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Yemanoeneno, wo xomnaexcuuti cxemuutl exgieanenm TeseHeHa HeadeK8AmMHO BIOMBOPIOE MAKI eHepeemuyHi Xapax-
MepucmuKY NepeUHHO20 KOJA CUHYCOIOHO20 CMPYMY, K AKMUBHA NOMYA*CHICMb ma Koeghiyienm nomyxcHocmi. 3anpo-
NOHOBAHO HOBY O0BONONIOCHY KOMNIEKCHY 3ACMYNHY CXeMY JIHIUH020 eleKMPUYHO20 KOAd CUHYCOIOHO020 CIPYMY, W0
€KBIBAIeHMHA NEPBUHHOMY KO 34 KOMHIEKCHOIO NOMYIHCHICMIO ma 8iOMBOPIOE 1020 KOMNIEKCHY 60bM-aAMNEPHY
xapaxmepucmuky Ha napi eudinrenux 3amuckauie. OOIPYHMOBAHO AHANIMUYHI CNiIBGIOHOUIEHHS OISl PO3PAXYHKY Napa-
Mempie eleMeHmi6 3anponoHO8aAHOT 3ACMYNHOI cCxeMu 3a KoMnAeKCHUmMU ZE- napamempamu nepsuHHo2o Koaa 8 6a3uci
KOHMYpHUX cmpymie. Pezynomamu mooeniosanist IHIUHUX eNeKMPUYHUX KL CUHYCOIOH020 CmpyMy 6 4acogitl obaacmi
NOBHICMIO NIOMBEPOUNU AOCKEAMHICIb CMPYKMYPU HOBOI 080NONIIOCHOI KOMNAEKCHOL 3ACMYNHOL CXeMu ma aHaiimuy-
HOT MemoOuKy 8U3HAYeHHs. il napamempis y 6i0MEOPEHHI eHepPeeMUYHUX XAPAKMEPUCMUK NEPBUHHO20 KOIA 8 PEHCUMAX
PO3pUBY MA 3aMUKAHHA GUOLIEHUX 3aAMUCKAYIB, A MAKONC 015l KOHKpemHo20 HaganmadicenHs. bioim. 14, puc. 8.
Kuro4oBi cioBa: 1BONONIOCHUH cXeMHHMIA ekBiBasieHT TeBeHeHa-bap0i, eleKTpruYHe KOJIO0 CHHYCOITHOTO CTPYyMY, KOM-
IUIEKCHA 3aCTYITHA CX€Ma, €KBIBAJICHTHICTH 38 KOMIUIEKCHOIO MOTYKHICTIO.

Beryn. Knacuuynuit nmpunnun abo TeopeMa mpo ekBiBajeHTHUH renepatop [1-3] mepenbauae
3aMiHy JIIHIHHOTO €JIEKTPHUYHOTO KOJa TOBUIBHOI CKJIQJIHOCTI TBOCJIEMEHTHUM CXEMHHM €KBiBaJICH-
tom TeBeHeHna [4] un Hoprona [5], mo BiATBOpIOE BONBT-aMIiepHy xapakTtepuctuky (BAX) mep-
BUHHOI'O KOJIa Ha Mapi BUIUICHUX 3aTHCKayiB. TpakTyBaHHS MPUHIUIY €KBIBAJICHTHOTO JIXKepena
oyso neperssinyTo 1. bap6i B [6], A¢ BiH BUCYHYB JJOJIaTKOBY BUMOTY 3a0€3M€UEHHS IBOIOIIOCHUM
CXEMHHUM EKBIBaJICHTOM CyMapHOI MOTYXHOCTI BHYTPIIIHIX BTPAT, IPUTAMAaHHUX MEPBUHHOMY KO-
Jy 3a JOBUIHPHOOTO HaBaHTXKEHHS. Y IIiH ke poOOTI BiH 3alPOTIOHYBAB MEPITY 3aCTYITHY CXEMY IS
€JIGKTPUYHOT0 KOJIa MOCTIHHOTO CTPYMY, CKJIQJICHOTO 3 HE3aJEKHUX 1/1ealIbHUX DKEpesT HallpyTH Ta
PE3UCTOPIB, IO 3aJ0BOJBHSE 3a3HAYCHE TPAKTyBaHHs. BoHa Bipi3HAETHCS BiJl CXEMHOTO €KBiBa-
neHta TeBeHeHa J101aHUM PE3UCTOPOM 3 ONOPOM BU3HAYEHOI BEJIMYUHH, YBIMKHEHUM IapajielibHO
17IeaTbHOMY JDKEpENy HanpyTH. Y TOJaTbIINX podoTax [7-9] cxeMOTeXHiKa JBOMOJIOCHUX 3aCTYII-
HUX CXEM 13 MOKJIMBICTIO BiITBOPEHHSI MOTYXHOCTI IEPBUHHOTO KoJsia OyJjia pO3BUHYTA, OXOIMUBIIN
€JIEKTPUYHI KOJIa MMOCTIHHOTO CTPYMY, IO MICTATh AOBUIbHY KUTBKICTh HE3AIEKHHX JDKEPEN K Ha-
IpyTy, Tak 1 ctpymy. Y [10] 3anpornoHoBaHO HOBY JIBOIOJIIOCHY 3aCTYIIHY CXeMY JUIsl KiJ IOCTiHHO-
ro CTPyMYy 3 JOAATKOBO BKJIIOUEHUMH 3AJICKHUMHU JDKEpPEIlaMU HANpyTH, KEPOBAaHHUMHU CTPYMaMH.
[xHA HasgBHICTH 3yMOBHMIA HECHMETPil0 MATPHIi KOHTYPHHX OMOpIB Ta HEOOXiNHICTH N0AaBaHHS
YEeTBEPTOTO €JIEMEHTa JI0 CXeMHOro ekBiBasieHTa TeBeHeHa-bap0i y BHUIIIAI 3aJeKHOTO JDKepena
cTpyMy, kepoBaHoro crpyMoM (3ICKC) HaBaHTa)KeHHs, BUXIJHI 3aTHCKaul SIKOTO MPHUETHAHI 10
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JDKepesia HalpyTrH eKBiBaJIeHTHOIo reHeparopa. Bennuunna koeginienta nepenadi 3JJCKC 3a6e3ne-
gyBaJia KOPEKIIil0 BaT-aMIIEPHOI XapaKTEPUCTUKH JBOITOJIFOCHOTO CXEMHOT'O SKBIBJICHTA BiJIITOBII-
HO JI0 BJIACTUBOCTEH NMEpBUHHOTO Koja. Y [11] Oynu BcTaHOBIIEHI B3a€MHO OJHO3HAYHI BiMOBIJ-
HOCTI MK IapaMeTpaMu CXEMHOTO ekBiBajieHTa TeBeHeHa-bapOi W mepBUHHHMH TapameTpamu
MACUBHOTO JIIHIMHOTO YOTUPUIIONIOCHUKA Ta OJHOPIAHOI JOBroi JiHii mepeaadi, MO PO3MIUPUIO
MO>KJIMBOCTI ONTUMI3allii eHEPreTHYHNX XapaKTEPUCTUK KiT MOCTIHHOTO CTPyMy 3a JBOTIOJTIOCHUM
eKBiBaJIEHTOM. BoJiHOUac goTenep MpUHLMUI €KBIBAJICHTHOTO JPKEpesia 3 BIACTUBICTIO KOHCEepBallil
MOTY>KHOCTEH NMEPBUHHOTO KOJa He OyB MOUIMPEHHIA Ha KOJa CHHYCOITHOTO cTpyMy. HasiBHI MeTo-
JU4HI Ta HaykoBi myOmikarii [12, 13] 0OMexyroThCS BUKOPUCTAHHIM KOMIUIEKCHOI 3aCTYITHOT CXe-
Mu TeBeHeHa Ui po3paxyHKy CTPYMY BITKH, IPUEAHAHOI 10 BUAUICHUX 3aTUCKAYiB, a00 eKCIepH-
MEHTAJIbHUM BHU3HAYEHHSM ITapaMeTpPiB IbOI'O0 CXEMHOTO eKBiBajieHTa [14].

Mertoro 1i€l poOOTH € OOTPYHTYBAaHHS CTPYKTYPH JIBOTIOIIOCHOT KOMITJIEKCHOI 3aCTYITHOI CXe-
MU, €KBIBAJICHTHOI IEPBUHHOMY KOJIy CHHYCOiIHOTO CTPYMY 3a KOMIIJIEKCHOIO MOTYXHICTIO, CTBO-
PEHHS aHATITUYHOT METOAMKH PO3PaxyHKy HapaMeTpiB 1€l 3aCTyHOI CXeMHU Ta MepeBipka ii afek-
BAaTHOCTI Y BIJITBOPEHHI €HEPTETUYHUX XaPAKTEPUCTUK NMEPBUHHOTO KOJIa B PI3HUX PEKHMMax HaBa-
HTQKEHHSI IUIIXOM MOJICITIOBAaHHS.

JocaigeHHs] eHePreTHYHUX XapPaKTePUCTHK KiJl CHHYCOITHOr0 CTPYMY 3 OJHAKOBHMH
napaMeTrpamMm CXeMHOro ekBiBajieHTa TeBeHeHa Ta BUMOIM /10 JBONOJIIOCHOI 3aCTYIHOI CXe-
MM, eKBiBAJICHTHOI IEPBHHHOMY KOJIY 32 KOMILIEKCHOIO MOTYKHICTIO.

Ha puc. 1 300pakeHa KOMIUIEKCHA 3aCTyIHA cXeMa MePBUHHOTO €JIEKTPUYHOTO KOJIa CHHY-
COITHOTO CTPyMY JIIJIsi BUMIPIOBAHHS Ta PO3pPaxyHKY IapaMeTpiB CXEMHOTO €KBiBajieHTa TeBeHEeHa
BIIHOCHO 3aTHCKadiB «a, b. IIIngxoM eKBIBAJIEHTHOI 3aMiHM OBOIIOJIOCHHKA, IO CKJIAZAETHCA 13
mxepena Hanpyru 120 B, pesuctopiB 12 Om ta 60 OM Ha MOCHITOBHHIA JIAHITIOT 13 JKEPEJIOM Ha-
npyru 100 B ta pesuctopom 10 Om, 3aiiicHeniit B [12], yTBOpeHa cripolieHa KOMIUIEKCHA cXeMa,
BiloOpakeHa Ha puc. 2.
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Puc. 1. KomniekcHa 3acTymnHa cxemMa MEpBUHHOTO Puc. 2. CrpoiieHa KOMIUIEKCHA CXeMa

€JIEKTPUYHOTO KOJIa CHHYCOIHOTO CTPyMY

Pesynbrat MojentoBaHHs JOCIIIB PO3PUBY BHXIJHUX 3aTHCKAUYiB 3a3HAYCHUX KIJ Yy Cepe-
noBumi  Multisim  moka3ano Ha puc. 3, e TapaMeTpud  PEAKTUBHUX  €JIEMEHTIB
L1=17,8/1007 =56,65915974mH ; C1=1/40x1007z =79,57747 ;F BIiANOBI1al0OTh KOMIUICKCHUM

oropam, 300pakeHuM Ha puc. 1, 2.
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Puc. 3. MojentoBaHHs IOCHIZIB PO3pUBY BUXIAHUX 3aTHCKa4iB cxeM Ha puc. 1, 2 y cepenosuii Multisim
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BoHu cBimyaTe mpo OJHAKOBY BEIMYMHY HANpPYTHW PO3PHBY, IIO BIAMOBIIAE MOIYJIO KOM-
wiekcHoi EPC exBiBanenTHOro reHeparopa TeBeHiHa Eab [1-3], ane pi3HiI BeIMYHMHUA aKTHBHOI I0O-
TY>KHOCTI Ta KoedillieHTa MOTYHOCTI €JMHOTO He3alexXHoro mxepena. Llle OGunbmn po3xomkeHHs
CHEPreTHYHNX XapaKTEPHUCTHK, BUMIPIOBAaHMX BaTMETPaMHM, NPUTAMaHHI cXxeMaM, 300paKeHHM Ha
puc. 1 Ta 2, y gociiii 3aMUKaHHS BUXITHUX 3aTUCKadiB (puc. 4) 3a 30epeeHHs 0JTHAKOBOT BEIHYH-
HU CTPYMY 3aMUKaHHS.
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Puc. 4. MonemoBaHHS TOCTiTiB 3aMAKaHHS BUXIJHAX 3aTUCKAdiB cXeM Ha puc. 1, 2 y cepemoBumi Multisim

OTxe, pe3ynbTaTh MOJCIIOBAHHS, MO/IaHI Ha puc. 3, 4, IEMOHCTPYIOTh, [0 TIEPBUHHE KOJIO
(puc. 1) ta #ioro cripomeHuii BapianT (puc. 2) MalOTh OJIHAKOBI IMapaMeTPH €KBIBAJICHTHUX TeHepa-
TOpiB 3a cxeMoro TeBeHeHa, ajie BiIPI3HAIOTHCS aKTUBHUMHU MOTYXHOCTSIMH Ta Koe(dilieHTaMu 11o-
TykHOCcTi. OTXXe, CXeMHHI eKBiBajeHT TeBeHeHa, MOIU(DIKOBAHWN KOMIUICKCHUMH BEITMYMHAMH
JUIL 3aCTOCYBaHHSA B KOJIAX CHHYCOIZHOTO CTPyMYy, aJ€KBATHO BiJTBOPIOE KOMILJIEKCHY BOJIBT-
amnepHy xapakrtepuctuky (BAX) mepBHHHOro Kojla Ha BUAUIEHUX 3aTHCKadax, aje CIIOTBOPIOE
Taki HOro eHepreTHYH1 XapaKTePUCTUKH, K aKTHUBHA MOTYKHICTh Ta KOE(IIi€HT MOTYKHOCTI, yHa-
CJIIJTOK YOTO 1 BeIMYMHA PEAKTHBHOI MOTY>KHOCTI HE BiJIIIOBI/Ia€ TIEPBUHHOMY KOJy. BuHuKae 3ama-
Ya JONOBHUTH JIBOIIOJIFOCHY JBOEIEMEHTHY KOMIUIEKCHY 3aCTYINHY cXxeMy TeBeHeHa J10JJaTKOBUMHU
eJIEMEHTaMH, IO 3a0e3MeUyI0Th HOr0 €KBIBaJCHTHICTh NMEPBUHHOMY KOJY 338 KOMILJICKCHOIO TIOTY-
KHICTIO Ul JOBIJIBHOTO HABAHTA)KEHHS, MPHEJHAHOTO 10 BUJUIEHUX 3aTUCKaydiB. AHAJIOTIYHY 3a-
nagy po3B’s3aB 1. bap0i B [6] 11 Koma MOCTIHHOTO CTPyMY, TOJABIIHA PE3UCTOP, YBIMKHEHUH Mapa-
JeNbHO JKEpeTy Halpyrd CXeMHOTO €KBiBaJleHTa TeBeHeHa, YuM 3a0e3NeyuB HOro eKBiBaJIECHT-
HICTh TIEPBUHHOMY KOJIy 32 MOTY KHICTIO JUIsl JOBUTRHOTO JIHIMHOTO HaBaHTaXeHHs. BomHouac mae
30eperTucs Mo3UTUBHA BIACTHUBICTh OPUTIHAJIBHOIO CXEMHOIO €KBiBasleHTa TeBeHeHa — BIATBOpPEH-
Hs1 30BHIITHKOI BAX MEpBUHHOTO KOJIa HA BUAIJICHUX 3aTHCKAYaXx.

JIBOMOJTIOCHA 3aCTYMHA CXeMa, eKBiBaJeHTHA MEPBHHHOMY KOJIY CHHYCOITHOT0 CTPYyMY
32 KOMILJIEKCHOIO MOTY KHICTIO.

Hexait y niniitHomy AC eneKTpudHOMY KOJIi JOBUIBHOT CTPYKTYpH, 110 CKIAJAEThCS 3 HE3a-
JICKHUX 1JICAThHHUX JDKEPEN Hanpyry Ta MacuBHUX R,L,C eJIeMEHTIB, BUAUICHO BUXIIHUHA (30BHIII-
HIi) TOPT 13 3aTUCKaYaMH «,b &Jis TpUEIHAHHS HAaBaHTaKCHHA. lle mepBHHHE KOO MOXe OyTH

MIPEJICTABJICHE y3arajJbHEHOI KOMIUIEKCHOIO 3aCTYITHOI CXEMOK0, 300pa)XeHOI0 Ha pHC. 5, 0 Mic-
THUTb 17€allbHI JKepella HalpyTH, NpecTaBiIeH] BianoBiqHuMu koMiuiekcHuMu EPC E,, macuBHi
YAaCTUHM BITOK B1JOOpakeH1 KOMIUIEKCHUMM OIOPaMHU Z, , HABaHTa)KE€HHsI NPEJICTABIICHE Yy BUXIJ-

HOMY KOHTYDi KOMIUIEKCHHM i7€aTbHAM JKEpETIOM HATIpyTH V , depe3 ke 3aMHKAEThCS KOMTLIEK-
cHuit cTpym [, BUXiZHOTO KOHTYpPY, a I,,1,,...,], € KOMILIEKCHAMH CTPyMaMH BHYTpIILHIX He3ale-
KHUX KOHTYpiB. J|BONOMIOCHMIA CXeMHHUH eKkBiBaJeHT TeBeHeHa [4] nporo kKoia, MoaudikoBaHUH 110
3aCTOCYBaHHS CHUMBOJIYHOTO METOJY po3paxyHKy [1-3,12], 300paxeno Ha puc. 6, ne Eab,fab €

KoMmIutekcHuUME napamerpamu EPC Ta BHYTpIiTHBOTO OTIOPY €KBiBAJIEHTHOTO T€HEpaTopa, 30BHIMI-
HE KOJIO HABAHTAXEHHS 3AJIUIIMIIOCS HE3MIHHUM.
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Puc. 5. Y3aranpHeHa KOMILIEKCHA 3aCTyIllHa CXEMa

Puc. 6. MomudikoBaHuil TBOTIOIIOCHUN CXEMHUHN
ekBiBaJieHT TeBeHeHa y3araibHEHOI CXeMU

Kontypny EPC Tta BiacHuil omip BHXIZHOTO KOHTYpY, IO CKJIAJarOThCs 13 BHYTPILIHIX eJie-
MEHTIB 3aCTyNHOI CXeMH, MOo3HaYnMMo E,, Ta Z,, BianosinHo. KoHTypHI cTpymMu BHYTpIlIHIX KOH-

T . . .
, A€ T—3HaK TPAHCIIOHYBAaHHA, B1AIIOB1AH1 KOH-

n

TYpiB MIPEICTABUMO BEKTOPOM izHil jz B

T
. 3acTocyBaBIIM METOJ KOHTYPHHX

typHi EPC mpexactaBumo BeKTOpoM e:HE11 E, .. E

nn

ctpyMmiB [1-3] 13 BUAIICHHSM OKPEMOTO 30BHIIIHBOTO KOHTYPY, CPOPMyEMO CHUCTEMY KOMILTIEKCHUX
BEKTOPHO-MAaTPUYHUX PIBHIHD

. e g .
Zody +tZ i=E -V, ()
zl,+Zi=e,

— —_ —_ T . . . .
e z= ||le Zyy e zn0|| BEKTOP-CTOBIEIb B3AEMHUX KOMIUIEKCHUX OMOPIB MK BHYTPIIIHIMHU Ta

30BHIIIHIM KOHTYpaMu; Z KBaJpaTHa MaTPUIlsl KOMIJIEKCHUX OIOPiB BHYTPIIIHIX KOHTYPIB pO3Mi-
PHOCTI 1, CHMETPUYHA BiTHOCHO TOJIOBHOT JIiaroHami.

Ha3BeMo CyKyTHICTb KOMILICKCHHX BENUUMH Z,,Z,Z, E,y,e 3 (1) cucremoro ZE-napameTpis
MEPBUHHOTO KOJIA BiIHOCHO BUUIEHUX 3aTHCKAYiB Ta MPOLTIOCTPYEMO MPOLEC IXHHOTO BU3HAYCHHS
Ha mpuKiaai cxemu Ha puc. 1. [lo3HaYMBIIM KOHTYpPHI CTpyMHU jo,fl,jz, CKJIaJIEMO CHUCTEMY piB-
HSIHB IS BiJIMTOBITHUX KOHTYPIB

(20+ j17,8), —201, = 0;
(12 +60)1, — 601, =120;
(60+20— j40)I, —201, - 601, = 0.

VYnopsiKyBaBIIM PIBHSHHS B MATPUYHO-BEKTOPHiH (opmi

20+717,8 0 -20 Il | o
0 72 =60 |x||,|=]120],
20 60 80—j40| ||| || O
BHJIUIAEMO TIEPBUHHI ZE-T1apaMeTpH KOoJia, 10 PO3TIISIA€ThCS
_ 72 —-60 . 120
Zyo =20+ /17,82 = L= s Eyp =0;e= .
-20 -60 80— ;40 0
I3 npyroro piBHsiHHA (1) Bupaxaemo
i=Z"e-7"2l, )

Ta MiJICTAaBISIEMO II€ 3HAYECHHS B IEpIIe PIBHSIHHSA Ii€] K CUCTEMH JJIsI OTPUMAHHS KOMILIEKCHOL
BAX 30BHIIIHBOTO KOHTYPY

— Trg-1.\N7 _ T Try-1 ;
(Zp—-2Z 2)],=E,—-zZ e-V. (3)
I3 mopiBHsHHS 3 KOMIIEKCHOIO BAX cxemHOro ekBiBasieHTa TeBeHEHa, 300pa)kKeHOTO Ha
puc. 6,
Zply=E, -V, )
BHpaKaEMO KOMIUIEKCHI ITapaMeTpH €KBIBAJIEHTHOTO reHepaTopa TeBeHeHa uepe3 ZE-napameTpu
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Z,=20—2 L'LE,=E,, 7' e. (5)
BusHauuBIIM CHIPSYKEHU KOMIUIEKC BEKTOpa CTPyMY i= (Z7'e)’ —(Z’lz)*fo, 3HAXOJIMMO KOMILIEK-
CHY TIOTYXKHICTh BCEpPEIHMHI MEPBUHHOIO KOJIAa HAa PUC. 5 SK (QYHKIIIO KOMIUICKCHOTO BUXITHOTO
CTpyMy
SUy =e"i+(Ey V)i, =e'(Ze) +(E -, (6)
ne E, =E,—e' (Z'z)".
Bonnouac cxeMmHuii ekBiBaJieHT TeBeHEeHa (muB. puc. 6) 3a0e3reuye TaKy 3aJIeKHICTh KOM-
IUIEKCHOT MOTYKHOCTI BiJl BUX1HOTO CTPyMY
$,(,) = (£, -D), %)
VY pexxumi po3pUBY BUXIJHHMX 3aTHCKadiB NEPBUHHOIO Koja fo =0 1 KOMILJIEKCHA TOTYX-
HICTh MIEPBUHHOTO KOJIA B I[bOMY PEKUMI BU3HAYAETHCS 3 (6) 32 BUpa3oM
S,=8,=0)=¢"(Z"e), (8)
TOJI SIK y CXeMHOMY €KBiBajieHTI TeBeHeHa ST (f ,=0)=0.
st 3a0e3reueHHss KOMIUIEKCHOI MOTYKHOCTI PeXUMY pO3puBY (8) Bif €IWHOTO JKepena
Eab KOMILUICKCHUI CXEMHHI €KBiBaJIeHT TeBEeHEHAa Ma€ OyTH OTIOBHCHHWU MACHBHHUM EJIEMEHTOM,

YBIMKHEHHMM MapajiesibHO LbOMY pKepeny (aHanoriuno 1. bap6i po3ramnryBaB 1ogaTkoBU pe3UCTOp
y 3aIpOIIOHOBAaHOMY HHUM CXEMHOMY €KBIBaJCHTI KoJia TOCTiHOTO cTpymy [6]). Bennunna xowm-
TIEKCHOT TPOBIAHOCTI Y, 1LOTO eleMeHTa 3HAXoauThes 3 ymosu S, =FE (E,Y,) =E.Y,y Bu-
sl
a q* 2 T =1, \*1* 2 T\*rg—1 2
Y, =S, /E,=[e (Ze)]/E,=(e)Z eE,. 9)
VY pexxumi 3aMUKaHHS BUXITHUX 3aTHCKayiB IMEepBUHHOTO Kojia V =0, cTpy™m 30BHIIIHBOTO
KoHTYpy crae [, =1,=E,/Z,, 13 (6) Ta (8) orpuMyeMo BHpa3 Il KOMIUIEKCHOI HOTY>KHOCTI pe-
KUMY 3aMHUKaHHS
S, =8SU;)=S,+E1,. (10)
BopaHouac BenMunHa KOMIUIEKCHOI MOTYKHOCTI PE&KUMY 3aMUKaHHS Y CXeMHOMY €KBiBaje-
HTi TeBeHeHa, TOMOBHEHOTO aHAIOToM efleMeHTa bap0i, BU3HAYaeThCsl BUPA30OM
Sp(I3) =S, +E, 15,
TOOTO BiJIPi3HAETHCS MHOKHUKOM 3a CIIPSHKEHOTO CTPYMY 3aMHUKaHHS. [3 MEeTOI0 MOPiBHSIHHS BENH-
yuH £, ta £, 3Haiinemo pisuneBy EPC
” ” ” T —IN\T =1 \* T
E=E -E,=e[(Z)z—(Z z)]=¢W. (11)
JIJIsL eNeKTPUYHUX KT CHHYCOiTHOTO CTPYMYy 3 HA0OpPOM E€JIEMEHTIB, IO PO3TISAAOTHCS,

. . e . ZINT 1
Marpuisi Z CHUMETpPHUYHA BiJHOCHO TOJIOBHOI jaiaroHaii, Tomy (Z ) =7

, 1 BUpa3 y KBaJlpaTHiii
nyxui (11) nabyBae BUTIISTY

wW=2"z2—(Z"2) =y-y =2jIm(y),
ne y =2 "'z, 3a uiei ymosn Im(y)#0 3a HassBHOCTi X04a 6 OJHOTO KOMILIEKCHOTO YHC/IA B I[OMY
0e3po3mipHomMy BekTopi. OTke, komiiekcHa EPC E+, [0 BU3HAYa€ 3aJICKHICTh KOMILJIEKCHOI TTO0-
TY>KHOCT1 TIEPBUHHOTO KOJa BiJ CTPyMy 30BHIIIHBOTO KOHTYPY, BIAPI3HSIETHCA BiJl KOMIUIEKCHOI
EPC Eab eKBIBaJCHTHOrO reHepatopa TeBeHeHa. [y Kopekmii Ii€i 3aJeXHOCTI MPOIMOHYETHCS

JIOTIOBHUTH CXEeMHUH ekBiBasieHT TeBeHeHa-bap0i 3alneXHUM JDKEpEIOM CTpyMy, KEpOBaHHUM
ctpymoM (3JICKC) 30BHIIIHBOTO KOHTYPY (AMB. puc. 7) Ta YBIMKHEHUM MapajelibHO 1/1eaJbHOMY
JDKepeTy HallpyTd €KBIBAJIGHTHOTO TeHepaTopa, aHAJIOTIYHO TOMY, SIK 11e Oyiio 3pobneHo B [10] mix
yac MoOyJOBU CXEMHOTO €KBIBaJIEHTa KOJIa MMOCTIHHOTO CTPYMY, ajie 3 KOMIUIEKCHUM KOe(iIli€HTOM

nepenadi &, , 110 33J0BOJIbHSIE YMOBY
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- K, E, 2je' Im(y)

k,=—"-1=7"=—"—"". (12)
Eah Eab Eab

KomrmiekcHa MOTYKHICTh €JIEMEHTIB BHYTPINIHIX KOHTYPIB 3alIPOIIOHOBAHOTO CXEMHOTO €K-

BiBasieHTa (puc. 7) 3a I[OBiJII:HOFO HABAHTAXKECHHS
S,y ) =(E, -, +E,(E, V) +E,kI,=E,I,~VI,+S,+(E, -E)I, =S, +(E, -V)I,

MOBHICTIO BIJNOBi/Ia€ piBHIHHIO (6) MEPBUHHOTO KOJIA.

@ (], D

Y,

ab

Puc. 7. 3anponoHoBaHWI CXeMHHUH €KBIBaJICHT

3arajbHa KOMILJIEKCHA l'IOTy>KHiCTb YCbOT'O ICPBUHHOTI'O KOJIa 3 ,I[OBiJ'IBHI/IM JTiHIWHUM HaBaH-
TaXXCHHA, IO 3aJd€ThHCA KOMIIJICKCHUM OIIOPOM EH? TakK pOSHOILiJIﬂeTBCH MIX elleMEHTaMH1 3aIpo-
MMOHOBAHOTO CXEMHOTO €KBIBaJICHTA
SG) =Sy () +Vly = S+ Edy = Sp (ks +DE [ By / By + 7)) = 13)
= E;bYT* + E;bYB* + E/EijT* = §T + SB + Sj,

S 25 2 = = . .
ne S, =E,Y, =E,/(z,+Z,) € KOMIUIGKCHOIO TOTY)KHICTIO CKBiBaJlCHTHOr0 reHepartopa Tese-
. — pnd 2 T .
HEHa, HABaHTa)XCHOTO HA OIp HABAHTAXCHHS; Z,,;S, = E., Y, € KOMIUIEKCHOIO MOTY)XHICTIO CXeM-

Horo enemeHra bap6i; S, =k,S, € n10JaTKOBOIO KOMIIJIEKCHOIO MOTY>KHICTIO, 110 BUHHMKAE 4epes3

nito 3anponoHoBanoro 3/ICKC y cxemHOMy eKBiBaJIeHTi Ha puc. 7.

Bigznauumo, 1110 y BU3HAYCHHI CKJIAIOBUX KOMIUIEKCHOT MOTYy>XHOCTI B (13) dirypye kBaj-
pat monyinss EPC exBiBaJeHTHOro reHeparopa, 10 MoXe OyTH BCTaHOBIJIEHHH €KCIIEPHUMEHTAJILHO
BHUMIPIOBaHHAM BHUXIJHOI HaIIpyT' MEPBUHHOIO KOJIa B pexuMi po3puBy. Tak camo 3a pe3ynbraTa-
MU BUMIpPIOBaHHS aKTMBHUX Ta PEAKTUBHHUX MOTYXXHOCTEH MEPBUHHOTO KOJIA B I0CIIaX PO3PUBY Ta

3aMHUKaHHS BHJIUICHHX 3aTHUCKA4iB Ta BCTAHOBJICHOIO BEIMYMHOIO Z, MOXE OyTH pO3paxoBaHUI
KoMIUTeKCHUH KoedimieHT nepexayi 3a crpymom 3ACKC. liiicHo, y pa3i miacTaBIeHHS BUPAKECHO-
ro3 (10) £, =(S,-S,)/1, B (12) orpumaemo
I = S; =S, 1= (8;-5,)z,
J - . ~ - 2
Eab13 Eab
AHajiTH4Ha igeHTHdikanis mapaMeTrpiB ABONOJIIOCHOI CXeMH 3aMillleHHSI eJIeKTpU4-
HOT'0 KOJIA CHHYCOIJHOTO CTPYMY, €KBIBAJIEHTHOI 32 KOMILJICKCHOK) MOTYKHICTIO.

1. (14)

CyKyIHICTh KOMIUICKCHHUX TapaMeTpiB Eab,zab, yB,k 3ampOIOHOBAHOTO CXEMHOTO €KBiBa-

JICHTA TaKOXX TMOBHICTIO BH3HAYAETHCA aHAMITHYHO 3a Gopmymamu (5), (9), (12). IIpoimocTpyemo
3aCTOCYBaHHSA OTpUMaHUX (OpPMyJ Ha MPUKIAAI IEPBUHHOIO KoJia, 300pakeHoro Ha puc. 1, i3 BU-
3HA4YCHUMHU paHime ZE-nmapamerpamu. Po3paxoByeMo 10MOMiIkKHI KOMITJIEKCHI BETMUUHA

1 1 1 1 .4

_+ _ —_ —_— —_
s |45 790 100 ] I AT
= 5 Y=7Z 2=
o r 3 0.2 6 .8
100775 250125 25 7725

3a popmynoro (5) BU3HaAYaEMO KOMITJIEKCHI TapaMeTpH CXEMHOT0 eKBiBajieHTa TeBeHeHa
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Z,=Z0—2 L '2=2,-2'y= 20+j17,8—25—4—j% =152+ j11,4;
Eab = Eoo —2'Ze= _yTe =24+ j32= 40e7 43 = 40(53,13°.
KommuiekcHu#l CTpyM 3aMUKaHHS Ta HOIO MOZYJIb

E, _ 24+,32 _8(24+7j),] :8x\/242+72:ﬂ:2105263
5 19 ’

Yz, 1524414 95 9
KommiiekcHa MoTyXHICTh Ta KOS(IIi€HT MOTYKHOCTI IEPBHHHOTO KOJIA B PEXUMI PO3PHUBY
. 11y
S,=e'(Z'e) =120° x| —+ j— | =320—,160="P, + jO,;
P ( ) (45 J 90j J »+J0p
cos @, =1/ \/l +(=160/320)* =0,89442719.

Pe3ynbratn MojenroBaHHS Ha pUC. 3 TTOBHICTIO MIATBEP/KYIOTh PO3PAaXOBaHi BEIMYUHU B PEKHUMI

PO3pHBY.
KommekcHy npoBigHicTs enemenTa bap6i Bu3HadaeMo 3a (9)

S, 32044160 1 .1

= J—.
"B 1600 5 710
KommnekcHo cnpsbkeHe 3HadeHHs1 KoedimienTta nepenaui 3a crpymoM 3/ICKC BusHauaemo
BiamoBiaHO 10 (12)

T 2 je’ Im(y) _2jx120x4 32 .24
TR, 1524+ 32) 25 725
KommiekcHa moTyXHiCTh 3aMHKaHHS Ta KOS(IIIEHT MOTY>KHOCTI B IIbOMY PEXHUMI

§,= B27; + B3k, +1)/ 25, =1600] < - j /28
5 710 25x3.8x(4— 3)

j =349,6421-238,821j;

cos @, =1/+[1+(~238/349)° = 0,825755833

MOBHICTIO MiATBEPIKYIOTHCSI €KCTIEPUMEHTOM Ha puc. 4.
3a CXeMHHUM €KBIBAJICHTOM, 300pa’keHUM Ha pHC. 7, Ta HOro BCTAHOBJICHUMH KOMIIJICKCHH-
MU TIapaMeTpaMH MOXKHA IMPOTHO3YBATH KOMIUIEKCHY MOTYXHICTh IEPBHHHOTO KOJIa JIJIs TOBLIBHO-

IO HaBaHTAXEHHS, 110 3aJa€ThCsl KOMIUIEKCHUM OIOpPOM Z,,. BukopucroByrounu (13), orpumaemo
IIyKaHy KOMIUIEKCHY (yHKIIIOHAJIbHY 3aJI€XKHICTh
(@)= Ey Yy +(k, +D)/(Z, +Z,)] (15)

Hampukmax, Ui KOMIUIGKCHOTO ONOpY HaBaHTaxeHHI Z, =4,8+4 73,6 3 iHmyKTHBHiC-
ti0 L,;, =3,6/10077 = 0,0114591559 y cxewmi Ha puc. 1 3a popmynoro (15)
1600x (7 + j24)
25%(20- j15)

Ha puc. 8 BimoOpaxeHo pe3ybTaTH MOJIETIOBaHHS 3a3HAYEHOr0 KoJjia 3 0OpaHWM HaBaHTa-
YKEHHSIM, SIKi TIOBHICTIO MMiITBEP/XKYIOTh PO3PaX0OBaHi CHEPreTHYHI XapaKTEPUCTUKH.

S(4,8+ j3,6) =320— j160 - = 342,528 — j219,904;cos ¢ = 0,8415,

A 342531 W ‘:
::;;Po':\'erfacb:ur:

430 Voltage Current

Puc. 8. PesynbraTi BUMIpIOBaHHS XapaKTEPUCTHK KoJia 3 00paHUM HaBaHTA)KEHHIM



ISSN 1727-9895. Hpayi IE/] HAH Yxpainu. 2025. Bun. 72 69

BHCHOBKH. YCTaHOBJIEHO, 110 JABOIOJIOCHUM KOMIUIEKCHUN CXEMHHH eKBiBaJleHT TeBeHeHa
3a0e3mnedye KOMIUIEKCHY BOJIBT-aMIIEPHY XapaKTePUCTHKY MEPBUHHOTO KOJIa CHHYCOIHOTO CTPyMY
Ha BUAUICHMX 3aTHCKaydax, aje HeaJeKBaTHO BIATBOPIOE TaKi MOro €HepreTUuHi XapaKTepUCTHKH,
SK aKTHBHA Ta PEAKTUBHA MOTYXHOCT1, KOE(IIIEHT MOTYKHOCTI, TOIIO.

3arponoHOBAaHO HOBY JIBOMOJIIOCHY KOMIUIEKCHY 3aCTyIHY CXeMy JIIHIMHOIO eJeKTpHUYHOIo
KOJIa CHHYCOIJTHOTO CTPyMY, YTBOPEHOTO HE3aJIC)KHUMU JKEPEIaMH Harpyru Ta nacuBHumu R,L,C
€JIEMEHTaMHU, 110 €KBIBAaJICHTHA NMEPBUHHOMY KOJy 32 KOMIUIEKCHOIO MOTY>KHICTIO JUIsl JOBUILHOTO
HaBaHTAXCHHS, TIPUETHAHOTO JI0 BUIUICHUX 3aTUCKAYiB.

OOrpyHTOBAaHO aHAJITUYHI CMIBBIIHOLIEHHS AJII METOJIMKU PO3PaXyHKY KOMIUIEKCHUX Mapa-

metpiB £ ,;Z ,;V,;k, e1eMeHTIB HOBOI JBOMOMIOCHOI KOMIIIEKCHOT 3aCTYITHOI CXEMH 32 KOMILIEKC-

ab®“a
HUMH ZE-TIapaMeTpaMy IepBUHHOTO KoJia B 0a3UCi KOHTYPHHUX CTPYMIB.

Pesynbrati MOJeMIOBaHHS JIIHIHHUX €JICKTPUYHUX KU CHHYCOITHOTO CTPYMY B YacOBii 00-
JacTi MOBHICTIO MIATBEPAWIM aJ€KBAaTHICTh CTPYKTYPH HOBOI JBOIOJIFOCHOI KOMIUIEKCHOI 3acTyI-
HOI CXeMH Ta aHaJITUYHOT METOJIMKM BHU3HAYCHHS ii MapaMeTpiB y BIATBOPEHHI CHEPreTUYHUX Xa-
PaKTEepUCTHUK MEPBUHHOTO KOJIA B PEKUMAaX PO3PHUBY Ta 3aMHUKAHHS BHIIJICHUX 3aTHCKAYiB, a TAKOXK
JUISL KOHKPETHOTO HaBaHTAKEHHS.
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ONE-PORT COMPLEX POWER CONSERVATIVE EQUIVALENT CIRCUIT OF LINEAR AC ELECTRICAL
NETWORK
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It has been established that the complex Thevenin’s circuit equivalent does not adequately reproduce such energy char-
acteristics of the AC primary circuit as active power and power factor. A new one-port equivalent circuit of linear AC
electrical network is proposed, which is equivalent to the primary network in terms of complex power and reproduces its
complex volt-ampere characteristic on a pair of selected terminals. Analytical relationships are justified for the element
parameter calculating of the proposed equivalent circuit based on the complex ZE parameters of the primary network
in terms of contour currents. The results of linear AC electric network modeling in the time domain fully confirmed the
adequacy of the new complex power conservative equivalent circuit structure and the analytical method for determining
its parameters in reproducing the energy characteristics of the primary network in the open and closed modes of the
selected terminals, as well as for a specific load. Ref. 14., fig. 8.

Keywords: one-port circuit equivalent of Thevenin-Barbi, AC electrical circuit, complex equivalent circuit, complex
power equivalence.
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