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TpeboBanns k 0o(popMIICHHIO pPacueTHO-Tpadpuyecknx pador

PacuetHo-rpaduueckue paboThl HpenCTaBIAIOT cOOOW OAWMH M3 OC-

HOBHBIX BHJIOB 3aHATHH 1O Kypcy ‘“TeopeTndeckue OCHOBBI AIEKTPOTEXHH-

KI'

’. Ero CJIb 3aKPCIUICHUEC HABBIKOB B HCIIOJIB30BAHHMKU METOJAO0B pacyeTa

LieTiel, HaBBIKOB KPAaTKOT'O M3JIOKEHUS CYIIHOCTH PacCMaTpPHBAEMBIX SIBIIE-
HUH B DJIEKTPUYECKUX LEISX, a TAKXKE YMEHHUSI KPaTKOTO aHaJIM3a MOJTydYeH-
HBIX PE3YJIbTATOB.

K npencraBieHHOMY Ha IIPOBEPKY OTYETY MO pacyeTHo-rpaduyeckoid pabo-
Te, BBIIOJHEHHOMY Ha Oymare ¢opmara A4, IpemabsABISIOTCS CIEAYIOINEe
TpeOOBaHMUSA:

1.

9]

Ha BTOpOii cTpanune (mocie TUTYIBHOTO JHCTa, 0Opaser] KOTOpPOro
MIpHUJIaraeTcs) 3arChIBaeTCs yCIOBUE 3aJaHHA, 3aTeM CXeMa H TaOnnd-
HBIE JaHHBIE, COOTBETCTBYIOLINE BAapPHAHTy PaOOThl. 3amMCH BBIION-
HAIOTCS HA OJIHOM CTOPOHE JIUCTA.

OCHOBHI)IC oTalbl PCHICHUSA DOJIKHBI 6bITl:. JOCTAaTOYHO HOﬂp06HO I10-
SICHCHBI.

Pucynku, rpaduku, cXembl JODKHBI OBITh BBITONHEHBI aKKYPaTHO IO
JMUHEWKe B yI0OHO ymTacMoM Maciutabe. Kaxmas kpuBas u pUCYHKH
JIOJDKHBI OBITH ITOIITUCAHEI, CTPAHUIIEI IPOHYMEPOBAHHI.

3anuceIBaTh YHCICHHBIE PE3yNbTaTHl MCKOMBIX BEIHYMH HY)KHO, Kak
MIPaBHJIO, TIOCNIE OKPYTJICHHS C YETBHIPbMs 3HadarmmMu rudpamu. Jlo-
ITyCKaeTcs ¥ ¢ Tpems, eciu nepBasi mudpa ve 1 nnm 2. Hampumep, 89,3;
0,01145; 89300.

3anaHue JODKHO OBITh JATHPOBAHO U IMOANMCAHO CTYIEHTOM.
He3auyreHHoe 3a7aHue JOKHO OBITH UCIPABJICHO U CIAHO HA TOBTOP-
HYIO IIPOBEPKY BMECTE C IIEPBOHAYAIBLHBIM BApUAHTOM U 3aMEYaHUSIMU
npernoaaBaressi. Eciu HenmpaBWIbHO BBINIOJHEHA HE B paboTa, a TONb-
KO YacTh €e, TO IOCie mepepabOTKH MCIPABICHHBIA TEKCT HYXHO Ha-
McaTh BOJNM3U IEPBOHAYATIFHOTO TEKCTA, YKa3aB, 4TO 3TO HCIPABICHUC
OIINOOK.

Pacuemno-zpaguueckan padoma 3acuumsléaemcsa nocie 3aujumel,
€CIIH OHO YAOBJIETBOPSICT BCEM IEPEUHCICHHBIM TPEOOBAHUSAM, pelIe-
HHUE HE CONEPKUT IMPUHIMITAANBGHBIX OIIUOOK, a TIPU UCIPABICHUHU BEI-
TTOJTHEHBI BCE YKa3aHUS NMPENoJaBaTes.

JomnomHuTenbHBIE TPEOOBAHUS:

1.

Bce OykBeHHBIE CHMBOJBI HEOOXOIMMO TOSICHSTH CIOBaMH WIH 000-
3HAa4YaTh Ha cxemax. YHCIOBOMY PEHICHHIO JOJDKHO IMPEIIIeCTBOBAThH
OyKBEHHOE pelieHue Wik Gopmyia.

He cneuyeT MCHSTH OJHAXKIbI HpI/lHHTLIe HaHpaBﬂeHI/lﬂ TOKOB, HAUMC-
HOBAHUS y3JIOB, CONPOTHUBICHUN U T.1. B pa3HBIX METOAaX OIHY U TY

’Ke BeJIMYMHY cleayeT 0003HayaTh OXHUM ¥ TeM ke cuMBoiioM. Koneu-
HBIE Pe3yJIbTaThl HEOOXOIMMO YETKO BBIAEIAT.

Macmra® KpUBBIX W JAUMarpamM BbIOMpaTh TaKUM 00pa3oM, 4TOOBI B
OJIHOM CaHTHMETpPE YKJIAJIbIBANIOCh IEJI0€ YUCIO €JUHUIL (PU3MIECKOH
BEJIMUMHBL. [ pasynpoBKy Oceil BBIIOJNHSATH, HAYMHAS C HYJISl, paBHO-
MEpHO Yepe3 OAWH WX JIBa CAHTHMETPA, YKa3blBasl YHCICHHbIE 3Haue-
HUsI BEJIMYMH CJIeBa OT BEPTUKAIBHON OCH W IO/ T'OPHU30HTAJILHOM
ocbto. O0O3HAUeHMSI BEJIMUMH M WX €IMHUIBI M3MEPEHHs YyKa3bIBaTb
00s13aTenbHO. Il BEKTOPHBIX AWAarpaMM OCH He IpagyHpyIOTCs, Mac-
mTab yKa3pIBaeTCs B IIPABOM BEpXHEM YTy, Hapumep, m,= 10 B/cm.

OBPA3EL] TUTYJIBHOI'O JINCTA

ToMcKHil NOTUTEXHUYECKUN YHUBEPCUTET

Pacuerno-rpaduueckas padora Nel

Pacuem pazeemenennoui yenu nocmosHHo20 moxa
BapuanT Ne 654

Bemonann:

CTYIeHT Ipymnnsl 9AS52
HBaHoB A.A.

IIpoBepun npenogaBaTelib:
Ietpos ILII.

Tomcx 2007




Ycaosus pacyeTHo-rpaguuecknx pador
3A/JAHUE Nel

Jlunetinovle JleKmpudecKkue yenu ¢ NOCMOAHHbIMU HANPANCEHUAMU U
mokamu

Jlns 3amaHHON CXeMBI C TIOCTOSTHHBIMU BO BpeMeHHU ncTogHukaMu DJ1C

1 TOKa, IpUHUMas

q(1)=E, e(t)=E,, e()=0, J(t)=/J,

BBIITIOJTHUTH CJIEOYIOIICE.

1.

(98]

N300pa3uth cxemy, JOCTAaTOYHYIO AJISI pacdeTa TOKOB BETBEH, CO-
SAMHSIONINX Y3JIbl, IOMCUCHHBIE OyKBaMH, yKa3aB X HOMEpa M Ha-
MPaBJICHHUSI.

OmnpenenuTb TOKH BO BCEX BETBSAX CXEMBI M HANPsDKCHNE HA 3a)KUMax
WCTOYHHKA TOKA!

e 1o 3akoHaM Kupxroda,

®  METO/IOM KOHTYPHBIX TOKOB,

e  METOJOM Y3JIOBBIX TOTEHIINAJIOB.

CocraButh OanaHc BeIpadaThIBaeMON M MOTPEOIsIEMON MOIITHOCTEHA.
Onpenenuts TOK B BeTBU ab:

e  METOAOM HaJlOXKEHHS,

®  METOAOM NpeoOpa3oBaHUH.

PaccmaTpuBas 1enmb OTHOCHTENBHO CONPOTHBICHUS R BETBU ab Kak
AKTHBHBIN JBYXIIOJIIOCHHUK, 3aMEHUTb €TI0 SKBUBAJICHTHBIM I€HEPATO-
pOM, ONpPEIEINTh IapaMeTphbl SKBHBAJIEHTHOIO I'€HEpaTtopa W pac-
CYUTATh TOK B BETBU @b , IOCTPOUTDH BHEIIHIOI XapaKTEePHUCTHKY JK-
BUBAJICHTHOI'O T€HEPaTOpa M MO Hel rpaduuecKu ONpeleuTh TOK B
BETBU ab.

[t mo0oro KoHTypa 0e3 MCTOYHHMKA TOKa ITOCTPOUTH MOTEHIHAb-
HYIO IMarpammy.

OnpenenuTs N0Ka3aHue BOJIBTMETPA.

CpaBHUTDH pPe3yIbTaThl BEIYHCICHHUH, OLCHUTH TPYIOEMKOCTh METO-
JIOB pacueTa ¥ c(hopMyJIMpOBATH BEIBOABI 1O BHIMOJIHEHHBIM ITyHKTaM
3a7aHMs.

Ka

3AJTAHUE No2

Jlunetinvle anleKmpudecKkue yenu ¢ capMOoHUYeCKUMU HANPANCEHUAMU
u mokamu

st 3agaHHOM cxeMbl ¢ UCTOYHMKaMU Tapmonuuyeckux OC u To-

e(t)= \/EE1 sin(wt +a); e,(t) = \/EEz sin(wt + a,);
() =0; J(t) =N2J sin(wt + B),

npuHuMas @ =314 pan/c u M=L/2 , BBIIOITHUTS CIIEyIOLIEE.

1.

2.

9]

3amnmcaTh CUCTEMY HE3aBHCHUMBIX YpaBHEHHi 1o 3akoHam Kupxroga
JIJISI MTHOBEHHBIX 3HAYEHHM TOKOB.

Paccunrath 0e3 yduera M KOMILUICKCHBIC COIPOTHUBICHUS BETBEH,
COCIMHSIONINX Y3JIbl, TIOMEUYCHHBIC Ha CXeMe OYKBaMH U H300pa3uTh
KOMILTEKCHYIO CXEMY 3aMEIICHHS C STHMHU COTPOTHUBICHUSIMH UIS pac-
yeTa KOMIUIEKCOB NIEHCTBYIOIINX 3HAYCHHWH TOKOB BETBEW (HOMepa U
HATIPaBJICHUS TOKOB COXPaHUTh COTJAacHO 3amaHuio Nel, mpuuem ma-
pamenbHOe coenuHeHre R w C TIpencTaBUTh B BHJE OJHOTO KOM-
MIJIEKCHOTO COTIPOTUBIICHWS).

He ucxntouass MHIYKTUBHOM CBSA3M, ONPEAEIUTh KOMILIEKCHI AEHCT-
ByIOIJ_lI/lX 3Ha‘ieHHﬂ TOKOB BCEX BeTBeﬁ nu HaHp)DKeHI/Ie Ha 3aKuMax uc-
TOYHMKA TOKa:

e 10 3akoHam Kupxroda,
®  METOJIOM KOHTYPHBIX TOKOB.

3anucatb MTHOBEHHbIE 3HAYEHUS] TOKA B BETBU ab W HaNpsOKEHUs Ha
3aKMMaxX UCTOYHHKA TOKa.

PaccunTate OanaHchl aKTUBHOW U PEAKTHBHOM MOIITHOCTEH.

[TocTpouTth ITydeByr0 AUarpaMMmy TOKOB W COBMEUICHHYIO C HEH To-
norpapuyYecKyro JuarpaMMy HarpsKeHU.

OnpenenuTh MOKa3aHUE BOJIBTMETPA.

CrenaTh pa3Bsa3Ky HHIYKTHBHOM CBSI3H U TI0 METOY SKBHBAJICHTHOTO
reHepaTopa OTHOCHTENILHO COMpPOTUBJICHHUS R BeTBU ab ompenenuTh
KOMIIJICKCHOC COHpOTI/lBHeHI/le AKTHUBHOTI'O IlByXHOJ'I}OCHI/IKa (SKBI/IBa-

JIGHTHOTO TreHeparopa) Z, =Zp e’r , DJIC remepatopa E H TOK
I, B BeTBU ab, a 3aTeM PH H3MEHEHUHU CONPOTHBIIEHUS R BeTBU ab ot
0 mo 10-Z, paccuuraTh W TOCTPOUTH 3aBHCHUMOCTb s AKTHBHOU
MmomHocty P, = f(R).

[Tpoananu3upoBaTh pe3yJbTaThl BBIYUCIEHHH M C(HOPMYJIHUPOBATH
BBIBOJIBI IO 33/1aHUIO.



Ta6anna 1 Tabauua 2

N | E | E | g a, Nl J| B R L C
- B B rpaz | rpajg - | A|rpag | Om | M['H MK®D
1 110 | 200 | O -90 111|120 |10 |31.85 | 318.4
2 | 120 | 190 | 30 -60 212|135 |20 |63.69 | 159.2
3 130 | 180 | 45 -45 313|150 |30 | 9554 | 106.1
4 | 140 | 170 | 60 -30 414|180 |40 | 127.39 | 79.6
5 150 | 160 | 90 -120 515 |60 50 | 159.24 | 63.6
6 | 160 | 150 | 120 | O 61 |-90 |60 | 191.08 | 53
7 | 170 | 140 | 150 | 30 712 |-60 |70 | 22293 | 454
8 | 180 | 130 | 180 | 45 813 |-45 | 80 | 254.78 | 39.8
9 | 190 | 120 | 210 | 60 914 |-30 [90 | 286.62 | 35.3
0 | 200 | 110 | 240 | 90 0510 100 | 318.47 | 31.8

Cxemsbl 3a1anuii 1-2

ey(t)
=

e

Iit)
c

&

)eﬁ) es(t) )

[pumeuanue: 00beM 3ajaHUs OIPENIEIISET JIEKTOP;
1-as nudpa HOMEpa 3aaHUsT — HOMEDP CTPOKH B Tadsmie 1;
2-as nudpa HOMepa 3aJaHUs — HOMEDP CTPOKH B TadJuIe 2;
3-pst mu(ppa HOMEpa 3a1aHUST — HOMEDP CXEMBI.



3AJTAHHUE Ne 3

Jlunamuueckas mpexghaznas yens ¢ Mecmuou Hecummempuet

Jns nuHaMuudeckod TpexdasHoil nenu ¢ cumMMeTpuuHoil cuctemor DJIC

E,, E, E- reHeparopa W JBUTaTelIeM IPH 3aJaHHOW MECTHOWH HECHM-

METPUM AJI1 KOMIUIEKCOB ACHCTBYIOLIMX 3HAUYEHUN HAIPSDKEHUH U TOKOB
BEITIOJTHUTH CIIETYFOIIIEe.

1. s ocoboti ¢a3bl paccunTaTh CHMMETPHYHBIE COCTABISIONINE Ha-
NPSKEHUNA U TOKOB.

2. OmnpenenuTh HANPSKESHHUS] K TOKU TpeXhazHOU LeTH.

3. Paccuurarp GanaHChl aKTUBHOW M PEaKTHBHOW MOIIHOCTEH.

4. TloctpouTh COBMEIIEHHbIE BEKTOPHBIC AMarpaMmbl JJIsl BCEX Ha-
npsbkeHuid Tpex($a3HoH 1ery 1 TOKOB reHeparopa (OIUH U3 BEKTO-
POB HaITPSHKSHUSI WM TOKA IIPEACTaBUTh B BU/IE CYMMBI BEKTOPOB
IpsMOH, 0OpaTHOM M HyJIEBOI MOCIIEI0BATEIILHOCTEH).

5. Tlpoanamu3upoBaTh HOJyYEHHBIE PE3YJIBTaThl M CHOPMYIHPOBATH
BEIBOJIBI IO paboTe.

Ta6auna 1 Tadauua 2
N| E, Zy | Z, | |Ne|Xp | Xp2 | Xro| R | Xaar | X a2 | X oo
- B Om | Om -|OMm|OmM | OM |[OM| OM | Om | Om
1] 3800/ | o |=J10||1]10| 5 | 3 20020 | 10 | 6
2 (127¢74 | 10 | =j10| | 2] 20| 10 | 5 |40 40 | 20 | 10
3| 2200/ |-/20] 10 3130 15[ 10]60]| 60 | 30 | 20
41380 | —j20 | oo 4140 |20 | 15 (80| 80 | 40 | 30
51220076 | =j20 | =j10 | | 5| 50 | 25 | 20 [100| 100 | 50 | 40
6127¢73% | o |—j20| | 6| 60 | 30 | 25 {120[ 120 | 60 | 50
7| 220/% | 20 |—j20| | 7| 70 | 35 | 30 [140| 140 | 70 | 60
8 | 1276/ | —j20| 20 8|80 | 40 | 35 [160| 160 | 80 | 70
9 | 3803 |—J25| o 9190 | 45 | 40 |[180] 180 | 90 | 80
0| 220e/45 | =20 |=j20| | 0 |100| 50 | 45 |200| 200 | 100 | 90

Tabauna 3
Bupn Hecummerpuu

OO0prIB (hasel a
K.3. ha3sl a Ha «3eMITIO»
K.3. ¢ba3 a u b Ha «3emirO»
K.3. Mexay azamMu a u ¢
O06psiB hazel b
K.3. ¢paser b na N
K.3. pazbucuaN
K.3. hasei ¢ Ha n
K.3.hazauncuHan
K.3. mexay daszamu au b

z

(=R INoN N IEN N o N RO, [F SN HUSH N O N

IIpumeyanue:
1-as mudpa HOMEpa 3a1aHns — HOMEP CTPOKH B TadmuIe 1;

2-as Edpa HoMepa 3alaHusi — HOMEP CTPOKHU B Ta0JuIe 2;
3-ps 1pa HOMEpa 3a1aHKsI — HOMEP CTPOKHU B TabuIe 3.

Cxema 3amanus 3
I'enepatop JBurarens
-
— —_— ~ ~

7 £, 4 JXr120 jrA “ { JX 161,20 jﬂeA\
/—@’ﬂ A %\ / \

- Unea

/N 8 g iz Lgy p R Tz Ires n,
. U

. U,HRB
JX 161,20
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Metoanyeckue ykazanus K 3aganuio Ne 1.

Jns1 3a1aHHOM CXEeMBbI 1aHO:

el (t) = E] b B;
62 (t):Ez > Ba
e(t)=0,B;
J@)=J,A.
E, E, J a a, p R L C w M
B B A | rpan | rpan |rpax |Om | M[H | Mx® |panx/c| MI'H
100 | 200 2 30 45 -60 |100(318,47| 31,8 | 314 L/2
Cxema:
<
JOV
€H
\_/
R L b
Y Y YN /\ d
a1 % N4
e (t)
M
N D
3 ——C . ez(t)
L
A R
1
N/ c

1. U3o6pakaemM cxeMy, TOCTATOYHYIO [UIS pacueTa MOCTOSHHBIX TOKOB
BETBEH, COEMHSIOMMNX Y3JIbl, TOMEUEeHHBIe OykBamu. IIpu 3TOM yumTHIBa-
€M, 4TO MHAYKTHUBHBIN JIEMEHT L [UIsl IOCTOSIHHOIO TOKA SIBJISETCH ‘“‘3aK0-
pPOTKOH”, a eMKOCTHBIA 37eMeHT C TpHW TOCTOSHHOM HAINPSHKEHWH TPE-
craBiseT coOoil “pa3pbiB” BETBH, NPHYEM B3aUMHAsi MHAYKTHBHOCTb M
BIIMSHUSL Ha IIOCTOSIHHBIE TOKM HE OKa3bIBaeT. YKa3blBaeM IPOM3BOJIBHO
HOMEpa W HAIpaBJICHUS TOKOB B BETBAX CXeMBI. [laHHAs cxema HMeEeT:
n, =4 ysna, n, =6 BEeTBEH, n;, =5 HEU3BECTHBIX TOKOB.

11

2. OnpeuenﬂeM TOKH BO BCCX BETBAX CXEMbI U HAIIPSIKCHUC HA 3aKUMax
HCTOYHHKA TOKA.

2.1. Hcnonbzyem 3akoHbl Kupxroda.

AN

-y

)&

PaccuntaeM unciio ypaBHEHHMH, KOTOpbIE HEOOXOIMUMO COCTaBHTh:
n =n,—1=3 ypaBHenuii no nepsomy 3akony Kupxroda, n, =n,
ypaBHEHUI 110 BTopoMy 3akoHy Kupxroda.

Beibupaem 3 y3na (Hanpumep, a, b, ¢) 1 cocTaBisieM ypaBHEHHMs 1O Tiep-
BOMYy 3akoHy Kupxroda:

ysena: J+1,-1,=0,

-n =3

ysenb: [, +1,-1,=0,
ysenc: I,-1I,+1,=0.

12



Jns Tpex BIeMEHTapHbBIX KOHTYPOB COCTABIISIEM YPABHEHMs II0
BTOpOMY 3aKkoHy Kupxroda
1 xontyp: —R-1,-2R-I,=E -E,,
2 xontyp: 2R-I, +R-I,+3R-1, =0,
3 xouryp: —R-1, =U, - E,.
[onyuyennsle n=n, +n, =n, =6 ypaBHEHHI 3alUCHIBAEM COBME-

CTHO B MAaTpUYIHOM BUAC T.C.

al0 O 0 1 -1 0 1, -J
bl 0 1 -1 0 O I, 0
c|0 1 -1 0 1 0 1, 0
x| 7 |= wim AxX =8B,
k|0 -R 2R 0 0 O 1, E -E,
2kl0 0 2R R 3R O I 0
3k[0 0 0 -R 0 -1 |U,] -E

KOTOpbIe pemaeM Ha 9BM npu momoru nporpammsr MathCad. s aToro B
MporpamMMy BBOJIUM MaTpuIly ko3 duimeHToB npu 3amanaoM R =100 Owm:

ol ol ol 1 l-110]
I T | R R
1,0 ;1 1 -1,0,0
| | | | |
0.-1001-2001 0 1 0 10
01 0 1200 1 100 13001 0
——=———= === bt — = —
0} 0 | 0 =100 0 |-1

3aTreM BBOJMM B IIPOrpaMMy MaTpHIy IPaBOH 94acTH ypaBHEHMIl
npu £ =100 B; £, =200 B; J=2 A:

Jlanee BBOAMM B IIporpaMMy ypasHenue X := A”' - B W 10JlydaeM pelicHue:

13

Takum 06pa30M 3HAUYCHHS TOKOB M HAIPAXKCHHUA Ha HWCTOYHUKE
TOKa MOJYYWJIHUCh CICAYIOIHNC:
I,=-2.143A; 1,=0.143 A; I, =0429A; I, =—1.714 A; I, =0.286 A;
U, =271.429 B.

st mpenBapuTeNbHON MPOBEPKU MOJIYYEHHBIX PE3YJIbTaTOB IOJ-
CTaBJIIEM HaWIEHHBIC TOKM M HampstxeHue U; B OJNHO M3 ypaBHEHMH, CO-

CTaBJICHHOE TI0 TIepBOMY 3akoHYy Kupxroda, u B 0OIHO ypaBHEHHE, COCTaB-
JIHHOE 10 BTopoMy 3akoHy Kupxroda.

Hanpuwmep:

a: J+1,-1,=-1714-0.286+2=0,

3 koHTYp: —R 1, = —100-(—1.714) =1714=U,-E, =271.429-100 =

=171.429, 1.e. ypaBHEHHUS BBINOJIHAIOTCS.

2.2. Hcnonb3yem MeTOJ KOHTYPHBIX TOKOB.
U
L

-~y

YA\
&
g

] (2

5

i

El
2R<—\'(>
E
2
L R Ly AL
| I

PaccunTeiBaeM 4HCIIO KOHTYPHBIX TOKOB, KOTOpPbIE HEOOXOIUMO
HAMPaBUTh B CXeMe - 7, =N, —n, +1=3, 1 YMCII0 KOHTYPHBIX yPaBHCHHH,

A

C

KOTOpPBIE HEOOXOAMMO OYIET pemnTh - 1, =n, —n, +1=2.
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O6os3HauaeM 7, =3 KOHTYPHBIX TOKa Kak [, /,,, {33 1 Hampas-

JII€EM UX B HE3aBUCUMBIX KOHTYpPax, KOTOpPbIE OTIMYAKOTCS APYr OT Apyra
HaJIMYUEM XOTsI Obl OJIHON HOBOH BETBH, NPHYEM, Y€pe3 HCTOYHHK TOKa
JOJKEH NPOXOJUTH OJMH KOHTYPHBIN TOK, HANPUMED, 55, TOrna I;;=J .

1 IByX HEM3BECTHBIX KOHTYPHBIX TOKOB [}, M [,, COCTaBiseM
n, =2 ypaBHEHHUs
wist Iy 2 (R+2R)- 1, —2R-1,, —0-1;3=E, —-E, ;
wst Iy : =2R-I;; +(R+2R+3R)-1,, —R-I33=0.

Ilony4yeHHbIE KOHTYpPHbIE YPAaBHEHUS MOXHO 3allucaTb B MaTpHY-

HoM Buzte (133=J)
{3R —2R}{111}:{E1 _Ez}
2R 6R | [In R-J

u peumnts Ha OBM npu nomomu nporpammel MathCad xak B m.2.1. Ot
YPaBHEHHS MOXHO PELIUTh TaKKe MeTOoJaMM IojAcTaHOBKM, Kpamepa ummn
laycca.

Hanpumep, u1st pemeHnst CHCTEMBI U3 BYX KOHTYPHBIX ypaBHEHUH

{300 —200}{111}{—100}
-200 600 | [12] [ 200

HCIIOJB3YyEM MCTOJ KpaMepa. HaﬁﬂeM OIMPCACIIUTECIIN CUCTEMbL ypaBHeHHﬁZ

300 200
= =300-600—(~200)-(~200)=14000;
~200 600
~100 -200
= ‘=(—100)-600-200~(—200)=—20000;
200 600
300 100
2= ‘:300-200—(—100)(—200)=40000 :
~200 200

A A
Torna I}, =X‘:—0.143 A; 1, :Xzzo.z% A.

I[anee HaxoauM pE€aJbHBIE TOKK B BETBAX CXEMBI C YYE€TOM KOH-
TYPHBIX TOKOB, TPOXOAAIINX B OTUX BETBAX:

1, =1, -1;;=-2.143 A; I, =—1,,=0.143 A; Iy=1,,—1,,=0.429 A;
1,=1,,—1;=-1714A; Is=1,,=0.286A.

Hanpspkenne Ha 3akMMax MCTOYHMKA TOKA HAMIEM NPH ITOMOIIN
BTOpOro 3akoHa Kupxroda mis koutypa ¢ /55 :

U,—E =-R-1,,

15

torga U; =E, —R-1,=271.4B.

HaﬁﬂeHHHe TOKH B BETBAX CXCMbI U HAPSKCHUEC HA 3aKUMaxX HUC-
TOYHHUKA TOKA COBNAAANOT C pe3yJibTaTaM1 m2.1.

2.3. Hcmomnb3yem METO]] Y3JI0BBIX IIOTCHIIHAIIOB.

IToTeHuman oIHOTO M3 Y3710B NPUHUMAEM PaBHBIM HyI0. Takum
y3110M OyJeT OfUH U3 y3]10B BETBU 0€3 CONPOTUBIIEHUS, Harpumep, ¢, =0.

Torna, yuutsiBasg E, =@, —@, , HaxonuM ¢, = E, +¢, = E; =100 B.
J1sl HEeU3BECTHBIX IIOTEHLUANOB @, M @, COCTAaBJIAE€M pacuyeTHbIE
ypaBHEHUS:

o (Lo Vo Lo L'
Py - R 3R Py 3R P “¥'b s

s o o i L ) oL s L
P, 3R Py R 2R 3R P Py R(Pd_ R 2>

[TonydeHHble ypaBHEHHS MOKHO 3alucaTh B MAaTPUYHOM BHJIE

(g =E)):
4 ()
R 3R 3R (pa} -J
x| =1 1

IR B R N L’c PR
3R R 2R 3R
u pernth Ha OBM npu nomouu nporpammel MathCad xak B n.2.1. uin

MeToAaMu nojacTtaHoBkH, Kpamepa nnu I'aycca.
Hanpumep, 114 pelenus CUCTEMBbI U3 IBYX YpaBHEHUI

16



{0.01333 —0.00333}{%}{—2}

-0.00333 001833 | [ @ [-1

ucmoip3yeM Mmetox [aycca. JIjst 9TOTO MepenuiieM 3TH YpaBHEHHUS Cie-
IyroummM o0pa3om

000333 2
Pa"001333 %7 0.01333°
0.01833 1

+ = .
Pa 000333 %7 0.00333
CKJ1aJbIBaEM 3TH ypPaBHEHHS

0.01833 0.00333 2 1
}Pa/_}Pa/+ Q. Q. =— - 5 TOrAa
0.00333 0.01333 0.01333 0.00333

_2 -1
0, = 4.01333 0.00333
¢ 0.01833 _0.0033%
0.00333 0.01333

3areM HaXOIUM
_0.00333 . 2

P = 001333 % 001333

Janee wucmonbzyem 0000meHHbIH 3akoH OMa W TeEpBBI 3aKOH
Kupxroda:

=-85.7B.

=-1714B.

I

=—‘pc_q;g’ B 0143

0
R RPN

0
I, :M:—UMA;
R

2 :‘PC;—R“’% 0.286 A:

I, =—J-1,=-2.143 A;
U,=0,-0,=271.447 B.

Takum 00pa3oM, HaiiicHHbIC TOKH U HaNpPsIKCHUE Ha 3aKAMaX HC-
TOYHHKA TOKa COBMAJAIOT ¢ pe3yiabTatamu m.2.1. u m.2.2.

3. Jlns mpoBepKM MPaBUIILHOCTH PACUETOB COCTABJIsAEM OanaHC BbIpabda-
TBIBaeMOil P, 1 moTpebisieMoil P, MOIIHOCTH:

P, =E, +E,I,+U,J =357.192 Br;

17

P,=1I;-R+1I;-2R+I; -R+I; -3R=357.217 Br.

TakuM 00pa3oM, MOJIYY4aeM JOMYyCTHMYIO OTHOCHTENILHYIO I10-
TPELIHOCTh PacyeToB

P -P
SP%=|BP—"|'IOO=O.OO69%S3%.

8
4. OnpeuenﬂeM TOK B BETBH ab TpEMS METOAaMU.

4.1. Hcnonb3yeM METOJl HAJIO)KEHHUS.
st pacuera Toka [, , KOTOPBIM MPOTEKaeT B BETBU ab, UCXOIHYIO

CXeMy C MOCTOSIHHBIMH TOKaMu pa3o0beM Ha TPU MOJCXEMbI C OJHHM HC-
tounukoM DJIC mim Toka.

4.1.1. Pacuer noxcxemsl ¢ OJIC E| .

R 1)

3R
VI(E‘)

ITo 3axkony Oma: IéE‘)z =0.428 A, Torma mo

2R-(3R+R)
TR+ (3R+R)
MIpaBWTy pa30dpoca HaXOJUM YaCTHYHBIN MCKOMBIN TOK, co3naBaeMblii D/1C
E:
2R

=B 2 _0143 A,
Y% 2R+(3R+R)

18



4.1.2.  Pacuer nogcxemsl ¢ OJIC E, .

R i
a -t d
x (D
3R E,
R AIZ(Ez)
- | S
c
(E,) EZ
ITo s3akomy Owma: [;7% = =0.857 A,
2R (3R+R)
2R+(3R+R)
A opm) 2R g6
2R+(3R+R)
4.1.3. Pacuer moxcxeMsl ¢ HCTOYHHKOM TOKa J .
AN
\&
J
R L)
ae—{ 1 - d

] R

R
N | S|
C
V3l b u d 06beuHAEM, TOTIA TI0 IPABUITY pa3dpoca
3R+ 2RR
1=y ZRER 571 A

19

Torga

4.1.4. Haxogum pe3ynbTHpyOLMH TOK [,, Kak anreOpaude-
CKYI0O CyMMy YaCTHYHBIX TOKOB (YaCTHYHBIH TOK, COBIAJAIOIINI IO Ha-
TIPABJICHHIO C PE3YJIbTHUPYIOMINM TOKOM, OEpeM co 3HaKOM “+7):

L= (%) _ 1)) 20.143-0.286-1.571=-1.714 A.

PaccunranHslit TOK [, COBIangaeT ¢ TOKOM [, , HaliIGCHHbIM B 11.2.

4.2. Vcnonp3yeMm MeTO peoOpa3oBaHuil.

Jns pacuera Toka [, MCXOIHYIO CXEMy OTHOCUTENBHO BETBU ab mpe-
o0pa3yeM 110 OIHOKOHTYPHOHW CXEMBI, B KOTOPOH OyAeT MpOTEeKaTh HCKO-
MBI TOK 1, .

st aToro mpeoOpa3oBaHus IPOBEIEM B HECKOJIBKO JTarloB. BHawaie
TepeHeceM UCTOYHUK TOKa J Ha COIPOTHBIICHUSI BETBEH ac u cd:

3arem npeobpasyem ncrouHukH Toka B 3/1C:
E;=3R-J=600 Bu E,=R-J=200 B.

Hanee mpeobOpa3yeM mapaimiensHoe coenuHenne DJIC u compoTuBie-
HUs BeTBel be u cdb:

20



1
R,=———-=66.666 Om;
1 1 ’
Jart R
E, :[WJ.& =200 B.

B pesynbraTe moayyaeM OJHOKOHTYPHYIO CXEMY C HMCKOMBIM TO-
KOM I, :

Torpa no 3akony Oma:
_ BB 714 A
R+3R+R,

Haiinennslil Tok [/, coBnagaer ¢ pesyiabraTtamu 1.2. u m.4.1.4.

1

5. OnpeuenﬂeM TOK B BETBU @b METOJIOM 3KBHBAJICHTHOTO reHeparopa.

5.1. HaxomiM Hanpsikerme xomoctoro xota U™ B sersu ab.

7

®

ITo MeToy KOHTYPHBIX TOKOB:

I, =J;

21

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

E —-E,+2R-1,,
2R+R

ITo 2 3axkony Kupxroda: ngx) =—3R~J—2R~I3(xx) =-800 B, Torna

Torma I, = =1 A; IV =1, —1,; =2-1=1 A.

DJIC KBUBANEHTHOTO reHepaTopa pasHa £, =U. f(”‘) =-800 B.

5.2. Haxoaum comnpoTHBIEHHE SKBUBAJIEHTHOIO reHeparopa R :

Rr
a Y e b d
R
o | —
C | S
Ry =3R+ R2ZR _366.666 Owm.
R+2R

5.3. Haxomum TOK KOPOTKOT'O 3aMbIKaHUS I£K3) SKBHUBAJICHTHOI'O Te-

HEparopa:
K E
I =g, ==L = 2182 A.
RF
5.4. HaxoauM TOK B BETBH @b aHATUTUYECKHU 110 ABYM (opMyiam:
E
I,=—L—=-1.714 A;
R-+R
J
I=—"1—=-1714 A.

1+y
RF

22



5.5. Haxomum Tok B BeTBU ab rpaduuecku:

AUB
259 2 L5 o1 05 7T
T -] T T >I A
200
T -400

- -600
-800

Buewnss BAX
9KBUBAJIEHTHOTO TeHEpaTopa

Touka nepeceuenus BHelmHed BAX sKkBUBaJIEHTHOTO TeHEpaTopa ¢
BAX pesucropa R=100 Om (U,=R-1,=100-1I, B) naer peuenue:
I, =-1.7 A.

AHanuTHaecKuil ¥ rpagUUeCcKuii pacueT METOIOM SKBHBAJICHTHOTO
TeHepaTopa MO3BOJSET HAWTH TOK [, , KOTOPBIM COBIAAAET C PE3yIbTATAMHU

m.2. un.4.

6. Jlns xkoHTypa 0e3 MCTOYHHKA TOKa, Hampumep, bedb ctpouM MOTEeH-
UATBHYI0 nuarpammy. IIpu 3ToM 0003HAYaeM MPOMEKYTOUHYIO TOUKY Kk U
MPUHAMAEM TOTCHIMAN TOYKH b, KaK U B METOJC Y3JIOBBIX IOTCHIIMAJIOB,
paBHBIM HYJIIIO, T.€. @, =0.

C + - b
Tor/:[a Ipu IMprUHATOM 06x0/:[e BI)I6paHHOFO KOHTYpa MpOTUB YacCo-
BOH CTPCJIKH, IPOBOAWM PACUCT MMOTCHIINAJIOB TOYCK:
¢, =0, —2R-1;=0-200-0.429=-85.8 B;
¢, =¢,—R-1,=-85.8-100-0.143=-100.1 B;
©; =¢; +E,=-100.1+200=99.9 B;
¢, =0, —F =999-100=-0.1~0,

23

T.C. pacydCThbl IPOBCACHBI BCPHO, T.K. IOIYYHIIOCH @ ~0 u IIOTCHIMAJIbI
TO4YCK ¢, U @, COBIIATIM C paHCC HaﬁHeHHLIMI/I 3HA4YCHUSIMU B METOJC Yy3J10-

BBIX MMOTEHIINAJIOB.
Crenyer OTMETHTB, YTO MPU pacyueTe MOTEHIUAIOB TOYEK Hampsi-
xkerus 1 DJIC GepyTcst co 3HAKOM “+” B TOM cilydae, KOraa mpu o0xoje
KOHTYpa mnepeMeniaemcs oT “-” k “+”.
CTpouM MOTECHIIHATBHYIO AUarpaMMy:

A0, B
1004= - — e d
Pa
50+
bie 2IR sl R »[b _
0 100 |200 300 R,Owm
50 |
P X lc
100 g - = s k

7. OnpenensieM IOKa3aHHE BOJIBTMETpA JBYMsI METOJAMH, KOTOPBIH
BKIIIOUEH MEX]y y3lamu d U a.

7.1. Kax pa3HOCTh MOTEHLHMAIOB Y3JIOB CXEMBI, KOTOpbIE HailJleHbl B
METO/I€ Y3/IOBBIX OTEHIUAJIOB:

Uy =0, -0, =100—(~171.447)=271.447 B.
7.2. Tlo 2 3axony Kupxroda:

Uy —E,=—R-I, wm U, =E, —R-I, =100-100-(~1.714)=271.4 B.

24



T.e. pe3ynbTaThl pacueTa NOKa3aHs BOJBTMETPA JBYMSI METOJaMU COBIAIN Pacyem PI'P Nel npu nomowu npoepammsr MathCad ocywecmens-

MeXIy cOOO. emcsl CiedyowuUmM oopasom:
ORIGIN:=1
8. Heobxomumo chopMyanpoBaTh BBIBOJ IO BBIMONHEHHBIM MTYHKTaM )
3aaHusl, B KOTOPOM CPABHHUTH PE3YJbTATHI BBIYMUCICHUN U OLIEHUTH TPYIO- Aano.
€MKOCTb METOJIOB pacuera. E1:=100 E2:=200 E3:=0 J:=2
R:=100

1. Memoo 3axonos Kupxeogha

00 0 1 -1 0
1 0 1 -1 0 O
01 -1 0 1 0 . 0
0 -R-2R 0 0 O
0 0 2R R 3R O
00 0 -R 0 -1 -El

1.1. Pewenue mampuunozo ypasnenus: X:=A B

—-2.143
0.143 I1:= X1 12:= X2
. 0.429 I3:= X3 14 .= X4
~1.714 I5:= X5 uJ .= X6
0.286
271.429

1.2. 3nauenus mokos u HanpsdtceHusl Ha UCmMoYHuKe moka .

I1=-2.143
12=10.143
13=0.429
14=-1.714
I5=0.286
UJ =271.429
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2. Memoo kormyp HbIX MOKO8

2.1. Onpeoenernue 3HaueHUll KOHMYPHBIX MOKO8 U
HANPANCEHUs HA  UCTHOYHUKE THOKA.:

J33:=1]
3R 2R 0 El1-E2
Al:=| 2R 6R 0 Bl := J33-R
0 R 1 El + J33-R
-1
X1:=A1 Bl
-0.143 J11:= Xl1
X1=| 0.286 J22 = Xl2
271.429 Ulk := Xl3

2.2. 3uavenus KOHMYPHbIX MOKOG
U HaNPACEHUs HA UCMOYHUKE MOKA:

J11 =-0.143
J22 = 0.286
Ulk = 271.429

2.3. Onpeodenenue mokos @ 6emesx.:

Ik:=1J11-1J33 Ik = -2.143
2k:=-J11 12k = 0.143
Bk:=J22 - J11 I3k = 0.429
14k :=J22 - J33 I4k = -1.714
I5k:=J22 I5k = 0.286

3. Memoo y3106bix nOMeHyuanos

3.1. Onpedenenue 3nauenuti NOMeHYUAIO8 Y3108 A U C :

ob:=0
od :=El+ @b od =100

27

A2 = B2:

pa = X21
© -171.429 2
= (PC =
~85.714 2
3.2. 3nauenus y3106bix NOMEHYUAN08:

ga = —171.429
gc = —85.714

3.3. 3nauenus mokos 6 6emesx
U HANPSJICEHUs HA UCMOYHUKE MOKA!

_9c—qd + E2

n: 2= 0.143
R
b _
B.= R 13 = 0.429
2R
— ¢b
pu-R-® 14=-1714
R
5. X% 15 = 0.286
3R
N=—J-12 11 =-2.143
Ul:=¢d —pa UJ = 271.429

4. bananc mownocmu

4.1. Buipabamvieaemas MOWHOCHb
Pv:=El.Il + E212 + UJ.J
Pv = 357.143

28



4.2. I[lompebasiemas MOWHOCMb

Pp = 2R + 1322R + 14°-R + I5°-3R
Pp = 357.143

4.3. Hoepewnocmo

6::Ju|--100

Pv

d=0

5. Onpeodenenue moxa 6 éemeu ab 14
5.1. Memoo nanoorcenus

5.1.1. Pacuem noocxemwl ¢ 3/[C E1

El
2':= 12'=0.429
. 2R-(3R + R)
2R+ BR + R)
2R
®W=DR"— 14'=0.143
2R + (3R + R)

5.1.2. Pacuem noocxemwt ¢ 3/]C E2

E2
12" = 12" = 0857
, 2RCR+R)
2R + (3R + R)
2R
Q"= — 14" =0.286
2R + (3R + R)

5.1.3. Pacuem noocxemwi ¢ ucmouruxom moxa J

2R-R
3R+
2R + R
14":=J- 14"=1.571
2R-R
R+ | 3R+
2R+ R
5.1.4. Pacuem pesynvmupyrowezo moxka 14
14:=14'"-14"- 14" 14=-1.714
29

5.2. Memoo npeobpaszosanuti (ynpowaem ucxooHylo cxemy
00 0OOHOKOHMYPHOLUL)

_ 2E1-2E2—-11-RJ
14R

5.3. Memoo sxeusanenmmnoeo eenepamopa

14

I4=-1.714

5.3.1. I[1lo memody KoumypHbIX MoK08 onpeoesem moku XX
122:=]
El - E2+ 2R-122

1i=—m"—mm"""" I11=1
2R+ R
Bxx:=122 - 111 Bxx=1
Udxx:= -3R:J — 2R-I3xx Eg = U4xx Eg =-800

5.3.2. Onpedensem conpomugnenue IKk8UBANEHIMHO20
eenepamopa Re

R-2R

Rg:=3R + Rg = 366.667
R+ 2R
5.3.3. Onpedensem mok sx8usarenmuozo cenepamopa Ig
Eg
Ig:=— Ig =-2.182
Rg
5.3.4. Onpeoensiem mox 14
E
Mi=—2F— 4=-1714
Rg+ R
i
I
14:= —= 4=-1714
R
1+—
Rg

6. Haxooum mox 14 epagpuuecku

CTOMM BHEIIHIOI XapaKTEPUCTUKY T'eHepaTopa

Ig 0
BAXg = (8«; Eg) BAX(x = linterp(Baxe'”  Baxe? %)
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Ig 0
BAXg ::(f Eg) BAX(x) == linterp(BAXg<1>,BAXg<2> ,x)

crouMm rpadpux BAX pesucropa

U(x) :==R-x
25 -2 -15 -1 =05 0
T~
—'_'_'_'—'—'
=250
BAX(x) ~ <00
U \\
~-750
=1000
X
Xi=-2
Given
BAX(x) - U(x)=0
x1:= Find(x)
T.C. 14:=x1 14=-1.714

7. Ilocmpoenue nomenyuanbHol ouazpammol

ob =0 ob =0

¢oc := b — 2R-13 oc = —85.714
ok :=¢c — R 12 ok = —-100
od := ok + E2 od =100
¢obb :=¢d — E1 ¢bb =0

noternuan Pbb gomken 6bITh paBeH Pb

ob 0
@c 2R
o :=| ¢k ¢l:=| 3R
od 3R
obb 3R

31

100

— o 100 200 300 400

~

¢l

~100

IocTpoeHHbIe TpaduK U THArpaMMy PEKOMEHIYETCS
CKOIIMPOBATh B rpauecKuil penakrop, Hanpumep, Microsoft Visio
U CIIeTaTh COOTBETCTBYIOIINE MOIIHUCH.

8. Onpedensiem nokazanus 601bmmempa
Uve=|ull  uv=271.429
wm  Uv = |q)d - q)a| Uv =271.429

wm Uv:=El-RI4 Uv =271.429
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Mertoauyeckue ykazanusi K padore Ne 2.
Jnst 3aaHHOM CXEeMBI IaHO:
e(t)= \/E-El -sin(wt+a,), B;
e (1) = \/§~E2 -sin(wt+a,) , B;
e (1) =0, B;
J(t) =2 J -sin(ot +B), A.

E, E, J o, a, g R L C w M
B B A | rpan | rpan |tpax |Om | M[H | Mx®D |pang/c| MI'H
2

100 | 200 90 0 -60 | 100|318,47| 31,8 | 314 | L/2
Cxema:
b d
iR >
3 ex(t)
12

1. 3anmceiBaeM cHCTeMy HE3aBHCHUMBIX ypaBHEHHH 1O 3akoHam Kupx-
roda A7 MTHOBEHHBIX 3HaYeHHWU TOKOB ((pyHKIMA Bpemenu). s sToro
YKa3plBaeM HOMEpa M HANpaBJICHHWS TOKOB B BETBAX CXEMBI aHAIOTHYHO
3aganuto 1. Tak kak e;(f) =0, T0o y31bl @ U m, k u ¢ obbenuusieM. B pe-

3yJIbTATE MOJIyYCHHAs cxema OyJIeT MMETh: n, =4 ysma, n, =7 BeTBeil;
m =n, —1=3 ypaBHeHui no nepsomy 3akony Kupxroda, n, =n, —n =4

YpaBHEHH 10 BTopoMy 3akoHy Kupxroda.
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Bribupaem 3 y3na (aampumep, a, b, d) u 4 KOHTypa, Ul KOTOPBIX CO-
CTaBJIsieM ypaBHEHHMs 10 3akoHaM Kwupxroda, yuyuThiBas, 4TO MHAYKTHBHO
CBSI3aHHBIC 3JICMEHTHI BKJIFOUCHBI BCTPEYHO:

y3ena: J(t)+i, —ip—ic =0,
y3en b: i +i;—iy =0,
ysend: =i, —i,—J()=0,

L. _
1 koHTyp: 3R-ip —EIZC -dt=0,

1 di di di di
2 koHTYp: — | i dt+Rij +| L—2—M = |+| L= -M =% |+2Ri, =0,
yp CIC 4 ( d j ( d 3

dt dt
di di
3 KOHTYD: —R iy —2R iy —| L—=—M =% |=¢,(t)—e, (¢ s
MY 2 3 ( dt dtj (1) — ey (1)

. di
4 xoutyp: —R-i, —( %—M%} =u,(t)—¢(1).

Hatita Tokm u3 THX nudQepeHnnanbHEX ypaBHSHH BECbMa TPYIOeM-
k0. [TooTOMy MCTONB3yeM CHMBOJMYECKHN METOH, IMO3BoIITRoIIHi audde-
PCHIMATIbHBIE YPABHEHUSI C CHHYCOWAAIBHBIMH HANpPsDKCHUSIMH M TOKaMHU
peoOpa3zoBaTh K anreOpandeckuM ypaBHEHUSM C KOMIUIEKCHBIMH BEITHYH-
HaMH, PELIUTh KOTOPbIE 3HAYUTENILHO TIPOILE.

2. PaccunthiBaeM 0e3 ydeTa B3aMMHOM HHIYKTUBHOCTH M KOMILICKC-
HBbI€ COMPOTHUBJICHHUS BETBEU, COSTUHSIONINX Y3Ibl &, b, ¢, d, npudem,

X
X, =oL=314-318.47-107 =100 Om; X, =—F=500m;

1 1
© oC 314:318:10°
Z,=0 Om; Z, =R=100=100-¢/" Owm;

=100 Om.

. 100
-arctg—— . o
Zy = 2R+ jX, =200+ j100 =4/200% +100% -¢’ 200 =223.6-¢/20¢ Ow;

Z, =R+ jX, =100+ j100 =141.4-¢/* Owm;

, _3R(iKc) 300(=j100)  3aote
Ls = = — _

3R—jX 300— 100 jarcig 2100
¢ V3002 £100%¢" 300
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04 70 o
30 9488077716 =30— j90 O
316.2¢7/184
. . . L 790°
ZM:]XMZJ(DM:JQ)EZJSOISO'E Om.

N3o0paxaeM KOMIUIEKCHYIO CXEMY 3aMEIeHUs] C 3TUMU CONPOTHBIIE-
HUSIMU U KOMIUIEKCAMHM JEHCTBYIOIINX 3HAYECHUMN:

Uy

\“j
D

E =E, ¢ =100-¢/* = j100 B;
E, =E,-¢/* =200-¢/" =200 B;
J=J-e® =270 =1-j1.73 A;

BCTPCYHOC BKJIFOYCHUC.

3. He wuckimovass HHAYKTABHOW CBSI3H, OIpEneNisieM KOMIUIECKCHI IeicT-
BYIOIIMX 3HAYECHUH TOKOB BCEX BETBEH M HANpPsDKCHHE HA 32KUMAaxX HCTOY-
HUKa TOKa.

3.1. Hcnonbsyem 3akonsl Kupxroda B koMIuiekcHoi popme (n, =4 -
YHCIIO Y3IIOB, N, =6 - 9HCIO BETBEH, 1y =n, —1 =3 - 4HCII0 ypaBHEHHH 110
nepBoMy 3akoHy Kupxroda, n, =n, —n =3 - 4uclIO ypaBHEHHUH IO BTO-
pomy 3akoHy Kupxroda):
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y3en a: J+j4 —iS =0,

ysenb: I, +1,-1,=0,

ysene: I,—I;+15=0,

1 xonTyp: Z, ~j2 +(Z3 ~j3 ~Zy -f4):—E1 +E2 ,

2xouTyp: (Zy Iy =Zyy - Iy)+(Zy- 1y =2y - 13)+ Z5-15 =0,

3 KOHTYp: (Z4 A,-Z,, ~13):—UJ +E .

ITony4yennsle n=n; +n, =n, =6 ypaBHEHHUH 3alMCBHIBAEM COBME-
CTHO B MaTpPU4HOM BHJE T.C.

al0 0 0 1 -1 0] [ -J
b1 0 -1 0 0| |I, 0
c|0 1 -1 0 A 0

X1 . = . . HJIm
k|0 2z, Z, ~Zy 0 0| || |-E+E,
k(0 0 Zy-Zy Z,~Z, Zs O | I 0
3k[0 0 ~Zy Zy 0 1] _UJ_ L B

Ax X = B, xoropsie peuraeM Ha IBM npu oMoy nporpammer MathCad.
B pesynbrare:

ol o! o I 1 I -1 1o [ 14+1.73i |
R e T~~~ ———7 I T [
1,0, 1 -1 4 0 |0 0
of1 1 -1 1 0 1 1 10 0

A== oo = Bi=| |
01100 200+100 | 50 1 0 __10 200-100:
01 0 1 200+50i 1 100+50i | 30—90i i 0 0
—d = o= === +— s
0 0 =50i [100+100i; O 1| | 100 |

Janee BBoaUM B IporpaMMmy ypaBHeHHE X = A'Bu II0JIy4aeM pELICHUE
B anreOpanyeckoit popme:
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—0.795+2.223i

| 233.298-7.703i |

[epeBoauM HaiiilcHHBbIE 3HAYEHHs B MMOKA3aTENbHYIO (OpMy, pPUUEM IS
3TOr0 MOXHO UCIoiab308ath MathCad:

I, =—0.795+ j2.223=2.361¢/°7 A;
I, =—0.205— j0.493 = 0.534¢ /2% A;

Iy =0.408— j0.554 = 0.688¢ /¢ A;

I, =—0.387+j1.668=1.713¢/'%" A;
I5=0.613-0.062 =0.616¢ 7 A;

U, =233.298— j7.703 = 233.425¢ /" B,

e, HarpuMmep, rpu pacuerax Ha MathCad nmeem:

|-0.795 +2.223i| = 2.361; arg(_0'7§5 +2223)
eg

=109.7.

3.2. Hcronp3yeM MeETOI KOHTYPHBIX TOKOB B KOMIUIEKCHOW (opme
(ny =4 - 9ucIio y3/oB, n, =06 - YUCIO BETBEH, n; =5 - UUCIO HEU3BECT-

HBIX  TOKOB, N, =n,—n,+1=3 - 9YHCIO KOHTYPHBIX TOKOB,

My

y =n;—n, +1=2 - 9HCIO0 KOHTYPHBIX yPABHCHHIA):
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KoHTypHbIe TOKH HalpaBisieM Tak, YTOOBI Yepe3 UCTOYHUK TOKa IPOXO-
I OAWMH KOHTYPHBIH TOK M 4epe3 KakJoe MHAYKTUBHO CBA3aHHOE COIIPO-
TUBJIEHUE IPOXOJANI OJUH CBOW KOHTYPHBIN TOK.

B pesynbTaTe monyduM cIieAyrolne YpaBHEHHUs ISl KOHTYPHBIX TOKOB
(BcTpeuHOE BKIIIOYCHUE):

Liy=J=1-;1.73
Iy (Zy+Z3) 1y Zy—I33-Zy, =12y =—E + E;
I (Zy+Zy+Zs)— 1y Zy+ 133 (Zy+Zs5)— 1Ly = B -

prnrmpyeM CJIara€MbIC U 3allMCbIBACM YPAaBHCHUS B MATPUIHOM
BUJC:

(2,+2y) | (Z,+2y) | [hy] | ~E+E+J-2
A2y +Zy) | (Zy+Zy+Zs) | |y | | BBy~ (Zy+Z5) |

OTH ypaBHEHHUS MOKHO PEIIUTh ITOJICTAaHOBKOM, MeTomoM Kpamepa
mwm Ha DBM npu oMot nporpammel MathCad. JIns sToro B mporpamMmy
BBOJHMM MAaTPHIBI C YHCIOBBIMH 3HAYEHMAMH KOMIUICKCHBIX KOd(dunneH-
TOB B anredpanyeckoi Gpopme:
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y (300+1007) | (100 +50i) 3 300—273i
T 100+50) | (230+10) | 77| -1743+4149i

Janee BBOAUM a mporpammy ypaBHeHue X = A" B u [OJIy4aeM
pemieHue B anredbpandeckoit popme:

| 0:408-0.554i
—0.387+1.668i |

T.e. I;; =0.408-j0.554 A; I,, =-0.387+1.668 A.
B PE3YIbTATE TOKH B BETBAX CXCMbI 6yILYT CJICAYIOINMU:
Iy =1, — 1, =-0.795+ j2.223 A,
I, =1}, — 1y —I;; =—0.205— j0.493 A;
Iy =1, =0.408 - j0.554 A;
I, =1, =—0.387+ j1.668 A;
I = 1y +1;; =0.613— j0.062 A.

Hamnpspkenne Ha 3akMMax MCTOYHMKA TOKAa HaWaeM 1o 2 3aKOHY
Kupxroda B komriekcHo# popme (koHTYp adba):

UJ —El =—(Z, ~f4 —Zy -f3) , TOTIa
U,=E —(Z,-1,-Z,,-13) =233.298—j-7.703 B.

Takum 00pa3zoM, MONyYEHHBIE PE3yJbTAThI TTOJHOCTHIO COBIAIU C
pe3ysbTaTamMy, HaliIGHHBIMHU TIPH IOMOIIX 3aKoHOB Kupxroda.

4. 3anuckIBaeM MTHOBEHHEIC 3HAUCHMS TOKAa B BETBU ab u Halps>KCHU
Ha 3aKMMaxX MCTOYHHKA TOKa:

iy (1) =iy (1) =/2-1.713-sin(3141+103°) A;
u, (1) =~/2-233.425-5in(3141-1.9°) B.

5. PaccunTsiBaeM OanaHCHl aKTHBHOM U PeaKTUBHON MOIITHOCTEH.

5.1. TlomHas BeIpabaThIBacMas MOIIIHOCTh BCEX UCTOUYHUKOB:
S, = E I+ By +U, 0" =100e/ -2.361e77'°7 +200e/" -0.534¢" 125 +
+233.425¢71 . 2e/%" = 427979+ j41493 BA, rtme J =2 A;
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-k . o o . o
I} =2.361e7/'7 A; I, =0.534¢’"%° A - compskeHHBIe 3HAYCHHS TOKOB
HCTOYHHKOB.

5.2. AxTHBHas norpebisieMasi MOLIHOCTb:
By =17 RekZ)) +13 -Re(Zy) + I3 -Re(Zy) + I3 Re(Z,)+ 12 -Re(Z5) =

=0.534%-100+0.6882 200 +1.713% 100+ 0.616° -30 = 427.979 Br;
rae 1, 1,, ..., I5 - neiicTByronue 3HaueHus (MOJyJIN) TOKOB.

5.3. PeaktuBHas moTpediseMas MOITHOCTD:
O, = 1P Wkzy) +13 Im(Z,) + I3 Im(Z3) + I3 -Im(Z )+ 12 - Im(Z5) -
22X, 151, cos(B; —B,) = 0+0.534% -0+ 0.688% -100+1.7132 -100 +
+0.6167 - (=90) —2-50-0.688-1.713 - cos(~53.6° —103°) = 414.93 Bap;

rae I, I, u B;, B, - nelicTByromue 3HaYeHNUS U (Ga3bl (YIIIBI) HHIYKTUBHO
CBSI3aHHBIX TOKOB.

5.4. TlorpemHocTH pacyeToB.
—  Ilo akTUBHOW MOIIIHOCTH:

8p%:|P6P;P"|~100:0S3%.

—  Ilo peakTHUBHON MOIIIHOCTH:

SQ%:M-IOOZOS3%

8
CTpouM J1yueByI0 BEKTOPHYIO JUAarpaMMy TOKOB U COBMEIIEHHYIO ¢ Hel
TonorpadM4ecKylo BEKTOPHYIO AuarpaMMmy HampsbkeHui. J[ns sToro mpu-
HHMaeM MacmTad BeKTopoB Toka m; = 0.05 A/MM M Ha KOMIUICKCHO# I10C-

KOCTU CTPOHM BEKTOpBI TOKOB, KOTOpBIE BBIXOASAT M3 Hadajga KOOPIUHAT
KaXIbli M0J] CBOUM YTJIOM. J[JIs YHpOIIEHHUsI HOCTPOSHUSI BEKTOPOB MOXHO
OTKJIaJIbIBaTh BEIIECTBEHHYIO 1 MHUMYIO COCTAaBJISIOIINE TI0 BEIIECTBEHHON
U MHHUMOH OCSIM COOTBETCTBEHHO B IIPUHATOM MaclUTabe m;, HaIpUMED,

I, ==0.795+ j2.223=2.361¢"' %7 A.

Ilocne mocTpoeHUs BEKTOPOB TOKOB IPOBEPSIEM IMEPBBIA 3aKOH
Kupxroda. dnst aToro mocrpamBaeM Ijisi y3JI0B IYHKTHPHBIMH JIMHHSIMH
TapaJuIeIorpaMMBbl TAKUM 00pa3oM, YTOOBI TOK PaBHBIN CyMME JIBYX JPYTHX
TOKOB SIBISUICS AMAroHaNbI0 THapauiesniorpamma. Hampumep, s ysna a
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umeeM [s =1, +J, T.e. I5 ABNAETCS AUAroHaNbIO MapanienorpamMma, oopa-

30BaHHOTO TOKamu I, u J .

Jnst ynpomeHus: ToCTpOeHNs TONOTpauuecKoi AnarpaMmbl HampsiKe-
HUA Ha KOMIUIEKCHOM CXEME pacCTaBiIieM CTPEJIKA HanpsHKEHUH

U,,U;,U,,Us HaBCTpeuy HalpaBleHUsIM TOKOB. Jlanee, UCIONb3ys 3aKOH

Oma ¥ yuuThIBast HaNUYMe HHAYKTUBHOM CBSI3H, MPOBOJUM pacyeT ITUX
HaIpsHKeHUH (BCTpEYHOE BKIIIOYCHUE):

U, = Z,I, =—20.5~ j49.3=53.39¢ /"6 B;

U3 = Z3j3 _ZMj4 =220.4— j50.65 = 226.14¢7 /1> B;
Uy =Zyly—Zy Iy =-233.2+ j107.7 = 256.9¢ /132" B;
Us = Zsis =12.81— j57.03 =58.45¢ /77 B;

E; = j100=100¢’" B;

E, =100=200¢"" B;

U, =233.3— j7.7=233.4¢7/" B,
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3areM pacCUMThIBAEM KOMIUIEKCHBIE OTEHIHANbI Y3JI0B U TOUKHU k
CX€MBI, IPeIBAPUTEIBHO IPUHAB, Harpumep, ¢, =0 :

¢, =, +U, =-233.2+;107.7 B;
Oy =Py +E1 = j100 B;

¢, = ¢, —U, =—220.4+ j50.65 B;
¢ =0, —U, =—199.9+ j99.95 B.

J

[TpyauMaeM MaciTa® BEKTOPOB HANpsDKEHUI M MOTEHIUATIOB Y3JIOB,
Hanpumep, my =50 B/cM. Ha xommiexkcHol mIIockocTy, Ie yxe HocTpoe-
HBI BEKTOPBI TOKOB, OTME4aeM TOYKAMU MOTEHIUAIIB] y3JI0B U TOUKH K, OT-
KJIabIBasl UX BEUIECTBEHHBIE U MHHMMBIE COCTaBIIAIONIUE MO BEIIECTBEHHON
U MHHUMOIl OCSIM COOTBETCTBEHHO, B IIPUHATOM Maciutabe my; . Hanee co-

C€AWHACM TOYKH NOTCHIHAJIOB BCKTOpaMHU HaHpH)KeHI/Iﬁ COrJIaCHO HX Ha-
MpaBJICHUAM Ha KOMILUIEKCHOM cXeMe 3aMCIICHUA.
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6. OnpenensieM MoKa3aHHE BOJbTMETpPA aHAIMTHUYECKH U Tpaduueckw,
KaK JeHCTBYIOIIEe 3HAYCHHE HATPSIKCHUS, MEXKIY TOYKAMH BKIIOUCHHS
BOJIbTMETPA, T.€. MEXKAY y3/1aMu a u d.

—  AHaauTHYECKH:

Uy =|U,|=233.425B wm U, =, -,|=[2332-j7.7|= 233425 B.
— T'paduyecku (110 BEKTOpHOH quarpamme):
Uy =|ad|-m, =4.65-50=232.5 B.

7. Jlenaem pasBsi3Ky MHAYKTUBHOHM CBSI3M U METOJIOM 3KBUBAJEHTHOIO
reHepaTropa HaxoauM TOK BeTBH ab, T.e. [, =1, . Ilpu pa3ssske yuuTbiBa-
€M, 9TO HHIYKTHBHO CBS3aHHBIC CONPOTUBICHUA Z; U Z, TOIXOIAT K 00-
meMy y3iy b omuHaKOBEIM 00pa3oM.

S5
\&/

J
(Z4-Zw1) I, Ly b q
a E[
7 M,
Z, £,
. 1 k

Jlanee OTHOCHUTENIFHO CONPOTHBIIEHUST R ObIBILIEH BeTBH ab (mocie
Pas3BsI3KU BETBb @M) UCTIONIB3YEM METOJI SKBUBAIEHTHOTI'O T€HEPATOPA.
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Jlns onpenenenus Toko 1™ u I8 Bo BcnomoratensHoil cxeme mpHMe-

HUM METOA KOHTYPHBIX TOKOB:

I, =J

Ip(Zy=Zy +Zy +2,) =112, = B, —

Ey-E+J-Z,
Zy+Z;

I =1,y =0.627-j1.119 A; I8 =1, =J =1-j1.73 A.

3ateM 1o 2 3akoHy Kupxroda coctaBiseM ypaBHeHHE U HaX0oquM £

Torma 1,, = =0.627— j1.119 A. B pesynbTare:

Ep=—(2y-2y )1 - 251§ =-55.65+ j334.35=338.95¢/7% B, te.

E;=33895 B, o, =99.45".
Bo BcmoMorarensHON cXeMe BETBb C HCTOYHHKOM TOKa Pa3phIBAacM,
SJAC E, m E, 3aKopauuBacM M OTHOCUTEIBHO 3a)KUMOB COINPOTHUBIIECHHS

R BetBU ab naxomum Z -

o

Z3-Zy)(Z,+Zy)
N Ly—LZy+tLy+Zy

ZF:Z5+j(X4—XM)+( =97.5-/j12.5=
=98.3¢7/7 Om, Te. R;=975 Om; X, =-125 Om; ¢p=-7.3;
Z;=98.3 Om.
Janee HaxoauM TOK BETBU ab:

Er

I,= =—0.387+1.668=1.713¢/1" A,
Zr+R

KOTOpPBIH COBNAJ CO 3HAYCHHWSIMH, HaWACHHBIMHA TIPH IIOMOIIM 3aKOHOB
Kupxroda u MeTosa KOHTYPHBIX TOKOB.
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3areM U3MEHSS BENWYHHY CONpOTHBIEHHS R BetBu ab ot 0 1o
10Z, =983 Owm paccuntelBaeM MOMIHOCTH P, , KOTOpas BBLICHAETCS B

BUJC TCIJIa B 9TOM CONIPOTHUBJICHUU:
2
E2.R

Py=—-r =
" (R+Rp) + X2

a

Pe3ynpTaThl pacueToB 3TOH MOIIHOCTH BHOCHM B TaOJIHILY:

098.3(196.6(294.9{393.21491.5|589.8|688.1|786.4|884.7| 983

“701293.4(260.7(219.8|187.5(162.7|143.4|128.1|115.6/105.3| 96.7

__Er
2(R, +R;)
mpu R=R, =ARE+X%:=7;=983 Owm. Crpoum rpa¥k 3aBHCHMOCTH
Fy =1 (R)-

Pab(R) 4 Bt

300 /\
240 \
180 S

Makcumym mommoctdw P, =P, = =293.4 Bt Habmopaercs

120 ~—]

60

»

0 100 200 300 400 500 600 700 800 9001000 R, Om

8. Heobxomumo chopMyanpoBaTh BBIBOJ IO BBINOJHEHHBIM ITyHKTaM
3aJjaHusl, B KOTOPOM CPaBHUTH PE3YJIbTaTbl BBIYHUCICHHUH, OLEHUTh TPYIO-
€MKOCTb METOIOB pacyeTa U IIPOaHATU3UPOBaTh rpauK MOLIHOCTH I1.7.
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Pacyem PI'P Ne2 npu nomowu npozpammsr MathCad ocywecmens-
emcsl CiedyowuUmM oopasom:

Jtano: ORIGIN:= |
El:=100- ¢ 098 j_p. 7 00deel 355471073
E2:=200- ¢! ®:=314 C=318-10 °
E3:=0 R:=100 ML
Pacuem xomnnexcuvix conpomueﬂenuﬁ s 2
ZL=i-o-L 7ZC:=-i- ! ZM::E
o-C 2
ZL = 100i ZC = -100.148i ZM = 50i
Z1:=0 Z2:=R Z3:=2-R+ZL Z4:=R+7ZL
Z1=0 72=100 Z3=200+ 100i Z4 =100+ 100i
5.2 SR ZC s 30.08—90.107i
3R+ ZC
1. Memoo 3axonos Kupxeogpa
00 0 1 -1 0) -1
10 1 -1 0 0 0
A 0 1 -1 0 ol _ 0
0272 73 ZM 0 0 —El+ E2
0 0 Z3-ZM Z4-7ZM 75 0 0
00 -ZM Z4 0 1) El )
1.1. Pewenue mampuunoeo ypasHeHus. X:=A L B
—0.795+ 2.224i )
~0.205— 0.492i =X, =X,
| 0408-0555i B=X; =X,
~0.387+ 1.67i I5=X,  Ul=X,
0.613— 0.062i

233.372—- 7.911i)
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1.2. 3nauenus moxos u HanpsdICeHUs: HA UCTOYHUKE MOKA
6 aneebpauyeckoll opme 3anuUcu:

I1=-0.795+ 2.224i
12 =-0.205- 0.492i
I3 =0.408— 0.5551
14=-0.387+ 1.671
I5=10.613—-0.0621
UJ =233.372- 79111

1.3. Onpedenenue modyneti u paz Mmoxos u HANPANCEHUA.

11| =2.362 arg(I1) = 109.66deg
|12| =0.533 arg(12) = —112.644deg
|13] =0.688 arg(I3) = —53.658deg
|14] = 1.714 arg(14) = 103.039deg
|15] =0.616 arg(I5) = —5.797deg

|UJ| =233.506 arg(UJ) = —1.942deg

2. Memoo KOHmMYpPHBIX MOKO8

2.1. Onpedenenue 3naueHuii KOHMYPHLIX MOKOG U
HANPANCEHUs. HA UCTNOYHUKE MOKA!

J33:=1]
72+ 73 —(Z2+7ZM) 0

Al:=|—~(Z2+ZM) Z2+ 74+ 75 0
) 72+ 75 -1
—-E1+ E2+ J33-72
Bl:=| El1-E2-1J33-(Z2 + Z5)
-E2-1J33. (22 + Z5)
-1
X1:=A1 -BIl
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0.408— 0.555i = X1,
X1=| —-0387+ 1.67i 122:= X1,
233.372- 7.911i) Ulk:= X1,

2.2. 3nauenus KOHMYPHBIX NMOKO8 U HANPANCEHUA HA UCMOYHUKE

MoKa 8 aneebpauieckol opme 3anucu:
J11=0.408—- 0.5551
J22 =-0.387+ 1.67i
UJk =233.372—-7911i

2.3. Onpeodenenue mokog 8 6emesx:

Ik:=J22 - J11 I1k=-0.795+ 2.224i
I2k:=J11-1J22-1J33 2k = -0.205- 0.492i
I3k:=1J11 I3k = 0.408 — 0.5551
14k :=J22 14k = -0.387+ 1.67i
I5k:=1J22 + J33 I5k=0.613 - 0.062i

2.3. Pacuumvigaem HAanNpsd#cenuss Ha nacCuBHvlx d1emenmax ¢

yuemom Haaudus qumeu@HOﬁ C6A3U.

U2:=72-12 U2 = -20.535— 49.226i

U3:=73-3-ZM - 14 U3 =220.535- 50.774i

U4:=74-14-7ZM - 13 U4 =-233.372+ 1079111

Us:=275-15 U5 =12.837-57.137i
unu

|U2| =53.337 arg(U2) = —112.644deg
|U3| =226.304  arg(U3) = —12.965deg
|U4| =257.114  arg(U4) = 155.184deg
|Us| =58.561 arg(U5) = —77.337deg

3. bananc mownocmu

3.1. nonmas mownocms

S=El-11+E2- 124 UJ-J S=428436+ 415.287i
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3.2. akmueHnas MowHOCMb
po=(11])%- Re(z1) + (]12])?- Re(z2) + (|13])? - Re(23) ...
+(14))% - Re(z4) + (]15])? - Re(Z5)
P = 428.436

3.3. peaxmuenas MOWHOCMb

Q1 :=(|11|)2 SIm(Z1) + (|12|)2 - Im(Z2) + (|13|)2 - Im(Z3) ...
(114 1mza) + (15])* - 1m(z5)

Q2:=2-|13| - |14] - cos(arg(13) — arg(14)) - Im(ZM)

Q:=QI1-Q2 Q =415.287

4. Jlyyesas ouazpamma mokos u monozpaguyeckas
ouazpamma HanpaxiceHul
4.1. nyyesasn duazpamma mokog

m:=20 - Koaghduyuenm ons macumada moxa

I:=(0J 011 012013014015 -m

\

\v.

4.2. Tonoepagpuueckas duazpamma HAnPsAHCEHUL
(cmpoumces cosmewento ¢ 1y4esoll ouazpammor moxkos)

n :=0.2 - KoagPuyuenm oas macuumaba HANPsNHCeHus
4.2.1. Koumyp bach:
¢ob:=0
Qa:=¢b+14-7Z4 -13-ZM
oc:=@a+ 15-75
@bb :=@c + 13- Z3 — 14- ZM mnorteHuuan gbb nomiken 6bITh

paBeH @b
¢b ) 0 \
¢a —46.674+ 21.582i
ol = -n ol= )
@c —-44.107+ 10.1551
¢bb ) 0-0i )

4.2.2. Konmyp bdkcb:
od :=¢b + El
ok :=¢@d — E2

@cc =@k + I12-Z2  HOTEHLHAI QCC NOKEH OBITh PaBeH (C

@bb := @cc + 13- Z3 — 14 - ZM norenuman ebb nomxen ObITh

paBeH @b
¢b ) 0 \
od 201
Q2= ¢k |-n Q2= —40 + 20i
oce —44.107+ 10.1551
@bb ) 0 )

4.2.3. Konutyp bdab:

(aa := (Pd —UJ TIOTCHIHAI (paa JOJDKCH OBITH paBEH @Qa
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ob ) 0 \
od 20i

93 = :
(paa —46.674+ 21.5821

oy 0 )

Il
=]

o3

]
P

Im(IT) N \.

Im(pl)

/

im(g2) —
—6045-40—B5B0~R5—RO-[15~1075 5 10 15 20 2

im(¢3) T\
N\

W

R
25 \\
X \
35

Re(IT) ,Re(pl),Re(92),Re(p3)

ITocTpoeHHBIE AUarpaMMbl PEKOMEHAYETCSL CKOIIUPOBATh B

rpadudeckuil penakrop, Hanpumep, Microsoft Visio u IpocTaBUTDH

HHJIEKCHI y3JI0B U HalpaBJIEHUs! CTPEIOK BEKTOPOB TOKOB U
HAINPSKEHUN.

5. Onpedensem noxazanus 601bmmempa
Uv = |U]| Uv = 233.506
wim Uv:=|ed —ga]  Uv=233.506
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6.

6.

6.

6.

7.

i=1.11 Rri::|Zg|-(i—1) Pab, =

Onpedensem mok 6 6emau ab memooom IK8UBATEHMHO20
2eHepamopa

6.1. Ilo memooy konmypHwix moxkog onpedensem moxu XX

J11:=1] JI1=1-1.732i
E2-El1+1J-722 .
]2 =— J22=0.627-1.121
72+ 73
Bxx:=1J22 I5xx:=1J11

2. 9J]C eenepamopa
Eg:=—(Z3 - ZM) - I3xx— Z5 - I5xx Eg=-55.351+ 334.79i
|Eg| =339.335 arg(Eg) = 99.388deg

3. Conpomusnenue cenepamopa

(Z3 - ZM) - (22 + ZM)

Zg =75+ Im(Z4 — ZM) - i +

73+ 72
Zg =97.58-12.6071
4. Onpeoenaem mox 6 semsu ab
Eg .
4:=— 14 =-0.387+ 1.67i
Zg + R
Pacuumvisaem mownocms Pab
(|Eg))* - Re,

(Rri + Re(Zg))2 T Im(Zg)*

T:= stack(RrT s PabT)

1 2 3 4 5 6 7 8 9 10

11

1] 0.0 198.4 [196.8]295.2[393.61492.0{590.3|688.7787.1[885.5

983.9

2| 0.0 |293.8]261.0]220.1]187.7]162.9|143.6|128.2|115.8|105.5

96.9
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7.1. ITocmpoenue 3agucumocmu Pab(R)

2

R
i=1.31 Rri::§ -(1-1) Pabi::
(Rri + Re(Zg))2 T Im(Zg)’

P(r) := interp(cspline (Rr, Pab), Rr, Pab, 1)

30 /\

24 \\
18 ‘\
P(r) \H‘H\x
6

0 100 200 300 400 500 600 700 800 9001000

T
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Mertoauyeckue ykazanus K 3aganuio Ne 3 (5).

J1st 3aaHHOM CXEeMBI JJaHO:

E, =220/ B;

E, :aZEA;EC =akF,;

X=X g =20 Om

Xy =X e =10 Om;

Xro=X 50 =5 O™
R =20 0Owm;
Z,=-j50m; Zy =oo.

I'eneparop ,HBI/ILS.TGHL
7 E,

N s
4 JXri20 I, 4 R JX 111,20 Lo
[N s AR

.UFA . \ / ; UZZKA

E .
/N %B B JXriz0 ]FBl b R I 61,20 Ligs | n )
‘ 0 4— w
. U, ]

. UﬂsB
JX 161,2,0

1. Koportkoe 3ambikanue ¢a3sl C Ha HeifTpans N reneparopa.

Hnst ocoboii azer C paccunThiBaeM CHMMETPHUYHBIE COCTABISIOIINE Ha-
MPSKEHUNA U TOKOB.

1.1. B mecro nospesxenus BeoxuM dukrususie JAC U, , Uy, U, cHu

3anuceiBaeM ycnosue: [, =0; I, =0; U =0.
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B pesynbrare:

i . . . .
A Ie =1cy+ 1y +1cy;
Irp b Lyop i I,+aly+ad’l, _a31- e
> » c1=4a =5 lcT=> >
; i 3 3 3
Irc ¢ L . 3 ,
ol gl ZIA +aIB +a IC a . IC
Iy =a =—lc=—;
DD R
U, UgT Uc Z, j i jA+jB +jc jc
=N :—:—’
] N co 3 3
k - " rIe
U o o .
N a=€‘]120 ;02 :e—]120 ;a3 :e]360 =1.

1.2. PacuérHas cxema npsiMOH 1OCiIe0BaTeIbHOCTH A1l 0coboit dazsl C:

N C o “£n I c el "

e Zpy = jXr =720 0m; Z 5y = R+ jX 1 =20+ j20 Om.
CkiajpIBacM NapajuIe/bHbIC BETBH C Z | U Z j,, HOIyYaeM K-

BUBAJICHTHYIO CXEMY!

i, D

~.

ZriZga _ j20-(20+ 20)
Zp+Zgy  j20+20+ 20

— SKBHUBAJICHTHOE COIIPOTUBJICHUE Hp)IMOﬁ IOoCICA0BAaTCIIBHOCTH,

rae Z, = 4+ j12=12¢'1°% Om
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. . 7 ) j71.56° o
Fiey = Ee 21 =220 12€_— _ 136+ j27.885=130.15¢/15¢ B
Zn J
— sxBuBasieHTHAs DJ[C dazmr C.

B pesynbrare Ha ocHOBaHMM 3ak0HOB OMa u Kupxroda MoxxHO 3a-
MHCaTh PacYETHBIE (POPMYJIBI:

U =Ecs=Zlcrs Upeer =Ucts et =U ot 1 Z g5
Irey =11+ gers Urer =Z I rar-

Pacuér no atum Qopmysam OyneT BO3MOXKEH MMOCIe ONpeeTIeHuUs
COCTaBJIAIOLIEH TOKAa KOPOTKOTO 3aMBIKaHHS NPSIMOM IOCIEI0BATENbHOCTH

da3el C, T.6. I .

1.3. Pacuérnas cxema oOpaTHOI 1mociIen0BaTenbHOCTH AJIsl 0co00i (a-
361 C:

7 Z
N c ~Iz Irer ¢ “hs2 g

rae
Zry = JXry = j10 Om;
Z ea = R+ JX 10 =20+ j10 Om.

CrutajibiBaeM MapauieNbHbIe BETBU C Z 1y U Z ) , TIOMydaeM K-

BHUBAJICHTHYIO CXEMY:

%
|
I—

my

1C2
-}

Zry Zas  j10-(20+ /10)
Zry+Zy,  j104+20+ /10

— OSKBHUBAJICHTHOE COIIPOTUBJICHUE 06paTHOﬁ IoCJaCa0BaTCIbHOCTH.

Z, = =25+ 7.5=7.906¢’""*" Om;
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B pesynbrare Ha ocHOoBaHMM 3akoHOB OMa u Kupxroga MoxHO 3a-
mcaTh pac4€THbIe (HOPMYJIBL:

Ucz = _szcz; UﬂeC2 = Ucz; I JeC2 = Uascz / Z 25
jrcz = jcz +jascz§ Urcz :Zrzjrcz-

Pacuér mo atum opmynam OymeT BO3MOXKEH IMOCIE OMPEACICHHUS
COCTaBJISIOIIECH TOKAa KOPOTKOTO 3aMBIKAHHs OOpPATHOW MOCIIEI0BATEIHHO-

cru dasbl C, 1.€. 15 .

1.4. Pacu€rHas cxema HyJIEBOH TOCIEIOBATEILHOCTH Uil 0C000it (a-
361 C:

k T+ o+
Uy, U,

rIe

P Zro(Zygo+3Zy+3Z,)  j5-(20+ jS+00—j15)
0 Zpo+Z o +3Zy +3Z,  j5+20+ 5+~ j15

=Zrg=J5OmM—

SKBHBAJICHTHOE CONPOTUBIICHUE HYJICBOH IIOCIEIOBATEIBHOCTH.
B pesynbrate Ha ocHOBaHHMK 3akoHOB OMa n Kupxroda MoxxHO 3a-
nucath pacu&THbIe HOPMYJIBL:
Uco
Zpo +3Zy +3Z,

Uco = _Zojco§ jﬂsCO = ; UﬂsCO :jﬂ«CO “Z 50 =0;

Un =3Z, 1500 =0; UN =3Zy 1 ec0 =Ucos Irco :jco +1 pec0s

Urco =Zrolrco =—Uco-

Pacuér mo stuM opmyrnam OymeT BO3MOXKEH IMOCTE OMpPEHeICHHS
COCTaBIISIFOLICH TOKAa KOPOTKOTO 3aMbIKaHHs OOpaTHOH MOCIenoBaTeIbHO-
ctu daswl C, T.e. I .

PaccunTeiBaeM CHMMETpUYHBIE COCTABIISIIOIIUE HAMIPSHKEHUH U TO-
KOB 0co0Ooii ¢assr C.

Tak xak Ue =Uc) +Ucy +Uco =(Ecy =Z1e)) + (=23 c3) + (=2l ) = 0
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A
Uleo=10+1c0y+1c =?+—+—,T0

i 3Ec, _3 139.15¢/11°¢ _
©TZ,+Z,+2y (4+j12)+(2.5+ j1.5)+j5

=7.328— j14.749 = 16.47¢ /9% A,

B pesynbrare mo BbIIENPUBEAEHHBIM (OPMYJIaM HaXOAUM CHM-
METPHUYHBIE COCTABIIFONIME MPSMOH ITOCIIEIOBATEILHOCTH HANPSDKEHUH U
ToKOB (azbl C:

.
Iey = ?C =2.443— j4.916 A;
Upy = Epoy = Zy1 o =136.327+ j27.885— (4 + j12)(2.443— j4.916) =
= 67563+ j18.233 B;
U o1 =Ugy = 67563+ j18.233 B;

U,LZ(;C 1

ey = =2.145-j1.233 A;

Z,Z]sl

Trey =Ty +1 geey = (2.443 - j4.916) + (2.145— j1.233) = 4.588 - j6.149 A;
Urci =Z ey = j20-(4.588— j6.149) =122.98 + j91.76 B.

Jlanee HaxoIMM CHMMMETPUYHBIE COCTaBIISAIOIIAE OOpATHOM IOCIe-
JIOBaTEJIbHOCTH HAIPSDKEHUI U TOKOB (a3bl C:

.
Iy :?sz.443— j4.916 A,

Upy =~Zyl oy =—(2.5+ j7.5)(2.443 - j4.916)= —42.968 — j6.032 B;

U goca = Uy = 42968~ j6.032 B;

Upecr  —42.968— j6.032
Z 12 20+ 410

Ipeca = =-1.84+0.618 B;

Fres = ey +1 gyes = 0.603— j4.298 A;
Upey =Z ol pen =42.98+ j6.03 B,

npuyéM U -, =-U, — BepHo.
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3aTem HaxoAuM CHMMETPUYHBIC COCTaBJIAIOIINE HyHeBOI‘/’I Jaelon) (g

JIOBaTEJIbHOCTH HAIPSDKEHUI U TOKOB (a3bl C: Iy=1I,= 3jzzgco = j,ZZgA +]'ﬂgB +iﬂgC =0 — BepHO, T.K. Zy = 0.
Ico = ?C =2.443-j4.916 A, U,=0; Uy=Ugy=-2458-j12.215=27.448¢ /13 B,
Uco _ _Zojco — _j5(2.443— j4.916) = 24.58— /12.25 B; ITpu 3ambixanuu (assl C Ha N unpu Z, =0 uMeeM:

UFC :EC; jFA :jzng; jFB :jﬂsB; UN :_Uﬂgc — BEpHO.

U,=0,Uy =Ugy =-24.58— j12.25 B;
. = ) 3. PaccuutbiBaeM 6anaHChl aKTUBHOM M PEAKTUBHOI MOIIHOCTEH.
[ﬂgCO =0; U,ZZgCO =0;

. . 3.1. Komruiekc mojHoi BhIpadaThiBaeMOI MOIIHOCTH:

Ireo =1cg =2.443- j4916 A; Sp=Edp +Eglig+Ecl}c =

Urco =Zrolreo =24.58+ /12215 B. =220e %" -(3.6¢""7 ) +220e 1" - (4.03¢7/% ) +220e”" - (17.15¢/% ) =

i N N =568.2+ j5023 BA,;
2. OnpezernsieM HanpPsDKEHUST U TOKK TPEX(Ha3HOil [enH, HCIONb3Ysl Hak-
JICHHbIE CHUMMeTpuuHble cocraBisitoinue (aszsl C u (a3oBblid oneparop rae Pp =568.2 Br >0 — akTHBHAs BRIpaOATHIBACMAs MOILHOCTS;

a=e120 . Qp =5023 Bap — peaxTuBHas BbIpabaTbIBa€Mast MOIHOCTb.

T . L . B e,
Ira=a’lpei+aley + 1o ==1.755-j3.144 =3.6¢ As 3.2. TloTtepu MOJHOW MOIIHOCTH B 0OMOTKaX reHeparopa:

Ig =al ey +a% 1oy + 1 0o =145+ j3.759 = 4.03¢’9 A, Sp=Upydiy +U gl +U pedve =
I =Irey + 1y + 170 =7.634— j15363=17.15¢77%% A; =107.135¢ 77815 . (3.6¢/117 ) +136.588¢ /1% . (4.03¢ 7% )+

. . . . o +220e73% - (17.15¢/% ) = —24.289 + j4545 BA;
= — _ 7 — —J .
Lnan = @1 gocr ¥ @l oy + Lpaco ==1.755= /3144 =3.6¢ 70 A; Oy =4545 bap; Py =—24,289 Br~0, Tk R =0 u Oy [ Pr.

I g =l ooy + @1 oo +1 gyeo = 145+ j3.759 = 4.03¢/ A;

. . . . o 3.3. Tlotpebnsemas ABHUraTesieM MOJHAS MOLIHOCTb:
I,-=1 +17 +1 =0.305+j0.615=0.686¢ /> A; : . - . . . .
AoC TP ACL T e C2 T A6CO / Sis =U geal 1sa +U e e +U ot e =

. . . . . . — —j85° . J119° J110° . —j69°
Uy = 02U poy +aU ey +Upeo = 15.848— j105.956 = 107.135¢ 7515 B; 1022777 -(3.6e77)+95.617¢7 7 -(4.03¢ 77 ) +
+27.446¢7%% . (0.686¢7%* ) =595.837 + j477.37 BA;

Upg =aU poy +a%U pey +U peg = —132.64+ j32.6 =136.588¢ /1 B;
B rc1 rc2 rco rae Py, =595.837 Br; Qgg =477.37 Bap.

Ure =Urey +Upey +U reg =190.54+ j110.005 = 220¢7*° B;
3.4. Tlotpedisemast B HyJIEBOM IIPOBO/IE MOJIHAS MOILTHOCTb.

U s = @°U gyer + U gocy +U e =8.724 = j101.828 =102.2¢/%° B; Sy =U, I +Uylvy =0-0+27.448¢ /93¢ .0 =0 BA;

U s = U goey +@°U g0y +U g0 = —33.308 + j89.628 = 95.617¢/'" B; rae £y =0 Br;Q, =0 Bap.

U goe =U et +U goca +U goco = 24.585+ j12.2 = 27.446¢/*° B;
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3.5. IlorpeGnsaemas akTuBHas P; U peakTuBHas (J;; MOLIHOCTH:
Py =Pp+ Py, + By =-24.289+595.837 + 0 =571.548 Br;
On =0r+0y, +0) =4545+477.37+0=502.37 Bap .

3.6. OTHOCUTENbHBIE TOTPEIIHOCTH:

5,% =P8 =Pl 00, 38 25T |66 <30

P ' :
Pp 568.2

5Q%=M~100%:w

-100% = 0.01 < 3% — BepHo.
O 5023

4. ]It mocTpoeHHs BEKTOPHOW JUarpaMMBbl HANPSHKEHUH pacCUNThIBaeM
KOMITJIEKCHBIC TOTCHIIUAJIBI Y3JI0OB CXEMBbI. HJ'ISI 9TOT0 IpUMEM
@y =0; Torga
¢, =0y +E,=—j220B;

@5 =y +E5 =-190.5+ j110B;

Pc =gy +Ec =190.5+ j110B;

@, =¢,—Up; =—1585— j114B;

@ =@y —Upg =—57.88— j77.4 B;

@, =@ —Upe =—0.02~0 B;

@y =@y —U gy = —24.57— j12.22 B;

@y =@y —U 5 = —24.57— j12.22 B;

@y =@ —U o0 = —24.57— j12.22 B;

@ =@, —U, =—24.57— j12.22 B;

@y =@, —Uy =0.008— j0.018~ 0 B— BepHo.

Bribupaem a1t BelecTBeHHON M MHHMMOI ocell mMacmiTab Hamps-
JKeHuit m, =2 B/MM 1 paccunTaHHBIE TIOTEHIMABI Y3JI0B € YYETOM TOTO

MacmTaba HaHOCUM Ha KOMIUIEKCHYIO IUIOCKOCTh. Hampasisiem Mexy mo-
Ty4eHHBIMA Toukamu BekTopbl DJIC u HampsbkeHuil. Beidmpaem macmiTad
Toka m; = 0.2 A/MM U CTPOMM JIy4EBYIO BEKTOPHYIO TUArPAMMY LIS TOKOB

renepatopa I, ,I;p,I;-. OOMH U3 BEKTOPOB TOKOB WJIM HaIpsKEHUH,

Hanpumep [ ;- , IPEICTABUM B BHJIC CyMMbI BEKTOPOB TPSIMOH, 0OpaTHOI 1
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HYJIEBOM IOCJIEA0BaTEIbHOCTEN. BexkTropHas nuarpamma IpeiCcTaBlI€Ha Ha
puc. 3.8.

5. IlpoaHanu3upoBaTh IOJYYEHHBIE pe3yjibTaThl M CHOPMYIHPOBAThH
BBIBOJIBI 110 PaboTe, yKa3aB MpPH 3TOM KaKHe COCTaBIISIOIIME TOKOB W Ha-
TIPSHKEHUH MOTYYMIIMCh HAaHOOJIBIIMMH (10 MOAYIII0) ¥ HAUMEHBIIUMH (110
MOJIYJTIO), KaKHe Pe3yNbTHPYIOMNEe TOKH M HaNpsDKEHHS IMOJNYYHINCh PaB-
HBIMH (TI0 MOJTYJIIO) ¥ TTOYEMY.

+ A
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Pacyem PI'P Ne3 npu nomowu npoepammsr MathCad ocywecmens-
emcsl CiedyowuUmM oopasom:
KopoTtkoe 3ambikanune ¢a3el C B HEHTpaslb TeHEpaTOpa

Jlano: .
120id
me % Ri=20
— 90id
Ea:=2206 % Zrl:=20i Zmeli=R + 20i = —5i
2 . .
Eb:=a -Ea Zr2:=10i Zne2:= R+ 10i N i=w
Ec:=a- Ea Zr0:=5i ZnB0:= R+ 5i
1.1. Oxeusanenmnasn 3/]C u sx8usareHmmnoe conpomuenenue npsamou
nocne008amenrbHOCHU
Zrl- Zngl 1 .
7= g E = 136315+ 27.895i
Zrl+ Znsl Zrl

z1=4+ 12i

1.2. Dxeusanenmmnoe conpomueienue 0opamHoll nocie008ameabHoOCmu

Zr2- Zns2
22:=ﬁ z2= 2.5+ 7.51
Zr2+ 7ZnB2
1.3. Dxeusanenmnoe conpomusienue Hy1eeou nociedo8amerbHOCmu

20— [ Zr0- [ZrO0+ (3- zn+ 3- zN)]]
" Zr0+ (ZaB0+3- zn + 3- zN)

z0=5i

2. Onpedenum cocmasusrowue mokog npsiMot, 00pamHoil u Hyi1eou
nociedosamenvHocmu 6 6emesix ¢ guxmusnoimu I/C
COOMBEMCMBYIOWUX CXEM 3AMEUCHUSL.

YcnoBust Ui MeCTa HECUMMETPHU
Uc :=0 Ta:=0 Ib:=0

Icl-z1 + Ucl=E Ucl + Uc2+ Uc0=10
Ic2-2z2 + Uc2=0 Ia=a2-Ic1+a-102+IcO
1¢0- 20 + UcO= 0 Ib=a-lcl + a- Ic2 +1c0
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z1 0 01

00 B
0220010 0
0 0 2000 1
0 —1
X:=000111b:=0 vi=x -b
2
aa 1000 0
a2 a 1 000 0
2.443-4.916i
2.443-4.916i
2.443-4916i Iel:=v, Ucl:=v,
V=1 67.555+ 18.245i 1e2:= v, Uc2i=v,
—42.975-6.031i le0:= v, UcO:=v,

—24.579-12.214y

3. Onpedenum cocmasnsoujue mokog NPsMoll, 0OPAMHOU U HY1e80l
noc1e006amerbHOCHU 6 OCMANIbHBIX 6EMEAX COOMBEMCMBYIOUWUX CXEM
3ameujeHusl.

3.1. [lpamas nocredosamenvbHOCHb

Ucl Irl:= Ingl+Icl  Irl= 4.588— 6.149i
Znsl

3.2. Obpamnas nocnedosamenbHOCHb

Inl:=

InB2:= Ue2 Ir2:=InB2+ Ic2 Ir2=0.603- 4.298i1
ZnB2

3.3. Hynesas nocnedosamenbHocms
InB0:=0
Ir0:= InB0+ IcO Ir0= 2.443-4.916i1

4. Onpedenum cocmasnsioujue HanpaXCenutl nPIMo ,
00pamHO U HY1eBOU NOCIe008AMETbHOCTU 6
OCMATLHBIX BEMBSIX COOMBEMCMBYIOWUX CXEM 3AMEUCHUS.

Unsl:=InBl- Zasl Unsl= 67.555+ 18.2451
Uns2:=1n82- Zn2 Ups2=-42.975-6.0311
Une0:=Ix80- Zogs0 Uns0=0
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Url:=1Irl- Zrl
Ur2:=1Ir2- Zr2
Ur0:=1Ir0- Zr0

Url= 122.971+ 91.7551
Ur2= 42.975+ 6.031i
Ur0= 24.579+ 12.214i

4. [leticmeumenvHvle moKu 6 azax IuHUU nepeoauu U HazpysKe

IrC:=1Irl + Ir2+ Ir0
2
IrA:=1Irl-a” + Ir2-a + Ir0
2
IrB:=1Irl-a+ Ir2-a + Ir0
In8C:= Insl+ Igs2+ InsO0
InBA = InBl- a2 + InB2- a + InBO

InBB:= InBl- a + IgB2- a2 + InBO

IrC= 7.634— 15.362i

IrA = —1.756— 3.144i

IrB= 1.45+ 3.758i

InBC= 0.305— 0.614i

InBA=—-1.756— 3.144i

InBB= 1.45+ 3.758i

5. [eticmeumenvHole Hanpsdicenus 6 hazax AuHuU nepeoad U Hazpyske

UrC:= Url+ Ur2+ Ur0

UrA = Url- a2 + Ur2-a + Ur0
UrB:= Url- a + Ur2- a2 + Ur0
UnsC:= Ungsl+ Uns2+ Uxs0
UnsA:= Unsl- 32 + Uns2- a + Uns0

UnsB:= Unsl- a + Ungs2- a2 + Uns0

6. Onpedenum mox 6 Helumpanu
In:=InBA+ [nBB+ InBC In=0

UN:= Uc0 UN=-24.579—- 12.214i
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UrC= 190.526+ 1101

UrA = 15.845— 105.9571

UrB= -132.633+ 32.599i

UnsC= 24.579+ 12.214i

UnsA= 8.734— 101.829i

UneB= —-33.313+ 89.615i

7. Cocmasum 6ananc mowpocmei
7.1. Bvipabamvleaemas eenepamopom MOWHOCHb

Sp:=Ea. IrA + Eb- IrB+ Ec- IrC SB = 593.23+ 5028.327i
7.1.1. Tllomepu noanot MOwHOCMU 6 OOMOMKAX 2eHepamopa
— — — 3
ASr:= UrA- IrA + UrB- IrB+ UrC- IrC ASr = 4.548ix10

7.1.2. I[lompebnsemas dsueamenem NOIHASL MOUWHOCD

ASaB:= UssA- I18A + UmeB- LisB + UnsC- [1sC ASms= 593.23 + 480.233i

7.1.3. [lomepu noaHou MOWHOCIU 8 HEUMPAIU 2eHePAmopa U 08ueames

ASo::Un-a+ UNE ASo=0
7.2. Ilompebnsiemas akmuenas MOWHOCMb
AP := Re(ASr) + Re(ASas) + Re(ASo) AP = 593.23
7.3. [lompebnsiemas peakmugras MOWHOCMb
AQ := Im(ASr) + Im(ASzB) + Im(ASo) AQ = 5.028x 10°

OTHOCHUTEIBHEIE MOTPEUIHOCTU

Re(SB) — AP
P MJOO 8P =0

Re(SB)
I SB) — AQ
Q=" (55 100 8Q=0
8. BexmopHas ouazpamma HanpsajiceHuu 1 moxos.
fA :=Ea fa:=fA — UrA fn:=fa — UgBA fn = -24.579- 12.214i
fC:=Ec fc:=fC - UrC fn2 :=fc — UnasC fn2 = -24.579- 12.214i
fB:=Eb fb :=fB - UrB fbl:=fb - Uc fn3 := bl — UnsB
fn3 =-24.579- 12.214i
0
0
0 IrA
( 0 \‘ ( 0 W Irl
B 0
fA fC Irl + Ir2
Fl1:= F2:= F3:=| fb F4:=| IrB F5:=
fa fc Irl + Ir2 + Ir0
fbl 0
fn fn2 IrC
fn3 IrC
0
0
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1507 PacuetHo-rpaduueckie paboThl 0 TEOPETUIECKUM OCHOBAM AJIEKTPOTEX-
HUKH

Yacts 1

Im(F1) I } } }
~200 ~150 ~100 50
Im(F2)
In(F3) Meroaudeckue yKkazaHus [0 CaMOCTOATENbHOH paboTe
Im(F4)-10 g cryaearos DJITU
Im(F5)-10

CocraBurenu:  Hocos I'ennanuit BacunseBna
KomuanoBa Beponuka AnnpeeBHa
Kynemosa Enena Onerosna

2507
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