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BBEJAEHUE

Marepuan npeaHa3HaueH Il CTYJICHTOB OYHOTO M 3a0YHOTO OOy4eHUS,
ANEKTPUYECKUX CIEHHAIBHOCTEH, U3Y4alolUX AUCIUILIUHY «Teopetnueckue
OCHOBBI 3ekTpoTeXHUKN» (TOI), «HenuHelHble 1enu», U HEANEKTPUUECKUX
CHEIUAIBHOCTEM, M3Yy4alomuX AUCHUIUIUHY «DJIEKTPOTEXHUKA. B ero cocras
BXOJUT TEOPETUUYECKUN MaTepuaj CIEAYIOIIHNX Pa3/IeJOB: OCHOBbI TEOPUHU JIH-
HEWHBIX AJIEKTPUYECKUX ILEMEl MOCTOSHHOTO U IMEPEMEHHOTO TOKAa, METOJBI
pacdeTa HEIMHEWHBIX M MarHUTHBIX JJICKTPUUYECKHUX IETeH, Tpex(a3HbIe dJIeK-
TPUYECKUE LIECTH, IEPEXOJIHBIC MPOLIECCHl B AIEKTPUUECKUX LETSX, MU C He-
CUHYCOUJAJTbHBIMU UCTOYHUKAMHU MUTAHUS; IPUMEPHI PEILICHMs 3a]lady MO BhI-
HIENIEPEYNCIICHHBIM pa3JiesiaM.

VYyebHoe mocoOue Takke COACP>KUT KOHTPOJIbHBIE PaOOThI MO CIEIYIO-
UM pazjenaM Kypca: 3JIEKTPUYECKUE U MarHUTHBIE LENH MOCTOSIHHOTO TOKA;
onHOo(a3HbIe 1EMU CHUHYCOMJAIBLHOIO TOKa; Tpex(dasHble LENH; MEePEeXOIHBIC
MPOLIECCHI; HEJMHEUHBIE LEMU MOCTOSHHOTO TOKAa. BapuwaHThI 3a1aHuid K KOH-
TPOJILHBIM paboTaM pa3melieHbl B npuioxenusx [11-T16.

OdopmiieHre KOHTPOJIBHBIX PabOT OCYIIECTBIsIETCA HA JMcTax (opmara
A4 unu B yYEHUYECKHUX TETPAJAX B KJIETKY, YEpHWIAMHU WM nacToil. Bce uep-
TEKU U CXEMBbI BBITIOJHSIOTCS C MPUMEHEHUEM YEPTEKHBIX UHCTPYMEHTOB B CO-
otBeTcTBUM ¢ AeicTByromnuMu ['OCTamu. BonabHble cokpallieHuss U UCIpaBlie-
HUS B TEKCTaX HE JOMYCKarTCsA. Pacu€Tsl MPOU3BOASTCS C TOUHOCTBIO TO TPETh-
eil 3Havariei nudpsol.

Pabota nomkHa coaepkaTh TUTYJIbHBIN JUCT (Mpuiioxkenue 117), Ha KOTo-
POM YKa3bIBAlOTCS: MOJHOE HAMMEHOBaHWE y4eOHOro 3aBe/ieHus, Kadeaphl, Ha-
MMEHOBaHUE PaOOThI, (paMUIIMsI, UMsI U OTYECTBO CTYyJECHTa, HOMEp y4eOHOM
IpyNIIbI, HOMEpa JIMYHOTO BapHaHTa, /1aTa BBITIOJIHEHUS PaOOTHI.

Homep nuuHOro BapmaHTa NpeCTaBlIsIeT COOOW MOPSAKOBBIM HOMEp (a-
MUJIMU CTYJIEHTa B CIIUCKE TPYIIOBOTO KypHayia (MM M0 COTVIACOBAHUIO C TMpe-

nojaBarelieM — ToOcJIeaHue ABe (Wi Tpu) HUGPHI 3a4€THOM KHUKKH).



1 llenu MOCTOSIHHOTO TOKA
1.1 OcHoBHbBIE MOJI0KEHUS TEOPUHU

CBoiicTBA JIMHEHHBIX JIEKTPUUYECKUX 1IETIEH MOCTOSHHOTO TOKA U METO/IbI
UX pacyera noJpoOHO H3IIoKeHbI B [1 - 4].

Onexmpuueckoli yenvio Ha3bIBAIOT COBOKYITHOCTh YCTPOWCTB U OOBEKTOB
(271IEMEHTOB), COEIUHEHHBIX APYT C APYrOM, MO KOTOPHIM MOXKET MPOTEKATh
9NeKmpudecKuti moxk, U MpeJHAa3HAUYCHHbIX JUIsl pacripenesieHus, mpeodpa3oBa-
HUS U TIEPEJIaun JICKTPUUECKON SHEPTHH.

JI1s mpoTekaHusl TOKa HEOOXOIMMO JIBa YCIOBUS: |- HATUYKME UCMOUYHUKA
anekmpuyueckoll dnepeuu — uctounuku Hanpspkenus (31C) wim Toka, 2- HaU-
Yye 3aMKHYTOM 3JIEKTPUYECKOM LIETIH.

DJIEKTpUYECKas LEMb COACPKUT TAKKE YCTPOMCTBA, B KOTOPBIX SHEPIUs
AIIEKTPUUYECKOTO TOKa MPeoOpa3yeTcsi B IPyrue BUJIbI SHEPTUU (MEXaHUYECKYIO,
TEIUIOBYI0, CBETOBYIO M T.A.). DTH YCTPOMCTBA HA3bIBAIOTCA HPUEMHUKAMU
9JIEKMPUYECKOU IHEP2UU, AT HA2PY3KAMU.

Ecnu sneMeHT menu XapakTepusyeTcs JWHEWHBIMHU aire0pandyecKuMu
i nuddepeHInaIbHBIMUA YPaBHEHUSIMU, TO €0 Ha3bIBAIOT JUHEUHbIM.

[lenu, copepxanme TONbKO JUHEUHBIE 3JIEMEHTBI, HA3bIBAIOT JUHECUHLIMU
uensiMu. OCHOBHOE CBOMCTBO TaKHUX LEMEN — MPUMEHUMOCTh MPUHIUIIA HAJIO-
JKEeHUsI (CYTEPIIO3UIMHT), 3aKII0YAIOIIETOCS B TOM, YTO PE3YIbTUPYIOLIAs peakK-
LHs IMHEMHOM LN HA HECKOJIBKO MPHUJIOKEHHBIX OJHOBPEMEHHO BO3MYILICHUN
paBHa CymMMe peakiuid, 0OyCIOBIEHHBIX KaXKIbIM BO3MYIIICHUEM B OT/EIIbHO-
CTH.

JIns 3aMbIKaHMSI W pa3sMbIKaHUs ILEMEW MCIOJB3YIOT 8bIKAoYamenu
(TyMOepbl) TOrO WM UHOTO BUAA.

Tok, HEM3MEHHBIM MO BEJIMYMHE W HAIPABICHHUIO, HA3BIBAKOT NOCMOSIH-
HbIM 1 0003HAYAIOT CUMBOJIOM |.

Kaxnas Touka nlEeKTpUYECKON LENH XapaKTEepU3yeTcsl MOTCHIHAIOM O .
On ompexaensercss OTHOCUTEILHO KaKOW-THOO OJHOW TOYKH, MOTEHIIMAT KOTO-

POM YCIOBHO MPUHUMAIOT PABHBIM HYIJIIO.



1.2 Cnoco0b1 coeTUHEHHS 3JIEMEHTOB 3JIEKTPUYECKO Henu
1.2.1 ITocsienoBaTe/ILHOE COEINHEHHE

PaccmoTpum nocnenoBaTenbHOE COeTMHEHUE Pe3ucTopoB (puc. 1.1).

I R1 , R . 13
a {_;_|::;,.'-:r‘:\'= :K'.f H1_= :K2 H,= =K3 o b
U U2 Uz
Uab
Puc.1.1

[TocnenoBarenbHOE COENUHEHUE PE3UCTOPOB — ITO TAKOE COCIMHEHUE, B
KOTOpOM (YCJIOBHO) KOHEI[ OJJHOTO pe3ucTopa (K1) coeqMHEeH C HayajJoM BTOPO-
ro pesuctopa (H?2), koner Broporo pesucropa (K2) ¢ Hauanom tpetbero (H3) u
TakK Jiajee.

[Ipu TakOoM COeTMHEHWHN Yepe3 pe3UCTOPhI OYAET MPOTEeKaTh OJWH OOITHI
TOK |.

JIJ1st TAKOTO THIA COSTUHEHUS CIIPABETMBEI CIASAYIOIINE COOTHOIICHUS

R06I_u = Rl + R2 + R3,
Uab =U1 +U2 +U3.

Takum oOpa3om, TIpH TOCIICTOBATEIHPHOM COCIWHCHUH 3KBUBAJIICHTHOE

(oO1mree) compoTHUBIEHUE 1IeMH OyAET paBHO CyMMeE COINPOTHBJIEHUNM BCEX MO-

CJICJOBATCIBHO COCAMHECHHBIX PE3HUCTOPOB.

k=n
Roykg = ZRk,
k=1

rzae N — o01iee KOIMYECTBO PE3UCTOPOB B LIETIH.
OOwiee HampspKEHHE LENM IPU MOCIEI0BATEIbBHOM COEIMHEHUU PaBHO
CyMME HaIlpsKEHUN Ha BCEX PE3UCTOPAX.

Toxk Bo Bcex pe3ucTopax oguHakoB - l1 =15 =13,

1.2.2 ITapaJutesibHOE COeINHEHNE

PaccMmoTpum napasnieabHoe COeIMHEHHE Pe3UCTOpoB (puc. 1.2).
[TapanensHOE COCTMHEHHE PE3UCTOPOB — ITO TAKOE COCIMHCHHE, B KO-

TOpoM (YCJIOBHO) Hauajia BCEX PE3UCTOPOB COCIMHEHBI B OJIHY TOYKY, 4 UX KOH-

bl B IPYTYIO.



HpI/I TaKOM COCAMHCHHHU KO BCEM PE3UCTOPaAM 6y,Z[CT IMPHUIIOKCHO OAHO U

TO ¢ Hanpspxenue U gp .

I
—

» $I1H2$b H3$I3

Uiz | |R1 R:> Rs3

k1 k2 k3

ao

Puc. 1.2

OnpeaesuM 3KBUBAJICHTHOE (00111ee) CONPOTUBJICHHUE LENU
1/Rykg =1/R1 +1/Rp +1/R3 =(RoR3 + R{R3 + R{R2) /R1R2R3.
B pesynbrare umeem:
Ryke = R1IR2R3/(RoR3 +RiR3 + R1R2).
B o6miem Busie npu napauieIbHOM COEAMHEHUHU SKBUBAJIEHTHOE (00111ee)

COTNIPOTHUBRIJICHUE BCEH HETH OYJIET ONPEACIATHCS U3 BRIPAKCHUS:
k=n
1/Rys = X(@/Ry),
k=1

rie N — o0Iee KOJIMYeCTBO PE3UCTOPOB B IICTIH.
Takum 00pa3om, Ui TAKOTO THUTIA COSAUHEHHS CIIPABEJIMBBI CIICAYIOIIHE
COOTHOIICHHUS
1 1 1 1

=—+—+—,
Roomy R1 R2 R3
I=11+12+13.

1.2.3 IIpeoOpa3oBaHue IKBHMBAJECHTHOrO0 TPeYroJbHHKAa B JIKBHUBa-

JIEHTHY0 3Be31y

[Tpu pacyeTe cxeM BCTPEUAIOTCS CIIOXKHBIC COCTMHECHHS JICMEHTOB IICTIH,
KOTOPbIE HEJIh3sI OTHECTU HH TIOCIIEI0BATEIIbBHOMY, HU K TApaJIJICIbHOMY COEIH-
HEHUSIM. TaKuMU COEIMHEHUSIMU SIBJISIIOTCS COEIMHEHUS B 3Be311y (puc. 1.3) u B

TpeyroyibHUK (puc. 1.4).



Puc. 1.3 Puc.1.4

CoenuHeHHE PE3UCTOPOB B 3BE3/AY — ATO TAaKOE COCIAHHEHHE, B KOTOPOM
(YCTIOBHO) KOHIIBI PE3UCTOPOB COCTMHEHBI B MecTe (B OJHOW TOYKE), a Havyaia
TOKJIFOYCHBI K UCTOYHHKY.

CoenunHeHNE PEe3UCTOPOB B TPEYTOJBHHUK — 3TO TaKOEe COCAMHEHHE, B KO-
TOpPOM (YCIIOBHO) KOHEI] IEPBOTO PE3UCTOPA COCAMHEH C HAYaIOM BTOPOTO, KO-
HEIl BTOPOTO — C HAYaJIOM TPEThETO M KOHEI[ TPEThEro — C Ha4yaJioM MEPBOTO.

Pacuer meneii, comepkaniux Takue COSMHEHHS, B OOJBIITMHCTBE CIIy4acB
HE MPEJICTABIISIETCS] BO3MOXKHBIM 03 Ipeo0pa30BaHus OJJHOTO BHIA COCTUHCHUSI
B IPYTOM.

Jlns mpeoOpazoBaHusl COCMHEHHS PE3UCTOPOB B TPEYTOJIBHHK, COEIH-
HCHHBIX JI0O 3TOTO B JKBUBAJICHTHYIO 3BE3]y, HEOOXOJHMMO BOCIIOJIb30BATHCS
CIICTYFOIMH COOTHOIICHUSIMH:

Rab =Ra +Rp +RaRp /R
Rbc =Rp +Re +RpRe /Rg;
Rca =Rc¢ +Ra +RcRa / Rp.-

Jlns mpeoOpa3oBaHKs COCIMHEHHS PE3UCTOPOB B 3BE3/Y, COCIMHECHHBIX

JI0 3TOTO B DKBUBAJICHTHBIA TPEYTOJIBHHUK, HEOOXOIMMO BOCIIONB30BATHCS CIIC-

JTYIOIMUMH COOTHOIICHUSMMU:
Ra =RabRca /(Rab +Rpc +Rea):
Rph = RbcRab /(Rab +Rbc +Rea):
Re = ReaRoc /(Rab + Roe + Rea)-
1.3 OcHOBHBIE 3aKOHBI VISl 3JIEKTPUUYECKHUX LeNeld MOCTOSTHHOI0 TOKA

3akon OMa MaTeMaTUYECKU BBIPAKAET COOTHOLICHHE MEKIY HampsiKe-

Huem U, TokoMm | 1 conpoTuBieHneM R Ha ydacTke IE€NU U YHUTAETCS CIEAYIO-
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M obpaszoM: «Cuna moka 6 yyacmke yenu npsamo nponopyuoHaIbHa Hanpsi-
JHCEHUIO, NPUTIOHCEHHOM) K YUACMKY, U 0OpAmMHO NPONOPYUOHATLHA CONPOMUEG-

JleHuto amoeo yuyacmkay (puc. 1.5).

] Rz
1= }—o 2
U12
Puc. 1.5
| Y12 U1o = (01 —
= Ry rae Ugp = (91 - ¢2).
3akon Oma i yyactka 1enu, coaepsxkaiiero /C (puc. 1.6)
I R1 2 E
re= s
Uiz
Puc. 1.6

©2 =01 — IR;; 03 =02 + E; orcrona
P33 =01 — |R1 + E;(pl —(P3= |R1 — E;U13 = |R1 - E; |R1 =U13 + E, TOTraa
| =(U13+E)/Ry.
st 1r0060ro  y37a DIEKTPUYECKOW IeNH CIpaBeUIMB MepPBbId 3aKOH
Kupxroda: anredpanyeckas cymMma TOKOB, CXOSIIUXCS B y3JIe, paBHA HYJIIO:
n
> 1; =0,
i=1
MIPYA 3TOM TOKH, BTEKAIOIINE B y3€JI, CAUTAIOTCS MOJOKUTEIbHBIMU, 4 BbI-
TEKaIoIIK1e — OTPUIATEIbHBIMU (MM HA000POT).
st mo00ro 3aMKHYTOTO KOHTYpa JJIEKTPUUECKOW IIEeTH CIPaBEIJIUB
BTOpoii 3axkoH Kupxroda: anrebpanyeckas cymma DJIC (E) mist 3aMKHYTOTO
KOHTYpa paBHA aJireOpandecKol cyMMe MaJICHU HaNpsKEHU B HEM:

n n
> Ej= >Uj.
i=1 i=1
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1.4 Pe:xkumbl padoThl HCTOYHUKOB 3JIEKTPUUYECKOI JHEPrUn
PeanbHbIil HCTOYHUK YHEPTUU UMEET ONMpPENeNEHHYI0 BETUYMHY BHYTPEH-
HET0 CONPOTUBJIEHUS Rppy, IOITOMY €ro CXeMy 3aMEIlEeHUs] MOXKHO IIpeJCTa-

BHUTH B BHUJE IIOCIICIOBATEILHOIO COCAMHEHUS HJICAIbHOIO MCTOYHMKA 3.1.C. E

u conpotuBieHus Rgy (puc. 1.7):

E RBI—I
—
Puc. 1.7

Ecnu x peanpHOMY MCTOYHMKY 3.]1.C. MOAKIIOUUTH PE3UCTUBHYIO Harpys-
Ky (puc. 1.8), TO uId KaKIOro ONpeAesIEHHOrO 3HAYEHUs CONpPOTUBIEHUS R,
Harpy3Ku, UCTOYHUK OyJIeT HaXOAUTHCA B ONPENEIEHHOM PEXHUME, KOTOPBINA Xa-

pakTepusyetcsi TokoM | u HanpspkeHuem U .

L
Rex y
b | - | Ra
Puc. 1.8

3aBUCHUMOCTh MEXAY TOKOM W HaIpPS)KEHHEM HUCTOYHHMKA NTPU U3MEHEHUU
Harpy3Ky Ha3bIBa€TCsl BHEIIHEW BOJIbTAMIIEPHOM XapaKTEPUCTUKOW MCTOUYHHUKA.
AHQJIUTUYECKA OHA OMPENENIUTCS U3 BTOPOro 3akoHa Kupxroda mjis 1aHHOTO
KOHTYpa:

U=E - IR,y

I'padmyecku 3aBUCUMOCTb UMEET BU/I, TOKa3aHHbIN Ha (puc. 1.9).

Kax ol Touke BOIBTaMIIEPHON XapaKTEPUCTUKH COOTBETCTBYET OIpE/Ie-
JIEHHBIA PeKUM PaOOTHI UCTOYHUKA. I3 HUX MOKHO BBIJICTUTH HauOoJee Xapak-

TEpHBIE:
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1. Pexxum xonoctoro xoza (T. A):

IIpu R, =oc tok B nenu | =0, Hanpsxenne U Oyzner MakCHMaabHBIM U

PaBHBIM 3.1.C. E HCTOYHHKA, OHO HA3bIBACTCA HAIIPSIKCHHUCM XOJIOCTOI'O X0da:

U=Uy =E
W U
E
[:"THOM
[;'TCOF_"I
]I—IOM [COIT[ ]K.B ]
Puc. 1.9.
2. Pexxum KopoTKOro 3amMbIkanus (T. B):

E
IMpu Ry =0, U =0, Torna lg; = —— (TOK KOPOTKOrO 3aMbIKaHUS - MaK-
BH

CUMaJIbHO BO3MOJKHBIN TOK UCTOYHHUKA).
3. HomuHnanbHbli pexum (Harpumep, T. N') — pexum paboThl UCTOU-

HMKa [IPU HOMHHAIbHOM HanpsbkeHUU Uy, ¥ HOMHHAIBHOM TOKE |yop -

4, CornacoBanublii pexxuM (T. C)- pexkuM pabOThl MCTOYHHKA, MPH
KOTOPOM OT MCTOYHMKA B HArpy3Ky nepenaércsi MakCUMalibHasi MOIIHOCTh. JTO
YCJIOBUE BBINONHAETCA IPU Ry = Ry

[Tpu sTOM HampspKeHHE UCTOYHHMKA 3.71.C. JEIHUTCS MOTMOojIaM Ha BHYTPEH-
HEM COINPOTUBIICHUH U HA HArPY3Ke, U, CIC0BATENbHO, K.I1.Jl. HCTOUYHUKA:

n= PiH =05
Py +Psy

Jl1i iepeayu 3HEPTUU B CHIIOBOM 3JIEKTPOIHEPTETUKE ITOT PEKUM SIBIIS-

eTCsl IKOHOMUYECKH HEBBITOJIHBIM M MPUMEHSETCS B OCHOBHOM B YCTPOMCTBax

PAIUO3IIEKTPOHUKH U SJIEKTPOABTOMATUKH.
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1.5 DkBHBaJIeHTHBIE IPe00Pa30BaAHNS B 3JIEKTPHUYECKON e MOCTO-

SAHHOI'0 TOKA

D10 Takue mpeoOpa3oBaHUs KaKON-IMO0 YacTH LIETH, TOCJE MPOBEICHHUS,
KOTOPBIX B HEMPEOoOpPa30BaHHOW YaCTH IIENMU TOKH U HANPSDKCHHS OCTAINCh 0€3
W3MCHCHHUS.

1. [IpeoOpazoBanne HEPA3BETBIEHHOTO ydyacTKa 1enu (puc. 1.10).

Ri Er R, R3 %

e A =~

Puc. 1.10

B npeobpazoBanHoii cxeme (puc. 1.11):

Ry =R, +R2 +Rg3,
E,=Ex—E;.

R, ks

=t

)

Puc. 1.11

2. [IpeoOpa3zoBaHue ydacTka C MmapauiebHBIM COCIMHEHUEM DJIEMEH-

TOB (puc. 1.12) cooTBeTcTBYET nMpeodbpazoBanHoi cxeme (puc. 1.13):
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I

Ri D J1 () R2 D R3 D > () R4 [

Puc. 1.12

B npeobpa3oBaHHON cXeMe BBINOJHSAIOTCS COOTHOIICHHUS
Gy =Gy +G2 +G3+Gy,
Jy=J1-J2.

5 @) Ips

Puc. 1.13

3. [IpeoOpa3zoBaHue cxeMm 3aMelieHHus] peajbHbIX MCTOYHUKOB SHEp-

run. PeanbHblit ucTOuHUK 3.1.C. (puc. 1.14.) mpeoOpa3yeTcsi 5KBUBAJIICHTHO.

Rex E
e

Puc. 1.14
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B peaJIbHbI HCTOYHUK TOKA 10 (hopMyJiam:

o E b

RBH RBH .

[IpeoOpazoBanHas cxeMa rmokaszaHa Ha puc. 1.15.

J
(A0
L
b +—. ‘%/
~ a
Gsu
| I |
Puc. 1.15
4, [IpeoOpazoBaHue ydacTKa LEMH C IEIbI0 UCKIIFOUCHUS BETBU C HJIe-
aJTbHBIM UCTOYHUKOM TOKa (puc. 1.16).
J b
a /
AN
\J
Ri D R>2
[ R3
Puc. 1.16.

B npeoOpa3zoBaHHOI cxeMe HJieaJbHbIii UCTOYHUK TOKa J OTCYTCTBYET,
IIPU 3TOM NOSIBUBILMECA UCTOYHUKHU TOKa paBHbI (puc. 1.17):

J=J1=J2=J3
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J1
J3 R3

R J2
1
/AN
N
| I
R>
Puc. 1.17

5. [TpeoOpa3zoBaHue ydacTKa LEH C Ie/IbI0 HCKIIIOUEHUS BETBH C He-

aJIbHBIM UCTOYHUKOM 3. 1. C. (puc. 1.18).

D Ri

E
i S L
| —/ —
DRs’
Puc. 1.18

B npeoGpazoBannoit cxeme (puc. 1.19), uaeanbHbiii UCTOYHUK 3.4.C. E
OTCYTCTBYET, HO OCTAJIOCh €0 BHYTPEHHEE COMPOTHBIICHUE, paBHOE HYIHO. [1pu

9TOM IIOSAIBUBIIMUCCA UCTOYHUKHU 3.4.C. PABHBI:

E=E1=E>=E3
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Puc. 1.19
6. [TpeoOpa3oBaHne mapalieIbHBIX YYAaCTKOB IICIH, COJICPIKAIINX HC-
TOYHHUK TOKa U pe3uctop (puc. 1.20).

N

Li - Ri

@ —
T2

E> o R>

@ —

~+—0 N J3 »—lL
d E3 \\J RS‘ Z)
- L |
Puc. 1.20

Hpeo6pa3OBaHHa;1 CxXEMa B BHJC pCaIbHOI'0 MCTOYHHKA 3./1.C. IOKa3aHa

Ha puc. 1.21 (cieBa) u nojydeHa no Ggopmysiam:
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8

£ R
=T

-
Puc. 1.21
E13f+523¥—E35L+31—J2—33
= R R2 "R3
1 1 1
B E
Rl Rz R3
1
R=q1 11
7+77
Rl R2R3

Wnu B BUAE peanbHOro UCTOYHMKA ToKa (puc. 1.21, cnpaBa), mapameTpbl

KOTOPOTO TOJTY4eHBI IO (hopMyJIaM:

E 1
J=C-,G==
R R

7. Hpeo6paaoBaHHe IIOCJICI0OBATCIIBHO COGI[I/IHéHHLIX Y4aCTKOB LCIIN,

coJiep KallluX MCTOYHUK 3.]1.C., MICTOYHHMK TOKa U pe3uctop (puc. 1.22) MoxHO
OCYILIECTBUTH, IPENBAPUTEILHO CIENIaB 3KBUBAJIEHTHOE IPEOOpa3OBaHUE OT-

JEJBHBIX YYaCTKOB, IOKa3aHHOE Ha puc. 1.23:

Ji J2 J3

Puc. 1.22
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Puc. 1.23

Torga nocnegoBaTeNbHOE COEIMHEHUE TAKUX YYacTKOB Lenu (puc. 1.22)
MOYHO IKBHBAJIEHTHO ITpeoOpa3oBaTh
_J1R1 =I2Rp -J3R3+E1 +Ep —E3
- R1 +Ro2 +R3 ’
_ 1
" R{+Ro+R3

J

[IpeoOpa3oBaHHass cxeMa MMEET MapaMeTphbl PEeaTbHOTO MCTOYHHKA TOKA
(puc. 1.23):

WJIU B BUJIE PEAJIBHOTO UCTOYHMKA 3.7.C. (puc. 1.24) ¢ mapamerpamu:

" a

Puc. 1.24
E=Y R=1
G G
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1.6 PacuéT 3s1eKTprUYeCKHUX Leneil ¢ OIHUM UCTOYHHKOM JHEPrum mMe-

TOJA0OM IKBHBAJIEHTHBIX NPeodpa3oBaHMii

DTOT METOJ 3aKJTFOYAETCS B MIOATAITHOM SKBUBAJICHTHOM MPEOOPa30BaHUU
CXEMBI [IENMA OTHOCUTEIBHO UCTOYHUKA. [locie 3ameHsbl Bcel 1enu OJHUM SKBU-
BAJICHTHBIM COITPOTHBIICHUEM OIPEACISIETCA €r0 TOK MPH 3aJaHHOM HaIpsKe-
HUU (€CJIM UCTOYHUK PHEPTUU — UCTOYHUK 3.]1.C.) WU ONpPENEeseTCs HarpsixKe-
HUE TIPU 3aJJaHHOM TOKe (€CIM MCTOYHUK SHEPTHMM — MCTOYHUK TOKa). 3aTeM
CXEMa IOATAIHO PAa3BOPAYMBAETCS B IIEPBOHAYAIBHYIO LIENb C IMOMYTHBIM OIpe-
JefieHueM 1o 3akoHy Oma HamnpsiKEHUW U TOKOB OTJIEJIbHBIX COMPOTHBIICHUIA.
3akonsl Kupxroda MOKHO HCTIOIB30BATh 711 IPOBEPKH PE3yIbTATOB pacuéra.

Meroa 3KBHUBAJICHTHBIX MPEe0Opa30oBaHU MPUMEHSETCS MPU CMEIIAHHOM
COEVMHEHUH BJIEMEHTOB LIENH, ITOAKIOUYCHHBIX K OJHOMY UCTOUYHUKY ITUTAHUSA.

Marepuansl A1 3a1a4 0 TAHHOMY pa3/iey B34Thl U3 [S].
Ipumep 1.1

PaccmoTpum cxemy, n300paxkeHHyto Ha puc. 1.25.

Ry . c R
_|: ¢ ¢
— I &, I (b1 — ~
E I E §I
Cﬁ) Usp || |R2 Ua|| | R [] Rs CD Uap || 1F2 Usa|| |Fea
R3
—] l
b 'o— d
P
L e c R e
— $ I; $ I — _Ib
E & E I g
'y
(H) Usn Rz Reo () Ush Rab (i) Raxe
b v d b
Puc. 1.25

Cormnacuo 9TOMY MCTOAY OTACJIIBHBIC YHACTKU CXCMbI YIIPOIIAKOTCA, U I10-
CTCIICHHBIM HpeO6p330BaHI/ICM cxXeMa IpUBOJUTCA K OAHOMY 3KBHUBAJICHTHOMY

COIIPOTUBJICHHUIO.
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IIpeoOpasyem cxemy:
Red =R4R5 /(R4 +R5);
Reb = Red +R3;
Rab = R2Red /(R2 +Red )
Roxe =R1 +Rab-
ITo 3akony Oma onpezesnsieM TOK, HOTpedisieMblid cxeMoi |1 :
1 =E/Rykp-
OmnpenensieM TOKM B BETBAX CXEMBI:
Uab = 11Rab: 12 =Uah/R2:13=Uah /Red ;
Ued =13Red s 14 =Ucd /R4;15=Ucq /R.
1.7 Pac4ér CJ0KHBIX JICKTPHYECKHUX Lenmell MeTOAOM HemoCpeacT-

BEHHOI'0 MpuMeHeHusi 3akoHOB Kupxroga

MGTOI[ IMO3BOJIACT PACCUUTHIBATD LICIIN JI000M CIIOKHOCTH:

Anroputm pacuéra:

1. 3aMEeHSIIOTCS peajibHbIe UICTOUHUKU TOKA peaibHBIMU UCTOUHUKAMHU
3.1.C.

2. B kakmo# BeTBH NMPOU3BOJIBHO BHIOWPAIOTCS HAIIPABICHUS TOKOB.

3. CocraBnsiercsa cucrema u3 N ypaBHeHuid, rae N — 4yucio Heus-

BECTHBIX TOKOB (UMCJIO BETBEH 1IeMN).

B cuctemy BXoAsT ypaBHEHHMS, COCTABJICHHBIC IO TIEPBOMY 3aKOoHY Kupx-
roda (UX YUCIIO HAa €MHUIlY MEHbIIIE Ynciia y310B 1enu). Hemocraromee 10 N
YHCJIO YPABHEHHM COCTaBIIsIETCA 110 BTOpoMy 3akoHy Kupxroda.

4, [Ipn pemieHuM cUCTEMBI YPaBHEHHIl MOTYT MOJYYUTHCS OTpHIIa-
TeJIbHbIC 3HAYEHUsI TOKOB (3HAUUT, HANPaBJIEHUS ATUX TOKOB BbIOpAHBI HEBEP-
HO).

S. 3Has TOKU MOKHO OMNPENENIUTh HAMpPsDKEHUs Ha JIOOBIX y4dacTKax

JTAaHHOM IIEIIN.
IMpumep 1.2

B cxeme nenu puc. 1.26 MeTO10OM HENMOCPEACTBEHHOT'O MPUMEHEHUS 3a-
KoHOB Kupxroga paccuntarb TOKM B BETBSX, €CJIM CXEMHBIC TTapaMeTphl IeNu

3a1aHbI;
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Ri=4 Om, R2=5 Om, R3=9 OM, Rg=25 Om, R5=15 Om,
Reg =15 Om, Jp =6 A, E1 =15 B, E» =40 B, E3 =5 B.
El Es

J2

Ri|]

{ +——= {1

Rs R4
Puc. 1.26
Pemenune

[IpeoOpazyeM peanbHBIi HUCTOYHUK TOKa B peaynbHbId HCTOYHUK DJIC
(puc. 1.27):
E4=J2R> =6-5=30B

Ei

R
Tﬁ/ ol

Puc. 1.27

HpOI/ISBOHBHO BI>I6epeM HallpaBJICHUA TOKOB B BCTBAX M, CHHUTAA, YTO HaA-

IIpaBJICHUC HaHpH)KeHI/Iﬁ Ha pE3UCTOpax M TOKOB B HUX COBIAJAr0OT, COCTaBUM

CUCTEMY ypaBHEHUH 1o 3akoHaM Kupxroda:
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l1-12+13-15=0
o +15-14=0
E1+E2=-13R3+11Rg +11R1
Eo =-13R3-14R4 - I5Rg
E3+E4 =12R2 —I5Rg

Pemras cucreMy ypaBHEHUi, TOTYyYHM 3HAYCHHUS TOKOB B BETBSIX:

11=4,84A; 12 =322 A; 13=-2,89A;14=195 A; I5=-1,26 A.

dakTuyeckoe HalpaBieHUE TOKOB |3 1 |5 IPOTHBOMONOKHO paHee Mpu-
HATOMY IIPH pacuéTe.

ITo 3akony Oma omnpenensitoTcsi HampsKEHUsl Ha JI000M pe3ucTope, Ha-
npuMep:

U3 =13R3 =-26B;
Ug = 11Rg = 9,68 B.

[To BTOpOoMy 3akoHy Kupxroda MOXHO OnpenenuTh HampsDKeHUE MEXTY
JBYMsI JIIOOBIMM TOYKAMM LIEIH, [IPOU3BOJBHO IMOKA3aB €r0 BEKTOP Ha CXEME,
HanpuMep:

U,,=Ug -U3=357B;

WIH 110 IPYTOMY KOHTYpY:

U,,=E1+E2-11R1 =35,7B;

WIN MO KOHTYypy C¢ ucrouHukamu Eo, E3 u E4 mo BTopomy 3akoHy
Kupxroda:

—Ep +E3+E4=12R2 +14R4 +11Rg —Um

TaxKe noayuum 3HaueHue Uy =35,7B.

B ucxonnoii cxeme (puc. 1.26) no nepsomy 3akony Kupxroda:

| =Jo — 12 =2,78A.

[To 3axkony Oma HampspKEHUE Ha HCTOYHUKE TOKa!

U =1Rp =139B.

1.8 Pacuér cJ0KHBIX JJIEKTPHUYECKUX Lenell MeTOJO0M Y3JIOBBIX MO-

TCHIINAJIOB

MeTo/ 1103BOJIIET PaCCUUTAThH IIETb 000 CI0KHOCTH.

Anroputm pacuéra:
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1.  3aMeHsOTCS peajbHbIE UCTOYHHMKH TOKA Ha peajbHbIE MCTOYHHUKU
3. II. C.

2. Tlorenmman (N+1)-ro y3ia mpruHAMAETCS PaBHBIM HYIIIO.

3. CocraBisercs cucTeMa ypaBHEHUH BHIA:
1611 + 92612 +...+onG1n = 111
01621 + 02622 +...+onG2n = 122

(91Gn1 +92Gn2 +-.-+@nGnpn = Inn

rae @1, ¢2,... n— HEU3BECTHBIE TOTEHIUAIIBI Y3JI0B LETIH;

G11, G22,... Gpn — coOcTBEeHHBIE Y3/10BBIE MPOBOJUMOCTHU, PABHBIE
CyMMaM IIPOBOAUMOCTEl BeTBEH, MOJKIIIOYEHHBIX K JAHHOMY Y311y,

G12 =G21,Gon =Gp2 — obmue y3noBble MPOBOAUMOCTH, PABHBIE CyM-
MaM IPOBOJUMOCTEH BETBEH, COENUHAIOIIUX 3TU Y37bl (OepyTcsa Bceraa ¢ MHU-
HYCOM).

111,122 ... 1;;— y3/10Bble TOKH COOTBETCTBYIOIIUX Y3JIOB LIEIH, PaBHbIE
anreOpandecKuM CyMMaM MPOU3BEACHUI 3.1.C. Ha IPOBOAUMOCTH BETBEH, MOJ-

KIIFOYEHHBIX K JAHHOMY Y3I1y.

4, Pemaercst cucrema ypaBHEHHH, U OMPEACISIOTCS MOTEHIIUANBI Y3-
JIOB.

S. I[To BTOpomy 3akony Kupxroda onpenensiroTcsi TOKA BETBE.

IMpumep 1.3

PaccunTaTh TOKM W HanpspKEHUS Ha Bcex djeMeHTax 1enu (puc. 1.28) ¢

HMCXOJHBIMM JaHHBIMU mpuMepa 1.1.
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Puc. 1.28

Pemenune

[IpruHMMaeM MOTEHIMAI TPETHETO y3JIa PABHBIM HYIIIO:
¢3=0.
Torma nosydum cucTemy U3 IByX YpaBHECHHUI
{ G611+ 02612 =111
91G21 +92G22 =122
B KOTOpOU
1 1 1 1

G11 = + —+ _—+_——=05444Cwm,
Ri+Rge R3 R R»
Goo = i+ i+ 1 0,6667 Cw,
R> R Ry

G2 =Go1 = _(|'_\’15+ RlzJ =-0,2667 Cwm,

=] —E2—E3+E4=—8944A

[11 =
U= R +Rs Rs Ry

|22 :E2R+E4:7A_

Pewras cucremy, nosryuum:
¢1 =-14,04B, ¢ =4,884B.

HanmeeHI/Ie MCIKIY Y3JIaMH IIOJIYYUM, HAIIPpaBUB BCKTOPBI HA CXCMC!
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Ug =92 —93=4,884B,
Ug =2 — 1 =18,92B,
U31 =93 -¢1 =14,04B.

Toku B BeTBSIX HaxoAauM 1o 3akoHy Oma u 1o BTOpoMy 3aKkoHy Kupxro-

ba:
U
Ig =% =195A,
R4
U
I5 =2 =126A,
R5
Eos -U
I3=—2 —31_289A,
R3
E3+E4-U
lp= 3754755 _30A,
R2
Eq1+U
p=-1"3l_4g4A
R1 +Rg
1.9 Pacuér cJ0XKHBIX JIEKTPHYECKHMX Lened MeTOA0M KOHTYPHBIX
TOKOB
MeTo/ 03BOJISI€T pacCUUTATh LENb JIF00O0M CII0KHOCTH.
Anroputm pacuéra:
1. 3aMeHSIOTCS pealibHble UCTOYHUKM TOKa Ha peajbHble MCTOYHUKH
3.1.C.
2. HckmoyatoTcst BETBH, coepKalllie UaealbHble HCTOYHUKU TOKA.
3. B ka)x1oM 371eMEHTapHOM KOHTYpE LIENU MPOU3BOJIBHO BbIOUpaeTCs
HanpasyieHue KOHTYpHbIX TOKOB L, 111, 11+---, In-

CocraBnsieTcs cuctTemMa ypaBHEHUN BUAA:

IRz +11R12 +...+ InRin =E11
[fRo1+ 111R22 +...+ InRon =E22

I|Rnl+|||Rn2 +...+|ann :Enn
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rae R11,R22,...Rnn - coGCTBEHHBIE KOHTYPHBIE COIIPOTUBIICHUS, PABHbIE

CyMMaM COINPOTHUBJICHUIN KOHTYpa;

Ri2 =R21, Rin =Rpy1- B3auMHBIE KOHTYpHBIE CONPOTUBIICHUS, pPaBHBIE

CONMPOTHUBJICHUIO BETBU, OOMIEH JUIsI COOTBETCTBYIOIIMX CMEXHBIX KOHTYPOB
(OepyTcst ¢ MUHYCOM, €CITM KOHTYPHBIE TOKH B CMEXKHBIX KOHTYpax MPOTEKAIOT
4yepe3 B3auMHBIC COMPOTHUBIICHUS B TIPOTHUBOITOIOKHBIX HAITPABJICHHSX );

E11,.E22,...Eqn— KOHTypHBIE 3.1.C. COOTBETCTBYIOIIUX KOHTYPOB, paB-

HBbIE CyMMaMm 9.J1.C. KOHTypa. 3HaueHHe 3.J1.C. OepeTcs €O 3HAKOM ILIIOC, €CIH
HampaBJIeHUE KOHTYPHOTO TOKAa COBIIAJACT C HANPABJICHWE KOHTYPHOH 3.1.C., B
IPOTUBHOM cliy4dae 3.7.C. HaJo OpaTh CO 3HAKOM MHUHYC.

4.  Pemaertcs cucrteMa ypaBHEHHH OTHOCHUTEIBHO KOHTYPHBIX TOKOB H
10 WX 3HAYCHHUSAM OIPEACIAIOTCS (PaKTUUYCCKHE TOYKH B BETBSIX, KaK Pa3sHOCTH

COOTBETCTBYIOIIMX KOHTYPHBIX TOKOB.
Ipumep 1.4

PaccunTaTh TOKM M HampspKeHHUS Ha Bcex djeMeHTax renu (puc. 1.29) ¢

napaMeTpami 1enu no npumepy 1.1.

Ei Es I
(o) (o)
I T N N
20 D @
R D l Is 2 I]]Ijr |
BRs|] X, NN
= —
Puc. 1.29
Pemenue

JInst pacuera KOHTYPHBIX TOKOB COCTaBUM CHUCTEMY TPEX YPABHEHUM:
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IR+ R2 + iRz =E11
l|Ro1 +111R22 +111R23 = E22
I1R31+111R32 + 111R33 =E33

rae R11 =R1 +R3+Rg =150M, R22 =R3+Rg+Rg5=26,50Mm,
R33 = R2 +Rg =200m,
R12 =R21 =—R3=-90mMm, Rp3 =R32 =—Rg5 =-150Mm,
R31=R13=0,
E11 =E1 +Ep =55B,Ep2 =—-E» =-40B,E33 =E3+E4 =35B.
Pemas cucreMy, oxy4uM 3Ha4€HUSI KOHTYPHBIX TOKOB:
I} =4,84A,111 =195A,1 1] =3,22A.

HpOI/ISBOHBHO HallpaBHMB TOKH B BCTBAX, OIIPCACIIUM HUX 3HAYCHHA YCPC3

KOHTYPHBIC TOKH!

I1=1] =4,84A,
o =111 =3,22A,
I3=1] =11 =2,89A,
4 =11 =195A,
Is =11 =11 =127A.

1.10 ITorenuanbHasi AUarpaMma

Ilomenyuanvras ouacpamma — 310 Tpapuieckoe M300paKeHUe pacrpe-
JCJICHUS JICKTPHYCSCKOTO MOTEHIIMAa BAOIb 3aMKHYTOI0 KOHTYpa B 3aBHCHMO-
CTH OT COIIPOTHUBJICHHUS YYaCTKOB, BXOJSIIMX B BEIOPAHHBIH KOHTYD.

ITo ocu abcumcc Ha HEM OTKJIAJIBIBAIOTCS COMPOTUBJICHHUS BJIOJIb KOHTYpA,
HaYMHAas C KaKOW-IM00 MPOU3BOJIBHON TOUYKH, [0 OCH OPJMHAT — TMOTCHIIHAJIBI
TOYEK.

Kaxnoli Touke ydacTka LEMd WIA 3aMKHYTOTO KOHTYpa COOTBETCTBYET
CBOSI TOYKA HA MOTCHIIMAILHOU JUarpamMmme.

AJNTOpUTM TIOCTPOCHUS TMTOTCHINATBHON JHArPAMMBI CJIC Y FOIIN:

1. OnpenensiroTcs TOKA B BETBAX CXEMBbI U YKa3bIBAIOTCS MX WCTHHHBIC

HaIlpaBJICHHU.
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2. Ha cxeme yka3bIBalOTCsl XapaKT€pHbIE TOYKHU, MEXKIY KOTOPBIMH CO-
JepKUTCs oAauH 3eMeHT (pesuctop i IC).

3. 3azemursiercs Jar06ast TOUKa, MOTEHIIMAN B KOTOPO OyAeT paBeH HYIIO, a
MOTEHIIUAJIBI APYTUX TOUEK paccuMThIBatoTCs. Eciin HampaBieHue 00Xxoja KOH-
Typa COBMNAJAET C HAIpaBJICHUEM TOKA YEPE3 PE3UCTOpP, TO MOTEHUHAT YMEHb-
maetcs. [Ipu coBnagennn HanpasieHre 00Xo/1a KOHTypa ¢ Hanpasienuem D/1C
noTeHIuan yeianuunaetcs. M1 Hao0opoT.

4. Ctpoutcs moTeHIMaIbHas auarpamma. [Ipu 3ToM Ha ocu abcmucc B
BBIOPAaHHOM MacIITa0e OTKJIAABIBAIOTCS COMPOTUBIICHUS MEXKIY XapaKTEPHBIMU
TOYKaMH, Hayajl0 KOOPJWHAT JOJKHO COOTBETCTBOBATh TOYKE C HYJIEBBIM IO-
TEHILIUAJIOM.

5. Ha ocu opnuHat B Maciitabe OTKIAAbIBAIOTCS MOTEHIIMANIBI XapaKTep-
HBIX TOYEK.

6. [TonydyeHHbIE TOYKHU COCTUHSIIOTCS TPSIMBIMU JTMHUSIMH.

[TocTponM MOTEHIMATBHYIO AUArPaMMy 3aMKHYTOTO KOHTypa (pparMeHTa
CXEMBI IIenH, u300paxkeHHoro Ha puc. 1.30, yuuTsiBas To, YTO Ha CXE€ME yKa3a-

HbI HCTHUHHBIC HAIIPAaBJICHHUA TOKOB B BCTBAX CXCMBI.

Puc. 1.30

1. OmpenensieM TOKH B BETBSX CXEMbl M YKa3bIBaéM WX WCTHHHBIC Ha-
IIPaBJICHUS.

2. Ha cxemMe yka3bIBaeM XapaKkTepHBIC TOUKH &, b, C, d, e, f, g, Mexay ko-
TOPBIMH COJICPIKUTCS OJUH d1eMeHT (pesuctop uinu I/C).

3. 3azeMisieM TOYKY @, IOTEHIIMAJ B KOTOPOM OyneT paBeH HYJIIO, U pac-
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CUMUTBIBACM ITOTCHIHUAJIBI APYIUX TOYCK.
©q =0 ¢op =94 —12R4; ¢c = ¢p —12Rs5; g = ¢c +13R7;
Pe =¢d +14R6;0f =9 —E2; 0g =@ f +E1; 95 =9g —I1R3.
4. CtpouM mnoTeHUHaIbHYIO auarpammy (puc. 1.31). IIpu sToM Ha ocu
a6CHHCC B BLI6paHHOM Macurade OTKJIAAbIBACM COIIPOTUBJICHUA MCKIAY XdpaK-

TCPHBIMH TOYKAMH, HAYAJIO KOOPAUHAT AOJIZKHO COOTBCTCTBOBATH TOYKEC d C HY-

JICBBIM IIOTCHIIMAJIOM.

¢

Qg

%]

d
Or /
Ry Rs R /
a A~ A . a R
@a=0 ( f — —
/ e e =0
' P
b

Qe

®p

Qc
Puc. 1.31

5. Ha ocu opauHat B Maciitade OTKIaJAbIBa€M MOTEHIMAJIBI XapaKTEPHbIX
TOYEK.

6. IlomyyeHHbIE TOUKU COEIMHSAEM MPSIMBIMU JIMHUSMHU.

Ha ocu aGcrucc B BpIOpaHHOM MaciiTade OTKJIaJbIBaéM COMPOTHUBICHUS
MEX/1y XapaKTEePHbIMH TOUKaAMH.

[Tpon3BOABHO MPUMEM MOTEHIMAN OJHOW M3 TOYEK, HAMPUMEP, TOUKH 3,

¢, =0. Oty Touky Ha nuarpamme (puc. 1.31) momecTHM B Ha4ajo0 KOOpPAWHAT.

OTtMmeTuM Ha auarpaMme IOTCHOHAJIbl BCCX TOYCK KOHTypa M COCAWMHHM HX

MMPpAMBIMHA JIMHUSAMMU.

31



HOTCHHI/IaJII)HaSI AuarpamMMa IO3BOJIACT OMPCACIUTDb HAIPSXKCHUA MEKAY
JIOOBIMM TOYKaMH eIy, €CJIIM Ha OCH OpAMHAT OTMCUYCHLI ITOTCHIHAJIBI 3THUX

TOYEK.
Ipumep 1.5

[TocTpouTh MOTEHIHAIbHYIO AUarpammy 1enu (puc. 1.32) aist kKoHTypa a-

b-c-d-f mpumepa 1.1, cxemsl, n3o0paxxeHHoi Ha puc. 1.26, npunsas ¢, =0; 3Ha-

yeHus TOKOB |1 u |3 B341h 13 npumepa 1.1.

E1

Puc. 1.32

Pemenune

714 mocTpoeHus: MOTEHIMAIBHOW AUarpaMMbl ONPEIEIISIEM MMOTEHIUAIIBI

TOYEK BHIOPAHHOT'O KOHTYpa:

E1=0ph—9a,
OTKyJa
¢h =E1+94 =158,
E2 =¢c —¢p,
OTKyZa
¢c =E2 +¢p =55B;
13R3 =¢¢c —¢d,
OTKyZa

¢d =9c —13R3 =29B;
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11R6 =od —of,
OTKyZa
¢f =0d —I11Rg =19,3B;
JJIA HpOBepKI/I onpe):[eJmM NOTCHIIMAJI TOYKH a.
IR =0f —9a,
OTKyZa
Pa=0¢f —11R1 =0
I1o IMOJTYYCHHBIM 3HAYCHUAM ITOTCHINAJIOB TOYCK LICTIM CTPOUTCA I“pa(i)I/IK

MOTEHIIUAJIBHOU uarpaMmsbl (puc. 1.33).

¢. B
60
40
20

| >~

15 R, Om

Puc. 1.33

Ha noreHumansHOM 1uarpamMMme 1o HakJIOHY IIPSMBIX ONPEAEIIUTh TOKU HA

ydyacTKax LienH, Hanpumep, Tok |1 Ha pesucropax R| m RgoaunHakos u onpene-

JSETCs YIJIOM HAKJIOHA NPSMOM MEXIY O U P f :
_9d —¢f
Re

OTOT TOK NPONOPLUHUOHAJIEH YTy HAKJIOHA OL.

11 =484 A.
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1.11 MeTtoa aAByX y3/10B (YACTHBIA CJay4ail MeTOJa Y3JIOBBIX INMOTEH-

HAJIOB)

Meto o3BOJISIET PACCUUTHIBATH LM, UMEIOIINE He 0oJiee IBYX Y3JIOB.

Anroputm pacuéra:

1.  3ameHstoTCS pealbHbIE UCTOYHHKH TOKA HA PEANbHBIC MCTOYHUKU
3.].C.

2. IlpousBonbHO BBIOMpAETCS HAIpaBlICHHE HAMPSDKEHHUS MEXAY Y3-
JaMH, KOTOpble 0003Ha4YaeM, HaIlpuMep, Kak a u b, u paccuuTsiBaeTcs 310 Ha-
npsbKeHue o popmyie:

_ E1G1 +E2Go +...+ EnGp

U :
ab G +G2 +...+Gp

rae B unuciauTene (GopMmyibl Oepercst anredpanyeckas cymma Ipou3Belie-
. g 1 .
Huii npoBogumocteit G = — u OJIC Ep ans BeTBeid, cofepikalux HCTOUYHH-
n

ku OJIC. ([na BerBeit 6e3 ucrouHukoB mnpousBeneHue GpEp oOpamaercs B
HOJIb). YJIeHBI CyMMBI OEpyTCsl CO 3HAKOM TLTIOC, €Cci cTpeika ncrounuka DJ[C
HaImpaBJIeHa K y3JIy @, ¥ CO 3HAKOM MHHYC, €CJIM CTpeJIKa HallpaBlieHa OT y3Ja a.
[Tpr HaIMYKMK B YaCTH BETBEH CXEMBbI MJICATBHBIX HCTOYHHUKOB TOKA areOpamn-

yeckas cymma npousBeneHuit GpEp Oyner comepkaTh Takke TOKH HIEaTbHBIX
UCTOYHUKOB TOKa || . BpiOOp 3HaKa /U1 MCTOYHMKA TOKA TaKOMW ke, KaK U AJIs
ucrounuka DJIC. 3namenarens popmyinel U gpnpencrasiser coboit apupmeru-

YECKYI0 CyMMY MNPOBOAMMOCTEN BCEX BETBEU cxeMmbl. [IpuueMm B 31Ol cymme
MPOBOJIMMOCTH BETBEH, COAECPKAIIMX UACATbHbIE UCTOYHUKHA TOKA, PABHBI HY-

J1O, T.K. BHYTPCHHCC COIIPOTHUBJIICHUC HCTOYHHKA TOKA PaBHO OCCKOHEYHOCTH.

3. 3Has Ugp, nmo BropoMy 3akoHy Kupxroda onpenenstorcss TOKH B
BETBSIX.
IIpumep 1.6

PaccunTaTh TOKM M HapsDKEHUS Ha BCeX ieMeHTax 1nenu (puc. 1.34) npu
3aIaHHBIX CXEMHBIX MapameTpax:

E1 =100B, Ep =10B, R =40Mm, R3 =50M, R4 =20m.
Pemenue
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O06o03HaUNM y3JbI HA CXEME€ COOTBETCTBCHHO 6YKB8.MI/I aun b, HalIpaBUB

HanpsbkeHne Ugp Mexny y3aaMu OT TOYKH @ K TOYKe D U ompenenuM 3To Ha-

IPsAKCHUC!
B
I; Ri
E1 [D U R>2
..]i E> R3
h ¢ () L 9% 4
L"'Tab
_‘[i R4
I
Puc. 1.34
By B2
Ri+Ro R3

Uab: 1 1 1 =10
+ o+
Ri+R2 R3 Ry

ITo 3akony Oma:
_Uap _10_
Rg 2

I3 5 A.

[To BTOpOoMy 3akony Kupxroda:

E1=11Rg +12R2 +Ugp,

Otkyna
Iy = Eo -Ugp :100—10 _9A
R1+Ro 4+6
Er> =-U +12R3
Otkyna
lp==2Yab _ g4
R3

Pacuér npoBepum o nepBomy 3akony Kupxroda:
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1=9=12+13=5+4.
1.12 basaHc MOIIIHOCTEH B JIEKTPUYECKON Henu

IIpn mpoTekaHUM TOKOB IO PE3UCTOPAM B HUX BbLAENsAeTCs Teruiora. Ha
OCHOBAHMHM 3aKOHA COXPAHEHUs YHEPTUU KOJIMYECTBO TEIUIOTHI, BBIAEIISIOIICECS
B €IMHUILY BPEMEHH B PE3UCTOPAX CXEMBI, JOJDKHO PABHATHCSA YHEPTUH, TOCTAB-
JIIEMOU 3a TO K€ BPEMS UCTOYHUKOM IUTAHUS

To ectb, B 11000¥ 3JIEKTPUUECKON LIETIN JTOJKEH COOJII0IAaThCSl SHEPTeTU-
YyecKuil OanaHc — OaslaHC MOLIHOCTEH, KOTOPBIM YMTAaeTCs Tak: alredpandyeckas
CyMMa MOIIHOCTEN BCEX UCTOYHUKOB SHEPIUU (B YACTHOCTH, UCTOUYHUKOB TOKa
u uctounukoB J/IC) paBHa apu(pMeTUYECKONH CyMME MOIIHOCTEN BCEX MpPHEM-
HUKOB SHEPI'HH (B YACTHOCTH, PE3UCTUBHBIX JIIEMEHTOB).

MomnHocTh MCTOYHMKA 3.4.C. paBHA Pyep =El, a ucrounuka Ttoka -
Puct =JU .

MoutHoCTh TOTPEOIICHHS PE3UCTOPOM BhIpaKaeTCsl (HOPMYIIO:

2
P=UI=12R="_.
R
Torna ypaBHeHue OanaHca MOIIHOCTEN UMEET BU:
I=m I=m j=n 2
_ZEi|i + _ZJiUi = _Z |jRj-
1=1 1=1 =1
[TprdeM, UCTOYHUK SHEPTUH B IIEMTH MOXKET paboTaTh B pEXKUME MOTPEOU-
Tesl PHEPrun (PEeKUM 3apsiIKM MCTOYHMKA), €CIIM TOK 4Yepe3 MCTOYHHUK 3.1.C.
IIPOTUBOTOJIOXKEH BEKTOPY 3.11.C. U HANPSHKEHUE HA NCTOYHHUKE TOKA COBIIAAcT
C BEKTOPOM TOKa MCTOYHHUKA ToKa. Torga B ypaBHEeHMHU OajaHca MOIIHOCTHU Ta-
KHE CJIaraeMble 3alHChIBAIOTCS CO 3HAKOM MHUHYC.
3anuieM ypaBHEHUE OalaHca MOITHOCTEN Juist cxeMbl (puc. 1.35).
[Ipenmonokum, 4TO Ha CXeMe LIEeMH YKa3aHbl HCTUHHBIC HAIMIPABIICHUS TO-
KOB B BeTBAX. Tora BeIpakeHHe I OaaHca MOITHOCTEH OyJeT UMETh BU/I:
E1l1 —E2l3+E3lg =

2 2 2 2 2 2 2
Il R1+|2R2+|3R3+|4R4+|5R5+|6R6+|6R7.
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Puc.1.35

Crnenyer OTMETUTH, 4TO OaJlaHC MOIIHOCTEW YaCTO SIBISAETCS IPOBEPKOU
NPaBUIBHOCTH pelieHus 3aaaun. Eciam 6ananc MOLIHOCTEN CXOAUTCS, TO 3a7a4a

peleHa BepHO. B npoTUBHOM cityyae — HeT.
Ipumep 1.7

CocraButh Oananc MomHocTed ais 1enu (puc. 1.36) ¢ JaHHBIMH TIpUMeE-

pal.l.

Puc. 1.36

Pemenne

bamanc MOIIHOCTEN COOTBETCTBYET PABEHCTRBY:
2Pger =2 PHO’I]Z) '

OTKyJa

37



E1lg +Eolg+E3lo +UJo = 112Ry + 112Rg + 132R3 + 142R4 + 152Rs5 + 1 2Ry

B nanHoil 11enu Bce UCTOYHHMKU PadOTAIOT B PEKUME I'€HEPATOPOB SHEP-
run. Pe3aucTUBHBIE 37IEMEHTHI BCETJa padoTaloT B PEKUME MOTPEOJICHUS FHEP-

THH.
1.13 IlpuHuun HaMOKeHUs (CyNnepno3uIluu)

[IpyHIMI CyNEepno3ULMK 3aKI0YaeTcss B TOM, YTO TOK U HAIpsSKEHHE
1000 BETBU CXEMbI (MJIM 3JIEMEHTa CXEMBbI) 00YCIOBIEHBI CyMMAapHBIM JICHUCT-
BUEM KaX/I0I'O0 MCTOYHHMKA ITOW CXEMBbI LIEMH MO OTAEIBHOCTH, IIPU 3TOM OC-
TaJbHbIE HICTOYHUKH U3 LIEIM UCKIFOYAKOTCS, HO X BHYTPEHHHUE COITPOTHUBIICHHUS
B CXEME€ OCTArTCA. Y HACAIBHOIO MCTOYHHMKA 3.J1.C. BHYTPEHHEE COIPOTHUBIIE-
HUE PAaBHO HYJIIO, Y UJI€aJIbHOIO HCTOYHUKA TOKA — OECKOHEYHOCTH.

B o0mem citydae Tok B J1t000# BETBU N 1emu MOXKHO 3amucaTh B BUJIC:
Ih =2 GhlEjl +Zkg||)\]| :

I KaXJI0€ cllaraeMoe — 3TO YaCTUYHBIN TOK B BeTBU h, 00yCIOBICHHBII
JEWCTBUEM TOJIBKO OJHOTO UCTOYHUKA JHEPTUU.

3necs Gh| — B3auMHasi MPOBOAMMOCTb MEX/Ty BETBBIO C PACCUUTHIBAEMBIM

i
TOKOM | ¥ BeTBBIO ¢ MCTOYHUKOM 3.1.C.E|, kf(ll) — K03 PUIMEHT TIepeaadn

TOKa MEX1Y BETBBbIO U PACCUUTHIBAEMBIM TOKOM |p M BETBBIO C HCTOYHUKOM TO-
kaJ1. Ot K03 (PUIMEHTH] HE 3aBUCAT OT 3HAUYCHUH UCTOUYHUKOB SHEPTUU B Iie-

Y.
B oOmiem crydae HampspkeHHe Jr000M BeTBH N Iienu MOXHO 3amucaTh B

BHJIC:
Uph =>Rp1J] +Zki(1[|J)E| :

rac Kaxaoc CJIaraCMocC — 3TO YaCTUYHOC HAIIPSKCHHUC BCTBHU h ) O6YCJ'IOB-
JICHHOC I[CﬁCTBHGM TOJIBKO OAHOI'O UCTOYHHUKA SHCPI'NH.

3neck Rp| - B3aMMHOE CONMPOTUBIIEHHE MEXAy BeTBIMHU h u |,

kr(]llj) - KO3 PUIIMEHT Tepeayn HanpsHDKeHUs Mexay BeTBaiMu h u |, Ry

u o
n kigl ) HC 3aBHCAT OT 3HAYCHNUHN UCTOYHHUKOB SHCPI'NH LICIIH.
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IIpumep 1.8

B cxeme nenu puc. 1.37 3amanbl CXeMHBIE TTApaMETPBhI:
J1=54A4,E3=135B, R{ =90m,Rp =90m, R3 =90m.

‘ o
l R3

Ji C) Ri D D R2 T U2 (D Es3
I T]z

Puc. 1.37
Penienue

HpOI/ISBOHLHO HallpaBUM, BCKTOP TOKa |2 N BCKTOP HAIIPSIKCHHA U2 qc-
PE3 COIIPOTUBJICHUC R2 . PaccuuraemM 3TOT TOK M HaIIPpAXKCHUC, ITPUMCHSA IIPHUH-

IIUTT HAJTOKEeHU. VICXOIHYIO CXeMy MPEJCTaBUM B BHJIE CXEMBI TOJIBKO C UCTOY-
HUKOM 3.]1.C., UCKJIFOYMB UCTOYHUK ToKa (puc. 1.38).
BrlpazuM HampsbkeHue U TOK 4yepe3 Ro, MpUMEHMB METOJ SKBUBAJIECHT-

HBIX MTpeoOpa30BaHUM:

UgEs):,:(%E3)X RR2 _ B3 RIR :Egkgé),
Ri+R2 Rp,. RIR2  Ri+Ry
3+
R1+Ro
O
R3

Ri R> T [,-TQ(ES) G E3

T]z(Ej) i ]3(E3)

Puc. 1.38
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kgé) - RiR2 —0333
RiR2 +RoR3 +R3Ry

(E3)
I (Eg) 2R = E3k(%) x — =E3G9o3,
2
rIe
R
Go3 = =0,037 Cwm.
R1R2 + RoR3 +R3Ry

TCHCPB B HCXO,HHOﬁ CXEMC OCTaBHUM TOJBKO HMCTOYHHK TOKa, MCKJIIOYHMB

OCTaJIbHbIC UCTOYHUKH, B 3TOM CIy4ae — UCTOYHHUK 2. 1. ¢. E3 (puc. 1.39).

B
J1 C) Ri D D R2 l, L-’Tz(JI)
(J1)
I 2
Puc. 1.39

B nonyuyenHoit cxeme puc. 1.39 MeTon0M SKBUBaJIEHTHBIX MpeoOpa3zoBa-

HUI HalJIEM TOK U HaNpsDKEHUE Ha CONMPOTHUBIEHUU Ro:

o) _ g R1R2R3 =Ro1J1,
R1R2 + RoR3 + R3Rq
Trac
Ro1 = R1R2R3 =30m,
RiR2 + RoR3 +R3Ry
(J1) _
(31) Y27 _Ro1d1 _ (i)
I+ = = k{91,
Ro Ro
e
() RIR3 ~0,333

21" RiRy +RoR3 +R3Ry
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Tok n HAIIpsHKCHHUE Ha R2 B MCXOJHOHU CXEME OIIpCACIIAIOTCS KaK anre0-

panvdcCKasad CyMMa YaCTUYHOI'O TOKA U HAIIPAKCHUA, 06YCJIOBJI€HHLIX I[GI?ICTBPIGM

HUCTOYHHUKA 2. 1. . (puc. 1.38) u ucrounuka toka (puc. 1.39) 1o otneabHOCTH:
E i
I = Ig 3)_ o =Go3E3 —kg:BJl =3,2 4,
E J u
Us =u§ 3) —Ug 1) _ kgS)Eg —Rp1J1 =28,8B5.

Ipumep 1.9

Jlist nenu, nzobpaxkenHon Ha puc. 1.40, paccuuTaTh TOKM B BETBSIX METO-

JOM HaJIOXKCHHUA

R1 R2
_: |
_b .q_
I I
C‘) Er 4’ R3 r\E:
R4 Rs

Puc. 1.40

Pacuert cxembl IpOM3BOIUTCA MO CIACAYIONIEMY aJITOPUTMY.

1. Ha cxeMy HaHOCATCS YCIIOBHO IOJIOKHUTEIIbHBIC HAIPABJICHUS TOKOB B
BETBSX.

2. OnpenensieTcsl 4aCTUYHBIE TOKUM B BETBSIX OT JCHUCTBUS KaXKJIOTO HC-
TOYHHKA B OTIAEIBHOCTH.

3. OnpenenstoTcsi TOKU B BETBSIX MMYTEM CJI0KEHUS UX YACTUYHBIX TOKOB.
Pemenne

1. HanocuM Ha cXeMy YCIOBHO IOJO)KUTEJIbHbIE HANpPaBICHHsS TOKOB
I1-13.

2. OnpenensieM 4acTUYHBIC TOKH B BETBSIX OT AEHCTBUS KaXJOTO UCTOY-
HHKA B OT/IEJIHOCTH.

OnpenensieM yaCTUYHBIE TOKU B BETBSX OT JedcTBus nctounuka D/1C E1
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E1 Eq

l11 = = ?
RBKB.I Rl + R3(R2 + R5) n R4
R3+R2 +Rg
I11R
|21:_R 11R3 :
3+R2 +Rg
g = 11(R2 +R5)
R3+R2 +Rg
OnpenernsemM yacTUUHBIE TOKU B BETBSIX OT JeiicTBus uctounuka DJC Eo
Eo Eo
R31(]3_2 R2 + R3(R1+R4) +R5
R3+R1+Ryg
122R
112 = 2273 .
3+R1+Ryg
Io2(R1 +R
I3 = R22( 1+R4)
3+R1+Ry

3. OnpenesnisieM TOKY B BETBIX IMyTEM CIIOKEHUS UX YACTUYHBIX TOKOB:
l1=l11+112; 12 =121 +122; 13 =131 +132.
1.14 IlpyHUMN KOMIIEHCALUU

a) Ecnu nmro6oe conmpoTuBieHHE CXEMbl 3aMEHUTh Ha MCTOYHHUK 3. 1. C.
IIPU YCIIOBUM PABEHCTBA 3.J.C. IAJICHUIO HAIpPSDKEHUSI HAa CONPOTUBIIEHUH, TO

TOKHU Y HalpsDKEHUS Ha BCEX JIPYTUX YYaCTKaX 3TOU LIETIH HE U3MEHSIOTCS.
Ipumep 1.10

B cxeme (puc. 1.41, a) Ha pe3ucrope R3Bo3HuKaeT HanpsixeHue U3, ko-

TOPOC PACCUUTBIBACTCA JFOOBIM H3BECTHBIM MECTOOOM. Ecau stot pPE3UCTOP 3a-

MCHUTH UACAJTIBHBIM HMCTOYHUKOM 3.4.C. E3paBHBIM HaIIPAKCHUTO U3, TO TOKH

Y HalpsDKEHUS B ATOM 1ienu He u3MeHsitores (puc. 1.41, 6).
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Ri1 R4

Ei CD R3 D i U3

&
@
N

Puc. 1.41

b) Ecnu mr00yro BETBH CXEMbI 3aMEHUTh UCTOYHHKOM TOKA, BEJTMYMHA KO-
TOPOr0 paBHA TOKY B 3aMEHEHHOM BETBH, TO TOKH M HAIPSHKEHHS HA BCEX JIPY-

IMX Y4acTKax 3TOM LENH HE U3MEHSTCH.
Ipumep 1.11

Ecnu B nenu (puc. 1.42, a) BeTBb ¢ TOKOM | 3aMEHUTh UCTOYHUKOM TOKQ
J , BeJIMuMHa KOTOPOTo paBHA | M HampamieHa TakXKe, TO TOKU M HAIPSKEHUS

Ha BCEX y4yacTKaX JaHHOM LIeTH OCTaHyTcs 0e3 u3meHenuit (puc. 1.42,0).

E1 Ri L1 Ri1

Puc. 1.42

1.15 Teopema 00 3KBMBAJEHTHOM reHepaTope (AKTMBHOM /BYXIIO-

JIIOCHHUKE)

Teopema: Ecinu akTUBHYIO CXEMY, K KOTOPOM IOIKIOYEHA HEKOTOpAs
BETBb, 3aMEHUTH PEATLHBIM UCTOYHUKOM 3.11.C., C 3.]1.C. PABHOW HANIPSKEHUIO Ha

3KMMax aKTUBHOM CXEMBbI MPU OTKIIOYEHHOW BETBU (PEKUM XOJIOCTOTO XOa)
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N BHYTPCHHUM COIIPOTHUBIICHUCM PABHBIM BXOAHOMY COIIPOTUBJIICHUIO aKTUBHOM
CXCMBbI IIPHU HUCKIIIOUCHHUH U3 HEE MCTOYHMKOB OQHCPIUHU, TO TOK W HAIIPAKCHHUC

STOU BETBU HE U3MEHSIIOTCH.
Ipumep 1.12

B cxeme puc. 1.43, npumensisi TeopeMmy 00 3KBUBAJICHTHOM I€HEpaTope,

paccuuTath TOK B BeTBU R4E3.

Puc. 1.43

Pemenne

Pacuér ». A. C. SKBUBAJICHTHOI'O I'CHCPATOPA IIPOBOJUTCA B PCKHUMC XOJI0-

CTOro Xoja Ipu oTkiItoueHHoU BeTBU RYE3 (puc. 1.44):

a
L
Ri

E>(4

£ CD Uxx
11 i Rs []

R> \
& L
b
Puc. 1.44

ITo BTOpOMY 3akoHy Kupxroda:
Eaxe =Uxx =E2 - 11R3,

rae
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=R =
1o R +Ry+Rg’

Pacué€r BXOAHOro compoTuBieHHs Rgp aKTHBHOW CXEMbI IPH HCKIIOYE-
HUH U3 Heé MCTOYHMKOB dHepruu (puc. 1.45):
Ren = Rab,
rae Rgp ompenensiercs Kak 3KBUBAJICHTHOE CONPOTHUBICHHE LIEMU (PHC.

1.45):

Ryp = RB(RLR2).
A " R3+R; +Ry
a
] . .
Ri
R3 D
R2
] . .

Puc. 1.45

[Tocne 3aMeHbI aKTUBHOM CXEMbl SKBUBAJICHTHBIM F€HEPATOPOM IOITYUUM
cxeMy puc. 1.46, mo KOTOpOM U ONpEAENHsAeTCs UCKOMBIM TOK | W HampshKeHue
U B BetBu RYE3:

| = Esks —E3
]
Ry + R4

U =E3+IRy.
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a —
R s
Esxe Cf) I E3 C*)
b
Puc. 1.46

[Tpn u3MeHEeHUU NapaMeTpoB BbIIEICHHOW BeTBU R4E3 mapamerpsl k-

BHBAJICHTHOI'O I'CHEPATOPA HC U3MCHAIOTCA.
3Ha‘-II/IT, TCOpEMa 00 PKBHBaJICHTHOM reaeparope 1mo3BOJICT OTHOCUTCIIb-
HO IIPOCTO HUCCIICAOBATDL, KaK M3MCHAIOTCA TOK M HAIIPSIIKCHUC HeKOTOpOfI BCTBU

CJIOXHOM 1IeTH NMPU U3MEHEHHUH MapaMeTPOB 3TON BETBH.
1.16 IIpumep pacuéra nenu NOCTOSTHHOI0 TOKA
Ipumep 1.13

3aaHbl cCXeMHbIE TapaMeTpsl 1enu (puc. 1.47):
R1 =860M,Ro =640M,R3 =420M,R4q =56 0M,Rg = 280m,
E1 =50B, E» =65B, E3=0B, J =6A.
PaccunTaTth pexxrMMHbBIE TapaMeTpPhbl LEMU CIEAYIOIUMA METOAAMMU:
1. MeTooM HENoCpeACTBEHHOro NpUMEHEHUs 3akoHOB Kupxroda

pacCUUTaTb TOKH BO BCCX BCTBAX CXCMBI LICIIH.

46



R
3

E1

J () Ri Rs

R3

R4

|
Ok o

Puc. 1.47
Pemienue

3aMeHUM HIIeaTbHBIM UCTOYHUK TOKAa HAa WACATBHBIA MCTOYHHUK D.1.C., U
MOJIYYUM CXEMY LIETH puc. 48.
E4q =JR1 =6x86 =516B.

R> 12
W, T
URi T D Ri ki j v )
11 T . % @
E4 G) l UE4 Ule 2 R3 s - l D r)
l[j Es
e
UEks 14
Puc. 1.48

CocraBuM ypaBHEHUS 10 IEPBOMY U BTOpoMy 3akoHaM Kupxroda:
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li—lg—1,=0
I, — 14 +13=0
ls+14—17=0

Eq+E;=Ugr1 +URs

—EB —Ez=Ury -URs

Eo + E3=URr3z +URrs —URs
BBIpaSI/IM HaprI)KCHI/ISI qepGS TOKHU 110 3aKOHy OMa 1 MIOJACTABUM 3aJldH-

HBbIC 3HAYCHUA:

l1—-1g—12=0
lo—14+13=0
Ig+14-11=0

516+50 = 11R + I5Rg
—-50-65=192Ry —13R3
65+0=13R3+14R4 - I5Rsg

[Tonyunm cucTteMy ypaBHEHHUI BUAA:

l1-1g—-12=0
lo—14+13=0
I5+14-11=0

566 = 8617 + 2815
~115=6415 — 4213
65=4213+5614 — 2815

PemmB 3Ty cucremy, mosrydnm 3HA4E€HUS TOKOB:
I1 =5345A, 12 =-0,4723 A, 13=2,048A,
4 =1546A, 15 =3,799A, lg =5817A
2. Paccunrate TOKM B BETBAX CXeMbI pUC. 1.48 METOAOM KOHTYPHBIX

TOKOB.
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R> 12

-
.

I, T ]6¢ o
D R L1 Vb D
11 D ﬁ" US /_E'j\
N
E4 CD Rs Vbiig :) D Ry
I5lY E3
. (<)
= -

14
Puc. 1.48

Jl71st onipeneneHust KOHTYPHBIX TOKOB COCTaBUM CHCTEMY ypaBHEHHIA:
R+ 1Rz + iRz =11
l1R21 + T 1R22 + T11R23 = E22
lIR31+111R32 + 111R33 = E33

R11 =R +R3=1140Mm,
R22 =R2 +R3 =106 Om,
R33 =R5 +R3 +R4 =1140M,
Ri2 =R21 =00M,
R13 =R31 =—Rg =-280M,
R32 =R23 =—R3 =-420M,
E11 =E4 + E1 =566 5,
Eoo =—-E1 —Ep =-50-65=-115B,
E33=E2 +E3=65+0=65,
11411 +0—-281 || =566

0+1061 1 —4211 =-115
— 2811 —4211 +1261) =65

PemuB oty cucremy, moiydaem:
I} =5345A;1 11 =-0,4723A; 1] =1546 A;
I1 =1} =5345A
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o =1 =-0,4723A

I3=1y11 =111 =2,018A
4 =111 =1546A
Is=1) =111 =3,799A
lg =11 —1]] =5345—(-0,4723)=5817 A

ComnocTaBuB pe3ynbTaThl pacu€ra MyHKTa | W MyHKTa 2, MOJy4aem, 4TO

OHU pa3NU4aroTcs He Oojee yem, Ha 5%, 4uTo sBIsSeTCS MOMyCTUMON OMUOKOMH

pacyéra.

3. CocTaBuTh OalaHC MOIIHOCTEH SIS JaHHOU cXeMbl (puc. 1.49).
2 Puer =2 PHOTp :

Eqlh +E1lg +E213+E3lg = |12R1—|— |52R2 + |32R3 + |22R2 + |42R4,
3180Br =3169Br
Ommubka B OanaHce MOIIHOCTEH cocTaBisieT MeHee, 9%, uTO sBIsETCS

I[OHYCTI/IMOﬁ IMOTPCIIHOCTBIO pacqéTa.

Puc. 1.49

Kontponbshas pabota Nel npuBenena B npuinoxenuu 11,
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2 llenu mepeMeHHOT 0 TOKA
2.1 OcHOBHBIE N0JIOKEHNS TEOPUH

DNEeKTPOMarHUTHBIA MPOLECC B JIEKTPUUYECKOM LENH CYUTAETCS MEPUO-
JWYECKUM, €CIIM MTHOBEHHBIE 3HAUYECHMS HAIIPSKEHUN U TOKOB ITOBTOPSIIOTCS Ye-
pe3 paBHbIE MPOMEXYTKH BpemeHu 7. Bpems T HaswpiBaercsa nepuogom. Hamps-

xerus U(t)=u(t+T)u Toku i(t)=i(t+T)BeTBEW AMEKTPUUECKON LENH SBIIS-

I0TCS IEPUOANICCKUMH (QYHKITUSIMHA BPEMECHH.
Benuunna, oOpatHasi nepuoay (4UCIO MEPUOJOB B €AUHUILY BPEMEHM),

HasbiBaeTcs yactoroi: f =1/T . Yacrora mMeer pasmepHocTh 1/C.,a enuHUIICH
u3MepeHus 4acTtoThl ciyxkuT ['epir (I'm).

[IIupokoe MpUMEHEHHE B AJIEKTPOTEXHUKE HAIUTH CHHYCOHMIAIbHBIC Ha-
IPSOKCHUS U TOKU:

u(t) =Uysin(ot +yy), I(t) = I, sin(ot + ;).

B ostux Beipaxenwsix U(t),i(t)—mruosennsie 3uauenws, Up, Im—
MaKCUMAaJIbHBIC WIIM aMIUIUTYIHbIC 3HaueHus, o =27/T =2nf — yrnosas yac-
TOTa (CKOPOCTh N3MEHEHHS apryMeHTa), /|, Vj— HadajbHbIe Qa3bl, (ot +y;),
(ot +yj)—dasbl, COOTBETCTBEHHO HANIPSDKEHUS M TOKA.

I'paduxu m3menenust U(t), 1(t) ymoOHO mpeacTaBisaTh He B GYHKIMU Bpe-
MeHU t, a B GyHKIIMU YTIIOBOM BEJIMUMHBI Mt , TponopiuonansHoii t (puc. 2.1).

Bemmunna ¢ = (ot + vy ) — (ot +yj) =y, — Vi Ha3bIBacTCs YIJIOM CIBH-
ra ¢a3. Ha puc. 2.1 y,; >0, yy>vyj >0, o=y —vyj >0, 1. e. HanpsKEHUE

OTIepEeXKAET TOK. AHAJIOTUYHO MOKHO BBECTH MOHSTHUS YTJIOB caBUTA (Da3 MEKIY

ABYM: HAIIPSAKCHUAMHA HJIIKM TOKAMMH.
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U, i

b

0 27 0]
> |- o)
V;
<\, >
ol =21 -
Puc. 2.1

KonuyecTtBo Tera, paccemBaeMoro Ha COnmpoTuBiieHHe R mpu mporeka-
HUU 110 HEMY TOKa, JIEKTPOMArHUTHAas CHJIa B3aUMOJICUCTBUS JBYX IMPOBOJIHU-
KOB C PaBHBIMHU TOKaMH, MPOMOPIIMOHATBHBI KBaApaty Toka. [loatomy o Benu-
YHMHE TOKa CYAAT IO JCHCTBYIOLIEMY 3HAYCHUIO 3a mepuoi. [leicTByromniee 3Ha-

yeHue nepuoauueckoro Toka i(t) ompemesnsercs mo BEIpaKEHHUIO

-
= L it
To

JIns KBampaToB JIEBOM W MPABOM YaCTEH 3TOrO0 PABEHCTBA, MOCIE YMHO-

xenus ux Ha RT , OyzieM uMeTh:

2 T o
12RT = [RiZdt.
0
W3 5TOro paBeHCTBA CIIEAyeT, 4TO AEHCTBYIOIIEe 3HAYEHHE MEpPUOAUYE-
CKOI'0 TOKa PABHO 110 BEJMYMHE TAKOMY IOCTOSHHOMY TOKY |, KOTOpBIH Ha He-
NU3MCHHOM COHpOTI/IBHeHI/Ie R 34 BpeMH T BBIACIICT TOXE KOJIMYECTBO TeHHa,

uro 1 ToK I(t).

[pu cunycounansHoM Toke i(t) = Iy Sin ot uaTerpan

T 2T 2
[15sin“ wtdt =-™ [(1— cos2et)dt = -7
0 2 0 2
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CJIC,Z[OB&TCJ'IBHO, ,HeﬁCTBYIOIHCC 3HAQYCHHUEC CUHYCOHUAAILHOI'O TOKa PaBHO

| = _m
V2
JleficTByIOIIME 3HAYEHHUS CHHYCOMIAIbHBIX Hampsokenmid U(t), o. 1. c.

e(t) ompenesroTCst aHAIOTUYHO:

Up o En
“ 2 E

Cpennee 3HaYeHUE CHHYCOUAAIBLHOTO TOKA OIMPENENSIEeTCsl KaK CpeIHee 3a

MoJOBUHY nepuoaa. [loatomy,
T

2/2 21 T, 2
Icp:_l_(j) Imsmoatdt:m_:_n(—coso)t)oéznlm

Cpennre 3Ha4eHUS CHHYCOMIANbHBIX Hampsokenuid U(t), s.a.c. e(t) on-

PEIeISIFOTCS aHAIOTUYHO:
2 2
Ucp=-"Um, Echp=—Enm-.
cp = ~m Ecp = _Em
Jnst cuaycounanbHbix TOKoB 1(t) = Iy Sin(wt +j).ypaBHeHus wnaeans-

HBIX 3JICMCHTOB R, L, C IIpHU IIPUHATBIX Ha PpUC. 2.1 moI0KUTEIbHBIX HalIpaBJIC-
HUAX UMCIOT BU

UR =IR=RIpsin(ot +vy;), UR = IR, o=y, —y;j =0.

u_ = Lg;:(oleSin((ot+\ui +900), U =oLl, o=y, —vj —900.

“Lhig= L1 sin(ot s i -909), Ug = L
C 0 oC oC
o=yy—vj=-90",
Ha akTuBHOM COINpOTUBICHUE R MeHOBEHHblEe 3HAUEHUSI HANPANCEHUS U
moka cosnaoaiom no ¢gaze. Yron capura ¢pa3 ¢ =y —yj =0(puc. 2.2. a).
Ha unnykTtuBHOCTH L MeHOBeHHOe 3naueHue moxa omcmaem Om M2HO-

8eHH020 3Hauenus Hanpsvcenus Ha yroa 90°(puc. 2.2. 6).

Ha emxoctu C menosennoe 3HayeHue HANpASICeHUus omemaem om MZHO-

0
6eHH020 3HaueHuss moka Ha yroi Ha yrou -90" (puc. 2.2. B).
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—_—
Up
a)
i L U,
> Y YL
—b [
u; .
0)
>
i !
—”’C U
B)
Puc. 2.2

1
Benmuuunel oL un oC MMEIOT pa3MepHOCTh [OM] M HA3bIBAIOTCS peak-
®

MUBHbIM CONpoOMuUBJIEHUEM qumeu@HOCWlZ/l N qumeu@HblM conpomueiieHu-

emX..
XL =olL,
U peaKkmuBHbiM CONPOMUBTIEHUEM eMKOCMU WA eMKOCHHbIM CONPOMuUG-
nenuem XC:.
Xc = i
oC

1
Bennunnel oL u oC nmerT pazmepHocTh [CM]| W Ha3bIBAIOTCS peak-
®

MUBHOLL NPOBOOUMOCTbIO UHOYKMUBHOCMU WA UHOYKMUBHOU NPOBOOUMOCHIbIO
BL:

1

oL’

151 peaKmue;Hoﬁ I’lpO@OdMMOCI’I’IblO emkocmu UM eMKOCMHOU ﬂpO@OOMMO-

BL

cmwio Be:

Bc =oC.
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CBs3bp MeXAy ICHCTBYIONIMMHU 3HAUCHUSMHU HANPsDKEHUS U TOKA Ha HJie-
anbHbIX 35eMeHTax R, L, C ycTaHaBnIMBalOT ypaBHEHUS:
UrR =IR, | =GUR,
U =IX, I=BLUL,
Uc =IXc, I =BcUc
B nmenu cuHyconnanbHOro ToKa AjIs HACCUBHOIO JBYXIIOJIIOCHHMKA IO OII-

PEACIICHUIO BBOAATCA CIACAYIONIUC BCIININHBI:

1. [TonHoe conpoTtunenue Z:

/=

U
|
2. DKBUBAJICHTHbIE aKTUBHOE R, 1 peakTuBHOE X 5, COIPOTUBICHUS:

U x

U
RBKZIR’ XBK:T:XL_XC’

rae U x =U sSin @- peakTUBHAS COCTABIISIONIAs HAIPSKCHUS

3. [Nonnas npoBOoAMMOCTH Y

4. DKBUBAJICHTHBIC aKTUBHAS GBK N pCaKTHBHAA B3K IIPOBOAUMOCTH:

I I
GBK:S’ Bafc:UB:BL_BC’

rae | = 1sin - peakTiBHAs cocTaBisrONMIas TOKA.

N3 TpeyroabHUKOB COMPOTUBIECHUN M TIpoBOoAMMOCTEH (puc. 2.3) cieny-

CT.

3K

Puc. 2.3
Ry =ZC0Sp, Xy =ZSing, Z :\/RazK + X32K :
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G,y =Y Cosp, By =Ysing, Y :X/GazK +B§K :

1 1

_XaK_ﬁ _ Y =

tgo=—2x — B 7 L y_ 2
¢ G, v Tz

RBK
dusnyeckasi BeJIMYMHA, YUCICHHO paBHAs CPEAHEMY 3HAUYECHHIO OT MpPO-

W3BEJICHUS. MIHOBEHHBIX 3HaueHui Hampsokenws U(t)u toka i(t), HaswiBaeTcs
aKTUBHOW MOITHOCTBIO P. [1o onpenenennio nmeem:

1T UmlmT ; i
P == [uidt =—"-"™ [sin otsin(ot — ¢) =
TO T 0

T
= % [(cosp — cos(2mt — @))dt =Ul cose
0

PacueTnbie BeTUYUHBI
S=Ul, Q=Ulsing
Ha3bIBAIOTCS TTOJTHOM MOIITHOCTBIO Swu peaKTHBHOfI MOIITHOCTBIO Q B IICIIN

CHUHYCOMOAJIBHOI'O TOKA. HNmMmeet mecTo PaBCHCTBO
s=-/P2+Q%.

2.2 AHAJIM3 U pacyeT YIEKTPUUECKHX Leneil mepeMeHHOro TOKa
Marepuans! AJis 3a1a4 0 TAHHOMY pa3zieiny B34Thl U3 [6].

Ipumep 2.1

NwmeeTcs nienb, cocTosmmas U3 MOCae0BaTeIbHO COSAUHEHHBIX aKTHBHO-
r'o CONMpOTUBIICHHS R, Karymiku uHIyKTUBHOCTH L u koHaeHcaropa C (puc. 2.4).

CunycounanbHoe Hanpsbkenue Ha 3axuMax U =120B; R=60wm; X =100wm;
Xc =20mM. Onpenenuts ToK | B Lenu; najeHne HaNpsHKEHUs] Ha KaxXJIOM dJe-
MEHTE, aKTUBHYIO P, peakTuBHYI0 Q M TOJIHYI0O S MOIIHOCTH, TOTPEOISEMBIii
LEMNbI0; U KO3PPUIUEHT MOIIHOCTH LEMU COSO .

Pemenune

Pemenue 3aJla4 HAaYUMHACTCA C ONPCACIICHUA MOAYJISL ITOJIHOT'O COIIPO-

THUBJICHHUSA OCIIN.

Z=R% +(X| - Xc )? =462 + (10— 2)? =100
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Tox B nemnu:

1= 10 1oy
Z 10

X | UL

&

Puc. 2.4

[Tagenune HampsKEHUs] HAa KaXKIOM 3JIEMEHTE IIENH OIpeaesseTcs 1o 3a-
KoHy OMa 1J1s1 yyacTKa Lenu:
UrR=1-R=12-6=72B;
Up=I1-X=12-10=120B;
Uc =1-Xc =12-2=24B.
AKTHBHAsE MOIIHOCTb, MOTpebiiieMasl LEeNbl0, BBIACISIETCS HAa aKTUBHOM

COMPOTUBJICHUHU R B BUJIE TeIJIa U ONIPEACIISIETCS TI0 YPaBHEHUIO:

P=12.R=122.6=864Br.

AHaHOFI/ILIHO OoIIpCACILICM PCAKTHUBHBIC MOIIIHOCTH:!
QL =12 X =122 .10 =1440Bap;

Qc =12 X¢ =122 .2 = 288Bap.

ITonnas MOIIHOCTH LCIIN paBHA:

s=./P2 +Q2 = 8642 + (1440 - 288)2 =1440 BA
KoadduimeHT MoIHOCTH 11enu onpeaesisieM no popmysie:
o P_854 oo
S 1440

WNinu gepe3 conpoTuBieHue:

COos

S7



COoSQ = R = o =0,6.
Z 10
XapakTtep Harpy3Ku aKTUBHO-UHIYKTHUBHBIM.
IIpumep 2.2

JlaHa 1ienb, cocTosimas U3 AByX napajuielbHbIX BeTBel (puc. 2.5). K nenu
NPUJIOKEHO CcuHycouaaibHoe Hampsbkenue U =127B wacrotoit 50 [I'm;

Ry =40wm; L1 =0,01 I'n; Rp =30Mm; Ly =0,02I's. OnpenenuTs TOKU B BETBAX

I1, 2 1 Tok B Hepa3BeTBIEHHOW YacTy nenu 13.

EEIR
0

] Vg
_ R ll R> l

Ll Lz
\J
o

Puc. 2.5

Pemienne

Tak kak maHHas 1eNb pa3BETBICHHAS, TO 3a/Ja4y yjAoOHEe peliaTth METo-
JIOM TPOBOJUMOCTEN. PelieHre HauMHaeM ¢ OIpeesICHUs] MOTHBIX COMPOTHUB-

JIEHUU BETBU:

Z,=|R?+(2nfL, )} =+/4? +3.14% =50850wm;
Z,=~/R,’ +(2nfL,} =+/3° +6.28° =6,950m.

OHpGI[CJ'IS[CM TOKH B BCTBAX IICIIN.

=0 =220 o497
Z, 5,085

=2 127 _1g07a
Z, 6.95

st onpenenenus Toka |3 HAXOAUMM aKTUBHBIE M PEAKTUBHBIC MPOBOJIM-

MOCTH BETBEU:
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9= - % _o155Cu:

z? 5085
b =2u_ 3 _gio1cw
z? 5085
R, 3
— e > _00621Cy;
gZ ZZZ ’ 52 M
2:XL22:6’—282:O,13CM,
z; 695

Hanee onpenesnsieM MOJHYIO MPOBOJAUMOCTD LEIH:

g=+(g,+0,) +(b +b,f =+/(0155+0,0621) +(0,121+0,13) =
~0,332Cm

Tox B HEpa3BETBJICHHOM YAaCTH 1MW onpeaesieTcs mo hopmyle:
| =Ug =127-0,332=4216 A.

Ipumep 2.3

s nenu (puc. 2.6) nano: R =50wm; Ly =0,05T'w; Rp =50Mm; Co =100
MK®D; HampspkeHue ceTh nepemeHHoro toka U =220B; gactora f =50 I'm.
Omnpenenuts TOKU B BETBAX cxeMbl |1 u |2 ; TOk B Hepa3BeTBIEHHON YacTH Iie-
nu |3; akTuBHYy0 P, peakTHBHYI0 Q M MOJHYIO S MOIIHOCTU U KO3()(PUIIMEHT

MOIIHOCTH BCEU LEMU COSE.

I3
O
I/ Vg
U Ri l 1 1 l
La T (2
Y
O
Puc. 2.6
Pemenne

3ajady pelraemM METOJIOM IpoBoauMocTeil. OnpenenseM peakTUBHBIE CO-

MIPOTUBJICHUS BETBEU:
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X |1 =2nfly =2-314-50-0,05=157Om;

Xc, = L _ 1 - =31830m.
2nfCy  2.314.50-10"

Haxonnm nmonHbie cOpOTUBIIEHUS BETBEX LIETH:
Z,=\|R*+ X" =5° +15,7* =10,480w;
Z,= R, +(- X, f =+/5? +(~3183) =32,220m;

OHpeI[eHHeM TOKH B BCTBAX LCIIN:
U 220

|, =—=-"2"_=13.35A;
Z, 16,48

YN
Z, 32,22

Jlist onpenenieHysi TOKa B HEPA3BETBIECHHOM YacTu nenu |3 Haxoaum ak-

THUBHBIC, PCAKTHUBHBLIC U ITOJIHYIO MOIITHOCTL!:

_R = > =0,0184Cw;

9= 77 1648
b =2u =197 _00578Cm ;
z2 1648
R, 5
L —0,0048Cy;
9= 7 T 3007 "
b, = 2z - 383 _ 4 5307¢m;
z? 3222
y=1/(g,+9,) + (0, —b,)* =+/(0,0184+0,0048) +(0,0578 —0,0307’ =

=0,0357 Cwm.
Toxk B Hepa3BeTBIEHHOH yacTu nenu |3:
I3=U.y=220-0,0357 =7.85A.
OnpenensieM akTUBHYIO P, peakTuBHYI0 Q U MOJHYIO S MOIIIHOCTH LIEMH:

P=U?(g, +g,)=220%(0,0184 +0,0048)=1122,88Br;
Q=U?(b, ~h, )=220%(0,0578 - 0,0307) = 1311,64 Bap;

S =,/P? +Q? =/1122,88% +1311,642 =1726,63BA.
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OnpenenseM K03()PUIIUEHT MOIIIHOCTH COS(p BCEH IEMu:

cosp P 112288 ¢ oo
S 1726,63
NJIN
cosq 900018400048 o o

y 0,0357

XapakTep Harpy3Kd aKTHBHO-MHIYKTHUBHBIM, Tak Kak b;>h,.

Ipumep 2.4

Hns wenun (puc. 2.7, a) gano: 11 =3A; lIp =6A; 13=2A; U =120B.
Omnpenenutsb ToK |4 B Hepa3BETBICHHON YacTH LIEMH; MOJHOE CONPOTUBIIEHHUE

BCcel Lenu Z; SKBUBAJICHTHBIE MapaMETPbl CXEMbl 3aMEIIEHUs, COCTOAIIEH W3

IIOCJIACA0OBATCIIBHOTO COCANHCHNS aKTHUBHOI'O R3 N PCaKTHUBHOI'O X » COIIPOTUB-

nenus (puc. 2.7, 6).

A__
0 ’ T 1
l h i] > l I3 R»
U D R X == X3 U I_Yg
; ® ;—T
a) 0)
Puc. 2.7
Pemenne

OnpeneneHre NPOBOJUMOCTH OTIAEIbHBIX BETBEM:

RS B
R U 220
b, :izl—zzi:0,0SCM;
* X, U 120
by, =—— =13 =2 _0,0167Cwm .
X, U 120
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AKTI/IBHa}I, pPE€aKTHBHAsA U I1OJIHAS ITPOBOJAUMOCTH BCEH LICTIN:
g=g,=0,025Cm;
b=h, b, =0,05-0,0267 =0.033Cw;

y=/g° +b? =4/0,025 + 0,033 =0,0416 Cm.

[TonHoE COIIPOTHUBJICHHUC BCEH OCIIN:

z-1__ 1 _osom
y 0,0416

Hanee onpenenseM napameTpel Ry u X 5 IOCIIEAOBATEIIBHOW CXEMBI 3a-

MeleHus 1enu (puc. 2.7, 6) o hopmynam:

R =9 - 002 14 450u:
y> 00416

=D _ 008 _19070m
y> 00416

Jlemaem mmpoBepKy:
Z =R’ +X.* =/14,45? +19,07> = 240m.

2.3 OCHOBBI KOMILIEKCHOTO MeTO/1a pacyeTa lenei nepeMeHHOro To-

Ka

[IprMeHeHne BEKTOPHBIX AUATPAMM K PacdeTy LENer MEPEMEHHOTO TOKA
HE TOJBKO IMO3BOJISIET TOCTUTHYTh HATJSJHOCTH, HO M ynpomaeT pacuer. OnHa-
KO, KaK Bce rpauueckie NOCTPOEHUs, BEKTOPHBIEC IMarpaMMbl HE BCETAa Aat0T
JIOCTaTOYHYIO TOYHOCTb U HE MO3BOJIIOT MOJIyYaTh 3aKII0YEHHUsS OOIIET0 Xapak-
Tepa. DTH HENOCTATKH METOJAa BEKTOPHBIX IHATPAMM YCTPAHSET KOMIUIEKCHBIN
(CUMBOJIMYECKUI) METOJI, OCHOBAHHBI Ha M300paK€HUU BEKTOPOB KOMILIEKC-
HBIMHM YHCJIaMH, MO3BOJSIOIIMMH CBECTH T'€OMETPUYECKUE OIEpaluy HaJl BEK-
TOpaMu K ajre0pandyeckuM OmepanusiM HaJl KOMIUJICKCHBIMHU YHCIaMH U 00be-
JTUHSIOUIMHN B ce0e MPOCTOTY BEKTOPHBIX JUArpamMM ¢ BO3MOKHOCTBIO ITPOU3BO-
JIUTh PAacueThl C JII000H KelaeMoi CTeneHbl0 TOYHOCTU. OCOOEHHO OTYETIMBBI
MPEUMYILIECTBA KOMIJIEKCHOTO METO/Ia MPU PACUYETE U AHAJIN3E CIOKHBIX LIETIEH,

HC CBO/ANINUXCA K ITOCJICAOBATCIIbBHOMY U TAPAJIIICIIbHOMY COCANHCHUAM.
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CneayeT HMCTL B BHAY, 4YTO KOMILICKCHBIN MCTOJ HCIIOCPEACTBCHHO
IMPpUMCHHUM JIMIIb B TCX ClIy4asaX, KOraa BCC 3. . C. U TOKH B ICIIN ABJIAIOTCA CHU-

HYCOUJIAJTbHBIMU (PYHKIMSIMH BPEMEHH, UMEIOIIHNE OHY YacTOTY.
Ipumep 2.5

3anucath B TIOKa3aTEIbHON, TPUTOHOMETPUYECKOM, aliredOpandyecKkon
dbopmax BbIpaXXEHHUS] KOMILIEKCHBIX JEUCTBYIONIMX 3HAYCHUI TOKa W HaIpsiKe-

HUSI, MTHOBEHHBIC 3HaUCHHS KOTOPHIX
i =5+/2sin(wt —20°) A
u=100/2sin(ot +15°) B
Ilepen pemeHueM 3a1aud HEOOXOIUMO BCIIOMHHTH, UTO JIFOOasi CHHYCOU-

nanbHas QyHKIMS (TOK, HaNpsOKEHUE, 3.J.C.) MOXKET ObITh M300pa’keHa BEKTO-

POM, TaK KaK MPOEKIHUs D Bpamiaronerocs IpoTUB YaCOBOI CTPEIKHU C TIOCTOSH-
HOW YIJIOBOM CKOPOCTBIO (® BEKTOpa Ay, Ha BEPTUKAIBHYIO OCh (puC. 2. 8) u3-
MEHSIETCS] BO BpEMEHH 110 CUHYCOMIaJIbHOMY 3aKOHY:
b= Ay, sin(ot +¢)
W3 Teopun KOMILJIEKCHBIX YHMCENl M3BECTHO, YTO KOMIUIEKCHBIM YHCIIOM

Ha3bIBACTCsA aﬂre6pquGCKa;1 CyMMa BCHICCTBCHHOI'O (I/IJII/I I[GﬁCTBHTGJIBHOFO)

qyucja d ¥ MHUMOTO jb, MMpHUYCM 1104 MHUMBIM YHUCJIOM ITOHUMACTCS KB&I[p&THBIfI

| 12
KOPCHb U3 OTPHLATCIIPHOTO YHUCIa "\ — b ) 00 IMPOU3BCACHHUEC BECIICCTBCHHOI'O

4qKcCila HAa MHUMYIO CAMHUITY:

N R L

—_—
Am
|
Yo b ot
. | I .
a T 31T 21
2

Puc. 2.8
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['padpuueckoe n300paxeHne KOMILUIEKCHOTO YKCiia JAeTCsl B BUIE BEKTOpa
Ha MPAMOYTOJIBHOM cucTeMe KOopauHaT, (puc. 2.9.) npoekius KOToOporo Ha Be-
HIECTBEHHYIO OCh «+1)» paBHa €ro BEHIECTBEHHOW YacTH «@», MPOEKIUS K€ Ha

MHHUMYIO OCh «+)» - MHUMOU 4acT «by.

A +j
An
el
-1 0 a +1
j
Puc. 2.9

MOI[YJ'IB KOMIIZICKCHOI'O 4HrCJjia — JJIMHA BCKTOpa:

Am :\/a2 +b2

ApryMeHT (unu (pa3a) KOMIUIEKCHOTO YHCJIa — YIoJl MEKIY BEKTOPOM U

IMOJIOKUTCIIbHBIM HAIIPAaBJICHUCM B€H1€CTBGHHOI71 OCH:
b
¢ =arctg—
a

CnenoBaTresibHO, BpaIIalONIUNACS M TOCTOSSHHOM YIJI0BOW CKOPOCTBIO ®
BEKTOp Amq MOXeET ObITh N300pakeH Ha MOMEHT BpeMeHHu t= 0 B Buze:
Am=a+jb
Ota dhopma n300pakeHUs KOMITJIEKCHOTO YKCIia Ha3bIBAETCS ajiredpanye-
CKOH.

Tpuronomerpuueckas (popma 3anucu KOMIJIEKCHOTO YHCIIA:
Am =AnC0osQ + JApsing
HenocpeacTtBeHHo cieayeT U3 aHain3a puc. 2.2; Tak Kak
a = Amp COSQ u b=Amnsine

CHeHOBaTeHBHO, II0CJIC ITIOJACTAHOBKU:
Am =a+ jb=An(cose+ jsing)
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Haubonee Harnaanoit popmoil n3o0pakeHusi KOMIUIEKCHOTO YHMCIIa SIBIISI-

CTCA IOKA34aTCIIbHAA, KOTOpas HCIIOCPCACTBCHHO NACT BCIIMYMHY U HAIIPABJICHUC

BEKTOpA.

CormacHo dopmyie Diepa:

cose+ jsing=el®

J
IToatomy Am = Ame , Te Ay — MOJlyJIb KOMIUIEKCHOTO uncia Am, a @

— €ro apryMeHT.
Tak kak IeHlCTBYIONINE 3HAYCHUS] CHHYCOUIAJIbHO U3MEHSIONINXCSA TOKA U

HaIpsKCHUSI COOTBECTCTBCHHO PaBHBI

I U
=My y="M
A2 2

rae (Im 1 Uy — X aMIUIMTyJHBIE 3HAYEHMSI), TO 1O YCJIOBHIO 33Ja4H

KOMILJIEKCHBIE JICHCTBYIOUIME 3HAUEHHUS 33JaHHBIX TOKAa W HAINpPSIKEHUS U Ha-
NpsDKEHUS B TOKa3aTesIbHOM (hOpMeE BBIPA3SITCS B CIEAYIOLIEM BUJIE:

L= Imgior _ jgior Z5Y24i(-20°) _ge-i20p
V2

Um giou _elou -

1002 j15° i15°
—"el =100e ! B.
V2

B tpuronomerpudeckoit popme:

I =1cosg + jlsing; =5c0s(—20°)+ j5sin(—20°)=5c0s20°— j5sin 20° =

=5(c0s20°— jsin 20°)

U =U cosey + jUsinegy =100c0s15°+ j100sin15° =
=100(c0s15° + jsin15°)

AnreOpanveckass (opMa 3alMCH KOMIUIEKCHOTO YKCIIa MOJYy4YaeTcs W3
TPUTOHOMETPHYECKOM, IyTEM MOICTAHOBKU 3HAYEHHH COS¢ W SINQ u manb-
HEWIIEero pacuera:

1 =5(c0s20° — jsin 20°)=5(0,9397 — j0,3420)= (4,7 — jL71)A

U =100(cos15° + jsin15°)=100(0.9695 + j0,2588)= (96,6 + j25,9)B.

N u3 nokaszaTenbHOM, C UCIIOJIb30BaHUEM (POPMYII ITepexoa:

a = ApCcoso; b= Ay sino.
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AnreOpanyeckas ¢popMa ya00Ha NMPU CIOKEHUH U BBIYUTAHUHM KOMIJIEKC-
HBIX YHUCEJ, a MoKa3aTeabHas P YMHOXKEHUH, JEJICHUH, BO3BEJICHUU B CTEIICHb

Y U3BJICYECHUU KOPHSI.
IMpumep 2.6
[IpeacTaBuTh B MOKa3aTeIbHON (hOpPME CICAYIONINE KOMIUICKCHBIC YUCIa
3,2+ j1,251,25+ j3,2
-3,2+j1,25-1,25+ j3,2
32+ j12532-j0125
0125+ j3,2-0,125+ 3,2
23+ j0,06 0,32 — j1,25

Pemenune

ITepexon ot anreOpanyeckoil (opMbI 3aMUCH K MOKA3aTEIBLHON MPOUCXO-

JUT 1o (popmysiam
An=Va? +b?; (p:arctgg.
a

ITo ycnoBuro 3aa4m Bce KOMILICKCHBIC YHCa 3a/IaHbl B allrcOpandecKoi
dbopme. Torna:
1,25

* jarctg _ .
1. A =32+jL,25= 3,22+1,252e 3,2 =3,44ei121’33 :

+ jarctg ) .
2. A2 :1,25ij3,2: 1’252 +3,228 1,25 :3’44eij68,66 :

+ jarctg( 1'252J

3. Ag=-32+]1,25=1/(-32)2 +125%
_ 3. 440* 1158,67°
3nech HEOOXOAUMO OOpaTUTh BHUMAHKME HA TO, YTO BEKTOP PACIOJIONKEH

BO 2-0M KBajapate (00 3TOM rOBOPHUT 3HAK «MUHYC» MEpe] ACHCTBUTEIILHON WIH

BEIIIECTBEHHON) YaCThI0O KOMILJIEKCHOTO YHCJIa U «IUIIOCY - Tepe] MHUMOU. B

CBSI3U C DTUM arctg(l’fz] paBeH He muHyc 21,33° , a (180°— 21,33°%) =158,67°

(puc. 2.10)
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]

Puc. 2.10

ijarctg( ’ j
4 Ay =-125+32=(-125 +32% -125) _
_ 344111134

[To Toii e mpuumnne (cM. puc. 2.10) arctg( ?iSj =111,34° , a He 68,66°:

125
jarctg—— . .
5. A5 =32+ jl125="1 322 112,52 32 _129el7564°
. (—0125}
jarctg s
6. Ag=32-j0125= \/3.22 +(~0125)%e 32 ) _39e71223°

Jarctg£
0125 _ 5,j87.32°

7. A7 0125+ j32 = 01252 +3,2%¢

jarctg( > )
8. Ag=-0125+ j32=1322 +(-0125)2e  \0125)_
-3,2¢192.68°,

jarctg[_ ! )
9. Ag =032~ 125=-0.32% +(~125)%e 32 )_
_120e~17564°
(0,06
10. AqQ =23+ j0,06 = \mejamg( 23 j _ 30J015°
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Takum 00pa3om, YTOOBI MPABUIILHO ONPEAECIUTh APIYMEHT (P KOMILJIEKC-

HOT'0 4yucia, H€O6XOI[I/IMO NpCABApPUTCIIBHO OIPCACINUTL B KAKOM KBaJpaTc pac-

IMOJIOKCH BCKTOD, I/I3O6pa)KGHHBII\/II JaHHBIM KOMIIJIICKCHBIM YHCJIOM. BaTCM, OII-

b

pEeIeInB OCTPBIM yroj, apKTaHT'€HC KOTOPOTO PaBEH -, 10 U3BECTHBIM U3 TPU-
a

TOHOMCTPHH (1)OpMYJ'IaM IMPUBCACHUA OIIPCACIIICM I[CﬁCTBHTCJII)HOC 3HAa4YCHUC

aprymeHTa ¢ .

Ipumep 2.7

3anmcarb B aareOpandeckoil (Gopme 3ammcH CIIEAYIOIINe KOMIUIEKCHBIE
yuca.

1,32 119° 2. 32eTI71°

3. 30T 1161° 4, —30eT12:35°

5. 32¢+187,25° 6. 32¢10,43°

7. 32¢1012° g. 10g710°

Pemenune

I[aHHBIe KOMINIJICKCHBIC YHCJIa ITPCACTABJICHBI B MoKa3aTeIbHOU (bopMe.

[lepexon oT mokaszarenbHON (OPMBI 3aMMCU K alreOpanveckoi Mmpou3Bo-

IUTCs o popMynam:
a=AmCcoso; b=A,sine.
3neck: Am — MOIYyJIb KOMIUIEKCHOTO YHMCIIA; (0 — €T0 apIyMEHT.
Torna:
1. Ay =32eT 119 =32¢05(+19°)+ j32sin(+19°)=32-0,9455 +
+ j32-0,3256 =30,2 + j10,4;
2. A, =321 =32¢05(+ 71°) + j32sin(+ 71°)=32-0,3256 +
+ j32-0,9455=10,4 + j30,2;
3. Az =32e7101° _32¢05(161°)+ j32sin(+161°) =
=32(-0,9455) + j32-0,3256 =—30,2 + j10,4;

4. A4 — _32e+2,350 — 32e+2,350 e 11800,
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VMHOX€EHHE KOMILIEKCHOTO YhClia Ha + | COOTBETCTBYET MOBOPOTY BEK-
T 2
TOpa Ha =+ 5 wi Ha 90°, a ymMHOkeHue Ha |° = - 1 — moBopoTy Ha m mwiu 180°

MPOTHUB 4acOBOM cTpetiku. [loaTomy:
—A=—1. A= pel180°
Jlanee umeem:
A, =32¢1080°+2.35%) _ 35004182 35°) + j325in(182,35°) =
=32-(-0,9990)+ j32-0,041=-32 + j1,312;

5. Ag =32e187:25° _ 30 c05(+87,25°)+ 325in(+87,25°)=
~32.0,0450 £ j32-0,9990 =144 £ j32:

6. Ag =32e1043° Z32¢05(0,43°) + j325in(0,43°) =
~32-0,9999 + j32-0,0125=32+ jO.4;

7. A7 =320 1012° _ 39005~ 012°) + j32sin(- 0,12°) =

=2-0,9999 — j32-0,0035=32— j0,112;

8. Ag =10e" j0.5 _ 1= i(0.5180/314)° _10o—128,65° _

=10cos(— 28,65°)+ j10sin(—28,65°)=10-0,877 — j10-0,479=8,77 — j4,79

B nocnennem mpumepe apryMeHT KOMILJIEKCHOTO 4YKClla NPUBEACH HE B
rpaaycax, a B paiMaHax, YTo HEOOXOUMO YUYECTh MPU ONPENEIEHUN €T0 TPUTro-
HOMETPUYECKHUX (DYHKIIMM.

IIpumep 2.8

KommiekcHoe HAIIPAKCHUC U TOK IIACCHUBHOI'O ABYXIIOJIFOCHHUKA PABHBI:

U=(80+j60)B; I=(24-j7)A.

BpauciauTh KOMIUIEKCHOE CONPOTUBJIEHUE Z , MPOBOAUMOCTHY ; yKa3aTh,
KAKOBBI SKBUBAJICHTHBIE MapamMeTpbl JABYXIOJIOCHUKA. YeMy paBeH cIBUT (a3
MCXKAY HaIIPsSXKCHHUEM U TOKOM? OHpCI[GJ'H/ITB AKTUBHYIO, PCAKTUBHYIO U IIOJI-

HYy0 MoIHOCTH. [locTpouTs quarpaMmy Hanps>KEHUM U TOKOB.
Pemienne

3anuieM KOMITJIEKCHBIE HAamNpsyKEHUE U TOK B MOKa3zaTelNbHOM Qopme U
n300pa3uM UX Ha BEKTOpHOHM nuarpamme (puc. 2.11), BbIOpaB COOTBETCTBYIO-

[I[H1€ MACIITAOEI.
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jarctg— . o
U =802 +60%e” 80 =100e)3687"B;

. 7
— jarctg— : o
| = /242 + 7% 24 _ o5~ 116,26 5
my= 20 B/cwm; m=15 A/cm.

4] U

Puc. 2.11

KommiekcHoe conpoTuBiieHue ornpeseiseM mo popmyne:

j36,87° .0
Z- u _ 100e _ 4015313
| oge- j16,26°

=(2,4+ j3,2) Om

CHGI[OBaTeJIBHO, 9KBHUBAJICHTHLIMH IIapaMETpaMM JABYXIIOJIOCHUKA SABJIA-

I0TCS aKTHBHOE comnpoTtuBiicHne R=2,40OM M HUHIYKTUBHOE COIPOTHBIICHHE
X =3,20M, coenuHeHHble TocienoBareiabHo. KomIuiekcHas MpoBOAMMOCTh

IETH oTpeeseTcs mo Gopmyne:

- _ j5313% _ . _
Z ,.05313° 24+]32 0,25 =(015+ j0,2) Cu;

DOKBUBAJICHTHbIE MapaMeTphl JIByxmnoitocHuka: akthuBHast G =015Cwm u
peaktuBHasg (MHaykTHBHasg) B, =0,2 CM poBOIMMOCTH, COEIMHEHHbIE Mapall-

JICJIIBHO.

VYrou capura (a3 Mexay HapsHKEHUEM U TOKOM (OH JKe apryMeHT Z ).
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o=y —¢ =36,87° —16,26° =5313°
AKTHUBHBIE U PCAaKTUBHBIC COCTABJIAIOIINUC HAIIPAKCHUA U TOKA:
Ug=Ucosp= 100c0s5313° ~60B;
U =Usinp=100sin5313° ~80B;
I, =1 cosg=25c0s5313° ~15A;
I p = Ising=25sin5313" ~ 20A;

B cooTtBercTBHE C BI)I6paHHBIM MacImTadbom I/I306p8,31/IM AdKTUBHBIC U PC-
AKTHUBHLIC COCTABJIAIOIINC HAIIPSKCHUA M TOKA Ha BGKTOpHOﬁ auarpaMme puc.
2.11

HeO6XOI[I/IMO O6paTI/ITB BHHUMAaHHUEC Ha TO, YTO BCILICCTBCHHBIC 1 MHHUMBIC
COCTaBJIAIOMIKUC KOMIUICKCHBIX HAIIPSKCHUA U TOKA B O6HI€M ClIy4ac OTIIN4YaroT-
Cia OT UX aKTHUBHBIX U PCAKTUBHBIX COCTABJLIIOIIUX.

AKTI/IBHaH, PCAKTHUBHAA U ITIOJIHAA MOITHOCTHU!
P =1°R=25"*2,4=1500Br =1,5kBr;
Q=1%X =25**3,2=2000BAp =2kBAp;
S =Ul =25*100=2500BA =2,5kBA;

Te jxe MOITHOCTH MOXHO OIPEAEIUTh MO PopMyIie:

S=P+jQ=U-1=(80+j60)24+ j7)=1500+ j2000;
Otkyna P=1500 Bt u Q=2000 Bap.

*

3nech | - conpsiKeHHBIM KOMIUIEKC TOKA.

*

KommiekcHoe uncino A =a— jb Ha3biBaeTCsS KOMIUIEKCHO-COIPSKCHHBIM

yuciaoM A=a+ jb.

CnenoBatenbHO, €ciu TOK | =24 — j7, TO CONPSKEHHBIN KOMILIEKC TOKa

*

| =24+ j7.
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IIpumep 2.9

[TocnenoBarensHO € peagbHOM KAaTYIIKONW MHIYKTUBHOCTU C MapameTpa-
Mu R=3 Owm, L=25wmIH, BKmoueH peoctar compoTtusieHueM Rj=100m
(puc .2.12). Onpenenuts HanpsbkeHue Ha kaTymke Uy, ero casur ¢assl o otT-

HOIICHHUIO K MPHIOKEHHOMY HAIPSHKEHHIO, @ TAKXKE MOIIHOCTh, PACXOAYEMYIO B
KaTyLIKE. K Lenu MOJ/IBE/IEHO HaIpsHKEHUE U =120B,

f =50T'11. [TocTpouTh BEKTOPHYIO AMArpaMMy HaNpsHKEHUS U TOKA.

™ =

Puc .2.12
Pemienue

KomriekcHoe conpoTuBiIeHUE BCEH 1IEMU

- 0
Z=R+Ry + joL =13+ j7,.85=1519e 313" Oy,
HamnpaBum BexkTop U mo ocu BemlecTBeHHbIX unced, T.e. U =120B (puc.
2.13) (my =20B/cwm).

4 ‘I‘j

Puc .2.13

OnpenenuM KOMIUIEKCHBINA TOK | 110 hopmyiie
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: 0
) 3113 =7,80e” FHEA
1519e 1%

Hanpsokenue B kaTymke

U 120
- Z

. 0 . 0 ) 0

U, =1Z, =7,89% 133" x(34 j7,85)=7,80e 713113 .8 4¢109.08" _
i 0

=66,31e 379 B;

Ono CABHUHYTO IIO (1)&36 II0 OTHOLICHHUIO K IMPUIO0KCHHOMY HAIIPAKCHUIO

Ha yToJl @y :37,950 (T.x. oy =0).

BekTop Toka | orcraer ot BekTopa HanpsbkeHus U Ha yroa ¢ = 31,130.

Bekrop Hanpsbkenns UR1 coBnamaer no ¢ase ¢ BEKTOpoM Toka | . BexkropHas

JyarpaMMma npuBezieHa Ha puc. 2.13.

MOHIHOCTB, pacxoayemasd B KaTyIIIKS (T.e. dAKTHUBHasl MOHIHOCTB)I

*

- o R 0 ] 0
h P{uk 'l} =66,38¢ /9% 7,902 1 = pe[524,53e‘69’08 L

~524,53¢0569,08° =187,29 Br.

Taxk xe MOIIHOCTBH MOXCECT 6BITI) IMoACYUTaHa JPyIruM IIyTcM:
P.=1°R=7,902° -3=187,32Br.

IHpumep 2.10

B snektpuueckoil nienu, cxema KOTOpo# npuBeAeHa Ha puc. 2.14, Hanps-
xeHue Ha yudactke Rp, CqipaBno 24 B. Jlanst R =30 Om, Rp =40 Owm,

C1 =5mk®, Cp =1mkd. Yriosas yactora m=5000C¢™. Uemy paBHO Hampsvke-

HHC, ITPUITOKCHHOC K LICIIH.
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-
by

v P G, R,
— -
) U,
Puc. 2.14
Pemenue

OHpGI[CJII/IM PCAKTHUBHBIC COIIPOTHUBJICHHUA W KOMIIJICKCHBIC COIIPOTHUBJIC-

HUs [IEPBOT'0 y4acTKa BCEU LENN.
1 1

XCl = = =40 Owm;
oC; (500051079

XC2: 1 = 1 6 =2000wm;
oCy  (5000-1-107)

: 0
Z,=Ry — jXc1 =30— j40 =50e~ 15313  Op;

Z =Ry +Ry — j(Xeq + Xop )= 70— j240 = 250e~ 17374° oy,
[Ipumem apryMeHT KOMIUJIEKCHOTO HANpPsKEHHUS HA MEPBOM YYacCTKE paB-
HbIM HYJIO (T.e. HampaBuM BekTop U1 BIOJb OCHU JACHCTBUTEIBHBIX YHCEN):
U1=U;=24 B.
Torna KOMIJIEKCHBIN TOK B IIENH
Uy 24

_ 0,48¢15313" 5
. 0 !

[IpunoxxeHHOE HAMPSHKEHUE OMPEIEITUM 10 (popMyIIe:
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2.4 AHau3 U pacyeT CJI0KHBIX lLieneid mepeMeHHOro ToKa

IMpumep 2.11
[TapameTtpsl nienu, n300pakeHHON Ha puc. 2.15, UMEIOT clieayroue 3Ha-
yeHusa: Rp =80M, X1=0L=60M, Rp=120M, X2 = 1C =5 Om. Bpruuc-
a
JUTh KOMIUIEKCHbIE 3HA4€HUs TOKOBI, 11, 12 © MOImHOCTB, NOTPEOIIEMYIO
nenbio, eciu U =130 B. Haiitu Hanpsbkenne mexay Toukamu a u b. TToctpo-

UTh BEKTOPHYIO AHarpaMmy.

a ~ab
@) ®

IS

Puc. 2.15
Penienue

[Tpumem BexTop U =130B (T.€. coBmaiaronmM ¢ 0CbI0 1€UCTBUTEIBHBIX

yucen). Torna

: 0
== 20 IO 45068 04— j78) A
Z; 8+j6 13687
U 130 130 "
ly=—-= = =10e12262" = (9,23+ j384) A;

Z, 12-j5 136~ 122.62°

: 0
I=1;+1,=10,4—j7,8+9,23+ j3,84~(19,6— j3,96)A = 20e~ 111427 5

MoutHoCTh, ToTpedisemMast 1ernbio (T.€. aKTUBHAS MOIIIHOCTB):
- 0
P=R, [130 .20~ 1142 }:130 .20c0s11,42" = 2548Br.

[TpoBepka moka3bIBa€eT, UTo:
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P=1,%R; + 1,°R, =132 -8 +10? - 12 =1352 + 1200 = 2552 Br.
Onpez[enﬂeM HanmeeHHe Memy TOUYKAaMU a U 6.
Ud -Ua=Uda=11R
Ug -Up=Udp =12 iXc, )
Brrunras nepBoe BbIpaKeHUE UX BTOPOTO, HAUAEM
Uab = (L_Ja -Up )_(L_Jd _Qa): 12(_ jXC2 )_llRl =
=—j5(9,23+ j3,84)—8(10,4— j7,8)=—6,4+ j16,2 = 66e 11155° 5

JU1st mOCTpOEHHsI BEKTOPHOU AuarpaMMsl (puc. 2.16) nmocrymnaem Tak:

A +j
i, [ I,R,
JxaL llRl 2
L, 7 —Jxy 1,
0 e 41
g
I, L,
Puc. 2.16

1)  BeiOupaem macmTadbl My =20B/cm u m| =5A/cwm;

2) Ha OCHOBAHUHM TMPOBEACHHOTO pacyeTa OTKJIAIbIBAEM BEKTOPHBI TO-
koBl1, 12 u 13;

3) OTKJIQJbIBAEM BEKTOPHI COOTBETCTBYIOIIMX HAINPSHKCHUH Ha OT-
JICJIbHBIX YYaCTKaX LEMH B TOM K€ IMOPSAKE, B KAKOM CJIEIYIOT M0 CXEME COOT-

BETCTBYIOIIME JIEMEHTHI LICTIH.
Hpumep 2.12
B mermu (puc. 2.17) mamo: U =120B; Z1 =Ry + jX1=(10+j6) Om;
Zp =Ro + jX9 =(24— j7) Om; Z3 =R3+ jX3 =(15+ j20) Om.
Onpenenuts ToKM 11, 12 u |3, aKTUBHBIE M PEAKTUBHBIC MOIIHOCTH

BCEH LIETIM U OTHEIBbHBIX BETBEU.
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E—
.
[ 1=
|
71
* l —

Puc. 2.17

Pemenne
ITonHoOE conpoTUBIEHUE LEIIN:
—26,7e 12387 oy,

=244+ j108=

B Hepa3BeTBHeHHOﬁ 9aCTH LCIIU IIPOXOAUT TOK:

| U 120
_1 = — = - 5
Z 26,7¢12387

=45e7 128387 5

Toku B mapajuiesbHbIX BETBSIX MOTYT OBITh BBIP@)KE€HBI 4Y€pe3 TOK B He-
Pa3BETBICHHOMN YaCTH LIECMH:

Z 1 o i
.——3:4’5e 123:87 M

=274 110.99° A
Zz + Zs 39 + jl3

Z e 24 .
l3 = ll =2 _ 4.,5e 123,87 M _274e j58,57 A
Zy+213 39 + j13

Toxu 12 u |13 MOXHO OBLIIO HAWTHU U APYTUM ITyTEM:

| £2°23 _ ;- j2387° (24— j7)15+ j20)
“Z,+25 39+ j13
= 68,4e71526°p;

L_Jab = lllab =

. _Uap _ 684 152 g 15
P72z, T -1 g M6

= 27411099 A

Uap 684e7 1526 6840715267
;3 15 + 120 25e j531130

I3 = = 274719839 p

OHpCI[C.HI/IM PEAaKTHBHBIC MOIITHOCTH BCEH O U OTACJIBHBIX €€ BETBEMU:
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*
P= Re[U : |1:|= Refl20-4,5¢12387° | =120.4500523,87° = 494 Br:;

P = 1°Ry =4,5 -10 ~ 202 Br;
P, = 1,°Ry = 2,742 . 24 ~ 180 Br;

P; = 13°Ry = 2,742 - 15~112Br.
[TpoBepka nokassiBaeT, uto P =P;+P,+P3;=494 Br;

HaKOHCH, OoIIpCACIINM PCAKTUBHBIC MOIIMHOCTH BCEH OCIIM 1 OTACIIBHBIX €C

QJICMCHTOB:

*
Q= |m{u : |1} — ImfL20.- 4,5¢ 12387° | =1204,55in 23,87° = 218Br;

Q= 12Xy =4,5% -6 ~1225BAp;
Qu =1,°X5 =2,74% .(-7)~ 52,6 BAp;
Qs = 13°X3 =2,74% - 20 ~ 149 BAp;

YuuteBas, uro Q; u Q3 MOJIOKUTENBHBI (PeaKTUBHAS MOITHOCTH KaTy-
meK), a Q, oTpunarenbHa (peakTUBHAS MOIIHOCTH KOHIEHCATOPA) TTOJTYIHM:
Q=1215-52,6 +149~ 218 BAp.
Hpumep 2.13
MeTto10M HEMOCPEICTBEHHOTO MpUMEHEHUs 3aKkoHOB Kupxroda s 1e-
nel MepeMEeHHOr0 CUHYCOU/IaIbHOTO TOKA OMPEICIUTh TOKA B BETBSIX DJIEKTPU-
YECKOW IIeNHU, cXeMa KOTOpoi mpeacTtaBieHa Ha puc. 2.18. I[TapameTpsl cxembl

cnenyiomme: E1 =100B; Eo =100e190°B; xczlczzoM; X =oL=5
Q)]

Om; R=50m.
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S
s

Puc. 2.18
Penienue

[Tockonbky 1-# u 2-it 3akoHbl Kupxroda crnpaBenyuBbl 1js 1eNel CUHY-
COMJAIBHOTO TOKA, TO MOKHO OBLIO OBl 3amMucaTh YpaBHEHMUSI J1Ji1 MTHOBEHHBIX
3HAYEHHUI BEJIMYMH LENH U IEPEUTH OT HUX K YPABHEHUSIM B KOMILICKCAX.

B tom cnydae, Korna OTIENIbHBIE BETBU JIEKTPUYECKOW LIEMU CUHYCOM-
JATBHOTO TOKA HE CBS3aHBI MEXK]y COOOM MAarHWTHO, BCE pacyeTHbIE POPMYIIbI
LEeNEN MMOCTOSHHOIO TOKA IMPUTOAHBI U I pacdeTa Lened CUHYCOUAAIbHOIO
TOKa, €CIM B 3TUX (OpMyJiax BMECTO IMOCTOSSHHOIO TOKa | MOACTaBUTH KOM-
IeKc |, BMECTO MpPOBOAMMOCTH J — KOMIUIEKCHYIO MPOBOJUMOCTH Y , BMECTO
COMPOTHUBJIECHUSI R — KOMITJIEKC COMPOTUBIICHUSI Z ¥ BMECTO MOCTOSHHOM 3.1.C.
E — xommekcHyto 3.1.c. E.

JIns 3a1aHHOM CXEMBI 3alMIIeM CHUCTEMY YPaBHEHHM IO 3akoHaM Kupx-

roa /iT MTHOBEHHBIX 3HAYCHHUH TOKOB Iy , Iy , I3 . [Tomydunm:

I+ i2 —l3 = 0
1..
I3 + —,[I]_dt =€
di,
I3+L—*%=e
3 dt 2
[IeperineM OT Hee K CUCTEME YPABHEHUM B KOMILJICKCAX:
I1+12-13=0 l1+12-13=0

I3R-jXcl1=E1 ;< 513-2j11=100
I13R— X 12=E2 513+5j12=100]
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Pemnm nonmyyeHHyr0 cucteMy ypaBHEHUM.

Ol'[peI[eJII/ITeJIB CHCTCMBEI.

1 1 -
A=|-2j 0 5|=10+15j=18¢1%63""°
0 5j 5
OnpenenuM KoMIuieKcHbIe TOkH 11 , 12 , 13:
0 1 -
100 0 5
l1= % B 1szaje 15561,310 -1 218522,310 < 27,867 1%630
1 0 -
~2j 100 5
. Ome?ggilo 2 o300 IS
1 1 0
—-2j 0 100

Ipumep 2.14

Haittu Toxku B cxeme puc. 2.19 metonom nByx y3inoB. [lonoxutenbHbie

HaIIpaBJICHUA 3.1.C. YKa3aHbl HA CXEMC CTPCIIKAaMHU.

Pemenne

[TapameTpbl CXeMbI ceIyIomue: € = 120V/2sin ot B;

e3 =100-/2sin(wt —30°) B; Ry =20m, BT Om, oLg =50m.

®Co
3anuieM 3.7.C. B KOMILICKCHOH dopme:
E, =120B,

E5 =100 139 B
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Iel @ r es
b
Puc. 2.19
[Tpon3BOIBHO BHIOEPEM TOJIOKHUTEILHBIC HATIPABJICHUS JIJIST TOKOB OT y371a
b x y3y a.
Onpenenum MPoOBOJIUMOCTH BETBE.
1 1 1
Zy R 2
Z; —JXc, -10j
Yoot -t 1 gojom
Z3 X, 5]

Hanpsoxenne mexay y3namu a u b:

YE;Y; E;Y;+E3Ys 12005-100e” 1307027190

Lla_b = = - - =
2Yi Yy +Yo+Yg 05+01j-0,2]
opan j120° -
_ 00208 T _104e- 18 g,
05-01j

Tokxn B BETBIX CXEMBI:

E1-Uap 120-104e~18°

11 = _85+ j7,25=11,75¢ 140:46° A
Z1 2
~ s j8° o
1, -0-Uab _ 1o4e_900 1046~ 198° A,
Z2 —10e]
. _Ea-Ua - 100e7130° _104e7198"  _162-355j
-3 Zj 5e 190° 5]
39 1ej245,47°

—7.82e115547° A

5e j90°
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IMpumep 2.15

B nenu puc. 2.20 naHsr:

Z, =2, =(50+ j30)Om; Z3 =1000m; E; =100B; E, =100e 139" B,

[TonokuTenbHbIC HAIPABICHHUS 3./1.C. [IOKA3aHbl HA CXEME CTPEIKAMH.

OmnpenenuTs Bce TOKH METOIAMH:

a)  KOHTYPHBIX TOKOB;

b)  y3JIOBBIX IOTEHIINAJIOB;

C)  METOAOM SKBHUBAJICHTHOTO MCTOYHHKA 3.7.C. ONMPEACIUTh TOK 19 B
BETBU C £2.

[IpoBepuTth OamaHC aKTUBHBIX MOIITHOCTEH.

—_—— —

-~ s
i a AN
’ & ~
7 A
Vi A
7 A
/ \\
f =
;=1 I I, \
; ~
| 22 [:| — iE \I.
| \ z
| -ET'J'J | =3 |
| Iy I
| <+ |
\ !
\ ;f
N E, eV E, /
5\ - /
\ /f
J |
I b 7
11 >~ -
~ao /,/
Puc. 2.20
Pemenne

a) Meroa KOHTYPHBIX TOKOB.
BriGepem HampaBiieHHs] KOHTYPHBIX TOKOB corjacHo puc. 2.20. Cuctema

YpaBHEHHUH, COCTABJICHHAS [10 METOAY KOHTYPHBIX TOKOB, Oy/I€T UMETh BUJ:
111(Z1+23)+12223=E1
11123 +122(Z2 +23)=E2
Heobxoaumo oOpaTuTh BHUMaHHUE HA TO, YTO KOMIUIEKCHOE COMPOTHUBIIE-
HUE CMEKHOM BeTBU Z3 Oepercs CO 3HAKOM «IUTIOC», TaK KaK B JaHHOU ciiydae

HaIpaBJICHUS] KOHTYPHBIX TOKOB 111 ¥ 122 BIOJb 3TOI BETBU COTJIACHBI.
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Pemas stu YpaBHCHHA MCTOJA0M ITOACTAHOBKH, ITOJTYUYHUM:

_Ep-E173.

: (m3 2-r0 ypaBHCHHUS
70473 ( yp )

122

E2Z3-11123° _ Eq

111(21 -2
111(21-23)+ 25773

111(21+23)Z2 +23)- 111232 =E1(Z2 - Z3)-E2Z3

Otkyna:
— :an0
- EslZ,+25)-E,Z3 ©100(150 + j30)—100e13%" 100
11— - . . -
21Zy)+21Z3+Z3Z3  (50+ j30)? —2(50 + j30)100

—0,693¢ 113750 A

—j30¢ :
| _ Eo(Z1+Z3)-E1Z3 _100e” 1™ (150 + j30)-100100 _
2 202,+2123+2,24 (50 + j30)? —2(50 + j30)100

— 0452 185°20 A
OHpCI[CJII/IM TOKH B BCTBIAX.
11 =111 =0,693¢ J13°50 A;

15 =19 =0452 18520

Ig=1lyq +19,=0,693e 130 | 045007185720
- 0’693(00513"50' + Jsin 13°50')= +0,452 cos(— 85020')+ jsin(— 85020')]=

~0,77e7 1250 A
VYpaBHeHue 6ananca MOITHOCTEH:

* *
Re[El- I1}+Rel:E2 : |2]= 112Ry + 192R + 132R3;

Wnm:
Re[lOO .0,693¢~113°%0 } + Re[lOOe_ 130.0,450¢ 185720 } _

—69.3c0513°50 +45,2¢0585°20 = 0,6932 -50+0,4522 .50+ 0,772 -100:
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Wnn:
66,4 +268=24+10,2+59 Te.

93,2=93,2
b) MeTO 1 Y3710BBIX MOTCHIHAIIOB.

d
L 4

15 [l

Puc. 2.21

Meronuka pacuera LENU CUHYCOHWJAJIbHOTO TOKAa 3THMM METOJIOM IpPHH-
LUITMAJIBLHO HE OTJIMYAETCS OT aJITOPUTMA pacdeTa LEenu MOCTOSHHOTO TOKa Me-
TOJOM Y3JIOBBIX MOTEHUMANOB (AaHHAs 3a7a4a MOXKET ObITh pelleHa JIerdye Mo
METOJy JIBYX y3JIOB).

3azemsnM To4Ky b cxemsl (puc.2.21) Torga ¢p=0. CoctaBuM ypaBHEHHE

110 METOlY JIBYX Y3JIOB:

00 1 ji00e 03 1
_EqY1+ESY, 50+ j30 50+ J30

TY Y, Y, 1, 1 1
50+ j30 50+ j30 100

9a :L—Jab

=(715-j28,6) B;
Toku B BETBSIX HAXOAUM I10 3aKkOoHY Oma:

11=(E;~Ugap )1 =(E1 -9, JY1=(00-715+ j28,6)*

*(0,0147 — j0,0084) = 0,693¢ 1130’ A
1y=(Ex-Ugp Yo =(Es—0, )1 = (86,6 j50- 715+ j28,6)*

*(0,0147 — j0,0084) = 0,452¢ 185°20' A
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l3=UgY3=0,Y3=(715-j286)0,01=77e 120"« 01 =

=0,77e 12190,
[Ipu cocraBnennn GanaHca MOIIHOCTEH MOTYYUM TO K€ TOXKIECTBO:
93,2=93,2.
¢) MeToJ SKBUBaJICHTHOTO UCTOYHHUKA 3. [I. ¢ (METO/ SKBUBAJIEHTHOIO Te-
HepaTopa)
Jlnst onipenenienus Toka |12 1Mo MeToly KBUBAJIEHTHOIO UCTOYHUKA 3.1.C.,
TaK K€, KaK ¥ U Uened NOCTOSTHHOTO TOKa, HaJA0 HaWTH 3.1.C. ExpdKBHUBa-

JICHTHOT'O MCTOYHMKA 3.71.C. U €r0 BHYTPEHHEE COMPOTUBIICHUE Z kg (pHC. 2.22,

—_—_——————————

<

E—
|~
(%]

VA

= 3KB

O S "

o

Puc. 2.22

st onpenenenust Eqgp OTKIIOUMM BETBb ¢ Z2 (puc. 2.22,0) U BbIUKC-
JIUM HAIPSDKEHUE XOJIOCTOTO X0Ja MEXy TOUYKaMu a u D.

Tok, mpoTekarouuMii B LIENU IPU pa3pbiBE BETBU C £,

' E; .

= _;1+;3’

, Eq Z4 100-100 104
Qab :l';3 :EBKB = = - ~ Al
xx Z:Z3 (50+ j30)+100 150+ j30
=(64,2 - j12,8)B.

DKBHUBAJICHTHOE CONPOTUBJIEHUE UCTOYHUKA 3.11.C. (puUc. 2.22.B)
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z. - £1L3 =(50+j30)l00=(359+j128)oM.
O Zy+2Z5 150+ j30 ’ ’

Nckomerit Tok 12 (cMm. puc. 2.22. a) OyzeT paBeH:

Ep—Eye 1000 139" _(642- j128) 435e7 15

I, = _ _
27 7)+2,, 50+ j30-359+ 128 859+ j428
—j59° _
— M — 0.452¢e~ 185,48°A
96ej2&48° ! '

2.5 AHAJIU3 MOC/Ie0BaTeJIbHOM 1eNU P pe30HAHCe HANIPSIKEHU i

SIBiieHME pe30HaHCAa MUMEET MECTh B AJEKTPUYECKOMU LIEMHU, COACPHKAIICH
pEaKTUBHBIC 2JIEMEHTBI, KOT/Ia TOK U HaMpsHDKEHUE COBNAAAIoT Mo ¢aze. DKBUBA-
JICHTHOE PEaKTUBHOE COMPOTHUBIICHUE IIEMU MIPU PE30HAHCE HAIMPSIKEHUN paBHO
Hy/10. Pe30HaHC HalpsKeHW BO3MOXKEH B LEIH, COJIEPKAIIEH MOCIIEI0BATEIb-

HO COEJMHEHHBIE NHIYKTUBHOCTb U EMKOCTb.
Ipumep 2.16

JInst snexkTpuyeckou 1emnu, u3oOpakeHHoW Ha puc. 2.23 mano: U =1B;

R=100wm; L=100 mxI'n; C =0,01 mx®. OnpeaenuTs pe30HAHCHYIO YacCTOTY
o TOCJICIOBATEIBHOTO KOHTYPA; XapaKTePUCTUYCCKOE COMPOTUBICHHUE P, 3a-

tyxanue d u noopoTHoCcTh Q. Haittn Tok lg MottHOCTS Py, 11 HanpsbreHust U Lo¥
UCO npu pe3oHaHce. [[ocTpouTh BEKTOPHYIO TUarpamMmy IeMd B pEeKUME pe3o-

HaHCa.

A

Uy,

Puc. 2.23
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Pemenune

[lepen pemieHrem 3aauu clieyeT BCIIOMHUTD, YTO PE30HAHCHASI YacTOTa
MOCJIEOBATEIBHOTO KOHTYPA ONPEAEISIETCS 10 YPABHEHUIO:
1
JLC

XapaKTepucTUYECKOE COMPOTUBIECHUE KOHTYpa p PaBHO CONPOTUBIIEHUIO

og=2nf =

KaXIO0T0 U3 pCAKTUBHBIX 3JICMCHTOB IIPH PC30HAHCC!

= L—il —F
P=80== o e

HO6pOTHOCTB KOHTYpPa OIIPCACILACTCA BBIPAKCHUCM!

_P
Q R
Bennuuna, o0paTHas 10OPOTHOCTH, €CTh 3aTyXaHUEe KOHTypa d:
a=1t
Q

HpI/I PC30HAHCC HaprDKCHI/Iﬁ TOK B KOHTYPC OIrpaHHM4YMUBACTCA TOJIBKO dK-

TUBHBIM COIIPOTHUBJICHUCM:

LU
0= R
A HANpsOKEHME Ha MHAYKTUBHOCTH U| ) PAaBHO HANPSUKCHUIO HA EMKOCTH
Ucy
UL =Ucn = lgp=UQ ="
Lo =Ucg =lop o
PeH_IeHI/Ie 3ala4 HAYMHACM C OIIPCACIICHUA pe30HaHCHOI7I JaCTOThI:
1 )
0g = = L =10%c71.
VLC /1001076 .0,01.107®
Otkyna:
6
fg=20 - 10" _159.105
or  2.314

Jlanee ompenensieM XapaKTEPUCTUUYECKOE CONMPOTUBIICHUE, 3aTyXaHUE U

JTOOPOTHOCTH KOHTYpa:
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—6
f \ 100-10 100 Om:

001.10°8
10 _o1:
p 100
_p_100 _
Q=r~ 10~
TOK B IO CIIN OHpCI[CJ’ISIeM nu3 BBIpa)KCHI/IH:
lo=2=1-01A.
R 10

Torna
Ry = 192R =012 10=01 Br;
U Lo :UCO =1lpp=0,1-100=10 Br.
[TocTpoeHne BEKTOpPHOW AuarpaMmbl HAUMHAEM C BEKTOpa HAIPSHKCHUS
U , KOTOPBII OTKJIA/IIBAEM B MacIlITa0€ Ha IEUCTBUTEILHOM OcH (puc. 2.24).

i

+1

1S
I~

Puc. 2.24

Bektop Toka |1 coBmamaer no ¢aze ¢ HaMpsHKEHUEM B PEXKUME pe30HaH-

ca. Bekrop Hanpspkenuss U OyneT paBeH MajeHUIO HANPSHKCHUS Ha PE3UCTOPE

R ot Toka |(. HampsbkeHune Ha eMKOCTH OyJIeT OTCTaBaTh OT BEKTOpa Toka |(

Ha yrona 90°. OTkianpiBaeM B MacmTabe BEKTOP QCO u3 KoHIa Bekropa U

N3 koH1Ia BEKTOpa QCO IPOBOJUM B MacilTabe BEKTOP HANPSKEHUS QLO , KO-
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TOPBIN orepexaet 1o (aze BeKTop Toka 1) Ha 90° u paBeH 1Mo MOIYJIIO BEKTOPY

HaIpsHKEHUS QCO :

IMpumep 2.17

Haiitu napamertpsl katymiku R; u L;, eMkocTh kKoHaeHcaTopa C U compo-
TUBJICHUE peocTata R,, BKIIOUEHHOIO B 1I€Tb, H300paXEHHYIO Ha puc. 2.25, ec-

au npu peszoHaHce wusBectHo: U =220 B; UCO =204B; U|_O =180 B;

o =4A. Yacrora nepemensoro Toka f =50 I'm.

Pemenune

Hepez[ PCHICHUCM 3ada4u HGO6XOIII/IMO 3HAaTb, 4YTO YCJIOBHCM PC30HAHCA
HaHpH}KGHHﬁ ABJEACTCA PABCHCTBO PCAKTHBHBIX COHpOTHBJ’IGHI/Iﬁ KOHACHCATOpa B

KaTyIKEC HHAYKTUBHOCTH:

1
Xe=Xy: ww =2nufL
¢ L 2nfG
Ry
o 1
Iy
- . C
g p— QCD
L
YT
# ELD
Puc. 2.25

Pemienne 3amaum HauHEM C ONPENENICHHS] PEAKTHUBHBIX CONPOTUBICHHUU
KOHJIEHCATOpa M KaTYIIKHU ITPU PE30HAHCE:

xL:xC:%:%:%oM.

0
Jlanee onpenesnseM CyMMapHOE aKTUBHOE CONIPOTHUBJICHUE 1ETIH:

ZR:R1+R2=|9=%O=500M.

0

[TonHOE CONPOTUBIIEHHE KATYIIKHU:
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zlz%zz%‘lzsloM.

0

AKTHUBHOE COIIPOTUBJICHUC KATYIIKH OIIPCACIIACM U3 BBIPAKCHUS:
R =2 - X? =/51° +45 =240m.

COHpOTI/IBHeHHe peocTaTra OonpcaAcsicM, 3Hasd CYMMApPHOC aKTHBHOC CO-

HpOTI/IBHeHI/Ie IICIIN.
R,=YR—R =50-24=260m.

3arem omnpenenseM eMKocTh C KOHJEHcAaTopa W MHIYKTUBHOCTH L Ka-

TYILIKHU:
1 1 _5
C= - —7,08-10° @ = 70,8 MKD:
2nfX, 2-314.50-45
T —0143Ts.
o2nf  2.314-50
Ipumep 2.18

Karymika ¢ HeKOTOpOW MHIYKTUBHOCTBIO L 1 aKTUBHBIM CONPOTUBIICHUEM
R npucoeauHena k cetu nepeMenHoro toka Hanpsbkenuem U =80 B, wactoToit
f =50 I'n. I[Ipu 3TOM OT ceTr moTpebsiercs TOK | =2 A 1 aKTUBHAsE MOIITHOCTh
P =570 BT. Haiitu eMkocTh KOHACHCATOPA, KOTOPBIN HAJ0 BKIIOUUTH MOCIIE0-
BaTEIbHO C JJAHHOW KaTyIIKOM, 4TOOBI B 1enu (puc. 2.18) BO3HUK pe30HaHC Ha-
npspkeHuss. OnpenenuTs B 3TOM PEXUME aKTUBHYIO MOIIHOCTE Py, TOK B 11emnu g

Y HaIlpsSKEHUE Ha KOHJEHCATOpe UCO .

C

° |
Puc. 2.18

Pemenune
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HCpCI[ PCUICHUEM 3aaa4un HCO6XO,III/IMO 3HAaTb, YTO YCJIIOBHUCM pPE30HAHCA
HaHp}DKGHHﬁ ABJEICTCA PABCHCTBO PCAKTHUBHBIX COHpOTI/IBJIeHI/Iﬁ KOHICHCATOpAa B

KaTyIKEC MHAYKTUBHOCTH:

1

Xe =X wwm =2nfL
C L 2nfG
OmnpenensieM aKTHBHOE CONPOTHBIICHUE KaTYIIIKH:
R= i = @ =142.50m.
2 2
I 2
[Tpu 5TOM MOJIHOE CONPOTUBJICHHUE KATYIIKH PaBHO:
Z :E :% =1900m.

Torna HHAYKTHUBHOC COIIPOTHBJICHHUC KAaTYIIKH!:

X =vZ2 —R2 =/1902 —142,52 =125,70wm
Tak IIpU PpE30HAHCC HaprDKeHI/Iﬁ XC = XL, TO CMKOCTb KOHICHCATOpa

OIpCACIISICM U3 BbIPAKCHUA!
11 1
2nfXc  2mfX_  2-314.50-1257

Tox pu pe3oHaHCEe HANIPSHKEHUH OTPAaHUYUBACTCA TOJBKO aKTHUBHBIM CO-

=25.10° P = 25MK®D.

IIPOTHUBJICHUEM LIETIN:
~ U _ 380 _
R 1425

3arem orpezensieM MOITHOCTh Py, mOTpedasieMyro 1enbio OT CeTH, U Ha-

I 2,67A.

psDKEHUE UCO Ha KOHJICHCATOPE MPH PE30HAHCE:

P=14°R=2,67°-1425=10133Br;
Uc, =loXc¢ =1c X =2,67-1257=335,6B.
2.6 AHa/IM3 nmapaJijiesibHOM Lenu NMPU pe30HaHce TOKOB
IMpumep 2.19

[TapameTpsr 1enu puc.2.19 cnenyromme: L=4 wmlH; C=0.1 wMxdD;
Ry =1600m; Ry =1200m. Beruucnuts 4acToTy pe3oHaHCa TOKOB H COIIPOTHB-

JICHHE TIPH pPE30HAHCE.
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Onpenenuth T0OPOTHOCTh KOHTYypa. IIpu KakoM 3HAYEHHH COIPOTHBIIC-
Hust Ry pesonanc BooOmie HeBo3MoxeH? [lpy Kakux 3HAUCHHAX CONMPOTHBIIC-
Huii Ry u Ry pe3oHaHc B naHHOM 1enu OyneT MMETh MECTO TPH JIF0OOH 4acTo-
Te?

Ilermn puc. 2.19 Ha3pIBaeTCs MPOCTHIM TapauUICIBHBIM KOJICOATECIbHBIM
KOHTYpOM. B TakoM KOHTYpe, cojeprKallleM MMapajuieIbHO COCTMHEHHBIC HHTYK-
TUBHBIM U €MKOCTHBIN 3JICMCHTHI, IIPH OIPEACICHHBIX YCIOBUSIX MOXKET HACTY-

IMIUTHh PC30HAHC TOKOB.

Puc.2.19
Pemienue

VYcioBue pe3oHaHca:
By =By, wu:
1

oL ®C

2 2 2
Ry” +(wL) R22+(1j
oC

VYTII0BYIO PE30HAHCHYIO YaCTOTY KOHTYpa omnpeaeianmM no popmyie:

() = ! p2 — R12 rac p= \/E - XapaKTCPUCTHUUICCKOC COIIPOTHUB
pes ILC p2 _ R22 ’ C

JIEHHUE KOHTYpa.
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[Tonyunm

4'1?;3 -160° TR
Opes = < oo - \/4'10 10 _5.10%.0,75=
V410731077 1/ 41073 192 2710 > \4.10% —120°
10~/
=3,75.10% ¢ L.
CornpoTuBIiieHHE NapaJIEILHOIO KOHTYpa MPU PE30HAHCE:
Zpes =Rpes = p2R+ e - 4107 +160-120 =211,40m.
1+ Ry 280
J1oOpOTHOCTH KOHTYpA:
o= P _ 4-10* _ 200 0715

R,+R, 280 280
CiienoBarenbHO, JAHHBIM MMAPAJUIENBHBIM KOHTYpP HE SIBISETCS BBICOKO-
00OPOTHBIM.
Ananu3 HopMyIbl VIS ONPEIEIEHUS. Ope, NPUBOJIUT K BBIBOAY, 4TO pe-
30HAHC TOKOB B 3TOM KOHTYpe BO3MOkeH npu Ry > 200 Owm.
Ecmn e Ry =Ry =p=200 Om, TO pe3oHaHC TOKOB OyIeT UMETh MECTO

npu J1t000# YacToTe.
Ipumep 2.20

Jlns xoHtypa puc.2.19, mapamerpsl KkoToporo paBHbl - R =90wm;
Ro =10m; L=100 mxI'n; C=100 n®d. HaiiTi pe3oHaHCHYIO YacTOTy W Pe30-

HAHCHOE COIPOTHUBIICHUE, OMPEACIUTh, YeMy OYyAyT paBHbI YKBUBAJICHTHHIC aK-
TUBHOE, PEAKTUBHOE U MOJHOE COMPOTUBIICHUS] KOHTYpA, €CJIM BCIEICTBUE pac-
cTpoiku yactota cranet Ha 0,2% OosbIie pe3oHaHCHOMN. {715 9TOTO Cciyyas BbI-
YUCIIUTh BCE TOKU U MOIIHOCTD, BBIICJIIEMYIO B KOHTYpE, Tojarasi, YTo BeJIu4u-

Ha MPUJIOKEHHOTO K Lenu HanpshkeHus pasHa 200 B.
Pemenue

OnpenenrM pe30HAaHCHYIO YacTOTY KOHTYpa:
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®pes = Jl_ p22 : R122 B 1 \/1066_81 <107 ¢,
LC\ p“-R, 107410710 V 10° -1
J1oOpOTHOCTH KOHTYpA:
1074
p__ Vc _V10*® 1000 _, .,

"R +R, Ri+R,
ComnpoTuBICHHE KOHTYpa IPU pPe30HAHCE:
L 100-107°
C(Ri+R2) 10.100-10712

[poussenem pacuet npu ®=1,002w,, .

Roes =10° Om =100 kOm

Haiinem aGcomtoTHYI0 U OO0OOIIEHHYIO PAacCTPOMKH M MCKOMBIE COIpPO-
THUBJICHUS.

AOcoI0THas paccTpouKa:
A® =00y, = 0,002, =0.002-10" =2.10% ¢*
O06o011eHHast paccTpoiika:

X Ao 0,002m

=2-100
®pes ®

0,4

3KBI/IBaJ]eHTHOC AKTHUBHOC COIIPOTHUBJICHHNC KOHTYpa:
Re 100
T14E2 140,42
DKBHBAJIEHTHOE PEAKTHBHOE CONPOTHUBJICHUAE KOHTYPA:
Xy = —ERycq =—0,4-86,2 = —34,4 KOM .

=86200 Om = 86,2 kOm

OKB

Tak kak & momoxwurenbHo, X, , UMEET EMKOCTHBII XapakTep.

B

[TomHOE COMPOTUBIIEHUE TIPU PACCTPOMKE:

Rpes 100
Z o = o = =93,3kOMm;
V1+E% 140,42
X 34,4 .
19¢P,p =— RBKB = _86 5 =-04. Poxp =—21,8°.
J9KB !

Tak kak @, , OTPHLIATEIECH, TOK ONIEPEKAET HANPSIKEHHUE
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200

IR — ~02A
JRE+(oLf /92 + (1002-107 -100-10°°f
= - 200 _~02A
S
C 1,002-107 -100-10712
U 200

~215-10 3A = 215 MA.

Z, 93300
PacxozxyeMa;I MOIIIHOCTH:
P=U-I-c0S@,, =200-215-103 c0s21,8° = 0,4 Br;
HUJIn:
2 2 2
P=17-(Ri+Ry)=15(Ry+Rp)=0,2°-10=0,4 Br.

3ameTuM, 4TO Jake mpu HeOosbmon pacctpoiike (0,2%) B moaHOM co-
MPOTUBJICHUHA KOHTYypa MOSBWJIACH 3HAUUTENIbHAST PEaKTHBHAS COCTABJISIONIAS

XBKB , BCJICACTBUC 4YCI'O IIOABUIICA CABUT (1)213 MCKAY TOKOM U HAIIPSAKCHHUCM.

Ipumep 2.21

[MapamnensHblidi  KOHTYp,  mapameTpsl  kotoporo R, =16,30wm;
L=338 mk['w; C=300 n®, moakItoueH K UCTOYHUKY 3.1.c. E= 200 B ¢ BHyTpEeH-
HHUM conpoTuBieHneM Rj =69 KOwm.

Beruucnuth 3KBUBaJIEHTHYIO JOOPOTHOCTh KOHTYpa W MOJOCY €ro Mpo-
nyckaHus. HaliTu Bce TOKM M pacXoJyeMyH B KOHTYPE MOIIHOCTH IIPU PE30-

HaHCC.

Pemenne

B cooTBeTcTBHU C YCJIIOBHUEM 3alaui JaHHaA JSJICKTPHUUCCKAA LCIIb MOKCET

ObITh MpezAcTaBieHa cxeMoit puc.2.20.
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Puc.2.20

I[J'ISI ,Z[O6pOTHOFO KOHTYpa, T.C. IIpU MAJIbIX ITOTCPAX, BBIYUCIIACM:
1 1

6

0p = = ~314-108 ¢ *:

JLC  \/333.107%.300.10712

o

f oo~ fy=—0_500k
pe3~ 10 o I
p= L:10600M;

\C

Re 1060 _. 2
Q:R_L: 163 > Rpes = Q7R =69 kOm

DOKBHUBAJICHTHYIO JOOPOTHOCTh 33JITaHHOTO KOHTYpa ¢ y4€TOM BHYTpPEHHE-

r'0 CONMPOTHUBJICHUS] HCTOYHMKA 3.]1.C. ONPEACIH 10 popMyJIe:

65
Quep = g =5 =325
1409 141
Ri Ri
[Tomoca mponyckaHus ¢ y4€TOM BHYTPEHHETO CONPOTHUBIICHUS UCTOYHHU-
Ka:
,f 10°
Sp == = 0107 15400 ' =154 xI'n
Qe 325

OmnpenenuM TOK UCTOYHHMKA W HANPSHKCHWE HAa TMAPAJICILHOM KOHTYpE
IIpU pe30HaHCE:

B E 200
e Ry +Rpes 2-69-10°

—145.10 3 A =145 MA.

-3 -3 3
Upes = lpesRoes =145-107° =1,45.107°-69-10°A =100 B.
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Toxu B KaX710¥ U3 BETBEW KOHTYpa Oy1yT paBHBI:

Upes _ 100
JRLZ+(opesl P /16,32 +10602

=0,0942A =94,2 MA;

I1pes -

12565 =Upes* Opes - € =100-27-500-10° -300-10 % = 0,0942 A = 94,2 MA;

MormisocTs, noctaBisiemas uctouHukoM ( R pes ), pacxonyemas B HeM ( Pg;) u

BbIIENsIEMast B KOHTYDE ( Py, ):

FU pes = E I pes =200-1,45-10~° = 0,29 Br;

Pri = 12 R = @,45-10—3)2 .69-10% = 0,145 Br;

2 -3 3
PpCS :Ipe3 'Rpeg = 6,4510 )2 -69-10° =0,145 Br.

2.7 AHAIU3 ¥ pacyeT MPOCTEHIINX U CJIOMKHBIX leneil Npu HATHYNHU

3JIEMEHTOB C B3AUMHON MHAYKIHEH
Ipumep 2.22

JIBe WHIYKTHBHO CBSI3aHHBIC KATYIIKH COCIUHEHBI ITOCIICOBATEIBHO
(puc. 2.21.a). JleiicTByIoIIMEe 3HAYCHUS HAMPSHKEHUS MIPHIIOKEHHOTO K KaTyIl-
kam U=100 B. TIlapamerper karymek R;=300M; oly =1200wMm;
Ry =500mMm; oLy =300m. Kosddurment csa3u karymku K=0,75.
Onpenenurs:
1) JetictBytomue 3HaueHus Toka | B menm u Hanpsokenuit U u Uop
Ha KaTyllIKaX MPU UX COTJIACHOM M BCTPEYHOM BKJIFOUYCHHSX; 2) OCTPOUTDH BEK-

TOpHBIE JUarpaMMbl JUisi 00OMX Clly4aeB BKJIIOYEHHUs. PemeHue 3amadu npous-

BCCTHU IIApaMCTPHUUICCKHUM MCTOI0OM.

+M
R]_L]_ m R2L2

T._

Puc. 2.21.a
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Pemenune

Ilepen pemenueM 3amayd cleayeT BCIIOMHHUTB, 4To: 1) HeMcCTByrolee
3HAQYCHUE TOKA B LMW JBYX MHJYKTHBHO CBSI3aHHBIX KATYIIKaX OMNpPEIEsSeTCs
10 BBIPAXKECHUIO:

_U_ U -
Z Ry +Ry)? + (0ly + oLy = 20M)?

rae ®M - peakTUBHOE CONPOTUBJICHUE B3aUMOUHIYKIIHH.

2) ®M >0 mpu cormacoanHoMm BiiIroueHUH U1 @M <0 mpu Bcrpeu-
HOM BKJTFOUCHUU;

3)  3) koadodummeHt cesi3u K MEKAYy KaTyIIKaMH BbIpa)aeTcs depes

Ux HHIIYKTHBHOCTH Ll’ L2 u BBaI/IMOI/IHIIYKTI/IBHOCTB MCJICIIYI’OIHI/IM 06pa30M:
M
Jh-Ly

Pemenue 3aJladiy HAYHCM C OIIPCACICHUA PCAKTUBHOI'O COIIPOTHUBJICHUA

B3aMMOMHAYKIMHU. O0€ YaCTH ypaBHEHUSA:
M

NI

JOMHOKMM Ha (® U MOCJE NpeoOpa3oBaHus MOIYUHM:

Xy =oM =K, /ol -ol, =0,75v/120-30 =45 Owm.

K=

Onpenenum AEHCTBYIOIIEE 3HAYCHUE TOKA B IIEMU MPU COTJIACHOM BKIJIIO-
YECHHUU KaTYIIEK:

U

I: =
\/(R1+Rz)2+(><|_11 +X L2 +2XM)°

= 100 =0,397A

J(50+30)2 + (120+30 + 2. 45)2

VYron casura ga3 Mexay TOKOM U HAPsDKEHUEM Ha KaTyIIKax:

X11. + X 2+2X
W "L M _ arctg@ =71,6°.
Rl + R2 80

@ = arctg

OnpenenuM AeMCTBYIOIIEE 3HAUEHUE TOKA B LIETIH MTPU BCTPEUYHOM BKJIIO-

YCHUHU KATYUICK:
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v U _100 ;0

\/(R1+R2)2 +(X Ly + X2 —2Xw)? 100

yFOJ'I CABUI'A (1)33 AL BCTPEYHOI'O BKIIIOYCHU A KAaTYHICK!
XLll + XLZ _2X|\/|
Rl + R2

OmnpenesnsieM najgeHue HAPSHKEHUS HA KaTyIIKax:

60
"= arct =arctg— =37°.
¢ g 980

a) IPU COTJIACHOM BKJIIOUCHHH:

Uy =12; = 1R + (X1, + Xy)? =0,3974/30% + 120+ 45)% = 66,6 B;

Uy =125 = 1yJRy2 + (X o + Xy )% =0,397y/50% + (30 + 45)% =358 B

0) Mpu BCTPEUYHOM BKJIFOUCHUHU:

Uy'=1'Z'= |'JR12 +(Xpg, —Xpm)? —1,/302 1 (120—45)2 =808 B;

Up'=1'Zo'= I'|Ry% + (X5 — X1 )2 =14/50° + (30— 45)2 =52,2 B

I[JBI IMOCTPOCHUA BCKTOPHLIX AWAIrpaMM OIIPCACIIACM:

a) IR =0.397-30=119B; 6) 'R =1-30=30B,
IX|, =0.397-120=476 B, I'Xp, =1-120=120B,
Xy, =0.397-45=17 9 B; I'Xy =1-45=45B;
IR, =0.397-50=19,8 B; I'R, =1-50=50 B,
IX » =0.397-30=119 B; I'X |, =1-30=30B,

Hcxons u3 MONy4eHHBIX JAHHBIX, CTPOUM B MaciiTabe BEKTOPHbBIE Jua-
rpaMMbl TOKOB M HAIPsHKEHUI TIPU COTIIACHOM BKJIFOUEHHH Katyiiek (puc. 2.21.

0) ¥ Ipu BCTPEYHOM BKIIFOUCHHMH KaTymiek (puc. 2.21. B).
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Puc. 2.21.6

N\ 1%,
1
I'X)y
- I'Ry
Ui iy
Puc. 2.21. 8
Ipumep 2.23

Onpenenuth KO3()PUIUEHT B3aUMOMHAYKIIMH U HAPsDKEHHE Ha ABYX I0-
CJIEIOBATENBHO COEAUHEHHBIX, BCTPEYHO BKJIIOYEHHBIX KaTyIIKaxX, €CIU MPU Ha-

NpsOKEeHUH Ha 3axumMax nepBoid karymku Uq=20 B mommHoCTh, moTpednsiemas
aTOM Karymkoi, pasaa P=40 Br. [lapamerpsl karymiek: katymek Ry =100wm;
L4 =0,0159TH; Ry, =80m; Ly =0,035 TIm, wactota TOKa B mNenH

50 I'. ITocTpouTh BEKTOPHYIO AUAarpaMMmy.
Pemenue
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OnpenenuM TOK B IETH:
1= [P 80 on
Ry 10

[TonHOE CONPOTUBIEHUE NEPBOM KaTYIIKH:

212%22—20:100M

OmnpenensieM ko3¢ GUIMEHT B3aMMOMHIYKIIMU KaTyleK. Tak Kak MoJHOe

COIIPOTHUBJIICHUC HepBOﬁ KaTyIIKKW OKa3bIBACTCA PABHBIM €C aKTUBHOMY COIIPO-

THUBJICHHIO!:

71 =R + X2 =R; =100m,

TO, OYEBUIHO, UYTO

Xll IOJL]_—O)M =0

158105

M =14 =0,0159THn

VYcnoue X1=0 mnpu BCTPEYHOM BKIIIOYEHHM IOCIIENOBATEIBHO COEIH-
HEHHBIX KaTylIEK YKa3bIBAECT HA TO, YTO MEPBAs KATYIIKA HAXOJIUTCS B PEKUME

JI0’KHOTO PE30HAHCA HANPSKEHUM.
OmnpenensieM HalpsHKEHUE HA ABYX KaTyIIKax:

U=1Z=1{(Ry+Ry)? + (0ly + oLy — 20M)? =
—2/(10+8) + (314-0,0159 + 314 0,035 — 2-314.0,0159) =38 B
3aTeM omnpeneIsieM HaIlpsKEHUE Ha BTOPOW KaTyIIIKe:

U =125 = Iy/Ry2 + (0L —0M)? =2,/8% + (314-0,035-314-0,0159)2 = 20 B.

JIns mOCTpOEHUS BEKTOPHOW IarpaMMBbl PACCUUTAEM:

IR, =2-10=20B; IR, =2-8=16B,
loly =2-5=10B; lol, =2-11=22B;
loM =2.5=10B

Ctpoum B Maciitabe BEKTOPHYIO quarpammy (puc. 2.22)
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'lCOM iail_z

A
lol, IR,=lz,=U,

Puc. 2.22
Ipumep 2.24

JIBe MHyKTUBHO CBSA3aHHBIE KaTYIIKH COEAMHEHBI MapajlieIbHO U BKJIIO-
4yeHsl BcTpeuHo (puc. 2.23.a). Hampspkenne Ha katymkax U=100B; comportus-
JICHUS KaTyIleK paBHBL: KaTyIlIeK R; =200m; X11=100wm;

Ry =200m; X[ 2=200m; X, =100M. Omnpenenuts aeicTByromme 3Have-

HHC TOKOB B ICIIH, IIOCTPOUTH TOHOFpa(i)I/ILIGCKy}O AquarpaMmy.

O

Iy 13
L
U 2. 4
X1 +M X12
o
’ 3
Puc. 2.23.a

JIs enu cocTaBisieM CUCTEMY YPaBHEHHMM B COOTBETCTBUU C 3aKOHAMU

Kupxroda B cumBosnmueckoit popme:
I=1;+1p

U=1R+jX1)-12iXm =11Z1-1,Z
U=-11jXpm +12(Ry+ jX 2)==11Z +152Z,

Ha cucremsbl ypaBHeHUM OonpenensieM TOKU:
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U -Zy

Lo Y7 _U(Z,+Zy)  100(20+ j20+ j10)

Y1z -Zum| z,2,-zp2 (20+20)(20+ j10)+100
—Zm Lo

=5.33- j0.666=5.37e )’ A; I; =5.37A
Z; U

_ 7Zm Y _U(R;+Zp)  100(20+ j10+ j10)

2 1Zy -Zm| z,2,-2zy2 (20+20)(20+ j10)+100
—Zm Ly

=4 j1.33=4.21e" 1184 I, =4.21A

I=1;+1,=533-(0.666+4— j1.33=9.33— j2=9.54e~ 1121 p;
1 =954 A

Jlist moctpoeHusi Tonorpauyeckor uarpaMmbl pacCUMTHIBAEM HAIpsi-

KCHUA:

Ur

, = 1R = (5.33- j0.666)20=106.6 — j13.3= 107 171°B;

U\, =l1jX, =(5.33- j0.666)j10=6.66+ j53.3= 53.7¢1829°g;
Ug, =1,Ry =(4- j1.33)20=80- j26.6=84.2¢" 1184'p

Uy, =lipjX, =(4-[1.33)j20=26.6- j80=84.2¢ /1B,
Uwm,, =—11iXm =-6.66— j53.3=53.7¢  19%2%p;

QMQ =—1, X\ =—13.3- j40:42-29_j108'408.

Ctpoum B macmtabe Tonorpadudeckyro quarpammy (puc. 2.23.0).
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Puc. 2.23.0

Ipumep 2.25

Onpenenuth noka3zaHuss TpUOOPOB JIEKTPOMArHUTHON CHCTEMBI, BKIIIO-
YeHHBIX B IIE€Tb, CX€Ma KOTOpPOH mpuBeneHa Ha puc. 2.24.a. [loctpouTs TOMO-
rpaduueckyro quarpamMmmy. COmpOTUBIICHUS SN PABHBI:

R]_ = R2 = R3 =1OOM; XLl = XL2 ZZOOM;

Xc=X13=XM13 =X m23 =10 0m.
JleiicTBytomee 3HaueHne HanpsbkeHus Ha 3axumax nenmu U=100 B. Ilpu

pEIICHUY 3aJa4¥ PUHATH COMPOTUBJICHUS aMIIEPMETPOB PABHBIMHU HYJIIO.
Pemenune

B cootBercTBHm ¢ 3akoHamu Kupxroda 3amuceiBacM CHCTEMY ypaBHE-
HUWN:
I1-1,-13=0;
U=13[Ri+ j(X1 = X))l =12 X M1 +1o[Ro + X2 ]- 11 X w12 + 131X M 23;
U=13[R+ (X1 = Xcr)l-12iXm12 +13[Rg + iX 3]+ 12iX -
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Puc. 2.24.a

B ypaBaenusix: Xp12 >0, Tak kak nepBasi 1 BTopas KaTylIKa BKJIFOYCHBI

BCTPEYHO, TOK |; mpoTekaeT oT Havyanga MepBOi KaTYIIKH, OTMEYCHHOW TOYKOI
(.), K ee KoHIy; TOK |9 BTOpOIi KaTyIIKu MPOTEKaeT OT ee KOHIIa K Hayally, Kak 1
B IIEPBOH KaTyIke, oTMedeHHON Toukoil (.); X\j23 >0 toku |, u |3 mpoteka-

IOT OT KOHIIOB BTOpOﬁ u TpeTBeﬁ KaTylICK K UX HadajlaM, OTMCUYCHHBIM TOYKaAMHU

Iloka3anus aMIICPMCTPOB COOTBCTCTBYIOT IIGﬁCTBYI-OIHPIM 3HAa4YCHUAM TO-

koB |y, |,, |3 B BerBax menwm. Ilocne mopcTaHOBKM YMCICHHBIX 3HAYEHUH B

BBIIIIEC IPUBEICHHYIO CUCTEMY YPABHEHUS UMEEM:

I1—-1,-13=0;
100 :1011 +1012 + le|_3,
100=(10+10j)l; +(10+20j)1 5.

Pemras cucteMy ypaBHEHHUH, onpeaenseM KOMIUIEKCh TOKOB 11, 15, 13 n

NIOKa3aHus aMIepmMeTpoB Ay, Ay, Az.

0 -1 -1

100 10 10

100 0 (10+ j20 2 gm0
= i 11 =3.75— j1.25=3.96e 11843°p

10 10 j10
(10+j10) 0 (10+ j20
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1 0 -1
10 100 j10

- (10+ j10) 100 (10+ j20
- 1 -1 -1
10 10 j10

(10+j10) 0 (10+ j20

=3.75+ j1.25=3.96¢ 11843 A

11 =3.96 A; 1, =3.96 A
lg=1;—1,=375-j1.25-3.75— j1.25=—j2.5=25¢ 190°A;
I3=2.5A

Jlns moctpoeHus Tonorpaduueckol 1uarpaMMbl IEMU pacCUUThIBAEM Ha-

IIPSKEHUS:

Ucy=—ly-jXc1 =39.6e 118 Up =1;-R =39.6e"184°p;
Upg =l X =79.2¢/°7'g

Umiz,, =12 Xm12 =396 17°"'g,
Uip=lp-jXL2=396e1%B

Uiz, =—l1-JX12 =39.6e” 10%B;
Upp=1,-Ry =39.6e 184 U 5=15.jX 3=50B;
Umzs,, =l2" 1Xm23 -396e/19%°B,  Upy=13-Ry=25¢" 1B
Umas,, =13-1Xm23 =258

[To momy4yeHHBIM JTaHHBIM CTPOUM B MaciuTade Tornorpaduueckyr aua-

rpammy (puc.2.24.6).
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+jA

yjXer 13)Xm2 13) X3

2 &‘ LijXi

Puc.2.24.6

KonTtponbsHas pabota 2 npencrasieHa B [Ipwtoxenun I12.
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3 Tpexda3unbie uenu
3.1 OcHOBHBIE N0JIOKEHUSI TEOPUH

TpéxdazHoil 1enpi0 Ha3bIBAETCS COBOKYITHOCTh TPEX AIIEKTPUUECKHX IIe-
nieit ((a3), B KOTOPHIX ACHCTBYET CUCTEMA TPEX CUHYCOUIAIBHBIC 3. . C. OJTHOM
¥ TOM K€ YacCTOThI, CIBUHYTHIX MO (pa3e Ha onmpene’aEHHbIN YToll U CO3/1aBaeMbIX
OOIIUM HCTOYHUKOM AJIEKTpHUecKoi sHepruu. Da3pl TpéxdazHoit 1ienu 00603Ha-
yatorcsa OykBamu A, B, C. Eciau Tpu 3.1.C. ey, ep, ec paBHbI MO0 aMIUTUTYJIE U
CABUHYTHI 1O (ha3e 0JHa OTHOCUTEIIBHO Apyroil Ha yroa 120°, To Takyro cucre-
My Ha3bIBAIOT CUMMEMPUYHOU mpéxghaznou cucmemout. Ecnm ».1.c. dassl A
IPUHATH 332 UCXOAHYIO U CUMTATh €€ HadaJlbHYIO (ha3y paBHOM HyIIO, TO MpHU
BpAIllEHUH POTOpPA C YIIOBOM CKOPOCTBHIO (0 MPOTHB YaCOBOUM CTPEIKHU BBIpAKE-
HUS JUIsl MTHOBEHHBIX 3HAYEHHH 3.]1.C. MOYKHO 3aIUCaTh CIEAYIOIUM 00pa3oM:

ea(t) = Ey sin(mt);
eg (t) = E sin(ot —120°);
ec (t) = E, sin(ot +120°) .

Takas nmocienoBaTenbHOCTh YepeoBaHus (a3 Ha3bIBACTCS HPAMOIL.

®da3bl Tpéx(dazHoU Lenu Bceraa coequHeHbl (CBsi3anbl). OCHOBHBIMU BU-
JTaMU CBSI3U SIBJIIFOTCSL COSIMHEHMUS TIO CXEME «3BE3/1a» U «TPEYTOJIbHUK.

Ha puc. 3.1 uzobpaxén cnocod coenunenus gpa3 Tpéx(azHoro MCTOUHHUKA

no cxeme «3pe3na». Hanpsokenus U an, Upgy, Ugn HasbeBaroTcs (asHbIMH,
Hanpsbkenus U pp, Upc, Ucp — nuHelHbIMU. B cUMMETpUYHOM HCTOYHUKE
(ba3Hble U JIMHEHHBIE HANIPSXKEHUS CBSI3aHbl COOTHOLLICHUSMMU:
Uan =Upn =Ucn =Uo;
Uag =Upc =Uca =Uy;
U = \/_ uU D
Ha puc. 3.1 Harpy3ska Tak:ke coeIMHEHa 0 cXeMe «3Be3aa». Hampsokenus
Uan:Upn,Ucn HaseiBarores dasaeiMu, HanpsukeHus U gy, Upe,Uqy — nuHelHbI-
mu. IIpu coequnenun no cxeme «3pe3na» Toku | a, lg, lc saBmdrorea u dasHbl-

MU U JIMTHEHHBIMU OIHOBPCMCHHO.
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/ A =38 Zf
—
E l L—]AB l—]an
(O)N ~~ B Iz b Zs n (0')
|——‘ O =1
| — |
: e Ty |
| E, ] g |
| C 24¢ € =% :
[ — !
: 1 ZN gcn :
e i S-SR :
Puc 3.1 Puc. 3.2

Ha pucynke 3.2 nzobpaxeHa Tonorpauueckas guarpaMMa HampsoKeHUN
U BEKTOpHas Juarpamma TOKOB JUIsl cilydass CHMMETpUYHOU Tpéx(a3Hol 1enw,
Korzaa
Zp=Zgp=Zc =R.
IIpu coenMHEHNN Harpy3Kd M UCTOYHHUKA IO CXEME «3BE3/1a» U HAIMYUU

HeﬁTpaHBHOFO IMPpOBOJa BBIIOJIHAKOTCA COOTHOIICHUA:

Uan =Uan;
Ugn =Upn;
UCN :Ucn-

[Tpu 3TOM TOKHM B (pa3HBIX MPOBOJIAX:

.
Ua _Ea_Un_Upel | o

| ,=—2 = elv;
ATZA Za Zp Zp A
— j120°
IB:Qb:EB:QB:UB'e | e-it2e
N Zg Zp ZIp Zg ’
U. Ec Uc Ug-el j120°
lC = = = = IC -€ .

B Zc - Zc - Zc Zc
C y4éroM BBIIIECKA3aHHOIO B CHMMETPHYHOM pEXKUME TOKH
Al =|16|=|lc|=|n|=1o|- Tox B HEUTPaIbHOM IPOBOZE

In =1a+1g+]1c =0, nHanpsokenne U ,, Ha3bIBaeMoe HaANPSHKEHHEM CMe-
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HICHUS] HEUTPaJK, TaKKEe PABHO HYIIIO.

ITpn HecumMmeTpuunol Harpyske Z p #Zpg # Zc Hanpsbkenue Uy, 3a-

BHUCUT OT XapakTepa Harpy3k U Hajauuus HyJeBoro nposojaa. Ha pucynke 3.3 B
KauecTBe IpuMepa NpPENCTaBlICHbl auarpaMmbl TpéxdasHol unenu c¢ 4-

MIPOBOJHOM CXEMOW COCAMHEHUS (Z N = O), a Ha pucyHke 3.4 — ¢ 3-ipoBOIHOM

CXEMOM COECTMHEHUS (Z N = oo). Harpyska (a3 pesuctuBHasi.

C ()

B (b)
Puc. 3.3 Puc. 3.4

[Ipu HECUMMETPUYHON HArpy3Ke, COCIMHEHHON M0 cXeMe «3Be3qa» (as-
HbIC HANPSDKEHUS] HA UCTOYHUKE M HArpy3ke HE paBHBI MEXKIY COOOM, 4TO BbI-
pakaeTcs CIeAYIOUMMHU YPaBHECHUSIMU
Uan #Uan;
Uen # Upn:
U CN #* U on-
Y TOK B HEUTPAJIbHOM IIPOBOJIE
In=1pa+1g+]1c #0.
B atoMm ciiywae ania Haxoxkaenus (a3HbIX (JIMHEWHBIX) TOKOB CHaYaJla Ofl-

penensercsa Hanpskenue U \p 10 METOY «IABYX Y3JI0BY:
1 1 1
Upr-o +tUg - +Uc -
T Za Zp Zc
=Nn = 1 1 1 '

+ +
Zpn Zp ZLc

3arem HaxoAsTCs 3HaYeHUs (pa3HBIX HANPSDKEHUM HAa Harpys3Ke:
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Uan =Y an —U nns

Upn =UsN —U Nns

Uen =UceN —Unn-
¥ HAaKOHEII, PACCUUTHIBAIOTCS TOKH B (hazax:

| _ Qa . I _ U b . | _
A~ 7 . B — 7 iC — '
ZA £B £C
MrHoBeHHag MOIITHOCTH HCHGI‘/’I TpéX(l)aSHOFO TOKa IIpHU COCAUHCHUH IIPU-
€MHHUKA 10 CXEME «3BE3aa»:

P=pa+Pp+Pc =Upia +Ugig +Ucic.
CpCI[HHH MOIIIHOCTH 3a HCpI/IOI[ NJIN aKTUBHAA MOIITHOCTD:
T

p:lepdt:UAIAcoscpA+UBchosch +Uclc cosoc,
0

T.C. paBHAa CYMMC MOHIHOCTGfI OTACJIBbHBIX ¢)33.

[Ipu cuMMeETpUYHOM HArpy3Ke:
Pp =Upsin(ot)l,sin(ot—o¢) = %cosw—%cos(&ot - 9);
Pg =Up, sin(ot —1209)1, sin(et —120° —¢) =
= %cosw—%cos(&ot —240° —¢);
Pc =U sin(ot +120°)1 , sin(ot +120° — ¢) =
= U—COS@—%COS(&M +240° — ).

Nx cymma Pp +Pg + Pc :‘?’U(bI(DCOS(PCD'

Takum 00pa3oM, NpU CUMMETPUYHOW HArpy3Ke CyMMapHas aKTHUBHas
MOIIHOCTB:

R =3Pp.
HO aHaJIoOTuu CYMMapHaﬁ peaKTI/IBHaH MOIIHOCTB:
Qy =Qa+0Qp +Qc

WIN TIPY CUMMETPHYHON Harpyske:
Qs =3Qp =3oplpsineg.

[TomHas cymmapHas MOIIHOCTh IPU CUMMETPUYHOM HArpy3Ke, COCIMHEH-
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HOMU II0 CXeMe «3BE34a».
Sy =gl
B IMPAKTHUKC NHKCHCPHBIX paC‘IéTOB 9aCTO UCIIOJb3YIOT BBIPpAXKCHUA!

g=coscp, cS?=sincp, S=tg(p, s=-/P2+Q2.

AKTI/IBHyIO, PCAKTHUBHYIO U IMOJHYIO MOIIHOCTh MOKHO BBIYHMCIIUTDb TAKIKC

B KOMIUIEKCHOU (popme, pu 3TOM

So ZQq) | =Uq)eNU |q)e—J\I’| =Uq)|cDeJ(WU -v) =Uq)|q>eJ(P
=Uglgplcosp+ jsine]=Pp + jQp.
Ha puc. 3.5 nokasan cnoco6 coenuHeHus a3 Harpy3Kd TPEYrOJIbHUKOM.

Toxu |, 1B, IC HasbBarOTCS NMHEHHBIMHU, TOKH lap, lpe, lca — pasubivMm. Ha-

npsbkeHust Upg, Ugc, Uca SBIISIOTCS OTHOBPEMEHHO (Da3HBIMU U JTUHEHHBIMH.

C(c)

U.
Puc. 3.5 Puc. 3.6

Ha puc. 3.6 nokazana Tonorpaduueckas guarpaMMa HanpsoKeHUN U BEK-
TOpPHAsl IMarpaMmma TOKOB JJIsl CIy4asi CHMMETPUYHON TpEXPa3zHoH 1enu, Koraa
Zpa=Lg=~Zc =R.
B cummeTpuunoM pexxnme Tok |1 = +/3l @, Hanpskenne U 1 =Up

B ciiyyae HecuMMeTpuyHON Harpy3ku (a3Hble TOKUA BBIYUCISIOT 1O 3aKO0-

Hy Oma:



JIuneltHbpie TOKU ONpenessoT no 3akony Kupxroda s y3mnos:

Ta=lap—lca: g =lpc—lap Ic =1lca—lpe-
3.1.1 Beicimue rapMOHHKH B TPeX(a3HbIX HensX

lIpu coedunenuu ucmounuxa "36e3oou"” (puc. 3.7):

Uy

X ' y
Puc. 3.7

1. B 5.J.C. cuMMETpUYHO YCTPOEHHOI'O I'€HEepaTopa OTCYTCTBYIOT 4YET-

HBIC TApMOHHKH, TAK KAK KPHUBBIC, CHMMCTPHUYIHBIC OTHOCHUTCIBbHO OCHU a6CIII/ICC,

HC COACPIKAT UCTHBIX I'APMOHHK.

Tosromy U g :Juf +UZ+UE +US 4.

2. B NMHENHBIX HAIPSIKEHUSIX OTCYTCTBYIOT TAPMOHUKH, KPATHBIE TPEM,
TaK KakK JIMHEWHbIE HAPSDKEHUS] paBHBI PA3HOCTSAM COOTBETCTBYIOUIUX (Pa3HBIX
HaNpsDKEHUHM, TPETbU TApMOHUKHM KOTOPBIX COBMAAalOT Mo Qasze, a, cienoBa-

TCIBbHO, IIPU COCTABJICHHUHU TOM Pa3sHOCTHU BBIYHUTAIOTCA:

Uy =J§\/u12 +UE+U% +US +...

3.ITpu HasIM4MK rapMOHUK, KPaTHBIX 3-M, oTHoIIeHUe U jp / Up < V3.

IIpu coeounenuu ucmounuxa "mpeyeonvnuxom” (puc. 3.8)
1. 'apMOHUKH KpaTHBIE TPEM COBIAJAIOT Mo (¢aze BO Bcex (ha3HbIX 00-
MOTKax M UX CyMMa He paBHa Hymro. Jta cymmapHas J.J[.C. BbI3bIBa€T B KOH-

TYpC TPCYT'OJIbHUKA TOK JAKC IIPU OTCYTCTBUH HAI'PY3KH I'CHCPATOpPA:
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_SE3 _EB3 ., _
323 23 ° Zg

B |
E A ?E B EC
X V z

Puc. 3.8

2. HanpsbxeHus Ha 3aKuMMax OOMOTKHM HE COJIepKaT TapMOHMK, KPaTHBIX
TpPeM, TaK KaK MaJieHUsl HaIpsKEHUs B OOMOTKaxX OT TOKa, BBI3BAHHOTO TrapMo-
Hukamu J.J1.C., kpaTHbIMU TpeM, KoMrneHcupyroT 3tu I./1.C.

3. B IMHENHOM HAaINpsSKEHUU BCETIa OTCYTCTBYIOT TapPMOHUKH, KPATHBIE

TpeM (puc. 3.9).

Puc. 3.9

Ilpu coedunenuu nacpysrku "36ezoou":
1. ITpu oTcyTCTBUM HEUTPATBLHOTO MPOBOIA HArpy3Ka HAXOIUTCS MO JIU-
HEWHBIM HAIPSHKEHUEM, HE COJIEpP KAIUM TApMOHUKH KPaTHBIE TPEM. A MOTOMY

WX HET B JIMHEHHBIX TOKaX W (1333HBIX TOKax IMPHUCMHHUKA. COOTBGTCTBGHHO, nux
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HET U B (pa3HBIX HANPSOHKEHUSIX MPUEMHHKA (XOTd B (Da3HBIX HANPSIKEHUSIX HC-
TOYHUKA 3TH TAPMOHUKH MOTYT OBITb).

2. Hanpsoxenue cmenienust Uy, (HEWTpasibHBIA MPOBOJA OTCYTCTBYET) B
YCIIOBUSIX HECUMMETPUYHON HArPY3KH MOXKET UMETh BCE TAPMOHUKH.

IIpu cummerpuyHOil Harpy3ke Uy, COCTOUT TOJBKO M3 FapMOHHMK, Kpat-

HBIX TPEM U MOKCT JOCTUI'dTh OIIACHBIX JJISA JKU3HU 3HAYCHUN:

Unn =y E2 +EZ +
[Tpu cunycougansaom Hanpsoxernn Uy,=0.
3. IIpn HanuYuM HEUTPAIBLHOTO IIPOBOAA U HECHMMETPUYHOM HATPy3KE B
JIMHEWHBIX U HEUTPAJIbHOM IIPOBOAAX IPOTEKAIOT TOKA BCEX TAPMOHUK.
[Ipu cuMMeTpUYHON Harpy3ke B HEUTPaAJIbHOM MPOBOAE OYAET MPOTEKATh

TOK TPEeTheil rapMOHUKH (a Takxke 6-i, 9-i u T. 11.)

lyg=— =3
NS ZN3
ZN3t
T.x. MO METOAY NBYX Y3JIOB:
3
Es_—
Uy = Zng  _ 3E3Zig .|N3:QN'N3: Es .
ZN3  ZN3 3
In3

| g = —4
~JI3 3
[To nuHeHHBIM TIpoBOJIaM OYIET MPOTEKaTh TOK TpeTheut (6-if, 9-it) rap-

I
MOHHKH —\°

Ej _E

6
3 6

In :J(slﬂg)2 +(3l0)2 +...

3.2 CoeauHeHHe TeHEPATOPOB M NPHEMHUKOB B TPEYrOJbHUK U B

3Be3y

Marepwuaisl 15 33134 10 JaHHOMY pa3aeny B3aThl u3 [7].
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IMpumep 3.1

Tpexdasznblii TpaHnchopmaTrop, BTOPUUHBIE OOMOTKH KOTOPOI'O COEIUHE-
HBI B 3B€3/ly, MUTAaeT cuMMeTpuuHblii npueMHuk (puc. 3.10). ComportuBneHus

¢da3 mnpuemHuka Z =4+ j3 Owm. da3Hoe HampsbKeHUE TpaHchopMmaropa

U4 =380B.

Iy
X A__A...Za

o_/_\("\""\_o—:'_

2 ig Zp
}’Q_/WO—‘:'_. N

Ice 2z,
C —p»

ZO—Y Yo [} |

Puc. 3.10
Pemienue

[Ipy mpaBUJIBHOM COEIWHEHUH OOMOTOK TpaHcdopmaTtopa (a3Hble Ha-
NpsHKEHUST Ha Harpy3ke CUMMETPUYHBI U PaBHBI ()a3HBIM HaIpPsKEHUSIM TpaHC-

dbopmaropa

IC

~ j120°
ax =U an =380B, Ugy =Upgy =380e " B,

; 0
Ucy =Ucy =380e1120 B,

da3HbIe TOKU TaKKe 00pa3yl0T CUMMETPUYHYIO CUCTEMY:

U : 0
| 4= =AN 380 _ 7o 13687 A,
Z, 4+]3
s 0
g = Upn _ 380e 120 _ 7601156877
- Zy, o, j3687° ’
200
U j120 . 0
o ==CON _ 380e _ 7601156877

: 0
Zo o j3687

Ha puc. 3.11 nocTtpoeHa BeKTOpHas AMarpaMma TOKOB U HaIpsKEHUI
JIuneliHble HAMNpSHKEHUsT OMpPEAENsitoTcsl Ha ocHoBaHuW |l-ro 3akonHa

Kupxroda ny1s nieneit nepeMeHHOro CHHYCOUIAIbHOTO TOKA:
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: 0 :nn0
U g =U x—-Upg =380-380e 120" —660e 130" B,
150 150 -on0
Upc =Ug —Uc =380e 129" _380e 120" —660e 1% B,

. 0 . 0
Ucp=Uc —U , =380e /129" _380=660e1°0" B.

+1
Lr“i
Uup
6.8 ‘—7_»4;
4 Ic
36,8
Ucy
36.87°
U U
Uec ) Ug
L.
15 Ysc
Puc. 3.11

Ha puc. 3.12 noka3ana cxema CeTH MPH OMIMOOYHOM COCAMHEHUU 0OMO-

TOK TpaHc(opmartopa.

Puc. 3.12

OnpenenuM NpeaBapyUTENIbHO HANPSKEHUE CMELICHUS HEUTpall Harpys3-
KH.

Takkak Y5 =Yp =Y, :Lb,To:

117



CUAY+UgYp-UeY,
31(1)

Unx =

. 0 B 0 ) 0
_ (380+380e /120" _380e 1120 ), 0g 713087
0.60—136:87°

. 0 . 0 i~nn0
=0,33(380 + 380 120" _380e11207) =129 — j120=254¢"160" B

TCHCpB pacCcuuTacMm (1)a3HI>I€ HAIIPAKCHUA 1 TOKH B K&)KI{OI‘/JI (1)8,363
Uy =U a Uy =380— 25467150 380 129+ 220 =
_ 251+ j220~335e 14 B,
Upgy =Upg Uy =380e 11207 2540160 _
_ 190- 3291129+ j220 = ~319 j109.1~335¢~ 1161 B
Ucen =Y nx _ 3800 120° _9546-160° _
190~ j3291-129+ j220 = 61— j1091~126¢~ 161" B,

: 140
Uan  335e 4

i 0
Z 36,87° =67e /A
=a SeJ )

A=

1010
U - ]161 . 0
_=BN _33%€ _ 676 119787° o

|
-F Zy 5ej36,870

: 0
Z B 0 :5129_197’87 A
j36,87
=C 5eJ y

:na0
. _Yen 126161
Ic =

Ha puc. 3.13 mocTpoeHa BeKTOpHasi AuarpaMmma TOKOB U HAPSKEHUN
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+1

/ g BN

Ig

Puc. 3.13
Ipumep 3.2

CI/IMMeTpI/I‘-IHaH Harpy3ka COCAHMHCHA TPCYI'OJIbHHUKOM M IIMTACTCA OT

TpexdazHoit ceTH, ¢azHble HAMPSKEHUSI KOTOPOH CUMMETPUYHBI U paBHbI 127 B

:an0
(puc. 3.14). ConporuBieHne Kaxmon ¢as3pl HATPY3Ku Z = 22¢1307 O, Omnpe-
NenuTh (Qa3Hble W JMHEWHBIE TOKH, HAMPSOHKCHHS Ha KaKIOW (a3ze Harpy3KH U
aKTUBHYIO MOIIHOCTH, MOTpeOsieMyto Harpy3koil. [locTpouts BeKTOpHYIO Aua-

rpaMMy TOKOB U HalIPSKCHUH.

c

Uus

Y

l Ugc

Puc. 3.14

Pemmenne
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[lepen pemenueM 3anaun Ha cxeme (puc. 3.14) HaHOCUM MOJIOKUTEIbHbIE

HallpaBJICHUA TOKOB. OHpC,ZIeJIHCM (1)33HBI€ HaIIPAKCHUA HAI'PY3KH, PABHBIC JIH-

HeﬁHBIM HaHp}I)KCHI/IHM HNCTOYHHUKA.
; 0
Upg =U o -Up =127-127¢ 120" =

i2n0
=127 — (_63,5— jllO) =190,5+ j]_]_o — 220e 130 B,
- 0 } 0
Upgc=Up-Uc =127e7 11207 17711207 _

.90
— 35— j110—(-635+ j110) = —j220 = 220e 190" B,

; 0
Ucy=Ug -Up=127e7 120" _107-

635+ [110-127 = 1905+ 110 = 220e 150" p,
HpI/I CXEMC COCIMHCHUS «3BC3a-TPCYIOJIbHUK) BBIINMOJIHACTCA CICAYIO-
1Iee COOTHOIIIEHUE (U3 aHaIu3a CXEMBI)
Qq).H. =U i m =Y e
Torma must onpenenenus (GasHBIX TOKOB, pasjeiidM JIMHEHHOE HaIpsiKe-

HHC Ha HAI'PY3KC Ha COOTBCTCTBYIOLICC COIIPOTUBIICHUC HAI'PY3KHU

200
Upg 220 %0

~10A
Zps e 30’

lab =

o0
U -J90 a0
_Ypc _ 220e _10e~1120° o

lbc - .
Zgc  peld0’

j150° 0
Uca _ 220e _1001120° A

lea= )
Zea  eld0”

OnpenensieM JMHEHBIE TOKH, 3allMCAaB BBIPAXEHUS O |-mMy 3aKkoHY
Kupxroda st y3moB a, 6 u c:
L p =1 —1 oy =10-10e 120" —10_ (-5 + j867) =
_15_ j867 =173 150" A
I = Iy — 1 =108 120" 10— _5_ jg,67-10—
15 j867 =17,30 150" A
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150 150
le =1gy —lpe =10e1120" _10e71120" — 5 jg 67— (-5- j8,67) =

:on0
= j17,3=17,3e 190" A
Tak xak Harpy3ka CUMMETpPUYHAs, TO aKTUBHAs MOIIHOCTb, MOTpeOIsie-

Masl Ka10¥ ¢azoi, OyJeT 0JJuHAKOBA U ONPENIETSATHCA M0 BBIPAKEHUIO:
Pp =Ugl pCOSPY = 220-10-cos30° = 220-10-0,867 =1907,4 Br .
Torna akTUBHASI MOIITHOCTB, MMOTPEOIsIEMast BCEH IETbIO:
P =3F, =3-1907,4=5722,2 Br
Ctpoum B Maciitabe BEKTOPHYIO JUarpaMMy TOKOB M HaIpsiKEHUH (puc.

3.15):

Iab

+i L N

Puc. 3.15

IMpumep 3.3
Haiitu Toku B mpueMHUKaX M B JIMHUU Lienu puc. 3.16, MOCTpouTh BEK-
TOPHYIO AuarpaMmy TokoB U HampsbkeHudl npu U jp =380 B B Hauane nuHuM.
Hano: X|_ =5 Om; R=10 Om; Xc =30 Owm.
Pemienne

Jns CHMMETPUYHOTO UCTOYHMKA, COEAUHEHHOTO 3BE3/I0M, IEWCTBYIOLIME

380

3HaueHus (asHelx 3.4.c. By =FEy=E; = 7 =220B. Ilpumem E p =220B,
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11900 1900
Torna Eg = 220e~1120" B, Ec = 22001120 B,

/’% I, L ar I, a
— VY
\_/ 4
Ep Iy | , Ipo
N e Q '1
\_/ B gc/a/ o
EC iC lcl
= L
() o~ P “ b
- oYY ° &
\_/ c , ) ||
Lal i_Tbl l_TC[
e [Je [
i
Puc. 3.16

[IpeoOpazyeM TpeyrojibHUK COMPOTUBICHUN XcB SKBUBAJIEHTHYIO 3BE3Y

C COIIPOTHUBJICHUCM

.1 1
X ==X~ ==-30=10 Om.
C737C 3

O6T>€III/IHI/IB HGfITp&JIBHBIC TOYKH IIPUCMHHUKOB C HGfITpaJIBIO HCTOYHHKA

(KaKk PKBUBAJCHTHBIC), MIOYYMIH PACUCTHYIO CXeMY JUIs OAHOH (a3bl ((aser 4),

NOKa3aHHYo Ha puc. 3.17.

I 4
A —

4]

Puc. 3.17

DOKBHUBAJICHTHOE CONPOTUBJICHUE (ha3bI:
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Zo = IXL +M: -5+M:
R—jXc 10-j10

100¢~190°
+—

=0
—5 :j5+7,07e_J45 = j5+5-j5=50m
1414145

s daser 4:

E
1A=——A=2—§O=44A

1 . 0
- Xc — j10 10e~ 190
lal:lAf:M'm:M'—.o:
R-JXc . 1414¢~ 145
- O R O
=44.0,707e 1% =311e7 1% A

R 10 108 i0°
44 44.—=C

:I B ——— = [QpE—
“AR_iX, 10— j10 450
R-JXc J 1414¢" ]

120 120
—44.0,707e1%" =311e15" A

AHaJIOTUYHO onpcaACLICM COOTBCTCTBYIOIINUC TOKHU AJIA (1)33 BuC:

: 0
E ~ j120 o
lB:_B :2209 :44e_1120 A
Z o 5
— X, 1900 120 A0
Iy =lg—3°C —44e71120° 0 707¢~ 145 —311e7 1165 A
R-jX¢
100 . =0 0
Lyo g R 44711207 7076 145° _ 3196175 A
R-jXc¢
: 0
E j120 o0
lC:_CZZZOe =44e1120 A
Z
=108
— X, 1500 120 )
Lcl—LCLC,:MeJlZO .0,707e 145" =312 175 A
R— jX¢
10 . =0 0
[ =LCL,=44e1120 .0,707e14%" = 311¢1165° A
R— jX¢

da3HbIe TOKU IMPpUEMHHUKA, COCAMHCHHOT'O TPCYT'OJIbHUKOM:
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| — —C9<
~ab = 3 173

lbc

J3 1,73

a3 1,73

j45°
lap jao® _311e)™ jao

0 =0
~17,95¢17°" A

(220
Ty, ej300 _ 311e 17

-~nn0 - =0
e1307 17957145 A

j165°
lco jao® _ 31le’

:nn0 . 0
e1307 _17 95011957 A

Crpoum B Macmitabe BEKTOPHYIO JUarpaMMy TOKOB M HaIpshDKEHUH (puc.

3.18):
+1
p Hpls a
Uea - U 43
- JA RIQ]. T
c R I “ab
RI ECA I .
2cl ICI La? lf;lg
I
r -
_j 4o
I I
JXLI _CE Leq =B
Lo
Ico In Ep
c B
\Usc
Ube RIy
JXilp
)
Puc. 3.18
IIpumep 3.4

®da3Hoe HaNpsKEHUE BTOPUUYHBIX OOMOTOK TpaHCPOpMAaTopa, COCTUHEH-

HBIX TPEYrobHUKOM, paBHO 220 B (puc. 3.19). Conpotuienue (a3bl Harpy3Ku

Z1 =30+ J60 Owm, compoTHBIEHHE MOABOIAAIMNX MPoBOAOB Z =2+ j40Mm.

:an0
Cuuras, U AB :220e130 B, omnpenemuth

TOKHM B IIPOBOJAxX JIMHHUMU, q)a3ax

TpaHchopmaropa U Harpy3ku. [locTpouTs BEKTOPHYIO AMarpaMMy TOKOB M Ha-

MPSKEHUN.

Pemenne
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[lepen peuienuremM 3anauu aeiaaeM rnpeoOpa3oBaHKUe TPEYroJbHUKA B 3BE3-

I[y JJI1 UICTOYHHUKA U OJIA Hany3KH nu HOHY‘I&CM C-)KBI/IBEUIGHTHYIO CXGMy pI/IC.
3.20:

7

—cda

) _'rab
l ch

Puc. 3.19

[ L

QC&'
C
z | yYa
1
| I—
L."
!C 7z =be
—
| I
Puc. 3.20

Tak kak Harpy3ka CUMMETpPUYHAs, TO TPH pacdyeTe OOBEAMHSIEM HEW-

TpaJbHBIE TOUYKH UCTOYHHUKA N 1 pueMHHKA N (MX MOTEHIIUAIIBI OIMHAKOBHI).
j30°
YunTtsiBas, uto U pg = 220e B, momy4aem:

.0 . 0
Upc =220e 19" B U, =220e°0 B

[IpeoOpasyst UCTOYHUK W3 TPEYroJibHUKA B 3Be31y, MMeeM ¢a3Hble Ha-

MPSDKEHUS :
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; 0 ; 0
U, =127B Ug =127e 110" B U, =127¢)1%0" B

[Tocne npeoOpazoBanus CONPOTUBIICHHE (Pa3 HATPY3KU:

. Z i . 63 430
;12?1:3“J60=10+120=22,4e163’43 Om.
OHpCI[GJISICM JINHEHUHBIE TOKH:
Lo Un 127 o127
AT z4z) 2+j4+10+j20 12+ j24
__ 127y gne-iesad® o
26,8 163.43°
1500

U — j120 _ 0

lg=—B _ 127e _ 4730 118343° 5

B
Z+2Z; pgpi6343°

; 0

Z+2; 0pgel6343

OmnpenensemM (a3Hble HAMPSHKEHUS HA Harpy3ke Z: 1 (puc. 3.17):

- , 0 : 0
U, =12 =473 193437 2 24¢10343" _106 B,

. 0 . 0 . 0
47321183437 9 940 16343" _109ge~ 11207 B

U, =1gZ,

|C

=1z = 4736158577 2240163437 _106e 1207
Torna a3Hbie HANPSHKEHUS HA HArpy3Ke Z: 1 (puc. 3.16):
U, U, -U, —106—106e 120" _1g35¢1%0° p,

Up, =Up ~U, 1066 120" _106¢ 1120” _1835¢-1%0"

150 =0
U, =U,-U, =106e1%" _106-1835¢11°0" B,

da3HbIe TOKU IMpUEMHHUKA, COCAMHCHHOT'O TPCYT'OJIbHUKOM:

; 0

200 : 0
| 307 _ 9 73,-13343
~ab 3 173 A
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:an0 ; 0

:nn0 : 0

—j183,430
N :l_BejBOO _ 473 J
e /3 173
i56,43°
| l_CejBOO _ 4,73e
a3 173
AHaJ'IOFI/I‘IHO onpez[enﬁeM (1)33HBI€ TOKHW UCTOYHUKA.
- 0
Lpa = lap =273 154 A
- 0

; 0
Lpc =1 =273 186437 A

Crpoum B Macmitabe BEKTOPHYIO JUarpaMMy TOKOB M HaIpshKEHUH (puc.

3.21):

.
Uap

+1

v, L

.
Ucy “ea

ibc :£CB

Puc.3.21

3.3 AHa/IM3 M pacyeT HeCUMMETPHYHBIX TPeX(Pa3HbIX CHCTEM

IIpumep 3.4

B wmemmn, cxema kortopoi mnpuBeneHa Ha puc. 3.22, U, =127 B;

Ra =10 Om; Rp =20 Om; R; =100wm. ConpoTHBieHne HEHTpaaIbHOroO IpoBO-

na Rp, =2 Owm. Ompenenuts mokasaHHs aMIEPMETPOB M MOIIHOCTb, MOTpPeO-

JBEICMYTIO HCTOYHHUKOM.
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Pemenune

Tak kak maHO Mo ycnoBuIO NuHEWHOe Hampspkenue U =127 B, to ¢as-

HBIC HAITPSZKCHUA T'CHCPATOPAa COOTBECTCTBCHHO PABHBI!

; 0
Uan =~ =733B.Ugy =733¢ 120" — (-36,5- j635) B

150
Uy =733e1120" = (—36,5+ j635) B.

gy .
PAl
U
N n Ra ¥
N

PA3
(4

\2/

Puc. 3.22

OrnpenenuM HanpsKEHUE CMELLEHNS] HEUTPaIU HArpy3Ku

U UanYa+UgYp+UenYe
—NN Ya+Yp+Ye+Y,

1 1 1
Upy — +Ug— +Ucy ——
_—AN Za ~B Za ~CN Za ~

1 1 1 1 B

;a ;b ;C Zn
: 0 : 0
733 L 4733711200 1 7334-j120° 1
_ 710 20

- 1 1 1 1
e s e e
10 20 30 2

| 733+3,67e 1207 | 9 4ge-1120°
- 0,683 -
 7,33-183- j3175-1,22+ j2,11
- 0,683

- (6,2 jL57) B.
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OnpenenuM (a3Hble HAMPSHKEHUS TPUEMHUKA:

i1 240
Uan' =Uan “Unn =733-6,2+ jJ157 = (67 1+ j1,57) ~671e1134" B
Upn' =Upgn “Unn' =—36,65—-j63,5-6,2+ j1,57 =

. 0
— (-42,85— j61,93) = 75,3¢123532" g
Uy’ =Ucn —U ' =-36,65+ j635—6,2+ 1,57 =

: 0
= (-42,85+ j65,07) = 77,9e 1123367 B,

@da3Hble TOKU PABHBI:

1 67603

: 0
—6,71e /134" A
Zy

ITa=Uan'Ya=Uay'

Ammnepmetp PA1 nokaxer 6,72 A.

- 0
| 1 75312332
Ig =UpN'Yp =Upn S = 20

: 0
=3,77¢1230327 p

Ammnepmetp PA2 nokaxet 3,77 A.

— j123,369 _ 0
1 779 _ e 112336° A

lC :L—JCNI!C :QCNI

Z. 30
Amnepmetp PA3 nokaxet 2,6 A.
— . 0
lN :QNN'!n :L_JNN' Zl _ 6,2 2J1,57 — 3’1_ JO,75 ~ 3’2e—113,6 A,
£n

Amnepmetrp P44 nokaxer 3,2 A.

MorutHocTh, moTpedsieMasi IPUEMHUKOM pPaBHA:
* * *

P=Re|Uan' " Ta+tUpy' - Ig+Uen" -l |=

. 0 . 0 . 0 ) 0
67,1e11134 .6’71e—jl,34 +75,3e1235’32 .3’77e_1235,32 N
e
L7790~ 112336° 5 £ [12336°

= 450,24+ 283,9 + 202,5 = 936 Br.

Ha puc. 3.23 nmpuBeaeHa BEKTOpHas AMarpaMmMa TOKOB U HAIPSKEHUM.
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+1
U 4
QaN'
I,
Iy
I N
. o o~ Is
EC}VI N
Upn'
Ue
Ugp
Puc. 3.23

IIpumep 3.5

OnpenenuTe KOMIUIEKCHBIE JIMHEIHBbIE HANpPsHKEHHS B cCXeMe, H300pa-

»KeHHOU Ha puc. 3.24, ectu R =57 Owm; 1C = oL =78 OM, a Toxu: 1A =22
®

a0 a0
A 1g=2e 11357 A 10 2201357 A
Pemienne

[IpeoOpazyeM TpEeyroJbHUK KOMIIEKCHBIX COMPOTHUBICHUN B SKBUBA-
JIEHTHYIO 3Be31y (puc. 3.25):

ConpoTuBIIeHHE JTyYEH:

Zp=_ Ll TIBIB 460,
A ZatZap+Zpe - i78+j78+57
Ly L - 1900

Zg = £bc£ab _of 178:786190

Zea+Zap+Znc S7
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oa oW oh
[P~
lﬁ
[P~
2]
{\

Puc. 3.25

OmnpenenuM (a3Hble HANPSKEHUS HA HArPYy3Ke:

U,=1,Z,=282-106,7=30175B,
1 a0 -on0 .20
Up=lgZg =2¢ 1%"78e 190" —156e %" = (1103~ j110,3) B,

; 0 :an0 T,
Uc=1cZ =2e1% 7807190 —156e %" = (110,3+ j110,3) B

JluneitHpie HAMPSOKEHUSI ONpeaenM o 2-My 3akoHy Kupxroda mist co-
OTBETCTBYIOIIUX KOHTYPOB:
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:an0
U g =U o —Up =301,75-110,3+ j110,3=1914 + j110,3~ 220e /30" B,
:an0
Upgc =Upg -U =1103— j110,3-110,3— j110,3~ j220 = 2200 B,

200
Uca =Uc —U 5 =110,3+ j110,3-301,7 ~ 220e 10" B,

BexTopHas nuarpaMmma TOKOB U HalpsDKEHUH MpuBeieHa Ha puc. 3.26.

+1
i ;
U 4B 4 i
+ Usc
Ic ¥ I
=C Y4 =B
Puc. 3.26

IIpumep 3.6

Ilens, cxema KOTOpoW IpHBelIeHA HA pHC. 3.27, MOJy4yaeT NMUTAHHE OT
CUMMETPUYHOIO TpeX(a3zHOro MCTOUYHHKA C JIMHEWHBIM HanpsbkeHuem 660 B.
1 .
[Tapamerpsl anmemenToB: R ==L =10 Om, Ry = wly =50m. Haiitu
oC
TOKHU B (pa3zax NPUEMHHUKOB, COEAMHEHHBIX 3BE310M U TPEYTOJbHUKOM, a TAK¥Ke

AKTUBHYIO MOIIIHOCTH L[ETIH.
Pemenne

[Tpenmonoxum, 9To (a3bl UCTOYHHMKA COSIWHEHBI 3BE3/I0M ¢ (ha3HBIMU

Hanpspkeausamu U A =UR =Uc = 660 _ 380 B.
3
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Ado—__ | *
I
L =4 b
B o—/ Y Y\ ®

=

Puc. 3.27

Torz[a KOMIIJICKCHI (l)aSHBIX HaHpH)KeHI/Iﬁ HCTOYHHKA COOTBCTCTBCHHO
PaBHBI:

: 0 : 0
U, =380B, Ugp =380 120" B U =380e1120" B
A B C

[Ipeobpa3zyeM 3Be3y CONMPOTUBICHUM B IKBUBAJICHTHBIM TPEYTrOJBHUK
(puc. 3.28)

= j10+10-10 = j10 Om,

( J'fl )-R

Ly L 1 '

_ 1 _p_ oC 10

Zb1c1—1b1+1c1+—za =R-j oL =10- j10+
—a9

=10- j10-10=—j10 Owm,
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1

Z. -2, (—]—) joL
_ =q = _ .1 oC _
chal—;cl"‘Zal‘F?— J(DC"‘J(’JL“‘ R =
—_j10+ jroTHO0 _100_ 464,

10 10

[TockonbKy COOTBETCTBYIOIIME (a3bl TPEYTOIHHUKOB COCTUHEHBI Mapa-
JeNbHO, OOBEIMHUM COMPOTHUBIICHUS MApauIeTbHO BKIIIOUEHHBIX (a3 U MOdy-

YUM CXEMY, IPEJICTaBICHHYIO Ha puc. 3.29, 11 KOTOPOMH:

Iy

—_—

A R a

Puc. 3.29
7 .1
S Fan T O jojo)
ST 1T 10— 10
~aby JcoC

_ Zp (R+jol)  _j10.(10+ j10) 10—
— be Zpc, +R+joL  j10+10+ j10
;ClalR _ 10-10 _

Z = = =50m.
Zoa +R10+10

=0
j10) =104/2e 714" O,

CompotuBiienne Z' =00 BCIEACTBUE PE30HAHCA TOKOB B KOHType W3

ab
JIBYX NapaJUIeIbHbIX BETBEH C HUJICAIBHOM KAaTYIIKOM W HUJICAIbHBIM KOHJICHCA-
topoM. [Toatomy daza AB na puc. 3.29 pazomknyTa.

[Tomy4eHHYI0 CXEMY MOXHO pAacCMaTpUBaTh KaK COCAMHEHUE 3BE3/I0U C
HeWTpanbHOU TOUKOH C.

Comnportusnenue (a3 3Be3/bl:
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Za=Rj+Z. =5+5=10 Owm,
Zg = joL+Zp, = j10+10— j10=10 Om,
Zc = joly = j5 Om.

[TpoBomumocTH a3 COOTBETCTBEHHO PaBHBI:

OHpGI[CJII/IM HaIIPAKCHUC CMCIICHUA HCﬁTpaHHI

UpaYa+UpYp+UcYe

- YatYp+Yc+Yy

. 0 . 0
~380-0,1+380e 120" .01+ 380e 1120 . (jo,2)
01+01+ jO,2

380-0,1+380[cos(-120°) + jsin(~120%)]-0.1+
01+01+ j0,2

+380[cos@0°) + jsin(30°)]-0,2

. 0
—301e)4842" B

JInHEeWHbIE TOKH COOTBETCTBEHHO PABHBI:

i 0
Ta=Un —QCM)Zi =0,1(380-301e 148427y =

= 0,1-(380—301[cos(48,42°) + jsin(48,42°)] = (380 -199,7 - j225,2)-0.1=

i 0
= (180,3— j225,2)-01=28.8¢e 1°132" A

: 0 : 0
1g = U ~Ug,)5— =01(380e 120" 301148427 _

£B
=0]1-(~190 - j329,1-199,7 — j225,2) =

i 0
— (-389,7 — j554,3)-01=67,8¢ 111" A
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: 0 : 0
Lo =WUc-Ug, )5 =-i0.2(380e 120" —301e1042°) -

= —j0,2-(~190+ j329,1-199,7 — j225,2) =

=0
= (~389,7 + j103,9)-(—j0,2) = 20,78+ j77,94=80,7e1 7> A

OnpenenuM HampspDKeHHS Ha (pa3zax NMpPUEMHUKA, COSAWHEHHOTO B Tpe-
yroJbHUK (puc. 3.25):

Ua =1 aZica = 288011807 -5132")-5 _ 1440 112868°

3HaK (-) B IpaBOil YacTW PAaBEHCTBA CTABUTCS MOTOMY, YTO YCJIOBHO IO-

JIOKUTCIIbHBIC HAIIPABJICHUA TOKA LA N HAIIPSOKCHUA Qca IIPOTUBOIIOJIOKHBI.
- - 0 120 : 0
U, =15Zpc =678 1D 10271457 _g5g8e~ 117011
: 0 : 0
U, =-U, U, =-144¢112888" _g58 8o~ I17011" _ _(_9003+ j112,4) -
— (-944,7 - j163,7) = 90,03 — j112,4+944,7 + j163,7 =

5 040
~1034,73+ j51,37 ~1036e 284" |
Toku B (hazax nmpueMHHUKa:

; 0
U j2,84 0
as _ 10308 =103,6e19284" A

| =
0 qpe-i0
oC
; 0
U - j17011 I,

“R+joL 10+ j10

U 1440 i12868°

ca

|
~ta R 10

Hanpsoxenwns U ., U ..U U4 IpHeMHUKA, COCAMHECHHOTO B 3BE3Y

: 0
—14,4¢ 1128687 A

(puc. 3.27), ABysieTCS TUHEHHBIMH.

Jlisi mpueMHUKa, COEIMHEHHOTO B 3Be3Ay 0€3 HEeUTpajabHOro MnpoBOAa,
TOKH MOYKHO OINPENETUTh 0€3 MPeBAPUTEIIHLHOTO pacueTa HaIPsHKEHUsS CMele-

HUSI HEUTPAJIA, UCIIOJIB3YsI METOJI ABYX Y3JIOB:
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U AN = L—JaexBl _L—Jca!Cl _
N Yau+Y¥Ypm+Yea

j284% 4 j128,68° 4.j90° 0
:1036e 0,1-144e 0,le ~1152¢17 B,

-~n0 -~n0
01+01e 190" 40119

AHanoruyHo onpenensaorcs pasupie HaupsHkeHus U gy 1 U !

U _ QGC!C]. _Qaex/ﬂ _
BN TN AY a4 Y
Ya+tmt+tic;

~j17011° . j2840 . . 0
_ 958,8¢ j0,1-1036e (C000) 144013875

.0 .0
01+01e 190" 1 01e1%0

llca!Al _QeciBl _

Uecn =
Yat+Yp+Ycer

: 0 : 0
1441128587 (_i01) — 9588 117017 .01

90 900
01+0,1e7 190" 1 0e %
Omnpenenum azusie Toku | A1, 1B1,1C1 (puc 3.23):

. 0
~1086e 134" B,

=0 -an0 0900
1p1=UanY o =1152¢17 0171907 —1152¢7 183" A
. 0 . 0
lg =UpgyY g =144e13875 012144138757 A

. 0 :~An0 : 0
o1 =Uen Y o =1086e 11320161907 —108,6e 110354 A
IIpaBunbHOCTH omnpeneneHus TokoB | A1, 1B1,1C1 npoBepum ¢ momo-
uipto 1-ro 3akona Kupxroda:
1020 - 0 - 0
Lpg+1py+1op =1152e7183" 1144138757 108,60 110354 =
14,03 - j114,24 +11,26 + 8,96 — 25,3 + j105,69 =-0,01- j0,3~0

Toxu onpeneneHsl BEPHO.

AKTHBHAsI MOIIIHOCTb IIEMA PaBHA CYMMApHOW MOIIIHOCTH MOTEPh B PE3U-

CTOpax:
2 2 2 2 2 2
P=15R +15R +15.R+1&,R =5-288% +10-(14,4° +

+67,82 +14,4%) =54,2 kBr
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3Ty MOHOIHOCTb MOKHO OIPCACINUTb U KaK MOIIHOCTL, PA3BUBACMYIO HC-

TOYHHUKOM

P=ReUAlp+Ug|+Uc Ic);
* * * . O
S=(Ula+Ug| +Uc Ic)=380-288e 1°132" .

. 0 . 0 . 0 o0
+380e 11207 g7 801125117 | 30 11207 (g0 701757 _
— 54200 + j32466 BA,

P =54,2 xBr, Q =32,466 xBap,

S=,P*+Q*=632kBA

3.4 ABapmuiiHble pe:KUMBbI PadoThl TPex(a3HbIX ceTeld NMPH CTATH4e-
CKO#l HArpy3Ke

Ipumep 3.7

Hst tpexdazuoit menu puc. 3.30 ¢ CHMMETPUYHBIM HCTOYHHKOM C

Uy =220B n cummerprunoit Harpyskoit Ry =Ry =Rg =20 Owm onpenenuts

TOKHU 1 (Da3HbIC HAMIPSIKEHUS TSI PEKUMOB:
a) 3akopoueHa (aza 4 Harpy3ku; 0) 0OpbIB JIUHEHHOTO TPOBOA A;

[TocTpouThs BEKTOPHBIE THATPAMMBI TOKOB U HaIIPSIKEHUM.

Puc. 3.30
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Pemenne
[Tpumem xomiuteke Hanpspkenus U o aedicturenbHeiM U o =220 B, To-
150 1900
rnaU » =220e" 120" B U =220e 10" B

a) llemns mocie 3akopaunBanus (a3bl A Harpy3ku uMeet Buj (puc.3.31)

Puc. 3.31

ITpu 3TOM comnpoTuBieHUE Harpy3ku Rp OKa3bpIBaeTCsl BKIIIOUEHHBIM Ha
nuHeHoe Hanpsokenue U ap, a conpotusienne R - Hanpskenne U -

JInHelHbIE HANPSKEHUS UCTOYHUKA!

U pg =U x —U g = 220—220e~ 120" _ 380130 .

Upe =U g ~U o = 2206~ 11207 _ 990 1120° _ 3806=190" .

Uy =Up-U , =220e120° _220—380¢ 150" g,

ITpu 3TOM compoTuBiIeHUE Harpy3ku Rp OKa3bIBaeTCsl BKIIIOUEHHBIM Ha

nuHenHoe Hanpsukenue U ap, a conpoTtusienne Rg - nanpsokenue U -p

JInHeliHbIe HANPSKEHUS NCTOYHUKA!
1500 210
U g =U p —Upg =220-220e 120" —380e 139" B,
1500 1500 :on0
Upge =U 3 —U - =220e" 129" _220e 120" _380e 719" B,

. an0 . n0
Upy =Up-U , =220e1120" _220 =380 110" B,

OnpenenseM HanpskeHUs Ha (a3ax Harpy3Ku:
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) 120
U, =-U pg =—380e 139" —380e V" B,

; 0
U, =U,, =380e10" B,

[Tpu 5TOM TOKM B (hazax Harpy3Ku:

— j150° _
b
j150° 0
[ U, _380e _19pi150° o

R. 20
Tox B IMHEWNHOM NPOBOJE A:

: 0 : 0
| =—lg—1p=-19e"1150" _19el150" _

=—(-16,47 — j9,5) — (16,47 + j9,5) =

=16,47+ j9,5+16,47 - j9,5=32,95 A

Ctpoum B macmitabe BEKTOPHYIO AMAarpammy JJis 3TOr0 pexuma (puc.
3.32):

Puc. 3.32

0) ITocse oOpbIBa IMHEIHOTO MpoBoAa A uMeeM 1ienb (puc. 3.33):
[Tony4yenHnast 1iens siBAsieTCs 0JHOGA3HOM, T.K. Harpy3Ka BKIIIOUEHA TOJIb-
KO Ha JiMHeWHoe Hamnpsikenue U BC .

OmnpenenseM TOKU B (pa3zax Harpy3Ku:
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—j90° .
[P Upc _ 380e _9Be190°p
Ry+R: 20+20

Puc. 3.33

Harnpsixenus Ha a3ax Harpy3Ku:

Up =lg-R,=95¢19".20=100e"19B;

U=l R, =-95019.20=190e1%B,

Crpoum B wMacmTaOe BEKTOPHYIO JAWarpaMMmy JUJisi 3TOTO pexuMa

(puc.3.34):

Puc. 3.34
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IIpumep 3.8

K Tpexdaznoii muHuUM ¢ CUMMETPUYHBIMU JIMHEHHBIMU HANPSHKCHUSMU
Uj; =220 B noakimtodeH TpeyroJbHUKOM NPHEMHHK, CONPOTHBICHHUE KaKIOH

¢aser koroporo Z =10+ j10 Om (puc. 3.35). Onpeneants TOKH B KamI0i ¢asze

Harpy3Ky W JJMHUU M aKTUBHYIO MOLIHOCTb, TOTPEOISIEMYIO HArpy3Kou mpu 00-
PBIBE JMHEHHOIO MPOBOAA A.

i
A —_A--
o
B N
o

i
C = O
o

Puc. 3.35

Pemenne

[Tocnie oOpbIBa JIMHEHHOTO TPOBOJIA A 1enb nMeeT Bu (puc. 3.36):

A
o

I
B LB
o

7

C C
o

Puc. 3.36

Harpy3ska BkiroueHa Ha JInHeHOe Hanpsbkenue Upge .

[Tpumem, uTo KOMILIEKC Hanpsukenus U jpnencreurened. Torna:

!AB =220 B;
U e =220 1120°B;
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Ucp =220e120B
OmnpenenseM TOKHU B (ha3zax Harpy3Ku:

Ugc 220e1120°  ppe=J120°

—15,6e 1165 A:

lpe = _ -
o ;bc 10+ le 141e J45

1. ___Ysc _- 2200~ 1120°  _9p0e~1120°
tab=lca =75 ab+Zca 20+ j20 28.261%5°

=7,8¢1165° _ 78611577
JInHEeWHbIE TOKU:
IA=0
Ig = Ipe — lca =15,6e 1% —7,8e 115"
= 15,07 — j4,04—7,53— j2,02 =
— 22,6 j6,06=23,4e 1165
o =—lg =—234e" 1165 =23 46 15°A
Harnpsixenue Ha ¢dazax Harpy3Ku:

L_Jab :L—Jca = lab .Zab = 71861150 ‘14,1ej450 zlloeJGOOB’

U =U e =2206 1127°B,

AKTHBHAs MOIITHOCTh, MOTpeOIsieMas Harpy3Ka:

P =P+ PRy +Pea =Uap - lab-COSQap +U e - Ibc: COSPpe +
*

+U ., - lca-COSp., =110-7,8-c0s45°+110-7,8-c0s45° +
+220-15,6 - c0s45° = 606,6 + 606,6 + 2426,4 = 3639,6 Br.

Ctpoum B Maciitabe BEKTOpHYIO nquarpammy (puc. 3.37):
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Ip
Puc. 3.37
Ipumep 3.9
Cucrema nuHelHbIX HanpspkeHuid cummerpuyna U jp =220 B. Conportus-
nenue Qa3 Harpysku (puc. 3.38). Z,=Zp,=20 Om; Z.=(24-j7)Om;
Zap =Zpe =(20+ j15) Om; Z 5 =20 Om.
OnpenenuTh TOKU B JIMHUM U (a3HbIE TOKU U HAIPSIKEHUST HATPY3KU TIPU

oOpbIBe JIMHEWHOTO MpoBoAa B. [locTponTh BEKTOPHYIO JUArpaMMy TOKOB U Ha-

MIPSKEHUM.
Pemienue
d
4o @
b
B o
C
Co ®
Zb
Puc. 3.38
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ITocne oOpbiBa JIMHEHHOTO MpoBOAa B nonydaem cxemy puc. 3.39: Ipu-

HUMaeM Hanpspkenue U ap aeiicteurenbabiM U pg =220 B, Toraa

Iy

40 :

Puc. 3.39

[lepen pemienuem 3agaun mpeoOpa3zyeM MPUEMHHUK, COEIMHEHHBIN B 3BE3-

1y, B TPEYTOJIbHUK:

Zab=Za+Za+ Za'Zb 904904 2020 _
Za+Zp 24— )7
—204 %9 40416116 -
250~ 116
= 40+15,36 + j4,49 =55,36 + 4,49 =5554e1°°0wm;

Zho =2y + 2o+ 20 B0 90424 74 202A=IT)
Zy+Z; 20
=68 j14=69,43¢ 1¥Oy;

(24— j7)20

Zoa=Zo+Za+ 250 =00 7420+ — 69,43 120w,

LZe+Zy
OmnpenenseM skBuBaneHTHBIE conpotuBienus Ga3z AB u BC narpysku:

72 - Zab'zab _ (20+j15).55,54eJ'5° )
o Zab +Zab 20+ j15+ 55,36 + j4,49
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 25e137" 5554 15" 13885014
75,36 + j19,49 77 84 11°°

—17.84e12°0m.

— Zpe 25e137°.69,43¢7 112
> _ _

T Zpe+Zp. 20+ j15+68— j14

1735,75¢/%° 17357512
88+ jL 88

OnpenenseM HamnpsixeHus Ha ¢azax AB u BC Harpy3ku:

~Ugp 22  220e11297.17 84e 127

~19,72¢1%5°0wr.

Uap = == 570 e =
Tz vz, 17846127 11972012

392488147  3924,8e 11477

159+ j81+17,87+ j8,33 33,71+ j16,43
j147° . .
__39248e o =—104,66e 121 =104,66¢ 1% B;
37,5¢!

up, = e Zp __—220e1%%.1972¢ 12"

T 22 +Z. 1784627 11972¢)%°
 4338,4¢ 14

— 11569 1119° _115 69 161°B,

37 5e126°

Toku B pazax TpeyroiabHHUKa, MOIYYEHHOIO NOCIE NpeoOpa3oBaHUs:

Ugp 104,660 1%

Loy =— 188 1%,
Pz 55548l

—]61° .
I'bc=u.bc _115,69 "/ 167014
Y Zpe  69,43¢7112

j120° .
Jpp = oca - 220e’ =317e13%°A

Z., 6943 1%
@da3HbIE TOKU IPUEMHHUKA, COCIMHEHHOTO 3BE30M:
la=lapb—lea ~1,88e7104° 3171132 =

~0,824— j169+ 2,12~ j2,36=2,94— j4,05=5¢ %A
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1y = lpe — Ly =167e 7149 _188e7164° =

=11- j1,26-0824 + j1,69=0,276+ j0,43=051e)>""A;
Ie=leca—lpc= 317e113%° _1676714%° =

212+ j2,36-11+ jL26=-322+ j362=484e)132A

Hanpspkenne Ha ¢a3ax MprueMHHKA, COSTMHEHHOTO 3BE3/I0M:
CrtpouM B MaciTabe BEeKTOpHYO auarpammy (puc. 3.40)

A

U 4p

Puc. 3.340
U, =1, Z,=515%.20=100e"15%B;
Up =Ip-Zp=051e%"".20=10,2¢15""B;

U=, Z, =484e113%" . 2507 116" _ 121 00 1116°R

Toxu B (hazax nmpueMHUKa, COEAMHEHHOTO TPEYTOJILHUKOM:

U - jso° s
Uap 104,666 1% 104666 1% 0 joee .

o = - °
T Z 20415 25¢ 157
Uy, 11569 161° 11560¢161° _i96° 1.
1o = =2C = i o =419e7 1A,
Zne  20+j15  25e)
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| U _220e1
R 20

=Ca
Ol'[peI[eJI}ICM TOKH B JINHEHHBIX IMpoOBOAAX:

—11e1120°p,

Ipa=loy—leq+1, =419e719 _111120% | 5o=154° _
=-0,438- j417—(-5,5+ j9,54) + 2,94 - j4,05=

—8- j17,76 =19,48¢ 155" A;

1g=0;

Ic=1lcg —lpc+1¢ —11¢1120° _ 4,63e_198° n 4,84ej132° _
=55+ j9,54-(-0,64- 4,59) ~3,32+ j3,62 =

~8+ j17,75=10,47e 114°A,

Ipumep 3.10

PaccunTaTh cxeMy 3JIEKTpOCHAOXKEHUS Tpex(da3zHOro MoTpeduTens, COo-
CTOSIIIIYIO U3 CUMMETPUYHOIO0 MCTOYHUKA MUTAHUS C JIMHEHMHBIM HAIMPSHKEHUEM

Uj u tpex oanodasHbIXx nOTpeOMTENEH C CONPOTHBICHUAMH Ry, Rp ¥ Rc

(puc. 3.41).
OmnpenenuTs JMHEHHBIC TOKH, HANpsOKEHHMs Ha (aszax moTpeduTess, Ha-

NPSKEHUE CMEICHUS HEUTpaliu, TOK HYJEBOTO IMPOBOJA, a TAK)XKE AKTHUBHbBIC
MOIITHOCTH OTJIETBHBIX (Da3 1 BCEH CUCTEMBI JIJISl IBYX PEKUMOB:
a) HyJIEBOM MPOBOJI OTKJIFOUEH,;

0) HyJIeBOH MPOBOJI BKIIFOUCH.
Pemenne

Paccuntaem cxemy snekTpocHaOxkeHUs Tpexda3zHoro morpedutens (cMm.
puc. 3.37), COCTOAIIYIO U3 CUMMETPUYHOTO MCTOUYHMKA MUTAHUS C JIMHEHHBIM
HanpsbkeHueM U =380B u tpex oaHodasHbeix morpeduteneil ¢ conpoTusIe-
HusiMu Ry =10 Om, Ry =2 Om, R, =2,50Mm.

Hynesoti npoeoo omxniouen (knou K pazomxnym).

OmnpenenseM NpoBOAUMOCTH (ha3 HATPY3KH:

W B S ST

Z, Ry 10
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LT N Sy
Zy Ry 2
Y i:i=i=0,4CM.
Z. R, 10
U4
Rg
—() i
Ey Iy Ea
84
N -ﬂi Rp N
W —
EB lB U'b
--g—c EC R
o
Ec U,
K
Puc. 3.41

Tak Kak UCTOUHUK CUMMETPHUYHBIN, IPU COEAMHEHUH €ro OOMOTOK 3BE€3-

N0 (asHOe HampsKeHHEe B /3 pa3 MeHbIe JHMHEHHOTO MO BEIMYMHE, T.C.

E =220B. B, a o ¢ase ¢a3Hbic HANPSHKCHUSI UICTOYHUKA C/IBH-

HYTBI IPyT OTHOCUTEBHO Apyra Ha yroia 120°.
Taxoke, ¢ yuerom Toro, uro (azusie IJ[C ncTouHrKa paBHBI €r0 (Pa3HbIM

HaNpsDKEHUSM, a TakKe YCJIOBHO MPUHUMAs HadallbHYIO (Da3y HanpspKeHHs Ha

¢daze A MCTOUHMKA PABHOU HYJII0, HAXOJUM HANpsHKEHUE CMELICHUS HEUTpaslu:

UaYa+UgYpg+UcYc

UnN' =

Ya+Yp+Yc+Y,

. 0 . 0
220-01+220e 1129 .05+ 380e 120" .04

01+05+0,4
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roda:

~220-01+220-[-0,5— j0,866]-0,5+220-[-0,5+ j0,866]-0,4
_ : _

==77- j191B.

Hanpspkenuns Ha ¢azax mpueMHHKa HaxOJuM MO BTOpoMy 3akoHy Kupx-

; 0
Ug=WUa-Upnn')=220— (=77 - j19,) = (297 + j19,1) = 297,6e j37° .

: 0
Up=Upg-Upy')=220e" 120" _ (77 j191)=
= 220(-0,5— j0,866) — (77 — j19.1) =

. 0
— 33— j171,4=174,55¢ 12591 B;

; 0
U.=Uc -Uyy)=220e120" _ (77— j191) =
=220(~0,5+ j0,866) — (=77 — j19,1) =

: 0
— 33+ j209,6=212,2¢19895" g

Komruiekcsl TMHEHHBIX ((pa3HBIX) TOKOB PaBHBI

j3,7° L
Ia= Ua 297¢ =29,7e}37A;
R, 10
j259,1° o
Ig = Up 174,55 _ g7 28e12591° p.
Ry
j98,95° N
o = ¢ _ 212 —84,8¢198.95° p
R, 2,5

AKTHBHBIC MOIITHOCTH (pa3 HArpy3KH
P, = 12R, =29,72-10=8820,9 Br;
R, = IZR, =87,28% -2 =1523559 Br;
P, = 12R. =84,8%-2,5=18011,54 Br.

AKTHUBHAsI MOIITHOCTH BCEU IEITHN

> P=P,+R, + PR, =8820,9+15235,59 +18011,54 = 42068,03 Br.

CTpouM BEKTOPHYIO AMarpaMMy HalpspDKEHUW M TOKOB JJisi pexuma 0e3

HyJIeBOro nipoBoja (puc. 3.42).
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Puc. 3.42

Hynesou npoeoo sxntouen (knou K 3amxnym,).
[Ipu BKIIFOUEHHOM HYJIEBOM MPOBOJIE C CONMPOTUBICHUEM, PABHBIM HYIIIO,
MOTEHIMAIBI HYJEBBIX TOYEK MCTOYHMKA W HArpy3Kd DaBHBI M HAMpPsHKCHHUE

cMmenleHus HeiTpanu paBHo Hyimo (U \y' =0 ).

CrnenoBaTeNbHO, B 3TOM pEXUME HampspkeHUst Ha ¢aszax moTpeOuTens
paBHbI (ha3HBIM HAIPSKEHUSM T€HEPATopa, T.€.

Ua=U,=220B;

Ug =U, =220e" 120B;

Uc =U, =220e/120B,

Torna koMIuIeKchl (pa3HbIX TOKOB OyIyT paBHbBI

Up U, 220el”

Ia= =22e10°;
Z, Ry 10
_j120° -
1= _Up_ 220 ~110e~1120° _ (_55_ j95,25) A:
Z, Ry
j120° —
o =oC o 22007 _gge120° _ (44 j762) A

Z. R 25
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Tox HyneBoro npoBojia paBeH cyMMme (ha3HbIX TOKOB:
In=la+lg+lc=22-55-j96,25-44+ j76,2=—77— j19,05=
_ 79311939 4

AKTHBHBIC MOIITHOCTH (pa3 HArpy3KH

P, = 12R, =222 .10 =4840 Br;

R, = IZR, =110% -2 =2420 Br;

P, =12R, =882.2,5=19360 Br.

AXTUBHASI MOIITHOCTH BCEU MENTN

> P=P, +R, + R, =4840+ 2420 +19360 = 48400 Br.

CTpouM BEKTOPHYIO AMAarpaMMy HaIpsyKEHUW UM TOKOB I pekuma 0e3

HyJIeBOr0 TipoBoja (puc. 3.43).

Puc. 3.43

3.5 MeToa cMMMETPUYHBIX COCTABJISIFOLIUX
IMpumep 3.11

Pa3noxute  HeCMMMETpUYHYIO  cucTeMy  (a3HBIX  HalpsHKECHUN

U AU pg,Uc Ha cuMMETpHYHBIE COCTABIISIONIHE:
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U, =100e13% B;U 5 =—150B; U =75¢/%7° B,
Haiitn cuMMeTpryYHbIE COCTABIIAOIINE JTUHEUHBIX HAIIPSKEHNAMN.
Pemienne

OmnpenensieM CHMMETPUYHBIE COCTABIISAONINE (Da3HOTO HAMPSHKEHUS (a3bl

L_JAO :%(L_JA +L_JB +L_Jc) :%(100e1300 —150+75€J6OO) =1O€J1600 B,

U :%(QA +alg +a’Uc) :%(100ej30° 120 150 4 £1240° . 750 160%)

=105e_j51o B;

U ao :%(L_JA +a2L_JB +aUc) —39¢14%° B,

Halinem cumMmeTpuyHbIe COCTaBsAIOmMe (a3sHbIX HanpsukeHuid Upg u U ~
daz Bu C:

Upgo=Uco=U =10/ B

Upgy =a°U 5 =105 11711°p,

Ucq =aU 5 =105¢1%%°B,

Upgy=aU p, =39e16%°
Ucp=2a’Up,=39%1"B
Hanee,

U gy =aU pgq =10513 e 141°p,
Ucap =aU ppy =105v3-e190°B,
Upco=aU ag =393 ¢ 1%%B

Ucap =a°U pgp =394/3.¢71107°B,
IMpumep 3.12

Hns cxemsl puc. 3.44 omnpenenuTb CONPOTHBIEHHS TOKaM HpsMOU Zq,
obpatHOM Z, W HyJEBOH IOCIECIOBATENBHOCTH Z(, €CIH H3BECTHO

oL=20 Om, ®™M =2 Om, R=1 Owm.
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Puc. 3.44
Pemienue

ITycTe K 1enyu NpHUIIOKEHBI CUMMETpHYHBIE (DaszHble HanpsuxeHus U pq,
Ugy, Uy TpsAMO# MOCIEN0BaTENBHOCTH, KOTOPBIE BBI3OBYT TOKM | a1, lpg1,
1 1. Benencreue cummerpuu eny TOK B HEUTPAIBbHOM IIPOBOJE PaBEH HYIIIO.

CocraBnsieM o BTopoMy 3akoHy Kupxroda ypaBHeHue aiisa koHTypa: ¢aza 4 —
HEUTPaJbHBIN MPOBO/I:

Uar=Joll g+ joMIg+ joM1cy = joll g+ joM(Ig; +1c1) =
= joLlL o — joM1 5
u
Un - or
Z1=—""=]joL- joM = j18 Om
LyN]
Anajorn4no ans Hanpsokenud U po, Upgy, U o 00paTHOM nocnenosa-
TEJIBHOCTH JIJIS TOTO JK€ KOHTYypa
Uaz=JoLlaz+ Mgy + joMlcy = jollop + joM (I +1¢c2) =
= joLl pp — joM I o7
u
U i . .
Z,="A2_ joL- joM = j180m
Ia2
Eciu k nenu npuiioeHo HanpsbKeHUe HYJICBOM MOCIE0BATeIbHOCTH
Upo=Upgog=Uco=Up, T0 oHO BBIBOBET B  (azax Toku
Lo =1go=1co =10, TOK HeliTpansHOrO IpoBOAa |\ =3lg.
YpaBHEHHE IS TOTO K€ KOHTYpa OyIeT UMETh BH]I
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L_JO = j(DLl_O + JO)M lo + j(DLlO + RSLO =
=(BR+ joL + j2oM)I
u
U o .
Zy :I—:3R+ JoL+ j2oM = (3+ j24) Om.
-0
Ipumep 3.13
Tpexdaszublil 3nekTpoaBUrarenp, ¢azbl KOTOPOrO0 COEAMHEHBI 3BE3J10M,
IIOAKIIIOUEH K CETU C JIMHEHHBIMU HAIPSDKECHUAMH, [IPEACTABICHHBIMU Ha PHUC.

3.45. ComportuBnenus (a3 IBUTaTeNsd B PACCMAaTPHUBAEMOM PEXHME JJIsi TOKOB

npsiIMOH TocienoBaTenbHOCTH Z1 = (2,82 + 2,82) Om, 11t ToKOB 00paTHOH TO-
ciaenoBatenbHOCTH Zo = (1+ j1,73) Owm.

Haiitu Toxu B (pazax nBurarens.

A +1

311,B
220B

220B
4
C B

Puc. 3.45

Pemienue
IIpuaumaem U pg =220 (ock + 1 coBmazaeT ¢ BektopoMm AB).
Torna U ge =220e 190", a Uy =311 1137,

ITo dopmynam pasnoxkeHHUs HaXOAUM COCTABJISIONIME JTUHCHHBIX HAIpPs-

KEHUHW TIPSIMOM, 00paTHOM M HYJIEBOU TOCIEIOBATEIHHOCTH

U a1 = % (U pg +aUpgc +a°Ucp) = % (220 +220e13%° 1 311 115%) = 245¢ 15°B,

L—JABZ = %(QAB + aZQBC + aL—JCA) — 65,7e_j1050B,
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U aBo = %(L_JAB +Upgc +Uca) =0B.

Jlanee HaXOAMM COCTaBIISIONINE TUHEHHBIX HAPSHKEHUHN B IpyTrux (aszax
Upcy=U app-a” =245¢” 1'B;

Ucap =U app-a = 2450 1135°B;

Upco=U pg2-a=657e 1°B;

Ucar =U pgp -2 =657¢ 122°°B;

Uaso=Ygrc =YUcao=0B.

Haiinem dasznbie HanpspkeHUs MPSMONM U 0OpaTHOM MOCe0BaTEILHOCTH
dazbl 4.

o jise .
. jlose .
U2 =%/“§2e130 _ 65,73§ 0i30° _ 35 06~ i75°p,

BBuny OTCyTCTBUS HEUTPAIBHOTO NPOBOJA TOKM HYJIEBOM IOCIENOBa-
TEJIbHOCTH PaBHBI HYJIIO.
HaxonuMm cooTBeTCTBYIOIME TOKH

U —j15° o
_ =l 141,5e . _ 35,4e_JGO A
Zy 2,82+ )2,82

Iy

Ugo 3806 17"
Z, 1+j173

=197 1135°A,

Haxonum Toku B pazax nBurarens
Ia=ly+1,+1g=244e"18%A;
lg=a’ly+al,+1y=177e" 16%4;
Ic =al;+a’l, +19=50,7el ™A,
Ipumep 3.14

B xoHiie TpexdazHoii tuaum, puc. 3.46 Mpou3oIIo KOPOTKOE 3aMbIKaHUE

dassr 4 Ha 3eMiTr0 uepes conporusienne Z = j0,5 Om.

I'enepaTop BeIpaOaThIBa€T CUMMETPUUHYIO CUCTEMY 3.71.C.
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daznas 3.1.c. reHepaTopa 220 B, conpoTuBieHUs MOCIEIOBATEIBHOCTEH
remeparopa - Zjr=]j12 Om, Zopr=j20M, Zgr=jlOM, nuHum
Zyp=2Zog=J10M, Zgy=j20Mmu Zj = jO,50Mm.

OmnpenenuTh HAPSHKEHUS U TOKH (a3 reHepaTopa, TOK B COMPOTHBICHHH
3a3eMJICHHS HeTparu Z N W HampspKeHHE MEXAy TOYKaMmH a, b, C JIMHUU H

3eMJIEH.
Pemenune

3aMeHUM COTNPOTUBIICHNE HECHUMMETPUYHOTO TTPUEMHUKA B KOHIIC JTUHUH,
MIPUCOCTNHEHHOTO MEXK Ty 3eMiiel u (pazamu nmunuu (puc. 3.47, a) ICTOYHUKAMH
3. 1. ¢. (puc. 3.47, 6), KOTOpbIE MIPEACTABIISAEM COCTABIISIONIMMU U3 UCTOYHUKOB

3. JI. C. MpAMOM, 0OpaTHOM U HYJIEBOM MOCIEA0BATENILHOCTH (puc. 3.47, B).

: [TpueMHHK :
THT |
T'enepatop 4 JInnans : a I
YY) o PN |
| |
' :
B b I
® Y Y o } s} U I
: Uan |
| VA |
Y Y < I . - :
) |
) Ut b
z | le |
&N G
Puc. 3.46

[IpunumaeM 3a 6a30Byr0 a3y A W OPUHIMI HAJIOKEHHS, COCTABISIEM
pacyeTHbIE CXEMBI I KaXKI0M U3 MOCIEN0BATENIBHOCTEN B OTAEIBHOCTH, PUC.
3.47,1, 1,e.

Tak xak renepaTop cummerpuuHsiii, To E; =220 B; E», =0B; Ej =0B.

B ciydyae HeCUMMETPUYHOIrO reHepaTopa €ro 3.1.C IPEACTABISIOT B BUJIE
9.]1.C. IPSIMOM, 0OpaTHOM M HYJIEBOM MOCIEA0BATEIILHOCTH.

[Tpumenss Bropoii 3akoH Kupxroda k cxemam puc. 3.42, T, 11, € iMeeM
Zn+Zml+U=E (3.1)
(Zry +Zp)lp+U, =0 (3.2)
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3.5),

(Zyro+Zjgo+3ZN)1g+Ugg=0 (3.3)

Jlist cxemsl puc. 3.39 cocTaBUM JIONOJIHUTEIbHBIE YPaBHEHUS:

ZIpa=U,,; 1g=0; Ic=0 (3.4)
W npencrasum (3.4) B BUzIE

Z(I1+1o+1g)=U+U,+Uj (3.5)
a’ly+aly+1y=0 (3.6)
al;+al,+1, (3.7)

N3 ananuza (3.6 u 3.7) cienyer, 4To
Ii=1,=1g (3.8)
CknanpiBas JieBble M mpaBble yacTu ypaBHeHui (3.1-3.3) u yuuThiBas
a Takxe (3.8) mosyyum

(Zm+Zm+Zry+Zyp+2Zro+2Zjyo +32)11 =E; , otkyna
IL=-jJ10A=15=1g

N3 (3.1- 3.3) onpezensemM cOCTaBIAIONINE HANPSXKEHUN

U;=90B; U,=-30B; Uy=-45B.

a)

Eanl Eg;_a.l Uend

B) o b
j— 'b . G, +w a'Uy l/% all, l\(})
L * 231 E+ al, * a'v, Ir’f+-j
O®O® C 4l | LJ%
Ugn) | 01| Uen Uog 8 U
a1} UORSK
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Zr, Zm a
[ — —
L1 1 L

A

N Zro Z o a
L T ® L T
A
Son
n
Puc. 3.47

N3 cxem puc. 3.47, 1 - € CUMMETPUYHBIE COCTABIISAIONIUE HAMPSKCHUI

¢da3 renepartopa
U1 =E1—11Z1 =100 B;
Upy =122, =-20B;
Upg=-loZro=-10B.
Hanpsokenus Ha (aszax reeparopa
Ua=Ur+Uprp +Upo=70B;
Ug =a’Up+aUp, +Upg=-115¢1%4'B;
Uc =aUp+a°Up, +U g =-115¢1%4'B,
Tok ¢a3sl 4 renepaTopa
Ia=l+1,+19=30e"19A;
Tox B conpoTuBiieHnn Z N
1y =319 =30e"19A;

HanpsokeHue Mexay Toukamu a, b, ¢ u 3emieit
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Uan=Ug +U; +U g =15B;
Upn =a’Uy +aU, +U g =-1281°'B;

Ug =aUg+a’U,+Uy=-128¢%4°B,

Ipumep 3.15

[TpoBox ¢asbl A MWHWK, TUTAIOMIEH SJEKTPOIBUTATEIh 000PBAJICS, PHC.
3.48. Ilyctb B paccMaTpuBaeMOM pEXKHUME JIMHEHHBIE  HaIpPSOIKEHUS

Uag =Upc =Uca =380B u nBurarens pabotaer, uMest CONPOTUBICHUS IS
nocienoBarenbHocTeil Zq =(3,6+ j3,6) Omu Z5 =(015+ jO,5) Om.

Onpesnenurs TOKM B IMHUTAIONMX NpoBojax M HanpsokeHus U 4., U,
Upbn» Yens Unn-

HecuMMeTpHIHBIH

YHAaCTOK CXEMBI
) 4  C Ysa a AN
\_/ ) )
N N B —w=Upgp | b
® O f‘\ m m
Q ,C - Uce f’; YT
\_/

Puc. 3.48
Pemienue

[TpuHUMaeM, 4TO JTMHEHHbIC HANPsDKEHUS Mexay 3axuMamu A, B,C cos-

Har0TCA TPCMA HCTOYHUKAMHU CUMMCTPUYHBIX (baBHI)IX 9. 1. C.

£, =330 _ 2008 |

J3

3aMeHUM HGCHMMCTpH‘-IHBIﬁ Y4aCTOK CXEMbI TPCMA MCTOYHUKAMHU HCU3-

BECTHBIX HanpsukeHu U p,,U gy, U,

CocraBum n7st 6a30B0i as3pl 4, pacueTHBIE CXEMbI JUIsl PSIMON, 00paT-

HOU ¥ HYJIEBOW mocieaoBaTebHOCTH, puc. 3.49 a, 0, B a3l 4.
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U,
U,
6) A Z'}
s
L.T
B) — 7
=0

02
D

Puc. 3.49

Cxema HYHGBOﬁ IMOCJICAOBATCIIBHOCTHU PA30MKHYTA, TAK KaK HeﬁTpaHBHBIfI

MPOBOJI OTCYTCTBYET.

3anuiiemM OCHOBHBIC ypaBHEHUS aJisi cxeM puc. 3.49 a, 6.
(3.9)

(3.10)

Ei=Z411+Y,

0=251,+U,

JIJ1s1 HeCHMMETPHYHOTO y9acTKa UMEeM J00aBOYHbIC yPaBHEHHUS
IA=0;Upgp=0;Ucc=0

Bripaxkas B ypaBHeHusix (3.11) TOKM M HampspKEHUS 4Yepe3 MX CUMMET-

(3.11)

PHUYHBIC COCTABJIAOINNC, ITIOJIYIaCM

Ii+15,=0wmm l,=-14 (3.12)
a’U;+aU,+Uy=0 (3.13)
aU;+a’U, +Uy=0 (3.14)
N3 ypaBnenuii (3.13 u 3.14) ciaenyer, 4To

(3.15)

Us=U;=Ug
[MoacraBum (3.15) u (3.12) B (3.10) nonyuum
161



0=-1;Z;+U, (3.16)
3atem BbrunTaeM u3 (3.9) ypaBuenue (3.16), mosyyaem Jjisi TOKa

I1= £ _ 220_ ~39.¢147°A
Z1+Zy 375+ )41
CnenoBaTeibHO

Iy =221y +al,=(a® ~a)l; =68 117" A,

3 (3.10) mmeem U, =—1,Z 5 =20,7¢1%5 B,

Hanpsixkenus paBHbI

U pa =U; +U, +Ug =3, =626 B;

Uan =213 +2Z515=(Z1 - Z,)1; =183 1% B;

Upn =a%Z;ly +azZyl, = (a%Z; -aZ,)l; =203 1B

U, =aZ1ly +a°Zyly =(aZ; -a°Zy)1 = 219e114°B;

Upnp =Yg =20,7¢1%5°B,

3.6 Tpexdasubie Henu ¢ HECUHYCOMAATbLHBIMHU HCTOYHUKAMHU IHUTA-
HUSA

IIpumep 3.16

Haiitu nmokazanust mpuOOpPOB MIPHU Pa30OMKHYTOM U 3aMKHYTOM KOHTakTe K
B TpexdaszHoi nenu puc. 3.50, umeroner COeTMHEHHYIO B 3Be31y Tpexda3Hyio
CHUCTEMY MCTOYHHUKOB, B BHJI€ BTOPUUHBIX OOMOTOK TpexdazHoro tpancdopma-

Topa ¢ (pa3HBIMHU 3. 1. C.

e = 220+/2 -sin ot +120+/2 - sin(3ot +90°) +150~/2 - sin(5et +90°) B;

eg = 220+/2 -sin(wt —120°) +120+/2 - sin(3wt +90°) +150~/2 - sin(5et —150°) B;
ec = 220/2 - sin(wt — 240°) +120~/2 - sin(3wt +90°) +150/2 - sin(5et — 30°) B.

Tpexdaznas Harpy3ka CUMMETPUYHA, COMPOTUBIECHUE OJHOU (ha3bl HATPY3KH

JUTS TIEPBOM TapMOHUKH
z =1000m.
Penienue

Kniou K pazomxnym.
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Paccuutaem Toku IapMOHHK U ITIOKA3aHUA HpI/I60p0B AJI1 OTOTO Cly4dasi:

®da3HbIC TOKH OT ,ZIGP'ICTBPISI HepBOﬁ IFapMOHHKH HAIIPSKCHUA I'CHCPATOPA.

Tak kak Harpy3kKa CAMMETPUYHA, TO L_JlN' =0, u, crIe10BaTeIbHO
N
1 Ul 220
lA:——lz——Z,ZA,
z., 100
1 —j120°
1_Up 220 —j120
lB: 1 = = 2’2 A,
Z: 100
1 J120 .
l%:lic _ 220e _2.2ei120° 5
2t 100
A
B
C
Q™
N
- 1 PA2 PA3
PA1
N A ‘A P44

3
@
N

N
N

N'
Puc. 3.50
PexxuM, 00yCOBIIEHHBIN NATOM TrapMOHHUKOM:
u> =0
N'N
000
5 U5 15010 jeo® .
1= c = =15 A;
z 100
5 —~j150 I
15= Up 150 _15¢i150° p.
ZS
£n
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:nn0
12= ~15¢7130" A

20
Uz 150e /%0
z> 100

Pexxum, 00yCIOBICHHBIN TPEThel TapMOHUKOM:

Jaye 120t 120, L 10 b
ud _2YaoY¥e _77 100 100 100 _190 -
“NNTSy3 L v3 1 1 1 N !
XY +YN + +
100 100 100
13=13=12=0.

MrHOBEHHBIC 3HAUCHUS (l)aSHBIX HaHpH}KeHI/Iﬁ U TOKOB!:

B cnekTtpe (a3HpIX HanpspDKEHU MCTOYHMKA MPUCYTCTBYIOT BCE HAIpS-
YKEHUs, CIeI0BAaTEIbHO, HanpuMep, s $assl 4

U 5 = 220+/2 - sin ot +120+/2 - sin(3ot +90°) +150+/2 - sin(5wt +90°) B;

B crniektpe ¢a3HbIX HaNpsHKEHUH HArpy3KH MPU OTCYTCTBUHM HEUTpaIbHO-

IO MPOBOJA OTCYTCTBYIOT HAIIPSKEHUsI KPAaTHBIE TPEM, CJIEIOBATEIbHO, HAIIPU-
Mep, 175 dasbl A

U 5 = 220~/2 - sin ot +150+/2 - sin(5wt + 90°) B;

JInHelHbIe HANIPSKEHUS Ha UCTOYHUKE U Ha Harpy3ke Uag nUgp,

U ag =Ugp =+3-220-+/2sin ot ++/3 150 v/2sin(50t + 90°) B;
Uy =120-+/25sin 3wt B;
dazHbIe TOKU
ip =2,2-v2sin ot ++/2 -15sin(5et +90%) A;
i = 2,2-/2sin(ot —120°) + /2 -1,5sin(5et —150°) A;
i =2,2-+/2sin(wt +120%) + /2 -1,5sin(50t —30°) A,
[Tokazanust mpuOOpPOB:

Boasr™merp PVI1 nokaxer aeiicTByroliee 3HaueHUEe (Ha3HOTO HAMPSKEHUS

reacparopa, B KOTOpoM NNpUCYTCTBYIOT BCC TapMOHUKHA

Upy1=220% +1202 +150% = 292,06 B.

Boasr™merp PV2 nokaxeT nelicTByrollee 3HAUEHUE JTUHEHHOTO HampshKe-

HUS TeHepaTopa, B KOTOPOM OTCYTCTBYIOT TapMOHMKH, KpaTHbie TpeM (k=3,6), a
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JEUCTBYIOIIME 3HAUYCHUS OCTAIbHBIX TapMOoHUK (k=1, 5) OyayT B J3 pa3 00J1b-

aie
Upy 2 =+/3:1/220% +150% = 46119 B,

Bonermerp PV3 mokaxer aeiicTByroliee 3HaUCHUE HAMNPSDKEHUS CMEIe-

HUS HEUTpasu, B KOTOPOM OyIyT MPUCYTCTBOBAThH TOJIBKO TAPMOHHKH, KPATHBIE
tpeM (k=3,6)
[Toxazanus amnepmerpoB PA1=PA2=PA3, onn nokaxyT ¢a3HbIe TOKU
Ia=lg=lc =152 +(13) =227 + (15> = 2,66 A

[Tokazanus amnepmerpa PA4=0 (1iernb pa3oMKHYTa).

OOparure BHUMaHUeE!
[Tpu Hanmuuu B (ha3HBIX HAMPSHKEHHUSIX TAPMOHHK, KPATHBIX TPEM, B

cxeme 0e3 HEHTPaIbHOro NPOBOAA: g5 =0, TapMOHHMKH TOKA, KpaTHbIC TPEM,

OTCYTCTBYIOT U B Harpy3Ke U B JIMHEHHBIX NpoBoAax.  Hampspkenue  cmenie-
HUS JaXe IPU CUMMETPUYHON Harpy3Ke OTIMYHO OT HYJIS.

Knrou K 3amxnym.

[Ipu coenHeHNH HArpy3KH 3BE3701 C HYJEBBIM IIPOBOJIOM B aMIIEPMETPE
PAI OyayT nmpoTekaTh BCE€ TAPMOHUKH TOKA.

Torma nyist rapMOHMK TOKA, HE KPATHBIX TPEM UMEEM

1
184220 50,
Z: 100
1 —j120° 0
U 2206 i
Z: 100
: 0
1 Ut _220eM20 L 1o A
"z 100 ’
5 jooP 0
1524 0T g 590 o

z> 100
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|%=Q53:150_1150 —15e 150" p
oz 100 ’ ’
_:an0
|%=Q%=1506 P 51

4 100 ’

Jl1s TapMOHMK TOKa, KpaTHBIX TpeM (k=3n)

3 3 90°
E3 By _120e™ oo

- - B,
Zy+3Z% Zjz+3zy 100

Toma TOK HpOTeKaIOHlI/If/’I, HaIIpUMCp, B (1)336 A

i) =2,2-v/2sinot ++/2-1,2sin(30t +90°) + /2 -15sin(5mt +90°) A;

B HCP'ITpaJIBHOM IIpOBOJAC 6y,Z[YT IMPOTCKATh TOJBKO I'apMOHHMKH TOKa,
KpaTHbIE TPEM, TaK KaK CyMMa TOKOB BceX (pa3 JjIsl OCTAIbHBIX TapMOHUK OyeT

paBHa Hy0. Tak Kak Mo HyJ€eBOMY NPOBOAY TEKYT TOKH BCEX TpeX (a3, TO OHH

OyayT B TpH pa3a Oouibiiie pa3HOro TOKa

[Tokazanust mpubOpPOB:
Boasr™merp PVI1 nokaxer aeiicTByroliee 3HaueHHE (Hha3HOTO HAIPSKEHUS

reHepaTopa, B KOTOPOM MPUCYTCTBYIOT BCE TAPMOHUKH

Upy1 =2202 +1202 +1502 = 292,06 B.

BoasTt™merp PV2 mokaxkeT neWicTByroliee 3HAUCHUE JTMHEHHOTO HampshKe-

HUS reHepaTopa, B KOTOPOM OTCYTCTBYIOT TapMOHUKH, KpaTHbie TpeM (k=3,6), a
JNENCTBYIOLIME 3HAUEHUs1 ocTanbHbIX TapMoHuK (k=1, 5) OynyTt B J3 pa3 00Jib-
mie

Upy o =+/3-1220° +150% = 46119 B,

[Tokazanus BonbT™MeTpa PV3=0 (ecTh HEUTpaNbHbBIN IPOBOJ).

[Tokazanus amnepmerpoB PA1=PA2=PA3, onu nokaxyT (a3Hble TOKU

Ia=lg=lc =002+ 03)+(13) =(2,2% + 12)2 + (L5 =2,92 A.

[Tokazanus amnepmerpa PA4
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1y =31°=3.12=36A

Ipumep 3.17

Hality nokazanusi mpuOOPOB IIPHU Pa30OMKHYTOM U 3aMKHYTOM KOHTakTe K
B Tpex(dasznoit menu puc. 3.51, uMmeromieil coequHEeHHYI0 B 3Be31y TpeX(a3HyIo
CUCTEMY MCTOYHMKOB, B BHJI€ BTOPUYHBIX OOMOTOK Tpex(a3zHOro Tpancdopma-

Topa ¢ (ha3HBIMHU 3. 1. C.

PA2

@ ‘i@_ PV3
’ L
—‘A B C .c
PID PV5 PA1 © Pya
© L1l ©
PV1

@ ® ® ®
Puc. 3.51

ep = 2204/2 -sin ot +50/2 - sin(3mt +90°) +30+/2 - sin(Swt + 90°) B;

eg = 220~/2 - sin(ot —120°) +50+/2 - sin(3wt +90°) +30+/2 - sin(5wt —150°) B;

ec = 220+/2 -sin(ot — 240°) +50~/2 - sin(3wt +90°) +30+/2 - sin(5wt —30°) B.
ConpoTuBiienue gaszbl UICTOYHUKA JIJIs IEPBOM TrapMOHUKHI

ZL =R+ joL=+j1 Om.

Conportusiienre (pa3pl MPUEMHHUKA J1J1s1 IEPBOM rapMOHUKHU

z: Y __jo0m
joc

Pemenne

Haiinem mokaszanusi mpuOOpoOB JIs Ciydasi, KOTrja KOHTakT K pa3oMKHYT.
Nmeem coeamHeHUst «3Be3/1a-3Be3/1a» 03 HEUTpasbHOTO TMpoBojaa. ConpoTHus-

JIECHHE HEUTPAIBHOTO MPOBO/IA PABHO HYJIIO.
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Ipu nanuuuu 6 haznvix HANPAIHCEHUAX 2APMOHUK, KPAMHBIX MpeM, 8 cXe-
“ 3
Me 6e3 HeumpaibHo20 NPoeooa: I% =0, eapmonuxu moxa, kpammuvie mpem,

omcymcmaeyom u 6 Hacpy3Ke U 8 TUHEUHbIX NPOBOOAX.

Jlanee WHAEKCHI TOKOB W HAIPSKEHUH COOTBETCTBYIOT 0OO0OO3HAUYCHHSIM
puOOPOB B CXEME.

Tox B nuHEHHOM MpoBOJIe (OH K€ (pa3HBIM TOK) — MOKa3aHUE aMIIEpPMETpPa
PA2

@, g6, =0 =6)
Ca)? + (S = ( )2+ ) =
-0’ 706 z® . z® T 76 706

= (.220. )2 +( 30 75 )2 =1/24,4% +10% = 26,2 A,
[1-091 5. jp— 12
5

da3Hoe HaMpsUKEHNE Ha HCTOYHUKE — IMOKa3aHue BoJIbTMeTpa PV?2

=1 =

BoasTt™merp PV2 mnokaxer neiicTBytolee 3HaueHue (PazHOTo HAMPSKEHUS

IcHCpaTopa, B KOTOPOM IIPUCYTCTBYIOT BCC 'apMOHHNKH

Upy o =1 220% +502 +302 = 227.6 B,
da3HOe HANPSHKEHUE HA HATPY3KE — IIOKA3aHue BoIbTMeTpa PV4

Upya=+(}- 252 1 (15 . 25)2 \/(244 10)2 + (10- 10) ~ 244 B,

Boasr™merpsr PVS u PV3 nokaxyT neicTByroliee 3HAYCHHE JTUHEHHOTO
HANpsDKEHUSI TeHepaTopa, B KOTOPOM OTCYTCTBYIOT TAPMOHHUKH, KPAaTHBIE TPEM,
a JICUCTBYIOIIHME 3HAUYCHUS OCTAIBHBIX TAPMOHUK OYAYT B V3 pa3 OoJbIe

Upys =Upy3=+/3-Upyg =~/3-244=423B.

Boasr™merp PV1 mokaxer aeicTByrolllee 3Ha4YEHUE HAMPSIKEHUS CMellle-
HUS HEUTpau, B KOTOPOM OyIyT MPUCYTCTBOBATH TOJIBKO FTAPMOHUKH, KpPATHBIC
Tpem

Jlns ciaydas korga KOHTakT K 3aMKHYT, MUMEEM COEAMHEHHE «3Be3Ja-
3B€3/1a» C HEUTPAJIbHBIM IIPOBOJOM.

Tok B nuHeHOM MpoBoJie (OH ke (ha3HbI TOK) — MOKa3aHUE aMIIepMeTpa
PA2:
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1 3
|1=|cp=|n=\/(%)2 £y +(—) _ /24,42 +1502 1102 =152 A.

[Toxazanus BoinbT™MeTpoB PVS5 u PV3

[Toxazanus BonbT™MeTpa PV2

Upy o =+/2202 +502 +302 = 227,6 B.

[Tokazanus BonbT™MeTpa PV4

Upy 4 =+ (24,4-10)% + (150-3,3)% + (10- 2) =556 B.

[Tokazanus amnepmerpa PA1

0

3 g3 500190
222 0 1007 s
EJF(—J?) ’

1pag =3-( )= 45061180° A

Amnepmerp PA1 nokaxet 450 A.
3amaua 3.18

Haiitu noka3anus npuOopoB npu Tex e (Pa3HbIX 3.7.C. U COMPOTUBIICHHU-
AX, 9T0 W B 3amade 3.17, HO TIPW COCAWHEHWW MCTOYHWKA W MPUEMHHUKA TPeE-

yTOJILHUKOM, pHC. 3.52

A a
(A)
2/
PAl PA2 (
C C W PV1
PA3
C ¢ | b
B & 1I¢
Puc. 3.52
Pemenune

I[J'ISI rapMOHHK, HC KpPATHBIX TPEM PpacdCT CXEMbl HUYCM HC OTIMYACTCS
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OT TPAJUIIMOHHOTO pacueTa CUMMETPUYHON Tpex(a3HOW 1enu Mpu COSANHCHUN
OOMOTOK Te€HepaTopa W Harpy3Kd TPEyroJbHUKOM. ['apMOHMKH TOKa, HE KpaT-
HBIE TPEM, MMPOTEKAIOT B KOHTYpaX, COCTOAIIMX U3 (a3HOIl 0OMOTKHU TeHepaTopa
U (a3HOro CcompoTUBICHUS Harpy3ku. CremoBaTenbHO, I 3TUX TapMOHHK
¢a3ublii TOK K-TO¥ rapMOHHMKHM Kak reHepaTopa (IIPOTEKAIOMIUN Yepe3 aMIep-
metp PAL) tak u Harpysku, (mpoTtekaromuii uepe3 amrmepmerp PA3) paccuuThbi-
BaeTcs 1o opmyiie
Ek

Ipp=lpas=—1——¢
zZ5+25

rJe Ek - KOMILICKCHOE JIcHCTRYyoMee 3HaueHue K-Toit rapmMoHuku DJIC;

k -k .
; " Z g -~ KOMINICKCHBIC COIPOTHUBIICHUA NCTOYHHKA U HAI'PY3KH JJIA K-Toii

TapMOHUKH.

OTU K€ TapMOHUKHU TOKa OyIyT MPUCYTCTBOBATh U B JIMHEHHOM TOKE,

[POTEKAKOLIEM uepe3 amnepmerp PA2, HO 110 MOYIII0 OHH OYAYT B ~/3 GoubLe
["apMOHUKHM TOKa, KpaTHBIE TpeM, OYIyT MPOTEKaTh TOJBKO B KOHTYpE
3aMKHYTOT'O TPEyroJIbHHKa OOMOTOK TeHeparopa (depe3 ammepmerp PAL) .

[TosTOMy, TOKHM rapMOHHUK mopsiaka K=3n OyayT pacCUUTHIBATHCA IO opMyJIe

3n :an0
90
;3_Ey _50e!

=== —=16,7 A
z, 31

[Ipu coequHeHNN 0OMOTOK T€HEPATOPOB TPEYTOJLHUKOM HaIpsiKEHUE Ha
3aKUMax ero (a3HbIX OOMOTOK OyJIeT COCTOSITh U3 TAPMOHHUK HE KPaTHBIX TPEM,
KOTOpbIE OYIyT MEHBIIE COOTBETCTBYIONIUX TAapMOHHMK 3.1.C. Ha BEIUYUHY
MajJICHUs] HAMPSDKEHUS OT COOTBETCTBYIONIMX TapMOHUK TOKAa HAa BHYTPCHHEM
COMPOTHUBJICHUU TE€HEepaTopa. DTH HAMNPSIKEHUS B CXeME PUCYyHKa 3.52 paBHBI
HampsDKEHUSIM ~ Ha  (pa3HBIX  COMPOTHBIICGHUSX MpPUEMHUKA  (TIOKa3aHUS
BosbT™MeTpa PV1),

Torna umeem (u3 3amaun 3.17), mokazanus amnepmerpa PAL

lpa = (152 + (13)2 + (1%)2 = /24,42 +16,72 +102 =31 A.
Amnepmerp PA3 nokaxeT AeHCTByIOLIee 3HaUYE€HUE (PAa3HOrO TOKA 4yepes

Harpy3Ky, HO B HeM OyIyT OTCYTCTBOBaTh TapPMOHUKH, KpaTHbIe TpeM (K=3,6)
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lpag = (192 +(1%)2 =/24,42 +102 = 26,6 A.

Amnepmerp PA2 mokakeT NEUCTBYIOLIEE 3HAYEHUE JIMHEMHOIO TOKA, B
KOTOPOM OTCYTCTBYIOT rapMOHUKH, KpaTtHble Tpem (k=3,6), a meiicTByromiue
3HAYEHUsI OCTAJIbHBIX TAPMOHUK OyayT B J3 pa3 0oJblle, 4YeM JEHCTBYIOIINE

3HaueHus (pa3HbIX TOKOB B Harpy3ke uepes ammnepmerp PA3

Ipao =+/3lpag =455 A.

Upy1=+U?% +U% =244B.

Ha JAaHHBIX pacdcTa CICAYCT, dTO TPCTbA I'apMOHHKA BJIMACT TOJIBKO Ha
BHYTPCHHHC TOKHW HMCTOYHHKA W HC BJIMACT Ha PACIPCACICHUC TOKOB W HAIIPI-

KEHUHN MIPUEMHUKA.
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4 TlepexoaHble MPOLECCHI
4.1 OcHOBHBIE MOJIOKEHUS] TEOPUH

ITon mepexoAHBIMU MPOLECCAMHU MOHUMAIOT MPOLIECCHl MEPEXOJa DIICK-
TPUYECKUX 1IETIEH OT OJIHOrO0 YCTAHOBMBIIErOCs pexuma K apyromy. llpu me-
PUOAMYECKUX WM MOCTOSIHHBIX BHEMHUX DJ]C mepexoHbie MpoIecchl BO3HU-
KaloT B LEMAX NPHU UX BKIIOYEHUH U OTKJIIOUYCHHUH, a TAKXKE MPU BCIKOM BHE3AII-
HOM, CKauK0OOpa3HOM M3MEHEHUH IapaMeTpoB Iienu. [I[puunHoi Takoro nu3Me-
HEHHUSI TTapaMETPOB SIBIIICTCS KOMMYTAaIUs, MO/l KOTOPOW MOHUMAIOT MTHOBEH-
HOE 3aMbIKaHNE KOHTAKTOB BBHIKJITIOUYATENSl, MTHOBEHHOE pa3MbIKaHue (0e3 oOpa-
30BaHUs JIyT'M) 3THUX KOHTAKTOB WJM MTHOBEHHOE MepekitoueHue. Jlnurenb-
HOCTb MEPEXOJIHBIX MPOIECCOB 3aBUCUT OT 3HAUYCHUN CXEMHBIX MapaMeTpPOB Iie-
A ¥ UCUUCISAETCS JOIAMH CeKyHbl. OJIHAKO TOKW W HAMPSIKEHUS B 3TU MEPUO-
JIbl Ha OTJEIBHBIX yYacTKax LEMU MOTYT UMETh 3HAu€HHs, BO MHOTO pa3 Ipe-
BOCXOJISIINE 3HAYEHUS TIPU UX HOPMAaJIbHBIX, YCTAHOBUBIIMXCS pexkuMax. B pe-
3yJIbTAaT€ MOXKET MPOU30UTH MOBPEKICHUE WU JIaXKE Pa3pylICHUE OTIAEIbHBIX
sneMeHTOB 1enu. C apyroi CTOpOHBI, HY’)KHO TTIOMHUTh, YTO B PsJI€ YCTPOMCTB
MIPOMBIIIJIEHHOW 3JICKTPOHUKH TEPEXOJHBIC MPOIECChl SIBJSIOTCS OCHOBOM pa-
OOTBI 3TUX YCTPOICTB.

ITepexoa OT OJHOTO YCTAHOBMBIIETOCS PEXKHMa K JIPYTOMY YCTAHOBHB-
HIEMYCSl HE COBEPIIAETCS MTHOBEHHO, TaK KaK PHEPTHs] MAarHUTHBIX U DJIEKTPU-
YECKHUX MOJIEH, CBA3aHHBIX C IIETbI0, Pa3JIMuHa MPU PA3IMYHBIX YCTAHOBUBIIIHNX-
Csl peKHMMax, a JUII KOHEYHOTO M3MEHEHUS DHEPryuu Mojied HeoOXOoauMO HEKO-
Topoe BpeMs. [loaToMy B M3HUYECKH CYIIECTBYIOUIUX IJIEKTPUUECKUX TETIX HU
TOKH, HU HaNpsDKEHUS Ha OTACNIBHBIX HMX ydacTKax HE MOTYT IpeTepreBaTh
MT'HOBEHHBIX KOHCYHBIX U3MEHECHUI.

B ocHOBY aHanmn3a moJIo;KE€HO /1Ba 3aKOHA KOMMYTAIIUM:

1) B 11000if BeTBM ¢ MHAYKTHBHOCTBI0O TOK M MATHUTHBIH NMOTOK B
MOMEHT KOMMYTAIIMM COXPAHAIOT Te 3HAYEHHUSl, KOTOPble OHU HUMEJHU 10
KOMMYTAllMH, U TaJIbllIe HAYMHAIOT U3MEHATHLCA UMEHHO € ITHUX 3HAYeHUIA.

Tak, ecau paccMaTpuBaTh BKJIIOYEHHE BETBU C KaTYIIKOW, TO B MOMEHT
KOMMYTaIlMM TOK B 3TOW BETBU PaBEH HYJIIO. ECIM B Takoi BETBU AOMYCTUTH B

MOMCHT KOMMYTAallUM CKa4YOK TOKa, TO HAIPsAKCHUC Ha HWHAYKTUBHOCTH
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di
La ) = uL(O) OyzeT paBHO OECKOHEYHOCTH, U B IIETH HE OYyJIeT COOIONaThCs
t=
BTOpOH 3aK0H Kupxroda.

2) B 110001 BeTBH HANPSIKEHUE W 3apsii HA €eMKOCTH COXPAaHAKT B
MOMEHT KOMMYTAIIMU Te 3HAYEHHS], KOTOPble OHM MMeJIH 10 KOMMYTALINH,
U B JaJIbHeHIeM U3MEHSI0TCS, HAYMHASI HMEHHO € 3THX 3HAYCHUH.

Tax, nmpu BKJIIOYEHHH BETBU C KOHJIEHCATOPOM, KOTOPBIA HE OBbLI 3apsi-
YKE€H, HaIlPSDKEHUE HAa KOHJAEHCATOPE B MOMEHT KOMMYTalMu paBHO Hymo. Eciu
B BETBU C €MKOCTBIO JOITYCTUTh B MOMEHT KOMMYTAIlMU CKauYOK HAMPSHKEHUS Ha
-C duc

dt [t=0

CMKOCTH, TO TOK |(0) 6yz[eT paBCH OCCKOHEYHOCTH U B eI, BCC-

I71a UMEIOIIeH COMPOTUBIICHUE, OMATh-TAaKU HE OyJeT coO0IaThCs BTOPOM 3a-
koH Kupxroda.
C sHepreTuyecKkor TOYKU 3pEHUS HEBO3MOKHOCTh MTHOBEHHOT'O M3MEHE-
HUS TOKAa Yepe3 MHAYKTUBHOCTh M HAIPSHKEHUS HAa €MKOCTH OOBSICHSICTCS He-
BO3MOYKHOCTBIO CKauyKOOOpa3HOTO W3MEHEHHWS 3allaCeHHBIX B HUX DSHEPIHH
Li? Cu?

Wiiara :T,W3JI = | JIeCTBUTENIBHO, CKAaYKOOOpa3sHOE W3MEHEHUE

AHEPruM TpedyeT OECKOHEUHO OOJBIINX MOIIHOCTEW MCTOYHUKOB DHEPTUHU, YTO
JUIIEHO (PU3NYECKOTO CMBICHIA, TaK KaK Ja)kKe dHEPrOCHCTEMBI 00JalaloT KO-
HEYHOM, a He OECKOHEUHON MOIIIHOCTHIO.

[Ipu pacuére mepexoAaHBIX MPOIECCOB MOAJNEKAT ONPEACICHUIO 3aKOHBI
U3MEHEHHS] TOKOB M HAIPSDKEHUW B TEUECHUE BPEMEHH UX Tepexoja OT OJHHUX
YCTAaHOBUBIIUXCS 3HAUYCHWA K ApyruM. OmpeaeieHne dTHUX 3aKOHOB MOXKET
OBITh OCYLIECTBJIEHO:

1) KJlaccUYeCKUM METOJIOM,

2) onepaToOpHBIM METOJIOM,

3) c momoIIsI0 uHTErpana Jroamens,

4) METOZIOM TTEPEMEHHBIX COCTOSTHHM,

5) MeTO/I0M YaCTOTHBIX XapaKTePUCTHK.

B HacTosAmux ykazaHUSX pacCMaTPHUBAIOTCS MPUMEPHI pacdyeTa Mepexo-

HBIX IIPOLOCCCOB B JIMHEUHBIX QJICKTPUYCCKUX LCIIAX KIACCUICCKUM MCTOJ0M.
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4.2 MeToauka pelieHus 3aa4 MO0 pPacyeTy MepPexXOoJAHbIX MPOLECcCOB

KIACCHYECCKHUM METOA0M

B tex cimydasix, Kkoria Mbl UMEEM JEJO C AIEKTPUUYECKUMU LETSIMU C CO-
CPEIOTOYEHHBIMH MMapaMeTPaMH U KOTJa TapaMeTphl LIETH MOCTOSIHHBI, MaTeMa-
TAYECKUN aHAJIN3 MEPEXOIHBIX MPOIIECCOB CBOJUTCS K HAXOXKJICHHUIO OOIINX UH-
TErpajioB OOBIKHOBEHHBIX NU(PHEpEHITNATBHBIX YPABHEHUN C TOCTOSHHBIMU KO-
sbdunrentTamu. Yucino ypaBHEHHI JOJDKHO OBITH PaBHO YMCIY HEU3BECTHBIX
TOKOB. [lanee, UCKITIOUas MOCIENOBATENbHO U3 CUCTEMBI BCE TOKH, KPOME TOTO,

KOTOPBIH TOJJIEKHUT OINPEACICHUIO, JOMYCTHM Ig, MOJIyYaroT HEOTHOPOIHOE

nuddepeHInaTbHOe YpaBHEHHE € MOCTOSHHBIMU KO3 (GUIIMEHTaMH U CBOOOI-

HBIM 4JICHOM:

. _1 .
d"ig d" dig ) (4.1)

andt—n+a — L S 4. +a1a+aol

[Topsimok ypaBHEHUS ONPEACIISICTCS YUCIOM PEaKTUBHBIX AJIEMEHTOB (Ha-
KOIUTENeH 2Heprun) u KoHburypamnued 1ernu. CBOOOJHBIM YEH BKJIOYACT B
cebs cBs3annabie D/C.

OO6mwmit uHTEerpan JuHeHoro nuddepeHnuranbuoro ypasuenus (4.1) pa-

BCH CyMME €ro 4acTHOTO pEIICHHs Iy U OOIIero pemieHust lg OIHOPOIHOTO

nudepeHnanTbHOTO YpaBHEHUS:

a dnls+a d"” 1”+ +a di”+a0| =0 (4.2)
n gt n— 1dt 1 1 -
Te. ig =g +ig (4.3)

YacTHOe pemieHue Iy HaxoauTcs mpu monacrtaHoBke B (4.1) t=o wu
IpENCTaBIsIeT COOO0 3HAUEHHE TOKA Ig TIPH YCTAaHOBHBIIEMCS ITOCIIE KOMMYTa-

MU PEKUME padOTHI LIEH.

O6iee pereHue Iy OJHOPOJHOTO ypaBHEHHs (4.2) MMEET BH/

ig = APl + A eP i+ A ePl, (4.4)
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rie Asl’Asz""ASn_ NOCTOSIHHBIE MHTETPUPOBAHUS; [, P2,...P, KOPHH

r].II
i
XapaKTEPUCTHYECKOTO YPaBHEHHMSI, TIOJyUYCHHOTO M3 (4.2) mMyTeM 3aMEHBI —ns
dt
n-1."
Ig dig 0
Ha , —=>Ha Ppn—1, —Ha pulc HAP =1.

Torna xapakTepucTUYecKOe YpaBHEHUE 3aUIIETCS B BUC
anPp+an1Ppng+...+yp+ag=0 (4.5)
Kopuu ypaBHenus (4.5) MOKHBI OBITH JMOO BEIIECTBEHHBIMH, JHOO
KOMILJIEKCHO COTPSKEHHBIMU, JIMOO YMCTO MHUMBIMH, ITPUYEM KaK BEIIECTBEH-
HbI€ KOPHH, TaK U BEUIECTBEHHbIC YaCTU KOMIUIEKCHBIX KOPHEH JOKHBI OBbITH
orpuniateiabHbiMu. [loacrasmss (4) B (3) ana oOmiero mMHTErpajga ypaBHEHUS

(4.1), OyneM UMETh:
i =is + A ePl+ A eP2l o 4 A ePn' (4.6)

OO6uuit unrerpan (4.6) muddepennuansuoro ypaBuenus (4.1) nact Bo3-

MOXHOCTb CUHUTATh TOK iS IIpH IICPEXOJAHOM IIPOLECCCC COCTOAIINM M3 ABYX CO-

CTaBJIAIOIIHX HpHHy}i(,Z[eHHOﬁ iS , HC BaBHCHmeﬁ OT BpCMCHH U paBHOﬁ TOKY yC-

TAaHOBHUBIICI'OCA PCKUMA B HOCHGKOMMYT&HHOHHOﬁ OcIiv, 1 CBO6OI[HOﬁ iS , 3a-

TyXawllel K KOHIy MEepEeXOHOro Mpolecca, 00yCIOBICHHON IHEPruer 3JeK-
TPUYECKOTO ¥ MarHUTHOTO TIOJICH, 3amaceHHON B HakonuTesax suepruu (L, C) k

MOMEHTY KOMMYTAIlMU U MapaMeTrpamMu menu. Eciu 10 kommyTanuu 1iens Oblia

OTKJIIOYCHA OT HMCTOYHHKA SHCPIUH, TO CB06OI[Ha$I COCTaBJIArOLIass iS BbI3bIBA-

.2
Li
€TCsl MPOLECCOM CO3JlaHMs 3amnaca 3Hepruu B Kartymkax (Wyarg = 7) U KOH-
Ccu?
nencaropax (Wy = T)

[TocTosiHHBIE MHTErPUPOBaHUs, BXoasue B (4.4) onpenenstoTcs U3 Ha-
YaJbHBIX YCJIOBHUM, MPEIACTABISIONIUX COOOW 3HAYEHHUS TOKOB, HANPSIKEHUU U
MX MPOU3BOJAHBIX B IIEPBBI MOMEHT IIOCIIE KOMMYTAIUH.

MoMeHT KOMMyTaluu COOTBETCTBYeT BpemeHu t =0, T.e. Hauany mepe-

XoaHoro mporecca. OaHako HyxkHO pasznuuath MoMeHT t=(0_), Hemocpeact-
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BEHHO IPEIIICCTBYIOMNH KoMMyTanuu, 1 MoMeHT t= (0, ), HenocpeacTBEHHO

cneayromuit 3a Hero. O6a coorBeTcTBYIOT t =0.

&~

A

r=u. t=0-

Puc. 4.1

L

JIns  omnpeneneHus MOCTOSIHHBIX WHTETPUPOBAHUS, IIPU HM3BECTHBIX
*HayabHBIX YCIOBUSIX, KpoMe ypaBHeHuUs (4.6), HeoOxonumo emé N-1 ypaBHe-

HUN. DTU ypaBHEHHUs MOJIYYaroT, €CJIM B34Th N-1 mpou3BoAHbIX OT (4.6). [Tomy-

YCHHAA IIPpU 3TOM CUCTEMa UMECCT BU/IL:

-

i (t)=k(t)+ AePt 4 AjeP2l 4 4 A ePrl

i dij
%=% + prAePt 4 poAgePt 4 pp AP
|
dn—li dn_li'
Ldt" 11: - 11+ pltaePt 1 pftaePet 4 plta ePrt
dt''™— dt’

(4.7)

IToncraBnsisi B (4.7) 3HaU€HME TOKAa M €ro MPOU3BOAHBIX B MOMEHT

t=(0,) Oynem umeTsb:

i1(0+):ii(0+)+,0i+A2+...+Aﬂ

di di;

1 =T A P A et PR/
dt t=o0+ dt|t=0+

d"h, d™ Yy

n-1 n-1 n-1
] = +p1 AP Ae+...+py A
dt'" " =0+ dt " jt=0+

(4.8)
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HavanbHble 3Ha4eHMs] TOKa M €ro MPOU3BOJIHBIX OIPENEISAIOTCS MyTEM
pELICHUsT CUCTEMBI HMHTETPO-AU(PPEpeHINaTbHbIX YPABHEHUN, COCTaBICHHON
i nonryueHus (4.1) Ha ocHoBaHuU 3akoHOB Kupxroda, mocie moacTaHOBKH B
9TH YpaBHEHHs 3HAUEHUU TOKOB B BETBAX C MHIYKTUBHBIMH KaTyIIKaMU U Ha-
NpsDKEHUI Ha KOHJIEHCATOpaxX B MOMEHT KOMMyTauuu. B cBoo ouepenp 3TH
3HAYEHUs HAXOJATCS U3 IEPBOTO U BTOPOTO 3aKOHOB KOMMYTAIIUH.

[Tocme HaxOXIEHUS TOKA I| OCTalbHBIC TOKH IIETIH OIPEACIAIOTCS II0
YpaBHEHHSIM CBS3M C 1|, IOJYYEHHBIM paHee, W3 CHUCTEMBl HHTEIrPO-
muddepeHIaTbHBIX YPaBHEHUH 1IETIH.

TpynoeMKOCTh KJIAaCCMYECKOI0 METO/A 3HAUUTEIBHO COKPAIAETCs, €CIH
JUISL TIOJTyYEHUST XapaKTepUCTUUECKOro ypaBHEHUS (4.5) NCIONB3yeTCsl BhIpaXKe-
HUS KOMILUIEKCA BXOJHOTO COIIPOTHBJICHMS LENM IOCIE €€ KOMMYTAallUH
Zx(j0).

B 3TOM cilydae XapakTepuCTUYECKOE YPaBHEHUM LEMHU MOIYYaroT IyTeM

3aMEHbl B BBIPAXKEHUH ;Bx(jco) npousBeieHus joHa p. IIpupaBHUBa,

BHOBb HOqueHHOG BLIpa>I<eHI/Ie K Hy.TIIO, T.C.
ZBX(p):O’ (4'9)
W pelras 3T0 ypaBHEHHWE, MOJIyYaloT KOPHU XapaKTePUCTHYESCKOTO ypaB-
HCHUA.
[Tocie ompeneneHust N KOPHEH XapaKTEPUCTHUECKOTO YpaBHEHHUS 3HAUe-

HHA TOKOB B BCTBAX LCIIM HAXOIAT 110 BBIPAKCHHUIO!

, n
is =i+ Y A eP(s=1,23...q) (4.10)
k=1

rae g — 9ucjio TOKOB, NOJAJICKAINMX ONPECACICHUIO.

ITocTostHHBIC HHTCTPUPOBAHUA Ask JJI KAXKJ0I'0 TOKa HaXOoOATCA IO ME-

TOJHUKE, OIMCAaHHOM BHIIIIC.
Paccmotpum psn mpuMepoB pacu€Tra MEPEXOAHBIX MPOIECCOB KiaccH4e-

CKHUM METOJIOM.

4.3 PacuéT nepexoaHbIX MpoueccoB B R — L nenu npu nuTaHuu OT MC-

TOYHUKOB IMOCTOAHHOT'O HAIIPHKCHUA

Marepuansl AJis 3a1a4 10 TaHHOMY pa3zienny B34Thl U3 [§].
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IMpumep 4.1

OmnpenenuTh 3aKOH U3MEHEHUs BO BpeMeHH Toka 1, OJIC e u Hampsike-

HUS Up B uenu puc.4.2 mocie 3aMbpIkanus Kirroya K u moctpouts rpaduxn i(t),
R

e (t) ur(t).

K UR, ur
o — 1 Y Y Y
| I |
R L
u )
I
[
Puc. 4.2
Pemenune

[Ipu pelreHun AAHHOTO MPUMEpPA U APYTUX MPUMEPOB OyAEM HUCIOJIb30-
BAaTh OJWH U TOT K€ MOPSJOK pacyera.
1. HayanepHble ycnoBusi. B paccmarpuBaeMoil LiemM OJHO HE3aBUCHMOE
Ha4aJIbHOE yCJIOBUE:
i(0_)=0
2. IlpunyxneHHbld pexxuM. [Ipy MOCTOSTHHOM HANpPSKEHUN TPUHYXKICH-

HbI (YCTAaHOBUBILIMICS) TOK B LIECTIH:
i U
PR
CocTaBuM BBIpaXXEHUSI BXOJIHOTO COMPOTHUBIICHUS 1lenu Z BX(p)H, penmB

ypaBHeHUE Z BX( p) =0, moay4uM KOpeHb XapaKTEPUCTUICCKOTO YPABHCHHUS:
R+ pL=0,
OTKyaa p = —E
L

Kopenb oguH. 3Hauut, cBOOOAHAS COCTABJISIONIAS TOKA MMEET BhIpaxke-

HUE
i, = AePt
4. Pexxum gt momenta t=0_ .

ITo mepBOMy 3aKOHY KOMMYTallUH
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i(0,)=i(0_)=0
Tk i(0,)= inp(0+)+ ies (0, ), TO MOXKHO HaifTH
iCB(O-l-): i(0+)_ inp (0+)

' : u U
|CB(O+):O—IHP(0+):O—E:__

R
: . U
Tpu t =0, i, (0, )= AeP? =A=—
5. 3aKOH M3MEHEHHs BO BPEMEHH TOKa LETIN
R R
. : u u —t u L
— -~ _“e L _Z|1-e L
I_IHP+ICB_R R =—|1-e
6. Tlocre naxoxaerns i(t) MOXKHO ONPENETHT U e|_(t)
di diu U - U R - -
N | TR B R P
dt dtf R R R L
R
Hanpsokenue Ha pesucrope Ug =i-R=U -Ue L

IIpoBeneHHBIN aHAIW3 MMOKA3BIBAET, YTO B JAHHOM LIENMU B MOMEHT ITO[I-
KIIFOUEHUSI €€ K MCTOYHUKY TOCTOSIHHOTO HANpPSKEHUS HA 3aKMMAaX KaTyIIKQ
ckaukoMm Bo3HUKaeT DJ[C caMOMHAYKIMH paBHAs M MPOTUBOIOJIOKHAS HAIpsi-
YKEHUIO UCTOYHUKY NMUTAHUSA. DTO U SABJISIETCS NPUYMHOM TOrO, YTO TOK B 3TOM
Henu B MOMEHT KOMMYTallUd OTCYTCTBYET, LI€lb KaK Obl pa30MKHYTa B 3TOT
MOMEHT Ha YYacTKe, I'Ie BKJIIOUEHA KAaTylIKa, U HANpPsHKEHUE MCTOYHHMKA MpPH-

: U
JIOKEHO K 3TOMY pa3pbIBy. TOK IUIABHO YBEIMYHBACTCS OT HYJIA 10 Iy = R
7. Tpacukm i(t),e (t).

VY no0OHee BCero cTpouTh 3TU rpapuKy, MPUHUMAS 332 €IUHUILY U3MEPEHUS

1
BPEMEHU MOCTOSHHYIO BpeMEHHM T=——. Torma qocTaTo4HO OrpaHUYUTCSl Bpe-

MeHeM t =67, T.K. IO UICTEUEHUH 3TOT0 BPEMEHHU MPOLECC U3MEHEHHsI CBOOO/I-

HOM COCTaBJIAIOIIEH MOJAHO CUMUTATh 3aBepilieHHBIM (Tadm. 1).
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Tabmuna 1

T 21 3t 47 o1 61
ot 0,3768 0,1353 0,0498 0,0184 0,0067 0,0025
I'paduku i(t), eL(t)l'[peI[CTaBJIGHLI Ha puc. 4.3.
i er
— f

Puc. 4.3

Cnenyer oOpaTUTh €llle pa3 BHUMaHHE Ha TO, YTO BCS LI€Th OXBayeHa

CAWHBIM IICPCXOAHBIM ITPOLECCOM U CBO6OI[HBI€ COCTaBJIAOIMINEC BCCX BCIIMYHMH

MMEIOT OJWHAKOBBIA 3aKOH M3MEHEHUSA BO BpeMeHU Ae pt- JI1st KaxkaoM BeJu-
YUHBI — CBOS TTIOCTOSIHHASI MHTETPUPOBAHUS, TIPEACTABIIAIONIAs COOOM HAaYaIbHOE

3HaueHue (g t =0) cBoOOHOM COCTABIISAIONICH ISl TONW BEITMYHMHBI.
Ipumep 4.2

Karyiika 37eKTpOMarHuTHOTO pejie HaXOIUTCS MOJ] MOCTOSTHHBIM Harpsi-
wenueM U =60 B (monoxenue «1» nepekiouarens). [lepexmouaTens npakTu-
YeCKM MTHOBEHHO IEPEBOJUTCS B MOJIOXKEHUE «2». OnpenenanTs 3aKOH U3MEHe-
HUS TOKa B KaTyuike peine. [loka3aTh, 4TO 3HEprusi, BbIACTUBIIASCS B LEMHU M0-

CJIC TICPCKIIIOYCHUA B BUC TCIJIA, pABHA HAYAJIbHOMY (I[O KOMMYTaHI/II/I) 3aracy
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SHEPIUH JIEKTPOMArHUTHOTO 1ois (puc. 4.4).
[Tapamerps! nenu: L =150 mI'; R=1200 Om; Ry =180 Owm.

Pemienune
. 1
+ ~
2
U L
Ry
R
o
Puc. 4.4

[Ipexxne, yem pemiath mpuMep, HEOOXOAUMO YETKO YSCHUTH CYIIHOCTD
HEPreTHYECKOTO IMpoliecca ey B epexoaHoM pexkume. Korma katymika pene

ObUIa MOAKIIOYEHA K UCTOUYHUKY HampspkeHus U, TOK B KaTyIIKe ONpeaessics
conpoTuBieHueM R u ObLT paBeH 120 =0,5 A . Ilpu 3TOM 3HAUEHUU TOKA B 00-

MOTKC peie ObLIa 3arraccHa OHCPIHA MardmuTHOI'O IT1OJIA

Li? i3 057
W, ars = =150*10 5" 0,0188 [Ixx. Ilpm mepebpoce MOABHKHOTO
KOHTaKTa MEPEKITI0YaTelis B MOJIOXKEHUE «2» co3/1aeTcs HOBbIA KOHTYp L-R-Ry,B
KOTOPOM CO3/1a€TCsl TOK 3a CUET paspsiga SHEPIMU MArHUTHOTO MOJS KaTYILIKH
pese. DTOT TOK BbI3bIBaeT HarpeB pe3uctopoB R u R;. Takum obpazom, sHeprus
MarHUTHOTO TOJIsI IpeoOpa3yeTcsi BHaYaje B JJIEKTPUUECKYI0, @ OHA B CBOIO
ouepeb — B TEIUIOBYIO. Takoil mporecc UAET A0 MOJHOTO NCUYEPIIAHMS SHEPTUU
MarHuTHOTo nojsi. CiaenoBaTeNbHO, MPUHYKIACHHBINA TOK B 3TOM LIENHU PaBEH HY-
0. BrionHe o4yeBMAHO, YTO MCTOUYHUKOM SHEPTrUU B MOCIEKOMMYTAIlMOHHOMN
LEMNU SIBJSIETCS KaTylllKa pelie. 3anac 3TOH SHEPruy OrpaHUuYeH, SHeprusi He Mo-
MOJIHAETCST W3BHE (HET pabOThl CTOPOHHUX CHIJI). DHEPreTHUYECKUH MpOIECC
MMEET 3aTyXalolluid XapakTep, YTO CBOMCTBEHHO C80O0OHBIM COCHIABIAIOUAUM

COOTBCTCTBYIOIIHNX BCJINYIMH.
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Pacuer KOIM4YeCTBEHHBIX 3HAYEHUI BCEX BEJIUYUH B OTOM LIENU NIPOBEAEM
B OOBIYHOM MOPSIZIKE.
1. HavanbHble ycnoBus.

a) Tok B 1ienu (HE3aBUCUMOE HAYaIbHOE YCIIOBUE)

i(o_)zozﬂzo,m
120

0) Hanpsoxenue Ha pe3ucTope

Ug =Ri(0_)=120-05=60B

T.€. HallPsSDKEHUE MCTOYHHMKA SHEPIrUU MPUJIOKEHO K PE3UCTOpY; Ha ude-
Q1bHOU UHOYKMUEHOCMU HATIPSKEHUS OT OCTOSIHHOTO TOKA HE BO3HUKAET.

2. IIpuHyXI€HHBIA PEKUM

Inp =0, uRnp =0
HaprDKeHI/IC UL B IIPUHYXACHHOM PCKHMC IIpU ITOCTOAHHOM HAIIPAKC-

HUU MCTOYHMKA DHEPTUU Bcerja OyJeT paBHO HYIIO. 371eCh K€ MPUHYKICHHAs
COCTaBJIAIONIAst OTCYTCTBYET IO CYIIHOCTH IpOLEcCca

3. JIns BBISBIICHUS XapaKTepa NEPEXOJHOTO MPOLIECCA U OMPEICICHUS BU-
J1a CBOOOTHBIX COCTABJISIONINX COCTABUM BBIPAYKEHHUE BXOJAHOTO COMPOTUBIICHUS
IUISL HOC/IEKOMMYMAYUOHHOU TIETU U, IPUPABHSB €r0 K HYJIO, IOJTyYUM KOPHH
XapaKTepUCTUYECKOTO YPaBHEHMUSI.

Z(p)=R+Ry +pL; R+Ry +pL=0
_R+Ry _ 120 +180 _ 2103

L 150*1073

Kopens ogun. CBoOOIHAS cocTaBstomIas umeeT Bua Ae pt.

4. Pexxum uig momenra t =0, .

I1o nepBoMy 3aKOHY KOMMYTalUX
U 60

i0,)=i(0-)=">

=——=05A
R 120

Torna:
iCB(O-l-):i(o-l-)_il'lp(o-l-):i(o-l-)_ozi(0+):0’5A
Hanpsokenne Ha R u Ry, (R+ R =R'=3000m)
ug(0,)=R'i(0,)=300-05=150B

182



Ug' (0+):UR’(O+)_UR' =ugr(0,)=150B
CB p

HaHpﬁI}KGHI/IG Ha MHAYKTHBHOCTHU UL OIIpCACINM B KOHIC PCIICHHA U3
BBIPpAKCHUA
uL =L—
dt

5. 3aKOH U3MEHEHUS BO BPCMCHH BCJIIMYMH B LICIIN:

a) ToKa

I =iy +icp =0+ AeP' =0+i.,(0, )ePt =0,5672000t A

0) HanPSDKEHUS HA PE3UCTOPAX
Ug =R'-i=300-0,56 2000t —150¢ 2000t g

B) HaIPsHKEHUS HA UHAYKTHBHOCTH

u =L 9 150%103. 9 (0,5¢2000t ) _j506-2000t
-t dt

n 3ACCh BCA LCIIb OXBAUCHA CAMHBIM IICPCXOIHBIM ITPOLICCCOM: BCC BCIIN-

YHHBI SIBJSIFOTCS CBOOOTHBIMH COCTABIISIONIMMH, YOBIBAIOIIMMHU BO BPEMEHH 10
3axony -2000.

[TpoBepka: o 2-my 3akoHy Kupxroda st t =0,
up (0,)+ug(0, )=0;-150+150 = 0 — BepHoO.
['paduku n3MeHeHHs BETUYHUH

u,B LA
150

100

50

-100

-150

Puc. 4.5

7. DHeprusl, BBIICIMBILAACA HA PE3UCTOPAX B pE3yJIbTATE HArpeBa UX TO-
KOB IIEPEX0JHOTO IIpoLecca
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0.0] o0 o0
Wg = [iR'dt =R’ [i%dt =R’ [ (O,Se_ZOOOt)Zdt -
0 0 0
o0
=300-0.25-(—i e_4000t‘ - 0- —ﬂ) ~0,0188 /T
4000 0 4000
Takum 00pa3om, BeCh HA49aJbHBIN 3amac YHEPTUU (CM. HAYAJIO PEIICHNS)

IPEBPaTUJICS B TEILJIO, BBIACIHUBINEECS C TIOBEPXHOCTH PE3UCTOPOB B OKPYKAIO-
IIYIO Cpemdy.
Ipumep 4.3

Tenerpadnas nens coctout u3 6atapeu, IC xoropoit 10 B u BHyTpeH-
Hee compoTuBiieHHE 2 OM, JMHUM, UMEIONIECH aKTUBHOE COMPOTHBJEHUE 51,6
OM, u pene, akTUBHOE compoTUBieHUE KoTtoporo 21,4 OM, a MHIYKTUBHOCTb
1,25 T'H. Eciin sIKOpb pene He NMPUTATUBAETCA 10 TEX IOp, MOKAa TOK HE CTAHET
paBHbIM 0,05 A, TO, CKOJIBKO BpEMEHH MPOUIET NOCIE 3aMbIKaHUS LIENH 10 Ha-
yana paboTsl pesne?

IIo ycnoBuro 3amaun COCTaBUTh AIEKTPUUYECKYIO CXEMY Ul pacuera Ie-

pexoaHoro npoiiecca — puc.4.6.

Ro RJI
— .  —
| I | I
’ ﬁ
R
2T
§ L
Puc.4.6
Pemenune

B cxeme E=10 B, Ry =2 Om — BHyTpeHHee conpoTHBIIeHHE OaTapew,

R; =516 Om — comporuBnenue muuaun, R =214 OM — akTUBHOE CONPOTHUB-

nenue pene, L=1,25 'n — MHIyKTUBHOCTH pele.
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OueBUIHO, UTO JIJIs1 OTBETA HA BOIPOC YCIOBUSI, HEOOXOAUMO OIPENETUTh
3aKOH M3MEHEHMsI BO BPEMEHM TOKA B LIEMIM U U3 ATOTO BBIPAXKEHUS OIPENETUTh
HUCKOMOE BpeMSI.

Crnenyer OTMETUTB, YTO pacyeT MEPEXOAHOrO IpoLecca B MPOCTEHIIeH
nocienoBaTeabHoM R-L nienu MoXHO MpoBECTH U YIPOILEHHBIM ITyTEM, HE MPU-
JIEPKUBASICh CTPOTO U3JI0KEHHOIO BBIILIE TIOPSAAKA.

B paccmarpuBaeMoii Lenu 10 KOMMYTallud TOK OTCYTCTBYET, a MPUHYX-
J€HHBIN (YCTaHOBUBUIMICS) TOK paBEH

E 10 10

I = = =—=0133A
Ro+R+R;, 2+516+214 75

Tox Bo3pactaet ot HyJs 10 0,133 A M0 3KCIOHEHIIMATIBHOMY 3aKOHY
t
1=0133/1-e T |

L 125
Ro+R+R; 75

t
—
Torma 1 =0133 1-e 16710 A.

—167-10 %¢ 1

rac t=

Bpewmst cpabaThiBaHUs ONPEAENSETCS U3 BBIPAXKECHHUS

tcpa6

lepag =0.133 L—e

HOI[CTaBJ'IHH 3HA4YCHUA, ITOJTYIHUM
t

0,05=01331-e *

cpab

_Lopas.
0,05-0133=-0133¢ T

tcpa6

~0,083=-0133 T
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tcpa6

0,624=¢ T
tepag =—L167*1072In(0,624) ~ —1,67-10"%(~ 0,4716)=0,00788 c = 7,88 mc
i | A

0,14+
0,12+

0,08+
0.06 _

? ——— epas=0,05 A
0.04 -F fep

| _
0.02 - tepas=7,88 MC y
' e

10 20 30 40 50 60 70 80 90 MC

Puc.4.7
Ipumep 4.4

B ycnoBusix mpenpiayiiero npuMmepa K JUHUW MOAKIIOYAETCS pelie, CO-
€MHEHHOE MMapajiebHO C CUTHAJIBHOM JIAMIOYKOW, MOTPEOISIOmEeNd mpu Ha-
npsbkennn nutadus 10 B tok 0,1 A. Ilomaras,, 4To CONpOTHUBICHUE JTAMIIOYKH
HE MEHSIETCS B 3aBUCHUMOCTH OT TOKa (JIMHEHHBIN 3JIEMEHT), ONPEAEIUTh BpeMs

cpabaThIBaHUA pejie B HOBBIX ycloBUsix Cxema 1enu npejcraBieHa Ha puc.4.8
Ro

[ 1

I
H

Puc.4.8
Penienue

MosHO U 3Ty 3a/1auy peluTh, HE Mpuoderas K JeTalbHOMY aHAIHU3y MpO-

HECCOB M3MCHCHUA BCEX BCIIMYMH, a4 OIIPCACIINB 3aKOH U3MCHCHHUS BO BPCMCHHU
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TOJIBKO TOKa 4€pc3 O6MOTKy peie. 9TO MOKHO caciaTb IOTOMY, 4TO TaKOM TOK
(IIOOYHHACTCH » IMICPBOMY 3aKOHY KOMMYTAallUH.

i(0,)=i(0_)=0.
Ry E Ry RE

i
T R R, R, +R+RR1 'R+R, RR,+RR,+RR,
R+R1

o RE
m  RR, +RR, +RR

Takum 00pa3om, MOCTOSIHHAS UHTETPUPOBAHUS

. RiE
=k (0,.)=-
=i, 0 RR, +RR, + RR;

HOI[CTaBI/IM YHUCJIOBBIC 3HAUYCHUA H I[EU'IBHGIZHIGG peUuICHUC IMPOBEACM B
quciiax.

COHpOTI/IBJIGHHC JJaMITO4YKH.

R = 2mon 19 1500y
IHOM 0’
A=- 100-10 —_0119A
214-51,6+100-516 + 21,4-100
Torma

=i i =k +Ae Pt ~0119-0119e Pt

Kopenp xapakTepucTHUeCKOro ypaBHEHHUSI B HOBBIX YCIIOBUAX OIpele-
JINTCSl, €CJIM MPUPABHATH K HYJIO BBIPAXKEHUE BXOAHOTO COIPOTUBIIEHUS LIETHU

pein mocCjiC KOMMYTalluM:

(Ry+ Ry XpL+R+Ry)+(pL+R)R =

Cnenyer oOpatuTh BHUMaHHE Ha TO, YTO JJIA YCKOpPEHHUs MpeoOpaszoBa-
HI/If/'I, CBS3aHHBIX C HAXOXKICHHUCM BBIpa)KeHI/ISI JJIA KOpHSI p).IOCTaTOIIHO npnpaB-
HATH K HYJIIO TOJIBKO YHCIHUTEID )1p06H MOCJIC NPUBCACHUS K 06meMy 3HaAMEHa-

TEII0. DTO BO3MOXKHO IMOTOMY, YTO 3HAMCHATCIIM TAKUX z[p06e171 HC SABJIAIOTCA
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OECKOHEUYHOCTSIMU.
(2+51,6)21,4+100+1,25p)+100(21,4 +1,25p)=0
1

p=—4435¢ Y 1=—==225.10"%c.
p

N3 sToro pacuéra BUIHO, UTO HIYHTHUPOBAHHWE OOMOTKHU pejie COMpPOTHUB-

JICHUCM JIaMIIOYKHW IIPHUBCJIO K HWHOMY 3HAYCHHUIO MOCTOSIHHOM BpEMCHHA

T = 2.25%10~2¢ (6e3 nryHTHpOBaHUS T :1,67*10_2c).

CnenoBaTeibHO
t

g =iy, +ig, =iy, + A =0119-0119 22510 A
OTtkyzna Bpemsi cpabaThIBaHUS tlcpa  OTIPE/IETUTCS MPU PENICHUH BBIPa-

KEeHuA
t1cpa6

i, =0119-0119¢ 2251077
cpab

B sTux ycnosusax

tlcpa6 =0,0123¢=12,3mc

Takum nMpreMoM — NIyHTUPOBAHUEM KATYIIKH PE3UCTOPOM — MOJIB3YKOTCSA
TOJIBKO B TCX CJIydasaX, KOrga Hy’KHO 3aZICpKaTh HAPACTAHUC TOKA B KATYIIKE.
IIpumep 4.5

B nenu puc. 4.9 npoucxonur K. 3. peangbHou katymku (R, L). Onpenenutsb
XapakTep TOKa Yepe3 KaTylIKy B MOCIEKOMMYTallMOHHHOM pexkume. E =100 B,
R=R1=50wM, L=1TH.

Ry R

F() K L

Puc. 4.9

188



Pemenune

ITocne 3ambikanus kiroya K OC1lb BUIOU3MCHACTCA. Omna COACPKUT OBa

E 100
KoHTypa. B kouType ¢ E n R; ckaukom ycranaBimBaercs TOK | :E:?:
1

=20 A. A B koHType R-L mpoucxoauT MOCTOSIHHOE YMEHBIIIEHUE TOKa. DTOT

IIEPEXOIHBIN MMPOLECC BBI3BAH 3AIIACCHHOW B KAaTyLIKE JHEPTUEH

£ 2
Li(0_Y |R+R;| 1*10?
2 2 2

[Tocne u3pacxomoBaHusi TOW SHEPTUU Ha HArpeB pe3ucropa R mepexon-
HBIU IPOLIECC IIPEKPATUTCs. PelleHue nmpoBeneM B IPUHATOM PaHEe MOPSIKE.
1. HavansHble ycnoBus. B paccmarpuBaeMom cilyyae Ha4ajabHOE YCIOBUE
— HEHYJIEBOE.
i (O )_ E 100
7 R+R, 5+5

2. IIpuHyXICHHBIN pEKUM

=10A

I =0.
3. KopeHb XapaKTepUCTUYECKOIO0 YPAaBHEHHSI U BBIpAKEHHE CBOOOJIHOMN

COCTaBJIAIOIIIEN TOKA.

R+Lp=0;p:—%:—%:—5¢_1

i, = AePt

4. Pexxum g t =0,

i(0,)=i(0_)=10A

is (0, )= A=i(0, )—ipy(0,)=10-0=10A
5. 3aKOH U3MEHEHHS BO BPEMEHHU TOKal

TR t 5t
i =iy, +iy =0+ AeP =10e™" A

Kaxk BHJHO M3 aHaJIM3a M pacucTa TOK B HCIH IMPCACTABJICH TOJIBKO CBO-

OOIHOM COCTAaBIISIIOLICH.
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N B 3TOM cnyyae 3amaceHHass SHEPrys MAarHUTHOTO TOJsS KaTyIIKH
W|_ =50 JI>xmonHocThIO IpeoOpa3yeTcs B TEIUIOBYIO SHEPTHIO Ha pe3uctope R:
o0

2 .2 (s ~.—5t 1) —10t
Wg = [i“Rdt=R [i dt=5jﬁ0e )zdt=5-100- -— e ‘
0 0 0 10 0

500
—0-[ 2P 50
( 1ooj Hox

IIpumep 4.6

OnexktpomarHut R,-L, miyHTHpOBaHHBI pe3ucTopoM Rz aiid 3aMeieHus
HapacTaHUs TOKA, MOJKIIOYEH K MCTOYHUKY MOCTOSSHHOrO HanpspkeHus ¢ D/1C

E=60 B. /{5 mociieayomero orpaHn4eHnss TOKa HCTOYHUKA SHEPTUHU [TOCIIEN0-
BaTEJIbHO C PE3UCTOPOM R; BBOAHUTCS elre Ri (B pe3yibTaTe pa3sMbIKaHUS BbI-
kimovatens K).

OmnpenenuTs 3aKOHBI U3MECHEHHS BO BPEMEHH BCEX TOKOB ITOCJC Pa3MbI-
kanusg kontakta. E=60 B, Ri= 8 OmM, R,= 10 Om, Rile OM, Rs= 30 Owm,
L=25wmln.

Pemenune

B cooTrBeTcTBHM € HampaBieHUEM TOKOB Ha cxeMe puc. 4.10 cocraBusiem
BBIPKEHUS [IJIsl UX onpeneneHus. Mcnonb3yem oOIIuil mopsiaok pacuéra.

1. JIo koMMyTaIuu:

lff ] l |
1 ] 7]-; :
R R 2 v 3

R

(1)
L % i ur D 1

®
Puc. 4.10
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(0_)= = = =
KB R 4+ 218 RaRs 84+ 10-30
R2 + R3 40

E E 60 60 .o,

P

i,(0_)="1 (0 Rs _ 3870 __29A
R2+R3 10+30

i,(0_)=" 1(0_Ry _387.— 9 __oo74A

R2 + R3 10+ 30
B LEITN HE3aBUCUMOE HEHYJIEBOE HavyaJIbHOE yCJIOBHE:
ir(0_)=29A
2. Ilpuny>X1IeHHBIN peKUM (ITOCTIe KOMMYTAITUH):
Hop = —- : - R,Ry ?%_30=2,35A
Roke Ry + R1+A 18+~— —
R2 + R3 40
b, Ra
I =2,35- E =176 A
1p R2 + R3 40
b, R2
i3 =2,35- E =059 A
1p R2 + R3 40
3. Z (p) = 0. J];1s1 mOCIIeKOMMYTAIlMOHHOM IIeTTH
R + R+ (PL+Rp)Rs _
pL + R2 + R3

(R1+ RiXpL+ Ry +Rg)+(pL+Ry)Rg =0
18(40+0,025p)+(10+0,025p)30=0

Otkyna
p=-850¢ 1 1=118-10"3 ¢ =118 mc.

4. Perum st t =0,
JIJIsi HaXOXKJEHUS TOKOB MOMEHT KOMMYTAIlMM HEOOXOAMMO COCTaBHTh

CUCTEMY YPABHECHUN:
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i1(0+)_ i2(0+)_ i3(0+): 0

. . di
(R1+R1)- |1(0+)+ R2I2(O+)+ Ld—t2 =E
=0, (4.11)
dz g

Rai3(0, )~ Raiz(0, )~ it o,
Y+

Cucrema COACPIKUT TP HCU3BCCTHBIX!

i1(0+ )’ i3(O+ )’ dl
dt |t=0,

Toxk i2(0 +) M3BECTEH, T.K. €0 MOKHO HalTH MO NEPBOMY 3aKOHY KOMMY-
TaIuu:

12(0,)=i2(0-)=29A

Pemast cucremy ypaBuenuit (4.11), MOJHO OOBIYHBIM CIIOCOOOM HAWTH
3HaveHus BenuynH s t =0, .

PaccMoTpyM HECKOIBKO MHOM CIOCOO PEIIeHUs, COCTOAIIUM B TOM, YTO

CHavaJila OIIpCACIAIOTCA TOJBKO TOKHW IJIsA t= 0+, 4 B KOHIC PCIICHUS OIIpCac-

JICTCA 3aKOH U3MCHCHUA HAIIPSAKCHUA UL Ha MHAYKTHUBHOCTH KAaTYHIIKHW W3 BbI-

PaKECHMUS:
dip
u =L—*%
L
Hrak

Js t=0, (Rl + Ri)- i1(0, )+ Rgiz(0,)=E
Ho i1(0, )=i»(0, )+i3(0, ). Torna

[Re+Ri)}1200,)+ Ry + Re}i5(0,)+ R0, )=

OTcrona

(0, )= E —(R1+ 31)- ip(0,) 60-18-2,9 _ 0163 A
R1+R1+R3 18+ 40

Torna

i1(0,)=i>(0, )+i3(0,)=29+0,163=3,063 A

VY4uThIBas, YTO KaKAbli TOK B MOMeHT t =0, mpeacrasiseT cyMMy Hpu-
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HYXJIEHHOW U cBOOOAHOM cocraBisttomux i t =0, , Halinem HavyaabHBIE 3HA-

YCHUA CBO6OI[HI)IX COCTAaBJHAIOIINUX BCEX TPEX TOKOB. Ot 3Ha4YCHHS, KaK H3-

BECTHO, ¥ OyAyT IPEACTABIATH COOOM IMOCTOSTHHBIC MHTETPUPOBAHUS.

A =i (0,)=(0,)- o (0,)=3,063-2,35=0,713 A
Ao =ip_(0,)=ip(0,)- i, (0,)=29-176=114 A
Ag=ig_(0,)=i3(0,)- i3, (0,)=0,163-0,59=-0,427 A
5. 3aK0H U3MEHEHHUS BO BPEMCHHU TOKOB B LICIIHU

- - -850t

h= Ilnp + Ich =2,35+0,713e

ip =iy, +ip,, =176 +1,14¢7850

ig=i3, +i, =059~ 0,427e780¢,

6. HaHpH)KeHI/IC Ha HHIIYKTHBHOCTI/I
dip _ d

dt
— 2423780t g

u = (1,76 +1,14e 7850t ): 0,025-(—850)-114e %0t —

Kax BuHO U3 BBIpaKEeHHUsI, ITO HAMPSHKEHUE MPEICTABISET COO0M TOIBKO
CBOOOJ/IHYIO COCTABJISIIOIIYIO

4.4 PacuéTt nepexoaHbix npoueccoB B R - C nenu npu NnUTAHUU OT UC-
TOYHUKOB MIOCTOSTHHOTO HAIIPSIZKEHUSA

IIpumep 4.7

OHpe,Z[eJ'II/ITI) 3aKOH M3MCHCHHS BO BPCMCHH TOKa M HAIIPAIKCHUA UC B

uenu puc.4.11 u moctpouts rpapuku i(t)I/I Uc (t) [IpuHATH, 4TO 10 KOMMYyTa-

U1 KOHJICHCATOP pa3psKeH.

K R
o I
U e l C
B 1
O
Puc.4.11
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Pemenune

JIns paccMaTpuBaeMoO#l e COCTaBUM YpaBHEHHE IO 2-My 3aKOHY
Kupxroda:

Ri-i-éjidt:U,I/IJ]I/I Ri+uc =U

: du
[Tockonpkyl =C =€ 10

duc

RC +Uc =U

[Tonyuum nud¢epeHuaibHoe ypaBHEHHE, PEIICHHOE OTHOCUTEIbHO Ha-
npspKkeHus Uc .
Pemienue ero nmposeaeM B 0OBIYHOM IOPSIZIKE.

1. HauanpHbie ycnoBUs (JOKOMMYTAITMOHHBINA PEXKUM).
B IS OAHO HE3AaBHUCUMOC HAYAJIbHOC YCJ'IOBI/IC:
Uc = 0

2. llpunyxneHHbii pexum. [Ipr MOCTOSIHHOM HaNpPsKEHWHA HCTOYHUKA
TOKa B IIeNH He OyZeT, He OyAeT CO3/1aBaThCsl HANPSHKEHHUE HAa PE3UCTOpE, U BCE
Hanpspbkenue U Oyner npuiioeHo K KoHaeHcatopy. Takum o6pa3om

uc =U
Cop
I =0
3.CocTaBUM BBIpaXKEHHE BXOHOTO conpoTueienns nenn Z(p) u, pemus

ypaBHeHHe Z ( p) =0, momy4rM KOpeHb XapaKTEPUCTUIECKOTO YPABHEHUS:

R+i:0
Cp
Otkyna p——i
Y RC

KOpeHB OJHH. 3Ha‘II/IT, CB060,Z[Ha$I COCTaBJAOIIAA HAIIPSAKCHUS HA KOH-
ACHCATOPC UMCCT BBIPAKCHHC

— AePt
UCCB = Ae
4. Pexxum g momenTa t =0,

IIo BTOpOMY 3aKOHY KOMMYTaluu
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uc(0,)=uc(0_)=0
Txuc(0,)= uc,, (0, )+uc_ (0,.), To MOxHO HaiiTu

uc_, (0+)=uc(0;)- uc,,, (0,)

i, 0.)=0-ug, (0.)=-U
Tpu t=0,, UC,, (04+)=AeP? = A=

5. 3aKOH U3MEHEHHS BO BPEMEHHU HAIPSKEHUS HAa KOHJEHCATOpe
v
_ 1] _1)ebt _ _ea RC
Uc—UCHp+UCCB =U —Ue Ull-e

6. TTocne Haxoxkaenns UG (t) MOKHO ompeemuTs

IIpoBeneHHBIN aHaIU3 IIOKA3bIBAET, YTO B JAHHOM LIENU B MOMEHT IIOJI-
KJIIOYEHHSI €€ K UICTOYHUKY ITOCTOSIHHOTO HalpsDKEHUs (B MOMEHT KOMMYTallUN)
BO3HUKAET CKAa4OK TOKA. JTO BBI3BAHO TEM, YTO Pa3psLKEHHBIM KOHAEHCATOP
IIPEICTABIIAET COOOM B MOMEHT KOMMYTAIIMH YYaCTOK C KOPOTKHM 3aMbIKAHHEM.
Hamnpsbkenne Ha KOHJIEHCATOpE IUIABHO IIOBBIIAETCS OT HYJA 10 IPUHYKICH-

HOT'O 3HaYECHUs uCnp =U.

7. I'padpuxu i(t)H Uc (t) npuBeAeHBI Ha puc. 4.12.

UC :UC.HP+ UC.CB

- U i
P

Puc. 4.12
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IIpumep 4.8

Ha puc. 4.13 uzobpaxeHa ympolleHHas >KBHBaJeHTHas cxema (PoTo-
BCIIBIIIKK C HAKOIMUTEIBHOM eMKOCThI0. B MOMeHT kKommyTaruu (= 0) koHTakT
K pasmbikaercs, a K, 3aMbIKaeTcs, MOJAKIOYAs OCBETUTEIIBHYIO JIAMITY, MPEA-
CTaBJICHHYIO 3KBHBAJICHTHBIM COMPOTHUBJICHHEM R K HaKOMUTEIHLHON €MKOCTH.
HaiiTi 3aK0H U3MEHEeHUs HalpshKeHus Uc (t) U Toka 4yepe3 KoHTyp R-C. Brruuc-
JIUTh 3HAYCHHUE PHEPTUU, BBIJCIUBIIECHCS HA COMPOTUBICHUH R JIaMIbl U comoc-

TaBUTh OTy DHEPTHUIO C DHEPTHEH, 3alaceHHON KOHIACHCATOPOM K MOMEHTY
t =0_. [TapameTtpsl nieriu U=300 B, R; = 1 kOMm, R= 100 Om, C = 1300 MxD.

| K1 "_;{1 ________ e
+0O . I ’_\J\
[j————————»
+
U Ul == 4 D R
PN ®
Puc. 4.13
Pemienue

BYILGM mojiaraTb, Y10 K MOMCHTY KOMMYTAallUX KOHACHCATOP ITOJHOCTBIO

sapsuken, 10 Uc(0_)=U; ip(0_)=0. B aTom ciydae sHEprus 3eKTPHIECKOTO

TOJIs1 KOHJEHCaTopa

_CU? 1300-107°.3002
2 2

ITocne KOMMYTallUl KOHIACHCATOP OTKIOYACTCA OT HMCTOYHHKA H, IIOI-

We

— 58,5 .

KJIFOYasiCh K JIamIle, caM CTAHOBUTCS MCTOYHUKOM DHEPTHUH JUIsl MUTaHUS 3TOU
namibl. OCOOEHHOCTb 3TOM CXEMBbI COCTOUT B TOM, UTO KOHJEHCATOp HE 00Jana-
€T BHYTPEHHHUM COIMPOTUBJIEHUEM, a 3TO JACT BO3MOXXHOCTh MOJTYYUTh OOJIbIIINE
HUMITYJIbCHI TOKA YEPE3 UMMYJIbCHYIO JIAMITY, T.K. COIPOTHUBIICHUE €€ MaJIO.

C nmpyroii CTOpOHBI, BEIOMpas HEOOXoauMoe 3HadeHHe eMKocTH C, MOKHO

3apaHeC 3a/1aTb COOTBCTCTBYIOHICC 3HAUYCHUC SHCPIUU WC , HCM OIIPCACIIACTCA

KOJIMYECTBO CBETOBOM IHEPTUH, MMAIatOIIeH Ha 00BEKT (POTOCHEMKH.
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[IpousBenem pacuer.

1. JIOKOMMYTalMOHHBIN PEXUM XapaKTEpU3yEeTCS OJHUM HE3aBUCUMBIM
HagameHBM yernoBueM —Uc (0_)=U =300 B.

2. lIpuHYXIECHHBIM PEXHUM XapAKTEPEH HYJIEBBIMM 3HAYCHUSMH BCEX
ANEKTPUYECKUX BEIUYMH, T.€.

Uc,,, =U; i =0.

3. KopeHnb XapakTEpUCTUYECKOTO YPABHEHUS U MOCTOSIHHASI BPEMEHH Lie-
nu

R+i=0; pz—i;rzRC

Cp RC
D= L c=-7.69¢L t=013c.
100-1300-10

4. PexxuM pabOThl B MOMEHT KOMMYTAaIlMU

uc(0,)=uc(0_)=300B

CBobosHas cocTaBisoas 3Toro Hanpspxkenus npu t =0,

uc,, (04)=uc(0,)- uc,, (0,)=300B

5. 3aKOH U3MEHEHUS BO BpECMCHU OJIA UC

t
uc =uc, +uc, =Uc, + AeP! = U, +Ae RC -
—0+300e 69 _300e 769

6. 3aKOH U3MEHEHUS TOKA B KOHTYpE

t
i:Cdu—C:Ci(Aept)zci Ae RC zc(_ijAe RC _
dt dt dt

t
__Y . TRC L3769 5
R

Kak noka3spiBaeT a”HaJIu3, HavaabHBIN 6pOCOI( TOKa HC 3aBUCHUT OT €CMKO-

CTH KOHJIEHCATOpa, a OIpeAeaeTcs JHIIb HaNpsSHKEHUEM KOHAEHcaTopa U Co-
npoTtuBieHus R.

7. 3HepFI/I$I, BBIACJIAIOIIAACA B COIIPOTHUBIICHUHN R nmammbl
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o0 o0 o0 o0
Wg = [i®Rdt=R [i°dt=R | (3e_7’69t)2dt =100-9 [ e 1>%8qt =
0 0 0 0

o0
_100.9.[ - L e‘15’38t‘ _0— 9 _5e5 k.
1538 0 1538

T.C. WR ZWC = 58,5 I[)K

8. I'pacduku nis i(t)H Uc (t) MpEACTaBIICHBI Ha puc. 4.14.

fc

Puc. 4.14

Cnenyer OTMETUTh, YTO B pealibHbIX (DOTOBCIHBIIIKAX IMPOLECC pa3psaa
KOHJIEHCATOpa HAa MMITYJIbCHYIO JIAMITY JUIMTCS HECKOJIBKO TBICSYHBIX CEKYHIBI.
OT0 00BSICHSIETCS TEM, UTO CONPOTUBIIEHUE Ta30BOT0 Pa3psiia B JaMIIe SIBISETCS
HEJIMHEWHBIM. MBI B paCCMOTPEHHOM NpPHUMEPE MPUHSIIN, 4TO R =const , T.k. me-
PEXOIHBIE MTPOLIECCH] B HEIMHENHBIX LIETSAX PACCMATPUBAIOTCS B APYTUX pasze-
nax TOD.

IIpumep 4.9

OHpeI[eJ'H/ITB 3aKOH HU3MCHCHHA HAIIPAKCHHUSA HAa KOHIACHCATOPC M TOKa

yepe3 KOHAEHCATOp MOCJEe 3aMBIKaHUS BBIKJIIOYATENs B Lenu Ha puc.4.15.
E=100 B, R;=R=10 Om, C=100 Mx®.
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R R
E (T) K U | =— C
i
‘_
®
Puc.4.15
Penienue

ITocne 3aMblkaHusi KOHTakTa o0Opa3yeTcs JBa KOHTypa. B KoHType
E 100
E — Rickaukom ycramasmuBaercs Tok|l =—=-——=10A. B kourype R — C
Rl
1OJT ICHCTBUEM 3allaca SHEPruu Ha OOKIaJIKax KOHIEHcaTopa OyAeT cO3/1aBaTh-
Csl TOK, KOTOPBI YMEHBIIAETCS 110 MOAYJIO 10 HYJISI, TAK YTO NPHUHYXIACHHBIC
3HA4YCHUS U TOKA, U HaNpsDKeHUs Uc (t) — HyJIEBBIE.
1. HavanbHbie ycroBusi. B nienu ogHO HE3aBUCHUMOE HEHYJIEBOE HAyallb-
HOE YCJIOBUE
uc(0_)=E=100B

2. IIpuHyXI€HHBIA pPEKUM

uCHp =0; ipp =0.
3. KopeHb XapakTepUCTUYECKOTO YpaBHCHHE M BBIpAKEHHE CBOOOHOMU
COCTAaBJISIONIEH:
6
R+i:0; p:— 1 :—110 :—103 C_l
Cp RC 10-100
uc,, =Ae t

4. Pexxum aiist momenTa t =0
uc (04)=uc(0_)=E=100B
uc,, (04)=A=uc (0+)‘“Cnp (0,)=100-0=100B

5. 3aKOH U3MEHEHUS HAIIPSKEHUS HA KOHJIEHCATOpe
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3
UG =UC,, +UC,, =0+ Ae Pt _100e710"t g

6. Tok yepe3 KOHIEHCATOP

=99 _c e _1ogxqq6 i(100e‘103tj =
dt dt dt

=100-10"°.100 (—103)e_103t 106720

W3 ananmmsa pacuéra BHJHO, YTO TOK 4Yepe3 KOHJIEHCATOP OIpeJelleH
TOJBKO CBOOOJHOM COCTABIAIOIIEH U B MOMEHT KOMMYTAllUM BO3HUKAECT CKa4OK
3TOro TOKa A0 3HadeHus 10 A, Torna kak 10 KOMMYTAllUU 3TOr0O TOKa He ObLIIO.

7. Tpadmxu s i(t)u uc (t) mpencrasnenst va puc. 4.16.

UB |i,A i
100

50

Puc. 4.16

4.5 PacuéTt nepexoaHbIix npoueccoB B R-L-C nenu npu noakJI0YeHun

K HCTOYHHKY IOCTOAHHOI'0 HAIIPHKCHUA

IIpumep 4.10

Jlo KoMMyTaIMy, KOrjaa KOHTaKT MEePeKIoYaTesss HaXOAWICA B MOJO0XKe-
HuM «1», B R-L-C nenu puc. 4.17 Obu1 ycTaHOBHUBIIMICA peskuM. OmpeaenuTsb

XapaKTCp MCPCXOJHOTO IIPponcccCa ImocCjIC IICPCBOJa KOHTAKTA B ITOJIOKCHHC «2».
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E L
e
S
Puc. 4.17
Penienue

o xommyTamuu R-L-C-miens Obl1a MOAKIIOYEHA K UCTOYHUKY MOCTOSH-
Horo HanpsbkeHusd ¢ DJ]C E. IlockosibKy MpU MOCTOSTHHBIX HANPSDKEHUSIX yCTa-
HOBUBILIUICSA TOK 4Yepe3 KOHJIEHCATOP OTCYTCTBYET, TO HE BO3HHMKAET HampshKe-
HUSl HU Ha PE3UCTOpE, HU Ha KaTylIKe (MaeabHOM MHAYKTUBHOCTH L). OueBua-

HO, 9YTO HAIIPAKCHUC HCTOYHHKA IIPHUIIOKCHO K KOHACHCATOPY U UC (0_)= E.

Ha O6KJ'IaI[KaX KOHACHCATOpa CO3aaCTCA 3aI1aC SHEPTHUH IJICKTPHUICCKOIO

I10JI4

Wc = CEZ
2

B nanpHenmem, koraa npou3oNIET MEPEKIIOUYEHUE KOHTAKTa, 3Ta dHEP-
rusi OyAieT mpeBpanaThCsi B TEIMIOBYIO SHEPTUIO B pe3ucTope R u B sHepruro
MarHUTHOTO oA B KaTymike L. DnemenTs! L u C coxpaHSIOT SHEPTHUIO B dJIEK-
TPUYECKOM KOHType. lloTepn mpomcxoasT TOJNBKO M3-3a PACCEesHUS B OKpY-
JKAIOLIEH CpeAe TeIula, BBLACISIEMOIO IIPU INPOXOXKIECHUM TOKa IIEPEXOIHOIO
nporecca yepes pesuctop R. B koHeuHOM uTOre Bech 3amac HEprUu U KOH/AEH-
caTopa, M KaTyllKu OyJeT ImpeBpallaTtbcs B TEIJIO, U MEPEXOIHbIN Ipouece 3a-
TyXaeT. 3HAYUT, IPUHYKIECHHbBIEC 3HAUEHUS BCEX BEJIMYHH — HYJIEBBIC.

[IpoBenem perieHne B IPUHATOM MOPSAKE.

1. JIoKOMMYTallMOHHBIN PEKUM:

uc(0_)=E; i(0_)=0.

2. IIpuHyXI€HHBIA PEXKUM:

Uc,, =0; iy =0.
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3. KopHu xapaKkTepuCTUUECKOTO YPAaBHEHUS U BhIPAXKEHUE CBOOOHOM CO-
CTaBJISAIOIIECH:

R+Lp+i—0 LCp +RCp+1=0; p +— p+i 0
Cp

LC
__R_(RY_ 1
PL 2L 2L LC’

pz=—2RL—\[2RL]2 L

Kak Buano u3 (4.12), B paccMaTpuBaeMoOM 1€ MOTYT OBITH TPHU CiIydas

o0ycJI0BJIECHHBIE COOTHOIIIEHHEeM napameTpoB R, L, C:

2
1-i cayuaid, xorna (ZLJ > L1C’ IIPY 3TOM KOPHHU P U [Py BELIECTBCH-

HBIC, OTPHUIATCIBbHBIC, PA3HBIC II0 MOIYIIIO. N3 KypCa MAaTCMAaTHKH H3BCCTHO,

YTO BBIpaXEHHE CBOOOTHON COCTABIISIONICH B TAKUX YCIOBUSX
= APt 4 AjeP2
CB0oOOHAs COCTaBIISIONIAS SBJISETCS CYMMOM JByX OTHOILEHUH, OJHA U3
KOTOpBIX 3aTyxaeT ObicTpee (rae mokasarenb pt), npyras — MeIUIEHHee
(tme — pot).
Ay 1 Ay — ABASAIOTCA MOCTOSIHHBIMU MHTETPUPOBAHUS; 00€ OHU UMEIOT O/

HY U Ty )K€ Pa3MEPHOCTb.

&) -4
2-# cayvai, xorja oL ———; TIPH 3TOM KOPHU [ = P2 = P SBISIIOT-

LC’

Ci KpaTHBIMH, BCIICCTBCHHBIMHU, OTPHUIATCIIbHBIMU. U3 KypCa MAaTCMAaTHUKHN H3-

BeCTHO, qToO BI)Ipa)KeHI/Ie CBO60I[HOﬁ COCTaBJ'IHIOIHeﬁ B TAKUX YCJ'IOBI/IHX
= APt AstePt = (A + Ast)e Pt

Takoii npouecc y6I)IBaHI/I}I CBOOOTHOM COCTABJISIONIEH MPOUCXOIUT OBI-
CTpee, YeM BO BCEX JIPYTUX CIIydasX ¥ Ha3bIBaeTCs Kpumuueckum. IlocTossHHBIC

WHTETPUPOBAHUS A1 U A, UMEIOT Pa3HbI€ pa3MEPHOCTH.
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2
3-i1 cayuaid, KOFI[&(ZR;_j < LlC’ IIpY 3TOM KOpPHH P U P2 OyAyT KOM-

INICKCHBIMH, COIIPS’KCHHBIMU

- R BT —seio
PL==or " Wi ~la 0

0o R L_(i)z__g_j@
27 7oL Ve \aL 0

U3 KypCa MATCMATUKHN HU3BCCTHO, YTO BBIPAKCHHUC CBO6OI[HOﬁ coCTaB-

J

H?IIOIH@I;’I B TaKHUX YCIIOBHAX
_ Apa—Ot i
uc,, =Ae " sin(ogt —v)
CBO60I[HaH coCTaBJAOIIass UMECT KoJIeOaTeIbHBIN XapakTep € Y6BIBaIO-

e BO BPEMEHHU aMIUIATYI0U Ae_St, 4acTOTOM ®( CBOOOIHBIX KOJE€OaHUIl U

HavyabHOU (Da3oil v 3TUX KOJIeOaHUH.

Benuuunel 4 1 v SBISIOTCS MOCTOSSHHBIMU MHTETPUPOBAHMUS, OIIpeIesie-
MBIMH U3 Ha4aJIbHBIX YCIOBHUH.

Crioco0bI pacueTra mepexoAHbIX MPOILIECCOB B TAKOW IeNH pa3zdoepeM KOH-

KPETHBIX ITpUMEpax.
Ipumep 4.11

Konnencarop, 3apsxeHHbli npenpaputenbHo A0 E=100 B noakmtouaercs
K peasibHOM KaTyike. OnpeaennuTh 3aKOH U3MEHEHHS TOKa B IMOCIEKOMMYTAaIlu-
OHHOM 1enu puc. 4.18 B Tpex ciydasx:

a) R=100 Owm, L=0,5 T'n, C=267 Mk,

6) R=100 Om, L=0,5 I'n, C=200 Mk D,

B) R=100 Om, L=0,5 I'a, C=18 MxD.
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~
]

Puc. 4.18
Pemenue
B xaxnom ciydae omnpenenuM BHavane Uc (t), a 3areM HaulIeM

duc
dt

1 cayyai

i(t)=C

1. JIoOKOMMYTaIlMOHHBIN PEKUM

uc(0_)=100B; i(0_)=0.

2. IIpuHYXICHHBIA PEXKUM:

ucnp =0; lnp = 0.

3. KopHu XapakTepucTU4ecKoro ypaBHeHHsI M BbIpaXkKeHHE CBOOOHOM CO-

CTaBJISAIOIIEH:

2
R+Lp+i:0; plzz_ii (i) _i’
Cp 2717 \\2L) Le

2 .6

100 . | 100 10 a a1
- 4+ — : =-50¢c =-150

PL2="5 05 \/(zo,sj 05.267° T V¢ P2 ‘

t t
U, =A™t + AgeP? (4.13)
4. PexxuM B MOMEHT KOMMYTAIIUU
uc(0,)=uc(0_)=100B

i(0,)=i(0_)=0, T.x. mocseI0BaTENBHO B LEMH BKIIOYEHa KaTyITka L.
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B paccmaTtpuBaemMoil 1ienu OTCyTCTBYET MPUHYKIEHHAS! COCTABIISAIONIAS U

MEePEX0/IHOC HAIMpPSDKEHUE TMPEJACTaBICHO TOJBKO OJHOM CBOOOJHONM COCTaB-
JISIOIIEN:

_ _ APt pot
uc =uc_, Aett + Aoe
I[JISI t= 0+ 9TO BBIPpAXKCHUC 3aIIUIICTCS B BUIC
uc, =A+A,

T.e. A+ A =100 (4.14)
Bropoe ypaBHeHme, naroiiee BO3MOXHOCTh HAUTH TTOCTOSTHHBIC WHTETPH-
poBanus A; u A, nonyuum, npoauddepeniporan (4.13) u 3anucaB pe3yiabTaT
i t=0,:
duCCB
— - =pA+ PRy

Torma cucrema

A+ Ay =100
duc 4.15
— =phA PR “.1)
dt =0,
AaeT BO3MOXHOCTb Hauth A; U Ay, ONPENENrB NPEABAPUTEIBHO
dUCCB
dt =0,

Tx. iz =C Con

,To g t=0_

dt
. duc
s (01 )= r tCB 0, oTCIO/a
V4
duCCB — iCB (O-l-) — 9 =0.

dt t=0, C C
[Toncrasisis B (4.15) nosyuum

A + Ay =100 A + Ay =100
NnJIn
PLA + PoAy =0 —50A —150A, =0

A =150B; Ay =-50B.
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5. 3aKOH U3MEHEHUs HaIpsHKeHus UC (t)

_ _ APt Pot _ 12na—50t  =na—150t
uc(t)= Uc,, +Uc,, =0+Uc,, =Ae™ + A2 =150 50e B
ITposepka: mpu t =0, uc,, (O+) =150-50=100 = E — BepHO
6. 3aKOH U3MEHEHMs TOKA B LICIH:

du
—diCB =C % (150e‘5Ot —50e % ): 267-107°-150- (~50)e %" -
_267-1076.50. (—150) 150t — 250t _ 9150t 5

Iposepxa: mpu t =0, icp(04)=2-2=0 — BepHo.

iCB =C

2-# coryvait.
JIOKOMMYTAIIMOHHBIA U TPUHYXKICHHBIM PEKUMBI T€ K€, 4TO U B 1-oM
ciydJae.

Kopnu xapakrepucTuueckoro ypaBHEeHUs

oy Ry (Rf_l.
2= eL) T
100 5 100
PLo=——— + [100° - = 10040
! 2-05 | 0,5-200

T.e. P = P2 = P =—-100— kpaTHBIE KOPHH.

Bripaxxenue cB0OOHOM COCTaBISIOMIEH

uc,, =(AL+Agtke P

[Tpoananuzupyem pexum it t =0, u Haiizem U3 TOro aHaiaM3a MOCTO-
SIHHbIE UHTETPUPOBaHUS A1 U A;.

100= Ay + Aot; i A =100 B

[IponuddepenimpyeM BbIpakeHUE UC g ¥ 3aTMIIEM pe3ynbTar Jjid

t=0,
duc pt pt , .pt pt pt pt
TCB: pAe™ + Az(pte +e ): pAe™ + Ae™ + pAote™ =
= (A + pA + photle™
Hns t =0,
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CB _ iCB (O-l-) _ 9
dt t=0, C C

Torna: 0= A, —100-100= A, —10% A, =104 >
C

Bripaxenue U (t) 6ymer

uc(t)=uc, +uc,, =0+(A+ Al = (100 N 1o4t)e—100t B
IMposepka: Uc (0, )=100 B BepHo.

Bripaxenue i(t)

i (t)=C % =C % [(100 +104t)e_100t ]:

=C-100-(~100) 19 + C .10 % (te‘loot ):

—_C-10%e7100t | ¢ .10%e 7100t _.10%.*100te 100t = _ppe 100t
—_C.10% 100t L c.10%e100t _.10%.100te 100t — _ppe 100t Ao

Iposepxa: mpu t =0, i(0,.)=0 — BepHo.

3-1 ciydaii

KopHu xapakTeprcTH4eCKOro ypaBHEHUS

6 2
pro=-—00 o [ 2 [0 1 100+ ja1ge
" 2.05 058 \2:05

p=-100+ j318c¢ % p,=-100-j318 ¢+

5=100 ¢ % ©p=318 ¢
fg=50,6 I'm;; Tp=0,0198 c.

[Ipu 5TuUX 3HAYECHHSIX TapaMeTPOB BO3HUKACT KOJIEOATENBHBIN pasps

KOHJICHCATOpa C 4YacTOTOM fo=506Tu HEPUOJIOM OTUX KOJeOaHHIA
1

To=—=0,0198¢
fo
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Bripakenue ans Hanpsokenus Uc (t)

uc,, (t)= Ae % sin(wot +v)

[TocTosHHYI0 MHTETPHPOBaHUS A M HayalbHyIO (a3zy HampsokeHus Vor-
penennM U3 HavalabHBIX ycloBui 1 t =0, .

B a0t MomenT Uc (0, )=100B.

Torma 100 = Asinv.
[To aHaTOrMu ¢ MPEABIAYIIIMMU CITydasMu
iCB(O+): 0, Ho

duc

=C—@ _cd [Ae_& sin(wmgt + v)]: C(~8Asinv + wgAcosv)
dt t=0, dt

Iop
UMEEM CHUCTEMY YPaBHEHMI
Asinv =100
—JCAsInv + ogCAcosy = 0)}
Pemntenue maer A=104,8; v=7257°.
Torna:
uc_ =104,8¢1%" sin(318t + 72,57°)
Iposepka: npu t=0, Uc_ = 104,8sin 72,57° =100 B- BepHo.
ToK B 1IENH B 3TOM CiIy4ae

dUCCB
dt

~18-107%.104,8e 7190 _100sin(318t + 72,57°] + 318cos(318t + 72,57°) A
E 100

ool  318-05

iy =C _cd b04,8e_100t sin(318t + 72,570)]:
dt

Ecnu npunste | = =0,629 A u yuecTs, uTo

®
0 ,COSV=——r———, T0

x62+c00 \82+®%

sinv =

s = e sin(ogt + m)=0,629e 190 sin(318t +180°) A
IMposepka: npu t =0, 1=0,629sin180°=0 — BepHO.

JIyist Bcex Tpex ciiydaeB mocTpouM rpaduk QpyHKITUu uc (t)— puc. 4.19
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150 Areft!
100 =
soL &
f
~50- SgyePat
100 U

50 +

v

v

Puc. 4.19
Ipumep 4.12

Ha puc. 4.20 uzo0OpaxkeHa cxema 3JeKTPOMArHUTHOTO pejie BpEMEHH, BhI-
JIepKKa BPEMEHU B KOTOPOM CO3[Aa€TCS MPU OTKIIOUECHHH pEJie€ OT UCTOYHUKA
sHeprur. OnpenenuTb BpeMsi BBIICPKKHU, T.€. UHTEPBaJl BPEMEHU OT MOMEHTA
orkmodeHus R-L-Crenu oT MCTOYHMKA YHEPruu (MOMEHTa KOMMYTAIMH) 0
MOMEHTA OTIYCKaHUs SKOPSI pejie, €CIM TaKoe OTIYCKAaHHE MPOUCXOJIUT MHpU
yMeHbllieHnu Toka 10 40% oT 1oKOMyTallMOHHOTO 3HaueHus1. [lapameTpsl nemnu:
U=27 B, R=430 Om, L=0,5 I'n, C=80 MkD.

K

o
]
R
Uc
u i _—C
L
L 4
o
Puc. 4.20
Pemenune

CymHocTh Tpoliecca B JaHHOM Iienu pa3Oupanach U B APYTUX MPUMEpax:

B TOKOMYTAaIIMOHHOM PCKUME H KaTylllKa, U KOHACHCATOP 06na):[a}0T HCKOTO-
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PBIMHU 3al1aCaMM DHEPTIHH. [Tocne oTkaroUeHUS KOHACHCATOP OTAACT CBOIO SHECP-

'O KaTYHIKC PCIIC. OTuM OIIPCACIIACTCA HC MITHOBCHHOC Cpa6aTLIBaHI/I€ peiIc, a

C HEKOTOpOH 3aJiepKKoil BO BpeMeHu. [Ipu pacuere mapaMeTpoB TaKOH CXEMbI

HY>KHO TIOMHUTbB, YTO LI€JI€CO00pPa3HO CO3/IaTh YCIOBHS, MPU KOTOPHIX CBOOOI-

Hasi COCTaBJISAIONIAs ONMCHIBAECTCS BhIpakeHUEM A€ pit Ape P2t (1-# cayqait).

1. JIOKOMMYTAaIMOHHBIA PEKUM
: E 27
1(00)=—==

~0,063 A,

R 430

uc(0_)=E=27B.

Takum O6p330M, B IOCIIM ABA HC3aBUCHMBbBIX Ha4daJIbHBIX YCJIOBH:.

2. IIpuHYXI€HHBIN PEKUM

uCHp =0 inp =0.

3. KopHu xapakTepuCTHUYECKOTO YPAaBHEHHS U BBIPAKEHUE CBOOOHOM CO-

CTaBJISAIOIIEH:

R+Lp+Ci:o; LCp? + RCp+1=
p

0;

2 RO L oo Ry (iz_i.

LPT e ™Y 2T iAol T e

b, R, (3)2_1__43o+ 430 \* 10°
L2750 \\2L) Lc 205 \l2.05) 05-80
—_430+400c¢7L,

p=-30c ™ p,=-830ct.

CBobonHas cocraBisomas Aje P1t + Ace P2t cocront s JABYX 3KCIIO-

HEHT; BTOpas 3KCIOHeHTa Ape P2t yOBIBAET BO BPEMEHH B

P2/ _830

el =277
\pl\ 27

pa3 ObicTpee. OueBUAHO, XapaKTep MEPEXOJHOTO Mpoiecca OyIeT onpeaesaTh-

o o t
Csi, B OCHOBHOM, TOJILKO MEPBOii SKCTIOHeHTON A€ Py

4. Pexxum i t =0,

[To BTOpOMY 3aKOHY KOMMYTAaIU1
uc(0,)=uc(0-)=27B
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[To nepBoMy 3aKOHY KOMMYTallMU
i(0,)=i(0_)=0,063A=63 mA
Hainee penienue nposeneM mit Uc (t), a TOK HaWJIEM U3 BBIPAKECHHUS
duc
dt

t t
uc =ug, +Uc,, =Uc, + APt 1 AjeP2

=C

npu t=0,
uC(O+):uCHp +Uc mm 27 =AM + Ay

, -3
dg—f — oA+ pphg o B _1(0) 63 W 7732
t=0, dt =0, C  80-10 c

[Toxydnm cucteMy ypaBHEHHM
A+A =27
A+ p2A =787,3
A =29A) =27T-A =-2.

5. 3axoH m3menenus ug (t)

}, U3 KOTOPOU HauJIeM

uc(t)= Uc,, +Uc,, =0+Ae Pt 4. peP2t = 2gg 30t _ 9830t g

ITposepka: mpu t =0, Uc (0, )=29—2=27 — BepHo.
6. 3aKOH M3MEHEHUS TOKa

dUc

: d —30t 830t
1(t)=C =C—(29e —2e =
®) dt dt( )

=C-29(-30)e 3% _C . 2(-830)e 830 =

=80-107%.29.(-30) 3% —80*1070.2.(-830)e 830t =

——0,0696e 5 +.0,1328e 753 A = 69,663 +132,8¢7850 mA

IMposepxa: mpu t =0, i(04 )=-0,0696 +0,1328 = 0,0063 A — BepHO.

7. OnpenenuM Bpemsi cpabaTbiBaHUU pejic (MOMEHT OTIYCKAaHHUS SKODS).
Pene ormyctut sxopp, korna Tok Oyzaer paseH0,4-0,0063=0,4-63=252mA.

Takum oOpazom:

25,2 =69 6e 30 132 ge—830t
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[TocTpoum rpaduku i(t) U MOKaXEeM Ha HEM TOYKY, COOTBETCTBYIOIIYIO

pemennio. Pacuer 3HaueHun i(t) BBITIOJIHEH U PE3YyJIbTaThl CBEACHBI B TAOIHILY

4.2
Tabmura 4.2
t 0 1 2 3 4 5 6 7 8
" A |-696|-675|-655-636|-617 |-599 |-58,1 |-56,4 | -54,7
" A |1328]579 (252 | 11 | 48 [ 21 | 09 | 04 | 017
i.mA | 632 -96| -4 |-526|-569]|-57,8|-57,2| -56 | -54,6
t 9 10 | 11 | 12 | 13 | 20 | 40 | 60 80
i mA|-531| -51 | -50 |-48,6|-47,2| -38 [-209|-115| -6,3
" A | 008 | 0,08 [0,014 /0,006 0,003 O 0 0 0
i mA | -53 |-515| -50 |-486| 47,1 | -38 |-209|-115| 6,3
t 100 | 120 | 140 | 160 | 180
i mA[-34 [-19 |-1 -0,57 [-0,3
i",MA 0 0 0 0 0
I,mMA | 34 | 1,9 1 |057] -03
I'paduku npencrasnens Ha puc. 4. 21
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i MA

Puc. 4.21

Ipumep 4.13

[TocnenoBarensHas R-L-Cuens moakmoyaeTcss K HCTOYHUKY IMTOCTOSTHHOTO
HanpspkeHus (puc. 4.22). OnpenenuTs 3aKOH U3MEHEHHsI BO BpEMEHU TOKa B 11e-
U ¥ HampsbkeHus Ha xkoHneHcatope. [lapamerpsr: U=100 B, R= 10 Owm, L=0,5
I'n, C=5 Mk®.

K R L
o e
_l_
U Uk el =— C
- i

o

Puc. 4.22

Pemenne

1. JlokoMMyTallMOHHBIN pEXUM — HYJIEBOM. B 1ienu 1Ba HE3aBHCUMBIX

HadaJbHBIX YCIOBHUA:

213



uc(0_)=0; i(0_)=0.

2. IIpuHY>XI€HHBIN PEKUM

uc,,, =U; Iy, =0.

3. KopHu XapakTepucTU4ecKoro ypaBHEHHs M BhIpaXKeHHE CBOOOHOM CO-

CTaBJIAIOIIEH:

2
R+Lp+i:0; plzz—ii (i) —i;
Cp ’ 2L 2L LC

2 6 6
oLy —— 10 + 10 10 10+ 10 102
’ 2-0,5 2:0,5 0,5-5 0,5-5

p=-10+j632c¢ p,=-10—j632¢7S,

T.e. 6=10 c_l; g =632 c_l.. CB0OOHBIE COCTABIAIOIINE UMEIOT KOJIE-

OaTenbHBIN XapakTep. YacToTa CBOOOAHBIX KOJIEOaHUIM

fo =20 =100,6 I'n
27

ITepuon cBoOoaHbIX Konebanuit Ty =10 mc.

4. Pexum anisa t =0,

i(O N ) = 0— mo mepBOMY 3aKOHY KOMMYTAITHH.

Uc (O+) = 0— 1o BTOpOMy 3aKOHY KOMMYTaITHH.

B nocnekoMMyTallMOHHOM LIENW HET NPUHYKAAOIIETO TOKA, T.€.

i =i, = Ae % sin(ogt +v)

HanpsokeHrne Ha KOHJIEHCATOPE COJEPIKUT NMPUHYNKACHHYIO COCTaBJISIO-
IIYIO ¥ OTIMCHIBACTCS BHIPAKEHUEM:

Uc (t):ucHp +uc, =U+ Be L sin(wgt + ) (4.16)

OHpGI[CJ'II/IM BHA4YaJIC 3aKOH M3MCHCHUA HAIIPAKCHUSA UC (t), a 3aTEM — TO-

duc
dt

Hus t=0,
uc (0, )=U +Bsiny
0=100+ Bsiny

ka1=C
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[Mponuddepenunpyem (4.16) u 3anmmem s t =0,

iCB (0+) — duCCB
C dt t=0,

=—-0Bsiny + wgBcosy

Nmeem nBa BeIpaKeHHUS:
0=100+ Bsiny
0=-0Bsiny + wgBcosy

CoBMecTHOE peHICHUC OaCT PC3YJIbTATHI:
B=100,01B;  =-89°.

5. 3aK0H U3MEHEHHUS HaIIPpAKCHUA

_ _ -5t o _
uc(t)= uc,, +Uc,, =U +Be sin(wgt + ) =
=100+100,01e % sin(632t — 89°)
6. 3aK0H U3MEHEHHUS TOKa

dUc

i))=C

= C%[U +Be o sin(opt + )] =

~0+CB %[e_& sin(ogt + y)] = Ae O [—8sin(opt + ) + g COS(gt + )]
rne A=CB

[Tocne mpeoOpa3oBaHuii, pPACCMOTPEHHBIX BBIIIIE, MOTYYHUM

i =ig(t)= Y edtsin wot = 10010t i 63t
ol 63205

=0,316e % sin 632t A
7. Tpaduxui(t)u uc (t) mpusenens na puc. 4.23.

215



Uc

——

Puc. 4.23
4.6 OnepaTopHbIil MeTO pacyeTa MepexoAHbIX MPOLecCcOB
4.6.1 OcHOBHBIE M0JIOKEHNUSI TEOPHUU

B ocHOBE omepaTopHOro MeToAa aHalau3a MEPEXOIHBIX MPOLIECCOB JIEKUT
npeoOpa3oBanue Jlamiaca, CyniHOCTh KOTOPOTO COCTOMT B TOM, YTO (DYHKIIHS

BEIIECTBEHHOI'O IIEPEMEHHOIO u(t), i(t), e(t)3aMeH$ICTC$I (pyHKIIMEH KOMILIEKC-
HOT'O TEPEMEHHOTO P =G + j(o:U(p), I(p), E(p); TO €CTh OpUTHHAITY (YHKIIUU
f(t)COOTBeTCTByeT e uzo0paxkeHue F(p). Ocobennoctb npeodbpazoBanus Jla-

rJiaca 3aKJIr04aeTcs B TOM, 4TO onepanusM auddepeHIupoBaHus U UHTETPUPO-
BaHUSI OPUTHHAJIOB COOTBETCTBYIOT alireOpanvecKue ornepaiy HaJ U300paxe-
HUSIMHU, YTO MPUBOJUT K 3aMEHE MHTErpo-auddepeHIInanbHbIX YpaBHEHUMN 1Jis
OPUTHHAJIOB JIJII OPUTHHAJIOB aJireOpanyecKUMH ypaBHEHUSIMU JIJIST M300paxe-
Huii. [Ipu 3TOM 371€Ch K€ MPOU3BOAUTCS YUYET HAYAIbHBIX YCIOBHUM, UCIIOJIb3YE-
MBIX B KJIACCUYECKOM METO/JIE JJIsl ONpECICHUs TOCTOSTHHBIX UHTETPUPOBAHUSI.
Pacuér mepexoaHbIX MPOILIECCOB CBOJUTCS K JIBYyM IMPOTHUBOIOJIOKHBIM JIEUCT-
BUSIM:

1. 3aMeHuTh 3a7aHHBIC (PYHKIIMU BPEMEHU ONEPATOPHBIMHU H300pake-
HUSIMU UCKOMBIX BEJIMYUH;

2. WuTtepnpeTupoBaTh» pe3yjiabTaT, TO €CTh MEPEUTH OT OMEepPaTOPHBIX

(GyHKUMNA K BpeMEHHBIM, ONIPE/IETUB NCKOMbIE 3HaYEHHUS TOKOB U HAIIPSHKEHUI.
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B npocTtom cnydae u300pakeHHsi HICKOMBIX BEJIMYMH MOIY4aroTcs B Ta0-
JUYHOU (opMe WM MPUBOJATCA K Heil. Torma ciemyeT BOCHOJIb30BaThCs Ta0-
auuend n3oopaxxkeHnuit no Jlamnacy, npuBOAUMON B CIIPaBOYHBIX MaTepuaiax, v
NEPENTH OT N300PAKEHUI K OPUTHHAJIAM.

[IpeoOpazoBanue Jlamnaca umeeT BU

F(p)=[ f(t)lePat (4.17)
0

Ecnu dynkuun f(t) COOTBETCTBYET M300pakKeHHE F(p), TO MEXKJy HUMH
CTAaBUTCSl 3HAK COOTBETCTBHUSL: f(t)E F(p)I/IJII/I 3HaK pPaBEHCTBA U COOTBETCTBUE

3aIlMChIBACTCS B BUJIE:
F(p)=L{f (1)}

Jns mpeobpazoBanus Jlamiaca moixy4eHsl CIeAyIONIe TEOPEMBI, Ha3Ba-
HUSI KOTOPBIX COOTBETCTBYIOT OIEpAIHsIM, KOTOPHIE BBITIOTHSIOTCS HaJ OPUTH-
HajamMu QyHKIUHI:

1. Teopema o cnokeHUH (CBOMCTBO JIMHEMHOCTH): U300paKeHUE JTUHEH-
HOM KOMOMHAIMU HECKOJbKHUX (DYHKIMI MpeCTaBIseT cOO0OW JTMHEHHYI0 KOM-
OMHALMIO UX U300paKEHUM:

Liag fo(t)+ag Fa(t) = g L{ fi(t)} + aoL {2 (1)},
rred],a) — HEKOTOPbIE TOCTOSIHHbBIE KO MUIIEHTHI.

2. Teopema 00 MHTErpUPOBAHUHU: UHTETPUPOBAHUIO B 00JIACTH OpPHUTHUHA-
JIOB COOTBETCTBYET JEJICHHE M300pakKeHHs] Ha HE3aBHUCHUMOE NMEPEMEHHOE, T.€.

ecrm m3BectHo, uto f (t)=F(p), To

L }f(t)dt _F(p)
0 P

3. Teopema o nuddepenuupoBannu: AudPepeHIIUPOBaHNIO B 00JaCTH
OPUTHHAJIOB COOTBETCTBYET YMHOXCHHE M300paKCHHUsI Ha HE3aBHCHMOE Tiepe-
MEHHOE 32 BBIYETOM HA4YaJIbHOTO 3HAUCHUSI OPUTHHANA, T.€. €CJIM U3BECTHO, YTO

f(t)= F(p) n n3Bectro 3nauenne f(0)mpu t=0_, 10

L{f'(t)}=pF(p)- f(0_)

4. Teopema 0 3ama3BIBAHKMM: €I H3BecTHO, uto f (t)=F(p), T0

L{f(t—t)i=e""F(p)
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T.e. n306paxenne Gynkuuy f(t — 1), 3amasapIBaromeli Ha BpeMs T MO OT-
HOWIEHMIO K McxomHol f (t) momyuaercs ymHOXeHneM u3obpaxenus F(p) Ha
e PT.

5. Teopema 0 CBEPTKE: CBEPTKE BO MHOKECTBE OPUTHHAIIOB COOTBETCTBY-

eT OOblYHOE Tpou3BefecHUuEe (YHKIUM BO MHOXECTBE M300pPaKEHUM, T.€. €ClU

mBectHo, uto T1(t)=F(p) u f5(t)=F»(p), To

L{} h- r>f2<r>dr} _RIR()

0

6. TeopeMa 0 HO,ZIO6I/II/I: eci a > O, TO CIIPaBCAJIMBO COOTHOIIICHUC!

Lita) =27 2)

a a

7. Teopema 0 CMEIICHUH:

Le Pt (t){=F(p-+a)

8. Teopema 00 yMHOKEHUH:

L 0= F ()
f(t)

9. Teopema 0 neneHUU: €CIU AJIs e BBITIOJTHUMO TpeoOpa3zoBaHue Jla-

IR

VYkazaHHbIE TEOPEMBI YacTO IMO3BOJISIOT HaXOAUTh M300pakeHHs! (yHK-

mIaca, To ClipaBCIJINBO:

U 110 UX OPpUT'NHAJIaM 0e3 CJI0KHOTO BBIYHCIICHUS HHTCTpajia Jlamnaca.

Oo6parHoe npeoOpazoBanue Jlamnaca 3anuchIBaeTCs B BUJIE:

f(t)=HF(p)) H

ONpeNeAeTCsl KaK PEIICHUE HHTErpajbHOro ypaBHEHUsI(4.17) OTHOCHTEIBHO
OpUTMHAJIA:

1G+OO i
| F(p)ePdp

GJOO

f(t)=

271:]

N3o0pakeHre MCKOMOM BEIMYMHBI B pe3yJIbTare pacuéra OObIYHO MOJY-

YaeTCs B BUJIC PAIIMOHAIILHOMN 1po0OH:
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X(p)= F(p) _amp™ +amgp™ "t +...+ag
F(p)  byp"+a, p" L. +by

(4.18)
Takast parmoHanpHasi IpoOb MOXKET OBITh MPEACTABICHA B BHJIE CYMMBI
MPOCTHIX ApoOei

X(p)= Fl(p) % A

(4.19)
FION=TE%
rre Pk — KOPHU XapaKTEpUCTUYECKOIO YPaBHEHUS F2( p) =0.
1
B (4.19) cnaraembim TuIa . COOTBETCTBYIOT OPUTHUHAJIBI BUJA € Pit
— Pk

, KooppuuueHnt Ay ompezaensercs nociue npeodpazoBanus (4.18) u packpbITH

HeomnpeaeaeHHoCcTH no npasuity Jlonurans. B pesynerare nomxyyaercs gpopmyiia
Pa3NOKEHHUS:

(4.20)

Ecnu 3namenatens ypaBHeHus (4.18) uMmeeT KOpeHb paBHBIM HYIIO, T.C.

F>(p)= pF3(p), To opuruman onpenensiercs mo hopmyie:

_hp) _RO), & Ap)
x(p)= PRa(p) RO 2 pkF3(p) (4.21)

Ecnu cpenu kopHEN XapakTepUCTUYECKOTO YPaBHEHUS Fz(p) =0 umeroT-

Csl KOMIUIEKCHO COTIPsDKEHHBIE, HanpuMmep ] =a+ jf 1 pp =o— JB, To ypas-

HeHue (4.20) OyeT UMETh BU:

X(p)= (p)—ZRe{ APy plt} 3 F(P) o it

F2(p) F(pp) k= 3Fz(pk) (4.22)

ecii uMeeTcs eulé U HynaeBoi kopeHb P3 =0, To ypasHenue (4.20) Oyner

HUMCTb BUA:

_A(P) _,pe F(m) eplt} A0, 1 AP Gt
X(p) oF3(p) ZR[plFs(pl) F3(0) k§4 pkF3(p)  (4.23)

Ecmn ogvH W3 KOpHEM XapaKTEpUCTUYECKOTO YPABHEHUS MHHUMBIM:
P = jo, To ypaBHeHue (4.20) nmeeT BHI:
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F(p) (p-Jjo)Rs(p) Fo(pyp) k=2 Fo(px) (4.24)

[Ipumepsl TpUMEHEHUSI TEOPEMBI PA3NIOKEHHSI PACCMOTPEHBI MPU pellie-

X(p)=AP)_AM) AR e, LA e

HHUHU 3a]1a4.
4.6.2 MeToauka peuieHus 3a1a4

Pemenne 351€eKTpPOTEXHUUECKHUX 337a4 ONEPATOPHBIM METOJIOM IPOU3BO-
JUTCA 110 CIEAYIOLIUM JTaIlaMm:

1. JIng KOMMYTallMOHHOTO PeXXUMa 1EMU ONPEIENSIIOTC BCE HEOOXOU-
MbI€ Ha4YaJIbHbIE 3HAYEHUS TOKOB U HaIpspKeHHW. Pacuér HuueM He oTiamvaercs
OT pacué€Ta Leler B yCTaHOBUBIIEMCs pexxuMe. Eciii B nienu 1eMCcTBYIOT Iepe-
MEHHBIE BO BPEMEHU MCTOYHUKHU SHEPTHM, TO HAYAIbHBIE 3HAYEHHUS OIpEIeIIs-
forcs ipu t =0_, 9TO COOTBETCTBYET MOMEHTY KOMMYTAIIHH.

YuursiBasg NEpPBbIM U BTOPOW 3aKOHBI KOMMYTAlLUM, ONPEIACISIOTCS Ha-
YaJbHbIC 3HAYEHUS] TOKOB Y€Pe3 UHIYKTUBHOCTHU i(O): i(O_) V3HavyaJbHbIC 3HA-
YEHHs HAIPSDKEHUN HAa EMKOCTAX Ug (0): uC(O_) B IIEPBBI MOMEHT I10CJIE KOM-
MYTaLUU.

2. JIiig mOoCIeKOMMYTAllMOHHOTO PEXUMA LIENMU COCTABISIETCS OMEPaTop-
Has cXeMa, B KOTOpOH OynyT JEHCTBOBATH OINEpaTOpHbIE M300pa’KEHUS TOKOB,
Hanpspkenuit u J/1C.

Wneanbueiii ncrounuk DJ]C e(t)c TOKOMi(t):

e(t) ~ — 1)
Z

3amMeHseTCs oriepaTOPHBIM H300paKeHneM 1o ypaBHeHHIo (4.17):
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3HaueHue E(p)6yzxeT onpenenarscsa 3aBucuMoctb IJIC ot Bpemenu. Ec-

i uMeeM uctounuk noctosuuoi DJIC e(t)=E,To ero msobpaxenue Gyjer

paBHoO: E(p)=% :

PeasibHble MCTOYHUKH TOKA i(t) aHATIOTHYHO 3aMEHSIOTCS OTEPATOPHBIMHU
HMCTOYHUKAMU TOKa I(p).

AKTHUBHOE COIIPOTHUBJICHUC peaHBHOﬁ CXCMbI 3aMCHAIOT OIICPATOPHBIM
COIMIPOTHUBJICHHUCM R, HC OTJIMYAOIIUMCH 110 BCJIMYUMHC OT aKTHUBHOI'O COIIPOTHUB-
JICHUA R, T.K. B Hp€O6p330BaHI/II/I Jlamnaca ato COIMPOTHUBJICHUC ABJIACTCA KOB(i)-
CI)I/II_[I/IGHTOM, BBIHCCCHHBIM 3d 3HAK MHTCTpaJIa.

HAyKTHBHOCTH peatbHOii cXxeMbl ¢ TokoM i(t)u Hanmpskenuem Uf(t)

u(t)= Ldi(t)

dt

i L
T Y
1u(1)

3aMCHAIOT COBOKYITHOCTBIO ITOCJICAOBATCIIBHO COCAMHCHHBIX OIICPATOPHO-

ro comportuiieHus paBHoro pPL u BHyTpenneit 3/IC paBHOU Li(O_), YYUTBI-

BaIOH_Ieﬁ 9HCPIruro, HAKOIJICHHYIO B MHAYKTHUBHOCTHU 1O KOMMYTAaIlUH:

I(p) pL Li(0.)
i O

rac |(O_ )— 3HAUYCHHUEC TOKA 4€PEC3 MHAYKTHBHOCTb B MOMCHT BPCMCHU OO

KOMMYTalluu.

EMKOCTb peanbHoit cxeMbl ¢ TokoM i(t) 1 HanpskeHueM uc(t):

uc(t):uc(0)+%:£i(t)dt
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3aMCHAIOT COBOKYITHOCTBIO ITOCJICAOBATCIIbBHO COCAMHCHHBIX OIICPATOPHO-

1 i . uc(0.)
O CONpOTHBIISHIL PABHOTO — — H BHYTDEHHeH BJC, paBHOiT ———%, y4HTHI-

BaIOIHCﬁ 9HCPIrruro, HAKOIVICHHYIO B KOHACHCATOPC 10 KOMMYTAllUN:

Ip) . Uc(V-)

|

.. Uc(p)

roe u 0_ ) — 3HaueHHUE HANPSHKCHHUS HA EMKOCTH JO0 KOMMYTall1H.
C

B ugactHOM Clydac, €CJIi TOK B MOMCHT KOMMYTAallMH 4YCpPC3 HMHAYKTHB-

HOCTh OTCyTcTBOBAM, T.¢. 1(0)=0 M EMKOCTh B MOMEHT KOMMYTAIlMM HE OblTa
sapsokena, T.e. Uc(0)=0, To BHyTpernue DJIC STHX JEMEHTOB GyIyT PaBHBI

HYJII0, U OIICPATOPHBLIC CXCMbI COOTBCTCTBCHHO MHAYKTHBHOCTH U CMKOCTH 6y-

AyT UMCTb BU/I:

) Lp &) —e
U(p) 1 Ue(p)

3. Ilo mosiyueHHOW OIEpaTOPHOM CXEME OIPEAEISAIOTCS OINEepPaTOPHBIE
U300paKEHUSI HEOOXOUMBIX TOKOB U HANPSKEHUIM.

JIns onepaTOpHBIX CXEM CHPABEIUIMBBI NIEPBBIA U BTOPOU 3aKOHBI Knpx-
roda B onepaTopHoi popme:

Jlist y31a onepaTopHO#l cxeMbl anredpandeckas cymma OnepaTopHbIX TO-

KOB paBHa HYJIIO:
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JIJist KOHTypa OMEPATOPHON CXEMbI anredpanueckasi CyMMa ONepaTopHBIX
OJIC BXomdmmx B ATOT KOHTYp paBHa alreOpanveckoil CymMMme OInepaTOpPHBIX

MaJICHUM HANPSIKEHUIN B 3TOM K€ KOHTYpE:

S Ee(p)= X Ug(p),

k=1 k=1
3/1ECh OIEPATOPHOE MAJICHUE HAINPSIKEHUS HA y4acTKE ONEpaTOpPHOM Iie-
Y, He coaepkaieit oneparopHbix DJ[C MOXKHO onpenenuTs no 3akoHy Oma B
oriepaTopHoi dopme:
U(p)=1(p)Z(p)
r7e ;(p)— OTIEPAaTOPHOE COMPOTHUBJICHUE YyYacTKa OTEPATOPHOW IIEIH.

Ecnu 3TOT yyacTok MMeeT, Halpumep, BUI:

1
1 (p) K1 pL 1 R> pC pLz

——

Ulp)
1
10 Z(p)=Ry + ply + Ry +E+ pL,.

Tak kak [j1s onepaToOpHOM Lenu MOTYT OBbITh 3amucaHbl 3aKOHBI OMa U
Kupxroda, To, cinenoBareiabHo, B pacuere NEPEeXOJHbIX MPOLIECCOB ¢ MTOMOIIBIO
npeoOpazoBanus Jlamnaca MOryT ObITh UCIOJB30BaHbl METO/IbI, OCHOBAHHbBIEC HA
ATHX 3aKOHaX (METOJ 3KBUBAJIEHTHBIX IPE0Opa3oBaHUi, METOJ KOHTYPHBIX TO-
KOB, PUHLUI HAJIOXKEHUS, METOJI SKBUBAJIEHTHOIO T€HEpaTOpa u T.J.).

4. Tlo paccUMTaHHBIM OMNEPATOPHBIM HM300PAXKEHHSIM TOKOB M HampsKe-
HUN ONpENENsIOTCd UX OpUTHMHaNbl. B mpoCThIX cilydasix HM300pakeHHs] HCKO-
MBIX BEJTUYHH TMOIy4aloTcsa B TabInyHOM hopme uin npuBoasiTcs K Hel. Torma
CJIeyeT BOCIIOJIb30BaThCs Tabnuiel n3oOpaxeHuit mo Jlammacy u nepet ot
n300pakeHnit K opurnHanam. ['opa3no Jaie TabauaHoi (hopmbl HE TIOTydaeTcs
Y HE BUJHBI IyTH NpUBEIEHUS K Hel. B 3ToM ciiyyae HE0OXOIMMO HCIONb30-
Bath (opmyny pasnoxenus. [locie monydeHUs aHAIUTUYECKOTO BBIPAKEHUS

opurrHana PyHKIIUN CTPOUTCS TpadUK €ro N3MEHEHHS BO BPEMEHH.
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Eciu cxemMa mend CoAEpKUT HCTOYHMK cuHycouaanbHot JIJIC
e = Ep,sin(ot + ), To ero n3o6paskeHre MOXKHO B3ATh B BH/IE
1
p-jo

E(p)=Em (4.25)

rae Eq = Eme”’— KoMruiekcHas amruiutyaa 31C.

ue(0-)

IIpu stom BHyTpeHHHe HcTOYHUKH DJIC (UC n Li(0_)), xotopere

MOSIBJISIIOTCS B ONEPATOPHOM CXeMe 3aMelleHHs TPU HEHYJIEBbIX HAYaJIbHBIX yC-
JIOBUSX JOJDKHBI OBITh YMHOXKEHBI Ha Kod(dumueHT j. Torma omepaTopHBIM

I/I306pa)KeHI/I$IM JJIA TOKOB U HaHpH)KCHI/Iﬁ B OCIIU IMTPHUBOAATCA K BUAY:

x(p)=Flp)___ R(p) (4.26)

“R(p) (p-jo)Fs(p)

rac OArMH KOPCHBb XAPAKTCPHUCTHYCCKOI'O YPAaBHCHUA ABJIICTCA KOMIIICKC-

HOM BEIMYUHON P = jo. Jlus onpeneneHus opuruHaia npuMeHsercs Gpopmyiia

pasioxenus B Buje (4.21).

[IpuMeHrM H3JI0KEHHYIO METOJIMKY JUIsl pEeLICHUsI KOHKPETHBIX 3a/1a4.
4.6.3 Pacuét nepexoanbix npoueccoB B R-L mensx

Marepuans! AJis 3a1a4 0 TAaHHOMY pa3zeny B34Thl U3 [9].

IIpumep 4.14

B uenu puc. 4.24 onpenenuts aHAIUTUYECKUE BBIPAKEHUSI U MOCTPOUTH
rpaduKy U3MEHEHHS TIEPEXO0IHBIX 3HAUCHUN TOKa B IIEMH M HAIIPSKEHUS HA WH-

nyktuBHocTH. [lapamerprr nenu: E=100 B, R=10 Om, R;=40 Owm, L=10mI 1.

R: @
K
CDL:‘(O-)
E(}) U3 Ee) Up)
. pL
o e
{1 I e W
Puc. 4.24 Puc. 4.25
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Pemenune

Pacuér nmpoBeneM no u3n0KEHHOM BBIIIE METOIUKE:

1. OnpenensitoTcss KCKOMBIE TApaMeTPhl B JOKOMMYTAIIHOHHOM PEXKUME.

Tak kak uctounuk E HeM3MeHHBI BO BpeMEHH, TO B IIEMU OYIyT AEHCT-
BOBAaTh HEM3MEHHBIE BO BPEMEHHU TOK M HAINPSKEHHUS, IPUUEM NAJICHUE HaMpsi-
JKEHUsI Ha MHIYKTUBHOCTH OyJE€T paBHO HYJIIO. DTO CIEAYeT U3 YpaBHEHUS CBSI-

3bIBAOICT'O MI'HOBCHHBIC 3HAUYCHUS TOKA W HAIIPSKCHUA Ha HHOYKTUBHOCTH:

u:Lﬂ
dt

|
M3MeHeHus TOKa HET, CJICJ0BATEILHO, dt =0, a 3gaunt 1 U=0. Takum

06pa30M, TOK B LCIIK JO KOMMYTallluH 6y,H€T OI'paHUYHNBATLCA PC3UCTOPAMHU Ru
Rl:
E 100
= =2A
R+R; 10+40

IIo IICPBOMY 3dKOHY KOMMYTaAllU (TOK 4Cepe3 MHAYKTHBHOCTb HC MOJKCT

1(0_) =

U3MEHATHCA CKauKoOOpa3HO) HayalbHOE 3HAYEHUE TOKA B LENHU B MEPBBIA MO-
MEHT [10CJIe KOMMYTAaluu OyJIeT paBHO:
i(0)=i(0_)=2A

2. JIns TMOCIEeKOMMYTAI[MOHHOTO peXHMa COCTaBISETCS OIepaTopHas
cxema (puc. 4.25), rne E(p), 1(p), U(p)coorserctrenno oneparopusie 3/IC,
TOK B IIeNH U NaJ€HUE HANPSHKEHUS HA UHIYKTUBHOCTH.

Pesucrop R; Ha cxeme He mokaszaH, T.K. [TOCJI€ KOMMYTAIlMX OH 3allyHTH-
poBaH HakopoTko kimouoM K. T.x. /IC E He 3aBucur ot BpeMeHnu, To e€ onepa-
TOpHOE U300pakeHue coryacHo (4.17) paBHo:

E(p)=C =20

PP

3HaueHUs ONEPaTOPHBIX N300PAKEHNN OCTANBHBIX CXEMHBIX MTapaMeTpPOB
yKa3aHbl Ha cxeMme puc.4.25.

3. Tlo momy4yeHHON OMNEpPaTOPHOM CXeMe OMpPENEISIOTCS OINepaTOPHBIC

I/I306pa)KCHI/I$I MNCPCXOAHBIX 3HAYCHUH TOKa B 11(S78051 I (p) " IMaACHUS HAIIPSKCHUA

Ha MHIYKTUBHOCTH U (p)
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[To BTOpoMy 3akoHy Kupxroda B onepatopHoii ¢hopme ajisi KOHTypa 1Lenu
puc. 4.25:

E(p)+Li(0)=1(p)pL+I(p)R,

OTKYy/JIa:
E .
. —+ Li(0_
(p) ED)+Li0)_p 0-)
R+ pL R+ pL
[IpeoOpazoBaB 3T0O BeIpaKEHUE, OTYYUM
E+pLi(0_)
(p)-_ P _E* pLi(0) 100+ p-10-107-2  100+0,02p

R+pL  p(R+pL)  po+102p)  p0+102p)
TaK KaK 3HAMCHATCJIb HOqueHHOFO ypaBHeHI/Iﬂ NMECT OAUH KOpeHB paB—

HBII HYJIIO, TO OpUTHHaI OyJeT onpeaensThes o hopmyne (4.21)

i(t) R(p) _ F1(0)+ " FR(p) o Pkt

" pR(p) R(0) Ekag'(p)
F3(0)=10+10"2-0=10; F(0) =100; F3(p)=10"2

10+1072 p=0, cienoBarensho p =——9 =_-1000 cL;

1072
F(p)=100+0,02-(~1000) =80.
B pesynbrare nomyyaem
i(t)= 100 , 80 1000t _ 15 _ go—1000t
10 -1000-1072
[Tpu t=0 i(O) =10-8=2 A, 94TO COOTBETCTBYET MEPBOMY 3aKOHY KOM-

MYTAaI[HH.
u=100— 100(1_ o—1000t ) 1 201000t _ ge-1000t p
I'padukm M3MEeHEHHS ATHUX MMapaMEeTPOB B MEPEXOTHOM IPOIECCE UMEIOT

BHJ] DKCIIOHEHT C OJJMHAKOBOW MOCTOSTHHOW BPEMEHU:

=11 _ogoo01c
p —1000

Ha puc. 4.26 noctpoensl rpaduku i(t) u u(t).
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0,001 0,002 0,003
T |
"'-—-"'l
|
|
iUB |
| |
I
100 I
|
80 - I
|
50 4 |
|
|
40 I
20 - :
|
2 1 T T Lo
0,001 0.002 0,003 te
Puc. 4.26

4.6.4 Pacuét nepexoanbix npoueccoB B R-C nensx
IIpumep 4.15
B nemu puc.4.27 nanst E=100 B, R;=20 Om, R,=30 Om, C=1 mx®. Haititn

TOK WU IMAACHUC HAIIPSHKCHUA Ha €MKOCTH ITOCJIC KOMMYTAallUH. HOCTpOI/ITB KpH-

BbIC U3MCHCHUA OTUX BCIIMYHH.

K R I(p) R
| — L
lf
Uc(0.)
:® [J= W T A | 7
1
::E
Puc.4.27 Puc. 4.28
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Pemenune

1. JIns JOKOMMYTAIIMOHHOTO PEKHMMa €MKOCTh 3apspKeHa 10 3HAYCHHS
SACE.
Oto cnenyeT u3 2-ro 3akoHa Kupxroda:
E=iR+uc,
3J1ECh TOK | 3TO TOK, IPOTECKAIOIINI Yepe3 eMKOCTb:
dug
dt

1=C

" dug :
T.x. ”BMEHEHUS HAIIPsSKCHUA Ha CMKOCTH HCT E =0 ,TOU | = 0.3Hauut

Uc = E. 9JIC E He 3aBucHUT OT BpeMEHH, IIO9TOMY B MOMEHT KOMMYTAIUH Ha-
IIPSOKEHUE
u.(0_)=E =100B.
2. Ina pexrma Iocie KOMMYTAllMA COCTAaBIISIETCS OIlepaTOpHas cxema
(puc.4.28). Uctounuk 3/IC E Ha cxeme HE MOKa3aH, T.K. B ’TOM PEXKUME OH OT-

KJIIOYCH OT LCIIN KIIFOYOM K.
3. Ilo HOJIY“IGHHOﬁ OHCpaTOpHOI;'I CXCMC PACCUHHUTBIBAIOTCA OIICPATOPHBIC

I/I306pa}KCHHH H€O6XOI[I/IMI>IX mapamMcCTpOB.

Tox B ienu onpenensercs U3 BToporo 3akoHa Kupxroda:

_M: |(p)p—1C+ 1(p)R; + 1(p)Ry,

p
OTKyJa
_ ug(0-)
1(p)= P _ (o) Cp _
pC
—ug(0.)-C ~100-107°

" (Ri+R2)CP+1 (204+30)-10 8 p+1

TaK KaK 3HaMCHATCJIb HOqueHHOFO ypaBHeHI/ISI NMECT BCCIO OAMH KO-
pEHb, IPUYEM OTIHYHBIM OT HYyJIs, TO OPUTHHAT OYAET OMpEaeiaThes Mo Gop-
myie (4.20)

228



i :Mept
2 F(p)

Torma nmeem

F(p)=50-107%;

(20+30) 1070 p+1=0, cienoBareiapHo P =— & 110_6 =-20000¢7L;

R(p)=-100-10"°=10"*.
B pesynbrare nonydaem

4
: 1 _ _
i(t)=— 0 " ,-20000t _ _,,~20000t

50.10°
HaIIGHI/IC HaHpH}KGHHSI Ha EMKOCTU OHpCI[GJISICTCH I10 BaKOHy OMa:
1 1
u-(p)=—=1(p)Ry +Ry)=u.(0_ ~100— -~
c(P)==1(p)Ry+Ry)=uc( )p+ 1 5+ 20000
C(Ry+Ry)

ITocne oOpatHoro mnpeoOpazoBanus Jlammaca mno (4.20) monyyaem

U, =100¢200001
Tok u HaIIPpSOKCHUC U3MCHAIOTCS II0 3KCIIOHCHUOUAJIBPHOMY 3dKOHY C IIO-

CTOSIHHOM BPEMEHH:
1 1

T=—=—

p  —20000

Nx kpuBble NI3MEHEHUS MTOKa3aHbl Ha puc.4.29.

—0.5-10"%c.
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4
—
—
&
[
i
Vs
L]

Puc. 4.29
4.6.5 Pacuét nepexoanbix npoueccoB B R-L-C nensix
IIpumep 4.16

B nenu puc. 4.30 onpenenanuTs aHATUTHYECKH M TIOOCTPUTH TpadUKu 1e-
PEXOHOrO MpOoLEecca TOKAa U HANPsHKEHUS HA MHAYKTUBHOCTH MOCIE KOMMYTa-

nuu Tpu 3ambikanuu kiroda K. [lapamerpsl snementoB menu: E=60 B,
C=0,12 Mx®, R;=50 Om, R,=100 Om, R3=80 Om, L=0,4 T'H.

R R
i — —
K T lh L(p) l N
. u o) N [| U(p?p —
E QD C::lzzc(o.) Q> GD 1c(0.)
o Y 2
. . o I
Puc. 4.30 Puc. 4.31
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Pemenue
1. B 10OKyMEHTaIIMIOHHOM PEXUME EMKOCTD 3apsiKEeHa 10 HANPSHDKEHUS HC-
tounuka JJIC:
u.(0_)=E=60B.
Tox B 3TOM peXUMe B IIENU OTCYTCTBYET, T.K. €MKOCTb 3KBHBAJICHTHA
pa3phIBY LIETH MPYU HEU3MEHHOM BO BPEMEHU HAIPSKEHUU Ha HEM.
2. JIns mocieKkoMMYTallMOHHOTO pekuMa Ha puc. 4.31 cocTtaBiieHa onepa-

TOpHAag CXEMa 3aMCIICHUA LICIIH.

B aron cxeme E(p): E, a BHyTpeHHss DJIC MHAYKTUBHOCTH paBHA HY-

JI0, T.K. TOK 4€pe3 UHAYKTUBHOCTh J0 KOMMYTAallMU HE MPOTEKAJL.
3. Ilo cocTaBiIEeHHON OINEPATOPHOU CXEME OMPEAEISAIOTCA ONEPATOPHBIE
M300paK€HUsI UCKOMBIX mapameTpoB. [lo mMeTomy JBYX Y3JI0B 3alMCBHIBACTCS

BBIPpAKCHHUC HJISI HAIIPSPKCHUA MCKAY Y3J1aMH L CIIN:

Ei+ Uc(o—)Cp

R R3Cp +1
U(p)= 1p 11p(3 P 1)

+
Cp

E(R3Cp +1)+uc(0_)CpRy
PR1(RsCp +1)
(Ry + Lp)(R3Cp +1)+ Ry (RsCp +1)+CpR 4(Ry + Lp)
Ri(Ry + Lp)(RsCp +1)

_ (ERsCp + E +uc(0_)CpR; Rz + Lp)
"~ p|RoRsCp + Ry + LCRgp? + Lp + RiRgCp + Ry + RiRpCp + LCRy p? |
_ . [(ERsC +uc(0_)CRy)p + EJRy + Lp) .

p|(LCRg + LCRy )p? + (RoRsC + RIRGC + RiRoC + L)p+ R + Ry |

OmnepaTtopHoe n300pakeHNe TOKa Yepe3 UHIYKTUBHOCTh OMPEIEISETCS 10

3akoHy OMma B omepaTopHoO# Gopme:

12(p)= i)

(Ry +Lp)
_ . (ERC +Uc(0_)CRy)p + E ,:
p|(LCRg + LCRy )p? + (RoRC + RiRAC + RyRoC + L)p+ Ry + Ry |
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R(p)

pF3(p)
Tak kak XapakTepUCTUYECKOE YpaBHEHHE UMEET OJIMH HYJICBOW KOPEHB,
JUTSL TOTO BBIPKEHUST MOKHO MPUMEHHUTH (popmyity paznoxenus (4.21).
OneparopHoe M300paK€HUE NaJCHUS HANPSKEHUS HAa HUHIYKTUBHOCTU
TaKke 1o 3akony Oma:
Ui (p)=12(p)Lp=
(LERSC + Lug(0_)CRq)p +LE F(p)

* (LCRg + LCRy)p? + (RyRaC + RiReC + RIR,C + L)p+ R + Ry Fa(p)

J1J1s 3TOTO BBIPAXKEHUS MOYKHO MPUMEHUTDH (popmyity paznoxenus (4.20).

4. ITpumensiss popMyiy pas3iioKEHUs, ONPEAEISAIOT OpUrHHAIBl (PYHKIUN
BPEMEHH TOKA M HAIIPSKEHUS HA MHAYKTUBHOCTH. BHavaie onpenestores Kop-

HH XapaKTCPUCTUICCKOI'O YPAaBHCHUSA F3( p) = O Ilocne IIOJACTAHOBKH MCXOJIHBIX
JAHHBbIX:
F3(p)=6,24-10"3p? +2,44p +150=0

Kophuu 3T0oro ypaBHenus:

| 2,44+1/2,44% ~2.6,24-1073 150

3 =195,2+118,9;
2:6,24-10

P12
C . — -1 _ -1
otkyna: P =—314c =, ppr=-763c .

MrHoBeHHOE 3HAYCHUE NMaacHUA HAIIPsSHKCHUS HA HHAYKTUBHOCTH!

_ Fl(pl)eplt+ Fl(pz)epzt

R(p)  Rlp2)
Fa(p1)=2-6,24-1073(~314)+ 2,44 = -1,48;
F5(pp)=

S Vi (5

(py)=2-6,24-10"3(~ 76,3)+ 2,44 =1,49;
F(py)=0,374(-314)+ 24 = -93,6;
F(p,)=0,374(-76,3)+ 24 = —4,57;

Takum obpazom:

_—936 o34t~ 4,57 g 76,3t _ |g3g314t _3,-763t| g
-148 1,48

MrHoBeHHOE 3Ha4Y€HHE TOKa 4epe3 HHAYKTUBHOCTD!:

up
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_ Fl(p)+ F1(D1) ep1t+mep2t’ rae
F(p)  pyFa(py) F3(p2)

R(0)=60; F3(0)=150; F(p,)=0936-(~314)+ 60 = —234;
F(p,)=0,936-(—76,3)+60=—11,42;
3HAYUT:

ir =[0,4-0,5e"34 4+ 0167703 A
B ycraHoBuBLIEMCA IIOCIE€ KOMMYTalUH pexuMme npu t=oo, a

I . 0,4 A, 9TO MOKHO TIPOBEPHUTD, PACCUUTAB TOK Yepe3 UHAYKTUBHOCTH He-
y

MOCPEJICTBEHHO MO cxeme 1enu puc. 4.30 npu 3aMKHYTOM Kitoue K-
i B 60
2yt " R{+Ry, 50+150

9TOT TOK, HpOTCKaIOH_II/Iﬁ 4epe3 MHAYKTUBHOCTL HCU3MCHCH BO BPCMCHU,

04A:

IIOATOMY

u —
Lyer dt
Iepexoanbie GYHKIMU TOKA M HATPSKECHUS UMEIOT B CBOEM COCTaBE CBO-

6OI[HBIG COCTABJAIOIMMKC B BUAC OKCIIOHCHT C ITOCTOAHHBIMH BPCMCHMU:

rlz—i:—i:0,0%Zc, rzz—i:—L:O,OIBC.
p -314 pp —763

Fpa(l)I/IKI/I HN3MCHCHUA TOKA N HAIIPSKCHUSA U KX COCTABJIAIOINNX ITOKA3aHbI

Ha puc. 4.32.
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ur.B A

I A |

Puc. 4.32

Ipumep 4.17

[Tapamerpsl cxembl nienu puc. 4.33 cnenyromue E=130 B, R;=60 Owm,
R,=40 Owm, Rz=100 Owm, L=0,8 T'n, C=2-10" ®. OnpenenuTh aHATUTUYECKUE
BBIPKCHHUS M TIOCTPOUTH T'padUKK M3MEHCHHS TOKA M HANPSHKCHHS HA MHIYK-

TUBHOCTH MOCJIE KOMMYTalluU. EMKOCTb NpeIBapUTEIbHO HE 3apsiKeHa.
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L(p)

——

Puc. 4.33 Puc. 4.34
Penienue

l. B 10KOMMYTAallMOHHOM PEKHUME LIENU UCTOYHUK OTKIKOYEH, MO3TOMY
BCE HAYAJIbHBIC YCIIOBHUS PABHBI HYIIIO.
2. Jlns mociie KOMMYTallMOHHOTO PEKMMa COCTaBJIEHA OIEpaTOpHAs CXe-
E 130
Ma uenu puc. 4.34, roe E(p)z — =——, a BHyTpeHHue DJIC MHIYKTUBHOCTHU U

eMKOCTH OTCyTCTBYIoT, T.K. i2(0_)=0uuy (0_)=0.

3. Ilo onmepaTtopHO# cXeMe ONPEAEISIIOTCS NCKOMBIE ITAPAMETPHI B Ollepa-
TopHOW (opme. BxomHoe omepaTopHOE CONPOTHUBIECHUE LENHU OTHOCUTEIIBHO

ncroynuka I/C:

1
R3£Cp+ le R3 4 RaRy
2(p)=Ra+lp+ = “=Ro+LP+ gy 1 Ricp
R3+ —+Rg
Cp Cp
R, +Lps RBTRIRICP _ (R +Lp)RsCp+R1Cp+1)+Rg +RiR3CP _
? R3Cp +RiCp+1 R3Cp +RiCp +1

~ LC(R3 +Ry)p? +(RoR3C +R{RoC +RyRaC + L)p + Ry +R3
C(R3+Ry)p+1
ITo 3akony Oma B orepaTtopHoi dopme:
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Z(p

_ EC(R3+Ry)p+E _

p[LC(R3 +R)p2 +(RoR3C + RRoC + R{R3C + L)p+ Ry + Rg}
_ M(p)

pF(p)

LEC(R3+R1)p+EL N(p)

UpL(p)=I2(p)Lp= =

(P)=12(p) fp) )

Jlist omnpeneneHus OpUTMHAJIOB MOXHO MPUMEHHUTH (HOpMyYIy pasiioxe-

HUSL.
4. Bun Gopmysibl pa3noKeHus: ONpeaesieTcs BUIOM KOPHEU XapaKTepu-

CTUYECKOTO YpaBHEHUSI ONEpaTOpPHBIX H300paxeHui: F ( p) =0. Ilocne moxacra-
HOBKH MCXOIHBIX JAHHBIX TOTY4HM:
F(p)=0,0256p> + 2,48 +140 =0;

—2,48+./6,15-14,336
P12 =
0,0512

=—48,44 + |55,86;

Py = 48,44+ j55,86 = 73,94 131",
Dy =—48,44 — j55,86 = 73,94e 1317,

KopHu xapakTepucTHUUEeCKOTO YpaBHEHUS KOMIUIEKCHO COMPSKEHHBIE,
MOATOMY I HANPsDKEHUS HA MHAYKTUBHOCTH MpUMeHMM (opmyny (4.22), a

115t Toka popmyiny (4.23), Tak Kak B ONIEPATOPHOM BBIPAXKEHUU JIJIsI TOKA UMeE-
ercs emE onuH KopeHb: P3 =0.

IIpon3BoaHas OT XapaKTEPUCTUUECKOTO YPABHEHHUS:

F'(p)=0,0512 +2,48;

F'(p)=0,0512(— 48,44 + j55,86)+ 2,48 = j2,86 = 2,86¢1%7".

3HauYeHHUE IOJIMHOMA N(p) opu P =[P HOCJIE MOACTAaHOBKU HCXOJHBIX
JTAHHBIX:

N(p)=0,8-130-2-10"4(100 + 60)p + 0,8-130 = 3,33p +104;
N(py)=3,33(~ 48,44 + j5586)+104 = 57,3+ j186 =195¢11071°

236



oM.

MrHOBEHHOE 3HAYCHUE HaIpsHKCHUA HAa HHAYKTUBHOCTH IIOCJIE KOMMYTa-

j107,1° _
u_=2Re Mepﬂ _9Re 1959—_900 o(—48,44+ 5586t | _
F2(p1) 2,866

5 Re[68,18e j17.1°,-48,44t 5,86t ]: 0p—48.44t b [68’186 j(55,86t+17,1°)]:

= 2e #4844 Re[68,18c05(55,86t +17,1°)+ j68,18sin (55,86t +17,1°)] =

= 264844 68 18c05(55,86t +17,1°) == 136,46 444 sin (55,86t + 107,1°) B
ITput=0:
up (0)=136,4sin(107,1°)=136,4-0,955=130,3 B.

ILJBI BBIYMCJICHUA OpHUIMHAJIa TOKa OIPCACINIIN 3HAYCHUC II0JIMHOMA

M(p):

M(p)=130-2-10"*(100+ 60)p +130 = 4,16 p +130

3HAaYCHHUE MTOJIMHOMA IIPU KOPHE P :

M (py)=4,16(— 48,44+ j55,86)+130 =715+ j232,4 = 24311071
3HaueHKe NOJIMHOMOB IIPU HyJ1eBOM KopHe P3 =0:

F(0)=140; M(0)=130.

Opurunan GyHKIIUU TOKAa OT BPEMEHHU:

iz_M+ZR{Lpﬂ)epﬂ}@+

F(0) PR (py 140
ke 24_3e11°7’1° (48444 j5586) |
73.94¢ 1131%9 g5 190°

0,929+ 2 Reb,lSe‘ j113,0° 48,44t _ 55,86t ]:

= 0,929 + 2,3e 4844 og(55,86t —113,9°) =

= 0,929 + 2,3e*®4sin (55,86t — 23.9°) A

Ipu t=01i5(0)=0,929+2,3sin(~23,9°)=0 uro u cremyer u3 TepBOTO

3dKOHAa KOMMYTalluu.

Ha puc. 4.33, 4.34 mnoxa3ansl rpadvKi U3MEHEHUS MEPEXOIHBIX (yHK-

HI/Iﬁ TOKa 1 HAIIPSXKCHHA HAa MHAYKTHBHOCTH.
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KommiekcHo COIIPSPKCHHBIC KOPHH XapaKTCPUCTHUYUCCKOI'O YpPaBHCHMHA

00yCJIaBIMBAIOT KOJIEOATEIbHBIM XapaKTep MEPEXOJIHbIX MPOIECCOB C YIIOBOU

o -1
qacToToi Mg =955,86C ~. AMIUIUTYja CHHYCOUAIBHO U3MEHSIIOIIMXCS KPUBBIX

C TCHCHHUCM BPECMCHHU YMCHBIIACTCS I10 SKCHOHCHHHaﬂbHOﬁ (l)yHKI_[I/II/I 68t C II0-

CTOSIHHOM BPEMEHHU
\UL. B

15304

100

1004

-1304

Puc. 4.33

Puc. 4.34
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T :—l :—# =0,021c,
o0 —48/44
npuyueM, Kak BHJHO U3 IpaUKOB 3aTyXarolias CHHYCOHJa HAMpPSKCHHS
onepexaet 1o (paze CUHYyCOUy TOKa Ha YETBEPTh Meprojia I, YTO COOTBETCTBY-
€T MJealbHOM MHIAYKTUBHOCTHM Ha JAHHOM ywacTke uenu. [lepumon cuHycou-

JATbHBIX (PYHKIIHMA:

_2_7:_ 27

== ~0,013c.
wy 5586

4.6.6 Pac4éT nepexoaHbIX NPOLECCOB ¢ MCTOYHUKOM CHHYCOUIAIbHOM
IAC
Ipumep 4.17

B nemnn puc. 4.35 onpenenuTs aHANTUTHYECKUE BBIPAXKEHUS U MOCTPOUTH
rpauKyd U3MEHEHHUS] TOKA U HaNpsDKEHUS Ha €eMKOCTH Iocie KomMmyTtauuu. [1a-

pamerpsl  memnu: e = 250 Sin(314t+80°)B, C=1,6-10" o, L=0,08 TIwHn,

R; =30 OM, R, =50 Om, R3=20 Om. EMKOCTb NIpeiBapuTEIIbHO HE 3apsiKeHa.

_n L
i> i3 L(p) Li5(0.)
o | JEANO
Ue(p)
o CD 1 lﬂc . E(p) D Up)

R: D Ip

Fisl R R Rs
1 1 1 1
Puc. 4.35 Puc. 4.36
Pemienue

1. JIns TOKOMMYTAIIMOHHOTO PEKUMa OMPEICIUM HEOOXOMMbIC TOKH U
HaNpsDKEHHs B Lienu. Pacder nmpoBeseM B KOMILICKCHOUW (opMe JIsl aMILTUTY /I
HBIX 3HaueHHUU. T.K. 10 KOMMYTAIlMU BETBb C EMKOCTBIO OTKJIIOYCHA, TOK Yepes3
Hee oTcyTcTBYeT: Ip =0, oTkyzna: iy =I3.

ITo BTOpOMY 3akoHy Kupxroda:
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Em=Iln, (R +Rg + joL),
OTKyJa
E 180° ) .

[P R _4,4601533° A

3 (Ry+R3+ joL) 30+20+ j314-0,08
MrHoOBeHHOE 3HaYeHUE TOKA:
i3 = 4,46 sin(ot +53,3°) A.
3HaueHne TOKa Yepe3 MHAYKTUBHOCTh B MOMEHT KomMMmyTanuu npu t =0_:
i3(0_)=4,46sin(53,3°)=3,58 A..

IIo IICPBOMY 3aKOHY KOMMYTAllUHU TOK 4YCPC3 MHAYKTHUBHOCTHL HC MOIKCT

U3MEHSTHCS CKAYKOM:

i3(0)=i3(0_)=358 A.

Tak kak eMKOCTh HE Oblja MPEIBAPUTEIBHO 3apsKEHA, U TOK 10 KOMMY-
TallX 4epe3 He€ OTCYTCTBOBAJL, TO

u.(0)=u(0_)=0.

2. Ha puc. 4.36 cocTtaBiieHa onepaTopHas cXema LEenu sl MTOCIEKOMMY-
TallMHOHHOTO pexuMa. Baytpennsasa 3/]C koHIeHcaTopa paBHa HYIIO, HA CXEME
oHa oTcyTcTByeT. OnepaTtopHoe uzobpaxkenune cunycougaibHon DJIC B3sITO B
BHJIE

1
p-Jo

B cootBeTcTBUM € 3TH onepatopHoe u3oOpaxkenue BHyTpenne JJ]C nn-

E(p)=E,, rie E,=250e18 B

JTYKTHBHOCTH Li3(0_) JOMHOXEHO Ha ko3¢ duruent j (4.25).

3. Ilo mosry4yeHHOM OIepaTOPHON CXeME OMPEAEISAIOTCS ONEPATOPHBIEC BbI-

pakeHHUsl ICKOMBIX TOKOB U HanpsbkeHuid. Hanpsbxkenne U (p) OIIPENEIISIETCS 110

METOY ABYX Y3JIOB:

En - 1
—~———]Lis(0_
U(p)= P~ 0R ol )Lp+R3
1 1 1
—+ 1T
Ry R2+7 Lp+ R3
Cp

Tok depe3 eMKOCTh OTpeensaeTcs Mo BTopoMy 3akony Kupxroda:
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Em  jLig(0))
(p-jo)Ry Lp+Rg

I2(p)z(1+R2Cp+l+ 1 j(R 1]

2T
Rl Cp Lp+ R3 Cp

D70 BhIpaXkeHUE npeodpasyeM K Bumy (4.24) ¢ uenbio npumeHeHUs Gop-

MYIJIbI PA3JIOKCHUSI. ]_IJ'ISI 9TOT0 JOMHOXHUM YHCIIUTCIIb U 3HAMCHATCJIb ,ZIpO6I/I Ha

Beipaxkenne (P — jo)Ry(Lp+ R3)Cp u momydmm:
12(p) Em(Lp+R3)Cp — jLig(0_)RiCp(p - jo)

p)=—— -
(p- jo)(RoCp +1)Lp+ Rg)+ RiCp(Lp+ R3)+ Ry (RyCp +1)]

 EplCLp? +ReCp)- jLig(0_)ReCp(p— joo) _
(p— j)|P?(RoCL + RCL)+ p(RoRC + L + RIR4C + RyR,C)+ Ry + R

F(p)

Fo(p)

HaHpH)KeHI/Ie Ha CMKOCTH OIIPCACINTCS:

1

Uc(p)=|2(P)C—p=

] Em(Lp+Ra)— jLiz(0_)Ry(p - jo) L
(p— jo)|P?(RoCL + RCL)+ p(RoRsC + L + RIRSC + RyRoC)+ Ry + R
_N(p)

Fo(p)

[Tpumenss dbopmyny paznoxenus (4.24) onpenenum OpUTrHHAIB QyHK-

uuii. [IpupaBHHUBasg XapakTEPUCTUUECKOE YPABHEHUE K HYJIO, MOJyYUM 3Hade-

HUs KOPHEM:

F(p)=(p- j314)(o,001024 p% +0,576p + 50): 0,

Orkyna pp = j314c ™ py=-4552¢7% pg=-1073c

Ipouseonnas ot F»(p) umeer Bu:
F,(p)=0,001024p? + 0,576 p+50+(p — j314)0,002048p +0,576).
IToncrasiisgs 3Ha4YEHNS KOPHEH B F2( p), IIOJIYYUM:

Fy(py)=0,001024(314)2 +0,576 314 + 50 =188 11058
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F,(py)=0,001024(- 455,2) + 0,576(— 455,2)+ 50 +
+(—455,2— j314)[0,002048(— 455,2) + 0,576]=197¢34°";
F,(pg)=0,001024(~107,3)? +0,576(~107,3)+ 50 +
+(~107,3— j314)[0,002048(~107,3)+0,576] =118~ 11088

Bripaenue i F(p) mveer sun:

F(p)= 250ej800(1,28-10_5 p®+32-1073 p)— j1375-10 3 p(p — j314)
IozcTapss 3HaueHus kopHeit B Fy(p), momyumm:

Fu(py)= 2500 180°,28.1075(j314)% + 3,2-1073 j314|= 402,56~ 11384
Fu(pp)=25061801,28.1075(~ 455,22 +3,2.1073(~ 455,2)|-

— j1,375-1073(~ 455,2)(- 455,2 - j314)=248,3e%";

Fu(ps)=250e 8°,28.1075(~107,3 +3,2-103(~107,3) -

~ j1,375-1073(~107,3)- 455,2 — j314)=73,7¢ 169",

AHaJIOTUYHO:

N(p)=250e18%°(0,08p +20)- j8,59(p — j314)
N(py)=8000e 113%6°

N(py)=3410e1182°

N(p3)=4320e1120.6°

CornacHo (4.24) opuruHansl QyHKIHI UIMEIOT BU:
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e R Fales)

_402,5€_j138’40 j314t 248,3e1%° —455,2t
188¢ 11058° " 9701346 "

_i60°
L 13.7e J 51073t
| 118¢ 11088° |

21401 (115:8°+314t) | | 95— 82.6°%-455,2t | () 5orq 148:8°6-107,3t |

AP ot Fi(P2) gpst Fl(pS)ePe,t}:

=1m
= Im[2,14c0s(314t +115,8°)+ j2,14sin(314t +115,8°)+

+(1,26¢0832,6° —1,26 jsin32,6°)e 4>t 4
+(0,625¢0548,8°+ 0,625 jsin 48,8°)e 1073
= [2,14sin(314t +1158°)-0,68e 4> 1 0,47e—107,3t] A

AHanoOru4HoO OIIPCACIIACTCA OPUTIMHAJI q)YHKIII/II/I HaIIPAKCHUA HA CMKOCTH !

Uc = Im|:Me'°1t +N,(—|02)e'02t +Me DBt} _
Fo(py) F(p2) F2(p3)
= [42,65in(314t +25,8°)+9,34e 4902t _ 97 go 1073 ]B
Ha puc. 4.37, 4.38 uzoOpaxeHbl rpaduku U3MEHEHUSI TIEPEXOIHBIX 3HA-
YEHUHN TOKa W HANpPSHKEHUS HA €eMKOCTU B (DYHKLIMHM BpEMEHU. 3HAUYCHUS PYHK-
M B IEPBBIIi MOMEHT BPEMEHH 1ociie kKomMmyTanuu (mpu t =0):
i»(0)=2,14sin(115,8°)- 0,68+ 0,47 = 0,725 A

uc =42.6sin(25,8°)+9,34-27,8=0
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Puc. 4.37

B ycraHoBuBIIEMCsl pexuMe Mociae KoMMyTanuu (rmpu t=oo0) 3HaueHUs
TOKAa U HaNpsbKeHUs OyIyT paBHBI MPUHYKIACHHBIM COCTABJISIOMIMM MX (DYHK-
LU BPEMEHU:

i =l = 2,14sin(314t +115,8°) A,
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U A

f.c

Y.

Puc. 4.38

uc,, =Uc, = 42.6sin (314t + 25,8°) B,

JI71s1 IpoBEpPKU MPABUWIBHOCTH pacdyeTa MOKHO pacCUMTaTh 3HAYECHHUE €M-
KOCTH B YCTAHOBMBIIEMCS PEXKUME 4Yepe3 KOMIUICKCHBIE aMIUIUTYIHbIC 3Haue-
HUS TOKa U HAIIPSIKEHUS Ha HEil:

Umc,,, 42.6ei258°

=

Im 214 1158°
2yer

) ] o1
=—j199=—jXc=—j——.
J JAC Jo;C

N3 nocnennero paBeHcTBa:
ce—t -1 _j610%0
oXc 314-19.9
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CBOOOHBIE COCTABIAIOMNE Iy U UCeg MPEACTABISIOT CO00H anredpan-

YCCKHEC CYMMBI 3KCIIOHCHT C ITIOCTOSAHHBIMU BPCMCHU !

S R B T
P2 —455,2

3= —i = —; =0,0093c.
P3 -107,3
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5 HeanHelHbIE e

5.1 Pacyer HeJIMHEHHBIX JJIEKTPUYECKUX LeNeld ¢ UCTOYHMKAMU I0-

CTOAHHBIX 3. J1. C. 1 TOKA

DNEKTPUYECKYIO IeTh, COACPKAIIYI0 XOTs Obl OJMH HEIMHEHHBINA dJIe-
MEHT, Ha3bIBAIOT HEIMHEWMHON. HeNMMHEHHBIMU 3JIEMEHTAMU SIBISFOTCS DJIEMEH-
ThI, TAPAMETPHI KOTOPBIX CYLIECTBEHHO 3aBUCAT OT TOKOB M HampsikeHuid. He-
JuHERHBIMH 37eMeHTaMu (HD) B anekTpudeckux LemsX, cojepiKallux HCTOY-
HUKHU TTOCTOSIHHOM 3.J1.C. U TOKA, HOCAT PE3UCTUBHBINA XapakTeP U 3aJar0TCA HE-
JMHENHON BOJIbT-aMIlepHON Xapakrepuctukor (BAX), koropas omnpexaensercs

OOBIYHO OTBITHBIM ITYTEM.
I'padpuueckue u rpagoananuTUYIECKHE METOAbI pacuyera.

Haubonee npocTsiM U yAOOHBIM METOAOM pacuera sBisieTcs rpaduue-
ckuid MeToJ. sl HaXOXKACHUS HalpsKEHUH (TOKOB) B BETBSX CXEMbI, BBINOJI-
HAIOT NMpeoOpa3oBaHKUE €€ TAKUM 00pa3oM, YTOObI YIPOCTUTh YPAaBHEHUS LIEMH,
a 3aTeM 3alUCBIBAIOT XapaKTEPUCTUKU BCEX BETBEUM CXeMbl B PYHKIIUU OJTHOTO U
TOTO K€ apryMeHTa. Toraa cucreMa ypaBHEHUM 3JIEKTPUYECKOM LENH IPUBO-
JAATCS K OJTHOMY YPAaBHEHMIO C OJHUM HEU3BECTHBIM, KOTOPOE U ONPEAEISET UC-
KOMOE PEILIEHHE.

Marepuans! a1 3a1a4 00 JTaHHOMY pasaeny B3sTel u3 [10].

IHpumep 5.1

Ha puc. 5.1 npuBenena cxema HeIMHEHHOM 3yiekTpudeckod nenu. BAX
H9, n HO; npusenens! Ha puc. 5.2. Onpenenuts TOKM B BeTBIX U U ah TPH

E =50 B.

0

Jp) I3




Pemenune

]_IJ'ISI PCIICHUA IIOCTaBJICHHOM 3ala4M 3aIlIMIICM YpaBHCHHC LICIIN 110 3aKO-

Ham Kupxroda:
E=U1(11) +Uap(12,13);
l1=12+13.
Al
o, - 23
: _— /

><’/ / / /123
\ K M , HD;
_____ /4 | . / HD;

= | s
®

Puc. 5.2

YnpoctuM ypaBHEHHUs II€MU, MOCTPOUB BCIIOMOTAaTEIbHYIO XapaKTepH-
cTuky (kpuBas 23), onpenenstonrytro BAX mapamnensHoro coenunenus HO, u

H3;. [l ee mocTpoeHust NpocyMMHUpPyeM 3HadueHust TokoB |2 u |3 npu onHux

U TeX JK€ HAIPSKEHUX, MOCKOJIbKy U 1= U2 =Ugp. YpaBHeHHUE IpUMeT BUA:

E=Uq(l1)+Ugp(l1) TK =12 +13

JlaHHO€ ypaBHEHUE MOXKET OBITh PEUIEHO JBYMSI CITOCOOAMHU.
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1. TToctpouMm BxoaHyto (pe3yiapTupytoiryo) BAX HelTuHEWHOM 3J1eKTpu-
yeckoil rienu (kpuBasi 123), mpocyMMUPOBAB 3HAYCHUS HATIPSKEHUIA Ul nuU ab
(kpuBas 23) npu OJHUX 3HAYECHHSIX TOKA.

3HaueHue Toka |1 = 0,6 A onpeznensercs kak opauHara Touku (M) nepe-

ceueHus: KpuBo# 123 ¢ meprneHauKyIspoM K OCH abCUuce, OTCTOSIIMM OT OCH
opauHaT Ha 3HadeHue E = 50 B. 3nauenue U ab = 41 B omnpenensgerca nNpoek-

et Touku K (Ha xpusoii 23) Ha ock abcuucc. 3HadyeHus Toka | u |3 ompe-

NEeNsoTea opauHaTamMu Touke nepeceuenns BAX HO, u HO; ¢ nepnenaukyns-
pOM K ocH abcuucc, onyleHHbIM 13 Touku K u paBHbl coorBeTcTBeHHO 0,17 A
n 0,42 A.

IManenwe Hanpsokerns Ha HOj01pesox JC|- Ups, =9 B.

2. Ilpeodpasyem ypaBHenue nernu k BuayUgp(l1)=E-U1(l1) u mo-

CTpOUM 110 HeMy BcrioMoratenbHyto BAX (kpuBast 1), koTopas mpeacTaBisieT

coboii 3epkanibHOe oToOpakeHue BAX HD; u ciaBUHYyTa 1O OTHOIIEHUIO K Ha-
yajly KOOpAUHAT Ha 3HaueHue E. OpauHara TOuKU nepeceueHus Kpusoi 1 u 12
onpesenseT 3Hauenne Toka |1, a orpesox OJ| n K| ompenensioT cooTBeTCT-

BeHHOUab =41BI/IU1=9B.

Ipumep 5.2

OnpenenuTe TOKM B BETBAX HEJIMHEMHOW JJIEKTPUYECKOW LIETH, IPUBE-
neHHoil Ha puc. 5.3. BAX HDO; u HD; 3amansl Ha puc. 5.1. E1 = 20 B,
a E3z =40 B. BAX HO, npencrasnser co0oii 3epkanbHoe oToOpaxenne BAX

M300paKeHHOM Ha puc. 5.2.
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I; a I

> <«
HD>s

HO3, H9,

Tab
Es
E1 ]3 CV)
b
Puc. 5.3
Pemenne

JUi penieHus MOCTaBICHHOM 3a/la4d BOCIOJIb3YyEMCSI METOJOM JIBYX Y3-
J0B. 3agaauMCs MOJOKUTEIbHBIMU HAMPABICHUSIMU TOKOB M 3alMILEM MEPBbIIA

3akoH Kupxroda.
l1+12+13=0 (5.1)
OmpenenuM HaNpsHKeHUS MEXAY y3lamu ab i kaxmol nmapaiienbHO

BETBU:
Uab =E1-U1(11)
Uab =U2(12)
Uab =-E3-U3(13)
[Toctpoum BAX mno nmanubiM ypaBHeHusiMm (puc. 5.4). IIpu moctpoeHuun

kpuBoi 1 3HaueHue Eq oTkmagpiBaeTCs B MOJIOKUTEIBHOM HAaNPaBICHUHU IO OCH
abcuucce, T.x. Hanpsbkenue Ugp u 11 coBmagator. Yepes Touky A nmapajuieabHO

OCH OpAMHAT MpoBoauM Ipsimyto 1’°. 13 mpsimoii 1’ BeruntaeM opauHaThl BAX
HenuHerHoro aneMenTa 1. IlomydyenHast kpuBas | siBisieTcsl 3epKajibHbIM OTO-
OpaxxenneM BAX HenuneliHoro osnementa 1. Ilpu moctpoeHum KpuBOH

2n3MensieTcs Toiibko MacmTad BAX HD,.
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Puc. 5.4

IIpu noctpoenun kpuBoil 3 3HauYeHWE E; OTKIAIBIBAETCS B OTPULATEIb-
HOM HarpaBJieHUH o ocu adciuce. Yepes Touky b npoBogum mpsimyro 3°. U3
opIauHATHI IpsMou 3° BeruuTaroT opauHatel BAX n HO3. [lomyuennas kpusas 3
SBJISIETCSI 3€pPKaJIbHBIM 0ToOpaxkenneM BAX HO3.

[TpocymMmupyeM noiiydeHHbIE KpUBbIE 1, 2 1 3 B COOTBETCTBHH C YpaBHE-
HueM (5.1). uepe3 TOUKy MepecedeHus pe3yIbTHPYIONIEH KPUBOM ¢ OChIO abc-
uce, onpeaesstonryto 3Hauenue Ugp= 20 B, nposoaum npsamyro CJI, napan-
nenbHyr0 ocu opauHar. [Ipu nepeceuennn npsamont CJ] ¢ BAX BerBei nonydnm
Toku 11 =0,42 A, 19 =-0,06 Au 13 =-0,4 A. 3Hak MuHyC nepes 3HaU€HUEM

TOKOB YKa3bIBaA€T HA TO, YTO TOKH |2 n |3 HMCIOT HaIIpaBJICHHUA IIPOTHBOIIO-

JIO’KHBIE MPUHSTHIM Ha pHucC. 5.3.
IMpumep 5.3

Onpenenuth TOKM B BETBSIX HEJTUHEHMHON SJIEKTPUUYECKOM LIENH, MpPUBE-
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JIeHHOM Ha puc. 5.5. BAX HeNUHEHHBIX 3JIEMEHTOB MPEICTABICHBI HA pUC S.2.
Er»=128B, J1=0,2An J3=02 A.

>

HD, HD-4 HD;

© \
| J;

J1 lffz £, b
v 13

Il 4

d

Puc. 5.5
Pemienue

JlanHast 3amaya MOKET OBITh pelIeHa METOJO0M ABYX y3710B. s 3Toro
HEOOXOMMO 334aThCs YCIOBHO IMOJIOKUTEIbHBIMU HANPaBICHUSAMH TOKOB U 3a-

nucath ypaBHeHus: Kupxroda:
Uab =—E2-U2(I2)
Uap =U1(l1+J1)
Uab =U3(13-J3)

(I1+J)+12+(12-J3)=0
3ateMm noctponts BAX — «2» o ypaBuenuto Ugpy =—E2 —U2(12) (puc.

5.6).
[Tpu moctpoernn BAX —«1» no ypasHenuto Ugp =U1(l1 +J1) cnenyer

ydecTb, YTO HampasieHue TokaJ] u UgpcoBnanator, nostomy BAX HO—«1»
HOAHUMAETCS 10 Ocu opanHAT Ha 3HadeHue J1. BAX HOs— «3»cHuxkaercsa Ha
BEJINYMHY — J3, IOCKOJIbKY HampaieHue Toka J3 u U gpIpOTHBOMNONIOXKHBIL.

[TpocymmupoBas nonyueHHble BAX B coorBeTcTBUHM € 1-bIM 3aKOHOM KupXro-
da, monyuaem cymmapayro BAX — «4». Ha Helt HaXoauM TOYKY TepeceyeHust

stoii BAX ¢ ochto abciuce, U3 KOTOPO MPOBOAMM MPSIMYIO, MapauIeIbHYIO
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ocu opauHAT. TOYKM MpeceueHus: AJaHHOW NpsMOW ¢ moctpoeHHbiMu BAX on-

penensoT pexxuMHbIe mapameTpsl cxembl 11 =0,2 A, 1, =-0,03 Aul3=-0,2 A.

al
0.6 / 4

I J ,-«/f

Jz

ﬁ&r
Y

/ 7 IR

Puc. 5.6
IIpumep 5.4

Ha puc. 5.7 uzobpaxena cxeMa HEJIMHEHMHON 3yiekTpuueckon nenu. BAX
HEJIMHEHHOTr0 2JIEMEHTa 3a1aHa KpuBoi Ha puc. 5.8. ConpoTuBiaeHus BeTBeil: R
=40M, R3=60M, R; =12 Om, Rs =2 Om, a E = 12 B. Onpenenuts TOKU B

BCTBsAX CXCMBI.
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Puc. 5.7

BAX (Rsx) BAXHD

\

1.5

3AX (HD.Ry,

/7
//'/UHB ._./

< // I
o P
H A 4 -
2 4 55 6 8 88 10 U.B
Puc. 5.8
Pemenune

Jlnst onpenenenus Toka l; Bocmonb3dyemcst TeopeMoit 00 aKTUBHOM JIBYX-
MOJTIOCHHUKE. Pa3MOKHEM BETBh ¢ HEJTMHEHHBIM dJIeMEeHTOM (puc. 5.9) u HaligeM

Hanpsokenue U gp , oib3ysack BTOpeIM 3akoHOM Kupxroda:
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U ——
® _ 1 I
RS [5)(
, Ly B3 R4
“ ._"_: I ®cC
d
N
>

Puc. 5.9
Uab = 13xR3 +I5xRs,
E 12
B cBoro ouepens 135 = - R4 (Rp + Re) —6+12.(4+2) =12 A
R4 +R2 +Rg 12+2+4
g =lg "4 1212 _pgA
Ro +R4 +Rg 18

Torma Ugp =13xR3+15xR5=12-6+0,8-2=88B
OmpenenuM BXOIHOE COMPOTHBIICHUE BCEH MM 10 OTHOLICHUIO K 3aXKHU-

maMm ab nipu otkimouerHOM HD;

R3R :
= 3 g +RsIRy (012 15y 4
R — 2 tR5 — 6+12 =§=24OM
BX " R3Ry 6-12 10
+Ro +R>o +2+4
R2 +Rg 6+12

B pesyneratre BCs JMHEHHAs 4YacThb 3aMEHSIETCS OJHOM BETBBIO C
E5 = 8,8 B u conporunenuem Rgx = 2,4 Om.
Jlns ompeneneHus Toka |; MOXKHO BOCIIOJIB30BaThCS METOIUKOM, H3JI0-

KEHHOH B 3amaue 5.1. B pesynprare nmomydaem |1 ~1,5 A, a HanpsbkeHUe Ha

HO,-Upy ~5,5B. Toraa Bo3Bpamasch K ICXOJHOM cXeMe HaXOAUM:

_Es+Und; 88+55
R2

Ig=11+12=15+3575=5075A,

P =3575 A,
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_I5Rg+1pRy  5075-2+3575-4
R4 12
I3=14+15=20375+5075="71A.

14 =2,0375 A,

IIpumep 5.5

Ha puc. 5.10 nzobpaxena BAX nenuneiiHoro snemenTta. [locrpouts 3a-
BHUCHUMOCTb CTaTMUYECKOTO U AU(pPepeHIHalIbHOTO CONPOTUBICHUS OT HAMpsiKe-

HUSA.
Pemenune

CraTucTUYECKOro COMPOTHUBIICHHE HEJMHEWHoro snemenTa (R.;) omnpene-

nsetrcst kak otHomeHue U/l B paboueli Touke BAX, a muddepenmmanbaoe co-
du

IPOTUBJICHUE PABHO OTHOLIEHHIO NPUPALICHUS HAIPSDKEHUS 110 TOKY Ry = ar
U MPOMOPIMOHAIIBHO TAHTEHCY yIila Mexay kacatenbHo kK BAX B paboueit
TOYKE U OChbIO opauHaT. Jljisi mocTpoeHus: TpeOyeMbIX XapaKTepUCTUK OMpeie-
JuM ux 3HaueHus B Toukax 0, 1, 2, 3, 4, moCKOIbKY Ha yKa3aHHbIX ydacTkax (0-
1, 1-2, 2-3, 3-4) BAX nuHelina (unu 01m3ka K JmHEHON). Ha puc. 5.11 mpuse-

JI€HBI TpEeOyeMbI€ XapaKTEPUCTUKHU

LA

L/ / \

\
0.1
/

)
<\

U,B

10 20 30 40 50

Puc. 5.10
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R
200 / // -
/
/ ~J
/
+33 1 3 U,B
0 ip B 3 ap 30 -
-50 Rang
2 T4
Puc. 5.11

5.2 AHaJIM3 ¥ pacyeT MATHUTHBIX LeNel ¢ MOCTOSHHbIMH MATHHUTO-

aBukymuMu cusiamu (MC)

@opMalbHYI0 AHAJIOTUIO MEXKJIY MAarHUTHBIMH U SJIEKTPUYECKUMH LEIs-
MU MOKHO MPOBECTU MPH JIOMYIICHUH, YTO MAarHUTHOE T0JI€ HAa KaXKJIOM y4yacT-
K€ MarHUTOMpPOBOAa OJJHOPOoAHOE. [Ipy 3TOM monepeyHbie pa3Mephl cep/IeuHUKa
¥ BEIWYMHA 3a30pa JOJKHBI ObITh HEBEJIMKU M0 CPABHEHUIO C €r0 JIJIUHOM; 10
TOKaM paccesiHus MOKHO MPEHEOpeyb.

1. MaruuTHbI# MOTOK @ (37eKTpHUYeCKuil TOK | )

@ =BS, B0

rae B — MarHuTHas uHAYKIUA, Ti; S — momnepeyHoe CeUYeHHe MarHUTO-

POBOJIA, CM”.

2. MarnutHoe Hanpspkerne Uy (anexTpudeckoe Hanpspkerne U )
Un=HI, A

rae |— cpemHss miwHa MarmurompoBoza, cM; H = B — HaIpsKEH-
HoH

HOCTb MAarHuTHOI'O ITOJIA y4JaCTKa LCIIN, A/ CM; UL — OTHOCHUTCJIbHAA MAarHuTHasa
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-7
IMPOHNLIACMOCTE MaTC€pHajla ydaCTKa ILCIIN, ]J,O: 4r 10 — MAar"HuTHasda I10CTO-

staHast, ['a/M; st Bo3ayxa H = 0,8 1O6B.
Marnutoasmkymas cuia (MIC) — F (3.1.c. DnekTpudeckoit nenu E).
F=IW, A
rae | — Tok B oOMoTke, A;W — 4HCIIO BUTKOB OOMOTKH.

3. MarauTtHOe conpoTHuBiIeHHE Ry (3IEKTpHYECKOE COIPOTUBIICHHUE

R:%S)

Rm = |
M= /uoS

4. 3akon Oma (E = IR)
F = CDRm
5. HenpepbIBHOCTh MATHUTHBIX CUJIOBBIX JUHUH (TepBbIA 3akoH Kupxro-

da: > 1=0)
k

>Pk =0; >BkSk =0
k k

6. 3akoH noHOrO TOKa (BTOpoi 3akoH Kupxroga:)> Ex =3 IkRk

k k
> P =2 kWi =X Hklk
k k k

7. Bebep-ammepnast xapakrepuctuka @ = f (Up), xoropast paccuuTsiBa-
eTCcsl 10 3aJaHHBIM KpuBBIM HamarandwmBaHusa B = f(H)u reomerpuueckum

pa3MepaM ydacTka MarHuTHOM 1enu. [[oCkoJIbKy MarHuTHbIE LIENU HEJIMHEHHBI,
TO K HUM TMPUMEHUMBI MPAKTUYECKH BCE METOJbI pacueTa HEIMHEUHBIX AJICK-

TPUYECKUX LIETIEH.
5.2.1 I'padpuyeckne MeTOabI pacyeTa MATHUTHBIX LeMen
IIpumep 5.6

(nmpsimasi 3a1a4a /151 Hepa3BeTBJIEHHOM MATrHUTHOM 1eNu)

OnpenenuTs 4MUCIO BUTKOB OOMOTKHM 3jeKTpomarHurta (puc. 5.12) mpu
toke 0,1 A 115 co3lanus B BO3AYIIHOM 3a30p€ MarHUTHOTo notoka @ = 4,5 BO,
MOTOKaMHM pacCceuBaHUAMHU TpeHeOpeub. KpuBas HaMarHW4YMBaHUS 3ajaHa B

tabnuie 5.1. Pa3mepsl MarHuTOnmpoBoia IaHbI B MUJUTUMETPaX.
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oY

p 10
) >
R
— 1 | o
D" SEE
[ S
- A
0—4 20 :D
I; R
A 4
I I
| |
| | 30
| |
! !
< 20 >
Puc. 5.12
Tabmura 5.1
B, Tn 0,2 0,4 0,6 0,8 1,0 1,2 1,4
H, A/m 56 66 89 155 267 489 1600
Penienue

33,[[3‘-13 pemacTCa AJId KaXKJI0ro ydaCTKa MarHUTHOM LCIIN 110 aJITOPHUTMY:

1. JIns 3apaHHOro 3HaueHUs: @ U JIMHEWHBIX Pa3MEPOB MArHUTOIPOBOJA

_ Pk
OIpeesAeTcs 3Hauenue By = Sy’

2. Ilo xpuBOIl HaMarHMYMBAHUS U W3BECTHOM 3HaueHuM By onpenensercs

Hg.

3. Haxoautest MarauTHOE Hanpspkenue ydactka nerm Umk = Hilk

4. Vicnionb3ys 3aKOH MOJIHOTO TOKA, HAXOAUTCSI HEU3BECTHBIN MapaMeTp

IW =3 Hglk
k

Pacuer cBenen B Tabmuity 5.2
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Takum o6pazom,

> Hilk
W = K =401,5=402 BuTKa
Tabmura 5.2
YyacTok [TapameTpsl
@,B6 | Sk,em® | B, Tn | Hi, A Ik, M Umg, A
l1 4,5 6 0,75 115 0,21 24,15
) 4,5 6 0,15 50 0,03 4
d 4,5 3 = 120000 0,0001 12

IIpumep 5.7 (mpsimast 3agaya AJis1 pa3BeTBJICHHON MATHUTHOM LENH)

Jlyist MarauTHOM 11enu puc. 5.13 onpenenuth Tok B oomMoTke ipu W =1000
BUTKOB, ecium @3= 4,8 BO,li= 200,0 mm,lp= 100,0 mm, I3= 100,0 mm,
Ig=1 MM, $;=S;, =S3=6 oM.

Kpusas HamaranuuBanus 3aj1ana B Tabnuie 5.1.

T g —
o I-,. D1 2%
< l D>
e S X
F ) I ls
] ‘
— D,

l} . 33

Puc. 5.13
Penienue

3amauMcsl TOJIOKUTEIILHBIM HAINpaBJICHUEM MAarHUTHBIX TOKOB. Ecim
HarpaslieHHe 00X0/]a KOHTypa, 00pa30BaHHOTO CTEPIKHSIMH, COTJIacyeTcsl ¢ MO-

J0XUTENbHBIM HanpasieHueM MJIC no npaBuity npaBOXOJHOTO BUHTA, TO Mar-
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HUTHOC HAaIIPSA)KCHHUC Um =HI| nonoxurensHo. CJIGIIOBB.TCHBHO, 10 3aKOHY

TIOJIHOTO TOKa M IepBoMy 3akoHy Kupxroda i MarHUTHOHM Lenu ypaBHEHHS
3aMUIIYTCS B BUJIE:
D1=Dr+D3
IW =H1lh +H>2l»
0=Hoalp —H3l3 —Hsgls
Paccunraem marautHoe Hanpspkenue Hgly mHglg ncmons3yst kpusyro
HaMarHUYMBaHUS:

D3

B3 = S3 =0,8 Tu, cnenosarensHo H3 =155 A/wm;

Hs =08-100B3 =64 10% A/m;

Halz + Hgls =155-200-107° +64-10% -1-107° =671 A.

[Mockombky Holp = H3l3z + Hslg

_o6rl
12

ITo xpuBoit HamaranuuBanus Bo = f(Ho) = 1,6 Tu, Torna

@ =B2S> = 9,6 BO,

D1=02+D3=4,8+9,6=14,4B06.

Ho =3335 A/m.

3Has, uT0 S; =6 oM’ Bl = %1 :14’46 =24 Tn.

1o kpuBoil HamarunumuBanus B = f(Hq) - H; = 3400 A/m

3Ha4YeHHUE TOKA OIIPCACIIACTCA BbIPAKCHHUCM:

_Hilp +Holy

I 1,35 A/m.

IIpumep 5.8

(oOpaTHasi 3a1a4a /151 HEPA3BeTBJIEHHOM MATHUTHOM LeIH)
OnpenenuTs MarHUTHBIA TMOTOK, CO3/1aBa€MbIl B 3JIEKTPOMArHuTe MpU
I =1 A uW = 1500 ButkoB. ['eomeTprueckue pazMepbl AIEKTPOMArHuTa 3a1aHbl

Ha puc. 5.14. KpuBas HaMarHn4uBaHus 3a/1aHa B Ta0auIe 5.3.
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Tabmura 5.3

@' 10-5, H ' H I ' H I ' H '
B.Tn | H,Alem 0 aa 0'0 >
B6 Alcm A A A
0,5 2,45 80 4000 245 400 645
0,6 2,95 96 4800 295 480 775
0,7 3,50 112 5600 350 560 910
0,8 4.1 12 6400 410 640 1050
0,9 4.95 144 7200 495 720 1215
1,0 6,0 160 8000 600 800 1400
1,1 7,55 176 8800 755 880 1635
1,2 10 192 6900 1000 960 1960
L P %
Q. t
<
7 200 c™
16 cM?
Puc. 5.14
Penienue

Pemenne oOpaTHOI 3a1a4 K MHOTOKPATHOMY PEIICHHUIO TIPSIMON 3a/1auu

pacucTa MaroHuTHBIX ueneﬁ.

3agaBasich 3HaueHueM B B npeaenax ot 0,5 mo 1,2 Tn u 3Has nuHEHbIE

pa3Mepbl MarHUTONPOBO/IA, MOCTPOUM MATrHUTHYIO XapakTepuctuka (puc. 5.15)

@ = f (3> HI. Pacuer cBenem B Tabuuiry 5.3.
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Ha ocHoBanuu 3akoHa moiHoro Toka Yy Fg = > I\Wk =Y Hklk , otioxum

k k k
MIC F =1 1500 = 1500 A Ha ocu abciucc U MpOBEAEM uepe3 MOTYyUCHHYIO
TOYKYy O NIpsAMYI0, NapajulelbHYI0 OCH OpJAMHAT, A0 IEepeceueHus ¢ KpUBOU

@=1f(>Hl). Tlomyunm TOYKYy a, OpIAMHATA KOTOPOW OIPEIEIHUT IOTOK
® = 174 10°B6.

& 10°B5

ped
160

40

1/

o
400 200 1200 1600

o
T

Um, MA

Puc. 5.15
IIpumep 5.9 (oOpaTHas 3agaua 1Jis pa3BeTBJICHHON MATHUTHOM LIeIN)

OnpenenuTh MarHUTHBIA MOTOK @7 M YUCJIO BUTKOB B MEPBOM OOMOTKH

W, MarHuTHO# 1ienu, puBeAEeHHOM Ha puc. 5.16.

Eﬂ Pyt
51 b2
O Ot 52 b3
q_ | ]
= P
Tm T TF: e EIE
9| c___q___hb
T & @ T
@ T y.
&
Puc. 5.16
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Eciu @ = @y, W, = 203, S; = 49 cm%, S, = 5 cm?, S3 = 95 oM,
l1=18 cm, 19=10cm, 1I3=25¢cm, 1, =0,25A, 1, =0,2 A.

KpuBas HamMarHnuvMBaHUs CHMMETpPHYHA U 3agaHa B Tabmuie 5.4 (puc.
5.17).

Tabmuma 5.4
@, 107, | @y 107, —Hgaly, | —Hala,
B, Tn | H, Alem ? ’ Holo, A "2~ Mala 33
BO BO A A

0,22 20 11 20,9 2 38,5 -5
0,75 40 37,5 71,25 4 36,5 -10
0,93 60 46,5 88,35 6 34,5 -15
1,02 80 51 96,9 8 325 -20
1,14 120 57 108,3 12 28,5 -30
1,28 200 64 121.6 20 20,5 -50
1,47 400 73,5 139,7 40 0,5 -100

5 A B Tn

|

[

1

/ H, A/
/ —
| -100 -80 § 80 100 - 160
A |
-_-___.____._./
2
Puc. 5.17
Pemenune

JlanHast 3a1aua MOXKET OBITh pellieHa METOJIOM JBYX y370B. [l ee pere-
HUS HeoOxoaumo omnpenenuts HampasieHue MJIC mo mpaBuily mpaBod pyKH,

3aJ1aTbCA YCJIOBHO ITOJIOKHUTCI/IbHBIM HAIIPABJICHHUCM MAIHUTHBIX ITIOTOKOB M 3a-
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nycaTh ypaBHEHHE IIEMM OTHOCHTEIILHO MAJCHHS HAMPSDKCHUS MEKIY y3IaMH
a0.

(Uag = FL—Hih
Uas =F2—H2l2
Uag =—H3l3
D1+Dy +P3=0

[Ipu cocTaBieHUM ypaBHEHHMs MarHUTOJABWXKYyIIas cwia F Oeperca co
3HAKOM IUIIOC, €CJIM €€ HaIlPaBJICHHE COBIAJaeT C HAIpPaBICHUEM MAarHUTHOI'O

IIOTOKA, a 3HaK MUHYC Iepes] 3HadeHueM U ,G 00ycIoBIeH TeM, UTO IpU Mepe-

MELIEHUU COIVIACHO C HANPAaBJICHUEM MAarHUTHOIO IOTOKAa MarHUTHBIA IOTEH-
L{AaJl CHUKAETC. B MPOTUBHOM cCily4ae 3HaKU B YPaBHEHHUAX CTAHOBSTCS COOT-
BETCTBEHHO ITPOTUBOIOJIOKHO.

ITockosbKy M3BECTHO, UTO D1 = @), TO TOCTATOYHO PELIUTH CUCTEMY HE-

JIMHENHBIX YPABHEHUN

Uag = 12W2 —H2l2 (5.2)
U,g =—H3l3 (5.3)
29 +D3 =0 (5.4)

10 CIEAYIOIIEMY AITOPUTMY:

1. 3agaBasicy 3HaueHHEM B U 3Has TMHEWHbBIE pa3MeEPbl MAarHUTOMPOBO/IA,
ONPENEIUTD:

Py =By Sk

2. Ucnonw3ys KpuBYyHO HamarHnunBaHus, ONpeaennuTh MaJeHue MarHuT-

HOTO HanpsKeHUs Ha KaxaoM ydactke Umy =H klk

3. IlocTpouTh HENMHEWHBIE XapPAKTEPUCTUKH MO HANIEHHBIM 3HAYCHHSIM U
ypaBHeHusM (5.3) u (5.4).

4. Pemntsb rpadguuecku ypaBaenue (5.2). Pacuet cBeneH B Tabnuny 5.4.

VYuuThiBas, YTO MarHUTHBIE KPUBBIE CAMMETPUYHBI, U UCIOJIb3Ys IaHHbIE

TaOHIBI 5.4, TOCTPOUM PE3YILTUPYIONIYIO KpUBYIO (puc. 5.18)
Oy =209 +d3
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Puc. 5.18

Touka mepeceueHust TaHHOW KPUBOM C OChIO aOCITUCC OMpPEAeIsieT pellie-

HUe ypaBHeHMs (5.4), a ee koopauHaTa 3HaueHne Ugg=25A.

[IpoBeneM mpsAmyro yepes3 3Ty TOUYKY IapajuieIbHO OCU OpJHUHAT, MOJY-

YUM TOYKH IICPECCUCHUA C KPHBBIMU CDZ )51 @3 OpAHMHATBI KOTOPLIX OIPECACIIA-

10T 3HaueHus1 @ =P =62 107°B6 n®3 =-110 10" B6. 3nak MUHYC Tepe]
@3yKa3bIBaeT Ha TO, YTO HAIPABIEHUE MATHUTHOTO MOTOKA IIPOTUBOIIOJIOKHO,
ykazaHHoOMy Ha puc. 5.18. Uucno ButkoB Wy ompexnenserca u3 pelieHus ypas-
Henust (5.2). [lyis aToro onpenenuM MarHutTHoe Hampsbkenue Hilp , wcnosb3ys

KpuByl0 HamaramumBanus By =@dySk= 1,10 Tn, H1h =9,5 A, Trorna

wy = Va6 + Hl'% —200.

5.3 AHa/IN3 HEJIMHENHOM IJIeKTPUYECKO Lenu ¢ CHHYCOMIAJIbHBIMH

HCTOYHUKAMM 3.14.C. H TOKA

HenunennbpiMu QJICKTPUICCKHUMHA LCIISIMHU IICPEMCHHOI'O TOKa HA3bIBAIOT

QJICKTPHUYCCKHUC LECTIN IMEPEMCHHOI'O TOKA, B COCTaB KOTOPLIX BXOJAHW OAHO HJIH
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HECKOJIbKO HEJMHEWHBIX COMPOTUBJICHUN. HelnHenHble CONPOTUBIEHUS IS
MIEPEMEHHOTr0 TOKA MOAPA3ACIAIOTCS HA TPU TPYIIIbIL:

1) akTuBHBIE

2) UHAYKTUBHbIC

3) eMKOCTHBIC

5.3.1 AHaau3 ueneii ¢ HeJIMHEHHOM MHAYKTUBHOCTHIO (EMKOCTHIO) 10

AefCTBYHOLIUM 3HAYECHUSAM TOKA U HANPSAKEHUMN

B sToM MmeTone rpaduueckuii pacueT MpPOBOJUM ITyTEM HCIIOJIb30BAHUS
BOJIbT-aMIIEPHOM XapAaKTEPUCTUKM HEJIMHEHWHBIX CONPOTHUBICHUM JUISl JIEUCT-
BYIOIIMX 3HAYEHWM, MMOJYYEHHBIX PACYETHBIM WJIM ONBITHBIM IyTeM. [Ipu 3TOM
II0JIATal0T, YTO B JEUCTBUTEIBHOCTA HECUHYCOUIAIBHO U3MEHSIOIINECS TOKA U
HANpPsDKEHUS. MOTYT OBbITh 3aMEHEHbl HKBUBAJIEHTHBIMU WJIM CHHYCOUIAIbHBIMU
BEJIMYMHAMU (3KBUBAJIEHTHBIMU B CMBICIIE€ JEHCTBYIOIIMX 3HAYEHUN )

Pacder BpIIOJIHAETCSA TIO CHEAYIOMIEMY AITOPUTMY:

1. IIpon3BONBHO 3a0aK0TCS 3HAUCHUEM TOKA YEPE3 HEJIMHEUHBIA JIEMEHT
u HaxonAat o BAX cootBerctBytonue emy U Ha HETUHEIHOM 3lIEMEHTE.

2. CtpouTcs BEKTOpHas AxarpaMma Juisi BCEM CXEMBbl, YUUTHIBasA, 4TO Ha-
IPSDKEHUE HA HEJTMHEWHOW MHAYKTHUBHOCTH OIIEPEKAET MPOTEKAIOIIUN IO HEMY
Tok Ha 90°, a HampsHKEHWE Ha EMKOCTH OTCTaeT OT TOKAa, MPOTEKAIOIIEro uepes
Hee Ha 90°.

3. IIyreM MOCTPOEHHS HECKOJIBKMX BEKTOPHBIX JUArpaMM JUIsl pa3iIudHbIX
3HaueHuii | Haxoaum cootBercTBytomue uM U u ctpoum BAX Bceii cucteMsl.

JIns uccienoBaHusl pe30HAHCHBIX SIBJICHUM HCIOJb30BAHUE JAHHOTO MeE-
TOJA OIPAHUYEHO, T.K. HE YUUTHIBAECTCS BECh TAPMOHUYECKUHN CIIEKTP HECUHY-

COMJAIBHOUN KPUBOM.
IIpumep 5.10

Ha puc. 5.19 npuBenena cxema HEIMHEWHOW SJIEKTPUUECKON IIEMHU, CO-

crosimiel n3 conpotusieHuit R) = R3 =100 0mM, nuHEeHOW HMHAYKTHBHOCTH C

conporusieHueM X| = 100 Om u Bapukonaa ¢ BAX, npuBeneHHoOI B Ta0auie
5.5.

[Moctpouts 3aBucumocts 12 = f(U,6) .
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Tabmura 5.5

U, B 55 6.6 15.5 26.7 48.9 160.0
I, A 0.2 0.4 0.8 1.0 1.2 14
®
—
Ug, [] ke Ur
Qaﬁ IXL
I -3
A J QR
Rs i
®
Puc. 5.19
Pemienue

3aganumes 3HaueHueM Toka 13 =01 A u ompenenum 3HaueHHEe Hamps-

xenusU Ry MO 3aKkoHy Oma:

URZZ\

2
UL+U

UL =13jX| =0]1- j100 = j10 B,

URg =13R3=01-100=10B.

533 ~ /(01-100)? +(01-100)2 =141B,

3nas, uro BektopU | omepexaeT Ha 90°, a BekTopU R COBIaMaeT ¢ BEK-

TOpPOM TOKa | 3, OTJIOKUM UX 3HAUEHUS B MPUHATOM MAaCIITa0e U, MPOCYMMHPO-

BaB UX, MOJY4YUM BeKTopQRZ (puc. 5.20).
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/
QC f//
Puc. 5.20

BGKTOp L2 COBIIaAAacT C BGKTOpOMLAR2 , 4 3HAYCHHUC TOKa LZ OIIPCACIINM

UrR, 141
no 3akoHy Omalp =—% ==—"=0,141A , a 3nauenue |1 =0,22 A onpenemns-
Ro 100
€M Ha OCHOBaHHME 3aKoHa Kupxroda:

I1=1+13
ITo BAX BapukoHJa 3HauY€HUIO TOKa |{ COOTBETCTBYET 3HAa4YEHUE Hamlps-
xenust Uc =6B. 3Has, uro Bektop U orcraer ot BekTopal1Ha 90°, mpoBo-

JIUM €T0 B MpUHATOM MaciiTade (puc. 5.20).

3nayenne HampsbkeHuss Ugg = 13,6 B ompenensierca Bekropom U 6

(puc. 3.2) Ha ocHOBaHuM 2-ro 3akoHa Kupxropal g6 =UC +QR2 . PesynbTaTs

pacuera cBeieM B Ta0iuily 5.6.

Tabmauma 5.6.
Ne | 13.A | U LB | "R UpB | Ig.A | Ig.a | JC | Yab
B B B
1| 01 | 10 10 | 141 | 014 | 024 | 57
2 | 02 | 20 | 20 28 | 028 | 045 | 68
303 | %0 | 30 | 4 |04 | 088 | 93 |
4| 04 | 40 | 40 | 566 | 057 | 09 | 251
5 | 05 | 50 | 50 | 707 | 071 | 112 | 472
6 | 06 | 60 | 60 85 | 085 | 136 | 159
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[To naHHBIM TaOMHMIBI 5.6 HECIOKHO MOCTPOUTHh XapPAKTEPUCTUKY
12 =f(Ugs).

Ipumep 5.11

[Moctponts xapakrepuctukn U,g = f(17) uU Ry = f(l1) s cxemsr

puc. 5.21. BAX gpoccens 3agana tabmuueit 5.5.Rp =Rp =1000m, X =50
Om.

gaB .
Xc
a [ Ri Iy g
© —
T T
u Ur,
R>
ol
Uas Usr §|1L(0
L v/
o .
0
Puc. 5.21
Pemenune

[Ipu pacuere MaHHOW 3JEKTPUUYECKON LEMU 1eIeco000pa3HO 3a/1aBaThCs

3HaueHueM Tokal , mporekaromiero uepes apoccens. 3Has, uto Ugr=U(l) u
BekTop U g omnepeskaer BekTop Toka Ha 90°, a BekTop. | 2. coBmanaet no ¢ase

¢ BEKTOpOM U pr¥ YNCIIEHHO OlpenenseTcs no 3akony OMa:

U
Iy = Ugr _ " R2
R2 R
onpeenuM 3HaueHue Bekropaly =19 +1.
Ha OCHOBAaHUU BTOPOI'O 3aK0OHa Kupxrodga BEKTOP

Uag =Yg +Upr=Uas +L_JR2, MPUYEM BEKTOP QRl coBmagaeT mo (aze ¢
TokoM 11, a BekTtop U x otcraer ot BekTopa 11 Ha 90°. UncneHHble 3HAUCHUS
BEKTOPOB ONPEAEISIIOTCSA Ha OCHOBaHMM 3akoHa Oma U R = 1R, Uy =11X¢.

HOCTpOI/IB BCKTOPHBIC JHAarpaMMbl, 3a1aBasChb pa3JiMYHbIMHU 3HAYCHUAMMU

Tokal (puc. 5.22), HECI0KHO MOCTPOUTH TPEOYEMbIE XapaKTEPUCTUKHU.
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Ipumep 5.12

Karymka ¢ yuciom ButkoB W = 500 u MarHutonpoBOJIOM M3 TpPEX
TpaHc(OPMATOPHOM CTaIM BKIIIOUEHA B ceTh ¢ HanpspkeHneM U = 200 B u gac-
totoi 50 I'u. Tok karymku | = 10 A. AktuBHas momHocts P = 1500 Bt. Co-

OPOTHUBIIEHHE OOMOTKHU U3 MEIHOTO MPOBOJAA MOCTOSHHOMY TOKY Rpyf = 10 Om.

AMIuIMTY1a IOTOKa B MarHUTONpoOBoAEe Pp[ ~1073B6. Cocrasuts cXeMmy 3a-

MEILIEHUs, ONPEICIIUTD €€ MapaMeTPhl U MOCTPOUTH BEKTOPHYIO IHArpamMMmy.

Cxema 3amelleHus KaTyIIKy NpeacTaBieHa Ha puc. 5.23, rae Log — ok-

BUBAJICHTHAsI MHAYKTHBHOCTb KAaTYIIKH, 06YCJ'IOBJ'ICHHa$I IIOTOKOM B MAarHuToO-

IIPOBOJIE; I—pac — MHAYKTUBHOCTb paccesiHusl; Ry — SKBHBaJIEHTHOE aKTUBHOE

COIIPOTUBJIICHUC, YUUTBIBAIOIICC ITIOTCPU B MAIrHUTOITIOBOJC, RM — COIIPOTHUBJIC-

HHUE OOMOTKH.
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LT E_/IT(D Ra}{ LSI{
A J
v
o}
Puc. 5.23
Pemenune

I[JDI ONpCACIICHUA ITapaMETPOB CXCEMbl 3aMCHICHHA OIPCACINM COCTaB-
JIIIOITYIO HAIIPAXKCHUSA, CBA3dHHYIO C IIOTOKOM B MAaIrHUTOIIPOBO/C.

Ugp = j4,44 fWdpy, = j111 B.

OHpCI[eHI/IM 9KBUBAJICHTHOC COIIPOTHUBJICHUC B MAaIrHUTOIIPOBOJC, 3aIIMCAB

1o 3aKkoHy /[oyisa-JIeHa akTHBHYI0 MOIITHOCTB ITOTEPH

U2
P=Rpml2 + CDR , OTKyZAa Ry = 24,5 Om.
9K

OHpCI[CHI/IM COCTABJIAIOIMIYIO TOKAa, 06YCHOBJIGHHYI-O IIOTCPAMU B Marnu-

TOMPOBO/IE:

U2
IR= P, =j453A
RBK

HHH OIIPpCACICHUA JOKBHBAJICHTHOI'O HHAYKTHBHOI'O COIIPOTHBJICHHUA

Xok = 0l HAaXOJUM Tok || = \/I 2, Ié =8,9 A, Torna
X g =UCI%L ~12,50m..

VIHTYKTHBHOE CONPOTUBICHHE pacCesHust Xpac = Olpac  ompenenum,

BBIYHCJIMB IMOJIHOC COIIPOTHUBJICHUC KATYIIKHU I10 3dKOHY Oma:

U
Z= T =22 OM 1 Ha OCHOBAHHUU CXEMBI 3aMCIICHHUS
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: X5k Rok -
Z=RM ~+ [ Xpac + 15,05+ J(Xpge +9,9
M * JApac (Rogc + X o) i( pac )

Torma22 = \/15’05 + (Xpac + 9,9)2 , OTKyaa Xpac =6,2 Owm.

BekTopHas nuarpamma npuBejieHa Ha puc. 5.24.

A J

Puc. 5.24

5.4 Ananu3s ueneifl C BCHTHWJISAMH 110 MTHOBCHHBIM 3HAYCHUAM TOKAa U

HAIPHAXKCHUA

Henunelinpie pesuctopsl ¢ HecumMmerpuuHod BAX (puc.5.25), obna-
JAIOIINE OJHOCTOPOHHEN MPOBOAMMOCTBIO, HA3bIBAKOTCS BEHTWISAMH. OHM Ha-
IUIA [IMPOKOE MPUMEHEHHE Jis MpeoOpa3oBaHMs EPEMEHHOTO TOKa B MOCTO-
AHHBIA. CXEMBbI BBIIPSIMUTEIIEH IEPEMEHHOTO TOKA IPUBEAECHBI HA puc. 5.26.

YcraHOBUBIIKECS MPOLECCH B LEIMSAX NEPEMEHHOIO TOKA C BEHTUIISIMU
MOTYT OBITh paccuMTaHbl rpaUUECKUM METOJIOM, MPU ITOM XAPAKTEPUCTUKH
BEHTUJIEH TPUOIMKEHHO MPEACTABISAIOT B BUJ KYCOYHO-IMHEHHBIX (DYHKIMI U
Ha Ka)XJIOM JINHEWHOM YYaCTKE€ 3a/1a4a PElIaeTCs KaK JUHEHHAs], YTO MO3BOJISAET
ONPENEIUTh KOOPAWHATHI TOYEK NEPEXOJa C OJHOTO JIMHEMHOTO y4YacTKa Ha

JpyTroi (Y3716l OTCEUKH).
IMpumep 5.13

Pesucropsl conporuBienremM R = 1kOm noakitoueH yepes nuon VD k uc-
TOYHUKY CHHyCOMIaIbHOM 3.1. ¢. e(t) = 150sin ot (puc. 5.26). ITocTtpouts rpa-

¢buk ToKa I = f(oot) M OTIpEeJeNNTh cpeiHee 3HaueHue |, neicTByromee 3Have-
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HHUEC TOKA B IICIIH, HaWTU MOIIHOCTD IIOTEPb B PE3UCTOPC Pm , IIOJIHYIO U aKTHUB-

HYI0 MOIIIHOCTh UCTOYHUKA, KO3(PPHUIMEHTH MOIIHOCTH U K.II.J. BBIIPSIMUTEIIS.
BAX nuona xpuBasa 1 (puc. 5.25, a) annpokcMMHpOBaHa JIOMaHON mpsMon 1°
(puc. 5.25, a).

Pemenune

Jnst moctpoenust kpuBoit Tokal = f (wt) pa3oObeM KpUBYIO HAIPSHKEHUS

Ha psAI OTPE3KOB Ha mepuoie 27 (puc. 5.25, 0) u onpeneaTuM 3HaYCHUE TOKOB |
no 3HayeHusM Hanpsbkenus U Ha BAX (puc. 5.25, a) 1 110 oIy4YeHHbIM 3Haye-
HUSIM MTHOBEHHBIX TOKOB | TIOCTpOUM TpeOyemyto KpuByio (puc. 5.25, B).

B nensix ympoienus pemieHusi HenuHeHHbIX BAX nuona mMoxket ObITh

anmnpoOKCUMUPOBaHa IByMs NMpsiMbIMU (JiomaHas 1puc. 5.25, a).

i, Al i, AR

AN
thL mjy
D// Ima , \ _

or

\
N

R

/

(O]

Puc. 5.25
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VS
L

ol :

Puc. 5.26

Toma COIMPOTHUBJICHUC ILCIIKM B IIPAMOM RHpI/I 06paTHOM HallpaBJICHUHN

R06p omnpenensgeM ucxonasd us BAX nuona.
u
Rup = () + R
RHp =U/iRr=100/0,2=1500 Owm;

Rogp =U /iR=100/0,5=5000 Owm;

Tok B nenu B ONpsIMOM U OOpaTHOM HaNpPABJICHHM IMPEACTABISIET COOOM
OTPE3KH CUHYCOMJI, aMIJIUTYbl KOTOPBIX ONPEAEISAIOTCS COINIACHO 3akoHa OMa

Im p = Em/R., u paub1 cootsetctBenno Impp =01A n Iy ogp =0,03A.

CpenHee 3HaueHUE TOKa |cp = ICp ap— |cp. o6p > TAe

17 :

2T
1 .
| =— | I sinotdot =1 /m=0,0095A;
cpmp =, . m.o0p m.o0p
JlecTBytoliee 3Ha4EHUE TOKA
T 2n
= |2 [ (mup)sin2 ot dot+ [ (I;megp)2sinZ ot dot) =
21 0 ' 0 '

1 2 2
=2 [+ (imop)? ) =0.052 4
A nelicTByrolee 3HaueHue 0e3 yueTa oOpaTHOTro TOKa
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"= Im_HPIZ:O,OSA.
MOIHOCTE TOTEPH B PE3UCTOPE
Pp =R 12=22Br.

ITonnas MOHIIHOCTb MCTOYHHKA OIPCACIIICTCA KaK ITPOU3BCIACHHC I[GﬁCT-

BYIOIINX 3HAa4YECHUU TOKA U HaIIps’KCHUS
S=Eml/V2=552,BA

AKXTUBHas MOIDHOCTH UCTOYHHKA

1 271,' 1 27[ 277:
P=— [Uidot=—| [Uipdot+ [ Ui dwt |=

— EmlImp + Imo6p )/ 4 = 488
KoaddunmenTsr MomHaocTH
cosp=P/S=0,88
CrnenyeT OTMETUTD, YTO KOA((OUIIMEHTHI MOITHOCTH BBIIPSIMHUTEIS JTaKe
IIPH YHCTO aKTUBHOM Harpys3ke (peakTHBHAs MOIIHOCTh PaBHA HYJII0) MEHBIIE
enuHUIBL. BenencTeue pasnmuns GopM KPUBBIX HAPSHKEHUH U TOKA MOIIHOCTD

HCKa>XCHHUI.

T-s?2-0?-p2 _259Br.
O} dexkTuBHOCTD, C KOTOPOI IEPEMEHHBIN TOK ITpeodpa3yeTcsi B MOCTOSH-

HBIﬁ, onpeaACICTCA OTHOIICHUCM MOIMHOCTH IMOCTOSAHHBIX COCTABJIAIOIIHUX HEC-

CHHyCOHHaHBHOFO TOKaA K aKTHBHOﬁ MOIITHOCTHU NCTOYHHUKA
1= (Pm/P)100% = (Rl 2/P)100% — (14 Ry /R) 1 40,5% = 26,99% .

W3 BeIpa’keHUs BUIHO, YTO C YMEHBUIEHUEM OTHOILUEHUS Rnp/ R k.mm.
BBINIPSIMIIIETCS K NpeaeabHoMy 3HaueHuto 40,5 %.

Ipumep 5.14

K nByXmosiynepruoJHOMY BBIIPSIMUTENO CO cpenHer Touku (puc. 5.27)
MOAKIIIOUEeH pe3uctop compoTtuBieHneM R= 1 kOM. Omnpenenutb cpegHee u
NeCTByIOleEe 3HAYEHHE TOKAa B HArpy3ke M K.II.J BBIIPSIMHUTENS, €CIU

U =150sin ot B u compoTuBieHHE TUOIOB B MPSIMOM HarpaBICHUH Rnp =500

Owm, a B 06patHOM Rygp = 0.
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Pemenune

ITpu nonkmrouenuu auoaoB VD; u VD, o cxeme (puc. 5.27) Tok B Ha-

Ipy3Ke B TEUEHHE OOOMX IMOJIYIEPUOJOB UMEET OJIMHAKOBOE HANPABIICHUE BUJ
puc. 5.28.

(Do

i —
L

A

P~ 2

N

Puc. 5.27

ia

L] I e R 7 S W R

=
[
5
(WS )
=

ks

Puc. 5.28
Cpennuil 1elCTBYIONIMN TOK B 3TOM CJIy4ae TOT k€, UTO U MPU CUHYCOU-

JTAJIHOM TOKE

17 . U
lcp=—] ImsSinotdot =21y /7t=0,637 I =0,637 M__.—0,064A;
cp Zné m m/T m m

= 5= [ (Im)“sin® ot dot = I /4/2=0,707 Iy =0,071A.
T
0

CJ'IGI[OBaTeHBHO, IMpHU ABYXIOJYICPHUOAHOM BBLIIIPAMIICHUN ITOCTOSHHAA

COCTAaBJISOLIAS — |cp BJIBOE OOJIBIIE, YEM MTPU OJJHOTIEPUOJHOM BBINPSIMIICHUU.
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AKTHBHas MOIIHOCTDb, IOABOAWMAA K BBIITPAMUTCIIIO
P=(R+Rup JIm?/2=7,56 Br,
d MOIIMHOCTB, OTAaBaCMasd HAIrpPy3Ke
2 2
P=Ruplep” = R(%)Z Im* =41Br.

Torna,

8R 1
=Pyn/P= %={1+R /R) 811% =54,1%.
" 77:‘R+ Rnp) ( P

HerpynHo 3aMeTuTth, 4TO NMpPU CHUKEHUU OTHOIICHUS Rnp/ R k.m.n. BBI-
NpsAMIIAETCS K NpeaeabHoMy 3HaueHuto §1,1%.
IIpumep 5.15

OnpenenuTh 3HaYEHUE CPEIHETO U JIEUCTBYIOLIErO 3HAYEHUS] TOKA B Ha-
rpy3ke, Kod(pPUIueHTsl MOITHOCTH U K.I1.JI. IBYXIOJYIEPUOIHOTO BBIPSIMUTE-
7151, COOpaHHOTO MO MOCTOBOU cxeMe puc. 5.29 npu MOAKIIOUEHUH €0 K 3aXKH-

MaMm pesuctopa conpotuBieHneM R = 1 kOm u U =150sin ot .

el ~ l ~
1 | ]
Vi VD,
VD, l VD
[~ [==]
1 =l
. R
_'i' 1
<
Puc. 5.29
Penienue

OTnrure MOCTOBOM CXEMBI JBYXMOJYNEPUOAHOTO BBIIPSIMUTEINS 3aKITIO-
4aeTcs B TOM, UTO B KaKJOM IOJYIIEPHUOJE TOK IPOXOJUT Yepe3 J1Ba AUOAA, CO-
eauHeHHbIX nocienoBarenbHo (VD;, VD3 unu VD,, VD,), nosToMy conpoTus-

JeHue TMNpsSAMOMY M O0paTHOMY TOKY JOJDKHO OBITh  yIBOEHO, T.€.

Rip =2R'p =2*500 =1kOm.

11D 1p
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[ToncraBuB 3HAUEHUE Rnp B pacueTHbIe popMyJibl 3a1auu 5.14, monydum

CJIeaAyromue 3Ha4YCHUA:
Im =Um(R+Rpp )=0,075 A;

lep=2Im/r=0048A;
| =1y/~2=0053A ;
Pn=R12=23Br;

P=(R+Rp JIm® =563 Br;
n=(L+Rop/R)18L1% =40,55%;

cosp=P/S=+/2P/(Unq!)=1.
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6. AHa/IM3 Heneil MPU HECHHYCOMTATBLHOM MEPHOANYECKOM TOKe
6.1 OcHOBHBIE M0JI0KECHUS] TEOPHH

Ecnu Ha nenb BO3AEMCTBYIOT HECUHYCOMJAIbHbIE NCTOYHUKN DJ1C nnun
TOKa, WIH K€ B LIETIA IPUCYTCTBYIOT HEJIMHEMHBIE AIIEMEHTBI, TO U B TAKOW LIENN
TOKHU Y HalpspKEHUs: OyayT UMETh HECHHYCOUAAIBbHYIO (popMmy. PaboTaTs ¢
YPaBHEHUSIMHU, COCTABICHHBIMU AJIs1 TAKOM LIE€TIH, IPOILIE, €CJIM HECUHYCOU1aJIb-
HYI0 (QYHKIIMIO pa3yIo)KUTh B psi Pypoe:

f (ot) = Ag + A sin(ot + \yl) + Apsin(2ot + q;z) +

.t A Sin(kot +\|Ik)

IlepBblii uie€H psna HA3bIBACTCS IMOCTOSHHOW COCTAaBIIOLIEH, BTOPOU

(6.1)

Aq sin(ot +\pl) - MIEPBOW MJIM OCHOBHOW FapMOHUKOW (BO-TIEPBBIX, €T0 YACTOTA

COBIIQJIa€T C YaCTOTOM camoil (h)yHKIIMH, BO-BTOPHIX, OH HECET B ceOEe MakKCH-
MaJIbHY}0 MOIIHOCTh TI0 CPAaBHEHHUIO C JAPYTUMH TrapMoHUKaMu). OcTallbHBIC
YICHBI psiia — 3TO BBICIINE TAPMOHHUKH. ['apMOHMKHU MPEICTABISIIOT COO0H CH-
HYCOMJbI, YACTOTa KOTOPHIX YBEJIMUYMBACTCS C UX MOPSIAKOBBIM HOMepoM. Ecnu

MTHOBEHHOE 3HaueHue rapMoHuku Ak Sin(kot +\|/k), TO, KaK M BCSKYIO CHHY-

CONAAJIbHYIO (I)YHKHI/II-O, €C MOXHO IIPCACTaBHUTHL BCKTOPOM Ha KOMILICKCHOM

IINTOCKOCTH u 3aIIuCaTb KOMIIJICKCHBIM YHUCJIOM:

AceVk = A (cosyy + Jsinp).
Ecnu B Beipaxkenuu (1) pacKpbITh CHHYCHI CYMMBI KaX0W U3 TapMOHUK,
TO OHO HpI/IMCT BU]I.

f (ot) = Ag + Bym sin ot + Bom sin 2ot +...+ Bgmsin kot + ..+ Cyy cosmt +

©0) o0
+Comcos2mt +...4+ Ckmcoskot = Ag + > Bxmsinkot + > Ckmcoskot
k=1 k=1
Bkm = AkmC0osyk, Ckm = AkmSin w,

A = (Bim)? + (k)2 wk =aretg (EE—E)'

Kaxxnas mecunycounanbHas (yHKIUS UMEET CBOM TapMOHUYECKUU CO-

CTaB. HaHpHMep, OHa MOXKCT COACPKATh TOJIBKO YCTHBIC WMJIM TOJBKO HCUCTHBIC
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TFApMOHMKH, WIN COAEPKaTh TOIBKO KOCHHYCHBIE COCTABIISIFOIINE YETHBIX Iap-
MOHHMK, UJIM — CUHYCHbIE HEYETHBIX U T.II.

YroObl onpenenuTh, €CTh JU B COCTaBE CUTHAJAa MOCTOSHHAS COCTAaBJISIO-
11asi, Hy>KHO MBICJIEHHO ITPOBECTH CPEIHMI YPOBEHb CUTHAJIA, U €CJIH TOT YpO-
BEHb OTJIMYAETCA OT HYJIS, TO MOCTOSIHHAS COCTABIISIONIAs IPUCYTCTBYET.

HeuetHble rapMOHMKH (KOTOPBIE, B CBOIO OYEPEb, MOTYT OBITH pa3ioxe-
Hbl Ha CUHYCHBIE U KOCHHYCHBIE COCTaBIIIOIINE, BKIIIOUATh MO0 TOJBKO YET-
HbIE€ (KOCHHYCHI), TMOO0 TOJIBKO HeUETHBIC (YHKIIUHU (CUHYCHI), TUOO U T€, U APY-
rUe) BXOJAT B COCTaB CUTHAJIIOB, CAMMETPUYHBIX OTHOCUTEIBHO OCH aOCIHCC

f (ot) =—f (ot) + © (ecnm curHAT MOKHO OTPa3UTh MO TOPU3OHTAIIM, CIIBUT HA

MOJIMEPHUO/Ia MPU STOM HE YUUTHIBAIOT).
UeTtHble QyHKIUU (KOCUHYCBI) BXOJSAT B COCTaB CUTHAJIOB, CUMMETPHUY-

HBIX OTHOCUTENIbHO ocu opauHaT: f(wt) =—f(—wt) (ecnm curaan MoxHO OTpa-

3UTh 110 BEPTUKAJIN).

B coctraB QyHKUMI, CHMMETPUYHBIX OTHOCHUTEIBHO Haudaja KOOPJWHAT,
BXOJST HEYETHbIE (PYHKIMU (CUHYCHI) (€CU, MOBEPHYB YacTh CUTHAJIA, JieXKa-
IIYIO B JIEBOM MONYIUIOCKOCTH, HA 180° - MoayYnM MOJIOBUHY CUTHANA B MPABOM
MOJIYTIIIOCKOCTH).

OnHOM U3 OCHOBHBIX XaPAaKTEPUCTUK MEPUOAUUYECKUX BEIUYUH SIBIISIETCS
uX JeicTByrollee Wik 3@gpexkTuBHOe 3HaueHue. JleiicTByrolee 3HaYeHUE HECH-

HYCOWJIAJIbHOM BEJIMYMHBI 3aBUCUT TOJBKO OT JCUCTBYIOIIMX 3HAYEHHUU rapMo-

HUK ¥ HE 3aBUCHT OT HX HaualnbHbIX a3 Ay =~/2A¢.
2 2 2
=\ 2+ (12 +(1)2 ..

U =U0)? + UD2 + U2)% + ...

2 2 2
E=(E)2 + (ED? + (E)2 +...
CpenHee 3HaYE€HHE HECHUHYCOUAAIBLHOW BEJIMYMHBI PABHO U SIBIISIETCS I10-
CTOSIHHOW COCTABJISAIOIIEH HECUHYCOUJAIbHON BEJIMYUHBI.
1 T
Acp== | f (ot)dt
To
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CpenHee 10 MOAYJIIO 3HAYCHUE HA3bIBACTCA TAKIKC CPCIAHUM BBIIIPAMIICH-
HbIM 3HAYCHUCM, T.K. MATCMATHUYCCKAA OIICpalus OIIPCACICHUA MOIYJIA q)YHK-
MU TCXHUYCCKU PCAIN3YCTCA YCTpOﬁCTBOM, Ha3bIBACMbIM BBIIIPAMHUTCIICM. I[JIH

(GYHKIIUH cpeiHee MO0 MOAYJIIO 3HAUCHHE PaBHO:
1T
Acp == ]| T (ot)dt
To

Ecnu HCCHMHYCOUOAJIbHAsd BCIMYHMHA CHMMCTPHUYHA OTHOCUTCIBHO OCH
a6CHHCC N HC MCHJCT 3HAKA B TCUCHHC IIOJIYIICpHUOA4, TO ee CpCAHCC 3HAYCHHUC
34 IIOJIOBUHY IICpHUOdd paBHO CPCAHCMY BBIIIPAMICHHOMY 3HAYCHUIO.

KpI/IBLIe HCCI/IHYCOI/II[aJ_H)HBIX HepI/IO,Z[I/IquKI/IX BCJIIMYHWH OTJIIMYAKOTCA 6CC-
KOHEYHBLIM pasHooOpasueM. IIpu 3ToM TpeOyeTcss MPOM3BECTH OLEHKY HX rap-
MOHHYCCKOI'O COCTaBa U (I)OpMBI, HC HpI/I6era51 K TOYHBIM pacqéTaM. I[Hﬂ 9TOI'O
HCITOJIB3YIOT KOO GHUIUEHTE (POPMBI, AMILIMTYIBI M HCKaKEHHH.

Koadduument GopMbl OIMpeaeNIioT KaKk OTHOIIEHHE JEHCTBYIOIIErO 3Ha-
JeHU K CpeI[HCMy 110 MOI[y.HIO 3HAQUYCHUIO.

k(b = i

Acp
KoaddunmeHT aMIIuTyapl OMPEAesSiOT KaK OTHOIICHHE MaKCHMAIbHOTO

K JIEHCTBYIOLEMY 3HAYEHUIO MEPUOINYECKON (DYHKIIUU:

KoadduimenT nckaxkeHnunii onpeaensitor Kak OTHOIIEHUE ACHCTBYIOIIETO

3HAYEHUS OCHOBHOM rapMOHMKH K JIEHCTBYIOIIEMY 3HAYEHUIO BCE (PyHKIMU:

MowHocmsb yenu HecuHycouoanbHo20 moka
AKTHBHAasi MOIITHOCTh II€MA HECUHYCOUIAJIbLHOTO paBHA CyMME aKTHUBHBIX
MOIITHOCTEH OTJEIbHBIX TAPMOHUK, BKJIFOYAsl TTOCTOSIHHYIO COCTABJISIONIYIO, KaK

rapMOHUKY ¢ HyseBoi yactoroid (g =0, g =0).

o0
P=Ugplg+ >Uklkcosek
k=1
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3neceUy, |k — neicTByronme 3Ha4eHNs HAIPSDKEHUS. U TOKA COOTBETCT-
BYIOIIICH TapMOHMKH.

ITo ananoruu ¢ CMHYCOMJAIBHBIM TOKOM MOKHO BBECTH IOHSITHE pPEaK-
TUBHOM MOIIIHOCTH, KaK CYMMBbl PEAKTHUBHBIX MOIIHOCTEH TapMOHUYECKUX CO-

CTaBJIIIOIIIUX, T.C.

w -
Q= YUklksingk
k=1

Takke 1Mo aHaJIOruy BBOJIUTCS MOHSATHE TTOJTHOM WIIM KAXYIIEHCS MOIIHO-
CTH, KaK IPOU3BEICHUE ACHCTBYIONINX 3HAYECHUN HAMPSKEHUS U TOKA

S=Ul

AKTHBHAasE MOIIHOCTbH JTFOOOM 3JIEKTPUYECKOMN IIeMH MEHbIIE MOJTHOU, 32
UCKJIFOYEHUEM LEIH, COCTOAIIEH U3 UACANbHBIX PE3UCTHUBHBIX AJIEMEHTOB, IS
koToport P =S.

[Topsnok pacuera niene HECUHYCOUTATBHOTO TOKA.

1. Ilepnoaruueckoe HETapMOHUYECKOE BO3AECHCTBUE MPEICTABIIAIOT B BUJIE

CYMMBbI TApDMOHHYECKUX CUTHAIOB, UCIIONB3YS psig Pyphe.

2. OrpaHu4MBaIOT PsiJi HEKOTOPBIM YMCJIOM FaPMOHHK, OOBIYHO 3-5.

3. BBINOJIHSIOT pacyeT Lenu sl KaKI0M TapMOHUKH HANPsKEHUS WU
TOKa, IIOMHS, 4YTO C U3MEHEHHUEM YaCTOThl COTPOTUBJICHUS PEAKTUBHBIX JJIEMEH-
TOB (€MKOCTEH U MHIYKTUBHOCTEMN) MEHSIOTCSI.

4. TIpuMeHsist METOJT HAJIOKEHUSI, HAXOIST PE3YIbTUPYIOIIYIO PEAKITUIO

LICTIN.
6.2 PacueT nenu ¢ HeCHHYCOUAAIbHBIMH TOKAMHU
Marepuans! a1 3a1a4 00 JTaHHOMY pasaeny B3sTel u3 [11].
IIpumep 6.1
K snexrpuyeckoit 1ienu, cxema KOTOpou mpuBeaeHa Ha puc. 6.1 mpuio-

eHo Hanpspkenue U(t) =50 +141sin(wt + 300) +70,7sin(3t — 600), B.
PaccunTaTh MrHOBEHHBIC 3HAUCHHUS TOKOB B BETBSX, HAUTHU UX JACHUCT-
Byromue 3HaueHus, eciim R =200m, oL =30mM, Rp =50m,
1

—— -9 Om.
oC
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2

O—‘:l—(W\
R
U 2
— ("

\j
O

3

Puc.6.1
Pemenue

Paccuuraem nens ot aericteusg U 0 =50 B.

0
o ,0 U” 50 . 0_
Il_IZ_R1+R2_20+5_2A’ 13 =0.

Pacder nenu ot nencTBus epBo rapMOHUKHU

-n0 -n0
ul = 141sin(mt + 300) , CJICIOBATEIIbHO L_J1 = %e 1307 _100e 30" B,

KommiekcHoe conpoTUBIEHNE MAPATIIEIBHOTO y4acTKa

Zl Zl Ro(-] i) 5(— j9) . 0 .
Z]é?; __=2=3 _ oC” _ J :4’37e—j29,05 =(3,82—)2,12) Om.

1,50 1. 5]
Z3+Z3 Ro+(-jn) B
oC

DKBUBAJICHTHOE KOMIUJIEKCHOE CONPOTHBIICHUE BCEH IIEMU JJIs MEePBOM rapmo-

HUKH
7t o=z izl -R +'(DL+Z:L =20+ J3+382—-j212=
JKB 23 =R+ ] 23 J , )4

. 0
_ 2382+ j0,88=239e1212" op.

Komrneke neicTByrolero 3HaueH s 00Iero Toka nepBoil rapMOHUKHU

:~n0
1 Ul 100e)%0 j27.88° A..
lj=——= ——— - =4184e%", :
Zoks  239e1212

HampsixkeHnue Ha mapauieTlbHOM y4acTKe:
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. 0 - 0 . 0
1 1-1 _ 127,887 —J29,05% _ —J117
U Usg= |1z 53 = 4184e 4,37e =18,28e B

Toku BTOpOHM U TPEThEN BETBU

1 0
U j117 0
1 _=23_1828e _366e 1117 A,

-2 Ro
ul ~j117° a0
1__=23 18,286 ’ _ 188,837 A.
I5= : =2,03e
— J -
oC
MrHoBeHHbIE 3HaYEHUSI TOKOB IIEPBON TAPMOHUKH:

it = 4,184+2sin(ot +27,88°) A

i =3,662sin(ot ~1170) A

i3 =2,03v2sin(ot +8883%) A

PacueT 1ienu 1 TpeTheit rapMOHHUKH:
us = 70,7sin(3wt — 600) , CJICIOBATEIIBHO
3707 —je0° —j60’
U°=—"—=e =50e B
-2

KommnekcHbie COIIPOTUBJICHUSA AJIA TpeTbeﬁ rapMOHHKHA

1

3,3 R . _ .
;3 _ 2243 _ 2050 c) _5(=J3) _, g7~ 159°=(1,32-j2,2) Owm.
T3 73,73 5-j3

£2T43 Ro+(- 13 C)

Z%KB —Z%+1123= Ry + jcoL+;%3:20+ j3+382—j212=

: 0
~ 2382+ j0,88=239¢)212" Oum.

Toxu 1 HanpsHKEHUS Ul TPETHEN TAPMOHMKH:

0
3o Ud _ s0en 9 i77ee A
1,3 690
Z31(13 22, 38(9117
: 0 a0 . 0
3 353 —J77,69° —]59% _ —1]136,69
U3, =1323,=223 2,57e —5,73¢ B
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3 . 0
U j136,69 0
lg _ =23 5173 _1146¢ 113669 A,
Ro 5
3 U3z 573 113069 46,690 A,
15= = - =191e
3nC

MrHoBeHHbIE 3HAYEHUSI TOKOB TPETHEN TAPMOHUKHU

1> =2,23/2sin(30t - 77,69°) A,

i3 =1146v2sin(30t ~136,69°) A
i3 =191/25sin(30t46,60%) A

Pe3ynbTupyronme Tokd B BETBSIX:

i =10+ + 05 =2+ 4184v2sin(wt +27,88°) + 2,23/25in(3wt - 77,69%) A

iy =ig +i5 +i5 = 2 +3,66v2sin(wt ~117°) +1146+2sin(3wt ~136,69%) A
iy = +i3 + i3 = 2,03v/2sin(wt +88,83%) +1,91v2sin(30t - 46,69%) A
JleiicTBytOIIME 3HAYEHUS TOKOB BETBEH

I = \/(Ilo)z D%+ (132 = V22 441842 4+ 2232 5146 A

I =\/(|0)2 +(15)%+(13)? 22 13662 +11462 432 A

I3= \/(I )2 +(15)° = 2,032 +1912 =279 A
AKTI/IBHaH MOIIHOCTH BCCI/I JI(20051

P=POPLip3=u. 10 +ut 1 cospl +U3 13- coses =

~50-2+100-4184cos(30° — 27,889) + 50- 2,23c0s(-60° — (~77,699)) =
— 624,34 Br.,

PeaxTnBHAs MOIIIHOCTE BCEU METTN
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Q:Q1+Q3:U1-I11-sin(p%+u3-I3-sin(p3:

—~100- 4184sin(30° — 27,889) + 50 2,23sin(~60° — (=77,69%)) =
— 49,36 Bap.
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puaoxenne I11
Marepuansl A1 3a1a4 0 JaHHOMY pa3jaeiy B3sTel u3 [12].
KontposbHas padora Nel
Pacuer nenei mocTOAHHOIO TOKA

1. MeTtonoM HeEMOCPEACTBEHHOTO MpPUMEHEHHs 3akoHOB Kupxroda pac-
CUMTATh TOKM BO BCEX BETBIX OAHOMN u3 cxem puc. I11.1 - I11.24. ITapameTpsl
cxeMmbl onpenenstores no Tabna.I11.1 aist 3aganHOrO BapuaHra.

2. Paccuntarh TOKM B BETBSIX METOJIOM KOHTYPHBIX TOKOB. COMOCTaBUTH
pe3yJsbTaThl pacuera .1 u m.2.

3. CoctaBuTh OaaHc MOIIHOCTEHN I 3aJJaHHON CXEMEIL.

4. ITocTpoUTh [JI1 BHEIIHETO KOHTYpPa CXEMbI MOTEHIHUAIBHYIO AUarpam-
My. OnpeaenuTs o HEM TOKU B BETBSIX 3TOr0 KOHTYpa.

5. OnpenenuTs TOK B BETBH C CONPOTHBICHHMEM R| METOIOM >KBHBa-

JICHTHOTO TeHepaTopa.
Taomuma I11.1

No No Ri, | Ry, | Ry, | Ryy | Rs, | Ei, | Ez | Eg, J,
Bapuanta | puc. | Om | Om | Om | Om | Om B B B A
1 I11.1 | 40 48 60 31 82 0 30 80 6
2 I11.2 | 88 41 20 61 38 0 42 50 7
3 [11.3 | 56 89 42 30 50 0 50 43 1
4 .4 | 73 o7 90 43 40 0 60 | 120 | 2
5 Im.s | 21 22 58 91 44 0 100 | 70 3
6 [11.6 | 20 74 23 59 88 83 0 80 4
7 [11.7 | 45 21 75 24 60 | 120 0 30 5
8 I11.8 | 92 46 22 76 25 | 100 0 120 | ©6
9 [1.9 | 61 93 47 23 77 90 0 58 7
10 I11.10| 26 62 94 95 24 75 0 100 1
11 Im1.11} 25 27 63 55 48 0 44 75 2
12 I11.12 | 49 26 28 64 96 0 85 55 3
13 I11.13 | 97 50 27 29 65 0 35 90 4
14 [11.14| 78 98 60 28 30 0 70 45 3)
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15 I11.15 ] 31 79 99 70 29 0 47 90 6
16 IT1.16 | 30 | 42 80 | 100 | 80 | 30 0 48 7
17 Im1.17| 80 | 31 | 43 81 64 | 65 0 95 1
18 I11.18 | 51 82 32 44 82 85 0 110 | 2
19 I11.19| 66 | 52 82 33 | 45 75 0 120 | 3
20 I11.20 | 83 67 53 83 34 | 55 0 82 4
21 Im1.21| 35 | 84 68 54 90 0 49 | 95 5
22 I11.22) 84 | 36 | 85 69 55 0 30 | 50 6
23 Im1.23| 70 | 8 | 37 86 91 0 35 | 58 7
24 I11.24| 21 71 86 38 87 0 60 | 90 1
25 I11.1 | 30 22 72 87 39 75 0 61 2
26 I11.2 | 52 | 44 71 33 59 95 0 32 1
27 m.3 | 77 53 21 45 80 | 35 0 100 | 2
28 Im.4 | 20 78 | 54 22 46 | 105 0 40 3
29 I11.5 | 43 21 79 55 23 50 0 120 | 4
30 Im.6 | 21 | 44 22 80 56 0 110 | 55 5
31 1.7 | 57 22 | 45 23 81 0 60 | 90 6
32 I11.8 | 82 58 23 | 46 24 0 40 | 115 | 1
33 I11.9 | 25 | 83 | 42 59 | 47 0 75 | 80 2
34 I11.10 | 48 26 | 40 84 60 0 120 | 30 3
35 Im.11| 61 | 49 | 43 27 85 65 0 90 4
36 I11.12 | 86 62 50 25 28 75 0 125 | 5
37 Im1.13 | 29 87 63 20 24 | 130 0 90 6
38 IT1.14| 43 | 30 | 88 64 21 50 0 100 | 7
39 I11.15 | 22 o1 31 89 65 65 0 95 1
40 I11.16 | 66 21 52 32 90 0 35 | 95 2
41 .17 91 67 24 53 33 0 100 | 40 3
42 I11.18 | 34 92 68 22 54 0 45 | 105 | 4
43 I11.19 | 71 35 93 69 55 0 110 | 50 5
44 I11.20 | 43 72 36 94 70 0 55 | 116 | 6
45 Im.21| 71 | 44 74 37 40 | 120 0 60 7
46 I11.22 | 95 72 | 45 78 38 65 0 125 | 1
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47 I11.23 | 39 96 73 | 46 79 | 130 0 70 2
48 I11.24 | 47 | 40 97 74 80 | 75 0 135 | 3
49 Im.1 | 50 | 59 | 41 98 75 | 40 80 0 4
50 I11.2 | 76 | 100 | 20 | 42 99 85 | 110 | O 5
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IMpunoxenne 112
Marepuansl A1 3a1a4 0 JaHHOMY pa3jaeiy B3sTel u3 [12].
KounTtposbHasi padora Ne2
Pacuer neneii CHHyCOMIaJILHOTO TOKA

1. PaccunrtaTh B KOMILJIEKCHOM (hopMe AEHCTBYIOIINE 3HAYECHUS TOKOB BO
BCEX BETBSAX M HAIIPSDKECHUHM HA BCEX DJIEMEHTax JUIsl OOHOM u3 cxeMm puc. [12.1-
[12.30. ITapaMeTpbl HCTOUHMKOB PHEPIUM 3ajaHbl B Tabiy. I12.1, a mapamerpsl
aneMeHTOB 1enu B Tads. [12.2. ([Ins pacuera TOKOB peayiaraeTcsi HICHoJIb30BaTh
METOJ KOHTYPHBIX TOKOB WJIM METOJI ABYX Y3JIOB).

2. PaccuuTaTh 3Ha4E€HHSI KOMIUIEKCHBIX MOTEHIIMAIOB JJIs1 BCEX TOUYEK II€e-
Y, IPUHSB PABHBIM HYJIIO OTEHLIMAT TOUKH, YKa3aHHbIN B Ta0u. [12.2.

3. IlocTpouTh COBMEILIEHHYIO TONOIpaUUYECKyI0 U BEKTOPHYIO AHarpam-
MBI JUIS CBOEH IETIH.

4. CocTaBuUTh B KOMIUIEKCHOM (opMme OanaHC aKTUBHBIX M PEAKTHUBHBIX

MOIIIHOCTEN IENH.
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Taomuma I12.1

Ne Ne f, e, B e, B es;, B es, B
Bap. puc. I'o
1o Iz 1 50 o16in(ot—110%) | 90sin(wt +190%) | 76cos(wt +209) 80sin ot
2| 1221100 1 sgcos(ot +1400) | 22sin(wt-225Y) | 100sin(wt+65°) | 60sin(wt +180)
3| 231 200 ) 745in(ot-1150) | 49cos(t+192°) | 23cos(t+21%) | 50sin(wt+90Y)
4| T24 1300 | a5gin(et-1410) | 75sin(wt—229%) | 58cos(t+68Y) | 24sin(wt+270)
> | 251 50 | sacost-116Y) | 26sin(wt+193%) | 50sin(wt+22%) | 5isin(wt+360)
6 | 126 1 100 | 776in(wt+1429) | 55cos(t—2300) | 27sin(wt —280°) 76sin oot
7 H27 1200 | oggin(et—1170) | 78sin(wt+2329) | 100cos(@t+230) | 28sin(ewt —900)
8 | H28 | 300 | 57005(mt+1439) | 120sin(wt —1959) | 79cos(wt—290%) | 56sin(wt—180°)
9 | 291 50 1 gosin(wt—144%) | 30cos(t+2350) | 150sin(wt+24%) | 90sin(wt—270)
10 112101 100 | 5osin(wt+118%) | 58sin(wt—197%) | 31cos@t—3000) | 33sin(wt—360°)
11201 1 200 | 340050t —1450) | 81sin(wt+238%) | 59sin(wt +259) 60sin oot
12 2021300 1 G1sin(et+120Y) | 130cos(t-198) | 82sin(wt—310Y) | 80sin(wt+90°)
13 203750 | gggin(wt—148Y) | 35sin(wt+240°) | 14cost+26°) | 83sin(et+1800)
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14 | 2141100 | gocos(mt —1229) | 62sin(wt—2000) | 36sin(wt—320%) | 90sin(wt +270)
15 P H215 1 2001 70sin(wt —1500) | 85cos(t+245Y) | 63sin(wt+270) | 37sin(ot+360°)
16 | 12.16 | 300 | 3ggin(et+125%) | 100sin(wt —220%) | 130cos(ot —330°) 64sin oot

17| 207150 | g5cos(@t —158Y) | 39sin(wt+2309) | 140sin(wt+28%) | 86sin(ewt —90°)
18 [ T2.18 1100 | g76in(wt+128Y) | 66cos(t—225") | 120sin(emt—340%) | 40sin(wt-1800)
19 [ I2197200 1 g16in(wt—157Y) | 88sin(wt+235°) | 119cos@t+290) | 67sin(wt—270)
20| 12.20 | 300 | ggeos(ot+1309) | 42sin(mt—2050) | 89sin(wt—350%) | 90sin(emt —360°)
2l 221150 gosin(wt —158%) | 69cos(t +230°) | 43sin(wt+30) 4asin ot

22 | 12.22 1 1001 g56in(wt +1320) | 118sin(et—215Y) | 70cos(@t—3607) | 80sin(wt+90°)
23 | M2.23 1 200 | 79c0s(wt—1599) | 114sin(wt+2250) | 46sin(wt+31Y) | 110sin(wt +180)
24 | T2.24 1 300 | 20sin(wt+1350) | 116sin(wt—1600) | 112sin(wt—3210) | 40sin(wt +270°)
25 | 1225 1 50 | 116gin(wt —1609) | 114sin(wt+230%) | 78cos(t+320%) | 47sin(wt+360°)
26 | 12.26 | 100 | 396in(t+1900) | 43cos(t-1109) | 130sin(wt +330) 133sin at

27 | M2.27 1 200 | g5eos(@t+1930) | 77sin(wt+1129) | 60sin(wt—459) | 72sin(wt—90°)
28 | T12.28 | 300 | 39gin(et+225Y) | 44cos(t—1400) | 131sin(wt+45°) | 118sin(wt—1800)
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29 | M2.29 1 50 | ggeos(t+1949) | 97sin(wt+114%) | 61sin(wt-500) | 79sin(ewt —2700)
30 1112301100 1 3o6in(wt +196Y) | 45cos(t+118Y) | 132sin(wt+340) | 119sin(et +360°)
31| M2.1 1 200 | g7005(wt+2300) | 98sin(wt+1410) | 62sin(wt—519) 74sin ot

32 | M2.2 1 300 | 33005(mt—-198Y) | 46sin(wt+1200) | 108sin(wt-53°) | 120sin(wt—-90°)
33 1 231 90 1 egsint +2320) | 99cos(t-1420) | 63sin(ot +49Y) 75sin ot

34 | 241 1001 s4sin(wt +2000) | 47cos(t+1220) | 109sin(wt+35Y) | 121sin(wt—1800)
35 | 2.5 1 200 | ggcos(ot+2349) | 100sin(wt+143%) | 64sin(wt-560) | 76sin(wt—2700)
36 | T2.6 1 300 | 356in(wt +23460) | 48cos(t—-1240) | 110sin(wt+500) | 122sin(et —360°)
ST 271950 g0cosot—2050) | 90cos(t—208°) | 65sin(wt—58%) 77sinot

38 | 28 1 100 1 sg6in(wt+208%) | 49cos(t+144%) | 111sin(wt+367) | 123sin(wt+900)

39 | M2.9 | 200 | 91005t +236%) | 102sin(ewt +1450) | 66sin(wt—590) | 78sin(wt+180°)

40| T2.1011 300 1 376in(wt +240%) | 50cos(@t—1300) | 112sin(wt+370) | 124sin(et +270°)
41| T2011 50 g2 cos(et—210Y) | 108sin(wt+131%) | 67sin(wt—600) | 79sin(wt+360°)
42 | 2121100 | sgsin(wt +212%) | 5icos(t+148%) | 113sin(wt+51°) 125sin ot

43 | I2.13 ) 200 | 93005t +2420) | 104sin(wt +1509) | 68sin(wt—620) | 80sin(wt —90°)
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44 | 2141300 1 39in(wt +244%) | 92cos(@t—132Y) | 114sin(wt+38°) | 126sin(et—1800)
4 | T205 1 50 1 g4cost—214Y) | 105sin(wt+134Y) | 69sin(wt—64Y) | 81sin(wt—270)
46 | T2.16 | 100 | 40gin(et+216%) | 53cos(t+1520) | 115sin(wt+52%) | 127sin(ewt —360°)
A0 | 2071200 g5 cos(ot +2460) | 106sin(wt+136Y) | 70sin(wt-66°) 82sin ot

48 | T2.18 | 300 | 41gin(wt+2180) | 54cos(@t+136%) | 116sin(wt+39%) | 128sin(wt+90°)

49 | 1219 | 50 | 96cos(wt —220°) | 107sin(wt +155°) | 71sin(wt—80°) | 83sin(wt+180°)

50 | 112.20 | 100 | 42sin(wt+248°%) | 55cos(wt—160%) | 117sin(wt+40°) | 129sin(wt +270°)
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Taomn. [12.2

No Ry, R, Ry | Ry | Ly, L,, Cq, C,, | moreHIMaI TOY-
puc. |Om| OM [ Om | Om | I'H | TH | MKD | MKD | KU paBEH HYIIIO
[12.1 | 100 | 150 | 200 | 50 |0,03| 0,25 S) - b
I12.2 | 50 | 260 | 260 | 300 | 0,18 | 0,3 14 41 C
[12.3 | 270 | 150 | 50 | 250 (0,04 | 1 30 16 d
I12.4 | 120 | 240 | 270 | 50 0,16 | - 6 22 k
I12.5 | 60 | 230 | 280 | 180 |0,05| - 15 - m
[12.6 | 280 | 160 | 60 - 03] 05 40 - n
2.7 {290 170 | 260 | - |0,06| 04 20 b
2.8 | 70 | 220 {290, - (0,17 | 0,5 - C
I12.9 | 100 | 200 | 70 | 160 | 0,08 | 0,13 16 d

[12.10 | 280 | 180 | 110 | - | 0,2 | 0,14 | 17 50 k
[12.11| 80 | 240 | 300 | - |0,18| 0,2 50 12 m
[12.12 1290 | 190 | 320 | 60 |0,09| - 20 10 n
[12.13 | 300 | 190 - - 10,26 | 0,15 9 52 b
[12.14 90 | 180 | 310 | - |0,12| 0,2 18 60 C
[12.15 320 | 200 | 80 - (0,09 - 60 10 d
I2.16 | 10 | 170 {250 | - |0,19| - 10 41 k
[12.17 | 340 | 210 | 90 - (0,75] 0,18 | 19 20 m
[12.18 | 70 | 160 - - 101 07 52 8 n
[12.19 1110 | 220 | 320 | 50 | 0,2 | 0,8 38 28 b
[12.20 | 220 | 150 | 200 | 100 | 0,3 - 11 32 C
[12.21 1120 230 {330| - |0,11| 0,9 20 6 d
[12.22 1350 | 170 {120 | - | 0,4 - 40 48 K
[12.23 1130 | 240 | 340 | - | 0,5 - 12 51 m
[12.24 | 60 | 140 {130 | - |0,12| 0,15 | 21 5 n
[12.25 1140 | 250 350 | - |06 | 0,3 13 60 n
[12.26 | 50 | 220 | 120 | - 1 | 006 | 52 40 b
[12.271160| 60 |2/0| - | 08 | 0,07 | 14 48 C
[12.28 | 100 | 240 | 70 - 101 - 22 16 d
[12.29 1150 | 80 |140| - | 0,3 - 13 21 K
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1230 90 | 320 | 130 | - | 0,7 | 0,5 21 15 m
I12.1 {220 | 50 | 320|100 | 0,2 | 0,08 | 50 - n
[12.2 | 240 | 80 | 200|120 0,25| 04 12 22 b
I12.3 | 250 | 220 | 210 | 150 | 0,2 | 0,09 | 20 14 C
I12.4 | 80 | 120 | 180 | 220 | 0,6 - 48 23 d
I12.5 1 90 | 60 | 230|190 |0,03| - 11 13 k
I12.6 {100 | 130 | 240 | - |0,19| 0,1 19 - m
2.7 {110, 70 (140, - |05 | 0,3 45 24 n
[12.8 | 120 | 140 | 250 | - |0,05| 0,24 | 10 - b
[12.9 | 300 | 80 | 150 | 200 |0,17| 0,11 | 18 12 C

[12.10 | 310 | 150 | 160 | - |0,18| 0,23 | 44 25 d

[12.11 1320 90 |1/0| - | 0,4 | 0,12 9 11 k

[12.12 | 340 | 160 | 260 | 230 | 0,06 | - 17 26 m

[12.13 1350 | 100 (180 | - |0,16| 0,21 | 43 27 n

[12.14| 50 | 170 | 2/0| - |0,12| 0,13 8 10 b

[12.15 60 | 160 190 | - | 0,3 - 16 28 C

[12.16 | 70 | 180 [ 280 | - |0,08| - 42 30 n

[12.17 80 | 190 {290 | - | 0,1 | 0,14 6 9 k

[12.18 90 | 120 {290 | - | 0,2 | 0,21 | 15 32 m

[12.19 | 100 | 200 | 200 | 320 | 0,09 | 0,13 | 41 60 n

[12.20 | 110 | 130 | 300 | 80 | 0,1 - 5 8 b
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IMpunoxenne 113
Marepuansl A1 3a1a4 0 JaHHOMY pa3aeny B3sTel u3 [13].
KounrposbHasi padora Ne3
Pacuer Tpex¢a3HbIx nemnei

1. PaccuuTtaTh B KOMIUIEKCHOM (popme JHHENHbIEe U (pa3Hble TOKU TpeX-
daznoit nenu puc. 113.1 - 13.24, a Takxe dha3HbIe U TUHEHHBIC HANIPSHKEHUS Ha-
rpy3ku. YactoTa Toka Tpexdasnoro ncrounuka S0, Moaymap nelcTBYOIIETO
3HAYCHUs] JIMHEHHOTO HANpPSDKEHUS CUMMETPUYHOTO Tpex(ha3HOTO HCTOYHHKA

U , u napamerps! 1ienu 3agansl B a0 11 3. [TocTpouTs BEKTOPHYIO AHarpaMmy

TOKOB Y HalIPsDKCHUI.

2. Paccuntath B KOMIUIEKCHON (opMe Aiisi Tpex(da3HOH Ienu aKTUBHYIO,
PEAKTUBHYIO U MOJHYIO MOIIHOCTH KaXXA0u (pa3bl HArPY3KH.

3. Paccuurtarh B KOMIUIEKCHOM (hOpME TOKHU B BETBSIX LIEMHU U HANIPSHKEHUS
B (pazax Harpys3ku npu oOpbIBE MPOBOJA B TOUKE, yKazaHHOH B TaOn.II3. Jlns
CXEM «3B€3/1a — 3BE3/1a» OIPEACIIUTh TAK)KE HAIPSHKECHUE CMEIECHHsI HEUTPAIH.

[TocTpoUTh BEKTOPHYIO IMarpaMMy TOKOB M HaIIPSKEHUM.

Tabmuma I13

No No Ugn | Ry, | Ry, | Rs, | Ly, Lo, | Cy, | C, | Pa3peiB

BAPUAHTA | PHC. B |[OM | Om [OMm | TH | I'H | Mk®D | MkD | mleniu B

TOYKE
1 I13.1 | 127 | 20 | 50 - 1005 | - 50 - k
2 I13.2 | 220 | 20 | 30 - 1006 | - 60 - k
3 3.3 138 | 40 | 50 | 60 | 0,07 | 0,1 | 70 - k
4 I13.4 | 127 | 70 - - 1008 |015| 80 - n
5 I13.5 | 220 | 80 | 90 - 1009 | - 90 | 200 m
6 [13.6 | 380 | 20 | 30 - 0,1 - 100 | 210 f
7 I13.7 | 220 | 30 | 40 - 1012 | 0,08 | 110 - k
8 I13.8 | 127 | 50 | 60 - 1014 | - 120 | 230 k
9 I13.9 | 380 | 70 | 80 - 1016 | - 130 - k
10 I13.10| 127 | 90 | 20 - 1018 | - 140 - k
11 I13.11 1220 | 30 | 40 | 80 | 0,2 - 150 - n
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12 I13.12 | 380 | 50 - - 10,21 |0,12 | 160 - m
13 I13.13| 127 | 40 | 80 | 60 | 0,22 | - | 170 - K
14 I13.14 | 220 | 30 - - 1023 - | 180 - K
15 I13.151 380 | 20 | 40 | 50 | 0,24 | - | 190 - m
16 I13.16 | 127 | 50 | 60 | 70 - - | 200 - f
17 I13.17| 220 | 80 | 30 - 1025 - | 210 - K
18 I13.18 | 380 | 40 | 30 | 20 | 0,07 | - - - K
19 I13.19 127 | 10 | 20 - 1006 | - | 230 - n
20 I13.20 220 | 20 | 70 - 1007 - | 230 - m
21 I13.21 38 | 70 | 30 | 60 | 0,08 | - | 240 - f
22 I13.22 1127 | 80 | 20 | 50 | 0,09 | 0,23 | 250 - k
23 [13.23 1220 | 20 | 30 | 40 | 0,1 - 50 - k
24 I13.24| 380 | 50 | 60 | 80 | 0,11 | - 60 - K
25 I13.1 | 380 | 70 | 20 - 1012 - 70 - K
26 I13.2 | 127 | 30 | 40 - 1013 | - 80 - k
27 3.3 1220 | 50 | 60 | 10 | 0,14 | 0,2 | 90 - f
28 I13.4 | 380 | 20 - - 10,15 ]0,25| 100 - K
29 I13.5 | 127 | 30 | 40 - 1016 | - | 120 | 250 n
30 [13.6 | 220 | 50 | 70 - 1017 | - | 130 | 200 m
31 I13.7 | 380 | 80 | 20 - 10,18 | 0,05 | 140 - K
32 [13.8 | 127 | 10 | 50 - 1019} - | 150 | 50 n
33 I13.9 | 380 | 70 | 20 - 0,2 - | 160 - k
34 I13.10 | 380 | 30 | 60 - 1021} - | 170 - m
35 I3.11) 127 | 20 | 30 [200| 0,22 | - | 180 - K
36 I13.12 | 220 | 30 - - 10,06 [0,18 | 190 - n
37 I13.13 1380 | 100 | 20 | 50 | 0,05 | - | 200 - k
38 I13.14 | 127 | 30 - - 1006 | - | 210 - f
39 [13.15| 220 | 40 | 60 | 10 | 0,07 | - | 220 - K
40 I13.16 | 380 | 10 | 20 | 30 - - | 240 - n
41 I13.17| 127 | 40 | 50 - 1009 - | 250 - m
42 I13.181 220 | 60 | 70 | 80 | 0,2 - - - K
43 I13.19 380 | 90 | 100 | - | 021 | - 50 | 230 f
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44 I13.20 | 127 | 100 | 80 - 1022 | - 60 k
45 I13.211 220 70 | 60 | 20 | 0,23 | - 70 n
46 I13.22| 380 | 20 | 40 | 80 | 0,24 | 0,18 | 80 m
47 I13.23 1127 | 10 | 50 | 60 | 0,25 | - 9- K
48 I13.24 1 220 | 20 | 40 |100| 0,05 | - | 100 n
49 I13.1 | 380 | 80 | 30 - 1006 | - | 110 K
50 3.2 | 127 | 70 | 20 - 1007 - | 120 K
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Ipunoxenue 114
KonTtpoJuabnas padora Ned
Pacuer nepexoaHbIX MPoOIECCOB

1. I ognoit u3 cxem puc. [14.1-114.50, onpenensgemoit 3aJaHHBIM Bapu-
aHTOM PAcCUMUTATh KJIACCUYECKUM METOJIOM B MEPEXOJHOM PEXHUME TOKU B BET-
BAX U HaIpsDKeHUE Ha peakTUBHOM 3iemeHTte. [lapamerper nenu: L =10 I'H,
C =100 mx®, E =20 B. 3nauenus conporusieHuii R;- R, ykazansl B cooTBeT-
CTBUU ¢ BapuaHTOM B Tabmuue 114.1.

[Toctpouts rpaduku MEpPEexXoJHOTO PEXHMa PACCUMTAHHBIX TOKOB M Ha-
PSOKEHUS.

2. IloBroputh pacuer omeparopHsIM MeTonoM. CpaBHUTH IOJYyYEHHBIE
pe3yibTaThI.

3. B cxemy nenu mo m.1 BKIIIOYKTH MOCTEAOBATENBHO C PE3UCTOPOM R,
WIN UHIYKTUBHOCTh, B CXEMaX KOTOPBIX YK€ €CTh €MKOCTh, WJIIK E€MKOCTb IS
CXeM B KOTOPBIX €CTh MHAYKTUBHOCTH. 3HaueHus D./.C., pesuctopoB, C u L
yKa3assl B 1.1 3aaHus. B momydeHHON cXeMe OnepaTopHbBIM METOJIOM PacCUH-
TaTh B IIEPEXOJHOM PEKHUME TOKU B BETBSIX M HAIPSDKEHUS HAa PEAKTUBHBIX dJI€-
MEHTaXx, a TAK)Ke MMOCTPOUTh IPAPUKU YKa3aHHBIX TapaAMETPOB.

[MPUMEYAHUA:

1. Homep pucyHKa cXemMbl COOTBETCTBYET HOMEPY BapUaHTa

2. Ecau BapuanT umeet HoMep Oosbiiie 50, To U3 3TOTO Ynciia He0OX0au-
MO OTHATH YUCJO KpaTtHoe 50 A1 onpeneseHuss HOMEpa CBOETo 3aJaHus

3. IlonokeHne mepekIrovaressi Ha CXeMe MOKa3aHO B JOKOMMYTAlMOH-

HOM PEXUME
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Taomumna [14.1

Ne Ne Ri, Rz, R, R4,
BapUaHTa pPUCYHKa Om Om Om Om
1 [14.1 10 60 80 20
2 [14.2 30 10 100 20
3 I14.3 15 30 70 40
4 [14.4 100 20 10 30
5 [14.5 10 60 20 80
6 I14.6 10 20 60 40
7 [14.7 40 10 60 30
8 I14.8 100 30 15 10
9 [14.9 15 20 100 10
10 [14.10 60 10 80 70
11 [14.11 20 60 80 10
12 [14.12 100 10 20 30
13 [14.13 70 30 40 15
14 [14.14 10 20 30 100
15 I14.15 10 60 80 20
16 [14.16 40 20 60 10
17 114.17 60 10 30 40
18 I14.18 10 30 100 15
19 114.19 10 20 100 15
20 114.20 60 10 70 80
21 [14.21 80 60 20 10
22 [14.22 20 10 30 100
23 114.23 15 30 70 40
24 [14.24 100 20 30 10
25 I14.25 20 60 80 10
26 I14.26 60 20 10 40
27 114.27 30 10 40 60
28 [14.28 10 30 15 100
29 [14.29 10 20 15 100

317




30 114.30 80 10 60 70
31 I14.31 10 60 20 80
32 114.32 30 10 20 100
33 114.33 40 30 70 15
34 114.34 100 20 30 10
35 I14.35 80 60 20 10
36 I14.36 10 20 60 40
37 114.37 40 10 30 60
38 I14.38 100 30 10 15
39 114.39 100 20 10 15
40 114.40 80 10 60 70
41 [14.41 80 60 20 10
42 I14.42 100 10 20 30
43 114.43 15 30 70 40
44 [14.44 30 20 10 100
45 114.45 20 60 10 80
46 I14.46 60 20 40 10
47 I14.47 30 10 60 40
48 114.48 15 30 100 10
49 I14.49 15 20 100 10
50 114.50 70 10 80 60
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Ipuioxenue I1S
KonTpoJuabnas padora Ne5

Pacuyer HeJIMHEHHBIX INEKTPUIECCKUX ueneifl C HCTOYHHKAMHU NIOCTO-

SAHHBIX 3. 1. C.

1. lns cxembl nenu, n3odpaxenHon Ha puc. I15.1, onpenenuts TOku B
BETBAX W NAJICHUs HANpPSOHKEHUM Ha KakKJOM HEIMHEWHOM 3JieMeHTe. BombT-
aMIIEpHbIE XapaKTEPUCTUKHU JJIsl KaXJ10r0 HEJIMHEWHOTO 3JIEMEHTA IMpe/icTaBie-

Hbl Ha puc. [15.2, I15.3 u I15.4 cooTBETCTBEHHO.

HD, Jér HD, Jélf H3ﬂ/
~® =0 O

Puc. I15.1
Taomumna I15.1

BAX HD; nananapuc. | 1 | 2 | 3 4 5 6 7 8 | 910
I15.2

E;,B 20122 | 24 | 26 | 28 | 30 | 32 | 34 |36 |38

BAX HD, nananapuc. | 1 | 2 | 3 4 5 6 7 8 | 910
I15.3

E,, B 10|12 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28

BAX HO; nananapuc. | 1 | 2 | 3 4 3) 6 7 8 | 9110
I1.5.4

E; B 32130 28 | 26 | 24 | 22|20 | 18 |16 |14
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Ipunoxenue 116
KonTtpoJuabnas padora Ne6
Pacuer pa3BeTBJIEHHBIX MATHUTHBIX LieNeH

1. PaccunTaTh MarHuTHYIO IETh METOJOM ABYX Y3JIOB, OMPEICITNB Mar-
HUTHBIE TIOTOKU D1, D,, @3 B cepiCUHNKAX O3 yueTa MOTOKOB PaCCEUBaHUSI.

CxeMarnyeckoe HM300pa)kKe€HUE MAarHUTONPOBOJOB C pa3MEIICHUEM Ha-
MarHM4YMBAIOIUX KaTylIEK, Coco0a UX HAMOTKH Ha CEPJICYHUKH MOJIOKUTEb-
HbIE€ HANPAaBJICHNS TOKOB B HUX NpHBeAeHbI Ha puc. [16.1-11.6.20.

VYkazanust Kk BbIOOpY BapuaHTa. BapuaHT pacueTHOW CXEMbI U YUCIIOBBIC
JlaHHbIE Ta0JIUI] BHIOUPAIOTCS CTYJIEHTOM B COOTBETCTBUU C €r0 mu(poM, ycra-
HaBIIMBaeMbIM TipenojiaBareneM. [udp onpenensercs AByX3HAYHBIM YUCIIOM.

PazBerBiennas maruutHas nenb (puc. 116.1-11.6.20) coctout u3 deppo-
MarHUTHOTO CepJIeYHNKA C BO3IYIIHBIM 3a30pOM U JIBYX KaTYIIICK.

CepaevyHUK HW3TOTOBIICH W3 JIMCTOBOM CTald, KpWBas HaMarHUYHWBaHHS
KOTOpoO# mpuBeaeHa B Ta0. 116.1. Pasmepsr |y, |5, |3 cepreunuka, unciia BUTKOB
KaTymiek Wy 1 Wo, a Takke Toku |, u |, B karymkax gansl B Tabm. [16.2. Ceuenus
S Bcex y4acTKOB LIETIH OJIMHAKOBBI M PaBHBI 15 cM2, IiMHA BO3AYIIHOTO 3a30pa

BO Bcex ciydasx pasHa lg =0,2 cm.
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Taomumna I16.1

B, H, A/M (o BapuaHTaM)
Tyr|L71319,252.8,14,20,26,3.9,15,21,27, | 4,10,16,22,28, 15,11,17,23,29,6,12,18,24,30,
,31,37,43,49|32,38,44,50 | 33,39,45,51 | 34,40,46,52 | 35,41,47,53 | 36,42,48,54
0 0 0 0 0 0 0
0,5/ 200 100 150 100 100 100
0,6/ 230 200 230 200 150 150
0,7/ 300 300 300 250 200 150
0,8/ 400 400 - 300 250 200
0,91 500 500 500 400 300 200
1,00 670 600 - 450 400 250
1,1 900 700 900 500 550 350
1,2| 1200 900 - 550 800 550
1,3] 1600 1150 1600 600 1300 900
1,4 2250 1500 - 700 2000 1500
1,5 3200 2000 3200 900 3300 2300
1,6/ 4700 2650 - 1100 7500 4500
1,7/ 8000 4000 8000 1350 15000 10000
1,7 - - - - - 15000
1,8/ 13000 9000 13000 1800 - -
1,8 - 15000 - - - -
1,9 - - - 2500 - -
2,0 - - - 3600 - -
2,1 - - - 15000 - -
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Taomuna 116.2

% Toxku ;ﬁijg; JlnmuHa y4acTKoB CE Toxu ‘lucno uTioB JlnuHa ygacTkoB
§ IAl' IAZ’ W1 | Wa [l1, emlly, em|lz, cm § IAl’ IAZ’ Wy Wy [lg, em(ly, eMm| I3, cm
11128 1(20(20{35|35|16 | |33|/2(12| 30 | 300 110|110]| 40
2 110(10|25/18| 40 | 40 | 15 3447 | 25 | 500 [100{100| 30
31|11|5|24|36|37 |37 16| [35/5|5| 20 | 700 |90 |90 | 35
411218 |20(20| 35|35 |16 | |36/2 12| 50 | 300 {110/110| 40
5110(10|25(18| 40 |40 | 15| (37(12| 8 | 200 | 200 | 35 | 35 | 16
6 |11|5(24/36| 37 | 37| 15| |38(10{10| 250 | 180 | 40 | 40 | 15
711218120201 35|35 |16 | (39(11| 5| 240 | 360 | 37 | 37 | 16
8 110(10|25(18|40 |40 | 15| |40{4|10| 50 | 400 |40 |40 | 14
9111/51(24/36|37 |37 |16 | (41/3|15| 40 | 280 |40 |40 | 13
10| 4 |10(50|40| 40 | 40 | 14 | |42|5(18| 40 | 220 | 42 | 42 | 15
111315402840 |40 |13 | |43|/4 (10| 50 | 400 40 |40 | 14
121 5118(40(|22| 42 | 42 | 15| |44\ 3 |15| 40 | 280 | 40 | 40 | 13
1314110504040 | 40 | 14 | |45|/5(18| 40 | 220 | 42 | 42 | 15
1413115402840 | 40 | 13 | |46|/4 (10| 50 | 400 40 | 40 | 14
151 5(18(40(|22| 42 | 42 | 15| |47|3 (15| 40 | 280 | 40 | 40 | 13
16| 4 110(50|40| 40 | 40 | 14 | |48|5(18| 40 | 220 | 42 | 42 | 15
1713 115(40|28| 40 | 40 | 13 | |49|10| 7 | 360 | 240 | 30 | 30 | 10
18| 5(18(40|22| 42 | 42 | 15 50(12| 5 | 330 [ 400 | 30 | 30 | 10
19110 7 {36|24| 30 | 30 | 10 51|11} 5 | 240 | 360 | 37 | 37 | 16
20112| 5 (33/40| 30 | 30 | 10 52(12| 8 | 200 | 200 | 35 | 35| 16
2111214 130/50| 35|35 12 53(10{10| 250 | 180 | 40 | 40 | 15
22110| 7 [36(24| 30 | 30 | 10 54|11| 5 | 240 | 360 | 37 | 37 | 15
23112| 7 130(40| 35| 35| 12 55(12| 8 | 200 | 200 | 35 | 35| 16
24112| 4 130(50| 35| 35| 10 56(11| 5 | 240 | 360 | 37 | 37 | 15
25(10| 7 |36/24| 30 | 30 | 10 57(121 8 | 200 | 200 | 35 | 35| 16
26(10| 6 {33/40| 30 | 30 | 10 58(10{10| 250 | 180 | 40 | 40 | 15
2711214 130/50| 35|35 12 591111 5 | 240 | 360 | 37 | 37 | 16
28| 4 |7 125/50/100({100| 30 | |60(4 |10 50 | 400 |40 |40 | 14
291 5(151(20(70{ 90 |90 | 35

30| 2(12|50{30(110|110| 40

31147 (25/50/100|100]| 30

32|5151]20(701 90|90 | 35
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Mpunoxenune 117

d)opMa TUTYJbHOI'O JIUCTA

MusnucTepcTBO 00pazoBanus U Hayku Poccutickoit deneparuu
denepalibHOE TOCYAAPCTBEHHOE OI0KETHOE 00pa30BaTeIbHOE
YUPEKJICHHE BBICIIETO 00pa30BaHUs
«TynpcKkui rocy1TapCTBEHHBIN YHUBEPCUTET

HNuctutyT BRICOKOTOUHBIX cucTteM uM. B.IL. I'psa3zeBa

Kadenpa s1eKTpOTEXHUKH U 3IEKTPOOOOPYT0OBAHUS

KOHTPOJIBHAS PABOTA Ne

Bapuant  Ne

Breimonnum: cryaeHT(ka)

(moamucs) (bamuusi, UHUITUATIBI)

VYuebHas rpymma Ne JlaTta BBINOJTHEHUS

[Iposepwur:

(IOMKHOCTD, (haMUJIUSl, UHUIIMAJIbI)

Ouenka Hara

Tyna 2020
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