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Y nponoHoBaHiii po00Ti HaBeAeHO Pe3yJbTATH AOCJTIIKEHHSI ACHMITOTUYHOI CTiHKOCTI
OJIHO- Ta JBOKOHTYPHOr0 MapaMeTpu4HUX migcuiaoBadiB. Ominka criiikocTi y cucremi QyHkumii
MAOPCSs ocHoBaHa Ha BH3HAY€HHi KOpeHIiB 3HaMeHHMKAa NapaMeTPU4YHOI HOPMAJbLHOL
nepeaaBajbHOI (PYHKIII KOJIA, 1110 MA€ BUIJISIA CTENEHEBOT0 MOJIIHOMA Bil KOMILJIEKCHOI 3MiHHOJ.

Kuro4ogi cjioBa: JiHiliHe mapaMeTpUYHe K010, YACTOTHUI CUMBOJIbHUIT MeTOI.
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The paper considers the question of the research of assessment of the stability of linear
periodically time-variable circuits by the frequency symbolic method. The function system
MAOPCs, which is based on the frequency symbolic method, is an effective tool of
investigation of linear periodically time-variable circuits and in particular parametric
amplifiers. The assessment of cir cuit stability in the system MAOPCsis carried out by thereal
parts of the denominator roots of a normal parametric transfer function of the inertial part of
circuit, which is also defined by the frequency symbolic method in the for m of approximation
by the Fourier trigonometric polynomials. If the real parts of roots are negative, the circuit is
asymptotically stable and isnot stableif thereal part of at least one of therootsisequal to zero
or positive. This criterion of asymptotic stability deservedly gained great importance with the
appearance of such an effective method of formation of parametric transfer functions as
frequency symbolic method. This paper presents the results of research of asymptotic stability
of one- and double-circuit parametric amplifiers. For a single-circuit parametric amplifier
with two parametric elements maps of stability for different phase differences of parametric
elements were built. When the phase difference is O ° zone of stability is the biggest and when
the phase difference 180 ° zone of stability is the smallest. These two cases are called in
literature a synchronous and asynchronous modes and it is shown that energies brought into
the circuit by change of capacitance and inductance in the first case are deducted, and in the
second case are attached. This fact hasreceived full confirmation in experiments carried out in
the system MAOPCSs. In this paper it is shown that the formation of parametric transfer
function by the frequency symbolic method and deter mining the roots of the denominator in
which parameters of the circuit set in symbolic form nowadays is the most effective tool of
assessment of the asymptotic stability of eectronic devices which are represented by linear
periodically time-variable circuits. This approach allows you to build the trajectories of roots
and maps of stability under multiple change of numerical values of symbolic parameters of
circuit. The results of computer experiments presented in this paper made it possible to draw
the following conclusions:
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—complete coincidence of the results between programs MAOPCs and Micro-Cap
proves the adequacy of transfer functions formed by frequency symbolic method and high
accur acy of assessment of stability through the roots of the polynomial;

—the frequency symbolic method allows you to effectively assess stability and to form
trajectories of roots or map of stability of circuit by the change of its random parameters that
it is sufficiently comfortable at stability control in tasks of statistical character and
optimization of parametric devices;

—computer experiments have shown that the formation of parametric transfer function
by the frequency symbolic method and deter mining the roots of its denominator nowadays is
the most effective tool of assessment of the asymptotic stability of electronic devices which are
represented by linear periodically time-variable circuits.

Key words:. linear periodically time-variable cir cuits, frequency symbolic method, stability.

Beryn

SIk mokasana mpaktuka, cucrema ¢ynkiiii MAOPCs [1-3] € ehekTuBHIM 3ac000M TOCIIKEHHS
TMHIMHUX TapaMeTpUYHHX Kl 1, 30KpeMa, MapaMeTpUYHHX MiICHIOBaviB. Y MPOMOHOBaHIH pobOOTi
HaBEJCHO PE3YJbTAaTH JOCIIPKEHHS Ha MNPEAMET aCHMITOTHYHOI CTIKOCTI OJHO- Ta JBOKOHTYPHOI'O
napaMeTpUYHKX MiJCUIIOBAYiB, cXeMa Ta MapaMeTpu SKUX HaBeleHi Ha puc. 1 Ta puc. 5, BinmoinHo.
Omuinka criiikocti y cucremi dynkiiii MAOPCS ocHOBaHa Ha BH3HAYeHHI KOpeHiB 3HameHHHKa D(S)
MapaMeTpUYHOI HOPMajbHOI mepeaaBaibHOl (YHKINT IHEpIIHHOT YaCTUHU KONa, IO Mae€ BHUIJISAL
CTEMEHEBOro MOTIHOMA BiJl KOMILIEKCHOT 3MinHOi S [4, 5]. SIkio milicHi YaCTHHU IUX KOPEHIB Bix' €MHI,
TO KOJIO CTifiKe aCUMIITOTHYHO, 1 HE CTiliKe, KO JiiiCHa YaCcTHHA X04a OM OJHOrO 3 KOPEHIB JOPIBHIOE
HYJIIO 4M gojaaTHa. Llel kpuTepiii aCHMITOTHYHOI CTIHKOCTI 3aCy)KeHO HAOYB BaXKJIMBOTO 3HAYCHHS ITICIIS
MOSIBU TaKoro e()eKTUBHOTO METoay (OpMYBaHHS CHMBOIBHHX IepefaBalbHUX (YHKIIH, SIK 4aCTOTHHH
cumBoneHuit Meron (UC-meron) [4, 5], skuit qae 3Mory BUOpaHi mapaMeTpH Kojla 3a1aBaTH CHMBOJIAMH.

VY cratrTi mojaHi pe3yNbTaTH KOMIT IOTEPHUX €KCIIEPUMEHTIB, poBerieHnX y cepenosuii MAOPCS,
KOXKHHUH 3 SIKMX MepeBipeHuil 3a monomoror mnporpamu Micro-Cap. IlepeBipka moBena MOBHHEN 30ir
pe3ynbTaTiB 32 000Ma porpaMamH.

Ha nymky aBTOpiB, y po0OOTi MEPEKOHIUBO MPOJEMOHCTPOBAHO, 10 (OPMYBaHHS MapamMeTPUIHOL
nepenaBaibHoi GyHKIT YC-MeTo0M Ta BH3HAYCHHS KOpEHiB 11 3HameHHHKa D(S), y sikoMy mapamerpu

CJIEMEHTIB KOJa 3aJai0Th y CHMBOJIBHOMY BHUIJISAII, ChOrOJHI € Hale()eKTUBHIIIMM 3aCOOOM OIlIHKH
ACHMIITOTHYHOI CTIMKOCTI MapaMeTpuyHuX Kifa. Takuil minxing nmae 3mory OyayBaTh TpPaekTopii pyxy
KOpeHiB 3HaMeHHHKa D(S) Ta KapTH CTIHKOCTI 3a 3HAYCHb CHMBOJIBHHX MTApaMeTpiB.

JocaigxenHs cTiliKoCTi 0JHOKOHTYPHOI0 MMapaMeTPUYHOr0 MicHI0Bavya 3 puc. 1

2
i(t) — iy i
u, (1) () Y, ] L(t)%/;l(t)% u, (1)

Puc. 1. Oonoxonmypruil napamempuynuil nioCumiosay 3 060Ma NAPAMEMPULHUMU eeMEeHMaMU
i(t) = |y XCos(W, % +] ),0(t) = Co {1+ M. xcos(Wt +] .. )),co =10X0 12 Y, =0.0004 C
L(t) = Lo 1+ my xcos(Wt +j | )),Lo =0.2533x0 © 171,Y = 0.25Ca,W = 45p 80® pao / c.
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Pe3ynbraTi eKCriepuMEHTIB 3BEICHO y IBa PUCYHKH — puc. 2 Ta puc. 3. Ha puc. 2 HaBeneHo obnacTi
cTiiikocTi (HakIazeHi ofHa Ha OAHY PI3HUMH BiATIHKaMHM Ciporo) Ta Hectiiikocti (6inuii o) y mosi 3MiHu
rnOuH MomymAnii M, Ta M o0ox mapamerpuuHux eneMmeHtiB C(t) ta L(t) Big O mo 0.7, BimmoBixHO.

Pi3Hi BIATIHKM ciporo BiONOBiNAIOTH PI3HUM  PI3HUNAM INOYATKOBHUX a3 . Ta | @
jo-iL=030°32,36",45,60°,90°,120°,180°. Sk Gauumo, 3a j ¢ - j | =0° 3oma criiikocti Haii6inba,

32 jo-j =180° — maiivenma. Ili nBa Bumanku y [6, 7] HasBaHi CHHXDOHHMM Ta ACHHXPOHHHM
PEXHUMaMH, 1 MOKa3aHo, 10 €HEePTii, sIKi BHOCATHCS Y KOJI0 3MiHo0 eMHOCTi C(t) Ta imgykruBHOCTI L(t),y

MEpIIOMY BHIAJAKYy BIIHIMAIOTBCA, a y Ipyromy ponatoThes. Lleit dakt, sk 6aunMo, OTpUMaB IMOBHE
MIATBEPPKEHHSA Ha puc. 2. IIpoMiKHI 3HAa4YeHHS pi3HHIB (a3 Ha puC. 2 MOKa3yiOTh, SIK came 00acTi
CTIHKOCTI/HECTIMKOCTI KOJIa 3MIHIOIOTHCS 3 TUIABHUM TIEPEXO00M Bil OJJHOTO PEKUMY JI0 iHIIIOTO.

N 10 - (g-g,)=0°

0.65—- REE RN 28 - (g —g,)=30"
05_1 I 3m - (@_49,5]:320

M, Q4n b < A Al (a-g)=36°
- - sE-(gog)esr
ey T sE (g
0.2+ H - (g -9)=90°
0.1 e e (@) =100
5 om - (9.-9)=180°

_____ Y Y (Y S |

Puc. 2. Obracmi cmitikocmi 0OHOKOHMYPHO20 NAPAMEMPULHO2O NIOCUTIO8AYA
3a pisnozo cnissionowenns ¢as (j ¢-j )

¥, =0.004Cx
¥, =0.0036Cx
¥, =0.0032Cx
¥, =0.0028Cxu

¥, =0.0024Cu
¥, =0.0020Cx
¥, =0.0016Cx
¥, =0.0012Cxn
¥, =0.0008Cu
¥, =0.0004Cxu

g1 02 03 04 05 06 07

Puc. 3. Obnacmi cmitikocmi niocunosada

spuc.13a K=6,j ¢ -] | =180° ma pisnux snauens Yo
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Sk 6a4mmo, 31 3poCTaHHAM Pi3HHIN (a3 00macTh CTIHKOCTI 3BYKYETBCS, AKIIO J ¢ -] | = 36°, Bona

PO3pUBAETHCS HA IBI YaCTHHM, a HPH | ¢ - | | =180° 3anMIIAeTHCS TIMBKM y JTiBOMY HHXHBOMY KYTi

pucynka. O4eBHIHO, IO 3a MOAAIBIIOrO 3pocTaHHs pizHuIli ¢a3 Big 180° mo 360° (um 0°) kapruHa
CTIFIKOCTI/HECTIIKOCTI 3MiHIOBaIACh O y POTHIICKHOMY MOPSIKY.

Ha puc. 3 maBeseni obmacTi criiikocTi/mectiiikocti 3a ¢ikcosanoi pisuuui das j o -j | =180°,
ane 3a 3MiHM napamerpa npoBigHocTi Y, Bix HaBemeHoro Ha puc. 1 3nauenHs 0.0004 Cwm y 6ik itoro
30inbmenHs qo0 3HaueHHS Yo =0.004 Cwm. Ilpn npomy o6nacTh CTIMKOCTI 301IBIIYETHCS Bil HEBEIUKOI

00J1acTi y HI)KHBOMY JIIBOMY KyTi pHC. 3 Ha Maiyke BCIO HOrO IUIOINY, 3aJIMIIAK0YN HECTIMKOH TLIbKH
HEBEJIMKY o0yiacTh Oi1oro GoHy B mpaBoMy BepXHbOMY Horo kyTi. Llef ¢akT Tex 3po3yMinmid, OCKUIbKU
3pOCTaHHS MPOBITHOCTI O3HAYA€E 3MEHIIIEHHS JJOOPOTHOCTI KOHTYpa MiJICHITI0BaYa.

JocaipxeHHs cTilikoCTi IBOKOHTYPHOI0 NapaMeTPUYHOIO0 MicHiI0Baya 3 puc. 4

| c(t) 2

@ /H/_ L, &Y, [C
w0 () 1S 2] =2 ufo

Puc. 4. J[Jsoxonmypruil napamempuiruil niOCunosay
i(t) =1 mxcosw, X +j ),c(t) = cg XL+ m>xcosWx)),cg =n®,j =p/4W=2 »298,5730° pad/c, |y =0.1mA,
S= jWe,We =2 0% pad/c,Yy =Yp =0.0001Cm, C; = Cp =68n®, Ly =36.7079511 1, Ly = 9.312609x1 1.

x10
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o [ R R e ) .10 .....................................
ol
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Puc. 5. Kopeni noninoma D(S)
§‘3 ..... ..... .7 ......................... ............... 8 . ..... cxeMunidcwlioealta3puc.43aKiJlbkocmi
: [ B 6 W 2APMOHIMHUX CKAAO0BUX Y HOPMAIbHIL
Db .......................... ......................... ......................... ..... nepeda@aﬂbﬁiﬁ d))/HKL;ii' k=2 ma m=02
; K] : 41
ml 2m
¥ 135724006 | ¥ -3.256e+004 !
0 1 ! B.2638+005 i Y B.263e+005 i
-15 -10 -5 0
G x 10°

Ha puc. 5 mokasano kopeHi § =S+ jw; mnomiHoma D(S) 3 ypaxyBaHHSM y HOpPMaJbHIH
nepeaaBasbHiil QYHKINT KoMa JBOX rapMOHIYHUX CKiIanoBux K =2 [4], mo 3a0e3mnedye y [bOMY BUIAIKY
BUMOru TouHOCTi. IIpm 1OMy cTymine p mominoma D(S) koma, BpaxoByounm 4-f TOPSIOK
nudepeHniianbHoro piBasHHS (N=4), mo onucye koo, oyne p=n(2k +1) =20 [4]. Ha puc. 5 noka3zano

Tinbku 10 KopeHiB, OCKITBKM HE TTOKa3aHi CIPSDKEHI KOPEHi PO3TaIlOBYIOTHCS CUMETPHUYHO HIKYE BiJ| OCi
s, BimnoBigHO. OCKIUIBKH JIHCHI YaCTHMHM YCIX KOPEHIB 3 pUC. D B €MHI, TO KOJIO 33 TaKUX 3HAYCHb
napamerpiB criiike. Ha puc. 6 300pakeH0 TpaekTopii pyxy KopeHiB mominoma D(S) 3 puc. 5 3a 3Mminu
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MIMOMHKM MOIYJIAIIi M rmapamerpuuHoi eMHocTi c(t) y mexxax m=0.2:0.01:0.25. Kopeni 2, 4, 6, 8,
Maro4d OJHAKOBI MIHCHI YACTHHH, NPH [BOMY DPYXalOThCS y CTOPOHY oOci JW i MiK 3HAYCHHSIMH

m=0.2292 ta m=0.2293 ii neperunatots. O1Ke, 38 M=0.2292 koo 1e cTiiike, a 32 M=0.2293 —Bxe

HECTiHKe.
2]
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Puc. 6. Kopeni norinoma D(S) cxemu niocumoeaua 3 puc. 4
npu smini M=0.2:0.01:0.25. Yopuum xonvopom nosnaueni kopeni o m= 0.2
9 9
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a 6 — mpaekmopii pyxy KopeHia y 30i1bueHomy macumaoi

Puc. 7. Kopeni norinoma D(S) cxemu niocumoeaua 3 puc. 4 npu m=0.25

ma smini Y, =10%:0.05X0 *:1.25X0 . Yopuum xonvopom nosnaueni kopeni ona Y, =140

Ha puc. 7 moka3aHo pyX KOpEHIB Yy NMPOTHJIGKHOMY HampsMKy. Jisi mbOTO MOYATKOBI 3HAYCHHS
KopeHiB B3ati s M=0.25 (kiHIleBa TOYKAa TPAEKTOPiii KOpeHiB 3 puc. 6), sike 3adikcyBasiu, MOYaBIIH
30inburyBaTH Yy. IIpu 11bOMy HOOPOTHICTH CHUTHANBHOTO KOHTYpa 3MEHINYEThCS Ta MDK 3HAUYCHHSIMH
Y, =1.1540 4 Y, =1.240 4 nizcumosau 3HOBY cTae CTiiiKuM.

Ha puc. 8 nokazana kapTa CTIHKOCTI ABOKOHTYPHOT'O IiJCHIIOBaYa 3a 3MiHU IpoBigHOCTI Y] Ta Yo

(106pPOTHOCTI) CHTHANIBHOTO Ta XOIOCTOr0 KOHTYpiB, Biamoimao. CumBonavu ¥ ta X nosnaueni criiikuii
Ta HECTIMKMI CTaHW Kojia, BIAMOBIAHO. IIpSMOKYTHHKOM Ha puc. 8 BUIUIEHO 00JacTh, IO BiAOBIIAE
(3HM3y BBEpX) 3HAYCHHSM KOpeHiB 2, 4, 6, 8 3 puc. 7.

15



!
F.

--%---l---l---Q--l--'--l--1--1--1---'---’---'-- .
S 2 9 2 9 02 9 9 09 8 9 80
N NN R RN YN T R N N R R R
X @ & & 8 8 8 & 8 0 8 6 00
---x---x---o---_;c_--c--'--0--0:--1--1---0---0:---&- .
X X xX[oj® « o ¢ o 2 o @ o @
¥ ef-e--e--e-0-0-0-0-0--0--0
X X X]|xj® » « # 2 & 8 & & @
B S b e St S BE N BE RS BN S
X X x[x]x x ®« &« @« o » & & @
SRR IR 5 e Ry B RS RN R R SR
X X X X X X X X X8 ® ¢ 8 8
R s Ir Thw T
X X X ¥ X X X X X X X % @@
S VI VRN RNV VRV SRV RN A VSR, S ¢ S ' S VR
1 1.2 1.4
Y. “
2 x 10

Puc. 8. Kapma cmiiixocmi niocumosaua 3 puc. 4 3a m=0.25 ma sminu Y, =80°:0.540°:1540°,

Y, =8x0°:0.540 %1540 °. Yoprum npamoxymuuxom udireno gpazmenn,
Wo 6i0N06ioae Mpackmopiam pyxy Kopemis 3 puc 1, 6

BuchHoeku

Hageneni pe3ynbraTl KOMIT IOTEPHHUX SKCIIEPUMEHTIB al0Th 3MOT'Y 3pOOUTH TaKi BHCHOBKH:

1. TToBumit 36ir pesymprariB mporpam MAOPCs Tta Micro-Cap 10BOauTh aJeKBaTHICTh
nepenaBainbHuX (yHKIiH, chopmoBannx 3a UC-meTonoM, Ta BHCOKY TOYHICTH OI[IHKH CTIiHKOCTI uepes
KopeHi noninoma D(S) .

2. YC-meron nmae 3Mory e@eKTHBHO OILIHIOBATH CTIHKICTh Ta (OPMYBATH TPAEKTOPIl KOPEHIB UM
KapTH CTIMKOCTI Koja 3a 3MiHHM JOBUILHUX MapaMerpiB Koiia, IO 3PYYHO Ui KOHTPOIKO CTIMKOCTI Y
3a71a4ax CTATHCTHYHOTO XapaKTepy Ta OMTUMI3allil mapaMeTpUYHUX MPUCTPOiB [3].

3. KoM’ torepHi eKcriepiMeHTH MiATBEpANIIH, 10 (HOpMYBaHHS MapaMeTpUIHOl TIepeaBaabHOl (QYHKIIT
YC-meTomoM Ta BH3HAYCHHS KOpEHIB 11 3HaMeHHWKa D(S) chorojHi € e(peKTUBHHM 3aCO00M OIlIHKH
ACHMIITOTHYHOI CTIMKOCTI PaiOelIeKTPOHHHUX TPUCTPOIB, IO MPEICTABIIIOTECS JTHIMHUMU MapaMeTpHIHHMH
KOJIaMH.
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