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Abstract. When choosing architectural and planning solutions, such climatic factors as air
temperature and humidity, having scalar quantities, as well as solar radiation, wind and precipitation
having vector characteristics, must be taken into account. The calculated climatic parameters for the
design of building enclosing structures, heat loss calculations and heat supply regulation are
provided in the current documentation on norms and standards. The practical exploitation of various
buildings demonstrates that in terms of initial climatic data, the choice of design parameters is not
always efficiently justified; hence, the influence of the environment on the heating regime of the
structures is insufficient in the estimations and sometimes erroneous. The wind is one of such
climatic parameters. Its velocity and repeatability impact the heat exchange of the building structure
with the environment as well as the alteration in temperature regime. The wind current towards the
building creates additional pressure on the facade of the construction from the wind side direction.
This leads, firstly, to air infiltration via the enclosing structures, and secondly, to the rise of heat
exchange from the outer surface of the wall on the windward side.

Based on estimated and analytical research, the values of the change in wind velocity
depending on the altitude were analyzed, and its influence on the heat loss during heating of multi-
storey buildings was assessed. The alterations in the wind velocity depending on the altitude were
analyzed in the conditions of dense (urban) and broad construction. Besides, the authors presented
the dependence of the convective component of the heat transfer coefficient of the outer surface of
the structure on the values of the wind velocity. Based on the performed and presented calculations,
it can be noticed that the heat transfer of the external structure will be much higher for multi-storey
buildings than for mid-rise constructions. Thus, the convective component of the heat transfer
coefficient of the outer surface rises by 36 % when the wind velocity increases from 5 m/s to 7 m/s.
If not taking into consideration this dependence in the design, it can significantly influence the
estimation of heat loss and energy efficiency of buildings, especially when it is about the increased
percentage of facades glazing.

The authors of the article assessed the heat loss for heating the windward and leeward facades
at average values of the outside air temperature during the heating season in Ukraine. Hence, for
constructions higher than 70 m with a calculated wind velocity of 5 m/s, heat losses increase from
10 % to 19 %. Such great difference in heat loss between the windward and leeward walls of the
building requires increased thermal protection from the prevailing winter winds. Therefore, when
designing multi-storey buildings, it is necessary to take into account changes in wind velocity
according to the altitude.

The obtained results can be useful both for choosing architectural and planning solutions, like
the materials for external enclosing structures and for the objective assessment of the wind
protection degree of individual buildings and territories.

Keywords: wind velocity, energy-efficiency, heat exchange coefficient, heating regime,
enclosing structures, windward facade, leeward facade.

Introduction. Such climatic factors as temperature and humidity have scalar characteristics,
while solar radiation, wind and precipitation are vector characteristics. This must be taken into
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account when choosing architectural and planning solutions for building and structural solutions of
constructions. The current regulatory documentation provides the calculated climatic parameters for
the design of building enclosing structures, heat loss calculations, heat supply regulation, etc. The
practical exploitation of various buildings and structures shows that the choice of design parameters
in most cases is not sufficiently justified in terms of initial climatic data and therefore, the impact of
the environment on the heating regime of the building is insufficient in the calculations.

Analysis of recent research and publications. The energy efficiency of buildings
significantly depends on the proper consideration of various climatic parameters in the design and
construction of modern buildings. For most cities in Ukraine, the values of these parameters are
provided in DSTU-N B V.1.1-27:2010 "Protection from dangerous geological processes, harmful
opretional impact, from fire. “Budivelna klimatolohiia”. K.: Minregionbud Ukraini, 2011 [1]. This
regulative document specifies the characteristics of wind direction, its repeatability and velocity,
which affect the choice of planning decisions of the building area, architectural and structural
solutions of buildings and the calculation of aerodynamic impact on the construction and the
territory. Nowadays, many works are devoted to the estimation of the aerodynamic impact of wind
on buildings [2-4]; however, the velocity and repeatability of wind also affect the heat exchange of
the building structure with the environment [5-7], the change in temperature regime and thus, the
energy efficiency of the buildings. The wind flow towards the building creates additional pressure
on the facade of the house from the wind side direction [4, 6, 7], which leads to air infiltration
through the enclosing structures, that’s why it is extremely important to assess the impact of wind
on the heat loss of buildings. Such an assessment of the impact of wind velocity on the heat loss of
five- and sixteen-storey buildings is presented in studies [8, 9] but today there is an important issue
to assess the impact of wind on the heat loss of multi-storey buildings over 73.5 m high because, as
it is well-known, both temperature and wind velocity vary at the altitude from the earth surface.
DBN V.2.2-41:2019 "High-rise buildings". K.: Minrehionbud Ukrainy, 2019 [10], article 13.3,
states that "for the enclosing structures located above the conventional height of the building of 73.5
m, the estimated value of the outside air temperature is taken 1°C lower for every 50 m of building
height relative to the estimated values”, but has no recommendations to take into account the
changes in the wind velocity.

It must be noted that the methodology of the estimation of the heat loss of the heated
premises, including ventilated is presented in EN 12831-1:2017 "Energy performance of buildings.
Method for calculation of the design heat load. Part 1: Space heating load, Module M3-3" [11]. The
heat loss of the infiltration air is estimated considering the compensation factor for the altitude of
the premises which includes the increase in the wind burden. However, the impact of changes in
wind velocity on the heat exchange of the outer surface of the building is not taken into
consideration. This can lead to a greater heat loss of high-rise buildings and reduce their energy
efficiency. Therefore, a differentiated approach is needed to create comfortable microclimate
conditions.

Tasks and objectives of the work. The purpose of this article is to determine the change in
wind velocity according to the altitude and the significance of wind influence on heat consumption
of high-rise buildings using functional calculations. The results of these studies can be useful in the
choice of architectural and planning decisions, the type of materials of the external enclosing
structure, as well as for an objective assessment of the degree of wind protection of individual
buildings and areas.

Materials and methods of research. The current regulatory documentation of Ukraine,
existing methods of calculation and assessment of wind velocity at the altitude from the earth
surface, scientific publications and meteorological data for different cities of Ukraine have been
used in this study.

Results of research. To estimate the change in wind velocity by altitude, exponential
function is usually used [4, 12, 13]:
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b, = uo(%jn, )

where v,, —wind velocity at a certain altitude H;
v, —wind velocity at the altitude of 10 m;

n— exponent.
In formula (1), the exponent n can have different values depending on the geographical

location, the type of the terrain, building density and wind velocity v, [13]. Thus, some authors [4,

14] recommend taking the value of the exponent of 0.33 for the centres of large cities. A detailed
study of the dependence of this parameter on the season and time of day is given in the study [12]
based on meteorological observations at the Askania-Nova station (Ukraine) and gives the average
annual value: n = 0.24. Analyzing the results of studies by various authors, it can be noted that for
dense construction of buildings higher than 25 m it is reasonable to use n = 0.33 and for sparse
construction of buildings with an average height of 10 m this figure should be equal to 0.24.

In order to compare the change in wind velocity according to the altitude in dense and loose
construction, the estimated values of wind velocity for two different indicators of degree n — 0.24 and
0.33 are presented in Fig. 1. According to the above-mentioned dependence, it can be seen that at the
thirty-storey building altitude the wind velocity increases approximately one and a half times in the
case of loose construction (n = 0.24) and almost twice in the case of dense construction (n = 0.33).
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Fig. 1. Dependences of wind velocity on height at different values of n parameter

There is a question of the assessment of a difference of heat losses of buildings taking into
account an increase in wind velocity according to altitude. Thus, when estimating the heat exchange
resistance of the enclosing structure, the value of the heat exchange coefficient of the outer surface
of the structure is used [14]. This coefficient depends on the conditions of convective heat exchange
and heat radiation, and can be presented as the sum of two corresponding terms:

a,=a,+a,, )

a . — heat transfer coefficient by convection;
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o, — heat transfer coefficient by radiation.

According to Frank's formula [5], the convective component of the heat transfer coefficient of
the outer surface of the enclosing structure depends on the value of the wind velocity (v ):

a, =7.34-0"°+3.78¢ %%, (3)

This dependence is demonstrated in Fig. 2 for the estimated values of wind velocity
v=>5,8,10,12 m/s.

Based on the conducted and presented in Fig. 2 estimations, it can be noted that the heat
exchange coefficient at a wind velocity of 12 m/s is more than 70% different from the heat
exchange coefficient at a wind velocity of 5 m/s, that is, for high-rise buildings, heat exchange of
the external structures will be much higher than for medium-rise buildings. If this dependence is not
taken into account in the design, it can significantly affect the estimation of the heating condition of
the premises, especially when it is about an increased percentage of glazing (more than 18% for
residential buildings and more than 25% for public ones [16] on exterior facades [17]). Thus, the
heat exchange of external enclosing structures 30m high increases.
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Fig. 2. The dependence of the convective component of the heat exchange coefficient of the outer
surface on the wind velocity

To estimate heat consumption for windward and leeward facades heating, the following
empirical dependencies can be used [9]:

t —t. Y
Q=] @+Q)- " °'-[a+(1a)[ij]qh , (4)
tp_toe U,

w
ovi

where Q... — heat consumption of the windward facade at current figures of outdoor air temperature
t,; and wind velocity v, ;

Q. — estimated heat consumption at the calculated figures of outdoor air temperature t,, and
wind velocity v, ;

Q, —household heat emissions;

t, —air temperature on the premises;
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a — coefficient which value depends on the estimated value of wind velocity:
a=094if v,=2mls; a=0.8if v,=5m/sand «=0.51if v,=10 m/s.
Heat consumption for a windward facade is determined by the following formula:
1 t _toi
Qui=5](Q+Q) >—"a-Q,|. (5)
2 t, —t,
Therefore, the difference between the cost of heating windward and leeward facades can be
found the following way:

2
W 1 t —t, v
AQ:Qovi_Q(I)vi:_ (Qe+Qh)' : ‘(1_0)' - . (6)
2 t,— 1t O,
The average figures of the outside air temperature in the heating season across Ukraine [1]:
t, -t
P2 =0.8,
tp _toe
so, if a=0.8, v, =v,=5m/s and
Q_ 0.2,
Q.

the ratio of the difference between the costs of heating windward and leeward facades to the
estimated heat costs are:

£=9.6%.

e

If to take into consideration that for buildings over 70m high the wind value on the middle
floors is v, 7 m/s at the estimated wind velocity v, = 5 m/s, this ratio AQ/Q, has the value of

almost 19 %.

Such a big difference in heat consumption between the windward and leeward walls of the
building requires increased thermal protection of the walls from the dangerous (frequency of wind
P>12,5% and v >4w/c ) winter winds, especially for high-rise buildings.

Conclusion and prospects for further research. In this study, the change in wind velocity
according to the altitude in the conditions of the dense and loose construction has been investigated.
The presented results indicate a significant increase in wind velocity in dense construction: if at the
altitude of 10 m the wind velocity is 5 m/s, it will be 7.1 m/s at the altitude of 30 m and 9.7 m/s at
the altitude of 70 m. This, in turn, leads to an increase in heat exchange from the outer surface of
the wall on the windward side. Thus, the convective component of the heat exchange coefficient of
the outer surface increases by 36% when the wind velocity changes from 5m/s to 8 m/s. The
difference in heat consumption for heating the building from the windward and leeward sides
concerning the calculated allows saying that with increasing height of the building heat loss
increases as well. Therefore, given that there are standards for energy efficiency in Ukraine, these
estimations can be useful in the design and construction of multi-storey buildings.
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BILIWB 3MIHHM HIBUIKOCTI BITPY HA 30BHIIIHIN TEIIOOBMIH BYJIIBEJIb
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AHoTtania. Taki kiaimMatuyHi (QaxkTopu, SK TeMmIepaTypa Ta BOJIOTICTh IOBITPS MarOTh
BJIACTUBICTh CKaJISIPHOT XapaKTEpUCTUKM, B TOW 4ac, sIK COHSAYHA pajiallis, BITep Ta OMaau €
BEKTOPHUMH XapakTepucTukamu. lle HeoOXimHO BpaxoByBaTH TIpH BHOOpI apXITEKTYpHO-
IUTAaHYBAJIBHUX PIlIEHb 3a0yJ0BU TEPUTOPIT Ta apXiTEKTYpHO-KOHCTPYKTUBHUX pillleHb OyiBenb. Y
JII0YMX HOPMATHUBHUX JOKYMEHTaxX NpHUBEIEHI pO3paxyHKOBI KIIMAaTU4YHI MapaMeTpu i
MIPOEKTYBAaHHS OTOPOIKYBaJIbHUX KOHCTPYKIIH OyAiBesb, pO3paxyHKiB TEIIOBTPAT, PETyIIOBaHHS
nonayl Teruia. IlpakTMuHa ekcrryartamis pi3HUX OyZAiBenb Ta CIOpPYyA IOKa3ye, IO BHOIp
PO3paxXyHKOBHX IapaMeTpiB, y OUIBIIOCTI BUIAJAKIB, HEAOCTAaTHHO OOIPYHTOBAHHM 3 TOUYKH 30pY
BUXIHUX KJIIMaTHYHUX JaHUX, 1 TOMY BIUIMB 30BHIIIHBOIO CEpPEJOBMINA HA TEIUIOBUN pPEXUM
OyaiBIIi MPH PO3paxyHKAX OLIHIOETHCS HEJOCTATHBO, a IHKOJIM HaBiTh HEBIPHO, 1110, B CBOIO YEpTy,
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BIUIMBA€ Ha eHeproe(eKTUBHICTH Oy/iBesb. OHUM 3 TAKUX KIIMAaTHYHUX MTApaMeTpiB € BiTep: Horo
IIBUJIKICTh Ta TIOBTOPIOBAHICTh BIUIMBAIOTh HA TETUIOOOMIH KOHCTPYKIIi OymiBJI 3 HABKOJIMIIHIM
CepEeIOBUILEM, a TaKOX Ha 3MiHY TEMIEpaTypHOTO DPEXHMY HpUMilIeHb. BiTpoBuii moTik 10
OyIiBJIl CTBOPIOE JOJATKOBUK THUCK Ha ¢acan OyIuHKY 31 CTOpPOHH HaIpsSMKYy BITPY, IO
NPU3BOJUTH HE JMIIe A0 i1HQIIBTpamii MOBITPS Kpi3hb OrOpOUKYBAJIbHI KOHCTPYKII, a ¥ 0
30UIBIIICHHS TETJIOBTPAT 30BHINTHIMU OTOPOKYBATBHUMHU KOHCTPYKIIISIMHU.

Ha ocHOBI po3paxyHKOBO-aHaJIITUYHOTO JOCTIHDKCHHS IMpOaHAli30BaHA 3aJIeKHICTh 3MIiHU
IIBUJIKOCTI BITPY IO BHCOTI Ta OLIHEHO ii 3HAYMMICTh Ha BUTPATH TEIUIA NPU OMAJICHHI BUCOTHHX
OyxiBenb. 3MiHA MIBUIKOCTI BITPY BiJl BUCOTH IMpOaHATi30BaHAa B YMOBaX WIUIBHOI (MICHKOi) 1
HeIIbHOI 3a0yn0Bu. KpiMm Toro, mpencTaBieHa 3ajJeXKHICTh KOHBEKTHBHOI CKJIaI0BOI Koe(ilieHTa
TEIUIOBIa4l 30BHINIHROI TMOBEPXHI KOHCTPYKIIi BiJ 3HAa4eHb MIBHAKOCTI BiTpy. Ha ocCHOBI
MPOBEJICHUX 1 MPEJCTAaBICHUX PO3PaxXyHKIB MOYKHA 3a3HAYWTH, IO TEIUIOBiJa4a 30BHIITHBOT
KOHCTPYKIIi Oyie 3HaYHO OLIBIIO0 JIIsl 0araTornoBepXoBUX OYJIMHKIB, HIX ISl Oy/IiBeJIb CEpeaHbOT
noBepxoBocTi. Tak mpu 3MiHI IMIBUAKOCTI BITPY Big 5 M/c 10 7 M/C KOHBEKTHBHA CKJIQJIO0Ba
KoedilieHTa TerIoBiaayi 30BHIMHBOI MOBEpXHI 3pocTae Ha 36 %. SIKII0 Taky 3aJIeXKHICTh HE
BpPaxoBYBaTH IPH NPOCKTYBaHHI, TO II€¢ MOXE 3HAYHOK MipOI0 BIUIMHYTH Ha PO3PaxyHOK
TEIUIOBTPAT Ta €HeproeeKTUBHICTh OyiBeNlb, OCOOIMBO KOJM MOBa i€ NpO MiJBULICHHIA
B1JICOTOK CKJIIHHSI (pacaiiB.

[IpoBesnena oliHKa BUTPAT TEIJIOTH Ha ONAJICHHS HABITPSHOTO Ta 3aBITPSHOTO (acaiiB mpu
CepeIHIX 3HAYCHHSX TEMIIEPATypH 30BHIIIHBOTO MOBITPS B ONATIOBAIBHUN CEe30H 1m0 YKpaiHi. Tak,
st Oy/iBenb BUCOTOIO MoHan 70 M MpH pO3paxyHKOBOMY 3HA4E€HHI MIBHIKOCTI 5 M/C BHTpaTH
teruia 3011biyroThes Bix 10 % no 19 %. Taka Benuka pi3HUIM BUTpAT TEIUIa MK HaBITPSIHUMHU Ta
3aBITPSAHUMU CTiHAMH OYIBJII BUMAararoTh IiJIBULIEHOTO TEIJIO3aXKUCTy CTIH BUCOTHUX OyIiBeib 31
CTOPOHU TMaHYIUUX 3WMOBHUX BITpiB. TakuM YHHOM, HpPHU MPOEKTYBAaHHI BHUCOTHHX OY/IiBelb
HEOOXiTHO BPaxOBYBAaTH 3MiHY IIBHJIKOCTI BITPY IO BUCOTI.

OTtpumani pe3yinbTaTH MOXXYTh OyTH KOPUCHHUMH SIK TIPH BHOOP1 apXiTeKTypHO-TIIIaHYBATbHUX
pilieHb, THIy MaTepialliB 30BHIIIHIX OTOPOKYBAJbHUX KOHCTPYKINH, Tak 1 s 00 €KTUBHOTO
OLIIHIOBAHHS CTYIEHIO BITPO3aXUCTY OKpEeMHUX OyAiBeNIb Ta TEPUTOPIH.

KiarouoBi ciioBa: MBUAKICT BITPY, €HeproedeKTUBHICTh, KOedillieHT TeIJIoBiAgayi,
TEIUIOBHUH PeKUM, OTOpOJIKYyBallbHI KOHCTPYKIi, HAaBITpsAHUM (acan, 3aBiTpsaHui dacas.

BJIMSTHUE U3SMEHEHHSI CKOPOCTHU BETPA HA BHEIIHWHM TEIIJIOOBMEH
31AHUA
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AHHoTanus. Takue kaumatuueckue (QakTopbl, Kak TemIepaTypa U BIAXHOCTh BO3JyXa
MMEIOT CBOMCTBA CKaJSPHBIX BEJIWYMH, B TO BpeMs KaK COJIHEYHAs paaualus, BETEp U OCAIKHU
SBIIIOTCSI BEKTOPHBIMHM  XapaKTEpUCTUKAaMH. OTO HEOOXOJMMO Y4YUTHIBaTh TMpU BbIOOpE
APXUTEKTYPHO-IUIAHUPOBOYHBIX  PEIICHWH  TEPPUTOPUM  3aCTPOMKM M ApPXHUTEKTYpHO-
KOHCTPYKTUBHBIX pELICHUN 3JaHui. B NEeHCTBYIOIMX HOPMATHBHBIX JOKYMEHTAaX IPUBEICHBI
pacyeTHble KJIMMAaTHYECKHE IapaMeTpbl Uil MPOEKTUPOBAHUS OTPAXKAAIONIUX KOHCTPYKLIUN
3IaHMM, pacyeTOB TEIUIONOTEPh, PETYJIMPOBKM TNoxauu Teria. lIpakTuyeckas 3sKcCrutyaTanus
pa3HBIX 3/1aHUI U COOPY)KEHUH MOKa3bIBAeT, YTO BHIOOP PAcUETHBIX MapaMeTpoB, B OOJBIINHCTBE
ClIy4aeB, HEJJOCTATOYHO OOOCHOBAH C TOUKH 3PEHHS HCXOJHBIX KIMMATUYECKUX JaHHBIX U TO3TOMY
BIIMSHUE OKPYXAIOLEd Cpelapl Ha TEIJIOBOM pEXHUM 3[aHHs IMpPH pacyeTax OIEHUBACTCSA
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HEJ0CTaTOYHO, a MHOT/IA Ja’ke U HEBEPHO, UTO, B CBOIO OU€pe/ib, BIUSAET HA HHEProd(hPeKTUBHOCTD
3nanus. OOHUM U3 TaKUX KIMMAaTUYECKUX TMapaMeTpoB SIBISETCA BETep: €ro CKOpPOCTh U
MOBTOPSIEMOCTD BIIMSIOT HA TEIIOOOMEH KOHCTPYKIIUU 3JIaHUSI C OKPYXKAIOIIECH CPeoil, a TaKKe Ha
U3MEHEHHUE TEMIEPAaTypHOTO peXuMa IoMelleHud. BerpoBoif mnoTtok Kk 37aHu0 oOpasyer
JIOTIOJIHUTENBHOE JIaBJIeHHe Ha (pacaj 3aHUSl CO CTOPOHBI HANpaBJICHHs BETpa, YTO MPUBOAUT HE
TOJNBKO K WHOWIBTPALUHU BO3IyXa 4YEpe3 OTrpaKAalolIue KOHCTPYKIMH, HO U K YBEJIWYCHHUIO
TEIUIONOTEPh BHEIMIHUMHU OTPaXkJAIOLIUMHU KOHCTPYKIIMSIMH.

Ha ocHoBe pacyeTHO-aHATIUTUYECKOTO WCCIIEIOBaHUS MPOAHATU3UPOBAHA 3aBUCHUMOCTH
M3MEHEHHUs CKOPOCTH BETpa I10 BBICOTE U OLICHEHA €€ 3HAYMMOCTh Ha IOTEPH TEIlIa IIPU OTOIUIEHUU
BBICOTHBIX 3/aHui. l3MeHeHue cKOopocTH BeTpa IO BBICOTE IPOAHAIM3UPOBAHO B YCIOBMSX
IJIOTHOM (TOPOJICKOM) M HEIuIoTHOM 3acTpoiku. Kpome Toro, mpeacraBieHa 3aBHUCHUMOCTD
KOHBEKTHBHOW COCTaBIISIIOIIEH KOA((UIIMEeHTa TEIUIOOTIa4l BHEITHEH MOBEPXHOCTU KOHCTPYKIIMH
OT 3HaueHUil cKopocTH BeTpa. Ha ocHOBaHMHU MPOBENEHHBIX U MPEACTABICHHBIX PacyeTOB MOKHO
3aMEeTUTh, YTO TEIUIOOTJaua BHEIIHEH KOHCTPYKIUHU OyIeT 3HAUYUTEIbHO OOJbIle JAJsi BBICOTHBIX
3IaHUH, YeM ISl 3JaHU CpeIHEH 3TaXKHOCTU. Tak Mpu M3MEHEHWU CKOPOCTH BETpa OT 5 M/C 10
7 M/C KOHBEKTHBHAas CoOCTaBisfomas Kod(Q(UIMEHTa TEIIOOTAAYM BHEUIHEH IMOBEPXHOCTU
Bo3pactaeT Ha 36 %. Ecnu Takyro 3aBUCMMOCTb HE YUUTHIBATh NPU MPOEKTUPOBAHUHU, ITO MOKET
CYLIECTBEHHO MOBJIUATH HA PacyeT TEeIIONOTePh U SHEProdPPeKTUBHOCTH 3AaHUI, OCOOEHHO KOT/1a
pedb UIET O MOBBIIIEHHOM MPOIIEHTE OCTEKJICHU (hacaaoB.

[IpoBeneHHast oOlleHKa MOTEpPh TEIJIOTHl Ha OTOIJICHHME HAaBETPEHHOTO U 3aBETPEHHOTO
dacagoB Mpu CpeaHUX 3HAYCHHUSX TEMIIEpaTypbl BHEIIHETO BO3/1yXa B OTOMHTENBHBIA CE30H IO
Vkpaune. Tak, ayis 3qaHui BRICOTHOCTBIO Oojiee 70 M mpu pacyeTHOM 3HAYEHUU CKOPOCTH BETpa
5 M/c motepu terna yBenuuuBaroTcs oT 10 % mo 19%. Takas Oonpmnast pa3HUIa MOTEPh TEIUIA
MeX/1y HAaBETPEHHBIMH U 3aBETPEHHBIMU CTEHAMU 3/1aHUSI TPEOYIOT MOBBIIICHHON TETJI03aIIUThI CO
CTOPOHBI TOCIOJCTBYIOIINX 3UMHUX BETpOB. TakuMm oOpa3oM, MpU MPOEKTHUPOBAHUHM BBICOTHBIX
3/1aHui HEOOXOAMMO YYUTHIBATh U3MEHEHHUS CKOPOCTH BETPA IO BBICOTE.

[Tonmy4yeHHble pe3ynbTaThl MOTYT OBITH TOJNE3HBIMH KaK TP BBIOOpE apXUTEKTYPHO-
IUIAHUPOBOYHBIX PEIICHUH, TUIIAa MAaTEPUAJIOB BHEIIHUX OTPaKIAIOLIUX KOHCTPYKIUH, Tak U Ui
O00BEKTHBHOTO OI[CHUBAHUS CTENICHH BETPO3AIINUTHI OTACIBHBIX 3/IaHUI U TEPPUTOPHUHL.

KiroueBble ci10Ba: CKOpPOCTh BETpa, SHEProdPPeKTUBHOCTh, KOIPPUIMEHT TEIIOOTAAUH,
TEIUIOBON PEXHM, OrpaxkJIaloline KOHCTPYKIIMHU, HaBETPEHHbIH (acan, 3aBeTpeHHbIN daca.
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