_it)

17 Bsnpoc
Ilocjie10BATEIHO M NAPAJIEIHO CheJIMHEHHE HAa (BA_ HHJAVKTHBHO CBbLP3aHH NACHBHH
eJieMeHTa, l'lgeoﬁpazymme HA TPHUIIOJIKCHO Che/IHHEHHEe ¢ HHIVKTHBHA BPb3Ka.

IocaenoBaTe1HO Che/IHHEHHE HA IBA HHAYKTHBHO CBbP3AHH NACHBHH eJ1eMEHTA.
1. CprimacyBano cBbp3BaHe.

Heka pasriename JBe 1OCie/0BaTeNHO cBbpianu 606umn "1” u "2", cpoteerHO CchC
conporusinenns Ry u R; u nupykrusnoctn Ly u L,

R T R L ()  Rue L

u
ML,

u(t)
u(t)

¢ur.10a
Ha ¢ur. 10a e nokasan Bapuant, B koiito GoOunure "/" u "2" ca cBbp3aHu Taka, 4e Kpas Ha
IbpBaTa Cc CBHP3BA C HAYANOTO HA BTOpara. ToraBa TOKBT l( t) € eIHAKBO OPHEHTHPAH IO
OTHOILIICHME HA HAYAJIOTO W Kpaﬂ Ha HAMOTKHMTE (T. €. U B IBETE 606]/"“]“ TOKBT T€YEC OT HA4YAJIO0TO
KbM Kpas Ha HamoTKara). Ha cxemara eJHOMMEHHHTE H3BOJAM (HAMpPUMEp HAYAIOTO Ha
HAMOTKAaTa) ca O3HAueHH cbc cumBoira "# ". TakoBa CBbp3BaHE Ce HAPHYA CBIVIACYBAHO
cBbp3BaHe.

Torasa B pesyitar Ha npoTHuane Ha Toka I(7) mpes GoGumara "I" B GoGuma "2" ce
MHIYKTHPa JONBIHHTEIHO HANPEKCHHE Uy(1) CbC CHINATA NOCOKA, KATO TA3H HA TOKA.
CBOTBETHO B Pe3ynTar Ha mpoThuaHe Ha Toka I(?) mpes GoGummara "2" B GoGmma "I" ce
MHJLyKTHPA JIOITBIIHUTEHO HanpekeHue Uy (1) CbC ChlllaTa MOCOKa, KaTo Tasu Ha Toka. Taka
061LI0TO HANpEsKeHHe HA YIACTKA CE OIPEEt KaTo:
u(t)=up (O)+uy () +uy, () +ug @) +u, () +uy, ()=

. di di . di di
Ri()+ L, —+M —+Rji(t)+L,—+M—=
dt dt dt dt
di
Cﬂeuosa‘rem—m JABETE I10CJIC/IOBATEIIHO CBBP3aHU 000uHN MoraT Jla ce 3aMCHAT C ¢JHa
CKBHMBAJICHTHA C apaMeTpu:

(R +Ry)i(t)+ (L + L, + 2M)4% =R, i(t)+L,

R =R +R,

oKt

L,,=L+L,+2M

exs

Te3u pe3ynTaTi MOTaT Jia Ce 3alMIIAT U B KOMILIEKCEH BUJ] 3a CXeMara ¢ KOMIUIeKcH Ha ¢ur.10 6.
AKO 03HaYMM CHIPOTHUBICHHSATA Ha GOOHHHUTE U CHIPOTHBIICHHETO HA HHIYKTHBHATA BPB3KA C ©

Z =R+ joL; Z,=R, + joL,; Z, =joM
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CrieoBaTelIHO JIBETE IOCJIEIOBATEIHO CBBP3aHH OOOMHM MoOraT Ja ce 3aMeHAT C eJHa
€KBMBAJICHTHA C IIapaMeTpu:

R, =R +R,

exe

L,, =L +L, -2M

exs

Te3u pe3ynTaTi MOraT Jia ce 3alMIIAT U B KOMILIEKCEH BUJ] 32 CXeMara ¢ KoMIuieken Ha ur.11 6.
AKO 03HaYMM CHIPOTHBICHHSATA Ha OOOHHHUTE U CHIPOTHBIICHHETO HA HHIYKTHBHATA BPB3Ka C :

Z =R+ joL; Z,=R, + joL,; Z, =joM
Zy

Zeke

dur. 116

3a cxemara ot ur.10 6 MOxkeM Ja 3anuueM:
U=IR +joL)-1.joM +1(R, + joL,)-1.joM =1Z -1.Z, +1Z,-1Z,

=U=12,+2,-22,)=1Z

exa

=Z,+2,-2Z,,

KBIETO: | £ g,

¢ur. 10 6

3a cxemara ot ur.10 6 MOXkeM Ja 3amuueM:

U=I(R + jol)+1.joM + 1R, + joL)+1.joM =12, +1.2, +1Z,+1.Z,
SU=12,+2,+22,)=1Z,,

wnperor| Lo, =2y + 2, +2Z),

2. HechriacysaHo cBbp3BaHe.
Hexka pasrename asete mocnenosatento cebpsanu 606unu "/ " n ”2", Ho cebp3any Taxa, ye

Kpas Ha I'bpBaTa ce CBbP3BA C Kpas Ha Bropara (¢ur.lla). Toraa TOKBT l(l) € pasIMYHO
OpHEHTHPaH 110 OTHOLICHHE Ha HAYAJIOTO U Kpas Ha HAMOTKHTE (B IbpBaTa 60OMHA TOKBT TEYe OT
Kpas KbM HAYaJOTO Ha HAMOTKaTa, a BbB BTOpaTa OT HAYaloTo KbM Kpas). Ha cxemara
€IIHOMMEHHHTE M3BOAM (HANIPHMEp HAYAIOTO HA HAMOTKATA) Ca O3HAYCHHM Che cuMBona "#* .
TaxoBa CBBP3BAHE C€ HApHU4a “ec'hl'.[lac!BaHO cB'bE.“la“e.

M
R L, *‘/_RJ\‘* L,

i(t)  Ruy Loy

u(t)

H3Bosa: /IBe nocie0BaTeHO ChEIMHEHN 1 HHIYKTHBHO CBBbP3aHN OOOHHM MOTaT Jia ce 3aMeHST C
€/IHa CKBMBAJICHTHA C NIapaMETpH:

R, =R +R,

exs
L, =L +L,x2M
3uaksT mpea 2M ce ompexens OT HAaYMHA HA CBBP3BAHE, CHOTBETHO 3HAKBT ¢ "+" mpu

nn

ChIIacyBaHO M "-" P HECHITIACYBAHO CBbP3BAHE.

IlapaJjenno cheaMHeHue HA 1BA MHAVKTHBHO CBLD3AHH NACHBHU eJ1eMeHTa.
1. ChrilacyBaHo CBBbP3BAHE.
Hexka pasriename 1Be napanenso cebp3ann 606unn "/ " u "2". Ha dur. 12a e nokasan Bapuanr,

B KOITO eHOMMeHHUTE MM M3BOM Ha 606uHuTe "/ " u "2" ca cBbp3anu B eaHA M ChIA TOYKA
(HampuMep HAYaJIOTO M Ha JiBeTe HAMOTKH € B Touka "a") TakoBa cBBp3BaHe ce HapHya

CbIJIACYBAHO CBbp3BaHe. [IpH TakoBa CBbP3BAHE TOKOBETE 11(1‘) H lg([) ca eJHaKBO
OPHEHTHPAHH CIPSIMO HAYAJIOTO M Kpas HA HAMOTKHTE (T. €. M B JBETe OOOMHH TOKBT TEYe OT
HAYaJI0TO KbM Kpasi Ha HAMOTKATA).
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¢ur.11a

Torasa B pesyitar ma npotuuane Ha Toka I(?) mpes GoGumara "I" B GoGuma "2" ce
MHJIYKTHPA JOMBIHHTEIHO HANPEXKeHue Uy(?) ¢ mocoka, oGparna Ha Tasu na Toka. CHOTBETHO B
pesyntar ma mporHuane Ha Toka I(?) mpes Gobumara "2" B Goouma "I” ce mmayktupa
JIOIBIHUTENHO HANpexKeHne Uy () ¢ mocoka, obparHa Ha Tasu Ha Toka. Taka 06wWOTO
HAIIPEKEHUE HA Y4aCTbKa Ce ONpe/eNs KaTo:

u(t)= Up, O+ uy, (Z)_u.wl (t)+uRZ (t)‘Hle (t)_uul )=

Rli(t)+L‘ﬂ*Mﬂ‘FRzi(t)‘f’Lzﬂ*Mﬂ:
dt dt dt dt
(R, +R)i(t)+ (L, + L —2M)ﬁ—R i(1)+ L, s
1 2/ 1 2 'dt exe " em'dt
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ur.12a

B pesynrar Ha npotwuane Ha Toka (%) npes Gobunara "I" B Gobuma "2” ce mmiyKTHpA
JOMBIHATENHO HANPEKEHHE Uyy>(1) ChC CHIIATA OCOKA, KATO TasH Ha Toka I5(2). CroteeTHO B
pesyiTaT Ha NpOTHYaHE Ha TOKa ig(t) npe3 Go6unara "2” B Gobuna "I" ce mmaykTHpa
JOBIHATENHO HATIPEIKeHHe Uy (7) CBC ChIATA TTOCOKA, KATO TasH Ha Toka I 7(2). Crenosatento,
aKO 3aIHIIeM CHCTeMa ypaBHEeHHs 110 3akoHuTe Ha Kupxod e nomyumnm:

000 i) =i,(0)+i, (1)

. diy . di

uty=uy (O +u, O+, (O u(t):R.t.(t)+Llﬁ+Mf
t)=u, (t)+u, (£)+ t i i
u(t)=up (6)+u, (6)+u, (1) u(t):Rziz(t)-#Lz%-v-M%

TIpu CHHYCOMJAJICH PEKHM MOKEM Jia HM3CleBaMe NapajieHOTO ChEJMHEHHE, Kato
usnomssame Komruiekcn (¢ur. 12 6 ). AKO O3HaYMM CHIPOTHBICHHSTA HA OOOMHUTE W
CBIPOTHBIIEHHETO HA MHYKTHBHATA BPB3Ka C :

Z, =R +jolL; Z,=R,+ jolL,; Z, =joM

1 » .
. . I
l[, 2 121 re—
* 2 ZZ
. Zexs
U A .
U
’ b
¢ur. 126 dur. 128
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Toraga 3a Bepurata ot ur. 12 6 MoxkeM J1a 3amumem:

I=5L+1 I-1,-1,=0
U=1(R + joL)+1,.joM o LZy+1,.Zy, =U
U=12(Ry+ joly)+1;.joM L Zy+1,2Z,=U
Crnenosarenno:
U Zy Z, U
s | _u@-zy) 5ol Ul _u@-zy)
1777 - |~ a0 - 2 2577 - 1545 o 2
Z1 Zu leszMz " Zi Zy ZIZZ—ZM2
ZM ZZ ZM ZZ
< .. © U(Zy+Z,-2Zy)
Toraa ot : [ =1j+1, ce mojyuasa: 1= 2,2, - ZMZ . CnepoBatenno
MOJKEM J1a ONPe/IeINM eKBUBAIIGHTHOTO ChIpoTHBICHHE ((pur.12B). KaTo:
U ZIZZ — ZM2 F== CKBHMBAJICHTHO CBIPOTUBJICHUE NPH
Z s =7 = Zi+ 2,22, CBIJIACYBAHO CBbP3BaHe

2. HechriacyBaHo cBbp3BaHe.

Ha ¢ur. 13a e nokasan BapuaHT, B KOITO PasHONMEHHUTE UM U3BOAM Ha 606unnte 1" u "2" ca
CBBP3aHHU B €/IHA U ChIUA TOUKA (HANPUMEP Hauanoto Ha 6o6una "I" u kpas na 6o6una "2" ca
cBbp3aHK B Touka "a") TakoBa cBbp3BaHE CE HApHYa HECHITIACYBAHO CBhP3BAHE.

Ilpu TO3M HauMH Ha CBBpP3BAHE TOKOBETE l/(l’ it lz(l‘) Ca pasjiMuyHO OPHEHTHPAHU CIPAMO
HAYaNoTO ¥ Kpasi Ha HAMOTKHTE.

i, o

Cnenosarento B 6obumnre "I" u "2" ce
HH}]yKT"paT JIOITBJIHUTEITHU Hanpe)l(eHHS{
Upi(t) m Upp() © nocoka, obpatHa Tasu Ha
TOKOBETE, KOUTO MPOTHYAT Mpe3 TAX.

¢ur.13a 86
y 2
7 - U_ ZZ,-Zy F== eKBHBAJICHTHO CBHIIPOTHBICHHE NPH
exe } 7+ 2, +22,, HECHIVIACYBAHO CBbHP3BaHe

HUsson: /Ia mapanenHo CheMHCHHM M MHIYKTHBHO CBBP3aHH CIEMEHTA MOTAaT 1a CE 3aMCHAT C
€/INH CKBUBAJICHTCH ChC CHIIPOTUBIICHHE:
.

AT Zy
L+ Zy g 22y

3IlaK'bT npen 2ZM , B 3HAMEHATEJIA C€ ONpeIeid OT HaYMHA HA CBBP3BAHE, CHOTBETHO 3HAKBT € "
NPH CBITIACYBAHO U "+'"TIPH HECHITIACYBAHO CBBP3BaHE.

IpeoGpaszyBane HA TPHIIOTIOCHO CheMHEHHE ¢ MHIVKTHBHA BPB3KA.

VHacTBK OT eJeKTpHYecKa BEpUra, B KOWTO jBe MHIYKTMBHO CBbp3aHM GoOMHM MMaT M
eleKTpHYECcKa BPB3Ka B €IMH OT KpaMIiaTa CH CE€ Hapuya TPHIIOJIIOCHO CheIHHeHHe C
MHIVKTHBHA Bpb3Ka (bur. 14).

EqHouMeHHHTEe H3BOIM €A CBLDP3AHM B €/IHA U ChIIA TOYKA

Ha Qur. 14 e noxasan Bapuanr, B KOiiTo eHonMennute u3Bomu Ha 6oounnte /" u "2" ca
CBBP3aHH B €/IHa H ChILA TOUKA (HAIPHMED HAUAJIOTO H HA JIBETE HAMOTKH € B Touka "3")

it R, L, it) R Li-M
— —
1

u(t)

—
it) R, L, ()" R, L,—M
¢ur. 14
ur. 15
Ta3u cxema MOXe Jla ce 3aMeHH ¢ eKBHBAJCHTHATa cxeMa OT (ur.15, B KOSTO HHIYKTHBHATA
Bpb3Ka € OTCTpaHCHA HO TOKOBETC i]([), lz(t) u ij([), KOHUTO MpPOTHYAT B TPUTC KJIOHA Ha

Bepurara ca coumre. [Ipomensr ce nngykrusnoctute B kion 1" u "2" a B xuon "3" ce
I0SIBSIBA HOBA MHJKTHBHOCT.

88

u(?) M L(t)>

Crie10BaTeIHO, aKO 3alTHIIEM CHCTEMa YPaBHEHHS 110 3aKkoHHUTe Ha Kupxod mie nmomydanm:

=00+, D=0+ ®

wW) =g O Fu Oy, () u(t) = Ry (0)+ Ly

u(t) = upy (1) +up, () =upp, (1)

iy
dt dt

) di, di
u(t)=Ryir, () +L,—=-M —
(1) =Ryiy () + Ly 7 7

TIpu cuHycOMjalleH PEXHM MOXKEM [a W3C/C[BAME NapaelHOTO ChEIAHHEHHE, KaTo
u3nosBame komiiekcu (¢ur. 13 6 ).

_.[ a .
l . .l —
11 ]2
ok
. 2 Zows
Z[ ZZ U
*
b
ur. 136 dur. 13 B
Torasa 3a Bepurara oT ¢ur. 13 6 Mo)KeM Ja 3amuIeM:
I=1+1 1-1,-1,=0
U=1L(R + joL)-1,.joM — LZ-1,2Zy=U
U=12(Ry + joly)—1,.joM ~LZy+1,Z,=U
CrnefioBaTenHo:
U —-Zy zZ, U
[V % | U@ +Zy) L% Ul _U@Zi+2y)
177 - 1~ 55 5 2 257, S5 1 - - - 3
‘Z. -Zu| 2Z,-7,% " -Zu| 2,2,-7,°
_ZM ZZ M ZZ
¢ e * UZy+Z,+2Zy)
Torasa or: [ =1j+1 ce mojyyasa: 1= 2 . CrieroBatenso
Z]ZZ _ZM

MOJKEM J1a ONPEIEHM EKBHBANICHTHOTO ChipoTHBieHue ((pur.138). kato:
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20Ka3aTeJ’lCTBO

Ilpu cuHyCcOMIAleH PEXHUM H3II0JI3BaMe KOMILIEKCHH 00pasH u cucrema
ChIIIacHo 3akoHuTe Ha Knupxod. ChIpoTHBICHHATA Ca CHOTBETHO:

Z =R + joL; Z,=R,+ joL,; Z, =joM

. .
Ilpu TakoBa cBbp3Bane Tokosete /| n /5 ca e HAKBO OPUEHTHPAHH CIPSIMO HAYAIOTO U Kpas Ha
HaMoTKHMTe (T. €. M B jJBeTe OOOMHM TOKBT TeYe OT HAYAIOTO KbM Kpas Ha HAMOTKarta) M
JOITBJIHUTE/IHUTE HAIPEKECHUs B PE3yJTaT HAa MHAYKTHBHATA BPb3Ka MMAT Chllara I0COKA KaTo
Ta3M Ha TOKA B ChOTBETHMs KJIOH . Torasa:

Iy=L+1, = |, =13-1; I =111,

Uiz =L(R + joL)+1,.joM
Up=12(Ry + joly)+1;.joM

3amectBame Tokosete /1 u I, u nonyuasame:
Uis=1L(R + joL)+(I3-1,).joM

Uz =12(Ry + jooly) + (Iy— 1) joM

CrieIoBaTEIHO MOKEM J1a 3aMHIIEM:

D . .

Uiz =]] Rl + Iljw([‘l -M)+ [3 JjoM Ilonydyennre ypaBHEHHs OTIOBapaAT —Ha
eKBHBAJICHTHATa cxeMa oT ¢ur. 15, B koaTo

UZ} — [2 Rz + [2 ja)(Lz _ M) + [3 ja)M HsIMa WH/IYKTHBHA BPb3Ka.

. B koMILIeKCeH BHJI IPeobpa3yBaHETo Ha cXemara e [oka3aHo Ha ¢ur.16
.

h Zi Zi-Zy

I
1—>

1> Z»-Zyr

dur.16
Pa3sHoMMeHHNTE M3BO/IM CA CBLDP3AHM B €1HA M ChIIA TOYKA

Ha ¢ur. 17 ¢ nokasana BapuanT, B KoliTo pasHOMMEHHHTE H3BoU Ha Go6uuute "1 " u "2" ca
CBBP3aHHU B €IHA M ChIIA TOUKa (HampuMep Hayanoto Ha 606unara /" u kpas a 6o6unara 2"
ca cBbp3aHu B Touka "3")
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Tasu cxema MoJe J1a ce 3aMEHH C eKBHMBAJICHTHATa cxeMa oT (ur.18, B KoATO € oTCTpaHeHa
MHIYKTHBHATa BPb3Ka, HO TOKOBETE l/(t), lg(l) n lj(t), KOHMTO MPOTHYAT B TPUTE KJIOHA Ha
BEpHUrara ca ChIIHTE.

i) R; L, i) R Li+M
7, —
1 .
uf) |! u(t) -M i)
2 i ’
—> —
i(t) R, Lo i»t) R, LM
goKaSaTeHCTBO

TIpu TO3M HauMH Ha CBBP3BaHe TokoBeTe /| M /) ca pasTMYHO OPUEHTHPAHH CTIPSIMO HAYANOTO U
Kpasi Ha HAMOTKHMTE M JIOTbJIHUTEIHUTE HANPEKEHUs B PE3YNTaT Ha MHIYKTHBHATA BPB3Ka MMaT
MO0COKa 0OpaTHA Ha Ta3H Ha TOKA B CHOTBETHIS KJIOH . Torasa:

Li=hL+1, = |L=hL-1;, L =hL-1,

Ui =1 (R + joL))—1,.joM

Uss=I2(R, + joly)~ I joM

3amectBame Tokosere /| u /) u nomyuasame:
Uiz =1/(R, + joL) - (I3~ I)).joM

Ui =12(Ry + joL,) - (13- 1,).joM

Crie10BaTENHO MOXKEM J1a 3aMUIIEM:

Ui =LR +1jo(L+M)-15.joM Tlonyuyenure ypaBHeHHst —OTroBapsT —Ha
. . . . CKBHBAJICHTHATa cxeMa oT ¢ur. 18, B koATO
Usp=I2Ry+1, jox(Ly + M) - I joM HMa MHJIyKTHBHA BPb3Ka.

B kommiekcen B npeoGpasyBaHeTo Ha cXeMarTa ¢ MokasaHo Ha (ur.19

Zi+ Zy

I
1—’

¢ur. 19
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1. OrcrpansiBaMe HHIYKTHBHATA Bb3Ka upe3 npeodpasysane. Cliell npeobpa3yBaHETO cxeMara e
uma Bujaa: .
A i) R M
—>

lia( ?)
Lo-M
u (1)

2. CpcTaBsAMe HOBaTa CXeMa ¢ KOMIUIEKCHH 00pa3sH H OnpesiesiiMe Ha KOMILIEKCHTE Ha
HaNpeKEHUETO H CHIIPOTUBIICHUATA:

]I ZI
—
| —|
e . .
lzl Al
U Z, Z3

1.HampeskeHneTo Ha H3TOUHMKA e:

u(t) = 141sin(wt+90)V

Crie1oBaTeHO KOMILIEKCHOTO HATIPEKEHHE Ha H3TOYHHKA Ce OMPENIess KaTo:
O Ui = g 141 oo _

2

V2
100.[c0s(90) + jsin(90)] =100.(0+ /) = j100V

2.KoMmmiekcHu chnpoTuienns 3a uecrora f=160 Hz:
=27 =27.160 1000 = 103rad / s

Z, =R+ joM =10+ /.10°10.107) = (10+ j10) Q

1

— = j30-10=20Q
10°10010°

) 1 R
Zy = jokly = M)~ j—~= /.10%.(40-10).107 - j
Zy = jo(L, - M) = j.10°(30-10).107 = j20 Q
3. OnpeniensiMe €KBHBAJIIEHTHOTO CHIIPOTHBIICHHE 3a CXEMaTa:
Zyo =2+ -22%

/20,720

= Zy, =10+ 10+ =10+ 10+ j10 = (10+ j20)Q
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H3Bon: TpHIONIOCHO CBEJUHCHHE C MHAYKTHBHA BpB3Ka MOXKE Jla Ce 3aMEeHH C
€KBMBAJIEHTHATA CX€Ma, B KOATO MHAYKTMBHAaTa Bpb3Ka € OTCTPaHEHAa HO TOKOBETE, KOHTO
MPOTHYAT B TPUTE KJIOHA HA BEpHUIaTa ca ChIIUTE:

(L +M)
L, L,'-M
1 = 1 s
M ) (1\1/‘11)
(*) L; 4 3 L -M 3
2 27 wmy

3uaksT npea M ce onpezenst OT HaUMHA HAa CBBP3BAHE, CHOTBETHO M3paszbT Ge3 ckobH e npu
€THOMMEHHH M3BO/IM B 00IlIaTa TOUKA, a U3pa3bT B CKOOMTE € NpH Pa3HOMMEHHH H3BOMIH B 06maTa
TouKa. [IOCOKHTE HA TOKOBETE HAMAT 3HAYCHHE 33 MPEOOPa3yBaHETO.

Ipumep 3a aHain3 Ha Bepura ¢ WHAVKTHBHH BDPB3KH IOCDEJCTBOM OTCTPAHsIBAHE HA
HMHIVKTHBHATA BPb3Ka:

Jla ce onpesesst Tokogere 17 (t), ig(l‘) uis (U M [IOKA3aHUSATA HA YPEIHUTE 3 BEPUIaTa,
Ppasriesana npu NpeuIHus BBrpoc(dur.7/ctp. 79 ).

i(t) R a

li 21) i3(1)

L, L,
u(t) M @

C
(v
p o
Pemenne

B pasriexiaHara cxema eJHOMMEHHUTE W3BOJM Ha GOOMHHMTE ca CBBP3aHH B €IHA M ChLua
Touka (kpas Ha 6o6una "1" v kpas na GoGuna "2" ca cBbp3aHu B TouKa "a"). IpeoGpazyBaHeTO
€ oT BuA:

L, L;-M
*
M) M
Ly 4 L, -M
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4. Onpezensive KOMILIEKCa Ha BXOAHUS TOK 1, .

J_U _ 100 jlo _ j100-72)
=

Zow 104,20 1+j2 (+20-72)
J10(1=j2) 20+ ,10
5 5

=(4+2))4

5. OnpenensaMe ToKoBeTe B apata mapanenuu kiona I, ul;. Wsnomssame Qopmyrara sa

Ppasnpe/iesisIHeTO Ha 00IMs TOK /) 1O JBaTa napasesHy KJIOHa:

cr 7y . J20 L1 .
=1, 7 i 72+ =(4+2))——==(4+2))5=02+ )4 TlonyyaBame  chIuMTE  CTOHHOCTH  3a
2+ 7y Jj40 2
TOKOBETE, KaKTO TpH pemieHHeTo Ge3
OTCTPAaHsABaHE HAa HHAYKTHBHATA BPb3Ka.

Li=l-1,=4+2j-2-j=Q2+ )4

6. OnpejiensMe HAPEKCHHETO HA BONTMETHPA

HanpesenneTo Ha BOATMETBPa MOKE 7a CE OTPENIENH €aMo Ha §a3aTa HA M3XQIHATA
cxeMa. BoNTMETBPBT NOKasBa e(eKTMBHATA CTOHHOCT HA HANPEKEHHETO Ugp(t), a mpu
npeobpa3yBaHeTo BB3ed “a” Bede He € Ha ChIIOTO Mscro. CleoBaTeNHO OmpeensiMe
HAINPEKEHHETO OT CXeMara NpH Hajludie Ha WHIYKTHBHA BPB3Ka, KATO OTYHTAME, Y€ TOKOBETe

[2 " 13 Ca e/IHAKBO OPUEHTUPAHHU CIIPAMO €IHOMMEHHHUTE H3BOJIH :

UV = Unh

Uab = Zpy 3+ Zyy 02 = jooly I3+ joM 15 = 2+ )30+ (2 + /)10 = (<40 + j8O)

= Uy =Uy, =+(—40)? +802 = 4045 = 89,441

18 Bnnpoc

TpauchopMaTopHo cheaunenne. YpaBueHns Ha JuneeH Tpancdopmarop. ExBupajientnun

3aMecTBamy cxemi. BekTopua nuarpama.
TpaHc(hOPMATOPHOTO ChEIHHEHHE € ChEAHHEHHE Ha JBE HAMOTKH (I'bPBUYHA U BTOPUYHA,
PA3IoIoKEHH BBPXY 00110 si1po- (ur.20), IpH KOETO BPh3KATa MEX/LY TSX CE OCHIIECTBABA
CaMo NOCpeACTBOM NPOMEHIHBO MAarHUTHO I10J1€. EHepmm'a Ce npenasa OT IbPBHYHATA KbM
BTOpHYHATa HAMOTKA Ha 6833['3 Ha B3aMMHa WHJIYKLH.

i), iy
u;(t) wi q 1 W2
> C us(t)
— | > -
bur.20
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u(t

Ypapuenus na juneen Tpanchopmartop

Ha ¢ur. 21 e nokasana cxema, Ha TuHeeH TpaHcdopmarop. [Tlapamerpure Ha MbpBUYHATA
namotka ca R; u L, a na ropnunara R, u L, B3anmuata HHIYKTHBHOCT € o3Hauena ¢ M.

i R, _ia(t)

us(1)

¢ur. 21
TokoBeTe Ha IbPBHYHATA M BTOPHYHATA HAMOTKM €A PA3IMYHO OPHUEHTHUPAHH CIPSMO
€IHOMMEHHUTE M3BOJMHA JBeTe G0OHHU. CIIeIOBATEIHO HATIPEKCHNATA HA B3AHMOMH YKL
e MMaT 10COKa, o0paTHAa HA IOCOKATa HAa TOKA B CHOTBETHHs KOHTYp. ITo 3akomuTe Ha
Kupxod) MozkeM J1a 3ammuiem:

1 (£) =y () +up) (6) —up ()

() = gy () g, () =y, (0)

N diy . L diy
KB/ETO up (t)ZRlll(l‘), up (t):lq;, Uy, (l‘)—M?
. di di
upy ()= Roly (0); MLz(t)=szdt2; uMz(t):thl

Taxka cucremara ypasrenus (1) Ha TpancopmaTopa nMa BHJIA:

. diy diy
uy(t) = Ry () + Ly — - — M —=
dt dt
; di di ()
—uy (1) = Roip (1) + Ly =+~ M =L
dt dt
3a CHHYCOHMJAJICH PEKUM MOXKE 1a pa60THM € KOMILICKCHA CXEMa U KOMIIJICKCHH TOKOBE U
HanpexeHus:  * M
I 1>
s =,
Zy
. — .
* *
Ui Z, Z, Uz

lUMz:hZM

9%

Uy =§L[R + jo(Ly —M)]+ 1y joM =1)(Z, = Zy )+ 1y Zy @

Uy = D[Ry + jo(Ly =M)] =1y joM = 1,(Z, = Zy) =1 Zy

B nmpakTukaTa ce M310/13Ba U OlIE eIHa 3aMecTBama cxeMa I1-00pa3Ha 3aMmecTBaima
CXeMa,KOATO ¢ [oKa3aHa Ha dur. 23.

iy, R Ly Ry DY)

—{ 1 Y 1
u(t L Ly us(t)
ur. 23
HapaMchm‘c Ha Ta3H CXEMa CC onpeaessT Karo:
. LiL, -M? LiL, —M? B LiL, —M?
0= s L= > L=
M L,-M L-M
BekTopHa IMarpaMa Ha HATOBapeH AHC(POPMATO]
o o
1 12
Ay )
Zy
. P .
Uy Z, Z; U Zr
ur. 24

Hexka pasriename Tpanchopmarop (dur. 24 ) Ha H3BOJANTE Ha BTOPHYHATA HAMOTKA, Ha KOHTO
e Bkmiouen Topap Z7 = Ry + jolr .
AKo ca U3BECTHH:

Zy =R+ joly; o
POTHBJICHHE HA TPBHYHATA HAMOTKA
22 = R2 + ja)Lz; CBIPOTUBJIEHHE HAa BTOPHYHATA HAMOTKA
. CBIPOTUB/IEHHE HA HHIYKTHBHATA BPbh3Ka
Zy = joM

MOJKEM J1a 3amuIeM cucTemara (5) | Jia HauepTaeM BeKTOpHaTa auarpama (gur.25),
CHOTBETCTBAIIA HA TE3H yPaBHEHHUS.
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Cucremara ypapHeHus (2) Ha TpaHc(OpMaTopa B KOMIUICKCEH BHJI CE 3aIIHCBA KATO :

Ui =L(R + joL)) 1, joM =1, Z, =1, Z,
(@)

Uy =L(Ry + joly) =1y joM =1, Z, =1, Zy,

EKBHBAJIEHTHA cXeMa HA JIHHeeH TpanchopmMaTop
AKo KbM ypaBHEHHATA Ha TpaHchopMmaropa (1) mpuGaBHM M H3BAINM €HA H ChIA BETHYNHA,

di diy
CbOTBETHO: thl 3a II'bPBOTO YpaBHEHHE U MZ 3a BTOPOTO YpaBHECHHE, LIE NOITYy4YUM:

di di di di, di diy di
u(t)=Riiy () + L =L =M =2+ (M =L - M =1y =R () + (L, - M)=L+ M(=L -=2
dt dt dt dt dt dt  dt
. di di di di X di di,
—u(t) = Ryis (£) + Ly —2 —M “L (M 22— M Z2) = Ryiy () + (Ly ~M) 2 - M (=L - =2
dt dt dt dt dt dt
AKO 03HauMM ¢ 1() TOK, OTpe/ieien KaTo:
i() = i]'i 2
diy diy di,
¥ ChOTBETHO HETOBATa MPOU3BOIHA dr = E - dr
noJryyaBaMe cHcTeMara ypaBHeHus (3), kosTo otroBapst Ha T-o0pa3Ha 3aMecTBalla cXeMa Ha
JIHHEeeH TpaHchopMaTop, nokasaHa Ha Gpur.22.
di di
uy(8) =Ry () + (L, —M)=L+ M =L
dt dt 3)
di di
—u(t)=Ryip () + (Ly = M) =2 =M =2
d dt
it =R L; L; R; i>(1)
7, 5
u(t) M lio(t) u(1)
ur.22

JIo chilaTa 3aMecTBalla CXeMa MOJKE /1a C€ JIOCTHIHE M aKO Ce M3II0JI13Ba CHCTEMATa

YPaBHEHHs B KOMILIEKCEH BHJI (2), KaTO B TO3M CJIydaii KbM ITbPBOTO YPABHEHHE CE MPHOaBs
uynesara cyma Iy Zy, — 15 Zy, , axum Broporo 1, Zy, — I, Z), . Taka Guxme nony4nnn
cucTemara (4), KosTo choTBeTCTBA Ha T-00pa3Ha 3amMecTBala ot (pur.22.
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Ui=hZ-5LZy
o . . . . . . 5)
0=0Z,+1, Zr -1, Zyy =>1Zy=1,Z,+1,Z1

ur.25

U =1 R +1, joL, 1, joM
0=1,Ry+1, joly + 1, Ry + 1, jolLy — I, joM

=1, joM =1, Ry + 1, joly + 1, Ry +1, jol;

Tlpu MoCTpOsBAKETO HA MArpaMara 3a perep ce nprema Tokst 12 . Toctposisar ce

. . . .

HanpeKeHHsATa 12 RT R 12 _ijT, Iz Rz R 1> _/WLZ OT BTOPOTO YpaBHEHHE Ha
.
cucTemara (5), YnATO CyMa € PaBHA HA HANPEKCHHETO HA B3AMMOMH/YKIUS I jCUM .Or
.
HETO OMpEJIENAME MOCOKaTa Ha TOKa 11 (msocraa ma 90°). Crient kato Beve e H3BecTHA
. .

nocokara na 1 1, noctposiBame HanpesenusTa ot mbpsoto ypasuenue 1

Ry, N joL,,

=12 joM _ Taxuara cyma onpezenst Hanpeskenuero Ul
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19 Bunpoc
Ipe1aBaHe HA MOIIHOCT IO MHAVKTHBEH BT,
Hexka B eqHa enekTpuyecka BepHra HMa JiBa HHIyKTHBHO CBbp3aHy enementa ((pur.26),

. , M Uz
CIIMHUAT C TOK [ = [;e’"! 2@ PYTHAT CHOTBETHO ¢ [2 = Lje 2, Bpb3kaTa Mexay TIX ce
OCBHLIECTBABA CaMO ﬂOCpCZFITBOM MAarHuTHO Monue, J]l/lﬂCBq Eam;am/mﬂa BpBb3Ka.

A ur oz{|* *||z U2 | 4

ur.26
HanpexeHusra OT B3aHMHa HHIYKIHS Ca CbOTBETHO:

Umy =1, Zy =1, joM

Umy =1 Zy =1, joM
MoskeM Ja Onpee/inM KOMILICKCHHTE MOLHOCTH 3a JIBaTa HHAYKTHBHOCBbP3aHH
. o . . A
enementa: 3a mspBust - Sy =Umy 1), a3aBropus Sy, =Uwm, I, . Heka pasriename te3u
MOILHOCTH, KaTO LEJITA € JIa ' Pa3JIe/IiM Ha CyMa OT peajlHa H HMAarnHepHa YacT, T.e. aKTHBHA U
PEaKTHBHA MOLHOCTH:

. *

Suy =Umy I =Zy I, I = joM 1ye'"? e V1 =
oM L2 1e :wM.IZIIeWZﬁV'*%)

= Suy =Py + jOuy = oM L Ih[cos(y, —y/, +90)+jsin((//z —y, +90)]

IIpaBuM CBIOTO pasriieKaaHe H 3a BTOPUS €JIEMEHT

Suy =Umy Iy =Zyy I I = joM 11e’V Tye V2 =
oM e’V e 2 = oM 1117V 290

= Sm, =Py, + /O :mM,I,[z[v:os(y/l -y, +90)+jsin(|//1 -V, +90)]
Karo OTYETEM, 4e:

cos(a+90)=—sina u sin(a+90) =cosa nonyuasame:

Suy =—oM I ysin(y, —y )+ joM .11, cos(y , —y )

Suy =—oM I Iysin(y | —y,)+ joM 1)1, cos(y, —y )

Ho cos(—a) =cosa; sin(—a +90) = —sina .Crenosareinno nojyuaBame:
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1. OrcrpansiBaMe HHIYKTHBHATA Bb3Ka upe3 npeodpasysane. Ciiex npeoGpasyBaHeTo cXemara e

HuMa BUJIA:
i) R, M
—>

u(y

2. CpcTaBAMe HOBaTa CXeMa ¢ KOMILIEKCHH 00pasu H onpeiessiMe Ha KOMIUIEKCHTE Ha
HAMpeKEHUETO H CHIIPOTUBIIECHUATA:

[1 Zl
LIS
—
—1 . .
I, l L
U Z Z

Hanpcx{cﬂucm Ha U3TOYHHUKA €
u(t) = 200sin(wt+45)V

Crnie10BaTeIHO KOMIUIEKCHOTO HATPE/KEHHE HA N3TOYHHKA Ce OMpE/IeNs KaTo:

['/:UL,N/“ :"ie/um :@6/45 —
2
%.(00545+jsin45):2—‘/050(€+j€):100.(l+j):(100+j100)V

KoMIUlekcHH chIpoTHBIeHus 3a yectota =160 Hz:
=27 =27.160 ~1000 = 10° rad / s
Z, =R+ joM =(10+ j.10°10.107) = (10+ j10) Q

1
10°.50.10°°
Zy =Ry + jo(L, —M) =10+ j.10%(20-10).107 =10+ j10 Q

Z, = jo(Ly *M)—ji:jA103.(10—10).10’3 —j =0-/20=-j20Q

100

u ()

HE3aBMCHMO, Y€ MEXKJ1y €JIEMEHTUTE HAMa rajBaHuYHa BPb3Ka

MY TSX ce 00MeHsl AKTHBHA MOIHOCT H TO TaKa, 4e JBETe
QM] = QMZ MOIIHOCTH Ca DAaBHH T10 FOJIEMHHA H OODATHHU 10 3HAK.

Py ==Pur,

IIpasuno:

TIPH eIHAKBO OPHEHTHPAHM CTIPIMO ETHOMMEHHHTE H3BOJIH TOKOBE:
Axo Py = Re[g'Ml 1) 010 ky1OH 1 MPEXBBPIIS CHEPTHs KbM KIIOH 2,
Axo Py = Re[&Ml 1{ 010 knon 1 npuema eHeprust OT KIOH 2.

TIPH PA3JIMYHO OPHEHTHPAHH CIIPSMO CIHOMMEHHUTE H3BOJU TOKOBE:
Ako Py = Re[g'Ml 1) 010 kn1oH 1 pHeMa eHeprust OT KIIOH 2,

Axo Pyp =Re[Sa;1( 010 ki10H 1 MpexBbpIIs EHEPIHst KbM KIOH 2.

IIpumep 3a onpejie/isine HA MOIHOCT, Ipe)

Jla ce onpe/ieny MOIIHOCTTA, NpeJaBaHa 10 MHIYKTHBEH BT 3a BEPUraTa MOKA3aHa Ha
durypara

i) Ri
u(t) = 200sin(wt-45)V
f=160Hz,

L,=20 mH,
L;=M=10 mH,

C=50 uF

R; =R,=100

Pemenne

B pasriexjanarta cxema eIHOMMEHHHTE M3BOIM Ha GOOMHMTE Ca CBBP3aHHM B €/IHA M ChIlaA
Touka (kpast Ha Go6una """ u kpas Ha GoGuna "2"” ca cebp3anu B Touka "a"). ClieoBaTENHO
MMaMe ChIIIacyBaHO CBLP3BAHE M MpeobpasyBaHETo € OT BHA:

L L -M

L, -M
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3. OnpeiensiMe eKBHBAJIICHTHOTO CHIIPOTHBIICHHE 3a CXEMaTa:

2,2
Zogs =2 +2273
2+2Z3
= Zy, =10+ j104 200010 4o g, 20CDA4TD
10— 410 -1
:10+j10+w:10+j10+20:(30+j10)§2
-

4. Onpezensive KOMILIEKCa Ha BXOJHHS TOK 1, .

;U 1004100 _10+/10 _100+/)B~)) _
= - - -

Zg  30+j10 3+j  G+)B-))
10

= (4+2))4

5. OmpepensiMe Tokosere B aBarta mapanennu kiona [, uly. Wsnoassame dopmynara 3a

PpasnpenensHeTo Ha oONIMs TOK /| 1O JiBaTa NapageiHu KIoHa:

L=h= 22—y 20 _Z202))
Zr+2, 10— 10 1-J
22-4)) _20-4)0+)) 2040 D) o
1= =)+ 2 '

L=l=13=4+2j-6+2j=(-2+4/)4
6. OnpeﬂenﬂMe Ha MOIIHOCTTA NpelaBaHa Mo HHAYKTHBCH BT

Py, =Re[Un, I2]=Re[l3 joM.I2] = Re[(6— j2) j10.(~2— j4)] =
= Re[(20 + j60)(=2 — j4)] = 20.(~2) + 4.60 = =40 + 240 = 2000

Py =Re[Uns I3]= Re[l2 joM.I3] = Re[(=2 + j4)j10.(6 + j2)] =
= Re[(—40— j20)(6 + j2)] = —40.6 +2.20 = 240 + 40 = —200W

Py = 2000 ) 0

= | Pyy =200 (0

Orunrame, 4e TOKOBETE Iz u 13 Ca e/IHaKBO OPMEHTHPAHU CHPSIMO €JHOMMEHHHUTE U3BOJN

Cie1os:

0 eHEePTUATA Ce MPeIABA OT KJIOH «2» KbM KIIOH «3»
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