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Transfer Function of a Time-Varying Control System
Considering Actuator Inertia

Volt Avdieiev

Purpose. Methodological support for building an algorithm for determining the transfer function (TF) of a link,
which, considering the actuator dynamics and the disturbed motion of the mass center, is equivalent on a selected
trajectory section to a time-varying control system (TCS) for the rocket movement in one plane. Design / Method
| Approach. TCS is modeled using differential equations with changing coefficients. To define the type of TF, the
Laplace transformation of the equations is performed, while its coefficients are determined by finding the
equivalence criterion extreme of the output signals of the TCS and the link under the action of the test signal.
Findings. The example of the TCS for the rocket movement in the yaw plane shows the possibility of an algorithm
constructing for studying its dynamic characteristics by using the mathematical apparatus of linear stationary
systems. Theoretical Implications. Finding the extreme of the equivalence criterion of the TCS and the link using
the Levenberg-Marquardt method, with the coordinates of the extreme point being the arguments of the TF
coefficients. Practical Implications. Using the TF of equivalent link, it is possible to obtain for the selected
trajectory section a quantitative estimate of the stability margin, the duration of the transient process, the accuracy
of disturbance compensation, and the transmission coefficient depending on the signal frequency input. The
obtained results contribute to the methodological base expansion for linear time-varying systems research.
Originality / Value. Analytical solution of the link differential equation for a test signal in the form of a sequence
of rectangular and parabolic pulses using the Laplace transform. This will make it possible to obtain estimates of
individual indicators of systems with time-varying parameters by using the mathematical apparatus of stationary
systems. Research Limitations / Future Research. The algorithm is for the case of TCS of a rocket motion in
one plane developed. The next stage of the study is to assess the algorithm complexity level as the order of the
TCS mathematical model increases. Article Type. Methodological.
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Meta. MetognyHe 3abesneveHHs nobyaoBM anropuTMmy Bu3HayveHHA nepegatHoi dyHkuii (MP) naHku, ska 3
ypaxyBaHHAM OWHaMiKM BUKOHABYOrO MPUCTPOIO Ta 30YpEHOro pyxy LEHTPY Mac € eKBiBaneHTHOK Ha obpaHin
AiNAHUi TpaekTopii HecTauioHapHi cuctemi kepyBaHHsA (HCK) pyxom pakeTtu B ogHiv nnowwmHi. fiusanH / Meton
I Mipxin. Mogens HCK ue audbepeHuinHi piBHAHHA 3i 3MiHHMMUK KoeddilieHTamu. [na BusHaveHHs Tuny 1O
NPOBOANTLCHA MEPETBOPEHHSA piBHAHb 3a Jlannacom, a il koediuieHTM BM3HAYalTb LUNAXOM 3HAXOOXKEHHS
EeKCTPEMYMY KPUTEPIi0 eKBiBaneHTHOCTi BuxigHux curHanie HCK i naHkm nig gielo TecToBOro curHany.
Pesynbratn. Ha npuknagi HCK pyxom pakeTu y nnowuHi puckaHHs nokasaHa MOXIMBICTb N0OyA0BM anroputmy
AOCNIAXEHHS 11 AMHaMIYHUX XapaKTepUCTUK LUNSAXOM BWKOPUCTAHHA MaTemaTU4HOro anapaty niHiiHuX
cTauioHapHux cucteMm. TeopeTUdHe 3Ha4veHHsl. BukopuctaHHs wmetogy JleBeHGepra-MapkBaata nns
3HaxXOOXKEHHs1 eKCTPEMYMY KpuTepito ekBiBaneHTHocTi HCK i naHku, koopauHaTt eKcTpeMarnbHOI TOYKU SIKOTO €
aprymeHTammn koediuieHTiB M®. MpakTuyHe 3Ha4yeHHA. Cnuvpatouncb Ha [P ekBiBaneHTHOI NaHKW, MOXHa
oTpumatu ons BUbpaHoi AinbHWLi TpaekTopii KinbKiCHY OLHKY 3anacy CTiNKOCTi, TPMBanocCTi NepexigHoro npoLecy,
NMoKasHWKIB TOMHOCTI KoMneHcauii 30ypeHb i KoedilieHTa nepefadvi 3anexHo BiJ 4acTOTW BXiAHOTO cCUrHany.
OTpurMaHi pesynsrati CnpusioTb PO3LUMPEHHI0 METOANYHOT 6a3un AOCHIMKEHHS NiHINHWMX HECTALLiOHAPHNX CUCTEM.
OpwuriHanbHicTb / LliHHicTb. AHaniTuyHe pilleHHs AndepeHUiiHOrO PiBHSIHHSA NMaHKW Npy TECTOBOMY curHani y
BUMSAI NOCMiAOBHOCTI iMNyNbCiB NPSAIMOKYTHOI | napaboniyHoi hopmum 3 BUKOPUCTaHHAM NepeTBopeHHs Jlannaca.
Lle facTb MOXNKMBICTb OTPUMATK OLLIHKWM OKPEMUX MOKa3HMKIB CUCTEM i3 3MIHHMMM Y Yaci napameTpamMu LUNSXOM
BMKOPUCTaHHS MaTeMaTu4HOro anapaTty cTauioHapHux cucteM. O6mexeHHs AocnimkeHHs | ManGyTHi
pocnigpkeHHA. Anroputm po3pobneHo ans HCK pakeTu B ofHiii nnowmHi. HacTtynHuiAe eTan gocnigXeHHs ue
OUjiHKa piBHSA CKNagHOCTi anroputMy po3paxyHkiB npw 36inblueHHi nopsaky matematudHoi mogeni HCK. Tun
ctarTi. MeToguyHa.
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Time-varying control system (TCS) are a wide range of pro-
cesses, ranging from rocket and space technology, production tech-
nology, turbofan engines, etc.; their analysis and synthesis is a com-
plex mathematical problem, the solution of which has so far been
obtained only for individual cases (Stenin at al., 2023). Most works
on TCS in various versions of the problem statement consider the
issue of synthesizing the optimal control law and ensuring stability.
A sample data management algorithm has been developed for the
case of linear TCSs, an asymptotic stability criterion has been sub-
stantiated (Zhang et al., 2019), and a stability criterion for the class
of systems with piecewise constant parameters has been derived
(Briat, 2015).

The traditional mathematical apparatus for analyzing linear
stationary systems, for example, the Laplace transform, TF, charac-
teristic polynomial, and frequency response, is used in the study of
TCS, where the change in parameters depending on time has known
limitations. This makes it possible to obtain approximate estimates
of individual dynamic characteristics, in particular, the stability
margin, the type and duration of the transient process of disturbance
compensation. It is shown that uniform complete controllability of
continuous TCS is equivalent to the possibility of arbitrary place-
ment of the characteristic polynomial roots. The main components
of the proof are the reduction of the system to an upper triangle and
the use of the concept of uniform complete stabilization (Babiarz et
al., 2021).

Using the example of a TCS with rocket rotational motion in
one plane without taking into account the actuator inertia and the
disturbed motion of the mass center, the possibility of using the La-
place transform to determine the amplitude stability margin and the
phase stability margin is shown. The variable components of the
model coefficients depending on time are presented in the form of a
polynomial (Avdieiev & Alexandrov, 2023) and in the form of a
sum of exponential functions (Avdieiev & Alexandrov, 2024). For
the given data example, the error in determining these indicators is
within 20-30%. An algorithm for calculating the TF coefficients of
a second-order link is proposed, which is equivalent to the TCS in
terms of dynamic characteristics on the selected section of the tra-
jectory (Avdieiev, 2024). Algorithms for the TCS synthesis, some
of the model parameters of which are in the uncertainty zone have
been developed using the mathematical apparatus of linear matrix
inequalities, (Nguyen & Banjerdpongchai, 2011), observation de-
vices (Akremi et al., 2023), and sensor signals of the state vector
individual coordinates (Avdieiev, 2021).

The example of a spacecraft orientation system with a mag-
netic drive shows the effectiveness of using Lyapunov differential
equations in terms of ensuring stability indicators and finding a
compromise between the adjustment time and the power require-
ments of the control system (Zhou, 2021). Based on the mathemat-
ical apparatus of Lyapunov functions, various approaches to ensur-
ing the stability indicators of TCS have been developed. In particu-
lar, the inverse Lyapunov theorem for asymptotic stability has been
proven (Kawano, 2020), an eigenvalue criterion has been proposed,
and a condition for linear matrix inequalities has been obtained,
which, compared with existing results, expands the range of TCS
characteristics for which the obtained indicators retain their values
(Chen & Yang, 2016).A systematic method for constructing Lya-
punov functions for scalar linear systems is proposed, and a stability
criterion for systems with piecewise constant parameters is proved
(Zhou et al., 2020). It is proved that the TCS asymptotic stability
occurs under the condition of negative real parts of the matrix ei-
genvalues and a certain limit on the rate of the parameters change,
as well as under complete controllability (Guo & Rugh, 1995). It is
shown that the complete TCS controllability implies the existence
of feedback, and its connection with the Lyapunov exponent in sta-
bility theory is established (Anderson et al., 2013).

In addition to the requirement of a given stability margin, the
TCS is required to ensure accuracy with the limited actuator power.
The synthesis of optimal control laws for time-varying objects in
the general case is a complex problem that cannot be solved analyt-
ically, which is associated with the solving complexity of the vector-
matrix Riccati equation. An approach to solving the problem of the
control law synthesis for one class of linear TCSs is proposed,
which is based on the Pontryagin maximum principle. To establish
the connection between the auxiliary vector and the state vector, the
fundamental matrix of the system of simplified equations is used,

which is determined by using the mathematical apparatus of Walsh
functions. Since the mathematical model parameters are piecewise
constant functions, it becomes possible to significantly simplify
their practical implementation compared to matrices obtained based
on the Riccati equation (Stenin et al., 2019).

Predictive control with model is a proven method to achieve
optimal performance for linear system with constant parameters,
while for time-varying one its use requires significant complica-
tions. An approximate optimal solution to the problem of predictive
control of a non-stationary system for the Q-LPV class is proposed
(Mate et al., 2023).

As is known, despite its high performance, predictive control
requires significant computational resources, which complicates its
implementation. The latest approach to this problem solving is to
use a strategy that provides a solution to the control problem with
limited computational capabilities. An example of its implementa-
tion is given for discrete TCS (Amiri & Hosseinzadeh, 2025).

The possibility of using the developed mathematical apparatus
of stationary systems for studying TCS by rocket motion is provided
by the method of frozen coefficients, known in the last century, ac-
cording to which the coefficients of the TCS model in a small inter-
val of a selected trajectory point are taken as constant. The disad-
vantage of this method is the dependence of the obtained estimates
on the distance of the interval point to its middle.

The algorithm for determining a second-order stationary link,
which in terms of dynamic characteristics is equivalent to the TCS
of the rocket motion on a selected trajectory section, was proposed
in work (Avdieiev, 2025), where the average quantitative assess-
ment of equivalence for the section is found by iteration. This work
does not consider the actuator inertia and the disturbed motion of
the mass center in the direction perpendicular to the trajectory plane,
which reduces the estimates reliability of the TCS dynamic charac-
teristics, in particular, the size of its stability region in the space of
the control law coefficients.

Analysis of available sources shows that most of them are de-
voted to obtaining theoretical results, while the development of
methodological support of applied value for the design of aircraft
motion control systems, in particular missiles and spacecraft, is not
given due attention. This work sets the task of developing a meth-
odological support for constructing an algorithm for determining
the transfer function of a link, which, taking into account the actua-
tors inertia and the disturbed motion of the mass center, is equivalent
to a time-varying control system of missile motion in one plane on
a selected trajectory section. This allows us to use the mathematical
apparatus of stationary systems to estimate the stability margin,
static error of disturbance compensation, and other indicators.

Problem statement

The TCS equation for rocket motion in one plane, for example,
yaw, considering the actuator inertia and the disturbed motion of the
mass center (Avdieiev, 2021):

x =a(t) - x + f(t), @)
where
0 1 0 0 0
awlp(t) 0 0 al/,g(t) 0 |
a(t) = azy(t) 0 0 az,() 0o |
0 0 0 0 1

Boky poky peky —u —peé-T
ft) =c- f(t), ¢=[0ky 100]%;

x=[p v v, 68,
where ayy (1), ays(t), azy(t), azs(t) are parameters of the
TCS model depending on time #; §, T are damping coefficient and
time constant of the actuator; f,(t) is a perturbing acceleration of
the rocket mass center; k,, is a coefficient that takes into account
the distance between the mass center and the point of application of
the resultant aerodynamic forces, as well as the ratio between the
moment of inertia and the mass; ky, k{l,, k;, are control law coef-

ficients; 4 = 1/T2. The coordinates of the vector x are the follow-

ing quantities: ¥, 1) are yaw angle and its derivative with respect
to time; V, is a projection of the velocity of the disturbed motion of
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the mass center onto the axis perpendicular to the trajectory plane;
8, & are an equivalent angle of the actuator rudder rotation the and
its derivative. If in a small neighborhood of the selected trajectory
point the elements of the matrix a in equation (1) are considered
constant, then the equation (1) can be transformed by Laplace, and
five TF can be obtained:

xi(s) _ Mi(s) _ Yj=oamyjs
() Qe sS+Xigqpsi’

wi(s) = i=1.5 )

The task is to develop a methodological support for construct-
ing an algorithm for determining a link that, from the point of view
of'the selected criterion, is equivalent to the TCS of the rocket's mo-
tion in one plane on a certain trajectory section and has a TF of the
form (2).

The problem solution

Based on (1), the coefficients of the characteristic polynomial
QO(s) in a small neighborhood of time ¢ depending on the elements
of the matrix a(¢) are as follows:

qo(t) = p-ky- [a¢¢(t) “Ay5(8) — ays(t) - azy (O],
q1(8) = —p - [ayy (6) + ays (D) - kyl,
42(8) = =i [azs () - ky + ays(®) - ky + ¢ - T - ayy (O],
O =p—ay, (O).qa=pn-¢T ©)

The sequence of actions for determining the coefficients of the
TF of the form (2) does not depend on the number of the vector x
coordinate, so let's consider it using the example of the coordinate
x/=y. Based on model (1), the coefficients of the numerator of the
TF wi(s) in a small neighborhood of time ¢ are determined:

qmo(t) = p - kzlays(t) = ki - azs(0)],

qmy =ky -, qMp =k -p-6-T, qmz =k (4)
A link with a TF of the form (2) is taken to be equivalent to a
TCS on a certain trajectory section in terms of dynamic characteris-
tics, when the criterion for the difference of the output signals of the
TCS and the link in the searching process in the four-dimensional
space of the quantities ayy, ays, azs, azy will take a minimum value.
The coordinates of the output signals vector are the yaw angle y and
its four time derivatives. The linear differential equation of the link

that follows from TF (2), for the coordinate , is as follows:

PO +Zoqi PP =Toqmi - LD, ()
where the superscripts define the time derivative of the correspond-
ing order.

The input signal f:(?), necessary for the emergence of a transi-
ent process of disturbance compensation, depends, in particular, on
the estimate of the transient process duration at the midpoint of the
selected trajectory interval. The paper considers a variant of the dis-
turbance f:(2) at the input of TCS and at the input of the link with the
TF of the form (2) as a sequence of four pulses: figure 1 — test signal
as rectangular pulses, figure 2 — test signal as pulses in the shape of
parabola. As a equivalence criterion the TCS and the link, we take
the average on the selected trajectory section for » moments of time
the value of the modulus of the coordinates difference of the TCS
output signal vector yz and the link output signal vector ya with the
signal f:(?) at their inputs. The vector yz at n points of the trajectory
section is the result of the numerical solution of equation (5) con-
sidering the time dependence of the coefficients (3, 4) and remains
constant in the process of finding the minimum criterion. The vector
ya at n points of the trajectory section is determined by analytically
solving equation (5) depending on the values ayy, ays, azs, azy, which
vary in the process of the criterion minimum finding. The presence
of an analytical solution significantly reduces the duration of the it-
erative process of the minimum finding. Thus, the equivalence cri-
terion of the TCS and the link can be written as

R(ayy, ays, Azyp) Az6) =
1
=—Xix1 Treal¥zie — waw (ayy, aps, Az, azs)|/xmy, (6)

here xm is an array of numbers for transition to dimensionless coor-
dinates.

f=0 ] _
TE M =
Jo
=0 I= =2 =3
t, s
2 4 8 8 10 12 14 16 18 20
= Ay =

Figure 1 — Test signal as rectangular pulses (Source: author)

1=

fo

=0

Figure 2 — Test signal as pulses in the shape of parabola
(Source: author)

As a result of the criterion (6) minimum found in the four-di-
mensional space ayy, ays azy, a:sthe TF coefficients of the form (2)
qmo, qo, q1, q2, g3 are determined, which in the relations (3, 4) de-
pend on time. The search for the minimum of criterion (6) is carried
out by the Levenberg-Marquardt method, the efficiency of which in
terms of time consumption depends on the choice of the algorithm
for the analytical solution of the differential equation (5) for the test
signal fz (¢) (Fig. 1, 2). According to Fig. 1

_(fo 0St—At-1<4t,

£® = {4 Aty <t—At-1< At

where /, At, are pulse number and its duration; 4A¢ is an interval of
the trajectory section to which the equivalent link corresponds.

The Laplace transform of the differential equation (5) with
zero initial values and a constant perturbation fj gives the image of
the first coordinate of the link output signal vector

amo-fo
V) =00

As is known from the operational calculus theory, the original
of this image

_ e (L 4 ekt
W) =amo - fo (qO + Zk:osk'dQs(Sk))'

1=0..3, 7

®)
dQs(s1) = 22 (s1) = 55¢ + T30 @jur - G+ 1) -5}

where s is the root of the polynomial Q(s) with number £.
The next four coordinates of the output signal vector of the link

Sk—l,eski

PO©) = qmo - fo - (Theo dQS(Sk)), i=1.4. (9

The relation (8, 9) is an analytical solution of equations (5) for
the input signal (7), but when the signal shape changes (Fig. 1, 2),
the initial values components, which are the result of the solution
for the previous shape, should be added to it.
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Based on the operational calculus rules, the image component
of the first coordinate of the output signal vector of the link taking

in account five initial values Il)((,L)

_FE®
Yals) = 22,

F(s) = Xiooby - s* +s* -9,
3—-k

4—k i
by = llfé ) + Z Qi+k+1 " 1/1(()0-
i=0

(10)

Original of image (10) according to the operational arithmetic
rules

0 F(s .
P (0) = Thoo g e, (n
The following four components determined by the initial val-

ues of the coordinates of the vector of the link’s output signal:
i F(sy)-st X
R I (12)

The obtained analytical solution (8-12) of the differential equa-
tion (5) considering the initial values, which are updated when the
shape of the test disturbance signal (7) changes, is used to find the
minimum of criterion (6) by the Levenberg-Marquardt method in
the four-dimensional space of quantities ayy; ays dzy; azs.

For the case of a test signal f:(?) in the form of a sequence of
pulses of parabolic form (Fig. 2), the analytical solution of the dif-
ferential equation (5) can also be obtained using the operational cal-
culus rules.

In the interval of one pulse, the test signal is a parabola

i=1.4.

f,(x) =at?+br+d, T=0...4t, (13)
wherea ==L p=2L 4=y
AtZ At,
From TF (2) Laplace transform of the yaw angle
x1(s) = P(s) = fz(s) - My (s)/Q(s), (14)

My(s) = Xi—o qmy - s©
Differential equation of the equivalent link according to (13,
14)

YO+ Thmo - = qmo - (ar® +b7) +
+qmq - 2at+b) + 2qm, -a =

=vy+v-T+v, T2

(15)
The variant of sequential actions for obtaining the solution of

equation (15) is as follows.
The Laplace transformation of (15) gives

-s24+v,-5+2 P
W(s) - Q(s) = "05‘;# = %
therefore, the second derivative of the solution
b(r) = @ (r) = {29 =
¥ =@ @ = L7 {52
P(sk)
Sk-dQs(sk)
where the symbol L~/ means the inverse Laplace transform, i.e. the
transition from the image to the original.
Higher-order derivatives according to the operational calculus
rules

ST
>

_ 2 k=4
==—+¥¥
o

O — v4  PesE>
V) = Lk=030,(a.50

First and zero order derivatives
b(@) = [y P(r) - dry =

eSk'T
Bjy-e’k’t1 |‘L’
0

eskT; 1 =34 (16)

_2v,

T +Z£:0

qo Sk

=22 gy yp D) 17)
qo Sk
By = P(sk)

7 siedQs(qsi)’

Y(@) =9pO@) = [[9(ry) - dry =

_ VZ'TZ 4 {Bk SpeT By }
=——+ 01> (kT —1)——"1¢.
o T Zk=og )75

(18)

The obtained solutions (16-18) of equation (15) for the case of
a parabolic test pulse (Fig. 2) can be used to determine the output
signal of the equivalent circuit for a sequence of test pulses in the
form of a parabola, taking into account the initial conditions when
changing the waveform similarly to a sequence of rectangular
pulses.

Let us consider the definition of the link, which on the selected
trajectory interval is equivalent to the TCS of the rocket motion in
the yaw plane, using the data example dependences on the time of
the model (1) coefficients (Source: author): ayy(?) — figure 3, ays(t)
— figure 4, a:y(t) — figure 5, as(t) — figure 6. As is known, the insta-
bility in time of the model (1) coefficients is caused by a change in
the rocket mass-inertial characteristics, speed and flight altitude.

2t+——— -t —————— — — — — -

0,0

Figure 3 (Source: author)

ay(t)
0,20 1
021 4

-0.22 +

-0.23 +

0 10 20 30 40

Figure 5 (Source: author)

To substantiate the possibility of the algorithm constructing for
determining a link that is equivalent from the point of view of the
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selected criterion to the TCS of the rocket's motion on a certain tra-
jectory section, an experiment was conducted using the data in Fig.
3-6 and Table 1.

a- KU

=09 4

-1,0 4

-1.1 4

0 10 20 30 40

Figure 6 (Source: author)

Table 1 — actuators parameters and control law coefficients
(Source: author)

T 3 ky ky k,
s - s s/M
0.1 1.2 23.74 19.89 -0.858

For the test signal £:(?) in the form of four rectangular pulses,
as a result of finding the criterion (6) minimum by the Levenberg-
Marquardt method in the four-dimensional space of quantities @y,
ays azy azsusing relations (3, 4), the TF of the form (2) are deter-
mined:

) amg
Wor() =350 = st

_ 11.71 (19)
T s5+125%=99.7953+313.952+448.45+317.5"

The link with TF (19) according to criterion (6) is equivalent
to TCS (1) in the relative time interval 0...20 s.

For the case of a test signal fz(?) in the form of pulses of a par-
abolic shape (Fig. 2), the TF of the link, which in the relative time
interval # = 0...20 s is equivalent to the TCS (1), is determined ac-
cording to the searching results for the minimum of criterion (6) and
relations (3, 4):

¥Ge) _ amy —
fz(s) 55+Ez:0qk'5k
0.07253+0.865%+7.25+11.85

= (20

T $54125%=99.9753+317.452+453.15+328.0°

wyr(s) =

Calculations show that the criterion R (6) may have local ex-
tremes, the coordinates of which depend on their initial values and
two-sided restrictions of the arguments ayy, ays azy a-s, while the
minimum value of R for the given data example in the local ex-
tremes is the same.

As can be seen from the comparison of TF (19) and (20), the
difference between the denominator coefficients, which is a conse-
quence of different test signals, for this example data does not ex-
ceed 3.5%, while the difference in the estimates of the stability mar-
gin on the roots plane of the characteristic polynomial is about 2%.

The following values are given at the algorithm input for de-
termining the TF of the link, which is equivalent to the time-varying
missile control system in one plane on the selected trajectory sec-
tion, taking into account the actuator inertia and the disturbed mass
center motion:

- constant coefficients &, T of the model (1), which quantita-
tively characterize the actuator speed,;

References

- tables of time dependences of the coefficients ayy(?), ays(?),
azy(1), az§(1);

- the beginning and end moments of the selected trajectory sec-
tion;

- the control law coefficients &) ky, ky’, calculated for mid-
point of the selected trajectory section;

- test signals for excitation of the transient process.

To the algorithm output are placed the TF coefficients of the
kind (2) for the coordinate x,=y.

The main steps are as follows:

- approximation of tabulated coefficients ayy(?), ays(?), azy(?),
a:5(t) by polynomials;

- numerical solution of equation (5), which follows from model
(1), using approximation polynomials and the selected test signal to
excite the transient process;

- selection of the procedure for analytical solution of equation
(5) or (15) depending on the test signal and possible values of the
quantities ayy, ays azy, azs, which can be equivalent to the variable
coefficients ayy(?), ays(t), azy(t), a:s(¢) in equation (1);

- finding the minimum of the criterion R (6) by the Levenberg-
Marquardt method, by using the appropriate procedure, for exam-
ple, Minimize in the Mathcad software environment;

- calculation of the TF coefficients according to the relations
(3, 4).

Based on the TF (19, 20) by methods of the theory of linear
stationary systems, it is possible to obtain estimates of such dynamic
characteristics of TCS as accuracy indicators, frequency character-
istics, type of transient process and its duration, as well as to deter-
mine the influence of the actuator inertia on these characteristics.
The presence of these indicators can be used to make technical de-
cisions in the process of TCS’s designing.

Conclusions

A methodological support for an algorithm constructing for de-
termining the transfer function of a link, which on a selected trajec-
tory section is equivalent to a linear time-varying control system for
the movement of a rocket in one plane, taking into account the ac-
tuator inertia and the disturbed motion of the mass center, has been
developed.

In particular, the following are proposed:

- test signal variants for the transient process excitation in order
to obtain a sufficient amount of data for assessing the dynamic char-
acteristics of the time-varying system;

- formulas for the analytical solution of the link differential
equation using the mathematical apparatus of the Laplace transform
for the test signal in the form of a sequence of rectangular and par-
abolic pulses, considering the initial conditions, which are updated
when the waveform changes;

- a criterion for quantitatively assessing the difference between
the output signals of a time-varying system and an equivalent link,
the coordinates of the extreme point of which, found by the Leven-
berg-Marquardt method, are the arguments of the transfer function
coefficients.

The novelty of the work lies in taking into account the actuator
inertia and the disturbed motion of the mass center when developing
a methodological support for an algorithm constructing for deter-
mining a stationary link, which, in terms of dynamic characteristics,
is equivalent to the TCS movement of a rocket on a certain trajec-
tory section.

Practical significance lies in supplementing the methodologi-
cal base for designing time-varying systems by using the mathemat-
ical apparatus of stationary systems in terms of assessing dynamic
characteristics, namely the stability margin on the plane of the char-
acteristic polynomial roots, the accuracy of disturbance compensa-
tion, the type of transient process and its duration, as well as the
amplitude-frequency and phase-frequency characteristics.
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