Technical science and innovation

Volume 2024 | Issue 3 Article 11

10-4-2024

POSSIBILITY OF APPLYING METHODS OF ANALYSIS AND
SYNTHESIS OF LINEAR ELECTRICAL CIRCUITS TO SOME
NONLINEAR CIRCUITS

Qudrat Gayratovich Abidov
Tashkent State Technical University, Tashkent city, Republic of Uzbekistan, DSc, professor,
abidoff@rambler.ru, https://orcid.org/0000-0001-8315-0351,, abidoff@rambler.ru

Anvar Ismatullaevich Rahmatullaev

Tashkent State Technical University, Tashkent city, Republic of Uzbekistan, Research
Associate,anvarrahmatullayev@gmail.uz, https://orcid.org/0000-0003-2419-0366;,
anvar.raxmatullaev@tdtu.uz

Mexrnoz Odiljonovna Gafurova
Tashkent State Technical University, Tashkent city, Republic of Uzbekistan, Research Associate,
gafurova.mexrnoz@mail.ru, https://orcid.org/0009-0006-7612-8221., gafurova.mexrnoz@mail.ru

Follow this and additional works at: https://btstu.researchcommons.org/journal

b Part of the Electrical and Electronics Commons, and the Power and Energy Commons

Recommended Citation

Abidov, Qudrat Gayratovich; Rahmatullaev, Anvar Ismatullaevich; and Gafurova, Mexrnoz Odiljonovna
(2024) "POSSIBILITY OF APPLYING METHODS OF ANALYSIS AND SYNTHESIS OF LINEAR ELECTRICAL
CIRCUITS TO SOME NONLINEAR CIRCUITS," Technical science and innovation: Vol. 2024 Iss. 3, Article
11.

DOI: https://doi.org/10.59048/2181-0400

E-ISSN: 2181-1180

.1585

Available at: https://btstu.researchcommons.org/journal/vol2024/iss3/11

This Article is brought to you for free and open access by Technical Science and Innovation. It has been accepted
for inclusion in Technical science and innovation by an authorized editor of Technical Science and Innovation. For
more information, please contact urajapbaev@gmail.com.


https://btstu.researchcommons.org/journal
https://btstu.researchcommons.org/journal/vol2024
https://btstu.researchcommons.org/journal/vol2024/iss3
https://btstu.researchcommons.org/journal/vol2024/iss3/11
https://btstu.researchcommons.org/journal?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss3%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/270?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss3%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/274?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss3%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.59048/2181-0400%20%3Cp%3EE-ISSN:%202181-1180%3C/p%3E.1585
https://btstu.researchcommons.org/journal/vol2024/iss3/11?utm_source=btstu.researchcommons.org%2Fjournal%2Fvol2024%2Fiss3%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:urajapbaev@gmail.com

THERMAL ENERGY AND POWER ENGINEERING

POSSIBILITY OF APPLYING METHODS OF ANALYSIS AND SYNTHESIS OF
LINEAR ELECTRICAL CIRCUITS TO SOME NONLINEAR CIRCUITS

K.G.ABIDOV, A..LRAKHMATULLAEV, M.0.GAFUROVA (Tashkent State Technical
University, Tashkent city, Republic of Uzbekistan)”

Received: Apr 18, 2024; Accepted: Sep 9, 2024; Online: Oct 04, 2024.

Abstract: This article discusses the possibility of applying the analysis and calculation methods
used in linear electric circuits to certain nonlinear circuits. It is shown that if we abandon the
quantitative criteria for the analysis and synthesis of nonlinear circuits using linear principles, some
problems in nonlinear electrical engineering can be correctly solved based on linear theory. As an
example, the simplest ferroresonant voltage stabilizer is considered, using the method of superposition
and the equivalence of ferroresonant circuits in series and parallel connections. The electrical
diagram is shown, and a formula for the stabilization coefficient is derived, representing a complex
nonlinear function dependent on both linear and nonlinear circuit parameters. Under certain
conditions, a simplified formula for calculating the output voltage stabilization coefficient is provided.

In a circuit where Kirchhoff’s laws strictly apply, the method of superposition, which pertains
to the analysis of linear circuits, can also be applied to circuits with nonlinear elements. The
stabilization of the output voltage of a simple single-phase ferroresonant voltage stabilizer and the
characteristics of two ferroresonant circuits with parallel and series connections of passive elements
are also presented. Basic calculation formulas are provided as well.

Keywords. Nonlinear electrical circuit, superposition principle, circuit equivalence.

Annomayusa: B Oannoii cmamve paccmMampusaemcs B03MOMCHOCHb NPUMEHEHUs K
HEKOMOPbIM ~HEeTUHEUHbIM Yenam MemoO aHaAIu3a U pacyema HPUMEHAeMblX 6 JUHElHbIX
anekmpuyeckux yenax. Illokazauna, 4umo eciu omka3amvcs Om KOAUYeCmEeHHbIX KpUmepues aHaiu3a
U CUHMe3a HeTUHeHbIX Yenell ¢ ROMOWbIO TUHEHBIX NPUHYUNO8, MO HEKOMOopble 3a0adi HeAUHeUHO
INEKMPOMEXHUKU MONCHO BNOTHE KOPPEKMHO peuiums U Ha b6ase unelinol meopuu. B xauecmee
npumepa paccmompena npocmeliuiuti - heppopesoHaHCHbINl  CIAOUIUZAMOD  HANPANCEHUS  C
npUMeHeHueM Memooa cynepno3uyul (Ha104ceHus) u IK6UBANEHMHOCIb (eppope3OHAHCHBIX Yenell
NOCIe008AMENbHOZO U NAPALIENbHO20 coeduHenul. [lokasana snexmpuueckas cxema 6v186e0AHO
Gopmyna  kodppuyuenma cmabUIUIAYUU HANPANCEHUSA NPeOCAsNAIWUL  COOOU  CIOHCHYIO
HeIUHelHy10 (DYHKYWo, 3a8a1Auyi0 OM JUHEUHbIX U HeIUHEUHbIX NApAMempos yenu u npu
CoOMI00eHUU ONpedeNeHHbIX YCI0BUAX NOKA3AHA YAPOUIEHHAS Popmyla pacyema Kodpduyuenma
CcmMaduIU3AYUYU 8bIXOOHO20 HANPAHCCHUA.

B yenu 20e cobmooaromes ycrosus npu komopoeo cmpozo oevicmeyem 3axonvl Kupxeogha,
Memoo cynepnosuyul OMHOCAWeNcs K aHanu3y TUHeUHbIX yenet makoce 6yoem NpUMeHAmb U 6
cayuae yeneil ¢ HeauHeuHvimu dnemenmamu. Cmaduru3ayuL 8bIX0OOH020 HANPANCEHUS NPOCENe20
00HODA3HO20  heppope3oHaHCHO20 CMAdUAUZATOPA HANPAXNCEHUA U  XAPAKMEPUCTNUKU  08YX
Geppope3onancHbix yeneti npu NAPALIETbHBLIX U ROCAe008AMENbHBIX COCOUHEHUAX NACCUBHBIX
nemenmos. A maxaice npusedeHvl OCHOBHBIX paciemHble QopMybl.

Kniouesvie cnosea. Henuneiinas snekmpuueckas —cxemd, NPUHYun  CYNepnosuyul,
IKBUBANEHIMHOCIIL CXEM.

Annotatsiya: Mazkur magolada ayrim noxatli zanjirlarga nisbatan chizigli elektr zanjirlarida
qo ‘llaniladigan tahlil va hisoblash usulini qo ‘llash imkoniyati ko ‘rib chiqgilgan. Agar noxatli
zanjirlarni chizigli tamoyillar yordamida tahlil gilish va sintez gilishning migdoriy mezonlaridan voz
kechilsa, ayrim noxatli elektrotexnika masalalarini chiziqli nazariya asosida ham to ‘g ‘ri hal qilish
mumkinligi ko ‘rsatilgan. Misol sifatida, superpozitsiya (qatlamlash) usuli go ‘llanilgan eng oddiy
ferrorezonansli kuchlanish stabilizatori va ketma-ket va parallel ulanishlar bilan ferrorezonansli
zanjirlarning ekvivalentligi ko ‘rib chigilgan. Elektr sxema ko ‘rsatilgan va stabilizatsiya koeffitsienti
formulasi chiqarilgan, bu koeffitsient chizigli va noxatli zanjir parametrlariga bog‘liq bo ‘lgan
murakkab noxatli funksiyani ifodalaydi. Shuningdek, muayyan shartlar bajarilganda chigish
kuchlanishini stabilizatsiya qilish koeffitsientini hisoblashning soddalashtirilgan formulasi
ko ‘rsatilgan.

*Abidov Qudrat Gayratovich — DSc, professor, abidoff@rambler.ru, https://orcid.org/0000-0001-8315-0351;
Rahmatullaev Anvar Ismatovich — Research Associate,anvarrahmatullayev@gmail.uz, https://orcid.org/0000-0003-2419-0366;
Gafurova Mexrnoz Odiljonovna — Research Associate, gafurova.mexrnoz@mail.ru, https://orcid.org/0009-0006-7612-8221.
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Zanjirda Kirxgof qonunlari qat’iy amal giladigan sharoitlarda, chizigli zanjirlarni tahlil
gilishga tegishli bo ‘Igan superpozitsiya usuli noxatli elementlarga ega zanjirlarda ham qo ‘llanishi
mumkin. Eng oddiy bir fazali ferrorezonansli kuchlanish stabilizatori chigish kuchlanishini
stabilizatsiya qilish va ikki ferrorezonansli zanjirning passiv elementlar ketma-ket va parallel
ulanishidagi xarakteristikalar keltirilgan. Shuningdek, asosiy hisoblash formulalari keltirilgan.

Kalit so'zlar. Chizigli bo'lImagan elektr sxema, superpozitsiya usuli, ekvivalent sxema.

Introduction

Unlike nonlinear circuits, electrical circuits
with linear parameters R, L and C have a much richer
list of physical and mathematical descriptions and
definitions, a wide range of methods of analysis and
synthesis, and therefore disproportionately large
areas of application in applied problems of electrical
engineering. In turn, physical processes in nonlinear
electrical circuits are distinguished by the diversity
and complexity of the effects of electromagnetic
energy conversion, which are unusual for linear
circuits, and are very widely used where it is
necessary to  perform  specific  functional
transformations of currents and voltages.

Without going into the details of the classical
definition of linear and nonlinear circuits and without
considering the issues of generality and differences
between them, we will dwell only on some, in our
opinion, fundamental theoretical positions and
principles inherent in both categories of circuits. We
are talking about those principles and concepts
common to them that are formally unacceptable for
nonlinear electrical circuits, but are very effective in
linear ones, namely: the principles of superposition
(overlay), reciprocity, reversibility, equivalence of
circuits of serial and parallel connections, duality of
circuits with sources of EMF and currents [1]. This
list could be continued with equally interesting
theoretical concepts, but our task includes only a
gualitative assessment and comparison of physical
phenomena described using known criteria and
techniques of a linear chain applied to nonlinear ones.

Research Methods and the Received Results

As will be shown below, the inapplicability of
many linear principles to circuits with nonlinear
elements is due mainly to the inadequacy of
amplitude-frequency and phase relationships in a
nonlinear circuit at different levels of voltage
(current) amplitude of the power source. However, if
we abandon the quantitative criteria for the analysis
and synthesis of nonlinear circuits using linear
principles, then some problems of nonlinear electrical
engineering can be solved quite correctly on the basis
of linear theory. As an example, below we consider
the calculation of the simplest ferroresonance voltage
stabilizer using the superposition method, as well as
the equivalence of ferroresonance circuits of serial
and parallel connections.

Figure 1 shows a diagram of the simplest
single-phase ferroresonance voltage stabilizer with an
active load at the output of the circuit. Let's calculate

the main operating characteristics and voltage

stabilization coefficient
_AUg U,

o=y o 1)
I I
—=p=
i LG
Ul 11 12 l R2:
: : U,
o, o
Drawing 1.

by the loop current method, which is based on
the principle of superposition [2]. The basic circuit

equations for complex fundamental harmonic
currents in this case have the form
1121 — 1,25, = Uy (2)

‘i1221 + izZzz = 0

Here: Zyy = j(Xp, — Xc), Zay = 221 =
JX1,uZzy = Ry +jXp,
Due to the nonlinearity of the inductive coil
L(i), its resistance X, is calculated for equivalent
sinusoidal voltage values u, = U,,,sin Wt and
current iy = I, sin (Wt — g) by approximating the
volt-ampere characteristics of the coil using the
effective values of the functions

I,—aU, + bU; (3)
S0 in our example
X — ﬁ - ;
Ly a+bU?2
(3) is a function of the voltage applied to the

COI| UL = Uz.
Expressions for the loop currents I; and I, can be
easily obtained from (2) as
. . . U A
11 2 >
h=——Uul,==—=-=2=U
177 MR T T T U
A= Z11_Zzz__ Z122'A11= Zzz”A1z_:_A21:Z12 (4)
Taking into account the specific values of the
linear and nonlinear parameters of the circuit,
we have [3-4].

1'1 — (R2+jXL3)Ul — [(a+bU22)+J'gz]U1 (5)
X1y XcHIR(XLy=Xo) G2y Xct+j[1-aXc—bX UZ]
12 — —-jgUy — -jUy —
Xy Xc+jRa(Xpy=Xc) — Xc+jRp[1-aX —bX U3
-jgU,
(6)

g2 Xc+i[1-aX—bX UZ]
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From (3) you can go to the main operating
characteristic of the stabilizer U= f1 (U1) or Ui= f
(Uz)Z

v Uy _ Uy
Uz = - (1-aXe—bXcU%)- fg,Xc ~ (aXct+bXcU-1)+jg, X,

()

Uy = (aX Uy + bX. U3 — Up) + jgoXc Uy (8)
The relationship between the modules of the
vectors U; and U, has the form
Up =(aXc +bX.UF — 12 +g3X2- Uy (9)
Equation (6) makes it possible to analytically
express one of the most important parameters of the
stabilizer - the stabilization coefficient

Kcm_ U, 0, =d_UZU_1 (10)

Let's write it down

_ dU;y Uy _ 2bXsUZ(oX+bX UF—1)

M AUy Uy (aXe+bXoUZ—1)"+g2X2

As you can see, the output voltage stabilization

coefficient is a complex nonlinear function that

depends on the linear and nonlinear parameters of the

circuit and the voltage U2 at the circuit output.

However, if we take into account that U, = const as

a stabilized quantity, g,X, < oX, + bX . UZ —1 (or

g2 < a+bUZ — wC), then (7) can be simplified and
reduced to the form

_ __2bXcU3 __ 2by;

M aX +bX,UZ-1

+1  (11)

—+1(11,2)

" a+bUZ-o

From (7,a) it follows that the stabilization
coefficient is greater, the larger the capacitance C and
the smaller the linear approximation coefficient a, i.e.
the flatter the U.(I.) curve in the saturation zone.
Using (5) you can also determine two critical voltage
values [5-9].

Uy=U,ul, =
current surges occur

"1, at which ferroresonant

Lup>» —byU; =Uu LKdown>» —byU; =
u's. 12)
To do this, in the first case we perform the
operation

[ReU1]',. = 0 = aX, + 3bX U7 — 1, (13)
Where do we have U',=Y2%y,

(upward jump), and in the second —

RelU; =0 = aX. + bX ,U? -1,

Where do we have U", =

down).

From the above, we can draw the following
conclusion that the superposition method, common in
the analysis of linear circuits, can also be used in the
case of circuits with nonlinear elements, if the

‘“’i_a - U"; (jump

conditions are met under which Kirchhoff’s law
strictly applies in the circuit [10-16].

The following example includes signs of
equivalence of ferroresonant circuits of serial and
parallel connections.

When applied to a linear two-terminal network,
the principle of equivalence of two circuits means that
regardless of the method of connecting their elements
(series, parallel or series-parallel or series-parallel),
the current I consumed by them from the voltage
source U must be identical in magnitude and
phase[17]. Thus, a series circuit with elements R, X,
and Xc and impedance Z =R +j(X, —X;) IS
considered equivalent to a parallel circuit with
elements g, b, and b; and impedance Y=g-j(b;, — b¢)
if the condition Z*Y = 1 is met (in this case

I=YU=U:z, Ooe = arctg% = arctg %)_

Now let's turn to characteristics 1 and 2 of two
ferroresonant circuits of serial and parallel
connections (Fig. 2), built for convenience of analysis
in relative units of voltages and currents. The circuit
elements are selected so that the extreme values of
parallel ferroresonance currents are equal to the
extreme values of series voltages, i.e.

Imax = Umax, Inin = Unin-
U R L c
"}z

Drawing 2.

Discussion

From a comparison of the current-voltage
characteristics 1 and 2 it is clear that formally the
modulus of the total resistance of a series circuit is
equal to the inverse value of the modulus of the total
conductance of a parallel circuit at all points of
intersection of characteristics 1, 2, ..., 8. But circuits
can be equivalent in a linear sense be only at
intersection points 2, 3, 6 and 7, where the
impedances of the two circuits are equal not only in
magnitude, but also in the nature of the phase shifts
between voltage and current. In fact, at points 1, 4 and
5-¢1>0, ¢,>0,and at point 8 - ¢,<0 and ¢,>0, i.e.
the inductive mode of a series circuit corresponds to

Technical science and innovation. Ne3/2024 63



the capacitive mode of a parallel circuit or vice versa.
This does not take into account the fact that of the
equivalent modes, only 3 is unstable for a series
circuit, and point 7 is unstable for a parallel circuit.
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ALGORITHMS AND SOLUTION TO THE PROBLEM OF PARAMETRIC
IDENTIFICATION OF THE GAS COMPOSITION OF THE ATMOSPHERE

B.A.KHOLKHODJAYEV, E.A.ESANOV, B.A.KURALQV (Tashkent State Technical
University, Tashkent city, Republic of Uzbekistan)”

Received: Apr 19, 2024; Accepted: Sep 20, 2024; Online: Oct 04, 2024.

Abstract. This article discusses the problem of identifying the gas composition of the
atmosphere, which has important practical significance and allows us to illustrate the advantages of
the proposed regularizing solution algorithms. Every ear, human industrial activity increasingly
aggravates the problem of environmental protection. Among the diverse human impacts on nature,
air pollution occupies a special place. Every ear, up to 500 thousand various pollutants are emitted
into the atmosphere. In this regard, the task of monitoring the composition of the atmosphere is very
relevant. Numerical studies of the problem of identifying the gas composition of the atmosphere have
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