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Abstract. Three-dimensional modeling has been applied for gradient acrosol technologies
designed for separating crankcase gases of internal combustion engines. Three-dimensional
models are created for the numerical experiment of an improved prototype oil separator. Stud-
ies are carried out for the range of the crankcase gas flow rate of 2...10 m*/h. Based on the cal-
culations, a prototype separator was developed; its experimental studies were carried out on
a special stand. The coefficient of the total purification efficiency is determined; it reaches
99.9%.

Keywords: separator; oil separator; aerosol technologies; three-dimensional computational
grid; static pressure; coefficient of efficiency.

AnnHoTtanus. [IpuMeHeHO TpeXMepHOE MOICITHPOBAHUE IS TPATUCHTHBIX a3PO30JIBHBIX TEX-
HOJIOTHI Cerapaluy KapTePHBIX T'a30B BUTATENCH BHYTpeHHETo cropanus. Co3maHbl TPEX-
MEpHbIE MOJICIIH JUIsl YHCIICHHOTO DKCIIEPUMEHTA YCOBEPILICHCTBOBAHHOTO MaCJIOOTACIUTENS-
MPOTOTHIIA. BBITIOIHEHBI HCCIIEIOBAHKS B THANIA30HE PACXOI0B KapTEPHBIX Ta30B 2...10 M*/4.
Ha ocHoBe pacueToB co3/1aH ONBITHBINA 00pasell cenaparopa u BBITIOIHEHbI €ro 3KCIePHUMEH-
TaJbHBIC UCCIICIOBAHMUS Ha CIICIMATIBHOM cTeHe. OnperneneH k03hGUIEHT CyMMapHO 3¢-
(heKTHBHOCTH OYHUCTKH, KOTOPBIH gocTuraet 99,9 %.

KuroueBble c10Ba: cenaparop; MaclOOTICIHTENb; a9PO30IbHbIC TEXHOIOTHHI; TPeXMEpHas
pacdeTHas CeTKa; CTaTHUeCKOe AaBJeHNE; KOXPPHUIHEHT d3PPEKTHBHOCTH.

AHoTauis. 3aCTOCOBAHO TPUBHUMIPHE MOJEIIOBAHHS JUIS TPAJIEHTHIX aepPO30JbHIX TEXHO-
JIOTi# cemaparlii KapTepHHX Tra3iB JABUTYHIB BHYTPIIIHHOTO 3rOpstHHSA. CTBOPEHO TPUBUMIp-
HI MOzeni JUIsl YMCEeNBHOTO eKCIEPUMEHTY BIOCKOHAJIEHOTO MACIIOBIUIIIEHHKA-POTOTHITY.
BuKoHaHO JOCTIDKEHHS B Aiama3oHi BUTpAT kapTepHux rasis 2...10 m*/rog.Ha ocHoOBI po3-
paxyHKIB CTBOPEHO JOCIIITHUH 3pa30K cernapaTopa Ta BUKOHAHO HOTO eKCIIepUMEHTANBHI 10-
CJIIJDKEHHS Ha CHeliaJIbHOMY CTeHi. Bu3HadeHo koediuieHT cymMapHOi epeKTHBHOCTI O4YH-
LIEeHHs, KUl gocsrae 99,9 %.

KarouoBi caoBa: cemaparop; MaciOBIIIITIOBAY, aepo30JbHI TEXHOIOTIl; TpUBUMIpHA
PO3paxyHKOBa CiTKa; CTATHYHUH THUCK; KOe(Dilli€HT e(h)eKTHBHOCTI.
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Problem statement. Introduction of new, advanced
power plants in transport and its rapid development has
contributed to the growth of interest in the problems of
two-phase disperse media. Creation of highly efficient
and economical heat and mass transfer devices and sepa-
rators is a significant reserve for increasing the coeffi-
cient of efficiency for power plants and improving the
use of the fuel and energy resources. The relevance of the
use of three-dimensional modeling of separation aerosol
technologies for the creation of oil separators for the ICE
crankcase gases is caused by the problem of reducing
losses of expensive oils and ensuring effective purifica-
tion of transport vehicles’ harmful emissions into the at-
mosphere.

Latest research and publications analysis. Among
the studies of gas dynamics, heat and mass transfer, there
is a number of well-known publications by foreign au-
thors and some Ukrainian “scientific scools” (scholar tra-
ditions), which resulted in the development of separation
equipment of wide application.

Thus, publication [1] presents theoretical studies of
gas purification in nanoporous graphite membranes. This
technology allows collecting liquid and solid particles
with a diameter of up to 1 um. Yet, separation cassettes
with nanoporous graphite membranes are limited in time
of their operation, and their replacement requires addi-
tional expenses. This technology is not applicable for
collecting highly dispersed oil particles for gas turbine
engine’s breathing systems. In [2], the authors propose
using membrane technologies for purification of unsteady
flows. This technology allows intensifying precipitation
of the liquid phase in the gas flow due to additional pul-
sations of the medium. In work [3], the authors propose

IHocTanoBKa npod/aemMbl. BHenpeHne HOBBIX dHEP-
TETHYECKUX YCTAaHOBOK Ha TPAHCHOPTE U €ro CTPEMH-
TEJIPHOE pa3BUTUE CHOCOOCTBOBAJIO POCTY HHTEpeca
K rpo0iiemaM IByX(a3HbIX AUCIepcHbIX cpen. Coznanue
BBICOKOO((EKTUBHBIX M SKOHOMHYHBIX TEIUIO- U MacCO-
0OMEHHBIX aNnapaToB, CEMAPUPYIOIINX yCTPONCTB SBIIS-
€TCsl 3HAYMTEIbHBIM PE3EPBOM IOBBILIEHUS KOIPPHILIHU-
€HTOB TI0JIE3HOTO JICHCTBHS SHEPTETUIECKUX YCTAHOBOK,
YIy4LIEHHs UCIOJIB30BaHHsI TOIUIMBHO-OHEPIeTHYECKUX
pecypcoB. AKTyalbHOCTh HPUMEHEHUS TPEXMEPHOIO
MOJICIIMPOBAHUSI CETapalliOHHBIX a3PO30JIbHBIX TEXHO-
JIOTUH JUTS N3rOTOBJICHHS MACJIOOT/IEIIUTENCH KapTEPHBIX
ra3oB JIBC oOycnoBiena npo0iemMoi CHIKEHHS IOTEPh
JIOPOTOCTOSIIIMX Maced U obecrieueHus: dPPEKTUBHOM
OYHCTKH BBIOPOCOB OT TPAHCHOPTHBIX CPEJCTB BPEIHBIX
BEIIIECTB B aTMocdepy.

AHaJIN3 MOCJeIHUX MCCIe0BAHMNA M myOauKa-
nmid. B uccienoBanusax razoiMHaMuKy, IEPEHOCA TEIIa
M MacChl IIMPOKO U3BECTHBI PabOThI 3apyOeKHBIX aBTO-
POB M psifia HayYHBIX YKPAMHCKHX IIKOJ, PE3YIBTaTOM
KOTOPBIX CTalll pa3padOTKU CEMapaluoHHOTO 000pyIo-
BaHUs IMPOKOTO MPUMEHEHHSI.

B [1] BbIIOIIHEHO TEOPETUUECKOE U3YUEHHE OUHCTKHI
ra30B B HAHOIIOPUCTHIX rpaUTOBBIX MeMOpaHax. /lanHast
TEXHOJIOTHSI TTO3BOJISIET YJIABIHUBATh KHUIKHAE W TBEPIBIC
YaCTHIIBI AUAMETPOM JI0 | MKM, OJTHAKO, CEenapalioHHbIe
KacCeThl ¢ HAHOTIOPUCTHIMH TpaUTHEIMA MEMOpaHaAMH
OTPaHUYCHBI BO BPEMCHHU PAa0OOTHI M WX 3aMCHA BIICUCT
JIOTIOTHUTEIIbHBIC 3aTpaThl. JlaHHAS TEXHOJIOTHUS HE TTPH-
MEHHMA JUIS YIABIUBaHHS BBICOKOIMCIICPCHBIX YaCTHII
Maciia Jyist CHCTeM CY(QIHMpPOBaHUS ra30TypOUHHOTO JIBHU-
rarens. B [2] aBropbl mpeaiaraioT MCHOIb30BaTh MEM-
OpaHHbIE TEXHOJOTHH JUIsl OYUCTKU HECTallMOHAPHBIX
TedeHW. JlaHHAs TEXHOIIOTHS TIO3BOJIET MHTCHCH(U-
UPOBATh OCAXKJICHUC JKUAKOW (Dasbl B Ta30BOM IOTO-
K€ 3a CYeT JIOTIONHUTEIBHBIX MyJabcamuid cpeasl. B [3]
ABTOPHI MBITAIOTCS WHTCHCU(DUIIMPOBATh OCAXKICHHE 3a

110



N1 (7) 2017

to intensify precipitation by introducing substantial tem-
perature gradients in the precipitation channels and prove
this technology by calculation of various designs of the
separator elements. The authors of publication [4] have
performed CFD simulation of the particle’s behavior in
supersonic precipitation channels and determined the
precipitation efficiency. In [5], the authors have studied
various membrane channels and determined the optimal
ones for the precipitation of particles. There has been de-
veloped a model for mixed flows, which can be applied
for calculating precipitation in the separator structure.
The authors of the work [6] have studied technologies for
collecting oil aerosol in separation channels. A special
feature of this work is the study of the processes of coars-
ening and breakup of droplets in separation channels.
There have been developed models that provide more
insight in the processes of collecting an oil aerosol. In
work [7], the authors have proposed the development of a
separation technology for a gas turbine engine produced
by IGCC. In [8], the authors have studied the effect of
a temperature drop on precipitation of highly dispersed
particles in smooth channels. It has been experimentally
established that the temperature drop allows a 10-20%
increase in precipitation in the separator. The authors of
publication [9] have developed a turboimpact separator
for a closed cycle of the gas turbine plant’s breathing sys-
tem. A general mathematical model for determining the
intensity of purification of dispersed multiphase flows in
power plant systems has been developed on the basis of
the previous works [10].

The development of separators for gas turbine en-
gines with gas flow rates ranging from 2 to 10 m*/h on the
basis of separation gradient acrosol technologies with a
purification coefficient of 99.9 % is caused by the launch
of creation of a new generation of engines at the gas tur-
bine enterprises of the People’s Republic of China.

THE ARTICLE AIM is to develop an oil separa-
tor for crankcase gases of internal combustion engines
with gas flow rates of 2—10 m*/h on the basis of three-
dimensional modeling of separation gradient acrosol
technologies.

To achieve this aim, the following objectives have
been set:

—to choose a prototype of the oil separator’s design
for its improvement based on three-dimensional model-
ing of separation gradient aerosol technologies;

—to develop a sectional structural scheme and a
three-dimensional model of the oil separator;

—to perform calculations of the hydrodynamic situa-
tion and trajectory of particles in the flow channel of the
separator;

—to make the operational drawings and prototype;

—to perform stand tests of the separator.
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CUET BBOJA 3HAYUTENBHBIX T'PAJUCHTOB TEMIIEPATYpHI
B KaHaJIaX OCAX/CHUS U MOATBEPKAAIOT JaHHYIO TEXHO-
JIOTHIO PacyeTaMH Pa3INdHBIX KOHCTPYKIMH 3JIEMEHTOB
cenaparopa. B [4] BemomHeno CFD wmopenmpoBaHme
MOBE/ICHNSI YacTUI] B CBEPXCKOPBIX KaHAJIaX OCaxKJe-
HUS U omnpeneneHa 3pQPeKTUBHOCTD ocaxaeHus. B [5]
W3y4eHBl Pa3IUYHbIE MEMOpPaHHbBIC KaHAJIbl ¥ HaHICHBI
ONTHMAJIBHBIE IS OCaKAeHWs dacTuil. Pa3paborana
MOJIEINb 7Sl CMEIIAHHBIX TIOTOKOB, KOTOPast MOXKET OBITH
UCTIONb30BaHa AJIsl PACYETOB OCAXK/ICHUS B KOHCTPYKIIU-
X cemaparopoB. B [6] uccnenoBaHsl TEXHOIOTHH YIIaB-
JMBaHMS MaCJISTHOTO a3p030Jsl B CEMapallOHHBIX KaHa-
naX. OcOOCHHOCTBIO JaHHOW PabOThI SBISAETCS TO, UTO
ABTOPBI M3YYHJIM MPOIECCHl YKPYITHEHUS! U JAPOOICHUS
Karejb B cenapalnMoHHbIX kKaHanax. Paspaboransl Mojie-
JIM, KOTOPBIE MO3BOJISAT OoJiee JeTallbHO MOHUMATh MPO-
[IECChI YJIaBIUBAHUS MACJISTHOTO a’po3oisi. B [7] mpen-
JIOKeHa pa3paboTKa CernapaloHHOW TEXHOJOTHUH JIIs
ra3otypounHoro apurarens npoussozactsa IGCC. B [8]
MPOAaHAIM3MPOBAHO BIMSHUE TEpernajia TeMIeparyp Ha
OCAXKJICHHUS BBICOKOAUCTICPCHBIX YaCTUIl B ITTaJKUX Ka-
HaJiax. BKCHepI/IMeHTaHbHLIM MyTEM YCTAHOBJICHO, YTO
nepenaj TeMrneparyp rno3Bojser ypeanuuTs Ha 10-20%
ocaxjeHue B cemaparope. B [9] pa3paboran Typboum-
MaKTHBIA cernaparop i 3aMKHYTOI'O IUKJIA CUCTCMBI
cynupoBaHusi ra30TypOMHHON ycTaHOBKM. Ha ocHoBe
BBITIOJIHEHHBIX paHee MCCIIeI0BaHui co3jana 00001IeH-
Hasi MareMaTn4eckasi MOZEb OIPE/ICICHUsS UHTCHCHB-
HOCTH TIpOliecca OYMCTKH JIUCIEPCHBIX MHOTo(aszHbIX
MIOTOKOB B CUCTEMAaX YHEPreTUYECKUX yCcTaHoBOK [10].

Pa3pabotka cernaparopoB ra3oTypOMHHBIX JIBUraTe-
JIeH Il pacXoioB ra30Boi cpesbl 2— 10 M*/4 Ha OcHOBE
CeNapaioHHbIX I'PaJIMCHTHBIX adPO30JIbHBIX TEXHOJIO-
ruid ¢ koddpduimenToMm ouuctku 99,9 % oOycnoieHa
Ha4yajoM CO3JaHUsl HOBOTO IOKOJICHMSI JBHTaTeiedl Ha
ra3oTypOuHHbIX npeanpusaTuax KHP.

HEJBIO nccrnenoBanus sBisieTcs pa3padoTka Mac-
JOOTAEIUTENS KapTepHBIX ra30B JABUrareieil BHYTpEH-
HErO CropaHus IS paCX0I0B Ia30Boit cpeubl 2— 10 M*/u
Ha OCHOBE TPEXMEPHOTO MOIEIUPOBAHUS CEHapalHoH-
HBIX IPaJeHTHBIX a9PO30JIbHBIX TEXHOIOTHH.

Jnst mocTikeHus Nean ObUTH ITOCTaBICHBI CIEIYIO-
IIMe 3aa4u:

—BBIOpaTh MPOTOTUI KOHCTPYKIIMOHHOTO BBITIOTHE-
HUSI MAaCJIOOTICIUTEIIS [UIsl €70 YCOBEPIICHCTBOBAHHS Ha
OCHOBE TPEXMEPHOI'0 MOIEIMPOBAHUS CENapallMOHHBIX
IpaJuCHTHBIX ad3pPO30JIbHBIX TeXHOHOFI/Iﬁ;

—pa3paboTrarh IOCEKIHOHHYIO KOHCTPYKTHBHYIO
CXeMy U TPEXMEPHYIO MOJIENIb MaCIOOTACIUTEIIS;

—TIPOU3BECTH PacyeThl THAPOJUHAMUYECKON 00cTa-
HOBKU U TPACKTOPUU YACTUL] B IPOTOYHOM YaCTH cemna-
paropa;

—HU3rOTOBUTH paboure YePTEKH U OIBITHBINA 00pasel;

—BBIIIOJIHUTH CTCHAOBBLIC UCIILITAHUA CCIlapaTopa.

M3iokeHne ocCHOBHOro Marepuana. B kauecTBe
MPOTOTHIIA MCHONB30BaH MACIOOTIACIHUTENb ISl OUHCT-
KA KapTepHBIX Ta3oB, pa3padoransbiii B HKM-HYK
B OTJele TIPoOIIeM dKOJIOTHH | dHeprocoepexenns [11],
puc. 1. MccnenoBanus cenaparopa npou3BOJWINCH pac-
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Fig. 1. Computational model of the oil separator for the flow rate range of G = 2...10 m’/h on the basis of separation gradient aerosol

technologies:

Puc. 1. PacuerHasi MOJIeIb MACIOOT/IEIHUTENSI-CEaparopa isl auana3oHa pacxonoB G = 2—10 m*/4 Ha OCHOBe cenaparOHHBIX

TPpaJUCHTHBIX a3PO30JIbHBIX TEXHOJIOTHN:

a — isosymmetry /n3ocuMmetpust; b — side view/Bun cOoKy; ¢ — bottom view/Buz CHU3Y

Basic material. Results of the separator studies.
As a prototype, the study employed an oil separator for
purification of crankcase gases developed at the NUOS
in the Department of Ecology and Energy Conservation
Problems [11]. It is shown in Fig. 1. The separator stud-
ies were carried out using computation methods based
on its three-dimensional model in the gas flow range of
2...10 m*h (Fig. 1) and on the experimental stand, as
well as in real conditions as a part of the engine. The gas
dynamics of the flow was studied, and the precipitation
coefficients were analyzed for different flow rates of the
gas-oil medium.

Mathematical model for the study of separation gra-
dient aerosol technologies. The thermophysical model
of the process of particle transportation in the channel
is based on the Reynolds Stress Transport equation with
the calculation of individual stresses (#; #; ) and has the
following form:

a ’ ! a ’ !
—(pu. u, )+—(pu,u. u. )=
at(p, ) axk(pk, )

0 ou; u'; 0 o0 —

= |HeTH T (¥ u]‘) - (2)
ox,| o, Ox, ox, ox,

i o]y, A

Pt o, t ox, e ox, ox,

By analogy with the Reynolds Stress Transport equa-
tion, in order to take into account the non-isothermal pa-
rameters of the process, the calculation of convective
heat transfer is performed using the energy equation:

0 0
5("5”57,.[”" (PE+P)|=

) Cou, \OT
el o

YCTHBIMH METOJIAMH Ha OCHOBE €0 TPEXMEPHOI MOICITH
B JiMarna3oHe pacxonoB ra3oB 2—10 m3/4 (puc. 1) u Ha
JKCIICPUMCHTATBHOM CTEH/IC, & TAKIKE B PCAJIbHBIX YCJI0-
BUSIX B cocTaBe jaBurareiieii. MccnemoBanach ra3ognHa-
MHKa ITOTOKA ¥ aHATTM3UPOBAIUCH KOAPPHUIINEHTHI OCaXK-
JICHUS TIPY Pa3HBIX PacXo/ax ra30MaciiTHON CpPEJIbI.

Mamemamuueckaa modenv 014 UCCIE006AHU
CenapayuoHHbIX ZPAOUEHMHBIX AIPO30JIbHBIX Mex-
Honocuil. Vicnons3yemasi Teruiodusnyeckas MoJEIb
MPOLIECCOB TEPEHOCa YacTHIl B KaHajle OCHOBaHa Ha
TPAaHCIIOPTHOM YPAaBHEHMHU HampshkeHuii PeinHonbaca
C pacyeToM WHIMBUAYaNbHBIX HamMpsKeHHH (u; u) )
¥ UMeTIa BU;

a r ’ a ’ ’

—(pu, ' ) +—(pu,u; u'; )=

at(pl ) 6xk(pk1 )
0 ou; u', 0 o

=2 BeHT el uj) - (2)
ox,| o, Ox, ox,| " ox,

ol 2 |y, 2

Pt o, ' ox, e ox, ox,

[To anamorun ¢ TpaHCHOPTHBIM YpaBHEHHEM Haripsi-
JKeHUI PeiiHonb/ca a1t yueta HEM30TEpPMUYECKUX I1a-
paMeTpoB Ipoliecca BBINOIHEH pacyeT KOHBEKTUBHOIO
TETIONEPEHOCA C TOMOIIBIO YPABHEHHUS SHEPTUH:

0 0
S PEY+——[u,(pE+P) ]=

i

d Cop, | 0T
= || p+=2ET 2 (T,
ax, K Pr, jﬁxi u’(TU)eff:|7 3)
1€ T BbIYUCIIIICA KaK:
ou, ou | 2 ou,
= LTz —5., 4
N ”"’ff[ax,. axjj 3 gy @)
rae
=Mt (5
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where T was calculated as follows:

ou, ou | 2 ou
= | =L+t |-=n,, —3.., 4
N Mgf/{é‘xi 69@] 3”9” ox, ! )
where
Moy = My T 1y ©)

The equation of motion [3] is solved to simulate the
trajectories of dispersed particles of a two-phase medi-
um. It takes into account the force of inertia of the par-
ticle and other basic forces which have an impact upon
it. In Cartesian coordinates, this equation is written as

follows:
a i _
“_F 4 8.(p,—P) +F, ©6)
ot Py
where FD is the resistance force for a unit mass of
the particle:
D= 18“2 CiRer (7)
p,d, 24
u —u
Re=deM, (®)
n

where Fi are the additional forces which have an im-
pact on the particle.

The resistance coefficient CD is calculated in the fol-
lowing way:

24 ,\. bRe
CD=§(1+b1Re )+m, )

where bi are the coefficients set polynomially.

The equation takes into account the additional forces
Fi which have an impact on the particle. To account for
the precipitation of particles under inertia, it is necessary
to consider the acceleration of the flow around the par-
ticle. The force of inertia is calculated as follows:

(10)

The transverse displacement of particles can be
caused not only by the gradient of the averaged gas ve-
locity, but also by the inhomogeneity of the field of its
pulsating velocities. The nonuniformity of the velocity
profile leads to a directed displacement of the particle
towards a decrease of the pulsation intensity. This effect,
commonly referred to as turbulent migration or turbopho-
resis, is calculated by means of the following formula:

2
F, =-0,5m, Ou
%

an

An additional force of the particle transportation
appears in case of a pressure drop. It is called the dif-
fusion-phoretic force, which can be calculated from the

F,= S uk@.
S P ox

w

formula:

(12)
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Jliist MOAIENUPOBAHUSI TPACKTOPHUNA JTUCIICPCHBIX Ya-
CTHI[ JBYX(pa3HOU Cpe/ibl PelIanoch ypaBHEHHUE JIBHKE-
HUs [3], KOTOPOE YUUTHIBAJIO CHIY WHEPIIMH YaCTHIIBI
U JPyrHde OCHOBHBIC CHJIBI, BO3JCHCTBYIOIIHE HA HEe.
B nexapToBBIX KOOpMHATAX 3TO YPAaBHCHUC 3alHChIBaA-
JIOCh CIEAYIOIUM 00pa3oM:

ou, 8.(p,—p) \F, 6)

—=F+
a " Py

e F,, — cujia CONPOTUBIIEHHS TS €AMHHIIBI MACCHI Ya-
CTHIIBIL:

18u C
F = ~—LRe, 7
P A2 )
U —Uu
v ®)
u

e F, — JIOTONHUTENBHBIE CUJIBI, BO3JCHCTBYIONINE HA
YaCTHULLY.

Koapdpumment conporusnenns C, ONpenensics
Kak:

2% .\ bRe
CD=E(1+b1Re-)+m, )

1€ b, — TIONMHOMHMHAJIBHO 33/1aBAEMbIE KOO(D()HIIMEHTBL.

VpaBHEHME YYUTBHIBAET JOTIONHUTENBHBIE CHIIBI £,
KOTOpbIE BO3JEMCTBYIOT Ha yacTully. st yuera ocaxuae-
HHS YaCTHI] IO AeHCTBHEM CHIIbI HHEPLUH HEOOXOAUMO
OpaTh BO BHMMaHHE YCKOPEHHE MOTOKA, OOTEKAaIOIIEro
gactuily. Cujia MHEpLUU HaXOJUTCA Tak:

1p o
F-2P%_
‘ 2pk6t(u ).

(10)

[Tonepeynoe cMeleHNE YaCTUI] MOXKET OBITh BbI3Ba-
HO HE TOJIBKO TPAJMEHTOM OCPEIHEHHOH CKOPOCTH Trasa,
HO U HEOJHOPOIAHOCTHIO TOJISI €T0 MyJIbCAMOHHBIX CKO-
pocreil. HepaBHOMEpHOCTh MPOQUIIS CKOPOCTH NPUBO-
IUT K HAalpaBJICHHOMY CMEILICHHIO YacTHIBI B CTOPOHY
YMEHBIIICHNS UHTEHCUBHOCTH MyJIbcaliuid. DTOT A deKT,
OOBIYHO MMEHYEMbIii TypOyJIEHTHOW MHUTpaluel HiIH
TypOodope3om, paccauThiBaeTcs 1o hopmyie:

2
ou,,

F,=-0,5m, (11)

JlononHUTeNIbHAS CHIIA TIEPEHOCA YaCTHUIL OSBIISET-
csl B Cllyyae BO3HUKHOBEHHSI Iepenaja JAaBjieHus U Ha-
3piBaeTcst  Juddy3nodopeTnieckorl CHIIOH, KOTOPYIO
MOXKHO OIIPE/ICNIUTH N0 hopMyIIe:

P ou
F3 _[PJUI( &

W

(12)

Pacuemmnwrit 3xcnepumenm. BpITIOTHEHO HCCeno-
BaHUE ra30[JMHAMHKH B TIPOTOYHOM YacTh KaHajia U To-
Jy4eHBI 3HAUCHISI KO PHUIIMESHTOB 0CaXICHISI TIPH pas3-
JIMYHBIX KOHLIEHTPALMSX KHUKOH (a3bl.

B mporecce pacyera 3aaBaiuch ClIeAyIONIUE Mapa-
METpBbI:

—TpexMepHasl T€OMETpHsl IOCTPOEHAa B PeajbHOM
MacmTabe (umHa 80 MM H BeICOTA 5...25 MM);
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Calculation experiment. There has been performed
a study of gas dynamics in the flow part of the channel.
As aresult, the values of the precipitation coefficients are
obtained for different concentrations of the liquid phase.

During the calculation, the following parameters
were set:

—three-dimensional geometry constructed in real
scale (length of 80 mm and height of 5...25 mm);

—computational grid constructed of triangular seg-
ments with the area S = 30-10-% m?;

—medium parameters — normal conditions;

—gas density p,_ = 1.225 kg/m?;

—gas viscosity p = 1.79-10 kg/(ms);

—material of the channel wall is aluminum with the
roughness of 0.1 mm and density p_, = 2690 kg/m’;

—minimum particle diameter d . =3 um;

—average particle diameter d_. = 10 pm;

—maximum particle diameter ¢ = 15 pm;

—concentration of the liquid phase C, =2-10 g/m’;

—flow rate range G =2-10 m*/h.

The distribution graphs of the study of gas dynamics
in the flow part of the channel (Fig. 2—6) show that for
G=2,4,6,8, 10 m*/h, the pressure drop in the separating
coagulators reaches 0.2...3.5 kPa, respectively.

Calculation of the particle trajectory in the channel has
shown that the particle flies through the entire channel in
0.2 s and its trajectory coincides with the line of the gas-
eous medium flow in the operating channel. Calculation of
the velocity distribution in the oil separator at G = 2...10
m*/h has shown that there are no stagnant zones in the
channel and precipitation of the particles takes place in the
zone of impact and turn of the stream in the flow channel.

There has been performed a calculation of the particle
precipitation in the separator channel at G =2...10 m¥h.
(see Table 1)

smi.nuos.edu.ua | smi@nuos.edu.ua
NCCNEAQOBAHUA N PA3BPABOTKA

N1 (7) 2017

—pacyeTHasi CeTKa COCTaBJICHA U3 TPEYTOIBHBIX CeT-
MEHTOB ¢ Tuonaaso S = 30-10"% Mm%

—TIapaMeTphl CpeIbl — HOPMAIbHBIC YCIOBHS,

—IIIOTHOCTH Taza p, = 1,225 xr/m’;

—BA3KOCTh [ = 1,79-10 7 kr/(m-c);

—MaTepHal CTCHKH KaHaJla — aJIFOMUHHUHN C IIePOX0-
BarocTh 0,1 MM U IIOTHOCTBIO p, = 2690 Kr/m3;

—MUHHMMAJbHBIH JHAMETP HacTull d_. — 3 MKM;

—cpennuii auametp vactun d, . — 10 Mxwm;

—MaKCUMAaJIbHBIN THaMETpP YacTHUIT almaX — 15 MKM;

— KOHIICHTPAIHS KUIKOU (ha3bl c =2-10 r/m3;

— nranas3oH pacxonoB G =2—10 m¥/u.

I'paduk pacnpesenenus ucciae0BaHNe ra30AnHAMU-
KM B MIPOTOYHON YacTH KaHana (puc. 2—6) moKa3bIBacT,
uro it G =2, 4, 6, 8, 10 M*/4 mepenaj naBieHus B ce-
napupyromux koarynsropax apocruraer 0,2...3,5 xlla
COOTBETCTBEHHO.

Pacuer TpaekTopuuM IBIDKCHHS YaCTHI[ B KaHAJC
OTIpEIeNNII, YTO YaCTHIIA ITPOJIeTaeT Bech Kanai 3a 0,2 ¢
U ee TPAaeKTOPHsI COBNAJIACT C JIMHKUEH TOKa ra30Boii cpe-
IIeI B pabouem kaHane. Pacder pacmipeneneHust CKOpoCcTH
B Maciooraenuteie npu G = 2—10 m*/u mokasan, 4to
B KaHaJIe HET 3aCTOMHBIX 30H U OCAKIACHUS YaCTHII TIPO-
UCXO/IUT B 30HE yJapa U pa3BopoTa CTPyH B KaHAJE Te-
YCHUS.

BrImonHeH pacuer oca)kJeHHs YacTHUIl B KaHAJIe ce-
naparopa ipu G = 2—10 m*/4. (cm. Tabn. 1)

Pesynerarel pacuera mpu G = 2—10 mM*/4 cBueTENB-
CTBYIOT, YTO KOA((PHUINCHT yIaBIUBaHUS YaCTHII JJOCTH-
raet 99 %.

Memoouxa uccnedoeanuii cenapamopa. Onruue-
CKHE M3MEPEeHNS AUCTIEPCHOCTH U KOHIICHTPALIUH YaCTHI
MPOU3BOIMIIUCH TIPH TIOMOIIN (POTORIIEKTPUIECKOTO CUET-
YHMKa a’3po30NbHBIX YacTull A3-5 u Qoromerpa a’po3o-
neit PAH-Y4.2 VXJI. TlorpemHocTs U3MEpEHUsT STUMU

Table 1. Calculation of precipitation in the separator at G =2...10 m*h

Ta6auuna 1. Pacyer ocaxenus B cenaparope npu G =2—10 m3/u

Air flow . . . . .. | Aerodynamic drag .
rate G, Oil concentration Particle Collection coef- | Collected oil, KPa ? Mixture
m*/h C ,gm’ diameter, pum ficient, % g/h temperature, °C
Pacxon KOHumem"pauHa Juamerp Koadpduunent | Ynosienunoe AdpouHamIieckoe Temneparypa
Bo3ayxa G ,| macma C ,1/M° | "acTui, MKM | yiaaBiuBauusi, % Maco, r/4 COTPOTHBICHIE, cmecw, °C
i/ s B klla
3 74 0.90
2 2 10 86 1.14 0.2
15 99 1.32
3 79 4.21
4 4 10 89 4.74 0.8
15 99 5.28
3 85 10.2
6 6 10 89 10.68 1.6 20
15 99 11.88
3 89 18.98
8 8 10 93 19.84 2.5
15 99 21.12
3 89 29.66
10 10 10 97 32.33 3.5
15 99 33.00
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Puc. 3. lccnenoBanue ra30iMHAMUKHI B IPOTOYHON YacTH KaHana npu G

Fig. 3. Study of gas dynamics in the flow part of the channel at G
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Fig. 2. Study of gas dynamics in the flow part of the channel at G
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Fig. 6. Study of gas dynamics in the flow part of the channel at G = 10 m*/h

Puc. 6. MccrenoBanue ra30iMHaAMUIKH B IPOTOYHOM yacTu Kanana npu G = 10 m*/a

The calculation results at G = 2...10 m*h have
shown that the coefficient of collection of the particles
makes up 99 %.

Methodology of the separator studies. Optical mea-
surements of the particle dispersity and concentration
employed the photoelectric counter of aerosol particles
AZ-5 and the aerosol photometer FAN-U4.2 UHL. The
measurement error in these devices did not exceed 5%.
Sampling was carried out through sampling tubes, which
at the same time served as pressure tubes (Fig. 7). Isoki-
netic conditions were maintained during measurement.
The mass concentration of particles in the flow is re-
pelled from the same patient through the analytical AFA
filters. The AFA filters were weighed on analytical scales
with the error of = 0.1 mg before and after sampling. The
concentration of particles was determined by the filter

npubopamyu He npesbimana 5%. Otdop nmpod npoBoawmI-
cs yepe3 3a00pHBIE TPYOKH, CITY>KHBIIHNE OJHOBPEMEHHO
TpyOkamu ronHoro nasnenust (puc. 7). Ilpu 3amepax co-
OJIONANMCh YCIIOBUS M30KMHETHYHOCTH. MaccoBasi KOH-
LEHTPALMS YaCTHL] B IIOTOKE HAXOMJIaCh OTOOPOM MPOOKI
JCTIEPCHON JIBYX(ha3HOW cpeibl acIipaTopoM M IpOITy-
cKaHus ee yepe3 aHanmTraeckue GuabsTpbl ADA. Ouibrpsl
A®A B3BeHIMBAINCH HA aHATUTHYECKUX BECax € MOrperl-
HoCThIO £0,1 Mr 10 1 mocie B3stus mpoObl. [1lo mpuBecy
(mIETpa ¢ y4eToM BPEeMEHH M pacxoza MpoOsbl rasa pac-
CUMTHIBAJIACh KOHLEHTPALHS YaCTHUL 110 hopMyIie:

C,, =1000(m, —m )/g, T, (14)

e m , m_— Macca QUIBTPOB JIO M MOCHE MPOOBI, MT;
8,, — Pacxox BO3/yXa B IEpHOX 3ab0pa mpoOkI depes
acImuparop, JI/MHUH; T — BPeMsi IPOObI, MUH.
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mass gain, taking into account the time and flow rate of
the gas sample, with the use of the following formula:
C,, = 1000(m, — m)gr, (14)

where m_and m, are the filter masses before and after
sampling, respectively, mg; g is the air flow rate during
sampling through an aspirator, I/min; t is the duration of
sampling, min.

The air-oil medium flow rate was determined by the
pressure drop on the flow-measuring collector made in
the form of a lemniscate profile:

2
G=a,S, /59,81(;01—])2), (15)

where o, is the flow rate coefficient, o, = 0,99; S, is the
flow cross-section of the collector, m?; p is the medium
density, kg/m*; p and p, are the static pressure of the en-
vironment and in the collector, respectively, mm of water
column.

The effectiveness of aerosol collection by the elements
under study was determined by the following formula:

n20:(1%m]100 %, (16)

where C, and C_ are the inlet and outlet concentration
of the oil aerosol, respectively, mg/m®. The AFA filters
were weighed on analytical scales. The coefficient of to-
tal purification efficiency was calculated with the use of
the formula:

Mo =(1-C,..G, / 8,.), (17)

The methodology of the study assumed the efficien-
cy estimation to correspond to the range of the gas flow
rate from 2 to 10 m¥/h.
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Pacxon MacioBo3aylIHOM Cpebl ONpEeAessuics 1o
nepenajgy AaBI€HUN Ha PacXOAOMEPHOM KOJUIEKTOPE,
BBITTOTHEHHOM B BHZE MPOQIIIS JISMHUCKATHI:

2
G:akSle 59’81(171 7p2)9

e o, — kodduuuent pacxona, o, = 0,99; S, — npo-
XOJTHOE CEUCHHE KOJICKTOpa, M%* p — IUIOTHOCTH Cpe-
Jbl, KI/M’; p| M p, — CTaTHYECKOE JIABIECHUE OKPYKaK0-
IIeH Cpelibl U B KOJIEKTOPE, MM BOJ,. CT.

O¢ddexTuBHOCTS ymaBIUBaHHUA a’3po30Jieil mccie-
JyeMbIMU 3JIEMEHTAaMH BBIYHCIISUIACH CIEAYIOIUM 00-
pasom:

(15)

(16)

6x

Mso _[1—%}00 %,
C
rme C_wu C — BXO{HAs U BBIXOJHAs KOHLCHTPALMS
MacIITHOTO a’po30isi Mr/m°. B3apemrnBanue (GuIbTpOB
A®A 1pou3BOANIOCH HAa aHATHUTUIECKUX Becax. Koag-
¢unyentT cymMMapHOH S((QEKTUBHOCTH OYHUCTKH TaK¥Ke
paccuuThIBAJICS IO hopMyIIe:

nEl) = (1 - Cm»LrGﬁ / g!/«'l )’ (1 7)

Metoaukoil ncnbITaHUH MpeaycMaTpUBaIach OLEH-
Ka 3((EKTHBHOCTH B WHTEPBAJIE PACXOJOB Ta3a OT 2 10
10 m*/u.

Pe3ynbrarel CTEHIOBBIX MCCIENOBAaHUI KOHCTPYK-
IIMA Ta300YUCTUTENS W OLEHKH ero 3(dexTHBHOCTH.
Jnst uccnenoBaHuil ObLT pa3paboTaH W HM3TOTOBJIECH
OTIBITHBIM 00pa3en cernaparopa MPOU3BOJUTEIEHOCTHIO
G =2-10 m*/4, puc. 7. Pe3yapTaThl CTEHIOBBIX UCIIBITA-
HUH MIpeCcTaBIeHEI B Ta0M. 2.

Fig. 7. Test sample of the oil separator with the productivity of G =

2-10 m*h

Puc. 7. OnbITHBII 00pa3el MacIOOTAEINUTEIIS IPOM3BOAUTEIBHOCTEIO G = 2— 10 M*/9

Table 2. Oil separator study. G =2—10 m’/h

Taonuna 2. Vccienosanue maciooraenurensts. G =2—10 m*/u

Air flowrate G _, | Oil concentration | Collection coeffi- . Aerodynamic drag, kPa Mixture

S air N S Collected oil, g/h o

m’/h C ,g/m cient, % AbsponuHamuyeckoe | temperature, °C

in VioBnenHoe Macio,
Pacxon Boznyxa G, | Konuenrpauus Koadpunment COIIPOTUBIICHUE, Temneparypa
s r/a

Mg macia C_, r/m? YIaBIUBaHUSL, %o klla cmecw, °C
2 2 3.96 0.2
4 4 15.84 0.8
6 6 99 35.64 1.6 20
8 8 61.44 2.5
10 10 99 3.5
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Results of the stand studies of the design of the gas
purifier and evaluation of its efficiency. A prototype sepa-
rator with the productivity of G=2-10 m*/h was designed
and manufactured for the studies. It is shown in Fig. 7.
The results of the stand tests are presented in Table 2.

The data in Table 2 indicates that for the coagulator,
the coefficient of the total efficiency of purification from
oil droplets made up 99%. This coefficient is obtained
with an input droplet concentration of up to 10 g/m?, a gas
flow rate ranging from 2 to 10 m*h and the temperature
of 20°C. At that, the aerodynamic drag of the separator
was in the range of 0.2 to 3.5 kPa, and the outlet oil con-
centration in the purified air was up to 10 mg/m>.

CONCLUSIONS. 1. There were performed calcula-
tions of the hydrodynamic situation and the trajectory of
particles in the flow part of the oil separator of crankcase
gases. They reveal that the particle flies through the entire
channel in 0.2 s and its trajectory coincides with the line of
gas medium flow in the operating channel. 2. Based on the
results of static pressure distribution for G =2—10 m%h, it
is established that the pressure drop in the separating co-
agulators reaches 0.2...3.5 kPa, respectively. 3. The results
calculation at G = 2—10 m*h show that the total coeffi-
cient of separation efficiency reaches 99%. 4. Based on
the calculations, a prototype oil separator was developed;
its experimental studies were performed on the stand in
the form of an open-type wind tunnel. The coefficient of
the total purification efficiency is determined to be 99 %.

Cnmcok iureparypbl
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W3 Tabm. 2 BUIHO, YTO AJS KOArymsTopa Kodp¢u-
[UCHT CYMMAapHOH 3((EKTHBHOCTH OYNCTKH OT Karleib
Mmacia coctaBiil 99 %. JlaHHbIH KO3(OHUINEHT MOTyYeH
MIPY BXOJIHOM KOHIIEHTpaluu Karenb 10 10 r/m°, pacxone
raza ot 2 0 10 M*/4 u ipu emmnieparype 20 °C. [Tpu atom
A3POJMHAMHUYECKOE CONPOTUBIICHHE OTICIHUTENS KOJIe-
6amock ot 0,2 mo 3,5 xIla, a BeIXOAHAS KOHIICHTpAIHA
Maciia B OUHIIIEHHOM Bo3ayxe 710 10 mr/m?.

BbIBO/bI. 1. BeinonHnens! pacyeTsl THAPOITHAME-
YECKOI 00CTAaHOBKH U TPACKTOPHU YaCTHI] B IIPOTOUYHOM
YacTH Cernaparopa-MaciloOTAETUTeNsl KapTepHbIX ra3os,
KOTOpbIEe MTOKa3aJM, YTO YaCTUIA MIPOJIETaeT BECh KaHAI
3a 0,2 ¢ u ee TpaeKTOpUs COBMAJIAET C JINHUEH TOKA ra3o-
BOW cpeibl B paboueM KaHae.

2. Tlo pesynbTaram pacopeesieHus CTaTHYeCKOro
napnenust it G = 2—10 M*/4 yCcTaHOBJIEHO, YTO mepe-
naj JaBJIeHUs B CEMapUPYIOIIUX KOaryasTopax 10CTUra-
er 0,2...3,5 xIla cooTBETCTBEHHO.

4. Pesynbratel pacuera nmpu G = 2—10 m*/4 moka-
3aJIM, 9YTO CyMMAapHBIH KOA(PPHUINCHT YIABINBAHUS CO-
crasinset 99 %.

5. Ha ocHoBe pacdeToB ObLT CO3aH OIBITHBIA 00-
paser MacIOOTACTUTENs U OBUTH BBIIOJHEHBI €TO JKC-
TIepUMEHTAIBHBIC FCCIIEOBAHNS Ha CTCHIIE B BUAC ad-
pOAMHAMHUYECKON TPYOBI OTKpBITOTO THIA. OmpenencH
k03 GuIIeHT cymMmmapHOW 3((GEKTHBHOCTH OYHCTKH,
KOTOpBIN paBeH 99 %.
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VIIPABJIEHUE ITPOEKTAMM

Kadepnpa ynpasneHus npoekTa-
mu (YM) co3paHa B 2007 r. npukasom
no HauuoHanbHOMYy yHUBEPCUTETY
KopabnecTpoeHUs MMeHU agmupa-
na MakapoBa ot 23.01.07 Ne 44-k.
Bo3rnaBun kadeppy [OKTOp Tex-
HUYyeckMx Hayk, naypeaT locypap-
CTBEHHOW NpeMun YkpauHbl B 0bna-
CTWU HayKU N TEXHWUKU, 3aCNy>XKEHHbIN
pabOoTHUK MPOMBILLIEHHOCTH, NPO-
¢deccop YepHoB Cepreint KoHcTaHTH-
HoBwWY. lMop ero pykoBOACTBOM Ha
Kadenpe cerofHs paboTaloT : A.T.H.,
npodeccop, naypeaT rocyfapcrBeH-
HOM NpeMun B 061acTn HayKu U Tex-
Hukn K.B. KowkwH, A.3.H., npo-
¢eccop W.B. ToHYapeHKO, K.T.H.,
npodeccop H.B. datee; KaHan-
AaTbl TEXHNYECKUX HayK, AOLEeHTbI:
A.M. BozHbii, T.T. FpuropsiH, ctap-
wue npenopgasaTtenu: T.T. Yyduumk,
E.b. WHengep, nabopaHT kadeppbl
KonecHuyeHko A.M., 3aB. KabuHe-
Tom [iokoea C.T1., 3aB. nabopato-
pven Mactep .B.

CHavanacBoero CylecTBOBaHUA
kacdepgpa roToBUT CMeLManUCTOB
M MarmcTpoB JHEBHOW U 3a04HOWN
dopmbl 00y4yeHUs Mo creumanbHo-
cTn «YrnpasneHuve npoekTamm» Ha
Oa3e 6akanaspaTta noboro Hanpas-
neHus. B 2012 r. oTkpbiTa HOBas
cneumanbHoCcTb —  «YnpaBneHue
WHHOBALIMOHHOW [eATeNbHOCTbIOY,
no KOTOPOMW MpeaycMOTpeHa MNopa-
roToBKa MarucTpoB AHeBHOW dop-
Mbl 0Oy4eHus. Bcero 3a rogbl cBoero
cywecTBOBaHMA Kadeapown nopro-
TOBNeHo b6onee 300 crneuuanncTos
M MarncTpos.

Kadegpa Takxe BbIMONHAET
NoAroToBKY KajpoB BbiCLLUEN KBanu-
puKaumn B acnupaHType n [OKTO-
paHType. Ha cerogHsHWI AeHb Noa-
rotosneHsl 1 LOKTOP 1 8 KaHAMAATOB
HayKk no cneuuanbHocTn 05.13.22
«YnpaBneHve npoektamMu W Mnpo-
rpammamm». K 3awmTe roTtoBATCS
elle 2 foKTOpCKMe N 9 KaHAMAATCKUX
paboT no 3Tow cneumnanbHOCT.

Ona  yrnybneHHoro wu3sy4yeHus
OCHOBHbIX AUCUMMIMH Ha Kade-
ape uvcnonb3yloTcs  nabopatopum,
OCHalLEHHble COBPEMEHHOW KOM-
MbIOTEPHON U MyNbTUMEAUIHON
TEXHUKON, Co3haHa creumanmsnpo-
BaHHaa ayauTopus Ansa NeKUMOHHbIX
N NpaKTUYeCKMX 3aHATUW, a Takxe
Ans NpoBeAeHUs WHAMBUAYaNnbHON
paboTbl U aKynbTaTUBHBIX 3aHs-
TUI U ceMnHapos. B 2007 r. co3paH
dunman kadegpsl Ha 6a3e M HMKIK
«3opsa»—«MawnpoeKkT», rae msyya-
I0TCA  AUCUMNAMHBL - «YrnpaBneHue
NpoeKkTamMn MallMHOCTPOUTENbHbIX
npeanpuaTuny, «YnpaeneHne npo-
eKTaMW pPasBUTUSA MPEanpUATUNY,
«CTpaTernyeckoe ynpasfiieHne MHHO-
BaLMOHHbIM pa3BuUTHeM» 1 «Ynpas-
NeHVe MHHOBALMOHHbLIMW MPOeKTaMU».

Ha 6a3e kadenpsb! YI co3gaH Hu-
KONaeBCKUM LEeHTp YKpauHCKon ac-
coumaumm yrnpasneHns npoektamum
(UPMA). Kadenpa akkpeauMtoBaHa
UPMA pns nOAroToBKM MeXAyHa-
POAHbBIX CEPTUPULMPOBAHHBIX Crie-
unanuctoB ypoBHs E (MPMA 4 -LC).

Kadepgpa npoBoguT akTUBHYIO
Hay4HO-MCCreoBaTENbCKYIO paboTy
no TemMaTU4yeckKMM HarnpasneHUsMm

«MeToponorus ynpasneHus npoek-
Tamu 1 nporpammamm», «NHpop-
MaLMOHHbIE TEXHONIOrMM  yrnpas-
JIeHMs npoeKkTamMu», «YnpaeneHue
npoekTamu (YHKLMOHMPOBAHUS W
pPasBUTUS HAYKOEMKUX npeanpus-
TUN», «YrpaBlieHWe NpoeKkTamu pe-
rMOHaNbHOIro Pa3BUTUA».

Kadenpon YI exeroaHo B CeH-
T0pe npoBoauTcs MexayHapoa-
Has Hay4YyHo-MpakTuyeckasi KoHge-
peHuus «YnpaBfieHMe npoeKkTaMu:
COCTOSIHME U NepcrnekTuBbI». Llenbto
KOHdepeHUMN aBnseTcs obmeH Ha-
YYHBIMWU JOCTUXKEHUAMW N HaBblKa-
MW NPaKTUYECKOro UCMOJIb30BaHUS
MEeTOAOMOrMIN yNpaBieHUs npoek-
TaMu, BbiIBNEHWE MEPCNEKTUBHbIX
HanpaBneHUM nccefoBaHUM U ycTa-
HOBNEHWE TBOPYECKMX CBAI3EN MEX-
Oy pasnn4YHbIMU KONNeKTUBaMn UC-
cnepgoBaTefien U NPaKTUKOB B 3TOMN
obnactn. B KoHdbepeHUUn npuHu-
MatoT yyactme okono 200 yyacTHU-
KOB M3 pa3HblX ropofoB YKpauHbl,
a Takxe u3 Poccun, benapycu, Asep-
GangxaHa un gnoHuun.

ExxerogHo B Hosibpe NpenogaBa-
Tenv kadeapbl BMeCTe Co CTyAeHTaMm
W acnMpaHTamMu NpoBOAsaT dopym,
NnocBsilleHHbIN  MexayHapogHoMmy
[HIO yrpaBeHus NpoekTamu, Ha Ko-
TOpPbIV NPUrnawalTcs BeayLme yye-
Hble U NpakTUkU. Popym MOCBSILLEH
NpakTU4eCcKMM acnekTam JesTenb-
HOCTM MNpodeccMoHanoB Mno ynpas-
neHuto  npoekTamu  (Npobnemsl,
C KOTOPbIMM CTaJKMBAKOTCS PyKOBO-
OVTENU MPOEKTOoB, Nydlne yKpauH-
CKME N MMPOBbIE MPAKTUKU U T. 4.).
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