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Pestome: V' cmammi posenamymo memoo OYiHKU ACUMUMOMUYHOL CMIUKOCMI JIHIHUX NAPAMEMPUYHUX Kil
YACMOMHUM CUMBOTIbHUM MemoooM. Memoo nonsecae y 3amini y xpumepii cmitikocmi HeobXiOHo20 GopmysanHs
oivacmomHoi nepedaganvbHoi GyHKYii Koia HA OpMYBaAHHA HOPMATLHOI napamempuyHoi nepedasanvHoi QyHKyii tioeo
iHepyitinoi wacmunu. Lle npusooums 0o cymmesoco cnpoujeHHs: Memody OYiHKU CMiluKoCmi.

Kuio4oBi cinoBa: ninitini napamempuyni Kona, oyiHka ACUMRMOMU4HOT CMItiIkocmi, CUMBONbHUL AHATI3.

FREQUENCY SYMBOLIC METHOD OF ASSESSMENT OF ASYMPTOTIC
STABILITY OF LINEAR TIME-VARIABLE CIRCUITS
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Abstract: The method of assessment of asymptotic stability of linear time-variable circuits by frequency symbolic
approach is considered in this paper. The method consists of the replacing in criteria of stability the necessity of
formation of bifrequency transfer function of circuit on the formation of a normal parametric transfer function in its
inertial part. This leads to significant simplification of the method of assessment of a stability.
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BCTYN napamMeTpu4He  KOJO  BiAHOCHO  CHPSDKEHOI
nepenaBanbHoi  Qyukuii  W(s,t) y wacrorHiii

V¥ [1] po3riIgHYTO YaCTOTHHH CHMBOJEHUNA METO. ]
obumacri [3]:

(UC-meTon) aHamizy JNiHIHUX TapaMeTPUIHUX KiJ 3
NepioANYHO  3MIHHMMH  IIapaMeTpaMu,  SIKHA
OCHOBaHMH Ha Mu(epeHIliaTbHOMy PpiBHAHHI, IO 1 d"A(s,t) d "W(S,t)+ +dA(s,t) dW(s,t) N

OB’ SI3y€ BXITHUH X Ta BUXITHUH ) CHUTHAIIH: nl ds" dr" ds dt )

+A(s, 0 )W (s,t)=B(s,1)

4,0 + s a @y say=
=b (t)x(m) +..+b, (t)x(l) +by(1)x ’ e sS=jw- KOMILIEKCHA 3MIHHA,
A(s,t) =a,(t)s" +...+ a,(t)s +a, (1),
ne a;,(t), b;(t) —sinomi pificui dymkuii vacy, mo B(s,t) = b, (1)s™ + .t by (t)s + by (). Y mupasi

BU3HAUeHI 3a 3agaHuM KonoM. PiBasaaHa (1)

BH3HauYae MUdepeHIlialbHe DPIBHSIHHSA, IO OIUCYE (3)  ampokcumanis W (s,t)  mapamerpudHoi
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bykumii - W(s,t) 'y Burmsm
TPUTOHOMETPUYHOTO  KOMIUIEKCHOTO

BH3HavaeThes 3rigHo YC-merony:

nepeaaBalibHOL

[oJIiIHOMA

A ~ k| W_(s)exp(—jiQt)+
VDO Ly (s)exptejican) |

sKa MICTUTh K TapMOHIYHMX CKJIAQJOBHX 1 3B’s3y€

Bximamit X (s) Ta Buximamit Y (s,f) curHamm
3aJIaHOTO KOJIa y YaCTOTHi# 00J1acTi:
A
Y(s,0) =W(s,0)- X(s), (4)

ne £2- OCHOBHAa 4YacTOTa 3MiHM Iapamerpa
MapaMeTPUYHOTO eIeMEHTa (BBaXa€ThCs, IO Y KO
onmuH mapameTpu4yHuid enemeHT). UYC-meronm €
CHMBOJIBHUH, OCKIIBKHM 3MIHHI §, [ Ta JesKi
rapaMeTpH Kojia MOXKYTh OyTH 3ajlaHi CHMBOJIAMHU.

Sk BuTiKae 3 [2], YaCTOTHUHA CUMBOJBHHUH METOX
aHaji3y JiHIMHUX MapaMeTpUYHUX Kil MOxe OyTH
JOCTAaTHHO TIPOCTO 3aCTOCOBAHMUW [UIS  OI[IHKA
ACUMIITOTHYHOI CTIHKOCTI TakuX KiJl. [lpm 1mpomy
3pYyYHO KOPHCTYBATHUCHh KPUTEPIEM CTIMKOCTI, SIKUI
3a HACTYITHUX MO3HAYEHb

a) wt,£)- BIATYK y dYaci [ JHIAHOTO
napaMeTpUYHOr0 Kojla MpH MAil Ha HOro BXOMIl
JeNbTa-IMIyJIbCy, MOJAHOTO Yy MOMEHT uyacy &
(iMmysTbCcHA TIepenaBasibHa (DYHKITIS KOJIa);

0) W(s,r) —  OigacToTHa  MapaMeTpUYHa
nepenaBanbHa  QyHKOis  [3] xoma 3 aBOMa
KOMIUIEKCHAMH 3MIHHUMHU s=o0+ jo Ta r=p+jp,
10 BM3HAYEHA ITOJIBIHUM IMepeTBOpeHHsM Jlarmaca
GyHKRUT w(t,&),

(hopMyItOETBCS HACTYMHUM 4YHHOM[3]: miHiliHE

[apaMeTpUYHE KOJO € CTifiKe ACHMITOTHYHO
(0 < & < o), stkmio inTerpan
[ [[w(e.&)\ded& 5)
00

abconmoTHO 30iraeTbes. lle BuMarae BH3HAYCHHS
BCIX  MOpYyIIEHb  aQHAIITHYHOCTI  OI4acTOTHOI
nepenasanbhoi Qynkuii W(s,r) na mwiommHi po
Ta TOOyIOBM Ha I OCHOBI Tak 3BaHOI
XapakTepucTHKU 30DkHOCTI P = y(0) Ta obmacti

D, [3,4]. Sxmo oGmacte D, MicTUTH BCepeauHi

cebe Toukn o0 <0, TO KOO 3 TaKkomw

XapaKTepUCTHKOID P = ¥(0) € acHuMOTOTHYHO

CTIHKUM.

1. 3SAMIHA Y KPUTEPII CTIMKOCTI
BIYACTOTHOI NEPEOABAJIBHOI
®YHKUII HOPMAJIbHOIO
NMAPAMETPUYHOIO NEPEOABAJIBHOIO
®YHKUIEIO

Y [2] 3sramaHo, mo Yy KpuTepii CTIHKOCTi
BU3HAUYCHHs XapaKTEPUCTUKH 30DKHOCTI P = y(0)
Gynkuii  W(s,r)
BU3HAYCHHSIM KOPCHIB Tak 3BaHOI HOPMAJbHOT
nmapaMeTpu4yHoi mepefaBanbHOI  (QYHKINT  Kona
W(s,&). Bakaemo 1eii (akT  JI0CTATHBO
BOKJIMBUM 1 KOPHCHHM, OCKUIBKM BH3HAYCHHS
Gynkuii - W(s,&) Ta 1i KOpeHiB € CyTTEBO
MPOCTIMAMHU, HIK TOMIYK OidacToTHOI (QyHKIIT
W(s,r) xoma Ta ¢opMmyBaHHsS Ui  Hel

XapakTepUCTHKH 301kHOCTI P = y(0). dakr Takoi

MOXe  OyTH  3aMiHEHe

3aMiHM 11 IOOYIOBH METOAY OITIHKH CTIMKOCTI €
NPUHLUIIOBO CYTTEBUM, TOMY, Ha Hally IyMKY,
BUMArae JOBECHHS, sSKE 1 MOaeMO Jalli.

3a ananoriero 3 (3) dyukuis W (s,&) gacrorHum
CUMBOJIbBHUM ME€TOJOM BHU3HAYAETBCA Yy BI/II‘HSII[i
anpoKCcUMaIlii TPUrOHOMETPUYHHM ITOJIIHOMOM:

W(Sa ‘):) = WO (S) + i WCi (S) COS(Z.Qé:) +

. , (6)
1| + W (s)sin(iQE)

ne Wy(s),W,(s),W,(s) — npoboBo-parioHanbHi
GyHKIIT KOMIUIEKCHOI 3MIHHOI § 3 OJHOKOBHM
3HaMeHHHKOM A(S) 3riHO YC-merony.
Armpokcumartiss (6) Moxke OyTH BUKOpHCTaHA IS
Bu3HaveHHss QyHkuii W (s,r)mo sxoi moxe OyTH
3aCTOCOBaHUHN KpuUTepid. s IbOTO BHKOPHUCTAEMO
nofany y [3] 3ayiexHiCTb:

W(s,r)= TW(S,g)e*rf dé. (7)
0

Takuii migxix [0 BU3HAYEHHS CTAOLIBHOCTI
BIIMIOBIIHO 70 KpHUTEPil0 € OOTPYHTOBAHHM,
OCKITBKM  BiH  OCHOBaHMH Ha  TOMY, IO
armpokcumaiss (6) ¢yukuii W (s,&) nmae mocutsb
MPOCTHI po3paxyHOK (7), HE Mar4u 3HAMEHHHKIB
3aJIeKHUX Bil & HA BiAMIHY BiI IHIIUX BiIOMHX
MmetoniB BusHauenHs W(s,r). Tak, y BuUIaaky

dynxuii W (s,$)
BU3HaueHHS  iHTerpaa  (7)
HACTYITHOTO BUPAa3y :

arpoKcuMartii BupazoM (6)

3BOAUTHECA IO
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W(s,r) =W, (S)Te—rf dé +
0

ST (5)] costQe e+ ()| sin@)e " dE)®)
=1 0 0

BpaxoByrouw, 1110 iHTErpanu 3 Bupasy (8):

& g _ - & g _
e ""dé=—,[cos(iQ&)e " dE = ,
{ 4 . { (iQ¢) g Q)
o0 'Q
sin(iQ&)e " déE = l—,
{ (#2e) ¢ r? +(iQ)?

OTPUMYEMO BHUpa3 I 0I9acTOTHOI TepenaBaIbHOL
($yHKLIT KoNa y BHTIISAL:

Wi(s,r)=W, (S)% +

: €)]
k Weils ;Z—FVVSI'(S)%]
i=1 ro + Q) r°+ Q)

VY Bupasi (9), 3riIHO KPUTEPIO ACUMIITOTUIHOI
CTIMKOCTi, HEOOXiIHO BH3HAYUTH BCi TOPYIIECHHS
AHANIITHYHOCTI, SKi  BU3HAYAIOTBCA  KOPEHSIMHU
3HAMEHHHUKA IHOTO BHpa3zy. 3 IOTO X BUpasy (9)
BHTIKa€, IO HOTO 3HAMEHHUK, SKHW ITO3HAYHMO
yepes A(s,7) MOKEMO 3alrcaTH Y BUTIISII:

A(s,7)=A(s)-r- lﬁl(r2 + (iQ)Z)

i=1

(10)

Burmsn Bupazy (10) mepekoHye, 110 MHOXXHHA
kopeHiB Bupaszy A(S,7) CKIamaeTbCsi 3 MHOXKHHH

W(s,&) ta

kopeHiB mosiHoma A(s) yHKIi
KOPEHIB:

1o =01, =HQrs s =H2Q,..., 1y o =HKQ.(11)

Ockinbku AilicHi yacThHU BCix KopeHiB y (11) €
HYJbOBI, TO Ha IUIONIMHI OO BOHH OYIyTh

MpeCcTaBIeH] HaKIIaJICHUMHU OJJHA Ha OJIHY MPSIMUMH
JMHIIMH, I0O0 3IHBAIOTBCA 3 Biccro o . JlikicHi
4acTHHH KOpeHiB mojiiHomy A(s)3 (6) y miomusi
PO OynyTh TpeACTaBICHI TNPSIMHUMH JTiHISIMH,
nmapanelbHUMH OCi O SKi NEepeTHHAIOTh BiCh O
yepe3  3HAYCHHS  JIHCHOI YacTHHH  KOpEHS.

Xapaktepuctuka 30ikHOCTI P = Y(0) y ubOMY

BUTNIAJKy OyJie MaTH BHTIISI MPSIMOTO KyTa, OJHA
CTOpPOHA SKOTO JIXKHTh HAa OCi ¢ IHIIA — Ha
BEpTUKAJbBHI JIiHii, 1110 BigmoBigae kopeHo A(s) 3
HAWOUIBIIO JIMCHOK 4YacTHHOK, Ta BepIlWHA
pO3TalIoBaHa y TOYIN, A€ IS JIiHIS MEPETUHAE BiCh
o . IloOynoBaHuii TakuM YWHOM TPSIMUN KYT
MaKCHMAJIbHO BKJIIOUAE€ BEPXHIW NMpaBUil KBaJpaHT
IIONIMHN PO 4UM 1 yTBOproe obmacts D, .
OueBUaHO, MO Y TAaKOMY BHIIAJKy O0IacTh D1 HE
BKJIFOUae Toukd 3 O < (0 Ta: a) BKIIOYAE TOYKU 3
0 <0, skmo HaibinbIa gificHa 9YacTHHA Ccepen
IiHCHUX 9acTUH ycix kopeHiB A(S) Bix’emna, aGo
6) He Bkiroyae ToYkM 3 O < (0, sKkmo HaibinbIa
JIiiCHA YaCTHHA cepell NiCHUX YaCTHUH yCiX KOPEHIiB
A(s) piBHa Hymo uu jgomarHa. O4eBHAHO, WO Y
BUTIAJIKY (@) KOJIO CTilike, y BUMAAKy (0) — HecTiiike.
Buxomsun 3 cmocoOy mnoOymosu obmacti D, i
MOTIepeIHIX MipKyBaHb MOXHA 3pOOUTH BHCHOBOK:

anpoxcumayisi Vf/(s,t) y eu2na0i (6) 3600umo

npobiemMy OYIHKU ACUMNMOMUYHOL CMIUKOCMI Koud
3 ananizy xapaxmepucmuku 36ixcnocmi p = y(0)

Gyuxyii. W(s,r) 0o 36uuaiinozo 3naxo0xncenus

HatOinbutol OiticHoi yacmunu ceped OTUCHUX YACMUH
ycix xopenie snamennuxa A(S) Hopmaneroi gynryii
nepedaui xona W(s,&)[5].

HaBeneHuil BUCHOBOK OTpUMaHUH AJi1 BUIAAKY
arpoKcUMarlii HopMalabHOI TepenaBaabHOl (PYyHKIIIT
W(s,&) TtpuronomerpuunuMm mojinomom (6). 3
IHIIOTO OOKY SIK MOKa3aHOo y [6], MO0 3 TOYKH 30py
e(DeKTUBHOCTI YaCTOTHOTO CHMBOJBHOTO METOIY
anpoKcuMallis GyHKIT W(s,&)
TPUTOHOMETPUIHUM €KCITOHEHI[IATbHUM TTOJIIHOMOM

. ~ k [W_.(s)-exp(—jiQ&) +
W(s,8)=Wy(s)+ §+ W.(5)-exp(h i) (12)

y TOpPIiBHSHHI 3 TPUTOHOMETPHUYHHM psiioM (6) €
HabaraTo MpUBaOIMBIMIA i JO3BOJSE PO3B’SI3yBAaTH
3aa4i CYTTEBO BHIIUX MOPSIKIB CKIagHOCTI. Y
Bupasi (12) W, (s),W_;(s),W,;(s)He3anexui Bix
yacy ¢ npoOoBo-pamioHanbHi (QyHKIIi KOMIUIEKCHOT
3MIHHOI § IIO 3TiJHO YacTOTHOTO CHMBOJIBHOTO
METOJy MaroTh OJHAKOBHUU 3HAMEHHHWK, SKHH Iai
nosxauatumemo depe3 A(s). Takuii daxr, miiicHo,
Mae Micie, xoya, 34aBaliock Ou, 1o ¢dopma
MOJIIHOMa HE Ma€ CYTTEBO BIUIMBATH Ha Xim i
0cO0IMBOCTI  OOYHCITIOBATIBHOTO IpoIecy. Takum
ypHOM, sKIo oOumcnenHs W (s, <) nouinbHime
MPOBOJIUTH 3a anpokcumarieio (12) To W BHHHKae
HEOOXIJHICTh  MEPEeBIpUTH  MOXJIMBOCTI  IIi€i
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ampoKcUMarlii 'y 3amadax OIIHKA aCHMOTOTHIHOL
CTIMKOCTI JIHIHHMX TapaMeTPUYHUX KT MpH iX
aHaJi31 YaCTOTHUM CHUMBOJIBHUM METOJIOM.

IlepeBipumMo 1le Ha TijAcCTaBi  HaBEIEHHX
MipKyBaHb. TakoXk MOXEMO CIIOCTepiraTtd, IO
3B'SI30K Ap0OOBO-panioHanbHUX QyHKLiH (6) Ta (12)
MAa€ BUTTISN

Wo(s) = 2Woq (), W_(s)=W_ (s)+ W
= jW(s)-w, ()}

TO, OYEBUIHO, IO TMPU OJHAKOBHX Kk iX BiIMOBIIHI
sHameHHHKH A, (s) Ta A,(s) piBHi. [To3HaunMoO ix
gepe3 A(s).

@ynkigis W (s,r) moxe OyTH 3HalijieHa 3 BUpa3y
(7) npu anpoxcumarii Gpyuxuii W (s, &) psgom (12).

W(sr)=W,, (s)of e S +

(13)
S, (s)J Y S A (s)j eI ]
=1
BpaxoBytoun, 110:
SAT S ey 01 L +JZQ§ e _
(j)e % r’('[e e = Z’Q'[ &= —]zQ

OTPUMYEMO BHpa3 st 0I4aCTOTHOI MepenaBaibHOT
(hyHKIIT KoNa y BUTIISAI:

W s5.1) = Wey(5) -+

| L (14)

W () ——=]

k 1
+ w_.
,;[ _I(S)r-ir r— jiQ

VY Bupasi (14), 3rifHO KPUTEPiII0 aCHMITOTHYHOT
cTilikocTi [4], HEOOXiHO BU3HAYUTH BCi ITOPYIIEHHS
AHAJITUYHOCTI, SKI BU3HAYAIOTHCS KOPEHSIMHU HOTO
3HaMEeHHUKa. 3 1bOro X BUpasy (14) Burikae, 10
HOro 3HAMEHHHK, MOJKEMO 3aITHCaTH Y BUIJISIL:

A(s,r) = A(s)-r-ﬁ[(r—ji!))-(r+ji[2)] (15)

i=1

1o piBae Bupasy mwist A(s,r)y (8). PiBHicTs Bupasis
(10) ta (15) mokasye piBHICTh IXHIX KOpEHIB.
PiBHICTH KOpEHIB OILIHIOETbCA I 3HAMEHHHKIB

MON SO

A(s,r)

W(s,r) ski Bu3HaueHi mpu ampokcumaii (6) Ta

0iyacTOTHUX TmapelaBadbHUX (QYHKIIH

(12) o3Hauae, MmO BCi BHCHOBKH, 3pOOJieHI B
MEepPIIOMY BHIQJKY TaKOX MiAXOJHUTh IS JPYTOTO.
Hapemri, MU MOXXeMO 3pOOHTH [Iy’Ke Ba)KITUBHIMA
BHCHOBOK, SIKHI TiIXOIUTH JJIsi 000X arpoKCUMAIlii

bynkuii W (s,&): anpokcumayis gynxyii Vf/(s,f)
suensidi  mpueoHomempuurnozo  (6) Yy
MPULOHOMEMPUYHO20 KOMNAeKCHO20 (12) noninoma
3600ums  npobnemy  OYIHKU — ACUMAIMOMUYHOT
cmilikocmi  Kola 8i0 aManizy Xapakxmepucmuxy
s6incnocmi  p = y(o) Gyuxkyii  W(s,r) oo
36UHALIHO20  3HAXOOXMCEeHHA  Haubinbwioi  OiticHoi
ygcmunu  ceped  ycix  OMUCHUX  8CIX KOpeHig
snamennuxka  A(S) Hopmanvnoi  gynkyii  nepedaui

kona W(s,&). Ha dooamok 00 ybo2o Onsi OyinKu
ACUMRIMOMUYHOT cmitxocmi JUHITIHO20
naApamempuiHo2o Koia, 32i0H0 Kpumepiio 2 6yoe
00CMAmMHbO: @) 3HAUMU HOPMAIbHY NepeddsaibHy
pyuxyio W(s,&) yvoeo kona YC-memooom y

8U2NA0I MpUcOHOMempuuHo20 noainoma (6) wu (12);
b) smaumu xopeni smamennuxa A(S) Gyuryii

W(s5.8):
A(S)  Hassnicmo

0o0amuolo  OiicHumMu yacmunamu. AHxwo maxi
KOpeHI ICHYIoOmb, MO KOA0 HeCmilike, SIKWO Hi — mo
KOJIO CMilKe aCUMRMOMUYHO.

¢) eusHauumMu ceped KOpeHi@ MNOATHOMY

KOpeHi@ 3 HY1b08010 a0

2. 3AMIHA Y KPUTEPIi CTINKOCTI
HOPMAIIbHOI NEPEOABAIBHOI
®YHKUIT KONTA HOPMATBbHOIO
NEPEOABAJIbHOIO ®YHKLIEIO NOIO
IHEPLUINHOI YACTUHMU

HopmaneHa  mapameTpu4Ha  IepefaBalibHA
¢yHKis diHiliHOrO Mapamerpuunoro kona W(s,&)
3a3BMYail  BU3HAYAETHCS 3 JTU(EPEHIIATBHOTO
piBHsiHHS (1), IO OMUCYe KOJIO, 3a HACTYMHOIO
3anmexHicTIo [3]:

W(s,&) = Z( N ld”f :¢) djij $),

(16)

y skt G(s,&) -
mepenaBaibHa  (hyHKINS iHEpIiiHOT [3] wacTHHH
xona; B(s,&) e noninom

HOpMaJbHa TapamMeTpUYHa

B(s,&) =B, (&) +B,(E)s+B,()s* +.. +B, (E)s™ (17)

3 koediuienramu B (&) = By (&, q),

159



Opiu llanosanos, boeoan Manosiii, [apis Cmane / Komn tomune, 2012, mom 11, eunyck 2, 156-165

B.(&)=B/(¢,q), wo BusHauewi 3a popmynamu

m d*b
By(£,9) = By($) = 2(—1)" —dg,fé) L
1d'[By(&.9)] _ d
B, ) [ AL B2 By
9 =CD'S pra b

Ipu gomy mpucyths y (16) dynkuis G(s,&)
BH3HAYAETHCSA 3 PiBHAHHS [3]:

X 1d°A(s,&) d*G(s,&)
K dsk der

f -1, o)

y sxkomy A(s,&) CBOEKO 4EProro, € MOJiHOM

A5, )= Ay (E)+ A4 (O)s+ Ay (E)s” +.. + 4, (Hs" (21)

3 xoedinienramu  4(8)=4,(&,q), A4(E)=4(q),

10 BU3HAYAIOTHCS 32 hopMyTaaMu

4,(&,q) = 4,(S) :i(_l)k%

ld [4,(S.)] _ d (23)
dq' 4 dé

, (22)

4(s,q) = (= 1)

3 dopmyn (20) — (23) BuTikae, MO QYHKIIA
G(s,&) BusHauaethess  KoedimieHTamMu  JHBOT
yactiHM piBHsAHHS (1), 1m0 omucye JtiHiliHE
napaMmerpuyHe komo, a 3 dopmyn (16) — (19)
BuTikae, mo Qyukuis W(s,&) nepepaxoByeThes 3
oyukuii  G(s,&)3a

npaBoi yactuuu pisasaus (1). Ak dyskuis G(s,E),

JOMOMOT010  Koe(ilieHTiB

tak i Gynkiis W (s,&), 3a 4aCTOTHAM CHMBOJIBHIM

METOJIOM iX BHU3HAYEHHS € JIPOOOBO-paIliOHATLHIMHU
(hyHKITISIMA KOMIUTEKCHOT 3MIHHOT § .

[poimoctpyemo Bukopucranus Qopmyn (16) —
(19) na mpukmani AESKOT0 MapaMeTpPUYHOrO KoJja,
sike 3a aHanoriero 3 (1) omucane mudepeHIiaTbHIM
PIBHSHHSIM, HEXal, TPETHOTO TIOPSIIKY:

a;(O)y" +a,(@)y"+a,(t)y" +ay(t)y :‘ (24)

= b, (1)x" + by ()x' + by (£)x.

Bamintoroun y piBasHai (24) ¢t wa & Ta

3aCTOCOBYIOUH 10 Bupazu (18), (19)

OTPHUMAEMO:

HBOTO

d*p
By(érq) = Bo@—Z( e L0e)

by (5) d’by($) _
dg dé?

=b0(r§)—b1(§)q+b2(§)q2

=by (&)~ . (29)

e
B0 =(D'T Ocjj D _p (&)~ 26y (9)q.
By(Erq) = (1)21“—(5‘”—15(5)

dq’

3 Bupasis (17), (25) maemo:

by (S) d’b, (&)
dg dg?

=275 + by (&)s”

B(s,5) =[by(s) - 1+

222327 2(6)
dg

(26)
+[b, (&) -

3 Bupazis (16) Ta (26) ocTaTOYHO OTPUMAEMO:

dlB(s,0)] dG(s.6)
ds

W(s,&)=B(s,5)-Gls, )~

dé
) @7
L d[B6,8)) d°GGs. ) _
2 ds? dé?
dh@) a1y B
O+ o IO
d({sé‘)

WAL G OO~ 2”2(? 2100

d'Gls, &)
a2

3BepHYBIIM yBary Ha Bupa3 (27) 3 TOYKH 30py
HONIOCiB ApoGoBo-pamioHansaux (ynkuiit W (s, &)

+by($):

ta G(5,&) pobUMO HACTYIIHI 3ayBaKCHHS:

e K BIJIOMO, TIONIOCH APOOOBO-paIioHATHHOL
(GYHKIIT BH3HAYAIOTHCS TINBKH KOPEHSAMH  ii
3HAMEHHUKA;

e y piBHAHHI (27) 3HAMEHHHMKH MPUCYTHI TUIBKH Y

d'G(s,
G(s.) a LOE:0)
d¢'
BIJICYTHI y IHIINX WIEHAX LOTO PiBHSHHS;

e udepeHIliroBaHH JpoOOBO-paIlioHATBHOT

G(s.) y %;5)

supazax W (s,&),

¢byHKIit qJIeHaxX
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BiOyBa€eThCs TiIBKHM 1O 3MiHHIE &, ToMy 3a
anpOKCUMAIIIE0 ii,

TPUTOHOMETPUIHHUM ITOIIHOMOM

HaTpUKIaI,

G(s5,8) = Gy(s)+ 2

i=1

{ i (5)cos(iQE) 1 28
+ G, (5)sin(iQ¢)

e 0=
T

, T - mepion 3MiHM TapaMeTPUYHOTO

. d'G(s,)
CJIICMCHTA KOJIa, ITIOX1/IH1 - MAarOThb BUTJIAL
dg

M_ k ch(S)[cos(iQ@](U n
d&! =+ Gy (s)[sin(iQ&) P

1 TOMy MalOTh TaKW{d K€ 3HAMECHHHK, IO I
¢oyukuis G(s,&) (MoKHA MOKa3aTH, IO JaHe
TBEPKEHHsI CIPABEUIMBE 1 [UIsl 3arajibHOro
BUTTLINY JudepeHmiansaoro pisusaaa (1), a
TakoXK 3a anpokcumanicro ¢yskuii G(s,$)
TPUTOHOMETPUYHUM KOMIUICKCHUM TIOJIHOMOM);
® TAaKUM YMHOM 3HaMeHHWK y (ynkiisx G(s,$),

aﬂLS;QZ) ta W(s,&) y Bupasax (27) ta (16)

OTHAKOBHUH.
3riIHO HaBENECHUX 3ayBaKCHb MOXKEMO 3pOOHUTH

HACTYITHI TPY Ba)KJIMBI BUCHOBKH.

e Ockinbkn 3Hamenuukd ¢yukuii  G(s,&) Ta
W(s,&) y Bupasi (16) omanakoBi, To ¥ KopeHi
IIAX 3HAMEHHUKIB OJTHAKOBI.

e OImiHKY CTIHKOCTI  IapaMeTPUYHOTO  KOJIa
IPaBOMIipHO MIPOBOUTH 3a KOPEHSIMH
snamennuka Qyskiii G(s,&), 6e3 oO0uncieHHs

obyukuii W(s,<).

e Ockinbku  ¢yukuis  G(s,E)
Koe(ilieHTaMH TiIIBKU JIiBOI YaCTUHH PiBHSHHA
(1), To # Ha OLIHKY CTIHKOCTI KOJa BIUIMBAIOThH
Koe(DIIMEHTH TITEKH JIiBOi YacTUHH piBHSAHHSA (1)
(iHepuiiHOi YacTHHU MapaMeTPUYHOTO KOja), 1
HE BIUIMBAIOTh KOE(iLli€HTH MpaBoi YacTHHU
PiBHSHHS (D (popcoBanoi YaCTUHU
napaMeTpu4yHoro kona) [3].

BHU3HAYA€ETHCA

3. NIPUKINAA

[IpoBecTn OMLIHKY CTIMKOCTI OJHOKOHTYPHOTO
napaMeTpUYHOro MiACHIIOBaYa 3 MapaMeTPUYHOIO
IHIYKTUBHICTIO, SIKMH{ TTOKa3aHO Ha puc. 1.

Hopmansna ~ mapameTpuuHa  mepenaBalibHa

byrkuis W (s,&)Bin
Harpyry u,(f) nama xoma 3 puc.l,

crpyMy curHany 1,(f)y
BHU3HAUYCHA
YaCTOTHUM CHMBOJIbHUM METOJIOM [2] y BHIUIAII
TPUTOHOMETPUYHOTO

0 ]

(N) v LIJ L(‘)/%’_ lu ®
|

Puc. 1 - OnHokoHTYpHMIT NapaMeTpUYHUI
MiacHII0Bay

i)(1)=1,, cos(@t +¢);1,, =0.00014;0=2-7-10° pac/c;
L(t) =L, -(1+mcos(Q)); Ly =0.2533-10° [1;Q =2 o,
=7/4;y =0.0004Cr;C =10-10"* @,

MOJIiIHOMA, HAMPUKJIaI Ipu k=1, Mae BUTIISI

W ’ :W—I(S) WO(S)
(5.6)= "5 exp(jeg) + B+ .
j(;) exp(JQE),

e
w_, () =w_(s,m)=0.40-10s* . m+(0.32-10°* —

—0.50-107")-m-5> +(0.79-10* —0.40-10"*})-
-m-s? +(0.63-10°° =0.60-10°%1) - m-s;

wy(s) = wy(s,m) =—0.11-10 -0.80-10"s* —
—0.64-10725° +(=0.32-10*' +0.16-10%) - s* +
+(=0.13-10°+0.32-10 *5) - s;

w,,(8)=w,,(s,m) =040-10s* . m+((0.16-10°* +
+0.50-10° /). m+0.16-10%m)- ° +((-047-10 +
+020-10%)-m+(0.51-10"* +0.32:10"¢)-
-(0.13-10%°m—0.40-10%j - m))-s* +(-0.15-107 +
+0.64-107 /)(0.13-102°m—0.40-107% j - m)-s;
A(s)=A(s,m)=(-0.16-10%+0.81-10 % m?) - s* +
+(-020-10*+0.98-10 ¥ m?)-s° +(-0.71-10>* +
+0.29-10*m?)-s* +(-0.56-102°+0.23-10%.
m?)-s” +(-048-10°+0.15-10"%m?) - s* +
+(-0.19-10° +0.61-10° m?)- s 9.

m - TIMOMHA MOAYJIALIT IHOYKTUBHOCTI L(?).
Bupaz (30) € pO3B’SI3KOM  HACTYIHOTO
nudepeHItianbHOro piBHIHHAS [1]:
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[+ (= CL(@E) + L&Y )s + CLE)S | W (s.8) +
+(CL'(&) - L)Y —2CL(&)s)-W'(5,€) +
+CL(E)-W'(s,6) =1,

€2))

sKe, CBOEIO Yeproro [3], BHTIKA€E 3
IuQepeHLiaIbHOTO PIBHSHHS, IIO ONKHCYE KOJIO
puc. 1:

CL(®)-w" () +[CL'(0) + yL(D)]-u,' (1) +

. : (32)
+(1+ yL'(0)-uy (1) = L' (1), (1) + L)', (1).

Ha puc. 2 HaBemeHo TpaekTopii KOpeHIB y
IUIOIIMHI O] @, AKi OTpuMaHi npu 3miHi m Bix 0,05
no 0,14 1 mpu mectd rapMoHiKax y ampokcumaii
W(s,&) . Tloyatok KOXKHOI TPAEKTOPIii MO3HAYUCHHI

(13 2

CHUMBOJIOM X Ta |y KIHIOI  TpaekTopii
PO3TaIlIOBAaHUI HOMEDP KOPEHS, IKUH 11 yTBOPIOE.

1 x"‘]'o' """ :’ """""" :’ """""" :’ """""" . CoTTTTTTTT
L
11 eeeeeeeeeiﬁ ;afeéeeeeee?eu
GEHOOO00DE H HEHGGOO0600

Z 050 % ----- ettt e bemeeee b : -----18-0- ------
5 GE6eO00oPE HEGEO00050 §
3 eHe0000088 : HEGE0606650 4

0 1 ogecocoops i sgeeoe00po 2 i

-5 -4 -3 -2 -1 0 1

S x 10’

Puc. 2 — Tpaexropii kopenis 3namennunxa A(s,m)

dyuxuii W (s,&) wona 3 puc. 1 npu 3mini m i 0.05
10 0.14 i 1 mecTu rapMoHIK y anipoKcuMAamii

Koxnomy kopeHro 3 puc. 2 Biamosizae
KOMIIJIEKCHO CIIPsDKeHUH KopiHb. Tpaekropil mumx
CHPSDKEHUX KOPEHIB € CUMETPHYHI BIJTHOCHO OCi 0 1
Ha pHC. 2 HE HaBeJIeHi.

OparMeHT TpaekTopii KopeHs 2 Ui 3HaYeHb
Bix 0,124 mo 0,130 3 kpokom 0,002 mpencraBieHuit
Ha puc. 3 y 30inpmeHoMy Macmradi i, SK BHIHO 3
PHUCYHKY, NepeTuHae BiCh jo KOJIH

m=0.127+£0.0005. Ile o3Hauae, 10 IIpH
m < 0.127 xono 3 puc.1 acHMOTOTHYHO CTiliKe, a
npu m=>0.127 — wecriiike. Ile#t pesynbrar
TTOBHICTIO 30ira€ThCs 3 pe3yJbTaTOM, HaBEIEHUM Ha
puc. 4, sIKuii OTpUMAaHO JUTSI Kojia 3 puc.l 4ucCIoBUM

METOJIOM 3a MPOTrpaMol0 aHANI3y ENEKTPUYHUX Kil
Micro-Cap 7.

Puc. 3 — TpaexTopist kopens 2 nipu 3mini 7 Bix 0.124
10 0.130 3 kpoxom 0.002. ITouaTok TpaexkTOpii
NMO3HAYEHO CUMBOJIOM “ X ”

40.000,

w0,V

20.000

0.000,

-20.000

~40.0004 ggp, 4.000u 3.000u

12.000u

16.000u 20.000u

1,8

a)

1.200K,
w(), V
0.600K

0.000K;

—0.600K

-1.200K,

0.000u 4.000u 8.000u
1,s

b)

12.000u 16.000u 20.000u

Puc. 4 — Yacosi 3anexnocti nanpyrn v, (¢) nas koaa 3
puc. 1, orpumani 3a nporpamoro Micro-Cap: a) —
m=0.126, koo criiixe; b) — m = 0.128 , kom0

HecTilike

BUCHOBKU

SIk BHTIKA€ 3 HAaBEIEHOTO BHINE, MPOIIOHOBAHUI
y CcTaTTi METOJa OIlIHKM aCHMITOTHYHOI CTIHKOCTI
TMHIMHUX TapaMeTpUYHUX K, Ha BIAMIHY Bix
OMHMcaHuX y JiTeparypi [3], momsarae y nepeHeceHHi
miel OIHKKM 3 aHalizy KOpeHIB 3HaMEHHHKa
6ivacrorrol ¢yskiii W (s,r) obpaHoro Kputepito,
omuHaro4n obuncinenns Gpyukuii W(s,&), y ananis
KopeHiB 3HamenHuka ¢yHknii G(s,&) 3amaHoro
napamerpuynoro Kona. Ockineku dyukuis G(s,E)

BU3HAYAETHCSA TIABKU JIBOK YAaCTHHOK PIBHSHHS
(1), To Ha BiIMIiHY BiJ OMHCAHOTO, HATIPUKIAL, Y [3],
MOXEMO TOBOPHUTH TMPO AHAIOTII0 3 KOJaMH 3
MOCTIHUMH TapaMeTpaMu, Ui SKAX BiJJOMO, IO
CTIMKICTh KOJIAa BH3HAYAEThCSA TUIBKH  JIIBOIO
YaCTUHOIO TU(EPEeHITIABPHOTO PIBHSIHHSA (IHITUMHA
CIIOBaMH, XapaKTEPUCTUYHUM TOJIIHOMOM), IO
OIKCYE KOJIO 3 IOCTIHHUMHU MTapaMeTPaMH.
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3ayBaXUMO, IO TIEPECHECEHHS
OLIHKA  AaCHMIITOTMYHOI  CTIMKOCTI  JIiHIHHOIrO
MapaMeTpUYyHOrO0  KOJa 3  aHali3y  KOPCHIB
3HaMeHHHKa OivactotHol QyHkiii W (s,r)y anami3

¢yuxuii  G(s,&)  3a
OOYHCIIIOBAIBHUM CEHCOM CYTTEBO CIPOILY€E Ta
MIPUCKOPIOE PO3B’sI3yBaHHS 3aj]adi OLIHKH CTIHKOCTI
KOJIa, OCKUTHKHA POOWTH HEMOTPiOHUM (opMyBaHHS
oyukuit W(s,r) ta W(s,&), a mnepenbauac

BHU3HAYCHHA

KOpeHiB 3HaMCHHHKaA

BU3HAYCHHS TiIbKK 3HaMeHHuKa QyHKuii G(s,S) .

Y [1] HaBemeHi pe3yNbTaTH OINIHKH CTIMKOCTI
OOHOKOHTYPHOT'O Ta ABOKOHTYPHOT'O
mapaMeTpyuyHUX  MiJACHIIOBAYiB 32  OMHCAHUM
METOAOM. Pe3ynbTaTy OMiHKY TOBHICTIO 30iraf0ThCS
3 pe3yJbTaTaMH, OTPUMaHUMH 3a IIMPOKOBIIOMOIO
mporpaMoro aHainizy kin Micro-Cap 7.
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MaHa3iii BozdaH AHOdpitio-
euy, npoghecop, dAokmop
MEeXHIYHUX HayK, fpogecop
Kkaghedpu “TeopemuyHa
padiomexHika | padiogumi-
progaHHs1”  HaujoHaribHo20
yHigepcumemy  “Jlbeiecbka
nonimexHika”. Cmax neda-
20eiyHoI disinbHOCMI y suWit
wkoni  65u3bko 40 pokis.
Aemop noHad 250 Haykosux
ma Haykoego-rnedazoaiyHuUx rnpaub, 8 momy qucsi 2
MOHozpaghii ma 6 HasyaslbHUX [OCIOHUKI8 3
epupom MiHicmepcmea oceimu YkpaiHu.

Haykosi iHmepecu — memodu asmomamu308aHo-
20 aHanisy HesmiHilHUX eneKmMPOHHUX  Kin i
3abesniedeHHss  HadilHocmi  padioeneKmpoHHUX
npucmpois i 3acobie menekomyHikayid.

Lanoeanoe KOpit lea-
Hoeu4, OoyeHm, KaHOu-
dam MexHIYHUX Hayk,
doueHm kaghedpu “Pa-
OioenleKmpOoOHHUX  pu-
cmpoie | cucmem” Ha-
uioHanbHoO20  yHieepcu-
) memy ‘flbgiecbka rori-
M mexHika”. Aemop rnoHad
30 Haykosux rnpausb.
Haykosi iHmepecu — yacmomHul cumM80sbHUU
mMemo0 aHari3y niHiGHUX napamempuYHUX Kisl.

Cmanb [apis PomaHieHa,
acnipaHm kaghedpu “Padio-
e/IeKmpPOHHUX  ripucmpoig |
cucmem” HauioHaribHO20 YHi-
sepcumemy ‘“fIbsiecbka r1o-
JnimexHika’.

Haykosi iHmepecu — doc-
JIOXeHHS cmilikocmi HiHIGHUX
napamempuyHux  Kin  4ac-
MOMHUM  CUMBOJIbHUM — Me-

<

modoM ma 4aCmomHi CUMB0JIbHI MOOerTi.
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FREQUENCY SYMBOLIC METHOD OF ASSESSMENT OF ASYMPTOTIC
STABILITY OF LINEAR TIME-VARIABLE CIRCUITS
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Abstract: The method of assessment of asymptotic stability of linear time-variable circuits by frequency symbolic
approach is considered in this paper. The method consists of the replacing in criteria of stability the necessity of
formation of bifrequency transfer function of circuit on the formation of a normal parametric transfer function in its
inertial part. This leads to significant simplification of the method of assessment of a stability.

Keywords: linear time-variable circuits, assessment of asymptotic stability, symbolic analysis.

1. INTRODUCTION

Frequency symbolic method of analysis of linear
parametric circuits with periodically variable
parameters which allows for a known input signal
X(s) wusing the parametric transfer function

W(s,t) to determine the output signal Y(s,z) in
frequency domain is considered in [1]:

(5,8 = W (s,0) - x(s). (1)

where s, ¢ — complex variable and time variable,
respectively. The W(s,t) of
parametric transfer function W(s,?) is determined
in the form of trigonometric polynomial which
contains &k harmonic components. Frequency
symbolic method is symbolic as variables s, ¢ and
some parameters of the circuit can be in the form of
symbols.

As follows from [2], frequency symbolic method
of analysis of LPTV circuits can be simply applied
to evaluate the asymptotic stability of such circuits.It
is convenient to use the criterion of stability, which
is given in [3].

approximation

2. CHANGING BIFREQUENCY
TRANSFER FUNCTION BY NORMAL
TRANSFER FUNCTION IN THE CRITERIA
OF STABILITY

In [2] mentioned that in criteria of stability [3]
determining  of  coincidence  characteristics

p = y(o) of function W(s,r) may be replaced by
determining the roots of normal parametric transfer
function of circuit W(s,&).We consider this fact
quite important and useful because determining the
function W (s,&) and its roots are much easier than
W(s,r)
forming coincidence characteristics o = y(o) for
it.

searching bifrequency function and

By analogy with parametric transfer function

W(s,t) [1], function W(s,&) by frequency
symbolic method is defined as an approximation by
trigonometric polynomial:

. B k| W, (s)cos(iQ&) +
W(s,5)=Wy(s)+ ZL W (5)siniQE) } )

i=1

or by complex trigonometric polynomial:

o LI J(5) exp(ejiQE) +
o=+ ZIL W.,(5) eXp(+in§)} )

where Wy (), W,;(s),W;(s) and Wy(s), W, (s),-
W_,(s) — fractionally rational functions of s with the
same denominator A(s) according to frequency
symbolic method. The approximation (2) or (3) can
be used to determine the function W (s,r) to which
the criterion can be applied [2].
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As follows the approximation of the function
Vf/(s,f) in the form of trigonometric (2) or complex
trigonometric (3) polynomial changes the task of
assessment of asymptotic stability of the circuit from
the analysis of convergence characteristic
p=y(o) of function W(s,r) to the ordinary
finding of the most real part among real parts of all
roots of denominator A(s)of the normal transfer

function of the circuit W(s,&) [4]. In addition to
this for the assessment of asymptotic stability of
linear time-variable circuit according to criterion it
will be enough: a) to find normal transfer function
Vf/(s,f) of this circuit by frequency symbolic
method in the form of trigonometric polynomial (2)
or (3); b) to find the roots of denominator A(s) of

the function Vf/(s,gf) ; ¢) to determine the roots with
null or positive real parts among roots of polynomial
A(s) . If such roots exist the circuit is unstable but if
they do not exist the circuit is stable asymptotically.

3. CHANGING NORMAL TRANSFER
FUNCTION OF CIRCUIT BY TRANSFER
FUNCTION OF TS INERTIAL PART IN
THE CRITERIA OF STABILITY

Normal parametric transfer function of linear
time-variable circuit W (s,&) is usually determined

by the differential equation, which describes a circle
[1], using the following dependence [3]:

W(s,&) = é(—l)’ld B(s,8) d'G(s,6)

. 4
i ds ®

7 b

dé

Where G(s,&) — the normal parametric transfer
function of inertial part [3] of the circuit; B(s, &) is
a polynomial B(s,&)=By(&)+B(E)s+...+B,(&)s™.

1) The denominators of the functions G(s,&)

and W(s,&) in expression (4) are identical, and

then the roots of the denominators are equal.

2) Assessment of stability of the linear time-
variable circuit is legitimate to carry out by the roots
of the denominator of function G(s,&), without
computing function W (s,¢) .

3) Since the function G(s,&) is determined by
coefficients only of the left part of equation, which
connects input x(¢) and output y(f) signals and
there is affect to assessment of the stability of circuit
by coefficients only of the left part of this equation
(the inertial part of linear time-variable circuit) and

no affect by the coefficients of the right side of this
equation (forced part of the time-variable range) [3].

4. EXAMPLE

To carry out the assessment of stability of single-
circuit parametric amplifier, with periodically time-
variable inductivity, shown in fig.1.

5. CONCLUSIONS

1. Transfer definition of assessment of
asymptotic stability of LPTV circuit from the
analysis of roots of the denominator of bifrequency
function W (s,r)in analysis of roots of the

denominator of function G(s,&) for computing the

meaning simplifies and speeds up the solving task of
assessment of stability circuit, because it makes
unnecessary the formation function W(s,r) and

W(s,&), but the
denominator of function G(s,¢).
2. Function G(s,&) is determined only by the

left part of equation, which connects input and
output signals in contrast to the described, for
example, [3] can talk about the analogy with the
circles of constant parameters for which it is known
that the stability of circuit is determined only by the
left part of the differential equation (in other words,
characteristic polynomial), which describes a circle
with constant parameters.

In [1] presented results of the assessment of
stability single-circuit and double-circuit parametric
amplifiers, in which periodically time-variable is
capacity, by the described method. They also
coincide completely with the results obtained by
well known programme MicroCap 7 which analyses
electric circuits.

provides identifying only
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