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BBenenune
[IpakTueckue 3aHATHS UTPAIOT CYHIECTBEHHYIO POJIb MPH HM3YyYEHUU IUCHUIUIMHBL. OHH
HampaBlieHbl Ha (OPMHpPOBAHUE Yy CTY/IEHTOB HABBIKOB pacueTa AJICKTPUYECKUX U MAarHUTHBIX
Iened mpu pa3inyHbIX PEKUMax padOThl TOTO WM HHOTO JJIEKTPOTEXHUYECKOTO YCTPOMCTBA.
Hapsiny ¢ 5TuM mpakTuyeckue 3aHSATHS MO3BOJISIOT 3HAYUTENBHO TIIY0)Ke YCBOUTH TEOPETHUUECKHI
MaTepuan IUCIUTIINHBI.
MeToauueckoe MOCOOME UCHONB3YyeTCsl TPU MPOBEIECHUU TPYMIOBBIX MPAKTUYECKUX

3aHSTHU U JIJIS1 CAMOCTOSITEIILHOW PabOThI CTYICHTOB.



Tema 1. SHEKTPI/I‘{eCKI/[e IO IIOCTOAHHOTIO TOKa

1. DnekTpUYecKue Henu NOCTOSTHHOIO TOKA.
B psne cirydaeB BCTpedaroTcs 2JIEKTPUYECKUE LENN, KOTOPBIX OTAEIBbHBIE IPYIIIBI IPUEMHUKOB

BKJIFOYEHBI 110 TOH MM MHOHM CXeMe M IeTlb MOXET ObITh JOCTaTOYHO JIETKO PAacCUUTaHa, €CIH ATy
IpyNIy NPUEMHHUKOB 3aMEHUTh DKBUBAJIEHTHOW CXEMOMH, B KOTOPOH 3TH NPUEMHHUKH BKIIIOUEHBI
uHave. [y 3Tol 1enu UCHoNb3yI0T CIOCOObI MPeoOpa30BaHUs MACCUBHBIX JEKTPUUECKUX IIETIeH.

DTH crmocoObl OCHOBAHBI HA CIEAYIOMNUX COOTHOIICHUSX

1.1. IocienoBaTeIbHOE BKJIKYEHHE PE3UCTOPOB
CoenvHeHre 3JIEMEHTOB HA3bIBAIOT MOCIIE0BATEIbHBIM, €CITH B HUX MPOTEKAET OJUH U TOT K€

TOK (puc.1).
R] R> R3 RN
e— 1 1  + —( 1+
o—A }—>
R>
Pucynox 1

HpI/I IMOCJICA0BATCIbHOM COCAUMHCHUN PE3UCTOPOB COIIPOTUBICHHUEC SKBUBAJICHTHOI'O IIPUCMHUKA

OMPCACIIACTCA KaK apI/I(I)MeTI/I‘-IGCKaH cymmMa COHpOTI/IBHeHI/Iﬁ OTACJ/IbHBIX TPUCMHUKOB:

R=3R,. (1)

1.2. HapaJ’lJ’leJ’lLHOC COCIMHCHHE 3JICMECHTOB.

CO@}II/IHCHI/IG HECKOJIBKHX 3JICMCHTOB HA3bIBAIOT MaPAJJICIIbHBIM, CCJIIM HAIIPSXKCHUEC HA KAXKIOM

13 2JIEMEHTOB UMEET OJHO U TO K€ 3HaUeHue (puc.2).

o
@&

ol #) 2w

Q

R>
e—— +—>
Pucynoxk 2

HpI/I napajijicJIbHOM COCAUHCHUHN SKBUBAJICHTHOC COIIPOTUBJICHHUC HAXOIAT I10 (popMyne:

1/R>=8Q 1/Rn | (2)
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1.3. IIpeoOpa3oBaHme 3JIeMEHTOB, COeIMHEHHBIX 10 CXeMaM 3Be3/1bl U TPEYTr0JbHUKA
B psne cimyuaeB BCTpedarOTCs COCIMHEHMs TPYII AJIEMEHTOB, JJIS KOTOPBIX HEOOXOIMMO

BBITIOJTHUTD Hp606pa3OBaHI/IC OJICMCHTOB, COCAMHCHHLIX II0 CXCMC TPCYTOJIbHUKA HJIN IO CXEMC

TpEXJIy4eBOM 3Be3/bI (puc.3).

Ra

Rc Rz

— ? N~

PucyHnok 3

B orom cnydae cBepHYTh CXeMy yAaeTcsi, NPUMEHHUB IPeoOpa3oBaHHE TPEYroJbHUKA
COINPOTHUBIICHUH B SKBUBAJICHTHYIO TPEXJIy4eBYIO 3Be3/1y WM Ha000poT. [Ipu 3TOM conporuBieHus
SKBHUBAJICHTHOM 3BE3[bI MOTYT OBITh IMEPECUUTAHBl Yepe3 COMPOTHUBICHHUS TPEYrOJbHUKA MpPH

noMoInu GopmyIr:

— RAB >RCA .
’ RAB +RBC +RCA ,
R, R v
RB — AB BC :
RAB + RBC + RCA
— RBC >4€CA
c =

Ryp + Rpc + Ry
BO3MO)KH3. Hu 06paTHa$I 3aMCHa TpeXqueBOﬁ 3BC34bI DKBUBAJICHTHBIM TpeyFOHLHI/IKOM:

R, :RA+RB+—RA KB;
R

R >CR 4)
R =R +R +—+"—,
R,

R =R +R +M
TR

B

PaccmoTpum npumMep penieHus mogo0HbIX 3a/1a4.
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B oanekTtpuyeckoi 1emnM, cxXeMa KOTOpPOW IIpHUBEJEHAa Ha pUCYHKe 4, paccuuTarh
SKBHBAJIICHTHOE COMPOTUBJICHHE OTHOCHTEIHHO 3aXHMOB ad, eciiu Ry=120M; R;=90m; R,=120wm;

Rs=19,50M; R¢=150M.

Pucynok 4

Pewenue
[TpeobpazyeM TpeyroapbHUK PEe3UCTOPOB R3,R4,R¢ B DKBUBAJIEHTHYIO 3Be3ny. llocie Takoro

npeoOpa3oBaHus cXxema MPUHUMAET BUJ (pHC. 5)

R3¢ Ra43
_l l—

Ras

J.

IR e

PucyHnok 5
JlanbHelee pemieHUe 3a7add CBOAMTCA K 3aMEHE IIOCJIENOBATEIBbHO M IapajuIeIbHO
BKJIFOYEHHBIX PE3UCTOPOB, SKBUBAJICHTHBIMU:
R, =R, + R, =12 +3.75 =15,750u;
R, =R, +R,, =19,5+3 =22,50u;

HckoMoe BXOTHOE COIIPOTUBJICHHUEC
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R, R 1 X2
Rex =—0—35 + R 15,7525 5 =14,30m.
236 + R435 389
3aoauu

3aoaua 1. OnipenenuTh SKBUBAJIGHTHOE CONPOTUBIICHHUE LenH (puc.6) Mexy 3axkumamu AB,

ecmu R1=R,=150M, R3=Rs=200M, R4=Rs=17,50M, R;=120M.

A R> Rs
ﬁ —_J | I— |
R3

] wf] ]

R4Q
B
& !

Pucynok 6

3aodaua 2. Onpenenuth SKBUBAJICHTHOE CONMPOTUBIICHHE TIenH (puc.7) Mexay 3axxuMamu AB,

ecmn R1=2,50Mm, Ry=60M, R;=20mM, R4=1,50M, Rs=30mMm

A R; R3
ﬁ | S— | | IS

o] wl] a]

Pucynox 7

3aoaua 3. B cxeme (puc.8) 3HAYCHHS COMPOTUBJICHUN PE3UCTOPOB OJWHAKOBBI W PaBHBI
R=100Mm. OmpenenuTs B 001IeM BUAE 3HAUCHUS COMPOTUBICHUN Mexay 3axumamu AB, AC, AD,

CD, AF.



D

&
A R R E
# ] 1 2

A Al ]

B R R '
# —{— 3 1 2z

I 4

C

Pucynok 8

3aoaua 4. OnpenenuTsh SKBUBAJIEHTHOE CONPOTUBIIEHHUE LenH (puc.9) Mexay 3axxkumamu AB,

ecu R1=Rs=30M, R,=2,80M, R;=10M, R4=6,20M, Rc=20M.

2l

Q>

Pucynok 9
3adaua 5. OnpenenuTh SKBUBAJIEHTHOE CONpoTHBICHHE menu (puc.10)u TOK Ha BXoje, €ciu

U=114B; R1=R7=300M; R2=R3=100m; R4=R8=260mMm; R5=110m; R6=100M

R R, R

~

Pucynoxk 10

3aoaua 6. OrnpenenuTh SKBUBAJIEHTHOE COINpPOTUBIEHHE cxeMbl (puc.ll), eciu R2=180m;

R3=60m; R, =100M; R, =3.50m; R5s=22.50M; Rs =150m; Rs '=600M
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R R,

Pucynok 11

3aoaua 7. OmnpenenuTh 53KBUBAJICHTHOE COIMNPOTHUBJICHUE CXeMbl (pUC.12) OTHOCUTEIBHO

3akUMOB ab, eciit R;=600M; R,=1200Mm; R3=800M; R4=800mM; R5s=1200m.

a g

Pucynoxk 12
3aoaua 8. OmnpenenuTh 5SKBUBAJICHTHOE COMPOTHBJICHUE cXeMbl (puc.13) OTHOCHUTEIBHO

3a)KuMOB ab, ecitt R;=800mMm; R,=240M; R3=600M; R4=200M; Rs=400M Rc=1000Mm.
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Pucynoxk 13

3aoaua 9. OrnpenenuTh SKBUBAJIEHTHOE COINPOTUBIEHHE CXeMbl (puc.14) OTHOCHUTENBHO

3a)KuMOB ab, eciu R,=180M; R3=200M; R4=120M; Rs=100M Rc=80Mm.

)= 0 [»

Pucynok 142
3aoaua 10. OmnpenenuTh SKBHBAJICHTHOE COMPOTUBIEHHE CXEMBI (pHC.15) OTHOCHUTEIBHO

3a)KUMOB ab, eciin R,=260M; R3=140M; R4=100M; R5=160M Rs=200M. R7=R8=100Mm.

Pucynok 15

3aoaua 11. OnpenenuTh SKBUBAJICHTHOE COMPOTHUBIEHUE cXeMbl (puc.16) OTHOCHUTENHHO
3akuMOB ab, ecmn Ry=1200M; R3=1500M; R,=100m; R,=700M; Rs=2250m; R,=120m. R,
=480Mm.
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Pucynok 16

2. MeToabl pacuera nemneii NOCTOAHHOIO TOKA

Hpex(z[e YEeM MPUCTYIIHUTL K PCHICHUIO 3a/la4 3TOI'0 pasaciia, HGO6XO,I[I/IMO HU3y4UTb MCTOJbI

pacucTa LIeIeil IOCTOSHHOIO TOKA I10 y‘Ie6HI/IKy HJIN KOHCIICKTY.

2.1 MeToa 3KBUBAJICHTHOI'0 NIPe00pa30BaHMUA CXeM
B psape ciydaeB pacdeT CIOXKHOM AJIEKTPUYECKOM LENM YIPOLIAETCs, €CIU B €€ CXeMe

3aMEIICHUS] 3aMEHUTh TPYMIY PE3UCTUBHBIX AJIEMEHTOB JPYroil SKBUBAJIECHTHOH TPYIIIOH, B
KOTOPOW 3TH 3JIEMEHThI COECIMHEHbI MHaye. B3auMHas 3KBUBAJIEHTHOCTh 3aKJIIOYAETCS B TOM, UYTO
MOCIIE 3aMEHBI PEXKUM PabOTHI OCTATHLHON YaCTH I[ENTU HE U3MCHHUTCA.

Metoa MoXxeT ObITh YCHENIHO MPUMEHEH IS pacdyeTa TaKuX IIeTei, B KOTOPBIX HUMEIOTCS
PE3UCTOPBI, BKIIOYCHHBIC MEXAY COOOH IMOCIeAOBAaTENIbHO, MAapajUIeIbHO WM IO CMEIIaHHON
CXEMe, a TaK K€ [0 CXeM€ 3Be3/1a WJIU TPEYTOJIbHUK.

PaccMmoTpuM nipuMep perieHust mog00HbIX 3a/1a4.

B cxeme anexTpuyeckoil nenu, u300pak€eHHOW Ha pUCYHKE 17, CONMPOTUBIEHUS PE3UCTOPOB
R=500M, Ry=R;=150M, R4s~=Rs=400m. Hanpspokenue Ha BxoaHbIX 3akuMax U=120B. Paccuurath
TOKU BETBEH U HANPSHKEHUS HA y4acTKax.

Pewienue
DKBUBAJICHTHOE COTIPOTUBIICHNE TTapaJJIEIbHO BKIIOUEHHBIX PE3UCTOPOB Ry U Rs

R,R. 400

45 — =200Mm
R, + R, 80

l[z I

l e[l o{])

L Is

R3
& 1
L

Pucynox 17

[Tocne sToro npeoOpa3oBanus cxema npuHumaet Buf (puc.18)
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I

L

& —

Pucynox 18
Pesucropsl Ry,R; Rss BKIIOYEHBI TOCIEIOBAaTEIbHO. 3aMEHSiEM HX JKBHBAJICHTHBIM

pe3ucrtopom R.

R, =R +R +R_=15+15+20=500m

2345
[Tocne sToro mpeoOpa3oBaHusi cxema IMPEICTaBIseT cOO0i IBa MapayieNbHO BKIIOYEHHBIX
pesuctopa. Jmsa  pacweta TOokoB [y wm  Lh=I3 Bocmosb3dyemcsi  3akoHOM  Owma:
U 120 U 120

[, =— == =244; I, =1, = = =244,
R 50 R, 50

s pacuera TOKOB /4 M [5s HaliileM HaIpsDKEHUE HA NApajuIeIbHOM COCAVMHEHUHU PE3UCTOPOB

Ry m Rs. Uy =1, R,; =2,4X0=48B. Toxku Iy m [s wHaiigem mno 3akony Owma:
I, =U, /R, =48/40 =1.24; I, =U,; /Ry =48/40 =1.24.

I[J'ISI pacdu€Ta TOKa B HepaSBCTBHCHHOﬁ JaCTH CXEMbI BOCIIOJIB3YCEMCA IICPBBIM 3aKOHOM

Kupxroda: I =1, +1, =2,4+2.4 =484.

3aoauu
3aodaua 12. K ucrounuky noctostHHoro toka ¢ 3/1C E=125B noakitodeHsl Mociae10BaTeIbHO
TpH pesuctopa ¢ conpotuiaeHussMu R1=1000m; R,= 300M; R3=1200M. OnpenenuTs TOK B IIEMH,

HAMps>KCHUA 1 MOIIHOCTD, BBIACTIACMYIO Ha KaKI0M PE3UCTOPE.

3adaua 13. Hampsokenue Ha 3akuMax ucrouHuka OJIC, HarpyeHHOro CONpPOTHUBIEHUEM
R=250m, U=4,5B. Hampsokenue Ha 3a)xuMax TOro e HCTOUYHMKA Oe3 Harpy3ku Uxx=4,77B.

Onpenenutb BHyTPEHHEE CONIPOTUBICHNE UCTOUYHHUKA.

3aoaua 14. Onpenenuth TOKU BeTBel (puc. 19), ecnu Hanpsbkenue Ha Bxone 1enu Upap=12B,

R]ZZ,SOM, R2:6OM, R3:20M, R4:1,50M, R5:3OM
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B #

Pucynok 19
3adaua 15. Onpenenuth TOku B BeTBIX cxembl (puc. 20), ecnu Uap=9B, R;=Rs=30m,

R,=2,80M, R3=10mMm, R4=6,20M, Rs=20Mm.

(]

o>

Pucynoxk 20
3aodaua 16. OnipenenuTh SKBUBAJICHTHOE CONPOTUBIICHUE LIETIH, HATIPSHKEHNE HAa BXOJE U TOKHU B
BetBsX (puc. 21), ecnu 1,=0,05A, R=300M, R,=900mM, R3=Rs=1000M, R;=Rs=1600m, R7;=500Mm.
Ry a Ry ]

—
&

- ® -

Pucynoxk 21

3aoaua 17. Onpenenuth mokazaHus BoibT™MeTpa (puc. 22), eciu R;=40M, R,=20M, R3-40M,

Rs=20m, U=20B. (Rv=¥ Equation.3 ).



Pucynoxk 22

2.2 MeToa HenocpeaCTBEHHOI0 HCIO0JIb30BaHNs 3aK0HOB Kupxroga
3axonbl Kupxroda

Hemeuxuii pusuk I'.P. Kupxrod B 1845 rogy ycTaHOBMII 3aKOHBI paBHOBECHS B
3JEKTPUYECKHUX LEeNsAX. Y paBHEHHsI, COCTABIEHHBIE COIIACHO 3TUM 3aKOHaM, Ha3bIBAIOTCS

ypaBHeHussmMu Kupxroda.

[epssiii 3akon Kupxroda gopmynupyercs 1BOSKO:

1) ancebpauueckasn cymma mokos, noOmekaowux K 1060My Y31y cxembvl, pasHd HYI10,
2) cymma noomexarnwux K 1o00omy y3iy moKo8 pagHa CyMme YIMEeKarwux om y3ia mokos
CornacHo nepBoit GOpMyIHPOBKE

SI =0

Equation.3

)

[Ipu 3anmcu ypaBHEHUH MO 3TOMY 3aKOHY TOKH, HalpaBJIEHHBIE K Y3JIy W OT y3Ja, OepyTcs C
Pa3HBIMH 3HAKaMHU.

Bropoii 3akon Kupxroda takxke MoKHO c(hOpMyIHPOBATH ABOSKO:

1) aneebpauueckas cymma naoeHuu HANPANXCEHUS 8 NHOOOM 3AMKHYMOM KOHMYpe pasHa

aneeopauuecxotu cymme 3/[C 80016 moeo sne KoHmypa

[Ipn cocrtaBineHuH ypaBHEHMH IO BTOpoMy 3akoHy Kupxroga mnpousBoJbHO BBIOMPAIOT
HampaBjieHne 00XxoJa KOHTypa W Bce mazeHust HampsibkeHud u OJIC, HampaBieHHe KOTOPBIX

COBIIAAACT C HAITPABJICHHUEM O6XOI[a, 6epyT CO 3HAKOM «1», OCTAJIbHBIE CO 3HAKOM «—».



16
IIpn pacuere 5SIEKTPUUECKMX LENEH ITHUM METOAOM COCTABJIAIOT YPaBHEHHUS IO 3aKOHaM

Kupxroga mo yucimy MCKOMBIX TOKOB U, peliasi MOJyYeHHYIO CHCTEMY, HAaXOISIT UCKOMBIE TOKH.

Hanpumep, JUIs CXeMBI, TOKa3aHHOM Ha pucyHke 23, ypaBHenus Kupxroda umeror sun: /,

£, E, E,
®
Pucynok 23
I, +1,-1, =0

LR - LR, =F, - E,
LR, + R, =E, +E,

_2; [3 —D3

= D _B JaeT UCKOMBIE TOKH.

3aoauu

Pemtenue sroii cucremsr 1 D

3aoaua 18. JIns cxemsl, NIPEACTABICHHOW HAa PUCYHKE 24 3amMcarb CUCTEMY YPAaBHEHMH IO

.3akoHaM Kupxroda u paccunrtats Toku. R1=160m; R2=240M;R3=400m; E1=120B; E2=80B

P

Pucynoxk 24
3aoaua 19. Jlna cxembl, NPEACTAaBICHHOW Ha pUCYHKE 25, BBIOpaTh TMOJOXHUTEIbHBIC
HaIpaBJICHUs] TOKOB B BETBAX U 3aMucaTh CUCTEMY ypaBHeHH mo 3akoHam Kupxroda. Paccunrars
TOKH, pemuB cucrtemy ypaBHeHuil Kupxroga. RI1=160m; R2=240m; R3=400Mm; R4=320wm;
R5=420wm; R6=600Mm; E3=120B; E4=80B.



Pucynok 25
3aoaua 20. ]Ins cxeMbl, NPEACTABIEHHOW Ha pUCYHKE 206 3aMEHHUTb HCTOYHUKH TOKa
ncrouHukamu DJIC, ynpoCTUTh CXEMy, 3aMEHUB MOCJIEI0BATEIIbHO U NApauIEIbHO BKIIIOUEHHBIE
PE3UCTOPBI IKBUBAJIEHTHBIMU. BBIOpATh M0JI0KUTEIbHBIE HATIPABICHHSI TOKOB B BETBSIX U 3aIIUCATh

cucTeMy ypaBHeHUH 1o 3akoHaM Kupxroda. Paccunrtare TOKH, pemuB 3Ty cuctemy. R1=1650m;
R2=900Mm; R3=67,50M; R; =250M; R;Equation.3 =2000M; R5=1200mM; R(',Equation.3 =1000M;

R,=300m; E1=54B; E2=21B J;=0.1A; J,=0.

Pucynok 26

2.3 MeTo1 KOHTYPHBIX TOKOB
IIpn pacuere uenu STUM METOJOM IIOJIATalOT, YTO B KaXXIOM HE3aBUCUMOM KOHTYpE

ANEKTPUYECKON LIENU TEUET CBOM KOHTYPHBIN TOK. 3alMCHIBAIOT YPaBHEHHS 110 BTOPOMY 3aKOHY
Kupxroga a5t KOHTYpHBIX TOKOB U, pelliasi 3TH YPaBHEHUS, HAXOAIT KOHTYPHBIE TOKH. 3aTeM yepes

KOHTYPHBIE€ TOKH OIIPENEISIOT I€UCTBUTEIIbHBIE TOKH BETBEH.
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Ecnu B nienu umeercst 60sbliie 1ByX KOHTYpOB, HAIpUMEpP TPU, TO CHCTEMa ypaBHEHHUIl Oynet

BBITJISICTH CIICIYIONIAM 00pa3oM:

éRn Rlz R13l:j éllll:,J ?’E”L‘,j

_e; u . _e~ u .
[[] _é]22 G ,[E] —éE22 L].Equa‘uon.3
H

N @

B oTux ypaBHEeHUAX R;j; — CyMMapHO€ CONPOTUBJIEHUE i-T'O KOHTYPA; Rjj — B3ATOE CO 3HAKOM «-»
COIPOTHBIIEHUE CMEKHON BETBU MEXKIY i-M M j-M KOHTYpaMHU (3HaK - 00yCIJIOBJIEH €IMHOOOpa3HbIM
BBIOOPOM HampaBiIeHUI KOHTYPHBIX TOKOB); /i — KOHTYPHBIN TOK i — TO KOHTYpa; Ej — cymMMapHas
OJIC i — ro kKoHTYypa, paBHas anredpanyeckoit cymme DJ[C 3Toro KoHTypa.

Pewrenne cucreMbl ypaBHEHUH 1a€T HCKOMbBIE KOHTYPHBIE TOKU. JI€MCTBUTEIbHBIE
TOKH BETBEHN BBIYMCIIIOTCS Yepe3 KOHTYPHBIE.

PaccmoTpuM mpumep: mo 3anaHHeIM napamerpam nenud U IJ[C MCTOYHUKOB paccuuTaTh TOKHU

BETBEH II€NH, MPEJICTABICHHON Ha PUCYHKE 27 METOAOM KOHTYPHBIX TOKOB. R;=20M; R,=30wm;

R3:50M; R4:3OM, R5 :1OM, E]ZSB, E4:3B, [1 E5:8B.

/ I
_I> <«
t
R, R
Rl & R4

Pucynok 27

Haxomum: R;;=R;+R,+Rs=2+3+1=60M,; Ry=Rs+R3+R4=1+5+3=90Mm; R|,=R;=-Rs=-10Mm;
E\\=E|+Es=5+8=13B,; Ey=-Es-E,=-8-3=-11B. [loactraBuB mony4eHHble AaHHbIE B cucTemy (5),
Haxonum peuienue: 1,=2A; I,=-1A. PaccuutsiBaeM AeHCTBUTEIbHBIE TOKH BeTBeU: [1=I1;=2A;
1Li=-1=1A;

Is=1-1=2+1=3A.
3aoauu
3aoaua 21. B uenu (puc.28) D3JIC ucrounukoB mnutaHus paBHel E;=120B, E,=114B, a
conporuBnenus BerBed — R;=0,10m R,=0,10m R;=1,50Mm R,4=0,50m Rs=2,00M R=1,00m.
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OmnpenenuTb TOKK B BETBSIX LIEMH METOJIOM HEMOCPEICTBEHHOTO PUMEHEHNUs 3akoHOB Kupxroda n
METOJIOM KOHTYPHBIX TOKOB. COCTaBUTH OalaHC MOIIHOCTEH.

Ry
1
| I

E; E>

R [] R; [] & [|®

Pucynoxk 28

3aoaua 22. B nenu (puc. 29) conporuBnenus R;=20m, R,=30M, R3=40M, R;=50M, Rs=80m u
HamnpsbkeHue Ha 3axumax nenu U=80B. OnpenenuTh TOKM B BETBAX W B HEPA3BETBICHHON 4acTH

TCITH. 3a)1aqy PEIIUTL METOAOM KOHTYPHBIX TOKOB.

[Jr [Jx
[Jr [Jr

Pucynok 29

3aoaua 23. B uenu (puc.30) 3/1C ucrounnkoB nutanus pasusl £;=120B, £,=200B, E3=100B,
a COMPOTHUBJIEHUA BETBEU COOTBETCTBEHHO R ;=10M, R,=20M, R3;=40M, R,=50M. PaccuuraTh TOKU
B BETBAX LIETIH METOJOM KOHTYPHBIX TOKOB, OMPEJCIUTh PEKUM PAOOThI KaXKAOTO U3 HCTOYHHUKOB.

CocTaBUTh OAJIAHC MOILHOCTEN.
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E; E E;
R, R; R, R;
Pucynoxk 30

3aoaua 24. B >nextpudeckoii nenu, n3odpaxennoi Ha pucynke 31, E;=10B; E,=6B; E=4B;
Ri=50M; R,=40mMm; R;=20M; R4;=10M; Rs=40Mm; R¢=20mM. PaccuuTath TOKH BETBCH METOIOM

KOHTYPHBIX TOKOB U IPOBEPUTH OalaHC MOIIIHOCTEH.

R> 2 R3
it 4 L
Iz I3

@ i

Pucynox 31

3aoaua 25. B >nextpuueckoii nenu (puc.25) paccuutaTb TOKM METOJAOM KOHTYPHBIX TOKOB.
CpaBHUTH MOJIyYEHHbIE PE3YJIbTAaThl C TOKAMH, HaliIeHHbIMU U3 ypaBHeHul Kupxroga. CoctaButh
OanaHc MOIIHOCTEH. 3a3eMJIMB OIHY M3 TOYEK CXEMBI PACCUUTATH U MOCTPOHUTH MOTCHIUAIBHYIO
JMarpaMMy KOHTypa, BKiIrouaromero ooe D/1C.

3aoaua 26. B >nextpudeckoil nenu (puc.26) paccyuTaTh TOKM METOJOM KOHTYPHBIX TOKOB.
CpaBHUTH MOJIy4EHHbIE PE3YyJIbTaThl C TOKAMH, HaliIeHHbIMU U3 ypaBHeHul Kupxroga. CoctaBuTh
0anmaHc MOIIHOCTEH. 3a3eMIIUB OJHY W3 TOYEK CXEMBI PACCUMTATh M MOCTPOUTHh MOTCHIMAIBHYIO

TuarpaMMmy KOHTypa, Bkarodaromero ooe DJIC.
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2.4 MeToa y3/10BbIX MOTEHI[HAJIOB
Tok nr060if BeTBHM MOXET OBITH HaiieH u3 0000meHHoro 3akoHa Oma TO HM3BECTHBIM

MOTEHIMalaM KpalHUX TOYeK HTOM BeTBU. HO KpailHUE TOYKM BETBH SIBISIFOTCA Yy3JaAMH.
CrnenoBaTenbHO, TIPU U3BECTHBIX MOTEHIMANAX y3JI0B, TOKA BETBEU MOTYT OBITh JIETKO HAWIEHBI.
Tak KaK OAWH U3 y3JI0B CXEMbI MOKET OBITh 3a3€MJICH U €T0 IMOTEHIIUAJ MPUHAT PaBHBIM HYJIIO, TO

IIpU HAJIMYHUU B CXEMC 71 y3J10B en COOTBCTCTBYCT CUCTCMA U3 (l’l-]) ypaBHeHHf/'II

j lGll +j 2G12 +“'+j n-lG :Jll;
j 1G21 +j 2G22 +‘“+j n-lGZ,n-l :JZZ;

oooooooooooooooooo (8)

I,n-1

..................

j lGn- L1 +j 2G -1,2 +-..+j G =J

n-1"n-1,n-1 n-1,n-1°

B o6mem cinywae Gy — cyMMa MpOBOJMMOCTEH BETBEH, cxomsmuxcs B y3ie k; Gy,— cymma
MIPOBOAMMOCTEN BETBEH, HEMIOCPECTBEHHO COCIUHSIONUX Y37l kK U m, B3sTas CO 3HAKOM MHUHYC.
Ecmu wmexny KakumMu-muO0 JByMSI y3JIaMH  BETBb OTCYTCTBYET, TO COOTBETCTBYIOIIAS
MMPOBOIUMOCTD paBHA HYJIO. B mpaBoit 4acTu CHCTEMBI CTOAT y3J10BbIe TOKH. B ux dhopmupoBannmn
y4acTBYIOT T€ BETBHU, MOJXOMSIINE K 3TOMY Y31y, KoTopble cogepxar ucrounuku IAC u (um)
toka. Ecau DJIC E, p-BeTBU HanpaBiieHa K k-y3i1y, TO €€ BKJIaJ B (opMHUPOBaHHUE Y3J0BOI0O TOKa Jik
paBeH E,g,, a ecnu ota OJIC HampaBiieHa OT k-y3ia, TO ee BKiIaj paBeH -E,g,. Eciu k k-y3my
MOATEKAET TOK OT MCTOYHHMKA TOKA, TO OH JIOJDKEH OBITh BBEJCH B Jj; CO 3HAKOM ILTIOC, €CIIH 3TOT
TOK MCTOYHHMKA TOKa YTEKaeT OT y3Jia, TO OH JIOJDKEH BXOIUTh B Jy co 3HakoM MuHyc. [locre
pelieHus cucteMbl (6) OTHOCUTENHHO MOTEHIIMATIOB OMPEAEIAOT TOKH B BETBAX MO 3akoHy Oma
st BeTBH, conepxkarieit 9J[C (0600menHsbIif 3akoH OMa).

Cucrema ypaBHeHuil (6) MOXKET OBITh IPEJICTABIEHA B MAaTPUUHOU (popMe 3amucu:

[Gllp]=[Jmd- 9)
‘?Gn Glz Gl,n-l U ?J 1 U
[G] :g G21 G22 Gz,n-l g [_l ] :gj 2 3;
é @08
an-l,l Gn-1,2 Gn-l,n-lg 8 n-lH



N
\S]

é J, u
e u
~ J ;
[ J ] :e 22 u
kk A .
e u
e u
e] n-1,n-1U
Ee pewenue:
i 1=[GT [V, (10)
[To HalieHHBIM TMOTEHIIMATaM y3JI0B HAXOJAT TOKH BETBEH, MCMOJB3Yys OOOOIIEHHBIN 3aKOH
Oma:
; _Uab=E, (11)
kT -
Rk

rae U aw —J 4 =) » —passocTs nOTEHIMANTOB Mexny y3namu a n b; E, — DJIC k-BeTBH.

Paccmotpum npumep. B anektpuyeckoi nenu, cxeMa KOTOpOM Mpe/CcTaBlieHa Ha PUCYHKe 32,
R=60M; R,=120M; R3;=90M; R4;=120M; R5=19.50M; Rs=150m; E,=45B; E53=22.5B. Paccuurarn

TOKHU METOJOM Y3JIOBBIX TOTCHINAIOB.

— AR
R> E/_’Iz

Pucynok 32

Pewenue

3azemuuM y3en 4

(94=0).

Pemenue nmeet Bun
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G, =1/R,+1/R +1/R, =1/12+1/9+1/15 =(0.083+0.111+0.067) =0.261Cx;
G, =1/R,+1/R,+1/ R, =0.111+0.051+0.083 =0.245Cx;
Gy, =1/R +1/R,+1/ R, =0.187 +0.083 +0.051 =0.321Cn;
G, =G, =-1/R, =-0.111Cx;
G, =G, =-1/R, =-0.083Cn;
G,, =G,, =- 1/ R, =-0.051Cx;
I, =E,/R,- E,,/R,- =22,5/9- 45/3 =2,5- 3,75 =- 1,254;
I, =-E, /R, =-22,5/9 =-2.54;
I, =E,, /| R, =45/12 =3,75 4.

[Tocne noacrtaHoBkH U perieHus noiydaem ¢1=-7.33B; ¢,=-11.88B; ¢3=7.9B.

Bocnonszyemcst 0000meHHBIM 3ak0HOM OMa 1 HaiiIeM TOKU B BETBSX:

bl 0079 59y
Rl
f Uit DBy _cT33- 79445 o
R 12
ool E _SI8847334205 oo
R, 9
I, S 11.88 =-0.994; Equation.DSMT4
R, 12
I Jsm), _79+11.88 —1.014;
R, 19.5
[o=ads I 48y
R, 15

3aoauu
3aoaua 27. Tlo 3aganHbiM mnoTeHIManam y3710B, OJIC HCTOYHHUKOB U COMPOTUBICHUUN
pesuctopoB (puc.33) paccuumTaTh TOKM BeTBeW W moaBoasmux MpooaoB. E;=10B; E,=15B;

¢1=15B; ¢,=-45B; ¢3=68B; R;=100M; R,=200M; R3=120m.
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Pucynoxk 33

3aoaua 28. B uenm, cxema KoTopoil moka3zaHa Ha pucyHke 34, DJIC HMCTOYHUKOB NMUTAHUS
paBHbl £1=120B, E,=114B, a conpotusnenue BerBer — R1=0,10m R,=0,10m R3=1,50M R4=0,50m
Rs=2,00M R=1,00Mm. Paccuntarh TOKM BETBEH METOIOM Y3JIOBBIX IMOTEHLHAJIOB U IPOBEPHUTH

OaJIaHC MOILIHOCTEM.

Ry

1
_J

E L

R, [] Ry [] & []x

Pucynok 34

3aoaua 29. Pemnth 3a1a4y 24 METOJIOM Y3JIOBBIX NOTEHLUAIOB U CPAaBHUTh C PE3yJIbTaTaMH,

IMOJIYUYCHHBIMU ME€TOJJOM KOHTYPHBIX TOKOB.

2.5 MeTtona y3/10BOro HanpsizkeHus1 (IByX y3J10B).
YacTo BCTpedaroTcsi CXeMBbI, COoIeprKallue Bcero ABa y3ia. Haubonee pannoHalIbHBIM METOJIOM

pacueTa TakuX CXEM SIBJISICTCSI METOJ| Y3JI0BOTO HampshKeHUs (mMemoo 08yx y3108). CyTb MeToJa

COCTOHUT B TOM, UTO 3a HCKOMOC MTPUHUMAIOT HAIIPAKCHUEC MCIKAY ABYMS y3JIaMU CXCMBbI:
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:é E g, (12)
a &

[Tociie ompeneneHuss 3TOTO HAMPSDKCHHUS TOK JIFOOOM BETBU MOXKET OBITh ONpEseNieH U3

U

ab

000011eHHor0 3aKoHa OMa.

B kauectBe mpumepa oOpaTuMcs K SJIEKTPUYECKOM IEMH, CXeMa KOTOpOil MpHBeneHa Ha

pucynke 35. Cxema umeer ciuenyromue napametpsl: R;=20m; R,=30m; R;=50Mm; R,=30wMm; R;
ZIOM, E]=5B, E4=3B, E5=8B

1 I,
—_ a —
1 o 1
| I | I |
R, R
R, R R

Pucynok 35

Pewenue

Paccuuraem Y3JIOBOC HAIIPAKCHUC

Udb _Eg-Eg,+E,g, 5X2-8X+3>.125 1-8+0.375 _
g +tg,+g; 02+1.0+0.125 1.325

5B

Hcnonb3yem 06001eHHbIH 3akoH OMa Juisd pacdeTa TOKOB BETBEH

; _E-Uab _5+5 _

| = =24,
R, +R, 5
E -
, =L Uab :3+5 —14:
R, +R, 8
E. +Uab -
[ =2stbab _8-5 5,
R, 1
3aoauu

3aoaua 30. B nenu (puc.36) DJIC wucrounukoB paBubl E;=160B, E,=220B, E;=80B, a
CONPOTHUBIIEHUS BETBEH COOTBETCTBEHHO R=20M, R,=40Mm, R3;=10Mm, R4=60m. OnpenenuTs TOKU B

BETBSIX LIENHU M PEKUM PabOThI KaXKJOr0 M3 MCTOYHUKOB. COCTaBUTH OajlaHC MOIIHOCTEH. 3amady

PEIINTb METOAOM Y3JI0BOT'O HAITPSXKCHUSA.
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L ) L3
Ry R Ry Rs
Pucynok 36

3aoaua 31. B cxeme, npeacraBieHHon Ha pucyHke 37, E1=16B; E;=24B; R=40wm; R,=20wm;
R:=80M; R4=80m.

PaccumnTaTh TOKH METOJIOM Y3JIOBOT'O HAIIPSAKCHUA.

) a
I L E
R R L Rq
R; I
E
b
Pucynoxk 37

2.6 MeToa HAJTOKEeHUSA
[IpyHuMn HanoOXEHUs CHOpaBeUIMB TOJBKO B JIMHEHWHBIX OAJEKTpUueckux uensax. OH

(hopMynHpyeTcs CleIyoNIM 00pa3om:

Tok 6 k-1 6emeu pasen anzedpauueckoil cymme 4ACMUYHbIX MOKOG, Bbl3b16AEMbBIX KAHCOOU
u3z 3/1C cxemol 6 omoenvHocmu.

[IpuHIMI HaOXXEHUS TOJOKEH B OCHOBY METOJ/la pacyera JIMHEHHBIX SJCKTPUUYECKUX Iemnei,
MOJTyYHBILIETO HA3BAHUE MeMOOd HATLONCEHUSL.

[Ipu pacyere meneld JaHHBIM METOJOM IOCTYHAIOT CICIYIOIIMM O0pa3oM: IOOYEPEIHO
pacCUHUTHIBAIOT TOKH, BO3HUKAIOIINE OT AEHCTBUS Kax o u3 3/]C, MBICJIEHHO 3aMbIKasi HAKOPOTKO
oCTaJbHbIE, HO OCTaBJIsIsl B CXeME UX BHYTPEHHHUE CONMPOTUBICHHs. HaXoAsST TOKU B BETBSIX MyTeM
aNredpanvdeckoro CJI0KEHHUS YaCTUIHBIX TOKOB.

[IpumeneHue »TOro MeTo]a pacyeTa pacCCMOTPUM Ha MPUMEpPE dIEKTpUUEcKou 1enu (puc.38a).

B stoit cxeme R1=100m; R,=50Mm; R;=80M; E1=20B; E5=60B.
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a) 0)
: < .C
I I
X "e [
Wl Sy
I, I,
El E3 El
& >
d d
Pucynoxk 38
Pewienue

Cuauana ocraBuMm B cxeme JJIC E;, a E3 MBICICHHO 3aMKHEM HaKopoTKo (puc. 380).

PaccunTaem yacTuuHbBIC TOKH B cXeMe OT JAercTBHs Tojabko DJIC E;:

;e E, 20
: R,R,  10+40/15
' R, +R,
I = Ucd _4,69 469 _0034: I _Ucd _4,69
R, 5 R,

— =0,584.

=1,534; Ucd =1, &—153% 4,69B;
+

3

5%

Teneps octaBum B cxeme DJIC E3, a El1 3amkHem HakopoTko (puc 38B) W BHOBb Haiiem

HYaCTUYHBIC TOKHU:

;= E, _ 60
. = =
R + R\R, 8+50/15
R, +R,
]l.. :Ucd 17,4 178 1744 I Ucd :17,4
R, 10 R2

2

+ RR
=5,294; Ucd =1, ﬁ =5,293,3 =17,45;
-+

JleficTBUTENbHBIE TOKM BETBEH HAXOAUM KakK ajlreOpanyecKkyr0 CyMMY YaCTUYHBIX TOKOB B

aHHOI BETBU:

I, =1 -1 =153- 1,74 =-0214; I, =1, +1,

I, =-1, +1, =-0,58+529 =474

=0,93 +3,49 =4,424;

3aoauu

3aoaua 32. Paccuutarh TOKM B DJEKTPUUECKOM LeNM 3afadd 18, METOIOM HaJIOKEHHS.

[TpoBepuTh Oaanc MOIIHOCTEH.

3adaua 33. PaccunTtaTh TOKM B DJICKTPUYECKOW II€MU 3amaddl 23 METOJOM HAIOXKEHUSI.

CpaBHUTH pe3ynbTaThl pacyeToB. [IpoBeputh 6ananc MOITHOCTEH.
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2.7 MeToa 3KBHBaJIEHTHOI'0 TeHepaTopa
IIpexne yeM U3y4uTh 3TOT METOJ, BBEJEM IIOHATHE JABYXITOJIFOCHUKA.

B 11006011 3eKTpruYecKoi cxemMe MOKHO MBICIEHHO BBIIEIUTh KaKyl0-I1M00 OJHY BETBb, a BCIO
OCTaJIbHYIO YaCTh CXEMbI, HE3aBUCHMO OT €€ CTPYKTYPBI, YCIOBHO N300pa3uTh HEKOTOPHIM
NPSIMOYT'OJIbHUKOM, TaK Ha3bIBAEMBIM JBYXIIOJIFOCHUKOM, KOTOPBII JBYMs CBOMMH 3a)KMMaMHU
(mosrocaMu) MOJIKITFOYAETCS K OCTAJIbHOM cXeMe, Kak OKa3aHo Ha PUCYHKE.

Ecnu B IBYXITOMIOCHUKE MMEKOTCS HUCTOYHUKH JJIEKTPUUYECKOUN

a
_Q_ OHEprvuv, OH Ha3bIBACTCA AKTUBHBIM, W B IPAMOYTOJIbHUKCE,

A I/I306pa}KaIOH_[€M JABYXIIOJIFOCHHUK CTABUTCH 6y1(Ba A. Eciin uctoynnkmu

R []1 [ OTCYTCTBYKOT — JOBYXIIOJIOCHUK CUYHUTACTCA ITaCCHBHBLIM. B »stom

cllydae B TPSIMOYTOJIBHHKE TpocCTaBisiercs OykBa [I v

-

b MMPAMOYT'OJIbHHUK OCTABJIAIOT ITYCTBIM.

Pucynoxk 39 MeTtoa SKBHBaJCHTHOIO TEHEpaTopa OCHOBaH Ha TeopeMme 00
AKTUBHOM JIBYXIIOJIFOCHUKE W DKBUBAJICHTHOM T'€HEpaTope, KoTopas
(hopMyHpyeTcs CeIyONIM 00pa3oM:

Ilo omnowenuto K 6vl0e/1eHHOU 6emeU OBYXNOJIOCHUK NPU pACUeme MOMCHO 3aMeHUMb
IKeUeaneHmHubvim 2enepamopom, I/JC Komopozo pasnHa HANPANCEHUIO X0JI0CHMO20 X004 Ha
3axucumMax — 6vl0eJ1eHHOW  6emeu, a GHYmpEHHee CORPOMUGNEHUEe PAGHO  6XOOHOMY
COnpOmMuUBIEeHUI0 O8YXNOIIOCHUKA.

Meton pacdera TOKa B BBIICICHHOW BETBH, OCHOBAaHHBIM Ha 3aMEHE AaKTHUBHOTO
JIBYXTIOJIFOCHUKA SKBHBAJCHTHBIM T'€HEPATOPOM, MPHHSATO HA3BIBATh MEMOOOM IKEUBATIEHMHOZO0
2enepamopa. Meto 11e71ecoo0pa3HO MCIIOJIb30BaTh ISl pacueTa TOKa B KaKOW — JIMOO OJJHON BETBH
AJIEKTPUYECKON LIETIH.

Pexomenayercss Takas TOCIENOBAaTENBHOCTh pacyeTa TOKAa AITHM METOJOM: a) HaxXoIuM
HaNpsDKCHUE Ha Pa30MKHYTOW BETBH ab; 0) ompenensieM BXOJIHOE COMPOTHBIICHUE R, BCEH CXEMBI

10 OTHOILIEHHIO K 3aKUMaM ab IIpU 3aKOPOYCHHBIX HCTOYHUKAX 9}_—[(: U PA30OMKHYTBIX BCTBAX C

MCTOYHHKAMH TOKa; B) paccunuThiBaeM Tok 1o popmyne [ =Uab  /(R+R,)).

B xagecTBe mpumepa paccCMOTPHUM CXeMy IIeId, H300pakeHHYI0 Ha pucyHke 40a



a) 0) 8)
g - g
R 1= Eooba T[]x Rooba
f []l ts
1, b b
B £, L E,
Pucynok 40

[Tyctb TpeOyeTcst paccuutath TOK I, ecinu R1=200M; R,=100m; R;=400wm; E,=40B E;=80B.
Pewienue
BrigenuM BETBb ¢ UCKOMBIM TOKOM M pa3oMkHeM ee (puc.400). Mcmonb3yst MeToa y37I0BOTO
HaIpsDKEHWs, HallJIeM HaMPsHKEHUE X0JI0CTOTO X0/1a Ha 3aKUMaX BBIJICIICHHON BETBH.

_Eg +E.g, _40X,05+80,025 _ 4
g *8&; 0,05 +0,025 0,075

Uab__ =533B.

Tenepr MbICHEHHO 3aMKHeM HUCTOYHMKH JJ[C HaKOpPOTKO U BBIYUCIHM BXOJHOE

COIIPOTUBJICHUE ABYXITIOJIIOCHUKA OTHOCUTCIIBPHO 3a’KUMOB ab/

RBx, = R R, 2040 =13,30m.
® "R, +R, 60
Uab, 533

XX

=2,294.

Brruucnsem uckomslii Tok: [, = = =
R, +R, 133+10

3aoauu
3aoaua 34. B uenu (3amaya 18) paccunrarh Tok [3 MeTOm0M 3KBHBAJICHTHOT'O reHEepaTopa U
CPaBHUTH C paHee MOTyUYECHHBIM 3HAUCHUEM.

3aoaua 35. B uenu (3anaua 24) paccuuraTth TOK I; METO10M SKBUBAJICHTHOT'O I'€HEPATOPA.

Tema 2. SHEKTPI/I‘IeCKI/Ie nenm OI[HO(i)aSHOI‘O CHYCOMAA/TbHOTO TOKa

3. MeToanbl pacuera 3JIEKTPUYECKHX HelNeil CHHYCOMIAJIbHOI0 TOKA
3.1 Pacuer nemnei no MrHoBeHHBLIM 3HAYEHHUAM
[Ipu pacuere nemneil CHHYCOUTAIBHOTO TOKA HCIOIB3YIOT pa3iluHbIe (JOPMBI MPEICTABICHUS
CI/IHYCOI/IJIaHBHI)IX BCIIMYUH. 9TI/I q)OpMI)I B O6HIeM cnyqae MO>XXHO pa?))IeJ'II/ITI) Ha aHAJIIUTUYCCKHUC U
rpadudeckue. K anamuTuyeckuM ¢GopMaM MOKHO OTHECTH TMPEJCTaBICHUE CHHYCOMIAIBHBIX

BCIMYMH HMX MI'HOBCHHBIMHW 3HAYCHUAMMU. HaanMep, MI'HOBCHHBIC 3HAYCHUC CHUHYCOUAAJIBHOI'O
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TOKa u HalpsHKEHUs MOYHO 3aImcaTh Kak i(t) =1 m sin(Wt +y l.);

u(t) =U m sin(W¢ +y L,)rz[e ]m;U o — ammmryasl, Y ;.Y , — HauaneHele dase; W —

yrioBast yactorta. JlroOble nuHelHbIe KOMOMHAIMH (T.€. CII0O)KCHHE WJIM BBIUUTAHUE) HECKOIBKUX
rapMOHUYECKUX KojieOaHuit ¢ oaHoM M Toit xe vactoroir W nmaror pesynbrupyroinee KojeOaHue

TOW ke 4JacToThl. JuddepeHnupoBanue M WHTETPUPOBAHUE TApMOHMYECKHMX KoJjeOaHMM Tarxke

IPUBOJMT K TAPMOHMYECKMM KOJIeOaHHAM TOM K€ YacTOTHI, HO CABHHYTHIM mo dase Ha 90°, T.e.
HaXOJALIMMCS B KBaJpaType ¢ UCXOIHBIM KOJIeOaHUEM.

IIpu pacuere neneil Mo MrHOBEHHBIM 3HAUYEHUSM UCIOJIB3YIOT IPUBEIECHNE IPOU3BOIBHON LIENN
K OJHOM M3 KAHOHMYECKHX cXeM. B KauecTBe KaHOHHYECKHMX CX€M OOBIYHO HCIOJB3YIOT
MIOCJIEI0BATEIbHOE WM NapAJIJIEIbHOE COETMHEHNE aKTUBHBIX U PEAKTUBHBIX CONPOTHUBIICHUN WU
npoBoaumocteid. Ilpm 3TOM [ mMOCIENOBAaTENbHONM KAaHOHMYECKOM CXEMBbl IOJIb3YIOTCS
IIOCJIEZIOBATEIbHBIM COEAMHEHUEM aKTHMBHOIO M PEAaKTUBHOIO CONPOTHUBIECHUH r M X, a JUId
MapajuIeIbHON KaHOHWYECKOM CXEMbl— MapajuIeIbHbIM BKIIOYEHMEM AaKTHBHOW M PEaKTHUBHOMU
MPOBOAUMOCTEN g U b. Takue coeAMHEHUSI JIEMEHTOB MPUBEACHBI HA PUCYHKE 41.

Ecan x Bxony mocienoBaTeNbHOW KAHOHUYECKOW CXEMBbl MOAKIIOYEH UCTOUHUK HANPSHKEHHS

e(t), TO TOK IeTH OMPEEeNIUTCS 1o 3aKoHy Oma:

E, . :
(1) =="-sin(Wf +Y =} )

)
_/
Q
S
<
S
<
S
oQ
1
| I

)

Pucynok 41

A . _ |2 2
e | =arctg (X /r ) — (a3oBBIfl CHABUT MEXKY HANpsKEHUEM M TokoMm, Z —N7F~ + X~ —

IIOJIHOE COIPOTUBIICHUE LEIIN.
[Ipn moxaxitOUEeHUMM K BXOJAY MapajlieIbHON KaHOHMYECKOW CXEMbl HCTOYHUKA TOKa j(f)

HAIps>KCHUE Ha DJIEMCHTaX CXEMBI OIIPEACTINTCA U3 BBIPAKCHUS:

(14)

u(t) :I’" sin(wz +y , +j ),
y

(13)
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rje J =arctg(b/ g)Equation.DSMT4 — cusur $ha3 MekITy TOKOM HCTOYHHKA M HANPSKECHHEM

— ’ 2 2
Ha BXOAC CXCMBEI; y —_ g + b — [OJIHAA MPpOBOANMOCTD ILICIIH.

[lepexon oT mocienoBaTeNbHONM KaHOHMYECKOM CXEMbl K MapaijiesIbHOM BBINOIHSIETCA IMPU

MTOMOIIN YPaBHEHMIA:

g=rlz’;b=x/z". (15)

AHaJOruyHO BBITIOJIHACTCA nepexon OoT HapaHHeHBHOﬁ KaHOHHUYECKOH CXCMbI K

OCJIETOBATEILHOM:

r=g/y*;x =b/y’. (16)

[Ipu BBIMIOJIHEHUY 3THUX YCIOBUM 00€ CXeMbI OyAyT SKBUBAJICHTHBIMHU.
PaccMoTpuM npuMepsI pacueTa LeNy 0 MTHOBEHHBIM 3HAYCHUSM.
IIpumep 1. TpeOyeTcst onpeeNuTh HaNpsHKEHWE Ha BXOJE 1IeTH, CXeMa KOTOpPOM MpUBEJeHa Ha

pucynke 42, ecnu ok ucrounuka i(¢) =0,1sin500¢( A) . [TapameTpbl CXeMBI HMEIOT CIIEAYIOLIHE

3HaueHus: b, =0,2Cwm; x =r =100Mm.

i@
J(t) by 3, g -~

D) ult)

/A

a) 6)
Pucynok 42
Pemenne. Bhauane mpeoOpasyem NOCIEIOBATENbHOE COEAMHEHHE » U X B IapajuleIbHOE
COCTMHEHHE g U by :
g =r/2> =r/(r*+x.?) = 10/200=0,5Cm,
by = xp/z* = x1/(r*+x.?) = 10/200 = 0,5Cm.

3areM paccuuTaeM peaKTUBHYIO IPOBOJAUMOCTH 1er b=by -b, =
=0,05-0,2=-015 CM ¥ OIIpE/IeIM e¢ TIOHYIO IPOBOIMMOCTb Y =+/ g~ + b’ :0,05\/5 =0,16
Cwm.

Haiinem aMIumnTyny HanpsKEHUs Ha BXOJIE LIETIH

U, =1/y=0,1/0,16 =0,625B
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¥ OTIpEJIENM C/IBUT (a3 MEKILy TOKOM M Hampspkenuewm, 1g] =b/ g =- 3, orkyna nonyuaem
i =-71930.
MrHoBeHHOe 3HaUeHHE HANpPsDKEHUS Ha BXOJE LenH onpeaensercs GopMyIoi:

u(t) =U, sin(500¢ +y . +j ) =0,625sin(500z - 7130).

Ipumep 2. J1na uenu, u3o0pakeHHOM Ha pucyHKe 43, TpedyeTcs onpeaenuTh
3HAaYEHUE TOKA i(f), HAPSDKEHUN Ha dNeMeHTax U (t), uc(t), ur(t), u(t), u(t), a Takke aKTUBHYIO
MOILHOCTb P, moTpebisiemMyo 1enbto. [lapameTpsl 371eMEHTOB CXEMbI UMEIOT CIIEAYIOLIIE

3HaueHus: e(t) =20sin 100t B; » =40m; L=70mI'w; C=2500MKD.

Pucynoxk 43

U,g ) Uc
NS
— i
(W, ™ u,

OLL

< >
< P

A

Pewenue

OHpeI[eJ'II/IM PCAKTUBHBIC COIIPOTUBJICHHUA LICIIN:

x, =WL =100>70%07° =70m
x. =1/wC =1/100 X500 X0 ° =40m

Brrancanm moiHoe CONIPOTUBJICHUC LICIIN:

z :\/rz +(x, - xc)2 :\/42 +(7- 4)°

Omnpenenum yroi casura Ga3 Mexy HalpsHKCHHEM UCTOYHUKA U TOKOM B IISTIH:

j =arctg(x, - x,)/r =arctg(3/4) =37°.
Haitnem aMmintyty Toka B LIENU:
I =E /z=20/5=44.
Hcnonb3ys nosrydyeHHbIE 3HAUEHUS, 3aIIMIIEM MIHOBEHHOE 3HAYE€HUE TOKa:
i() =1 sin(we - j ) =4sin(100¢ - 37°) 4.
HanpsixkeHne Ha cONpOTUBIIEHUH ONpeesuM 1o 3akoHy Oma:

u,(t) =ri(t) =16sin(100z - 37°)B.
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HanpspkeHne Ha MHAYKTUBHOCTU BBIYUCIHMM 110 opMyIie:

u, (t) =Ldi(t)/ dt =70 3107100 X cos(100z - 37°) =28sin(1007 +53°)B
Equation.DSMT4 .

Hampspkenne Ha eMKoCTH ompeaenuM o popmyse:
u, :gc‘;(r)dzg/c =4& cos(1007 - 37°)g/0,25 =16sin(100z - 127°)B.

HaHpH)KeHI/IC Ha MoCJICA0BATCIbHOM COCANHCHUH PC3UCTOPA 77 © UHAYKTUBHOCTH

L OnpeaAcCIsICTCA TOKOM Im " OJIHBIM COIIPOTUBJICHUEM Z;[, 3TOT'O COCAUHCHU . AMHJ'II/ITy,Z[a 9TOI0

Um, =1 Jr’+x> =44/4% +7% =32B

j, =arctg(x, /r) =arctgl,75 =60°.

HaIpsKCHUA paBHA

a yrou casura a3

MrHoBeHHOE 3HaUYCHHE ITOTO HaITps>KCHUA paBHO
—_ . 0]
u, =32sin(1007 +23%)B.

AHAJIOTUYHO OMPENEIAIOT HAMPSHKCHWE Ha TOCIEIOBATEIPHOM COCIWHEHHHM pEe3UcTopa 7 M
konzaeHcaropa C.

AMHJ'II/ITy,Z[a 9TOr'0 HAPSAXKCHUA UMCCT 3HAUCHUC

U, . =1 \Jr’+x =45,66 =22,64B,
a yroun cipura (a3 paseH
j .o =arctg(-4/4) =-45°
MrHOBEHHOE 3HAYCHHE HATIPSKEHHS HA STOM COEIMHEHNH 3aIIiIIeM B BUJIE:
u,.(t) =22,64sin(100z - 82°)B.

CpenHtoro (aKTUBHYIO) MOIITHOCTb, MTOTPEOIIIEMYIO LIETIhI0, MOKHO PACCUUTATH 1O (HOpMYJIE:

P=]>—=4° % =32Brt

I
m
2
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BexropHas auarpamma Juist 3TOM cXeMbl npuBefeHa Ha pucyHke 44. Ilpu ee moctpoeHuun

Uy 168
U,,~28B
E, =208
mL ~ UmCZI‘?B
(]mr:16B
f,=44

HCII0JIb30BaHbl MTHOBEHHbIE 3HAUEHUSI HAIIPSDKEHUH U TOKA, IIOJyUYEHHBIE B pacueTe.
Pucynoxk 44

3aoauu
3a0aua 36,1, =2sinw¢; i, =4sin(wr +90°); i, =3sin(ws +30°)

[TocTpouTh BEKTOPHYHO AMarpaMmy W ONpPEACIHTh Iy, PaccuMTaTh JOEWCTBYIOIIEE 3HAYEHUE
CyMMapHOIo TOKA.

3aoaua37. Hailtu cymMMapHBIil TOK, €cliu

i, =4sin(wt +30°); i, =4sin(w¢ - 45°); i; =2sin(wz - 30°).

Beramcants neiicTByromiee 3Hau€HUE 3TOTO TOKA.

3aoaua 38. Ilo uenu (puc. 45), cocrosuieil U3 MOCIEAOBATENIFHO COESAMHEHHBIX PE3UCTOpa
conpotusieHueM R=1000m u konaeHcaropa eMkocTeio C=31,8Mk® mpoTekaeT CUHYyCOMaIbHbIN

ToK ¢ amrutyaou 1,=1.41A, f=50I't. Onpenenuth MrHOBEHHBIE 3HAYCHHSI TIPUIIOKEHHOTO K IICTIH

HaIIpsAXKCHHA, HaprI}KeHI/Iﬁ Ha pE3UCTOPC U KOHACHCATOPC.
> *
l

U ==
C

&F

Pucynok 45

3aoaua 39. Ilo karynike, MHIYKTUBHOCTb KOTOpoM L=12mI'H M aKTHBHOE CONPOTHUBIIEHUE
R=90M Tteuer Tok [ =25in10007(A4) (puc.46). Yemy paBHO MIHOBEHHOE 3HAuUEHUE

MIPUJIO’KEHHOTO K IIeNH HalpsHKeHUs?
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R
& .' ,'
> 1
U 3 I
# C
Pucynok 46

3aoaua 40. Ilpn BKIIOYEHUH WHIYKTUBHOM KaTYIIKU B LIEMb MOCTOSHHOI'O TOKa aMIEpPMETp
nokaszain 2,5A, a sonst™MeTp — 30B.

3areM Ty e KaTylIKy BKJIIOUMJIM B LIeNb nepeMeHHoro Toka f=5xI'u. Ilpu 3ToM BombTMETp
nokazan 120B, a amnepmertp — 6A.

Paccuntarth MHAYKTUBHOCTh U aKTUBHOE CONPOTUBJICHHE KaTylIKU. Yemy paBHaA aKTUBHas U

PCAKTHUBHAs MOIIHOCTL, paCCCHUBACMasl B HCHI/I?

3aoaua 41. Pesuctop conpotuBieHueM R=1000m u xougencatop C=2Mx® coeauHEHbI

nocnenosarenbHo. Hanpsbkenue Ha 3akuMax KoHjeHcatopa U =10sin 5000z . Uemy paBHbI

MI'HOBCHHBIC 3HAYCHHUA HAIIPSKCHUSA Ha 3aKUMax pEe3ucCTOpa, 06H_[€FO HaIps’KCHU. Paccunrath

AKTUBHYIO MOIIHOCTB L CTIN.

3aoaua 42. Tlo xarymke ¢ wHAYKTHBHOCTHIO L=0,01T'H TedeT CcHHYCOMIATBHBIM TOK

l :2,6 SiIllOOOt(A)_ Paccuntate DOJIC camMOMHAYKIIMM U JCHCTBYIOIEE 3HAYCHUE

HAIps>KCHUA Ha KaTYHIKE.

3aoaua 43. K snexrpuueckoir nenu (puc.47), umeromein napamerpsl: R=30m; L=8ml'H;
C=15mx® noakmoueno Hanpsikenue U=20B (f=50011).
Haiitn TOk, HanpsoKeHUs Ha dJEMEHTaX, aKTUBHYIO M PEaKTHBHYIO MOIIHOCTH. ITocTpouTh

BEKTOPHYIO AHarpammy.

U .BL

Pucynok 47
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3aoaua 44. B uenp cHHyCOMAAIbHOTO TOKa uacToTod f=50I'1m (pmc.48) BKIIOYEHBI 1B
napaienbHble BeTBU. [lapamerper snemenToB: R1=40Mm, R,=50M, L=0,096I'n, C=630MKD,
HanpsbkeHue Ha KoHjaeHcaTtope Uc=30B. HaiiTu Toku B BETBSIX U B HEPA3BETBJICHHOW YacCTH IIETIH.

OHpeI[CJ'II/ITB CABUT'H (1)8.3 BCEll LIENIN U B 00euX BETBSIX. HOCTpOI/ITB BCKTOPHYIO JUarpaMmMy TOKOB.

#
3. R,
U
R; —C
y -
Pucynox 48

3aoaua 45. JIns cxemsbl, n300pakeHHOW Ha pUCyHKe 49, TpeOyeTcs paccuuTaTh INOKa3aHUS
npubopos, ecnu i =5sin(314¢- 10°)4; r, =40wm; r, =x,. =20m; x, =100m.  Paccuurars
JCUCTBYIOIIME 3HAYCHUS HAWICHHBIX BEIWYMH. IlOCTpONTH BEKTOPHYIO IHarpaMMy IEIH,

pacCuUuTaTb aKTUBHYIO, pCAKTHBHYIO U IMOJHYIO MOIIHOCTH.

rl L r2 C
O

o

[

N
o

(1)
@,

& &
Pucynoxk 49

3aoaua 46. B 1uenu, wuzobpaxkeHHoW Ha pucyHke 50, MIHOBEHHOE 3HAaYeHHME TOKa
i=2sin(450t+10°). IlapameTpsl LenM HMEKOT CcleAyomue 3HadeHus: r=250m; L=60mlH;
C=40mk®. 3anucaTh MTHOBEHHBIC 3HAYCHUs HAIpPSDKEHUUW Ha dJIEMEHTaX M Ha BXOJE IIEIu.
OnpenenuTts: MOJTHOE COMPOTHBICHUE LIEMH, MOKa3aHUs MPUOOPOB, aKTUBHYIO, PEAKTUBHYIO WU

MOJIHYIO MOIITHOCTB, TOK B LCIIH IIPHU PE30HAHCE HaHpH)KeHI/Iﬁ, HU3MEHUB L.
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Pucynok 50

3.2 Pacuer nene CHHyCOMIAIbHOI0 TOKAa CHMBOJIHYECKHM METOI0M
B ocHOBe cUMBOIMYECKOT0 METO/1a JIEXKUT MpeodpazoBaHue Pypbe-Oitnepa

e’® =Cosa + jSina (17)

KommnnexcHoe uyucio e/“ Ha KOMILIEKCHON IINIOCKOCTHU I/I306pa3I/ITC$I BCKTOpPOM, MOIOYJb

KOTOPOTO paBeH 1, a yroi ¢ BeeCTBEHHOH OCBIO — .

‘a ‘a
Ecnu BMecTo QyHKIMH e’ B3 byHKLHIO I m€ / , TO
ja _ . .
[,e”" =I Cosa + jI Sina .

. a
Ha xoMIuiekcHO# IMmIocKocTH 3Ta (YHKLMS, TaK K€ Kak U (QYHKLUSA e’ , n300pazurcs

BEKTOPOM TOJI YIJIOM ¢ K OCH +1, HO MOy b BeKTOpa OyIeT B 1, pa3 OoJbIie.

Yrou a MoxkeT ObITh M00bIM. [Ton10%kuM ero pasubiM (wz +y ). Torna

1,e’™"™) =1, Cos(Wt +y )+ jI,,Sin(Wt +y ). (18)

Oynkumst [, Sinwt +Yy ) ectb koopuument npu MHuMOH uactm (Im) BbIpaKeHHs

I ej(WHy )

m

CuHycOuAaIbHO U3MEHSIOIIUNCS TOK

; ; (W e+

i =1 Sin(wt+y )=Iml e/™"™). (19)
Takum o00pa3oM, CHUHYCOMJAIBHO M3MEHSIOMIMICS TOK [ MOXHO NIPEACTaBUTh Kak Im

i ej Wity )E uation.3 WIHA, YTO TO K€ caMoe, KakK IIPOCKIMIO BpaIAIONIErocsI BEKTOpa
m q . ; ; pOoeKIT palaronl p

b ej(WHY)

1
m Ha OCb «T)».

C uenpio eauHOOOpa3zus MNPUHATO HA KOMIUIEKCHOM IUIOCKOCTH M300pa)kaTh BEKTOPbI

CUHYCONAJIbHO U3MCHAIOIMUXCA BECJIMYNH IJIsI MOMCHTA BPEMCHHA wt=0. HpI/I 9TOM BCKTODP
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[e’™™) =] ¥ =&, (20)

m m

rac é’g — KOMIUJICKCHas BCJIWYHWHA, MOLYJIb KOTOpOﬁ paBCH [m; y — YTroJi, noa KOTOPbIM BEKTOP

é‘n MIPOBE/ICH K ocu +1 Ha KOMIUIEKCHOM IJIOCKOCTH, paBHBIN HayaJIbHOMU (ha3e.

Bennuuny ﬁ‘m Ha3bIBAIOT KOMNJIEKCHOU amnaumyoou Toka i. KoMIiekcHas aMIuIuTyjaa
n300pakaeT TOK i Ha KOMIUIEKCHOW IUIOCKOCTH U1 MOMeHTa BpeMeHH «f=0. Touka, nocraBieHHas
HaJ TOKOM [/ My HampspbkeHueM U, 03Ha4aeT, 4TO 3Ta BEIUYMHA BO BPEMEHHM H3MEHSAETCA II0
CHUHYCOHMIAJIbHOMY 3aKOoHYy. [10 aHamorum BBOAAT KOMIUIEKC NEHCTBYIOLIETO 3HAYECHUS

ﬁti (ﬁ(_ lﬁﬁ . §(_é(n
V2T

KommuiekcHbple BeMUYMHBL, HM300paXkalollue CUHYCOUJAIbHBIC HANpPSDKEHHS W TOKM Ha

KOMIUIEKCHOM IJIOCKOCTH Ha3bIBalOT CUMBOJIMYECKUMHU M300pakeHusMu. Halinem nmpousBogHyo u

HHTETPAJ OT CHMBOJIMYECKOT0 n300pakerus Toka. [lycts | =/ " Sinwt. Torna [ =1,

[IpousBoaHas
— = jwl’" =jwl 21
7 J J (21)
HNurterpan
Jwt 7. __ 1 Jjwit . — 1 Jwt __ 1 I
ole’” dt =——ole’™ d(jwt) =—Ie’™ =— (22)
JW JW JW

3akon OMa B KOMILIEKCHOM (popme

PaccmoTpuM 1iens ¢ Mocinen0BaTeNbHbIM COEIMHEHUEM PE3UCTOPA, NHIYKTUBHONW KATYLIKHA U

KoHJeHcaTopa (puc.51).

Jist 37O cxeMbl ypaBHEHHE 110 BTOpoMy 3akoHy Kupxroda nmeer Bua:

3TO YypaBHCHHC B iR+ Lﬂ +loidt =u (23)
C

ie ¢ yuetoM (10.6) u dt

3

B+ jwLB (1/ jwC) B=
=R+ ijI& ( j/wC)I&:Ug,‘ 24

C

|
oTkyaa ||

Pucvaok 51
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P

= =, (25)
R+ jwL- j/wC

rac
Z =R+ jWL- j/WC =R+ j(x; - xp) - (26)
KOMIIJICKCHOC COIMPOTHUBJICHUC ILICTIN.

®dopmyiny (25) Ha3pIBaOT 3akOHOM OMa B KOMIUIEKCHOM (popMe 3amucCH.

VYpaBHenue (23) sBisiercss JTUHEHHbIM AudQepeHIranbHbIM ypaBHEHHEM BTOPOTO MOPSIKA.
CrnenoBarenbHO, HAXOXXICHHWE TOKAa, KakK (YHKIMHM BPEMEHHM CBOJHUTCS K PEIICHHIO 3TOr0
Qg QepeHInaIbHOTO YpaBHEHUS.

VYpaBHenue (24) sBiusercs JMHEWHBIM anreOpanyeckuM YpaBHEHHEM C KOMILJIEKCHBIMU
kodpduurenTamu. TakuM 00pa3oM, CHMBOJMYECKMH METOJ IMO3BOJIAET IMEPEHTH OT pEeLIeHUs
muddepeHIManbHbIX YPaBHEHUH K pEIIeHUI0 YpaBHEHUI aiareOpanyeckux, HO C KOMIUIEKCHBIMU
kodpdunuentTamu. B pesynpTare TaKoro pemieHus HaXOIUTCS CHMBOJIMYECKOE H300paKeHHe
HMCKOMOM BEJIMYMHBI (TOKA WM HANPSKEHUs ), OCIE Yero OCYIIECTBIISIIOT Mepexo i K MTHOBEHHBIM
3HAYEHUSM.

IIpn pacuere nemed IO KOMIUIEKCHBIM 3HAYCHUSAM MOXKHO IIOJIB30BAThCA YPaBHEHUAMU
Kupxroga, ypaBHEHUSIMH KOHTYPHBIX TOKOB M Y3JIOBBIX IOTCHIMAJIOB B KOMIUIEKCHOH (opme

samucu. C IIOMOIIBIO KOMIIJIICKCHBIX 3HAYCHHI HampsOKCHUA W TOKAa MOXXHO OIIPCACIINTD

*

X X S .
. & — I, MY o
KOMIIIEKCHY10 MoIHocTh S =UX =P + jO, rae =le "' — conpsukeHHBI KOMILIEKC TOKa,

X
U =Ue”" - xommekchoe 3HauecHue HanpspkeHus. Moyib KOMIUIEKCHON MOIIHOCTH paBeH

X
moHo# Momaoctr erm S =|S| =UI.

3aoauu

3aoaua 47. llepeBectu 3ajaHHbIE KOMIUIEKCHBIE YHCIA B TOKA3aTEIbHYIO (POPMY 3alUCH:

12+j18= _40+j12=
-36-j14= 18-j28=
-i29= i160=
12-j84= 158=
~136-j420= 48+120=
J168= -162-j248=
4+i78= _6+j98=
160-6= 14-j148=

_160+j12= -4-169=
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12+j210= 2180=
1200-j2600= -3120-j2140=
-2500+j6100= 148+j2100=

3aoaua 48. llepeBectu 3a7jaHHBIE KOMIUIEKCHBIE YHCIIA B allre0pandeckyio popMy 3alich:

230ei7= 1270¢4140=
1486’902 362061'110:
1300¢/180= 5266270=
622¢7%0= 430e)360=
28ei0= 49ei115=
820e1192= 18ei198=
14@135: 14lej225:
18el!80= 1200645=
3adaua 49. Beryucinuth
| . . . - j140
/10012 P = Gejouse/P = 20 27 -
26¢ -0+
(4- j6)+14¢j4S = (6- j8)>6e” /0 = Orp. Brd
40+ /18 5o/
-6+ /8)+(2- jA)=  (18+ j16)%-8- j6) =
| . o 7290
14- 22418574 = (-16- ja6)e” /130 = _86 Jl.?z - _4308j140 _
-0+ 10e
(-8- jo)+14e” /M0 = 114 j26)8e/11Y =
6- j15)+12¢/70 = 12+ j18)36¢ /7Y = 13*]__{58‘ _ '46' {;2 _
18e +J
A1+ /18)+10¢” /137 = (- 14+ j36) 12~ j45) =
. . 7170
-14- jl6)+2- A= (T+j3)xe/0= 1B 180T
-6- 58 4+ j4
(-10- j10)+18¢/3Y = (134 j22)%6¢/170 =
(-15+ j16)+14¢” /170 = (28~ j14)%6e/70 =

3aoaua 50. Kommiuekc [EHCTBYIOIIETO 3HAYEHMsI HaNpsHKEHUST HA BXOJA€  LIENHU

L&:22Oe_j303 . Tox nenu ﬁ(: 20e’* 4.

PaccunraTh KOMILIEKCHOE CONIPOTUBJICHUEC LCIIN U €r0 COCTABJIAIOMIUC, 4 TaK JKXE KOMIIJICKCHYIO

MOIIHOCTH 11enH. Kakoi xapakTep uMmeet Harpy3ka?
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3aoaua 51 [leiicTByiollee 3HAUEHUE HANpsSHKEHUS HA BXOJE ILENM, CXemMa KOTOpOM
npejcraBieHa Ha pucynke 52, U=100B (Y =20°). [TapameTpsl 1ENM MMEIOT CIEIYIOLINE

3HaueHus: R;=100mM; R,=130M; xc=-40OM. PaccuurtaTh mnokazaHusi NpUOOPOB, PEAKTUBHYIO

MOITHOCTD, paCXO0AyEMYIO B IICIIN.

C

Pucynok 52

pra
P 4

3aoaua 52. B snexTpuueckoi 1Lenu, cXeMa KOTOpPOM MOKa3aHa Ha pUCyHKe 53, nedcTByeT

X
— 124° .
Hanpsokerne Ha Bxoge U =120e’™" ¢ wacroroit f=50I'n. Ilens uMeeT ciepyromue mapameTpsl:
R=40wm; Li=12,7mI'n; C=398Mk®D. PaccunrtaTh mokazanus npubopoB. Ha kakoi gacTore B 1enu
BO3HUKHET PE30HAHC HAIPSKCHUI?

Pucynok 53

“v£ O @,

3aoaua 53. K 3axumam mnenu (puc. 54) TNOJABENEHO CHHYCOUJAIBHOE HAMPSHKCHUE,
nerctBytoiee 3HadeHue kortoporo U=100B. ConpotuBnenuss R;=20M, R,=40m, x,=100m,
x3=40mM. Paccuntarh TOKM BETBEW, aKTUBHYIO U PEAKTUBHYIO MOIIHOCTH, OCTPOUTH BEKTOPHYIO

auarpammy.
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Ro
z  I—
—
I1 R., l x3
u I, l13
x2
. |
Pucynok 54

3aoaua 54. K 3axumam nenu (puc. 55) MNOJIBEACHO CHHYCOMJAIBHOE HAIpPsDKEHHE,

. _ - j20
NEHCTBYIOIIEE 3HAUYEHHE KOTOPOTO ™&=200¢" "B . Conporusnenus R;=70M, R,=120m,
R3=100m x;;=40M, Xx,=80M; xc=60M. PaccuuraTb TOKH BETBEH METOJIOM >SKBHUBAJICHTHOIO
peoOpa3oBaHUs MACCUBHBIX CXEM M METOJOM KOHTYPHBIX TOKOB, IIPOBEPUTH OANlaHC aKTUBHOU W

PEaKTUBHOMI MOIIIHOCTH, IOCTPOUTHh BEKTOPHYIO AHArpaMMy.

R| X, 1
— 1YV
—
]I R7 [7 X,
I,
U l
X, R,
&
Pucynok 55

3aoaua 55. B cxeme (puc.56) R;=100mM; R,=100Mm; C=159mk®; L=31,8mI'n; E=100B;
f=50I'1. Paccuntarh TOKHM MCIIONB3YSI METO/ NMPEOOpa30BaHMs MTACCUBHBIX CXEM, a TaK K€ METOJIOM
KOHTYpPHBIX TOKOB. CpaBHUTH IOJIy4eHHblE pe3yibTaThl. [IpoBepuTh OaslaHC aKTHUBHOW H

PEaKTUBHON MOIIHOCTH. IIOCTpOUTH BEKTOPHYIO JUarpaMMy TOKOB M HaIIPSKEHHI

R,
1€
|

Pucynoxk 56
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3aoaua 56. K 3axumam nenu (puc. 57) TOABEIEHO CHHYCOWJAIBHOE HAIPSIKEHHE,
nerctBytoiee 3HadeHne koroporo U=100B. Conporusnenust Ry=10m, R=30m, R,=10m, Z,=40mM.
Yacrora f=50I'n. Onpenenuts eMKOCTh C KOHIEHCATOPA, MPU KOTOPOH B MEMH HACTYIHUT PEXKHM
pe30HaHCca TOKOB, 3HAUY€HUsI TOKOB [i,/>,/35 ipu HACTyIUIEeHUU pe3oHaHca. [locTpouTh BEKTOpPHYIO

JyarpamMmy HanpspKEHUH M 0Ka3aTh Ha HEH BEKTOPbI TOKOB AJIs PEKMMa PE30HAHCA.

Ro
’ C—)
#]

Pucynox 57

4. Pacyer 3/1eKTPHYECKHUX LeneH Tpex(a3Horo ToKa
Tpexda3Hble 1enu sBIAIOTCS YaCTHBIM CIy4aeM MHOTO(a3HbIX CUCTEM.

Muozogaznvimu cucmemamu Ha3vl6arOM COBOKYRHOCMY IN1EKMPUYECKUX Yeneill, 6 KOMOopblX
oeticmeytom cunycouoanvhvle 3/]C 00unakoeoi uacmomslt, cOsuHymole no ¢hasze

OMHOCUMETBbHO OpY2 OpY2a U 2eHepupyembvle 0OHUM UCHOYHUKOM INEeKMPUUECKOU IHEPZUU.

Kaxnyro u3 wnemneil, oObeIMHSIONIYI0 HCTOUYHUK HHEPIUH, JUHUIO 3JIEKTPOIEperauyd H
MPUEMHHUK, IPUHATO HA3BIBATh ha30ii MHOTO(DA3HON CUCTEMBI.

Haubosnee mpocToii 1 SKOHOMHUYHON OKa3aJlaCh CAHMMETPUYHAS TpexdazHas CUCTEMa, KOTOpas
peanu3yeT BCE OCHOBHBIE IIPEUMYIIECTBA MHOTO(a3sHbIX CHCTEM Kak Iepe] ApPYTruMH
MHOTro()a3HbIMH, TaK U B OTHOLLIEHUH OJHO(A3HBIX IIeNel CHHYCOUIaIbHOTO TOKA.

IIpu Bpamenun poropa Tpex(da3sHOro TreHepaTopa B €ro CTaTOPHbIX OOMOTKax

UHAYKTUPYIOTCS cuHycouaanbHele DJIC, paBHbIE 10 BEIMYMHE M CIBHHYThIE MO (pa3e Ha yroiu

2p /3 =120° (puc.58).
Ecnu 3a nayano orcyera nmpuHsATh MOMEHT BpeMeHnu, korja DJC ¢a3br 4 paBHa HYIO (ea= 0),

MOKHO 3aI1ucCaTh.
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e, =k Simwt;

17

3
Pucvuaoxk 58

B cumBonmueckoii hopme sta cuctema D/1C 3anmumeTcst ciaeIyronuM 00pa3om:

+| .
\E B =E,;
_ 2P

é‘z =E,e E =E, (- %‘ J

s . 1
2] , By =Eye 3 =E,(--+]

Fe 3 Eg 2

Pucynox 59

4.1 Pacuer ueneii npu coelMHEHNN FeHEPATOPA H HATPY3KH IO CXeMe 3Be3/1a.

[Ipu coennHeHnn resepaTopa B 3BE311Y:

e =E, Sin(wt - 4p) =E Sin(wt - 24(F).

7

3
>

7

3
o)

27)

(28)

a) TUHEIHbIE HAPSKEHUS 10 MOJTYJIIO B \/g 0osblie (ha30BbIX HAPSKEHUH TeHepaTopa;

Un =3Ud;
0) TUHEHHBIN TOK reHepaTopa paBeH ero (pazoBomMy TOKY

I, =1,

[Ipu coenuHeHnn Harpy3Ku B 3BE31Y:

a) TMHEMHBIN TOK paBeH (pa30BOMY

I, =1,

6) JINHEMHBIE HAIpPs>KCHUA CBA3aHbI C (1)3.30BBIMI/I COOTHOIICHUAMMU

(28)

(29)

(30)
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Un =l§‘AB =l§"A -l§"B;
& =18 - & (31)
B, =18 - .

B cumMmetrpuuHoii TpexdasHoii cucteme lﬁfl —(ﬁé —(ﬁé. Torma

UAB+ sc T U0y =0. (32)
Ecnu Harpy3o4Hble COMPOTUBIICHHS OJIMHAKOBHI 110 BETMYMHE M XapaKTepy, TO Takas Harpyska

HA3bIBACTCS CUMMEMPUYHOUL

IIpu cuMMeTpU4HON Harpyske

B=f=F=Fz, (33)
Tak kak Z , =Z, =Z ., T0O TOK HEHTpaTLHOrO MPOBOJA

R =F+ R+ R =0 (34)

1 HEUTpalbHBIN IPOBOJ MOKHO U3bTh 0€3 N3MEHEHHUS PEKUMa padOThI LETH.

4.2 CoennHeHHe reHePaTOPa M HATPY3KHU 110 CXeMe «TPeyroJabHUK)
Urobsl coenquHuTh (pa3sl TpexdazHoro reneparopa (wim Tpanchopmaropa) B TPeyTOJbHUK,

HY>KHO KOHEIl KaX/10i (ha3bl MOAKIIOYUTD K Havaly CIeAyIOIIeH.

IIpy coelMHEHUM 10 CXEME «TPEYroJbHUK — TPEYTroJbHUK» (ha30Bble HANPSKEHUS
reHepaTopa M MpUEMHHUKA OJTHOBPEMEHHO SIBJISIFOTCS IMHEHHBIMHY, T.€.

Ub =Un . (35)

Jluneiinple W (a3oBbIe TOKH OTIMYAIOTCS. J[Is1 TOJMy4YeHHs COOTHOIICHWHA MEXAYy HUMH
cienyeTr eAMHOoOpa3HO BEIOPATh X HAIIPaBJICHUS:

a) JJIs JINHEHHBIX TOKOB OT IeHepaTpa K Harpy3Ke;

0) 1711 pa3oBBIX — IO YACOBOM CTPEIIKE.

Torna u3 nepsoro 3akoHa Kupxrodga:

B =F,-

g;za %

Be=R - By; (6)
Re=R,- B

W3 3TUX COOTHOLIEHUH BUIHO, YTO IIPU CUMMETPUYHON HArpy3Ke é é‘ =0, T.e.
1%‘ + 1%‘ + ISC‘ =0 (37)

[Tpu cumMMeTpUYHOI Harpy3Ke JMHEHHBIN TOK M0 MOIYJIO B \/g 6osnb11e (a3oBoro.
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Pacuer Tpexdasnbix nenei
Tpexdasnple 1enu ABISIOTCS Pa3HOBUIHOCTHIO IIETIEH CHHYCOHMIAIBHOTO TOKA M MOTOMY UX
pacueT MPOM3BOAAT TEMH K€ METOJAMH, UYTO U pacyeT Iereil oaHo(pa3HOr0 CHHYCOUIATFHOTO TOKA.

a) COCI[I/IHCHI/IG «3BE€3J1a — 3BC€31a» C HYJICBBIM IIPOBOAOM.

Ecnu HyneBoi mpoBox o0ianaeT BeCcbMa MajbIM CONPOTHUBIEHUEM (Zn=<0), TO MOTEHIHAN
toukn N' mpakTHuecku paBeH mnoTeHuuanry Toukun N. Ilpm 3Tom B cxeme oOpa3yroorcs Tpu

000Cc00JIEHHBIX KOHTYDa, yepes KOTOpBIE MPOTEKAIOT TOKH
é‘ :é /| Z A;é}( :§é /| Z B;ﬁc( :§C( / ZC. Ecnu Harpy3ka paBHOMEpHa, TO, Kak OBLIO
CKa3aHO BBIIIE, TOK HYJIEBOIO TPOBOJA PaBeH HyJio. IIpu HepaBHOMEPHON Harpyske Tok [, B

o011eM cirydyae He paBeH HYJIIO.

6) [lpy Hanmuuuu B HYJIEBOM MPOBOJAE HEKOTOPOTO COMPOTUBJICHHS MEXIY HEHTPaTbHBIMU

TOYKAMM F€HEPATOpa U Harpy3KU BO3HHUKAET Y3JI0BOE HAIPSIKEHHUE lﬁ/(wv' ZIS‘NZ vy » 4TO BBI3BIBAET

cMenienye HelTpanbHoii Toukn N' otHOocuTensHO Toukn NV .

B cootBeTcTBHM C MCTOIOM Y3JI0BOI'O HAIIPSAKCHUA

(§(_(§/(1YA+(§§YB+(§éYC . (38)

WY, +Y, Y +Y,

NN'

W3 storo BBIPpAXCHUSA BHUAHO, YTO d NN' 6y)1eT U3MCHATHCA IPpU M3MCHCHHU HArpy3Ku B

r000# u3 ¢as.

q)aSOBbIe HaHpﬁ)KeHI/IH U TOKH COOTBCTCTBCHHO paBHLIZ
B =th - B,
& =18 - &, (39)
B =th - By,

B =ty ; By =iy, R =Ry (40)

Bumecre ¢ Uy, n3mensiores Bee a3oBble HANPSKEHUS U TOKHU.

B) Ilpn Hamm4uy MHAYKTUBHBIX CBA3EH MEXIy (pasamMu mpueMHHUKA JTOJDKHBI ObITh yureHsl D/1C

B3aMMHOMN UHIYKIIMH.

& =(R+ L)+ jw (B + ).

Ecau xe cucrema q)aSOBBIX HalpsKCHUUW CUMMCETPHYHA, TO é‘ +é‘ +§C( —0, OTKYHda
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u (ﬁ/‘! =(R +jWL)é‘+jWM(- ﬁA‘) =[R+ jw(L - M)]é‘, T.e. B OTOM Cllydae IEMb
DKBHBAJIEHTHA IleMM 0€3 MHIYKTHBHBIX CBfi3ed, HO C MHIYKTUBHOCTBIO MPUEMHHKA PABHOM
(L-M).

r) IIpu coenuHeHUM Harpy3Kd B TPEYroOJbHUK M HAIUYMM CONPOTUBJICHUA B JIMHEHHBIX

HpOBOZjaX (puc.60.2) MOXHO MTHDUMEHUTH M )OH meoOha3oBaAHUS TIEMH. Hal'[l‘)I/IMel’)) TDEVIOJIILHUK
ZirtZy

Zan Zan a Z4

O — T
Zyn Zgn Zp
. — e
s B B I B
Zey Zc
cxel ﬁzﬂ” — d
Co— [ ¢ L l:] 'C :I C
TPEYTOJNLHHUKE.

ITong akxTHUBHOII MOIIHOCTBIO Tpe)iﬂﬁa%ﬁmg”@eMH MMOHUMAIOT CYMMY aKTHUBHBIX MOIIHOCTEH

(a3 Harpy3KHu U HEUTPAJIBLHOTO MPOBOAA:

.P=P +P,+P. +P, (41)

PeakTuBHAsI MOIITHOCTH — 3TO CyMMa pCaKTHUBHBIX MOIITHOCTEH (1)8.3 HarpyskKu u HeﬁTpaﬂbHOF (O)

IIpOBO/A:
0=0,+0,+0.+0, (42)

[TonHast MOIITHOCTH TpeX(a3HOM CUCTEMBI

S =JP*+0* (43)

Ecnu marpy3ka cuMMeTpH4Ha, TO PN IQN =0;

P, =P, =P, =U, A, XCosj , O, =0, =0, =Ud Aa 8inj

Q,=0; =0, =U, A, >Sinf¢'

Torna
P =3U, X, XCosj ,;
Q =3U A, >Sinj ;3 (44)
S =3U, X,

[Ipy  cuMMeTpUYHOM  Harpy3ke  HE3aBHCHUMO  OT  CIocoba ee  COelMHEHMSA

3U¢I¢ =\/§U¢\/§I¢ zs/gUnIJI OTKyJAa
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P =+3U, X, >Cosj b5

0 =3U, X, >Sinj ,; (45)
S=A3U, ..

PaccmoTpuM pumMep pacdera CHMMETPUYHOM TpeX(ha3HOU TIeTIH.

Ha pucynke 61 mpuBeneHa cxema Tpexda3zHO#l Lienu, B KOTOpOHl HMMeeTcsl TpexQazHblii
reHepaTop M cuUMMeTpuuHas Harpyska. /[leiictBytomee 3Hauenue DJIC ¢a3pl reneparopa Egu,
nepuox T m mapamerpbl cxembl 3a1aHbl. HawsanmbHyto ¢a3zy E. npuHsaTh HyneBoil. TpeOyercs:
paccyuTaTh TOKH, U MOCTPOUTH BEKTOPHYIO IHMAarpamMMmy TOKOB, IIOJICUMUTATh AKTUBHYIO MOIIHOCTb

Tpex($a3HON CUCTEMBI.

| S
Ri
O
C B
- N
Pucynok 61

E, =100B; T =0.015¢; L =22.32mI'n; C =279mk®; R, =4.330. ;R, =8.660.
Pewienue

HaXOI[I/IM YTJIOBYIO HaCTOTY U PCAKTHBHBIC COMMPOTHUBIICHUS CXCMBI.

w =2p /T =6.28/0.015 =418.7¢"".
x, =WL =418.7 322.32 %07 =9,30m;
x. =1/WC =1/418.7 279 %0™° =8,60M.

BrrunciaseM KOMILIEKCHOE COIIPOTUBJICHHUC (1)8.3191

o =R X ) _8.66 B.6¢ " _74.48¢ 7 _ o452 =

? R,- jx,  8.66- j8.6 122¢/%F
=(4.3- j4.3)0Om.

Haxoaum nomHoe COIIPOTUBJICHUC (1)8.3]:1 C YYCTOM COIIPOTHUBJICHUA JIMHEMHOT 0 mpoBoJga
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Z,=Z,+Z, =43~ jA3+R + jx, =43- j43+433+ 93 =
=8.63+ j5 =10 Om.

3amumenm cucremy dasubix DJC
E, =100B; E,=100¢"*'B; E,.=100""B.
Haxomum ¢a3nbie Toku
B =8/ Zz, =100/10e™" =10 " 4,
& =817, =100e " /10e”" =10e /" 4;
& =81z, =100 /10e*" =10e"" 4

PaccunThiBaeM KOMIUIEKCHYIO MOIITHOCTH (ha3bl A:

S =& >, =100 3t0e’* =1000¢’* =1000 >Cos30° + j1000 >8in30° =860 + j500 =P, + jQ,,
orkyna P =3P, =2580Bm.

BCKTOpHaH AuarpaMMa TOKOB ITOKa3aHa Ha PUCYHKE 62

+1

EA

1A
+j N

EC EB

Pucynok 62
3aoauu

3aoaua 57. B cxeme (puc.63) Un=127B Ra=Rg=Rc=40M. xp=xp=xc=60M. Omnpeneautsb
(hazHbIe U JMHEWHBbIE TOKHU, aKTUBHYIO M PEAKTUBHYIO MOIIHOCTH KaxJoH (ha3bl U BCEH CHUCTEMBI.

[TocTponTh BEKTOPHYIO IUarpaMmy TOKOB U HaIIPSKEHUH.
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Ag
Ry
X
Cw
B#

Pucynoxk 63

3aoaua 58. K tpexdaznomy tpanchopmaropy (puc.64), 0OMOTKH KOTOPOTO COEIUHEHBI B
3Be31Y, NOJKIIOYCHBI COCTUHEHHBIE TPEYTOJIbHUKOM TPHU OJMHAKOBBIE KaTyliku. da3Hbie
HanpspkeHus tpanchopmaropa Up=127B. ConporuBnenue karymku xp =220M. OnpenenuTs TOKA
B KaTyIIKax 1 00MOTKax TpaHchopmaTopa.

A la,

p 4

Y\

BIb, L L
N~ Yy —2 Jca lab
/7

C Ic
e @ W = A

Pucynoxk 64
3aoaua 59. Tpu onMHAKOBbIE PYIIIBI JAMI COEAUHEHBI B TPEYTOJBHUK U MOIY4arOT MUTAHUE
oT TpexdazHoro TpancpopMaropa, 0OMOTKH KOTOPOTO COEAMHEHBI B 3Be31y. COINMpOTHUBICHHE
Kako# rpymmsl Jami 110wM, ¢azHoe Hanpsokenne Tpanchopmaropa Up=127B. Onpenenuts TOKH
B 00OMOTKax TpaHchopmaropa U (pa3ax NpUEeMHHUKA.

3aoaua 60. K tpexdaznomy TpanchopMaTopy MOIKIIOUYEHBI TPEYTOIHBHIUKOM TPH OIMHAKOBBIC
IIPUEMHUKA, CONPOTUBIEHUE KaXIOr0 M3 KOTOPBIX pPaBHO Z =16+ j12. O6morku

TpaHchopmaTopa COSIMHEHBI B 383y ¢ (pa3HbM HampsikeHueM 127B. Haiitu da3Hble u muHEHHbIE
TOKM, AKTUBHYI0 W PEAKTUBHYIO MOIIHOCTH (pa3bl MU BCEH CHCTEMbI, MOCTPOUTH BEKTOPHYIO
JUarpaMMy TOKOB U HaIIPsKCHUH.

3aoaua 61 .Ot Tpexda3HON JIMHUK ¢ TUHEHHBIM HanpspkeHrneM 380B monmyuaioT nutaHue Tpu

OAVHAKOBBIX IIPUEMHHKA, COCIMHCHHBIX B 3BC31Y. COHpOTI/IBJ'IeHI/Ie KaXXJI0ro ImnpueMHUKa
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/Z =8+ J 6 (Om). PaccuutaTh TOKM NPUEMHUKOB, AKTUBHYIO M PEAKTUBHYIO MOIIHOCTbD,
MMOCTPOUTH BEKTOPHYIO THATPAMMY.

3amaua 62. B cxeme (puc.65) Un=380B; Rx=40m; Rg=60M; Rc=80M; x,=120m; xg=60m;
xc=60M. Paccuutath (azHble U TUHEHHBIE TOKH, TOK HYJIEBOTO MPOBOJA, OCTPOUTH BEKTOPHYIO

quarpammy TOKOB.

Pucynoxk 65
3aoaua 63. B cxeme (puc.66) Un=380B; Z,=6+]8(Om); Zg=24+)7(Om); Zc=200mM. PaccuuraTth
(da3HbIe ¥ JTUHEWHBIC TOKH, TOK HYJIEBOTO MPOBOJA, aKTHBHYIO M PEAKTHBHYIO MOIIHOCTH IICTIH,

NOCTPOUTH BEKTOPHYIO JnarpaMmy TOKOB.

As
Za
N
Z,
Ze
Ce
B#
PucyHok 66

3aoaua 64. K tpexdaznoii muauu (puc. 67) ¢ nuHeiHbIM HanpsbkerrneMm U,=380B noakirodeHbl
TPU OAMHAKOBBIX NPUEMHHUKA, COCIMHEHHBIE II0 CXEME « 3BE€3[1a» C HEWUTPAIBHBIM IPOBOJOM.
AKTHBHOE M PpEaKTHMBHOE CONPOTHBIECHHE KaXXIOro IpPHEMHHMKAa paBHBI Rp=30M, x3=40Mm.
Onpenenuth TOKM B (azax U HEUTPaIbHOM IPOBOJAE, MOCTPOUTH COBMEILEHHYIO BEKTOPHYIO

JUarpamMmy HampsbKeHUN U TOKOB.
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Z 0 %o

.

Pucynok 67
3aoaua 65. K tpexdaszHOl JIHMHUM CHUMMETPUUYHBIM JIMHEHHBIM HanpsbkeHueM Up=220B

MOJAKIIIOUEH  TPEYroJIbHUKOM  TIPUEMHHUK,  CONPOTUBIEHHE  KakIoW  (a3pl  KOTOPOTo
Z AB =Z BC :ZCA =10+ le(OM). Paccunrare ¢aszHple W JIMHEHHBICE TOKH, a TaKkKe

AKTUBHYIO MOILIIHOCTH LIenu. [IoCTpOUTh BEKTOPHYIO IUarpaMMmy.

3aoaua 66. K tpexnpoBogHOW TpexdaszHoil nuHMU (pUC. 68) C JIMHEMHBIM HaNpsLKEHUEM
Un=380B moakmoueH Tpex(da3Hbli NPUEMHHK, COCIUHECHHBIH TpeyroJbHUKOM: R=100mM,
x.=100Mm, xc=100M. Paccuutarh TOKM B (pa3ax U B JIMHUH, OCTPOUTH COBMEIICHHYIO BEKTOPHYIO

JUarpaMMy HalpsiKEHUN U TOKOB.

A
B
C

a

¢ R
~
¢ L b
PucyHok 68

3aoaua 67. B cxeme (puc.69) Un=400B Zn=3+j4(Om); Zab=150m; Zbc=200m; Zca=250m.

OHpeI[CJII/ITB TOKHU B JIMHHUHU U q)a3ax MMPpUEMHHUKA, AKTUBHYIO MOIIHOCTDH LCIIN.
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Zn la
Ao— F—

Zn Ib Zca Zab
Bo— }—=

70 i, | Jica \Iab
o —)

7be 1bc
Pucynok 69

3aoaua 68. B cxeme (puc.70) Un=120B Rn=1(Om); R=150M; x =50mM; Onpenenutrb TOKA B

JJUHUHU N (basax IMPpUEMHHUKA, AKTUBHYIO MOIIHOCTE LCTIN.

R
c s— 1<
N
/ —_— bl
Pucynoxk 70
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