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Abstract. The article proposes a method for constructing areas of dynamic instability of rein-
forced concrete frames in the space of parameters (frequency and amplitude) of seismic and opera-
tional dynamic impacts that cause the appearance of longitudinal forces in the bars of structures,
which periodically change in time and lead to an unlimited increase in amplitudes of transverse vi-
brations when the values of these parameters are in the areas of instability. The proposed method is
demonstrated by a specific example, which considers the spatial problem of dynamic stability of a
I1-shaped frame with two concentrated masses located on it, which are under the action of vertical
periodic forces. These forces create periodic longitudinal forces in the vertical rods of the frame.
Avreas of dynamic instability of the frame are constructed.

From the point of view of human activity, fluctuations can be both beneficial and harmful. We
can observe vibrations of various buildings, structures, bridges, which cause additional stresses and
deformations of these structures, have a harmful effect on their safe functioning. Too intense fluctu-
ations lead to serious consequences. This leads to the destruction of individual elements of the
structure and, as a result, to accidents. The most destructive effect of vibrations is observed during
earthquakes and explosions. The study of vibrations is of great practical importance. This avoids the
unwanted effects of fluctuations by limiting their level. Only on the basis of a deep study of various
types of vibrations can important practical problems of the dynamics of structures be solved. Solv-
ing dynamics problems is a complex problem. In contrast to static calculation, when studying oscil-
lations, one has to take into account an additional factor — time.

The dynamic design of structures provides them with bearing capacity under the combined ac-
tion of static and dynamic loads. A construction will be considered as a system with an infinite
number of elementary masses distributed over it with an infinitely large number of dynamic degrees
of freedom.

Keywords: reinforced concrete frames, dynamic instability, areas of instability.

Introduction. The first work in the field of dynamic stability of structures was published by
N.M. Belyaev in 1924. It posed and solved the problem of dynamic stability of a rod hinged at the
ends, i.e, the conditions for the appearance and oscillation of transverse oscillations of the rod under
the action of periodic longitudinal force were studied. It was shown that the values of the frequency
and amplitude of oscillations of the longitudinal force, in which there is an unlimited increase in the
amplitude of transverse oscillations of the rod, form continuous regions in the space of these param-
eters, called instability regions. In 1935, N.M. Krylov and M.M. Bogolyubov, and in 1940 E. Met-
tler [1] continued the research of N.M. Belyaev, investigating the problem of dynamic stability of
the rod with arbitrary fixing of its ends. In the book V.N. Chelomey [2], published in 1939, consid-
ered the problems of dynamic stability for rods of variable cross-section, for rods with initial deflec-
tion, as well as for multi - beam rods. In 1953-1956, V.V. Bolotin published a number of works on
the dynamic stability of rods, beams and frames [3].

It should be noted that in these works flat problems of dynamic stability were investigated. In
the work of N.A. Nikolaenko and Yu.P. Nazarov [4], published in 1970, solved the spatial problem
of dynamic stability of structures. The model of the structure in the form of a system of absolutely
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rigid bodies (intermediate floors) connected by a system of geometrically nonlinear connections
modeling the columns of the structure was proposed. However, for long-term designs, this model is
not entirely accurate.
Analysis of recent research and publications. Many works consider flat problems of dy-
namic stability of frames. N.A. Nikolaenko and Yu.P. Nazarov and their students studied the spatial
problem of dynamic stability of buildings using a model of construction in the form of a system of
rigid bodies (floors), connected by elastic rods (columns). However, for long-term structures, this
model is not entirely correct due to the fact that the floors can receive significant deformations in
the horizontal plane. To study the spatial problem of dynamic stability of structures in this paper
proposes the use of a model of a structure in the form of a mechanical system consisting of a
weightless frame structure with a system of concentrated masses located in its nodes. In addition,
the work uses a method modified by the author V.V. Bolotin, proposed to solve flat problems of
dynamic stability of frames. Instead of the method of deformation used by V.V. Bolotin to construct
analytical expressions of deflections of frame rods, in the modified method the numerical-analytical
method of boundary elements is used.
Purpose and objectives. The aim of this work is to study the spatial problem of dynamic sta-
bility of structures using a model of a structure in the form of a mechanical system consisting of a
weightless frame and concentrated masses located in its nodes (note that this type of model is used
in normative calculation of structures for seismic effects).
The main task is to develop a method that would allow studying the dynamic stability of spa-
tial multi — story multi — span frame structures under seismic and dynamic operational influences.
Materials and methods of research. The paper uses a modified method V.V. Bolotin, pro-
posed in [3] to solve flat problems of dynamic stability of frames. In this case, instead of the method
of deformation used by V.V. Bolotin to construct analytical expressions of deflections of frame
rods, the numerical-analytical method of boundary elements is used [5, 6].
Research results. Let us number the rods of the frame and enter on each of the rods a local
rectangular coordinate systemx,, V,,z,, (k — rod number, axis x, is directed along the axis of the
rod). In addition, we introduce the global abscissa s of the points of the frame as follows: s = x; for
k-1

the points of the axis of the first rod, s = le +x, for points of the axis of the rod with the number
j=1

k> 1 (1, - the length of the j — ™ rod). We will look for dynamic deflections of rods of a frame in

the following form:
n
V(s =2 WD), ©)
n — the numbelrlof degrees of freedom of the above-mentioned mechanical system. Here, in contrast
to [5] v(s,t) is not a scalar function, but a vector:
vy (s,t)
v(s,t) =|v,(s,t) |, 2
0(s,t)
(v, — deflection of the rod at a point with abscissa s in the direction of the y — axis of the local coor-
dinate system, v, — in the z — axis direction of this system, ® — the angle of rotation of the cross
section), w;(t) are scalar functions, ®,(s) are three — dimensional vector functions:
@;,(s)
D;(s)=| D;,(s) |- )
D@; 5(s)
In [3] it is stated that as ®,(s) (i=1, 2,.., n) we can take functions with the help of linear com-
binations of which we can approximate the forms of free vibrations of the structure. In particular,
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you can use the functions of deflections of the frame from the action of forces Fi (Fi==1«H, i =1,
2, ...n), applied to concentrated masses. Considering W, (t) as generalized coordinates, we compose
the Lagrange equation for this problem:

4Ty, 2 U-T)=Q (i=12..0), (@)

at o) "o
Where: T i U — kinetic and potential energy of the frame with a system of concentrated masses lo-
cated on it, Q,— generalized forces.

The kinetic energy of the system is equal to the sum of the kinetic energies of the concentrat-
ed masses:

T =5 Y M (s, 0)+ V(s I, ©)
j=1

r — the number of concentrated masses). Taking into account formulas (1) — (3) we obtain:
aT r n n .
w =Z;mj[cpi,l(sj)kz;wk (t)cpk,l(sj)+c1>i,2(sj)kz;wk 0P, ,(s))] (i=12....,n). (6)
]= = =

Changing the order of summation by j and k, we obtain:

%Ti = kZ:;, fi Wi (1), (7)

where:

fic = ij [P 1(5;) Dy 1(S;) + Di ,(S;)Py 5 (5))] (8)

j=1
The potential energy of each of the rods of the frame consists of the potential bending energies of

the rod in the planes xy and xz of the local coordinate system and the potential energy of rotation

around the axis of the rod. Therefore, the potential energy of the frame is determined from the ratio:

U(t) =%{j E(s)J, (s)[V) (s, )P ds+ j E(s)Jy(s)[v;’(s,t)]zds+J.G(S)Jp(s)[G)’(s,t)]zds}. 9)
0 0 0

Here the bar means a derivative by s, J (s) — the polar moment of inertia of the cross section
relative to the center of intersection, E(s), G(s) — modulus of elasticity and shear of the material of
the frame rods, L — is the total length of the frame rods. After substituting the relationship (1) in (9)
and differentiation by w, we receive:

%Ui:éri,kwk ®, (10)
where:
fi = [ EG), ()1 ()P, (8)ds+[ E(8)3, ()], ()} o (S)ds+ [ G(8)T, ()P} () D 5(s)ds. (10a)
0 0 0

The work of the external distributed transverse load is determined as follows:
L
V = [[a,(5,0v, (5,) + 6, (s,0)v, (s.)1ds, (11)
0
where: q,,q,,v,v,— components of loads and deflections of rods in the corresponding local coordi-
nate systems.
Generalized forces can be found from the relations: Q, = SW—V (i=12,...,n).

From (1) it follows that:

QM= I[qy(S,t)CDi,l(S) +0,(8,)®; 5(s)]ds (i =1,2,...,n). (12)
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Making in (12) integration by parts we obtain:
(t)— J'[Q (S t) |1(S) ( t) |2( )

—=1ds (i=12,...,n). (13)

Here Q, (s,t) and Qz(s,t) — components of the transverse force in the cross sections of the rods.

We limit ourselves by solving problems of dynamic stability under the action of vertical vari-
able forces applied to concentrated masses. The influence of the longitudinal forces that arise in the
rods of the frame on their bending deformation is taken into account by the ratio [3]:

Qy(s,t) =—N(s,1)vy (5),Q,(s,t) = =N(s,t)v;(s) .

We consider the case when the forces acting on concentrated masses change synchronously
by time:

P;(t) = (e +Bcosyt)Ry ; (j=12,....r), (14)
a and B — positive scalar parameters.

It is assumed that a is less than the critical value, i. e. that the structure under the action of
static forces aR,; (j=12,.,r) are less than critical value, i. e. it is in a position of stable equilibri-

um. From (14) it follows that for the longitudinal forces in the rods of the frame there is the follow-
ing relationship:
N(s,t) = (a+Bcos®t)N,(s), (15)
where Noy(s) — longitudinal forces in the rods of the frame caused by forces R, ; (j=1.2,...,r).
From (13) and (15) it follows:
L

Qi(t) = (o+Boosyt) [ No($)[V, () ®;1(8) +V, ()} o (8)]ds (1=1.2,....n)..
0

Using the expansion (1), we obtain:

Q) = (o + Boosyd)Y s, W, () (=12,...0), (16)
k=1
Sy = [ N ()@}, ()P}, (5) + D} , (), (5)]ds (i.k =1.2,...,1). (162)

0
Substitution of (7), (10) and (16) into the Lagrange equation (4) leads to a system of differen-
tial equationS'

Z Fi W (£) +Z[r.k (o +Beosyt)s, I (1) =0 (i=12,...,n), (17)
which in matrix form is written as follows:

FW+[R—(a+Bcosyt)S]w =0. (18)
If =0, i.e. when forces P, (j=12,...,r)are constant, the system of equations (18) in this case:

FW+[R—-aSJw=0, (19)

determines the free vibrations of the frame, the rods of which are loaded with longitudinal constant
forces. Substitution w=W sinQt into (19) allows us to construct the equation of frequencies of

free oscillations of such a frame:
det(R—aS —Q°F)=0. (20)
To study the dynamic stability of the structure, it is necessary to use a system of differential
equations (18) with coefficients that periodically depend on time. By multiplying this system by
R, we bring it to the following form:
CW+[E — (o +Bcosyt) Alw=0. (21)
Here C=R'F,A=R™'S,E - is the unit matrix. The boundaries of the main areas of instabil-
ity in the first approximation are determined from equality [5]:
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det{E—(ai%B)A—%WZC}:O. (22)

Note that in [5] the main areas of instability are areas in the plane of parameters B, y (at a
fixed value a), boundaries of which at B = 0 converge at points yx = 2 (Qk — one of the frequen-
cies of free vibrations of the frame loaded by constant longitudinal forces. In (22) the plus sign cor-
responds to the lower boundary of the area, and the minus sign — to the lower one.

We will demonstrate the proposed technique on a specific example.

Example. The spatial problem of dynamic stability of a I1-shaped frame with two concentrated
masses M; and M, under the action of two vertical periodic forces Py (t) and P,(t) is considered (Fig. 1).

y q
@ ¥ = | 1

X,

2 b =

~1

Fig.1. IT-shaped reinforced concrete frame

The drawing shows the axes of the local coordinate systems X, Yk, zx (k=1, 2, 3) on each of the
frame rods. Material point system A, M, has three degrees of freedom. They correspond to the axis
of the system of generalized coordinates 1, gz, 3. Design parameters: |, = I3 = 6 m, /; = 10 m. Mass-
es of material points: m; = m, = 50 ton. Dimensions of cross section bars of elasticity of reinforced
concrete (averaged) E = 2,7-10*MPa, offset module G = 1, 125-10*MPa [8].

To build functions F,(s) (i=1, 2, 3) we use the boundary element method [5]. Apply to the

point M, force F; (F1= 1 xN) in the direction of the axis ;. In Fig. 2. schematically depicts the de-
formed state of the frame caused by the influence of force F.

Fig. 2. Deformed state of the frame under the action of force F;

Analytic function expressions yi(x1), Y2(X2), Ya(x3) look like this:

v, (%) =4.703115610"° x, —4.572474-10°%2,

Y,(X,) = 7.0546737-107° X, —2.116402.10 x5 +1.410935-10° %3,

Ya(X;) = —7.054674-10 + 7.054674-107° x, +3.527337-10° x5 —4.572474-10° x3.

Note that z; (xj) = 0, ®; (xj) =0 (i = 1, 2, 3). Thus, the components of the function are presented as
follows:
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F11(S) = ya(s) ats <y,

Fl,l(S) = yz(S —|1) at li<s < I+ 1y,

F11(8) =ya(s—li—1p) at s > I1+ I,

F12(s) =Fi3(s)=0atalls.
We apply to the point M; force (F,= 1 xkN) in the direction of the axis g,. Fig. 3 shows the de-
formed state of the frame caused by this force.

Fig. 3. Deformed state of the frame under the action of force F,

Analytical expressions of functions z; (x;), vi (xi) (i = 1, 2, 3) have the following form:

z,(x,) =—-1.26177228 -10™*- xf +8.500325 -10°° - x7,0,(x,) = 2.320639 -10° x,,

2,(X,) =—2.706310 -10~ +1.392383-10* x, + 2.088575 -10™° x -1.39238-107 X3,

0,(x,) =5.960916 -10™* —2.045289 -10° x,,

2,(%;) =—1.244307 -107° + 3.915627-10* x, — 2.682863 - 10 ° X% — 6.44622-107" X3,

O,(X;) =—1.392383-10* +2.320639 -10°° X,
where in y;(x)=0(i=12,3).

We now apply to the point M, the force F3; (F3=1 xN) in the direction of the axis gs. The de-
formed state of the frame caused by this force is shown in Fig. 4.

7. z(x)

M,
9,
) Z; (x)
@ ®
ae]
n a7

=1

Fig. 4. Deformed state of the frame under the action of force F3

Analytical expressions of functions z; (x), ®; (x;) (i =1, 2, 3):
7,(%)=-3.84318310" x, +6.446219107"-x7, ©,(x)=-2.320639010° x,,
2,(X,) =—-1.244307-10"° -1.39238310 *x, —2.08857510 °x5 +1.39238310 " xS,
0,(%,) =3.915627-10"" +2.04528910 °x,,

25(X;) = —2.70631010 2 +5.960916 10 “x, + 2.68286310 °xZ —8.50032510° %3,
0,(%3) =1.39238310* —2.32063910 °x,, y; (%) =0(i =1,2,3).
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Function components F, (s)(k =2,3) are presented as follows:

Fkai(s) =0atall s,

Fr2(s) = 71(S), Fra(s) = ©1(s) at s < Iy,

Fkiz(S) = Zz(S —|1), Fkig(S) = @2(3—'1) at |1<S < |1+ |2,

Fr2(8) = z3(s —l1i— I2), Fx3(s) = Os(s —li— o) at s > I3+ 1.

Next, we proceed to the definition of the elements of the matrices F, R and S, using formulas
(8) and (16a). Solving equation (20), we find the frequencies of free vibrations of the frame with a
system of weights loaded with longitudinal constant forces Po; (Po; are cargo weights A, j=1,2).
Then, using (22), we construct the boundaries of the main regions of instability (Fig. 5).

W

12
20;
10

2Q
p

6
2Q

1
4

2

0

0 0.2 04 0.6 0.8 1.0 B

Fig. 5. Main areas of frame instability

Conclusions. The proposed method allows studying the dynamic stability of spatial multi-
story multi-span frame structures under seismic and dynamic operational influences, which must be
done when designing structures for seismically dangerous regions [9, 10].

A dynamic model was also built taking into account the nonlinear properties of materials.
This method allows you to make calculations with a small amount of accumulated error.
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AHoOTaNifA. Y CTaTTl 3allpONOHOBAHO METOJ MOOYI0BU 001acTell AMHAMIUHOI HECTIHKOCTI 3aIi-
300€TOHHUX paM B MPOCTOPI MapaMeTpiB (4acTOTa 1 aMIUTITy/1a) CEUCMIYHMX 1 eKCILTyaTalliiHUX Ju-
HaMIYHUX BIUJIMBIB, 1110 BUKJIUKAIOTH MOSBY B CTEPKHSAX KOHCTPYKLIN MO3/IOBXKHIX CHJI, SIKI TTEP10ANY-
HO 3MIHIOIOTHCS B Yaci 1 IPU3BOJSATh MPH 3HAYEHHSX LIUX MapaMeTpiB 3 o0sacTeil HeCTIHKOCTI 10 Heo-
OMEXEHOT0 POCTY aMILTITY/I TIONIEPEYHNX KOJIHMBaHb. 3alPONIOHOBAHUN METOJI IMPOIEMOHCTPOBAHO HA
KOHKPETHOMY TMpPHKJIadi, B SKOMY pPO3IJISIA€ThCA MPOCTOpOBA 3ajgava JAWHaAMIYHOi criiikocti [I-
MOJIIOHOT paMu 3 PO3TAIIOBAaHMMU Ha HIN IBOMa 30CEPEIPKEHUMU MacaMH, sIKl 3HaXOAThCS MiJ JI€0
BEPTUKAJIBHUX NEepioAUYHuX cuil. L{i cuam CTBOPIOIOTH B BEPTUKAIBHUX CTEPIKHAX PaMM MEPIOIMYHI B
yaci mo37oBxkH1 cuiti. [IpoBeneHo moOy1oBy obacTel JMHAMIYHOI HECTIMKOCTI paMH.

3 morysiy JHOACHKOI AISTTBHOCTI KOJMBAHHS MOXKYTh OYTH SIK KOPUCHUMHU, TaK 1 HIKiATUBUMHU.
Mu MokeMo criocTepiraTi KOJUBaHHS Pi3HUX Oy[iBesb, CIIOPY, MOCTIB, SIKI BUKIMKAIOTh J10J]aT-
KOBY HaIpyry Ta JfedopMallito X Cropyl, HaJAaloTh IIKIUIMBUN BIUIMB Ha iX Oe3neuHe (yHKIio-
HYBaHHs. 3aHAJATO IHTEHCUBHI KOJIMBAHHS MPU3BOASTH /10 CepHo3HUX HacaiakiB. Lle mpu3BoauTs 10
pYHHYBaHHSI OKPEMHUX €JIEMEHTIB CIOPY/AHU Ta, sIK HACIiA0K, A0 aBapiil. HaiiGinbm pyiiHiBHA Jis KO-
JIMBaHb CIIOCTEPITa€ThCS MPH 3eMIIETpycax Ta BUOyxaxX. BuBueHHs mapamMeTpiB KOJIMBaHb Ma€ BaXk-
JMBE MpakTHYHEe 3HaueHHs. Lle no3Bonse YHHKHYTH HeOakaHMX HACHiAKIB IIJISIXOM OOMEXKEHHs
BIJIUBY KOJIMBaHb. T1IbKU Ha 0a31 JOCKOHAJIOr0 BUBYEHHS PI3HUX BU[IB KOJIMBaHb MOKHA BUPILIU-
TH B@XJIMBI NMPaKTHYHI MpoOIeMu AWHAMIKU criopyn. Po3B's3aHHs 3a1a4 JUHAMIKH € CKJIQIHOIO
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npobnemoro. Ha BiMiHy BiJl CTATUYHOTO PO3PaXyHKY, LIOA0 KOJIMBaHb JOBOJIUTHCS BPAaXOBYBATH
JOaTKOBUH YMHHMK — 4ac. J[MHaMi4HUI po3paxyHOK criopya 3a0e3nedye iX Hecydy 3JaTHICTh IPH
CHUIBHIN Jii CTATUYHHUX Ta JUHAMIYHUX HaBaHTaXeHb. KOHCTPYKIIiIO pO3IIISIIaTUMEMO, K CUCTEMY
3 PO3MOIICHUM 3a HEI0 HECKIHYCHHUM YHCIIOM EJIEMEHTapHHX MAac 3 HECKIHUCHHO BEIUKUM YHC-
JIOM TUHAMIYHHUX CTYIICHIB CBOOOIH.

KurouoBi ciioBa: 3ami300€TOHHI pamMu, TMHaMiYHA HECTIWKICTh, 001aCTi HECTIHKOCTI.

W CCJIEJOBAHUE NPOCTPAHCTBEHHBIX 3AJIAY JUHAMMWYECKOM
YCTOMYUBOCTH KEJE30BETOHHBIX PAM
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'00eccras 20Cy0apcmeenHas akademusi CmpoumenbCmed u apxXumeKmypol
yi. Aunpuxcona, 4, r. Onecca, 65029, Ykpauna

AHHoOTalus1. B cTtaThe mpenioxkeH METo/l MOCTPOeHHs 00JIacTell JMHAMUYECKOM HEYCTOWYU-
BOCTH K€J1€300€TOHHBIX paM B IPOCTPAHCTBE MapaMeTPoB (4acTOTa U aMIUIMTY/AA) CEHCMUYECKUX U
JKCIUTyaTallMOHHBIX TMHAMUYECKUX BO3JEHCTBUI, BbI3bIBAIOIINX BO3SHUKHOBEHHE B CTEPIKHAX KOH-
CTPYKLMH MPOJOJIBHBIX CHJI, KOTOPBIE NEPUOJNYECKHA MEHSIOTCS BO BPEMEHHU U IPUBOJAT IIPH 3HA-
YEHHSIX 3TUX MapaMeTPOB U3 00JacTeil HEYCTOMYMBOCTH K HEOTPAaHUYCHHOMY POCTY aMILTUTY/] MO-
nepeuHblx kosneOaHui. Ilpemnaraemplii METON NMPOJEMOHCTPUPOBAH HAa KOHKPETHOM IIpUMEPE, B
KOTOPOM paccMaTpUBaeTCs MPOCTPAHCTBEHHAs 3aJaya JUHAMHUYECKol ycroitunoctu I[1-00pa3Hoii
paMBbl C PacIOJIOKEHHBIMA HA HEM ABYMS COCPEIOTOYEHHBIMU MAaCcCaMH, KOTOPBIE HAXOIATCS IO
JEUCTBUEM BEPTUKAIbHBIX MEPHUOJUYECKUX CUIJI. DTH CHUJIbI CO3/1al0T B BEPTUKAJIBHBIX CTEPIKHSIX
pambl IEPUOIMYECKUE BO BPEMEHU MPOI0JIbHbIE CUIlbl. [IpoBeieHo nocTpoeHue obnactelt TuHaAMU-
YECKOW HEYCTOMYHUBOCTU PaMBI.

C TouKM 3peHus YEIOBEUECKOW JESITENbHOCTU KOJEOaHUsI MOTYT OBITh M IOJIE3HBIMHU, U BPEJ-
HBIMUA. MBI MO>keM HaOIro/1aTh KoJeOaHHs Pa3IMYHbIX 3[aHUH, COOPYKEHUH, MOCTOB, KOTOPbIE BbI-
3bIBAIOT JIONOJIHUTENIbHBIE HAPSHKEHUS U AeopMaliii 3TUX COOPYXEHUMH, OKa3bIBalOT BPEAHOE BO3-
JeicTBUe Ha MX Oe3omacHoe (QyHKIMOHMpoBaHUe. CIMIIKOM MHTEHCHUBHBIE KOJEOaHUS MPUBOIAT K
CEphE3HBIM MOCIEACTBUSAM. DTO IPUBOIUT K Pa3pyIICHUIO OTJEIBHBIX JIEMEHTOB COOPYKEHUSI U, KaK
cresncTBue, K aBapusiM. Hanbonee paspymmrensHoe eiicTBie kosnebaHuit HaOmoqaeTcs npu 3emie-
TpsICEHUSIX U B3pbIBax. M3yueHue koneOaHuii MEeT BaXKHOE MPAKTUUECKOE 3HaYEHUE. DTO MO3BOJISET
n30eXaTh HeXeNaTeIbHbIX MOCIEACTBUN KojeOaHuil myTeM orpaHudeHus ux ypoBHA. JIumb Ha Gase
IITyOOKOTrO M3Y4€HUs pa3lIUYHbIX BUI0OB KOJIEOAHUN MOXHO PEIIUTh BaXKHbIE MPAKTUUECKUE Mpoodie-
MBI JMHAMHUKH COOpYXeHUi. Pelienne 3ai1au TUHaAMUKH MPEJCTaBIIseT co0O0M CIOXKHYIO pobiemy. B
OTJIMYME OT CTAaTHUECKOTO PacyeTa, MPH U3y4eHUU KOJIeOaHUM NMPUXOIUTCSA YUYUTHIBATh IOTIOJIHUTEIb-
HBIN (pakTOp — Bpemsl.

JluHaMHuYecKUid pacyeT COOpYy>KEHUH oOecreyrBaeT MX Hecylled CIOCOOHOCTBbIO MpPH COB-
MECTHOM JEUCTBUM CTATMYECKUX M AMHAMHUYECKUX Harpy3ok. KoHcTykuuio OyzneM paccMaTpuBaTth
KaK CHUCTEMY C pacIpe/eJICHHbIM 10 Hell 0ECKOHEUHBIM YHUCIIOM 3JIEMEHTAPHBIX Macc ¢ OECKOHEYHO
OOJIBIIIMM YHCIIOM AMHAMHUYECKUX CTereHel cBOOOIbI.

KutoueBble cjioBa: xene300€TOHHBIE paMbl, TUHAMHYECKAs HEYyCTONYMBOCTh, 00JIACTH He-
YCTOMYUBOCTH.

Crarts Hagiinura no penakmii 20.10.2021
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