUKOBOTO JHOJA C 3JIEKTPOHHO-IBIPOYHBIM IEPEXOJOM U €Tro
ycioBHOE rpaduyeckoe 0003HaueHUEe NMpuBeIeHbI Ha puc. 13.1.

—Q0uacTh p-n-nepexona

Anon A [T, T VT 7 [ Karox (k) | Ay K
- HeBunpamasioniue KOHTaKThl
\ METAJUI-TIONYIIPOBOXHHK 6)

(oMm9eCKHe KOHTAKTH)

a)

Puc. 13.1. Cxema cTpyKTypbl OJIYIIPOBOIHUKOBOTO aAuoja ()

1 ero rpadudeckoe oGo3naueHue (0)

bykBamu p uw n  o00OO3HayeHbl CJIOU MOJYHPOBOJHHKA C IPOBOJUMOCTIMU
COOTBETCTBEHHO p-TUNA W AN-TUMNA. B KOHTaKTHPYIOUIMX CIOSIX MOJIYNPOBOAHUKA (00JIaCTh p-n-
nepexoaa Ha puc. 13.1) umeer mecto auddy3us ABIPOK U3 CJIOS p B CIOW 1, MPUIUHOU KOTOPOI
SBJIIETCA TO, YTO MX KOHILIEHTPALUS B CJIOE p 3HAYUTENIbHO OOJIbIIE UX KOHIEHTpaluu B cioe n. B
UTOre B MPUTPAHUYHBIX 00JIACTAX CIIOS p U CIIOSI 1 BOSHUKAET TaK Ha3bIBa€MbIil 00ETHEHHBIH CIIOH,
B KOTOpPOM MaJjla KOHIIEHTpalusi MOJBM)KHBIX HOCHUTENEeH 3apsiia (3JIEKTPOHOB M JIBIPOK).
OOenHEHHBIN CcI0M WMeeT OoJbIIoe yaenpbHOe comnpoTuBicHUE. MOHBI mpuMeceil 00eaHEHHOTO
ClI0S HE KOMIIEHCUPOBAHbl JbIpKAMU WM 3JEKTpoHaMU. B COBOKYIMHOCTH HOHBI 00pa3yroT
HEKOMIIEHCUPOBaHHbIE 00BEMHBIE 3apsi/ibl, CO3AAIOIINE IEKTPUUECKOE I0JI€ C HANPSHKEHHOCTHIO
E. D10 none npenarcTByeT nepexoay AbIPOK U3 CJIOS p B CIIOHN 7 U IEPEXO]TY IEKTPOHOB U3 CIOS 1
B cioil p. OHO co3JaeT Tak Ha3bIBa€MbIl Jpel(oBbIi NMOTOK MOJBMKHBIX HOCHUTENEH 3apsna,
MepeMENIaoNUi JBIPKH U3 CIIOSl 71 B CJIOW p U DJIEKTPOHBI U3 CJIOA p B cioi n. Takum oOpa3om, B
3aBUCHUMOCTHU OT MOJIIPHOCTHU MPOXOJSALIETO Yepe3 AUOJ TOKa, TPOBOAUMOCTh JUOJA CYIECTBEHHO
U3MEHSIETCS, IPUBO/S K M3MEHEHHUIO BETUYUHY MPOXOISILEro TOKA.
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Puc. 13.2. BonpT-amnepHast XapakTepUCTUKA U OCHOBHBIE ITapaMeTpPhI
HOJIyIIPOBOJAHUKOBOIO JHOJA
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OCHOBHbBIE XAapPAaKTEPUCTUKHU IMOJYINPOBOJHUKOBOTO JHOJA IMPEACTABISIOTCS €ro BOJbT-
amnepHoil xapakrepuctukoil (BAX). BonpT-amnepHas xapakTepucTUKa — 3TO 3aBUCUMOCTb TOKA 1,
IIPOTEKAOIIETO0 4Ye€Pe3 NHUOJ, OT HAINpsHKEHUsA u, NPWIOKEHHOro K auonay. BoibT-amriepHoit

XapaKTEepUCTUKON Ha3bIBAIOT U TpauK 3ToH 3aBUCUMOCTH (puc. 13.2).

Jlnob1 0OBIYHO XapaKTepU3yIOTCS CISAYIOMUME TapameTpamu (puc. 13.2):

[

6;

[98)

kly;
5. pabouuii Auana3oH TeMmIeparyp.

TexamyeckuMu YCIOBUSAMU 3aJ1al0TCsA 0OBIYHO MAaKCHMAaJIbHBIE (I/IJ'II/I MI/IHI/IMaJ'IBHble)
S3HAYCHHA I1apaMEeTpPOB I AUOAO0OB KaXJ0I'0 THIIA. TaK, HarmpuMmcep, 3aJacTCsd MaKCUMaJIbHO
BO3MOXHO€ 3HA4YCHUC O6paTHOFO TOKa, MpAMOro IMnaaCHud HAIIPsSXKCHUA W CEMKOCTH JUOJA.

0OpaTHBIN TOK IPU HEKOTOPOM BETMYMHE OOPATHOTO HAPSIKEHUS oy, MKA;
2. maneHue HaNpsDKCHMS HA JUOJE IIPU HEKOTOPOM 3HAYEHUHU NPSAMOTO TOKa yepe3 auon U,

€MKOCTb JIM0Ja MPH Mojjaue Ha HET0 00paTHOrO HAaNpsKEHUs HeKoTopoi BenuuuHbl C, nd;
4. nuamna3oH 4acTOT, B KOTOPOM BO3MO’KHA paboTa 0e3 CHUKEHHs BBIIPSIMIICHHOTO TOKA fp,

JlnanaszoH 4acToT 3a/1a€TCd MUHMUMAIbHBIM 3HAYCHHEM T'PAHUYHON YacCTOTHI fzp. OTO 3HAYHUT, YTO
rmapamMeTpsl BCEX JHMOJOB HE TMPEBbIIAaeT (a B clydyae dYacTOTBl — HE HIKE) 3aJaHHOTO
TEXHUYCCKUMH YCIOBUsAMH 3HaueHHs. OOmuii BUI J10I0B MOKa3aH Ha puc 13.3.
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Cmabunumpon. I10 NOITYIPOBOJIHUKOBBIN AUO0JI, CKOHCTPYUPOBAHHBIN 17151 paOOTHI B pEeXKUME

ANEKTPUIECKOTO MPo0osi. YCiIoBHOE rpaduieckoe 0003HaYCHUE CTAOMIUTPOHA MPEICTABIICHO HA

puc. 2.5,a.
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Puc. 13.4. I'paduueckoe n3o0paxxeHue nosynpoBOIHUKOBBIX JHOJIOB:
a) crabmiutpoH; 60) quon loTTku; B) Bapukam; ) TYHHEJIbHBIN AUO;
1) oOpaIIeHHBINA U0

B YKa3zaHHOM PCKUME ITPU 3HAYUTCIIBHOM U3MCHCHHHN TOKaA CTa6I/IJ'II/ITpOHa HAIIPs>KCHUEC
U3MEHSIETCS HE3HAYUTEINIBHO, T. €. CTA0MIINTPOH CTA0MIM3UPYET HanpshkeHue. BoabT-amnepHas
XapakTepucTHKa KpeMHHeBoro cradmintpona /(814 /1 npeacrasnena Ha puc. 13.5.

A; WA

-16 -12 -8

- | | 4 1 1 [ 1

ll_}'l-lllr;l} '
0 u B

100 C— |

V5°C
Puc. 13.5. BonpT-amnepHas XxapakTepucTuka KpeMHHEBOTO cradmimuTpoHa J[814]]

B crabunutpoHax MOXKET UMETh MECTO U TYHHEJIbHBIH, U JJaBUHHBIN, U CMELIaHHBIA TPOOOii B
3aBHCUMOCTH OT Y/I€IbHOTO COIIPOTHUBIICHHSI Oa3bl.

B crabunutpoHax ¢ HU3KOOMHOM 0a30#1 (HU3KOBOJBTHBIX, 110 5,7 B) UMeeT MECTO TYHHEIbHBIN
po0oif, a B CTAOMIMTPOHAX C BBICOKOOMHOI 0a30i1 (BbICOKOBOJIBTHBIX) — JJABUHHBINA TPOOOI.

OCHOBHBIMU SIBIIICTCS CJICAYIOIIHNE TApaMeTPhl CTAOUIUTPOHA:
U — HanpspKkeHue ctabunuzanuu (Mpu 3aJaHHOM TOKE B peXXHUMe ITpo0os);
Ly yuun — MAHAMAITBHO JOTTYCTHUMBIN TOK CTAaOUITH3AIINH;
Lem yiake — MAKCUMAJIBHO JTOTTYCTUMBIN TOK CTAOMIIM3AINY;
Fem — JaddepeHnaTbHOE COMPOTHUBICHHE CTAOWIUTPOHA (HA YYacTKe Mpooos),

I"cm = dlxl/dl,

=

5. aUcm (TKH) — TemnepaTypHblil KO3(h(GUIUEHT HANPSKEHUS CTa0MIIN3aI|HU.

Bennunabl Ucm, Icm.MuH U Icm‘ maxe IPAHATO YKa3bIBaTh KaK II0JIOKUTEIBHBIE.
Jlnst mpumepa TpUMEHEHUs CTaOMIUTpPOHA OOpaTUMCS K CXeMe TaK Ha3bIBaeMOTO
napaMeTpu4eckoro crabwiuzaropa  HampsbkeHus (puc. 13.6.). Jlerko 3ameTuTh, 4TO €CiH

HampspkeHue Uy, HACTOJIBKO BEJIMKO, YTO CTAOWJIUTPOH HAXOIUTCS B pEXuUMeE MpoOos, TO
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M3MEHEHHUs 3TOT0 HAIPSDKEHUS MPAKTUUYECKU HE BBI3BIBAIOT M3MEHEHMSI HaPSLKEHUS Ugy, (pu

M3MEHEHNHN HANPsKEeHHs U, N3MEHseTcs TOIbKO TOK [, a Taroke Hanpskenne U p = 1 R ).

=N /N
U (— U g

y 3 O

Puc. 13.6. Cxema napamMeTpu4ecKkoro cTabmin3aropa HanpspKeHUs

CrabunuTpoH sBisieTcs  ObICTPOACMCTBYIOIIMM HpHOOpPOM U XOpollo paboTaeTr B
UMITYJIbCHBIX CXEMaX.

Cmabucmop. D710 TONYNPOBOAHUKOBBIA IHOJ, HaNpsHKEHUE Ha KOTOPOM IPH MPSIMOM
BKitoueHuu (okoisio 0,7 B) mMano 3aBUCHUT OT TOKa (IpsiMasi BETBb Ha COOTBETCTBYIOILEM YYacTKe
o4TH BepTUKayibHasA). CTabucTop npenHa3HaueH A CTa0MIM3aMi MaJIbIX HapsKEHUH.

Juoo Ilommku. B muone IIOTTKM HCIONB3YETCS HE p-n-IEPEXOJ, a BBIIPAMIIIOLINI
KOHTaKT METaJUI-MOJIYIPOBOJHUK. YcClIoBHOE rpaduueckoe oOo3HaueHue guona Ilorrku
IpesicTaBjiIeHo Ha puc. 13.4, 6.

B 0OBIUHBIX yCIOBUSAX HpPSIMON TOK, OOpa30BaHHBIM 3JE€KTPOHAMU 30HBI MPOBOJAUMOCTH,
MEePEeXOIAUIMMU U3 MOJYINPOBOJHUKA B METAJJI, UMEET OUYEHb Mallyl0 BEIMYUHY. DTO SBISETCS
CIIEICTBUEM HEJOCTATKA 3JIEKTPOHOB, SHEPrUsl KOTOPBIX MO3BOJIMIIA Obl UM MPEOJIOJIETh JaHHBIN
Oapbep.

Jljig yBETUYEHUs IPSIMOTO TOKa HEOOXOJMMO «pa3orpeTh» 3JIEKTPOHBI B MOIYIPOBOJHHUKE,
MOJHSTh UX 3HEpruro. Takoil pa3orpeB MOXKET ObITh OCYLIECTBJIEH C IOMOIIBIO AJIEKTPHUUYECKOTO
TOJISL.

Ecnu nmonakmouuTh MCTOYHUK BHEIIHETO HANpPSDKEHUS IUIIOCOM K METajuly, a MUHYCOM K
MOJIYIIPOBOJHUKY #-THIA, TO TOTEHLUHANbHBIM Oapbep MOHU3UTCA M 4Yepe3 IMepexo] HayHeT
npotekarb npsiMod Tok. Ilpu NIPOTHBOMONOKHOM NOJKIIOYEHUHM MOTEHLIMAJIbHBIA Oapbep
YBEJIMYUBAETCS U TOK OKA3bIBAETCS BECbMA MaJbIM.

Juonel HIOTTKM — 04eHb ObICTpOAECHCTBYIOIINE TPUOOPHI, OHU MOTYT pabOTaTh HAa YacTOTaxX
no necsatkoB rurarepir (1 777 u=1-10° I y). Y muona IloTTkn MOXET OBITH MaJIblii OOpaTHBIA TOK U
Majoe NpsMoe HampsbKeHue (MpU MajbIX OPSIMBIX TOKax) — okojio 0,5 B, uTo MeHblle, 4yeM Yy
KpEMHUEBBIX MpUOOpoB. MakcuManbHO JOMYCTUMBIN MPSIMON TOK MOKET COCTaBJATh JECSITKH U
COTHHU aMIIep, & MAaKCUMAJIbHO J0IYCTUMOE HANIPSHKEHUE — COTHH BOJIBT.

Bapuxan. D10 1NOIYNpOBOJHUKOBBIA AMOJ, IpPEJHA3HAUEHHBIM N7 pabOThl B KayecTBE
KOHJICHCATOpa, €MKOCTb KOTOPOIO YIpaBisIeTcsd HampsyKeHUEM. YCIOBHOE Tpaduyeckoe
0003HavYeHHE BapUKaIma IMpeacTaBiIeHo Ha puc. 13,4, 6.

Ha Bapukan nonator obpaTHoe HampsbkeHue. bapbepHas €eMKOCTh BapuKama yMEHbIIAETCs
IpU yBEJIUYEHUH ([0 MOJYII0) OOpaTHOTO HANpPsDKEHMs. XapaKTep HM3MEHEHUS €MKOCTH Yy
BapHKalia Takoil ke, Kak U 'y OObIYHOTO AUOJA.

Tynnenvuslit 0uod. IT0 TOJIYNPOBOTHUKOBBIA IHOA, B KOTOPOM HCIIOJIB3YETCS SIBJICHUE
TYHHEJIBHOTO Ipo0O0s NMpH BKIIOYEHUH B NPSIMOM HAIpaBJIEHWU. XapaKTepHOU OCOOEHHOCTHIO
TYHHEJIBHOTO JHOJa SIBJISIETCS Hajluuhe Ha NpsMONM BETBH BOJBT-aMIIEPHON XapaKTEPUCTUKU
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ydyacTKa C OTpUUATENIbHbIM AU(PQepeHInanbHbIM CONPOTUBICHUEM. YCJIOBHOE TIpaduueckoe
0003HavYeHHE TUOa TPEICTaBlIeHo Ha puc. 13.4,r.

Jis npumepa uzo6pazum (puc. 13.7) mnpsimyro BETBb BOJbT-aMIIEPHON XapaKTEPUCTUKU
repMaHUEBOTO TYHHEIBHOTO ycuiuTelnbHoro auona 1M104A (]np‘ maxc=20 MA — TOCTOSTHHBIN

IPSAIMOM TOK, Uo6p. maxc=20 mB), npeHa3HAYEHHOTO JJIsl yCUJIEHUS B quana3zoHe BoJjH 2...10 cu
(310 cooTBeTCTBYET yactoTe 6omnee 1 I7y).

ho MA - 4 104 A

1,6

12 /

0,8

0,4

0] >
01 0,2 0,6 0,8 u, ., B

np’

Puc. 13.7. BonbT-amnepHasi XapakTepUCTUKA N'€pPMaHUEBOIO TYHHEJIBHOTO JIHOA

OOmass eMKOCTh JHOJa B TOYKE MUHUMYyMa XapakTepuctuku cocrasiser 0,8...1,9 nd.
[Tone3Ho OTMETHTH, UTO MPOBEPKA JHOJIA TECTEPOM He JoIyckaeTcs. TyHHeNIbHbIE TUOJbI MOTYT
paboTaTh Ha OYEHBb BBICOKUX YacToTax — 6omee 1 I7y.

Hanuuue yuactka ¢ oTpuuarenbHbIM U (epeHIHaTbHbIM CONPOTUBICHUEM HA BOJIBT-
aMIIEpPHON XapaKTepUCTUKE 00eCreyrMBaeT BO3MOKHOCTh HCIOJIb30BAaHUS TYHHEJIbHBIX IHOJIOB B
KayecTBE YCHMJIMTEIbHOTO 3JIEMEHTA U B KAYECTBE OCHOBHOTO 3JIEMEHTA F€HEPAaTOPOB.

B Hacrosiiee BpeMsi TYHHEJIbHbBIE AUO/IbI UCTIOIB3YIOTCS UMEHHO B 3TOM KauecTBe B 00acTu
CBEPXBBICOKUX YacTOT.

Oopawiennutii Ouod. ITO TIOTYIPOBOJIHUKOBBIM JHOJ, (PU3UUYECKUE SBICHUS B KOTOPOM
oJ00HBI (PU3UYECKUM SIBJICHUSIM B TYHHEJIBHOM JHOJE, MO3TOMY 3a4acTyl0 OOpaIleHHbIH IO
paccMaTpuBalOT Kak BapUaHT TYyHHENbHOro nauoxaa. I[Ipm 3TOM y4yacTOK € OTpULIATEIbHBIM
nuddepeHnrnaIbHbIM COIPOTUBICHUEM Ha BOJBT-aMIIEPHON XapaKTEpUCTUKE OOpallleHHOTO 110/1a
OTCYTCTBYET WJIK OUYEHb CJ1a00 BBIPAKEH.

OOpaTHast  BETBb  BOJIbT-AMIIEPHOM  XapaKTEPUCTUKH  OOpaIlIeHHOTO  AMOJA
(oTnHMyaroascs OY€Hb MaJIbIM MaJCHUEM HalpsyKEHUs) UCHOJB3yeTCs B KauecTBe MPSMON BETBU
«OOBIYHOIO JMO/a», a IMpsiMas BETBb — B KauecTBe oOpaTHOM BerBH. OTClo/la U Ha3BaHHE —
oOpaleHHbIN U0,

YcnoBHoe rpaduueckoe 0003HaUeHHE 00PAIIEHHOTO IM0/1a MPeACTaBiIeHo Ha puc.13.4, 1.

PaccMoTpuMm s mpuMepa  BOJIbT-aMIIEpHBIE  XapaKTEPUCTHUKUM  I'€pPMaHUEBOIO
obpamennoro nuoma 1M104A (puc. 13.8), mpemHa3HaueHHOTO, KpOME IMPOYEro, i paboThI B
HMMITYJIbCHBIX YCTPOMCTBAX (IMMOCTOSIHHBIN MpsiMOi TOK — He 6osee 0,3 mA, TOCTOSHHBIA 0OpaTHBII

0 .
Tok — He Gonee 4 mA (npu t <357 C), obuias eMKOCTh B TOYKE MHHAMYMa BOJBT-aMIIEPHOM
xapakrepuctuku 1,2...1,5 n®).
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Puc. 13.8. BonbT-ammnepHasi XxapakTepuCTHKa 00paIeHHOTO JU0Aa

Kak BugHo wu3 rpaduxa (puc. 13.8), o0e BeTBH BOJbT-aMIIEPHONH XapaKTEPUCTHKHU
MPaKTUYECKHM CUMMETPUUYHBI (B 3€pKajlbHOM OTPaK€HHWH) OTHOCHUTEIBHO Hadajga KOOpPJIMHAT.
VY4acTok OTpULIATEIBLHOTO T QepeHInanbHOr0  CONPOTHBIICHUS pa3MEIleH Ha y4acTKe
nosioxkutenpHoro Hampspbkenuss mexay 0,1 u 0,3 B. Ilpu 3ToM ammiuuTyda TOKa Ha y4acTKe ¢
oTpuLaTeNbHbIM U depeHnalIbHbIM collpoTuBiIeHreM He npesbimaet 0,05 mA.
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14. bunoasipHbie TPAH3UCTOPHI

bunonspHelil TpaH3UCTOP — 3TO MOJIYHPOBOJHUKOBBIM NMPUOOP C ABYMS p-n—TIEpexojlaMu,
UMEIoLUN TpU BbIBOAA. JleficTBME OHMMOJSPHOTO TPaH3UCTOpPAa OCHOBAHO HA MCIIOJIb30BAHUHU
HOCHUTEJIEH 3apsia 000UX 3HAKOB (IBIPOK M AJIEKTPOHOB), a YIIPABJICHUE MTPOTEKAIOIINM Yepe3 HEro
TOKOM OCYLIECTBIISIETCS C TOMOIIBIO YIIPABJISIOUIET0 TOKA.

bunonspuelii  TpaH3ucTop  sBisieTcs  HauOoJiee  PACIPOCTPAHEHHBIM  AKTUBHBIM
MIOJIYIPOBOAHUKOBBIM IPUOOPOM.

Yempoiicmeo mpanzucmopa. bunonsipabelii TpaH3UCTOP B CBOEH OCHOBE COJICPIKUT TPHU CIIOS
MIOJIYIIPOBOIHHKA (p-n-p WU n-p-1n) U COOTBETCTBEHHO JIBa p-n —nepexona. Kaxapii cioi
MIOJIYIIPOBOIHUKA Y€PEe3 HEBBITPSAMIISIOIINNA KOHTAKT METAJUI-IIOJIYTIPOBOIHUK MOJACOEANHEH K
BHEIIIHEMY BBIBOJLY.

Cpennuii c10¥ M COOTBETCTBYIOIIHMI BBIBOJ HA3bIBAIOT 0a30#, OJMH U3 KPAaWHUX CJIOEB U
COOTBETCTBYIOIIIMI BBIBOJ HA3bIBAKOT 3MUTTEPOM, a JAPYTOW KpaHHUM CIOM M COOTBETCTBYIOIIMI
BBIBOJ] — KOJIIIEKTOPOM.

Ha puc. 14.1,a mnokazaHo cxemMaTHuecKoe, YIPOIIEHHOE M300paKeHHUE CTPYKTYpPbI
TpPaH3UCTOpa TUNA KN-p-n WU JBa JOIYCTHUMbBIX BapHaHTa YCIOBHOTO Ipaduyeckoro o003HAYEHUS
(puc. 14.1,6).

Tpan3ucrop p-n-p yCTpO€H aHaJIOrMYHO, YIPOUIEHHOE U300pa)KEHUE ero CTPYKTYphl 1aHO Ha
puc. 14.2, a. bonee mpocToit BapuaHT yCIOBHOTO Tpaduueckoro o0o3HaueHus — Ha puc. 14.2,0.

Tpan3ucTop Ha3bIBalOT OMMOJISPHBIM, TaK KaK B IIPOLECCE MPOTEKAHUS IJIEKTPUUECKOTO TOKA
Y4acTBYIOT HOCUTEIH 3JIEKTPUUECTBA ABYX 3HAKOB — AIEKTPOHBI U AbIpKU. Ho B pa3nuyHbIX TUIIaxX
TPaH3UCTOPOB POJIb ANEKTPOHOB U ABIPOK pa3ziauyHa. TpaH3ucTopsl TUIa n-p-n donee
pacnpoCTpaHeHbl B CPaBHEHUH C TPAH3UCTOPAMH THUIIA p-1-p, TaK KaK 0OBIYHO UMEIOT JTy4Ilne
napaMmeTpsl. ITO MOXKHO OOBSCHUTD TEM, YTO OCHOBHYIO POJIb B AJIEKTPUUYECKUX MTPOLIECcCax B
TPaH3UCTOpaX TUIIA N-p-1 UTPAIOT JIEKTPOHBL, & TPAH3UCTOPAX TUIA p-H-p — ABIPKU. DIEKTPOHbI
e 00J1aJat0T MOIBUKHOCTBIO B JIBAa-TPU pa3a 0oJIbLIeH, YeM JBIPKU.

O61aCTh SMUTTEPHOTO OGnacTh KOJIEKTOPHOrO

nepexona \ / nepexoia

DMHTTEp 0 '|p \ :n Konnexkrop
(D) et 1K (K)
: 1! 9 K 3 K
baza
(b) - E
Hepninpamisiomue 6
KOHTAKThl MeTall-
MOJYIPOBOJHHK
a

Puc. 14.1. Crpykrypa TpaH3ucTopa Tuna n-p-n (a)
u ero rpadudeckoe obo3naueHue (0)
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b b
a 6

Puc. 14.2.Ctpykrypa TpaH3ucTOpa TUIA p-n-p (a)
u ero rpadudeckoe obo3naueHue (0)

BaxxHO OTMETHTbH, YTO peallbHO IUIOMIA[b KOJUIEKTOPHOTO NEpeXoja 3HAYMTEIbHO OOJblIe
IUIOLIAIM SMUTTEPHOTrO MEPEX0a, TaK KaK Takas HECUMMETpPHs 3HAUUTENIbHO YIIy4IllaeT CBOMCTBa
TpaH3HUCTOPA.

Konuuecmeennvie ocobennocmu cmpykmypol mpauzucmopa. B ocHoBe paboOThI
OUIIOJIAPHOTO TpaH3UCTOpa TUIA 7-p-n  JISKAT Te K€ (U3NYECKUE IPOLECChl, KOTOpbIE
paccMOTpeHbl TPU  M3Y4YEHUH IOIYNPOBOJHUKOBOTO auojga. OcoOEHHOCTH  TpaH3UCTOpa
OIIPENIENAIOTCS OCOOEHHOCTAMH €r0 KOHCTPYKIMH.

OCHOBHBIMU 3JIEMEHTAMU TPAH3UCTOpA SBJISIIOTCS JIBAa COEAMHEHHBIX p-n Iepexona. ITo
MO3BOJISET J1aTh (DOpPMaNbHOE MPEACTaBIECHUE CTPYKTYPhl TPAH3UCTOPA, MOKa3aHHOE Ha puc. 14.3.
Jlis NOHMMaHUs TPUHLKIA padOThl TPAH3UCTOPA UCKIIOYUTENBHO Ba)KHO YUUTBHIBATh, YTO p-N—
[epexoabl TPAH3UCTOpPA CHJIBHO B3aUMOJICHCTBYIOT. DTO 03HA4aeT, 4TO TOK OJHOIO Iepexoia
CWJIBHO BJIMSIET HA TOK JAPYroro, 1 Ha0060poT. IMeHHO 3TO B3auMoIeliCTBHE PAAUKAIBHO OTINYAET
TPAH3UCTOP OT CXEMBI C IByMsl 1uoaamu (puc. 14.4).

DMMMTEPHBIH KonnekropHbIi

Pp-n-TIEPEXON B3§“M°‘ p-n-nepexosn
neicTerE

K——

Puc. 14.3. CrpykTypa TpaH3ucropa Puc. 14.4. Cxema ¢ AByMs auoaMu

B cxeme ¢ ANOJaMH TOK KaXXAO0T0 JUuoJa 3aBUCHUT OT HAIIPAKCHHA HAa HEM CaMOM M HUKaK HE
3aBHCUT OT TOKA JAPYroro AMOJA.

VYka3zaHHOE B3aUMOJCHCTBUE UMEET HCKIIOYHUTEIBHO IPOCTYIO IVIABHYIO IPUYHMHY: OYEHb
Majoe paccTosiHUE MeXay nepexonamu Tpanizucropa (oT 20 — 30 MM 10 1 MKM U MeHee). 1o
paccTosiHUE Ha3bIBAIOT TOJILMHON 0a3bl. IMEHHO 3Ta KOJIMYECTBEHHAs 0COOEHHOCTb CTPYKTYphI
CO3/1aeT KaYeCTBEHHOE CBOEOOpa3ue TpaH3uCTopa.

Tpu cxembi 6KMIOUEHUA OUNONAPHO20 MPAH3UCIMOPA C HEH)JIE6bIM CONPOMUGETIEHUEM
Hazpy3Ku. TpaH3UCTOPBI YaCTO NMPUMEHSIOT JUISl YCUJICHUS IIEPEMEHHBIX CUTHAJIOB (KOTOpbIE MPU
pacuerax OOBIYHO CUUTAIOT CHUHYCOUJAIBHBIMH), MpPH 3TOM B BBIXOJHOW LIENMU TpaH3UCTOpa
IIPUMEHAETCS Harpy3Ka ¢ HEHYJIEBBIM COIIPOTUBIICHUEM.

Bo BXOHHOI;’I e, KPpOME€ UCTOYHHKA IMMOCTOAHHOI'O HAIIPSXKCHUSA, HCO6XOI[I/IMOFO JIISA
oOecrieyeHus1 akTUBHOT'O peKuUMa pa60TI)I, TAK¥XKEC UCIIOJIB3YIOT HCTOYHUK BXOAHOI'O IEPEMECHHOT'O
HanpsbkeHus. [IpeacraBuM Tpu XapakTepHbIE CXEMbI BKIFOYEHUS TPAH3UCTOPA.

Cxema c oowen oazoii (Ob) (puc. 14.5). Eciin conpoTUBIIeHUE Harpy3KH JJ0CTaTOYHO BEJIHMKO,

TO aMIUIUTY/Ia IEPEMEHHOM COCTABIISIONIEH HAPSDKEHUS U gy 3HAUUTEIBHO OO0JIbIIE aMILTUTYIbI

HanpsLKeHUs Ugy,. YuuThiBast, 4to I, ~ I, , MOXKHO yTBEpK/JaTh, UYTO CX€Ma HE 00ecreunBaeT
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YCUJIEHUS TOKA, HO YCUJIMBAET HamnpshkeHue. BXonHO# Tok Takoi cxeMbl JOCTaTOYHO OOJIbIION, a
COOTBETCTBYIOIEE BXOIHOE COIIPOTUBIICHUE MAJIO.

bex 3 . .

ﬁlem— I
u.T ~n, Ry Tum

+

L
—— — u:

U,

el

Puc. 14.5. Cxema BriIroYeHUs1 TpaH3UucTopa ¢ obuiei 6azoi (Ob)

R« ¢u""‘

&

Puc. 14.6. Cxema BKJIIOUEHUS TPpaH3UCTOPA C 00IUM SMUTTEpOM (O)

Cxema c obugum smummepom (03) (puc. 3.6). Tak xax I, >>1 ., a Ipy 10CTATOYHO

GosbIIOM conpoTHBIeHHH K, aMIUIMTY[a NEepeMEHHOH COCTABISIONICH HANPSKCHUS gy

3HAYUTEIBHO OOJbIIE aMIUIMTYIbl HANPSDKEHUS Ugy, CIIEIOBATENBHO, cXema oOecreynBaeT
YCHUJICHHE U TOKA, ¥ HAIIPSHKCHHUS.

BX01HO# TOK CXeMBI TOCTaTOYHO MaJl, [IO3TOMY BXOJHOE CONPOTHBIICHHE OOJIBIIE, YeM Y
cXeMsl ¢ 001el 0a3oil.

Cxema ¢ oowum konnexkmopom (OK) (puc. 14.7). Ilpu ompeneneHun NepeMEHHBIX
COCTABJISIFOIIUX TOKOB M HANPSHKCHUH WCTOYHHWKH TOCTOSHHOTO HAINpPSDKEHHS U M U) 3aMEHSIOT
3aKOPOTKaMH (3aKOPAYMBAIOT).
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Puc. 14.7. Cxema BKiI0YeHUs TpaH3ucTopa ¢ odmum kosekropom (OK)

Ilocme »Toro k KOJIJICKTOPY OKa3bIBAOTCA MNOAKIOYCHHBIMA WM HCTOYHHK BXOIHOI'O

HampspDKeHust Ug,, W CONMpOTHBIICHHE Harpy3ku. OTcCioga W Ha3BaHHE — cXeMa C OOmIMM
KOJUIEKTOPOM.

Hanpsokenue Ug, U 0COOEHHO €ro IMepeMeHHas COCTaBIIAIOLIAs JOCTATOYHO Majbl,
MO3TOMY aMIUIUTY/Ia IEPEMEHHON COCTABJISIONIEH HAaNpsHKEHUs Ug, TPUMEPHO paBHA aMIUIUTY]IE

MIEPEMEHHON COCTaBIISIIOIIEH HanpsKeHUst Ug,. IloaToMy cxembl ¢ 00LIUM KOJIEKTOPOM
Ha3bIBAIOT SMUTTEPHBIM MIOBTOPUTEIIEM.

VYuuteiBasg, 4ro I,, >>1, , MOXHO OTMETHUTb, YTO CXEMa YCWJIMBAET TOK, HO HE

YCUJIMBAET HaIIpSKEHUE.
Cxema oTJIMYaeTCs TOBBIIIEHHBIM BXO/IHBIM CONPOTHUBIIEHUEM, TaK KaK MPH YBEIUYEHUU
BXOJHOTO HAIPSKEHUS YBEJIMYECHHUIO BXOJHOTO TOKA IPENATCTBYET YBEIIMUEHHE KaK HANPSIKCHUS

Ug5, TAK U HATIPSDKCHUS U gy,
Ha npakTuke Hanbosee 4acTo UCHOJIb3YETC CXEMa C OOIIUM 3MUTTEPOM.
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h — mapamerpsl TpaH3ucropa

[Ipu omnpeneneHUH NEPEMEHHBIX COCTABJISIOIIMX TOKOB M HAaNpsbKeHUH (T. €. Mpu
aHaJIM3€ Ha IEPEMEHHOM TOKE) U IIPU YCIOBUH, UTO TPAH3UCTOP pabOTAaET B aKTUBHOM PEXKUME, €r0
4acTo MPEACTaBISAIOT B BUJIE JIMHEWHOTO YeThIpexnoiatocHuka (puc. 14.8). B yerbipexmnositocHUKe
YCJIIOBHO M300pa)kXeH TPAH3UCTOP C OOIIUM SMUTTEPOM.

I 12

Puc. 14.8. Tpan3ucrop B BUJ€ YETHIPEXIIOIOCHUKA

JIist pa3HBIX CXE€M BKJIIOUEHUS TPAH3UCTOPA TOKU U HAIPSDKEHUS ATOTO YEThIPEXIOIFOCHUKA
0003HavYarOT pa3InyHble TOKU U HApsDKEeHUs TpaH3uctopa. Hampumep, 11st cxemsbl ¢ o0umm
SMUTTEPOM 3TH TOKH W HANIPSHKEHUS CIEAYIOIINE:

1] — IepeMeHHas COCTaBIISIONIAst TOKA 0a3bl;
U | — IepeMeHHasi COCTABIIAIONIAs HATPSDKEHHS MEX Ty 02301 1 SMUTTEPOM;
1, — mepeMeHHasi COCTaBIISIONIAsl TOKA KOJUICKTOPA;

U, — nepeMeHHasl COCTaBJISIIOIIAS HAIIPSDKEHUS. MEXK Y KOJIJIEKTOPOM U SMUTTEPOM.
Tpan3ucrop yn1oOHO onMchIBaTh, UCIIOJIBb3YS TaK Ha3bIBaeMble h-mapameTpsl.

BxonHoe conpoTuBieHHE TpaH3UCTOpA AJIs IEPEMEHHOI0 CUrHasia (IpU 3aKOPOYEHHOM

BBIXOZIE: U>=0) :

AHAJIOTUYHO

u
hu:_l

. - KO3 NUIHUCHT 00paTHOM CBA3H 110 HAIPSHKEHUIO.
u2 %) :O

Pesxum paboTs! Ipu I ;=0 HA3BIBAIOT XOJOCTHIM XOJ0M HA BXOJIE.
Hamnee

l
2

; _~ - KOO((MUITMEHT IIepeaadyy TOKa,
ll u2 —O p
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U | j —¢ - BPIXOIHAs IPOBOJUMOCTb.
2197

[Ipu sTOM

u | hy hyy [
I Ry By | Uy |
T. €.

u, =hy i +hy, u,,
iy =hy i, +h,y, u,.

Koadpunuents h j OTPEHCISIOTCS ONBITHEIM myTeM. [lapamerpsr, cooTBeTcTBYyIOIIHE
CXeMe C OOIIUM IMUTTEPOM, 0003HAUAIOTCS OYKBOM «3», a cxeme ¢ o01el 6a3oi — OyKBOU «O».
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15. ITosieBbIe TPAH3UCTOPBI

[ToneBoii TpaH3UCTOP SABISETCS OYCHD IIMPOKO HUCIOIB3yeMBbIM aKTHBHBIM (T. €. CIIOCOOHBIM
YCUJIMBATh CUTHAJIBI) MIOJIYIIPOBOAHUKOBBIM NpubopomM. BriepBeie oH Obu1 nipeioxked B 1930 roxy.

[ToseBBIMU TPaH3UCTOPAMH HA3BIBAIOT AKTHBHEIE ITOIYIIPOBOJHUKOBEIC IIPHOOPHI, B KOTOPBIX
BBIXOJIHBIM TOKOM YIIPABJISIFOT C TIOMOIIBIO 3JEKTPHUYECKOTO TOJs (B OMITONISIPHBIX TPAH3HCTOPaX
BBIXOJIHOM TOK YIPABJISIETCS] BXOJHBIM TOKOM).

[ToseBbIe TPaH3UCTOPHI HA3BIBAIOT TAK)KE YHHUITOJSIPHBIMH, TaK KaK B IPOLECCE MPOTEKAHUS
AIIEKTPUYECKOTO TOKA YYaCTBYIOT TOJIHKO OCHOBHBIE HOCHTEIIH.

Paznuuaror 1Ba BHIA TONEBBIX TPAH3UCTOPOB: C YHPABISIOMIMM MEPEXOIOM MU C
M30JINPOBAaHHBIM 3aTBOPOM.

Yempoiicmeo nonesozo mpanzucmopa. Cxematnaeckoe n300pakeHNEe CTPYKTYPHI TTOJIEBOTO
TPaH3HUCTOpa C YHPABISAIOIMIMM IEPEX0JJOM U KaHAJIOM p-THIIa MPHBEICHO Ha puc 4.1,a ycinoBHOe
rpagudeckoe 0003HAYCHHE ITOTO TpaH3UCTOpa — Ha puc. 15.2,a. CTpenka yka3pIBaeT HaIIpaBICHUE
OT CJIOSl p K CJIO0 n (KaKk U CTpeiKka B M300pakKeHHHM SMUTTEpa OMIOJSPHOTO TpaH3ucropa). B
MHTETPATBHBIX MUKPOCXEMaX JIMHEHHBIE pa3Mephl TPAH3UCTOPOB MOTYT OBITh MEHBIIIE | MKM.

3ateop (3)
Ob6nacTs p-1r nepexoga i,
N\, :
Hcrox ) n /;7 Crox (C)
(]/[) ." . S TOK
- L .
iy ic
\ N
A
Kanan

HeBbinpAMIAIOMHAG KOHTAKTE
MeTall} NOMYIIPOBOJHEK

Puc. 15.1. CtpykTypa 1oeBoro TpaH3sucropa

3 3

U C u C
a 6

Puc. 15.2. I'paduueckoe n3o0pakeHne MOJIEBOTO TPAH3UCTOPA:
@) ¢ YIPaBJISIIOIIAM TIEPEX0I0M U KaHAJIOM P-THIIa;
0) ¢ YIPaBISIOMUM p-n—TIePEX0A0M U KaHAIOM N-THIIA

VYienpbHOE COMpPOTHBIEHHE CIOST #  (3aTBOpa) HaMHOTO MEHBIIE  yIEIBHOTO
CONPOTHUBIICHUS CJIOSl p (KaHaia), MOATOMY OOJacTh p-n—Tepexoaa, oOeAHEHHas MOIABMKHBIMHU
HOCHUTEIISIMU 3apsa W HMEKMas OYeHb OOJIBIIOE YJEIBHOE COMPOTUBIICHUE, PACIIOJIOKEHA
TJIaBHBIM 00pa3oM B CJIO€ p.
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Ecnmu THIBI MPOBOJMMOCTH CIIOEB IOJIYIIPOBOJHHMKA B PACCMOTPEHHOM TPaH3HCTOPE
W3MCHHUTh HA IPOTHBOIIOJIOKHBIE, TO IOJYYUM IIOJICBOM TPAH3UCTOP C YIPABJISIONINM p-H—
NepexoJoM U KaHaiioM n—tuna. Ero ycioBHOe rpaduueckoe 0003HaYeHHE TPEACTABICHO Ha PHC.
15.2,6.

Cxembl  6Kkn0OYeHUA mpan3ucmopa. Jlns TONEBOrO TPAH3UCTOpA, KaK M IS
OUTIOJIIPHOTO, BBIJCIISIOT TPU CXEMbI BKIIFOUCHHS. J[JIs MOJIEBOTO TPaH3UCTOPA 3TO CXEMBI C OOIITUM
3atBopoM (O3), ob6mum uctokom (OUN) m obmum ctokom (OC). Hambonee yacTto HCIONB3YIOT
CXeMBbI ¢ 00ImuM uctokoM (puc. 15.3).

L
K,
Ll

Puc. 15.3. Cxema BK/IIOUEHHUS [10JIEBOTO TPaH3UCTOPA ¢ 00muM ucrokom (ON)

Tak kak B pabouyem pexume i 3 = 0 ,a !, ®1. BXOIHBIMH XapaKTEPUCTHKAMHU OOBIYHO HE
nonb3yiorest. Hampumep, mist tpamsucropa KI1103JT st Toka yreukn 3atBopa 1. 3ym TIPH 1<85°C

BBIIOJTHSETCS YCIIOBUE 1 - <2mxKA.

Buvixoonwvie (cmokoevie) xapakmepucmuku. BpIXOTHOW XapaKTEpUCTUKOM Ha3bIBAKOT

3aBUCUMOCTDH BHU A
lc T f (Ll uc )

rjae f — HekoTopas QyHKIUS.
[ToneBoii TpaH3UCTOpP XapaKTEPU3YETCs CIEAYIOUIMMU IMpeNeIbHbIMU MapaMeTpaMu (CMBbICI

Uu,, =const ,

kotopbix nouster u3 o6osnauenuit): Uye yaxes Usemares Poaxe:

Jlnst tpansucropa KIT103JT Uy yucc=10 B, Ui iuc=15 B, P,4cc=120 uBm (Bce
npu 1=85°C).

Cmoxo3ameopnvle Xapakmepucmuku (XapaKxmepucmuku nepeoauu, nepeoamounwvle,

nepexoonsle, npoxoonvie xapaxmepucmuku). CTOKO3aTBOPHOW XapaKTEPUCTHKOW HA3BIBAIOT
3aBUCHMOCTD BHJIa

i = flu
c su /ly, .= const,

rjae f — HekoTopas QyHKIUS.

Takue XapakTepUCTUKM HE Jal0T NPUHLIMIIMAIBLHO HOBOM MH(OpPMAalKUU IO CPABHEHHIO C
BBIXOJHBIMU, HO MHOTJa OoJiee yAOOHBI sl MUCHOJb30BaHUA. [lJIsI HEKOTOPBIX TPAH3UCTOPOB

3aJaeTcsl MaKCUMallbHOE (10 MOJYJII0) JOMYCTUMOE OTPHULIATENIBHOE HAIpsDKeHUe Uy, HallpuMep,
i Tpansuctopa 2111031 aTo HanpsibkeHne He TOJIKHO OBbITh 10 MOyito Oosbiie yem 0,5 B.
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Ilapamempuol, xapaxmepu3syroujue ceolicmea mpan3ucmopa ycuiueams HanpasceHue.
Kpymusua cmokozameopnou xapakmepucmuku S (KpyTH3Ha XapaKTEpUCTUKU I10JEBOTO

TpaH3UCTOpA):
di
C

du_, |u, -sasamoc-
u,, =const

S =

OObryHO 3amaercst u;,~=0. Ilpm >TOM JJIsI TPaH3UCTOPOB pacCMATPHUBACTCS KpPyTHU3HA
makcumanbsHas s KIT103JI S=1,8...3,8 u4/B npu u,.~0, =20°C.
Buympennee ouggepenyuanronoe conpomuenenue Rycoup (BHYTPEHHEE COIPOTHUBIICHHE)
OTIPEJICIICTCS BRIPAKCHUCM:
du
uc

uc.oug d .
lc u,. —3aJaHHOE *
u,, =const

Jins K031 R, 5. =25 KOM npu 4,,~10 B, u,,~0.

Kosppuyuenm ycunenus

M =—*
du_ |u, ~samamoc
i, =const

MO>XHO OTMETHUTD, UTO
M = S ) Ruc.duqb .

Tt KIT103JT it S=2 mA/B 1 R ¢ 94 =25 kOm M=2 (nA/B)-25 xOn=50.

[IpuHIMIBI yOpaBieHUsl MapaMeTpaMy 3JIEKTPOHHOTO AKTHBHOIO 3JIEMEHTA, 3aJI0’KEHHBIE B
MIOJIEBBIX TPAH3UCTOPAX, MOTYT OBITh peaIn30BaHbl B 00JIEE CIIOKHBIX AJIEKTPOHHBIX YCTPOUCTBAX.
K takum yctpoiicTBaM MOKHO OTHECTH AUEUKY RAMAMU HA OCHOGE NOJ1€6020 MPAH3UCIOPA C
U30/IUPOBAHHBIM  3ameopom  (pnaw-namams).  YCTpoWcTBa  (DIAII-MAMSATH  SBISIOTCS
COBPEMEHHBIMH OBICTPOJICHCTBYIOLIUMU MPOrPaMMUPYEMBIMHU TIOCTOSIHHBIMU 3aIIOMHHAIOIIUMU
ycrpoiictBamu (I1TI3Y) ¢ anekTpuueckoil 3amuchi0 M JICKTPUUYECKUM CTHpaHueM WH(opmanuu
(OCII-II3Y). DOtu ycTpoilcTBa SBIAIOTCS SHEPrOHE3aBHCHUMBIMHM, TaK Kak HHGOpMAIus He
CTHpAETCs IPU OTKIIOUEHUU NUTaHusl, BbiaepkuBatoT He MmeHee 100 000 nukioB 3anucy/cTupaHusl.

OpHolt M3 pa3HOBUAHOCTEH NPUOOPOB, PEATUIYIOIIUX MPHUHIMIIBI MOJEBBIX TPAH3UCTOPOB,
SIBJISIIOTCS. HOJIYRPOGOOHUKOBble NPUoopsl ¢ 3apadoeoii ceéasvto (I13C). Ilpubopsl ¢ 3apsnoBoi
CBSI3bI0 UCIIOJIB3YIOTCS:

e B 3aIIOMMHAIOIIUX yCTpoicTBax OBM;
e B yCTpoiicTBax mpeoOpa3oBaHMs CBETOBBIX (ONTUYECKHX) CUTHAJIOB B AJIEKTPUUYECKUE.
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16. Tupucrtopsbl

TupucropaMu Ha3bIBAIOT MOJYIPOBOJHUKOBBIE MPUOOPHI € JBYMS YCTOWYUBBIMU
pexxruMaMu paboThl (BKIIIOUEH, BHIKIIIOUEH ), UMEIOLIUE TPU WK O0Jiee p-n—T1epexoioB.

Tupucrop no npuHUIUNYy JEHUCTBUA — NpUOOp KIOYEeBOro Tuma. Bo BKIIOYEHHOM
COCTOSIHUM OH MOJ00€H 3aMKHYTOMY KJIIOYY, a B BBIKIIOYEHHOM — PAa30MKHYTOMY Kirouy. Te
TUPUCTOPBI, KOTOpbIE€ HE HMMEIOT CIELUAIbHBIX 3JEKTPOJOB JUIsl MOJAauyd CUTHAJIOB C LEJIbIO
M3MEHEHUsI COCTOSIHUS, a MMEIOT TOJBKO JIBa CHJIOBBIX JJIEKTpoJa (aHOJ M KarToj), Ha3bIBaIOT
HEeYIpaBIsieMbIMH, WIM AUOAHBIMU, TUpHUCTOpamMu (aAuHHcTOpamu). [Ipubopsl ¢ ynpapistomuMu
AJIEKTPOIaMHU Ha3bIBAIOT YIPABISIEMbIMU TUPUCTOPAMU, WIIA IPOCTO TUPUCTOPAMH.

Tupucrops! SBIASIOTCS OCHOBHBIMH 3JIEMEHTAMH B CHUJIOBBIX YCTPONCTBAX JIEKTPOHUKU,
KOTOpbIE€ HAa3bIBAIOT TAK)KE YCTPOICTBAaMHU INpeoOpa3oBaTENbHONM TEXHUKU (yIpaBisieMble
BBITIPSIMUTEITN, UHBEPTOPHI U T. 11.).

CymiectByeT 0O0JBIIOE KOJWYECTBO PA3NIMYHBIX TUPHUCTOpoB. Hambomee wacto
HCIOJIb3YIOT He3allupaeMble THPUCTOPHI C TpPeMsl BBIBOJAMH, YIpaBisieMble [0 KaToay. Takue
TUPHUCTOPBI COJEpPKAT J[Ba CUJIOBBIX U OJUH YHPABISIOLIMN 3JEKTPOJ U MPOBOJAT TOK TOJBKO B
OJIHOM HalpaBJICHUH.

VYopouieHHOe M300pakeHHe CTPYKTYpbl THPUCTOpa IMpezacTaBieHo Ha puc. 16.1, a ero
ycioBHOe rpaduyeckoe o603HaueHune — Ha puc. 16.2.

OObpaTtumcs K mpocTeiiiiei cxeme ¢ TUpUucTopoM (puc. 16.3), rae ucnosib30BaHbl CIEAYIOLINE
0003HaYEeHHUS:

® i, — TOK aHO/a (CHUJIOBOM TOK B IIETIH aHOJI-KAaTOJ TUPUCTOPA);

® Uy — HAIIPSDKEHUE MEX]Ly aHOJIOM U KaTOJIOM;

® i, — TOK YIPaBIISIOLIET0O IEKTPOAA (B peaIbHbIX CXEMaX UCIOJIb3YIOT UMITYJIbChI TOKA);

® Uy — HANPSHKEHUE MEXKIY YIPaBIISIFOIUM 3JIEKTPOIOM U KaTOJ0M;
Upym — HATIPSDKEHHUE TTUTAHUS.

YpaBiAromui
anektpox (Y)

I

P n P n
o— . o . .  Em—
AHOI( (A) CJIOH pl CIIOH n} CIIOHA pz CIIOH ﬂ.z KaTOI[ (K)

nepexon NEpexoi Tepexoa
1 112 I13 A

Hepmnpsmisiionue
KOHTaKTH MeTalll-
[TOJIYTIPOBOXHUK

Puc. 16.1. CrpykTypHas cxema TUpUCTOpa

Yy

A I/l K

Puc. 16.2. I'paduueckoe n3o0paxeHue THPUCTOPA
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Cxema ¢opMHpOBaHHS
HMITYJIBCOB YIIPaBIIEHHA

R Iy _u}.’i,l

a.\ s
: - L

’ rr—
uR = la.Ru u

ax

num

Puc. 16.3. Cxema ympaBiieHus ¢ MPUMEHEHHEM THPUCTOPA

HpCI[HOJ'IO)KI/IM, 4TO HANPSAXKCHUC IMMUTAHUA MCHBIIC TaK HA3bIBACMOI'0 HAaIPAXKCHHA

MIEPEKITIOYEHUS Unep (Unum<Uhpep) ¥ 9TO TOCHE TOAKIIOYCHHSI UCTOYHMKA IUTAHUS HUMITYJIBC
YOpaBJICHUS HA TUPUCTOP HE TMOJaBalcsA. Torma TUPUCTOp OyAeT HaXOIUTHCS B 3aKPBITOM

(BBIKITIOUEHHOM) COCTOSHHUN. IIpH 9TOM TOK THpHCcTOpa 6yaeT ManbM (I,=0) 1 GyIXyT BBIMONHATHCS

cooTHomenuss U, ~ U, . U, = 0 (Harpyska OTKJIIOYEHA OT MCTOYHUKA IINTAHMSA).

Ecnu  npenrnosniokuTh, YTO BBINOJHSACTCS COOTHOWEHUE Upy>Upep nimm uto mocne
NOAKJIIOUCHUS UCTOYHHUKA NHUTAHUS (AK€ NPU BBINOIHEHUH YCHOBUS Upym<Upep) ObUI mOJAH
UMITYJIBC YIIPABICHUS JOCTATOYHOH BEIUYHMHBI, TO THPUCTOP OYACT HAXOJHUTHCS B OTKPHITOM
(BKITIOYCHHOM) cocTOSTHUM. [Ipm 3TOM JUIsi BCceX TpPEX TEpPeXOJ0B OYAYT BBITOJIHATHCS

~ ; ~ ~
cootHomerns U g ~1 B, Ly ® Upm /RH , Up U, .. (1. c. Harpy3Ka OKa3aTach
MTOIKJTFOUEHHOW K HCTOYHUKY TTUTAHHS).
CyIecTBYIOT TUPUCTOPBI, IS KOTOPHIX HAMPSIKCHHE Unep ooispie 1 kB, a MaKCHUMaJIbHO

JOTYCTUMEI TOK I, Gonbe, ueM 1 KA.

17
7

Puc. 16.4 Puc. 16.5

XapakTepHOH OCOOEHHOCTBIO PAcCMaTPUBAEMOIO HE3AUPAEMOT0 THPUCTOPA, KOTOPBIN
OUYEHb IIMPOKO HCIOIb3YETCS Ha MPAKTHKE, SIBISIETCA TO, YTO €r0 HEJb3sl BHIKIIOYUTH C IIOMOIIBIO
TOKa yIpaBJICHHUS.

Jy1st BBIKITFOUCHHSI THPUCTOPA HA MPAKTHKE HE HEro MOJA0T 00paTHoe HanpsbkeHue U ;<0 u
MOJUICPKUBAIOT 3TO HANPSHKEHHE B TEUYCHHE BPEMEHHU, OOJBIIETO TaK HA3bIBAEMOTO BPEMEHU
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BBIKITFOUCHUSI [ gy, OHO OOBIYHO COCTABIISIET €IMHHUIIBI HUTH JECATKH MHKPOCEKYH/I. 3a 3TO BpeMs
U30BITOYHEIEC 3apA/ibl B CIOAX F; W D) KCYE3al0T. [ BEIKIIOYCHHS THPHCTOPA HANPSIKECHHUE

WCTOYHWKA TUTaHUA U, B TPUBEICHHOW BbImIE cxeme (cM. puc. 16.3) MOHKHO W3MEHUTH
MOJISIPHOCTb.

[locne yka3aHHOW BBIIEPKKA BPEMEHHM Ha TUPUCTOP BHOBb MOXKHO IIOJaBaTh MpPsIMOE
HanpspkeHue (U g, >0), 1 0H OylieT BBIKIFOUEHHBIM JI0 TI0Ja4y UMITYJIbCa YIPaBIICHUS.

CylllecTBYIOT M IIUPOKO HCHOJB3YIOTCS TaK Ha3blBa€Mbleé CHMMETPUUYHBIE THPUCTOPHI
(cumucropsl, Tpuaku). Kaxapli cuMucTOp MNMONOOEH IMape pPAacCMOTPEHHBIX THPUCTOPOB,
BKJIFOYEHHBIX BCTpEUHO-TapayuiesibHO (puc. 16.4). VYcnoBHoe rpaduueckoe o0003HAYCHUE
CUMHCTOpa M0Ka3aHo Ha puc. 16.5.
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17. OnTo3/IeKTPOHHBIE NPHOOPHI

OnTO37€KTPOHHBIMU Ha3bIBalOT MPHUOOPHI, KOTOPbIE YYBCTBUTEIbHBI K JIEKTPOMArHUTHOMY
U3JIy4YEeHUI0 B BUIAUMOW, MH(pPaKpacHON U yiabTpaduoneToBOil 00JacTsIX, a Takke MNpUuOOpHI,
MIPOU3BOIALINE UITU HCTIOIB3YIOIINE TAKOE U3TyUYEHHUE.

N3nyyenne B BuUIuMOHW, WH(pakpacHOW u yiabTpaduOIETOBOM 00JAaCTSIX OTHOCAT K
ONTUYECKOMY AMAINa30HYy crekTpa. OObIYHO K YKa3aHHOMY JIMana30Hy OTHOCST 3JIEKTPOMarHUTHBIE
BOJIHBI C JUIMHON OT 1 mm 1o 1 mm, 9TO COOTBETCTBYET YAacTOTaM IMPUMEPHO OT 0,5:10" I'y no
510" Iy. Unorma ropopar o Oozee y3koMm nuamna3oHe 4actoT — ot 10 wm go 0,1 mwm
(~5'10]2...5'1016 I'y). BunuMomMy nuama3oHy COOTBETCTBYIOT JUIMHBI BOJH OT 0,38 mxMm mo 0,78
MKM (dactoTa okoso 10" Iy).

Ha npakTuke MIHMPOKO HCHOIB3YIOTCS HCTOYHUKU W3Iy4eHUs (U3TydaTesn), NMPUEMHUKU
u3yyeHus (GOTONPUEMHUKH) U ONITPOHBI (ONTONAPHI).

OnTpoHOM Ha3bIBalOT NpUOOpP, B KOTOPOM HMMEETCS] U UCTOYHUK, U MPUEMHHUK H3Iy4eHUS,
KOHCTPYKTUBHO OOBEIMHEHHBIE U IOMEILIEHHBIE B OJUH KOPITYC.

W3 HCTOYHMKOB M3JIy4€HHs HAlUIM LIMPOKOE MPUMEHEHHE CBETOAMOIbl U Ja3epbl, a M3
MIPUEMHHUKOB — (POTOPE3UCTOPBI, GOTOAUObI, GOTOTPAH3UCTOPHI U POTOTUPUCTOPHIL.

IupoKo HCIONB3YIOTCA ONTPOHBI, B KOTOPBIX MPUMEHSIOTCS Hapbl CBETOAMOA-(HOTOIMON,
CBETOIMOI-(DOTOTPAH3UCTOP, CBETOANOI-(DOTOTHPUCTOP.

OcHOBHBIE JOCTOMHCTBA ONITORJIEKTPOHHBIX TPHOOPOB:
BbICOKasi MH(OpMAIMOHHAs €MKOCTh ONTHYECKUX KAHAJIOB IepeAayd UHPOpMaIuu, 4YTO
SBJISIETCS CJIEJICTBUEM OOJIBIINX 3HAUEHUN UCIIOJIb3YEMbIX YacTOT;
e [I0JIHAas rajbBaHUUYECKas pa3Bsi3Ka UCTOYHUKA U MPUEMHUKA U3ITyUCHHUS;
® OTCYTCTBHUE BJIUSHUS INPUEMHMKA W3JIy4EHHUS Ha MCTOUYHUK (OJHOHAINPABICHHOCTh MOTOKA
uHpopmMaLun);

® HCBOCHIPUHUMYHNBOCTDL OITHYECKHUX CUTHAJIOB K O3JICKTPOMArHUTHBIM IIOJISAM (BI)ICOK&?[
MTOMEXO03aIUIIICHHOCTD).

N3nyvyarommii 1uoja (CBeTOAUO0T)

Wanywaromuit  auon, paboTaromuii B BUAMMOM JHMAMa30HE BOJIH, YacTO HAa3bIBAIOT
CBETOM3IIYYAIOIIUM, UIH CBETOAHOIOM.

PaccmoTpuM  yCTpOMCTBO, XapaKTEpUCTUKH, TapaMeTpbl W CHCTEMY 00O03HaYeHUU
U3Ty4YaroX JUO0I0B.

Yempoiicmeo.  Cxematumueckoe  n300pa’keHHE  CTPYKTYpbl — HM3JIYYarollero  JAMoja
npeAcTaBieHo Ha puc. 17.1,a, a ero ycnoBHoe rpaduueckoe o0o3HaueHue — Ha puc. 17.2,0.

W3nyyeHue BO3HUKAET NMPU MPOTEKAHUU NPSIMOI0 TOKAa JMOJA B pe3ylbTare peKOMOWHALUU
AJIEKTPOHOB U JIBIPOK B 00JACTH p-n-Iiepexoja U B 00JIacTAX, MPUMBIKAIOIUX K YyKa3aHHOU
obnactu. [1pu pexomOuHaIMM U3TydatoTCs POTOHBI.

Xapakmepucmuku u napamempel. J{s1 M3Mydyaroumx AWOIOB, pabOTAOIIKUX B BUIMMOM
nuarnasone (mummHa BoxmH oT 0,38 10 0,78 mxm, wactora okono 10'° Iy), mHUPOKO MCIOTB3YIOTCS
CIIEYIOIIHE XapaKTEPUCTUKHU:

e  3aBHCHMOCTb IPKOCTH m3aydeHus L oT Toka auoma I (IPKOCTHAs XapaKTePHUCTHKA);

® 3aBHCHUMOCTH CHJIBI CBETA ]v OT TOKa auoja I.
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Puc. 17.1. CtpykTypa cBeTOM3Iy4aroniero auoaa (a)
u ero rpadudeckoe uzoopaxenue (0)

SpKkocTHas XapakTepUCTHKa s cBeTou3ydaromero quona tuna AJI102A npencrasnena Ha
puc. 17.2. IIBeT cBedeHUs 3TOro 1U0Ja — KPaCHBIM.
KO — KaHJela
{eMUHUIA CUNBI CBETA)

L, Hut = ka/m?

30

20

10

|

0 2 4 6 8 i, MA

Puc. 17.2. SIpkocTHasa xapakTepucTHKa CBETOIMO0Ia

£, MR
2,0
1,5 /
1,0 /
0,5 y.
/
0

5 10 15 i, MA
Puc. 17.3. 3aBUCUMOCTB CHJIBI CBETA OT TOKA CBETOIMOIA
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I'paduk 3aBuCMMOCTH CUJIBI CBETa OT TOKa JUIsl CBeTOM3NIydarouiero auona tuma AJI316A
npeacraByieH Ha puc. 17.3. LBeT cBeueHHs1 — KpaCHBIN.
JUia  u3nydaroumx JUO0JI0B, padoTalolUX HE B BHUJIMMOM JMaNa3oHE, HCIOJIb3YIOT

XapaKTePUCTHKH, OTPAKAIOIINE 3aBUCHMOCTh MOIIHOCTH M3nmydenust P oT Toxa muona I. 3oHa
BO3MOXHBIX IOJIO)KEHUN rpaduka 3aBUCUMOCTH MOUTHOCTU M3JIy4€HHUS OT TOKA JJISl U3JIy4arollero
muoaa tuna AJI119A, pabotaromiero B uHGpakpacHoMm auanazone (amuaa Bosasl 0,93...0,96 mxm),
npejcTaBieHa Ha puc. 17.4.

[IpuBenem s nuona AJI119A ero HekoTOpbIE IApaMETPHI:

e BpeMs HapacTaHUs UMITyJibca u3itydeHus: — He 6osee 1000 wc;

e BpeMs crajia UMIyJbca u3itydeHus — He 0osiee 1500 uc;

® [IOCTOSTHHOE MpsiMoe HarpsbkeHue npu (=300 wA — ue 6omee 3 B;

® [IOCTOSIHHBIM MaKCUMAaJIbHO JOMYCTUMBIN IpsiIMOi TOK npu ¢ <+85°C — 200 m4;
e TeMIiepaTypa okpyxkaromieit cpeast —60 ...+85°C.

P, MBr .7
V
"/ =25 °C
40 ,,/,,/ t=2
/7 Fd

o/,

Y/ »
20 ,:‘,

0 100 200 i, MA
Puc. 17.4 . 3aBUCUMOCTB MOIITHOCTH U3JTy4€HHUS OT TOKa CBETOHO 1A

Jiis naDOpMaMA O BO3MOXHBIX 3HAYCHUSX KOI(PPHUIIMECHTA MOJIC3HOTO JCHCTBUS OTMETHM,
yTo wm3mydarorue auonabl tuna 3JI115A, AJI115A, pabotaromue B MH(PpPAKpPaCHOM AHUANa30HE
(mmuua BonHbI 0,95 mxm, mmpuHa cnektpa He 6onee 0,05 mxm), uMeroT KO3(PPUIIMEHT TOJIE3HOTO
nericteus He menee 10 %.

dDoTope3ucTop

@DOoTOPE3UCTOPOM HA3bIBAIOT MOJIYIPOBOJHUKOBBIA PE3UCTOP, COMPOTHUBIEHHE KOTOPOIO
YYBCTBUTEJIBLHO K 3JEKTPOMArHUTHOMY U3JIYYEHHUIO B ONTHYECKOM JHMara3oHe CIEKTpa.
Cxemarnueckoe wu300pakeHHUE CTPYKTYphl (oTope3ucropa mpuBeAeHO Ha puc. 17.5,a, a ero
yCIIoBHOE rpaduyeckoe nzoopaxkenue — Ha puc. 17.5,0.

[ToTox (oTOHOB, MajgarOIIMX Ha MOJYINPOBOJHUK, BBI3BIBACT IOSBICHUE MAP 31EKMPOH-
OblpKa, YBEIMYMBAIOIIUX MPOBOJUMOCTh (YMEHBILAIOUIUX COMNPOTUBIIEHUE). ITO SBJICHUE
Ha3bIBaIOT BHYTpeHHUM (oTo3dpdextom (3dpdexkrom oTonpoBogumoctu). POTOPE3UCTOPHI YACTO

XapaKTEPU3YIOTCS. 3aBHCHMOCTBIO TOKA [ OT OCBEIICHHOCTH [ TpH 3a7aHHOM HANPSKCHHH Ha
pesucTope. ITo Tak Ha3bIBaeMas IloKC-amnepHas xapakrepuctuka (puc. 17.6).
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IToTrok M3mydeHHs
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HeprimpaMisiomue KOHTAKTh
METALI-NONYIIPOBOAHUK
a

Puc. 17.5. Crpykrypa (a) u cxematuueckoe obo3HaueHue (0) poropesucropa

i, MA

2,0

i

1,5—— Vd
1,0 /

/ =410 B

0.5/

500 1000 1500 2000 E, nk
Puc. 17.6. JIrokc-amnepHas xapakrepuctuka poropesucropa @CK-I"7

YacTo UCnonb3yI0T caeayIonie napameTpbl GoTOpe3UCTOPOB:
e HOMHUHAJIbHOE TEMHOBOE (IIPU OTCYTCTBUU CBETOBOTrO MOTOKA) conpoTusienue (ans OCK-
['7 aT0 conpoTuBnenue pasHo 5 MOm);

® UHTErpajbHYI0 UYYyBCTBUTEIBHOCTh (UYBCTBUTEIBHOCTb, OIpeneiseMas MpH OCBEIEHUU
(boTope3ncTopa CBETOM CII0KHOTO CHEKTPAIbHOTO COCTABA).

WuTerpanbHas 4yBCTBUTEIBHOCTh (TOKOBAasi YYBCTBUTEIBHOCTh K CBETOBOMY IOTOKY) S
OIIPENENAETCS BBIPAXKECHUEM:

s=lo
@)

IZie ig — TaK Ha3bIBaeMbIi (POTOTOK (Pa3HOCTh MEXkKY TOKOM IIPH OCBELEHUH U TOKOM IIpH
OTCYTCTBHH OCBELICHUS);
@ — cBETOBOM NOTOK.

st poropesucropa OCK-I'7 §=0,7 A/am.

105



doToauona

Yempoiicmeo u ocnosenvie pusuueckue npoueccvl. YTpoleHHas CTpyKTypa (GoToauona
npuBenieHa Ha puc. 17.7,a, a ero ycinoBHoe rpadudeckoe nzoopaxkenue — Ha puc. 17.7,0.

TToTok m3NMydYeHUA

'y

AG———| P n |[(—oK

\.\N
L~
7]

O6nactb p-n-nepexoaa

a

Puc. 17.7. Ctpykrypa (a) u o603na4ueHue (6) horonuona

duznyeckue MpoLEecchl, MpoTeKarone B (OTOAMOJAaX, HOCAT OOpaTHBIM XapakTep II0
OTHOIIEHMIO K IIpoleccaM, MpOoTeKaluM B cBeroanogax. OCHOBHBIM (DPU3UUECKUM SIBJICHHEM B
boToaMO e ABISETCS TeHEepalysl ap 91eKmpoH-0blpKa B 00JACTH p-n-NIEPEX0/ia U B MPUIIETAOIINX
K HEMY 00J1acTsX MO IEHCTBUEM H3ITYUECHHUS.

I'enepanus map anexmpoH-Ovbipka TIPUBOJUT K YBEIMUEHHIO OOpaTHOrO TOKa JHOJA MpU

HaJIn4Yuu O6paTHOFO HAIPAXKCHUA U K IMOABJICHUIO HAITPSXKCHU S uaK MCXKIY aHOJOM M KaTOAO0M ITpr

pazomkHyroi nenu. [lpuuem U, >0 (AbIpKH MEpexoAsT K aHOAY, a JIEKTPOHbI — K KaTOAy IO
NeMCTBUEM 3JIEKTPUUECKOTO TOJIS p-n-TIEPEX0/1a).

Xapakmepucmuku u napamempul. PoTo1u0 bl YI0OHO XapaKTEpU30BaTh CEMENCTBOM
BOJIbT-aMIIEPHBIX XapaKTEPUCTUK, COOTBETCTBYIOLINX PA3JIUYHBIM CBETOBBIM IIOTOKaM (CBETOBOI
MIOTOK U3MEPSIETCS B JIIOMEHAX, /M) WM Pa3IUYHbIM OCBELUIEHHOCTSM (OCBELIEHHOCTh U3MEPSETCs
B JIFOKCAX, JIK).

BonbT-amnepnsie xapakrepuctuku (BAX) dotonmona npencrasiena Ha puc. 17.8.

[lyctp BHauane cBETOBOM NOTOK paBeH Hymo, Torna BAX dotommona dakruuecku
noBTopsieT BAX o6b1yHOr0 uosa. Eciiv cBeToBOI MOTOK HE paBeH HYJIO, TO (POTOHBI, IPOHUKAS B
0o01acTe p-n—Tepexosa, BBI3BIBAIOT TEHEpALMIO Map 91exkmpon-ovipka. Ilox  nelictBuem
AJIEKTPUYECKOTO TOJI p-A—TIepexoja HOCUTEIU TOKa MIBMXKYTCS K DJEKTpoJaM (IbIpKH — K
NIEKTPOAY CJOSL p, DIEKTPOHBI — K DJIEKTPOAy cllosl n). B pesynbrare Mexay 3ieKTpoAaMu
BO3HMKAET HANpPsDKEHUE, KOTOPOE BO3pAacCTaeT NpPH YBEJIWYEHUM CBETOBOro moToka. [lpu
MOJIOKUTEIILHOM HaNpsHKEHUH aHOJ-KaToJ TOK JMO0Ja MOKET ObIThb OTPULATENIbHBIM (4ETBEPTHIi
KBaJIpaHT XapakTepucTHKM). [Ipu 3ToM npubop He noTpediisieT, a BRIpadaThIBAET SHEPTHUIO.

Ha mnpaktuke (oToamoapl HCIONB3YIOT M B TaK Ha3blBAEMOM pEXHUME (QOoToreHeparopa
(poToranpBaHUYECKUN PpPEXUM, BEHTHWIBHBIM pPEXHUM), M B TaK Ha3blBAEMOM pPEXHUME
dhoTompeoOpazoBatens (POTOIUOTHBINA PEXKHUM).
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Puc. 17.8. BonbpT-amnepHbie XapakKTepuCTUKU (HOTOAMOIA

B pexume Qororeneparopa pabOTalOT COJIHEYHbIE JJIEMEHTHI, IPEoOpa3yrolue CBET B
ANIEKTPOIHEPTHIO. B HacTosmee Bpemst K03(h(OUITMEHT MOJIE3HOTO ACHCTBUS COTHEUHBIX 3JIEMEHTOB
nocturaet 20 %. Iloka »Heprus, MOJy4eHHas OT COJHEYHBIX 3JIEMEHTOB, HpuMepHo B 50 pa3
JIOPO’KE SHEPTHH, MOJIy4aeMOU U3 YIiis, HePTH WM ypaHa.

Pexum ¢otonpeoOpaszoBarens coorBerctByeT BAX B TpeTheM kBajapaHTe. B aTOM pexume

doroamon motpebnser suepruto (U I > 0) OT HEKOTOPOTO 0OI3ATENHHO MMEIOIIErocs B IIETH
BHEIIIHEr0 MCTOYHUKA HarpspkeHus (puc. 17.9). I'paduueckuit ananus 3Toro pexuma BbIIOTHIETCS
IIPU KCIIOJIb30BAHUM JIMHUM HArpy3K, Kak U s oObluHOro nuoja. Ilpu 3ToM XapakTepucTUKH
0OBIYHO YCIOBHO M300pakaroTcs B IEPBOM KBazapaHnTe (puc. 17.10).
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Puc. 17.9 Puc. 17.10

dotomuoapl SABISAIOTCS 0osiee  OBICTPOACHCTBYIOIMIMMHU TpUOOpPAaMH IO CPaBHEHUIO C
doropesucropamu. Onu paGortator Ha wactorax 10'—10'" I'y. ®oToamox 4acTo HCIONB3YIOT B
OTTOIApax C€68emoouoo-gpomoouod. B 3ToOM ciaydae pa3iauYHBIC XapaKTEPUCTUKH (POoTOoanuoaa
COOTBETCTBYIOT PA3JIMYHBIM TOKaM CBETOJIMO0/a (KOTOPBIA IIPH 3TOM CO3aeT Pa3INIHBIC CBETOBBIC
MTOTOKH).

OnTtpon (onTonapa)

OnTpoH — HOJYNPOBOJHUKOBBIM MPHOOP, COAEPKAIINI MCTOUYHUK H3ITyYEHHUS U MPUEMHHK
HU3JTy4YCHUA, O6’I)CI[I/IHGHHBIX B OJHOM KOpPIIYC€ HW CBA3AHHBIC MCKAY coboi OIITUYCCKH,
AJIEKTPUYECKH U OJHOBPEMEHHO 00euMu cBs3siMU. OueHb IIUPOKO PaCHpPOCTPaHEHBI ONTPOHBI, Y
KOTOPBIX B KadyeCTBE IMPUEMHHKA M3Iy4CHUs] MCHOJB3YIOTCS (oTope3uctop, (HOTOTUOM,
¢dboTOoTpaH3UCTOP U (POTOTUPUCTOP.
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B pe3ucTopHbIX ONTPOHAX BBIXOJHOE CONPOTHBIEHWE NPU HM3MEHEHHUU DPEXUMa BXOJTHOU
menu Moxer m3Memsthes B 107...10° pa3. Kpome TOro, BOJbBT-aMIIepHas XapaKTEPHCTHKA
¢doTOpe3ucTopa OTIMYAETCS BBICOKOM JIMHEMHOCTHIO M CUMMETPUYHOCTHIO, YTO OOYCIOBJIMBAET
IIMPOKYI0 NPUMEHMMOCTh PE3UCTHBHBIX OINTONApP B AaHAJOrOBBIX ycTpoicTBax. Hemocratkom
PE3UCTOPHBIX ONITPOHOB siBIIsieTCS HU3K0e ObicTponeiicTBue — 0,01...1 c.

B umensix mnepenaun uu@poBBIX HMHMOPMAIMOHHBIX CHUTHAJIOB MPUMEHSIIOTCS TJIaBHBIM
00pa3oM JIUOJIHBIE U TPAH3UCTOPHBIE ONTPOHBI, a /Ul ONTUYECKONH KOMMYTAllUHU BHICOKOBOJIBTHBIX
CWJIBHOTOYHBIX LENed — TUPHUCTOPHbIE ONTPOHBI.  bBbICTpoAeicTBHE TUPUCTOPHBIX U
TPAH3UCTOPHBIX ONTPOHOB XapaKTEPU3YETCS BPEMEHEM IEPEKIIOUYEHHUs, KOTOPOE YacTo JIEKUT B
nuanasose 5...50 mkc.

Paccmotpum moapoOuee onronapy cBeroauoa-poroauon (puc. 17.11,a). U3nyqaromuii 1uo
(cmeBa) JOJDKEH OBbITh BKIIIOUEH B NPSIMOM HampaBlieHUWH, a (OTOIMON — B MPAMOM (pexum
¢dboToreneparopa) wim oOpaTHOM HampaBiieHuu (pexuM ¢oTtonpeobpazoBarens). Hanpasnenus
TOKOB M HaNpsKEHWH JMOJ0B ONTONApsl IpUBEIeHbI Ha puc. 17.11,6.

T s

I I

v3Rx) -] ¥YIA |-

a
Puc. 17.11. Cxema ontonapsl (a) 1 HarpaBjI€HHE TOKOB U HaNpsLKEHUM B Hell (0)
N306pa3uM 3aBUCHMOCTD TOKA g,y OT TOKA Lgy IPH U gy, =0 mns onromapsr AOJI107A (puc.

17.12). VYka3aHHas onTornapa InpeaHa3HaueHa Jis paboTbl Kak B (POTOr€HEpaTOPHOM, TaK U B
(dhoTompeoOpa3zoBaTEIHLHOM PEKUME.

I MA
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Puc. 17.12. Ilepenarounas xapakrepuctuka onronapsl AO107A

DOoTOTPAH3UCTOP U POTOTHPHUCTOP

BbIxoHBIE XapaKTepUCTUKU (POTOTPAH3UCTOPA MOJAOOHBI BBIXOJHBIM XapaKTEPUCTHUKAM
OOBIYHOTO OUIOJISIPHOTO TPAH3UCTOPA, B KOTOPOM IIOJIOKEHUE XapaKTEPUCTUK OIpeNeNsieTcs He
TOKOM 0a3bl, a ypOBHEM OCBEILIEHHOCTH (WJIK BEJIMUMHOMN CBETOBOTO MOTOKA).

CpoiicTBa (OTOTHPUCTOpPA MOJOOHBI CBOMCTBAM OOBIYHOIO THUPHUCTOPA, OJIHAKO C TOM
JIMIIb OCOOEHHOCTBIO, YTO BKJIKOYEHUE TUPUCTOPA OCYILECTBIIAETCS HE C IOMOIIBIO UMITYJIbCA TOKA
YIpaBJIEHUS, a C IOMOLIbIO0 CBETOBOI'O UMILYJIbCA.
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18. OnepanuoHHbIe YCHIUTEIH

Onepaunonuslii  ycunmutenb (OY) —  3TO  BBICOKOKAYECTBEHHBIN  YCHIIUTEINb,
MpeHa3HAYEHHBINA JJIs YCUJIEHUS KaK [TOCTOSIHHBIX, TaK U MEpEMEHHBIX CUTHANOB. BHavane Ttakue
YCUJIUTENHU HCIOIb30BAIMCh B AHAJOTOBBIX BBIYUCIUTEIBHBIX YCTPOWCTBAX JJISl BBINOJHEHUS
MaTeMaTUYECKUX oOlepanuil (CI0KEHHUs, BBIYUTAHUS U T. 1.). OTO OOBSICHSIET MPOUCXOXKJICHUE
TE€PMHUHA «OTEPALIUOHHBII».

B Hacrosimee BpeMs ONEpalMOHHBIE YCWIMTENM IIUPOKO MCIOJB3YIOTCA B BHUJE
MOJIYIIPOBOIHUKOBBIX HMHTETPAIbHBIX CXEM. ODTHU CXEMBbl COJEp)KaT OO0JbIIOE YHUCIO (IECATKH)
3JIEMEHTOB (TPAH3UCTOPOB, IUOJOB U T. J.), HO MO pa3MepaM M CTOMMOCTH NPUOIMKAIOTCS K
OTJENIBHBIM TpaH3ucTopaM. OmnepalMOHHBIE YCWINTENIN YyIOOHO HCIOJIB30BaTh A PELICHUS
caMbIX pa3IMYHBIX 33Ja4 IpeoOpa3oBaHMsl U TEHEPUPOBAHMSI MAJIOMOLIHBIX CUTHAJIOB, MO3TOMY
9TH YCWIIUTEIN OYEHb IIUPOKO MPUMEHSIOTCS Ha IPAKTHKE.

PaccmoTpum  Hambonee MIMPOKO MCIOJIB3YEMBIE PA3HOBUAHOCTH  OIEPALMOHHBIX
YCUJIUTENEH, JUIsl MTUTaHUsI KOTOPBIX IPUMEHSIIOTCS IBa UICTOYHUKA HanpspkeHust (00b1yHO +15 B 1
—15 B). Tlo-mpyromy 3TO Ha3bIBaeTCsl NUTAHUEM OT MCTOYHMKA C HYJEBBIM BBIBOJOM WU OT
pacIIeIIEHHOTO MCTOYHUKA.

VYcnoBHOe rpaduueckoe 0003HAUYEHUE ONEPALMOHHOIO YCWJIMTENs IOKa3aHO Ha PHC.
18.1.

HMuseprupyiomui BXog —» _<') — <« Bhixoj

>

Heunseprupyiomuii BXog —s, —
BriBOAB JUIA MONKIIOYEHHS

MOJOXHTEILHOTO —+U
M OTPHIATENIBHOrO
HaNpsDKEHUsS] TUTaHNA —1-U

O6mmii BeiBog —> —{ 0V

Puc. 18.1. I'papuueckoe 0003HaUeHHE ONEPAUOHHOTO YCUITUTENS

O6o03Hauenue ooduero BbBojga «0V» pacmupoBbIBaeTCS KaK «HOJb BOJBT». [l
MOSICHEHUSI Ha3HA4Y€HUs BBIBOJOB Ha pHC. 18.2 mpuBeneHa TUIIOBas CXE€Ma Ha ONEPAlMOHHOM
YCHJIMTEIIC — CXeMa MHBEPTUPYIOIIETO YCUITUTEIS.
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Puc. 18.2. MHBEepTUPYIOIINH YCHUIIMTENL HA OCHOBE ONEPAIMOHHOTO YCUIIUTENS

Ecnu BxogHoe HanpsbkeHue Ug, TOCTATOYHO MAJO MO MOIYJII0, TO BBIXOJHOE HANPSHKEHUE

U g1 ONIPEOCIISIETCSA BEIPAKECHUEM
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o e

Puc. 18.3 Puc. 184

Yacro na cxemax Boousl +U, —U u OV me ykassBaior (H0 mompasymeBaror) u
WCIIONIB3YIOT YIPOIIEHHOE YCciIoBHOE Tpaduueckoe obOo3nadeHue (puc. 18.3). Ilpu sTom
NpuBeIeHHAas Ha puc. 18.2 TunuaHas cxema mpruoOpeTaeT yrnpoiieHHbId Bua (puc. 18.4).

O0603HaunMM HanpsHKEHUS Ha BBIBOJAX OIepaliioHHoro yeunutens (puc. 18.5).

b —O

Puc. 18.5

Hanpsokenue Ugyygp MEKITy WHBEPTHPYIOIIUM M HECHMHBEPTHPYIOLIMM BXOJAMHU HA3bIBAIOT
mupdepeHurnanbHbiM  HanmpsbkeHueM  (auddepeHIManbHbIM - cUTHaOM).  SIcHO,  4TO

Upgp = U, —U_. OnepaunoHHbIC YCHUIUTEIH KOHCTPYHPYIOT TaKMM 00Opa3oM, 4TOObI OHU Kak
MO>KHO OOJIbIII€ U3MEHSIN HANPsDKEHUE U gy, TIPU U3MEHEHUH TG depeHIInaIbHOro curuania (T. e.
pasHoctt U, —U_) m KaKk MOXXHO MEHBIIEC U3MEHSIN HANPSHKEHHUE Ugy TPU OIMHAKOBOM

W3MEHEHHNH HanpspkeHnd U, u U_ .

Iyers  Uy,p=0. OO6o3HaunM  cuHpasHOe  HampspkeHne  (CHH(A3HBIA  CHIHAI)

U =U, =U_. OnepanvoHHbIC YCHIHTEIH KOHCTPYHPYIOT TaKHM 0Opa3oM, YTOObI BIIHAHHE

cuH(}A3HOTO CUTHAJIA HA BBIXOIHOE HAIPsHKEHUE ObLIO KaK MOYKHO MEHBIIIE.
Ilepeoamounan xapakmepucmuka. OnepalvoOHHbINA YCUIIUTENb XOPOLIO XapaKTepu3yeT ero
nepeAaToyHas XapakTEePUCTHKA — 3aBUCUMOCTh BH/IA

U = f(udud))a

rje f — HekoTopas QyHKIUS.
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I'pacdux sToit 3aBucumoctu st onepaunonHoro ycunurens K140V /[1b npuseneH Ha
puc. 18.6. DTa KOHKpEeTHasi XapaKTEPUCTUKA HE MPOXOJUT Yepe3 Hadalo KOOpAWHAT. 3HAYeHUE

HANPsDKCHUST Uy, TPU KOTOPOM BBIMOJHSCTCS YCIOBHC Ugyy=0, Ha3bIBAIOT HANPSHKCHUEM
cMelieHus Hyas U oOo3Haudaror depe3 U,. Hma omeparmmonnoro ycwiurtens tuna K140V 1
W3BECTHO, YTO Hampsikenue U, nexut B auamna3zoHe ot —10 mB mo + 10 mB. A 310 03Ha4aer, 4yTo
HpI/I Hy.]'IeBOM HaprDKeHI/H/I u()ud) HaprDKCHI/IC Ugriy MOKET JICKATH B npe)lenax OT MHHHUMAJIBHO
BO3MOJKHOTO (0K0JIO —7 B) 10 MaKCUMaJIbHO BO3MOKHOTO (0ko0J10 +10 B).

Ug,. B
10
8 +U, = +12,6 B
6 -U,=-12,6 B
4 R, = 5 kOm
2
0 T T 1T T >
- 2 4 6 8 U, MB

-6
-8 —

Puc. 18.6. Ilepenarounas xapakreprctuka onepanuontoro ycunutens K140V [1b

Jliig TOoro, yTOOBI IPU HYJEBOM CHUTHAJIE HAa BXOJI€ HANPSIKEHUE Ha BBIXOJE ObUIO PaBHO
HYJIO, T. €. JJI TOT0, YTOOBbI IepeaTOuHas XapaKTEePUCTUKA IIPOXOUIIA YepPe3 Hauyalo KOOPAMHAT,
MpelyCMaTpUBalOT MEPbI M0 KOMIIEHCAIMM HANpshKeHHUs] cMelleHus (OalaHCHpOBKa, KOPPEKLUS
HyJs, HacTpoWka Hyns). B HEKOTOpbIX ONEpallMOHHBIX YCHIMTENSX JUIsl KOMIIEHCAIUU
HaIlpSDKEHUsT CMEILEHUs IPENyCMOTPEHBI CIELUAIBHBIE BBIBOJBL. THIIOBas CXeMa BKIIOYECHHS
onepanuoHHoro ycwiurens tuna KI40Y/I8A, B KOTOpoM MpenycMOTpPEHbl TaKWE€ BBIBOJIBL,
npeacTaBieHa Ha puc. 18.7.

timal || |
o— 4| R, = 2kOM
+Upm o0——81415

U, 5|15y e 12 10 xOm

_[.1_ "\ NC

Puc. 18.7. Cxema Brumrouenus onepannonnoro ycumtens K140V JI8A

Yepez NC 0603HaueHbl crielialibHble BbIBOJBI Juid OanaHcupoBku. Ludpamu o6o3HauEHBI
HOMEpa BbIBOJIOB.

Jlnama3oH BBIXOJHOIO HAIPSDKEHUS, COOTBETCTBYIOIIMN IMOYTH BEPTHKAIBHOMY Y4YacCTKY
NepelaTOuHON XapaKTepUCTUKU, Ha3blBaeTcs o0jacTbio ycuijeHUs. COOTBETCTBYIOIIMHA 3TOMY
JMana3oHy peKUM pabOThl Ha3bIBAIOT PEXKUMOM YCUJIEHMS (JIMHEHHBIM, aKTUBHBIM pexxumoM). B
JIMHEWHOM PEXUME

:K-uauqb)

u 8blX
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rae K — xoapuumeHT ycuiaeHus 1o HampspKeHUo (KO3(QQUIMEHT YCUIIEHMsI HalpsDKEHUS,
ko3¢ dumeHT ycwienus qupdepeHInaIbHOTO CUTHANA).

OO6buHO BenmumHa K JIEKUT B Tpenenax 10*...10°. Hanpumep, mnga onepaumoHHOTO
yeunutenst tuna K140Y[1b  K=1350...12000, ans onepaunonHoro ycunutens K140Y[14A K
He menee 50000.

Jlnama3oHbl BBIXOJHOTO HAIPSDKEHUsI BHE OOJIACTH YCHUJICHHMSI HA3bIBAIOTCSA 00JIACTAMU
HacplleHusi. COOTBETCTBYIOIUN ITUM 00JIACTSAM PEXUM Ha3bIBAIOT PEXUMOM HACBILLIEHUSI.

PeasibHbIE  DIIEKTPOHHBIE YCTPOMCTBA HA OCHOBE OIEPAUMOHHBIX  YCHUIIMTENEH
MPaKTUYECKU BCErja MUMEIOT KOA(PQOUIUEHT YCHJICHUs 3HAYUTENbHO MeHbllle K, Tak Kak B HUX
WCIIOJIB3YETCs OTpUIIaTeNIbHAsSI 0OpaTHas CBs3h (puc. 18.2).
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19. UHTerpajbHbie MUKPOCXEMbI

WNuterpanpabie  MUKpOCXeMmbl, WM uHTerpaibHbie cxeMbl (MC) — MUKpPOAIIEKTpOHHOE
uznenue (T.e. U3JIeNHUe C BBICOKOM CTENEHbI0 MUHHATIOPU3ALMM), BBIIOJHAIONIEE ONpPEAEICHHYIO
¢byHKIMIO npeoOpa3oBaHusi U 0OpabOTKM CUTHAja W HMMEIOIIEE BBICOKYIO IJIOTHOCTh YIIaKOBKHU
AIIEKTPUYECKH COEAMHEHHBIX AJIEMEHTOB (MJIM 3JIEMEHTOB M KOMIIOHEHTOB) U (MJIM) KPUCTAJIOB,
KOTOpOE€ C TOYKHM 3pEHHUs TpeOOBaHMI K HCIBITAHUSM, MPUEMKE, MOCTaBKE M OSKCIUTyaTaluu
paccMmaTrpuBaeTcsl Kak eIuHOE LeJoe.

Onemenm uHme2panbHOU cxembl — 4acTb HMHTETPAIbHOM CXEMbl, peanusyrouas (QyHKIHIO
KaKoro-imb0 3JIEKTpOpaguodIeMeHTa (pe3snucTopa, 11oia, TpPaH3uCcTopa U T.J.), IpUYEeM 3Ta 4acTb
BBINIOJIHEHA HEPA3/eNIbHO OT JPYI'MX YacTell MU HE MOXKET ObITh BbIJEJIEHA KaK CaMOCTOSITEIbHOE
U3JIeIMe C TOUKH 3peHusi TpeOOBaHUM K UCTIBITAHUAM, IPUEMKE, IOCTABKE U AKCIUTyaTallUH.

Komnonenm ummezpanvuoii cxemvl B OTIMYHE OT DJIEMEHTAa MOKET OBbITh BBIJIEIEH Kak
CaMOCTOSITEIIbHOE U3JENINe C YKa3aHHOM BBILLE TOYKU 3PEHHUSL.

[lo KOHCTPYKTMBHO-TEXHOJIOTMYECKUM IPU3HAKAM HMHTETPaJIbHbIE CXEMbl  OOBIYHO
MOAPA3IENISIOTCS Ha:

® [OJYIPOBOJHUKOBBIE;
e TUOPUIHBIC,
® [IJICHOYHBIE.

B nosynpoBoIHUKOBOM CXeME BCE AJIEMEHTHI U MEXAJIEMEHTHBIE COCTUHEHUS BBITIOJIHEHBI B
o0beMe WM Ha MOBEPXHOCTHU MOIYNPOBOJAHUKA. B Takux cxemax HET KOMIIOHEHTOB. JT0 Hauboiee
pacnpocTpaHeHHasl pa3HOBUIHOCTh UHTEIPAIbHBIX CXEM.

WHuTerpanbHyl0 CXeMy Ha3bIBalOT T'MOPHIHOM, €CIM OHAa COJAEPKUT KOMIIOHEHTHI U (WJIH)
OTJIeIbHBIE KPUCTAIUIBI TIOJTYIPOBOIHUKA.

B 1muieHOYHBIX MHTETrpaJIbHBIX CXEMaX OTJIEIbHbIE 3JIEMEHThI U MEKAJIEMEHTHbIE COeIMHEHUS
BBINIOJIHSAIOTCS HA TOBEPXHOCTH JUIEKTpUKA (OOBIYHO HcCIONIb3yeTcsl Kepamuka). Ilpu stom
MIPUMEHSIOTCS Pa3JINYHbIE TEXHOJIOTUN HAHECEHMU s IJIEHOK U3 COOTBETCTBYIOLIUX MAaTEPHAJIOB.

[lo ¢yHKUMOHATBHBIM MPHU3HAKAM HHTETpPAJIbHBIE CXEMbl MOAPA3JIENSIIOTCS Ha aHaJIOrOBbIE
(omepalMOHHBIE YCHJIMTENHM, HUCTOYHHUKM BTOPHUYHOIO OJJIEKTPONUTAHUS U JAp.) U LHUPPOBBIE
(Jloruueckue 3JIeMEHThI, TPUTTEPHI U T.I1.).

Hcmopuueckaa cnpaska. llepBble ONBITBI O  CO3/@HUIO  IOJYNPOBOJAHUKOBBIX
UHTErpalbHbIX CXeM ObLIM oOcymiecTBieHbl B 1953 ., a NpOMBILUIEHHOE IPOU3BOJCTBO
MHTETPAIBHBIX cXeM Hadaioch B 1959 1. B 1966 1. Obul HauaT BBIMYCK HHTETPAJIBHBIX CXEM
CpeIHEeW CTETEeHW MHTErpamuu (Yucio 3JeMeHTOB B ogHoM Kpuctamie 1o 1000). B 1969 r. 6b1mm
CO3[aHbl MHTETpaJIbHbIE CXEMbI OOJIBIION CTENeHH MHTerpanuu (0oJIbIINE UHTETPAJIbHBIE CXEMBI,
BUC), conepxatue 1o 10000 31eMEHTOB Ha OJJTHOM KpUCTaJLJIE.

B 1971 r. Obum pa3zpaboTaHbl MUKpOTpOLeccopbl, a B 1975 T. — MHTErpajbHBIE CXEMBI
CBEpXO0O0JIbIION CTENeHU UHTerpauuu (cBepxooibiine uurerpaibublie cxembl, CBUC), conepxaniue
6onee 10000 snemenToB B 0jiHOM Kpucramie. [IpeaensHas yactoTa OUIOJIAPHBIX TPAH3UCTOPOB B
TIOJTYTPOBOIHUKOBBIX HHTErPAIbHBIX cXeMax gocturaet 15 1Ty u Gomnee (1 ITy=10° I'y).

B Hacrosiee BpeMsi 0:KMAAETCs MOSIBJICHUE MHTErPABHBIX cxeM, coaepkamux 10 100 rn
MOII-TpaH3ucTOpOB B OJJHOM KpUCTaLIe (pedb HIET O MU(PPOBBIX CXeMax).
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20. AHas10rOBBIC JIEKTPOHHBbIE YCTPOMCTBA. Y CHIIMTEIH

Yennurens — 3T0 3IEKTPOHHOE YCTPOMCTBO, YNPABISAIOIIEE HOTOKOM SHEPTHH, WAYIIEH OT
HCTOYHHUKA IIMTAaHUA K Harpy3ke. HpI/I‘IGM, MOIIHOCTB, Tpe6y10mas{C51 I YIIpaBJICHHA, HAMHOTI'O
MEHbIIE MOIIHOCTH, OTJaBa€MOW B Harpys3Ky, a ¢opMa BXOJHOIO (yCHJIMBAEMOI'O) U BBIXOJIHOTO
(Ha Harpy3ke) cursanoB coBnajatot (puc. 20.1).

HcTounuk
[TUTAHUA

I

HcTouHuk
:> Ycumurens - :> q
CWIHBAEMOTIO o arpyska
y HBIA AIEMEHT | y3
CUTHaJIa

Puc. 20.1. ®yHKIIMOHANBbHAS CXEMA YCUIIUTEIS

Knaccugukayua. Bee ycunurenu MOXKHO KJIaCCUPHUIIMPOBATH MO CIEIYIOIIKUM IIPU3HAKAM

® 10 YacTOT€ YCHJIMBAaEMOIO CHUTHaJa: ycuiuTenu Huszkod yactotel (YHY) ans ycunenus
curHanos ¢ yactorod ot 10 7y no 100 x/y; MIMPOKOINIOIOCHBIE YCUIIUTENH, YCUINBAIOIINE
curHaibl oT 1 mo 100 MIy; u3buparenbHble YCWINTENIN, YCHJIMBAIONUIME CUTHAIBI Y3KOU
II0JIOCHI 4aCTOT;

® [0 pojay YCWIMBAEMOIO CHrHaia: ycuiautenu mnocrosiHHoro toka (YIIT), ycunuaromue
NEKTPUYECKUE CUTHAIBI C 4acTOoToW OT 0 /¥ W BbIIIE; YCHUIUTENW IEPEMEHHOIO TOKA,
YCUJIMBAIOIIHE JIEKTPUUECKNE CUTHAJBI C YACTOTOM, OTJIIMYHOM OT HYJIS;

e 10 (YHKIMOHAJIBLHOMY HA3HAUEHUIO: YCUJIUTEIM HAIpPSDKEHUs, YCUJIUTEIUd TOoKa H
YCWJIUTENM MOIIHOCTU (B 3aBUCHMOCTH OT TOTO, KakOWd U3 MapaMeTpoB YCHIJIMBAETCA
YCUITUTEIIEM).

OCHOBHBIM Ka4€CTBEHHBIM IapaMEeTPOM YCUJIUTEINS SBISIETCS Kodgduyuenm ycunrenus. B
3aBUCHUMOCTHU OT (PYHKIIMOHAJILHOTO HA3HAYEHUS YCUIIUTEINS pa3inyatoT KOA((OUIHUEHThl YCUICHUS

no Hanpsoxenuto K/, toxy K umm mommoctn Kp:

K = UGblx _ 1 8bIX K =l
U~ I P
Uex ’ 1 6x ’ Pex ’

r71€ Ugy, 1oy — aMILTUTYJHBIE 3HAYEHUS TIEPEMEHHBIX COCTABIISIOLIUX COOTBETCTBEHHO
HaIpPSDKEHUS U TOKA Ha BXOJIE;
Uspixs Loy — QMILTUTYHBIE 3HAYEHUS TIEPEMEHHBIX COCTABIISOLINX
COOTBETCTBEHHO HANPSKEHUS U TOKA HAa BBIXOJIE;
Py, Py — MOIITHOCTH CUTHAJIOB COOTBETCTBEHHO Ha BXOJIE€ U BBIXO/JIE.
KoaddunmenTs! ycuaeHus 4acTo BbIpa)karoTcs B JIOTapU(PMHUUECKUX eIMHULAX — JIe[uoenax:
KU(HB)=2OIgKU; K](HB):zong]; KP(HB): 1 Ongp
Yeunurenb MOXET COCTOSITh U3 OJHOTO MJIM HECKOJIBKUX KacKaloB. J[isi MHOTOKacKaJIHBIX
yCWIHTENIeH ero Kod()PHUIIMEHT yCHIICHHUsI paBeH MPOU3BEACHUIO KOA(D(PHUIIMEHTOB YCHIICHUS €TO
kackanoB: K=K;"K;'...'K;. Ecnu ko3 puurenTs! ycuiieHus KackazioB BbIpaXeHbl B Jenuoenax, To
o0t ko3puLMeHT ycuneHust paBeH cyMMe K03 (UIUEHTOB YCHIIEHUS OTAEIbHBIX KaCKa0B:
K(nb)=K;(nb)+Ky(ab)+...+K,(ab).
OOBIYHO B YCHIJIMTENIE COJECPIKATCS PEAKTUBHBIE JIEMEHTHI, B TOM YHUCIIE U «Iapa3UTHBIEY, a
UCIOJIb3YeMbI€  YCUJIUTENbHBIE D3JEMEHThl 007alaloT HUHEpLUUOHHOCThIO. B cuimy atoro
KO3 (ULUEHT YCUIICHHUS SBIISETCS KOMIUJIEKCHOW BEJIMYHUHOM:
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6blX
rae " -u U - MOZIy7b KO3 pUIMeHTa yCHICHHS;
6X

QO _cpsur  da3s Mex Ly BXOXHBIM M BBIXOHBIM HAIPKCHUSAMH C AMIUTUTYIAMH
U6X u U6le'
[Tomumo ko3 dUIIMEHTa YCHICHUS BaKHBIM KOJMYCCTBCHHBIM TIOKa3aTelIeM SBISICTCS
KO3(PHUITMEHT T0JIE3HOTO ACUCTBUS

ucm

rae P,cm — MOITHOCTB, MOTPEOIIIeMasi OT UCTOYHUKA MTUTAHUS.

Ponp »TOro mokaszarenss 0COOCHHO BO3pacTaeT UISi MOIIHBIX, KaK MPABHIIO, BBIXOJIHBIX
KacKaJ0B YCHJIMTEIS.

K konm4yecTBEHHBIM MOKA3aTENAM YCUIIUTEIISI OTHOCITCS TAKXKE BXOJHOE Ry U BBIXOTHOE Rgyy
COITPOTHUBIICHUS YCUITUTEIIS:

U B ‘AU

6X

R —= R =—-:
8x ] ; 6bIX ‘A[

68X

rac ng n [6x — aMINIMTYAHBIC 3HAUYCHUA HAIIPSKCHUSA U TOKA Ha BXOJI€ YCUIIUTCIIA,

AU goix M Al gprx — MPUPAILICHUS aMIUTUTYIHBIX 3HAUEHUN HANPSHKEHUS U TOKA Ha

BBIXO/I€ YCUJIUTEIS, BbI3BAHHBIE U3MEHEHHEM COIIPOTHBIICHUS HarPY3KHU.
PaccMoTpuM OCHOBHBIE XapaKTEPUCTUKH YCUIIUTEIICH.

Amnaumyonas xapakmepucmuxa — 3TO 3aBUCUMOCTb aMIUIUTY/bI BBIXOJHOIO HAIpPsHKEHUs
(Toka) OT amIuIUTyAsl BXojaHOro HampsbkeHus (Toka) (puc. 20.2). Touka 1 cooTBeTcTBYET
HANpsOKEHHIO 1yMoB, m3MepsieMomy mnpu Uy, =0, Touka 2 — MHHHMAIbHOMY BXOJIHOMY
HaNpsDKEHUIO, NP KOTOPOM Ha BBIXOJE YCUJIUTENS MOXKHO pa3jinyaTh CUTHaJ Ha (pOHE IIyMOB.
VYyacrtok 2-3 — 3710 paboumii y4acTOK, HA KOTOPOM COXpaHSETCs MPONOPLUOHATBHOCTh MEXY
BXOJIHBIM U BBIXOJHBIM HampspkeHueMm ycuiurtens. [locne Touku 3 HaOmronaroTcss HEJTUHEHHbBIE
HCKa)XE€HUSI BXOJHOTO curHajia. CTeneHb HeITUHEMHbIX UCKaKEHUN OI[eHUBAeTCsl KO3(PPUIHEHTOM
HEJIMHEWHBIX UCKaKEeHUH (MIu K03(pPUIIMEHTOM rapMOHUK):

\/Uzzm +U; +..+U2
r = U

K

2
Im

rae Ui, Usm, Usmy, Upy — ammmatyasl 1-i (OCHOBHO#), 2, 3 1 F1-0 TApMOHUK BBIXOJIHOTO
HaIpsHKEHUS COOTBETCTBEHHO.

U

— 6x.max_

U

Benmunna D = XapaKTepU3yeT TMHAMHUYECKUI UaNa30H YCUITUTEIS.

6x.min
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Puc. 20.2. AmnnutyaHas XapakTepUCTHKA yCUIIATEIS

Amnaumyono-uacmomnan xapakmepucmuxka (AYX) ycunumens — 5TO 3aBUCUMOCTH

MOyssi Kodpduimenta ycuieHus: oT 4acToThl (puc. 9.3). YacToTsr fH u fg HAa3bIBAOTCSA
HIDKHEW W BEpPXHEW T'PAaHUYHBIMU YacCTOTaMH, a MX Pa3HOCTh

(f,—fs) — MOJIOCO# MIPOIYCKAHUS YCUITUTEIIS.

K 4

HJIH
0,707K, |

fa £

Puc. 20.3. AMIIMTY1HO-4aCTOTHAsA XapaKTEPUCTUKA YCUIIUTEIS

[Ipu ycusieHnn rapMOHUYECKOTO CUTHAIA TIOCTATOYHO MaJIOM aMIUTUTYAbl HCKaXKEHUS (DOPMBI
YCUJIEHHOTO CUTHaJIa HE BO3HHUKAET. [Ipy yCHUIEHHM CII0KHOTO BXOJHOIO CUTHAJIA, COACPIKAILIETO
pAl TapMOHUK, 3TU TapMOHUKHU YCHUJIMBAIOTCS YCHJIMTEIEM HEOJUMHAKOBO, TAK KaK PEAKTUBHBIE
COIIPOTHUBJICHHUSI CXEMBI I0-PAa3HOMY 3aBUCAT OT YACTOThl, U B PE3yJbTaT€ 3TO MNPUBOAUT K
HCKXEHHUIO (DOPMBI YCHIICHHOTO CUTHAJIA.

Takne wWCKaKeHUsT HA3BIBAIOTCS YACTOTHBIMU W XapaKTepU3YIOTCA KOADPHUIIMEHTOM
YACTOTHBIX MCKAKCHHUI:

rae Kq— Monyis Kod(ddummenra yCuiieHus Ha 3a1aHHON YacTOTe.
f
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KoaddurmenTsr 4acTOTHBIX HCKaXKEHUI

=
I
|
I
E

Ha3bIBAIOTCA COOTBETCTBEHHO KOA((ULMEHTAMH HCKaXEHUH Ha HIKHEHM UM BepxHel
IPaHUYHBIX YAaCTOTAX.

AYX wmoxer ObIThb IOCTpOEHA M B Jjorapupmuyeckom Macmrade. B stom ciydae oHa
HazbiBaeTcs JIAUX (puc. 20.4), koadduuueHT ycuiaeHusl YCHINTENs BbIpaxaeTcs B aenuoenax, a
0 ocH abCIMCC OTKIIAIBIBAIOTCSA YaCTOTHI Yepe3 Aekamy (MHTepBai yactoT Mmexay 10f u f).

K,
B 4 0 nb/nex
+20 aB/mex v
ex
[ \
_ i i —20 aB/nex
N &
1 10 100 >
f“ eyt N —t f' f
XN

Puc. 20.4. Jlorapudmuyeckas aMIIIMTyJHO-4aCTOTHas XxapakTepuctuka ycunutens (JIAUX)

OOBIYHO B KAUeCTBE TOYEK OTCUETA BHIOMPAIOT Y4acTOThI, cooTBeTcTBYIOmME f=10". KpuBbie
JIAYUX uMeroT B KaXKJI0¥ 4acTOTHOM 00J1aCTH ompesieieHHbI HakiIoH. Ero n3Mepsior B aenudenax
Ha JeKany.

Dazo-yacmomnuaa xapakmepucmuxa (OUX) ycunumensa — 370 3aBUCUMOCTb yIJjia CIBHIa
(a3 Mex 1y BXOJHBIM U BBIXOJIHBIM HaIpsDKEHUSIMU OT 4acToThl. TunoBas @YX npuseseHa Ha puc.
20.5. Ona Taxke MOXKeT ObITh TOCTPOEHA B JIOTapU(PMUUECKOM MaciiTade.

B o6mactu cpenHux 4acToT JONOJHUTEIbHbIE (Da30Bble MCKaXEHHs MUHUMalbHbL. DUX

IIO3BOJIACT OLICHUTDH (baSOBBIC HUCKaXXCHUA, BO3HUKAIONIUEC B YCUIIUTCIIAX IO TEM KC IIPpUYIMHAM, YTO
1 9aCTOTHBIC.

¢

fo y
£, \ p

Puc. 20.5. ®a3o-yactotHas xapaktepuctuka (PUX) ycuiurens
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[Ipumep BO3HUMKHOBEHHUS (HAa30BbIX HCKaXKEHHUM MpHUBEAEH Ha puc. 9.6, rae mnokasaHo
YCHUJIEHHE BXOJHOIO CUTHAJIA, COCTOSLIETO U3 JBYX FAPMOHHUK (ITYHKTHUP), KOTOpPbIE MPH YCUICHUHU
IpeTepneBaroT (a30BbIe CIBUTH.

Pd \\
—— ...\
~
3 b
oY T —»t
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1
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1

1

1

i

+

}

-

{ ’,’ ~e
4 ~
5

— >t
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L

Puc. 20.6. ®a30Bble HCKAXEHUS B YCHUIIUTEIIC

Ilepexoonasa xapakmepucmuka ycunumensa — 3T0 3aBUCUMOCTb BBIXOJHOTO CHUTHana (TOKa,
HaNpsDKEHUs) OT BPEMEHM MPU CKauyKoOOpa3HOM BXOJHOM Bo3zaeiicTBuM (puc. 9.7). YacroTHas,
(a3oBas u nepexoHast XapaKTEPUCTUKN YCHIIUTENS OJTHO3HAYHO CBSA3AHBI IPYT C APYTOM.

8 — BBIOpOC (PpOHTA UMITYJIBCA
A A — CITaj] BEPLUIMHLI UMITYJIbCA

t .

>

Puc. 20.7. Ilepexoanas XxapakTepucTUKa yCHINTEISA

OO6nacTy BEpXHUX YacTOT COOTBETCTBYET MEPEXOJHAs XapaKTepPUCTHKA B 00JIACTH MaJIbIX
BpeMeH, 00JIaCTH HIKHUX YacTOT — [IEPEXO0/IHAs XapaKTEepPUCTHUKA B 00J1acTH OOJIBIINX BPEMEH.

OOpaTHasi CBSA3b B YCHJINTEJISIX

[Tonsitue «oOparHas cBs3b» (OC) MIMPOKO UCIOJIB3YETCS KaK B TEXHHMKE, TaK M B JIPYIHX
oOnactsix 3HaHUil. OOpaTHOM CBSA3bIO HA3BIBAIOT BJIMSHHE HEKOTOPOW BBIXOJHON BEIMYMHBI Ha
HEKOTOPYIO BXOJHYIO, KOTOpasi B CBOIO OYepE/b CYIIECTBEHHBIM 00pa3oM BIIMSET HA BBIXOJHYIO
BEIMYUHY (OIIPEEISET STy BBIXOIHYIO BEIHUUHY). B ycHmTensx, Kak mpaBuiio, HCHOJIb3yeTCsl TaK
Ha3zbpIBaeMasi ompuyamenvras oopamuasn ceaze (O0C). [lpyn Hanumumm oTpHIIATEILHONW 0OpaTHOM
CBSI3M BBIXOJTHOW CHTHAJI TAKUM 00pa30M BIUSET Ha BXOJHOM, YTO BXOJHOW CHUTHAII yMEHBINACTCS U
COOTBETCTBEHHO TIPUBOJIUT K YMEHBIICHUIO BBIXOAHOTO cHTHaia. [lpw 3TOM yMeHbIIAIOTCS
MCKa)KCHUS CUTHAJIA, PACIIMPSETCS] YaCTOTHBIN IUAIa30H  T. II.
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Puc. 20.8. Knaccuduxarus 0OpaTHBIX CBSI3€H YCHIIUTEIIA:
K — koadpdunuenT npsamoil nepegayuu, Win KOAXPPUIUEHT YCUIICHUS yCUIUTENs 0e3
oOpaTHO¥# CBs3U; f — KOA(PPUIIMEHT Tepeaadn e 0OpaTHON CBSI3U

Knaccugukayun oopamnsix ceazeii 6 ycunumenax npeacTaBieHa Ha puc. 9.8.
B cootBercTBHU € prucyHKOM 9.8 0OpaTHbIE CBS3U MOAPA3ACIIAIOTCS Ha:

e TIOClIeIOBATEIbHAS M0 HAMPSDKEHUIO (Q);

e [apajiiesibHas 10 HanpskeHuto (0);

e [ocieoBaTeNibHas MO TOKY (B);

e mapajuiesibHas 1o TOKY (T).

Jlnia onpenenenus Buaa oopatHoi cBsa3u (OC) HY)KHO «3aKOpOTUTH» Harpy3ky. Ecnu npu stom
CUTHaJl 00paTHOM cBsA3M oOpaiaercs B HyJb, To 370 OC mo HampspkeHuto, ecinu curain OC He
obparmaercst B Hyib — TO 3T0 OC 110 ToKy. [Ipy 00paTHOM CBSI3M 1O HANPSHKEHUIO CUTHAJI 00paTHOM
CBSI3M, IOCTYMAIOIINNA C BBIXOJA YCUJIUTENS Ha BXOJ, MPOTOPIHUOHATIEH BBIXOAHOMY HANPSKEHUIO.
IIpu oOpaTHOI CBS3M MO TOKY CUTHaj OOpaTHOM CBSA3M MPONOPLUOHANIEH BBIXOAHOMY TOKY. Ilpu
MIOCJIEIOBATENIbHOM 00paTHOM CBSI3U (CO CIIOKEHHWEM HaNpsKEHUN) B KauecTBE CUTHasla oOpaTHOM
CBSI3M HCIIOJIb3YETCS HAIPSDKEHUE, KOTOPOE BBIYUTAETCS (JUIs1 OTpULIATEIbHON 00paTHOM CBS3M) U3
HaIpsDKEHUs BHEIIHEro BXoAHOro curHaina. [Ipu mapamienbHol oOpaTHOM CBSI3U (CO CIIOKEHHEM
TOKOB) B KauecTBE CUTHajla OOpaTHOM CBSA3M MCIOJb3YETCS TOK, KOTOPBIM BBIYUTAETCS M3 TOKa
BHEIIIHEr0 BXOJHOI'O CUTHAJIA.

YCUWINTEJN HA BUIIOJIAPHBIX TPAH3UCTOPAX

B ycunuTene B KayecTBE aKTMBHOTO 3JIEMEHTA MCIOJb30BAaH OUIOJISIPHBIA TPaH3UCTOD.
[lepen Tem, kak mojaBaTh Ha BXOJ YCWJIMTENS CHUTHAN, MOJUISKAIIUM YCHUIEHHIO, HEOOXO0IMMO
o0ecreunTh HAYaJbHBIM PEXKUM PAOOTHI (CTATUUYECKUN DPEKUM, PEXKUM IO MOCTOSIHHOMY TOKY,
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pekuM ToKos). HauanbHBI pexkuM pabOTHI XapaKTEePH3yeTCsl MOCTOSITHHBIMH TOKaMH 3JIEKTPOJIOB
TPAH3UCTOPA U HAMPSHKCHUSIMU MY ITHMH JJICKTPOIaMH.
JUIs  XapaKTepUCTHKH TPOOJIeMbl 00eCIeYeHHsT HA4YaIbHOTO pEXHMa pPacCMaTPUBAIOT

CIICAYIOIINE TPU CXEMBI:

e C (UKCHUPOBAHHBIM TOKOM 0a3bl;

® C KOJUIGKTOPHOW cTaOmiIM3anuei;

® COMHTTEPHOM CTabMIM3aIMeH.

Cxema ¢ gpuxcuposannvim moxom o6azwt (puc. 20.9).

Puc. 20.9. Cxema BKJIIOUYEHHUS TPaH3UCTOPA C PUKCUPOBAHHBIM TOKOM 0a3bl

B cooTBercTBHM co BTOpHIM 3aKk0HOM Kupxroda
iy Ry +u,, —E, =0,
OTcrofa Hax0IUM TOK KOJUIEKTOpa ik:

1 1
ip=—— U +—E
K R, K2 R, K,

4TO COOTBETCTBYET JIMHEHHOM 3aBucUMOCTH Bua YV = d - X + b .

DTO ypaBHCHHE OIHMCHIBACT TaK HA3bIBACMYIO JIMHUIO HArpy3ku. M300pa3uM BBIXOHBIC
XapaKTEPUCTUKU TPAH3UCTOPA U JIMHUIO Harpy3ku (puc. 9.10).
B cooTtBercTBHM co BTOphIM 3aKk0oHOM Kupxroda

OTcroga HaxoQuM TOK 0as3sbl is:

1 1
lg =——— U +—— L

&>
>

YuuteiBas, 4To Us,<<E\, MpeHeOpekeM HAPSDKEHHUEM Ug,. 1oraa lg = R

=)
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Puc. 20.10. BrixoaHsle XapaKTEpUCTUKU TPAH3UCTOPA C JUHUEH HArPy3KH

TakuM 06paszoM, B pACCMAaTPHBAEMOI cXeMe TOK i0 3amaercst Bemuunaamu £, u R (Tox

. . !
«puxcuposany). Ipu stom g = ﬁcm Iyt 1 KO -

[lycte 15=147. Torna naganpHas padoudast Touka (HPT) 3aiimer TO mososxeHue, KOTopoe
ykazaHo Ha puc. 20.10. Buano, uto camoe HIKHEE BO3MOXKHOE IMOJIOKEHHE HAYallbHOM paboueid

TOYKH COOTBETCTBYET TOUKEe Y (pekuM oTceukH, I5=0), a camoe BepxHee IO0JI0KEHHE — TOuKe Z

(peXXUM HachIIEHUS, g > Lgy).
CxeMy ¢ (UKCUPOBAHHBIM TOKOM 0a3bl HCITOJIB3YIOT PEIKO IO CISAYIONTUM IPHYUHAM:

IpU BO3JIEHCTBUU JeCTAOMIM3UPYIOUINX (AKTOPOB (HAIpuUMep, TeMIepaTypbl)

! )
HU3MCEHSAKOTCSA BCIIMYHUHBI ﬂ u ]KO , UTO U3MECHJICT TOK IKH " ITOJIOXKCHHUEC HAa4YaJIbHOU

cm

pabouel TOUKH;

JUIS KaxI0ro 3Hauenus f3,,, He0OX0AMMO MOAOMpPaTh COOTBETCTBYIONIEE 3HAYEHHE

cm
Rs, 4TO HEXeNnaTeNbHO INPU MCIOJIb30BAHUM KaK JUCKPETHBIX HpuUOOpoB (T. €.
pruOOPOB, UTOTOBJICHHBIX HE MO MHTETPAJIbHOM TEXHOJIOTUN), TaK U UHTErPAJIbHBIX
CXEM.

Cxema c¢ xonnekmopuout cmaounuzayuen (puc. 20.11). Dta cxema obOecmeunBaeT
JTYYIIYIO CTAOMIILHOCTh HAYAJIBHOTO PEeXKUMA.

- ot E](

Puc. 20.11. Cxema BKITItOUEHHUS TPAH3UCTOPA C KOJUIEKTOPHOU cTabuiu3aruei
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B cxeme umeet mecto oTpunaTesibHas 00paTHasi CBSI3b 110 HAIPSKEHUIO (BBIXOJ CXEMbI —
KOJUIEKTOP TPaH3UCTOPa COEIUHEH CO BXOJIOM CXEMbI — 0a301 TPaH3UCTOpa C IOMOIIBIO PE3UCTOPA

Rj). Tlpu yBenmuenun Toxa I, (HampuMep, M3-3a NOBBILICHHS TEMIIEPATYphl) HAUMHACT
YBEMUMBATCA HANPSKEHHE UR,. DTO TPUBENET K YMEHBIICHHIO HATPSKEHUs U, U ToKa g
uKD
R;
OCYILIECTBIISATHCS CTaOMIN3aUs TOKA KOJIIIEKTOpa.

Cxema ¢ amummepnou cmaounuzayuenr (puc. 20.12). OcHoBHas ujes, peain30BaHHAs

(1, = ), 4To OyIeT NpenaTCTBOBATH 3HAYMTEIHHOMY YBEIHMUCHHIO TOKA I, T. €. Oymer

B CXEMe, COCTOMT B TOM, 4TOOBI 3a(MKCHPOBATh TOK I, M 4epe3 TO0 — TOK Iy (ZK ~ 13). C

y1<a3aHH0171 OCJIbI0 B LECIIb S3MUTTECPA BKIIOYAKOT PE3HUCTOP R3 U CO3JAal0T Ha HEM IPAKTHYCCKHU

ITIOCTOSTHHOE HaNpsUKeHUe U R,. [Ipu 3TOM OKa3pIBaeTcs, 4To:

_ u
I =—2 — const
R .

9

Jist coznanusi TpeOyeMoro HampsikeHus: UpR, UCHONB3YIOT ACTUTENh HANPSHKCHHUS Ha

pesucropax R; u R).

O+EK

Puc. 20.12. Cxema BKIIOUECHUS TPAH3UCTOPA C IMUTTEPHON cTabuIn3aIuen

P63I/ICTOpBI R] u R2 BBI6I/IpaIOT HACKOJIbKO MaJIbIMH, YTO BE€INYNHA TOKa l6 IMPAKTUICCKU

HE BIIMSIET HA BEJIMUUHY HANPsKEHUs U R . I1pu aTtom
R2

1 2

B cooTtBercTBUM cO BTOpBIM 3ak0oHOM Kupxroda Ug,=UR>r — Ug, .
[Ipu BoO3meHcTBHM JecTaOMIM3UPYIOMUX (PAKTOPOB BenMMuMHA Up, H3MEHSETCA Mallo,
MMOATOMY Majo M3MEHSAETCS W BelnunHa UR,. Ha mpakTuke 0ObIYHO HampspKeHHE UR, COCTABISET

HEGOIBIIYIO OO HATIPSDKEHHS £, .
Paznuuarom cnedyowgue pexcumst padomsl mpanzucmopa (knaccot pavomot): A, Ab, B, C

u D. Paccmarpusaembie RC — yemwnmurenmn  o6brano paboraior B pesxnve A. B pexnmve A tok

KoJuleKkTopa Bceraa Oombine Hynsa (I, > 0). IIpu 3TOM OH yBeNIMUYMBACTCS WM YMEHBIIAETCS B
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3aBHCHMOCTH OT BXOJHOTO curHana. B pexume B tox [,,=0, m03ToMy TOK KOIIEKTOpa MOKET
TOJIBKO yBeJIWYMBaThCA. IIpyu CHHYCOMAATBbHOM BXOJHOM CHUTHAJE B LIETIH KOJUIEKTOpA MPOTEKAIOT

IMOJIOKUTCIIBHBIC IMOJTYBOJIHBI TOKA. Pexnm AB ABJIACTCA IPOMCEKYTOUYHBIM MEKAY PCKUMaMU A u

B. B PEXKUME C Ha BXOJ TPAaH3UCTOPA MOAACTCS HAYAJIbHOC 3allUPArOIICe HAIIPSKECHUEC, [I0OOTOMY B
LCIIN KOJUICKTOpa B K&)KI[BIﬁ nepruoa BXOAHOTO CHUIHala TOK IMPOTEKACT B TCUYCHHEC BPCMCHU,

MCHBIICTO YCM IIOJIOBHMHA II€pHOJA. Pexumom D Ha3BIBAIOT KIIIOYCBOU PEXKUM pa6OTI)I
(TpaH3I/ICTOp HaxXOJUTCA WM B PEKUME HACBIIICHUA, NI B PCXKUME OTCG‘-IKI/I).

Ycenanreau Ha N0JIEBbIX TPAH3UCTOPAX

R, —— R
. ,D URs| [ [URk|| |Rau Cu [ |Pw

.

Puc. 20.13. Ycunurenps Ha MOJEBOM TPAH3UCTOPE

B kauecte mpumepa pacemorpuM RC-ycmnmurens  Ha MONEBOM TpaH3MCTOpE C p-n—
MePeX0I0M, BKIFOYEHHBIM ¢ 001mmM nctokoM (puc. 20.13). Mcnons3yeM TpaH3UCTOP C KaHAJIOM 7-

tuna. Jlns  UCHonb3yeMoro TpaH3UCTOpa HadajdbHOE HaNpshKeHue Uy,; JOKHO  OBITh
MIOJIOKUTETIbHBIM (p-n-TIepeXxo]] T0JKEH HAaXOIUThCs MOJI 3aluparoliuM HanpsbkeHuem). C 1enpio

IOJIYYEHHUSA DTOI'0 HAIPsHKEHUSA B ILENB MCTOKA BKIIFOYAIOT PE3UCTOP Ru, Ha KOTOPOM BO3HHUKAET
IaJicHue HaupsDKEHU U R, OT IPOTEKAaHU 110 HEMY Ha4aJbHOTO TOKA UCTOKA 1, i

Hanpsixenue U, yepes pe3ucrop R3 repeaaeTcs Ha 3aTBop. Tak Kak TOK 3aTBOpa IOJIEBOTO
TPaH3HUCTOPa MPEHEOPEKUTEITHLHO MaJl, MTaJICHUE HAMIPSHKEHUS Ha PE3UCTOPE R3 IIPAKTUYECKHA PaBHO
HYIIIO, IO3TOMY U, 5=URy,.

PaccmoTpeHHyl0 cxemy oOecrnedeHuss HadallbHOTO pEeKHUMa paboThl HA3bIBAIOT CXEMOW ¢
ABTOMATUYECKUM CMEIICHHUEM.

[lycTh 3a1aH Ha4aJIBHBIA TOK CTOKA (] CH= 1 J}H) 1 HadaJlbHOE HaNpsDKEHUE U, J3H MEexXny
rcTokoM u 3atBopoM. Torma pesucrop Ky ciemyer BHIGPATh U3 COOTHOIICHHS
R _ UH3H
S
CH

Pesucrop R306b14n0 BeIGHpatoT mopsiaka 1 MOm.
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PaccmarpuBaemas cxemMa oOecreueHUs HadaJlbHOIO peXuMa pabdoThl XapaKTepHU3yeTcs
TOBBIIIEHHON CTAGHILHOCTHIO. EC/IH 10 KakuM-nmu60 MpHYMHAM HAaualnbHEI ToK croka J oy Hauner
yBeNMUMBaTECS, TO 3To npuBener Kk ysemuuenmio nampskenmit Upy m Upys, uto Gyner

TIPENSTCTBOBATH 3HAYMTENLHOMY yBeIndeHmio Toka /.
Monyne kod3duiiieHTa yCcuiIeHHs Kackaga B OO0JacTH CpeAHHMX 4YacTOT ONpenelisercs
PaBEHCTBOM

R Ry

K, =8—-—"
R-+R,~

rae S — craTudeckas KpyTH3HA XapaKTepUCTHUKH IOJIEBOTO TPaH3UCTOpa, OIpejaessemMas o
CIPaBOYHHUKAM.

Haznaucume KOHACHCATOPOB C], C2 n C4 AHAJIOTUYHO HA3HAYCHUIO COOTBETCTBYIOIIHUX

xouznencatopo R C—ycunutens Ha GHITONAPHOM TPAH3HCTOPE.
YacToTHBIE XapaKTEPUCTUKA PACCMATPUBAEMOTO  YCHJIMTENS] TMOJOOHBI  YaCTOTHBIM

xapakrepuctukam R C—ycumurens Ha GHITONAPHOM TPaH3HCTOPE.
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21. CxemMbI HAa OCHOBE ONEPANMOHHBIX YCHIIHUTEIeH

Omneparmonnsie  ycunutenun (OY) B Hacrosmee BpeMsl HCIHOJB3YIOTCS B CaMbIX
Pa3IMYHBIX AJIEKTPOHHBIX yCTpoiicTBax. MX MIMpOKO NPUMEHSIOT Kak B aHAJIOrOBBIX, TaK U B
UMITYJIBCHBIX YCTPOICTBaxX 3JIEKTPOHUKU. B TO e Bpems CyLIECTBYIOT M 4acTO HCIOJIb3YIOTCS
TUIIOBBIE JIMHEHHbBIE CXEMbI HA OCHOBE ONEPALIMOHHBIX YCUIIUTEINIEH.

[Ipu co3paHuM cxeM C ONEPALMOHHBIMU YCHJIUTEISIMU HCIIOJIB3YETCS S JOIMYIIEHUH,
MPUHUMAEMbIX B IPEINOJIOKEHUU, YTO HCIIOJIb3YEMbIE OINEpAallMOHHBIE YCHIIUTENIH JI0CTAaTOYHO
OJIM3KU K UACATbHBIM.

[Ipumem cnenyromye TOMyHICHUS:

1. Bxoanoe compotusiernue OY paBHO OECKOHEUHOCTH, TOKH BXOJHBIX 3JIEKTPOJOB pPaBHbI

HYJTIO (Rgx —> 00, I, =1_

+

2. BeixoaHoe comnpotuBiieHue OY paBHO Hymo, T. €. OV co CTOpOHBI BbIXOJa SIBJISETCS
UJICATHHBIM UCTOUYHUKOM HANPSHKEHUS (R4,,=0).

3. Koadduuuent ycunenus no HanpspkeHUIo (KodpGUUueHT ycuieHus JuddepeHnnaabHoro
CUTHAJIa) PaBEH OECKOHEYHOCTH, a AU PepeHnaIbHbIi CUTHAI B PEKUME YCUIICHUS paBeH
HYJI0 (IIpU 3TOM HeE J0ITycKaeTcs 3aKopadyrBaHus BbIBOI0B OY).

4. B pexuMe HachllEHUsI HAIPSDKEHUE Ha BBIXOJIE PAaBHO 110 MOJIYJIIO HANPsDKEHUSI IUTAHUS, a

3HAK OIpPEAESAeTCs MOSIPHOCTHIO BXOAHOIO HAIPSXKEHUS.

CuHdaznbiii curnan e neictpyer Ha OY.

6. HamnpsoxeHue cMenieHus HyJis paBHO HYIIIO.

9]

NuBepTupyromuii ycwiureJb Ha ocHOBe OY

PaccMoTpum cxemy nHBepTUpYIOLIEro yeunutens (puc. 21.1), U3 KoToporo BUAHO, UTO B
Hel JelicTBYeT napajiielibHas 00paTHas CBS3b 110 HAIIPSKEHHUIO.

i2 R2

Puc. 21.1. WMuBepTupyroumii yCuiauTens ¢ napauielbHON 00paTHOM CBSA3bIO 10
HaIPsHOKEHUTO

Tak kak I =0, TO B COOTBETCTBHH C TIepBBIM 3aKkoHOM Kupxroda I; = 1).

Ecin OY pabotaer B pexume ycuieHust, 10 Uy, = 0. B cooTBeTCTBAM € 3TUM HA OCHOBAHMH
BTOpOTro 3akoHa Kupxroga nomyuum

YuuThIBad, UTO I = 1), TIONydaeM
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Hanpumep, eciu R j=1 kOm, R>=10 kOm, Torna Ug,, =—10 * Ugy.
JIJIs  yMCHBIICHUS BIUSHUSA BXOTHBIX TOKOB OVY Ha BBIXOJHOE HAIPsHKCHHE B IICMb

HEUHBEPTHPYIOIIETO BXOJa BKIOYaloT pesuctop R3 (puc. 21.2), xoTtopoe ompenenseTcss wu3
BBIPAKCHUA

R, R,
R, +R,
BXO)IHOG CONMPOTHUBIICHUEC HWHBCPTHUPYIOUICTO YCHUIMUTCIIA HA  HU3KHUX YaCTOTax

3HAYUTEILHO HIXKE COOCTBEHHOIO BXOOHOI'O COITPOTUBJICHUA OVY. Dro MOATBCPIKAACT BBIBOJ O
TOM, 4YTO ITapaJluICJIbHaA OTpULaTCIbHasd 06paTHa$1 CBA3b YMCHBIIACT BXOAHOC COIIPOTHUBIICHHC.

R, =R, /IR, =

Puc. 21.2. OnepaunoHHbIN YCUIIUTENL C 0OPATHO CBS3bIO

VauteBasg, 9TO u@uqb ~ 0, BXOJTHO€ COMNPOTHUBJIEHUE YCHIIMTENS HA HU3KUX YacCTOTax

npubaH3uTenLHO pasHo K.
BBIXO/IHOE CONPOTHBIICHHE HHBEPTUPYIOLIEr0 YCHIHTEIs HA HM3KHX 4acToTaxX KR oc

CYIIECTBEHHO MEHBIIE BBIXOJHOTO COINPOTHMBICHMS HA HM3KHX 4acTOTaXx IRg,, COOCTBEHHO
OTEPALMOHHOTO YCUJIUTEINS. DTO SBJSETCS CIEJICTBUEM JIEHCTBUS OTpULIATEIbHON 00paTHOU CBS3U
10 HAIIPSDKEHUIO.

Mo>kHO TTOKa3aTh, 9TO

8blX.0C Rl )

1+ K-
R, +R,

rae K — kosddunment yennenus mo nanpsokeruio OY.

HeunBepTupyomuii ycujurteb Ha ocHoBe OY

PaccMoTpum cxemy HeuHBepTHpyromero ycwiurtenas (puc. 21.3), rae umeer Mecto
MIOCJIEIOBATEIbHAS CBS3b 110 HANIPSKEHUIO.
B cooTBercTBUM ¢ paHee NPUHATHIMU JOMYIIEHUSMU BX0iHbIe TOKH OY paBHBI HYIIIO, T.

e. [_=1+=0wu, cnenoBarensuo, I; =I,. Ecim OV paboraer B pexuMe YCHICHH, TOrAa Ugyg = 0.
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Puc. 21.3. HeunBeptupyomuii ycuinutesnb Ha ocHoBe OY ¢ 00paTHOM CBSI3bIO

Ha ocHoBanuu BTOporo 3akona Kupxroda moryqaem
uRl = _uex 5 uRZ = u@x _ueblx .
HeunBeptupyromumii  ycwiurenb  Xapaktepusyerca KodpuIMEeHTOM  yCUJIeHHs 1O
HaAIPSHKEHUIO
R
2
K, =1+-2
1

OXBAaYCHHBIH OOpAaTHON CBS3bIO, OMpENEINeTCs

Koadduuuent ycunenus ycunutens,

BBIPAXKCHHUEM
- K
u.oc 1+K . ﬂ .
Ipu K —> 0

Koaddumnument IB ONIPENENAETCA BRIPAXKEHUEM

fei
R +R,-

Taxum o6pasom, mpu K —> 00
R

KOC:1+—2'

u.
1
Iycrs, nanpumep, K ;=2 kOm, R,=4 kOm n U,=2 B.

Torna
3
u,, =2- 1+ 210 _¢p
2-1

03

Bxonnoe conportuBieHne HenHBepTupyrouiero ycuiuresns Ha OY ¢ oOpaTHOH CBS3bIO
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Rl
Rex oc = Rex ) 1 + K
' R +R, )

npuuem nmpy K— 0 R,y ,o— O
Ha BxoJax OIepanioHHOTO YCHIIUTEIS, HCIIOJIb3YONMIErocsi B HEMHBEPTUPYIOIIEM YCUITHTEIIE,

uMeeTcsl CUH(a3HbI CUTHAJ, PaBHBIM HANpPSDKEHUIO Ug,. DTO HEOCTATOK Takoro ycuiautens. B
MHBEPTUPYIOILEM YCUIIUTENE CUH(A3HBIN CUTHAT OTCYTCTBYET.

IHoBTOpHTEIL HANIPSAKEHUS HA OCHOBe OY

Cxema nosropurens (puc. 21.4) 1erko MoxeT ObITh OJydeHa U3 CXEMbl HEMHBEPTUPYIOLIETO

yemmurenst npu R;— 0, Rr— 0. 3mech mpemmomaraeTcs, 9To ONEPAlMOHHBIH YCHIHTEIb

paboraer B pexxume yeuieHus (Uoyg ~0). Mcnons3ys Bropoit 3akon Kupxroga, monydaeM Ug,x =

A

" oug U gorx l

g [
;

Puc. 21.4. IloBTopurens HanpskeHus Ha ocHoBe OY

Cymmarop HanpsizkeHUs] (MHBEPTHPYIOLIUH CyMMAaTOP)

PaccmotpumMm cxemy cymmaropa, NpuBEACHHYIO Ha puc. 21.5.

. u
i; "R
o—— UR
; . oc
R ipg —
sess P ]l IIR
ucxl .uﬂ‘l H ac
I, Ej i_
R, b
ua.n uw uml

-

Puc. 21.5. Cymmarop HanpsikeHHs (MHBEPTHUPYIOLINI cyMMaTop)
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[Ipenmnonoxum, 4To ONEpPalMOHHBIA YCHIUTEIb pabOTaeT B peXUME YCWICHHS, TOTIa
n

Uougp = 0. Yuntsisasi, 41o I_= 1= 0, momydnm Z lj = loc . Ipu Uyygp = 0 nomyaum Ug; =

J=1
Ugxj, J = L...n; Upoe = Ugyy. Ha ocHOBaHMM O5THX BBIPAKEHUH IIOCIE HECIOXKHBIX
npeoOpa3oBaHMil OJTydaeM
n
u _ . uex ]
8blX oc R
J=1 J

Jlist yMEHBIIICHUSI BIMSHHUS BXOJHBIX TOKOB OV B 1enb HEMHBEPTHUPYIOIMIETO BXOJAa
BKJIFOYAIOT PE3UCTOP C CONPOTHUBIICHUEM

R,=R;/IRy/... I R,/ Rye.

Bprunrawommii ycuwiureab (yCHIUTEIb ¢ ¢ PepeHIuaIbHbIM BX0I0M)

B Bbrumraromem ycunurene (puc. 21.6) oaMH BXOJHOM CUTHAll TMOJAeTcs Ha
VHBEPTUPYIOIINI BXO/I, 8 BTOPON — HA HEMHBEPTHUP YIOIIUH.

[Ipeanonoxum, uro OY paboTtaeT B nuHEHHOM pexume. Torma Bce yCTPONCTBO MOXKHO
CUMUTATh JIMHEWHBIM U JUIS aHaJIN3a IPUHLHUI CYNEPIO3ULINH (HAIO0XKEHHUS).

Ecmu Ug» =0, TOrga COOTBETCTBYIONIEE BHIXOJHOE HAIIPSKEHUE U '8blx OyneT onpenensiThes
BBIPAKEHUEM, COOTBETCTBYIOIIIMM UHBEPTUPYIOLUIEMY YCUIIUTEIIO:

R

u =—y  —*

8bIX 6x1
Rl

R
—2
L

AT
U l R ? ‘(lium
i

Puc. 21.6. BeruncnutenbHblil ycunutens ¢ quddepeHnnaabHbIM BX0I0M

" o
Ecmu Ug; = 0, onpegenum HanpsokeHUE HA BBIXOJE U gy 14 OLIGHKHM BO3IIEHUCTBUSA

HampsDKeHUsT Ugy,» 1enecooOpa3HO Ha OCHOBE TEOpeMbl 00 SKBUBAJIEHTHOM TI'€HepaTope
npeoOpazoBaHue IENH, MOIKIIOUYEHHON K HEMHBEPTHPYIOIIeMY BXoay (puc. 21.7).
Kak cnenyer u3 reopemsl,
U,g = Uger R =R,//R, = -
2K6 3 4 .
R, +R," R, + R,
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R 3 «a» Raxs «a»

o o

uﬂxz l R —— Uska
4

Puc. 21.7

B cooTBeTcTBMM C TPUHIUMIIOM CYMNEPIIO3UIMU, OOIIee HampspKeHHe Ha BbIXoJe Ugpx
ONIPENENAETCA U3 BBIPAKECHUS

R2 R2
u@bzx = u@bzx +u8blx = u6x2 ) R3 +R4 ) 1+R_1 _uexl E

CxeMblI ¢ IMOIAMH U CTAOMJIMTPOHAMHU HA OocHOBe OY

PaccmaTtpuBaeMble CXeMBI SIBJISIFOTCS HEIMHEHHBIMHU, TaK KakK COJAEpXKAaT HEIMHEHHbIE
AJIEMEHTHI — IMO0JIbI M CTAOMIUTPOHBI. OIHAKO TaKUE CXEMbl YaCTO pacCMaTpPUBAIOT KaK JMHEHHBbIE,
cuMTas JUOJbl U CTaOWJIMTPOHBI UJCAIbHBIMU M 3aMEHSS OTKPBITbIE AMOJbl U CTAaOUIUTPOHBI
3aKOpPOTKaMHU, 3alepThle JUOJbl U CTAOUIUTPOHBI — Pa3pbIBaMU, a CTAOMIIMTPOHBI, paboTarolIue B
pexxume npo0osi, - ICTOYHUKAMU HAPSKEHUSL.

[Ipu ucnonap30BaHUU MOJOOHBIX CIIOCOOOB JIMHEAPU3ALMU HEIMHEHHBIX CXEM OCHOBHAs
npo0siieMa COCTOUT B TOM, YTOOBI ONPEEIIUTh, B KAKOM PEXKHUME pabOTaeT Ka)Iblil HEJMHEHHBIH
JJIEMEHT.

Jlns mpumepa BBINOJHHAM aHAINW3 CXeMbl Ha puc. 21.8, mpeamonaras, 4tro JUOIBI —

uneanbHbie. [IycTs BHauane Ug, = 1 B. Ecou auog D1 oTKpEIT (3aMeHsIEM €ro 3aKOpOTKOM), a U0
D2 — 3akpeIT (3aMEHUM €ro paspbiBOM), TO TMOJYYHM JKBUBAJICHTHYIO CXEMY, MPUBEACHHYIO Ha
puc. 21.9.
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Puc. 10.8. Cxema ycunurens Ha OY ¢ auonamu

10k it

VL

"MT | Me g
18] I

Puc. 21.9. DxBuBanenTHas cxema ycuiurens Ha OY

N3 cxemsl Ha puc. 21.9 ciaenyer, 4ro

R
— ) 2 | —
u, =u, |1+ =3B
Rl
[IpoBepuM MHPaBUIBHOCTH CIETAHHOTO MPENOJIOKEHHS, VIS 4ero ONPENeNHM TOK Lpj
muona D1 n Hanpspkenue Up) quona D2. Mcnons3sys fomymenue 0 ToM, 910 Uyy,g = 0, noaydaem

Upr>=-2B u ip;=0,2 uA. Tak KaKk HanpsHDKeHHe Ha Auoje D2 oTpHIATENbHOE, a TOK Yepe3 U0
D1 nonoxwuteneH, MOXKHO YTBEPXKAATh, YTO IPEINOJI0KEHNE ObLIO PABUIILHBIM.
IIycts Tenepp Ug = —1 B. [Ipeanonoxum, uyto aquoxn D1 3akpslt, a nnox D2 otkpeiT. Torna
ITOJIy4YMM DKBUBAJIEHTHYIO CXEMY, IPUBEIACHHYIO Ha puc. 21.10, n3 koTopo¥ nosrydaem
0
u, =u, 1+RT =-1B
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Puc. 21.10. DxBuBaneHTHas cXeMa YCUJIMTENS ¢ 00OpaTHO CBS3bIO

I[J'If[ IMPOBEPKHU NPAaBUIIBHOCTH CACIIAHHOI'O MPEAINOJIOKCHUA OIPEACIINM iDZI
L
3
R, 5-10

OueBunno, uro Up; = 0. IlomyyeHHbIE pe3yNbTaThl MO3BOJIAIOT YTBEPXKIAaThb, UTO
MIPENIOJI0KEHHE ObLIIO MPaBUIIbHBIM.

Ipy =1lp =

=0,2mA
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22. Yeuiaureaun

Yeunurens HazplBaloT ycuiureneM noctosHHoro Ttoka (VYIIT), ecaun o moxer
YCWJIMBATh IIOCTOSIHHBIE W MENJIEHHO W3MEHSIOIIMECS CUTHAIBL. TakoW YCHIUTEIb MOKHO
HCIIOJIb30BATh U JUISl YCWJICHHsI IEPEMEHHBIX CUTHAJIOB. K TakuM yCHJIMTENSIM MOHO OTHECTH U
ONEPALMOHHBIE YCUIIUTEIH.

Jlis Toro, yTtoObl MOCTOSIHHBIE WM MEIJIEHHO W3MEHSIOLIUECS CUTHAJIbl MOTJIH ObITh
IepeAanbl C BXOJAa YCHUIIMTENS Ha €ro BBIXOJ, JOJDKHBI MCIOJIB30BaThCS TOJBKO TaJbBAHUYECKUE
CBSI3M MEXKY OTAEIbHBIMHU YaCTAMU YCUIIUTENS UM 3TH CUTHAJbI JOJDKHBI OBITH IPE0Opa30BaHbl B
nepeMmeHHble. [lonyueHHble IepeMEHHbBIE CUTHANIBI MOTYT OBITh YCHUJIEHBI C MIOMOIIBIO YCUITUTENIEH
IIEPEMEHHOT0 TOKA, B KOTOPBIX TAJIbBAHUYECKUE CBS3U PAa30PBaHbI C IIOMOIIBIO KOHJIEHCATOPOB WU
TpanchopmartopoB. Ilocie ycuneHus mepeMeHHbIE CHUTHAIBI JOJDKHBI OBITH MpeoOpa3oBaHbl B
ITOCTOSIHHBIE WJIM MEJUIEHHO M3MEHSIOIINECS.

XapaxtepHbiM cBoiictBoM YIIT siBnsiercss apeitd nyns. Ilon apeiidom Hyas moHUMArOT
CaMOIIPOM3BOJIBHOE U3MEHEHHUE BBIXOJHOTIO HANPSDKEHUS NP HEM3MEHHOM HYJIEBOM BXOJHOM IIOJ
NeMCTBUEM BIIMSHUSA BHEUIHEH cpeabl (M3MEHEHUH TeMIepaTyphl, MUTAIOUIET0 HAMpPSKEHUS,
CTapeHusl AJIEKTPOHHBIX FIIEMEHTOB).

OCHOBHBIMH METOJIaMU  CHIDKEHHUs Jpeida SBISIOTCA JKECTKas CTaOMiIn3aius
HUCTOYHUKOB T[HMTAaHUSA YCWIMTENEHW, MCIOJIb30BAaHUE OTPULATENbHBIX OOpaTHBIX CBS3EH,
npUMeHeHHe OalaHCHBIX KoMIeHcauuoHHbIX cxeM YIIT, wucnosb3oBaHue 3JIEMEHTOB C
HEJIMHENHOMN 3aBUCUMOCTBIO ITApaMETPOB OT TEMIIEPATYPHI.

Jns yctpaHeHuss oTmedeHHbIX HeaocTaTkoB YIIT cTposT B BuAe mnapaiebHO-
OaJlaHCHBIX KAacCKaJIOB, MPEACTABISAIOMNX COO0M CcOalaHCUPOBAHHBIA MOCT, KOTOPBIM MOKHO
Ha3BaTh AU depeHIInalIbHBIM YCHIIUTEIEM.

JudpdepeHunaNbHBINA YCHIUTEIb HA OUNOJISIPHBIX TPAH3UCTOPAX

Cxema muddepeHInanTbHOTO YCHIMTENS MpeAcTaBieHa Ha puc. 22.1.
OcHoBHas ujes, peanr3oBaHHas B TUGGEPCHIIMATLHOM KacKajie, COCTOUT B MCITOJIb30BaHHUN
B OJHOM ILECJIOM JBYX COBCPHICHHO OJWHAKOBBIX IMOJIOBHH. 910 MMPUBOJUT K TOMY, UTO BBIXOAHOC

HanpsoKeHue U OoueHb ci1ab0 3aBUCUT OT BXOJHOI'O CHH@PA3HOI'O HaIPAXKECHHUIA U
8b1X.0U

NPAKTUYCCKU OLPEIEISCTCS TOIBKO Ugy. oygh-
JuddepeHnnanbHOE BXOIHOE HANPSHKEHUE ONPEEIIEeTCS. BBIPaKEHUEM

uex.()uqb = Z/le;x2 - Z/lexl .

Kosddunuent ycuneHuss mo HampsokeHHIO I AUQPQPEpeHLHaTIbHOro CHUrHaia K()ud)
OTMCHIBAETCS BBIPAKECHUEM

. ueblx.dud) . ﬁ : RK ~ RR‘
ougp ~ - ~
' uex.0u¢ (ﬁ + 1) ) 7’3 7’3

Kaxk HU3BCCTHO, IPU YBCIIMYCHHUU HAYAJIbHOI'O TOKa B LEIH SMUTTECpA BCIUMYMHA 7"3

K

YMCHBIIACTCA, a IPH YMCHBIICHHUH YBCIUYUBACTCH. HOBTOMY npu YBCIMYCHUHU TOKa iO

ko3 urment K()ud) YBEITMYUBAETCS. DTO TMO3BOJISIET U3MEHATHh KOADOUIIMEHT yCUIICHUS, U3MEHSS
HaYaJIbHBIN PEXKUM PaOOTHI YCUITUTEIS.
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Puc. 22.1. IludpdepenumanbHblil yCUIUTETD

Yceunureab NOCTOAHHOIO TOKA € MOAYJIALMEN H J1eMOoayJJIsuuen

(yewiureas tuna M/IM)

B ycuinurensx paccMaTpuBaeMOro THUNA BXOJHOW TOCTOSHHBIA WM MEUICHHO
W3MEHSIIOIIMICA CUTHAM npeolpa3yeTcss (MOLYIUPYETCs) B MEPEMEHHBIH MOBBIIIEHHBIH YaCTOTBHI.
[Tony4eHHBIN CUTHAJI YCWJIMBAETCS C IMOMOIIBIO YCWINTENS NEPEMEHHOIO HANPSIKEHUS, a 3aTEM
BHOBb IpeoOpazyercs (IeMOyIupyeTcs) B MOCTOSIHHBIA WM MEAJIEHHO U3MeHstoluiics. Yacrtota
IIEPEMEHHOTO HAIIPSKEHUS 9aCTO COCTABIIACT JECATKU KUJIOTEPIL.

CrpykrypHas cxema ycwiurens tuna MJIM npusenena Ha puc. 22.2.

Mopynstop npeoOpa3yeT MOCTOSHHBIM WM MEUICHHO W3MEHSIOIIMICS BXOJHOW CUTHAT B
[IEPEMEHHOE HANPSHKEHUE ¢ 4aCTOTOM fon, ONPEAEIISIEMON T€HEPATOPOM OTIOPHOIO HAMPSIKEHUS, U

aMILIUTYI0M, MPONOPLUUOHAIBHON BXOJHOMY curHaiy. IlepemenHoe HamnpsbkeHue U, ¢ BbIXOAa
MOJYJIATOPA MOCTYNAET HAa BXOJ HU3KOYAaCTOTHOIO YCHUIIUTENS IEPEMEHHOIO TOKa. Jlemoayarop —
(a304yBCTBUTEIBHBIA BBIIPSAMUTENb — IPeoOpa3yeT NEpPEeMEHHOE HaIpsSHKEHHE B IOCTOSHHOE,
IIPUYEM BEJIMYMHA IIOCTOSIHHOTO HAIPSDKEHHsI MPONOPLHUOHAIBHA AMIUIMTYAE IEPEMEHHOTO
HaIIpsDKEHHUs, a CIEA0BaTENIbHO, IPOIIOPILMOHAIBHA BXOAHOMY CUTHAILY.

BpemenHble nuarpaMMbl yKa3aHHBIX Ha CXEME HalpsOHKEHHH, MOsSCHAUUX padboTy
YCUJIMTEIISA, IPUBENICHBI Ha puC. 22.3.

Bcenencteue toro, yto B yerinrensax tuna MJIM pa3opBaHbI rajlbBAHUYECKUE CBSI3U MEXKIY
KacKaJlaMH, Y/1aeTcsl IOCTHYb BBICOKOTO KayecTBa YCUJICHMs, TaK KaK Aperd Hyss B JaHHOM cxeme
OTCyTCTBYeT. Takue YCHJIUTENIM MOTYT HCIOJIb30BaThCS B BBICOKOTOYHBIX (MPEIU3UOHHBIX)
YCTpOHCTBaX.

Eme onanM nocronHCcTBOM yewintened tuna MM saBisieTcss BO3MOXHOCTh U30JIMPOBATH C
MIOMOIIBI0 TpaHC(opMaTOpa BXOJHYIO M BBIXOAHYIO 4acTH. M3osiupyroniue yCHJINTENIH MIHPOKO
HCIIOJIb3YIOTCS, HAIIPUMEDP, B MEIAULIMHCKON 3JIEKTPOHUKE.
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Puc. 22.2. CtpykTypa ycunurens Puc. 22.3. BpeMeHHbIe 1HarpamMmbl
¢ MIM HaIpsSKEHUM B YCWIIMTEIIE

YC/IMTEJINX MOIIHOCTH

(MOHIHbIe BBIXOAHBIC YCHJI l/ITe.]'Il/I)

Vcunurenem MOIIHOCTH HAa3bIBAIOT YCHUJIUTCIIb, HpeI[HaSHa‘IGHHLIfI JUIA oOecreucHus

3a/[AHHON MOILHOCTH Harpy3ku I, mpm 3agaHHOM comnpotupieHud Harpysku K. Ycumurens
MOIIIHOCTH SIBJIIETCS MPUMEPOM YCTPOWCTBAa CHJIOBOM 3eKTpOHMKU. OCHOBHAas ILeNb TaKUX
YCTPOICTB COCTOUT B TOM, YTOOBI OT/IaTh HArpy3Ke 3aJaHHYI0 MOIIHOCTb.

YpoBeHb HenmHEWHbIX HekaxkeHud n KIIJl ycrnrens MOITHOCTH CYIIECTBEHHO 3aBUCAT
OT HAYaJbHOTO peXuMa paboThl, NIPUYEM HEIUHEHHbIE MCKaXXEHHUs] O0O0YCIOBIMBAIOTCS
HEJIMHEHHOCTBIO HE TOJIBKO BXOJHBIX, HO Y BBIXOJIHBIX XapaKTEPUCTHUK TPAH3UCTOPOB, TaK KaK OHU
paboTarOT B PpEXKHUME OOJBIIOTO CUTHATA. MHUHHMMaJIbHO BO3MOJKHBIM YPOBEHb HEIMHEHHBIX

UCKaXEHUN MOXHO O0O€ecredyuTh B pEeXHMME Kiacca A, a makcumansno Bosmoxusii KITJT — B

pesxume knaccos BB um AB.

Yewnurenn MOIIHOCTH OBbIBAIOT OJHOTAKTHBIE U JIBYXTaKTHbIE, MpPUYEM IIEpBbIE
paboTaroT B pexuMe Kiacca A, a BTOpble — B pexume kiaccoB B mmum AB. OnmHoTakTHBIC
YCUJIUTENU MOUTHOCTU MPUMEHSIFOTCS] IPU OTHOCUTEIBHO MaJIbIX BBIXOJIHBIX MOIIHOCTSX (€IMHUIIBI
BAaTT).

B COOTBeTCTBUM ¢ TpeGOBaHMEM OOECHEUNTh 3aJaHHYI0 MOIIHOCTh Harpysku P, mpu
pa3paboTKe YCHJIMTENS MOIIHOCTU JIOJDKEH OBbITh PEIIeH BOIPOC O COOTBETCTBYIOIIEM BbIOOpE

HAIIPsXKCHUA YCUIIUTCIIA E . HpCI[HOJ'IO)KI/IM, 4YTO YCUIIMTCIIb C YKa3aHHBIM HAIIPSAKCHUEM ITUTAHUS
MOXKCT CO3JaThb Ha HArpyske CI/IHYCOHI[aHLHI)IfI CHTHAJI ¢ MaKCHMAaJIbHO BO3MOKHOM aMHHHTYHOfI
HAaIps>XKCHUA

Torxa MakCHMaIbHO BO3MOKHAs HArPY3KH Py, 14xc OTIPEIETHTCS BEIPAKEHHEM
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JInst corylacoBaHMs YCWJIMTENS M HArpy3kd 4acTO HCIIOJIB3YIOT TpaHcdopmaTop (pwuc.
22.4). Yepez W1 u W2 0603Ha4€HO COOTBETCTBEHHO KOJUYECTBO BUTKOB MEPBUYHON U BTOPUYHOM

06MoTOK TparcdopmaTopa, a udepe3 Ugyy H IRgpx — COOTBETCTBEHHO BBIXOIHOE HANPSIKCHHE U
BBIXOJTHOE COIPOTHBIICHUE YCUITHTEIIS.

Ranix W 1 W2

D 3| O

Puc. 22.4. Tparnchopmarop coriiacoBaHusi yCUIUTENS U HATPY3KH
[Ipu ompeneneHUU MOIIHOCTH HArpy3KH 3Ty CXEMY MOXKHO 3aMEHUTH IKBHUBAJICHTHOMN

v o v !
cXeMoii, puBeaeHHO# Ha puc. 11.5. B ueit uepes R', 0Go3naueno npusesennoe conpoTHBIeHHE
Harpy3Ku

e 1 — kosdduupent tpancdopmanun (71 = W, / wWH.

R,

uaux@ W RH

Puc. 22.5. DxBuBasieHTHAs cXeMa COTJIACOBAHUSI YCUIIUTEISI C HArPYy3KO#

Namensas  kosddumument  tpanchopmanuyd, MOXKHO  JOOUTHCS  HEOOXOIMMOTO
COTJIACOBAHUS YCWJIMTENS W HAarpy3ku, MPUYEM H3BECTHO, YTO MaKCHUMaJIbHAas MOIIHOCTh B

4
Harpys3ky otmaercs npu Rg,,=R',. Orcroma onpemennM ontumansHoe 3HaueHne KodQdHIHeHTa
Tpanchopmanuu:
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TpancdopmaTopHbIe YCHIHUTEIH MOIIHOCTH

PaccMOTpUM OJTHOTAKTHBIN YCUIIUTENb MOILHOCTH, B KOTOPOM TpaHC(OPMATOp BKIIOUEH
o cxeme ¢ O3 (puc. 22.6).
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Puc. 22.6. TpanchopMaTtopHbIid YCHIUTETH MOIITHOCTH

Tpanchopmaroper TP; u TP, npeaHa3Hau€Hbl Il COTJIACOBAHHSI HAarpy3KH U BBIXOJHOTO
COIIPOTHBIICHHUSI YCUJIUTENSI U BXOJAHOTO CONPOTUBIIEHUS YCUIIMTEIS C COIPOTUBICHUEM UCTOYHUKA
BXOJHOT'O CUTHAJIa COOTBETCTBEHHO.

Onementsl R u D obecrnieunBaloT HaydallbHBIM pexXUM pabOThI TpaH3UCTOpPA, a 3ieMeHT C
YBEJIMYMBAECT IIEPEMEHHYIO COCTABIIOILYIO, ITOCTYIAOIIYIO Ha TPaH3UCTOp 7.

MOoIIHOCTD, TOTpedIIseMas yCHIMTEIEM OT HCTOYHUKA muTaHus P nomp:EK L.
CnenoBarenbHo, KIIJI ycunurens

I10TP

Hns  wpeansHoro ycwiutens Tteoperudyeckuit KIIJ  ycunurens Nrgop = 0,5

Peanbusriii xe KIIT  Nppar = 0)3 - 0,35 .

PaccMoTpuM NIBYXTaKTHBIM yCHJINTENb MOIIHOCTU (puc. 22.7). TpaH3UCTOpPBI MOTYT OBITH
BKJIFOYEHBI 110 cxeme o ¢ O3 (puc. 22.7,a), nubdo ¢ Ob (puc. 22.7,6).

O6e cxeMbl MOTYT paboTaTh B pexuMe knacca B (pesucropst Ry um R, obecrmeunBaror
COOTBETCTBYIOILIUN HaYaJIbHBIM peXXUM pabOThl TPAH3UCTOPOB).
JIByXTaKTHBI yCHJINTENb MOXKHO pacCcMaTpHBaTh Kak JIBE HE3aBUCHMBIE CXEMBI,
paboTaroliye noouepeiHo, Kak/asi B TeUeHUE MoIynepruoa BXOAHOro curnaia (puc. 22.8).
Cpemumii TOK (IOCTOSIHHAs COCTAaBIISIONIAsl) KAaKIOTO M3 TPAH3HCTOPOB C YUETOM

o6parroro Toxa 1,

1

Il =1, ,=—1I_+1I,
T .

cp cpp 2
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Puc. 22.7. JIByXTakTHbIA YCUIIUTEIb MOIIIHOCTH
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Puc. 22.8. BpeMeHHbIE 1uarpaMMBbl IBYXTaKTHOI'O yCHIIMTEN Kiacca B
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KoadpunmenT none3Horo aelcTBUs ABYXTAKTHOTO YCHIJIUTENSI MOLTHOCTH Kiiacca B

77_ PH T UKm'IKm 77
= —_ = . P
PHOTP 4 EK']l

Jlns upeansroro yemmurensi Uy = Eg, I, = 1, Nwp = 1, a cueposarensHo,

T
teopetnueckuii KITJ "reop = Z ~ 0,78 . Peanwnsrii xe KIIJ] coctaBnser 0,6+0,7.

becrpancopmaropHbie YCHIUTEIN MOUIHOCTH

B Hactosiiee Bpemsi HaumOosiblliee pacHpoCTpaHEHUE HaxoIAT OecTpaHchopmaTopHbIE
YCUIIUTECIIN MOIIHOCTH. PaCCMOTpI/IM I[BYXTaKTHLIfI YCUIIMTCIIb MOIIHOCTH Ha 6I/IHOJ'I$IpHI)IX
TPAH3UCTOpPAX Pa3IMYHOTO THMA MPOBOJUMOCTU (KOMIUIEMEHTApHbI 3MHUTTEPHBIH MOBTOPHUTEID,
YCUJIUTENb C JOMOJHUTENbHON cuMmmerpueil) (puc. 22.9). Tpansucropsl ycuiutens padoTarT B
pexume kimacca B. I[lpm nocTylieHMM Ha BXOJ YCHJIMTENS MOJOXUTEIbHOW MOJYBOJIHBI

HanpspKeHUus Ug, Tpansuctop T; paboTaeT B peXMMe YCHJIEHHUS, a TpaH3ucTop Tr — B pexume
oTceuku. [Ipyu nocrymieHnn oTpuaTeaIbHON MOIYBOJIHBI TPAH3UCTOPBI MEHSIOTCS POJISIMU.

Puc. 11.9. bectpancdopmaTopHblil ABYXTaKTHBIN YCUIUTEIb MOIIHOCTH

MakcuMalTtbHO BO3MOKHAS MOIIHOCTb HArpy3Ku ONpECACIACTCA BbIPAKCHUCM
2

u,) 1  E?
P ==

H.Makc ) = .
J2) R, 2-R,
[Ipy MakcuMallbHOM MOIIHOCTU HAarpy3Kd YCWJIMTEIb HOTPEOIseT OT HCTOYHUKOB
IIATAHWS] MOIITHOCTb, ONIPEAEISIEMYIO BEIPAKEHUEM

_2-E°

nomp.maxkc R

H

Orcroga mojiy4aeM MaKCHUMaJbHO BO3MOXHBIA KOA(PQPHUIMEHT IMOJIE3HOTO JeHCTBUS
YCUIIUTEIS
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Jist  yMeHbINIEHUST HENIMHEHHBIX HCKOKEHUH 00€CleunBalOT HEKOTOPOE HavdalbHOE
CMEIIEeHNEe Ha BXOJaX TPAH3UCTOPOB U TEM CaMbIM NEPEBOIAT X B pexkuM kinacca AB (puc. 22.10).
[Ipu 3TOM K03(p(PULIMEHT 0JIE3HOTO AEUCTBUS HECKOJIBKO YMEHbILIAETCSI.

PaccMoTpuM ABYXTAaKTHBIA YCHJIMTEIh MOUIHOCTH C ONEPALIMOHHBIM YCUIIMTENEM (pHC.
22.11). B cxeme ucnosib30oBaHa oOmias oTpuLaTtesbHas obOpaTHast cBsi3b (pe3uctopel Ry u Ry),
oXBaThIBarollas o0a Kackajga (Ha ONEpalMOHHOM YCUJIMTENIE U Ha OUIOJIAPHBIX TPAH3UCTOPAX),
Onmarojgapsi KOTOpOH cxeMa CO3/JaeT HAacTOJIbKO MaJible HEJTMHEHHbIE MCKaKEHUs, YTO 4acTo He
TpeOyeT TOTOJHUTENbHBIX LeNel cMeleHus 171 Kackaaa Ha Tpansucrtopax T u Ts.

Puc. 22.10. JIByxTakTHBIN ycunurtens AB-kiacca

— +
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Puc. 22.11. JIByXTaKTHBIH YCHJIMTEIb MOLIHOCTH C ONEPALIMOHHBIM YCHIIUTEIIEM

TocKoNbKy HanmpsKeHHe Ha Harpyske K, mpuMepHo paBHO HanpspkeHHIo Ha BEIXozae OV,
TO MOUIHOCTb Ha BBIXO/JIE BCEr0 YCHIJIUTENS OTPAaHUYUBAETCS BBIXOAHBIM HamnpshkeHrueMm OY.
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23. DJIeKTpOHHbIE PUIbTPHI

OWIbTPOM Ha3bIBAIOT YCTPOMCTBO, KOTOpOEe Imepenaer (IpoIycKaeT) CHHYCOMJAIbHbIE
CUTHAJIBl B OJHOM OIPEAEJICHHOM JMalia3oHe 4yacToT (B IOJIOCE MPONYCKAHUS) M HE IepenaeT
(3agepKMBaeT) UX B OCTaJIbHOM JMama3oHe dYacToT (B moJjoce 3aiepkuBaHus). OUIbTpbl
UCIOJIb3YIOT JUIsl TepeJjaud HE TOJIbKO CHHYCOMJAIbHBIX CHTHAJIOB, HO, OINpPEAENsAs IOJIOCHI
MIPOITYCKaHUS U 331€p>KUBAHUS, OPUEHTUPYIOTCSI KIMEHHO Ha CUHYCOUJAJIbHBIE CUTHAJBL. 3HAasl, KaKk
¢uIbTp mepenaeT CUHYCOWJAIbHbIE CUTHAJbI, OOBIYHO JOCTATOYHO JIETKO ONPENENINUTh, KaK OH
OyZeT nepenaBaTh CUTHAJIBI U IPYroi GOpMBI.

B ycrpoiicTBax 31€KTpOHUKH, IMIUPOKO UCHOIB3YIOMINX (PUIBTPBI, Pa3InyatoT aHaJOrOBbIE U
uugppossle GUIbTPHl. B aHanmoroBeix (uiubTpax oOpabaTbiBaeMble CHUTHAJIBI HE MpeoOpa3yloT B
uugppoyto popmy, a B uudpoBeix ¢puibTpax mnepea 00pabOTKOM CUTHAIOB OCYIIECTBISAIOT TaKoe
npeoOpa3oBaHHUe.

Amnanorosble (QUIBTPHl CTPOAT HA OCHOBE KAaK IaCCUBHBIX JJIEMEHTOB (KOHJIEHCATOPOB,
KaTylleK HWHAYKTUBHOCTH, pPE3UCTOPOB), TaK W AaKTUBHBIX JJIEMEHTOB (TpPaH3UCTOPOB,
ONEpalMOHHbIX ycuiutTenei). s aHanoroBod QuIbTpaluy HIMPOKO HCHOJB3YIOT TaKKe
AJIEKTpOMEXaHUYECKHE (DUIBTPBI: MbE30UIEKTPUUYECKHE U MEXaHHuYecKue. B mbe30anekTpuyecKkux
¢uIbTpax UCMHOJB3YIOT €CTECTBEHHBIM U MCKYCCTBEHHBIN KBapI], a TaKKe Mbe30kepaMuky. OCHOBY
MEXaHUYECKOTO (PUIbTPa COCTABISET TO WJIM HMHOE MEXAaHUYECKOE YCTPONUCTBO.

Baxxno pasznuuarh TpeOoBaHus, NpeabsBiseMble K GUIbTpaM CHIOBON M MH(QOpPMATHUBHON
(MHpOpMATMOHHON) AMEKTPOHUKU. DUIBTPHI CUJIOBON 3JIEKTPOHUKH JOJDKHBI UMETh KaK MOKHO
Oonpmuit KOAPPUIIMEHT TOoJIe3HOTO neicTBHs. [l HUX OYeHb BaKHOW SIBIAETCS Mpoliema
YMEHbBIIIEHUS TabapUTHBIX pa3MepoB. Takue (QUIbTPHI CTPOSATCS HA OCHOBE TOJIBKO IMACCHBHBIX
aneMeHToB. K  QuubTpam CHIOBON 3JIEKTPOHUKM OTHOCATCS  CrJIaKMBAIOIIUE  (QUIBTPHI
BBIIIPSIMUTENIEH, TPOXOIHBIE (PUIBTPHI CUIIOBBIX TPAHC(HOPMATOPOB U T. 1.

OwibTpel MHPOPMATUBHOW DSJIEKTPOHUMKHM Yalle pa3padaThiBalOT MpPH HUCIOJB30BAHUU
AKTUBHBIX JIEMEHTOB. [Ipy 3TOM IIHUPOKO KCIOJIBL3YIOT ONEPAIUOHHBIE YCHIIUTENH.

OWIbTPBI, COJAEPIKALUE AKTUBHBIE 3JEMEHTHI, Ha3bIBAalOT AKTUBHBIMH. B cOBpeMeHHBIX
KOHCTPYKUUSAX (HIBTPOB OOBIYHO HE MCIMOJIB3YIOT KATYIIKH MHJIYKTUBHOCTH M3-3a UX OOJIBLIMX
rabapuTOB U BBICOKON TPYHOEMKOCTH M3roToBiieHUs. [lo3TOMy akTUBHBIE (QUIBTPHI MOTYT OBITH
U3rOTOBJIEHBl C MPUMEHEHMEM TEXHOJOTMU HHTErpalibHbIX MUKpocxeM. Hepenko akTuBHbIE
GuIbTPHl OKa3bIBAIOTCS JELIEBJIE COOTBETCTBYIOIIMX (MIBTpAX HA IACCUBHBIX 3JEMEHTaX U
3aHMMAIOT MEHbLINE 00bEeMbl. AKTUBHbBIE (PUIBTPHI CIIOCOOHBI YCHUIMBATh CHUTHAJ, JIEKAIIUA B
oJioce NMpomyckaHus. Bo MHOruX ciydasix uX JOCTaTOYHO JIETKO HACTPOUTb.

K HenocraTkaM akTHBHBIX (PUIIBTPOB MOKHO OTHECTH:

®  ICIIOJIb30BAaHUE UCTOYHUKA MUTAHUS;
® HEBO3MOXHOCTb pabOThl HAa TAaKMX BBICOKMX YacTOTaX, Ha KOTOPBIX HCIOJIb3yeMble
OTEpallMOHHbIE YCHIIUTENH YK€ HE CIOCOOHBI YCUIINBATh CUTHAJ.

Knaccupuxkanusa GuiabTpoB 1o BUAY UX aMIVIMTYTHO-4YACTOTHBIX
XapaKTePUCTUK

Qunempel nuxcuux wacmom. Jns GunbtpoB HwKHUX yacToT (OHY) xapakrepHo To, uTO
BXOJIHbI€ CUT'HAJIbl HU3KUX YACTOT, HAUMHAs C MOCTOSHHBIX CUTHAJIOB, MEPEAAIOTCS Ha BBIXOJ, a
CUT'HAJIBI BBICOKMX 4acTOT 3ajepxuBarorcs. Ha puc. 23.1,a nmoka3ana xapakTepuCTHKA UIEATBHOTO
(He peanm3zyemMoro Ha TMpakTHKe) (QWIbTpa (€€ HWHOT/AA HA3BIBAIOT XApPaKTEPUCTUKOW THUIIA
«KMpIIUYHas cTeHa»). Ha apyrux pucyHkax npeacTaBieHbl XapaKTEPUCTUKU pealibHbIX (PUIBTPOB.
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Puc. 23.1. AMIUTUTYIHO-4ACTOTHBIE XapaKTepUCTHKU (PHUIIBTPOB HIXKHUX YaCTOT

ITosoca mpomyckaHusl JIEKHUT B IpeAenax OT HYJIEBOM YacTOThl JI0 4YacTOThl cpe3a (V.

OOBIYHO YACTOTYy Cpe3a OMPENEISIIOT KaK 4acTOTy, Ha KoTopoi BennuuHa A() pasua 0,707 ot
MaKCHMAaJIbHOTO 3HAUYEHHUS (T. €. MEHbIIIE MAaKCUMaJIbHOTO 3HauUeHus Ha 3 05b).

[Tonoca 3anepxkuBaHus (MOJABJICHUS) HAYMHAETCAd OT YACTOThl 3aJepKUBaHUS (U; U
IIPOJOIIKAeTCd 1O OECKOHEYHOCTH. B psje cilydaeB 4acTOTy 3aJep:KUBaHUS OINPENENSIOT Kak

4acTOTYy, HAa KOTOPOH BenmnurnHa A(()) MEHbIIIE MaKCUMaIbHOTO 3HaueHus Ha 40 05 (T. €. MEHbIIIE B
100 pa3).

Mexay moJiocaMy TPOITyCKaHUs W 3aJE€PKUBAHUS Y PEATbHBIX (DUIBTPOB PACIIOIOKEHA
nepexo/iHas moJsioca. Y uaeaqbHOro GuibTpa nepexoHas yacToTa OTCYTCTBYET.

Qunvmpol eepxHux wacmom. OUIBTP BEPXHUX YACTOT XapAKTEPEH TEM, YTO OH IIPOITYCKAET
CUTHAJIBl BEPXHUX U 33/ICPKUBACT CUTHAJIBI HIDKHUX YacTOT.

Ha puc. 23.2,a npuBeaeHa naeanbHas (Hepeanu3yemas) aMITU Ty THO-9aCTOTHAS

XapaKTepHUCTHKA (GUIbTPA HUKHUX YACTOT, a Ha puc. 23.2,6 — 07HAa U3 TUIIMYHBIX peasibHBIX. Uepes

W, 1 (V; 0003HAYCHBI YACTOTHI CPE3a U 3aJICP)KUBAHUS.

A(w) A(w)

3 > >
d @, ()] d @, ®, ®
a 6
Puc. 23.2. AMIUIUTYTHO-4aCTOTHBIE XapaKTEPUCTUKU (UIBTPOB BEPXHUX YACTOT

Ilonocoevie @uavmpor (nonocno-nponyckarwugue). IlonocoBoit (GuIbTp TPOITyCKaeT
CUTHAJIBI OJHOM TMOJIOCHI YAaCTOT, PACIOJIOKEHHOM B HEKOTOPOHW BHYTPEHHEW YacTH OCH YaCTOT.
CurHaisl ¢ YaCTOTaMU BHE 3TOH MOJI0CHl PUIBTP 3aJ1€p>KUBAET.

Ha puc. 233,a IIPUBEJICHA aMIUIMTYIHO-4ACTOTHAsI XapaKTEPUCTHUKA HJICaJIbHOIO
(HepeanuszyeMoro) GpuiabTpa U OJHA W3 TUMUYHBIX peaTbHbIX XapakTepucTuk (puc. 23.3,0). UYepes

142



W, u .y 0003HAYECHBI JBE YACTOTHI Cpe3a, (W) — cpenusas vactota. OHa omnpeaensercs

BBIPAKEHUEM
a)O = \/a)cl 'a)c2 .
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Puc. 23.3. AMIUIUTYIHO-4aCTOTHBIE XapaKTEPUCTUKHU M0JIOCOBOTO (PUIbTPa
a-nacajibHasd XapaKTCPUCTUKA, 6—peaJIBHa$I XapaKTCPUCTHKA

Pesicekmopuvie  uavmpot  (nonocuno-zazpaxcoarujue). PexexkTopHbIe (QUIBTPHl  HE
MPOIYCKAIOT (3a/€pP>KUBAIOT) CUTHAJIBI, JIEKallie B HEKOTOPOM IMO0JIOCE YacTOT, U IPOMYCKarOT
CUTHAJIBI C APYTUMHU YaCTOTaMH.

AMIUTUTYTHO-4aCTOTHAsI ~ XapaKTepUCTUKA HUAcalbHOro  (HepeanuzyeMoro)  (QuibTpa
npuBeaeHa Ha puc. 23.4,a. Ha puc. 12.4,6 noka3aHa oJHa U3 TUIIMYHBIX PEAIbHBIX XapaKTEPUCTHUK.

A(w)4 Aw) 4

> i >
0 mcl (l)cz () 0 mc:l (')cz ()

Puc. 23.4. AMIUIMTY/IHO-YaCTOTHBIE XapPAKTEPUCTUKU PEIKEKTOPHOTO (PUIIBTPa

Bcenponyckaowue gunvmpor (pazoevie roppekmopwt). It QUIBTPHI MPOIYCKAIOT
CUTHaJIBI JIF00OH vacToThl. Takue (uiIbTPhl UCHONB3YIOTCS B HEKOTOPBIX MEKTPOHHBIX CHUCTEMAax
Ui TOTO, 4YTOOBI M3MEHUTh C TOM WJIM WHOM 1enbio (a30dyacTOTHYIO XapaKTEpUCTHKY BCe

cuctemsl (puc. 23.5).
A(w) A

0 &

Puc. 12.5. AMIUIMTY/IHO-4aCTOTHAs XapaKTEPUCTUKa BCEITPOITYCKAIOMIET0 hUIbTpa
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Kaaccudpukanus GpuiabTpoB 1o nepesaTo4HbIM QyHKIUAM

PaccmoTpuMm 3Ty Kiaccudukanuio Ha npuMepe QUIBTPOB HU3KOM yacToThl. Ha mpakTtuke
LIMPOKO MCIIONB3YIOTCS (UIBTPBI, OTINYAIOIINECS XapaKTEPHBIMU OCOOEHHOCTSMU aMIUIUTYIHO-

YaCTOTHBIX XapakTepucTuK. D10 ¢uiabTpbl barrepBopra, UeObieBa, beccens (Tomcona) (puc.
23.6).

A(w) 4
Ounep Yebbimnépa

10
Ounetp barrepBopra

Ounetp beccens

| »
0 100 200 300 fp

Puc. 12.6. AMIUIUTYTHO-4aCTOTHBIE XapaKTEPUCTUKU (QUIBTPOB

Owibtpel  barTepBopTa XapakTepusyroTcsi HauOoJiee IIOCKOHW aMILTUTYAHO-4aCTOTHOM
XapaKTEepUCTUKON B I0JIOCE MPOIyCKaHUsA. OTO UX JAOCTOMHCTBO. Ho B mepexogHoil mosoce
YKa3aHHBIC XapaKTEPUCTUKH CHANAIOT IUIABHO, HEJOCTATOYHO PE3KO.

OuibTpsl YebbllieBa OTINYAI0TCA PE3KUM CIAJ0M aMIUIUTYIHO-YAaCTOTHBIX XapaKTEPUCTHK B
IIEPEXO0THOM T0JIOCE, HO B MOJIOCE MPOIYCKAHUSA ITH XapaKTEPUCTUKH HE SBISIOTCS IUIOCKUMHU.

OuibTpsl beccens XxapakTepusyloTcs O4YeHb MOJIOTUM YYacTKaMU aMIUIUTYIHO-YaCTOTHBIX
XapaKTEepUCTHUK B MEPEXOJHOM moJioce, eule Oosee mojaorumu, yeM y punstpos barrepopra. Ux
($a304acTOTHBIE XAPAKTEPUCTUKH JIOCTATOYHO OJIM3KM K HJICAIbHBIM, COOTBETCTBYIOLIUM
MIOCTOSIHHOMY BPEMEHHM 3aMeJICHUs], I09TOMY Takue (QUIbTPbl Maj0 UCKaXaloT (GOpMY BXOIHOTO
CUTHaJIa, COAEPKAIIETO HECKOJIbKO FAPMOHHK.

AKTHBHBIE PUIbTPHI

[IpuBeneM B KkadecTBe INpHUMeEpa ABE cXeMbl (pUIbTpPOB BTOporo mopsaka. Cxema ¢uiabTpa
HIOKHUX 4YacTOT NpuBereHa Ha puc. 23.7. MOXHO OTMETUTb, YTO Ha HM3KUX dYacToTax (M Ha
MIOCTOSIHHOM TOK€) (DUIbTp UMeeT KO3PPUIMEHT yCUJIEHHs, KOTOPBIA OMUCHIBACTCS CIEIYIOIIUM
BBIPAKEHUEM:!

(K-1)-R
K=14+—-——

b

rae K — Benmuuuna, ompeaenstomas conpotusieHne B 1enu ooparHoi cBszu (K-1)'R (puc.
23.7).
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Puc. 23.7. AKTUBHBII QUIBTP HUKHUX YaCTOT

[IpuBeieHHOE BBIpAXKEHHE COOTBETCTBYET HEHWHBEPTUPYIOMIEMY ycwiuTeno. [lpu
VBEJIMUYEHUU YaCTOTHI BXOJHOTO CHTHAJIA HANpPSHKEHUE HA BBIXOJIC YMEHBIIACTCS BO-TICPBBIX, B
CBSI3M C YMCHBIICHHUEM HAMPSOKCHUs HA HEWMHBEPTHUpYIOHIEM BXoje (T.e. Ha emkoctu C;) m3-3a
YMEHBIIICHUS MOJYJs KOMIUICKCHOTO compoTHBieHUsT eMKocTH C,. Bo-BTOpBIX, yMEHBIIaeTCs

HAITPSXKCHUC ua H3-3a TOro, 4YTO MOJAYJb KOMIIJICKCHOTO COIPOTUBJICHHUA CMKOCTHU C]
YMCHBIIACTCA U 4YCPE3 3Ty €MKOCTb C BbIXOJAa YCHIIHWTCIIA B TOYKY «a» IMOAACTCA TOK, KOTOpBIﬁ

3HAYUTENIBHO CABHUHYT M0 ()a3e OTHOCUTEIILHO HANPSIKEHUS U gy.

@uibTp BEPXHHX 4YacTOT IpeacraBlieH Ha puc. 23.8. Ha BbICOKMX dYacTOTax
koaurment ycunenus ¢uibtpa paseH K. B 3aBucumocTu ot nmapamerpoB pesuctopoB Ry u Ry u
konaeHcaropoB C;u C, cxema peanusyet punsTpsl barrepsopra, YUeOniesa minu beccens.

R,

C C, LI
O—H—l—‘ >
R

“exl B u
1 , il o
(‘IIE:-II)-R

Puc. 23.8. AKTUBHBII QUIBTP BEPXHUX YAaCTOT

Kpamkaa  xapakmepucmuka  aKmueHvlX  (Quibmpoe Ha  NePeKIOYAeMbIX
KoHOencamopax. 1lepexntouaemMbliil KOHIEHCATOP — 3TO CBOETr0 poja A03aTop, MEPEAAIIUNA CTPOrO
OTIpENICICHHBIC 3apsiibl W3 OJHOW DIEKTPUYECKOW Ienmd B JPYrylo. YIPOIICHHAas CXema,
NosiICHSOLIass paboTy MEpeKIYaeMoro KoHAeHcaTopa, npeacrasieHa puc. 23.9. Kiroun S; u S
paboTtaroT B mpoTuBO(aze, T.e. Korjaa KIrd S| 3aMKHYT, K04 Sy pa3oMKHYT, U HaoOopoT. Tlocne

3aMBIKAHUS KJII0Ya S; KOHJIEHCATOP HAKAIUIUBAaeT 3apsia Ugy' C, Mojy4yass €ro OT HMCTOYHHKA
BXOoAHOTO HampspbkeHus. [locie 3aMpikanms Kiouda S; KOHACHCATOpP OTAAeT yKa3aHHBINA 3apsia B
LE€Mb ATOTO KIII0Ya.
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Puc. 23.9. AkTuBHBII QUIBTP HA NEPEKITIOYaEMbIX KOHEHCATOPax

Uewm game OynyT MEpeKIOuaThCsl KIIFOYHM, TeM OOJBIINI 3apsii B €IUHUILY BpeMEHHU Oyner
neperaBaTbCs B YyKa3aHHYIO Ilelb, T.€. TeM OoJblie OyAeT cpenHee 3HaueHue Toka [.

Hcromp30BaHme TEPeKIIouaeMoro KOHAEHCAToOpa TI03BOJIAET M3MEHATh CpefHee 3HAaueHHe TOoKa I
MyT€M M3MEHEHHMsI YaCTOThI MEepeKItoYeHus. B 3ToM pexxumMe nepexioyaeMblil KOHIEHCATOp UTPaeT
POJIb PE3UCTOPA C PETYIUPYEMBIM COIIPOTUBICHUEM.
AXTUBHBIE QWIBTPBI HA NEPEKIIOYAEMBIX KOHJIEHCATOPaX UMEIOT CIIEAYIONINEe JOCTOMHCTBA,
MIO3BOJISIFOIIME JJOCTATOUHO YacTO MCIOJIb30BaTh UX HA MPAKTUKE:
® OHH JIOCTaTOYHO JIEUIEBBIEC, TaK KaK MpPHU MX MU3FOTOBJICHUM HUCIOJB3YETCS OTHOCHUTEIBHO
IpocTas TEXHOJIOTHS;
® X JIETKO IepecTpauBaTh HA JAPYIME€ 4YacTOThHI, VIS YEro JOCTATOYHO HU3MEHSTh YacTOTY
MEPEKITIOUEHUS.

146



24. I'enepaTopbl rapMOHMYECKHX CHTHAJIOB

I'eHeparopoM TIapMOHMYECKUX KOJEOaHMIl Ha3bIBAIOT  YCTPOWCTBO, CO3JAOIIEe
[IEPEMEHHOE CHUHYCOUJAIBHOE HaIpsDKEHUE IPU OTCYTCTBUM BXOJHBIX CUTHaNOB. ['eHepatop
npeoOpasyeT IHEPru0 UCTOUYHUKA [MOCTOSHHOTO HAMpPSKEHUS B SHEPrUIO0 EPEMEHHOTO BXOJIHOTO
CUTHAJIa.

PaznnuatoT n1Ba pexxuma Bo30yXACHUS reHepaTopa: caMoBO30YXIeHUE (MITKUI pexXUM) U C
BHEIIHUM HayaJbHBIM CUTHAJIOM (’KECTKHUI pexXHM).

RC-2enepamoput ¢ mocmom Buna. Moctom BruHa 00bIYHO Ha3bIBAIOT CXEMY, IPUBEICHHYIO

Ha puc. 24.1.
S,
o

C R R2=%

Puc. 24.1. Moct Buna

[Ipu gacToTe BXOJHOTO CUTHAJIA, PABHOM PE30HAHCHOW 4acTOTe f(), HaIIpsKEHUE Ha BBIXOJE

Ug,x PaBHO HyIIO0 (TIpM HEHYJEBOM BXOJHOM HampsiKeHUU Ug). Pe3oHaHcHas wacTtoTa
ONIPEAEIISETCSA BhIPAKECHUEM

1
" 27RC

B peanbHbIX cxeMax IeHepaTopoB i MOJJIEpPKAaHUs KoJieOaHU HeoOXOauMO, YTOOBl Ha

o

4acToTe KOoJeOaHUW HaNpsHKeHUE Ug,, HECKOJIBKO OTIMYaiach oT Hynsd. [losTomy pearbHO MOCT
paboTaeT ¢ HEeKOTOPBIM paccoTiiacOBaHWEM, KOTJia OTHOIIEHHE compoTuBiieHuid Ri/R, Heckompko
oTyimuaercs ot 2 (6onee Touno Ri/Ry>2).

CxeMma reneparopa Ha ONEPAIMOHHOM YCHUJIUTENE C OYEHb MPOCTON CXEeMOM aBTOMATHYECKON
CTAOMJIM3AIMK  aAMILUTUTY/IbI, KOTOPYIO OOECMeYMBAIOT JWUOJbI, TpEeICcTaBiieHa Ha puc. 24.2.
[IyHKTHpOM TIOKa3aH YCWJIUTENb, MpeacTaBsfoluii u3 cedbs OV, oXBaueHHBIM LEMbIO
oTpurarenbHoi 00patHoi cBs3bi0 (OOC) u umeromuii K03UIUEHT YCUICHUS K. C nomomso

gacrorro-3aBucnmoit R C-nernu (ynmpouteHHsiii MocT BHHA) STOT YCHINTENh OXBAYCH LEMBIO
MIOJIOKUTEILHOW 00paTHON CBA3M.
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Puc. 24.2. I'eneparop Ha OV ¢ mocTtoM BuHa u cTabuian3aTopoM aMILIUTYAbI Ha AUOAaX

Ha wuacrote f() ko3¢ ¢uLKeHT nepeaayu ympolieHHoro Mocta Buna B=1/3. s
coOroieHus yCoBus Oaanca aMImuty Heooxoaumo, utoosl K f>1, T.e. Rj+R,>2R;.
[Ipu npakTHyecKOM MPUMEHEHHUH [10J00HBIX T€HEPATOPOB HArPY3Ky YacTO KeIaTeIbHO
MOAKIIIOYATh Yepe3 JOMOJIHUTEIbHBIA Oy(epHbIN yCUTUTEIbHbBIN KacKasl.

Kesapuesvie cenepamopwsi. OCHOBOI TEHEPAaTOPOB COCTABIIIOT KBapILEBBIE PE30HATOPHI.
KBapreBslii TeHepatop — 9TO IUIACTWHKA KBapIla, 3aKpeIUICHHAs OIpENeNIeHHBIM 00pa3oM B
KBapIieiepKaTese ¥ MpeACTaBIsomas co00i AIIEKTPOMEXaHHUECKYI0 KOJICOATEIbHYIO CHCTEMY.
Ot PE30HATOPBI OTHOCATCA K IBE303JICKTPHYCCKHUM OJJICMCHTAM, MPHUHIMII HeﬁCTBHH KOTOPBIX
OCHOBAaH Ha MHCIOJb30BAaHUM NPSIMOro U oOpatHoro mnee3odddekra. [Ipum ananmuze cxembl ¢
KBapIieBbiM pe3oHaTopoMm (puc. 13.3,a) ero ymoOHO 3aMEHUTH IKBHBAJICHTHOW CXeMO#l (puc.

13.3,6).
1l ]I
L

Puc. 13.3. Cxema kBapieBoro pezoHatopa (a) u ero sKBUBajeHTHas cxema (0)

B »KkBUBaJICHTHOM CX€M€ MOrYyT HMMETh MECTO M TNapasulesbHbIM, W IOCIEAOBATEIbHBIN
pe3onanc. Ha mpakTuke ucnosib3yroT 00a Bu1a pe30HaHca.

Ha gacToTe mocieaoBaTeabHOTO pPE€30HaHCa

N
LK 'CK

WDy =
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PE30HATOP UMECT MUHUMAJIBHOC COIIPOTUBJICHUEC RR‘ YacroTa mapaiiCJIbHOI'O p€30HaHCa

1
W, =
CK'CO
P e +C,

B nmmamasone wactor Mexmy (U, ©u (D) pe30HATOp BemeT ceds Kak HEKOoTopas
WHIYKTHBHOCTb.
KBapiieBble pe30HATOPHI XapaKTEPH3YIOTCS BBICOKOW CTAOMIBHOCTBIO M JOOPOTHOCTBHIO

(QK:lO4 + 10°). Vcronb3oBanne KBApIEBBIX PE30HATOPOB MO3BOJSET CHU3HTH OTHOCHTETHHOE
M3MEHEHHE 4aCTOThI TEHEPATOPOB JI0 OYEHb MAJIbIX 3HAYECHUN (10*3 + 1079).

VYnporieHHast cxema KBapleBoro reHepaTopa Ha OCHOBE ONEPALIMOHHOIO YCUITUTEIIS ITPU
WCIIOJIb30BAHNUH TTOCJIEI0BATEIILHOTO pe3oHanca (puc. 24.4).

[
R T o
| 1

Ry

Puc. 24.4. KBapuessiii reneparop ¢ OV c¢ nocieoBaTeabHbIM PE30HAHCOM

Ha gacrtote MOCICA0BATCIIBHOIO pE€30HAHCa B CXEMC UMCECT MCCTO CHJIbHAA IMOJIOXKUTCIIbHAA
o6paTHa${ CBsA3b, YTO U IMOAACPIKUBACT aBTOKOJIcOaHUs.
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25. Bropu4uHble MCTOYHUKH NUTAHUA

Bt OPHUYHBIC HCTOYHHKU IINTaHUuA npeaHa3HAYCHBI JJI MMOJIY4YCHHA HaIIps>KCHUA,
HE0O0X0IMMOTO JIJIs1 HEMOCPEICTBEHHOTO MUTAHUS 3JIEKTPOHHBIX U JJPYTUX YCTPOICTB.
Ha puc. 25.1 npuBeneHa CTpykTypHasi cXxeMa UCTOUHUKA UTaHUs 0e3 npeoOpa3oBaTens
HJaCTOThI.

Ot cetu 50T - -
L sl o i

CrinaxuBaloo- Cra6wm- | K Harpyske
. —P —_—p
LU QUITBTD 3aTop

Puc. 25.1. Tunosas cxema BTOPUYHOTO UCTOYHHUKA ITUTAHUS

Tpanchopmarop npenHasHaueH A TaJbBaHUYECKOW pa3BA3KU MUTAIOIIEH CETH U Harpy3Ku
Y U3MEHEHUS YPOBHS TIEPEMEHHOTO HAIPSDKEHHS.

Breinpsimutens npeoOpa3yeT nepeMeHHOE HalpsHKEHUE B HANpsyKEHUE OJHOM MOJIIPHOCTU
(mynscupyromiee).

CrinaxuBaromuil QUIbTP YMEHBIIACT MyIbCAIMN HAMPSHKCHUH HA BBIXOJIE BHITTPSIMUTEIIS.

Crabunu3atop yMEHbIIAeT W3MEHEHUsT Ha Harpy3ke (CTaOmiu3upyer HampsiKeHue),
BbI3BAaHHbIE M3MEHEHHEM HANpsHKEHUS CEeTH U HW3MEHEHMEM TOKa, MOTPeOIsieMOoro Harpys3Koi.
Hanpsixenue B ceTu 00bIYHO MOKET U3MEHAThCA B quanasone +15...-20 %.

Jlnst ymeHbllieHuss Beca W TabapuToB TpaHcPopMaropa U CriIaXUBAOMIETO (GUIBTPA,
paboTrarouux Ha yactore 50 /7, UCHOJIb3YIOT UCTOUYHUK MHUTAHUS C MpeoOpa3oBaTesieM YacTOThI
(puc. 25.2).

Ot cetu 50T T Craaxu-
—_—p P- 1 g BAJOIIMA
MHTEND 1
¢Gwbtp 1
""" =Ff=r s ccmscrscsescsesessesantee-- v
X Komnseprop ;
X ¢ [Crnaxu-| K narpysxe
- Huseprop— Tpancdop- —> Beinpa- —P Balomuit >
' Martop Murens 2|
' ' | $wnTp 2

Puc. 14.2. CTpykTypHas cxema BTOPUYHOTO UCTOYHUKA MTUTAHUS
C IpeoOpazoBaTesieM YaCTOThI

B ucTouHMKax QJIEKTPONHUTAHMSI TaKOro THUIA HANpsDKEHHE OT CeTU IMOJaeTcs
HEMOCPEJICTBEHHO Ha BBIIPSIMUTENb | U uepe3 criaakuBaroiuid puiabTp 1 MoCTOSHHOE HANpSKEHHUE
MOae€TCs Ha MHBEPTOP, KOTOPBIM BHOBb NpPeoOpa3zyeT MOCTOSHHOE HANpsDKEHHUE B NEPEMEHHOE
MOBBIIIEHHOW YacTOoThl (HecATku kujorepi). Tpancpopmartop, paboTarouiuii Ha MOBBIIIEHHON
4acToTe, UMEeT MEHbIIUE Bec U rabaputbl. Bec u rabaputhl criaxusaroniero GpuiabTpa 2 TaKxe
HE3HAYUTEIIbHBI.
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B Takoii cxeMe HHBEPTOP BBINOJIHAET POJIb CTA0MIN3aTOPa HAMIPSHKEHHUS.

PaCCManI/IBaCMBIe NCTOYHUKU IIUTaHUsA IHUPOKO HCIIOJIB3YIOTCA B COBPEMCHHBIX
YCTpOI)’ICTBaX OJICKTPOHHUKH, B HaCTHOCTU B KOMIIBIOTCPAX. OHu O6J'Ia)IaIOT SHAYUTCIBbHO JIYYIINMU
TEXHUKO-DKOHOMHUYCCKUMHU IIOKA3aTCIAMHU B CpPaBHCHHU C HCTOYHHWKaAMU oe3 Hp606pa3OBaHI/I5[
qaCTOTHI.

PaccMOTpuM OCHOBHBIE 2JIEMEHTHI CTPYKTYPHOM CXEMbI BTOPHUYHOTO UCTOYHHKA ITUTaHUS C
npeoOpazoBaTesieM YaCTOTHI.

OnHoda3zHbIN 0THOMOIYIEPHUOAHBIN BRIIPSIMUTEIND SBIISETCA IPOCTEHIINM U UMEET CXEMY,
IIPUBEJICHHYIO Ha pUC. 25.3,a. B TakoM BBIIPAMUTENE TOK YEpE3 HArpy3Ky IPOTEKAET JULIb B
TE€UEHHUE TOJTYIIEPHO/Ia CETEBOT0 HanpsbKeHus (puc. 25.3,0).

OcHOBHbIE TapaMeTPbl OJHOTIOTYIEPUOAHOTO BBIIPSIMUTEIIS:

® CpCAHCC 3HAYCHUC BbIXOJHOT'O HAITPSHXKCHUA

V2

v, = —Uex ~ 0945 ) Uex , rae U, = 2922 ) UCp 5

cp T 6x

e cpe/Hee 3HaYCHHE TOKa Ha Harpy3Ke BBIIPSIMUTEINS

/I ==
cp ;
RH
e k03D QHUIHMEHT MyIbCAIMi BBIXOIHOTO HAMPSKCHHS
T
e=—=1L57,
2
U 1 uex=Uexm'Sinmt=‘J§‘Uex‘Sin0)t
ax /<
I A N\gr
D \2 \2 >
o >| . Upux \/ 5
l a)lx ]
u u, AN el /T
& R U gix 0 / : 3: 14 N
H 1 B N ot
Us ' H
O 0 »t
a ~Uem fmmmmmms 06p Maxc

Puc. 25.3. OgnononynepuoaHas cxemMa BhIIPSIMHUTEIIS

Takoli BBIIPSIMHUTENTh HAXOJAWT OTPAHUYCHHOE TPHMECHCHHE B  MaJIOMOIIHBIX
ycTpoiictBax. OTpHUIIaTEIbHON YEPTON OTHOTIOYIIEPHOIHOTO BBITIPSIMUTEISI SBJISICTCS] IPOTEKAHNE
MOCTOSIHHOM COCTABJISIONIEN TOKA BO BXOIHOM LIETIH.

Jleyxnoniynepuoonulii  eplnpamumens co CpeoHell MOUKOoU TIPEACTaBIseT CoO0OM
napajuieIbHOE COCJIMHEHHE JBYX OJHOIOIYNEPUOAHBIX BbIIpsiMuteneit (puc. 25.4,a). Jnomsr
CXEMBI MPOBOJIAT TOK MOOYEPETHO, KAXKABINA B Te€UEHHUE ToJryriepuoa (puc. 25.4,0).
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Puc. 25.4. JIByxnorynepruoHbIA BBIIPSIMUTENH CO CPEAHEH TOUKOU

OcHoBHBIE mapaMETpPhbl TAKOTO BBIITPSAMUTEIIA:
® CpCAHEC 3HAYCHUC BLIXOJHOT'O HAITPSXKCHUA

2

U, =2""-U,~09-U,.

T
rae U, — JelcTByrolee 3HAYCHUE HAMPSDKCHHUS KaKIOW TIOJOBHHBI BTOPHUYHOW OOMOTKH,
Up=1,11"Ugp;
_U@
® CpeaHee 3HAUYCHHME TOKA HAa HArpy3Ke BBIIPSMUTENS ~ ¢p R

H
e K0XhUIMEHT MyIbCAIMH BHIXOHOTO HAMPSKEHUS

8=2z057
3 :

JIBYXIIOJIyIIEpUOIHBIN BBIIPSIMUTENb CO CPEIHEH TOYKOM XapaKTepU3yeTcs TOBOJIBHO
BBICOKUMH TEXHMKO-KOHOMMUYECKHMH TIOKa3aTeJIIMM U IIHPOKO HCHOJB3YEeTCS B TEXHHUKE.
Hengocratok — HE0OXOIMMOCTh JBOMHOrO KOJMYEeCTBAa BUTKOB BO BTOPUYHOM OOMOTKE
Tpanchopmaropa.

Oonogaznviit. mocmosoit evinpamumens (puc. 25.5,a) MOXHO CUNTATh MPEACTIOM
COBEpPIICHCTBA OecTpaHCHOPMATOPHBIX BhIMpAMUTENEH. J[noapl B paccMaTpuBaeMoil cxeme
BKJIIOUAIOTCS U BBIKIIOUAlOTCs napamu. OnHa napa — 3T1o auoasl Dy u Dy, a npyras — D3 u Da.
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Puc. 14.5. Ognoda3Hblii MOCTOBOW BBIIPSIMUTEIS

OcHoBHEIE mapaMETphbl TAKOT'O BBIIIPAMUTECIIA:
® CpCAHCC 3HAYCHUC BLIXOJHOT'O HAITPSHXKCHUA

Ucp :2.£.U6x z079'l]6x
T >

rae Uz = 1,11'Ug;
cp

e CpelHee 3HAUYCHHE TOKA Ha Harpy3Ke BBIIPSAMUTENS ~ cp R
H

e K03hUIMEHT MyIbCAIIUi BHIXOIHOTO HAMPSKEHUS

8=2z0,67
3 :

Takolt  BBIIPSIMHUTENb  XapaKTEPU3YeTCS  BBICOKUMH  TEXHHUKO-DKOHOMUYECKHUMU
MOKa3aTeasiIMU U LIMPOKO HCIOJIb3YeTCsl Ha IpakTuke. YacTo Bce yeThlpe MO BBIIPSIMUTENS
[TOMEILAI0T B OJIUH KOPITYC.

Cenasrcugaroujue @uavmpol. BpIIpSIMIEHHOE HaIPsDKEHUE MMEET CYIIECTBEHHbIE
NyJAbCallMd, [O03TOMY IIHPOKO HCHOJB3YIOT CIVIaKMBaroIue (QUIbTPhl —  YCTPOICTBa,
YMEHBIIAONIKE 3TH Mynbcauuu (puc. 25.6). Baxnelmum napameTpoM CriakuBaromiero GpuibTpa
aBIgeTcs KO3((UIUEHT CTIa)KUBaHUA S.

[lo ompenencHuio S—& 1/, npuueM €7 W E)  ONPENeNsiOT Kak KO3 ULHEHTHI
MyJbCaluil Ha BXOJE U BbIX0/1€ (PUIbTPa COOTBETCTBEHHO.
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Puc. 25.6. CrnaxxuBaroiuii eMKOCTHON QHIBTP

[Ipocreiimmm ¢unbTpom siBasieTcs: eMkocTHOU GuibTp (C-dunbrp). Paccmorpum ero padoTy
Ha MpuMepe 0JHO(PAa3HOro OJHONOIYNEPHOIHOr0 BhIIpsMurens (puc. 25.6). EMxoctHO#N dumabTp
MTOIKITIOYAETCS TapaJlIeIbHO Harpy3ke (puc. 25.6,a).

L

8

Puc. 25.7. Cxembl GuABTPOB, IPUMEHSEMBIX B BBIIPSIMUTEISIX

Ha otpe3ke Bpemenw t...t; TUOA OTKPBHIT W KOHAEHcCATOp 3apspkaercs (puc. 25.6,0). Ha
OTPE3KE t2...t3 AWOA 3aKpbIT, HCTOUYHHUK BXOAHOI'O HAIPSAKCHUA OTKIIOYCH OT KOHACHCATOpa U

Harpy3ku. Paspsa koHaeHcaTopa XapakTepu3yeTcs 3KCIOHEHTOM € IOCTOSHHOM BpeMeHn T —

R,,*C. Tok uepes nmox mpoTekaeT TOTBKO 9YaCTh MONMymepHona (OTPEe3oK ti...ty). Uem Kkopoue
OTPE30K t;...ty, TeM OOJIbIIIE aMIUTUTYAA TOKA JHOJa TIPU 3alaHHOM CpeHEeM ToKe Harpy3ku. Ecim
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emxocts C oueHb BemKa, TO OTPE3OK 1 ...ty OKA3BIBACTCS OYCH MANBIM, 4 AMIUTATYA TOKA JHOIA
OYEHb OOJIBIIION, U U0 MOXKET BBIUTH U3 CTPOSL.

Takoil (GUIBTp IIKMPOKO HCHONB3YETCSI B MAJOMOIIHBIX BBIIPSIMHUTENSAX; B MOIIHBIX
BBIIIPSIMUTENSAX OH MCIOJB3YETCS PENKO, TaK KaK PeKUM paboOThl OUOJA M COOTBETCTBYIOIIMX
ANIEKTpUYECKUX Lienel (K mpuMepy, 0OMOTOK TpaHcpopMaTopa) T0OCTATOUHO TSHKEI.

Ha mnpakTthke HCHONB3YIOT Takke cieaytonue ¢GuibTpoB (puc. 25.7): UHAYKTHUBHO-
eMkocTHOW unu ['-oOpasueiit LC-punbtp (a), I'-o0pasusiii RC-punbtp (6), [1-06pa3zusiit LC-
¢unbTp (8), I1-006pazusiit RC-dpunstp (2).

OO6b14HO ['- u [T-00pa3ubie RC-punbTpsl MPUMEHSIOTCS TOJBKO B MAJIOMOIIHBIX CXeMaX, TaK
KaK  OHM MOTPEOJIAIOT 3HAYUTENbHYIO [0JiI0 BHepruu. Ha mnpakTuke B CHJIOBBIX IEMsIX
MPUMEHSIIOTCS ApYyrue, 0oJiee ClokKHble (QUIbTPHI.

Hneepmopwt — 310 YCTpOUCTBA, MpeoOpa3yromue MOCTOSHHBIM TOK B MEPEMEHHBIN (pHC.

25.8), tae wmMmeeT MecTo CcooTHomeHue U.j=U.»=1/2Ugz.. B cxeme YacTo HCHONIB3YIOTCS
AIIEKTPOIUTUIECKHE KOHIEHCATOPHI OOJIBIIION EMKOCTH.

4 G — VT1
CxemMa
C1 '_':l Ucy ylipasJe-
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Puc. 25.8. luBepTop Ha OUIIOJISIPHBIX TPAH3UCTOPaX

TpaH3ucTopsl paboOTAIOT B KIOYCBOM PEKUME: BKIFOYAIOTCS W BBIKIIOYAOTCS TTOOYEPETHO.
Ha BBIXOAC€ CXCMbI BOSHUKACT NICPEMCHHOC HAIIPSIKCHUC.
Ynpaensaemvie evinpamumenu No3BOISAIOT PETYIUPOBATH BBIXOAHOE HampspkeHue. OHU
MTOCTPOEHBI HAa OCHOBE OHOTIOIYIIEPUOAHBIX (HE3aMUPAEMbIX) TUPUCTOPOB (puc. 25.9).

Tpl . Tl g———— r'y

U gy | 3amepXKu Her 3amepXKa ecTh
' dan | Lo /
' } XeM / < 7 ”
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R“ | Hua ‘_.‘ '
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Puc. 25.9. Ognodazueiii AByXmorynepu- Puc. 25.10. Bpemennas quarpamMmma
OJHBIA YIPABISIEMbIN BBIIIPSIMHUTEID

=
'-p‘b

BkiiroueHre THpUCTOPOB MPOM3BOJUTCS C HEKOTOPOH 3a1epxkKKOH fg, (puc. 25.10). Yron
Ogn =@ "lg, — yrom casura no (ase MeXIy HANPsDKCHHEM Ha THPHCTOPE W HMITYJILCAMU

YOpPaBIEHUA. YTONI Olge; HAa3bIBAKOT YIJIOM YIPABJICHUS, KOTOPBIM MOKET U3MEHATHCS B IPEIENIax
ot 0 mo 180°.
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26. uppoBas 1 UMNYJAbCHAS JIEKTPOHUKA

Hmnynocnotit  pesicum  pabomvr u  yugposoe npedocmaenenue npeodopazyemoil
ungopmayuu. VIMynbCHbI peXKUM pabOThl JIEKTPOHHOIO YCTPOMNCTBA XapaKTEPeH pPE3KUMHU
W3MEHEHUSMH TOKOB M HAINpsDKEHUW. VIMITyJIbCHBIM PEXUM LIMPOKO HCIIOJIB3YETCsS B yCTPOMCTBAX
KaK CUJIOBOM, TaK U HTHPOPMATUBHOM FIEKTPOHUKH.

MIynbCHBIN peXUM paboThl YCTPONUCTB MH(GOPMATUBHOM 3JEKTPOHUKH HMEET CIIEAYIOIINe
JIBA BAKHEUIIINX MPEUMYILIECTBA:

® PE3KO MOBBIIIAETCSA OMEXOYCTOMYMBOCTD, TAK KaK U IPU BHICOKOM YPOBHE ITOMEX OOBIYHO
HE BO3HMKAaeT MpPOOJEMbl OTIMYUTH OJIHO COCTOSIHHME CXEMbl OT JpYroro, a HMMEHHO
COCTOSIHAE CXEMBI OIIpeIelIsieT MH(POPMALUIO 0 Ipeo0pa3yeMOM CUTHAJIE;

e uH(OpMaLMs O CUTHAJIE IPOCTHIM M €CTECTBEHHBIM 00pa3oM Mpe/CTaBiseTcsl B HUPPOBOi
(dopme, 4TO MO3BOJSACT HUCIOIB30BaTh OOJIBIIME M BCE BO3PACTAIOLIME BO3MOXKHOCTH
uudpoBoit 00paboTky HHOPMaLUK.

HUmnynvcnovie cuznanwvi. Ocnoénvie mepmunvi. OOpaTuMcs sl OpUMepa K
UJeaTu3upOBAaHHOMY UMITYJIbCY, KOTOPBIN HA3bIBAIOT TpanenenaaabHbeIM (puc. 26.1,a).

u 4
IIpAMOYTONBHBIA TpeyronbHsii
I1anoobpasHulit Konokomoobpa3Hblit
a 7]

Puc. 26.1. Buapl naeanu3upoBaHHBIX UMITYJIECOB

VYyacrok TpaneueujanbHoro umiyiasca AB HasbiBaroT ppoHTOM, yyactok BC — BepimHOH,
yaactok CD — cpe3om, oTpe3ok AD — ocHoBanmem. MHorga ygactok AB Ha3piBaroT mepeaHum
¢ponToM, a yyactok CD — 3anHuM ppoHTOM.

Ha puc. 26.1,6 npuBeneHsl apyrue HaeaaIu3UpOBaHHbIE HMITYJIbChl XapaKTEpHbIX (OpM U
JaHbl UX Ha3BaHMSL.

Bbonee cnoxHblil o popme, MpUOIMKEHHBIN K peabHOMY, BUJ UMIYJIbca IMOKa3aH Ha pUC.
26.2.a.

VY4acTok UMIysbca, COOTBETCTBYIOUINI OTPULIATEILHOMY HANPSKEHUIO, HA3bIBAIOT XBOCTOM
UMITYJIbCa, UJIM OOpPaTHBIM BBIOPOCOM.

JIist BeTM4MH, yKa3aHHBIX Ha PHC. 26.2, 0OBIYHO HUCIIOIB3YIOT CIICAYIONINE Ha3BaHMUS:

1, — JJINTEIbHOCTDh UMITYJIbCA;

t4 — JNIATEIBHOCTh (DPOHTA UMITYJIbCA;
f.— JUTUTEIBHOCTDb Cpe3a UMITYIIbCA;

t,— IUIUTEILHOCTh XBOCTA UMITYJIbCA;
U,, — ammntya (BblcOTa) UMITYJIbCa;
AU — cniajy BepUIMHbI UMITYJIbCA;

Uogp — ammuTyzia 00paTHOTO BBIOpOCA.
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Puc. 15.2. XapakrepHbie napaMeTpbl UMITYJIbCA

[Ipu ompeneneHnu MapaMeTpPOB PEATBHBIX HMITYJIbCOB OOBIYHO HET BO3MOXHOCTH
OJTHO3HAYHO PA3JIENIUTh UMITYJIhC HA XapaKTEPHBIC YYaCTKU, TIOPTOMY B ATHX CIyYasx IapaMeTpbl
UMIYJIBCOB ONPEACISIIOT HMCXOM W3 TeX WM WHBIX JOMylleHWi. Hampumep, AIUTEIHHOCTD
UMITyJIbCa U ()pOHTA UMITYJIbCA YaCTO ONPEAEISAIOT TaK, Kak I0Ka3aHo Ha puc. 26.2,0.

OOpaTumcs K NEpUOAUUECKU TOBTOPSIOLUIMMCS UMITyJIbcaM (puc. 26.3).

u‘.

-~V

0l |duyldn,

Puc. 15.3. Ileproimyecky MOBTOPAIOIMINECS UMITYJIbCHI
B sTOM citydae uCnosb3yroT CleAyoue napaMeTpsl:

T — nepuos nOBTOpEHHS MMITYIIBCOB;

f=1/T - yacrora nosTopenus UMIYJIBCOB;
[,, — INIUTENBHOCTD UMITYIIBCA;

l,, — INNTENBHOCTD T1ay3bI;

O=T /t, — CKBOKHOCTB HMITYIIbCA;

K,=1/ O=t /T — xooddurment 3anonHenms.
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Hugposeoe npeocmaesnenue npeoopazyemoit urngpopmayuu. J1jis undpoBOro mpecTaBICHUS
nH(pOpMaLUK XapaKTEPHO MOJHOE adCTparupoBaHUE OT 0COOEHHOCTEN AIEKTPUUYECKUX IPOLIECCOB
B 3JIEKTPOHHOM CXeMe, BBITIOJHSIONICH 00paboTKy CUTHAJIOB.

B ycrpoiictBax 1iudpoBoii 37IEKTPOHUKHA B OOJBIIMHCTBE CIy4aeB HMCIOJIB3YEeTCS CUTHAIIBI
JIBYX YPOBHEH — BBICOKOTO M HU3KOTO. [Ipu 3TOM 0OBIYHO MMEETCsl B BUIY YPOBHU HANPsDKCHUS, a
He ToKa. BaxkHbIM siBIIsieTCS HE aOCOIOTHBIC 3HAUEHUS aMIUTUTY]l HANPSDKCHUH ISl BBICOKOTO
HU3KOTO YPOBHS, a MX YETKO pas3iuyuMas pa3HocTh. M3o00pa3uMm nuarpammy, MOSCHSIOIIYIO
u3soxeHHoe (puc. 26.4):

119 BIL
5
Z /
4 / N /77, Beicoknii
/‘ / YPOBEHb
3 / o
) 7, r A
1
X A 7 | Huskmi
/ OBEHb
7
BrixonHbie Bxonupie
CHTHAJIBL CHT'HAIIbI

Puc. 26.4. CooTHo1I€HNE BBICOKOTO M HU3KOTO YPOBHSI CUTHAJIOB

Ha sT0i1 nuarpamMMe, cOOTBETCTBYIOIIEH HU(PPOBBIM CXEMaM TPaH3UCTOPHO-TPAH3UCTOPHOM
noruku (TTJI), umeromiell HampspkeHHEe NOUTaHUS 5 B, yKakeM JMAana30Hbl HaNpsDKEHUN s
BXOJIHBIX M BBIXOJIHBIX CUTHAJIOB (3alUTPUXOBAHHbIE IPSIMOYIOJIbHUKH). ITO TaKUE JUana3oHbl, 4TO
CUTHAJI, OKa3aBUINCh B OJHOM U3 HHUX, 0€301INO00YHO KBATU(PUIIMPYETCS KaK CUTHAJ BBICOKOTO WM
HU3KOT'O YpOBHs. BBICOKOMY M HU3KOMY YPOBHIO CUTHAJIOB CTaBATCS B COOTBETCTBUE JIOTHYECKHUE
cocrosiuvsl 1 u 0. Ecii BBICOKOMY YPOBHIO CHUTHAJOB CTaBUTCS B COOTBETCTBHE COCTOsSIHUE |, a
HHU3KOMY — cocTosiHue (0, TO TOBOPAT O TAaK HA3bIBAEMOM IMO3UTUBHOW JIOTMKE. Eciu BbICOKOMY
YPOBHIO COOTBETCTBYET cOoCcTOsiHUE (), @ HU3KOMY — 1, TO TOBOPST O TaK HA3bIBAEMOW HEraTUBHOM
JIOTHKE.

TpaH3uCTOPHBIC KIKYHU

TpaH3uCTOpPHBIN KIIIOY SBISETCS OCHOBHBIM DJIEMEHTOM  yCTPOMCTB  IM(POBOM
AMIEKTPOHUKUA U OYEHb MHOTHX YCTPOWCTB CHJIOBOM 3JIEKTPOHUKH. [lapamMeTpbl 1 XapaKTepuCTUKHI
TPAH3UCTOPHOTO K042 B OYEHb OOJIBIION CTENEHU ONPENEINAI0OT CBOWCTBA COOTBETCTBYIOIIHUX
CXEM.

Knrwouu na ounonapuvix mpanzucmopax. llpocteitimmii Kiro4 Ha OUMIOTISTPHOM TPAH3UCTOPE,
BKJIFOUEHHBIH 110 cXeMe C 00IIKUM SMUTTEPOM, U COOTBETCTBYIOLIAs] BpEMEHHAsI Juarpamma
BXOJIHOTO HalpsKEHUS MPECTaBIIEHbI Ha pucC. 26.5.
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Puc. 26.5. Koy Ha OUIIOISIPHOM TPaH3UCTOPE

PaccMOTpUM paboTy TPaH3UCTOPHOTO KIF0YA B YCTAHOBHBIIHXCS pekuMax. JIo MOMeHTa
BpEeMeHH [; SMHUTTEpHBEIH Mepexoj TPAH3UCTOpa 3amepT M TPAH3HUCTOP HAXOIWTCA B PEKHME
otceukn. B atom pexume I, = —i5= 1, (I,., — 06patHbIi TOK KOILIEKTOPA), I, ~ 0. [Ipr oTOM Ups
RUR=0; Ugy = _UZ; Upr = _EK'

B npomexyTke BpeMeHH [;...[> TpaH3MCTOP OTKPHIT. JljIs TOTO, YTOOBI HANIPSKEHHE Ha

TpaHsucTope U, ObUIO MHHHMaIbHbIM, Hanpspkene (/; 0GBIYHO BBIOMPAIOT TaK, YTOOEI
TPAH3UCTOP HAXOAWUTCS WIH B PEKUME HACHIIICHUS, WIN B TIOTPAaHUYHOM PEXHME, OUCHb OJIM3KIM
K PEKUMY HACHIIICHUSI.

Kntouu na noneevix mpanszucmopax oTINYAIOTCS MajbIM OCTATOYHBIM HamlpsyKEHUEM.
OHU MOryT KOMMYTHUPOBaTh clla0ble CUTHJIbI (B €QUHHUIIBI MHUKPOBOJIBT M MEHBLIE). ITO
CIIEZICTBHE TOTO, YTO BBIXOJIHBIC XapaKTEPUCTHKH MOJIEBBIX TPAH3UCTOPOB IMPOXOAT Yepe3 Havyajo
KOOp/AWHAT.

s mpuMepa M300pa3uM BBIXOJHBIE XapaKTEPUCTUKH TPAH3UCTOPA C YIPABISIOUINM
MEePEX0I0M M KaHaJIOM p-TUlia B 00JIACTH, IPHUJIETAIONICH K Havary KoopauHar (puc. 26.6).

OOpaTuM BHUMaHHE, YTO XapaKTEPUCTHKH B TPEThEM KBAJIPAHTE COOTBETCTBYIOT 3aJaHHBIM
HANPSHKCHUSIM MEXKY 3aTBOPOM U CTOKOM.

B craTtudeckoM COCTOSIHMM KIJIIOY Ha TOJIEBOM TPAH3HCTOPE MOTPEOISET OYSHb MAaJlblii TOK
yrpasieHusi. OTHAKO 3TOT TOK YBEIMYMBACTCS MPU YBEITMYECHUH YACTOTHI NepekiroueHusi. OueHb
00JIbII0€ BXOJIHOE COMPOTUBIICHUE KIIIOUYEH Ha MOJIEBBIX TPAaH3UCTOpaX (pakTHUeCKU 0OecreurnBaeT
ralbBAaHUYECKYIO Pa3BsA3Ky BXOJHBIX W BBIXOJHBIX Ilemeld. DTO TO3BOJSIET OOOHTHCH 0€3
TpaHCc(HOPMATOPOB B IIETISAX YIIPABICHUSI.

Ha puc. 26.7 mnpuBemena cxema mudpoBoro kmoua ©Ha MJII-Tpan3ucrope ¢
WHAYIIUPOBAHHBIM KaHAJIIOM 7-THUTIAa U PE3UCTHBHON HArpy3KOW M COOTBETCTBYIOIIHE BPEMEHHEIC
JHarpaMMBl.
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Puc. 26.7. lludpoBoii K104 Ha TOJIEBOM TPAH3UCTOPE

Ha cxeme wu3o0paxena emkocts Harpyskn (), Momemupyromas eMKOCTb YCTpOMCTB,
MOAKIIIOUEHHBIX K TPaH3UCTOPHOMY Kitouy. OuYeBHIHO, YTO NpPU HYJIEBOM BXOJHOM CHTHaje

tpamsuctop 3amept u Uy = F.. Ecnu HampsokeHnne UBX GOIbINE MOPOrOBOrO HAMPSIKEHHUS

U,. nopoz TPAH3UCTOPA, TO OH OTKPBIBACTCS U HANPSKCHUE Uy yMCHBIIACTCS.

Jlornyeckue 3J1eMEHThI

Jlornyeckuil sneMeHT (JIOTMYECKUH BEHTWIIb) — 3TO DJIEKTPOHHAsl CX€Ma, BBIMOJIHSIOIIAS

HEKOTOPYIO MPOCTEUITYIO JJOTUUYECKYI0 orepanuio. Ha puc. 26.8 npuBeneHbl TpuUMephl YCIOBHBIX
rpaguvecKkux 0003HAUYCHUM HEKOTOPBIX JIOTHYECKUX FJIEMEHTOB.
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Puc. 26.8. Jlornueckue 31eMeHThI

Jlornyeckuil 31€MEHT MOXET ObITh PEaJu30BaH B BUJE OTICIbHON HUHTETPAIBbHOIN CXEMBI.

Yacto HHTCrpajibHas CXeMa COACPIKUT HECCKOJIBKO JIOTUYCCKUX IJICMCHTOB.

Jlornyeckue 31eMEHTHI UCIOJIb3YIOTCS B YCTPONCTBAX IIU(PPOBOM 3JIEKTPOHUKU (JIOTHYECKUX

YCTPOUCTBAX) VISl BBITIOIHEHHUS ITPOCTOTO MPeoOpa3oBaHus JJIOTHUECKUX CUTHAJIOB.

K'Jzaccu(]mkauuﬂ J102UYECKUX ITIEMEHmM06. BuinesioTcs CICAYIOHUEC KJIACChl JIOTHYCCKHUX

3JIEMEHTOB (TaK Ha3bIBAEMBbIE JIOTUKH):

pe3ucropHo-TpaH3ucTopHas joruka (TPJI);

o aHO-TpaH3ucTopHas joruka (ATJI);

TpaH3ucTOpHO-TpaH3ucTopHas joruka (TTJI);

SMUTTEpHO-TpaH3uctopHas joruka (ICJI);

TPaH3UCTOPHO-TpaH3UCTOpHAas Joruka ¢ nuomamu lorTku (TTJILL);

noruka Ha ocHoBe MOII-Tpan3uctopos ¢ kananamu tumna p (p-MI1);

noruka Ha ocHoBe MOII-Tpan3uctopos ¢ kananamu tuna n (n-MI1);

JIOTMKA Ha OCHOBE KoMIuIeMeHTapHbIX Kitouedt Ha MIII-tpan3ucropax (KMAII, KMOII);
HMHTETpaJIbHAsA NHKEKLMOHHAs JIOTHKA W,

JIOTMKA Ha OCHOBE NOJIYIIPOBOJIHUKA U3 apceHu1a rauins GaAs.

B nactosmiee BpeMst HanOosiee MUPOKO UCTIOB3YIoTes cieayromtue joruku: TTJI, TTJILL,
KMOII, OCJI. Jloruueckue 3J1eMeHThI U Jpyrue HupoBble 3JIEKTPOHHBIE YCTPOHCTBA
BBIITYCKaIOTCs B cocTaBe cepuit mukpocxem: TTJI— K155, KM155, K133, KM133; TTJILL — 530,
KP531, KM531, KP1531, 533, K555, Km555, 1533, KP1533; 5CJI - 100, K500, K1500; KMOII —
564, K561, 1564, KP1554; GaAs — K6500.

Haunbonee BaxxHble mapaMeTphl JOTHYECKUX JIIEMEHTOB:

beicTpoAeliCTBHE XapaKTEPU3yETCS BPEMEHEM 3aJCPKKU PACIPOCTPAHEHUS CHUTHANA fy, U
MaKCUMaJbHON pabodeil 4acToTOU Fu. Bpems 3amepXKh TPHUHATO OMPEAesiTh IO
nepenagam ypoBHed 0,5Us; u 0,5AUs,y. MakcumanbHast pabodas yactoTa Flgce — 3TO
4acToTa, MPU KOTOPOH COXpaHsAeTCss pab0TOCIIOCOOHOCTh CXEMBI.

Harpy3souHas ciocoOHOCTb xapakrepusyerca Ko3phuuueHToM 00beAUHEHN 10 BXOAY Koys
(MHOT /A UCTONB3YIOT TEPMUH «KO3(h(GULHUEHT 00beqUHEHHSI IO BbIX0oAY»). Bennunna K5 —
3TO YHUCIO JIOTMYECKHX BXOJOB, BeIW4YMHA K);; — MAKCHMaJIbHOE YHCJIO OJHOTHIIHBIX
JIOTUYECKUX JJIEMEHTOB, KOTOpPbIE MOTYT OBITh TOJKIIOYEHBI K BBIXOAY JaHHOTO
JIOTMYECKOTO 3JIeMEHTa. TUNHMuHble 3HaueHHs UX TakoBbl: Ko5 =2...8, K,,=4...10. na
3JIEMEHTOB C MOBBIIIEHHOM HAarpy304HOi criocoOHOCTHIO K),0:=20...30.
[ToMeXO0yCTOMYMBOCTL B CTAaTUYECKOM DPEXHUME XapakTepusyercss HampsokeHueM U,epm,
KOTOPO€ HA3bIBAETCS  CTATUYECKOW IMOMEXOYCTOWYMBOCTBIO. DTO TaKOE€ MaKCHMAaJIbHO
JONYCTUMOE HAaNpsSHKEHHE CTAaTUYECKOM IOMEXM Ha BXOJE, IPU KOTOPOM €Ile He
MPOUCXOAUT U3MEHECHHUE BBIXOIHBIX YPOBHEHN JJOTHYECKOTO JIEMEHTA.

MomtHocTh, TIOTpeOIsieMas MUKPOCXEMOW OT MCTOYHMKAa MUTaHUs. Ecim 3Ta MOIIHOCTH
pasnuyHa I IBYX JIOTHYECKUX COCTOSIHUM, TO YaCTO YKA3bIBAIOT CPEIHIOI0 MOTPEOIISIEMYIO
MOIIHOCTb JIJI1 3TUX COCTOSHHIA.

Hanpsioxenune nutanus.

BxonHBIE NOPOTOBBIC HANPSDKEHUSA BBICOKOTO M HHU3KOTO YPOBHS Uy 1nopoe B Usx.0nopoes
COOTBETCTBYIOLINE U3MEHEHUIO COCTOSTHUS JIOTUYECKOTO DIIEMEHTA.
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e BpIXoaHbIE HANPSKEHUS BBICOKOTO U HU3KOTO YPOBHEN Ugys U Ugpinp.
Hcnonb3yrores U Apyrue napaMmerpahl.

Ocobennocmu 102u4ecKux INEeMEeHmos pa3nuuHnwlx Jocuk. Jlns KOHKpeTHONl cepuu
MHUKPOCXEM XapaKTEpHO HCIOJIb30BAHUE TUIIOBOTO 3JIEKTPOHHOIO y3j1a — 0a30BOr0 JIOTHYECKOIO
3JIEMEHTA. OTOT 3JIEMEHT SBJIAETCS OCHOBOHM MOCTPOEHUS CaMblX pa3HOOOpa3HBIX IM(POBBIX
AJIEKTPOHHBIX YCTPOMCTB.

bazogviit 3nemenm TTJI conepXUT MHOTOSMUTTEPHBIM TPAH3UCTOP, BBINOJHSAIOMIAN
JIOTHYECKYI0 orepanuto M, u cnoxxusiii uaBEpTOP (pHC. 26.9).

Puc. 26.9. Bazossrii pnement TTJL

Ul

Puc. 26.10. Jlornuecknii anmement TTJILL

Ecnu Ha onuH win o0a BXoJa OJHOBPEMEHHO IMOJAaH HU3KUN YpPOBEHb HAIPSKEHUS, TO
MHOTOAMUTTTEPHBIA TPAH3UCTOP HAXOAUTCA B COCTOSTHUM HACBIIIEHUS U TPaH3UCTOP T, 3aKphIT, a
CJIEIOBATENIbHO, 3aKPBIT U TPAH3UCTOP T4, T. €. HA BbIXOJAE OYJET BHICOKUN YPOBEHb HAIPSHKEHMUSL.
Ecnu Ha 060ux BX0JaX OJHOBPEMEHHO JEHCTBYET BBICOKUN YPOBEHb HANPSXKEHUS, TO TPAH3UCTOP
T, oTKpbIBaeTCs M BXOAMT B PEXKUM HACBIIICHUSA, YTO NPUBOAUT K OTKPHITUIO M HACHIILIEHUIO
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Tpan3ucTtopa T4 u 3anupanuro Tpanzucropa T3, T.e. peanusyercs ¢pynkuusa U-HE. Jlna yBenndenns
obicTposeiicTBus aneMenToB TTJI Mcnonb3yroTcs TpaH3UCTOPHI C JUOJAMU  HWJIM TPaH3UCTOpPaMU
[loTTKH.
ba3zoevtit nocuueckuit 3nemenm TT/II (na npumepe cepuu K555). B xauectBe 06a30BOro
aneMeHTa cepuu MukpocxeMm K555 wucnosib30BaH 37€MEHT
U-HE (puc. 26.10,a), a va puc. 26.10,6 nokazano rpapuieckoe n300paKeHUE TPAH3UCTOpa
[loTTKH.
Tpansuctop VT4 — oObiuHbIA OUNONSAPHBINA TpaH3UCTOP. Eciu 00a BXOAHBIX HANpPSKEHUS

Uge] U Ug> UMEIOT BBICOKHH ypoBeHb, TO Auoabl VD3 u VD4 3akpsitel, Tpansuctopsl VT1, VTS
OTKPBITHl U Ha BBIXOJIE UMEET MECTO HaNpsHKEHUE HU3KOro ypoBHs. Eciiu XxoTs Obl Ha 0JTHOM BXOj1€
MMEETCsl HalpsDKEHWE HU3KOro ypoBHs, TO Tpan3uctopsl VI1 m VTS 3akpeIThl, a TpaH3UCTOPHI
VT3 u VT4 OTKpBITB, U Ha BXOJAE MMEET MECTO HAINpPSHKEHHE HHU3KOTO YpOBHA. MHUKpOCXEMBI
TTJII cepun K555 xapakTepu3yroTcs CIeAyIOMMMH TapaMeTpaMHu:

e HanpspKeHWe nuTaHus +5 B;

® BBIXOJHOE HaNPsLKEHUE HU3KOro ypoBHs He Oouiee 0,4 B;

® BBIXOJHOE HAIPSKEHNE BBICOKOTO YPOBHsI HE MeHee 2,5 B;

® [IOMEXOyCTOMYMBOCTH — HE MeHee 0,3 B;

e cpelHee BpeMs 3aJIepKKH pacnpocTpaHeHus curnana 20 xe;

e MakcuMalbHas pabodas yactora 25 M1 y.

Ocobennocmu opyzux nozux. OcHOBOM 6a30BOTO JoTHueckoro ameMmenta JCJI sBisercs
TOKOBBIH KJIIOY, CXeMa KOTOPOro mojoOHa cxeme nudQepeHnnanibHOr0 yermmTensa. Mukpocxema
OCJI nuraercst orpunareabHbiM HamnpsbkeHueM (—4 B npns cepum K1500). Tpansuctopsl 3TOM
MHUKpPOCXEMbl HE BXOJAT B PEKHUM HACBIIICHUS, YTO SBJSETCS OJHOM M3 MPUYUH BBICOKOTO
obicTpoeiicTBus anemenToB DCJIL.

B mukpocxemax n-MOII u p-MOII ucnone3ytorcss kioun coorBeTcTBeHHO Ha MOII-
TPaH3UCTOpaX C n-KaHAJlaMU U JuHaAMu4eckoil Harpy3kod u Ha MOII-TpaH3ucTopax ¢ p-KaHajioMm.
Jlig uckiroueHus MoTpeOaeHHs] MOLIHOCTH JIOTUYECKHM 3JIEMEHTOM B CTAaTUYECKOM COCTOSTHUU
ucrnoab3ytorcs komriemenTapasie M/II1-norudeckue snementsr (KMIT unu KMOII-noruka).

Jloruka Ha OCHOBE NOJIYNIPOBOJHMKAa M3 apceHuaa ramwiusa GaAs XapakTepuzyeTcs
Haubojiee BBICOKUM OBICTPOJICHCTBUEM, YTO SBJISIETCS CIEICTBUEM BBICOKOM IOJABMKHOCTH
AMEKTPOHOB (B 3...6 pa3 OoJibllie MO CpaBHEHHUIO C KpeMHHEM). Mukpocxembl Ha ocHOBe GaAs
MOTyT paboTaTh Ha yactoTax nopsaka 10 I7y.
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