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AHoTalis. Y cTaTTi BUKOHAHO JWHAMIYHUI PO3PaxyHOK MeTaseBoi npomixkHoi ormopu I1110-6 mositpsiHOl
airii (I1JI) 110 xB wa mifo mysbcarifinoi ckiasoBoi BiTpPOBOTO HaBaHTAKeHHs. MeToio AnHAMIYHOTO po3pa-
XyHKY rpardactux orop [1JI Ha BiTpoBuil BIIJINB € aHAJi3 CTATNX KOJUBAHb ONMOPH y BiTpoBoMy ToToIi. [Ipn
IIbOMY XapaKTePUCTUKY BY3JIOBUX IT€PeMillleHb, BHYTPIIIHIX CHUJI i HAlIpy>KeHb BU3HAYAIOTHCS Y CKiHUEHHUX
eseMeHTax (PEeMIiTIN Ta Mosicax) PO3/iJbHO BiJ /il cepeHbOI Ta MyJbCAIliifHOI CKJIQJI0BUX BiTPOBOTO HABAH-
taxkeHHs. HaBoanThCs MeToAnKa Ta pe3ysbTaTyl AMHAMIYHOTO PO3PaXyHKY CTEP>KHsSI €KBiBaJeHTHOI *KOPCT-
kocti. [TpuaineHo yBary ocHOBHUM poGJieMaM, SIKi MOKYTh BUHUKHY TH TIPU TIePEX0/ii Bi/l IPOCTOPOBOI MozeIi
OTIOPH /IO CTEP>KHS 3 PIBHOMIITHUM Tiepepi3oM. Po3risaeTbes psii IUTaHb, OB 'sI3aHNX 3 YTOYHEHNM BHU3Ha-
yeHHAM Koedimienrta gunamiunocti. Ha mizcTaBi po3paxyHKy Ta ysaraJbHeHHsS OTPUMAHUX pPe3yJbTaTiB
BUKOHAHO JIeTaJIbHe TIOPiBHSAHHS KOe(illi€HTIB IUHAMIYHOCTI MO CEKITiSX TMPOMiXKHOI oopH 3 KoedirlieHTa-
MU INHAMIYHOCTI CTep:KHSI eKBiBaJIeHTHOI KOPCTKOCTI TIPH il MyJIbCAIiiTHOI CKJIaoBOi BiTPOBOTO HaBaHTA-
SKEeHHS.

KaouoBi cinoBa: MoBiTpstHA JIiHIS €J€KTpPOIepeIaBaHHs, TIPOMiXKHA o11opa, KoedillieHT ANHAMIYHOCTI,
IIPOCTOPOBA MOJIEJIb, CTEP;KEHb eKBiBAJIEHTHOI *KOPCTKOCTI.

VYTOYHEHUE KOYDDUIMEHTA TUHAMHUYHOCTHU
NPOMEKYTOYHO BAIIIEHHOI OIIOPHI 11110-6 IIPU JENCTBUU
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AnHoTanus. B craTbe BBINOJHEH IUHAMUYECKUH pacueT METaJIMYeCKOil IIpoMeskyTouHoil omnopsl 11110-6
BozzymHo jmHun (BJI) 110 kB Ha zgeficTBue mysbcainoOHHOI COCTaBJISIONIEN BeTPOBOH Harpysku. llesmbio
IMHAMUYECKOTO pacyeTa perierdarsix onop BJI Ha BeTpoBoe BozzeiicTBIE SBIIAETCS aHAIN3 YCTAHOBUBIINXCS
KoJIeOaHUiT OMIOPBI B BETPOBOM MOTOKe. [IpH 3TOM XapaKTepUCTHKY Y3JI0BBIX [lepeMeIeHN i, BHY TPEHHUX CUJI
U HAINPSKEHUI ONPEIesIAIOTCS B KOHEYHBIX dJleMeHTaX (PEIIeTKU U 10sIcaX) Pas3ie/IbHO OT IeHCTBUS cpefiHeit
U IIyJIbCAIIMOHHON COCTABJIAIONINX BeTpOBOi Harpysku. [IpnBoauTcs meToanka M pe3yJibTaThl TUHAMUYECKO-
rO pacyeTa CTEPIKHsI IKBHBAIEHTHON JKECTKOCTU. YIIeJeHO BHUMAHHE OCHOBHBIM MPOOJIEMaM, KOTOPble MOTYT
BO3HMKHYTb IIPH N€PEXOJie OT ITPOCTPAHCTBEHHOHN MOJIEJM OIOPBI K CTEPKHIO ¢ PAaBHOIPOYHBIM CEYEHHEM.
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PaccmarpuBaeTcs psifi BOIPOCOB, CBSI3AHHBIX C YTOUHEHHBIM OlpesiesienreM Koadduiimenta AMHAMUIHO-
cru. Ha ocHoBanunm pacdyeta u 0600IIEHNS TOJYYEHHBIX PE3YJIbTATOB BHINOJHEHO AETANIbHOE CPABHEHME
MOJIy4eHHBIX KO3(hMUIINEHTOB TUHAMUYHOCTU MO CEKIUSAM MPOMEKYTOUHON OMOPhI ¢ KO3 dUIimeHTaMm
JMUHAMWYHOCTH CTEPKHS 9KBUBATEHTHON KECTKOCTU TIPU AEHCTBUM TYJIbCAIIMOHHON COCTABJISIONIEH BeT-
POBOI HarpysKH.

KmoueBbie cioBa: BO3IyIIHAS JTUHUS 3JI€KTPONEpeady, TPOMeKyTOIHAs Onopa, Koa(dumment
JUHAMHIYHOCTH, TPOCTPAHCTBEHHASI MOJIE/b, CTepKeHb 9KBUBAJIEHTHOH KeCTKOCTH.
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Abstract. In the paperis defined a dynamic calculation of the steel i ntermediate overhead power transmission
line support P110-6 (OHTL) 110 kV to action pulsation component of the wind load. The purpose of
dynamic calculation of lattice overhead line supports to the wind influence is an analysis of steady-state
oscillations foothold in wind flow. In this case, the characteristics of nodal displacements, internal forces
and stresses are determined in finite elements (lattice and belts) separately from the effects of moderate and
pulsation components of the wind load. The technique and results of the dynamic analysis of the equivalent
stiffness rod are shown. Paid attention to the main problems that may arise during the transition from the
spatial model of the support to the rod with equal strength section. Considering a number of issues related
to clarifying the definition of the dynamicity coefficient. On the basis of the calculation and generalization
of the results carried out a detailed comparison of the sections' dynamicity coefficients for the intermediate
support with dynamicity coefficients of the equivalent stiffness rod under the action of pulsation component
of the wind load.

Keywords: overhead power transmission line, intermediate support, dynamicity coefficient, space model,
equivalent stiffness rod.

Wind load for most structures, including power
lines and supports (considering wind load on the
wire and rope), is one of the significant [1, 2].

In all cases of the wind load determining to the
structure the dynamic component of the wind flow
is considered as an static additive to an average
component and does not fully describe the change
in load over time, and therefore practically impos-
sible to study the dynamic behavior of the struc-
ture.

To each «class» of overhead line supports to
which made the division in [9], belong to the struc-
ture with different heights, with different base and
made under various schemes, therefore shown in

the rules [4, 8], the dynamicity coefficient taken
with a margin to cover all inaccuracies that may
arise in this approach to the definition of pulsa-
tion component of the wind pressure. As a result
of the wind load overestimation occurs, which
leads to weighting support structure.

Thus, considering the fact that currently ac-
cepted position of the individual building of over-
head line supports under specific weather condi-
tions and the fact that the design of the OHTL is
carried out in accordance with [4, 5, 19], the ques-
tion arises: will be fair the dynamicity coefficient,
shown in the standards for steel intermediate sup-
ports, in determining of the pulsation component
of the wind load.
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The general solution of the problem of
structures forced vibrations

The wind represented irregular, a whirl of air and,
in this connection, at the decision of the majority
of applied problems including problems of building
dynamics, the wind speed are consider as casual
vector process which, as usual, are described by the
spatial and temporary statistical characteristics:
mean value, dispersion, mutual spectral and corre-
lation functions [15]. At such approach impact of
the wind W(z, ¢) to buildings and structures also
may to be consider as stochastic function of time ¢
and spatial coordinate z = (z,, z,, z,, ...). At this
W(z, t) are divided to average W (z) and pulsation
Wp(z, t) components:
W(zt)=w,(z)+ w, (z,2) )
Thus, as the initial parities using for the deci-
sion of a problem about forced vibrations of struc-
tures at action of the pulsation component of the
wind load, was accepted linear equations of a struc-
tural movement which generally registered in a
sort:
m(z)-ii(z,t)+ I'(Gi(z,t))+ L (u(z,t)) =W(z,t) (2)
and boundary conditions correspond to its:
B(u,11) =0, 3)
where u(z, t) — the general vector of dynamic move-
mentsin apoint with coordinates ofz = (z,, 2, z,);
t — time; m(z) — mass; I' (...) and L (...) — the
linear differential operators describe according
to dissipative and elastic properties of the struc-
ture; W(z, t) — the general vector of a wind load,;
B(...) — the linear operator correspond to con-
ditions on the structural border and to condi-
tions of mating are more its than separate ele-
ments.
Usually at the decision of dynamic problems of the
structural mechanic for the description of dissipa-
tive properties of the structure using the Fokht
hypothesis [17]:

I'(u(z,0)=y-u(z,1), (4)
where y — the factor describing of the energy dis-
sipation.
Generally the vector of u(z, t) included displace-
ment and angles of rotation, and the vector of
W(z, t) — operating forces and moments.

At the decision of applied problems the wind
load of W(z, t) are consider as vector casual sta-
tionary process which in this case could be spread
out abreast by Fourier. And the decisions of a re-

gional problem are in a sort of the Fourier num-

ber:
W(z,t)sz,”(z)'sina)t, +w"(z) coswt.(5)

The determination of the dynamic structure
response

The purpose of the dynamic calculation to the
wind impact are the analysis of the structural es-
tablish vacillating in the wind flow. Thus likeli-
hood characteristics of nodal displacement, inter-
nal forces or strengths determining in finite ele-
ments separately from action of average and pul-
sation components of the wind load [18].

It are necessary to notice that determination
of W_(z) are based on results of the statistical anal-
ysis of maxima (monthly or annual) an average
speed of the wind for more enough (> 25 years) a
time interval.

Design (maximum) dynamic reaction of the
structure determining as peak value of displace-
ment u, defined with more enough degree of secu-
rity:

U,=0,7,, (6)
where o, — a standard of displacement; y, — a se-
curity coefficient of the wind load pulsation
component.
Theoretically, the coefficient y, could be determine
from the condition, that reaction u with the set
probability o, did not exceed the design value u,.
In practice value of this coefficient selecting on
the basis of expert estimations and operating ex-
perience of buildings and structures. In standards
of the various countries regulating the wind im-
pacts, 7, changed from 2.5t0 4.0 [4, 8, 19]. Design
parities in [3] received for y, = 3.0.

The reaction standard o, of the structure de-
termining as a result of the decision of the corre-
spond dynamic regional problem. As a rule, this
calculation defining numerically and in linear
statement.

The pulsation component of the wind load of
Wp(z, t),z operate in everyone point on a structural
surface, is proportional to the sum of elementary
impacts Aw,; determined on all frequency range.
Thus, in linear statement of the reaction determi-
nation of structures at action of the pulsation com-
ponent of the wind load are reducing to the deci-
sion of the forced vibration problem of continual
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systems or systems with more degrees of freedom
at impacts Aw,; and superposition of received de-
cisions foralli =17, 2, 3...

Total value of the structural reaction (displace-
ments, forces, strengths) determined by the equa-
tion [14]:

X=x"+Xx7 (7

where X — size of the required factor; X* — the va-
lue of the consider factor determining by ac-
tion of the static components of the wind load;

X?— the same from action of the pulsation com-

ponent of the wind load.

At determination of the total effect of the wind
impact it are necessary to select that sign which
are more adverse [13]:

X:X"+sign(X")~Xd. 8)

The dynamic calculation of the OHTL
intermediate support P110-6

The purpose of this work is dynamic calculation
of the steel intermediate support P110-6 with the
pulsation component of the wind load and deter-
mination the dynamicity coefficient.
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Figure 1. The geometrical scheme of the tower type
support P110-6.
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The dynamic calculation are carry out in two
ways: by means of the program complex «<SCAD»
and by means of the approach technique accord-
ing to [3, 16].

The dynamic calculation of the support P110-6
using the program complex «SCAD»

The intermediate support P110-6 structurally rep-
resented steel spatial pole, with narrow base, height
H = 35.0 m (fig. 1). Wigth at the base — 2.8 m.
The support consisted of five sections. Belts, in-
clined braces, division bars and diaphragms of sup-
port sections was made from the single steel angle
profile. Joints of elements in knots with bolts.

The overall view of the intermediate support of
the tower type of OTPL 110V are show in figure 2.

For the dynamic calculation the normal oper-
ating mode are accepted: wires and ropes was not
off and free from ice; the wind are direct along axes
of cross frames [ 10]. The wind pressure to each wire
is 1 470 kg, to the rope — 920 kg. The support cal-
culation is defining to loads for the 5th wind re-
gion.
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Figure 2. The general view of the intermediate support
P110-6.
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So, in the course of calculation had been re-
ceiving forces and displacements by sections of the
support P110-6 from the static component action
of the wind load X* and from the joint action of
the static and dynamic component of the wind X
by the equation (8).

Further by sections of the support have been
defining the dynamicity coefficients K , dependent
to the relation of force factors and displacements
(table 1) by equation:

X
K,= XS.

More average criterion for determination of
dynamicity coefficient K, for all support is the re-
lation of the maximum displacement of the sup-

)
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port’s top point from total action of the static and
dynamic component of the wind load f to dis-
placements from the static component f., asin
displacements is considering the distribution of
forces and stiffness by all support’s sections [20,

21]:

K, o (10)

In the bottom line of table 1 are shown the av-
erage values of the dynamicity coefficient for the
lattice support P110-6.

In figure 3 are shown changing graphs of dy-
namicity coefficients K, by height for spatial model
of the OHTL support, determined by axial forces
and deflections.

Table 1. The value of K, depend of axial forces and deflections

Axial forces N, t 2e Deflections, cm 2e
S .8 S .8
o i E2 S E2 g
Ne of section static dynamic s g~ static dynamic s g =
full | £ 8 full | 58
component |component A S component| component A S
1 section 48,35 2491 73,26 1,515 0,61 0,33 0,94 1,541
2 section 44,68 23,55 68,23 1,527 2,79 1,67 4,46 1,599
3 section 32,33 20,95 53,28 1,648 4,51 2,91 7,42 1,645
4 section 22,57 15,70 38,27 1,696 9,89 7,08 16,97 1,716
5 section 5,46 4,03 9,99 1,738 13,21 9,71 22,92 1,735
6 section 2,67 2,12 4,79 1,794 19,08 14,36 33,44 1,753
Mean value kd,cp = X/XS 1,653 Mean value kd,cp = X/XS 1,665
1.767
21T /
'g 1.695 %5 %
E’ 1659 /\ \
2 ~ \
E 1623 / +:::;:T:Dements
D§ 1.587 /
1551 - /

1515 &

n

27 30 35

Height of support, m

Figure 3. The changing of dynamicity coefficients K, by height for spatial model of the OHTL support.
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The dynamic calculation of equivalent stif fness
rod

For creation of such settlement scheme the sup-
port was breaking to lots. Within each lot the stru-
cture stiffness were considered as a constant, and
by the support’s height of rigidness are changed
from a lot to a lot. Defined the average stiffness of
the lots characteristic, masses of the support struc-
ture and masses of wires and ropes which are con-
centrated in the centre of settlement lots. In fig. 4
the rod with equivalent stiffness with the result
masses in number of 19.

Were calculated the static components of the
wind load (fig. 5) and from the joint action of static
and dynamic components of wind (fig. 6) to the
intermediate tower support P110-6 which also
concentrate in level of the result masses.

Anton Tanasoglo, Igor Garanzha, Vyacheslav Glukhov

plied to the concentration mass in the directions
of their possible oscillations [3].

The inertial force (kN), applied to the concen-
tration mass with number j with structure’s oscil-
lations by i own shape determined by the formula:

(11)

where M, — the concentration mass; &— the dyna-
micity coefficient for i own shape oscillation;
17,~ reduced acceleration of the mass M;v— the
coefficient taking into account the spatial cor-
relation of the wind’s speed pulsations by sup-
port’s height.

Reduced acceleration 7, determined by the for-

mula:

W;:j :MA/ 'é:z /A

~

The standard value of the dynamic component n; =—! ) (12)
of the wind load is determined for each mode a, M,
shapes support in the form of inertial forces ap- k=1
' 22 22
o 18,4~ 184N
§ ® My 3 3,15
3 3600 -5.67 9
m
- My 1 m,
2 [ o o o = 57 1,44]5,38 1.44 6.7 67 14453814467
m, m, 3 '—*ﬁ—*—“u—l’ﬁ'&v—} 29 4-‘3—7—*,’- %—"—:‘*‘*4—}
1, ,m"
S / 67 204 (92 224 67 67 224 |22 224 67
(=]
*—o—0—0—0
< m, m, mn = n—*—n—f—:—*—ﬁ%—!’ P 29 :—}—fs—‘*—x—}rr—ﬂ-—!’—*ﬂ‘n—n—}
s s s 8.7 1447472 144 67 8.7 144[4721,44 867
s mH_.nTj._.r PP SO SO S S prymr SIS S
4 m7 -
E
25 25,01
= 22,5 30599
§ @ m,
416 41,6
_ 11,96 15,540
IS om
=

Figure 4. The equivalent stiffness

rod with reduced mass. wind load W (z), kN.

Figure 5. Static component of the

Figure 6. Static and dynamic components
of the wind load W(z1), kN.
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where M, — the concentration mass with number
k; a,a, - relative ordinates, which are taken
from the eigenvector of the i-th mode shapes;
W . — the normative wind load acting to the
k-th mass; ¢, — the pulsation coefficient of the
wind’s velocity head at the level of the mass
M,; r — number of sections into which broken
the OHTL support.

According to [3] in the calculation takes into ac-

count only a certain amount of the first forms of

natural oscillations, which is determined by the

condition:

fo<h <Jen (13)

where f, — the technical frequency of the struc-

ture’s own oscillations; f, — accepted by [3].
In accordance with the method described above
calculates the equivalent stiffness of the rod height
of 35.0 m.
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Thus, in the process of calculating was obtained
the distribution of forces and displacements in sec-
tions of the rod model with equal strong section
(Table 2) and the dynamicity coefficient K by the
formula (10).

In the bottom row of Table 2 is shown the mean
dynamicity coefficient for the rod with equivalent
stiffness a whole.

The calculation of the dynamic wind’s impact
produced by the 1st form of own oscillations, be-
cause the first mode shape coincides with the ac-
tion of the wind. According to the second form,
the system oscillates along the power line. How-
ever, in this direction arises supporting act of wires
and cables, therefore 2nd mode shape is not taken
into consideration [7].

Figure 7 shows variation graphs of the dynam-
icity coefficient K, by height of the rod model for
the intermediate support P110-6.

Table 2. The value of K, depend of lateral forces and deflections

2

27

Equal durability rod, m

30

Figure 7. Changing of dynamicity coefficients K, by height of the equivalent stiffness rod.

Lateral forces Q,, t Deflections, cm
No of Dynamicity Dynamicity
section static coefficient ky static coefficient ky
full full
component component
1 section 6,56 9,30 1,418 0,10 0,15 1,50
2 section 5,34 7,72 1,446 0,42 0,63 1,50
3 section 3,01 4,63 1,538 0,62 0,94 1,516
4 section 2,38 3,67 1,542 1,31 2,02 1,541
5 section 1,06 1,75 1,651 1,74 2,70 1,552
6 section 0,34 0,58 1,706 2,48 3,86 1,556
Mean value kd,Cp = X/Xs 1,550 Mean value kdmp = X/Xs 1,528
1679 _—
o 165 Pt
'E 1.621 /
E 1.592 /
i 1.563 // B v
:E 1534 = — = ')\_'1' e
€ 1505 I - \ [
1476 / \‘ T* ke
o / % by displacements
1418 /

35
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Conclusion

1.

The dynamic influence of the pulsation compo-
nent of the wind load W to the distribution of
forces and displacements in steel tower type sup-
ports is 65 % from the average static load W .
The mean value of the dynamicity coefficient
K, for supports is more rational to determine
through the relation of displacements of the
support top points.

The dynamicity coefficient K,depend of the sup-
port’s height: with increase in height of the sup-
port increased also values K, by support’ssections.
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4.

The approach design procedure of OHTL sup-
ports to action of the wind provided enough
accuracy of received results (around 92 %)
which are quite comprehensible at carrying out
of engineering calculations.

Application of the simplify technique for the
determination of the dynamicity coefficient K,
are described in [3], allows practically without
a loss of accuracy (with a margin error=8 %)
of receiving results to simplify algorithm of the
dynamic calculation for lattice supports of
OHTL to the wind action.
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Tanacorno AnToH BosoanMupoBuy — K. T. H., IOIEHT Kadeapu MeTaseBUX KOHCTPYKIIii J[oH6achkoi HamioHaIbHOI
akazemii OyaiBHUITBA i apxiTekTypu. HaykoBi iHTepecu: ekcruryaTalfiiiia HaiiiHICTh Ta ONTUMAaJbHE MPOEKTYBaH-
HsI KOHCTPYKITIH MOBITPSIHUX JIHIN eJIleKTPoIiepefiaBaHHsT i aHTEHHUX OIOpP; BUBYEHHS AificHOI POOOTH MeTaJeBUX
IpaTYaCcTUX KOHCTPYKIIii 6arrToBOro THITY.
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Tapanxka Irop MuxaitioBuu — K. T. H., I0IeHT Kadenpu MeTaleBUX KOHCTPYKIIii JIoHOachKOi HAllIOHAIBHOI aKa-
nemil OyaiHuITBa i apxiTekTypu. HaykoBi iHTepecu: BUBUEHHS AiliCHOI poOOTU MeTaJeBUX IpaTdacTux, Garato-
IPaHHMX JIMCTOBUX i TPyGOGETOHHMX OIIOP MOBITPAHMX JIiHIH eJeKTponepeaadi; CTBOPEHHsT HOBUX KOHCTPYKTHBHUX
pimens onop I1JI i3 3acTocyBaHHSIM IPOTPECMBHUX TEXHOJIOTIH i MaTepiasiB.

I'myxoB B'stuecnas OnexcanapoBuy — K. dis.-Mart. HayK, JOIeHT Kadeapu BUIIO] i MPUKJIA[HOI MaTeMaTUKH Ta iHhOp-
Mmaruku JIoH6achbKoi HallioHaIbHOI akazeMil OyaiBHUITBA i apxitekTypu. HaykoBi iHTepecu: po3poOka MaTeMaThy-
HUX METOJIiB [IPU IIPOEKTYBAHHI, BUTOTOBJIEHHI I MOHTaKi OYIiBEJbHUX KOHCTPYKIIHN i CIIOPYL.

Tanacorino Auron BiraguMupoBuy — K. T. H., IOMEHT Kabeapbl METATINIECKIX KOHCTPYKIui /loHGacCKON HaImo-
HAJIbHOW aKaJ[eMUU CTPOUTEJILCTBA M apXUTEKTYypbl. HayuHble MHTEPECHl: IKCILTyaTalMOHHAS HA/Ie)KHOCTh U OIITH-
MaJIbHOE TIPOEKTUPOBAHME KOHCTPYKIMI BO3YIIHBIX JIMHUI 2JIEKTPOTIEPEIaull U aHTEHHBIX OIOp, U3y4YeHue neii-
CTBUTEJIbHOI PabOThl METAIIMYECKUX PEIIETYAThIX KOHCTPYKIMH OaIleHHOTO THTIA.

Tapamka Uropp MuxaiiioBuy — K. T. H., IOTIEHT Kadeapbl METAIMIECKUX KOHCTPYKIUi J[oHGACCKON HAIMOHATH-
HOU aKaJleMU! CTPOUTENbCTBA U apXUTEKTypbl. Hayumble HHTEPECh: M3yUeHre AefCTBUTENHHOM PabGOThl METAJLIN-
YECKHMX PelIeTYAThIX, MHOTOTPAHHBIX JIUCTOBBIX U TPYOOOETOHHBIX OTIOP BOB/LYLIHBIX JIMHWIA 9JIEKTPOIIEPeadul, CO-
3/IaHN€e HOBBIX KOHCTPYKTUBHBIX pelieHuii onop BJI ¢ mpuMeneHneM 1mporpecCMBHBIX TEXHOJIOTHI U MaTepUAJIOB.

I'myxoB BsiueciaB AnexkcanapoBuy — K. (pu3.-MaT. HayK, JOIEHT Kadeapsl BRICIIEN W MPUKJIAJAHOW MaTeMaTHKH 1
undopmaruku J[oHOACCKOI HAIIMOHAILHON aKaJeMUK CTPOUTENbCTBA U apXUTEKTYypbl. HayuHble nHTEpeCHL: pas3pa-
60TKa MaTeMaTHYeCKUX METOOB MPU TPOEKTUPOBAHIH, U3TOTOBJIEHIN W MOHTAaKE CTPOUTENHHBIX KOHCTPYKITMHA 1
COOPY’KEeHNH.
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