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ON THE STABILITY OF THE STABILIZED MOTION OF A CARRIER ROCKET
WITH A LIQUID-PROPELLANT JET ENGINE AND AN ONBOARD DIGITAL
COMPUTER IN THE STABILIZATION LOOP

Abstract. The problem of choosing the values of the variable parameters of the digital stabilizer of the cosmic stage of a
carrier rocket with a liquid-propellant jet engine and an onboard digital computer in the stabilization loop, which ensures
stable movement of the stage along the entire active section of the flight trajectory, is considered. The effect of the
stabilizer quantization period on the stability region of a closed-loop stabilization system is considered. It is recommended
to choose the intersection of stability regions corresponding to uniformly distributed moments of time along the active
section of the stage flight trajectory as acceptable values for the variable parameters of the stabilizer of a non-stationary

stabilization object.
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Introduction

Problem statement. On December 17, 1956, the
Decree of the Council of Ministers (CM) of the USSR
"On the creation of an intercontinental ballistic rocket
(ICBR) R-16 (8K64)" was issued. The development of
the R-16 ICBR was entrusted to OKB-586 (Dneprope-
trovsk), headed by Chief Designer M.K. Yangel, who
went to the USSR Council of Ministers with a proposal to
create an experimental design bureau for rocket control
systems in Kharkov, headed by Chief Designer
B.M. Konoplev. It was planned to entrust this design bu-
reau, under the general scientific supervision of Acade-
mician of the Academy of Sciences of the USSR
B.N. Petrov, with the development of a fully autonomous
control system for the R-16 rocket. On April 11, 1959,
the Decree of the Council of Ministers of the USSR on
the organization of the Special Design Bureau No. 692
(Kharkov) was issued. OKB-692 was instructed to take
over the functions of the head integrated research and
development enterprise for the development of control
systems for rockets created in OKB-586.

The first task of OKB-692 was the development of
the control system for the R-16 rocket, which was replete
with a number of tragic events, the main of which was the
unauthorized launch of the second-stage liquid-propellant
rocket engine in preparing the rocket for launch on Octo-
ber 24, 1960.

The disaster led to the death of 92 people, including
Commander-in-Chief of the USSR Rocket Forces, Chief
Marshal of Artillery M. I. Nedelin, Chief Designer of
OKB-692 B. M. Konoplev, Deputy Chief Designers of
OKB-586 V. A. Kontsevoi and L. A. Berlin. More than
50 people received severe burns, poisoning with toxic
fuel components and injuries of varying severity.

By decision of the Government of the USSR, work
on the creation of the R-16 rocket was continued subject
to a radical revision of the organization of work on the

design, production and development of rocket technolo-
gy in OKB-586 and OKB-692.

The subsequent several launches of the R-16 rocket
ended in accidents due to the loss of stability of the sec-
ond stage of the rocket. The telemetric data of the second
stage flight pattern led to the assumption that the loss of
its stability is associated with the influence of fluctuations
of the free surfaces of the fuel and oxidizer in the stage
fuel tanks on the movement of the rocket body.

The problem of stability of the R-16 rocket was
solved by a group of OKB-692 scientists consisting of
A.l. Gudimenko, Ya.E. Aizenberg, V.N.Romanenko
and V. S. Stoletny with the involvement of scientists NII-
88 (Moscow) B. I. Rabinovich and G. N. Mikishev, as
well as NII-4 (Moscow) G.S. Narimanov and
M. M. Bordyukov. As a result, a school of scientists in
the field of dynamics was created in OKB-692, later sup-
plemented by V.V. Sorokobatko, V.A.Bataev, and
V. G. Sukhorebry, who developed the theoretical basis
for designing systems for stabilizing rocketry objects with
cavities filled with fuel and oxidizer [1].

As a result, a mathematical model of perturbed mo-
tion was created for the two-stage rocket R-16, which
takes into account the fluctuations of the fuel and oxidizer
in the tanks of the operating stage, on the basis of which
the values of the parameters of the stabilization machine
were chosen, ensuring the stability of the rocket through-
out the entire flight path [2]. The R-16 rocket as part of
the 8K64 rocket complex was put into service in 1961
and, together with the 8K67 and 8K69 complexes, until
1977 formed the basis of the USSR nuclear rocket de-
fense.

The theoretical foundations of mathematical model-
ing of the perturbed movement of ICBR, developed in the
process of creating the R-16 rocket, were used to create
all subsequent types of rockets: R-36 and R-36P with
analog-type stabilizers, as well as R-36M, R-36M
UTTKh and R-36M2 with on-board digital computers in

26 © Aleksandrov Ye., Aleksandrova T., Kostianyk I., Morgun Ya., 2022



ISSN 2522-9052

CyuacHi indopmariitai cuctemu. 2022. T. 6, Ne 2

the stabilization circuit. On the basis of R-36 rockets, as
part of the 8K69 rocket complex, cosmic rocket com-
plexes 11K69 (Cyclone-2 and Cyclone-3) were created,
and the Cyclone-3 carrier rocket is a three-stage with a
third (cosmic) stage C5M. The mathematical model of
the angular perturbed motion of the C5M cosmic stage
(CS) is given in [3,4] and has the following form in the
yaw channel:

G(t)=a'yy w(t)+a",p Pr(t)+
+a",p, B2 (t)+a,s3(t);
B (1) + 28101y (t) + wfBy (1) = 2"y, W (t);
Ba (t)+ 2850 (1) + @3B, (t) = ",y W (1),
where (t) is the angle of rotation of the longitudinal
axis of the stage relative to the plane of the orbit; p,(t),

B, (t) are the angles of deviation of the free surface of the
fuel and oxidizer, respectively, from the unperturbed po-
sition; 8(t) is the angle of deviation of the axis of the
marching liquid-propellant jet engine from the longitudi-
nal axis of the stage in the channel of yaw; a'

@

wy 1 Dys
are time-varying coefficients characterizing the angular
motion of the “solidified” cosmic stage; a"wﬁl , a"\sz

are the coefficients of influence of fluctuations of fuel

and oxidizer on the angular motion of the rocket; a"g

a"g,,, are the coefficients of influence of the angular

motion of the stage on fluctuations of the liquid in the
fuel and oxidizer tanks; &,, &, — damping coefficients

of the vibrations of the fuel and oxidizer in the tanks of
the stage; ®,, », are the natural frequencies of free vi-

brations of the fuel and oxidizer in the tanks of the stage.

Further, when presenting the main material of the
article, the mathematical model (1) will be used as an
example, which is associated with the following consid-
erations [5]:

e At present, the Cyclone-4 cosmic rocket complex
with the third cosmic stage and onboard computer in the
stabilization loop is being developed:;

e CS C5M has a short length, which allows neglect-
ing the vibrations of the body of the CS;

o the shape of the fuel and oxidizer tanks of CS
C5M is such that in the mathematical model of perturbed
motion (1) it is sufficient to take into account only the
first tone of oscillations of the free surfaces of the fuel
and oxidizer;

o the flight of the C5M CS, which is the third stage
of the Cyclone-3 carrier rocket, takes place in the upper
layers of the atmosphere, where random external disturb-
ances are of a stationary nature.

The listed features of C5M CS determine the sim-
plicity of its mathematical model (1) while maintaining
the basic dynamic characteristics of a solid body with
cavities filled with liquid. The R-16, R-36 and R-36P
rockets have analog automatic stabilization devices, the
electronic control unit of which implements a proportion-
al-differential stabilization law, which for the angular
motion of the yaw channel is written as

u,, (t) =k, G, (t)+ kg, (), )
where k,, and k;, are variable coefficients of the stabi-
lization automaton; G, (t) is the output signal of the

gyroscopic unit (GU) of the yaw channel of the triaxial
gyro-stabilized platform (TGSP); @, (t) is the output

signal of the gyroscopic angular velocity sensor
(GAVS) of the yaw channel.

Neglecting the intrinsic dynamics of the GU and
GAVS, the stabilization law (2) generated by the analog
stabilization automaton can be written as

u, (t) =k krw(t)+kyk go, (t), ©)
where k- and k are the gains of the GU and GAVS,

respectively

The stability of a closed-loop stabilization system is
ensured by an appropriate choice of variable parameters
ky , ky relation (3) using the Nyquist stability criterion,
according to which the amplitude-phase-frequency char-
acteristic (APFC) of an open-loop stabilization system
should not cover the critical point (-1.0) [2] . Further, for
building the APFC of the open-loop stabilization system
of the carrier rocket, as well as the stability regions in the
planes (kw,k“-,) of variable stabilizer parameters (3) at

NPO KHARTRON (former OKB-692) and at Yuzhnoye
Design Bureau (former OKB-586) began to use the
MathCAD application package [6].

In the third-generation rockets R-36M (15A14), R-
36M UTTKh (15A18) and R-36M2 (15A18M), the stabi-
lization automaton contains an onboard computer in the
stabilization circuit. On November 18, 2021, the space
agencies of Ukraine and Canada signed a joint statement
on partnership, and on November 19, the laying of the
first stone of the launch site of the Ukrainian-Canadian
project to create a spaceport on the Atlantic coast of New
Scotland for the Cyclone-4M carrier rocket, developed
and manufactured by state-owned enterprises of Ukraine
KB Yuzhnoye and PO Yuzhny Machine-Building Plant.

Cyclone-4M is a two-stage carrier rocket designed
to launch the third (cosmic) stage with a mass of 3700 kg
into an orbit with a height of 450 km or a CS with a mass
of 3000 kg into an orbit with a height of 1200 km. Stabi-
lization of all three stages is carried out by a digital stabi-
lization automaton with an onboard computer in the con-
trol loop. The onboard computer performs high-
frequency interference filtering of the output signals of
the GU and GAVS after their conversion into lattice
functions T, [nT] and d,,,[nT] the analog-to-code con-

verter (ACC). Filtering is carried out by implementing
on-board computer algorithms for digital recursive But-
terworth filters [7] of the second and third orders [8]. In
the onboard computer, a stabilization algorithm is also
formed in the form

u, [nT]=k, 4, [nT]+k, G, [nT], (4)

where G,[nT] and @, [nT] are lattice functions corre-

sponding to the output signals of the GU and GAVS and
filtered from high-frequency noise by digital recursive
Butterworth filters, and
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z{a, InT)=wy(z)z G, [nT ]} -
Z {00, [NT]=W; (2)2{G,, [T}

where Z{} is the Z -transformation of the lattice func-

tion {} WE(Z) is the discrete transfer function of the

low-frequency Butterworth filter. If the onboard comput-
er implements second-order filters, then their discrete
transfer function looks like this:

ag+a;z t+a,z’

by +b,z

If the onboard computer implements third-order
filters, then their discrete transfer function is written

a0(1+ 3271 +327% + 2‘3)
bo +bz ! '

We will assume that Butterworth filters effectively
suppress high-frequency noise, primarily determined by
the intrinsic dynamics of the GU and GAVS sensors.
Then one can write

GW[nT]sz\y[nT]; kﬂmw[nT].

Stabilization algorithm (4) in this case can be re-
duced to the form

u, [nT]=k,kwnT ]+ Kk yo, [nT]. ®)

The control signal in the form of a lattice function
(8) is fed to the input of the code-to-analogue converter
(CAC), which converts the lattice function into a piece-
wise constant function in accordance with the algorithm

uw(t):{uw[nT] mpu nT <t < (n+1)T;

u, [(0+2)T] mpu (n+1)T <t < (n+2)T. ©

A closed-loop stabilization system can be represent-
ed as a connection with feedback of the continuous part
of the system (CPS) and its discrete part (DPS). The per-
turbed motion of the CPS is described by a system of
differential equations (1), and the operation of the DPS is
described by relations (4)—(9) in lattice functions, so the
direct use of the MathCAD software package to construct
the APFC of an open-loop stabilization system and the
stability regions of a closed-loop system is difficult.

The purpose of this article is to bring the mathemat-
ical model of a closed-loop stabilization system of a car-
rier rocket with a liquid-propellant rocket jet engine and
an on-board computer in the stabilization loop, using the
example of the C5M cosmic stage of the Cyclone-3 carri-
er rocket to a form convenient for solving the problem of
parametric synthesis of the system using the MathCAD
software package, as well as the study of the influence on
the stability of a closed system of stabilizing the oscilla-
tions of the fuel and oxidizer in the fuel tanks of the CS
and period of quantization of the onboard computer.

Wy (z)= (6)

< ib,z7?

W;(z)= (7)

+h,272 +hyz72

Ugy [nT ] =

Main material

Let us write the system of differential equations (1)
in the vector-matrix form

AX(t)=B-X(t)+C-X(t)+D-8(t), (10)

where the corresponding vectors and matrices are

‘"V(t) 1 _a"\Uf’l _a"\l’ﬁz
X(t)= Bl(); A= —a"BN 1 0o |
B2 -a" B,y 0 1
0

—2§10)1 0 ;

— 28,0,

0 Ay

c=|0 —u)12 0 [D=| 0

0 0 -} 0

The differential equation (10) can be solved with
respect to the vector of highest derivatives

X(t)= A'B-X(t)+ A'C- X (t)+ A'D-3(t). (11)

The matrix A is defined by the following formula

A=
.
1 At A As 1 AL A1 Ay
= %iA A1 Py Ags ~ (A Ao Ap A
A1 A Ass Az Pz Ags
where detA=1-a'p , a",p,—a"y a"yp,

A =LAy =a%,  Ag=aT,, A =a";
Aop =1=%, 8%, Aoy =@y, A%y, 5
Agr =%, 5 Aay Ayp, s Aga=1-a%,, A%y,

Let us introduce into consideration the state vector
of the stabilization object

=a Bav

()] [w(®) ]
y2(t)| [ w(b)
ys(t)| |Bi(t)

O ol o |
5 (1) B2 (t)

e ()] [B2(1)]

As a result, the system of differential equations
(11) can be written in the Cauchy normal form

Y(t)=P-Y(t)+Q-5(t), (12)
where the matrices P and Q are equal
[0 1 0 0 0 0 | [ 0]
0 Py P2z Paa P25 P2 a2
0 O 0 1 0 0 0
P= » Q=
O Pag Paz Pasa Pas  Pas da
0 O 0 0 0 1 0
10 Ps2 Pe3 Pesa Pes Pes | | O6 |

The elements of the matrices P and Q at the
same time constitute
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By, = Ay, | __ Aoy Dyu = 2”580,
27 detA ' "B detA’ "% detA
T Agy©%5 . __2A515,0,
27 detA’ "% det A
04y = ALa'y, __ '6\22(912  DPas = 2R 0,
27 deta T TR detA’ ¥ detA
Pus = — Agy 5 Pus = 2A3Ey0,
4 detA’ %® det A
Doy = Az’ Pes = — Aoz®y D 2AxE 0,
27 detA ' "8 deta’ T detA '
Pes = — Ag3; Pes = — 2Ag3Cy)
65 detA’ " det A
q, = Andys q = Apays Q = Azays
27 detA T Y detA T T detA

Neglecting the own dynamics of the cosmic stage
executive device, we write the control algorithm (8) in
the form

S[nT ] =Ko {kwkr Y1[nT]+ KyK 7Yz [nT ]} )
where k,, is the gain of the executive device.
Let us introduce the notations

(13)

KnokyKr =k KyokyKz =K; .
As a result, algorithm (13) takes the following form
S[nT] = k1y1[nT]+ koY, [nT].
Algorithm (14) will be written in the vector-matrix form
8[nT]=K-Y[nT], (15)
where the matrix of variable stabilizer parameters has
the form
K=[k k, 0 0 0 0.
Let us write a vector-matrix difference equation re-

lating the initial state of system (12) with its final state
at each quantization period [9]:

Y[(n+1T]=@(T)-Y[T]+H(T)-8[nT],  (16)
where the matrices ®(T) and H(T) are defined by the

series

ofr)- 32T Hn)- 38T,

i=0

17)

Modern onboard computers of carrier rocket have
a fairly short quantization period T, therefore, with a
sufficient degree of accuracy, we can put:

®=E+P-T; H=QT. (18)

Let us substitute relation (15) and (18) into the
right side of equation (16). As a result, we obtain the
difference equation of the perturbed motion of the
closed stabilization system

Y[(h+1T]=[E+(P+QK)T]-Y[nT]. (19

The characteristic equation of a closed discrete

system (19) is written as
M(z)=det[(P+QK)T +E-(1-2z)]=0. (20)

Substituting the matrices P, Q, K into equation
(20) and expanding the determinant (20), we obtain:

+m, (K, k, )1 - 2)4 +4my kg, Ky J1— 2)3 +

The coefficients of the characteristic equation (21)
are determined by the following relations:

(21)

3(k1’ kz): Mgy + MgpKy + Magky;
my (klv k, ) = Myy +MyKy +Mysky;
(

3

(22)

Ky, kz): Mgy + MKy +Msgky;
Mg (kl) = Meg3ky,

and my; =(p22 + Pgg + pee)T; my, =q,T;

_ [ PaaPes + P22Pas + P22 Pes — P2sPe2 — |- 2.
2= L

— P64 Pag — P24Pa2 — Pes — Pas

Myy == [(Pag + Pes Jz + P2alls + Pa6lls — Pes — Paa]T %3
Mps = —0,T%;

(14)”‘31 = (P22P44Pe6 + P2g Pag Po2 + P2s Pea Paz —
~ P44 P26 P62 — P22 PeaPas — P2s Peg Paz —
— P44 Pgss — P22 Pes + Pe2 P25 + Pss Pas —

— P22P43 — Pe6 Pas + PazPas + Pe3Pas)T %
M3y =(PgqPesdz + P24 PasUs + P2s Peals —
— P44P2606 — PeaPasl2 — P24 Pssls —
— Pesl2 + Posle t PeaPas — Pazly + p23Q4)T3;

Mgy = — [(p44 + p66)q2 — P260s — p24Q4]T33

Mgy == (P22 Pas Pes + P24 PasPe2 + PasPes Paz —
— P44 P25Pe2 — P22 PeaPas —

— P24 P65 Pa2 + P22P4a3Pes + P23 Pas P2 +

* P26 P63 Pa2 — Pa3Pas Pe2 —

~ P42 Pes P23 — P22 Pe3Pas — PazPes + Pe3Pas)T 5
Myy =—(Paa Pesdz + P24 Pasde + P2sPeals —

— P44 P2506 — Pea Paslz — P2g Pesls +
+ P43 Pesl2 + P23Pssls + Pe3P2sls —

— P43P26U6 — Pee P23Us — Pes p46Q2)T4;

My3 =— (P44 Pesd2 + P24 PasUs + P2g Peals —
— P1aP2696 — P24 PecUs — PesPaslo —

— PesUz + P25l — Pg3ly + p23Q4)T4§
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Ms1 = (P22 PazPes + P23PasPe2 + P2sPesPaz —

— PasP2s5Pe2 — Pa2 P23Pes — P22 Pe3Pas)T %,

Ms, =(Pa3Pesdz + P23 Pasls + PasPesda —

— P43P2506 — P23 Pesds — Ps3 p45Q2)T5i

Msg = (PasaPesdz + PoaPass + PasPeals —
— P44 P2595 — PeaPaslz — P2saPesds +
+ P43 Peel2 + P23 Pssls + Pe3P2sls —

— PuzPasls — PezPaslz — Pes Postla)T >;

Mgz =— (P43 Pesdz + P23Pasls + PosPe3ls —

— P43P2596 — P23Pesds — Pe3Pasdz)T 6

In the characteristic equation (21), we will make
the replacement

1+w
=
1-w

(23)

and write a new characteristic equation with respect to a
new complex variable w associated with the complex
variable z by abilinear W - transformation (23):

64+ 32m; (k, ) +16m, (ky, k, )+ 8my (k; ky )+) ¢
[+4m4(k1,k2)+2m5(kl,k2)+m6(kl) JW B
32m; (k, )+ 32m, (ky, Ky )+ 24mg (ky ky )+ s
" 16my (ky, k, )+ 10mg (K, k, )+ 6mg K, ) JW
16m, (ky, ky )+ 24ms (K, ky )+ 24m, (ky, ky )+
+20mg (K, , k, )+15mg (k; )
8m3(kl,k2)+16m4(k1,k2)+ 3
"+ 20mg (ky, k, )+ 20mg K, ) JW

+ (4m4 (kl’ k, )+10m5 (k1' k, )+15m6 (kl))Wz -
- (2m5(kl’ k, )+ 6m6(k1))""+ mG(kl) =0.

It is known [10] that a closed discrete stabilization
system is stable if all roots of its characteristic equation
(20) in the complex plane Z are located inside a circle of
unit radius. Bilinear transformation (23) conformally
maps a circle of unit radius of the complex plane Z into
the imaginary axis of the complex plane W , and a closed
discrete stabilization system is stable if all roots of its
characteristic equation

M(l—i__w,kl,kzjzo.
1-w

in the complex plane W are to the left of the imaginary
axis. Thus, to study the stability of a closed discrete sys-
tem with a transformed characteristic equation (25), the
stability criteria for continuous systems can be used.

In the characteristic equation (24), we will make
the replacement w = jo, , select the real and imaginary

parts, and set them equal to zero
Ry (@, Ty +R (0, T ky =Ry (e, T);
R, (o, T )k, +Rs (e, Tk, =R (e, T),

Jw“ —(24)

(29)

(26)

where

+(16m,g + 24my, + 24m,5 + 20mg; +15Mg, Jo* —

— (4my3 +10mg; +15Mg; Jo? + Mgs;

+(16m,, +24my, +24m,, + 20mg, Jo* —
—(4m,, +10ms, Jo?;
64 +32m,, +16m,, +
Rg(co,T): 11 ™| 6
+8my, +4my, +2mg,;
— (16my; + 24my, +24m,; +20mg,; Jo* +
+(4m,; +10mg; Jo?;
32Mys + 24Ma, +16mMy, +
R4((,0,T)=— 23 33 43 0)4+
+10mg5 + 6mgg

+(8my; +16m,5 + 20mg; + 20mg; Jo® — (2Mg, +6myg, );

32m,, +32m,, + 24m,, +
RS((D,T)=— 12 22 32 0)4+
+16m,, +10mg,

+(8mg, +16m,, +20mg, Jo? — 2mg,;

Re(o,T) = (32my; +32my,; +24m,; +16m,; +10mg, Jo* —

—(8my; +16my,; +20mg, Jo® +2mg,.

Let us write down the solutions of the system of alge-
braic equations (26) using the Cramer rule

ky(o,T)= AAl((O‘;’,’TT)); kz(m,T)=%, (@7)
Ry(,T) R,(wT

Ao T)= R,(o,T) Rs(m,Ti: (28)

=R, (0, T)Rs(,T) =Ry (&, T)R, (e, T);
Rs(o,T) Ry(o,T

Al((D,T)_ RS((D,T) RS(O),TJZ (29)

=Ry (0, T)Rs (0, T)-Rg (@, TR, (0, T
R,(,T) Ry(oT

87 (T)= R,(®.T) Re(w,Ti: (30)

=R, (@, T)Rg (e, T)-R, (0, T)R4 (e, T).

Calculation results and conclusions

The values of the coefficients of the mathematical
model (1) change over time. Their values for different
values of the moments of time of the active part of the
flight trajectory of the C5M cosmic stage are given in
Table 1 [5]. For the indicated times, we calculate det A;

A Az Ass Aors Ay Mg Ay Agp and Agg, and
then the elements of the matrices P and Q of the dif-

ferential equation (12). The next stage of calculations is
the calculation of quantities my;; My, ; Moy s My, s Myg;

M35 Map; Mgz Myps Myy; Myg; Msy; Mgy s Mg and
M3, and then functions R,(®,T); Ry(®,T); Ry(w,T);
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R,(®,T); Rs(w,T) and Ry(w, T). And, finally, the last

stage of calculations is the construction of the stability
regions of the closed stabilization system using relations

Table 1 — Values of the coefficients of the model (1)

(27) when o changes from zero to infinity and for

different values of the quantization period T for differ-
ent moments of the current time t.

Ls | aly,, s Ay s a"yp, a"yp, gy g,y of,s? 3,57 25,0, | 280,
0 -0,0119 -0,643 0,054 -0,046 0 0 14,8 14,2 0,172 0,468
36 -0,0116 -0,643 0,093 0,001 0,477 0,082 14,7 12,1 0,255 0,319
72 -0,0124 -0,721 0,107 -0,024 0,297 -0,813 154 31,6 0,359 0,690
108 -0,0084 -0,487 0,413 0,156 0,764 0,296 8,2 9,02 0,357 0,397
On Fig. 1 shows the stability regions of the closed- k,
loop stabilization system corresponding to 36 second of 25 ——
flight of the C5M cosmic stage for various values of the — \ 5
quantization period of the onboard digital computer: 20 S \\ \ —
curve 1 corresponds to T =0,005s; curve 2 - ’/"\\ AN
T =0,01s;curve 3— T =0,02s. An analysis of the con- \ Xl
. . . . . 15 \
structed curves indicates that an increase in the quantiza- 3
tion period of the onboard digital computer leads to a
decrease in the stability region of a closed discrete sys- 10 \
tem. \ 4 ) / /
k2 5 \ / /
o N\ //Z/
/_-/-4/ k
35 / 0 P — 1
/ 1 ,7\ -0.2 0 0.2 0.4 0.6 0.8 1 1.2
30 / AN
/ \ Fig. 2. Stability region of the closed stabilization system
® / —— ) \ atT=00ls:1-t=0s;2-t=365s;
" //—-— \\\— 3-t=72s:4-t=108s
RV ~ N\ )/
3 ) / curve 1 corresponds to the moment t=0s; curve 2 —
10 // / t=36s;curve3—t=72s;curve4—t=108s.
5 . // The quantization period of the onboard digital com-
./ K puter for all four options is the same and equal
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Fig. 1. Stability region of the closed stabilization system at
t=36s:1-T=0,005s;2-T=0,015;3-T=0,02s

On Fig. 2 shows the stability regions of the C5M CS
closed-loop stabilization system corresponding to differ-
ent moments of the active section of the flight trajectory:

to the conclusion that the stable motion of the cosmic
stage along the entire active flight trajectory ensures the
choice of the values of the variable parameters of the sta-
bilizer k; and k, within the region of their allowable
values, which is the intersection of the stability regions
constructed for individual points of the active part of the
flight trajectory.
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Ipo criiikicTb pyxy, 110 cTadiTi3y€eTbCsl, paKeTH-HOCIA 3 PITMHHUM PeaKTHBHUM ABUTYHOM
i 6opToBOI0 IM(POBOIO 00YMCIIOBAIBLHOI0 MAIIMHOI B KOHTYPi cTadiaizauii

€. €. Anexcanapos, T. €. Anekcannposa, I. B. Koctanuk, 5. FO. Mopryx

AnoTanisi. Po3rismaerscs 3amaya BHOOPY 3HAYCHB BapiiOBaHHWX MapaMeTpiB IU(POBOro cradimizaTopa KOCMIYHOTO
CTYTIEHS PaKeTH-HOCIS 3 PiIMHHUM peakTHBHIM JBUryHOM (PP]1) 1 6opTOBOIO M(POBOIO 00UNCIIOBATEHOIO MAIMHOIO B KOHTYPI
crabimizanii, mo 3abe3nedye CTIHKUH pyX CTYNEHs Y3HOBX YCi€l akTHBHOI TUISHKH TpaekTopii mossoTy. PosrmsHyTo BrmB
BEJIMYMHK TIEPioJly KBaHTyBaHHs cralimizaTopa Ha 00JacTh CTIHKOCTI 3aMKHEHOi cuctemu crabimizamii. Y skocti oGunacri
JONMYCTUMHUX 3Ha4YeHb BapiOBaHMX MapaMeTpiB cradiiizaTopa HecTalioHapHOro 00’ekTa crabiiizarii peKOMeHIyeThesi oObuparH
MepeTHH 00IacTeil CTIMKOCTI, 1110 BiAMOBIAalOTh PIBHOMIPHO PO3MOIJICHUM MOMEHTAM 4Yacy Y3[OBK aKTHBHOI JUISHKH TPAEKTOPIi
HOJIBOTY CTYIICHSL.

Kaw4oBi ciaoBa: KocMiuHHI CTymiHb pakeTH-HOCIs, IM(POBHUIi cTabini3aTop, BapiifoBaHi mapamerpu crabimizaTopa,
aKTHMBHA AUISHKA TPAEKTOPIi MOJIbOTY; 00JIaCTh CTIHKOCTI B MPOCTOPI BapiioOBaHHUX MapaMeTpiB.

O0 ycToiiYMBOCTH CTAOUIH3NPYEMOT0 IBHKEHUS PAKeTbI-HOCHTeISI € ’KHIKOCTHBIM PeaKTHBHBIM ABHraTeeM H
0opToBOIl HU(POBOI BHIYMCIUTENbHOH MAIIMHON B KOHTYpe CTA0MIU3auuu

E. E. Anexcanapos, T. E. Anekcannposa, 1. B. Koctsnuk, f. FO. Mopryx

AnnoTanusa. PaccmarpuBaeTcst 3aaua BEIOOpa 3HaYEHHI BapbUpPYEMbIX MapaMeTpoB IM(pPOBOro crabMiIM3aTopa Koc-
MHYECKOH CTYNEHH PAaKeThI-HOCHTENS C XKUIKOCTHBIM peakTUBHEIM jBurarteneM (JKP1) u 6opToBoii iid)poBoi BEIYUCIUTEILHON
MAlIMHOH B KOHTYpe CTabMIn3anuy, o0eceunBaloIero YCTOMUNBOE ABIKEHUE CTYNIEHH BAOJIb BCEr0 aKTUBHOIO ydacTKa Tpa-
eKTOpHUH ToJieTa. PaccMoTpeHo BIHsSHHE BETMYMHBI IEPHO1a KBAHTOBAHMS CTAaOMIM3aTOpa Ha 00JIaCTh YCTOHUMBOCTH 3aMKHYTON
CHCTEMBI CTaOMIN3anuy. B kauecTBe JOMyCTHMBIX 3HAUCHUH BapbHPYEMBIX TapaMeTPOB CTaOMIN3aTOPa HECTAMOHAPHOTO 00b-
€KTa cTa0MIM3aluy PEKOMEHIYETCs BRIOMpATh MepecedeHne o0nacTeil yCToHInBOCTH, COOTBETCTBYIOIINX PAaBHOMEPHO pacipe-
JIeJICHHBIM MOMEHTaM BPEMEHHU BJIOJIb AKTUBHOI'O Y4aCTKa TPAeKTOPUU MOJIETa CTYICHH.

KarodeBble cjo0Ba: KOCMUYECKas CTYNEHb PaKEThI-HOCHTENS, LM(PPOBOH cTabUiIn3aTop, BappbUpyeMble MapameTpbl
CTabMIM3aTopa, aKTUBHBIN yYaCTOK TPACKTOPHH MOJIETa; 00JIaCTh YCTOMIMBOCTH B IPOCTPAHCTBE BapPhHPYEMBIX TapaMeTPOB.
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