ISSN 2312 - 2897. Bicuuk J{ninposcekoro ynisepcutery. Cepis: Mexanika. Ne 5. T. 26. 2018. Bur. 22

bubauorpaguyeckne cCbLIKH

Yepenanos, I.Il. O pacrnpoctpaHeHWH TpemMH B cIoomHod cpexe [Teker] /
I'.I1. Yepenanos // [IMM. — 1967. — T. 31. — Ne 3. — C. 476 — 488.

Paiic, /Ixx.P. He 3aBucsmuii oT myTH MHTErpan M NPHOJIMKEHHBIH aHAIU3 KOHUECHTpPALUU
nedopmanuii y Beipe3oB u tpemuH [Tekcer] / Ix.P. Paiic / Tpynsr amep. 00-Ba unxk. mex. — Cep.
E.—-1968. - T. 35. - Ne 4. - C. 340 — 350.

Sumpter, J.D.G. Use of the J contour integral in elastic-plastic-fracture studies by finite-
element methods [Text] / J.D.G. Sumpter, C.E. Turner // J. Mech. Eng. Sci. — 1976. — Vol. 18. —
Ne3. - P. 97 - 112,

McMeeking, R.M. Finite deformation analysis of crack-tip opening in elastic-plastic
materials and implications of fracture [Text] / R.M. McMeeking // J. Mech. Phys. Solids. — 1977. —
Vol. 25. — Ne5. — P. 357 — 387.

Kagamesuu, F0.1. Teopus IJIACTUYHOCTHU u MOJI3Y4ECTH, YUUTBIBAOLIAS
mukpoaedopmarm [Texcer] / FO.W. Kagamesuu, B.B. Hosoxwuios, }0.A Yepnsikos / TIMM. —
1986. — T.50. — Ne6. — C. 821 — 823.

YepHskos, FO.A. BapuanoHHble NPUHIUIBL pEIIEHUs TPaHUYHBIX 334ad TEOPHUH
mukpoaedopmanuu [Teker] / FO.A. Yepnsikos // Bonpockl mpoyHOCTH M miacTuYHOCTH. — 1997. —
C.5-13.

MManun, K.B. HanpsokeHHo-1eopMUPOBaHHOE COCTOSIHUE B OKPECTHOCTH BEPLIMHBI
TPEUIMHBI MPOAOJLHOTO CABUra npu cilokHOM Harpyxkenun [Texcr] / K.B.Ilauun,
10.A. Yepnsixos // Borpocsl MexaHUKHU Ae(OpPMUPOBAHUS M pa3pyIIeHUs TBepAbIX Ter. — 1992, —
C. 3945,

Kadashevich, Yu.l. Theory of plasticity taking into account micro stresses [Text] /
Yu.l. Kadashevich, Yu.A. Chernyakov // Advanced in Mechanics. — 1992. — Vol.15. — Ne3.—
P.3-39.

Mopo3zoB, E.M. Meron KOHEUHBIX OJJIEMEHTOB B MexaHuke paspyumenus [Tekcr]/
E.M. Mopo3os, I'.Il. Hukumkos. — M., 1980. — 256 c.

Haoitiwna 0o peoxoneeii 25.05.18.

VJIK 628.3(075.8)

M. M. Biliaiev!, T. I. Rusakova?

Dnipropetrovsk National University of Railway Transport named after academician V. Lazaryan
20les Honchar Dnipro National University

PREDICTION OF MICROCLIMATE NEAR SMALL
ARCHITECTURAL CONSTRUCTIONS

Co3nana MmaTtemMaTHdeckasi MoJedb [ MNPOTrHO3HPOBAHUS INAapaMeTPOB MHKPOKINMATa B
paloueii 30He, HaxXoAsIIIelCA HENOCPEeACTBEHHO BOJIM3M AaBTOMATMCTPAIU NPU HAIMYHN «BPEMEHHOI0
COOpPY:KeHHMs1» M NPH ero OTcyTcTBUM. Pa3spa0oraHa 4ymciaeHHas Mojejb N ONpeAeJIeHUs] MOJIsA
CKOPOCTH BO3JYIIHOI0 IIOTOKA B 30HEe HAXO:KAeHHs Pa0OTHMKA C YYeTOB PACHOJIOKEHUS] BHIHOCHOIO
MecTa TOProBJIU, «<BPEMEHHOI0 COOpY kKeHHUs» 0e3 HaBeca U ¢ HABeCOM Ha OCHoBe ypaBHeHusi HaBbe-
Crokca. JI1s1 NPOrHO3MPOBAHUSI YPOBHSI KOHUEHTPALlMM B MHKPO30HE HCIOJb30BAHO JBYXMEpHOe
YpPaBHeHHe IepeHOca NMpuMecH B atMocepHom Bo3zayxe. UmcieHHOe MHTerpMpoOBaHUHe YpPaBHEHHH
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THAPOJAMHAMMKH H MaCONEPEHOCA BBIIOIHEHO ¢ IOMOIILIO HesIBHOI Pa3HOCTHOI cxeMbl. PaccMoTpeHbI
TPH BAPHAHTA PACIOJI0KEHHs MeCTa TOPrOBJIM B 30He BJIMSIHHSI ABTOMATHCTPAJIN: NepBbIii BADHAHT —
NnpojaBel] BbINOJHSET TOProOBJII0 BBIHOCHBIM TOBApPOM 0e3 HAJIMYHS «BPEMEHHOI0 COOPY:KEHHUS»;
BTOPOHi BApHAHT — TMpOAABel BBLINOJHSET TOPIroOBJII0 BbLIHOCHBIM TOBAPOM Y «BPEMEHHOIO
COOpY KeHMsI», KOTOpoe He HMMeeT HaBeca; TpPeTHH BApPHMAHT — MpoJaBell BLINOJHSET TOPIrOBJIIO
BBIHOCHBIM TOBAPOM Y «BPEMEHHOI'0 COOPY:KeHMs», HMewomero Hasec. IIpoBenen anain3 u3MeHeHus
CKOPOCTH BO3JYIIHOI0 NMOTOKA M KOHLEHTPALUHU 3arpsA3HUTENIs] HA YPOBHE PACIOJIOKEHUSI T0JIOBBI
padoTHHKA (JIOKAJIBLHO) B 3aBUCHMOCTH OT BApHAHTA PacnosioxKeHHs MecTa Toprosiu. Hammume
«BPEMEHHOI'0 COOPY:KEHHS» YMEHbIIAeT CKOPOCTh B 2 pa3a M KoHuHeHTpauuio 1,5 pasa, Hannmuue
HaBeca B TOM »Ke COOPY:KEHHH YMeHbIIaeT CKOPOCTh B 5 pa3 M KoHUeHTpauuw B 1,75 pa3sa,
OTHOCHTEJbHO CHTYallHH, KOI/Ia HaBec OTCYTCTBYeT. BbIsIBJIeHO, UTO HaBec BJHsIieT HA H3MeHeHHe
KOHICHTPALMU 3arpsi3HUTeJIsl, HO UIrpaeT 0ojiee 3HAYMTEJbHYI0 POJIb ISl YMEHbIIEHUs] CKOPOCTH
BO3IYIIHOTO TMOTOKa, of0ecneuuBas KOMQOPTHbIe YCI0BHSI MHKPOKIMMaTa B padoueii 30He.
JlauTeabHOEe MJIM CHCTeMaTHYecKoe NpeObIBaHHe B Takoil padoueil 30He He OyJeT OTpakaTbCs Ha
COCTOSIHMH PpPa0doTaoliero, Moxer o0eceYHBATh €ro BBICOKYI0 PadoToCnoCO0HOCTL U KoMdopT
npedbIBaHus B padoueii 30He.
KnroueBsble c1oBa: paboyas 30Ha, MUKPOKIIIMAT, BPEMEHHOE COOPY)KEHHUEY, TI0JIE CKOPOCTH,

KOHIIEHTPALH 3arpA3HUTENS.

CTBOpeHO MaTeMaTH4YHY MO/ e/b /15 IPOrHO3YBAHHSA NapaMeTpiB MiKpoKJiMaTy B po0o4iii 30Hi,
[0 3HAXOAMTHLCS 0e3MmocepeIHbO MOGIN3y aBTOMAricTpalli MPH HAsIBHOCTI «THMYAcOBOI CIOPYAM» Ta
npu ii BiacyTHocti. Po3pobiieHo 4yMcI0BY Moaeab AJs BU3HAYEHHS MOJSA IIBUAKOCTI MOBITpsIHOro
MOTOKY B 30Hi 3HAXO/J:KEHHSI MPaliBHUKA 3 YpPaxXyBaHAM PO3TALLyBAHHS BMHOCHOrO Micusl TOpriB.i,
«THMYAcoBOI cmopyaw» 0e3 migmamky Ta 3 migzamkoM Ha ocHoBi piBHsaHHA Hap’e—Crtokca. [las
NMPOTrHO3yBaHHs PiBHA KOHUEHTpaumii B MIKpPO30Hi BHKOPHCTAaHO [BOMipHe PpIiBHSIHHSI TNEpeHOCY
aomimku B arMocepHomy moBiTpi. UYmcenbHe iHTerpyBaHHsi PpiBHAHB TiiPOAMHAMIKH Ta
MACONEPEHOCY BHUKOHAHO 3a JONOMOIrOI HesIBHOI pi3HHueBoi cxemMu. PosrisHyTo Tpu BapiaHTH
po3TanlyBaHHsl Micusi TOpriBji B 30Hi BIVIMBY aBTOMAaricTpaii: nepumuii BapiaHT — npoaaBenb
BUKOHY€ TOPIiB/II0 BHHOCHMM TOBapoM 0e3 HasBHOCTI «TMM4YacoBOI CHOPYAW»; APYruii BapiaHt —
NnpoaaBelb BUKOHY€E TOPriB/II0 BUHOCHHM TOBAPOM 0iisl K TUMYACOBOI CIIOPYAN», 110 He MA€ MiIALIKY;
TpeTiii BapiaHT — nmpoaBenb BUKOHY€E TOPriBJII0 BUHOCHHM TOBApPOM Oijisi «THMYAcOBOI CIIOPYAN», IO
Mae migaamoxk. IIpoBeneHo aHadi3 3MiHM piBHS MBHAKOCTI MOBITPSHOr0 MOTOKY Ta KOHIEHTpauii
3a0pyAHIOBa4Ya Ha pPiBHI pPO3TAlIyBAHHS r0JIOBH NMpauliBHUKA (JIOKAJIBHO) B 3aJ1€:KHOCTI Bil BapiaHTy
po3TamryBaHHs Micus Toprieiai. HagBHicTh «TMMYacoBoi cnopyau» 3MeHIIy€ WIBMAKICTH y 2 pa3u i
KOHUeHTpauio B 1,5 pa3u, HasABHICTH MiAJalIKy 3MEeHIIY€ WBUAKICTh y 5 pa3iB i koHuenTpauiwoo B 1,75
pa3y, BiiHOCHO cuTyamii, KoJu mignamok BigcyTHiil. BusiBieHo, mo miggamoxk BIUIMBAa€ Ha 3MiHY
KOHUeHTpanii 3a0py/iHIoBaya, ajie Bilirpae 3Ha4yHy po/ib /sl 3MEHIUEGHHSl IIBHAKOCTI IOBiTPSIHOTO
NMOTOKY, 3a0ecneyyoun KoM(pOpTHi yMOBH MiKpokJiMaTy B podouiii 30Hi. TpuBaje abo cucreMaTu4yHe
nepedyBaHHs B Takiii poOouiii 30HI He Big0MBaeTbcA Ha CTaHi 310poB’s mNpamiBHUKA i Moke
3a0e3ne4yBaTu HOro BUCOKY mpane3AaTHicTh i koMdopT nepedyBaHHs B podoyiii 30Hi.

KiouoBi cioBa: poboya 30Ha, MiKpOKIIIMAT, «THMYACOBA CIIOPYAay, TIOJIE IMBUAKOCTI, KOHIICHTPAIis
3abpyaHIOBayYa.

A mathematical model has been created for predicting the microclimate parameters in the work area
located directly near the motorway in the presence of a «temporary building» and in its absence. A
numerical model has been developed to determine the velocity field of the air flow in the area of
employee's location, taking into account the location of the remote trading place, the “temporary
building” without an eaver and with an eaver based on the Navier-Stokesequation. To predict the
concentration level in the microzone, two-dimensional equation of impurity transport in atmospheric
air is used. Numerical integration of the equation of hydrodynamics and mass transfer is carried out
with the help of an implicit difference scheme. Three variants of the location of trading place in the
zone of motorway influence are considered: the first option — the seller performs the trade of outbound
goods without the presence of a “temporary building”; the second option is that the seller performs the
trade of outbound goods at the“temporary building”, which does not have an eaver; the third option is
that the seller carries out the trade of outbound goods at the“temporary building”, which has an eaver.
The analysis of changes in airflow velocity and concentration of pollutant at the level of the head of
employee (locally), depending on the location of the place of trade. The presence of a “temporary
building” reduces the speed by 2 times and the concentration by 1.5 times, the presence of an eaver in
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the same structure reduces the speed by 5 times and the concentration by 1.75 times, relative to the
situation when the eaver is absent. It has been revealed that the eaver influences the change in
pollutant concentration, but plays more significant role in reducing the speed of the air flow, providing
comfortable conditions for the microclimate in the work area. Long or systematic stay in such a work
area will not affect the worker’s state of health, can ensure its high performance and comfort in the
working area.

Key words: working area, microclimate, «temporary building», speed field, concentration of pollutant.

Problem statement and analysis of publications. Microclimate is a combination of
atmospheric air parameters that affect the human body: temperature, humidity, air
velocity and thermal radiation of heated surfaces. The microclimate is characterized by a
number of features inherent in limited spaces, it can vary at a distance of several dozens
or even hundreds of meters. The microclimate of the city, quarter, street, park affects the
body, health and human health. The state of human health is known to be an indirect
indicator of the environment state. The pollution of any environment is unfavorable for a
person. If it is considered that people consume more than 9 kg of air per day, then the
pollution of air is the most harmful to its health. In this regard, respiratory diseases are the
most significant in all countries of the world. The microclimate of the city is
characterized by the complication of air circulation, even if the streets of the city are
planned in the direction of the prevailing winds. The air temperature is much higher than
in the neighboring rural areas. The system of city streets and squares leads to changes in
the direction of the wind in the city. The wind is mostly along the streets. In general, the
wind speed in the city weakens, but in narrow streets is intensified; on the streets and
crossroads there are easy dust vortices.

Road transport pollutes city air most of all. With a steady stratification of the
atmosphere, especially with temperature inversions, smoke and dust can accumulate in
the surface layer of the atmosphere in an amount that adversely affects human health.

The microclimate of cities is different from the climate of the surrounding area due
to stone and asphalt roads and high buildings that heat and radiate heat (the average
annual temperature in the city is higher by 1-3°C, and the relative humidity is lower by
10-15%). The rising streams over the city cause an inflow of cool air in a quiet weather
from the periphery to the center. Multi-storey buildings reduce the wind speed twice. The
atmospheric air pollution reduces the solar and ultraviolet radiation to 20-50%. Natural
greenery reduces the influence of wind, the effect of industrial and transport pollution and
noise, releases phytoncides, oxygen into the air, supply clean air to the urban
environment.

The location of roads and buildings, the parameters of atmospheric air — factors that
contribute to the changing microclimate of the city. In the terms of a spectacular market
economy, there is an increase in «temporary buildings», namely, the construction of a
commercial, household, socio-cultural or other purpose for entrepreneurial activity.
«Temporary building» is a one-story building, which is made of lightweight constructions
according to the technical regulation of constructions, buildings that are established
temporarily without the arrangement of the foundation: kiosks, stops, pavilions. Most of
them are located along the city highways, at stops where employees sell different types of
goods. Work on the street near the road is unfavorable for people, because the inflow of
harmful emissions of vehicles, the presence of significant wind speed negatively affects
the body, health of workers.
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As a result of the reconstruction of «temporary building», the appearance of new and
disappearing of others changes the aerodynamic mode of flow and violates the parameters
of the microclimate. It is important to be able to perform forecasting in order to take
measures regarding the provision of standard comfort parameters. There is a question
regarding the simulation of comfort conditions for workers located near highways, taking
into account two factors: gas pollution and air comfort in the working area. Simulation is
performed on a microscale.

In foreign works, environmental parameters and methodology of analysis are
considered, which is aimed at creating a bioclimatic strategy for buildings based on
components of geometry and the quality of material surfaces, depending on the
microclimatic conditions. In addition, it is noted that microclimate parameters are of great
importance for outdoor activities [1]. Work is carried out on the study of the impact of
residential buildings on the boundary conditions of the microclimate in different regions
of the city [2], the impact of urban microclimate on the thermal comfort in buildings [3],
the impact of air load on the building and changes in the microclimate due to different
location and different height of buildings, which leads to the formation of vortices of
different power [4]. The second set of studies relates to the study of microclimate in
enclosed premises in the work areas of various specific activities. All studies are
conducted either through experiments or as part of humerical modeling of air processes
and loads, pollution dispersal, performed in SolidWorks software packages, COMSOL
Multiphysics, ANSYS, where various numerical simulations are used. In this regard, the
problem of developing a numerical model and a complex of calculation programs that
allow to calculate the air velocity field to find the distribution of the pollutant
concentrations not only in the zone of the «temporary building», but also locally, at the
level of the respiratory organs of the worker.

Formulating the purpose of writing an article. The purpose of the article is to
forecast the parameters of the microclimate, simulate the conditions of comfort for
workers located within the «temporary building» location, studying the impact of the
barrier and the subassembly of the structure itself on the level of wind speed and
concentration of pollution.

Presenting of main material. To determine the speed field, it is proposed to use a
model based on the Navier—Stokes equation written in the Helmholtz variables:

o ouo Vo 1{d%0 6%
Dy ER TR~ 252, (1)
ot ox oy Relox? gy?
2 2
a—‘z"+a—‘;’:—@, @)
OX oy
VoL . . S o
where Re =—— — the Reynolds number; v — the kinematic viscosity coefficient; y —
A%
the current function; O):@_é_u — the vortex; u = a—w, v=—@ — the components of
ox oy 0 OX

the velocity vector of the air flow; L — the characteristic linear size; Vo — the

characteristic velocity of the air flow.
Using the Navier—Stokesequation in this form allows to exclude the calculation of
the pressure field from the solution [5, 8].
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The initial and boundary conditions for equations (1) — (2) are as follows:

— on the solid walls the condition of adhesion is placed \|f|Y =const, éﬂ =0;
n

— at the entrance to the calculated area a profile of speed u= f(y) and the
corresponding value of the current function \|/|Y =const are set;

— at the entrance of the calculated area the vorticity ®=0;
— at the initial bound is placed a "soft" boundary condition for the function of

current and vibrationalities 6_\: =0, where L —the boundary of the calculated area;
x=L
— at the initial moment t =0 for the vorticity (D|t:0 =0.

The methodology [8] is used to determine the vorticity on solid walls (boundaries).
One of the important parameters of the microclimate is the content of the pollutant in
the microzone, for prediction the 2D model of the mass transfer equation is used:

§+GUC+6(V—WS)C_£( §)+i( §)+
o ox oy o Ty My
+ 2 Qid(x=%)(Y-¥i), 3)

where C — concentration of pollutant; u, v — components of the velocity vector of air flow;
ws — velocity of gravitational settling of polluting substance; = (uy,py) — coefficients of

turbulent diffusion; (x;,yj) — coordinates of the pollutant release source; Q; — intensity of
the pollution source at the point; 8(x — xj)(y — yj) — Dirac delta-function. Profile of wind

1
speed at altitude Y q; state of the atmosphere (inversion, convection), the value of the

n
Y .
speed at the entrance to the calculated area u = ul(Y—j , Where u; — the value of wind

m
vertical diffusion coefficient ., = k(YLJ , k=02, m=1[7].
1

An implicit alternating-triangular difference scheme and boundary conditions are
used for the numerical integration of the vorticity transfer equation (1), which describes
the flow of viscous fluid and the mass transfer equation (3) [6]. It is constructed on a
rectangular spaced net: the current function is determined in its nodes, the vortex is in the
centers of the difference cells, the component of the velocity u — on the vertical,
component of the velocity v — on the horizontal sides of the difference cells, the
concentration C is determined in the center of the difference cells [8]. For the numerical
integration of the Poisson equation (2), the iteration method is used, while the vorticity

o in the cells adjacent to solid walls, where the condition v =0 is used, function
Nlx=L

® is determined only in internal difference cells. In the framework of the accepted

mathematical model, the structure of the flow in the studied region is affected by

perturbations outside the calculated region, so we assume that perturbation at the input
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and output limits of the region can not be propagated by diffusion, the number of
Reynolds Re — « for air flow outside the calculated region.

In the numerical model, the modeling of the real position of the employee in the
form of a plate, a remote place of trade and the presence of the product itself, which is a
typical situation in small cities near the highway in the absence and presence of a
temporary construction at a place of trade is carried out.

Typically, this type of task is considered from the point of view of gas pollution, but
in the new formulation, more extended, the wind regime (microclimate) in the area of
worker’s location will be taken into account Fig. 1. It is known, the speed of air flow in
the working area should not exceed 0,2 m/s, with more there is discomfort.

Fig. 1. Examples of «temporary building» for trade near the motorway):
1 — active motor transport; 2 — barrier (fence);
3 —the location of the goods; 4 — the person (the seller);
5 — the location of the person's head, 6 — temporary building

There are three variants of the place of trade in the range of vehicles (Fig. 2 — 4): the
first option — the seller carries out the trade of the products without the presence of a
«temporary building»; the second option — the seller carries out trade of the products near
the «temporary building» which does not have a subassembly; the third option — the seller
carries out trade of the products near the «temporary building» which has a subcategory.

As a result of the calculations, a field of velocity and concentration of the pollutant
in the investigated area was obtained. Fig. 5 shows the change in the air flow rate at the
level of the head of the employee (locally), depending on the variant of the trade place. In
the first variant u=35 m/s, in the second u=16 m/s, in the third u=0,26 m/s, the
presence of “temporary building” reduces the rate by twice, and the presence of an eaver
in the same structure reduces the speed by 5 times, in relation to the situation when the
eaver is absent. From the point of aerodynamics, the presence of an eaver leads to the
vortex from its sharp edge, to ensure the finiteness of speed in accordance with the
Chaplygin-Zhukovsky postulate, the formation of the vortex of a specific power provides
a reduction in speed in the area of the head of the employee.

Fig. 6 shows the change in the concentration of the pollutant at the level of the head
of employee (locally), depending on the location of the place of trade. In the first variant
C=0,53 mg/m? in the second C=0,35 mg/m? in the third C=0,21 mg/m? the
presence of “temporary building” reduces the concentration by 1,5 times, and the
presence of an eaver in the same structure reduces the concentration by 1,75 times
relative to the situation when there is no eaver.
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Fig. 2. Scheme of employee location in the trade zone
near the highway (option 1):
1 — active motor transport; 2 — barrier (fence);
3 —the location of the goods; 4 — the person (the seller);
5 — the location of the person's head
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Fig. 3. Scheme of employee location in the trade zone
near the highway (option 2):
1 — active motor transport; 2 — barrier (fence);
3 —the location of the goods; 4 — the person (the seller);
5 — the location of the person's head;
6 — temporary building without an eaves
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Fig. 4. Scheme of employee location in the trade zone
near the highway (option 3):
1 — active motor transport; 2 — barrier (fence);
3 —the location of the goods; 4 — the person (the seller);
5 — the location of the person's head;
6 — temporary building with an eaves
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Fig. 5. Change of air flow rate at the level
of the head of employee
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Fig. 6. Change of pollutant concentration
at the level of the head of employee

It is note worthy that eaver affects the change in the concentration of the pollutant,
but plays a more significant role in reducing the air flow velocity, providing comfortable
microclimate conditions in the working area. Prolonged or systematic stay in such a work
area does not affect the condition of people, provides high ability to work and comfort.

Conclusions. The mathematical model for forecasting microclimate parameters was
developed, simulation of the place of trade, located within or outside the location of
«temporary building». The numerical algorithm of the finite-difference method for
solving the hydrodynamic problem on the basis of the Navier—Stokesequation and the
mass transfer problem is used. The created software allows to carry out computational
experiments for the study of the field of air flow velocity and the distribution of the
concentration of the pollutant in the microzone of the place of trade. The regularities of
changing air velocity at the level of the head of the worker are determined, depending on
the presence of a «temporary building» with or without an eaver. Reducing the air flow
rate to 0,26 m/s due to changes in aerodynamics provides comfortable working conditions
for employee's work.
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Jnenpoeckuii nayuonanvuwiii ynueepcumem umenu Oneca I onuapa

VIAP KPYI'JIOT'O TEJIA O IOBEPXHOCTH UJIEAJIBHOM
HEC)KUMAEMOM ) KUJIKOCTH

B pabore paccmaTpuBaeTcsi 3agaya B ILIOCKOIl MOCTaHOBKe 00 yaape Kpyrjoro Tejla o
TMOBEPXHOCTh H1eATbHOH HeCKMMAaeMoil JKUAKOCTH, He uMeloleill rpaHun. Teqo YyacTUYHO MOTpyxKeHO
B JKHAKOCTb, 2 €ro NOrpysKeHHasi 4acTh MMeeT (pOPMY KPYroBoro cermeHta. B HexkoTopblii MOMeHT
BpeMeHH MNPOUCXOIUT yAap, Nocje 4Yero TeJI0 MITHOBEHHO IOJIy4aeT MOCTyHaTeJbHYH CKOPOCTh U
BPallaTeJbHYI0 CKOPOCTh BOKPYI OCH, MEePHEHIUKY/JISAPHON MJIOCKOCTH, B KOTOPOil paccMaTpuBaeTcs
Tedenne. C momompbi0 KOHGOPMHOro 0TO0pazkeHHs, MepeBOAsNIero 00JacTh IOJYIUIOCKOCTH ¢
BbIPe3aHHBIM CerMEHTOM B MOJYIUIOCKOCTb, [JaHHAasl 3adaya CBOJMUTCS K CMEIIAHHOH 3agaue
Kengpima—CenoBa /sl BepXHeil MOJIYNJIOCKOCTH, pellleHne KOTOpPoil u3BecTHO B KBajapaTtypax. Takum
o0pa3oM, OblIa pellleHa yJapHasi KpaeBasl 33/1a4a €O CMEIIAHHLIMH FPAHUYHBIMH YCJOBHSIMH. BbL1
HalileH KOMIUIEKCHBbIH MOTeHIMAJ SKHAKOCTH B MIHOBeHHe IIOc/]e YAapa, a TaK:Ke MOTEHIHAJ
CKOPOCTH KMJAKOCTH HAa y4YacTKe CONMPHKOCHOBEHHUs TesJa C KUAKOCTbIO. IlonydyeHHBbIe pe3yJibTaThbl
NMPOAHATIM3MPOBAHBI B CJIy4asX BJIHSAHHUS HA KHIKOCTb CO CTOPOHBI TeJIa TOJbKO OAHOWH KOMIOHEHTHI
CKOpPOCTH, JU00 BceX Tpex KOMIOHEHT. Pe3yiabTaThl ObLIM HNPOWJIIOCTPHPOBAHBI ISl Pa3JIMYHBIX
YIVIOB MOrPYKeHHOI0 CerMeHTa U NMPOBeIeHO CPABHEHHE € Pe3yJbTATAMH /15 IUIaBaloIIe NJIaCTHHKH.
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