


FrNMABA 1
SJIEKTPUYECKOE NOJIE

k)

1.1. OcHoOBHBIE CBOITCTBA U XapaKTEPUCTUKU
3N1eKTPU4YECKOro nons

Dnexmpuueckoe none (CTaTHUECKOE) — I10Jie HETIONBUXKHEIX, BJIEK-
TPUHECKU 3apSKEHHBIX TeJl, 3apsAbl KOTOPbIX HE U3MEHSIOTCS BO Bpe-
MEHHM.

AneKTpUyYecKoe 1ose OGHAPYXUBAETCS KaK CHJIOBOE B3aMMOJeli-
CTBHUE 3apsDKCHHBIX Tes. I1pu 3TOM pasinuaior NonoXUTeNbHEE U OT-
puLatesibHble 3apsiabl. 3apsibl ONHOTO 3HaKa OTTAIKMBAIOTCS IPYT OT
JIpyra, pa3sHOTO 3HaKa INMpPHUTATUBAIOTCS.

B ocHoBe onucaHus CBOICTB 3M1€KTPUUECKOrO MOJisl JIEKUT 3aKOH
Kynona, ycTaHOBNIEHHDI ONBITHBIM MyTeM.

3akou Kynona. Mexcdy noxoswumucs moueunvivu 3apsadamu deiicmey-
em cuna, nPONOPYUOHANLHAS NPOU3EE0CHUID 3apAd0s, 06PamHO NPOnop-
LUOHANLHAS K6AOPaNTy paccmosHua Mexcdy HUMU U HaNPAGACHHAS HO Npsi-
Mot om 00Ho20 3apsda k dpyeomy (puc. 1.1):

F=p g - g, (L.1)
TEy F

rie F, — cuna, neiicTByoias Ha 3apsifi q,; ¥ — pacCTOSIHHE MEXIy
3apsnamu g, v g, F, — cuna, neiictyiollias Ha 3apsin ¢o; 1y, — eau-
HUYHBIA BEKTOp, HaNpaBJEHHBI OT BTOPOro 3apsiia K MEepPBOMY:
£ =8,854 - 10712 ®/Mm — anexmpuneckas nocmosnuas.

ToyeunbiMy 3apsinaMy MOXHO CUMTATH 3apsDKEHHbBIE Tesid, pasMe-

Pbl KOTOpbIX MaJIbl 110 CPABHEHMIO C PACCTOSIHUEM MEXAY HHMU.

OCHOBHas enVHKIa U3MEPEHUS CUJTBI B MEXIYHAPOIHON CHCTeMe

eanuul (CH) — nsromon (H); 3apsina — kyaon (Kn): 1 Ki=1 A - C;
IUIMHBL — Memp (M).

OCHOBHBIMY BeMYMHAMH, XapaKTePU3YIOLIUMU 3JIEKTPUYECKOE
110Ji€, SIBJISIFOTCS] HAMIPSTKEHHOCTh, DJIeK-
TPUYECKHUII TIOTEHLIMAN U Pa3sHOCTb M0~
TEHLMAJIOB, WM HalpsiKkeHue.

F, Hanpsacennocmolo 35neKTpudeckoro
T0J1s1 HA3BIBAETCS MEpa MHTEHCUBHOCTU
€ro cuji, paBHast OTHOLWIEHUIO cunel F,
Puc. 1.1 JeCTByIONIeil HA MPOOHBIM MOJIOXH-

TEJIBbHBIA TOUEYHbIH 3apsiyi ¢, BHOCUMBbII B r |
paccMaTpUBaEMyl0 TOYKY TOJIST, K 3Haye-

«®~

HUIO 3apsiia a
- F r
F== (1.2) é ‘
q 7 ;—_l
Tak xe kak u cuna F, HanpsikeHHOCTD 6
3JICKTPUYECKOTO 110151 & — BEKTOpHAs Be- Puc. 1.2

JIMYMHA, T. €. XapaKTepu3yercs 3HAYEHUeM
M HarnpapieHWeM IeiCTBUSA.

OcHOBHas eIMHMLA U3MEPEHUS] HATIPSIXXEHHOCTH 3JIEKTPHIECKOTO
nons B CU — eoavm na memp (B/m).

W3 dopmynsl (1.1) crnenyer, 4TO HANPSKEHHOCTb 3ITEKTPUYECKOTO
N0J1s1 TOYEYHOTO 3aps/ia ¢ Ha PAaCCTOSIHUU ¥ OT HEro paBHA
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(1.3)
1 HanpasJieHa OT TOYKHM PACIIONOXKEHUS 3apsiia K TOYKe, T1e ornpee-
JISIETCS] HANPSLKEHHOCTb, €CJIM 3apsjl NMOKoXUTeNbHBIN (puc. 1.2, a),
1 B NPOTHBOIIONIOXHYIO CTOPOHY, €CJIV 3apsil OTPULIATENIbHBIH (puC.
1.2, 6).

Ecnu 3apsnoB, co3naiouimx 3J€KTPUYECKOE MOJe, HECKOIbKO, TO
HanpsiXeHHOCTb B J11000i1 TOUKe MoJis paBHA CyMMeE HallpsikeHHOCTeil
OT Kax/J0ro U3 HUX B OTIEJIBHOCTH.

Ilpumep 1.1. Onpenennth 3HaYeHUE W HATpaBJieHVe JEHCTBUS Ha-
NPS’KEHHOCTH 3JIEKTPUYECKOTO MOJNsSI B TOUKE A, pacnojoXeHHON Ha
paccTosHUAX ri=1 M 1 r,=2 M OT TOueYHHIX 3apsa0B ¢, = 1,11 10710 K
Mg =-4,44-10"'"" Kx (puc. 1.3).

Pewenue. 1o ¢popmyne (1.3) onpenensieM HanpsKEHHOCTH JIEKT-
PHUYECKOTIO 1OJisi B TOYKE A OT NEHCTBUS TOUEUHBIX 3apsIIOB ¢; U ¢,

o 1L,11-1071°
' 788541072 . 4x- 12

L 44410
2788541024522

~ | Bfm;

=1 B/Mm.

HarnpapjieHHsl BEKTOPOB HanpsikEeHHO-
CTH & M &, COBNAJAIOT C HalpaBJIeHMsI-
MU OEHCTBUS CUJT HA NMPOOHLIN MONOXU- ]
TEJIbHBI TOYEYHDI 3apsiil, ecjiv ero pac- :
NOJIOXUTh B TOYKE A. _

Hanpspk€HHocTh ¢ pesynbTUpYIOLIEro ‘é
JJIEKTPHUIECKOIO MOJIS1 B TOYKE A HaIlpaB-
JICHA BIOJTb THITOTEHY3bl IIPAMOYIOJIBHOIO Puc. 1.3




TPEYrOJIBHUKA, KaTeTaMU KOTOPO-
IO SIBJIAFOTCA BEKTOPhI HANPSXKEH-
HocTell &, n &,, U MeeT 3Hade-
HHE

F=Jerre? =J12+412 =J2 B/m.

MoXHO roBOpUTE O Ho/Me 6eK-
mopa & v u3zobpaxarb 3TO MOJE
AUHUAMU BEKMOPA — CUNOBLIMU AU-
Huamu. ECv HAaNPSDKEHHOCT J1EK-
TPUYECKOIO IOJis BO BCEX TOYKAX
OIMHAKOBA, TO IOJIe 00HOPOOHOE,

Puc. 1.4 HanNpUMep ToJie paBHOMEPHO 3a-

PSAXEHHOM IJIOCKOHU NIACTHUHBI

GecKkoHeYHBIX pasmepos (puc. 1.4), a ecam pa3inyHa, TO MoOJie He-
OIHOPOIHO, HanpuMep MOoJe ABYX TOUYEUHBIX 3apsinoB (puc. 1.5).

ITpu nepemeltieHUH BAOJH NPOM3BOIBHOTO YUacTKa LJIMHOM / 3apsi-
J1a ¢ B 371€KTPUYECKOM T0Jie ToJl AelicTBueM cun noiis F cosepluaeTcst
pabora

——— e c———

BRR

A= [Fdl = g[Zd. (1.4

I I

I1pu sTom pabota no nepeHocy 3apsiaa BAONb NPOU3BOJBHOIO 3aMK-
HYTOTO KOHTYpa paBHa HYJIO. JelCTBUTEIBHO, TaK KaK BCE CBOICTBa
HONST OIpenensitoTCs OTHOCUTEJIbHBIM pPaclioNlOXEHUEM 3apsioB, TO
nepeHoC 3apsija Mo 3aMKHYTOMY KOHTYPY M BO3BpalllEHWIO B MCXOM-
HYIO TOYKY O3HA4YaAeT NepBOHAYAIbHBIE paclipelesieHre 3apsiioB U 3a-
nac 3HepruM. DTo O3HaYaeT Takxe, 4ro ¢ yyeroM (1.4) uupkyssuus
BEKTOpa HaNpsAXX€HHOCTH paBHA HYJIIO

$&dl =0. (1.5)

YcnoBue (1.5) NO3BOJISIET XapaKTepU30BaTh 3NEKTPUYECKOE M0
B KaX/I0¥ Touke (pyHKLHell ee KOOpAMHAT — 3MeKTPUYECKUM MOTEH-

LAATOM.
- Dnexmpuveckuti nomeHyuan B
& JaHHOW TOYKE B3JIEKTPUYECKOIO
' / N N ' nons
vV T TN / -
N e — ==Y V= [&d (1.6)
—_——ft)—_—_—_——— = [ 1
91, %~ - \q2
)
RARN R ¢ yuetoM (1.4) yucneHHO paBeH
' ~. . ‘ \ paboTe, KOTOPYIO MOTYT COBeEp-
T ILUTH CHJIbI 3JIEKTPUYECKOTO MOJIsT
Puc. 1.5 IIpu repeHoce eAUHUYHOIO Nnono-

XUTEJLHOTO 3apsiia U3 JaHHOM TOYKM B TOYKY, NOTCHLMaN KOTOpPOit
NPHHST PABHBIM HYJIO.

Paznocms nomenyuanoe OByx ToMEK I VM 2, WIW HanpaxsceHue MEXIy
ToukaMu I U 2, 31eKTpUYECKOro MoJst

h-r="0U; (L.7)

yycIeHHO paBHa pabore, KOTOPYIO MOTYT COBEPLUUTE CHUJILI 3NeKTpU-
4yecKOIro NoJs IpH NepeHoce eIMHIYHOTO NOJOXUTENILHOTO 3apsia 13
TouKM I B TOUKy 2.

EnvHuLa u3MepeHus 35eKTpudeckoro noreHnuata B CU — eonem

(B).

1.2. BAmsiHue aMeKTPMYECKOro noJsisa Ha NpoOBOAHUKU
n AN3NEKTPUKU

IIposodnuramu Ha3LIBAIOTCS BENIECTBA, COAEpXALUMe 3apsiibl, KO-
TOpBIE MOTYT B HUX CBOBOIHO Niepemeniathesi (c6ob00Hbie 3apsadu). K Ta-
KVIM BELLECTBAM OTHOCATCH, HallpuMep, MeTautkl (cM. Tabx. 2.1), co-
JIepxaliyue cBOOOIHBIE 3JIEKTPOHBI, W BJIEKTPONMTHI, COAEepXaliye
CBOOOIHBIE TTONOXUTEILHO U OTPULIATENIbHO 3apsiKEHHBIE WOHDL.

Jusnexmpuramu Ha3bIBarOTCH BELECTBA, B KOTOPbIX CBOOOIHEIE 3a-
psiibl OTCYTCTBYIOT. OTHAKO BHYTPM CBOMX 3JEKTPUYECKH HEWTpPA/Ih-
HBEIX MOJIEKY/I OHHU COIEPXAaT CE3aHHbIe MEXIY cO0Oit MOnOoXHTelb-
Hble 1 OTpULaTeNnbHbIe 3apadel. K TaKMM BeLLECTBAM OTHOCATCS, Ha-
npumep, 300HUT, TeTUHAKC, ACOOLIEMEHT U T. 1. (cM. Tabn. 2.2).

ITpy HaIMYKK IIPOBOIHUKOB M IU3JIEKTPUKOB JEKTPUYECKOE T0JE
CYUIECTBYET B TOM X€ BaKyyMe, Kak eciii Obl NIPOBOOHUKU U AU3JIEK~
TPUKM OTCYTCTBOBAJIM, 4 UX BIMSHHE HA 2NEKTPUYECKOE T10JIe CBOIUT-
€4 K TIOSIBJIEHUIO JIOTIOJIHUTE/IbHbBIX 3apsIIOB, IEPEMECTHUBILMXCS B 3TUX
BelleCTBax IoJ1 JEMCTBUEM 3JIEKTPUUYECKOTO MO U B CBOKO OYepelb
CO3JIAI0LIUX 3EKTPUUYECKOE TOJIe.

B npoBoaHuKax cBOGOIHBIE 3apsifibl NOJ1 IEHCTBUEM CTaTUYECKOIo
3NEKTPUYECKOTO MOJIsi CBOOOIHO TepeMelaloTcs, pacrojaragchb Ha
MOBEPXHOCTH NPOBOAHUKOB. CTarnyeckoe 3J1EKTPUYECKOE 110ie B Mpo-
BOJHMKAX CYILIECTBOBATh He MOXET, TaK KaK B IPOTUBHOM ciy4ae ObLIO
OBl HiepeMellieHHE CBOOOIHbIX 3apsiIOB.

B nusnekTpyKax nofd AeicTBHEM 3JIEKTPUYECKO-
ro Nnois NPOMCXOOUT YIIPyroe CMeLIeHUe — HOAd- .
pusayus — BHYTPH MOJIEKYJl CBSI3aHHBIX 3aps/iOB —Z
(puc. 1.6, noNOXUTENbHBIX 3apsa0B — 10 HaIlpaB-

JIEHUIO TOJI, OTpULAaTeNbHBIX — B OOpaTHOM Ha-
[paBNeHNH). O—®

3akon Faycca. Cymma écex ceo600nbix u ceasannbix 9! 2
3apa0oe, 3aKAIOHEHHbIX € 00beme, 0ZPaHUMCHHOM 3aMK- Puc. 1.6



HYmOti ROBEPXHOCMBIO S, RPONOPUUOHAALHA HOMOKY 6eKMOPA HANPANCEH-
HOCMU FACKMPUMECKO20 HOAA Hepe3 MY NOBEPXHOCHb.

@e(dS 2 qCB + 2 qcms 2 ch

€,€&

(1.8)

rine €, — OMHOCUMEAbHASA 0u3/zelcmpuuecxa,q npOHULAEMOCHb TUBJIEKT-
puka (be3pasmepHast BenuuuHa). Jlist sakyyma g,=1.

TlpousBeneHue OTHOCUTENIBHON OHU3IEKTPUIECKOM NMPOHULAEMO-
CTHU €, Ha 3JIEKTPUYECKYIO0 TIOCTOSIHHYIO €, HA3BIBAETCS QOCOAIOMHOL
OUIAEKMPUHECKOLl NPOHULAEMOCTbIO,

€, =E€,&p.

Ilpumep 1.2. Onpenenutb HANPSXKEHHOCTL OIHOPOIHOTO INIEKTPH-
YeCKOI'O Mosisi pABHOMEPHO 3apsSX€HHOM IUTACTHHBI € IUIOTHOCTBIO
sapsna 8= 107" Kii/M? ¥ pasHOCTE NOTEHLMANOB MeXIy TOYKaMu [ 1
2, pacrioNoXeHHbIMU Ha paccTosiHusIX ¢; =1 M U a, = 3,5 M OT 3apsi-
JKEHHOM [UIACTUHBI BAOJIb CUJIOBOM JIMHUH NOJist (CM. puc. 1.4).

Pewenue. 1o teopeme Iaycca (1.8) moToK BeKTOpa HANPSDKEHHO-
CTU 3JIEKTPUYECKOTO MOJ1s1 Yepes MOBEPXHOCTD Kyba ¢ MIOIHAIBIO Ipa-
Heli S paBeH

& - 8= 8S/g), oTKyza

by 10-10
(’:( T eee— = ———— 2 5 5 B .
3e. ~ 288541072 ~ > B/M
PazHoctb noteHumanos mexay ToukaMu I u 2 no ¢opmynam (1.6)
u (1.7) paBHa

Vi~ Vy=&(a,— a))=55(3,5-1)=11 B.

1.3. AnexkTpnyeckas EMKOCTb, KOHAEHCATOPbI
N €eMKOCTHbIE 3JIEMEHThI

Kondencamopom HasbiBaeTCsl YCTPOMCTBO, clyKamiee [Tl HaKOILIe-
HU$ 3apsilioB.

Ha puc. 1.7, a uzobpaxeH npocTeiiiyii MIOCK1ii KOHIEHCATOp C
JIBYMs MapauleibHBIMU OOKJIaJIKaMM KaxJas IIOIAAEBI0 S, KOTophie
HaxomaTcsl B BAKYyMe€ Ha paccTossHuM d Apyr ot apyra. Ecnu mexmy
BEpXHEN ¥ HUXHEI 00KIaiKaMHM KOHIeHcaTopa IPUIOXKUTE Harpsixe-
HUe U, >0, To Ha BepxHel ¥ HMXHEi 0BKIaIKaxX KOHIEHcaTopa Ha-

* .

3nech M nasiee 3NEKTPUHECKHE BEJMYUHbL, 3aBUCSLLHE OT BpEMEHH, OyleM Ha-
3bIBATb MEHOGEHHbIMU 3HAYeHUAMYU Y O003HAYaTh CTPOUHBIMM OYKBaMH: HANpPsKEHUE U,
TOK i, DAC e u T.11.
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Lap= IC$ .
+q ‘Llc

C
~ qCBﬂ3 u b u c uC
+‘1cnﬂz

Puc. 1.7

KOMSTCS OJMHAKOBBIE MOJIOXUTENbHBIA W OTpULATENBHbII c60000HbIE
3apganbl g, = 1q.

HaxkoruieHHbIH B KOHIEHcATOpe 3apsi] ¢ IpONOPUHMOHANIEH NPpUIo-
XEHHOMY HAIPSIKEHUIO U, = U

q= Cuy = Cug, (1.9)

rae ko3pGUUUEHT NMPONOpLUOHANbHOCTH C Ha3BbIBAETCsl aneKmpuye-
ckoti emkocmoro (EMKOCTbIO) KOHIEHcaTopa.

EnvHuua usmepenust emkoctd B CU — ghapad (P): 1 @ =1 Kin/B=
=1A-¢/B.

Mexay o6KIaaKaMH TIOCKOT0 KOHIEHCATOPa 3IEKTPUYECKOE MoJ1e
Gyzer OOHOPOIOHLIM (€CIM He YYMTHIBaTh KpaeBoro agrpekra) ¢ Ha-
IIPSAXEHHOCTHIO (cM. TIpuMep 1.2)

E=Uy/d= q/eyS. (1.10)

CpasnHus cootHoledust (1.9) u (1.10), nonyuyuM BbIpaxXeHHe ISt
€MKOCTH IJIOCKOIO BaKYyMHOI0o KOHAEHCAaTopa:

C=¢,5/d.

JIi yBENMYEHUS] eMKOCTH TIIOCKOTO KOHIEHCATOpa MPOCTPaHCTBO
Mexy ero OOK/IaIKaMM 3alOIHAIT AN3JEeKTpUKoM (puc. 1.7, 6).

IMon neiicTBUEM BIIEKTPUYECKOTO T10J151 XaOTUYECKN OpUEHTHPOBaH-
Hble B IPOCTPAHCTBE AMIIONbHBIE MOJIEKYJIB IUDTIEKTPUKA NpHobpeTa-
IOT NIPEUMYILECTBEHHOE HarpapieHHe opueHTauuu. [Tpy 3ToOM BHYTPH
OIHOPOIHOI'O IU3JIEKTPHKA NOJIOXKUTENIBHBIE U OTPULIATEIILHBIE 3apsi-
Ibl JUNOJIBHBIX MOJIEKYJl KOMIIEHCHPYIOT Apyr apyra (Ha puc. 1.7, 6
OTMeYeHO LUTPUXOBOM JIMHKENR), a Ha TpaHMLAax ¢ OOKJIaIKaMHu IU10C-
KOro KOHIEHCATOPa OCTAIOTCS] HEKOMIIEHCUPOBAHHBIE CJIOU CE53aHHbIX
3apAd06 (quq, Ha TpaHuLie ¢ OOKIANKOM, 3apSKEHHO# MONTOXUTENbHO
(OTpMLIATENBHO), PACTIONATAETCS CJIOH OTPULATEIBHBIX (IIOIOXHUTETIb-
HBIX) CBsI3aHHBIX 3apgaoB. [1py HaIMUMY CBA3aHHBIX 3apsIOB Harpsi-
XKEHHOCTb 3JIEKTPUYECKOIO 107151 BHYTPU KOHIIEHCATOpa:

&= uab/d= (q - qcmz)/(SOS)-



Ortciona ciieflyet, YTo MpH TO# Xe HaNPSXXEHHOCTH 3JIEKTPUYECKO-
TO MMOJisl, a CJIENOBATENbHO, U HANPSDKEHHUU U, = U 3aps] ¢ IOJDKEH
ObIThb 6oabLIE. [TosTOMY yBenuuntest, Kak cienyer us (1.8), v emkocTs
MJIOCKOTO KOHACHCATOPA M0 CPABHEHUIO C eMKOCTbIO TAKOTO € BaKYy-
YMHOIO KOHIEHCaTopa:

C=¢,6,5/d. (1.11)

B 1abax. 1.1 npuBeneHsl 3HaU€HUS IAPaMETPOB HEKOTOPBIX IHUJIEKT-
PUKOB; B Tabut. 1.2 — ycioBHbIE rpadvyeckre 0603HAYEHUST KOHAEHCA-
TOpPOB; B Tab1. 1.3 — xapakTepuUCTUKKM HEKOTOPBIX TMIIOB KOHAEHCATO-
POB Ha OCHOBE PA3IMYHbLIX JTU3JIEKTPUKOB.

OueHb GoNbLIOI EMKOCTBIO OGJIANAIOT 3.1eKmpoaumuyeckie KOHIEH-
caropbl (10 15000 MK®D), B KOTOPHIX UCIIONB3YETCs, HAIIpUMEp, TOH-

Ta6nupa 1.1

JyaneKTpHuecKas npoMMLaeMoCTh (OTHOCHTEbHANA), 3JeKTpHIecKas
NPOYHOCTH M YAE/IbHOEe 00heMHOe CONPOTHBIEHHE HEKOTOPLIX MATEPHAIIOR

BewiectBo £, &, MB/M* Py, OM - M
TpaHcgopmaTopHoe 2,1—-2.4 15—20 10'2—10'3
Macio
Cogon 4,8—5,0 14—18 101—1013
Bazenun 2226 20—25 5-102—101
TonnanwieH 2,224 35—60 1013—101
JlaBcau 3,0—3.,5 80—120 104—10'
Monueuunnxiopyn 6,0—8,0 6—15 10'0—10!2
(macTvkarhl)

Mapadun 2,0—-2.2 22-32 1014—101¢
D60oHUT 3,0—3,5 15—20 10'2—10'4
lerunaxc 6—8 20—40 10°—10!!
Cmona (MyCKOBHT) 6,5—7,2 98—175 10'2—1013
Mpamop 8—9 1—4 107—108
MIugep 6—8 0,5—1,5 106—107
AcbecToLeMeHT 6—8 23 106—107

* DnekTpuyeckas NMPOYHOCTb BCEX MATEPUAIOB YKa3aHa IUisl JEHCTBYIOIIErO 3Ha-
YCHUS CHHYCOMIAITbHOTIO HanpspkeHust (CM. nompasi. 4.4).
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Taonwua 12
VYcaophbie rpaduyeckie 0003ua%enHs KOHIEHCATOPOB

HaumeHoBaHue KOHIeHcaTopa YcinoBHoe 0003HaUEHHUE

TToCTOSTHHOM €MKOCTH

DJ1IeKTPOINTUYECKUI

TlepeMeHHOI €eMKOCTH

CaMoperyMpyomumiics HeJIMHEMHO, HAPUMEp

F 44

B 3aBUCUMOCTH OT NMapamMeTpa 17

Ta6avua 1.3
XapakTepHCTHKH HEKOTOPLIX THIIOB KOHIEHCATOPOB
T | s, | PO | e | Gt

KOHIEHCaTopa Hanpﬂ)é(enue, Temne%wypa, MOnt
CrnioasiHoit 106—10" 50 150 10°
ByMaxxHBII 5-10*—-50 106 125 10?
Monuctmponb- | 5-10°—10 10 85 104
HBIi1
KepaMuueckuii 106—2,2 6-10° 125 108
Crek/IsTHHBI 10°—0,15 6-10° 125 10°

Kasi OKcUaHasl TieHKa amoMuHus. OKculIHasl TUIEHKa sIBJIsSleTCsl -
3JIEKTPUKOM TOJIbKO TIPY OJJHOM HampaBJ€HUW HANpPsKeHHOCTH JJIEK-
Tpudeckoro nojsi. I1o 3Toil npuyrHe 31eKTPOINTHYECKHE KOHIEH A~
TOpBl OAPUIOOHBI TOJBLKO MPHU OJHON MONSIPHOCTH TPUWIOXKEHHOIO K
HUM OTHOCHUTEJILHO HEBBLICOKOro HampsukeHus (5—450 B).

Tak kak snexrpuyeckoe NoJjie Beeraa CyLIeCTBYET MeXAy pasiny-
HBIMU [ETAISIMU 3EKTPOTEXHUYECKUX YCTPOMCTB, HAXOHALLIMXCS NON
HanpspKeHUEM, MeXAY HUMM €CTh 3JIEKTPUYECKass eMKOCTD.

Jluneinvili emxocmubili 31emenm SIBISIETCS] COCTABISIIOLIEA CXEMBI
3aMeHIeHus JI000M YacTU 3JIEKTPOTEXHUYECKOIO YCTPOMCTBA, B KOTO-
poii 3HaYeHHe 3apsia NMPONOPLHMOHAIBHO HarpsixeHuo. Ero napamer-
poM cnyxut eMKocTb C = const.

Ecau 3aBUCHMOCTD 3apsiia OT HANPsDKEHUsI HEJTUHEHHAas, TO cXema
3aMeIlLeHUs] CONEPKUT HeAuHeliHbill eMKOCMHbI F1emerm, KOTOPBIH 3a-
JaeTcst HeJIMHEMHOI KYA0H-604bMHOU xapakmepucmukoli q(uUc).
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q o—”——-o Ha puc. 1.8 npuBesieHbI KyJIOH-BOJILT-
b HbI€ XapaKTepPUCTUKU JIMHEMHOTO (JIMHUSI
a) ¥ HequHeHHoro (iMHUs b) eMKoOCT-
a ,, : °'_\HT° HBIX 3JIEMEHTOB, a TAKXE YCIOBHBIE 060-
1 3HaYE€HUS TAKUX IJIEMEHTOB HA CXeMax 3a-

| MEILEHUS. .
1 Ecnn HanpsbkeHuwe, npuioXeHHOe K
uc UCc  eMKOCTHOMY 3JIeMEHTY, U3MeHsleTcs (yBe-
Prc. 1.8 JIMMUBAETCS HIIM YMEHBbIIIAeTcsT), TO n3Me-
HSETCS W 3aps)i, T.€. B eMKOCTHOM 3Jle-
MeHTe ecTh TOK. [TonoxurenbHoe HanpaBieHUE TOKA B EMKOCTHOM 3J1e-
MeHTe BbIOEpeM COBMAJAOLIMM C TONOXUTENbLHBIM HarpaBieHHEM
NPHUIOKEHHOTO K HeMy HanpsixkeHus: (cM. puc. 1.7, 6). [lo onpenene-

HMIO TOK PaBeH CKOPOCTH M3MEeHEeHHs 3apsaia:

iap = ic=dg/dt. (1.12)

B nuHeitHOM eMKOCTHOM 3jieMeHTe ¢ yuyetoM (1.9) ToK paBeH
iCZ CduC/dt (1]3)

Ecnu 3a Bpems #; HanpsbkeHUE HA eMKOCTHOM 3JIEMEHTE U3MEHMT-
Cs1 OT HYJISI O Ucy, TO B BJEKTPUUYECKOM [MOJI€ 3/IeMEHTA OyIeT HAKOII-
JieHa 3Heprus

n
W, = jicucdf >
0

Ui ¢ yderom (1.12)

Ucy

q
Wal = Jquq = J uCC (uC)duC, (].14)
0 0

rae ¢, — 3HayeHue cBOOOIHOTO 3apsiia MPY HANPSIKEHUU Uc= Uy .

OHeprust 3/1IeKTPUYECKOTO MOJisi EMKOCTHOIO 3/IeMEHTa NpY HaIpsi-
XeHUU U (cM. dopmyny (1.14)) nponopryoHanbHa COOTBETCTBYIOLLEH
TUTOLLAAM, 3aKTIOYEHHOM MeXIy KYJIOH-BOJILTHOH XapaKTEPUCTUKOM
W OCblo opauHat (cM. puc. 1.8, rie 3aiTpuxoBaHa fU101LALb, POIOp-
LMOHAIbHAS SHEPTUM 3JIEKTPUYECKOTO MONY HEJIMHENHOIO eMKOCT-
HOTO 3JIEMEHTA TIpU HATNPSKEHUM U(y).

IHepeus 3nexmpuueckoz0 noas NUHEMHOTO €MKOCTHOTO 3J€MEHTA
MpU HanpstkeHWH uc u3 (1.14) ¢ yuerom (1.9) paBHa

W, =Cu2 |2 = quc /2. (1.15)

EMKOCTHBIE 351€MEHTB MOXHO paccMarpuBaTh B KaY€CTBE aKKyMy-
JIITOPOB 3HEPTUMU.
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1.4. Cnoco6bl coeaMHEHUA KOHAEHCAaTOpOB

Bo3MOXHEBI ITapa/uleAbHOE M NMOCIE10BaTENbHOE COEIUHEHHUsI KOH-
JIEHCAaTOPOB.

[pu napasneavrom coenuvennu (puc. 1.9) Bce KoHIEeHCATOPHI Ha-
XOIATCSl TOJ ONHUM HarpspkeHneM U, a 3apsifi, KOTOPHI OHM TOAy-
YyaloT OT UCTOYHMKA SHEPIYH, paBeH CYMME 3apsiiOB OTAENBHBIX KOH-
JNIeHCAaTOPOB

q= zqk’
k=1

rae n — 4UucJio KOHICHCAaTOpOB, k — HOpﬂI[KOBblﬁ HOMep KOHICHCA-

TOpA.
CrenoBaTesibHO, 00111asi EMKOCTDb NMapajUieNIbHO COeIMHEHHBIX KOH-

neHcaropos 1o (1.9)

paBHA CyMMe €eMKOCTEil OTIeNbHBIX KOHIEHCATOPOB.

[pu nociedoeamenvrom coemvHeHun KouneHcatopos (puc. 1.10)
obliee Hanpsi)xeHUe paBHO CyMMe HaIpsiXeHWH Ha OTAEbHBIX KOH-
JleHcaTopax

n
U = z Uk N
k=1
rae n — YUCJIO KOHOCHCATOPOB, k— HOpHHKOBBIﬁ HOMeEp KOHICHCA-
TOpAa.

Ho 3apsin oT MCTOYHMKA 3HEPTHH TMOJy4aloT JAMIUbL BHELIHHE 3JIEK-
TpoOZbl ABYX KpaifHUX KOHIeHcaTopoB. Ha ocTalbHBIX MONAapHO JJEKT-

C||+q
Ull -q
Gl+g

Uzl T4

i

o

|__.

o

|

r

o
il

o

3

Puc. 1.9 Puc. 1.10
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PUYECKHU COSIMHEHHDIX EKTPOAAX 3apsbl CO3AI0TCS [IEPEHOCOM TO-
JIOXHWTENBHOIO 3apsiia HA OJIUH 9JIEKTPOA M OTPHUHATEIbHOTO — Ha
BTOpO#i, KOTOPBIE paBHEL MeXAYy coboii. Takum obpasom, IpU nocie-
JIOBATEJIbHOM COEAMHEHNM KOHIEHCATOPOB UX 3apsabl ONMHAKOBHL. Tak
Kak 3apsii KOHAEHCATOpa PaBeH NPOM3BEIEHUIO €r0 EMKOCTH Ha TpH-
JIOXEHHOE K HEMY HampsiKeHue

q= U[Cl = (joz = ...= UnCn, .

TO HalpsK€HUA Ha KOHAeHcaTopax paBHBI

q q . q
u=+; v,=4; v =4
¢’ TG,

a obHiass eMKOCTb TIOCJIENOBATEIIBHO COCIMHEHHbIX KOHAEHCATOPOB —

Ecnn nocnenopateibHO COEIMHEHBI # OMHAKOBBIX KOHIEHCATOPOB
Kaxnbiii eMKocTbio Cp, To UX 06Lasi eMKOCTh OyneT paBHa

_G
=

C

1.5. 3apsipka n paspsaka koHgexscaropa

YTo6bl M3MEHUTH CKAaYKOM 3HEPIUI0 KOHIEHCATOPa, HEOOXOMUM
VCTOYHMK BECKOHEYHOI MOLHOCTU

AW,

At Ar—0

P

uro HeBo3MOXHO. [MosTromy npu 3apsinke u pa3spsinike KOHAeHcaTopa
€r0 SHEprud, a ClIe[JOBATENIbHO, U HANpPsIXKeHHE HA HEM U HE MOTYT
VBMEHSITBCS CKaYKOM. OTO YCIOBHE HA3bIBACTCS 3AKOHOM KOMMYMAyuy
M 3aIMCHIBAECTCS B BUIE

uc(t) = uc(t,), (1.16)

IA€ L ¥ I, — MOMEHTbI BpEMEHH, HENIOCPENCTBEHHO NPEALLIECTBYIOLLIUIA
MOMEHTY BPEMEHH { W HEIIOCPEACTBEHHO CIIEAVIOLLNIA 32 MOMEHTOM
BPEMEHU 7, B KOTOPBIii HAYMHAETCS 3apsiiKa WIM pa3psiiKa KOHIeHCA-
Topa.

3apsnxa xonpencaropa. PaccMOTPUM Nponece 3apsiiKi KOHIEHCa-
TOpa OT UCTOYHHKA NOCTOSIHHOTO Hanpsukenus E= U (cm. nonpaszn. 2.7)

14

yepe3 pe3ncTop conpotveieHueM R (cM. nonpasa. 2.4) npu 3amblKa-
HMM B MOMeHT BpemenM 7= (0 knioua K (puc. 1.11, a).

HanpsixxeHrde UICTOYHMKA PaBHO CYMME HaIpsSKEHUI Ha pe3ncTope
1 KOHJIEHCaTope

U= Up+ Uc,
wmm ¢ yyeroM (2.1) u (1.13)
du
U=RC—=C+u,. 1.17)
da +Uuc (
Paznenum nepemenssie B (1.17)
gt _ _duc (1.18)
RC U—uC
u fipouHTerpupyeM (1.18)
|
—t=—In(U —uc)+1In A, (1.19)
RC ( c)

T/le HEU3BECTHAS MOCTOSTHHAS MHTErpUPOBaHUS 3arucada B Bue In A.

YMmHOXMB 00e yactu paeeHcrBa (1.19) Ha (-1) u 3ameHMB pa3-
HOCTB Jiorapru(®MoB Jiorapu)mom 4acTHOro, rnocie MOTEeHLMPOBAHUA
MoNy4yuMm

WiIn

ue =U — Ae k¢ (1.20)

0,95F

>ty

15



Hnsa onpenenenus nocrosiHHoii A B (1.20) oGparuMcst K 3aKOHY
KOMMYTaLMU Uil eMKOCTHOro 3sieMeHTa (1.16). [IpumeM, uto eMko-
CTHBII 3JIEMEHT JI0 3aMbIKaHUSA KITI0YA, T.€. U B MOMEHT BpeMeHM =0
He Obu1 3apsixkeH. [Tostomy

uc(0)=0=uc(0,)= E+ A4,
OTKyZa A=-F.

[NoncraBup 3HayeHue nocrosiHHoit A B (1.20), Haiizem Harpsixe-
HME Ha EMKOCTHOM 371eMEHTE BO BpeMst ero 3apsiaku (puc. 1.11, 6):

Uue=B(1 - e, (1.21)

rne T= RC yimeet pasmepHocTh BpeMeHd (OM - ®=O0M-A-c/B=c) u
HAa3bIBAETCS1 HOCMOAHHOI epemeny Lieny. OHa orpeensieT CKOPOCTh Ie-
PEXOIHOro TpoLecca. -

Hanpsikenve Ha emkoctHOM 3siemente (1.21) onpenenser 3aBu-
CUMOCTH OT BpPEMEHM TOKa 3apsiIKU W HAIPSDKEHUs] HAa pe3UCcTope
(puc. 1.11, 6):

i= C% = —E—e"/’; up= Ri= Ee ",
dt R

B nepBblit MOMEHT noC1e 3aMBIKaHMsI KTH04Ya £= (), TOK B u€nu cKay-
KoM BospacTaeT oT Hys1 i{0_) =0 no «0,)= E/R. T1pu ManoM conpotus-
JeHuu R B LeNM MOXeT HaGIIIoNaThCsl 3HAYUTENIbHBII CKAYOK TOKA.

IMponecc 3apsiiku MOXHO CYMTATh NMPAKTUYECKH 3aKOHYMBLLUMMCS
yepes MHTepBal BpeMeHU 3T, KOTOPBIi MOXeT OBITh 10CTATOYHO GOJib-
LIKMM, 9TO MCIOJIb3YETCH, HAIIpUMED, B pere BpeMeHM — YCTpOICTBaXx,
CpabaThIBAIOLIHX M0 UCTEHEHUH ONPEe/IEIEHHOIO BPEMEHU.

Paspsanka xonaencaropa. B a5ieKTpHueCcKOM ToJie 3apsikeHHOTO eM-
KOCTHOIO 3JiEMEHTa cocpefioTodeHa aHeprus (1.15), 3a cuetr KoTopoii
€MKOCTHBIH 3JIEMEHT B TEYEHHNE HEKOTOPOI'O BPEMEHH CaM MOXET CITy-
XUTh UCTOYHUKOM 3HepruM. [locne noakiodyeHus eMKOCTHOIO 3jie-
MCHTA, NPeABAPUTENIbHO 3apsiK€HHOTO 10 HarnpsixeHus uc-= E, K pe-
3UCTUBHOMY 3JIEMEHTY conporusieHueM R (puc. 1.12, @) ToK B uenu
Oyner 0OyCIOBJIEH U3MEHEHNEM 3apsifia ¢ EMKOCTHOrO aneMeHTa (1.13):

_%=_Cdi=”_kzi‘£, (1.22)
dr dr R R
I1e 3HAK MHMHYC YKa3blBaeT Ha TO, YTO TOK i — 3TO TOK pa3psiiKu B
KOHTYpe Leny, 0603HAYeHHOM Ha PUCYHKE LUTPUXOBOI JMHUEH, Ha-
MPAaBJICHHBIH HABCTpeuy HaNpPSIXEHUI0 HA eMKOCTHOM 3JIEMEHTE.
Pasnenum nepementbie B (1.22)

dr _ duc

TRC e (.29
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u npouHterpupyem (1.23)

—Lt:lnC—lnA, (1.24)
RC

i€ HEU3BECTHAY [MOCTOSIHHASL MHTEIPHPOBAaHMSI 3arKcaHa B Bue (—In A).
[Mocne norenuupoBaHus (1.24) noayuum

U= Ae /RO, (1.25)

Jns onpeneneHusi nocrosiHHoi A B (1.25) obpaTUMCst K 3aKOHY
KOMMYTALIMH AJisi EMKOCTHOrO 3jieMeHTa (1.16). Tak kak 10 KOMMYTa-
LIMM, T.€. U B MOMEHT BpeMeHH f={_, EeMKOCTHBI# 2JIeMEHT ObL1 3apsi-
>KEH JI0 HaMpsIXKeHUs UCTOYHMKA, TO

Uc (0__) =F= Uc (0*) = A.

IMoncraBuB 3HaueHUe noctosiHHOIL A B (1.25), momy4uM 3aBUCH-
MOCTBb U3MeHEHHs1 HallpsIXKEeHUsI HA EeMKOCTHOM 3JIEMEHTE IPU €ro pas-
psiake (puc. 1.12, 6):

uc= Ee, (1.26)

rae T= RC — nocTosiHHAasi BpeMEHM LIeTu.
Tok paspsinku Haitnem no (1.22):

i= —Cfi—uL = Ee"/T.

dd R
Tok paspsnku ckaukoM Bospactaer ot Hysist i(0_) =0 no i(0,) = E/R,
a 3aTeM yObIBAeT 3KCIIOHEHLMabHO (cM. puc. 1.12, 6).
3apsiika KOHIEHCATOpa NP MajbiX 3HAYCHUSIX TOKa U OOIbIUMX
3HayeHusx DC E B uenu Ha puc. 1.12, a 1o3BoOASIET HAKONMUTHL B HEM
OONIBIIYIO 3HEPIHUI0, KOTOpasi MOXET MCIONbL30BAThLCS TPU paspsiike
OONBbLIYM TOKOM B MUMIYJIbCHBIX UCTOYHHUKAX.

Puc. 1.12
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SALA4YU U BONMPOCHI A1 CAMONPOBEPKN

1.1. Konnencatop emkoctbio C =1 ®, nmeronmit 3apsan ¢ = 1 Ki, B
MOMEHT BpeMeHH ¢= () HauMHaeT pas3psikaThCsl YeEPE3 pe3NCTOp CONPOTUBIIE-
HUeM R=1 Om (cMm. puc. 1.12). OnpenennTe T0K B pE3UCTOPE B MOMEHT BpeMe-
HU t=0,5c. -

Omeem: 0,6065 A.

1.2. CoxpanuB yciiosusi 3a1aun 1.1, onpeennTe 3HEPrUIO KOHICHCATOPA
B MOMEHT BpeMeHu £=0,5 c.

Omeem: 0,183 x.

1.3. Coxpanums yciiosusi 3anaud 1.1, onpenesnte, Kakoe KOJUYECTBO 3HEP-
UM BBLIEJIUTCSt B BUAE TeIUla B Pe3UCTOpEe K MOMEHTY BpeMeHM £=0,5 c.

Omeem: 0,317 Ox.

1.4. I'Ltockuit koHAeHCATOP (CM. puC. 1.7, @) COCTOUT U3 ABYX TNCTOB (hONBIU
KaXABH ruiomaapio 20 cM?, pasmeNieHHbIX cnoeM napaduHa (cMm. Tabn. 1.1)
TomuuHo#i 0,05 MM C OTHOCHUTENBHOMN IUINEKTPUYECKONH MPOHULAEMOCTHIO
£,=2,1. Onpenenvute eMKOCTh KOHIEHCATOPA.

Omeem: 0,745 u®.

1.5. JaiiTe onpeneneHnst MEKTPUYECKOTO MTOTEHLINAJIA U PA3HOCTH INEKT-
PUYECKHMX TTIOTEHLIMANOB.

1.6. JaiitTe onpenesieHUs JMHEHHBIX U HEIVHENHBIX EMKOCTHBIX 3J1EMEH-
TOB.

1.7. Onpenenunte o0LIYyI0 EMKOCTh ABYX KOHAECHCATOPOB, BKJIIOUEHHBIX Ma-
pajuie/ibHO, eMKOCThio 1 MK® Kaxabiii (cM. puc. 1.9).

Omeem: 2 mx®D.

1.8. Onpenenure 0611yI0 EMKOCTb ABYX KOHIEHCATOPOB, BKJIIOYEHHDBIX 110-
C/IEAOBATENILHO, EMKOCTBIO 2 MK® xaxawiii (cM. puc. 1.10).

Omeem: 1 Mx®.

rMABA 2
BJIEKTPUYECKME LIENMU NOCTOAHHOIO TOKA

2.1. O6wme cBepeHnn

CucreMaTnyecKkoe HUCCeIOBaHNe 3JIEKTPUYECKUX SIBJIEHUH U HX
NpPaKTUYECKUX TPUJIOXEHUH MCTOPUMYECKM HAyajloch C HU3Y4eHUs
CBOICTB HE WU3MEHSIOLIETOCS BO BPEMEHM TOKa. JTOMY CIIOCOOCTBO-
BaJId HAJIMYKE U JOCTYIIHOCTbL MCTOUYHHKOB JIEKTPUYECKOI SHEPIUM
MOCTOSIHHOTO TOKa — CHayajla ranbBaHu4YecKux 3neMeHToB (A. Bonb-
Ta, 1743—1827), o3nHee akKyMyJsITOPOB, 4 TAKXe NepBbIe YCNeXH
npyMeHeHus snexTpuyectsa uisi ocetieHus (I1. H. S6noukos, 1847 —
1894), snextponusa u raibsaHoractuky (b. C. SAko6u, 1801—1874).

DKCrepMMEHTAIbHBIE UCCEIOBaHUsI CBOMCTB IOCTOSHHOIO TOKa,
nposeneHHbie A. M. Amniepom (1775—1836), I'.C.Omom (1787 —1854),
1. O. Kynouom (1736—1806) v npyrumu pusnKaMu, NO3BONWIIN Bbl-
SBUTb U 0O0OCHOBATh Psifl 3aKOHOMEPHOCTel 1 TTIOHATHIL. JlaibHediye
uccriefoBanys, BoinonHerHble M. Papaneem (1791 —1867), 5. X.Jlen-
uem (1804—1865), 1.Fenpu (1797—1878), B. B.Cumencom (1816—
1892), J1. Mxxoynem (1818 —1889), B. BeGepom (1804—1891), 1. K. Makc-
BesuioM (1831—1879), I'.P.Tepuem (1857—1894) u npyrumu y4yeHbl-
MM, TIOKa3a/M, YTO OOJIbLIMHCTBO 3aKOHOMEPHOCTEH, BBISIBICHHBIX
IIpY aHaK3€e Lenei NOCTOSIHHOTO TOKa, SIBJISIIOTCS (PyHIaMeHTaIbHbI-
MH 3aKOHAMM 3JIEKTPOTEXHUKH.

Snexmpomexnuueckoe ycmpolicmeo — 3T0 NIPOMBILLIEHHOE U3JIENNE,
NpeIHA3HAYEHHOE VIS BHITIOTHEHUS OMpeie/ieHHON (DYHKIMU NpU pe-
LIEHUH KOMIUIEKCHOI NpoGieMbl IIPOM3BONICTBA, pacnpeiesieHusi, KOH-
TpOd, peobpa3oBaHKs U WCTIONB30BAHUS JIEKTPUYECKOM IHEPTHH.

DNEKTPOTEXHUYECKME YCTPOMCTBA MOCTOSIHHOIO TOKA BEChbMa pa3sHO-
00pasHbl, HAMPUMEP aKKyMYJISITOP, JIMHUA Tepeaayy SHepruu, ammnep-
MeTp, peoctar. I1oCTOSIHHBIN TOK NPUMEHSETCH NIPU TMONYYEeHUH aslio-
MUHUS 3N1€KTPOXUMHUYECKMM CIIOCOGOM, Ha TOPOJICKOM U XeJIe3HONO-
POXHOM 3JIEKTPOTPAHCIIOPTE, B 3JIEKTPOHUKE, MEIUIMHE U JIPYTHX
00J1aCTAX HAYKU U TEXHUKHU.

2.2. 3neMeHTbl INEeKTPUYECKO Lienu NoCTOAHHOro ToKa

Qﬂexmpuuecxaﬂ yensb, UIN LeTlb IOCTOSIHHOI'O TOKA, B obuiem ciy-
Yyae coaepkutT CTOYHUKH BHCKTqueCKOﬁ JHEPIruu, NpUEMHHUKH 3J1EK-
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TPUYECKOH 3HEpruy, U3MepuTeNnbHble MPUOOPEI, annaparbl aBTOMa-
TUKU ¥ YIIPaBJIEHUS, COCAUHUTENRbHBIC JUHUK U TIPOBOJIA.

B ucmounuxax anexmpuyeckoii snepeuu ocyuecTBisiercsl npeodpaso-
BaHHUE B 3NIEKTPUYECKYIO SHEPIMIO KaKuX-iubo apyrux ¢GpopMm sHep-
TMH, HAIpUMEP SHEPIUM XMMMYECKUX TIPOLIECCOB B FallbBAHMHYECKUX
BEMEHTaX U aKKyMyNsTOpax, TeIIOBOi 9HepIvu B Tepmonpeo6pa3o-
BaTeJIsIX Ha OCHOBE TepMoIiap.

B npuemnuxax anexmpuueckoii 3nepeuu 3neKTpUYECKas SHEPIUS Mpe-
obpa3yeTcsl, HalpuMep, B MEXaHUYECKYIO (IBUIaTelM TOCTOSSHHOIO
TOKa), TEIUVIOBYIO (3JIEKTPHYECKUE MedYl), XUMUYECKYIO (3JIEKTPOJIN3-
HEIE BAaHHBI).

DNeKTpUYECKUe anmnapathl aBTOMATUKY M YIIPABIECHUS, COEIUHMU-
TEJbHBIE JIMHUM W U3MEPUTENbHBIC NMpUOOphl CIyXAT IS Tepenadyu
SNEKTPUYECKON SHEPTUM OT MCTOYHUKOB, PACTIpeleNeHHsI ee MEXIy
NMpUEMHUKAMH U KOHTPONS -peXUMa pabOThl BCEX 3JIEKTPOTEXHUYE-
CKHX YCTPOIACTB.

I'padryeckoe n306paxkeHue 3IEKTPUYECKOI LIENN HA3BIBAETCS CXe-
moti. Pa3nmuaior HeCKoIbKO cnoco6oB M306paxenys uernu. Ha puc. 2.1
B KaYeCcTBe MpHUMeEpa IMPHBEIEHO 3CKU3HOE U300paxkeHUe 3IeKTpoTeX-
HUYECKHX YCTPOICTB U CIoco0a UX COeAUHEHUS B NpPOCTEMIei 1enu
[IOCTOAHHOrO TOKa. [lpH 3aMbIKaHUM pyOUIbHUKA [ K TaMIle HaKalu-
BaHUsi 2 — NPUEMHUKY BJIEKTPUYECKON 3HEPIMH — IOAKIIOYAETCH
VUCTOYHUK 3JIEKTPUYECKON BHEPIrUM MOCTOSIHHOTO TOKA — aKKyMYVJisi-
TOopHas Garapest 3. 1151 KOHTponst pexuma paboThl MPUEMHUKA 3HEP-
MM BKJIIOMEHH amnepmerp 4 u Bonbr™eTp 5. HatypHoe n3obpaxenuve
3JIEKTPOTEXHUYECKHUX YCTPOIMCTB M UX COEIMHEHUWH NMPUBOOUT K Ipo-
MO3JKUM U TPYIOEMKUM YepTexam. M3o6paxeHte Lenu MOXHO yrnpo-
CTUTDh, €C/IM KAX/]0€ 3/IEKTPOTEXHUYECKOE YCTPOMCTBO 3aMEHUTD (110
I'OCTy) ero ycnoBHeiM 0603HaueHueM (puc. 2.2). Takue rpaduyeckue
M300paxeHus uenei HaseBaIOTCS NPUHYUNUANbHBIMU cxemamu. TTpyuH-
LUIMATbHAas CXEMa MOKA3bIBAET HA3HAYEHHWE 3JIEKTPOTEXHUYECKHX

-
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=
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Z
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Puc. 2.2 Puc. 2.3

YCTPOMCTB U MX B3aMMOJENUCTBHE, HO HEyIOOHA IpY pacueTax pexuma
paGothl menu. J1ist Toro 4roObl BBINONHUT pacyeT, HEOOXOMMMO Kax-
JIO€ DJIEKTPOTEXHUYECKOE YCTPOICTBO TPEICTABUTL €0 CXeMOM 3aMe-
LEHUSI.

Cxema 3amewjenus 371eKTpUYeCKoi el COCTOUT U3 COBOKYITHOCTU
Pa3INYHBIX UIEATU3UPOBAHHBIX JIEMEHTOB, BHIOPAHHBIX TaK, YTOObI
MOXHO ObLIO C 33JaHHBIM NpUOIMXeHUEM onucath NPOLIECCH B LIENHN.

Kougurypauusi cxeMbl 3aMellleHUs] LIETIM ONPenesIeTcss TeOMETPU-
yeCKUMHU (TOIOJIOTUMECKUMHU) MOHSATUSIMU: BETBb, Y3€J1, KOHTYP.

Bemeb cxeMbl COCTOUT W3 OAHOTO WIH HECKOJbKUX MOCJIEN0BATE N b-
HO COEAMHEHHDBIX JIEMEHTOB, KaXIbIii M3 KOTOPBIX UMEET [IBA BHIBOJA
(Hayaso M KOHell), NpuyeM K KOHIY KaXAOTO MpeIbIIyILEro 3JieMeH-
T4 NPUCOENUHSETCS HAYaIO CIeNyIOLIEro.

B y31e cxeMbl COEMHSIIOTCS TPY UM OOJbliiee YUCTIO BETBEIA.

Koumyp — 3aMKHYTHIH TyTh, TIPOXOJSILLUI 110 HECKOJILKUM BETBSIM
TaK, YTO HM OJHA BETBb U HU OJWH Yy3e/l He BCTpeqarorcsi bomblie
OIIHOTO pasa.

Cxema 3ameuleHusi (puc. 2.3) uenu, nokasaHHo# Ha puc. 2.1, co-
JIEPXUT TPU BETBM, MPUYEM JIBE COCTOSIT U3 OIHOIO 3JieMEHTA KaX-
J1asi, a TPETbst — U3 TPeX 3JieMeHTOB. Ha prcyHKke ykasaHbl napameTphbl
JNeMEHTOB: R, — conpoTHBIeHWe Leny Jamnbl; R, — conpoTueJe-
HUe Lienu BOJBTMETPa;, R, — CONpOTUBIEHKE 1IENH amniepmeTpa; £ —
BC akkymyssitopa M R,, — €ro BHyTpeHHee CONpoTHBJIeHNe. Tpy BETBU
coenUHEHBI B IBYX y3JIax a u b.

Ecnv 3HayeHUs NapaMeTpoB BCEX 3JIEMEHTOB CXEMBI 3aMELLECHUS
[ENU U3BECTHHl, TO, INOJIb3YSCh 3aKOHAMHU 3JIEKTPOTEXHUKM, MOXKHO
PaccYUTATL PEXUM pabOTHI BCEX €€ BJIEMEHTOB, T. €. OIIPECIUTD JIEK-
TPUYECKOE COCTOSIHHME BCEX JIEKTPOTEXHUYECKUX YCTPOMCTB.

B nasnbHeiileM BMECTO TEPMUHA CXeMA 3AMEUeHUs INeKMPUUECKOli
yeny GyneM IONb30BATLCS COKPAILEHHBIMY — CXEMa yenu, WIu cxema.

2.3. NonoxurenbHbie HaNpaBfeHNs TOKOB
N HaNPSDKEHWA

CornacHo 3EeKTPOHHOI TeOpHM 3J1eKTPUYECKOI MPOBOIMMOCTH,
BaJIEHTHBIE 3JIEKTPOHbBI B METAJUIAX JIETKO OTJIEASIOTCH OT aTOMOB, KO-
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TOPbIE CTAHOBATCA IIOJIOXUTENBHLIMU HOHaMU. VIOHBI 06pasyior B TBep-
IIOM Tejie KPUCTAJUTMYECKYIO PELUETKY C NPOCTPAHCTBEHHOM IMepUO-
IMYHOCTBIO. CBOOOIHBIE 3NEKTPOHB! XA0TUYECKH JIBUXKYTCS B IPOCTPaH-
CTBE PELLETKU MeX1y aTOMaMH, CTAIKUBAsICh C HUMM.

IMox neiicTBUEM NPOAONBHOIO 3MEKTPUYECKOTO MOJSI HAMPSDKEH-
HOCTBIO &', CO3/1aBaeMOr0 B NPOBOJHUKE JUIMHOM [ UCTOYHUKOM 3jieK-
TPUYECKOH 3HEPIUH, CBOOOIHbBIE 3JIEKTPOHbI NMPHOOPETAOT 106aBOY-
HYIO CKOPOCTb Y JOTIOJIHUTENBHO MEPEMELIAIOTCH B OIHOM Hampasie-
HUMU BIOJIb NPOBOAHMKa (puc. 2.4).

Tlocmosannuii mok B MPOBOISLIEN Cpejie NpeaCTaBisieT coboii B 06-
LIEM CJiy4ae YMopsiI0YEHHOE IBMXXEHUE MOJIOXKUTEIbHBIX U OTpULA-
TEJIbHBIX 32PSIIOB TOJI BO3AEHCTBHEM 3JieKTpudecKoro nojis. Hampu-
MEp, B 3JIEKTPOIUTAX U Ta3aX UOHBI C TOJIOXUTENEHBIMU U OTPULA-
TEJIBHBIMM 3apsijaMy JIBUXKYTCSl HaBCTpedy APYyT Apyry. Tak Kak Ha-
TIPaBJICHUs] NBUXEHUS TIOJIOXKUTENBHBIX M OTPULIATENTBHBIX 3apsioB
MPOTHBOMNONOXHDI, TO HEOOXONVMO YTOYHMTD, IBUXEHHE KaKWX 3a-
PSUIOB ClIelyeT CHUTATh HalpasieHueM Toka. TIpUHATO cunTaTh Hanpas-
JiEeHHEM TOKa [ Hampap/ieHUe IBUXXEHUs MOJIOXUTEIbHBIX 3aPsiIOB, T. €.
HarpasyieHe, 06paTHOe HANpPaBIeHUIO IBUXEHMS 3JIEKTPOHOB B IIPO-
BOJIHHMKE TIOJ{ BO3/IEHCTBUEM 3JIEKTPUYECKOTO TOJisA. DTO HAIpPaBIeHHUE
TOKa3aHO CTPEJKOM (CM. puc. 2.4).

TlocTosiHHBIN TOK Onpenenstior no Gopmyne

I=|q|/t,

rjie ¢ — BpeMsi paBHOMEPHOTO IepeMeILEeHHsI CyMMapHOTO 3apsiia |g|
4epes IonepeyHoe ceYeHUe pacCMaTPHUBAEMOTO YYACTKA LICTIU.

OcHoBHas ennHKLA M3MepeHusi Toka B CU — amnep (A): 1 A=1 Ki/c.

3HayeHUe TOKa B LIeMM U3MepsieTcst MpUGOPOM — aMIepMETpOM,
KOTOPHIH BKJIIOYAIOT fIOCNENOBATENbHO, T.€. B PA3PHIB LIEMNH.

Ilpu pacyerte Lenu feiCTBUTENIbHBIE HANIPABJIEHUS TOKOB B €€ 3Jie-
MeHTax B 00LLeM ciyyae 3apaHee He u3BecTHHL [103TOMY HeoOX0AMMO
MPeIBRPUTEIIBHO BBIOpATh YCIOBHBIE MOJIOXUTENbHBIE, WM, KOPOYE,
MOJOXHUTENbHBIE, HAMPaBJIeHUs1 TOKOB BO BCEX 3IEMEHTAX LEIH.

Tonoxwcumenvhoe nanpaesenue Moka B 3JEMEHTE COMPOTUBICHUEM
R (puc. 2.5) wiu B BeTBM BHIOMPAETCS] NMPOU3BOJIBHO M YKA3bIBAETCS
crpesikoi. Ecnu npy BHIOpaHHBIX MOJMOXHUTENBHbLIX HATIPABIEHUSIX TO-
KOB B pe3yiblaTe pacyera pexuma paboThl LENH 3HAYEeHHE TOKA B

i

' 4D 2D <O Up=U
a4 a b ao——1——op
U— Ip=1
Puc. 2.4 Puc. 2.5
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JIAHHOM 3JIEMEHTE TIONYYMTCS MOJOXUTENbHBIM, TO IEHCTBATENBHOE
Hanpas/eHHUe TOKA COBIAAaeT ¢ BHIOPaHHBIM MONOXUTeNbHbIM. B npo-
THUBHOM -CJIyJae JIeCTBUTENIbHOE HaTpaBieHUE MPOTUBOIIOIOXHO BBI-
GpaHHOMY MOJIOKUTENBHOMY.

Honoxcumenshoe Hanpaeaerlie HANPAXCEHUs HA 3JIEMEHTE CXEMBI LIENH
(cM. puc. 2.5) Takke MOXeT ObITh BBIOPAHO MPOU3BOJIBHO W YKa3bIBAeT-
csl CTPEJIKOM, HO JUIsl y4acTKOB LEIU, He coaepKailiux HCTOYHHUKOB
3SHEpPIYH, PEeKOMeHAyeTcsl BBHIOMpAaTh €ro COBITAAAIOLIMM C IIOJIOXU-
TeJbHBIM HAampaBJieHUEM TOKa, KaK Ha puc. 2.5.

Ec/y BHIBO/bI 37IEMEHTA OOO3HAYEHbI, HarpumMep, a U b (cM. puc. 2.5)
W CTpeJIKa HalpaBjieHa OT BHIBOJA @ K BbIBOLY b, TO IOJIOXUTEIbHOE
HanpapJeHHe O3HAYaeT, YTO OMpeleNsieTCsl HanpsKeHue

U=Up=V,- V.

AHanormuHoe 0603HaYeHre MOXHO IPUHSTE U i Toka. Hampu-
mep, o6o3HadyeHye [, yKa3blBaeT MOJIOXKUTENBHOE HAMNPAaBIEHUE TOKA
B 3JIEMEHTE LIEMH MK CXeMbl OT BHIBOZA @ K BBIBOLY b.

2.4. 3akoH Oma. Pe3ucTopbl  pe3nUCTUBHbIE 3NIEMEHTbI

CTOnKHOBeHHS CBOOOIHBIX 3JIEKTPOHOB B MPOBOAHUKAX C AaTOMaMH
KPUCTAJUIMYECKOI peLleTKH TOPMO3ST HX MOCTYIATENIbHOE IBHXEHHE.
DTO NPOTUBOAEHCTBUE HANPaBJIEHHOMY JIBHXEHUIO CBOOOIHBIX 3J1€K-
TPOHOB, T.€. TIOCTOSTHHOMY TOKY, COCTaBjseT (GU3NIECKYIO CYLLHOCTDb
ANeKMpU™ecKo20 ConpomueneHiis NPOBOAHNKA. AHAJIOTUYEH MEXaHU3M
CONPOTUBJIEHUS NOCTOSTHHOMY TOKY B 3JIEKTPOJIUTaX M rasax.

Ha yyactke nenu conpotuBieHreM R (cM. puc. 2.5) 3aBUCMMOCTD
TOKa OT HANPSKEHUST ONpeAessieTcsi COOTHOLLEHUEM

U, = RL,, v U=RI, (2.1)

HasbIBaeMbIM 3axorom Oma.
BenuuuHa, oOpaTHas CONPOTHMBIEHMIO, HA3bIBACTCS HPOBOOUMO-
CHblo

G=1/R. (2.2)

OcHoOBHAas eIMHULA U3MepeHus conporunieHus B CH — om (Om),
MPOBOAUMOCTH — cumerc (Cm).

IMpoBozsiiee cBOMCTBO MaTepUaia OnpeeNisieT ero obsemMHoe yoeab-
HOe conpomueéneHue Py, PABHOE COIPOTHUBIEHUIO MEXAY MPOTHBOMNO-
JIOXHBIMH CTOPOHaMH Kyba ¢ pe6poM 1 M.

Benvyuna, obpatHasi 0GbeMHOMY YIEILHOMY COIPOTUBJIEHUIO,
HA3BIBAETCA 066eMHOL YOeAbHOU npoeooUMOCHIbIO

Yv= 1/PV- (2.3)
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Tab6auna 2.1

Vaeassoe conpoTupienne H TeMnepaTypubili Koddguument CONPOTHBJIECHMS
HEKOTOPLIX NPOBOJHHKOBBIX MATEPHAJIOB

Ta6nuna 2.2

Vcnosubie rpadmieckue 0003HAYECHHA PE3UCTOPOB

HaumeHnosanue YciaoBHoe 0603HaUYeHHE

O0BeMHOE yrienbLHoe TemnepatypHbIit
Marepuan COTPOTHURIEHUE HpU Ko3gpuLueHT
Temneparype 20°C, Owm - conpotvsienus (Ha 1 °C)
Cepebpo 1,6 - 108 0,0035
Mens TexHuuecKas (1,72—1,82) - 108 0,0041
ATIOMUHMIA 2,95-10® 0,004
Cranp (1,25—1,46) - 107 0,0057
XKeneso 0,9—1,1)- 107 0,006
Jyryu 11,5107 0,001
CauHen (2,18—2,22) - 107 0,0039
Bosnbgpam 0,503 - 1077 0,0048
Yroab (1—6)-107 0,005
Mauranu (crias: (0,40—0,52) - 107 0,00003
Cu—85%, Mn —
1_2 %, Ni — 3 %)
KoHcranTas (criias: 4,4 .107 0,00005
Cu — 57—60%; Ni —
39—41%; Mn — 1—
2 %)
Huxpowm (cruiag: Cr — (1,02—1,120) - 10-¢ 0,0001
20%, Ni — 80 %)

HocrosivHbIi

C orBOmaMu
TlepeMeHHbIi (peocTar)
C pa3phIBOM Lienu

be3 pa3peipa tenu

IMepeMeHHBIi (peocTaT) €O CTYINeHYaThIM
PEryMpoOBaHUEM

CaMoperyMpyolLMiicst HEJTMHEHHO,
HarnpuMep B 3aBUCUMOCTH OT IIapaMeTpa
BHellHe# cpenbt 17

5 P9bh e

EnvHuua usMepeHuss 06bEMHOTO Ya€IBHOrO CONPOTUBAEHUST —
1 OM - M, 06BEMHOI y/IENBHOM TPOBOANMOCTU — | CMm/M.

ConpotyBiieHWe NMPOBOAHUKA 3aBHCUT OT €ro IUTVHBI, TIOWAnU
fIONEPEYHOrO CEYEHMsI M MaTepuaia, U3 KOTOPOrO M3rOTOBJEH IIpO-

BOIOHHK.

OTa 3aBUCHMOCTb BbIpaxaeTcs (popMyoi

R= le/S,

(2.4)

rie R — conporupieHue MPoBoaHUKa, OM; Py — YAEILHOE COIpO-
TUBIeHHe, OM - Mmm%/M; | — [uTHHA MPOBOAHUKA, M; S — IUIOWIAAb
TIOTIEPEYHOIO CEYEHMsI NPOBOAHUKA, MM-.

Cornporusnerye npoBoIHUKA MOCTOSSHHOMY TOKY 32BUCHT OT TeM-
NepaTypel. DTy 3aBUCUMOCTD NIPY U3MEHEHMSIX TEMIIEPATYPbl B MaJIbIX
npenenax (npumepHo 200 °C) MOXHO BbIPasHTh ¢dopmyrioit

Ry = R\[1+ (6, - 6))], (2.5)
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rae Ry u R, — conpotuBiienus TIpU TeMmrieparypax 6;, 6,; o — TeMrie-
paTypHB# KO3 (HULUUEHT CONMPOTUBJICHUST, PABHBLI OTHOCUTEIBHOMY
M3MeHEHUIO COMPOTURAEHMS] NPpU N3MeHeHUU TeMrepatyps Ha | °C.
B Ta6n. 2.1 npuBeneHH 3HaYeHHs OOBbEMHOIO YAECIbHOTO COMpPO-
TUBJICHUSI U TEMIIEPaTypHOro ko3¢ puireHTa COMPOTUBIEHUST HEKO-
TOPBIX IPOBOAHHMKOBBIX, @ B Ta0J. 1.1 — 3/1eKTPOU30JIAIIMOHHBIX Ma-
TepUAJIOB.
Pesucmopom Ha3bIBaeTCsl 3JEKTPOTEXHUUYECKOE YCTPOHCTBO, OONa-
Jaoniee COMpOTHBICHWEM U MPUMEHsAeMoe 15l OTpaHUYEHHUsT TOKa.
Perynupyempslii pe3uctop HasuiBaeTcs peocmamom. YCIOBHbE 060-
3HAUYEHMS Pa3/]UYHBIX TUIIOB PE3MCTOPOB 1aHbl B Ta0J. 2.2.
Pesucmuenoimu 3nemermamu Ha3bIBAIOTCS UIEATM3UPOBAHHBIE MO-
JeJid PE3UCTOPOB U JIIOOBIX [IPYTMX 3JIEKTPOTEXHUYECKUX YCTPOICTB
W UX 4Yacteil, OKa3bIBAIOLIUX COMPOTHB-
JIeHUE TOCTOSIHHOMY TOKY HE3aBUCUMO OT
dusnyeckoii npupoibl 31oro sisaeHus. Oumn
MIPUMEHSIIOTCS] TIPU COCTABJIEHUU CXEM 3a-
MeEIlIeHHs LIeTeil U pacyetax UX peXXUMOB.
Tlpu umeamu3aiiuu mpeHeOperaT TOKaMU
Yyepe3 U30NMHUPYIOHTIUE TIOKPbITHS PE3UCTOPOB,
KapKachl POBOJIOYHBIX PEOCTATOB U T. I1.
Jlunetinbill pe3ucmueHbll 3nemeHm SBJsi-

. . U
€TCsl CXeMOI1 3aMellIeHM JTIO0O0H JYacTHl SIeK-
TPOTEXHUYECKOIO YCTPOUCTBA, B KOTOPOW Puc. 2.6
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TOK NPONOPLIMOHAJIEH HANpsDkeHUI0. Ero mapamMeTpoMm CiiyXuT cornpo-
TUBJeHUE R = const.

Ecnu 3aBUCUMOCTD TOK2 OT HaNpPsKEHUs HEJHWHEHHAas, TO cxeMa
3aMEILEHNSl CONEPXKUT HeAUHeUHbLU Pe3UCTMUEHbIL neMenn, KOTOPbIi
3a[1aeTCsl HEJIMHERHOM 6onbm-amneprol xapaxmepucmurot I(U). Ha
puc. 2.6 IpuBeieHbl BOJIT-aMITepHble xapakTepuctuku (BAX) nuHeii-
HOro (JIMHUA @) U HeAMHEWHOro (JIMHUSA b) Pe3UCTUBHBIX PJEMEH-
TOB, @ TAKXKE YCIOBHBIE ODO3HaYEHMsT MX Ha CXEMAX 3aMEIICHUS.

2.5. Cnoco6bl coeauHeHusa pe3ncTopoB

Bo3MoxHBI NocienoBateibHOE, MapaljieJibHOE U CMELIAHHOE CO-
€IUHEHUs PE3UCTOPOB B 3JIEKTPUYECKOH LIEIH.

TlocredoeamenvHbim Ha3bIBAETCSl COENMHEHNUE PESUCTOPOB, MPU KO-
TOPOM K KOHIYy KaXIOTO IPpebIIyLIEro pe3uctopa MpucoenuHsercs
Hayajio ciaexyowero. Ha puc. 2.7 noka3aHa cxema LIETNH ¢ NOCIenoBa-
TEJILHBIM COETMHEHUEM TPEX PE3UCTUBHBIX 35ieMeHTOB. [TpH 310M TOK
B KaX/IOM Pe3UCTUBHOM 3JIeMEHTEe OAWHAKOBHI 1. Hanpsixenue, npu-
JIOXKEHHOE K LMY, PABHO CYMMe HampsDKEHU Ha Pe3UCTUBHBIX DJie-
MEHTaxX U € y4eTOM 3aKoHa Oma paBHO

U=R3K1= U|+U2+ U3=R|I+R21+R3I,

rie R, — SKBUBAJICHTHOE COMPOTUBJIEHUE LIETH.
Paznenus obe yactu paBeHCTB2 Ha I, TOJlyYUM COOTHOLLEHUE

Rax: Rl + Rz + R3.

Ilapannenvhbim Ha3bIBaeTCsl COeMHEHUE TPYIINbI PE3UCTOPOB, TIPH
KOTOPOM MX Hayajla MPUCOEINHSIOTCS K OIHOMY Y31y LIENH, 4 KOH-
bl — K apyromy. Ha puc. 2.8 nokasana cxema Lenu ¢ napauieibHbIM

— a y

T~

Ull R I‘l 12‘1’ Is‘l’

R, R, Ry
le Ry \b"/
Puc. 2.7 Puc. 2.8
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coeMHEHHEM TPEX Pe3UCTHUBHBIX 3JIEMEHTOB MeXy y3namu a u b. [1pu
9TOM HAIIPSDKEHMS Ha BCEX PE3UCTUBHBIX 3JIEMEHTAX OJMTHAKOBbIE

Uy=U,=Us=Uy=U.

OOuMii TOK LIENU paBeH CyMMe TOKOB B PE3HUCTOPAX U C yYCTOM
3akoHa Oma

1= U/Rax:ll +12+ 13: U/Rl+ U/R2+ U/R3,

rae R, — SKBUBAIEHTHOE CONPOTHBICHHE LIEMU.
Paznenus obe yactH papeHcTBa Ha U, MOyduM COOTHOLLEHHE

1/R=1/R, +1/Ry + 1 /Ry
WM, YUUTbIBasi, YTO MPOBOLUMOCTb pE3UCTOpa PaBHA G=1/R,
G,= G+ G+ G
Jlns aByX napauielIbHO COEIMHEHHBIX PE3UCTOPOB:
1/R,=1/R, + 1/Ry, i R, =R\ Ry/(Ry + Ry).

Ec/iv napa/uleNIbHO COEIMHEHB! /1 OTUHAKOBBIX PE3UCTOPOB Ry = Ry =

=.. R, 0 R, = R/n.

JI7s1 cxeMbl, U300paxeHHOi Ha puc. 2.8:
LR, =U, LR,=U; LR;=U.
Tak Kax IpaBble YaCTU 3THX PaBEHCTB PaBHbI MeXIy cobOii, TO
LR = LR, = LR;.
Ortcrona nojiyyaeM clieflyouee COOTHOLIEHUE,
L/L=Ry/Ry; L/Iy= Ry/Ry; I/ 1y = Ri/Rs.

DTO 03HAYaeT, YTO TOKM B PE3UCTOPAX, BKIIOYEHHBIX NapauieNnbHO,
pacripeleNisioTcs 06paTHO NMPONOPLUMOHAIBHO MX CONPOTUBJIEHUSM.

CmewiannbM Ha3bIBaeTCsl TAKOE COEIMHEHUE DE3UCTOPOB B LIETH,
NpH KOTOPOM OjiHa MX YacCTb COEAMHSAETCS MapajleNibHO, a Npyras —
TOC/IE0OBATENBHO.

ITpu pacyete TaKMX UeNeil ONpelensioT BHaYale SKBUBATICHTHbIE
CONPOTHBJIEHU NAPa/LIENIbHO U NOC/EN0BATEIBHO COEAMHEHHRIX IPYIII
PEe3UCTOpPOB, a 3aTeM — OOlee CONpOTHUBIEHHE BCEH LieTu.

HanpuMep, 11 CXeMbl LieNH Ha puC. 2.9 3KBUBAICHTHBIE CONMPO-
TUBJIEHUS YYaCTKOB C MapajulelbHbIM
CcoeIMHEHUEM PE3UCTHBHBIX JIEMEHTOB
R, v R, v nocneoBaTesibHbIM COEIU-
HEHWEM PE3UCTUBHBIX JIEMEHTOB Ry U

R, paBHEI
Ryin= RiRy/(Ry + Ry);
Rys4= Ry + Ry
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O6uiee CONpOTHBIEHHE LIENH PAaBHO
Roou = Rz + Rogag

2.6. UCTOMHUKM BNEeKTPUYECKO 3Heprvm nocTossHHOro
TOKa. AneKTpoABuXyLLan cuna

PaccMOTpHUM HCTOYHUK 371eKTPUYECKO# 9HEPriH MTOCTOSHHOTO TOKa
Ha NpUMepe rajlbBaHUYeCKOro sneMenTa (puc. 2.10, a), npeacrapis-
1o011IeT0 co00ii 1Be MNacTUHBI — u3 Meau Cu U LMHKa Zn, noMelleH-
HBIC B PaCTBOP CEPHOM KUCJIOTHL. H¥cTas KMCIOTa He MPOBOIMT 3JieK-
Tpu4eckoro toka. Ho npu pacteopeHun ee B 1UCTUITHPOBAHHOM BOJIE

OHa pacriagacTCsl Ha WOHHI, 3aPSIK€HHbIE [MOJIOXKUTENIBHO U OoTpuULa-
TEJIBHO

H,SO, - 2H* + SO}

PacTBOp KUCOTHI, HIE0YU U CONU B JBUCTUJUIMPOBAHHOM Bole
WX NpYroM pacTBOpUTEJIE HAa3blBAIOT 31eKMPOAUMOM, A TIPOLECC
pacliajia XUMHMYECKUX COENUHEHHUU Moj 1eiiCTBUEM DPacTBOPUTENS
Ha UOHBI — 3jgekmpoaumuteckoli ouccoyuayuet.

. 2]J?cne)lcnme XUMHUUYECKUX NPOLECCOB NOJIOXUTEIbHBIE MOHBI IIUHKA

N~ HEPEXoaT B paCTBOP CEPHOIl KUCIOTbI, OCTABIISIA HA LIMHKOBO
IUIACTUHE U3OBITOK OTPULIATENBHBIX CBOGOIHBIX 3apsa0B. OIHOBpPEMEHHO
B PacTBOPE CEPHOI KMCIOTHI TSIKENbE M MATOMNOABUKHbBIE MOJIOKI-
TEJIbHBIE MOHBI LMHKA ZNn*" OTTECHSIOT JIErKHe M TIOABUKHBIE MOJIO-
XKUTEJILHBIE HOHBI BOZOPOJR H* k Mennoii riactune, Ha noBepxHoCTH
KOTOPOM NPOMCXOAUT BOCCTAHOBJICHIE HEUTPATbHBIX aTOMOB BOJOPO-
na. Tlpu 3TOM MesiHast IacTUHA TepsieT CBOBOAHbIE oTpuLaTesbHbIE
3apsibl, T.€. 3apsIKAETCS MONOXUTENABLHO.

Mexy pasHOMMEHHO 3apsiKeHHbIMU TUIACTUHAMYU BO3HUKAET ofl-
HOPOZHOE 3MIEKTPUYECKOE TOJIE HAMPSXEHHOCTBIO &, KOTOpOE 1pe-
TATCTBYET HanpaB/ieHHOMY [IBUXEHUIO MOHOB B pacTeope. I1py 3Haue-
HWHW HANPSDKEHHOCTH TOJIS & = &) HAKOIJIEHME 3apSIOB HA IIACTHHAX

a a
+ RBT
I— Uab
b E
b
a o 6
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npekpaniaercsa. HanpsixkeHre, paBHOE pa3HOCTU MOTEHLUAJIOB MEXy
IUIaCTHHAMH, NPU KOTOPOM HaKOILJIeHUE 3apsiIoB MPEKPAILAETCA, CLy-
KUT KOMKMYIECTBEHHOW Mepoil cmoponneli cuabi (B JaHHOM Cllydae XU-
MMYECKOI IpUpojIBl), CTpeMSILIECs] K HAKOIUIGHUIO 3apsa.
Snexmpodeuxncyuieli cuaoti (D1C) Ha3bIBaeTCsl KOIMYECTBEHHAs Mepa
CTOpOHHEl cwibl. JI7s rasBanuyeckoro sneMenta DC £ paBHa

E: g()d= Uﬂb X

e d — paccrosiHue Mexay miactudamu; Uy, =V, — V;, — Hanpsxe-
HHUE, PaBHOE PAa3HOCTU MOTEHLMAJIOB MEXIY BHIBOJAMM ILIACTHH B
peXUMe XOJIOCTOrOo X0/a, T. €. TP OTCYTCTBUHY TOKA B TAJIbBAHUYECKOM
3IEMEHTeE.

EciyM K BBIBOJIAaM T1bBAHUYECKOTO 3JiEMEHTa MOIKJIIOYUTDL MPU-
€MHUK, HAIIPUMEp pe3uCTOp, TO B 3aMKHYTOI [1EMM BO3HUKHET TOK.
HarnpapiaeHHoe ABIXEHUE HOHOB B paCTBOPE KUCIOTHI COMPOBOXIa-
€TCsl UX B3aUMHbIMH CTOJKHOBEHHUSMH, YTO CO3NAET 6HYMPEHHee CO-
npomuenerue rabBAHUYECKOro 3JieMeHTa MOCTOsIHHOMY TOKy. [aib-
BaHUYECKHIl 3/IEMEHT, 3CKH3HOe H300paxeHWe KOTOPOro NaHO Ha
puc. 2.10, a, a obo3HaYeHHe HAa IPUHLIMIIMAJILHBIX CXeMax — Ha PHC.
2.10, 6, MOXHO TpeacTaBUTh cxeMoil 3ameuierus (puc. 2.10, ), co-
crosiei U3 nocnaenosarenbHo BKIOYeHHbIX DJ{C E uctoyHuKa U pe-
3UCTUBHOIO 3JIEMEHTA COIIPOTHUBJIEHUEM R, PaBHbIM €TI0 BHYTpEeH-
Hemy conpotupieHuio. Crpenka SJIC yKasplBaeT HanpableHUE IBU-
JKEHHUS MOJIOXUTENLHEIX 3apsiiOB B TAJbBAHUYECKOM 3JIEMEHTE IO
neiicTBueM crtopoHHux cui. Crpenka HanpsixeHust Uy, yKa3plBaeT Ha-
fipaBjeHUE ABUXEHHS] MOJIOXUTEIIbHBIX 3aps/IOB MO/ IEHCTBUEM CUJI
3JIEKTPUYECKOTO MO0JiA B MPUEMHHKE, €CJIU €r0 MONKIIOYUTD K Tajb-
BaHUYECKOMY 3JIEMEHTY.

Cxema 3aMeleHus Ha puc. 2.10, ¢ cripapemiuBa 1)1 JO0bIX APYTUX
WCTOYHUKOB 3JIEKTPUYECKOH SHEPTHH IMOCTOSIHHOTO TOKA, KOTOpbIe
OTJIMYAIOTCS OT TalbBAHMYECKOrO 3jieMEHTa (hU3MYeckoi nmpuponoil
BAC ¥ BHYTPEHHETO CONMPOTUBAECHUS.

2.7. ctouHuk SAC u MCTOYHUK TOKa

HUctounuk 3J1C ¥ UCTOYHUK TOKA SBISIOTCSA YACTHBHIMU Cliy4assMU
HUCTOYHMKA 3NEKTPUIECKO SHEPIUn.

PaccMOTpUM MIPOLIECCH B IIEMU, COCTOSALIEH U3 UCTOYHMKA 3JI€K-
TPUYECKOH 3HEPIUM U MOAKJIIOYEHHOro K HEMY PE3HCTOpa C COMpO-
TUBJIEHHEM Harpysku R,. IpenctaBuM MCTOYHMK 3JIEKTPUYECKOM 3HEP-
MM cxeMoil 3amenieHus Ha puc. 2.10, e, a Bclo Lienb — CXxeMOM Ha
puc. 2.11, a.

CaroiicTBa HCTOYHUKA JIEKTPUUYECKOM SHEPTUH OTIPENE/ISIET 604bM-
amnepHas, VM 6HEWHsIs, XapaKmepucmukd — 3aBUCHMOCTb Hampsixe-
Hus Mexay ero BuiBogamu Uy, = U ot Toka I McToYHuKa, T.€. U(])
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Puc. 2.11

U=E- RBTI= (Jx - RBT]’ (26)

KOTOPOM COOTBETCTBYET NpsiMasi Ha puc. 2.12, a. YMeHblLeHe Harnps-
XCHHS VCTOYHUKA MPU YBEIMYEHUU TOKA OObIACHSETCA YBEIUYEHUEM
NaJleHys1 HAaNPsDKEHMA Ha ero BHYTPEHHEM COnpotHeieHuu R,. Tpu
HanpspkeHuM U= 0 TOK MCTOYHMKA paBeH TOKY KOPOTKOIO 3aMBIKA-
Hus: [=1 = E/R,_.

Y4acToK BHEULIHElH XapaKTePUCTUKHM NMPH OTPULATENbHbIX 3Hade-
HUSIX TOKa COOTBETCTBYET MOTPEGIEHVIO MCTOYHUKOM SHEPTHM U3
BHELIHEH OTHOCUTEJIBHO HETrO LIeMHM, HANpUMep 3apsiKe aKKyMyJisi-
TOpa.

HUcrounnk DJIC. Eciu BHyTpeHHee CONPOTHBIEHNE HCTOYHUKA 3JEK-
TPUYECKO# 3HEPTHH BO MHOTO Pa3 MEHbLIE COMPOTURAEHMS LIENU Ha-
TPY3KH, TO HaNpsDKEHHE WUCTOYHMKA MO (2.6) MpU TOKE MO 3aKOHY
Oma I= R/(R,, + R,) Y 3Ha4eHMsIX COTIPOTUBIEHMIA R, > R, nipaktu-
yecku paBHoO DJIC

U=E——R"T—E= ————E—z E = const.
R, +R, 1+ R, /R,

N cToyHMK 31eKTpUYeCcKOoit 3JHEPTHUH ¢ MaTbIM BHYTPEHHUM CONPO-
THBJICHUEM MOXHO 3aMEHUTb MACANU3UPOBAHHOM MOJIENBIO, IS KO-
TOpoii R, = 0. Takoii HaeaTM3UpPOBaHHBII UCTOYHUK SNIEKTPUYECKOM
SHEPTUH HA3bIBACTCS UdeatbHbim ucmourukom JC u XapakTepusyercs
onHuM napaMetpoM E= Uy = U. HanpsixeHue Mexy BEIBOZAMM Hie-
aTbHOTO UCTOYHUKA DJIC He 3aBUCKUT OT TOKa, a ero BHELIHSs XapaK-
TEPUCTUKA ONPELENsIeTC BhIPAXEHUEM

U= E = const, 2.7

KOTOpOMY COOTBETCTBYeT IpsiMast Ha puc. 2.12, 6. Takoil MCTOYHKK
HasbIBACTCSl TAKXKE UCMOYHUKOM Hanpsvcenus. Ha 3TOM Xe pucyHKe
NOKa3aHO 0603HaYeHHe UICATTbHOTO neTogHrKa DJIC Ha cxemax.

Mcrounnk Toka. Ec/iv BHyTpeHHee cONpOTHB/IEHHE UCTOYHUKA 3/1eK-
TPUYECKOH 3HEPTHH BO MHOTO pa3 GoJbLIe CONPOTHBIEHUS LIENU Ha-
TPY3KH, TO TOK UCTOYHMKA MPU 3HAYEHUSAX COMPOTUBAEHUH R, > R,
NPAaKTUYECKU PaBeH ero TOKY KOPOTKOTO 3aMBIKAHUS

30

N
- RBT+‘RH

HMcTouHUK 3MeKTpUYecKoil 3Hepruu ¢ OOJIBIIUM BHYTPEHHHUM
COMPOTHUBJIEHHEM MOXHO 3aMEHMTb WIEANM3HPOBAHHOM MOJEJbIO,
y KOTOpO#l R, —> o U E — o U IJIsl KOTOPO# CIIpaBe/IMBO PaBEHCTBO
E/R,.=J. Takoii uieamM3upoOBaHHBIN UICTOYHHUK 3JIEKTPUYECKOM 3HEP-
THY HA3bIBAETCS UOCAAbHbIM UCMOYHUKOM MOKAQ Y XapaKTepU3yeTcs Ofl-
HUM napameTpoM J =J,. TOK HCTOYHHKA TOKA He 3aBUCHUT OT HaripsiKe-
HMS MEX]Y €ro BbIBOAAMU, @ €r0 BHEIIHSIS XapaKTepUCTHKa OIpejie-
JISIETCS1 BBIpaXXeHUEM

= E/R, =1, =J = const.

I=J=const, (2.8)

KOTOPOMY COOTBETCTBYET NpsiMas Ha puc. 2.12, 6. Ha 3ToM xe pucyHkKe
JlaHO 0003HauYeHHe HCTOYHHMKA TOKA HA CXeMaX. YYacTOK BHELIHEN Xa-
PaKTEPUCTHKM € OTPMLATENILHHIM 3HAYEHMEM HANpSDKEHMs COOTBET-
CTBYeT MOTPeOJIEHUIO UCTOYHUKOM TOKA 3HEPTHH U3 BHELUHEH OTHO-
CUTENBHO HETO LIeNH.

OT cxeMbl 3aMelieHUsT HCTOYHMKA SHEPIUM Ha puc. 2.11, a MoxHO
MepeiTy K SKBUBAJEHTHOM cxeMe 3aMelleHUs ¢ MCTOYHHKOM TOKA.
Hnst saToro pasmenum Bce craraeMble ypaBHeHUs (2.6) Ha BHyTpeHHee
COMNPOTHBIIEHUE UCTOYHUKA R,

U/RBT = E/RBT— I’
HUIHn
E/R,=J=U/R,+I=1,+1

U U
\ I Ry E
E=U, U
E E lU
I
0 IS T 0 I
a (]
U
J U KT U JU") U
i # #
0 J I
8 e 0
Puc. 2.12
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INonyyeHHOMY ypaBHEHMIO COOTBETCTBYET SKBUBATEHTHAS CXeMa
3amewieHus Ha puc. 2.11, 6. pencrapnenue peajibHBIX UCTOYHUKOB
3JIEKTPMYECKOil SHEPTHU B BUJIE JBYX CXEM 3aMEILIEHUS! SIBJISIETCS 3K~
BUBAJICHTHBIM OTHOCUTENILHO BHELTHEIO Y4acTKa LIeNHU: B 0GOUX Clly-
YasiX ONMHAKOBBI TOKM UCTOYHUKOB M HANPSDKEHUs] MEXIY X BBIBO-
naMu.

B Teopuu Leneit pa3iMyaoT He3aBUCHMbIE U 3aBUCHMBbIE HCTOYHH-
ku OJIC v ToKa. B nocieiHeM ciiydae 3Ha4YeHHMs! X NApaMeTpOB 3aBUCST
OT 3HAYEHMUIt JpYrux BevuMH, Hanpumep E(I') (puc. 2.12, 2), J(U’)
(puc. 2.12, d), tne I’ u U’ — Tok 1 HanpsixeHWe Kakoi-muGo U3 BeT-
BEU 1ienu.

2.8. Nepewblit v BTOPOII 3aKoHbl Kupxroga. 06061eHHbIH
3akoH Oma

HBa 3akoHa Kupxroda — OCHOBHbBIE 3aKOHBI 3JIEKTPUYECKHUX Lie-
Me.

Ilepsbiii 3akon Kupxroga. Arzebpauveckas cymma moroe 6 ao6om
Y3ne nexmpuueckoil yenu pasHa Hyno:

M=

I, =0, (2.9)
k

[l

T€ n — YMUCJIO BETBEW, COENUHSIIOLIMXCS B y371€; Kk — MOPSAKOBbIN
HOMED BETBHU.

B (2.9) co 3HaKkoM mmoc 3anUchIBAIOTCS TOKU C MOJOKUTEIIBHbIMU
HaNpaBJICHUsIMU OT y3Jia, @ CO 3HAKOM MUHYC — C TOJIOXHUTEIbHBIMU
HampaBJe€HUsAMH K Y37y, WIU Haobopot. MHaue, cyMMa TOKOB, Ha-
NPaBJEHHDbIX OT Yy3/1a, PaBHA CYyMME TOKOB, HAampaBieHHBIX K y3Iy.
Hamnpumep, nns ysia uenu Ha puc. 2.13

h-L+l-I+ I =Y I, =0,
k=1

WU

[3+15= 1|+12+14.

DTOT 3aKOH SIBJISIETCA CJIEICTBUEM TOTO,
YTO B y3/aX UEMU IMOCTOAHHOIO TOKa 3a-
Ppsibl HE MOTYT HaxariMearkesi. B npotus-
HOM Cjiy4yae U3MEHSIIUCDH OBl MOTEHLUATBI
/4 Y3J10B U TOKU B BETBSX.

h Bropoii 3akon Kupxroda. Arze6pauve-
CKAasi CyMMa HANPsadfCeHull yHacmeoe 06020
Puc.2.13 KOHMYpa 3AeKmpuveckoll yenu pasHa Hyai:
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YU, =0, (2.10)
k=1

rie m — YUCIO yYacTKOB KOHTYpa; K — MOPSIKOBbIIi HOMEP yyacTKa.

B (2.10) co 3HaKoM ILIIOC 3alMCHIBAIOTCSI HANPSDKEHMSI, TIOJIOXU-
TeJIbHblEe HArpasJIeHHs KOTOPbIX COBIMANAIOT ¢ MPOU3BOJIBHO BBIOpaH-
HBLIM HarnpapjieHHMeM 00xojia KOHTYpa, M CO 3HaKOM MMHYC — TpOTH-
BOIOJIOXHO HAallpaBjieHHBIE, WX HA00OPOT.

Jna KOHTypa CxeMbl 1LIETIM, COAECPXKAILEro TOJBKO MCTOYHUKH SAC
M pE3UCTHBHBIE 3JIEMEHTHE, a12e0pautecKas CymMma HanpsayiceHuti Ha pe-
3UCMUBHBIX 31emenmax pasna aseedpaureckoii cymme 3J[C, T.€. BTOpoH
3akoH Kupxroda npuHUMaeT BUL

m

SUp =S RI =Y E, @.11)
k=1 k=1 k

=l

e 1 U m — 4YUCla pe3ucTUBHBIX 351eMeHTOB 1 DJIC B KOHTYpe.

B (2.11) co 3nakoM runoc 3anuceiBaiotes D C U TokM, HONOXU-
TeJIbHbIEe HarpaBieHus] KOTOPHIX COBIAAAIOT € MPOU3BOJLHO BHIOpaH-
HBIM HarfpaBjieHneM 00x0Ja KOHTypa, U CO 3HAKOM MUHYC — IPOTHU-
BOIIOJIOXXHO HaIpaBjieHHbIE, WU HA0OOPOT.

Jlns KOHTYpPOB, cojiepxkallliX UCTOYHUKM TOKa, AOMyCTHMa 3a-
nuch BTOporo 3akoHa Kupxroda tonvko B Bune (2.10), HO He B
Buge (2.11).

Hanpumep, mist kontypa I cxemsbl uenu Ha puc. 2.14 mo (2.10)

-U+U,— Us=0,
aas koHtypa 2 no (2.11)

4 3
ZRka=—R|11+R212+R414+R3I3=2Ek =—E|+E2+E3.
k=l k=1

Bropoii 3akon Kupxroga (2.10) siB-
JisieTcsl cNejiICTBUEM TOrO, YTO B IO-
CTOSIHHOM 3JIEKTPUYECKOM I10Jie UUP-
KYJSLHUS ero BeKTopa HarnpsiKeHHOCTH
BJIO/Tb 3aMKHYTOrO KOHTYpa paBHa HYJIIO
(1.5).

B yactHOM ciyyae B KOHTYP MOXET
BXOIWTh TOJbKO OJHA BETBb LENH, TaK
YTO OH 3aMBIKAeTCs1 BHE OPYTHX BETBEH
uernu (puc. 2.15). B aToM cinyuae cornac-
HO (2.11)

RI,+ Uy=FE,

OTKyja Puc. 2.14
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_Wup+E) V,-V,+E

R R

J_U+E (2.12)
R’

rae Hanpskenue Uy = U u 1ok Iy =1

BETBU COBIALAIOT MO HAIMpaBIEHUIO.

VpasHeHue (2.12) Buipaxaer 0606wennbiil 3akon Oma s moboit

BETBU € CyMMapHbIM cornpotusieHreM R u 3JIC FE (Ho 6e3 UcToY-

HUKOB TOK2) WIM OTAENbHOTO YYacTKa 3TOM BETBU C riapaMeTrpaMu R
u E.

lab

WIn

Puc. 2.15

2.9. NpumeHenune 3akoHa Oma u 3akoHoB Kupxroda
ANSA PpacyeToB 3NEeKTPUYECKUX Lienen

B o6wieM ciyyae cxema Lenu umeer B BeTseil, U3 KOTOPbIX B, BeT-
BEH collepKaT UCTOYHUKM TOKA, U Y y3JI0B.

PaccmoTpuM cHayana pacyet cxembl LienM 6e3 UCTOYHUKOB TOKA,
T.€. Ipu B,=0, a 3ateM o0 Cayyaii.

Cxema nenu 6e3 uCTOMHHKOB TOKa. PacueT cxeMbl Lieny 6e3 ucTou-
HHUKOB TOKa CBOAMTCS K HaXOXIEHUIO TOKOB B B Berssix. [l 3TOro
HEOoOX0/IMMO COCTaBUTb Y — | He3aBUCHMbIX ypaBHEHUi 1O MEpBOMY
3aKoHy Kupxroda u K= B— Y+ 1 He3aBUCHMBIX ypaBHEHMIA TIO BTOPO-
My 3akoHy Kupxroga. CooTBeTCTBYIOLIME 3THM YPABHEHUSIM Y3J1bI KOH-
Typa HA3bIBAIOTCS HE3a6UCUMbBIMIU.

L1 niiaHapHBIX cxeM, T.e. JONMYyCKAaIoLKX U306pakeHue Ha TUIoC-
KOCTH 6e3 rnepeceyeHUsl BETBEl, OCTATOYHBIM YC/IOBUEM BblIE/EeHMs
K He3aBUCHMBIX KOHTYPOB SIBJISIETCS HAJIMYME B KAXIOM M3 HUX OIHOM
BETBM, TNPUHA/JIEXAIIE TONBKO 3TOMY KOHTYDY.

Yucrio He3aBHCHMBIX YpaBHEHMII MO nepsoMy 3akoHy Kupxrodga
Ha €AUHMIly MeHbLIE YHCAA Y3JOB INMOTOMY, YTO TOK KaXJAOH BETBHU
BXOJMT C Pa3HbIMH 3HaKaMH B YpaBHEHMSI JUIS1 COEIMHSEMBIX €10 Y3JIOB.
CyMMa caraeMbIX ypaBHEHUIi BCEX y3/I0B TOXIECTBEHHO PaBHA HYJTIO.

PelieHue cucteMbl ypaBHEHUI OfpeiensieT TOKU BeTBENA.

4, a 2
Pt etV
WA
I | | 1 |
b1 | 2
I P, E | Il
E\-z==Z_ _F_°> ZZZ_/ E,
Puc. 2.16
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PaccMoOTpUM pacyeT CxeMbl
Lienu Ha puc. 2.16, koropas conep-
XuT Y=2 y31a u B=3 BerBu, T.e€.
K=B-Y+1=3-2+1=2 He3aBu-
cuMBIX KoHTYypa (1 v 2, unu 1 u 3,
wm 24 3).

ITpou3BonbHO BBIOHMpaeM Moo~
JKUTEJIbHEIE HATIpaBJ€HUsI TOKOB
seteeil 1, L, L. Tlo nepeomy 3a-
koHy Kupxroga cocrapisieM OfHO
(Y-1=2-1=1) He3aBHUcHUMOE Pue. 2.17
ypaBHEHME, HAIpUMeEp 151 y37a a,

U 1o BTOpoMy 3aKoHy Kupxroga — nBa (K= 2) He3aBUCHMbIX ypaBHe-
HM$, HanpuMep Uid KOHTypoB I u 2:

—II —Iz +13 :O;
RIII +R313 :El + E3; (2.13)
Rz[z +R3I3 :Ez +E3,

rjie HanpsiKEHUST Ha Pe3UCTUBHBIX 3JIEMEHTAX OIPENeIIIOTCs 110 3aKO0-
Hy OmMa.

PelueHune cucreMbl Tpex ypaBHeHUit (2.13) ¢ TpeMsi HEU3BECTHBI-
MU TOKaMH orpenesisier Toku Betrseil Iy, I, b.

Hpumep 2.1. C nomonipio 3akoHoB Oma u Kupxroda onpernenurb
TOKHW BCeX BeTBEM cxeMbl Ha puc. 2.17 npy 3HAYEHUSAX TTAPAMETPOB 3Jie-
menToB: E;=1B, E;=2 B, E;=3B, E,=4 B, R, =4 Om, R,=2 OMm,
R3 = 1 OM.

Pewenue. CxeMa COIEPXHUT YUCIIO BeTBeil B= 6, y30B Y=4, He3a-
BUCUMBIX KOHTYpOB K=B—-Y+1=6-4+1=3.

BriGMpaeM TONOXMUTENbHBIE HANpaBlieHUs] TOKOB B Betesix [, b,
L, I, L, I, u obo3HayaeM y3ibl a, b, c, d.

Bri6upaeM 1pu (K = 3) HesaBuUCHMMBIX KOHTYpa 1, 2, 3, oTMeyeH-
HbIX Ha pHC. 2.17 WTPUXOBO# JIMHUEM, U HANpaBJIeHus1 Ux 00xo/a.

CocrassisieM Tpu (K= 3) He3aBUCHUMBIX ypaBHEHUA [0 BTOPOMY 3a-
KOoHy Kupxroga (uisa xourypos I, 2, 3), tpu (Y- 1=4-1=3)
He3aBUCHMBbIX YPaBHEHUS 1O TiepBoMy 3akoHy Kwupxroda (mns y3ios
a, b, ¢©) u, pelas Hux, onpejiensieM TOKU BETBEH:

RI;=F, - F, (xouryp I);

-R, 1, = E; + E, (xoutyp 2);

—R;I; + RyI, = E;, + E; (xoHTYD 3);

Iy=(E;-E)/R =(4-2)/1=2 A;

I, =—~(E;+ E3)/R, =—(4+3)/2=-3,5 A;

I, =(E, + E)/R + (R /R); =(1+3)/4+(1/4)2 =15 A;
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Li=5+65L=15+2=35 A (y3en a);

iy ' TR Ii=-L+1,=3,5+3,5=7 A (y3en b);
{
E() |1 I lzT R 691 Ii=L-5L=1,5+35=5 A (y3en ¢).
| | B NPaBUJIBHOCTU PELLIEHUA MOX-
\ J
——= HO yOenUTLCSI, TIPOBEPUB CITpABE/i-

b JIMBOCTB 1epBOro 3akoHa Kupxro-
a s ysnad: ¢
Puc. 2.18 (b y

16+ 13—15=5+2—7=O.

O6uwii cnyvaii. ITpu pacuere cxeM ¢ ucrouHukamu DJIC U Toka
BO3MOXHbI YNIPOLUgHUS. JIeHCTBUTENBHO, TOKU B, BETBEi ¢ UCTOYHMU-
KaMM TOKA U3BECTHbI U PABHBI TOKAM UCTOYHUKOB TOKa. I103TOMY ymc-
JI0 HE3aBUCHMbIX KOHTYPOB (6€3 MCTOYHMKOB TOKA!), /I KOTOPBIX
HEOOXOIMMO COCTaBUTH YPaBHEHUsI 1O BTOPOMY 3aKOHY Kupxrodga,
paBHO K= B— B,— Y+ 1.

Ilpumep 2.2. C nomouipio 3akoHoB Oma u Kupxroda onpenennts
TOKM BCEX BETBEil CxeMbl Ha puc. 2.18 npu 3HaueHMsIX NapaMeTpoB
sneMeHTOB: E=5 B, J=2 A, Ri=20M, R,=1 Om, R;=3 Owm.

Pewenue. CxeMa conepxut 4ucno Betseil B=3, 13 KOTOPBIX C UC-
TOYHUKOM TOKa B;=1; y310B Y=2 (a u b); He3aBUCUMBIX KOHTYPOB
(6e3 vcToyHUMKOB TOKa) K=B— B)— Y+1=3-1+2-1=1 (xoutyp 7).

BriGMpaeM nonoxuTeNbHbE HAMpPaBieHus TOKOB B BETBSX U 06O-
sHayaeM ux I, L, I,. Tox L=J=2 A.

Cocras/isieM OIHO HE3aBUCHMOE ypaBHEHUE 110 BTOPOMY 3aKOHY
Kupxroga (11 xoHTypa 1, BHGpas HampasieHUe ero obxona) U oaHO
(Y= 1=2-1=1) He3aBUCUMOE ypaBHEHMUE TIO [IEPBOMY 3akoHy Kupx-
roda (s y3na a):

R, - RyI, = E (xontyp 1); g 2 -1h =5
I +1,+1,=0 (y3en a); I+1,=-2

CIOXMB TOYJIEHHO MEPBOE W BTOPOE ypaBHEHMUSI, OIPENEIUM TOK
I;=1 A, a 3ateM U3 BrOpOro ypasHeHuss — 1ok L, =-3 A.

HWcnonb3ys 3akonsl Oma 1 Kupxroda, MOXHO paccuutath pexum
paboTsl 11060k IMeKTPUIecKoi Lenu. JINs yrpoweHus: BhIMKCIeH Uil
NIPUMEHSIOT Pa3IniHble PacuYeTHbIE METObI: SKBUBAJIEHTHOIO NMpeob-
Pa30BaHMs CXEM, KOHTYPHBIX TOKOB, Y3/JOBBIX IMOTEHLMANOB, MEXY3-
JIOBOTO HAMNPSDKEHUS U T. 1.

2.10. MeTtop, 3KBUBaneHTHOro Npeo6pa3oBaHus cxem

PacueTt croxHoii anexTpuyeckoii LICIA YIIPOHIAETCS, €CITU B €€ CXEME
3aMCLLIEHMS 3aMEHUTD TPYITY PESUCTUBHBIX 3JIEMEHTOB JIPYTOi SKBU-
BAJICHTHOW IPYNNOM, B KOTOPOU PE3NCTUBHBIE NIEMEHTHI COEIMHEHDI
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Puc. 2.19

yvHave. B3aMMHasi 5KBUBAJIEHTHOCTb 3aKJIIOYAETCs B TOM, YTO MOCIE
3aMeHbl PEXUM pabOTHl OCTAJIBHOM YacTH LiEN HE U3MEHUTCS.

CmelllaHHOe COeIMHEHNE PE3UCTHBHBIX JJIEMEHTOB. B cxeMe ¢ OIHUM
UCTOYHHUKOM BHEITHIOIO IO OTHOLLIEHUIO K HEMY YacTb CXEMBI MOXHO
paccMaTpHUBaTh KaKk cMelliaHHoe (ToclielloBaTeNibHO-NapallebHOE)
coe/iIMHeHNE PE3UCTUBHBIX 3JIEMEHTOB.

Jlnsa pacyera Takyio cxeMy cleayeT npeoOpa3oBaTh B 3KBUBAJICHT-
HYIO C TOC/eIoBaTelIbHbIM COEMHEHWEM PE3UCTUBHBIX 3JIEMEHTOB.
Hampumep, B cxeme Ha puc. 2.19, a Mexy y3naMmu a U b BKJIIOUYEHBI
TPU PE3UCTUBHBIX 3JIEMEHTA CONPOTUBICHUSIMU R), Ry u Ry, T. e. fpo-
sogumoctsiMu G, = 1/R,, Gy= 1/R,, G,=1/R, u 3KBUBaJIEHTHOI1 NPO-
BOAMMOCTBIO

G, = 1/Ry+ 1/Ry+ 1/R,. (2.14)

3aMeHUB MapalieibHOE COeIMHEHUE PESUCTUBHBIX 3JIEMEHTOB 3K-
BUBJEHTHBIM PE3UCTUBHBIM 3JIEMEHTOM COMPOTUBIECHUEM R, =
= 1/G,,, NOIy4rM 3KBHUBAJICHTHYIO CXeMY € TOCHEAOBATENbHBIM CO-
eNVHEHHEM JIByX PE3UCTUBHBIX 35ieMeHTOB Ry U R, (puc. 2.19, 6), Tok
B KOTOpPO# paBeH

I, =U/(R, + R,)). (2.15)
Toku B mapa/uieNbHbIX BETBSAX UCXOMHON CXEMBI PABHBbI
L= Uy/Ry; L= Uy/Rs; Iy=Up/R,, (2.16)

rae Hanpsckenue Uy= R, 1. )

CoennneHue PE3NCTUBHLIX 3JIEMEHTOB 3BE3/I0H M TPEYroJIbHHKOM.
CxeMy 3aMeLLieHUS LIETIM B BUIE TPEXJ1y4eBOH 3Be3/1bI U3 Pe3UCTUBHHIX
3JIeMEHTOB MOXHO 3aMeHUTh 3KBMBAJIEHTHOM CXEMOil B BUle Tpe-
YroJbHMKa, U Haobopot. Takoe npeobpazoBaHue MPUMEHSETCS npu
pacyeTax CJIOXHBIX LIETIEH MOCTOSIHHOTO TOKa M TpexdaszHBIX uenei
(cM. 1. 6).

DKBUBAJIEHTHOCTb CXEM B BHIE TPEYTOJBLHUKA U 3Be37bl (puc. 2.20)
oJjiyyaercs MpHupaBHUBaHHEM 3HAYEHUH COMPOTUBJIEHUA WIH IIPOBO-
JUMOCTEl MeXay OOHOMMEHHBLIMHU Y3JaMU ITHX CXEM, OTCOEHMHEH-
HBIX OT OCTAJIBHOH 4YaCTU CXEMBbI.

37



Q
[}
A

Puc. 2.20

Haiinem conporusnenvie mexay ysnamu a v b. [TpoBomMocTh Mex-

Ay y3namu a v b B cxeme COeMHEHMS TPEYTONbHIKOM (pHC. 2.20, a)
paBHa

L_{. 1 :Rﬂb+Rbc+Rca
Rab Rbc + Rca RabRbc + RcaRab ’

ConporHBieHe Mexay y3namMu a U b — BeJIM4YMHA, OOpaTHasi mpo-
BOIMMOCTH MEXIY 3TUMHM y371aMH, T.€. Ry;=(R;Ry+ R, Rp)/(Ryp+ Ry +
+ Rca)-

B cxeme coenvneHus 3pe3noii (puc. 2.20, 6 ) COMPOTUBJIEHUE MEX-
Iy y371aMU a u b paBHO cymMMe CONPOTHUBJ/IEHUIT IBYX BETBEHL: R, + R,

YcioBreM 3KBHBATEHTHOCTH SIBJISETCS] PABEHCTBO

R,, + Rb — RabRbc + RcaRab — RabRbc + RcaRab
Rab + Rbc + Rca 2 RA ’

e ) R, — cyMMa CONPOTUBIIEHMIi BCeX BETBeil B CxeMe COeIMHEHUS
TPEYTONBHHUKOM.

Luknuueckasi nepecTraHOBKa WH/IEKCOB B (2.17) onpepensier ycno-
BUS1 paBEHCTBA CONMPOTHBJIECHUI MeX/y OIHOMMEHHBIMM y3/IaMU b U ¢
U MEX]y y3JIlaMH € M g CXEM TPEYTOJIbHUKA U 3BE3[IbI

(2.17)

RbcRca + Rab Rbc .

Ry + =
b+ R, YR, ; (2.18)
R.,R, + Ry R,
R +R, =—¢aab” "bc-ca 21
I @19

Cnoxus (2.17) u (2.19) ¥ BbINTA M3 3TOi CyMMBI (2.18), Haitnem
BBIPAXKEHUE /151 CONPOTUBJIEHUS BETBU 3BE3/1bl:

R,= RyR../ Y R.. (2.20)

Likinyeckas repecTaHOBKa MHAEKCOB B (2.20) onpenenser Boipa-
KEHUs! /11 CONPOTUBIIEHUI ABYX IPYTHMX BETBEI 3BE3/IbI;
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Rb = RbcRab/z RA; (2.2 1)
Re=RoRy/ 3. Ry (2.22)

[Tpu paBeHCTBE CONMPOTHBIEHUII BeTBE TpeYroinbHUka (R, = Ry.=
=R.,= R,) conpoTUBIeHMs BeTBEH S3KBUBAJIEHTHOH 3BE3/Ibl TOXE O~
HAKOBBI:

R, =R./3. (2.23)

Bo3MoxHO 06paTHOE 1peobpa3oBaHye 3Be3/Ibl U3 Pe3UCTUBHEIX 3J1e-
MEHTOB B 3KBUBAIEHTHDII TPeyroabHUK. 17151 3TOT0 yMHOXUM [OMapHO
Boipaxenus (2.20)—(2.22) v cnoxvM nomyyeHHble NPOU3BENCHMS:

RaRb + RbRc + RcRa = RabRbcRca/ (Rab + Ry + Rm)-

PasnenuB 310 cooTHoleHue Ha (2.22), ompenenuM CONpPOTHBIIE-
HHME BETBH TPEYTrOJIbHUKA:

Ry=R,+ R, + R,R,/R.. (2.24)

Iuk1Hyeckas nepecTaHOBKa UHIEKCOB B (2.24) onpelensieT Bbpa-
JKEHHUSI JUIS1 CONTPOTHURIIEHUIM NBYX IPYTUX BETBEH TPEYrONbHUKA:

Ry.= Ry+ R.+ RR/R,; (2.25)
R,=R.+ R, + RR/R, (2.26)

Ilpumep 2.3. Paccuuratb CONPOTUBIEHHUE MOCTOBOM CXEMBI COEAM-
HEHUS! Pe3UCTHBHHIX 3JieMeHTOB (puc. 2.21, a) npu 3HAYEHUU KX CO-
npotusienuit: R, = R,.=10 Om, R, =20 OM, R;=2,5 Om, Ry =5 Om.

Pewenue. 3aMeHUM CXEMY COEIMHEHKS PE3UCTUBHBIX 3JIEMEHTOB R,
R,,, R, TpeyroJbHUKOM 3KBUBAJIEHTHOH CXEMOM COEIMHEHMS 3BE3/I0M,
CONPOTUBJIEHUS BETBEH KOTOpO# ompenenyM no ¢opmynam (2.20)—
(2.22):

R,=50wm, R,=2,50mM, R.=5Om.

B nosrydyeHHOH cxeMe CMEIIaHHOTO COEIMHEHUS PE3UCTUBHbIX 3Jie-
MEHTOB 3aMEHMM [1Be MapajUlejbHbBle BETBH OJHON BETBbIO C 3KBHBA-
JIEHTHBIM PE3UCTHBHBIM 3JIeMEHTOM (T10Ka3aH Ha puc. 2.21, 6 utpuxo-
BO¥ JIMHKEI), CONPOTUBIIEHHE KO-
TOpOro onpeaeaum no (2.14):

=(Rc +R)(R, +R,)
*  R.+R+R,+R,

=3,75 Om.

CornporHBieHHEe MOCTOBOIA Cxe-
MBI U TOJTy4eHHOM 3KBUBAJIEHTHOI
CXeMBI C TOCJeIOBATENbHbIM CO-
€ITHEHVIEM JIByX PE3VCTUBHBIX 3Jie-
MeHTOB paBHbl R, + R,, = 8,75 Om. Puc. 2.21
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2.11. Metop y3noBbix noreHyuanos

Merton, y3/10BbIX NOTEHLMAIOB MO3BONSAET YMEHBLINTh YUCIO CO-
BMECTHO PELIAEMbIX HE3aBUCUMEIX YpaBHEHWIA st pacyera Lenu a0
Y—1, rae ¥ — yncno y310B cxeMsl 3aMereHus Lemid. MeTos ocHOBaH
Ha MPUMEHEHUH MEPBOTO 3aKoHa Kupxroda u 3akmoyaerca B creny-
IOLIEM.

1. OnuH y3en cxeMbl LENM NPUHUMAeM Gas3UCHBIM C HYJIEBBIM I10-
TEHUHMAIOM. Takoe nonylieHUe He W3MEHSIET Pa3HOCTH MOTEHLIUATIOR
MEXIy y3/laMM, a CJeJOBaTeNbHO, HANPsKeHUS U TOKU BETBeil.

2. ins ocranbHeIX Y - 1 y3/10B cocTaBlisieM ypaBHeHHs IO MIepBOMY
3akoHy Kupxroda, BbIpakasi TOKM BeTBeii Yepes MoTeHLUaNbl Y3JIOB.

3. PerieHreM cOCTaBJICHHOM CHCTEMBI YPAaBHEHUIA OMPEIENieM 110~
TEHUMAJIBI ¥~ 1 y3/10B OTHOCUTENIbHO Ga3UCHOrO, a 3aTeM TOKU BETBEIi
no 0606uensomy 3akony Owma (2.12).

Paccmotpum pacuer wenu, comepxaiueii Y =3 yana (puc. 2.22).
V3en 3 npuHuMaeM GasMCHBIM, T.e. MOTEHLIAAI V;=0. U3 ypaBHeHuii
no nepeoMy 3akony Kupxroda misg ysnos 1 u 2

II + 13 + ']l = O;
12 - 13 - J2 = O
HOC/€ NOACTAHOBKM BBIPDAXEHHI TOKOB Yepe3 NOTCHUMANBI Y3108 [, =

== V)/Ri=Vi/Ry; hL=(V,- V3)/Ry=V/Ry; k= (V, - Vy+ E)/R,
MOJTY4YUM

b

(_.l_+~1_)[/l .__l.[/2 =__]| _E'

R 'R R R

i 31 i ; (2.27)
e Ly, -y E

R, [R2+R3J2 >

Peurenue cuctemsl ypaBHenmii (2.27) ONnpellesiAeT TOTEHLUATbI
y3ioB V) u V), a cienosarenbHO, M TOKU BETBEIl 11O (2.12).

W3 3anmcn (2.27) oueBUueH npunyun cocmaenenul YpasHeHuii no
Memody y3106bix nomeHyuai06. B nepoit yacty ypasHeHwuii KO3GhdhuLu-
CHT NpH NOTEHIMAIE PAaCCMATPUBAEMOTO Y3/1a MONOKUTENbHBI 1 pa-

BEH CyMM€ MPOBOIUMOCTENH CXO-

L E Isyxcst K Hemy Beteeil. Koaddu-
1 1:._L 2 LIMEHTHI MPU MOTEHLHUATAX Y3JI0B,
' Ry -/ J>» COeNVHEHHBIX BETBSIMU C paccMaT-
R l I 5 ‘l, R, PVBaeMbIM y3JI0M, OTPHLIATENIbHbIE
U paBHBI IPOBOAMMOCTAM COOTBET-
3 CTBYIOIIUX BETBEl.
' IlpaBast yactbh ypaBHEeHUi cO-
Puc. 2.22 JAEepXUT anrebpanyecKkyio cyMmy
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TOKOB BETBEH ¢ HCTOYHHMKAMHU TOKOB ¥ TOKOB KOPOTKOI'O 3@MbIKaHUS
BerBeil ¢ ucrtouHukKaMu DJIC, cxonsmmxcs K paccMaTpHBaeMOMY
y3ly, IpUYeM cliaraeMble GepyTcsi €O 3HAKOM IUIIOC (MMHYC), eciin
TOK UCTOUYHUKA ToKa U DJIC HanpasjeHbl K pacCMaTpUBaEMOMY Y311y
(ot y31a).

B yacTHOM ciiyuyae cxeMbl Lienu 6e3 MICTOYHUKOB TOKA C 08yMA y34a-
My TioTeHLMan y3na I npu GasucHoM y3ne 2, T.e. ipu V; =0, paBeH
HanpsLKEHUIO MEXIY Y3J1aMM

Up=W-V,= LR _3.CE (2.28)

" YYR YG

Boipaxenue (2.28) HasbiBaetTcsl QOPMYAOL MexHCy3108020 HAnpsce-
HUsi, KOTOpasi TIPUMEHSETCs, HampuMep, MpU aHaiu3e TpexgasHbIX
JIEKTPUYECKUX LIETNE.

Ipumep 2.4. OnpesienUTh METOAOM Y3JIOBBIX MOTEHLHUATIOB TOKU
BCEX BETBEH CXEMHI Ha puc. 2.23 npu 3HaYeHUAX TAapaMeTpOB 3JIEMEH-
toB: J=2 A, E,=10B, E;=3,5 B, R, =R2TR3=R4=R5= Rs=1 Om.

Pewenue. CxeMa cOIEPXMT YUCIIO BeTBeil B=15, U3 KOTOPBIX € UC-
TOYHUKOM TOKa B;=1; y310B Y=3. .

BoiGupaeM MONOXUTENBHbIE HANpaBjiIeHUs TOKOB B BETBSX U 00O-
3HayaeM Homepa y310B I, 2, 3utokoB Iy, b, L, I, Is. Tok Is=J=2 A.
V3en 3 npunumaeM 6a3ucHbIM, T.e. noteHuuan V;=0.

CocrasisieM jBa (Y- 1=3 - 1 = 2) He3aBUCUMBIX yYpaBHCHUS 110
METO/Y Y3/1OBbIX NOTEHLIMATIOB A8l y310B [ U 2

"Re+Rs R R, R) (R+R R ) R R

1 1 1 1\_E
V| ———r V|t |=2-,
[/I(R4+R5+R2]+ 2[R4+R5 Rz] RZ

T.€
3.5V,-1,5V,=6,5;
—1,51/1'*“1,5[/2: 1,5. I4l R4 E RS
Il R2 /2\
CroxWB ypaBHEHUS1 MOWIEHHO, — — — 2
onpenenumM noreHuuan ¥y =4 B, a R T
3aTeM M3 BTOPOIO YpaBHEHUs! IO- A R
teHiuyan V,=35 B. El<> \L
TTo 06001eHHOMY 3aKOHY OMa
(2.12) ompenensieM TOKU BETBEM L f«\
3 —
/ V-V +E _O—4+10_6 A Is=J
S - T Puc. 2.23

41



! _Vo-Vi-E, 5-4-35

I = =-2,5 A;
2 R, 1
Up 3
YT R+R, 1+1r
2 B npaBuibHOCTH pelueHus MOXHO yoe-
Puic. 2.24 AUTHCA, MPOBEPUB CIIPaBEJINBOCTD Iep-

Boro 3akoHa Kupxroda ans yana 3
L+ L-=4+2-6=0.

Ilpumep 2.5. Onpenennts Mexy3nosoe HanpsoxkeHue U, B cxeMe Ha
puc. 2.24 npu 3HaYeHKAX apaMeTpos anementos: £, =10 B, E,=30 B,
E;=0,75B, R=50mM, R,=10 OM, R;=2,5 Om.

Pewenue. Mexysnopoe Hanpsikenuve 1o (2.28) pagHo

_E/R-E/R+E/R, 2-3+03

Uy, = = =-1 B.
2 /R, +1/R, + R, 0,2+0,1+0,4

2.12. MeToa KOHTYPHBIX TOKOB

MeTon KOHTYPHBIX TOKOB [MO3BOJISIET YMEHBLUKUTH YKC/IO COBMECTHO
PeLIaEMBbIX HE3ABUCHMBIX YPABHEHUI! [UIs1 pacueTa cXeMsbl Lernu go K=
=B— B,~ Y+ 1 1 ocHoBaH Ha NPMMEHEHMH BTOPOIO 3aKOHA Kupxroda.

PaccMoTpuM cHayana pacyeT cxeMbl LeTd Ge3 UCTOYHMKOB TOKa,
T.€. Iipu B;=0, a 3atemM obIuii ciyuaii.

Cxema uenu 6e3 MCTOYHMKOB TOKa. MeTton KOHTYPHBIX TOKOB JUIS
pacyeTa cxeMbl Liefii 0e3 UCTOYHMKOB TOKA 3aKJII0YAETCS B CIICAYIOLLEM.

1. Beibupaem K= B— Y+ | He3aBUCHMBIX KOHTYPOB U MOJIOXUTE b
HBIX HAIpaBIeHUN KOHTYPHbIX TOKOB, KaXblil U3 KOTOPBIX IIPOTEKAET
MO BCEM 3JIEMEHTaM COOTBETCTBYIONIETO KOHTYpA. ’

Jyist TIaHapHEIX CXeM, T.e. ZOMyCKAoLIUX 1300paxeHue Ha TIoc-
KOCTH Ge3 mepeceyeHus! BeTBel, JOCTATOYHBIM YCJIOBMEM BbLIEICHUS
K He3aBUCHMBIX KOHTYPOB SIBJISIETCS] HATIMYME B KAXIOM U3 HUX OTHOM
BETBY, MPUHaJIeXallei TOJIBKO 3TOMY KOHTYpY.

2. I K He3aBMCHUMBIX KOHTYPOB COCTABIISIEM YPAaBHEHMS TIO BTO-
pomy 3akony Kupxroda, coBmecTHoe pemeHne KOTOPBIX OMpeneseT
BCE KOHTYPHBIE TOKHU.

3. Tok Kaxoii BETBY OIpeaesIsieM 110 nepBoMy 3akoHy Kupxroda kak
aIrebpanyecKyto CyMMy KOHTYPHBIX TOKOB B COOTBETCTBYIOILIEH BETBL.

PaccmorpuM pacder uenm (puc. 2.25, a) ¢ yuciaom BeTeeit B = 6,
y310B Y =4, He3aBUCUMBIX KOHTYpOB K= B— Y+ 1=6—-4+ 1= 3
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Puc. 2.25

BriGepeM He3aBUCHMbie KOHTYPHI [ — 3 1 MOJIOXUTEIbHBIE HAIIpaBIe-
HUsl KOHTYPHBIX TOKOB B HUX Iy, by 1 Lz (puc. 2.25, 6). UB OTJInYKe OT
TOKOB BeTBEH KaXIbIi KOHTYPHBIN TOK 00O03Ha4UM ABOWMHBIM MHACK-
cOM HOMepa KOHTYpa.

CocTaBMM cUCTEMy ypaBHeHMi 110 BTopoMy 3akoHy Kupxroda st
KoHTypoB I, 2u 3:

(R + Ry + Ry — Rel 5y + Ryl = E - Eg;
Rl +(Ry + Rs + Ro) I + Rl 33 = E;; (2.29)
R4I“ +R5[22 +(R3 +R4 + R5)133 = E3 — E4,

pelueHne KOTOpoii ompefiensieT KOHTYpHble TOKH Iy, I, L.

Toku BeTBeii (CM. puc. 2.25, a) IPY BBIOPAHHLIX JUIST HUX TTOJIOXU-
TeJIbHBIX HAMPABACHUSX HAXOAUM MO [epBoMy 3akoHy Kupxroda: /=
=y bh=by L=y Li=—1— Ls; L=1In+ L Ie = I - !22- )

W3 (2.29) oueBMIEH npuHyun Cocmasienus ypasHeHuu no mMemooy
KOHmMypHbiX moxog. B JieBoit yactu ypaBHEHU I MOOXUTEIIbHbIN KO3~
ULMEHT NPpY KOHTYPHOM TOKE pacCcMaTpvBacMOro KOHTYpa PaBeH
cymme cornpotusieHuil ero Berseil. KoahduumeHTsl Mpyu KOHTYPHBIX
TOKaX B KOHTYPax, MMEIOLIMX O0LMe BeTBU C paCCMATPHBAEMBIM KOH-
TYpOM, PaBHbl CyMMeE COIIPOTUBJIEHMI OOIIMX BETBEH CO 3HAKOM IUTHOC
(MMHYC), €CJI HaIpaB/ieH!si KOHTYPHBIX TOKOB B OOILMX BETBAX CO-
BNajgaoT (IPOTHBOTIONIOXHEY). SIIC

TlpaBas yacTb ypaBHEHUi1 COAEPXUT anredpanuecKyio CyMmy 1
BEeTBEll paccMaTpUBAEMOro KOHTYpa, IPUYEM CJIaraeMoe 3alnChiBaeTCsi
€O 3HaKOM Iunioc (MuHyc), eciu HanpasiaeHust S1C 1 mojIoXuTeIBHOE
HAMpaBJIeHUe KOHTYPHOIO TOKA COBHANAIOT (IIPOTUBOIONOXHBI).

Ilpumep 2.6. OnpenenuTb METOAOM KOHTYPHBIX TOKOB TOKH Bce>f
BeTBeii cXeMbl HA pUC. 2.26 mpy 3HaYeHUSAX MApaMeTPOB IEMEHTOB!
E,=50B, E,=3 B, E;=13 B, Rj=R,=20 Om, R;=10 Om.
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Pewenue. Cxema conepxur ync-
JI0 BeTBel B=3, y3108B Y=2 (a u
b), HezaBUCUMBIX KOHTYpoB K= B—
-Y+1=2
BribupaeM nonoxurtenvubie
HallpaBJI€HUs] TOKOB B BETBAX W
obosHavaem ux I, L, I,.
BoibupaeM nBa {K=2) HesaBu-
CUMBIX KOHTYpa I U 2, oTMeyeH-
Puc. 2.26 Hble Ha puc. 2.26 LITPUXOBOI K-
HHEH, U MOIOXHUTENbHbIE HATIPAB-
JIEHVS1 B HUX KOHTYPHBIX TOKOB I, L.
Cocrasisiem 1Ba (K = 2) He3aBUCUMBIX YPaBHEHUS TI0 BTOPOMY 3a-
KoHy Kupxroda st Kourypos Iy 2:

(R + R3)1u ~Rih,=-E;
R0y + (R + R)L,=E, - F,

HIn

301“ —]0122 =—50;
=101y, + 3015 = -10,

5osmecl'r/1-§oe PEILLIEHNE KOTOPHIX OIPEAEINSET KOHTYPHBIE TOKU L =-2A
n=-1A. ,
o nepBomy 3akony Kupxroda Toku serseit MPpY BEIOPAaHHBIX [0-
JIOXHTEJIbHBIX HanpaBlieHusiX paBHbL: [ = [;; = -2 A, L=-L=1A
1321“—122=—1 A. ,
B npaBuibHOCTH pewieHus MoxHo YOeaMThCS, MPOBEPUB CHIpaBe-
JIMBOCTH MepBOro 3akoHa Kupxrodga, HaNpuMep 1A y3/1a a:

ll+12—13=—2+]+]=0'

OGmwmii ciryyaii. [Tpu pacuete cxemss ¢
ncroyHukamMu 3/1C U Toka BO3MOXKHBI
ynpouienus. KoHTYpHbliT TOK, BHIGpaH-
HBIN TaK, UTO APYIrUX KOHTYPHEIX TOKOB
B BETBU C MCTOYHUKOM TOKA HET, U3BEC-
T€H U paBeH TOKY MUCTOYHWKA ToKa. I1o-
3TOMy B cxeMe ¢ B peTBsiMu, B, 13 KoTo-
PbIX CONEPXAT UCTOYHMKHU TOKA, YUCJIO
HC3aBUCHMBIX KOHTYPOB 0€3 UCTOYHUKOR
TOKa ¥ COOTBETCTBYIOLLIMX UM HEU3BECT-
e HBIX KOHTYPHBIX TOKOB M YPaBHEHUII paB-

HO K=B-B,— Y+1.

Ilpumep 2.7. Onpegenvrts METOJIOM
KOHTYPHBIX TOKOB TOKH BCEX BETBEil CXe-
Puc. 2.27 MBI Ha puc. 2.27 npy 3HaYeHUsIX mapa-
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MeTpoB asteMeHTOB: Ji=1 A, L=15A, E,=5B, E;=15B, R,=1 Om,
R,=2 Om, B;=3 Om.

Pewenue. CxeMa COAEpXWUT YUCIIO BeTBe B= 5, U3 KOTOpPHIX C UC-
TOYHUKAaMHU ToKa B; =2, y3710B Y= 3, He3aBUCUMBIX KOHTYpPOB 0c3
UCTOYHUKOB T0OKa K=B—- B;~ Y+1=5-2-3+1=1 (koutyp 3).

CocTaBuM ypaBHEHUE N0 BTOpoMYy 3aKOHY Kupxrocda anst KoHty-
pa 3 npu BHIOPaHHBIX TIOJIOXKTEIbHBIX HATIPABIEHHUSIX BCEX KOHTYPHBIX
TOKOB:

Rl - Ry + (R + Ry+ Ry) 3= E, - K|,
pelleHre KOToporo ornpenensier KOHTYPHBIH TOK KOHTypa 3

133 _ EZ_EI —RII“ +R2[22 :15—5—1'1+2'1,5:2 A,

R+R+Ry 1+2+3

rne I =Jin L;=J, — u3BeCcTHBIE KOHTYpPHBIE TOKY KOHTYpOB I 1 2.
ITo mepBoMy 3akoHy Kupxroga toxku BeTBeil Ipy BHIOPaHHBIX IM0-
JIOXKMTEIbHBIX HanpaBaeHusix paBubl: [| = I+ I3=3 A; L=653;— I =
=0,5 A, ]3= 133=2A.
B MpaBuibHOCTY pellieHUsT MOXHO YOeIUThCS, MPOBEPUB CIIpaBel-
JIMBOCTH TepBoro 3akona Kupxroda, HarnpuMep st y3Ja a.

I3~1|+Jl=2—3+]=0.

2.13. MpyHUMN U MeTOoA HaNOXEeHUs (Cynepno3snLmnmn)

Tlpunyun nanrodcenus 3aKaIOYAETCSI B TOM, YTO B JIMHEHHBIX JIEKT-
pUYECKUX LIETISIX TOK B J1I00OI BeTBU paBeH anrebpanyveckoil cymme
TOKOB 3TOl BeTBH (YaCTUUYHBLIX TOKOB) IMPY AEHCTBUM KaXIOI'0 UCTOU-
HYKA B OTHEJILHOCTH, €CJIM OCTAbHbIE MCTOYHUKHU 3aMEHSIIOTCST pe-
3UCTOPAMM € COIMPOTUBJICHUSIMU, PABHBIMU BHYTPEHHUM COINPOTUB-
JIeHUsIM UCTOYHUKOB. TO Xe OTHOCUTCS K HampsKeHUI0 Ha JI000M
YYaCTKE HETH.

Ha ocHoBe mpuHLUMIa HATOXEHMS [J1s1 pacyeTa Lereil puMeHseT-
cs1 MemoO nanovicenus® (cynepnosuuuu). Tox 6 KaxcOoti eemeu cxembl yenu
pasen aneefpauuecKoll Cymme YacmuuHblX moKkos om Oelicmeus Kaxcooeo
ucmownuka JC I'B) u kascdoeo ucmounuxa moxka 1Y) ¢ omoeavnocmu.

OrcyrcTBHe IeMCTBUS MCTOYHMKA O3HAYAeT €ro 3aMEHy pe3UCTHB-
HbIM 3JIEMEHTOM C COIIPOTHBJIEHHEM, PaBHBIM BHYTPEHHEMY COIIPO-
TUBJIEHUIO UCTOYHUKA. 151 ucTouHrka BJ1C BHyTpeHHee COIIPOTUBIIe-
Hue R, =0, mis UICTOYHUKA ToKa — R, — oo, T.€. COOTBETCTBYIOIIMIA
YUaCTOK cXeMbl 3aKOpauMBAETCsA WK pa3pblBACTCS.

* pvy

B Mexanuke NPUHIMTT HAJIOXKEHUS HA3BIBAETCH TIPUHLIMIIOM HE3aBUCUMOCTH Oeii-

CTBUS CUJI: IBUKEHUE TEAA MO} NEIHCTBUEM HECKOJBKUX CUJ PABHO CYMME €r0 IBUKE-
HUI, BbISHIBAEMBIX NEACTBUEM KAX/JIOW CUJIBI B OTACJbHOCTU.
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Puc. 2.28

Hlpumep 2.8. Onpenenute METOROM HANOXEHUS TOKM BCEX BeTBEi
PY 3HAYCHUSIX APAMETPOB AEMEHTOB:

B CXeMme uernu Ha puc. 2.28, a n
E=10B, J=5A, R =5 Om, R,=2 OM, R;=3 Om.
Pewenue. Cxema COLEPKUT YMUCJIO BeTBell B= 5, u3 Ko
TOYHMKOM ToKa By =1, yanos Y= 3 (a, b, ¢).
Bribupaem nonoxurenpHbie HAMpagieHUs TOKOB B BETBIX U 060-

3Havaem ux Iy, b, L, I,, I. Toku BeTBeii PaBHbl CYMMe YaCTUYHBIX
TOKOB B ONHOMMEHHBIX BETBSIX CXeM Ha puc. 2.28, 6 U 6:

TOPBIX C UC-

L=19410=£ 0105 4

1 | h R1+ 5 2 A;
L=1®y-_E __RJ _ 10 35
? "Ri+R, R+R 243 2:3° N

FE .
13=13(E)+13(J): R,J 10 2-5 —4 A

+ = =

Ro+R, R+R, 2+3 243
L=I"+1"=0+7=5 A

L=1P+1 =B 1B 4 1) 24231 A

2.14. PaGora n MOLLHOCTb B Li€N1 NOCTOSSHHOIO TOKA.
AHepreTnueckuii Ganauc

Paboma, cosepiuaemas JJIEKTPUYECKUM -[IOJIEM TIPH TIEPEMEILEHNU
TIOJIOXHUTEJIBHOTO 3apsifia ¢ BAOIL HEPA3BETBIEHHOIO YYACTKA d— b SleK-
TPUUECKO! LIETIH, HE COMEPKALLIETO UCTOYHUKOR INEKTPUYECKOM 3Hep-
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UM, paBHa MPOU3BeAEHUIO 3T0T0 3apsiia Ha HanpsukeHue Uy, = U mexiay
KoHLlamMu y4yactka: A = qU. Ilpu paBHOMEpHOM ABUXEHUU 3apsiia B
TeYeHHE BpEMEHH f, T.€. IpU NOCTOSAHHOM Toke [, = I, nmepemeniae-
MBIl BIOJIb YYACTKA 3apsii paBeH

q=1,
a coBepllaeMasi py 3ToM paboTa paBHa
A= Ul
Mownocms paBHa CKOpOCTH, ¢ KOTOPO# coBepiiaeTcs: padora
P=UL (2.30)

OcHoBHas envHuua u3MepeHusi pabotet B CU — docoyas (J1x),
MomHocTH — eamm (BT).

IMpakTnyeckoil equHuLell U3MEePEHUs] INEKTPUUECKONH 3IHEPIrUU
CIOYXUT Kutoeamm-uac (KBt - 1), T.e. pabora, copepliaemast npy He-
n3MeHHOK MowHocTH 1 kBT B Teyenue 1 u. Tak kak 1 Bt-c=1 JIX, T0
1 kBr - u=3600 000 dIx = 3,6 MIx.

JIns1 pe3suCTUBHBIX 3JIEMEHTOB BhipaxeHue (2.30) MOxXHO npeobpa-
30BaTh, BOCIOJIB30BABIIKCH 3aKOHOM OMa:

Pg=UI=RI*= GU>. (2.31)

Jst ucrounuka DJIC, nonoxuTeabHOE HAMPaBjeHUE KOTOPO# CO-
BrajaeT ¢ BHIOpAHHBIM IOJIOXUTENbHBIM HampaslIeHUeM ToKa (puc.
2.29, a), MOHIHOCTb CTOpOHHUX cul Pp= U,l= EI. Ecnn Hanpasiie-
Hus DJIC ¥ ToKa IIPOTHUBOMNOJIOXHBI, TO MOUIHOCTh Pp=—-U,l=—-EI
(puc. 2.29, 6). AHajornyHO MOIIHOCTH MCTOYHMKA ToKa Py= Uyl =
= U,J, eciiu HallpaBjieHus1 TOKa B UCTOYHUKE J = [ U HaNPsKEHUs
Mexay ero BeiBogaMu U, TIpOTHBONOJIOXHH (puc. 2.29, ¢). B npoTus-
HOM cJly4ae MOITHOCTh Py=—U,l=—U,J (puc. 2.29, o).

Uneanpubie ucrounnku 5J1C 1 Toka MOryT pa3sBUBaTh OECKOHEYHO
6osbLLYI0 MOITHOCTL. TTOAK/IIOUMM K KaXXIOMy UCTOYHMKY IIPUEMHHK
C COMpOoTHBJIEHHEM Harpy3ku R,. B mepBom ciydae, eciu R, — 0, To
TOK I —> oo Y MOIHOCTE Pr= El — o, BO BTOPOM cJjiyuae, eciii R, —> oo,
TO HanpstkeHue U—> e u MouHOCTb Py= UJ — eo.

I a 1 g S a <L g
9)& o | (DE-Us| v Uas| 7 Uat

0 ° © °

a b 6 b 6 b e b

Puc. 2.29
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MomuHocTs nctounnka DJIC ¥ UCTOYHKMKA TOKA MOXKET UMETh no-
JIOKUTEIBHOE M OTPULIATE/ILHOE 3HAYEHUS], YTO COOTBETCTBYET Iiepe-
Aave SHEPruM UCTOYHUKOM BO BHELLHIOK OTHOCHUTENBHO HEro Lienb U
MOJYYEHHIO UM 3HEpruM U3 3TOH Lenu.

B sm06o0ii snexTpryecKoii Leny GoyKeH cobmIonaThest SHepreTude-~
CKMi{ GasaHC — OajlaHC MOIUHOCTEIL: anzebpauyeckas cymma MowHo-
cmeil 6cex UCMOYHUK 06 3Hepauu (8 YaACMHOCIUL, UCMOYHUKOE MOKA U UC-
mounuxos J/IC) pasna apupmemumeckoii cymme MowpHocmeil écex npu-
EMHUKO06 IHepeul (6 HACMHOCMU, Pe3UCUGHBIX 31EMEHMOE):;

S Pur= Pp (2.32)
Ilpumep 2.9. CoctaButs GanaHC MOLUHOCTEH JJIs1 CXEMBI Liely Ha

puc. 2.17, paccuntaHHoii B ipumepe 2.1.

Pewenue. Anrebpanyeckas cyMMa MOLIHOCTEH BCEX HMCTOMHUKOR
SHEPruu paBHa ’

2Per=El - Bl + B+ Eyls=1-1,5-2-35+3.5+4.7=32.5 Br.

Apu¢MeTniecKas CyMMa MOLIHOCTEiH BCEX Pe3UCTHBHBIX 3JIgMeH-
TOB paBHa

Y Pe=RIP+RIZ+RyIF =4-1,52+2-3,52 +1.22 = 37,5 B,

Bananc mowHocteit no (2.32) YAOBJIETBOPSETCS.
Ilpumep 2.10. CoctaButs GanaHC MOIHOCTE 1151 CXeMBbI LIETIU Ha
puc. 2.27, paccdutaHHO# B nipumepe 2.7.

Pewenue. Anrebpaviueckass cyMMa MOIIHOCTEi BCex UCTOYHUKOB
SHEPrvM paBHA

YPu=EL—ElL+ Ul - UyJy=5-2-5-3+8-1—1. 1,5=21,5 Br,

TA€ HAIIPSXXCHNMS! Ha UCTOYHMKAX TOKa 10 (2.12) pasub U, = R/ 1, + E, =
=1-3+5=88B, U,,=R,L5=2-0,5=1 B.

Apudmernyeckas cyMMa MOIIHOCTEH BCex PE3UCTUBHHIX 3JIEMEH-
TOB paBHa

D Pr=RIP+ RIF+ RI?=1-3242.0,52+3. 22=21,5 Br.

bananc MomHocTel no (2.32) YAOBJIETBOPSIETCS.

2.15. HenuHeiiHbie anekTpuueckmne uenu
MOCTOSKHHOrO TOKAa

B ob1ueM cityuae cxeMbl 3aMeLLEHIs 3IEKTPOTEXHHUECKIX YCTPOHCTB
CONEpXaT KPOME JINHEWHBIX TAKXE HEMUHENHbIE PE3UCTUBHBIE 3jie-
MEHTH (CM. puc. 2.6).
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Heaunetinbiii pesucmuenbiii 31emerm (BBINIPAMUTENIbHbBIE TUOABI, CTa-
GUIMTPOHBI, BAPUCTOPHI U T.[.) BKIIOYAETCS B LETb Yepes aABa BbIBl(}-
na. Ero cBoiicTBa onpezensieT BoJbT-aMIiepHas xapakrepuctuka I(U)
(puc. 2.30). Kaxnast Touka BAX onpegensier crmamuueckoe

Rc‘r = U/ 1
U ducpepenyuarvroe
RHPI(D = d U / dl

COMNPOTHBJIEHUS] HEJIMHEHHOIO PE3UCTUBHOIO 3JIEMEHTA.
HenuHelHBIE CBOMCTBa PE3UCTUBHBIX 3JIEMEHTOB JIEXAT B OCHOBE
NPUHLMIA AeHCTBYS BBIIPSMUTENEH, CTAOUIM3ATOPOB HANPSKEHUS,
yCUJIMTEJIEH U T.11 510
JUisl HEAMHEMHBIX LieTiell HeMPHUMEHMM NPUHLIMIT HAJIOXKEHUSL. JTC
OrpaHMYMBAET MPUMEHNMOCTb AaHAIMTUYECKUX METOJOB pacu€eTa LIeTeH,
KOTOPBlE HA HEM OCHOBAHBI: KOHTYPHBIX TOKOB, HAJIOXKEHUS U JIp.
PacueT weneil ¢ HeJJMHEHHBIMU pe3UCTUBHBIMM 3JIEMEHTaAMH OCYy-
METO/IaMU.
HECTBIISIETCS rpahuueCKNMHI
PaccMOTpUM pacyer CXeMbl ¢ IOCJIEA0BATeIbBHBIM COCAMHEHNEM
uctounuka DJIC, nuHeiiHoro R W HeIMHEHHOrO Pe3UCTUBHBIX 3Jie-
MeHTOB (puc. 2.31).
Ha jauHeiiHOM pe3UCTMBHOM 3JIeMEHTE HalpsikeHue IO BTOPOMY
3akoHy Knpxroda paBHO

Up=E- U, (2.33)
a ToK 1o 3akoHy Oma c ydetom (2.33) paseH
) _ _E-U (2.34)
I=Ug/R= 7

Vpasuenuwo (2.34) cooTBETCTBYET npsMas JIMHAS, HaSl];IEa(;iM;lg
HQ2Py304HOL XAPAKMepUCMUKOU, POXOJsield Yepe3 TOUYKHK 2 , I=
= F/R Ha ocu opauHar u =0, U= E Ha ocu abcuucc. Touka nepe-
cedyeHMs] Harpy304HOI XapaKTepUCTUKU U UBAX I HeJII/IHeI/I2H§)2I‘(?
PE3UCTUBHOIO 37IEMEHTA OIIpeJielisieT pa69qun peXuM Lenu (puc. 2. )u
toK I, n nanpsixenve U, I'padpuueckuid MeTol pacueTa HEJIMHEMHON

LR 1,
U
Lo E] A0
1, R
R, Ur lU
Rae E >
0 U
Puc. 2.30 Puc. 2.31
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HEIH C ITOMOLIBIO HATPY30YHOM XAPAKTEPUCTHUKYU HA3BIBACTCS] Memo-
dom Hazpy304Hoil XapaxKmepucmuxu.

Meron Harpy3ounoit xapakrepucTuku NPUrofieH U B CYYAsIX, €CIU
UEIb COAEPXHT MOC/IEAOBATENBHOE WM MapasieNbHOe COeAUHEHE
HEJIMHEITHBIX PE3UCTUBHBIX 3IEMEHTOB C W3BeCTHBIMU BAX. Hust a10-
r'0 HEOOXOAMMO B MEPBOM CyYae CAoXUTH BAX HEJIMHEHHBIX pe3uc-
TUBHBIX JIEMEHTOB MO HanpsikeHuio (puc. 2.33), a Bo BTOPOM — 110
TOKY (puc. 2.34). Onpenenvs pabouyi0 TOUKY Ha pe3yNbTUPYIOLIeit
BAX MetonoM Harpy3ouHoit XapaKTepUCTUKY, Aajee HAailneM TOK W
HaNpAXCHUE KaXI0ro HEJMHEHOro pesuCTUBHOIO 3/IEMEHTA.

AHaJIOTUYHO pacCYMTHIBAETCS LeTib, KOTopasi CONEPXKUT CMeLlaH-
HOE COCAMHEHNE HEJIMHEMHBIX PE3UCTHUBHBIX 3JIEMEHTOB (puc. 2.35).

3AAAYM U BOTIPOCHI 4151 CAMOTNPOBEPKM

2.1. Onpegenurte COHPOTUBJICHUE NPOBOJA U3 TEXHUHECKON Meiy (nanuble
CM. Tabu1. 2.1) npu temnepatype 10 °C, ecnu mpu Temniepatype 60 °C ono pas-
HS10Ch 5 OM. ’

Omeem: 4 Om.
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2.2. Onpenenute GanaHc MOIIHOCTEN B cxeMe Ha puc. 2.26, pacCuMTaHHOM
B nipumepe 2.6.

Omeem: Y P..=Y Pr=110 Br.

2.3. Yto noHUMaeTcs nof, YCJIOBHBIMU HMOJIOXKMUTENBHBIMA HanpaBJI€HUS-

MU TOKA M HAIIPSXEHHST B 3JIEKTPUYECKON 1ienu? )
2.4. Ilepeuncaute cBOHCTBA UCTOYHUKA HANPSLKEHUA M MCTO'{ng(a T(():I)((e._
2.5. Onpegenure METOIOM Y3/10BbIX TTOTEHIIMAIOB H.anpﬂxe%ue i,,01375 e

Me Ha puc. 2.16 rpu 3HadeHusix napaMerpos 3eMeHToB: E =10 B, E;=0, R

E;=30B, R, =50M, R,=2,5 Om, R3=10 Om.
Omeem: —1 B.

2.6. Onpegennte ToK [} B cxeme Ha puc. 2.21, a, pacCYNTaHHOM B PUMepe
2.3, npu Hanpsikenuu U= 70 B.

Omeem: 4 A.



rNMABA 3
ANEKTPOMAIrHETU3M

3.1. OcHOBHbIE CBOICTBA M XapaKkTepucTuKu
MarHUTHOro nons

Bokpyr j11060T0 TIPOBOMHMKA ¢ TOKOM €CTb MarHHTHOE rnosue. Bro
JIETKO AOKA3aTh C TIOMOLIBIO OIbITA.

Ecin x npsmMonuneitHomy MPOBOAHUKY C MOCTOSHHBIM TOKOM [
TIOAHECTH MarHUTHYIO CTPEJIKY, TO CTPEJIKA YCTAHOBUTCS TIO HarpasJie-
HUIO KaCaTeIbHOM K OKPYXHOCTH BOKPYT OCH MPOBOAHUKA (puc. 3.1, a).

Ecnu B omeite, uzo6paxenHom Ha puc. 3.1, a, U3SMEHUTHb Hamnpas-
JICHWE TOKa B MPOBOAHMKE, TO PACIOIOXKEHWE MATHUTHOM CTPeJIKIA
WSMEHUTCSI HA MPOTUBOMONOXHOE (puc. 3.1, 6).

OpveHTalms MarH1THOl CTpenku B OIpeJieIEHHOM HarpaBieHUY
OSHAYaeT, 4T0 B MArHUTHOM I10JIe AEHCTBYIOT MATHUTHBIE CHJTbL, orfpe-
ACJAEMBIC BEKTOPOM MaeHummnoll nanpsxcennocmu H. Ilns Gonbliueii
HaLIIHOCTY MPOCTPAHCTBEHHOE PacIIpe/iesieHe U HANpaBJIeHHe aeii-
CTBUSL MATHUTHBIX CHJI NOJISL TIPEACTABSIETCH COBOKYMHOCTBIO 3aMK-~
HYTbIX MaeHUmMHbLX, WK CU06b1X, TMHNN. UIX HanpaBieHue yKasbpaer
CEBEPHBIN MONIOC N MArHUTHOM CTpenKu.

i npsIMONIMHENHOTO TIPOBOAHMKA ¢ TOKOM MarHuTHbie JTMHUU
TNIPEACTABIIAIOT CO6O0# COBOKYITHOCTh KOHLIEHTPUYECKIX OKPYXHOCTeI1,
B arom y6exaaer npocroit onwit. XKesesHnie OMWIKW, HAMarHUYKBasiCh
B MarHuTHOM TM0OJle, PacoJaraloTcs Ha TUIOCKOCTH, NEPNEHANKYSAP-
HOIl OCH NIPSIMOJNIMHEHOTO MPOBOIHMKA C TOKOM, [0 KOHIIEHTpUYc-
CKUM OKDPYKHOCTSIM BOKPYT IIPOBOAHKKA (puc. 3.2).

Hanpasnenve cunoBwx nuuuii MaruutHoro MONST PSIMOJIMHEEI~
HOTO NPOBOAHMKA C TOKOM OIpe-
JENAI0T No npaBuily OypaByuKa.
N306pasum nomnepeutoe ceyenue

- -8 MPOBOAHUKA KPYXKKOM, a HallpaB-
- \s\ \N\ JieHre TOKa B MPOBOAHUKE — Kpe-

Puc. 3.1
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\
I
/

CTUKOM WJIM TOYKOIi (puc. 3.3, q,
6), T.e. KOHLIOM WIM HaYajiom
CTPENKM, COBIaAaloweil mo Ha-
TIPABJIEHUIO C TOKOM.

Hpaeuno Gypasunka. /Tpu no-
cmynamenbHom Osuxceruu 6ypasyu-
Ka 6 Hanpaeaenuu moka nanpaene-

7, 8 el NN WL
"/":"-."-.ﬂ'.\‘ N

2.2 / ~ _7_;: F‘ \;\\\.

Puc. 3.2 Puc.3.3

HUe 6pauierus e20 PYKOsImKU coenadaem ¢ HanpasiAeHuem CUL068biX AUHUL
MA2HUMHO20 NOAS MOKA.

HanpsokeHHOCT, MArHUTHOIO MOJISE U3MEHSET MAarHUTHOE COCTOSI-
HUE BELIECTBA, B KOTOPOM HAXOAUTCSI MPOBOAHUK C TOKOM. DJIeMeH-
TapHbIe UCTOYHUKHW MarHUTHOrO nojs (TOKU aTOMOB M MOJIEKY]l Be-
LIECTBA) OPHUEHTUPYIOTCA MOAOOHO MArHUTHOM CTpEJIKe MO HaIpas-
JIeHHI0 BeKTopa HanpsbxeHHoctd H. BeltecTBo HamazHuuueaemcs, a
MAarHUTHOE T10Jie B HEM OIpeAeIsieTCs KpOME BEKTOpa MarHUTHOM Ha-
npskeHHocTH H ene ¥ BEKTOPOM MazHumHol UHOYKYUU

B=p,uH=pH, G.D

rae po=4n - 107 T'u/M — MacHumnas nocmosHHas; |, — omHocume/zb—'
HAA MASHUMHAS HPOHULaemMOCcmb BelecTBa (Oe3pa3MepHas BeJIMYKMHA);
U, = W1y — abconomnas MazHUmMHas npoHuyaemocms. J{1si BaKyyma

=1.
b Pasnuyaror BeliecTsa duamacHumnsie (W, < 1), napamaznumubie (1, >
> 1) u eppomacnumnoie (1, > 1). ¥ nocnefHUX OTHOCUTEJIbHASL Mar-
HUTHAs MPOHMLIAEMOCTH 3HAYUTENBHO GOJIbIIE ¢AMHULBL M 3ABUCUT OT
HanpsKeHHOCTY MAarHUTHOTO TOJIs.

Hexkortoprie ¢peppomMarHeTHku (CIIaBbl HA OCHOBE KeJe3a, HUKe-
JIs, KoDaJIETa 1 APYTHX 3JIEMEHTOB) COXPaHSIIOT HAMarHWY€HHOCTb IPU
OTCYTCTBUM IIOCTOSTHHOro ToKa. M3 HUX M3roTOBISIIOT MOCTOSIHHbIC
MArHUTHI. ) ) B

COBOKYITHOCTh MATHUTHEIX JIMHUIA BEKTOPa MAarHUTHON MHIYKUMH
Yyepe3 MOBEPXHOCTb, OTPAHMYEHHYIO 3aMKHYTHIM KOHTYPOM, Ha3biBa-
eTcsl MaeHumubim nomoxom D.

OcHoBHas1 eqUHMLIA N3MEPEHNS HATIPSDKEHHOCTH MATHUTHOTO THOJISA 21?
CU — amnep na memp (A/M); udgykiuu — mecaa (In): 1 Tn=1 B- ¢/M%;
rnoroka — eebep (B6): 1 B6=1 B -c.

IpoBOAHKK ¢ TOKOM MOXET UMeTh pasiniHbie (popMbl, HanpuMep
dopmy kpyra (eumxa). HecKoJpKo MOCENOBAaTENbHO COEAMHEHHBIX
BUTKOB 00pa3yioT kamyuky. BoKkpyr BUTKAa U KaTyllIKA C TOKOM TakxXe
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BO30YX1aeTCsl MarHUTHOE MOJIe, KOTOPOE MCHOJb3YeTCs, HarpuMep,
B JIEKTPOMAarHMrax.

3.2. AnemMeHTbl MarHUTHOM Llenu

Macznumnoii yenvro (MarHUTOIIPOBOAOM) Ha3bIBAETCHl COBOKYITHOCTD
PasIMYHBIX GepPOMArHUTHBIX M He(hepPOMArHUTHBIX YACTel 3IEKTPO-
TEXHUYECKUX YCTPOUCTB [UISl CO3JAHMSI MAarHUTHBIX TOJIEH HYXHBIX
KOHGUTYPaLMY M MHTEHCMBHOCTH. B 3aBICMMOCTY OT MPHHLMIIA Aeii-
CTBUSI SNIEKTPOTEXHUYECKOIO YCTPOMCTBA MATHUTHOE T10JI€ MOXKET BO3-
Oyxnaatecst MO0 OCTOSIHHBIM MArHUTOM, MO0 KATYLIKOM ¢ TOKOM,
PacojioXXeHHOM B TOM WJIM MHOM YacTW MArHUTHOI 1.

K npocreiiiiuM MarHUTHBIM LIETAM OTHOCHUTCS TOPOWI U3 OZHO-
poaHoro (heppomarHuTHoro marepuana (puc. 3.4). Takue MarHUTONpoO-
BOABI [PUMEHSIIOTCSI B MHOTOOOMOTOYHBIX TpaHchopMaTopax.

Ha pwc. 3.5 nokasana Gosee cioxHasi MarHUTHast LEIb EKTPOME-
XaHHYECKOT0 YCTPOWCTBA, MOABUXHASK YAaCTh KOTOPOTO BTATMBAETCS B
NEKTPOMArHUT NPU MOCTOSIHHOM (WM TIepPeMEHHOM) TOKE B KaTyLl-
Ke. Ciiia NpUTSDKeHUS! 3aBUCHUT OT TOJIOXXEHHS! TIOABUXHOM YacTy Mar-
HUTOIIPOBO/A.

Ha puc. 3.6 nsobpaxeHa MarHuTHas LeTb, B KOTOPOii MarHUTHOE
nosie BO30yXIaeTCsl OCTOSHHBIM MarHuToM. Eciiu nomBrXHast KaTyu-
Ka, pacroioXxeHHast Ha (PeppOMarHUTHOM LIWJIMHPE, BKJIOYEHA B 1IENb
TNIOCTOSTHHOI'O TOKA, TO Ha Hee AEUCTBYET Bpawalomuii MoMeHT. [Toso-
POT KATYLIKKU ¢ TOKOM [IPAKTUYECKU HEe BAUAET HA MardHUTHOE roJje
MarHuTHOM uenu. Takas MarHWTHasI Lernb eCTh, HanpUMep, B M3MEPH-
TEJILHBIX MPUBOpax MarHUTO3JIEKTPUYECKON CUCTEME.

KOHUEHTpals MarHUTHOIO MoJis B OrpaHUYEHHOM OGbEMe MO-
3BOJIAET YIYyYIUMTh pabouMe XapakTepUCTHUKK YCTPOMCTB: YBEJIMYMTH
MarHUTHOE B3aMMOAEHCTBHE KaTyllleK (CM. puc. 3.4), yBenuuuTh CIIy
TATU (CM. pUC. 3.5), MOBBICUTb OMHOPOAHOCTL MATHUTHOTO TTOJISI B BO3-
ITYLLIHOM 3a30pe (CM. puc. 3.6).

PaccMoTpenHble MarHUTHBIE 1€, KaK U IPYTHE BO3MOXHBIE KOH-
CTPYKLMM, MOXHO DasieNuTh Ha HepaseemeneHHbie MACHUMHbIE yenu
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Puc. 3.5
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(cM. puc. 3.4 u 3.6), B KOTOPBIX MArHuT-
Hblil TIOTOK B JIIOOOM CeYEHUU Lenu
OIVHAKOBBIN, U pa36emeneHHbie MacHUm-
nbte yenu (cM. puc. 3.5), B KOTOPBIX Mar-
HUTHBIE TIOTOKHN B Pa3/UYHbIX CEUEHM-
4X 1eNny pa31muHbl. B obmeM ciydae pas-
BETBJIEHHbIE MArHUTHBIE LIETIM MOIYT .
OBITH CJIOXKHOU KOH(MUTYpaLUY, HATIPpU-
Mep B MEKTPUUYECKUX ABUTATENAX, re- Puc. 3.6
HepaTopax U APYTUX YCTPOMCTBAX. )

[Mono6HO 3neKTpHYEcKOit ueru (CM. noapasa. 2.2) 11 MarHUTHOM
LeNY MPYMEHHMMBI TIOHSATUS «BETBb», «y3€J», «KOHTYD».

B G0JIbLUMHCTBE CJIYYaeB MATHUTHYIO Lelb CJICAYET CUUTATh HEJIU-
HeHOI M JMLIb MPU OIpPeJAesICHHBIX AOMYLIEHUSX U ONpPeAeSICHHBIX
pexuMax paboThl — JIMHEHHOM.

———————

____.___..___\
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3.3. 3aKkoH NosHOro T1oKka. YpaBHeHUs COCTORHUA
MarHUTHOM Lenu

3akoH NOAHOrO TOKA. Mumezpan om HANPANCEHHOCMU MAZHUMHO20
noas no nwbomy 3amKHymomy Koumypy (UUPKYAAYUS 6eKmopa) paeeH
anzebpauneckoli cymme MoKo8, CUENIeHHbIX ¢ IMUM KOHMYpPOM:

¢HAI=) I=F, (3.2)

MPUYEM MOJIOKUTEIbHBIMU CIIEAYET CUMTaTh TOKM, HATIpaBJIEHHUE KO-
TOpPBIX COBIIAJAET C IOCTYMAaTeNbHbIM JBHXXEHUEM OypaBuukKa, €cCiM
BpaLIeHHE €Er0 PyKOSITKM COOTBETCTBYET 0OX0dy KOHTYypa IO HAIpas-
JIEHUIO JBUXXEHUS YacOBOM CTpeskH (mpaBuiio OypaBuuka). B yactHo-
CTH, [UISL KOHTYpa Ha puc. 3.7 MO 3aKOHY IOJHOro TOKa

$HAI = 1, + 1, - I3 + I,

Benuunsa 1= F B (3.2) HaswBaeTcs MaeHumoosuxcywell cunou
(MJC) B 3aMKHYTOM KOHTYpE I

OcnosHas enuHuia usmepenuss MAC 8 CU — amnep (A).

Ecan B Kaxaoi TOYKE 3aMKHYTOI'O
KOHTYpa JUIMHOM [ HATIPSIKEHHOCTD Mar-
HutHoro noyis H HanpasiieHa no Kaca-
TEJIbHOI K KOHTYpY M TIOCTOSIHHA, TO
3aKOH IOJIHOYO TOKa MPMHUMAET BUJ

HI=YTI (3.3)

Ilpumep 3. 1. OnpeseauTs HaNPpsDKEH-
HOCTb MAarHMTHOTO MOJIs1 HA pacCTOSHUU Puc. 3.7
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r=1 M OT NPSIMONMHEIHOTO MPOBONHHUKA C NMOCTOSIHHBIM TOKOM I=3 A
(cm. puc. 3.3, a).
Pewenue. HanpsxeHHOCTb MarHMTHOTO TOJSL B KAaXI0O# TOYKe

OKPYXHOCTH Ha pacCTOAHUM r=1 M OT €ro ocu MOCTOsIHHA 1 TI0 (3.3)
paBHa )

H=1/1=3/6,28 ~ 0,477 A/m,

rae I=2nr=2-314-1=6,28 M — [uinHa OKPYXHOCTH. .

MaruuTtHyo nens 6onBIIMHCTBA JIEKTPOTEXHUYECKUX YCTPONCTB
MOXHO TIPEACTaBUTL COCTOSILIEH U3 COBOKYNMHOCTH YYacTKOB, B TIpe-
ACTIax Kaxaoro 3 KOTOPbIX MarHUTHOE TOJIe MOXHO CYUTATH OJHO-
POIHBIM, T.€. C MOCTOSHHOU HaNpsKEHHOCTBIO, PABHOM HaNpsmKeH-
HOCTH MarHuTHOTO Irosist Hj, BIOJIb CpefHeil TMHIUY y9acTKA JUIMHOI L.

Ecinu npu 310M MarauTHOE Tose BO30YyXJaeTcsl KaTyLIKOil ¢ To-
KOM I, y KOTOpOii  BUTKOB, TO [Isi KOHTYpa MarHUTHOM LEIu, CLel-
JIEHHOTO € BUTKAMHU 1 COCTOSILUETO U3 7 yYacTKOB, BMecTo (3.2) MOX-
HO 3anucaTh:

n
2 Hklk = Iw.
k=1
Ecnu KOHTYD CUEIUIEH ¢ BUTKaAMU m KaTylul€eK ¢ TOKaMH, TO
n m n m
Zl’Hklk =I§Ipw,,, wim ’;UM,( :;Fp, (3.4)

tne F,= 1,,30,, — MAC; U, = Hl, — macnumnoe nanpsixcenue yJacTka
MAarHUTHOM LiENM.

Takum obpa3om, Mo 3aKOHY MONHOTO TOKa aneebpauxeckas cymma
MIC nobozo konmypa maznumnoii yenu paena an2ebpauueckoli cymme
MACHUMMHbIX HANPAJICEHUT €20 YHACMK 06, YTO TIOROBHO ¢ TOYHOCTHIO 0
0603Hall(iHl/Iﬂ BeJIMUNH BTOpOMY 3akoHy Kupxroda (2.11) wis anekr-
PYUYECKOH LIENHN MOCTOSHHOIO TOKA.

Tlponosmxas aHaIOrMIo ¢ 3MEKTPUYECKOi LIEMbIO MTOCTOSHHOTO TOKa,
BBENIEM MOHSTUE MAZHUMHO20 CONPOMUEIEHUS YIaCTKA MATHUTHOM LIENu

KaK OTHOLLEHUE €ro MarHUTHOIO HarnpszkKeHus K MarHUTHOMY MOTOKY
B HEM

U,=R D, (3.5)
YTO MOAOOHO C TOYHOCTBIO IO 0003HAYECHUS] BeJITUMH 3akoHy Oma (2.1).

HakoHew, B ciily HempephiBHOCTM MATHUTHBIX JIUHUI anzebpau-
HecKas CymMma MacHUMHbIX NOMOK06 6 Y31e MAZHUMHKOL Uenu PasHa Hyo:

k§ D=0, (3.6)

TI€ n — YMCIIO BETBEH, COEAMHSIIOLIMXCS B-y3/I€, YTO MOAOBHO C TOU-
HOCTBIO 10 OOO3HAYEHMST BEIMHUH TIepBOMY 3akoHy Kupxroda (2.9)
1A SJIEKTPUYECKON LIeNM IIOCTOSHHOTO TOKA.
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Uy
F
Uy
of
0 L
Puc. 3.8 Puc. 3.9

YpaBHeHUs] cocTosiHMS MarHWUTHOM weru (3.4)—(3.6) To3BoJIsIIOT
MPEACTABUTb €€ CXEMOM 3aMELEHUS, COCTOSIEeH M3 COBOKYITHOCTU
MCTOYHUKOB NMOCTOSTHHBIX M/IC 1 TUHeMHBIX U HEIMHEHHbIX MAarHUT-
HBIX PESUCTUBHBIX 3JIEMEHTOB.

Jlunelinbiti MA2HUMHBILL Pe3UCMUBHBILL 31eMeHm STBJIIETCST CXeMoM 3a-
MELLECHUS] Yy4acTKa MarHUTHOW LMW, B KOTOPOM MarHUTHBIN HOTOK
MPONOPLUUOHAJIEH MarHUTHOMY HarnpsixeHuo. Ero napamerpom ciy-
KUT MarHUTHOE CornmpotuBiceHUe R, = const.

Hejauneiinbiiit MazHUMHBLE pe3ucmuenblil 31eMeHm SIBJISIETCS CXeMOM
3aMELIEHMs Y4aCTKa MArHMTHO# LieNU, B KOTOPOM 3aBUCHMOCTb Mar-
HMTHOTO MOTOKA OT MArHUTHOTO HANPsIKEHUA HEJIMHENWHAsi U 3aaeT-
Cs1 HeJIMHeliHOo# BeGep-aMIepHo#i XapakTepucTuKoi d(U,,).

OcHOBHasl eAMHULA U3MEPEHUS] MATHUTHOIO COMPOTHBJIEHUS B
CHU — amnep na eebep (A/B6): 1 A/B6=1A/(B-c)=1 (Om-c)L.

Ha puc. 3.8 npuBeneHH yCjiO0BHbIe 0O03HAYEHHUST HA CXeMax 3ame-
LIEHHUSI U BeOep-aMIlepHBIe XapaKTepUCTUKY JIMHEMHOTO (JIMHMS @) U
HeNMHeHHOro (JIMHUS 6) MarHMTHBIX PE3WCTMBHBIX JIEMEHTOB, 4 HA
puc. 3.9 — ucroyHuka nocrostHHoi MJIC.

3.4. MarHutHble CcBOViCTBa PEeppPOMArHUTHLIX
MaTepuanoB

Y1o0B! FKCIIEpUMEHTAIBHO UCCIIeA0BATh MAarHUTHBIE CBOHCTBA (ep-
pPOMAarHMTHOTO MaTepuaja, HeOOXOAUMO BCe W3MEPEHUS MPOM3BO-
IUTh Ha oOpasiie, B KOTOPOM MarHMTHOE MoJjie OAHOpoaHoe. Takum
o6pasLoM MoxeT ObITh Topous (puc. 3.10), AIMHA MATHUTHBIX JIMHU A
B KOTOPOM MHOIo 00JiblUE €ro MOomnepevyHbIX pa3MepoB (TOHKOCTEH-
Hblif TOPOMJ) M Ha KOTOPBIYi paBHOMEPHO HABHUTA OOMOTKA C YKMC-
JIOM BHUTKOB .

IIpu pacuere HANPSKEHHOCTM M MHAYKIMM MArHUTHOIO TIOJNS B
TOHKOCTEHHOM TOPOHE MOXHO CUMTATh, YTO BCE MArHWUTHBIE JIMHUU
VMEIOT OMHAKOBYIO JUTMHY, pPaBHyIO [UIMHE cpenHeil muHuu 2nr. Ha
puc. 3.10 nmokasaHbl CpelHsIT MarHUTHasl JIMHUSA U BEKTOpbl Harps-
xeHHocty H v uHaykuuy B B 0AHO¥M 13 ee TOUeK.
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IMpeanonoxumM, uto ¢peppomar-
HUTHBII MaTepuan TOHKOCTEHHO-
rO TOPOK A MIOJIHOCTBIO Pa3MarHu-
YeH U ToKa B oOMoTKe HeT (B=0
u H=0). Ecau reniepb r1aBHo yse-
JIMUVBAaTh TIOCTOSIHHBIA TOK [ B
00MOTKe Katyluku, To B (eppo-
MarHUTHOM MaTepuajie BO3HHK-
HET MATHUTHOE TIOJE ¢ HanpsiKeH-

HOCTBIO 11O 3aKOHY IIOJIHOI'O TOKAa
(3.3):

Puc. 3.10 H= w/2nr. 3.7

Kaxnomy snaueHu1o HanpsikeHHOCTH H MarHuTHOTO TMOJS B TOH-
KOCTCHHOM TOPOMJE COOTBETCTBYET ONpEnEIeHHAS HaMarHUYeHHOCTD
(beppoMarHuTHOTO Marepuana, a cJieJoBaTENbHO, U COOTBETCTBYIOLLIEE
3HaYeHWe MarHUTHON MHAYKUMu B.

Eciin HavanbHOe MarHUTHOE COCTOAHME MaTepyala TOHKOCTEHHO-
I'0 TOpouAa Xapakrepusyercsi 3HaueHusimu H=0, B=0, To npu mias-
HOM HapacTaHUM TOKA MOJyYMM HEJIMHEJiHyl0 3aBUCUMOCTb B(H),
Ha3bIBAEMYIO KPUBOL NEePEOHAYANbHO20 HaMaHUWUEaHus (CM. PUC. 3.10,
WTpuxoBas JIMHus). HaunHas ¢ HeKOTOpBIX 3HAUEHMIT HATIPSIKEHHO-
CTM H MarHMTHOTO oM MHAYKLUST B B TOHKOCTEHHOM ¢eppoMaruur-
HOM TOpPOUJE MPAKTUYECKU MIEPECTAET YBETMYMBATHCS U OCTAETCS PaB-
HOH B,,. DTa obnacte 3aBucumocty B(H) HasblBaeTCsl 064acmuio mex-
HUYECK020 HACLIUEHUS.

Ecin, AocTUrHYB HacHueHUs, HAYaTh [UIABHO YMEHBLIATH TIOCTO-
SIHHbII TOK B OOMOTKE, T.€. yMEHbIIATh HATIPSIKEHHOCTD MOJIS 3.7,
TO MHAYKLMST TAKXKE HAYHET yMEeHbIIAThCs. OfnHako 3aBucumocts B(H)
YK€ HE COBNajaeT ¢ KPMBOU MEPBOHAYATEHOIO HAMarHuIuBaHust. Us-
MEHUB HanpasjieHUe TOKa B OOMOTKE K YBEJIMYHMB €r0 3HAYCHUE, [0-
JIy4MM HOBHI# y4acToK 3aBucuMocty B(H). Ipu 3HAYMTENBHBIX OTpH-
HATCIBHBIX 3HAYEHUSIX HAIPSLKEHHOCTH MArHUTHOIO MOJIsl CHOBA Ha-
CTYINHT TEXHMYECKOE HachillieHne (heppoMarHUTHOro Matepuana. Eciu
NPOJO/LKUTD IKCTIEPYMEHT: CHauaJla yMEHBILIATH TOK 0OpPaTHOTO HATpaB-
JICHM], 3aT€M YBEIMYMBATh TOK NPSAMOTO HalNpaB/ieHUs 10 HACHILIEHNS
U T.A., TO IOCJIE HECKOJILKMX LIMKIIOB TepeMarHMYMBAHUS LISl 3aBH-
cuMocTH B(H) nonyuuM CUMMETPUYHYIO KpuByio (cMm. puc. 3.10,
CIUIONIHAS JIMHMSL). DTOT 3aMKHYThIA Lk B(H) HasbBaercs npedeno-
HOU cmamuueckoli nemaeti 2ucmepesuca (v NpEAEbHBIM CTAaTHIECKUM
LMKJIOM rUcTepe3nca) heppoMarHuTHOro Matepuana. Ec/iu Bo BpeMs cum-
METPUYHOT O IIepeMarHMuMBaHUsl O0JIaCTh TEXHMYECKOTO HACBLLIEHUS HE
AOCTUIACTCS], TO CUMMETPUYHast KpuBasi B(H) Ha3biBaeTcsl cummempuy-
HOU 4acmoti nemaeii eucmepesuca HeppOMArHUTHOTO marepuana.

IpeneneHblit cTaTUYECKMIT LMK ructepesuca (peppoMarHUTHBIX
MaTepUaIoB XapakTepusyercsi mapamerpamu (cm. puc. 3.10): A, — xo-
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B B B
s B H
= Kl
7) 0
e
a 6 8
Puc. 3.11

apyumueHoli cuaol; B, — ocmamounoii undykyueii v ko= B,/By_ oy, —
KO03(hhuyueHmom npaAMoy201bHOCU.

Ilo 3HaYeHUIO KOPUUTHBHOU CHIbl H, heppoOMarHUTHbIe MaTepu-
ajbl [oApa3neisitioTcsl Ha IBE TPYIIIbL:

o MACHUMHO-MAZKUEe — MATHUTHBIE MaTepHalibl C MaJIbIMU 3Hade-
HUSIMHM KO3PUUTHUBHOU cuibl (H, < 50— 100 A/m);

o MaeHUMHO-meepdble — MAarHUTHBLIE MaTepyasIbl ¢ OONBLUMMU 3HA-
YEeHUSIMH KO3PLUUTUBHOM cuitbl (H, > 20— 30 kKA/M).

MarHUTHO-TBEpAbIE MaTePUANIBl UCTIOJIB3YIOTCS ISl U3rOTOBJIEHUS
MOCTOSIHHBIX MAarHUTOB, & MArHUTHO-MSITKME — JUISl U3TOTOBJICHUS
MAarHUTOIPOBOMIOB 3JICKTPOTEXHUYECKUX YCTPOMCTB, paboTalolyx B
pexuMe TiepeMarHuYMBaHus T10 MpeJeIbHOMY WM YaCTHBIM LIMKJIaM.

MarauTHoO-Msirkue MarepHajibl NOAPA3IC/ISIOTCA Ha TPU TUTIA: Mar-
HUTHBIE MaTepHAJIBI ¢ MPSAMOYTOJIBHON MpeAC/bHONH CTaTU4eCKOM IteT-
Jieit tucrepesuca (I, koadpbuupmeHT TIPSIMOYTOJIBHOCTH. k- > 0,95)
(puc. 3.11, @); MarHUTHblE MaTepuayibl C HEMPSAMOYIOJILHOM TPEeAcsib-
HOIi cTaTyeckoi nemieit rucrepesuca (HIIT, 0,4 < k- <0,7) (puc. 3.11,
0); MarHuTHble MaTepualb C JIMHEMHBIMH CBOMCTBaMH, Y KOTOPBIX
3apucuMocTs B(H) npakTuuecku JuHeiHas: B=p,poH (puc. 3.11, 6).

Bce TUITBI MATHUTHBIX XapaKTePHUCTHK MarHUTHO-MATKMX Marepua-
JIOB MOTYT OBITh IOJIy4eHbl Ha 00pa3uax
U3 (eppOMarHUTHLIX CILIABOB JIMOO U3 B
(heppOMarHUTHOM KepaMUKM ((heppuUThI). ; w B
LleHHOE CBOHMCTBO (bepPPUTOB B OTIMYME —b \
ot heppOMArHUTHBIX CIUIABOB — KX BbI- r
COKO€ yJIIeJIbHOE SJIEKTPUUYECKOe COIpOo- Nt
TUBJIEHHE. / ~

MarnuTornposoabl 13 (PeppoOMarHuT- 0 /

HbiX MaTepuanos ¢ I npumeHsitoTcst
B ycrpoiicTeax aproMaTuku, ¢ HIIIT —
B 3JICKTPUUYECKHX MallIMHAX U anraparax,
MAarHUTOIPOBO/IbI KOTOPbIX OOBIYHO pa-
00TaOT B pexxuMe repeMarHiyMBaHusi 1o
CHUMMETPHUHbBIM YacTHBIM tukiam. [lpu Puc. 3.12
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pacyeTax TaKUX MarHUTOINPOBOAOB MOJb3YIOTCSI OCHOGHOU Kpueol Ha-
MaeHuuueanus HeppoMarHUTHOIO Matepuaa, MPEACTABISIOLIEH CO-
0oii reoMeTpruECKOe MECTO BEPLIMH CHMMETPHYHBIX YACTHbIX LIUKJIOB
TOHKOCTEHHOTO (eppoMarHuTHOro Topouaa (puc. 3.12) mpu CUHYCO-
HUJAJIbHOM TOKE HU3KOM YacTOThl B OOMOTKe.

Ilo oCHOBHOI1 KpMBOJ HaMAarHUYMBAHUS (eppoMarHUTHOTrO Marte-
PHaJIa ONPEnessIiOT 3aBUCMMOCTD aGCONOMHOU MASHUMHOL NPOHULde-
Mocmy OT HanpsXeHHOCTH H MarHuTHOrO nonst (eM. puc. 3.12, wpu-
XOBas JIMHUS):

Mo = B/H. (3.8)

Ha puc. 3.13 npuseneHs OCHOBHHE KpUBBIE HAMArHUYMBAHUS He-
KOTOPBIX JMEKTPOTEXHUYECKUX CTaled, MCHONb3YyEMBX B eKTpUYe-
CKMX MallMHaX, TpaHc(opMaTopax U APYTMX YCTPOWCTBAX, 8 TAKXKe
YyryHa U AepMaJuIos.

U3 deppoMarHUTHBIX MaTepUaNoB ¢ NMHEAHHIMY CBOMCTBAMM W3-
TOTOBJISIIOT MarHUTOMPOBOAH KATYUIEK MHAYKTMBHOCTH KOJIebaTesb-
HBIX KOHTYPOB C BBICOKO¥ JOOPOTHOCTBIO. Takue KOHTYphl MpyMeHsi-
10T, HallpUMep, B PaAMOTEXHUYECKNX YCTPONCTBAX (IIPUEMHMKAX, [1e-
peaaTyukax).

3.5. PacueTr Hepa3BeTBNEHHOI MarHUTHOIA uenu

3aznayeii pacueta Hepa3BETBICHHON MArHUTHOM LEMy B GONBILMH-
CTBE CiryuaeB sipnisieTcst onpeneneHne MIAC F= w, neobxoaumoii s
TOTO, YTOOB! MOJNYYNTH 33JaHHBIE 3HAYEHMS] MATHUTHOTO TIOTOKA JUIM
MarHUTHOM MHAYKUMK B HEKOTOPOM Y4acTKe MarHWTONPOBOMA (vamie
BCET0 B BO3MYLLIHOM 3a30pe).

Ha puc. 3.14 npusemen npumep HEepa3BETBIEHHOU MazHumuoli
lenu — MarHUTOTIPOBOZ C 3a30POM M yKa3aHbL: JuIMHA [ cpeaHeii Mar-
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HUTHO¥ JIVHUM y4yacTKa u3 ¢ep- S,
POMAarHUTHOrO Marepuaa Iioua- A 5,
JBIO TIONIEPEYHOIO CeYyeHus1 S| U
JJIMHA L, BO3Iy1IIHOTO 3a30pa ILIo-
LWAOLIO TOINEPEeYHOro ceyeHus S,
(Ha puc. 3.14 He ntokaszaHa). Mar-
HUTHBIE CBOHCTBA (PeppoOMarHuT-
HOI'0 MaTepyaa 3aaHbl OCHOBHOI
KpUBOUW HaMarHuuyuBanus B(H)
(cM. puc. 3.12) U TeM cambIM IO Puc. 3.14
(3.8) 3aBUCHMOCTLIO L (H).
Ilo 3akoHy moysiHOTrO TOKAa (3.4):

L,
<L

S5

2
ZHklk:Hlll+H212=UMl Wy=Ilw=F, (3.9
k=1
13 MOCTOSHCTBA MarHUTHOTO MOTOKA B JIIOOOM IOIEPEYHOM CeUeHUN
Hepa3BeTBIEHHOTO MarHUTOMPOBOAA CJIEAyeT:

®=B,S, = B,S,, (3.10)

rae H,, By u H,, B, — HanpsokeHHOCTH MarHUTHOTO MOJISI U MarHuT-
Hble MHAYKUUM y4acTKa U3 ¢eppoMarHMTHOTO Marepuajla M BO3AYUI-
HOTO 3a3opa.

YpasuenusiM (3.9) u (3.5) cooTBeTCTBYET cxeMa 3aMelIeHUs (puc.
3.15) Hepa3BeTBJeHHOM MarHUTHOM Lenu (cM. puc. 3.14), rae Henu-
HEHOMY W JIMHEHHOMY MAarHUTHBIM PE3UCTHBHBIM 3JIEMEHTaM
U _ Hi [

D B,S, B Ho (Un)Si ’
Uy _ H,l, _ L
4 B,S;, oS

cooTBeTCTBYIOT (CM. puc. 3.8) HenuneitHas ©(U, ) u imneitnas O(U,,)
BeGep-aMIiepHBIe XapaKTepucTuku (puc. 3.16).

RMl =

= const

RM2 =

U Ol Oy / O
SRMI @y A
] (U, + U,
1+ U
C) RMZ[]lUMZ M M
F=Iw
42__ . 0 Ua Vs F U,=Hl
Puc. 3.15 Puc. 3.16
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Cxema 3aMellecHUS HEPA3BETB-

D(Uyy) JIECHHOI1 MarHUTHOW LleNM Ha puUC.
4 3.15 ¢ TouHOCTBIO 10 06GO3HAYE-
HUS MapaMETPOB 3JIEMEHTOB MO-
I Ry JOOHA cxeMe 3aMeElICHMs] HEM-
; HEMHOM 37IEKTPUYECKOIA LIEMH TI0-
i F CTOSIHHOTO TOKA C TIOCIIEIOBATE b~
0 HBIM COEAVHEHUEM: JIEMCHTOB (CM.
+ Uuia } U2 Un=Hh  pyc, 2.31).

CnenoBarenibHO, UISL aHaIM3a
HEPA3BETBACHHBIX MArHUTHLIX Lie-
ne (a Takxe W pasBeTBICHHBIX
MarHUTHBIX Lenei) ¢ noctossHHOM MJIC MOXHO TIOJIB30BaThCsl BCEMU
rpaMuECKNMY METOIAMU PACYETa HENMMHENHHBIX MEKTPUYECKUX LiE-
TiE# TOCTOSTHHOTO ToKa (CM.- moxpasa. 2.15).

st pacyeta Hepa3BETBIECHHOM MarHUTHOM LeNy (cMm. puc. 3.14 u
CXEMy 3aMeLICHUA Ha pyc. 3.15) BOoCIIONB3yeMCSI METOIAMU CIIOXEHUS
BeOEp-aMIIEPHBIX U HArPY304HOM XapaKTePUCTUK.

CornacHO NIEPBOMY METOLY, TIOCTPOUM BEGEP-aMIIEPHYIO XapaKTe-
PMCTHKY BCeil HepasBeTBIEHHOI MaruuTHOW e ®(U,, + U,;,), rpa-
buyecky CKIaabIBas 0 MATHUTHOMY HAIIPSKEHUIO BeGEp-aMIICPHbIE
XapaKTepUCTHUKM JIBYX €€ y4acTKOB (CM. puc. 3.16). Ipu ussectHoit MJIC
F= Iw no BeGep-aMNepHOI XapaKTEPUCTUKE BCEii MATHUTHOMN Lienu
onpenesnuM paboyylo TOUKyY A, T.€. MarHUTHsII noTok @, a 1o BeGep-
aMIMEPHBIM XapakTEPUCTHKAM YYACTKOB MAarHUTONPOBOAA — MArHHT-
HBIC HATIPSDKEHUS HA KaXI0M U3 HUX.

CoracHO BTOPOMy METOJly, HOCTPOUM HArPY304YHYIO XapaKTePHC-
TUKY (puc. 3.17) no ypaBHEeHMIO

D= UMJRMZ = (F_ UM])/RMZ)

T.€. MPSIMYIO, MPOXOSILIYIO Yepe3 TOYKy F Ha ocu aGCHUCC U TOYKY
F/R,;; na ocu opaunar. Toyka nepecevueHust A Harpy304HOM XapakTe-
PHUCTUKU C BEGEP-aMIIEPHON XapaKTEPUCTHKONH (PeppOMarHUTHOro
yqactka uenu ®(U,,,) onpenensier MaruuTHbli notok @, B nenu u
MarHuTHble HanpspkeHMsl Ha deppoMarsuTHoM yyactke U, , ¥ BO3-

AymHOM 3a30pe U4 3HaYeHME WHAYKLMY B BO3AYUIHOM 3a30pe B, ,=
= (DA /Sz.

&

zh
&)

Puc. 3.17

3.6. dnexkTpomMarHUTHbie CUNbI

Ha npoBOJHMK ¢ TOKOM, NOMELIEHHMII B MArHUTHOE noJyie, -
CTBYET CWJIa, HalpaBiCHUE KOTOPOi OMNPENENSETCS Mpasuiom Aeeol
pyku (puc. 3.18): HyXHO HOCTaBUTH JIaA0OHb HABCTPEYY HAIPABICHUIO
MArHUTHBIX JIMHUI TOJIs1 M BBITSIHYTh YEThIPE MaJbLa BIOIb TIPOBOJI-
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HMKA TI0 HAIpaBlIeHUIO TOKA, TOIJa OTCTABICHHbIN OOMNBIIOH Majen
noKaxeT HallpaBJeHHE JCHCTBYIONICH Ha TIPOBOLHUK cUiBL. Tak Kak
3Ta CIWIA €CTh CJIEJCTBUE B3aHMOICHCTBUSI TOKA U MATHUTHOrO IIOJA,
TO OHA HA3LIBACTCS FAEKMPOMAZHUMHOU CUAOLL.

DJIEKTPOMAarHUTHasi CHJa MPONOPLMOHAIBHA TIPOU3BENEHUIO TOKA 1,
MarHMTHOM MHAYKUUY B nojst ¥ JuTMHBI TPOBOJHUKA /, KOTOPLIA Ha-
XOJUTCS B MArHUTHOM noJie. OHa 3aBUCUT TAaKXKE OT HANPasIeHUs IIpo-
BOIHUKA C TOKOM OTHOCUTEJILHO HallpaBlCHHMs BEKTOpa MarHUTHOM
UHAYKUMH B.

Ecim npsiMOJTMHEHHBII TIPOBOMHMK [JUIMHO# / B HAIIPaBJIE€HUU TOKa
I oOpa3yer ¢ HampaBJeHHMEM MArHMTHBIX JIMHMI OIHOPO/IHOTO Mar-
HUTHOTO ITOJIsI, B KOTOPOM OH PacCIoIOXKEH, YTOJ O, TO AEHCTBYIOLIAas
Ha NMPOBOJHMK 3JIEKTPOMAarHUTHAasl CUjia paBHA

F= Bllsino. 3.11)

Eci1 IIpoBOIHUK PacHOJIOXEH TIEPIEHIVKYJISPHO K HAMPaBJICHUIO
MarHMTHBIX JIMHUI NoJis1, T.€. sino= 1 (puc. 3.18), 410 UMeeT MeCTO B
GOJIBLLIMHCTBE JIEKTPUUECKUX MALUMH U aniaparoB, TO

F=BIl 3.12)

B CH 371€KTPOMArHUTHYIO CHITy MOKHO UCTIONB30BATH JJIs1 OIIpe/Ie-
JICHMSI €OUMHULBI MarHUTHOM MHaykuuu — Tecna (Tn). 1 Tn pasBeH
MHJYKLMY OIHOPOJHOTO MarHUTHOTO MOJf, B KOTOPOM Ha IPSIMOJIN-
HeMHBI NPOBOAHMK JuMHOM 1 M ¢ TokoMm 1 A neiictByet cuia 1 H.
ITpu 3TOM HampaBieHUE NPOBOJHYKA 00pa3yeT ¢ HalpaBJICHUEM Mar-
HUTHBIX JIMHU# yron o.= /2.

DIEeKTPOMArHUTHhIE CUJTBI UCTIOJNIB3YIOTCS BO BCEX 3NCKTPOJABUraTe-
JISIX JUIS CO3JIaHMSI BPALLAIOLIEro MOMeHTa. B reHepatopax OHU CO3a10T
TOPMO3HOI MOMEHT, TIPEOI0IEBAEMBII TIEPBUYHBIM JBUraTENIEM. DJIEK-
TPOMAarHMTHBIE CHJIbI BO3HMKAIOT TAKXKE MEXIY PasiM4HbIMU NPOBO-
JlaMU C TOKaMH, Harpumep Mexay Ipoponamu I n 2 IByXIIPOBOIHOWM
JIMHUM (puc. 3.19).

Puc. 3.18 Puc. 3.19
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Ha paccrosinim a ot ocu npoBosa I HaNPsSKEHHOCTh MArHUTHOTO
nojis, BO30yXaaemMasi TOKOM 3TOTO MPOBOJIA, MO 3aKOHY MOJHOTO TOKA
(3.3) paBHa

_ H=1/2na,
MaI‘HPITHaﬂ HHAYKIINA —
B=poH = bl ,
21a

MarxuTHbIe JTMHMM TIONS TipoBoja [ MEPIEHAVKYISIPHBL HATIpaB-
JieHUI0 npoBofa 2. CnenoBatenbHO, Ha MpoBoy, 2 OyaeT NeiicTBOBATh
NEKTPOMArHUTHas CUJIa

2
F=BIl= @L
2na

Takas xe cuna, HO MPOTHBOMOMOXHOIO HATPABICHUS CO3NACTCS
NEWUCTBUEM MarHUTHOTO MOJIst TOKA NpoBosia 2 Ha nposoy, 1. Hanpase-
HUE JEHCTBUSL 0OEUX CUJI ONPEIENSETCS TIPABUIOM JIEBO# pyku (cM.
puc. 3.18). Ilpu BcTpeyHOM HampaBleHUM TOKOB TpOBOJA OTTAJIKMBA-
I0TCS1, TIPM COLJTACHOM — TIPUTSIFUBAIOTCSI.

B HOpMaJIbHBIX YCJIOBUSIX PabOTHI IMEKTPOTEXHUYECKUX YCTPOICTB
IEKTPOMArHUTHbIE CUJIbI OTHOCUTENIBHO Mauibl. HO mpu kopoTkux 3a-
MBIKaHMSIX B LCTIM TOKH BO3PACTAIOT B COTHU pa3, a NEKTPOMArHUT-
HBIE CIWIBl, NPOTIOPLMOHANILHBIE KBAAPaTy TOKA, — B JAECATKMU THICSY
pa3. DTO MOXET BbI3BATh Pa3pylieHUE YCTPOIICTB.

3.7. AnexTpoMarHUTHas MHAYKUMS

3aKOH 3/IEKTPOMArHUTHOM MHIYKLNY BRBEAEH HA OCHOBAHUH MHO-
TOYMCIICHHBIX OIIBITOB.

IlycTs B OAHOPOAHOM MATHUTHOM MOJIE MEPTICHANKY/ISIPHO BEKTO-
Py MarHuTHO# MHIyKuuu B pacnonoxer npoBogHuk minHoii I Mpu
JABUXCHUU TPOBOAHUKA € MOCTOSIHHOM CKOPOCTBIO ¥ BJOJB HEIOJI-
BUXHBIX HaIpPaB/ISIIOIUMX, MOAKIIOYEHHBIX K BOJLTMETPY, CHavajla B
onHoM (puc. 3.20, a), a 3aTeM B MPOTHBOIONOXHOM (pHC. 3.20, 6)
HalpaB/lICHUH YKa3aTe/lb BOJIBTMETPA OTKIOHUTCSL OT MOJIOXKEHUS PaB-
HOBCCHsI CHa4alla B O[IHY, & 33T€M Ha TaKoe Xe 3HAYCHUE B IIPOTUBO-
TOJIOXHYIO CTOPOHY.

Crie10BaTeNbHO, NBIKYLIMIACS B MATHUTHOM [10Ji€ TIPOBOJHUK SIB-
JSIETCS UCTOUHNKOM DJIC, KOTOpast Ha3bIBACTCH UHOYYUPOBAHHO.

3aKOH 3eKTPOMATHATHO#H MHAYKunu. B RPAMOAUHETIHOM NPOBOOHLIKE
0nunolil I, pacnoaosceHHom 6 0OHOPOOHOM MaZHUMHOM Hone nepneHouKy-
SAPHO 6eKmMopy MazHumunol undykyuu B u deuscywemes co ckopocmero v,
undyyupyemes 3JIC, 3nauenue Komopoii pagHo

E= Bl (3.13)
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Puc. 3.20

ITpu 3Tom Hanpasiaenre DJ1C onpenensieTcs npasuiom npasoii pyKu
(puc. 3.21): Hy>XHO NOCTaBUTb JIaAOHb HABCTPEYY HANPABJICHUIO Mar-
HHUTHBIX JIMHUI U HAllpaBUTh OOJIBIION TaJIell MO HAMPABJICHUIO ABH-
KEHUSI TIPOBOAHUKA, TOTAA BBITSHYTHIE YETHIPE NalbLd YKaXyT Ha-
[IpaBJIeHUEe MHAYLHPOBAaHHOI B mpoBoaHuke DJC.

Ecin npsMonvHeiHbI# NPOBOAHMK AJIMHOM / o6pasyer ¢ Hanpas-
JICHUEM BEKTOPa MAarHUTHON UHAYKIUHU B OMHOPOAHOrO MarHUTHOTO
[10Jis1, B KOTOPOM OH OBMXKETCSI CO CKOPOCTBIO ¥, YIOJ O, TO MHIYLM-
poBaHHas B HeM DJ1C Gyner paBHa

E= Blvsina. 3.19)

3aKOH 3JIEKTPOMAarHUTHON WHAYKLIMM MOXHO BBIPA3UTh IPYyroi
bopMynoii. B 3amKHymoM KoHmype, CUENAeHHOM C MAZHUMHbIM HOMOKOM
O, undyyupyemces 3/1C, snauenue Kkomopoii pagHo

e = —dd/dt. (3.15)

Hpu srom Hanpasnenue S1C onpenensiercs npa-
eunomM Oypasuuka: TIPYU NOCTYNATEIbHOM IBIKCHUU
OGypaByMKa BIOJIb MATHUTHBIX JIMHUII HarpaBieHUe
BpAILLEHUsE €TI0 PYKOSITKM OIIpeJiesisieT HanpasieHue
yvHayuupoBaHHo#H DIC. :

Hanpumep, B oneitax Ha puc. 3.20, a 1 6 ckopo-
CTH MU3MEHECHHSI MarHUTHBIX NOTOKOB, CLEIUTEHHBIX
€ KOHTYpamMM, OTMEYECHHBIMM LUTPHUXOBBIMU JTUHUSI-
MU, paBHbl d®/dt = —Bly (lotok @ ymeHbILIAETCS)
U dd/dr= Bly (notok P yBeTHuUMBAacICsI), a HATIpaB-
JIeHUs1 UHAYyLpoBaHHbIX DJ1C e 1o npaBuny OypaB-
YMKa OTMEYEHBI HAa 3THX KOHTYpax CTPEJIKaMM.




O6€e popMyMPOBKM 3aKOHA EKTPOMAr-
.L HUTHON MHAYKIIMU JAIOT OJMHAKOBHI YUC-
JIeHHBI pe3ynbrar. OnHako dopmyna (3.13)
OIIPENEJISIET YYACTOK MMPOBOJIHYKA, B KOTOPOM

£2 _ unayuupyerca DJIC E, a (3.15) — Her.
"l“v TpanchopMaTopsl, 3NIEKTPHIECKUE MAILIM-
HBI, M3MEPHTE/ILHBIC MEXaHU3MBI M JIDyTUE
Puc. 3.22 3JIEKTPUYECKUE TIPUBOPHI CONEPXKAT KATyIL-

KM, C BUTKAMU KOTOPBIX MOTYT OBITE CLIETLIE-
HBbI pa3IMYHEIE MATHUTHHIE TIOTOKU (puC. 3.22). Eciiu MarHUTHbIE T1O-
TOKHU U3MEHSIIOTCSI BO BPEMEHM, TO B KaXIOM BUTKE KaTyiiku 1o (3.15)
unnyuupyetcst DJIC e,. Tak Kak BUTKM KATYHIKM COEAMHEHD] TTOCIE0-
BaresibHO, 70 DJIC, MHAyLMpyeMast B KaTylIKe C YUCJIOM BUTKOB w),
paBHa cymme BJ1C, MHAYLIMPYEMBIX B OTIEIbHBIX BUTKAX,

L do®, do, dd dv
= =] — b —= e —E = 3.16
& Z;e‘”‘ [dtertJr dt] i’ 10

rle kK — TOPSIKOBBIA HOMEDP BUTKA;
¥Y=0 +PDy+..+P, 3.17)

~— HOMOKOCUEnieHue KamyuKu.
Hanpasnenve 3/1C e, onpenensiercs o npasuny 6ypaByuKa.
Ecny Bce BUTKM KaTylKU NPOHU3BIBAET OIWHAKOBBI MarHUTHBIiA
noToK P, TO NOTOKOCLEIIEHUE KATYLUKY PaBHO

Y = D,
a uHayuuposaHHas B Heit DJC paBHa
e, =—d¥/dt=-wdd/dr. (3.18)

3.8. CaMmoOMHAYKUMA, UHOYKTUBHOCTb U MHAYKTUBHBDINA
9NeMeHT

B xarymike munyuupyercs BJIC He TONBKO U3MEHSIIOILIMMCS Mar-
HUTHBIM TMOJIEM BHELIHETO MCTOYHWKA, HO U W3MEHSIOLIMMCS Mar-
HUTHBIM MOJIEM TOKAa CAMOM KaTyILKH.

PaccMOTpUM KaTyluKy C pa3lMyHbIM HAIPaBICHUEM HAMOTKUA W HeE
GyllEM y4UTHIBATH CONPOTUBJICHHE MIPOBOIOB 0OMOTKH (pHc. 3.23, a U 6 ).
Ecnu ToK i, = i; B KaTylIKe MOCTOSAHHBIN, TO B OKPYXAIOLIEM BUTKU
TIPOCTPAHCTBE [MOCTOSIHHO ¥ MArHUTHOE T0JIe, KOTOPOE MOXHO Xapak-
TEPU30BaTh COBOKYITHOCTHLIO HENPEPBIBHBIX MArHUTHBIX JIMHUIT BEKTOPA
MHAYKLIMH B, nokazaHHBIX Ha puc. 3.23, a ¥ 6 WITPUXOBOH JIMHUEIA.

Konburypaimsi MarHUTHOTO NOJISt BOKPYT BUTKOB UMEET C/IOXKHYIO
dopMy. Ho 1 XapaKTepMCTHKU KaTyIIKy KaK 37IEMEHTa ICKTpude-
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Uap=U]L,

e —

Puc. 3.23

CKOW LieMM YacTo He TPeOyeTcsl 3HATh PACIIPENCICHHME MATHUTHBIX JIN-
HHI MOJIs1 BHYTPY KaTYIIKKU U B OKPyKaloLleM ee npocTpaHcTse. J1o-
CTATOYHO BBIYUCIUTL MOTOKOCLEIUIEHVE ¥ ¢O BCEMH BUTKAMM -

¥=0 +Dy+.. +D, +..+D, =Y O,
k=1

rae O, — MarHUTHBINA MOTOK, CLETUIEHHBIN ¢ k-M BUTKOM.

Tak kak B paccMaTpMBaEMOM ClIyyae MOTOKOCUETIICHUE ¢ BUTKAMMU
KaTylIKU 3aBUCUT OT TOKAa B 3TON KaTyllKe, OHO HAa3bIBAETCH CO6-
CMGEHHBIM NOMOKOCUENICHUEM.

OTHollleHHe COOCTBEHHOIO MOTOKOCLICTUICHUSI KATYIUKA K TOKY
iy =I; KaTYyIIIKU HA3bIBAETCSl COOCMEEHHOL UHOYKMUBHOCMbI), VIH LH-
OYKMUBHOCMbBIO:

L=%/i,. (3.19)

OcHoBHasi eMHNIIA U3MepeHUs UHAYKTUBHOCTU B CU — 2enpu (I'n):
1FTu=1B6/A=1B-c/A.

Ecny cob6CTBEHHOE MOTOKOCLIEIJIEHUE MPOTIOPLIUOHAIBHO TOKY, TO
UHIYKTUBHOCTH L=const. B IpoTUBHOM Cllyuae UHIYKTUBHOCTD 3aBH-
cUT oT ToKa L(i;). 3aBUCUMOCTb MHIYKTUBHOCTH OT TOKa TPOSIBISET-
Cs, HampuMep, y KarylleK ¢ MarHUTOIPOBOJIOM (CEpIeYHUKOM) U3
dbeppomMaranTHOro Marepuaa.

YcnoBHble rpadpuyeckue 0003HAYEHUs KaTYIIEK WHIYKTHUBHOCTH
npuBeneHbl B 7207, 3.1.

Ecay ToK B BUTKAx KaTylIKW M3MeHseTcsl (YBEJTMYMBACTCST WIM
YMEHBIIIAETC ), TO UBMEHSAETCS U COOCTBEHHOE NMOTOKOCLEIUIcHUE. [1pn
M3MEHEHUM MOTOKOCLEIUIEHUS B BUTKAX KATYLIKH COTTACHO 3QKOHY
anexmpomaznumuol undykyuu vHoyuvpyetrcst OHNC camoundykyuu e;.
[onoxurensroe Hanpasienue DJ1C caMOMHAYKIIMY COBMAAET C Ha-
MpaBjieHUeM BpallleHUs PYKOSITKW OypaBuYMKa, BBUHYMBAIOLIETOCS TI0
HaMpaB/JICHUIO MarHUTHBIX JIMHUM, T.€. C BEIOPAaHHBIM MOJIOXUTEIb-

67



Tab6nuna 3.1

YcaoBnble rpaduyeckue 0603HaAYEHHA KATYMIEK HHIYKTHBHOCTH

HawumenoBanue YcnoBHoe 0603HaYeHHE

Kartyiuka uHAYKTHBHOCTH (peakTop):

6e3 MarHUTONPOBOAA —N—
C MAarHUTOITPOBOAOM —YY Y

CaMOPEryJIUPYIOLLASICA HETMHENHO,

HarpyUMep B 3aBUCUMOCTH OT mapametpa I7

HBIM HanpasjieHreM ToKa (puc. 3.23, a, 6). 91a 3J1C no onpenesieHNIO
paBHa -

e, =—d¥/d¢ (3.20)
uiny ¢ yuerom (3.19)
e, =—Ldi;/dt.

M3 (3.20) cnenyer, uto neicTBuTENbHOE Harpasienue DAC camo-
MHIYKUMHM B JAHHBII MOMEHT BPEMEHM MOXET OTIIMYATHCSI OT Bbl-
GpaHHOIO MONOXUTENLHOFO HATPABJICHUS U ONPELEISIETCS 3HAKOM [1PO-
M3BOZIHOM TOKA 1o BpeMeHun. HetpynHo Buaets, uro BC caMOMHayK-
MM BCCTIla MPETSATCTBYET U3MEHEHMIO TOKa (Mpaeuio Jlenya). JLns Toro
4TOObI B KaTyLIKE UHAYKTHBHOCTH 6€3 MOTEPh ObL1 MEPEMEHHBII TOK,
MEXy €€ BEIBOAAMMU JOJKHO ObITh HATIPSKEHUE, PABHOE TI0 abCOIOT-
HOMY 3HA4YCHUIO U B KAaXIbIii MOMEHT BPEMEHU IIPOTHUBOIOJIOXHOE MO
HamnpasjaeHuo DJ1C camouHaykuuu (puc. 3.23, 6):

Ugs = Uy = —e, = Ldi, /dt = dW/dt. (3.21)

Tak KaK 3/IEKTpUIECKOMY TOKY BCETA COMYTCTBYET MArHUTHOE T10J1€,
MapaMeTpPoOM KaxJoW 4acTU 3JIEKTPOTEXHUYECKOro YCTPOWCTBA € TO-
KOM JIOIXHA& OHITh MHAYKTHBHOCTbD.

Jluneiinbiii UHOYKMUGHYIL 31eMeHm SIBIISIETCS] COCTABISIIOILEN CXEMBI
3aMELICHUSI JIIOOOM YaCTH 3JIEKTPOTEXHUYECKOTO YCTPOICTBA, B KOTO-
poOi COBCTBEHHOE MOTOKOCUEIUIEHUE MPONOPLUOHAILHO TOKy. Ero
napaMeTpoM CIyXKUT HHAYKTUBHOCTE L = const.

Ecim 3aBUCHMMOCTh COOCTBEHHOTO MOTOKOCLIEIUIEHUSI OT TOKA HE-
JIMHEHHAs1, TO CXEMa 3aMELLECHUSI COACPXUT HeAUHELIHbI UHOYKMUGHbILI
3nemenm, KOTOPBIN 334a€TCs1 HEJIMHEIHOU 8ebep-amnepHoil xapakme-
pucmuxoti Y(i;).

Ha puc. 3.24 npuseznieHbl BeGep-aMIlEpHBIE XapaKTEPUCTHKY JIMHEN-
HOTO (JIMHMSA @) VU HETUHEWHOTO (JIMHUS b) WHIYKTHBHBIX 3JIEMEH-
TOB, @ TAKXe YCJIOBHBIC O003HAYEHUSI TAKUX JIEMEHTOB B CXEMax 3a-
MELLECHUSL.
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Eciv 3a BpeMst £ TOK B UHAYKTUBHOM 37Ie- v 4

MEHTE U3MEHUTCS OT HyJist 10 iy, TO B Mar- TS
HUTHOM TOJie 37eMeHTa (CM. puc. 3.23, 6)
GylleT HAaKOILICHA 3HEPrus v oo
i
W = _[iLuLdt !
0 0 ip i
uimy ¢ yuetom (3.21) Puc. 3.24
A gl i
W = [i,d¥ = [ i LG,)dig, (3.22)
0 0

rae W, — 3HaueHUe COOCTBEHHOrO MOTOKOCLEIUIEHUS TIpH TOKE i = if,.

BHepruss MariMTHOTO TIOJSI MHAYKTUBHOIO 3jJlEMEHTA IPYU TOKE i
o (3.22) npornopLyoHabHa COOTBETCTBYIOLICH TUIOLIAAU, 3aKIIIOYEeH-
HOW Mexly BeOep-aMIepHOi XapaKTePUCTUKOM M OCbI0 OopAHWHAT (Ha
puc. 3.24 3alTpHUXOBaHa IIOL@AAb, NPOMNOPLIHUOHATILHAS SHEPTUY Mar-
HUTHOTO TIOJISI HEJIMHEHHOIO MHIYKTUBHOTO 3JIEMEHTA TIPU TOKE I;;).

HHepeus MazHUMHO20 NOAS TAHEUHOTO UHJYKTUBHOTO 3JIEMEHTA IIPU
ToKe i; u3 (3.22) ¢ yyeroMm (3.19) paBHa

W, =i})2=Vi, /2. (3.23)

[py yBeaMYEeHUHN (YMEHBLUEHHU) TOKA 3HEPTUSl MArHUTHOTO TIOJIst
MHIYKTUBHBIX 371eMEHTOB YBETHUMBaeTCs (yMeHbLaeTcs1). CnenoBaTesib-
HO, UHIYKTUBHBIEC 3JIEMEHTHI MOXHO PAcCMATpUBATh KAaK aKKyMyJisd-
TOPBI SHEPIYN.

3.9. BlaumHas MHOYKLMS U B3aUMHas UHOYKTUBHOCTDb

PaccMOTpUM JBE KaTyLIKW WHIYKTUBHOCTU C YUCTAMHU BUTKOB W),
Y w, M TOKaMH i, U i, (puc. 3.25, a), 6IM3KO0 pacroNioXKEHHbIE OTHOCU-
TeJIbHO JPYr Apyra TaK, YTO YacTh MarHWTHBLIX JIMHUIH TOJNs OQHON
KaTyIIKY CIeIieHa ¢ BUTKaMu Jipyroii. [103ToMy KpoMe cOOCTBEHHBIX
HOTOKOCLIEIUICHUI KaTylleK ¥, U Vo, IPU pacyeTax TakuX LeTIeH ce-
NyET YYWTHIBaTh N0OaBOYHEIE MOTOKOCUEIUIEHUS BUTKOB I1€PBOii

Wy wy
Wi, =Y @, ¥ BTOPOI ¥y =Y Dy, Katyurek, rae @y, — MOTOK
k=1 k=1
yepe3 k-1 BUTOK MEPBOIT KaTYLIKKM OT TOKa BTOPOU KaTyllKH; My, —
MOTOK yepe3 k-if BUTOK BTOPOI KaTyIIKM OT TOKA B MEPBOil KaTyLIKE.
B3aumnoii undyxmuenocmsro TiepBoidi ¥ BTOPOI KaTyllleK Ha3bIBAET-
Csl OTHOILLIEHME J1I00aBOYHOTO MOTOKOCIIETJIEHHUS NEPBON KaTyluku ¥,
K TOKY i) BTOpPO# KaTyLIKU

M, =" y/iy.
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Puc. 3.25

AHaJOrMYHO ONPENEISIETCS B3aMMHASI WHIYKTUBHOCTH BTOPOI W
TMEPBOM KaTylIEK:

My =¥y /iy
OnbIT MMOKA3bIBAET, YTO

le = M12 =M=kcn\/L1L2,

e Ly v L, — MHIYKTMBHOCTH IEPBOii 1 BTOPOiA Karyuwek; 0<k, <1 —
KO3(OULMEHT CBSI3M KaTylliek.

B3anMHas MHAYKTMBHOCTH HE 3aBHCHT OT HaIlpaBJICHMWiI U 3Haye-
HH1 TOKOB, a OTIPENIENSETCS TOMBKO KOHCTPYKLIMEH KATyLUEK U UX B3a-
UMHBIM PaCHOJIOXEHHUEM.

Iloanoe nomokocyennenue ¥ Kaxaoil U3 MHIYKTUBHO CBSI3aHHBIX
KaTYyIIEK CONEPXMT JBE COCTABJISIIOILNE, KOTOPBIE MOTYT CKJ1a/IbIBATh-
Cs1 WM BBIMMTATECSl B 3aBUCHMOCTH OT HallpaBieHMs] TOKOB B KaTyIL-
Kax M WX B3aMMHOT0 pacrionoxeHus. B nepsoM ciyyae BK1I0YEHUE UH-
AYKTUBHO CBSI3AHHBIX KAaTYLUEK HA3BIBACTCSI CO2IACHbIM, BO BTOPOM
cny4ac — ecmpeunsim. Tak Kak 3CKM3HOE M300paXeHUE WHIYKTUBHO
CBSI3aHHBIX KaTYILIEK CIOXHO (CM. puc. 3.25, a), 11 ONUCaHUs Xapak-
TCpa MHAYKTUBHOM CBSI3U I1OJIB3YIOTCS! YCJIIOBHBIMU ODO3HAYEHMSIMU.

Ha cxemax 3amerueHus nerneit 0603Ha4al0T TOYKAMU (cM. puc. 3.25,
0 M ) OIHOVIMEHHBIE BbIBOJIbI («HaqyaJIo») Kax o U3 Kartywek. Eciau
TOKH HAIpaBJiEHbl OAMHAKOBO OTHOCUTEIBHO OJHOMMEHHBIX BHIBOIOB
(cM. puc. 3.25, 6), TO XaTyluKM BKJIIOYEHBI COracHo. COBCTBEHHOE U
106aBOYHOE TIOTOKOCLICTLIEHHSE B KAXKIOH KATYLIKE CYMMMUPYIOTCS, T. €.
TIOJTHBIC MOTOKOCLIEIUIEHUS [IEPBOI M BTOPOIi KaTyLIek paBHbI

Y=Y +¥ Yy=Y¥p+V¥,.
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Ecsin TOKM HanpaBiaeHbl MO-pa3HOMy OTHOCHUTENILHO OJIHOMMEHHBIX
BBIBOJIOB (CM. puC. 3.25, 6), TO KaTylKH BKJIIOYEHB! BCTPEYHO, T. €.

Y =¥, -¥y Y=Y¥p-Y¥a

3nech, KaK ¥ paHee, NON HANpaBlIeHUSMU TOKOB CJIEAYET MOHU-
MaTh UX BBIOPAHHBIE TIOJIOXUTCIIBHEIE HAIlPaBICHUSL.

Cornacro ¢opmyne (3.18), B mepBoil U BTOpPO# KaTymikax OyayT
uHAyIMpoBatbess DJ1C

_dy, d(¥, +¥,)

e = == =en tey;
df " dr ) (3.24)
dav, Yy 'y
=— =— =e;, te,,,
€ a7 a1 L2 2

rae eL] = —d\Pl ]/dtz _leil/dt n eL2 = —d\{’zz/dt= —deiz/dt - SHC caMo-
WHAYKLMM TIEpBOM M BTOPOM Karywek; e, = —d¥,,/df = -Mdi,/df u
ey =—d¥, /dr=-Mdi,/dr — DAC e3aumnoii undyKyuu NEpBOI1 U BTOPOI
KaTyIlex.

Ha puc. 3.25, a noxazaHo, 4T0 BHYTPU KaTylleK COOCTBEHHBLI1 Mar-
HUTHBIA TMOTOK U MAarHWTHBIA MOTOK, BBI3BAHHBLI TOKOM B JIpyroi
KAaTylike, HAarpaBieHbl BCTPEYHO, YTO COOTBETCTBYET HIDKHEMY 3HAKY
B (3.24) 1 ycnoBHOMY OGO3HAYEHUIO Ha puc. 3.25, 6.

3.10. Buxpesbie TOKM

B MacCHBHBIX YacCTSIX IEKTPUYECKUX MALLUMH W alNapaToB, HAXOMI-
LIMXCsI B [IEPEMEHHOM MarHUTHOM ToJie, MOJ AEHCTBUEM UHAYLUPO-
BaHHBIX DJ1C BO3HMKAIOT BUXPEBLIC TOKU i, (pUC. 3.26, a).

)

\._____g_________l

g————-’

Iy

iy \

L S

Iy
e

R ikl plndlnlpios

Lr

Puc. 3.26
71



Tabnuupa 3.2

YaeasHas MOIIHOCTh OTEPh B NHCTOBOI J1EKTPOTEXMMIECKOH CTANH
NIPH Pa3sHBIX 3HAYECHUAX HHIYKIHH

Mapka ctanm, Br/kr Mapka cranu, Br/kr
B,. Tn B, Tn
1511-0,35 1511-0,50 1511-0.35 1511-0,50

0,6 0,585 0,685 1,1 1,61 1,92
0,7 0,685 0,890 1,2 1,94 2,24
0,8 0,855 1,130 1,3 2,31 2,58
0,9 1,050 1,380 1,4 2,66 2,95
1,0 1,300 1,640 1,5 3.00 3,40

OnM BBIZBIBAIOT JIOTIOJHUTEIbHBIE TTOTEPU IHEPTUU U HArpeB Mar-
HUTONPOBOJA. KpoMe TOro, BUXpeBble TOKH OKa3bIBAIOT pa3sMarHU4u-
BaloLIEE JCHCTBHE B MarHUTONpoBojae. [103TOMy IpexHUe 3HAYeHMst
MarHMTHOrO MOTOKa U UHAYKUMU NIPU YY€Te BUXPEBBIX TOKOB IMOJIyYa-
I0TCs1 pH GONBLIEM HAMarHUYMBAIOILEM TOKE U GONBLIEH HAMNPSIKEH-
HOCTHM MarHWTHOTO IIOJIsL.

Jlnsl yMEHBIIEHUS] BUXPEBBIX TOKOB B MArHMTOINPOBOAAX MOXHO,
BO-MIEPBBIX, YMEHBILUTD TUIONIAAb KOHTYPOB, OXBATHIBAEMBIX BUXpE-
BbIMH TOKaMH, BO-BTOpBIX, YBEJIMYUTE YAEJIBHOE 3NEKTPUYECKOE CO-
MPOTUBJIEHVE CaMOr0 MaTepuaia.

J11s1 yMEHBLUEHYS TUIOIIAAN KOHTYPOB BUXPEBBIX TOKOB TIPH YaCTO-
Tax 10 20 k' MarHUTONpoBO/IB COGUPAIOT U3 TOHKUX JIUCTOB JIEKT-
POTEXHUYECKO# CTalv, M30JIMPOBAHHBIX JlakoMm (puc. 3.26, 6). Tlpu
MpOMBILICHHON yacTtore ToKa 50 i TonmmHa nncroB pasHa 0,35—
0,50 mM. Ilpu Gosee BHICOKMX YaCTOTAX TONIMHA JIUCTOB YMEHBILIACTCS
Jo 0,02—0,05 mM.

Hnst yBeMYEHUs! yIeJIbBHOTO 3JIEKTPUYECKOTO CONPOTUBIIEHHS Ma-
Tepyalla MarHUTONpoBoa B Hero 1o6asnsiior 0,5—4,5 % xpemuusa (Si).
Takas nprcagka 3HaYNTENIBHO YBEIMYMBAET YIEJIBHOE JIEKTPUUECKOE
COMPOTHUBIEHUE MaTepUalla U MaJjlo BIMSIET HA €10 MarHUTHbIE CBO¥i-
CTBa.

OnHako BUXpEBBIE TOKH HAaXOIAT W NpuMeHeHue. Hanpumep, mwist
TUTABKH METaJLIOB. TUIIIb ¢ METALIOM MOMELLAIOT B IIEPEMEHHOE Mar-
HUTHOE T10JIe, KOTOPOE MHAYLMPYET B METajle BUXpEBBIC TOKM, pac-
TUIABJISIIOLIIME €rO0.

[lepeMarnuynBaHUe MarHUTOIIPOBOJA KPOME TIOTEPh HA BUXPEBBIE
TOKH COIPOBOXKIAETCS TAKKE MOTEPEN IHEPTUU HA MATHUTHBIN rUcTe-
pe3uc, MpONOPLMOHAIBHON TIOLAAM TIETIM TUCTEPE3NCA.

Ilpu pacyetax 3MEKTPOTEXHUYECKMX YCTPOWCTB ISl OMpPEAECIICHHUS
MOLIHOCTH MOTepb B MarHUTONPOBOJAX, BHITIOJHEHHBIX U3 3TEKTPO-
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TEXHUYECKON CTaIM, MPHUMEHSIOTCS CIpaBOYHbIE TAaOJULLI, B KOTO-
pbiX JIaHa 3aBUCUMOCTb YJIEJIbHOM MOIIHOCTY CYMMAapHBIX MOTepb OT
aAMILUIUTY/(bl MATHUTHON UHIYKUUK B, (Tabn. 3.2).

3AAAYU ¥ BONMPOCHI AJ1% CAMOMNMPOBEPKHU

3.1. B yem pasnuuMe MarHUTHO-MSAIKHAX U MarHUTHO-TBEPABIX MaTepua-
nos?

3.2. Jaiite onpeaeneHUe COOCTBEHHOH UHIYKTUBHOCTH KaTYILKHU.

3.3. Kak BeIGUpaeTcs MmosoxurenbHoe HanpapicHue DJ1C caMOMHIYKLINU
B dopmynax (3.15) u (3.18)? TosicHute cBsizb ¢ MpaBuioM JleHua.

3.4. Onpenenvte B3aMMHYIO WHIYKTMBHOCTH JIBYX KaTyHIEK, WMEIOLLIUX
uHayKTUBHOCTU L, =0,12 TH n L, =3 T'H, ec/ii KOS PUIIMEHT CBA3M KaTyLIEK
k=0,5.

Omeem: 0,3 I'n.

3.5. B ueM npHyMHbI BOSHUKHOBEHHSI BUXPEBbIX TOKOB B MATHUTOHPOBOIAX
3MEKTPUUYECKUX MALIMH W annaparop?

3.6. Kakue HeraTMBHBIE MOCJIEACTBUS OKa3blBAIOT BUXPEBLIE TOKU HA pa-
GOTY MarHUTOINPOBOIOB SNEKTPUYECKUX MALIKMH U annaparop?



IF'MABA 4
ANEKTPUHECKUE LIENMU CUHYCOUAAJIBHOIO
TOKA

4.1. O6wume ceepeHns

Bospacrarowas posb anekTpuueckoit 3Hepriy B pasBUTHH [IPOMBILLI-
JICHHOCTH, TPaHCNOpTa U cdepbl yenyr B koHue XIX B. cTUMynpoBa-
J1a TCOPETUHCCKUE U IKCIIEPUMEHTANIbHBIE PAabOTHI M0 CO3MAHUIO (-
(EKTUBHBIX ANEKTPUIECKUX YCTPOHCTB B TEXHONOTUUECKOM LENH Ipo-
M3BOJICTBA, Mepe/iauy K NoTpeGIeCHHSs INEKTPUYECKOi 3Hepruu. B Ha-
CTOsILLCE BPEMsI NEKTPUYECKAsA IHEPTHSI /ISl POMBILLIEHHBIX LIENeil
BBIPAOATHIBAETCS 3NIEKTPOMEXAHUYECKUMU IFeHEPAaTOpaMy CHHYCOWAAJIb-
HOTO TOKa IPM CTaHmapTHOM yactore Toka 50 'y B Poccuu u 60p-
LKHCTBE ApYrUX cTpaH (B CLLA 60 I'i). DnexTpoMexaHnyeckue reHe-
PaTOPHl € TIPMBOJIOM OT MAPOBOil TYPOMHEL Ha TEIUIOBBIX M ATOMHBIX
SJICKTPOCTAHLIMSIX UMEIOT MOLLHOCTD 100— 1200 MBT. ITpeoGpasopa-
HME 3HAYCHUI1 MapaMeTpoB CUHYCOHUIAIBHOIO TOKA 3NIEKTPOreHEPaTO-
POB TpaHchOpMaTopaMu MO3BOJSIET NEPENABATH 3NIEKTPHUYECKYIO FHEP-
THIO TIO JIMHUSM BBICOKOTO HanpsixeHusi (1o 750 kB) Ha Gosbluue
pacctositms (10 500 KM) ¢ MUHHUMAIBHBIMU OTEPSIMMU.

ACHHXPOHHbIE U CUHXPOHHBIC JIBUTATEU CHHYCOMIAJIbHOTO TOKA
TIPOMBIIUIEHHOM YaCTOTH 3(DEKTUBHO MUCHIOb3YIOTCS IS npeobpa-
SOBaHMsl NICKTPUYECKOH IHEPTUN B PA3IMYHBIX CUCTEMAX INEKTPO-
1IPMBO/iA TIOABEMHO-TPAHCTIOPTHBIX MALUKMH, CTAaHKOB, 06GpaGaThiBa-
IOIIMX UHCTPYMEHTOB H T.TI.

Pa3HO00pa3HO M MCTIONB30BaHKE CHHYCOMIANBHOIO TOKA HEIpo-
MBILJIEHHOM YaCTOTHL. B anekTpuyeckux mevax s BbIIIABKU TYro-
TLIaBKUX U 0CO00 YMCTHIX METALIOB YACTOTA CHHYCOMIANbHOTO TOKA
cocrapysier 500 Fu — 50 xT'u. B anexrpoakycruyeckux YCTaHOBKaXx 4a-
CTOTa CHHYCOMIANBHOTO TOKA MOXET COCTABJISATh HECKOBKO TepiL.

PasButue pagvotexHMKM MPUBENIO K CO3MAHHMIO BBICOKOYACTOTHBIX
yeTpoiicTs (1o 100 MI'u): aHTeHH, renepatopos, npeodpa3oBaresieii v T. 1.

4.2. dnemeHTbl 3NEeKTPUYECKOIA Lenu CUHYCOMAanbLHOro
TOKa

BrekTpryecKas Lenb CUHYCOMIANBHOTO TOKA COLEPXHUT KPOME IEK-
TPOTEXHUYECKUX YCTPOICTB, Ha3HaY€HUE KOTOPBIX COBMAACT C Ha-
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3HaYCHUEM (PYHKIIMOHATILHO AHAJIOTHYHBIX YCTPOWCTB LIETTH ITOCTOSIH-
HOYO TOKa (MCTOYHMKH IHEPTUM, U3MEPHUTENbHEIE PUOOPHI, KOMMY-
TALMOHHBIE anlapats U T.I1.), TAKXKE YCTPOHCTBA, NPUCYILHE TOJIBKO
LENsIM CHMHYCOUJANBHOTO TOKa: TPaHCHOPMATOPbI, KOHIECHCATOPHI,
KaTyLIKU MHAYKTUBHOCTU U fp. COBOKYIHOCTD 3NEKTPOTEXHMUYECKUX
YCTPOWCTB B LIENIU CHHYCOMIAJIBLHOTO TOKA JUIS HAMJISIIHOIO U KOMIIa-
KTHOI'O OTOOpaKeHUst CBSI3€i MEXy HMMM MPEACTABIISIIOT IIPUHLMITU -
AJIBHOU CXEMOI1, aHaJIOrMYHOI NpHBEIEHHOI Ha puc. 2.2.

Jlns pacyera pexxrma paboThl MEKTPOTEXHUYECKHX YCTPONCTB HE-
00X0AMMO TIEPEUTHU OT NPUHLMITMAILHOM CXEMBL LIENU K €€ CXEME 3a-
MeEILEeHUA. DIeMEHTAMH CXEM 3aMEILICHHS LIENE CHHYCOMIANBHOTO TOKA
SIBJISIIOTCS] UCTOYHUKY CUHYCOWAaNbHBIX ToKa U BJIC, pe3uCTUBHEIE,
WHAYKTUBHBIE 1 €MKOCTHBIE 3JIEMCHTHI.

Ecnu napamerpbl 3JIEMEHTOB HE 33aBMCSIT OT TOKA B HMX WM TIPUJIO-
XKEHHOTO K HUM HAMPSLKEHUS, TO 3TO JIMHEHHBIE 3j1IeMeHThl. B mpoTHB-
HOM CJIY4ac 3JIEMEHTHI CJICAYET CUMTATh HEJIMHEINHBIMMU.

4.3. KICTOYHUKIN 3NEeKTPUYECKO IHeprum
CUHYCOMNAANbHOIO TOKa

ITpOMBILITTEHHBIMY UCTOYHWKAMH 3JIEKTPUUECKON IHEPIUU CHHY-
COMJAJILHOIO TOKA SIBMISIIOTCS 3JIEKTPOMEXaHWYECKHE I€HEPATOPHI, B
KOTOPBIX MEXaAHWYECKAS] IHEPTHUst MAPOBBIX UM TMAPABINYECKUX TYp-
OuH npeobpasyercsl B 3JIeKTpHyeckylo. [1poaHanusupyeM pabory Tako-
IO reHeparopa Ipy yrnpow@mwiuux JgonyimeHusx. [puHUunuaibHas
KOHCTPYKLIMSI JIBYXTOJIIOCHOTO 3/IEKTPOMEXAHMYECKOTO TCHEpaTopa
n3o0paxeHa Ha puc. 4.1, a. OHa coaepXuT HEMOABUXHBIM TIJIOCKUI
Pa30MKHYTBII BUTOK C BBIBOAAMH a M b U TIOCTOSTHHBIM MarHur, KoTo-
PBI BpalIaeTcsi ¢ NOCTOSIHHON ¥acmomoll f, T.e. C TIOCTOSIHHOM ye2i10-
6ol ckopocmuro Q = 27if, pan/c, BHyTpU BUTKA.

OcHoBHas eqHML@ U3MepeHust yactothl B CU — zepy (), 1 INu=
=1 ¢”!. BenmuunHa, obpatHasi yactote, HasbiBaeTcs hepuodom T=1/ f, c.

RH @ e q)m LBT
LONY T ¢ u
( Qt+: o Ry, ab
@‘3 @,
el
Re
6 8
Puc. 4.1
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ITycTh MATHUTHEII MOTOK MOCTOSIHHOTO MATHUTA paBeH @,,. 13 npo-
CTPaHCTBCHHOTO PaCnpe/IeICHIst MATHUTHOTO MIOTOKa (CM. puc. 4.1, 6)
CJIenyer, YT0 MrHOBEHHOE 3HAY€HUE COCTABISIIOLIEH MAFHUTHOTO MO-
TOKa, MPOHU3BIBAIOLIEH BUTOK, T. €. HATIPABJIEHHOI BIOJb OCH X, PABHO

D, = P, cos (Qf + o) = D,,sin (0 + yg), .1

rie @,, — MakcUMabHOE 3HAYEHUE (AMILIUTYAR) MarHUTHOTO MOTO-
Ka, TIPOHM3BIBAIOLIETO BUTOK; 00 — HAYaJIbHbII (T.€. B MOMEHT f =0,
NIPUHSATBIN 33 HAYaJlo OTCYETAa BPEMEHM) Yrojl MpPOCTPAHCTBEHHOTO
PacrioIOXCHUST TMIOCTOSTHHOTO MarHUTa OTHOCHUTENBHO OCH X, 0 — YI-
JIOBast 4aCTOTa CHHYCOMAANBHOM (YHKIMM MarHUTHOIO MOTOKA, UMe-
Io1ast pa3SMEPHOCTh M 3HAYCHUE, COBNAJAIOLIME C Pa3MEPHOCTHIO U
3HAUYEHUEM YITIOBOM CKOPOCTH €2 BpAlLEHUS MOCTOSIHHOTO MAarHuTa;
VYo =7/2+ 0 — HavaJbHasi (pa3a MATHUTHOTO TIOTOKA; Mf + Yo — daza
MarHMTHOTO NIOTOKa. 3/I€Ch U B NajlbHEliLIeM Havaabhas (hasa onpee-
JSIET 3HAYCHUE CUHYCOUOanbHOll DYHKUIMHM B MOMEHT BpEMEHMU £ = (.
CornacHO 3aKOHy 3JIEKTPOMArHUTHOR MHIYKLMH, IPY U3MEHEH UM
MOTOKOCUETJIEHUST BUTKa B HEM MHayuupyercsi DJ1C, nonoxuresb-
HOE Harnpasi€HHe KOTOpoW (CM. puc. 4.1, a) CBs3BIBAIOT C TIOJIOXM-
TEJIbHBIM HanpasieHueM notoka @, npaeuiom Gypasuvka. [lonoxu-
TenbHOE HanpapiaeHue BJIC coBnagaeT ¢ HarpabBieHUEM BpALLCHMUSI

PYKOSITKM OypaBYMKa, BBUHYMBAIOLIETOCS B HAMPABICHUM MArHUTHO-
ro notoka @,;

e=-d®,/df=-D,wcos (ol + yo) = E,sin(of + y,), “4.2)

rae E, = o®, — ammumryna DIC; y, = yg — n/2 = 0. — HayajpHag
¢aza BJ1C.

Ha puc. 4.2 u306paxeHsl 3aBHCUMOCTH MAarHUTHOTO MOTOKA D, =
= Q(wt) u DAC e=e(wt) or passl of, T.€. OT BpPEMEHM . 3aMETHM,
4TO CMHYCOMJIaIbHBIC BEUYMHBI TIPUHATO M306GpaxaTh rpadMkaMu B
BHJIE 3aBUCUMOCTEH OT wf. [103TOMY HayanbHas ¢asa onpenessier cme-
IICHNE CUHYCOMIANIBHOW BEJIMYMHBI OTHOCHTENBHO HA4ana KOOPIM-
Har, T.¢. 0f=0. HayanpHas dasa orcunThiBaETCS BIOJD OCH abcpuce ot

Onrkaiiluero K Hayajly KOOpAMHAT

e, @, HYJIEBOIO 3HAYEHWSI CUHYCOUIAIb-
HO¥W BEJIMUVHBI TIPU €€ IIEPEXO/E
/ OT OTpULATENILHEIX 3HAYEHH K 1O~

JIOXWTEJIbHBIM JI0 Hayajla KOOpIU-
Hat. Ecnu HavaneHas dhasa 6onbiie
0 of (MEHBILIE) HyJS, TO HAYAJIO CUHY-
COMJANIbHOM BEJMYVHBI COBUHYTO

N
~
N
M
~
N,
rd
;
o
3

Ye>0 BIEBO — KaK Ha puc. 4.2 — (Bripa-
Vo >0 @, ¢ BO) OT-Havana koopauHat. Ecny K
BBIBOJIAM 4 U b reHepaTopa Nnoaxo-

Puc. 4.2 YUTh PE3UCTOP COTNPOTUBIECHUEM
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Ha puc. 4.1, 6 npuBeneHa cxeMa 3amelle-
HUS DJICKTPOMEXaHWYECKOTO I'eHepaTopa, B
KOTOPOIA Pe3UCTUBHBIN R, U UHAYKTUBHBINA L,
3JIEMEHTBI OTOOPAXAOT BHYTPEHHUE NapaMeT- b
pbl TeHepaTopa: CONPOTUBJICHUE IPOBOAOB U
CcOBCTBEHHYIO MHAYKTUBHOCTL BUTKA. Eciu na- Puc. 4.3
paMeTpaMy pE3UCTUBHOIO M MHIYKTHUBHOIO
3JIEMEHTOB B CXEME 3aMELIEHMs TEHEPATOPa MOXHO MpeHeOpeyb, TO
€ro CXeMOii 3aMelLEHNs OyIET UICAIbHBINA UCMOYHUK CUHYCOUOANbHOU
D/IC e WM uCmouHUK cunycoudarbroeo Hanpsaxcenus (puc. 4.3, ‘i)' Ecnun
TOK B LIEIIM TeHepaTopa HE 3aBUCUT OT [apaMeTPOB BHCIHHCH LElH,
TO CXEMO# 3aMelleHHUs reHepaTopa OyleT UICATbHBIA UCIMOYHUK CU-
Hycoudaabrozo moka J(t) (puc. 4.3, 6), rae J(#) = i, — TOK TeHEpaTopa
NPY KOPOTKOM 3aMbIKAHUH €ro BbIBOJIOB a U b.

HUctoynuku DJIC ¥ ToKa Ha3bIBAIOTCS AKMUGHbIMU 3AeMEeHMaMU, a
PE3UCTUBHBIC, UHAYKTUBHBIE U €MKOCTHBIC 3JIEMEHTHl — HACCUSHbIMU
IeMEHMAaMI CXEM 3aMELLIEHUSI.

Harpy3ku R, (cm. puc. 4.1, @), TO B IOJIy4YeH- ¢ a
HOM 1eny Oyner CUHYCOUIABHBIA TOK i. ety | KB "
a
b
a 6

4.4. MakcumanbHoe, cpeaHee U Aencreylollee
3HA4YEHUN CUHYCOMAA/bHLIX BENIUYUH

B sivHeiHON ENY NPy AeHCTBUM CUHYCOMAATBHO U3MEHSIOLLECICS
BJ1C TOKM TakXe CUHYCOUIAIbHBI:
i=IL,sin (0f + ),
e ® — y2106as wacmoma; \y; — HadanbHaa ¢dasa ToKa; 1, — maxcu-
ManbHoe 3Hauenue (amniumyoa) TOKa.

Cpednum 3HaueHuem CIHYCOMIAJIbHONO TOKa CYMTAIOT €ro CpeaHee
3HaueHUE 3a TOJIOKUTEIbHEIN MMONYIEeproN, COBNaaloliee cO Cpen-
HUM 3HAYEHUEM MO MOAYJIIO:

/2
20, 2
[,=— | idt==
*T -([ T

Ec)i B pe3UCTUBHOM 3JIEMEHTE CONPOTUBICHUEM R TIpY MOCTOSIH-
HOM ¥ CMHYCOMIAJIbHOM TOKAax 3a OIMHAKOBbIH MHTEPBal BPEMEHU
BBIIENAETCS] OJIMHAKOBAA JHEPTHsi, TO TAKOE 3HAYEHUE MMOCTOSIHHOTO
TOKA HA3bIBAECTCS Jelicmeyouum 3Ha4eHuem COOTBETCTBYIOLIETO CHHY-
COMIANBHOTO TOKA.

3a YHTEpBaJ BpEMEHM OIMH repuos 1’ B PE3UCTUBHOM 3JIEMECHTE
CONPOTHBIEHUEM R BBIIEISIETCS] SHEPTUS NPU CUHYCOUIAIBHOM TOKE

e 21
| 1sinondt == 4.3)
! n

T
W = j Ri?dt,
0
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Puc.44
OpH NMOCTOSIHHOM TOKE
W_=RI’T.

T
o 2 . "
PapenctBo aunepruit RI27 = _[ Ri%dt onpenensier JeNCTByIOIIIEE 3HA-
0

HYEHVE CHHYCOUIAIBHOTO TOKAa

17
- )
_ 1 T g: dt 4.9

KaK cpednee keadpamuuroe 3a nepuon. Ha puc. 4.4 oka3aHbl 3aBHCHMO-
CTH OT BPCMCHU CMHYCOMIATIBHOTO TOKa i, KBaJpata ToKa i’ U rpadu-
4ECKOE ompeziesicHue 3HayeHust [2 (U3 paBeHcTBa mowaneil /27 =

T

_ [ pi2 ..

__[Rl df), a TeM camMBIM U [€HCTBYIOLIETO 3HAYEHUS TOKa I,
0

J1s CUHYCOMAANTBHOrO TOKA HETPYIHO OMPENENUTS IefCTByIOLIEE
3HaYEHHE YEPE3 aMILIUTYIHOE:

T
1= |=[12sin? ordr = 1, |1 [1008200 4
Ty 2

T T
U TaK Kak _[dtzT, a _[cos2mtdt=0, TO
0 0

I=1,/V2. 4.5)

B AAH.aJIOFI/I‘IHO AJIsL TI0BOW IpYToil CUHYCOUNANbHOM BEIMYMHDBL @ =
= A,,sin (wf +v\|1,,) (BDAC, HanpsikeHMsA, MarHUTHOTO TOTOKA W T.J1.)
cpednee U Oelicmeyroujee 3HaueHUs PABHBI

Ay =24, /7~ 0,6374, :
A=A,]N2~0,7074,,. (4.6)
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4.5. CnocoObl npeacTaBieHNs CUHYCONAANbHBIX
BEeANYUH

VI3BECTHO HECKOJIBKO CIOCOOOB IPEACTaBIECHUA CHHYCOUAAIBHO
WU3MEHSIIOIMXCS BEJIMYMH: B BUJIE TPUTOHOMETpHYECKUX (PyHKuMii (4.2),
rpadvKoB (cM. puc. 4.2), BpalIalOLIMXC BEKTOPOB M KOMIUICKCHbBIX
YHCel.

PaccMOTpUM TIPEJICTABIEHUE CUHYCOMAATIbHO M3MEHSIIOLIMXCSl BE-
JIMYYH BPAIIAIOLMMUCS BEKTOPaMU M KOMILIEKCHEIMU YMCIIaMHU.

IpencTasienue CHHYCOMJAIBHBIX BEIHYHH BPAIAOLIMMHCH BEKTO-
pamu. J11s MPEACTaBICHNS] CUHYCOMAJIEHO U3MEHSIOLIEICS] BEIUMHDI

a=A,sin (ot +y,)

¢ HayaIbHOM (ha30it y, BPAILIAIOLLMMCS] BEKTOPOM NOCTpouM (pHc. 4.5, a)
pannyc-BeKkTop A,, 3TOi BeJIMYMHBI JUIMHO# (B Macuitabe nmocTpoe-
HUs1), paBHO#M aMILIATYIE A,,, ¥ 101 YIJIOM Y, K TOPU3OHTAIILHOIT OCH.
D10 OyET €r0 MCXOIHOE MONOXEHUE B MOMEHT Hayajla OTCYETa Bpe-
meHU ¢=0.

Ecnu paaMyc-BEKTOD BpallaTh C MOCTOSIHHON YIJIIOBOM CKOPOC-
THIO Q, YUCJIEHHO PaBHOM YIJIOBOI 4aCTOTE ) CUHYCOUIAIbHOW BEJIU-
YMHBI @, TPOTUB HAIpaBJIECHMs IBHXEHHS 4YaCOBOW CTPEJNKHU, TO €TO
MPOEKLYS HA BEPTUKAIBHYIO OCb GyleT paBHa A,sin (of+y,). I1o 3Ha-
YEHUSIM 3TUX BEJIMYMH MOXHO IIOCTPOUTH r'padyK 3aBUCUMOCTH CHHY-
COMIAIbHOM BEJIMUMHBI OT (ha3bl Of WIK OT BpeMeHM £. Takoe nocrpo-
eHMEe TIPUBEIEHO ISl HEKOTOPBIX 3HAUEHMIA f Ha puc. 4.5, 0.

[MpuMeHeHME BpALIAIONIMXCS BEKTOPOB MO3BOJISIET KOMITAKTHO MPEI-
CTAaBUTb HA OJIHOM PHMCYHKE COBOKYITHOCTD Pa3IMYHbIX CHHYCOMIAILHO
M3MEHSIIOLLMXCS BEJIMYMH ONUHAKOBOW YaCTOThI.

Ipeacrasienne CHHYCOHIAIBHBIX BEJIHIHH KOMIUIEKCHBIMH YHC/IAMH.
OT NpeACTaBICHUS CUHYCOMITbHEIX BEJIMYUH BPallaloLIMMUCS pajin-

_____ Apsin(ot + y,) = Ay,

Puc. 4.5
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J . yYCaMH-BEKTOPAMM HETPYIHO IMEPEHTH K

y NPEACTABICHUIO CUHYCOMJAIbHBIX BEJTMYMH
KOMILIEKCHBIMM YKCIaMHU.

s T0ro 4To6b! MPeICTABUT CUHYCOM-

Vo> 0 JAJIbHYIO BEJIMYUHY
0 1 a=A,sin (ot +y,) 4.7)
Puc. 4.6 € HavYanbHOM (asoit \y, KOMIUIEKCHBIM Y¥C-

JIOM, TIPOBEJIEM Ha KOMIUIEKCHOM IUTOCKO-
ctH (puc. 4.6) U3 Hayala KOOPIAMHAT MO yIJIOM Y/, K OCH JIeiCTBUTE b~
HBIX BEJIMMMH NMPOTUB YAaCOBOM (11O 4aCOBOW) CTPENKU, €CIM 3Haue-
Hue yra y, > 0 (y, < 0) BeKTOp, miMHa KOTOpOro B Maciurade MOCTPO-
CHMsI paBHa aMILIUTYIE A, CHHYCOMAAIBbHOM BenuuHbl. KoHel 31oro
BCKTOpa HaXOOMTCsl B TOYKE, KOTOPOH COOTBETCTBYET KOMILIEKCHOE
UUCITO — KOMRAEKCHas amnaumyda CUHYCOUAANBHOM BETUYUHBL:

A, = AN = A Ay,

Tak xe 0603HaqyaeTcsT U COOTBETCTBYIOLUMI KOMILIEKCHON aMIUIM-
TYZI€ BEKTOP Ha& KOMIUIEKCHOM [LJIOCKOCTH.

[Ipyu yBennyenuu Bo BpeMenu asbl CHHYCOMIATBHOM BEIMYMHDL
©f + y, YTOJI MEXIY OCBI0O MU BEKTOPOM pAcTeT, a cam BEKTOp Oyner
Npe/ICTaBsATh COOOM BPALIAIOLIMIICS BEKTOP

AV = A, cos (@ + ) + jA,,sin (of + ).

Hetpynro Buaetsb, yto MHUMast YacThb BPALLAIOLIErocst BEKTOpA paBHa
3alaHHOM CHHYCOMJIAJIBHOW Bennuune (4.7).

TlpenctaBienye CHHYCOMAATbLHON BEIMYMHBI KOMILIEKCHON amri-
JUTYNIOI1 A,, ¥ COOTBETCTBYIOLLIMM €ii BEKTOPOM Ha KOMILIEKCHOIA 11J10C-
KOCTH reOMETPUYECKU MOJOOHO NPENCTABICHUIO TOM € CHHYCOMIA/ b
HOI BeTUYMHBI BPAILAIOLIMCS PanmycoM-BEKTOPOM A,, B MOMEHT Bpe-
MeHM £=0 (cM. puc. 4.5, a). [To3TOMy MOXET CO3AATLCS BIIEYATIIEHME,
4TO 00a IMPEICTABICHUS] CHHYCOUIATBHBIX BEMUYMH MIPAKTUYECKH CO-
Bnajzarmot. B peiicTBUTEILHOCTH 3TO He Tak. B cllyvae npencTaBieHus
CHHYCOMIABHBIX BEIMYUH KOMIUICKCHBIMM YHCJIAMHM MOXHO TIpHMe-
HUTB 3(EKTUBHBII KOMILIEKCHBII MeTon aHaluza NIEKTPUYECKUX
Lenel CHHYCOMAATBHOTO TOKa, KOTOPBIil B HacCTosIIIEe BpeMsI 3aBOe-
Bajl BceoOllee NpU3HaHMeE.

BekTop Ha KOMILTEKCHOI TUIOCKOCTH, UTMHA KOTOPOTo B MaclIrta-
Ge noctpoeHusi paBHa ACHCTBYIOLIIEMY 3HAYCHHIO CHHYCOMIAIBHOI
BEJIMYMHBI, U COOTBETCTBYIOILEE KOMIUIEKCHOE YKCIO HA3BIBAIOTCS
KOMRACKCHbIM OeliCmEyIouum 3HaueHueM CUHYCOUIANbHOM BETHYMHBL:

A=A4,/N2 = deive = Aryy,,. (4.8)

Tak xe 0603HayaeTcs1 U cam BEKTOP Ha KOMIUIEKCHOMN TUIOCKOCTH
(cM. puc. 4.6).
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IMpumensiioTest Tpy GOPMBI 3aMKUCU KOMILIEKCHOTO JEHCTBYIOLLETO
3HAYEHHUS] CHHYCOMAAIBHOU BETNYMHBI:
o HOKa3ameavHaa gopma

A= AeM = Asy,; (4.9)
o mpuzoHomempuyeckas gopma
A= Acosy, + jAsiny,; (4.10)
o anzeGpauveckas gopma
A=ReA+jImA, 4.11)

rme Re A= Acosy, u ImA= Asiny, — neiicTBUTeJIbHAsS U MHUMAS
COCTaBJISIIOIIME KOMIUIEKCHOTO JIEMCTBYIONIErO 3HAYEHUH CUHYCOUIA/Ib-

- - Im A
HO# BEJIMYMHEL, A = \/(Re A)? +(Im A)?; v, = arctg "

Ilepexon oT moka3aTenbHONH (GOPMBI K TPUIOHOMETPUYECKONH BbI-
MOJIHEH € MOMOLUBIO (POPMYJIBI Diinepa:

€Y= cos y, + jsiny,. (4.12)
Mpu 3HaveHusx yrma vy, =n/2 u y,=-n/2 u3 (4.12) cienyer:
e =jue ™ =—j=1/j, 4.13)

rme j= V=1 — muumas edunuya.

Ilpy aHammse Heneil CHHYCOWIAIBHOIO TOKA IPUMEHSIIOT KOMII-
JIEKCHBIE FEMCTBYIOLIME 3HAYEHHUSI CHHYCOMAATBHBIX BeamuuH. CoKpa-
LLIEHHO UX HA3bIBAIOT KOMHACKCHbIMU 3HAYEHUAMU, & COOTBETCTBYIOLIME
BEKTOPB! HA KOMILIEKCHOM TNIOCKOCTH — BEKTOPAMU KOMHAEKCHbIX 3HA~
YeHull. 3

COBOKYITHOCTb BEKTOPOB KOMIUICKCHBIX 3HAUEHUI CHHYCOUIAb-
HbIX BEJIMMMH OJHOI 4YaCTOTHI Ha3bIBAETCSl 6EKMOPHOU Ouazpammoil.
[Monk3ysick BEKTOPHOM IUAarpaMMOii, CJIOKEHHUE U BBIYUTAHUE KOMIT-
JIEKCHBIX 3HAYEHMH MOXHO 3aMEHMTh CJIOXEHUEM Y BBIYUTAHUEM CO-
OTBETCTBYIOLIMX BEKTOPOB. DTO VIAPOLIAET PacyeThl U JENAET UX Ha-
[JISIAHBIMU. )

B3auMHOe pacrnoyioXXeHUE BEKTOPOB KOMIUIEKCHBIX 3HAaYEHUN Ha
BEKTOPHOWM AHarpaMMe He UBMEHUTCS, €CIM HayajibHble (pasel y, BCEX
KOMIUTEKCHBIX 3HAY€HMI YMEHBIIWTE (YBEJIIUYUTH) Ha OOHY U Ty XK€
BEIMYMHY. DTO O3HAYAET JIMIIbL OIHOBPEMEHHbIA TIOBOPOT BCEX BEKTO-
POB Ha OOVH U TOT X€ yroj. YacTo Mpu aHaIM3e Lerneidl BEKTOPHYIO
IHArpaMMy CTPOSIT TaK, YTOOBI BEKTOP ONHOIO KOMIUIEKCHOTO 3Have-
HMs1 OBUT HAIpaBJieH BAOMb OCH ICHCTBUTENBHBIX BeTMYKH. Taxkoi BeK-
TOP HA3LIBAETCS UCX0OHbIM 6ekmopom. Ero HavanbHas ¢asa y,=0.
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a-—

Harpapnenusi cuHycoManbHBIX BeIMYUH (TOKAa,
2 __D HANpsIXEHUS U Ip.) B LIENU TIEPHOAMYECKHY U3MEHSIOT-
Csl, HO O[JHO M3 OBYX HAMpaBJCHHI NPUHUMACTCS TO-
Puc. 4.7 JIOXUTEJIBHBIM. DTO HaIpaBlIeHHE BRIOMPAETCS NPOU3-
BOJIBHO W NOKa3bIBACTCSI CTPEJIKOM HA CXEeME COOTBET-
CTBYIOLIEFO y4acTka 1ienu. [1py BEIOpaHHOM MOIOXUTEILHOM Halpas-
JICHMM CHHYCOMIaJIbHasl BEJIMYMHA IPEACTABISCTCS MIHOBEHHBIM
3HaYCHUEM g = A, sin(of + y,) u COOTBETCTBYIOLIMM KOMILIEKCHBIM
3HayeHneM A = AZy, (4.8). CnenoBarenpHO, B3aUMHO-OOHO3HAYHO-
MY IPEACTABICHUIO CHHYCOMJANbHBIX BEIMYHMH (TOKOB, HATIPSIXCHUI
W [p.) B BUIE MTHOBEHHBIX U KOMIUIEKCHBIX 3HAYEHUI COOTBETCTBYIOT
UX OIMHAKOBHIE ITOJIOXUTENBHBIE HarnpasieHus (puc. 4.7).

3amMeTHM, YTO B OTJIMYME OT MTHOBEHHBIX 3HAYCHUI CUHYCOMAA b
HBIX BEJIMYUH COOTBETCTBYIOIINE UM KOMIUIEKCHDBIE 3HAYCHUS HE HME-
10T Pa3MEPHOCTEM. .

Ilpumep 4.1. Ina cuHyconnanbHbIX ToKa i= I,,sin (of + ;) = 10 sin (of+
+1/4) A v nanpsixenus u = U,sin(of + y,) = 50sin (wf — ©/6)B (puc.
4.8, a) 3anMcaTb COOTBETCTBYIOIME MM KOMIUIEKCHBIE 3HAYCHUS TOKA
I v nanpsxenust U ¥ OCTPOMTL MX BEKTOPEI HA KOMILIEKCHOM TLJI0C-
KOCTH.

Pewenue. CnnycounanbHoMy Toky i = I,sin(of + y;) = 10sin (of +

Y
+ 1/4) A COOTBETCTBYET KOMILIEKCHOE 3HadyeHUe Toka [ = _’;emi =

10 . 10
= ﬁeﬂ‘/“ = ﬁén/4 M BEKTOP Ha KOMIUIEKCHOW IUIOCKOCTH (pHC.
4.8, 0).

CusycounanpHoMy HampsokeHHio u = U, sin (ot + y,) = 50sin (0f -
— 1/6)B COOTBETCTBYET KOMIUICKCHOE 3HAYCHME HampsixeHuss U =

i, Abu, B i
/ U
J
A i
/)25 i
/ 1
0 n/2 Q0 ot 0 —% 1
U
I T \I
a|lm
4|6
a o

Puc. 4.8
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= —Uﬂef"’u = ége‘f"/6 = % Z(—7/6) ¥ BEKTOp Ha KOMILUIEKCHO#M ILIOC-
2

V2 V2

kocTd (cMm. puc. 4.8, 6).

4.6. 3akoHn OMma B KoMnnekcHoi popme ons
pPE3UCTUBHOIr0, MHAYKTMBHOIO U €MKOCTHOIO 3J1IEMEHTOB

3aBUCUMOCTH MEXIYy TOKAMH M HAaIpsSKCHUSMH PE3UCTHBHBIX,
VHAYKTHBHBIX M €MKOCTHBIX 3JIEMEHTOB OIPEAENISIOTCS NMPOUCXONS-
UMMM B HUX (PU3HYECKUMU TTpolieccaMy. MaTeMaTu4ecKoe OnMCcaHue
(PU3MYECKHUX MPOIIECCOB B KaXAOM M3 3TUX 3JICMEHTOB 3aBUCUT OT
pbIOpaHHOro crocoda NMpeAcTaBIeHUs CHHYCOUIaIbHBIX BEJIUYHH.

PesucTuBHLIl 3sieMent. Ecii TOK B pE3UCTUBHOM 3JIEMEHTE CUHY-
COUTAIBHBIN:

ig= Iy, sin(o?+ ),
1O No 3akoHy OmMa (2.1) HanpskeHHEe Ha PE3UCTUBHOM 3JIEMEHTE
ug= Rig= Rlg,sin(wt+ y;) = Ug,sin(wr+vy,),

rac aMIUIMTYObl TOKA U HaMpPsEKCHHUA U UX HAaYaIbHBIC (1)33]:1 CBSI3aHbI
COOTHOILICHHUAMH

URm = RIRm;} (4.14)
Y, = Y.

Paszfe/uB MpaBylo U JIEBYIO YACTH IIEPBOrO COOTHOLICHUS B (4.14)

Ha \/5, MOJIyYUM COOTHOLUECHUC TUT JEUCTBYIOILUX 3HAYCHUHA Harnps-
XEeHUS U TOKA pe3UCTHUBHOIO 3JIEMECHTA!

UR:RIR. (415)

Ha puc. 4.9 noxasan rpa¢k MTHOBEHHBIX 3HAYCHUH CHHYCOM-
JNATBHBIX TOKA M HANPsDKEHUA pe-
3UCTUBHOIO 3jileMeHTa (IOCTPOEH _— '
npu y,=vy,;>0), u3 KOTOPOToO BUL- up IRy s
HO, YTO CHUHYCOMIATBHBIN TOK ig /%

W HallpspKeHWE Uy COBIIANAIOT IO / R 1,,R
¢daze. ’

TpencraBuM CUHYCOUZANBHBIC 2
TOK ip ¥ HAIIPSIXKCHUE Uy PE3UCTHB- Irm
HOI'O 3JIEMEHTA COOTBETCTBYIOLIW-

MM KOMIUJIEKCHBIMM 3HAYCHHUSIMH
(4.9):

j = IRejWI nu UR = URej"’". Puc. 4.9
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i YuutwiBas (4.15), nonyuum 3zaxon Oma e
Ir Ux KoMnAeKcHoU hopme Onsi peaucmuenozo snemen-
ma:
R 1UR . . .
Ug = RIge/¥« = RI ge/Vi, (4.16)
i WIH
vi= vy U = Rl
0 1 Ha puc. 4.10 npuBeneHa BekTOpHast aua-
rpaMma pPe3UCTUBHOTO 3JIEMEHTAa M MOKAa3aHo,
Puc. 4.10 i

YTO BEKTOPhI KOMIUIEKCHBIX 3HaYeHUi ToKa [,
U Hanpsixenusi Uy coBrnagarr no case.

MunykrusHblii 31emenT. Ec1u TOK B MHAYKTHBHOM 3JIEMEHTE CUHY-
COMIAJIBHBIIA:

ip=1I,sin(of+y)),

TO MO 33KOHY 3JIEKTPOMArHUTHOW MHAOYKLuMuU (3.21) HampsixeHWe Ha
UHAYKTMBHOM 3JIEMEHTE

up=-e; = ILdi; /dt=olLl,;,,cos (ot + ;) =
= Uppsin (ot + y; + 1/2) = U, ,sin (ot + y,),

rac aMIUTUTYObl HANPSDKEHMs U TOKA U UX Ha4Ya/IbHBIC d)a3bl CBSI3aHbI
COOTHOLLICHUS MU

Uin = oLl L'";} (4.17)

Yy =V; +TE/2.

Pasnenme npaByio U JieBy1o YacTu rnepBoro ypaeHeHus B (4.17) Ha
\/5, NOJIYYMM COOTHOIICHHWE [JIS1 OEHCTBYIOIIMX 3HAYEHHIT HATIpsIKe-
HMS ¥ TOKa UHAYKTHBHOTO 3JIEMEHTA:

UL=(0LIL=XLIL- (4.18)

Besnmunna X; = oL B BelpaxeHuu (4.18), enuHKULIA 3MEPEHUST KO-
TOpoi OM, Ha3bIBaCTCsl UHOYKMUBHbIM COnpomuénenuem, a obparHas
eid Besmyuna B, = 1/wL, equHuna usmepenust koropoit OM™' = Cm, —
UHOyKmuseHoli nposodumocmoto. Benuuunsl X, 1 B, — napaMeTpsl UH-
OYKTUBHBIX 3JIEMEHTOB LIENei CMHYCOMIAIBHOrO TOKA.

Ha puc. 4.11 mokasaH rpaduk MrHOBEHHBIX 3HAYEHMI CHHYCOM-
JaIbHBIX TOKA M HATIPSKEHUS MHAYKTUBHOTO 3J7IeMEHTa (ITOCTPOEH TpH
y; > 0), U3 KOTOPOro BUAHO, YTO CHHYCOMAANBHBII TOK i; OTCTaeT mo
Gbase OT CHMHYCOMAATBPHOTO HANPSIKEHUS 4; HA YTON ¢ =\, — ;= /2.

[pencraBuM cuHycounanbHbIe TOK i; U HANPSDKEHUE 4; UHIYKTHUB-
HOTO 3jIeMEHTa COOTBETCTBYIOHIMMU KOMITJIEKCHBIMU 3HAYEHUSIMU;

[L = ILejWI nu UL =ULej‘V".
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iL: up
. b
i 1 i )
/ L 1 ur L J
Vi } -
i ) §243 1(/ L I
,/ I Iim U
f l of v=n/2
0 U, T,
= ;>0 v
o=mn/2 vi> u v;
Yu up 0 1
Puc. 4.11 Puc. 4.12

Ha puc. 4.12 npuBeneHa BeKTOpHas AMarpaMma UHAYKTUBHOIO 3J1e-
MEHTa U ITOKa3aHO, YTO BEKTOP KOMIUIEKCHOrO 3HAyeHUs Toka [
orcTaer no ¢ase o1 BEKTOpa KOMIUIEKCHOTO 3HAYEHMS HAMPSLKEHUST
U, na yron n/2. Nomb3ysice cootnowenusimu (4.18) u (4.13), mony-
yuM 3axon Oma é KomnaexkcHoli gpopme 05 UHOYKMUBHOZ0 INEeMEHMA.

U, = oLl e/¥« = oLl e/,
WiH
UL = ijiL = jXLjL' (4,19)

Besnvuuna joL = jX; B spipaxenun (4.19) HasblBaeTCsl Kkomnaekc-
HblM conpomuénenuem UHOYKmueHoeo 3niemenma, a odpaTHas ei BeJu-
unna 1/jol =—jB; — KOMAIEKCHOU nPOBOOUMOCMbIO UHOYKMUBHO20 INe-
Menma.

EmxocThbiil 3sement. Ecii HanpsixeHUe MEXAy BbIBOJAMM €MKO-
CTHOI'O 2JIEMEHTA M3MEHSIETCS] CHHYCOUIAIBHO:

uc= Ug,sin(wt+vy,),
10 MO (1.13) TOK B €MKOCTHOM 3JIEMEHTE
ic= Cduc/dt = ©CUg,cos (ot + y,) = Ig,Sin (of + y, + 1/2) =
= IeppSin (of + ),

rae aMIUIMTYObl HAIPSIKCHUST 1 TOKa U UX Ha4Ya/IbHBIC (1)33131 CBA3aHBbI
COOTHOLLICHUSIMHU

Ioy = mCUCm;} (4.20)
Vi =V, + 7'5/2

PasnenuB npasyio ¥ JIEBBIe YacTu nepBoro ypasHeHua B (4.20) Ha
2, TOJYyYUM COOTHOLIEHME JUTSI ACHCTBYIOLINX 3HAYEHMIT Hampsixe-
HUSI M TOKA €MKOCTHOTO 2JIEMEHTA!
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1
UC ='(0—C;IC =XCIC' (421)

Bennuuna X¢ = 1/0C B Bblpaxennu (4.21), enqvuuia U3MepeHust
KoTopoii OM, Ha3blBACTCS eMKOCMHbBIM COnpomuenenuem, a obpartHas
el BennurHa B = oC, eaunvna uamepeHus Koropoit Om™!' = Cm, —
emkocmHol nposodumocmesio. Benuuubel X v Bo — napaMeTpbl eMKO-
CTHBIX 3JIEMEHTOB Liereil CHHYCOUIAIBHOrO TOKA.

B 1poTHBONONOXHOCTE HHAYKTHBHOMY COIIPOTUBICHUIO EMKOCTHOE
COMPOTUBJICHUE YMEHBLIAETCS C YBEIMYEHHUEM YACTOTH CHUHYCOMIAJTh-
HOrO TOKa U IPU ITOCTOSTHHOM HAINPSXEHUM OECKOHEYHO BEJIHKO.

Ha puc. 4.13 nokasan rpadMk MrHOBEHHHIX 3HaYe€HHMH CHHYCO-
UJAJIBHBIX HAMPSIXKEHUs1 K TOKA EMKOCTHOTO 3JIeMeHTa (IIOCTPOEH MpH
y, > 0), U3 KOTOpOI0 BMIHO, YTO CHHYCOMAATBHOE HAIPSDKEHHE U
oTCTaet no ¢ase 0T CMHYCOMIANBHOIO TOKA i¢ Ha YION y,; — \, = /2,
T.C. CMEILECHNE MO (ase MEXIY HAMPSDKEHUEM U TOKOM @ =\, — \; =
=-m/2.

TpencraBum cHHyCOMIaNBHBIC TOK i¢ U HATPSIKEHHUE 4 EMKOCTHO-
TO 3JIEMEHTA COOTBETCTBYIOIIUMHE KOMILICKCHBIMU 3HAYCHHUSMMU;

IC = IcejWI 4 UC =Ucej‘y”.

Ha puc. 4.14 npuBenexHa BeKTOpHas AMarpaMMa eMKOCTHOTO 3Jie-
MEHTa U IMOKa3aHO, YTO BEKTOP KOMILUIEKCHOTrO 3HAYCHMsl HaIIpsiKe-
Hust Uy oTcTaer no ¢ase of BEKTOpa KOMIUIEKCHOTO 3HAYCHMS TOKA
I na yron m/2.

YuutsiBas (4.21) u (4.13), nonydaem saxon OmMa 6 KomnAeKCHOU
hopme Ons emkocmHoz0 Inemenma:

! Bl

U =—]7 ej‘lfu — 1 ej(‘lfi_nlz),
¢ wC’¢ oC ¢
ic, Uc _lgb
Uc 1
C
N L I,
=~ I . . Uc
VA Ll 1UC
l, ,, UCm ICm oJ
/ ¢=—n/2
| 0 ic of
@ =- /2 -M> 0
i Yu
0 1
Puc. 4.13 Puc. 4.14
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nin

Uc = I Ic=—jXcle. (4.22)
joC

Besmunna 1/joC=—jX¢ B BeIpaxeHuu (4.22) HA3bIBACTCA KOMHACKC-
HbIM CONPOMUBACHUEM eMKOCMHOZ20 I1eMeHma, a o0paTHas €l BeJIMYMHa
JjoC=jBc — KoMnaeKcHOU npoéooUMOCMbI0 eMKOCMH020 31eMEHma.

Ilpumep 4.2. CHHYCOHAAIBHBIE HAIPSIKEHUsS] HA WHOYKTMBHOM U
€MKOCTHOM 3JIEMEHTAaX UMeIOT JeiicTByolue 3Hayenus Uy =10 B u
Uc-=20 B npn yacrore f= 10* I'u. Onpenenurs AeiCTBYOLIME 3HAYCHUST
TOKOB B MHIYKTUBHOM M €MKOCTHOM 3JIEMEHTaX MPU 3HAYCHUAX UX
napamerpoB L=10*Tuu C=10° .

Pewenue. ConpoTuBiieHUsI UHAYKTUBHOIO U €MKOCTHOI'O 3JIEMCH-
TOB B LIENHA CUHYCOMAAIBHOrO ToKa 1o (4.18) u (4.21) paBHBI

X,=oL=2nfL=2-3,14-10*- 104=6,28 Owm;
Xc=1/0C=1/Q2rnfC) =1/(2- 3,14 - 10* - 106) = 15,9 Om.
JeiicTByomme 3HaYeHUs] CHHYCOMAANBHBIX TOKOB B MHAYKTHBHOM
U eMKOCTHOM 37iemeHTax 1o (4.18) u (4.21) paBHBI
I, =U /X, =10/6,28 = 1,59 A;
Io=Uc/Xc-=20/15,9=1,26 A.

4.7. NepBolit 1 BTOpO# 3aKkoHbl Knpxroda
B KOMMnnekcHon dopme

Marematiueckass popMmyaupoBka 3akonoB Kupxroda mns nenei
CHHYCOMAAIBHOIO TOKA 3aBMCHUT OT BHIOPAHHOTO CII0co0a IpeacTaBIie-
HUSI CHHYCOMIAIBHBIX BEJIMYVH.

Ilepsoiii 3axon Knpxroda. INo nepoMy 3akoHy Kupxroda areebpau-
Heckas CyMma moKoe 6 AH00oM y3ie INeKmpu4ecKoll yenu 6 Kaxncobiii Mo-
MeHmM 8peMeHU paeHa HYAID:

iik = ilmk sin(wf +yy ) =0, (4.23)
k=l k=1

roe 1 — YUCIO BeTBeEll, CXOMSLIUXCS B y371€e; kK — MOPSIKOBBIA HOMEP
BETBU.

B nanpHeiilieM Bce CHHYCOWIAJbHbIE TOKH, ITOJIOXUTEIbHBIE Ha-
[paBJieHUs KOTOPhIX BHIOpaHHI K Y311y (OT y3.1a), OyaeM 3anuchiBaTh CO
3HakoM MUHYC (1u10c). Hanpumep, st y3ia Ha puc. 4.15 U MrHOBEH-
HBIX 3HAYCHUI CUHYCOUIANBHBIX TOKOB

iy = Ly sin(of + yy); i = Lysin(of +yp); i3 = Lssin (of + yp)

87



no nepsomy 3akony Kupxroda as jo-

h, b, i3 i
3
f Ooro MOMeHTa BpeMEeHU
1
P 3
p L
/,IJ ; zlk'—_ll_12+13_0'
1] 2 k=1
0

IlpencraBuB BCe CHHYCOMAAIBHBIC
- Vi2 TOKU B (4.23) COOTBETCTBYIOILIMH UM

Vs KOMITJIEKCHBIMHM 3HaYeHYsIMH 10 (4.8)
Vil I, = I, 2y, TIONY4UM nepebiil 3aKoH
Kupxeopa e komnaercroli chopme:
Puc. 4.15

S i, =0, (4.24)

T.€. ar2ebpauyeckas cymma KOMNACKCHbIX 3HAYEHUL MOK08 6 AH000M y3ne
yenu CUHycOUOGAbHO20 MOKA PagHa Hymo. 316Ch KOMIUIEKCHbIE 3Haye-
HHA TOKOB, IUISl KOTOPBIX TIONOXUTEJTbHBEIC HAIpaBJeHMs! BHIOpaHBI K
y371y (OT y371a), 3aMUCHIBAIOTCS CO 3HAKOM MHMHYC (IUIIOC).
Hanpuwmep, nid y3ia Ha puc. 4.16 1 KOMILIEKCHBIX 3HaY€HU i TOKOB

I =Loyy; I = Lowy; I = Loy,

no nepBomMy 3akoHy Kupxroga
3. . . .
ZIk =—11 —12+13 =0.
k=1

Bropoii 3akon Kupxroda. ITo Bropomy 3akony Kupxroda areepau-
HeCKAs CYMMQ HANpAJCEHULl 6cex Y4acmKoe Ao0020 KOHMypa 3AeKmpli-
HECKOL Uenu 8 Kaxdcoblii MOMEHm epeMeHU pasHa HYw:

Sty =3 Uy sin (o + ) = 0, (4.25)

k=1 k=1

[Ie HAINpSDKCHUs1, TTOJIOXUTENIbHBIE HAIpaBJieHHs1 KOTOPBIX COBMaja-

0T (IPOTHBOIIOJIOXHbBI) C TIPOU3BOITE-

HO BbIOpaHHBIM HalpaBJieHUEM o0Xona

) KOHTYpd, 3alUCHIBAIOTCS CO 3HAKOM

?13 Woc (MMHYC); m — YHUCIO YYACTKOB;
v\iz k — TIOPsIKOBHIII HOMED y4acTKa.

Jis KoHTypa cXeMHl LEMNH, comep-
XKalIEro TOJIbKO MACCUBHBIC 3JIEMEHTHI
(PE3UCTHBHBIE, UHIYKTUBHbIE, EMKOCT-
Hble) U ucToUyHUKU DJAC, B KaxXmbiii
MOMEHT BpEMEHH aaeebpauiecKas cym-
Puc. 4.16 MQ HANDANCEHUU HA NACCUBHBIX INEMEH-

Vi
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max kowmypa pasHa aseebpauveckoii cymme 3 C, T.e. BTOpOH 3aKOH
Kupxroda npuHuMaeT BUJ

Su,=Ye, (4.26)
k=1

—

i

n m
N U sin(of +y,.) =Y E,; sin(of + yg),
e k=l

[JIE 1 U m — YUCIA MACCUBHBIX 3JIEMEHTOB H UCTOYHUKOB DJIC B KOH-

Type.

B Bripaxenuu (4.26) Hanpsoxenus u, U DJ1C e, 17151 KOTOPBIX ITOJIO-
JXUTETIbHBIE HAIPaBJICHUS] COBNANAIOT (MPOTHBOITOJIOXKHEI) ¢ MPOU3-
BOJILHO BHIOpaHHBIM HarmpabBiIcHHEM 0bXoma KOHTYpa, 3alliChIBAlOTCS
CO 3HAKOM IUTIOC (MHHYC).

Hanpumep, Ha cxeme nernu (puc. 4.17) ais konrtypa I no (4.25)

Uy —Uy— Uy + Uy =0,
Uit KoHtypa 2 1o (4.26)
Up— U =€)~ €).

IpencraBuB BCE CHHYCOMIaNbHbIC BEJIHYHMHBI B (4.25) u (4.26)
COOTBETCTBYIOILIMMHU MM KOMIUIEKCHBIMHU 3Ha4EHHSIMM 10 (4.8):

Uy =U Ly m Ep = E Ly g,

nonyuum eémopoii 3axon Kupxeogha é komnaexcroli gopme

i Uk = 0,

- 4.27)
2 Uk = z Ek

k=t k=1

B ypasuenusix (4.27) co 3Ha-
KOM IUTIOC (MHHYC) 3alMCBIBAIOT- L ———— ~
Cs1 KOMIUIEKCHBIE 3HAUYCHMSI HAMPSI- i
xeHuil 1 DJ1C, NMOJOXUTEITBHBIE !
HaIpaBJIEHUs] KOTOPBIX COBIAAAOT i £27 )
(IPOTHBOMOJIOXHBI) C [IPOU3BOJIb- "35 e1<> e 4 <>ez
I
1
I
i
1

e ———

=

~

HO BHIOpaHHEIM HAIPABJICHUEM
obxoma KoHtypa. Hanmpumep, s
BLIOPAHHBIX Ha CXeMe LernH (puc.
4.18, a) xourypos I u 2 no (4.27) ) e

5.5

R o

Ul —UZ_U:; +U4 =0;
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Puc. 4.18

Up-U, =E -E,.

Te xe koHTYpbI I ¥ 2 moKa3aHkbl Ha CXeME LIENH ¢ CHHYCOMIATbHbI-
MH BeJIMUMHAMHU (cM. puc. 4.17).

Ha puc. 4.18, 6 moctpoexa Bekroptas nuarpamma DJC U Hanpsixe-
HMIl KOHTYpa 2, KOTOpasi HarsiiHO WJUTIOCTPHPYET BTOPOH 3aKOH
Kupxroga B KoMIuiekcHoi (opme.

Ilpumep 4.3. B cxeMe pieny CHHYCOUAAIBLHOIO TOKa Ha puc. 4.19, ac
MOMOLLBIO aMIIEPMETPOB U3MEPSIOTCS ACHCTBYIOIME 3HAYEHUST TOKOB
B BeTBsIX. OnpenenuTs MOKa3aHWe aMrepmerpa As, €Clii noKasaHus
amnepmeTpoB A, U A, paBHel 3 A U 4 A.

Pewenue. Hanpsixenue U, 1o ¢ase coBnagaer ¢ TOKOM B pe3uc-
THBHOM 3JIEMEHTE [ W omepexaer Ha yron n/2 TOK B MHIYKTHUBHOM
anemenTe I, (puc. 4.19, 6). CyMMa BeKTOPOB KOMILUIEKCHBIX 3HAYEHU A
ToKOB [p m I; no neppomy 3akoHy Kupxroda mis ysna a (4.24)
OIpezIeNIAeT BEKTOP KOMILIEKCHOTO 3HaueHust Toka | = [, + ;. Mo-
oynb BeKropa Toka /I no teopeme Ilucharopa omnpenenser nokazaHue
aMIiepmerpa As:

[=JI}+1} =32 +42=5A

I,

Puc. 4.19
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4.8. KomnnekcHbiii MeTop pacuyeTa uenei
CHUHYCOMAANbHOro TOKa

KoMIUIeKCHBII MeTOI pacyera LelM CUHYCOMAAJIBHOrO TOKa 3a-
KJIIOYAeTCsl B CJICAYIOLLEM.

1. IpeacrapnsieM UCXOMHBIE JAHHBIE O NapaMETPax BCEX 3JIEMEHTOB
LeIH B KOMILIEKCHOH dopme, T.e. cuHycounaaitbHbie DJ1C MCTOYHMKOB
HATIPSDKEHUST ¥ TOKM HCTOYHUKOB TOKA, 3alaHHBIX MTHOBCHHBIMU 3Ha-
yeHUsMU (B TPUTOHOMETPUYECKOH (popMe), MHIYKTUBHBIE H EMKOCT-
HBIE 3JIEMEHTHl LIeNH COOTBETCTBYIOLIMMHM UM KOMIUIEKCHBIMH 3Ha4c-
HusiMH (Ta6i. 4.1) U KOMILIEKCHBIMHU COINPOTUBJIEHUSAMU MJIH IIPOBO-

JUMOCTSIMH (Tabn. 4.2).

Ta6nuua 4.1
Ipencrasiende cunyconAAbHbBIX DJIC ¥ TOKOB HCTOYHHKOB KOMNIEKCHBIMH
3HAYCHUAMH
M KommnekcHoe VcioBHOE
NcToyHUK FHOBCHHO€ 3HaYEHUC JHAYEHHE 0BO3HAYEHNE
i e _ En oy E
9MC e = E,sin(of +vy,) Ezﬁe e 4
. o oy iy .
Toxka J(t) = J,, sin (o1 +yy) J =z | J0) J

TaGnuua 4.2
KoMIiekCcHble CONPOTHBIIEHHS M NPOBOAHMMOCTH NACCHBHLIX 3/IEMEHTOB
KomrmekcHoe KomrminexkcHas
BremeHT napaMeTp COHpOTI/IBJ'IeHI/IC TIPOBOAHUMOCTb
PesuctuBHbIit R R 1I/R=G
NHIyKTMBHBIH L JjoL=jX; 1/joLl = B,
1 . jiwC =jB
EmkoctHo C — =—jXc J JBc
L joC
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2. BeiGupaeM IONOXKUTENBHBIE HANIPABICHUSI KOMILJIEKCHBIX TOKOB
BO BCEX BETBSIX M YKa3bIBAEM MX CTPEJIKAMH Ha CXEMeE LIETN.

3. Ilo 3akonam Oma u Kupxroda B komIueKcHOi GopMe coCTaBIsi-
€M CHUCTEMY YPaBHEHMH, OIpPENESIONYI0 PeXUM paboThl 1€,

4. PelliaeM NoJy4YeHHYI0 CUCTEMY YPABHEHMIA M OTIPEICIISIEM KOMIT-
JIEKCHBIC 3HAYEHUS TOKOB B BETBSIX LIEIIM M HAMPSKEHUR Ha ee aJie-
MCHTax.

5. Ilo HaliIEHHBIM KOMILIEKCHBIM 3HA4EHUsIM TOKOB M HAIpsiKe-
HUW OMpenessieM COOTBETCTBYIOIME UM MIHOBEHHBIE 3HAYEHUS CHHY-
COMIAIBHBIX TOKOB U HATPSIKEHMIA.

Jst yrporieHUs! BHYUCIEHUI NpY pacyere JIMHEHHBIX LeTeil CU-
HYCOUIATBHOrO TOKa, TaK X€ KaK M JIMHEHHBIX LeNei MOCTOSHHOTO
TOK4, NMPUMEHHUMEl Pa3jIMYHBEIC pacyeTHbIC METOABL Mpeobpasoba-
HHS cxeM (cM. mogpasn. 2.10), y3jaoBBIX NOTEHLMATOB (CM. MOI-
pasa. 2.11), KOHTYpHBIX TOKOB (CM. noapasi. 2.12), Hanoxenus (cM.
nogpasa. 2.13). .

Ilpu sTom Maremaruyeckue HGOpMYITHPOBKH METOAOB PacyeTa Le-
Nei MOCTOAHHOIO TOKA OCTAIOTCS CITPABEIUTMBLIMU M JUIS pacyera Lie-
e CHHYCOMAAIBHOrO ToKa. HyXHo Toneko Bce DJC, HanpsikeHus U
TOKH 3aMEHUTh KOMIUIEKCHBIMY 3HAYEHHMSIMH COOTBETCTBYIOLHX CH-
HYyCOMIANBHBIX BEJIMYMH, a2 COMPOTHURICHUS 3JIEMEHTOB — KOMIJIEKC-
HBIMH COTPOTHBJICHUSIMH.

B nanpneiiiieM ist MOHATHIT Komnaekchbie 3navenus DIC, nanps-
JCeHUs, MoKa v T.1., a TAKXKE COOTBETCTBYIOLIMX UM BEKTOPOB KOMII-
JIGKCHBIX 3HAaYCHUi OyleM HCIONb30BaTh COKPAIEHHBIE TEPMHHEL,
HanpyuMep KOMRACKCHbIL MOK WIU MOK.

4.9. AnexTpuyeckas yernb ¢ NOcnenoBaTesnbHbIM
COeAVHEHNEM 3JIEMEHTOB

PaccmoTpum o611uid, a 3aTeM — YacTHBIE CJIyYyau LM C Noceno-
BaTeJIbHBIM COCAMHEHUEM 3JIEMEHTOB, T.€. Hepa3BETBJIEHHON LIEMH.

Henb ¢ nocnenosatesibHbIM COeHHEHHEM dneMenToB R, L u C
(puc. 4.20). B 1enu ¢ nocsie1oBaTebHBIM COEAMHEHHEM JIEMCHTOB ITPU
JCHCTBMM MCTOYHMKA cuHycoupanbHoil DJIC e = E, sin(wf + y,) Tok
TaKXe CUHYCOMAAIBHBIN i = [,Sin (©f + y;) ¥ HaNpPSIXEHWsI HA pEe3UC-
TUBHOM, UHIYKTUBHOM M €MKOCTHOM 3JIEMEHTAX paBHBI

Ug= UpnSin (0t + y,g); Uy = Up,Sin (ot + vy, ); uc= Ug,sin (of + y,¢).

HAns pacdera pexuma paboTHI LIEMM KOMIUIEKCHBIM METOIOM TIpeji-
CTaBUM BCE CHHYCOMIAIbHBIE BEJIMYMHBI COOTBETCTBYIOILIMMM KOMII-
JIEKCHBIMH 1O (4.8):

E=Ety; I =12y; U=Upfy,g; Uy =Up 29,05 Uc = Ucly,c.
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Ha puc. 4.20 cTpenkaMm MoKasaHbl ITOJIOXUTEIIbHBIE HAIIPaBJICHUA
toka, DJC v HanpsikeHuit. Beibepem HarpaBieHHe 00X0na KOHTYpa U
3anyileM ypaBHEHHE IO Bropomy 3akoHy Kupxroda (4.27):

UL+UR+UC=ijI'+RI'—jm]—CI'=E. (4.28)

3nech yuyreH 3akoH Oma i pesaucTuBHOro (4.16), UHAYKTUBHOTO
(4.19) u emkoctHOrO (4.22) 3/M1EMEHTOB.
N3 (4.28) HailieM KOMILIEKCHBIN TOK B LICIIH

o E
R+ j(oL-1/oC)’

WY
= U
R+ j(oL-1/oC)’
rne U =Ue/¥« = E = Fe/¥ — HanpsikeHUe MeXIy BbIBOIaMU MCTOY-
HVKa M [ACCHBHOTO yYacTKa.
BesimumHa, CTosILuasl B 3HaMEHaTe e BHPAXEHWs LTS KOMILIEKCHO-

ro ToKa (4.29), Ha3BIBACTCSI KOMNAEKCHbIM CONpOMUGAeHUeM HEPa3BeTB-
JIEHHOro y4acTKa UEIH:

Z=R+j(oL - 1/0C)= R+j(X, - Xo). (4.30)

Benmuynna, obpaTHass KOMIUICKCHOMY COINPOTUBIIEHUIO, HA3bIBAcT-
Csl KOMRACKCHOU BPO8OCUMOCIBIO:

Y=1/Z

0603Ha4YeHUST KOMILICKCHBIX COIPOTUBJIEHUI U ITPOBOAMMOCTH OT-
JINYAKOTCsl OT 0003HAYCHHH KOMIUICKCHBIX 3HAYCHUN TOKa M HATIPSIKE-
HUSl TIOTOMY, YTO BTOPBHIM COOTBETCTBYIOT (DU3MUYECKUE BEJIWYHHBI,
M3MEHSIIOIUECS BO BpEMCHU, a MEPBbIM — HET.

KaxaoMy 3HAYE€HHIO KOMIUIEKCHOIO COMPOTUBICHHUS Z KaK KOMII-
JIEKCHOMY YHCJIY COOTBETCTBYET TOYKA Ha KOMIUIEKCHOM IUIOCKOCTH.
Ee nosioxxeHue onpeaeisiercsi BEKTOPOM Ha KOMIUIEKCHOM IIOCKOCTH
(puc. 4.21). Dot BEKTOP SABJISCTCS
reOMETPUYECKOIT MHTEPIIpEeTaLneil
KOMILIEKCHOT'O COITPOTUBIIEHUS U
UMeeT Takoe Xe 00o3HayeHue Z.
Crnaraempie KOMIUJIEKCHOTO CO-
NPOTHUBJICHHUSI U300paXK€HBl Ha
puc. 4.21 Takke B BUIE BEKTOPOB
s aByX ciaydaeB: X; > X¢ (puc. N
4.21, a) nu X; < X (puc. 4.21, 6). -
leoMmerpuyeckas UHTEPIIpETALIMS Puc. 4.20

(4.29)
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XL<XC

Y x> xc J "
—iXc|[FXL _
Z o<OR 1
0 —-Xc
0>0p z
0 1
a (73 )
Puc. 421

KOMILIEKCHOrO COIPOTUBIIEHUS TMO3BOJISAET JIETKO MEPEUTH OT aured-
panvecKoi (opMbl 3aMKUCH KOMIUIEKCHOTO CONMpotuBieHus (4.30) k
TPUIOHOMETPHUYECKON U INMOKa3aTeNibHOit PopMam

zZ ='Zcos<p+stin<p;} 431)

Z =7e% = Z Lg,

rne Z =|Z|= JR? + (X, - X¢)? — MOmy/b KOMILIEKCHOTO COIPOTUB-
JICHMsI, WM HOAHOe conpomuenenue, eQUHULA W3MEPEHUs] KOTOPOro
Om: X L— X C

M; @ = arctg—R-— — Qp2yMeHm KOMNAEKCHO20 CONPOMUBACHUS.

B 3aBHCUMOCTU OT 3HaKa BeNUYUHHI (X; — X)) apryMEHT KOMIUIEKC-
HOI'O COTIPOTUBJICHUSI MOXET OBITh JTUOO MONOXUTENBHBIM (¢ > 0 —
MHIYKTUBHBIF Xapakrep KOMIUIEKCHOIO CONPOTHBIICHMS!, KaK Ha PUC.
4.21, a), nu6o oTpunaresbHbIM (¢ <0 — eMKOCTHBIA XapakTep KOMII-
JICKCHOTO CONPOTHUBIICHUS, KaK Ha pHC. 4.21, 6), Ho Bceraa |¢| < /2.

ToncraBuB 3HauyeHNMEe KOMIUIEKCHOIO COMPOTHUBIEHUS B MOKa3a-
TesibHOI dopme B (4.29), nonyuuM BelpaxeHWe 3axona Oma das He-
paseemeneHHoll yenu.

i =£=£ej(we—¢)
Z Z ’
Win
. U U
I =l = 2 = L ejvu-9) 4.32
e 7=Z° , (4.32)

rae I= U/Z — peiicTByioliee 3HaYCHUE TOKA; \; =, — ¢ — HayaibHas
¢aza Toka.

ITpy U3BECTHOM KOMILIEKCHOM TOKE B LIEIIM KOMILIEKCHBIE HAIpsi-
KEHUST HA PE3UCTUBHOM, MHAYKTMBHOM U €MKOCTHOM 3JIEMEHTAX pac-
CUMTBIBAIOTCS COOTBETCTBEHHO 10 ¢dopmynam (4.16), (4.19) u (4.22).

Ha puc. 4.22 npuBeseHbl BEKTOPHbBIE AMATPAMMEBI TOKA U HArpsike-
HUM HepasBeTBICHHOMN nenu (cM. puc. 4.20) wis aByx ciyyaes: X; > X
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J J
} \\ X; > X L X < Xc

Uc=-jXcl ) -Up=RI .
Uy =jX, 0 Uc=-iXcl

o<0 X

1 Up=jXid
0>0 7 Up= v,
v, | VitVu—¢ Vi=Vu— ¢
0 1 0 1
a 6
Puc. 4.22

(puc. 4.22, a) u X; < X¢ (puc. 4.22, 6) npy OAWHAKOBOM HAaIIpSLKEHUM
U=U2y,. )

EciM KOMIUIEKCHOE COMPOTHBICHUE LEMA UMEET MHIAYKTHBHBIA
Xapakrep, TO TOK B LIElM OTCcTaeT 1o (a3e OT HaNpsiKeHUsI, TaK KaK
yroa ¢ >0 (cMm. puc. 4.21, a) u no (4.32) y; < y,. Eciiu KoMILUTEKCHOE
CONPOTUBJICHUE 1IETTH UMEET eMKOCTHBIIA XapakTep, TO TOK B IICIH OIlc-
pexaeT no ¢ase HanpsxeHUe, Tak Kak yroj ¢ < 0 (cM. puc. 4.21, 6) u
o (4.32) y;> v,. Ha BektopHoii tuarpamme nonoxcumensroe (ompuya-
MeabHOE) 3HaueHue yeia ¢ OmcHumbieaemcs npomue Hanpaeésenus (no
HANPABACHUIO) 0BUNCEHUS HACOBOU CIMPEAKU OM 6eKMOPA KOMHAEKCHO20
3Hauernus moka I.

Henn ¢ nocienosaTeJbHMM coenuHennem dnementos R u L (puc.
4.23). B uenu ¢ nocjicaoBaTeNIbHbIM COCAUHEHUEM PE3UCTHBHOTO U UH-
JYKTUBHOTO 35ieMeHTOB (puc. 4.23, a) Boipaxenusi (4.28) u (4.30)
NPUHHUMAIOT BUI

UR+UL=Rj+jXLj=U=E;} (4'33)
Z=R+jXL’

KOTOPBIM COOTBETCTBYIOT Ha BEKTOPHBIX IMarpaMmax MpsMoyrojibHbIe
TPEyrolbHUKY HANPSIXEHU W CONPOTUBIIEeHUI (puc. 4.23, 6 1 6).

JX1L

Puc. 4.23
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R <0
Dé-u) ¥ l]vc
‘__o—_]' Vi Yu

/]
a 0 6 1 6
Puc. 4.24

M3 npsAMOYroJibHbIX TPEYrojbHUKOB CONPOTHBICHUN M Harpsike-
HMI1 cJeayeT, YTO HOJIHOE COHNPOTUBJIEHHE LIETN PaBHO

-

Z =\R?+ X},

a NMPUJIOXKECHHOE K Hel HarIps>KCHUE U TOK B LIENKU paBHbI

U=\JU}+U} =T1JR* + X};
1=U/Z

Llems ¢ mocieaoBaTe/ibHbIM COCAHHEHMEM 3JiemeHToB R 1 C (puc.
4.24). B uenn ¢ nocienoBareibHbIM COCAUHEHUEM DPE3UCTHBHOTO M
€MKOCTHOro 35ieMeHTOB (puc. 4.24, a) BeipaxeHust (4.28) u (4.30)
MPUHUMAIOT BUIT

Ug +Uc = RI - jXci =U = E;
R+ C .] CI U E,} (4.34)

Z =R+ .]X C»
KOTOPBIM COOTBETCTBYIOT HA BEKTOPHBIX JUarpaMMax IpsIMOYTOJIbHbIC
TPEYrOJIbHUKW HATIPSiKEHHI U CONMPOTUBRJIEHMI (puc. 4.24, 6 v g).
W3 npssMOYrofibHBIX TPEYrOJIBHUKOB COMPOTHUBICHUIT M HaIlpsiKe-
HMIA CJIefiyeT, YTO MOJIHOE COMPOTHB/ICHUE LIENHM PaBHO

Z =\R?*+ X},

a NMPWIOKECHHOE K Hen HanpsiZKCHUe U TOK B LCNK PaBHBI

U=\U%+U} =1JR? + X};
1=U/Z.
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4.10. Pe30HaHC Hanps)XeHun

Pe3oHaHC HamNpsiXKeHUil BO3MOXCH B HEPa3BETBJICHHOM YyYacCTKE
1M, CXeMa KOTOPOrO CONEPXKWT UHAYKTHBHBIN L, eMKOCTHBbIH C H
pPE3UCTUBHBINA R 3JIEMEHTHI, T.€. B nocaedoeamenvHom KoaebamenvHom
xorumype (puc. 4.25).

o 3akoHy OMa KOMILIEKCHOE 3HaYE€HHE TOKa B KOHTYpe paBHO

jogew =Y R (4.35)
Z Ze./‘l"P

rae Z=R+jol—jl/oCu Z = \/R:’- +(oL - l/mC)2 — KOMIUIEKCHOE U
MIOJIHOE COMPOTUBJICHUSI KOHTYDA;
ol -1/oC

R

— yron casura ¢a3 Mexay HanpskeHUEM U TOKOM, T.€. apryMCHT
KOMILIEKCHOIO COMPOTHBIICHUS;

U v
z \/RZ +(wL - l/mC)2

Q=y, —Vy; = arclg

I

— JelcTByIOIIEE 3HAYEHHUE TOKA. .

Pe30HQHCOM HANpAXCceHuli HA3HIBACTCSl PEeXUM paboThl HEpa3BETB-
JIEHHOTO yYacTKa LeI, ComepXallero MHIYKTHBHBIN, €MKOCTHHII 1
PE3UCTUBHBII 37IEMEHTHI MOC/IEN0OBATEILHOTO KOHTYpa, Ip1 KOTOPOM
€ro TOK M HampsDKEeHHe COBIataioT no ¢ase

Y=Y, (4.36)

HasBaHue «pe30HAHC HAMNPSKCHHIA» OTPAXKAeT PaBEHCTBO NCHCTBY-
IOILMX 3HAYEHHWI HATMPSAXKEHUU HA EMKOCTHOM W WHIYKTHBHOM 3JI€-
MEHTax NP IPOTMBOIIONIOXHBIX (ha3zax, 4To BMAHO U3 BEKTOPHOM
JavarpamMMel Ha puc. 4.26, Ha KOTopoi BbIOpaHa HayajlbHasd ¢asa Ha-
npsixeHus y, = 0.

Y3 COOTHOLLEHMA A1 YIJIa caBUra (a3 Mex-
[y HanpshKCHWEM M TOKOM U ycioBusi (4.36)
cilelyeT, YTO YIJIOBasi YacTtoTa, NPU KOTOPOWt
HaboacTcsl pe30HAHC HaNpsKCHHIA, omnpe-
JIEJISIETCA PaBEHCTBOM

mpeaL = l/(mpeac)’

T.C.

®pes = 1/VLC,

U HA3BLIBAETCS PE30HAHCHOI. Puc. 4.25
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I I
vL pe3
U= UR = RI B
0 7 1
T=Tpes
UC pes 0 Opes [
Puc. 4.26 Puc. 4.27

Ilpu pe3oHaHce HaNpsiXEHWH TOK B LIENH JOCTHraeT HauboJIbilero
3HaYeHus1 I, = U/R, a HanpskeHUS] Ha eMKOCTHOM U MH/yKTUBHOM
3JIEMEHTaX

ULpe3 = UCpe3 = mpeaLIpez = Uwpe3L/ R

MOTYT (I/I BO MHOIO paS) MPEBLICUTh HaNpsiXKCHHUsST UCTOYHMKA, €CIIN
mpezL = l/(mpCBC) = L/C >R

Bermuuna p =./L/C = Opes L = 1/w, C MMeeT pasmepHocTs OM U
HAa3BIBACTCS XAPAKMepucmuyeckum conpomueieHuem KoyebatelpHoro
KOHTypa. OTHOLIEHHE HANPSKEHUs] HA WHIYKTUBHOM WJIM €MKOCTHOM
3JIEMEHTaX MPU pe3oHaHCe K HanpsikeHuio U MexXy BHIBOOAMH KOH-
Typa, paBHOE OTHOLLCHHIO XapaKTEPUCTUYECKOro COMPOTUBIEHUSA K
COIPOTHUBJICHUIO PE3UCTUBHOIO 3JIEMEHTA, OMNpPEAessfeT Pe30HAHCHBIC
CBOIICTBa KoJIEOATENIEHOTO KOHTYDa (pHc. 4.27) U Ha3bIBaeTcs1 dobpom-
HOCmbI0 KOHMYPA:

Q — ULpe3 _ UCpe3 _ plpe3 _ \}L/C

U U Rl R

Ecnu mpu pe3oHaHCe yBeNMYUTh B OAMHAKOBOE YMUCIIO pa3 # UH-
OYKTHBHOE 1 EMKOCTHOE COIIPOTMBIICHUS, TO TOK B LIEITM HE U3MEHMT-
Csl, a HAPSDKEHUsT Ha MHAYKTUBHOM M €MKOCTHOM 3JIEMEHTAX YBEJIH-
4YaTCcsl B TAKOE K€ YUCIO pa3. MOXHO HEOrpaHH4YeHHO YBEJIMYUBATH
HaNpsDKeHUs1 Ha AHIYKTUBHOM M €MKOCTHOM 3JIEMEHTaxX NMPH HEU3-
MEHHOM TOKe UCTOYHUKA [= I, = U/R. Pu3nyeckoil NIpHYHHON 3TOro
ABIAeTCd KojebaHue 3HAaYUTENBHOW 3HEprvM, 3alacaeMoil morepe-
MEHHO B 3JIEKTPHYECKOM I10JIE eMKOCTHOIO M B MArHUTHOM I10JI€ UH-
NYKTABHOIO 3JIEMEHTOB.

Ipu pe3oHaHce HanpsDKeHMI Majible KOJIMYECTBA SHEPTUH, MOCTY-
NaIein OT UCTOYHUKA U KOMIICHCUPYIOIIEH MOTepH 3HEPrUU B aK-
THBHOM COIPOTUBJIEHUH, NOCTATOUYHBI ISl OAIEPKAHUS HE3aTyXaro-
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WX KOJIeOaHUH B LENU OTHOCUTENIBHO OOJBLINX KOJIUYECTB SHEPIUU
MArHMTHOIO M 3JIEKTPHYECKOTO MOJICI.

B 35ekTposHepreTHYECKUX YCTAHOBKAX Pe30HAHC HAIpSIKEHHI —
gBJCHUE HeXeJaTteJibHOe, TaK KaK IPHU 3TOM HanpsiKEHHUs yCTaHO-
BOK MOIYT B HECKOJIBKO pa3 IpeBhbIlIaTh UX pabouyure HalpsKeHUs.
Ho, Hanpumep, B palHOTEXHHMKe, Tele(hOHHMU, aBTOMATUKE Pe30-
HAHC HanpsKeHUH NpUMEHSICTCS IS HAaCTpOUMKM Lierneil Ha 3aJaH-
HYIO YacTOTYy.

4.11. 3nexTpuyeckan uenb C NapannenbHbiM
coefMHEeHNEeM BeTBeMn

PaccmoTpuM uenp CMHYCOMIAIBHOTO TOKa € OBYMs IMapa/uICJIbHO
BKJIIOYEHHBIMU KaTylikami. Kaxmyio Karyliky IpelCcTaBUM CXeMOii
3aMeILEeHUs] B BUAE MOCJIeIOBATEJIbHO COEMMHEHHBIX PE3UCTUBHOTO H
WHIYKTUBHOrO 3JIeMeHTOB (puc. 4.28).

ITocTporM BEKTOpHYIO quarpamMmy Lenu (puc. 4.29). Otnoxum Bek-
TOp HATPSTKEHUS U, obuwmii st o6eux BeTBeil, B BHIGPaHHOM Mac-
1Tabe BOOJb OCU AEHCTBUTENBHBIX YKcell. TTockonbKy 06e BeTBY UMe-
10T MHJYKTUBHBINA XapakKTep, BEKTOPBI TOKOB B 00eux BetBsx [, U 1,
OTCTAIOT OT HaIpsDKeHUs] IO (ase Ha YIJIBl ¢ U @, COOTBETCTBEHHO.
Cnoxus Bektopsl I, U I,, nonyunm BekTop obiuero Toka uend 1.
Pasnoxum Tterneps BekTopbl TOKOB 1,, I, u I Ha coctaBnsiomue. Co-
CTABJISIOLME, COBMAJAIOIINE ¢ BEKTOPOM HAIIPSXCHMS, Ha3bIBAKOTCS
aKMUGHbIMU Y PABHBI

I,=Icosg;
L, =l icosgy;
L, = L,cos 9,

Cocraisiiomme, INEPIIEHAMKYJISIPHBIC BCKTOPY HAINpSAXEHUA, Ha-
3bIBAIOTCSA peaKmueHbiMU U paBHDbI

I, = Ising;
J
i 0
B " l
i 1Y
R Ry P
Q| ol ol
. ]
 iX11 X Tp2
ip \ A
Puc. 4.28 Puc. 4.29
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L, = Iising;
Ip2 = Izsin P,.
ITon#ble CONMPOTUBACHUS BETBE HAXOMAT MO QOPMysIam:

Zl=\)R."+X%1; Z2=\/R22+X£2,

rae Ry, Ry u X;;, X; — pe3nCTUBHBIC W MHAYKTHBHBIE COMPOTHBIIC-
HUsl IEPBOI M BTOPOIl KaTylleK.

JeiicTByIolMe 3HaYCHUs] TOKOB B BETBSIX paBHbI <
L=U/Z; bL=U/Z,.
Yrabl ciBura a3 Mexay HanpsoKeHUSIME M TOKAMU B BETBSIX OTIpe-
HEJSIIOTCSL U3 BhIPaXEeHUI
cosg, = R\/Z;; cosg,= R,/ Z,.
W3 BekTOpHOI fMarpaMMEr Henu (cM. puc. 4.29) BUIHO, YTO aKTHUB-
Hasg ¥ peakTHBHAsA COCTaBBIIOIIME 001ero Toka I paBHBI
L=1,+ I
Ip - Ipl + Ip29
a ob1Mil TOK paBeH

4.12. Pe30HaHC TOKOB

Pesonanc moxoé BO3MOXeH B LieNU, cXeMa KOTOPOil CONEPXHT Ia-
PAUICIILHO COCAMHEHHBIE UHAYKTUBHBII, EMKOCTHBLIM M PE3NCTUBHEIN
3JICMEHTHI, T.€. B napanieabhom konebamenvrnom koumype (puc. 4.30).

B Takoii nenu HarmpspkeHWe Ha BCEX 9JIEMEHTAX OIMHAKOBOE, C KO-
TOPBIM TOK B PE3MCTUBHOM 3JIEMEHTE COBIazaeT ro (ase (cM. puc. 4.10),
TOK B UHAYKTUBHOM 3JIEMEHTE OTCTAET Ha Yron /2 (cM. puc. 4.12), Tok

L1,
Ic, Ig Ic
I
i I
b
E=U ~joL ,
A ;1 R
) . \L ¢ G.i T 7oC
IL IR IC 0 1
o Opes )
Puc. 4.30 ' Puc. 4.31
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B €EMKOCTHOM 3JIEMEHTE OITepeXaeT Ha YIoJ j
7/2 (cM. puc. 4.14). Tlpu 3T0OM B EMKOCTHOM

aneMenTe T0K I-= oCU Bospactaer nporniop- ¢4
LIMOHANBHO YIJIOBOU YacToTe, B MHAYKTHB-
HoMm 3aeMeHTe ToK I; = U/(wl) obpaTHO
NpOMOPLIMOHANIEH YIJIOBOM YacTOTE, B pe3u-

CTUBHOM 351eMeHTe TOK [r= U/R ot yrnoBoii :U
qacToThl He 3aBUCHT (puc. 4.31). Touka nepe- 0 >
ceyenus rpapukoB Io(w) u I;(w) npu yr- i=I 1

JIOBOM 4acToTe

1
Wpes = T7=> ;
\/ﬁ 1 LpeaV
Ha3bIBaEMOIl Pe30HAHCHOU, COOTBETCTBYET Puc.4.32
pPE30HAHCY TOKOB, NPHA KOTOPOM ODUIUI TOK
I = 1 R— 1pe3'

Ha3sBaume «pe30oHaHC TOKOB» OTpaXaeT paBCHCTBO ACHCTBYIOLIMX
3HAaYEHMH TOKOB B MHIYKTMBHOM U €MKOCTHOM 3JIeMCHTax: [ppc, =
= U/(0pes L) = Icpes = 0pe; CU M NPOTHBONONIOXKHBIX (ha3ax, UTo BUIHO
M3 BEKTOPHOM AMarpamMMsl Ha puc. 4.32, Ha KOTOpO# BEIOpaHa Hadaib-
Has ¢aza Hanpskenms y, = 0.

Ecnu npu pe3oHaHce TOKOB B OAMHAKOBOE YHCIIO pa3 # YMEHBLLIATH
WHIYKTUBHOE M €MKOCTHOE COINPOTHMBJIEHMS, TO TOKU [; u I yBenu-
yarcs B TAKOE Xe YUCIIO pa3. MOXHO HEOTpaHWYEHHO yBEJIMYUBATh 3TH
TOKH IPH HEM3MEHHOM TOKE UCTOYHUKA [= 1., = U/R.

Pe3oHaHC TOKOB B OTJIMYHME OT pe30HAHCA HANPSKEHUH — SIBJICHHE
Ge3onacHoe TS AJIEKTPOIHEPreTHYECKUX YyCTaHOBOK. Pe3oHaHC TOKOB,
KaK W pE30HAHC HAMpPSKCHUH, MCHONIb3YEeTCs B PaauOTEXHUYECKUX
yCTPOMCTBAX. '

4.13. 3HepreTnyeckme npouecchbl B Pe3NCTUBHOM,
MHAYKTUBHOM M €MKOCTHOM 3JIEMEeHTaXx

DHepreTuyecKre TPOHECCH B LEMNSAX CMHYCOMIANIBHOIO TOKa JO-
CTATOYHO CJIOXKHHIE, TAK KaK (PU3MUCCKHUE IIPOLECCH] B UX pa3IMYHBIX
3JIeMeHTaX HeOMUHAKOBHI.

PesucTusnblii 21eMent. B pe3ancTHBHOM 3IEMEHTE COMPOTUBICHUEM
R nipy HanpsixeHuM tg= Ug,, Sin ©f TOK ig= g/ R = Iy, sin of coBnazaer
1o ase ¢ HanpsokeHueM. B 1000ii MOMEHT BpeMEHU MOLHOCTE PE3H-
CTUBHOIO 5ieMeHTa (MTHOBEHHOE 3HAaYCHWE MOLIHOCTH) paBHA

Pr = Ugig = Upgpl gy sin? o = —q""’zﬂ(l —C0Ss 2mt).

Ha puc. 4.33, a noka3aHbsl MTHOBCHHbIE 3HAUYEHMsl TOKA i, HaMpsi-
XEHUS Uy M MOLIHOCTH P PE3UCTMBHOTO 3J1EMEHTa. MIHOBCHHas MOILL-
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up, ip, PR

i
iR,

5T

0

up, i, pr

Puc. 4.33

HOCTBb B PE3UCTUBHOM 3JIEMEHTE B 1000 MOMEHT BPEMEHM IMOJIOXU-
TeJNbHad, T.€. B TeUCHHME JII000ro MHTEpBaia BpEMEHU B PE3UCTHBHBII
3JIEMEHT [OCTYINAET FHEPTUS U MMPOUCXOIUT HEOOPATUMOE Npeodpazo-
BaHHUE 3JIEKTPUYECKOU 3HEPTUH UCTOYHMKA B APYIMe €€ BUILL.

Cpeﬂ,HHH 34 NIEpUOA MOIIHOCTD, T.€. AKMU6HAs MOWHOCMb PE3NC-
THBHOI'O 3JIEMEHTA, paBHA

lT
Py =TJ-der=URIR =RI} =1}/G=GU% =U%/R, (4.37)
0

roe Up =Uyg, / 2ur r =1 pm / V2 — JeHCTBYIOIINE 3HAYEHUST HANpsi-
XKEHHS W TOKa.

UnpykTusneii anement. HanpsoxeHye Ha MHAYKTMBHOM 3jieMeHTe L
(puc. 4.33, 6)

u; = Ldi; /dt= U,,, sin(ot+7n/2) = U,,, coswt
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onepexaer no ¢ase ToK i; = I, sinwf (HyneBas HaualbHas (a3a Bbl-
OpaHa y TOKa) Ha yron 7/2. MrHoBeHHasi MOLLHOCTb MHIYKTHBHOIO
3/IEMEHTa paBHa

Co. . Ul . .
pr =ugip =Up,I L, sinotcosof = L"’TL'"San(ot =U, I, sin2wt

M U3MEHSIETCS] CUHYCOMIAIBHO ¢ YaCTOTOM B [1Ba pa3a GoJIblLIEH YyacTo-
THl TOKa. MIrHOBEHHAsT MOLLIHOCTD MOJIOXKUTENBHA NPU HapacTaHUM MO
a6GCONIOTHOMY 3HAYEHUIO TOKA B MHIYKTUBHOM 3JIEMEHTE (HE3aBUCH-
MO OT HalpaBIIEHHS TOKA); B 9TO BPEMSst SHEpIHsl HAKAaIUIMBAETCS B
MArHUTHOM T10JI€ UHAYKTUBHOTO 3JIEMEHTA.

B TeueHue crnenyloliieii YeTBEPTH INIepUOIa MTHOBEHHAsi MOLIIHOCTh
Py OTPUILIATENLHA, T.€. MHAYKTUBHBII 3JIEMEHT HE MOJIy4aeT 3HEPTUIO
OT UCTOYHMKA, 2, HA0OOPOT, UCTOYHUK IOIYYaeT SHEPTHIO OT NHAYK-
THUBHOTO 3JIEMEHTA.

CpenHee 3a nepyof 3HAYEHUE MOLIHOCTA HHIYKTUBHOTO 3JIEMECHTA
paBHO HYJ0. CMHYCOMIAIBHBIA TOK B UHIYKTUBHOM 3JIEMEHTE HE CO-
BepiiaeT padothl. I103TOMY B OTJIMYME OT PE3UCTHBHOIO 31EMEHTA IHEP-
TeTUYECKUI peXUM UHAYKTUBHOTO 3JIEMEHTA [MPUHSTO ONPEACIISTh HE
AKTUBHOM, a PeaKTUBHOU UHOYKMUBHOU MOWHOCMbIO, PABHOW MaKCH-
MaJILHOMY TOJIOXUTEIPHOMY 3HAYEHHI0O MTHOBEHHOM MOLIHOCTH:

QL:ULIL:XL12=UHXL=BLU%=I%/BL- (4.38)

EmxocTHbIii 31eMenT. HarpsixeHue Ha eMKOCTHOM 3nemMeHTe C
(puc. 4.33, 6)

Ue = é I icdt = Ug, sin (ot — n/2) = -U,, cos ot

orcraet no dase ot Toka {o= I, sin ot Ha yroin /2. MrHoseHHas MOILL-
HOCTh €EMKOCTHOTO 3JIEMEHTa paBHA

. . Ucnlcm - .
Pe = ucic = —Ucnlcn Sinotcosot = —C—’"Zcﬂsm 20t =-Ucl . sin 2wt

B eMKOCTHOM 3JIEMEHTE, TaK K€ KaK M B UHIYKTUBHOM, MTHOBEH-
Hasi MOIIIHOCTh — CUHYCOMIATbHast BEJIMUMHA, YaCTOTa KOTOPOil BABOE
OoJIblile YACTOTHE TOKA. B eMKOCTHOM 371IeMEHTE MTHOBEHHAsT MOLLIHOCTD
NoJIOXUTENbHA (OTpPUIIATENTbHA) B UHTEPBAbl BPEMEHHU, B TCYCHHE
KOTOPBIX HANpsiXKeHUe Bo3pacTaeT (YOBIBAET) MO abCOMOTHOMY 3Ha-
yeHuto. B TeyeHUe 3THUX MHTEPBAIOB BPEMEHU MPOUCXOAMT 3apsiaKa
(paspsiiKa) eMKOCTHOTO 3JIEMEHTA U B €r0 JIEKTPUYECKOM I10JIe Ha-
KAILUTUBAETCsl SHEPTHs (M SHEPTHsL, 3aM1aCEHHasd B €T0 3JIEKTPHYECKOM
[osie, BO3BPALIAETCS UCTOYHUKY).

B eMKOCTHOM 3JIEMEHTE, TaK X€ KaK U B MHAYKTUBHOM, CUHYCOH-
JAILbHBIA TOK HE COBEpIIAET pabOTHI.
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DHEPreTUYECKNii PEXUM €MKOCTHOTO 3/IEMEHTA MPHUHSTO Orpefe-
JSITb PEAKMUBHOU eMKOCMHOU MOWHOCMbI0, PABHON MaKCUMAIbHOMY
OTPULIATEIIBHOMY 3HAYEHMIO MTHOBEHHOIN MOIUHOCTU:

QC:_UCIC :—XC12=—ICZv/BC:—Ug/XC =_BCU3' (4.39)

Eciv MHOYKTUBHBII M €MKOCTHBIN 3JIEMEHTBI COEAMHEHBI HOC/Ae-
NOBATENbHO, T.€. I; = i¢ = [, TO, KAK BUIHO W3 COMOCTABIECHHS PWC.
4.33, 6 u 6, B MOMEHTbI BPEMEHM, KOIJA FHEPTHsl MAarHUTHOTO MOJIS
MHIYKTUBHOTO 3JIEMEHTA YBEIMYMBAETCS, IHEPIUS DPEKTPUYECKOTO
NoJs1 EMKOCTHOTO 3JIEMEHTA YMEHBLLAETCS, U Ha060poT. Cienopareib-
HO, 9T 3JIEMEHTHI MOIYT OOMEHMBATBCSI 3HEPTMEH HE TOJILKO C MC-
TOYHHMKAMHU, HO M MEXIY COOOM.

4.14. AkTMBHaR, peakTUBHaR, KOMNAEKCHas U NonHas
MOLLHOCTHU B Llenn CUHYCOMZanbHOro ToKa

Ecii CTOPOHBI TPEYTOIbBHUKOB CONPOTURIIEHUI 1ieMell ¢ 1ocaeno-
BaTENIbHBIM COEIMHEHHEM 37eMEHTOB R 1 L (cM. puc. 4.23, 6) u ane-
MeHTOB Ry C (cM. puc. 4.24, 6) yYMHOXUTB Ha {2, TIONyYum mpeyeons-
HuKu moujHocmell, nokasaHHble Ha puc. 4.34 u puc. 4.35, cocrapns-
IOLIMMU KOTOPHIX SABJISAIOTCS aKTHBHAS, PEaKTHMBHAS M KOMILIEKCHAs
MOILHOCTH.

Axmuenas mowHocms LIeNIM PaBHA CPEAHEN CKOPOCTU HEOGPATHMO-
ro MPeoOPA3OBaHUST FHEPTUMU B PE3UCTUBHOM 3JIEMEHTE:

P=RI?= Ul (4.40)

M3 TpeyronbHUKOB CONPOTUBIEHUI M HANIPSXKEHWiT (cM. puc. 4.23,
66U puc. 4.24, 6 U 6) crenyer, YTo

coso=R/Z=U,/U.

[Monctasue sTM cooTHOIEHUs B (4.40), TONyYMM APYroe Bblpaxe-
HUE IJIS1 AaKTUBHOMH MOLLHOCTU

P=Ulcos. (4.41)

JOc

§=zr*

—-Xc

L

Puc. 4.34 Puc. 4.35
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nocti B CU — samm (Br).

AXTHBHAasi MOILHOCTb M3MEPSACTCA € MOMOILBIO ﬁ
BarTMeTpa (puc. 4.36). BartMeTp uMeeT aBe U3MEpU-  ©
TeJAbHBIE LMY, OJJHAa M3 KOTOPBIX BKJIIOYAaETcs I10-
CJAENOBATENIBHO C LIENbI0 HArpy3KH, T.€. TOK B HEW
paBeH TOKY HArpy3Ku, a Bropas — rnapajuiejibHO C
LIETBI0 HArPY3KH, T.€. HANPSIKEHWE Ha Hel paBHO HArpsiXCHUIO Ha
Harpys3kKe.

Y10o6BI y4eCTh 3HAK yDIiia cABUIa (pa3 MexXIy HarpsokeHHEM W To-
KOM, M3MEpHMTENbHbIE 1[N HOJUKHBI OBITH BKJIIOYEHBI aHAJOTHYHO
OTHOCHTENBHO IMOJIOXKUTENIbHBIX HAarpaBJieHUiIt TOKa U HanpsiKeHMs,
NO3TOMY OAVMH M3 BBIBOJOB K&XK0U U3MEPUTENBHOM LIENN UMEET OT-
nuKTeNbHOE 0603HauYeHMe (3Be3104Ka Ha puc. 4.36).

Peaxmuenas MowHocms OTIPEAEIISIET 0OPaTUMBIIA MpoLIECC OOMEHa
3HEPrMEil MEXIY VCTOYHMKOM M LIENbIO M paBHA

0= Ulsing. (4.42)
W3 TpeyronbHUKOB COMPOTUBIEHMIA NMPU NOCIEN0BATEIBHOM CO-
eIMHEHUHM DI1eMeHTOB R 1 L
sing=X,/Z,
a Mpu rocenosarenbHoM coemiHeHuMu R u C
sing=-X¢/Z.
YauThIBas 3TH COOTHOLLIEHMS IMPH MHAYKTMBHOM Xapakrepe Lernu

(¢ > 0), peakTUBHas MOLLHOCTb MMEET MOJOXUTEIILHOE 3HAYCHME, A
npu eMKOCTHOM (¢ < 0) — oTpuLaTebHOe:

0= Q, = Ulsing=X,I’;
Q= Qc= Ulsing=—-XcI?.

5 2
Toanas MowHOCMb paBHA MOMYIIIO KOMITIEKCHOM S= ZI MOILHOCTH
U ¢ yuetoM (4.32) paBHAa NMPOMU3BEAECHHIO NENCTBYIOLIMX 3HAYEHUU
HanpsKeHMs, MPHIOXKEHHOIO K LIENH, M ToKa:

S=|S|=2r*= UL (4.43)

CpaBuus ¢Gopmynsl (4.41)—(4.43), HETPYAHO YCTAHOBUTH CBA3b
MEXJy aKTUBHOM, PeaKTMBHON U MOJHON MOLIHOCTAMM

S2 = U212 = (Ulcos ¢)* + (Ulsin ¢)?,

1 aKTUBHOI MOIII- % ;
OCHOBHast eIMHULIA U3MEPEHHA it W ‘ i,
* j lu

Puc. 4.36

WIn

S =yP2+ Q2. (4.44)

PasMepHOCTH aKTMBHOM, PEaKTUBHON M TOJHOM MOILUHOCTEW CO-
BNAjaloT, HO /ISl M3MEPEHUS TMOCIEAHMX BBIOPaHbI CBOM €IMHMLIBL
6onem-amnep peakmuenviii (Bap) U eonom-amnep (B - A).

105



OTHoLIEHUEe aKTUBHOI MOIIHOCTH K IOJIHOI MOIIHOCTH HAa3bIBa-
eTcs ko3gguyuenmom mowpocmu, pasHbiM u3 (4.41) u (4.43)

cosg=F/S. (4.45)

[lonHast MOILHOCTE ONpeAeNseT IKCIUIYaTALMOHHBIE BO3MOXHOCTH
MHOTHX 3JIEKTPOTEXHUYECKMX YCTPOMCTB (TeHEpaTOpoB, TpaHchopMa-
TOPOB, INEKTPUYESCKUX MALUMH M IP.), Al KOTOPHIX OHA YKA3BIBAETCS
B Ka4€CTBE HOMUHAIBLHOM: S, = Uyon Luon- HamipumMep, 114 reHepaTopa
IJIEKTPUIECKON I3HEPTUM HOMKMHAJIBHAS T10JIHasi MOILHOCTh paBHA €0
MakCHUMaJIbHOM aKTHBHOI MOIIIHOCTH, KOTOpasi MOXET OBbITh [OJyYe-
Ha NpY 3HaYeHMHU KO3GDPULIMEHTA MOIHOCTH COS @ = 1.

MHorue 37eKTPOTEXHHYECKHUE YCTPOMCTBA CHHYCOUIAIBHOTO TOKA,
HaIpumep TpaHchopMaTopsl U ABUIaTeld, UMEIOT CUIbHbIE MArHMUT-
HBIE 10JISl. B TakuX yCTpoWCTBax BEJIMKY peakTHUBHas (MHAYKTHBHAs)
COCTaBJIAIOLIast TOKA M YroJ cABUTa (ha3 MexIy HaIpsoKeHUEM W TO-
KoM ¢>0 (cM. puc. 4.29, a)..OTo yMeHbIlaeT 3HaueHHe nx Ko3phuLm-
€HTa MOILHOCTHU COS ¢ U KO3(hPUIIMEeHTa MOLIHOCTH MPOMHIILLIEHHOTO
MpeanpUsATUSI.

PeakTHBHbBIA MHAYKTMBHBIN TOK, HEOOXOAMMBIi /U1l pabOTH 3JIEK-
TPOTEXHUYECKUX YCTPOMCTB, OrPaHMYMBAET (PYHKIIMOHAIBHBIE BO3MOX-
HOCTH JIMHMIA Tiepeniau, tpaHcdhopMaTopoB, FeHEPATOPOB U APYTOTO
IJEKTPOTEXHUYECKOTO 00OPYIIOBaHMS, BHI3bIBAS MOTEPU IHEPIUM B UX
TOKOIPOBOASIIMX YACTAX. STU MOTEPU MOKHO YMEHBLUUTD, €CJIM KOM-
IEHCUPOBATH PEAKTUBHBIIA UHIAYKTUBHBIN TOK MPUEMHMKA, BKIIIOUUB
napajuiesibHO €My KOHAEeHCAaTop. PeakTMBHBIH (eMKOCTHBI) TOK KOH-
JICHCATOPOB KOMIICHCUPYET PEAKTUBHBHIN (MHAYKTUBHBHI) TOK TIPH-
€MHUKA.

Crnioco6 nosellieHUsT K03Gh(PHUIIMEHTA MOIIHOCTH TMOCPEACTBOM
BKJTIOY€HUST KOHIEHCATOPOB HA3BIBACTCS UCKYCCMBEHHbIM B OTIIUUYVIE OT
ecmecmeenn020, MoJly4yaeMoro NpH MOJTHOM MCITOJIb30BAHUM MOIIHO-
CTei nBuraresieil M yCTAHOBKE TaKMX ABMraresieil (CMHXPOHHBIX), Y
KOTOPBIX PEaKTUBHBIM TOK Mall.

4.15. 3HepreTunyeckunii 6anaHc B uenu
CUHYCONAANbHOro TOKa

B smo6oit MOMEHT BpeMeHM aireGpanyecKasi CyMMa MIHOBEHHBIX
MOIIHOCTEN BCEX UCTOUHHMKOB SHEPTMM paBHA alrebpanyecKoil Cymme
MTHOBEHHBIX MOIUHOCTEH Bcex MPUEMHMKOB 3HepruM. To ke camoe
KacaeTcst U CpeIHMX 3HAYEHUI! MOIHOCTEN 3a NEPUOL.

DHepreTMYeCKUil Gananc — 6aitaHc Mowrocmell B 31EKTPHUYECKON
LenU CHHYCOMIAIBHOTO TOKA, CoAepXKalleil Npou3BOIbHOE YKUCAO UC-
TOYHUKOB 3HEPIMM, T.€. ICTOYHUKOB TOKa W McTOYHUKOB DJIC (Ha-
MPSDKEHUST), U IPUEMHUKOB 3HEPTHH, T.€. PESUCTUBHBIX, UHIYKTUB-
HBIX M €MKOCTHBIX 3JIEMEHTOB, O3HAYAET, 4YTO, BO-TIEPBHIX, at2efpau-
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j i
_.Lp a <L a _.i> a gq— 4a
E =0, E=U
QD q> J U J U
o0 o — o
b b b b
a 6 6 2
Puc. 4.37

Yeckas CymMma QKmUeHbIX MOWHOCMell 6cex UCMOMHUKO68 IHepeul pasHa
apugmemuueckoli cymme MOUHOCMell 6CeX PE3UCMUGHDBIX 31eMEHMOE.

ZUMCTIMCT cos(y, — ;) = ZRI;%
NJIn
ZPMCT = ZPR; (446)

BO-BTOPBIX, a12e6pauyeckas Cymma PeaKmueHbiX MOHOCMel 6cex Uuc-
MOYHUKO8 3Hep2ul paeHa an2ebpaudecKoll Cymme peaKmueHbiX MOUHO-
cmell 6cex UHOYKMUBHbIX U eMKOCMHBIX 3/1eMEHMOE:

ZUMCTIMCT Sin(Wu —Wi) = ZXLII% —ZXCIg‘,

WIn

Z QMCT = 2 QL + Z QC- (447)

AxtuBHas Pg= Elcos(y,— ;) = U, cos(y,— ;) 1 peakTHBHas Q=
= Elsin (y, - ;) = Uy Isin (y, — ;) MowHocT nctounvka DIC 3anu-
CHIBAIOTCS CO 3HAKOM IUTIOC, €CIIU TOJIOXKUTENIbHBIE HanpaBieHKs TOKa

I uwdIC E=U, cosnanator (puc. 4.37, a). B npoTMBHOM cily4ae
(puc. 4.37, 6) — co 3Hakom MuHyc. AkTuBHas Py= U, lcos (y,— ;) 1
peaktuBHaa Q;= U, Isin (y,— ;) MOLUHOCTH MCTOYHMKA TOKA 3aMH1ChI-
BAIOTCS CO 3HAKOM ILTIOC, €CJTM HAIPaBJIeHHsi TOKa UCTouHMKa J = I u
HaTpsiKeHMs] MEXILY ero BbisogaMu U, POTHBOINOIOXKHBI (pHC. 4.37, 6).
B npotusHoM ciyyae (puc. 4.37, ¢) — co 3HaKOM MUHYC.

4.16. NMaccueHbie YeTbipex- U TPeXNnoNAICHNKU

Pacuer pabouero pexuMa MHOTHMX 3JIEKTPOTEXHUYECKHX YCTPOMCTB
YIIPOLLIAETCS, €CJIM MX PACCMATPUBATD KAK YembipexnontocHuku (pyc. 4.38),
KOTOpbIE COEAMHSIOTCS C OCTaJbHOM 4acThlO LEMU IBYMA Napamu
BHIBOAOB (TI0M0coB) I— 1" 1 2—2'. EcJin YeThIPEXTOMIOCHNK HE CO-
IEPXHUT UCTOYHHUKOB 3HEPTUM, TO OH HA3BIBACTCS NACCUEHbIM, A €CITH
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Puc. 4.38

COIEPXMUT — axkmuenbim. TIpUMEpOM aKTUBHOTO YETLIPEXNONIOCHUKE
MOXET CIYXUTh IUddepeHIIMATBHBII YCWIUTENb, ITACCUBHOTO YETHI-
PEXTONIOCHUKA ~— IOBYXOOMOTOUHBIN TpaHcopMarop, JIUHUA Telle-
(bOHHOI1 CBA3M, U3MEPUTENBHBIN MOCT. CxeMa JIMHEIHOTO NMAaCCUBHOTO
YETBIPEXNOMOCHUKA COJEPXUT TOJIBKO JIMHEHHBIE PE3UCTUBHEIE, MH-
JYKTUMBHBIE M EMKOCTHBIE 3JIEMEHTHI, HEJIMHEMHOTO — TaKXe M OIHO-
UMEHHBIE HEJIMHEHHBIE 3JIeMEHTHI.

B ycrpoiicTBax aBTOMaTHK1 M PaMOTEXHUKHU BaXKHO 3HATh 3aBUCH-
MOCTb OT 4aCTOThl OTHOLUEHHS] KOMILTEKCHBIX 3HAYEHUI1 HAIPsSKeHUIA
U, wa Bbixosie YETHIPEXITONIOCHMKA K HanpsikeHu1o U, Ha ero Bxone.

OtHocUTENLHOE U3MEHEHUE KOMIUIEKCHBIX HarpsKeHUM Ha3biBaeTcs .

KOMPACKCHbIM KO3(duyuenmom nepedavu HanpsweHus

K, = K, (0)e/®%® = & = UZ#‘"“L (4.48)
U] Ulé\uul
rac
K. (@) =U,/U, =|U,/U}] (4.49)

— amnaumyoHo-yacmomuas xapakmepucmuxa (A4X);

eu(w) =V —VYyu (450)

— hasowacmomnas xapakmepucmuxa (PUX) HanpsKEHMs YeTHIpEX-
MOJIIOCHUKA.

ITpn ananuse ueneit ¢ YETHIPEXMOMOCHUKAMM ((PUALTPaMH, yCH-
JUTEJISIMA U JIP.) YacTO NOJb3YIOTCS f02apudmuneckumu amnaumyoHo-
uacmomubimu xapakmepucmurxamu (JIAYX). [Tpu 3TOoM 1o ocu oparHar
OTKJIAIbIBAKOTCS 3HAYEHUs1 BelUuMHbl 201g K,, enMHMua u3MepeHus
KOTOpOW HasbiBaeTcsl deyubes (1B), 1 Mo ocu abClMCC — 3HAYEHME
YIJIOBBIX YACTOT ® WJIM YacToT f= w/2n B MacliTade AeCSITUYHBIX I0Ta-
pudmMoB. Tak Kak 1gw|,_g=—o, 0Ch aGCLMCC HE MMEET HAyala OTCYE-
T4, a TOUYKA HepecedeHnus OCeM OpANHAT M abCLUMCC NMPYU U300PAXEHNH
JIAYX BeIOMpaercsi npousBosbHO. Yao6etBo JIAUX 3akmoyaetcss B
BO3MOXHOCTH MX ArIPOKCUMALIMKA COBOKYIMHOCTBIO JIMHENMHBIX yyacT-
KOB, YTO YINPOILAET aHAIU3 LENEH ¢ YeThIpexnoMocHnkKaMu. Hanpu-

Mep, ONpeLeIEHUE MONOCh] YCUIIEHUS! ONePALIMOHHOTO YCHIIMTENS (CM.
puc. 15.16).
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EcaM ogyH BbIBOA BXOIHOM M OJVH BBIBOJ BBIXOILHOM LETIEH YEThI-
PEXITOJIIOCHUKA COEJMHEHDI, TO YETHIPEXTIONIOCHUK MPENCTABISET CO-
Goii TpexnonocHuK (puc. 4.38, 6).

4.17. Anexrpuyeckne GpunbTpbl

Iepuoduueckas necunycouOanbHas yyHKyuA ynoBjieTBOPSIET yCIOBUIO
f()=f(t+kT), tne T — nepuon GpyHKUMHM, T.€. NPOMEXYTOK BpEME-
HM, 0 UCTEUEHUM KOTOPOTO €€ 3HAYEHUsi TMOBTOPSIIOTCS; kK — 1ienoe
YHUCIIO.

Takasi nepyoandeckas yHKLIMSI, KaK U3BECTHO M3 Kypca MaTeMa-
THKM, MOXET GbITh MNpEICTapieHa B BUIE rapMOHMYeckoro psna Py-
pbe, B OOIIEM Cllyyae HEOTPAaHMUYEHHOTO, HO MPH PacyeTax 3/EKTPU-
yeCKHUX 1IEMNeil 4acTo ¢ KOHEYHbIM YHCJIOM A TAPMOHMYECKIX (anyco:
WIATBbHBIX) COCTABISIIOIMX (TapMOHMK). Hanpumep, nepuoanyecKuu
HECMHYCOWAIbHBIA TOK

i= I+ Lysin(of+y;) + Lsin Qo+ yp) + ... + L. sin (not + y;,).

DAEKTPUUECKUE (PUILTPHI MO3BOJISIIOT YMEHBIIMTD TAPMOHNYECKHE
COCTABJSIOIUME [MEPUOIUYECKHUX HECHHYCOWJATBHBIX TOKOB M Harpsi-
XEHHIl ornpenesleHHON YacToTel WIM B Mpefenax IMojlochkl YaCTOT Ha
OCHOBE 3aBUCMMOCTM MHIYKTUBHBIX COTPOTUBIEHUI KaTylek koL u
€MKOCTHBIX COIPOTHBJIEHMI1 KoHaeHcaTopoB 1/kwC ot Homepa k rap-
MOHMYECKOM COCTaBJISAIOLLEN.

Criaaxupaomue GuabTpsl. Takue GUIBTPHE CITYXar JUlsl yMEHbLIE-
HUSI COIEPXKaHMS! BEICIIMX TAPMOHMK [IEPEMEHHOTO HAMPSKEHWS.

IMpocTeiiumii craaxuBaloUi GUIBTP NPEACTABISET coboit nac-
CUBHBI JIMHEHHBII YeThIPEXNoNIocHUK (puc. 4.39, a), K BBIXOAHBIM
BbIBOIAM KOTOPOTO MOJKJIIOUYEH [PUEMHUK CONPOTHBICHUEM HAarpys-
KN Ry,

Ha puc. 4.39, 6 npuBeAeHbl aMILIMTY/IHO-4aCTOTHBIE XapaKTepUC-
TMKU (PUIBTpa TPYU PA3OMKHYTOM Lieru Harpy3ku (R, = o)

1

—= |

K, (0) = o ==

“ 1+ (0RC)?
R2+( 1 ] JI+(

oC

M CONMPOTHUBJIEHWHM LIETTH HArpy3Ku Ry, < co.
VrioBas 4acToTa, Py KOTOPOii aMILIMTyAd CUHYCOMIAIbHOTO Ha-

, 1
NpsSKEHUs] Mexay BeiBogamu 2—2° B V2 pas, T.€. B -\/—i =(),707 pas,

MeHbILE €€ 3HAYEHUsI TIPH YIJIOBOI 4aCTOTE PABHOM HYIIO M IMOCTOSIH-
HOW aMIUIMTYIE MeX1Y BeiBogamu [— 1°, Ha3LIBAETCSl ZPAHUMHOU Yyeno-
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Puc. 4.39

60l HacmMomoli m,, a IMana3oH yrIOBbIX 4acToT 0 < o < W, — HOAOCOU
nponycKkaHuA CriiaXuBaloLLETo GriIbTpa. YacTo BMECTO yITIOBBIX YACTOT
NONb3YIOTCSI COOTBETCTBYIOIIMMY MM LIMKIMYECKMMHM YacToTamu f=
=/2n.

CpoiicTBaMK criaxupamomero (puibTpa o61anaeT U NacCHBHbI
YETBIPEXMNOMIOCHUK (pHC. 4.40, a) ¢ COOTBETCTBYIOIIMMHM €MY AMILIU-
TYAHO-YaCTOTHBIMM XapakrepucTuKamu (puc. 4.40, 6) mpu pasomk-
HYTOM LIETIU HAarpy3ku (R, = oo)

R
JR? +(0L)?

M COMPOTUBIEHUN 1IENH HATPY3KU Ry, < oo

B omnnuMe ot crnaxuparomero ¢huisTpa Ha ocHose RC-lenu, B
criiaxusaomeM GUIbTpe Ha OCHOBe RL-11€nM, 3HAYEHUS TPAHUYHOM
YIJIOBOM 4aCTOThI, & CIIEAOBATENBHO, U [OJIOCH MPONYCKAHUSI C YMEHb-
1IIEHAEM COMNPOTUBIICHHS LIENM HAIPY3KN YMEHBIUAIOTCS.

Pe3onancubie puisTpsl. B Takux GUIbTpax UCHONb3YeTCsl sBIeHe
PE30HAHCOB HANPSIKEHUI K TOKOB B 3JIEKTPHYECKMX LIETSIX IUIsi Bbije-
JIEHUS WM MCKIIOYEHMSI B HANpPsDKEHUKM Ha NPUEMHMKE OIpenesieH-
HOWM MOJIOCH 9acTOT.

Kux (w) =

K,
e 1
),
1
O el Y Y } 1/\/2
Pt ! !
Uox ! R | Ugrix 9 i .
| | ! !
| P 0 .\I
I | 2 O\ ppom=RL ®
= TR+ Ry
a 6

Puc. 4.40
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Puc. 441

B nosocosom gurempe (puc. 4.41, a) Kcnonb3yeTcs sIBIICHNE PE30-
HaHca HanpsikeHuit (cM. nonpasn. 4.10). Ero amiumntyiHo-4acToTHas

XapakTepUCTHKa

- R 4.51)
Ku ((l)) - (
JoL-1/@OF + R,

npueeaeHa Ha puc. 4.41, 6.
IlIvpuHa MOJNOCH YITIOBBIX YACTOT A®, BbIAENsAeMas .(IJMJII)TpOM, Ha
ypoBHe K, =1/ J2 Tem memblie, yeM GoJblie AOGPOTHOCTD LEMH

JL/C
0="%
2H

B 3azpadumenvrom duarvmpe (puc. 4.42, a) NCTOTBIYETCS SIBJICHUE
pe3oHaHca ToKoB (cM. noapasy. 4.12). Ero aMmiutyaHO-4acTOTHasA Xa-

pakTepUCTUKA

Ry, |1 - 0?LC|
\/(coL)z + R}, (1-0? LC)2

npuBeaeHa Ha puc. 4.42, 6. LLiupuHa nonock yrjioBbIX 4acToT Aw, 3a-
rpaxnaeMbix GUILTPOM, onpenensiercss Ha ypoBHe K, =1 V2.

K, (w)

Dpes

Puc. 442
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Puc. 4.43

Msoupatensibie RC-GuibTpbi. DU GUILTPH COIEPXAT TONBKO Pe-
3UCTOPBE M KOHAeHcaToph!. [lpumepomM nosocoBoro RC-ghussmpa sieisi-
€TCsl YEThIPEXITOIOCHUK (puc. 4,43, a), HasbiBaeMbtit Mocmom Buna. Ero
aMILVIUTYAHO-YaCTOTHAs XapaKTepUCTHKA NPUBeacHa Ha puc. 4.43, 6. Mak-
CMMATbHOE 3HAYEHME aMIUIMTYHO-YaCTOTHOUN XapakTepUCTUKU paB-

HO % U IOCTUIAETCSI MPH YIJIOBOM 4acTOTE

1
W) = .
* " JRRCC,

3arpagutenvHbiii RC-punbtp
npeacrtaBisieT coboil nBOMHOMN
T-o6pasmviii mocm (puc. 4.44). lNpn
Pa30MKHYTOH 1LIENMN HArpy3Ku MH-

(4.52)

]

,,Bxl : r2[] ==2¢ lum HUMYMY €ro aMILIMTYIHO-4aCTOT-
! T HOI1 XapaKTeEpUCTUKHU COOTBETCTBY-
‘]:,L_______' _______ ;’ €T ymoBasi yactora w, = 1/(RC).
Jokas3aTenbCTBO 3TOrO YCAOBUS

Puc. 4.44 JIOCTATOYHO TPYNOEMKOE M 3/1eCh

HE IMPUBOAUTCS.
BO3MOXHBI ipyrHe CXeMOTEXHMYECKME PELICHUST MU3GMpPaTebHbIX
RC-¢unvrpos.

3ALAYU U BONPOCHI AJ19 CAMONPOBEPKM

4.1. OnpenesinTe neiCTBYIOLEE 3HAYEHUE CUHYCOMIAJIbHOIO TOKA | =
= 10sin ot A.

Omeem: 10/\2 A.

4.2. DriekTpUYECKasH UEMb CONEPKUT NMOCIEIOBATENBHOE COEIMHEHNE pe3n-
CTOpa conpoTusieHueM R=50 OM M kartylukd uHgyktuBHocTbio L =0,1 Ty,
Orpenenvte nonHoe COMPOTUB/IEHUE LIETH MPU YACTOTE TOKA =50 T'u.

Omeem: 59 Om.
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4.3. CoxpaHuB yClIoBUsl 3a1a4H 4.2, ONpeacinTe NeHCTBYIOUIee 3HAYCHUE
HANPSKEHUST MEXIY 3aXMMaMK LIeNH [PU CUHYCOMAATILHOM Toke i= 10sin wt.

Omeem: 590/2 B.

4.4. CoxpauuB yciioBus 3a1au 4.2 u 4.3, onpeneinte aKTUBHYIO, peakTHB-
HyIO W MOJIHYIO MOLIHOCTH LIEMH.

Omeem: 2500 Bt, 1570 Bap, 2950 B - A.

4.5. DnexTpyyecKas IeMb COICPXHUT MOCACIOBATENbHOE COEAMHEHHE pe-

3ucTOpa COMpoTHBIeHHeM R=30 OM u KoHaeHcaTopa eMKocTbio =6 M.
Onpeneute NOJIHOE COMPOTHBIEHWE LENU NPH yacToTe Toka f= 400 I,

Omeem: 72,8 OM.

4.6. CoxpaHuB YCJOBUSA 331auu 4.5, onpenecyiute AeHCTBYIOUICE 3HAYE-
HHe ToKa NMPU CUHYCOUAATBHOM HanpsikeHUM Mexny 3axumamy nenu U =
= 100sin wt.

Omeem: 0,975 A.

4.7. CoxpaHMB ycioBust 3a1a4 4.5 u 4.6, onpezieninte aKTUBHYIO, PEAKTHUB-
HyIO Y TOJIHYIO MOIIHOCTH LIENM.

Omeem: 28,5 Bt, —63,5 Bap, 69 B - A.

4.8. YeMy paBHO KOMIIEKCHOE NEHCTByIOIIEE 3HAaYeHHE Toka 1, cooTBeT-

. . s
CTBYIOLLEE CMHYCOMIATbHOMY TOKY / =100sin (mt - ZJ A?
100 .
Omeem: — e~ /™4,
V2

4.9. YeMy paBHO CHHYCOMJIAIbHOE HaMPsSXKEHUE, KOTOPOMY COOTBETCTBYET
. T —jnl4
KOMIDIEKCHOE JIEHCTBYIOLIEE 3HAUYeHe HanpsokeHust U = 10e~/%4?

Omeem: U =102 sin (wf — w/4) B.

4.10. Yemy paBeH capur ¢da3 Mexny CHMHYCOWJAIbHBIMM HalpsKeHUEM U
TokoM U= U,sin(wf—n/2), i= I,sin (ot —n/3)?

Omeem: /6.

4.11. KakoBo COOTHOLIEHHE MEXIY aMIUIUTYIHbIM, ICHCTBYIOLUMM U Cpell-

HMM 3HAYEHMSIMU CUHYCOMIATBHBIX BETMUMH?
4.12. TloueMy CTPEMATCS MOBBLICUTb KOD@PULMEHT MOLIHOCTH JICKTPU-

YecKoil ycTaHOBKU?



FMABA 5
SNEKTPUHECKUE USMEPEHUA

5.1. Knaccudukauus cpepcrts, BUAOB U MEeTOA0RB
BNEeKTPUYECKUX U3MEePEeHUNn

Dnexmpuneckum uzmeperuem Ha3pIBAIOT HAXOXICHUE 3HAYECHUIA Ma-
. paMeTpoOB 3NIEKTPUUECKUX BEIMYMH OMBITHBIM ITYTEM C ITOMOLUBIO CIie-
LIMAJIBHBIX CPENCTB.

Cpencrsa uamepenns. [1o GhyHKIMOHATLHOMY HAa3HAYEHUIO B CPEJI-
CTBaX M3MEPEHUS pas3inyaloT: MEpbl, UIMEPUTENILHBIE IPUOOPLI, W3-
MEPUTENTBHEIE IPEOOPA3OBATENN, U3MEPUTENLHBIE CUCTEMBI U W3MeE-
PUTELHO-BLIYUCAUTENBLHBIE KOMILIEKCHI.

Mepu: ciyxar 1151 BOCIIPOU3BEIEHNS 3HAYEHUI 2MEKTPUYECKHX BE-
JIMYUH 33JaHHBIX pa3MepoB.

H3zmepumenvroie npubopei NpeHa3HAYEHDI JUIS1 BBIPAGOTKH M3MEpHU-
TEJIbHOU MH(OPMALMK O 3HAYEHHMSIX U3MEPSIEMON BENMUMHEL B (op-
Me, JIOCTYITHOW st olleparopa.

Pa3mmyalor uaMepuTenbHblE ITPUOOPHI:

®* NOKa3blBAIOIIME, KOTOPbIE JONYCKAIOT TOJLKO CUMTHIBAHNE
MOKAa3aHMU OTYETHOIO YCTPONCTBA; CPaBH € H U1, B KOTOPBIX U3Me-
psieMas BeJIMUMHA HEMOCPEACTBEHHO CPaBHUBAETCS C Mepoil, peru-
CTPUPYIOLIM e, OOIMYCKAIIME TAKXKE PErnCcTpalivIo MOKA3aHUI Ha
PA3IMYHBIX HOCUTENSIX B PEAIbHOM MaciluTabe BpeMEHH,

® AHAJOTOBbIC, NOKA3AHUS KOTOPBIX SBJSIIOTCS HEMPEPHIBHOI
(yHK1MEN 3HAYEHUIT H3MePSAEMOIi BETMUUHBI, U 11 1 dbpoBBiE, B KO-
TOPBIX 3HAYEHMST M3MEPSIEMOI BEIMUMHBL YEPE3 PaBHLIE MHTEPBAJILI
BPEMEHM 3aMEHSIOTCS HUMDPOBBIMU KOAAMU;

®IEKTPOMEXAaHUY€ECKHE HAa OCHOBE PA3IMIHOIO poja 3JieK-
TPOMEXaHHYECKHUX U3MEPUTETIBHBIX MEXaHU3MOB U 3JIEKTPOHHBI €,
B KOTOPBIX TaKHe MEXaHW3Mbl OTCYTCTBYIOT WJIH MCITOJIB3YIOTCS JIULID B
KauecTBE OTCYETHBIX YCTPOUCTB;

eCTALMOHAPHBIE (IUMTOBBIE) U TEPEHOCH Bl € — B 3aBUCHU-
MOCTU OT XapakTepa NPUMEHEHMUS.

H3mepumenvhvie npeobpasoeameau ciyxar JUist Ipeobpa3oBaHus 3Ha-
HYEHHUIl UBMEPAEMBIX BEJIMYMH B IIPONOPLIMOHAIBHBIE 3HAYEHUST BEJIU-
YMH, YAOOHBIX 1718 JajibHeiiieil 00paboTKu, HO He BOCIIPUHMMAEMBIX
OTIEpaTOPOM HEMOCPEACTBEHHO.

B 3aBucrMOCTH OT XapakTepa NpeoOpasyeMbiX BEIMUYMH Pa3IUyaioT
MU3MEPUTENTBHBIE MMPEO0PA30BATEMN INMEKTPUYECKMX BEJIUUUH B 3JIEKT-
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pUYECKHE BEJIMYMHBI, HEINEKTPUUECKUX BEIMUMH B IJIEKTPUUCCKUE
BEJIMYMHBI, MATHUTHBLIX BEJIMUYMH (MHIYKL MM, MArHUTHOTO ITOTOKA
Y Ip.) B 3JIEKTPUYECKHE BEJIMUMHBI U INMEKTPUUECKUX BEIMYUH B HE-
3MEKTPUUYECKHUE BEJIMUMHBI (OTKJIIOHEHHE CTPEJIOYHOTO yKa3aresis U Ap.).

Hzmepumenvrble cucmemsl NPENCTABIIAIOT cOO0N COBOKYITHOCTD pas-
JIMUHBIX CPEJICTB M3MEPEHUSI, COCMUHEHHBIX MEXAY COOOM KaHallaMu
CBSI3M, W TIpefHasHauyeHbl U1 cOopa ¥ aHauu3a GONbLUIOTO Oo0beMa
U3MEPEHUM.

HzmepumenvHo-6biuucAUmMenbHblli KoMHAeKe TPpEACTaBisieT Coboi
U3MEPUTEJILHYIO CUCTEMY, B COCTAB KOTOPOH BXOAMT CBOOOAHO IPO-
rpaMMUpYEMBbI KOMITBIOTED.

Buas m3mepenmii. 1o criocoby nojyueHus pe3yabTara pasinqaior
NIpsIMBlE, KOCBEHHbIE U COBMECTHBIE U3MEPEHMUS.

Tpu npsmom n3MepeHUM 3HaYeHUE U3MEPSIEMON BEIMYMHBI OIpe-
nensiercsl MoKasaHueM Ipubopa, IiKana KOTOporo MporpagyMpoBaHa
B COOTBETCTBYIOIIMX €1MHHULIAX.

[Ipn koceernrom N3MEPECHUN 3HAYCHHE U3MEPSIEMOI BEIMYMHBI pac-
CUYUTBLIBAETCS 110 Pe3yJIbTaTaM MpsSIMbIX MU3MEPEHWI OPYTMX BEIAYMH, C
KOTOPbIMM OHA CBSI3aHa M3BECTHbIMU 3aBHcMMocTaMU. Hanpumep,
W3MepEeHHe 3HAYEHUS] CONPOTUBIICHHUS PE3VCTOPa B LIENU OCTOSSHHO-
ro Toka 1o 3akoHy Oma R= U/I va ocHoBe u3MepeHuil Toka [/ ¥ Ha-
npspkeHus UL

[pu coemecmrom U3MEPEHUU PEIYTIHLTAT ONPEAEIIAETCH NPSIMBIMU U
KOCBEHHBIMU M3MEHEHUSIMM BEJIMYMH, OT KOTOPLIX 3aBUCUT 3HaY€HHeE
n3MepsieMoil BeTnuuHbl. Hanpumep, uamMepeHUe TeMIIEpaTypHOTO KO-
3D PULMEHTA NEKTPUUIECKOTO COINPOTUBIIEHMS 10 3akoHY OMa Ha oc-
HOBE NPSIMBIX M3MEPEHUIT TOKA W HAIpPsKEHUA MPU Pa3IMYHbBIX TEM-
neparypax.

MeTonpl H3Mepennii. B 3aBMCMMOCTH OT MPUEMOB MCITONIb30BAHMS
CPECTB U3MEPEHMS PA3TTMYAIOT 1BE IPYIIbI METO0B U3MEPEHMI: He-
MOCPENCTBEHHOM OLIEHKU W CPaBHEHHUSI C MEPOH.

Memodom HenocpedcmeeHHOU oyeHKU 3HAYEHWE U3MEPSIEMOI BENTN-
YUHBI OMPENETISIETCS] HEMOCPEACTBEHHBIM OTCYETOM I10 IIKATE MpeBa-
PUTENBHO TIPOrPasyMpPOBAaHHOTO C ITOMOLIBIO MEPHl NOKa3bIBAIOLIETO
npubdopa.

Memodom cpaenenus 3Ha4eHUE M3MEPSIEMOIt BEIMUMHBE CPABHMBA-
€TCsi CO 3HAYEHUEM OIHOMMEHHOII BENTUYMHBL, BOCIPOM3BOAUMOM
mepoii. Pazmuualor HyneBoi u nuddepeHInaIbHbIi METOABI CPaBHE-
Hug. [TepBHM METOAOM 3HAYEHME MEPH PETYIMPYETCH A0 3HAYCHHSI
M3MeEpSIEMOit BETMYKMHBL, @ PaBHOBecUE (PUKCHUPYETCS M3MEPUTEIIb-
HbIM IIPUGOPOM BBICOKOM YyBCTBUTEJNIBHOCTU. BTOpHIM MeTOIOM 3Ha-
JeHHe M3MEPSIEMOil BeIMYMHBI HETOTHOCTBIO yPaBHOBEIMBAETCS 3HA-
YeHpeM MePHI, a PAa3HOCTh UX 3HAYEHWH U3MEPSIETCS HEMOCPEACTBEH-
HBIM OTCYETOM.

Metonpl CpaBHEHMSI U U3MEPHUTEIIbHBIE NPUOOPHI HA MX OCHOBE
0061a5a10T BLICOKOM TOYHOCTBIO.
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5.2. MNMorpewHocTn 3MepeHUsi U KNacchl TOYHOCTU

M3mMepeHHne 3HaueHus MO6OI (puU3KMYECKON BETUUMHBI COMPOBOX-
JAeTCsT NOTPELUHOCTHIO, T.€. PACXOXICHMEM €€ U3MEPEHHOTO U Jeii-
CTBUTENILHOTO 3HaueHuil. Pazinyalor norpeiitHocTH aGCoMOTHBIE, OT-
HOCHUTENIBHBIE U MPUBEACHHBIE.

Abconromnas AA v omHocumensHas Yy NOZpelHoOCmU UsMepeHUs Ofpe-
JeJISIIoTes1 1o hopMmysam

AA = AM3M - A;
Yo = (A4/A)100 %,} G.D

€ Aysm U A — U3MEPEHHOE U IECTBUTENbHOE 3HAYEHUST U3MEPSAEMOIA
BEJINUMHEL. .

B GonbiuMHCTBE ciy4yaeB aGCONOTHAS NMOTPELIHOCTb MaJla M MOXKHO
MPUHSITD .

Yo= (AA/AVBM) 100 %.

AOGCOIIOTHAs! ¥ OTHOCHUTEIbHAS MMOrPENIHOCTH MOLYT MMETh NOJIO-
XKHUTENBHOE N OTPULIATENIbHOE 3HAYEHNS.

Hanpumep, ecin amnepmerp MOKasbiBaeT A, =5 A, a JeiicTBU-
TeJIbHOE 3HaYe€HNe TOKa A=4,9 A, TO abCoMIoTHAs MOrPeLIHOCTL A4 =
=0,1 A, oTHOCHUTENbHAs MOTpeLHoCTb Y = (0,1/5)100 % = 2 %.

OnHako OLIEHUBAaTb TOYHOCTD MOKA3bIBAIOLUMX MPUGOPOB 110 OTHO-
CHUTEJIbHON MOTPELUHOCTH HeYNOOHO, TaK KakK abCoMIOTHAs Iorpell-
HOCTb TaKMX NPUOOPOB MAJIO U3MEHsIETCst BAOJb Beekt 1ikaibt. [Tostomy
€ YMEHBIIEHUEM 3HAYE€HUs1 U3MEPSIEMOI BETTMUMHBE OBICTPO YBEIINYU-
BaeTCsl OTHOCHUTENbHAS MOTPEITHOCTD (pHUcC. 5.1).

JUIs1 OLIEHKM TOYHOCTHU MOKA3BIBAIOILNX OPUOOPOB CIYXUT npuee-
OeHHAs1 OMHOCUMENbHAA ROZPEUHOCTb

Yrp = (AA/A,0,)100 %, 5.2)

T0€ Auoy — HOMUHANBHOE 3HAYEHUe, PABHOE HAMOONbLIEMY 3HAYEHHIO
Ha 1Kaje rnpubopa.
HanpuMep, ecim Ha 1Ikajge aMriepMeTpa HOMUHAIBHOE 3HAYEHUE
Auwon =10 A, a aBcooTHast norpew-
A, vo Hoctb AA=0,1 A, TO NpuBeneHHas
1OrPEILHOCTD ¥y, = (0,1/10)100 % =
=1%.
3HaueHus1 MOTPELIHOCTEN Orpe-
IEeNSI0TCS HENOCTaTKaMM CaMoro

Yrp npvobopa U BHELIHUMU BIUSIHUSIMU
(pucyTcTBre BOMM3M Impubopa ripe-
0 METOB 13 (hbeppOMarHUTHBIX MaTepH-
aJloB, UCTOYHUKOB MarHUTHHIX U
Puc. 5.1 MEKTPUIECKUX TToNeH U ap.). [pu-
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peAcHHass OTHOCHTEJIbHAS IMOrPeIHOCTb, ONpeneicHHas B HOpMallb-
HBIX paGOYMX YCIIOBUSIX U 3aBUCALLASA TOJBKO OT CBOMCTB CaMOT0 MPH-
6opa, Ha3bIBACTCS OCHOGHOU NOZPEUIHOCMbIO.

U3meprTenbHble MPUOOPHI MOAPA3AEISIIOT Ha KJIACCH TOYHOCTH,
0003HaYEeHUEM KOTOPHIX CIYXKUT JOMYCTHMasi OCHOBHas IMOrPELIHOCTD:
0,05; 0,1; 0,2; 0,5; 1; 1,5; 2,5; 4. Kracc mounocmu yKa3bIBalOT Ha JIULE-
BOI1 MaHeNn NMPHOOpa; OH O3HA4yaeT, YTO abCONIOTHasi MOTPELUHOCTh
rpubopa Ha BCeX AEACHUSX KA He MPeBbIIAET 3Ha4E€HUsA, Olpelie-
JIIEMOTO KJIACCOM TOYHOCTH.

Hanpumep, eciv amMriepMeTp Kjacca TOYHOCTH | MMeeT LiKaly C
HOMMHAJIbHLIM 3HaueHHeM A, = 10 A, To B npeaenax Kajibt abco-
JIIOTHast MOTPELIHOCTb U3MepeHusl OyneT no (5.2) He Gonblue TAA =
=+A,,/100=210/100=10,1 A.

OTKJIOHEHUE BHEITHUX YCIIOBMII OT HOPMAJIBHBIX BBI3BIBAET 00NOA-
HUmMeAbHbIE NOZPEeUIHOCMU.

BemvuvHa do/dA, rie o — nmeneHre Ha WIKAle TOKA3BIBAIOLLIETO
1ipubopa, Ha3bIBACTCSI €TI0 HYECMEUMEAbHOCHBIO.

B Tab671. 5.1 npuBeAeHBI HEKOTOPHIE YCIIOBHBIE 0003HAYEHHUS Ha IMa-
Henu opubopoB, o603HavaromMe UX (HYHKIMOHATBHBIE OCOOEHHOCTH
M YCJIOBUSI HOPMAJIbHOM 3KCIUTyaTalMK.

Ta6nuna 5.1

VYciaosnbie 0003HaYeHMA HA MKAJE 3NEKTPOMEXAHHYECKOro MOKA3LIBAIOLIEro
npubopa

HanmeHoBanue nipubopa YcnoBHoe 0603HaueHue

TpuGop nis uamepernd B TpexcasHoit nenu c
HepaBHOMEPHO# HarpysKoii ¢a3

To %xe, ¢ IBYX3I€MEHTHBIM U3MEPHUTEIBHBIM

MeXaHWU3MOM
3alunTa oT BHEIHHMX MATHUTHBIX MoJieit, Hanpyu- 2
mep 2 MTn

-~ > Pt |
3alMTa OoT BHEIUHUX 3IEKTPUUYECKUL MoNe, I 10 |

Hanpumep 10 kB/m

Kitacc TOYHOCTH fpU HOPMHPOBAHUM TTOTPELL-
HOCTH B MIPOLIEHTAX AUAaNa3oHa U3MepeHus, 1,5
Harnpumep 1,5
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Oxkonuarue maéa. 5.1

HaumeHosanue npuGopa YcenoBHOE 0603HAUEHHE

To xe, B NpoleHTaX JUIMHBI LKA, HATIPUMED
1,5

FopnaouTaanoe TMOJOXCHHUE I1IKAJTbl

BepTI/IKaJTbHOC TMOJIOXKCHHUEC IHTKAJTbI

HaxnoHHoe nojoxeHue 1LKambl noa onpeac-

6
JIEHHBIM YTJIOM K F'OPU30HTY, Hanpumep m/3

Hanpagnexnre opreHTUPOBKY MPUOOPa B MATHUT-
HOM Ione 3eMiu

ub—»Z[}ol—:|<:

H3amepuTesibHasi 11eMb U30JIMPOBaHa OT KOPIIYCa
W MCIbITAHA HANPsSKEHWEM, Harnpumep 2 KB

NOAJICKUT

OcropoxHo! [TpouHOCTb M30/SIUNH U3MEPUTEN b~
HOI LIENU IO OTHOIIEHUIO K KOPIYCY HE COOT-
BETCTBYET HOPMaM (3HaK BBITOJHSAECTCA KPACHBIM
LBETOM)

ITpubop ycnbITaHMIO MPOYHOCTU H3OJISILIMK HE i(?

5.3. NoTpebneHne sHeprum aneKTPoOUIMepUTENbHLIMU
npuéopamu

Paboraolmit 351eKTpOM3MEPHUTENIBHBIN TPUGOP NMOTPEBIISIET IHEP-
TUI0O M TeM CaMblM BHOCHUT M3MEHEHHE B PEXMM paboThl 3JIEKTpHYE-
CKO# LIEITH, B KOTOPYIO OH BKJIIOYEH. DTO HEOBXOAUMMO YUMTHIBATD ITPU
00paboTKe pe3yIbTaTOB U3MEPEHHIA.

PaccMoTpyM KOCBEHHOE M3MEPEHHUE COMNPOTHBIIEHMSI pe3rcTopa (Ipu
IMOCTOSTHHOM TOKE) Ha OCHOBe 3akoHa OMa ¢ MOMOILBIO aMIiepMeTpa
1 BOJIBTMETPA. BO3MOXHEI IBE CXeMBI BKIIIOUEHHSE TIPHOOPOB.

B cxeme Ha puc. 5.2 amnepmerp usmepsieT ToK { B pe3UCTope conpo-
TUBJIEHUEM R, a BOJBTMETP — CYMMY HanpsiKeHWH Ha pe3ucTope U
uenu amnepmerpa U’ = U+ Ry, rie R, — CONPOTUBIEHUE LIEMU aM-
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—@ 1, 1.,_@ ;.,
v @ e o @ e
T Puc. 5.2 ) Puc.5.3

nepmetpa; U — HanpsxeHue Ha peaucrope. CrenoBarenbHO, Ha OCHO-
BaHMH ITOKa3aHW npubopoB Mo 3akoHy OMa olpeaensieTcs: CyMMma
COIMPOTUBJIEHHI PEe3UCTOPa M 1IENN aMIIepMeTpa

U'/I=R' =R+R,,
B TO BPEMS KaK JeCTBUTEJIbBHOE 3HAYEHME COIPOTUBJICHUST pE3UCTOPA
R=R'(1- R/R").

OwmuMbKa M3MEPEHUSI TEM MEHbILE, YeM MEHbLIE CONPOTHBJIECHUE
Lenu aMrepMerpa.

B cxeme Ha puc. 5.3 BonbTMETp U3MEpSIET HanpsikeHue U Ha pe3uc-
TOpE, a aMIepMETPp — CyMMY TOKOB B PE3MCTOPE U LIENU BOJIBTMETPA
I'=1+1, B 3ToM cnyyae Ha OCHOBAaHWM MNOKAa3aHUU IpUOOPOB IO
3akoHy OMa ornpenensieTcs CyMMa ImpoBOJIMMOCTEN PE3UCTOpa U LIENHU
BOJILTMETpA

I'JU=1/R’=1/R+1/R,,

R=R’/(1-R'/R)),

rne Ry — CONMpOTUBJIEHUE 1IEMH BOJIBTMETpA.

OuibKa U3MEPEHUSI TEM MEHbUIE, YeM OOJblIE€ COMPOTHBICHUE
LIENU BOABTMETPA.

Bnusinre norpebaeHms SJHEPTUH U3MEPUTEIIbHBIMMA IpUOOpaMK Ha
pe3yabTaThl MIBMEPEHUH TeM Oonblle, YEM MEHBLIE MOILUHOCTH KOHT-
POJTUPYEMBIX C UX IIOMOIIBIO SJIEKTPUUECCKUX LIETIEM.

5.4. MexaHun4eckvie y3nbl 3/1eKTPOMEeXaHN4eCKMxX
nokasbiBalowmux Nnpuéopoe

B snekTpoMexaHMYeCKMX MOKa3bIBAIIIUX NpHbopax s MPsAMBIX
M3MEPEHUI ero MOABMXKHAst YacTh NMOJ JEUCTBUEM CHUJI, TPOIOPLMO-
HAJIbHBIX 3HAYEHUSIM U3MeEpsieMOil BEJIMYMHBI, TIEpeMeIlAeTCsi OTHO-
CUTEJIbHO HeroaBUXHOU. [lo KOHCTPYKLIMM OTCYETHOTO YCTPOKCTBA
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paszIMyaloT NEKTPOMEXaAHUUECKHE
MPUOOPH CO CTPENIOYHBIM M CBE-
TOBBIM yKa3aTeJIsiMU4 TTpU YCTAHOB-
K€ MOJNBUXHON YaCcTU Ha pacTsiK-
Kax Win ocsx.

Pacmsiocku — 3T0 yIipyrue JieH-
Thl U3 OEPUUIMEBON WIIU OJIOBSIH-
HO-LIMHKOBO# 6poH3bl. [lonBuxHas
4acThb 1Mprbopa MoJiBeIIMBAETCS HA
IByX pactsaxkax I (puc. 5.4), KoH-
LBl KOTOPHIX KPEmsiTCs K ABYM
IUTOCKHUM IpyXuHaMm 2. PacTsxku
MOIYT CITY>XUTb IUISI TIONBOMA TOKa
K paMKe KaTyllKu J TMOOBMXHOMK
YacTyl nprubopa. 3akpyuyruBaHHUE pa-
CTSIKEK OOECIeYMBaET NMPOTHBOJACUCTBYIOLUMIA MOMEHT.

Ocb Np¥ YCTAaHOBKE Ha HEit MOABUXHOI YacTH pacrionaraetcsl ro-
PU30HTAJIBHO JJ1S1 YMEHBIIICHHUSI TDEHUSI B OMOPaX, a MPOTUBOAEUCTBY-
JOLUMIA MOMEHT CO3[aI0T CIIMPAIbHBIE TMPYXWHbI, U3TOTOB/SEMbBIE U3
¢ochopHOIT GPOH3BL.

Bcaencreue octaTouHbix JedopMaliyii 1 MEXaHUIECKUX BO3ACUCTBU I
CTPEJIOUHBIN yKa3zaTellb HepaboTaloUIeEro Npubopa MOXET HAXOAUTHCS
Ha HEHYJIEBOM JIeJACHHMH. [1Jisl ero BO3BpaIleHUs B HYJIEBOE MOJIOXKECHUE
CJIYXKUT KoppekTop. sl co3ianHusi MpOTUBOACHCTBYIOIIETO MOMEHTA
(puc. 5.5) onnH KOHew NMpYXUHbI I MPUKPEILISETCS K MOBOOKY 3 KOp-
pexmopa, a BTopoil — K ocH 2 oJIBUXHOUM yacTu. CTpenoyHbiii ykasza-
Telb 5 MOXHO CMEIIATh NOCPEACTBOM IMOBOJIKA, IOBOpaYMBas BUHT 4

0 Ha Kopryce npubopa. 115 ypaBHo-
BEIIMBaHUSI MOMEHTOB BpalLCHHUSI
I , I I / / / / / Macc MOABUXHOM 4acTU BOKPYT OCH
Ha Heit yKperUIsoT MpoTUBOBECH 6.
Hokazanus Takoro npubopa noutu

HE 3aBUCAT OT €ro MoJA0XKEHUS.
5 INomBuxHas yacTb Npubopa c
MPYXUHOI 00JIagaeT MHEPLMENR U
yrpyrocteio. Ilostomy npu uame-
HEHWHW 3HaYeHWiI N3MePSIEMOi Be-
JIMYMHB] HOBOE MOJIOXEHWE PaBHO-
BECHsI NOABMXHOM YacTU npubopa
YCTaHaB/IMBAETCS He cpaly, a 4Yac-
TO TIOCJIE HECKOJIBKMX KOJICOaHMIA.
st nornonieHUsT KHHETHYECKOM
3HEPIUM MOABWXKHON 4acTU U CO-
KpaleH!s1 BpEMEHMU TEPEXONHOIo
rnpouecca nNpuoopsl CHaAOXATCA

Puc. 5.5 YCITOKOUTEIAMM.
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[pumeHsI0TCS MArHUTOMHAYKLIMOHHBIE M BO3AYLIHBIE YCITIOKOUTEIH.

Maznumounodykyuonnuili ycnoxoumens NpeacTapsieT coOOM aTioMHU-
HMEBBIM CEKTOP, YKPEIUIEHHbIM HAa OCU NMOABMXXHOM 4acTH W JIBUXKY-
IIMHACS B MATHUTHOM [10J1€ HETTOABHXKHBIX MOCTOSTHHEIX MarHuToB. [1pn
JBMXKEHUM ceKTopa B HeM uHayumpylores DJ1C, a non ux Bo3facii-
CTBUEM — TOKU. B3auMoneicTBHe rocienHUX ¢ MAarHUTHBIM I10JIEM
HETIOABUXHBIX NMOCTOSHHBIX MArHUTOB CO3JaeT CUY, KOTopas Ipe-
MATCTBYET JIBMKEHUIO TIOABMKHOI Y4aCTH.

Bo30ywnbiii ycnokoumens NPeNCTABIAET COOOM 3aKpHITYIO KAMeEpY, B
KOTOPO# pacrioNiaraeTcs JIErkoe alloMMHUEBOS «KPBIJIo» 7 (CM. pHC. 5.5),
YKPEIUIEHHOE Ha OCHM TOJABMXKHOM yacTu npuoopa. s TopMOXKeHUs
UCIIOB3YETCsl PA3HOCTb JIABJIEHUI B KAMEPE 10 00€ CTOPOHBI «KpPbLIa»
MpU €ro JBHXEHHH.

5.5. dnekTpomMexaHn4YeCcKue aHanoroBblie
nokasbiBaioLme npudopbl

DIEKTPOMEXAHUYECKHME aHAJIOTOBbIE NTOKA3BIBAIOLINE ITPUOOPbI CO-
CTOSIT M3 3JEKTPOMEXAHMUECKOTO M3MEPUTEABHOTO MEXAHU3MA U W3-
MEPUTENBHON LIETH.

HamepumenvHuiii mexanusm 1peodpazyeT NEKTPUYECKYIO SHEPIUIO
B MEXAHUYECKYIO FHEPIUI0 repeMellieHMsT NMOABUXHON YacTH U CBSI-
3aHHOTO C HEH yKazaTensl.

Hzmepumenvras yens nipeobpasyeT 3HaUYCHUE M3MEPSIEMOU 3JIEKT-
PUYECKOIT BEIUYMHBI (HANPSiXKEHHUsI) B MPOIIOPLUOHAIBHOE 3HAYECHHE
BEJIMYMHBI (TOK), HEMOCPEACTBEHHO BO3ACHCTBYIOILIEH HA U3MEPUTENb-
HBIA MEXAHM3M.

OIVMH W TOT Xe U3MEPHUTENIbHbLIII MEXaHW3M B COEJIMHEHUM C pas-
JIMYHBIMM U3MEPUTEABHBIMM LIEMSIMH MOXET CAYXUTD IS U3MEPEHUS
Pa3IMYHBIX BETUYMH. '

B 3aBUCMMOCTH OT NpUHLIMIIA IEUCTBUST UBMEPUTEITBHOTO MEXAHN3-
Ma pasinyaoT HECKONbKO CUCTEM 3NIEKTPOMEXaHUYECKUX aHAJIOTOBbIX
NOKAa3LIBAIOIIMX MPHUOOPOB, YCIOBHBIE 0O03HAYECHUSI KOTOPLIX [IaHbl B
Taosn. 5.2.

MarunTo3anekTpayeckas cuctemMa. B M3MEpUTENLHBIX MEXaHM3MAX
MarHMTO3JICKTPUYECKOH CUCTEMbI BpAIUAIONIUI MOMEHT CO3IAETCS
B3aMMOIEICTBUEM M3MEPSEMOTO NOCTOSSHHOTO TOKA B KATYLIKE MeEXa-
HM3Ma C MATHATHBIM NOJIEM NMOCTOSIHHOTO MarHuTa. Paznmuuator npu-
0OpB MArHUTOINEKTPUUYECKOM CUCTEMBI C MOIBHMXXHOI KaTyluKoi (TTo/-
BUXKHOI paMKoil) ¥ C MNOIABMXHBIM MarHUTOM.

B mazrnumoasexmpuveckom mexanuszme ¢ nodsuxchoi kamyuikoti (puc.
5.6) mocneHsAsT YCTAHOBJIEHA HA Oropax U MOXeT MOBOPAYMBATHCS B
3a30pe MArHUTHOI LT B COCTaBe MarHUTOIpoBoaa 2, MOACHOTO
HaKOHeYHMKa 3 M LIMJIMHJIPHYECKOTO CEPIEYHUKA 4, M3TOTOBISEMBIX
M3 MarHATHO-MSITKOTO MaTepHasa, M NMOCTOSTHHOTO Maruura 1.
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Tabnuua 5.2

VYcaosHoe 0003nauenne MPUHIMIA AeHCTBHA (CHCTEMbI) AHAJIOTOBOTO
3JEKTPOMEXAHMYECKOTO TIOKA3bIBalONero npudopa

YcnoBHoe 0Do03HAYECHHUE

HanMeHoBaHHe CUCTEMBI pubopa O6b1yHbIi HOTOM@TDW*CCKVI“
WM3MEPUTENTbHBIN U3MEPUTENBHbIN

MEXaHU3M MCXaHHU3M

)
+%
S

MarHuToaIEKTpUYECKUH PHOOp
C NOIBMXHOM KaTYLUKOR

MarHUTO3eKTPHYECKIi TpUbop
C MOABKXHBIM MAarHUTOM

DJIeKTPOMArHUTHBIA NTpUOOp

DJIeKTPOMarHUTHbBIM MOJISIPU30-
BaHHBIH NpUOOp

DIeKTpONMHAMUYECKU T IPUOOp

=

WBayKIMOHHBIN TIPHOOP

DrekTpoCTaATUYECKHI TIpUBOp

4| @ | & B | M| 4 D

Ha moBHXHYIO YacTe MEXaHU3Ma JIEHCTBYET BpallAIOLUil MOMEHT
My, =2Fwd/2 = wiBld = k1, (5.3)

e d u | — auaMerp M JJIMHA KapKaca KaTyUIKy, CONEpKallei w BUT-
koB; F= BII — cuna, neficTBy1olast Ha KaXIblii MPOBOJHUK KATYIIIKU;
ky, = wlBd — x03PUIMEHT MPONOPUMOHATBHOCTH BPaILAIOIIETO MO-
MEHTa. .
TIpoTUBOAENCTBYIOIIMIT MOMEHT CITUPATLHOM NPYXHUHBI (Ha pUc. 5.6
He MOKa3aHa) MPONOPLMOHATEH YTy I0BOPOTa KaTyIIKH o, T.€. M, =
= kypot, Ta€ ky, — k03ddunueHT nponopuuoHanbHocTy. [py paBeH-

122

CTBE MOMEHTOB M, = M, yroJi NoBOpOTa KaTYIUKHU MPONOPLMOHAIEH
U3MEPSAEMOMY TOKY:

I=k0/ky,= o (5.4
U
o= —l— I,
Cr

roe ¢; — TMOCTOsiHHAs NMpuoopa («leHa AENeHUs [LKAIbI»).

OCHOBHBIE IOCTOMHCTBA MOKA3bIBAIOIIMX MPUOGOPOB MATHUTOINEK-
TPUYECKOM CUCTEMBI — BbICOKME YYBCTBUTEIBHOCTH W KJIACC TOUHO-
¢t (mo 0,1) ¥ paBHOMEPHOCTb LIKAIB MPU U3MEPEHUM B LIENH [10-
CTOSIHHOI'O TOKA BCIleACTBUE 3HaunTenbHoit (1o 0,35 Tn) u paBHOMep-
HO pacIpeJie/IeHHOH B BO3AYIIHOM 3a30p€ MArHUTHOMN LENU U3MEPU-
TeILHOro MeXaHM3Ma MarHUTHOW WMHIYKUMU IOJIs.

OCHOBHOI1 HETOCTATOK — U3MEPEHME TOJNIBKO MOCTOSIHHBIX TOKOB.

Jlns u3MepeHUs] CHMHYCOMAUIBHOIO TOKA
UCTONB3YIOTCs peobpazosareny. Hanpumep,
JBYXITONYTIEPUOIHBIM BbINPSIMUATEND (pUc. 5.7,
roe UM — u3MmepuTeIbHBIA MEXaHU3M) I10-
3BOJISIET U3MEPSITh CPEAHEE 3HAYECHUE TOKA i
B Lieny (4.3).

Taaveanomempsr — npubOpE Maruuro- %
3NEKTPUYECKOH CUCTEMBI C HETPaJyupOBaH-
HOI1 1HKaJION M BHICOKOM YyBCTBUTEJILHOCTHIO
K MOCTOSIHHOMY TOKY.

DiieKTpoMaranTHas cHcrema. B usmepu-
TEIbHBIX MEXaHW3Max 3JIEKTPOMArHUTHOM
CHCTEMBI BpaiLaloiiuii MOMEHT O0YCIOBJIEH
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EKTPOMEXAHUYECKUM JIEHCTBUEM
MarHUTHOTO MOJsI U3MEPSIEMOTO
TOKa B HEMOABHUXHOI KaTylIKe
npubopa Ha MOABMXHBIN ¢eppo-
MarHMTHBIN siKopk. MexaHuueckue
CUJIbl CTPEMSATCSH MEPEMECTUTH
SIKOpb TaK, YTOObI 3HEPIUs Mar-
HUTHOro nojisi MexaHu3Ma cTaja
BO3MOXHO OONBILIEH.

B asexkmpomaenumnom mexanusz-
Mme (prc. 5.8) akopb | BTATUBAET-
csl B KATYLIIKY 2, BKJIOUEHHYIO B
LIEMb U3MepsieMoro Toka. [1is ycu-
JIEHHUsT MATHUTHOTO MNOJISt U pery-
JNUPOBAHUSI 3HAYECHMSI Bpallalo-
. ILETO MOMEHTA CIYXMT HEIon-
BUXXHbII beppOMarHuTHbI cepaeyHuK J. [lpotuBoneicTBy oMM MO-
MEHT CO3IAeTCs] CITMPAIbHON NMpyXuHO 5. s 3a1UThl OT BHEIIHUX
MArHUTHBIX [ONEH U3MEPUTENbHBIN MEXaHU3M MOMELLEH B heppoMar-
HUTHBIA 3KpaH 4.

B 06111eM cilyyae BpaiiaouiMii MOMEHT, AEHUCTBYIOIMIA Ha MTOABUK-
HYIO 4acTh, paBeH IMPOU3BOJHOI SHEpPriM MarHUTHoro nonsa W, =
= L(0)i%*/2 (3.23) no KoopaMHATE MEPEMELLIEHUS O

Puc. 5.8

_dw,,  i?dL(w)
Poda 2 do
e L(o) M i — MHAYKTUBHOCTb U TOK KAaTyILIKH.

Ecny TOK KaTylKU CUHYCOWJaNbHBIN i = [,Sin ®f, TO paBHOBECHE
MOJIBMXKHOM 4aCcTW HACTYNMT MPH PABEHCTBE CPEAHEIO 3a MEPUOL 3HA-

YyeHMsi BpaLLAIoLIero MOMEHTA U MPOTHBOJECTBYIOIIETO MOMEHTA MPY-
KUHBL;

M (5.5)

12 dL(0)
"2 do
e I — pefcTByIOLIEe 3HAYEHUE TOKA.

CJ'[CD,OBaTCJIbHO, ﬂeﬁCTBYIOLl[CC 3HaYCHHUE HU3MEPSIEMOTIO TOKA paB-
HO

PAL@ _ oo (56)
2

n

12
j sin‘ wrdowf = =M,, =k,,0,
0 do

I= afz(-';%\/& = ¢; (oo (5.7)
Nin
o= I 1?
ci (o)
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AHaNIOTHYHYI0 3aBUCUMOCTb UMEET 3JIEKTPOMArHUTHDBIA MEeXaHU3M
MpY U3MEPEHUH MOCTOSTHHOTO TOKa = I,

MarHUTHOE NOJIE KATYIIKU ¢ U3MEPSIEMBLIM TOKOM OTHOCUTEIBHO
cnaboe, Tak KaK €ro MarHUTHHIE JIMHUM GOBLIYIO YacTh MyTH MPOXO-
AT B Bo3ayxe. [1o 3Toi npUyruHe 4yBCTBUTENBHOCTh U3MEPHUTEIILHOTO
MEXaHN3Ma IJIEKTPOMArHUTHOM CHUCTEMBI Majia M €r0 HEeOOXOJAUMO 3a-
IUMIIATE OT BHELIHWX MArHUTHBIX TOJieil WM U3rOTOBMSITh acTaTuye-
CKUM.

B acmamuueckom uzmepumenvrom mexanusme 4UCIO KaTylleK, B paB-
HOM MEpe y4acTBYIOIKUX B 0Opa3oBaHUM Bpaialoiero MoMeHTa, yiBa-
VBAETCH, 4 UX COOCTBEHHBIE MAarHUTHLIE 1OJIS UMEIOT [IPOTHBOITOJI0XK-
HEIE HanpasneHust. BHellIHee OMHOPOHOE MATHUTHOE [10J1€, YCUJIUBAsK
MAarHUTHOE [0JIE€ OJHOK KaTylKW, B TaKOH Xe CTerneHW ociIabmnser
MArHUTHOE I[10JI€ BTOPOil KATYLIKW, HE U3MEHSAST OOLMii BpaiLarouii
MOMEHT U3MEPUTEJIbBHOTO MEXaHU3Ma.

OCHOBHBIE JOCTOMHCTBA NOKAa3bIBAIOWIMX MPUGOPOB 31€KTpoMar-
HUTHOI CHUCTEMbl — IPOCTOTA KOHCTPYKUMH, YCTOHYHUBOCThH HEIOM-
BUXHOM KaTYLIKK K [E€pErpy3KaM IO TOKY, HE3aBUCHMOCTE ITOKA3a-
HUI1 OT GOpMbI KPUBOI TOKA.

OCHOBHBIE HE[IOCTATKM — HEPABHOMEPHOCTD LLIKAIBI, KOTOPYIO Ya-
CTHYHO MOXHO MCIPABUTb BHIOOPOM I€OMETPUYECKOI (GOpMBI MOMI-
BHDXHOIO CEPIICYHMKA, Y HU3KUIA KJ1acC TOYHOCTH (He Bhiie 1,5) Bcnen-
CTBUE MATHUTHOTO TUCTEpE3rca U MOTEPL 3HEPTUM B (eppoOMarHuT-
HBIX 3JIEMEHTAX U3MEPHUTEILHOTO MEXaHU3Ma.

DjleKTpoauHAMMYECKAS CHCTEeMA. B u3MepHUTenbHOM MexaHH3Me
3NEKTPOAMHAMUYECKON CUCTEMBI JUJIST CO3AaHMST Bpalaloierocs Mo-
MEHTa MCIONb3YeTCs B3aMMOICUCTBUE JIBYX KATYILIEK ¢ U3MEPSIEMBIM
TOKOM.

Snexmpodunamuneckuti mexaHusm COCTOUT M3 HemoABWXHOW [ U
MOABMXHOIM 2Karylliex (puc. 5.9). [IpoTHBOAEHCTBYIONIMIT MOMEHT CO-
3naeT NMpyxuHa 3.

Bpamarommii MOMEHT 3neKTpOLHHA-
MHUYECKOTr0 MEXaHH3Ma OTpeessieTCst TaK
XK€, KaK 3JIEKTPOMarHUTHOIO MEXaHU3-~
ma (5.5):

M

dw,, .. dM(w)
Bp — =hl s
do do

rlie B BEIpaX€eHUM 3HEPIMUM MarHUTHOIO
IOyt OT yIJia MOBOPOTa O NOJBMXXHOM
KaTYLIKM 3aBUCUT TOJBKO COCTABASIONIas
M(c)ijiy; iy, i, 1 M(0t) — TOKU U B3alM-
Hasi WHOYKTMBHOCTb HEMOIBMXKHONH W
HOJIBW>XHOM KaTyLIEK.

Hanuuue aByx KaTylieK B M3MEpH-
TENbHOM MEXaHU3ME O3BOJISIET UCTTIONb-

(5.8)
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Puc. 5.10

30BaTh €ro B MpUOOpax st UBMEPEHUSI Pa3MYHBIX 3NEKTPUYECKUX
BEJINYUH. )

Ipy n3MepeHNN LEHCTBYIOILErO 3HAYEHHUsS] CUHYCOMAILHOIO TOKA /
MMOABLXHAS M HEMOABMXKHAA KaTYIIKU COEOWHSIIOTCS MapajlielbHO
(puc. 5.10, a, roe i, = ki, i, = ki — TokM Katyiiek). CpaBHUB 3aBUCU-
MocTH (5.5) u (5.8) ¥ BHNOJIHUB NpeoOpa3oBaHuUsi, aHAJOTUYHBIE
(5.6), monyyum JeHCTBYIOIIEE 3HAYCHUE U3MEPSAEMOTO TOKA

klkanp _
dM(oc)/doc‘/a =1 (o) Vo

WIN

o= 21 I%.
ci ()

Jlnst pacliMpeHyst NMpeaesioB U3MepeHUsT U (PyHKLMOHANBHbBIX BO3-
MOXHOCTell mpHOOpPOB pasJIUYHBIX CUCTEM B LIENU U3MEPUTEIIBHBIX
MEXaHU3MOB BKJAIOYAIOT PE3UCTOpbl. Pe3ncTop, BKIIIOYAEMBIA [OCHE-
JIOBATENIbHO ¢ KaTYUIKOH H3MEpUTEIBbHOTO MEXaHM3Ma, Ha3bIBAETCSt
dobasounbim pezucmopom. Pe3UCTOp, BKIIOYAEMBIH NApaIesIbHO C Ka-
TYIIKONH M3MEPUTENHLHOIo MEXaHU3Ma WM BETBBIO, COAEPXAILCH Ka-
TYHIKY M 100aBOYHBII PE3UCTOP, HA3LIBACTCS ULYHMOM.

BxurloueHne Katyllek 3NeKTPOAMHAMMYECKONO MeXaHU3Ma [0 cxe-
MaM Ha puc. 5.10, 6 ¥ ¢ NO3BONSIET U3MEPATDH AEUCTBYIOLIEE 3HAYEHNE
HaIpsKeHUs M MOLLHOCTL B LIENM CHHYCOMAAIBHOTO TOKA

_ k"P _ .
U=(R,+R,) WJ& = ¢y (o) Voi;

(R,u + RKl )knp

P=Ulcosg=
COSP= T M (0)/dor

a=cp(a)o
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NN

' 1

TG cp(o)

rae R, Ry 1 R, — conpoTHB/eHHs 00aBOYHOTO PE3UCTOPA, KATYLI-
KW B LIENM HANPsDKEHUst BATTMETPA M ABYX MOCJEIOBATENBHO BKIIO-
4YEHHBIX KaTylleK B LIENM BONBTMETPA; ¢ — Yron capura ¢as Mexay
HAMPSXKEHUEM H TOKOM.

3aMeTHM, YTO B OTJIMYME OT amIepMeTpa U BOJBTMETpA IMOABHX-
Hast ¥ HEMOJBMKHAA KATYHIKM BATTMETPA BKJIIOYAIOTCSA: OJHA — B LIENb
TOKa, a Apyras — B Lielb HanpsikeHus. I103ToMy HanpaBleHUE OTKJIO-
HEHHs YKa3aTessl BATTMETPA, T.€. 3HaK U3MeEpSieMOil MOIIIHOCTH, 3aBH~
CUT OT Crocoba NMONKJIIOYEHHSI BEHIBOJIOB KaTylliEK, OTMEYEHHBIX 3BE3-
JIOYKOH, B LieNb ¢ BHIOPAHHBIMU NOJIOXUTENBHBIMM HaNpaBIEHUSIMH
TOKa U HalpsikeHus (CM. roapasj. 4.14).

AHaJIOTUYHBIE 3aBUCUMOCTY UMEET 9/IEKTPOIMHAMUYECKWI MEXAHM3M
IIpY M3MEPEHUU OJHOMMEHHBIX BEJINYUH B LIEfIH MOCTOSIHHOIO TOKA.

OCHOBHBIE JOCTOMHCTBA MOKAa3bIBAIOILMX MPUGOPOB INMEKTPOAUHA-
MHM4YECKOM CUCTEMBI — BHICOKMIA Kiiacc TouHocTH (ito 0,1), HezaBUCH-
MOCTb IOKa3aHUii OT (OPMBI KPUBOIl M3MEPSIEMOro TOKA WIIH HAIpsi-
JKEHMUSI.

OCHOBHBIE HENOCTAaTKM — HU3Kasi YYBCTBUTENBHOCTb BCJEIACTBUE
CIaboro 3JEKTPOMEXAaHUYECKOTO NEHCTBUSI MATHUTHHX MOJNEi KaTy-
LLIEK, HEPABHOMEPHOCTH LIKANbI MMPU M3MEPEHUM NEMCTBYIOLIMX 3Ha-
YEHUI1 TOKa U HaNPsSIKEHUs, CITOXK-
HOCTb KOHCTDYKIIUH.

DIeKTPOCTATHYECKAA CHCTEMA.
B u3MepuTenbHBIX MEXaHM3Max
3NEKTPOCTATUYECKOM CUCTEMBI Bpa-
AU MOMEHT CO3IaETCst 3JIEK-
TPOCTATUMECKUMH CWJIAMU B3aHMO-
JIEICTBUS 3apsifioB, OOpa3yroLIXCst
Ha IUIACTUHAaxX KOHAEHcaropa Mof
JEACTBUEM MNPIIOKEHHOIO MeXIy
HUMH HU3MEPSIEMOTO HAIPSTKEHMSI.

B asexmpocmamuueckom mexa-
Huzme (puc. 5.11) Bpamarommii Mo-
MeHT OyJeT CTPEMUTHLCS HOBEPHYTH
MIOABUXKHYIO YacTh I OTHOCHUTEb-
HO H30JIMPOBAHHOI HEMOABUXHOM
YacTu 2 Tak, YTOOLI 3HEPTHUs /€K~
TPAYECKOTO MOJist B 06beMe MexXy
HUMU (1.15) GpU1a BO3MOXHO GO~
uiei. B obuieM ciryuae Bpaiaommii
MOMEHT paBeH MPOMU3BOIHON HEP-




UM 3nekTpuyeckoro nons W, = C(c)u?/2 no KoopavuHate nepeMerie-
HUS O

_ dw, :ﬁdC(a)
i do 2 do ’

e C(0) ¥ 1 — 31EKTPUYECKasi EMKOCTb MEXAY MOABIXKHOM M HENoj-
BUXKHOM 4acTsIMM M HaNpsRKEHUE MEXTY HUMU.

CpaBHMBasi 370 BBIPAKEHUE C BBIPDAXEHWEM [UISl BPallIAIOIETO MO-
MEHTa B 3JIEKTPOMATHUTHOM MexaHusMe (5.5), BUAUM, YTO OTHOCH-
TEABHO 4 U i OHK aHajgoruyHel. CienosarenbHo, nonobHo (5.7) ¢ yue-
TOM NPOTHUBOAEHCTBYIOLIETO MOMEHTA MNpPYXWHBI 3 3JIEKTPOCTATHYEC-
KUl MEXaHM3M TTO3BOJIAET UBMEPSITH ACHCTBYIOIIEE 3HAYEHUE CUHYCOM -
JAJIBHOrO HanpsokeHust = U, sin of u NOCTOSIHHOE HampspkeHue u= U

U= _ZlfW_Jach(a)J&

dC(o)/do
WIH
1 2
o=—5—U"
cp (o)

OCHOBHBIE JIOCTOMHCTBA MOKAa3bIBAIOILMX [IPUOOPOB 3JIEKTPOCTATA-
yecKoi CHUCTEMH — MAajioe MoTpebiieHue 3HEPIrUM, LUPOKUA Jnara-
30H yacToT (1o 10 MTI'), He3aBUCUMOCThL MOKa3aHMii OT (POPMBI KpH-
BOW HArMpsiKEHUS.

OCHOBHBIE HEOCTATKH — HU3KAs YYBCTBUTEIBHOCTE, HEPABHOMED-
HOCTh Kbl Takue MpUGoOpbl MPUMEHSIIOT [J1si U3MEPEHUS BBICOKUX
HANpsRKEHUI.

Huaykunonnas cucreMa. B U3MEpUTENBHBIX MEXaHU3MAaX UHAYKLIM-
OHHOM CUCTEMBI MCITONB3YETCST 3NIEKTPOMEXaHUYECKOE JEHCTBHE Bpa-
LIAIOIIETOCS MATHUTHOT'O MOJIA.

B undyxuyuonnom uzmepumenvHom mexanusme BpAILAIOIINIT MOMEHT
co3naercs JefcTBUEM Pe3yJIbTUPYIOILETO MATHUTHOTO MOJISL IBYX 3JIEK-
TPOMATHUTOB CUHYCOMJANBHOTO TOKA Ha MOABMXHYIO UACTh — aJII0-
MHHMEBLI OUCK, B KOTOPOM 3TO MOJie BO30OYXIa€T BHUXPEBbIC TOKM.
3HayeHNe BpaILAoLIEro MOMEHTa 3aBUCUT OT 3HAYEHUI TOKOB B 3JIEK-
TPOMAarHUTax W yrna casura ¢paz Mexiny HUMHA. DTO CBOMCTBO UHIYK-
HHOHHOIO U3MEPHUTEILHOI'O MEXaHU3Ma UCTIONB3YETCs B IpUOOpax List
M3MEpPEHMsT MOILHOCTY U 3HEPTUM B LEISIX CUHYCOMIAJIBHOIO TOKA
(cM. noxpasn. 5.7).

5.6. JloromeTpnol

Jloeomempamu Ha3bIBAIOTCS MOKA3BIBAIOIINE MPUOOPHI, MOJIOXEHNE
ITOABHXKHOI 4aCTH KOTOPBIX 3aBMCHT OT OTHOIIEHWiA 3HaUY€HUH ABYX
TOKOB. MIX NPUMEHSHOT /1151 U3MEPEHUS SNEKTPUIECKMX (COMPOTUBIIE-
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HUSI, UHOIYKTUBHOCTHU, yrna clBura
¢a3) U HEINEKTPUUECKUX (YPOBHsi
XKWJIKOCTH, BJIAXHOCTU U T.I.) BEJU-
yyH. BO3MOXHO MOCTpOEHHE JOro-
METPHUYECKOTO MEXaHN3Ma JII0O0oH U3
PAacCMOTPEHHBIX B NOApa3z. 5.5 nu3Mme-
pUTENBHBIX CUCTEM C XdpaKTepHOWM
0COBEHHOCTBIO — OTCYTCTBHUEM [pPO-
TUBOIENCTBYIOLLIETO MOMEHTA, CO3/1a-
BAEMOI'0 MPYXWHOM.

PaccMOTpYM MarHUTO3JEKTpUYE-
CKHMii JIOrOMETp JJ1si U3MEPEHUs CO-
npotueieHusi. B HeogHOpoAHOM none
[OCTOSIHHOTO MarHuTa (puc. 5.12) pac-
[OJIOKEHB! JIB€ B3AaUMHO HETIO[BMK-
Hble KaTyllku I U 2, yKperieHHbIEe E<>
HAa OO1IEN OCU CO CTPENIOYHLIM YKa-
3aTesieM. Yepes 351acTUYHBIE TOKOIPO-
BOIB! 3 KaTylKU AOAKIIOYAKTCS K 00-
1eMy MCTOYHHKY. Bpamatoime mo-
MEHTHI, AERCTBYIOIE HA KATYIUKH, 3aBUCAT OT UX ITONOXEHUsA B HE-
OJHOPOJIHOM MarHUTHOM [MOJi€, T.€. YIJa o, U TOKOB

E E
IL=—mul,=—

1 R() 2 Rx ? (5.9)
rae Ry v R, — M3BECTHOE M HEM3BECTHOE COIPOTUBJIEHMS BETBEI Ka-
TyLIEeK.

Harmpasienusi TokoB /; ¥ [, BBIOMpAIOT TaK, YTOOBLI BpalLialoime
MOMEHTHI KAaTyLIEK ObLIM HalpasieHbl HaBCTpedy Apyr apyry. Ucrnosb-
3y 0003HA4YEHMSI, PUHATHE B (5.3), MONYyYUM YCIIOBHE PaBHOBECUs
MOIBUXHOM 4acTU

MBpl = B,((x)w,ldll = Msz = Bz((X)'leldlz, (5]0)

rne By(c) u By(0) — 3aBUCHMOCTH MAarHUTHOM WHAYKLMM MOJist OT
sHagenus yoia o. CootHolueHue (5.10) noxaseiBaeT, YTO Yroj moBo-
poTa MOABMXHOI Y4aCTH 3aBUCUT TOJBKO OT OTHOLUEHMS 3HAYEHHI TOKOB
B KaTyIIKaXx.

TMoxncrasus Beipaxenust TokoB I; u L, u3z (5.9) B (5.10), nonyuum
3aBHCUMOCTD MEXIIY 3HAYEHUSIMU U3MEPSIEMOTO COMPOTHBJIEHMS U YIJIA
[I0BOPOTA HOABUXHON HacTH

wy By(ar)
w; Bi(a)

He3aBHcHMOCTb YIVIa [TOBOPOTA MOJABMKHOIM yacTy ot 3HayeHus S1C
VICMONB3YeTCst B OMMETpax U MeraoMmetpax (fo 101 Om). B mocnesunx
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JUIS1 KOHTPOJIS 3NIEKTPUUECKOM U30JISILIMU MPUMEHSTIOT UCTOYHHUKH DJ1C
(10 2500 B) B B g€ reHEPATOPOB C PYYHBIM MPUBOAOM (CM. rioapasn. 8.9).
OcHOBHOE HOCTOVHCTBO JIOTOMETPOB — HE3aBUCHMOCTh [TOKA3AHUS
OT 3HAYEHUs1 HaIpsKeHWs1 UCTOYHUKA.
OcHOBHBIE HEAOCTATKY — HEPABHOMEPHOCTD LIKAJbI, HU3KWI KJ1acC
TOYHOCTH (HE BhiLIE 1,5).

5.7. U3mepeHue 3Heprum B 3NEeKTPUHECKUX Lienax
CUHYCOMAANbHOro TOKa :

Cxema ycrpoiicTBa ofHOGha3HOTO HHIYKIIMOHHOTO CYETYHMKA, BKITIO-
YEHHOTO B JNIEKTPHYECKYIO LIEMb 115t UI3MEPEHUsI aKTUBHOW 3HEPTUH,
NOTpe6IIEMOI IPUEMHKKOM C CONPOTUB/IEHHEM HArpy3KHM Z,, MOKa-
3aHa Ha puc. 5.13.

IonBrXHag yacTb cYETYMKA MpeCTaBiseT co6oi CBOGOMHO Bpa-
LHAIOMIACS aNIOMWHUEBBIN JIMCK, HAa KOTOPbLI OXHOBpEMEHHO Heii-
CTBYIOT B INPOTHUBOIONIOXHbIX HAMPaBICHUSIX BpallalolIUii MOMEHT,
NPONOPLIMOHAIBEHBIA aKTUBHOM MOIIHOCTH NPUEMHMKA,

MBp=kBpPs (5]1)

u TOpM03HOI7[ MOMCHT. an/I PaBEHCTBE BpalllaloiLEro H TOPMO3HOI'O
MOMEHTOB JIMCK BpailaeTcsl ¢ MoCTOSSHHOM 4acTOTOM.

11)191 CO31aHHS1 TOPMO3HOIO MOMEHTA UCITONBb3YETCSI MATHUTOUHIYK-
UOHHBIHA NPUHLHAII. I'lone nocrosstHHOro MarHuTa WHAYLHUPYET BO Bpa-

Puc. 5.13
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maoweMcst gucke BJC, 3HaYeHWe KOTOPOil NMPOMOPLHOHANBHO MO-
ToKy P MOCTOSHHOrO MarHUTa M CPEeAHEN OKPYXHOM CKOPOCTH v Bpa-
LEHNS YACTH JMCKA, HaXONsIIeicss MeXay MOJIOCaMMU:

E=k,®v=k,DP2rrn/60 = k,Dn,

rae n=Q,,60/2n — yacToTa BpalleHWs IUCKa, 00/MUH; r — cpeaHuit
paguyc 4acTh JUCKa, HaXOHSILEicst MeXay IMONocaMu; Ly, = vfr —
YIJIOBasi CKOPOCTb BpAlLLEHWs IMCKA.

Non neiictBueM »toii DIC B aucke BO3HUKAET TOK, 3HAUCHHUE
KOTOpOTO MPOMOPLUMOHAIBHO YAEJIbHON NPOBOAMMOCTH Y Marepuana
JIMCcKa:

I=kyFy.

B3anMoneiicTBUE MoJsA MOCTOSAHHOrO MarHura ¢ TOKOM B JHCKE
co3gacT TOpM03HOI71 MOMCHT, HpOHOpHI/IOHaJ'Ibelﬂ TOKY U IIOTOKY:

Ml‘op = k4lq),

WIH TOC/IE TIOACTAHOBKY BhIpaxxeHUi Uisi Toka 1 DJ1C
M‘op = kSr'Y(DZn = kTOpn’ (5.12)

rae ky— ks — ko3 PUIMEHTb MPONOPLUUOHATBHOCTH.
IMpy nocTOSHHO YacToTe Bpalli€HUs AUCKA TOPMO3HOW M Bpaiua-
fo1Mii MOMEHTBI paBHbl, T.€. U3 (5.11) u (5.12) akTMBHas MOIIHOCTD

P= k. opn/kyy.

I/IHTerpaJI OT MOUIHOCTH ITO BpEMEHH paBEH BHCKTpI/I‘ieCKOI'i 3IHEP-
VK, MOJyYEHHO! KOHTPONMPYEMON 1IENBIO 33 IPOMEXYTOK BPEMEHU
L-Y4:

W 1] Pd kTop 1] d kTop N N (5 13)
= = ——— = — = CeylV, .
;! A jn A C

Bp Bp

rae N — cyMMapHOe YMcJio 000pOTOB OUCKA 38 BpeMS & — 1y, Coy —
HOCMOSHHAS CHEMYUKQ.

Yucno ob6oporoB N IUCKa PErHCTPUPYET OTCYETHOE YCTPOMCTBO,
COEMHEHHOE C €ro OChIO uepBsyHOil nepesaueit. IlepenarouHoe yvc-
JI0 yepBsIYHOI Tepe/iau BBHIOMPAIOT TakK, YTOObl OTCYETHOE YCTPOMH-
CTBO MOKA3bIBAJIO HEMOCPEACTBEHHO KMJIOBATT-4achl, a He yucia o6o-
POTOB TTOABUXHOI YacTH.

YT1o6BI MOTYYNTh BEIPAXEHHME BpallAloIEro MOMEHTa, obpaTuMcs
K BEKTOPHOM JMarpaMMe LIeNel TOKa U HATMpPsKEHMs CYETYMKA, NPpH-
HSIB 33 UCXONHBII BEKTOP, T.€. C HY/JEBOH HayalbHOM (a3ol, BEKTOp
Hanpsoxenust U (puc. 5.14). ®aspl ToKa [ B 0OOMOTKE w; € MaJIbIM 9HC-
JIOM ¥ BO36YK12€EMOI0 UM MarHUTHOTrO MoTokKa (O} B MarHMTONPOBOIE
¢ GOJBIIMM BO3AYIIHBIM 3a30poM coBnanaiot. Paswl HanpsokeHust U
MEXAY BbIBOZAMU OOMOTKH wy ¢ GOJIBIIMM YHMCIIOM BUTKOB, PacIiono-
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U XKEHHOW Ha MarHUTOITPOBOJAE C MaJbIM
BO3IYLUHBIM 3a30pOM, OTJIMYAETCS OT
(dasel NOTOKa B 3TOM MarHUTONPOBOJiE
&, Ha yron m/2.

TloTokocLierieHre paccestHust ¢ 06-
MOTKOI wy B LIENW HaIpPsLKEHUS CYeT-
yuKa paBHO wyP;. Ero 3sHavenue senu-
KO Y MOXET PEryjupoBaThcst B HEGOIIb-
LWIKMX MpejeNax NnoaBMXKHOHM deppomar-
HUTHOM IJIACTUHOM.

L‘sz PaccmoTpuM mpoueccH B Moaenu
HENOIBUXHOro Aucka (puc. 5.15). Cuny-
Puc. 5.14 COMJANIBHBIE MAarHUTHBIE MMOTOKY

O®, =D,,;sin (wf - ¢)
U D, =@, ,sin(0f —1t/2) (5.14)

BO30YXIaI0T B AUCKE, NMOJZOOHOM BTOPUYHOIH OOMOTKE TpaHcdopMa-
TOpa C PE3UCTUBHOI Harpy3Koii, BUXPEBbIE TOKU

I = Lysin(of+ /2 - @) ¥ i, = I,,sinwf
U JCHCTBYIOIIME HA HUX CHUJIH
Fi=k®i, n F, = ki,

rae ky M ky — noctostHHble KO3GhMULMEHTH, YYUTHIBAIOIINE TeOMET-
PUYECKHE MapaMeTPbl MATHUTHOH CHCTEMBL.

Taxkum 06pa30M MOXHO OIIPEAETUTE CPEAHEE 3HAaUCHUE BPaLLIAIOILIETO
MOMEHTA, NEUCTBYIOLIIErO HA JUCK,

2 T
M, = %J'(Fl - F)dt = kUl cos g,
0

@, @, D,
T TeY
C ot =) ]
iy F2E iy b F

Puc. 5.15
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Ti€ 7y — Paauyc NMPUIOXEHUst CUJL, k,, — TMOCTOSIHHBINA Koadduum-
€HT, M YuYTeHHl COOTHoleHus (5.14) ¥ NponopLUOHATLHBIC 3aBUCH-
MOCTH MEXIY AEHCTBYIOIMMU 3HAYEHUSIMM MarHUTHOrO notoka @ u
Toka 1ieny /, MarHuTHOTO 1otoka M, u HanpsixeHust uenu U.

BoIBOIBI LIENEH TOKA U HANPSDKEHWS CYETYMKA TOJDKHBEL UMETh pas-
METKY, IPUHSATYIO JUIsl BATTMETPOB (CM. moapasi. 4.14).

5.8. MoCTOBbIE METOAbI U3MEepPEeHNn

MocCTOBbIE METO/IbI NPUMEHSIOT U1 U3MEPEHHIl 3HAYEHUIA Mapa-
METpPOB Pe3MCTOPOB, KaTylUEK MHAYKTUBHOCTU Y KOHIEHCATOPOB. [lnsi
HU3MepeHHi 3HAaYEeHUI NnapaMeTpoB KaTylieK WHAYKTUBHOCTH U KOH-
JIEHCATOPOB HEOBXOIMMb! MOCTHI CHHYCOUAAJIbHOTO ToKa. JL1st namepe-
HUI1 3HAYEHUH COMPOTUBIIEHMII PE3UCTOPOB Haule MPUMEHSIOTCS MO-
CTHI [IOCTOSIHHOTO TOKA.

Moct nocTosHHOT0 ToKa. Ha puc. 5.16 npuselieHa cxema vempipex-
naeuesoe0 Mocma nocmosiHH020 moka. B ofHy JAaroHaib MOCTa BKITIO-
yeH UcTouHuK nocrostHaoit DJ1C E, B APYryio ¢ NOMOILBIO Kifoueit K|
u K, — ranbBaHometp G.

B mjieyo MocTa MEXIY yaaamu b v d BKIIOYEH PE3UCTOP ¢ HEU3BE-
CTHBEIM colpoTtusieHuem R,. B ocTalbHBIX [JIeYax MOCTa HAXOMSATCS
peryJiMpyeMble pe3UCTOpbl — MarasMHbl 0OPa3LOBHIX COMPOTUBIICHUH,
npeacTapsiioliye coboii Habop 06pa3LOBbIX KATYIIEK COIIPOTHBJIEHUA
¢ GudHSIPHOI HAMOTKOM U3 MAHTAaHMHOBOW NPOBOJNIOKH (CM. Ta6a. 2.1),
pMeloLLMx kiace ToyHocty jgo 0,0005.

[Ipy paBHOBECMU MOCTa MOTEHLMAB TOYEK b ¥ ¢ OMHAKOBH (V=
= V), T.e.

Rlll = Rz[z; Rxll = R312.

PaznenyB MOYWIEHHO I1€PBOE PABECHCTBO HA BTOPOE, HaineM 3Ha4de-
HHUE U3MEPSIEMOro COMPOTHUBIEHHA.

R.= RR;/R,. (5.15)

MocT CHHYCOMAAJILHOTO TOKa. Cxe-
MBbl YETHIPEXTIIEYEBHIX MOCTOB CHHYCO-
WIAJILHOrO TOKAa BeCchbMa paszHOOOpas-
Hbl. PaccMOTpHM TIpOCTEMIIME U3 HUX.
Ha puc. 5.17, a 1 6 npuBeneHa cxema
YembIpexn1e4ee020 MOCMa CUHyCouOab-
Ho20 moKa M €r0 BEKTOpHasd nvarpam-
Ma IPY Pa3OMKHYTOIl LIy TrajibBaHO-
MeTpa. Tak Kak TpPeyTroJIbHUKY Harpsi-
XeHuit mpaBoil (cM. puc. 4.24, 6) u
neBoii (cM. puc. 4.23, 6) BeTBEIt MOCTa
[IPSIMOYTOJIbHBIE, TO KOHLBI BEKTOPOB,
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H300paxaronx KOMIUIEKCHbIE MOTEHIUANB TOYEK b U ¢, HAXOASTCS
Ha MNMOJIYOKPYXHOCTH JMaMeTpoM, paBHbeiM DJAC E = E (HavanbHas
¢daza DJIC BuiGpaHa Hysnesoit). Mi3MeHsisi mapamMeTpsl perynupyeMbIx
3/IEMEHTOB MOCTA, MOXHO U3MEHSATh 3HAYEHUSA TOTeHUUATOB V, u V,.
PaBHosecue mocta (¥, =V,) GUKCHpYeTCs TaibBaHOMETPOM.

F[pPI PaBHOBECHU MOCTa U3 PaBEHCTBA TPEYIrOJIbHUKOB Harpsixe-
HUU CJIEAYET, YTO

Rlil =—chiz; jXle = Rziz-

PazjienuB Mo4wieHHO OHO ypaBHEHHE Ha APYroe U YUUTbIBAsS, YTO
X, =0l u Xc=1/0C, nonyuum

L/R, = R,C. (5.16)

BoipaxeHue (5.16) nmokaspiBaeT, YToO MOCT CHHYCOMAATBHOINO TOKA
NO3BOJISIET U3MEPSATD ITapaMeTPH MHAYKTUBHOIO WJIM EMKOCTHOT'O 3JIe-
MEHTa, €CJIM MapaMeTPbl APYTUX JIEMEHTOB MOCTa U3BECTHBI U MOXHO
npeHeOpeydb NoTepsiMU B KaTyLKe M KOHIEHCATOpE.

OGpasiioBHE KaTyLIKM WHAYKTUBHOCTH B mpeaenax 0,0001—1 Iu
NPEACTAaBNISAIOT COOOM KapKac M3 HEMarHUTHOro (yacto ¢apdop) Ma-
TepUajia ¢ HAMOTaHHOW Ha HEro 06MOTKOM K3 MeJHOM MMPOBOJIOKM.

OO6pa3sioBbiMU MepaMM TepeMEHHON MHAYKTUBHOCTH CIYXAaT 6d-
puomMempbl, NpEACTABNSIOWINE COOOI IBE MOCNENOBATEILHO COEIMHEH-
HbI€ KaTYyLIKH, OJHA U3 KOTOPBIX MOJBUXHAS.
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O6pasuosbie Mephl noctosiiHoi (o 0,01 Mk®) u nepeMeHHOM
(no 0,001 Mx®) eMKOCTEH M3TOTOBASIOT B BUJAE BO3IYLIHBIX KOHIEH-
caTopoB, 06pa3LIOBLHIE Mepbl HOJTBIIIEN eMKOCTH — U3 KOHAEHCATOPOB,
B KOTOPBIX B KAYECTBE JIU3JIEKTPUKA UCHONB3YETCS CIIOAA.

HaGop 006pa3uoBbIX KaTylIEK WHAYKTMBHOCTH M KOHICHCATOPOB
pasIMYHbIX HOMUHAIBHBIX 3HAY€HUH 06pa3yloT MarazuHbl MHIYKTHB-
HOCTEN U EMKOCTEIL.

5.9. KoMneHCauMOHHbIA MEeTO[, U3MEpPEHUS

KoMIeHcalMoOHHbIH METOJ, IPUMEHSETCS UTSl U3MEPEHUS MajibiX
DJIC u HanpsXEHUIl B LENAX MOCTOSIHHOTO TOKa, Hanpumep DJ1C Tep-
MOIIaphbl, U TPagyHPOBKH 3JEKTPOU3IMEPUTENBHBIX MPUOOPOB.

TpuHIMNuanpHas cxeMa Lenu aisi usmepeHust Manbix OJ1C E, koM-
neHcalMOHHBIM METONOM MOKa3aHa Ha puc. 5.18, rae E,, — B/C
HOpMAAbHO20 3emelma, TPEICTABNSIIOLEro cobo rajbBaHUYECKUA
asieMeHT (cM. puc. 2.10) ¢ HachbiEHHBIM WIM HEHACBIIEHHBIM pac-
TBOPOM CEPHO-KUCIOTO Kaamusi. 3HayeHust BJ1C HackueHHBIX (He-
HACBILEHHbBIX) HOPMAJIbHBIX 3JIEMEHTOB BLICIHETO Kjacca TOYHOCTH
0,0005 (0,002) mpu 20 °C maxonsarcst B mpegenax 1,0185—1,0187 B
(1,0188—1,0196 B) npu Toke He Gosee 1 MKA. Ilpu meHbineit To4HO-
CTH HEHACBIILIEHHLIE 3JIEMEHTBLI UMEIOT MEHbIIIEE BHYTPEHHEE COIPO-
tusneHue (okono 300 Om) u MeHbLuyto 3aBUcUMOCTE DJIC oT Temrie-
paTtyphl.

CHayana NpoM3BOAMTCSE KaaubGpoBKa pabouero Toka. Jlist 3TOTO
nepexonoyarensb I1 ycTaHaBNIMBAIOT B MOJIOXKEHUE [ ¥ nepeMelleHnEM
IBMXKA peocTata R, J06UBaIOTCsi OTCYTCTBUS TOKA B TaIbBAHOMETPE G,
T.€. paBeHCTBa

Ucd: R01= EH.3’ (5°17)

rae R, — conpoTHBAEHHE 00pasioBOroO pe3ncTopa.

3arem usmepsiercss DIC E,. JLis atoro nepekioyarenn I1 nepeso-
JIUTCS B MonioxeHre 2 M BHOBb IOOMBAIOTCSE OTCYTCTBHSA TOKA B rajlbBa-
HOMeTpe IepeMelieHUeM OBIXKKa obpas-
LIOBOT'O PEOCTara, T.€. paBEHCTBa

I
(]bcszcl= Ex 7l'|||+ % |

win ¢ yuyetoM (5.17)

Ex = & EH.a,
Ry

rae R,. — conpoTuBieHHE 06pa3LIOBOro
peocTara Ha y4yactke b—c. Puc. 5.18
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YcTpoiicTBa, peanusyioliie KOMIEHCAUOHHBI METOML, U3MEPEHMUSI,
Ha3blBAIOTCSE HOMEHUUOMEMPAMI.

OCHOBHbIE [IOCTOMHCTBA IOTEHLIMOMETPOB — OTCYTCTBUME OTGOpa
3HEPIUM OT OOBEKTA M3MEPEHMST N BLICOKHIA Kitace TouHocTu (1o 0,001).

OCHOBHO# HEJOCTATOK — WU3MEPEHHS TOJNBKO B LIEMsIX TOCTOSIHHO-
ro TOKa Majioif MOIIHOCTH.

5.10. 3nekTpuyeckue nsamepeHus HEe3JIeKTPU4EeCKUX
BESIMYMH '

DNeKTpUYECKUe NPUOOPHL TSI UBMEPEHUIT HENEKTPUUECKUX BENHU-
YHMH COCTOSIT U3 ABYX OCHOBHBIX YaCTeN: U3MEPUTENILHOIO Mpeobpaso-
Batelist (JaTinKa) 3Ha4EeHHsi HE3IEKTPUYECKOI BEJIMUMHBI B [IPOIIOp-
LIMOHAJIPHOE 3HAYEHME 3JIEKTPUYECKON BEJIMYMHBI MU CPEACTBA U3ME-
PEHMs 3HAYEHNS ANEKTPUUECKON BENUUMHBL Pasnnuaior mapamerpu-
YECKHEe U IeHEPATOPHHIE U3MEPUTENLHBIC MTPeoOpa3oBaTeu.

IlapameTpuyeckne n3meputelbubie npeoGpasosarenn. Takve ycT-
poiicTBa NpeobpasyloT 3HAYEHUE U3MEPSIEMON HEINIEKTPUYECKOI Be-
JIMUVHB B 3HAa4Y€HWE MapaMeTpa OQHOrO U3 IMACCUBHBIX 3JIEMEHTOB
(Pe3UCTUBHOrO, MUHAYKTUBHOTO, EMKOCTHOI'O) 3JIEKTPHYECKOI TIENH.
st nx paboTel TpeGyeTcst AOTONHUTENBHBI HCTOYHUK 3JEKTPHUYe-
CKOW 3HEeprum.

B peocmamneix npeobpasoeamensx vicrionb3yercs 3aBUCUMOCTD CO-
MIPOTUBJCHUS YJacTKa I1pOBOAA, IJIMHY KOTOPOIO ONpENENSIET HOJO-
KEHUE TNOJABMXHOTO KOHTAKTa, 3aBUCSILEE OT KOOPAMHATH KOHTPO-
JIpyeMoro o0bekTa. MX MpuMeHstoT 1jist TpeoOpa3oBaHKs HEANEKTPU-
YECKUX BeJIMYMH (HArpuMep, JABJIEHUsI) B JIMHEHHBIE MTEPEMELLCHUS.

B mepmouyecmeumenvnvix npeobpazoeamensx (TepMope3ucTopax)
UCMOJB3YETCSl 3aBUCUMOCTb COMPOTUBJIEHUST MIPOBOXHMKA WU TTONy-
MPOBOJHUKA OT TEMIIEPaTypHh.

Mo pexxumy pabGoTel pasauMyaloT npeobpazoBaTeny NMeperpeBHbE U
6€e3 npenHaMepeHHOro Harpesa.

B npeo6pasosarensix Ge3 npeiHaMepeHHOTO HarpeBa TOK TEPMOpe-
3MCTOpa MaJl ¥ €ro TEMIIEpPATypa ONpENENsi€TCsi TEMITEPATYPOii CPEJLbL.
Takue npeo6pasopareny UCMONB3YIOT LISl U3MEPEHMUS TEMIIEPATYPHI.

Ilpu temneparype ot —260 o 1100 °C npuMeHsIIOT TEpMOPE3HCTO-
PHI U3 [UIATMHOBO#M MPoBOJIOKM; OT —200 no 200 °C — u3 MeaHOi npo-
BOJIOKM; oT —60 110 120 °C — Ha ocHOBe NOJIYITPOBOIHHUKOB.

B neperpeBHBIX npeoGpa3oBatessix TOK TEPMOPE3UCTOPA BHI3LIBAET
€ro CWJIbHBII HarpeB. DTH NpeoOpa3oBaTeNy MPUMEHSIIOT LTSt U3Mepe-
HUsl CKOPOCTM IBUXEHMUsI ra30BOIO IOTOKA (mepmoaHemMomempul), cTe-
MEHU Pa3peXEHHOCTH Tas3a (8aKyymmempot), COCTaBa TA30BbIX CMECE
(eazoanasuzamoput) W T. k.

B undyxmueneix npeobpazoeamensx vcnonp3yercst 3aBUCUMOCTD MH-
AYKTUBHOCTH MW B3aWMHOW MHAYKTUBHOCTH KaTyLIEK OT KOOPIUHAT
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B3alMHOIO PACIIOJIOXKEHMS JIEMEHTOB MarHMTHO# Lenu. Hanpumep,
3aBUCUMOCTb MHAYKTMBHOCTY KATYIIKH OT JIMHEIHHOIO nepeMeLieHust
B HEM cepreyHrKa L(x) WM B3aUMHOI MHAYKTUBHOCTH JABYX COOCHO
PACTIONIOXEHHBIX KATYIUEK OT PACCTOSIHUSE Mexay HumMu M(x). Jlyst us-
MEPEHUsT MHAYKTUBHHIX MapaMeTpoB INpeoOpa3oBaTelist MPUMEHSIOT
MOCTH CHHYCOUJIAJTBHOrO TOKA (CM. mojpas]. 5.8).

B emxocmubix npeobpazosamensx UCIIONB3YETCSA 3aBUCUMOCTh EMKO-
ctu C koHzaeHcaropa (1.11) oT B3aMMHOIO pacroyioXeHHst ero ookia-
JoK C=fi(x) 1 OT OTHOCUTENBHON AUIJIEKTPUYECKON MPOHMLHAEMO-
CTU g, nuanekTpuka mexay Humu C = fi(g,). 3aBucumocte C = fl(’f)
NPUMEHSETCS JIJISi M3MEPEHUsI JIMHEHHBIX U YIJIOBLIX IEPEMEIEHNH,
3aBucuMocTh C= f5(€,) — IS U3MEPEHUs BJIAXHOCTH ‘BELLECTBA, TOM-
LIMHBbL U30EJMA U3 AUINEKTPUKA U T.A. JUIS U3MepeHMst EMKOCTH H3-
MEPUTEJILHBIX IpeoOpa3oBateieil MPUMEHSIIOTCSE MOCTH CUHYCOMAATTb-
HOro ToKa (CM. rmojapas. 5.8).

B mensomempuueckux npeopazosamensx VCIONL3YETCSE 3aBUCMMOCTD
COMPOTHUBJIEHHUs yYacTKa MPOBOAHMKOB (M3 HEKOTOPBIX METAIOB) M
MOJYNPOBOAHMKOB OT MEXAHMYECKUX HalPsKEHUH, BO3HUKAIOIUX,
HanpuMep, NMPpU UX U3TM0ax WIM CKPyYHMBaHHHU. )

TenepaTopubie H3MepUTebHbIE NPeodpasoBaTen. TaKUI/IC yCTpoOiiCcTBa
npeobpasyoT 3HaYeHUe W3MEPSAEMOIt HENEKTPUYECKOI BEJIMYMHBI B
nponopluoHaibHoe 3HaueHue 31C nnu EKTPUUECKOTO 3apsia. Hx
paboTa He TpeOyeT UCTOUHMKA 3JIEKTPUYECKOI 3HEPTUH.

TepmoanexmpuyecKue npeofpasoeamenu OCHOBAHb HA TEPMOIEKT-
puueckom addexre B TepMonape. TepMonapa MpejcTaBisieT coboit 1Ba
3JIEKTPO/ia U3 Pa3HOPOIHBIX METAJLIOB, CTasiHHbIX HA OAHOM KOHLIE.
Eciu crnasiHHBIE KOHLH TEPMOITAPHl TIOMECTUTEL B CPEy C MOBBIIIEH-
HOW Temmeparypoil, TO MeXIy CBOOOXHBIMH (XOJIOAHBIMU) KOHLAMU
TepMonaphl Bo3HUKHET TepMOoD/1C. Ee 3HaueHue 3aBUCUT OT TeMIepa-
TYpBl CpPelibl, €CIM TEMIEPaTypa XOJOAHBIX KOHLOB TepMONapbl Mo/~
JEP>KUBAETCSE NOCTOSTHHOM. J1151 NpMMepa MPUBE/IEM NapamMeTphl 111~
POKO PAcIpoCTPaHEHHOM TePMOINAphl Ha OCHOBE MaTepUaioB XpOMEJb
(90 % Ni+ 10 % Gr) — konenb (56 % Cu + 44 % Ni): BepxHui npenesn
usMepsieMbix Temreparyp 600 °C, 3HayeHue TepMS)SIlC 6,9 MB npu Tem-
neparypax cnas 100 °C u cBoboanbix koHLOB 0 °C.

Huoykuuionnvie npeoGpazoéament OCHOBaHbI Ha 3aKOHE 3JIEKTpOMar-
HUTHO# nHayKuuu e =—d¥/d¢ (3.18). Ux mpuMeHsioT JUIsl U3MEpEHUst
CKOPOCTH JIMHEMHBIX v(f) W YIJIOBBIX €2(7) MepeMELEHNN. Ecimn npu
3TOM MTHOBeHHble 3HaueHus1 DJIC e(t) nmpeobGpas3oBatelis NMPOUHTEr-
pupoBaTh WM MpoandQepeHLIMPOBaTh, TO MONYYEHHbIE 3HAYCHUS
HaIpspKeHUs: GYAyT MPONOPLMOHAILHBI TMHEHHOMY U YITIOBOMY I€-
peMeleHHI0O WK yckopeHHIo. 1llnpokoe npuMeHeHHe WHAYKLMOH-
HBIE peobpasoBaTesiv MOJyYHIH B Mpubopax st U3MepeHHst YIio-
BOIi ckopocTu (maxomempax). Takue npeobpasoBaresiv MPEACTABIISIOT
co6oii reHepaTophl NOCTOSIHHOIO TOKA (CM. noznpasj. 8.8) MOUIHOCTbIO
10 100 BT ¢ HE3aBUCUMBIM BO30Y>KA€HUEM OT NOCTOSIHHBIX MATHUTOB.
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SJ1C reHeparopa nponopLHOHANBHA YITIOBBIM CKOPOCTSIM SIKOPS U Bpa-
LIAIOLLIEHCS YacTH KOHTPOJIMPYEMOTO OOBEKTd, MEXAHWUECKY CBSI3aH-
HBIX OO1{M BaJIOM.

11ve3o031exmpuyeckue npeobpazosament OCHOBAHbI HA MCIIOJIB30BA-
HUU MPSIMOTO MBE303JIEKTPUYECKOTO 3(hdeKTa — 06pasoBaHNM 3NEKT-
PHYECKHX 3aPsIOB HA MOBEPXHOCTH HEKOTOPHIX KPUCTALIOB (KBapLa,
CETHETOIJIEKTPUYECKOI COMM U Ap.) nold AEHCTBUEM MeEXaHMYECKUX
HanpsikeHuil. HauGonbllee pacnipoctpaHeHre Moyymiy Npeodpaso-
BATEJIM HA OCHOBE KBaplia, a TakKXe MOMAPU30BAHHON KEePaMHKW U3
THUTaHaTa Gapus.

Ibe303nexTpuieckue npeoOpasoBaTeNy NPUMEHSIOT UIS U3Mepe-
HUIl 3HaYeHW# OBICTPOM3MEHSIOIMXCS HEINEKTPUUYECKUX BETMYMH
(BUGpaIMi, NEPEMEHHBIX JABNEHUI U Ap.).

3AAA4YU U BOMPOCH! A/1 CAMOINPOBEPKU

5.1. Kak#ue cyliecTBYIOT METOIb M BUIBI U3MEPEHUiI?

5.2. Naitte omnpepeneHus abcoMOTHON, OTHOCUTEIBHOH U MPpUBEICHHOM
TMOrPELIHOCTEM.

5.3. Yt0 03Hayaer Kiacc TOYHOCTU NpuUbopa?
5.4. Yemy paBHa aGcontoTHast MOrpeiHOCTb Al aMnepMeTpa Kiacca TOYHO-
cru 0,1 Mp1 HOMMHAILHOM 3HAYEHUH U3MEPSIEMOTO UM TOKA [, =5 A?

Omeem: 5 MA.

5.5. lns kaKoit HeM NPUMEHSIOTCS T06aBOYHBIE CONPOTUBIEHHs U HIYH-
TbI?

5.6. KakoBa ocHOBHas1 06/IaCTh NPUMEHEHHSI MOCTOBOTO METOZA u3Mepe-
HUR?

5.7. KakoBa ocHOBHast 06/1aCTh TIPUMEHEHUS] KOMIIEHCALMOHHOTO METOZIa
U3MepeHUIi?

5.8. Heobxonumo usMeputh MocTtosHHOE Hanpsikenre 15 B ¢ aGcomoTHoi
TOrpelHOCTLIO He 6onee AU=+10 mB. Bribepute HEOGXOMUMHBIA K1ACC TOU-
HOCTM MarHMTO3JICKTPHYECKOTO BOJIBTMETPA MPU HOMMHAILHOM 3HAYEHUU
U3MEPAIEMOro UM Hampsikenust U, = 20 B.

Omeem: He uuxe 0,05.

FMABA 6
TPEX®A3HbIE 3JIEKTPUHECKUE LIEMNU

6.1. O6ume cBeLeHUA

[lepBo€ NMPOMHINIIEHHOE TPUMEHEHNE TPEX(a3HbIX BNIEKTPHIECKUX
nerneii orHocuTcst K KoHuy XIX B. B mx paspaboTky BHeC GOJIBLIOI
BKJIAA BbIIAIOIMiics pycckuii mHxerep M. O. [lonneo-/106poBoIbCKui
(1862—1919). }

Tpexdastpie e CHHYCOUIATBHOIO TOKA MPOMBILIEHHOM YaCcTo-
THl O3BOJISIIOT 3 (PEKTUBHO PELLIATH KOMIUIEKCHYIO NIPpOOJIEMY MOJTyYe-
Husi (Tpexa3HBIMU 3JIEKTPOMEXAaHUYECKUMH [€HEPAaTOpaMH MOILHO-
crbio 10 120 MBT), nepenauy Ha Gonblive paccTostHus (TpexdasHbMU
BBLICOKOBOJILTHBIMM JIMHMSIMU Tepeaaun HanpsikenveM o 750 xB),
pacnpeseneHusi (TpaHchopMmaTopamMu) U NOTPeONeHUs (Tpex(ba3HbI:
MU ACHMHXPOHHBIMU U CHMHXPOHHBIMU JBUIATENISIMU) 3JIEKTPUIECKOM
3HEPTUM.

OcoBeHHOCTH KOHCTPYKLIMIA U paBoyre XapakTepUCTHKHM Tpexdas-
HBIX TEHEpPAaTOPOB, ABUTaTesieil U TpaHCGOpMATOPOB 6y1{yT paccMoT-
peHbl B JiafibHeiIeM. 34ech JIIb MOSICHUM NMPUHLIMIT AEUCTBUSE TPEX-
(azHOro UCTOYHUKA 3NIEKTPUYECKOM IHEPTUN CHHYCOMIAIBHOTO TOKA.
OH noi06eH MPUHLIMITY JEeHUCTBHS OHO(DA3HOTO UCTOUHMKA JJIEKTPU-
4eCKOIi 3HEPTHH CUHYCOMAATBHOTO TOKA (CM. moapasi. 4.3), eciu B ero
KOHCTPYKLMH (CM. puc. 4.1) 3aMEHNUTH OJUH BUTOK TPEMsl U30JIMPO-
BAHHBLIMM BHTKAMH, ILIOCKOCTH KOTOPBIX MOBEPHYTH OTHOCHUTEJBHO
ApYT Apyra Ha yroin 2m/3. DTH BUTKHM, HHA4e dasbl, Tpex¢a3HoOro uc-
TOYHMKA OBGO3HAYAIOT MPOMUCHBIMM GyKBaMU JIATMHCKOTO ai(haBuTa
A B, C.

WHayuupyeMble B BUTKAX CHHYcOMIaibHble (asHbIe DAC umerot
paBHbIE AMIUIMTYIbI, CABUHYTHIE OTHOCHUTENBHO APYT Apyra rno daze
Ha yron 2n/3. OHM 00603HaYaroTCs ONHOMMEHHBIMM HHIEKCAMU U Bbl-
YUCIIAIOTCA 1O (popMyNiaMm

e, =FE, sinot;
ep = E,, sin (ot - 27/3); 6.1)
ec = E,, sin(wt - 4n/3) = E,, sin(of + 21/3).

3sech ¢ HyJeBOil HayanbHol dasoit Beiopana DC dasbl A.
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Ha puc. 6.1, a nokasanbl rpadMku MIHOBEHHbIX 3HAYEHM I (DAa3HBIX
BJIC, a Ha puc. 6.1, 6 — Tpu BeKTOpa COOTBETCTBYIOLLIMX UM KOMIUIEKC-
HbIX 3HAaYECHMI1

. : E
E,=F/® =E/0=E="=m;
2
Ep=Ee 23 = E£(~2n/3) = E —%— j-‘/zz - Ea%;! (6.2
Ec=FEe " = E/2/3=E —%+ j% - Ea,
r — aj2r/3 _ 1 ; \/3
€ KOMIUIEKCHas BEJIHWYHHA g =€/ /3 = —5+JT Ha3bIBACTCSI qba3—

HbIM MHOMCUmMENEM.

CyMMma MrHoBeHHBIX 3HaUeHui ¢azHbix DJIC B 11060ii MOMEHT Bpe-
MEHM U CYMMa KOMILIEKCHBIX 3Ha4YeHul (azHpix BJ1C paBHBI HYITIO:

e, +ept+ec =0;
(6.3)

E,+Ep+E.=0.

Bo3smoxHbl iBa crocoba coeanHeHns $a3 (MICTOYHMKOB 3HEPTHU

Y NPUEMHMKOB) B cocTaBe Tpex(a3HOM Lenu — 3BE3[0i U TPEYIOb-
HUKOM.

6.2. CoepmHeHue dpas UCTOYHMKA IHEPrUM U NPUEMHUKA
3Be300i

Ha puc. 6.2 npusesieHa cxeMa pa3nesibHOro MOAKIIOYEH s Tpex (a3
UCTOYHHMKA 3HEPIUM K TpeM (dazaM NnpreMHVKA. [10noXUTENBLHbIE HA-

140

A - a

X

Puc. 6.2

npasienns dasuex DIC onpenensiior «Hauano» (4, B, C) 1 «KoHIIb»
(X, Y, Z) dasHbix 06MOTOK UCTOYHMKA. OHOMMEHHBIMU CTPOHBIMU
OykBaMH 0603HAYalOTCst BHIBOMIBI (a3 pUEeMHMKA.

CoenuHeHre (a3 UCTOYHMKA U NMPUEMHHUKA 3BE3[0M (YCJIOBHOE
06o3HaueHke ) MPUBENEHO Ha puc. 6.3, e BLIBOJbI UCTOUHUKA X,
Y, Z v BHIBOAbI TIPUEMHHKA X, Y, Z OOBEAMHEHBI B y3en N U y3en n
COOTBETCTBEHHO. DT Y3/1bl HA3LIBAIOTCS HEUMPAIbHbIMU MOYKAMU VC~
TOYHUMKA W NPUEMHMKA, a TPOBOJ, COEAMHSIOIIMI UX, — Heumpaib-
HolM npoeodom. OCTaibHBIE TPU NPOBOJA, COEIUHAIOLIME OXHOUMEH-
HbI€ BbIBOIbI MCTOUHMKA W TPUEMHUKA, HAa3bIBAIOTCS AUHELHbIMU.

Mpu pacuyere TpexdazHbIX LENEN MOIb3YIOTCS MOHATUAMU (a3HbIX
Y JIMHEMHBIX TOKOB M HANpsDKEHUMA.

DasHbIMU MOKAMU U HARPAJCeHUAMYU HA3BIBAIOTCS TOKU B (hasax uc-
TOYHMKA Y PHEMHUKA ¥ HANPSXEHHUsI MEXIY BhBofaMu ¢a3.

JTuHeliHbIMU MOKAMU U HANPAJCeHUAMY HA3bIBAIOTCS TOKY B JIMHE#H-
HBIX IIPOBOJAX U HANPSIKEHUST MEXIY HUMM.

Jlnst 0603HaYeHUs1 (ha3HbIX BEJIMYHH MCTOYHUKA M JIMHEHHBIX BEJIN~
YUH GYJEM II0JIb30BAThCSA MPOMMCHBIMU OYKBAMM JIATUHCKOTO anda-
uta A, B, C, nisi 00603HaueHust ¢asHbIX BEJIMUMH NMPUEMHHMKA —
CTPOYHBIMM @, b, c.
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- Puc. 6.4

Ilpu coenmHenny a3 UCTOYHMKA U MPUEMHMKA 3BE3IOM OMHO-
I/IMCHHbIeu(baBHbIe TOKY UCTOYHUKA Y IPUEMHHKA 1 COOTBETCTBYIOIIIMIA
UM JIMHEWHBII TOK paBHbI MeXAy coboii. ITpeHeGperast conporusiie-
HUSIMM BCEX TMPOBOIOB, 110 3aKOHY OMa HaiiieM (asHble TOKU

1,4=ia=EA/Za§i3=ib=EB/Zb§ic=ic=Ec/Zc (6.4)

U TOK B HEWTPAJIBbHOM MpPOBOIE

IN=IA+IB+IC' (6.5)
HpI/IeMHI/IK € OIMHAKOBBIMH COTIPOTHUBJIEHUSIMU BCEX TpEX (1)33
Za = Zb = Zc = Zd) = Z(bej(p

Ha3bIBACTCS CUMMEMPU4HbIM, C PA3INYHBIM COTIPOTHBJIEHUEM (a3 —
HecummemputunbiM. 1Ipy CMIMMETPUYHOM mNpueMHUKEe TOKM Bcex dhas
UMEIOT OIMHAKOBBIC JICHCTBYIOLIME 3HAYEHUS Jj, N OZIMHAKOBBIE C/IBU-
m ¢as ¢ OTHOCHUTENBHO COOTBETCTBYIoLIMX (asHbix DIC (puc. 6.4)
TOK B HeHTpabHOM mpoBode (6.5) paBeH Hymo. ITostomy B cnyqa(;
CUMMETPHMHOTO NPUEMHMKA, T. €. NIPU CUMMETPUYHOIA HAarpy3Ke, Heil-
TPaJlbHBIM TPOBOJ HE HYXEH, a AefCTBYIOIEe 3HAUCHUSI BCEX JIMHEN-
HBIX U (Pa3HBIX TOKOB OANHAKOBEL:

IJI = Id)' (6.6)

IlpeneGperas conpoTuBieHUsIMU Bcex MPOBOOB, COCTABMB ypPaB-

HEHUs 110 BTOpoMy 3akoHy Kupxroda uis koHntypa I Ha cxeme puc. 6.3
U [ABYX NPYIYX aHAJOTMYHBIX KOHTYPOB U YUTS, YTO

EA=UA=Ua; EBzUB:Ub; EC:UC=UC’ (6.7)
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NnoJ1IyduM KOMIIJIEKCHBIE 3HAUYCHUA JIMHEUHBIX HaHpH)KCHI/Iﬁ
UAB = EA _EB = UA _UB =U,27/6;
Upe =Ep—Ec =Up-Uc =U,£(-7/2); (6.8)
Uey=Ec—E,=Uc-U,=U,251/6,

rae U, — neficTBylolliee 3Ha4YeHUe yuHeitHoro Hanpskenus; Uy, Up,
U, — HanpsiKeHus MeXny BHBOAAMU (a3 MCTOUHMKA A, B, C v He#-
TpaJbHOM TOYKOM N.

3aMeTHM, YTO TIPUHATAs cucTeMa 0003HaueHUs (asHbIX HATPsKe-
HUil OMHMM MHIEKCOM He BIOJIHE KOPPEKTHA, TAK KaK HE COOTBCT-
CTBYeT NpaBily OOO3HAUEHHs HANpPSDKEHUS AByMs MHIEKCAMU (cM.
nogpasa. 2.3).

BekTopHas avarpamMma (pasHbIX U JIMHEHHBIX HaripsKeHUM 1py co-
eqrHeHNM (a3 MCTOYHMKA W MPUEMHUKA 3BE3/I0i laHa Ha pucC. 6.4.
BekTop JMHEHHOro Hanpspkenus U, MOCTPOEH M0 NepBOMY ypaBHE-
Hmio cucreMmbl (6.8) cymmupoBaHueM BekTopoB U, M ~Uy. Anano-
[MYHO TIOCTPOEHBI M OCTAJILHEIE [IBA BEKTOPA JIMHENHBIX HapPsLKEHUA.

W3 TpeyroMbHNUKOB HANPSDKEHUI CIeyeT, YTO NPy HAIMYNUY HEH-
TPAILHOIO TPOBOJIA MEXY JIEUCTBYIOIIMMHU 3HAUCHUAMHN JIMHEWHBIX U
(ba3HBIX HANPSKEHNH KaK Npy CMMMETPUYHON, TaK U NPY HECUMMeT-
PUUHOI HArpy3Ke CHPABEUIMBO COOTHOLIEHNE

U, =2U,cosm/6 = \/§U¢, (6.9)
HanpuMep:

nuHeitHoe HampsikeHwe Uy, B ... 660 380 220
tasnoe Hanpspxenne Up, B 380 220 127

Eciy cuMMETPHYHBIA MpUEM-
HUK, HanpuMep Tpex(dasHblid JBH- Massipe
ratesb, MOAKIIOYAOT K TpexgasHo- TIPENOXPAHUTENM 4 B C N
My UCTOYHMKY 0e3 HeUTpaJbHOro o
MpoBO/ia, TO NMPH MOAKIOYCHUH Ual ®®®
rpyUeMHUKa ¢ HECHMMETPHYHOM Ha- =3
rpy3Koil HeHTpaJbHBIA TNPOBOM HE- =
00X0/IM, HaIIpUMEDP, MPU NMOAKIIO- Ublé ® @
YeHUN OCBETHUTENILHBIX TIPUOOPOB C
HeorpeeJeHHBIM BpeMeHeM pabo-

THI (pHc. 6.5). Ucl ® ® ® f

[Ipu 3TOM pexum paboThl Kax-

JIOro OCBEeTUTEIBHOTO TIpubopa He MaF"CTPaJTbHHbE [] []
NpeNOXPaHUTEIA

3aBUCUT OT MX uncia B ¢aszax, a Bbl-

KJII0YEHUE OIHOr0 MarvucTpajibHOro Mydra

rnpegoxXpasuTeNss IPpUBOAUT K OT- Ka6esb

KJIIOYEHMIO OCBETUTEJIBHBIX MPpUoo-

POB TOJILKO OJIHOM (Pa3kL. Puc. 6.5
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6.3. Coeaunenne a3 UCTOYHMKA BIHEPIrUM U NPUEMHUKA
TPEYrosibHUKOM

Ha puc. 6.6, a npusenieHs cxeMBbl pasnesibHOTO MOAKTIOYEHHST TPEX
a3 MCTOYHKKA SHEPIUMM K TpeM (a3aM NpreMHMKA, Ha puc. 6.6, 6 —
cxeMa coelMHeHus a3 MCTOYHMKA M TIPUEMHMKA TPEYTOJIbHUKOM
(ycnoBHoe o6o3Hauenue A\).

IlpeneOperas conpotusIeHUsIMU BeeX TIPOBOZIOB, (hasHbIe Hanpsi-
XEHMS UCTOYHMKA U TNPUEMHHUKA U COOTBETCTBYIOLUME UM JIMHEHHbIe
HanpsikeHusT paBHbI

EA =UAB =Uab; EB =UBC =ch; EC =UCA =Uca (6.10)

¥ He 3aBUCHAT OT comnpotusiieHud ¢a3s npueMHuka. [ocnentee o3Haya-
€T, YTO ACHCTBYIOLIME 3HAYEHHUS BCEX JIMHEMHBIX M (Da3HBIX Hanpsike-
HUI OJMHAKOBHI:

U, = U, (6.11)

dasnble TOKHM NNpUEMHUKA U COOTBCTCTBYIOLLIUE UM (I)aBHbIC TOKH
UCTOYHMKA OIpenendaT no (I)OpmynaM
Uab . I _ ch . [ — Uca
7 > £phe — 7 > fea T 7 .
L ab < b ca

I, = (6.12)

Jluneiinbie Toku no nepsoMy 3akony Kupxroda suis y3noB a, b, ¢
PaBHbI

iA:iab_jca; jB:ibc'_iab; iC=ica_ibc' (613)
Ipu CUMMETPUYHOM TIPUEMHUKE
L= Ly =Zeg= Zyy= Zye'® (6.14)
iA = .ab _ica iab
Z o- —o0 7 Ao— - —— o

s
Uca Z,
Z,

Puc. 6.6
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BCe (hasHbIE TOKM UMEIOT OJMHAKOBLIE ACHCTBYIOIUME 3HAYeHus Iy, 1
CABUTU (a3 ¢ OTHOCUTENTHHO COOTBETCTBYIOIIMX (a3Hbix BJIC u Ha-
MPSXCHUIA, .

BekTopHasa auarpamMma HampspbkeHHE M TOKOB MPU CUMMETPHYHOM
MpUEMHMKE TI0Ka3aHa Ha puc. 6.7. M3 TpeyrolbHUKOB TOKOB CJIe/lyeT,
YTO MPU CUMMETPUYHOI Harpyske Ui AEHCTBYIOLIMX 3HAYEHUM JIn-
HEUHBIX M (hpa3HBIX TOKOB CIIPABEIJIMBO COOTHOLIICHUE

1, =21, cosn/6 =31, (6.15)
IlpeumMyliecTBOM coeiMHEHHUs! $a3 UCTOYHMKA FHEPTUH U TIPHEM-

HMKAa TPEYTOJILHUKOM MO CPaBHEHMIO C Bastpie
coeIMHEHUeM 3Be3oil Oe3 HellTpaib- MPENOXPaHUTENH ABC

HOTO MPOBOJIA SIBNSIETCA B3aMMHAas He- B
3aBUCUMOCTD (DAa3HBIX TOKOB. i bl ® ®
Ecim oceeTvTeNIbHBIE TPUOOPHI MO~ |
KJIIOYEHBI MO CXEME, MNOKAa3aHHOW Ha =
puc. 6.8, To pexuM pabOTH Kaxaoro chl ®®®
He 3aBUCUT OT UX Yucia B (azax, a npu =
OTKJIIOYCHUM MarMcTpaJbHBIM TIpelo- =
XpaHWUTEJIEM OJHOTO JIMHEHHOTO TIpo- Uml ®®
BOJIa HaIIpsDKEHME MEXIy AByMs JIpy- =
TMMH JINHEHHBIMA MPOBOJIAaMU U MOILI-
HOCTb COOTBETCTBYIOIIEH (asbl HE U3- MarHcTpabEbie ][][]
MeHsTcs. OTKTIoUeHHe IBYX Ipyrux (a3 1IpeIOXPAHUTETH
HE IPOM30MJIeT, XOTA MOLIHOCTb UX Mydra
YMEHBILIUTCS. KaGeHB%
PaccMoTpeHHbIe METONBI aHaiu3a
COEIMHEHMIT OHOUMEHHBIX (a3 UCTOU- Puc. 6.8
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HUKA 3HEPIrUM M MPpHEMHHKA 3BE3101 WKW TPEYTOJIbHUKOM MOXHO
PpacrpoCcTpaHUTh U Ha Tpex(asHylo Lellb, Y KOTOPOi coeluHEHNS (a3
UCTOYHMKA BHepruu M (a3 MpUeMHUKA pa3NyHbIe.

6.4. AkTMBHasi, peakTMBHas W NOJIHAs MOLLHOCTM
Tpex¢da3HOro CUMMETPUYHOI0 NPUEeMHUNKa

B tpexdazHoii enu npu CMMMETPUYHOI HArpy3Ke MOLIHOCTH BCEX
¢da3 npueMHKMKa OJIMHAKOBBI, 4 MOLIIHOCTh IIPHEeMHNKA paBHa YTPOEH-
HOMY 3Ha4eHUIO MOLIHOCTU ONIHOM ero (hasnl.

PaccMarpuBast onHy ¢a3y IpHeMHHMKA KaK y4acTOK 11eni CUHYCOM-
JANBHOTO TOKA € KOMIUIEKCHEIM COTIPOTUBIIEHHEM Zy, = Zye/®, HaiineM
no (4.41) ero akTUBHYIO MOILHOCTb

. U2
P =3P, =3Ul, cos<p=.3Z—‘;’)cosq>=\/§UnIJI cosgp, (6.16)

T/le YYTCHbl COOTHOLIEHUS Mexay (asHBIMH U JTHHEHTHBIMU TOKAMU U
HanpspKeHusiMu B cxeMe 3Be3nnl (6.6), (6.9) u tpeyronbHuka (6.11),
(6.15).

AHAJIOTHYHO OTIPEAENISTIOTCS PeaKTUBHAsI MOLJHOCTL IPUEMHIKA MO
(4.42)

U} .
Q=30 =3Uul, sin(p:?»}i"'isin(pz\/§U,11JI sin @; 6.17)
¢

TI0JIHAs1 MOIITHOCTh MpHeMHUKa 1o (4.43)

U2
S =38, =3Uul, =BZ_Z=J§U"1”' (6.18)

6.5. CpaBHeHue ycnoBuii paboTtbl TpexdasHoro
CUMMETPUYHOIO NPUEMHMKA NPy coeauHEHusIX ero ¢as
TPEYrosibHUKOM M 3B€340M1

BripaxeHue akTHBHOH MOLJHOCTH CUMMETPUYHOIO IPUEMHKKA He-
3aBUCUMO OT criocofba coefuHeHus ero a3 ¢ KOMIUIEKCHBIM COTpO-
TUBJIEHUEM Zy, = Z,€/® 3310 MM TpeyronbHukoM (6.16) umeer Bua

U2
P:BZ—:)COS(p. (6.19)
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U
Zy <¢A

wl | %

c y N b
Z;
Bo— =
U,
CcokC
Puc. 6.9

Ipu coeanuenuu a3 npueMHNKA TpeyroJbHUKOM (puc. 6.9) das-
HOE HalpsiXKeHWe pasHo JiMHeitHoMy (6.11):

Ud)A = Um

a npu coefiMHEHMHN a3 3TOro xe NMpUeMHUKA 3Be310i1 (Ha puc. 6.9
MOKA3aHO WITPUXOBO JIMHUEN) ha3zHOe HANPSLKEHHE ONPENEIISETCS C
yueToM (6.9)

U¢)\=Un/\/§-

IoacraBuB BeIpaxeHue st asHbIX HanpspkeHWil B (6.20), mpu
HEM3MEHHOM JIMHetHOM HanpsixeHuH (U, = const) Mnoayyum cooTHO-
HIEHUE aKTUBHBIX MOIIHOCTEH CUMMETPUYHOIO IMPUEMHMKA TIPU Tie-
PEKTIOYEHUY ero (Pa3 co cxeMbl TPEYTOJIbHMKA HA CXEMY 3BE3IbI

P, =3P. (6.20)

PeaktusHas (6.17) v nonHas (6.18) MOLHOCTH NIPUEMHUKA TAKXKE
B TP pa3a yMeHbILAIOTCS.

Iepexioyenue ¢a3 npueMHUKa UCTONb3YeTCsA, HANPUMED, JUIS
YMEHBLUIEHUS MYCKOBBIX TOKOB Tpex(ha3HbIX aCUHXPOHHbIX JABUIaTeNei,
WU3MEHEHUS TeMIIEPATyphl Harpesa Tpex(a3HbiX 3JIEKTPHUECKHX MeYeit
W T.1.

6.6. MeToabl U3MEPEHUIA aKTUBHOW MOLLLHOCTU
M 3Heprum B TpexdasHbIX 3NIeKTPUYECKUX Lensix

H3mMepeHre aKTUBHOI MOLIHOCTH B TpexGasHbIX 3NEKTPHUUYECKHX
Lierngx B 3aBUCUMOCTM OT peXumMa UX paboTel (CUMMETpUYHBIH HIM
HECUMMETPUYHEI) M CXEMBI COefMHEHUs (a3 UCTOYHUKA W IPUEM-
HMKA (C HERTPAILHBIM UK 6e3 HeHTPaJIbHOTO ITPOBOAA) NPOU3BOIAT
METOoaMU OJIHOTO, JIBYX WJIM Tpex MpuOopoB. DTumu npubopamu sB-
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W *
B b ¢I.ca 'Uac
cC
6 c
Puc. 6.10

JISIIOTCS BATTMETPEI, HANpUMep, 3JeKTPOANHAMUYECKOI CUCTEME (CM.
noapas. 5.5).

Ecnu a3bl CMMMETPHYHOTO TIPUEMHMKA AOCTYIHBI JUTSE TTOAKIIIO-
YeHUsT BATTMETPA, TO [UIsi H3MEPEHUs ero akTUBHOM MolHocTH (6.19)
NPUMEHSIETCS Memod 001020 npubopa A1 U3MEepeHUsT aKTUBHOM Moli1-
HocTu oaHo# ¢asnl (puc. 6.10, a u 6).

Ecnu ¢asbl CUMMETPUYHOIO HPUEMHVKA HEAOCTYIHBI, TO OJs1 H3-
MEPEHUST €r0 aKTUBHOI MOILHOCTH OJHUM BATTMETPOM HCTIOJNB3YyeTCs
HCKYCCIMBEHHAs HelimpaAbHas MOYKA. DTO HeTpastbHas Touka # (puc. 6.11)
CHUMMETPUYHOI'O HpUeMHHKA ¢ coefiuHeHueM a3 3Be30ii, B KOTOPOM
onHy a3y oOpasyeT Lienb HAPSXEHUs] BATTMETPA COTPOTHBICEHUEM
Ry, a nBe Apyrux — pe3ncropbl conporusieHueM R,= R.= R,.

Hanpsixenue U, nenu HanpsbkeHus ¥ TOK I, Lierny TOKa BATTMET-

pa PaBHBlI HanpsDKEHWIO M TOKY ONHOMMEHHOW (ha3bl LIETIH CUMMET-
PUYHOTO NMPUEMHUKA 10 CXeME 3Be3/1a WM OMHOMMEHHOM (ha3bl 9KBU-
BaJICHTHO# 3Be31bl (CM. niogpasa. 2.10) uenu CUMMETPUYHOTO MPUEM-
HUKA T10 CXeMe TPeyrojibHUK. B 000oMX cnyuasix BaTTMeTp OyneT u3me-
PATh aKTUBHYIO MOLIHOCTh OHOM M3 TpeX OAMHAKOBLIX (pa3.

Jlis u3MepeHns1 akTUBHOM MOIHOCTH HECUMMETPHUYHOIO TpUeM-
HUKa 0e3 HeUTpaJILHOro MpoBoia NPUMEHsieTCs mMemod 08yx npuéopoe
(puc. 6.12, a). Ilpu 3T0M aKTMBHAsi MOLLHOCTb NPUEMHKKA PaBHA aji-
reOpanyeckoil CyMMe [OKa3aHMii IByX BATTMETPOB, OIHO U3 KOTOPBIX
MOXET ObITh OTPULIATETLHBIM.

JlokaxeM cripaBeJIMBOCTh 3TOTO METO/A.
. IIpu coearHeHun a3 NpMEeMHUKA 3Be3/10M
A €ro MTHOBEHHasi MOIIIHOCTh paBHA MIHOBEH-

—p V) HOI MOIITHOCTH UCTOYHMKA

B lo U,
Ry

a D=Ugis+ Ugip+ Ucic.
= Ilo nepBomy 3akoHy Kupxroda B Tpexcas-
c " I HOil et Oe3 HelTpanLHOIO TIPOBOAA
Puc. 6.11 ic=—(i +ip).
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Puc. 6.12

[lonctaBuB 3T0 3HAYEHHE TOKA iC B BhIpa&XX€EHHUE MTHOBEHHOM MOLLI-
HOCTH, TIOJAYYUM

D=Us—uc)ig+ (ug—uc)ip= Upcip + Upcip.

CymMy cpenHMX 3HAYEHUH JABYX MPOU3BENEHUIA, T. €. AKTUBHYIO MOILLI-
HOCTb NMPUEMHUKA, MOXHO M3MEPHTH [IByMS BATTMETPAMMU:

P=P + Py=Uclscos(y,— ;) + Upclpcos (g, — ), (6.21)

e y, — y; — yroj capura a3z Mex/ay COOTBETCTBYIOLUMU JIMHEHHBI-
MU HanpsKeHUEM U TOKOM.

Pacnpenenenue n3mepseMoil MOILHOCTH MPUEMHMKA MEXIy MOKa-
3aHUSMM [BYX BATTMETPOB 3aBUCUT OT YIJIOB ciiBUra (paz Mexay Jiu-
HEMHBIMU HanpskeHUsIMU U Tokamu (6.21). Tlpocnenum 3Ty 3aBUCH-
MOCTb ISl CUMMeTpUYyHOoro npuemMHuka. Ha puc. 6.12, 6 noctpoeHa
BEKTOPHAs IMarpaMmMa HalpsiXeHWil 1 TOKOB CUMMETPUYHOIO IpHeM-
HHKa, (a3bl KOTOPOTO COeIMHEHD! 3BE3M0M. YIIbl cHBUra (a3 Mexiy
COOTBETCTBYIOILUMU (a3HBIMM HAIPSLKEHUEM H TOKOM OJUHAKOBLI U
pPaBHBI aPIYMEHTY (¢ KOMILIEKCHOTO CONMPOTHBIIEHUS (Da3bl MPUEMHMKA.
U3 auarpamMmbl crenyer, YTO NMpU CMMMETPUYHOM TPMEMHHMKE YIIIbI
cnsura ¢as mexay Bektopamu U, U 1,4, Upgc U [z COOTBETCTBEHHO
paBHb @ — /6 U ¢ + 7/6.

CymMa niokaszaHuil aByX BaTTMeTpoB mo (6.21) paBHa akTHMBHOI
MOIJHOCTM CUMMETPUYHOTO TIpHeMHUKA (6.16)

P=P+P=U,I cos(p-7/6)+U,l, cos(¢+T/6) =

(6.22)
= JgUnIn cos ,

rae U, = Upe= Uyent I, = 1,= Iy — nuHeiiHBIE HANPSIKEHUE U TOK.
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Ly * W3 dopmynsl (6.22) crenyer, yto
A | MpU CHMMETPUYHOM TIPUEMHUKE TIOKA-

/4
B i Y [?*\ 3aHud BarTMeTpoB P, u P, OynyT pas-
J; ) Hbl TosbKO Tipy ¢ = 0. Ipu ¢ >n/3 no-
c% Uy KazaHue BToporo BartMmerpa P, Oyaer
OTPULIATENTLHBIM.
N MoxHO He AOKa3HBaTh BO3MOX-
Puc. 6.13 HOCTb U3MEpeHMs] aKTUBHOW MOIIJHO-

CTH METO/IOM JIBYX BATTMEEPOB TIPH CO-
enuHeHNY (a3 NpUeMHUKA TPEYTroJbHUKOM, TaK KakK €ro Lernb MOXHO
NpeACTaBUTh 3KBUBAJICHTHOM 3Be3m0b (cM. moapasa. 2.10).

Memod mpex npubopos (puc. 6.13) ripumeHsieTcs JiIs1 U3MEPEHUS
AKTHBHOM MOIUIHOCTA HECUMMETPUYHOIO TIPUEMHHUKA C HEUTPATLHBIM
rpoBonoM. TIpy 3TOM Kaxiblii BATTMETP U3MEPSAET aKTUBHYIO MOLI-
HOCTb OTHOM (ha3bl NPUEMHUKA. AKTMBHAsI MOIIIHOCTb MIPUEMHUKA paBHA
CyMMe MOKa3aHUil Tpex BaTTMETPOB:

P=P1+P2+P3.

MeTtoapl ABYX ¥ TpEX NpUOOPOB NPH U3MEPEHUH aKTUBHON MOIII-
HOCTU NMPUEMHUKA COPABEJIMBEI HE TOJNBLKO TPU HECMMMETPUM JIM-
HEWHBIX TOKOB, HO 1 HECUMMETPUM JIMHEHHBIX HANPSKEHUIA.

Bammmempe: nna KOHTpoJisd paboTel TpexdaszHoli Leny MMeIoT Ha
o0uieil ocH ABa WK TPH M3MEPUTENILHBEIX MeXaHU3Ma, KOTOphIe Acii-
CTBYIOT Ha OONIMIA yKa3aTejb U BKIIOYAIOTCS B Tpex(asHyIo Lienb B
COOTBETCTBUU C METOIaMM U3MEPEHMIT IBYX WIM Tpex NpUOOpOB.

Cuemuuku ny1s1 ydeTa akTUBHOM 3HEpruM B Tpex(ha3HBIX LEnsax uMe-
JOT JIBA WIM TPY MHAYKLIMOHHEIX MeXaHM3Ma (CM. mmoapasn. 5.7), nei-
CTBYIOLLMX Ha OOILYIO OCh CUETYMKA U Yepe3 Hee — Ha OTCYETHOE YCT-
polcTBO. CXeMBI BKJIIOYEHUS 3THX CYETUYMKOB COOTBETCTBYIOT CXEMAM
BKJIIOUEHMSI BATTMETPOB JIJI1 U3MEPEHUST aKTUBHOM MOIIIHOCTH METO-
JIOM JIByX WIHM Tpex IpubopoB.

3AAAHU U BONPOCHI AN CAMOMNPOBEPKU

6.1. B yeM paznuuust D/1C, uHAyLHMpYeMBbIX B dpa3HHIX 0OMOTKaX Tpexdas-
HOTO MCTOYHMKA 3JIEKTPUYECKOU IHEpTHN?

6.2. Kakue Toku ¥ HampsikeHUsI B Tpexda3Hoil Lenu Ha3biBawoTcs $a3HbI-
MU M KaKu€ — JHHEHHBIMU?

6.3. [leiicTyrowiee 3HaYeHHE IMHEITHOIO HaNpsDKeHMst Tpex(pasHOM LIEIT PaBHO
U, =1043 = 17,3 B. Yemy paBHO IeiiCTByIOLee 3HAYEHHE (ha3HOro Harmpsxe-
Hust Uy cMMMETpUYHOro NPUEMHUKA NPU coelMHEHUM ero $a3 3Be310ii?

Omeem: 10 B.
6.4. CoxpaHuB ycnoBus 3amauu 6.3, onpenenyre OeCTByIOLIEE 3HAYEHHE

¢azHoro Toka, ecnu uenb Kaxaoi Gaszbl CONEPXKUT MOCAENOBATENBHOE CO-
€INHEHHUE PEZUCTUBHOTO U MHAYKTUBHOTO conpoTruBieHnit R= X; =10 Om.

Omeem: 1/\2 = 0,7 A.
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6.5. Coxpanus ycnious 3agad 6.3 u 6.4, onpenenute aKTHBHYIO, pEaKkTUB-
HYIO U TOJIHYIO MOIIHOCTU NMPHEMHHUKA.

Omeem: 15 Br; 15 Bap; 21,2 B- A.

6.6. CoxpanuB ycioBusi 3agay 6.3 u 6.4, onpenenute neiCTByIOLIEE 3HAYE-
HUe (Pa3HOTO TOKA, aKTUBHYIO, PEaKTUBHYIO M TMOJIHYIO MOLUHOCTH TPUEM-

HUKa, eCln ero ¢asbl NEPEKIIIOYEHBI CO CXEMBI «3BE31a» HA CXEMY «TPEYTOfib-
HMK>.

Omeem: \/3/2 =1,2 A; 45 Br; 45 Bap; 63,6 B- A.

6.7. B Kaxux ciyyasix B Tpex¢hasHOi LIETIN IIPUMEHSETCsE HEUTPATBHHI MPO-
BOJIL ¥ KAKOBO €0 HasHayeHue?



FrMABA 7
TPAHCOOPMATOPDI

7.1. O6wme ceepeHns

Tpancghopmamopom HA3bIBAETCS CTATUYECKOE, T. €. 6e3 ABIXYILIXCS
yacTeil, 3JIeKTPOMAarHMTHOE YCTPOMCTBO, NMpeaHasHadyeHHoe IS npe-
00pa3oBaHUS OMHUX 3HAYEHUI MapaMeTpOB MEPEMEHHBIX HANPSKEHN I
U TOKA B JIpyrve 3HaYeHUs Toii e yacToThl. TpaHcdopMaTop UMeeT He
MEHEE JIBYX IEKTPUYECKU H30JIMPOBAHHBIX (32 UCKIIOYEHMEM aBTO-
TpaHcdopMaTropa) 0OMOTOK ¢ OOLLUM MATHUTHBIM TTOTOKOM.

Ing ycuieHns1 MHIYKTUBHOM CBSI3M M CHWXXEHHS BAUSHMS BUXpe-
BBIX TOKOB B OOJIBIIMHCTBE TpaHC(HOPMATOPOB OOMOTKH Pa3MeILatoTcs
H4 MarHUTONPOBOJIE, COOPAHHOM U3 JIMCTOB 3MIEKTPOTEXHUYECKOII CTain
(puc. 7.1).

O6MoTKa TpaHchopMmaropa, MOAKIIOYEHHAs K UCTOYHUKY (TIpUeM-
HYIKY) SHEpruu, HaswiBaeTcsl nepeu4nol (émopuunoii). COOTBETCTBEH-
HO BCE BEJIMYMHBI, OTHOCALIMECS K MEPBHYHOI (BTOPMYHON) OOMOT-
K€, Ha3bIBAIOTCH nepeuunbimy (6mopuynbimu) 1 ux OyKBeHHbIe 0003Ha-
yeHus uMelT uHaekc 1 (2).

Ecau nepBuyHoe Hanpstkenue U, TpaHcdopMatopa MeHbLUe (00IIb-
me) BropuyHoro U,, TO TpaHC(HOPMATOP HA3BIBACTCH HOBLIUAROUUM
(nonuxcarowunm). Ilo 3HAYEHUIO HAMPSDXEHUS Pa3iNyaloT 0OMOMKY 6bic-
we2o nanpswcenus (BH) u omomky nusuwezo nanpaxcenus (HH).

Paziuyarot ogHodasHble (115 Lereil onHoha3HOoro ToKa) U Tpex-
dasHble (1A TpeXdasHbIX Lerneit) TpaHchopMaTopsl. Y TpexpasHoro

HpuemHmk

Puc. 7.1
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Puc. 7.2 Puc.7.3

TpaHchopMaTopa nepeuuHOL W 6mopu4HOoli OOMOTKOM HA3BIBAIOT CO-
OTBETCTBEHHO COBOKYNHOCTHM Tpex (ha3HBIX OOMOTOK OJHOIO HAamnpsi-
xeHus.” Ha puc. 7.2 nokasaHsl yciioBHbIE rpadudeckre 0603HAYEHYS
onHodasHoro, a Ha puc. 7.3 — tpexdasHoro TpaHchopMaToOpoB.

Ha mutke TpaHcdopmatopa ykasaHbl HOMHHAJbHBIE 3HAYEHHUS*
MOJIHOM MOUIHOCTH, HAmnpPsXEHUIX — BBICIIETO M HU3LIETO, TOKOB,
4acCTOTHI, @ TAKXE YUCIO (a3 U cxema ux coequHeHus. s tpaHcgop-
MaTopoB GOJIBLIOKH MOIIHOCTH MOTYT OBbITh YKA3AHBI JONOIHUTEILHBIE
XapaKTepUCTHKK peXuma paboThl (JUIMTEJIbHBIM MM KPATKOBPEMEH-
Hbli1), cnocob oxIaxaeHMs U ap.

Tpancdopmaroprl MouHoCTBIO 10 1000 B - A ucrione3yioTcsi B
YCTPOMCTBAaxX NMPOMBIILUIEHHO 3EKTPOHMKH LISl TUTAaHUS JIeKTpUYe-
CKM M30JIMPOBAHHLIX YacTeil uenu. TpaHchopmaTopsl MOLIHOCTBIO 60-
Jjiee 10 KB - A Ha3bIBAIOTCS cu208b/mu. VIX TIPUMEHSIIOT B JIEKTPO3HED-
reTUKe [U1sl 3KOHOMMYHOM Tiepeiayy JIeKTPUYECKO 3HEPIUU OT TPeX-
(asHBIX reHepaTopoB C JIMHEHHBIM HampsukeHueM 6,3—38,5 kB no
JIMHUAM 3JIEKTpOrepeayy ¢ JIMHEWHBIM HarpspkeHueM go 750 kB u
pacnpeneieHust MeXIy IPUEMHUKAMU C JIMHEMHBIM HATPSDKEHUEM OT
11 kB 1 Hyxe. YeM BriLie HaNpsaxXeHUe TUHUI TIEPEIayM, TeM MEHBILIE
TOK B €€ NPoBoJIax MpM Toil e monHoi MouHoctu S= Ul u, cnenoBa-
TEJILHO, MOTEPU BHEPIUM.

Pabouuit npouecc opHodasHoro TpaHcdopmaropa HpaKTUYECKy
Takoii e, Kak ¥ onHoi (aspl TpexdasHoro tpaHchopmaropa. Ilosro-
My CHayaja pacCMOTPUM padoty oaHodasHOro ABYXOOMOTOYHOIO
TpaHcgopmMaTopa, a 3aTeM OTMETUM OCOOEHHOCTH Tpex(a3HbIX TPAHC-
dopmaropos.

7.2. MpvHuvn peiicTBus ogHodasHoro TpaHcdopmartopa

Ha puc. 7.4, a npuBeneHa cxeMa BKIIIOYEHUS OHO(A3HOIO TpaHC-
(opmatopa. Co CTOPOHBI BTOPHYHOII OOMOTKH, Cozepxalieii W, BUT-

* HomunaabHviny HasblBAIOTCSA 3HAuEHUs 3JIEKTPUYECKUX BEJIIMYHH, [PU KOTOPHIX
3NEKTPOTEXHUUECKOE YCTPOICTBO (TpaHcdopmarop, ABUratesib, FeHEpPATop M T.TL)
MoxeT paboTarh HEONpPEAENEHHOE BpeMsl Ge3 HenONMyCTUMBIX MOCTEACTBHIT (Ileperpes,
npoboii u30NAUMU ¥ T.IL.) ¢ 3KOHOMMYECKH 3ddexrupubimM KITI.
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HpeanmusmpoBaHHEII
TpaHcdopMaTop

—_————

Puc.7.4

KOB, T.€. JUIA NPUEMHHKA C COTIPOTUBJICHWEM Harpysku R,, TpaHC-
dopMaTop ABASETCH UCTOYHUKOM 3HEPIUU, a CO CTOPOHbI IEPBUYHOMI
0OMOTKHU, copepxauieil w, BUTKOB, — TNPUEMHUKOM 3HEPIrUU OT MC-
TOUYHUKA MTUTAHUS.

PaccMOTpUM NpUHLUI AeiCTBUS ofHOMa3HOIO TpaHcpopmaropa.
ITpeanonoxuM, 4To LEeMNb BTOPUYHON 0OMOTKM TpaHchopmaropa pa-
30MKHYTA U NPU ACICTBUM UCTOYHMKA HATNIPSDKEHMA U = € TOK B iep-
BUYHOI 0OOMOTKE paBeH i;. MarHUTOABIXYIIasi CIUIa /iy BO30yXaaeT
B MAarHUTONpPOBOJIE MArHUTHBIA TOTOK, TOJOXWUTEJILHOE Halpabie-
HUE KOTOPOTO OIpeesigeTCs NpaBuioM Oypasyuka (cM. puc. 3.23, a).
DTOT MarHUTHBIM MOTOK WHAYLMPYET B mepBuUYHOU o6Morke B/1C
CaMOMHAYKLMH €;, (Ha pUCYHKE He rnoKasaHa) U BO BTOPUYHOIl 00-
MoTKe — DJ1C B3aUMHOM MHAYKIUU €y, (Ha PUCYHKE HE MOKa3aHa).

Ioce 3aMbIKaHMS LIENU BTOPUYHOH 0OMOTKH 1o aeiictBueM D1C
B3aMMHOI UHAYKLIUU €y B TIPUEMHUKE C CONMPOTUBICHUEM Halrpy3KH
R, BOZHUKHET TOK i,.

JIns yxa3aHHBIX Ha puc. 7.4 HanpapjieHU# HAMOTKY TIEPBUYHOMI u
BTOPUYHOH OOMOTOK M BBEIODAHHBIX HOJIOXHTEILHBIX HanpasieHUH
TOKOB i, ¥ i, MIIC, paBHas i,w,, BO30yXaaeT B MArHUTONpPOBO/E MO~
TOK, HANpapjieHHbIil HABCTpEUYy MarHUTHOMY MNOTOKY OT JEHCTBUSA
MJIC, paBHO# i w).

CriegoBatenbHO, MEPBUMYHAas 1 BTOPUYHAs OOMOTKHM pacCMaTpuBa-
eMoro TpaHcgopmaropa BKIIOUEHH BCTPEYHO, YTO YCIOBHO 00O3Ha-
YaeTcs pa3MeTKOM BHIBOJOB OOMOTOK (cM. puc. 3.25, 6). CymmapHas
M/IC nepBUYHOI ¥ BTOPUYHOI OOMOTOK paBHa ijw,; — iw,. Bta MIAC
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BO30YXIaeT B MATHUTONPOBOfiEe OOIMIT MArHUTHEII noTok ®. Kpome
TOTO, TIPU aHanu3e paboThl TpaHcopMaTopa HYXXHO Y4eCTh OTOKO-
CLCILICHUST pacCeAHNA NEPBUYHON W) M BTOPUYHOM W p,.; OOMOTOK,
KOTOpbIE MPOTNOPLUOHATIBHBI COOTBETCTBEHHO TOKAM ij U iy.

Ha puc. 7.4, 6 nokaszana cxema 3amernieHus TpaHcdopMaropa ¢ ak-
TUBHBIMU COTIDOTUBIEHUSIMU NIEPBUYHOM R,; M BTOpU4HOIi R, 0OMO-
TOK U UX UHIYKTUBHOCTAMU PACCESIHUS Ly = Wpact/ii U Ly =Y o0/ by

TpaHcdopmarop, nepBryHasi U BTOpUYHAs OOMOTKU KOTOPOIO He
MMEIOT aKTHBHBIX CONPOTUBJICHUN U TMOTOKOCLEIUIEHUI paccesHusI,
Ha3bIBAETCS udearusuposantvim mparcgopmamopom. Ha puc. 7.4, 6 vnea-
JIM3UPOBAHHBIN TPaHC(HOPMATOP BBIIEJIEH LITPUXOBOW JIMHUEH.

IlosioxurenbHbie HanpasiaeHust DJIC e, ¥ Toka i, B ero nepBUYHOI
O0OMOTKe COBNAJAIOT, KaK U y KaTywiku (cM. puc. 3.23, a), B KOTOpylo
npespaitaeTca TpaHcpopMaTop nMpu pasoMKHYTOI LiENM BTOPUYHOI
00OMOTKH.

Tak kak DJIC B nepBuyHOil €, = —w,d®/dt u BTOpPUYHOII e, =
=—w,d®/dt o6MoTKax TpaHCHOPMATOPA UHIAYLUPYIOTCS OAHUM W TeM
K€ MAarHUTHBIM NOTOKOM @ B MarHUTONPOBOAE, TO NMOJOXUTEIBHBIC
HanpasieHNs 3Tux D1 C OTHOCHUTENLHO OHOMMEHHBIX BLIBOIOB O0EUX
0OMOTOK OJIMHAKOBEIE.

Ecnu 8 uenn nepsudHoit oomMotku DJIC e, U TOK i, COBMAAaIOT Mo
HarpasJIeHHIO (TPaBHUJIO NPaBoXogoBoro OypaBuMka (cM. puc. 3.23) s
TOKa, noToka ¥ B/1C), T0 B Lienu BTOPUYHON OOMOTKM HArpaBieHUe
TOKA i BBIOPaHO NPOTUBONONIOXKHBIM HanpasieHuo BJ1C e,. D10 coort-
BETCTBYET (DU3NYECKOMY TIPEACTABICHUIO O Pa3anyHoil pomu DJC: B
nepBoM ciydae BJ1C npensarcTByeT u3MeHEHHIO TOKA, 4 BO BTOPOM —
BO30yX/JaeT TOK.

PazinyaroT HECKOIBKO PeXMMOB paGoTh TpaHcdopMaTopa, MMe-
JOLIET0 HOMMHAJIbHYIO MTOJTHYIO MOLUHOCTD Syom = Stuon = Uinom ivom:

© HOMUHAAbHbII PeHCUM, T.€. PEXUM MPH HOMHMHAIBHBIX 3HAYEHUSX
HanpspkeHus U, = Uy, M TOKA 1) = [, IEPBUYHON OOMOTKHU TPaHC-
dopmartopa;

e pabouuil pexcum, TIPU KOTOPOM HAMpsDKEHUE MEPBUYHON 0OMOT-
KU ONIM3KO K HOMUHAILHOMY 3HaY€HMIO Win paBHO eMy: U = U, o, @
TOK /; MeHbllIe CBOET0 HOMUHANBHOIO 3HAYEHUS I),,0,, WK PABEH €My
U ompejesiseTcd Harpy3koil TpaHcopMaropa, T.e. TOKoM L;

® peXCUM X0A0CMO20 X004, T.€. PEXUM HEeHarpy>XeHHOro tpaHcgop-
Maropa, Hpu KOTOPOM LIENb BTOPUYHOI OOMOTKH pasoMkHyTa (1, =0)
WK NOAKIIIOYEHA K TIPUEMHMKY C OYE€Hb OOJIbILIMM COIPOTUBIEHUEM
Harpysku (Harmpumep, K BOJBTMETPY);

® pexcum KOpomkKozo 3ambikanus tpaHcdopMaTopa, HIpU KOTOPOM
€ro BTOpuyHas 00MoTka KopoTko 3aMkHyTa (U5 =0) miu noaxioyeHa
K MPUEMHUKY C OYEHb MaJIbIM CONPOTHUBJIEHMEM HArpy3ku (Haripu-
MEp, K amIiepMeTpy).

PexxuMbl X0510CTOrO x0/la M KOPOTKOIO 3aMBIKAHUSl CTIELIAATBHO
€0371a10TCsl TIPU UCTTLITAHUM TpaHchopMaTopa.
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7.3. Pexxum xonocToro xopa tpaHcdopmartopa

B pexuMe xosoctoro xofaa (puc. 7.5) TpaHchOpMaTOp NpeBpalaer-
cd B KaTYLIKy ¢ MarHHTOIPOBOAOM, K OOMOTKE KOTOPOH € 4YUCIIOM
BUTKOB 1w, TOAKTIOUEH UCTOYHUK CHHYCOMIATBHOIO HATIPAKEHMUSI.

Onbimom x010cmo20 x00a Ha3LIBAETCA UCTIBITAHKE TpaHcdopmaropa
NP PA30OMKHYTO#M LIENMA BTOPUYHOI OOMOTKM W HOMMHAILHOM Kep-
puyHoM HanpsxeHun U, = U)o, Ha OCHOBaHMU 3TOTO OTBITA MO 110~
Ka3zaHWsIM U3MEPUTENIbHEIX TPUOOPOB oripelensiorT Ko3Gh@ULUUEHT
TpaHchopMallMi ¥ MOIHOCTL TIOTEPh B MArHUTOMPOBOAE TpaHCHOP-
matopa. ONBIT XOJOCTOrO XOAa ABJISIETCS 00s13aTe/IbHbIM MPH 3aBOA-
CKOM MCOBITaHUHW TpaHcgopMaropa.

[Ipy HoMUHaTBLHOM nepBrYHOM HampspkeHUuu Uy, = Ujyon TOK XO-
soctoro xoaa I, cocrapisier 2—8 % HOMUHANbHOIO NEPBUYHOIO TOKA
lon (TEM MeHbLIE, YeM OOJNbIIE HOMMHAILHAs TIONHAsA MOILUHOCTh
tpaHcopmatopa), 1.e. U, =-F,. KpoMe Toro, npu pa3soMKHYyTOM LK
propudHoi o6MoTku U, = F,,. IlosToMy, U3MEPHUB BOJILTMETPOM Iiep-
puuHoe U, v BropuuHoe Us, HANpsiKeHUs1 B PEXUME XOJIOCTOro Xo/a,
OIIPEAETSIOT Ko3(hpuyuenm mparcghopmayuy NOBBILIAIOIETO WM MO-
HIKaoIlero TpaHchopMaropa:

w, E5 Uy
= wy E, U, 7.1)
w_Ey Un “

Hyp=—>=
w, E5 Uy

KosdduupeHT TpancdhopMaLiy yKa3biBaeTcsi Ha IUTKe TpaHc(hop-
MAaTOpa B BU/E OTHOIHEHHS HATIPSDKEHUI BBICILIETO K HU3LIEMY IpU
ero xosioctoM xozie, Hanpumep «6000/230 B».

MouHocTe notepb B TpaHcdopMaTropax MmpH X0JI0CTOM XOIe CKJla-
JIBIBAETCS M3 MOLIHOCTH [OTEPb B MArHUTONPOBOE (Ha BUXPEBbIE TOKH
M MardHMTHBIN TUCTEPE3UC), MOLIHOCTU TIOTEPh B MPOBOMAX IEPBUY-
Hoit oomoTku (R, 1L), a Takxe MOLIHOCTH 100aBOYHBIX MOTEPD (M0-
TEPH U3-3a BUOpaLMK JIMCTOB CTA/IM B MECTax UX CTBIKOB, B KOHCTPYK-
TUBHBIX I€TA/I5IX BCJIEACTBUE MTOTOKA paccessHus  T.1.). IIpu xonocrom
xone ToK [, < ;0 ¥ MOIHOCTB T10TEPb B [POBOAAX HUYTOXHEI MO

1.2sz
-— >

UZx sz

Puc. 7.5
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CPaBHEHHUIO C MOLIHOCTBIO MOTEPh J
B MarHUTONPOBOJE (MCKJIIOYEHUE
COCTaBJISIIOT TPaHCHOPMATOPHI, HO-
MUHaJIbHAS TIOJTHAS] MOILHOCTb KO-
topbix MeHee 1000 B - A). To xe ot-
HOCUTCSl U K MOIIHOCTH J106aBOY-
HBIX MOTEPL. ITo3TOMY ONBIT XO0NI0C-
TOTO XOAa CITYXUT JUIS OTIpeieieH NS
MOWHOCIU HOMEPL 8 MAZHUMONPOGO-
de mpancghopmamopa. MoiHoOCTD
noTepb B TpaHchopMaTope TNIPH XO-
JIOCTOM XOJle Majla U COCTABJISIET
0,3—1,4 % ero HOMMHAJIBLHOM MOJI-
HOW MOIIIHOCTU (T€M MEHBILIE, YEM
Oosblie HOMUHANbHAA TIONHAA Iipx
MOLIHOCTbL TpaHcdopMaropa). Tem
He MeHee MOLLHOCTDb MOTEPDL B Mar-
HUTOTIPOBOJIE MMEET BAXXHOE ITPaK-
THYECKOE 3HayeHHEe, TaK KaK CH-
JIOBBIE TPaHCHOPMATOPLE PEAKO OT-
KJIIOYAIOTCS OT MEPBUYHON CETH.

Tok xonoctoro xona I, cocro- Puc. 7.6

UT U3 PeakTUBHON [,,, M aKTUB-
HOW [, . cocrapisiomx. [locnenHsas onpenensierca norepsmMu B Mar-
HUTOTIPOBOJIE U 10GABOYHBIMU MOTEPsiIMU. B GonblIMHCTBE cyyaeB ak-
THBHas1 coctasnsiiouyas /,,, MeHbiie 10 % peakTHBHON COCTABISIOLIEEH
I, x, ¥ MOXHO CYMTATh, YTO TOK XOJIOCTOTO XOAa OTCTAaeT 1o ¢ase OT
NEePBMYHOIO HANPSLKEHUS TPAKTHYECKU HA 4YeTBEPTh IEPUOAA, T.€.
¢1x=7/2 (puc. 7.6).

[lpy OrpaHUYEHHBIX BO3MOXHOCTSX OXJIAXAEHUS BAXHO 3HATH, KAK
M3MEHNTCA PEXUM XOJIOCTOrO Xoja TpaHc@opMmaTopa Npy M3MEHEHHUU
NepBUYHOrO Hanpstxenus. 3apucumoctn P, = f(U,) v I, =f(U,,) Ha-
3bIBAIOTCS XaApaKmepucmuxkamy xoaocmoeo xoda tpanccopmMaropa (puc. 7.7).
Chayana npu MOBBILIEHUM TIEPBUYHOIO HanpsokeHus U, OT HYIEBOro
3HAYCHKWs MarHUTONPOBOA HE HACBIIEH U TOK [j, YBEJMYMBAETCS IPO-
MOPLMOHAILHO HAaNpPsUKEHUIO; 3a-
TEM HAUMHAET CKA3bIBATHCH HACHI-
IIEHUEe MarHWTONPOBORA, HaIlpH-
Mep nipu Uy, > 0,8V}, ¥ TOK XO-
Jiocroro xona I, OBICTPO HapacTaer.

Jis GOnbIIMHCTBA CUJIOBBIX
TpaHchOpMAaTOPOB HOMYCTHUMBII
BEPXHUI ApeeN JIMTEILHOTO 110~
BBIIIEHUST TIEPBUYHOIO HAIpsKe- . ‘ ‘ :

HUS B peXMME XOJIOCTOTO xo}l)a pa- 0 04 08 1.2 Uiflinow
BEH 1,1 UlHOM' PMC. 7.7

Zoﬁl Iiy jXpacljlx

_E x|

_EZX = UZx
~

E]x

PIXs le
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7.4. Pexxvm KOPOTKOro 3amMmbikaHus TpaHcgopmartopa

Paznuyaor peXuM KOPOTKOIO 3aMbIKaHMSI B SKCILIyaTALMOHHBIX
YCJIOBUSAX U OIIBIT KOPOTKOTO 3aMbIKaHus. [1epBhIi npeacTaBiseT co-
0oi1 aBapuiiHbIii pexxuM TpaHcdopMaTopa, mpyU KOTopoM TpaHcdop-
MATOp CHJILHO HArpeBaeTcsl, YTO MOXET BHI3BATh €r0 paspyllieHHe.

Onbimom KOpOMK020 3aMbIKQHUS HAa3bIBAETCsl UCTIBITAHNE TpaHCGhOp-
Maropa Tpy KOPOTKO3aMKHYTOM LIENY BTOPUYHOW OOMOTKM M HOMM-
HAJILHOM IepBUYHOM TOKe I, = I}, (puc. 7.8). Ha ocHeBaHun 3100
OTIBITA OTPEAEIISIOT MOLJHOCTh TOTEPh B MPOBOJax OOMOTOK U Tpe-
YIOJILHMK BHYTPEHHEro najeHusl HanpspkeHHit. OnbiT KOPOTKOTo 3a-
MBIKaHHUS, KaK M OIBIT XOJIOCTOrO X0ja, 00s3aTelieH NP 3aBOJACKUX
VICTIBITAHUSX. .

HanpstkeHue repBMYHON OOMOTKH B OIBITE KOPOTKOIO 3aMbIKa-
Hust Uy, nipu ToKe I, = I, cocTaBisier 5—10 % ero HOMUHaILHOTO
sHaueHuss U, a neictyiotiee 3Hauenue DIC £, — 2—5% ero
3HaueHUs B paboyeM pexume. IlpornopumoHansHo 3HadeHuo BJC
YMEHBLIAETCH MArHMTHBIN TOTOK B MarHutonposoje (7.11), a Bmec-
T€ ¢ HUM HAMAarHU4MBAIOIINN TOK U MOIHOCTb NOTEPh B MArHUTO-
npoBojie. IT03TOMy OTBIT KOPOTKOIO 3aMBIKAHMS CIIYXUT ISl OoTipe-
IEJIEHUS] MOLIIHOCTH TOTeph B NMPOBOAAX NEPBUYHON U BTOPUYHOI
0OMOTOK:

P]K = RB]IIZK + RB2122K' (72)

MouHOCTh 1oTeph B TpaHchopMaTope B OIBITE KOPOTKOTO 3aMEI-
KaHus coctasngeT | —4 % ero HOMUHAJILHOM NOJTHOM MOUTHOCTH (TEM
MeHBLIE, YeM BoJblIe HOMUHAILHAS TOJHAS MOIIHOCTL TpaHcdopma-
TOpA).

M3 ornbITa KOPOTKOrO 3aMBIKAHUSA OMNpeleNisIor:

e 10MHOE CONpOMUGAeHIEe KOPOMKO020 3aMbiKanus TpaHchopMaTopa

Ze= Ui/l (7.3)

® QKMUGHOE ConpomueneHue KOpomKo20 3aMblKanus TpaHcghopMa-
TOpa

R =Ry If; (7.4

o UHOYKMUGHOE COnpomueéaeHUe KOPOMK020 3aMblKaHus TpaHcghop-
maropa

X, =JZI_RL. (7.5)

Ha puc. 7.9, a ¥ 6 1ocTpOeHHI TPEYroJbHYK CONPOTUBJIEHUI U 1O-
JIOOHEII €My mpeyeonbHUK 6HYMPeHHee0 haO0eHUs HanpaxceHuil, CTopo-
HBl KOTOPOTO TpPEACTABIAIOT B MPOLEHTaX HOMUHAJIILHOTO HaIlpspKe-
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‘ ) ‘ k
RK ux_a

a 6
Puc. 7.8 Puc. 7.9

Husl U0y NEPBUYHOE HANPSIKEHUE B OMBITE KOPOTKOrO 3aMBIKAHMS
Uik M €ro aKTUBHYIO U UHIYKTUBHYIO COCTABJISIOIIHE:

RKII [s]
UlHOM

X
— K[lHOM 100%; (76)

K.p
Ul HOM

= Zeluwou 10045,

K
Ul HOM

Hanpsoxcenue kopomkoeo 3ambikanus U, ABISAETCS BaKHBIM Mapa-
MeTpoM TpaHcgopMaTopa U yKasbplBaeTcsi Ha ero ummtke. OHO onpe-
AeJisieT U3MEHEHEe BTOPUYHOIO HANIPSDKEHUs] HAMPYXEHHOIO TPAHC-
¢opmatopa.

HanpsxxeHue KOPOTKOTO 3aMBIKaHUs cocTasisieT 5— 10 % Homu-
HJTLHOIO NEPBUYHOIO HANPSIKEHUS K TeM OOJIbLIE, YeM BBILIE HOMU-
HaTbHBIE HAIpPAXEHUs 0OMOTOK TpaHcdopMaropa. DTo oObsICHIETCS
TEM, YTO € YBEJIMYEHUEM TOJILIUHBI U3OJIALIUN TIPOBOLOB BO3PACTAIOT
NOTOKOCLIEIUIEHUA pacCedHusl, a CIeHOBATEIbHO, U NMHAYKTUBHLIE CO-
MPOTUBJICHNSA PACCEAHUSL Xy M Xpaco-

OnbIT KOPOTKOTO 3aMBIKAHUSI MOXKET CNYKUTh TAKXKE KOHTPOJILHBIM
ONBITOM JJif onpejeneHus KoadhduuueHTa TpaHcpopMaLiK 1OBbILIA-
IOLIEro ¥ MOHMXAIOUIero TpaHcopMaTopoB

fy =2 ~ ;IK >1;
w) 2K
7.7
wy IZK ( )
My = b= 225,
w; Ill(

7.5. PaGounii pexum Tpancpopmartopa

B paGouem pexumMe BTOpUYHAasi 0OMOTKa TpaHcdopmaropa Toj-
K/IOYyaeTcsl K MNPUEMHHUKY SHEPIUM C CONPOTUBIIEHMEM HArpy3Ku
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Puc. 7.10

Z, =7, £ ¢, 0 cxeme, mpejcTaBieHHoN Ha puc. 7.10, a, koTopoit
COOTBETCTBYET CXxeMa 3aMelleHus Ha puc. 7.10, 6, tae Ry, Ry, u X,
X2 — AKTUBHBIE COMPOTHBIIEHUSI W WHIYKTUBHBLIE CONMPOTUBICHUS
paccesiHusl TIEPBUYHOM W BTOPUYHON OOMOTOK.

MarsuuTHbI MOTOK B MArHUTONpOBOJe TpaHcdopmMaTtopa B pabo-
yeM pexXuMe U B PEXMME X0JIOCTOTO Xoja (CM. 1opass. 7.3) n3MeHs-
etcs Mano. [To3ToMy MOXHO cuuTarh, 4To ypaBHeHue 6ananca MJIC B
pabodeM pexuMe OyjgeT UMETh BHUJ

jlwl = i2w2 + jlxw], (7.8)

rae 1w, — MJIC Toka B nepBUYHOIN OOMOTKE B PEXMME XOJIOCTOTO
Xofa.

Pasnenus o6e yactk ypaBHeHHs (7.8) Ha YUCIO BUTKOB TEpBUY-
HOI1 OOMOTKM 1w, MOJIYYUM

[l=i£+ilx’ (7.9)

e 15 = I, w,/w, — npueedernsiti mox BTOPUYHOI1 LeNuU K MEPBUYHOM
LIETIH.

CxeMe 3amenieHus TpaHcdopMaTopa COOTBETCTBYIOT ypaBHEHMS,
CcOCTaBJIeHHbIE MO BTOpoMy 3akoHy Kupxroda:

Ul = —E] +R31i1 +jXpaclil = _El +Z06]jl;

. . L L g (7.10)
Uy =—E; - Ryply = jX oIy = —E5 — Zoga I,
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i€ Zos1 = Re1 + fXpact YU Zosz = Ry +jX 50 — KOMIUIEKCHBIE CONPOTHBIIE-
HUS, YYUTHIBAIOLIME aKTUBHEIE CONPOTUBACHUSI OOMOTOK ¥ UX MHAYK-
TUBHOCTY paccesHnd. Ilpu 3Tom geiictByroniyie sHauenust SC, nHoy-
LIMPOBAHHLIX B MEPBUYHOM M BTOPUYHON 0OMOTKax TpaHcgopmaropa
C YUCJIaMM BUTKOB w; U w5, M aMIUIUTYHOEe 3Ha4Ye€HUe CUHYCOMAab-
HOTO MarHuUTHOro noroka @ = @, sin @/ B MArHUTOTIPOBOJE CBsI3aHbI
no (3.18) cooTHOLIEHUSAMU

E = %wlcbm =4, 44 fuw,D,,;
o

V2

Ha puc. 7.11 npusefeHa BeKTOpHas Auarpamma tpaHcgopMaropa,
nocrpoeHHasa no (7.9) u (7.10) npn ¢, > 0, T.e. Ipy MHAYKTUBHOM
XapakTepe Harpysku.

W3 ypaBHeHu# TpaHcdopMaTopa 1 €ro BEKTOPHOI IuarpaMmal Cjie-
NIYeT, YTO OTHOMIEHUE JEMCTBYIOLMX 3HAYCHUN HANpPsKEHUN Mexay
BHIBOJAMU BTOPUYHOI OOMOTKM U MeXy BHIBOJAMU MEePBUYHOM 00-
MOTKHM HE COBIAAET C OTHOLIEHWEM JeiicTByrommx 3HadyeHnit 31C,
MHAYLIMPYEMBIX B 9THX 0OMOTKax MarHUTHbIM 1IOTOKOM @ B MarHu-
tonposoze. JeicTBylone 3HaYeHNs HATIPSKEHWH Zyg I} U Zs; 1, Ha-

(7.11)

E2 = lU2(Dm = 4,44fu)2¢m.

Rl

jXpac 21 2

Puc. 7.11
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3BIBAIOTCS] NOAHBIMU GHYMPEHHUMU RAOCHUAMU HARPAXCEHUT HA TIEPBUY-
HOI ¥ BTOpPMYHON 0OMOTKax TpaHchopMmaTopa. 3aMeTHM, YTO TIpHBe-
JIEHHasi BEKTOpHasi AuarpaMMa MOKa3bIBacT JIMIIb Ka4e€CTBEHHBIE CO-
OTHOLLEHUS1 MEXIYy BeMMYMHAMU. B OOJIBIIMHCTBE C/Iy4aeB TPEYroib-
HUKW BHYTPEHHMX MAJCHUIl HaTPSKEHUM Majibl I MOXHO CYMTATD,
YTO

U,/U, = E,|E, =%2. (7.12)

w) .

Crnenyer Takke OTMETUTh, YTO HaMAarHWYUBAIOIIMI TOK B TpaHC-
¢dopmMaTope 3aBUCHUT OT €ro Harpy3ku, T.€. oT Toka I,. BTo oObsICHs~
€TCs1 TEM, YTO IIPY U3MEHEHUM Harpy3Ku U3MEHSIIOTCS TOK B NEPBUY-
HOIl OOMOTKE M €€ ITOJIHOC BHYTPEHHEE MaleHWe HanpskeHusi Z.g 1.
Opnako B OOJBIIMHCTBE CIIy4YaeB MafCHUE HANpsixXeHus Z, I, MHOro
MEHBIIIE HaNpsKEHUA nuTatonieit cetu U ¥ MOXHO CUMTATh, YTO Ha-
MarHM4MBAaIOLIUil TOK PaBEeH TOKY XOJIOCTOro Xofla TpaHc(hopMaTtopa
I,, ipu Toke I, =0.

7.6. BHewunsasn xapakrepucrtuka u KN rpancoopmaropa

Ecnu HanpsixeHre MeXTy BRIBOOAMH IIEPBUYHOI OOMOTKH TpaHC-
¢dopMaTOpa MOCTOSTHHO 1 pPABHO HOMUHATBHOMY 3HaYeHUIO U = U} o0,
TO IIpM U3MEHEHWHU COMPOTUBJICHUS HArpy3Kd M3MCEHSIOTCS TOKH B
obmoTkax TpaHcdopmartopa I} u L, v BropuyHoe Hampspkenue U.

Buewnsisa xapakmepucmuxa mpancgopmamopa onpenessieT 3aBUCUMOCTD
M3MCHEHUs BTOPUYHOIO HanpsixeHust U, ot Toka Harpysku I, mipy 1mo-
CTOSIHHOM KO3()(PULIMEHTE MOLIHOCTU IIPHEMHHKA (COS (@, = const) U
HOMMHAJIBHOM IIepBUYHOM Hanpspkenun U, = U,,, (puc. 7.12).

Ha puc. 7.13 noka3aHa 3HepreTuyeckasi fuarpaMmma tpaHcgopma-
TOpa, rae P; — MOIIHOCTh MEPBUYHOI OOMOTKY; P,p1 — MoIHOCTD
NOTEPb Ha HarpeB MPOBOAOB MEPBUYHOW OOMOTKH; P, — MOILHOCTD

)
' __________ .
o] E— 1 L I
U2H0M : kk
|
U, = Uyorss
Sy Yo MBI
|
: L
. NS
0 P, F Fupy
12H0M 12 I 1
Puc. 7.12 Puc. 7.13
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10TEPb B MarHUTONpoBoAce (B CTajy) HA I'MCTEPE3NC U BUXPEBEHIC
ToKM; Py = P, — Py, — P, — MomHOCTb BTOPUYHOU O0OMOTKH; Py —
MOLLHOCTb NOTEPb Ha HAarpeB NpOBOJOB BTOPUYHOU OOMOTKU; P, =
=Py — Py = P - Py, — P~ Py, — MOIHOCTB LN, KOTOPasi MUTa-
eTcsl OT TpaHcopMarTopa.

OTHollleHEe aKTUBHOUW MOLIHOCTH P, Ha BhIXo/ie TpaHchopMaTopa
K aKTHBHOI1 MollHOCTH P, Ha Bxone, BHIPaXE€HHOE B MPOLICHTAX,

n=(P,/P)100 %

Ha3BIBaeTCS Koagpuyuenmom noneznozo deticmeus (KI1J1) tpancdop-
MaTopa, KOTOPBI 3aBUCHUT OT PEXUMa €ro paboThl.

Hdns onpenenernus KI1J ynmoGeH MeTom KOCBEHHOIO HM3MEpPEHUS,
OCHOBaHHBII Ha MPSIMOM U3MEPEHUHM MOIIHOCTH MOTEPh B TpaHChOp-
Matope, AP= P, — P, U3 OnbITOB XOJIOCTOTO Xoxa (cMm. moapasn. 7.3) u
KOPOTKOTO 3aMbIKaHus (CM. Ttogapasi. 7.4).

P —AP AP
[ L=2F hoog% ={1-—2"_l00%.
m P % P2+AP] %

T1pu HoMHMHaNBHEIX 3HaYeHUsIX HanpskeHus U = U, ¥ Toka I} =
= I},on IEPBUYHOM OOMOTKH TpaHchopMaTopa U Ko3¢hhULUEeHTE MOIII~
HOCTH TIPpUEMHUKA COS ¢, > 0,8 KI1/l cunoBeix TpancghopMaTopoB 60b-
IO MOLIHOCTH TIpeBRILIAcT 99 %.

Hns rpancgopmaTtopoB Manoit MouiHocT KT MoxeT OpITh HIXKE
70 %.

7.7. TpexdasHbie TpaHcPhOopMaTOpbI

Ilpeobpa3oBaHKe 3HAYCHUI HANPSDKEHUS M TOKa B TpexdaszHbIX
uensx (cM. 1. 6) BO3MOXHO € ITOMOLIBIO TPEX OFHMHAKOBBIX OHOMA3-
HbIX TpaHc(hopMaTopoB Ha puc. 7.14, a, rae NponucHBIMU OyKBaMu A,
B, C (X, Y, Z) obo3HayeHbl Hayaja (KOHLIbI) OOMOTOK BBICLIETO
HAIPSDKEHIST, 8 OMHOMMEHHBIMU CTPOYHBIMU OyKBaMK — Havasa (KOH-
LIbl) OOMOTOK HU3I1IET0 HanpsixeHus. I1pu CMMMETPHYHOM peXuMe pa-
OoThl TpexdazHo LIeNY B IIOOOI MOMEHT BPEMEHU CYMMbI TOKOB TPEX
NEPBUYHBIX U TPEX BTOPUYHBIX OOMOTOK paBHBI HYJNIO (cM. puc. 6.4,
puc. 6.7). Tlostomy Bo30yXaaeMast HX COBMECTHEIM ACUCTBHEM CyMMa
MarHUTHBIX TIOTOKOB B TPEX MAarHUTOIPOBOAAX B JIIOOOH MOMEHT Bpe-
MEHH TaKXe€ paBHa Hyo. ClieqoBaTesIbHO, €CJIM YaCTh MAarHUTOIIPOBO-
OB, OTMCUYCHHBIX LITPUXOBON JMHUEU, UCKIIOYNUTDH, a OCTaBLIVECH
4acTH OOBETUHUTE B OIMH MarHMTOIIPOBOA 110 OAHOMMEHHBIM TOPLIAM
I u 2 (cm. puc. 7.14, a), TO pYHKUMS UCXONHBIX TPaHC(HOPMATOPOB
COXPaHMTCS. DTO UCTIONB30BAHO B KOHCTPYKLIMY MASHUMONposooa mpex-
daznozo mpancghopmamopa (puc. 7.14, 6). Ha xaxaomM u3 Tpex ovHa-
KOBEIX cmepacHeli, COOpaHHBIX U3 JIMCTOB 3NEKTPOTEXHUYECKON CTain
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A OOBEAMHEHHBIX CBEPXY U CHM3Y Apmom 3, pacrionaraloTcsl riepBuUY-
Hasl ¥ BTOpu4Hasi oOMOTKHU ofHo# dasbl TpexdazHoro Tpanchopmaro-
pa. CyMMa MarHUTHBIX ITOTOKOB B CTEPXHSIX B JIIOOOH MOMEHT BpeMe-
HU Onu3ka K Hyio. [locneaHee HE UMEET MPaKTUYECKOTO 3HAYCHMS U
O0BACHSIETCA HEOONBLINM PAa3IMYUEM MArHUTHHIX CONPOTUBJICHUIA Cpefi-
HETO U JBYX KpaWHUX HEpPA3BETBJICHHBIX YYaCTKOB MarHUTOIpOBOAA
M3-32 HAIMYUS ApMa.

Bce paccmotpeHHoe st oqHO(pa3HBIX TpaHC(POPMATOPOB MOXHO
pacnpocTpaHUTh Ha Kaxayio ¢asy TpexdasHoro tpaHcgopmaTopa B
cllyyae CUMMETPUYHON HArpy3KH.

Macca, pasMepbl 1 CTOMMOCTE Tpex(pazHOro TpaHchopMaTopa MeHb-
111€ CyMMapHBIX 3HaYCHUI1 OIHOMMEHHBIX NMapaMETPOB IPYIIL U3 TPEX
onHogazHbIX TpaHCHOPMATOPOB TOM XE CyMMapHoii MolHocTu. Oji-
HaKoO [JI1 HaJCXHOI 3KCIUlyaTanuu TpaHchopMaTopHOl Ipymmbl f0-
CTaTOYHO MMETH O[VH PE3€pBHBIN OLHOMAa3HBIH TpaHC(OopMaTOp, KO-
TOPBIH JIerYe MOHTHPOBATh U TPAHCIIOPTUPOBATh, B TO BpeMsl KaK IpU
OoIHOM Tpex(daszHoM TpaHchopMaTope JUIs pe3cpBa HEOOXOAMM JIpyroi
TakoM e TpexdasHpiii TpaHchopMaTop. [1o ykasaHHBIM IIpUYHUHAM
MOILHOCTB Tpex(a3HbIX TpaHCchopMaTOpoB He NpeBbiniacT 1 MiH kKB - A.
- Kak nepBuuHbIE, TAK U BTOPUYHBIE 0OMOTKYM Tpexda3Horo TpaHchop-
MaTopa MOryT OObEIMHATECS 3Be310i1 (cumBoa . win L, ipu BHBO-
Jle HeMTpaNpHOM TOYKHU) WU TpeyroibHukoM (cumBon A). Hanowm-
HUM, 4TO IIEPBUYHAasi OOMOTKA IMOBBIIAIONETO (MOHMKAIOILETO) TPaHC-
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¢opmaropa OIHOBPEMEHHO ABseTCs 00MOTKOM Hu3lero — HH (Bbic-
wero — BH) HanpsbxeHus.

CoenrnHeHHE OOMOTOK TpexdaszHoro TpaHchopMaropa 3B€310i1 KOH-
CTPYKTHBHO HPOILC, U3OJSILIMS OOMOTOK ITPH 3a3€MACHHON HEHTpasib-
HOI TOYKE JOJIKHA PaCCYMTBIBATECA HA (Da3HOC HAIPSIKEHME, a ceve-
HYE TIPOBOAOB OOMOTOK — Ha JIMHEHHHI TOK. [ToaTOMYy CoenMHEHNE
OOMOTOK 3B€3/I0i MPEANIOYTHUTENEHO B TpeX(PasHbIX LEnsiX ¢ GoNbLINM
JIMHCWHBIM HATpsSIKEHUEM, KOTOpPOE B NE] pa3 Gonsbuie GasHOro, U
ManbIM JIMHEHHBIM TOKOM.

CoeguHeHre 06MOTOK Tpex(haszHoro tpaHchopmaTopa TPEyrob-
HMKOM MNPEATIOYTUTEILHO B TPeX(a3HBIX LIENAX ¢ MaJIbIM JTMHEHHBIM
HampsDKeHVeM 1 OOJbLLUM JTUHEHHEIM TOKOM. [lpu TakoM coeanHe-
HUM H30MS1UST OOMOTOK HOJIXXHA ObITH paCCUMTaHa Ha JIMHEIHOE Ha-
IPSDKEHUE, 2 CEYEHUE NIPOBOAOB — Ha (ha3HBII TOK, KOTOPHIN B V3
pa3 MeHbliIe JuHeitHoro. B sHeprocucremax Poccun Hanbonee pacnpo-
CTpPaHEHH COCHNMHEHUS] OOMOTOK BRICILIETO M HU3LIErO HANPSKEHUH
A/, AN/A, AN /A, HanpuMep, B HIOBBILIAIOLIMX CHJIOBBIX Tpexdas-
HBIX TpaHchopMaTOopax GONBIIOI MOIIIHOCTH TIPUMEHSIIOT COCAMHEHUS
o06MoTOK A //A\, eciiu cO CTOPOHBI HU3ILETO HANPSIKEHUS] HE TpeOyeT-
Csl BBEIBOJIL HCUTpau.

[Ipu onMHAKOBOM coeHEHMH 06MOTOK A/ win A/A otHO-
LIeHHEe JUHEHHBIX HarpsKeHUi (BHICLIErO K HU3ILIEMY) PABHO KO-
shdumMeHTy TpaHchopMaLny ofHOI (da3sl TpexdaszHoro TpaHchop-
matopa (7.1). Hpu coenmHeHU OOMOTOK BBHICLIETO M HM3LIErO Ha-
npspkenuii o cxeme L /A (A/)N) OTHOLLEHWE COOTBETCTBYIOLLMX
JIMHEMHBIX HaIpskeHuit Oynet Gosblie (MeHblUE) Kod3hdULMeHTa
TpaHchopMalliu B 3 pas. Dro no3ponsieT U3MEHSTh BTOPHYHOE Ha-
NpsEXEHKE TpaHCPopMaTopa U3MEHEHHEM CXEMBI COEIMHEHUS €ro 06-
MOTOK.

7.8. MNpynnbl coeauHeHnii 06MOTOK TpaHchOopMaTopoB

Or crrocoba coeMMHEHUSI OOMOTOK BBICLLETO W HU3LLIETO HAMpsKe-
HUi1 B Tpex(pazHOM TpaHchopMaTope 3aBUCHUT yTroJl CIBUIa (pa3 MexXay
€ro OOHOMMEHHBIMH JIMHEHHBIMY BBICILIMM M HU3LIWM HanpsKeHMs-
MM, HanpuMep, MexXay JuHeiHsiMU HanpspkeHusiMU Uy 11 Uy, Tlo
9TOMY TIpM3HaKy Tpexda3Hble TpaHchOopMAaTophl pasfcisioT Ha IpyIi-
nel. O603HaYEHKE TPYNIIBI COCNMHEHMS] OOMOTOK OCHOBAaHO Ha CpaB-
HEHUY BEKTOPHOI AMAarpaMMbl TMHEUHBIX HAPSIKEHUI € TIONTOXKEHH-
€M MHMHYTHOI M 4YaCOBO#i CTpeNoK 4acoB. MMHYTHas cTpenka (ycra-
HOBJIeHa Ha Lu@pe 12) coBMElAeTCd ¢ BEKTOPOM JIMHCHHOIO BBIC-
1iero HanpsxeHusi, Haupumep U 45, a yaCoBas CTPENKa — € BEKTOPOM
OIHOMMEHHOTO JIMHEHHOIO HU3ILEro HampsikeHus, Hanpumep U .

B Poccun juisi TpexcasHbIX TpaHC(HOpPMaTOpOB BEIOpaHb! ABE CTaH-
nmapraeie rpynne: 0 u 11. I'pynne 11 cooTBeTCTBYIOT ZiBa criocoba
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Puc. 7.15

COCAVHEHUIT OOMOTOK BBICIIErO U Husllero HanpsixeHus A /A-11 u
A /A-11, rpynine 0 — oauH.ctoco6 coeprneHns ooMorok A /L, -0.
Ha puc. 7.15, a v 6 npeacraB/ieHbl CXeMa COCAMHECHUS OOMOTOK
tpexdasHoro Tpancdopmaropa A /A-11 U COOTBETCTBYIOILAs € BEK-
TOpHAsl AMarpaMMa. )
BekTop JjivHelHOTO HU3iero HanpsikeHust U, o0pa3yeT ¢ BEeKTO-

. . 11
pOM JNUHelHOro Beicuiero Hanpspkenust U,y yron (2rn—nf6= —6—1:) ,

PaBHBIA YOIy MEXIy MUHYTHOM W 4acoBoii cTtpenkamMy B 11 yacoB.

Ha puc. 7.16, @ u 6 npencraBjieHa cCXeMa COEAMHEHUS OOMOTOK
TpexcdasHoro tpaHcgopmatopa A /X -0 1 coOTBETCTBYOILAs €11 BEK-
TOpHas IuarpaMMa. BeKTopbl TMHEHHBIX HU3LIETO U BHICIIETO HAIPs-
XXE€HUI COBIIANAIOT, YTO COOTBETCTBYET PACIONOXEHUIO MUHYTHOI U
yacoBoil cTpeniok B 0 yacoB. I'pymmy U cxeMy COCIMHEHUsST OOMOTOK
Tpex¢asHoro TpaHChOpPMATOpa YKa3BIBAIOT HA €r0 LKUTKE. 3HAHNE ITHX
JAaHHBIX HEOOXOIUMO NPH BKJIKOYECHUM Tpex(a3HbIX TPAHC(HOPMATOPOB
Ha NapajUlIeNbEHYIO padoTy.

Puc. 7.16
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Jna ogHodasHbX TpaHC(HOpMaTOpoB YCTAHOBJCHA OJHA rpyIina
coenuHeHust — 0.

7.9. NapannenbHan pa6ora TpaHcgpopmaropos

IIpu yBesimueHnM (YMEHBLUIEHUH) ITOAHONH MOLIHOCTH NMPHUEMHU-
KOB 1e1ecoobpa3Ho yBenTUYUBaTh (YMEHbBIIATh) HOMUHAIBHYIO TIOJT-
HYI0O MOILHOCTb TpaHcopMmaTopa AJsl NONYyYEHUsT MaKCUMAalbHOTO
KITJ. Yoo6Ho coenHATh HECKONBKO TpaHC(HOPMATOPOB Mapajlienb-
HO C BO3MOXHOCTBIO BKJIIOYEHUS] M OTKJIIOUEHHS KaXJIOro M3 HHX.
Ilpy 5TOM TakXke MOBBIUACTCA HAZCXKHOCTH 3KCILIyaTallud TpaHC-
¢opmaTopoB, TaK Kak HOCTATOMHO UMETb OAWH pPE3E€PBHBIN TpaHC-
¢dopmarop.

[TapameTpsl TpaHcOpMaTOpOB, BKJIIOYAEMBIX HA MapajLieAbHYIO
paboTy, HOJKHBI YIOBJIECTBOPSITL TPEM YCIIOBUSIM:

1) opuHakoBasi rpymmna coeAMHeHWit oOMOTOK 0 111 onHO(a3HBIX
n 0 wiu 11 gaa TpexdasHbiX TpaHCHOPMATOpPOB;

2) onMHAaKOBbIE HOMUHAJIBHBIE 3HAYEHUS TIEPBUYHLIX U BTOpHY-
HbIX HANpSDKEHUI NPy JONyCTUMON pa3sHMIIE 3HAYCHUI Ko3(puim-
€HTOB TpaHc(popMaLu He 6onee £0,5 %;

3) ogMHAKOBEIE ACHCTBYIOIME 3HAYCHUS HANPSKEHUIT KOPOTKOIo
sambiKanusi U, py domycTiuMoii pasHulle He Gomee £10 % (cM. (7.6)).

Ha-puc. 7.17 npuBelicHa NPUHUMINHKAIBHASA CXeMa BKIIIOUYEHMA Ha
napauleJbHyI0 paboTy nBYX onHO(]Aa3HbIX TpaHCHOPMATOPOB.

Ilpu HecoOJIOAEHNUN TIEPBOrO WM BTOPOTO YCIOBUSi B KOHTYpE,
NOKa3aHHOM Ha puc. 7.17 LrprxoBoii iMHuei, Oyner nefctsoBarb HJIC
Ey — E;y = AE, # 0 ¥ co3naBath TOK, OTaCHBIN 119 OOMOTOK TpaHC-
dopmatopa. Hannyue DI1C AE, MOXHO NpOBEpUTH BOTBTMETPOM [1pH
Pa3’OMKHYTOM pyOwsibHUKeE P.

)E:U.l

<— = ]
i |
[J,]Zz |2 %

Puc. 7.17

167



BhInoHEHME TPETHETO YCOBUS NO3BOJISIET PACIIPENESATL HATPY3KY
MeEXy rapaijesbHo paboTalouMU TpancdopMaTopaMu MpoNopLy-
OH&NBHO MX HOMWHANBLHBIM TOJTHBIM MOLLHOCTSIM.

ITpuBeneHHBIE TPH YCIOBUSL HOJIXHEI BBITIONHATBCSA 11 BCEX OHO-

MMEHHBIX (a3 TpexdasHbeIx TpaHCHOPMATOPOB, BKIIIOYAEMBIX Ha I1a-
pajulenbHyI0 padory.

7.10. OpHodasHsie n TpexdasHpie
asToTpaHcdpopmMaTopsl

Jlng KoMITeHCalMK aICHUs HANPSIXXKEHUS B IIPOBOAAX NMHUIA [1€6-
peiayr BBEICOKOIO HANPSXEHUS W OOABLIONH MPOTIXEHHOCTH, 06h-
CAVHEHUS B €IMHYIO 3HEPrOCUCTEMY JUHUI Mepefayn ¢ HOMUHAb-
HbIM HanpspkeHueM 110 u 220 kB wiu 330 u 400 kB, cryneHyaToro
PETYJIMPOBaHUS HANPSAXCHUSA Ha HATPEBATENbHBIX 3JIEMEHTAX 3JIEK-
TPHYECKUX MEYCH U OPYIUX uenei TpedyroTcs CWIOBHE TpaHchop-
MaTOpPLl OONBILIOKH MOIUHOCTH € Ko3ghduuneHTOM TpaHchopManuu
n<2.

B nonoOHBIX cnyyasix 3KOHOMIYECKH LIENECO00Pa3HO BMECTO OObIY-
HOTO TpaHc(hOpMaTOpa [IPUMEHSTH aBTOTpaHCGHOPMATOp, TaK KAk IIPH
TOM X€ HOMUHaNBHOI 1101HO#T MoliinocTH ero KITJ1 Bhiuie, a Macca u
pasMephLl MEHBIIIE,

Asmomparncgopmamop oTimyaeTcs o1 0OBYHOrO TpaHchopmaTopa
HaIMYUEM OIHOM OOMOTKM BBHICILETO HAIpPSIKEHMSI, 4aCTh KOTOPOIA
ABJISIETCH OOMOTKOIA HU3ILEro HarpspkeHusl. OOMOTKA BHICIIIETO HATIPSI-
XCHUA aBTOTpaHCchopmaTopa MOXET ObIThL NepBuyHOit (puc. 7.18, a)
WM BTOpUYHOI (puc. 7.18, 6). )

[Tpenebperas maneiM TOKOM HaMarHNYMBaHust I, MOXHO CUMTATD,
uTO B paboueM pexume TpaHcopMaTropa TOKM €ro repBUdHON I, u
BTOpMYHOI [, 0OMOTOK UMEIOT ofiMHAKOBHIE (hasbl (cM. puc. 7.10), a
JEHCTBYIOIICC 3HAYECHUE TOKA B OOLLEH YaCTH NMEPBUYHOUN U BTOpUY-
Hoii o6MoToK paBHO |/} — b|. Ecnu koadpduument tpancdopmarviu

w
NOHMXAIOILETO (MOBBILLIAILIEr0) aproTpaHcdopMaTopa ny, = — =
wy

=
£
5
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Puc. 7.18
168

I w
_ D, W

=  =—2= —'] MaJIO OTJIMYAETCS] OT €IMHMLIBI,
I, w I

TO NEHCTBYIOLIME 3HAYCHUsI TOKOB [, W [, Gu3Ki, a
MX Pa3siocTh Maja o CPAaBHEHMIO C KaXIbIM U3 HUX.
DTO MO3BOJISIET YMEHBIUMTD TUIOLIAAb CEUECHHUS IpO-
BOJOB O0O11ICH YacTH NEPBUYHON U BTOPUYHOA 0OMO-
ToK. COOTBETCTBEHHO YMEHBIIIAIOTCSI Macca U pasMep
0OMOTOK, TUIOIA0b OKHA MArHUTOIIPOBOJA it €€
pa3MeLIEeHHs, a CIenoBaTeNIbHO, Macca U pa3Mep CaMOro MarHUTO-
fpoBoja.

HepocratkoM aBToTpaHc¢hopMaTopa sIBJISIETCS 3JIEKTPUUYECKOE CO-
€NMHEHME 1IeTIEl BrICHIEro ¥ Hu3liero Hanpspkenws. Ilo sToit npu-
YUHE DICKTPOU3OJALMSA HEMW HULIETO HAMNPSIXECHUS JOJDKHA COOT-
BETCTBOBAThL BbICLIEMY HarpsokeHuo. [Ipu GonbliieM 3HaYeHUM KO3Gh-
¢duLrenTa TpaHchopMaLMU 3TOT (HaKTOp NPUBOAUT K YBETUYECHUIO
CTOMMOCTH 37IEKTPOo0OOPYIOBAHMS L€ HU3LIETO HAMPSIKEHWSA U CHH-
XEHNI0 6e3011aCHOCTU paboThl 0OCIYXUBAIOLLErO NE€PCOHAIA.

W 3MeHeHNe NONMOXEHUsE TOUKM @ Ha OOMOTKE aBTOTpaHChOpMaTo-
pa (cM. puc. 7.18) no3BoJSIET MIABHO PErYIMPOBaTh BTOPUYHOE HAIIPsI-
XEHUE, HAanIpuMep, B aGopaTopHbix aBroTpancdopmaropax (JIATP),
Yy KOTOPBIX OIHMM M3 BbIBOJIOB BTOPUYHOM LENN CIYXUT ITOABIKHBLIA
KOHTAaKT.

O6MOTKHM Tpex(pas3HbIX aBTOTpaHCHOPMATOPOB OOBIYHO COCTUHSIOTCS
3Be310H ¢ BBIBEICHHOI HENTpabHOM TOYKOl i 6e3 Hee (puc. 7.19).

a b c

Puc. 7.19

7.11. MHOroo6moTo4Hsle TpaHCHOPMaTOPbI

MHoroo6MoTo4HbIii TpaHcgopMaTop UMEET OOHY NEPBUYHYIO U
HECKOJIbKO BTOPUYHBIX OOMOTOK, pacroJIOXXEHHBIX Ha o0lueM mar-
HuToNnpoBone. Takue TpancoOpMaTOPbl UMEIOT MOJAHYIO MOIIHOCTD
10 1000 B - A 1 IpuMEHSIIOTCS B YCTpOUCTBAaX IPOMBIILIEHHOM 3J1€K~
TPOHUKH TSI TIMTAHHST OT OMHOIO MCTOYHMKA HECKOJBKUX U30JIUPO-
BaHHBIX ApyT OT Jipyra nenei. [[puHuMneL nei-
CTBHST MHOTOOOMOTOYHOTO Y JIByXOOMOTO4YHO-
ro TpaHC(hOpMaTOPOB AHAIOTHYHBI.

PaccMoTpuM paboTy TpexoOGMOTOYHOIO
onHo(haszHoro TpaHchOopMaTopa, BKIIFOYEHHO-
TO HO CxeMe€, mpuseicHHOoi Ha puc. 7.20. Ha- )
MarHMYMBAILMI TOK TIEpBUYHON 0OMOTKU .  |[Us
B0o30y:KIaeT B MarHUTOINIPOBO/IE MarHUTHbII
MIOTOK, KOTOPHIt MHAYLUPYET BO BCEX OOMOT-
kax BC, npolopuUOHAIBHHIE MX YHCJIaM
BUTKOB. Eciiii BTOpHYHBIE OOMOTKM Harpyxe-
HB ToKamu [, u I;, To MJIC nepBruHOI1

Ly

=
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06GMOTKY [IOJKHA YPaBHOBELLMBATh pa3sMarnMumsaioiiee aeiictsue MJ1C
31X TOKOB. [Tostomy 6ananc MJAC B MHOroo6MoTouHOM TpaHchop-
matope aHajnoruyHo (7.8) paBeH

j1w1 = f2w2 +j3w3 +jlxwl,

a HanpsiIXCHUS MEXIY BbIBOLAMU BTOPUMYHBLIX OOMOTOK aHaJIOrMYHO
(7.1) paBHBI

U, = Uwy/wy; U= UDws/w,. -

TpexdasHele TpaHchopMaTopsl TaKKe MOI'YT UMETD IBE Win 6onee
BTOPUYHBIX OOMOTOK.

BeposiTHOCTE OIHOBPEMEHHOM HOMUWHAJIBbHON HArpy3Ku BCEX BTO-
PpHUYHBIX OGMOTOK, IPH KOTOPO# TOKU HAarpy3KH COBHAIAIOT 1o dase,
Mana. [ToaTroMy nmepBuuHasi 06MOTKa MHOrOOOMOTOYHOrO TpaHchop-
MaTopa OOBIYHO PACCYMTHIBAECTCH HA MOLHOCTb MEHBLIYIO, YEM CyMMa
HOMUHAIbHBIX [MOJHBIX MOITHOCTEH BTOPUYHBIX OOMOTOK.

7.12. KOHCTPYKLUMM MarHMTonpoBoAoB U 06MOTOK
CUNOBLIX TpaHCchOopMaTOpoB

MarnutonpoBon TpaHcgopMaTOopa U3rOTOBISIOT U3 XOJOAHOKA-
TaHBIX U IOPSAYEKATAHBIX JIMCTOB JICKTPOTEXHUYECKOM cTamu. Mar-
HUTOIPOBO/, U3 TOPSYECKATAHOIN NEKTPOTEXHUYECKOM CTAIU, comep-
XKaieil U1l yMEHBLIEHUsI [T0TEPh OT BUXPEBBIX TOKOB 110 4 % KpeM-
Husl, HabupaeTcss U3 LITAMIOBAHHBIX JHUCTOB TomuHoin 0,35 wim
0,5 mm. IIpumensieTcst ctanp 1511 (cm. Tabn. 3.2), 1512, 3411, 3412.
JIuctel nepen cOopKoi MarHUTOTIPOBOAA TOKPLIBAIOT N30 LIMOHHBIM
JIAKOM M 3aTe€M CTATMBAIOT B [IAYKU CTAJIbHBIMU ITIHJIBKaMU. B 3aBu-
CUMOCTH OT IOJIOXEHUSA MarHUTOIPOBOJAA TI0 OTHOIIEHUIO K 0OMOT-
KaM pas3/inyaroT cmepoicresbie U Oporessie TpanchopmaToprl. B neppom
cnydae o6mMorkn BH v HH oxBaTeIBalOT CTepXHU MarHUTOIPOBOAA
(puc. 7.21), BO BTOPOM — MarHUTOMPOBO/ YACTHYHO OXBATHEIBAET 00-
motku BH 1 HH (puc. 7.22).

KoHcrpykums crepxkHeBoro tpaHcgopMatopa [polLe, 4eM GpoHe-
BOro, O0JIETYAET NOJlyYEHHE HEOOXONUMON N30ISIUMK OOMOTKH U TIPU-
MEHSETCS B GOJIBLIMHCTBE CHUJIOBBIX TpaHC(hopMaTopoB. HekoTopeiM
MPCUMYILIECTBOM GpPOHEBOr0 MarHUTOIIpoBoAa, coopanHoro u3 11-06-
PAa3HBIX LITAMIIOBAHHBIX JJUCTOB, MOXHO CUMTATh YACTUYHYIO 3all{UTy
OOMOTOK OT MEXaHUYECKUX TTOBPEXICHUIA.

Jns yMeHBLLIEHUst MATHUTHOTO COTIPOTUBIIEHUS CTBIKOB OTHEIBHbIX
JIMCTOB MarHUTONPOBOAA OHU LIIMXTYIOTCSI B CThIKAX, T. €. YKJIAIbIBAKOT-
¢s B neperuier (puc. 7.23).

MarnuTonpoBos TpaHchopMaTOpa MOXET U3rOTOBIATBCS TAKKE U3
XOJIOOHOKATAHON SNEKTPOTEXHUYECKONH CTaIM, IIJIi KOTOPOil Xapak-
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Puc.7.21 Puc.7.22
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TEPHBI TIOCE OTXUra 6€3 JOCTyna Bo3/AyXa BEICOKasi MATHUTHAs NPO-
HULIAEMOCTb B HAIIPaBJICHUM TIPOKaTKy. JIEHTHl U3 3TOil cTaiu, Hape-
3aHHOM BJOJb TPOKaTa, CBUBAIOT B MarHUTOINpPOBoA TpeOyeMbIX pa3-
MEpOB, OTXUTalOT 1 3aTe€M Pa3pe3aroT Ha 4acTu, yROOHbIe st COOpKU
TpaHcgopmaropa (puc. 7.24). Takoii MAarHUTONPOBO/ B COOpPKE HE nMe-
€T BO3IYLIHbIX 3a30pOB, YTO 3HAYNTEIBHO YMEHBIIACT TOK XOJIOCTOTO
xoxa.

PasznuyaroT KOHLUEHTPUYECKOE (CM. puc. 7.21) B uepenyoeecs (CM.
puc. 7.22) B3anMHsbie pacrionoxeHus oomoroxk BH u HH. KoxueHTpu-
YeCKO€E PacIioyoXeHe OOMOTOK MPUMEHSAETCS B OOJIBIIMHCTBE CHIIO-
BBIX TPaHC(POPMATOPOB U TIPEACTABISIET COOOM pasMEILCHUE KaTYILEK
o6Motok BH 1 HH B Buze ABYX KOAaKCHANbHBIX LMJIMHAPOB. OOMOTKa
HH pacrnionaraercst 6;11xe K CTEPXKHIO, TaK KaK €€ Jierye n3ojivpoBarhb
OT MarHUTOIPOBOJA.

TpaHcdopMaTopbl Majioift MOLIHOCTU BBINOJIHSKOTCS OOBIYHO C
€CTECTBEHHBIM BO3AYIIHBEIM OXJAXICHUEM M HAa3bIBAIOTCS CyXumu
(tab6n. 7.1), cpenHeit ¥ O6OJBIIONA MOILIHOCTY — C MAC/SHBIM OXJIaxX/Ie-

anz

= i

]

Puc. 7.23 Puc. 7.24
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Ta6nuna 7.1

ITapameTpbl HEKOTOPBIX THNOB CYXHX Tpexda3zubix TpanchopMaTopos
xomnanny «IIne#nep snexkrpuk» (Ppannus)

Ilepsuy- | Bropuu- | MonHocts Monmocrs
Moui- HOe HOe HoTePh B T1oTephb pu M
HOCTb, | Hampsfi- | Hampsi- | pexXuMe Holw MHAIL- acea, laGaputer*, M
kB - A | xeHue, | xeHue, | XOJIOCTOro Hoxt Hamﬁ’& Kr
B B xoma, Br Kenvs .
=75°C, Br -
100 | 10000 400 440 1700 650 |1,05%0,65x1,2
400 | 10000 400 1000 4500 1210 |1,375x0,795%x1,33
1600 | 10000 400 2800 12300 3210 |1,665x0,945%2,035
3150 10000 400 | 5500 21800 6000 {2,06x1,195x2,33

* be3 KOXyxa.

HUeM (puc. 7.25). MarHuTONpoBoA ¢ 0OMOTKAMM TIOMELLAIOT B CTAIb-
Ho¥i 6aK, 3aIlOJTHEHHBI TLIATENbHO OYULIEHHBIM MUHEPAIbHBIM Mac-
JIOM, KOTOpO€ OOHOBPEMEHHO SIBJSIETCSI XOPOLIMM H30JSITOPOM (CM.
Tabi. 1.1). Jlna oTBoza Teria ot Macia cCHapyXu 6aka MeeTcs Tpyo-
4aThlid paguaTop I, oxyaxaacMblit IOTOKOM Bo3ayxa. B mpoiiecce pa-
60TeI TpaHChOpMaTopa Macjao HarpeBaeTCsl U LUPKYJIUPYET 1O BOCXO-
ISLIEMY TOTOKY BHYTpU Oaka, 3aTeM, OXJIaX/IasiCh — LIMPKYJIMPYET I10
HHUCXOISILIEMY MOTOKY B panuatope. O6beM Macia B Gake IpH HArpeBa-
HHMM 1 OXJIAXICHUH 3HaUYMUTeIbHO M3MeHsercsl. Korma o6beM Macia Ma,
BHYTpL 6aKa MPOHMKAET BIaXXHBINA BO3AYX 1 OTJA€ET Bary IMrpoOCKOIAY-
HOMY Macily, YTO CHIIXKAET €ro JEKTPUUECKYIO [IPOMHOCTh. PesepBya-
pOM LTSl M30BITKA HArpeToro Macjia CIyXuT paclUMpHTeNb 2 — CTalb-
HOi1 6au0K BMECTUMOCTBIO 0Kono 10 %
oO1ero oobeMa Macia.

4 N Hepnocratkom macngHoro oxna-
XKICHUSL SIBJISICTCS TOPIOYECTh MMHE-
paIBbHOIO Macja (TeEMIepaTypa Bo3ro-
paHusi — okono 160 °C). T'a3ml, 06pa-
3ylolMecss NMpU BO3TOpaHMM Macha,
MOTYT paspyluuthb 6axk. Hns npemot-
BpalleHUs aBapuii Ha 6ake ycTtaHaB-

]  JIMBAaIOT BBIXJONHYIO TpyOy J ¢ TOH-

' KOi1 IpeNOXpaHUTENBHOI MeMOpaHoii,
KOTOpasi 1p¥ M30OBITOYHOM AABJICHUN
obecrieynBacT CBOOOAHKIN BBIXOJ ra-
30B.

KoHubr 06mMoToK TpaHchopmaTopa
BBIBOISIT U3 Oaka yepes (ap¢opoBbic
TPOXOAHBIE U30NATOPHI 4 U 5 (JU1s1 00-

Puc. 7.25 motok BH u HH).

i
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7.13. UamepuTrenbHbie TpaHcdhOpMaTOopbI

W3ameputenbubie TpanchopMaropsl HanpsikeHus (TV) u Toka (TA)
[PUMEHSIIOT TSI PaCLIMPEHMST NIPEAESIOB U3MEPERUS TPUOOPOB U 130-
JIILUMHU UX U allllapaToB aBTOMAaTUYECKOM 3alLUThI OT LICTIH BBICOKOTO
HalPSDKEHUS.

TpancopmaTop Hanpsixkennsi. Ha puc. 7.26 a v 6 NoKa3aHbI IPUH-
LMMMaIbHasA cxema BKitoueHUst TV ¥ ero ycioBHOe 00O3HaYCHUE.
TpanchopMaTop HampsXeHHUs! NONOOEH ITOHMXAKOUICMY CHJIOBOMY
tpaHcdopmMaTopy HeGomnbiLoi MowHOCTU. Ero neppryHas ooMoTKa —
o6mo1ka BH ¢ GONbIIMM YHCJIOM BUTKOB w; — BKJIIOYAETCS B LICIIb,
nanpsixenue U, KOTOpoil HyXXHO U3MEPHUTB, a K BTOPUYHOIK 0OMOTKE
CO 3HAYMTEIBHO MEHBILIUM YHUCIOM BUTKOB w, — oomotke HH U, —
NPUCOCIUHAIOTCS NapavIeNAbHO ApYr APYry BOJBTMCTp M LCNOKM Ha-
npsKEHUs Apyrux npubopoB. OnMH BEIBOJ BTOPUMYHOI OOMOTKH U
KopIlyc TpaHcdopMaTopa 3a3eMIISIIOTCS. DTO JENaeTCs Ha Cilyyail no-
BPEXACHUS M30JISILWY, a TAKXE AJis1 TOro, YToOEl 3aMKHYTh Ha 3¢M-
AK0 11eMb TOKA, M0KAa3aHHYIO Ha puc. 7.26, 6 WTPUXOBOI JMHUEM,
yepe3 eMKOCTb MEXIy NMepBUYHONH M BTOPUYHOM OOMOTKaMu TpaHC-
¢opmaropa. Hanuume 3toro toka B Leny IpUOOPOB CHUXAET TOY-
HOCTb U3MEPECHUS.

ConpoTUBJIEHNE BOJIETMETPOB M LIENIEH HAIIPSDKCHUSE U3MEPUTEIb-
HBIX IPUOOPOB HA OCHOBE IEKTPOMEXaHNYECKHX U3MEPUTENBHBIX ME-
XaHU3MOB (CM. noApasi. 3.5) paBHo ThicsiuaM OM, a COOTBETCTBYOLIMX
3JIEKTPOHHBIX NpubopoB u 1eneit (cM. noapasn. 15.10) — pecsatkam
meraoM, T.€. TV pabotaet B yCJOBUSIX, OIU3KHX K PEXUMY XOJIOCTOTO
xoza (cM. noapasa. 7.3). TToaToMy mageHuUsl HANPSIKEHUI Ha NEPBUY-
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HOI Zy I} 1 BropuuHOit Zys [, ooMoTkax TV Manpl, 4TO rO3BOJISIET

cuutate U = Ey,; U= E,, U, TaK Kak 1o (7.1)
E\/Ex=w\/w; = ny,

TO
Ui =npl,, (7.13)

roe np; » 1 — kosdduument rpaschopManuu.

CnepoBatenbHO, U3MEPHB HU3KOE BTOPUYHOE HampsikeHue U,
MOXHO OTIPEAENUTD BHICOKOE MEPBUYHOE HAIpsikeHue, U].

BriBonel o6mMotok TV umeror pasmerky A— X, a—x. Ilpu BeiGpaH-
HBIX NOJIOXUTEJIBHBIX HAIIPABICHHX HAaNPSDKEeHUIA (CM. puc. 7.26, au 6),
OJIJTHAKOBBIX OTHOCHUTEJIbHO OLHOMMEHHBIX BEIBOJOB OOMOTOK TpaHC-
(opmatopa, (hasbl BTOPUYHOTO M TMEPBUYHOIO HANPSIKEHUIT COBIA/Ia-
10T (rpynna coeaunenus 0, cM. nogpasy. 7.8).

PaserHcTBO (pas HanpsixeHuil TV U ueneil UsMepUTENbLHBIX MpU6o-
POB JOCTUTAETCsl COOTBETCTBYIOIMM COEAMHEHNEM BBIBOZIOB BTOPHY-
HoW 0OMOTKM ¥ pubopoB. [IpaBuiibHOE cornacoBaHue (a3 BaXKHO He
U1t BONTBTMETPA, a [Isl BaTTMETpa U cdyeTurka. HoMuHBanbHoe 3Have-
HUE BTOPUYHOIO Hampspkenusl 6onblimHeTBa TV MMeeT cTaHaapTHOE
3Hayenue — 100 B.

PaBenctso (7.13) He yunTHIBaET MAJEHUS HATIPSXKEHUI Ha OBGMOT-
Kax TV. B neiicTBUTENBHOCTH 3T MaJEHUs HANPSIXEHUI BbI3bIBAIOT

HETOYHOCTU B U3MEPCHUM HANPSXKEHUA (MOrPELLIHOCTh HATIPSDKEHUS)

U B niepefaye ¢aspl (YriioBasi NOrpeliHOCTD).
Tabnuua 7.2

ITapameTpbl HEKOTOPbIX THIIOB CYXMX M3MEPHTENbHBIX TPaHCHOPMATOPOB
Komnannu «Ilueiinep anextpuk» (Opannun)

TpaHchopMaTophl HANIPSIKEHUS TpaHchopMaTopsl TOKa ¢ TOPOMIAIBHBIM
VRCI1/SIF cepneunnkoM ARC2/S1
g g < 3
T ool - I
o 2 &m z
X X e . 2
& a. T = o
= <] g ¥ ) v ©
g g 8 g S =
Tm = 5 Kuace Y Kiace
o 2 @ m o & =< < =
o © < © |TouHOCTH 3 . a . T = TOYHOCTH
Io | 2o | % g2 | §< | 29
88 3£ 3 2 Sz ST S
T 5 T I T T o T T 5
=] S 5= =R 5 = &5
58 S 8 5 a 5 & 5 a g
c g ] R S g 59O S
T e T & T o T o TR 03
3,3 110 75 0,5 75 5 0,006 0,5
6,6 110 75 0,5 250 5 0,06 0,5
11 110 75 0,5 600 5 0,15 0,5
15 100 75 0,5 1250 5 0,33 0,5
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Toepewnocms Hanpsycenyus paBHA OTHOLIECHMIO PA3HOCTH MEXIY
M3MEepeHHbIM Uy, ¥ OEUCTBUTENBHBIM ‘U 3HaYE€HUAMM [IEPBUYHOIO
HAIIPAXECHUS K NEHCTBUTETBHOMY 3HAYCHUIO 3TOTO HAIPSIKCHMSE:

UlmM - Ul
U

Yen06as nozpewnocms onpenensieT yron §, Mexay BEKTOpamMu BTO-
PUYHOIO ¥ MEPBUYHOTO HANPSDKEHUI Ha BEKTOPHOI Anarpamme (puc.
7.26, 8), Mof06HOM qUarpaMMe, NPUBEAECHHO#M Ha puc. 7.6. OHa usme-
psAETCS B MUHYTaX M CYMTACTCS TOJIOXUTENBHOM, €CIM BEKTOp BTO-
PUYHOIO HAIIpSIXEHUSI ONIEPEXKAET BEKTOP IEPBUYHOIO HAIIPSIKCHMSI.

JIJ1s1 HOMUHAJIBHBIX TIEPBUYHBIX HANPSDKEHUIA Uy, < 6 KB prMeHsi-
1otest cyxue TV ¢ ecTeCTBEHHBIM BO3/IYLUHBIM OXJaxaeHUEM (Tabi. 7.2),
st HanpsokeHui Uyyoy = 6 KB — Macisinbie TV.

UsroTtosisrorcs ogHogasHbie U TpexdasHeie TV.

Tpancgopmarop Toka. Ha puc. 7.27, a u 6 nokaszansl IPUHLMIIH-
afibHas cxeMa BKJIIoYeHUA TA B LI€TIb M €r0 YCJIOBHOE 0003HAYCHUE.

£, = 100 %.
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INepBuuHast 06MoTKa TA ¢ MalBIM YHC/IOM BUTKOB w, BKJIIOYAET-
Cs1 NIOCTIEA0BATENbHO B HEPA3BETBJICHHBII1 yJacTOK 1IENH U3MEPSIEMO-
ro TOKa, a K BbIBOLAM €r0 BTOPHUMHON OOMOTKH € GONBLINM YHCIIOM
BUTKOB %), IOAKJIIOYAIOTCSA IOCIEA0BATEIBHO aMIIEPMETP U LIEMH TOKA
Apyrux M3MEpUTENbHBIX MPUbopoB. Hayano u Koxew repBUYHOi 06-
MoTkU TA obo3navarorcs cootBetcTBeHHO JI, u JI, (TMHUs1), a Haya-
JI0 ¥ KOHE1| BTOPUYHOU OOMOTKU — My n U, (M3MepUTENBbHBIIA TTpH-
6op). .

CymMMapHOe COnpoTHBJIEHNE aMIIepMETPa M LENe TOKa U3MepH-
TENBbHBIX NIPUOOPOB Malio (00pIYHO MeHblie 2 OM), T.¢. TA paboTaer B
YCJIOBUSIX, MPUOJINKEHHBIX K PEXUMY KOPOTKOTO 3aMBIKAHMSI TpaHC-
(dopmatopa (cMm. nogpasy. 7.4). HanpsixeHue BropuuHoii 06MoTku TA
ONPCACNACTCA NaACHUEM HAIPSXECHWS HA OTHOCHUTEABHO MaJIOM CO-
NPOTUBICHUM LIENIEeil U3MEPUTENBbHBIX NPUGOPOB (06bHO 1—12 B),
KOTOpOMY COOTBETCTBYeT Masioe 3HaueHune DJC E,, a cienoBaTenbHo,
1 Majo€ 3HaYCHME MarHUTHOIO NOTOKa B MarHutorposoae (7.11).

H7isi BO30YXIEHHSI Manoro MarHMTHOIO MOTOKA HYXHA HE3HAYM-
tenbHass MIAC w, 1, kotopoii B ypaBuennu 6ananca MJIC (7.8)

fw, = Lw, + I,w,

MOXHO ApEeHEOpEYDb U CUUTATE

ilwl = 12w2,
Wiu
I = (w,/un) b = ny, I, (7.19)

Ine ny > 1 — koapduument tpanchopmaumn.

CrenoBateNlbHO, M3MEPHB MAJIOE 3HAYEHUE BTOPHYHOTO TOKA, MOX-
HO OMpe/eSiuTh OOJbLIOE 3HAYEHHE TTEPBUYHOIO TOKA.

IIpy BLIOPAHHEBIX MOJIOXKUTENBHBIX HANPABICHUSIX TOKOB, OLMHA-
KOBBIX OTHOCHUTENBHO BHIBONOB TA ¢ O1MHaKOBEIMM MHiEKcaMH, (ha3bl
BTOPUYHOTO ¥ IIEPBUYHOTO TOKOB COBNanarT. HoMuHansHOe 3Haye-
HUE BTOPUYHOIO TOKA Y BeceX TA uMeeT cTaHmapTHOE 3HaYeHUe — 5 A
(B cneuManbHbIX citydasix 1 A). )

PasenctBo (7.14) He yuwrmiBaer MIAC [/, w,, Hanwuune KOTOpOH
NPYBOAMT K HETOUHOCTSIM B M3MEPEHUH 3HAYCHMsI TOKA (nozpeunocnts
moka f;) n B nepenaue dasbl (yero6as nospeunocms ;). O6e 31u Beu-
YHHBI OTIPEAENSAIOTCS NOLOOHO aHAIOTMYHEIM TTorpeHocTsM TV, Yem
MCHBIIIC MArHUTHOE COMPOTUBJIEHUE U MOLIHOCThH MOTEPh MAarHUTO-
npoBojia, TeM MeHbluasg MJIC 1, w, HeoOxonmMa /1S BO3OYXIEHYS B
HEM TOro e MarHUTHOro 11071oka. Iloaromy MarHutonposonsl TA u3-
FOTOBJISTIOT B BUZE KOJICLl, HABMBAEMBIX M3 TOHKHUX JIEHT NE€PMAILION
(cM. Tabn. 7.2). Anst myHuMusaunu BvsiHus MJIC /,,w, HoMuHaibHas
MJIC nepBruuHOi 06MOTKY ([}, 101) HOMXHA OBITH BO3MOXHO GOJBILICH
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(He Menee 500 A). IloaToMy npy HOMHMHAIBHBIX TOKAX [0, < 500 A
nepBUYHAasi OOMOTKA JI0JIKHA UMETh HECKOJIBKO BUTKOB. JUtsl TOKA /)40y
<500 A npuMeEHSIIOTCSI OMHOBUTKOBEIE TA. .

BaxHO OTMETHTB, UTO PEXUM XOJIOCTOro xona (LUEMb BTOPUYHOI
0OMOTKH pa3oMKHyTa U ee ToK [, = 0) nna TA sBnsercst aBapuiiHBIM.
B aTtoM ciyvyae TA mpeBpamaercsi B KaTyllKy ¢ MarHUTOIIPOBOJIOM M
MaJIBIM YKCJIOM BUTKOB w0, COTIPOTUBJIEHHE KOTOPOI1 B 1I€MHA CUHYCO-
MIAJTBHOrO TOKa (CM. puc. 7.27) Mano u He BIMSIET Ha PeXUM ee pabo-
Thl. BOJIBLIION TOK TIEPBUYHON OOMOTKH OCTaeTCsl MPAKTUYECKU HEU3-
MEHHBIM U 110 (7.13) paBHBIM TOKY HAMarHWYUMBaHUSI MATHUTOIIPOBO-
na I, =1I,,. MHorokpaTHoe yBeIMYeHHe HaMarHMYMBAIOLIErO TOKA
MIPUBOAMT K COOTBETCTBYIOIIEMY YBEAMYECHUIO MArHUTHOIO II0TOKA,
OrpaHUYEHHOMY HACBhIIEHHMEM MarHuTomnpoBopa, u SC E, Bropuu-
Hoil o6MoTkK (o 1,5 kB y TA Ha Gonbluye TOKM), YTO ONACHO s
obcnyxuBalouiero nepcoHana. Kpome Toro, Bo3pactacT MOLIHOCTb
[10TEPL B MArHUTOIPOBOXE, €0 HArpeB, paCUIMPEHUE U BO3MOXHOE
paspyliueHue usonaiuu. [lepen oTKioYeHneM U3MEPUTENIBHbIX IPUOO-
poB ot paboTaloniero TA ero BTOpuuHy1o 0OMOTKY HEOOXOAUMO 3aMK-
HyTb KtoyoM K (cMm. puc. 7.27, 6).

[To 3HaueHUI0 HAMOONBIIEH JOITYCTUMOH MOrpeliHOCTU KO3(hdHu-
umeHTa TpanchopManuy TA u TV pazaensior Ha KJ1acCel TOYHOCTH.
Hanpumep, knaccy Tounoctd TV 0,5 cOOTBETCTBYET HOIYyCTUMAs IT0-
IPELIHOCTh U3MEPEHUA 3HaueHus1 Hanpsxenust £0,5 %, a nonycTumas
yrmoBasi norpeuiHocTh +20° npu niepBuyHoM HampsikeHun 0,8 —1,2
HOMUHANBHOIO 3HAYEHUS, KJIacchl TOYHOCTH TA 1 — [mOMyCTHMBIC
MOTPELIHOCTL M3MEpEHUst 3HaYeHus1 Toka +1,0 % u yrioBas norpeui-
HocTb +90” nipu conpoTuBieHUH 1ienu Harpy3ku 0,25—1,0 u nepBuy-
HOM ToKe 1,2-—0,1 nx HOMUHaILHEBIX 3HAYCHUIA.

Ha puc. 7.28 nokazaHa cxema BKJIKOYEHHS B OTHO(DA3HYIO LICIIb KOM-
IJIEKTA U3MEPHUTENBHBIX ITpU6GopoB uepe3 TV u TA. Jlns nsmepenuii B
Tpex(asHBIX LENsIX HEOOXOAMMO HECKOTPKO ogHodasHbix TA n TB (cm.
rogpasz. 6.5).

To4HOCTH U3MEPEHUSI TOKA W HANPSIKEHUS 3aBUCUT TOJIBKO OT

" porpelHocTy Ko3gduumnenTa tpanchopmanmu. Ha TouHOCTh M3Me-

HcrouHuk MpueMHUK

O
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U, peHus aktuBHoON P, = U I cos¢ (peakTuBHOI

U2 “’\ I, BIVSIHME YIJIOBBIE MOTPELIHOCTH, OCOGEHHO MPH

GonplnX (MajiblX) yriax ciasura $asz Mexay nep-
5n BUYHBIMU HaIPSIKEHUEM U TOKOM (puc. 7.29). Us-
MepSIeMOe 3HAaYCHUE aKTUBHOMH (peaKTHBHOI)
MOILUHOCTH OyIET NpPONOPLUMOHAIBHO HE COS (@
(sing), a cos (¢ + 8, — &) [sin (¢ + &, - §;)]. Ilpu
3TOM YIJIOBBIC MOIPEIIHOCTH 8, U §; MOTYT CKJIa-
JBIBaThCsl, €CJIM UX 3HAKM Pa3HEIE.

Puc. 7.29
3AA0AHU K BOMPOCH! )19 CAMOINPOBEPKU

7.1. Kakue napaMerpbl TpaHcdopMaTopa HA3BHIBAIOTCSH MEPBUMHBIMH U Ka-
KW€ — BTOPHMYHBIMU?

7.2. Kakue oCHOBHEIE NapaMeTphbl TpaHchopMaTopa YKa3bIBAIOTCS Ha €ro
urKe? ’

7.3. I3 Kakux cOCTaBJISIIOIMX CKIAABIBAETCSA MOLHOCTD NOTEPh B TPAHC-
dopmatope?

7.4. Kakue cocTaBngiowyie MOLHOCTH MOTEPb B TpaHC(OPMATOPE Onpesie-
JIIIOTCSL B OTIHITE XOJIOCTOrO X0/ia U KAKWE — B OTBITE KOPOTKOI'O 3aMBIKaHUSI?

7.5. Uvcna BUTKOB NEPBHYHON ¥ BTOPMYHOIl OOMOTOK MOHMXKAIOLLErO
TpaHcdopMaTopa paBHbl wy =300 U w;=50. YeMy paBen K03hPHULMEHT TPAHC-
dopmauum Tparchopmaropa?

Omeem: 6.

7.6. Yncna BUTKOB MEPBUYHON M BTOPMYHOI OOMOTOK MOBHILIAIOLIENO
TpatcgopMatopa pasHbI Wy =40 1 w, = 120. YeMy paBeH ko3¢ dULHEHT TpaHC-
¢opMaumu TpaHchopmaropa?

Omeem: 3.

7.7. Kakue npaBuia HeoOGXOAMMO COGJIIOAATH P BKJIIOYEHHUH TpaHChop-
MAaTOpOB Ha MAapaJIeSIbHYIO paboTy?

7.8. B yeM KOHCTPYKTHBHOE PasfiMyMe CTEPXKHEBbIX M GPOHEBbIX TPAHC-
¢opmaropoB? .

7.9. [oyeMy pexXiM XOIOCTOrO X0/1a ISt K3MEPHTENILHOTO TPaHCPOPMATO-
pa TOKa sBJISIETCA aBapUiiHbIM?

0, = U1, sin ¢) MOLIHOCTM OKAa3BIBAIOT TAKXKE -

FMMABA 8
SNIEKTPUHECKUE MALLIMHbI CUHYCOUOAJIBHOIO
TOKA

8.1. O6wme ceepeHud

DNEKTPUYECKUE MAIMHBI CUHYCOMIANBHOIO TOKa (aCMHXPOHHBIE
M CUHXPOHHBIE) XapaKTEpU3YyIOTCH TEM, YTO B HUX BO30YXIaeTcsl Bpa-
1amneecss MarHUTHOE 1OJIE.

Acunxponnas mawuna (IBUraTtenb U r€HEpaToOp) — 3TO MalllMHa, B
KOTOpOI#i €€ MOABUXHAS YaCTh BPAILIACTCH ACUHXPOHHO, T.€. C YaCTO-
TOH BpaleHMsl, OTIMYHOI OT YacCTOThl BpalllEHUSi MATHUTHOTO IIOJIS.
ACHHXpPOHHEIE MalllUHBI IIPUMEHSIIOTCS] B OCHOBHOM B KayeCTBE J(BU-
raTenaci.

OCHOBHOE JIOCTOMHCTBO aCMHXPOHHOTO ABUTATEN — IIPOCTOTa €ro
KOHCTPYKIIMM 1 HU3Kas CTOMMOCTb. B MalllMHE OTCYTCTBYIOT KaKue-
6O JIErko MOBPEXAAIOILMECH WM OBICTPO M3HALLIMBAIOUIMECS SIICKT-
pUYECKUE YACTH.

OCHOBHO#1 HEZIOCTATOK — CJIOXHOE Y HE3KOHOMHUYHOC PEryJInpO-
BaHWE PEXMMOB paboTHI.

Cunxponnas mawiuna (ABUraTeNb U T€HEpaTOp) — 3TO MAlliMHA, B
KOTOpO# €€ MOABKXHAs YaCTh BPAIACTCSs] CUHXPOHHO, T.€. C YaCTOTOM
BpAILCHUsI, COBIAAIONICH ¢ YacTOTON Bpall€HUsi MarHUTHOIO TOJs.
CHHXPOHHBIC MAlIUHBI [IPUMEHAIOTCS B OCHOBHOM B Kaye€CTBE FEHE-
paTopoB M5 BBIpAOOTKH 3NEKTPUYECKON SHEPIUU Ha SNEKTPOCTAHLIM-
ax. EnuHMYHasg MOIIIHOCTE COBPEMEHHBIX 3JIEKTPOT€HEPATOPOB NOCTH -
raer 1500 MB - A.

8.2. YcrpoiicTeo Tpexda3HOoii aCUHXPOHHON MaLLWHbI

Tpex¢azHasi aCHHXPOHHAsI MalliiHA COCTOUT U3 HETTOJIBHXKHOTO CTa-
TOpa M Bpallalolerocsi poropa.

Koncrpykuus cratopa. CraTop aCUHXpOHHOI MalllMHbI IPENCTaBIA-
€T cO0OI MONBIA 1UINHIP, COOpAHHBIN U3 JIMCTOB 3JIEKTPOTEXHHYE-
CKOIl CcTanu, M30JIMPOBaHHBIX APYT OT Opyra cioeM Jjiaka (puc. 8.1, a).
B 1masax Ha BHYTPEHHEHM CTOPOHE CTaTopa pa3MeILialoTcs: OOMOTKU TpeEX
dasz. ObMoTka Kaxmoi (a3bl COAEPXUT ONHY WIM HECKOIbKO KaTy-
LIEYHBIX IPYHIl, COCAMHEHHBIX ITOCNEAOBATENBHO U paClIONOXEHHBIX
BIIOJIb OKPYKHOCTH CTaTOpa Ha paBHOM PAacCTOSTHUM Apyr oT Apyra. Ha
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Puc. 8.1

puc. 8.1, 6 moKazaHO pPacIONOXEHHUE B Ma3ax cTaTopa 06MOTKH OIHOM
(a3sbl, cocTOAILEH M3 ABYX KaTYILEUYHBIX rpymil. 3uech A — Hayano, a
X — KoHe1l OOMOTKH.

O6MOTKM (pa3 COENUHSIIOTCS MEXIY COBOM 3BE3/0M UM TPEYTONb-
HHUKOM U MOJAKJIIOYaIOTCA K TpexdasHoii cetn. Toku B 06MoOTKax a3
BO30YXIal0T B MalIMHE BPAILAIOLIEECS MAarHUTHOE TIOJIE CTATOpA C
YUCJIOM Map TMOJIOCOB p, PaBHBIM YKCY KATYUICYHBIX IPYII B 00-
MOTKE OIIHO¥ (pa3bl. BTO JOCTUTAETCS B3AUMHBIM PacIlOIOXXEHUEM 00-
MOTOK (pa3, IIPY KOTOPOM KaTyLIEYHbIE IPYIINbl 0OMOTKU ONHOM (ha3bi
CABUHYTHI 110 OKPYXHOCTH CTaTOPa OTHOCUTENILHO KATYIIEYHBIX IPYIIIL

OOMOTKM coceiHeii (a3bl Ha yroJ [gﬂ P- B vyactHoOCTH, s 06-

MOTKH YCTBIPEXIONIOCHON MalIWHEI (p = 2) 3TOT yroj paBeH nn/3 (Ha
puc. 8.1, 6 LITPUXOBOH JIMHKEI OTMEYEHH TIa3bl CTATOpPA TSI 0OMOTOK
daz Bu C).

Js yKinanaky MHOTOBUTKOBOM KaTYIIEYHOM IPYyIIbl B Na3ax CTaTo-
pa €¢ pasnensiioT Ha ¢ NOC/IE[0BAaTEIbHO COCAMHEHHBIX CEKLMIA 110 w,
BUTKOB B KaX[O# CEKUMH. BO3MOXHBI CEKLIMM € ONVHAKOBBIM WJIM
HEONVHAKOBBIM 111aroM HaMOTKH . B 11epBoM cilyyae CTOPOHBI KaXI0i
CCKUMH CABUHYTHI 110 OKPYXHOCTH CTaTtopa Ha yroJ 1/p, 4To COOTBET-
CTBYCT OIHOMY HOAIOCHOMY OeieHur0 y =T, T.€. JUIMHE OKPYXHOCTH CTa-
TOpa, MpUXoIAueiics Ha oouH nojwc (puc. 8.1, g),

t=nD/(2p), 8.1)

rae D — BHYTpEHHMI TUaMETp CepaeYHUKa CTaTopa.
Bo BropoM ciyyae cekimy KaTylI€YHOIA IPYIIIbl BIOXKEHH! JPYr B
apyra (puc. 8.1, 6), T.€. UX LIar HAMOTKM MEPEMEHHMBII T < J < T.
Pacripenenieniie o6MOTOK (ha3 10 HECKONBKMM Ma3aM He TOJBbKO
YAy4lIaeT UCHONB30BAHME LIMJIMHAPUYECKOW KOHCTPYKIIMM CTaTopa,
HO 1 O0YCITOBIMBAET HEOOXOIMMOE PACIIPENENIEHE MArHUTHOTO TIOJISI
B BO3IYLIHOM 3a30p€ MEXAY CTATOPOM U POTOPOM.
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P22 1 S5SSS

Puc. 8.2

CepIeuHuK cTaTOpa W3TOTOBJSIETCA € OTKPBHITBIMU WJIM IIOJIYOT-
KpbIThIMU T1a3amu (puc. 8.2, a v 6). Ha pucyHke nokasaHsr: 1, 4, 5 —
WU3OMSLMOHHEIE TIPOKIANKHK; 2 — TPOBOOHUKM;, 3 — W3onsiiust; 6 —
kiyH. [IpuMeHeHUe MOMyOTKPBITHX [1a30B YMEHbLIAET MAaTHUTHOE CO-
MPOTUBJIEHUE U, CIECAOBATENbHO, HaMarHUYuBawowui Tok. Ilpn or-
KPHITHIX T143aX YMPOIIAETCS YKJIAAKa CEKUMI M MOBBIIACTCA HAIEXK-
HOCTB MX U3OJISILIUMU.

Koncrpykuus poropa. PoTop acCHHXpOHHOM MAlLVHBI IPEACTaBIsCT
co0oil nUMHApHUYeCcKuit cepieyHuK (puc. 8.3, a), coOpaHHBIN U3 K-
CTOB 9JICKTPOTEXHMYECKOH CTanM, N30IMPOBAHHbIX APYT OT Jipyra Jia-
koM. CepIeyHHUK poTopa HACaXeH Ha Bajl, 3aKPEILICHHEIN B MOALINII-
HuKax. B maszax cepmeyHHKa poTopa pacrnojiaralorcsi BATKU OOMOTKH
potopa. Pa3anyaioT poTop ¢ KOPOTKO3aMKHYTOH 0OMOTKOM U (hasHbIiA
potop.

B
\
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Puc. 8.4 <

Pomop ¢ kopomkozamxrymoii 06momoli npuMeHsieTcsl B GOJBLINH-
cTBe nBUraresieil. OH UMeeT HM3KYI0 CTOMMOCTh U IIPOCT B OOC/LyKUBa-
HUHM. OBMOTKa TaKOTO pOTOpa BHITOIHSETCH B BUAE LIMIUHIPUYECKOM
KIIETKM (puc. 8.3, 6) U3 MeaHBIX WIH aJIOMUHUEBBIX CTEPXKHEH, KOTO-
peie 6e3 M30MISILMKM YKIAABIBAIOT B Ma3bl cepaeyHrKa poropa. KoHis!
CTepKHEH 3aMBIKAIOTCS Ha TOPLIax POTOpa KOJbLAMU 13 TOIO Xe MaTe-
puana, YTo U CTEPXHM («Oerybe Kojieco»). YacTo Takast oOMOTKA U3-
TOTOBJIAETCH IIyTeM 3aJIMBKH MA30B CePjeYHHKA POTOpA paciliaBieH-
HbIM AJIIOMUHHMEM.

O6MmoTKa ¢haznoeo pomopa (puc. 8.3, 6) BBHIIONHAETCS HU30IUPO-
BaHHBIM NIPoBOAOM. B GonblIMHCTBe CiiyuaeB OHa TpexdasHasi, ¢ TeM
XKe YMCIIOM KaTylleK, YTOo U OOMOTKa ctaTopa asuratens. OOMOTKU
Tpex (a3 poTopa COEIUHSIIOTCS 3BE3[I0N M TOAKIIOYANTCd K TpeM
KOHTAaKTHBIM KOJIbLIaM, YKPEIUICHHbIM Ha Bajly MalllMHBi, HO U30JIU-
POBaHHBIM OT Hero. 110 KOJbIaM CKONB3AT LWETKH, YCTAHOBJIEHHBIE B
HEMOABMXHBIX LUEeTKOaepxkaTeasax. Yepe3 KonbLa ¥ LETKH OOMOTKA
pOTOpa npucoeavHeHa K TpexdasHomy peoctary (puc. 8.4). Bxuoye-
HHE peocTaTa B LENb POTOPA YJydllaeT YCIIOBUsSI MIyCKa ABUTaTeNd —
YMEHEBIIAET MyCKOBOI TOK M YBEJIMYHUBACT IYCKOBOH BpaLLAIOLLIMK
MOMEHT, a TAKXKe [03BONseT IUIABHO PeryJIMpOBaTh YaCTOTY BpaLle-
HHUS poTOpA.

Ha puc. 8.5, a u 6 npuBesieHbl YCIIOBHBIE 0603HAYEHUSI ACHHXPOH -
HBIX MAalllMH ¢ KOPOTKO3aMKHYTO#H OOMOTKO# poTopa B (hasHBIM pPO-
TOPOM.

Puc. 8.5
182

OO01IMit BUA KOpIyca aCHHXPOHHOW MalllMHBI ¢ YKPEIUICHHBIM Ha
HEM CepAEYHUKOM CTaTopa, Ho 6e3 OOMOTKH, MpUBEIeH Ha puc. 8.6.

8.3. Pexxumbl paboTbl TpexgdasHO aCUHXPOHHOW
MaLUMHbI

Pexum paboTte! TpexdazHOil aCHHXPOHHOI MalllHbI OIpeaesseTCs
3JIEKTPOMArHUTHEIM B3aUMONCHCTBUEM TOKOB B OOMOTKAax cTatopa U
poTopa.

B3aumMoseiicTBiEe BpalllalOIIErOC MarHUTHOTO MOJs, CO3JaBacMO-
ro ToKaMM B OOMOTKax (pa3 cTaTopa, ¢ TOKaMU B OOMOTKe pOTOpa
BBIHYX/JAeT POTOP BPaILAThCs NO HAIIPaBJICHUIO BpaieHus nond. On-
HaKo 4eM OBICTpee BpaLAeTCsi pOTOP, TeM MEHBIIE UHIYLUPYEMbIE B
ero ooMorke BJIC, a cienomaTesibHO, U TOKU. Eciau yacToTa Bpalle-
HUY3 TTOJIS CTATOpa M, 4 YaCTOTa BpalleHUs poTopa K, TO paboTy acCUH-
XPOHHO} MAIITHHEI MOXHO XapaKTepU30BaThb CKOAbNWCEHUEM

s=(m—n)/m (8.2)
HIIN
n= nl - nls.

Ha puc. 8.7 noctpoeHa JMHeiHas xapakrepuctuka n(s) no (8.2).
B 3aBHCUMMOCTH OT 3HAUYeHUA CKOJbXeHUs1 § TpexdhazHasi aCUHXPOH-
Has MalliHa paGoTaeT B peXuMe ABUTATENs], TCHEPATOpa WK 3JIEKT-
POMAarHUTHOTO TOpPMO3a.

B peacume deuzamens (0 < s< 1) Tpexcpa3Hass aCUHXPOHHAs MalllHa
npeobpasyeT EKTPUIECKYIO FHEPTHIO B MexaHuyeckyto. Porop nBu-
ratesis BpalllaeTCsl B HalpaBlieHWH BpallleHMs] MATHUTHOIO MOJisA C Ya-
CTOTOI, MEHBIIEH, YeM 4YacToTa Bpallehus nons. [lpu 3TOM Toku B
OOMOTKe pOTOpa, B3aMMOJCHCTBYS! C BPALIAIOIIMMCS MATHUTHBIM [10-
JIeM, co3liaBaeMBIM TOKaMH B 0OMOTKaX CTaTopa, CO3/aloT Bpallaiolini
MOMEHT, YPaBHOBEIIHBAIOIIMI TOPMO3HONH MOMEHT CWJI TPEHMST M
MeXaHMYeCKOI Harpy3ku Ha Baly.

B pexcume eenepamopa (s < 0) TpexpasHasi aCUHXpPOHHasl MalllHa
npeobpasyeT MEXaHUYECKYIO SHEPTHIO B 3JIEKTPUYECKYI0. POTOp rexHe-
paTopa BpalLaeTcs B HallpaBJICHUM BpalleHUs] MArHUTHOTO I10Jist, CO~

]
I
Pexum | Pexum
Pexum apurarels | 21eKTpo-
TeHepaTopa | MATHMTHOTO
Yy : TOPMO32
0 I~ s

Puc. 8.7
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3JaBa€MOI0 TOKaMH B OOMOTKax CTaTtopa, ¢ 4acToToi, Gojbllei, yem
yacToTa BpalieHMs MO

B peacume anexmpomaznumnozo mopmosa (s> 1) porop TpexdasHoit
aCMHXPOHHONM MalllMHbl BpallaeTcsl B HallpaBJIeHUH, ITPOTHBOIIOIOX-
HOM HaIlpaBJICHUIO BpalleHUS MArHUTHOrO II0Jis, CO31aBaeMOro TO-
KaMi B 0OMOTKax ctatopa. Ilpu 3TOM B MalllMHe paccenBaeTCs 3HAYM-
TeJIbHAass SHEpPIUsi B OOMOTKaXx W MarHUTOIPOBOAE Ha THCTepe3rC W
BUXPEBBIE TOKU.

IockoneKy aCHHXPOHHBIE MALHMHEI UCTTONB3YIOTCH MPEHMY1LIeCTBEH-
HO B KayeCTBe JIBUrareseil, B JajibHEMIIIEM OTrpaHUYMMCS] aHAJIM30M
TOJIBKO UX PabOTHI.

8.4. Bpawaowieecs MarHUTHoe nosne craropa
ACUHXPOHHOIO ABUraTens

Toku 06MOTOK (Pa3 craTopa, NOOKMOYEHHBIX K Tpex(a3HO ceTH,
BO30YXIAI0T B JBUTATEJIC 6pAuAIOWeecs MACHUMHOE noae cmamopd,
koTopoe uHayumpyet 51C B o6MoTKax a3 potopa. Toku B 0GMOTKax
$a3 poropa, Bo3HUKaloONIMe 1O JeicTBHeM 3TUX DJC, BO36GYXKIAIOT
epawjaroueecs mazHumHoe nose pomopa. Yactora U HallpaBjieHHE Bpa-
LLEHUS THX [TOJIeil OMHAKOBBI, YTO OOYCJIOBIMBAET pe3y/IbTUPYIOLLee,
WK pabouee, epawjarouieecs MazHumHoe noae deuzamesl.

PaccMOTpUM xapakTepUCTHKM BpallalOIerocss MArHUTHOTO MOJs
cTaTopa, nojaras, 4To Uelb POTOPa Pa30MKHYTa. XapaKTepHUCTHKH 3TOTr0
M0JIA 3aBUCHT OT T'eOMETPHUUYECKOTO pacrnoyioxeHuss oOMOTOK (pa3 Ha
CcTaTope IBUTATEJIS.

JIBYX1l0,II0CHOE Bpalaomeecs noje cratopa. [Lis moayyeHus JByx-
[TOJIOCHOI'O BPALIAIOLLEr0Csl MAarHUTHOIO IIOJISE HEOOXOIMMO TPU OIM-
HAKOBBbIE OOMOTKH, T.e. ¢a3bl, paclOIOXUThL Ha CTATOPE TaK, YTOOHI

2
YIJIBI MEXAY WX OCSIMH OBLJIM paBHBI gn. Ha puc. 8.8, a o6MOTKHI

KaxK 1o (1)33]:1 YCJIOBHO IIOKAa3aHbl B BUIEC OJHOBUTKOBOH CeKLMH U

Puc. 8.8
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obosHaueHsl: A, B, C — Havaja, X, Y, Z — xouunl obMotok. Eciu
obmoTku (a3 coeIMHUTH 3Be310i (puc. 8.8, 6) (MIH TPEYrOJIBHUKOM)
¥ NOAKMIOYNTE K Tpex(a3Hoil ceTu MUTAHMs1, TO TOKM B BUTKaX Kary-
ek (puc. 8.8, 8) GynyT paBHBI

ipq=I,sinot; ip=1, sin(mt—%nj; ic =1, Sin(mt—%n).

Toku obmotok ¢a3 co3nalotT MarHuTHEIe rong. Ha puc. 8.8, a no
npaswiy OypaBuMka (cM. puc. 3.23) mokasaHbl HalpaBJIeHUs] BEKTO-
POB MarHUTHBIX UHAYKIMI nonel B, By, B, co3naBaemMbix KaxXmIom
KaTyILKOH BIONB CBOEH OCH, H3MEHSIIOILIUXCS BO BPEMEHU CHHYCOM-
JIUTBHO:

B, = B,,sinwt;

By =8B, sin[o)t - %n); (8.3)

B- =B, sin[mt - in)
3 J

CyMMa MrHOBEHHBIX 3HAYEHHI1 BEeKTOPOB 3THX MATHUTHBIX UHAYK-
LMl obpasyeT B [IPOCTPAHCTBE U BO BPEMEHH MAarHUTHYIO WHIYKIIMIO
NoJIsl cTaTopa.

YcnoBHO OyieM CUUTATD MTOJOXUTEILHBIMH TOKH B KATYIIIKAX, eCITH
OHU HanpagpjeHbl OT Hayajla OOMOTKH K €€ KOHITY, U OTpULIATEIbHbI-
MH — B IPOTMBHOM CJIyyae.

OnpepnenuM HamnpapjieHUe MAarHUTHOTO IIOJISI CTATOpa B pa3MYHbBIC
MOMEHTHI BPEMEHH.

B MoMeHT BpeMeHH f, TOK B (haze A NOJIOXUTENBHEIN, a B pa3ax B u
C — orpunatesibHbId (CM. puc. 8.8, 6). BTOMY COOTBETCTBYIOT Halnpan-
JIeHHUST TOKOB B KaTyllikax, 06o3HaueHHbpie Ha puc. 8.9, a.
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OnpenenuB 1o npasuiy OypaBuMKa HallpaBieHUE JMHUI MarHUT-
HOTO MOJsi, BUIMM, YTO I10Jie CTaTopa MMeeT JABa MOJoca: CeBepHbIM
N U 10XHBIH S.

B MoMeHT BpeMeHH £, TOK B ¢ha3e C oTpULIaTe/IbHBIH, a B (ha3ax B u
A — nonoxuTenbHLI. HanpasieHue TOKOB B KaTyLIKaX VISl 3TOTO
MOMEHTA BpeMEHH U300paxeHO Ha puc. 8.9, 6.

OnpenenuB HamnpaBlieHHE CWIOBBIX JIMHUIT MAarHMTHOTO 107151, BU-
UM, YTO MOJIIOCHI MOJIS CTATOpa CMECTWIKCH Ha yroJ 7t/3 10 OTHOILIE-
HHIO K HAYaJIbHOMY MOJOXEHUIO. <

B mMomeHT # TOK B (hazax A u C oTpulaTes]bHEIA, a B (paze B —
nosioxutesipHbI. Ha puc. 8.9, ¢ u300paxeHo HarpablieHHe TOKOB B
KaTylIKax ¥ CWJIOBBIX JIMHUII MarHUTHBIX MOJIeil BOKPYr Katyuiek. [1o-
JIOXXeHUe MOJIIOCOB MAarHUTHOTO MOJIsS CTAaTOpa CMeCTUIOCH Ha 27t/3 oT-
HOCUTEJIbHO CBOETO MEPBOHAYAILHOTO ITOJIOXEHNS.

Ecnu npopomkaThk NOCTpOEHUE Jajiee, TO MOXHO YOeIUThCs, YTO
3a BpEMSI OJIHOrO MepUHojia MnoJjie cTaTopa NOBEPHETCS Ha 27.

CrejoBaTeIbHO, JBYXITOMIOCHOE MAarHUWTHOE T10JIe cTaTopa Bpalia-
eTCsI MO HaMpPaBICHUIO ABMKCHMST YaCOBOI CTPeJIKU C YIJIOBOI CKOpO-
CTBIO £}, (1, YUCJIEHHO PaBHOM YIJIOBO#M 4acTOTE ® TOKOB B OOMOTKax
cratopa. BekTop MarHUTHOM MHAYKIIMHK MOJIS TOCJIEIOBATEIBHO CO-
BIAJACT MO HalpaBIeHUIO C OCh0 OOMOTKM Toil U3 (pa3, TOK B KOTO-
poii JocTuraeT MakKCHMAajJbHOTO 3HA4YeHHUS, T.e. I0Jie BpallaeTcsl B
HanpapJeHUM MOCIeNOBAaTETLHOCTH (a3 TOKOB B OOMOTKax (a3 cTa-
TOpa.

Y106l M3MEHUTH HaIpapjiceHHe BpallleHWs] MArHUTHOTO MOJIS CTa-
TOpa, JOCTATOYHO W3MEHUThb MOPSOOK MOAKIIOYEeHUsST 0OMOTOK JIBYX
ero moo6eix (a3 K TpexdpazHOMYy UCTOYHHKY JIEKTPUUECKOM SHEPIUH,
HanpuMep, KaK MOKa3aHo Ha pUc. 8.8, 6 IITPUXOBLIMHU JIMHUSIMH.

Ha puc. 8.10, a npuBeneHa KapTHHA MPOCTPAHCTBEHHOTO pacripe-
JleJIeHUs] MarHUTHBIX JIMHUH Bpallalonierocss MarHUTHOTO MO CTa-
TOpa JBYXIOJIOCHOTO aCHHXPOHHOIO ABUTATeNsl [Ij1s] HEKOTOPOro Mo-

B

nD

Puc. 8.10
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MEHTa BpeMeHM f;. [IJisl 3TOro ke MOMeHTa BpEMEHU M JUISi MOMEHTa
BPEMEHU £, > f; Ha puc. 8.10, 6 npuBeneHB paclipeieieHUsT HOPMaTb-
HOM COCTaBJISIIOLLEN MarHUTHOM MHAYKUUU B B 3a30pe MeXIy CTaTo-
POM U POTOPOM B 3aBUCUMOCTH OT PacCTOSHUS Z BAOJb MX OKPYXHO-
creit, orcunteiBaeMoro ot JimHuK 0— 0. JIuneiiHas CKOpOCTh MepeMe-
ILEeHUsI MarHAUTHOTO IIOJIs1 BAOJIb 3a30pa OIpeneisieTcsi BHYTPeHHUM
JMaMeTpoM ctatopa D ¥ paBHa v, o, = Dw/2. Tlpu yacToTe CHHYCOU-
JansHoro Toka f= 50 I' yacToTa BpallieH1s MAarHUTHOTO NOJIS CTAaTOpa
JIBYXTIOTIOCHOM aCHUHXPOHHOI MaluHk 7, =f- 60 = 3000 06/MuH. Ha
MPAKTHUKE B OOJBLIMHCTBE CIIy4aeB JTBUTATeIM UMEIOT MEHBIIYIO Yac-
TOTY BpallleHUs. DTO JOCTUTAeTCS MPUMEHeHHEM MHOTOITOIIOCHBIX 00-
MOTOK CTaTopa.

MpuoronoJiiocHoe Bpamaomeecs noJjie craropa. Eciiu MHOronomoc-
HOE Bpallalomieecsi ojie UMeeT p nap MOMIOCOB, TO Kaxaasi oOMOTKa
Bcex Tpex (pa3 craTopa HOMKHA OBITh pa3zelieHa Ha

k=p (8.4)
PaBHBIX YacCTeid, T. €. KaTyLIeYHbIX Ipymn (CM. puc. 8.1, 6).

Ha puc. 8.11, ¢ naHa ynpoiiieHHasl cxeMa OOMOTKU CTaTopa Liec-
THIIOMIOCHOM MallMHB! (p = 3), B KOTOpOii 0OMOTKa KaxXnoi (hasbl
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neauTes Ha Tpu yacTtd. Kaxmas katylueyHas rpymma H300paxeHa B
BUAC ONHOBUTKOBOI CCKIIUM, TPHUYECM COCAUHCHMS KATYIIIEYHBIX [Py
Wy, Wy U Wy3 JaHBI TONBKO JUIsl (pa3el A. CTOPOHBI TakoOl KaTylle4--
HO# IpYIIbl CABUHYTHI 110 OKPYXHOCTU CTaTopa Ha yroju m/p = /3,
YTO COOTBETCTBYET OHOMY ITOJIIOCHOMY JiesleHHIO T. PacrpeneneHus
MAarHUTHBIX JIMHK T0JIs CTaTopa u3o0paxeHn! Ha pyc. 8.11, a—e s
3HaYEeHU TOKOB iy, ip, ic B MOMEHTBI BpeMeHHU f,—1, (puc. 8.11, d).

B MoMeHT BpeMeHH f; TOK (pa3bl A HMeeT aMILIMTYJHOe 3HAYEHHE.
B CcOOTBeTCTBUU C HaIpaBJICHUSMH TOKOB MarHUTHbIC JUHHUU IOJISI
CTaTopa B TPEX MECTaX BXOAST B CEPJICYHUK POTOpPa U B TPEX ~— BbIXO-
JIST M3 Hero, obpa3ysi, TakuM 00pa3oM, TpW Napbl MOMOCOB (p = 3).

B cnenyroniyiit MOMEHT BpeMEHU £, HaNpaBJICHUST TOKOB, a BMECTeE C
HUMHM M pacrpejiesieHe MAarHUTHOIO MOJIsi CTaTopa, COOTBETCTBEHHO
M3MEHSIIOTCH U T.JI. MarHUTHOE I0JIe CTAaTOpa 3a BpeMsi OMHOIO Iepy-
Ola CHHYCOMJAIBHOTO TOKA [OBOPAYMBAETCS HA ONHY TPeTh OKPYX-
HOCTHU, T.€. paCCTOSTHUE, COOTBETCTBYIOILIEE Jiyre, 3aHUMaeMoOil Tpems
KaTyllleYHBIMM TpynnaMu 0OMOTOK (ha3 Ha cTaTope. BTa yacTh OKPYX-
HOCTHM cTaTopa COOTBETCTBYeT [IBYM MHomocaM (2p/3) Bpallaiolierocst
MAarHMTHOTO I10JIsl CTATOPa U HA3BIBACTCS 060UHbBIM HOAIOCHBIM OeneHl~
em (27).

MHorononocHoe MarHUTHOE MOJIe CTaTopa 3a p MEepUOIOB JejacT
ONMH NOJIHBIA 000pOoT, B ceKyHny — 1/(pT) =f/p 0b6opoToB, a YacTto-
Ta €ro BpaileHusi, 06/MUH, COCTABUT

n, =f-60/p. (8.5)

8.5. Bpawawujeecss MarHUTHOE NnoJie poropa v pabouee
Bpaujaioueecs MarHUTHOE NOoJie AaCUHXPOHHOrO
ABurarensi

O6MOTKa poTOpa C KOPOTKO3aMKHYTOI OOMOTKO# coctouT u3 N
crepxHeil. Mexay DJ1C, UHIAYHHMPYEMBIX BPAIIAIOLIMMCS MATHUTHBIM
[I0JIEM CTATOpa B OBYX COCEMHMX CTEPXKHSX, CABUT (pa3 paBeH 2mp/N.

MoxHO cudTath, YTO YHUCIO (a3 poTopa ¢ KOPOTKO3aMKHYTOM 06-

MOTKOH paBHO YMCIy CTepXKHEH, T.¢. m, = N, a YUCJIO BUTKOB B KaX-
N 1
Jio (aze w, =§.

AHanoru4Ho Lens (PazHoOro poropa conepXuT oO6MOTKH Tpex (a3
m, =3 ¢ YUCNOM BUTKOB w, B KaxXIoii ¢ase. 3aech U B JajibHEMIIIEM BCe
BEJIMYUHBI, OTHOCSIIIIMECS K (ha3e poropa, OyIyT OTMEUAThCs HMHeK-
COM 2, a oTHOCsIIMecCs K (paze ctaTopa — HUHIEKCOM 1.

JonyctuM, 4To Lienb poTOpa pa3OMKHyTa, T.€. TOK B Hell OTCYT-
CTBYET, HA POTOp He JIeHMCTBYIOT JIEKTPOMATHUTHBIC CHJIBI U OH He-
noasuxeH. B 3ToM cilyyae MarHUTHOE [10JIe ABUIATENIs MPeACTABASIET
€000 TOJILKO Bpalllalonieecss MarHUTHOE TOJIe CTaTopa.
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Ilpy HENMOIBMXXHOM pOTOpE 4acToTa MHAYLIMPYEMBIX B BUTKAX €O
obmoTtku B/1C paBHa 4actoTe f TOKOB B Lieru cratopa. Eciii Bpaiars
pOTOp € 4YaCTOTON n < n; BCJEH 3a BpallaloLIMMCS C 4acTOTOR H,
[oJieM CTaTopa, TO YacTOTa MHAYLHPYEMbIX B BHTKAax ero OOMOTKM
91C yMeHBLIUTCH. BTy YACTOTY f; MOXHO OIpeIe/IMTh U3 BhIpaXEeHUsA
(8.5), 3aMeHMB B HEM 4acTOTY BpallleHHUs IOJig CTATOpa k) PasHO-
CTBIO 4aCTOT h) — K, C KOTOPO#i BpalLlalotiieecss MarHUTHOE T0Jie CTaTo-
pa nepecekaeT BUTKM OOGMOTKHM pOTOpa:

Jo=p(n - n)/60.

EcnM nens potopa 3aMKHYTh, TO TOKM B 0OMOTKax (pa3 poTopa aHa-
JIOTMYHO TOKaM B OBMOTKax (a3 ctatopa Oyayr Bo36yXKIaTh Bpallla-
Io1lieecsl MAarHMTHOE ToJie.

YHacToTa BpaLLEHUS Ay, 3TOTO MOJIE OTHOCHTEJIBHO POTOPa OIpejie-
JIsleTCa ODIMM BBIPAaXCHHUEM 4YaCTOTHI BpPaILiEHUST MHOIOITOIIOCHOIO
nons (8.5):

gy :fé ' 60/p

Tak Kak caM pOTOp BpalliaeTcs B TOM Ke HaIlpaBJIeHHMH C 4acTo-
TOU M, TO ero Mojie BpallacTcsl B IIPOCTPAHCTBE ¢ YACTOTOM

Rom+n=(n—n)+n=n

T.€. TIOJI pOTOpa M CTAaTOpa BpalLaloTCsl CHHXPOHHO M 110 OTHOLIEHHUIO
JPYT K APYTY OCTa}OTCsl HeNMOABMXKHBEIMH. CKJIaAbIBasIiCh, BpaLLalOLH-
€csl MarHUTHBIE TIOJISI CTATOpa U poTopa o0pa3yloT pabouee gpawaroue-
ecsa MaeHUmHoe none aCHHXPOHHOTO JIBUratesisi, KOTOpoe CIyXWT Ta-
KHM Xe CBSI3YIOLLIMM 3BEHOM MeX1y oOMOTKaMu (pa3 cTaTopa M poTo-
pa, Kak ¥ CHUHYCOMAaAbHOE€ MAarHHUTHOE MOJIc B MarHUTOIPOBO/IE
TpaHcopMaTopa, Mepeialiee SHEPTHIO OT NMePBUYHOI OOMOTKU KO
BTOpUYHOM.

B najbHeiilieM BMECTO TEPMUHA pabouee epawaroweecs MazHUmMHoe
none OyfieM TIOJIb30BaThCS COKPALLEHHBIM — 8palyaroueecs MaeHumHuoe
nosne aCHHXpPOHHOTO JiBUraresis. UMeHHoO 3To 1osie HeoOXoauMo y4u-
THIBATh [IPY pacyeTax [IPOIECCOB B IETSIX CTaTOpa U poTopa.

Pa311yaloT HECKOJIBKO PEXUMOB paboThl aCUHXPOHHOTO JIBUTATEIISI:

® HOMUHAAbHBLI peXcUM, COOTBETCTBYIOLMI HOMUHAIbHOMY CKOJIb-
XKEHHIO POTOPA S| = Syom IPU HOMMHAIBHBIX HApsikeHUU U) = Uy U
ToKe I, = I,,,,, IMTAIOLIECH CETH;

® pabouuii pescum, TIPU KOTOPOM HaIIpSDXKEHUE ITUTAIOLIEH ceTU OJIn3-
KO K HOMUHAJILHOMY 3Ha4¢HMIO WK paBHo eMy, U) = U, a Harpy3ka
JBUTATENIs1 ONpenesyisieTcsl TOPMO3HBIM MOMEHTOM Ha BaJly IIPH CKOJIb-
XKEHMUH S < Syoy M TOKE 1} < 11 ons

e pexcuM NycKa BUTATeNd, BOSHUKAIOIWMI NPY MOAKITIOYeHUH Ha-
NPSDKeHUsT IMUTAIOLLICH CeTU M HeTOABHXHOM potope s= 1.
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8.6. Hepretnueckuii 6ananc u KN acuHXpoHHOro
asurartens

KommnekcHast MonHocTs Tpex$asHOro aCUHXPOHHOTO JIBUTATelIs
ompenensieTcss 0o popmyie

81=P+jO,=3U 1L cosg, +j3U 1 sin ¢y,

e P, u Q) — akTviBHAsl U peaKTUBHAsT MOIIHOCTH JIBULATEJIS.

AKTHBHasl MOILIHOCTB ABMraTesiss P, paBHa cpelHei MOIITHOCTH He-
obpaTHMOro npeoOpa3oBaHUA B JBUTATCIIC IJICKTPUYECKOI 3HEPIHH,
rojyyaemMoii u3 TpexgasHoil CeTH, B MEXaHU4eCKYIO, TeIUIOBYIO H
JIPYTHE BHIbI SHEPTHUH, a peaKTUBHAsI MOIHOCTh (0 — MaKCUMAaTbHOMH
MoiiHocTH (4.38) o6MeHa sHepruel Mexay WCTOYHHKOM U MarHMT-
HBIM [0JIEM JiBUTaTens (CM. noapasi. 4.14).

AxtuBHas momuocts B KIL asurarens. JuarpamMmMa HeoOpaTUMO-
ro npeodpa3oBaHMsl SHEPIrUM B ABUTATelIe [IOKa3aHa Ha puc. 8.12, raoe
P, — MomHOCTE NOTpebeHns ABUraTeNieM SHeprum U3 cetu; P, —
MOILHOCTB [IOTEPh HA HAarpeB IPOBOIOB OOMOTKM ¢Tatopa; Py, , — Mo~
HOCTh BpAalLAlOLIErocss MarHUTHOTo nosisi; P, — MOLIHOCTE MOTeph Ha
TUCTEPE3UC U BUXPEBBIC TOKU B CTAJIA CepliedHMKa cTaTtopa (MOLL-
HOCTB IIOTEPh B CeplieHHUKE pOTOpa, Yepe3 KOTOPhIi 3aMBIKAeTCs Bpa-
LIaloLIeecss MAarHUTHOE MOJie, MPakTHYEeCKOro 3HaYeHUs HE HMeeT,
TaK KakK 4yacTota f, ToKa B Henu potopa Mana (1-—3 ') u MoIrHocTb
NoTeph Ha TMCTEPE3UC M BUXPEBBIE TOKU HE3HAYMTENbHA); Py = Py —
— P, — 3J1eKTPOMarHuTHasi MOILIHOCTb POTOpa; Py — MOLIHOCTb I0TEPh
HAa HarpeB poBOIOB OOMOTKH poTOpa; Pyex = Py — Py — P~ Py —
MEXaHUYECKasi MOLIHOCTb poTopa; P, — MOILIHOCTD MEXaHHUYECKUX
noTeps B iBUratene; Po= P, — Pyen — NIOJIE3HAS MEXaHUYeCKasl MOIII-
HOCTB Ha BaJTy JIBUTATEJIs.

OTHollIeHHe TIONIE3HOM MexaHuYe-
CKoO#l MontHocTH P, Ha Bajty JBUraTens

o Py 1 K aKTUBHOM MOILIHOCTH P, norpeGieHMsI
e H 3JIEKTPUYECKOI 3HEPTUH U3 CETH OIpe-
S Poon neysier KITJ acCHHXpOHHOTO IBHraTelst
/ n = (P,/P)100 %.

P // P, npl
¢ KI1 coBpeMeHHBIX Tpex(ha3HbIX ACHH-
P, XPOHHBIX IBUraTejicii py HOMHUHAJIBHOM
iy pexume paboTel cocTapasieT 80—95 %.
PeakTnBHaA MOIMOCTD H KO3 HIIM-
€HT MOIHOCTH ABHMraTejia. PeakTHBHast
MOIIHOCTh (J; XapakrtepusyeT obpaTu-
I MBI IIpoLiecc 0OMEHa SHEpPryueii MExXIy
MArHMTHEIM I10JTeM JIBUTATeNa U UCTOY-
Puc. 8.12 HHUKOM.

Porop
_7f—
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[Tpu NpoeKTUPOBaHUHN U KCILVIyaTALIMKM ACHHXPOHHBIX JBUIAaTelIei
YUYUTHIBAIOT COOTHOLLIEHUE MEXITY aKTMBHOH M PEAKTHBHOI MOILHO-
CTSIMM, KOTOpOE OIIpeieIsieTCsl Ko3ghuryuenmom mMouHOCMU

coso=P /(P2 +0Q?. (8.6)

Ipu nocTostHHOM HanpstxeHUH U Mexy BeIBoIamMu OOMOTKY (pasbl
ctatopa v ToKe 1| < I}, MarHUTHBI IIOTOK BPALLAIOLLETOC ITOJISL JIBU-
ratens @,,,, Takxe nocrosHed (3.20) U He 3aBUCHUT OT €€ Harpys3Ku.
3TO 03HaYaeT, YTO PeakKTUBHASL MOILHOCTh M SHEPIMsl, 3alacacMble B
MAarHMTHOM [10JI¢ aCHHXPOHHOTO JBUTATeNIs, TAKXKE [TOCTOSHHBI U He
3aBUCST OT €TO HArpy3KH.

OpnHako ¢ pocTOM HAarpy3kKH aKTHBHAsl MOILIHOCTL ABUraTess U KO-
3¢PULMEeHT MOIIHOCTH JBUTATEIS YBeJIMUMBaloTCy. Eciu mpu oTcyT-
CTBUM Harpy3Ku Ha BaJly ABUratessi KO3(PQGUIHEHT MOILLHOCTH aCHHX-
poHHoro aBuratens paseH 0,1—0,15, To npu HOMUHAJIBHOM HarpysKe
ko3 uLHeHT MomHocTH nocturaer 0,8 —0,95.

8.7. Bpawaouwmii MOMEHT U MexaHu4yecKas
XapakTepMucTUKa aCUHXPOHHOIro ABUraTens

[Tpu B3auMOAEICTBUY BPAILIAIOLLETOCS MAarHUTHOIO ITOJISI ABUIaTe-
JiSI C TOKAMHM B IIPOBOJHHKAX OOMOTKH pOTOpa BOSHHMKAIOT 3JIEKTPO-
MarHUTHBIE CUJIbl, CO3JAIOIIMe BPAIIAKOIMii MOMEHT aCHHXPOHHOTO
IBUratesisi, KOTOpbIi 3aBUCUT OT MarHUTHOTO noroka ®,,.,, ¥ ToKa B
NPOBOIHUKAX OOMOTKH poTopa [,. YUUTHIBAsI, YTO MOILHOCTH Bpallie-
HHUS OIpeeIsieTCsl aKTHBHOM MOLHOCTBIO JBHIaTelIs, AJisl Bpalalolie-
ro MOMeHTa MOXHO 3aIIMCaTh:

Mep = ;D gy [,C08 9y, (8.7)

re ¢, — IOCTOsIHHAs BEJIMUMHA ST JaHHOTO JBMTATENs; ¢, — Yroj
casura a3z Mexnay SJ1C 1 ToKoM B 0OOMOTKE poTOpa; oS ¢, — KO3~
¢uLMeHT MOLIHOCTH (hassl poTopa.

Bpawarowuii momenm NBUTATENA NPONOPLIMOHAEH TITPOU3BEICHUIO
MarHUTHOTO ITOTOKa BPALLI@IONIETroCs IOJIsl U aKTUBHOM COCTaBJIsIOLLIEe
TOKa B 00MOTKe (pa3sl poTOpa.

Jlia ycToitunBOil paGoThl ABHUTATESI BAXHO, YTOOBI aBTOMaTU4e-
CKM YCTaHaBJIMBAJIOCh paBHOBECHE BpALLIAIONIETO U TOPMO3HOIO MO-
MEHTOB. BTO paBHOBECHUE B ACHHXPOHHOM JIBUTATEJIE OCYLIECTBIISIETCS
cJieayIollMM 0Opa3oM: IpH YBeJIMUeHUH Harpy3kKu Ha Bajly TOPMO3HOM
MOMEHT CTaHOBHUTCS OOJIbIIE BpaLalOIIero MOMEHTA, BCIICACTBUE YETO
YacToTa BpallieHUsl pOTOpa YMEHBIIAETCS, T.€. CKOJIbXECHUE YBEIUYH-
BaeTcsi. BTO BHI3BIBAET YBEJIMYECHUE BPaIlaloLIEro MOMeHTa, U paBHO-
BeCHe MOMEHTOB BOCCTAHABJIMBAETCS IIpU OOJIbIIEM CKOJIbXeHUH. Ofi-
HAaKO 3aBUCUMOCTh BPAllAI0ILET0 MOMEHTA OT CKOJIbXEHMS JJOBOJIBHO
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CJIOXKHA, TaK KaK B YpaBHEeHHH Bpalaioniero MoMeHnta (8.7) or Hero
3aBUCAT BeJIMIMHB b, @, M COS @,

Tok ¢dasel potopa I, ¢ yBeIMYCHUEM CKOJILXKECHHUS YBEIIMYUBAETCS
BenencTBre yeenudeHus SJ1C E,, nponopryuoHansbHON CKOJNBXEHHIO.
CHavaja, 1MoKa MHAIYKTHBHOE COMPOTUBJICHHE PACCESAHUSI OOMOTKH
(a3bl poTopa sl Mald MO CPABHEHUIO C €€ AKTUBHBIM COMPOTHB-
JjeHueM R;,, 3HaucHHUE TOKA MPU YBEJIUYECHUH CKOJIbXCHUS YBEJIAYU-
BaeTCs OBICTPO, a 3aTeM, Korja swly,c > Ry — MEIIEHHO.

Ko3¢duimeHT MOLLHOCTU LEMU pOTOpa

-

Cos @, = Rsz/\/Rgz + (s L)’

BCJIEICTBHE YBEJIMMEHHUsI CKOJIbXKEeHUS! YMEHBIIIaeTCs CHaYyaia MeJICH-
HO, a 3aTeM OBICTPO.

OT CKOJNbXCHHS 3aBUCUT M MAarHUTHbIA MOTOK ABUTatensi @, g,
XOTA U B Menblieil cteneHd. C yBeJIMUEHHEM CKOJIbXEHUS YBEJIMIMBa-
eTcs TOK (pha3wl cTaTopa, a clenosarTelibHO, yMeHbinaotes D3/C (7.10)

_El = Ul ‘“Zoﬁlil
W NPONOPLIMOHANBHBIN eif MAarHUTHBII NoToK (7.11)
D,..p = Ei/4.44fuwy.

Benwuunsl 1, @,, 1 COS ¢, pa3auiHO 3aBUCAT OT CKOJIBXEHMSI: OIHA
U3 HUX (/) yBeJIMUHMBAETCS C YBEJIMYCHUEM CKOJIBXEHMS, a fBe JIpy-
rme (P, U cosg,) — yMmeHblualorcss. CrenosatelibHO, OINpeieieH-
HOMY 3Ha4eHHIO CKOJIbXEHHsI, Ha3bIBAeMOMY KPUMUYEeCKUM CKOAbXce-
HUeM S,,, TOJDKHO COOTBETCTBOBATh MaKCHMMAJIbHOE 3HAYECHHME Bpallla-
IOILET0 MOMEHTA.

OOBIYHO MAKCUMAJIBHHIN Bpanaolii MOMEHT JIBUTATENISI COOTBET-
CTByeT HeOOJIBIIHM CKOJIbXeHUsIM, nipuMepHo 0,04 y pBurateneii 60/1b-
1o MomHocTy U no 0,14 y aeurarteneil Majoii MOIIHOCTH.

I'pacdhuK xapakTepHOIi 3aBUCUMO-

CTH BPAaLAIOIIEr0 MOMEHTA OT CKOJIb-

[=const; xenust M, (s) (puc. 8.13) pasnensi-

Uy =const 10T Ha 00JIacTH yCTOHUMBO# 0 <5< 85,

N\ %ch]bb 1 HEYCTOMYHMBOM S, < §< 1 paboThI
Ny, JIBUTATEJISI.

B obnactu ycmoiiuueoii paGoThI
yBeJIMueHHe (YMEHDBIICHHE) TOPMO3-
HOro MOMEHTa Ha Bajly ABUraTens
MPUBOAMT K YBEIUYEHHIO (YMEHBIIIE-
HHUIO) CKOJbXEeHUSI U OHOBPEMEH-
HOMY YBEJIMYECHUIO (YMEHBLIEHUIO)
Puc. 8.13 Bpauiaioniero MomeHTa. B pesynbra-

=

|
T

S
Pagounit €  Ilepe-
5\1 Tpy3Ka |

PEKUM

(=]
tn
3
—
23
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T€ MEPEXONHOro MPOLIECCa PaBHOBECHE MOMEH- Zl
TOB BOCCTAHABJIMBAETCs PU HOBOM 3HAYCHHUU T
CKOJIbXCHHS. My max
B obnactu neycmotivugoii paboOThI ABUraTeE -
Jil yBEJIMUEHKE TOPMO3HOTO MOMEHTA Ha BaJly
MIPUBOAUT K YBEJIMHYEHUIO CKOJIbXKEHUS U Ofl-
HOBPEMEHHOMY YMEHBLUEHUIO BPALIAIOLIETO
MOMEHTa, 4YTO euje OOoJIBNIC YBEJIUYUBACT
CKOJIBXEHUE BILIOTh IO OCTAHOBKH JIBUTATENISL )
(S = 1). an

MakcuMaJbHbBIHM BpallalolMuili MOMEHT Puc. 8.14
ONpeAeNseT NEePeTpy30uHyI0 CIIOCOOHOCTH
aCHHXpOHHoro apuraresnsi. Ero TUIopoe 3HaueHue Gosplile HOMHHATIb-
Horo B 2—2,5 pasa. Bpamatouiyii MOMEHT He 3aBUCUT OT aKTHBHOIO
CONPOTUBJIEHHUST LIETIH POTOPA, B TO XK€ BPEMSI KPUTHYECKOE CKOJIBXE-
HHE S, IPONIOPLMOHAILHO aKTMBHOMY CONPOTUBIIEHUI0. Crie/ioBaTeNb-
HO, YBeJIMUEHUEe aKTMBHOIO COIPOTUBJIEHUS UENM pOTOpa, MPUBOIUT
K yBEJIMYEHHIO KPUTHYECKOTO CKOJIBXKEHUS, HE U3MEHSAS MaKCUMaTb-
HBII1 BpallAloLHi MOMEHT. DTO MCIOJB3YeTCs I YIy4lIeHU yCIo-
BMI1 MycKa jBUraresieil ¢ (pasHbIM POTOPOM.

MakKCHUMaTbHbIH BpalL@aonyii MoMeHT nponopuuoHaien U?, 4to
[eaeT aCUHXPOHHBIH JBUraTeb YyBCTBUTEIBHBIM K CHMXEHHIO Ha-
MIPSDKEHUS] TUTAIOIEH CeTH.

VY HEKOTOpBIX aCMHXPOHHBIX JBHUrateseil 3aBUCUMOCTb M,,(s) Ha
y4acTke S, < s < | uMeeT npoaj (nokasaH Ha puc. 8.13 HITPHXOBOI
JIMHUEl), BbI3BAHHBII BBICHIMMM TApMOHMYECKUMM COCTaBJISIIOLLIMMU
3yOIIOBBIX [TOJEH.

Mexanuueckasn xapaxmepucmuxka n(Myp) aCHHXPOHHOTO JBUIaTels
npuseaeHa Ha puc. 8.14. [lpy 3HauyeHMsIX BpaLIAIOLIETO MOMCHTa
0 < My, < My ax YACTOTA BPAILEHHS! POTOPA aCUHXPOHHOTO JBUraTe]Is
HU3MeHseTcs He3HauynTtenpHo. ClieloBaTeIbHO, MeXaHWYeCKash Xapak-
TePUCTHKA ACUHXPOHHOTO NBUTATENsA HeCmKas.

f=const;

Myp nyex U} =const

8.8. PabGoume xapakTepucTUKM aCMHXPOHHOIO ABUratensa

Pabowumu xapaxmepucmukamy Ha3bIBaOT 3aBUCUMOCTH 4aCTOTHI
BpallleHKs #, BPalalIero MoMeHTa M,,, KoappuureHTa MOLIHOCTH
cos@; u KI1JI n aBUratens ot mose3Hoi MEXaHUYECKON MOIHOCTH P,
Ha ero sany (puc. 8.15). PaGouue xapakTepUCTHKU CHUMAalOTCS NPU
HOMMHAJIBHBIX 3HAYEHWAX YaCTOTHI f MUTAIOLLEH CETHM ¥ HaIpsoKeHUs
Mexay BeiBogamu a3 cratopa U = Ujon-

Tak Kak MOLIHOCTH Py = P, = M2, TO 3aBUCUMOCTb 1( F,), Ha3bl-
BaeMasi CKOPOCIMHOIL XapaKmepucmuKol, Majio OTJIMYAeTCsl OT MeXaHUYe-
CKOI1 XapaKTepuCTUKY asuraresist n(My,) (cM. puc. 8.14). Ona Toxe Mo-
KeT ObITh HA3BAHA XXECTKOM, IIPU ITOM CKOJbXeHue § (Py) = (n,— n)/ny.
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R I=Foows I, BpaLlJ.a;lOl_ul/li/'l MOMeHT M,,, pas-

e M, Ui = Upyiom 0/ BUBAeMBbIii BUraTesieM, CKJIajibiBa-

"] Y cosg, CTCS U3 MOIE3HOTO MOMeHTa My, =

~—n = P,/Q, npeononeHys] Harpy3Ku Ha

| BaJly ABHrateyii ¥ MOMEHTa XOJIOC-

) } s TOro xoma M,,y, KOTOpHIH Ompejie-

Cos‘l}lx— JIIeTCsl MEXaHHYECKUMU MTOTEPSMU B

anf:: } JIBUTaTeNie ¥ He 3aBHCHT OT €ro Ha-
TPY3KH.

0 Favon P HenMHeHOCTh 3aBUCHMOCTH

Puc. 8.15 M. ,(P,) obbsicHsieTCsl yMEHbIIEHH-

€M 4YacTOTHI BpallleHUs poTopa ¢
YBCJIMYEHHEM MOILHOCTH P,. AHaJIOTHYeH xapakTtep 3aBucuMoctu I (P,).
HenuneiiHocTh 3aBUCHMMOCTH cOs@,(P,) OOyCIOBieHa TeM, 4TO aK-
TUBHAs1 COCTaBJIAONIAs TOKA JBMIaTelisl MPONOPLMOHAIEHA ero Mexa-
HHMYECKOI Harpy3ke, a peakTHBHasi MHAYKTHBHAS COCTaBISIOH[as OT
Hee [IPaKTUYeCKH He 3aBHCHT.

HenonHas 3arpyXeHHOCTh aCUHXPOHHBIX ABUraTeseil — OfHa U3
[JIaBHBIX IPUYMH MaJIOro 3HayeHHst KoaduumeHTa MOIIHOCTH (COS ¢)
MPOMBILUIEHHBIX NPeANpUATHIL. ECTeCTBEHHBIM CITOCOOOM ITOBBILLIEHUS
KO3((pULIMEHTa MOLHOCTH SIBJISIETCS MOJTHAS 3arpy3Ka aCMHXPOHHBIX
JABUrareyefl 1 UCIONb30BaHUE JIBUTatelieil Goplioi MolHoct. Ha-
MarHM4YMBaoLIMIl TOK ABUTateisi 0OpaTHO NPONOPIMOHATEH MATHUT-
HOMY CONPOTUBJIEHUIO €r0 MarHUTHOM LIeNH, B KOTOPOM OOJIBLIYIO
4acTh COCTAB/sIET CONPOTUBIIEHNE BO3AYILIHOIO 3a30Pa MEXHY CTATO-
poM 1 potopoM. C yBelMYeHHEM HOMUHAJIBHOM MOIIHOCTH ABUTATENS
BBICOTA BO3/AYILIHOIO 3a30pa TakXe YBEJUUYMBAETCH, HO OTHOCUTENIBHO
MemieHHee. [loaToMy ¢ yBeMueHHeM HOMHHAIBHOI MOLLHOCTU JBH-
raTess ero Ko3(p@HUIKMEeHT MOLHOCTH COS ¢, yBerumnBaercs. C yMeHb-
LICHHeM HOMMHAJIbHOM YaCTOTh! BpALLlEHUS ABUraTelsl yBeJIMUMBaloT-
Csl ero HAMarHHYMBAKOLLMIA TOK U BO30yXIaeMbiii UM MarHWTHBIA [10-
TOK, TaK Kak MpH MeHblIeH YacTOTE BpallLleHUS UHIyLIMpyeMas B 00-
MoTKe (paspl cratopa B/1C ymenbliaetcs. ClieJOBaTENBHO, Y TUXOXOIHbIX
JIiBuUraresieli HaMarHUYMBAIOILKI TOK Gosiblile, a KO3(pPUIIMEHT MOLLI-
HOCTH — MeHBIIIE.

KoapduumeHt nonesHoro neiicTBus aCHHXPOHHOTO JABMIATENS O~
pelensieTcst OTHOLIeHHEM OJIE3HOM MOILHOCTH Ha ero Bajly P, K MOLL[-
Hocth Py = P, + P, noTpeGiieHUss UM SHEPTUM U3 CETH:

n=(F/P)100 %,

rae P, — MOIIHOCTb BCeX BUIOB MNOTEPD B IBUTATENC.
Pa3nnyaroT NoCTOSIHHYIO U IEPEMEHHYIO, T. €. He 3aBUCSILYIO U 3a-
BUCSILIYIO OT HAarpy3KH ABUIATENIsl, COCTABJISIONINE MOIIHOCTH [10TEPb.
Mouwnocmb nocmosHHbix nomeps paBHa CyMMe MOIIHOCTH 1OTEPD B
CepIeYHHMKEe CTaTopa Ha IMCTEPE3NC M BUXPEBBEIE TOKH WM MOILIHOCTH
MEXaHUYEeCKUX IOTEPh. '
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Ta6nuna 8.1

Tunosble 3HAYEHHS] NAPAMETPOB ACHHXPOHMHBIX ApHraTesei cepun AU

Yucno nonocos
flapavetpy 2p=2 2p=4 2p=6 2p=8
MomHocts, KBt | 0,04—315 0,025—315 0,18—200 0,25—160
KId, % 45—93 42—-94,5 56—94 56—94
cos @y 0,70—091 | 0,60—0,90 | 0,62—0,90 | 0,65—0,85
Mo ryex/ Mp.som 1,90—0,75 | 2,00—0,75 1,70—0,75 1,50—0,75
My max/ Mg 0w 2,0—1,6 2,0—1,6 1,7—1,6 1,6—1.,6

Mouwnocmo nepementbix nomeps paBHa MOLLIHOCTH MOTEPh HA HarpeB
MIPOBOIOB OOMOTOK CTaTopa U poTopa:

Pnpl = 3RBI’129 Pnp2 = m2R32]22'

MaxkcumainbHoe 3Hayenue KI1JI aBurarens 65—95 %.
B 1a6:1. 8.1 npuBeieHbI TUIIOBBIE 3HAYCHUSI HEKOTOPDIX NTapaMeTpOB
ACHHXPOHHBIX JBUratesieil cepud AV nmpy HOMUHAIBLHOM MOIIHOCTH.

8.9. NMyck acMHXPOHHOro AsuUrarens

BaxxHOe MPpaKTHYeCKOe 3HayeHHe JUIsi AaCUHXPOHHBIX JBUraTesiei
HMEIOT UX MYCKOBBbIE CBOMCTBA, XapaKTepU3yeMBIE: ITyCKOBBIM TOKOM
I yex ¥ HAYAIBHBIM TTYCKOBBIM BPAILAIOILIMM MOMEHTOM My nyex> TL1B-
HOCTBIO U SKOHOMMYHOCTBIO MYCKOBOIO Ipouecca, JUIMTEIbHOCTBIO
nycka. B KaTanorax ykasbiBaeTcst OTHOLLCHHUE («KpamHOCHb») TyCKOBO-
r0 3HAYEHHMSI BEJIMYUHBI K HOMMHAIBLHOMY 3HaYeHUIO ([inyex/linow Y
MBp.HyCK/MBp.HOM) -

[TyckoBbie CBOMCTBA AaCHHXPOHHOTO ABUTATEIISI 3aBUCST OT €ro KOH-
CTPYKLIMH, B YACTHOCTH OT YCTPOJICTBa pOTOpA.

IycK aCHHXPOHHBIX JBHIaTeNei ¢ (pa3HbIM POTOPOM. Y CIIOBUSI TyCcKa
ACMHXPOHHOTrO JBUTaTelIsl ¢ (DasHbIM POTOPOM MOXHO YYy4IlUUThb, UC-
MOJIb3ys MYCKOBOi#1 peocTaT (cM. puc. 8.4). HpI/IMeuHCHI/Ie MyCKOBOTO
peocTaTa No3BoJisieT YBeIMYUTh Ha4yaJIbHbII ITYCKOBOI BpaLl@IOLLNi1 MO-
MEHT M YMEHBLIUTh MYCKOBOH TOK.

BnioueHUe 106aBOYHBIX PE3UCTOPOB B LIEINB POTOPA H3MEHSAET Xa-
paKTep 3aBMCUMOCTH BpAIL@AIONIEr0o MOMEHTA My, OT CKOJbXEHMS S.
IMpu 3TOM 3HaYeHHE MAKCHMMAJIBHOTO BPAlIAIOILEro MOMEHTa Mo, max
HE 3aBUCHUT OT 3HAYE€HHsI aKTUBHOTO COMPOTHBJIEHUS LIeTIH pOTOopa, a
ero yeejiuyeHue (YMEHbLIEHUE) MPUBOAMT JIMIIb K YBEJIUYCHHUIO
(YMEHBILEHMIO) 3HAYeHHUS] KPUTHUUYECKOTO CKOJIbXEHHUS Sy, (PHC. 8.16).
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Ry3> Ry > Ry Kak Tonbko poTop HauuHaet
BpalLiaTbCSl, YMEHBIIAETCS! CKOJIb-

Ry Rext Rt Ry + Ry Re+ R XEHHe, a BMyeCTe ¢ HuM DJC wu
Toku (pa3 potopa, a CIIeI0BATENb-
HO, U Bpalllaloiiuii MOMeHT. YTto-
OBl IBUTATENb MPOMOIXAJ pa3sBH-
BaTh BpalllaloLIUMil MOMEHT, OJun3-
KM K MAKCUMAJIbHOMY, COITPOTUB-
JIEHME IIyCKOBOTO PEOCTaTa HYXHO
NOCTENEHHO yMeHblaTh. M korna
JBUTATeJNIb JOCTUTAET YAaCTOTHI Bpa-

05 s 835 53 I's 1ieHus, 6JM3KOM K HOMMHALHOM,
Puc. 8.16 IMYCKOBO# peoCTaT 3aMBIKAalOT Ha-
. KOpPOTKO.

OO6BIYHO M3MEHEHUE CONPOTUB-
JIEHMSI [TYCKOBOI'O PEOCTaTa OCYIIECTB/IAETCS CTYNIEHSIMM, TTIO3TOMY IIpH
MYyCKEe aCHHXPOHHOIO JBUIATEIsl €ro Bpallaloummii MOMEHT U TOK M3-
MEHMOTCA cTyreHamu (puc. 8.17, a u 6).

YT1o6B! MYCKOBOI#1 peocTar MpH IyCKE HE MEPerpeBaiCsl, ero MOI-
HOCTB JOJIXHa IPUMEPHO PaBHATHCS] MOILIHOCTH ABUratess. [ns nBu-
rarejiei GOJBLIOK MOILIHOCTH NPUMEHSIIOT IIyCKOBbBIE peOCTaThl C Mac-
JISTHBIM OXJIAXACHHUEM, B JIDYTUX CIAYy4Yasx — BOASHEBIE PEOCTATHI.

Iprmenenne pasHOro potopa B COYETAHMH C ITyCKOBBIM PeOCTa-
TOM, YJIyUlliast YCJIOBUSI TTyCKa, ONHOBPEMEHHO MPUBOINUT K yBEIMYE-
HMIO CTOMMOCTH, YCJIOXHEHHMIO OOCIyXMBaHuS M cHmxXeHHo KI1/]
acMHxpoHHoro asuratess. [losromy (pasHbiit poTop NPUMEHSIOT B IBU-~
raressix MOLIHOCTBIO cBbilile 10 kKBT.

nycr _________

0 Mo
an min
an max
0 t
a 6
Puc. 8.17
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ITycK ACHHXPOHMHOIO /IBUTATENS ¢ KOPOTKO3AMKHYTOH 00MOTKO# po-
Topa. B GOJBILIMHCTBE CITy4aeB MPUMEHSIETCS NIPSMOM ITyCK JIBUTATE-
yieil ¢ KOPOTKO3aMKHYTOM 0OMOTKO#M potopa. OH OCYyLUECTBIISETCS C
MOMOILIBIO JIEKTPHUYCCKHUX alllapaToB yIIpaBlleHWs, TaKUX KakK py-
GWJILHUK, MArHUTHDBI# IycKaTeJlb, KOHTAKTOp WA Mac/IgHbIH Bbl-
KIoyaresnp (Ui ABUraTelisi BBICOKOro HanpspkeHus). ITyckoBoii Tok
[[p¥ TUNOBOM 3HAaY€HWM KPAaTHOCTH 5,5—7 Ge3omaceH [yist ABUraTe-
7151, HO MOXET BbI3bIBATh YMEHBIUICHUE HAMPSDKEHUS] B CETU U Hebia-
FOMPUSITHO OTPa3UThCs Ha paboTte npyrux norpedutenei. [ostomy B
CeTSX MAJIOH MOLLHOCTH JIOIyCKAeTCs MPSMOJ YCK JIBUraTesieil MOLLI-
HocTh1o 10 100 kBT.

CreryeT TaKXe UMETh B BHIAY, YTO Y aCMHXPOHHBIX JBUTratesieii ¢
KOPOTKO3aMKHYTOH OOMOTKOM poTOpa NpU OOJBLIOM ITyCKOBOM TOKE
KpaTHOCTB IyCKOBOIO MOMEHTa HeseNMKa: 1—2 (cM. puc. 8.13).

Jlis yMeHblIeHHS ITyCKOBOTO TOKa MOXHO Ha BpeMs IYCKa JIBUTa-
TeJisl IOHU3UTh HallpsKeHHe MeX/ly BRIBOIaMKU 0OMOTOK (pa3 craTopa,
BKJTIOUMB TIOCJIEIOBATENILHO ¢ HUMH Tpex(Pa3Hylo KaTylKy MHIYKTHB-
HOCTU WIM MEPEKIIOUUB MX COEIMHEHHWE CO CXeMbl TPEYrOJbHUK Ha
cxeMy 3Be3na (cM. mompasz. 6.5). OgHako MpU 3TOM OIHOBPEMEHHO
YMEHBIIAETCS 3HaYeHUE HAYaJIBHOTO ITyCKOBOTO MOMEHTa, IMpOrnop-
LIMOHAJIBHOIO KBaapaTy HanpsokeHus. [103ToMy Takoi nycK pUMEHs-
eTCs1 TOJIBKO ISl AaCHHXPOHHBIX ABUraTelieil ¢ KOPOTKO3aMKHYTOM 00-
MOTKO}1 poTopa Hebosbloi MouHocTH (zo 20 KBT).

YCoBUST MyCKa ACHMHXPOHHOIO JBUIaTellsl ¢ KOPOTKO3aMKHYTOM
OGMOTKOlH pOTOpa MOXHO YJIYYLIMTb, €CJIM MCIIONb30BaTh OOMOTKY

poTOpa B BU/E ABOMHOM LIWIMHAPUYECKOH KIETKU (IBOMHOE Oesinybe
Koneco) Takoii poTOp HMMeeT ABE KJIETKH, PacCIIOIOXEHHbIE OfiHA B
JIpYroii: HapyXHas — IyCKOBasi 1 BHyTpeHHsish — pabouast. CTepxHu
BHYTPEHHEI KJIETKHM BBIITOJTHEHBI U3 MeIH, HapyXHOil — U3 MapraH-
LIOBUCTOIi JIATYHH C MOBBILICHHBIM YICJIHBIM CONPOTUB/IEHUEM. Kpo-
Me TOTO, TUIOLIAIb MOIEPEeYHOro CeUeHUs CTepXKHel BHYTPEHHEN KIeT-
Ku GoJibLLe, TOITOMY aKTMBHOE CONPOTUBIEHHE crepXkHel HapyXHOMU
KJIeTKU B 4—5 pa3 Gosbliie, 4yeM BHyTpeHHel. O6e KIETKU € TOPLIEBBIX
CTOPOH UMEIOT 3aMbIKAIOLIME KOJIbIA.

CrepXHU KIETOK pasMellleHbl B HAPY>XHOH M BHYTPEHHEH 4acTsix
nasa.

IIpy TakOM pacIoJOXEHMM MarHUTHBIE JIMHUM II0N1 paccessHus
HapyXHOTO (BHYTPEHHEr0) CTepXHs OONBILYIO (MEHBLIYIO) YaCTh IyTH
npoxodsT B Bo3ayxe (cM. puc. 8.18, a, nunuu 1 u 2), NO3TOMY MHIYK-
TUBHOCTb PAcCESIHUS HApyXHOH OOMOTKU (hasbl pOTOpa Lyac,qp U €€
WHIYKTHBHOE COMpPOTUBJIEHHE PACCESTHUN Xpacwap = Lpac.uap MUMEIOT
MEHBIIIHE 3HAYCHUS], YeM OHOMMEHHBIE BENTUYMHDI Ly pr ¥ Xpae pr JUIS1
BHYTPEHHEI 0OMOTKM (hasbl poTopa, T.€. Xoaesr > Xoac.vap-

B niepBbliit MOMEHT BpeMeHU Mycka apurarels (s= 1) Gonblloe HH-
LyKTUBHOE COMNpOTHBJIEHHE BHYTpCHHeI/I OBMOTKH (pa3bl pOTOpA Bbl-
TECHSIET TOK M3 CTepXHEl BHYTPEHHEH KNeTKU B CTEPXHU HAPYXHOM.

197



a (5]

Puc. 8.18

Ilpy 5TOM Haua/ibHBIA NMYCKOBOIl MOMEHT YBEJIMYMBAcTCs, TAK KakK
aKTHBHOE COIPOTHBJICHUE CTE€pXKHEeH HAPYXHOI KIeTKU BEJIMKO, YTO
aHAJIOTMYHO BKIIIOYEHMIO ITYCKOBOTO PeOCTaTa aCMHXPOHHOIO ABUIa-
Tens € (pa3HBIM POTOPOM.

Ilo mepe yBenMueHHst YaCTOTHI BPALLIEHUsI POTOpA YACTOTA TOKOB B
(asax ero 0O6MOTKH, a CJIEOBATENIBHO, U MX HHAYKTUBHBIE COMPOTHB-
JIeHuUs1 paccesiHusl ymeHbLiatores. [Ipy HoMuBalLHOI YacToTe Bpallie-
HHUS pOTOpa 4acToTa TOKOB Mana (2—3 T'w), a cienoBaTeNlbHO, Majibl
UHIYKTUBHBIC COMPOTUBJICHUS PACCEAHMA Xpac nr U Xpuc yaps PACTIPEIE-
JIeHVe TOKOB MEXAY CTEPXKHSIMU KJIETOK OIpeiesnsieTcs OTHOLUEHHEM
MX aKTHBHBIX CONMPOTHBJIEHUH. [103TOMY TOK B CTEPXHAX HApYXHO
KJIETKU OyJleT MEeHbIIIe TOKA B CTEPXHAX BHYTPEHHEH KIETKHU, aKTHB-
HOC U [MOJIHOE CONPOTUBJIEHHSI KOTOPBIX B TAKUX YCJIOBUAX MaJIbL.

MOXHO paccMaTpHBaTh 3aBUCUMOCTh M,,(s) nBuraresst ¢ 0GMOTKOIA
poTopa B BUIC JIBOMHOI LWIMHAPHUYECKO#N KIIETKH KaK CYMMY XapakTe-
PHUCTHUK JIBYX ABUrATENEN ¢ GONBLIMM ¥ MaJIbiM AKTUBHBIM COIPOTHBIIE-
HUsIMKM 0OMOTOK (pa3 poropa (puc. 8.18, 6 — LITPUXOBbIE IMHIM).

B HEKOTOpBIX KOHCTPYKLMSIX OGe KJIETKM M3LOTOBJISIOTCS IMyTeM
HENOCPEIACTBEHHOW 3aJIMBKM PACILIaBJeHHBIM aJlIOMUHKMEM [1a30B pPO-
Topa (puc. 8.18, 6). Ilpn 3TOM a/IOMUHMI 3aMOJIHSAET 1eNb MEXIY CTep-

KHSIMH BepXHeH M HMXHEH KJIeTOK U obpa3syeT cTepXeHb (PaCOHHOTO
CeueHusl.

8.10. MeToab! perynupoBaHMs 4acToTbl BPaLLEeHUs
ACMHXPOHHbDbIX ABUrartenemn

st peryiMpoBaHust 4acTOThl BpaIlleHUS ACHHXPOHHBIX JBUrATENICil
C KOPOTKO3aMKHYTOI OOMOTKO# pOTOpa NPpUMEHSIOTCH METO/ YaCTOT-
HOIO peryIMpOBaHMS U METO/, PETYJIMPOBaHUST U3MEHEHHEM YHCIIA T1ap
IIOJTIOCOB BPALLAIOLIETOCs MAarHUTHOTO ITOJIA.

198

JIlns pery/IMpoBaHusl YacTOTH BpalleHust 7 U const
ACHHXPOHHBIX ABUTaTeeil ¢ (pasHbIM poTO- -
pOM TPUMEHSETCS] METOJI PEOCTATHOIO pe- f
IYJIMPOBaHMS. e Map max

YacToTHoe peryJMpoBaHde. 3TOT METO.
peryJIMpoBaHusl YaCTOTB! BPaILIEHUs] aCUH-
XPOHHOI'O JBUTATeNsl 3AK/II0YaeTCs B peey-
AUPOBAHUY Yacmombl BpALLICHUA €TI0 MarHuT- fr<f
Horo noig (8.5) myreM U3MEHEHMS 4acTo-
Thl TOKOB B 0OMOTKax (a3 ctatopa. OnHako
[IpY PeryJIMpOBaHUU 4acCTOTBl TOKOB U CO-
XpaHeHUHM HEU3MEHHBIM 3HAYEHHS MaKCU- Moy
MaJILHOTO BPalLiaoiero MOMeHTa (CM. pMC.

8.13) HeoOGxOnMMO OJHOBPEMEHHOE DETY- Puc. 8.19
JIMpOBaHNe HANPsKeHU i MeXIy BbIBOJAMU
¢a3 cratopa.

IIpu u3MeHeHHH YacToThl (f) TOKa 3HaYeHHEe MaKCHMAJILHOIO Bpa-
AKIIEro MOMeHTa OyeT MOCTOSHHBIM, 8 MEXaHMYECKasl XapakTepy-
CTHUKa ABUTATENS] — XeCTKOi (puc. 8.19) NpH BLINOJIHEHUM YCIOBUSA
U, /f= const. B T0 Xe BpeMsi MOILHOCTb ABUratess OyaeT U3MeHsThCs
MPOIOPLMOHAIIBHO YacToTe ToKa P, = M,Q,.

PerynpoBanye H3MEHEHHEM YHCJIA Nap noaocos. [1py MOCTOSHHbIX
qJacToTe Y HAIIPSKEHHH MUTAIOINel CeTH 3aBUCHMOCTL YacTOTHI Bpa-
ILEHUsT MAarHWTHOIO IOJIS aCHHXPOHHOTO JBUraTelisd OT 4ucia mnap
MIOJIOCOB p onpeensiercs: o (opmyne (8.5).

Ecnu Ha cTatope pasMeCTHTh IBe OT[eJIbHble OOMOTKH — OJIHY,
0o6pasyoliy1o p nap, U Ipyrylo — p’ nap nojocoB, TO, BK/IIOYHB B
ceTh IEPBYI0 WM BTOPYI0 OOMOTKY, IOJIy4MM OTHOCHTEIBHOE M3Me-
HEHHE YacTOThbI BpALLEHUS] MAarHUTHOIO IOJIS:

m/ni=p’/p.

CoOoTBeTCTBEHHO OyAyT pa3ivyaThCsl M YaCTOThI BpalllEHUs poTOpa
npuratessi. [1py 3ToM OGMOTKa poTOpa JBHMIraTelis JOJKHA ObITh KO-
POTKO3aMKHYTO# B BUje Gesiubero Koneca (cM. puc. 8.3, 6).

Perynuposanve U3MEHEHUEM YMCIia I1ap
MOJIOCOB NIPUBOJMT K CKaykKooOpasHOMY n
U3MEHEHUIO YaCTOTHI BpallleHUsl MarHUTHO-
ro 1nois, 4ro U3-3a UHEepLMU MexaHu4dec-

KOJi CHCTEMBI 3JIEKTPOIIPUBO/Ia CONTPOBOX-

jaeTcsl MepeEXOAHBIM MpoieccoM. UTOOB!

HarSAHO 1TOKAa3aTh 3TOT MEPEXOIHBII Mpo-

LieCC, MOCTPOUM JIBE MEXaHHUYEeCKHe XapaK- Teneparop
TePUCTMKN ACHHXPOHHOI MallMHbI — MPH
p mapax ¥ npu p’ = 2p mapax IOJIOCOB. TR
Ipennonoxum, 4TO TOPMO3HOM MOMEHT Ha Top *ep
BaJly ABMrateiist OCTaeTCsl NOCTOAHHBIM ITPU Puc. 8.20

r<r

JiBurareab P
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Al 1 — HU3MCHEHMH YaCTOThl BPAILIEHUS! MATHUTHOTO
P nons. Ilpu nepexone ot p’ map K p napam
nomocoB (cM. puc. 8.20) yactora BpauieHUs

,” MarHUTHOTIO I1OJIsI YBEJIMYMBAETCH, NBUTATEID
et CHayajia OKasblBacTCsl B YCIOBMSX, OIIU3KUX K
MyCKOBBbIM, M UIMEET MECTO CKa4yOK TOKa. [lpu

T'eneparop Nepexoie OT p nap K p’ napam Mnoaocos (puc.

8.21) yacToTa BpallleHMs MarHUTHOTO MOJIsI
YMEHBILIAETCs], MallliHa OKa3blBAacTCs] CHaYa-
Jla B peXUME reHepaTopa U paboraeT, oTna-
Puc. 8.21 Basl 3HEPrHIO B CE€Th. TaKoil pexuM HHOIIa
HCIIONB3YeTCA 17151 OBICTPOTO ' SKOHOMHWYHO-

O TOPMOXEHUS 3NeKTPOIPUBOAA.

JlBe OTaebHBIE OOMOTKY Pa3MELLAlOTCs Ha CTAaTopax JBUrateseii
HeOOJIBLIOH MOLIHOCTH. B 1BUTATENIX GOMBIIOH MOILIHOCTH UCIIOJIB3Y-
€TCs MEPEKIIOYCHUE KaTylIeYHbIX Ipynn oOMoTok (a3 crtatopa s
NOJIy4EHUS Pa3TMYHOrO YKCIIA Nap MOJMIOCOB, OGBMHO C OTHOIICHHEM
1:2.

ACHHXPOHHBI1 IBUTaTelib C ABYMS HE3aBUCUMbIMKM OOMOTKAMHM Ha
CTaTope, Kaxias U3 KOTOPBIX [EPEKIIOYAETCs ¢ OTHOILHeHHEM 4HCiIa
nap nomocos 1:2, 6yneT UMeThb YeTHIPe CTYIIEHH YacTOThl BPaLlCHuUS,
Hanpumep 3000, 1500, 1000 u 750 06/MuH.

Peoctatnoe peryimpoBanse. MeTon peocTaTHOTO peryHpOBaHMs
9JaCTOTHl BPALLICHUST IPUMEHAETCS B Tpex(hasHBIX ACHHXPOHHBIX TBH-
ratessix ¢ ¢pasHbiM poropoM. [Ipu 3TOM YacToTa BpallleHUs] MATHUT-
HOIO MOJISI OCTACTCS MOCTOSHHOMN. BTO NOCTUTAETCS BKIIOUEHHEM B
Lene 06MOTOK (a3 poropa TpexdasHoro peocrara, Kak MpH IycKe
ABUratesist (CM. puc. 8.4), KOTOPHIii B OTIHYHE OT IyCKOBOTO PEOCTaTa
PacCUMTHIBAETCS] Ha JUIMTEJIbHYIO, @ HE Ha KPaTKOBPEMEHHYIO Ha-
PY3Ky TOKOM. MI3MEHEHHE aKTUBHOTO CONPOTHBIIEHMUS LIl poTOpa
BJIUSIET HAa XapaKTePUCTHKY JBUratenst M, (s) v MojioXeHHe Ha Heil
paboteil TOUKM Npy 3aJaHHOM TOPMO3HOM MOMeHTe Ha Baty. Harnpu-
MeEp, MNpH YBEJIMUCHUK CONPOTUBJICHUS peoctata (R, < Ry < Ry3) u
IOCTOAHHOM TOPMO3HOM MOMEHTe Ha Bajly U3MEHEHHE MOJIOXeHUS
paboueii Touku (cMm. puc. 8.16, Touku 1—4) OyneT cOnpoBOXIATLCS
YBCJIMYEHUEM CKOJIbXKCHMS, T.€. YMEHBLICHUEM YacCTOThI BpallleHUs
poTopa.

HejoctatkoM MeTona peocTaTHOrO peryiupoBaHust SBJISeTCH OOMb-
1Iast [IOTEPST SHEPTUM.

0 My M,

8.11. PaGora TpexdasHoli aCUHXPOHHOI MaLLUHBI
B pe€Xumax reHeparopa M 3neKTPOMarHUTHOro TopMo3a

Pa6oty TpexdasHOi aCHHXPOHHOM MALIIMHbI B PEXUMaX IBUIaTe-
Jis1, TeHEpaToOpa M 3JIEKTPOMarHUTHOrO TopMo3a (cM. noapasa. 8.3)
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I'eHeparop JIBHTaTENb Topmo3s
Puc. 8.22

OTpaxaeT YHUBEPCAIbHASI XapaKTEPUCTHKA M (s), NpeCTaBlICHHas Ha
puc. 8.22.

Pexum aBuratesis ObUT NOOpoOHO pacCMOTPEH paHee, B 3TOM ITOA-
paszielie OCTAHOBUMCSI Ha PEXMMax reHepatopa 1 3JIeKTPOMarHUTHOTo
TOpMO3a.

PexuM renepatopa. 115 paboTbi aCHHXPOHHOTO reHeparopa (s<0),
KaK W Ui paboThl aCMHXPOHHOTO JBUrarteis, HEOOXOIUM PEaKTUB-
HBI MHIYKTUBHBIH TOK, T.€. TOK HAMarHM4YMBaHuUs. bajlaHC peakTuB-
HBbIX MOLIHOCTEH BO3MOXEH JIMOO [PH MOAK/IIOYCHUN aCUHXPOHHOTO
reHepaTopa K CETH CHHYCOMAAJIBHOTO TOKa, JIMOO Npy aBTOHOMHOM
paboTe — NOOKIIOYEHHEM NapajlIeIbHO OOMOTKaM ¢a3 cratopa KOH-
JieHcaTopoB. B rmocienHeM ciyyae IpH 3alycKe aCHHXPOHHOrO reHepa-
TOpa MMEET MECTO SIBJIEHUE CaMOBO30YXICHMs, aHAJIOTMYHOC OMNM-
caHHOMYy B nosipasz. 9.9.

PexuM 31eKTPOMATHUTHOTO TOpMo3a. B peXXume 31eKTpOMarHuTHO-
ro Topmosa (s> 1) HampaslieHHe TOKa B OOMOTKE pOTOpa IO CpaBHE-
HUIO C PEeXVUMOM ABUraressi He u3MeHUTCs. [103TOMY BpalllarolIMi
MOMEHT OyIeT MPOTUBOAECICTBOBaTh TOPMO3HOMY MOMEHTY IIpH MX
otHOLEeHNH M., < My, CenoBatesbHO, MallliHa OyneT noyyyare Me-
XaHMYECKYIO 3HEPIHIO, MOABOAMMYIO CO CTOPOHBI Bajla, M 3JIEKTpU-

4ecKyl0 SHEPIHIO U3 ceTu, npeobpasyst M Ty U JIpYryio B TEIUIOBYIO
SHEPTUIO TTOTEPD.

YT100BI NEPEBECTH IBUTATENIb B PEXUM 3JIEKTPOMArHUTHOrO TOP-
MO3a, MPUMEHAETCS MPOTUBOBKIIOYEHUE, T.€. UBMCHEHHE MOPs/Ka
NOAKJIIOUEHUSI K CeTH JIobbix aBYX (ha3 cTaTtopa (CM. puc. 8.8, 6). Ilpu
9TOM HallpaBJieHHe BPAILEHHsI MAarHUTHOIO NOJIs MALIMHbI U3MCHUT-
cs Ha MpoTHUBOMONOXHOe. Korna poTop OCTaHOBUTCs, HEOOXOAMMO
OTKJIIOYUTH MALIMHY OT CeTH, YTOObI N30eXaTh €€ NEPEX0Ia B pEXUM
JIBUTATENSI.

PexuM 3JIeKTPOMarHMTHOrO TOPMO3a NPUMEHSCTCS], HANPUMED, VIS
TOPMOXEHMUSI IPUBOIXHOTO MEXAHM3Ma, B [MOXBbEMHBIX YCTPOUCTBAX IPU

CITYCKE IPY30B.
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8.12. fisyxdasHbie u oaHODAa3HbIE ACMHXPOHHbIE
Asvrarenu

st paboThl OT OnHOGAZHOrO UCTOYHUKA TTUTAHUS PUMEHSIIOTCSI
ACUHXPOHHBIE IBUTATE/IM, KOTOPBIE MO CIOCO0Y CO3NaHus HAYaIbHO-
T'O MOMEHTA MOAPA3NEAIOT Ha AByX(dasHbie U onHO(Aa3HBIE.

AByxdasnbie acunxponsbie aBHraTens. Takve IBUTAaTENN UMEIOT I1BE
OOMOTKH, pacronioXeHHbIe B Ma3ax CTaTopa TaK, YTO HUX OCU CMelle-
HbI B MMPOCTPAHCTBE Ha yroi n/2. OOMOTKa w; BKIIOYAETCS B CETh He-
NOCPEICTBEHHO, @ OOMOTKA w, — 4epe3 (ha30CABUTraIOLIEE YCTPOU-
CTBO, B KaY€CTBE KOTOPOTO UCMOJIb3yeTCsi KoHAeHcaTop C (puc. 8.23).
I1py 3TOM BBINOJHSAIOTCS YCJIOBUS CO3IAHMUS1 BPALAIOIErocsi MArHUT-
HOTO MOJIA: HAIMYKE IBYX CUHYCOUAATbHBIX MArHUTHBIX IIOTOKOB, CMe-
LIEHHbIX B MPOCTPAHCTBE U CABUHYTHIX IO (hase.

Jlns mony4eHus KpyroBOro Bpalalolerocsi MarHMTHOTO TIOJIST He-
obxonumo, YyTobhl 3HayeHuss MJIC 06MOTOK ObLIM paBHBI MEXY CO-
60ii 1w, = Lw, n (asoswlit caBur Mexy Tokamu I, u I, pasen /2. Ilpu
3TOM COCTaBJIAIOILME MArHUTHOTIO 110151 B, U B, 6yNlyT U3BMEHATBLCS CU-
HYCOMIATBHO U KOCUHYCOMJANLHO.

Ecnu BoiGpanHelii KoHIEHCaTOp 06eCTIeYBaeT KPYTroBoe BPALIAio-
meecst MArHUTHOE MOJI€ TIPH [TyCKE JABUTaTelis, TO NMPU HOMUHATBHOM
Harpyske TOKu [; U [, B 0GMOTKax w; M w, U3MEHSIOTCS. U BPALIAKO-
ieecsi MAarHMTHOE [OJIE CTAHET SJUIMIITHYECKUM, YTO OOYCIOBUT YMEHb-
LIICHHEe Bpallaiollero MOMEHTA.

OTOT HEAOCTATOK MOXHO YCTPAHUTL OTKTIOYCHHEM YaCTU KOHIEH-
CaTopoB IIPU Tiepexone OT peXHMa Iycka K paboyemy pexumy.

OnnodasHbie acHHXpOHHbIE ABATaTe M. TaKyie 1BUATENN HMEIOT OIHY
00MOTKY (puc. 8.24, a), pacIIONOXEHHYIO B Iasax CTaropa U COCTO-
suyio B o0LeM ciyyae U3 K = p KaryluedHbix rpyrmn (8.4), U potop ¢
KOPOTKO3aMKHYTO#M OOMOTKOM B BHIE Gei4bero Koseca (cM. puc. 8.3, 6).
ITpu ToKe B OOMOTKE CTaTOPA ip = 1, Sin f €T0 MATHUTHOE T10JIE HETION-
BIDKHO B [IPOCTPaHCTBE, & MHIAYKUMSA UIMEHSETCHS CHHYCOUIAILHO.

Pacecmotpum paboty onHodasHOro ABYXITONIOCHO-
ro nsuratesist (p=1). AHaIOrMYHO MarHUTHOMY MOJTIO
(aser A TpexcdasHoro nBuraresis (cM. puc. 8.8, a) Bek-
TOPp MarHUTHOM WHAYKUMM Tons ctatopa B, ..., on-
HO(A3HOTO ABUTATEJIsI HATIPAB/IEH BIONb OCH OOMOT-
KH CTatopa ¢ TOKOM i= I, sin wf U U3MEHsIETCA CUHY-
COUAANBHO B, 7., = B, sin wt (puc. 8.24). [pencraBum
MarHMTHOC TIOJIE CTATOpa KakK pe3ysbTaT HaIoXe-
HMS1 ABYX MarHUTHBIX 1osieit B, .y ¥ B, crary € OIU-

., ., B,
HAKOBOM UHAYKUMEN B, .ot = Bycrarn = > U Bpa-

LIAOMIMXCH B MIPOTUBOIONIOXHBIX HATIPABJICHUSIX C
Puc. 8.23 4acTOTO¥ BpAIUEHUs 7y, T.€. C YIJIOBOI CKOPOCTBIO

Puc. 8.24

Q, = . [1py 3T70M Ha HEMOABWXHBIKA POTOP OyAYT AEHUCTBOBATH ABA PaAB-
HBIX BpaLIAIOIMX MOMEHTA, HAIIPaBICHHbIX BCTPEYHO U YPaBHOBELIMBA-
IoluX Opyr Apyra. PaBencTBO MOMEHTOB HApyILAETCs, €C/IM [IPUBECTH
poTOp BO BpallleHHe B Jt000M HarpabieHHH. MOMEHT, co3laBacMbIi
roJieM, BpAlLAIoIMMCSl B TOM € HallpaBIeHUH, YTO U POTOP, CTAHO-
BUTCS GOJIBIIIE MOMEHTA, PA3BUBAEMOr0 OOpaTHO BPalL@IOUMMCS] [IOJIEM.

Bpaatoumii MOMeHT M,, onHO(}A3HOro ABUraTesisi MOXHO pac-
CMaTpUBaTh KaK pasHOCTh npsiMoro M, u obpatHoro M, Bpalia-
JOLIMX MOMEHTOB (pHc. 8.25). CyleCTBEeHHOI OCOGEHHOCTBIO OHOpA3-

MBP MBp 1
\
_ - =0
$=0 HpaBoes ! Tlenoe
BpalicHue BpallcHue
Msp 1
MBP
%M Bp0
| s=1 /
M, Bp OJ’__‘ * $

Puc. 8.25
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HOrO ABUraTesisl sIBJISICTCSE HEOONBLLIOW OTPULIATENILHBIN BPAIAIOIHA
MOMEHT M) TIp¥ CUHXPOHHOIA YacTOTe BPALICHHs] POTOPaA 110 OTHO-
LIICHUIO K TIPSIMO BPAILAIOMEMYCsl TI0J1IO,

YBennueHre CKOMBXCHHUsI TIPU yBETMYEHUH Harpy3KH BbI3BIBAET B
OnHO(A3HOM JBUIaTesic yBeJMYEHUE TOPMO3ZHOTO MOMEHTA obpaTtHoO
BpaUIAOUIErocs ToJisl, BCIEACTBUE YETO €0 paboTa MeHee YCTOMYMBA,
yeM TpexdaszHoro.

W3-3a psana nononaurensHbix moteps K/ onHodasHoro apurare-
Jis 3HaYMTenbHO Huxe, yem KIIJ tpexdasHoro. *

ITyck onHoda3HOro NBUraTesis OCYLIECTRIACTCS PUMEHEHUEM nyc-
KOBOTO yCTpO#icTBa. Yalle BCero sTo JOMOMHUTENLHAST OOMOTKA, MO-
A0GHas BTOpO# OOMOTKe ABYX(ba3HOTO ABMIaTeslsi, pacCYMTAHHAS Ha
KpPaTKOBPEMEHHYIO HArpy3Ky TOKOM M OTK/II0YaeMasi Mo OKOHYAHUM
nycka. IlocnemoBaTebHO ¢ JONMOJIHUTENBbHON 0GMOTKOM BKJIIOYACTCSI
(asocmBUraroliee ycTpoiicTeo.

3aMeTHM, YTO YCIIOBHSI, CXOMHBIE C YCIOBHSIMU paGOThI ogHo(az~
HOTO ABUIATENIs, CO3NAIOTCH B TpeX(ha3HOM JBUTATesie TPU OTKIIIOYE-
HMY ofHOU U3 ¢as. B ycnosusix ogHoasHoro nutanus tpexdasHbiii
JBUratenb npoaoskaet padorate. I1pM 3ToM Bo M36exXaHHe CUILHOTO
Harpeea OOMOTOK JiByX (a3, OCTAIOLUMXCS BKJIIOYEHHBIMH, HEOOXOIH-
MO HarpysKky JBUIatTesisi yMEHBIUIUTD 10 50—60 % oT HOMMHAJILHOI.

8.13. YcTpoicTBo TpexdasHOh CUHXPOHHOH MaLLMHDI

OCHOBHBIMH YacTsIMU Tpex(ha3HOI CHHXPOHHON MALIMHEL SIBJISIOT-
Cs1 CTaTOp U POTOp, MPUYEM CTATOpP HE OTJIMYAETCH OT CTATOpa TpeX-
(ba3HOM aCMHXPOHHOW MaUIMHBI (CM. pUC. 8. 1). Cepaeunuk craropa co-
OpaH M3 M30JIMPOBAHHBIX JIPYT OT APYIa CJIOSIMM JIAKA JIUCTOB 3JIEKTPO-
TEXHUYECKON CTalu U YKPEILIeH BHYTPH MACCUBHOTO Kopilyca. B masax
C BHYTPEHHEW CTOPOHBI CTaTOpa pasMeleHa TpexdasHas oOMOTKA.

PoTop cHMHXpOHHOI MauIMHBI TPEACTABIISIET COBOI AGHONOAIOCHDIL
9NICKTPOMATHUT MTOCTOSIHHOTO ToKa (puc. 8.26, rae I — nontocwr; 2 —
MOJIOCHBIE KaTYHIKY; 3 — KOHTaKTHBIE KONbUA; 4 — CepIeyHHK POTO-
pa) unu nesenonomocubi (pvc. 8.27, tne 1 — cepaednuk poropa, 2 —
nasel ¢ OOMOTKOM; 3 — KOHTaKTHbIE KO/bLa). OGMOTKa poTtopa yepes
KOHTaKTHbIE KOJIbUA U IETKU MOIKIIIOYAETCsI K BHELIHEMY MCTOYHMKY
MOCTOSTHHOTO TOKAa — BO30YIUTENIO, T.€. IEeHEPATOPY MOCTOSIHHOIO TOKA
Majioif MOUIHOCTH, POTOpP KOTOPOrO BpAlLAETCSi BMECTE C pOTOpOM
CUHXPOHHOM MAallMHBI, UM BHIIPSMMTEIO.

Hnst ionyyenus cunycoupanbioit DJIC B mpoBonax 06MOTOK ¢daz
CTaTOpa HEOOXOAMMO, YTOOB MAarHMTHAss MHIYKUUSI B BOZIYLIHOM
3a30pe, cosnaBaeMasd MarHUTHHIM IIOJIEM TOKa POTOpPa, paclpeaesi-
JIack CHHYCOMJAIIBHO BIOJIb OKPYXHOCTH poTopa. B siBHOmONMOCHOI!
MaLIMHE 3TO JOCTUTACTCsH YBEIMYEHUEM LIMPUHBLI BO3AYLIHOIO 3a30-
pa OT cepelMHbI IOJII0CA K €ro KpasiM. B MamiHax ¢ HessBHbIMM [1OJTIO-
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3
Puc. 8.27

Puc. 8.26

caMH MCIIONb3yeTCs COOTBETCTBYIOLLEE pacnpeneneHre OOMOTKH BO3-
OyXIEHUs BIOJb OKPYXHOCTH pOTOpa.

POTOp MHOFOIMOIOCHONH CMHXPOHHOM MALIMHBI MMECT p MHap Io-
JIIOCOB, @ TOKM B 0OMOTKax (a3 cratopa oOpasyloT p map I0/0CoB
BpALLAIOLIEr0oCsl MArHUTHOTO ToJist (CM. pHUC. 8.11). IIpu 3Tom YyacToTa
BpallieHus ToJist 1o (8.5) paBHa YacToTe BpallleHUsi poTopa

n=60f/p. (8.8)

TIpH pOMBINIUIEHHON 4aCTOTe CUHYCOMIAILHBIX TOKOB B 06MOTK3.)_(
(a3 cratopa f= 50 ' MakcumasbHas1 YacToTa BpallleHMs [())8T06pa, co
OTBETCTBYIOILAs ABYXITOMOCHOM (p = 1) MalllHE, paBHa 3000 o6/MuH.
C Tako#l 4acToTOil BpallacTcs poTOp COBPEMEHHOIO mypboazpezama,
COCTOSILLIETO M3 [IEPBUYHOTO JBUTraTElIsi — apOBOY TYPOUHBI U HESIB-
HOITOJTIOCHOTO CMHXPOHHOTO TeHepaTtopa (TypboreHeparopa).

TuapaBnyeckas TypOMHa eudpoaepezama BpallacTcst MEUICHHO, 11]3:
3TOMY TMIPOTEHEPATOPBI U3TOTOBJISIIOT MHOTOMNOJIOCHBIMH, C ABH
MU MOJIIocaMy M B OOJIBLIMHCTBE CIy4yaeB — € BEPTUKAJIbHBIM BajJIOM.
YacroTa BpalleHUsi POTOPOB IMIPOreHEPaTopoB — OT JECATKOB IO HE-
CKOJIBKMX COTEH OBOpOTOB B MMHYTY, Y€MY COOTBETCTBYET HECKOJILKO
JIECSITKOB T1ap NOMOCOB. ['uaporeHeparopbl MMEIOT 3HAYUTEIBHO 6omémy1(_)
Maccy Ha €JMHUIY MOLIHOCTH — CBHiLlE 8 Kr/(xB - A), yeM TypOore
HepaTopsl — MeHee 2,5 Kr/(KB - A).

8.14. Pexvmbl paboTbl Tpex¢dpa3HOW CUHXPOHHON
MaLUWHbI

TpexdaszHasi CHHXpOHHast MaliHa MOXET paboTaTh B peXUMax re-

HepaTopa W NBUTATENS. ) ]

PaccMoTpuM peXuMBl paboThl JBYXIIOIIOCHOU Mamngl.ﬁHanoxeB
HYe MarHUTHBIX I10Jieii TOKOB B OOMOTKax (a3 cTatopa Bo3 y>x<ﬂ8a% \
CHHXPOHHOM MalllMHe, TaK Xe€ Kak 1 B aCHHXPOHHOM (cM. puc. 8.10),
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MArHUTHOE [10JI€ CTAaTOPA, BPALIAOLIEECS € YIJIOBOM CKOPOCTBIO
paBHOE YIJIOBOM 4aCTOTE » TOKOB B €r0 OOMOTKAX.

ITpubmokeHHoe pacnpeneieHHEe MATHUTHBIX JIMHUI BPaLUAIOLLIC-

TOCst MArHUTHOTO MOJIsi CTATOPa B MATHUTOIPOBOJIE CUHXPOHHOM Ma-
HIMHBL B peXUMax reHepaTopa v ABUratesisi IPUBEAEHO Ha pHc. 8.28

a M 6 1ITPHXOBO# JMHMEi. PacnpeeneHre MArHUTHBIX JTMHMI Bpa—’
IAIOLIErocsi MarHUTHOIO TIOJISl CTAaTOpa MOKAa3bIBaeT, YTO MpUGIH-|
XKCHHO €r0 MOXHO MpPEACTAaBUTH B BUE BPALLAIOLICHCS C yrHOBoﬁ?
CKOPOCTBIO Q 7y = @ TAPBl MATHUTHHIX MOMIOCOB S, ¥ N,, pacrono-
XKEHHBIX Ha CTaTope. Y

AHaTI0OTMYHO MarHMTHOE TOJIE, CO3JABAEMOE MOCTOSHHBIM TOKOM B
0BMOTKE poTOpa, BPaILAIOLIErocs C YIIOBOI CKOPOCTHIO €. = M, MOX-
HO MPUONMKEHHO NMPEACTABUTL B BUE NApbhl MATHUTHBIX rl;omo’cor; S
u N,, pacrioNoxeHHbIX Ha poTope. ’

Ecnu npenebpeys BceMu BUaMu HoTeph SHEpIUM B CUHXPOHHOIA
MALIWHE, TO MPHU OTCYTCTBUM MOMEHTA Ha BAJy OCHM MArHMTHBIX MO-
JIIOCOB POTOpa U cTatopa OyayT COBHANATD.

Pexum reneparopa. Eciiv K Basty Matmbb NPUJTOXUTH BpallArOHUii
MOMCHT OT MEPBUYHOTO JBUTATEIIS, TO OCh MATHUTHBIX TIOJIIOCOB PO-
TOpa MOBEPHETCSI HA HEKOTOPLIM YTOJ Y OTHOCHTEJIBHO OCH MarHUT-
HBIX TOJIIOCOB CTATOPa B HalpaB/eHUM BpalleHus (cM. puc. 8.28, a).
Ilpu 3TOM HM3MeHUTCs caBUT (a3 mexay SC, uHayLUpyeMbIX B’06—
MOTKaxX (a3 cTaTopa MarHUTHHIM TIOJIEM BPAILAKOIIETOCS potopa, u
(asHbIMK HaNPSXEHUSIMU CETH, K KOTOPOU MOAKTIOYCHA Maum;{a.
INocnennee compoBoxnaeTcss U3MEHEHHEM TOKOB B (dazax cratopa.
OJIEKTPOMarHUTHOE B3aUMOJEICTBIE W3MEHMBLLIXCSI TOKOB B dazax
CTaTtopa ¢ MAarHUTHBIM TOJIEM POTOPA CO3NAET TOPMOZHOH MOMEHT
ACHCTBYIOLIMHA Ha POTOP. JTO O3HAYAET NMPeoOPa3OBaHKUE IHEPTUM MC—’
X4HUYCCKOrO ABVKEHMSl MEPBUYHOIO JIBHUTATENsi B 3JIEKTPUYECKYIO

T.CTaTs

Q =®
n.crar Q -
- n.crar — ®

Puc. 8.28
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. 9HEPIMIO TeHeparopa. MarHuTHbIE TOJIOCH poTopa OynyT TSHYTh 33
, cOOOM MarHMTHBIC TOJIFOCHI CTaTopa.
{  Pexum ppuratens. Eciv K Bany MalnuHbl PUIOXUTD TOPMO3HOI
' MOMEHT MEXAaHUYECKOI HArpy3KH, TO OCb MArHUTHBIX I10JIIOCOB POTO-
I-pa MOBEPHETCSI HA HEKOTOPBIN Yrofi Y OTHOCUTEJIBHO OCH MarHUTHbIX
|MOJIOCOB €TaTOpa MPOTUB HAIPABJICHHUS BpaILCHHUS (cM. puc. 8.28, 6).
'BHOBb U3MEHSITCSI TOKM B OOMOTKaX (pa3 cTatopa U BOSHUKHYT 3JEKT-
'POMArHUTHBIE CUJIbl B3aMMOJIEHCTBHS 3THX TOKOB ¥ MArHUTHOTO 1OJIs1
poropa. OqHaKo Tenepb 3NEKTPOMAarHUTHbIE CUJIbI CO3IanyT Bpalla-
FOLUIT MOMEHT, AEWCTBYIOUIHI Ha pOTOP. DTO O3HAYACT npeobpasoBa-
HUE 3JEKTPUYECKOI 3HEPTUM CETU B MEXaHUYECKYIO IHEPTUIO JBUIra-
Tesisi. MarHUTHBIE MOJIOCH CTaTopa OyayT TSHYTh 32 COOOM MarHUTHbIE
OJIIOCHL POTOPA.

CUHXpOHHas MalliMHa paboTaeT B peXXUMe reHepaTtopa Wiu IBUIa-
TeJd B 3aBUCMMOCTA OT MEXaHHYECKOIO BO3LEMCTBUA Ha BajJ Malld-
HbI, TIPHYEM 3JIEKTPOMATHUTHBIC CUJIBI UIPAIOT POib CBOCOOpa3HOH
YIpYroii CBSI3U MEXIy POTOPOM M CTaTOPOM.

8.15. YpaBHeHWe 3NeKTPUYECKoro cocrosiuua dpasol
CMHXPOHHOI0 reHeparopa

MarHuTHOE [oJie HArpyXeHHOH CHHXPOHHON MallMHbBI BO30YX/a-
eTCsl He TOJILKO NMOCTOSIHHBIM TOKOM B OOMOTKE poTopa, HO U CUHYCO-
MAATbHBIMU TOKaMH B 06MoTKax (a3 ctaropa (skopsi). CrenoBateb-
HO, B CHHXPOHHBIX MalliMHaX, Kak U B MalIMHAX MOCTOSHHOrO TOKa
(cM. moapasa. 9.6), UMeeT MECTO peaKyus AKOpA — posaeiicteue MAC
LIETTH IKOps HA MarHUTHOE [10Ji€ MAaliMHBbL.

dusuyeckd B CUHXPOHHOU MAallIMHE CYLIECTBYET OOHO PE3YNbTH-
pyloliee ToJie, CKIaAbIBaloIeecs U3 MOCTOSHHOrO MarHMTHOTO TOJis
BPALLAIOLLETOCS POTOPA, MAaTHUTHOTO TI0JIs1 PacCcesiHus CTaTopa U Bpa-
LIAIOLIErocsi CAHXPOHHO € POTOPOM MAarHUTHOIO [10Jis1 PEAKUMHM SIKO-
psi. OnHako nipeHeOperas BAMAHMEM [UCTepe3nCa U HACBILLCHUS Mar-
HUTOIpoBona (JIMHEIHas Uelb), PaCCMOTPUM 3TH MarHUTHHIC [OJIS
KaK CyLIECTByIOLIME HE3aBHCUMO JPYr OT 1pyra, CO3jatolue ¢ 00-
MOTKO# ¢ha3bl CTaTopa HE3aBUCUMbIE IMOTOKOCUCILICHUA U MHAYLMPY-
rolve B Hei coorsercTBytonme DC. s aHanusa 3NEKTPHYECKOro
cocTosiHUS (hasbl CUHXPOHHON MaliMHbI BOCHOJIb3yEMCH KOMILICKC-
HbIM METOJOM.

B Harpy>keHHOM CHUHXPOHHOM T€HepaTope MOTOKOCHUEIICHUE Mar-
HMTHOTO TOJS poTopa ¢ OOMOTKOI (haswl craropa ‘Yo MHAYLMPYET B
ueil DAC

E, = —jo¥,, (8.9)

pasHy1o DJIC xonocToro xona.
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IloTokocuerieHue paccesiHust Wpae UHAYLHPYET B OOMOTKE (hbazbi
cratopa DJC

Epac = _jm\llpac = _jXpacI,
e I — Tok B 0OMOTKe (hasbl cTaTopa; Xy — WHIYKTUBHOE COIPO-
TUBJICHUE PACCESTHUSI.

IMotokocuenneHue peakuuu sSKOpst ¥, s MHIYLUPYET B OOMOTKE
dazel cratopa BJIC '

Ep.ﬂ = _jm\Pp.ﬂ = _jXﬂj7

rie X, — MHIYKTUBHOE COMPOTUBJIEHHE SIKOPSL. )

Ilpu TakoM mpencrasieHUn npoueccoB BJIC E), unayuupyemasi B
00MOTKe (ha3bl MoTOKOCLerUieHueM ¥, paBHa cCymme HalpsDKeHUH
JXoocd, jXoI v R,] Ha MHOYKTUBHBIX Xpac M X, M akTMBHOM R, conpo-
TUBJICHHSIX OOMOTKHM (ha3bl U HAMPSIXEHHMs] MEXIY BBIBOIAMU OOMOTKHU
¢a3sbl cuHXpoHHOTO reneparopa U. CnenoparesbHo, YDaBHCHME IJIeK-

TPHUYECKOr0 COCTOSTHUS (1)33]:[ CcTaropa CUHXPOHHOTO TCHEpPATOpa UMe-
€T BUI

Ey =U+[Ry+ j(Xpe +X,)|I=U+(R, +jX)I, (8.10)

rae X=X,,. + X, — MHAYKTUBHOE COMPOTUBJIEHHE OOMOTKU ¢asnbl cra-
TOpa, Ha3bIBACMOC CUHXPOHHbIM peakmuerbiM (UHAYKTUBHBIM) CONpO-
mugaenuem. B CHHXpOHHOM MalivHe ¢ HEHACHILLIEHHBIM MarHUMTOIpo-
BOJIOM OHO MOCTOSIHHOE.

ITazeHve HampsKeHKsl HA CUHXPOHHOM PeakTHBHOM COMPOTHBIIE-
HuM XI B HESIBHOIOMIOCHBIX CUHXPOHHBIX MALIMHAX COCTABJISIET npu
HOMMHAILHON Harpy3ke 1o 20 % HOMMHAILHOTO (pa3HOTO HAMpPSIKe-
Hsi. AKTHBHOE CONPOTUBIICHUE OOMOTKH (hasbl cTatopa Maid U raze-
HUC HaNpsiXCHWsI HA HEM MPU HOMMHAIBHON HArpy3Ke COCTaBJisieT
1—2 % nomunanbHoro asHoro HanpsixeHus1. [loatomy OyneM y4yu-
TBIBATh €T0 JIMlb B HEKOTOPIX CJyyasix.

8.16. Pa6ora cuHXpoHHOro reseparopa
B 3N1E€KTPU4ECKON cucteme GONbLUIOA MOLLHOCTH

Tpexdasnasn anekrpuyeckas cucrema GoNbLUIOH MOLHOCTH npen-
CTaBngeT COOOM COBOKYITHOCTH MHOXECTBa Tpex(a3HbIX HCTOYHUKOB
Y NIPUCMHUKOB 3JICKTPUYECKOI 3Heprimi. YacTuyHoe n3MeHeHKe Yucia
HUCTOYHHUKOB U NIPUEMHHMKOB B CUCTEME OOJBIIOI MOIIHOCTH HE BJIM-
SI€T Ha pexuM ee pabotel. [ToaToMy aeiicTByIOLICe 3HAYEHME Harnps-
XEHHA U €ro 4actoty Ha oOIMX LIMHAX TAKON CHCTeMbl CYMTAIOT
nocrosiHHbIMM. Ha puc. 8.29 npuBeneHb SKBUBaieHTHAS CXEMa 3aMe-
HIeHUs! (pa3bl CUCTEMBI OOJIBLIOM MOLIHOCTH, COAEPKALAd UCTOYHUK
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| 6eckoneuHoi Mouocty DJC E = U=
| = const U MPUEMHUK C COIPOTUBJIEHU-

Ma 3aMmelieHMs a3yl CHHXPOHHOTO re-
HEpaToOpa, KOTOPBIM TNOAKIIOYEH K 00-
MM 1LIMHAM CUCTEMbL. YpaBHEHHE 3JTeK-
'TPUYECKOIO COCTOSTHUSA (pa3bl CHHXPOH- |
Horo renepatopa (8.10) 6e3 yyeta ak-
TUBHOT'O COITPOTUBJIEHUS] OOMOTKHU a3kl
R, umeeTt BUI

-
[
[
[
€M HAarpysku Z,, ¥ 5KBUBAJICHTHAS CXe- |
[
[
[
[
[

EO—‘E':]'XI.,
Wi
E,= E+ jXI =U + jXI. (8.11)

Ilpouecchl, MpoUCXonsie B CHHXPOHHOM reHEpaTope, IMOIKII0-
YEHHOM K 3JIEKTPHYECKOW CHCTeME OOJNbHION MOMIHOCTY, UIIIOCTPU-
pyeT BeKTOpHas auarpamma (puc. 8.30). B kayecTBe ucxonHoro Bbl(jpaH
BEKTOP HalpsXCHUs Ha 1IMHaxX cucteMbl U = F, HampaBIeHHbII 110
OCHU MHHUMBIX BEJIMYUH. DTO HANPsXKEHUE YPABHOBEHIMBAETCS YACTHIO
DIC E, 06MoTKH (asbl CTATOPA, NHAYLIUPYEMOIA B Hell roToKocLel-
nenuem ¥, IIpubaBuB K BeKTOpy HanpsikeHus U BeKTOp Hamps-
XeHus jX1, neprneHIUKyIspHbIA BEKTOPY TOKa I, MOJly4MM BEKTOP
BJIC E,. IonoxeHue BeKTOpa NOTOKOCLETUIEHUsT W ONpenesieTcs TeM,
4TO OH ofepexaeT uHaynupyemyio M DJIC E, Ha yron n/2. Bripasus
HanpspkeHue (cm. noapasn. 8.15) jXI = -E,,. — E,,, v IOACTaBUB €10 B
ypaBHeHue (8.11), nmonyuum

Eg+Ep+E,, =U=E.

HanpsixeHue ¢pasbl CMHXpOHHOIO reHeparopa paBHo cymme DIIC,
UHIYLHMPYEMBIX B OOMOTKE (pasbl TpeMsl MOTOKOCLEIUIEHUAMU o, Wy
1 ¥,,, HO (PU3NYECKH ITH [OTOKOCUEIUIEHUs] 0OPasyloT ONHO pe-
3yNILTHPYIOLIEE MOTOKOCLIETUIEHUE € OOMOTKOM (asbl ‘¥ = Wy +W¥,c +
+‘i‘p_,,. CnenoBatelIbHO, MOXHO CUUTaTh, YTO HAMpsTKEHUE MEXIY Bbi-
BomaMM (asel CHHXPOHHOTO reHeparopa pasHo DJIC, uHmyLupyemoin
Pe3yJIBTUPYIOLIKMM NMOTOKOCUEIIEHHEM ¥ B 0OMOTKe (hasbl. D10 ompe-
JieJisieT HallpaplieHUE BEKTOpa MOTOKoCLEIUICHUs ‘¥ Ha BEKTOpHOM
IuarpaMMe, KOTOpHBI JOJKeH omnepexarhb o ¢ase BEKTOp U= FEmna
yron n/2. HanpasieHusi BEKTOPOB MOTOKOCUEIUICHUH Wp,c U W, , CO-
BIANAIOT C HAMIPABJICHUEM BEKTOpa ToKa /. YIibl O caBura a3 Mexay
BekTOpamu HanpsxkeHuss U u OJIC Ey v MeXay BEKTOpaMH I10-
Tokocuerenuii ¥ u ¥, pasHbl Mexily coboil. 3HaUYeHUE yIJia CIBUIA
a3 6 NpUHITO OTCYUTHIBATH OT HarpapieHus BeKTopoB DJ1C Eu" U 1o-
TokocuernneHus: W,. [ CUHXpOHHON MallMHLL, paboTaiouieil B pe-
XKMME reHepaTropa, 3HaYeHUE 3TOro yIiia Beerna MeHblle Hyns (0 < 0).
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CuBury a3z 0 Mexay BEKTOpaMU MOTOKOCLIETIEHUI COOTBETCTBYET
MPOCTPAHCTBEHHHI CABUT Ha yroj 0/p MexXIy OChl0 MarHMTHBIX I10-
JIIOCOB POTOpPa U OCHIO PE3YIBTUPYIOLLIErO MArHUTHOTO TTOJISI CHHXPOH-
HOTO TeHepaTopa.

HelicTByiouiee 3HaYeHUE PE3YNBTUPYIOIIETO MMOTOKOCLIETLIEHUS C
00OMOTKOM (pa3bl CHHXPOHHOI'O TeHEpaTOpa, NMOTKIFOYCHHOTO K 9JIEeKT-
pryeckoil cucteme Gonbiuoil MoiiHoctH (U= const), — MOCTOSTHHasI
BeauyuHa (W = const) U He 3aBUCUT OT HArpysKHu. '

8.17. AneKTpOMarHUTHbIN MOMEHT W YrnoBasn
XapakTepvcTVUKa CUHXPOHHOIO reLeparopa

[poaHanusupyeM 3aBUCMMOCTL MOIMHOCTU P Y 3JIeKTPOMAarHuT-
HOro MOMEHTa M,,, CHHXPOHHOIO reHepartopa oT yra 6 < 0. 115 sToro
BOCIIONb3yEMCs BEKTOPHO# nrarpammoii (puc. 8.30).

MoruHocTh Tpex (a3 CMHXpPOHHOTO reHepaTtopa

P=3Ulcos¢=3Ey[cos@, =3F,Icos{p—0). (8.12)

U3 BeKTOPHOI AMarpamMMbl CIIEAYeT paBeHCTBO
Xlcos¢ = Eysinlg|,
MO3BOJISIIOLIEE BHIPA3UTh MOLIHOCTH CHHXPOHHOTO reHepaTtopa B (hopme:
P=3Ulcos¢=3E,Usin|g|/X. (8.13)

OneKTpOMarHUTHEIIA MOMEHT, CO31aBacMblil B3aUMOIEHCTBUEM TOKA
SIKOpSI ¢ MarHUTHBIM TOJIEM POTOPA, BPAIIAIOLIETOCs C CUHXPOHHOI
YIJIOBOM CKOPOCTBIO Q, = 27tn/60 = 2ntf/p = o/p, 63 y4eTa MOLHOCTH
MOoTepb Ha HarpeB MTPOBOIOB OOMOTKM CTATOpa

M, = P/Q,,
wiy, ¢ yyetoM (8.13),

(8.14)

Tak Kak B 3JICKTPUYECKON CH-
creMe OONBIIOH MOIIHOCTA HAampsi-
xeHnue U= const u yacrota f= const,
TO MOLIHOCTD Y 3JIEKTPOMarHUMTHBIN
pae + ¥ps MOMEHT CHUHXPOHHOIO TEHEPaTopa,
v MOAKJIIOYEHHOTO K TaKOM cHUcTEMe,

10 MpH MMOCTOSTHHOM TOKE BO30YXAEHUS
(1,= const) 3aBUCST TONBKO OT yIJja
|6]. 3aBucumoctu M., (|6]) u P(|o|)

Puc. 8.30 Ha3BIBAIOTCS yeA06biMU XApaKmepuc-

¥o
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M, P
Ycroitunpeiit HeycroitumBbiit
PeXuM | pexuM
!
[ A 9> L, |
| zm\ B’ Bl :
3/ 2 ~ |
MBp2 =Mam2 - —, N \\ |
My, =M, i 3pERU N\ !
Bpl aml 1 \Y|
: : oX N |
0 6] l6d /2 |6
Puc. 8.31

muxamu cuHxporHo2o eenepamopa (pyc. 8.31) (11 MOLLHOCTU U 3J1€K-
TPOMarHUTHOIO MOMEHTA OHU Pa3IMyaloTCsl MacuITabom).

VryioBple XapakTeEpUCTUKK MO3BOJISIOT aHAIUM3MPOBATH TIPOLECCHI,
[IPOUCXOASAIIME B CUHXPOHHOM I€HEPaTope MpH M3MEHEHUM HArpy3KU.

Pa6ota, copepiuaeMas MepBMYHBIM IBUrateneM, npeobpasyercs B
IJIEKTPUYECKYIO SHEPTHUIO, OTAABAEMYIO TeHEPATOPOM B ceThb. I1pH yBe-
JIMYEHU U CO3IABAEMOT0 NIEPBUYHBIM JIBUTATE/ICM BPALIAIOIIEFO MOMEHTA
(My, > M,,; = M,,,, Touka 1) BCHeACTBHME YCKOPEHMsI, COOBILEAEMOTO
poTopy, yron || yBennumBaetcs. [1ociie HECKONIBLKUX KONeGaH it OKOJIO
3Ha4YEHMs CUHXPOHHOM YaCTOThbI BpalleHUsl PABHOBECHE BPALIAIOLIETO
MOMEHTa M TOPMO3HOIO 3JIEKTPOMarHMTHOTO MOMEHTa reHepaTtopa
BOCCTaHaBIMBaeTCH (Mg, = M,,,, TOYKa 2) Mpy HOBOM 3HAYECHHH YIa
182 > [6]-

CuUHXPOHHBII1 TeHepaTop paboTaeT yCTOWYMBO NPH U3MEHEHUH YIJa
6| B mpenenax 0— /2. 3HaveHuIo yra [6]=n/2 cooretcTBYIOT 1O (8.13)
u (8.14) makcuMaibHasi MOHHOCTB

P = 3E,U/X (8.15)
" MakCUMaJIbHBIN SJICKTpOMAr HUTHBIA MOMEHT
M,y max = 3pE U/ 00 X. (8.16)

3HayeHue yria nn/2 — 6| onpenensieT 3anac yemouuueocmy CHHXPOH-
HOro TeHeparopa.

ITpu yrnax |6] > /2 CUHXPOHHBI IeHepaTOp paboTaeT HEyCTOM-
YUBO. B 3THX yCcioBUsIX BpallaOWUii MOMEHT NEPBUYHOTO JBUTATES
M, npeBbI1LIaET MAKCUMATBHBIH TOPMO3HOU 3JIEKTPOMATHUTHbIM MO-
MeHT reHeparopa. U30piTok Bpamatomero MmomeHnTa (Mg, > M,,,) co-
30aeT JAlbHEHLIEE YCKOPEHUE POTOpa, YTO OOYCIOBIMBAET AAJIb-
Helilee yBeJIMYeHHUE yIiia 0] 1 HOBOE yMEHbILIEHE TOPMO3HOTO MO-
MEHTa M T.[i., [T0OKa TeHEepaTop He BHITAAaeT U3 CUHXPOHU3MA. UTOObI
BOCCTaHOBMTDb 3a11aC YCTOMYMBOCTH 71/2 — |0] CHHXPOHHOrO reHeparopa
IIPY YBEJIMUEHHOI Harpy3ke, HeOOXOAMMO YBEJIMYWTL TOK BO30yxXIe-
HUS (TOYKa 3).
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8.18. U-o6pasHan xapakTepucTuka CUHXPOHHOIo
reseparopa

PeakTUBHEIM TOK CMHXPOHHOIO I€HEpaTopa, MONKIIOYEHHOIO K
3JIEKTPUYECKOHM cucteme GOJBUIONA MOIIHOCTH, MOXHO PeryJiMpoBaTh
U3MEHEHHMEM TOK2 BO30yxJeHus. PACCMOTPUM BEKTOPHYIO IMarpamMmy!
¢basel cHHXpoHHOTO reHeparopa (cM. puc. 8.30). Ecnu MOIHOCTL CUH-
XPOHHOTO reHeparopa P= M, Q, ¥ HallpssKeHUE Ha HIMHAX 3JIEKTPH-
yeckol cucteMbl U MOCTOSIHHBIE, TO 3HAYEHHUE ITPOU3BEicHUI COMHO-
xuTtesieit B (8.13)

Icosgp=1, = const;
. . 8.17)
Ey sin|6] = 0¥, sin|6| = const

HE 3aBMCSIT OT TOKa Bo30y:xaeHus1. OHaKo NMpy U3MEHEHUH TOKA BO3-
OyXXIeHHsI M3MEHSIOTCS 3HA4€HUs CO3aBa€MOr0 UM TOTOKOCLIETLIE-
HUsI ¢ 0O6MOTKO# (asel cratopa ¥y U UHAyLUpPyeMass 3TUM IIOTOKO-
cuerieneM B ooMoTtke dasbl BC E, (8.9). U3 ypaBHeHUs1 aneKTpU-
4ecKoro cocTosiHusi (asnbl cratopa (8.11) cnenyer, YTO 3T0 BO3MOXHO
TOJIBKO NMpH U3MeHeHuu Toka [ = I, + 1, B 06MOTKe (hasbl, @ UMEHHO
peaKkTUBHOM cocTasiisiiolieit Toka 1, ToK Bo30yxIieHus, IIPU KOTOPOM
I, =0, 3aBUCHT TOIBLKO OT MOLIHOCTH I€HEpaTopa U Ha3blBaeTCs 2pa-
Huurom 1 o (P).

ITpu Tokax Bo30yxAeHUs1 MeHbLle (Oonbiie) rpaHuyHOro Iy < I, ,,(P)
[1,> I, ,(P)] TOK CHHXPOHHOIO F€HEPAaTOPa UMEET EMKOCTHYIO I, (MH-
IDYKTHBHYIO /,;) peakTHBHYIO cocTap/siolyio ¢ < 0 (¢ > 0).

Ha puc. 8.32 npuBeacHel BEKTOPHBIC JUArpaMMbl HANPsDKEHUN U
TOKOB (ba3bl CTaTopa IUT CNy4yacB MHIYKTUBHOM M €MKOCTHON peak-
TUBHbBIX COCTaBJISIOIIMX TOKOB FeHepaTopa Npyu COOIOACHUH YCIOBUI
(8.17). BIIC Ey, u Ey, orctarot 1o ¢ase oT COOTBETCTBYIOLIMX OTOKO-
cuervieHuit ¥y, v ¥y, Ha yron n/2. Ux pasHocts ¢ Hanpsixennem U
onpenensier Hanpsikeuusi jJXI, v jXL,, a cnenpoBatenbHo, TOKM I, u L.
AKTHBHas (peakTHBHasi) COCTaBJSIOLasl TOKOB MO (pase coBlanaer
(omepexaeT Ha yron m/2 mns Toka I;, orcraeT Ha yroi m/2 Juis TOKa
1,) c Hanpspkenuem U. CnenoBaTesibHO, IIPH HEAOBO30YXACHUM (Tie-
peBO30YX1€HMH) peaKTHBHas1 MOLLHOCTh I'€HEpaTopa UMEET €MKOCT-
Hbid (Qc = -3Ul,¢) [wnnyktusubiii (Q, = 3UL,;,)] xapakrep, a yron
91 <0 (9> 0).

U-ob6pa3noii xapakmepucmukoil CUHXPOHHO20 2eHepamopa Ha3blBa-
€TCsl 3aBUCUMOCTDh TOKa CTaTopa oT ToKa Bo3byxnaeHus I(/;) npu mo-
CTOSIHHOM BpAIL@IOLIEM MOMEHTE IEPBUYHOIO ABMratesiss M,, = const
(puc. 8.33). IIpu HeKOTOPOM MaJIOM 3HAYEHUU TOKA BO30YKACHUS IO
6] (cM. puc. 8.31) MOXeT MPeBBLICUTH 3HAYCHHUE T1/2 U YCTONYMBOCTD pa-
60Tbl CHHXpOHHOTO FreHepaTopa HapyliuTcs. YeM Gospliie 3HaYEHUE aK-
TUBHOI MOLITHOCTH CHHXPOHHOIO reHepaTopa, TeM npu GOJbIIMX 3Ha-
YEHHUAX TOKA BO30YXACHUST HACTYITUT IoTepst ycroitunBocty. Ha puc. 8.33
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Ejysin|g]
]

P=const,
Iy=var

Icos¢

Puc. 8.32

rpaHMLIa YCTOMYMBOCTU CMHXPOHHOIO TeHEpaTopa IMOKA3aHa LITPUXO-
BOI JIMHUEA.

Ecau Bpamarommii MOMEHT NMEPBUYHOTO [BUIaTelsi PaBeH HYJIO
(M,, = 0), To, npeHebperasi BCeMM BUAAMM TIOTEPb, MOXHO CYMTATD,
YTO TOK CHHXPOHHOIO T€HEepaTopa peakTUBHbIN (P = 0):

1'(1B) _ I'p(IB) - EO.—U - —j(.l)lPO'(IB)—U'
724 X

Tok reHepaTopa B 3TOM cnyyae 3aBUCHT JIMHEMHO OT TOKa BO30YX-

Ienusd. JluneliHocTs 3aBucuMocty (1) HapyliliaeTcs JMilb IpU 60JIb-

HIMX 3HaYCHUSX TOKA BO36Y)KIICHI/I$I BCJICACTBUC HACBILICHWS MArHUTO~
IMpoBOJa MALIIUHBI.

(8.18)

I

ux

7/
0 UIBI Is.rp(P ) IB2 IB
EMKoOCTHBII WUHIyKTUBHBI
PEaKTHBHBIN TOK PEeaKkTUBHBII TOK

Puc. 8.33
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8.19. PerynupoBaHue aKTUBHON M PEaKTUBHOMN
MOLLHOCTEA CUHXPOHHOI0 reHeparopa

Axmuenas mowrocms cutxpounozo 2enepamopa P=3Ulcos¢=3Ul,,
MOAKIIOYEHHOTO K cucTeMe 60sbinoif MowHocTH (U= const), perynmmpy-
€TCsI MOLIHOCTBIO [TEPBMYHOTO ABUTATENA P, ey = M0, Ilpy yBenuyeHuu
MOIIHOCTH MEPBUYHOTO JBUTATEISA, T. €. BpalLAIOEro MOMEHTA IEpBUY-
HOTO aBUratesnsi M, (IapoBoi UM TMAPaBIN4YECKON TypOMHBI), YBE/IH-
YKBAETCSl aKTHUBHAS COCTABJISIOLIAs TOKA TeHepaTopa Ia(MBp), OIHOBpPE-
MEHHO C 3TUM yBEJIMYMBAETCS U YTo |6], YTO yMeHbUIaeT 3anac yCTon-
4yKuBOCTH 7/2 — |8} reHeparopa. J1J1st TOro 4ToObl CHHXPOHHBII reHEpaTop
HE Tepsi 3alaca yCTOMYMBOCTU MPM YBCIMYCHUM aKTUBHOW MOLIHO-
CTH, HEOOXOAMMO YBEJIMYHUBATh TOK BO30OyXIeHusI. [[pOMBILIIIEHHbIE CUH-
XPOHHbIE I¢HEPATOPhI 3MEKTPUYECKON 3HEPruy CHabXeHbl crelpaib-
HOM perymupyoLici anmnaparypoi, KoTopas IIpy U3MEHEHUH aKTUBHOMN
MOILLHOCTH reHeparopa obecrnieurBaeT TpeOyeMblii 3arac yCTOWYMBOCTH.

Peaxmuenas mowrocmsb cutxpornrnozo zenepamopa Q=3 Ulsin ¢, non-
KJIIOYEHHOro K cucteMe Oobliioi MmolHoctd (/= const), npu no-
CTOSIHHOM aKTHMBHOM MOIMHOCTH P = const perynupyeTcsi "3MEHEHH-
eM ToKa Bo30yxaeHus 1,. Eciu TOK BO30YXXIEHUS paBeH IPaHUYHOMY
Iy.1x(P), TO peakTUBHas MOLUHOCTH CHHXPOHHOIO FeHepaTopa paBHa
nymo. Ilpu I, > I, (P) (I; < I, (P)) peakTuBHasi MOLUHOCTb CUHX-
POHHOIO IeHepaTopa umeeT UHAYKTUBHBIA (Qp = 3UI,;) (eMKOCTHBIi
(Qc=-3Ul,)) xapakrtep. OObIMHO peXUM BO30YXIEHUS CUHXPOHHBIX
reHepaTopoOB COOTBETCTBYET MHIAYKTMBHOI pPEakKTUBHOH MOLLIHOCTH,
HeoOXOnUMON sl paboThl ACMHXPOHHBIX ABUTATENEI.

8.20. BknoyeHne CUMHXPOHHOIO reHeparopa
napannenbHo 3NEeKTPU4EeCKOn cucrteme

IIpumeHnsioTcs nBa criocoba BKIIIOYEHMS CUHXPOHHOIO reHepaTopa
MapaiiesbHO 3IeKTPUYECKON CUCTEME: TOYHAs) CUHXPOHM3alHs U Cca-
MOCHHXPOHM3aLUS.

Crnocobom mounoii curxponuzayuu (puc. 8.34) reHepaTop BKIIIOYAET-
Csl B CEThb IPU PaBeHCTBE MTHOBEHHbIX 3HAYEHUN OIHOMMEHHEBIX DJIC
(a3 reHepatopa, HanpuMep ey, = £, 4 sin (0,47 + y,4,), U a3 cucTemsl,
Hanpumep e, = E, ,sin (047 + y,). [Ipy 3TOM HanpskxeHust Ha (azax
BBLIKJIFOYATENS HOMKHEI OTCYTCTBOBATh, HallpuUMeEp

Ugg,=€4— €4, 20,

wi, ipu E, 4= E, 4 = E,, WA=V, U 0= 0y,

(J)At+(1)Alf+l|IA +WA| (.l)At—(DAlt+l|IA—\pAl

=0.
5 sin >

Uy, =2E,, cos
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Jl1s1 BBITIONHEHMS 3TUX YCNIOBUI PO-  [Cperemal

TOp TEHEPATOpa NPEABAPUTENLHO pac- | a A
KPYUMBAETCsI 10 CUHXPOHHOM YacTotel | [\_/ |
BpallieHMs, a ero Bo3OyXXIeHUE peryin- | /\eB! B
PYETCS! TAK, YTOOBI HANPSDKEHMS HA Bbi- | Ue l
BOZAX OIHOMMEHHBIX (a3 reHepatopa u | O C:' ¢
CUCTEMbI OBLIM OIMHAKOBBIE. c—=Z_1 |

{151 TOYHOTO PErynMpoBaHMsI CITyXaT
CUHXPOHOCKOITbI.

Chocobom camocuHxporu3ayuu reHe-
paTop BKIIIOYAETCSI B CETh 0€3 BO30YX-
neHusi. O6MoTKa potopa (06MOTKa BO3-
OyxJeHUs) BO BpeMsl TAKOI'O BKJIIOYE-
HUSI JOJXKHA OBbITL 3aMKHYTa Pe3UCTO-
poM. Korzaa yactoTa BpallleHUs1 poTopa
OyneT OoTAMYaATLC OT CHMHXPOHHOI Ha
2—3 %, ero oOMOTKa IOAKIIOYAETCH K
HUCTOYHUKY MOCTOSTHHOIO TOKA BO30YX-
JEHUs ¥ TEHEPATOP CUHXPOHU3UPYETCS
1O/t ICHCTBUEM 3JIEKTPOMArHUTHLIX cuil. ITpu 3T0M Bo3HuUKaeT Kpat-
KOBpEMEHHBIH CKa4OK TOKa B 0OMOTKax (pa3 ctatopa. 3HaYeHUe 3TO-
ro TOKa MOXET B HECKOJILKO pa3 MpeBbllaTh HOMUHAJIBHBINH TOK re-
Hepatopa. OIHAKO, KaK MOKa3bIBaET OIbIT, HU CKAYOK TOKA, HU BO3-
HUKaIlKe [MPU 3TOM MEXaHUYECKHE YCUJIUS Ha Basly reHepaTopa He
OINacHbI JiJIs arperata (TypOoreHeparopa WiM ruaporeHeparopa). Me-
TOJ CaMOCHUHXPOHU3ALMU MPUMEHSIETCS JIS BKIIOYEHUS TeHEpaTo-
POB MOHIHOCTHIO J10 50 MB-A.

Puc. 8.34

8.21. YpaBHEHME 3NEKTPUYECKOro COCTOSIHUS, CXema
3aMeLlEeHUs M BeKTopHaa auarpamma ¢assl
CMHXPOHHOI0 aoBUrarens

B omuumre oT CMHXPOHHOIO TeHEpaTopa B CUHXPOHHOM [IBUraTesic
OCbhb MArHUTHLIX TIOJIIOCOB POTOPa OTCTAET OT OCHM MATHUTHLIX [TOTIOCOB
BpaIAIOIIETOC MarHUTHOIO TIONS CTa-
Topa (cm. puc. 8.28, 6). BosHukaonmii
MpH 3TOM 3NEKTPOMATHUTHBI MOMEHT :
paBeH MPOTUBOAECHCTBYIOLIEMY TOPMO3- |
HOMY MOMEHTY MECXaHMYeCKOIl Harpys- :

I
I
I
I

JX
KN Ha Bajy nsurarens M,, = M,,,. B cuH-
XpOHHOM JBUrartelie 3JeKTpuyecKas
3Heprusi npeodbpa3yeTcss B MexaHu4Ye-

ckyo. Ha puc. 8.35 npusenena cxema 3a- '————--——-  —————— -
MeleHuUs (pa3bl CHHXPOHHOI'O IBUTATE- Puc. 8.35




Jisl, HOAKJIIOYEHHOTO K 3JIEKTPUYECKON CH-
creme 6onblloil MolHOCTH (U= const). DTta
cXema 3aMelLeHMs COBITAIaeT CO CXEMOIA 3a-
MellleHus1 a3kl CHHXPOHHOTO TeHepaTopa,
MOAKITIOYEHHOIO K CUCTEME OOJBIIIOH MO~
HocTHU (cM. puc. 8.29), ¢ Tol pasHULIEH, YTO
B IIEPBOM Clly4ae 3JIEKTpHYECKasi SHEprus
MOCTyIaeT U3 CUCTEMBI B JIBUraTeslb, @ BO
BTOPOM — U3 reHepaTropa B CHCTEMY.

U3 cxeMbl 3aMellieHUs CIIEAYyeT ypaBHeE-
Puc. 8.36 HHUE 3IEKTPUYECKOIO COCTOSIHUS (pa3bl CUH-
XpOHHOI'O JIBUTaTesst

E, =U - jXi, (8.19)

tne Ey =—jo¥y u X=X,,.+ X, (cMm. riompasn. 8.15).

Ypasuenuo (8.19) cooTBeTCTByeT BeKTOpHasi nuarpamma (pasbl
CUHXPOHHOTO JBHratesis (puc. 8.36). Copury ¢as 6 Mexay BEKTOpamMu
Hanpsokenuss U u BDAC Ey; cOOTBETCTBYET T€OMETPUYECKUIA CABUT HA
yros 6/p MexXay OCbI0 MarHUTHBIX TOJMIOCOB POTOpPa U OChbIO Pe3ylib-
TUPYIOINETO MATHUTHOTO T0JIsi CHHXPOHHOI'O IBATaTesIs. 151 CHHXpOH-
HOM MalllMHBI, paboTaoLIei B pexXuMe ABUTATeNs, 3TOT yrol Bcerna
oonbiie Hynst (6 > 0).

8.22. AneKTpOMarHUTHbIA MOMEHT, YrnoBas
u U-o6pa3Han xapakTepuCcTUKU CUHXPOHHOrO ABUrarens

MotsHocTs Tpexda3Horo CHHXPOHHOTO JIBUTaTesisi ONIPEAEIISIETCS TaK
Xe, KaK MOILLHOCTb Tpex(pa3HOro CHHXPOHHOro reHeparopa (8.12):

P=3Ulcos ¢=3E,Icosq, =3FEyIcos (¢ —0), (8.20)

roe yroa 0> 0.

I1peneOperast BceMU BUAaMHU MOTEPh 3HEPTUU B CTATOPE U Ipeod-
pasys (8.20) anamornyro (8.12) nipu 0 > 0, nosyyum BHIpaXEHUE IS
3JIEKTPOMAarHUTHOrO MOMEHTa CHHXPOHHOTo apurarens M,, = P/Q,,
COBIIAJAIOIIIEE C BhIPAXKECHUEM 3JIEKTPOMAarHUTHOrO MOMEHTa CUHXPOH-
Horo reHeparopa (8.14):

M, =3P EgySne (8.21)
Q) X
MouHocTe CMHXPOHHOrO Apuraresist ¢ yueroM (8.21) pasHa
Pon = M, = P = 3UI cos = 3E0U$. (8.22)
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B snextpuyeckoit cucteme GonbLIONH MOIHOCTH HamnpsikeHue (U=
= const) U yactorta (f= const) MOCTOSSHHBI, TO3TOMY 3HAYEHUSI IJEK-
TPOMarHUTHOrO MOMeHTa M,,, M MOIIHOCTH P CHHXPOHHOIO JBUraTe-
Jis, TOOK/IIOYEHHOIO K TaKOH CHUCTEME, MPH IOCTOSHHOM TOKE BO3-
Oyxnenus (I, = const) 3aBUCHT TOJLKO OT yria .

Yenosevimu xapakmepucmurxamu CHHXpOHHOTO JBUraTesisl HA3bIBAIOT-
csl 3aBUCUMOCTU M, (0) u P(0), aHaiOrMYHble YIIOBBIM XapaKTepU-
CTHMKaM CHHXPOHHOIO reHepaTopa (cM. puc. 8.31).

YInoBbl€ XapaKTEpPUCTUKU MO3BOJISIIOT aHATU3MPOBATh [IPOLIECCHI B
CUHXPOHHOM IBMraresie Mp1 U3IMEHEHUH Harpy3ku. [1pu yseaudeHUu
TOPMO3HOTO MOMEHTA Ha BaJly CHHXPOHHOTO ABUIatenst Moo, > Myop =
= M,,,, 4acToTa BpauleHUs poTOpa MALMHL YMEHbLIAeTCs ¥ SHAYCHUSI
yrJia © ¥ 3JeKTPOMarHUTHOIO MOMEHTA M, HAYUHAIOT YBEJINYUBATHCSL.
PaBHOBecHe TOPMO3HOTO U 31IEKTPOMATHUTHOIO MOMEHTOB BOCCTAHO-
BUTCS (Mo, = M,,;) Yepe3 HEKOTOpPBI MPOMEXYTOK BPEMEHH IpHU
HOBOM 3Ha4yeHHH yrna 0, > 0.

Jlnsa Toro 4To6Bl COXpaHUTH 3arac YCTOMYMBOCTH Tt/2 — O IIPU BO3-
pocilieM TOPMO3HOM MOMEHTE, HEODXOIMMO YBEJIMYUTHL TOK BO30OYX-
JICHUS.

Tok BO30yXA€HUsT BAUSET HE TOJBLKO Ha 3aMac YCTOYKUBOCTH CHH-
XPOHHOIO ABUTATENIS,, HO U Ha €ro peaKTUBHBIN TOK.

U-obpasnoii xapaxkmepucmukoli CAHXpOHHOI'O IBUTATENsi HA3bIBaCT-
Csl 3aBUCUMOCTb TOKA CTATOpa OT TOKA BO30yxaenus /() ripu nocro-
AHHOM MolHOCTU P = const. Ona nonobHa U-o6pasHoii xapaktepu-
CTHKE CMHXPOHHOIO reHeparopa (cM. puc. 8.33) ¢ Toii pasHMLEil, YTO
1pu HenoBo30yxneHuu I, < I, (P) peakTBHBIN TOK JBUraTesisi MMe-
€T UHAYKTHMBHBIIA Xapakrtep, a npu riepeBo3Oyxnenuu I, > I, (P) —
€MKOCTHBIIA.

8.23. PerynupoBaHue aKTUBHON U peakTUBHOMN
MOLLIHOCTEIA CMHXPOHHOI0 aBurartens

Axmusnas mownocms CUHXpOHHOTO ABUratens P, = P=3Ulcos¢=
=3Ul,= M,,,Q,, TOAKIIOYEHHOTO K 3JIEKTPUIECKON cHcTeMe GONbLION
mouHocTH (U= const), peryaupyercsi H3MEHEHHEM TOPMO3HOTO MO-
MeHTa Ha Bany (M,,, = var). Ilpy yBenuueHU TOPMO3HOTO MOMEHTA
MOHLIHOCTb CMHXPOHHOTO JABUTATEJSI YBEJIUYMBAETCS, OAHOBPEMEHHO
VBEIMYMBAETCH yroja 0, YTo YMECHBILAET 3aMac YCTOMYMBOCTH JIBUra-
Tensa n/2 - 0.

Hnst Toro 4ToObl CHHXPOHHBIN ABUTaTeNb HE TEPs 3araca yc-
TOWYUBOCTH IIPH YBEJIUYEHUM AaKTUBHON MOUIHOCTU P,.,, HEOOXO-
JIMMO OOHOBPEMEHHO yBeJIMUMBATh TOK BO30yxneHus I,. CUHXpOH-
Hble ABUTraTe/ M 6GONbLIOH MOIHHOCTH CHabXeHBl CHEelHaibHOl pe-
TyNUPYyIOHIel annaparypoi, Kotopasi Ipyu U3MECHEHUH €ro aKTHB-
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HO¥M MoOLHOCTU obecrieduBaeT TpeOyeMbili yPOBEHB 3ariaca ycToil-
YUBOCTH.

Peaxmuenas mowiocms CUHXpoHHOTrO aBurarenst Q=3 Ul sin ¢, moa-
KIIOYEHHOTO K 3JIEKTPUYECKOI cucTeMe 6obiiioi MolHocTu (U= const),
MPU TIOCTOSHHOM aKTMBHOM MOIIHOCTH (P = const) perynupyercs us-
MeHeHHeM ToKa Bo3Oyxaenust I, Ilpu I, < I, ,(P) [L, > 1, (P)] peak-
TUBHAs1 MOLI[HOCTD JBUTaTessi UMeeT MHAYKTUBHbIA (Qp =3Ul,;) [eM-
KocTHbIl (Q=-3UI,¢)] xapakrep.

OOBIYHO pexXuM BO3DYXIEHMS aCUHXPOHHOIO JIBUraTe/isi COOTBET-
CTBY€T €MKOCTHOM PEaKTHBHOM MOILHOCTH, YTO TO3BOJISIET KOMIIEH-
CHpOBaTh MHAYKTHBHYIO PEAKTUBHYIO MOIHOCTh aCHHXPOHHBIX IBUra-
TeJieil M 3TUM PasTPy3UTh 3JIEKTPUYECKYI0 CUCTEMY OT PeaKTMBHOI'O
TOKa.

ITpakTryecKuii MHTEPEC MPEACTABISIET TIPUMEHEHHUE CUHXPOHHOIO
JIBUrateNs B peXUME peryIMpyeMoro eMKocTtHoro aneMeHTa (P=0 u
1> 1,,,) — cunxponnoeo komnencamopa. CHHXPOHHbIC KOMIICHCATOPBI
MO3BOJISIIOT YBEJIUYUTH KOI(PUIIMEHT MOIHHOCTH (COS ) 3neKTpuiec-
KO cUCTeMbI (CM. monpas. 4.14).

8.24. NycK CUHXPOHHOr0 ABMrarens

Bpamamoiuii MOMEHT CUHXPOHHOTO JBUTATENs, BO3HUKAIOLIUIA B
pe3y/bTaTe B3aUMOAEMCTBUS Bpalllaiolerocsi MAarHUTHOIO I10Ms CTa-
TOpa C HEMOABMXHBIM BO30YXIEHHBIM POTOPOM, NPU IIyCKE ABUraTe-
119 61M30K K Hyimo. [To3ToMy poTop aBUraresisi HeoOXOMUMO PacKpyyu-
BaTh TEM MJIM MHBIM CITOCOOOM OO YaCTOTHl BpalleHUs, ONU3KOH K
CHUHXPOHHOIA.

YacTo MUCIONB3YETCS ACUHXPOHHBI HYCK CUHXPOHHOIO JBUTATEIsL.
Jlts 3TOM uenu Tpu SBHOIMOIOCHOM POTOPE B ITOJIOCHBIE HAKOHEYHU-
KM 3aKJIaIbIBAETCS IyCKOBasi KOPOTKO3aMKHYTasl 0OMOTKa B BUJE MelI-
HBIX WJIM IAaTYHHBIX CTepXHel nomoOHO OeJInYbeMy KOJIECY aCMHXPOH-
HOI MaluHbI (CM. puc. 8.3, 6).

ITyck pBUratesiss COCTOUT U3 ABYX 3TANOB: paCKPyYMBAHUS pOTOpa
MpU OTCYTCTBMM BO30YXIECHMS W BTSTMBAHWS B CMHXPOHM3M IIOCJE
BKJIIOYEHHMS TTOCTOSHHOTO TOKa Bo30yxacHud. Bo BpeMs miepBoro 3ra-
na oO6MOTKa BO30y:XAE€HUSI OTKIIIOYAETCS] OT MCTOYHKKA ITOCTOSIHHOTO
TOKa M 3aMBIKaeTcs Yyepes pe3ucTop C COMPOTUBJICHUEM, TPEBLILIA-
I0IIMM ee cOBCTBEHHOE aKTHMBHOE compotubieHue B 8 —10 pas. He
cileflyeT OCTaBIsITh OOMOTKY BO30OYXXIIEHUST pa30MKHYTOM, TaK Kax Bpa-
Harollieecs mojie CTaTopa MoXeT MHAYLUPOBATh B HEH 3HAYUTEIbHYIO
DJIC, onacHyo s LeNoCTHOCTH usonsaiuu. HerenecoobpasHo Tak-
e 3aMBIKaTh 3Ty OOMOTKY HaKOpoTKO. BoszHuKaroumii B Heil onHO-
¢a3HbBIil TOK OyAeT TOPMO3UTL POTOP MO AOCTHUXECHUU UM IMOJIOBUHBI
CUHXPOHHOM 4YaCTOThI BpalllCHUS.
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SALAYM U BONPOCH! ANA CAMONPOBEPKU

8.1. B uem 3akmouaercst pasinune aCMHXPOHHBIX ¥ CHHXPOHHBIX 3/IEKTPH-
YECKHMX MAIMH CHHYCOMAAIBHOrO TOKa?

8.2. Jlaifte onpezeneHue NOHATHS <«CKONbXEHHE POTOpA ACUHXPOHHO
MAalIUHBI».

8.3. B xakoM pexume paGoTaeT ACHHXPOHHAS MALUIMHA [IPH CKOJIBXEHUH:
O<s<1;5<0; s>1?

8.4. M306pa3sure MEXaHNYeCKYIO XapaKTePUCTUKY aCMHXPOHHOIO JIBUIaTe-
N1 M YKAXWUTE HA Hel TOUKM HOMMHAITBHOM HATPY3KM M ITycKa.

8.5. B xakux ciyyasix NpYMEHSIOTCS aCUHXPOHHBIE JABUraTeny ¢ (hasHbiM
poTopom?

8.6. Kakumu MeTonaMi MOXHO PerynvpoBaTh YacTOTY BpalleHWs! aCHH-
XPOHHOTO JIBUTaTENsA ¢ KOPOTKO3AMKHYTOM 0OMOTKO# potopa?

8.7. HasoBuTe OCHOBHYIO O6NIaCTh NPUMEHEHMST CHHXPOHHBIX MALIVH.

8.8. Kak perymipyercst akTvBHast MOLIHOCTh CUHXPOHHOIO FeHepaTopa,
paboTaroLlero B 3MeKTPUYECKOi crcteme?



FNABA 9
SNEKTPU4HECKME MALLUMHDbI NOCTOAAHHOIO TOKA

9.1. O6wme ceBeneHms

DJieKTpUYECKHE MALIMHBL TOCTOSIHHOTO TOKa (JIBUIaTeNv U reHe-
paropbl) MPUMEHSIIOTCS B Pa3UYHBIX OOJIACTSIX TEXHUKHU: MAllMHbI
MaJIOH MOLIHOCTH — B CUCTEMaxX aBTOMaTuyecKoro peryjiupoBaHMs
IS TIPUBOJA UCHOJTHUTEIBHBIX MEXaHU3MOB U B KaY€CTBE AATYUKOB
YaCTOTH! BPALICHUS ITOABUXHBIX YyacTeil; 00bIL10H MOIHOCTH — IS
THTOBBIX JBHTATEJIEil HA JIEKTPUYECKOM TPaHCIOPTE, MPUBOJA pas-
JIMYHOTO TEXHOJOTMYECKOro o0OpynoBaHUsl U TeHEPaTOPOB MOCTO-
STHHOI'O TOKa B CUCTEMaX 3JIEKTPOINMUTaHUs ClieliMaIbHOIO 000pyao-
BaHUs, HANIpUMEpP B PaIUOTEXHUYECKUX YCTAHOBKAaX, MpU 3apsjiKe
AKKYMYJISTOPOB, /IS MUTaHUS JEKTPOJIUTUYECKUX BAHH U T.[.-

OCHOBHOE JOCTOMHCTBO ABUTATEsei MOCTOSHHOTO TOKa 3aK/o4a-
€TCsl B BO3MOXHOCTH TUIABHOIO PEryJIMPOBaHMS YaCTOTHl BPALLIEHUSI U
noayyeHust 60JIbIIMX MYCKOBBIX MOMEHTOB.

OGHIMM HEJOCTATKOM 3JIEKTPHMYECKUX MALIKMH MOCTOSSHHOTO TOKa
SIBJISIETCS CJIOXHAs1 KOHCTPYKLMS ILETOYHO-KOJUIEKTOPHOIO aniapa-
T4, B KOTOPOM OCYILECTBISETCS MMOCTOSTHHAS MEPEKOMMYTALIMS LieTIei
3JIEKTPUYECKOM MailivHbl. Bo3HUKaroLee NpU 3TOM UCKPEHUE CHUXA-
eT HaIEXXHOCTb MaLLMH ¥ OrpaHUYMBaeT o0JiacTh MX MpuMeHeHusl. Kpome
TOro, AJsl ABUratesicil MOoCTOSHHOIO TOKa HeOoOXOIMMO Mpeobpa3oBa-
HHUE 3JIEKTPUYECKOH 3HEPrMM CHHYCOMJAILHOTO TOKAa B 3JIEKTpUYE-
CKYIO 3HEPIHIO MOCTOSSHHOTO TOKa.

9.2. YCTPOMCTBO SNEKTPUHECKONA MaLLIMHBI
MOCTOSIHHOIO TOKa

DnekTpUyeckKas MalliMHa IMOCTOSHHOIO TOKAa COCTOMT U3 HEIO-
BUXXHOI ¥ Bpaltialomeiicst yacteil. Ha HenonBHXHOM 4aCTH — CTaHUHE
(puc. 9.1) — yxperieHbl TIaBHbIE MONIOCHI JUTSI BO3OYXAEHUS] MArHUT-
HOIO IIOTOKa U JOIOJHMTENbHbIE — JJis YAyYlleHUS KOMMYTallMd B
MalIlHHe.

Inaenwviii nomoc cocTOUT U3 cepaCYHMKA U OOMOTKH BO3OYXKIEHMSI.
Ha cBo6GogHOM KOHLE CepA€YHUKa YCTaHABIMBAETCS MOJIIOCHBIA Ha-
KOHEYHHUK JUISI CO3laHus TpeOyeMoro pacripelieneHusi MarHUTHOTO
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NoTOKa. MMHMMAJIBHOE YHUCITO I1ap
[JIaBHbIX MONOCOB p= 1 (OIMH 10X-
HbIl S ¥ OOUH ceBepHHIH V).

CmaHuHa ABJISIETCS SIPMOM Ma-
LLIMHBI, T.€. YACTBIO, 3aMbIKAIOLIEl!
MarHMTHYIO Liellb MArHUTHOTO IO~
TOKA [JIaBHbIX MOIIOCOB (puc. 9.2).

Zlonoanumenvubie nomocer ycra-
HABJIMBAIOTCS HAa CTAHUHE MEXIy
MaBHbIMU TTomocamMu. Ha ceprey-
HUKAX JOMONHUTEILHBIX TI0JTIOCOB
pacnonaraloTcs OoOMOTKH, KOTO-
pbl€ COCAUHSIIOTCS TIOCIIEeIOBATEN b~
HO ¢ OOMOTKOI sIKOpsI.

Skopem Ha3bIBaeTCs Bpalia-

TMomocHsIit
HaKOHEUHHK

O6mMoTka
BO30YXIEHWsA

CepneyHuk
IJIaBHOTO
ToJca

CepaeuHuk
e\ JOTIOTTHUTE b~ /L
¥ HOTO Tojca V)

o1Lasics YacTh MalllMHbL. Akopk (puc. 9.3) cocTouT U3 cepaeyHuka I ¢
OOMOTKOH 2, yJIOXXEHHOH B €ro masax, ¥ KoJUuleKtopa 3, HacakKeHHBIX

Ha obumit Ban 4.

——

li
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Puc. 94
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paloTCsl U3 JIMCTOB JIEKTPOTEXHUYECKOM
crtany tonuwuuoi 0,5 MM, U30IUPOBaH-
HBIX JIPYT OT JIPYTa JIAKOBBIM NTOKPLITUEM.
CraHuHY W3TOTOBJISIOT U3 JIMTOM CTalM,
TaK KaK MarHMTHBII MOTOK B HEM 110CTO-
SIHHBIN.
Konnexmop nipencrasisier co60i 1o-
JIBIA LWJIMHOP, COOPaHHbIA U3 U30IUPO-
Puc. 9.5 BaHHBIX APYr OT JPYrd ¥ Bala MalUUHBI
KJIMHOOOPA3HbIX MEAHLIX IJIacTuH I (pHc.
9.4). MpoBogamu 2 OHM COEIMHSIIOTCS C BUTKaMu OOMOTKM, pa3me-
LLIEHHO# B Ma3ax sikops. Bpaiatorascsi 0OMOTKa COSIUHSAETCS C BHELLI-
HEH 1IETNBI0 CKOJNB3SIIIMM KOHTAKTOM MEXNy IueTKamMu I, yCTaHOB-
JIEHHBIMU B 1wieTkonepxaresax 3 (puc. 9.5), u koyuekropoM. Ilerky k
KOJUIEKTOPY IpYXuUMaeT npyxuHa 2. ToK OT 1eTKy OTBOAUTCS THO-
KuM KabeneM 4. llleTkonepxareay HARCBAKOTCS HA TpaBepcy, OT KOTO-
POl OHM 3JIEKTPHYECKHU M30UpyloTcsi. TpaBepca COOCHO COeMHEHA C
SIKOPEM TaK, YTO €€ MOXHO INOBOPaYMBaTh, U3MEHSIS IIOJIOXCHUE 11ie-
TOK IO OTHOLUCHUIO K TMOJII0CaM MallMHbI.
C noMoLLBIO KOJIJIEKTOpa W HIETOK BPalllaiolasicsl 0OMOTKA SIKOPsI
COEIMHSETCS C BHEIIHEH 3JICKTPUYECKONH HETBIO.

9.3. O6moTkm GapabaHHOro saxops

B coBpeMeHHBIX MalllMHaX [IOCTOSTHHOTO TOKa IPUMEHsIETCs1 Gapa-
GaHHbIA AKOpb (CM. puc. 9.3). Bo Bcex IpOBOAHUKAX, HAXOASALLMXCS B
nasax cepicyHMKa SIKOpsl, IIPU €r0 BPALCHUM C OKPYXHOH CKOpO-
CTHIO ¥ B MAarHUTHOM I10J1€ FIaBHBIX ToyocoB uHayuupyerca DJC.
HOnst toro ytobpl DJC e, B AByX CTOPOHaX OJHOTO BUTKa OOMOTKH
SIKOPS CYMMUPOBAJIKCh, IUMPUHA BUTKA JIOJDKHA PAaBHATHCS HOAHCHO-
My OeaeHuto T, T.€. JUIMHE OKPYXHOCTU SIKOPS, CTSTHBAIOLICH LICHT-
pabHBIN yron 21t/2p. Ha npaktvke 1ipu-
HUMaeTCsl YKOPOYCHHBIH 1Iar HAaMOTKH
IUI YMEHBILUEHUS JIOOOBBIX YacTteil 00-
MOTKH, PAacCIIOJIOXCHHBIX BHE I1a30B
SIKOPpSI.

Pa3znuuaror aBa criocoba ykJIaaku
OOMOTKHU SIKOPSI.

Ipoctast nemaesasn, viv napaiiens-
Has, OOMOTKa MOJNy4aeTcsl pU IOCTY-
nareabHO-BO3BPATHOM ABVIKCHUU U JIBY-
KparHoM obxone sikops (puc. 9.6, a). s
yeermyenus DI C B na3bl yKIaabIBaoT-
cs1 cekuuu (puc. 9.6, 6). Llerku pensr

222

CepreuHuKY SIKOpS Y TIONIIOCOB HA0OU-

e T
IS e N
+LIJ L;'_
a 6
Puc. 9.7

BCIO OOMOTKY Ha napauiesibible BerBu. IleTku nonoXuTenbHol 1 o1-
PULIATE/IbHOM [OJISIPHOCTEN COCAMHSIOTCS C OHOMMEHHBIMY BbIBOIA-
MM MalmHbl. YUCI0 WETOK PaBHO YKCIY NapajliesibHBIX BETBE T1PO-
CTOM NeTIeBO 0OMOTKM 2a ¥ PABHO YUCIY MOJIOCOB 2p.

Ha puc. 9.6, a cruiownoii iuHuel 1okasaHbl GparMeHThl OIHOM U3
ABYX MapajuieibHbIX BeTBeH (20 = 2) netneBoil 0GMOTKH JIBYXIOMIOC-
HOW MallivHbl (Zp= 2), CEKLUM KOTOPOU 33 OMMH OOXOJL SIKOPSI YIIOXKe-
HBI BO BCE I1a3bl CEPACYHUKA U MOAKIIOYEHBI K IOJIOBUHE BCEX ILIaC-
TUH KOJUIeKTOpa. Hayano u koHeil BTopoii napauieibHO# BETBU OG-
MOTKH I0Ka3aHbl HITPUXOBOI JuHMeH. Ee cekuuu yxianpBaiorcs 3a
BTOPOi 0OXO0/ AKOPS M NOACOEIMHSIIOTCS KO BTOPOM TIOJIOBUHE TUIAC-
TUH KoJulekTopa. Cekuuu 00euX rapauie/ibHbIX BETBEN YKIaIblBAIOTCS
B O[IHU U T€ X€ UM B pasHble [1a3bl CEPIEYHUKA AKOPSI B 3aBUCUMOCTH
OT €r0 KOHCTPYKHLHH.

[Ipocras eosnosas, wmm nocredoeamenvras, 0GMOTKA TONYYaeTCs
P MHOTOKPaTHOM OOXOJIE IKOPSI B OTHOM HaripasieHuu (puc. 9.7, a).
Hnsa ysenudenns DJIC B naswl yKIanbBaroTca ceKumu (puc. 9.7, 6).
YuMCI0 1ETOK M Mapaule/bHbIX BETBEH BOJIHOBOM OOMOTKH PaBHO JBYM
(2a = 2) He3aBUCUMO OT YUCJIA [1ONIOCOB.

IIpocras netiesas 0GMOTKA MPUMEHSIETCS. B ABYXTOJIOCHBIX Ma-
muHax Manoi (no 1 kBt) u Gonbiuoii (cebie 500 KBT) MowHoOCTH.

IIpoctasg BonHOBasi OOMOTKa NPUMEHSIETCS B MAlUMHAX MAaJIOM U
cpenreit mownoctu (1o 500 kBr).

9.4. Pexxunmbl paboTbl MalLUHBI NOCTOSHHOrO TOKA

ManmHa NnoCcTOSIHHOTO TOKA, KaK BCE 3JIEKTPUYECKME MAIUWHBIL,
MOXET paboTarh B PeXUMe reHepaTopa MW JBUIaTessl.

PaccMOTpUM pexuMbl paboOThl IBYXIOMIOCHON MallIMHBI TTOCTOSTH-
HOr'O TOKA C 33JaHHbIM MarHUTHBIM I10JIEM [JIABHBIX MOJIIOCOB U MPO-
CTOM IeTIEBOM OOMOTKOI1 SIKOPSI, COCTOSILICH U3 IBYX Iapa/lIebHbIX
BETBEN, BKIIIOYEHHBIX MEXAY IBYMS LICTKAMM (CM. puc. 9.6).

Pexnm reneparopa. [pencraBum oOMOTKY sIkopsi MalMHBI (puc. 9.8)
B pa3sepHyToM Buae. Ha puc. 9.9, g crionisoil suHue 1mokasaHbl
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Puc. 9.8

¢parMeHThl ONHON MApAUIETbHON BETBU U IUTPUXOBOM — HAualo U
KOHell Apyroit. ITycth mon neiicTBUEM MPHIOXEHHOIO K Baly sIKOpsi
BpALIAIOLIEr0 MOMEHTa M, OT BHEIUHETO UCTOYHUKA MEXaHUYECKON
sHepruM (MIEpBUYHOTO JIBUTATENsA) SIKOPb BpalllacTcsl O Halpasjec-
HMIO JIBUXKCHMSl YaCOBOW CTPEJIKM C IOCTOSIHHOM 4acTOTOM Bpalle-
HUS N, T.€. IOCTOSIHHBIMU YIJIOBOM 0y, ¥ OKPYXHO# v CKOPOCTSIMU.
Torna B BUTKax NapajuieNIbHBIX BETBEH ero oOMOTKU OYIyT UHAyLV-
posathest DJIC e, HarpaBJeHUs] KOTOPBIX 10 MPaBUITy [PaBod PyKu
ykazatbl Ha puc. 9.8. Cymma DJIC e, Bcex BUTKOB OJHOI Mapaiesib-
Hoit BerBu onpenenser DAC E, 0OMOTKH SAKOPSA, paBHYIO HalpsKe-
HUIO XONocToro xona U, Mexay BeIBoAaMH 11ieToK. Ecin Tenepb nou-
KJII0YUTh K BLIBOJAM LIETOK IMPUEMHUK — MACCHUBHBIN NBYXIIOIIOC-
HMK IT ¢ conporusieHueM Harpysku R, (puc. 9.9, 6), 10 B uensix
NMPUEMHHKA ¥ SKOPA BO3HUKHET TOK I, 8 HAIIPSIKEHUE MEXIY LIeTKa-
mu 6yaet U< E,. B 06MoTKe sIKopst HaripapiieHus Toka u BJ1C cosna-
JaIoT.

B3auMoneiicTBre TOKa B OOMOTKE SIKOPSI C MArHUTHBIM II0JICM [J1aB-
HBIX MOJIIOCOB M0 MPaBWIy JIEBOH PYKU CO3a€T TOPMO3HOW MOMEHT,
HaIllpaBJIeHHBIN MPOTHUBONONOXKHO BpalllaloLieMy MOMEHTY.

Ipu noCTOSIHHOI YacToTe BpallleHus! SIKOPS 71 BPaLAIOLIMiA U TOp-
MO3HOiI1 MOMEHTBI paBHbl: My, = M.

DIeKTPUYECKOE COCTOSTHUE LIETIU SIKOPSI OIUCHIBAET YPAaBHCHHC

E,~R[I="U, ©.1)

KOTOPOMY COOTBETCTBYET CXeMa 3amelieHus1 Ha puc. 9.9, 6, tne R, u
I, — conpoTtuBieHHe U TOK LIETTH SIKOPsl, paBHbIE OOLLIEMY CONPOTHUB-
JIEHUIO ¥ CYMME TOKOB NapauIe/IbHBIX BETBET OOMOTKHM SIKOPS, BKJIIO-
YEHHBIX MEXIY 1IETKAMMU.
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YMHOXHB ciaracMble ypaBHeHHMs (9.1) Ha I, MonydyuM ypaBHEHHE
Gaylanca MOLITHOCTE Liernu sIKops (cM. rroapasa. 2.14)

E,Q,=R,I2+UI,, (9.2)

rne E,l,= Pr — moumHocth DJIC E, sikopsi reneparopa, paBHasi MOLL-
HOCTHU 3JICKTPOMAarHUTHOTO NPeoOpazoBaHUsl MEXaHUYECKON SHEpruu
BHEILHETO UCTOYHUKA B 3JIEKTPUYECKYIO 3Hepruio Py =M, Q. =M Q. ;
R, I} — MOLIHOCTD [IOTEPD B [POBOAAX OGMOTKH sikopsi; U, = R 1} —
MOLLIHOCTb IIPUEMHMKA.

['enepatop nMpeobpasyeT MEXaHUYECKYIO SHEPTHIO B AJICKTPUYECKYIO.

Ha puc. 9.9, ¢ npuBencHoO yCIOBHOE 0O0O3HAYEHHE LICTIU SIKOPS Te-
Heparopa Ha MPUHLMITHATbHBIX CXeMaX 3JICKTPUIECKHUX LIETICH.

Pexum npuratend. [IpencraBum oOMOTKY sIKOps MaluHb! (puc. 9.10)
B pa3sepHyToM BMue (puc. 9.11, a) » NoaKIIOYUM BBIBOABI LIETOK K
JICKTPUYECKON CUCTEME MOCTOSIHHOTO TOKa OOJIBILIOI MOILIIHOCTH.

Tok B 06MoOTKe sAKOps (cM. puc. 9.10), B3auMoneicTBysl ¢ MarHuT-
HBIM TIOJIEM TJIABHBIX IMOJIIOCOB MO MPaBUIly JIEBO# PyKM, CO3Ja€ET Ieil-
CTBYIOLIMH Ha CEpIEYHMK SKOPS BpallaloluMii MOMEHT M, B Hanpas-
JIEHUU JIBMKEHMS 4acoBoO crpenku. [1pu noctosiHHOI YacToTe Bpaitie-
HUS B, T.€. IIOCTOAHHBIX YIJIOBOH Q,, ¥ OKPYXHOH v CKOPOCTSIX SIKO-
psi, BpalaioLuinii MOMEHT YPaBHOBEILMBAETCS TOPMO3HBIM MOMEHTOM
paboyero MexaHuama: My, = M.

B BUTKax 0OMOTKY AIKOPSl, BPalaIoIIUXCsA B MATHUTHOM T10JIE IJ1aB-
HBIX T10/1I0COB, OynyT MHayiupoBatbes DIC e,, HanpaBJIeHUsT KOTO-
PHIX, 110 TIpaBUNY MpaBoil pyKu, ykazaHbl Ha puc. 9.10 u 9.11, a. Ha-
npasienus BJIC 1 ToKa B BUTKAX OOMOTKH SIKOPS TIPOTHUBOIOIOXHHI,
nosromy DJ1C sskopst asuratesisi Ha3bIBalOT npomueoIJC.
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Puc. 9.10

DNIEKTPUYECKOE COCTOSTHUE LIEIU SIKOPST OIMCHIBAETCH YPaBHEHUEM
E+RI=U, (9.3)

KOTOPOMY COOTBETCTBYET CXeMa 3aMellleHus Ha puc. 9.11, 6, rie Benu-
yunbl R,, E, v I, aHanoru4Hbl onucaHubiM B (9.1).

YMHOXUB cyiaraeMble ypaBHeHus1 (9.3) Ha I, nony4yuM ypaBHEHUE
OaslaHca MOLLIHOCTEH LT IKOps

UJd,=R]I}+E,I, 9.9

rae Ul, — MOLIHOCTh BHEILIHETO UCTOYHUMKA JIEKTPUYECKON IHEPTUM;
R, 1} — MolIHOCTb NOTEPb B NPOBOJiax 06MOTKY sikopst; E [, =—Pr —
moluHocth DJC sakopst ABUraresnsi, paBHas MOIIHOCTU 3JICKTpoMar-
HUTHOTO IPeoOpasoBaHusl JEKTPUYECKON 3HEPIUM BHELIHETO UCTOY-
HUKA B MEXaHWYECKYIO 3Hepruo P,, =M, Q= M, Q...

JBuratenpb npeoOpazyeT 3JEKTPUYECKYIO DHEPrUIi0 B MEXaHUYC-
CKYIO.

Ha puc. 9.11, ¢ npuBeieHO yCJIOBHOE O0O3HAaY€HUE LENU SIKOPS
JBUIareiia Ha NPUHLUMITMAIBHBIX CXeMaX JICKTPUICCKUX 1ICTICHA.

PaGouue xapakTepuCTUKM MalllMH TIOCTOSIHHOIO TOKA 3aBUCSIT OT
crocoba BKIIOYCHHS OOMOTOK 3JIEKTPOMATHUTOB IJIaBHBIX IMOJIIOCOB,
T.€. LeNU BO30YXIEHUS, OTHOCUTENIBHO 1ienu sIKopsi. Bo3aMoXHb1 na-
paJUIeNIbHOE, IOCJCIOBATE]IbHOE U CMEIIAHHOE COCIAMHEHUS 1enei
BO30yX1eHMA M sIKopsl. Llenu Bo3OyXIeHUs U AKOPSI MOTYT ObITh HE3a-
BUCHUMBI OJIHA OT JIPYTOM.

B mawunax ¢ nesaeucumoim 6036yxicdenuem 0OMOTKA BO3OYXKICHUS
w, MOAKMIOYACTCS K HE3aBUCUMOMY UCTOYHUKY (puc. 9.12, g), 1 Mar-
HUTHOE MOJI€ TJIABHBIX IMOJIOCOB HE 3aBUCUT OT HATPY3KU MalllUHbI.
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Puc.9.11

B mawunax ¢ napanieabrvim 6036yxcoenuem 0OMOTKa BO3OYXKICHUA
Wyap COCIMHSIETCS TIAPAJLIENBHO C LIENbIO AKOPs (puc. 9.12, 6), umeeTt
GOJIbLLIOE YUCIIO BUTKOB M3 [IPOBOa MANOTO CEUCHUS Y 3HAYUTENIBHOE
aKTUBHOE COTPOTUBIEHUE. B 3THX MalllMHaX TOK BO30OyXICHUs, a CJie-
JIOBATEJILHO, U MAarHUTHBII IIOTOK [JIaBHBIX MOJIIOCOB IPU IOCTOSIH-
HOM HalpsKEHUU MEXIY BbIBOLAMU MAlUMHBLl HE 3aBUCUT OT €€ Ha-
rpy3Kku. 3HadyeHue Toka Bo30yxaeHust Mand (I, < 0,11 .-

B mawunax ¢ nocaedosamenvrvim 6030yacoenuem 0OMOTKA BO3OYXIe-
HUSL W, BKIIOYAETCA [OCIEI0BATENBHO C LIeTbIo sIKopsl (puc. 9.12, 6),
MMeEET MAJIOE YUCJIO BUTKOB U3 TPOBOJa GOJMBLIOTO CEYECHUS U MaJloe
aKTHMBHOE COIPOTUBJICHUE. B 3THX MallMHaX MarHUTHBIN [1OTOK IJIaB-
HBIX I1OJIIOCOB 3aBUCUT OT HArpy3Ku MAallMHBI, T.€. TOKA AAKOPS, paB-
HOTO TOKY BO30YXIECHMSI.

Whap

Wnoc

Puc.9.12
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B mawunax co cmemannvim 6036yncdenuem Ha KaxIoM CEpOCUYHUKE
IJIABHOIO TOJIOCA PaCIIONIOXEHBl JBe OOMOTKU (puc. 9.12, 2), onna
Wyap COCOMHAETCS. C LIEMBIO AKOPS NApaUIENIBHO, a JpYras Wn, —
nocjenosatesibHO. OObIYHO OOMOTKY BKJTIOYAIOTCS COIIACHO U B 3aBU-
cuMocTy oT cootHoleHus ux M C npeobnagaot CBOICTBa MalIMHBI
C napajuieNbHBIM MM T10CTIEI0BATEILHBIM BO30YKIEHUEM.

9.5. AnexTpoaBuXyLLaA CUNa U BNEKTPOMArHUTHbIA
MOMEHT MaLUVH NOCTOSHHOIO TOKa

TIpoBoj B nasy cepleyHUKa BPaIAIOLIErocs SIKOpsl MalllMHbL [10-
CTOSIHHOTO TOKa (puc. 9.13) nepecexaer CUIOBbIE JIMHUM MaTHUTHOTO
TTOJIS1 [JIABHOTO MOJIIOCa U B HeM uHayuupyercs DJIC, cpennee 3Hade-
HUE KOTOPOU paBHO

E, = Blv = —?v,
T

rae B= @/ — cpennee 3Ha4eHHE MarHMTHOM MHIYKLIUU TO[ TOJIO-
COM B IMIPELENax IMPUHBI [OJIOCHOTO JIEICHUs T; P — MarHMTHBIN
MOTOK OMHOTO TJIaBHOTO Moyoca; / U v — IJIMHA U OKpYXHas CKO-
pOCTh IIPOBOJIA B a3y CEPIEYHMKA SIKOPSI.

Ecnu yactora BpalileHus sIKOpsl MalliMHH 1, 00/MUH, TO OKPYXHasi
CKOPOCTH €T0 MPOBOJIOB B I1a3aX CEPACYHMKA paBHa

v=nDn/60 = 2ptn/60,

TIE p — YMCIO Hap IMOJIIOCOB MAIIMHBI M YYTEHO, YTO JUIMHA OKPYX-
HOCTH SIKOpsl C BHELIHUM auamMeTpoM D paBHa ntD=12p.

OOMOTKa SIKOPsI COCTOMT M3 N akTUBHBIX ItpoBonoB. Illetku nemnsrt
3Ty OOMOTKY Ha 2¢ rapajuie/ibHble BETBU, B KAXIOW U3 KOTOPBIX M10C-
JIEAOBaTeNbHO coeNUHSIOTCS N/2a ak THBHBIX IIPOBOJA.

CrnenosarenpHo, DJC sikopst pasHa 3JIC onHoi niapalie/bHOI BETBU

E, = E\N/(2a),
Hiu
n
E,=ZNoZ=cion, (95

INi€ ¢ — MOCTOSIHHAS BEJIMYMHA TSI JAHHOMN
MallUHBI.

B renepatope O/1C sikopsi BO30yXIaeT TOK
B LIENU SIKOps I, U COBnagaeT ¢ HUM IO Ha-
npasieHnio (M. puc. 9.9, 2). B nsurarene 3/1C
E, nanpapniena ripotuB Toka I, (cM. puc. 9.11,
6) W HaspiBactcsi npomueoJIC.

3navenue DJ1C sIKOpsi MOXHO peryaupoBaTh, U3MEHSISI MArHUTHBIH
MOTOK IJIABHBIX MOJIIOCOB WM YaCTOTY BPALLICHUS SIKOPSI.

ITpu pabGoTe MalMHBI HOCTOSIHHOIO TOKAa B PEXHME reHeparopa
(mBUrarTessa) B3aMMOJCIICTBUE TOKA SIKOPST C MarHUTHBIM MOJIEM TJIAB-
HBIX TOJIIOCOB CO3AAaeT TOPMO3HOM (Bpamalowmii) MoMeHT. Hanpasiie-
HHUE TIepeIayy HEPIUM B 3THX PEXMMax pasHOe, HO NpUPONA I1eKm-
POMAZHUMHBIX MOMEHMO8, [ICUCTBYIOIUX Ha SIKOPb, OllHA U Ta Xe€.

Ha kaxnpbiii u3 N aKTUBHbIX [1IPOBOJOB OOMOTKH SIKOPSI B TEYECHHE
BPEMEHM €TI0 JBWXEHMS T0]1 MOJI0CAMU MalllUHbl JeHCTBYET CPEIHsIs
cuna F; = Bll. CymMa 3TUX CHJI CO3JAEcT 3JEKTPOMarHUTHLIA MOMEHT,
JCHCTBYIOLIIMI HA SIKOPb:

M, = gNBII.

Hocne noacraHosBku cootHowehuit 1= I /2a, B=®/k u nD=2pt
NOJYyYUM

M, =L PNoI, = cyol,, (9.6a)
2 a

rne ¢y = cg- 60/(2n) — nocrosiHHAasl BEIMYMHA [Uisl JaHHOM MalllMHBI,
win, ¢ yyetoM (9.5),

M3M = s (966)

Bp

rae Q,, = 2nn/60— yrnoBasi CKOPOCTb BpallleHUs! SIKOPSI.

9.6. Peakuua sIKOps B MalUMHaX NOCTOAHHOIO TOKa

Peakyuerl sxopa HaspiBaeTCsl IEHUCTBUE TOKA B LICIM SIKOPs Ha Mar-
HMTHOE TTI0JIE Malluubl. PaccMoTpuM sIBJIEHMSsI, COIIPOBOXKIAIOLIUE pe-
aKIIMIO SIKOps B IBYXMoocHOM Manmmbe. Ha puc. 9.14 ycnosHo noka-
3aHbl CTOPOHBI CEKLIMII OOMOTKMU SIKOpsi, @ HE €€ BUTKU, W LIETKH,
OIMpalolIrecs Ha SIKOPb B 00JaCT KOMMYTUPYEMEBIX TTPOBOIOB CEK-
Mii. B neficTBUTEIBHOCTH LIETKH OMUPalOTCsl Ha KOJUIEKTOP U pacIio-
JIOXKEHBI Ha OCU CUMMETPHH IVIaBHBIX TOJIOCOB (CM. puc. 9.6 u 9.7).

[Tpy pa3soMKHYTOIl Lienu sIKops, T.¢. Toke [, =0, MarHuTHOE nose
MAllVHbBI CO30aETCSl TOJIbKO TOKOM BO30YyXIeHUS [, B OOMOTKE I/1aB-
HBIX NOMI0cOB. OHO CUMMETPUYHO MO OTHOLLEHHWIO K OCH CEPICYHUKOB
[OJIIOCOB U O] ITOTIOCHBIMM HAKOHEYHMKAMH [I0YTH PaBHOMEPHO (pUC.
9.14, a). Teomempuyeckas Helimpars n—n’ — VKU, TIEPIEHANKYIAP-
Hasg OCHM IIOJIIOCOB M pa3fensioliasg siKopb MO IMaMeTpy Ha o0sacTu
CEBEPHOTO M KOXHOIO TOJIIOCOB, COBIANAET B 3THX YCJIOBMSX C (pu3u-
yecKoli Helimpaiblo m—m’ — JIMHUEH, NPOXOISIIEH Yyepe3 TOYKH Ha
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Puc. 9.14

OKDYXXHOCTH SIKOPSI, B KOTOPBIX MarHUTHasi MHAYKLMSI paBHa HYJIIO.
HleTky HaXOAATCSl HA TECOMETPUIECKOM HEHTpay.

Ecnu ToK B OOMOTKE SIKOPSI HE PaBEH HYJIIO, TO SIKOPb IPEACTaB-
JisieT COOOM 3NEKTPOMArHMT ¢ OChl0 CUMMETPHUH, MTPOXOASIICH yepes
metku (puc. 9.14, 6). Ilpu pacnoaoxeHUM LIETOK HA TeOMETpUYE-
CKOW HEUTpau OCU CUMMETPHUM MArHUTHBIX MOJICH TJIaBHBIX MOJIIO-
COB U SIKOPSl IEPNIEHAUKYISIPHBI. Takoe 1oje peakiiy AKops Ha3bl-
BacTCsl nonepeyHvim. ECIU 1IETKM CMEIIEHBI OTHOCUTEIBHO T€OMET-
pUyYeCKOll HeWTpanyu, TO BO3HUKHET U ApodoabHOe TIONIe PeakiMu
SIKOPSL.

Hajoxenue MarHMTHBIX [OJIEH IIaBHBIX TIOIOCOB U SIKOPS CO3/4aeT
PpeE3YJIbTUPYIOLLIEE MATHUTHOE T10JIE MallMHbt (CM. pHc. 9.14, 6), KOTO-
pO€ CTAHOBUTCS HECUMMETPUYHBIM OTHOCHTEIBHO OCH IJIABHBIX I10-
nmocoB. Puanyeckas HeHTpalb CMELACTCS OTHOCHTEIBHO IeéOMETPU-
YeCKOM HEWTpan Ha yroj [ B HanpapJICHUM (IIPOTUB HaIpPaBJICHUSI)
BpALLEHUS SIKOPSI B TEHEPATOPHOM (IIBUTATE€JIbHOM) PEXUME pabOoThl
MalllMHbI.

PaccmoTpuM pacnpenesicHue MarHMTHON MHAYKLMU [0, IOJII0C-
HBIMU HAKOHEYHUKAMU U 1IETKAMU, PACIiOIOKEHHBIMM Ha TeOMETPH-
YeCKOM HEUTpanM, BCeACTBUE peakiuuu sikops. Ilpu orcyTcrBuum pe-
akimM sikops (cM. puc. 9.14, g) MarsuTHasg UHAYKLUS IO [JIaBHbIX
MOJIIOCOB paclpeAcsieTcs MO MOMIOCHHMHN HAKOHEYHUKAMU PaBHO-
MEPHO U paBHA HYMIIO Ion uierkamu (puc. 9.15, zaBucumocts 1).

MJIC KOHTYPOB MarHWTHBIX JIMHUI (IUTPUXOBBIE JIMHUKM Ha PUC.
9.14, 6) nponopuMOHAalbHA YUCITy OXBAYEHHBIX UMU BUTKOB C TOKOM
I, ¥ M3MEHSETCs] BIONb OKPYXHOCTU SIKOPSA JIMHEMHO (CcM. pHc. 9.15,
sasucumoctb 2). Ota MJC ompenensier MarHUTHOE HAlpPSDKEHME, a
CJIEIOBATENIbHO, U MHAYKIMIO BAOJb BO3AYIUHBIX yY4aCTKOB MAarHuTt-
HbBIX JIMVHUIHA, IJUHBl KOTOPBIX MAJbl, TIOCTOSIHHBI I10[ MOJIOCHBIMU
HaKOHEYHUKAaMM U CUJIBHO BO3PAaCTAIOT B IIPOMEXYTKE MEXIY HUMHU.
BenenctBue 3toro pacrnpeneneHme MarHUTHOM MHAYKLMM TIOJISI pe-
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aKiMU AKOPSl MEXAY TOI0CaMM MMEET CeUT006pa3Hblii xapakTep (CM.
puc. 9.15, 3aBucuMocTb 3).

IIpy HEHACHILIEHHOM MarHMTOIIPOBOAC MALUMHBI €€ PE3YJbTUPY-
0llle€ MATHUTHOE I10JIE ONPEACIACTCS HAJIOXECHUEM MarHUTHBIX I10-
Jiell IIaBHBIX IIOJIIOCOB M peakiuu gkopd. [Ipy 3TOM MarHUTHBIN 110~
TOK, Bo30yxnatouwmii DC skops, ocraeTcsl HEU3MEHHBIM, HO HU3ME-
HSIETCS pacIpeieICHUe MATHUTHOM MHIYKIIMK BEOJIb OKPYXXHOCTH KO-
ps (cm. puc. 9.15, 3aBucumocTts 4). Gusndeckas HEUTPaIb CMELIACTCA
OTHOCUTENIbHO F'€OMETPHUYECKOI HEWTPAIM M0 HaIpaB/eHUIO (IIPOTUB
HalpaBJICHHs!) BpalUCHMsI SAKOPSI B I'€HEPATOPHOM (IBUTaTcjbHOM)
pexume.

MecTHBIE MOBBILIEHUS MarHUTHOM HWHIYKUMU MO MOJIOCHBIMH
HAaKOHEYHUMKaMM MHAYLMPYIOT NoBblieHHbie 3HadeHust DJ1C B cexuum-
s1x 06MOTKU sIKOpsl. COOTBETCTBEHHO IOBBILIACTCS HANIPSKEHUE MEXIY
COCEHUMU ILTacTUHaMM Koiuiektopa (Gonee 30—S50 B) v BO3MOX-
HOCTb BO3HUKHOBEHUSI MEX/1ly HUMU JIYyTOBBIX Pa3psiioB.

C y4eTOM HACHIILIEHUSI MATHUTOIIPOBOAA MAlUMHbI MECTHOE [MOBBI-
LIEHUE WHAYKIUH 10 ONHUM KpaeM IOJIOCHOTO HaKOHEYHMKA IpU-
BOAMT K HACHILLIEHUIO 3yOIIOB KOPsl, OCIa0JICHUID MArHUTHOTO II0TO-
Ka [IaBHBIX MOJIOCOB (CM. puc. 9.15, 3alITpuxOBaHHas yacThb rpapuka
3aBucuUMOCTH 4) u ymenblueHuo DAC skops.

OTIMYHOE OT HYJA 3HAYEHUE MHIYKIIMM Ha T€OMETPUYECKOM HEw-
TPaIN YXYIIIAET YCIOBUSI KOMMYTalMK CEKLMI OOMOTKM SIKOpSI, Bbl-
3bIBasi UICKPEHUE IO IETKAMU.
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AonomHurensHbL napubiit JUist yMEHbLUEHHS] OTPULIATE b~

HOTr'O BJIMSIHUSL HA pabOTy Malliu-
HBbl peakUUM SIKOPSl KCIONB3YIOT-
C$1 JONOJIHUTENbHBIC TTOMOCHL. OHU
KPEISITCS Ha CTaHMHE MO JIMHUU
reoMerpuyeckoii Heitpaau. OO6-
MOTKHU JIOTIOJTHUTEIBHBIX TOJIOCOB
qyepes HIETKU COCAUHSIIOTCS Noce-
IOBATEJIbHO C OOMOTKOW SIKOpSi
TaK, yro ux MJIC (puc. 9.16) Bronb
TeOMETPUYECKON HEUTpain Ha-
rpasJjicHbl BcTpeuHo. KoMnencaiua
peakuMM SIKOpsi OCYUICCTBIISIETCS
aBTOMATHYeCKU Mpu Joboil Ha-
rPy3Ke MallHbI.

IHpu pabote MalMHBL B pexXuMe reHepaTopa (IBUrareiist) JOMON-
HUTEJIbHBIE TOJIIOCHL JOJDKHB UMETh NONMSIPHOCTD IIABHBIX ITOJIIOCOB,
Ha KOTOpPHIE IKOph Haberaet (U3-NOJ, KOTOPLIX SIKOPh BHIOGEraeT).

JlonoNHKTENbHBIE MOTIOCH KOMITEHCHPYIOT MAarHUTHOE T10J1E€ PEaK-
LIMU SKOPsl B Y3KOM 30HC KOMMYyTaluM cekimii. JIis BhIpaBHUBaHUs
pacnpenenaeHust UHAYKIMM [0/, [IOJIOCHBIMY HAKOHEYHUKAMW B Ma-
(YHaX OOJIBIIOH MOUTHOCTU UCTIONB3YIOT KOMHEHCAUUOKHYIO 06MOm-
Ky w,. Ee BUTKM pacrioyiaralorcsl B 11a3aX MOJIOCHBIX HAKOHEYHUKOB U
COEIMHSIOTCS I10CIIEI0BATENIBHO YEPE3 IUETKU C OOMOTKOM SIKOPS Tak,
970 O6PA3YIOT ¢ Hel OupunApHyo 06MOTKY (CM. puc. 9.16).

9.7. KoMMmyTauua B MallMHaAX NOCTOSSHHOIO TOKa

Ipu BpalieHNM sAKOpsT MAlIMHBI [TOCTOSTHHOIO TOKA CEKLUU €r0
OOMOTKH IOCIIEA0BATETbHO IIEPEXOAAT U3 OHOM Napaule/IbHOM BETBU
B Apyrywo (puc. 9.17). Bpemsi, B TeueHUE KOTOPOTO CEKLIMSI OOMOTKHU

t=0 0<t<T t=T

! fr g Il

= 2 = Iz
27 BJICKTpI/I{\-l 21
i YECKas Ayra $

[
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BPALLAIOILIETOCS SIKOPSI, BBIIEJCHHAs] HAa PUCYHKE XUPHOI JIMHUEH,
3aMBIKAeTCS LUETKOM, Ha3bIBaeTCs nepuodom Kommymayuu T.

Jns ynpollleHusl aHanu3a KOMMYTAlMd IOIyCTUM, 4TO LUMPUHA
LIETKH paBHa LIMPHHE OQHOM MIACTHHBI KOJUIEKTOPa U CONIPOTUBJIE-
HUE KOHTAKTa MeXJy HUMM R, Ipy UX MpOCTPaHCTBEHHOM COBIIAIC-
HHUM MHOrO 60JbLIE CONPOTUBJICHUH IPYTUX SJIEMEHTOB LICNIH 3aMK-
HyToit cekuuM. IIpuMeM 3a UCXOOHOE pacroNoXeHUEe KOMMYTHPYE-
MOI1 CEKLIAH M IUETKH Ha KOJUIEKTOPE, T.€. npH ¢ =0, UX pacroioxe-
Hue Ha puc. 9.17, a u npeHeOpeXEM MHAYKTUBHBIMM I1apaMeTpaMu
KOMMYTHPYeMOii ceKLiMu. Torna ee 3JIEKTPHYECKOE COCTOSTHUE B TE-
yeHue nepuona kommytaumu 0 < t< 7 6ynetr onpenensitbcsi CUCTe-
MOii ypaBHEHMH MO IEPBOMY M BTopoMy 3akoHaMm Kupxroda nenu
na puc. 9.17, 6:

i=i|—1;
i, =21 -iy; ©.7)
i _ Ky
i, R’

TI€ {; U i, — TOKH B IIEpBOI ¥ BTOPOW MIaCTUHAX KOJUIEKTOpa, Bpallia-
JOLLETOCS € ITOCTOSIHHOM OKPYXXHOM CKOPOCTBIO ty; { — TOK B KOMMY-
TUPYeMOii ceKuuM; /| — MOCTOSIHHBI TOK B OQHO#M BETBU OOMOTKU

sikopsi; R, = T&-T, R, = &T — COIPOTUBJICHUSI KOHTAKTa MEXIY
-t t
NEPBOi ¥ BTOPOII TUTACTUHAMU KOJJIEKTOPA U IUETKOIA.
Pelienue cucteMbl ypaBHeHui (9.7) onpenensieT JHHEITHYI0 3aBU-
CHMOCTb U3MEHEHUS TOKA B KOMMYTHUPYEMOM CEKLIMU

i:IT_Zt,
T

Wi

,'__ILT"Zt
20 T

rne I, — TOK sIKOpsl; 2a — YUCIO napa-
JIEJIbHBIX BETBEH MPOCTOM IIE€TJIEBOM 0O0-
Motk (puc. 9.18, npsimas ).

B paccMaTpuBacMOM CIy4ae IIOTHOCTh
TOKA 110 BCEHl 11ICTKOM OAMHAKOBA U IO~
CTOSIHHA B TEUEHME BCETO IEPUOJa KOM-
MyTalMM U OPUYKH LIS UCKPOoOpasoBa- ~ 2
Hus Het. C yyeToM COOCTBEHHOM MHAYK-
TUBHOCTH KOMMYTHpYeMoii cekuuu ee DJ1C
CAaMOMHAYKIUU €;, COrJIaCHO MPUHUMITY Puc. 9.18

b
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Jlenua (cM. monpasa. 3.8), pOTHBONEHCTBYET M3MEHEHHIO TOKA, CO3/lax

Basl yCloBue 3amednennol kommymayuu (cM. puc. 9.18, 3aBucumocts 2).°
B xoHLE neprona KOMMyTAalMU TOK CEKLMM TIPUHYAUTENBHO 1970) /S

HUMaeT 3HayeHHe (—I;/2a) n CKOpOCTh €ro U3MEHEHMs], a CJIEeNAOBa~<

TenbHO, BJIC caMOMHAYKIIMM YBEJIMYMBAIOTCS, YTO MOXET TIPUBECTH .

K MCKpOOOPa3OBaHUIO MO/l LIETKOH CO CTOPOHBI YXOLSIIEN TUIACTUHE

L

KOJUIEKTOpa. YTOOBI yNY4YIUMTh YCJIOBHMSI KOMMYTallUU, HEOGXOMMMO®

KOMITeHCHpoBath aeiictBus B C camounmykumm. J11st 3TOr0 UCTIOND-
3YIOTCs1 JOTIONIHUTEIbHBIE NOJIIOCH. MX MarHuTHOE roe-MHAyLHMpYyeT B
KOMMYTHPYeMOii cexuium kommymayuonnyto DJIC e,, NpeNn[TCTBYIOLIYIO
nercteuio OJIC caMOMHAYKIMM. 3anuileM yCIOBUE MACATbHON KOM-
MyTaiuu '

e;—e.=0.

Ecnu 3Hayenue xkommyranonHoi BJIC Gonblue 3nauyeHus DJIC
CaMOMHAYKUWH, T.€. €, > €;, TO BOSMOXHA YCKOPEHHAS KOMMYyMayus
(cMm. puc. 9.18, saBucumocts 3). [Tocnentsist UCNIONb3yeTcsl B MALLIMHAX,
paboTalOLIMX B TSXKEJNBIX YCIOBHSIX, HallPpUMeEpP IPU 4aCTOM PEBEPCU-
pOBaHUM.

MarnuTHOE 1071€ [ONOTHUTENIBHBIX MOJIIOCOB KOMIIEHCUPYET TaK-
K€ MarHUTHOE MOJie peaklUMU SIKOpS HA TeOMETPUYECKON HEWTpanu
(cM. puc. 9.15), 4o Takke CrOCOGCTBYET YIYULIEHUIO YCIOBUIH KOMMY-
TauMy. B MallmHax Manoi MOILIHOCTY IOTIOTHUTENBHBIC TIOIOCH YacTO
OTCYTCTBYIOT, M ISl YJIYYLICHUSI KOMMYTalUMM NPUMEHSIETCH cO8ue
lemoK € reOMETPUYECKOI HEHTPaNN Ha (PU3UYECKYIO HEUTpaib (CM.
puc. 9.15).

B omnuuve or paccMOTpeHHOM MICATM3NPOBAHHON MOAEM KOMMY-
TallUM LICTKH TEPEKPHIBAIOT OAHOBPEMEHHO Psin IUIACTUH KOJIJICKTO-
pa, KOMMYTUPYSI HECKOJIBKO CEKI[Uil OOMOTKMU.

9.8. NeHepaTop C HE3aBUCUMBIM BO36YyXaEHUEM

B renepatope ¢ He3aBUCUMBIM BO30YXAECHMEM LIETH BO3GYXKICHMS
U SIKOPsl 3JICKTPUYECKU pasaencHnl (puc. 9.19). M3MmeHeHue ToKa BO3-
OyXIECHHUs PeOCTaToM R, M3MEHSIET MArHUTHBII IIOTOK TJIABHBIX TIOJTIO-
coB U riponopruoHanbHo DIC sikops (9.5)

E,= c;Dn,

rJe # — YacToTa BpalleHHs KOPSL.

Xapaxmepucmuka xonocmoeo xoda ®(I,) wm E, (I,) onpenensier
CBOMCTBA MAarHUTHOM LIETIM reHePaTopa NPy pa3OMKHYTOH LEMU KO-
psi, T.€. ToKe I; =0 ¥ NOCTOSIHHOI HOMUHAJIBHOW 4YaCTOTE €TI0 Bpallie-
HUSL n=ny,,,. Ha puc. 9.20 npusesieHa TMIoBas XxapakTepuCTUKa XOJIO-
CTOro X0fa reHepaTopa Npy YBEJIMYEHHM, a 3aTEM YMEHBILIEHUM TOKA
BO30OYxeHus. Ha Bocxopsiiieli BeTBU XapakTepucTiky 3Hauyenust DJ1C
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E, , v MarHuTHOTO 110ToKa @ Mpy OTCYTCTBUM
ToKa Bo30yxneHus I,=0 He paBHbl Hy/I0. DTO
0OBLACHAETCS OCTATOYHON MarHUTHOM MHAYK-
1Meil B MacCUBHOM craHuHe reHepatopa. He-
COBIIACHME BOCXOISIIICH U HUCXONSIIECH BET-
Bell XapaKTepPUCTUKH XOJIOCTOrO Xoma OObsIC-
HSETCS MArHUTHBIM THMCTEPE3UCOM (CM. puC.
3.10). Ocraroynasi HAMArHUYCHHOCTD Ha HHUC-
XOISIICH BETBU XapaKTepUCTUKU HEYCTOMYU-
Ba U MOA ACHCTBHEM MEXaHUYECKUX BHOpa-
LA U apyrux (pakTopoB YMEHBLIAETCA IO 3HA-
YyeHUi1, COOTBETCTBYIOLIMX HAYAIbHBIM YCJIO-
BUSIM. YMEHBILEHUE U3MeHeHMiT noroka @ u
DAC E,, npu 3HaYECHUSIX TOKA BO30OYXICHUS
L > L., OOBICHIECTCSl HACBIIICHUEM MarHuT-
Hoii neny. Ee paccuuThiBaloT TakK, 4YTOObI Ha
yCpEeNHEHHON XapaKTepUCTUKE XOJIOCTOro

Puc. 9.19

X0/la, OTMEYEHHOI Ha puc. 9.20 LUTPUXOBOM JIMHUEH, HOMUHAIBHOMY
3HAYEHHUIO0 TOKa BO30yxuneHus: I, = I,y COOTBETCTBOBA] HOMMHAJIb-
HbI MaruuTHbIA 1MOTOK @ = @, ,, Ha IPaHUIIE HACBILICHHOIO U HEHa-

CBILIEHHOTO COCTOAHUSA MarHUTHOM LENu.

Brewnssn xapaxmepucmuka (puc. 9.21) orpenenser CBOWCTBa reHe-
paropa, K BHIBOA@M KOTOPOTO INOAKMOYEH INPUEMHUK C COIPOTUBIIC-
HUEM Harpy3Ku R,, IPU HOMUHAJIBHBIX 3HAYEHUSX TOKA BO30YXICHUS

I,= I, o V1 4aCTOTHI BPALLEHUS SKOPSL 1= My

U': Eg— Rﬂlﬂ’

rae R, — CONpPOTUBJIEHUE LU SIKOPSI.

Eqx n=nyo; I;=0
EH.X.HOM
1,0 Z
7

0,8 %
Vi

0,6
// v L= IB.HOM; N = Ryoym
/ S

0,4 7, | T
7, N [
= - |
0,2 S?: |
I
|

0 0,5 1 L/ wom 0 Livou I
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HemuHeinocts xapakrepuctiku U(1)
OOBACHSIETCS YMEHBLIEHHEM MAarHUTHOTO
IIOTOKA IVIABHBIX TIOJIIOCOB MAILIMHBI IIPU
YBEJIMYEHUU HATPY3KH BCJIEICTBUE YBEIN-
YCHUSI peakLuu sKopsi (cM. puc. 9.15).

MakcumanbHOE OTHOCUTENBHOE U3ME-
Liywow 1, HEHME HaNpsiXeHMsl reHepaTopa C Hesa-
BUCHMbIM BO30YXICHHEM TIPY U3MEHEHH-
sIX €ro Harpysku B nipeaenax 0 < I, < I ...

_ Ux(_]_ UHOM 100% = E‘:.’M_gﬂloo% (98)

HOM

U= U op 1= Nyon

IB.HOM

Puc. 9.22

AU

uMeeT 3HadeHue 5—10 %.

YT1o6bl BHELIHSIS XapaKTePUCTHKA I'eHEPATOpa HE 3aBUCENa OT TOKA
Harpysku, HEOOXOIMMO PETYIUPOBaTh TOK BO3OYXKAEHUSL.

Pezynupoeounoii xapakmepucmukoii zenepamopa Ha3bIBacTCsl 3aBU-
cuMocTh Iy(1;) IpU HOMUHAIBHBIX 3HAYEHUSIX YAaCTOTHl BPALCHMS
n— N,y W HaNpsKeHUs: Mexay ero BeiBopamu U = U, (puc. 9.22).
[Mpu ToKe saxkops I, > 1 . TOK BO30YXICHUS I'eHEpaTopa ObICTPO yBe-
JIMYUBAETCS BCACICTBUE HACBIIEHUS €0 MArHUTHOM 1IEIM.

OCHOBHOE JOCTOMHCTBO I'€HEPATOPOB C HE3aBUCUMBIM BO36yxXie-
HHUEM — BO3MOXHOCTh PEIYIMPOBATh HAMPSIKCHUE MEXKAY €r0 BLIBOIA-
MU B LUMPOKHX TIpeaesiax.

OCHOBHOI! HEIOCTATOK — HEOOXOAMMOCTb B JJOTIOTHUTEIBHOM UC-
TOYHMKC SHEPIUU IS HENU BO30YXIACHUS.

9.9. lNenepaTop ¢ napannenbHbiM BO36yXaeHnem

B reHepatope ¢ napajuiesibHbIM BO30YXAEHMEM LIENH BO3OYXICHMSI
¥ SIKOPSI COEIMHEHBI Napa/uiesibHO (puc. 9.23). O6MoTKa BO3OYXICHUSA
Wyap COOEPXKMT GOJNBILIOE YUCIIO BUTKOB U BBIIOJHSETCS NMPOBOAOM
MaJIOTO CEUEHMS.

Ilpy nycke reHepaTopa [l CO3IaHUSI MATHUTHOIO MOTOKA IIaB-
HBIX [OJTIOCOB IIPUMEHSETCS CNIOCO0 camo6030yxucdenus. CyinHOCTb €10
3aKJIIOYAETCA B CJienyollleM. B MaruuTHOI ey reHepartopa 3a cuer
MaCCUBHOM CTAHMHBI COXPAHSIETCS] OCTATOMHAS HAMArHUYEHHOCTDH M,
COOTBETCTBEHHO, OCTATOYHBIM MarHUTHBIA IOTOK IVIABHBIX [OJIIOCOB
(mo 3 % HomuuanpHOTO 3HaYeHust). [Ipu BpaleHK IKOPsI reHepaTopa
NIEPBUYHBIM JIBUTATEJIEM OCTATOYHbIH MAarHUTHBIA IOTOK MHAYLMPYET
B ero obmMotke nedonbuiyio JJIC E,. Ion neiicteuem DJIC yBenuumpa-
eTcsl TOK 06MOTKM BO30OyxaeHust u ee MIIC. Ecnu HanpaBienus neii-
creust MJIC 1 0cTaToyHOro MarHMUTHOIO II0TOKa COBIAAAIOT, YTO J0C-
TUTAETCsl COOTBCTCTBYIOILIMM BKJIIOYEHUEM OOMOTKH BO30OYXIECHUS B
HENb, TO MarHUTHBIN [MOTOK MIABHBIX MOJIIOCOB YBEJINYUBAETCS, VH-
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nyuupys Gonbiiee 3nadenune JJIC sikopst. Yeenmdenue 3C E; BbI3bI-
BaeT JCJbHEIIIIEe YBeIMUEHe TOKa Bo3OyxneHus1 U T. 1. [Ipoiecc ca-
MOBO30YXIE€HUS OTPaHMYMBAETCS HACBIILICHMEM MarHUTHOM LeTH Te-
Heparopa M B PEeXHUME XOJIOCTOro XO[a, T.€. IPY PasOMKHYTOM LI
Harpy3Ku OIpeacnsiercs YCJIOBHEM

E =R+ R+ R) 1, 9.9)

rne R,, R, 1 R, — cOMpOTUBJEHUs] OOMOTKU BO3OYXIEHUs LIETIH SIKO-
ps U peryJIMpoBOYHOro peoctara; E,, — DIIC aKopst B peXMME X0N0o-
CTOro X0ma.

Xapaxmepucmuxa xoaocmoeo xoda eenepamopa E,,(I;) 1py HOMU-
HAIbHOM 4acTOTE BPAILECHUA 1 = M, M TOKe Harpysku [, = 0 (puc.
9.24) cosrnanaer ¢ OJTHOMMEHHOM XapaKTepUCTUKOM reHepaTopa ¢ He-
3aBUCUMBIM BO36yXaeHueM (cM. puc. 9.20). o

Iepeceuenne XapakTepUCTUKH XOJIOCTOTO XO/1a U JIMHEHHOU 3aBU-
cumocTy (9.9) onpenensier pexuM paborbl (cM. puc. 9.24, Touka A)
reHepaTopa ¢ napauieJIbHbIM BO30YXIEHUEM B PEXHUME XOJIOCTOrO XO/1a.
[1pw yBeMueHMM CONPOTUBICHUS Lieru Bo3OyxaeHust DAC E; YMEHb-
waercs. [nasnoe ymeHbiueHue DJIC E,, npoucxoout 10 Touku A’
Korna JMHeiHasi 3aBUCMMOCTD (9.9) NpakTHUYeCKU COBMAnacT ¢ Ha-
YAJIbHBIM yYaCTKOM XapaKTEPUCTHKM XONOCTOro xoxa. [lanbHeniuee
HE3HAYMTEJIBHOE YBEJIMYEHME COMNPOTHBICHUS LEMU BO30OYXICHNUS
NpUBOAUT K pe3koMy ymenblliennio 3JIC E;, ¥ HaNpsbKeHUsT MEXNY
BbIBOaMu reHeparopa. COOTBETCTBYIOLIEE CONPOTUBICHUE LIENIM BO3-
OYXIECHHSA HA3LIBACTCS KPUMUYECKUM.

RHE
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Brewnss xapaxmepucmuxa rene-
paropa ¢ napauielbHbIM BO30YXI€E-
HueM U(I,) npu HeusMeHHON uac-
TOTE BpaLLlCHUSI N = N, OOJCE 3aBU-
CuMa OT 3HAYEHUs TOKAa Harpysku
(puc. 9.25, 3aBUCUMOCTD a), 4YeM OfI-
HOMMEHHAS XapakTepUCTHKa TEHEpa-
iy I, TOP2 C HE3ABUCHMBIM BO36YXIEHH-

eM (puc. 9.25, 3aBUCUMOCTD 6). BTO
Puc. 9.25 OOBACHSIETCSL TEM, YTO IIPU HE3ABU-
CHUMOM BO30YXIECHUM CHUXECHUE Ha-
IIPSKEHUST MEXIY BBOLAMU I'eHEPATOpa OIpPeNENAETCS NaacHUEM Ha-
NPSDKEHMS Ha CONPOTUBJICHUM LIETM SIKOPSI M Peakiueil SIKops, a Ipu
NapajuleNIbHOM BO30OYXIECHHMHU €lle ¥ YMEHBLIEHMEM TOKA BO3OYXIe-
HUsl. YMEHBLICHHE TOKA BO3OYXIECHHS TP YBEIMYEHUH TOKA HArpy3-
KH [0 NPUIKMHAM, aHAJIOTMYHEIM PaCCMOTPEHHBIM BBILLE (CM. puc. 9.24),
MOXET IPUBECTU K CPBIBY CaMOBO30YXI€HUSI reHepaTopa (CM. puc. 9.25,
IITPUXOBast IMHK). TOK Harpy3Ku, COOTBETCTBYIOLIMI CPBIBY CAMOBO3-
OyXnenus, HasblBaeTcsl kpumuueckum. Ero TUTIOBOE 3HAaYeHUE L=
= (2-'2’5)IH.H0M'

MakcuManbHOe OTHOCUTENIBHOE U3MEHEHUE HANpPSDKEHUs reHepa-
TOpa € NapauIeJbHbIM BO30YXIEHUEM TIPU U3MEHEHUM €r0 HAarpy3Ku
B nipepenax 0< L, < 1,0 110 (9.8) nocturaer 10— 15 %.

XapakTep perynMpOBOYHBIX XapaKTePUCTUK FEHEPATOPOB C MapaJi-
JICJIbHBIM M HE3aBUCUMBIM (CM. puC. 9.22) BO30yXIEHUEM aHAIOTUYEH.

OCHOBHBIE IOCTOMHCTBA I'€HEPATOpa C NapaliebHbIM BO3GYXe-
HHMEM ~— OTCYTCTBHE JAOIMOIHUTEIIBHOIO NCTOYHUKA SHEPTUM IS 11U
BO30YXXICHHS U NMPOCTOTAa KOHCTPYKLMU.

OcCHOBHO# HENOCTaTOK — GONbLIEE M3MEHEHHE HATIPSIKCHUSI TIPH
KOJIeGaHUsIX HArpy3KH I10 CPaBHEHMIO C TEHEPATOPOM C HE3ABUCHUMBIM
BO30YXIE€HUEM.

I H.HOM

9.10. l'eHepartopbl C nocnenoBaTenbHbIM M CMELLUAHHBIM
BO30yXaeHuem

B eenepamope ¢ nocaedosamentroim 6036ymcdenuem vienb SKOps co-
CIIMHCHA IIOCIEAOBATENIBHO ¢ OOMOTKONH BO30YXACHUS, [I03TOMY TOKU
Harpysku, sikopsi U BO30YXIeHusi OAMHAKOBH (puc. 9.26). O6MoTKa
BO3OYXICHUSI Wy, MMEET MAJIOE YUCIO BUTKOB M BBITIONHSETCS TIPO-
BOIOM GOJIBLLOrO ceueHusl. ['eHepaTop ¢ mocieoBaTe IbHbIM BO30YyX-
ACHUEM HE MMECT XapaKTePUCTUKU XOJIOCTOrO X0/, TaK Kak IpU pa-
30MKHYTOM LICTIM HAarpy3KH HET TOKa BO30OyXieHus. OTCYTCTBYET Tak-
X€ U PeryiipoBOYHasi XapaKTEPUCTUKA.

Brewnss xapaxmepucmuka renepatopa npu HOMMHAJIBHOM 3HAaYe-
HUU 4aCTOThl BPAILEHUS N = R, NPUBEIcHa Ha puc. 9.27. Ipu non-
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0 IH.HOM Iﬂ
Puc. 9.26 Puc. 9.27

KJTIOYEHUM TPUEMHMKA C CONPOTUBICHUEM Harpysku R, K BbIBOLAM
reHeparopa rocyeHuil camoBosbyxaaercs (cM. noapasi. 9.9). Harpsi-
XEHME TEHEpaTopa MpH YBEJIMYEHUU TOKA Harpys3ku, a CJIeI0BaTE b~
HO, ¥ TOKa BO30YXNeHMsl CHaYalla YBEJIM4UMBAETCS, & 3aTeM yMCHbLUA-
ercsl. DTO OOBSICHAETCA HACBILIEHUEM MAarHUTHON LENU reHepaTopa,
YBEJIMYEHNEM PEaKLiuM sIKOPsl M NIaAEHUEM HAMpPsXEHUs! Ha OOMOTKaxX
SIKOPSI M BO3OYXICHUSI.

T'eHepaTopHl C MOC/ICAOBATEIbHbIM BO30YXICHUEM TIO PUYUHE HE-
MOCTOSIHCTBA HAIPSKEHHS TIPUMEHSIIOT TOJIBKO B CIELUANBHBIX CITy-
yasx.

T'enepamop co cmewannbvim 6030yxHc-
denuem VIMEET MNapauICIbHYIO Wy, U R
MOCJICIOBATENBHYIO W,oc OOMOTKH BO3- %
OyXIEHHs COOTBETCTBEHHO C OOJIBIIMM
M MaJIbIM YMC1aMu BUTKOB (puc. 9.28).
0O6c 0OMOTKU PACIIOJIaraloTCA Ha IaB- | -
HBIX MOJIIOCAX ¥ BKJIIOYAKOTCS COTTIACHO.

Ipu yBeJMUYEHUM TOKA Harpy3ku
yeenmuuBatorcsi MIIC nocnenosaresib-
HOII OOMOTKU BO3OYXIOCHUS, MarHut-
HBIil TOTOK MaBHbIX nojocoB u BIC
E,, KoMIieHCUpYS1 yBEJIMYECHUE [TaJCHHs
HarpsxeHusl Ha 0OMOTKE SIKOpsl U €10
peakLym.

O6MOTKY BO30YXICHUsI PACCYUThI-
BalOTCS TaK, YTOObl 8HelwHAs XapaKme-
pucmuka reHeparopa npu HOMHUHAJb-
HOM 4acTOTE BPAIIEHUS SIKOPS 1 = Moy
B pEXUME XOJIOCTOTrO XOna W IpU HO-

MUHUIBHON Harpyske COOTBETCTBOBWIA Puc. 9.28
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HOMUWHAJILHOMY HaNpsxkeHUIo (pyic. 9.29, 3a-
BUCUMOCTD /). [pu yBevueHnn (yMEHbILe-
HHUM) 4UCJIa BUTKOB [OCJENOBATEIbHOM
OOMOTKH BHEILHSIS XapakTepuCTUKa Oyaer
VMETh BUI 3aBUCUMOCTH 2 (3aBUCUMOCTH 3).

I'eneparopbl co cMellIaHHBIM BO30YXIe-

HHUEM MCIOJb3YIOTCS B KAYECTBE aBTOHOM-
Puc. 9.29 HBIX UCTOYHUKOB 3JIEKTPUYECKOIT IHEPTUN
HeOOJIBIIOI MOII[HOCTM. BKJ}}O!{CHMC TaKux
reHepaTopoB B 00111YI0 CeTh HE peKoMeHayerTcst. [py cyyaifHOM yMeHb-
LIEHUU MOLIHOCTU ITEPBUYHOTO [IBUTATEsIsl YMEHBIUAIOTCS YacTOTa
Bpallenus sIKOpsA ¥ UHAyLupyeMast B ero oomorke OJ1C E,, 3Hade-
HUE KOTOPOil MOXET CTaTh MEHbILE HANPSDKEHUs CETU. DTO NPUBEAET
K M3MCHCHUIO HaIPaBICHUs TOKAa B OOMOTKE IOCJIEAOBATEIHBHOIO
BO30YX/I€HHS!, YMEHBLIEHUIO MArHUTHOTO MOTOKA DIABHBIX [1OJIIOCOB
Y TOPMO3HOrO MOMEHTa Ha Bajly IIEPBUYHOTO ABUTATENsl U [IPU pas-
BUTHH IIPOLIECCA — K TSDKEJIbIM aBapUsiM.

YcioBueM paboThl HEKOTOPBIX IPUEMHUKOB SIBJISIETCS [IOCTOSIHCTBO
TOKa 1npu OONbMX KoneGaHusIX HanpskeHus. Hampumep, mpoxek-
TOPHBIC ¥ CBAPOYHBIC YCTAHOBKU.

JLisi aBTOHOMHOTO MUTAHUSI TAKMX MIPUEMHMKOB MOTYT MCIIOJIb30-
BaTbCsl I€HEPATOPBl CO CMELIAHHBIM BO30YXICHUEM, BHEILIHSS XapaK-
TEPUCTUKA KOTOPBIX (CM. PHC. 9.29, 3aBUCUMOCTB 4) OlIpenensieTcs BCTpey-
HBIM BK/IIOYCHHEM MapaUIENIbHON W I10CTIEA0BATENBHON OOMOTOK.

OCHOBHOE IOCTOMHCTBO I€HEPAaTOPOB CO CMEILAHHBIM BO3GYXIE-
HUEM — 6OMbLIAsE CTAGMIBHOCTL HAMPSDKEHNSI MEX/Y €ro BHIBONAMU
NP KOJIEOAHUSIX HArpysKH 110 CPaBHEHHUIO C F€HEPATOPaMHU C Iapa-
JIEIbHBIM BO30YXIECHUEM.

OCHOBHOIf HEIOCTATOK — MEHbBILAS YCTOWYMBOCTh IpU paboTe Ha
O0LLLYIO CeTh OTHOCUTESIBHO I€HEPATOPOB C NapasLieibHbIM BO3GyXIe-
HUEM.

9.11. NapannensHaa pa6oTa reHepaTopoB
C napannenbHbiM BO30yXaeHuem

PaccmoTtpum paGoty IByx mapajiebHO BKIIOYEHHBIX FeHEPATOPOB
B CeTH OOMBLIOH MOLIHOCTH ¢ HanpspkenveM U= const (puc. 9.30).
[lycth chayana B cetb BKJIIOYEH OIMH FEHEPATOP G, v HanpsKeHue
MEXIy €ro BBIBOJAMHM PaBHO HarpspkeHUIO cetu U = U. ng BrIoye-
HUsl B CETh BTOPOro reHeparopa G, HEOOXOAUMO:

® PaCKpyTUTh AKOpb reHeparopa G, 10 HOMUHABHOM YaCTOTHl Bpa-
LIEHUS A = Hyqy,;

® PEryMpysi TOK BO30OyxXIeHUs1 Iy, YCTAHOBUTD HATIPSXKECHUE MEX-
Ay €r0 BBIBOJAMM B PEXHMME XOJOCTOTO XOIa PaBHBIM HAIPSLKEHUIO
cetn U, = U,
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Puc. 9.30

e [IPOBEPUTH COBIANCHUE TOJIIPHOCTEH HAMNPSXKEHUIT reHeparopa
G, U CeTU BOJLTMETPOM V, Mpu pasOMKHYTOM OIHOIIOJIIOCHOM BBbI-
wnouareie S. pu coBnageHuH NoJsIpHOCTEN MOKAa3aHUE BOJIBTMETpA
V, paBHO HyIIO, IpH HecosnaneHun — 2U. )

[1pH BBLIIOIHEHMHM OTMEUYEHHBIX BbILLIE YCJIOBHIA M 3aMBIKAHUM Oll-
HOMOIOCHOTO BhIKJIIOUaresst S reHeparop G, 6€3 Harpy3Ky BKIIIOYUT-
csl mapauieNibHO reneparopy G,. UtoGbl reHeparop G, pasrpysutb, a
reHeparop G, Harpy3uTh MPU MIOCTOSIHHOM HAMpsikeHUM cetu U M ToKe
Harpy3ku I, IOCTaTOYHO B MEPBOM ILIaBHO YMEHBLIATh, & BO BTOPOM
OIHOBPEMEHHO ILIaBHO YBEJIMYMBATH 10 HEOOXOIUMbIX 3HAYCHUI TOK
BO30YXIECHUA FEeHEPAaTOPa U BpaLL@IoLUif MOMEHT IIEpBUYHOTO BUTa-
TeJIs1 IPM MOCTOSAHHOM yacToTe BpaieHusi. TOPMO3HBIE MOMEHTHI Ha
pajax reneparopoB G; U G, OynyT COOTBETCTBCHHO YMCHBILATHCS U
YBEJIUYUBATHCH.

ITpn 3TOM TOKU HAarpy3ku paBHbI

IHl = ’ﬂl = (Enl - U)/Rﬂla
IH2 = 1512 = (Eﬂ2 - U)/Rﬂb

e E,, E, v R, R, — BJIC u conpotusacHus 06MOTOK SIKOpew
TEHEPATOPOB.

U3 npuBeIcHHBIX COOTHOLLIEHUI BUIHO, YTO IPU Pas3rpy3Ke reHe-
paropa G, HenonyctuMo ycnosue kK < U, npu KOTOPOM TOK AKOpS
M3MEHUT CBOE HarnpasieHue. llpu 370M MallMHa [IEperIeT U3 pexuma
TEHEPATOPa B PEXUM JIBUTATENA, YTO MOXET IIPUBECTH K TSKEJBIM aBa-
pusAM. TSt X UCKITIOYEHUSs] IPUMEHSIIOTC aBTOMATHYCCKHE BBIKITIOYA-
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U TenU 0OpaTHON MOILHOCTH (CM. IO/,
Ly=L, paszn. 10.6), oTkioyaone reHep

P TOPBI OT CETH NTPH U3MEHEHHH B HUX
HaIlpapJI€HUs TOKa.

Ecnu cets (cM. puc. 9.30) aBTO—
HOMHasl, T.€. He COAEePXUT Apyriix
MCTOYHHMKOB 9HEPIYH, KPOME reHe-
paTopoB, To ee HanpstkeHue U Gy-
I IET 3aBHCETh OT TOKa Harpysku I,
: KOTOPbI# MPU OAWHAKOBBIX BHE-
: IIHKUX XapaKTePUCTUKAX reHepaTo-
I
|

UII_______'_
vr-—————-

pOB OyIET pacnpelesSITbC MEXIY
HUMM paBHOMepHO. Eciu BHeLIHUE
0 w e Do Iin & yapakTeprCTHKH reHepaTopoB pa3-
Puc. 9.31 JIMYHBI, TO Harpy3ka Mexjay HUMU
pacnpenensercss pABHOMEPHO TOJIb-
KO B pEXHMe, COOTBCTCTBYIOU_ICM TOYKe MepeceuecHuss X BHELIHUX
xapakrepuctuk (puc. 9.31, touka A). Ilpu ysenmueHuH (yMeHbLIe-
HHU) HArpy3ku HanpspbkeHue cetr ymewbluutes U’ < U (yBenmuyuutcs
U” > U), reHeparop ¢ 6Goree (MeHee) MOJIOroii BHEIIHEH XapaKTepu-
CTUKOM BOCIIDUMET 66mpLIyIo (MEHBLUYIO) vacTh Harpysku I, > I},
- (1) < I5;). HepaBHOoMepHOCTD pacnpegenenus Harpy3Ku MOXHO YCT-
DPaHMTh, PETYJIUPYS TOK BO30YXI€HUsi FeHEPATOPOB. J1JIst 3TOTO UCTIONb-
3YI0TCH aBTOMATHYECKUE PETYIISATOPHL

9.12. O6Gwue CBOICTBA U XapaKTepPUCTUKU ABUrareneii
NOCTOSIHHOIO TOKA

B nBuraresne nocTostHHOroO TOKa 3JIEKTPOMAarHUTHBIA MOMEHT (9.6)
CO3/aeT Bpallaloiiui MOMEHT M,,,, KOTOpBIi NP MOCTOSHHOM YacTo-
T€ BPAILEHUA 7 YPABHOBELIMBAECTCS TOPMOZHBIM MOMEHTOM M,,,,. [o-
CHeAHUH BKJIIOYAET MOMEHT CONPOTUBJIEHUs PaBoyeii MAaLLMHBI U MO-
MEHT NoTepb, 0OYCIIOBJIEHHBI TPEHUEM 1IETOK O KOJUIEKTOP, TPEHU-
€M B [NIOALUMITHUKAX U APYTUE NMOTepH. B nanbHeliieM a5 yrpomeHus
aHaJn3a IPOLIECCOB B ABUIATENISIX MTOCTOSHHOIO TOKA MOMEHTOM ITO-
TePb, €C/IM He OydeT CrelralbHbIX OrOBOPOK, GyaeM MpeHeoperaTs.

CaoiicTBo camoperynmapopanns. OG1M CBOICTBOM ABUTATEJIEH T10-
CTOSIHHOIO TOKa SIBJISIETCSL camopezyaupoearue, T.€. aBTOMaTHYECKOE
COXpaHEHHE YCTOMYMBOW paGoTEl C HOBOM 4YacTOTOM BpaileHUst IpH
U3MEHEHUM MEXaHW4YECKON HArpy3ku Ha Baty. Ponb peryisitopa Bbi-
nojyiHsier nporuBoDJIC, uHAyLHMpyeMasi B OOMOTKE SIKOPSt M HarpaB-
JieHHas1 HaBCTpevy TOKY sIKopsi (cM. puc. 9.11).

Paccmorpum Mexanuam camoperynvposanust. [puMeM, 4yTo Hanpsi-
XEHUE MEXIy BBIBOJAMHU 3JIEKTPUUYECKOM 1enu asuratens U= const.
Ilycte mMexaHudeckasi Harpy3ka Ha Baly JABUIaTeNs, T.€. TOPMO3HOM
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MOMEHT M,,,, CKaYKOM YBEIWYWIAcCh (YMEHBIUMIACh). MarHUTHBIA
fOTOK r1aBHBIX nomocoB D, Tok sikopst [, 1 Bpalaouii MOMEHT M,
(9.6) HEe MOTYT M3MEHHMTBCH CKAayKOM, M YacCTOTa BpallleHWs! SIKOpS
HavyHeT TJIABHO yMEHbLUAThCs (yBeTMuMBaThHCs). OMHOBPEMEHHO Hay-
HeT yMeéHbluatbes (yBenmuuBatbes) BJIC E, (9.5) m yBeIM4YMBaTbhCS
(YMeHBILIATBCH) TOK SKOps [, 4TO MpMBeAeT K YBEJIMUCHUIO (YMEHb-
IIeHWI0) MOMeHTa BpaieHus. IlepexogHeiii MmpoLecc 3aKOHYMTCH,
KOTa nNpy HOBOM MeHbllIel (OOoNbLIeil) YacToTe BpallleHHs IKOpA OyIeT
JOCTUTHYTO PaBHOBECHE MOMEHTOB My, = M,

Mexannieckue XApPAKTEPHCTHKM. Baxcnenmeﬁ XapaKTepUCTUKOMN
JBHUTaTeseil MOCTOSTHHOIO TOKA SABISIETCS MEXaHu4eckas xapakmepu-
cmuka n(M,,) — 3aBUCHMOCTb YaCTOThI BPAILIEHUS SKOPSI OT MEXaHU-
YECKOH Harpysku, T.€. MOMEHTa Ha €r0o Bajay. YpaBHEHHE MeXaHude-
CKOIf XapaKTeEpPUCTUKHU IBUTATE)I MOXHO HOMYYMTh M3 ypaBHEHMS 3JIEK-
TPUYECKOIO COCTOSIHMA 1ienu sikopst (9.3), eciv B Hero NOACTABUTH
peipaxenue BJIC E; uz (9.5)

U-R,1,)
n= (W"— (9.10)

M YYECTh BbipaxeHue Toka I, u3 (9.6a)

_U R o1
cg®  cpc, D? ©.

Pasnuuaior ecrecTBEHHBIE M UCKYCCTBEHHBIE MEXaHHUYECKUE XapaK-
TEPUCTHKH.

Ecmecmeennvimu (uckyccmeennvimu) Ha3bIBAIOT XapaKTEPUCTUKHU
JBUATATENEH, LIEMU KOPS U BO30YXKIeHUsT KOTOPBIX HE COAEPXAT (Co-
JEpXKAar) JONOITHUTEbHBIE PE3UCTOPH WM PEOCTATHL.

B pesysbrate caMOpEryJiMpoBaHUsl yCTAHOBHMBLIASICS YacTOTa Bpa-
LIEHUs OMNPEEIIETCS TOYKOM NepecedeHus] MEXaHMYECKMX XapaKTe-
PUCTHK JBHTaTesis U paboyero MexaHM3Ma Ha €ro Bany.

CeoiicTBa ABUTATENICH onpeuenmo"rca TaKXe perymmpoBodHoi n(l,),
ckopocTHo# n(l;), pabounmu n, I, My, M(M;,Qy) U APYTUMH Xa-
pPaKTEepUCTUKAMH.

[yck apuraTeneii. [Tyck conpoBoxaaeTcs MEPEXOAHBIM NPOLIECCOM
MPOAOIIKUTENBHOCTBIO e OT JIOJEH CEKYH/BI 10 HECKONBKHX JECST-
KOB CEeKyHI. B mnepBblii MOMEHT MocJjie NOAKIIOYEHHS JBATATENS K UC~
TOYHMKY NMUTaHus C HanpsbkeHneM U B LieNM HEMOABMXHOTO SKOpS
orcyrcrByeT npotuBoBJIC (9.3) m BCneacrBue OTHOCUTEIBHO MAaJioN
HMHIYKTUBHOCTH LIEMU SKKOPS TOK i; OBICTPO YBEJIMYUBAETCH, CTPEMSICH
K 3HayeHuio U/R,. Ilpu HoMUHaIbHOM HANPSKEHUH NMUTAHUSA MAKCH-
MaIbHOE 3HAYEHHWE TOKA B LEMU SIKOPS [;5.c MOXET MPEBBILIATh €I0
HOMHHaIbHOEe 3HaYeHue B 8— 15 pa3 u Gonee, Co3aaBas ONHOBPEMEH-
HO GOJIBIIIO} BpaIAIOLMii MOMEHT yAapHOTO AeHCTBHUsI (puUc. 9.32).
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Ilo Mepe pasroHa sKops yBenwmz
BAETCS1 MHAYLMPYeMasi B €T0 OOGMOTKE
[ e, npotupoBJIC, yMeHbIIass TOK B Lienu
i AKOPA U BpallAIONUi MOMEHT.
: bonbuioli myckoBoif TOK BBI3BIBAET
I HWICKpEHHME Ha KOJUJIEKTOpE, a YPe3MEPHO
—— 60{11;111012 IIyCKOBOM MOMEHT YJApHOro
] Ly von JNeNCTBUS OTPULATELHO CKa3bIBAETCA Ha
paboTe NMONBUXHbBIX JETa/leil MEXaHHJec-
KO¥ Tiepeayn ¥ paboyeil MalMHBL.
Puc.9.32 Jnsa orpaHudeHuss TOKa MPU IyCKe
JBUTaTe)isl B LEMb €r0 IKOPSA BKITIOYAIOT
ITyCKOBO#1 PEOCTat, CONPOTHUBIEHNE KOTOPOrO 0 MEpPE pa3roHa sikOpst
YMEHBLIAETCA A0 Hy/1EBOTO 3HaYeHus1. OOBIYHO COMpOTHBIEHHE N06a-
BOYHOIO peocTara BbIOMpaeTcsi TaKUM 00Opa3oM, YTOObI MaKCUMAIb-
HOe 3HayeHUe TOKa AKOpsi NMPM INyCKe MNPEBBILIAIO €r0 HOMHUHAJIBHOE
3HaueHue He Gonee yeM B 1,5—2,5 pasa.

Jns obnerdyeHus ycjaoBUiA ITyCKa ABUTaTeNlei GOIBLIOH MOIIHOCTH
KpOM€ UCMNOJIb30BaHMs IYCKOBOIO PEOCTATA B LIENU SIKOPS OIHOBpE-
MEHHO CHIXAalOT HalpsXXeHUE NUTAHMUS U MaKCUMAaJIbHO YBEIMYMBA-
10T MarHUTHBIA TIOTOK TJIaBHBIX MOJIOCOB.

ig, iy, My,

15 max

Fryex 4

9.13. [iBurarens ¢ napannenbHbiM BO36yXaeHneM

[MpyHLMNIMaIbHAS 3EKTPUYECKAS] CXEMA JBUTATENISI C NApalIe/b-
HBIM BO30OYXI€HHEM NpuBeJeHa Ha puc. 9.33. Peocratsl B Liensx sikopst
R, v Bo3OyxneHust R, MCNONb3YIOTCS NIPU MYCKE JBUTATENS U PETYIIN-

POBaHMSI PEXUMOB €ro paboThl.
+o C yuetoM conpotuBieHust peoctata R, B
Ui Lenn sikopst ypapHenus (9.10) u (9.11) npu-

I , MYT BUI
U- (Rﬂ + Rn )I 51
n= ;
_ C _ ;@ ; 9.12)
Cron ® $IH U R, + R,
n=——-F2__10M

(A) cx® cpc, D2 T ©-13)
R, :

E g YpaBrHenue (9.13) onpepensier uckyccm-

‘|’1.; BCHHYIO MEXAHUMECKYIO XUPAKMEPUCMUKY [BA-

rareid, a npu R, =0 — ecmecmeentyr mexa-

Wrap R,  MUMECKYIO XApaKmepucmuky (puc. 9.34).
EcrectBeHHast MexaHnuecKas XapaKTepu-
CTHKA IBHUIaTesIst SABIAETCA <«KECTKOM», Tak
Puc. 9.33 KaK U3BMEHEHME HAarpy3Ku Ha ero BaJly B IIpe-
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n U=const; I, =const

n ECTCCTBCHHaH MEXaHHYecKas XapakKTepUCTHKa
Ty

0 MBp.HOM an.nycx MBp

Puc. 9.34

nenax 0 < My, < My, .0, U3MEHSIET YaCTOTY BpaleHust He Gonee yeM Ha
3—8% (TeM MeHblie, YeM Goblile HOMUHAJIbHAS MOIHOCTD JBUTa-
Tess).

Ipy 3HaYEeHUH TOKA SIKOPSi, PABHOM HYJIIO, T. €. [IPH OTCYTCTBUH Ha
€ro BaJ1y TOPMO3HOTO MOMeHTa, ypaBHeHUe (9.12) onpenensieT 4acto-
Ty BpaiieHHUs M, XOJIOCTOT'O Xoaa apuratenieil. TpeHure BO Bpallaionimx-
Cs1 YaCTSX ABUTATeNel BCETAa CO34aeT HEOOMbLLION TOPMO3HO MOMEHT
notepb. Ero HeobxoauMo 1peonosieTh BpalaoliM MOMEHTOM OT BCITO-
MOTATENbHOTO JBUTATENS /ISl PEaM3alliM YCJIOBUSL UOeaabH020 X0A0C-
moeo xooa.

U3 (9.13) crepyeT, UTO MPpHM MOCTOAHHOM HanpsbkeHuM nuranusa U
peryJMpoBaHue YacTOThl BPALLEHMs ABUTATES C NapaiesIbHbIM BO3-
O6yKIEHHEM BO3MOXHO M3MEHEHMEM COIPOTHUBJEHHsI peoctata R, B
LIETX SIKOP#A (peocTaTHOe peryMpoBaHue) U MarHUTHOTO NOTOKA I1aB-
HBIX TIOJTIOCOB (ITOJIIOCHOE PETYIMpOBaHue), T.€. Toka 1 MJIC o6MoTKM
BO36YX/IeHUsI U3MEHEHHUEM COMPOTUBJIEHMS! peocTata R, B Lieny BO3-
OyXaeHMsI.

Peocmamnoe pezyaupoeanue 4acTOThI BpalUEHUA NIPH TOCTOSHHOM
TOPMO3HOM MOMEHTE Ha Bajy JABUTATENs] WLIIOCTPUPYIOT MEXaHH4e-
CKHe€ XapaKTepUCTUKH, PpUBeAeHHbie Ha puc. 9.34. Takoe perynuposa-
HHME YaCTOTH BpaleHMs HE3KOHOMUYHO ¥3-3a OOJIbLIOH MOLIHOCTH
noteps R,1,? ¥ MpUMEHsIETCS TOJBKO B IBUTATENISIX MAJIOM MOLLHOCTH.

Homocroe pezyaupoeanue 4acToThl BpallieHUs: Gosiee 3KOHOMHYHO.
3HaueHHe TOKa BO3OyxaeHust He npesbiliaeT 2—3 % 3HauYeHUs1 TOKa
akopst. [103TOMy JONOIHUTEBHASL MOLIIHOCTD NTOTEPD B LENH BO30YX-
Aenvist R 12 mana.

PaccMoTpuM 0COGEHHOCTH TTOJIIOCHOTO PETYJIMPOBAHUS B ABYX CIIy-
yasx: npu MOCTOSAHHOM TOPMO3HOM MOMeHTe M., = My, = const 1 no-
CTOSIHHOIA MOLHOCTH P, = M, Q.. = const Ha Baly JBUrate’si.

B nieppom ciiyyae ymeHbllieHHe (YBEJIMYEHNUE) MATHUTHOTO NOTOKA
[JIaBHBIX IOI0COB COIIPOBOXIAETCS yBeMYeHHeM (YMEHBLIEHAEM) Ya-
crotel Bpamenust (9.13) (puc. 9.35), MOIIHOCTHA Ha Bally JABUTATEIIS
P,= MO, u Toka sikopa I, (9.6a).
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D, n I U= const HeicTBUTENLHO, TIPU yBeJIMYe-
Miupsion > Myp= Mooy =const ~ HHH (YMEHBLIEHUH) CONPOTHUBIIE-
Doy | HUSA peocTaTa R, yMeHbLIAIOTCH
(yBenuumBalorcs) 1ok # MJIC 06-
MOTKM BO30YXIEHHSA, MarHUTHBIMA
nOTOK @D TJIaBHBIX TIOTIOCOB M UH-
ayuupyeMas uM DJIC E,; B oOMOTKe
SAKopsi. YMeHblLIeHHe (YBeJIMUEHHE)
I BJC E, BbI3bIBaeT- yBEJTHYECHUE
(yMeHblLeHue) Toka sikops I, = (U-
— E))/R,, Bpainaioniero MoOMeHTa u
YacTOTHl BpailleHus1. B pesynbrate
. i PaBHOBECHE MOMEHTOB My, = M.,
hsow s BoccTanapmMBaeTcst Ipy BO3POCILIMX
Puc. 9.35 (YMEHBLUMBIITHUXCS) 3HAYEHWSAX 4a-
. CTOTBI BpaLlleHHUs1 # ¥ TOKa sskopst 1.
Tok siKopsl Ipy TaKOM PeryJIMPOBaHMM YACTOThl BpALIEHUsI U HArpy3-
Kax Ha BaJly IBHlAaTeNs, OJTU3KUX K HOMUHAIBHBIM, MOXET IPEBLICUTD
€ro HOMUHAJIbHOE 3HaY€HWe, BbI3BAaTh MCKPEHHE IO/ 1LETKAMU U [10-
BPEXIEHHE KOJIJIEKTOPA.
Bo BTOpOM cCilyyae mocTostHHass MOLIHOCT Ha Bajlly ABMTATENst C
ydetoM (9.5) u (9.66) papHa

P, = M, Q= c,/D1.2nm/60 = k\@Ln= k,E,I, = const,

TI€ NMPU MajJoM CONpOTUBIeHUU Lienu skopst R, DAC E, = U- R,I, =
= U= const, a ciegoBaTesbHO, TOK sikops I, = const. IToatoMy nosmoc-
HO€ PEryJIMpOBaHuE YaCTOThI BPAai€HMs ABUTATENS C NMapauieIbHBIM
BO30YX/I€HUEM IPH MOCTOSTHHOM MOLIHOCTH Ha Bany Gosee 3dpdex-
TUBHO, Y€M IIPH [OCTOSIHHOM TOPMO3HOM MOoMeHTe. OIHAKO U B 3TOM
cyJae 3HaYMTENIbHOE YBEIIMUEHHUE YaCTOThI BpalleHUs MOXET MPUBE-

I}I.HOM _____

+ © 0
I, = const
vy - U > U > Uy
- o d X1 ']
{ 1 e L)
n Tn2 } U 3
x3 1 A
v 173 ]
b {
U |
- <7L + 0 MBp.HOM My,
i 6
+ E,
—>
1, W,
a Puc. 9.36

CTU K YXYALUEHUIO YCIOBMM KOMMYyTauUM Ha KoJuiekTope. JlnanasoH
peryJMpoBaHust YaCTOTHI BpallleHKs ABUraTesIel C mapaslelbHbIM BO3-
O6yxneHueM no 2: 1.

O6MoTKa BO3OYXXACHMS! JBUTATE)Isl ¢ NApaUlebHbBIM BO30YXIEHH-
€M COIepXMT OOJIbLIOE YHUCJIO BMTKOB M obJiagaer GOJIbLIOM WHIYK-
TUBHOCTHIO. [1T03TOMY NpH OTIUIIOYEHUU JBUTATENISI OT UCTOMHMKA 3JIeK-
TPUYECKON 3HEPruy OHA OCTAeTCsl 3AMKHYTOI Ha LIETIM SIKOPsi BO M3~
6exxaHue o6pa3oBaHMs MYTOBOTO pa3psiia MeXIy KOHTAKTaMH BBIKITIO-
yareisi.

B npuratene ¢ He3aBMCHMMBIM BO30yxiaeHueM (puc. 9.36, a) Bo3-
MOXHO 9KOHOMHYHOE peryJiMpoBaHue yactoTel Bpaluenus (9.11) us-
MeHeHueM HanpspkeHust U; Mexny BEIBOaMU LIENU AKOPSK NP MOCTO-
SIHHOM MAarHUTHOM IOTOKe DaBHEIX nomocos P = const (puc. 9.36, 6).

9.14. ABvrarens ¢ NocneanoBaresibHbiM BO30yXaeHnem

B npurarene ¢ nocienosaTesbHbIM BO36yxkneHueM (puc. 9.37) Tok
BO30yX1eHUs paBeH

R, + R,

B=———IH:CIH’ -14
R, +R, + R, d ©.14)

rae Ry, R,, R, — conpotuieHus: OOGMOTKM BO30YXIEHUSI C MAJIBIM
YHCJIOM BUTKOB M3 IIPOBOAa GOJIBUIOrO ceuyeHus, J00aBOYHOrO pe3Uc-

R, +R, _ 1,
R,+R,+R, I,
yyHa, 3HadeHue kotopoii 0 < ¢, < 1 onpenensier HOmMoO ToOKa BO30yx/e-
HUS OT TOKA SIKOPS.

Hpy HeHacbllEHHOM MarHUTOITPOBO/E MATHUTHBINA MOTOK TJIABHBIX
MOJIIOCOB NPONOPLIMOHATIEH TOKY BO30YXKIe-

TOpa U PETYJIMPOBOYHOIO PeOCcTaTa; ¢; = — BeJU-

Hus. C yuetom (9.14) u (9.6a) onpenesum +o o
coc; My vi
D =cel, =cocrl, = —£, -°
(OB ) (ohd | c,, o)
T.€
Cron
= [CoCr i
D = . 1/M,,p, R

(9.15) [ﬂ?

1
I, = ——= M,
’ CuCoCy i

Th€e ¢gp — NOCTOsIHHAs BEIMYMHA IS JaHHO-
ro JaBuraress. Puc. 9.37
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TMonctapisis BeipaxkeHUEe MATHUTHOTO ITOTOKA TJIABHBIX [MOMIOCOB U3
(9.15) B (9.11) u yyuThiBasi CONMPOTUBJIEHHUSI BCEX BJIEMEHTOB LIENM
SAKOPSA, MOJIyYUM YPABHEHMS UCKYCCMEEHHOL MeXanU4ecKoll xapakme-
pucmuku OIBATATENS C IOCJEI0OBATEIbHBIM BO30YyXIeHHEM

UJcM R, + R, + Ry
h= - (9.16)
cEJc¢c, \/an CECaCy

U €0 ecmecmeeHHoll MexXaHu4eckoli XapaKmepucmuky TPy COMPOTHB-
JneHumn peoctata R, = 0 u MakCMMalbHOM CONPOTHBJICHUH peocTaTta
R,, T.€. 3HaYueHMU BeJIMYUHBI ¢; —> 1,

oo UJo, R, +R,

cEch,,/MBp CeCo

MexaHudeckue XapaKTePUCTUKK ABUIATEIS C IMOCAEAOBATENbHBIM
B030yXeHUEM npy 3HaYeHUAxX M, < M, .., «MsrkHe» (puc. 9.38). Tok
SIKOpsi DM YBEJIMYEHWHW HArpy3ku yBermuupaeTcs (9.15) B MeHblie
CTETIEHH, Y€M TOK B JIBUTaTeie C NapajuleibHbiM BO30yxaeHueM (9.6a).
IIpu Harpyskax, GOJIbIINX HOMUHAJIBHOM, MArHUTOIPOBOA ABUIATEJIs
HACBILAETCA, MAarHUTHBIM [OTOK IJIaBHBIX ITOJIIOCOB NPAKTHYECKHU HE
M3MEHSIETCS], MEXaHWYECKHE XapaKTEPUCTUKH NTPUHHUMAIOT BUA Npsi-
MBIX JIUHUAHA.

JList orpaHMYEeHuMs! ITYCKOBBIX BPALIAIOLIETO MOMEHTA My, e ¥ TOKA
HYCK ABUTATENS C NOCIEA0BATEIbHBIM BO30YXIEHUEM OCYLIECTBIIAET-
csl 10 UICKYCCTBEHHOM MeXaHMYeCKOM Xapakrepuctrke. [Tyck npurare-
nia 6e3 Harpy3ku, a Takxke pabota Ipu OYeHb MaJIbIX HArpy3Kax Hejgo-
IyCTHMBI, TAK KaK 4aCTOTa BpailieHUsI SIKOPSI MOXET NPEBBICUTh JOIY-
CTHMBIE 3HAYEHUS (IBUTATEIb «PA3HOCUT» ).

EcrecTBeHHasi MeXaHHYeCKas
XapaKTepUCTHKA

HcKycCTBEHHBIE MEXAHHYECKUE
XapaKTePUCTHKH
U=const

R,=0
R»>0
Ru3> Ry
0 Mypuow  Mypnyex Mep
Puc. 9.38
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Puc. 9.39

Bo3MoxHBI Tpu cnocoba peryiMpoBaHust YaCTOThI BpalleHUs JIBU-
raresis ¢ MocaeI0OBaTeIbHbIM BO30YXIEHHEM.

Peocmammnoe pezyaupoearue ocylieCTBIASIETCS IPY MOCTOSTHHOM Ha-
npspkeHUy nutaHust U= const 1 MakKCUMaJIbHOM COIIPOTHBJIEHUHU Peo-
crarta R,, T.e. 3HaYeHMsIX BeNMuMHBI ¢; — 1 B (9.14) u ToKOB I, = I,
W3MEHEHMEM CONPOTURIEHUA peocTaTta R, B LENHM SIKOPs. YBeJIUYeHUe
(yMeHblIIeHHE) CONPOTHBIEHHUs peoctaTa R, NMpu NMOCTOSSHHOM TOP-
MO3HOM MOMEHTE NPHBOAMUT K YMEHbIUEHUIO (YBEJIMUEHUIO) YaCTOThI
ppaiieHus (puc. 9.38) npu HeusMeHHOM ToOkKe sikopst (9.15). Bemen-
CTBHe OOJTBLION MOIIHOCTH MOTEPD B peocTaTe R, peoCTaTHOE peryiu-
pOBaHME MPUMEHSAETCS TOJIKO B JIBUTATENISIX MaJIOil MOLITHOCTH.

Toarocnoe pezyaupoeanue OCylIECTBIASETCS MPU CONMPOTUBJIEHUM
peoctata R, =0 1 MOCTOAHHOM HanpsikeHWn nmutaHus U= const u3-
MeHeHHeM TOKa BO30yXaeHHus I, T.€. MarHUTHOTO NMOTOKA [JIaBHBIX
NOJIIOCOB, peocTaToM R;,. YMeHbleHUe (YBEJIUIEHUE) TOKA BO3OYXK-
JIEHUsA, T.€. yMeHbLUeHHE (YBEJIMYEHME) 3HAYCHUS BEJIMYUHBL ¢; < 1
(9.14), npu NOCTOAHHOM TOPMO3HOM MOMEHTE IPUBOAMT K YBEJIU-
yeHUI0 (yMeHblieHUI0) 4acToThl (9.16) BpamieHus (puc. 9.39, a).
OnHOBPEMEHHO YBEIWYMBAETCH (YMeHbLUAeTcs) TOK sikopst (9.15).

Bespeocmammoe peeyaupoearue ocyniecTBASETCS U3MEHEHHEM Ha-
MpsKEHUA MATAHUS IBUTATEJSl IPH MAKCUMAJIbHOM COMPOTHUBICHUU
peoctara R,, T.e. 3HaYeHUAX BeqnyuHbl ¢;— 1 (9.14), Tokax I, = [,
M conpotuBiaeHnn peocrata R, =0. YMeHblueHVEe (YBETHUEHHUE) HA-
NPAXEHUs MPU MNOCTOSSHHOM TOPMO3HOM MOMEHTE MPUBOAUT K
yMEHbLIEHUIO (YBEIMYEHHIO) YACTOTHI BpalueHus (puc. 9.39, 6). [1pu
3TOM TOK sIkopst (9.15) He u3MeHsieTCs.

JIBuraTenu € mnociaeaoBaTeIbHbIM BO30YXAEHHEM ILUHMPOKO NMpUMe-
HSIIOTCSl B KAYECTBE TATOBBIX Ha 3JIEKTPOTpaHCHOpTe. DTH ABUTATENH
pa3BUBaloT GOJNBIION MyCKOBOM MOMEHT U «MSITKO» BOCHPDUHUMAIOT
3HAYMTEIbHBIE M3MEHEHUSI HAarpy3KH ¢ MEHbIIMMH, YEM Yy JBHIatTelist
C napauteIbHBIM BO30YXKIEHUEM, UBMEHEHUSIMUA TOKA.
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9.15. AABurarenb co CMeLlaHHbIM BO30y)XXaeHueMm

JlBuraTens co cMeUlaHHBIM BO30yXIeHHEM pean3yeT €CTEeCTBEH-
HyI0 MEXAHWYECKYIO XapaKTEPUCTHUKY, MPOMEXYTOUHYIO MEXIY <«OKEC-
TKOI» 1 «MSATKOM» XapaKTepUCTUKAMHU JBUraTesiei ¢ NapauleIbHbIM K
MTOCJTEAOBATEIBHBIM BO30GYXIEHUSIMU.

B GonbiliMHCTBE cTy4aeB 0OMOTKH MOCJIEI0BATETLHOIO M MapasUie/ib-
HOTO BO30YXIEeHMs BKJIIOUAIOTCs cornacHo (puc. 9.40). IlpeactraBum
INIOTOK IJIAaBHBIX ITOJIIOCOB B BHUIOC <

D= (DB.nap + (Ds.nom (9 17)

rae @y, ¥ Oy, — MarHUTHBIE NIOTOKH, BO30YXIaEMBIE JEHCTBUEM
M/IC TOKOB B napauleIbHOM 1 NOCeI0BaTeNbHOH 06MOTKaxX BO30YX-
JNEHUSI. .

IMpeHebperasi CONpOTUBIEHUEM OOMOTKHM MOCJIENOBATENIBHOTO BO3~
OyXxHeHuss ¥ TOJACTAaBMB BbipaXXeHHWe MarHuTHoro noroka (9.17) B
(9.11), monyuyvM ypaBHEHHE eCrmecmeeHHOL MeXaHu4ecKol XxapaKxmepu-
CMmuKU ABUTATEJIA CO CMELUAHHBIM BO30YXIEHUEM

U R,

n= - 2
Ce ((D B.TIap +(D B.TIOC ) CpCy ((D B.MIap +(D B.IOC )

M,,. (9.18)

Ipu nocrossHHoM 3HavyeHun MJIC o6MOTKHM Napa/uieIbBHOTO BO3-
OyxneHus Iy ;,,wg,, = const, T.€. MarHUTHOM 1notoke @, ,,, = const, u
orcyrctBuM (Hamuuum) MIC 1, ;.. OOMOTKH NOCIEN0BATEIBHOTO
BO30YXIECHHUA €CTECTBEHHAsT MeXaHWYeCKasi XapaKTepHCTUKa JIBHra-

|+
oo

Wnoo _I R, L yraptiinap = const
hy
o
41_”_ s rioctnoc =0
\d Eﬂ [B.nocwnoc >0
3 I
Wnap Rp $ B.IED |
0 MBp.HOM an
Puc. 9.40 Puc. 9.41
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TEJIA CO CMELLIAHHBIM BO30YXIEHUEM «XKEeCTKasl» (OTHOCUTEJIBHO «MSITr-
xasi») (puc. 9.41).

JBurateiu co cCMeIIaHHBIM BO3GYXIEHUEM BBIIEPXKUBAIOT MHOTO-
KpaTHbiE MEPerpy3Ku, MOTYT CO3/aBaTh 3HAYUTENbHBIE TYCKOBBIE MO~
MEHTBl M YCKOPDEHHMSI M MCIIOJIB3YIOTCS B IPUBOJAX HOXBEMHBIX Ma-
LIKHH, CTPOTaJbHbIX CTAHKOB, NMPOKATHBIX CTAHKOB U AP.

9.16. PeBepcupoBaHne U TOPMOXEHUE ABUrarenei
MOCTOSIHHOIO TOKa

Pesepcuposanue — n3MeHeHUE HAIIPaBJIeHWs BpallleHUs IKOPst IBU-
rarens. J1nsa atoro Heo6X0AMMO U3MEHHUTD HanpasjieHHe JelCTBHS Bpa-
IAIOIETO MOMEHTa, YTo jocTturaercd (9.6) M3MeHEHHMEM HallpaBjie-
HYs MO0 TOKa B LIENM SIKOPst, JIMOO MAarHUTHOTO ITOTOKA TJIABHBIX
MOJIIOCOB, T.€. TOKA B LIENU BO30yxaeHus. OOGBIMHO peBepCUPOBAHUE
OCYILECTRJISIETCS! NEPEKJIIOUEHMEM BBIBOLOB LIEMH SIKOpsi. DTO 06bsic-
HAETCSl TeM, YTO MarHMTHOE Mojie OOMOTKM BO30OyXaeHUsl oOnagaet
GonpiiuM 3anacoM 3Heprud (3.23) u npu pa3MbIKAHMHM €€ LENU Mo-
KET BO3HUKHYTb JIyTOBOI paspsiii MexXAy Pa3MbIKAIOIIMMHUCA KOHTAK-
TaMmu. ,

B nBurarensix Majaoil MOLITHOCTH JBE OOMOTKH BO30YXIeHWU S, BKITIO-
YyeHHbIE pa3/ieJIbHO, o0ecreurBaloT TpebyemMoe HanpasjieHUE Bpalle-
HMS SIKOp4.

Topmoxncerue — npeodpPa3zoBaHNE MEXaHUYECKOM 3HEPTUU BHELLIHMX
WCTOYHUKOB, BPAILAIOIUX SKOpPb, B APYrd€ BHUIbI 3HEPIHHU B LieJiSIX
W3MEHEHUs pexXrMa, OCTAHOBKH WJIN peBepca auraressi. BoaMoxHo
MeXaHHUYECKOE M 3JIEKTPOMArHUTHOE TOPMOXEHHE C MCIIOb30BaAHUEM
MeXaHMIECKHUX TOPMO30B B KOHLIe TOpMoxeHus1. Jlnst pukcaium skops
JBUTATENST NPUMEHSITCSI MEXaHMIECKOE TOPMOXEHHE.

Paznuuaror Tpu cnocoba 371eKTpOMarHUTHOTO TOPMOXXEHUSsI JIBUTa-
TeJiell MOCTOSTHHOTO TOKAa: ¢ BO3BPaTOM 3HEPTUU B CE€Thb, AUHAMMYEC-
KO€E ¥ NMPOTHBOBKII0YeHHEeM. OHHM OCHOBaHbI Ha ITPUHLKIIE 0OPaTUMO-
CTU MallMHBI MOCTOSSHHOIO TOKA, KOTOpasi B 3aBUCUMOCTH OT CXEM
COeIUHEHUS ee 1ereil U IMoAKIIoOUEeHUsl UX K CeTH MOXeT padoTaTh B
peXXUMax JBUTATENs, TeHEpaTopa U 3JeKTPOMArHUTHOINO TOPMO3a.

PaccMoTpuM 3TH CroCcoOBI TOPMOXEHMSI MALUWHBI ¢ TiapauUlesib-
HBIM BO30YXIEHUEM, VHUBEPCAALHASA
xapaxkmepucmuka Kotopoii (9.13) mpu-
BeJieHa Ha puc. 9.42, 1 OTMETUM OCO-
GEeHHOCTH TOPMOXXEHHS1 IBUTATEJIEN C
nocjaegoBaTeIbHBIM U CMELIaHHBbIM

|
Pexum | Pexum
JIBUTatess | 3MeKTPo-
IMArHUTHOTO

I TopMO3a
Pexum |
BO30YXIEHHUEM. reHepaTopa
Topmoxcenue ¢ 6036pamom 3Hep- 0 < Yy
2ul 6 cembob OCYILIECTRISIETCS IIEPEBO-
JOM paboThl MalIMHBI ¢ Hapajlieib- Puc. 9.42
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HEBEIM BO30yXaeHHEM 0e3 OTKJIIOUEHUS OT CeTH U3 PEXMMA JBUTaTeNs B
pEXMM FreHepaTopa Npu YacToTe BPaLLEHUs! 1 IKOps OOJIbLLIe €r0 YacTo-
ThI BpallIEHMs A, «MIEQJIbHOTO XOJIOCTOTO Xona» (CM. puc. 9.34). Takoe
YCJIOBUE MOXET BO3HUKHYTh, HAlIpUMep, NPH JBUXEHUHU 3IEKTPOIOE3-
Ja nox ykiaoH. Eciaum yacrora BpalueHHst x> h,, To 3HadeHue BJIC E,
MpeBbICUT HamnpspkeHue cety U u Tok B obmoTke sikopst I, = (£;,— U)/R,
HM3MEHNT CBOe HanpasieHue. COOTBETCTBEHHO 3JIEKTPOMArHUTHBINA MO-
MEHT aKops (9.6) BMECTO BpaiLAOLIEr0 CTAHOBUTCA TOPMO3HBIM, T.€.
MaluHa Gyger paboTaTh B peXXMMeE reHeparopa, OTAaBasg 3HEPIUio B
ceTb. TOpMOXEHUE C BO3BpAaTOM 3HEPrUU B CETh HE MPUBOLMT K OCTa-
HOBKE $IKOpsI, a JIMLb OTPAHWYMBAET €r0 YacTOTy BPAILCHUS.

B gBuratensix ¢ mociegoBaTeNbHBIM BO30YXIEHMEM Takoe TOPMO-
XeHHe HEBO3MOXHO, TaK KAK 4acTOTa BpallEHUS H, — oo, )

B nBurartesne co cMelIaHHBIM BO36YXIeHEM U3MEHEeHNE HallpaBJie-
HMS TOKa SIKOpS MPUBOIUT K U3MeHeHHI0 Hanpasienuss MJIC noce-
[OBaTebHOM 0OMOTKH BO30YXAeHH s, YTO HEOOXONMMO YUUTHIBATH IPU
€ro TOPMOXEHHH C BO3BPATOM 3HEPTHH B CETb.

Junamuneckoe mopmoxcenue OCyUIECTBAsieTCsl NIEPEBOJOM paboOThl
MallWHBI C TapaJUieJIbHBIM BO30OYXIEHUEM M3 PEXHMa JBUTatellsi B
pexuM reHeparopa ciieayoimm obpasom. Llens Bo30yXAeHUA OCTAET-
Csl BKJHOYEHHOM B CeTh, a IeNb BPAIAIOIIETOCs SIKOPSI OTKJIIOYaeTCsl
OT ceTH U noakmoyaercs K peoctary R,. [lon neiicteuem DJAC E; ToK B
obMotke sikops I, = E /(R, + R,) uamensiet ceoe HarnpasieHue. Coor-
BETCTBEHHO 3JIEKTPOMArHUTHLIM MOMEHT (9.6) BMeCTO Bpalllaiollero
CTaHOBUTCSI TOPMO3HBIM. MalmHa HaurHaeT paboTaTh Kak reHepaTop
C HE3aBUCUMBbIM BO30yX1eHUEM (cM. puc. 9.19), npeobpa3syst 3anac Ku-
HETUYECKO#M 3HEPTY MIPUBOAA B 3JIEKTPUYIECKYI0 3Hepruio. [locnenHsis
B CBOIO Ouepelb NMpeoBpasyeTcs B TEILIOBYIO SHEPTHIO, PACCEUBAEMYIO
peoctatoM R,. SIKOpb MalllMHH TOPMO3WTCSI IO MOJHON OCTAHOBKH.
WU3MeHnstst conpoTupieHre peoctata R,, MOXHO IUIABHO PEeTyJIMpOBaTh
CKOPOCTb TOPMOXEHMSI.

AHAJIOTHYHO OCYILECTBISAETCS JMHAMUYECKOE TOPMOXEHWE JIBUTa-
TeJei ¢ MOCedOBaTENNBHBIM U CMELUaHHBIM BO30YXIEHUEM.

Topmoxcenue npomueoeKrouerHem oCylleCTBIETCA EPEBOAOM pa-
GOTH MallMHLI C TIAPAJLIeIbBHBIM BO30YXKICHHEM U3 peXUMa JBUrate-
Ji B pEXUM 3JIEKTPOMAarHUTHOro TopMo3a (cM. puc. 9.42). [TocnegHuii
BO3HUKAET, €CJIM LIeNH SKOPA U BO30YXIEHUS MalllMHBl COSAWHEHBI
Mexkay co0oil ¥ MOAK/IIOUEHbl K CETH JUISl CO3JaHUsl 3JIEKTPOMarHuT-
HOro MOMEHTa OJHOI0 HalpaB/ieHUs, a SKOpb Mo eiCTBIEM MOMEH-
TOB BHELUHMX CUJ WJIH MOMEHTa MHEpPLMM BpallAeTCsi B APYIOM Ha-
npaBjaeHny. PexyM 3;1eKTpPOMarHMTHOTO TOPMO3a Peain3yeTcst nepe-
KJIIOYEHUEM BBIBOJOB LIEMY BPALUAIOLIETrOCs SAKOPS, T.€. U3MEHEHUEM
HanpapJieHust Toka I, B ero o6MoTke. COOTBETCTBEHHO 3JIEKTpOMAr-
HUTHBIA MOMeHT skops (9.6) Takke HM3MeEHSieT CBOE HaINpabjieHHeE,
KOTOpPO€ CTAaHOBMUTCSI IPOTHUBOINOJIOXKHBIM HANPaBJICHUIO BpalieHUst
SIKOP# 1O AEICTBHEM MOMEHTA BHEIITHMX CHJI WM MOMEHTa WHEPLIMH.
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Hanpasnenue D/1C sikopsi OTHOCUTETBHO €T0 BEIBOJIOB OCTAETCS! HENU3-
MEHHEBIM, HO BBUAY UX NEPEKIIOYEHHUs] OTHOCUTEJILHO BBIBOAOB CETH
ypaBHEHHE 3JIEKTPUUECKOTO COCTOSIHUS! LI SKOpA OyeT MUMETh BUJL

E .+ U=(R,+ R)I, (9.19)

rae R, — conpoTuBieHHE J0GABOYHOIO peocTaTa Ajisi OrpaHUYeHUS
TOKA SIKOPH. :

YMHOXUB cjiaraeMbie ypaBHeHus (9.19) Ha BemuuHy [, NOXY4YUM
ypaBHeHuHe GanaHca MOLHOCTEH

E,l,+Ul, = (R, +R,)I2, (9.20)

W3 KOTOPOTI'O CEIYET, YTO IMPHU TOPMOXKEHU W MPOTUBOBKJIOUEHHEM 3JIEK-
TpHYecKasi SHeEpPrus, oTOMpaeMasi U3 CeTU, U MEXaHHYeCKas IHeprus
BHELUHUX MCTOYHMKOB, BPALAIONMUX SIKOPb, NpeoOpa3yiorcst B TEILIO-
ByI0 3Hepruo. Eciu MexaHudveckass 3Heprusi BHELLHHUX WCTOYHHKOB,
BpaLIAIOLIMX SIKOPb, OTPAHMYEHA, TO 110 MEpe €€ YMEHbLIEHUS JacToTa
BPaLLCHUS SKOPA Takke OyJeT YMEHBLIAThCS A0 HYJIEBOrO 3HAYCHMS.
Ecny npu 310M He OTK/IIOYUTh MAllMHY OT CETH, TO OHa Meperner B
PEXUM ABUIATE/Isl U HAUHETCS PA3TOH SIKOps B 06paTHOM HalpaBJIeHUH.

TopMoXeHUEe MPOTHBOBKJIIOUEHUEM BO3HHUKAET, Hamnpumep, npu
OIlyCKaHUM Ipy3a, KOrjla MOMEHT BHELUHMX CUJ (Bec rpysa) GospLue
HaNpaBJIEHHOTO €My HaBCTpedy 3JIEKTPOMarHMTHOTO MOMEHTa MOJIbeM-
HOI MaLIMHBI TOCTOSIHHOTO TOKa. Mi3MeHsisi cConmpoTuBieHre peocTaTa
R, B 1IENM SIKOP$L, T.€. HAKJIOH YHUBEPCATBHON XapaKTEPUCTHKHU (CM.
puc. 9.42), MOXHO PETYJIUPOBATh CKOPOCTH IMOJbeMa M OIMYCKAHMSA
rpysa.

AHAJOTHYHO OCYLIECTBIIAETCS TOPMOXEHHE MPOTHBOBK/HOUYEHUEM
JIBATATENIEl ¢ MOCIEeNOBATENbHBIM 1 CMELUIaHHBIM BO30YXIEHHEM.

9.17. 3uepreTnueckuin 6anavc n KN mawmx
MNOCTOSIHHOIO TOKa

Pa6oTa MalMHbBI MOCTOSTHHOTO TOKA COIPOBOXIACTCS NOTEPSIMU B
He# 3HEeprum.

Ha puc. 9.43, a v 6 npuBeneHs! AuarpaMMbl peobpasoBaHuist IHep-
MM B reHeparope M asuratene, Ta€ Pe., — MONIHOCTb NOTEPh Ha
MEXaHHMYECKOE TPEHHE LUETOK O KOJUIEKTOp, B MOJLIMITHUKAX U IP.;
P, — MOILHOCTb NOTEPDb B CepAeYHUKE sIKopsi (B CTAIHM), BpamaioLie-
rocst B MAarHUTHOM I10JTe€ TJIaBHBIX MOJIIOCOB, Ha TUCTEPE3UC ¥ BUXPE-
Bbie TOKM; Py, ¥ Py, — MOLIHOCTH MOTEPh Ha HArpeB NpPOBONOB
0OMOTOK BO30YXIEHHUS U AKOpst; P, — MOLIHOCTb 3JIEKTPOMAarHMTHO-
ro npeoGpa3oBaHus B reHepaTope (ABUraTejie) MEXaHUYeCKON (amex-
TPUYECKOIi) SHEPTMH BHELUIHETO NCTOYHMKA B JJIEKTPUYEEKYIO (Mexa-
HUYECKYIO) 3HEPTHIO (CM. Toapas. 9.4); Pyex — MOLIHOCTH UCTOYHUKA
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(npyieMHMKa) MEXaHMYECKOI SHEPTUHU Ha BaJly IKOpA reHepaTopa (iBu-
ratrens); P, — MOWIHOCTb MCTOYHHKA (NMpHEMHHUKA) SJTEKTPUIECKOUN
3HEPTHH, IOAKITIOYEHHOTO K BBIBOJIAM 1ieNH ABUTATENS (reHepaTopa).

KpoMme niepeuncieHHbIX BHIOB NTOTePhb B MalliHAX MTOCTOSSHHOI'O TOKA
CYHIECTBYIOT TPYAHO TOANAIOIHMECS KOJIWHYECTBEHHOM OlleHKe goba-
BOYHBIEC MOTEPH IHEPTHM, HATIPUMeEP, Ha THCTepe31C U BUXPEBBIE TOKH
B MOJTIOCHBIX HAKOHEYHUKAX BCJIEACTBHE MYJIbCAllMH B HUX MAarHUTHOM
VHAYKLHAH TOJIST U3-3a HAJIMYYS Ma30B B CepAeYHHMKe BPAILAIONIETOCs
SAKOPS U JAp.

Pa3znmnuaroT nepeMeHHYI0 U MOCTOSIHHYIO, T. €. 3aBUCSIIYIO M HE 3a-
BUCSIUYIO OT HArpy3Ku MallWHbl, COCTABJISIONINE MOIIIHOCTH MOTEPb.

MouwHocme nepemennvix nomeps paBHa MOIIHOCTH IOTEPb B HEIH
sxopst (oo 10 % HOMHUHAJIBHON MOILIHOCTH).

MowHocme nocmosintbix nomeps COCTaB/ISLIOT OCTAJIbHbIE BUIBI I10-
Tepb (1o 12 % HOMMHaIBHON MOIITHOCTH).

BbdekTuBHOCTD NMpeoGpa3oBaHus 3HEPrUy U3 OJJHOTO BUIA B APY-
roil MalIMHOM MOCTOSIHHOTO ToKa onpexnensierca ee KIJT

n:%loo %,

1

rae P, 1 P, — MOIITHOCTH NPUEMHHKA M UICTOYHMKA 3HEPTHH.

KI1 MalMHB NOCTOSHHOTO TOKA 3aBHCUT OT €€ Harpy3ku 1 HoO-
MuHanbHOU MoujHocTU. IIpn HoMuHanbHOM Harpy3ke KIIJ mammH
Gonpiroii mowHocTH (1000 xBT 1 Gostee) mocturaer 96 %, a MauH
Manoi MomHoctH (o 10 Br) — 30—40 %.

9.18. KonnekropHble ABUrarenu CUHyCOMAAaNbHOro ToKa

Haubosnee LieHHBIM CBOMCTBOM JIBUraTesieid MOCTOSIHHOIO TOKA SIB-
JIAETCA BO3BMOXKHOCTD IJIaBHO ¥ 3KOHOMHMYHO pPEryJMpoBaTh UX peXu-
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MBI paGoTel. ONHAKO 3JEKTpUYECKasd SHEPrusi B NPOMBILLUIEHHOCTH
BLIPAGaTHIBACTCSI FeHEpaTOpaMM CHHYCOMAAIBHOTO TOKA U JUISL IPUMe-
HEHMs ABUTaTeNell MOCTOSTHHOTO TOKa HEOOXONMMBI peoOpa3oBaTe/in
CHHYCOMJAJIbHOTO TOKA B NOCTOSTHHBIMH. DTO YCJIOXHSET MPUMEHEHHE
JIBUraTesieii MOCTOSTHHOTO ToKa. 11o3ToMy ecrecTBEHHBI ONBITKY pea-
JIN30BaTh paboTy KOJUIEKTOPHOTO ABHMTraTeNisl HENOCPEACTBEHHO B LIETIH
CHHYCOMIAJILHOTO TOKA.

Ecnu opHOBpeMeHHO M3MEHSITh HanpaB/ieHUs MATHUTHOTO MOTOKA
[JIABHBIX ITOJIIOCOB U TOKA B LIETIH SIKOPS [BUTaTeIst TIOCTOSTHHOTO TOKA,
TO HalpaBJICHUE €r0 BPalLAIOLIEr0 MOMEHTA HE U3MEHSETCS.

B nBuratene mocTosIHHOTO TOKAa ¢ MapalieIbHBIM BO36YXIeHWeEM
WHIYKTUBHOCTb OOMOTKH BO30OYXI€HMSI ¢ GOJBLIMM YMCIOM BHTKOB
MHOTO0 60Jibllle UHAYKTUBHOCTH Lienin sikops. [1pu BKIIOYEHMH TaKOTO
JIBUTraressl B LieNb CHHYCOUJANBHOTO TOKA TOK B OOMOTKe BO30yXie-
HYS, 4 CIeJOBATE]IbHO, U MAarHMTHBIN MOTOK MIABHBIX ITOJIOCOB OYIyT
oTcTaBath 10 ¢hase OT TOKa B HEMU sikops Ha yron m/2. [Ipm 3TOoM
3HAQYEHHWE CPEJHEro BpAILAIOLET0 MOMEHTa CTaHOBHUTCS OJIM3KMM K
HYJIIO.

I'Ipy BKJIIOYEHHM B LENb CUHYCOUIAJIBHOTO TOKA JIBUTATENS TOCTO-
SIHHOTO TOKAa € MOC/E€A0BATEIbHBIM BO30YXIEHUEM CUH(pA3HOCTb M3-
MEHEHUS HallpaBJ€HWI MAarHUTHOTO NMOTOKA TJIABHBIX MOJIIOCOB M TOKA
B LIETIU SIKOPSt peau3yeTcsi aBToMarnyecku. [1o3ToMy oH MoxeT pabo-
TaTh B lIeNM CUHYCOMIAJIBHOIO TOKA, HO XYX€, YeM B LIENU MOCTOSTH-
HOTO TOKa.

IlepeMeHHOE MarHWTHOE IOJI€ TJIABHBIX MOJIIOCOB YXYILIAET YCJIO-
BUSI KOMMYTalLlMM, UHIYLHUPYS B KOMMYTUPYeMO#M ceKluy (CM. MOA-
pasn. 8.7) JONMOTHUTENBHYIO «TpaHchopMaTopHyio» DAC u yBennuum-
Basi IOTEPH 3HEPTUM HAa TUCTEPE3UC M BUXPEBBIE TOKUM B CTAHHHE M
[JIABHBIX MOJIIOCAX, @ 3HAYMTEbHBIE MHIYKTHBHBIE COIPOTHBJICHUS
06GMOTOK BO30YXAEeHHUS M SIKOPsi YMEHBLIAIOT 3HaYeHe KOaphuIeH-
Ta MOIJHOCTH COS @.

Jist paGoTel B LIeNW CHHYCOUIAILHOTO TOKA pa3paboTaHbl CHelu-
ajbHbBIe KOJIJIEKTOPHBIEC ABUTATENU C MOC-
JlefoBate/ibHBIM Bo36yxneHneM. Ux cra-
TOP BBINOJIHEH B BUJ/IE MTOJIOT0 LIWIMHIpa
U3 JIMCTOB 3JIEKTPOTEXHUUYECKONU CTaIn
(puc. 9.44), B nazax KOTOPOro pa3Meile-
HbI OOMOTKH BO30YXIEHUS Wy, KOMIIEH-
CallMOHHAst Wy M JOTIOTHUTEIIbHBIX MOJTIO-
coB (Ha puc. 9.44 He nokaszaHa). KoMneH-
CcalMOHHasi 06MOTKa COCAMHSIETCS 110CTIe-
JOBaTeIbHO M OudUISpHO ¢ 0OMOTKOI
stKopsl w, (CM. puc. 9.16), yTo yMeHbll1aeT
WHAYKTUBHOCTDb LIENU SIKOPS U YBEJINYM-
BaeT KO3(pPULMEHT MOILIHOCTU IBUIaTe-
JIS1 COS . Puc. 9.44
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JInst yMeHbLUeHNA BausiHusA TpaHcdopmaTtoproii 9J1C Ha ycnoBus
KOMMYTAIIUK CEKIIMM OOMOTKH SIKOPSi KOJUIEKTOPHOM MAaLUIUHBI CU-
HYCOMJIAJTBHOTO TOKA BBIMOJIHAIOTCS C MEHBLIMM YHMCIOM BUTKOB, a
yucio cekumnil yseanunsaeTcsl. COOTBETCTBEHHO YBEJTMUMBAETCS YUC-
JIO a30B Ha cepaevHUKe SIKOPS M YUCIO TUIACTUH KOJIEKTOpa («60JIb-
L0 KOJUTEKTOp»). PaluKaabHBIM CpeACcTBOM YMEHBbLIeHUs TpaHchop-
maropHoii BJ1C aBisieTCsi CHUKEHHE YaCTOTbl CHHYCOMJAJIBHOIO TOKA.

KosutekropHbie ABHraTesld CHHYCOMAAIbHOIO TOKa GONBLIONA MOLL-
HOCTU C peryjiMpyeMoi 4aCTOTOM BpalleHUs AKOPSA HUCTONB3YIOTCH B
KayeCTBE TSTOBBIX JBUTAaTeNled Ha S3JIEKTPOTPAHCIOPTE MPU YacToTe
HanpspkeHust mutanus 50 T, 25 Tu u 50/3 = 162/ T'i; Masioit Mo1HO-
CTH C HeperyJupyeMoil 60JIbllioi 4acToTol BpalleHust AKopst (6oJiblLie
3000 06/MUH) — B 3TEKTPOMHCTPYMEHTAX, MbUIECOCAX, BEHTHJISATO-
pax u ap. :

9.19. BecKOHTaKTHbie (BEHTWU/IbHbIE) ABUraTenu
MNOCTONIHHOIO TOKa

becxormaxmubimu (6enmunvhbiMu) ABUTATENISIMM NTOCTOSHHOTO TOKA
Ha3biBaIOTCHA JABUTATENIN, B KOTOPBIX OTCYTCTBYET MEXaHUYECKUIA KOJI-
JIEKTOp B LIENM MMHUTaHUSI OOMOTKHU SKOPsl, a8 MEPEKIIOYEHUsT B LIENU
AKOpsI 00€eCeynBaloTCs C MOMOIIbIO YIPaBASEeMBIX KIIOUYEH (BEHTH-
Jieil) Ha OCHOBE ITOJIYITPOBOAHUKOBHIX MPUOOPOB.

BeHTHIbHBI JBUTATENH BHIMIOIHAETCS MO NPUHLIUIYY 0OpanieHHOM
MalUMHH ITOCTOAHHOTO TOKA, T.€. OOMOTKa SIKOpst pacliojlaraercs Ha
crarope, a 06MOTKa BO30yXIeHHUsI ¢ NoJliiocaMU — Ha potope. O6MOT-
Ka SIKOps MOJKIIOYAETCS Yepe3 CUCTEMY YIPaBAsiEMbIX BEHTWIEH K
WCTOYHHKY NMUTaHus HanpspkeHueM U, mogo6GHO ee NMONKIIOYEHHIO B
MalllfHaX MTOCTOSTHHOTO TOKA.

Ha puc. 9.45, a v 6 npuBeaeHH NMOCJIEN0BATEIbBHOCTY BKIITOUECHUS
KJHOuYel M nonsipHocTeil MAarHMTHBIX MOJIIOCOB CTATOpa BEHTWILHOTO
JIBUTATENSl ¢ HE3aBUCUMBIM BO30OyXaeHneM. ECIM NpU BKITIOYEHHBIX
BeHTWIAX VSI n VS'3 poTop ABUraresst 3aHUMan TMOJOXEHUE, YKa-
3aHHOe Ha puc. 9.45, a, To nocie BKOYEHUs1 BenTuleil VS2u VS'4
¥ BHIKTIOUEHUs BeHTWIER VST u VS’ 3 potop nosepHeTcst Ha yrou /2
MPOTUB HAINPAaBJIEHUs IBVXKEHUSI 4aCOBOU CTpeJIKH M T.[. YIpasie-
HHE KJIIOYaMM OCYILECTBIAETCA NaTYNKOM MoJIoXeHus poropa. Ilo-
clieHui npeacTapiasieT CoOOOM NMOCTOSIHHBIA MArHuT, 3aKpETUICHHBIN
Ha BpaujammeMcst Bajay apuratens. [Ipu 3ToM MarHuTHOE Tojie Mar-
HUTa BO30YXIaeT B GeCKOHTAKTHBIX JAaTYMKaX, PaCllON0XEHHBIX BAOJIb
COOCHO#1 C BaJIOM OKPYXXHOCTH, UMITYJIbChI HANpsiKEHUs 151 yIpaB-
JleHust BeHTunAMU. B KadyecTBe GeCKOHTAKTHBIX JATYUKOB MCIOJIb3Y-
10TCS AATYMKY XoJ1j1a WM HHAYKLMOHHBIE AaTYUKH (CM. moapas. 5.11).

Majioe YHCIIO BBIBOAOB OOMOTKM SIKOPS YIIPOIIAET KOHCTPYKLIMIO
BEHTUJIBHOTO JBHraTelisi, a OTCYTCTBHE KOJJIEKTOpA I1O3BOJISIET IIPH-

256

+OVS U o
[AY
2 e
To1spHOCTD MATHHTHBIX [OJIOCOB
craropa
OTKpHITHIE OOMOTKM SIKOpA
BOHTWIM | oy | wy | w3 | ws
'ﬁf) 3 Vs'3 vsi, vs3| S | N| N | S
“r Dﬁ) vs2, ViS4 N | N | s | s
Na A (v vsi{N s | s N
Vst oenl |vsevsz|s | s | N| W
a 6

Puc. 9.45

MEHSITb €70 B TSDKEJIbIX yciaoBusx pabotel. Ha ux oCHOBe M3roToBJs - -
I0TCH CrelHajibHble ABUraTesd /ISl SKCIUIyaTalliM B XUIKHX CpeAax
(HacocChl, TNOMIIBI).

3AAAYU U BONPOCHI A1 CAMONMPOBEPKU

9.1. IToueMy cTaHHMHY MalLMH FIOCTOSTIHHOTO TOKA M3TOTORJISIIOT M3 JIMTOM
CTa/IM, a SIKOPb M MOJIOCHl — M3 CTAIbHBIX JIMCTOB?

9.2. 115 KaKoi LEJM 3JIEKTPUYECKME MAIIMHBI NIOCTOSIHHOTO TOKa CHab-
KAKOTCH AONOJIHUTEILHBIMU TIOJIIOCAMM?

9.3. Yem paznuyarorcsi 0OMOTKU BO3OYXAEHMSI MALLUH NTOCTOSIHHOTO TOKA
C TIapauIesibHBIM M TIOC/ieoBaTe/ibHbIM CITOCO0aMu BO30YXAEHUS?

9.4. TToueMy ABMTATENM C MTOCJIEAOBATENILHBIM BO3OYXXIEHUEM MPUMEHSIIOT
B Ka4yeCTBe TSATOBBIX Ha 3JIEKTpOTpaHcnopre?

9.5. INouemy HeponycTuMa paboTa ABUraTesisi C MOCIEIOBATENIBHBIM BO3-
OyxmeHueMm O€3 Harpy3ku Ha Bany?



rMABA 10
SJNIEKTPUHECKME ANMNAPATbI ABTOMATUKU
U YNPABJIEHUSA

10.1. OOwmMe cBepeHNa

DrieKTpUYECKUe arnaparbl aBTOMATUKY ¥ YIIpaBjIeHUs] OCYIIECTB-
JITIOT HENEPUOANIECKYI0 KOMMYTALIMIO B 3JIEKTPUIECKHX LIETISIX B 1ie-
JISIX 3aILMTHI OOOPYIOBAaHUSA U PETYITUPOBAHUSI TEKTPUIECKUX HArpy-
30K. PazinuaroT 3JeKTpudecKue arnmnapaThi BHICOKOTO (OT €IUHHUL A0
750 kB u Bblie) 1 Hu3koro (mo 1000 B) HampsikeHuid. Anmapartot
BBICOKOTO HaMNpsDKEHHsSI PACCUMTHIBAIOTCS HA OTKJIIOYEHUE TOKOB J0
COTEH KWIoaMIlep M 31ech noapobHo paccMaTpuBathes He Gynyt. Cpe-
U anmapaToB HU3KOro HaTpsKEeHUs pasiMJaloT annapaThl aBTOMaTh-
KH M anmnapathl YIIpaBIeHUs.

Annapamer aemomamuxu (pelie, NaTIVNKU, PETyJISTOPbl U IP.) KOM-
MYTHPYIOT TOKH JI0 5 A IpY HAMPSKEHUSIX 10 COTE€H BOJIBT U UCMOJb-
3yI0TCA B LIENSAX aBTOMATUKU.

Annapamu ynpaensenuss KOMMYTHPYIOT TOKH OoJiee 5 A nipu Hamnpst-
xeHusx 0o 1000 B B cuyioBBIX LIENSIX ABUTaTeNiei, reHEpaTopoB, Ha-
rpeBaTebHLIX YCTPOMCTB U fip. PasnuualoT annapars! YIIpasieHuUsI py-
€MHHMKAaMH 3JIEKTPO3HEPIrMY B HOPMaJIbHBIX pexumax paboThl (KOH-
TAKTOPbl, MArHUTHHIE IyCKaTeIM, KOMaHIOAMNIApaThi) X anmnapaTsl
pacnipegeneHus 3JEKTPOIHEPIUM U €€ OTKIIOYEHUsI B aBAPUIMHBIX pe-
XKuMax (aBTOMAaThl, NpedoXpaHUTENU, PyOWIbHWKU, MAKETHHIC Bbi-
KJHOYATEJIH).

DekTpUUECKUEe annaparsl H3roTOBJSIOT Ha HaHboJIee pacipocTpa-
HEHHBIE 3HAYeHUSI HOMUHAIBHBIX HAINPsSKeHUIA: B LENSIX CUHYCOM1aJTb-
Horo Toxa — 24, 36, 127, 220, 380 B; B nensx noCTrosHHOroO TOKa —
12, 24, 48, 110, 220, 440 B. PacnpocrpaHeHHbIE 3HaY€HUs] HOMM-
HaupHbIX TOKOB: 0,1; 0,2; 0,5; 1; 6; 10; 25; 40; 63; 100; 160; 250; 400;
630; 1000 A.

DNIEKTPUYECKHUE aNapaThl B MECTaX YCTAHOBKU COSMUHSIOT HEM30JIU-
POBaHHBIMH LIMHAMM, YKPeTJIeHHbIMH Ha M30JISITOpaxX, WK KabesaMMu.

B tpexdasHBIX Lernsix MUHBL AOMXHBI ObITh OKpAILEHB! B OMpese-
JIEHHBIN 1BeTa: aza A — B XeNThlii, paza B — B 3eyeHblii u paza C —
B KPACHBIN; HEUTpaJIbHbIE IIMHBL; NIPY W30JIMPOBAHHON HEUTpaid — B
OeJblii, MPU 3a3€eMJIEHHON HEUTpaiu — B YEPHBIN.

B 1ensix nocTossHHOrO TOKA IIMHA MOJIOXKUTEJIbHOM MONSAPHOCTH —
KpacHasi, OTpULIATeNIbHOM — CUHsIsA, HeliTpaip — Genas.
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10.2. MexaHn3M 3/1eKTPUYECKOro KOHTaKTa

Konmakmom Ha3pIBaeTCsl MECTO MEXaHMYECKOI'O COEAMHEHUs TO-
KOBEAYLIHX 3JIEMEHTOB 3JIEKTPUUYECKOI 1lenH, MpeaHa3sHaYeHHBbIX I
€€ 3aMBIKAHMA WIM Pa3MbIKaHMs. Pa3inyaloT KOHTaKThl HEMOJBMX-
Heie (puc. 10.1, @) u nogerxkHeie. [TocnenHue pa3nensoTCs Ha CKOJIb-
351IME U CTBIKOBBIE. THUNOBasi KOHCTPYKLIMSI CKOJIB3SIIIET0 KOHTAKTA
(puc. 10.1, 6) conepxuT NOABHXHBIN KOHTAKT I 1 BuiKy 2. Haxarue
KOHTAKTOB 00eCneYnBaeTCsl yIPyrocTho MaTepHaia BUJIKHY M TUIOCKUX
npy>uH 3. B KauecTBe CTHIKOBLIX HCIONIB3YIOTCA MOCTHKOBBIE KOHTaK-
T (pHc. 10.1, ) u Ap. A4 yBenuueHuss U3HOCOCTOHKOCTH MPUMEHS-
10T PBIYAXKKOBBIE KOHTAKTHI C MEPEKATHIBAHWEM OJHOTO KOHTaKTa OT-
HocHuTeNbHO apyroro (puc. 10,1, ¢). B pa30MKHYTOM COCTOSIHMM TOA-
BHXHBIM KOHTAaKT ] HAXOAMTCS OTHOCUTEIBHO HEMOABIZXKHOTO 2 B YKa-
3aHHOM Ha puc. 10.1, ¢ nonoxenunn. Hayano conpMkoCHOBEHHSI KOH-
TAKTOB TP MX 3aMBIKAHWH MPOMCXOAHUT B TOUKE A, a MpH JOXATUU
TOYKA CONMPUKOCHOBEHUSI KOHTAKTOB IlepeMeliaercs B Touky B. B pe-
3yJbTaTe KOHTAKTHI MEHBIIE MOJIBEPTAIOTCs 3PO3UU OT 3JIEKTPUIECKOM
nyri. Jlns yCKopeHUsl ee rallieHUsl IpH pa3MBIKaHWMM KOHTAKTOB I1pH-
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MEHSIIOTCSL «pOra» 3, BIOJb KOTOPBIX Ayra NepeMeilaeTcsi, pacTsarupa-
€TCsl U TacCHeT.

OTKII0YEHUE NIEKTPUYECKOMN 1€ HE MOXET ObITh MTHOBEHHBIM.
ITpu pa3pbiBe LeNM TOKa HEU30EXHO BO3HUKHOBEHHME OOsbLIEH Win
meHnbiei DJIC camouunykiumu (3.19). Ioa aeiictBueM atoit DAC u
HaIpsSDKeHUsi CeTH MPOMEXYTOK MEXAY PacXOMSIIMMUCS KOHTaKTaMU
npobuBaeTCs ¥ BO3HUKAET AJIeKTpUYecKas ayra. Beicokas TeMneparty-
pa ATy NPUBOAUT K Pa3pylIeHUIO WM CBAPMBAHUIO KOHTAKTOB. Oco-
GeHHO OINacHO JECTBME AOYTM B annapaTax BbICOKOTO HalpsiKeHMS
MPU OTKJHIOYEHHMSAX TOKOB KOPOTKOIO 3aMbIKaHMS.

OTKiII09eHHe 1LEMel CHHYCOMAAIBHOTO TOKA CYIIECTBEHHO YITPO-
ILAETCA, TAaK KAK CUHYCOWJAIbHBII TOK NMEPUOAUYECKH TNPUHUMAET
HYJIEBOE 3HAYEHHE, YTO MTPUBOAUT K rallleHUIO JyTU. 3HAYUTENBHO TPY-
Hee OTKITIOUEHME lierieil MOCTOSHHOTO TOKa BBICOKOTO HATPSIKEHMSI.
Beixiriogaresid NOCTOSTHHOTO TOKA JOJIKHBI OBITh pacCUYMTaHBI Ha IO~
mIoLeHHe 3HAaYMTEJIbHON SHEPTHH, BBLAEJISIIONIECICS MPH JUIMTEIBHOM
TOpEeHWH AYTH MOCTOSTHHOTO TOKA.

10.3. 3nexTpomexaHnueckue pene

Snekmpomexaruyeckoe pene, najee NpoCcTo peie, NMPEACTABISIET CO-
OOl 3NEKTPUYECKMIA anmnapar, COCTOSILIMN U3 U3MEPUTESIbHOM U UC-
MOJTHUTEJIbHOM YyacTei uiu ycrpoiict. Ilpu neiictBun Ha M3MePUTEITb-
HOE YCTPOMCTBO 3JIEKTPUUYECKOM BEJIMYMHDBI YIIpaBJeHUsl (TOK, Hanpsi-
XeHHe U JIp.) ONpeie]IeHHOro 3HaYeHNs pefie CpabaThiBacT 1 ero UCIo-
HUTEJIBHOE YCTPOKCTBO, COAEPXKALLEE KOHTAKTHI, TTPOM3BOINT KOMMYTa-
LIMIO BCIIOMOTAaTENBHOM 1IeMH ONEPATUBHOTO TOKA, KOTOPBI NPUBOANT
B AEHCTBME 3JEKTPOIPUBOJIBI BBIK/IIOUATENIei GONBbLIOH MOLLHOCTH.

Toku, KOMMyTHMpYEMBIE pejie, OOBIYHO He IpEBLILIAIT 5 A npH
HanpspKEHUSIX JIO coTeH BoJibT. [To3ToMy ycioBusi paGoOThl KOHTAKTOB
peJie JieTKue, a ero pabouyre XapakTepUCTUKH OMPENEIIOTCS H3MEpU-
TENIbHBIM YCTPOICTBOM.

3HaueHue 3INEKTPUUECKON BeJIMYMHBI YIpaBIeHUs, MPU KOTOPOii
NPOUCXOAUT cpabaTbiBaHUE peJie, HA3bIBAETCH napamempom cpabamui-
6aHUs, WIN YCMA6Koli, a OTIIyCKAHUE peJie — Hapamempom e03epama
(HampuMep, ToKu cpabarbiBaHust L, ¥ BO3BpaTa I,,).

[To xapakTepy 37eKTpHYECKOI BEJIMYMHBI YIIPABAeHUs pa3MyaioT
peJie TOKa, HalpsKeHUsi, COMPOTHBIEHUS (pearupyioiliee Ha OTHO-
LIIEHWE MEXIY 3HAYEHUSIMM TOKA M HaMpsDKEHWS!) U MOLLHOCTH.

B 3aBHCHMOCTH OT XapakTepa H3MeHeHHsl 3JIEKTPHUYECKOM BeTMUIH-
HBI YIIPABA€HUSA, BBI3bIBAIOILEH CpabaThiBaHUE peJie, pasiuyaloT peJie
MaKCUMaJjlbHble, MUMHMMabHble U AuddepeHLIaIbHBIE.

Markcumanvroe pene cpabGaThiBaeT, KOria 3HaUYeHHE 3JTEKTPUUECKOI
BEJIMYUHBI YIIpaBJaeHUs (Hanpumep, TOK) OOJiblu€ 3HA4YEHMs, OIpe-
JEJIEHHOIO YCTaBKOM.
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Munumanvtoe pene cpabaTbiBaeT, KoTna 3HaUYe€HUE 3JIEKTPUYECKOM
BEJIMMUHBI yNpaBieHus1 (HarpuMep, HampsbkKeHUE) MEHbLUE 3Haue-
HUsI, OINpeAeeHHOTO YCTaBKOI.

Aughdpepenyuanvroe pese CpabaThIBAET, KOTJa Pa3sHOCTb 3HAYECHUI
JIByX CpPaBHHBaeMBIX OJIHOMMEHHBIX JIEKTPUUYECKUX BEJIMIUH YIIPaBJie-
HUAl JOCTUTAET 3HAYEHUsI, ONPEAEIEHHOTO YCTaBKOM.

Llnpoko pactipoCTpaHEHBl TaKX€ pele 6peMeHi, KOTOPbie UMEIOT
BO3MOXHOCTb PETYJIMPOBATh B IIMPOKUX NpeesiaX BblAEPKKY BPEMEHH
OT MOMEHTa JOCTMXEHHS 3JIEKTPMUECKOI BeTWUYMHON YIpaBieHUst
3HAYEeHMs] YCTaBKM JO MOMEHTA 3aMbIKaHUsI KOHTaKTOB. Y CTpOMCTBa
BBIEPXKH BPEMEHHM MOTYT BCTPAauUBaTbCS B peEJIE TOKA, HAIpsiKe-
HUS U JAp.

OCHOBHBIMHM apaMeTpaMu peJie SIBISIOTCH:

o YYECMBUMENbHOCMb — MHUHHUMAIbHOE 3HavYeHWe 3JIEKTPUYECKOMN
BEJIMYUHBI YIPaBJIeHUs, IPMBOASIIEE K CpabaThIBAaHUIO PEJic;

o KO3(hhuyuenm 6o3zepama — OTHOLLIEHWE 3HAYEHUI 3JIEKTPUYEC-
KO BeJIMUMHBI YITpaBJieHUs, BhI3BIBAIOILHMX OTITYCKaHME M cpabaThiBa-
HUE peJie;

o Gbicmpodeiicmeue — UHTEPBAJI BPEMEHU OT MOMEHTA NOCTUXKEHUS
JIEKTPUYECKOU BEJIMYMHOM YIpaBIeHUs] 3HAYECHHUsI YCTABKH 10 MO-
MEHTA 3aMBbIKAHUS WM pa3sMbiKaHUsSI KOHTakKToB (10 0,05 ¢ mist 6picT-
poneictBytonmx v 0,15 ¢ 11s1 HOpMaJIbHBIX peJie);

o KOMMYMUpYyemas MOWHOCMs — NPOU3BeAeHe MaKCUMAJIbHBIX 3Ha-
4YEeHMI1 TOKA MPH 3aMKHYTBIX ¥ HaIIPSKEHUS] NIPU PA30MKHYTHIX KOH-
TaKTax.

Hau6onee pacnpocTpaHeHbl 37IEKTPOMarHUTHBIE, B TOM YHCIIE T10-
JNISPU3OBaHHBIE 1 MAarHUTOYIpaBJsieMble, U TEIUIOBBIE pEJie.

DneKkTpoMarHuTHbIE pee. Takue peyie NpUBOASTCS B NEHCTBHE IEK-
TPOMArHUTOM IMOCTOSTHHOTO MJIM CMHYCOUIAbHOro ToKa. PaccmMorpum
NIPUHLIMI AEUCTBUS pejie TOKAa Ha OCHOBE 3JIEKTPOMAarHuTa CHHYCOHU-
JansHoro ToKa (puc. 10.2). Katyuka
C YKCJIOM BUTKOB W BKJIIOYEHA I10O-
cJleloBaTeNIbHO B LIENb TOKA YIIpaB-
nenus iy,. Ee MIAC iy, w Bo36yxaaer
B HEpa3BeTBJIEHHONH MAarHUTHOM LieNH
MarHuTHBI MoToK P, 3aMBIKalO-
1uiicss yepe3 MarHuronporon /,
SIKOpb 2 M BO3AYLIHBINA 3a30pD LUH-
puHoii 8. [Ipu 3TOM Ha SIKOPb Jeit-
CTBYET 3JIEKTpOMarHuTtHas cuna F,,,
MPUTATHBAIONIAS €T0 K MarHUTOIPO-
Bony. Eciu 3HavyeHME 3JIEKTpOMar-
HUTHOI CHJIBI NPEBBICUT 3HAUEHUE
CWJIbl BO3BPATHOI NMPYXUHBI Fyp,, TO
pene cpaGoTaeT U KOHTaKThl K pa-
30MKHYTCH. Puc. 10.2
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—o K o Ilonspusoeantoe pese NMPUBOAUT-
1 Csl B AEHACTBHUE B 3aBUCMMOCTH OT 3Ha-
YEeHHMsI M HalpaBJeHHUsi TOKAa yIpaB-
JieHMs Iy; B OOMOTKE 3JIEKTPOMAarHu-
T1a. KOHCTpYKIIMSI M 3JIEKTpHYecKas
T 3 cxeMa MOJIIPU30BAaHHOIO peJie MpH-
| BezieHb! Ha puc. 10.3. B HepasBeTBIIeH-
w HYI0O MArHUTHYIO LieNb peJie BCTPOEH
| L MOCTOSTHHBIM MarHuT. I1ycTh npu oT-
CYTCTBMM TOKa ynpaBJieHus iy, B 06-
~o MOTKE€ C YMCJIOM BHUTKOB W MarHHT-
S 2 HbIil MMOTOK MOCTOSIHHOTO MarHuTa
““““““““ paBeH @, ,,, a MATHUTHHIN MOTOK Cpa-
6aTbiBaHus pese — Pgpp6> D, . Tor-
Puc. 10.3 Ja IpM COIJIACHOM (BCTpEYHOM) Ha-
MpaBICHUH MarHUTHOTO 1moToka @, ,,
u MJIC ynpasnenus iy,w 6y)1€T (He 6yneT) MpPOMCXOMUTh CpabaThiBa-
Hue peJie — pa3MblKaHHe XKOHTaKTOB K. [1puueM pere Oyner cpabaThb-
BaTh Npy ManoM 3HaueHun MIIC i, w, HeoOxonuMOM A BO30yXie-
HUSi MAJIOFO MarHMTHOTO NOTOKA ynpapieHUs: Oy, = Dypq— Dy, . OTO
onpezensieT BHICOKUE YyBCTBUTENILHOCTD 110 MIIC i w (10 2 A) v 6H-
crponeiicteue (no 0,005 c) nonspu3oBaHHOTO pene.

Maenumoynpaensemoe pese (eepkon), B OTIIMYUE OT PACCMOTPEHHBIX
paHee, UMeeT KOHTAKT, pacroJlaraloLuiicst B BAKYyMe WIM Cpenie HHEPT-
Horo rasa (puc. 10.4). B cTexyisiHHylIO KancyJy 3, 3aITOJTHeHHYIO HHEPT-
HBIM Fa30M, BrasHbl TOKOMPOBOASIIME MPY>XUHSAIIME TNTACTUHEE 1 U 2
13 ¢heppOMarHUTHOrO Matepuana. MarHuTHbIi notok P, Bo36yxaae-
MBIl TOKOM YNpaBJIEHUs! iy, B KaTYyIIKE C YUCIIOM BUTKOB w, CO3/AeT
3JIEKTPOMArHUTHYIO cily F,,, NpUTSKeHNs TIACTHH APYT K Apyry. Ipu
JOCTVKEHUHU TOKOM YIIPAaBIEHUS iy, 3HAYEHUS, ONPENENIEHHOrO yCTaB-
KOIf, TJIACTUHBI I'epKOHA 3aMEBIKAIOTCS.

B nossipu3oBaHHbIX TEPKOHAX TOKOIMPOBOSIIHME MPYXXKUHSILHUE TIa-
CTHHBI 3aMbIKAIOTCS1 B 3aBUCMMOCTH OT 3HAYEHMS U HaTpaBJICHUS TOKA
yIpaBJIcHUS B OOMOTKE.

Toku, KOMMyTHpyeMble repKOHaMH, HE MpeBblalT | A npu Ha-
TNPSIKEHUAX B IECITKU BOJBT.

-~
¢l'l.M

______________

Puc. 104
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YyBCTBUTEJIBHOCTh FEpKOHOB K MIC 2 bn
ynpasieHus 10-—-200 A, rabapuTHbIC
pasMepnl [=5—10 MM, D=2—5 MMm. LT

Tenaosnie pene. TerioBble pene U3- =|
TOTOBJISIIOT Ha OCHOBE OMMeTa/IYeckux 3 i lj_
3JIEMEHTOB, TIPEACTABIIAIOMIMNX cOO0ii 1BE
MEXaHHUYECKHM CKDEIUICHHbIe TUTACTUHEL §

U3 METALIOB C Pa3jIMYHBIMU TeMIlepa- J;
TYpHBEIMU KOG bUIMEHTAMHN JIMHEITHO- ny)
ro pacuiMpeHus. B kayecTe MaTepuaa c
MaJbM (60JIBLIMM) TEeMIIEpaTypPHBIM 6 T
KO3 PULIMEHTOM JIMHEWHOIO pacuiupe- 7
HMS NPUMEHSIETCS MHBAp — CIUIAB HHU- Puc. 10.5

KeJsl CO CTAbIO (pa3IMYHble CTalu, Ja-

TYHb, KOHCTAHTaH U Op.).

Ha puc. 10.5 noka3zaHbl KOHCTPpYKLUSE M JIEKTPHUUECKAST CXeMa
teroBoro peie. Harpesatens 2, BKIIOYEHHBIN B LIENb C TOKOM YII-
paBJieHH iy, BO3iciCTBYeT Ha OMMETAUIMYECKHUIl JIEMEHT 1. Tlpun
3HAYEHUM TOKa iy, MPEBHILIAIOIIEM 3HaYeHHWE YCTaBky, obe rulac-
THHBI GMMETA/UIMUECKOrO 3JIEeMEHTa, Harpesasich, yanuHsiores. On-
HAaKo OJHA M3 HUX YIJIMHsiETCs OoJbllle, BCIIEACTBUE Yero GuMera-
JIMYecKas IulacTMHa u3rubaercsi BBepx (MOKa3aHO WITPUXOBOM JIM-
HHel) ¥ BBIXONUT M3 3alieruieHust ¢ 3aiuenkoil 3. [locnenHsas non
JEACTBUMEM IPYXUHLI 4 IIOBOpAYMBaeTCsl BOKPYT OCH 5 IO HaIlpas-
JIEHUIO JBDKEHUS YACOBOM CTPEJIKH M NMOCPENCTBOM TATHU 6 pa3Mbl-
KaeT KOHTAKTHI 7.

HanpuMep, TETUIOBBIE pesie [Jist 3alLUTHI OT Teperpy30K KOMIIaHNHU
IHueinep Dnexrpuk (OpaHums);

THUIL PEJIE .evcnrmmceenerneeaenns LR-K0301 LR2-K0304 LR2-K0308
YCTaBKA TOKA, A ........... 0,11-0,16 0,36—0,54 1,8—2,6
THI PEJIE .eveereeereereraenes LR2-K0314 LR2-K0322

YCTaBKa TOKa, A ........... 5,5—8 12—16

MMEIOT peryjMpyeMylo yCTaBKy BbLIEpXKH BpeMeHH OT 2 no 10 c u
maccy 0,145 kr.

10.4. DneKkTpuueckue annapartsl ynpasjieHus
NPUEeMHUKaMM 3SNEKTPUYECKON SHepruu

Bnexmpuueckue annapamei ynpaeaenus MpeaHasHaueHbl 1U1s onepa-
TUBHOI KOMMYTAl(MK 3JIEKTPUYECKMX Harpy3oK IPUEMHUKOB (3JIEKT-
ponBUraTeneii, HarpeBaTebHbIX YCTPOUCTB U JIp.) B HOPM&IBHBIX pe-
XHUMax paboTh. K HUM OTHOCSITCSI KOHTAKTOPbl, MATHUTHBIE ITyCKaTe-
JIM ¥ KOMaHAOATMAapaThl.
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B ommuue ot peJie OHM paccuu-
TBIBAIOTCS HA KOMMYTAalMIO 6GOJIb-
X TOKOB (6oJiee 5 A) Tpu OT-
HOCUTEJIbHO BBICOKOM HaIlpsiKe-
HuM (no 1000 B).

6 KonTaktop. KoHtakTop npea-
CTaBJIsieT COOOM BNEKTPUYCCKHI
anmnapaTt Ayl OnepaTUBHOI KOM-
MyTallMd CUJIOBBIX Lienel Kak
NpU HOPMAJbHBIX TOKax, TaK M
TOKax neperpy3kd (HO HE TOKOB
KOPOTKOTO 3aMbiKaHust). OH uMe-
€T ABa KOMMYTAIlMOHHEIX T0JIO-
XEHHsI, COOTBETCTBYIOLIMX BKJTIO-
YEHHOMY M OTKJIIOYEHHOMY COCTO-
SIHUSM, U YIPABJISIETCS OICpaTHB-
HBIM TOKOM BCHOMOFaTeJIbHOM
eny. Pa3inyaroT KOHTaKTOpHl HO-
CTOSSHHOTO U CHUHYCOWJAJBHOrO
TOKOB.
Ha puc. 10.6 npuseneHbl KOH-
Puc. 10.6 CTPYKLIUSI M 3JIEKTpUUECKAd Cxe-
Ma KOHTaKTOpa IMOCTOSIHHOI'O TOKa
MOBOPOTHOTO TUMNA. [1pu OTCYTCTBUM ONEpaTHBHOIO TOKA YIpaB/ieHUs
I, B KaTyllIKe C YUCIOM BUTKOB w NMOABMXHAs1 YaCTb KOHTAKTOpa MO.,
JheictBueM cwibl F, BO3BpaTHOM NpyXUHBI 10 NpUXOONUT B HOPMasb-
HOE TOJIOXKEHWE C Pa30OMKHYTBIMM KOHTaxTamMu. BosHuKalonasa npwn
5TOM MEX[y KOHTAaKTaMM 3JIeKTpuueckas nyra /I racuTcsi B 1yTheBOk
AyroracutesibHoiU Kamepe 5. Jlist 3TOro B Lienb OTKIIo4YaeMoro Toka /[
BKJII0YE€HA MOCJIE0BATENBHO KaTyllka I ¢ ¢eppOMarHUTHBIM Cepaey-
HUKOM 2. omockl 3 B BUAE riiacTiH U3 (heppoOMarHMTHOrO Matepma-
Jla, pacroNOXEHHBIE Ha TOPLAX CepACYHMKA 2, TIO3BOJISIIOT CO30ABATh
B 30HE FOPEHUS YT MarHUTHOE I1OJIe, MHTEHCUBHOCTb KOTOPOTI'O IPO-
NOPLUOHAIBbHA 3HAYEHUIO OTKJIIOYaeMOro ToKa 1. BzanMoneiicTeue 31010
MAarHUMTHOIO MOJIsi C TOKOM B IOyre€ CO3MaerT SJEKTPOMArHUTHLIE CHIIB]
E,,, pacTarvBaionye u repeMeilamiiume ayry B Kamepe.

1ljesesas kamepa (cMm. puc. 10.6) npexacrapisier coboii 06BLEM € y3-
KUMH ILEJIAMU MEXAY CTeHKaMH /2 U3 IyTOCTOMKOIO 3JIEKTPOM30JIs-
IIMOHHOI'O MaTepuana, HanmpuMep acbecToLieMeHTa. B 1enn kaMepol
BbIAYBAaeTCs 1yra, r/ic OHa pa3pbiBacTCs U TACUTCS.

Ayzoeacumenshas pewemka npencTapisier coboil 06beEM € Y3KUMM
LeISMU MeXIY CTeHOK U3 TOHKUX (1—3 MM) MeTaUTHUecKMX Iuiac-
THH, Ha KOTOpPbIE BLIAYBaeTCst nyra. laleHuIo ayru crnocobcTByeT HH-
TEHCHBHOE paccerBaHUe TETUIOTHI Ha TUIACTMHAX, BBIIOIHSIOLIMX PO/ib
paguaTopoB.

oS

034

%0
02038

TR

RS
QRS

XXTTTEZ

32

o

B

264

Ilpy BKIIIOYEHUM OMNEPATUBHOTO TOKA yNpasjieHus [, B LieTb Ka-
TYLIKY MOA JEHCTBMEM BO36GYXIaeMOro MM MarHMTHOro noroka @, a
CJIEAOBATEJILHO, U 3NEKTPOMATHUTHBIX CHJI, IKOPb 9, IPEeoNoJIEB CUIIBI
nportuBosieiicTBua F, Bo3BpaTtHON 10 u F, KOHTakTHOW & IpPYXHH,
MPUTSHETCS K MOJIIOCHOMY HAKOHEUHMKY [/ cepieyHMKa 3JIeKTpoMar-
HUTA.

3aMBIKaHMe KOHTAKTOB 4 ¥ 6 NMPOUCXORMT [0 IMOJIHOIO NMPHUTSIXKE-
HUSI AKOpsS K NOJIOCY sneKTpoMarHurta. [Ipu 9TOM KOHTakT 6 Gyaer
MOBOPAYMBATBLCS BOKPYI TOYKM A, YTO BBI3BIBAET IONOJHHUTEILHOE
CcXaTHe KOHTAKTOB KOHTAKTHOW TIPYXHHOH &.

Ilpu CONPUKOCHOBEHUM KOHTAKTOB ITPOMCXOAMT I1epEKaTHIBAHUC
MOIBMXHOTO KOHTAKTA 10 HEMOABHXHOMY (cM. puc. 10.1, 2). I1pu s3Tom
OKCHJHBlE TUIEHKH Ha IOBEPXHOCTH KOHTAKTOB YACTHYHO paspylia-
FOTCs1, YMEHBLIIAs HX MepeXOfHoe conpoTuBiicHue. s ewue 6ombLero
yMEHbIIIEHHSs! TTepeXOAHOro CONPOTUBJICHUS HAa KOHTAKTax pacroJara-
10T HAKJIAAKH U3 CITELMAIbHbIX MATEPUAIOB, HanpuMep cepebpa. I'nb-
KW IPOBOAHMK 7 M3rOTOBIsieTCS W3 MeaHoM (onbru wiv rubkoro
MpoBoAaa.

KoHTakToph HOBOPOTHOTO THITA MPeAHA3HAYEHBI 1715 TSKENBIX pe-
JKUMOB paboTHl [yactag xomMyTanusa (o 1000 B yac) uenu ¢ MHAYK-
TUBHOI Harpy3koii] npu GOJIbLLIMX HOMUHAIBHBIX TOKaX (OECATKH M
COTHHM amriep) M HanpspkeHusix (oo 1000 B) (ta6u. 10.1).

MarsuTHbI DyckaTeas. MarHUTHBIN ITycKaTeNb (Janee nyckamens)
npeacrapisieT CoOOM KOMMYTALMOHHBIN anmnapat, NMpeAHa3sHaYeHHbIA
JUISl TlyCcKa, OCTAaHOBKM, peBepca M 3allUThl OT TOKOB NEperpy3ku (HO
HE TOKOB KOPOTKOrO 3aMblKaHHsi) ayieKTpoasurateneil. JUis Bbimon-
HEHWsI 3a1IUTHI OT TOKOB NEPErPY3KM B MyCKaTeM BCTpauBaloT TEIIOo-

Ta6nuua 10.1

IapaMeTpsl HEKOTOPLIX THIOB KOHTaKTOpoB Komnanun IlHedinep DnekTpuk
JUISl yIIpaBJIeHAs] ACHHXPOHHLIMH JBHTATENISIMH € KOPOTKO3AMKHYTOMH
o0MoTKOii poTopa

Makcu-
HoMuHaisHasi MOLUHOCTD MasibHOE
Homu- asuratens, KBr, nopu YUCIO
Tun HOMM-U HaJIbHOE HanpshkeHuK, B kommy- | Macca,
KOHTAK- | HAJIbHBIH | Haripsi- TALMOH- «
TOpa TOK, A KeHUE, HBIX
B 220—240 | 380—400 | 660—690 | IMKIOB
B 4ac
LC1-D09 9 690 2,2 4 5,5 1200 0,32
LCI-D18 18 690 4 7,5 10 1200 0,33
LC1-D50 50 1000 15 22 33 1000 1,4
LC1-D115 115 1000 30 55 80 750 2,5
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[ BBIe perie (cM. nonpasa. 10.3), uro saB-
BV E, JIIeTCs MX IIaBHLIM OTJIMYMEM OT KOH-
- TaKTOpOB. B oT/iM4yuKe OT KOHTAKTOpOB
pexXUM paboTHl ITycKaTelieii Jierye.

Ha puc. 10.7 npuseneHb KOHCTPYK-
LM U /IeKTpUYECKasi CXeMa MarHuT-
HOTO ITyCKaTe st PSIMOXONOBOro TUIIA.
OH MMeeT MOCTHKOBHIE KOHTAKTH! 2 U
3, ¢ KOTOPHBIX JIyra BBIIYBAETCS B AyTO-
racutesibHble Kamepbl 1. Cuitel F, KOH-
TakKTHOWN U F, BO3BpaTHOI NMpyXuH CO-
3/1aI0T HAXAaTHE Ha 3aMKHYTble KOHTAK-
TBl M BO3BpaT anmnapata B OTKJIIOYEH-

Puc. 107 Hoe cocTosiHue. [Ipu BKIIOUEHMH
OIEePaTUBHOTO TOKa YNPaBJIEHUs iy, B
LeNb KaTYHUIKHA C YMCIIOM BUTKOB w MNOJ AEUCTBUEM BO30YyXIaeMOTO
MM MarHUTHOIo noroka @, a ciefnoBaTeNbHO, U 3JIEKTPOMATHUTHBIX
CWI, SIKOPb S NPUTATUBAETCSi K MATHUTONPOBOLY 6 U KOHTAakTH 2 U 3
3aMblKaloTcsi. Ha Topax MarHMTONpOBO&a pacrosiaralorcsi KOpOTKO-
3aMKHYTHIE BUTKU 4, YCTPaHSIOIINE BUOpaLMIO SAKOPSi, €CJIM B Kaye-
CTBE€ ONEPATUBHOTO TOKA UCHONB3YEeTCs CMHYCOMIAIBHbIN TOK.

Ilyckatenu (Tabn. 10.2) ¥ KOHTAKTOPH ¢ MOCTMKOBBIMM KOHTAKTa-
MU OOBIYHO pacCYUTHIBAIOTCS HA HOMUHAJBHBIE TOKU B AECATKY aMIiep.

YacTo KOHTaKTOpbl M MyCKATeM KPOME IVIABHBIX KOHTAKTOB ISt
KOMMyTallMM CHJIOBBIX LTIl MIMEIOT TAKXKE BCIIOMOTaTe IbHble KOHTaK-
THI /151 KOMMYTaLMX ONEPaTUBHOTO TOKA BCIIOMOTATENBHEIX [{ETEH.

Komannoannapatsl. K xoMannoanmnaparaM OTHOCATCS KHOIKH YIT-
paBJieHUst, MyTEBbIe (KOHLEBBIE) BBIKJIIOMATEH, KOHTPOJLIEPH U KO-
MaHIOKOHTPOJLIEPbI.

-

Taonuna 10.2

Tapamerpst HekoTOpBIX THNOB mMycKaTesnel Komnannn «IlIneiinep DnekTpux»
Juisl yNpaBJieHHd ACHHXPOHHLIMHA ABHIaTENAMH ¢ KOPOTKO3AMKHYTOH
00MOTKOi# poTopa

H Homunanb- YcraBka Toka
OMUHAJTb- i Ycrapka Macca

Tun nyckatensi | Hoe Hanpsi- Hasl MOLLL ToKa Teruio- | ' ArHUTHOIO >

xeHue, B | HOCTRABM™ | o Tene, A | PacLenute- Kr

’ ratesisi, KBt ’ s, A

GV2-DP106 400—415 0,55 1—-1,6 22,5 0,686
GV2-DP108 400—415 1,5 2,5—4 51 0,696
GV2-DP120 400—415 7,5 13—18 223 0,736
GV2-DP132 500 18,5 24—32 416 0,741
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[Iymeebie (KoHYeebie) ebiKaroameny OCYLIECTBISAIOT KOMMYTaLMIO
Lerneil ynpasieHUs] ¥ aBTOMAaTUKM Ha 3alaHHOM YYacTKe ITyTH JIBHUXKE-
HH YIpaB/IsieMOro MeXaHW3Ma, HanpuMep NMOALEMA Ipy3a Ha 3aJaH-
HYIO BHICOTY. )

Konmpoanep npencrapnsier co6oit MHOTONO3UIMOHHBIN arnmnapar,
npenHa3HaYeHHBIR 1S yIIpaBJIeHUs] peXXuMaMH paboThl MPMEMHUKOB
3JIEKTPHYECKON SHEPTUM IyTEM HEMOCPEICTBEHHON KOMMYTAllMKM WX
CHWJIOBBIX Lieneil. KoHTposutephl OCyIIeCTBIISIOT IYCK, peryjMpoBaHue
YyacTOTH! BpallleHHsl, peBEpCUPOBaHUe M OCTAHOB aBuratess. O6bIYHO
KoHTposLiep (puc. 10.8) umeeT ob1mii Ban 6, Ha KOTOPOM NOCTICAOBa-
TEJIbHO HacaXeHbl IMCKHU pa3anyHoro npodusis (Ha puc. 10.8 nokasax
onuH auck 1).

IMoBopoT Bana 6 GUKCUPYET OIHO U3 AECATH MONOXEHHH «O»—9»
npodwis aucka I 1o oTHOIIEHHIO K POIMKY 2, TPUXNMAEMOro K AHC-
Ky neifictBueM cwibl F, nipyxuHb! 3. [1pu MONOXeHUU JUCKa «3»—«5»
KOHTAaKTHI 4 3aMKHYTHI feiicTtBueM cviibl F, npyxuHs! 5. T1pu nonoxe-
HUU JucKa «O»—«2» U «6»—«9» KOHTaKTHl 4 pa3OMKHYTbI.

Komanodoxonmponsep B oTIHIME OT KOHTPOJLIEpA NPEACTaBAsieT CO-
6011 MHOrOMO3ULIMOHHBII aBTOMAT AJIsi KOMMYTAIlUH LU ONepaTuB-
HBIX TOKOB KaTYLIEK YIPABJICHHS KOHTaKTOPOB, INIABHBIE KOHTaKThl
KOTOpHIX BKJIIOYEHBI B CIJIOBBIE LIETTM IPHEMHMKOB 3JIEKTPUYECKON
SHEpPruu.
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10.5. 9nexTpnueckue annapartbl pacnpeneneHus
SNEKTPUNYECKON sHeprum

DnekTpUMUeCKUE anmaparbl pacripencieHns NnpeaHasHaYeHbl IS
KOMMYTaLMH Leneil CHaGXeHMsl 3JIEKTPO3HEPrreil 3/1IeKTPOYCTaAaHOBOK
M 3a1MTH MX B aBapHUIHBIX pexumMax. K HMM OTHOCATCS IUiaBKUeE Iipe-
JIOXpaHUTEJIM, aBTOMATHYECKUE BbIKJIOYATENHM, PYOMIBHMKH, HaKeT-
HEIE BBLIKITIOUYATENIM, KHOIKHU.

IlnaBkue npenoxpaHMTe . DTH aNnapaThl NpeaHa3HaYeHbl 1Jis 3a-
LIMTHI 3JIEKTPOYCTAHOBOK OT TOKOB KOPOTKOIO 3aMblKaHusi. X OCHOB-
HOW 3JIEMEHT — nAa6Kds 6CmaeKd, Pas3pylliammasics: Nnoj neicTBueM
TEIUIOTH MpH OOJBILIMX 3HAYEHHU X TOKA B Hell. Martepuaiom. sl IUIaB-
KHX BCTABOK CIyXaT Menb U 1MHK. [locnenHuit He oxucisercs B mpe-
Jieyiax OMYCTHUMBIX TeMIIepaTyp, YTO IO3BOJISIET COXpaHsTh paboyue
XapaKTEpUCTUKHU TIABKOW BCTABKM JIOJITOE BpEMSL.

Jis HanpsokeHuid 1o 250 B n TokoB 10 60 A npuMeHsiioT npoboutbie
npenoxpanutenu (puc. 10.9). IIpobouHblili mpenoxpaHnTeNnb COCTOUT
U3 OCHOBaHHWs I, B KOTOpOE BBEPTHIBACTCSI CMEHsieMasl [pHU Iepero-
paHMHU BCTaBKa 2, ONMMpaloinasicsi Ha HeMOABMXKHEBIN KoHTakT 4. [Tpobka
HM3rOTOBJIEHA M3 KEpaMHUYECKOFr0 Martepuaia U cHabxeHa OByMst Me-
TAUIUYECKUMM KOHTAKTaMH, MEXIY KOTOPBIMM INpUINasiHa TUIaBKasi
BCTaBKa J.

Jist 3a1uMTHl ABUraTesieil, 3JeKTpoHArpeBaTeNIbHBIX YCTAHOBOK U
JPYTUX YCTPOMCTB OT TOKOB KOPOTKOIO 3aMBIKAHUSI TTPUMEHSIIOT mpy6-
yamoie NpeaoXpaHnuTeIn. X TUIIOBasi KOHCTPYKLHS TIPEACTABIIsET CO-
6011 TpyOKy U3 3IEKTPOU3OIIILIMOHHOrO MaTepuana (papdopa, Kepa-
MMKU, (PUOPHI M 1p.), B KOTOPOIl pa3MelleHa TIaBKasik BCTaBKa B
cpelle BO3/yxa, WU pa3MYHBIX HaNMoOJHUTENEH (KBapLEBBII MECOK C
conepxanveM SiO, He MerHee 99 % n Mena CaCQ;). Bo3umkarowas
MPY TUIABJIEHUM BCTABKW 3JIEKTPUYECKasl Ayra, COMpUKACcasIch ¢ Ha-
MOJIHUTENEM, UHTEHCUBHO OXJTAXXIAeTCs, JEMOHU3UPYETCSt U ObICTPO
FacHerT.

Hns 3a1uMThl 37€KTPOHHBIX MPUGOPOB (KOMITBIOTEPOB, TEJIEBU30-

POB U JIp.) NPUMEHSIOT bbicmpoldeticmeyioujue TIPEAOXPAHUTENN B BUIC

TOHKOI'O cjiosi MeTauia (cepebpa), HallbUIEHHOTO Ha SJEKTPOHU30Msi-
LIMOHHYIO OCHOBY.

ABTOMaTHYeCKHe BBIKJIIOYATEIM (ABTOMATHI). ABTOMATH MpeRHa3-

HayeHBl /i OTKJIIOYCHUSI MOBPEXICHHBIX YUACTKOB 3JIEKTPUUECKOI

2 CEeTU MPH BO3HUKHOBEHHH B HUX aBapUilHOro pe-

3 XKMMa, HapUMep KOPOTKOIO 3aMBIKAHM$, OHH-

% ;  KCHUs HamnpsokeHus U np. B ommume oT KOHTaKTo-

pa aBTOMAT MMEET HU3MEPUTEJIbHOE YCTPOMCTBO

(pacuenurtenp), ONpeEAeNSAIONIMI peXuM paboTh

CeTH M malouwui CUrHal Ha oTkitoueHue. Ecnu

KOHTAKTOp pacCYMUTaH JMilb HAa OTKJIIOYEeHUE TO-

KOB Ieperpy3kM (40 HECKOJBKUX KUJIoaMIlep), TO

aBTOMAT JOJIKEH OTKJIIOYaTb TOKY
KOPOTKOFO 3aMblkaHUs (IO He-
CKOJILKUX JEeCATKOB U aX€e COTEH
KWj1oaMIiep).

Pa3iuuaror aBTOMaThl YHUBEP-
cajJibHbIe, OBICTPOLEHUCTBYIOILIUE U
ralleHHsi MarHUTHOTO T0JIf TeHe-
paTopoB GOJIBLIOKH MOLIHOCTH.

Yuueepcanvhvie aemomambi TIpe-
Ha3HayeHbI JUIST 3a1UThl YCTAaHOBOK
[IOCTOSSHHOTO ¥ CHHYCOUIAIbHOIO
TOKOB. KOHCTPYKIIHS U 3/IeKTpUYe-
CKasl cxeMa aBTOMara IpUBEHEHBI
Ha puc. 10.10. B ykazaHHOM noJo-
KEHHHM aBTOMAT OTKJIIOYEH W CH-
JIOBasi 3JIEKTpUYECKas LeNb MEX-
Iy BeIBOZaMu A U B pa3oMKHyTa.
BxiroueHHe aBTOMaTta OCYLLECTB-
JIsieTCS BpallleHWeM BPYYHYIO py-

KOSITKK 3 BOKPYT HEMOABHUXXHOI °

ocu O, MO HANMPABJCHHUIO JBUXE- O

HHUs yacoBoil cTpenku. Tlpu s3TOM 1 | B
pbluaru 4 U 5 6yayT Bpawath pbl- -0 -0
qar 6 BOKPYT HENMOABMXHOI ocn O Puc. 10.10

B TOM X€ HanpapjeHHH. 3aMblKa-

10T LieNb CHayasia AyroracurtenbHble & U 10, a 3ateM raBHbie 7 M 11
KOHTAKThl aBToMaTta. OQHOBPEMEHHO IPY BKJIIOYEHWH aBTOMAaTa B3BO-
UTCs oTKIIouaowast npyxuHa 2. [Ipu Toke KOpOTKOro 3aMbIKaHUst B
KaTyllIKe w 3JIEKTPOMarHura sikopb I moj NeVCTBMEM 3JieKTpoMar-
HUTHOIM cuitbl F,, NepeMellaercs, epeBossl ppiyark 4 M 5 3a «MepT-
ByIO» TOYKY. OHa COOTBETCTBYET TAKOMY ITOJIOXKEHUIO pblYaros, Mpu
kotopoM nunus O,— O,— O; siBasercss npsmoii. [lpyu 3ToM aBroMar
cwioit F,, npyXuHbl 2 OTKJIIOYaeTCsi, KOHTAKThl Pa3MbIKAIOTCH, a 06-
pasyloL@ascst MexIay HUMU Jyra BblyBaeTCs B JIyrOraCUTENbHYIO KaMe-
py 9 v racurcs. Bpems OTKJIOYEHUs yHUBEpCAIbHbIX aBTOMATOB CO-
CTaBJISIET AECATHIE NONU CEKyHIBL.

CucTeMa peuaroB 4 ¥ 5 BHIIONHsIET PYHKLIIMHM MEXaHU3Ma CBOOO. -
HOTO paclLieTUIEHHUs], TO3BOJSIIOILEN0 aBTOMATy OTKJIIOYaThCs B JIIOO0H
MOMEHT BpEMEHH, JiaxXe B MOMEHT BKIoueHUs1. MexaHu3M CBOOOIHO-
IO pacLeIUIEHUsT TpefoTBpallaeT BO3MOXHOCTb NMOBTOPHBIX HECAHK-
LIMOHMPOBAHHBIX [VKJIOB OTKJIIOYEHHS] W BKIIIOYCHMS.

Buicmpoodeticmeyrowjue aémomamui NpeIHa3HAYCHD] [JIA 3aL1UATbI
yCTaHOBOK ITOCTOSIHHOTO TOKa. VX BpeMsi OTKIIIOUEHHSI COCTaBJISIET Thi-
CSIYHBIE JOJIM CEKYHABI U TOCTHraercs NnpuMEeHEeHHEeM NOJISIpU30BaH-
HBIX (cM. moapasa. 10.3) aneKTpOMarHMTHBIX YCTPOWCTB, MHTEHCUBHBIX
JyroracuTeNbHBIX YCTPOICTB, a TaKke YNPOILIEHHEM KUHEMAaTHYeCKOM
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Puc. 10.11 Puc. 10.12

CXEMBI amnmnapara B CHCTEME B3aMMONECUCTBUS HM3MEPMTENLHOIO 3Me-
MeHTa (paclenuTesisl) 1 KOHTaKTOB.

ITakerHble BoiKTI09aTe M. Takue BBIKIIOYATENM NTPEAHA3HAYEHBI 115t
ONHOBPEMEHHOIO BKJIIOYEHUS W OTKJIIOYEHHUSl BPYYHYIO HECKONBKUX
rerneit. Mx HabMparoT U3 HEeMOABMXKHBIX COOCHO-PACIIONOXEHHBIX KO-
Jiel] (MakeToOB) M3 3MEKTPOU3OJSALIMOHHOTO MaTephalia, BHYTPH KaX-
JIOTO M3 KOTOPBIX YCTaHABJIMBAIOT KOMMYTHPYIOLLEE YCTPOICTBO, CBSI-
3aHHOe ¢ 06umMM BasioM (puc. 10.11).

PyonnsHuki. PyOMJIBHMKH CITYXKAT Ui BKJIIOYEHUSI M OTKJTIOUEHHST
BPY4YHYIO IIPUEMHHUKOB 3J€KTPUYECKON SHEPIrUy MAaJIoil MOIIHOCTU U
OBIIMX UCTOYHHKOB MUTAHUSA HA paclipefeNuTelIbHBIX 1unTax. Pasmm-
YalT OAHO-, IBYX- U TPEXMONIOCHBIE pyOuiabHukH (puc. 10.12). Bee
OHH MMEIOT CKOJb3si1Me KOHTAKTH (cM. puc. 10.1, 6).

Knonkn ynpasaenns. KHONKM NpUMEHSIOT 1UIsi JUCTAHLIMOHHOTO
VIpaBlIeHUs JIeKTpUyecKUMU anmnapataMd. OHM MOIYT BBIIIONHSTHCS
KaK ¢ CaMOBO3BpPaTOM B UCXOOHOE MOJIOXEHME, TaK U Oe3 Hero. He-
CKOJIbKO KHOIOK, KOHCTPYKTUBHO O(OpMIICHHBIE B OHOM KOpITyCe,
00pa3yloT KHOMOYHYIO CTaHIMIO.

10.6. Pacuenurenu aeToMaToB

Pacuienvrtenn B aBTOMaTax W3MEpSIOT ¥ KOHTPOJIUPYIOT 3HAUYEHUE
3NICKTPHYECKON BEJIMYNHBI, ONpeleNSIoel pexuM paboThl 3anMiLa-
€MOIi LIeNM U JAI0T CUTHAT Ha OTKJIIOYEHME aBTOMATA IIPM HOCTVKE-
HHUH 3TOI BENUYMHOM 33JaHHOIO 3HAYCHHS YCTaBKH (TOK cpabaThiBa-
Hus, HatpsDKeHHe cpabaThiBaHUS M T.A.). 3HaYeHHEe TOKA YCTaBKH
MOXHO peryiMpoBaTh B JOCTaTOYHO HIMPOKUX Npenesiax. DTO MO3BOJIS-
€T OCYLIECTBIATL CEJNIEKTUBHYIO 3aIUUTY 3JIEKTPHUYECKUX CETeit C MOo-
MOLIBIO ABTOMATOB.

B 3aBUCMMOCTH OT Ha3HaYEHHsT ABTOMATA B HETO BCTPaUBAIOTCS pas-
JIMYHBIE pacLieMATENH.

Pacyenumens makcumanrvhozo moxa npuMeHsieTcs:, €cl LeTb A0J-
XHa OTKJIIOYATBCS MPH YBEIUYEHUH TOKA i B Hell BRIIIE TOKA YCTaBKHU
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(puc. 10.13, g). [lpu nocTuxeHUH TOKOM i 3HaUYEHUS TOKA YCTaBKU MOJ
JeiicTBUEM SNEKTPOMarHUTHOM cunbl F,, sikopp 2 BTATUBAeTCHd B Ka-
TYLKy I aneKrpoMarHuta, OCBOOOX/as 3aiienky 3, M Mo AeiCcTBUeM
cwibl F,, npyXuHbl 4 KOHTaKTHl 5 pa3beAMHSIOTCS.

YT106B1 MCKJIIOYUTh OTKJIIOMEHHE aBTOMaTa IpH KPaTKOBPEMEHHOM
YBEJIMYEHUM TOKA i, B LIEMU MPUMEHSIOTCS pacLeNUTENId C YCTPOii-
CTBOM BbLAEPXKHN BpeMeHH (puc. 10.13, 6). 3ybuartas nepenaya 6, CBs-
3aHHas ¢ 4acOBbIM MexaHU3MOM (Ha puc. 10.13, 6 He mokasaH), He
[O3BOJIsSIET KaTylIKe ] 3JIeKTpOMarHuTa MrHOBEHHO BTSIHYTh SIKOpb 2 1
ocBOGOAMTS 3a1LeKy 3 (tabn. 10.3).

Pacyenumenv MUHUMAAbHO20 MOKQ TIPUMEHSIETCS, €CITU LI JOJIK-
Ha OTKJIIOYATHCS MpPYW YMEHbIIEHWU TOKA i B HEll HMXE TOKa YCTaBKU
(puc. 10.13, ). [Ipu jocTHXEHUM TOKOM | 3HAYEHHSI TOKa YCTABKU MO
neiictBreM cuiibl Fp, IpyXHHBL 6, KOTOpasi CTAHOBUTCS Gosble CUIbI
F,,, snektpoMaruuta I, sKopb 2 OCBOGOXIAET 3alLIeNKy 3 W MOX hew-
CTBHEM CIWIBI £, IPYXUHB! 4 KOHTAKTBI 5 pasbeANHAIOTCS.

Pacyenumens MUHUMAAbHOZO Hanpsdcenls NMPUMEHSCTCs st OT-
KJTIOYEeHHMS LIEIH, ECIIU €€ HaIIpsiKeHHE HUXe HalpsiKeHUs yCTaBKU
(puc. 10.13, 2). IpyHUMNBI AelCTBUS pacUEenuTeNieii MUHUMAIbHBIX
HanpsDKEHMS M TOKA aHATOTMYHbl. ABTOMAaT MUMHMMAaJIBHOTO Hampsixe-
HUST MCTIONb3YyeTCsA ISl 3aLMTHl AaCUHXPOHHBIX ABMIaTesieil ¢ (pa3HbM
potopoM. [loHMXeHHe WIN UCUE3HOBEHUE HANpsXEeHWs] MOXET BBI-
3BaTh OCTAHOBKY JBMIaTessl M, €CJId OH He OTK/IIOYEH, ITpH MOBbIllIe-
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Ta6nuua 10.3

Ilapamerpnl HeKOTOPBIX THIOB pacuenuteneii Komnatuu Ixelinep DnexTpuk

MrHo-
3amuTa o1 TOKOB BehHast
T HOMm-lua— 3awmura or neperpysk KOPOTKOTO 3aMBIKAHUST ;'ro:c(:fl?i
pacnenue- | “IbHbif A
TOK IH()M)
i yorapka |~ YCTaEKa ycTaBKa
roxa I BpPEMEHU yCTaBKa | BpEMEHM, | yCTaBKa
@6 | npH 6L, | TOKA, A McC, He | ToKa, A
- C bosee
STR22ME | 40—220| (0,6 — 6—15 1316 10 157,00
).
STR43ME | 120— 0,4— |(5,8—21,8) ©— 10 151,
500 0,8)1”0,!é 13) 6
STR22SE |40—250| (0,4— 5-7,5 22— 40 111,
1 )I HOM 1 0) Icpaﬁ
STRS3UE | 150— 04— (0,8—16) (1,5— (15— (1,5—
630 )7 10} o6 230) 11) 00

*
B ckobkax (6e3 ckoboK) yKazaHbI MPeNesibl PEryJIMpyeMbiX (IOCTOSIHHBIX) YCTABOK.

HHUM HaMpsDXKEHUst BO3HUKAET OOJIBILIOK IMYCKOBOI TOK, TaK KaK HE
BKJIIOUEH [MyCKOBO# peoctaT. [103TOMyY ABMraTenpb NpH MOHXEHUU HA~
TIpsKEeHUsT OTKIIOYAETCSt aBTOMAaTHYECKH, a 3aTeM BKJIIOUAETCS C MPU-
MEHEHMEM [1YCKOBOFO pPeocTaTa.

Pacyenumenv o6pamnoii mowpocmu npuMeHsieTCs [Uis 3allMTHI Ma-
paulesibHO paboTalolMX FreHEepaTOPOB MOCTOSSTHHOIO TOKA (CM. moa-
pasa. 9.11) or mepexona OAHOrO U3 HUX B PEXUM pabOThl ABUIATES.
IIpu BCTpeuHoM BKITIOUEHUM KaTywiek I pacuenurens (puc. 10.13, 0)

Tabnuua 104

YcaoBHbie 0603HAYEHHS 3JIEMEHTOB JJIEKTPHIECKHX ANNAPATOB aBTOMATHKH
H ynpaBiieHust

YcnosHoe YcnoBHoe
oGosHaYEHHE HaumeHoBanue oGosHaYErmE HaumeHoBanue
OOMOTKa KOHTaK~ OOMOTKa TEIIOBOTO
—D— TOpa, pesne, myc- |;| pene
Kartess
OF BbIKmollaTeunbaBTo- m Pene, HanpuMep,
= — MaTHYECKUN {11 TOKa C 3aMbIKa-
KA IOIMM KOHTaKTOM
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Oxonuanue maba. 10.4

YcnosHoe YcnosrHoe
HaumeHoBaHue HauMeHoBaHue
0b03HaYCHHE 0003HaYEHUE
KoHTakTHI pene: 3aMBIKAIOIINE KOH-
TaKTh:
— 3aMBbIKaOIME .
C BBIIEPXKOM Bpe-
L+ PasMbIKAIOIINE T MEHM NpH cpabaThbi-
- BaHUU
KoHTtakTbl KOHTaK- _J(/ TO XK€ TMPH BO3BpATE
TOpa, MYCKaTens, p
KOHTpQ/LIEpa: a3MbIKAIOIIME
KOHTAKTBI:
— 3aMbIKAIOLME
ASMBIKAIOLLINE C BbIIEPXKOM Bpe-
l/l p Katotll | fl: MEHU MpH CpadaTsl-
BaHUU
I1naBkuii nipeno- | ,J: TO Xe€ TMPY BO3BpATE
= XPaHUTENb
Bxmouarens myte- KHonku camoBo3-
! BOii MJTM KOHEYHBIIA Bpara:
— C 3aMBbIKAIOIINM
C 3aMBIKAIOINM
KOHTAKTOM
_FSE | couraxrom
123 Kontpoanep Ha Tpn
—I £l MOJIOXEHMS U HA SB C pa3sMBIKaIoIUM
- I YeThIpe Harpas/ie- | lLl: KOHTaKTOM
- HUS

cwia F,,, anekrpoMarHuta / mana ¥ aBTOMAaT HaXOOMTCS BO BKIIIOYCH-
HOM cocTosiHMU. T1py M3MeHeHy HarnpaBieHUs: ToKa J KaTyLIKU 3J1eK-
TPOMAarHUTa BKJIIOYAIOTCSI COMJIACHO, 3JIEKTPOMAarHuTHas cuna F,, Bo3-
pactaeT, IKOpb 2 IIPUTATMBAETCS KaTylIkaMH I, 3allesika 3 ocBODOX-
[AeTCs1 U TOA eiCTBHEM CUIIb F, MPYXUHB 4 KOHTAKTBI 5 pasbenu-
HSIIOTCSL.

Bce 351eMEHTHI 3NEKTPHYECKHX annapaToB aBTOMAaTUKU U YIIPaBJIe-
nust umeror 1o F'OCT ycioBHbie o6o3HayeHus1. HekoTopble U3 HUX
npuBeneHb B Tatn. 10.4.

10.7. BoixnioyaTtenu BbICOKOro HanpsHhkeHuvs

Pazsedunumenu SIBISIIOTCS NPOCTEHIIMMM BBIKJTIOUATENISIMM BBICO-
KOro HampsixeHusl. Mix Ha3HaueHue — OTKIIIOYEHME W MEePeKIIIoueHHe
YYaCTKOB 1I€MY MO HANPSIKEHUEM, HO IpU OTCYTCTBMM TOKa. DTO He-
ob6xonuMo sl obecrieueHus 6e30MacHOCTH PEMOHTHBIX paboT, nepe-
KJIIOYEHUS YYACTKOB JIMHUI C ONHOI CMCTEMBI LIIMH HA APYTYIO U T.A.
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Ta6nua 10.5

TlapamMeTpnl HEKOTOPBIX THIIOB BBHIKJIIOYATENEH HATPY3IKH KOMIAHHH
Iuelinep DnexTPUK AJiA YNPABIEHHA ACHHXPONHBIMH ABHTATEISIMH
€ KOPOTKO3aMKHYTO# 00MoTKO#l poTopa

HomunanbHas
MOIHOCTD Makcima- | CTaBKa
Tun Homuna- ACHHXPOHHOTO [ p o oo TOKa
BBIKJTIOYATENIA | IBHBIA TOK | ppyratensi, KB, oTKIMoe.. | TETVIOBBIX Macca, kr
Harpysku Luows A | ipn nanpsixenuu, B 0 A | Pacuenu-
’ Tenei, A
380—415|660—690

GV2-ME(Q7 1,6 0,75 1,5 131, 1,6—2,5 0,26
GV2-MEI10 6,3 2,2 4 131, 4—6,3 0,26
GV2-MEl14 18 4 7.5 131,00 6—10 0,26
GV2-ME20 32 7,5 15 121,y 13—18 0,26

Pazmyaior pybsiiume (cM. puc. 10.1, 6) 1 MOBOPOTHbIE pa3beAUHUTENM:
[NocneaHue ycraHaBIMBAIOT B OTKPBITHIX pacIipe/iesIMTeNbHbBIX YCTPOii-
cTBax ¢ HampspkeHUusiMu 35— 500 xB. YnpasneHue pasbenMHHUTENSIMU
OCYIIECTBASIETCSt BPYYHYIO MOCPEACTBOM HM30JIMPOBAHHON LUTAHTH M
JUCTAHLIMOHHO C MOMOILBIO 3JIEKTPHUYECKUX WIM IMHEBMATHUECKMX
npuBonoB. [lpuBonbl pazpenuHUTENE 00eCneuyrBaloTCs 3alMTHOL
GJIOKMPOBKOI, He NONYCKAIOLEH OTKIIOYEHUS PasbeIMHMTENS IPU
BKJIIOYEHHOM TOKE.

Buikawuamenu naepysku (passedunumenu MowHocmuy) TPUMEHS -
IOTCSL 115t OTKJIIOUEHUSI M MOAKITIOYEHMS] 3NEKTPOYCTAHOBOK MAaJIO
MOIIHOCTH Ha NMOJACTAaHIUAX IIPOMBIIUICHHBIX NMPEANPUSITUIL U MeN-
KHUX CEeJIbCKMX 3JIEKTPOCTaHLUAX. DTHU YCTPOICTBA AaHAJIOTHYHbI pyDsi-
IUUM pasbeAUHMTENSM, HO MMEIOT AyTOracUTelIbHBIE yeTpoicTBa. OHK
UCMOJIb3YIOTCSt TpHU HampsixkeHus1x 6 u 10 kB u paccuuTaHb Ha OT-
KJIIOYEHME TOKOB, HE NMPEBHILIAIOIINX YABOCHHOrO 3HAYEHHst paboue-
ro Toka (ta6n. 10.5).

Buikarouamenu ebicokoeo Hanpsxcenst NOJKHBL OTKJIIOYATh 3JIEKTPO-
YCTaHOBKM GOJIBIION MOLIHOCTH, @ TaKXe LEMU BEICOKOIO Harpsixe-
HUsA 11py GOJIBIIMX TOKaX KOPOTKOTO 3aMbiKaHus (Gosiee 50 KA).

Pasnuyalor MacisiHpie M BO3AYIIHBIE BHIKIIOYATENIM BLICOKOTO Ha-
npsokeHus. B macasnbix evikarouamensx KOHTAKTH, Pa3MBIKAIOIIME LIETTb
TOKa, IOMELLEHBl B 6aK C MHUHEPaTbHBEIM MACJIOM.

B 6030ywnbix evikatonamensx onvH wim 06a pacxonsiMXCsi KOH-
TaKTa BBITOJHAIOTCA IMONABIMU, @ CTPY$ CXKATOIO BO3IYXA IO HaBJIC-
HueM 0,7—2,0 MIla yepe3 nosOCTH KOHTAKTOB CAYBAeT AyTy ¢ pabo-
YHUX MOBEPXHOCTE KOHTAKTOB. [10 CpaBHEHMIO C MACIISIHBIM BBIKJIIOYA-
TEJIEM BO3AYLIHBIA UMEET MEeHBIIME MacCy M BpPeMsI OTKIIOYEHUS, HO
IUist ero paboThl HEOOXOAUM MCTOYHHUK CXATOr0 OYMILIEHHOIO M IMPOo-
CYILLIEHHOI'O BO3[yXa — KOMIPECCOop. -
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Iocne oTKII0YeHNs y4YacTKa LEeny BBIKJTIIOYATE/Ib OCTAeTCs 1104 Ha-
OPpSKCHUCM. I[)]H €ro OTKJIIOYCHUSA OT LICIIU BBICOKOTO HANpsIKCHHA
npUu OCMOTPE H PEMOHTC NPHUMECHAIOT pasbeAUHHUTCIIN.

10.8. Llaroesie asvrarenu

Iarosbie meuratenu (L) cayxar nnsi mpeoGpa3oBaHus 3J€KT-
pUYECKHX YNPaBISAIOIIMX CUTHANOB B AMCKPETHBIE YIJIOBBIE WK JIH-
HeliHble nepeMenieHusi poropa ¢ ¢ukcauueit ero nonoxeHus. OHM
WCITONB3YIOTCSI B CUCTEMAaX aBTOMATHUKH.

Crarop [ uMeer sBHO BBIpa:XXeHHBIE MOJIIOCH ¢ 0OMOTKaMu. Po-
TOP TAKXKE MMEET SIBHO BbIPAXEHHbIEe MOJIOCH U U3TOTOBISETCS B BUAE
MOCTOSHHOIO MarHuTa WM SME€KTPOMAarHuTa MOCTOSTHHOTO Toka. Ha
puc. 10.14, a npusenensl koHcTpykuus IIJI ¢ yuciaoM nap nomocoB
Ha cTatope p=2 n potope p=1 U Mo3uuMKM poTopa [Jisi BpeMeHHOI
JuarpaMMbl TOKOB B 06MOTKax ctatopa (puc. 10.14, 6). [lpu Hanmyumn
TOJIBKO TOKOB i} B OOMOTKax MOJIIOCOB cTaropa | MarHUTHBIA MOTOK
€TaTOpa HampapJeH M0 OCH €0 MOJIOCOB, C KOTOPO OyIeT COBMAAaTh
OCb IOJIOCOB potopa. I1pu HaIMYUM TOKOB i, U i B 0OOMOTKaX MOJIIOCOB
cratopa I u Il pesynbTUpyIOIMii MArHUTHBLIN MOTOK CTaTopa MOBEP-
HETCsi B HaIpaBJICHUM BpallleHUs 4acoBOM cTpesiku Ha yron n/4. Ha
3TOT XK€ YIOJI IIOBEPHETCs1 U poTop. [1py HATMYMU TOJIBKO TOKOB #, B
06MOTKax MoiocoB cratopa 11 potop nmoeepHeTcs eile Ha yroin /4 B
HanpapJieHMM BpAllEHUsT YaCOBOU CTPENKU.

h<t<h

Puc. 10.14
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B of11eM ciayyae yroJ ImoBOpoTa poTopa 3aBUCHUT OT YMCJIa fap Io-
JIIOCOB CTaTopa U paBeH o =7t/2p.

3ALA4U N BONPOCHI AN CAMONPOBEPKU

10.1. Kakue ycTpoicTBa Ha3HBAIOTCS JEKTPUYECKMMU anmnapaTaMy aBTo-
MATHKM U YIIpaBJIeHUsI?

10.2. B Kakue 1BeTA DOJKHBI ObITH OKPAIIEHb! IIMHLL B TPeX(ha3HBIX i€~
msix?

10.3. B Kakue 11BeTa JOJIKHBI OHITh OKPAIIEHbI IIIMHHB B LIEfISIX HOCTOSAHHO-
ro toka?

10.4. Kakve OCHOBHBIE MapaMeTphl XapaKTepu3yioT pene?

10.5. Jina kakux Heyieil NCNoJb3yIOTCs KOHTAKTOPB!, MATHUTHBIE yCKaTe-
JIM ¥ aBTOMAaTMYECKME BbIKIIoYaTem?

FNABA 11
OCHOBbI ANIEKTPONPUBOLA

11.1. O6wme cerepeHus

Dnexmponpueodom Ha3BIBAaETCA 3JIEKTPOMEXaHWYECKasi CHCTeMa,
COCTOSILIAs] M3 3JIEKTPOJABUIATEILHOIO, Npeobpa3oBaTe/NbHOIO, Mepe-
JIATOYHOTO W YNPARJISIOLIEIO YCTPOMCTB, NMpeAHa3HAYeHHas ISl TpU-
BEAECHHUS B ABMKEHHE MCHOJHUTENBHBIX OpraHOB paboueil MallMHBI
(PM) u ynpasjieHHUst 9TUM OBUXEHUEM.

Iepedamounoe ycmpoiicmeo (I1Y) copepXUt MexaHUYECKUE Iiepe-
[ayu U coemMHuTenbHbie MydTsl (puc. 11.1).

Ipeo6pazoeamenvnoe ycmpoiicmeo (I1pY) npeobpasyer TOK U Ha-
NpsiXeHHe MCTOYHUKA SHEPrHH B TOK U HaNpsOKEHUE, HeOOXOOUMEBIE
nns paboTsl anekTpoasurarens (D).

Ynpaeasiowee yempoiicmeo (YY) npencrasiasger co6oi MH$popMma-
LIMOHHYIO YACTh CHCTEMBI YIIPaBJICHUs A/t 06pabOTKKU CUTHAJIOB 3a4a-
JIOLLMX BO3JEHCTBUI M COCTOSIHUSI CHUCTEMbI MO AaTyuKkaM OOpaTHOM
CBSI3U U BLIPAOOTKHM Ha MX OCHOBE CUTHAJIOB YNIpaBjeHUs npeobpaso-
BaTeJieM, DJIEKTPOABUraTeJieM W MepeNaTOYHBIM YCTPOYCTBOM.

Ecnu B cucTeMe a5eKTpOonpuBOaa 00paTHasl CBsI3b OTCYTCTBYET, TO
OHA HA3BIBAETCH PA30OMKHYMOU, B TIPOTUBHOM CJIy4ae — 3aMKHYMOU.

K 3aMKHyTOI1 CHCTEME 3JIEKTPONPUBOAA OTHOCUTCS CAeOAyULl INeK-
mponpueod, TpeACTaBISIIOIUIA COO0N aBTOMAaTUYECKyI0 CUCTEMY, C

Cetb

Ipy > NG| > 1Y > PM

vy . Ot naT4uKoB
" OOpaTHOIT CBA3U
—

' I —> IloTtok 3Heprum

— Curxans! ynpaBlieHUs
3a11a1§)mnc U MHpopMaLuu
BO3AEUCTBUSA

Puc. 11.1
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TMOMOLLBIO KOTOPOK HCIMONHUTENbHBI OpraH MEeXaHM3Ma C omnperne-
JIEHHOM TOYHOCTBIO OTpabaThlBaeT ABUXXCHHE B COOTBETCTBHU C MpPO-
M3BOJIBHO MEHSIOLIMMCS CUTHAJIOM YIlpaBJsiiollero opraHa. Hanpumep,
Ha KOIMMPOBAJIBHOM CTaHKE PexXylUIMil MHCTpYMEHT cOBepllaeT obpa-
60TKY MOBEPXHOCTHU WU3JENMSA, COOTBETCTBYIOIIEH NMPaKTUYECKU JIIO-
60i1 KoH(UTrypaliMM MOBEPXHOCTH MabNoOHA, 10 KOTOPO# NnepeMelia-
e1Ccs JaTYMK M3MEPUTEIBHOIO YCTPOCTBA.

K pa3oMKkHyTO! cUCTEME 3NEKTPOIIPUBOAA OTHOCUTCS MiA208bili 2A€K-
mponpueood, TpeNCTaBISIIOIUIA cOOO aBTOMATUYECKYIQ CUCTEMY, B
KOTOpO#M TOJIOXEHUE LIATOBOIO NBUTATENS, a CJIeOBATENIbHO, H HC-
MOJIHUTEJIBHOTO OpraHa pabouero MexaHmM3Ma COOTBETCTBYET LiM(po-
BOMY KOLY yNpaBJsIoleil nporpaMMbl.

InpoKo NpUMEHSIOTCS SJIEKTPONPUBO/bI € MPOCTHIMU CHCTEMaMU
YOPaBJIEHHUs IIyCKOM, ‘PEryJIMpOBaHUEM YaCTOThl BPAIIEHUA U TOPMO-
XKEeHUEeM Ha OCHOBE 3JIEKTPHUYECKUX anmapaToB aBTOMAaTHMKM U YIIpaB-
JieHUs (pyOWJIbHMKH, MAKEeTHHIE BHIKITIOUATENH, KOHTPOJLIEPbl, KOH-
TaKTOpHBl, pejie U ap.).

11.2. YpaBHeHue ABMXEHUSI SNEeKTPONpUBoaa

MexaHuueckas 4acThb 9JICKTPONPHUBOAA NPEACTABIISIET COOOM CIIOXK-
HYI0 KMHEMATHMYECKYIO Lerb ¢ OONBbIIUM YMCIOM ABMXYLIMXCS Bpa-
LIATENbHO Y MOCTYNATENBHO 371eMeHTOB. [IpeHeOperas 3a3opaMu Mex-
AY MEXaHWYECKUMU 3BEHBSIMU U MX YIPYroCTbIO, IPUMEM MEXaHHYe-
CKHeE CBsi3U abCOMIOTHO XeCTKUMH. [1pu 3TOM ABUXEHHE ORHOTO 3Jie-
MEHTa gaeT NOJHYI0 WHGOPMAIMIO O ABMXEHUM BCEX 3JIEMEHTOB
npuBona. OGBIMHO TAKUM 3JIEMEHTOM fIBJIsieTCs BaJl ABUratens. B 06-
EM Clay4yae MOMEHT Ha BaJly JBMTATellsl ONpenensercss ypaBHeHUEM

M= Mo+ I 0Q, /e + Jo dQ, /dr =
= Mo+ (Jyy + Jop)dQ/dt = M+ Moy, (11.1)

rae M., — cTatuyeckuil TOPMO3HO MOMEHT NPUBOLA, ITPUBEACHHBII
K Baly psuratesst; Jo, M Q , — MOMEHT MHEPLMH U YIIOBasi CKOPOCTh
poropa (sixops) asuratens; Ji,, — MOMEHT UHEPLMU BCEX JIEMEHTOB
NMPUBOLIA 32 MCKJIIOYEHUEM pOTOpa (SIKOpsi) KBUIaTellsl, HpUBeAeHHBII
K BaJly ABUTaTesIst.

CraTuyecKuii TOPMO3HOH MOMEHT CO31aeTcsl BHELIHUMMU MO OT-
HOIIEHMIO K ABUIaTesll0 MICTOYHMKAMHU MEXaHMYeCKOI 3Hepruu (Ha-
NpUMEpP, NMOALEM WIU OIYCKaHME Ipy3a) M MMeeT INMOJIOXHUTEIBHOE
3HaYEHUE.

Bxonsas B ypasHeHue MoMeHTOB (11.1) BeynumHa

My = (S + Jop) A€,/ dt (11.2)

Ha3bIBACTCA OUHAMUMECKUM MOMEHmOoM IPUBONA, BKIIOYAs POTOP
(ssKopb) nBuratestsi, MpUBEREHHBIN K Bajxy JaBUrartesid. OH MMeeT Mo-
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JIOXUTEJIbHOE (OTpULATENIbHOE) 3HAYEHME MPU YCKOPEHUH (TOpMO-
XEHHMHM) IBMKEHHUS TPUBOJA.

IIpy BpalaTeJbHOM JIBUXEHHHM UCIOIHMTEIBHOIO opraHa pabo-
yeil MallMHBI C YIIOBO CKOPOCTBIO €, NMPHUBEICHHUE €r0 CTaThye-
CKOr0 MOMEHTa CONPOTHBJICHUS M, U MOMEHTa WHepuMH J,,,, K Baly
JIBUraTeisl OCYLIECTBIIIETCS] HA OCHOBE OaJIaHCOB MOIIIHOCTEN M KUHe~-
trdeckux sHepruiil (n — KILJL nepenaun)

MCTQJIB =M, Qp.M/T];

Jp.MQ%).M . angxzuz (] 13)
2 2
T.C.

MO

MCT c=“p.M ;

Ny

2

Q
J o =J  |2em

np p-M Q

AHAJIOTMYHO NMPU MOCTYNATEILHOM ABMXEHMU MCHOJIHUTENBHOTO
opraHa paGoyeil MaUIMHBI C JIMHEHHOW CKOPOCTBIO ), MpUBEACHHE
€ro CWJIbl CONMPOTUBJIEHUS F, U Macchl My, ,, K BaJly JBUratessl OCylie-
CTBJISIETCSA HA OCHOBE 6aaHCOB MOIIHOCTEW ¥ KUHETHYECKUX SHEPTHi

MoQp = F; vp.M/T];

mp.Mv[zl.M _J Qfm (11.4)
2 R -
T.€.
M = chp'M ;
N,
’ 2
an =Mpm QPM .

BB

MOMEHT MHEPLIMY BpalllaloIIerocs: Tejla paBeH CyMMe IpOM3Bee-
HUIT Macc my, €ro YacTUIl K Ha KBaApaT pPacCTOSTHUS 7y OT YacCTUIIBI OT
OCH BpallleHUs

n
J =Y mnri.
k=1

OGBIYHO MOMEHT MHEPLIMM BHIPAXAIOT KaK MPOM3BeAeHUE Macc m
Tena Ha KBafipaT paduyca UHEPYUL Ty,

279



J =Y mr} =mrl, (11.5)

k=1

[Ne 1,y — PACCTOSTHUE OT OCH BPAICHMS, HA KOTOPOM HYXHO cocpe-
JOTOYMTh B OIHOM TOYKE BCIO MaccCy Teja, YTOOB! MOJIyYUTb MOMEHT
WHEepLMM, PaBHBII (paKTUUECKOMY MPU pacrpenejieHHON Macce.

Panuychl MHepIUU MPOCTEHIINX TeJl YKAa3BIBAIOTCSI B CIMPABOYHBIX
Tabnumax_(Uis CruUIOIIHOrO HWIWMHIPA PamdyCcoOM r paiuyc WHEPLHH
Fpo = r/ J2), MOMeHTH MHEepLHH POTOPOB M SIKOPEil 3fieKTPOIBUTaTe-
Jiell — B Karajiorax.

HHoraa B kaTanorax Juisi ABUraTesiei yKa3plBaloT 3HAUECHUE MAX080~
20 momenma GD?,, rne G — cwia Taxectu (sec), H; D,,, — anamerp
uHepuuu, M. B 3TOM cily4ae MOMEHT UHEPLIMM POTOpPa (SKOps), KT - M2,
JIBHUFaTelist paBeH

: GD,,
= (11.6)

4g ’
rae g= 9,81 M/c? — yckopeHue CBOOOIHOrO NajeHMs.

Ecim nsBecteH MoMeHT M, H - M, » YyacToTa BpanieHus n, 06/MH1H,
ABUrartesis, T0 ero MolHocTh P, kBT, onpenensiercs o ¢opMyne

P=M,, Q. = M,n/9550, (11.7)
e Qg =2nn/60=n/9,55 pan/c.

11.3. MexaHu4yeckne xapakTepucTvKmn
NPOU3BOACTBEHHbLIX MEXAHU3MOB U HArpy304Hbie
AvarpaMmbl 3NE€KTPONpPUBOOOB

[lpn npoeKTHpOBaHUM JIEKTPONPHUBONA HEOGXOIMMO 3HATH MEXa-
HUYECKUE XapaKTePUCTUKHU MTPOM3BOACTBEHHBIX MeXaHU3MOB. OCHOB-
HBIE XapaKTepUCTUKHU NMpUBEAEHbI Ha puc. 11.2:

* He 3aeucauel om 4acmomvl 6PAUEHUS MeXaHUUeCKol xapaKmepu-
crmukoli (mpsgMas 1) obnamaloT NMOgbEeMHBIC KpaHbl, JebenkKu, mexa-
HU3MBI NIOJIa4 METALIOPEXYLIUX CTAHKOB U T. J.;

o NUHEIHO-603DACMAIOWYI0 MEXAHUYECKYI0 XapaKkmepucmuky (Ipsi-
Masi 2) uMeeT NPUBOJI TeHEepaTopa MOCTOSIHHOIO TOKA € HE3aBHCH-
MBIM BO30YXJIEHMEM I1pU MOCTOSIHHOM COMPOTHBJICHUM LIENH Harpys-
KM (cM. moapa3a. 9.8);

 Heaunelino-eo3pacmaroweli (napaboauyecKoll) MEXAHUYECKOU XapaK-
mepucmukoli (3aBUCUMOCTb 3) 061a1al0T MPON3BOACTBEHHBIE MeXa-
HU3MBI C BEHTWISITOPHBIM MOMEHTOM (LICHTPOOEXHBIe HaCOCHI, Tped-
HbIE BUHTBI U T.IL.), ITOCKOJIBKY Y BEHTWISTOPOB TOPMO3HOII MOMEHT
NPONMOPLIMOHAJIEH KBaapaTy YaCTOTH BpallleHHs;
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3 /(2 JIBuratesb ﬁ Penykrop
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0 M,
Puc. 11.2 Puc. 11.3

o HeAUHEUIHO-CNadarwas Mexanuieckds xapakmepucmuka (3aBUCH-
MOCTb 4) CBOWICTBEHHA HEKOTOPHIM TOKApHBIM, pacTOMHbLIM, (pesep-
HBIM ¥ OPYTUM PEXYLIMM CTaHKaM.

Hazpy3zounas duazpamma 3NeKTPONPHUBOLA XapaKTEPU3YeT 3aBUCH-
MOCTb BpallalolIEr0 MOMEHTA, TOKA WJIM MOILIHOCTU IBUIaTejsi OT
BpeMEHU. PaccMOTpUM Harpy3ouHylo AMarpaMMy JBHUIaTellsi MOXbeM-
Horo MexaHusma (puc. 11.3) 3a oguH UMK pab6oThl. Ee mocTpoeHue
3aKJIIOYAETCsl B cneaymoleM. B cOOTBETCTBUM ¢ AAHHBIMU MEXaHHYe-
CcKOro obopynoBaHUsi, TEXHOJIOTUN paboT M TpeOyeMoil MpOU3BOAU-
TEJILHOCTH 3aJaeTCsl MPUMEPHasl fuarpaMma CKOpOCTH NMoxLeMa, T.¢€.
YEJIOBOI CKOPOCTH WU YaCTOTH BpalleHUs! [BUTATE)Ist (TaxorpaMma)
ONHOTO LMKJIAa paboThl NoabeMHMKA Q (1) wim n(f) (puc. 11.4, a),
MpeayCMaTp1BaloLlast UHTEPBATLI Bpe-

MEHH YCKOpEHHUs1 Af;, yCTAaHOBUBLIE-
rocsi pexxuMa Ah, 3aMEJUICHUst AL U ¢ p

nay3bl MEXIY LMKJIaMHU ITOnseMa At,. )
VrioBble yCKOpeHUE U 3amefiieHHE 0 : : | { - a
£
dQ,,. (¢ B or
e(r) = 992, (0) (puc. 11.4, 6) numMeror o
dr 0 ) . 6
M - H 1t
[IOCTOSSHHBIE 3HAUYEHUS] U pa3HBIE e o
3HaKM B MHTEPBAJaX BpEMEHU Af; U 0 . 6
Aty. B UHTepBaNax BpEMEHH YCKOPe- M. 4 ) — !
HUSI U TOPMOXEHHS XapaKTepUCTH- L L I_
Ka TUHAMUYECKOIO MOMEHTAa HMHEep- MO ! : = 2
UMM, paccumtaHHasg no (11.2), no- o o [
KazaHa Ha puc. 11.4, 6. [lasiee o ¢op- | !
Myne (11.4) onpenensiioT npuBeneH- 0L N Y
HBI K BaJly ABUTATENsl CTATHMECKHUI P !
I I 1
MoMeHT (puc. 11.4, &), no dopmyne 0 e
(11.1) — MoMeHT Ha Baly JIBUTaTes Al Aty Aty | Aty |t
(puc. 11.4, ) u 1o popmyne (11.7) —
€ro MouHocts (puc. 11.4, e). Puc. 114

281



INo Harpy304HOM AUarpaMMe Onpeac/siioOT HOMUHATbHYIO MOLIHOCTh
JBHTraTeliss ¥ CPaBHHBAIOT €r0 NMyCKOBOM M MaKCUMATbHBII Bpallaio-
Lie MOMCHTBI ¢ IPUBEICHHBIMU Ha AuarpaMMme (cM. roapasa. 11.7).

11.4. HarpeB u oxnaxaeHue anexTpoaBurarens

IoTepu 3Hepruy B ABUTaTelie BHI3BHIBAIOT HArpeB €ro OTHEJIbHBIX
yacreil. JIOMyCTUMBI HarpeB JBUraTessi ONpEAEIISeTCs] HarpeBOCTOM-
KOCTBIO MPUMEHIEMbIX HU3OJISIIHOHHBIX MaTepHAIOB, KOTOPHIE 1O Ha-
IPEBOCTOMKOCTH TOJAPA3AEIISIOT Ha KIACCHI:

KITACCHI MBOMISIIMY ....eovreeeeeraeaaeaneeeneeneseessasssmsansnns E B F HuC
JonyctuMast Temneparypa, ‘C 120 130 155 180

PaccMmarpuBasi ABUraTesb Kak OqHOPOIHOE TeJlo, obJaaaroliee 0ec-
KOHEYHO OOJIBIION TEILIONPOBOAHOCTEIO, M NoJjlaras, YTro TeIUIoOTAa-
Ya BO BHELIHIOK CpEAY MPONOPUMOHATBHA [IEPBOM CTENEHU pasHOCTH
TeMITepaTyp ABUraTelisl U OKpYXaloUieh cpeibl, ypaBHEHUE TEILIOBOTO
GanaHca ABUratTensi NpU MOCTOSTHHOM Harpy3ke Oyner UMETb BHU[L

Pdt = A9dt + Cdo, (11.8)

Ime 8 — pasHOCTh TeMIleparyp ABUTaTeNsi H OKPYXKalolieil Cpefibl, T.¢.
neperpeB nBurarensi, “C; A — tenyiootnaya asurarens, Br/°C; C —
TEILUIOEMKOCTb ABurartesisi, Bt - ¢/°C.

PaznenuB Bce cimaraemble ypaBHenus (11.8) Ha Adf, monyyum

P_ 5. C90 (11.9)
YRR
nin

do
T, —+ =10,
" y
rae 1, = C/A — nocTossHHasi BpeMEHU Harpesa JBUrarest; O, = P/A —
YCTaHOBMBIIICECsS] 3HaYeHUe eperpeBa IBUTATEIIS.
Pewenue nuddepeHumanbHoro ypasHeHus (11.9) umeer sun

B =0y + (89— By)e /™, (11.10)

rae 8, — HayaJabHOe 3HAYCHME NeperpeBa ABUraTesisi B MOMEHT BpeMe-
HHU =0 u yuteHo ycaoBue 9(0_) =8(0,), T.€. TeMneparypa ABUraresist
HE MOXET U3MEHHTBCS CKAYKOM.

Ecnv HayanbHoe 3HaueHME neperpeBa ABuratrens Oy =0, To 3aBU-
cuMmocthb (11.10) npumer Bug

B =0,(1 - e¥™), (11.11)
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nOAOOHOM 3aBUCHUMOCTH OT BPEMEHM HAMNpsSDKEHMs] HA KOHIEHCATope
npu ero 3apsiake (1.21).

Y caMOBeHTHJIUpYEeMbIX OBUTATelieil OTKPHITOTO KCIIOJHEHUS] Ma-
JIOH ¥ CpeHell MOILHOCTH MOCTOSIHHASE BpEMEHHU Harpesa T, COCTaB-
nget okono 1 4, y iBUraresieif 3aKphbiToro UCIOJHEHU GOMBIION MOLL-
HOCTH — 3—4 4. [Ipu OTKIIOUEHUU OT CETH M OCTAHOBKE JBUTATE]IS
NOCTOSIHHAS. BPEMEHU OXJIAXIEHUS T, = (3—5)t,, BCIeACTBUE YXYALLIE-
HUSA YCJIOBMI TeIJIoOTHaYM.

Ha puc. 11.5 noctpoenn! 3aBucuMoctH I u 2 Harpesa JBUTATesIs]
COOTBETCTBEHHO JUIS1 3HaY€HUsI HaYalbHOTO TeperpesBa 9, >0 1 93=0
IIpY OOHOM M TOI Xe MOUIHOCTH P, Ha Bany npurateisi. Eciyu Moli-
HOCTb Harpy3ku JABUraresisi MeHblie P, < P|, To HarpeBaHUIO ABUraTe-
Jist ipu Oy =0 COOTBETCTBYET 3aBUCHMOCTD 3.

IIponiecc oxnaxneHus: OBHTraTe)isi OTOOPaXaloT 3aBUCHMOCTH Ha
puc. 11.6. 3aBucumocTs ! COOTBETCTBYET YMEHBIIEHUIO Harpy3ku, a
3aBUCUMOCTH 2 M 3 — OTKJIIOYEHMIO IBUTaTeNsl OT CETH.

11.5. BoiGOp BUAa n TMNa aneKTpoaBUrarens

IIpu BrIOOpE 6uda nBUTaTENs (MOCTOSSHHOIO TOKA, aCMHXPOHHOTO,
CHMHXPOHHOT0) BaXXHYIO POJIb UTPaeT €ro MeXaHHU4eCKas XapaKTepuc-
TukKa (puc. 11.7). OmHUM M3 OCHOBHBIX KPUTEPUEB MEXaAHUMUYECKMX Xa-
PaKTEpPUCTHUK SIBJISICTCS HCECHMKOCHb

o=AM,/An,

KOTOpast MOXeT OBITb Pa3sAMYHOI Ha pa3aUYHBIX Y4acTKaX XapakTepH-
CTHK.

Ecniv u3MeHeHHe TOPMO3HOIO MOMEHTa, CO3IaBaeMOro Ha Bajy
JBUrarenss Npou3BOACTBEHHBIM MEXaHU3MOM, HE [IOJXHO COMpPOBOX-
JaTbCsl MBMEHEHUEM YacCTOTHI BpallieHWsl ABUIATENS], TO €r0 MEXaHH-
UecKas XapakKTepUCTHKA JOJKHA OBITb XeCTKoi. Takue TpeGoBaHMS

283



ADOCONIOTHO XECTKas
\ CUHXPOHHOIO JBUTATEIS

My,

. Puc. 11.7

MPeqbsBASIOTCS, HAIIPUMEpP, K CTaHaM XOJOLHOM MPOKAaTKU CTaju,
e UIA 3JIEKTPOIPUBOAa UCTIONL3YIOTCSE CUHXPOHHBIE ABuratenu. On-
HaKoO MpPU 3TOM IPONOPLMOHAIBHO M3MEHSIIOTCS TOK, MOIIHOCTH U
BpallaIoLIMii MOMEHT ABUraTenst (CM. roapas. 8.23), yTo MOXeT BBI3-
BaTh €r0 TEIUIOBYIO 1 MEXaHUYECKYIO MepPerpysKy.

Ecnu yBenuueHue (YMEHBIIIEHKE) TOPMO3HOTO MOMeHTa pabouero
MeXaHu3Ma JOITyCKAaeT OJHOBPEMEHHOE yYMEHbLICHUE (YBEJIMYEHUE)
YaCTOThI BpallleHUsI IBUTATENsA, TO XeENaTebHa MIrKasi MEXaHU4eCKast
XapakTepucTvka apurarens. [Ipy 3TOM TOK U MOLIHOCTb JBUIaTesst
HM3MEHSIIOTCA HE3HAUHTENbHO (CM. noapasmn. 9.14).

J1s1 HeperyaMpyeMsblx IpMBOAOB MOLIHOCTHIO Mo 100 kBT 1ipu ya-
CTbIX MYCKAaX, HEMOCTOSIHHON HAarpy3ke M OTCYTCTBMM CrneHUajbHBIX
TpeOoBaHMiT Hanboyice HANCXKHBIM M MPOCTHIM B 3KCIUTyaTalyM S1B-
JISIETCSl aCUHXPOHHBIN NBUTATENb C KOPOTKO3aMKHYTOH OOMOTKOH po-
TOopa.

ACHHXPOHHEIE IBUTaTesu ¢ PazHEIM POTOPOM NPUMEHSIIOTCS LISt
NPUBOLOB OOJBILOKA MOILIHOCTA NPU HAIMYUMU OCOOHIX TpeOOBaHUIA
K IIYCKOBOMY MOMEHTY WJIM IYCKOBOMY TOKY (HallpuMep, CBsI3aH-
HBIX C OrpaHMYEHHOI MOIIHOCTBIO TpaHcGOpMaTOPHON MOACTaH-
UH). »

KoHcTpykumio (mun) nBuratensi BEIOUpPAOT B 3aBUCMMOCTH OT
YCJIOBUM €ro pabdoThl: HEOOXOAMMOCTH 3aILMTHl OKPYXAIOLEH Cpenbl
OT BO3MOXHEIX HCKpOOOpa3oBaHuil B iBurarese (IIpv HATUYUU TOpIo-
Yyeid MbUTH, B3PEIBOOIIACHEIX CMECEH M T.11.), @ TAKXKE CaAMUX JABUraTe-
Jiell OT momnajaHusi B HUX BJIard, IbUIH, arpeCCHUBHBIX XUMHMYECKUX
BELIECTB W T.II.

Paznnuaror HECKOIBKO OCHOBHBIX THIIOB KOHCTPYKUMWH JIBUTaTeIcii.

Jeueamenu omxpeimoeo muna ¢ 6ONBIIMMY BEHTWISILLMOHHBIMHU OT-
BEPCTUSIMM B ITOALIMITHUKOBEIX IMTAX U CTAHHMHE JJIs JIYUYIIIHUX YCIIO-
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BUIl OXJIAXIEHUS TPUMEHSIOTCS. PEAKO BBHAY BO3MOXHOCTH UX JIETKO-
ro 3aCOpeHNs B MPOM3BOACTBEHHBIX YCIOBHUSX U OMACHOCTH ITOpaxe-
HUS TOKOM OOCIYXKUBAIOLIETO TICPCOHAIA MPH MPUKOCHOBEHUN K OT-
KPBITBIM TOKOBEOYILIIUM YaCTSIM.

Jleueamenu 3auuiyenHo20 muna AMeIOT BE HTWISILIMOHHbBIE OTBEpPCTHSI,
KOTOPBIE 3aKPHITHI PELIETKAMU, NPELOXPAHSIIOIIMMU ABUTATEb OT IO~
naJaHusa BHYTPb Kaliejb JOXAS, TOCTOPOHHUX YACTHULL, OITWJIOK U T.I1.,
HO HE€ IbLIH.

Aeueamenu 3axkpsimozo muna yCTaHaBIMBAIOT B 3aIlbUIEHHBIX NTOME-
LIEHUAX NPU HAIWMYMK B BO3IyXE MapoOB €IKWX BeliecTB W T.m. Jlig
YIIYYILIEHHS OXJIaXAEHUs] TaKUX JIBUraTEIeii MPUMEHSIIOT IPUHYIUTEIb-
HOE BO3IYIIIHOE OXJaXxAeHUE. B CHIPBIX MOMELIEHHUSX YCTAHABINBAIOT
3alMILEHHBIE ABUTaTeNU CO CIIEHATBbHOM BJIArOCTOMKON M3OJISILMEN,
BO B3pbIBOOITACHBIX IOMELIEHUSX, COAEPXKAIUX TOPIOYME Ta3bl MIU
napel, — B3PHIBO3AILUIICHHBIE IBUTATEIIN.

11.6. HoMMHanbHble peXxXuMbl PpaboTbl
aneKkTpoaBurarenemn

PaznyaloT NpoNOIDKUTEIbHEBIH, KPAaTKOBPEMEHHBI W MOBTOPHO-
KpPaTKOBPeMEHHbI!1 HOMHUHAJTbHBIC PEXXMMBI pabOTHI 3JICKTPOIBUTaTe/IE.

[IpodoaxncumenvHbiM HOMUHAABHBIM DEXCUMOM pabombl 3NEKTPOIBH-
raTesisi Ha3bIBAE€TCA PEXMM ero paboThl ¢ HEM3MEHHOI HArpy3koii P,
NIPY KOTOPOM IMPEBBIILIEHUST TEMITEPaTyphl ¥ BCEX €ro YacTeil Hal TeM-
NEPaTypoil OKPYXaloieH CPefbl JOCTUTAIOT YCTAHOBUBIIUXCS 3HAUE-
HUi Oy. JINIMTENBHO ¢ MOCTOSSHHOM HArpy3Koi paboTaloT BEHTHWIATO-
pbl, HACOCHI, KOMIIPECCOPBI, TEKCTU/IbHbIE CTAHKH.

Ha ke 3nexTpoaBuratesisi, npeAHa3HAYEHHOTO IUIA [IJIUTEITb-
HOM paboThl, YKa3bIBAIOT COKPAIIEHHOE CIOBO «JIIUT.» WM CMMBOJ
S1 v 3HaUeHHe HOMUHAIBHON MOIIHOCTH Ha Bany P,

KpamkoepemeHHbIM HOMUHAABHBIM pedcumom pabomsl 3MEKTPONBUIa-
Tessl Ha3BIBAETCS PEXUM, ITPU KOTOPOM MHTEPBATLI BpEMEHM €ro pa-
60Tl Af, ¢ HEM3MEHHOI Harpy3koii P 4epenylorCs ¢ HHTepBalaMu
BPEMECHM OTKJIIOUCHMS OT CeTH. I1pu 3TOM 3a MHTEpBaIbl BpEMEHH Ha-
IPY3KU MeperpeB ABUTATENsl He JOCTUTaeT YCTAHOBUBILIMXCS 3HAUYCHMIA,
a 32 MHTEpBATH BPEMEHU OCTAHOBKM BCE YACTU ABHIATENS] OXJ1aX/Ia-
I0TCSl IO TEMIIEPATYPH OKPYXKAIOLIEH Cpelibl.

B pexume KpaTKOBpeMEHHOU Harpy3Ku paboTaloT IIPUBOIBI pas-
BOITHBIX MOCTOB, UUIIO30B, 3aJBUXEK TPyOO- U I'a30IPOBOAOB U Jpy-
r'MX MexaHu3MoOB. Ha mmTKe snekTponBuUraresis, NpeAHa3Ha4eHHOTo
IUTSl KpaTKOBPEMEHHOTO peXHMa paboThl, yKa3blBAIOT HOMHHAIBHBIN
uHTepBag Bpemenu pabotsl (10, 30, 60, 90 MUH) Mp¥ HOMHMHAJIBHOMN
MOIIHOCTU Ha Bayy P,,, ¥ CUMBOJI S2.

[loemopHo-KpamKxoepemeHHbIM HOMUHAIbHBIM PENCUMOM pabombl 3IEK-
TPONBUTaTE sl HA3LIBAETCS PEXHM, IPU KOTOPOM TOBTOPSIOLIMECS
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HMHTEPBAJIbI BPEMEHU €ro paboThl A4, ¢ HEM3MEHHONH Harpyskoi P

YepeayoTcsl C HHTepBaJaMH BPEMEHH OTKITIOUEHMS OT CeTH Af,. Ipu-
YyeM JUIMTEIbHOCTH MHTEPBAIOB BpEMEHU Af, U Af, MaJIbl, YTOOBI TEM-
nepaTypbl BCeX 4acTeil ABUIaTessi MOIJIM AOCTHYb YCTAHOBHBIIIMIXCSI
3HaYCHUH. )

B 3TOM pexXuMe THUITOBOE 3HaYeHH e TTPOIOIDKUTEIBHOCTH TTOBTOPSI-
IOIMXCS LMKIIOB: Afy = Af, + Af, < 10 MUH, a OTHOCUTENbHASA MTPONOI-
KUTEILHOCTD BKIIOUEHMS

At
B=—"2_100% (11.12)
At, + At

WMeeT CTaHIapTHhIC 3HaueHus 15, 25, 40 u 60 %. B moBTOpHO-KpaTKoO-
BPEMEHHOM peXUMe paboTaioT 3JIeKTPONPHUBO/b] NOTEEMHBIX KPAHOB H
GOJNTBIIMHCTBA METAJUTOPEXYILMX CTAaHKOB. Ha NIUTKe 37eKTponBurare-
Jisl, IpeAHa3HAYCHHOTO MJis- paboThl B IOBTOPHO-KPATKOBPEMCHHOM
pexXxuMe, YKa3blBaloT CUMBOJ S3 U 3HaueHue OTHOCUTEJIBHOU Mpo-
JOJKUTETbHOCTH BKIoueHUsT (I1B) mpu HOMUHATBHON MOLIHOCTH
Ha BTy Py

11.7. Pacuer MOILHOCTU U BbIOOp 3neKTpoaBurarens

ITpaBWibHBI pacyeT MOIIIHOCTH JBMIaTeNsl U €ro BHIOOP AOJIXHBI
YAOBJETBOPATH TPEOOBaHUSIM 3KOHOMMYHOCTH, NPOU3BOAMTEIILHOCTH
U HAJEXHOCTH 3jieKTponpuBoaa. [1pu 3ToM HOJKEH YYUTBHIBATECH pe-
XUM paboTHI 3JIEKTPOABUTATESI.

IlponosxuTenbHbI pexuM paboTol. [1py NponoKUTEIEHON HEU3-
MEHHOH Harpy3ke MOIIHOCTb JBMIaTeyisi MPUHUMAETCsl paBHOM MOIII-
HOCTU Harpy3ku ¢ yyeroM KI1/ nepematoyHoro MexaHusMa. BeibpaH-
HBIM 3aTeM MO KaTajaory GMXKaMIIHii Mo MOLHOCTH ABUraTesb Clemy-
€T NPOBEpPUTH ITO 3HAYEHHUIO IyCKOBOIO MOMeHTa. Eciam npoponxu-
TeJIbHas 0 BPEMEHM Harpy3ka MEHSIET UUMKIMYECKUd CBOE 3HAYCHME,
TO 14 pacyeTa MOLHOCTH ABUTATEJIsl IPUMEHSIIOTCA METOObl CPEeIHUX
MOTEPb ¥ 3KBMBAJICHTHBIX BEJIUYMH.

Memoo cpedHux nomeps 3aKIIOYAETCS B TOM, YTO MEpErpeB ABUTATE-
Jisl TIpY HEU3MEHHOMH TEIUIOOTAAYE OIPEEseTcss CPeAHMMM MNOTepsi-
MM 33 ofiMH UK (puc. 11.8):

AP, =3 AP AL /AL, (11.13)
i=1

rne AP; — MOLIHOCTD MOTepb Ha i-M HHTEpBaJie¢ BpEeMEHH; Al —
NPOJOJIKUTENIBHOCTD [-TO MHTEPBAIa BpEMEHHU; Af, — IIPOAOJIKU-
TEJILHOCTh UHTEPBAJIA BpEMEHU LIUKIIA; M — YUCJIO UHTEPBAIOB BpE-
MEHHM B LIMKJIE.
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==
0 ! -
A | AL | ok | At | af
A,
Puc. 11.8

HalineHHo€e 3HaUeHHe MOUHOCTH CpeIHUX TOTEPb CPABHUBAETCS C
MOLHOCTBIO NOTEPh MPH HEM3MEHHONH HOMMHATBHON MOILIHOCTH [BH-
ratens Ha Bany P, H, €CIU

APcp < APHOM = HOM(1 - nuom)/nuoxm (1 1. 14)

TO CpefiHee MpeBBIIIeHNE TEMIIEPATYPHI Pa3JIMYHbBIX YaCTCH ABUTATEIIs
He OyAeT MpeBHIIATh JONYCTUMOrO 3HaYeHus1 ¥ <9 .

Iopsimok pacyeTa MOLLHOCTH JIBUTATEJNISl METOAOM CPEIHUX ITOTEPD
cocToMT B cieayouieM. [1o Harpy3o4Hol AMarpaMMe MPOM3BOACTBEH-
HOTO MexaHu3Ma (cM. puc. 11.4) onpenensiercs: CpeaHsisi MOLHOCTE Ha

n
Baiy npuratensi P, =Y P, At;/At, W N0 KaTanory rnpeaBapuTeIbHO
i=1

BbLIOMpAETCsl ABUraTe;ib HOMUHAIBHON MOLHOCTBIO
Py < Pyou- (11.15)

Pacnionaras u3 katanora kKpuBbiMu KII1J| gBuratenst B GpyHKIUH
HAarpy3ky NpH pasHbIX YacTOTax BpalleHuWs, HAXOOHUM MOIIHOCTb I10-
Tephb Ha KAXIOM MHTEpBajle BPEMEHH HArpy304YHOM AArpaMMbl, Cpel-
HIOI0O MOLIHOCTB Totepb 1o (11.13) u cpaBHMBaeM ee 3HaueHHE CO
3HAYCHMEM MOIIHOCTH HOMMHAIBHBIX rToTepb 1mo (11.14).

Memod sxeusasenmubix eauyun 3aKITIOYAETCS] B TOM, YTO JUISL Bbi-
OGopa aBUraTeNs MOJb3YIOTCHA 3HAYCHHSIMH 3KBUBAJCHTHBIX BEJIMYKMH
TOKa, MOMEHTa U MOIHOCTH. Tak, MOIIHOCTb NEPEMEHHBIX MOTEPh B
JIBUTaTeNe B KaX/Iblii MOMEHT BpeMeHH pasHa RiZ, rae R v i — aKkTuB-
HOE CONPOTHBJICHHE H TOK OOMOTOK ABUTaTeNsl. U3MeHSIOWMIACA TOK
JBUTraTesis 3a BpeMst omHoro nukia (cM. puc. 11.8) MoxHo 3aMeHUTH
HEM3MEHHBIM 3KBHBAJICHTHBIM TOKOM IPH YCIOBUM PaBEHCTBA MOIL-
HOCTEH NepeMeHHBIX TOTEPb B 00OMX CIyYasIX:
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Ecnu HaiineHHOE 3HaueHHe 3KBHBAJICHTHOTO TOKA YIOBJIETBOPSIET
YCJIOBHIO IS TIpeaBapHTeNbHO BbiOpanHoro no (11.15) pBurarens

<

13K S IHOM’

TO ABMraTe/Ib BRIOpaH NpaBiIbHO. MeTon 3KBHBaIEHTHOTO TOKa He TIPHU-
MEHSIETCSI B TeX CJIyYasX, KOrjla HeOOXOOHUMO YYMTHIBATH MOIIIHOCTB
MOCTOSTHHBIX MOTEPh B MarHUTOINPOBONE Ha TUCTEPE3UC U BUXPEBLIE
TOKM M B aCHHXPOHHBIX ABUTATENSIX C KOPOTKO3aMKHYTOH OOMOTKOI
poropa B BHIE ABOMHOro GeIMYbEro Kojeca WM [Iy0oKoro nasa (CM.
nonpasn. 8.10). [NocrenHee "0OBACHSAETCA TEM, YTO aKTHBHOE COIPO-
THBJIEHHE OOMOTKM pPOTOpa B YCKOBBIX H TOPMO3HBIX peXUMax nepe-
MEHHOE.

IMonaras, yTo 3Ha4eHUs Bpamarero MOMEHTa U MOITHOCTH JBU-
rareJisi IIPOITOPLMOHAIBHBI 3HAYEHMIO ero ToKa, nojayuuM uz (11.16)
BbIPAXXEHHST SKBUBAJICHTHBIX MOMEHTa U MOII[HOCTH:

Ecnu skBuBaNeHTHEIE MOMEHT B MOLITHOCTb HE MPEBBILLAIOT HOMU-
HaJIBbHBIX 3HaYeHUil OMHOMMEHHDIX BEJIMYMH MPEABAPUTENIBHO BLIOpAH-
Horo no (11.15) aBurarens

h MHOM ZMak;} (11.17)

PHOM 2 3K

TO JBUTaTesb BbIOpaH IPaBUIbHO.

Metoabl 3KBUBAJIEHTHBIX MOMCHTA M MOILIHOCTH HE MPUMEHSIOTCS
JUIS pacyera iBUrareist IOCTOSTHHOTO TOKa C TOCJICI0BaTeIbHBIM BO3-
OyXIeHUeM, TaK KaK ero MOMEHT U MOIIHOCTb HE MPOINOPIUOHANBHBI
€ro ToKy (cM. moapasz. 9.14).

KpaTkoBpeMeHHbiil H IOBTOPHO-KPATKOBPEMEHHbII PeXUMbI paloTbl.
JlBuratenu, TpegHa3HAYE€HHBIE Ui KPaTKOBPEMEHHOU paboThbl, Bbl-
MyCKAaKT ¢ HOPMUPOBAHHOM TNPONOIKUTENBHOCTEIO padoter; 10, 30,
60 u 90 MuH. IIpu 3TOM BHIOPaHHBIN [0 KaTajory JABUraTesb IpU HO-
MHMHQIBHON MOIIHOCTH B TCUCHHME YKAa3aHHBIX MHTEPBAIOB BPEMEHU
OyneT MCnoJib30BaH MO HArpeBy MNOJHOCTDIO.
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a 1.16):

s pexuma KkpaTKoBpeMeHHo# Ha- P, 9 P
rpy3ku (£, ) MOTYT IPUMEHSATBCS IBU- px 9o
raTe/v, TIpeIHa3HAYeHHbIC IsT PEXU- : / Poon
Ma JUTUTEbHOW HArpysku (P,g,,). 9TH —7 5,59
JIBUTaTesIn’ MOXHO B TEYEHHE MHTEp- — e
BaJla BPEMEHM paboThl Af, MeXaHnyec- L —"5
KM neperpyxatb (puc. 11.9) Tak, yro- 0
Obl meperpeB ABUraTeNst o,, He Mpe- At !
BBIILAT JTOMYCTUMOIO YpOBHA U, B
GOJIBIIIMHCTBE CJIyYaeB B pEXUME KPaT- Puc. 11.9

KOBPEMEHHOM Harpy3k 3T JBUTATe-

JId HE MOTYT OHITH MCIOJB30BaHbl MO HArpPeBy MOJHOCTbIO, TaK Kak

paHbLIEe [POABIAIOTCA OTPAaHWYEHUS MO MEXaHHUYECKOH Ieperpys3Ke.
Ileperpysounas cnocobHOCTb Ky = P,/ P, IBUTaTeNeil pasiny-

HBbIX BUIOB UMEET 3HAUECHMSI:

JBUTATENIN NMOCTOSHHOTO TOKA ......oeveeeerreereeeerrnreerrneerensesennsssssnes 2—2,5
ACHUHXPOHHBIE JIBUFATEJIN C KOPOTKO3aMKHYTOI OOMOTKOI

poTOpa HOPMAJIBHOIO MCHOJIHEHHS
TO K€, C (DABHBIM POTOPOM .eeeeeeeeeenneeeeieeeseeeeeeeeeeeeseeesssssesssennes
CUHXPOHHBIE JBUTATEIIM ..ceeeeeuuereereevereeeeseeeeeeeesssesessssssssessaannes

Ilopsinok pacuera MOUIHOCTH JBUTATENsl, NPEAHA3ZHAYEHHOrO ISl
peXuma JUIMTENBHON Harpy3Ku, B peXuMe KpaTKOBPEMEHHOI Harpys-
KM cocTtouT B cneaytouieM. M3 Harpy3ouHoii nmarpaMMel Onpeaensiior
MOILHOCTb KPaTKOBPEMEHHOM Harpysku, Hampumep, P, =20 xBr.
[lpenBapuTebHO BEIOMPAIOT aCHHXPOHHDLIA JBUTATENb C NEPErpy3oy-
HOH CMOCOOHOCTBIO &y, = 2 ¥ ONpEAESSIOT €r0 HOMUHAIBbHYIO MO~
HOCTb P,y = Poy/2=20/2=10 xBr. Ilo karajiory BeiOupaeTcst Asura-
Tenb ¢ Onuxaieil OoJplIei Mo 3HaYeHHK HOMMWHAJIBHON MOILHO-
CThIO U 3aTe€M IPOBEPSIETCA MO 3HAYECHUSIM MYCKOBOIO U MAaKCHUMAJlb-
HOro BpalllalolMXx MOMEHTOB.

JBUrarenu, npeaHasHavyeHHBIE sl MOBTOPHO-KPATKOBPEMEHHOM
padoThl, BLITYCKAIOT C HOPMHAPOBEHHBIMM 3HAYEHUSAMU OTHOCHUTEJb-
HOi1 MpoaoJiXUTeNbHOCTU BKIoUeHus (11.12). BeiOpanHbIii 1o Kata-
JIOTY ABUTaTENb MPU HOMUHATBHBIX 3HAYECHHUAX MOLIHOCTH P, U MpO-
JOJDKUTENTBHOCTU BKItoueHust I1B,,,, OyaeT ucoonb3oBaH Mo HarpeBy
nosiHocThio. Ilpu yBenuueHMH (YMEHBLIEHHH) POJOIXKXUTEIbHOCTH
BKJIIOUEHUSI OTHOCHUTEJIBHOTO HOMMHaJIbHOTO 3HavyeHus 1B, Moli-
HOCTb HAarpy3Ku ABUIaTesIl OTHOCUTENBHO 3HAYEHHUS €0 HOMMHAJb-
HOM MowHocT P,,, HOIXKHA OBITH yMeHblileHa (MOXeT OHITh yBeM-
YeHa).

Iopsimok pacuera MOLIHOCTH IBUTaTesisl, MpelHa3sHaueHHOro i
pexuma JJMTEbHON Harpy3ku, B NMOBTOPHO-KPaTKOBPEMEHHOM pe-
XXuMe paboTbl CBOOUTCS K cienyiomemMy. Flo Harpy3ouHoil auarpammMe
IIPOM3BOACTBEHHOro MexanusMa ¢ yueroM KIIJI Mexannveckoii nepe-
Jauu pacCYUTHIBAIOT CpefiHee 3HAYEHUE MOIHOCTH P, Ha BaJly JABHTa-
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tens. T1o karanory npeaBapUTeIbHO BHIOMpaETCsl IBUTaTes b ¢ Oyikaii-

mei oonblieii HOMMHAIBHOM MOLIHOCTBIO W 3aTEM I[IPOBEPAETCA IO.

3HAYEHUAM ITYCKOBOIO M MaKCHMAIBHOIO BpalalollMX MOMEHTOB U
ycaopusim (11.14) u (11.17).

11.8. YnpaBneHue anekrponpueBoLoM

Vnpapnenue 3/1€KTpONPUBOIOM 3aKJIIOYAETC B OCYILECTBICHUM
MycKa, PeryJMpoBaHusi CKOpPOCTH, TOPMOXEHHSsI, pEBEPCUPOBAHUS, a
TAKKe MONIEPKaHUS PEXUMOB paGoTHl NPHUBOAA B COOTBETCTBUU C
TpeOOBaHNSIMU TEXHOJIOTMYCCKOTO MpolLecca.

CoBpeMeHHBIE CHCTEMBI YITPaBJIEHWs 3JIEKTPONPUBOJAMU COIEP-
XKaT AeCATKM OTAEJIbHBIX 3JIEMEHTOB, MO3TOMY HayepTaHUE MPUHLIMU-
MUANBHBIX CXEM YIIPaBJICHUS TPOM3BOAMTCS MO IMpaBWiaM, olserda-
I0ILIMM HX YTEHUE.

Ha nprHIMNNaTBHBIX CXEMaX pa3ivyaloT IIaBHBIE ¥ BCIIOMOTATeN b~
Hule uer. K 21aenbim yensm OTHOCSTCS CUIIOBBIC NENM ABUTATENEH, K
8CHOMO2AMEAbHbIM — LIETIH YIIPaBJICHUS, COACPXAIUE ICKTPUIECKUE
anmnaparbl aBTOMaTUKU M yNpaBjcHUS (pere, KOHTAKTOpbl, MarHWT-
HBI€ nyckareau v ap.). INepBule BEIYEPYMBAIOT YTOMLCHHBIMU JIMHUS~
MM, BTOpEHE — TOHKUMMMH. IlpH 3TOM pasinyHBbIC 3JIEMEHTBI, MIPUHAI-
JIeXalye OQHOMY anrapary, HarpuMep OOMOTKM U KOHTAKThI KOH-
TaKkTOpa, 0003HAYAIOT ONMHAKOBLIMU OyKBaMU U LUbpaMu.

B npuBogax ¢ HeperyJiMpyeMBIM WJIM CTYIEHYATO PEryiHupyeMBIM
PeXUMOM paboThl MPUMEHSIIOTCS PA3OMKHYTHIE CUCTEMBI YITPaBIeHNs
Ha OCHOBE peJieiiHO-KOHTAKTHEIX allllapaToB, B 060iee CJI0XHbBIX — 3aM-
KHYTBHI€ CUCTEMbl YIIPABJICHHSI HA OCHOBE YIIPaB/IieMBbIX Ipeobpa3zoBa-
TeJIei.

DJeKTponpuBoj, f0cTOSHHOIO ToKa. Ilporiecc mycka aBurareneit
MOCTOSIHHOTO TOKa B Pa3OMKHYTBIX peNeiHO-KOHTAKTHBIX CHUCTEMax
YIOPaBICHUSE MOXET OCYLIECTBIATECS B QYHKIIMM 3HAYEHUI 4acTOTHI
BpallieHUs SIKOPsI, TOKA WMJIH BPEMeHH, a ITPOLIECC TOPMOXKEHHSI — B
GYHKIMM 3HAaYCHUH YAaCTOTHI BpaILCHHSI SIKOPSI WM BPEMCHM.

PaccMoTpuM cxeMy ynipaBjieHHMsl IyCKOM M TOPMOXEHUEM JBUIra-
TeJisl MOCTOSTHHOTO TOKA C HE3aBMCHMMBIM BO30yxaeHHeM B QyHKUUM
YacTOTHl BpalleHus Kops. IIpu 3ToM BOCNONb3yeMCsl TEM, 4TO Hac-
TOTa BpallieHUs sikops no ¢opmyie (9.5) nponopuuoHaabHa HJC
sikopsi E,;, Kotopas nio ¢opMmyie (9.3) npy MaioM NaJleHUM Hanpsi-
JKEeHHs1 Ha CONMPOTUBJICHUHU LIETTH SIKOPS paBHa HampsixkeHuo U Mex-
[y IETKaMH.

Kaxawpiii u3 koutaktopoB KM 1, KM2, KM3 B cxeMe ynpaBieHUs
nyckoM nurateys (puc. 11.10) HacTpoeH Ha onpenereHHOE 3HAYe-
HUCE HanpsikeHus: U Mexy 11eTKaMH KOJUTEKTOpa, MPONOpLUOHANb-
HOC 3HAYEHMIO YaCTOTHI BpalleHus sikopsa n. Ilo Mepe yBelUUeHUS
YacTOTHI BpAICHMSI SIKOPs, HampUMep, IO 3HAYCHUH n, < B, < A3,

290

<_
Wy IB
E,
_ p - Ry R Ra KMo
RS s —
U
KMI KMj;__K/MZ KM1
[1KM2 SBI SB2 gy
- '] +
[1KM3 ~f KM ID
LJ L_—_—
Puc. 11.10

YBEJIMYMBAETCA HANPSIKEHUE MEXY LieTKaMu 00 3HaueHuil U < U; <
< U3, nocnenoBaTesIbHO BO BpeMEHU CpabaThIBaloT KOHTaKTopbl KM,
KM2 v KM3, 3aMbIKasi CBOUMM TJIaBHEIMM KOHTaKTaMH PE3UCTOPHI
R.i, R, u R;. Korna Bce CTyImeHU IyCKOBOT'O peocTaTa 3aluyHTHPY-
I0TCS1, IBUTAaTENb OyaeT paboTaTh Ha €CTCCTBEHHOM XapaKTEpUCTUKE
(cM. puc. 9.34).

[Myck nBurarens ocyuiecTisgercsa HaxatneM KHonku SB2 («Iyck»).
I1pu 5TOM cpabaTbhiBaeT KOHTaKTOp KM, €ro riiaBHbIE KOHTAKThI BKIIIO-
YalOT LEMb SIKOPSl B CETh, & BCITIOMOTATE/IbHBIE KOHTAKTHI LIIYHTUDPYIOT
KOHTAaKTHl KHONKU SB2, obecrieyuBas BKIIOYEHHE JBHUIaTeisl ITOCJIC
MX pa3MbIKaHMs.

OTKIIOYEHHE JBUIaTesiss OCYLISCTBJIICTCS HaXaTHeM KHomnku SBI
(«Crom»). Ilpu 3TOM KOHTaKTOp KM OTKJII0YAETCs1, €0 [JIaBHbIE U BCIIO-
MOTAaTeIbHBIE KOHTAKThl pa3MbIKAIOTCS, LIEIb SIKOPsI ABUTATENS OTKIIIO-
JaeTcsl OT CeTH, a KOHTakTop KM — OT BCoOMOraTejibHOM 1ieny olle-
PaTUBHOTO TOKA.

Bo3MoxHEI TpH cioco0a 37EKTPOMAarHUTHOTO TOPMOXEHUS IBUTa-
TeNS MOCTOSTHHOTO TOKa: C BO3BPaTOM 3HEPIWM, MPOTUBOBKIIIOYEHU-
€M U JTMHaMuyeckoe (cM. ronpasn. 9.16).

PaccMoTpuM cxeMy yIpapjieHus JMHAMHYECKUM TOPMOXEHUEM
JBUTaTesIsl TOCTOSTHHOTO TOKa ¢ HE3aBUCHMEIM BO30YXacHHEM B QyH-
KUMKW 4YacTOThl BpalueHus sikops (puc. 11.11). [Npu oTKII0YEHNM KOH-
Taktopa KM 1 nocre Haxatusi Ha KHOMNKY SB1 3aMbIKaeTcsl ero BCIO-
MOTaTeJIbHBIT KOHTAKT B Ll ToKa yrpasieHus pene KV, xoropoe
BKJIIOYEHO MapaUICIbHO 1LIENU SKOPSL.

Tak Kak 3HaYeHHE HaNpsXEHHS MEeXTy BHIBONAMM OOMOTKM SIKO-
pPs B Hayale Mpouecca OTKIIOUEHUST ABUraTeisi BeJIUKo, To pene KV
CpabaThiBaeT MU CBOMMM KOHTAKTaMHU 3aMBIKAET LiEMb KaTyLiKu YII-
paeieHHs KoHTakTopa KM2. IlocnenHUil CBOMMH [JIaBHBIMU KOHTAK-
TaMM BKJIIOYAET LIENb SIKOpsI Ha pe3uctop R,, YTO ¥ OOYCIOBIMBAET
TOpMoxxeHHe gpurarens. I1py BKIIOYCHUY ABUTATENS HAXATUEM KHOII-
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ki1 SB2 paboTa cxeMbl yIIPaBJIEHUST aHAJIOTMYHa paboTe CXeMBI IycKa
Ha puc. 11.10. I3 cpaBHeHus cxeM yrnpaBiieHus yckoM (cM. puc. 11.10)
U TopMoxeHueM (cM. puc. |11.11) nBuratesns BMIHO, YTO MX MOXHO
COBMECTHUTb.

DAEKTPONPUBOI CHHYCOMIANBLHOTO TOKA. [1yCK aCMHXPOHHBIX JIBUTa-
TeJiel MaJIoM MOLLIHOCTHU C KOPOTKO3aMKHYTOH 0OOMOTKOI poTopa ocy-
ILECTBIISIETCSt OOBIYHO C TOMOILBIO MArHUTHBIX MyCKaTeleil, KOTopbie
COCTOSIT M3 KOHTAKTOpa CUHYCOMIAJTBHOTO TOKa M BCTPOEHHBIX B HETO
TEMJIOBLIX peJie.

INpocTeiiluas cxeMa Takoro Imycka aCMHXPOHHOTO JBUIartens Mpu-
BegeHa Ha puc. 11.12. I1pu BKI1104EHHOM aBTOMAaTHYE€CKOM BBIKITIOUATE-
Jie QF nyck nBurarensi oCyuiecTBisiercsl Haxatuem KHonku SB2. Tpu
3TOM cpabaTeiBaeT KOHTakTOp KM. Ero rinaBHBIE KOHTaKThl, 3aMbIKa-
SICh, IPUCOECANHAIOT 0OMOTKM a3 cTaTtopa K cet. OTHOBPEeMEHHO B
[ICIIM YNPABJACHUS 3aMbIKAIOTCSI BCTIOMOraTe ibHEie KOHTaKThl KM, 6110~
KUPYIOLIHME KHOMKY SBZ2 TaK, 4TO NpH BO3BPATE €€ B UCXOTHOE MO0~

n

B C

Prc. 11.12
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xeHue pabouee COCTOSIHME KOHTAKTOpa He u3MeHsiercs. Haxarvem
kHomnKu SB1 apuratenn orkmouaercss ot cetd. Ilpr 3ToM Lienb TOKa
yIpaBieHUsl KOHTAKTOPOM Pa3MbIKAETCS.

ABTOMaTH4YeCKUH BBLIKJIIOYATENb 3alMIIAET ABUraTesib OT TOKOB
KOPOTKOTO 3aMBIKAHMS, @ TEIJIOBBIE pejieé — OT [UIMTEJIBHBIX Nepe-
Ipy30K.

B Tex ciyuasx, KOraa HeoOXOIUMO HW3MEHSIThb HanpaBleHHUE Bpa-
peHus1 (HanpuMep, Npu padboTe MpUBoAA 3aJABHXEK Ha TpPyOOIpOBO-
JaX, MEXaHU3MOB NOJaYu CTAHKOB U T.IL.), YIpaBlI€HHE ACHHXPOH-
HBIM JIBUTATEIEM C KOPOTKO3aMKHYTOI OOMOTKOM POTOpa MOXKET OBITh
OCYIIECTBJICHO € IIOMOIIbI0O PEBEPCHBHOIO MAarHUTHOIO I1yCKaTess
(puc. 11.13).

IIpu BKIIOUEHHOM aBTOMATUYECKOM BEIKTIOUaTene QF 1myCcK aBuUra-
TeA U1 OHOTO HAaIPABJIEHUS! BPallICHUS MTPOM3BOAMTCS HAXATUEM
kHonku SB2 («Bniepen»). I1pu 3toMm cpabatniBaer koHtakTop KM n
€ro IIaBHBI€ KOHTaKTbl, 3aMBIKasICb, IPHCOEIUHSIIOT OOMOTKH (ba3
ctatopa K cety. OQHOBpeMEHHO BCIIOMOTaTenbHble KOHTAKTH KM1
BGIOKMPYIOT KHOMKY SB2 1ipu ee BO3BpaTe B MCXOOHOE COCTOSIHUE U
Pa3sMBIKAIOT LeNb YIIpaBieHUsl KOHTakTopa KM2.

Jl1a BKITIOueHMs1 IBUTATeNIsi Ha NMPOTHBOMNOJIOXHOE HarpaBicHUE
BpalleHMs HCOOXOAMMO CHayajla HaxaTb KHOIKY SBI, BepHYB LeIb
yOpaBieHUs] B UCXOMHOE 3JIEKTPHUIECKOE COCTOSIHUE, U 3aTeM HaXatb
kHonKy SB3 («Hasan»). I1pu 3toM cpabareiBaeT KoHTakTop KM2 u ero
rraBHbie KOHTAKTHI, 3aMbIKasACh, MPUCOEAUHIT OOMOTKHU ¢ha3 ctatopa
K CETU TaK, YTO MOPSLIOK MOAKIOYeHUs IByX (a3 usMensiercs. Msme-
HSIETCS] M HaIlpaBiCHHE BPAIlEHUS MAarHUTHOTO MOJSl TOKOB CTaTOpa
(cm. puc. 8.8, 6). BcnomorarenbHbie KOHTaKTB KM2 6510KUpYIOT KHOII-
ky SB3 npu ee Bo3BpaTe B MUCXOMHOE COCTOSIHWE W PAa3MbBIKAIOT LENDb

i

P

V)

KK

Puc. 11.13
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ynpapieHusi koHTakTopa KM 1. Kpome 3mekTpuyeckoil O10KMPOBKHU
KHOMNOK SB2 u SB3 B peBepCHBHBIX MarHUTHBIX MYyCKaTeJIsIX IpeEay-
CMOTpEeHa KX MeXaHW4yeckas OJIOKMPOBKA, NMPEAOXpaHSIoNiast oT KO-
POTKOro 3aMbIKaHUs B Tpexda3HOU 1ieNu Npy OIIMOOYHOM OFHOBpeE-
MEHHOM HaXaTHK Ha o0e KHOMKH.

3AAA4YU U BONPOCHI A1 CAMONPOBEPKU

11.1. M3 KakKMX OCHOBHEBIX YacTeil COCTOMUT 3JIEKTPOIIPUBOaA?

11.2. Kakas cucteMa 3JIEKTPONPUBOA HA3bIBAETCS 3aMi<HyT0171 M Kakas
Pa3OMKHYTOM?

11.3. N306pa3nte HanboJiee XapakKTepHble MEXaHWUECKUE XapaKTepPUCTH-
KU TIPOU3BOJICTBEHHBIX MEXaHU3MOB.

11.4. Haiite onpeaeneHus] HOMUHANIbHBIX PEXHUMOB pabOThl 3J1IEKTPOIPH-
BOJIa: MPONOJIKUTESIbHOIO, KPATKOBPEMEHHOIO M MOBTOPHO-KPATKOBPEMEH-
HOTrO.

11.5. Kakue ocHOBHbIE (DYAKUMKM BHINOJHSET CUCTEMA YIPABJICHUSI JJIEK-
TPOITPHBOJIOM HAa OCHOBE peJiIEeiHO-KOHTAKTHBIX annapaToB?

FNABA 12
NEPEQAYA U PACNPENENEHUE 3NIEKTPUHECKOM
SHEPIUU

12.1. MoHsTUS 0 CUCTEeMax INEeKTPOCHaAGXKeHUs

DeKTpUYecKas 3HEpPIHs, BbipabaTblBaeMast Ha 3JIEKTPOCTAHLUAX
GOJBLION MOILMHOCTY, MOABOAMUTCS K YAaJeHHBIM MOTPEOMTENSAM IO
JIMHUSIM fepelayYy BeICOKOro Hampstkenus 35—750 kB. Tak kak pac-
npenenuTesbHas ceTb NoTpeduTenst (TopolicKas) MMeeT HanpsikKeHHe
6(10) xB, TO TSl MIOHWXXEHHSI HANPsKEHUs JIMHUIM Tepefadu CryXuT
2naeéHas nonuxcarowas noocmanyus (puc. 12.1). OHa comepXuUT NOHU-
Karomue TpaHCGhOPMaTOpPEl, KOTOPhIE MOAK/IIOYAIOTCH K JIMHUSM I1e-
pefayy yepe3 BBHIKIIOUATENM M PasbelMHUTENM; Ha BHIBOJAX BHICLLETO
HanpspkeHusl TpaHcHOPMATOPOB YCTaHaBIMBAIOTCS KOPOTKO3aMbIKA-
TeJIN, HEOGXOLMMBIE IIPH NPOBEAECHHM PEMOHTHBIX paboT M npodu-
JTAKTUYECKUX OCMOTPOB.

K BeIBOAaM Hu3Lero Hanpstkenus TpaHcdopmaropos 6(10) kB nox-
Kiouaercss pacnpedeaumenshviii nynkm (PI1), comepxawmii cekpo-
HUpPOBaHHBIE OBLIHE INMHEI, K KOTOPBIM Y€pPEe3 BHIKII0YATEH TIPUCO-
eAVMHAIOTCA OTHeJbHBIE MoTpebuTenu. PacnpenenutesibHble NMyHKThI
YCTaHaBJIMBAIOTCA M B JAPYTMX YaCTAX CETH, IJie HE Tpedyercsl TpaHC-
dopManys HanpsiKeHUs.

Tak Kak OOJIBLIMHCTBO MOTPEOUTEICH 3JIEKTPOIHEPTUM pacCunTa-
HO Ju1s1 paboThl B ceTsix ¢ HanpspkeHueM Huxe 1000 B, To B Hero-
CpeCTBEHHOM OJIM30CTU OT HUX pacroia-
raloT MpaxchopmMamopHsie nOOCMaHyliu C

NOHWXAIILMMK TpaHcdopMaTopamMu H 35220 kB
pa3IHYHOro polia KOMMYTaLIMOHHOM anmna- T .
parypoit. \ \
s cHAGXeH s 3JIEKTPO3HEPruei KpyI-
o —t +——_|| |
HBIX IIPOMBIILIEHHBIX MPEANIPUATHIA OT Ma-
TUCTPANBHEIX JIMHUI [1epeAayuy NPOKJIAIbI-

BAIOT AUHUIO 24Y00K020 6600a. B 3TOM ciy- ¢

Yae MOHMXAIOLIYIO IOACTAHIMIO YCTAHAB- | !

JMBAIOT Ha TEPPUTOPUM NPEANpUATAS H |

yepes TpaHcOPMATOPhI CBALIBAIOT C JIM- |

HUSIMU LIyOOKOro BBona (puc. 12.2). !
Paznuyaror paduanshvie (puc. 12.3, a),

Mmazucmpanehbie (puc. 12.3, 6) u cmewan- Puc. 12.1




35—220 xB Hble pacnpeneNnTeNbHble CeTU. Boibop Toi UM WHOM
pacnpenennuTensHON CETU 3aBUCHT OT CTENEHU BaX-
HOCTH [MOTPEOUTENSA, IO KOTOPOH UX MOAPA3neNsIioT
Ha TpU Kateropuu. Haubonee OTBETCTBEHHOM SIBJISA-
€TCs1 TIepBasi KaTeropys, HAMMEHEE OTBETCTBEHHOM —

TPETDbS.
PanuanbHyo KOHCTPYKLIHIO pacnipeneImTe IbHOM
CeTH C pe3epBUPOBAHUEM IUTAHUS TMOTpPEOMTENEi
OT JIByX UCTOYHMKOB 3HEPTMU MPUMEHSIIOT 1S 1O~
610)xB  TPEOMTENEN NepBOil Kateropuu, a bosnee ynpouieH-
Hble BapWaHTH — J[JIsi MEHEe OTBETCTBEHHBIX ITO-
Tpeduteneil. To Xe MOXHO CKa3arhb O MATUCTPaTb-

Puc. 12.2 HOI U CMELIaHHOM CTPYKTYypax pacnpeleTuTeIbHbIX

ceTe.

becnepeboifHOCTb paboThl pacnpelle/IMTeNIbHLIX CeTel obecneynsa-
€TCS1 aBTOMATHMYECKOW pesieiiHOi 3a1iuToi. YacTo — 3TO OYEHD CIIOXK-
Has COBOKYNTHOCTb peJie, aBTOMAaTUYECCKN BO3ICHCTBYIOLUIMX Ha BBI-
KJII0MATEsU TMPU MOBPEXICHMUSIX Ha OTAEIbHEIX YYacTKax cetu (KOpoT-
KOM 3aMBIKaHHH TOKOBEAYLIUX YacTeil o0opymoBaHMs, 3aMbBIKAHUU Ha
3eMJ110, HEHOPMAJIbHOM U3MEHEHUU HANPSKEHUsI, M3MEHEHNH HaTIpaB-
JIeHUs Tiepefayy 3Hepruy " 1.1.). PeneiiHas 3alliTa CUTHATU3UPYET
O HapyuleHUM HOPMAIBHOIO pexuma paboThl U 3aTeM COBMECTHO C
YCTPOMCTBAMM aBTOMATUKHU BbINOJIHSAET OTKIIOYEHUE U IOBTOPHOE
BKJIIOYEHUE 3JIEMEHTOB CHCTEMBI 3JIeKTpOCHabxeHust (tpaHcdopma-
TOPOB, MUTAIOLIMX JIMHUI U T.1.), aBTOMATHYECKHU BKIIIOUYAET pe3epB-
Hbl€ UCTOMHUKH JIEKTPUYECKON IHEPTUM U Pas3rpyxaeT CUCTEMY 3JIEK-
TPOCHA0XEHUS NPU HEAOCTATKE MOIIHOCTH.

OcHoBHBIE TpeDOBaHuUs, NPEIbsBISEMble K peIeiiHOi 3aliuTe, —
3TO CEJNEKTUBHOCTb (M30MpaTesIbHOCTb), OLICTPOTA AEHCTBUS, HALEX-
HOCTb Y YyBCTBUTEJILHOCTbD.

CenexmusHocms Oelicmeus 3alUIMTHL COCTOUT B TOM, YTO IOBPEX-
JEHHBI YyY4aCTOK CETH OTKJIIOYAETCS OT MCTOYHHKOB 3JIEKTPOIHEPTUH
GMXailMMKU K yCTAHOBKE BBIKITIOYATENISIMM, OJiarofaps yeMy Hapy-

hj:ﬂ/

6(10) kB

6(10) xB 6(10) kB

oor

6(10) kB

Puc. 12.3
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[IAETCA PEXUM HOPMAJIBHOTO 3JIEKTPOCHA0XKEeHN 1 MUHMMAJIBHOTO YUCIa
[PUEMHHKOB 3JIEKTPOIHEPTUM.

bbicmpoma deticmeus 3alUUTHI TIO3BOJISIET YMEHBILIUTL pa3Mephl pas-
pYLUEHMI NOBPEXIEHHOrO YYacTKa, OCNabuTh BIMSIHUE MOHWXEHUS
HanpsikKeHUs1 Ha paboTy APYruxX MPUEMHUKOB 3JIEKTPOIHEPIVH, Yy~
LMTh KAYECTBO IEKTPUUECKOTO OCBEIICHUSA U T.[I.

YyecmeumenvrHocmb 3auums: HeoOXOAMMA IUIS1 CBOEBPEMEHHOM pe-
aKlIMU Ha TTOBPEXICHUs CeTU B CAMOM Hayasle UX BO3HUKHOBEHMUS.

Haoexcnocme 3aujumbl — 370 6€30TKa3HOCTh CpadaThIBaHUS peJie
npu aBapuu. st obecrieueHUst BBICOKOU HaIEXHOCTH IPUMEHSAETCS
pe3epBHas 3aluTa, OTKIIIOYAIoIas MOBPEXICHHBIE Y4aCTKH CETH NpU
OTKa3¢ OCHOBHOM 3all{ATHI.

IIpuMeHeHHE BBIAEPXKU BPEMEHH SIBJIAETCS ONHUM U3 NPOCTEii-
(LIMX TyTeil MOJyYyeH s CENEKTUBHOCTH OTKJIIOYEHU.

IpuMepoM CeJICKTUBHOM 3aIUThl MOXET CIYXKWUTb 3aluTa paau-
AJIbHOM CETH ¢ OJHOCTODOHHMM MHUTAHHEM OT MoaCTaHUuM G Mak-
cuManbHbIMU pene ToKa KAI— KA4 ¢ BbLAEPXKOW BpeMeHU f;—I,; CO-
OTBETCTBEHHO W BhikmouatenaMu QF 1— QF4 (puc. 12.4, a). Ilpu cpa-
GaTbIBAHWHM peJie 3aMBIKAeTCsl LEfb ONEPATUBHOIO TOKa, KOTOPLIM
[PUBOMIUTCS B IEMCTBUE 3JIEKTPONPUBOM Ha OTKJIOYEHHE COOTBET-
CTBYIOILIETO BBIKJIIOYATE]IS.

Pa3HocTb BpeMeHH CpabaThiBaHUA pejie COCEIHUX YYACTKOB CETH Af
Ha3LIBAETCSl CMyneHvio ebidepickl epemenu. Ee 3HaueHvie BbIOMPAIOT
TAKUM, 4yTOOBI pesie MpelbIIyLIero y4acTka yCcreno cpaborarb 1 Ayra B
OTKJIIOYUEHHOM KM BBIKJIIOYaTeNie oOOpBaJIach Ipex /e, YeM HacTaHeT
BpeMsl cpabaTbiBaHua peie chenywiiero yyactka. IIpu atom Bed -
HMS, KpOME OTKJIIOHEHHOTO M Gojiee YIaleHHbIX OT NoacTaHuuu G
YYAaCTKOB paJuaibHON CeTH, MPOAOJIKAeT OecrepeboiiHO paboTaTh.
OCHOBHBIM HEJIOCTATKOM TaKOU CEJICKTUBHOM 3alUTHI SIBJIAECTCS Ype3-
MEpPHOE TOBHILIEHKE BHIEPXKU BpeMeHM (Af) Ha ydacTKax BOMM3H

O T O R )
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Puc. 12.4
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UCTOYHUKOB 3J1eKTpO3Hepruu (puc. 12.4, 6). D10 NpoTUBOPEYUT TpE-
GOBaHMIO OBICTPONEHCTBUSA 3AIIUTHL. OOBIYHO BpeMsl OTKIIIOUYEHUSI T10-

BpeXIEHHs He AomxkHo Tpesbilnats 0,04—0,16 c.

12.2. BuiGOp NpOBOAOB 3NEKTPUYECKOIA ceTtn

IIpn KoneGaHUAX Harpy3Ky NMPUEMHUKOB 3JIEKTPUYECKON 3HEPIrUM
U3MEHSIETCS HadeHle HanpaXceHss Ha IIPOBOJaX JIEKTPHYECKON CETH:

AU = IR, = 10!
S

b

roe I, R, p,, I u § — TOK, CONpOTHBICHUE, OOBEMHOE YAENBLHOE
CONpOTUBJICHKE (CM. rmoapasa. 2.4), JIMHa U TUIoWEAIb NonepeyHoro
CEYEHUs! NMPOBOJIOB, COCAUHSIOLIUX MCTOYHHK 3JIEKTPUYECKO 3Hep-
TMY HOMMH&JIbHBIM HanpspkeHueM U,.,on W MPHEMHHK 3JIeKTpUYe-
CKOHM 3HEpruM HaIpsLKeHUeM

UnpneM = UMCT.HOM -AU.

IlageHue HanpsXeHust, OTHECEHHOe K HOMUHAJIBHOMY 3HAYEHUIO
HaIpsKEHUS UCTOYHMKA SHEpTUu, paBHO (B %)

e:a——A—U—IOO %-—1 o Li0o%.

HCT.HOM HUCT.HOM S

Tpu CHUXXEHUU HATPSIXKEHUS PE3KO YMEHBLIAETCS CBETOBOI! MO-
TOK JIaMIT HAaKaJIWBaHUs U YBEJIMYMBAIOTCA TOKM asurareneii. [1pu
YBEIMYEHUM HANpsKEeHUs JIAMIIBI HAKATMBAHUSA MOTYT BBIUTH M3
CTpoOsi, a IBMraTesid paboTaloT B HEAOMYCTUMBIX YCJIOBUSAX. I1oTOMY
OTKJIOHEHME HANPSXEHUS Uppyew OT HOMHMHATBHOTO 3HAYCHHS Orpa-
HUYEHO B CTOPOHY YMeHblileHUs] Ha 2,5—5 %, B CTOPOHY yBeluue-
HUS — Ha 5 %.

Tok B npoBozax 37€KTPUYECKON CETH BBHI3BIBAET MX HarpeB. 3Ha-
YUTEJbHBII HarpeB yMeHbLIAeT CPOK CNYXObl H3OIAIUN TPOBOMOB, a
HEU30JIMPOBaHHBIE NPOBOJAa MHTEHCUBHO OKUCIISIOTCA. TIpu BeiGOpE
MPOBOJOB MO AOMYCTUMOMY HarpeBy HE MPOU3BOMAT CIOXHBIX pac-
YETOB MPOIECCOB HArpeBa, a ITOJb3YIOTCsI TAOIMLAMH AONYCTHMBIX
TOKOB JUIS1 pa3iMyYHbIX IIPOBOHOB U YCIIOBHIA MX TpoKIIaaky (tads. 12.1).

Ilpu pacuere 37EKTPUYECKOM CeTH CHayasla ONpEHENsioT Ce4eHUe
MPOBOAOB, MCXONs U3 AOIYCTHMOTO MaJACHUS HANpPSLKEHHs, C OKPYT-
JIEHHMEM 0 HaubONbLIEeTO 3HAYEHHSI IO CIIPABOYHMKY, a 3aTEM IPOBe-
PAIOT BEIOpaHHBIE MPOBOJA IT0 AOIYCTUMOMY HATrpEBY.

KopoTtkoe 3aMBIKaHHE MOXET COIMPOBOXIATHECS 3HAYUTEIIEHBIMU TO-
KaM# B IpoBofiax ceTu. IIpu 3TOM TOK yCTaBKH KOMMYTALIMOHHBIX aIla-
paToB PacCUYMTHIBAETCS TAK, YTO MOXHO HE YYUTBHIBATH OTAAYy TEIUla B
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TaGnuna 12.1

,[lonyc*mmue JUIMTEJIbHBIE TOKOBbIE HATPY3KH HPOBOAOB € pe3ﬂll030ﬁ
H ﬂOJIHXJlOpBHHHJIOBOﬁ H30JIS1HeH ¥ aTIOMMHHEBbLIMH XKHIAMH

Toxk Harpy3ku, A
Ceyenue IMpoBona, NPoNoXeHHbIE B OAHOH H30JIs1ILLUOHHO{T Tpybe
TOKOIPOBO- npOBOlla,_ - —
el | e | omewume, ur. | WL T
OTKPRITO aBa TpU yeTbipe nBa onuH
2,5 24 20 19 19 19 16
4 32 28 28 23 25 21
6 39 36 32 30 31 26
10 60 50 47 39 42 38
16 75 60 60 55 60 55
25 105 85 80 70 75 65
35 130 100 95 85 95 75
50 165 140 130 120 125 105
70 210 175 165 140 150 135
95 255 215 200 175 190 165
120 295 245 220 200 230 190
150 340 275 255 — — —
185 390 — — — — —
240 465 — — — — —
300 535 — — — — —
400 645 — — — — —

TEYEHHE MAJIOro NpPOMEXYTKa BPEMCHHM OT MOMEHTa BO3HMKHOBCHHA
KOPOTKOr0 3aMbIKaHUs OO OTKIIOYCHHS NOBPEXICHHOIO y4acTKa.

12.3. TexHuueckme CpeAcCTBa INEKTPO3aUUThbI

YenoBeK HAYMHAET OlLylaTh Bo3neiicTeue Toka ot 0,6 —1,5 MA, a
pu Toke 10— 15 MA He MOXeT CaMOCTOATEIBHO pa3opBarh LENb MOo-
paxaroiiero ero Toka. Tok 50—60 MA ropaxaeT OpraHbl IbIXaHUS H
CEPAEYHO-COCYTUCTYIO CUCTEMY.

IMpu HanpspxeHusix Jo 250—300 B mocTosiHHbIN TOK Ge3onacHee
CHHYCOMIATBHOTO ToKa yactoroii 50 [u. INpu Hanpskenuu 400—600 B
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Puc. 12.5

OIIACHOCTH MOCTOAHHOTO Y CHHYCOUIATbHOTO TOKOB MPaKTHYECKH ONU-
HakKoBa, a Npu HanpspkeHny 6onee 600 B nmoctosiHHbI TOK onacHee
CHUHYCOMIATLHOTO.

Paznnyalor TeXHUYeCKue CpeACTBa 3aIUThl TIPU HANPSDKEHHSIX [0
1000 u Gonbire 1000 B.

Yaie Bcero 3jieKTpOTPaBMbl BO3HUKAIOT MPH ClyYaidHBIX MPUKOC-
HOBEHMSIX K TOKOBEAYIMM YacTsIM, HaXOMSLIMMCs MO HANpPSKEH-
€M, WIM K METANIMYECKUM KOHCTPYKTHBHEIM HacTIM 3JIEKTPOOGO-
pyAOBaHMA (KOPMYC, KOXYX U T.M.) IPH MOBPEXISHHMU 3JIEKTPOH30-
JISILIMH.

Llenu cMHYCOMIANILHOIO TOKA MPOMBILLUIEHHOM YaCTOTHl NOApasae-
JIMI0T Ha TpexdasHble ¢ M30JUPOBAHHON U [IyXO3a36MIICHHOI HeMT-
PaIbIO UCTOYHMKA. B 000MX Ciryyasix BO3MOXHBI TPEX- UM Y€THIPEXNPO-
BOJIHBIE CETH.

HaumeHbly10 35eKTpoonacHocTb uMeeT TpexdasHasi CeTb ¢ U30-
JIMpOBaHHOI HelTpanbio. [IpukocHoBeHHe K omHOI dase, HATIpUMED
K ¢ase C, BHI3BIBAET TOK i B TeJie YEJIOBEKA Yepe3 eMKoCTH a3 B u A
OTHOCHMTEJIbHO 3€MJIM B TPEXIIPOBOAHOM ceTu (puc. 12.5), a TaKkxKe Heii-
TPaJIbHOIO NPOBOIa /N B 4eThIPEXINTPOBOTHOM ceTu (M. puc. 6.13). s
ceTeil HEOONBLIOKM NMPOTSLKEHHOCTU EMKOCTHOE CONPOTHUBJIEHHE [1PO-
BOJIOB CETH OTHOCUTEJILHO 3EMJIA BEIMKO U TOK HE BBI3BIBAET IOpa-
KeHms JyesoBeka. [1pu pacyeTax CONpOTURICHME TEa YeJIOBEKA NMPU-
HuMaroT pasHbiM 1000 Om. To Xe NpoUCXOANT, €CIIH YESIOBEK MPH-
KacaeTcs K M30JIMPOBAHHBIM OT 3eMJIM KOPITyCaM 3JIEKTPooBopyno-
BaHUs1 MPU TNOBPEXICHUM 3JIEKTPOM3ONALIMU OOHOM M3 da3. s
CHIDKEHUS NOPpaXKaloero IeHCTBUs TOKA B 3TOM Cily4yae NPHUMEHAIOT
3quiumHble 3a3emMaeHus KOpIycoB 31eKTpoobopynoBaHus. Teno yeno-
BEKa, IIPHKOCHYBLIETOCSA K KOPIYCY, M 3allMTHOE 3a3eMJIEHHE BKJIIO-
YeHbl NapajuleJIbHO, HO CONPOTHUBICHUE MOCJENHErO 3HAYUTEILHO
MeHbiue (4—40 Om).

HenocratkoM tpexdasHoii cetr ¢ M3QIMPOBaHHON HENTPAIBIO SIB-
JISIETCS. BO3MOXHOCTD JUTUTENIBHOTO aBapUiiHOTO 3aMbIKAHHWSI Ha KOp-
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nyc WM 3emi10 ofHo# u3 a3, HanpuMep Opu oOpbiBe NpoBosa, Oe3
OTKJIIOYEHHS! [IOBPEXIEHHOro yyacTka. ITpy 3ambikaHuK (asbl Ha 3eM-
JII0 TOK B 3€MJIE CO3/A€T ONACHOCTD [IJIs1 YEJIOBEKA, Ha KOTOPOro AEW-
CTBYET HaIpsDKEHUE MEXJy CTYITHSIMU €rO HOT Ha JUlMHe 1uara (uaeo-
60e HanpsAXceHue).

B nporsikeHHbIX TpeX(da3HbIX CETsIX ¢ U30JIMPOBAHHON HEUTPAIBIO
TOK KOPOTKOrO 3aMbiKaHusi (a3bl Ha 3eMJII0 BEJIMK M HEeoDXOouMO
OBICTPOE OTKITIOUEHHUE aBapriiHOro y4yacTka. J1as 370 Leiu NPpUMeHSI-
10T TpexcdasHbie CeTH C DIyX03a3eMJIEHHON HeHTpaiblo UCTOYHUKA U
sawumnoe 3azemaenue (puc. 12.6) unu 3auumnoe 3arysenue (puc. 12.7)
KOPIYCOB 3JIEKTpO00OpYI0oBaHUsL. B 060MX CiyyasX 3HAYUTENbHbIM TOK
KOPOTKOTO 3aMBIKaHUA [, MPUBOINT K CpabaTblBAHMIO CPEACTB 3aLIU-
Thl ¥ OTKJIIOYEHUIO aBapHIHOIO y4yacTKa. 3alUTHOE 3aHyJCHHE, T.¢.
npeaHaMepeHHOE IJIEKTPHUUYECKoe COeMHEHUE C HYJIEBLIM 3aIlIMTHBIM
[POBOJOM METAIMYECKMX HETOKOBENYILHMX 4acTeil 31eKTpoobopyno-
BaHUsl, NpeANOYTUTENbHEE TaM, e COMPOTHBICHHUE 3alUMTHOrO 3a-
3eMJIEHUSI OTHOCHUTEIbHO BEJIUKO.

B 4yeThIpexMpOBOLHON CeTH HEHTPATbHDLIA MPOBOM MOAKIIIOYACTCH K
[yxo3a3zeMJIeHHOM HelTpam Tpex(azHOro MCTOYHMKA.

Jlnsl yMeHblleHUsI BEPOSITHOCTU IMOPaXeHus TOKOM TMPHUMEHHIOT
TaKXe MHAWBUAYANbHLIE CPEJACTBA 3alWTHl (PE3MHOBBLIC MEPUYaTK,
W3OJISIIMOHHBIE KOBPUKM U T.I.), OTpaxaeHusi, OJIOKMPOBKH, BbiBe-
LIMBAIOT IMTPeAyNpeXIalolue MniaKkarhl.

3A4A4YU U BONPOCHI A1 CAMOINPOBEPKU

12.1. KakoBO Ha3HaYeHHME PACHpPeNe/ITEBHBIX YHKTOB U TpaHCQOpMa-
TOPHBIX MOACTAHLIMH B CHCTEME 3JEKTPOCHAOXEHHA?

12.2. Kakue TpeGOBaHUS IPEIbsIBISIIOTCA K PENEHHOI 3a1lIMTe CHCTEM 3/1EK-
TpocHaGXeHwW?

12.3. Jlna 4ero npuMMEHSIETCS U KaK BHIIIOJIHSAETCS 3alLUTHOE 3a3eM-
JeHue?
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12.4. /Insi 4ero NpUMEHSIETCS M KAK BBIMOJIHSETCA 3alLUTHOE 3aHylle-
Hue?

12.5. Hapucyiite cxeMy 3alliUTHOTO 3a3eMIICHMUSI.

12.6. Pacctosinue MEX/y HCTOYHUKOM C NOCTOSIHHBIM HOMMHAIBHBIM Ha-
npspxerneM U, =240 B u npreMunkoM pasuo /=300 M. Onpenenute wio-

@b MOMEPEYHOro CeYCHMS MPOBOIOB M3 aMoMUHM (cM. Tabi. 2.1), coequus-,

IOLMX MCTOYHUK M TIPUEMHUMK, TIpu 10Ke [=20 A U JONyCTUMOM TaicHUH
HanpspKeHust € =5 %.

Omeem: 29,5 mMMm2.

FrMABA 13
nonynpPoOBOAHUKOBBIE NMPUBOPLI

13.1. CeepeHus 0 NONyNnpoBOAHUKAX

Dnexkmponuka — HayKa O B3aUMOIECHCTBUM 3apsXKEHHBIX YACTUIL C
3JIEKTPOMArHUTHBIMU ITOJISIMH M METOAAX CO3/IaHM JIEKTPOHHBIX MTPU-
GOpPOB U YCTPOICTB, paboTa KOTOPHIX OCHOBaHA Ha IPOXOXACHUU 3J1eK-
TPUYECKOro TOKa B TBEPIOM TeJjle, BakyyMe M ra3ax. COOTBETCTBEHHO,
JIEKTPOHHBIE TTPUOOPBI HAa3BIBAIOTCS IMOJIyNPOBOAHUKOBBIMM, JIEKT-
POHHO-BAKyyMHBIMHM M Ta30pa3psiiHBIMU. B HacTosiiee BpeMsi 3JIeKT-
POHHO-BaKyyMHBIE W ra3opa3psiiHble IpuOOph! MPUMEHSIIOTCS TOJIBKO
B CTIELIUANABHBIX CIYUYasiX U pacCMAaTpUBATHCS 31ech He OyayT.

Honynpoeodnuxu oO6beIMHSIOT OOLUMPHBINA KJIacC MaTepuaioB ¢
yIE/IbHBIM 0OBEMHBIM corpoTuiienneM 103—10% Om - M. Haubonn-
lllee MPUMEHEHWE Halu KpemHuid Si u repmanuit Ge. Paccmorpum
OCHOBHBIE IMPOIIECCH B MOJIYIPOBOAHMKOBLIX MAaTEPUaAIaX Ha OCHOBE
UX WJIeaTU3UPOBAHHBIX MOJEIIEA.

B 3/1eKTpOHHOI CTPYKTYpE M€albHOIO KPHCTaijla KPECMHUS H3
IV rpynnst Tlepropuueckoii cucteMer 3siemenTos 1. M. Menneneesa
KAXIBIH U3 YETHIPEX BAJIEHTHBIX JIEKTPOHOB JII000ro atoma o0pasyeT
CBSI3aHHYIO Mapy (BaJIEHTHYIO CBSI3b) C TAKUMM X€ BAJCHTHBIMU 3JICK-
TPOHAMU YETHIPEX COEAMHEHUH aroMoB. Eciii Ha aTOMbl KPEMHMS He
JEHCTBYIOT BHELLHUE MCTOYHUKHA 3HEPTUM, HAlIPUMEpP CBET, TEIUIOTA,
cITOCOOHbIE HApPYLIUTh €10 NEKTPOHHYIO CTPYKTYpY, TO BCE aTOMBI
9JIEKTPUYECKHU HENTpasibHbl. Takoil nacanbHbli KpUCTA/UT KPEMHUS He
TIPOBOAUT 3JIEKTPUUECKUIN TOK.

OnHaKoO 3JIEKTPUYECKUE CBOWCTBA WMJEAJbHOIO KpMUCTala Kpem-
HMSl CYLLECTBEHHO M3MEHSIIOTCSI MPU AO0aBIEHUM B HETO MpUMeECe
JpYTUX XMMMYECKHX 3JIEMEHTOB. B KauecTBe nmpumeceit pUMEHSIOTCS
0BBIYHO 3JIeMeHTHI JTH00 U3 V (cypbMma Sb, docdop P), nubo us Il
(rasmuit Ga, uaamit In) rpynmnbl TlepuoanuecKoil CUCTEMBL.

B 351eKTPOHHOIA CTPYKTYpe KPUCTAJLIa KPEMHMA € TIPUMECHIO ¢oc-
(dbopa yeTpipe BaJEHTHBIX 3JIeKTpoHA (ocdopa U BATEHTHBIE 3JIEKTPO-
HbI YETBIPEX COCEAHUX ATOMOB KPEMHUS1 OOPa3yioT YEThIPE CBS3aHHbIE
napbl. [1sThIi BaleHTHBIH 371EKTPOH (hocdopa OKasbIBAECTCs U3OLITOY-
HbIM. T1py HE3HAYMTENBHEBIX 3aTpaTaX SHEPIMKU OT BHEIIHUX UCTOYHM-
KOB W3OBLITOUHBIIA 3JIEKTPOH TepsieT CBSI3b C ATOMOM NPUMECH U CTa-
HOBUTCS CBOOOIHBIM 3NEKTpOHOM. AToM (pocopa, NOTEPSIB BICKT-
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POH, CTAaHOBUTCS HEMTOABUKHBIM IMOJOXUTEIBHLIM MOHOM. TaKol Mo~
JYNPOBOAHMK Ha3bIBAETCs ITOJTYITPOBOAHMKOM C JJIEKTPOHHON 3JIEKT~
PHYECKOM MPOBOAUMOCTBIO, WM HOAYRPOBOOHUKOM N-mund, a cOOT-
BETCTBYIO111as1 IPUMech — doHoprotl. Ha puc. 13.1 npuBegeHo ycioBHOe
1300paXeHune UAEanbHOTO MOMYIPOBOAHMKA N-TUIIA, HA KOTOPOM He-
NOABMXHBIN MOJIOXUTEIbHBI MOH 0DO3HAYEH 3HAKOM ILIIOC B Kpy-
KOYKE, a MOABWXHBIN CBOOOAHDBIN 3JIEKTPOH — 3HAKOM MUHYC.

Ecnv B Ka4eCTBE NMPUMECH UCTIONB3YETCS] MHIWI, UMEIOLLUI TpU
BAJICHTHBIX 3JIEKTPOHA, TO B SJIEKTPOHHO# CTPYKTYpE KPUCTAJLIa KPEM-
HMS1 OHA BAJICHTHAsI CBSI3b &TOMA UHUA C YETHIPbMSI COCENHUMM aTO-
MaMM KPEMHHSI HETOYKOMIUIEKTOBAHA U B KPUCTAIITIE OOpa3yeTCs AbIPKA.
st GOPMUPOBaHUS YCTOHYMBO#A 3EKTPOHHOI CTPYKTYPBl KpUCTA/UIa
HEOOXOAUM NOTIONHUTEIIbHBIN 3/1EKTPOH. ATOM UH/IUSI 33XBATHIBAET OJMH
QJIEKTPOH U3 BAJEHTHOI CBA3U MEX/Y COCEAHUMU aTOMAMU KPEMHHMSI.
IIpu 3TOM aTOM MHIMS MpeBpaLlaeTcss B YCTONYMBBINA HENONBUXHbIIA
OTPULIATEJIBHBIM MIOH, a AbIPKA TIEPEMELLAeTCsl Ha MECTO pacIioioxke-
HMS 3aXBAYEHHOTI'O 3JIEKTPOHA. Jlanee Ha MeCTO BHOBb OOpAa30BaBILEcii-
Cs1 IBIPKU MEePEMELLAcTCs 3IEKTPOH U3 COCENHEN BaJEHTHON CBSI3U U
T.[. DTOT MPOLIECC MOXHO IMPENCTABUTD KAK XaOTHUYECKOE IBHXKEHHE B
KpUCTajjle CBOOOAHBIX ABIPOK C MMOJIOXHUTE/IBHBIM 3aps0M, PaBHBIM
3apsuy 3JIeKTpoHa. Takoi NnoJslyNpoBOAHUK HA3KIBAETCS MOJIYIPOBO/-
HUKOM C NBIPOYHOW 3JIEKTPHYECKOI MPOBOAUMOCTBIO, WU noAynpo-
600HUKOM p-muna, a COOTBETCTBYIOLLAsl PUMECh — akyenmopHoii. Ha
puc. 13.2 npuseneHo ycoBHOe M300paXeHue UAeanbHOTO MOMTYIpo-
BOAHMKA p-TUMA.

XoTs B 0OOMX paCCMOTPEHHBIX BBILLE MPOLIECCAX YYACTBYIOT TONBKO
JIEKTPOHDI, BBEAEHUE (DUKTHBHBIX ABIPOK C IMOJIOXUTEILHBIM 3apsi-
JIOM YIOOHO € METOAMYECKOM TOUKU 3PEHMSL.

CB00OIHbIE 3/IEKTPOHBI U ABIPKM BO3HHKAIOT HE TOJILKO B MOJY-
NPOBOIHMKAX, COLACPXALLMX MPUMECH, HO U B UACANBHBIX IOJYIIPO-
BOJHUKaX 0e3 MpuMeceit, ec/ii SHEPrMM BHELIHETO MCTOYHWKA NO-
CTATOYHO JUisl pa3pbiBa Bal€HTHOU CBSI3U. Pa3pbiB OnHOI BaleHTHOI
CBSI3U B 3JIEKTPUYECKU HEWTPATbHOM aTOME KPEMHHMS 3KBUBAJICHTEH
POXIEHMIO Mapbl «3JIEKTPOH — IbIPKa», U300paKeHHOIN YC/IIOBHO Ha
puc. 13.3. DTOT npoliecc HA3BIBACTCS 2eHepayueli, iITN mepmMoeHepayl -
etl, ecj/li UICTOYHUKOM 3HEPIUM CJIYXHT TeIioBas 3Heprus. OgHoBpe-

CBOGOINHBIN 3]1EKTPOH

©O0 00

CpoboaHast IbipKa
\

+ Y o+ o+
6000| [+

0000l |5666] If it
/
Henoasyxuelii + UOH HenoapuxHbIi — HOH Hapa «a/eKTpoH—ABIpKas»
Puc. 13.1 Puc. 13.2 Puc. 13.3
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| MEHHO MPOTEKaeT u 00paTHBIN Npoliecc — pexomburayus, T.€. BOcCTa-
\ HOBJIEHUE BAJIEHTHOU CBSI3W IPH BCTPEYE 3JEKTPOHA U JIBIPKU.

Baaromapsi TEpMOTeHEpPaUMU B MI€ATbHOM IOJTYITPOBOAHUKE KakK
¢ NOHOPHO#, TaK M AKLENTOPHOI IPUMECHI0 UMEIOTCS CBOOONHBIE
3apsiibl '000MX 3HAKOB. J1JIs1 TOJyTIPOBOAHUKOB #-TUIIA CBOOOAHBIE
3JIEKTPOHBI HA3BIBAIOTCS OCHOBHbIMU, 8 IBIPKU — HEOCHOBHbIMU HOCU-
menamuy 3apsiaoB. JUs NonynpoBOOIHUKA p-TUIA OCHOBHBIMM HOCHUTE-
JISIMM 3apsiIOB CJIYXKAT AbIPKY, 8 HEOCHOBHBIMHU — 3JIEKTPOHBL. B panb-
HellIeM 3Ty 3apsibl OyaeM Ha3bIiBaTh OCHOBHBIMHU UM HEOCHOBHbIMU
nocuTensiMu. KoHIIEHTpausi OCHOBHEBIX HOCUTEJIEH, T.€. UX YMCIIO B
1 cM?, OOBIYHO 3HAYMTENILHO TMPEBBILLIAET KOHUEHTPAIMI0 HEOCHOB-
HBIX HOCHUTEJICH.

Eciu ¢ moMollpbio BHENIHETO UCTOYHUKA 3JIEKTPHUYECKON 3HEPIUU
c030aTh B OQHOM IOJYIIPOBOAHMKOBOM CTEPXHE 3JIEKTPHUUECKOE T10JIE
HAIPSKEHHOCTBIO &, TO HAPALy C XaOTUYECKWM (TETJIOBBIM) JBIKE-
HUEM 3JIEKTPOHOB M AbIPOK BO3HMKHET HX YIOPSAOYEHHOE JBUXKEHUE
(apeitd) B IMPOTHBOMNOJIOXKHBIX HANIPABIEHUSIX, T. €. SJIEKTPUYECKMIA TOK,
Ha3bIBAEMBII HIOKOM NPOGOOUMOCHU:

I=1,+1, (13.1)

rae I, u I, — 31€eKTpOHHAs U JABIPOYHAsH COCTAB/LIIONINE TOKA.

3a BpeMsi CBOOOAHOTO Mpobera CpefHEro pacCTOAHMs [, MeXay
aTOMaMH TIOJYITPOBOAHMKA MOABIXHbBIE HOCUTENH 3apsiiOB MpHoOpe-
TalT KHHETHYECKYIO 3HEPTUIO

W= el . (13.2)

BTOI SHEPruM IMpU HAMPSHKEHHOCTU 3JIEKTPUUYECKOIo Mons & >
> 6 MB/M J0CTaTOYHO 1151 YAAPHOTO BO30YXIEHWS aTOMOB IOJIyIPO-
BOJHMKA, T.€. pa3spblBa B HUX BAJCHTHBIX CBS3€i W POXICHUS Maphl
«3JIEKTPOH — AbIPKa». [1py 3TOM npoMcxonnT pe3koe YBEJIMUEHNE Yucna
NMOABMXHBIX HOCUTEJICH 3apsina v, CJIeNOBaTe/IbHO, YAECJBHON MPOBO-
IUMOCTH TIoJyrposoaHKKa. OnucaHHOe SIBJIEHUE Ha3biBACTCS AUGUH-
Hetv npoboem. JIaBuHHBI po0oit oOpatum. CBOMCTBA MOTYTPOBOA-
HWKA BOCCTAHAB/IMBAIOTCS IPHU YMEHBLIEHUU HAIPS)KEHHOCTHU J1EK-
TPUUYECKOTO MOJISL. DTUM JIABMHHEBIA 1POOO0ii OTIMYAETCS OT Meni06020
npobos, KOTOPBIII HACTYIIAET 33 JABMHHBIM MPoOOEM IpH NajibHEi-
HIeM YBEJIMYEHUM HAIIPSKEHHOCTH 3JIEKTPHUYECKOTO I10J1s1 U BbI3bIBAET
paspylieHue IoJynpoBOAHUKA.

13.2. KOHTaKTHbIe SIBJIEHNS B NONYNpPOBOAHUKAX

B nonynpoBogHHUKOBBIX TPUOOpax UCIIONB3YIOTCS SIBJIEHYIS, BO3HU-
KalomMe Ha TpaHuLie pasiena Kak MeXHy MNONYIIPOBOOJHUKAMU p- U
A-TUNOB, TAK U MEXIY STUMM IOJYITPOBOAHUKAMM M AUBJIEKTPUKA-
MU, a TaKxe MeTaulaMu.
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KoHTakTHBIE sIBNEHHS HA rpaHa-

—0 O

- - e pasjena NOJYNPOBOAHUKOB p- W
n-tunoB. J11s1 yno6cTBa aHanmn3a Boc-
éééie b MOJIb3YEMCS UAEATU3UPOBAHHOI
5600/© OO TUTOCKOIIapasUle/IbHOM KOHCTPYKIH-
EAAAl . s = = = €l rpaHullbl pasjena IMoayNmpoBOa-
gggg@ ®i ©060 HUKOB (puc. 13.4, a). Paccmorpum
am— cHayana sIBjJIeHUs] Ha IpaHULE pa3-
i € g Aena naeanbHbIX MOJ1YNPOBOIHUKOB
L : P- U B-THIIOB, B KOTOPbIX 6y;1e£v1 npe-
: : HeOperaTh TepMOreHepalueii, T.e.

! LAV HEOCHOBHBIMH HOCHUTEJISIMM.
0 i x [Tpu pa3soMKHYTO#H LEIM UCTOY-
! ! HHMKa SHEPruM BCJIEACTBUE PA3HOCTH
— KOHLIEHTpaLUii CBOOOIHBIX JIBIPOK U
Tepexon ) 3JIEKTPOHORB MO 00€ CTOPOHKI OT Irpa-
6 HUIBI pa3esnia IMoJ1ynpOBOIHUKOB U3
Puc. 13.4 TOMYIPOBOAHMKA p-TUIIA YACTh IbI-

pok auddyHaupyet (mepemMeilaer-
Cs) B IOJYNPOBOMHUK K-TUIIA, 4 U3 MOJYIPOBOJHUKA H-TMIIA YACTh
SJIEKTPOHOB AU(MGYHAMPYET B MONYMPOBOAHUK p-THUIIA, MOJHOCTBIO
pPEKOMOMHNPYs Mexay coboii. B pesynprate BNONb TpaHMLbl pasiena
ITOJIYIIPOBOAHUKOB BO3HUKAIOT CJIOM HEMOABUXXHBIX OTPULIATENLHBIX 1
MOJIOXUTEIbHBIX MOHOB COOTBETCTBEHHO CO CTOPOHBI IOJYTIPOBOIHHU-
KOB p- U n-TUIIOB, KOTOPHIE 00pa3yIoT p-n-nepexon. AGCOIOTHBIE 3Ha-
YEHUSs1 3apsiioB OOOUX CJI0EB ONMHAKOBbIE. BO3HMKAIOLIEE MEXTY STUMU
CJI0SIMU SNEKTPUYECKOE T10JI€ HAMTPSIKEHHOCTBIO & IPENSITCTBYET AaJIb-
Heiilel auddy3un CBOOOAHBIX ABIPOK U 3JIEKTPOHOB YEPE3 IPaHMILY
pasgena. Ilpy HeKOTOpPOM 3HAYEHUY HAMNPSIKEHHOCTH JIEKTPUYECKOTO
nosig B p-n-niepexone AucQysus yepe3 rpaHULly pa3iena MOJHOCTBIO
npekpaiaercs. Ecam Ha rpanuue pasaena (x=0, puc. 13.4, 6) npuHsTs
3HayeHue noteHuuana M0) =0, 1o pacripenesieHye MOTEHIMANA B MO~
JIYIIPOBOAHUKAX P~ U N-TUIOB OYIET ONpenensaThCsl 3aBUCUMOCTLIO

V= [&dx. (13.3)
0

Pa3HocTh noteHuManoB AV B p-n-niepexone Ha3bIBAETCS 6b.COMOI]
nomenyuarbHo20 6apeepa. Ecnyu Kk cBOOOAHBEIM TOPLIAM [OJYIPOBOA-
HUKOB p- M n-TUIOB IOJKIIOYUTh UCTOYHUK SHEPIUH HaIpsKEHUEM
U< 0, 10 BbICOTA MOTEHUMATBHOIO Gapbepa BO3PAacTaeT U B LEMU He
Oyzet ToKa. Ecnu Hanpsixenue uctounuka U> 0, TO BBICOTA MOTEHIU-
aJIbHOTO Oapbepa yMEHBLUMTCS M B LIEMM BO3HUKHET SJIEKTPUYECKUIA
TOK. CJie10BaTeNbHO, B MICATLHOM p-n-TIEPEXOAE MOXKET OBITh JIEKT-
PUYECKUI MoK Jughdhy3uu 0CHOBHBIX HOCUmeell TOJILKO ONHOTO Hallpas-
JIEHMSI.
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TepMoreHepalsi U3MEHSIET NpoLiECCHl B p-n-niepexone. Ilpu yse-
JIMYEHUHN MOTEHLMAABHOTO 6apbepa noj AeiiCTBUEM BHELIHETO WCTOY-
HUKAa BHEPTUM TOK YXe He paBeH Hymo. BeneacTsre manoit MHTEHCUB-
HOCTM TEPMOTEHEpAlMM 3HAYEHUE STOrO TOKA HEBEJIUKO.

KOHTAKTHBIE fIBJIEHHS] HA TPAHMIE PA3/eJia NMOMYNPOBOAHAKA H Me-
Tajana. Eciu noteHan Beixona Ajis Metajia V,, MeHbIe noTeHIyana
BHIXOAA IJIA MOJYIIPOBOAHMKA n-TUNa Vi, TO MPOUCXOAUT NPEUMY-
[LIECTBEHHBII MEPEXoa 3JIEKTPOHOB M3 METaljla B IOJYIIPOBOJHMK, B
[TPUTPAHUYHOM CJIO€ KOTOPOTO BO3HUKAET 00OrallleHHbIN cioit. Takast
rpaHuIia pasjiesia TPOBOAUT TOK B OOOMX HAMPABIEHUSIX U UCIONB3Y-
eTCsI AJ1s1 KOHCTPYMPOBAHUS BHIBOAOB IONYIIPOBOAHMKOBBIX TTPHOOPOB.

Ecmu V, > Vg, TO Y IPaHULBL pas3fena ¢ IOJyIPOBOIHUKOM B
MeTajuie oOpasyeTcsl cJIoil ¢ OTpULIATESIbHBIM 3apsiioM, a B MOJIYIIPO-
BOOHUKE — OOEAHEHHBIN CJIOM C MOJIOXUTEJbHBIM 3apsioM. Takas
rpaHMIia pasgena o0iagaeT OJHOCTOPOHHEN MPOBOJUMOCTBIO. DJIEKT-
pUYECKME MNepexodbl TAKOTO TUNA HasblBaloTcsl 6apsepamu Illommiu
110 KIMEHHU HCCIIENOBABLLIETO WX YYEHOTO.

13.3. NMonynpoBOAHUKOBLIE ANOAbI

[lo ¢hyHKUIMOHANLHOMY Ha3HAYEHMIO Pa3IMYaloT MOJYIIPOBOIHH-
KOBBIE NUO/Bl BHITPSIMUTE/IbHBIE, UMITYJIbCHBIE, CTAOUIUTPOHBI, (ho-
TOIUONBI, CBETOU3YYaloliMe AMOIbl U T. .

Boimpsamumenstbie duodb penHa3HAYEHHBI U1 TTpeoOpa3oBaHMs Ie-
PEMEHHOI'O TOKA B MOCTOSIHHBIIA 1 UCIIOJIB3YIOT CBONCTBO p-n-TIEPEXO-
Jla, a TakKXe JPYTMX SJEKTPUUECKHX TEPEXOIOB XOpPOLIO TIPOBOAMUTH
9/IEKTPUYECKUWI TOK B OMTHOM HalpaBi€HUHU U TUIOXO — B MPOTUBOIIO-
JIOXKHOM. DT TOKU M COOTBETCTBYIOLI[UE UM HAIPSLKEHUST MEXAY Bbl-
BONAMM MOJA HA3LIBAIOTCS MPAMBIM U 0OpAMHbIM MOKAMU, HPAMBIM U
obpamubim Hanpaxcenusmu. Ha puc. 13.5 npuBeaeHbl yCIOBHOE OO03HA-
YeHMEe BBHINPSIMHUTEIBHOTO AUOAA M €r0 TUIIOBAasl BOJIbT-aMIepHas Xa-
PaKTepUCTUKA.

IpsiMble TOK ¥ HaANpPsDKEHHE NPy I
TIOJIOXUTEJIbHBIX 3HAYEHUSIX HaIpaB- . g,
JIGHBI OT GHOOHO20 K KGMOOHOMY BbI- AHmTOHInp“‘_
BOAY. 3aMETUM, YTO, XOTS Uil BbI- T

i
OpaHHBIX MOJIOXUTEIbHBIX HAaMpaBae- I
HMIA TOKA U HANIPSDKEHUA TUOJIOB IPsi- :
Mble U OOpaTHbIE BETMYUHBI UMEKOT I
Pa3sHble 3HaKU, IPUHATO B OOOMX CIY- I :
Yasx UX YUCIEHHbIE 3HAYEHUS ONpe-  — 204 P
JENATDb MOJIOXKUTEIIbHBIMU YMCJIaMH. ' Usp O Up| U
PazmualoTr HU3KO- M BBICOKOYA-
CTOTHBIE BBIIPSIMUTENIBHBIE JUOABI.
Ilepsbie MpuMeHsIOTCA B Mpeobpaso- Puc. 13.5
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Puc. 13.6

BATEJIbHBIX YCTPOMCTBAX SHEPTETUYECKOI 3JIEKTPOHUKH MPOMBILIUIEH-
Ho¥ yacToThl (0o 100 I'u), BTOpHIE — AJIs MTPeOOpPa30BaHKS PALMOCUT-
Hanos (no 100 MIw).

OCHOBHBIMY NapaMeTpaMU BBLIIPSIMUTE/IbHBIX JUOAOB SBJSIIOTCS
(tabm. 13.1):

* MMOCTOSIHHBIM NPAMOIA TOK I, MPY NOCTOSIHHOM IPSIMOM Haripsi-
xenun U,

* MIOCTOSIHHBIA OOpaTHBI TOK /g, NPU MOCTOSTHHOM OGPaTHOM Ha-
npsokenun U,

* MAaKCUMAaJIbHO JOMNYCTUMOE MOCTOSTHHOE OOpaTHOE HAaIpsDKEHUE
U06pmax;

* MaKCUMMAJIBHO JIOITYCTUMbIN CPEAHUI MPAMOM TOK Iip cpmax-

B xayecTBe NOMOJIHUTEIBHBIX YIIOTPEGIISIFOTCS NTAPAMETPHI:

* MIOCTOSTHHOE MOPOTOBOE HAINPSIXEHME TPOBOAUMOCTH Upqp;

* [IOCTOSIHHOE HAIPSIXKCHWE pa3pyLIaloIero 3/EKTPHYECKOTO PO~
Gost Unpoﬁ;

» MAKCHMAJIbHO JOITyCTUMAas TEMITEPATypa OKPYyXKaloLei Cpebl 6,,,,
(a1s repmaduesbix 1o 70 °C, kpemuueBbx po 150 °C, THTAHOBBIX IO
250°C) u np.

KpoMe 0aMHOYHBIX THUOOB BBITYCKAIOTCS X COOPKH, MPENCTaBIsI-
10111M€ COOOH KOHCTPYKTHBHO 3aKOHYEHHBIE MOIYJIM C Pa3iUYHBIM
YUCJIOM IONYTPOBOJHUKOBBIX JUOAOB, COEAMHEHHBIX IO OIpPENEIeH-
HbIM cxemaM. Cpenu cO0pOK pa3uyaloT: duodnbie mampuybt (puc. 13.7,
a—e) Ha npsamoii Tok 110 0,1 A npu obpatHoM HanpsuxkeHun g0 50 B,
svinpamumenshbie 610Ky 151 omHodasHbiX (puc. 13.7, xc) u Tpexdas-
HBIX BBIIPSIMUTENIEN HA NIPSIMO# TOK A0 3 A nMpu oOpaTHOM Hanpsixe-
Huu 10 600 B u evicokosoremubie cmoabb (puc. 13.7, 3) u3 nocneno-
BaTEIbHO COCNMHEHHBIX AUOAOB 11151 pabOTHI B BHICOKOBOJIBTHBIX Bbi-
MPSIMUTENSIX Ha MPSIMONA TOK A0 | A npu oOpaTHOM HarpsiXeHUU 10
15 kB.

Hmnynochbte Ouodb ipeaHa3HAYCHDbI 1S IPEUMYLLECTBEHHOM pa-
GOTH B MMITYJIbCHBIX YcTpoiicTBax. X cBOWCTBA, KPOME yKa3aHHBIX
B Tabn. 13.1, ompenensiioT mapaMeTphi, YYMTBHIBAIOUIME WHEPLILOH-
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Puc. 13.7

HOCTh NepeKIoYeHus auopa: eMkocTh nepexopa C; (1—20 nd),
MHTEPBaJ BPEMEHU BOCCTAHOBJIEHUSI OOPATHOrO COIIPOTUBJICHUS Al
(1—500 HCc) u ap.

Cmabuaumponst, WK ONIOPHBIE AUOABI, MpeaIHa3Ha4YeHbl Ui cTa-
OUIM3aLMK ITOCTOSTHHOIO HAIPSIKEHUS! M OTPaHUYEHHUs BLIOPOCOB Ha-

Tabnuoa 13.1

BJleprwlecxne MapaMeTpbl HEKOTOPBIX THNOB BHHIPSAMHTEJILHBIX JHOI0B

npu 25°C
U6 max» In .Cpmax»

Twun puona on p-co Iy, A Iogp, MA Ipumeuanne

KA103A 75 9,1 0,05(1 B) | 0,05(75B) | Anox Manoii MoL-
HoctH [, < 0,3 A,
puc. 13.6, a

KO210b 800 10 10(1 B) | 1,5(800 B)|duon cpeaneii Mor-
noctu 0,3A < Iy <
<10 A, puc. 13.6, 6

5SDA9P23 | 2000 850 | 1800(1,3B) — Jwvon bonsluoi
mouiHoctu [, > 10 A,
puc. 13.6, 6
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AHox Karon
Urop v Karon
(]CT.H'OM/:I 0 U P
__________ It min l cr
U an;b.CT
___________ 1 CT.HOM ‘
Eno = Unopl
___________ I CT max AHO'H
a 7]
Puc. 13.8

NnpsokeHusa. B 3TUx nuonax MCIONb3YeTcs SIBJIEHUE HEPa3pyLLAOLIETO
SJIEKTPUYECKOTO MPo0osi (JIaBUHHOTO Npobos) p-n-Tepexona Mpu He-
KOTOPBIX 3HAYEHUSIX 0OpaTHOTO HanpsikeHus Ug, = Uppos (PUC. 13.8, a).
IlonoxurenpHbie HAMTPABICHUS TOKA U HANPSLKEHVS BHIOpaHbl OT aHOA
K KaToOAy Kak IPUHSTO MPH U300paxeHH.

ITpu u3MeHeHUM TOKA JIABUHHOro mpobosi cTabUJIHTPOHA OT
O I, nax HANPSDKEHUE HA HEM U3MEHSIETCS MaJio

U=U,p+ R

nop HMCI).CTICT’

ICT min

rae Uyop U Ryyg o, — MOPOTOBOE HaNpPsKEHUE NPOBOJMMOCTH U auc-
¢epeHLIHATLHOE CONMPOTURIIEHUE CTAOWIUTPOHA, SIB/ISIIOLLMECS I1a-
paMeTpaMM 3JIEMEHTOB €T0 9KBUBAJIEHTHOIN CXeMH 3aMelleHUs (puc.
13.8, 6).

INonoxutenbHple HanpasieHus Toka I, v HanpsbkeHus U B 3kBU-
BAJICHTHOM CXeMe 3aMEIUeHUs] BhIOpaHbl OT KaToaa K aHOAY Kak IpH-
HSITO B CXEMOTEXHHUKE.

BaxHbIM napamMeTpoM CTaOUIMTPOHOB SIBJSETCS MIEMNEPAMYPHbLL
koagpduyuenm crabunuzanyu HanpsokeHus (TKH)

AU, o
Oy =ﬁ100 %/ C, (13.4)

CT.-HOM

PaBHbII OTHOCUTENIbHOMY U3MEHEHUIO HANPSLKEHUsI CTAOMIM3aLK TIPH
U3MeHeHUHU Temrnepatypsl Ha 1°C ¥ OCTOSTHHOM HOMMHAAbHOM TOKE
CTaOMIMTPOHA I ;0. [T HU3KOBOJIBTHBIX CTAOMIMTPOHOB (U, yiom =
=3,3—5,6 B) TKH uMmeeT oTpunate/ibHble 3HAYEHUS, IJIS1 CTAOWINT-
POHOB ¢ U, ,.ou =6 B — nosioxutenbHble 3HaYEHUS.

Ipsimbie BeTBu BAX p-n-niepexonos uMerot orpunareabibie TKH.
IMosTOoMy 1151 CTAGUINTPOHOB € HAIPSKEHUEM CTAOKIM3AIMU U, o =
>6 B BO3MOXHa TepMOKOMITEHCarust ux nonoxutensHoro TKH nytem
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Tabnuua 13.2

DyeKTPHIECKHE NAPaMeTpsi HEKOTOPBIX THIIOB CTaA0MINTPOHOB
H cTalHCTOpOB

Ic‘r’ MA Ruud) cT P

Tun Ucthows B min max Om npu I, oy, %/°C nol;?ax’
2CI107A | 0,7£0,07 1 100 7 10 -0,3 0,300
2C119A | 1,9+0,1 1 100 15 10 |-0,4-—-0,5| 0,300
2C133A | 3,31£0,3 3 81 65 10 -0,11 0,300
2C175K | 7,5£0,4 3 17 40 4 0,065 0,125
2C213Bb | 13+0,65 3 10 25 5 0,075 0,125
n217r 100£10 5 50 82 50 0,18 5
H815XK | 18+1,8 25 460 3 500 0,14 8

TIOCJIEIOBATE/IbHOTO BKIIOYEHUST B ITPSIMOM HAIPaBJICHUU p-H-IIEPEXO-
JIOB B OTHOM Kopnyce. J11si TepMOKOMITEHCMPOBAHHbIX NPEITU3UOHHBIX
crabunutposos TKH ymensbinaetcs no 0,0005 %/°C.

CTaOWIUTPOHBI Majioif MOIIHOCTH C MaKCMMaiabHO IOINYCTUMOWN
MOUTHOCTBIO TIOTEPD Pror max = Uer maxder max = 0,1—0,3 BT ucnons3yorcs
B Ka4e€CTBE UCTOYHWKOB ONIOPHOTO HANPSDKEHUSI B KOMIIEHCALIMOHHbIX
crabuim3satopax HanpskeHus: cpenHeii (0,3—0,5 Br) u 6051b1110# (CBBI-
ure 8 BT) MOLIHOCTH — B MapaMeTPUYECKUX CTabMIM3aTopax Harpsi-
KeHUs] W JiJIs OTpaHUYEHUsI BHIOPOCOB HAMNPSIKCHUS.

B 1a0n. 13.2 npuBeneHHI 3/IEKTPUYECKHE TTAPAMETPbI HEKOTOPBIX TH-
OB CTabMIMTPOHOB, a Takxke cmabucmopos. Ilocnennyie pencTapisitoT
co0oit MpubOopbl, B KOTOPLIX IS CTAOUIU3aUUMU HAIPSLKEHUS UCTIONb-
3ytoTcs npsmbie BeTBU BAX p-n-niepexona. CTabUCTOPHI PUMEHSIOTCS
i crabwinsanu Harnpstxenus 1—2 B npu Tokax go 100 MA.

13.4. BunonsipHbie TPaH3NCTOPbI

PaGota GHUNONIIPHBIX TPAaH3UCTOPOB OCHOBAHA Ha SIBJICHUSX B3aW-
MOneCTBUS ABYX OJIM3KO PACIIONIOXEHHBIX p-H-TIEPEXONOB.

NpeanusuposaHHasi MoAelib OUIONSIPHOTO TPaH3UCTOpa MNpencTaB-
JISIET CODOM TPEXCIOMHYIO CTPYKTYpY n-p-h- (puc. 13.9) unm p-n-p-trna.
Ha puc. 13.10, g 1 6 naHbl ycIIOBHBIE 0603HAYEHUS ITUX TPAH3UCTOPOB.
Tpan3ucTop HasbIBaeTCs 6UnoaspHbIM TTIOTOMY, YTO (PU3MYECKUE TTPO-
Lecchl B HEM CBSI3aHHBI C IBMXKEHMEM HOCUTENEH 3apsiioB 0OOUX 3HA-
KOB (CBOOOAHBIX ABIPOK H DJIEKTPOHOB).

CpenHuil citoil GUITONSIPHOro TpaH3UCTOpa Ha3biBaeTcs 6aszoil b,
OIUH KpalHuii ciol — koasexkmopom K, Apyroit kpailHuUii ciioi —
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Puc. 13.9

amummepom . Kaxnaplii enoit uMeeT BBIBOI, C MOMOLUBLIO KOTOPOIO
TPAH3UCTOP BKJIIOYAETCS B 1IeMb. B 3aBUCMMOCTU OT MOJISIPHOCTH Ha-
NPSKEHU MEXAY BBIBOJAMU OMITOJISIPHOTO TPaH3WCTOpa OH paboTaeT
B Pa3/IMYHbIX PEXHMAaX.

Pasznuualor uetbipe pexuma paGoThl OMITONSTPHOTO TPAaH3UCTOPA:

* GKMUGHBLI pedcum, B KOTOPOM Iepexod SMUTTEP — 06a3a BKITIOUEH
B NPSIMOM HalpaB/IeHWH, a Ilepexoa KoJJleKTop — 6aza — B 00paTHOM;

» UHBEPCHbI pexcuM, B KOTOPOM Mepexoa SMUTTEP — 6a3a BKITIOUEH
B 0OpaTHOM HamnpaBJIeHUH, a Nepexo] KOJUIEKTOp — 6a3a — B IPSIMOM;

s pedxcum omceyku, B KOTOpOM 00a Iepexona BKJIIOYEHBI B obpaT-
HOM HaIlpaBJIeHUMU;

* pexcum HacoiyeHusi, B KOTOpoM 00a mepexona BKIIOUEHBI B Ipsi-
MOM HallpaBJIEHUN.

Ecnmn TpaH3ucTop npuMeHsieTcsl [Jisi YCWIEHHSI CUTHAJIOB, TO OC-
HOBHBIM SIBJISIETCSI €70 aKTHUBHBIM PEXuM pabOThi, €C/IM B KAYECTBE
KJII0Ua — PEXUMBI OTCEYKU M HACBILLICHUSI.

Ilpy noaxkmOYEHUH MOJIOXKUTEIBHOTO TIONI0CA UCTOYHUKA IOCTO-
ssHHON BJ1C E; = —Uyg K 06a3e NMOTEHUMANBHBIA Gapbep p-A-NEPEXOL
(n-p-n-tpaH3ucTop Ha puc. 13.9) Mexay 6a30i U SMUTTEPOM MOHUKA-
ercsi. CBOOONHBIE 3MEKTPOHBl MHXEKTUPYIOTCS U3 3MUTTEpA B 0asy,
o0pasyst ToK Iy B uenu smurtepa. Eciu Mexny KojuiektopoMm u 6a30it
BKJIFOYEH UCTOUHMK NocTostHHOM D C Ey = Ukg oTpuLaTENIbHBIM TTO-
JIIOCOM K 0a3e, TO YBeTUUMBAETCS ITOTEH-
LIMaibHBIA Oapbep p-n-miepexona Mexiy
6azoii 1 KoekTopoM. Bosbluas yacthb
B np-n g p-n-p DJIEKTPOHOB, MHXEKTUPOBAHHBIX U3

3MUTTEPa B 0a3y, BTATUBAECTCS CHJIbHBIM
3JIEKTPUUECKUM [OJIEM HAIPSIKEHHOCTBIO
. 9 g C) &g 3TOro p-n-nepexoaa, oopasys 1ok Iy
B LENU KoJulekTopa. HesHauuTenbHas
Puc. 13.10

K K
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yacTb CBOOOAHBIX 2JIEKTPOHOB, MHXKEKTHU- R I

—P | | G——
pOBaHHBIX M3 3MHTTepa B Oa3sy, oOpasyer  bo—— — oK
TOK I§ B Llenu 6a3bl. ! i

B paccMOTpEeHHOM ciiyyae Gasa sipjisier-  UBd i | Uko
cs1 OOLLIMM 3MEKTPOAOM BXONHON U BBIXOO- B =
noit ueneil. Takas cxema BKJIIOYEHUST OM- Gl °9
MOJITPHOTO TPAH3UCTOPA HA3BIBAETCS] CXE- Puc. 13.11

moii ¢ obueli 6azoti (OB). Bo3aMoxHBI Tak-
K€ CXEMBbl BKJIIOUEHUS OMITONSIPHOTO TPAH3UCTOPA C 00UUM KOAMCKIMOPOM
(OK) u obwum amummepom (0OD). TlocneaHiolo Ha NpUMEpPE n-p-h-
TPAaH3UCTOPA pacCMOTpUM Oonee MoapoGHO, TAK KAK XapaKTePUCTUKU
TPaH3UCTOPA MPU TAKOM BKJIIOYEHUH UCIOJIB3YIOTCS JUI aHajn3a ero
OCHOBHbBIX PEXHMOB pabOTHI TIOKOsI, MAJIOTO CUrHAAa U KJIIOYEBOIO.

Pexxum nokos. PaboTy GumnosisipHoro TpaH3ucTopa, BKJIOYEHHOTO
o cxeme ¢ OB B Lens noctostHHOro Toka (puc. 13.11), onpenensior
CTaTUYECKUMU KOJUIEKTOPHBIMU Iy (Ukp) 1 _... (PUC. 13.12, a) n 6a3o-
BbIMH T5(Up3) (s - cone X@PaKTEpUCTHKaMu. TlocienHue B cBOEM ceMei-
CTBE MaJl0 OTJIMYAIOTCS APYL OT ApYyra v MO3TOMY IpPEACTaBJIEHbl Ha
puc. 13.12, 6 opHoll xapaktepuctukoil. HanpsikeHue Upy Ha 6a30BOi
XapakTePUCTUKE, [IPU KOTOPOM TOk 0a3bl Iy = (), HA3BIBAETCS HOpoeo-
6bIM HANPANCEHUEM HPOBOOUMOCHU TIEPEXOA MEXAY 3MUTTepoM U Oa-
300, WM Hanpsaxcernuem omceuku Ugsy .- TIpubnmkeHHo 3T0 Hanpsike-
HUE OIIPENE/ISIETCS HA OCH abCLIMCC B TOYKE €€ MepeceyeHus ¢ Mnpo-
IIOJDKEHWEM BOCXOIISILLIETO JIMHEMHOIO yuyacTKa 0a30BOM XapakTepu-
CTUKMU,

OCHOBHBIMY CTATHYECKNMU MapaMeTpaMu OMUTIOJISIPHOrO TPAaH3UC-
Topa sBjsoTea (Tab. 13.3):

* MAKCUMAJIBHO AOMYCTUMbIE MOCTOSIHHBIE TOK KOJUIEKTOPA Iy naxs
TOK 0a3bl [ gy, HANPSDKEHUST Uggmay B Upsmax, MOIIHOCTH HOTEPDH B
KOJJIEKTOPE Py max;

I, MA
IB,MKA
IK%lélf/w% . IB: 400 MK[\___ 200l UK3: 10 B
’ %
@/,IL 300 MKA
4 N
1<,
| %, 200 MKA
504 200}
: ‘Q//@/ PKmax
1100 MKA™
)
b 2 T T T T T T
0 10 Uk max Uk, B 0F 03 0,6 UgsB
a 6
Puc. 13.12
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Tabnwmnua 13.3

DIEKTPHYECKAE NAPAMETPbE HEKOTOPBIX THIIOB OHNONAPHBIX TPAHIUCTOPOB
npu 25 °C (o fjaHHbIM KoMmanuu Mortopona)

Tun ® * .
TpPaH3KC- UK%max’ IKxaxy IBRaxa Pl%m:xs US%max’ H*ZI IKAW, UK3HaC) o
TOpa
2N5877 60 10 4 150 5 20...100 0,5 1
2N5884 80 25 7.5 200 5 200...100 1 4
2N5655 250 0,5 0,25 20 6 30...250 0,1 1
2N5686 80 50 15 300 5 15...60 2 1
Oxonvanue maba. 13.3
Tun . '
TpaH3KC- I\J/([ i:l.l K, AL, MKC AL“K“g’ Ao, MKC AL s MKC
TOpa
2N5877 4 20 0,04 0,3 0,6 0,3
2N5884 4 20 — 0,7 1,0 0,8
2N5655 10 20 0,04 0,12 0,33 0,22
2N5686 2 15 0,03 0,4 0,5 0,23

* VcnoBus M3MEPEHUs napameTpa JaHsl B CIIpaBOMHMKE KoMnanuy Motopona.

» KO3(PDUUUEHT Iepeaayu, Wik YCUJIEHUS, TTOCTOSHHOTO TOKA TPU
HarpspkeHuu Uys = const

(13.5)

OHu onpenensnoT obractb paboThl TpaH3UMCTOPa, OTMEYEHHYIO Ha
puc. 13.12, a IUTpUXOBKOIA.

Pexum manoro cariana. Eciv kpo-
M€ ITOCTOSTHHBIX HanpsikeHuit Ugy U
Uxs Mexay 062300 1 SMUTTEPOM MpPU-
JIOXKEHO TaKXe H3MEHSIOLIeeCs] BO
BpEMEHU HAIpsSIKEHUE Upy MAIoOro
3HaYeHHs, TO0 paboTy TpaH3UCTOpA
MOXHO paccMaTpUBaThb KakK HajlOXe-
HHME pexXuMa ITOKOsI ITPU OTCYTCTBUM
Puc. 13.13 HAMNpSIKEHUA Upy U PEXUMa Majioro
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CUTHaJa NpU OTCYTCTBUM HAIPsDKeHUI Ugy U Uy B CXEME 3aMELIIEHNS
ga puc. 13.13 (ee moKas3aTesbCTBO 3[€Ch He NMPUBOAUTCS), MapaMeTPhl
KOTOPOW MMEIOT 3HAYCHUS

by =10° —10% Om;
hy, =105 — 1076 Cwm; (13.6)
h21 = 20 - 200.

B cxeme 3ameinenus Ha puc. 13.13: iy = R, v 1/hy= R,,,, — BXOOHOE
W BBIXOOHOE COIPOTUBJIEHMUST;, Myl — MCTOYHMK TOKA, YTIpaBiIsieMbIil
TOKOM 0ashl . [TocneaHee 0OCTOSATENLCTBO MO3BOJSIET CUUTATH, YTO
OUIOJNIPHBIN TPAH3UCTOP IPEACTABJISIET COOOM hpubop, ynpaeasemublii
MOKOM.

BenuuuHa h,, Ha3biBaeTcs Koagduyuenmom nepedauu, VU ycuie-
HUS, MOKQ 8 pelcume Marozo CueHalqd.

3aMeTHM, YTO C YUYETOM MHEPLIMOHHOCTH HOCUTEJICH 3apsiia U 3J1eK-
TPUUECKUX EMKOCTEH p-H-IIEPEXoa0B MapaMeTpbl OUTIONSIPHOTO TpaH-
3UCTOpPa B PEXMME CUHYCOUJAALHOTO CUTHAlA 3aBUCST OT YACTOTHI.
INoaToMy 3HaueHus1 napameTpos (13.6) cripaBeiMBhI i1 MAJOIO CH-
HYCOUAAIbHOTO CUTHANA HU3KOH YacCTOTHI.

YacToTHBIE CBOMCTBA OUIIONSPHOrO TPAH3MCTOPA OINpPENENseT JIo-
rapudMuyeckas aMIIMTYAHO-4aCTOTHAS XapaKTepPUCTUKA KO3 DHLI-
eHTa [lepenadyv Toka, mpMeeaeHHas Ha puc. 13.14. OHa ycTaHaBiMBaeT
2PAHUMHYIO Y2N06YI0 HACHOMY Oy, TIPU KOTOPOil KO3 GHULIMEHT repe-
Jauy TOKA OTHOCHUTEJIbHO €ro 3HaueHHs1 IpU YIJIOBOM yacToTe @ = 0

yMEHbLLAETCsT B 2 pa3, a Besimuuna 201ghy; — Ha 20 lgﬁ =31b, u

. ()
Yen06yio uacmomy eOuHu4HOU nepedaul Moka ®;, WIK YacToTy f, = 2_‘

2

Ipy KoTopoii Koad(pUHEeHT nepepaun Toka hy; = 1.

201ghyy, nb

40

20t

. L . I
100 102 10* 10° o, pan/c
ml‘p My

Puc. 13.14
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KoadduiumeHT nepenauu Toka h,; ¥ 4acToTa €eAMHUYHOI ITepesadyn
TOKA f; SBJISIIOTCS OCHOBHBIMM TapaMeTpaMy OUMNONSIPHOTO TpaH3uC-
Topa (cM. TabJ. 13.3).

Kmoueroii pexum. Ha puc. 13.15, ¢ u 6 npuBeaeHbl CXxeMa U3MEpU-
TeJIbHOM LeNU Ha NpUMepPEe UCTILITAHUS H-p-n OUIIONSIPHOTO TPaH3UC~
TOpa ¥ COBMELICHHBIE BPEMEHHBIE JMArPAMMBI €0 BKJIIOYEHMS W Bbi-
KTIOUCHMSI. )

WMmysbCHBlE XapaKTepUCTUKY OUIOJISIPHOTO TPaH3WCTOpa B OC-
HOBHOM OIIPEAEJISIIOTCS EMKOCThIO nepexona smurtep—6asa Cyp, 10~
Ka3aHHOM Ha cxeme puc. 13.15, a mTpUXOBOi JIMHKEH, U NPOLECCAMU
HaKOIUTEHUSI M paccachlBAHUS HEOCHOBHBIX HOCUTEJIEH 3apsiios, T.e€.
3JIEKTPOHOB JUIst n-p-k OMIIOJISIPHOTO TpaH3uCcTOopa, B Oase.

B ucxonHom coctosiHuu roa aeiicteueM DAC e =—Ep, TpaH3uCTOP
BBIKJIIOYEH (pexXUM oTceuki). IIpu 3TOM HarpspkeHre Ha EMKOCTH Tie-
pexona sMUTTEP — 6a3a paBHO Ugy =—Ep,.

Brarouenue GUITONSIPHOTO TpaH3UCTOpPa MPOMCXONMT B ABA 3Tara.
Ha mepBoM 3Tane B OCHOBHOM Hepe3apsikaeTcsi EMKOCTb Iepexoaa
smurTep— 6a3a, HalpsDKeHHEe Ha KOTOPOM M3MEHSIETCS OT OTpUlia-
TEJIBHOTO 3HaueHus1 —Eg, 10 noyoxutebHoro. [1pu 3ToM TpaH3ucTop
ponokaeT OBITh BBIKJIIOUEHHBIM A0 T€X IMOp, TOKAa HAIpsiKeHUe
Ugs < Ugyere- Ha BTOpOM 3Talle IpU HANPSDKEHUM Upy > Uppere TOK
KOJUIEKTOpa yBeuYuBaeTcs no sHaueHus: Iy = Ex/ Ry, a B cnoe 6asbl
HaKallIuBaloTCs HEOCHOBHBIE HOCUTEIH 3apsia. B MHTepBane Bpeme-
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Puc. 13.16

HU NEHCTBUSL h,—t; MpsiMoyronbHoro uMnynabca DJC eg = Egy > |ugs)|
UMITYJIBC TOKA 6a3bl OyneT TakKe MPSIMOYTOJIBHBIM C aMILIUTYAOM Iy =
= E51/Rs.

Buixarouenue GUIIONAPHOTO TPAH3UCTOPA TAKXKE MIPOUCXOAMT B 1BA
srana. Ha nepsoM s3Talle paccachlBalOTCsl HAKOIUIEHHBIE B 0ase He-
OCHOBHBIE HOCHUTENM 3apsiga TOKOM 0asbl iy = —Fg;/Rg OT MOMeHTa
BPEMEHM 1, 1O MOMEHTA BPEMEHM f3, KOTIA HANPSIKEHUE Ugy YMEHb-
wuted 00 3HaYeHUs Ugng. [IpM 3TOM TpaH3MCTOp OCTaeTcsl BKITIO-
yeHHbIM. Ha BTOpOM 3Tamne B OCHOBHOM IEpe3apsikaroTcs eMKOCTH
nepexoga 3MUTTEp—0a3a oT HanpsiXeHUs Uggyy DO HAIPSDKEHMS
upy = —Eg).

OCHOBHBIMU UMAYABCHBIMY TIAPAMETPAMU OUITOJISIPHOTO TPaH3MC-
TOpa ABASIIOTCSA (CM. Tabn. 13.3):

* MHTEPBAJIBl BPEMEHU 3aJE€PXKU Al,,;, HAPACTAHUS TOKA KOJLIEK-
TOpa Afy,p, PaccachlBaHus HEOCHOBHBIX HOCUTE/CH 3apsina u3 0asbl
Aty U CTIAJA TOKA KOJUIEKTOPA Al ;5

e TIOCTOSIHHBIA TOK KOJUIEKTOpa Iy o7 B PEXHME OTCEUKH;

» NIOCTOSAAHHOE HanpspkeHUe Uy, B PEXVME HACBILIEHUS.

TTo 3HAaYeHUI0 CTATUYECKUX [MapaMETPOB Pa3/MualoT OUITONSIPHBIC
TPaH3UCTOPH Maoi (B0 Py max= 0,3 BT, Ik nax=0,3 A, puc. 13.16, a),
cpennei (0,3—1,5 Bt, 0,3— 1,5 A npu HaJMuuy BHEIIHWX TEILIOOTBO-
1oB, puc. 13.16, 6) u Soneuioii (Gonee 1,5 Bt, 1,5 A npu Hannuuu
BHELIIHUX TEIIOOTBOAOB, puc. 13.16, ¢) MOLLHOCTEIA.

Ilo 3HaueHH10 YACTOTH eAMHUYHOMN mepeaayv ToKka — HU3Koi (f
1o 3 MT'u), cpenteit (3—30 MI'n) u BeicoKoii (60-

Jiee 30 MT'u) gactorT.

OcHoBHOE NOCTOMHCTBO GUITOJIIPHBIX TPAH3UCTO- ¢K
POB — BBICOKOE JOITYCTUMOE 3HAYEHUE HAIIPSKEHUS
MEXIY KOJUIEKTOPOM M 3MUTTEPOM (IO HECKOJIBKUX
KUJIOBOJIBT) ITPH AOCTATOYHO OONbLIMX 3HAYEHUSIX TOKA
KonnekTtopa (no 25 A). b

OcCHOBHOI1 HEJOCTATOK — OTHOCHUTENBHO HEOOIb-
Lioe BxomgHoe cornporuBneHue (1— 10 kOM), 0ObIYHO
TeM MeHblle, yeM 0OJibllieé MOLIHOCTb TPaH3UCTOPA,
YTO 3aTPyAHSET YIPABJIEHUE UM OT MCTOYHHMKA MaJIOi 9
MouHocTH. [l ycTpaHEHHsI 3TOrO HeaocTaTka Mnpu- Puc. 13.17
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MEHSIIOT cocmaenble mpansucmops: (puc. 13.17) U3 TpaH3ucTopa 00JIb-
IOl MOLIHOCTH, YTIPaBAsiEMOTO TPAH3UCTOPOM MAaJOH MOUIHOCTH B
OIHOM KOpITyce.

13.5. MNMoneBbIe TPAH3UCTOPLI

Paznuualor noieBbie TPaH3UCTOPHI C YIIPABJISIOLIMM p-H-TIEPEXO-
JIOM ¥ Ha OCHOBE KOHCTPYKLIMM METaJU1 — AU3IEKTPUK — MOJTYTIPOBOI-
HUK, nm MII-Tpan3ucTopsl. '

IloneBbie TPaH3UCTOPHI € YNPABJIAIONMMM p-n-nepexongoM. Paccmor-
PYIM TPUHLMIT paboThI MONEBOTO TPAH3UCTOpA C YIIPABISIOLIUM p-n-Tie~
PEXOOOM U H-KAaHAAOM Ha IpPUMEpEe €ro HAcaTUu3UpPOBAHHOM MOAETN
(puc. 13.18).

Mexay aByMs1 BJIEKTpOAaMU, Ha3biBaeMbIMU ucmokom U u cmoxom
C, pacnonioxeH n-KaHaja u3 MNOJMYNMpoBogHMKA A-Tuma. Eciau mexay
HMCTOKOM M CTOKOM BKJTH0UYeH UCTOUHUK 3J1C E¢ MOJNOXUTETLHBIM IO~
JIIOCOM K CTOKY, TO B #-KaHaje €CTb TOK nmposoguMocTu (13.1), 3Haye-
HUE KOTOPOTO 3aBMCHT OT COIMPOTHUBJIEHUS KaHana. B cBoio ouepepnp
COTIPOTUBIIEHUE N-KaHajia 3aBUCHUT OT €ro LIMPUHBL, KOTOPYIO B IOJIE-
BBIX TPAH3UCTOPAX MOKHO U3MEHSTD. J1J19 3TOTO MeX a1y TPETbUM 3JIEK-
TPOIOM, HAa3bIBAEMBIM 3ameopomM 3, U UCTOKOM BKJIIOUEH MCTOYHMK
BJIC E; oTpunare/ibHbIM TIOJI0OCOM K 3aTBOPY, TaK YTO p-H-TIEPEXOL
MEXIY #-KAHAAOM U IMOJYITPOBONHUKOM p-THUIIA, KOTOPHIiA HAXOAUTCS
y 3aTBOpa, BKJIIOYEH B 00paTHOM HanpapieHu. Illupunsa obegHeHHO-
TO MOABMXKHBIMU HOCUTEJISIMU pP-H-TIepexo/ia (3atTpruxoBalHas ob1acTb
Ha puc. 13.18) BiusieT Ha MIMPUHY K-KaHada ¥ TEM CAMBIM Ha €ro
TPOBOAUMMOCTb.

PaboTy mosieBoro TpaH3MCTOpa C K-KAHAJIOM W YHNPAaBISIOUIUM
P-n-TIEPEXOIOM  ONPEACTISIIOT cTaTHyeCKue CTOKOBBIE Ic(Ucn) tay_ o
(puc. 13.19, a) u crokoszateopHbie Ic( Usy) yeyy—cona (PHIC. 13.19, 6) Xxa-
pakTepucTukU. [locnenHue B CBOEM ceMeCcTBe Mano OTIIMYAIOTCsl APYT
OT ApPYra ¥ MO3TOMY Mpe/ICTABICHBl ONHON XapakTepuCcTUKOil. Ypes-
MEPHOE YBEIMYEHHUE HanpsikeHusi Ugy BBI3BIBAET JIABUHHLIN 1IPo6oii
MEXIY 3aTBOPOM U CTOKOM. [lpm
HanpsokeHuu Usy, MeHbLIEM Ha-
psixeHus1 oTce€UKU Usyore, KaHaAT
3aKpHIT (I-=~13). U3MeHeHue no-
JsipHOCTH Hanpsixenuit Ugqy umu
Usy HapyinaeT paboTy 3aTBopa.

Bmecto n-KaHana MOXeT ObITh
l p-KaHajl U3 MOoJIyIIpOBOAHUKA

() P-TUIIA, a 3aTBOP — W3 MOJAYOpoO-

Pp-n-Tiepexox

h-KaHall
BOAHUKA n-TUIIA.
VrpasieHue MpoBOAUMOCTHIO
Puc. 13.18 KaHajia 3JIEKTPUYECKUM ITOJIEM C
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Puc. 13.19

HaIpsKeHHOCTbIO, HAINTPaBJIEHHOH NEPIEHIUKY/ISIPHO IBUXXEHUIO HO-
cuTesieil 3apsANoB B KaHaue, onpenenseT Ha3BaHWe TpaH3uCTopa — Ho-
N€EBOIl.

Ilonepsie MIII-Tpan3ucTopsbl OT/IMYAIOTCS] OT MOJIEBBIX TPAH3UCTO-
pOB C YIIPaBJISIOUUM p-n-NIEPEXOAOM TeM, UTO B HUX 3JIEKTPOA 3a-
meopa 3 U30JIUPOBAH OT KaHaja CJloeM AuiekTpuKa. B kauecTse nu-
3JIeKTprKa oObluHO ucnojib3yetcst Si0,. IloaToMy Hapsiny ¢ TEpMHHOM
MJAH nonesyiorcss TepMuHoM MOII, oTpaxaroimmM CTPYKTYypy Me-
Tayu1 — okcua — nonynposogHuk (MOSFET — metal oxid semicon-
ductor field effect transistor).

MTT-TpaH3uCTOp [IPEACTABISIET COOOH IIACTUHY KPEMHUS p- WIN
n-TUIa, Ha3biBaeMylo noodsoxckoti T1, B KoTopoii co3natorcs ne obna-
CTHU C IMPOTUBOIIOJIOXHBIM THUIIOM MPpOBOAUMOCTH. OnHa U3 3THX 0bJa-
cTeil ucronp3yercs Kak ucmor W, npyrass — kak cmok C.

Pasmuaior M/ITT-TpaH3ucTOpbl ¢ BCTPOEHHBIM U MHIYLMPOBaH-
HBIM KaHalaMu.

MJIT-mpanzucmop ¢ écmpoennbim n-kanasom (puc. 13.20) conep-
XHUT TOIJIOXKKY U3 IMOJYIPOBOAHUKA p-TUIA, B KOTOPOU CO3JAK0TCS

13 IC
— Usc <
T3 S/iOz
I/Il 7 l C
() n n-KaHal n C)
Es = Usyy TMomnoxxka p-tun % Ucn=Ec

I
P-n-TIepeXox

Puc. 13.20
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Puc. 13.21

JBe 00JIacTH TIONYIPOBOAHMKA M-THIIA JUIS CTOKA U UCTOKA. Benen-
CTBHME KOHTAKTHBIX SIBJICHUIA HAa rPaHMLE pa3aena fu3eKTPUKA U [O-
JIOXKHU B €€ IIPUrPaHUYHOM CJIoe 0Opa3yeTcsi MUHBEPCHLIIA CIIOH, T.€.
n-KaHal. OTOT KaHaN COENNHSET Mex1y co00# 00/1acTH CTOKA U UCTO-
Ka 1npu oTcyrcTBuu HanpstkeHus: Uz =0. Ipu Usy >0 kaHan oborarga-
€TCSl WEKTpOHaMHM, npu Uz, < 0 — obenHsieTcs.

CraTuyeckue CTOKOBbIE U CTOKO3aTBOPHbIE XapakTepucTuk MJTT-
TPaH3MCTOpa C BCTPOCHHBIM H-KAHANOM IIpUBEACHH Ha puc. 13.21, a
u 6, rne Usy o — HanpsDKeHWe OTCEUKHU.

OcobeHHocTs MIITT-TpaH3UCTOPOB € BCTPOEHHBLIM KAHAIOM 3a-
KJIIOYAETCs B BO3MOXHOCTH UX paboThl B pexyiMe o0enHeHUs 1 o0ora-
LUCHUS KaHasa.

MATI-mpan3zucmop ¢ UHOYYUPOBAHHBIM N-KAHAAOM TIONYYAETCSI, €C/IU
B CTPYKType Ha puc. 13.20 cjoii 1onynpoBOAHNKA MOMTOXKH MO AN~
SJIEKTPUKOM SiO, uruposaTh aklienTopamu. Torna Mpy HanpsikeHUH

Ic,MA Ic, MA

Uyt niop J

0 10 20 Ucy, B 0 4 6

Usy, B

Puc. 13.22

1 2 3
— % A ~ -
3 3 3
I1 I
a 6 a 6 a 6
Puc. 13.23

Uz = 0 npoBoasiiuil KaHaa MEXAy CTOKOM U UCTOKOM OTCYTCTBYET M
BO3HUKAET Mpy HanpstkeHUuu Usy > Usyinep.

Ha puc. 13.22, a u 6 npyBeNEeHBI CTOKOBHIE M CTOKO3aTBOPHbIE CTa-
TYeckue xapakrepuctuky MJIII-TpaH3ucropa ¢ WHIYLMPOBAHHBIM
R-KaHAAOM.

B MIT-tpan3ucropax 3JIeKTpOA MOMJIOXKKU JUOO coenuHsSETCa ¢
9JEKTPOAOM HMCTOKA, MO0 C/IYXXWUT B Ka4eCTBE BTOPOro 3aTBOpA.

YciioBHBIE 0003HAYEHUS MOJIEBbIX TPAH3UCTOPOB € YNPABJISIOHIUM
p-n-nepexonom, MJII-TpaH3MCTOPOB ¢ MHIYLIMPOBAHHBIM KaHaaOM
1 MJII1-TpaH3UCTOPOB C BCTPOECHHBIM KaHAJIOM MPHUBEAECHBI COOTBET-
CTBeHHO Ha no3uiusix 1— 3 puc. 13.23, a 11s n-kanana u puc. 13.23, 6
ISl p-KaHana.

B paccMOTPEHHBIX CITyYasix HCTOK SIBJISUICA OOLLMM 3/1IEKTPOIOM BXOA-
HOM 1 BBIXOAHOM 1ereil. Takas cxema BKIIOYEHMS M0JIEBOrO TPaH3UC-
Topa HasbisaeTcsi ¢ obwum ucmoxom (ON). XapakrepucTuku TpaH3uc-
Topa NpH 3TOM WCTIOJIB3YIOTCS JUIsi aHAJIN3a €ro OCHOBHBIX PEXHUMOB
pabGoThl MMOKOsl, MAJIOTO CHMTHANA W KJIIOYEBOIO.

Pexum nokosi. PaGoTy 1osieBoro TpaH3ucTopa B LU [IOCTOSTHHOTO
TOKA ONpENesioT ero CTATHYECKHE CTOKOBHIE M CTOKO3aTBOPHBIE xa-

paxkTepucTuku (cM. puc. 13.19, 13.21 u 13.22).

OCHOBHBIMM criamuueckumu NIapaMeTpamMu MOJEBBIX TPAH3UCTOPOB
-gBisiiotcst (1abn. 13.4): MakcUManbHO JOIyCTUMbIE 3HAYEHUS ITOCTO-
“SIHHBIX TOKA CTOKA I gy, HAMPSKEHUI. Ucy max. Uspimax M1 MOLITHOCTH
‘ToTepb Prormax = Ic Ucy. Onm ofpenensiiot o6nacTb paboThl TPAH3UCTO-
pa, oTMeYeHHy10 Ha puc. 13.21, a WTPUXOBKOIA.

Pexum Manoro curnana. Eciu B nenu no cxeme Ha puc. 13.20 kpome

JIOCTOSIHHBIX HanpsikeHuit Uqy u Uzy Mexay 3aTBOPOM M MCTOKOM
“AVICTBYET TAKKE U3MEHSIOLLEECS BO BPEMEHU HANPSIXKEHUE U3y MATO-
ro 3HaueHUs, TO paboTy MOJIEBOIO TPAH3UCTOPA MOXHO paccMarpu-

BaTh KaK HaJO0OXEHHE peXumMa IOKOsl Ipy OTCYTCTBUH HaIlIPSKCHUSI

‘Uz W PEXMMA MajOro CHUIHajia NpY OTCYTCTBMU Hanpsikenwit Ucy n
Uy B cXeMe 3amellleHus1 Ha puc. 13.24 (ee noKas3aTesIbCTBO 3/1€Ch HE

npnBonnTCH) TapaMeTpbi KOTOPOi MMEIOT 3HAUCHUS

=107 —10" Cm;
¥y =1—10"' MA/B; (13.7)
Yn = 10_5 —_ 10_6 Cm.



i3 ic B cxeme 3amertieHyst Ha puc. 13.24
b

<—
30— Stay ——o(C 1/yll = RBX u 1/y22 = RBHX — BXOII-
HOE U BBIXOJHOE COMPOTUBIICHUS;
U3y 1/yn 1/y2ni 4cu Sz = Yotz — MCTOYHMK TOKA,
TIPABJISIEMbBII HATIPSIXKEHUEM L3y.
! 31
Ho ¢

ol TlocneaHee OGCTOSATENBCTBO IO-
3BOJIIET paccMaTpuBaTh MOJIEBOM
TPaH3UCTOp KakK npubop, ynpaens-
emblll HANPAXCeHUueM, B OTJIMUKE OT

GUIIONIAAPHOIG TPAH3UCTOpPA, YIIPABRJISIEMOro TOKOM Ga3el (cM. puc. 13.13).

BeymunHa S'= y,; Ha3BIBaeTCsl KPYMU3HOU CMOKO3GMEOPHOLL XapaK-
mepucmuKy Y sIBJIS1€TCS OCHOBHBIM IMApaMeTPOM IOJIEBOIO TPAH3UCTO-
pa B pexxyMe MaJioro curuaia (cm. tabn. 13.4).

C y4eTOM 3JIeKTPUYECKHX €MKOCTeil MeXIy 3JEeKTPOAaMH CTOKa,
MCTOKA Y 3aTBOPA y-TAapaMeTphl MOJICBOI'0 TPAH3UCTOPA B PeXUME Ma-
JIOr0 CUHYCOUJAIBHOIO CUTHaNa 3aBUCAT OT 4acToTel. [TosTOMy cxema
3aMCLLEHUS TTOJIEBOro TpaH3ucropa (cM. puc. 13.24) npu nocTosTHHBIX
3HaYeHUsIX y-napameTpoB ee 3neMeHTOB (13.7) cripaBemiuBa misl Ma-
JIOro CMHYCOUJAIIbHOIO CUrHajla HU3KOH U CpedHeN 4acToT.

Kmouesoii pexxum. Ha puc. 13.25, a v 6 npuBeeHb cxema U3MepuU-
TEJbHOI LeNnM Ha npuMepe uenwitanusi M TI-tpan3ucropa ¢ unay-
LIMPOBAHHBLIM K-KAHAJIOM, BKJIIOYEHHOTro nmo cxeme ¢ OU, u coBme-
LLIEHHBIC BPEMEHHBIE JUarpaMMbl €0 BKJIIOUEHUS Y BHIKJTIOYCHMSI.

WMnysibCHBIE XapaKTepUCTUKU TTOJIEBOTO TPAH3UCTOPA B OCHOBHOM
OMpPeJIeSISIIOTC eMKOCTIMU MeXay ero anekrpopaMu Csy, Cey, Csc,
TIOKa3aHHBIMU Ha cxeMe puc. 13.25, a luTpUXoBOii JUHUEIA.

B vcxonnoM cocrostHuu npu 3HaueHun DIC e; =0, T.e. uzy =0,
TPaH3UCTOP BHIKJIIOYEH (CM. puc. 13.22).

Brarouenue TpaH3ucTopa NpONCXOAUT B aBa 3tana. Ha nepsoM sta-
e B OCHOBHOM 3apspKaeTcs: eMKocTh Csyy oT uctounmka DJIC e; B Teye-
HUE BPEMEHU OT Hayaja ero JAeicTBuUsl B MOMEHT BPEMEHM f; IO MO-
MEHTA BPEMCHU 1, KOLA HANPSIKEHWE U3y MOCTUTHET 3HaYeHMs] Usy yop-
IIpy 3TOM n-KaHal MPOXOIIKAET OHITH 3aKPHITHIM, 4 TPAH3UCTOP —
BBIK/TIOYEHHBIM. Ha BTOpoM 3Tame, HauMHas ¢ MOMEHTA BPEMEHM b1,
OTKPBIBAETCSl H-KAHAJl. YBEJIMYMBAETCS! TOK ic, YMEHBIIAETCS Hanpsi-
KEHUE Ucy M OT uctouHnka DIIC e; nepesapsixaercst eMkocTh Cse. [pu
3TOM HAMPSKEHUE Usy = Uzyinop Y 3apsill eMKOCTH Cyyy OCTAKOTCS NPAK-
TUYECKH HEU3MEHHBIMU JIO MOJHOIO BKIIOYEHHUS TPAH3UCTOpPA B MO-
MEHT BPEMEHH #; NOCTUKEHHUSI TOKOM CTOKA MAKCUMAJILHOIO 3HAYEHUSI
Ic= Ec/Rc (acpdexT Muepa). [lanee ewne B TeueHHE HEKOTOPOTO Bpe-
MeHU eMKOCTH C3y m Cye 3apsikatoresi oT ucrouHmnka DJIC e; 10 yera-
HOBHBLUETOCSI 3HAYEHUs] HAMTPSDKEHUS Uzyyy.

Boixntouenue TpaH3NcTOpa TaKXKe MPOUCXOIUT B aBa sTana. Ha nep-
BOM 3Tarie paspsixaiorcst eMKocTH Cyy M Cic OT MOMEHTA BPEMEHH 1y
okonuanus aeicTBus DJIC e; 10 MOMEHTA BPEMEHM fs, KOTJIA Harpsi-

KEHUE U3y YMEHBLINTCA A0 3HAYEHUS Usypop. TIpH 3TOM n-KaHaT mpo-

1
I
L

Puc. 13.24

Ta6auuna 13.4

DeKTpHYECKHe apaMeTpbl HeKOTOPLIX THIOB mojesbix M/ITI-TpansucTopoB npH 25°C (no IaHHBIM KoMmaHuu MoTopona)
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* VCI0BUST U3MEPEHMS TapaMeTpa JaHbl B CIIPaBOYHMKE KoMraHuM MoToposna.
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JOJKaeT ObITh OTKPBITHIM, a TPAH3MCTOP — BKJIOYeHHBIM. Ha Bropom
JTale HaYUHAET 3aKPBIBAThCSl M-KaHA. YMEHBUIAETCHd TOK ic, YBEJIH-
YUBAETCSl HAINpPSXKEHUE Ucy U OT uctounvka DAC E. 3apsukaercs: B
OCHOBHOM eMKOCTh Czc. [1pu 3TOM B TeueHHMe HEKOTOPOIrO BPEMEHH JIO
TIOJTHOTO 3aKPHITUSE N-KaHANA HANIPSDKEHHUE Usy = Uy op, @ 3aTEM YMEHB-
1IaeTcsl A0 HyJISl.

OCHOBHBIMU  umnynscHbiMu NiapaMmeTpaMu MJTT- -~TPaH3UCTOpa 5IB-
Jisotest (eM. Tabi. 13.4):

» UHTEPBAJIBl BpeEMEHH (CM. puc. 13.25, 6) 3amepXKu HapacTaHust
TOKA CTOKA Alyy; 0p, HAPACTAHMS TOKA CTOKA Al,,,,, 33IEPXKKM Craja

TOKA CTOKA Aty ooy M CIIA/IA TOKA CTOKA Alyyy;

» BxogHasa C,, = Csc + Gy, BH- Usy
xomHast C,, = Coy+ Cse M mpoxon- BBy ———————=—————
Hasl Cpox = C3c EMKOCTH;

« 3apsaabL ¢; ¥ ¢, (puc. 13.26),
M0JIy4aeMbI€ BXOTHOW €MKOCTBIO
C,, or ucroynrka SJC e; 3a vH-
TEPBAIbl BPEMEHU Aly, o W Al
M YCTAaHOBMBLUMIACA ¢,; 0

» CONPOTUBJICHHUE Ry U Ha-
npskeHne Ucy g, MEXIY CTOKOM Puc. 13.26
M MCTOKOM JIJIsl BKJIIOYEHHOI'O
M/ IT-Tpan3ucropa;

« TOK CTOKA JUisl BbIKoueHHoro MIATI-tpansucropa Icq, (TOK OT-
Ceuku).

OCHOBHBIE JJOCTOMHCTBA [0JIEBHX TPAH3UCTOPOB — OOJIBLILIOE CO-
nporusiaeHue BxoaHoi uenu (1—10* MOwm), yto ynpoluaet ynpasie-
HME UMM OT MCTOYHHKA MaJOH MOLIHOCTH.

OCHOBHOIl HEMOCTATOK — OTHOCUTEIBHO HEBBLICOKOE JOIMYCTHMOE
3HAYCHHUE HAIPSIKEHUST MEXIY CTOKOM M MCTOKOM (0 HECKOJBKHX
COTEH BOJIET).
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13.6. NonHoOCTLIO yNpaBnsieMble TPAaH3UCTOPHbLIE KNIO4YU
60nbLIOA MOLLHOCTH

TMonxocmyio ynpasasembie (BKIIIOYCHUE U BBIKIIIOYEHUE) MPAH3UCIOp-
Hble Karouy GONBLIONH MOIHOCTH, YIpapisieMble MCTOYHMKaMU Maoi
MOILHOCTH, LIMPOKO MCIOJIB3YIOTCS B SHEPTETUYECKOM JIEKTPOHHKE.

X nmpyMeHEHME MO3BOJISIET CYLIECTBEHHO YJIydILUTbh pabouue xa-
paktepuctiku u yBesmuuth KI1J ycrpoiicte npeoGpasoBaHus JIEKT-
puyeckoii sHeprui. OCHOBHBIMM NTAPaMETPaMHU TPAH3UCTOPHBIX KITIO-
yeil SIBNSIIOTCSI 3HAYEHMS TOKA W HAMpSOKEHUS IPU MX 3aMKHYTOM M
Pa3OMKHYTOM COCTOSIHWH, YacTOTa MEPEKIIOYEHUs] U MOIHOCTH IO~
Teph CTATMYECKHX, COOTBETCTBYIOLIMX WHTEpBaJlaM BPEMEHU 3aMKHY-
TOro M Pa3sOMKHYTOro KJjouya, ¥ IHHAMUYECKHX, COOTBETCTBYIOILHX
¢poHTAM €0 BKIIOYEHUS Y BBIKJIIOYEHUSI.

PazmMualoT MOJHOCTBIO VIIpaB/sieMbie TPAH3UCTOPHBIC KITIOYM Ha
OCHOBE OMINOJLIPHBIX M HOJIEBBIX TPAH3MCTOPOB C HU30JMPOBAHHBIMU
3aTBOPaMH.

Bunonspuvii mpanzucmop ¢ usoaupoeannvim 3ameopom (BTHU3—
IGBT, Insulated Gait Bipolar Transistor) npeacrasnsier coboi co-
ctaBHO# TpaH3ucTop (cMm. puc. 13.17) ¢ MAII-TpaH3ucTOpoM B LETH
ynipasieHust. [Ipy 5TOM COYETAIOTCS] MOJNIOXHUTENBHbIE KayecTsa OUIo-
JSIPHOTO TPAH3UCTOPA GOJTBLIOH MOIHOCTH (60JIBLIVE JOMYCTHMBIE 3HA-
YeHUs1 KOMMYTHPYEMBIX HaNpsoKeHUH, MaJiple MOTEPH B PEXUME HACHI-
1eHyst Ipy Gospimx Tokax) 1 MITT-TpaH3ucropa (BbICOKasi CKOPOCThb
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MEPEKITIOYEHMS, Malasi MOLITHOCTb ynpasienus). Ha puc. 13.27, au 6
MPUBEJICHH YCJIOBHOE 0003HaueHWe M TUIoBast KOHCTpykuusi BTU3.
Pacory BTU3 onpeaensiioT craTHueCKUe KOJUIEKTOPHBIE XapaKTepH-
cTUKkH (puc. 13.28).

IMapannenpHoe cCOeMUHEHME HA OOTHOM KPHCTA/UIE TUIOMIAIBI0 IO
6 cM? GOJIBILOrO YyKcna (0 HECKOJILKUX MHJUIMOHOB Ha 1 cMm?) TpaH-
3MCTOPHBIX CTPYKTYP M MOCAEAYIOLIErO MOC/IeIOBATEIbHOIO H Mapa-
JIEJIBHOTO COEOWHEHUSI KPUCTAUIOB UcNojk3yeTcss B Momynsix bTHU3.
Buinyckatorest Mmogynu BTHU3 Ha Tokn go 2400 A, KoMMyTHUpyeMbLIe
Hanpsxkennst 1o 6500 B u vacrory nepexmouenns go 150 k.

Henocratkamu BTU3 siBasieTcsi MX 4yBCTBMTENILHOCTh K IEPEHA-
NPSKEHUSIM MEXy KOJUIEKTOPOM U 3MUTTEPOM U Neperpy3Kam IO TOKY.

Ilonegvie mpanzucmopu! ¢ uzoauposartoim 3ameopom, T.e. MAI-tpan-
3UCTOPBI U MOMYJIU HA UX OCHOBE, UMeIOT oTHOCUTeIbHO BTU3 MeHb-
1ive 3HaYeHust TOKOB (10 200 A) 1 KOMMYTHPYEMBIX HANPsDKEHUI (10
400 B), HO GOblLMe yacTOTH nepexmoyeHns (mo 1 MIu) u mansle
COIMPOTUBJIEHUS NP BKIKOYEHHOM cocTostHuM (o 1073 Om).

Manas MOIIHOCTE yNpaBleHusl MMO3BOJISIET CO3AaBaTh MOJHOCTBIO
yTIpaBJisiEMbIE TPAH3UCTOPHBIE KJTIOYW JIJIsi SHEPTETHUYECKOM 3JIEKTPO-
HUKH, B KOTOPBIX Ha OIHOM KPHUCTAaJlIe pa3MelIaloTcs] CWIOBLIE BJie-
MEHTBI, CXEMBI MX BKJIIOYCHUSI, BBIKITIOUEHMS] UM 3aLUTH], a TAKXE CXe-
MBI AMATHOCTUKH, YIPABJICHUS U PETYIMPOBaHMsI HArpy3ku. Takue tpaH-
3UCTOPHBIE KJIIOUM ITONYYWIM Ha3BaHUe unmesnekmydivrvix (IPM —
intelligent power module).

13.7. TupucTOpbl

Tupucrop — MonynpoBOAHUKOBEIA NPUGOP ¢ ABYMSI YCTOMYMBBI-
MU COCTOSIHUSIMU U TPEMSI WK 6oJiee MOCIEI0BATENbHO BKIIOUYEHHEI-
MM p-H-TIEPEXOIAMH, KOTOPbIE MOIYT IIEPEKIIIOYATLCS M3 3aKPHITOro
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COCTOSIHUS B OTKPBITOE, K HaobopoT. Hanbonee pacripocrpateHa CTpyK-
Typa TUPUCTOpA C YETHIPbMSI YEPEMYIOIIMMHUCS CJIOSIMU TTOJTYITPOBOA-
HUKOB p- 1 n-TuUMoB (puc. 13.29).

Pa3nuualor ynpasisieMbie, WIK TPHOIHBIE, U HEYITPABJISICMBIE, WIH
JUOJHbIC, TUPUCTOPHI. ) )

JuoOubii mupucmop UMeET ABa BEIBOAA — AHOIHBIM U KATOAHBIM.
Ero nepexmo4eHne U3 ONHOIO YCTOMYMBOTO COCTOSIHMS B NIPYroc B
LIENU TIEPEMEHHOTO TOKA OMPEAENSETCs] METOJAOM Harpy3ouHOM Xxa-
pakTepucTHKU (CM. puc. 2.32). 31€ech U B HajlbHEeHLIeM NIPUMEM, YTO
BAX TupHCTOPOB Ge3biHEpUMOHHBIE, T.€. I(U) = i(u). I1pn miaBHOM
yBeJIMueHUM oT HysieBoro 3HaueHust DJ1C e= K, sin of AMOAHBIN THPU-
cTOp cHayasia Gyer 3aKpHT U TOK B Leny main (Touka I Ha BAX, cm.
puc. 13.29). B touxe 2 BAX 1M0onHOro THpMCTOpa HanpskeHHE Ha HEM
mocTUrHer HarmpsokeHusi Bkmoyenust U= U,,,. JanbHelillee naxe He-
sHauuTespHoE ypemuenne DC e mpu-
BEJET K PE3KOMY U3MEHEHMIO pexkuMa

pabotsl neru (Touka 3 Ha BAX), T.e€. L, A
BKJTIOUEHMIO oaHoro tupucropa. Ipu 401
yMmenblieHnn DJ1C e npoliecchl B LICIU

NPOTEKAIOT B 00paTHOM nopsiaxe. B Tou- 20 _

Ke 4 BAX HanpsiXeHue JOCTUTHET Ha- )

NpsDKEHMs BbIKITIOYeHUs. JaibHeriiee " , , ;
ymenblIenre DJ1C e pUBOANT K Bbl- —IOKS" 0 5 0oB

KIIIOYEHU IO JUOTHOI'0O TUPHUCTOPA. 1-20
Haxopst NPUMEHCHHE TaKXE CHUM-
MEeTpUYHbBIE TUOAHBIC TUPUCTOPH, -’»—40

ycioBHOe obo3HaueHre U BAX xoTo-
PHIX rpuBeneHsl Ha puc. 13.30. Puc. 13.30
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Tpuodnwvii mupucmop (TUPUCTOP) KPOME AHOOHOIO M KaTOJIHOTO
BBIBOJIOB MMEET €11I€ BBIBOJA yNpaeasitomero aekrpoga (YD), xorto-
Phiii TogKJIIouaeTcst aMbo K Gmxaiiliei K Karofy p-obnacty, Jubo K
Gymxaiiliei K aHomy n-00yacTd. B COOTBETCTBUM € 5TUM pasivyaioT
KaToOJHOE ¥ aHOJHOE yIpaBjieHue THpUcTopoM. [leproe Gosee pacrpo-
cTpaHeHo. CTPyKTypa TUPUCTOpA C KATOIHBIM YIIPABIEHHEM, ETO yC-
JloBHOe 0603HayeHue 1 BAX npuseneHbl Ha puc. 13.31.

[Ip1 M3MeHenuu Hanpsokenust ynpasinenusi Uy, u3MeHsieTcsl v Ha-
npsikeHUe BKIMoyenus1 tupuctopa U, ,. CrenoBaTesibHO, €0 MOXHO
UCIIONB30BATh KAK YIIPaBISIeMbIi KIII0Y.

st BBIKJIIOYEHMS] TPHOJHOTO TUPUCTOPA HEOOXOAMMO YMEHBILIUTD
€ro TOK NPAKTUYECKU JI0 HYJIS1 U 3aTEM B TEYEHHE HEKOTOPOIo BpeMe-
HH IIPUWIOXUTb HampsikeHue U< 0.

OCHOBHOI1 HETOCTATOK TPUOIHHIX TUPUCTOPOB — BO3MOXHOCTD Ca-
MOIMPOU3BOJIBHOIO BKJIIOYEHHS MIPU OTCYTCTBUM HAMNPSKEHMS] YIIpaB-
Jenust U, =0, HO BHICOKOH CKOPOCTH YBEJTUYEHUS HAMIPSIKCHUST MEX-

d
JIy aHOJIOM U KaTOAOM ar > 0.

DTO OOBSICHSIETCS YBETMYCHNEM TOKOB Y€pPe3 EMKOCTU p-A-Tepexo-
AoB. CaMOnpon3BOJIbHOE BKJIIOYEHHE TPUOIHOTO TUPHUCTOPA MOXET
[POM3OUTH TaKXe IPHU €ro HarpeBe B pe3yJibTare TePMOIeHEparuu
Hocurenei 3apsanos (cm. puc. 13.3).

3anupaembvie mpuoOHble MUPUCMOPbL SIBIISIIOTCS Pa3HOBUIHOCTHIO
YIPaBIsIEMBIX TUPUCTOPOB, B KOTOPHIX 3aITMPAHME BO3MOXHO 33 CYET
KOPOTKMX MO JUIMTEIbHOCTH UMITYJIbCOB HanpsukeHus U, oGpartHOii rno-
JisipHocTH. MIX ycioBHOE 0GO3HaYeHue NpuBeneHo Ha puc. 13.32, au 6
LU KaTOMHOTO M aHOMHOI'O VIIPABJIEHMI COOTBETCTBEHHO. |

THPUCTOPLI TONTBKO C yNPAB/ISIEMBIM BKJIIOYEHUEM HA3BIBAIOTCS 00-

HOONEPAYUOHHbIMU; TUPVICTOPBL C YIIPABISIEMBIM BKJIIOYEHUEM U Bbi-
KJIIOYEHUEM — O08YXONEPAUUOHHbIMLL.

J—

3anmpaempie Tupuctopbl (IGCT — Integrated Gate
Commutated Thyristors) mpou3BoAAT Ha TOKU [0
4500 A, KOMMyTUpyeMble HanpspkeHust 10 6000 B u
yacrory kommyTanuu 1o 20 xI.

OCHOBHOE JIOCTOMHCTBO 3aITMPaeMbIX TUPHCTOPOB
OTHOCHUTEITLHO GUIOJISIPHBIX TPAH3UCTOPOB € M30JIH-
pOBaHHBIM 3aTBOPOM (cM. nozpasa. 13.6) — GOJTI)ILEI/IC a 6
3HAYCHUS] KOMMYTHPYEMBIX TOKOB M HAPsDKEHWH U Puc. 13.32
MEHBIIAYA MOIIIHOCTb CTATHYECKHX MOTEPH.

3anupaeMbie THPUCTOPbI MPUMEHSIIOT B KAYECTBE YNPABJISCMbIX
KJIIOYEil B yCTpOMCTBAX 11peoOpa3oBaHMsl IEKTPUYECKOM IHEPTUU TUIst
3JIEKTPONPUBOIOB GONBILIONM MOILHOCTH M JIMHUIH Nepefayk MoCTOsIH-
HOIO TOKa.

13.8. NMonynpoBOAHUKOBbLIE PE3UCTOPbI, KOHAEHCATOPbI,
ONTO3NEKTPOHHbIE NPUGOPbLI

Ha ocHOBe MonynpoBOAHHUKOB M3TOTOBJSIIOT PE3UCTOPLI C MOCTO-
SHHBIM COMPOTUB/IEHUEM, & TAKXE PE3UCTOPHI C HEJIMHCHHBIMU BAX.
K nocneanumM otHocutest eapucmop. Ero tunosas BAX u ycioBHOE
0603HauUeHHe NpUBEAEHBI Ha pyc. 13.33. BapucTopbl NPUMEHSIOT, Ha-
puMep, B cTaOWIN3aTOpax ¥ OrPaHMYUTENAX HAMpsDKEHMs Mnogo6HO
OIOPHOMY JMOAY.

Tepmopesucmopbl — TOJNYNPOBOAHUKOBBIE PE3UCTOPBI, COMPOTHB-
JIEHUEe KOTOPBIX 3aBUCUT OT TEMIIEPATyphl BHEILHEH cpeabl. Pasnnyalor
TEPMOPE3UCTOPHI € MOJOXUTEJIbBHBIM U OTPULIATENIBHBIM TeMIICpaTyp-
HBIM KO3 (PHUIIMEHTOM COMPOTHBIICHUSI.

Bapukanb: — KOHAEHCATOPH HAa OCHOBE IOJIYNPOBOAHWKOB, B KO-
TOPBIX MCIIONBL3YETCs] 3ABUCUMOCTh €EMKOCTH p-H-TIEPEXOAIa OT MPUTIO-
KEHHOro K HEMY HanpsDKeHUsl. YCloBHOe 0003HauYeHME U TIOBast Xa-
paKkTepUCTHKa BapyKara MpUBECHbI Ha pHC. 13.34.
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K onmo3snexmpoHHbiM OTHOCSITCS TTOJTy-
MPOBOJHUKOBBIE MPUOOPHI, CHOCOOHBIE
paGoTaTh B Ka4€CTBE HCTOYHUKOB (CBETO-
u3Jydarolnre AUOAb) M NPHEMHUKOB
(doropesuctopbl, HOTOAUONBI, ¢doTo-
TPaH3MCTOPHI, (POTOTHPUCTOPBI) IMEKT-
POMArHUTHOTO U3/1yYeHMs] B ONITUYECKOM
a > 6 auanazoHe mwiMH BoJH A = 0,2—50 MKM.

Puc. 13.35 PaboTta ceemouznyuarouezo 0uooa, yciioB-
HOe O0O3HAYEHWE W KOHCTPYKIIMSI KOTO-
poro npuseneHsl Ha pyc. 13.35, a 1 6, OCHOBaHa Ha N31y4CHUH KBaH-
TOB CBeTa — (POTOHOB TIPU CAMOTIPOM3BOJIBHON PEKOMOHHAIIMY HOCH-
Tesieil 3apsIOB B p-n-TIEPEXOIE, CMELUCHHOM B NPSIMOM HanpaBJIeHNH.
Pexom6uHaiMs 3apsA0B COMPOBOXIAETCS MX MEPEXOAOM C BBiCOKOIro
3HEPreTHYeCKOro ypoBHsl Ha 6ojiee HU3KHI. IMpn 3TOM M3OBITOUHAA
9HEprusl BHLAEJSIETCS ITyTeM M3JTy4YCHHUsT KBAHTa CBCTA. JnanasoH miMH
BOJIH BUAMMOrO IJIa30M CBETa COCTABIISIET 0,45—0,68 MmxMm. B cBeTOM3-
JIYYAIOLIUX JMONAX MPUMEHSIOTCS IMOJYIPOBOAHUKOBEIC MaTepUAIbL:
docar raums (GaP), kapbun KpeMHus (SiC) m np. HoGaBneHue
aKTUBATOPOB MOXET W3MEHATH LIBET U3Iy4CHUs TUOMA. Hamnpumep, Ha
ocHoBe ¢ocdara raus, JETMPOBAHHOIO [IMHKOM, KMCJIOPOAOM WU
230TOM, ITOJYYAIOT AMOABI 3€JIEHOIO, XEJITOr0 M KpaCHOro LBETOB CBE-
YEHMA.

Hugpparpachbii uzayuarousuti 0uod B OTIIMUAE OT CBETOM3TYYAIOLIETO
IA0AA U3NTYYaeT SJIEKTPOMAarHUTHYIO JHEPIuio B “H(PpaKpacHO! He-
BUIMMOI1 00NacTH CIIEKTpa.

PaGora ¢doTope3uctopos, $GoToanoI0B, POTOTPAH3UCTOPOB U do-
TOTUPUCTOPOB OCHOBAHA Ha SIBJICHUH BHYTPEHHETO ¢oroaddekrta, T.€.
reHeparyy B MOJyMPOBOIHUKAX M30BITOYHBIX Iap HOcHTeJIeH 3apsina —
3JIEKTPOHOB U JIBIPOK — IO JeHCTBHEM U3IYyYCHHUS.

B ¢pomopesucmopax 310 MPUBOAWUT K U3MEHEHUIO 3JIEKTPUUECKOMN
[POBOANMOCTH TIOJYTTPOBOJIHUKA TNPYU UX OCBEILCHUM.

B ¢homoduodax n30bITOUHBIE CBOGOAHBIC JICKTPOHBL M ILIPKH pas-
JIEJISIIOTCS HEKTPUYECKUM T0JIEM p-A-TIEPEX0Ja U 3apsikaloT p-obnactb
OJIOKHUTE/IbHBIM U 1-00/1acTh OTPULIATENbHBIM 3apsiiaMu. B pe3ysibTa-
Te MeXIy BHIBOZAMM Pa3OMKHYTOH 1enu (oToaMoaa nosiBysiercs Ha-
npspxenue (13.3), pasaoe pomoIC (0,7—0,8 B). Pasnuuaior resepa-
TOPHBII ¥ (GOTOMMONHBIN PEeXUMBI paboTsl GoTOaHONA. B zenepamop-
Hom pexume GoroDAC HCNoNb3yeTcsl B KA4ECTBE UCTOMHUKA JJICKTPU-
yeckoil sHeprum B uermu Qoroavona. B gomoduodnom pexume X
doToavony MpUKIANLIBAETCS] HAMPAXKEHUE, obparnoe GoroD1C. Ilpu
3TOM 3JEKTPOHBI M [BIPKH, TeHEPHPYEMbIC U3Iy4EHUEM, YBEIUYNBA-
10T OOpaTHBI TOK, 3HAYEHHE KOTOPOro yBEJIWYMBAETCS MPONOPLHO-
HAJIbHO WHTEHCHBHOCTU U3JTyYEHHSI.

@omompan3ucmop UMeET CTPYKTYPY. OOBIMHOIO 1-p-H GUIIOJISIPHO-
ro TpaH3MCTOpa Ha OcHOBe KpeMHMs. ToK B nienu ¢oroTpaH3ucTOpa
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3aBMCHUT HE TOJHKO OT HAIPSDKEHHUS] MEXJy BbIBOLAMH KOJUIeKTOpa U
3MUTTEPa, HO U OT €ro- OCBCLICHHOCTH. [Mpy HanpsDKEHUH MEXIY
KOJLJIEKTOPOM M 3MUTTEpOM 5 B TMIIOBOE 3HAUCHHUE TOKa KOJUJIEKTOPA
Mpu OTCYTCTBHH (HaJIMYMM) OCBELIEHHOCTH ¢ororpaH3ucropa co-
crapmsier 0,1 MkA (no 1 MA). JlnanasoH paboyux TeMIEparyp —
-40—85°C.

@omomupucmop ¢ Tpemsi p-n-TiepexoiaMy TaKXKe MMEET Ba BLIBO-
Jla — aHOJHbLIA U katonubiii. Ero BAX nopo6Ha BAX TpHOAHOIO THU-
pucropa (cM. puc. 13.31) ¢ TOIl 0COBEHHOCTBIO, YTO HAIIPSKEHHUE BKIIO-
yeuus U,,, 3aBUCHT OT OCBEILEHHOCTH ¢oroTnpucTopa.

Onmonapb: IPEICTaBIIsI0T cO60H ONTO3JIEKTPOHHBIE TTPHOOPHI, CO-
JiepXaiiye B OQHOM KopIryce B3aMMOJIEFCTBYIOLLME JIPYT C APYTOM CBE-
TOU3NYYAIONMI 10N U (oTONpUEeMHHK. Y CIOBHBIE 0003Ha4YeHNA OTl-
torap ¢ ¢poTONpUEMHUKAMHU B BUJIC ¢doropesucropa, HoToanona, ¢o-
TOTpaH3ucTOpa U (POTOTUPUCTOPA MpHBEEHbI Ha PUC. 13.36,a,6,6u 2.
WX OCHOBHbIE JOCTOMHCTBA 3aKJII0YAIOTCS B OTCYTCTBUN rajibBaHMYe-
CKOIl 1 00paTHOii CBsA3eH MEXAY 3JIEKTPUYECKUMH LIETISIMH M3JTyda-
Tesst m (POTONMPUEMHUKA U [IOMEXO3aIUIIEHHOCTH ONTHYECKHMX Ka-
HaNO0B.

Omnrornaphl ¢ OTKPBITHIM ONTHYECKMM KaHATIOM esiesoro (puc. 13.36,
d) ¥ oTpaxarenbHoro (puc. 13.36, ¢) THIOB MCIOJB3YIOTCST B Kaie-
CTBE MO3UI[MOHHO-YYBCTBUTE/IBHBIX NATIUKOB.

13.9. MapkupoBka nosnynposoAHUKOBLIX npmnbopos

WHdpopmanusi 0 Ha3HaYeHUH, OCHOBHDIX SJIEKTPUUECKUX NTapaMeT-
pax, TUIlE MCXOQHOTO Marepuaia, KOHCTPYKTHBHO-TEXHOJIOTMYECKUX
0COBEHHOCTSIX BKJIIOYAETCS] B CUCTEMY YCJIOBHBIX 0003HaYeHnil — Map-
KMPOBKY — MOJiylIPOBOJIHUKOBBIX npy6OpoB Ha OCHOBE OYKBEHHO-
nM¢poBoro Koua.
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Tabnunna 13.5

ObGo3nayeHne Ha3HAYEHHS OMNONAPHLIX H NOJIEBLIX TPAHIHCTOPOB
NpH MApKHPOBKE

Yactora eIVHUYHOI nepeaayu Toka f;, MTi
MouHocTb TpaH3ucTopa
P ooy | Ee | e
Manasa (no 0,3) 1 2 3
Cpennsisi (0,3—1,5) 4 s 6
Bbonbiuas (6onee 1,5). 7 8 9

C 1964 r. MapKMpOBKa OTE€YECTBEHHBIX TOJYIIPOBOIHUKOBBIX IMPU-
60poB npeacrapseT coboil 6ykBe HHO-LIM(PPOBOI KO,

HepBblil 5neMeHT — MCXOmHBINM Matepual: repmanuit — I, Kpem-
HUiT — K, coeiuMHEHMs rajuivs, HarnpuMep apceHMI raums — A,
coeuHeHusl uHansa — .

BTopoii aneMeHT — rpynmna npubopos: auoasl — M, TpaH3UCTO-
pet — T, Tpansuctopsl nonessie — I1, crabunutponsl — C, uznyya-
oiue onTpoHHkIe nMpudopsl — JI, onronapbl — O, Bapuctopel — B.

Tperuii snemeHT — HazHavyeHue npubopa. Hanpumep, MowHoOCTL
M YacToTa GUNONISIPHBIX U MOJIEBBIX TPAaH3UCTOPOB (Tab. 13.5), Mo~
HOCTb MOTEPh U HANPSDKEHUE CTAaOUIN3aLUHY CTaOMIIMTPOHOB (Tabi. 13.6).

YeTBepToiil, MATHI W LIECTOM 3J1€MEHTBI OIMPENESIOT MOPSIKO-
BB HOMep pa3paboTku U obo3HavarTces umdppamu ot | 1o 999. s
CTaOUJIUTPOHOB YETBEPTHIA M TISATHIN 3JIEMEHTHI ONPENESIOT HAIpsI-
KEeHUE cTabMIM3aLNM, 1IeCTOil — TOCeI0BaTeNIBHOCTE pa3paboTKU ¢
OyKBEHHBIM 0003HaYE€HNEM OT A 10 5.

Tab6nuua 13.6

OGo3nayeHue HA3HAYEHHS CTAOMIHTPOHOB NPH MAPKHDOBKE

MOILHOCTD Hanpsixenue crabuimsanmu toka U o B
CTaOUIUTPOHA
an max» BT pile) 10 1 0— 100 Goﬂee 100
Manas (no 0,3) 1 2 3
Cpennsisi (0,3—5) 4 5 6
Boaviias (5—10) 7 8 9
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CenpMoit 371eMeHT — OyKBEI OT A 10 S, kpoMe 3, O u Y, cxoxux
N0 HamMcaHuo ¢ HUdpaMy, ompeaendeT KiaccudUKaiio No napa-
MeTpaM MpUGOPOB, U3rOTOBJIEHHHIX MO €AWHOM TexHonoruu. Hanpu-
Mep, OOIIENPOMBIILICHHOTO WIH CIIELUATbHOTO HAa3HAYEHUS.

Hanpumep: KT7315A — tpan3ucrop GUMOMSIPHBII HA OCHOBE KpeM-
HUsI, OOJIBIIOM MOIIIHOCTH, HU3KOH 4acTOTHI.

Ecnmu raGapuTHbie pasMepbl MPUOOPOB HE TTO3BOJISIOT UCIIOIB30-
BaTh OYKBeHHbIe WK [UGpOBLIe 0003HaYEHUS, TO Ha KOPIIyC HAHO-
CHTCSl 1IBETHAS MapKMpoBKa (TOYKa WJIM LIBETHBIE MOJIOCKH), CMBICI
KOTOPOI1 TTOSICHSIETCSI B TEXHUYECKUX YCIJIOBMSIX.

3AJAYM U BONPOCHI 411 CAMONMPOBEPKU

13.1. Kakue pasziu4alor TMITEI HOTYIIPOBOIHUKOBBIX AUOMOB MO WX QYHK-
HMOHAJILBHOMY HA3HAYEeHHWIO B JIEKTPHUYECKON Lienu?

13.2. Kakuie CyLiecTBYIOT THIBI TPAH3UCTOPOB MO MPUHILUNY WX ACHCTBHASA?

13.3. Ha3soBuTe 1Ba OCHOBHBIX peXxMMa paboThl TpaH3UCTOPa KaK 3JIEMEH-
Ta 3JIEKTPUUECKOI LETN.

13.4. Kakiie MonynpoOBOIHUKOBEIE TPUOOPHI UCMOJB3YIOTCS B KAYeCTBE
yhpaBJisieMbIX KIIOUen?

13.5. B yeM npenMyIiLiecTBO OITOMNap Mepes npubopamMu ¢ 3NEKTPHIECKON
CBs13b107

13.6. TonynpoBoaHKMKOBLI pubGop nmeeT Mapkuposky KT352A. Omnpe-
JIEJIUTE TUT M OCHOBHEIE ITapaMeTphl pubopa.

Omeenr. TPAH3UCTOp OUNOJSIPHBIN Ha OCHOBE KPEMHMSI, M&JIOH MOLIHOC-
TH, BBICOKO#M YacTOTHI.

13.7. TonynpoBonHuKOBLI Mprbop rMeer MapkuposKy KC433A. Onpe-
JIEJIUTE THTl U OCHOBHBIE MapaMeTphl Npudopa.

Omeem: cTaBUIIMTPOH Ha OCHOBE KPEMHMSI, CPEIHENH MOLLHOCTHU, HaIps-
XeHueM ctabuwimszaunn 3,3 B.



FMABA 14
AJNIEKTPOHHbBIE BbINPAMUTEIN
N CTABUJIU3ATOPDBI

14.1. Knaccudpukauma aneKTpoHHbIX
npeoGpa3oBaTenbHbIX YCTPOMUCTB

ITpeoGpa3zoBaTebHBIE 3JIEKTPOHHBIE YCTPOMCTBA OCYLLECTBIISIIOT
Nnpeobpa3oBaHNE HAAPIKEHUS M TOKA UCTOYHMKA SHEPrUM B HaIps-
XEHHUE U TOK, HEOOXOIUMbIC IPUEMHUKY SHepruu. B 3aBucumocTt or
BU/IOB HANPSDKEHWIA M TOKOB MCTOYHMKA M MPUEMHMKA Pa3iuyaloT
ebinpamument JJjisi IpeodpazoBaHusl CHHYCOMIATBHBIX HAIIPSDKEHUH U
TOKOB B IIOCTOSIHHbIC, UHEEpmMOpbl ISl NPeobpa3soBaHNA TTOCTOSIHHBIX
HAaNpsKEHUN U TOKOB B CHHYCOUAAIRHBIC U KOHEepmopbl Ijisl Npeod-
pa30BaHMsl MOCTOSSHHBIX HAMPSDKEHUN U TOKOB B TIOCTOSIHHBIE — [Py~
rvx 3HaueHni. KoMOMHMpOBaHWe BBITIPIMUTENS. ¥ MHBEPTOPA pEAT-
3yeT MpeoOpa30BaHNe CUHYCOUJATILHBIX HATIPSDKEHUSI M TOKa ONHOI
YacTOTbl B CHHYCOUJAJIbHbIC HAMNPSIKEHUS U TOK IAPYroil YaACTOTHI.

IIpeo6pasoBareny GONBLION MOLHOCTH (O COTEH M 6oJiee KUIO-
BaTT) MPUMEHSIOTCS B 3JIEKTPONPUBOAE, YCTPOMCTBAX 3JIEKTPOCBAp-
KH, SJIEKTPOTEPMHUH U T.II., MAJIOW MOLIHOCTH (0 HECKOJIBKUX AECST-
KOB BaTT) — B MCTOYHMKax BTOPMYHOIO 3nekrpornutaHus (BHUDIT)
Paavo3neKTPOHHON anmapaTypHhl.

PaccmoTpyuM OpvHUMN AEMCTBUSL U XapaKTEPUCTHUKM BBITIPSIMUTE-
Jiel, KOTOphi€ KIaccHULUPYIOT MO Yyucay (a3 UCTOYHMKA BLINPSIM-
JIEHHOIO CMHYCOMJABHOI'O HaIpsiXEHUST — Ha ogHOGa3HBIE U MHOTO-
(dasHele (yaie TpexcdasHble) BHITPSIMUTEH, MO CXEMOTEXHUYECKOMY
pEUIEHUI0O — € BBEIBOJIOM HYJIEBOM TOYKHM TpaHcopMaTopa U MOCTO-
BbI€, [0 BO3MOXHOCTSIM PETYJIMPOBAHUS BBINPSIMIIEHHOIO HarpsiKe-
HHUSI — HA HEYIPABJsiEMbIC U YIIPaBJIsSIEMbiE.

14.2. Heynpasnsembie ogHoda3Hbie BbinpsMUTenu

B obiem ciayyae cTpyKTypHasi cXeMa BbINPSIMUTENIBHOIO YCTPOM-
ctBa (puc. 14.1) cogepxwnt TpaHchopMaTtop 7, BeInpIMUTENs B, cria-
KUBAOUWNH QUIBTD @ M cTAOUIN3ATOP BBIIPAMIEHHOIO HAIIPSDKEHUS
Cm. Tpancdopmarop CiyXuT /151 U3MEHEHUS] 3HAYEHUS] CHHYCOU A/ b-
HOro HanpspkeHus1 cetd C 10 HEOOXOIMMOI'O YPOBHSI, KOTOPOE 3aTeM
BoINpsiMIisieTcs. Criaxusaomuil GUIbTP yMEHBLIAET MyJIbCAlH Bbl-
NpsIMIEHHOTO HanpspkeHusl. Ctabuan3aTop NoJiAep>XUBAaeT HEM3MEH -
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HbIM HampsDKeHWE Ha npueMHuke I1 mpy M3MEeHEHWU HanpsDKEHUs
cet. OTaeNbpHBIE Y3Jbl BBIIPSIMUTELHOIO YCTPOKMCTBA, HaIlpuMep
TpaHcdOpMaToOp, MOFYT OTCYTCTBOBATh, YTO 3aBUCHUT OT YCJIOBMI pa-
OOTHI.

Hanee BMecTO FepMUHA <«BBIIPSIMUTEIBHOE YCTPOHCTBO» Oynem
MOJb30BaThCSl COKPAILIEHHBIM — «BBIIIPSIMUTEIb>.

B HeynpapisieMbIX BRINPSIMUTENSIX TSI BHITIPSIMIIEHKUS] CHHYCOUAAJTb-
HOI'O HamnpsDKeHUsT BKIIIOYAIOTCS [THOBI, T.€. HEYIpaB/IsSieMble BEHTH-
JI¥, a NSl CIJIaXUBAHUSI BHIIPSIMJICHHOIO HAaIpPsDKEHUST — OOBIYHO
€MKOCTHBIC (DUJTETPHI.

Jlns yrpoLleHUsT pacdeToOB MPUMEM, YTO IMPUEMHUK [PEACTABISIET
¢c000i1 pe3VCTHBHBIN JABYXITOJIIOCHUK C COMPOTHBICHHUEM HArPY3KUR,,
a quoabl — UAcATbHBIC KJIIOUM, pealu3yIolINe KOPOTKOE 3aMbIKaHUe
LeNH 1) TOKa B MPSIMOM HamnpaB/JIeHNHW W €€ pa3pbiB ISl TOKa B 00-
pPaTHOM HampaBJICHUMU.

B BhiIIpSIMHUTENIE C HyjnegbiM 6bi600OM mparcopmamopa NPUEMHUK
NOJKTIOYAETCI K BBIBOLY OT CEPEAWHBI BTOPUYHOI OOMOTKM TPAaHC-
dopmaropa (puc. 14.2). PaccmorpumM paboTy BHNpsaMuTes 6e3 cria-
xusatoero ¢uiaesTpa (Knou K pazoMkHyT). Eciiv B Kaxa0ii nonoBrHe
BTOPMYHOI OGMOTKY C YHCJIOM BUTKOB 1, CYUTATH NMOJIOXUTEIBHBIM
TO HallpaBJ€HUE TOKA, MPU KOTOPOM COOTBETCTBYIOLMI AWOJ BKITIO-
YyeH, TO TOK B KaXJ0il MOJOBMHE OOMOTKHM M B KaXXIOM auome Oyaet
CHHYCOUIATBHBIM B TEYEHUE MOJIOKUTETHLHOrO (Uil 3TOU MOJIOBUHBI)
MOJIYTIEPHO/IA M PABHBIM HYJIIO B TEYCHUE OTPULIATEIIEHOTO MOAYIEPU-
ona (puc. 14.3, a). B npueMHNKe TTOAOXUTEBHBIC HAIPaBJIeHU 000MX
TOKOB COBIMAAAIOT, T.€. i, = i3+ i5 (puc. 14.3, 6).

N NN

N e — b !

; i pelle tvpr ;
I . PR L o
PNEIRE IR SR LN
i()e.—un i T r,?:: e : !
] L pIste 20 T
ol e L P2 ] e e ] R
D o LB ) . ! !
| 5| IRILEREI
| E . . —o—— !
|| R, [ | [ 3

Puc. 14.2
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Takoe BBITIPSAMIIEHHE CUHYCOMIANb-
HOTI'O TOKAa HA3bIBACTCS 08YXHOIYHEPUOO~
Hom. Ecniu penb OfHOM M3 BTOPHYHEIX
OW ] OOMOTOK w, pa3OMKHYTh, TO BBHIIPSIM-

! JIEHUE CUHYCOUJAJIBHOrO TOKa OyleT 00-
! HONOAYNepUOOHbIM.
ITpu upeansHom TpaHcgopmaTope

I

I

I

I

I

: MOCTOSTHHAsT COCTaBJIsIIoNIasl TOKa Ha-
| ! IPY3KH
I

I

|

!

I

{

|

5

lﬁT |
N J 2
0 | | p I,==1,, =~0,641,, (14.1)
T w
Uy, Iy uH: iH: Y €ro JeMCTByIOLLee 3HAYCHUE
U, | I
I ) T2 1
0 | 5 | i} I=|= [ I2,sin? ordr = =22 (14.2)
| | | T 3 NG)
u, by : }
i | PaBHBl 3HAYEHUSIM COOTBETCTBYIOLLIMX
| I i BEJIMYMH CHHYCOUJAJILHOIO TOKa ¢ TOM
0 t XK€ aMIUIMTYIOM.
Tox B mepBUYHON OOMOTKE TpaHC-
¢opmaropa ¢ YMCIOM BUTKOB W) CHHY-
8 COUIAITLHBIN
Puc. 14.3 ) Y Wy w, .
h=(-h)y—==1,,—~sinot
w, w)

U coBnajaetr 1o ¢ase ¢ CUHYCOMIATbHBIM HaIpsKEHUEM ceTH (puc.
14.3, &)

w w, .
u =Wy -uy))——=U,, —Lsinot.
2w, wy

PaccMoTpuM, Kax M3MeHHTCS paboTa BHIIPSIMUTENS MOCIE BKITIO-
yeHUs craxusarowero pwistpa (Kmod K 3amkHyt). ITo nepsoMy 3a-
xoHy Kupxroda mis y3na I uenwm npsimoit Tok qrona VD1 pasen

i =ic+1i,,
WU
, du
’é = _C + uH/RH 3
dt
’ . . duC
e ue =u, =uy =U,,sinet u i = C—(—j—t— = oCU,, cos®t — Hamps-

KEeHME Ha KOHAEHCATOope PUILTPA U TOK B HEM.
336

IToncraBuB B 3TO ypaBHEHUE 3HA-  Yu

H

ic
OTKyla I\
0

, _arctg (-oR,C)

yenHme Toka i3 = 0, onpenesM Mo- 0y N~ N/ N\
o
MEHT BPEMEHU 1, BHIKIIIOYEHUSI JTNO- YIS N\ o~
na: R Y/ IV
0 | ] | } |
U I '
m2 o3
oCU,, coswt, + sinef =0, by L al
T R T
| |
| |
| [

1 T
®
o 6
ayvHagd ¢ MOMEHTA BpeMEcHU [
P I> Puc. 14.4

HamnpsDKEHWE Ha MPUEMHUKE Oynet
U3MEHSITBECS IKCIIOHEHIIMAIBEHO (CM.
nonpasa. 1.5):

-4

Uy, =uc =U,,sinwte &,

KakK rokasaHo Ha puc. 14.4, g 1TpHxoBoOii JIMHUEIA.

B MOMEHT BpeMEHH £, HAIIPSKCHYMSI HA KOHACHCATOPE U U Ha BXOJIE
BuIIpsiMUTENS U5 =—U,»Sin o, 6yayT pasubl U BKmouutes: guon VD2,
Hanee npouecc B uenu 6yaet nepruognidecku noropAtbes. [Tpoucxo-
JIUT TepUoaNYeckas 3apsiika KoHaeHcaropa GuibsTpa TOKOM i- OT WC-
TOYHMKA 3HEPTUM U €ro Nocyeayoiias pa3psika Ha Lelb MpUeMHUKA
(puc. 14.4, 6).

BxmoueHue craaxusapoiiero (GUIbTpa YBEJIUYUBACT MOCTOSHHYIO
coctapasionyto Uy 1 yMEHbIIAeT comepkaHue rapMOHUYECKUX COCTAB-
JISIIOLLMX BBINPSIMIIEHHOTO HAIIPSDKEHNS.

Brewneii xapaxkmepucmuroii esinpsimumens Ha3bIBa€TCs 3aBUCUMOCTh
cpeaHero 3HayeHMs BBIUIpsIMIIEHHOro HampspkeHusi U OoT cpeaHero
3HAYEHMS1 BRITIPSIMIEHHOT0 TOKA [j. Ha puc. 14.5 1pyBeieHbl BHELLTHHE
XapakKTepPHCTHKU ONHO(]A3HOro BHIIIPSIMUTEISI 63 CITAXKMBAIONIETr0 (Orilb-
Tpa (3aBUCHMOCTb /) ¥ €O crytaxXUBalon M (PUIBTPOM (3aBUCUMOCTD 2).
B nepBoM criyyae yMeHblieHHE HanpspkeHus1 Uy pU yMEHbIIEHUU CO-
[POTUBJICHMS] LETTH HATPY3KH M YBEHY€E~
HUHU BHINPSIMIIEHHOTO TOKA OOBSACHSIETCS U
yBEJMYEHNEM MATNeHUS HaMpsDKEHWs Ha Umg
peaJbHOM IMOIE, & BO BIOPOM — TakKXe
0oJtee ObICTPOI pa3psiKoil KoHaeHcaTopa. 2Una/n

B mocmoeoii cxeme evinpamumens 2
(pyic. 14.6) yetbipe AMORa OOpas3yOT 4ye- 1
THIPE TUIE4Ya BHITIPSIMUTENBHOTO MOCTA. 0 A
Onxy nosioBuHy nepyuonaa auonsl VDI n
VD2 BximioueHbl Y IPOBOISIT TOK i, a M- Puc. 14.5
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Puc. 14.7

onsl VD3 v VD4 BoikmioueHsl. Bropyio nosoBuHy repuona quonsi VD3 u -

VD4 BKIIIOMEHH U MPOBOAAT TOK I, a muoasl VDI v VD2 BeIKIIOYEHDI
(puc. 14.7, a). 111 MOCTOBOI#A CXEMBI CIIPABETUBLI BCE MOJLyYCHHBIE BBILIE
COOTHOLUEHMS! IUTA BBHITIPSIMUTENSI C HYJIEBHIM BBIBOJOM TpaHohopma-
topa. [1pu 3T0M TOK Harpy3k¥ BHITPSIMIACHHBI J, = i’ + i” (puc. 14.7, 6),
a TOK UCTOYHHMKA [ ={ — [” CHHycOUAaNbHbIi (cM. puc. 14.7, a).

14.3. Heynpaesnsiemblie MHOrodasHole BbINpaMUTEnu

MHorogasHble BBIIPAMUTENN TIO CPABHEHUIO C ONHOMA3ZHBIMU
YMEHBIIAIOT IMyJILCAIINIO BHITPSIMICHHOIO HATIPSDKEHMSL.

Ha puc. 14.8 noka3sana cxema tpex()a3sHOro BBINPSAMUTENS C Hyne-
66LM 6b16000M mpexgaszro2o mparcghopmamopa (cM. puc. 7.13, 6). B kax-
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N n P
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Puc. 14.8

JBIA JaHHBI MOMEHT BpEMEHHU TOK ITPOBOAMT TOJIEKO TOT AVOI, aHOM
KOTOpPOIO COEIMHEH C BBIBOJIOM TOM BTOPUYHOI OOMOTKM TpaHCchOp-
Maropa (a, b Wim c), HanpsiXeHWE Ha KOTOPOM (U, U, UK U,) TIOJIO-
XKUTeJTbHOe U Hauborbluee (puc. 14.9, a).

Hdna waeansHoro tpaHchopma-
TOpa TOKM BTOPHUYHBIX OOMOTOK £, u Uy up U,
iy U I, npeAcCTaBIsloT coboil Tpu
MOCJIEI0OBATEIILHOCTH UMITYJIBCOB C
nepuoaoM IoBTOpeHust T = 2n/om,
JJIMTENILHOCTBIO T/3 W aMIUIUTY-
moui I, =U,,/R, Xaxnas, CABUHY-
Thl€ OTHOCUTEJILHO ApPYr Apyra Ha
% nepuona (puc. 14.9, 6).

Toku nepBUYHBIX OOMOTOK paB-
Hbl

0y I !
. Wy . . Wy, . _Wy. L |
ly=—1I;, Ip= Iy, Ic = —1, /7 | | |
|
TOK HArpy3KHM i, = i, + iy + i, UM€€ET 0 ! ! ! t
MOCTOSIHHYIO cocTaBisioiyo 1. e} | | | |
BHINpsSIMJIEHHOE HAIPSIKCHUE B \1 : m
3TOM CJIyyae COBNANaeT ¢ ornba- 0 | Py T
IOIEH MOJIOXHUTE/IBHBIX MONYBOJIH i : ; : : :
H> H
[ i I

HaIpsiKEHUU BTOPUYHBIX OOMOTOK
u, = R i, (puc. 14.9, ¢). 3ameTum,
YTO TOKM BO BTOPUYHEIX U [IEPBAY-
HBIX 06MOTKax TpaHcgopmaTopa
UMEIOT MTOCTOSIHHBIE COCTABIISIOIIVEC
Iy/3 v w,ly/(3w,), a MarHUTHHIH
NOTOK B €ro MarHWTOIpPOBOAE Tie-
PEMEHHBIHA. Puc. 14.9
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N B tpexdpazHoii mocmoeoii cxe-

4= Uy ép=1Up ec=uc i

M€ BBINIPAMUTENSI HYJIEBOI BBIBOLL

)T/ BTOPMYHOU OOMOTKHU Tpex¢hazHo-

. . . ro TpaHcgopMaropa He HYXEH.
)

’Al A B‘L B ! CL,C ITosToMy ero BropuuHbie 0OMOT-

voi|l vbz vp3lvpe wps |vps ~ KM MOryT GBITH COEMHEHBI KakK
G e g 3BE3/I0H, TaK U TPEYTOJbHUKOM,
<4-  a- <4- a4 <4 a4 WIN, €CJIU MO3BOJISAIOT YCJIOBHUS
U1 7] ] i4 Is Ig .
pabotel, TpexdasHbiit TpaHcdop-
MaTop MOXeET BOOO1E OTCYTCTBO-
R Batb. [Tpu otcyTcTBUM TpexgasHo-
H
1 ro TpaHcopMaTopa BHITIPSIMUTEb
",-_"H u, MOAKTIOYAETCs K TpexdasHOMY UC-
. TOYHUKY (puc. 14.10) Tak, yro an-
Puc. 14.10 onsl VDI, VD3 u VDS o6pasyior

] IpyIIy, B KOTOPOU COEIUHEHB
BCE KAaTOJHBIE BLIBOAKL, a 1uoanl VD2, VD4 wu VD6 — rpynily, B KOTO-
PO COCAVMHEHBI BCE aHOIHKE BHIBOJEI.
IlpuMeM 3HaueHHME MOTCHUMAIA HEMTpaThHON Touku N Tpexdas-
HOro ucrouHuka vy=0. [1pu 3ToM noreHmans ero BeiBogoB A, Bu C
paBHHI (puc. 14.11, a)

Vy=Uy= U,,,Sin (QTH
vg=ug= U,sin (ot - 2rn/3);
ve=tc= U,sin (ot - 4n/3).

B xaxnaplil JaHHBIH MOMEHT BPEMEHM BKJIIOYEH TOT JMOI NepBOit
TPYIIIbI, y KOTOPOIO AHOAHBINA BHIBOJ MMEET HAUOOJBLIMUA MOJOXH-
TEJIHBIA TMMOTEHUUAT Up 00 max > 0 OTHOCHTEJIBHO MOTEHLUANIA HEUTPAJIh-

Tab6nupya 14.1

TMopsinok mepexioueHus TMOAOB B Tpexdha3Hoii MOCTOBONH cXeme

BBLIIPSAMHKTEIA
Homep nonman > 0 Ve < 0 Jvon neproit | Jlvon Bropoi
MHTepBaa FPYNIB! TpYNIibl
1 vy vp VDI VD4
2 vy ve VDI VD6
3 vp Ve VD3 VD6
4 vp vy VD3 VD2
5 Ve Uy VD5 VD2
6 Ve vp VD5 VD4
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HOI TOukH N, a BMecTe ¢ HUM — JIMON
BTOPOM Ipynnel, y KOTOPOrO KATOMHBIM
BBIBOJ UMEET HAaMOOJBLLINI OTpULIATE b~
HBII MTOTEHINAN Uk gy max < 0 OTHOCHUTEJTH-
HO MOTEHLUANA 3TOH Xe TOYKH. YTOObI
MpOCIEeaANTh MOPSAIOK TEPEeKIIOYEeHUSs
JIMOJOB, pa3nesuM oavH nepuoxa T pa-
GOTHI 1IEMU HA LIECTh PaBHBIX MHTEPBA-
JIOB BpEMEHHM, KaK MOKa3aHO Ha pHC.
14.11, a.

B Ta6n. 14.1 mng Kaxaoro UHTepBana

BPEMCHU NPHBEIEHBl BEJTMYMHEI ¢ HAW- 0 1
GOBIINM NONOXUTENBHBIM MOTEHIHA- is /6| i,v\’ !

|
CPYIIB ¥ ¢ HANOOJBLUNM OTPULIATEb- _0 I t
HBIM MMOTEHIIUATIOM KATONAOB Vi 4p max AW~ h

OJIOB BTOPOIi rpyIIILI, a TaKXe HOMepa

I
I

I

i

I

JIOM @HOIOB Uayuonmax AUOMOB TEPBOI \1
T

I

l

1

I

BKJIIOMEHHBIX JUOAOB KAXIOH IPYIIIIbL.
B Teuenne ogHOro mepuwona IpoNICXo- 6 "’I 1

i
l
QWT LIecTb MepeKIoYeHHil, T.e. B IBa 01 ———
pasa Gonplie yucaa pas m=3. ioh | Lo
Pa6oTy BHINPSAMUTENS HMJUTIOCTPH- oL I| | | L1
PYIOT COBMCLICHHIC 110 BPEMEHM 3a- RERRRER !

BUCHMOCTH TOKOB JHUOJOB IIEPBOI
Ipynns i, iz ¥ is (puc. 14.11, 6), to-
KOB JIMOJIOB BTOPOW FPYMIIBI i, iy U g
(puc. 14.11, 6), TOKa Harpy3ku i, =i, + 2
+ i3+ I5 = Iy + iy + g, BBIIPSIMIEHHOIO
Hanpsbxenust u,, = R, (puc. 14.11, 2)
" TIepeMeHHEBIX (pa3HBIX TOKOB Tpexdas-

HOI'0 UCTOYHMKA i j= I} — b, ipg=1i— I, “ I | |

v ic=is— i (puc. 14.11, d). 3ameTnM, ot [ 1] p
YTO MaKCUMAJIbHOE 3HAYCHWE BHIMPSIM- T T T e et
JIEHHOrO HAMpsIKEHUsI paBHO aMIUIN- ip : : I‘ M ] :

Tyle CHHYCOMIAIBHOrO JJUHEIHOro Ha- dy O
npsixeHus: Tpex(aszHoro MCTOYHMKa J\-J

3U,,, a MaKCHMaJIbHOE 3HAYEHHE BbI- Ic
MPSIMJIEHHOTO TOKA [, = NE) U,/R,. 0 ' | !
Mo1HocTh MHOro(a3HbIX HEYTIPaB- | | t
JisieMbIX BBINMPSIMUTENCH OOBIYHO Cpel- ) r
Hsisl WK Oonbluas (OT IeCATKOB JI0 CO-
Puc. 14.11

TCH KWIOBATT U GOMblIE MPU TOKAX IO
100000 A). MowHOCTh OgHO(a3HbIX
HeyIpaBiisieMbIX BRIIPSAMUTENEH Majtasd WIM cpemHssl (OT eQuHNLL 10
JECSATKOB KIWIOBATT), KO3(hhHUNEHT MOJIE3HOrO ACHCTBUS HEyIpaB-
JisieMBIX BbIpsiMuTeNeil noctvraet 98 %.
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B yipaBisieMBbIX BBIIPSMUTENISIX BMECTO HEYHPABISIEMbIX (ZUONbI)
HPUMEHSIIOTCS YIIpaBsieMble (TUPUCTOPBI, TPAH3UCTOPH) BEHTHJIH,
BKJIIOUEHUE 1 BHIKJTIOYCHHE KOTOPHIX 33/12€TCs MOCeN0BATEIbHOCTHIO
HMILYJIbCOB CUCTEMBI YITPaBJICHMS.

14.4. Crabunusatopbl HaNpsXXeHUs U Toka

Cmabuauzamopsl 1ipeIHa3HAYEHDI 18 CTaOWIU3aLUH peXUMa pa-
60THI IPUEMHKMKA [PU U3MCHEHUU €0 Harpy3Ky v BJIWSIHWU JecTabu-
nusupytotux ¢aktopos. Haubonee pacrmpocTpaHEHBI SJIEKTPOHHBIE
CcTabMIHU3aTOPHl IOCTOSIHHBIX HAIPSKEHUS U TOKA.

CrabunusaTopel Hanpsukenusi. Pasinyaror napaMeTpuuecKue U KoM-
[ICHCALIMOHHLIC CTAaOWIU3aTOPDL.

B napamempuueckux crabunmsaTopax cTaOWIM3aLUs [MOCTOSSHHOIO
HanpsIKEHUs] Ha BBIXOAE OCYIIECTBJISIETCS] SJIEMEHTAMM C HEJIMHEHHDI-
MM BOJIBT-aMIEPHBIMU XapakTepucTukamu. OgHUM U3 TaKUX SJIEMEH-
TOB siBJIsseTCA cTabUIUMTPOH (cM. moapasa. 13.3).

INpuHyunuaibHas cxeMa crabUin3aTopa HaNpsDKEHHs] HA OCHOBE
CTAa0MIMTPOHA M €ro cxema 3aMellieHWsl NpuBeneHbl Ha puc. 14.12, a
u 0, 1ne Ryyper I ¥ Uy — AuddepeHumaibHOe CONPOTUBICHUE, TOK
1 [IOPOrOBOE HANPSKEHUE POBONMMOCTH CTabUIMTPoHa (cM. puc. 10.14);
R, v Ry — coripoTuBjIeHUs] LEMY Harpy3ku 1 0aJlaCTHOrO pe3ucTopa.
INpu usMeHeHUM HaNpsXKCHUSI Ha BXOAE cTabujM3atopa

UBX = Unop + RﬂudJ.CTICT + URG = UBbIX + URG

HaIpSDKCHUE HA €r0 BBIXONE NPy MaJoM 3HayeHuu audpepeHuuaib-
HOTO COMPOTUBJICHUS] CTAOMIUTPOHA Ryy4 o U3MEHSICTCS] HE3HAYMTCTb-
HO 3a cueT naneHus: HanpsikeHuss Ugs Ha GajutacTHoM peauctope. Ila-
paMeTpUYECKUE CTAGMIM3ATOPH Ha OCHOBE CTAOWIMTPOHOB WMEIOT
TUIOBBIE 3HAYEHWS HOMWHAJILHOIO CTAOMIM3UMPOBAHHOIO Halpsixe-
HUs U, yon =0,3—100 B u xoaghpuyuenma cmabuauzayuu 20—50:

A UBX UBbIX

K 6 = .
o U BX A UBbIX

B komnencayuonnvix ctabunmusaTopax ctabuiuzanus OCTOSSHHOIO
HafpsDKeHUs] Ha BLIXOLAE OCYLUECTBISIETCS] ¢ [MOMOIIBIO OTPULIATENb-
HOI1 0OpaTHOI CBA3M N0 HanpsXXeHulo (cM. puc. 15.18, a).

B coctaB KOMIEeHCAUMOHHOrO crabuiuzaTopa Jiloboro Tura BXo-
JAT PeryJIUpyIOUIMiA 3J1EMEHT, YCTPOICTBO CPaBHEHNWS] U YCUIIUTEIb
noctosiHHOro Toka. Ha puc. 14.13 npuBeaeHa THUIIOBasi CXeMa KOM-
fIEHCAUMOHHOro ctabuiu3aTopa, B KOTOPOM POJib YCTPOKCTBA CpaB-
HEHMS U YCWIUTEJS ITIOCTOSIHHOI'O TOKA BBIIOJHAET TpaHsuctop V11,

a peryJupyrouiero 3JieMeHTa, OTMEYEHHOIO BHYTPY LUITPUMXOBOM JIM-

Hueil, — cocTaBHOM TpaH3aucTop (cM. puc. 13.17). OniopHoe HanpsiKe-
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i Ups i I, ! Upg i I
o———%—%}’ ; o— o ;%’ ;ﬁe— —
UBXE ICT\'! N i Upnox = Uﬂl R, UBXE l“l R er li Upnax = Hl R,
o— :LA?V___-‘;_! O— [+ IE EHOPZUM\‘;

a s
Puc. 14.12

Hue U, Ha ctabuiutpoHe VD cpaBHMBAaeTCs 4epe3 JCAUTEN b HAIPSI-
XeHus1 Ha pesuctopax R; u R, ¢ HampsekeHueM oOOpaTHOM CBSI3U
Uo.c = ‘R*IU
Rl + Ro.c
crabunuzaropa. PasHOCTb 3THX HANPSDKEHUIT 110 BTOPOMY 3akoHy Kupx-
roda jijisi KOHTypa / ONpenesisieT HANPSIKCHUE MEXIy 6a30if U SMUT-
TepoM Tpansyctopa VTl Ugy = U, .~ U,,. YBennueHue (yMeHbLICHUE)
HanpsKeHWs! Ha BbIXonae ctabumaatopa U, yBenuuuBaeT (yMEHbLLIA-
e1) HanpsikeHue Ups. COOTBETCTBEHHO yMEHBILAETCS (YBEIUUUBACT-
cq1) TOK 6a3bl Iy COCTABHOIO TPAaH3UCTOPA W yBEJIMYMBACTCS (YMEHb-
LWIAETCs1) HAlPSKEHUE MEXIY €ro KOJUIEKTOPOM W 3MuTTepoM Ugs,
UTO O3HAYAET CTAOWIIM3ALUIO 3HAYEHUs] HanpsikeHus U,,,,.
BhinyckaioTcsi KOMIEHCAUMOHHBIE CTAOMIIM3ATOPBl HAIIPSIKCHUS B
BUAC UHTEIPAILHBIX CXEM [IBYX TUIIOB C (GDUKCUPOBAHHBIM U PETYIUPY-
€MbIM HAMNpsXCHUEM Ha Bbixope. [locnenHue mng cBoeit paGoTel Tpe-
OyIOT NOJKIIIOYEHUS K HUM PSIia BHELIHUX 3JIEMECHTOB (10 11eCTH —
BOCbMM PE3UCTOPOB M KOHACHCATOPOB). MHTerpanipHas cxema crabu-
Ju3aTopa ¢ (PUKCUPOBAHHBIM HAIPSDKEHHWEM Ha BBIXOHE KMMEET TPH
BhIBoa (puc. 14.14, a) v BKiItO4aeTcs no cxeme (puc. 14.14, 6). Kon-
nencarop eMkoctoio € > 2,2 Mk® obecrnieunBaeT yCTONUMBOCTD MPU
HMIYJIbCHOM M3MEHECHUWHU TOKa Harpy3ku I,. KoHueHcaTop eMKoCTbIO
C, 20,33 Mk® criaxXuBaeT myIbcaliy HAMPSXKEHUs (IIOMEXH) Ha BXOJE.

puxs HPOIOPLUUOHAIBHBIM HANPSKECHUIO HA BHIXOOE

Puc. 14.13
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Puc. 14.14

HHterpajibHble cCXeMbl CTAOMIM3aTOPOB HAMPSIXKCHUS COAEPXKAT BCTPO-
€HHYIO 3alllUTy OT FePerpy3KH 0 TOKY U [IEPErpeBy, UMEIOT Psifi HO-
MHUHAIBHBLIX 3HAYEHHIH cTaGMIM3HpOBAaHHOIO HampsukeHus 1,5—18 B
[IpH TOKax Harpy3ku Jio 8 A (tabn. 14.2).

CraonamsaTopsl Toka. CxeMy KOMIIEHCALlUOHHOI'O cTabwiniaropa
MOCTOSIHHOTO HafpstkeHUs Ha puc. 14.13 MoXHO npeobpa3oBaTh B Cxe-
MY KOMIIEHCALIMOHHOI'O CTabMTU3aTopa NOCTOSIHHOTO ToKa. J1jis 9T0ro
OBpPATHYIO CBsI3b 110 HATIPSLKEHUIO CJICIyeT 3aMCHUThL OOpaTHOM CBS-
3bI0 110 TOKY (cM. puc. 15.18, 6), BouuB pe3uctop R| 1ocnenosa-

Ta6nupa 14.2

ITapaMeTpbl HHTErpaJIbHbIX CXEM CTAOMIN3ATOPOB ¢ PUKCHPOBAHHBIM

HANPAXKEHUEM
[Tapametp 3HaueHue
KoaddruueHT HECTAOMIIBHOCTU HANPSIKEHUS
Ha BBIXOIE:
OT HanpsKeHWs Ha Bxone, %/B 0,05
A -
K, = AUnw 100;
AUBXUBHX
or Toka Harpy3ku 0< I, < I, % 1,00
AU,
K, = —2%100;
BbIX
OT Temmnepatypsl, %/°C 0,02
A
oy = AUy 100
UBleAe
MunH1MaNbHOE NaJlcHUE HanpsKeHUs Ha CTaOMIIM - 2,50
3atope, B
MakcumanbHblii TOK MHTETPabHOM CXEMBI, MKA 10,0
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TEJIBHO B uenb Harpy3ku. [1pu stoM IF """"""""""""""""""""" ]
- 1
3HAYE€HUE HAaNPsSXCHUST 0O0paTHO ! > !
CBSI3u OyJIET MPOMOPLIMOHAJIBHO 3Ha- i I |
1
4YEHUIO TOKA Harpy3KkH, T.¢. U, .= R, 1,. e 3 - lUmx Ry,
1 1
| | I,
UBX : T l
)

CTabWiv3UpOBaHHBII UCTOYHUK
TOKa MOXHO peaJiu30BaTh TAKXKe Ha
OCHOBC WHTCIPaJIbHOM CXEMBI CTa-
Ounu3aropa HaIPSLKEHUS [0 CXEME I"l R,
Ha puc. 14.15, roe cxeMa HCTOYHUKA
TOKa OTMEYEHA BHYTPH ILLITPUXOBOM
nuHuu. I[peHebperast TOKOM MHTET- Puc. 14.15

" U
pajibHOM CXEMBI [, TOK B uenu Harpysku 1, = —2% ye 3aBUCHUT OT

€€ COIpOTUBJEHUS R,,.

3SAJA4U U BONPOCHI AJIt CAMONPOBEPKH

14.1. Kakue pa3nnyaT Tunel peodpa3oBaTeIbHBIX YCTPOICTB N0 HX
(GYHKLHMOHAILHOMY Ha3HauyeHW1o?

14.2. [Toyemy nynbcalvsi BHIOPAMICHHOTO HATIPSXEHUS] Y MHOTO(a3HBIX
HEyNpPAaB/IsieMbIX BBINPSMUTENIE MEHBIIE, YeM Y OAHO(Aa3HBIX?

14.3. Kaky1o posib BEINOJHSAET CIIaXWBAKOIINI (DUIIBTP B HEYNPABIAEMBIX
BbIOPSAMMUTENSX?

14.4. Kakue paznuuaior THUIbl CTA0MIN3ATOPOB MOCTOSIHHOFO HAanpsike-
HMS 1O NPUHLIMAOY UX AeHCTBUSA?



FTMABA 15
ANEKTPOHHbIE YCUJIUTEJIU

<

15.1. Knaccudukauusa aneKTpoOHHbIX ycunurenemn

Yeusumensamu Ha3pIBAIOTCSL yCTPOUMCTBA, MPCAHAZHAYEHHDIE JUIS YBE-
JIMYEHHUs] 3HAYCHMII FlApaMCTPOB 3JICKTPUYCCKMX CUTHAJIOB 3a CYCT
SHEPIrUM BKIKOYCHHOIO HCTOYHUKA NUTAHMS. YCUIIUTEIU IPUMEHSIIOT-
¢s1 7151 IPEUMYILECTBCHHOIO YCHICHMS 3HAYCHUI TEX WY UHBIX Tapa-
MCETpOB CUrHAIOB. [1o 9TOMy NpU3HAKY UX II0JPA3JC/sOT HA YCUIIUTE -
JIU HalpsKEHUsl, TOKa U MOLLIHOCTU.

Bo3MOXHBI TUHERHDBIIA Y HETWHEHHBIN PEXXUMBbI paboOThI YCUITUTENS.

B ycunIuTensix ¢ AunelinbiM pexcumom pabomv UCKaXeHUE (GopMbl
YCWIMBAEMOIO CUTHaJla, KOTOPBIM BCETOAa MOXHO IPEACTABUTH COBO-
KYIIHOCTBIO FAPMOHMK pa3iudHOM yactoTel (CM. roapasi. 4.17), MuUHU-
ManbHOe. MUcKkaxeHue curHaia OyneT MUHUMAIbHBIM, eciiu 6e3 ucka-
XKCHUS OYAyT YCWIMBATBCSI BCE €r0 FAPMOHUYECKUE COCTaBASAIOLIME.
CBOJCTBO YCHINTEISA YBCIMUMBATD aMILTUTYIy FTAPMOHUUECKUX COCTAB-
JISIOLLIMX CUCHAJIA XapaKTepU3yeT €ro aMiUvIUTyJHO-4YaCTOTHAsl Xapak-
Tepuctuka (AUX) (4.49)

UBbIX.X
K,y (w) = (15.1)

BX

roe U, v U, — OCUCTBYIOLIME 3HAUCHKUS] CUHYCOUNANILHBIX HAMpsi-
XKEHUIl Ha BXOJE M BBLIXOIE YCUJIUTENS1 B PEXKUME XOJOCTOIO XO/a.

To Tuny AUX paziMyaioT YCUJIMTEN: MEIVICHHO W3MCHSIIOIIIUXCS
HanpsLKCHUE ¥ TOKOB, MK TIOCTOSIHHOIO ToKa (puc. 15.1, @), HU3KHUX
yactoT (puc. 15.1, 6), Belcokux yactoT (puc. 15.1, 8), mpokKorosnoc-
Hble (puc. 15.1, &) u y3konosnocHeie (puc. 15.1, d).

TrunoBLle 3HAYCHUS HMXXHEH W BepXHEl rpanuy YactoT AUX ycn-
JIMTEJICH pa3jIM4HOro Tuila NMpUBEACHEI B Ta0m. 15.1.

B ycunurensix ¢ ueaunetinbim pexcumom pabomv: TIPA YBCJIUUCHUU
3HAYCHHUSI HAMpPSIKEHMs] HAa BXOAC OOJblile HEKOTOPOro IPaHUYHOrO
YPOBHSI U3BMEHEHHUE HaIIPSDKEHKS Ha €r0 BHIXOAC [IPaKTUYECKU OTCYT-
cTByeT. Takue yCHUIUTENN HPUMCHSIIOTCSI B YCTPOMCTBAX WMMYJIbCHOM
TEXHUKH, B TOM UYMCJIC JIOTHUYECKHX.

B HacTtosiiiee BpeMsl IIIMPOKO UCHONB3YIOTCS YCWIMTEIW B UHTET-
paJbHOM UCHOJHCHUK. [103TOMYy aKTyaJlbHBIM CTAHOBHTCSI HE paspa-
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Kux

K
Kuxmax K‘Xm‘;;
| |
L 0,707K i max | |
0 0 1 |
f Ju J S/
6
o K. x
UX max uXxmax| £ N
| |
! ! 70,707K.,,(max ! 0,707 Ky smax E\
oLl L 0 |
Ju o f fa fi f
7] 2
K, x
Kuxmax .
. ;{ ! :( 0,707 K, 5
Mo fs f
Puc. 15.1 d

Taonuupa 15.1

Huxnan u BEPXHASA IPAHHIBI YACTOT AMILIMTYAHO-YACTOTHOM
XAPAKTCPUCTHKH YCHJIMTEIA

['panuua yacror, I'n
Tun ycunurenst
HUXHUX [, BEPXHUX f
Ycunutenb NOCTOSAHHOTO TOKA 0 10°—10%
Ycunurenb HU3KUX 4acToT 20—50 100—2 - 10*
Yceunurens BBICOKUX 4aCTOT 104—10° 107—108
HInpokonosnochklii yeunmtenb 20—50 100—10%

6oTKa caMuX yCWJIUTEJICH, a UX IPUMEHCHUE [T peain3auyuy pas3iny-
HBIX (PYHKLIMOHAJIBHBIX Y3JIOB CUCTEM ABTOMATHKH, YIIPABJICHHS U U3-
MEPCHMSL.

15.2. YeunutenbHble Kackagbl Ha OMNONAPHbLIX
TpaH3ucrTopax

Pa3nuyaior Tpy OCHOBHBIX THIIA YCHINTEIbHBIX KACKAI0B Ha OUIo-
JIIPHBIX TPaH3ucTOpax ¢ o0UM sMutTepoM (OI), ob1UM KOJJIEKTO-
poM (OK) u obiueii 6azoit (OB).

HaszBanuisi KackagoB OTPaXaloT HAJIMYHME B CXEMax 3aMELICHHS WX
BXOOHBIX M BBIXOAHBIX LIEIIEA B PEXUME MaJIOTO CUIHajia OOIIICH TOUKH,
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COOTBETCTBYIOLLEH SMUTTEPY (CM. pHic. 15.4), Komektopy (cM. puc. 15.9)
uiu 6ase TPaH3UCTOpA.

PaccMOTpHM NpUHLUIIBL pa0OTH U XapaKTEPUCTUKHU YCUIMTEIbHBIX
KacKaJoB HU3KOM 4acTOTHI.

Yeunuremnblii Kackan ¢ 09, TI/IHOBaﬂ CXeMa YCHJIMTEJIBHOTO Kac-
kana ¢ OD sbliesieHa Ha puc. 15.2 cruronmHoi nMauei. 3aech U B 1ajib-
HelileM 3a3emyieHHeM OyleM OoTMevaTh OOLIMIA y3eJl BXOOHON M BbI-
xonHo# ueneil ycunutens. UCTOYHUK yCHJIMBACMOIO CUTHaIA, IIOKa-
3aHHBIA BHYTPU IUTPUXOBOM JIMHUY, TIOAKJIIOYAETCS K BXOAHBIM Bbl-
BOIAM YCWIMTEJIBHOIO KACKala U HNpencTamisieT coboit MCTOUHMK C
BHYTPEHHUM coitpotuBieHueM R, u BJC e, = u,. KoHneHcatopsl Cy u
C, GOJNbLIOKH eMKOCTH OTACISIIOT Lieflb OCTOSTHHOTO TOKA (L€ IMTa-
HMs) OT LeNM MCTOYHMKA CHUTHaIa M UelH IMPUEMHUKA C COIIPOTHUB-
JIEHKEM Harpy3ku R,; OOKIIOYAEMOTO K BBIXOAHBIM BbIBOJAM YCHJIHM-
TesbHOro Kackana. Ilpu atom conporubienust X KoHaeHcatopos C,
G, a Takke Cy VIS CHHYCOUJAIBHOTO TOKA MaJbl.

Ecnu nanpsixeHue BXOJHOIO CHUrHajua Y. HCBEJIMKO, TO pabory
YCHIUTEIBLHOrO Kackana ynoOHO NpelcTaBUTh B BUIE HAJIOXEHUS pe-
XKHMMa [MOKOSl C HIOCTOSIHHBIMYU COCTaBASIOIUMU TOKOB 6a3bl I, KO-
nektopa Iy, u sMutTepa Iy, npu JeicTBUM TOJNBLKO ucTouHuKa DIC
Ex (puc. 15.3) U pexuMa Majioro CUrHajia ¢ nepeMEHHbBIMU COCTABJISI-
IOLMMU TOKOB 6a3bl iy, KOJUIEKTOPA iy, IMUTTEPA im U HATPY3KHU i, [IpU
npyroM uctounuke DJC e, (puc. 15.4), TOK KOTOpPOro i, paBEH TOKY Ha
BXOJ€ YCHJIMTEJIbHOTO KacKaaa i,,. [TonoxurenpbHoOe HapaBlICHUE TOKA
Harpy3ku i,, paBHOTO TOKY Ha BBIXOAC YCWJIMTEILHOTO KacKaaa Iy,
MPUHSITO K OGLIEMY BBIBOAY TPAH3UCTOPA, T.€. K 3IMUTTEPY.

Pexcum noxos onpenensiet paboyvast Touka A Ha CTATUUECKUX KOJI-
JIEKTOPHBIX XapaKTEPUCTUKAX TPaH3UCTOpPA [0 METONY HAarpy304HOI
XapakTepucTuku (puc. 15.5, a — npsimas 1)

E-Uys

I = ,
K Ry + Ry

(15.2)

Ipyx= b
bl H,

Ugpx = Uy g] R,

-]

Puc. 15.2
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aHaJIOTMYHO puc. 2.32, ecau npunHsaTh Iy, <«
<l 1e I =I5,

3aMeTUM, UYTO HEOOXOOMMBIA pPeXUM ‘L Ik
[IOKOSI MOXHO MOJIYYHMTh U 0€3 pe3ucTo- Ex !
poB R, u 'R;. OnHako 1oclieAHUE 03BO- C) —> I
JISIIOT CTAOMJIU3MPOBATD MOJIOXEHHE Pabo- Ton J’ on
4eil TOUKU A NIpY U3MEHEHUHU TeMIIEpaTy- R Ry
pbl OKpyxatoweit cpeapl. [losbirenue TeM-
1eparypbl OKpyXarmollei cpeabl H3MEHSIET
napaMeTpbl TPAH3UCTOPA TaK, 4YTO TOKU Puc. 15.3
6aspl, KOJJIEKTOPa U SMUTTEPA yBEJINYU-
BAKOTCH MPU MPOYNX HEU3MEHHEBIX YCJIOBUAX. [Tpu HaJInYUK pes3rcTopa
R B uenu sMUTTEpa 570 NPUBOOMT K YBEJIMYCHHIO HA HEM HATIpsSIKe-
Hus. OMTHOBPEMEHHO YMEHbLIAIOTCS Hanpsikenue Uy, 1 Tok 6asbl. Ta-
KMM 00pasoM peanu3yloTcsl OTpULaTeIbHast oOpaTHas CBA3b K CcTabM-
JIM3anms pexuma nokos. B pexuMe Maioro curHaia oricaHHbIi Mexa-
HU3M OTPULIATENILHOI OOpaTHOM CBsI3M OTCYTCTBYET, TaK Kak napaji-
JIENILHO pe3ucTopy Ry BKJIOYEH KoHaeHcaTop 6oblioi emkoctu Cs.

R, Rk

im,lx =iy
—

-]

Ugpx = Uy RH

[

[}

IBn

AN

0 t 0
;\{UKBH Ex Uks
Ugs = U

KD = Uppix : Ugs = Uy |

|

Ukom s

a 6
Puc. 15.5
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Pexcum manoeo cuenansa pacCUUTBLIBAETCS 10 CXEME 3aMELLICHUS yCU-
JIMTEJILHOIO KacKaja Ha puc. 15.4, roe cxeMa 3aMelleHMs TPaH3UCcTopa
C MOCTOSIHHBIMHM A-napaMerpami (13.6) nokaszaHa BHYTPU 1UTPHXO-
BOM JIMHWMM, 4 YCHJIUTEJILHOIO KAacKala — BHYTPU CIUIOLLHOIA.

Hckmouasi U3 cXxeMbl 3aMelleHUs PEe3HCTUBHBIC 3JIEMEHTH 1/,
R, v R, ¢ 6ONbIIMMU OTHOCUTENIBHO APYTHX PE3UCTUBHBIX 9JIEMEHTOB
COMPOTUBJICHUSIMH, T10JIarasi CHHYCOMIAJIbHBLIM U3MECHEHUE HalpsDKe-
HMSl CUTHAJIA M PAa30MKHYTOM 1ICIb HArPy3KU R, = co, [10JIyYaEM OCHO6-

Hble napamempebl YCUIUTEIIBHOTO Kackaja ¢ O3: .
Ry =h, (15.3)
— BxonHoe conporubieHue (1—10 kOm);
R, = Rg (15.3a)
— BBIXOIIHOC COIPOTHB/ICHHE (10— 100 xOm);
Uyx :—%Um (15.36)
11

— WHBEPTUPOBAHKE MOJISIPHOCTH HATIPSDKEHUS Uy, = —Hy Ryl OT-
HOCHTEJILHO [OJISIPHOCTY HAIPSXEHUS Uy, = A iy (cM. puc. 15.5);
U hy Rg

K" X = HX _
UBX hll

— kovabduyueHt ycuneHus: Hanpsixenus (10—100), paBHbIil OT-
HOLLEHMIO JEHCTBYIOIIMX 3HAYCHUI CUHYCOUNANBHBIX HAlIPsXKEHUI
Uy x W Upgy.

BroipaxenusM (15.3) cooTBeTcTByeT O0OOLUCHHAs cxeMa 3ame-
LEHMS] BXOGHOM M BLIXOOHOM LEIel yeunIuTeabHoro kackaaa ¢ 09
(puc. 15.6), KOTOpPYI0 MOXHO TaKXKe IOJYYMTh, BOCHOJb30BaBIIKCH
9KBUBAJIEHTHOCTBIO IBYX CXEM 3aMCILIEHHUS] UCTOYHMKA SHEPrUU (CM.
puc. 2.11).

Ipy noaximoueHUH Kackanaa K uefu Harpy3ku KodGQULMeHT yCu-
JICHHSI HAIIPSKEHUS] UCTOUHUKA CUrHaia OyneT paBeH

(15.38)

ic= isx
Ry — Ruux

Tppix= Iy
—b

€c= U

I o | Rar[]

—Ryxlpx

Puc. 15.6
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U _ Iy R, Ry
Uc (RBT +hll)(RH +RK),

wae U, = (b + Ry I, U, =hy IgR, Ry /(R, + Ry) v Iy — neiicTByiomiue
3HAYCHUS] CUHYCOMJAIbHBIX HANPSDKCHUM U, U, W TOKA ig.

IT10T KO3(MGMULMEHT YCUICHUSI HE SIBJISIETCS OCHOBHBIM IapaMeT-
POM yCHIIMTEJIs1, TAK KaK 3aBUCUT OT CONPOTUB/ICHUI 1ieneil HeTouHn-
Ka CUrHaja M Harpy3Ku.

OCHOBHO# HEZOCTATOK YCUIIMTENLHOIO Kackaga ¢ OB — Hebolnb-
LIO€ 3HAYEHUE BXOAHOI'O COHNPOTUBAEHHUS. BTO YBEJIMUUBACT TOK M MOLL-
HOCTB [IOTCPb UCTOYHUKA CUTHAJIA, & TAKXKE HAACHHUE HAIPSDKEHUS HA
€r0 BHYTPEHHEM COIIPOTHBJICHHUU.

Cxeme 3ameniieHusl Ha puc. 15.4 COOTBETCTBYET BHELIHSISl XapaKTe-
pHCTHKA BBIXOGHOM LENTH YCWIMTEJILHOIO Kackaaa ¢ O 1o nepeMeH-
HOI1 cocTaBasiiolued (cM. puc. 15.5, a, npsimas 2)

K, = (15.4)

Ugy = __ReRi i
K9 Re + R, K- (15.5)
Ilpu 3TOM TOK B LIEIH HArpy3KH pPaBeH
i, = —i—i.(.
R, + Ry

Io pacnonoxenuto paboueit TOUKH peXMa rOKOs1 pa3inyaioT yCu-
nutenu KnaccoB A, Bu AB.

B kaacce A p-n-niepexon MexXIy SMUTTEPOM M 6a30i CMELUEH B
[IPSIMOM HallpaBjicHUM (pabouasi TOUKa pexuma nokosi A Ha puc. 15.5,
a, 0) U B pexXuMe MaJIor0 CHTHajla YCWINTENb [IPEACTABILET COOOi
JIMHEWHYIO LIETIb, B KOTOPOi BCE HAMNPSTKEHUS! B TOKU U3MEHSIOTCS
CUHYCOMJIAJILHO.

B xaacce B p-n-nepexon mMexiay SMUTTEPOM M 0a30ii cMeLIEH B 00-
JIacTh €ro {10pOroBOro HalpsKCHMS MPOBOAMMOCTH (pabouasi TOYKa
pexuma nokost B Ha puc. 15.5, 6) Tak, 4T0 YCUJICHHME CUHYCOUJAILHO-
IO CUTHAJIA Uy, = Upy IIPOUCXOOUT TOJIBKO B TCUCHUE BPEMEHHU €r0 [10-
JIOXUTENBHOIO MOJyepuoa. -

B kaacce AB paGouas Touka pexumMa MoKosi «AB» 3aHUMaeT npome-
XKYTOUYHOE IIOJIOKCHHUE MCXAY €€ MOJOXCHUSIMM Ha XapaKTepUCTHKE
Is(Ugs) (cM. puc. 15.5, 6) ycunureneii knaccoB A U B Tak, 4To ycue-
HHE MOJIOXUTENBHOTO (OTPULIATEILHOTO) TIONYTIEPHONA CUHYCOMIAb-
HOI'O CUTHAJIa MPOUCXOOUT Ha JIMHeitHOM AB— A (HenuHelHoM AB—
B) yuyactke 310l XapakTEpHCTUKMU.

IlocTrosiHHas cocTaBIIsIoLIAs TOKA B YCHIMTENSIX Kiidcca A BEJIUKA, a
B ycuMTeNsix kitaccoB B u AB — mana. IloatoMy nepBele riperMylLe-
CTBEHHO HCIIOJIB3YIOTCSl B KAUCCTBC YCHJIMTEJICH HaIpPsSDKEHUs, a BTO-
pBle — YCUJIMTENCH MOHIHOCTH, IS KOTOPBIX CYIIECTBEHHOE 3HAYE-
Hue umeet KITJ (cm. nompaza. 15.8). Ilpu 91oM 1191 yCHIIEHH CHHYCO-
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WOAIBHOIO CHTHAJA €ro fI0ouYepesHO YCWIMBAIOT B TEUCHUE BPEMEHM
[IOJIOKUTENTLHOTO U OTPULEATEJILHOTO [10JIYIIEPHOAOB M PE3YJIBTaThl CKIla-
JbIBAIOT.

U3 (15.4) cnemyeT, 4TO YCJIOBHsl 11l yBEJIMUECHUS KO3 PuumeHTa
yCuJIEHUs1 HanpsikeHUs K, 1 yMEHbUICHMsI €0 3aBUCUMOCTH OT CO-
NIPOTUBJICHUSI LICTM HArPY3KH IPOTUBOpEYMBBL. YeM Oolbliie BbIXOI-
HOC COMPOTUBJIEHUE YCHIMTEIILHOIO Kackana Ry, = Ry, TeM Ooibilie
Kak 3HaueHue Ko3(hbULHCHTa YCUIIEHUS HAIMPSLKEHUs], TaK W €ro 3a-
BHCHUMOCTB OT COIPOTUBJICHUS LIeTTH Harpy3ku. YToObl yBeIM4UTh KO-
3(pGULMEHT YCUICHHs HAMPSDKEHUA W YMEHBIIUTD €ro 3aBUCMMOCTD
OT COMPOTHBJIEHMs HIPUEMHUKA R,, MEXIY BLIXOAOM YCHUJIUTEJIBHOTO
Kackaza ¢ OD M NPHEMHUKOM CJIEAYET BKJIIOUUTL COIJIACYIOLIEE YCT-
POMCTBO C GOJBIIMM BXOAHBIM ¥ MAJIbIM BBLIXOJHBIM CONpPOTHUBJICHNSI-
MU. Posib TaKOTo yCTPOMCTBa MOXET BBIIIOJHATL YCUITUTEIIBHBINA KaCKag,
¢ OK, Ha3bIBaEMEBIH TAKXKE IMUMMEPHbIM NOBMOPUMEIeM.

Yewmreabhblii kackan ¢ OK. Ha puc. 15.7 npuseneHa TUIIOBast cxe-
Ma 3MUTIEPHOIO MOBTOPHUTEIIA.

UCKIF0YMM 13 CXEMBI 3aMELLICHUS YCIIUTENBHOIO Kackana (puc. 15.8),
AHAJIOTMYHO TPEIBIAYLIEMY, PESUCTUBHbBIC 3EMEHTI 1/hy, Riu Ry ¢
GONBUIMMYA OTHOCUTENILHO JIPYTHX PE3UCTUBHBIX 3JICMECHTOB CONPOTUB-
JICHUSIMU U [IPUMEM HAIIPsIKEHUE Uy, CUHYcouaaibHbIM. Torna 1o Bro-
pomy 3akony Kupxroda aist KoHTypa I HafpsiXeHne Ha BXOIE KacKa-
Ja B PEXMME XOJIOCTOTO Xona R, = eco paBHO:

Uk = hlli5+ UH.X’ (15-6)

toe U, = (1 + hy,)igRy — HanpsDKEHUE Ha BHIXONC KACKANA; ip = iy —
TOK Ha BXOAC Kackaaa.

M3 (15.6) HaxomuM OCHOGHble hapamempbl YCWIUTENIBHOIO KacKaia
¢ OK

Ry =22 =y +(1+ by ) Ro;
lBX

15.7
U, (l+hy)Ry (15.7)

K . = =
U uy My +(1+hy )Ry

— BxofHOe conporuBiaeHue (100—
300 kOM), 3HauUMTEBHO OOJBLIEE
BXOLHOTO COIPOTUBJICHUS YCWIIH-
> TenpHOro Kackajga ¢ 09, u koad-

JHULHEHT YCHUJICHUS] HaIpsKEHUsI.
P g. [Ero sHaucHHe OJIM3KO K E€IMHULIE
BBIX 'H H j
(0,8—0,9), a HanpspxeHus! Uy, U U, x
coBIataoT no ¢ase. Jro onpene-
JIS€T Ha3BaHUC YCHUJIMTEJIBHOIO Kac-
Puc. 15.7 kaga ¢ OK, «moBTOpUTEINDY.
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bppix= Iy
—b

]

R3 [] Ugpix = Uy RH

K

o

Puc. 15.8

BbixozHoe conpotubienue smMutTepHoro nosroputes (10— 50 Om)
3HAYUTEJIBHO MCHbBLUIC BLIXOJHOIO CONPOTUBACHUS YCUIUTEILHOTO
kackaga ¢ O5.

Yewmrensnniii kKackan ¢ OB. Ilo cpaBHEHHIO € yCUIIMTEBHBIM
Kackanom ¢ O ycunutenbHblil Kackan ¢ Ob uMeet npu cousmepu-
MOM 3Ha4e¢HUH KOIPOULIMEHTA YCHIEHUS HaNPsKeHUs Oopliee 3Ha-
YEeHUE rPaHUIHOM 4YacTOThl. OTHAKO OH UMEET MAJIOe BXOHOE U GOJIb-
LLIOE BBIXOAHOE CONPOTHBIEHUS. [1o 3TUM NpuyrHaM ycUIUTEIbHBIH
Kackaa ¢ Ob npumensietcss penko.

15.3. YeunutenbHbie Kackagbl HA MNONEeBbIX
TpPaH3UucTopax

[lo ananoruu ¢ ycunutenbHbIMYU KacKalaMu Ha GUONSIPHBIX TPaH-
sucropax ¢ Ob, O9 u OK paziuyaoT Tpy TUIIA YyCUIUTEBHBIX KACKA-
JOB Ha MOJICBBIX TpaH3MCTOpax: ¢ obwmM 3atBopoM (03), obLuM
uctokoM (ON) u obmmm crokoMm (OC). Yaiue mpyrux ucrnonbsyercs
YCUIUTENbHBIN Kackag ¢ OU.

Yeuaumenvnuwil kackad ¢ OH peanusyeTcsi 110 TUIOBOI CXEME, Bbi-
JeJieHHOHM Ha puc. 15.9 cruowHoit TuHKEH, B KOTOPOil Ha3HAYEHUSs
BCEX 3JICMCHTOB aHA/IOTUYHBI MX HA3HAYCHUSIM B YCUJIUTEIIBHOM Kac-
Kajae Ha GurnossipHoM TpaH3ucTope ¢ OB (cM. puc. 15.2), a pexumy
MaJIOr0 CUrHajId COOTBETCTBYET ODOOILIEHHAs] CXeMad 3aMELIECHUS Ha
puc. 15.6.

OCHOBHOE JIOCTOMHCTBO YCHJIMTEILHOIO KACKaa Ha TIOJIEBOM TPaH-
3ucrope ¢ OM OTHOCHTENBHO YCUITUTEIBHOIO KACKAAA Ha GUITONSIPHOM
Tpansucrope ¢ O3 Gonbiuoe BxoaHoe conporubieHue (102—10° kOm)
IPY COU3BMEPHMBbIX 3HAYCHUSX BBIXOIHOTO cotipoTurieHus (10— 100 kOm)
U Ko3(pdHULIMEHTa YCUICHMS HATIPSIKEHHST B PEXUME XOJIOCTOTO XOOa
(10—100).

Yeuaumenonwiii kackao ¢ OC (puc. 15.10), Ha3pIBacMbIil TAKXKE LiC-
mokogbim nosmopumenem, (HYHKUMOHAIBHO MONOOEH 3MUTTEPHOMY
nosroputenio (cM. puc. 15.7). KoadduimeHt ycunenus: HanpsikeHus
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Ry Re o=
C2“ BuIX~ ‘H
r L
': I3,+i3 lICn+’C
i N\
: ] Ugx= Uy Ry
| I“"l R iy
! "
| D oF
l L
Puc. 15.9

uctokoporo nosropureis K,,=0,8—0,9 61u30K K coMHMIE, BBIXOX-
Hoe comportubieHue R, =10—50 OmM, a BxogHOE CONPOTUBJICHHE
R, = 1—10° MOm.

Yeuaumenvhvie kackads: ¢ O3 B yCTpONCTBAX 9JICKTPOHUKHU IIPAKTU-~
YyeCcKU HE IPUMCHSIIOTCS.

B KauecTBe IPUEMHUKA 3HEPTUH K BHIXOAY YCUIMTC/IBHOIO Kackaia
MOXeET OBITh MOAKITIOUCH TOXE YCHIMTENbHBIN Kackaa. X COBOKYII-
HOCTb 00pasyeT MHO20KACKGOHbIL ycuaumenb. B ycunvTensix HU3KuX u
BBICOKHX YaCTOT, 4 TAKXE LIMPOKOMNOJOCHBIX U Y3KOHOJIOCHBIX 3JIEKT-
pHYecKas CBSI3b MEXIy KacKalaMH OCYLIECTBsIETCsS] KOHAEHCAaTOpa-
MM, B YCHJIMTEJISIX [IOCTOSIHHOIO TOKA — PE3UCTOPaMU WM HETIOCPE~
CTBEHHBIMU CBA3sIMM. B nocienHeM ciydae nio0ble UBMEHCHUS MOCTO-
SIHHOTO HAIPSIXKCHMS Ha BBIXOZE OJHOrO KacKaja u3-3a HeCTabUIIbHO-
CTU NapaMeTpoOB TPAH3UCTOpA MPH ACHCTBUM AECTAOMIU3UPYIOLIUX
(aKTOpOB, OOLIYHO TEMIIEPATYPHI, BIMSAIOT HAa PEXUM PabOTH OpYyrux
KACKaJlOB, YTO MPUBOAUT K UBMECHEHMIO HAIIPSXKCHUST HA BBIXO1€ MHO-
FOKACKAJAHOro YCWIIMTENIS JaXe MpU OTCYTCTBUM YCHIIMBAEMOIO CHI-
Hajla. DTO sIBJIEHVE Ha3bIBaeTCsl dpetichom HynA.

Ec
R
iBXO_l
fox=
Cl C2 'Bbl X H
U,
'BX R2 RM
I

Puc. 15.10
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YMeHbLIUTL Apeiid HyJsl ¥ NOMYYUTb APYrHe NOJe3HbIe KAYecTBa
HO3BONSIOT AU GhEPEHIUATBHBIC YCUIUTETbHBIE KACKABI.

15.4. AuddepeHumanbHbiii yCUNUTENbHBIN Kackap,
NOCTOSIHHOIO TOKAa

HauGonee pacnipocrpaneHa cxema I heEpeHUMATLHOrO YCUINTENb-
HOro Kackajla Ha OCHOBE MOCTa [OCTOSIHHOTO ToKa (puc. 15.11), meun
KOTOpOro obpasosaHbl peuctopamu Ry, = Ry, 1 GUITONSIpHbIMK TpaH-
auctopamu V71 n VT2 onHoro tvna ¢ oO0beqMHEHHbIMU IMUTTECPAMH.

I[nﬂu Jlyyineit 6ataHCUPOBKH MOCTA TPAH3MCTOPH U3TOTOBJSIOT 110
COMHOM TEXHOJIOMMK HA OHOM KpHUCTAJlJIe, TaK YTO WX MapameTpbl
oruyaotes Ha 1—5 %. J1Ba ucTOUHMKA CUTHAIOB BKJTKOYAKOTCS B LEHH
0a3 TPaH3UCTOPOB, HA3BIBACMBIE HECUMMEMPUMHBIMU 6X00aMl, A npu-
CMHMK € COIPOTUBJICHHEM HArpy3ku R, — MEXIy KOJUIEKTOpAMU TPaH-
3UCTOPOB (CUMMEMPUYHDBIL 6b1X00).

Pexcum nokos xackaia 1npu HanpspKeHUsIX Ugy = Uy = 0, unu Ko-
POTKOM 3aMBbIKaHUM BXOHOB, OIpEIC/ISIET HAMNPSKEHUE

Ussn= Es— Ry(I5, + I5,) > 0,

O/IMHAKOBOC /sl 00OMX TPaH3UCTOPoB. I103TOMy MX pexXuMbl paboTHI
pasnuqaloTest Masio. B TakoM Kackazie ocyluecTsiasiercsl crabuimsanust
pexuma rokost. Eciu non neiicTBueM aectabunusupyommx ¢dakropoB
Harpumep Harpesa, BO3pacTyT TOKU KOJUIEKTOPOB Iy, I, ¥ SMMT—,
TE€POB Iy, I3, TO HanpsixeHue Ugg, YMEHBLUMTCH, 3MUTTEPHbIC
[EPEXO/IbI CTAHYT IPOIYCKATb MEHBLLKE TOKU; B PE3YILTATE TOKU KOJI-
JIeKTOpoB Iy, Ik, ¥ HANPSIXEHKE OKOS HA BBIXOJE

UBbIX.ﬂ: RKII_Kln - RK21K2n (158)
OyoyT cTaOMIU3KPOBAHDI.

Ex

[
l__
0

Puc. 15.11
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N3 ¢popmynsl (15.8) BUAHO, YTO NIOOLIC ONMHAKOBBIC H3MEHEHHS B
ONHOMMEHHBIX IUIeYaX KaCKaja HE BBI3HIBAIOT U3MCHEHMS HAlpsKe-
uus U, ., T.¢. Opeticha Hyns1. B peajibHbIX KackaJax HEeT MOJTHOW CHM-
METPHU JIEMEHTOB, OfHAKO Apeiid HanpaxeHUst Ugyxn B Ouddepen-
UMATBHOM YCHJIMTCJIBHOM KacKaj€ [0 CPaBHEHMIO C YCH/IMTEIbHBIMU
KackagaMu Ha 6unonsipHbIX (cM. puc. 15.2) u nonesbix (cM. puc. 15.9)
TPaH3KCTOPaxX CHUXAETCs HA HECKOJIbKO NMopsakoB. JuddepeHunans-
HBII YCHWJIMTEIBHBIR Kackaj paboTaeT B pa3MuHbBIX PeXUMax.

YCHIeHHE CHrHAJIA OJHOr0 HCTOYHMKA. VIcTOUHUK CUTHaA MOIKIII0-
yaeTcsl CUMMeTpU4HO (puc. 15.12, @) uny HecummMeTpuuHo (puc. 15.12,
6 v 6). 3aMeTHM, YTO B cxeme Ha puc. 15.12, 6 dasel HanpsXeHul
HA BBIXOLE Ug,, = U, Y BXOINC Uy YCWIHTEIBHOTO KAacKala COBNANAIOT
(Ugx > 0, 14, >0; by <0, u, <0), a B cxeme Ha puc. 15.12, ¢ — npotu-
BOIMOJOXHBI (U > 0, Uy < 0; Uy < 0, 1, >0). CooTBeTCTBYIOLIME BXO-
Jbl YCUNUTENsl Ha3bIBAIOTCSl HEUHBEPMUPYIOWULL I UHBEPMUPYIOWUL 1
0603HavaloTCsl Ha CXCME 3HAKAMM IUIIOC U MUHYC.

Toak/moYeHHe He3aBHCHMbIX HCTOYHHKOB CHIHAJIOB Ha 00a BXOJa.
Paznuuator npotusodasHoe U cuH(Ga3HOE BKJIIOYCHUE IBYX UCTOUHM-
KOB CUTHAJIOB, T.€. C POTUBOMNOJIOXHBIMY Y OAWHAKOBBIMU IOJISIPHO-
CTSIMUA OTHOCHUTEJILHO OOWICTO y3J1a LIEMHU.

" TIlpu npomueogpazrom exarouenuu ug >0 v U, <0 Ha puc. 15.11 (unm
HA000pOT) Toku Oa3bl ¥ KOJUICKTOpa TpaHsuctopa V711 pospacrtarwr, a
TpaH3ucTopa VT2 yMeHbluawTcs (WM HA060pOT) HA TAKUe Xe 3Have-
Hust. ONHOBPEMEHHO Ha COOTBETCTBYIOLIMX TPAH3WCTOPAX YMEHbLIIA-
J0TCSl M YBEIMYMBAIOTCs (WM HAOOOPOT) SNEKTPUUECKUC MOTCHLIAA-

6 Puc. 15.12
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JIbl KOJUICKTOPOB, Pa3sHOCTb KOTOPBIX ONPEAE/SIET HANpPSDKECHUE Ha
BBIXONC YCUJINTENbHOIO KacKaa.

JeiicTBue cungbasnbix CUrHATIOB PABHOTO 3HAYCHUS U, = U, COOT-
BETCTBYCT OMHAKOBOMY M3MEHCHHUIO PEXHMMOB PabOTH TPaH3UCTO-
poB. Ilpu 3ToM M3MEHEHMs] HANPSIKEHUS] HA BBIXOAC YCUIUTEIBHOTO
Kackajia ¢ uaeaabHOl cuMMeTpueit reu no dbopmyne (15.8) He 6y-

- IeT. OTo 0cODEHHO BAaXHO, TaK Kak CI/IH(I)aSHblC CUrHajibl NpencraB-

JISIOT COO0M OOBIYHO PA3TUYHOrO PoAa MOMEXH (atMocdepHbIe, ce-
TEBBIE W T.[.).

Croco6HOCTb YCUIMBATL PA3HOCTD HANPSKEHUI Ha HEUHBEPTHPY-
IOUICM Upy) = Uy, U UHBEPTUDYIOLIEM U,y = U, BXOJAX, PABHYIO PA3HO-
CTH IIOTCHUMAIOB MEXy HCMHBEPTUPYIOUIMM Y HHBEPTUPYIOIIUM BXO-
JaMu

Upy = Uyy — Uy = Vyyy — Uy

ONperieNsieT HA3BAHUE YCUITMTENILHOTO KACKana «OuggepeHyuanstolii .

BMmecTo 6unonspHbIX TpaH3ucTOpoB B ANt dEpeHHATBHOM YCUIU-
TEJIbHOM KAacKae MOTYyT IMPUMEHSITHCS MOJIEBbHIC TPAH3UCTOPHI.

3HauCHUs1 OCHOBHBIX [TAPaMeTpoB AP dEPEHIIMATBHBIX YCHIIHTE b
HBIX KaCKaJ0B Ha OMIOJIAPHBIX U [OJIEBBIX TPAH3UCTOPAX TOTO XK€ MO-
psiika, 4To u y kackaiaoB ¢ OB u OU cooTBeTCTBEHHO.

OcHoBHBIE KOCTOMHCTBA AM(dEPEHLUATBHBIX YCHIUTEIBHBIX KAC-
KaJlOB — [IOMEXOYCTOMYMBOCTbL K CMH(A3HBIM [IOMEXaM W Maiblii apeiid
Hysist — no 1—10 MxB/°C, yto B 20— 100 pa3 MeHblue apeiica Hys B
HEOATAHCHBIX YCHJIUTEIAX IOCTOSIHHOTO ToKa. Mo 310l npuuvte aud-
(hepeHuMaTbHBIE YCHIUTEIbHBIE KACKAAbl IPUMEHSIIOTCS, B 4ACTHO-
CTH, B Kau€CTBC BXOJIHBIX KACKAAOB ONEPAUMOHHBIX YCHIMTENCH.

15.5. OnepauuoHHble ycunurenu

Onepaunonneie yeunvrenu (OY) npeactapisiior co6oil pasHOBUI-
HOCTb YCWJIUTEJICH ITOCTOSIHHOro Toka (cM. puc. 15.1, a). Cpoe Ha3Ba-
HHC «OMEPALMOHHBICY YCWIATENIA 3TOrO TUIIA MMOJYYWIN OT NEPBOHA-
YaJIbHOM 00JIaCTH MX NPEUMYIIIECTBEHHOrO MPUMEHEHUS U151 BHIMOJ-
HEHUs MATCMATUYCCKUX Olepauuii HaJ aHAJIOrOBBIMM BEJIMYMHAMU
(cnoxeHue, BHIYNUTAHKWE, UHTEFPUPOBaHUe M T.1.). B HacTosiiee Bpemst
OY npuMeHsIOTCS Npy CO30AHUM SJIEKTPOHHBIX YCTPOICTB CAMOTO
Pa3nNYHOro HYHKIUOHATBHOTO Ha3HaYeHUs! (CTaOUIM3aTOPOB HAIIpsI-
KEHUs1, TCHEPATOPOB CUTHAIOB pa3luyHOi (opmbl U T.4.). Onepa-
UHMOHHBIC YCUJIUTE/IM BBINOJHSIOT MHOTOKACKaAHBIMU C HETMOCPE -
cTBeHHbIMU CcBA3gMU. Ha Bxome OV Bxiouaetcs nuMgp@epeHIMaIb-
HBI{l YCHWJIMTENbHBI KackaJ MOCTOSSHHOTO TOKA ISl YMEHbILECHUS
apeiida HyJsl (Ha MOJIEBBIX TPAH3UCTOPAX W U1 YBEJIUUCHUST BXOIHO-
ro CONPOTUBJIEHUSA), 3aTEM — IIPOMEXYTOUYHBIC YCUIIUTEJILHBIC KAc-
Kagabl 7151 NOJlydeHUs1 HEOOXOIUMOTO YCUJICHUSI U HA BBIXOAC — HO-
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BTOPUTE/Ib HAIPSIKCHUST U1S1 YMECHBILEHUS] BBIXOJTHOrO COMNPOTUBIIC-
Husi. Pazpabotka OY — cnoxknas npodaeMa. OqHaKo 3T0 HE 3aTPYHSI-
€T WX MPAKTUYCCKOro MPUMEHEHMS, TAK KaK OHU M3rOTOBJSIIOTCS B
BUJIC UHTCIPAILHBIX CXEM.

Peasbnblii onepanuonsbiii yewsinresn. B pescume manozo cuenana BXon-

Hast U BBIXOIJHas! UCIIN oy NpEeacCTaB/IsIIOTCS CXEMOM 3aMEIIEHMs HA .

puc. 15.13, aMeMeHTHE KOTOPOIi OTPAXAIOT 0cHO6Hbie napamempbi OY:

R, oy = 10*—10' Om (15.9)
— BXOJHOE COIMPOTUBJIEHUE; -
R, xoy=10—50 Om (15.9a)
— BBIXOIHOE COMPOTHUBICHUE;
U
K X — BbIX.X
#xOY ——stoy (15.96)

— K03hdULMEHT YCWIEHUs] HANPSKEHUS], PaBHbI OTHOLIEHUIO Nei-
CTBYIOLLIMX 3HAYEHUI CUHYCOMIAJIBHBIX HAMPSIXXCHUIA Ha BBIXOZIE U BXOIC
OV B pexumMe xoynoctoro xona (R, = ).

Vien 0 ¢ HylEeBBIM MOTCHLIMAIOM B CXEME 3aMELLEHUST BHIXOOHOM
yeriu OY COOTBETCTBYET IKBUIIOTCHUMAILHOMN TOUKE [ LENU NUTAHUSI.
Ha puc. 15.14, a u 6 npuseneHbl ycioBHBE obosHaueHusi OV, Ha
KOTOPHIX WHBEPTUPYIOLUMIE BXOH OTMEYEH OKPYXHOCTBIO.

VYeunnutenbHbie cBoiicTBa OV OIpeensioT ero yactoTHLIC U Tiepe-
JIATOYHBIEC XapaKTEPUCTUKU MPU PAa30MKHYTON LEMU HArpy3KM.

Jloeapugpmumeckas amnaumyono-wacmomuas xapaxmepucmuka OY
(puc. 15.15) nono6Ha JJAUX GunonsipHoro Tpan3sucropa (cM. puc. 13.14).
AHajoruyHo nociendeit Ha JJAYX onepaijMOHHOro ycuiauTesns pas-
JIMYAIOT PAHUMHYIO ¥acmomy f,oy. IPU KOTOPOH KO3(PULIHEHT yCu-

P NE T
-/ 1
o . g
: N\
U Upx Oy ! RBle oy K I_H__p
BX.HHA D RBX oy — E__O_J
:I 1”3];[)(: Uy RH
0 o o—0-> /|
1 Upx { - !0
—_ 2 KuxOyqu“O‘)7
Puc. 15.13
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201gK, « oy, Ab

31b
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D> > | L 60
. ] 40
£ —o 20
Yy ] — 0
a 6 10° 102 10* 10° £ T
Puc. 15.14 Puc. 15.15

JieHust HanpsikeHuss OY yMeHbLIaeTcsl OTHOCUTENIBHO €ro 3HAYEHMsI
Npy HyJIEBOH 4acTOTE

Kixoy(0) = 10°—10° (15.10)

B /2, wiu 0,707 pas, a ennuuna 201g K, oy — Ha 201gv2 =3 ab, u
yacmomy eOUHUHOZ0 ycuneHus fi, Ipu KOTOPO KO3 MULMEHT ycuie-
Hus HanpsixkeHus OV K, oy = 1.

[lepedamounsie xapaxmepucmurku OY OnpenensiioT 3aBUCUMOCTU
HarpsiKEHUA HA €ro BXOAE OT HANpsDKEHUM Ha MHBEPTUPYIOLIEM
UBbIX.X( UBX.M) npu UBX.HM =0wu HCUHBCPTUPYIOLLICM (JBbIX.X( UBX.HM) Hpu
Usxw =0 BXO1aX B pEXUME [OCTOSIHHOTO TOKA NPU Pa30MKHYTOI LIENU
Harpy3ku (puc. 15.16, a, 3aBucumoctu I u 2).

Hnsa Tunosoro 3nayenuss DAC ucrouHuka nutanusi E= 10 B Hacwl-
HICHUE TPAH3UCTOPA BBIXOJHOrO Kackana ¢ ydetoM (15.10) npousoii-
et npyu Uy ae = B/ K ioy(0) = (0,1 — 1) MB. [JaibHeiluee yBennueHue
HanpspkeHust U, He BLI3BIBAET UBMEHCHUS HAIPSDKEHUSI HA BBIXO/E.
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3HaucHusl KO3 dULUHEHTa yewieHWs1 HanpsixeHust OY npu HyJe-
BOi1 yacToTe B pexuMe xojoctoro xona K, ,oy(0), 4acToTel €AMHUYHO-
ro ycuJieHus fi, MAaKCUMaJIbHOTO MOCTOSIHHOTO HANPSLKEHKUS] Ha BBIXO-
1€ OV U, ymax 1P HOMUHATBHOM HaNpsiXKEHUW [MATAHUS U BXORHOI'O
conpoTuBiieHus1 Ry, oy YKa3biBalOTCsl B CIIPABOYHUKAX.

KpoMme nepeurcieHHbIX B CIIPaBOYHUKAX YKA3bIBAKOT TAKXKE 3HAYE-
HUs Apyrux napametpoB OV (1abn. 15.2):

e MOCTOSIHHOTO HauboJbLIero HAMpsDKCHUS CMELICHUST Ha BXOJE
U,,, 1py HAaIpsDKEHUHU Ha BBIXOIE, PABHOM HYJIIO; .

 MOCTOSTHHBIX TOKOB MO WHBEPTHPYIOLLIEMY U HEMHBEPTHPYIOLIIEMY
BxoaaM Iy oy ¥ PA3HOCTb 3THX TOKOB Aly,oy;

« ko3 duuuenTa ocnabneHusi cUHGa3HbIX HANPsDKEHUN Ko o4

e HOMMHAJIbHBIX HampsikeHusi +F u Toka I, nutaHus,

o MUHMMAJILHO JIOMYCTUMOIO CONPOTUBIIEHUS HEMU HArpysku R,

Wneanpnblii onepanuonnsiii yewmreas. [IpeHebperast MajbiM 3Have-
HUeM HanpsbkeHusi HachiueHusi Uy, .., BBEICM [OHSITUE UOEANbHO20
0Y, y xoroporo Ko3(hOUUMEHT YCUIEHHS HANPSIKCHUST B PEXXHME XOJI0-

Ta6naunpa 152

IapaMeTpbl HEKOTOPBIX THIIOB OMEPALMOHHBIX yCHIHTENEH

Tun onepalMoOHHOro YCUIUTESIS
[Tapamerp

K140Y16 K140v¥147 K140¥417 K140¥ 118
+FE, B 15 +15 +15 *15
Le MA 3 2,8 5 5
I 0y, HA, He Oonee 50 400 10 0,2
Al oy, HA, He Oonee 15 200 5 0,1
R,, kOM, He MeHee 1 2 2 2
Upix xmax> B +12 +10,5 12 10
Ji. MI'u 1 0,8 0,4 1
Kocca» AB 70 70 100 70
K, 0y(0), He MeHee 30000 30000 200000 50000
U, MB, He Gonee +8 +9 +0,25 +50
R0y, MOM, He meHee 1 0,4 30 10
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CTOr'o xona, BXONHOC ¥ BBIXOSHOE COTIPOTUBJICHHS Ha 3aBUCAT OT yac-
TOTbHl U UMCIOT 3HAYCHUS

Kuxoy —> o0 RBxOY > &5 RBbley =0, (15.11a)

T. €. HafpsiKEHKE, PABHOE PAa3HOCTH [OTEHIMAJIOB MEXy HCUHBEPTH -
PYIOLIMM M MHBEPTUPYIOILIMM BXOJaMK, U TOK HA BXOHE UAEAILHOIO
OV B suneiinom pexxyMe YCHITEHUSI CUTHATIOB PaBHBI HYJTIO

Upxoy = Uy — Uy = uBblx/KMXOy =0;
inOy = quOY/RBxOy = 0’ (15 1 ]6)

a €TO CPENATOYHBIC XaPAKTEPUCTUKU [0 MHBEPTUPYIOILEMY U HEMH-
BEPTUPYIOLIEMY BXOaM IIPU JIIOOOM COMPOTHBICHUM LEMU HArPY3KU
R, > 0 umeroT By Nomaubix Junmii / u 2 Ha puc. 15.16, 6.

B pexxume Hacwiuenus uacansHoro OY, T.e. Heaunelinom pexume,
HAIPSDKEHUE Uy, oy # 0, @ TOK igyoy = 0.

B nanpHeiilieM npu aHanu3se 3J€KTPOHHBIX YCTPOWCTB MO Ha-
npsikeHueM Ha Bxone OV OyneM MOHMMATh KaK Uy oy = Uy — U,, TAK
U Ugoy = Uy — Uy, YKA3bIBASI HA CXEMAX COOTBETCTBYIOLIEE MOJIOXH-
TEIbHOC HallPABJICHUE HAMPSKEHUIT CTPEJIKOIA.

Ecin OV npumeHsieTcst B IMHEWHOM peXUME YCUJIEHHS CHIHAJIOB,
TO OYZieM [10J1b30BaThCS €r0 YCJIOBHBIM 00603HaueHHeM Ha puc. 15.14, a,
€CJIM TAKXKE U B HEJIMHEHHOM peXuMe, To 0003HaYeHrneM Ha puc. 15.14,
6. Cxema Ha puc. 15.14, 6 NOSICHSIET PaBEHCTBO HANPSIKCHUIA HA BBIXO-
ae uaeaibHoro OV B pexuMe HACBHILUEHUS ¥ UCTOYHUKOB NUTaHus E
win —F.

15.6. O6paTHaa cBsi3b B ycunurensix

O6pamnoii céazvio (OC) B ycuIuTeNIe HA3BIBAETCS fiepeaya 4acTu
JHEPIrUU C Cro BHIXOHA Ha BXOM.

Ob6patHas CBsI3b ompuyamensHas, eclny yMeHbiuaeT Ko3hdHuueHt
YCWICHUS] YCWIMTEJIs1, B [IPOTUBHOM CJTydae OHa HOAOMCUMENbHAS.

OO6paTHeIE CBSI3N OBIBAIOT HOAE3HBIMU, €CIA CO3NAIOTCS LiEJICHA-
MpaBJICHHO, W napasumHbimy (BPEAHBIMU), €CJIM BO3HUKAIOT CAMONPO-
U3BOJILHO.

Mo mecTy HaxoxaeHHst OOpaTHBIE CBS3K MOTYT ObITh 6HYMPEeHHUMU,
€CJIM OCYLICCTBIISIIOTCS] BHYTPH LIETIH CAMOTO YCWIIUTEIILHOTO KacKana,
U 6HEWHUMU, CCIIA X LIEMHU OXBATHIBAIOT YCHUJIMTEILHBIN KacKaj CHa-
pyXu.

B o6ueM cnyuae nienb BHewHeir OC npeactasisier coboii accus-
Hbli YETBLIPEXTIONMIOCHUK, KOTOPbI CBOMMU BHBOOAMU HOAKITIOYACTCS
K BBIXOJHOW U BXonHo# uernsMm QY.

Ilo criocoby NOAKIIOUEHNS] BXOOHBIX BHIBOOOB [— I’ yeTHIpexiio-
mocHuka OC pasnmyaroT oOpaTHYIO CBSI3b HO HANPANCEHUIO Y TIO MOKY
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ocC ocC

o1

|
|

Puc. 15.17

(puc. 15.17, a u 6), 10 cOCcO0Y NOIAKJIIOYCHMS €TI0 BHIXOAHBIX BHIBO-
IoB 2— 2° — napanseavhyto v nocredosamenshyto (puc. 15.18, a v 6).

O1MeTUM, YTO B OOLLEM Cilydyac HalpsKEHWE M TOK Ha BXOIE YCH-
JIMTEJIsE ¢ 0OpaTHOI CBA3BIO U OMHOMMECHHBIC BeJIMUMHLI Ha Bxoze OY
HE COBMANAIOT.

IosoxutenbHasi OC B yCUIHUTEISIX MPAKTUUCCKU HE MPUMCHSICTCS],
HO JIEXUT B OCHOBE pabOThl pa3IMiHOIO Pona aBTOICHEPATOPOB CU-
HyCOMAQIbHHIX KoJjicbaHuii (cM. nmoapasa. 15.9) u pereHepaTUBHBIX
ycTpoicts (cM. mompa3sn. 15.6).

Orpunarenbias OC Mcnosns3yeTcsl B YCHIMTENSIX OUeHb IUPoKo. OHa
MO3BOJISICT CO3/AaBaTh YCTPOMCTBA Pa3IMyHOINo (byHKIMOHAIBHOIO Ha-
3HAQYCHUSI, & TAKXC YJIy4llacT MapaMeTpbl YCUJWTEICH: YMCHbILACT
3HAYEHUE BBIXOJHOIO COIPOTHBJACHUSI, YBCJIWYMBACT 3HAYCHUE Ipa-
HMYHOI YacTOTHl fi,, & CIENOBATENBHO, U nonocy dactot 0 < f< fi
YCWICHHUSI CUTHAJIOB, YMCHBIIACT HEIMHCHHBIC UCKAaXCHUSI HAMpsixke-
HUS1 H& BBIXOAC M 3aBUCUMOCTb 3HAUCHMI MApaMETPOB YCWIUTEJSI OT
JeCTabUIN3NPYIOLIUX GAaKTOpOB (OOLIMHO TEMICPATYPHI).

ITosie3HbIE CBOMCTBA OTPHULIATENILHOIN 0OpaTHON CBSI3U JOCTHUTAIOTCS
33 CYET YMCHBILICHHUSI 3HAYCHUI KO3(DOHULMCHTa YCUICHMSI HampsiXe-

in ix % Iy = Ipx oy

o — — —
Unx Upx OY‘ ° Ux Upx OY °

o— > o— >
2 1 2 1
—o
oc|[° ocC
L o Lo L o —o
z r z r
a 6
Puc. 15.18
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HUSI YCUIMTENISI. TO, OIHAKO, HE MMEET CYILECTBEHHOTO 3HAYCHMS,
TaK Kak COOCTBEHHbIN KO3(OUUMEHT yeuiieHus HanpspkeHust OY o4eHb
6onbiioit (15.10).

15.7. Ycwnutenm ¢ oTpuuaTenbHoi o6paTHOM CBSISbIO

PaccmotpuM npumepnl ycuauteneit ¢ orpUnaTesbHOM oOpaTHoit
CBs3bI0 Ha ocHOoBe OV, nonaras ux uaeanbHbiMu (15.11).

HeunBeprupyompuii ycunureab. B HeHMHBEpTUPYIOLIEM yCUIIMTEIIE
(puc. 15.19) ucnonb3yetcs nocnenoBatenbHas oTpuliatensyas OC no
HaNpsEKeHUI0. B nanbHeRIleM BMECTO YETHIPEXITONMIOCHHKA 06paTHOI
CBSI3M Ha CXEMax YCWJIMTEJICH OyaeM H306paxaTh TOJNBKO JIEMEHTHI
€ro CXEMBbI 3aMELLECHMS.

M3 ypasuenus no BropoMy 3akoHy Kupxroda mist Kontypa 1

Uy — Ug o = Uy oy = 0’
A€ HAaIPsSIXKCHUE

Uy, = R u
0.C T T . p “Bhx

R +R,,
XapPaKTEPU3YCT TOCIICAOBATEIILHYIO OTPULIATCIIbHYIO 06paTHle CBSI3b,
CJICAYCT COOTHOILCHUE MCX Y HAMPSIXKECHUSIMH HA BXOAE U BBIXOOE HC-
HWHBCPTHUPYIOLLCIO YCWIUTEISA

R, + R,
BBIX :“‘I—R—O;C—HBX. (15.12)
1
inOy=0
o—— o0
g b
. | UsxOy
| 4
e
LY >
' 2 1 R
| e
: E / R]RO'C Uy = Uppix
:\ | Hoc
_I:;, oC 7 1
Puc. 15.19
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TTo/ISIPHOCTU HAMPSIXEHHWIL HA BXOIE
1 BLIXOJIE HEMHBEPTUPYIOLLETO YCHIIUTE-
JIs1 COBNANAIOT, a KO3 GULIMEHT ycuie-
HMS HAIIPSDKEHUsT paBeH

Ipxoy = OI

usxl Usx OY1

K, _R+ R (15.13)
Ry

Puc. 15.20

BxonHoe U BBEIXOJIHOE COTIPOTHBIICHUSI
HEHHBEPTUPYIOILIErO YCHIIMTENSI HAa OCHOBE MICAJIBHOTO OY paBHbI

RBbIX = 01} (15 14)

RBX = oo

IosTopuTenb Hanpsukenus. [Ipy BHINONHCHWM YCJIOBUSI R > R,
snaueHne Ko3(hGUIMEHTa YCHICHUS HANPSDKCHUST HECMHBCPTHPYIOLLIC-
ro ycuautens (15.13) ctpeMuTCs K CAMHHLC. B npenenbHOM citydae
(R, = o, R, — 0) HEMHBEPTUPYIOIMI yCHINTENb NpeodpasyeTcs B
[OBTOPUTEb HATIPSIKCHUSI Uy, = Uy, (PHC. 15.20).

HuBepTHpYIOmMil ycHiuTeb. B MHBEPTHPYIOLICM YCHJINTEIIC HCIOJb-
3yeTcsi mapajielibHas OTpULaTeIbHas obpaTHasi CBSI3b IO HAIPsXKe-
HUIO, @ LIETM MCTOYHMKA CHTHAMa W OOpaTHOM CBsA3M C COMPOTHEBIIC-
HusMU R, 0 R, NOIKIIOYAIOTCS K MHBEPTUPYIOWIEMY BXOZy Orepatit-
oHHoro ycuimrenst (puc. 15.21).

COCTaBUM CUCTEMY YpPaBHEHUIA MO mepBoMy (1Uisl y3nia A) u BTOpO-
My (a1 KOHTYpoB [ M 2) 3aKOHaM Kupxroda:

loc— iy =—lexoy = 0’
R, cioc + Uy =Uoy = 0; (1515)
Ugy — RIin = Ugxoy = 0’

LOE iocy Ipxs oy — TOKM B LICHSIX oOpaTHOM CBsI3H, H& BXOIE UHBCD-
TUPYIOLIETO YCWIMTENS YW Ha BXoae OYy.

[EREEPY ENEPIERS

Ry luu = Upnix

Puc. 15.21
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U3 cucreMsl ypaBuenuit (15.15) caenyeT COOTHOLICHHUE MEXAy Ha-
NPSKEHMSIMM HA BXOJE M BBIXOAE MHBEPTHPYIOLLETO YCUIUTENSI U €ro
BXOIIHOE COITPOTUBJIEHUE

__Ra.

Ugx =~ R
1

qu 2

(15.16)
RBX = qu/in = Rl'
Hanpml(eﬂvm Ha BXOIE€ M BBIXOJAE WHBCPTUPYIOLLICTO YCHUIIHUTCIIS

MMEIOT pa3HbIE MONSPHOCTH, @ OTHOLLEHME MX aOCOMOTHBIX 3HAyYe-
HUit onpenensieT KO3 MUIMEHT YCUIEHUsI HAMIPSKCHUSL

R,
K, = e 15.17
«=R ( )

BEIXOAHOE CONPOTUBACHUE MHBEPTUPYIOLLETO YCUJIMTCISI, KaK U
HeuHBeprupymowuero (15.14), mano.

W36uparebhblii yewmteb. B n3bupareiasHoM yeumrese (puc. 15.22,
@) 1IeNb Napa/liebHOi OTPHLIATEIbHOM OOpaTHOM CBSI3M IO HAMNPSKC-
HUIO COIEPKUT PE30HAHCHBII 3arpainTenbHblit GUILTP (cM. puc. 4.42, a).
IMpy CUHYCOUIATEHOM HANPSIKEHUM Uy, [UIS1 pacyeTa yCUIUTEILA MpK-
MEHUM KOMILICKCHBIA METOL.

Jlnst pazaeneHust NOCTOSIHHOM U MEPEMEHHOM COCTABISIIOLIMX TOKA
B LICTIb OOPATHOI CBsI3U BKJIIOYEH KOHAEHCATOP OOMBILON EMKOCTH C,
COIPOTHBJIEHUEM KOTOPOTO X MOXHO MpeHeOpeyb.

3ameHuB B (15.16) HANPSXEHUS Upy U Uy KOMIUICKCHBIMU HATIPsi-
xerusmu Uy, v U,,,, @ COMPOTHBICHUE LEMN OTPULIATEIbHOI 0Opart-
HO# cBs3U R,. KOMIUIEKCHBIM COINPOTUBJICHUEM 3arpaquTeiIbHOTO
dunbTpa

X, (_jXC) _ joL

Z= = :
€T X, - jXe 1-6?LC

Puc. 15.22




HaiileM KOMILUIEKCHBIH KO3 (PUIMEHT YCUICHHS HANPSDKEHUsT M36H-
paTebHOTO YCHIINTEJIS

Ux R (-0LOR
M €ro aMHJIMTﬁLHo-qaCTOTHylo XapakTepuCTUKY

ol
|- ?LC)| R

K, = K (oo = Yo __Z —joL

K, (o) = (15.18)

Ipy pe3oHaHCHOM YIJIOBOW 4acTOTC My, = 1/ JLC 3HaucHue Ko-
s¢hdULMEHTa YCIIEHMs] HanpsikeHus1 K, — o (Ha puc. 15.22, 6 — He-
npepbiBHas JTHHMSA). C yUeTOM NOTEPb 3HEPIUU B PEAIbBHOM PE30HAHC-
HOM 3arpaautesbHoM $uibtpe AYX n3bupareisHOro ycuiaurens Oy-
IEeT OTJIMYAThCsl OT WacanbHOi (HAa puc. 15.22, 6 — 1UTpUxoBasi v-
HMUS]). :

Hcnone3oBanue B LienH oOpaTHOI CBsA3M 3arpaautenbHoro RC-uib-
Tpa (cM. puc. 4.43, a) NpUBOIMT K aHAIOrMYHBIM pe3y/ibraTam. OHaKo
RC-puneTphl npolie s NpakTUYeCKOil peann3allid U MO3TOMY BO
MHOTHX CJIyyasx OKa3bIBAIOTCSl NPENNOYTUTENIBHEE PE3OHAHCHBIX 3a-
rpaguTenbHbiX. Takue puabTpbl Ha ocHOBE OV Ha3bIBAIOT AKMUGHBIMU
RC-¢pusempamu.

15.8. Yecvunutenm mMoLLHOCTMU

YCWINTENL MOLLHOCTH OOBIYHO SIBJASIETCS MOCJIEAHUM KacKaaoM B
LeNny ycuIeHust cirHana. K ero BeIxody MoaK/II04YaeTCsi IPUEMHUK O0J1b-
110i1 MowHOCTH. [To3TOMY OOHUM M3 BaXHBIX NapaMeTPOB YCUJIMTENSA
MolLLHOCTH siBnsieTcst ero KIT.

Jnst ycuieHusl CUMHYCOUIAIbHBIX U IPYrUX IBYXIIOJSIPHBIX CUTHA-
JioB HaunbonwiuuMm KI1J] obnagaeT NBYXTaKTHBHIH YCWIMTENb MOLIHO-
CTH, TUMOBASI CXeMa KOTOPOro Ha OCHOBE 9MUTTCPHBIX [IOBTOPUTEINIEH
C MaJIbIMH BEIXOHBIMH COMPOTHBICHUAMH (CM. nofpasa. 15.2) npuse-
JeHa Ha puc. 15.23, a. TTocTosiHHBIE COCTaBASIIOLLIME HANPSIXKEHUH Ha
pesucropax R, u R obecneynBaloT CMELIEHHMs] p-n-TIEPEXONOB MEXIY
3MUTTEpaMHy 1 6a3aMu TPaH3NCTOPOB, HEOOXOAMMEIE /LTSl pabOThl 3MUT-
TEPHBIX IOBTOpUTENEH B K1accax Buim AB (cM. puc. 15.5, 6). Tlpu atom
KIIJI ycuaurtenss MOLIHOCTY paBEH

n =%100 <78.5%,

E
e Py =%IEKIKmsinmtdmt=2EK1K,,,/n P, =
0

HOCThL JBYX HCTOYHUKOB IMHUTAHHUA C INOCTOSSHHBIMW BIIC EK " uenu
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Puc. 15.23

Harpy3ku npu ycioBuM I, < Iy, v U,,, < Eyx, a HanpsDkeHue Ha BbIXOME
Uy = Uy = R, (i) — Ixy) 61M3K0 10 POpMeE K CUHYCOMIANTBHOMY HaMpsi-
KEHMIO Ha BXOJE.

H3meneHue TeMnepaTypbl M3MEHSIET 3HAYECHHE [TOPOFOBOTO Hamnpsi-
XCHMsI IPOBOAMMOCTH TEpeXofia MEXIY IMUTTEPaMK M Ga3zaMH TpaH-
3UCTOPOB, YTO HAPYILACT UX COMIACOBAHHYIO paboTy. IS ycTpaHeHUS
3TOro SIBJICHUSI BMECTO Pe3UCTOPOB R, U R} BKIIIOYAIOT CMEUICHHDIC B
NPSIMOM HalpaBjieHUH fuoel (CM. puc. 15.23, 6), noporosoe Harnpsi-
XKEHUWE MPOBOAUMOCTH KOTOPBIX (CM. pHc. 13.5) UMeeT Takoi Xe TeM-
nepatypHblii KO3hhULHMEHT.

3ALAYU U BONPOCHI AJ11 CAMONPOBEPKU

15.1. HazoBute TpH OCHOBHBIX THIA YCHJIUTEIBHBIX KACKANOB HA GUIIO-
JISIPHBIX TPAH3UCTOPAX.

15.2. B yeM 3aKTI04AI0TCS1 OCHOBHbIE pa3uumsl yCUIHTENeH KiaccoB A u B?

15.3. HazoBKTe TPU OCHOBHBIX TUINA YCHTHTENBHBIX KACKALOB HA TMOJEBbIX
TPaH3UCTOpax.

15.4. ToyeMy ycHIUTENbHBIN audMbepeHUMAIbHBIH KACKA TIOCTOSIHHOTO
TOKA HE YCUITUBAET JIEKTPUIECKHUE NOMEXH (aTMocepHBIE, CETEBLIE U T. 11.)?

15.5. KakoB nopsilok 3HaY4EHMI BXOJHOTO M BEIXOZHOTO COMPOTHBIEHMI
1 KO3GUUMEHTA YCUTEHHsI HANPSKEHUST ONEPALMOHHBIX YCUIIHTENEiH?

15.6. Kakoe 3naueHue CONpPOTUBIEHMS NOJKHA MMEThL LIEMb OOPATHOI
CBA3H R, . HEMHBEPTUPYIOLIETO yeunutenst (M. puc. 15.19), 4To6sl €ro ko-
3P PUUMENT ycuneHust HanpsxeHust paBHsuics K, = 50 npu cONpoTMBIeHUH
Ry =1,5 xOm?

Omeem: 74,5 xOm.

15.7. Tlepeurcnure cBOICTBA HAEANBHOTO ONEPALIMOHHOTO YCHIIUTETSL.



FMABA 16
SNEKTPOHHbLIE FrEHEPATOPbl U MMIMNYJIbCHBLIE
YCTPOUCTBA

<

16.1. TeHepaTOpbl CUHYyCOMAANBbHbIX KONE6aHuvi

TenepaTopbl CUHYCOMIATBHBIX KONeOaHuil MpeoOpasyloT INEKTpU-
YeCKYI0 9HEPTHI0 MCTOYHUKOB IIPU IOCTOSIHHOM TOKE B 3JIEKTpUYE-
CKYIO SHEPTHUIO NPY CUHYCOMAAIBHOM TOKe Tpebyemoil yacToThl. Pa3-
JMYaloT reHepaTopbl ¢ CaMOBO30yXIeHHeM (ABTOTEHEPATOpbl) U He-
3aBUCUMBIM BO30yxaeHneM. TlocieqHue npeacTasasiior coboii ycumm-
TEMM MOIIHOCTH, YCWIMBAIOIIME CUTHAJIbI aBTOrE€HEpaTOpOB Majoii
MOLI{HOCTH.

Asmozenepamopbi MOXHO pacCMaTpUBaTh KaK YCUJIMTENH C MOJIOXU-
TeNbHON 0b6paTHOI cBa3blo. Hanbosiee yacto mpumeHsieTcst obpaTHas
CBA3b 10 HanpsixeHuo (puc. 16.1). Jlns aHaim3a ycTaHOBUBLLICTOCS! pe-
3KMMa paboThl ABTOreHEPATopa BOCIONB3YEMCSl KOMIUIEKCHBIM METOIOM.

HanpsixeHus1 Ha BbiXoJie aBTOTEHEPaTopa M Ha BXOJIC YCThIPEXIO-
JIIOCHMKA 1IENH 00paTHOM CBsi3u oguHakoBuie Uy, = U, o 1 YIOBIET-
BOPSIIOT YCJIOBHIO

UBle = KMYKMO.CUBX.O.C) (161)

e K,y = K, y(0)e/’® — xomriekcHbiii KoadhdUUMeHT yeuneHus Ha-
npsoxeust Yerumutels; Koo = Kyoc(®)e’” @ — KOMIUTEKCHBII K03~
(UIIMEHT Mepeaayl HaIpsXEHUs! YEThIPEXMOMIOCHMKa 00paTHO#H CBsi-
3u (4.48).

N3 dopmynsl (16.1) caenyer, uto

e’ 3
Kuy_Kuo.c = uy(m)I(uo.c(o))ejle @+ = l,

T.C.
Kuy(m)Kuo.c(m) = l,} (16 2)
—-0———4 , 7 .
KD wm I‘IRH 6'() + 6”(0) = 27n,
P) Zr— e n=0, 1. 3, ...
Yciousi (16.2) AOmKHBEI BRIOJHATH-
Kioe | $Umoc csl IPW YIJIOBO# yacToTe paboThl aBTore-
> —7 HepaTtopa .
CaMOoBO30YX/ICHHE TeHEepaTopa, HaynuHast
Puc. 16.1 OT MOMEHTA BPEMEHH €T0 HOIKJIIOYCHUS K
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WCTOYHUKY IHEPIHH, omnpenessietcsi ycnosueM K, y(w)K, (o) > 1, ko-
TOpOE MOC/Ie 3aBEPLICHMS] NEPEXONHOIO MPOLIECCA NMEPEXONUT B YCIO-
BUC yCTAHOBUBLICTOCS pexXuMa paboTel aBToreneparopa (16.2) Bcien-
CTBMC YMCHBILCHUA 3HAYCHUSI K,y MPU YBENMUCHUM aMILTHTYIBI CH-
HyCOMJaIbHBIX KoyiebaHuit, 06YCITOBACHHOIO HEJIMHEHH bIMH CBOMCTRA-
MM TPAH3HUCTOPOB (CM. puc. 15.16).

Pazmyaror LC- v RC-aBrorenepartopsl. [lepsbie COIEPXKAT B LIETISX
NIOJIOXUTEIbHOM OOpaTHOM CBSI3W KATYIUKW WHIAYKTMBHOCTM K KOH-
ACHCATOPBI, BTOPHIC — PE3MCTOPHI M KOHAEHcaTOphbl. Bropble mpome
ISl peau3aliui B BUJIE MHTErPAIbHBIX CXCM.

16.2. HenvHeliHblit pexvm pa6oTbi onepaumoHHOro
ycunurens. Komnapatop

Paboty OV B HenuHeiiHOM pexume OOBSICHUM Ha IIpUMEPE LIETNHU
(puc. 16.2), B KOTOPOIi HanpspXxeHUe Ha HEUHBEPTUPYOLIEM Bxoae QY
OMPEACNsACT UCTOUHMK nocTtosHHON DJAC E,, a HanpsikeHHe Ha WH-
BCPTUPYIOLICM BXOJC JIMHEIHO U3MCHSsIETCS BO BpeMenu U, , = kt (puc.
16.3, a). Ilonarasi OV uaeanbHeIM, K3 YpPaBHEHMS 1O BTodey 3aKOHY
Kupxroda nist konrypa 1

Ugx oy = Upx y — (]0

CJICOYET, YTO B MOMEHT BPEMCHHU L, = Uy/k oTpuLaTenbHble 3HAYEHUS
HAMNPSIKCHUS Uy, oy 38BMEHSIIOTCS! ONOXUTENbHBIMY (puc. 16.3, 6). On-
HOBPEMCHHO M0 MEpefaToYHON XapakTepucTuke uneanbHoro OV (cu.

Upxn
Ugy =kt

1
1
Yo E | Usxov ] Uprix
L +E—o° -
4 : - Rl[ll Uy = Uppix E
. -E}—o
T: 1~ 0
i : \\1 . t
| : é
A 4 S
Puc. 16.2 Puc. 16.3
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puc. 15.17, 6 — nomaHas iMuMs 1) HaNPSIKEHUE HA €ro BBIXOAE CKaYy-
KOM M3MEHHUTCSI OT MOJIOXKWUTEILHOIO 0 OTPULATE/IBHOIO 3HAYCHUSA
BAC E ucrounuka nutanus (puc. 16.3, 6).

VcTpoiicTBa, B KOTOPbIX HETMHEHHBII pexxuM paboTsl OY ucnosnb-
3yeTcsl ISl CPABHEHUSI HANpsLKCHUA Ha MHBEPTHPYIOLIEM BXOIE C
3alaHHbIM HaIpsDKEHUEM Ha HEMHBEPTUPYIOLIEM BXOJE€, Ha3blBa-
€MBbIM OHOPHbIM HanpsxceHuem (WM HaoOOpOT), Ha3bIBAIOTCS KOMNA-
pamopamu.

16.3. Knmiouesoit pexum paboTsl TpaH3ucTopa

B nH(pOpMaLMOHHOM 3/IEKTPOHHUKE NPUMEHSIIOTCS TPAH3UCTOPHbBIC
KJIIOYH MaJioif MoliHOCTH (MowHOCTh notepk -0 0,1 MKBT) ¢ yacTto-
Toii mepexkimoueHusi go 500 MI'n, napameTpbl KOTOPBIX OTIAMYHbI
OT TPAH3UCTOPHBIX KJIIOYCH IHEPTETUYECKOM IMEKTPOHMKY (CM. MO~
pasn. 13.6).

PaboTy Takux KJIIOYCH pacCMOTPUM Ha IPUMEPE OUIIOJISIPHOTO TPaH-
3ucTopa, BKJIIoYeHHoro no cxeme ¢ O (puc. 16.4, a).

IpM NOCTOSIHHOM HampsikeHUH Ha Bxone Kimoya Uy, <0 Toku B 11e-
[sIX KOJUIEKTOpa ¥ 6a3bl MPakTHYECKU OIMHAKOBBIC M paBHBI TOKY YCpE3
00paTHO BKJIIOUCHHBII p-n-Nepexol Mex 1y 6a3oi U KOJUICKTOPOM. 10
COOTBETCTBYET PEXHMMY OTCEYKM TpaH3ucTopa (cM. moapasn. 13.4), T.e.
Pa3OMKHYTOMY MOJIOXEHMIO KJtoya (puc. 16.4, 6, Touka M).

I
Is > I pac
_€£ IBHac
Rx XNV
IB>0
IB<0 M
N
0 Ex Uks
6
6 ' Puc. 16.4

Ilpy nocrosinnoMm HanpsixkeHun U, > 0 ¥ ToKe 6a3bl OoNblIe TOKA
HacelLeHUs [y, TOK KOJUIEKTOpa NpakTuiecku paBeH Ey/Ry (puc.
16.4, 6, Touka N). DTOT pexnuM COOTBETCTBYET 3aMKHYTOMY MOJIOXE-
HHIO KJIIOYa.

JlMHaMHUYecKue CBOICTBA KJI04a ONPEAcIAIOTCS MHTEPBAIAMH Bpe-
MEHH BKJIIOUEHUSA Al U BHIKTIOUCHUS Al,, ., (pHC. 16.4, 6). [Ins yMCHB-
LIICHUS BPCMEHM Al , PE3UCTOP B LIeTIH 6a3bl LLYHTUPYETCS] KOHICHCA-
TOPOM, & IUIl YMEHBILEHUA BPEMCHM Al,,,, B LICTIb 6a3bl BKJIIOYACTCS
BIC Eg (noka3aHbl IITPUXOBOI TUMHMEI Ha puc. 16.4, a).

IIprMeHeHMe TpaH3MCTOpa B KAauyecTBE KJIOYa BMECTO APYrux TH-
OB KJTIOYEH, HAlPUMED 3MEKTPOMEXaHHUECKUX, UMCET Pl IPCHUMY-
uiecTB. TpaH3UCTOPHBII KITIOY He COAEPKUT NOABUXKHBIX YACTEll, mos-
BEPXEHHBIX U3HOCY, UMEET Oonpliioe OBICTPOACHCTBUE W MAJbIE pa3s-
Mephl. [l ynpaBieHUsl TPaH3UCTOPHBIM KJIIOYOM TpebyeTcsi MCTOoU-
HUK 3HEPIrUM MO MOIIHOCTH.

B nanpHeiilneM paboTy BceX MMIYABCHBIX M LIM(POBBIX 37EKTPOH-
HBIX yCTpoiicTB Oynem paccMaTpuBath, nioJiaras, yto OV M TpaH3uc-
TOPHBIE KJIIOUU HACAIBLHBIC.

16.4. JlorMuyeckue 3n1eMeHTb!

CBoeBpeMEeHHOE MOAKIIOYEHHE U OTKJIIOYEHHE HEOHX01MMOro 06o-
pPyOOBaHUSL B LEJAX NOAAEPXAHUS PEXMMOB TEXHOJOrHMUECKUX MPO-
1IECCOB TPEOYET MPUHATUS TEX UJIM MHBIX PEILEHUIT B 3aBUICHMOCTH OT
KOHKDPETHBIX ycJioBU#. EC/IM HalMuMe WM OTCYTCTBHE KaX/IOro ycJio-
BHA OTOXIECCTBUTH C HANIPSKEHMEM 3JIEKTPUUECKOIO CUrHaNa pas3ivy-
HOTI'O YPOBHS, TO MPUHSATHE PELIEHUS BO3MOXHO C MOMOLIBIO 3JIEKT-
POHHBIX YCTPOHCTB H& OCHOBE JIOTUYCCKUX JICMCHTOB. Takue ycTpoii-
CTBa PEIM3YIOT JIOTUYECKOE Mpeobpa3oBaHME COBOKYIMHOCTH CHUTHA-
JIOB 00 ycJioBMSIX pabOThl B COBOKYIMHOCTH CUTHAIOB YINpaBIACHUSI
TEXHONOTUYECKHM TPOLIECCOM.

B 3aBUCUMOCTH OT CXEMOTEXHMYCCKOM pCaylM3allM JJOTUYCCKHX 3J1e-
MEHTOB CMTHAJIBI Ha UX BXOJax W BBIXOJaX UMEIOT JIMOO OTIHYHBIE OT
HyJIsl HANPSDKCHUS (ITONOXHUTEIBHOC — «IOJOXUTEIbHAS JOTHKA» WIH
OTPHUILIATENBHOE — «OTPMLIATE/IbHAS JIOTUKAy), TM00 OMHM3KHUE K HYIIO,
KOTOPBIE MPUHATO YCIOBHO OTOXIECTBIATH C JIOPMYECKOW CAMHMLICH
u HyJeM. Ilpu 310M paboTy JIOTMYECKOIo 3JICMCHTA MOXHO OITMCATH
3aBMCUMOCTBIO JIOTMYECKOTIO 3HAYEHHWSI BBIXOIHOIO CUrHaia F oT co-
BOKYITHOCTH JIOTUYECKUX 3HAYEHMI BXOJIHbIX CUTHAIOB X. Takyio 3aBu-
CUMOCTDb NIPUHSATO NPEACTABAATh mabauyeli UCMUHHOCMU.

MoxHo noKa3arh, YTO IS JIOOBIX JOTUYECKUX IpeobpazoBaHMil
JOCTaTOYHO UMETHb TPM 3JIEeMEHTAPHEIX JIOTUYECKUX IEMEHTA, BhITON-
HSIOUIMX OMNEpalvu: JIorTndeckoe orpuLianue (Jiornyeckoe HE), noru-
yeckoe cioxeHue (orndeckoe UJIH) u noruyeckoe yMHOXEHHUE (10~
ruuyeckoe U).
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+E
F —
X x | F
x |1l F 3 _ ol 1
FI 0 1 0 0
t
a 6 6 2
Puc. 16.5 N

Jlornyeckue 37eMEHTHl PeaTU3YIOT JJIOTHYCCKUE (DYHKLIMU:
« o5ieMeHT HE (unBepTop) —
F =X
« asiemeHT MJIM (IM3BIOHKTOp) Ha 1Ba Bxoaa —
F=x,+x,, win F=x; v Xy;
o 951eMeHT U (KOHBIOHKTOpP) Ha JBa BXoaa —
F=xx, wm F=Xx; A X,.

Hx ycnoBHbie 0603HaYeHUs1, IPUMEPHl CXEMHO# peain3aiivu, Bpe-
MEHHFbIE AuarpaMMbl paboTel M TaOJIMIBl HCTUHHOCTH NPUBCIEHb] Ha
puc. 16.5—16.7.

Ha npakruke 4acTo MCIOABL3YETCsl pacllMpeHHBI Habop joruye-
CKMX 3JIEMEHTOB, PEATU3YIOLIMX JIOTHYECKUE QYyHKLMU:

« WIN—HE (crpenka IMupca) (puc. 16.8, a) —

F =X + x5
« U—HE (wtpux Ileddepa) (puc. 16.8, 6) —

F =xx;;

o UMIUTHKaLus (puc. 16.8, 6) —

F =x; + Xy;
Xy X x| x| F
oot
x X2 F | I ! 1|1 1|1
F EI —° le 1 | 0 1 1
X2 ] | |
| | I ¢ 1 0| 1
F
110]| 1 0 o\ 0| 0
t
a 6 6 e
Puc. 16.6
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X 1 x| x| F
X1 X2 F t 1 111
. F O—lﬁ— X2 ;
X2 ﬁ i 10} 0
|
F t lol1]o
0 IT 0 0] 0| 0
] 1
a (7 6 e
Puc. 16.7
« 3amper (puc. 16.8, &) —
F =xXy;

e PaBHO3Ha4YHOCTDL (puc. 16.8, d) —
F = xIX2 + X:lxz.

JIornyeckue cxeMbl MOXHO MOCTPOUTHL TAKMM 0OPa3oM, YTO JIOTH-
HYCCKHE 3HaYCHUs1 CHTHAJIOB Ha OHHX €€ BXOjAax OyayT 3aIpeluaTh Wiu
paspeilaTh MPOXOXICHHUC Ha BbIXON LM(PPOBbIX JaHHBIX 10 IPYTUM BXO-
AaM. BXOmbl, MM CUTHAJIBI, JIOTMYECKUX 3JIEMEHTOB, YIPaBISIIOLLNX
OpyrMMU BXOAaMU, Ha3bIBAIOTCSI cmpobupyrowumuy. Hanpumep, nist Jio-
ruyeckoro iemMeHta M (cM. puc. 16.7) Bxoa X, MOXET CIIyXMTb CTPO-
OMpyIOLLIMM 1S BXONIA X; U HaoOOpOT.

Kpome paccMOTpeHHBIX BbILLE JIOTMYECKUMX JIEMEHTOB C ABYMSI CO-
CTOSIHUSIMM TIPUMEHSIIOTCS] «JIOTHYECKHUE JJIEMEHTBI C TPEMsl COCTOSTHM -
SIMU». OTVIMYHBIM MY OJIM3KUM K HYIIO HAMPSIKEHUEM, WIH OONBLLINM
3HaueHueM comnpotupicHus. TlocnenHee COOTBETCTBYET Pa3OMKHYTOIM
BBIXOIHO} Lieny 3jieMeHTa. C MOMOLIBIO TAKHX 3JIEMEHTOB MapasUIeIbHO
COCIMHSIIOTCST BBIXOIbI HECKOJIBKUX JIOTMYECKUX CXEM Ha OOHY [IByHa-
MPaBJCHHYIO JIMHUIO MEpenayr IaHHbIX Uil MX Pa3ac/ibHOM paboThl.

x| F x| x| F Xi| x| F X1 F x| x| F
1| 1|0 11 1|0 1111 1|10 1|11
10| 0 0| 1 0\ 1 10| 1 1,0]| 0
0| 1|0 0| 1| 1 1] 0 0| 1|0 o| 1|0
0| 0] 1 0| 0| 1 0| 1 0| 0| 0 0| 0| 1
5 % | X | X2 X2
6 é 0
Puc. 16.8
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H—HE

X
X2
HU—HE
o |. +Ec
X2 l
[ < } .

Puc. 169

ITo cXeMOTEXHMYECKOH peayiM3alii PasInyaloT CEPUM JIEMEHTOB
AT (opuomno-TpaH3uctopHas jnoruka), TTJI (rpaH3anCTopHO-TpaH-
3MCTOpHAad JIOTHKa Ha Gunosisipublx Tpansuctopax), MIAITII (To ke
na MITM-tpansuctopax), KMAITII (To ke Ha B3aUMOIOTNONHSIIOLIMX,
win komiuiemeHtapHeix, MJII-Tpansucropax), TTJILH (To xe ¢ TpaH-
suctopamu 1Hottku), DCJI (3MuTTepHO-CBsI3aHHas Jornka) u M1
(MHXCKLMOHHAS JIOTHKA).

IlpuMepbl CXEMOTEXHHUYECKOM PEakuMM HEKOTOPBIX JIOTHYECKHUX
anemeHToB cepuu AT, TTJ, MAINTH, KMAIITI u SJIC npusene-
Hbl Ha puc. 16.9, a—o0.

Paboune CBOICTBA JIOTHYECKUX JIEMEHTOB ONPENEIIET pAl napa-
METPOB:

o Bbicmpodeiicmeéue — BpeMsi 3aJICPXKKU MEXIYy CMEHOM COCTOSTHUM
BXOJHOIO M BBIXOJTHOTO CUTHAOB (CM. puc. 16.4, 6);

o HazpysouHas cnocobHocmo, UM KO3G@PUIMEHT pasBCTBIEHUS, —
YUCJIO BXOMIOB, KOTOPHLIC MOXHO ITONKIIOUUTE K ONHOMY BBIXOIY;

o HOMEX0YCMOIMUBOCMb — MAKCUMAJIBHO JOMYCTUMBIN YPOBEHD Ha-
TPSIKEHUST TIOMEXHU, HE BBI3bIBAIOLIMIA JIOXHOrO MEPEKITOUCHHS;

! Mlln—TpaH3l/lCTOpbl C p- H n-KaHajamM, COCIMHCHHBIC NOCJICA0BATE/IbHO, HA3bI-
BaIKOTCHA B3aMMOJOMNOIHAIUNMH, €CJIM BKIIOYCHHE OJHOTIO H3 HHX COMNPOBOXNAECTCHA
BBIK/IIOYCHHEM APYroro. 10 yMeHblIlaeT MOLLHOCTh NOTCPb B JIOTMUCCKUX JJIEMEHTAX.
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e CImenersb ceHepupoeanus nomex — NHTCHCUBHOCTh KonebaHuil Toka
npH MNEpEKIOYCHHUH 3JICMCHTOB,
* MOU(HOCMb paccesinusl — MOUIHOCTD ITOTCPb SHEPIrUKk B 3JICMCHTAX.

16.5. 9neKTpoHHbIe MMNYJIbCHbIE YCTPOWCTBA
C BPEMEHHO YCTOMYMBBIMM COCTOSIHUSAMU

BJIEKTPOHHBIE UMITYJILCHBIE YCTPOMCTBA C BPEMEHHO YCTOWYMBBI-
MU COCTOSIHUSIMU SIBJISIIOTCS MCTOYHMKAMH WMITYJIbCOB HAIPSIKCHMUS,
3HAaYEHUe, [UIMTENBLHOCTD U YaCTOTa MOBTOPCHUSA KOTOPBIX MOIYT pe-
TYJIMPOBATECS B IHUPOKUX YIpEIEsiax.

Myasmueubpamopom Ha3BIBAETCsl YCTPOMCTBO C JIByMsI BPEMEHHO
YCTOMUYMBLIMM COCTOSIHUSIMU, TIPEACTaBsiomee coboil reHepaTop MM-
MyJIbCOB HAIPSXEHUS NPAMOYTONibHOM (hopMbl. OOBIYHO OH CIIYXHUT
JUIA 3anycka B paboTy IPyrux MMNYJAbCHBIX YCTPOHCTB IMPH UX COBME-
CTHOIl CUHXPOHHOI paboTe.

Hawubonee pacripoctpaHeHbl MyIETHBUOpaTOpH Ha ocHoBe QY. Pas-
JINYAIOT CHMMETPHYHBIE 1 HECUMMETPUYHBIE MYJIETUBHOpaTOpbL. [{1H-
TEJIBHOCTU MPSIMOYTOJIbHBIX UMITYJILCOB M MHTEPBAIbI BPEMCHU MEXIY
HUMU Y CUMMETPUYHBIX MYJIETUBHOPATOPOB PaBHBI, Y HECUMMETPUY-
HBIX Pa3/IMYHHIL.

Cxema cummempuuHoeo Myasmusufpamopa npyuBeacHa Ha puc. 16.10,
a, B kotopoii QY sipsiercss KoMnapatopoM (cm. puc. 16.3). PaccMoTpum
OIMWH nepuon pabothl MyasTHBHOpaTopa. 1o BropoMy 3akoHy Kupxro-
da nns konTypa I Lenu COCTaBUM YPABHEHHUE

Ugioy — U+ =0, (16.3)

e U = Rty /(R + Ry) Y u — HanpspKeHUs MONOXUTEABHOM Tocie-
JIOBaTeILHOM W OTPULIATE/IbHOM Tapaie/ibHOM oOpaTHOI CBSI3U 1O
HanpsekeHuo (cM. noapasm. 15.6).

ixoy=0 R_

"\1" T

\
s/

[
T N > ]
1 |1
§ iquOy i_ R B
[ —

é ! = R r] 214
B Lo | | .
1/1 /} I C== 1”C BbIX
- @R, Ugtix E E
a 6

Puc. 16.10
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um,lé__ Ilyctb B MOMECHT BpeMmeHHU 7 = ()
HanpskeHue Ha Bxoae OV i, ov(0) >
>0 (puc. 16.11, 2). Toraa no nepe-
ot 5 - IATOYHOIA XapaKTePUCTHKE WAcalb-
bz Horo QY (cm. puc. 15.16, 6, noma-
E— B Has IMHMS ) HanpsbKEHME Ha ero
up ! Uimax I a BHIXOIE PaBHO
o— ; uBux(O) = _E,
I [T :L ¢ @ HaIpsDKCHMS 0oOpaTHOI CBsI3U
uC max
o s e 1 (0) = =R, E/(R, + Ry) =~ Uy
I .
Ulmax-—--:————[ ———:——— ' u ¢ yuetom (16.3)
0 t i t
Vi S:é___:___ - - ' uc(0) > 4,(0) = = Uy yass
S~
_E _.L__?IL':__' e rie £ — HanpspkeHME MCTOUYHMKA
Uy OY : | | : ¢ nutanus (puc. 16.11, a—e).
Wippag -4 —— — L= —11*——— l Takoe cocTosiHHE LEIMU MyJTbTH-
! [ r BUOpaTOpa, KOTOPOMY COOTBETCTBY-
0 / ; eT cxema 3aMeLieHus Ha puc. 16.10,
Whpaxl-¥— ¥ 6 (xmou K B monoxeHuwn 1), He-
r > Ycroitumso. JIeicTBUTEILHO, HANIPSI-

JKEHMS1 Ha BbIXOAC MYJIBETUBUOpATO-

Puc. 16.11 pa 1 Ha KOHICHCATOpPE pa3IMyHbIL:

uc(0) > uy,,, (0). TloaTOMY KOHACH-

carop OyaeT pa3psiXarbesl Yepe3 pe3ucTop R Uenmy OTpULIATEIBHOI

o0paTHOI CBSI3U U 1IEMb, NOJKIIOUYEHHYIO K Bhixony OV, a Hanpsixe-

HHEC Ha HEM HU3MEHSTBECSl 3KCHOHCHUMAIBEHO (cM. puc. 1.11), ctpeMsich

K 3HayeHuto BJ1C (-E= u,,). B MOMEHT BpEMEHH {;, ONpPENCISIEMBIIA

YCHAOBUECM Uy oy(t1) = 0, T.€. uc(f2) = —Ujmax, HAIIPSDKEHUE Ha BXOLE

OY U3MCHHUT CBOE MOJIOXKUTEJIBHOC 3HAYCHHE Ha OTpuLaTesibHoe. B pe-

3y/IbTaTe 3TOro MPOM30HACT ero MEPEeKIIUYCHHUE MO NepeaaTouHol Xa-
PAKTEPHUCTUKE U CKAYKOM U3MCHSTCS HANpPsSXCHUA:

uBb]X(tl+) = E’ ul(tl+) = RIE/(RI + R2) = Ulmax;
Ugoy(hs) = uc(ty) — uy(t,) = =2 U pmaxs

IJIC YYTCHO, YTO HAMNPSIKCHUE HA KOHACHCATOPE MO 3aKOHY KOMMYTa-
umH (1.16) ckaukoM He maMeHsieTes: o () = uc(t,,). OTHOBpeMEHHO
pa3psiika KOHJACHCAaTopa CMCHHUTCS ero 3apskoit (1.21) no cxeme 3a-
MeLeHus Ha puc. 16.10, 6 (kmoy K B rioyoxeHuu 2)

uC(t) = _Ulmax + (E+ (]lmax)(l - e_(t_ tl)/(RC))a (1643)

KOTOpas 3aKOHYHUTCS] B MOMECHT BPEMCHH [, ONPEIEIsSIEMBIi YCIIOBHEM
Uoy(B) =0, T.e. mo (16.3):

uC(tZ—) = Uimax- (1646)
376

B 3toT MmoMmeHT BPCMCHH BHOBb CKA4YKOM M3MCHSTCS HAMPAXCHUSL:
uBle(t2+) = _E; ul(t2+) = _Ulmax;
quOY(t2+) = Uc(t2+) - ul(t2+) = 2(]Imaxa

a 3apsiiKa KOHIEHCATOpa CMCHUTCS €T0 Pa3psiIKOil 10 cXeMe 3aMelle-
HMHA Ha puc. 16.10, 6 (wioy K B nonoxennu 1)

(D) = Vs = (E+ U1 — 0= /O,
KOTOpasi 3aKOHYUTCS B MOMCHT BPEMEHH /3, ONPCACIISIEMbIIl YCIIOBUCM
Upoy(5.) =0, T.€. uc(t;) = —Ujmax-

Hanee npoiiecchl B LENW MYJIbTUBUOpaTopa GyIyT IMEPHOAMYCCKA
MOBTOPSTHCA.

JITMTEeNnbHOCTh MONOXHUTEIBHbIX UMITYJILCOB HAIIPSLKEHUS OIpele-
nsiercst popmynamu (16.4): ’

t2 - tl = RCln(l + 2R|/R2),

a qyacrtora paﬁOTbI CHMMCETPHUYHOI'O MyJ'[bTI/IBI/IﬁpaTOpa C YYCTOM COOT-
HOIUCHUSA & — L =F — 1, paBHa

1 1
T 2t,-t) 2RCIn(1+2R/R)

f

B necummempuunom myasmueubpamope VHTCpBAILI BpEMEHU 3apsiI-
KU &, — 1, U pa3psiIKu t; — I, KOHACHCATOpa pa3jinyHbl. BTO JOCTUTACTCS
BKJIIOYEHUEM B LIE[b OTPULIATC/IBHOI 0OpaTHOM CBSA3M ABYX COCAMHCH-
HbIX NapayicILHO PE3UCTOPOB: OAMH ISl 3apsIKU, a IPYToi sl pa3-
psanku koHaeHcatopa. [locnenosarenbHO € KaXIbIM PE3UCTOPOM BKIIIO-
qaeTcsl AUoJ, NPSIMOI TOK KOTOPOTrO COOTBETCTBYCT TOKY 3apsiAKM WJTH
TOKY pa3psIKH.

OdHoeubpamopom Ha3bIBAeTCsl YCTPOICTBO C OTHUM YCTOWUMBBEIM U
OIJHMUM BPEMEHHO YCTOMYMBEIM COCTOSTHHSIMH, NpeaHa3HauYCHHOE s
¢dopMHUpOBaHMS HA CBOEM BBIXOJIC OJNHOKPATHOIO IMPSIMOYTOJIbHOIO
MMITyJIbCa HampspkeHMs1 TpeOyeMoil JTUTENbHOCTH MPU BO3CHCTBUU
Ha BXOJIC UMIMYJILCA HANPSXKCHUS OT BHELUHETO UCTOYHHUKA.

OnHOBUOpATOPEl NPUMEHSIOTCA U1 CTaHAAPTU3AlMKM MMITYJILCOB
HANpsoKCHUS M0 [IMTEABHOCTH, YIpPaBiICHUS paboToi 3JCKTpoMar-
HHUTHBIX peJie, 3aICPKKH UMITYJILCOB HANIPSKCHMS M IeJICHUST YaCTOTHI
WX TOBTOPCHMUSL.

Cxema onHoBuGparopa Ha ocHoBe QY (puc. 16.12, a) ommmyaetcs
OT cxeMbl MyabTHBUOpaTopa (cM. puc. 16.10, a) TeM, 4yTO NapanneabLHO
KOHACHCATOPY B LCIH OTpULATEILHON 0OpaTHOM CBA3M BKJIIOUCH JAHOA,
KOTOpHIY fajyiee OyZieM CuMTaTh HacalbHbIM. PaboTy ogHoBHOpaTopa wi-
JIIOCTPUPYET COBMELICHHAS: BpeMeHHAA nuarpamma (puc. 16.13, a—ad).

Ilo Bropomy 3akoHy Kupxroda mist koHTypa I Ha cxeme puc. 16.12,
a B J11060# MOMEHT BPEMEHH CHpPaBeyIMBO cooTHoueHue (16.3).
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YcToiuMBOMY COCTOSIHUIO OTHOBUOpaTOpa COOTBETCTBYET CXEMa
3aMCILICHUS Ha puc. 16.12, 6 (kmou K B nmonoxeunu 1). Hanpsoxkenus
Ha €r0 3JIEMEHTAX MOCTOSIHHbLI U PaBHBI

Ugeix :_E; u = _Rl E/(Rl + R2) = —Ulmax;
Ugxoy =Uc— U = Ulmax >0

(cM. puc. 16.13, a, 6 ¥ 0), TaK KaK JHOJ BKIIOYCH B MPSIMOM HATIPAB-
JIECHUM Y HalpspKeHMe Ha KoHaeHcatope uq= 0.

Eciy B MOMEHT BpEMCHM | Ha BXOJ ONHOBHOpaTOpa MojaTh JOCTa-
TOYHO OOJIBILOH IO AMIUIMTYAC UMIY/ILC HAIMPSDKCHMS! MOJOXUTENb-
HOI MOJIIPHOCTU OT UCTOYHUKA CUTHAIOB, TO 1oA AciictBueM BC e,
(cm. puc. 16.13, ¢) nanpsixenue Ha Bxoge OV MOXeT CTaTh OTPHLIA-
TeJbHbIM. B pesynrprate nmpouzoiinet nepekimodcHue OY aHATOrM4HO
OMMCAHHOMY BHILLC ISl MYJILTUBHOpATOpa M CKAYKOM U3MCHSITCS Ha-
MPSDKEHUST

uBblx(tl+) =E, ul(tl+) = RIE/(RI + R2) = Uimaxs
quOY(tl+) = uC(tl+) - ul(tl+) = —Ulmax < 0:

TaK KaK HarpspKeHUE Ha KOHICHCATOPE CKaukKoM He u3MensieTcs: (1.16).
BTO COCTOSIHUE OAHOBUOPATOpPa, KOTOPOMY COOTBETCTBYET CXEMa 3aMeE-
mieHud Ha puc. 16.12, 6 (xmou K B niojioxeHun 2), BpEMEHHO YCTOM-
YHBOEC.

HelictButennHo, mociae nepekiaoucHuss OY HayumHaeTcsl 3apsika

KOHJIeHcaTopa uepes pe3rctop R Lenu oTpyuuaTeibHoil oOpaTHOM CBs3U
(1.21)

uc= E(1 — e~ /RO (16.5a)
JIO MOMEHTa BPEMEHM f, ONPEACIISIEMOrO YCIOBHEM Uy, oy(t ) =0,
uc(ty) = Upmax= RIE/(R + R,). (16.56)
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B 3T0T MOMEHT BpEMEHM IPO- U
n3oiinet nepekiatoueHue OV n E-—
CKa4YKOM M3MEHSITCS] HAaIIPSIKCHUS
uBb]x(t2'+) = —Ea ul(t2+) == Ulmax; 0 t
Ugoy(ty,) = uc(ty,) — ui(t,) =
= 2U\max- £ a
Uy | |
. Ulax|=—

OgHOBpPEMEHHO IMPOLIECC 3a- 0 ]
pPSAOKM KOHACHCATOPA CMCHUTCS  —Ujmax | | 6
MPOLIECCOM €TO0 Pa3psilIKv B CXEME e |
3aMelleHus Leny Ha puc. 16.12, 6 [\ }

(xwnou K B rionoxenuu 1) 10 Mo- 0 i I o,
MEHTa BPEMEHH F;, ONPEHENISIEMO- ”EQ - J'_ L _'l_ ______

ro ycnoBueM Uq(t) =0. Janee Ha- I b
TMPSDKEHMS HA BCEX QIEMEHTAX Ofl-  Upmax |- — W— ——=
HOBHOpaTopa IMOCTOSIHHEBIE U CO- 0 | 1 I~
OTBETCTBYIOT €0 YCTOMYMBOMY CO- : } | -
CTOSIHHIO. B B

JUTMTEJIBHOCTD NOJIOKHUTENBHO- Mgy oy | I R
I'o NPSIMOYTOJILHOIO UMITYJIbCa Ha~ Uimax - —I»X{—(ZU] max
NpsDKEHUsT Ha BBIXOAE OOHOBMO- 0 PR -
partopa orpencasercs hGopMynaMu Vs, — - 9
(16.5):

t,—t,= RCIn(1+ R/Ry). Puc. 16.13

Tenepamopbr AUHEHO UBMEHAIOW220CS HANPAXCeHUs BXOJSIT B COCTaB
KOMITAPATOPOB, YCTPOHCTB YIIPaBJICHHs NEPEMELIEHHEM JICKTPOHHO-
o Jiyua 1o 3KkpaHy ocumsiorpada M T. 4.

IpocTeifinii TeHEPaTOp JTMHEMHO U3MCHSIIOLICTOCS HAIIPSIKEHUA
(pyc. 16.14) conepXuUT HECUMMETPUYHbIH MYJILTUBUOpPATOpP, HAMPSsI-
xeHue Koroporo (puc. 16.15, a) ucrionb3yercs Uil ynpaBJIcHMs pa-

uBX _ _
P ——— ~ 0 1
! 1 I a
: uBbIX : : ll :
——o Ex —TTTTT o TEA
11 P N\
(ot U=7=T1" 1 uc
— 1 P | |
Upgix
MyneTH- unxl H Ci 0 | ! {4 : -
BUbparop L ; Atyap | Aty o
o I = L6
Puc. 16.14 Puc. 16.15



OoToit TPaH3UCTOPa B KJIIOYEBOM pexume. B uHTepBanax BpemMenu At,,,
TPaH3UCTOP BLIKJIIOYEH U TIPOMCXOAMT 3apsiika KOHAEHCATOpa €MKO-
crbio C yepes pe3nuctop Ry ¢ 60/1bLIOI MOCTOSHHON BPEMEHH Ly, = Ry C
ot ucrouHuka SIC Ey (KoHTyp 1), B HHTEPBANaX BPEMEHH Al,,, TPaH-
3UCTOP BKJIIOYEH U TPOUCXOOUT pa3psiika KOHACHCATOpa C Maioil
NOCTOSIHHOW BPEMCHM Ty, = 0 (KOHTYD 2).

Ipyu cobnoneHnM YCIOBUS Aly,, < Ty,, HAaNPSDKCHUE HA KOHACH-
carope nipy ero 3apsnke (1.21) usMeHsieTcss NpakTUYECKH JTUHEHHO
(puc. 16.15, 6).

16.6. DnexTpoHHbIE UMNYJIbCHbIE YCTPOICTBA
C YyCTOMYMBBIMM COCTOsIHUSAMU. Tpurrepol

Tpurrepamu Ha3bIBAIOTCSl 3JIEKTPOHHBIC UMIIYJILCHBIE YCTPOICTBA
C IBYMsl YCTOMYUBBIMH COCTOSTHUSIMU, KOTOPBIM COOTBETICTBYIOT pa3-
JIMYHBIE 3HAYCHMS HAMNpPsKEHWH Ha MHGOPMALIMOHHLIX Bbixomax. Ux
[IPUMEHSIIOT B CYETYMKAX UMITYJILCOB HATIPSKEHMS, IEIMTEIISX YACTO-
ThbI CJIEIOBAHUSI UMITYJIbCOB HAIPSIKCHHS U T. 7.

Ilo criocoOy ymnpasneHUsl TPUITEPhI MOAPA3AC/IOT Ha aCUHXPOH-
HBIC U CUHXPOHHLIE.

B. acunxponnbix Tpurrepax nepekioueHUe U3 OOHOTO YCTOIUMBOTO
COCTOSIHUSL B APYroe OCYLIECTBJSICTCS Mo ASUCTBUEM ONpereieHHOM
COBOKYIHOCTH UMIMYJILCOB HAMPSDKCHMUSI HA YIPABASIOLLUX BXOIAX.

B cunxponnbix Tpurrepax nepekiItoueHUe BO3MOXHO TOJIBKO [PU CO-
BIMAIECHUU BO BPEMEHU OMNpPEACCHHOMH COBOKYIMHOCTH UMITYJILCOB Ha-
[IPSDKEHUS Ha YNPaBsSIOIMX BXOaX U UMITY/ILCA HAMIPSIKEHUS Ha BXO-
JI¢ CUHXpOHM3aLWH.

Paznnualor HeckosbKo THNOB TpUrrepoB: RS- D-, JK-tpurrepbt u
ap. Tpurrepsl 0OBIYHO PEATU3YIOTCS HA OCHOBE JIOTUYECKUX 3JIEMEHTOB
W BHIIYCKAIOTCSl B BUAE UHTErpabHBEIX cxem. [loatoMy nanee orpaHu-
YHUMCH pacCMOTpeHMEM (QYHKIMOHATBLHBIX BO3MOXHOCTEH pa3inyHbIX
TUIIOB TPUITEPOB, MOJIL3YSICh WX YCJIOBHBIMHU 00603HaueHMsAMU. Hau-
6onbllice NPUMEHEHHE UMEIOT aCHHXPOHHEBIC RS- U CMHXpOHHBIE D- 1
JK-Tpurrepsl.

RS-mpueeep (Reset—Set, T.e. c6poc — ycTaHOBKA) pealu3yercsi Ha
ocHoBe Jiornyeckux anemeHTos WM — HE Ha iBa Bxofa (puc. 16.16, a),
" rae obo3HauyeHb! npsAMoi O v WHBepcHLIl O rHGOPMaLMOHHBIE BhI-
xonpl. PaGoty RS-Tpurrepa wuUIOCTPUPYIOT TabiMLa UCTUHHOCTH Ha
puc. 16.16, 6, rae ykazaHsl 3HaUCHHMsI CUTHAJIOB Ha YIIPaBJIIIOLIMX BXO-
Jax R n § B HEKOTOpBIf MOMEHT BPEMEHHM { M COOTBETCTBYIOLIME MM
3HaYeHMUs1 Ha BbIxone (0 B MOMEHT BPeMCHHM f+ | Hocae OKOHYaHMS
NEepEXONHOro npouecca, 1 BpeMeHHast auarpaMma (puc. 16.16, 6).

CocrosiHue tpurrepa coxpansiercsi (Q = Q) npm COBOKYMHOCTH
curHaioB Ha Bxollax R=0u S=0 u He onpegeneHo npu R=1n S=1.
TlocsienHee cocTosiHUE 3aIPELEHO.
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_ RS-Tpurrep ¢ MHBEpCHBIMM 3HAYCHHMSIMM CUTHAJIOB Ha Bxoaax R M
S peanusyercst Ha ocHoBe Jioruyeckux aemenTop U—HE. Ero cxe-
Ma, TabJMila MCTUHHOCTH M BPEMEHHAS IHarpaMMa NpHUBENEHbl Ha
puc. 16.17, a— 6. CocTosiHME TpUrTepa COXpaHICTCA NPU 3HAYCHUSIX
CUTHaJIOB Ha ero Bxogax R=1u S =1 u ne onpezneneHo npyu R=0 u
S =0. TlociienHee COCTOSTHUE 3AMPELLECHO.

YcnoBHble 0003HaYCHMS RS-TPHUITEPOB C IPSIMBIM U MHBEPCHBIM
BXOZIaMM npuBencHbl Ha puc. 16.18, a u 6. KpaTkOBpeMEHHBIM 3aMbl-
kaHueM kioua K, nian K, ycTaHaBJIMBAIOTCSI YCTOMYMBBLIC COCTOSIHUS
tpurrepoB Q=1 nim Q=0.

D-mpuzzep vmeet npsimeie (puc. 16.19, a) uim uHBEpCHbIE (pUC.
16.19, 6) yctaHOBOYHBIE BXOAbI R ¥ S, oavH ynpasisiowmii Bxon D
M BXon cMHXxpoHu3auu C. Bxomsl R v S Ha3pIBalOTCSl yCTARHOBOYHbBI-
MU MOTOMY, YTO CIAYXAT JUISl TIPCABApUTEIbHON YyCTRHOBKM D-Tpur-
repa B coctosgsHue Q=1 unu Q= 0, aHAIOTUYHO TIPEACTABAEHHOMY
Ha puc. 16.18.

Curnan Ha ynpasjsiouiem Bxoge D=1 wiu D =0 ycraHapnuBacT
TPUITEP B YCTOMYMBOE COCTOSTHHME C OJHOMMEHHBIM 3HAYCHUEM Ha
npsimom nHGbopMaImoHHOM Bbixone Q= 1 uin Q=0 TonpKo IpH ol-
HOBPEMEHHOM JICHCTBUM HMITYJIbCA TIOJOXUTEJIbHOM ITOJIAPHOCTH Ha
BxoAe cMHXpoHM3auuu. OOGBIYHO MEPEKIIIOYEHHE TPUITEPA MPOMCXO-
AT B TEYEHHE BPEMEHU AciicTBUA TiepeaHero GpoHTa UMITYJIbCa CUH-
xpoHu3auuu (puc. 16.19, 6).

7]

S & to|t+1
0 ULI

R[S 0 ,
1 {
& _ 0 0 Ol I t
e B I P
R__| 0olo| X 0 I L¢ -
a (4] é

Puc. 16.17
381



K,

Ql

Puc. 16.18
D

Puc. 16.19

JK-mpueeep imeeT psin IPEUMYLLECTB IO CpaBHEHMIO ¢ RS- u D-Tpur-
repamu. Ero ycnosHbie 0003HaUeHMS C MPAMBMKM MJIM MHBEPCHBIMU
YCTaHOBOYHBIMU BXOAaMK R u .S mpusenennt Ha puc. 16.20, ¢ u 6, roe
0603HayeHo: Ju K — ympasiisitoiye BXozbi, C — BXOI CUHXPOHU3ALIMH.

PaccmotpuM npasuna paGorst JK-Tpurrepa, IONOXMUB, YTO €O
HUCXOMHOE COCTOSIHUE YCTAHOBJIEHO.

1. Ecim J=1u K=0, TOo B TeueHHE BPEMEHH AEICTBHS NEPENHETO
(pOHTa UMITYJIbCa CUHXPOHU3ALUH MOJIOXHUTEIbHOM MOISPHOCTY TPUT-
rep YCTaHOBMTCSA B coctosiHie Q=1 (puc. 16.21, a).

2. Ecnu J=0u K=1, To B TeueHue
BPEMEHHU [ECHCTBUSA MEPEAHETO (PPOH-
Ta UMITYJIbCa CHHXPOHU3ALUH TTOJIO-
KUTENBHOM NOJIIPHOCTU TPUITEP yC-
TaHOBUTCH B coctossHue O =0 (puc.
16.21, 6).

3. Ecm J=1u K=1, 10 He3aBU-
CHMO OT CBOETO UCXOIHOTO COCTOSI-
Hus1 Q Tpurrep OyneT nepexaoyaTh-
Puc. 16.20 Cs1 B TCYCHHE BPEMEHM AENCTBUSA TIE-
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peaHero ¢poHTa MMmmyieca cuHx- {577 | 0 s[rr] o
POHM3ALMHU MOJIOKUTENAbHOH MO-  __[7] 7
nsiprocTy. I1pu 3TOM yacrora uame- | C
HEHUsl HANMpPAXEHHsA Ha BhIxo#e | o X g
Tpurrepa OyIeT B 1Ba pa3a MEHbLUE ]
YaCTOTbl MMITYJIbCOB CHMHXpPOHM3a- | R R
uuH (puc. 16.21, 6). a 6
4. Ecnu J=0u K=0, T0o ucxon- Puc. 16.22

Hoe TocTosAHue Q TpuITepa Mom Aek-
CTBUEM HMMITYJIbCA CHHXPOHHU3aLIMU HE N3MEHUTCS.

Ha npakTHke 4acTo BCTPEYAlOTCs ABYXCTyreH4aTbie JK-Tpurrepsi
(ycnosHoe 06o03HaueHue 77) ¢ NPAMBIMU WIH UHBEPCHBIMY YCTaHO-
BOYHBLIMU Bxonamu R U S (puc. 16.22, a u 6). IlpaBuna ux paboTbl OTIH-
YaIOTCSl OT OIMUCAHHBIX BhLILIIE TEM, YTO U3MEHEHUE COCTOSIHUSA TPUTITe-
pa NPOUCXOIMT HE B TCUEHHE BPEMEHU NEUCTBMS NepenHero ¢poHra
KMIMITYJIbCA CHHXPOHU3aLMM, & B TeY€HUE BPEMEHU ACHCTBHUsE €T0 3aj-
Hero (poHTa.

Ha ocHOBe TOrH4eCKUX 3JIEMEHTOB MU HMITYJILCHBIX YCTPOKCTB CTPO-
ATCA HU@POBLIE TOTUYECKUE aBTOMAThI.

3A0A4M U BONPOCDHI A1 CAMOINPOBEPKU

16.1. Kakas obparHas cBsi3b (IIOJOXUTEJbHAS WM OTPULATENBHAA) MTPH-
MEHSETCs1 B 3JIEKTPOHHBIX TeHepaTopax?

16.2. Ha3oBuTe Tp¥ OCHOBHBIE JIOTUYECKME OTepaLiMy ¥ COOTBETCTBYIOLIHE
MM JIOTMYECKHE 3NIEMEHTHI, JOCTATOYHBIE JUTsl JIIOOBIX JJOTMYECKHUX Mpeobpa-
30BaHUI.

16.3. V306pa3uTe BpEMEHHYIO AMArpaMMy HAIPSIKEHUS HA BBIXOINE CUM-
METPUUHOIO ¥ HECMMMETPUYHOIO MYyJBTUBHOpaTopa.

16.4. B yeM pazinune MEXIy aCHHXPOHHBIMU M CHHXPOHHBIMH TPUTTE-
pamu?



FNTABA 17
ANEKTPOHHDBIE LUDPOBBLIE YCTPOUCTBA

17.1. ApudpmeTuveckue 0CHOBbI LUGPPOBLIX NOrUHECKUX
aBTOMAaToOB

B urdpoBbIX TOTMYECKUX aBTOMATaX UCIOJIL3YETCS ABOMYHAS CHC-
TEMa CUMCJICHUs, OCHOBAHHWEM KOTOPOIl siBiserca uucno 2. Beca pas-
PSUIOB CJIEBA HAMPAaBO MMEIOT TMOCIIEN0BATENILHOCTD

. 2023222120 212293

KOTOpasi UCIOJIbL3YETCS /IS MEPEBOa ABOMYHOIO YUCA B IECATUYHOE.
Hanpumep, asonunoe uncio 10 111 3KBMBaIEHTHO JECATUYHOMY YHC-
ay 23

2. 1+22-0+22- 142" 1+42°. 1 =23,

B undpoBLIX TOrHUECKMX aBTOMATAaxX UCIONb3YIOTCS CElHa/bHbIE
TEPMHUHBI: OUT, NBOWYHLIN pa3psy, OaifT.

bum, vny deouunsui paspso, onpenensieT 3Ha4€HUE OMHOTO KAKO-
ro-nubo 3Haka B IBOMYHOM yucne. Hanpumep, asouynoe uucio 101
uMeeT Tpy paspana. Kpaliumit cripaBa paspsl ¢ HaVMEHbBILINM BECOM
Ha3bIBACTCS MAaduiuM, KPalHWI CIIeBa ¢ HAaUBOJIbILIMM BECOM — cmap-
wum.

baiim onpenenser 8-paspsinHyio enuuuily uHgopmaumu. Hampu-
mep, 10001111 nam 00101001 u . 4.

Jlnst ipeACTaBIeHMs YUCia B IBOMYHOM CHCTEME CUMCIIEHHs TPeOy-
eTCsl OOJIBLLIOE YKMCIO JTBOUYHEBIX PA3psAIOB. 3aluck 0bneryaeTcsi, ecim
WCIIOTH30BaTh BOCBMEPUYHYIO M LUECTHANLIATEPUYHYIO CUCTEMBI CUHC-
sienus. OCHOBaHMEM 6OCbMepuUHOL CUCTEMBI SIBIAETCS YKo 8 =23, a
wecmnadyamepuynoi — 16 = 2*. Jlna nepeBoa ABOWYHOIO YMUC/a B
BOCbMEPHYHOE (LUECTHALLIATEPUYHOE) JAOCTATOYHO ABOUYHOE YKCIO
Pa3eNnTh Ha TPEX(YETHIPEX)OUTOBBIE IPYNITHE LIENYIO Y4CTh CIIPaBa
HaJIeBO, NIPOOHYI0 — CneBa HanpaBo OT 3ansAToil. Kpaitnue rpymnmst
MOTYT OHITh HEITOJTHBIMM.

Kaxnass nBovyHas rpynna npeacraBiseTcss COOTBETCTBYIOLIEH
BOCbMEPUYHOI WM (LECTHAALATEPUYHOI 1udpoii (Tabn. 17.1). Hanpu-
Mep, aBonyHoe yucno 1100110000101001 B niecTtHaguaTepudHO# cU-
cTeMe BhipaxaeTca yucnoM CC29, B BoceMepuyHoOii — 146051,

HonbzoBarenio Haubonee yno6Ha IeCATUYHASI CUCTEMA CUMCIIEHMS.
IToatomy MHorue mbpoBbie nOruYeckue aBTOMAaTh, paboras ¢ ABO-
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i ’ Tabauua 17.1

; Tabmmua xonos

HCCHTI/I_‘IHOC HYUCIO HBOI/I‘IHOC YHUCIIO BOC]:{I‘:;(E;I;I)‘IHOC ]_UCCTHZ:.ILLI:;I'ISDM‘{HOC
0 0000 0 0
1 0001 1 1
2 0010 2 2
3 0011 3 3
4 0100 4 4
5 0101 5 5
6 0110 6 6
7 0111 7 7
8 1000 10 8
9 1001 1 9
10 1010 12 A
l 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F

WYHBIMY YKCJIAMHM, OCYINECTBJISIOT IIpUEM M Bbifiady ITOJIL30BATENIO
NeCATUYHEIX yuces. [1pr 9ToM 4acTo MpUMeEHsIETCsl ABOMYHO-1ECATAY-
HBI KO[I.

Jleouuno-decamuynbili K00 00pa3yeTcsl 3aMEHOI KaxXIoi necaTHy-
HOM 1UGPE B JCCATUYHOM YHCIIE YETHIPEXPA3PSAHBIM JABOMYHBIM
npeacTasieHreM 3Toi nugpst no tabn. 17.1. Hanpumep, 11,, npen-
crapiaserca kak 00010001,_,. Ilpu 3TOM B KaxxaoM Oaiite pacrosnara-
I0TCSl J1B€ NECATUYHBIE LIUGPHI, BhipaXEHHBIE B JIBOMYHO-IECATHY-
HOM KOf€. 3aMETUM, YTO ABOMYHO-ACCATUYHBIM KO/ IPU TAKOM IIpe-
00pa30BaHUM HE SBJISETCA JBOMYHBIM YKMCJIOM, SKBHBAJIEHTHLIM J€-
CATUYHOMY UMCITY.

17.2. Lindppossie nornyeckue aBTomartbl 6e3 namatu

Lugpposvimu noeuueckumu aesmomamamu 6e3 namamu, VM KoMOU-
HAlMOHHBIMU JIOTMYECKUMU YCTPOICTBAMHY, HA3HIBAIOTCS JJIEKTPOH-
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Hbi¢ LHU¢POBbIE YCTPOICTBA, JIOTUYECKUE 3HAYCHHSI Ha BBIXOIAX KOTO-/
PBIX OMHO3HAYHO OINPENENIAIOTCH COBOKYITHOCTBIO JIOTUYECKUX 3HAYEC+
HUI Ha BXOJaX B JaHHBIA MOMEHT BpeMeHHU. K JIoruyeckuM aBToMaTaM
0e3 maMITU OTHOCATCA JeludpaTopsl, WIM(PATOPHE, MYJIBTUILIEKCO-
pbl, JTEMYJIBTUILIEKCOPBI, CYMMATOPHl U apyrue HudpoBhle yCTPOii-
CTBa, BBINTYCKAEMbI€ B BUAEC UHTETPATbHBIX CXEM.

Jewugppamopom Ha3BIBaETCA YCTPOMCTBO, BbIpaOATHIBAIOLIEE CHI-
HaJ Jioruyeckoi 1 TOJIbKO Ha OJHOM M3 CBOUX 2" BBIXONOB B 3aBHCH-
MOCTH OT KOa ABOMYHOIO Yucja Ha n Bxomax. Ha puc. 17.1, a—e
MpUBENEHBL: YCIIOBHOE 0003HAYEHIE MHTETPAIbHOM CXeMBI Jeindpa-
TOpa Ha n=2 BXoja U 2" =4 BbIXOHa, ¢ro (PyHKIMOHATbHAS CXeMa U
TabIMIa UCTUHHOCTH.

YacTo cxeMbl gelIM(ppaTOPOB U3TOTOBIISIIOTCA C TOIOTHUTEbH B -
MM BXOJIaMM, HalIpUMEP BXOJOM pa3peuleHns (cTpobupoBatus). Ctpo-
OHMpOBaHUE MO3BOJISICT UCKITIOYMTD TOSIBICHHE Ha BHIXOAAX AelInc-
paTopa JIOXHBIX CUTHAJIOB, 3amlpellas ero pabory B MHTEpBAJIE Bpe-
MEHH IEPEXOMHOTO IMPpOoLecca NMPU U3MEHEHUH LMdPOBOro Kola Ha
BXOJI€.

Ilpeobpazoeament k0006 OTAMYAETCS OT ACHIM(pPATOPa TEM, YTO KAXK-
oMy Habopy noruyeckux 1 1 0 Ha BxoOe CTaBUT B OJHO3HAYHOE COOT-
BeTCcTBUE Habop nornueckux | u 0 Ha Beixome. [TpuMepoM MoOXeT ciy-
KMTh UHTETpAJIbHAsI CxeMa U ee¢ TaOliMua UCTUHHOCTU Ha puc. 17.2, a
U 6, npeobpa3syiowas Ko ABoUYHOro yucna Q,0; 0, Q) (uudps B MH-
JIEKCax yKa3blBalOT HOMEpa pa3psiiOB) B CUTHAIBI yripaBjieHust Fy— Fq
JIEBSTBIO CETMEHTAMM CBETOBOTO MHAMKaTopa (puc. 17.2, 6).

Hlugppamop semonuser QyHkuuoo, oopatHyio meummbpparopy. On
MMeeT 2" BXOOOB, Ha OIUH M3 KOTOPHIX MOAaeTCs lornyeckas 1, a Ha
octanbHbie — (. Ilpy 3TOM Ha # BHIXOIAX KO ABOUYHOTO YMCTIa HOJI-
XEH COOTBETCTBOBATh HOMEPY €MMHUYHOTO BXOJIa.
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Mynavmunaexcopom Ha3HIBaeTCsl YCTPOUCTBO JUIsi KOMMYTALMU OfI-
HOTO U3 2" MHGOPMAIIMOHHBIX BXONOB Ha OOUH BeIXOM. [ peanusa-
UMM HeOOXONMMOM KOMMYTALIMM MYJBTHIUIEKCOD HUMEET KpoMe HH-
¢(hOPMALMOHHBIX BXONOB TakKXe M aIpeCHLIX BXONOB. 3HaYeHHUE YHCIA B
JBOMYHOM KOJI¢ Ha aIPECHBIX BXOJIaX ONPEAENSIET aipeC KOMMYTHUPY-
eMoro MH¢GpOPMALMOHHOTO BXO/A.

YcnoBHOe 0003HAYCHHE MHTErPATLHOM CXEMBI MYJIBTUILIEKCOPA C
JIByMsl aipeCHeIMA m =2 (y; ¥ ;) U YeThipbMs UHQOPMALMOHHBIMA
2" =4 (x;, X, X3, X4) BXOoHaMH, €ro (PyHKLIMOHAILHAS CXEMa U TaOJKI@a
UCTUHHOCTHU ITpUBEAECHH Ha puc. 17.3, a—eé. '

Jemyavmunaexcop BeITIONHAET GHYHKUMIO, OOPaTHYIO MYJILTUILIEK-
copy. C ero NOMOHIbIO OCYIIIECTB/ISAETCS KOMMYTALHs OTHOro HH(popMa-
[IMOHHOTO BXO[a Ha ONMH U3 2" HUH(GOPMALMOHHBIX BLIXO/IOB B 3aBUCH -
MOCTU OT 3HAYEHMSI YUCJIa B ABOMYHOM KOJI€ Ha M aTpeCHbIX BXOMIOB.

[MpumMep cxeMHO# peanu3anyy JeMyJILTUILIEKCOpa C ABYMS aj-
peCHBIMU m =2 (), U ),) BXOOAMM U YETBIPbMS MH(OPMarMOHHBIMH
2"=4 (F, F,, F;, F,) BoixogaMy U ero tabuila ICTUHHOCTH, B KOTO-
poil yuyreHa TabiuMLa UCTUHHOCTY Aelimcpatopa (CM. puc. 17.1, 6),
MpUBEICHH Ha pucC. 17.4, a u 6.

T'enepamopom noeuveckux (pyrKyuli Ha3LIBAETCH YCTPOMCTBO, TTO3BO-
JIFIOLIEe [MONTYYUTh HA CBOEM BBIXOE XKeJIAeMYI0 (QYHKLHIO 3HAYECHU I
JIOTUYECKUX BEJIMYMH Ha €ro HHGOPMaLMOHHBIX BXonax. Takue reHe-
paTophl peaTU3yI0TCs Ha OCHOBE MYJIFTUILIEKCOPOB (CM. puc. 17.3, 6),
B KOTOPBIX HA3HAYECHHUE YIIPABJSIOMUX U MHPOPMALHOHHbBIX BXOIOB
crielyeT MOMEHATh MeCTaMU. Tak, 3anaBasi Ha ynpap/isiolIUX BXOAaX ),
Y2, V3, Ya T€HepaTOpa JormuyecKux (pyHkouil (puc. 17.5, a) coorser-
CTBYIOILE 3HAYEHHs JorTMyeckux 1 U 0, MoJiyuuM Ha BbIXone Jobyo

387



388

R [
xl.. MS i J_/l
1 y2__
X— :
| I
¥ F X {&
X4 B i yi—
- ' y—_]
Y1 !
1
Y2 x3: — &
! n—|
a | Y|
|
! _—
nin|lr X ———&
0lo]|x i
AR i —
0|1]x3 ' 1
1
1] 1]|% N |
1
8 |
]
E 1
y2;
3
[
(7]
Puc. 17.3
e e,
' ral
: & :Fl
| T
I
| 1 1
E DC &_i n|\nl hlh| Bk
1 — \F
: _l_ _5_2 olol1]0|l0o]|o0
1 — | 1{oloj1]{0|0
! —
J’2—i— :—&:@0100’0
! -~ |1|1]0|0|o0]|1
] —1
! 1
— )
! e 'F,
| ——
X 4 \
I —1
[ 1
a
Puc. 174

P |
! i]_ : x1 |x
' = 1% | F
i Xy —— !
| 1| i olo|1
: m i 110]0
—_
R | o[1]0
| 1T
b o m— | ]! rj1j0
i ' F
: 6
S 1
S S > |
L X i
| n— | ! X122 | F
I
| v i 0|00
yo+—T& i 1lo]o
i ! ol1]o0
! L E 1)1
] 1 E 6
x| - X !
! !
! 1
! I
! )
1
! o l
X2 -1 X2 |
i :
_______ .
a
Puc. 17.5

¢dyskuuo FeenrunH Ha HHGOPMAaLMOHHBIX BXOMAX X; U X,. Hanpumep,
JIOTMYECKUM QYHKIMAM F = x| + X3 U F=x, A X, T.€. TAOUIIAM UCTHH-
HOCTH Ha puC. 17.5, 6 ¥ 6, COOTBETCTBYIOT 3HAUYEHUS Yy, Vy, V3, ¥a = 1000
u 0001. Takoii croco® MoyYeHMst JIOTUYECKUX (PYHKLMIT MO3BOJSIET
YHUPULMPOBATD 3JIEMEHTHYIO 0a3y B MHTErPAJILHOM MCIIONHEHUHM U
COKPAaTUTh BpeMsl IIPOEKTUPOBAHHS JIOFMYECKHUX aBTOMATOB.

Cymmamopom Ha3BIBaETCsl YCTPOWCTBO M1t apU(PMETUYECKOTO CJIO-
KEHU#A ABYX ABOUYHBIX Yucen. CrioxeHHe ABYX OTHOUMEHHBIX i-X pa3-
PAIOB C YUETOM IIEPEHOCOB U3 Mianuiero (i — 1)-ro paspsiza B cTap-
winii (i + 1)-i paspsii oCyLIeCTBISIETCS OHOPA3PSIIHBIM CYMMaTOPOM,
KOTOPBI# COCTaBIAETCS U3 ONHOPA3psHbIX noaycymmamopoe. Ilocnen-
HUE HE YUYUTHIBAIOT MEPEHOC U3 MJIAAIIETO pa3psiia.

Ha puc. 17.6, a— 6 npuBezeHs! ycoBHOe 0603HaYEHNE UHTETPaIb-
HOI CXeMbI OTHOPA3PSAAHOTO HOJNYyCYMMATOpa, ero (PYHKIMOHATbHAS
cxeMa M TabnMua UCTUHHOCTH, T1e A; U B; — OIHOMMEHHBIE Pa3psAbl
OBYX IBOMYHBIX 4KCEN; §; — cymMMa; P, — riepeHOC B CTapuIiMil pas-
psia.

YcnoBHoe 00603HAYEHHE WHTETPATbHONW CXEMBI OLHOPAa3PsAIHOTO
CyMMaTopa, ero QyHKUHOHaJbHAs CXeMa ¥ TabJiiua UCTHHHOCTHU IpHY-
BeJiIeHH Ha puC. 17.7, a— 6. VI3 opHOpa3psiaHbiX COCTAB/ISIOTCS MHOTO-
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paspsaaHbie cyMMaTopbl. CxeMa W yCIOBHOE 0003HAYEHHE WHTErpallb-
HOM CXEMBI BYXpa3psIHOrO CyMMaTopa NpUBEICHE! Ha puc. 17.8, a U 6.

Lugppoevim Komnapamopom Ha3HLIBAE€TCS YCTPOICTBO CPaBHEHUS [BO-
MyHbIX yrces. OHa M3 BO3MOXHBIX CXEM peah3aliuu C IIPUMEHEHHUEM
CyMMaTopa npuBefeHa Ha puc. 17.9. JleCTBUTENBHO, €CIM B OHO-
VIMEHHHIX pa3psagax 4;= B, rne i — HoMep paspsiia, TO CyMMa 3Haue-
HUil 4; U B; paBHa S;=1 u nepeHoc B crapumii paspsan P;=0.

Takum 0Opa3oM, NPH PaBEHCTBE JIByX TBOUYHBIX YMCEN Ha BBIXOME
cymmaropa S;=95=1u P=0, a Ha BbIXOJ€ JIOTUYECKOTO 3JIEMEHTa
F=1.
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IpusenenHas cxeMa nUdpPOBOTro KOMITApAaTOPa MOXKET TAKXKe (PUK-
CUPOBaTh HEPABEHCTBO ABYX IBOWYHBIX uKcen A,A4, > B, B,, pu Koro-
POM Ha BHIXOJIE CyMMaTopa IepeHOC B CTapluuii paspsay P= 1.

17.3. Undposbie nornieckue aBTomMartbl ¢ NaMsAThIO

Lugpposvimu nozuveckumu aemomamamu ¢ RAMAMbIO, WIA I1OCIHE-
JIOBaTeIbHBIMH JIOTUYECKUMH YCTPOHCTBAMHU, Ha3bIBAIOTCS IJIEKTPOH-
Hble M(POBLIE YCTPOMCTBA, JOTMYECKME 3HAYCHHS Ha BHIXOAAX KO-
TOPBIX ONPENEAOTCH KaK COBOKYITHOCTBIO JIOTUUECKUX 3HaYeHUi Ha
BXO[laX B JaHHbIII MOMEHT BPEMEHHU, TAK M COCTOSIHHEM JIOTHYECKOTO
aBTOMaTa I10 pe3ysibTaTaM €ro MnpeaLecTByloieii paboTel. 3anoMHHa-
HUE NPeALICCTBYIOLUX COCTOSSHUN OOBIYHO BEIIOJIHAETCS C MOMO-
1LIbIO TPUTTEPOB.

K norvueckvM aBTOMaraM C ITAMSITBIO OTHOCSIICS CYETYMKHU HM-
IYJIbCOB U CABUTOBBLIE PETUCTPHI.

Cuemuurkom Ha3pIBAETCH YCTPOWCTBO IS ONPENEAEHHUS YUCIa IIo-
CTYNAIOIIUX HA €r0 BXOA UMMYJILCOB HaNpsiXeHust. PazimyaioT cueryn-
KU Ha CIIOXEHUWE, BHIMMTaHUE U peBepcuBHBIe. [locienHue UMEIOT ABa
BXOJla — OIMH Ha CJIOXEHUE, IPYroil HA BLIYMTAHME.

PaccMoTpuM paboTy TpexpaspsiiHOrO cuemuuKa Ha caoxcerue (PUC.
17.10, a) Ha ocHOBE ABYXCTyneH4aThiXx JK-TpurrepoB (cM. puc. 16.21,
a) C TIpeACTaBI€HUEM pe3y/ibTaTa CYyeTa B ABOMYHOM CHCTEME CUMC-
JICHUS.

Hepen HayanoM paboThl CUETYHKA BCE €0 pa3psibl C ITOMOILbIO
YCTAHOBOYHKIX BXOJOB R (cM. puc. 16.17, @) ycTaHaBIMBAIOTCS B CO-
croanue Q) = O, = O; =0. B MOMEeHT OKOHYaHHMsI HEPBOTO CYETHOTO
HUMITYJIBCA TPUITEP Miagwero paspsaaa 77; NepeKiIroyaercsi, a CoCTosI-
HUE TPUTTEPOB CTapiumx pa3psiaoB 17, n TT; He u3MeHseTCs, T. €. 3Ha-
YeHUE TBOMYHOIO YMCHA HAa BEIXOAE CueTyMka paBHOo (30,0, = 001.
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B MOMEHT OKOHYaHMS BTOPOTO CYETHOrO UMIIyJIbCa Tpurrep 77, CHO-
Ba IIEPEKIIIOYAETCS M JIOTHYECKOE 3HAYCHHUE BHIXOJAa MIAIUIETO pa3psi-
na usMensiercs ¢ 1 Ha 0. [ToaToMy OJHOBpEMEHHO TIEPEKIIIOYUTCH U
Tpurrep TT,, T.e. 30,0, =010. Janee nepexstoueHue TPUITEPOB NMPO-
MCXONUT aHAJOTUYHO, TAK YTO YMCJIO WUMITYJILCOB Ha BXOLE CUETUYMKA
COOTBETCTBYET YKCIY B IBOMYHOI CHCTEME CUMCIIEHHSI HA €ro BBIXOIE
(puc. 17.10, 6). Ilocse cenpbMOro CYETHOrO UMITYJIECa YUCIIO Ha BBIXOJIE
cyerynka 30,0, = 111, a mocne Bocemoro — 000. Takoi cueTyuk
HAa3BIBAETCS 1O MO0y 8. .

CxeMa cuemuuka Ha 6bluumaHue OTIMYAETCS OT PACCMOTPEHHOM
BBILIIE CXEMBbI CUETYMKA Ha CJIOXEHHE TEM, UTO B ITOCICAHEH BXOIbI
CHHXPOHHM3ALFH TPUITEPOB CAEOYET MEPEKJIIOYUThL C MPAMBIX Ha UH-
BEPCHBIE BXObI TPUITEPOB IMPENbAYILUX PA3PAIOB.

HHTerpagbHbie CXEMBI CYCTYUKOB MMEIOT CJICAYIOIUE BXOAHHIE U
BBIXOOHBIE BEIBOIbI (He O0SI3aTETLHO BCE).

1. Bxoobi: R — puist ycTaHOBKM BCEX pa3psiioB B COCTOSIHUE JIOTHYE-
ckux 0; +1 1 —1 Juis cyeTa yucCa UMIIYJILCOB HA CITOXECHUE U BEIYUTA-
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HUE COOTBEeTCTBEHHO; Dy D, D,Dy — 111 yCTAHOBKY CYETYMKA B 3a/1aH-
Hoe cocTosiHue; C — Ut paspellieHHs] YCTAHOBKY CYETYUKA B COCTO-
sIHUE, 3alaHHOC¢ Ha Bxogax D— Dy (uudpsl B MHIEKCAX YKA3bIBAIOT
BeCa paspsioB); V — mis pasperieHus cuera.

2. Boixoowr: 010,050, — Ut yKa3aHUsl COAEPKUMOTO B CUCTUHKE
YKCJIa; BCIIOMOTaTeNbHbIE — NSl yKa3aHUs TNEPENOTHEHUS MM OOHy-
JICHHUsI CYETYHKA.

MakcumanbHoe YUCIO (MAaKCHMAJTbHAsi EMKOCTD), KOTOPOe MOXHO
3aIMcaTh B CYETUHK, paBHO N=2"- 1, rae n — YHCIIO pa3psloB CUeT-
urka. EMKoCTb cueTurKa, Ha3piBaeMas Takxe Koaghuyuenmom cuema,
OTpaxaercs B ero HasBaHuu. Hanpumep, cueTunk ¢ Ko3¢hPULIMEHTOM
cueta N=2"- 1 Ha3piBaeTCs dgouuHbiM, C KOIDOULUMEHTOM cyeTa (OT
0 no 9) — deouuro-decsmuunvim.

YcnoBHoe 00603HaUE€HHE MHTETPaJbHOI CXEMbl YeThIpexpa3psji-
HOTO JBOMYHO-IECATUYHOTO PEBEPCHOIO CUYETHYMKA M ero tabnuna
UCTHHHOCTU Npu paboTe Ha ciioxeHue JaHu Ha puc. 17.11, a u 6.

Cosuzoebimu pecucmpamu Ha3bIBAIOTCS YCTPOMCTBAa IUIsi NPUEMa,
XpaHCHMs, nepefayd u npeodpa3oBaHUsi MHGOPMALMH, MPEACTaB-
JIEHHOU OOBIYHO B JIBOMYHOM CHUCTEME CUUCIEHUS. DIIeMEHTHOI Ga-
30i UX peau3aliy ABJISIIOTCS CUHXPOHHEE U aCHHXPOHHBIE TPUITE-
put (cM. niozpa3sn. 16.6). Mocneanue 3mech paccMarpuBaThCs He OyyT
H3-3a OTPAHUYEHHOTO PacIIpoOCTpaHEHH .

PasiuuarorT nocnenosatensHBI U Napa/uleNibHblil BBOIBI UHGOD-
MalM¥ B CABUTOBOM pPErucTp.

Ilpu nocaedoeamenvrom 6600e nudopMa s B BUE MOCIENOBATEI b
HOCTH JIOTUYECKUX CUTHAJIOB IIOAAETCs Ha OIMH BXOM PETHCTpa U IT0-
CJIEIOBATENBLHO TTPOABUTAETCSA TI0 €r0 Pa3psiiaM.

n |0y G| Q| O
0010|010
_In, Lo [1lojojo]1]
_DZCT2/102__Q2 2l0|o0|1]o0
—p, s | 3|ojol1]1
—1n, Py 4|l0l1]0l0
—c slo|l1]o]1
. 6loj1{1]0
—+1 s9— 7i0(1]1]1
—-1 <0 gi1{010]0
91110(0]|1
100010100
1 o|1o0(0;1
a 6
Puc. 17.11

393



Ha puc. 17.12, a npuBeneHa cxeMa TpPeXpaspsaHOro CMHXPOHHOTO
C/IBUTOBOTO pErvcTpa Ha asyxcryneHdyarsix JK-tpurrepax. Ilpeasapu-
TEJIBHO MoIa4yeil CUTHAJIOB HAa YCTAHOBOUHBIE BXozbt R (cM. puc. 16.17, a)
TPUTTEPHl YCTaHaBIKBaKTCs B coctosinve Q)= 0= 0;=0. Ilonas noru-
YyeCKMii CHMrHaI X = | Ha BXOJ, PErUCTpa, T.€. Ha YCTAHOBOYHBIN BXO. S
tpurrepa T7,, npuseneM ero B coctrosHue Q=1 (puc. 17.12, 6). le:[
3TOM COCTOSIHHE DETMCTpa OMpPENeNUTCsl COBOKYITHOCTLIO 3HAYCHMIA
0,0,0; = 100. Tlox aeicTBUEM MEPBOTO MMIYNbCa CMHXpOHU3auuu C
COCTOSIHME perucTpa uamMenurcs Ha Q) 0, 0; =010, nox nedCTBUEM BTO-
pOTo MMITY/Ibca CHHXpOHU3auK — Ha 0, 0,05 =001 u T.1.

Ipu napansesvhom 66o0e VHGPOPMALMU BCE Pa3psiibl JBOUYHOTO
YUC/IA OIHOBPEMEHHO MOAAIOTCS KaXIbli Ha BXOI COOTBETCTBYIOLICTO
paspsiga peructpa. Hanpumep, Kak nokasaHo Ha puc. 17.12, a wirpu-
XOBBIMU JIMHUAMH.

PerucTpnl NpUMEHSIOTCS Ui MPeoOpa3’oBaHus [MOC/ICIOBATEIIBHO-
rO KOJa ABOWYHOIO YHCJIa B AAapaJUIENbHBEIA, U HA00OPOT, XpaHEHMS
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(6ydbepusanyu) kKoga ABOMYHOIO 4YKCIAa, BBOIU-

MOTO B PETHCTP M BBIBOIUMOIO M3 HETO Yepe3 He- _D—CR RGo| ;| O
KOTOPOE BPEMsl, CIBUTA KO IBOMYHOTO YMC/IA HA 5 o
OIMH Pa3spsiii, YTO O3HAYAET YMHOXEHUE €r0 3Ha- | D‘ 212
YyeHus Ha 2. 2
WHTerpaibHBIE CXEMBI PETUCTPOB UMEIOT Clie- | Ds =
IyoiYe BXOIHBIE U BLIXOJHbIE BLIBOALI (He 00fA- — 2 0
3aTENILHO BCE): — D1 =
1. Bxoodei: Dy, D, — mis niogayy mapamiensHo- — R
ro kona; DR v DL — nis cipvra Bpaso U BJIEBO;
R — 171t yCTAHOBKM BCEX Pa3psiloB B COCTOSIHME Puc. 17.13
Jornyeckux 0; C — sl pa3pelieHus 3aMucu 1o
BxonaM Dy, D,, ...; V — g paspelueHus1 CIBHIA.
2. Boixooer: Q,, @, ..., — ISl YKa3aHUSI COAEPXKUMOIO PETUCTPA.

Ha puc. 17.13 npuseneHo ycnoBHoe 0003HaYEHHE HHTETPATLHOM
CXEMBbl YETBIPEXPA3ZPSAHOTO YHUBEPCAIBHOTO CABUTOBOTO PETHCTPA.

17.4. Lindposbie noruyeckue aBTomarbi C aapecHOn
BbIOOPKOW. 3anoMuHalowme yCTPOMCTBA

Lugpoevimu nocuveckumu asmomamamu ¢ aopecHoii bi60PKOIi HA3BI-
BalOTCs LU(POBHE YCTPOICTBA, B KOTOPBIX KAXIbI HAOOp TOTHYECKMUX
3Ha4YEHU Ha BXOAAX COACPXKUT aiapec, IMO3BOJSIOIUI U3 MHOXECTBA
MH(OPMAITMOHHEIX STYEEK YCTPOMCTBA OOPaTUTHLCS U paboTaTh C TOM WK
MHO¥ U3 Hux. K nornyeckrM aBroMaTaM C apeCHOM BbIGOPKOiIl OTHO-
CATCA ONEepaTUBHBIE U TIOCTOSAHHBIE 3aMIOMUHAKLIME YCTPOMCTBA.

Onepamusnoie 3anomunarougue yempoticmea (03Y — RAM, random
access memory) OpeACTABISIOT COO0H YCTpOICTBa, COAEPXKUMOE MH~
G OpMaLMOHHBIX AYEEK KOTOPBIX MPU 0OpaLieHUN K HUM MOXHO U3Me-
HATb, T.€. CYUTHIBATh, OMHOBPEMEHHO CTUPAs, U 3aIlHCHIBATL. B Kaue-
CTBE 3JIEMEHTOB JJist xpaHeHus1 UHGpopMmaru B O3Y UCMONB3yI0TCS
Tpurrepsi (CM. noapasi. 16.6) win snekrpuyecKkue EMKOCTU p-n-Tiepe-
XOJI0OB TPAH3UCTOPOB C OOJBLIOH MOCTOSHHOWM BpEeMEHM Pa3PsIKHU.
B nmocnenneM cnyyae O3Y HaswiBaeTCs JuHamMuuecKum, TaK KaK Tpe-
OyeTcsl NepUOANYECKOE BOCCTAHOBICHUE €r0 3JIEKTPUYECKOTO COCTO-
auusa. Ing punamuueckux O3Y mo cpasHenuio ¢ O3Y Ha ocHoBe
TPUITEPOB, HA3bIBAEMEIX CHMamMuvecKumu, XapakKTepHbl MeHbLIee 10~
TpebyieHUEe 3HEPIruy U coxpaHeHue WHdOpManuu Npu KPaTKOBpe-
MEHHOM OTKJIIOYEHHHU THUTAHUSI, HO YBEJIUYEHHBIII Habop armapar-
HHIX CPEACTB.

Tunosas opraHuzauus HHTerpabHbIx cxeM O3Y 4096 x 1, 1.e. 4096
3aMOMUHAIOIMX fAYEEK IO OJAHOMY pa3psiny B Kaxmoii, 16384x1,
1024 x4, 10248 u ap.

Tocmosunvie 3anomunarowue ycmpoiicmea (INN3Y — ROM, read only
memory) npeAacTaBIsioT coboit 1Ba Habopa mapanieNibHBIX LIHUH, Op-
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TOTOHAJILHBIX APYT OpYyTy. B MecTax nepeceyeHus LIMHbI COSAUHSIOTCS
Mexay co0oii mepeMblYKaMU B BHAE IMOJYIIPOBOIHMKOBLIX AMOIOB
WY NTPOBOIHUKOB. LleneHarpaBieHHbBIE UCKITIOUEHUS YaCTH TIEPEMBI-
Yek IJIaBKO#M IIPOBOJHUKOB, JIEKTPUYECKUM ITPOOOEM AUOLOB I B
MpoLecce NMPOU3BOACTBA C MOMOIIBI) COOTBETCTBYIOLIMX MAaCOK 03-
HayaeT NMPOrpaMMUpOBAaHUE, T.e. 3anuch WHdopmauuu B I13Y. Ilo
3TOMY IpU3HaKy pasnauyaioT I13Y MacouHble ¥ POrpaMMUpyEMbIE
nonb3osareiieM. MacouHbie 13V HCHonb3yoTCst il 3aIIMCH HOCTO-
gHHOM MHdoOpMaLMK OOINETO MMOJTb3OBaHUS, HAPUMEpP MaTeMaTu-
yeCcKUX Tabsni], CUMBOJIOB, IPOTPaMM CTAHAAPTHBIX MATEMAaTUYECKHUX
npeodpazosanuii 1 ap. B [13Y, nmporpaMMupyeMbiX NOJIbL30BaTENEM,
BO3MOXHa OHOKPATHAs CaMoOCToATe IbHas 3anuch nHdopMauuu. Cy-
wecTByoT Takxe I13Y, nmonyckamoiuue HEOAHOKPaTHOE, XOTs orpa-
HUYEHHOE YUCIIO pa3 (10 HECATKOB pa3), N3MeHeHUe MH(GOPMALIMH.
Crupanne uHGOpMaLK B HUX OCYIIECTBIAETCA YIIbTPa(hHONETOBHM
obJlydeHHEM.

Ha puc. 17.14, a u 6 npuseneHH cxeMa M TaOnuiia UCTUHHOCTH
yernipexpaspsignoro I3Y, roe 0603HaueHH X, U X, — aIpeCHEIE BXO-
s, Qp, Oy, G5, Oy u F, 5, F;, F; — Boixoas [13Y u neuwmngpatopa
(cM. puc. 17.1). HanpspxeHue Ha Bbixosie paspsiaa Q, rae 1 <i<4 nomep
pa3psia, Oymer UMeTh MOJIOXUTENTbHOE (OJIM3KOe K HYJI0) 3HAYEHHUE,
€CN BCe OUOABI, TIOJKJIYEHHBIE K COOTBETCTBYIOLLEH 1UWHE, BhI-
KJIIOYEHD! (XOTS OBl OOMH AUOM BKJIIOYEH) TTOOXHUTEIbHBIM (O1M3KUM
K HyJII0) HANpsSDKEHUEM Ha BhIXOAax Aeluudparopa.

C nomomsio F13Y MoXHO peaTn30BaTh pa3TMYHbIE IOTHYECKUE DyHK-
LMH, T.€. TaOMULBI MICTMHHHOCTH, M TAKMUM 00pa3oM 3aMeHUTh KOMOU-
HaLMOHHBIE JIOTUYECKHUE YCTPONUCTBA C OOJIBIIUM UMCIOM JIOTHYECKUX
aneMenToB. Ha 3TOM npHHUMNE OCHOBaHA paboTa npoepammupyembix
aoceuneckux mampuy (ITJIM).

Tumnosas opraHu3aLys UHTerpaibHbiX cxeM I13Y, nporpamMmupye-
MBIX TTOJIb30BaTeneM, 32x8, 1.¢e. 32 3aMOMHHAOLIME SYeiKY Mo 8 pa3-
pANOB B Kaxuoil, 256x4, 516x4, 1024x8 u np.
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17.5. Undpoarnanorosesie npeobpasosatenu

Lugpoananozoseim npeobpasoeamesem (LIAT1) HasbiBaeTcsl yeTpoii-
CTBO [UIs1 IpeoOpa3oBaHust 3HauYeHusi LUGMPOBOro kopa (IBOMYHOTO
YKCJa) B NPONOPHUOHAIBHOE 3HAYEHUE AHATIOTOBOM BEJIMYMHBI (Ha-
npspxenust). Haubonee pacipocrpanenst LIAIl Ha 0CHOBE MHOTO3BEH-
HOU wenu pe3ucropoB Tuna R-2R (puc. 17.15), kotopass COnepXUT
pe3ucTopst Ry= Ry =Ry,=R;=R,=2R, R;=Ry3=Ryy=R.

Pesucropnt Ry, R,, R;, R,uepes nepexmovarenu I1,, IT,, IT,, I,
ynpasjisieMbie 3HaueHMsMHM | w1y 0 COOTBETCTBYIOILUX Pa3psiioB A,
Ay, A3, Ay XO#a IBOUYHOTO YHKCJIA, TMOAKIIOYAIOTCS TM60 K MHBEPTH-
pyromeMy BXoAy OIEPaliMOHHOIO YyCWIMTENS, MO0 K Touke () ¢ Hyle-
BBIM nioTeHuanoM ¥ =0. [pu srom, nonarast OY uaeansuuim (15.11),
T.€. HanpsikeHue Ha ero Bxone U, oy =0, TOKH B pe3nucTopax He OymoyT
3aBHCETh OT MOJIOXKEHUSA NEpEKIoYaTesieil. To onpeneigeT BLICOKYIO
ToyHocTh LIATT.

Paccmotpum paGoty cxemst LJAIL. Pesucropsi R, u R, BKJIIOYEHB
NapajieJIbHO U UMEIOT PaBHbie CONPOTUBIEHUS. X obiee conmpoTus-
JileHue 1py J1i000M IONOXEHMH Hepektoyatesisi 11, paBHO CONMPOTUB-
JICHUIO pe3UCTOPa R)p, KOTOPBIHl BKJIIOYEH C HUMM TOCIIENI0BATEILHO,
MO3TOMY IOTeHUMAaN TOYKU 2 paBeH V, =2V,.

Paccyxnas aHanoruuHeIM 00pa3oM, IOJYYUM 3HAYECHUS MOTEHIH-
aJIOB To4eK 3, 4 1 TOKOB

Vi=2V,=4W, V,=2V;=8V};

V V. V. vV,
L=- =2 1,=23 [, =-%
"R R R TR
U
14=U0n=213:412=81|,

e Uy, =V, - Vo=V, — cTabuiu3MpoBaHHOE HOCTOSIHHOE HanpsiKe-
HME, Ha3biBaeMOe 0nopHsiM. COOTHOWIEHHS 3HAYEHUIT TOKOB B pe3lC-

Va £ ¥ "
4 Ba 3 Rz 3 Rp 11 Ry

Puc. 17.15
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Ttopax R, R,, R;, R, COOTBETCTBYIOT «B€CaM» Pa3psiioB KOAa ABOMIHO-
ro umcna A,, Ay, As, Ay, T.€. 2°=1, 2! =2, 22=4, 23=8, ynpasisieMoro
MEPEKTIOUATENSIMU.

CreoBaTeNbHO, 3HaYEHUE HanpsikeHus Ha Boixone LIATT (15.16)

Ui=—R, (| + L+ L+ 1)

MIPONOPLIMOHATBLHO 3HAYEHUSIM KOJa JBOMYHOIO YMCJIa Ha €ro BXOIE.
OcHoBHbIMU napaMeTrpaMu LIATT aBisitoTcs fONYCTUMBE AHATIa30-
HBl U3MEHEHWI 3HAYEHHIl BXOIHBIX Y BHIXOMHBIX BEIMYWH, OBICTPO-
neiicTere (10 5 MKC) M ITOrpelIHOCTh nmpeobpa3osaHus. Ilocnennss
onpenesseTca HeCTaOMIbHOCTBIO MCTOYHHUKA OITOPHOTO HAMPSDKECHUS,
HEUJeATbHOCTBIO 3JIEKTPOHHBIX Hepekmoyareneil U OY.

17.6. Ananoro-un¢gpoBbie npeobpa3oBaTenm

Ananozo-yugposwvim npeobpasoeamenem (ALIIT) HasbiBaeTCA yCTpOii-
CTBO Ul IpeoOpa3oBaHus 3HAYEHHIT aHATIOrOBOM BEJTMYMHBI (Harpsi-
XK€HUs) B IPOMOPLMOHAIBHOE 3HaYeHUE LIM(pPOBOTo Koja (ABOMYHO-
IO YMC/a C YMCJIOM pa3psinoB #). PaznnyaioT napajellbHbie U IToCTe-
nosarenbHble ALTT.

Ilapannenvnvie AlITl ocHOBaHB Ha OJHOBPEMEHHOM CPaBHCHHUU
3HAYEHMIA aHAJIOTOBOM BEJTMYUHH € 2" — | 3HaAY€HUSIMH STAIOHOB, «BECA»
KOTOPBIX OTIIMYAIOTCS Ha MUHUMAJIbHOE 3Ha4eHUe (KBaHT).

INapaweneubie AL MMeoT HauMeHbilee BpeMsi IpeoOpa3oBaHus.
OIHAKO OHU CJIOXHBI JUTS1 HHTErpajJbHOTO MCIIOJTHEHUSI, UMEIOT BBICO-
KYIO CTOMMOCTb U OFPAaHU4YEHHOE NPUMEHEHHE.

Ilocredoeamenvubie AI1Il oCHOBaHBI Ha NEPHUOIMYECKOM CpaBHE-
HUM 3HAYECHUst aHAJIOTOBOM BEJIMYMHBI C HOCJEAOBATEIbHO BO3pacTa-
I0LIEl CyMMO# 3HaueHMit 3TaioHoB. K nocnenoBaTeIbHBIM OTHOCATCS
takxe AUIT ¢ MpoMEXYTOUHHM HpeoOpa3oBaHUEM 3HAYEHUS ONHOM
aAHAJIOTOBO# BEJIMYMHBI B NPOIOPLIMOHATIBHOE 3HAYEHHE APYroi (MH-
TepBaJl BPEMEHH, YACTOTY CJICMOBAHMS UMITYJIBCOB U Ip.) C ITOCIENY-
IOILUM ITpeoOpa3oBaHUEM B MMPOBOM KOI.

OcHoBubIMHM NapaMetpaMi LIAIL siBasioTCS: HONMYCTHMbIH JHana-
30H Npeobpa3yeMbIX 3HaueHMii HanpsikeHus (10 3 B); Bpems mpeob-
pa3oBaHmst (10 5 MKC JUTs [MOC/IENI0BATebHBIX U €IMHKL HAHOCEKYH
Juis napaviesibieix ALIT); morpeliHocTh nmpeoOpa3oBaHus, ONpene-
ngeMasi YUCIoM pa3psaoB (00biuHO 4, 8, 12).

3A0A4U ¥ BONPOCHI AJ11 CAMONPOBEPKU

17.1. Haiite onpeneneHuns: ABOMYHON CUCTEMBI CUMCIEHMs], OnTa u GailTa.
17.2. Yucno 2,5, 3a0aHHOE B AECATUYHOI CUCTEME CUMCIEHUS, NPEACTABBTE
B JIBOMYHOU CHUCTEME CUHCIICHUSI.

Omeem: 10,1.
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17.3. Yucno 10101, 1001, 3agaHHOE B HBOMYHOM CUCTEME CYMCJIEHUS,
NIPEACTAaBbTE B BOCHbMEPUYHOI CUCTEME CUMCIIEHUS.,

Omeem: 25,44.

17.4. Ha3oBuTe OCHOBHBIE NPU3HAKH JIOTMYECKUX ABTOMATOB C NMAMATBIO 1
0e3 namsTu.

17.5. Tlepeurcante THIIBI 3alIOMUHAIOLIMX YCTPOICTB.

17.6. Kakue (yHKIMM BbINOMHSIOT aHANOTO-LPOBbIE 1 umgpoananoro-
Bble Mpeobpa3oBarenu uHGopMaymmn?

17.7. TlpuBenute MPUMEPH! TOTMUECKUX ABTOMATOB C MAMSITHIO U Ge3 Ma-
MSTH.



rMABA 18
MUKPOMNPOLIECCOPbI, MUKPO3BM
U 3NEKTPOHHbIE UBMEPUTEJIbHbIE NMPUBOPLI

18.1. Mporpammupyembie ynpasnsiowme’ unppossie
ycTpoiictBa. MukponpoueccopHbieé CUCTEMbI

[poepammupyemvie ynpagasiouue yughpoevie ycmpoucmea NpeacTas-
JISIIOT cOOOi YHUBEPCAIbHBIE TEXHUYECKHE CPENCTBA, MPUMEHACMHIC B
cHcTeMax yIpasjieHUs] pa3jIMyHbIMU TEXHOJIOTHUIECKUMHU MMPOLIECCAMU.
AnmnaparHble CPEACTBA TAkUX YCTPOMCTB CONEPKAT COBOKYITHOCTh B3a-
HMMOCBSI3aHHBIX LIU(POBLIX YCTPOWCTB pasTMYHOTO (HYHKIHOHATLHOTO
HA3HAYEHUS], PEATU3yEMbIX B BULE OTAENbHBIX WIM OOLIMX HHTETPalb-
HbIX cxeM. K HuM oTHOCSITCSI apu(METUKO-JIOTMYECKOE YCTPOUCTBO,
perucTpbl OOLIETO HA3HAYEHMs], YCTPOMCTBO YNpPaB/IeHUs, 3aNIOMUHA-
JOLLHE YCTPOICTBA, YCTPONCTBO BBONA—BbIBOA, TEHEPATOP TAKTOBBIX
MMITYJIbCOB U .

Apucpmemuro-nozuueckoe ycmpoticmeo (AJlY) — 310 JIOTUYECKUIA
KOMOMHALIMOHHEI aBTOMAT B BHJIE Habopa MOLYJIEi TSl BBIIIOIHEHUA
Hajl MHOTOPA3psUIHBIMK LIU(POBLIMKU KOIaMM (CJI0BaMH) Ha CBOUX MH-
(GOPMaLMOHHBIX BXOaX apudMETHYECKUX U JIOTMYECKHX OMNepalui B
3aBHCHMOCTH OT 3HaueHusi MpoBOro kojpa (KOMaHbl) Ha yNpas-
nstomux Bxogax. Cxema AJTY conepXuUT KOMOMHALMOHHBIE JTOTHYE-
cKue ycTpoiicTsa (CM. mofpasa. 17.2); reHepaTopsi
nornueckux GpyHkuumii (cM. puc. 17.5), nonycymma-

— Bo|any TopHl (CM. pHc. 17.6) u cymmaropst (cM. puc. 17.7).
—‘AT Ha puc. 18.1 mpuBeneH npumep YCJIOBHOTO 06O-
—4, 3HavYeHUs MONyJsl yeThipexpaspsigHoro AJIY s
— 4 F, |- apudMeTuyecKux M JIOTMYECKMX onepauui Haj
— 4, BXOIHBLIMH ciioBaMu A ¥ B B 3aBUCHMOCTH OT CHUY
— B Fl— najoB Ha ynpasasiowmx Bxoaax M, So, Sy, S, 3 1
— B, F nepeHoca Py. Pe3ynsraT onepalyu ONpeessieTcs Co-
— B 3T BOKYHNHOCTBIO CUTHAJIOB Ha Bbixonax F U nepeHoca
— B4 Fyl— P, u3 crapuiero paspsiia. Ipu M=0 BBINIOIHSAIOTCA
— apudMeTuyeckue (cioxeHre A u B, crioxenue A 1
— S Pyt— Bc pobaeneHvieM Py B MIIafUIKMi paspsia U T.4.), 8
— 5 npu M=1 — noruueckue (F=A, F=B ut.n)
—s, onepauuy. KoMOMHauus CUTHAJIOB Sy— 83 onpene-
— 5 JigeT, Kakasi IMEHHO OTiepalysl BbIITOJIHACTCS.
Pezucmput obuezo nasnavenus (POH) nmpexncras-
Puc. 18.1 Js11I0T coDOl pa3sHOBUAHOCTD IPOrPaMMHO-IOCTYTI-

HBIX CABMTOBBIX PETUCTPOB (cm. puc. 17.12) v O3BOJISIOT NPUIATE Pa-
6ote AJTY 66J1bLIYIO YHUBEPCATBHOCTh. OOBIYHO HX YHCIIO PABHO LIEC-
TH, OHY 0DO3HAYAIOTCH MPONMCHBIMY GYKBaMM JIATUHCKOTO aihaBUTa
B,C, L, E, H, L u uiMeroT 8 pa3psiios, T.e. | 0aiiT, KaxIblii.

TMokaxem npumeHenre POH Ha cneayiowem npumMepe. Ilycts Tpe-
OyeTcs peanu3oBaTh NOTUHECKY0 GQYHKLMIO F= XX, v X,x;. BHauaje
BBIYUCIIAETCS 3HAUCHUE F, = x;x, ¢ IOMOWIBIO TeHEPAaTOpa JIOTUYECKUX
GYHKUMIA, HACTPOEHHOTO Ha BHINONHEHUE 3TOH ONEPALUM U HAXO/S -
werocs B AJIY. IonydeHHstit pesynerat nepenaerca 8 POH B. 3atem
BbIYUCIACTCA U 3anioMuHaercss B POH C 3Hauenue F, = xx;. [lanee
3HaueHust Fi u F, ussnexaiorcs us POH B u POH C u noparorcs Ha
UHGOPMaLMOHHBIE BXOAH AJIY [ulsi BBITONMHEHMS JIOTMYECKOTO CJIO-
xenust F=F, v F,. TakuM 00pa3oM, BBITOJHEHUE CIIOXHBIX JIOTHYE-
CKMX U apUPMETHYECKUX OTIEPALIUIA Pa3eNseTca Ha MUKPOOHEPALIUM:
NOAKIIIOYEHUE CUTHATIOB K HH(OpMaLMOHHBIM BXogaMm AJTY, dbopmu-
poBaHue LUGPOBOTO KOAA YIPABIAIOUIMX CUTHAIOB U MOMKIIOUYEHUE
HX K YIpaBasgionmM BxogaM AJIY, 3anuce pesynsratos B POH u T.1.

Cpeuun [pOrpaMMHO-AOCTYNHBIX PETUCTPOB 0CO00 BBIAEIEH ONMH,
KOTOPHIM Ha3bIBACTCS1 akkymyasamop u obo3Hayaercs A (puc. 18.2). [Tpu
BBITNOJTHEHUH apUMMETUYECKUX U JIOTHYECKHX OIlepaLiuii B HEM Xpa-
HUTCA OAWH U3 oniepannoB. Hanpumep, npu cioxeHuu OByX 4yucen
ONHO M3 HUX 3aIHMCHIBAETCS B aKKyMyasaTop. ITocse BEIIOTHEHUS ofe-
Panuu CJIOXKEHUsI Pe3yJibTaT 3allUCHIBAETCS CHOBa B aKKyMYJISTOD,
HPEILIECTBYIOLIEE CONEPKIMOE KOTOPOro CTupaercsl. McrouHuk BHELN -
HUX JaHHbIX, akKyMynsTop 1 POH noaxinoyalorcsi K BXOOHBIM U Bbi-
XonHbIM BeiBOfaM AJIY ¢ MoMOIbiO NMPOrpaMMHO-J0CTYITHEIX MyJTb-
THILIEKCOPOB M u pemynsrunnexkcopos JIM. IocienoBaTteIbHOCTD B3a-
HMMOJIEICTBHSI BCEX ITUX YCTPOMCTB OCYLIECTBISIET YCTPOWCTBO YIIPaB-
JICHUS.

Yempoiicmso ynpaenenus npencrasisier cobOil JIOTMYECKMIA aBTO-
Mar, KOTOpHIi JeUppyeT coaepxkaHie KoMaHj1 paGodeil mporpaMmbl
K, n dopMHpyeT KOMaHzbl yIIpaBIeHUS K, pa6oroit AJTY, POH u
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clh YCTPOMCTB WX B3aWMOIEHCTBUSL MEXNY

0 0_n c060i1 ¥ ICTOYHMKOM BHCIIHUX AAHHBIX.
1) ! Mukpoonepauuu B AJTY BHINONHSIOT-
1 o A Y I O I Cs1 NOCJIEAOBATENBHO, U KaXIast U3 HUX
c‘; ! TpeGyeT ONpeneICHHOIO BPEMEHH, 1O~
1 — 3ToMy YVY JOJIXXHO UMETb YCTPOKCTBO,

0 Lukn ! [O3BOJISIIOLLIEE PA3NCINTh BPEMS BBINOJ-
HEeHWs1 OfepaliMii Ha MHTEPBaJIbl BbINOJ-

Puc. 18.3 HEHMSI MUKpOONeparLuit. BTo ycTpoii-

CTBO — 2eHepamop Mmakmoebix UMNY1b-
coe (I'TH), KOTOpbIi OOLIYHO (POPMUPYET TAKTOBHIE UMIIYJIBCHI Hac-
toroit 0,5—40 M1 Ha Tpex ¢,, ¢;, ¢; U Gonee BHIXOMAX. YCTPOMCTBO
yIpaBJeHUd 110 KoMawe paboueii mporpaMmbl K, , B TCICHNE HECKOJTb-
kux TaktoB padotel TTU dopmupyeT KoManabl K /it BHIIOTHEHHUs
OJITHOM MHUKpOOMNEpaLHH, 3aTEM B TEYEHHUE HECKOJbKHX APYIMX TaK-
TOB — BBITIOJIHEHUE CIEAYIOLIEH MUKpooTiepainu u T. 4. Ilpouecc BbI-
NOJIHEHMS OIHOI MUKpOONEpaluK Hasbiaetcst yukaom (puc. 18.3).
TakuM 0Opa3oM, BBHITIOJIHEHUE OHO# KOMaHdbl K, NPOMCXOAWT 3a
HECKOJBbKO LIMKJAOB (ONUH—IMSITh), KAXIBIA U3 KOTOPHIX COACPXKUT
HECKOJIBKO (Tpy — NsiTh) TakToB paborsl ['TH.

COBOKYITHOCTb YCTPOMCTB, OTMEUYEHHBIX Ha pUC. 18.2 BHYTpH LUTPH-
XOBOIl JIMHVH, BHINOJHEHHBIX B BHUIE MHTETPAIbHBIX CXEM U pasMe-
LIEHHBIX B HECKOJIBKMX KOpITycax WIM OJHOM KOpriyce, Ha3bIBacTCsl
mukponpoveccopom (MIT).

HecmoTpst Ha 1o uto MI1 obnanaet GonbuMMK (yHKLHOHAIBHBI-
MM BO3MOXHOCTSIMU, Il €ro 3QGEKTUBHOTO MPUMEHEHUSI HEOOXO-
JIMMBI JIOTIOJIHUTENbHBIE YCTPONCTBA, TAKNE KAK 3aIIOMUHAIOLIIUE YCT-
poiicTsa (cM. nozapasz. 17.4): NOCTOsSIHHBIC [iJisi XPAHEHNSI HCU3MEHHBIX
yacTeii pabGoyeil MpOrpaMMbl K ONEPATUBHBIC JI/Isi BpEMEHHOIO XpaHe-
HUS JTAHHBIX M TIPOrPaMM M YCTPOWCTBA BBOJA Y BBIBOIA HH(pOpMaLIMK.
CoBokynHocTb MIT 1 IONOJHUTENBHBIX YCTPOMCTB HA3BIBACTCS MUK~
ponpoyeccoproti cucmemoii (puc. 18.4).

Anpeca MA =
= — jarel — - = — {l 2
I T U U U g
g 3y 28
23 o
25 | vBe P pmona Il Jlopr Lol vBum (585
<8 o3y |3y =E
HED) 5%
M ﬁ JlaHHbIe ﬁg ﬁ q cé
7 MY
] I ¥ 1 1
[N
KomaHmst
Puc. 184
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Cpeau MI1-cucrem paznuualot ynpasisiomme MUKpoOBM 1 KoH-
TpoJutephbl. HeTKy10 rpaHb MEX1y HUIMM IPOBECTH TPYAHO, HO OOBIYHO
KOHTPOJLUIEPH! 001a1A1I0T MEHBINMMHY (HYHKLMOHAIBHBIMYA W BHIYHMCIIH-
TEJIBHBIMM BO3MOXHOCTSIMU.

Yempoiicmeo esoda (YBB) u evieoda (YBuB) MIl-cuctem mpen-
CTaBJisieT CO0OI COBOKYNHOCTh YCUITUTENIEH, NMPOrpaMMHO-IOCTYITHBIX
PETUCTPOB U KIHOYEH I NMOAKIIIOYEHUS] UCIUIEs, TIPUHTEpA U T.1L.
Kaxieli perMcTp ycTpoiicTBa BBOJIA — BBIBOIA HA3BIBAETCS NOPMOM.
[opTel cmyxatr s KpaTKOBPEMEHHOTO XpaHeHHs WHG(OPMALUU B
fporecce ee BBoaa ! BbiBofa. COBOKYITHOCTB alfnaparHbIX U IporpamMM-
HbIX cpencTB YBB v YBruIB HasviBaeTcsl unmepdpeiicom.

Yrpasnsioume MUKpoOBM M KOHTPOJUIEPB! 4acTO COAEPXKAT IUIs
CONpsIKEHUs1 ¢ 00beKTOM ynpasnenud natuuky, ALIIT u LIAIT.

Paznmuunpie ycrpoiictBa MII-cuctemsl u yerpoiicrBa BHytp MIT
COCIIMHSIIOTCSL MeX Ay co00i MarucTpansimu. Paznuyaior mazucmpans ao-
pecos (MA) 1715 nepenayy agpecoB sSiUEEK 3arOMUHAIOLIMX YCTPOICTB,
MOPTOB, YCTPOICTB BBOJA W BHIBOAA WU APYTUX, ¢ KOTOpriMU MIT 06-
MEHUBAETCS JaHHBIMU; Mazucmpans Oannbix (M]I) 11s iepenayn gaH-
HbIX BHYTpY MII 1 BHE ero; macucmpans ynpaesenus (MY) s nepe-
Jayy KOMaHji, ONpeessiionIuX NoCaeI0BaTeIbHOCTb AeiicTeust MIT u
HarpapJICHUE MEpEAaYN aIpecoB U JaHHbIX o MA u M.

BxonHaa ungopMmallvsi [eNUTCSl Ha OaxHblie, Hal KOTOPBIMU BHI-
NOJTHSIIOTCSA ONEPALIMK, U npozpammy, T.€. MOCIeA0BaTeIbHOCTb KOMAHI,
OIMHCHIBAIOLUMX BHITIOJIHAEMBIE ONIEpPALINK. [JJaHHble ¥ IIporpaMMa 3aga-
I0TCS] COBOKYITHOCTBIO CJIOB Pa3sHOi#l IUINHBI B BUIIE€ JTBOMYHBIX YUCEN C
YUCJIOM Ppa3psiioB, KpaTHHIM 8 (1 Gaiit).

Hannble YBB noctynaiot B nopt BBoaa. CUrHaIbl yrpasieHHs! Bbi-
OupaioT HEOOXOAUMBIIA TIOPT, OOECTIEYNBAIOT 3ANUCH TAHHBIX, BPEMEH-
HOE XpaHEHUE B MIOPTE, @ 3aTEM WX Mepenady B MarucTpaib JaHHBIX,
COCTOSIIIYI0 U3 COBOKYMHOCTH M NPOBOASIUUX JIMHUIA, oGecrieynBa-
I0UMX nepenavyy m-paspsnHoro cnosa. [Ipu MarucrpanbHoil opranusa-
UM cBsi3eit asieMeHThl MIT-cucteMbl NOAKITIOUAIOTCS K €UHON Marv-
CTpaJii yepe3 OydepHBIE YCUIUTENN, KOTOpPHIE MOIYT HaXOAWTHCS B
OZIHOM M3 TPEX COCTOSIHUIA:

e IIEpPEAaYM JaHHBIX B MAarMCTPAJTh;

s NIPYEMA JaHHBIX U3 MAarucCTpaiu;

¢ OTKJIIOYEHMS OT MarucTpaju.

CurHajaMy ympaBleHUSA OmHHM 3JieMeHThl MII-cucteMbl MOXHO
MOCTABUTh B PEXUM [epeaayyl THQOPMAIIUK B MarucTpab, Apyrue —
B PEXUM NpHEMa MHGPOPMaLMK, OCTAJIbHbIE — OTKJIOUYUTD.

Hns toro urobw pabora MII He 3aBucena ot 6GeicTponeiicteust YBs,
JaHHBbIE U MpOrpaMMma Iepel €€ BHITIOIHEHUEM 3anuchisaiores: B O3Y.
O6pem O3Y miis ynpasnsiionieit MUKpoOBM cocrasnsier eqnHMLb 1
necsatku kutobair (1 k6aiit = 2'° Gaiit, T.e. 1024 BocbMUpa3psIIHBIX
cJioBa). KpoMe TOro, MOXET NOAKIIOYATECS] BHELIHSS aMATh, HAITPHU-
ME€p B BUJE YCTPOICTB C MArHUTHBIMU JUCKAMM.
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B ynpasnsioweit MI1-cucteme, paboTaronicii B ABTOHOMHOM peEXU-
Me, MporpaMMa pasMernaeTcsl B 3allOMMHAIOLIEM YCTPOICTBE IMepen
3aIlyCKOM €€ B paboTy. JJaHHbi€ OT JaTYNKOB O 3HAYEHUSIX KOHTPOJIH-
pYEMEIX ITapaMeTpoB MOCTYINaT B Y BB HENMPEPHIBHO, T. €. B pEAIbHOM
Maciutabe BpemeHu. Ilocne nx o6paboTKu (GOPMUPYIOTCS CUTHAJBI
YIIPABJIEHUS] UCTIOJIHUTENBHBIMM MEXAHU3MAMHK Ha BhIXOHax YBHB.

TlocnenosaresbHOCTD BeINOAHeHUs1 MIT komaHn mporpaMMel obec-
[IEYMBAET HAXONALUUMUCH B HEM CHEMMUUK KOMAHO.

I. CuuTbiBa€TCs1 NEpBasi KOMAHAA U3 3aTIOMUHAIOLIIETO YCTPOMCTBA;
HOMEp SYEMKH 3aIOMUHAIOLIEr0 YCTPOWCTBA, € XPAHWUTCS IEpBast
KOMAH/1a, 3aHOCHUTCST B CUYETYUK KOMAHI; MOCJIE BBITIOJIHEHUS KOMAH-
JIbl YUCIO B CUETYMKE aBTOMATUYECKH yBeInuMBaeTcst Ha 1, uto obec-
[IEYUBAET MOCJICAOBATELHOCTD BHITIOMHEHHUSI KOMaH, MPOTrpaMMBl.

2. CuyuTHIBaETCsl N3 3alIOMUHAIOLIETO YCTPOKCTBA KO OMEPALUH,
BBINOJIHAEMOI 1O JAHHOM KOMaHAe, U YMCiaa Wik ux ajgpeca (ropta
WIN AYEKM 3alOMUHAIONIELO YCTPONCTBA), HAall KOTOPBIMU KOMaHa
BBINOJTHSIETCS].

3. BoInonHsieTcss KoMaH/1a.

TocJie BLITONHEHM S KOMAHIBI «CYUTHIBAHUE» BBIMNOJHSAETCS KOMaH/1a
U3 clleayolleil syeiiky 3aTTOMMHAIONIETO YCTPOMCTBA, W LIMKJI TTOBTO-
psieTcsl.

KpoMe nocnenoBare/ibHOrO BbiMOJIHEHHS] KOMAH, OCHOBHOM Ipo-
rpamMmbl B MIT npeflycMOTpEHO €€ MpephiBaHNE HA HEKOTOPOE BpEMs
C MOoCJeayiolMM Bo3BpaToM. [Ipy 9TOM 1isi BpEMEHHOTO XpaHEHHsI
conepxumoe POH, anpec KoMaHAbl OCHOBHOW IPOTpaMMbl, CIIEIY-
Iouieil 3a TOYKOI IIpepHIBaHUsl, U HEKOTOpas apyras WHGQOpMalus
noMerarotes B obnacts O3Y, HazbiBaeMmyio cimekom. CTEK TO3BOJSIET,
HanpyMep, OPraHN30BaTh BIOXEHUE MPOrpaMM, KOraa OCHOBHas1 fipo-
rpaMMa BHI3BIBAET OAHY MOANPOrpaMMy, Ta, B CBOIO OYEpPEAb, MOXET
BBI3BATH APYIYIO U T. 1.

18.2. AHANOroBblif 3NEKTPOHHLI BONbTMETP
NOCTOSIHHOr O HanpsHXeHus

Tunosasi cxemMa aHANOTOBOTO 3NEKTPOHHOIO BOJILTMETPA MOCTOSIH-

HOro HarpsuxeHus: (puc. 18.5) conep-

XWUT UHBEPTHPYIOIIMI YCWINTENDL Ha
R, 1s ocHose OV ¢ OTpULIATEIBHOM T10Ce-
JIOBaTENAbHON OOpATHOM CBA3BIO MO
HanpspkeHuio (cMm. moapasn. 15.6) u
OTCYETHOE YCTPOMCTBO Ha OCHOBE
raJJbBAHOMETPA MarHUTOANEKTpUYE-
CKOi1 CHCTEMBI, IIIKaJIa KOTOPOTIo Ipa-
IyUpyeTcsl B 3HAYCHUSIX U3MEPSIEMO-
Puc. 18.5 ro HarpsKeHHUsL.
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CocTtaBuM cHUCTEMY ypaBHEHMI 10 BTOpoMy 3akoHy Kupxroda mwist
KOHTypa I ¢ yyetom (15.11) u 3akoHy OmMa juisi LIEH ranbBaHOMETpa

R
U +—2_U,, =Uyoy =0,
R +R, i (18.1)

Bb]x (RG +R )IG,

rne Rg m R, — conpoTuBieHue LENH rajibBaHOMETPa N JOGABOYHOTO
pe3uctopa; I; — TOK B LIETIM TajibBAHOMETPA.

N3 cuctemnl ypasuenmii (18.1) crieayer, yTo TOK B LIEMIU rajbBa-
HOMETpA paBeH

R + R, U
(R, +R;)R, ™

IonctaBus dopmyny (18.2) B ¢popmyiry (5.4), ¢ yueToM MNOJSIPHO-
CTH MOAKIIIOYEHHs BbiBoZ OB ranbBaHOMETpa onpe/iesiuM

I;=- (18.2)

R +R, 1
:—Ux Z_—'Ux’
¢ Ry(R, +R;) cy

Ie ¢y — LEeHA ACJIEHUS INKAJIb.

OCHOBHO€ IOCTOMHCTBO aHAJIOFOBOTO 3MIEKTPOHHOIO BOJIBTMETpa —
BBICOKAsl YYBCTBUTEJIBHOCTL MPH OONBIIOM BXOIHOM COIPOTHUBIEHUHU
(g0 10'° OM), HamIsAIHOCTD JUIST OMIEPATOPA NPU CYUTHLIBAHUM TOKA3a-
HUM Ha NOJHOM 11IKaJle OTCYETHOIO YCTPOUCTBA.

OCHOBHOII HEIOCTATOK — HEBBICOKMI KJ1acC TOYHOCTH (He BbILLE 1,5).

18.3. Llndpposoii INEKTPOHHLI BONBTMETP
NOCTOSIHHOIO HanpsHXeHus

CtpyKkTypHas cxemMa IIM(POBOTO BOJBTMETPA MOCTOSIHHOTO HAIIPS-
xenust (puc. 18.6) cocrour 3 KBaHTOBaTelNsl I, MpeoGpa3osaresst KO-
JIOB 2 ¥ OTCYETHOTO YCTPOMCTBa 3.

1 2 3
v, | & N, | M N, L000
N, Ny
i
Puc. 18.6
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Keanmosamenv ocyliecTBisieT KBAHTOBAHUE U3MEPSEMOTO HANIpsi-
xenust U, 110 ypOBHIO, T.€. MPEJICTABIEHUE €70 3HAUYEHUS] LU(PPOBBLIM
KOJOM NN,, M INCKPETU3ALIHIO 110 BPEMEHH, T.€. U3MEPEHUE YEPES PAB-
HBI€ UHTEPBAJIBI BPEMEHMU.

IIpeobpaszoeamenv Kodoe nipeodpasyeT HU@poBoit kod N, B udpo-
BOi1 Ko Ny, C MOMOILIIBIO KOTOPOTO OCYLIECTBJISIETCSl YIpaBleHNe Lud-
POBBIM OTCYETHBIM YCTPOMCTBOM, & B HEKOTOPBIX C/Iyyasix — U B LUQ-
poBoii Ko N’ [iisi OOMeHa AaHHBIMU C APYTUMU LUGPOBBIMU YCTPO#-
CTBaMM. 3

Haynuve KBaHTOBATEJIsI SIBJISIETCS TPUHLIMITUATBHOU OCOOEHHOCTBIO
LG pOBOro BOJIBTMETPA MOCTOSIHHOTO HaNpsiKeHUsl. PasnnyaoTt KBaH-
TOBATECJIM MIHOBEHHBIX (BPEMSIUMITYJIBCHBIE U KOAOUMITYJIBCHBIE) W
CPEIOHUX 3a ONpENETCHHbI WHTEPBAT BPEMEHU (YACTOTHO-UMITYJIbC-
Hbl€ U C JBYXTAKTHbIM MHTEIPUPOBAHUEM) 3HAYEHMI HU3MEPSEMOIO
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HanpstxkeHus. KBaHToOBaTe/ M cpefiHero 3HaYeHUs HA3LIBAIOTCS UHME-
epupyiowumu. OHU MaJOUYBCTBUTEJIbHB K MOMEXaM B BUAEC CHHYCOU-
JATBbHBIX TAPMOHUK HAMNPSIKEHMS, €CJTU B HHTEPBAJIC BPEMEHU yCpea-
HEHMUST U3MEPSIEMOTO HATIPSKEHUST COAECPXKUTCS LIEJIOE YUCIO UX MEPU-
OZIOB.

OrpaHnyuMcsi 3HaKOMCTBOM C pabOTO# BOJIBTMETPA HA OCHOBE Bpe-
MSIUMITYJICHOTO KBaHTOBATEJIS.

IHpunyun deiicmeus 6peMAUMNYAbCHOZ0 KEAHMOBAMENS WILTIOCTPUDPY-
FOT CTPYKTYPHAsl CXeMa M COBMELLEHHBIE BPEMEHHKIE TUArpaMMBl OJl-
HOTo nepuoaa paborh ee 610koB (puc. 18.7, a u 6).

CoBMecTHYIO paboTy GOKOB KBAaHTOBATEJsl CHHXPOHU3UPYET OJ10K
yrnpaBJieHuUsI, HAIPUMEP MYJIBTHBUOpaTOop (cM. nmoapasz. 16.5), Ha Bbi-
XOO€ KOTOporo (GOPMUPYIOTCS MOJIOKHUTENBHBIE MUMITYJIBChl HaIlpsi-
KEHUSI Uy C MEPUONOM NOBTOpeHust T — duckpemusayus no 6pemMeHu.
DOTU UMIIYABCHl HATIPSKEHUSI ONHOBPEMEHHO BKJIIOUAIOT T'€HEPATOD
JMHENHO M3MeHsouerocs: HanpsokeHuss (IJIMH) u yctaHaBivMBaOT
RS-Tpurrep B coctosiHue 1 Ha ero Beixoae (HanpsixeHnue i, > 0). JIu-
HEWHO HapacTatolee HanpspkeHue Ha Bbhixone IJIMH uppyy = St no-
JIa€TCsl Ha BXOJ KoMmIiapaTopa (cM. mojpasa. 16.2) u cpaBHUBaeTCs C
M3MEPSIEMBIM TMOCTOSIHHBIM HarnpstkeHuem U,.

Yepes uHTEpBAT BpeMEHM Atf, OT Havana 3anycka [JIMH nanpsixe-
HUE HA €ro BHIXOIE CTAHOBUTCS paBHBIM U3MEPSIEMOMY HAMPSIKEHUIO,
T.€. U,= SAt,, tne S — kpymusna npeobpaszoeanus. B 5TOT MOMEHT Bpe-

. MEHH Ha BBLIXOAE KoMIlapatopa (OpMHUPYETCsl MONOXUTENbHHI WM-

MyJIEC HATPSDKEHUS Uy, KOTOPBIH ycTaHaBAuWBaeT RS-Tpurrep B cocto-
sHie () Ha €ro BHIXOJE, U CBSI3b MEXAY BBIXOJIOM @BTOHOMHOIO I'€éHe-
paTopa UMIYIbCOB HANPSDKEHUs U, BHICOKOU yacToTH f (no 1,5 MI')
M BHIXOJIOM KBaHTOBAaTeJIsT yepes3 Noruvyeckuil anemeHT M npekpaiua-
ercda. Takum oOpa3oM, BO BPEMSIMMITYJbCHOM KBaHTOBATEJIE 3HAYE-
HHE M3MEPSEMOTO HAIPSIKEHMs1 CHavala rnpeobpasyercsi B IPONoOp-
LIMOHAJIbHOE 3HAa4YeHWE MHTepBayia BpeMeHM Af = U,/S, KoTopoe 3a-
T€M NpeodpasyeTcsl B MPONOPHHUOHATBLHOE YHUCIO UMITYJIBCOB — K6aH-
moeaHue no ypoeHio

N,= At f=fUJ/S.

Tax kak yacToTa f BesivKa, a KpyTU3Ha Npeodpa3oBaHus S Maja, To
JiaXe MajibiM 3HAUEHUsIM U3MepsieMoro HanpsikeHus U, COOTBETCTBYET
6OJIBIIIOE YUCJIO UMILYJIBCOB IV, UYTO 00€CEeYNBaET BHICOKUE YYBCTBH-
TENBHOCTh U TOYHOCTb U3MEPEHMIA.

OCHOBHBIE€ TOCTOUHCTBA 1IM(PPOBOTO NEKTPOHHOIO BOJIBTMETPA —
BBLICOKUE 4YYBCTBUTEJIBHOCTb M Kiacc TouHoctH (1o 0,1) mpu Gonb-
1IoM BXoHOM corporusienun (1o 10'° OM), 06beKTUBHOCTD LMpPO-
BOTO OTCYETA MOKAa3aHUi, BO3MOXHOCTD COTNPSIKEHUS € APYTUMM LIU(D-
POBBLIMH YCTPOMCTBaMU 151 0OpabOTKH Pe3yJIbTATOB N3MEPEHMSI.

OCHOBHOI1 HEAOCTATOK — YTOMJIEHWE ONEPaTopa MPHU JITUTEIBHOM
HaOJTIOIEHNHN 33 IIMPPOBHIM OTCYETHBIM YCTPOMCTBOM.
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18.4. 3neKTpOHHbI ocuywnorpad

Jlns peructpauniy OBICTPONPOTEKAIOMIMX MPOLIECCOB, & TAKXKE M3-
MEpPEHUsT YaCTOThl U TMHAMNYECKUX XapaKTEpUCTUK 3JIEMEHTOB 3JIEK-
TpUYECKUX Lienel (Harpumep, NETJIN rucTepe3nca (peppOMarHUTHOTO
cepaevyHuKa (M. puc. 3.12)) cilyXUT 3MEKTPOHHO-JIyYEBOI OCIIVILIO-
rpad. Tlo Ha3HAYEHNIO M MPUHUUILY ACHUCTBUA pa3InyaiT OCLUIUIOT-
padbl HENPEPHIBHOTO JIEHCTBUS, 3aTIOMUHAIOLNAE U IN(MPOBLIE,

Ocumorpag HenpepbiBHOrO AeicTeud. BaxHeillued 4acThio oc-
muutorpada sSBIsSETCsl SJEKTPOHHO-JydyeBas Tpyoka (puc. 18.8), Ko-
TOpasi COCTOUT M3 3JIEKTPOHHOTO MPOXEKTOPA, OTKJIOHSIOIIEH cHUC-
TeMbI U 3KpaHa. [IpoXeKTOp co3aaeT y3KHiA 3JIEKTPOHHBIIA JIyd U CO-
CTOMT U3 MOJOTPEBHOrO KaTojia, YIpaB/isiioLIero 3MeKTpoaa V u AByx
aHOMIOB A; u A,. :

DNEKTPUUECKOE MOJIE, HEOOXOAUMOE ISl YCKOPEHMSI 3JIEKTPOHOB,
00eCTieYMBAETCH BHICOKUMHU JIOJOXUTEJIbHBIMU TIOTEHIMAIAMU aHO-
n0B A, u A,, nipeicTapnsiolinx coboi Mojble HWINMHAPHI C ONHOWM
vy Gonee nuacdparMaMu, 3aJCpPXXUBAIOIIMMU CWIBHO YKJIOHUBLUME-
¢S OT OCM Jiyua 2JeKTpoHH. HanpsbkeHre Mexay nepBbIM aHOAOM A,
M KaTOAOM COCTABJISIET OT OJIHOM AECATOMN MO OAHON TPETH HAIpsiKe-
HUSI MEXIY BTOPBIM aHOOOM A, M KatonoM, paBnoro 600-—-5000 B.
YiipaBastiolMil 27€KTposl V UMEET OTpULIATENBHBIN TTIOTEHLIMAT OTHO-
CUTEJILHO KaToNa M CIYXUT /s POKYCHPOBKHU JIyya M NIPU HEOOXONM-
MOCTHU €ro 3allhupaHusl.

st OTKIOHEHHUS DJIEKTPOHHOIO Jiyya B FTOPU30OHTAILHOM W BEp-
TUKAJIbHOM HAaMpaBJCHUSIX CIYXKAT ABE [apbl OTKJIOHSIOUIUX [IaCTUH.
HamepsieMoe nepuoinyecKoe HanpsiKeHUe MONAeTCsl Ha BEPTUKAb-
HO OTKJIOHSIIOLLME TUIACTUHBI, BCJIEACTBUE YETO MPOUCXOAUT OTKJIO-
HEHUe Jiy4ya B BEepTUKaJIbHOM HanpasieHUM (1o ocu opauHar). ['opu-
30HTAJbHO OTKJIOHSIOIIME TNTACTHHB HEOOXOANMEI J1/151 pa3BEPTKH U3-
MEPSIEMOTO HaIpsbKeHUst BO BpeMeHH (1o ocu abcumcc). B 6onbInvH-
CTBE CIYYaeB HA 3T MIACTHHBI MOJAETCS IEPHOANUECCKOE HAMNPSIKEHUE
reHeparopa JIMHeiHO uaMeHsoerocst HanpsixeHus: IJIMH (cM. noa-
pasn. 16.5).

BeptukansHo
OTKJIOHSIIOLLIIE
TUTACTHUHEI

. —
A, Tof Id30HTaJII:-H
, Top =\

OTKJIOHAIOLIHC
TUIACTUHDBI

Puc. 18.8
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Puc. 18.9

DKpaH MOKPHIT CJI0EM JIIOMUHOGMOpa, HA KOTOPOM J€HCTBUEM JIBU-
KYLLErocs 3JIEKTPOHHOTO Jyya oOpa3yeTcsl CBETALIMIICS cliell 3aBUCH-
MOCTH M3MEPSIEMOTO HAMPSKEHUSI OT BPEMEHM.

CrtpykrypHas cxema ociitorpacda (puc. 18.9) coctout us G10K0B
M KJIIOYEH, C TIOMOLBIO KOTOPLIX MOJYYAIOT PA3IMYHbIE PEXUMBL €TI0
paboThI.

PasnuyaroT pexuMbl paboThl ocliiyorpada: ¢ BHYTPEHHENH CUHX-
pOHM3aLMel, ¢ BHELIHElH CHUHXpOHM3alLMEH, aBTOMATHYECKHII U CO
CIEIMaTbHOM pa3BEPTKOM.

B peosicume ¢ enympenneii cunxponuszayueii 3aMKHYTH Kinoun K, Ky v
HaIpsSIKEHUE BXOJHOTO CUTHANA Uy, UEPE3 ATTEHIOATOP, T.€. KAIUuOpo-
BAHHDLIY [IEMUTENb HAMPSIKEHUS, MOJNAETCS Ha BXOObl YCWIMTENSA U
I'JINH, 3anyckas nocneaHuil B paboty. Hanpsixkenue c seixona IJIMH
[MOAAETCHA HA TOPU3OHTAIBHO OTKJIOHSIONIUE TUIACTUHBI X— X OCLIVI-
norpacda, U cjiell 3MEKTPOHHOTO JIyya Ha 9KpaHe HauMHaeT ABUIaThCs
B FOPU30OHTAJILHOM HanpaBieHUM. [11s1 Toro 4toObl BXOAHOM CHUTHATL,
MOCTYIAIOIIMI [10CJIE YCUIIEHUST HA BEPTUKAIBHO OTKJIOHSTIOLINE MJ1a-
CTUHH y—, OblJI PAcIIONIOXEH B LIEHTPE 9KPaHa, €ro HEOOXOANMO
3a€epKaTh Ha HEKOTOpPOE BpeMsi Af ¢ MOMOLUBIO JIMHUM 331€PXKKH
(puc. 18.10, a).

HenocTaTKOM peXHMa ¢ BHYTpEHHEH CHHXPOHU3ALMEN SABISAETCS
BO3MOKHOE MCKaXE€HUE BXOOHOIO CUTHaJIa JIMHHUCH 3aNePXKH.

B pexcume ¢ enewneii cunxponusayueli 3aMKHyTh Kjoun K,— Ky v
sanyck I''TMH ocymectsasiercsi ciequalbHBiM UMITYJIBCOM CHHXPO-
HU3ALWH U, ,, KOTOPBI NpEALIECTBYET BXOJHOMY CUTHAJIY Uy, HA BpE-
Ma At (puc. 18.10, 6). B 3TOM ciyyae JIMHUA 3a0CPXKKH HE HYXHA U
BO3MOXKHO 00Jie€ TOYHOE BOCIPOU3BEJICHUE BXOJTHOTO CUTHaMA.

B asmomamuyeckom pewcume 3aMKHYTHI K04 K;, K, v Ha BbIXojie
TJIUH ¢opMupyercst iooGpa3Hoe HANPSKEHUE € 4acToTol f. Eciu
yacToTa f, COBManaeT ¢ 4acTOTO# f NEPHOANYECKOTO HANPSLKEHUST Ha
Bxone ocipuuiorpada MIM KparHa eil, TO Ha 3KpaHe ocuuiorpacga
HabGIonaeTcsl HEMOABXKHOE n300paxeHue (puc. 18.10, 6).
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B pexcume co cneyuanvroil pazeepmroii 3aMKHYTBI KJ110uM K5, K5 v Ha
TOPHU3OHTATTBHO OTKJIOHSIOIME IIACTUHBI OcLWLIOrpada rnogaercs
KAaKoe-JIM00 CreuMatbHOE NMEPHOANYECKOE HATIPSIKEHUE u,. Tloatomy
C MOMOLIBIO OCUMILTOrpacha MOXKHO NPOBOAUTH HEKOTOPHIE CIIEIUAb-
HHE n3MepeHusi. Hanpumep, ecin HanpsokeHWe Ha MIaCTHHAX X — x
CHHycounaneHoe u, = U, ,sin2nft, To MOXHO M3MEPUTH yacTtoty f
BXOIHOT'O HAMPsSDKEHUS, €CJIA OHO TAKXe CUHYCOMJANABHOE U €ro ya-
CTOTa KpaTHa 4acToTe f,. B 3aBUCMMOCTH OT KPaTHOCTH OTHOINEHUS
4acToT f/f, Ha 3KpaHe ocuuiorpada HabIOIAIOTCS! pasnuuHbIe Qury-
pH (puc. 18.11).

Hyscmeumenvrocmoio ocyuntoepagha Ha3HIBAETCS OTHOILEHME BEp-
THKAJILHOTO OTKJIOHEHHUSI CBETOBOIO MSITHA HA 3KPaHe B MIJLIUMETPAX
K 3Ha9CHHUIO BXONHOTO HAMPSXEHUS B BOJIbTaX. YyBCTBUTENBHOCTD Ca-
MOW TpYOKU 6€3 YCUIUTENSI OTHOCUTENILHO HU3KAS 0,5 —1 mMm/B. On-
HAKO MPUMEHCHUE YCHJIUTE/ISI MOBBIIIAET YyBCTBUTENbHOCTD OCLIJI-
norpaga no 1 mm/MB.

Ocunanorpad ¢ 3anomunalomeii Tpy6xoii. B 3AITOMUHAIOLIEM OCLIWJI-
Jiorpacge UCTIONB3YIOTCS! 1BA 3M1EKTPOHHBIX TIPOXKEKTOPA IJIst 3aUCH N
BOCIIPOM3BENICHMsI UCCNIEAYEMOTO curHana. I1pu 3anucu snekTpoHHbIi
JIyY HAHOCUT MO CJIEly CBOETO ABMXXEHMSI JIEKTPUYECKUE 3apsiibl Ha
IKpaHE, CO3[1aBas HEBUAMMOE U300paXeHUE UCCIELYEMOro CUTHAJA.

Bocnpoussonsumit npoxekTop Mo 3anpocy oneparopa npeobpasy-

€T HEBUIUMOE U300pakeHUE B CBETsI-
eecst. Bo3MOXHO nocTpouHoe npeoo-
pa3oBaHHE 3anMCAaHHOTO CUTHAajla U
@ % NPECTABIIEHUE €r0 COBOKYITHOCTBIO

B - CBETSLLMXCH TOYEK, KOOPAMHATH KOTO-
= =£/2 =2
/=% I=4 1= PBIX MOTYT MCTIONB30BAaThCS JUisl LM-
Puc. 18.11 pOBOi1 00paboTKH.

OcHoBHast 06NacTh NPUMEHEHUS 3ATIOMHHAIOLLINX ocuuuiorpagoB —
UCC/IEN0BaHKE ObICTPOIIPOTEKAIOLIMX OJHOKPATHBIX MPOLIECCOB.

Iudposoii ocumniorpad. B ydposom ocuuiutiorpade ucciaenyemMurit
HEMPEPBIBHBII BO BPEMEHN CUTHAJ TMPENCTABISIETCS HA OCHOBE AHA-
Jioro-1M¢ppoBoro npeobpazopanusi (cM. noapasf. 17.6) ¢ TakToBoi ya-
CTOTO# JI0 HECKOJIBKHMX [IECATKOB METArepLl NMOCEN0BATEIbHOCTHIO TO-
Y€K C COOTBETCTBYIOLIVMY 3HAYEHUAMH CUTHAJIA Y BPEMEHU B LIM(PpO-
BOM 3KBUBajieHTe. LlngpoBble 5KBUBAJIEHTB] Pa3MELIIAIOTCS B SUCIHKAX
OINCPAaTUBHOTO 3a1IOMUHAIOIIETO YCTPONCTBA U HCTIOJB3YIOTCS 15 arl-
NapaTHOM U NMPOrpaMMHOI 0OpaGOTKH.

Hist BU3yanusaumn n3obpaxeHust NPUMMEHSIOTCS PAa3IHYHBIE K-
TPOHHO-JTyYEBbIC TPYOKM Y MATPUYHBIE MHAUKATOPHHIE TIAHENH € 6OJTb-
LUIMM YHUCJIOM MAJIOTa0apUTHBIX YNPaBJISEMBIX CBETOBBIX 3JIEMEHTOB.
TocnenosarenbHoe BO3OYXIEHHUE CBETOBBIX 3JIEMEHTOB C KOOpAUHA-
TaMH, COOTBETCTBYIOLUMMU KOOPAWHATAM ITOCIEA0BATEIBHOCTA TOUYEK
UCCIENyeMOTO CUIHANA, IAET €r0 BUAMMOE M300paXeHHE.

OcHoBHBIE NOCTOMHCTBA LIMPPOBBIX OCUMILIOrpadoB — BHICOKAS
TOYHOCTb U3MEPEHNS BCJICACTBUE UCKIIOYEHUS! YCUIIUTENEN U IPYrHX
YCTPOMCTB 0OpabOTKM HENPEPHIBHBIX CUTHAIOB, BO3MOXKHOCTD J0JI-
TOBPEMEHHOTO XPAHEHHSI, OTIEPATUBHOTO BOCIIPOU3BEAECHUS U MaTe-
MaTHyecKoi 0OpaboTKH pe3yNbTaTOB Ha OCHOBE compspkeHust ¢ TTK.

OCHOBHO#M HEOCTATOK — OrpaHMYEHHAs TOJIOCA YACTOT BCJIEM-
CTBUE OrPAaHWYEHHOW TAKTOBOH 4YAaCTOTHl aHAJIOTO-LIM(POBOrO Mpe-
o0paszoBaHus.

Hist perucTpauny sHaYEHHI MEIEHHO M3MEHSIIOLIMXCS BO BpEME-
HH BeaMYUH (¢ yactotoit no 10 ) MpuMeHsHOTCs 3MEKTpOMEXaHM-
YECKME CaMOTIHLLYIIIUE TIPUOOPKL. 3anuch TEKYIIETO 3HAYEHUS PETUCT-
PUpPYEeMOIi BEJMYUHBI TIPOU3BOAUTCS HA ABUXYIIEHCS! OYMaxXHOM JICH-
T€ B KOOpAMHATaX «A3MEpsiEMas BEJIMUMHA — BpeMsi». 3HAYEHUE U3Me-
pPAEMOIl BEJIMYMHBI OMPEACNSICTCS IOJOXEHUEM MOABUXHON 4acTu
M3MEPUTEJIbHOTO MEXaHW3Ma, HarpUMEpP MarHUTO3JIEKTPUYECKOTO.

Husi peructpaumn ungopmauny B UUGpoBoi 1 GyKBeHHOM (op-
Max MPHUMEHSTIOTCS! alihpaBUTHO-IM(DPOBHIE TeYaTaoMe yCTPOIICTBa,
MarHUTo(MOHH M JUCIUIEU.

SAQAY4K K BONPOCHI A1 CAMOMNPOBEPKW

18.1. Kakue ocHoBHBIE LU(POBBIE YCTPOICTBA BXOAAT B COCTAB annapar-
HBIX CPeJICTB NMPOrPAMMHUPYEMBIX YNPaBISIIOKX HHMPOBHIX YCTPOHCTB?

18.2. HasoBute ocHOBHBIE (DyHKLHMH apU(METHKO-TIOTMYECKOTO YCTpOIi-
CTBa.

18.3. U3 KakuxX OCHOBHBIX YCTPOICTB COCTOMT MUKPOTIPOLECCOP?

18.4. Kakue cocraBHble YacT 06pasyloT MHUKPOMPOLECCOPHYIO CHCTEMY?

18.5. Kakue QyHKIMKM B MUKPOMPOILIECCOPHOI CHCTEME BBIMOTHIIOT Ma-
THCTPaJIA aJPecoB, NAHHBIX U YIIPAaBJICHUS?

18.6. U3 xakux 4yacTeil COCTOMT CTPYKTYpHAs CXeMa 3JeKTPOHHOIO Li-
poBOro BoJsibT™MeTpa?
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NPUNOXEHUA

TNPUTIOXEHWVE 1

BYKBEHHbIE OBO3HAYEHUSA

WHAYKLUHUSI MATHUTHAST; TIPOBOAHUMOCTD PEaKTHBHAS

MHIYKLUMSI MATHUTHAS OCTAaTOYHAas]

€MKOCTb 3JeKTpHUYECKast

K03¢pPULHEHT MOIIHOCTH (IPH CHHYCOMAAIBHBIX HaNpSDKEHHN W
TOKE :

HAMNPSXKEHHOCTD 3JIEKTPUYECKOTO TION

cuia anektponsuxyiuag (BJC), 3aBucsiias oT BpeMEHU
nocrosiiHasi BJIC; neiicTByollee 3HayeHre nepuoanyeckoit 3JJC
aMIuIMTyoHoe 3HadeHue DIC

3]1C KOMILIEKCHOE 3HaYeHue ACHCTBYIOLLIEE

CHJIa MAaTHUTOJIBMXYILLIAs1 BAOJb 3aMKHYTOTO KOHTYpa

yacTtoTa KoJieGaHHii

MPOBOJIMMOCTD JIEKTPHYECKAs aKTHBHAS

HaNPSIKEHHOCTh MATHUTHOTO MOJIsl

CHJIa KOSPLMTHBHAS

TOK, 3aBUCSILUHI OT BpeMEHH

TOK TNOCTOSIHHBIN; JeHCTRYIOlee 3HAYEHHE IMEPHOIUYECKOro ToKa
AMIUTMTYIHOE 3HAYeHUE TOKA

TOK KOMILUTEKCHBII OeNCTBYIOILMA

WHAYKTHBHOCTH COOCTBEHHAs

WHIYKTHBHOCTH B3auMMHast

Ko3(pduueHT TpaHchopMaLMK; YacTOTa Bpallle HHS

YHCIO Nap NoJiocoB

MOUIHOCTH aKTHBHAsI

MOII[HOCTh peakTHBHas; JOOPOTHOCTh KoJieGaTeTbHOTO KOHTYpa
COTPOTHUBJIEHHE 3NIEKTPUUECKOE aKTHBHOE

MOILHOCTH TONHAas

CKOJIbXEHUE

HAMNpPsSLKEHHE 3NIEKTPUYECKOe, 3aBUCSILEE OT BpeEMEHH
HampsKeHUE NMOCTOSHHOE, NEUCTBYOIIEee 3HaUYEeHHUE MEPHOTUYECKO-
ro HanpspKeHUs!

aMIUIMTYOHOE 3HAYEHHE HATIPSDKEHHS

HanpsiKeHHe KOMIUIEKCHOE HeiCTByIoLIEee

MNOTEHLUAT JIEKTPUYECKU, 3aBUCSIAN OT BPpEMEHU

MOTEHLHUAT 3JEKTPUYECKHI TOCTOSTHHBIN

YUCJIO BUTKOB

COTNPOTHUBJICHHE 3NEKTPUYECKOE PEAKTHBHOE

MPOBONMMOCTb JIEKTPUYECKAs TOJTHAS

7 —

COMNPOTHUBJIICHHE 3JIEKTPHYECKOE TIOJTHOC

zZ — COMPOTUBJICHHUE KOMILJIEKCHOE

6_
0 —
9 —
T —
b —
¢ —
¥y —
Yy —
()]

Q —

YroJ norepb
TeMIiepaTypa

‘TIPEBHIIIIEHHE TEMTICPATYPHI

MOCTOSIHHASI BPEMEHH; iar HaMoTKa

MarHuTHbBIN MOTOK

caBur (a3 MexIy CUHYCOMJAIBLHBIMU HANPSDKEHHEM U TOKOM
MOTOKOCLEIUIEHHE

HavanpHast (asza

4yacToTa KoysebaHuil yriosasi

CKOPOCTh yrioBasi

MPUJIOXEHWE 2

OCHOBHbIE COKPALLEHUS

ALIT — ananoro-undposoil npeobpasosateinb
I'JIMH — reHepatop JUHEHHO U3MEPSIOLUETOCs HATIPSXXE HUA
KT — koshduuneHT noae3Horo JeicTBus
MA — maructpaib aapeca
MJI — mMaructpasib J1aHHbIX
MJIC — marHuToABMXYLlAsl CHIa
MII — mukponpoueccop
O3V — onepaTHBHOE 3allOMHHAIOLLEE YCTPOHCTBO
OV — onepalMOHHBIA YCUIIUTEID
T3V — nocrofAHHOe 3aroMHHaloLLEe YCTPOWCTBO

K
M
POH
LIAII
UM
3IC

— TEPCOHAILHBIN KOMITBIOTED

— mnporpaMmupyemasi Torudeckas MaTpuia
— perucTp oOLLEro Ha3HAYEHHsI

— uu@dpoaHanoroBblii npeobpa3oBareslb

— ILMPOTHO-aMIUTUTYIHAS] MOJYJISLIUA

— 3JIEKTPOABMXYILASl CHJla
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TNPUJIOXEHUE 3

OCHOBHbIE EAVHWULLbI UBMEPEHUS STEKTPUYECKUX
¥ MATHUTHBIX BEJINYUH B MEXAYHAPOLHO CUCTEME EAUHUL, CK

OcHogHas COWHUIIA U3MCPEHUS

NMPOBOAMMOCTDL

Benmymna
HaumenoBanue ©003HayeHue
Tok ammnep A
Konnyectso anektpuyectsa, KYJIOH Kn
3apsn
Torenunan, nanpsxenue, D1C BOJILT B
HanpsisxeHHOCTb 31eKTpHye- BOJIBT HA METP B/m
CKOT0 N0JIs
BNeKTPUYECKOE COTIPOTUBIIEHHE oM Om
BINEKTPUYECKAS EMKOCTD dbapan (O]
MarauTHbii NoTok Bebep B6
MaruuTHas MHAYKLNS Tecna Tn
HMHayKTUBHOCTL, B3auMuast reHpu I'u
MHIYKTUBHOCTH
MaruauTtonBrxyLas cuia aMmnep A
HanpsixenHocts MarantHoro aMrep Ha MeTp A/M
noJis
DHeprus JIXOYJTb Hx
MouHoCTb aKTHBHas BaTT Br
MoliHoCTh peakTHBHas BOJIBT-aMIIep Bap
pEeaKTUBHHII
MoitHoCTb nonxas BOJIbT-aMriep B-A
DeKTprYecKas MPOBOIUMOCTb CUMEHC Cm
YaenvHoe anekTpuyeckoe OM-METp OM-m
CONPOTHRIIEHKE
YoenbHas anekTpuyeckast CHMEHC Ha METp Cm/Mm

TPUJIOXKEHWE 4

NMPUCTABKU AN AOJIbHBIX U KPATHbIX EAUHUL, U3BMEPEHUS

oo 1 <pamec Obostaeric Ot wmepons
TMuko n 102
Haro H 10-°
Mukpo MK 10-6
Muun M 1073
Cantn c 102
T'exro r 10?
Kuno K 10°
Mera 106
TNPUJIOXEHVIE 5

MATEMATU4ECKUE NPEOEPA3OBAHUA C KOMMJIEKCHBIMM YUCJIAMU

Dopma NpencTaBieHust
KOMIUIEKCHOTO YHCITa

IMpeobpasopanne

AnreGpandeckas

J=N=1 2 =-1 /))=%j; (a+ jb)a— jb)
I a-jb. 1 a+jb

2, p2.
=a +b — = — =
Ta+jb A+ a-jb a2+
clejulc2ej“2 = clc2ej(“|+“2);
Joy
TMokazaresnpHast G G jaon)
cel% ¢
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NpeameTHbiii ykazatens

A

ABTOMaTUYECKMIl BHIKITIOYATE b
(aBTOMaT) 268

—— Hanpsixeuus: 271

—-— 00parHoii MoiHocTH 272
—— toka 270

ABroMaTuyeckoe cMmellieHue 350
Awmnep 22

Awmruvtypa 77

— KOMILIeKCHas 80

Anon 307

B

basa TpaHancTopa 311

Baiit 384

bananc mownocteii 48, 106
bapbep LlotTkn 307
bennube koneco 182

—— InBoiiHoe 197

but 384

Barr 47

Barrmerp 127

— Tpexdazubiii 150

Bapukan 329

Bapuctop 329

Be6ep 53

BekTop Bpamaommiicst 79

— HcxonHbiii 81

~— KOMITNEKCHOTO 3HayeHus 81
BekropHas puarpamma 81
Bentwis 335

BetBb cxemsl 21

Bos6ynutens 204

Bonst 7

Bonst-amnep 105
BosbT-aMnep peaktuBHblit 105
Bpawatoweecst maruutHoe nosne 189
——— pabouce 184, 189
——— poropa 189

——— craropa 184
Beikniovarens Bo3ayluHbli 274
— Mac/sHbIi 274

— myTeBoil 267

r

lanbBanomMerp 123
T'enpu 67

I'epu 75
I'mapoarperat 205
T'nnporeneparop 205
I'nyGokwmit BBOs1 295

A

Heuuben 108

Jxoynb 47

HMuarpamMma HarpysouHasi 281

— 3HepreTuyeckas 162, 190, 253
JusbioHkTop 372

Hdvon BeINpsiIMUTENBHBIH 307

— ornopHblii 309

— cBeTtousnyvawomuii 330
JloOpoTHOCTL KOHTYpa 98

E

EmKocTs anexrpuyeckas 9

X

KeCTKOCTh MEXaHUYECKUX XapaKTepuc-
THK 283

3akoH T'ayca 7

— Kynona 4

— Oma 23

—— B KOMILIEKCHO# ¢opme 83

—— 06001eHHbI 34

— MOJIHOTO ToKa 55

— 3JIEKTPOMAarHUTHON WHAYKLMK 64
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3akoHu Kupxroga 32

—— B KOMIUIEKCHO# (opme 87

— KOMMyTauuu 14

3anac ycroiuusocTu 211

3apsii HEOCHOBHBIX HocuTenel 305

— OCHOBHBIX HocHTenei 305

— CBOOOAHBIIH 9 -

— CBSI3aHHHIN 9

3HayeHHe CUHYCOMOATbHON BENMYHHbBI
neiicTByiouice 78

——— KOMILIEKCHoe 80

——— MakcuMmajbHoe 77

——— MrFHOBEHHOe §

~——— cpenHee 78

— CpenHee KBajpaTUyHoe 78

n

Hameputenbublii MexaHusM 121

~—— acTaTMyeckui 125

—— MAarHMTO3JeKTpUYecKuil 121

——— 3JIEKTpoAMHaMUyeckuil 125
—-— 3NEKTPOMarHUTHBIi 123

WuBeprop 372, 334

“HﬂY'(TMBHOCTb B3auMHas 69

— paccesiHust 155

— coOcTBeHHas 67

HcTounuk anektpuyeckoil sHeprum 28,
75

— 3aBHUCUMBII 32

— Toka 31

— BJC (nanpsixenus) 30

K

Karon 307

Kartyweunas rpynna 179
Kiacen tounoctu 117

~— ycunwurenei 351
Konnekrop maumun 221
~— TpaH3uctopa 311
KomMyTauusi samemiennas 234
— YCKOpeHHas 234
Kotseprop 334
KonpeHcarop 8§

— 3JEKTPONUTHYECKUI 10
KontakTtop 264
Kounrpomnep 267, 403
KoHtyp cxembl 21

— KonedarensHulii 97, 100
— HE3aBUCHUMBIH 34
KonbionkTtop 372
Koppektop 120
Kospuutushas cuna 59
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— nNoJe3Horo neicTeus 163

— NpSIMOYroibHOCTU 59

— ctabwymzanuu 342

— TeMrepaTtypHblii 310

— TpaHchopmanum 156

- ycuneHusi HanpsikeHusi 350, 364, 365

KpaTHocTh nyckoBbIx Beavund 195
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Horo 58 ’

—— OCHOBHas 60

Kynon 4

J

Jlobosble yactn 222
Jloromerp 128

M

MardutHas unaykumst S3
—— ocTtaroyHas 59
— MocTosiHHas 53
Marepuanbl MarHUTHO-MsITKue 59
— MarHuTHO-TBepabie 59
MarHuTHbli oToK 53
— Myckarenb 256
Marturonsmkymas cuna (MAC) 55
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— uHepuuu 279
— MaxoBbiif 280
— cTatuyeckui 278
— TOpMO3Ho# 183, 199
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Meron nByx npuGopos 148
— KOMMyTHpyemMas 261
— KOMIIEKCHBII 91
— KOHTYPHBIX TOKOB 42
— Harpy3o4YHOM XapaKTepUCTUKH 50
— HajloxeHus 45
— HENOCPENCTBEHHOM OLEeHKU 115
— onHoro npubopa 148
— CcpaBHeHus 115
— CpeAHuX notepb 286
— Tpex npudopos 150
— Y3JI0BBIX MOTEHLMANOB 40
— 3KBUBAJICHTHBIX BETUYUH 287
Moct Buna 112
— T-ob6pasumii 112

MouwHocTs aktuBhas 102, 104
— KoMmruiekcHas 105

-— MexaHudyeckas 193

— MrHoBeHHasi 101, 103

— HoMmuHanbHag 106

— MEPEMEHHBIX MoTephb 195

— nonHas 105

— MOCTOSIHHBIX MoTeph 194

~— HOTEPb HA BUXpeBble TOKU 71
—— TUcTepesuc 72

— peaktuBHas 105

—— eMKocTtHas 104

~—— MHOyKTHBHas 103

H

Hanpsixenue 7

~— KOPOTKOTO 3aMBIKaHUs TpaHchopMa-
Topa 159

— nuHeiiHoe 141

— MarHuTHoe 56

— MEXYy3ji0Boe 41

— obparHoe 307

~— ornopHoe 343, 398

— oTceykH 313

— npsimoe 307

— dasHoe 141

HanpsixenHocts nonst maruuthoro 52

—-— 3AEeKTpUYEeCcKoro 4

HacbliueHue TexHuyeckoe 58

He#iTpanb reomerpuueckas 229

— ¢uanyeckas 229

HeiitpaabHas touka 141

—— HUCKYCCTBeHHas 148

o

Obmotka Bo3OyxaeHms1 220, 255

— BOJHOBasl (nociepoBarenbHas) 223
— BTOpuyHasi 152

— BBICILEro HampskeHus: 152

~— HUSIIETO HampspKeHus 152

— mnepBUYHasi 152

— TWeTeBas (napauicnbHas) 222
O6patHas cesisb 361

Oxkpacka umH 258

Om 23

1

Magenue Hanmpsixenus 30

ITaz 179, 221

Iepuon koMmyTauuu 233

TleTns rucTepesuca npenenbHas craruye-
ckas 58

—— CHMMeTpUYHas YacTHas 60

IMorpewHocts abconoTHas 116

— nolnonHutenbHas 117

— HamnpsikeHus: 174

— OCHoOBHas 117

— OTHOCcHUTebHas 116

— npuBe/ieHHan 116

— toKa 176

— yrmnosas 174

INonynpoeopuuk 303

— n-tuna 304

— p-tuna 304

IMomoc rnapublii 220

~— HOMOJHUTENbHBIH 221

[TonmocHoe nenenue 222

INonocHblil HakoHEYHUK 220

INocrosinHas BpemeHwu 15

— MarHurHas 53

— npubopa 123

— cyeturka 131

— anekTpudeckas 4

ToTeHumanbHbIit Gapbep 306

IMoteHumomerp 136

[Morokocuennenne 66

— monHoe 70

— coOCTBEHHOE 67

— paccessHus 155

IpaBuno Gypasunka 52

— Jlenna 68

INpenoxpanutens npoGounslii 268

— TpyOyaTblii 268

[Mpunuun nanoxenus: 45

IMpoboit naBunubI 305

— TernoBoi 305

IMpoBonumocts 23

— eMKocTHas 86

— WHOYKTHBHas 84

— KOMIUIEKCHas 93

— ynenbHas obbemHas 23

TponuaeMocTb nuanekTpuyeckas abeo-
NIOTHast 8

—— OTHOCUTENbHaA 8

— MarHuTHas abconoTHas 53

-—— OTHOCHUTEeNIbHas 53

IpotuBoBAC 225

P

Pa3HocTb noteHManos 7
Pazpenvnutens 273
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