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HJocaimxeno BnjuB BHOOPY 3MiHHMX A (epeHIialbHOTO PiBHAHHS, IO ONMHCYE JiHiliHe
napaMeTpuyHe KoOJIO Yy 4acoBiii o0JiacTi, HA 3MeHIIEHHS TPOMI3IKOCTI TAKOro PiBHSIHHSI.
3anponoHoBaHo NpaBujia GopMyBaHHA CHCTEeMHM JiHIiHUX AudepeHUiaTbHUX PIBHAHb KOJA,
110 320e3MeYyI0Th i NPUIHATHY TPOMI3AKICTS.
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In this paper are investigated the influence of variables the differential equation
describing the linear periodically time-variable circuits in the time domain on decrease of
bulkiness such equation. Rules of forming a system of linear differential equations of circuit
that provide its acceptable bulkiness are proposed. Communication of voltages and currents
on elements of an eectric circuit looks like algebraic, differential and integral equations. As
showed computer experiments, on the bulkiness of system of the equations, that describe in
particular LPTV circuit and its further transfor mation in time domain, essentially influences
presence of integrated expressions in this system. Since the input and output variables are
usually given you must to choose such method of formation of system of equations, which
would provide absence in it integral expressions. The first rule of formation of the system of
equations of circuit is as follows: to provide absence the integral expressions in the system of
equations describing a circle in the time domain, as variables in it need to choose the voltage
on the capacitor and current in the inductor. One of the perspective methods of for ming of
equationsis the tabular method. By the tabular method in system of equations asvariables are
selected nodal voltages, currents and voltages on the elements of the circuit, and the equations
themselves may be formulated so that the integral expressions were absent. It follows the
second rule of formation of system of differential equations which is as follows:. in the absence
of other requirements, mathematical model of circuit in the time domain advisable to form by
the tabular method that provides absence the integral expressions in equations without
additional action to remove them. I n addition, the tabular method does not imposerestrictions
on the structure and elements of circuit. Under condition of perfor mance of the presented two
rules the system of the equations describing a circuit less bulky than without it. Normally in
such systems variables which do not interest the researcher further are eliminated, and the
equation in which there are only two variables is formed. Bulkiness of the last equation too can



be different, and it depends on what variablesleft in it. The third rule of forming a differential
equation that describes acirclein thetime domain and that provides acceptable bulkinessis as
follows: despite the fact which variables of circuit is an output variables, in a mathematical
model of circuit that was formed by a rule 2, we eliminate all variables, except what
correspond to an input signal and a parametric element. If sources of input signal or
parametric elements in the circuit a few then such equations necessary to form few - one for
each pair of “input - parametric element.” The differential equation that formed by the three
rules using method L.A. Zadeh is transferred into the frequency domain and is solved by the
frequency symbolic method. As a result we receive symbolic parametric transfer functions
which are a basis for formation of a frequency symbolic model of each parametric element.
Such modelsin turn are a basis for creation of frequency symbolic model of cir cuit as awhole.
Such frequency symbolic model of circuit contains or determines output signals. Values of
output signals of cir cuit may be are converted to the time domain.
Key words: linear periodically time-variable circuits, frequency symbolic method.

Beryn. Chorofni MojentoBaHHS Ta aHami3 JIHIHHUX MapaMETPUYHUX KUI 3a JIOMIOMOI'OO
CHMBOJIbHUX METOJIIB € aKTyaJbHUM 3aBAaHHsM [1, 2, 4]. [Ipore 4acTo BUHUKAE MPOOIEMa TPOMI3IKOCTI
CHMBOJIbHUX OOYHCIICHb.

OcHoBHa YyacTuHa. 3B’ 30K HANpyr Ta CTPYyMIiB Ha €IEMEHTax CJICKTPUYHOrO KOja Ma€ BHUIJISAM
anreOpaiuHuX, JUQepeHIliaIbHUX Y IHTErpajJbHAX PiBHSAHB. SIK TOKa3adu KOMI I0TEpHI EKCIIEPUMEHTH,
Ha TPOMI3JKICTh CUCTEMH PIBHSHB, IO OMHKCYE, 30KpeMa, JiHIHHE MmapaMeTpuYHe KOO, Ta il MOAasbIile
nepeTBOpeHHs (HAMpUKIIa, BUKIIOYCHHS BHYTPIIIHIX 3MIiHHHMX) y 4YacoBiif 001acTi CyTTE€BO BIUIMBAE
HASBHICTH IHTErpaibHUX BHpa3iB y Wil cucremi. OCKIIBKY BXiHI Ta BUXiJHI 3MiHHI 3a3BHYail 3ajaHi, TO
NnoTpiOHO BUOHMpaTH Takuii MeTo]] GOpPMYBaHHs CHCTEMH PIBHSHB, SIKUM OW 3a0e3rievyBaB BiJCYTHICTH Y
Hill iHTerpaibHUX BHpa3iB. Hampukia, sSKIIO y KOJi € mapaMeTpuyHa €MHICTh, y CHUCTEMI PIBHIHD Kpalle

1 o .
matu BHpa3 C(t) >uf(t) +c(t)>u.(t), a me EOC(t)dt’ a SIKIIO TapaMeTpuyHa IHIYKTHBHBCTh —
C

. . 1 . .. .
L(t)>if (t) + Lqt) i (t), a ne WOJL (t)dt. ko us ymoBa He Oyae BUKOHAHA, TO HasBHI IHTErpajbHi

BHpPAa3H MPUBOJISATH JI0 HEOOXIMHOCTI quQepeHIiloBaTH OKpeMi piBHAHHS cucTeMH abo ycro cucremy. Lle i
MPHU3BOAUTE JI0 3POCTAHHS TPOMI3AKOCTI pe3ynbTyrouux BupasiB. KpiM 1poro, tpeba mam’sraTd, IO
OesnocepenHe qudepeHIiIoBaHHS HE 3aBXK/AM M030aBIIsI€ CHCTEMY PIBHSHB BiJl IHTErpalbHHUX BUpa3iB. Tak,

. 1 .
nrdepeHIitoBaHHS BUPa3y —Oc(t)dt HE NPUBOAUTH 1O 3HUKHEHHS IHTErpajga y HboMy. B npomy

c(t)
BUIAJKy HEOOXiHO CIOYaTKy OKpeMi PiBHSHHs MOMHOXUTH Ha C(t) 1 TUIBKK MOTIM JU(EpEHIIFOBATH.

SAkIo y Ko € Oulbllle HDK OIWH MapaMETPUYHUN EIEMEHT, TO HEOOXIIHO NMOMHOXXHTH PIBHSHHS Ha
CHUTbHUN 3HAMEHHUK JUIS YCIX IHTErpajbHMX BHUpPa3iB, a I AOAATKOBO 30UIBIIYE TPOMI3IKICTh PIBHIHb.
3po3yMisio, MmO Taki Jii NPU3BOAATH JO 3POCTAaHHSA TpOMI3AKOCTI mHMX cucteM. OTKe, MOXKEMO
chopMyIIOBaTH TIepIiie MpaBuiio GopMyBaHHS CHCTEMH PIBHSHBL KoOJjia, SIKe 3a0e3leuye BIACYTHICTh y Hik
IHTEerpaJbHUX BUPA3iB.

Ipasuno 1. [{ns 3a6e3neuenns 6i0CymHOCMI iHMESPATbHUX GUPA3IE Y cUCeEMI PIGHSIHb, WO ONUCYE
KOO Y Yacositl obnacmi, 3MIHHUMU Y Hill OOYITbHO 8UOUpAmMU HANPYeU HA KOHOEHCAMOpax ma Cmpymu 8
KOmMywKax iH0yKmueHOCmi.

[IpobGnema BuOOpPY 3MIHHUX HE TaKa TOCTpa, aje ICHYE 1 JJIs Pe3UCTOpiB. SKIIO mapaMeTp pe3ucropa
3aaHO0 BHPA30M JUIS 3MiHHOrO omopy r(t), TO pe3sucTop MOIIBHO MPEACTABUTH OIMOPOM, i HaBIIaKH.

3BificCH BMIUIMBAE BUCHOBOK IIPO Te€, IO 3aJlaHe KOJIO AOIUIBHO IOJATH CHCTEMOI0 PIBHSHB, ska O He
oOMeKyBaia BUOIp 3MIHHHMX y PO3IIISHYTOMY CEHCI. 3p0O3yMilio, IO 32 METOAOM BY3JIOBHX HAaIpyr
IHAYKTUBHICTh 3aBXKIM MaTHME BUIJIA IHTErpanbHOl 3anexHocTi. OIHUM 3 TMEPCIEKTHBHUX METOJIB
(opMyBaHHsI PiBHSIHD, SKHI 3a0e3euye BiACYTHICTh BKa3aHHMX BHIIE HEIOMIKIB, € Tabnmuunuii merox [3].



3a TabIMYHUM METOIOM Y CHUCTEMi PiBHSHb 3MIHHUMU BHOUPAIOTH BY3JIOBI HANIPYTH, CTPYMHU Ta HANPYTH
Ha eNleMeHTax Koja, a caMi piBHSHHS MOXYTh OyTH CKJIaJeHi Tak, mo0 IHTerpaibHi BHpa3ud B HUX OyIH
BincyTHi. OcTaHHe ¥ 3a0e3MeYnTh HAWMEHINY TPOMI3AKICTh Ta HAHOLIBIIY MPOCTOTY HHX PIiBHSHB.
Binbimii MopsaoK CHCTEMH, CKIaJeHOi 3a TaOJIMYHHUM METOJOM, 3a3BHYail KOMIICHCYETHCS BEIIMKOIO
KUTBKICTIO Y BIIMOBITHUX MATPHUISIX HYJTHOBUX €JIEMEHTIB. 3BiJICH BUILTUBAE JIpyre MpaBuio (opMyBaHHS
cUCTeMH JU(epeHIlIaIbHUX PIBHSHB, 10 OMKUCYE KOJIO Y YaCOBIi 00JacTi.

Ipasuno 2. 3a siocymuocmi iHWUX 6UMO2 MAMEMAMUYHY MOOEIb KOIA Y 4aAcosiil 001acmi OOYiibHO
hopmysamu mabauHHUM MEMOOOM, KU 3abe3neuye I0CYMHICMb Y PIGHAHHAX IHMe2PANbHUX 6Upa3ie 6e3
0oodamkosux Oiul 015 ix ycynenus. Kpim yvo2o, mabauunuii Memoo ne HaKiaoae 0OMedNCceHb Ha CMPYKIMypy
ma enemeHmu Koud.

3a yMOBM BUKOHAHHS MOJAHHWX JBOX IMpPaBHJ CPOPMOBaHA CHUCTEMa PIBHSHB, IO OMKCYE KOJIO,
MEHIII TpoMi3aKa, HDK Oe3 Ipboro. 3a3BuYaii y TaKMX CHCTEMaxX Hajalli BUKIIOYAIOTh 3MIiHHI, SKi HE
LIKABJIATh JOCHITHUKA, Ta (OPMYIOTh PIBHSAHHS, Y SKE BXOIATh TUIBKM MABI 3MiHHI. ['poMi3mkicTh
OCTaHHBOT'O PIBHSHHS T&K MOXKE OYTH Pi3HOIO, 1 1€ 3aJIeKHUTh BiJ] TOTO, sIKi 3MiHHI 3ayInIIIeH] y HhoMy. s
3aJeXHICTh cyTTeBA. [loKaXkeMo 11e Ha IPUKIIaI.

Mpuxnan. OiHATH TPOMI3AKICTh (00’ €M KOMIT IOTEpHOI mam’ siTi is 30epiranHs) ycix MOXKIHBHX
nudepeHIialbHUX PIBHIHb, 1[0 OTPUMaHI 3 CUCTEMH PIBHSHB, KA CKJIaJeHa 32 TAOJMYHUM METOJIOM, 1 sIKi
MOMAPHO 3B’ S3YIOTh BXiMHUHM CHIHAN 3 IHIIMMH 3MIHHHMH NapaMeTpUYHOro OalaHCHOTO MOAYISATOPA,
HaBeneHoro Ha puc. 1.

it
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u(t) () Ylﬁjcl
L

u(t)

Puc.1. Ilapamempuunuii 6arancruti MOOyIsimop
i(t) = Im>cos(w, % +f), c(t) = ¢g 1+ m>cos(Wx))

Juns imroctpartii mpobieMu rpomizakocTi AudepeHIiaibHuX PIBHSAHD JIHIHHOTO MapaMeTpruIHOrO
KOJIa Ha puc. 2 HaBeneHo 00’ eMu nudepeHIliaIbHUX PIBHIHD MapaMEeTPUYHOI0 0alaHCHOrO MOIYJISATOpA,
IO 3B'S3YIOTh BXIAHWI CHTHaJA 3 IHIIMMH 3MIHHUMH IIOTO MOJIyJsiTOpa (TemHo-cipuit dom). s
MOPIBHSIHHSA Ha I[bOMY X PUCYHKY YOPHHUM MO3HAYECHO TPOMI3JKICTh AudepeHIialbHuX PIBHIHD Ti€l caMoi
CXEMH, 32 YMOBH, 1[0 apaMeTp MapaMeTPUIHOro enemeHTa C(t) mpHHHATO MOCTIHHUM.
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Jugpenyianshe pieHaHua eiOHOCHO exiono020 cmpymy ma
[HULO} 3MIHAOT KO

Puc.2. Ilopisusinbna cicmoepama 06’ emie OughepenyianbHux PiHsHb Y CUMBOIbHOMY
6U2TI01, GUSHAUCHUX 3 CUCTNEMU, WO CKAAOEHA 3 MAOIULHUM MEMOOOM



Sx 6aunmo, mudepeHIianbHi piBHAHHS MapaMEeTPUIHOrO KoJia iCTOTHO TPOMI3/IKIII, HiXK BiAMOBIIHI
nrdepeHianbHi pIBHAHHS [[HOTO K KOJa 3 MOCTIHHMMHU TapameTpamMu. 3 pHC. 2 TaKOK BUILIMBAE, IO
IPOMI3JIKICTh auepeHIiaibHIX PIBHSIHB, 10 3B S3YIOTh BXimHWi curHai i(t) 3 IHIIMMH 3MIHHUMH

napaMeTpuyHOro 0araHCHOrO MOIYJISITOpa, HAa BiIMiHY BiJl KOJa 3 MOCTIHHHMHU MapaMeTpaMH, € CYTTEBO
pi3HoIO 1 BimpizHAeThes y 5-30 pasis.

Puc. 2 nepekonye, a 11¢ MiATBEP/DKYETbCSA H €KCIIEpUMEHTaMHM, MPOBEACHUMH IS IHIIMUX JIIHIHHUX
MapaMeTpUYHUX KiJl, 110 HaMEHIMA 00'eM mam'sATi 3aliMae audepeHIilianbHEe PIBHSAHHS, CKIIAJCHE
BIJTHOCHO BXIiJHOrO CHTHAJIy Ta 3MIHHOI, [0 HAJEKHUTh MMapaMETPUYHOMY ejeMeHTy (3a mpaBuiaoMm 1 1e
Harpyra Ha napaMeTpuyHOMY KOH/ICHCATOPI YM CTPYM Y MapaMeTpuyHiil Korymii). OTxKe, TpeTe mpaBuiio
(dbopmyBaHHs nu(EpEHIiabHOTO PIBHSIHHS, IO OMUCYE KOJO Yy YacoBiid o0OjacTi ¥ 3abesmneuye ioro
MPUHAHATHY TPOMI3JIKICTD, TaKe:

Ipasuno 3. Hessaodicaiouu na me, siKi 3MIiHHI KO 3A0AHO BUXIOHUMU, Y MAMEMATMUYHIT MOOEE KOAd,
wo cghopmosana 3a npasuIOM 2, GUKIIOYAEMO YCi 3MIHHI, KPIM mMuX, SKi 8i0n06I0aiomsb 6XiOHOMY CUSHATLY
ma napamempuyHomy eiemenmy. AKuwio oxcepen 6XiOHUX CUSHANIG YU NAPAMEMPUYHUX eleMEeHMi8 y KO
OeKinbKa, mo i MmaxKux pieHsaHb nOmpioHo cghopmyeamu OeKibKa — no 0OHOMY O/ KOJCHOL napu “ éxio —
napamempudnuil enemenm’ .

3rifHO 3 TOJaHWMHU MpaBWIAMH Ta PHUC. 2 TapaMeTpUYHUI OalaHcHU MopmynsTop 3 puc. 1
ONKMCYEMO JIU(EpCHIliaJbHUM pIBHAHHIM, sKe 3B's3ye Bximauid crpym i(t) 3 Hanpyroro Ha

napaMeTpUYHOMY KoHJeHcaTopi Ug(t) . Lie piBHSIHHS Take:

\ Y3)% ckt) + §Y1Y2 +Y1Y3 +YoY3 + %EC“U) +((Y, +Y3)Co + (Y2 + Y3)Cy Jctt) + C,CocMEt) +
+Y1Y3 % +ug (t) + é:;‘%le +%%(3 +(¥, +Y3) +%C(t) +3((Y +Y3)Co + (Y2 +Y3)Cy Jetkt) +

+ 2891\(2 +Y1Y3 +Y,Y3 +%90 (t) +4C,Coc®t) pucKt) +[(YiCo + YoCy )Yz + (VYo +YiY5 + Yo Y5 +
e 2 1)
+%§c(t) +3(( +Y3)C2 +(¥2 +¥3)C1Jott) +6C1Coc@0]uctht) +[¥:CiCo + (4 +¥3)C, + (V2 +

#¥3)C1c(t) + 4C1Co0%) JueHO) + CiCoe(tu (D) = Y3 () + Yool ) + YiCo ).

CdopmoBaHe 3a TOAaHUMH TpboMa mpaBwiamu audepenmiansHe piBHsHHA (1) 3a Meromom
JILA. 3ame mepeBOOMTHCA y 4YacTOTHY 007acTe Ta po3 s3yerbest UC-meromom [4, B]. V pesymbrari
OTPUMYEMO CHMBOIIBHI TapaMeTpUiHI TiepeaBaibHi GYHKILIT, sIKi € 0OCHOBOO utst opmyBanHs UC-moneni
KOJKHOT'O TrapaMerpuuHoro eaeMmenta [5—7]. Taki UC-momeni, CBOEIO 4eprorw, € OCHOBOK IS MO0y I0BH
YC-mopmeni JiHIHHOrO MapaMeTpu4Horo koma 3arajgom [5—7]. UC-mozens mapaMeTpuyHOro 0aaacHOro
MoJIynaTopa 300pakeHO Ha puc. 3, a BiamnoBigHa MatematHdHa YC-mozenb, ckiajleHa 3a METOIOM
BY3JIOBUX HAIPYT, € TAKOIO:

JC (Sat):'Uc(SBt) 'Y3
I(s) : WA 2

)
U (s.0) C) v[]c,— Y| LIC,— Ut

Y3

Puc. 3. Exeieanenmuna cxema mooyisimopa 3 puc.l,
¥ AKOMY NAPAMempuina EMHICIb 3AMIHEHA OXHCEPENOM CIPYMY
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Taka YC-mozmenb y 4yacTOTHIH o0nacTi BH3HA4Yae yci By3JIOBI Hampyrd Koja, 3a SKHMH MOXKHa
BM3HAYMTH 3aJaHi BHUXIiAHI Ta HeoOXimHi immm 3miHHi Koma. Tak, Hampukmax, 3 YC wmomem (2)

U(st)

napaMeTpuyHa nepeaaBanbHa GyHKIs Zo(S,t) = Ma€ BUTJIA;

Z,(st) = Y3- Z(st)>Y3>Y; - Z(st)>Y3°5C, 3)

10, & 190

(SCL+YA) Vs +Ys +§Co + — 2+Yaf¥p +5Co + = 2
>§ sLg g SLg

ne Z(s,t) BuU3HAYae YACTOTHY MOJENb MapaMeTpudHoi eMHocTi c¢(t) y BHIJISIII HE3aIeKHOro JDKepena

ctpymy Jo(St) =-Z(s,t)>Y321(s).

BucHoBkH

1. 3ampomonoBani npasuia 1 ta 2 popMyBaHHsI CHCTEMH PIBHSHB JiHIITHOTO MapaMeTpUIHOTO KOJia
3a0e31euyIOTh BIJICYTHICTh IHTErpaibHUX BUPA3iB Yy Hill Ta, SK HACIIIOK, Jal0Th MOXKIUBICTH CITPOIICHHS
MOAANBIINX OOYUCIIEHbD.

2. 3a npaBwioM 3 HaMEHIIMA 00’ €M maM’ ATl 3aiiMae yacoBe audepeHiliaibHe PIBHAHHS, CKIaJCHe
BiJTHOCHO BXIJIHOTO CHUTHAIY Ta 3MIHHO1, 110 HAJIGKUTH MMAPAMETPUIHOMY CIIEMEHTY.

3. 3amadi BUXiAHI 3MIHHI KOJIa BU3HAYAIOTHCS TaK.

) 3a TIpaBUIIOM 3 BU3HAYAETHCA AU epeHITiaTbHe PIBHAHHS KOJIa Y 4acoBiil 001acTi;

b) 3a HuM Bu3HauaeThCs (DYHKINSA TMepedaBaHHS BXIAHOTO CHTHAIY B CHTHAI Ha MAapaMETPHYHOMY
€JIEMEHTI;

C) hOpMYyETHCS YaCTOTHA CHMBOJIbHA MOJIEIE ITAPAMETPHUIHOTO €TEMEHTa,;

d) ma ocHoBi YC-momeni mapaMeTpuyHOro eneMeHTa Qopmyerbes (y dacTOTHIM —00macTi)
anreOpaluHa 4YacTOTHA CUMBOJIbHA MOJIE/Ib KOJIa, IKa MICTUTh UM BH3HAYa€ 300payKEHHS 3aJaHUX BUXITHUX
CUTHAJIIB;

€) 32 YaCTOTHOK CHMBOJILHOKO MOJICIUTIO KOJa BH3HAYalOThes (y 4YacTOTHIA 00iacTi) HeoOXimHi
nepeaaBaibHi GyHKIIIT Ta BUXIAHI CUTHAJIY;

f) 3a HEOOXiMHOCTI 3HAYCHHSI BUXIJHUX CUTHAJIIB KOJIa MIEPEBOATHCS Y YACOBY 00J1aCTh.
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