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BBEJAEHUE

VYyeOHasi TUCUUIUTHHA «DJIEKTPOTEXHUKA U IEKTPOHUKA» OTHOCUTCS
K 0JIOKY OOIIEMH)KEHEPHBIX JUCIHUILINH.

[enbto Kypca siBIsieTcsl IpUOOpPETeHNUE CTYyCHTaMH 3HAHHI B 00J1aCTH
OPUMEHEHUS  COBPEMEHHBIX  AJEKTPOTEXHUYECKUX M DJIEKTPOHHBIX
YCTPOMCTB B XUMHUYECKON TEXHOJIOTUN U UCCIIE0BATEIBCKON IIPAKTHKE.

3ajayaMy M3y4€HUsl IUCLUUIUIMHBI ABISETCS (OPMUPOBAHUE YMEHUI
Y HaBBIKOB aHAIM3a DJIEKTPUYECKHUX LENEH, MCIOJIb30BAHUS COBPEMEHHBIX
METOJIOB U MPUOOPOB KOHTPOJIS MApaMETPOB TEXHOJIOTMUECKUX MPOLIECCOB,
BbIOOpPa ONTUMAIBHBIX METOAOB U YCTPOMCTB i IpeoOpa3oBaHUs
IIEKTPUYECKOM DHEPIMM B MEXAHUYECKYHO, BBIIPSAMIICHHS IIEPEMEHHOIO
TOKA, YCUJIEHHS CIa0bIX AIEKTPUUECKUX CUTHAJIOB.

HuciuminHa  «OJEeKTPOTEXHUKA M AJIEKTPOHHMKA»  M3Yy4yaeTcs
CTyJeHTaMH 3a04HOM (hopMbI 00yueHue Ha 3 Kypce B 6 cemecTpe. CTyIeHTHI
BBIMOJHSIOT 3 KOHTPOJIbHBIE pabOThl, BHIOOP BAPHMAHTOB MO KOTOPHIM
NPUBEAEH HUXKE, 3 J1ab0opaTopHbIe PadOTHl U CHAKOT MUTOrOBBIM 3K3aMEH IO
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YACTb 1 JJIEKTPOTEXHUKA

Tema 1 Ilenu omHO(A3HOrO MEPEMEHHOI0 TOKA
IlepemenHbIii TOK OCHOBHbIE OHATHS U ONpeIeICHHSI

B TexHuke mepeMEeHHBII TOK — 3TO TOK, MEPUOAUYECKHU
U3MEHSIOIMKACA 1O  BEJIMYMHE U HampaBieHuto  (OOBIYHO MO
CHUHYCOUJIAJIbHOMY 3aKOHY ).

MrhoBenHoe 3HaueHue J/]C B BUTKe reHepaTopa MepeMeHHOro TOKa

e = Esin(ot + y)

E., — ammumiTyna (MakcMMallbHOE 3HaYE€HNE TAPMOHUYECKON (yHKITHN)

(ot + ) — a3za konedanus

\ — HauanbHas Qa3a (mpu t = 0)

T — mepuon konebanus (BpeMs TIOJTHOTO ITUKJIA KOJIeOaHwMsl)

f=1/T — nuxknuyeckas yactora (4UCI0 [IUKIOB B CEK.)

o =2n/ T = 2nf — yrioBas 4yacToTa — CKOPOCTh H3MEHEHHUs (a3l
KoJeOaHmsl.

Jns  paznuunbix 3HaueHuid OJIC, Toka U HaOpsOKEHUS TMPUHSITO
MCITOJIH30BATh CIEAYIONINE 0003HAUYCHHS:

e, 1, u — MraoBeHHbIe 3HadeHus D/[C, Toka 1 HapsKEHUS

En, L, Uy — ammutyaasie 3Hadenust 9J1C, Toka U HanpsHKeHUs

Eep , Iep » Uep — cpennme 3nauenus 3J1C, TOKa U HaNpsiKEHU

E, I, U — peiictBytomue 3HaueHust 3/1C, Toka U HanpsiKEHuUs.

CpenHee 3HadYeHHWE CHUHYCOMJAIBLHOTO TOKA XapaKTepU3yeT W3MECHECHHE
3apsiia 3a Bpems At (AQ = Icp At)

t+At
Loy =< |idt
CpAt At _[

W3BecTHO, YTO cpefHee 3HayeHWe JH0O0O0N rapMOHMYECKOW (YHKIUHM 32
nepuoJ paBHO Hydr0. [loaToMy NMpuUHATO onpenensaTh cpeaHee 3HAYEHUe
NepeMEeHHOro Toka Ha uHTepBane 1/2. Ilocnme mpocreiimiero
WHTErPUPOBAHUS MTOTYYHM:

Cpennue 3HayeHUs AAlOT BO3MOXHOCTb JIEFKO pPacCYUTaTh CYyMMApHBIN
3apsAll TpPU DJIEKTPOJIU3e, MPU 3apsAlKe aKKyMyJsTopa, NpH aHaIu3e
BBINIPSIMUTENBHBIX YCTPOMCTBAX U T.I.



JleiicTBytollee 3HAUYEHUE IEPEMEHHOIO TOKa I paBHO Takomy
IIOCTOSTHHOMY TOKY Iy, KOTOpBINi OOecrneunBaeT paBHOE TEIUIOBOE WIIH
HHEPreTUYEcKOoe BO3JeHCTBUE. Ecnu nocunuTaTh S3HEPIUI0 MOCTOSSHHOIO U
IEPEMEHHOT0 TOKa 32 MOJOBHHY IEPUOJIa, TO MOCJIE UHTETPUPOBAHUS MBI
[OJyYUM CJEAYIOLIEe BBIPAKEHUE JUIsl JAEHCTBYIOLIErO 3HAYEHUs TOKA
(aHanmormyHo  ompexaensoTcd  AeictByromme  3HaueHus OJC  m
HaIPSKEHUS )

ol p_En L @uh

V2 V2 V2

BekTopHoe n3o0paxenne rapMOHU4ecKHX PpyHKIMI

Ecnu rapmonuueckyro (QyHKIHUIO HM300pa3uTh B BHJIE BEKTOpa C
JUIMHHOM, paBHOM €ro aMIUINTyJe, W BpalaTrb 3TOT BEKTOP MPOTHUB
4aCcOBOM CTPEJIKU C MOCTOSHHOM YIVIOBOM CKOPOCTBIO (® TO B JIFOOOM
MOMEHT BPEMEHH MPOEKLHUsS 3TOr0 BEKTOpa Ha BEPTUKAIbHYIO OoCh OY
OyIeT paBHa MTHOBEHHOMY 3HAYEHUIO 3TOM rapMOHUYECKOHN (PyHKITUH.

BekTopHoe mnpencTaBieHuE MO3BOJISET H30aBUTHCS OT MpPOOJEM,
CBSA3aHHBIX CO CJIOKEHHEM TapMOHUYECKUX (QYHKIMA C pa3IMuyHbIMU
aMIUTUTYJlaMd, W TEepeUTH K HX BEKTOPHOMY CYMMHPOBAHMIO.
EcrecTBEHHO, 4YTO MpU 3TOM MPUXOJUTCS YUHUTHIBATH UX B3aUMHYIO
OpPHEHTAIINIO, HO 3TO OJIUH M3 HamOoJee MPOCTHIX U HATIISTHBIX CIIOCOOOB
pacyera Lenei NepeMeHHOro TOKa.

N3 kypca ¢u3WKy W3BECTHO, YTO JIi MTHOBEHHBIX 3HAYCHHNA B IIETISAX
MEPEMEHHOT0 TOKa CIPaBEJIUBBI BCE 3aKOHBI MOCTOSIHHOTO Toka (Owma,
Kupxropa wu t1.1.). DTH Ke 3aKkoHbl OyayT CHOpaBeMIMBBI W IS
AMIUTUTYJHBIX W JEWCTBYIOIIMX 3HAYEHUN NPU YCIOBUM BEKTOPHOIO
CJI0’KEHMS BXOASIIUX B HUX BEJIUYUH.



]_Iel'lb INEePEMCHHOI0 TOKA ¢ aAKTUBHBIM COIIPOTHBJICHUECM

1= Im sin (ot)

U.R:? (PR:?

u = 1R = RI,, sin ot = U,, sin ot

I,R
Ug=—-=— = Ur=IR
R > R
. . Ug
3akoH OMa il IeMCTBYIOILMX 3HaueHu [ = R

1= Im sin (ot)
ur = Uy SIn ot
Ha akTMBHOM COIIPOTHUBIICHHH HANPSHKEHUE U TOK COBIAAAIOT IO
daze, T. €. yroa capura a3 MeXay TOKOM U HanpsbkeHueM ¢gr = 0

Lenb mepeMeHHOr0 TOKA ¢ HHAYKTUBHOCTBIO

Nneanbnas unayktuBHOCTh (L — const, Ry = 0)

1= I, sin (wt)

uL:? (PL:?

[Tpu 11060M U3MEHEHHUH TOKA B KaTYIIKE WHIYKTUBHOCTH Bo3HHKaeT DJ[C
caMOoMHAYKIMN (3akoH Dapazes) KoTopas NPOTHBOJCHCTBYET STOMY
u3MeHeHuro (mpaBuiio JIeHma).

di dl . sinmt T
- L—=-L—2 — =——wLI_cosot=E_; sin(ot ——
dt dt m L SI0( 2)

e =



NHayKTUBHOE MaIeHne HANPSKEHNs MOKHO HauTh u3 1l 3akoHa
Kupxroga nns nanHoit uenu

u +te,=0 = u,=-e = —-wLI,coswt =Up, sin (wt+ n/2)
Il I
U, = T = U,=loL=1IX
L™ L L
Up
3akon Oma jy1st IenH ¢ MHAYKTUBHOCTBIO — [= X,
i

Xp=oL =2nflL. — peakTUBHOE UHyKTUBHOE CONPOTUBIICHHUE
Xe=[Om]; L=[Tenpu]:f=[Im]

®U3nYeCKnil CMbICI UHAYKTUBHOI'O CONPOTHUBIIEHHWS — B BO3HUKHOBEHUU
S/1C caMOMHIyKIHH, TPENSTCTBYOENR N3MEHEHHIO TOKA.

1= I, sin (ot)

eL = B sin (ot — 1/2)

up = Uy sin (ot + 7/2)
Ha MHIyKTHBHOCTH HaNpsiKeHHe onepesxaer Tok Ha 90, T. e. yrox
casura (a3 MeXIy TOKOM U HampspKeHueM ¢ = + /2

Hel'lb MNEPEMECHHOI'O TOKA C EMKOCTBHIO

1= 1, sin (wt)

uC:? (PC:?

3apsa kougencaropa Q = C U. Usmenenue 3apsiaa dq = C duc

OT10 ke n3MeHenue 3apsaa dq =1dt => 1dt=Cduc
I .. [ sin(ot—m/2) : T
U = —|idt = & = U, sin(ot ——
C C I oC mC ( 2)



U _Im = U ZL:IX
¢ ((p V2 ¢ oC ¢
Uc
3axoH OMa 1j1d enu ¢ EMKOCThI0 [ = X—
C

1

oC  2nfC
Xc=[Om]; C=[dapana |: f=[Tu]

XC=

— PCAKTHUBHOC CMKOCTHOC COIMPOTUBJICHHUC

1= I, sin (ot)

Uc = Upc sin (ot — 1/2)

0
Ha xoHneHcarope HampspkeHue OTcTaeT oT Toka Ha 907, T.e. yroa casura
¢ba3 Mexay TOKOM U HampsHKEHUEM @Oc = — /2

Heﬂb MEPEMECHHOI'0 TOKA IPHA MMOCJI€A0BATCIbHOM COCAUNHCHUHA
3JIEMEHTOB

1=Im sin ot

HpI/I MoCacaAoBaTCiIbHOM COCAMHCHHN JJICMCHTOB TOK Ha BCCX

o m
y4JacTKax LENH OAWHAKOB. JIeHWCTByrOlIEee 3HAYEHUE TOKA I:ﬁ "

VTJIOBYIO YaCTOTY ® MOKHO HAWTH, UCIIOJIB3YS 3aKOH U3MEHEHHUS TOKa 1 =
Im sin ot
[laneHne HanpsKEHUST Ha KaXAOM DJJIEMEHTE LENU  MOXHO
onpeaenuTs U3 3akoHa Oma
I I
2r@d C  rliC
[IpunoxxenHoe HampspkeHne U paBHO T€OMETPUUECKOW CyMMeE
naJieHu HampsHKEHUsI Ha KaXJoM 3JieMeHTe rocieaoBarenbHon menu (11
3akoHa Kupxroda).

Ur=IR; Ur=IX,=12nfL=1oL; Uc=I1Xc=



U=U;; +Ug;+ U, +Ug, +Ug — cymma reomerprueckas (BeKTopHas),

CJIEZIOBATENIHO, HEOOXOAUMO TOCTPOUTH BEKTOPHY0 nuarpammy (B/I)

Hopsinox nocrpoenus B/I:

1. Ctponm BekTOp TOKa I

2. OTHOCUTENBHO BEKTOpa TOKA CTPOUM BEKTOD MaJI€HUs HaNpsKEHUs Ha
IEPBOM 3JIEMEHTE LIENH, YUYUThIBas BeJHYHMHY U HalpaBJieHHe yIia
caBura (a3 Mexay TOKOM U HalpsKEHUEM.

3. 3 koHmA 3TOro BEKTOpa AaHAJIOTMYHO CTPOMM BEKTOp MaJCHUS
HaNpsDKEHUS. Ha CIIELYIOEM DJIEMEHTE LENH U T.J. — B Pe3yJbTare
MOJIy4YUM BEKTOPHYI0 CYMMY NaJCHUN HAIPSKEHUS HA BCEX JIEMEHTaX

Lemu, T.C. IPHUIIOKEHHOC HAIIPSKCHUC U}

B/l npu pe3onance

HaIpsKEHUN
Up=0
¢0=0
ﬁ = [_ja . ﬁRl +l—jR2

UucneHHoe 3HaYEHUE MPUIOKEHHOT0 HaNpsokeHUus U MOXKHO ONPEIeSIUTh
u3 B/[

U= /USU2 =T Up)? +(TUL-3Ue)? =(ZIR)? +(XIX, -3 1Xc)?

= IJCR)? +(XX, -3 Xe)? =1 |RE+ X3 =1Z

I'nme: Z = \/R% + X% — IIOJIHOE CONPOTHUBIIEHUE LIETIU
R5=) R — 3KBHBQJICHTHOE aKTHBHOE COIPOTHUBJICHHE LICTTH
X5=(.X; -2 X(¢) — IKBUBAICHTHOE PEAKTHBHOEC
CONIPOTHUBJIEHUE LIETIH

Pe3onaHnc B mocJieoBaTe/IbHOM Heny (Pe30OHAHC HANPAKEHH )

IIpn pe3oHaHCe HaNpsKEHUM CyMMa MHAYKTMBHBIX HANPsDKEHWW paBHA
CyMME €MKOCTHBIX, CIJICIOBATEIIbHO, JKBHUBAJICHTHOE PEAKTUBHOE
HaIpsDKECHUE

Up=> U, - > U, =0 — ycrnoBue pe3oHaHCa HAPSHKCHHUIT

10



CrnenoBarenbHO, IPU PE30HAHCE HAIPSKEHUI

22U =2 Uc

22X =2 Xc

[IpunoxxenHoe HanpspKeHUe U:1/U§+U§ =U, =>. Uz —  paBsHO
AKTUBHOMY.

[TonHOE COMPOTUBIIEHHE LENU Zozw/Ré—i—X% =R, =) R—  paBHO

CYMMC aKTHBHBIX COHpOTI/IBJICHI/Iﬁ N MHUHUMAaJIbHO, T.€. BCIO IICIIb MOXHO
3aMCHUTDb OKBUBAJICHTHBIM dKTHBHBIM COIIPOTUBJICHHUCM Rg.

U U
Tok B memu Iy = — = —— — MaxkcuMajeH, U IaJCHUE HaIpsHKEHUS Ha

Zy Ry
OTJICBHBIX PEAKTHBHBIX DJIEMEHTAX MOXET OBITh OOJBIINE MPUIOKEHHOTO
HanpspbkeHus (cM. B/l ipu pezoHance).
[Ipu pe3oHaHce HANPSOKEHUH MPUIOKEHHOE HAMPSHKEHUE COBIAIACT IO
daze ¢ Tokom (¢ = 0), T.e. HECMOTPsI HA HATMYUE PEAKTUBHBIX dJIEMEHTOB,
IIENb BEAET Ce0s KaK YMCTO aKTUBHBIN MPUEMHHK.

]_Iel'lb INEPEMECHHOI0 TOKA IIPH IMapalyiI¢/JIbHOM COCAHUHCHHH 3JICMCHTOB

[Ipn mnapamwienbHOM COEIMHEHHHM JJIEMEHTOB HamNpsDKeHHE Ha
Ka>KJI0M BETBH CXEMbl OJIMHAKOBO M PaBHO MpuiioxeHHoMY. Kaxas BeTBb
CXEMBbI MPEJICTABISAET U3 ce0sl MOCIEA0BATEIbHOE COSIUHEHNE PJIEMEHTOB,
CJIEIOBATENIbHO, MOXHO JUIsl KaXKJIOM U3 BETBEW HAWTH TOJIHOE
conpoTuBieHue Z, Tok [ u yron casura ¢as ¢

Z, :W/Rlz+X2; I:ZE; (plzarccos%

1 1

AHaJIOTMYHO MOKHO ONPENenuTh Z, [ 1 ¢ Il OCTAIBHBIX BETBEU

ITo I 3akony Kupxroga Tox B Hepa3BETBIECHHON YacTH LIETIH PaBEH
F€OMETPUYECKON CyMME€ TOKOB B BETBIX izfl +f2 +f3 — CcymMa
reoMeTpuueckas (BEKTOpHas), ClIeOBaTeIbHO, HEOOXOAMMO MOCTPOUTH
BEKTOpHY0 quarpammy (BJI).
Hopsinox nocrpoenus B/I:
4. Ctpoum BekTOp HampsikeHHs U

11



5. OTHOCUTENBHO BEKTOpPA HAIPSKEHUS CTPOUM BEKTOP TOKa MEPBOM
BeTBU I, yuuThiBas BeJIMUYMHY M HanpaBjeHHe yria ciasura ¢as

MEXAY TOKOM U HAIIPSIKEHUEM Q.

6. U3 koHIIa 3TOr0 BEKTOpa CTPOUM BEKTOP TOKA BTOPOM BETBU U T.1I. — B
pe3ysbTaTe MOJyYHUM BEKTOPHYK) CYMMY TOKOB B BETBSX, T.€. TOK B
HEPA3BETBICHHOM YaCTH LIEMNU.

YucnenHoe 3HaYeHWe MOJHOro Toka I MoxHO ompenenuts u3 B/,
€CJIM Pa3JI0KUTh TOK KaKJI0W BETBU HA JIBE€ COCTABJISIOIINE
Hampumep, i1 nepBoit BETBU

UR R
I,=1cosp=——1=U —21 =U g, — aKTuBHas COCTABIIAIONIAs TOKA [
7,7 Z
1“1 1
. U X, X4
Ly =L sing;=——=U—-=Ub, — peaktuBHas cocTaBIsiromas T0Ka I,
Z, Z Z
1 £ 1
R .
g=—> — aKTHUBHAas IPOBOJUMOCTb OTIAEIbHON BETBU

72
b =—5 — PCaKTHBHAs IPOBOJUMOCTE OT/ICIbHOM BETBU
Z

AHAaJIOTHYHO MOXKHO PA3JI0KUTHh Ha COCTABIIAIOIINE TOKH BCEX BETBEH

Torz:a nus3 BI[, YUUTBIBasA, 4YTO EMKOCTHBIC U HHAYKTUBHLIC TOKH
HaIpaBJICHbBI B IIPOTHUBOIIOJOXXHBIC CTOPOHBI, ITOJTYYHUM

=42 = (T 1)? +(X1 - Y1) =+(CUg? +(XUby ~Y Ube)?

- U\/(Zg)2 +(sz_zbc)2 = U\/g%+b% =uy

I'ne: Ia= z IR — axTuBHas COCTABIAIOLIAA IIOJTHOTO TOKA
Ip=>1; =) I — peakTHBHasi COCTABIISIOLIAS [IOJHOTO TOKA
g4 => g — JKBHBAJICHTHAs aKTHBHAs MPOBOAUMOCTD LIETIH
by=(D by —> bc) — IKBHBaJIEHTHAS PEaKTHBHASI IPOBOAUMOCTb
nenu

12



y = w/g% + b% — MOJHAs MPOBOJIUMOCTbH 1IENHU

Pe3onanc B mapaJiesibHOM Henu (Pe30HAHC TOKOB)

[Ipu pe3oHaHce TOKOB CyMMa WHAYKTHUBHBIX TOKOB paBHa CyMMe
€MKOCTHBIX, CJIE€I0OBATEIbHO, PEAKTUBHAS COCTABJISIIONIAS MOJTHOTO TOKA
Ip=> 1. — > I =0 — ycnoBue pe30HaHCa TOKOB

CnenoBaTenbHO, IPH PE30HAHCE TOKOB

21 =2 1c

2.br = 2 be

ITonHsli TOK (B HEPA3BETBICHHON YAaCTHU LICTIN) I:1/I§+I§ =1,=>1, -

PaB€H aKTUBHOMY, T.€C. CYMMEC aKTHBHBIX TOKOB BCCX BETBEH.

[TonHast IPOBOAUMOCTD LIEIHA Yy =+ g§+b% =gy = ).g — PaBHO CyMMe
AKTUBHBIX IIPOBOJUMOCTEN BCEX BETBEU U MUHUMAJIbHA.

Tok B uenu Iy = Uy,=Ugy — MuHuManeH, T.e. napajuleiabHas LElb [IPU
pe3oHaHce 00J1a1aeT MUHUMAJIBHOM IPOBOJIUMOCTBIO, T.€. MAKCHMaJIbHbBIM
COIIPOTHUBIICHUEM.

IIpu pe3oHaHce TOKOB MOJHBIM TOK COBHNAAAeT Mo (haze ¢ MPUIOKEHHBIM
HanpskeHueM (¢ = 0), T.e. BCS LIENIb UMEET YNCTO aKTUBHBIN XapaKTep.

3Heprm{ H MOIIHOCTD B LECIIA IIEPEMECHHOI'0 TOKA

Paznuuus Mexny akTUBHBIMU M PEAKTUBHBIMU COIPOTUBIICHUSIMU HE
OTPaHUYUBAIOTCA HalW4YueM caBura ¢a3. Oka3pIBaeTCs, YTO PEAKTHUBHBIC
AJIEMEHTHl (KOHAEHCATOPbl M KATYIIKH) HE TMOTPEOJSIOT DHEPIHIO.
DHeprusi 3TUX DBJIEMEHTOB B ONPEJECICHHBbIE IMPOMEXYTKH  BPEMEHHU
IIOJIHOCTBIO BO3BPAILAE€TCSI UCTOYHHUKY.

PaGoTa snekrpruueckoro Toka dA =uidt

MrHoBeHHas JJIEKTpUIECcKasi MOITHOCTD, T.€. CKOPOCTh COBEPIIICHUS
paboThI

p=ui=Ug,sin(ot+oe)l,sinwt = ........... = Ul[cos¢p — cos 2wt + )]
= Ul cose (1 — cos 2mt) + Ul sing sin 2ot = p, + p,

13



M3 MaremaTn4ecKoro BBIPAKEHMS [JI1 MTHOBEHHOM MOIIHOCTU P U
rpaguka €€ M3MEHEHHUs BHJHO, YTO 3TO TapMOHMYEcKas (PyHKUMS C
4acTOTOW M3MeHeHus 2 (T.e. B JBa pa3a BbIIIE YacTOThl CETH) U
amruuty o Ul 3a nepro u3MeHEeHUs MTHOBEHHAs! MOIIHOCTh UMEET KaK
IIOJIOKUTENIbHBIE 3HAYEHHUs, KOTJa JHEPIHs IOCTYNAeT B LENb, TaK U
OTpULIATENBHBIE, KOTJA DSHEPIHs, 3alaceHHass B MAarHUTHOM IIOJIE,
BO3BPAILAETCA UCTOYHUKY.

CpenHee 3HaueHUE 3a IEPUOJL
I
P= —Imdt = Ulcose=Ul
T
P=UIcos ¢ = Url — cpennss akTuBHast MOIIHOCTb — CPEAHSSA CKOPOCTh
noTpeOICHUS YIHEPTHH.

MrHOBEHHYIO MOIIIHOCTh MOXHO MPEJICTABUTh B BUJE JIBYX CJIaraeMbIX p
=Pa Tt Dp

1. MrHoBeHHasi akTUBHasg MOIIHOCTh p, = Ulcosp (1 — cos 2mt) — mmus
paccMaTpyBaeMOW Harpy3kd 3TO MrCHOBEHHAasi MOIIHOCTb, KOToOpas
BBIJICTISIETCS] HA aKTUBHOM CONPOTUBJIEHUU R.

P — 2TO rapMOHMYECKast PYHKIMSI C YaCTOTOM U3MEHEHHUS 2 U CPEIHUM
3HayenueM P = Ulcosgp = Ul

p. = 0 — Bceraa nojoXuTeNbHa, T.€. aKTUBHAsA MOLIHOCTb XapaKTepU3yeT
noTpeOIsieMyI0 SHEPIUI0, KOTOpasi HeoOpaTUMO MpeoOpasyeTcsl B Apyrue
BH/JIbI — TEIJIOBYIO, MEXaHUYECKYIO U T.[.

14



2. MraoBeHHas peakTHBHas MOIIHOCTB — P, = Ulsing sin 2ot — 310 cTporo
rapMoHu4eckast QyHKIHMsST — cpeiHee 3HaueHue 3a nepuos paBHo 0.

PeakTuBHas sHeprusi He MNOTPEOIAETCA, MPOUCXOAUT TEPUOANYECCKUN
OoOMEH 3TOW PHEPrueil MeXAy UCTOYHUKOM U PEaKTHUBHBIMU AJIEMEHTaMU
LENH — UHAYKTUBHOCTAMU U KOHJIEHCATOpaMH (KUK MEKTy HUMH).
PeakTuBHas 3HEPTUSA — 3TO SHEPTHS IIEKTPUUECKOTO MOJISI KOHIEHCATOPOB
WJIM MarHUTHOTO MOJSl KaTylIeK HHAYKTUBHOCTH. YacToTa U3MEHEHUs 2
— B JIBa pa3a BbllIe 4acToThl ceTH, amruiutyna Q = U I sin ¢ = Ul

Takum oOpa3oM, B MEMNsAX MEPEMEHHOTO TOKAa MBI UMEEM TPH Pa3IHYHbBIE
MOIIHOCTH:

AxtuBHas MmomHOCTh P=U T cos @ [Barr]

Peaktunas momHocte Q =U Isin @ [BAp]

[Tonnas momHocTh S=UT [BA]

S — 3TO reomerpuyeckas CyMMa aKTUBHOM M PEAKTHUBHON MOIIHOCTH,
XapaKTepU3yeT MOJHYI0 3HEPTUI0, nepeaaBaeMyro no JIOIL

Ho PLQ — oproronanbHbl (CM. 3aKOH U3MEHEHUSI MTHOBEHHOM MOIIIHOCTH )

=>§ = \P? +Q* = UI

Y no6HbIe HOPMYIIBI 11 pacueTa MOIIHOCTH
P = Ulcosp = I'R = Ug
Q = Ulsing =I’X = U’

2 2
S = P2 +Q% =UI=IZ = U’y
P R ¢
cos @ = S =, =, KO2((PUITMEHT MOIIHOCTH, MOKA3bIBACT, KAKYIO
YacTh OT IIOJHOW OJHEpPrHM, INepeaaBacMOil IO JIMHUHM, COCTaBJISCT
aKTUBHAsI, T.C. IOTpeOJIsIeMas MK T0JIe3Hast SHEPTHSL.
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Tema 2 Ilenu Tpex¢a3Horo nepeMeHHOro ToOKa

OcHOBHbIE NIOHSATHUSA U onpeacjacHus

Cucrema Tpexda3HOro 3JIEKTPOMUTAHUSI COCTOMT U3 Tpex(azHOro
reHeparopa, Tuauu ekrpornepenaun (JISI) u Tpexdasnoro npuemMHuKa.

Cratop Tpexda3Horo reHepaTopa UMEET TPU OOMOTKH C
OJIMHAKOBBIM YHCIIOM BUTKOB, COeIMHEHHBIE 3Be3701. OOMOTKH CMEIIEHBI
B npoctpanctae Ha 120°. TIpyu BpaIeHuu sSKOps, CO3/AI0MIEr0 MOCTOSHHOE
MarHuTHOE TIoJie, B OOMOTKax cratopa HUHAYKTUpytoTca Tpu IJC
(E,, Eg, E ), OIHHAKOBBIC 10 BEIMYMHE, HO CABHHYTHIE 110 (aze Ha 120°.
ea = Em sin (ot)

e = Em sin (ot — 120°)
ec = Em sin (ot — 240°)

Za, Zb, Zc — conpotuBieHus ((pa3bl) TpexdazHOro NprueMHHUKa,
COEIMHEHHOTO 3BE3/I0M.

A-a, B-b, C-c — nuneliHple TpoBoAa (JIMHUH), COCAMHSIONIME Hadayia
00MOTOK reHepaTopa co CBOOOHBIMU KOHIIAMH TPeX(Pa3zHOTo MPUEMHHKA.
N, n — o0mue uin HeUTpadbHbIE TOUKH T€HEPATOpa U HATPY3KH.

N — n — HEUTpaJIbHBIA WIHA HYJIEBOU IMPOBOJ, COCTUHSIOMNN 3TH TOUYKH.

1., I, Ic — IMHENHBIE TOKU — TOKU B JIMHUAX DJIEKTPOIIEPENAYN.

I, I, I, — da3Hble TOkH — TOKH B (ha3ax NPHUEMHUKA.

—

I,— TOK B HEUTpaIBLHOM IIPOBOJE.

U,, U,, U, — Qa3Hble HampspkeHUs — Pa3HOCTh IMOTEHIUAIOB MEXIy
HEUTPAJIbHBIM IIPOBOJOM M COOTBETCTBYIOILEH JIMHUEN.

Uags> Upgcs Uca — JIMHEHHBIE HANpsDKEHUS — Pa3HOCTb IOTEHIMAJIOB
MEXy COOTBETCTBYIOLIUMU JINHUSMH.
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Tpex¢a3Hoe coennHeHue 3Be310i ¢ HEUTPAJBHBLIM IPOBOIOM

B 3Be3nge ¢ HEHTpaJibHBIM MPOBOJOM Kakias (a3za Harpy3kud c
MOMOIIbI0  HEUTPAJIbHOTO MPOBOJA U  COOTBETCTBYIOLIEH  JIMHUU
HE3aBUCUMO TOJKII0UEHA K CBoeMy reHeparopy. CienoBarenbHo, eciid He
YUHUTHIBATh Majble MaJCHUS HAINPSKEHUS B JIMHUU, (a3HbIE HAINPSIKEHUS,
TAloKe KaK O/JIC reneparopa paBHbI IO BEIMYMHE U CABUHYTHI MO (a3ze Ha
120°.

—

U, =E,, U, =E;, U, =zEc

1
1r
1n

[V

COOTBCTCTBGHHO, JINHEHHBIE
HAIIpsKCHUS

W3 BekTOpHOUW nuarpaMMbl JIMHEHHBIX U (Da3HBIX HAMPSIKEHUM
MOKHO HAWTH COOTHOLICHHE MEXAy HuUMH. [lo Teopeme KOCHHYCOB s

o 0
ar000ro JUHEHHOro HampspkeHus (yuuThiBas, 4yTo cosl20” = — 0.5)
NOJIyYUM

Upe =/UZ + U2 =2U, U, c0s120° = Uy/3 = U A3

CrnenoBatenbHO, B 3Be37i€ C HEUTpaIbHBIM IPOBOAOM IIPH JIIOO0H HArpy3Ke

nuHelHble HanpspkeHus (Uid) paBHBI 10 BEJIMYMHE U B V3 pa3 Oouibliie
¢azupix (Ud).
Un =Uxg=Upc=Uca = /3Udp=+3Ua=~3Ub=+3Uc

M3 cxembl COCNUHEHUS HArpy3KU 3BE3JI0M CIEAYET, YTO JIMHEHUHBIE TOKU
paBHBI COOTBETCTBYIOIIUM (Da3HBIM

—

iA =ia, IB =ib, ic =ic

Tok B HEWTpaIbHOM IIPOBOJE MOKHO omnpenenuTs U3 I 3akona Kupxroda
IUIs. HEUTPAJIbHOM TOYKM Harpy3ku “n” in = ia + fb + ic — CcyMma
reoMeTpuuecKas (BEKTOpHast), CIEI0BATENIBHO, Ul OIpeneacHus In Hy»kHO
IIOCTPOUTH BEKTOPHYIO AUArpammy.
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IIpumep pacuera TpexdazHoil HATPY3KHU, COeTUHEHHOM
3B€310M ¢ HEMTPAJIbHBIM MPOBOAOM

[TycTh M3BECTHO JTUHENHOE
HaIpsSKEHUE U CONPOTUBIICHUS
Bcex (a3

1. OnpenensieM (ha3zHbIe HATIPSIKEHUS
Ua=Ub =Uc=Ux /3

2. OmpenensieM cONpoTUBIEHUS (a3, pa3Hble TOKU U YIIIbI cBUTa (a3
MEXy TOKOM U HampsHKEeHHEM

U R
Z,=R2+X2; Ia:Z—a q)a:arccosz—a

a a
AHasioruyHo onpenenstorcs Zb, Ib, ¢p; Zc, Ic, ¢,
3. Tok B HEUTpAIBLHOM MPOBOJIE ONMPEACIAETCS M0 BEKTOPHOM
nuarpamme (BJI)

IHopsinok nocrpoenus B/I

3.1. Crpoum 3 Bekropa ¢asnbix Hanpsbxenuid U,, Uy, U, co casurom Ha
0
120
3.2. OTHOCHUTENBHO KaXA0r0 U3 ATUX HAIMPsHKEHUH CTpouM (ha3Hbie TOKU
L, 1, I,, yuuTbiBas BeJIMUMHY U HanpaBJieHHe yria cBura ¢as

MEX1y TOKOM U HANPSHKECHUEM.
3.3.CkiaipiBa€M reoOMeTpuYECKH
(a3zHbIe TOKU U HAXOJAUM TOK

B HEUTpabHOM MIPOBOJIE

L+1,+1. =1
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Tpex¢asHoe coefMHEHUE HATPY3KH TPEYroJbHUKOM

IIpn COEIMHEHUHU HarpysKu
TPEYroJbHUKOM Kaxnaas (aza Harpys3ku
BKJIFOYEHA MEXAYy JByMs JIMHEHHBIMU
OPOBOJAAMM,  CJIEAOBATENbHO,  (ha3HbIE
HAIIPSDKEHUS. PaBHBl  COOTBETCTBYIOLIUM

JIMHCUHBIM
Uap = Uyg
Uy = Ugc
Uca = UCA

[Tpumep pacuera Tpexda3Hoil Harpy3KU, COETUHEHHON TPEYTOJIbHUKOM.

1. Onpenensem conpotuieHus: Ga3 (Zab, Zbc, Zca), da3Hble TOKU U
YTJIbI cIBUTA (Da3 MeX Ay TOKOM U HaNpsHKEHUEM
U R
Zy=AR%G +X%; I,=—2 ¢, =arccos—2&
Zab Zab
AHayioruyHo onpenenstorcs Zbe, Ibc, ¢n.; Zca, Ica, @,
2. JIuHeitHbIe TOKM MOKHO ONPEIeIUTh M0 BeKTOpHOU auarpamme (B/]) Ha
ocHoBaHus | 3akona Kupxrogda B BekropHoit popme

(1P

s y3ma “a
IA + Ica = Iab = IA = Iab - Ica

[1P2]

AHanoruuHo ajs y31oB “b” u “c” momydum

iB =Ipe—Lap ;
IC = Ica - Ibc

IHopsinoxk nocrpoenus B/I
2.1. Crpoum 3 Bekropa ¢azusix HanpsokeHuit Uy, Uyp., U, co

0
casurom Ha 120
2.2. OTHOCUTENBHO KaXJIOTO M3 3TUX HAMPSLKEHUN CTPOUM (pa3HbIe TOKH

Lys Iper e, YUMTBIBAS BeJIMYMHY M HampaBjeHHMe yria ciasura (as
MEXKy TOKOM U HaIpsSyKEHUEM.
2.3. Crpoum BekTop JmHeHoro Toka I, mo coornomenuto I, =1, -1,

—u3 ¢asHoro Toka I, BerunTaem dasusiii ok I, (T.€. U3 KOHUA

Bekropa I, ctpoum Bexrop munyc I, )— nomydaem suHeiHsii Tok I, .

—

Amnanornuno HaxoauM nuHenHble Toku Ig =1, —1, u I-=1, —I,..
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[Ipu oOpwiBe oaHOM U3 (a3 TOK B ATOH (ha3e paBeH 0, TOKHU B
NByx ocTaBmmxcs (azax u Bce (Ha3HbICe HANPSIKEHUS HE
U3MEHAIOTCA. JIMHEWHBIE TOKHU OIPEAETAOTCA 110 BEKTOPHOM
qyarpaMMe, Kak U B MPEJbIAyIIEM CITyYae.

[Ipu 00OpbIBE TMHEHHOTO MIPOBOJA CUCTEMA MEPECTAET OBITh
Tpexdaznoi. Cxema mpeacTaBiseT U3 ceOs JABE MapajjieiabHbIe
BETBU, BKIIFOUEHHBIE MEXAY JABYMS OCTABIIMMUCS JIMHEWHBIMU
npoBogamu. dazHble U JMHEHHBIE TOKM MOXHO OIpPEICIUTh Ha
OCHOBE METOJOB pacyeTa LENH C MapaulelIbHbIM COEAUHEHUEM
AJIEMEHTOB.
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Tema 3 TpauncpopmaTopsl

Ha3nauyenue — nmpeoOpazoBaHue MEPEMEHHOTO TOKA OJHOTO HANPSDKCHUS B
MIEPEMEHHBIN TOK JPYroro HAMpPsKEHUs 0€3 U3MEHEHUS YacTOTHI, T.C. IS
MOBBINICHUS] WM TIOHWKCHHUS HanpsbkeHus. be3  TpanchopmaTopoB
nepeaada  dJIEKTPOIHEPrud Ha  OOJbIIME  pacCTOSHUS Obuia  ObI
HEBO3MOJXKHA.

IIpuMeHeHHe — OYCHD IIIMPOKOE — BCS CHIIOBAsl DHEPIeTHUKA, IPAKTHUECKH
BCE OBITOBBIC U MIPOMBIIINIEHHBIE AJICKTPOHHBIC YCTPOWCTBA U T.I.

YcerpoiicTBo — ABe uinu 0osiee 0OOMOTOK, PACHONIOKEHHBIX Ha 3aMKHYTOM
dbeppomarautHom cepaednuke (PMC). O6moTka, KOTOpask OAKITFOYACTCS
K CETH, Ha3bIBaeTCs mepBUYHOW. K ocTambHBIM 0OMOTKaM (BTOPUYHBIM)
MOAKIIOYAIOTCS Harpy3KH.

IpyHuun geicTBUA  TpaHC(OPMATOPA OCHOBAaH HA  SIBJICHHUHU
ANIEKTPOMAarHuTHOM WMHAyKIuU — 3akoHe Dapanes. Ilpu noxakmroueHnn
nepBUYHON 00MOTKH W K CETH MEePeMEHHOr0 TOKa ¢ Hampsbkenuem ~ U
0 HEW Te4yeT MepeMeHHbIH TOK ~ [}, KoTophli OyneT co3aaBaTh
nepeMeHHbI MarHUTHbIA MOTOK ;. OcHOBHAas 4acTh 3TOro motoka @
pacnpoctpansiercs nmo OMC (0CHOBHOM NOTOK), MPOHU3BIBAET BUTKHU
BTOpUYHOI 00MOTKM W, 1 uHayktupyet B HuX 3J[C E, (3axkon ®apanes).
(mpu 1I0O0OM HM3MEHEHMM MAarHUTHOTO TIOTOKa B KaXXJOM BHTKE
unaykrupyercs  OJIC, nOponopuuMoHanbHas  CKOPOCTH — M3MEHEHUS
MarHuTHOTO IoToKa € ~ — dd/dt. Ecnu ke Tox mocTossHHBIN, To D—const,
=> d®/dt = 0, => ¢ = 0, 1.e. mocrosHHbI 1oTOK DJIC HE co3zmaer, =>
TpaHcopmaTop He paboTaeT Ha TOCTOSTHHOM TOKE).

Eciu W, > W; 1o DJIC BrOpuuHoii oomotku E, > E; => U, > U; —
TpaHcHOpMATOpP MOBBIIIAIOIIUH.

Ecmu W, < W; to DJIC BrOpuunoit oomotku E, < E; = U, < U; —
TpaHcHOpMaTOp MOHMKAIOIIUH.
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Haznauyenue ®MC — OMC ciyxaT a8 yCWICHHS MAarHUTHOTO MOJSA U
npuaHus eMy HyXHOM koHdurypauuu. [Ipu BBegenuu B katymky OMC
OH HAaMarHU4MBAaETCS U €ro COOCTBEHHOE MAarHUTHOE I0JI€ CKIIAbIBACTCS C
nosieM KaTymku. B pesynbrare MmaruutHbiid motok (MII) pe3ko Bo3pacraer
(mpuOIU3UTETBLHO B U pa3).

p — marautHasg nponunaeMocts ®MC (mo 10 000).

CnenoBarenbHo, ucnoyibdys ®MC, npu TOM K€ TOKE B KaTYyIIKE MOKHO
NnoJy4uTh B W pa3 Gonbimuit MII, winu 3aganueiii MII nonyuuts pu B U
pa3 MEHbIIIEM TOKE B OOMOTKE.

OT10 orpoMHsbIi Itoc ucnosibzoBanuss PMC. Ho ecTb 1 MUHYCBI.

— B ®OMC BO3HUMKAWOT AONOJIHUTENbHBIE MOTEPU SHEpPruu (mOTepu B
CTajm)

Pcr=PBr + Pr

1. BuxpeBbie norepu PBT — TOK nepemeHHblid => MII nepeMeHHbIi, OH
oyner B camom ®MC unayktupoBath IJ[C (3akoH Dapajes), CepACUHUK
MPOBOASIINN, MO HEMY TEKYT BHUXPEBBIE TOKH, KOTOPBIE pPa30rpEBAIOT
cepacyHuK. /[l yMEHBUIEHHS 3THUX MOTEPb CEPACUYHUKH JIEJIAI0T HE
CIUIOLIHBIMHU, a HAOMpalOT U3 TOHKUX HW30JUPOBAHHBIX IJIACTUH, WJIU
npeccyloT U3 (EeppOMarHUTHOTO TOPOIIKA €  AUAJICKTPUYECKUM
CBSI3YIOILLMM.

2. I'ucrepesucHbie nmorepu Pr — win norepu Ha nepemMaranuuBanue. Tok
NEPEMEHHBIN, MpPU KAKIOM HU3MEHEHUM HampasieHus Toka OMC
IIEPEMArHUYMBACTCA, HA OTO TPATUTCA DJHEPIUs, NPONOPLUUOHAIBHAS
4acTOTE W IUIOIIAJAX IETIN rucrepesuca. /s yMeHbIIEHUs 3TUX MOTEPb
OMC U3roTaBIMBaOT U3 MAarHUTO-MATKUX MAaTE€pUANIOB C y3KOU MeETIen
rUCTEpE3UCa.

IToToxku B Tpancpopmartope

® — ocHOBHOM OTOK — B ®MC

@y u Dy — MOTOKU pacCesHHs] KaxaoW OOMOTKH. DTO 4YacTh IMOTOKA,
KoTopasi pacnpoctpansierca He no ®MC, a no Bo3ayxy. Ho 3tu moroku
MaJbl, T.K. MATHUTHOE COMTPOTUBIICHUE BO3yXa B Uppc Pa3 OOJBIIE YeM y
OMC (“Bowyxa:l: a Homc AO 10000)

Pabora TpancdopmaTopa noa Harpyskoi

[lpuHuun pgeicTBUug + MOpU MOJAKIIOYEHUH KO BTOPUYHOM OOMOTKE
Harpy3ku Zy mo W, moreder TOK I, KOTOphIi OyaeT co3aaBaTh CBOM
MAarHuTHbIM TIOTOK @,, HANPABICHHBIM HABCTPEYY MOTOKY IEPBUYHOU
oobmotku @;. Ho cymmapHsiii ocHOBHOM TOTOK B DMC

D=0, -D, =Dy

IIPAKTUYECKH HE U3MEHSIETCS U OCTAETCs PABHBIM IIOTOKY XOJIOCTOTO XOJa
Tpanchopmaropa @Dy , TMOCKOIBKY TIpM BO3HUKHOBEHWW TOKa I
YBEJIMYMBAETCSl TOK MEpBUYHONW 0OMOTKU I; 10 Tex mop, moka He OyaeT
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CKOMIICHCUPOBAHO JTO pa3MarHUYMBAIOLIECEe JEUCTBUS TOKa [, —
nocToIHCTBO D — OCHOBHOE CBOMCTBO TpaHchopmaTopa.

OcHoBHbIE ypaBHeHHsI TPpaHcopMaTopa:
1. VYpaBuenune tpanchopmaropuoit DJIC — 3BJIC OCHOBHOro MOTOKA
IPOMOPIMOHANIbHA 4uCTy BUTKOB W, yactore Toka f u ammumryne
OCHOBHOT0 MoTOoKa D,

E =4.44 WD, (3.1)

2. Koaddunuent tpanchopmanuu

(B G 62
E2 W2 U2

Onpenensiercs B peXUME XOJIOCTOrO Xoja TpaHcdopmaTopa, Koraa
HaMpspKeHUs: Ha 0OMOTKax npaktudyecku paBHbl DIC.

3. VYpaBuenne MJIC — marnuToaBmwxymmx cuin — cymma MJIC Bcex
o0MoTOK TpaHchopmaTopa noctosHHa u paBHa MJIC xomocroro xoma —
MaTeMaTH4eCcKoe 0TOOpakeHHEe MOCTOSHCTBA MATHUTHOTO MOTOKA

TIWI + il W2 = inl (33)

4. VpaBHeHHe paBHOBecHsl 1Jisg TmepBuuHOM oOMoTku. M3 II 3akoH
Kupxroda

Uy =-E;-Eg + L5y =-E; + 11X + L1y (34)

E; — npotuBo 9/IC ocHoBHOTO notoka B W)

Es — 3IC notoka paccesinust @y B W1

Iir, — maaeHue HanpsHKEHUs Ha aKTUBHOM CONPOTHBJIEHUW TMEPBUYHOM
oomoTtku W,

I,X51 — mazieHue HanpsKEHUsI Ha UHAYKTHBHOM CONIPOTHUBJICHUU PACCESIHUS
nepBUIHON 0OMOTKH W (Iixo1 = — Eq1)

5. VYpaBHeHue paBHOBecus [Jisi BTopuyHOM oOMoTku. M3 Il 3akoH
Kupxrodga
U, =E)+ Ep -Lry = Ey -Ixpp -Ihryyy (3.5)

E, — 3J1C ocHoBHOTO 110TOKa B W)

Es — 9J1C notoka paccesiuust Oy, B W,

Lry, — najgeHue HaANpsHKEHUS HAa aKTUBHOM COIMPOTUBICHUH BTOPUYHOU
oomoTku W,
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[,X4, — mageHrne HanpsHKeHUs: HA UHAYKTUBHOM COMPOTUBIICHUH PACCESIHUS
W2 (IIX02 = — Ecz)

DTO ypaBHEHHME MOKAa3bIBA€T, YTO BBIXOJHOE HAMNPSIKEHWE HA BTOPUYHOU
oomotke paBHo D/IC (E,) , KOTOpyr0 MHAYKTUPYET OCHOBHOM MOTOK D,
MUHYC TMaJICHUsI HaIpsSKEHUsS Ha AaKTUBHOM COINPOTUBJICHUM OOMOTKH
(Ior) ¥ HA ee MHIYKTUBHOM comnpoTuBaeHun paccesaus ([hxe;).

Buemnss xapakrepucTuka Tpancgopmaropa

Bremrasis xapakTepucTHKa — 3TO 3aBUCUMOCTh HANPSHKEHUS Ha BTOPUYHON
obmotke Ttpancopmaropa U, OT TOKa BO BTOpUYHOU OOMOTKE I
(U, = f(I,)), T.e. BHEIIHAA XapaKTEPUCTHUKA TMOKA3bIBAET, KaK MU3MEHSIETCS
HamnpsoKeHWe Ha BbIXoae TpaHchopmaropa U, Tpu YBETWYCHHH TOKa
Harpy3ku I, (ipu moCTOSTHHOM XapakTepe Harpy3ku 1 HoMuHanbHOM U)).
Kak y nr0060ro MCTOYHWKA, HANpPsDKEHWE Ha BTOPUYHOW OOMOTKE
tpanchopmatopa U, otmuuaercs ot DJIC E, Ha BenuumHy mnajeHUs
HaNpsOKEHUST Ha BHYTPEHHEM COTIPOTHBIICHUHU TpaHchopmarTopa.
N3 ypaBHeHnus (3.5)

U,= I:32 'izxﬂz 'izrmz =Ez 'fiﬁz(lz) (3.6)

BUJIHO, yTO U, NMuHENHHO 3aBUCUT OT [, U BHYTPEHHEro CONMPOTUBIICHUS
TpaHchopmatopa. bosiee TOUHBIN aHAIU3 MOKA3bIBAET, YTO HA BHEIIHIOK
XapaKTEPUCTHUKY BIIUAET TaK)Ke XapakTep Harpy3Kku, T.e. TUM Zy

KII/I mourabix TpanchopMaTopoB — oueHb BbicokHii, (0.98—0.99).
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Tema 4 DuekTpoaBurareu

O/ — a5ekTpoABUTATEND

MM — uCrnoTHUTENbHBIN MEXaHU3M
MX — MexaHU4eCKast XapaKTEPUCTUKA
C/] — cMHXpOHHBI! JABUTATEIb

AJl — aCUHXpOHHBIN JIBUTATETb

JIIT — nBurarenb nOCTOSSHHOT'O TOKA
MII — MarauTHBIN OTOK

Mexannveckue xapakrepuctuku I/ nu UM

DAEKTPONpPHUBOJ — 3TO COBOKYMHOCTh DI, cuctemsl nepenad u UM. Pabota
anektponpuBona omnpeaensierca MX D u M. ®usuuecku s O]]
4acTOTa BPAILCHMS 3aBUCUT OT HArpy3ku (T.€. OT MOMEHTA CONPOTUBIIECHUS
Ha Baiy). A jmu1 MM MOMEHT CONpPOTHUBIIEHHSI 3aBUCUT OT 4YacTOTHI
BpAIEHUS], HO IPUHATO UX CTPOUTH B €IMHON CUCTEME KOOPAUHAT

A n n=f(M¢) n-—[o06/MuH]; Mc—[HwMm]
Mexanuyeckas XapakTepUCTHKaA — 3TO
3aBUCUMOCTb 4Kclia 000POTOB OT MOMEHTA
(compoTHBIICHUS) HA BAITy

Mc aneKkTporpuBoaa. B ycranoBuBmemcs

pexume MBp = Mc, n — const — ycioBue

YCTOMYMBOIO BPAILEHUS AJIEKTPOIPUBOIA.

v

OcHoBHble TUIIEI MX D]

1. 3]1 ¢ abcomroTHO x)ecTkoit MX — n He 3aBUCHT 0T Mc — C/]

2. 3]1 ¢ xecTkoit MX — n Manio yMeHbIIAETCsl C pOocTOM M
2a— JIIT ¢ mapanienbHbIM U HE3aBUCUMBIM BO30YKICHUEM
20 — acMHXpOHHBIN ABUTaTETh Al
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3. OJ1 ¢ msarkoit MX — n pe3ko nagaet ¢ poctoM M¢ —IIT ¢
HOCJIEeI0BATEIbHBIM BO30YKICHUEM.

OcHoBHBIe THIIEI MX UM

1. M He 3aBUCHUT OT n — JIUQPTHI, TOAbEMHUKHU
2. M NMHENHO 3aBUCUT OT N — Mapa JABUTaTeIb—TeHepaTop
3. [Tapabonunyeckas 3aBUCUMOCTb Mc OT N — BEHTUJIATOPBI, KOMIIPECCOPHI

UT.O.

UToOb! OLIEHUTH CBOICTBA MPUBOAA JOCTaTOYHO HainoxuTh MX UM Ha
MX 3/1. BossMem MX A/l u Hanoxxum Ha Hee MX Tpex BEHTHIATOPOB

AJl + UMI1 — Bo3moxkeH mycK (Muyeean > Muymi) B yCTOWYHMBOE BpaIEHUE
co ckopocThio nl (May = Mym)

Al + UM2 — myck HeBO3MOXKEH (Muyexaq < Mypmz) HO €CIIM paCKpyTHUTB,
TO BO3MOKHO yCTOHUYMBOE BpallleHUE CO CKOPOCTHIO N2 (Mg = Mymp)

AJl + UM3 necoBMmectuMbl, MX He nepecekarorcs (May Becerna < Mys)
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AcunxpoHnbie apuraresu (Al).
YcrpoiicTBo u npuHuun aeicreusa A/l

PabGora AJl ocHOBaHa Ha SBIEHWU ASJICKTPOMATHUTHON WHAYKIUHU (3aKOH
®apanes) u cune AMiiepa — CHIbI, AEMCTBYIONIEH HA MPOBOJHUK C TOKOM B
MAarHuTHOM MOJIE.

Marunutnoe nosie (MII) cozmaer ctatop — HenmoABWwkHas 4actb AJl. DTo
noJiblii HaOOpHBIM MWIMHAP U3 peppoMarauTHoro Marepuana (OMC), B
nasax craropa 3 (wiu 3p) oOMOTOK, CABUHYTBIX OTHOCUTEIIBHO JAPYT Apyra
Ha 120°. OOGMOTKM MHTAIOTCS OT CeTH TPex(asHOro MepeMEeHHOTO TOKA.
Kaxxnas 0OMOTKa co3/1aeT CBO€ MarHUTHOE TO0JIe, KOTOPOE U3MEHSETCA IO
CHHYCOMJIATLHOMY 3aKOHY. B pe3ynbTare cioKeHus mojieil Tpex oOMOTOK
B TMOJIOCTH cTatopa oOpasyercs MII, mocTosHHOE MO BEIUYWHE U
IIEPEMEHHOE [0 HampaslieHHMI0O — Bekrop MII mnoBopaunBaercs B
IJIOCKOCTH, NMEPIEHAUKYJISIPHOM OCH cTaTopa — T.€. Bpamaromieecs MIL
CxkopocTs Bpamennss MII cratopa — n; 3aBUCUT TOJIBKO OT YaCTOTHI CeTH f;
Y YHCJIa Tap MOJFOCOB P (4UCTI0 0OMOTOK / 3)

601,
nl i

4.1)
(306M.) p=1 n;=3000 o6/mMuH
(6 06M.) p=2 n;=1500 06/Mun

(18 06M.) p=6 n; =500 06/MuH

Portop — noasuxkHas yacte AJl, pacrionoxeH Ha ocu A/l
PoTop ObIBaeT AByX THIIOB:

1. KopoTko3aMkHyTbIi — (Oennube KJIEeTKa) — JBa MEIHBIX KOJIbIIA,
COEMHEHHBIX METHBIMU CTEPKHSAMMU.

2. ®a3Hpli — UMeeT TpU OOMOTKH, COEIUHEHHbIE 3Be3l0M. KoHIIbI
00MOTOK BBIBEJICHbI HA KOHTAKTHBIE KOJbIIA, K KOTOPHIM C TOMOIIIbIO
IIETOK MOKHO MOJKIIIOYUTh Tpexda3Hblii MyckoBoi peoctaT Rm. A/
¢ ¢a3HpiM pPOTOPOM 0O0JIalaeT YJIYYIIEHHbIMU ITyCKOBBIMHU U
pPEryJIupoBOYHBIMU CBOMCTBAMM (CM. IYCK W PEryJHpOBaHUE
ckopoctu AJ).

Mpunuun geiicrBus AJl — Tpexdaszuplii mepeMeHHbIN TOK [;, mpoTekas mo
o0MOTKaM CTaTopa, co3AaeT nepemMeHHoe Bpamatomeecs MII, koropoe B
BUTKax poropa uHaykrupyet 3/]C E,. Butku poropa 3aMKHYTHI, IO HUM
teyeT TO [,. Ha mpoBomnuk ¢ tokoM B MII geiictByer cuna Ammepa u
pOTOp HauMHAET Bpawmarbesa B HanpasiaeHun MII. Ho ckopocTs BpaieHus
poTopa n Bceraa MeHsle ckopoctu Bpamenus MII n; — T.e. acuHXpoHHOE
BpallCHUE — ACHHXPOHHBIN JBUTATEIIb.
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Ecmu n = n;, To MII HENOABUKHO OTHOCUTEIBHO POTOPA, T.€. IOCTOSIHHO, a
noctosiHHoe nosie He uHaykrupyer I/C (dd/dt = 0, => 3]J1C potopa = 0,
=>1,=0, => F,=0, => Msp=0)

OcHoBHbIe ypaBHeHus1 A/l

CkoJb:keHHe — OTHOCUTENbHAs pa3HocTh ckopoct MII n; u potopa n.

o1 (4.2)

S =
1

Cxopoctb n3meHenus MII B poTope mponoplroHajibHa pa3HOCTH

ckopocTtel (n; — n), T.e. ckonbxkenunto = DJ[C poropa E,g, uactora Toka B

potope frs 1 UHIYKTUBHOE COMPOTUBIICHUE POTOPa X,5 MPOMOPIIMOHATIBHBI

CKOJILKEHHUIO S

Exs=E; S 4.3)
fzs = f2 S (44)
Xzs = X2 S (45)

rne: E,, f,=f;, X, — DJIC, yacTtora M WHIYKTUBHOE COMPOTUBIICHUE
HenoABMXHOro poropa (mpun=0, S =1).

DnexkTpoMarHuTHbICe Tporiecchl B AJl Takme ke, Kak B TpaHchopmaTtope
(mpu n=0, S=1 AJl — 3T0 TpaHCcPopMaTOp C KOPOTKO3AMKHYTOW BTOPUYHON
00MOTKOI), MOdTOMY 151 aHaym3a AJ] MOXXHO HCIOB30BaTh OCHOBHBIE
ypaBHEHHS TpaHc(opMmaTopa ¢ yueToM cooTHoleHuu 4.3 — 4.5

N3 ypaBaenus tpanchopmaropa (3.5) (U, = E; — Ly, — hXs), yuuThIBas,
YTO POTOP KOPOTKO3aMKHYT (Zy = 0 => U, = 0) nonyunum 1151 A/l

N3 (4.6) Tok poropa I,
E,S _E,S

JIF +(x,8)° 22

7, — IOJIHOE CONPOTUBJIEHUE BPALIAIOLIETOCs pOTOPA (3aBUCHUT OT S, T.€.
OT n).

I, = 4.7)

MomenTt Bpamenust A/l

MoMeHT BpalleHus IPONOPIMOHANICH cuile AMIepa — Cuje, JeUCTBYIOIICH
Ha IPOBOJIHUK C TOKOM B MII
MBp = FA ~ Iz B Sil’l(B/\Iz)

B~®d~U,

| _ES_®8 US

,=22 25
Z2 Z2 ZZ

sin(B"l,) ~ cos(Ex M) ~ 1,/ 7,
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U12r28

Mpp=C"———
P 1y +(x,S)

(4.8)

1. Msp ~ U’ = MBp pe3ko magaeT MpU YMEHBIIECHUU HANPSIKECHUS

nurtanus crtatopa U,

2. Ecmu n = n;, => S = 0, => MBp = 0, T.e. CKOPOCTb POTOpa N BCeraa
MeHblie ckopoctu MII craropa n;.

3. U3 ycaoBus dM/dS = 0 MOXHO onpenenuTh KPUTHIECKOE CKOJIbKEHUE,
pu KOTOpOoM MOMEHT A/l OyieT MakCUMalIbHbIM

SKp=1,/%X,

[ToncraBuB Skp B ypaBHeHUE 4.8 morydyum
2. I
Uin, =

X2 2 1

Eralll
2 I 2 =i 2x
r; +(X, *2) 2
X2
T.e. Mp.x HE 3aBHCHUT OT aKTHBHOTO COINPOTHBICHHUS POTOpa Ip. IDTO
UCIIOJIB3YETCS TIPH IyCKE U PETYIUPOBaHUU CKOopocTH AJl.

Mmax - C”

Mexanuyeckas xapakrepucTuka A/l

MX — 3aBHCUMOCTH CKOPOCTHM Bpall€HUs pOTOpa OT MOMEHTA
conpotuBienuss n = f(Mc), moka3piBaeT, Kak HM3MEHSETCS n  MpHU
YBEJIMYEHUH HArPy3KU JBUTATEIIS.

(.)1 — uneanpnsbIi Xonocroit xon — n=n;; S=0; Mg, =0

(.)1 — peanbHBIi XOTOCTON X0 — N = Ny S = 0,005-0,01; My, = My

(.)2 — HOMHHAJBHBINA PEXKHM — NI = Nyop; S = Syon = 0,02-0,06; My, = Myoy
[Ipy HOMHHAIBHOM pEXKHUME CKOPOCTb pOTOpa Bcero Ha 2—6%
MeHbine ckopoctu MII craropa

(.)3 — KpUTHYECKas TOYKA N = Nyp; S = S,y = 0,1-0,5; My, = Mpax
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Minax/Mipon = 2 — 2,5 — meperpy3ouHasi cnocooHocTs A/l
(.)4 — myckoBoit pexxuM n = 0; S = Sy = 15 My, = Myyex

Muyex'Myow = 1,8 — 2 — KpaTHOCTB ITyCKOBOTO MOMEHTA
PaGounit yaactok MX 1 — 3. Ha stom yuactke mpu TMc um A
cOpaceiBaeT 000pOTHl N => (Nn;—) T, => dd/dt T, => E, =31, T, =>
Mg, Tu (.) paBHOBeCHSA My, A = Mc v cMentaercs no MX B obnacts ¢
MEHBILEH CKOPOCTBIO, HO O0nmbIUM My,. Ilpu Mc yv > My, ABHrarTens
OCTaHaBJIMBACTCS.
VYuyactok 3 —4 — y4acTok pa3roHa.

Crnoco0sbl mycka A/l

[Ipu mycke ckopocth potopa n = 0, => pa3HocTh ckopocteid MII n; u
potopa n (n;—n) — max, => d®/dt — max, => 3JIC E, — max => Toku
poropa I, u craropa I; — max.
[Ipu mycke AJl B porope U cTaTope TEKyT TOKHM MHOIro OOJblie
HOMUHAJIBHBIX

12:(7+ 10) IZHOM 11:(5+7) IIHOM

Oro omacHo M miua AJl u jana nuraronieil cetu. IloaTomMy TOJIBKO
manomoltsbsie A/l (no 1 kBT) MOXHO myckaTh 0€3 CrelHaIbHbIX METOA0B
ycKa, KOTOpPbIE HY>KHbI, YTOOBI:

1. YMeHpIINTH TyCKOBBIE TOKH.

2. OGecnieunTh IUIABHBIN MYCK TP MAaKCUMAJIbHOM IIyCKOBOM MOMEHTE.

Cnoco0b1 yMeHbIIEHUSI MYCKOBBIX TOKOB A /]

_E,S E,S

U3 ypaBuenus (4.7) I,
Zy  \1} +(x,8)

I U, =] o=>IlE={1L,=>!1,
Ectb nBa mytu ymensbienus [, (= 1

Y
\ T I, => \LIz:>~LI]

1. Cnoco0bl, 0CHOBAHHbIE HA YMEHbIIIEHUH HANPSI)KEHUS] MTATAHUS
cratopa U,

N Mg, ~ U12 , => BCE METOJIbI, OCHOBAHHBIEC HA J U, B npuBOJSAT K
PE3KOMY YMEHBIIEHUIO My,
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N3menenne MX nipy ymeHbIIeHUH HanpsoKeHus nutanns U

JIOCTOMHCTBO — IPOCTOTA peanu3anuu

U| MOXHO YMEHBIIUTB:

1. ¢ moMo1pt0 TpaHchopmaTopa

2. BKJIIOYHUTH MOCJIEI0OBATEIBHO CO CTATOPOM 3 KaTYIIKH MHIYKTUBHOCTHU

3. mpH IycKe BKIIOYMTH 0OMOTKH cratopa 3Besmoit (U,=U,/~3), mocme
pasrona AJl mepexmtounts oOMoTku Ha TpeyroabHuk ((U,;=U,). Ilpu
nycke Hanpskerue ¥ B V3 pas, a Mg, B 3 pasa.

2. MeTo/1bl, OCHOBAHHDIE HA | COMPOTHBIECHHS POTOPA I

1. KoOpoTKO3aMKHYTBIA  pPOTOpP C  YJIYYIHIEHHBIMA  IYCKOBBIMH
XapaKkTepUCTUKAMU — UMEET JIBE KJIETKHU C Pa3HbIM conpoTuBiieHueM. [Ipu
MyCKE TOK TEYET MO KJETKE C OONBIINM COMPOTHBICHHUEM, MOCJE pa3roHa
4acTOTa TOKAa B POTOPE PE3KO IMANAET, U TOK TEYET NO KIETKE C MaJbIM
CONIPOTHUBJICHUEM.

2. B AJl ¢ ¢a3apiM poTOpoM MpH MyCKE B ILE€Mb pPOTOpa BKIIOYAIOT
Tpexda3Hbliii myckoBo peoctaT Ry >> 1, Toku I, u I} pe3ko ymeHbIarTCs.
[IocKOJIBKY ~MaKCUMajbHbIE MOMEHT HE 3aBUCUT OT AaKTHUBHOIO
CONPOTUBIICHHS POTOPA, TO MOKHO OOECIEUYHTh ¥ MyCKOBBIX TOKOB 0€3 +
MOMEHTAa, T.€. 00ECNEUYUTh IJIABHBIN MyCK Harpy>keHHoro AJl.

—"yxeH A/l ¢ ¢pazHbIM poTOpoM

— 00JBIIME IOTEPU SHEPTUU B ITyCKOBOM PEOCTATE

BrnusHue akTUBHOTO CONPOTUBIIEHUS poTopa HAa MX
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[Tpu yBenuuenuu Ry MX cranoButcs 6osee MATKOIA.
[Ipu He cnuiikom GonbiuxX Ry myckoBoi MOMeHT Bo3pactaeT Mpjz> Mp,>
My 1 MOXET CTaTh paBHBIM M,y.

PeryiupoBanue ckopoctu BpameHus AJl

CkopocTh poTopa n Majo otiaudaercs ot ckopoctd MII n; (Bcero Ha 2—6
%), TO3TOMY YTOOBI U3MEHHUTH N HYKHO U3MEHATH N,

60f,
n, =—— => 11Ba Iy TH:
p
1. U3MeHenue 4yacToThl ceTH f;
+ MOXXHO IJIABHO YBEJIMYMBATh U YMEHBIIIATh N} => n
— HYXXHBI CJIOXKHBIE U IOPOTHE MPeoOpa30BaTEIM YaCTOTHI.
Hcnonb3yercs asa MaoMolHbeix A/l

2. W3MeHeHwue 4ucia mnap mojocoB p
+ MpOCTOTa U SIKOHOMUYHOCTh
— CTYNEHYaTOE PETyJIMPOBAHUE
— MOHO TOJIbKO YMEHBIIUTH CKOPOCTh p=1 n;=3000
p=2 n;=1500 u T.x1.
— Hy»)eH A/l co cIoXKHBIM cTaTOPOM (C OONBLINM YHUCIOM 0OMOTOK).

3. B AJl ¢ ¢ha3HBIM POTOPOM MOXKHO TUTABHO PETYIHPOBATH CKOPOCTH OT ()
0 Nyoy, H3MEHSS COMNPOTHUBJIICHHE MOIIHOTO IMYyCKO—PETYJIUPOBOYHOIO
peocTara (CM. MPeabIIyIUi puc.)

IIpumenenue A/l — oueHb MIMPOKOE

JIOCTOMHCTBA M HEAOCTATKHU:

+ @IpoCTOTa KOHCTPYKIIMH, BBICOKAs HAJEKHOCTb, HU3Kas CTOUMOCTb,
xectkas MX, paszinuHble BapuUaHTbhl MCIHOJHEHUS (T€pMETUYHBIE,
B3PBIBOOE30MACHBIE, XUM. 3alIUIIIEHHBIC U T.]1.).

— CJI0OKHOCTbH PETYJIUPOBAHUS CKOPOCTHU

— mpu =50 I'ty g, < 3000 06/MuH

32



JIBuraresu nocrossauoro toxka (AIIT)

ILmrocwl u munycsl AT no cpaBHenuro ¢ AJL:

+ IIpocTo perynupyercs CKOpoCTh n

+ MoskHO osryunuTth n >> 3000 06/MuH

+ o0paTUMOCTh — MOXKHO UCIOJB30BaTh KaK JBUTATE€h W Kak
reHepaTop

— CJIOHAsl KOHCTPYKIIUS, BBICOKAsi CTOMMOCTb
— HU3Kas HAAEKHOCTb (HEOOXOIMMBI CKOJIB3SAIIME KOHTAKThI ISt
M0/IBOJIa TOKA K BPAIAIOLIEMYCS IKOPIO).

YcrpoiictBo u npuHuun aeucreus AIT.

Kopnyc (cranmna) u3 ¢eppomarHeTnka umeetr aBa (M 2N) OCHOBHBIX
MOJIFOCa, HAa KOTOPBIX PACHOJIOKEeHbI O00MOTKH B030yxaenus OB.
[Toctosiuublif TOK BO30YykneHus lg, mportexas mo OB, co3maer mexmy
MOJII0CAaMU MOCTOSIHHOE MaruuTHoe moJjie MI1.

Axops — mnonaBwxkHas uvacte JIIT, numeer OOMOTKH, KOHIBI KOTOPBIX
MOAKJIIOYECHBI K KOJUICKTOPY, HAOpaHHOMY W3 H30JIMPOBAHHBIX MEIHBIX
cerMeHTOB. K gKopro depe3 1MEeTKH U KOJJIEKTOP OT BHEIIHEr0 MCTOYHUKA
nutanus Ug moaABOAUTCS NOCTOSHHBIN TOK lg.

Hpunuun geicreus AIT.

[TocTosiHHBINM TOK BO30YXAeHUs g, MpoTekas Mo 0OMOTKaM BO30YXKICHUS
OB, co3naet NOCTOSIHHBIA MarHUTHBIA TOTOK D. K Akopro, yepe3 meTKu 1
KOJUIEKTOP, TOJABOAUTCS MOCTOSAHHBIN TOK siKops 4. Cuiia B3aumoaeicTBus
Toka sikops [g u MII @ (cuna Amnepa) co31aeT MOMEHT BPAILLIEHHUS.

OcHoBHble ypaBHenus AIIT.

MBP ~ FA ~ I}I o = MBP :CM IH D (49)
[Tpu Bpawenun sikopst B MII B Hem unaykrupyercs 91C unaykuuu Eg
E;[qu)/dth)I/In => E;{:CECDH (410)

Ora D/1C nanpaBiieHa HABCTpeUy HAMPsDKEHUIO TuTaHus sikops Ug
(npaBuno Jlenmna) =>

Iq :M YPaBHEHME LEMNU AKOPS (4.11)

Iq
Hyck AT

ITpu nmycke JIIT saxops HenoaBuxkeH =>n=0 => Eq=Cg®n=0=>
Linyek = (Ug—Eg) /1q =Ug /1tq >>Igpom (B8 10 —20 pa3s)
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Jns ymenbiienus lg npu mycke B nens SIKOPS BBOAST IIyCKOBOM PEOCTAT Iy
IIOCJIE pa3rOHa JBHUrareias JSTOT PEOCTAaT IIOJHOCTBK 3aKOPAYMBAIOT
(peocTtatr paccuuTaH TOJBKO HAa KPATKOBPEMEHHBIN ITyCKOBOW PEKUM).

(ITyck 1 — rp= max),
(Pabota 2 —1;=0)

Perynuposanue ckopoctu AIT
N3 (4.10) Eg=Cg®Pn
U3 (41 1) E;{ = U;{— I;[ Tq

Eqg Ug-Igryg
Cpg® Cp®

== n=

(4.12)

N3MEHATh CKOPOCTH N MOKHO:

1. W3mensasa nanpsokenue nutanus Ug

2. Usmensass tok sikopst lgq (mocnemoBaTenbHO € SKOPEM  BKIIKOYAKOT
peocTar)

3. Usmensas Tox Bo3OyxaeHus Iz => MII @ — mocnemoBarensHo ¢ OB
BKJIFOYAIOT PETYJIMPOBOYHBIA PEOCTAT Ip. MI3MEHsAA CONPOTHBICHHUE I,
MOXHO MeHATh Iz => @ => n (cMm. 4.12). DTOT METOJ UCIHOIB3YETCS
yame Bcero, T.K. Ig << Ig — mpomie perynaupoBarb, OCOOCHHO s
motHbix AIIT.

AIIT ¢ napajsieIbHBIM BO30Y:K/I€HUEM

Axops 1 OB noakiro4YeHbl K ICTOYHUKY MUTaHUS NapajuiesibHo => Ig u @
HE 3aBUCHT OT lg, T.€. oT Harpy3ku AIIT.
@ — const; Mgp = Cyy @ Ig = k [ — TMHENHHO 3aBUCUT OT TOKA SIKOPSI
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=> [ =k’ Mgp = K’ Mcorp (B ycTaHOBUBILIEMCS pexxuMe Mgp = Mcorp)
[ToncraBnss 1g B (4.12), monyuum

n=ny— An (MCOHP) (413)

T.C. MCXaHNYCCKAA XapaKTCPHUCTHUKA JIMHEHHAs U KECTKasl.

Hcnonp30BaHWe — €CIM HYXEH BBICOKOCKOPOCTHOM WM XOPOIIO
peryJMpyemMblid 1BUTaTelb (yabTpaleHTpudyrn).

AIIT ¢ nocjienoBaTe/ibHbIM BO30YKIeHUEM

Axops u OB noakito4eHbl K ICTOYHUKY MUTaHUS MOCIEA0BaTENbHO => I
u MII @ 3aBucsr ot Iy, 1.€. ot Harpy3ku AIIT.

[~Ig=>D®~13=>Mpp=CyPIg=x" 143" — KBaJIpaTU4HasA 3aBUCUMOCTb

OT TOKa sikopst => Iy = k¥’ \/MBp = K /Mconp (B yCTaHOBHBIIIEMCS
pesxxume Mpp = Mcorp)
[ToncraBnsas Ig B (4.12), nonyyum

n=———-n" (4.14)

~/Mconp

T.C. MCXaHHWYCCKAA XapaKTCPHUCTHUKA HEJIMHEHHas U MsTKasl.
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HpI/I MC —> 0, n — o0 => HeJIb3s BKIYaTh 0€3 HarpysKu — ABUIraTciib UJA€T
Bpa3HOC (MC MUH ~— 025M HOM)-

Hcnonp30BaHue — eciau HYKCH peFYHpreMbIﬁ ABHUTATCIIb C OOIBIINM
ITyCKOBbIM MOMCHTOM (TpchnopT).

Kaaccupukanusa AIIT no cnoco0y Bo30y:k1eHNsl.

1. JAIIT c ne3aBUCHMBIM BO30yXKIeHHEeM — sikopb U OB MoaKIHOYEeHBI K
JIBYM pa3HbIM UCTOUYHHKAM.

2. JIIIT ¢ mapamensHbIM BO30YXJeHHEM — KOph U OB MOIKIIIOYEHBI
MapajiyIeIbHO K OJJHOMY HCTOYHUKY.

B o6oux cnyuasx Iz u @ He 3aBucar ot Iy — MX kecTkas u TuHeHHasl.

3. HAIIT ¢ mocienoBaTeabHBIM BO30YKIeHHEM — ikopbh U OB moakroueHbl
MOCJIEIOBATEIBbHO K OJHOMY UCTOYHUKY — Ig 1 @ CUIIBHO 3aBUCAT OT lg
— MX mirkast ¥ HeJInHelHasl.

4. JITIT co cmemanHbIM BO30YyxaeHreM — umeeT e OB, onHa BKIIOUeHA
C SKOpEM MOCJIENOBATEIbHO, a BTOpas — NapawienbHO. M3meHss
cooTHoIeHus: TokoB 3Tux OB, MoxxHO u3mensTe MX JIIIT ot xecTkoi
J10 MSITKOM.
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YACTDb 2 JSJIEKTPOHUKA

Tema S BbinpamurenbHbie yerpolicTtBa (BY)

Hasnauenue BY — mnpeoOpa3zoBanue 3HAKONEPEMEHHOTO TOKa B
3HAKOINOCTOSIHHBIM, T.€. [JI BBIIPAMIICHUS TIEPEMEHHOTO TOKa H
HaIpsKEHUSL.

CrpykrypHas cxema BY

1 — cTabunu3aTop MEPEMEHHOTO HAMPSHKEHUS — CTAOMIIU3UPYET aMIUTUTY Ty
MEPEMEHHOT0 HAMPSHKEHUS IPU U3MEHEHUU HanpsukeHus: cetu UBX~

2 — Tpanchopmatop — wu3MeHseT (yBEIMYMBAET WJIH YMEHBIIAET)
nepeMeHHoe HampspkeHue. CBs3b MeXJay OOMOTKaMu TpaHchopmaTopa
TOJIBKO Yepe3 MAarHuTHOE IojJe => ceTh M BbIXOA BY mMOIHOCTHIO
raJlbBaHUYECKHU Pa3/IeJICHBI.

3 — Bentunp — o0nagaeT OJHOCTOPOHHEH MPOBOJWMOCTHIO, T.€.
MPOMYCKaeT TOK TOJBLKO B OJHOM HaIlpaBJICHHMH, OCHOBHOM Ojok BY,
MMEHHO OH MpeoOpa3yeT 3HAKONMEPEMEHHBIN TOK B 3HAKOMOCTOSIHHBIH.
BenTuinb oTKpHIT, €cii OTeHIHA ero aHoja (A) OoJible MOTEHITUAa ero
katona (K).

37



@A > Qxg  — BEHTUJIb OTKPBIT
@ar <@g  — BEHTWIb 3aKpPbIT

OcHoOBHBIE MapaMeTPbl BEeHTHJIA:
Rop — npsimoe conpoTUBIEHNE OTKPHITOIO BEHTHJIS.
Ro6p — 0O6paTHOE CONMPOTHUBIIEHNE 3aKPHITOIO BEHTUIISL.

Inp max — ngonmycTHMBIA MPSAMON TOK, MPEBBIIEHUE KOTOPOTO

OPUBOJIUT K MEPETPEBY U TEIJIOBOMY ITPOOOIO BEHTUJIS.

Uobp max — aomycTumMoe oOpaTHOE HaNpsKEeHUE, IMPEBBIINICHHUE

KOTOPOT'O IMMPUBOAUT K IJICKTPUICCKOMY HpO6OIO BCHTHUJI.

4 — OuiupTp — CriaaxuBaeT IyJbCAalUI0 (M3MEHEHHUE) BBINPSAMIIEHHOIO

HaMpsKCHUS, T.C. YMCHBIIACT €TO IICPEMCHHYIO COCTABJIATOITYHO.

5-— CTa6I/IJ'II/IBaTOp IMOCTOSHHOI'O HAIIPSKCHUA — ITOAACPKUBACT ITOCTOSHHOC
HaIpsi’KCHUC Ha BbIXOAC BY IIpru M3MCHCHHH HAIIPSKCHHA HA BXOJAC WA

TOKa Harpy3Ku.

6 — bnok ynpaBieHus — MO3BOJISIET U3MEHATh BBIXOJAHOE HampshkeHue BY,

BO3JIEUCTBYS Ha CTAOMIIM3ATOP S5, UM BEHTUIIb 3.

B peanbabix BY psan 010K0B MOXKET OTCYTCTBOBaTh, HO BEHTHUJIb

€CTh BCEIr'a — BEHTUJIb — OCHOBHOMU 0Ji10K BY.

OcHoBHBIE TapaMeTPbI U XapakTepucTuku BY.
1. 3aBucuMOCTH HanpspKeHUs Ha Bbixojie BY oT Bpemenu
uy(t) = Uo + u~ = Uo + Uysin(mt) + UpsinRwt) + ...

BrixonHoe HampsikeHue HUMeeT MOCTOSIHHYI0 coctaBisitonryro Uo
NEPEMEHHYIO COCTABIISIIOULYIO (MTYIbCAIUIO) U~

2. CpenHee 3HaUEHHUE BBIIPSMICHHOTO HAIIPSLKEHUS

U(p 0
1T 1T 1T
Uncp=— |uy (t)dt =— | Uodt'+ — |u £ dt = Uo

p Tg H(t) T{ T'([

Usncp = Uo
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Cpennee 3HaueHue HanpsbkeHus Ha Bbixojge BY (Uncp) paBHO
MOCTOSIHHOM COCTaBJISIFOLIEH BhIIPSIMIIEHHOTO HarpsikeHus Uo.

3. KoadduuuenT mynbcanuu — XapakTepu3yeT KauecTBO BBIIPSIMIECHHOTO
HANpPsHKEHUS. JTO OTHOILICHUE aMIUIUTY bl IEPEMEHHOM COCTABIIAIONIEH
HampspKeHusT Ha Bbixoje BY (mynbscamuu) K MOCTOSHHOM (T.€. K
CpeaHEMY 3HAYEHHIO).

K, - AUy
UHCP
AUH _ UHmax ;UHmin

4. MaxkcuMalIbHBIM TOK Harpy3ku [H max — npeBbIlIEHHE KOTOPOIro
IIPUBOJUT K BBIXOZY U3 cTposi BY.

5. Hanpsixenue nutanusi BY — UBx~ (HanpsiKeHHUE CETH).

6. KIIJ, rabaputsl, BeC, CTOUMOCTb.

Buemnsis xapakrepuctuka BY  Uo = Uncp = f(In)

— 3TO 3aBHUCUMOCTH IMOCTOSIHHOW COCTABJISIFOIIEA BBIXOAHOTO HAIPSKEHUS
Uo ot Toka B Harpy3ke IH. [Ipu nmoaknroueHnn Harpy3ku RH HanpspkeHue
Ha Bbixojge BY Oyner omnmmuarscst ot ero DJIC (E = Uxx) Ha Benu4uHy
NaJIeHUs] HAMIPSKEHUS Ha €r0 BHYTPEHHEM CONPOTHUBIICHHUH Ri.

Uo = Uncp = Uxx — [HR1 = Uxx — AU;
AUg;; = Inom Ril

AURiZ = Inom Ri2

Ril <Ri2

AU gi1 <AURgjp

Uo > Up
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C poctom Toka Harpy3ku [H HanpspkeHue Ha Bbixoje BY ymenblnaercs us-
3a najeHusa HampspkeHust AUg; HA ero BHYTPEHHEM COMNpPOTUBIEHUH Ri.
Yewm Oombiie Ri, TeM MeHbIIIE BBIXOJHOE HAIPSKEHUE TIPU TOM KE TOKE.

OnHomosynepuoaHas cxema BY

Ugx- = U;. = Ujm sin (ot) ; u,. = U,m sin (mt)
Bynem cuutats, uro Tp u BenTuns V1 — uaeansusl: Rtp = 0; Rop = 0,
Rob6p =

11 monynepuon

B(.)m “+”=>+mHa A VI => Qs > ¢x => V1 — otkpeIT (Rv]I’=Rnp=0) =>
TedeT TOK o e m—> V]l —>Ryu-—>n-—>m

Benuuuna Toxka 1y’ =1y, = W /(Rv1l’+ Ru) =u,.’/Ru  (Rv1’=Rnop=0)
Hanpspokenue na Harpyske UH’ =iy’ RHE=u,.’

2—ii HOoJIyNepuos

B()m“~"=>—nHa A V] => 0@, <@x=> VI —3akpbIT (Rv]1”=Robp= ) =>
TOK B LIETIM U HaIIpsSDKEHUE Ha Harpy3ke paBHsl 0.

g =1y;”=0; uyg”=0

B In/mep BY TOok u HampspkeHHe Ha Harpy3ke CYIIECTBYET TOJIBKO
MOJIOBUHY NIEPHOJa (KOTrJa BEHTUIIb OTKPBIT).

OOpaTHOoe HampspKeHHE Ha 3aKkpbeIToM BeHTuie — u3 Il 3akona Kupxroda
U. = uy; tuy” (ug” = 0) => uy;” = U,. — HanpsHKEHUE Ha 3aKPBITOM
BEHTWJIC DPABHO BBINPAMIISIEMOMY HAIPSHKCHHIO, 4 €r0 MaKCHMAallbHOE
sHauenue UoOp makc = U,m — aMIUTMTY/€ BBIIPSAMIISIEMOTO HATIPSKCHHUS
(B V2 pa3 60IbLIe €ro JEHCTBYIOIIETo 3HAUCHMUS).

OcHOBHBIE MapaMeTPbI CXeMbI:
1. TlocTtossHHAst COCTABIISAIONIAS BBIXOJHOTO HAIIPSKEHUS
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1T 1 T2 T U,
Ubcp=—|uy (t)dt=— |u,. sin(ot)dt+ |0dt=—="
P [un(®dt= Jusysin(onde+ [0di==2

2. Koaddunuent nynscaruu Ko

Umax = Uym; Umin = 0 =>
AUH = (Umax — Umin)/2 = U,m/2

K = AUH / Uncp =

(Um/2) / (m/Uym) =mn/2 =1.57 -
NIEpPEMEHHAsI COCTABIISIONIAS BHIXOTHOTO
HaNPsOKEHUsT OOJIBIIIE TTIOCTOSTHHOM.

JIOCTOMHCTBA U HEJIOCTATKH:

+

IPOCTOTA, BCETO OJIUH BEHTHIIb,
MOJIOBUHY TIEPHOJIa HET TOKa,

ooxabmoi K,

yacToTa nyJybcaruu fi; = f; — yacrore ceru.

JAByxmoaynepuoanas MocTtoBasi cxema BY

Pabota cxempr:
1-#i moaynepuoa «+» B(.) m=>+Ha aHomax V1 u V3=>VIiu V3 —

OoTKpBITHI (R1ip=0)

«»B(.)n=>—Haanonax V2u V4=>V2u V4 —
3aKpbITH (ROOp= )

Teuer TOK 110 LIENH m-a— Vl-c— RE—d-V3-b—-n
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Bennuuna Toka iy’ =w./Ra (Rvl’=Rv3’=Rmop=0)
Hanpsixenue Ha Harpy3ke uy’ =iy’ RE=u,.’

2—it moaynepuoa «» B () m=>—HaaHogax VI u V3 =>V1u V3 —
3aKkpbITEl (ROOp= 0)

«t»B(.)n=>+HaaHomax V2u V4 =>V2u V4 —
OoTKpBITHI (R1ip=0)

TeueT TOK MO 1enu n-b- V2-c— Re—d-V4-a-m
Bennunna Toka 15" =u,."/RE  (Rv2”= Rv4”=Rmp=0)
HamnpsixkeHnne Ha Harpy3ke uy” =1g"RE=1,."

CrnenoBaTellbHO, TOK B Harpy3Ke M HaIpsDKEHHWE Ha HAarpy3Ke CYIIEeCTBYIOT
00a momymepuoaa iy =1y +1iy° Ug=Uy Tug =up (W =uw. =uy.)

OOpaTHoe HampsbKeHue Ha 3akpbhiToM BeHTuse — u3 1l 3akona Kupxroda
U. = Uy + Uy’ VI — oTKpeIT => uy;” =0 => uy,’ = U,. — HaNpsHKEeHHE
Ha 3aKpPBHITOM BEHTHJIE PaBHO HAIPSDKEHUIO Ha BTOPUYHOHW OOMOTKE
TpaHnchopmaTopa U, a ero MakcumaibHoe 3Hadenne Uobp makc = Uym —
AMIUTHTYJE  BBIPAMUISIEMOTO  HampskeHMss (B V2 pa3  Goblie
JEUCTBYIOIIETO).

OcHoOBHBIE MapaMeTPbI CXeMbI:

1. Uo = Uncp = 2(Uom / m) — B naBa pasa Oonbplmie 4YeM B
OJIHOIOJIYTIEPUOTHOM — TOK M HaNpsDKEHHE Ha Harpy3Ke CYIIECTBYIOT
00a mosynepuojaa

2. Koapouuuent nynscauuu Kn =% (n/ 2) = (n / 4) — B nBa paza
MEHbIIE, YeM B OJHOMNOJYNEpHOAHON (Imysbcamus Ta ke, a Uo B JBa
pa3za GoibIe)

JIoCTOMHCTBA ¥ HEOCTATKH JABYXIOMYIIEPHUOTHON CXEMBI [0 CPAaBHEHUIO C
OJTHOTIONYTIEPUOTHOM:

+ TOK W HallpsHKCHHUE Ha Harpy3Ke CYIIECTBYIOT 00a Moynepruoaa

+ Uo B aBa pa3za OodbIie,

+ K — B aBa pasza meHbLIe

+ gactorta mynbcaruu fi; = 2f; — B 2 pasza OoJbIie 4aCTOTHI CETH

— HY’KHBI 4 BEHTWI, a He 1.
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PuiabTPHI BHIIPAMUTEJIEH

[IpennazHayeHbI TS YMEHBIICHUS kod(punmrenTa MyJIbCaIuu
BBITIpsIMIICHHOTO HanpsibkeHus (Ki), T.e. 11 yMEHbIIIEHUs] OTHOIIEHHUS €ro
MIEPEMEHHON COCTABIAIOLIEH K ITOCTOSSHHOM.

Koadunment punstpanuun K¢ = (KmBx / KnBeix) —  mOKa3bIBaerT,
BO CKOJIBKO pa3 QuibTp ymMeHbInaet K.

B kauectBe 3nmeMeHTOB GUIBTPOB HCIONB3YIOTCA KomOuHaiuu R, L, C,
T.K. UX COMPOTHUBIICHUE PA3INYHO IS MOCTOSHHOTO U MEPEMEHHOT0 TOKA.

DJIeMeHT ConpoTHUBICHHUE JIEMEHTA
[Toct. Tox f=0 [Tepem. Tox f=fcetn
(v 2fcetn)
R R R
Xy =2nfL 0 Xy,
Xc =1/ 2nfC o0 Xc

OuibTp JOJKEH TMPOIYyCKaTh TOCTOSHHBIA TOK W HE IMPOIYyCKaTh
NEPEMEHHBIN, MOATOMY D3JIEMEHTBHl C OOJIBIIMUM  CONPOTHUBICHUEM
nepemeHHOMY TOKY (R, L) BKiItouaroTcst mociieqoBaTeNbHO C HArpy3Koii, a
C — Bcerza napasuienbHo.

IpuHUMI AeCTBUS €MKOCTHOTO (PHMIbTPa

PabGora emkocTHOro (puibTpa OCHOBaHa Ha CIOCOOHOCTH KOHJEHCATOpa
HakamuBath 3apsj. [Ipu oTkpeiToMm BeHTHIE KoHeHcaTop Cd 3apsikaeTcs
(HakarmIMBaeT 3apsii), MpU 3aKpeiToM V1, KOHAEHCATOp pa3psiKaercs
yepe3 Harpy3Ky U CO3/1aeT B HEW TOK U MaJ€HUE HaIIPSKEHHUS.
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HuTepBan t) —t; B () m «+t», HO €, < uc => «t» Ha A VI <«t» Ha K V1
(pa < @x) => BenTwib V1 3akpeiT U konueHcatop C¢d mnpopomxaer
pa3pspKaThbes, == Uc \s

WnTepBan t; —t, B () m «+», n €. > uc => «t» Ha A V]l > «t»Ha K V1
=> ((a > (Px) BEHTWIb V1 OTKPBIT, Ue€pPe3 HETO TEUYET TOK 1y = i35p + 1y

ly CO3/aeT HaNpsDKEHUE HA Harpy3Ke

i3ap 3apsmKacT kongercatop Cd , HANPSLKEHHE Ha HeM pacTeT (uy =Uc 1)

WnrepBan t, —t; e,- < uc => BeHTWIb V1 3akpbIT U KoHaeHcatop Cd
paspsiKaeTcs yepes3 Harpysky cosznaBas Ha RH majgeHune HanpspKeHus Uy =
ipa3RH, Hanpsprenue Ha Cd d (ug=1uc i)

Jlanbiie mponecc noBTOpsieTCs.

CkopocTh 3apsiia KOHAEHcaTopa ompeaensercs ero eMkocteio Ch u
conporuBieHueM uenu 3apsga (Rrp, Rvl), a ckopocte paspsga —
eMKocThio C( W TOKOM Harpy3ku (compoTHuBieHHEM RH) => eMKOCTHOMU
(GunbTp XOpOoLOo paboTaeT MpU MAJBIX TOKaX Harpy3Kd — B CJIA0OTOYHBIX
BY.
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IpyHuMI AecTBUS MHAYKTHBHOIO (PHJILTPA

[Tpu nmr060M HM3MEHEHWH TOKa B KaTyIIKe WHAYKTUBHOCTH L BO3HHKaeT
OJIC camounaykiuu e = — L di/dt (3akon Dapajes), HaripaBJIeHHas Tak,
yTOOBl CIJIQXXUBaTh (YMEHBIATh) JIFOOOE HM3MEHEHHE TOKa (MpaBUIIO
Jlenma).

Ipu T toka (umtepsan ty — t;) DJC caMOMHIyKIHMH € HAIpaBicHa
HaBCTpPEUYy €. U Uy = €. — € < €p~

Ipu { Toka (mutepBan t; — t,) DJC CAMOMHAYKUHHK €, MEHSeT 3HAK 1
HAYUHACT CKJIQABIBATHCS C €, T.€. Uy = €. T €. > €5

AMIUIUTY/Ia UMIIyJbCa HANpsSOKEHUST HA Harpy3ke Uy YMEHbIIAeTcs,
JUTMTEIIbHOCTh UMITYJIbCA YBeIMUuBaeTca => K

NunykTuBHBIE (QUIBTPHI OOBIYHO MCHOJB3YIOTCS MpPHU OOJIBIIMX TOKaX
Harpy3KHu, T.€. B CHIIbHOTOUYHBIX BY.
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Tema 6 Ycuiaurenau (Y)

Haznauenue — YBCIIMYCHUC MOIIHOCTU JJICKTPHUYCCKUX CHUTHAJIOB 3a CYUCT
9HCPIrnr NCTOYHUKOB ITOCTOAHHOI'O TOKA.

OcHoOBHbBIE MapaMeTPbl U XaPaAKTePUCTUKHU YCHIUTEJIs

OKBHUBaJICHTHas cXeMa YCHUIIUTCIIA

JIt000i1 NCTOYHHK CHTHAJIa MOXKHO 3aMEHHTDH SKBHBAJICHTHBIM
reHeparopom (I'C) ¢ DAC e, u BHyTpEeHHUM COIPOTHUBIEHUEM Rrc
Upx, Uggixs lxs lpsx — BXOJIHBIE U BBIXO/IHBIC HAMPSKEHUS U TOKH

Rgx, Rppix — BXOJHOE U BBIXOJHOE COMPOTUBIICHUS

€ssx — BbIXOAHAS D/IC ycunurens

OcHoOBHBIE TAPAMETPHI:
1. Koadduruents! ycuneHus
M0 HATMPSDKEHUIO — Ky = Uy / Uy
10 TOKY — K| = 15 / 15x
110 MOITHOCTH — Kp = Py / Pex = Ku Ki
2. BxoaHoe conpoTuBieHHe Rpx — onpenenser peabHblii BXOJAHOU
CHUTHAII
Upx :in BX :L BX
RFC + RBX
ecian R, << R, TO Uy << €.
ecau R, >> R, TO Uy = €
3. BrixonHoe conpoTuBiieHre Rppx — OnpeaensieT peaibHbIi BEIXOIHON
CHUTHAII

eBI:IX

H
BBIX + RH
C€CJIN RBLIX >> RH TO uBbIX << eBI)IX
C€CJIN RBLIX << RH TO uBbIX E eBI)IX

CrnenoBaresibHO, XOPOIINUH YCUIUTEh JOJDKEH UMETh 0oJibioe Ry, u
maioe R;,,,, Tounee R, >> R, a Ry << R,

i R .=

uBBIX_ BBIX ~“H R
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4. Koapduuuent nenuneitnsix wuckaxenuit Kyy (%) (koadpdunumeHt
rapMoHuK K — yunThiBaeT HenmHelinbie uckaxxenus (HN) — uckaxenus
(OpMBI cUTHAJIA B TIPOIIECCe YCHICHHUSI.

P, +Py+P,... [U3+U;+Uj..

K :K =
HHA r Pl U12

5. Jlunamuueckuit quamna3on D (cm. AX).
6. Ilomoca nmponyckanus — Af (cMm. AUX).

XapaKkTepuCTHKU:
1. AmmnryaHas xapakrepuctuka (AX) — 3aBUCUMOCTb BBIXOJIHOT'O
HaIPSDKEHUS OT BXOJHOTO  Upyy = T (Ugy)

JnHamudeckuii quama3oH D = Uy max / Usx min = Useix max / Uspix min — JAAAIIA30H
U3MCHEHUS U,, B KOTOPOM IIIyMbl W HEJIIMHEHHBIC HCKAKCHUS HE
IPEBBIIAIOT JTOMYCTUMBIX 3HAUCHHI.

2. AMmutygHo-4yacToTHas xapakrtepuctuka (AUYX) — 3aBUCHMOCTH
kodpurmenta ycunenus ot 9actotel Kp=F (f) mpu nocrossaroM UBx
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[Tonoca mpomyckanus — Af = fg — fi; — nuama3zon vactor, B mpeaenax
xoToporo Ky ymenbiaercs He Gonee qem B V2 pas.

Ipunnun geiictBust Ounoasipubix Tpan3ucropos (BIIT)

bunonsipHbie — T.K. UCTIOIb3YIOTCS MOTYNPOBOAHUKY (T1/T1) IBYX THUIIOB:

N-THUIA — C 3JIEKTPOHHON MPOBOAUMOCTBIO O

p-TUNa — ¢ ABIPOYHON MTPOBOAUMOCTHIO ®

Crpyktypa BIIT — nBa p-n nepexoja, BO3HUKAIOLIME HA TPaHULIEC pa3jena
/T ¢ Pa3JIMYHBIM TUIIOM TPOBOAUMOCTH.

O —smutrep b—06aza K — komnekrop

p-n mepexon

1 2 3

1. U3-3a auddy3uu u pexoOMOMHAIIMHU SJEKTPOHOB W JABIPOK Ha pP-n
MEPEXOJE BO3HUKAECT JIBOMHOM DJIJIEKTPUYECKUM  CJIOH, T.. —
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MOTCHITMANBHBIA  Oapbep. ONeKkTpudeckoe moje 3Ttoro cios Ecjp
NPENSTCTBYET JIBUKEHHUIO OCHOBHBIX HOCHUTENEH uepe3 mepexoj, T.e.
nepexo] cCaMo3aKphIBAeTCsl.

2. Ecnu moiie BHENIHETO MCTOYHHMKA Eycr COBMAgaeT 1o HampaBiIEHUIO C
Ecj1, ucTOUHMK ene 00Iblle 3aKphIBAET NEPEX0/1 — TOKA HET.

3. Ecmm Eycr HanpaBieHo HaBcTpedy Ecjy TO mepexon NpuoTKpbIBAETCS U
4acTh HOCUTENEH, SHEPTUs KOTOPBIX O0JbIlIe Oapbepa, MPOXOIUT Yepe3
Mepexo/i, TEYET TOK OCHOBHBIX HOCHUTENEH, BEJIMYMHA KOTOPOIO
3aBUCHT OT Eycr, T.€. OT yHpaBAsIONIero HampsiKEHUs Ha IEPeXo/Ie.

Hpunuun geiicteus BIIT B cxeme ¢ o0ureit 0a3oi (OB)

be3 BHENTHUX UCTOYHUKOB — 00a nepexoia 3aKphIThl 3a cueT Ecj.

Ha nepexone 6a3a — komnektop (Ilgk) Ensk = Ecn + Encr sk = gk — ete
OO0JIbIIIE 3aKPHIT AJ1s1 OCHOBHBIX HOcuTene (®BKu® Bb).

Ha nepexone smutrep — 6a3a  (Ilyg) Enss = Eci — Euer 55 T.€. Il —
NPUOTKPBIT, YacCTh JBIPOK, DHEPrUsi KOTOPBIX OoJibllle Oapbepa, MOXKET
npoiitu uepes [l55 B 6a3y, coznaBast Tok amutTepa I5. B 6aze wactp AbIpok
@® pekoMOMHHpYET C 3JIeKTpoHaMu O co3pasas Tok 6as3bl Iy, HO Oasa
TOHKasi, KOHUEHTpauuss O wmaja, [MO3TOMYy Majla BEPOATHOCTh
PEKOMEHJAIMd U OCHOBHAsl YacTh JIBIPOK, Yepe3 OTKPbIThIN st HuX Ilgk
MOMNaJaeT B KOJUIEKTOP, CO3/1aBasi TOK KoyuiekTopa Ii

L=1+ Ik I <<Iy = Ix=L-Ig=1;

Hpunuun ycuienusa: Ecim Ha ynpaBisiromui nepexon Il;g momare
MEPEMEHHBIM CUTHAJ Uy, TO HAMNPSDKEHHE HA YIPABISIIOMIEM IEPEXOJIEe
Oyaer u3MeHSThCS => OyJeT H3MEHAThCA BbICOTa Oappepa => OyayT
MeHATbCS TOKU I, Iy m Ix = I5. Ecam x uenp KoJUIEKTOpa BKIIKOYHTH
pe3uctop Ry, To m3mensirommiics [y co3mact Ha HEM NMEPEMEHHOE MAJCHUE
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HaNpsOKEHHUS, T.€. IEPEMEHHBIN BBIXOJHOW CUTHAI Ugy.. [Ipy 1O0CTAaTOUHO
00abIIOM Ry, Upyx™ Ugye, — T.€. TOJYYUM YCHIICHHE TIO HAITPSKEHUIO.
B cxeme ¢ Ob ky > 1; k< 1.

Cxema ycusuress ¢ o0muM dMurTepom (0OI). HazHauyeHune 3j1eMeHTOB
CXeMbl.

Ha3naueHue 3J1eMEHTOB CXeMbI:

Ex — BJIC noCTOSITHHOTO MCTOYHUKA MMUTAHKUS.

Rx — Ha 3TOoM pe3uctope mpu HU3MEHEHHM lx cO3maeTcsi MEepeMEeHHOE
aJICHUE HANPSKEHUE, T.€. YCUJIICHHBIN BBIXOIHOW CUTHAIL.

Ry — gepes aror pesucrop Ha ynpasisitomui nepexon Ilrg ot Ex mogaercs
nocTossHHOE HanpsikeHue Ugyy, KOTOPOE MPUOTKPBIBAET nepexod. M3meHnsis
Ry MoxHO m3meHuTh Ugy, T.e. pexkuMm mnokost BIIT. O6wsuHO mepexon
MOJYOTKPBIT, B O3TOM Cllyda€ MOXKHO TMOJYy4YUTh 0€3 HCKaKESHUM
MaKCHMAaJIbHBIN BBIXOIHOW CUTHAJI.

Cpy u Cp, — pasnenuresibHble KOHAEHCATOPBI, MPOIMYCKAT TOJBKO
MIEPEMEHHBIN CUTHAJ U HE MPOMYCKAOT MOCTOAHHBIM. Cp; HE MPOMYyCKaEeT
MOCTOSIHHOE HAIPsKEHUE CO BXOJa Ha ynpasisitoninii nepexos [15g (4ToOOBI
He u3MmeHsuics pexxum nokost BIIT), a Cp, — ¢ kosutekTopa BIIT B Harpy3ky.

Pabora cxembl:

be3 curnana Ugsyy NPUOTKPBIBAET yHpaBistoOnK 1epexon llsg m TekyT
TOKHU TOKOS 15y 1 Ig = I,

Ecau ecth BXOJHOM CUTHAJI, TO Uy, CKIaAbIBaeTCsa ¢ Ugyy, = Upy = Upyy +
U — W3M., => U3M. BhICOTa Oapbepa => u3M. TOKH I, Iy u Iy = [ => u3m.
urk = IkRx => m3M. u,,x = Ug = Ex — [kRx Ilepemennas cocrasistronas
yepes Cp, MOIaeTCA B HATPY3KY.
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Ecau u,, T 1o [1y; mpuoTkpsIBaeTCs => 0 I, [gulx = 1; = ury = IkRk 0
=> Uk = Upux = (Ex — URry) I - re. npu T Upx, Uppix d => B cxeme ¢ OD
BBIXOJIHOM CUTHaN B NpoTuBo(daze ¢ BXOAHBbIM, T.e OD mepeBOopaduBacT
(asy ycunuBaemoro curnana Ha 180°.

OcHoOBHBIE TAPAMETPHI:

+ Ky >>1; K >>1; Kp >>1

— cpaBHUTENBHO Masioe Rpy 1 Gosnbiioe Ryprx

Ycuauresab ¢ 00mmuM kosiekTopom (OK)

Ha3navyeHue 3J1eMEHTOB CXeMBbI:

Cd — xonaeHcarop O0IbIION eMKOCTH (KOHAEHCATOp (PHIbTpa UCTOUYHHMKA
NUTaHUs) — COEQUHSET M0 MepeMeHHOMY TOKy KosuiekTop BIIT ¢ obuum
IPOBOZIOM CXEMBI L, OTHOCHTEIBHO KOTOPOTO MOJAETCS Ug M CHUMAETCS
Ugpix

Ex, Rg, Cp; 1 Cp, — cM. cxemy ¢ OO

R5 — Ha aTtOoM pesucrope I, co3zmaer nepeMeHHOE NMaJEHUE HaIPsKEHUE,
T.€. IEPEMEHHBIN BBIXOJHON CHUTHAIL.

Pab6ota cxembl — cM. OO, HO

1. u,, co3maercd Ha Ry, a He Ha Rk, kak B OD.

2. Ilpu T Ugy , [Ing MpUOTKpBIBAETCS => Iy, [g 1 I = 15 T = u, = 3Ry T
= Uy = U, T re. npu Y Ugx  Ugyx TOXKE T = B cxeme ¢ 0D Uppix
COBIIaJIaeT MO (pa3ze C Uy M MOYTH PABHO €My IO BEIMYMHE — OTCHOJA
BTOPOE€ HA3BaHUE — SMUTTEPHBI OBTOPUTETb.

Ugpix = Upx — UpD Up» << Ugx => Uppix = Upx

OcHOBHBIE IapaMeTphI:

— Ky <1 (0.95 — 0.99) — HeT ycuieHus 1o HaAPSIKEHUIO

+ K, >>1; Kp >>1

++ 6ousbiioe Rgx (RBX 0k > RBX 09) n Mmanoe Rppx (RBBIX 0k < RBBIX 03)—
MO3TOMY YacTO HCIIONB3YETCA B KA4eCTBE IIEPBOTO WM ITOCICIHETO
KacKajja B MHOTOKACKaJHBIX YCHIMTEISIX, €CIH HYXHO OOECIeYuTh
oosbinoe Ry nin Mainoe Ryyrx.
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Tema 7 Mmuorokackaaubie yeujaurean (MKY)

Ha3znauenune — pans momydeHuss O0dbIIUX KOA(G(UIMEHTOB YCHUICHUS

HECKOJIBKO YCWIMTEJIEN BKIIFOYAIOTCS TIOCIIEN0BATENBHO.

CurHan oOT OAHOrO YyCHIUTENs K JpyroMy IepeAaeTrcss 4epes

YyeThIpeXnoatocHukK cBsizu (UIlcB).

Tun YlIcB Bo MHOTOM ompejensieT CBOMCTBa ycunuTens, ocooeHHo Ky u

AUX.

Bunpl cBsA3u Mex 1y KacKaJaMu:

1. Pe3ucruBHO-eMkocTHast — RC-cBs3b (cM. ycunurtenu ¢ RC-cBsi3b10)

2. TpauchopmaTopHas — oOecrieunBaeT HaWIIyylllee CorflacoBaHue Rppyx C
Rpx crnepyromniero kackajaa, HO UMEET y3Kyl0 U HepaBHOMepHYI0 AUX.
(McnoNIb3yeTCs BCE PEKE).

3. lanbBaHMYecKass CBA3b — (CM. YCHIMTEIU C TaJIbBAHUYECKOMN CBS3bIO

VIO).

Yceumiauteau ¢ RC cBa3bio

Ha3nauenue 3;1eMeHTOB U IPUHIMN AeUCTBUS — cM. OO.

[Tomumo xonaencaropoB Cp; Ccp Cp, B I000H CXe€M€ €CTh Mapa3uTHBIE
eMKOCTH C,p — DTO EMKOCTh MOHTa)a, eMKocTu nepexonos bIIT u 1.1,
KOTOpBIE BKJIFOUEHBI TAPAJIIENIBHO CO BXOJIOM.

OxBuBasieHTHas cxeMa RC-cBs3u
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Oo6aacts H.Y. Oo6uacts Cp. Y. Oobuacts B.Y.

Xces >> Rppix Xces << Rppix Xces << Rppix
XCnap >> Rpx XCnap >> Rpx XCnap <<Rgx
Oco0ennoctu AUYX:

YMeHnbmieHue yeuiaenns — 3aBajl AUYX — Ha am3kux gacrorax (H.Y.).

[Ipy  yMEHBIIEHMH  YACTOTHl  CONPOTHUBJIIECHUE  MOCIEAOBATEIbHBIX
koHaeHcaTopoB Cp; Ccp Cpy T (Xc = 12nfC) m B obmactu HU. X
CTAaHOBUTCS  COU3MEPUMO C Rgpyx, HaumHaer T nanenue HAMNPSIKECHUS
CUTHaja Ha JTUX KOHJEHCATOpax, T.€. BCE MEHbIIAs 4YacTh CHUTHAaJa
MEpEeIaeTCAd 4epe3 HUX Ha BXOJ cieayromero kackaga => Upy =
Upoix ¥ => Kpd

UYrob6s! pacmputs Af B obmactu H.Y., T.e. ymenbmmth 3aBan AUX Ha
H.Y., Hy>H0 1160 T emxocts Cp, Ccg Cpy, 160 T Rax.

YMeHnbmenue yeuiaennsa — 3aBaji AYX — Ha Beicokux yactoTax (B.Y.).

C poCTOM YacCTOTBI YMEHBIIAETCS CONPOTUBIECHUE Cyp d u B 06nactu B.Y.
TH €MKOCTH HAYWHAIOT IIYHTUPOBATH (3aKOpPAvyMBaTh) BXOJ YCHIMTEIS.
PeanbHbll UBX \L => UBI)IX \L => Kf \L

Uto6w1 pacmmpute Af B obmactu B.Y., T.e. ymenpmmth 3aBam AUX Ha
B.Y., ny>xHo nmubo d eMKOCTB Criap, WIIN d Rgpix IpeapIAyiero kackaia.
I'opusonranenbii yyactok AYX — xongencatopsl Cp; Ceg Cp, n Cyyyp HE
BIUsAOT Ha AUX — ux conpotuBieHue yxe << Rgpx, a CONpPOTUBICHUE
Chap €1me >> Rpx.

JloCTOMHCTBA U HEJIOCTATKH:

+ MaJjibie TadapuThl, BEC, CTOUMOCTh

+ MOJTHOE Pa3/ICIEHUE KACKAI0B MO MOCTOSSHHOMY TOKY

— 3aBas1 AUX Ha H.U. — Henb3sl yCUIIMBaTh HU3KOYACTOTHBIE CUTHAJIBI.
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Yceuaurenan ¢ raibBanundeckoi ceasbio (YI'C)
(Ycuaurtean nocrossHHoro toka —yYIIT)

Hns ycunenua H.Y. curnanos AUX He nomxHa umMeTh 3aBaja Ha H.U. => B

CXEME YCHIIUTENS HE MOXKET OBITh KOHJICHCATOPOB U TPaHC(HOPMATOPOB.
Ocooennoctu YI'C:

1. Her 3aBama AUX na H.Y.

3aBan Ha B.Y. — kak y
yeunurensa ¢ RC-cBs3b10

2. YI'C
Upx U Ugpx MOXKeET OBITh > 0 1 < 0
T.¢. AX nMeeT aBe BETBHU

3. Bo3Hukaer HpO6HCMa corjiaCoBaHHs ITOTCHIMAJIOB IIOKOA — ITIOCTOSIHHOC
HampspKCHUE Ha KOJUJICKTOPE IMPCAbLAYIICTO KadCKaJa HE paBHO

HAIIPpAKCHUIO  HaA 0aze cieayromero — HCJIb3d HCIMOCPECACTBCHHO
COCOAMHUTDL TOYKH «a» U «O».
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4. Jpenid nyns YI'C — megnernnoe usmenenue Uy = Ux = Ex — IR mpu
noctosHHoM Ugx.

IIpuunHbl apeida:
1. N3menenue Ex
2. V3MeHeHHe mapaMeTpoB 3JEMEHTOB CXEMBbI
A) u3-3a cTapeHus 3JeMEHTOB
b) u3-3a usmenenus remmneparypsl (ocodenno s BIIT)
Cnoco0sb1 00pbOBI ¢ apeiidom:
1. Crabunuszanus ICTOYHUKOB MUTAHUS
2. HckyccTBEHHOE CTapeHHE HIEMEHTOB
3. TepMocTaTUpOBAaHUE UM TEPMOCTAOMIU3ALIMS
4. YI'C ¢ npeobpa3zoBaHHEeM CUTHaJA

1. MopynsaTop — npeoOpa3yeT MOCTOSIHHBIM CUTHAJ B IEPEMEHHBIN
2. Ycunurens nepemeHHoro curxana (¢ RC-cBs3b10)
3. emonaynstop — mpeoOpa3yeT yCHICHHbIH MEPEMEHHbIA CHUTHAl B

IIOCTOSIHHBIN
Hns yeunurens ¢ RC-cBsa3pro npeiid He cTpaliieH, Tak, Kak Apeid — 3To
curnan HY. (f=z 0 => K;= 0) — ne ycunupaercs.
5. Ilpumenenue 6anancHbix cxeM YI'C
JIBa OIMHAKOBBIX YCUJIUTEIIS], HA BXOJI€ OJTHOTO — YCUJIMBAEMbIN CUTHAJI, HA
BXOJ€ BTOPOTO — MOCTOSIHHOE ONOPHOE HaIpshKeHUE. BBIXOAHOW CUTHAN
Usgpix civ CHUMAETCSI MEKAY BBIXOJAMHU 3TUX YCUIUTENEH
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U gpix cum — UKI + U ppl — (uKZ + uz[p2) W3 (uKI I uK2) + (uz[pl - uz[pZ)
=Uppix nn.

Ecnu ycunurenu ouHakoBbIie, TO Iperd Toxke MPaKTUYECKH OJUHAKOB U
TOYTH TOJHOCTBIO KOMIEHCHPYeTCst (U yp1 — U zp2) = 0.

JocrouncTBa u Hegoctatku YI'C

+ HeT 3aBasia Ha H.Y.

— npeid Hyms

OopatHble cBsa3u B yeusauteasax (0OC)

Hepezxaqa CHUrHaja € BbIXO4a YCUIIUTEIA WK €TI0 4aCTH Ha BXOJ
Ha3bIBACTCA O6paTHOﬁ CBA3bIO0.

uBX ocC = uBX i uOC

uOC = yuBBIX
Y — ko3¢ unuent nepenaun YII
o0paTHOI1 CBSI3H

[TonoxxurensHas oOpatnas cBsa3b (IIOC, +OC) — curnan OC coBnanaer no
¢aze ¢ BXOJHBIM, T.€. CKJIaJbIBAETCS C HUM

Ugx OC = Ugx T Upe = Uy - Uppix T = Ky T = 110C YBEJIMYUBAET
yCHUJICHUE.

Otpumnarenbras ooparnas cBsi3b (OOC, —OC) — curnan OC B mpoTuBodaze
C BXOJIHBIM, T.€. BBIYUTACTCS U3 HETO
Uk 0C = Upx — Uge < Upy => Uy ¥ => Ky ¥ => 00C YMEHBIIIAET YCUIICHUE.

K — koa(pdunment ycunenus ycuwutens ¢ OC

K
OC 1.k

Koc — koadpdunuent ycunenus ycumurens ¢ OC
K — koapdunment ycunenus ycunurens 6e3 OC
v — koo unment nepenaun Ylloc upc = 7y Uppix
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[TOC y> 0 Kpoc > K — npumMeHnsieTcst B reHepaTopax
O0OC vy <0 Kpoc <K — nnpuMeHseTcs B yCHIUTENAX

Bausinne OOC Ha mapaMeTpbl M XapaAKTEePUCTUKH YCUIUTEJIS

OOC yMmeHbIIaeT yCWJIEHHE, HO YJIy4IllaeT BCE OCTaJbHbIE MapaMeTphbl
yeunutens (IIOC — naobopoT):
© Kooc < K—-0OOC ymenblaer ycuieHue
® 1. OOC mnoBblaeT cTabUILHOCTD KO3 (PUITMEHTA YCUTIEHUS
2. O0C yBennuuBaeT Rpx

3. OOC ymensbiiaet Rgyrx
4. OOC yBenuuuBaeT nuHamMudeckuil auanason D (ymensinaet H.I.)

PeanbHbIil CUTHAT HA BXOJI€ YCHIIMTENS Ugy ooc = Upx — Ugoc — 1 MOATOMY
H.W. naunHaroTcs npu OOTBIINX Uy,y.
5. OOC pacuupsiet nonocy npomyckanust Af

OOC yBenuuuBaeT Rgx 1 yMeHb11aeT Ryprx, TOATOMY BIMSHUE
nocyienoBaTeabHbIX Cep TPOSIBUTHCS HA OoJiee HU3KOM dacToTe fiy goc < fy,
a mapamienbHbIX Crap — Ha 60J1€€ BBICOKOH T oo > fp (CM. ycuutens ¢
RC-cBs3p10).
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BapuaHTbI KOHTPOJIBHBIX PA00T U METOANYECKHE
PEeKOMEHIAIUN 10 UX BbINOJTHEHHUIO

3agaua Ne 1. IlociaenoBaTesibHOE COeTUHEHNE DJIEMEHTOB.

3aganme 11 pacuera:

1. HapucoBaTb cxeMy COeIMHEHUS U1 CBOETO BapUAHTA 3aJaHUs.

2. HaliTu 5KBUBaJI€HTHOE PEAKTUBHOE COMPOTUBIIEHUE LEMU X5.

3. HaiiTu 3KBHBaJICHTHOE aKTUBHOE COITPOTUBIIEHUE LienHU Ry.

4. HaiiTu nonHOE CONPOTUBIIEHUE LENU Z.

5. Haiitu npuiioxenHoe Hanpsbxenue U.

6. HaliTu nageHue HanpsOKEHUs HA KaXKI0M JJIEMEHTE CXEMBI.

7. Hamucats II 3akon Kupxroda ais cBoeit cXxeMbl.

8. TlocTpouTh BEKTOpHYIO AxarpamMmy (B MaciiTaoe).

9. OnpenenuTh aKTUBHYIO, PEAKTUBHYIO U IIOJIHYO MOLTHOCTh BCEH LIETIH.

10. Hanucatp ycnoBue pe3oHaHca AJIs UCCIEAYEMOU 1ienH (COOTHOIIEHHE
MEX]ly PEaKTUBHBIMHU COITPOTUBIICHUSIMHU).

11. KauecTBEHHO IOCTPOUTH BEKTOPHYKO JuarpaMMmy IPH PpPE30HAHCE
(M3MEHUB COOTBETCTBYIOUIMM 00pa3oM UIMHY BEKTOPOB PEAKTHBHBIX
HaIPSKEHUN ).

IIpuMmep pacyera:
Hcxomurie naHHEIE:

Ne I | Xui | Ri | Xer | X2 | Ry | Xz | X3 | Rs | Xz | Xs | Ry | X
Bap.| A [ OMm |OM | OM | OM | OM | OM | OM | OM | OM | OMm | Om | Om

0 10 3 2 6 2 4 |wer| 3 | Her | ”Her | HeT | 2 8

Cxema COCAMHCHHA B COOTBETCTBUH C HCXOJHBIMH JaHHBIMUA

2. DKBUBAJICHTHOE PEAKTHUBHOE COMIPOTHBIICHUE LIEITH

Xo=> X D> X=X + X+ X3 - X — Xy =312+3-6-8=-6 Om
3. DKBUBAJIEHTHOE aKTUBHOE COITPOTHUBIICHUE LN

R3=) R=R;+R,+R, =2+4+2=80m

4. ITonHOE CONMPOTUBIICHHE Z:\/R% +X% :\/82 + (—6)2 = 10 Om

5. IIpunoxennoe Hanpsbkenne U =17 =100 B

6. HaHeHHC HalPsAKCHUA HAa OTACIBHBIX 3JICMCHTAX CXCMbI
UXLIZIXle 10-3=30B
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URIZIRIZ 10-2=208B
UCl:IXC1:10’6:6OB
a"Hajgornyno HaxoauM Uxio, Ura, Uxis, Ura, Uxia
7. 11 3axon Kupxroda
U=Uxp+Uri+ Ui+ Uxpa + Upy + Uxp3 + Ugy + Uxypg
8. BekTopHas nuarpamma

B/l npu pe3oHaHce HanpsiKeHU i

9. AxtuBHas momHocTs P = Ulcosp = I? Ry = 10% - 8 = 800 Bt
PeaxtuBHast Momuocts Q = Ulsing = I* X5 = 10% - (- 6) =— 600 BAp
ITonnas momHocTe, S = Ul = ’Z=10°-10= 1000 BA

10. YcinoBue pe3oHaHCa HaNpPSHKCHUM: X+ X0+ X1 3= X +Xs

(XX =2Xc; 2 Up=2Uc)

11. BekTopHas quarpaMma rnpu pe3oHaHce (CM. BBILIE)

Bapuantsl 3a1anuii 15 pacyeTa Uemnu ¢ nocaeA0BaTeIbHbIM COEAMHEHUEM
NPUEMHUKOB (B pPa3JIMYHBIX BapUAHTAX 3aJaHUS OTHAEJbHBIC DJIEMEHTHI
e MOTYT OTCYTCTBOBATb)

Ne | T | X1 | Ry | Xer | X2 | Ry | Xez | Xz | Ry | Xez | Xa | Ry | Xy
Bap. | A |OM |OM | OM | OM | OM | OM | OM | OMm | Om | Om | Om | Om
1 10 | 4 3 |Her | HeT | 2 10 4 |Her |Her | 8 3 | HeT
2 1 |Her | 1 10 | mer | 2 2 9 3 |wHer | HeT | HET | 5
3 10 | ger | 3 2 5 2 | Her | HeT | 1 5 8 2 | HET
4 1 |Her | 2 5 7 1 |Her |HeT | 3 2 |Her |Her | 8
5 10| 7 2 |Her | 4 4 | mger | HeT | 2 10 5 | HeT | HET
6 1 5 3 |Huer |Her | 2 2 4 |mer| 5 |mHer| 3 8
7 10| 6 4 |mHer | 4 2 | Her | HeT | HeT | 4 2 | HET | HeT
8 1 8 1 | Her | HET | 2 2 |uer |HeTr | 9 | Her | 3 5
9 | 10| 7 6 | Her | HET | 2 2 | Her |Her | 4 5 | HeT | HeT
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Ne | T | Xp1 | Ri | Xer | X2 | Ry | Xez | Xz | Ry | Xez | Xa | Ry | Xy
Bap. | A |OM |[OM | OM | OM [ OM | OM | OM | OMm | Om | Om | Om | Om
10 | 1 |mer | 2 4 6 2 |Her |Her |HeT | 8 | HeT | 2 2
11 | 10| 8 2 |Her |HeT | 2 10 4 | Her |HeT | 6 2 | HeT
12 1 |wer | 4 2 | Her | 2 4 10 2 | Her | HeT | HeT | 10
13 10| 5 2 |wer |Her | 1 2 3 |Her | 4 6 3 | HeT
14 | 1 |Her | 2 10 8 1 |mer| 4 5 | wHer | Her | HeT | 8
15 | 10| 4 2 |mer| 5 1 | mer | mer | Her | 10 7 5 | Her
16 1 3 2 5 |mwer| 2 |Her | 2 |Her |HeT | 8 2 | HeT
17 | 10 | Her | 1 5 6 2 5 3 3 | Her | HET | 2 5
18 1 |wer | 4 2 5 2 |Hmer | 8 1 5 |uwer| 1 |mHer
19 | 10 | meT | 2 5 7 1 |mer |Her |HeT | 4 |Her | 3 6
20 | 1 7 2 |mer | 4 4 4 |mer | 2 6 5 | HEeT | HET
21 | 10| 5 3 4 |mer| 2 2 4 |mer | 5 |Her| 3 4
22 1 4 4 |wer| 4 2 |wer| 2 |mer| 4 2 | HET | HET
23 1 10| 8 1 4 |mer| 2 2 |Her |HET | 5 |Her | 3 5
24 | 1 4 6 |Her | 3 2 2 | Her | HeT | 4 5 | HeT | HeT
25 | 10 | meT | 2 4 4 2 |wer| 2 |mer| 8 |Her| 2 2
26 1 8 v 4 |mer| 2 6 4 | Her |HeT | 6 2 | HeT
27 | 10 | mer | 4 5 |mer | 2 4 5 2 |Her | 5 |mHer | 7
28 1 3 2 |mer| 3 1 2 3 |mHer | 4 3 3 | HeT
29 | 10 | HeT | 2 10 4 1 |mer| 4 5 |wer| 4 |wmer| 8
30 | 1 4 2 |Her | 5 1 |wer| 4 |mHer | 10 3 5 | HeT

3aganme 115 pacuera:

Nk L=

Y IIEPBOY BETBH.

*

3agaua Ne 2. [lapasuiesibHOE COeIMHEHUE 3JIEMEHTOB.

HapucoBats cxemy coeTMHEHUS [JIs1 CBOETO BapUaHTa 3aJaHus
Hailtu akTUBHBIE U PEAKTUBHBIE IIPOBOJIUMOCTU BETBEM.

HaiiTi 5KBUBaJIEHTHYIO aKTUBHYIO ITPOBOAUMOCTH BCEH 1IEMN.
HaiiTn 5KkBUBaJIEHTHYIO PEAKTUBHYIO IPOBOAUMOCTD BCEH LIEIIN.
Haiitu nosiHyro npoBOIUMOCTb LIENN.
OnpenenuTs TOK B HEPa3BETBICHHOM yacTH 1ienu 1.

OnpenenuTh aKTUBHYIO, PEAKTUBHYIO U MOJIHYIO MOIIIHOCTH BCEU LIETH

Haiitu akTuBHEIC U PCAaKTHBHBIC COCTABJIAIOINEC TOKOB B BCTBAX.

9. Tloctpouts B Mmacmtabe BekTOopHyr auarpammy (BJl) um onpenenutsb
TOK B HEPA3BETBJIEHHOM YacTH 1enu no BJI.
10.Hanmucath COOTHOIIEHHE MEXKIY PEAKTUBHBIMH MPOBOJUMOCTSMH IIPHU
pEe30HaHCE.
11.0Onpenenuts NOJHYIO TPOBOAUMOCTh U TOK B HEPA3BETBJICHHON 4acTH
[TocTtpouTh BEKTOPHYIO JAWArpaMMmy IpH

oerM I1pu pE30HAHCE.

PE30HAHCE.

IIpuMmep pacuyera:

60




HcxomHrie naHHEIE:

Ne U Ri | Xui | Xer | Ry | X2 | X2 | R | Xz | Xz | Ry | Xia | Xca
Bap. B |[OM|[Om | OM [OM |OM | OM | OM | OM | OM | Om | Om | OMm
0 100 4 |uwer| 3 |umer| 10 |Her| 6 8 |Her | 10 | HeT | HET

Cxema COCAMHCHHA B COOTBECTCTBUH C HCXOJHBIMH JaHHBIMUA

2. [lonHOE COMPOTHUBIIEHNE, AKTUBHAS M PEaKTUBHAs IPOBOIUMOCTH BETBEU

3. 9KBI/IBaJI€HTHa$I dKTHUBHAsA HpOBO,ZII/IMOCTI) Iernmn
gy=> g=g,+g;+g4 =0.16+0.06+0.1=0.32 Cum

=0.16 Cuwm; b, :X

Z, =|R? + X2 =y/4? +3% =5 Om
_Rl _ 4

3

4. DKBUBaJIEHTHAs PEAKTUBHAS IPOBOJAUMOCTH 1NN

5. TlomHas mpoBOAUMOCTH LIEMHU

61

y=1/g3 +b3 =4/0.322 +0.06> = 0.326 Cuwm
6. Tok B HEpa3BETBIECHHON YacCTH LIEMH

[I=Uy=100-0.326=32.6 A

1
£ 1 _ " —=—=0.12 Cum

5172705 72 25
Z,=yR2 + X2 =1/0% +10? =10 Om

R X
g5 :—5:0; b, :—izﬁz 0.1 Cum

z3 z2 100
Zy=yR? + X2 =1/6> +8% =10 Om

R X
g; =—§:i:0.06 Cum; by =—§:i:0.08 Cum

z2 100 z2 100
Z,=R2+X2=10% +0? =10 Owm
g4=R—;:£= 0.1 Cum; by, =X—§= 0 Cum

72 100 V%




7. AXTUBHAs1, pEaKTUBHAs U MIOJHAS MOIIIHOCTH BCEN CXEMBI
P = Ulcosg = U’gy = 3200 Br
Q = Ulsing = U*b, = 600 BAp
S = Ul = U’y = 2860 BA
AKTUBHas1, p€aKTUBHAs U MOJHAs MOILIHOCTH NIEPBOW BETBU
P, = Ulcosop, = Uzgl =1600 Bt
Q, = Ulsing, = U’b, =— 1200 BAp
S,=UI, = U%y, = U%Z, = 2000 BA
8. AKTUBHbBIEC U PEAKTUBHbBIC COCTABIISIIOIINE TOKOB B BETBSIX
la;=Ug =100-0.16=16 A; Ip;=Ub; =100-0.12=12 A
anajnornyno HaxoauMm la; =0, [p,=10 A;la; =6 A, Ip,=8 A; [a;, =10 A,
Ip4 =0
9. BexTopHbIE AUarpaMMbl

B/l npu pe3oHaHCce TOKOB

10. YcnoBue pezonanca TOkOB by +bs=b; (D by =>bes DI =>1¢)

11. ITonnas IMpOBOAUMOCTD U TOK B HepaBBCTBJIeHHOI\/'I HaCTHU OCIIH IIPpHU
PE30HAHCC

3b=>be=>by=0=>y,=4/25+ b3 =2g5=0.32 Cum
Ip=Uy,=100-032=32 A
Bekropnas nuarpamma npH pe3oHaHce (CM. BBILIE)

BapI/IaHTBI 3&,[13HPII>1 AJId pacducTa Ui C napajaCiabHbBIM COCAMHCHUEM
IIPUCMHHUKOB

Ne U Ri | Xui | Xer | Ry | X2 | X2 | R | Xz | Xz | Ry | Xia | Xca
Bap. B OM [OM | OM |OM [ OM | OM | OM | OM | OMm | OM | OM | Om

1 10 3 4 |uwer| 10 |wer |Her| 6 |Her| 8 |Her |HeT| 5

100 | 10 | Her | HeT | 4 3 |wer| & |Her| 6 |Her |HeT| 5

10 |uer |HeT | 5 6 8 |Her | 10 | Her | HeT |HET | 5 | HET

100 4 |wmer| 3 10 | mer | HET | 6 8 |Her |HeT | 5 | HeT

10 |wer| 5 |Her| 6 |Her| 8 10 | wer | HeT | HeT | HeT | 10

100 3 4 |mer| 8 |Her| 6 10 | mer | HeT | HeT | 5 | HeT

10 10 | wer | HeT | HET | HET | 5 6 & | Her |Her | 10 | HET

100 | mer | mer | 10 3 |mer| 4 10 | wer | Her | 4 3 | HeT

O |0 |J[N|Dn|BK|W(N

10 8 |HeT | 6 3 4 |uer| 10 | et | HeT | ”HeT | HeT | 10
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Ne U | R [ Xy [ X | Ro | X2 | Xe2 | Ry | X | Xes | Ry | Xig | X
Bap. B OmMm [OM [ OM [ OM | OM | OM | OM | OM | OM | Om | Om | OMm
10 | 100 [ wer | 10 |HeT | 6 8 |mer| 10 | Her |HeT | 4 |mHer | 3
11 10 8 6 |Her |Her |Her | 10 | 10 | HeT | HEeT | HET | 5 | HET
12 100 | 10 | mer | Her ([HeTr | 10 |Her | 3 |Her | 4 8 6 | Her
13 10 |mer |mer | 10 | 10 | HeT | HET | 6 8 |HeT |HEeT | 5 | HeET
14 | 100 | 6 |mer| 8 |mer| 5 |mHer| 10 |mwer |Her | 8 |Her | 6
15 10 |mwer| 10 |mer | 10 |Her |Her| 6 |Her| & |Her |Her| 5
16 100 | 8 6 |uer |mer| 10 |Her | 10 |Her |HeTr | 4 |HeT | 3
17 10 10 |mer |mwer | 3 |Her| 4 |Her |Her| 5 4 3 | Her
18 100 |mer |mwer | 10 | 6 |Her | 8 8 6 |HeT |HEeT| 5 | HeET
19 10 4 |mer| 3 |Her |mer| 10 | 10 | Her | HeT | 4 3 | HeT
20 | 100 |Her | 5 |mer| 6 8 |wmer| 4 |Her| 3 |Her|Her| 5
21 10 6 8 |mer| 8 |Her| 6 10 | met | HeT | HeT | 10 | HeT
22 | 100 | 10 |wer |wer| 3 |Her| 4 |Her| 5 |Her| 6 8 | mer
23 10 |wer |mer| 10 | 4 |mer| 3 |mer| 10 |[mHer | 3 4 | mer
24 | 100 | 6 |Her| 8 4 3 |Her | 5 |mwHer|Her |HeT |HeT | 10
25 10 |mer| 5 |Her| 6 8 |wer |mer |Her | 10 | 3 |mer| 4
26 | 100 | 8 6 |mer| 10 |mer |Her |HeT | 5 |Her| 4 |Her| 3
27 10 10 | HeT | HeT | HEeT | HeT | 5 6 |Her| 8 4 3 | HeT
28 100 | meT | HET | 5 10 |mer |mer | 4 |Her | 3 6 8 | mer
29 10 8 |Her| 6 10 | HeT | HeT | HEeT | HeT | 5 4 3 | HeT
30 | 100 {wer| 5 |wmer| 10 | Her |HET | 6 8 |mer| 4 |Her| 3

3aganme 115 pacyera:

3amaua Ne 3. Coenunenue Tpex(a3Hoil HATPY3KHU 3Be3/10H
¢ HeMTPAJbHBIM IIPOBOIOM.

1. HapucoBatb cxemy COEUHEHMS 111 CBOETO BapuaHTa 3a/1aHuUs.
2. Omnpenenuts azubie Hanpspkenuss Ua, Ub, Uc.
3. Haiitu nonssle conpoTuBiaeHus a3, (pazHble TOKU U YIJIbI cBUTa (a3
MeXy (pa3HbIMU TOKaMU U HANPSIKEHUSIMHU.
4. Tloctpouts (B MacmTabe) BekTopHyto quarpammy (BJ]) u ompenenuts
TOK B HEUTPAJIbHOM IIPOBOJIE.

e

K01 (pa3bl ¥ Bcel Tpex(a3zHoi Harpy3KH.

IIpumep pacuyera:

Hcxonabie naHHBIE:

OnpenennuTb aKTUBHYIO, AKTUBHYIO, PEAKTUBHYIO U MOJHYK MOIIHOCTb

No Un Ra Xia XCa Rb XLb XCb Rc XLc XCc
Bap. | B OmMm | OM | OM | OM | OM | OM | Om | Om | OM
0 173 4 HET 8 HET 6 10 HET | HeT

I. Cxema COCAMHCHHA B COOTBETCTBHUH C HCXOJHBIMH JaHHBIMUA
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2. ®a3nble Hanpsokernsas Ua=Ub=Uc= Ur_ % =100 B

V3

3. I[TonHoe conporuBnenue daszwl “a”, dhasHeiil Tok I, 1 yroa casura das ¢,
U
Z, =R2+X2=v4>+32=50m; I, =Z—a=%= 20 A;

a

0, =arccos&:arccos0.8: 37°
a
Amnanoruyno, Z, =10 Om, [, =10 A; @, =— 37°
ZC: 10 OM, Ib: IOA, (Pb:()
4. BextopHas auarpamma (CM. BBIILE).
5. AKTUBHas, peakTHUBHAs U MOJHASI MOIIHOCTH (a3
P, = Ulcosg, = 'R, = 1600 Brt
Q, = Ulsing, = I’X, = 1200 BAp
8= Ul, = I’Z, = 2000 BA
Amnanoruuso, P, = 800 Bt, Q, =- 600 BAp, S,= 1000 BA;
P.=1000 Bt, Q.= 0, S;= 1000 BA
AKTHUBHAas1, peaKTUBHAsI U ITOJIHAs MOILHOCTH BCEU HAarpy3Ku
P=P,+ P, +P.=3400 Br

Q=Q,+Q,=600BAp
S =\/P2 +Q? =+/2400% + 600% = 2474 BA:

BapuanTsl 3ananuii ajs pacuera TpexdasHou enu Ipu COeAMHEHUN
Harpy3KH 3Be3/10i ¢ HEHTpaJIbHBIM ITPOBOJIOM

Ne | Un | Ra | Xy | Xca | Rb | Xip | Xep | Re | Xie | Xee
Bap.| B Om | OM | OM | OM | OMm | OM | OM | Om | Om

1 173 3 4 HET 8 HET 6 4 HET 3
2 173 8 HET 6 3 4 HET | HET | HeT 10
3 173 5 HET | HET 6 HET 8 4 3 HET
4 173 | Her 10 HET 3 HET 4 HET | HET 5




Ne | Un Ra | Xia | Xca | Ro | Xip | Xep | Re | Xie | Xee
Bap. | B OmMm | OMm | OM | OM | OM | OM | Om | Om | OM
5 173 | HeT | Her 5 8 6 HET 3 HET 4
6 173 4 3 HET | HET 10 HET 6 HET 8
7 173 6 HET 8 HET | HET 5 4 3 HET
8 173 10 HET | HET 4 3 HET 6 HET 8
9 173 | Her 5 HET 6 8 HET 4 HET 3
10 | 173 | mer | HeT 10 4 HET 3 HET 5 HET
11 | 173 6 8 HET 8 HET 6 HET 10 HET
12 | 173 4 HET 3 HET 5 HET 6 8 HET
13 | 173 10 HET | HET | HET | HET 5 3 4 HET
14 | 173 | Her 5 HET | HET | HET 10 8 6 HET
15 | 173 | Her | HeT 10 HET 5 HET 4 HET 3
16 | 173 6 8 HET | HET 10 HET | HET | HeT 5
17 | 173 4 HET 3 6 8 HET | HET 10 HET
18 | 173 10 HET | HET 4 HET 3 HET 5 HET
19 | 173 | Her 5 HET 6 HET 8 4 3 HET
20 | 173 | Her | Her 10 3 4 HET 5 HET | HET
21 | 173 8 6 HET | HET | HeT 10 3 HET 4
225 1\ 93 3 HET 4 8 6 HET 4 HET 3
A N13 10 HET | HET 3 4 HET | HET | HeT 5)
24 | 173 | Her 5 HET 6 8 HET | HET | HeT 10
25 | 173 | Her | Her 10 4 HET 3 6 8 HET
26 | 173 4 3 HET 6 HET 8 HET | HET 5
27 | 173 6 HET 8 HET 10 HET 4 HET 3
28 | 173 10 HET | HET | HeT 5 HET 8 HET 6
29 | 173 | Her 5 HET 3 HET 4 10 HET | HET
30 | 173 | HeTr | Her 10 8 6 HET 3 4 HET
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METOANUYECKHUE YKA3ZAHUA
K JIABOPATOPHBIM PABOTAM

JIABOPATOPHAS PABOTA Ne 1

HCCIIEAOBAHHUE IEIIN OJHOPA3ZHOI'O TIEPEMEHHOI'O
TOKA ITPU ITOCJIEAOBATEJIBHOM COEJIUHEHHNHN
QJIEMEHTOB

1 IEJIb PABOTbI

1.1 HWccnemoBanme 3IEKTPUUYECKHUX MPOIECCOB B IEMU OTHO(PAZHOTO
IIEPEMEHHOI0  TOKa, COZAEP)KAIIEH IOCIENOBATEIBbHO COCIMHEHHBIC
aKTUBHOE, UHAYKTUBHOE M €MKOCTHOE COIPOTHUBJIEHUS, NPU WU3MEHEHHUH
YaCTOTHI IPWIOKEHHOTO HANPSKEHHUS.

1.2 H3ydeHue sBIEHUS pe30HAHCA HAIPSKEHHI.

1.3 OmbiTHast mpoBepka Broporo 3akona Kupxroda.

2 OIIMCAHME JJABOPATOPHOI'O CTEHJAA

PabGoTta BbIMONHseTCs Ha JnabopaTopHoMm ctenae tuma 17/1-02 ¢
WCIIOJIb30BaHreM HakIaaHoi nanenu 1-4 (Pucynok 1).

Ha nanenu ynpaBneHust 1a0opaTopHOro cTeHia (HaKJIOHHAs MaHelb
YEPHOTO 1[BETA) PACMOJIOKEHBI BBIXOJHBIE THE3/Ia U OPraHbl yIpaBICHUS
MCTOYHUKOB CHUTHAlla, BXOJHbIE THE3Ja W OpraHbl yMOpaBJICHUSA
U3MEpPUTENbHbIX TpuOOpoB. B BepxHel dYacTh BepTHKAIbHOW CTOWKU
pacmoJIOKEHBI  CTPEJIOYHBIE WHANKATOPHl HW3MEPHUTEIBHBIX MPUOOPOB.
Huwxnsis 4acth CTOHKM TpeqHa3HayeHa JjIsi YCTAaHOBKH CMEHHBIX
HAKJIQTHBIX TIAHEJEH, C TIOMOIIBI0 KOTOPBIX MPOUZBOAMUTCS COOpKa
UCCJIETYEMBIX CXEM.

B nanHOl paboTe B KayecTBE HWCTOYHMKA BXOJHOTO CHTrHaia
UCIIOJIb3yeTCcsl reHepaTop cuHycounpanbHoro Hanpspkenus (I'C) ¢
pEryJIMpyeMOl aMIUIUTYIOM M 4YacTOTOM BBIXOAHOTO HAIPSHKEHUS.
[InaBHOE M3MEHEHUE aMIUIUTY bl curHana ['C ocylecTBisieTcs MOMOIIBIO
pyKosTKH "AMIunTyAa", CTyIeH4aToe — C MOMOIIBIO NEPEKII0YATEIS Po1a
pabot I'C (B nonoxenuu I'H 1:1 — makcumalibHOE BBIXOAHOE HAMPSKEHHE
I'C ~ 4 B; B monmoxxeunu I'H 1:10 ~ 0,4 B; B momoxxenun I'T1 u I'T2
MCTOYHHK CUTHAJIa paboTaeT B peKUMe reHepaTopa ToKa).

[InaBHOE M3MEHEHHE YAaCTOThl BXOJHOI'O CUTHAJIA OCYUIECTBIIAETCS C
MOMOIIIbI0  pykosTKM "Hactora", cTynmeHuYatoe — IEepeKIovaTeIeM
"Jlnamazon".

N3MepeHne 4acTOThl CUTHAJA, IMOJaBAEMOI0 Ha BXOJl MCCIEAYEMOM
CXEMBI, OCYLIECTBIISIETCS C TIOMOIIBIO BCTPOEHHOIO YacToToMepa
N3m.Y.", BXOIHBIE THE3/1A U NEPEKIII0YATEND TUANAa30HOB KOTOPOTO TAKXKE
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pacCIIONOKEHbl HA HAKJIIOHHOM NaHENW yIpaBieHus creHga. Ha ston xe
NaHEJIM PACIIONOXKEHBI BXOJIHbIE THE3/Aa U IEPEKIII0YATENIN BEIOOPA peXXUMA
Y MPEJEIOB U3MEPEHHS YHUBEPCAIbHBIX MIJIMBOJIbTAMIIEPMETPOB MBA 1
u MBA2.

COopka cxeMbl OCYLIECTBJISETCS T'MOKMMHM  IIPOBOJAaMH  C
OJITHOMOJIOCHBIMM BHJIKaMHM Ha KoHIAX. [lopspok cOopku cxembl U
HNOJKJIFOUEHUS! HU3MEPUTENBHBIX NPUOOPOB U3JO0KEH B  CIEIYIOLIEM
paszerne.

3 NOPAAOK BBINIOJTHEHUS PABOTHBI

3.1 VYcraHOBUTH Ha CTEH]T HaKIaAHYIO aHensb 1 — 4.

3.2 VYcranoButh 3nemMeHThl uccinenyemon uenu (R, Ly, C|) B rue3na
HAKJIQJIHOW MaHeIu B COOTBETCTBHUU CO CXEMOMW, M300paKCHHOM Ha ITOM
MaHeNn. DJIEMEHTHI CXeMbl BEIOMPAIOTCS U3 YHCIIa UMEIOIUXCS B KacCeTe B
COOTBETCTBUHU C MHJMUBHUIYAJbHBIM 3aJJaHUEM MPENOAABATENS WIM OJHUM
W3 BapUAHTOB TAOJUIIHI 1.

Ta6nuna 1 — BapuanTsl 3a1anuii

Bapuant 1 2 3 4 5 6 7 8 9
R; Om 100 100 100 75 75 75 51 51 S
U, B 1,5 2,0 2,5 1,2 1,5 1,8 1,0 1,1 )

C1=0,15-0,25 mx®;
napamerpsl kKatymku Ry m Ly ykasaHbl Ha ee Kopiyce

3.3 Iloakiro4WTh HMCTOYHUK IEPEMEHHOIO HaNpsDKEHUs (reHepaTop

curnana ['C) k rue3gam I'C naknagHoit nanenu 1 — 4.
[MPUMEYAHMUE 1 — [Ipu noakmouenuu ['C u u3MepUTENbHBIX IPHUOOPOB
HEOOXOAWMMO  CIeNIUTh 3a TEM, YTOObl HHU3KO TOTCHIIMAIbHBIC
("3a3emyieHHbIe") TOUYKHM cXeMbl (00O3HAYEHHBIE HAa CTEHJE 3HaKoM "1'")
ObUIM  COEIMHEHBI C HHM3KO IOTeHIMalbHbIMU THe3mamu (L")
COOTBETCTBYIOIIETO HW3MEpUTENbHOTO Tmpubopa. I[lepexmouarens poaa
pabotsl ucrounuka I'C ycranoButh B nonoxenue I'H 1:1; nepexntoyarens
"Jlnama3zon" — B nmoyioxkenue 10 kI'm.

3.4 Jlng wu3MepeHusl HaNpsSHKEHUsS MUTaHUS CXEMbl MOJKIIOYHUTD
u3MepuTeabHbii mpuoop MBA2 (rHe3mo "~" — k BepxHeMy rHe3ny U,
(PV1) Ha cxeme HaknagHOW MaHENIH; APYTMM MPOBOJAOM COEJAUHUTH
"3azemsiennble” Touku (L) mpubopa MBA2 u cxemsl). YCTaHOBUTH
nepekirodaTens npudbopa MBA2 B nonoxenue 2,5 B "U." (HanpsbkeHue
MOJIHOTO OTKJIOHEHUs npubopa 2,5 B, uncno AeneHuii Ha mikane npuoopoB
crenna — 50, nuena nenenus Cy = 2,5 B/50 nen = 0,05 B/nen).

3.5 Jlns u3MepeHusi CUibl TOKa B MCCIEAyeMoll menu [; moakiounTh
npubop MBA1 kx cooTBeTcTByrommuM rHe3naM HakimanHow manemn (PA1)
(Cm. mpumeuanue 1). Ilepexmrouarens mpubopa MBA1 ycranoButh B
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nojoxkenue 25 MA "I" (TOK MOJHOTO OTKJIIOHEHUS 25 MA, IleHa JeJIeHUs
C; = 25MA/500en = 0,5 mA/nen). [lepexnroyaTens Ha MyJIbTE YIPABICHUS
Mexay npudbopamu AB2 m MBA1 HeoO0XOAMMO yCTaHOBUTh B HHUXKHEE
MOJIOKEHUE.

3.6 Jlns wu3MepeHHss 4acTOThl curHaia f, momaBaeMoro Ha BXO[
UCCIeAyeMOM LeNu, HeoOXOAUMO TOJAKIIOYUTH BXOJHBIE THE3/a
gactoTomepa "M3m.U." ko Bxomy cxembl (moTeHIuaibHOoe THe3no (fy)
HEOOXOJMMO COEIUHUThL C BEpXHUM THe3moM PV2 Ha cxeme creHna,
"3azemuennoe" rue3no (L) — ¢ HmxkHUM rHe3aoM PV4). Ilepexmtouarens
Jyara3oHa 4acToToMepa yCTaHOBUTH B mosoxkenue "10 kI['1" (B aTtom
caydae 1ieHa aeneHuss dactroromepa C=10 xI'u/50men=0,2 xI'u/nmen).
[lepexmoyaTens Ha nyabTe ynpasiaeHus Mexay ABl1 u "HU3zm.U."
YCTaHOBUTH B HUKHEE TOJIOKEHHE.

3.7 TloakJOYUTH CETEBOM IIHYP CTEHJIA K CETH MEPEMEHHOTO
Hanpsoxenus 220 B, 50 I'a.

3.8 Ilocre mpoBepku cXeMmbl MpenojaBaTeseM IMOoAaTh MHUTAHUE Ha
naboparopublii crenn (Bkiaouuth TymOnep "Cets"). [lpu 3Tom Ha mysbTe
yIOpaBlE€HUsS] JOJKEH 3aropeThCsi CHUTHAJBHBIA HHAUKATOP BKJIIOYCHHS
cTeHJ1a (CBETOIMO]T KPACHOTO 1[BETA).

3.9 Pyxostkoi "Ammumnryaa" Ha nynere ynpasieHus ['C ycTaHOBHUTH
HarnpsbkeHue U; B COOTBETCTBUHU C BAPUAHTOM 3a/IaHMUSL.

3.10 CHATb 3aBUCUMOCTb CHJIBI TOKa B 1enu I; oT yacToTsl curHana f .
CHauazna He0OX0IMMO OINPEEIUTh YaCTOTY Pe30HaHCa.

[TPUMEYAHHUE 2 — OT TOYHOCTHM HACTPOMKH PE30HAHCHOIO pEeKHMa
CXEMbI U U3MEPEHHMS YACTOTHI PE30HAHCA 3aBUCST PE3yJIbTaThl paOOTHI.

[[naBHO W3MEHsAS YACTOTy TEHEeparopa CHUrHajga pPYKOSTKON
"yactoTa", pacmnoyiO)KCHHOM Ha MaHeJIMu yIpaBieHus creHaa B 30He ['C,
YCTaHOBUThH YaCTOTYy, MPU KOTOPOH cHiia TOKa B ucciaeayemon uenu [
MakcuMalieH. (/[nama3zoH dYacTOT TeHepaTopa U TMpelaesn HU3MEpPEHUs
"Uzm.U." — 10 kI'm). 3anucath 3Ha4€HUsI CUJIbI TOKA U YaCTOTHI pe30HAHCa
fres B COOTBETCTBYIOILYIO Tpady Tabmuupl 2. 3aTeM, U3MEHSS YacTOTY B
COOTBETCTBUU C yKa3aHHBIMH B ATOW TabmuIle 3HaAUYCHUsIMH f, ©3MEpPUTH U
3anucaTth 3Ha4YeHusl cwibl Toka B uenu l,. Hanpsokenwe nuranua U, qos
BCEX TOYEK JIOJHKHO COOTBETCTBOBATH BAPUAHTY 3aJIaHMUSI.

[TpoBepka II 3akona Kupxrodga

Jlns uccnepyemoit nienu Il 3akon Kupxroda nmeer Bua
U;=Ugy +Ug +Up +Uc=Upg; +Ug +U¢

J11st mpOBEPKH ATOTO 3aKOHA MOXKHO IMMOCTPOUTH BEKTOPHYIO JHATPAMMY
JUTSI HECKOJIBKUX DKCIIEPUMEHTATBHBIX TOUEK (TT0 YKa3aHUIO
MIPETIOIaBaTEelIsI) U CPABHUTH 3HAUEHUE MTPUIIOKEHHOTO Hanpspkerus U; ¢
pesynbraramu onpeaencHus U; 1o BeKTOopHOU auarpamme. [Ipumep
IIOCTPOEHUS BEKTOPHOM JMarpaMmsl IpuBeieH Ha pucyHke 2 (f < fe,).

68



4 COIAEPXAHMUE OTYETA
5

4.1 Ha3Banue u Homep pabOThI.

4.2 Homep rpynnsl, @.1N.0. cTtynenTa u npenogaBaTes.

4.3 IlpuHIMnuanbHask cxema UCCIeyeMOU LIETH.

4.4 Tabnuua ONBITHBIX U PACYETHBIX JAHHBIX.

4.5 Pe3zonancupie kpuBble (3aBucumoct Ui (f), Uc(f), I,(f) mHa ognom
pucynke u B onuaakoBoM Mmacirade st Uy (f) u U (f)).

4.6 BekTopHble JauarpaMMbl M pe3yiabTarbl npoBepku Il 3akoHa
Kupxroda (1151 Touek, 3alaHHbIX TPETOAaBaTEIEM ).

4.7 BbIBOJBI B COOTBETCTBUU C LIETBIO PAOOTHI.

S KOHTPOJIBHBIE BOITPOCHI

ITpu 3ammre [aHHOW pabOTHl CTYAEHTHI JOJKHBI OTBETUTh Ha
CIEeIyIOIMEe BOMNPOCHl (BUA CXEMbl — IPOM3BOJIBHAS LENb C
nocieaoBareabHo coequHeHHbIMU R, L, C anemeHTamm).

5.1 Kak paccuuTarh MOJIHOE CONPOTUBIICHUE LIETIH.

5.2 Kak 3anucarts Il 3axkon Kupxroda.

5.3 Kak nmocTpouTh BEKTOPHYIO JUArPAMMY.

5.4 Ot 4ero 1 Kak 3aBUCHUT CIABUT (pa3 MKy TOKOM U HaNpsKEHUEM
LEIH.

5.5 Ilpu Kakux yCIOBHUSIX B LIENH BO3HUKAET PE30HAHC.

5.6 Kak mocTpouTh BEKTOPHYIO JUarpaMmy IIpH pe30HAHCE.

5.7 Kakumu cnioco0aMu MOYKHO MOJIYYUTh PE30HAHC B LIEMH.

5.8 Kak u3MeHseTcst pe30HaHCHAs 4acTOTa IPH YBEIUUYEHUN
(ymenpmienun) L u C.

5.9 Ilepeuncnure cBoMCTBa (OCOOEHHOCTH) LIETIN IIPU PE3OHAHCE.

Urk

Ur1 I1R1

Urk = I1Rk

C
E
I

T1XL

Ii1Xc =

a
a
I

Pucynok 1 — [Ipumep nocTpoeHusi BEKTOPHOU IHarpamMMbl
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Pucynok 2 Cxema uccienoBanusi nemnu ogHo(¢a3HOro nepeMeHHOro ToKa
NPH NOC/1eI0BAaTeILHOM COeIMHEeHNH TPHEMHHUKOB

Taoauna 2 Pe3yabTaTbl HN3MEPEHHUS U pacyeTa NapaMeTPoB LieNy MepeMeHHOr 0
TOKA MPH MOCJIeA0BATEILHOM COeIMHEHUH 3JI€MEHTOB

ITapameTpsl 2JIeMEHTOB CXEeMbI:

HaumenoBanue PacuerHoe En.
BeJIMUNHDI COOTHOLIEHHE HIM 3HaueHus H3MEPEHHBIX U PACCUUTAHHBIX BEJIUYIUH
IIpuiosxenHoe U B U; =......B, (U; - const)
HaNpsIKEHHe 1
YacToTa CUTHAIA f k1 :0'5 Fpes :0'7 Fpes _f= fpes :1'2 Fpes :1'5 Fpes
Cuna Toka B nenu I, A
HNupyxkTuBHOE X =27f L Om
CONPOTHBJICHHE L=T L
KATYHIKH
HNupyxkTuBHOE
= B
najeHue U =LX,
HANPSIKEHUsI
EmkocTHOE
1 Om
CONPOTHUBJIEHHE X gt=
KOHJEHCATOpPa 27fC
EMKocTHOe najenue
= B
HANPSIKEHUS Uc=1 Xc
JKBHBaJEHTHOE
X3=XL—XC Om
PeaKTHBHOE COMPO-
THBJIEHHE 1IeNH
¥Yroa cnsura ¢as Xn
MesKIy TOKOM H ¢ = aretg o 5| TPax
HaNpPsIKeHNEeM
p R3=R1+RK
IHonHoOE conpoTHB- 2 2
=,/ + Om
JIeHue Uenu Z=yR3+X3
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JIABOPATOPHAS PABOTA Ne 2

NCCIEAOBAHUME LHEIIN OJHO®A3ZHOI'O IEPEMEHHOI'O
TOKA ITPU ITAPAJIVIEJIBHOM BK/JIIOYEHUU ITPUEMHHUKOB

1 HOEJIb PABOTbBI

1.1 3yuyenne mnoBeneHUs UENU C MNAPAUICIbHBIM COEAUHEHUEM
MIPUEMHHUKOB MPU U3MEHECHUU YACTOTHI MPUIIOKEHHOTO HAMPSKEHHUS.

1.2 N3ydyenue sBIEHUST pE30HAHCA B LENM C Mapauie]bHbIM
COEJIMHEHNUEM ITPUEMHUKOB.

1.3 TlpoBepka neiicTBusi 3akoHa Kupxroda mnpu mnapamienbHOM
COCJIMHEHUH TPUEMHUKOB.

2 OIIMCAHUE JIABOPATOPHOM YCTAHOBKHA

PaGota BeimosHsaeTcs Ha nabopatopHom cteHae 17/1-02 ¢ npumeHneHuem
HaKJIaJHOU maHenu 1.5 (cM. pucyHoK 1).

B kauecTBe MCTOUYHMKA MUTAHUS HUCCIEAYEMOM CXEMBl HCHOJIb3YETCS
reHEPaTOp CUHYCOUIAIBHOTO HANIPSIKEHUS C PETYIHPYEMBIMH aMILIUTYA0U
u yvacrotol (I'C). Oprassl ynpapieHus paOOTOM W BBIXOJHBIE THE31a
Te€HEPATOpa PACIOJI0KEHbBI HA HAKJIOHHOM NAHEIN CTEH .

[Tepexmtouarens poaa pabOTHI MO3BOJISET 337]aBaTh CAEAYIONINE PEKUMBI
paboTHI:

— PEXUM UCTOYHUKA HAIPSKEHUS C IBYMS MpeJeaMU PeryIupoBaHUs
Hanpsbkerust (I'H 1:1 — o1 0,7 no4 BuT'H 1:10 — ot 0,07 no 0,4 B);

— PEXUM MCTOYHMKA TOKA TAaKKE C JIBYMs MpENesiaMHu pPEryJIHupOBaHUs
TTIulT2).

B pabote ucnonb3yercs uctounuk Hampsbkenus (I'H 1:1). IlnmaBHoe
pETyIMpOBaHUE HANPSHKEHUS OCYIIECTBISIETCS PYKOSATKOM “AMmuuTyna’.
M3MeHeHne 4acTOThl MPOM3BOJMUTCS B  YETHIPEX MOJIMANA30HAX,

yCTaHABIMBAEMbIX  Mmepekitoyarenem  “Jluamazon”. [Jlng  miaBHOM
pPETYIUPOBKH CIYKUT pyKosiTka “Hacrtora”.

s U3MEPEHUS IEPEMEHHOTO HaMpsOKEHUST U CWIbL TOKA
UCIIOJIb3YIOTCS BCTPOCHHBIE B CTEH]T AIEKTPOHHBIE

MUJUIHBOJIbTaMIIEpMETPbI iepeMeHHoro Toka MBA-1 u MBA-2. BxonHble
(M3MepUTENbHBIE) THE3/Ia M TMEPEKIIoYaTeIu MNpeIesioB U3MEPEHUSI CHUJIbI
TOKa M HalpsHKEHUs pacCIloJIOKEHbl HAa HAKJIOHHOM IaHEINW CTEHAA B
cektopax ¢ obo3zHaueHuem MBA-1 u MBA-2.

N3mepeHrie 4YacTOThl OCYIIECTBISETCS BCTPOCHHBIM 3JIEKTPOHHBIM
yacToroMepoM. BxoaHbie (M3MepuTEIbHBIE) THE3Ja M MEpEeKIoYaTesb
NpeesiOB U3MEPEHHUsI YaCTOTOMEPA PACIOI0KEHbl HA HAKIIOHHOM MaHenu
CTeHJIa B ceKTope ¢ o0o3HaueHueM “Uzm.Y”.
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OTrcueT wu3MEpsSEMbIX BEJIWYMH MPOU3BOJUTCS MO  CTPEIOYHBIM
npubopam, pacroyiOKEHHBIM B BEpPXHEM 4YacTHM BEPTUKAIbHOM CTOWKH
CTEH/A.

B kadecTBe NMpUEMHUKOB 3HEPTUM B pabOTE MPUMEHSIOTCS PE3UCTOP,
KaTylIka WHIYKTUBHOCTH M KOHJEHCATOp M3 KacceTbl ¢ Habopom
IEKTPUUECKUX JIETANeH, BbIJABAEMbIX MPU BBIIOJIHEHUH PAOOTHI.

COopka wuccienyeMoil cXeMbl MPOU3BOJUTCS C TMOMOIIBIO THOKHX
MIPOBOJTHUKOB C OJHOTIOJTIOCHBIMHU BUJIKAMH Ha 000MX KOHIIaX.

3 MMOPAAOK BBIIIOJIHEHUSA PABOTbBI

3.1 VYcraHoBUTh (BIABMHYB B Ia3bl BEPTHUKAJIbHOW CTOMKH CTEHAA)
HakIaaHyto nanens 1-5 (17]1-02).

3.2 BbIHYTh U3 KacceTbl C JAeTaIIMH KAaTYWIKy WHJIYKTUBHOCTH,
pe3ucTtop M KOHJAeHcartop.  BpiOOp  HOMUHAJIBHBIX  3HAYEHUU
COMNPOTHUBIIEHUS U E€MKOCTH KOHJEHCATOpa MPOU3BOJUTCS MO YKA3aHUIO
npenojaBarens. OIUH W3 BO3MOXHBIX BapUAHTOB: CONPOTUBIICHUE
pesuctopa — 510 Om, emkocth koHaeHcaTopa — 0,15 Mx®. YcTraHOBUTH
BBIOpAaHHbBIE AJIEMEHTHI B COOTBETCTBYIOIIME MO CXEME T'He3/]a HaKJIaJIHON
MaHENH.

3.3 C mnomowpl BBIJAHHBIX BMECTE€ C KAaCCETOW MPOBOJHUKOB
MOAKJIIOUYUTh UCTOYHUK HepeMeHHoro HampspkeHus ['C ( Ha HaKJIOHHOM
naHelu cTeHaa) K uccieayemoit cxeme (rue3na I'C HaknagHo#l maHenm).
[Ipu 5TOM HHM3KOMOTEHIMAJbHbIE (MMEIOIIUME MAJIOE€ COMNPOTUBIICHUE MO
MEPEMEHHOMY TOKY OTHOCHUTEJILHO KOpIyca CTEHJIa) THE3/1a, TOMEUYCHHBIE
3HAKOM  “1”, MODKHBI OBITH COEAWHEHBI OxHUM TpoBogoM. (Takas
HEOOXOAMMOCTh  OOYCJIOBJIEHA  OCOOCHHOCTBIO  IMOCTPOEHHUS  CXEM
AJIEKTPOHHBIX Y3JI0B cTeHa). [lepexntoyarens pona padot ucrounnka ['C
nocraBuTe B nonoxenue ['H-1, nepexmrouarens “/luanazon” — B
nosnoxkenue 10 kI,

3.4 Jlna KoHTpoJid HanpskeHus uctouHuka I'C ¥ ero 4actoTel K HEMY
OJTHOBPEMEHHO JIOJDKHBI OBITh MOAKIIOYEHBI JABA MPUOOpa: 4acTOTOMED U
BOJITMETp. Ha HakiIaHOW MaHelu MpeayCMOTPEHBI JIUIIb BA THE3/a JIs
noAKIIoYeHus:  BoapTMeTpa (THe3ga PV1).  UrtoOer  obecreuuth
NOAKJIIOYEHHE 000uX NpubOpOB, PEKOMEHAYETCS BOCIOJb30BaThCS
pa3BeTBUTEILHON KoJogkoh A3 wu3 Habopa neraneil. Ee cuemyer
YCTAaHOBUTh HA BXOJHbIE THe3da mnpubopa MBA-2. 3arem Hano
NOAKJIIOYUTh ATOT MNpuOOp K THe3AaM HakiagHoi mnanenu (PV-1),
COCIMHMB WX TPOBOJHUKAMHM C THe3gamMu Kojojaku. OcTaBuimecs
CBOOOJIHBIMU THE3/1a KOJIOJKU CIAEAYET COCANHUTH C BXOJHBIMHU THE3AaMU
gactoTomepa — "M3m.YU”. Tlpu noakirodeHnn HEOOXOAUMO COONIOATh TE
K€ IMpaBWja, 4YTO W MPU MOJAKIOYEHHH HCTOYHUKA (cM. M. 3.4) —
HU3KOIIOTEHIIMAILHBIE THE37a, NMOMEUCHHBIE 3HAKaMH ‘1 COeIMHSIOTCS
OJIHUM TIPOBOJIOM.
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3.5 IlepexntouaTens nOpenesoB H3MepeHuss BoapTMeTpa MBA-2
noctaBuTh B Tmonoxkenue 2,5 B (uena npenenuss Cy=0,05 B/men),
NepeKIoyaTelb  IPelesioB  HU3MEpPeHHs  yacToroMepa  (pyKosTKa
“Ilnana3on’) moctaBuTh B monoxkenue 10 k[ (uena nenenuss C=0,2
kl'/nen). Ppluaxok mnepekioyarenss pexumMa padoThl  CTPEIOYHOTO
npubdopa, HaXOIAUIUICS Ha MYyJbTE YINPABICHUS HEMHOIO BBIIIE BXOJHBIX
rae3n yacroromepa (“U3m.U”) nomkeH ObITh B HIDKHEM TTOJIOKEHUH.

3.6 IloakmounTh MUJUIMAMOEPMETP JUII U3MEPEHUS CHUJIBI TOKOB (B
KayecTBE MUJUIMaAMIlepMeTpa mpumensiercs npubop MBA-1). [Ins storo
HAaJ0 COEIMHHUTHh BXOJHbIE rHe3la MBA-1 Ha HaKJIOHHOHM MAaHENW IyJbTa
yIOpaBJIeHUs cTeHAa ¢ rHe3naMu PA-1 HakiagHO maHenu ¢ ucciaeayemon
cxemoil. [Ipu coennHeHnH, Kak U B NPEABIAYIIUX CIIy4asX, NPOCIEIUTh,
9TOOBI HHU3KOMOTCHITMANIbHBIE THe3Aa (TOMEYeHHbIE 3HAKOM L’’) ObLIH
COEMHEHBI OJJHUM IIPOBOJOM.

[lepexmtoyaTens mnpenenoB usmepenuss MBA-1  ycraHoButh B
nosioxeHue 25 MA (tiena nenenus Ci=0,5 mA/nen).

Poruaxkoxk mepexirovarenss pekuMa paboThl CTPEIOYHOro Mpuodopa,
HaXOJAIIMICS Ha IyJbTE YNpaBieHus Mex1y cekropamu AB-1 u MBA-1
JIOJKEH OBITh B HUKHEM IOJIOKESHHH.

3.7 B pabore i u3MepeHUsT CHIbI TOKOB IMpeaycMaTpUBAeTCs
IPUMEHEHHE OJHOTO NpuOopa, MOMEPEMEHHO M3MEPSIOLIEro CHUIIY TOKOB
KaTyIIKU, KOHJEHCATOpa, PE3UCTOpa U OOLIUH TOK IEIH.

D10 yanoOHO nenaTh CleaylomuM o0pa3oM: NPOBOJHUKAMH, TIO
BO3MOXHOCTH KOPOTKHUMH, 3aMKHYThb THE3/1a, NpEeAHA3HAUYCHHBIE MJIS
noakiaoueHuss npudbopoB PA2, PA3 u PA4, pacnonoxeHHble Ha
HAKJIQJHOW MaHENu: JJI U3MEPEHUS CHUJIbI TOKOB OTIENBbHBIX 3JIEMEHTOB
UCIIOJIB30BaTh YK€ mojkiIroueHHbld (11.3.6.) mummamnepmerp MBA-I,
MONEPEMEHHO yaauisisl (BBITACKMBAs U3 CBOMX THE3M) “JUITHUE” DJIEMEHTHI,
OCTaBJISII TOT D3JEMEHT, CWIYy TOKa 4Yepe3 KOTOpbId Haa0o H3MEpUTh.
Hanpumep, s u3MepeHus CHIbI TOKa 4Y€pe3 PEe3UCTOpP HaA0 YJIaJuTh
KaTymky # KoHzaeHcatop. [loCKOJIpKy NpHIIOKEHHOE HaIpsSKEHUE
IOCTOSIHHO, CHJIa TOKOB OTAEJIbHBIX 3JIEMEHTOB, OINPEIEISIEMbIE 3aKOHOM
Oma, He 3aBHUCST OT HAJIMYUS UM OTCYTCTBHSI IPYTUX 3JIEMEHTOB.

3.8 IlpoBeputh, TOAKIIOYEH JU ceTeBoW kabemb k cetu 220 B (B
PO3ETKY) U €Clii HEeT, TO BKIIOUHUTH ero. [Ipurnacute npenomaBaTens ais
MPOBEPKU MPABUIBHOCTH COOPKU CXEMbl U TMOJYYEHHUS JOMOJHUTEIBHBIX
ykazanuil. IlepBoe BKIIIOUEHHE PEKOMEHIyETCd AejaTh B IMPUCYTCTBUHU
npenoAaBareiid. BkiloueHHME MPOU3ZBOJMTCS CETEBBIM BBIKIIIOUATEIIEM,
pPacCIlONOKEHHBIM Ha JIEBOM Kparo IysbTa ynpasiaeHUusA. O BKIHOUYECHUHU
CTEHJIa CUTHAJIN3UPYET CBEYEHNE NHINKATOPA KPACHOTO LIBETA.

3.9 VYcCTaHOBUTh HaNpsHDKEHWE TNHUTAaHUA MCCIEAYEMOM LEnu B
COOTBETCTBMM C BAapUAHTOM 3aJaHHsl 1O YKa3aHHUIO NPENoJaBaTels.
VYcraHOBKa HamNpsDKEHHST MPOU3BOJAUTCA  PYKOSATKOW — “AMIudtyna’,
pacnoyioxxeHHo B cexTope “I'C” mynbTa ynpasienus. KoHTpoiib 3HaUeHUS
YCTaHABIIMBAEMOI'0 HANPSDKEHUS OCYILIECTBIsieTcss mo npudbopy MBA-2.
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Jlyis ipaBUIIBHOM YCTAHOBKHM He 3a0yAbT€ yUecTh LIEHY JAeJeHHs mpudopa.
(Ona ompenensieTcss Kak OTHOILIEGHHE TMpeesa H3MepeHud mpuodopa,
YKa3bIBAEMOT0 IMEpeKIIouaTesieM MpeesioB, K OOIIeMy 4YHCIy JeleHUI
CTPEJIOYHOTO M3MEpUTENs, TO €CTh K YHUCITy, COOTBETCTBYIOLIEMY
KOHEYHOMY OIM(POBAHHOMY JIEICHUIO IIKAJIbI U3MEPUTEIA).

3.10 Haiitu yacToTy, NpUMEPHO COOTBETCTBYIOIIYIO PE30HAHCY TOKOB.
Jlnst 3TOrO0 Hago IUIAaBHO H3MEHSATHh YacTOTYy IMOAABAEMOI0 Ha CXEMY
HanpspkeHust (¢ momomplo pykoatrku “Yacrora” B cektope I'C mynbra
yOpaBieHus), HaOmomas 3a W3MEHEeHWeM oOmero Toka 1enu. [lpum
MOHOTOHHOM HM3MEHEHHMH YaCTOTHI OT JIFOOOTO M3 KpailHUX ee 3HAaUeHU Ha
gacToTre, ONM3KOM K PE30HAHCYy TOKOB, OO TOK MPUHUMAET
MUHUMaNbHOE 3HaueHue. Jlnsg Oojiee TOYHOTO HAXOXKIEHUS YacTOTHI
pe30HaHCA PEKOMEHIYETCS IOcie MPUOIU3UTENBHOTO €€ HaXOXKICHUS
OTKJIIOYUTH (BBIHYTh W3 CBOMX THE3J]) PE3UCTOpP M, U3MEHSA YXKE B
OTHOCUTENILHO HEOOJbIINX TMpejiesiax 4YacToTy, HaWTH ee 3HayeHue,
COOTBETCTBYIOIIEE MUHUMYMY CHJIbI TOKA.

Hailinennoe Takum 00pa3oM 3HAY€HHE YACTOThl PE30HAHCA 3aHECTH B
tabmuny 1 (f= fe).

BepHyTh Ha CBOE MECTO PE3UCTOP U 3alUCaTh 3HAYEHUE OOLIETro TOKA.

3areMm, MOOYEpPETHO OCTaBJsAs B CXEME JIMIIb OJIMH AJIeMEHT (yaasss
OCTaJbHbIE), 3alUCaTh 3HAYEHUS CHUJIbI TOKOB PE3UCTOpPA, KATYIIKU H
KOHJIEHCATOopa.

[Tpu u3MepeHusIX CUIIbI TOKa M 4acTOThI HE 3a0bIBAaliTEe O LIEHE JIEICHMUS.
Meroauka ee onpeaeneHus oguHakona (cm. 1m.3.10).

3.11 CHATh 3aBUCUMOCTbH BCEX YEThIpEeX TOKOB (001iero Toka I, cuibl
TOKa uyepe3 pe3ucTtop I, , cuibl Toka depe3 KaTylky s, cuiibl TOKa 4yepes
KoHaeHcatop ly) or wactorel (cM. m. 3.7). Jius 3TOro moCTaTOYHO
MPOU3BECTH U3MEPEHHUs JUIsl PE30HAHCHOW YacTOThI, & TaKXKe I JIBYX
4acTOT MEHbIIE pe30HAaHCHOW (~0.6 fy.; m ~0.8 f,;) ¥ A ABYX 4acToT
Oonbme pezoHaHCHOM (~1.2 fy, m ~1.4 f,,). Ilockonbky TpeGoBaHMsA K
BBIOOPY YacCTOT HE SIBIISIIOTCS CTPOTUMHM, MOKHO OTPAHUYUTCS TOYHOCTHIO,
JIOCTUTAaEMON TPUOIMKEHHBIM yMHOXEHUEM ‘B yme’. Pe3ynbraTh
U3MEpPEeHU 3aHeCTH B Tabnuity 1.

4 O®OPMJIEHME OTYETA

4.1 Tlo manHBIM TaOMHIBI | TOCTPOUTH 3aBUCUMOCTH CHJIBI TOKOB IICTIH
ot vactotel: [;=F, (f), L,=F, (f), =F; (f), 4= F4 (f). [loctpoenus cnemyer
IPOU3BOANTH Ha 001IeM rpaduke B €IMHOM MacTabe Mo OCH OPAUHAT IS
BCeX TOKOB. OCH KOOpJMHAT NOJKHBI HAUYMHATHCS C HYJIEBBIX 3HAYEHUM
BEIIMYMH, a MacmTad JOJKEH OBITh PABHOMEPHBIM 110 [JIMHE OCeH
(0OBIUHBIE TOCTPOCHUS O€3 CABUTA OCEH OTHOCUTETHHO “07).

4.2 TlpoBectu TpOBEpKY IeWCTBUS MepBoro 3akoHa Kwupxroda mis
MapaJyIeIbHOTO  BKJIIOYEHUA IPUEMHUKOB B 1€MW  MNEPEMEHHOIO
CUHYCOMJAJIbHOTO TOKA :
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I=1,+1I;+I, (1)

[Tockonbky comnpoTuBieHUE (K, COOTBETCTBEHHO, MPOBOJUMOCTD)
KATYIIKH MUMEIOT U aKTUBHYIO, U PEAKTUBHYIO COCTABIIAIOLIME, TO U CHJIA
TOKA KaTylIKH [; *MeeT COOTBETCTBYIOIIME COCTABIISIOLIHE:

I;=I,+1, 2)

Ot COCTAaBJIAOIIME MOKHO HAWTH:

R
L, =Izcos =13 == k > 3)
Ry +HLY
f
Iip, =Isin =1, 2% 5 4
R} + ALY

rae o = 2nf

3nauenust Ry wm Ly ykasaHbel Ha KopIlyce, B KOTOPBIN 3aKItO4YeHa
Karyiika. Toraa, ¢ ydeToM BeKTOpHOro xapakrepa 1 3akona Kupxroda mis
JNEUCTBYIOIMX 3HA4YCHUM TOKOB, MPOBEPKY O3TOr0 3aKOHA CIEAyeT
IPOBECTH, PACCUUTAB OOILIUI TOK LIeNHU 1O (popMyIie:

I (paca) =1, +1;y)* + (I 1) (5)

[IpoBepka 3akitoyaeTcss B CPAaBHEHMHM 3HAYEHUNW U3MEPEHHOTO TOKA
Hernd M PACCUUTAHHOTO Mo 3Tod Qopmyne. B pacuetHoil ¢dopmyne
YUHUTBIBAECTCSI AKTHBHAs COCTABJISAIONIASI MPOBOJUMOCTH (COMPOTUBIICHNUS)
KAaTyluIkd, OOYCJIOBJIIEHHAs KOHEYHBbIM  CONPOTUBIECHHUEM  MEIHOTO
00MOTOYHOTO IMPOBOJIA.

S COAEPKAHUE OTYETA

5.1 Ha3Banue u Homep padotsl, ©.M.0O. crynenrta, HoMep rpyIIibL.

5.2 llenu paboTHI.

5.3 Cxema uccieqyeMoil LeNu C HW3MEpPUTENbHBIMU MPUOOpaMH.

5.4 Tabnuia ONbITHBIX U PACUETHBIX JAHHBIX.

5.5 TI'paduku 3aBucumoctei (m.4.1).

5.6 Pacuets! qys ipoBepku 1 3akona Kupxroda.

5.7 BeBoabl mo pe3yiabTaTaM mpoBepku 1 3akona Kwupxroda, mo
aHamuzy  rpadpukoB  (0ocOOGHHOCTHM  rpauKkoB M MPUYMHBI,
00ycaBiIMBaIOIIUE BUJI 3aBUCUMOCTE), @ TAKKE O MPUUYMHAX U YCIOBUSAX
pEe30HaHCca TOKOB.
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6 KOHTPOJIBHBIE BOITPOCHI

6.1 Kak d¢opmynupyercs u 3anuceiBaeTcsa 1 3akoH Kupxroda mus
UCCIeyeMOH 1enH, MOAKIIOYEHHON K MCTOYHHUKY MepeMeHHoro Toka? B
4yeM OTJIMYHME 3TOM 3alMcH OT 3alMCH 3TOT0 K€ 3aKOHa IS Ienu
MOCTOSIHHOT'O TOKa?

6.2 UYto siBisieTCA YCIOBHUEM PE30HAHCA TOKOB M B UEM MPOSBISAETCS
SIBJICHUE PE30HAHCA MPU NapAJIIEIIbHOM COEMHEHUH 3JIEMEHTOB?

6.3 IlosicHuTe, MOYEMy 3aBUCUMOCTh CUJIbI TOKA B UCCIEAYEMOW LIETH
OT YaCTOThI MUTAOILErO HAMPSKEHNUS UMEET SKCTPEMYM.

6.4 B yem oTnuuMe B MOBEICHUU LIETIM HA YACTOTax OOJbIE U MEHbIIIE
YacTOThI pe30HaHca?

6.5 Kak u3MeHHTCS (KaueCTBEHHO) MOJOKEHHE TOYKM pPE30HAHCa Ha
rpaduke 3aBUCUMOCTH OOIIETr0 TOKa OT YaCTOThI, €CIIU:

a) YBEJIUYHUTh EMKOCTh KOHAEHCATOpa,

0) yBEJIMYUTH COMPOTUBIIEHUE PEZUCTOPA,

B) YBEJIMYUTh UHIYKTUBHOCTH KATYIIKU.

6.6 Kak 3aBHUCAT OT 4aCTOTHI TAPAMETPHI:

a) KOHJEHCATopa,

0) pesucropa,

B) KaTyIIKH.

6.7 IloctpoiiTe (Ka4eCTBEHHO) BEKTOPHYIO JMarpaMmy TOKOB
UCCIIEyEMOM LIETIN

a) JUIsl 4aCTOThI MEHBILIEH YAaCTOThI PE30HAHCA,

0) IS 94aCTOTHI OOJIBITIEH YaCTOTHI PE30HAHCA,

B) JUIsl YaCTOTHI PE30HAHCA.

6.8 Kak 3aBucut yron casura ¢as Mexay TOKOM U HamlpsbDKEeHHEM B
UCCIeyeMOM LEMU OT YaCTOThI?
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Pucynoxk 1

Cxema 1151 MccaeioBaHusl e 0AHO(a3HOTO EPEMEHHOT0

TOKa IIpH napaiyiCJIbHOM BKIIIOYCHUH ITPUEMHHUKOB

Tabmura 1

PCSyJ'IBTaTBI HCCIICAOBAaHHUA LICTIN OI[HO(i)aSHOI‘O INEPEMECHHOTO

TOKa IIpH napajiiCJibHOM BKJIIOYCHUHU ITPUEMHHUKOB

BEJIMYUHA | EJ. U3MEPEHHBIE U PACCUUTAHHBIE 3BHAYEHUS
HN3M. BEJIMYUH
Hanpsixenue, B Ul=........250% B (Ul=const.)
U1
Yacrora, f k' =f = fpes
OO0uruii Tok MA
nenu, I,
Toxk uepe3 MA
pesucrop, I,
Toxk uepe3 MA
KaTylIKy, I;
Tok 4epe3 MA
KOH/IeHcaTop,
L
IMoanoe Om
CONpPOTHBIJIE-
HHe 1eNu,
7=U,/1;
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JIABOPATOPHASA PABOTA Ne3

NCCIEAOBAHUE OJHOITOJYIIEPUOJHOI'O 1
MOCTOBOTI'O BBIIIPSIMUTEJIEN

1 HEJb PABOTbI

1.1 Wzyuenue CTPYKTYpbI u IpUHIUIIA NENCTBUS
OJIHOTIOJTYTIEPUOTHOTO u JBYXIIOJIYTIEPUOTHOTO (MocTOBOTrO)
BBIIpsiMUTENEH 0e3 GUiIbTpa U ¢ EMKOCTHBIM (PUIIBTPOM.

1.2 HccnenoBaHue BHEIIHUX XaPAKTEPUCTUK BBIMPSIMUTEIICH.

1.3 Ouenka  BIUAHUS  €MKOCTHOTO  (UJIbTpa Ha  KadyeCTBO
BBITIPSIMIICHHOTO HAIPSIKEHHUSI.

2 OIMCAHME JJABOPATOPHOI'O CTEHJAA

PaGora BbemmonHsieTcss Ha jaboparopHoMm crenae Ttuma 17/1-02 ¢
UCIOJb30BaHMEeM HakiagHod mnaHenu 1 — 10. Hakmaagnas mnaHenb
YCTaHABJIMBAETCS] B HUKHEW YaCTH BEPTUKAIIBHOW CTOWKHU CTEHJA.

B BepxHel yacTu BEPTUKAIIBHOM CTOMKH PACIIOIOXKEHBI CTPEIIOYHbIC
UHIUKATOPhl M3MEPUTENIbHBIX MPUOOpPOB. Bxo/HbIE THE3a M OpraHbl
YOPABJICHUS HW3MEPUTENIbHBIX MPUOOPOB PACIONOXKEHbl Ha MaHeIu
yIpaBJIeHHs JIa0OPATOPHOTrO CTeH 1a (HAKJIOHHAsS TaHEJIb YEPHOTO 1[BETA).

B nanHoii paboTe B Ka4eCTBE UCTOYHUKA UCIOIb3YETCS BHYTPEHHUM
reHepaTop MNEPEMEHHOro HampsbkeHus ¢ vactorod 50 I'u. BsixoaHbie
KJIEMMBI 3TOrO F'€HepaTopa MOJAKIKOYECHBI KO BXOAY BBIIPSMUTEINS BHYTPH
CTEH[A.

B kadecTBe Harpy3ku MCIOJB3YETCS IEPEMEHHBIM PE3UCTOP
(IOTEeHUHOMETpP), KOTOPBI NOAKIIOYAETCS K BBIXOJHBIM THE3Jam
BBIIPAMUTENS. VI3MEHsSS CONPOTUBIIEHUS 3TOr0 IMOTEHLIHOMETPA MOXKHO
IIJJABHO PETyJIMPOBATh CUIIY TOKA HATPY3KH.

Jns  W3ydeHus OCHWUIOIPAMM  BBIIPSIMIIEHHOIO  HAIPSIKEHUS
UCIIOB3YyeTCs ANeKTpoHHbI ociuuiorpadp C1-68 (wmum C1-67). Bxon
ocimiorpada MoJaKII0YaeTCd K BBIXOAY HUCCIEAYEMOTrO BBIIPSIMUTENS C
MOMOILbI0  KOaKcHallbHOTO Kabens. OnucaHue OpraHoB YIpaBJICHUS
ociuiorpada M pPEeKOMEHJAlMM 10 €ro HACTpPOWKE TMpPHUBEJICHbI B
onucanuu J1abopatopHoi pa6otsl Ne 10.

3 CXEMA JJABOPATOPHOI YCTAHOBKH

3.1 VYcraHoBUTh (BABUHYTH B Ma3bl BEPTUKAJIbHON CTOWKH CTEHAA)
HakJIagHyto naxsens 1-10.

3.2 CoOparb cxeMy MOCTOBOTO  BBIIPSMHUTENS: YCTAaHOBUTH B
COOTBETCTBYIOIIME THE3Ja B MPaBOMl 4YAaCTH HAKJIAJHOW IMAaHEIW YEThIpe
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muonma (112, 13, 14, /15 ) B cooTBeTCTBUHU ¢ 0003HAYEHUSIMH Ha KOPITyCe
JVOJ0B U HA CXEME MOCTOBOTO BBIIIPSIMUTEJIS.

3.3 BHUMAHMUE. HenpaBunapHoe BKIIOYEHHE JOOOr0 M3 JIUOJOB
IPUBOJAUT K TOMY, YTO B OJHOM M3 ILJIEY MOCTOBOT'O BBIIPSIMHUTENS 00a
nuona OyAyT OTKPBITBI, T.€. BBIXOJ TeHeparopa OyAeT NpakTUYeCKU
3aKOpOYEH. DTO MOXKET IMPUBECTU K BBIXOAY HU3 CTPOS OUOAOB WIH
reHeparopa.

3.4 IloaKIOYHUTH K CXEME MOCTOBOTO BBIIPSIMHTENS HU3MEPUTEIbHBIC
npubopel. s u3MepeHus TMOCTOSIHHOW COCTABIISIFOIICH CHUJIBI TOKa
Harpy3ku Iy ucnonbe3yerca muwmammnepBonbTMeTp AB1 (PA2 Ha cxeme
HaKJIaJHOMW MMaHesn).

CTpenouHblii MHAMKATOP ATOro Mpubopa — MEPBBIA ClieBa B Psay
CTPENOYHBIX HMHAUKATOPOB B BEPXHEW 4YaCTH BEPTUKAJIBHOW CTOMKH.
Bxoanbie THe3ga 3TOrO MpuOOpa pacroyioKEHbl HA MAHENW YIpaBICHUS
CTEHJa U UMEIOT 0003HAYEHUS MOJIAPHOCTH «+» U «—». {715 moaKiroueHus
ABl1 HeoOxomuMoO, yYHMTBIBasi MOJISIPHOCTh, COEIAMHUTH THOKUMU
IIPOBOJIHMKAMU BXOJIHbIE THE3/a ATOro npudopa c rue3gamu PA2 Ha cxeme
MOCTOBOTI'O BBIIPSIMUTENS HAKJIaJHOW MaHENHN CTEHAA.

Poryar mepexitoueHusi pexuma paboThl CTPEIOYHOro mpudopa,
HaXOJAIIMICA Ha MyJbTE yIpaBieHUd MexAy cekropamu AB1 u M3m.Y.,
YCTaHOBUTH B BEpXHEE MOJokKeHue. llepexntoyaTens npeaenoB n3MepeHus
AB-1 ycranoButs B monioxenue 10 MA (riena genenus — 0.2 MmA/nen.).

Jng  u3MepeHHnss  MOCTOSHHOM  COCTABJISIOIIENM  BBIXOJHOIO
HanpspkeHuss Uy ucnosbe3yercs munimamiepBoibtMerp AB2 (PV4 nHa
cxeme HakimamHoW maHenw). CTPENOYHBI WHIWUKATOP 3TOrO mpubopa —
BTOpPOW cCJlIeBa B psANy CTPEIOYHBIX HMHAMKATOPOB B BEPXHEH 4YacTu
BEPTUKAJILHOM CTOMKHU. BXoaHbIe THE3/1a 3TOr0 Npudopa pactoioKeHbl Ha
HAKJIOHHOW MMaHeNnu MyJbTa YNpaBJICHUS CTEHJAa U HMMEIOT 00O3HAYEHUS
MOJIAPHOCTH  «t» U «—». [lns nogkmouenus AB2 HeoOXoauMo, yuuThIBas
HOJIIPHOCTh, COEAMHUTh TMOKUMH MPOBOJIHUKAMU BXOIHBIE THE3JAa ATOTO
npubopa c rue3gamu PV4 Ha cxeMe MOCTOBOTO BBIMPSIMUTEINS HAKIIAIHON
MaHEJId CTEH/IA.

Poryar mepexitoueHusi pexuma pabOThl CTPEIOYHOro mpudopa,
HaxXOJAIIMICA Ha MyJbTE yIpaBieHUs Mexay cekropamu AB2 m MBAI,
YCTaHOBUTH B BEpXHEE MOJ0KeHHe. [lepexntoyaTens npeaenoB n3MepeHus
AB2 ycrtanoBuTth B onoxxenue 25 B (1iena nenenus — 0.5 B/nen.).

BcraBuTe pa3BeTBUTENBbHYIO KOJMOAKY A3 B rHe3ma Ry cxemsl
MOCTOBOT'O BBIIPSIMUTENIA Ha HakjlagHoW maHenu creHaa. K omHoil mape
THE3l KOJIOAKM A3 MNOAKIIOYUTH NOTeHHHOMETp Ry, a ko BTOpOil —
KOAaKCHaJIbHBIM ~ Kabenb ocuuiuiorpada (3eMJIsSHOM  BBIBOA — KabOeus
(ITMHHBIN) TOJKEH OBITH MOJKIIIOYEH K HIDKHEMY THE3y KOJIOIKH A3).

3.5 Ilocne mpoBepkH CXEMbl MPENOAABATENIEM, BKIKOYUTH CTEH
(tym6nep «CeTb» cieBa Ha myJibTe ymnpasieHus). [Ipu sTom Ha mynbTe
YIPaBICHUS AOJDKEH 3aropeTbCsl CHUTHAIBHBIM HWHAUKATOP BKJIIOYCHHS
cTeHza (CBETOIMO/ KPACHOTO LIBETA).
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[lonrotoBuTes K paboTe HIEKTPOHHBIA ocumwuiorpad (omucanue
OpraHoOB YIIpaBJeHUsl ocUMIUIOrpadga U peKOMEHAAIMU M0 €ro HACTPOMKe
MIPUBEJICHBI B ONKCaHUU JabopaTopHOi paboThl Ne 10).

4 IlopsiioK BBINOJHEHUS PadOTHI

4.1 CHATp BHEUIHIOIO XapaKTEPUCTHKY MOCTOBOI'O BBIIPAMHUTENS 0€3
¢unbrpa. (BHemHAsS XapakTepucTUKa — 3aBUCUMOCTh TMOCTOSIHHOM
COCTaB/IOIIEH  BBIXOAHOrO  HampspkeHns Uy OT  NOCTOSHHOU
COCTABJISIFOLIEN CHIIBI TOKA B Harpy3ke Iy). IlnaBHO moBopaunBas pyKosTKy
OTEHIHOMETpa Ry, yCTaHOBUTH 3aJaHHBIE NPENOAABATEIEM 3HAYECHUS
CUJIBI TOKAa HArpy3KM M JUIA KaXKJIOI0 M3 HHUX H3MEPUTH BBIXOJHOE
Hanpspkenue Uy. [loxyyeHHble pe3yabTaThl 3aHECTH B Ta0uiy 1.

4.2 BxmouuTh KOHJAEHcarop (¢uibTpa — BCTaBUTh, COONIOMAA
IOJIAPHOCTB, KOJIOAKY € AJIEKTPOJUTUYECKUM KOHJEHCAaTopoM B rHe3na C,
HaKJIaJaHOW maHenu (eMkocTh KonjaeHcatopa 10 wmum 50 mMxd — mo
yKa3zaHuio npenoganateiisi). CHATh BHELIHIO XapaKTEPUCTUKY MOCTOBOIO
BBIIPSIMUTENS IIPU 3aJaHHBIX IIPENOJABATENIEM 3HAYCHUSAX CHIIBI TOKa
Harpys3KHu.

4.3 Cuarp BHEILHIOKO XapaKTEPUCTUKY  OIHOIIOIYIIEPUOAHOTIO
BEITIPSIMUTENS 6€3 huibTpa.

Ecnu B MOCTOBO# cXeMe BBIIPSAMUTENS YIAIUTh 000N U3 JHOJOB,
TO B OJWH U3 TOJYNEPUOJOB BBIIPAMIISIEMOT0 HAMNpsHKEHUS LEnb OyaeT
pa3opBaHa, T.€. BBIIPSIMUTEIb CTAHOBUTHCA  OIHONIOJIYIIEPHUOIHBIM.
[ToaToMy MOXXHO HE COOMPATH CXEMY OJHOIOIYINEPUOIHOTO BBIIPSIMUTEIS,
a BTOPYIO 4acTb paOOThl BBIMOJIHUTH, UCHOJB3YS MOCTOBYIO cXeMmy 0Oe3
OJIHOTO JII00Oro Auoja. YAaluB M3 CXEMbl OJMH JIHMOJA U KOHJIEHCATOp,
CHATHh BHEIIHIOK XAPAaKTEPUCTHUKY OJHOIIOJIYIIEPUOIHOIO BBIIPSIMUTENSA
0e3 ¢unpTpa HpU 3aJaHHBIX IPENOAABATENIEM 3HAUEHUSAX CHIIBI TOKa
Harpys3KHu.

4.4 BxmouuTh KOHJAEHcatop (uibTpa — BCTaBUTh, COONIOMAA
IOJIAPHOCTB, KOJIOAKY € JJEKTPOJUTUYECKUM KOHJEHcAaTopoM B rHe3na C,
HAKJIaIHOM IIaHEIIN U CHSATH BHEILHIOKO XapaKTEPUCTUKY
OJITHOTIONYTIEPUOJHOTO  BBIIPSAMUTENS € (QUIABTPOM TpH  33JaHHBIX
IIPENOAABATENIEM 3HAYEHUAX CUJIbI TOKA HArPY3KH.

4.5 V3meputrb € MOMOILIBIO OCIIUIIOTpada aMImIUTYLy MyJIbCalui
HanpsokeHus: Ha Harpy3ke Up yax 011 000MX THUIOB BBIIPSIMHUTENS 0e3
¢unbTpa M C €MKOCTHBIM (PuiabTpoM. [l KaXAoro BapuaHTa CXEMBI
U3MEPHUTH MMOCTOSTHHYIO COCTABJISIOILYIO BBIXOJIHOTO HANPSKEHU (CpeaHee
3HaueHue) Uy, PesynpTaThl H3MEpeHMs] aMIUIMTYAbl IYJbCALMU U
IIOCTOSTHHOM COCTaBJIsIIOIIEed 3aHecTH B Tabuuny 2. s 0OBEKTHBHOIO
CpPaBHEHHUs pE3yJbTaTOB BCE WM3MEPEHUs JOJDKHBI ITPOU3BOIAUTHCS IPHU
OJIMHAKOBOI cuj€ TOKa Harpy3ku (Hampumep, 4 MA WIM IO YKa3aHUIO
npernojaBaTess).
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[TIPUMEYAHUE - Ilpu onpeaeneHun BenuuuHbl myiibcaiuu Up max
pykosatka «Y CUJIEHUEy» ocimmiorpada nomkHa ObITh MOBEPHYTA MPOTHB
4aCcOBOM  CTpEJIIKM  JO  yHoopa. [lonoxxenne  mepexIroYaTesis
gyBcTBUTENbHOCTH BOJIBT/IEJI cnenyeTr BoIOMpaTh CaMOCTOSITENBHO TaK,
4YTOOBI BEPTUKAJIBHBIN pa3mMep U300pakeHus: CUrHajia ObUl B [uarnas3one 1 —
6 KJIETOK IIKaJIbl oclusuiorpada.

5 YKA3AHMUSA 11O OPOPMUIEHUIO OTYHETA

5.1 Ilo nanHbIM TaOnuIbl 1 Ha OAHOM rpaduke B IMHEHHOM MaciIiTabe
IIOCTPOUTH BHEIIHUE XAPAKTEPUCTUKHN YETHIPEX BAPUAHTOB BBIIIPSIMUTEICH.
CrnenaTh BBIBOJIBI O COOTHOILIEHHH IMOCTOSSHHOM COCTABJISIOIIEN BBIXOAHOTO
HaIIPSDKEHUS OJHOIIOIYIIEPUOJHOIO W MOCTOBOI'O BBIIPSIMUTENEH U O
IPUYMHAX YBEJIWYEHUS BBIXOJHOIO HANPSKEHHUs IPU HCIOJIb30BAaHUHU
€MKOCTHOI'O (PUIIbTpA.

5.2 Paccuutath 3HaueHus KOdPPUIMEHTa NyJbCalUu JUIS BCEX
BapuaHTOB  Bblnpsmutened. Caenate  BbIBOABI 00  M3MEHEHHUH
KO3 (uULIMEHTA IMyJIbCALUY IPU MOAKIIOYEHUN EMKOCTHOTIO (hPHUIbTpa.

6 COAEPKAHUE OTYETA

6.1 HazBanue u HOMep pabOTHI.

6.2 Howmep rpymmsl, ®.1.0. cTyneHnra.

6.3 Tabnuibl TaHHBIX YKCIIEPUMEHTA U PE3yJIbTaTOB pacyeTa.
6.4 UYetbIpe BHEIIHUE XapaKTEPUCTUKU (Ha OAHOM Tpaduke).
6.5 BrBoABI 110 padoTe.

7 KOHTPOJIBHBIE BOITPOCHI

7.1 IlpuHUMD AEHCTBUS OJHOINOIYNEPUOIHOTO BBIIPSIMUTEIIA.

7.2 IlpuHUMI OEWCTBUSI MOCTOBOT'O BBIIIPSIMUATEIIA.

7.3 IlpuHnun AeicTBUS EMKOCTHOTO (UIIbTpA.

7.4 UYrTo Ha3bIBAETCS BHEIIHEW XapaKTEPUCTUKOW BBIIPSMUTENS U Kak
OHA CHUMAETCHI.

7.5 CpaBHMUTENbHBIM aHANW3 BHEHIHUX  XapaKTEPUCTUK  OOOHX
BBIITPSIMUTENEH.

7.6 Uro HasbiBaeTcs KOA(D(OUIMEHTOM MyJIbCAlMH BBINIPSMICHHOTO
HaIIPSKEHUS U KaK €ro ONPEEIUTh IKCIEPUMEHTAIIBHO.

7.7 Kak BausieT eMKOCTHON GMIBTp Ha KO3PPUIMEHT MyNbCallud U
BEJINYMHY BBIPAMIICHHOTO HAIIPSYKECHUS.
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Pucynok 1 Cxema 1a00paTopHOil yCTAHOBKH

Tabdauna 1 BHemHHue XapaKTePUCTHKH OJHONOJIYNEPHOIHOTO H MOCTOBOIO
poinpsivutenein Uy = f(Iy)

OnHomoTynepuoIHbIH MocroBoii

Be3 ¢puabTpa C ¢puabTpom Be3 puabTpa C ¢puabTpom

Ia(MA) | Un B) | In(MA) | Uy B) | In(MA) | Usy B) | Iu(mA) | Us (B)

N AW (N -

Taoauna 2 KodpduumeHT myjabcanuu 0THONOJIYEPHOIHOTO U MOCTOBOI0
BhBINIPAMHTEIEH

OnHonosynepuoaHbIi MocToBoii

be3 ¢puabTpa C ¢puasTpom be3 ¢puibTpa C ¢puabTpom

h, nen

m, BoabT / nea

Un (B)

Unmakc=

0.5 h m (B)

Ki = Unmakc / Un

h — MmakcuMaJIbHBII pasMep M300pa’keHHs] CHTHAJIA HA JKpaHe ocuuuiorpaga
(mes1 — 0oJIbIIASE KJIETKA CeTKHM HA IKPaHe ocuuiuiorpada).

M — YYBCTBUTEJBHOCTH OCHMJJIOrpada (MmoJioKeHHue NnepeKJadareist
BOJIBT/AEJI).

Uy — NOCTOSTHHAS COCTABJISAIOIIAS BHINIPSIMJICHHOTO HANIPSIKEHHS.

Un makc — aMININTY/IA YJIbCALMH BBINPAMJIEHHOT0 HANIPSKEHHA.

Kn — ko3¢ ¢puiueHT ny/abcanuy BbINPAMICHHOT0 HANPSKEHHS.
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h B W

10.

11.

12.

13.

14.

Jlutepatypa no Kypcy «JIeKTPOTEXHUKA U JIeKTPOHUKAY
OcHoBHaA

Kacarkun A.C., HemuoB M.B. Onekrporexnuka.— M.: BpICIILIIK.,
2003.— 542 c.

Kacarkun A.C. Dnexkrporexnuka.— M.: Dueprus, 1974.— 592 c.
OcHoBbl ipombinieHHo# 3nekTponuku / [lox pen. E.I.I'epacumosa,
— M.: Bricm. mk., 1986.— 335 c.

JlonosiHUTE IbHAS

I'OCT P 52002-2003 3DnexTpoTexHUKA. TepMUHBI U ONIPEAECTICHUS
OCHOBHBIX MOHSITHM.

['OCT 1494-77 DOnexktpoTexHHKa. bykBeHHbIE 0003HAUECHUS
OCHOBHBIX BEJIUYHH.

['OCT 21414-75 Pe3uctopsl. TepMUHBI 1 ONIpEAEICHUS.

I'OCT 21415-75 KonaeHcatopbl. TepMuHBI 1 OIIpeAeIEHUS.
['OCT 16110-82 TpancdopmaTtopsl CunoBbie. TepMHUHBI U
ONpeeIeHUS.

I'OCT 24471-87 Mauunsl 3JICKTPUUYECKHAE BpaLIAIOIIUECS.
TepMUHBI U ONpe/IeTICHUSI.

I'OCT 15133-77 IlpuGopsl MoaynpoOBOIHUKOBEIE. TepMUHBI U
onpeeaeHus

['OCT 20003-74 Tpan3ucTopbl OUnosIpHbIe. TEPMUHBI,
onpe/ereHus: U OyKBeHHbIEe 0003HAYEHUS TapaMETPOB.

['OCT 12.1.009-76 CCBT. 3nextpobe3onacHOCTh. TepMUHBI U
OnpeeIeHUs.

I'OCT 12.4.113-82 CCBT. Pa6ots! yueOHbIe tabopatopHbie. O01Ime
TpeOoBaHUS OE30MACHOCTH.

['OCT 2.710-81 ECKJl. O6o3HaueHusi 0ykBeHHO-IIU(PPOBLIE B
IIEKTPUYECKUX CXEMaX.

I'OCT 2.723-68 ECK/Jl. O6o3HaueHus ycioBHbIE Tpa)uyecKue B
cxemax. KaTylku MHIyKTUBHOCTH, APOCCENH, TpaHC(HOPMATOPHI U
MarHUTHBIE YCUIIUTEIH.

I'OCT 2.728-74 ECKJI. OG6o3HaueHus yClIOBHBIEC rpadruecKkue B
cxemax. Pesuctopsl. KonneHncaropsi.

['OCT 2.730-73 ECKJI. OG6o3HaueHus yClIOBHbIEC rpaduuecKkue B
cxemax. [Ipubopsl MOIYNPOBOTHUKOBBIE.
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KoHTpo/ibHBIE BONPOCHI 0 KYPCY «DJIEKTPOTEXHUKA U FJIEKTPOHUKA)

N

Nownsw

10.

11.

12.

13.

14.

15.

16.

17.

[TpenMyI1ecTBO JIEKTPUUECKONW HHEPTHM IO CPABHEHUIO C JIPYTUMU
BUJIAMH SHEPTUU C TOUYKU 3PEHUS IKOHOMUYECKOM 11€51€CO000pa3HOCTH
nepesayu U pacrupeesieHusl.

CpenHee u AeiCTBYIOIEE 3HAYEHUE CUHYCOUJAIBHO M3MEHSIOIUXCS
TOKOB, Hanpsixenuit u JJ1C.

BexTopHoe n300pakeHue CUHYCOUJANbHBIX BETUYHH.

[lens mepeMeHHOT0 TOKa C AKTUBHBIM CONPOTHUBIICHUEM.

[lens mepeMeHHOT0 TOKa C HHIYKTUBHOCTBIO

[lenb mEPEMEHHOTO TOKA C EMKOCTBIO.

[lenp mepeMeHHOT0 TOKa C TMOCJIEIOBATENbHBIM COEAMHEHUEM
npueMHUKOB. 2 3akoH Kupxroda. Bekropnas muarpamma. IlomHoe
COIpOTHUBIIEHUE. Pe30HaHC HAaNPsSKEHUH.

Ilenp DHEpeMEHHOT0 TOKa €  HApaUIebHBIM  COEAMHEHHEM
IPUEMHHKOB. 1 3axon Kupxroga. CnocoOsl onpeneneHus Toka
B HEpa3BETBJICHHOW 4YacTu uenu. BekropHas nuarpamma. Pe3oHaHc
TOKOB.

MoIHOCTh LENu MEePEMEHHOr0 TOKa (MICHOBEHHAs, aKTHUBHas,
peaKTUBHAas, OJIHAs).

DKOHOMHUYECKAs TEIeCO00Pa3HOCTh MPUMEHEHUS TIeTIel Tpex(a3zHoro
TOKa. PoJIb OTEUECTBEHHBIX YUYEHBIX B M300peTeHUU Tpex(azHbIX
CUCTEM.

CoenuHeHue NPUEMHHUKOB '"3BE3A0W" C HEWTpaldbHBIM IPOBOJIOM.
Hasnauenue neitrpanbHoro nposoga. COOTHOLICHHS MEXIY (pasHbIMU
U JIMHEWHBIMU HANpPSOKEHUSMU U TOKaMU. BeKTOpHbIE AuarpamMmbl
IPU Pa3INYHbIX HArpy3Kax.

CootHoleHus: Mexay (a3HbIMU U JJUHEHHBIMU TOKaMH IIPUEMHHKA,
COEIMHEHHOTO0  TPEYroJIbHUKOM. BekTopHbBIE JuarpamMmbl  Ipu
Pa3IUYHbIX HArpy3Kax.

Karymka co crajgbHbIM CEpPAECYHUMKOM B LIEMU IEPEMEHHOIO TOKA.
Ha3zHaueHne  (eppOMAarHUTHBIX  CEpACYHMKOB B  KaTyIIKax
JIIEKTPOTEXHUYECKUX ycTpoilctB. Ilotepu B  (eppoMarHUTHOM
CEpJICYHHUKE, METObI MX CHIKCHUS.

VY CTpoNCTBO U MPUHIUT AeUCTBUA TpaHChOopMaTopa. IKOHOMHUECKHE
U TEXHUYECKHE JIOCTOMHCTBAa TpaHchopmaropa. Bzaumocsssb
AIIEKTPUYECKOTO W MAarHUTHOTO MOJiel. Polib OT€YeCTBEHHBIX yUEHBIX
B CO3/IaHUU TpaHchopMaTopa.

PabGora Ttpanchopmaropa mnon Harpy3kod. OCHOBHBIE ypaBHEHUS
TpaHcopmaTopa.

Buewmnsss xapakrepuctuka TpaHcpopmaTopa. BnusHue xapaxrtepa
Harpy3Kkd Ha BUJ] BHEIIHEH XapaKTEPUCTUKH.

MexaHuueckue XapakTEepUCTUKHM JIBUTaTeNed M HCHOJHUTEIBHBIX
MEXAHU3MOB. Y CJIIOBHS yCTOMYMBON PabOThI AJIEKTPOIPUBOAA.
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18.

19.

20.

21.
22.

23.

24.

25.

26.
27.
28.
29.
30.
31.
32.

33.
34.

35.

36.

37.

38.

YCTpOHCTBO M MNPUHIMUN JIEUCTBUSA Tpex(a3HOro ACHHXPOHHOIO
nsuratens. Yacrtora BpallleHUs] MarHUTHOTO TOJISI CTaTopa, 4acToTa
BpalIeHUs] POTOPA, CKOJIbKEHHE.

Mexanuyeckas  XapaKTepUCTHKAa  ACUHXPOHHOIO  JIBUTATes,
XapakTepHble TOYkH, (opmynsl mais M(Bp), M(myck), M(max),
BJIUSIHUE AKTHUBHOTO CONPOTHUBIICHHS 1E€MKA pPOTOpa Ha  BU
MEXaHUYECKON XapaKTePUCTUKH.

CriocoObl  perylupoBaHHsl YacTOThl  BpALICHUS ACHHXPOHHOTO
JIBUTATEISI.

Crioco0bl IycKa aCHHXPOHHBIX JABUTaTeNeH, NX MPUMEHEHHE.
YcTpoiicTBO  aBUTaTeNss MOCTOSHHOrO  Toka. Kiaccudukanus
JBUTATEJICH MOCTOSTHHOTO TOKA 10 CIIOCO0y BO30YKICHHUS.

[IpuHIMI IEWCTBUS ABUTATENS] HOCTOSSHHOTO TOKA. Y PaBHECHUE LENH
SIKOpsl IBUTaTENsl MOCTOSIHHOTO TOKA. 3aBUCUMOCTh MOMEHTa OT TOKa
SKOpS U OT MarHUTHOT'O MOTOKA.

XapakTepuCTUKN JBUTATENsl TMOCTOSHHOTO TOKAa C NapajljiebHbIM
BO30Y)X/IEHHEM, IIyCK, pEeryJMpOBaHUE  YaCTOThl  BpaIlEHUS,
IpUMEHEHHE.

XapaKkTepUCTUKH JBUTATENS TOCTOSIHHOTO TOKA C MOCIE0BaTEIbHBIM
BO30Y)X/IEHHEM, IIyCK, pEeryJMpOBaHUE  YaCTOThl  BpaIlEHUS,
IpUMEHEHNE.

Hasnauenue u cTpykTypHasi cxeMa BBIIPSIMUTEIHLHOTO YCTPOUCTBA,
OCHOBHBIC TAPAMETPHI U XaPAKTEPUCTUKU BBITIPSIMUTEIICH.
OpHononynepuoiHas CXeéMa BBIIPSMIICHHUS TIEPEMEHHOTO TOKa.
Bpemennsie quarpaMMbl 1 OCHOBHBIE COOTHOIIICHHUS.

MocTtoBass cxema BBIIPAMIICHUS MepeMeHHOro Toka. (OCHOBHBIE
COOTHOIIEHUS, BpEMEHHbBIE TUATPAMMBI.

OuibTphl BelpsiMuTenei. Hasznauenue, monsrtue o kodpduuumeHte
bunbTpanum.

[TpyHIMn nAEeMCTBUSL €MKOCTHOTO (UIbTPA, OCHOBHBIE pPACUETHBIE
COOTHOIIEHUS, BpEMEHHbBIE TUATPAMMBI.

[TpuHIMN AEHCTBUS MHIYKTUBHOCTU B KauecTBE (QUIbTPA, BPEMEHHbIE
JMarpaMmbl.

BrenrHsis XxapakTeprucTUKa BHITPSIMUATEIIS.

OcHOBHBIC TTApaMETPHl U XapakTepUCTUKu ycwiutenei. [lonstue 06
HKBUBAJICHTHOM HCTOYHUKE CUTHAJIA.

Tpan3ucrop,  Ha3HaueHHWe,  MpPEUMYIIECTBA W  HEAOCTaTKU
TPAH3UCTOPHBIX CXEM, YCTPOMCTBO, 000O3HAUEHUE HA IIEKTPUUECKHUX
CXeMax.

[TpuHIIUMTN AEMCTBUS OUMOJISPHOTO TPAH3UCTOPA.

Cxema ycunurtens ¢ oOmMM >SMUTTepoM. HazHaueHue dIeMEHTOB
CXEMBI.

Yeunutens ¢ o0muM koiekTopoM. Cxema, OCHOBHbBIE MapaMeTphl,
0COOEHHOCTH.
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39.

40.

4].

42.

Mmuorokackagueie ycunurenud. OcoOeHHOCTH, KiaccupuKauus Io
BU/JTY YETHIPEXITOIIOCHUKOB CBSI3U.

Yeunurenu ¢ eMKOCTHOW CBA3bl0. Cxema yCuJIuTeNs, Ha3HaueHue
siemMeHToB, AUX, 0COOEHHOCTH.

Yeunurtenu ¢ raqbBaHUYECKOW CBs3bi0. OCOOEHHOCTH, MOHSITHE O
nperde Hyid U MeTo/Iax OOPbOBI C HUM.

OOpatnbie cBsizu B ycunurtensax. Kinaccudukaius oOpaTHBIX CBSI3EH.
Koadhdumument ycunenns ycwmmrens ¢ oOpaTHOW CBs3bi0. BnusHue
OTPHUIIATETTLHON OOpaTHOUW CBS3M Ha TMapaMeTPhl M XapaKTEPUCTHKU
YCUITUTEIIS.
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