OCHOBHBIE TOITOJIOTMYECKUE ITOHATHUA 1 COOTHOILIEHN A
Tononorusa (reomeTpusi) PAEKTPUUECKON LENH OMPEAECIISIET CIIOCO0 Co-
CIAUHCHUS PJIEMEHTOB LICIIH.

BeTBb — MOCJIENOBATEIBHOCTD JJIEMEHTOB,
4epe3 KOTOPbIE MPOXOAUT OJIMH U TOT K€ TOK
(n,=6).

¥Y3em — MECTO COEOUHEHMS TpEeX M 0ojee

3 BetBel (ny=4). He3aBUCUMBIX y37I0B ny-1=3.

IIo mepBomy 3akoHy Kupxroga (13K)
COCTABJIAIOT YPABHEHUS JSI HE3aBHUCHUMBIX
Y3JI0B.

KOHTYp — 3aMKHYTBIN MyTh, COCTOSIINN U3
MIOCJIEIOBATEIIBHOCTH Y3JIOB U BETBEH, IPUUEM

KaX/IbIl y3€J1 U BETBb BXOIAT B KOHTYP TOJILKO OJWH pa3. HezaBucumeble
KOHTYPBI OTJIMYAIOTCS JPYT OT Apyra XOTs Obl OJHOW BETBbIO. KonnuecTBo

He3aBUCHMBIX KOHTYpoB IV, =n —(n,—1).
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IIo BTOpOMY 3aKkoHy Kupxroga (23K) cocraBiassiioT ypaBHeHUA 1JIs
HEe3aBHCUMbIX KOHTYPOB.

Bepumna PeGpo [eomerpuueckas ¢urypa, u300paxaromias
CTPYKTYpY LICIIH, Ha3bIBaeTCs IpadoM ILCIH.

I'pad 3TO COBOKYIHOCTH BEPIIMH, COCIUHECH-
HBIX peOpamu.

Kontyp — mro0asi 3aMKHyTas JIMHUS, IPOXO-
adimas 0e3 paspblBa 4epe3 MOCeI0BaTEIbHOCTD
y3JI0B U BETBE.

JlepeBo rpada 3T0 COBOKYIIHOCTh BETBEH, COCAUHSIONINX BCE Y3JIbl, HO
HE 00Pa3yIOIIUX KOHTYPHI.
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9, @ 9,

6!

3
KonnuectBo nepeBbeB: C, = —3=17
3/(6—-3)!
JloTnoNHEHNE JiepeBa — MHOXKECTBO BeTBel rpada,
KOTOPBIE OCTAIOTCA, €CJIM YIAJIWTh BETBU JIEPEBA:

n, :ny—l.

Kaxmass BETBb JOIIOJHEHMS JE€pPEBa HA3BIBACTCS
BETBBIO CBS3U: N, =N —1 .
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['maBHBIA KOHTYP COJEPKUT TOJBKO OIHY BETBb CBSI3U. OCTalIbHBIE
BETBU TJIABHOI'O KOHTYpa SABJISIFOTCS BETBIMU JiepeBa. KaKIbli TIaBHBIM
KOHTYP OTJIMYAETCSA OT APYIrUX IO KpamHEW MeEpe OJHOU BETBBIO CBSA3M.
[loaTOMY rJ1aBHBIE KOHTYPHI SABJISKOTCS HE3aBUCUMBIMU.

IlpaBuiio gepesa

Yuciio HE3aBUCUMBIX KOHTYPOB PABHO YMCIY BETBEM CBA3U, KOTOPHIE

HaJ0 J00AaBUTH B JIEPEBO, UTOOKI MOJIYUYUTH Irpad.

Ny =n,=n—n =n—(n,—1)

HC3
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OCHOBHBIE 3AKOHbBI JIEKTPMUYECKUX LETIEN
O0001eHHbINA 3aK0H OMa Id yyacTKa uenu, cogep:xamero 3/1C

Ry L» Ly R, I £y _ I[aHOI El, Ez, Uab: Rl, Rz.
%—:I—v—@—v—:l—v—@—ﬁ Haiitu Tok 1.
a m f c N
- L
Uab
ITycte o, =0
goc — E2
¢, =Lk, + IR,

¢, =k, + IR, —E,
¢, =L, +IR, — E+ IR
Uab =@, — ¢, :Ez +]R2_E1+]R1
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—FE, + FE
I = U 2 0 00001EHHBIN 3aKk0H OMa.
R + R,

Toxk Ha yyacTke Hend paBeH HANPSKEHUIO HA 3a’)KUMaX BETBH,
B3SITOMY 110 HANPABJIEHUIO TOKA IUIIOC, MUHYC UCTOYHUKHU DIC. C no-
JIOKUTEJIbHBbIM 3HAKOM OepyT ucrtouHuku IJIC coBnagawinue ¢ 1mo-
JIOKUTEJHLHBIM HANPaBJIEHUEM TOKA.

[Ipumep

E=4B ]
N R=20m
; (4
N 3 Haiitu TOK.
Uab:@

>

7
a
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IlepBbiii 3ak0H Kupxrodga
AlnreOpandeckass CymMMa TOKOB, CXOJSIINXCS B
y3JI€ B JI000M MOMEHT BPEMEHHU paBHA HYJIIO.

OO .

Z lk — Oa

k=1

—1, — i, — I+, =0

Co 3HaKoOM + 0epyT TOKH, BBIXOASAIINE U3 y3Ia.

JlaHo:
E=9B,1,=24,
U, =3B,R=40u

Hawntu nokaszaHus amnepMmeTpa.

AHT

Bapu-

1 2 3 4 5
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I, A -0,5 1 1,5 -2 -1

Bropou 3akon Kupxroga
BriOupaeM HanpaBieHue o0xoja.
1. BeiOupaemM  yCIOBHO  MOJOXKUTEIbHBIC
HAITPABJICHUS TOKOB B BETBSIX.
2. HamnpsbkeHuss Ha IIACCUBHBIX JJIEMEHTaxX
COBITQJIAI0T C HAITPABJIIEHUEM TOKOB.
B j11000i1 MOMEHT BPpEeMEHH ajiredpanyeckas
CYMMA MaICHUU HANPSAKCHUH HA NTACCUB-
HBIX 3JIEMEHTAX JIEKTPUUYECKOr0 KOHTYypa
= pPaBHa ajreoOpanyeckoi cyMmme HCTOYHUKOB
HANIPSAKEHUH, feiicTBYOIIMX B KOHTYpe. Co
3HAKOM ILIIOC 0epyT HANPSIKEHU S, KOTOPbIe COBNAAAIOT ¢ HANIPAB-
JIeHHeM 00X0/1a KOHTYpa.
YpaBHEeHUs B UHTErpo-auddepeHnaibHon popMe:
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Hawngem Hanpsxenue Upg.

. 1 .. di .
U,, — LR, _aflldt - L, dt2 LR, = ¢
. 1 .. di .
U,=¢e — LR + aflldt — L, 7; — LR,

IIpyMHUIMI cynepno3uiui B JJUHENHOHU HCIH
[Ipomeccyl B JIMHEMHOW 1IEMM OIMCBHIBAKOTCSA JUHEMHBIMHU HHTETPO-
nidepeHunanbHbIMU WK AU(PdEepeHIInaIbHBIMU YPAaBHEHUSIMHU C T10-
CTOSSHHBIMU KO3(duiupeHTaMu. B Takux 1ensx ACUCTBYET NPUHIIMI CY-

9
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nepro3uinu. Kaxmas cocTaBiisonas TOKa WiIU HANPSKEHUS JEUCTBYET
B LIEOM HE3aBUCUMO OT JIPYTMX U PE3YILTUPYIOUIYIO PEAKIIUIO0 MOXKHO
HAXOJIUTh KaK CYMMY PEaKIMX HA KaXKJ0€ BO3JAECHUCTBUE B OTACIbHOCTH.

) IS
EO <> lcl l iR
R

— Iy = (E)+i(el)(t)+i(62)(t)

o
2
</
®
I
1
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Buani curuaJjos

B peanbHBIX yCTpOMCTBaxX YIIpaBJICHUS W CBS3M CHUTHAJaMH MOTYT
OBITh JIFOOBIC (PU3UYECKHUE MPOLIECCHI UM COCTOSHUS (PU3NUECKHUX OOBEK-
TOB, HECYIIIME MH()OPMAILIHIO.

PeanbHble (pU3HMYECKHE CUTHAJIBI NPEoOpa3yrTCs B MPUEMHBIX Mpe-
o0pazoBaTelsIX B JICKTPUUECKHE TOKU U HAPSKEHHUSL.

IAnexmpomazHumHuas 80JHA — aHTEHHA IMIPUEMHHUKA — DJICKTPUUYECKHUE
CUTHAJIBI U(), i(t).

Ceemosoe uzobpasicenue — TeliekaMmepa (CKaHEp) — DIICKTPUYECKUE
CUTHAJIBI U(?), i(1)..

Tennosoe uzobpasicenue — npeodpazonareib (MK-nprueMHUK) — 371€K-
TPUYECKUE CUTHAJIEGI U(1), i(1)..

38yK060u cuecHanl — MAKpO(OH — BJIEKTPUYECKHUE CUTHAIIBI U(1), i(1).

B pacdeTHBIX MOAEISIX PaJauod’JeKTPOHHBIX YCTPOMCTB, MPEACTaBIISA-
IOIMX COOOM DJIEKTPUUYECKHE IIEIH, BXOAHBIMHA CHUTHAJIAMH SIBIISIFOTCS
AIEKTPUYECKHUE TOKH M HAIIPSLKEHMUS.
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“oltage (W)

IIpocTrelnue MaeaJIn3nPOBAHHbIE CUTHAJIbI
[T03BOJIAIOT MIPEACTABIATH PealbHbIC CUTHAJBI B BUAE COBOKYIHOCTH

MIPOCTEUIIIHX.
1.IlocTossHHOE HANPS)KEHUE U TOK (CXEMBI)

u(th iy

>

U=const I=const

Ny

>
0 ! 0
2. "'apMOHHUYECKME HATIPSIAKEHUSA U TOK

1.00—

u(t)=1sin(314t+45 0 )

500.00m—)

0.00-

-500.00m—

i I i I
0.00 10.00m 20.00m
Time (s)
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U(t)=U,_ sin(wt+¢)

U_ - aMIummTya rapMOHUYECKUX CUTHAJIOB

@, - yII0Bas 4acToTa

¢ - HadasibHas ()a3a, OTCUUTHIBAIOT OT OJIMIKAMIIIETO
HYJIA C TIOJIOKUTEIBHON IPOU3BOIHOM;

(wt 4 @) - Texymas daza

B.A. Anexun. DnektporexHuka. Koncnekr nekuii. 2012
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. Hepﬂozmqecmle HCTAPMOHHNYCCKHUC CUI'HAJIbI

U(t+T)=U(t)

1.00—
3 —00 <t < +00
Sﬂﬂ.ﬂﬂm—é a S .
: u(t)zzo—l—Z(ancosna)t+bnSlnna)t)
= ] n=1
S 000
s P
1 T T
-500.00m —f* 7
a 1 to+T
; L =— [ u(t)dt
-1.00 ' | ' | ' 2 T o
0.00 10.00m 20.00m
Time (s) 2 to+T
a, =— | u(t)cosnawtdt
T 3
2 to+T
b, =— | u(t)sinnwtdt
T 3
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4 Henepuoandeckue CUTHAJIbBI
u(t) 4
MOXHO NpPEeACTaBUTh MHOKECTBOM

OCCKOHEYHO MAaJbIX TapMOHHYECKHUX

COCTAaBJIAIONINX.

>
A 1)

BeiBoa: MojensaMu peajibHbIX CUTHAIOB CIIYXKAT NPOCTEUIIINE UICATTU-
3UPOBAHHBIC CUTHAJIBI, COCTOAIIAE U3 MOCTOAHHBIX U TAPMOHUYECKUX TO-
KOB U HAIIPAXKECHUM.

B JIMHEMHBIX DJIEKTPUYECKUX LEMAX ACHUCTBYET MPUHIUIT CYIEPIIO3U-
Uy (HaJO0KEHMS), MOATOMY KaKJash 4acTOTHAas COCTaBJIAIONIAs TOKA WA
HAIPSOKEHUST HE 3aBUCUT OT COCTABJIAIOIIMX APYTUX YaCTOT U PACUET JIU-
HEWHOM 1€ MOKHO IPOBOJUTH I KAXKIOU COCTABIAIOIIEH B OTIEIBHO-
CTH, & PE3YJIBTUPYIOLIYIO PEAKIIAIO HAXOAUTh KaK CYMMY PEaKIUM Ha KaX-
JI0€ BO3JICHCTBHE.
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UBXO -
Upx1 (i t)> Jlnaennasg

Uy (t )> I CIIb

UBBIXO

Ugpix1 ( 0
P

Ugpix2 ( 0»

MBBIX (0

B.A. Anexun. DnektporexHuka. Koncnekr nekuumii. 2012
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OcHoOBHbIE ajiredpanyeckKkre MeToabl pacuéra nemnei.
1. CocraBieHue ypaBHEHHUM 110 3akoHaM Kupxroda
1. BeiOupaem mpoH3BOJIBHO YCJIOBHO IIO-
JIOKUTEIILHBIC HAIIPaBJICHUS TOKOB.
2. CtpouM rpad cxemsl B BUAEC ACpEBa U
BETBEU CBS3U.

3. Betsen n;=6, y3mos ny=4.

He3aBUCUMBIX y3II0B Hy-1=3.
He3aBuCUMBIX KOHTYPOB

Nyes-=nz-(ny-1)=3.

4. Yucino HeU3BECTHBIX TOKOB T=71;=06.

17
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ITo nepBomy 3akoHy Kupxroda cocrapisieM 3 ypaBHEHHS JIJISI TOKOB B
y3J1ax:

Vzenb :1,— 1, — I, =0,
Vsenc:—1,—1,—1,=0;
Vzend : 1, +1, — 1, =0.

ITo Bropomy 3akoHy Kupxroda coctapisgeM 3 ypaBHEHMA JJIS Hamps-
KEHUU B HE3ABUCUMbBIX KOHTYpaXx:

I\K: IR +I,R,—ILR =E +FE,—E;

2K:—I R +I.R.—I,R, =E —E;

3K:ILR,—I.R.—I.R,=E,—FE.—E,
O6uee unco ypapuennii: n, —l+n, —(n,—1)=n =T.

[Io BTOpoMy 3akoHy Kupxroda cieayer COCTaBiIATb ypaBHEHUS I

18
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KOHTYPOB, HC COACPKAIINUX HMCTOYHHUKOB TOKA HJINU Hp606pa3OBI)IBaTI> X B

NCTOYHHUKHU HAIIPSKCHUA.

Metoa KOHTYpHBIX TOKOB (MKT)

AN ~
]2T J U
S b R3
PR
I J Iy E,=JR,
p= |:{>z—<|_:|—@—ﬂ

Nny=4, Nyes=nes=4.

BHavane cokparum
YUCJI0O  HE3aBUCUMBIX
KOHTYpOB. Jlng 3Toro
3aMEHSIEM UCTOYHUK
TOKAa Ha  HCTOYHUK
HAIPSKEHUS.

Uctunnsbiii Tok B Ry: [, = —J + 1 2/

B.A. Anexun. DnektporexHuka. Koncnekr nekuumii. 2012
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- R] E]
— | @ CuuraeM, 4TO B KaXXJOM KOHTYpE Cy-

ID IIECTBYET PACUYETHBIM KOHTYPHBIM TOK,

E o

) Rs C ¢ _Rs , COBHNAJAIOIIMH C HAlpaBICHUEM TOKAa B

A L‘T s ;, BETBHU CBS3H rpada.
H If) 12) l Ta0Juua TOKOB
R e _ s
I‘T E ]1 — ]11 ]4 — [33 ]22
2 N\ /

N b:]R3 I, =1, I,=1,+1;

[3 — [33 ]6 — ]11 il ]22
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Kanonnueckast popma cucrembl ypaBHeHuil mo MKT
R11]11 T R12]22 T ]13R5 — E11
R\, + R, 1, + R, = E,,, tne:

Ryl + R, 1, + Ryl = E,
R11 :Rl +R5 ‘|‘R6
R,=R +R,+R COﬁCTBe%IHI)Ie CONPOTHUBJIEHUS KaXKIOI0
KOHTYpa:

R33 :R3 '|_R4 '|_R5

Ry, = R;
Ry = R,

- 001IIHe COMPOTHUBJIEHNSI CMEKHBIX KOHTYPOB,
Ry =R =Ry, pagreie co sakoM «+», eciu KOHTYPHBIC TOKH B
R,=—R, =R, HHX COBMNAJalOT, U CO 3HAKOM «-», €CIH TOKH
R,=R,=R,  TPOTHBOMOIOKHEI.
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YpaBHEHUA CUMMETPUYHBI OTHOCUTEIILHO IIABHOW JUArOHAJIHN.

E, =R — R, -~KOHTypHbIe IJ1C, paBHBIEC aIreOpandecKom CyMMe
6
Bcex D/IC nanHoro koHTypa. Co 3HaKOM «+» 0epyT
E22 — E2 — E6 HarnpaBiaeHus 11 I/C, KoTopbele COBOAAAIOT ¢ HAIIPaB-

E —0 JICHHEM TOKa, CO 3HAKOM «-» 111 DJ1C MpOoTHBOIIOJIOXK-
33 HOI'O HaIpaBJICHUS.

Marpuynas popma ypasHeHuit MKT:
R, R, Ryl L,
Ry Ry Ry, |=|E

22 22
_R31 R32 R33 ] _]33 ] E

(RY)(1)=(E)
(1)=(R"™)(E)
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Pemienue YpaBHEHUH
L, R, R,
Ly, Ry Ry
_ ﬁ _ Ly Ry, R
A Ry R, R
Ry R, R,y
Ry Ry, Ry

npu MOMOLIH onpeaeauTesIen:

A

R Y

Y

ITo Ta0auue TokoOB HAX0JIUM TOKH B BETBAX.

Tox [, =—J +1..

Beipa3zum TOK /;; Tak:

A

]11 — Enf"’ Ezz

ﬁ—l-l%i
A

>
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I'ne A, - anreOpandeckoe AOMONHEHHE K dJIeMEHTy R, ONpeaenuTels,

I0JTy4aeMO€e BEIYEPKMBAHUEM i CTPOKU U k CTOJIOLA, ¥ IIOMHOKEHHOTO Ha
i+
snmement (—1)7.

B o001mem Buje:

I, :ﬁE +...+Al‘”Eﬁ+...+
AN A

Ank E,m .
A

KOHTYpHBIM TOK IPEACTABISIETCI KAK CyMMa COCTABJISIOIINX, BbI3BAH-
HBIX JEUCTBUEM KAXKIOTO KOHTYPHOTO DJ[C B OTAEILHOCTH.
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Metoa y3iao0oBbix HanpsixeHun (MY H)
MVYH ocHOBaH Ha IpUMEHEHMH MEpBOro 3akoHa Kupxroda m 3akoHa
Owma. CBOIMTCA K HAXOXKJICHUIO HANPS)KECHUW B y3JIaX CXEMbI U MOCIIECIY-
IOIIEMY HAXOXJICHUS TOKOB IO 3aKOHYy OMa.

Nmeewm:
n, = 3;

nB
n_=1.

HewnsectHbix TOkOB T=7. 1o 3K Hago 7 ypaBHEHHUH.
ITo meToay KOHTYpHBIX TOKOB (MKT) unciio He3aBUCHMBIX KOHTYPOB:

N _=n_—n_=6—1=>5.Tpebyercs cucrema n3 5 ypaBHeHHU.

HE
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HewnsBecTHBIX y3510B ABa. ECiiM HAUTH HAINIPSKEHUE B y371ax 1 U 2 OTHO-
curensHo Tpersero ysna: U, =U, —U U, =U, —U,, 10 no 3axkony

OMa MO>XXHO pacCUHUTaTh TOKH BO BCEX y3liax nmo Taodmuue TokoB. [Ipumem

U() =0:

]1 — _UIGI — _U1G1

I, =(-U +E,)G,=(E,-U,)G,
I,=-UG,

I,=(U,-U,+E,)G,
I, =(U,—-U,)G;

Iy = (U, = E; )G

1; =U,G,

B.A. Anexun. DnektporexHuka. Koncnekr nekuumii. 2012
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Kanonuveckas popma ypasHenun MYH

{(G11U1"|_G12U2 — Y1
\G21U1+G22U2 — J22

rac

G,=6G6+6G,+G6,+G, + G, _
- CyMMa IPOBOJAUMOCTH BETBEH MPHCO-
G, =G, +G;+ G, + G CIMHCHHBIX K y3JIaM 1 u 2;

G, =G, =—(G,+ G, ) - B3dras co 3HAKOM «-» CyMMa MPOBOANMO-
CTH BETBEU, COCTUHSAIONINX Y3JIbl 1 1 2;
B - Y3JI0BBIE€ TOKH, PAaBHBIC AJIT€OPANYECKON CyM-
Jll =J+ E2G2 - E4G4 M€ HMCTOYHHUKOB TOKAa M YMHOXXCHHBIX Ha IIPO-
.]22 — E4G4 + E6G6 BOJAUMOCTHA BETBEHM MCTOYHHUKOB HAMPSKCHUS,
ITOJIKJIFOYECHHBIX K y31am | u 2.
[Ipr4éM MOJIOKUTEIBHBIE 3HAKU OCPYT Y UCTOYHMKOB, HAPABICHHBIX

K y3J1aM.
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MVYH mupoko npuMEHSOT Ijid pacy€ra 3MEeKTpUUecKkux cxeM. llocie
pacyéTa HaIpsDKEHUS B y3J1aX, TOKM HaxoIdT o 3akoHy Oma mo TaOmune

TOKOB.
Marpuunas popma:
G, G,||U,

_G21 Gzz_ U,

J2

_Jl_

-]

MeToa ABYX y3J10B
Yactae cnyyan MY H

D
@
/i l’z
i\
R
D[ RLE wLE |

JlaHo:

J, = 6A R, =30m
E, =12B , R, =60m
E, =8B R, =20Mm

B.A. Anexun. DnektporexHuka. Koncnekr nekuumii. 2012
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[lo MYH nna U, umeeM OIHO YpaBHEHHUE:
(G, + G, +G+)U, =J,+EG, —E,G;;
U1 _ Jl _|_E1G2 _E2G3 .

G +G,+G,

HpOBOI[I/IM BBIYUCIICHUSA .

e
4—12 448 4
]

]12726’]22726’]3:

IIpoBepka o nepBomy 3akoHy Kupxroda:

B.A. Anexun. DnektporexHuka. Koncnekr nekuumii. 2012
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J =1 +1,+1,

6:—ﬂ -6 %4:6 - BEPHO.

OCHOBHBIE TEOpeMbI TEOPHUH LIeNel
I puHOMIT HAJIOKEHU A

]1 [‘1 ]“1

—> —_— -
—__| —__] —__|

E Rl J R1 L [ Rl

J
[21 R, )frx .KS ]“21 R, G
Hano: £ =60B,J =2A,R, =R, =10wm.
Haiitu Toxk />.
]‘2:3A, I ‘2:1A, ]2:4A
B JWHEUHBIX 3JEKTPUUYECKUX IEMAX JEUCTBYET MPUHIMI HAJIOXKCHUS:

£
NI
S
>
N
NG
R\
NI
NG
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TOK B JIFOOOW BETBU PABEH aJreOpandeCcKoOM CyMME YaCTUYHBIX TOKOB, 00Y-
CJIOBJICHHBIX JEUCTBHUEM Ka)KJIOTO MCTOYHUKA B OTIACIBHOCTH IMPU OTCYT-
CTBUHU OCTaJIbHBIX. [Ipy pacdyeTe 4aCTUYHBIX TOKOB, BMECTO MCKIFOUEHHBIX

MCTOYHHUKOB HaJI0 OCTaBUTb UX comporuBieHus: R = 0,R = oo.

Teopema B3auMHOCTH

k I k
> "
Ry R l ]
17 I ; i Li | 11 @ k
J l k L iT beE,
[’ k' i K

1. ITomectuMm E; B BeTBb ii. Tak KaK HCTOYHUK HANPSKCHUS OIUH

A.
]k — g — Alk Ei
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A,
LE,.
A k

B MHENHON Lieny ONPEACINTENb A CAMMETPUYEH OTHOCUTEIIBHO TJIaB-
HOM nuaroHamu. CruemoarenbHo: A, = A u Tak kak E=E; noay4um:

I 1
I, =1 .Ecm E = E_,T0 %k:%i.

DopMyJIMPOBKA TEOPEeMbl B3AUMHOCTH
Ecau icrounuk F nelicTBYeT B BETBM [ U BBI3LIBAET B BETBU K TOK [/, ,

2. Ilomectum E=E;B BeTBb kk'. [, = 1. =

TO TOT X€ MCTOYHMK, IIOMENIEHHBI B BETBL K, BLI3BIBAET B BETBHU I TOK
I, = [, (c TOYHOCTBIO 1O 3HAKA).

DIJIEKTPUYECKHUE 1L[ENH, YIOBICTBOPSIOIINE TEOPEME B3aMMHOCTH, Ha3bl-
BalOTCsl OOpaTUMbIMM (MM B3aMMHBIMHU). Bce auHEMHBIE 1eny C HE3aBU-
CHUMBIMHA HMCTOYHMKAMU SIBISIOTCS OOpaTHUMbIMU. K HEoOpaTUMBIM LIEISIM
OTHOCSITCS HEJIMHEHHBIC LIENU U JIMHCHHBIC LIENM C 3aBUCUMbIM HCTOYHH-
KOM.
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Teopemsr JILI.TSC

R712 R108 R13 4 R14 12 R16 8 R194

AM3  125mA

Mojenb 111 TEOpEMBbI B3AUMHOCTH
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BxoaHbIe 1 B3aUMHBIE IPOBOAMMOCTH U CONIPOTUBJICHUA BeTBEH
[To npuHIMNY HAJIOKEHUS TOK B JHOO0OM BETBH €CTh CyMMa TOKOB, 00Y-
CJIOBJICHHAS JICUCTBUEM KaKJI0TO UCTOYHUKA B OTJICIILHOCTH:

[, =G.E +G.E,+..+GE +..+G E,

DT KOA(P(PUIKUEHTHI HA3bIBAIOTCS BXOJHBIMU M B3aMMHBIMH IPOBO/IM-
MOCTSIMU.

Bxonnas B3aumHas npoBOAUMOCTD
G, = - G,, =&
kk — km
E, E
m
@ [Io nmpuHIMIY B3aMMHOCTH B JIMHEMHOU
. % . —
7 - oOpaTUMOM HeTIH: ka .
AR
o | Iy ka — Rmk. BxoaHble ¥ B3aUMHBIE TIPOBO-
k i
TAMOCTH TIOJIOKHUTEJIbHBI, a COCTABJISAIOIINE
TOKOB MOT'YT MMETh PAa3HbIC 3HAKU, B 3aBU-
I CUMOCTH OT BbIOpaHHBIX HAaPaBJICHUM.
m

34

B.A. Anexun. DnektporexHuka. Koncnekr nekuumii. 2012



CBsi3b M€Ky BXOAHBIMH ¥ B3aHMHBLIMH IMPOBOIHMOCTSIMH.

Mo 13K pnsysma 1: [ =1, + 1, =1, +I.+1,.
Jlenum Ha £;:

/ / / / / /
i:[24|]3:]4 ILISJI]3

E E E E E E

@ | | | | | |
Gn — G21 T G31 — G41 T G51 T G31-

BxoaHas npoBOJIMMOCTh BETBU PaBHA CYMME
B3aUMHBIX IIPOBOJUMOCTEN JAHHOW BETBU U KAXKIOM M3 OCTAJIbHBIX BETBEU,
MIPUCOCAUHEHHBIX K OJTHOMY U3 JIBYX Y3JIOB, K KOTOPBIM IIPUCOECAUHEHA 3TA
BETBb.
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a

"
[

Teopema 0 KOMIEeHCAIUHA

1 I
—> >
¢ \
L > R\ R
| | C '
R2 Uab T A / Il E
11 /L 2
O D
Y 2 \ E1 Y

a

Myers £, =E'=U,=IR. U,=U,—-U,=IR —E =0.

I

b

>

@,

1

>

R,

£

JIr000€ CONMPOTHUBICHUE MOXKHO 3aMEHUTH MC-
TouHUKOM JDJIC, HampaBJICHHBIM BCTPEYHO TOKY H
PaBHBIM HAMNPSDKECHUIO Ha 3TOM COINPOTUBJICHUU
(M1 UICTOYHUKOM TOKA PaBHBIM TOKY BETBH M COB-
MaaaronieMy ¢ HUM 110 HAIIPpABJICHUIO).
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Teopemsr JILI.TSC

VM1

R34
—
R54

R6 4
g

A VS212

Monenp KoMIIEHCaIluu
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Teopema 00 3xBHBaJIECHTHOM IeHepaTope.

Uabxx E'= Uabxx 1=0
a2 ll a2 . 2 l
A L
o o R o o ° ° R
b 2! b 2 b L
E'

re===s o=y £ ,
| il )
| —o I R R
| b 2

1. Pa3oMKHEM LIEb MEXKAY «a-2» M HAWAEM HANPSKEHUE XOJOCTOr0 XO0J1a

Uabxx-
2. Bkimounm Mexay «a-2» E'= Uypxx. IToayuum [=0.
3. Bxmrounm E= E' npoTuBOMOJIOKHO K E'. [Tonydnm cxeMy, 3KBUBAJIEHT-

HYI0 UCXOJHOU. TOK paBEH UCXOHOMY.
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4. AKTUBHBIN JIByXIIOJFOCHUK BMECTE C £' CTAHOBUTCS ITACCUBHBIM U 3aMe-
HEeH Ry=R,.,p.

] - E3 - UCZGXX
R _l_ R3 R _I_ R6X616'
Teopema

JIro0OM aKTHUBHBIM JBYXHOJIIOCHHUK MOYKHO 3aMEHHUTHh SKBHUBAJICHTHBIM
reieparopom, y koroporo JJC paBHa HanpsHKEHHUIO XOJOCTOrO XOJa Ha
3a)KMMaX aKTUBHOI'O JABYXIIOJKOCHMKA, & BHYTPEHHEE COMPOTUBIICHUE PaB-
HO BXOJHOMY COIIPOTUBJICHUIO ABYXIIOJIKOCHUKA IPHA PABHBIX HYJIIO UCTOY-
HUKAaX HAOPSOKEHUS M OTKJIOYEHHBIX KCTOYHUKAX TOKA.
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Mojenp 3KBUBAJIEHTHOTO T'€HepaTopa

Teopembl JILI.'TSC
OKBUBANEHTHbLIN reHepaTop |

R2012 R22 8 R25 4 R26 12 R28 &

V&6 12

N
\_/
R30 4
91

+

o
AMS  125mA VM2 1,33V

R27 4
— . e — . e
i ' i '
R32 12 R34 8 R38 6,67 R39 4

VS80 N
+ V89133

(D

ZM1 1k 6,670hms 7

£
_/
R36 4
R35 12

AME 124 65mA
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Ilepenaya 3Hepruu OT AKTHBHOI'O ABYXIIOJCHUKA K HAIPY3Ke, COIJia-
COBaHHE HATPY3KH C TeHepaToOpoOM

I
o 2e i,
A R
g |RH <>E3 . A | Ry
b b

JIro0OM aKTHUBHBIM JBYXHOJIIOCHHUK MOYKHO 3aMEHHUTHh SKBHUBAJICHTHBIM
TEHEPATOPOM.

E,=1IR +1R_.Yvuoxumual,: £ 1 = ]jRH +[§RBX.

Momnocru: P = P + P (P -momHocts reneparopa; £ -MOIIHOCTB
Harpy3ku; P - oTepn MOIHOCTY BHYTPHU FEHEPaToOpa).

OnpenenuM ToK, mpu koropom £ = P

Max °
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P, =E,l, — IR, Ling by —2LR, =0; [, = >
dl 2R

BX

Ho [ = 2 C1e10BaTeNbHO: RBX — RH - YCJIOBHE COIJIACO-

RBX _I_ RH
BaHMSI HATPY3KHM € TeHEPaATOPOM, IIpU KOTOPOM B HArpy3Ke BBIICIACTCS
MaKCHMaJIbHask MOIITHOCTB.

2 2
E’ _E

(2R ) 4R

Kosdpuuunenrom mosiesnoro aeucrBus (KII) aktuBHOro aByxio-

JIFOCHUKA HA3bIBACTCA OTHOLICHUC MOIIIHOCTH OTI[aBaeMOﬁ B HAI'PY3KY K
MOIIMIHOCTH, paBBHBaeMOfI S9KBHBAJICHTHBIM I'CHCPATOPOM.

RH_
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0 ’ > : : : — RH
1.=1./2 Iz Iy 0 1 2 3 4 Ry,

Mogennb cOrjiacoBaHusi HATPY3KH ¢ T€eHEPATOPOM
Momuaocth. TSC
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OnrumanbHas Harpy3ka

N Bl £ Moname - DC result2 =& =%
g +/—-ﬁ< File Edit View Process Help
]| =) el algl | Tieie~ o] s e | 2
@ ] soo-
5.00+
g
g 4.00
o
3.00+
2.00 ' | ' | ' | ' |
0.00 5.00 10.00 15.00 20.00
Input resistance (ochms)
DC result] Dl:regu":zl
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