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Y po6oTi po3rasiaaThesi KpuTepii KOHBEPreHTHOCTI PO3B’ A3KIB 1J1s1 HeJIiHiliHOT
cucreMu aApyroro nopsiaky. IIpo6;ieMy KOHBEPreHTHOCTiI 3BeleHO 10 IOCJiIKeHHS
CTIKOCTi PiBHSHHSA APYroro mopsiiky 3 napamMeTpuyHuM 30ymaxeHHssM. Po3paxoBano
KPUTHYHE 3HAYEHHS 3aracaHHs i TApMOHIYHOro 30y/I’KeHHs, BHIIE SIKOT0 MapaMer-
puuHe 30y1:KeHHS HeMO:KJIuBe. 3po0JieH0 YHCJI0BUIl pPo3paxyHOK (popMM KPHUBOI, sika
A€ HAlCUJIbHiIIE MapaMeTpUuYHe 30y XKeHHSI.

Criterions of convergention for non-linear second order system are discussed in
this paper. Convergention problem was transformed to the investigation of stability of
the second-order equation with parametric excitation. Critical value of damping for
harmonic excitation have been calculated. The shape of the curve which gives the
strongest parametric excitation have been calculated numerically.

[TpobneMa KOHBEPTEHTHOCTI pO3’ A3KIB I HEJIHIMHUX CHCTEM, 110 3HAXOATHCS ITiJT JII€0
MEePiOIMYHNUX 30BHIIIHIX 30ypeHb, Ma€ BEJHMKE MPAaKTHYHE 1 TEOpEeTHYHE 3HaueHHs. BUKOHaHHS
i€l yMOBHM 3a0e3leuye €IuHICTh MEePiOJMYHOTO PO3B SI3Ky HE3aJICKHO Bij] IMOYATKOBUX YMOB.
3po3yMmisio, 110 BUKOHAHHA IIi€i BIACTUBOCTI 3a0e3leuye BIATBOPEHHSI TOTO PEXUMY, Ha SIKUN
pO3paxoBaHMii MPOEKTOBAHHWHA MPUCTPIH HE3ANEKHO Bil YMOB BMHKaHHs. s enexkTpoeHepre-
TUYHHUX CHCTEM, TaK camo SIK 1 Juis 6aratboX MPHUCTPOIB PaAioeTeKTPOHIKH, I BUMOTa € IMepIlo-
YeproBoro Ui 3a0e3neueHHs HaiifHOT poOoTH.

[TpoGieMy KOHBEPTEHTHOCTI JOCITIKYBAII Y 0ararbox podoTax 3 Teopii audepeHItisimpbHIX
PIBHSHB, Tak i B TeOpii HEMIHIMHUX €IEKTPUUHUX Kill. BinMiTumo HaiiBakimBimi 3 Hux [1-3].

Hwxue 3arponoHoOBaHO KpUTEPil KOHBEPTEHTHOCTI IS CUCTEM JPYroro MOPSAKY, SKHA Ha
JYMKY aBTOPIB MO>KHA MOIIUPIOBATH HA CKJIAIHIII BUITAIKH.

PosrnsiHemo cucremy

2
d—;‘+ 25X f ()= F(1), F(t+T)= K1) (1)
dt dt
Hexaii Bigomo, mo (1) mae nepioguunnii poss’ a30k X(t), ms sxoro X(t+T) = X(t).
[Mpunycrumo, o icuye apyruii T-nepioguunuii po3s’ 3ok X(t). [TozHaunmo

y(t) = X(t) - X(1),
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ska Tex € T-nepioguunoro pynkuiero. Toai mudepeHitiitne piBHIHHS BiTHOCHO y(t) Mae BUTIISY
2
%+25%+ [f&+y)-fX)]=0. )
Skmro f(X) nudepennirioBana GyHKIis, TO 3TiHO 3 TeopeMoro Jlarpamxka
f(X+y)-f(X) =" (X +0(X(1)y)y,
ne 0<0(x(t))<1 e Takox NepioOAUIHOIO PYHKITIETO.
[To3naunmo
o(t) = £(X(t) + 6(X(1)) - y(1)).
Toni, hopmanbHO MpeacTaBUMO (2) y BHTJISAII JIHIHHOTO PIBHSAHHS 3 TIEPIOJMYHO 3MIHHUMH
KoedimieHTaMu
¥+20y+o(t)y=0. (3
Sxmo (3) Mae acCUMNOTOTHYHO CTIHKMH CTaH pPIBHOBAaru, TO NMEPIOJAMYHI PO3B’SI3KH X Ta
X 30irarotbcsi, T00TO (1) Mae e€quHUN TEPIOJUYHUN PO3B’A30K. 3PO3yMIJIO, IO ISl JOBLIBHOT
GbyHKIiT @(t) e HEeMOXJIMBO HAaBITH JUJIS AY)KE BEJIMKUX 3HaueHb 3aracaHHs 0. Tomy crnpoOyemo

HAKJIacTH TeBHI oOMexkeHHs Ha f(X), Mg SKMX MOKHA JOBECTH aCHMMIITOTHYHY CTIMKIiCTh (3).
I[Tepenycim, npuiiMaeMo 3BMYaiiHe 3a TaKuX 00CTAaBMH NMPUITYIIEHHs, o f'(x) >0 mis Beix X. e

03Hauae, mo ((t) HE3aJIeKHO BiJl 3aKOHY 3MiHU X(t), € CTPOTO JOJATHOIO.
SAxmo Bigomo, 1o (1) € TUCUIAaTHBHOI CHCTEMOIO, TO Ha MEPiodHI po3B’ si3ku X(t)1 X(t)
MO>KHA HAKJIaCTH OOMEKEHHS, 3BaKar0Yl Ha pO3MIpH 00JIacTi TUCUITATUBHOCTI
X(D)|<c, [x(b)|<c.
Toni qns @(¢) Oyne cpaBeUTUBIM OOMEKEHHS

o(t) <M?, 1e M? = max(f’(x)), (

x| < 2¢). (4)

Topni gocTaTHS yMOBa aCHMITOTHYHOT CTIHKOCTI (3) 3BOAMTHCS A0 HepiBHOCTI: O > M [1].
Y ToMy BHWIQJKY, KOJIM IIi yMOBa HE BHUKOHYETHCS, MOYKHA CKOPHCTATHUCh YMOBOIO
ACHUMITOTHYHOI CTiiKoCTI [4]

T

1 45

— t)ydt<——. 5

T E')‘ o) T- thdT ®)
{06 HamaTu mbOMY BUpPA3y OUTBIN 3pO3yMiIHAN (iI3MYHUN 3MICT, BBEAEMO IOHSTTS IPO

T
1
CepeHE 3HAUEHHS BJIACHOI YaCTOTH mﬁ = ?J.(p(t)dt .

0
Jlanmi BUKOPHUCTOBYIOUM 3HAUEHHSI YaCTOTH 30BHINIHBOTO CUTHANY ® = 27/T, mpeacTaBumMo
(5) y Burmami
1 1
T [ '
\/-th2n5/ 0
21d

(6)

) : . o .
VY tomy BUnNaaKy, Koqu 2m— << 1, 3aMIHUBIIM TinepOOJIYHUI TaHT'€HC HOro apryMeHTOM
(O]

MPUXOUMO JIO BITOMOTO KPUTEPitO cTilikocTi JIsmyHOBa

O 1

w T
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SIKIIO CKOpUCTATUCh HAOIMKEHUM 3HAYEHHSM TiNepOOIIYHOrO TAaHTeHCA 3 BpaxyBaHHSIM
MaJIUX TPETHOTO MOPSAAKY MaOCTI

3
o

that = o0 ——,
3

yMmoBa (6) HaOy/e BUTIISAY

(7)

[Ipote st MEHmIUX 3HA4YeHb ®, TOOTO JJIT 30H HECTIMKOCTi, IO pPO3TAIIOBaHI IpaBilie
MepIIoi 30HU HECTIHKOCTI, 3HAUEHHS O, 10 BUIUIUBAIOTH 3 (7), CTAIOTh HEE(PEKTUBHUMU.

3 ¢i3uuHUX MIpKyBaHb I€W pEe3yNbTAT 3Ma€ThCS HEPOZYMHUM, TOMY IO TPH MaJIUX
3HAYEHHSIX YacTOTH 3MIHM TapaMeTpiB cHUCTeMa HaONMKAeThCS 10 TaKoi, siIka Ma€ TMOCTIHHI
napameTpH, fKa € CTIHKOIO.

Tomy JOLIIBHO PO3MIISIHYTH 3a/lady MPO 3HAXOJDKEHHs Hairipmoi ¢popmu kpuBoi @(t) npu
(dikcoBaHOMY MaKCHMaJIbHOMY 3HadyeHH1 0 <(p(t)SM2 3 TOTJIAY BUHUKHEHHS HECTIHKOCTI 1
OLIIHUTHU 3HAYCHHS Oy, BUIIE KOO HECTIHKICTb € HEMOKIIMBOIO.

3 mi€ero MeToro 3anumemMo (3) y BUIIIsIi

428y + M2@(t)y =0, (33)
NpU4YoOMy
O<o()<1l o(t+T) =01, T=2n0,

ne ¢(t) 3a10BOJIbHSIE YMOBY
1 T
T g P(t)dt =1.
Vv ObOMY BUIIAAKY 3HAYCHHS M2 BH3HAYA€THCA 3 YMOBH

T
2 = —
M? = o,
0
TOOTO TonepeaHst yMoBa (4), 6€3 CyMHIBY BUKOHY€ETBHCS.
Beenemo 6e3po3mipHumii uac =Mt

Toni (3a) HaOyBa€e BUTIIS LY
2
H+2Bd_y+6£ :0’ B:i
de? o (M M

. _{ © ) . . . _ )
Tom ﬁ € TepioguuHOr0 (YHKIEK, dYacToTa sKoi mopiBHIOE v = ®/M. 3rigHo 3

HONEpeHIM 3ayBa)KCHHAM Tpeda BU3HAUMTH P, BUIIE SKOTO MapaMeTpUuHe 30yIKEHHS CTae
HEMOXJIMBUM TSI SIK 3aBTOJIHO MAJIMX 3HAUEHb (.
3 miero MeToro OyB BUKOHAHHMI YHCIOBUI PO3paxyHOK 00IaCTe HECTIMKOCTI IS PIBHSIHHS
Marbe (3 3aracaHHsM):
y+2By+(1+cosvO)y=0.
VY pe3ynbTaTi BCTAaHOBJICHO, IO TTPH V<2
Bp=0,13v, abo 6,=0,13vM.
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Leit pe3ynbraT CBIIYUTH MPO TE, MIO 31 3MEHIIECHHIM V KPUTUYHE 3HAUCHHS 3aracaHHs O
crajae JiHiiHo 3 v. SIkio BpaxyBartu, mo v = o/M, maemo
dp= 0,130, (8)
TOOTO OKp BHU3HAYAETHCS TITBKM YAaCTOTOK 30BHINMHBOTO CHUTHAY 1 HE 3aJEKUTh BiJ] MaKCH-
MaJIBHOTO 3HaYeHHS M MEepioIUIHOTO PO3B’A3KY, EAMHICTH SKOTO HAMAaraéMoCh BCTAHOBUTH.
3p0o3yMiJio, 110 HEOOXiHO BCTAHOBUTH HANOIIBII CIPUATIMBHN 3aK0H 3MiHU (1) 3 mOrIsIy
BUHUKHEHHS MapaMEeTPUYHOTO 30y KEHHS.

3 mier0 MeTOoK OyB 3pOOJICHHI MOUIYK YMCIOBUM METOJOM “‘Hairipmioi” ¢yHkuii ¢(t), ska
IpH 3rajjaHuX OOMEXEHHSX Ja€ HAaHOUIbIe 3HAYCHHS MYJIbTUIUTIKATOPIB JUISI MATPHIIL MOHOJIPO-
Mii piBHSHHS Xi/1a

y+o(t)y=0.

@ynukuis ¢(t) Oyna auckpernszoBana (100 Todyok Ha mepioai 27) 1 3a Pi3HHX MOYATKOBHX
YMOB METOJIOM HAWIIBUIIOTO CITyCKY Oyia 3HaiiieHa QyHKIIisl, KOTpa J1a€ MaKCUMaJIbHI 3HAYCHHS
MYJIBTHILTIKATOPIB JUIS MaTpHIi MOHOApoMii. Y Bcix Bumaakax (GyHKitis @(t) micias 3aKkiHYeHHs
poboTu MeToay Habupana GopMH IPAMOKYTHUKA, PUYOMY MaKCHUMAaJIbHE 1 MiHIMaJIbHE 3HAUYCHHS
BCTAHOBITIOBAIACS HA TOMY PiBHI, Jie 6yI10 BcTaHOBIeHO o6Mexkerns (0 i M? BimoBixHo).

Jlotst i€l pyHKITT KpUTHYHE 3HAYSHHS O BUSBHJIOCH 3HAUHO OLIBIINM 3a Te, 1110 J1ae popmysa (8)

O = 0.05 + 0.50.

3 (i3u4HOr0 MOy IIe € 3pO3yMUIUM, TOMY IO NPAMOKYTHA (yHKIis @(t) MICTUTD BHUIII
TapMOHIKH, SIKi CIIPHUSIOTH BUHUKHEHHIO MTapaMeTPUIHOTO 30y KCHHSI.

Ha pucyHky 3 BpaxyBaHHSIM OTPHMaHUX CITiBBiJHOLIEHb MOOYI0BaHA 3aJIEKHICTD Oxp = f(T),
ne T — nepiox 30BHimHBOro 30ymkenus. J[o Touku T = 2/M, 3rigHo 3 kpurepiem JIsmyHoBa, O, = O,
mani 3rigHo 3 (7) O« 3pocTae m0 3HaueHHs HabmwkeHo piBHoro 0.85M, motim BinOyBaeThes
MaiHHA Oy 3@ TiMepOOTIYHIM 3aKOHOM, SIKHH 3TiHO 3 (9) He 3anexuTh Bix M :

8p=0,05 + 3,14/T.

2

3anesxcnicmo Oy = f(T)

OTpumani yMOBH 3a0e3NeUylOTh €IWHICTh MEPIOUYHOTO PEXKHUMY OCHOBHOI YacCTOTH.
CyOrapMoHIYHI KOJIMBAaHHS € HEMOXJIMBUMHU TOMY, IIIO BOHU iCHYIOTHh B N pi3HUX Moaudikarisx,
3MinteHux 1o ¢asi Ha kyt 21/N, 1e N — mops0k cyOrapMOHIYHUX KOJHBAHb.
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JI1st pO3TIISTHYTO1 CHCTEMH KBa3iNepioAndHi KOJMBAHHS TaKOXK € HEMOXKIUBUMU. [le BUTLIIH-
Ba€ 3 TOTO, IO PIBHSHHS KOJIa, SIKIIO 3alIUCAaTH HOT0 y BUIJIS/II CHCTEMH TPETHOTO MOPSIIKY

—d_x_
a

<((11_}t, =—f(x)-20y +F(z), 9
dz _,

| dt

xapakrepue tum, 1o div f(X,y, z) =-20 He 3mintoe 3naka. Tyt f(X, Y, Z) — e Bekrop-QyHKIIis
npaBoi yacTuHM (8). Y bOMY BUTIAJKY, K BIJIOMO, CyOrapMOHIUHI KOJIMBaHHS € HEMOKJIUBUMH.

3anumraeTbes TUTBKU MATAHHS PO MOXKIIUBICTh ICHYBaHHS XaOTHYHUX pyxiB. Ha *kaib, TyT
MPOCTHUX KPUTEPIiB HE iICHYE, TOMY 115 TpoOIeMa 3aIUIIAE€THCS HE BUPILICHOIO.
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The purpose of this paper is to present the principles of symmetrization of a
system supplied from three-phase periodic nonsinusoidal voltage source with
asymmetrical phase impedance. Symmetrization of the system is achieved by means of
connection of the symmetrization system composed of LC two-terminal networks.
Their structure will be determined as a result of proper synthesis process [1, 2, 4]. In
the paper, the system including three-phase asymmetrical star connected load (Fig. 2)
has been taken into account. It is assumed that voltage sour ce has the inner asymmetry

impedance, i.e: A Z.h # Zipn # Zoon @nd asymmetrical load is described by non-
h

singular full matrix of admittance Yy, for the considered har monics. If the system works
without symmetrization its line currents i,,i,,i, are asymmetrical. With the proper

symmetrization network currents become symmetrical and their RMS values and
active power on source impedances become lower, but the source generates the active



