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ABOUT STABILITY OF THE MOVEMENT OF THE REFUELING VEHICLE
EQUIPED WITH DIGITAL SYSTEM OF BRAKE FORCES DISTRIBUTION
DURING THE EMERGENCY BRAKING

Abstract: The impact of enforced oscillations of the free surface of fuel in the car tank on the stability area of a closed
digital brake force distribution system is considered. The object of the study is the process of stabilized movement of the
tanker during the emergency braking. The subject of the study is a large tanker with a gross weight (3-3.5) *10* kg,
equipped with a tank with a volume of (17-20) m3 and a system of direction stability. The goal of the work is investigation
of the impact of transported fuel fluctuations on the stability of the refueling vehicle during the emergency braking and
introducing of methods for selecting values of variable parameters of the electronic brake force distribution system to
minimize it. Conclusion. Considering the oscillations of the free surface of the liquid in the mathematical model of
disturbed movement of a closed system of stability significantly reduces the stability area of the system in the low
frequency range due to the loop, the size and position of which depend on the filling level of the tank. Need to choose an
envelope loop that according to different levels of tank filling.
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Introduction

Problem statement. The world's best models of
refueling vehicles (RV) are equipped with automatic
brake control systems, which consist of at least two
parallel operating systems: anti-lock braking system
(ABS), which prevents the wheels from locking when
the brake pedal is pressed abruptly, and anti-slip system
(TRC) that prevents the wheels from slipping caused by
excessive pressure on the accelerator pedal.

Both ABS and TRC systems always control
stability of wvehicle direction, but the accuracy of
traction control can be limited if using only these two
systems. The VSC system (vehicle stability control) has
become activated. This system can control the necessary
indicators of wvehicle stability during the braking
process. However, the experience of RV usage indicates
about valuable impact the transported fuel on the RV
direction stability during the emergency braking. Based
on this, the goal of this article is research of impact of
variable parameters of electronic system for brake
distribution and introduce the methodology of choosing
them to minimize its impact.

Analysis of publications. Since the beginning of
the XXI century, there has been widespread use of
vehicle stability control systems (VSC) by automotive
corporations in the United States, Japan, South Korea
and the European Union. In parallel with practical
development, these corporations conduct in-depth
research of these systems to improve them [1-3]. The
international scientific and technical conferences, which
discuss the results of research on the development of
electronic brake force distribution systems (EBD) [4 -8],
are held on regular basis.

The EBD system works in combination with the
ABS system and allows to distribute brake forces on
wheels more effectively and to increase controllability

and stability of vehicle during braking process. The
above publications discuss VSC and EBD systems used
in luxury passenger cars. Problems of increasing the
heavily loaded refueling vehicle stability are studied by
scientists of Ukraine, Belarus and Russia for such RVs:
KrAZ [11-15], KAMAZ, URAL and MAZ [9, 10],
which are equipped with tanks with a volume of 20 m@,
Belarusian researchers are developing ways to reduce
the impact of fuel fluctuations in the RV tank by
introducing special fuel tank construction, on the
contrary Ukrainian and Russian scientists are
developing ways to improve the VSC and EBD systems.
Thus, in the article [11] the application of a block of
command devices and algorithms of a platformless
inertial system is proposed, and in [12] the structural
and functional scheme of the electromagnetic system
VSC is proposed. In [13, 14] the problem of parametric
synthesis of the digital EBD system for KrAZ-63221 is
solved. In [15], a mathematical model of the perturbed
motion of the RV considering the oscillations of the free
surface of the fuel in the tank presented. This model can
be used to solve the problem of parametric synthesis of
VSC and EBD systems.

Main part

In [15] it was proved that the longitudinal
oscillations of the liquid in the tank have almost no effect
on the RV stability. The vehicle stability in the process of
emergency braking is significantly affected only by the
first tone of transverse oscillations of the liquid in the
tank. The mathematical model of perturbed motion of the
vehicle in the jerking channel has the form:
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The equation (1) describes the change of the angular
deviation (t) of the vehicle longitudinal own inertia
axis from an original movement direction in the process
of emergency braking. The equation (2) describes the first
tone of transverse oscillations of the liquid in the tank,
and the variable y; (t) is a generalized coordinate of the
partial layer of liquid in the tank, which corresponds to
the first tone of transverse oscillations of the liquid. The
equation  (3) describes the dynamics of the
electromagnetic amplifier (EMA) in the stability system
VSC, where the variable Ap(t) is the difference in
working pressure in the brake lines of the right and left
sides of the RV, and the variable U(t) is the control
signal generated by EBD system.

The coefficients of the differential equations (1) -
(3) system contain the following values of the design
parameters of the RV with the VSC system: M - mass
of the RV; | - moment of inertia of the RV relative to
its own vertical axis of inertia; B - track width of the
RV; H,, - distance from the driving surface of the RV

to its center of mass; H, - distance from the driving
surface to the bottom of the tank; AL is the distance
from the center of mass of the RV to the center of the
tank; f. - coefficient of resistance to movement, which
depends on the properties of the soil; I, - moment of
inertia of the rocker; I, is the coefficient of fluid
friction in the EMA axis; Cy - coefficient of rigidity of

the spring that fixes the EMA rocker in the neutral state;
hy is the distance from the bottom of the tank to the

center of mass of the partial layer of liquid in the
absence of its oscillations; &; - damping coefficient (?)
of transverse oscillations of the partial layer of the
liquid corresponding to the first tone; @ - own
frequency of the first tone of transverse oscillations of
the liquid in the tank; K, K|, - proportion coefficients.

Calculation formulas for the values of mly,hl,el

and ay are given in [15]. The system of differential
equations (1) - (3) is nonlinear because the right-hand
side of equations (1) and (2) includes nonlinear
members which are containing the product o(t)y(t),
where o(t) is the current speed of the RV during

braking. To simplify the construction of the stability
area of VSC in the plane of the variable parameters of
EBD, which forms a control algorithm:

UnT]= K, w[nT]+ K, e, [nT], (4)

Let us use the method of "frozen" coefficients
[16]. According to this method, at any given time
t €[0T, 1.(i=Ls), ()

where T, is the deceleration time.

There is the value of o(t) that is considered as

constant and equal to o(t;), (i :1,_3) in the mathematical
model (1) - (3). It is assumed that if the system (1) - (3)
at any time (5) is stable, then the system (1) - (3) is
stable over the entire interval [0,T,]. The method of
"frozen" coefficients does not have a clear mathematical
justification, but this method solves many practical
problems of dynamic design of non-stationary objects.
Therefore, in the system (1) - (3) the RV speed
will be considered constant v(t) =v. In this case, the
system (1) - (3) is considered linear. To simplify next
transformations, we introduce the following notations:

BK, _ _2H Mf, A
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Then the continuous part of the closed RV stability
system takes the form:

§i (1) +a, pAP(t) +a,,,, (2222 (t) -
—a,, Y1 (t) -2,y 1 (1) =0;

(1) + e 31 (1) + of vy (1) + 0y (1) (6)
+ALy(t) =0;

AB(t) +a,p AP(E) +app Ap(t) = K U (1).

Let us write the system of differential equations
(6) in vector and matrix form

APY(O+BPY(+CY(®=DU®,  (7)
where Y (t) — a vector of system’s (7) state:
y(t)
Y() =] y1(t) |,
Ap(t)

and corresponding matrixes have the following form:

1 —a;,y 0 a;,,,/, 0 O
A=|AL 1 O0f; Bj=| v & 0 |
0 o0 1 0 a
0 -a,y a, 0
C,=|0 o 0] D=|0
0 0 ay K,

The equation (7) can be written as:

P2Y (t) =—A "BypY (1) -

o 1 ®)
ATGY (1) +A TDU(),

moreover:
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Differential equation (8) can be transformed to the
system of differential equations of 6™ order:

g =—b,,, (1)~ 1 (1) ~b, , 1 (1) —b,, yAD(L);
1.(t) = —by,, 7 (t) —byy Y1 (1) ~byy Y1 (£) + by AD(E); (9)
AB(t) = —app AP(t) —app Ap(t) + K U (1),

The coefficients from the equation (9) are

described below:

by =

Byl
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vy
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b, =
Yy "
1+ ay,yAL

a(/,yAL + cof _
1+ ay,yAL

byy =

’byp -

lbyy

1+ aV,yAL

2y pAL

1+awyAL

The vector of system’s state is used to transform
the equation (9) to the normal form:

[p@) ] [xa®]
w(t) X (t)
X (t) = ).’(t) _| %) |,
y(t) X4 (t)
Ap(t) | | %s(t)
LAP(Y) ] [ X (1) |

X (1) = X (t);
% (1) = =Dy, X (8) —by,  Xa (£) by, X (1)
- b(// pX5 ®);

X3(t) = X4 (1) (10)
Xa (1) = by, Xa (t) = by X3 (t) ~byy X4 (1) + by X5 (1)
X5 (t) = Xg (1);
X (£) = —appXs (t) — app X6 (1) + KuU (),
or it can be presented as the equation in matrix form:
X (t) = AX (t) + BU (1), (10)
matrixes A and B are described below:
0 1 0 0 0 0 0 T
0 _bl;/w _bwy _b;//y _bu/y 0 0
0 0 0 1 0 0 0
Ao w, by, b, b, o [T o [@Y
o0 0 o0 0 1 o
0 0 0 0 -ay -ay| [ Ku
Formula (4) can be written as follows:
U[nT]=KX[nT], (12)
where the vector K is:
K=[K, K, 00 0 0] (13)
According to [16] the transition from a

continuously discrete closed system (11), (13) to a
discrete closed system can be made:

X[(n+1)T | =[®+HK]X[nT]. (14)
With a characteristic equation
det =[@+ HK - EZ] =0, (15)

where matrixes @ and H can be described using the
following formulas:

o1 i | 1 ik
O=» —AT :H= - AT B.
%i! %{(H—l)!

Of course, when using modern on-board digital

computers with a small value of the quantization period
the following is assumed:

®=E+AT,H =BT,
then the characteristic equation (16) takes the form:
det[ AT +BKT +E(1-2)]=0 (16)
Matrixes (12) and (14) can be inserted into
characteristic equation (17). As the result:

6 5(0 L w
(1-2)°-(1-2) (app+bw+bW)T+

by by b A b +
+(1—Z)4 b’//l// yy Yy Sy ppryy -I—2_

+appbW +apy + byy
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pp (bl//wbyy —by, l//y)+
~(1-2)7| +ap, (b,'/,y, +b'yy)+byya'pp +(T3-

+byy by, by by y

~(1-2)°b,, , T3KuK,; +
Qpp (bwbyy ‘byu/bu/y)+byy + T4,
17

+ap, (byybsluv/ - b'yt//bwy)

+(1-2)?

2 1 1 —
(1-Z (bwbyp by, +bw)T4KuKW. -

-2)
~(1-2)(byybyy, —byybyy JT° -
_ ) b
)

+

5
1-2 (bwy t//p+byybl//|0)T KuKy, -

5—
yyPyp +Byy wp)T KuKy +

+(b, b

yBy p +Dyyb

(
~(1-2) (b ybyp +byyb
( whyp

6Kk -
JTPKuK,, =0
The following notations are introduced for
simplifying of characteristic equation (18):

A(T) =(a'pp +b'yy +b;W)T;

by —by b A by +
AZ(T)=[bW yy Yy 'y pp™yy ]TZ;

+appbW +apy + byy

an (B, b0 —by, b, ) +ag, x
pp
nm= (‘WW .W y/y)‘ pp )
X(bu/u/ +byy)+byyapp +byy by, by, by y
Py (T) =by, ,TKuy
a., (b, b —b,, b, |+by, +
pp(wyy yy u/y) yy
A(T) = , o T4
+app (byybw +bywbu/y)

A (T) = (B ybyp +Dbyyby, )T Ky
A (T) =b, ,T*Ky;
As(T) = (byybl;/w _b'yv/bwy)Ts;
As1(T) = (b, yby, p +byy by, p)TKy:

As2(T) = (bsluybyp +b;/ybu/p

)T5Ku;
As(T) = (b, b, p +bWpr)T6KU.

Then the characteristic equation of closed digital
VSC system takes the form:

1-2)° ~(@-Z)° A(T)+@-2)* Ay(T) -
~1-2)° Ag(T) - (1-Z)% Agy (T)K, +
+(1-2)? Ay(T)+(1-2)* Ay (T)K; +

+(1-2)? Ap(T)K,, —(L-Z) A(T) - (1-Z) x
xAg1 (T)Ky, —(1=2) A5 (T)K, +Ag(T)K,, =0.

The following replacement in characteristic (19) is
possible using the W -transformation method:

Z =(1+W)/(1-W).

(18)

As a result, we obtain the new characteristic
equation regarding complex variable W :

{—32A1(F)+16A2(F)—8A3(F)+}W6 .
+6A,(T) - 2A5(T)
+{32A1(F)—32A2(T)+24A3(T)—}W5 .
—16A,(T)+10A5(T)
+{16 A9 (T) — 24 A5 (T) + 24 A, (T) — 20 A5 (T)W * +
=[8Ag(T) —16A(T) +20A5 (T)W 3 +
[4A,(T)—10As (T)W 2 + 2Ac (T)W + 64+
+K{[-8Ag1 (T) +4Agy (T) — 2A5, (T)W° +
+{24Ag; (T) —16 A4 (T) +10Agy (T)W® +
+{-24Agy (T) + 24 A4 (T) — 20 A5y (T)W * +
+[8Agq (T) —16 Ay (T) + 20 A5, (T)W 3 +
H{4A(T) —10A5; (T)W ? + 25 (T)W 3+
+Ky {[4Ag (T) — 255 (T) + Ag (T)W° +
+[~16Asp (T) +10A5, (T) — 6 A5 (T)W° +
+24 A1 (T) — 20 A (T) +15A5 (T)W * +
+{=16Agy (T) + 20 Ay (T) — 20 Ag (T)W > +
+4A (T) ~10A5, (T) +15A (T) W ? +
245, (T) - 625 (T)W + Ag (T)}=0.

The replacement w= jw can be done within the

characteristic equation (20). If real and imaginary parts
are equal to 0, then the following system of 2 algebraic
equations with two unknown parameters K, and K

will be obtained.
A@,T)K,, +B(@,T)K,, =C(w,T);
D(o,T)K, +E(0, T)K,;, =F(a,T),

(19)

(20)

Within the system the following notation are accepted:
A@,T) = ~[4Ag (T) — 25 (T) + Ag (T)]e0® +
+24 A4, (T) = 20Ag (T) +15A4 (T)]eo" —
{4 (T)—10Agy (T) +15A¢(T)]w* + Ag(T);
B(@,T) = —[-8Ag; (T) +4Ay (T) - 2A5, (T)]e® +
=246 (T) + 24 Ay (T) - 20 A5y (T)]o* -
~4A(T) ~10Ag (T)]o;

_32%(T)+16A2(r)—8psfr)+}w6 B

C(‘”’T){ +6,(T)~2/5(T)
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165 (T) - 24A5(T) +24A,(T) - |
| —20A5(T1e* +[4Ay(T)-10A,(T) |
D(@,T) =[-16 A (T) +10A5, (T) - 6 A5 (T )] -

-16A3p (T) +20A5, (T) - 20Ag (T)]o” +

+25y (T) —6A(T);
E(w,T) =[24Ag(T) ~16Ay; (T) +10A5 (T)]oo* -
8g1 (T) ~16 Ay (T) + 20 gy (T)]w” + 25, (T);
32A1(r>—32A2(T)+24A3cr>—}w4+

—16A4(T)+10A5(T)
+{8Ag(T) —16 A (T) + 20 A (T)]eo® — 2A5 (T).

The system (21) is solved using the Cramer rule,
where the corresponding determinants are written in the
following form:

F(o,T)= —{

|A@T) B(aT)|
" |ID(@T) E(w,T)|
= A(®,T)E(w,T) - D(@,T)B(®,T);

o C(@,T) B(wT)
Y IF(o,T) E(o,T)|

=C(w,T)E(®,T)-F(o,T)B(w,T);

A - A@,T) CloT)
V" ID(@,T) F(oT)

= Ao, T)F(®,T)-D(»,T)C(®,T).

Then we get the following relationships for
building the stability areas:

K =¥k =V (1)

By changing the value of .. from zero to
infinity, the boundary of the stability area in plane

(KW,KW) is built. The determinant A is positive, so

when the value of @ increases, the boundary of the
stability area should be hatched on the left.

Calculation results

The boundaries of stability areas of closed digital
single-circuit VSC were calculated for the RV KrAZ-
63221 with the following parameters: tank volume 20
m3, length 6 m, width 2,4 m and height 1,4 m. The
values of mathematical model parameters are:

a,p =0,27x10°m*N"%s%;a,,,, =0,01m™;
_ 4.-2.." _ 2.-1.
app =1,03x10"s Japp =0,56%x10s"-;
Ru =1,03x108V‘1Psc><s‘2;AL=1m;u=18mxs‘1;

Stability areas are calculated for three cases with
different values of fuel level in the tank.

The first case corresponds to the h=0,15m h =
0,15 mfuel level, the second case - h=0,5m h =
0,5 mfuel level, and the third case - h=0,75m .

The values of mathematical model (B) parameters
that depend on fuel level for these three cases are listed
in the table 1.

Table 1 — Dependence of mathematical model (B) coefficients on the fuel level in tank

Coefficient

Fuel level aw, m_ls_z awl m_l o112 v S_l
0,15m 0,021 0,0024 0,2 0,00318
0,5m 0,045 0,0069 0,42 0,0067
0,75m 0,056 0,0100 0,5 0,0080

The stability areas of closed digital single-circuit
VSC of vehicle for specified values of mathematical
model (6) parameters for the 3 considered cases are
shown in Fig. 1 with the following designations:

1 — the lower boundary of the stability area part for
the case with “solidified” fuel;

2 — the lower boundary of the stability area part for
the case with the height of the free surface of fuel

h =0,15m and speed v =18mx st
3 — the lower boundary of the stability area part for

the case with h =0,15m and v =12mxs;
4 — the lower boundary of the stability area part for

the case with h =0,15m and v=6m xs_l;

5 — the lower boundary of the stability area part for

the case with h =0,5m and v =18m xs‘l;

6 — the lower boundary of the stability area part for

the case with h=0,75m and v =18m xs‘l;

7 — the line is enveloping the lower boundary of
the stability area parts of the single-circuit VSC;

8 — the enveloping line of the lower boundary of
the stability area parts of the double-circuit VSC;

A,B and C - specific points of the closed VSC
stability area:

the closed system is not stable in A point;

the closed system is right on the border of the
system stability area in B point;

both single- and double-circuit systems are stable
in C point.

Conclusions

The VSC stability area in the low frequency range
is significantly decreased by considering oscillations of
the liquid free surface in the tank in the mathematical
model of perturbed motion.

Decreasing the speed of RV during the breaking
process causes increasing RV stability.
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Fig.1. The VSC’s stability area boundaries within low frequencies zone 0-1 Hz

Increasing level of loading the tank by fuel causes to the lowest part of the stability area when fuel is
increasing of natural frequency of the fuel free surface  “hardened”. The envelop loop, that corresponds to
oscillations and decreasing their amplitude. different tank loading levels, should be chosen as the

The envelop loop, that corresponds to different  lowest boundary of the varied parameters permissible
height of fuel free surfaces, asymptotically approaches  values area of the RV digital VSC controller.
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Mpo criiikicTh pyxXy aBTOMO00i/151 — NaIUBO3aNPABHUKA
3 nH(POBOIO CUCTEMOIO PO3MOAITY rajJbMiBHUX 3yCHJIb B PE:KUMi €KCTPEHOr 0 rajisMyBaHHS

€. €. Anekcannpos, T. €. Anexcannposa, 5. 0. Mopryn

AHoTanisi. Posrisgaerbes BIUIMB BHMYIICHHX KOJHMBAaHb BUIBHOT NMOBEPXHI NaJMBa B IMCTEPHI aBTOMOOIN -
MaJMBO3aNpaBHUKa Ha 00JacTh CTIHKOCTI 3aMKHEHOI HU(POBOI CHUCTEMH pO3MOAINY TajdbMiBHHX 3ycwib. OG6’ekTOM
NOCITI/DKEHHS SIBJISETBCS Tpollec CTaliai30BaHOTO pPyXy aBTOMOOiNs-TIanMBO3anpaBHUKa B PEXHMi TEPMiHOBOTO
(excTpeHoro) rajgpMyBaHHs. I[IpeaMeTOM MOCIHIKCHHS SIBISETHCS BEIMKOTa0apUTHHH aBTOMOOIIB-MTATHBO3ANPABHHK
noBHOI0 Macoio (3-3,5)*10* kr, ocHamenuii muctepHoo 06’emom (17-20) Mm% Ta cucTeMOI0 KypcoBoi cTilikocTi. MeToro
po0oTH € NOoCHiHKEHHS BILTUBY KOJMBAaHb TPAHCIIOPTYEMOTO MajJHBa HAa CTIHKICTh pyXy aBTOMOOIIS -TaTMBO3alIpaBHUKA B
peXuMi TepMiHOBOTO(EKCTPEHOT0) TalIbMyBaHHS 1 3alpOBaKEHHS METOIWKH BUOOPY 3HAaYEHBb BapifiOBaHHX MapaMeTpiB
€JIEKTPOHHOT CHCTEMH PO3MOIUTY TaJbMiBHHX 3yCHJb A Horo MiHimizamii. BucHOBKH. YpaxyBaHHS KOJMBAaHb BUIBHOT
MOBEPXHI PIIMHM B MaTeMaTH4YHiH MoJeni 30ypeHOoro pyxy 3aMKHEHOI CHCTEMH KypCOBOi CTIMKOCTI 3HA4HO 3MEHIIY€
00J1acTh CTIMKOCTI CUCTEMH B Jlialla30HI HU3bKHX YacTOT 32 PaXyHOK HETJIi, PO3Mip i MOJI0KEHHS sIKOi 3aJie)kaTh BiJl piBHS
3aIOBHEHHS LIMCTEPHU Y SKOCTI HMKHBOT MeXi 00iacTi CTIHKOCTI 3aMKHEHOI CHCTeMH KypCOBOI CTilikocTi aBTOMOOINS -
MaJIMBO3aNpPaBHUKA CIJIiJl OOMpaTH OTHHAIOYY HETIIIO, 0 BiINOBIIA€ PI3HUM PiBHIM 3aIIOBHEHHS IIUCTEPH.

Knao4oBi caoBa: aBTOMOONB-IANMBO3ANpPaBHHUK; CHUCTEMa PO3MOALTY TalbMIBHHX 3yCHIIb; OOJIaCTh CTIHKOCTI;
BapilioBaHi mapaMeTpy CHCTEMH.

O0 ycToHYMBOCTH IBUKEHUsI ABTOMOOUJISA — TOIUINBO3aNPaBLIHKA
¢ uu(poBoii cUCTeMOIi pacnipeaeaeHUs TOPMO3HBIX YCHJIMI B peKMMe IKCTPEHHOT0 TOPMOKeHU sl

E. E. Anexcanzpos, T. E. Anekcannposa, 5. 0. Mopryn

AnHoTanus. PaccMaTpuBaeTcs BIMsSHUE BEIHYKICHHBIX KoJIeOaHNH CBOOOIHOW MMOBEPXHOCTH TOIUINBA B IUCTEPHE
aBTOMOOMIIS-TOTUINBO3ANpPABINNKA Ha 00IaCTh YCTOHYNBOCTH 3aMKHYTOH IH(POBOI CHCTEMBI pacIpeeNeHUs] TOPMO3HBIX
yeuuii. O6beKTOM HccIeTOBAHMS SIBISICTCS MPOLecC CTaOUIN3UPOBAHHOTO JBHKCHHSI aBTOMOOWIISI-TOTIMBO3AMpaBIINKa
B PEXXHME CPOUHOTO (3KCTpEHHOI0) TopMokeHHe. IlpeaMeToM Hcciie10BaHUS SBISETCS KPYHOTaO0apUTHBIN aBTOMOOUIIb-
TOIIMBO3ANpaBIMK Maccoit (3-3,5) * 10* kr, ocHamen uuctepHoit o6bemom (17-20) M3 u cucTemoit Kypcosoit
ycroduuBocTy. Lleabo paGoThl SBIsSETCS UCCIENOBaHUWE BIUSHUA KoJeOaHMM TpaHCHOPTHPYEMOH TOIUIMBA Ha
YCTOHYHMBOCTh JABIKCHHS aBTOMOOWIISA-TOIUIMBO3ANpPABIINKA B PEXHUME CPOYHOTO (IKCTPEHHOTO) TOPMOXKEHHE U
BHEJPEHHE METOAWKH BHIOOpa 3HAUCHHH BapbUPYEMBIX ITapaMeTPOB AJIEKTPOHHOH CHCTEMBI PacIpeIesIeHUs] TOPMO3HBIX
yCHIUH [UIS ero MUHHMH3anuu. BepIiBoabl. Yuer koneGaHHM cBOOOIHONW MOBEPXHOCTH JKUAKOCTH B MaTeMaTHYECKOM
MOJIeTH BO3MYIIEHHOTO JBI)KEHHUS 3aMKHYTOH CHCTEMBI KypCOBOH YCTOWYHBOCTH 3HAUHTENBHO yMEHBINAeT o01acTh
YCTOHYHMBOCTH CHCTEMBI B AHMANa30HE HU3KUX YACTOT 3a CUET METJIH, pa3Mep W IIOJIO’KEHHE KOTOPOH 3aBHCHT OT YPOBHS
3al0JIHEHUA LUCTEPHbBI B Ka4YCCTBEC HIDKHEN rpaHUIbI o0actu yCTOl\/'I'-lI/IBOCTI/I SaMKHyTOI\/'I CHCTEMBI KprOBOﬁ
YCTOHYNBOCTH aBTOMOOMIIS-TOIUIMBO3aNpaBIIMKa CIeAyeT BEIONPATh OrMbaroIyo T, COOTBETCTBYIOIYIO Pa3IHIHBIM
YPOBHSIM 3aIlOJIHEHHsI LUCTEPH.

KawueBble cJ0Ba: aBTOMOOWMIL-TOIUIMBO3ANPABIINK, CHCTEMa paclpeneleHus TOPMO3HBIX YCHIHIL, 00JlacTh
YCTONUMBOCTH; BAPBUPYEMBIE TAPAMETPHI CHCTEMBI.
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