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The problem has been solved numerically with the use of numerically-analytical approach. On
the base of the method using a system of the 15 equations are solved. Flow parameters, that are
varied, are Mach number, angle of attack, angle of blade setting in plane of rotation, and value of
blade bending. Several interesting facts have been discovered. In particular, using blade bend allowed
decrease noise level that was observed before at the tip of blade without bend.

Analysis of calculated data also discovered effective using of the "sin-sin" twice-bent for the
noise decreasing. In particular, it have been succeded in 10-20 dB noise decreasing dependently both
on calculation's situation and point position on the blade,; sound energy concentrates not in 2-3 first
harmonics, but in 5-6 one. More active capture of energy of high frequencies is seen.

Keywords: ’Blue-edge” blade, BVI-noise.
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PACUYET PACHPEJEJIEHUSA SHEPTUU TYPBYJEHTHOCTHU B IPUCTEHHON
OBJIACTU TYPBYJIU3UPOBAHHOI'O IIOI'PAHUYHOT O CJIOA

Annomayus. B pabome, nHa ochose molenu mypOyieHmHOCU, pA3PAOOMAHHOU ABMOPOM,
CMpoumcs peuierue YpagHeHus NepeHoca JHepeuu mypoyieHmHOCMU 8 HeNOCPeOCMEeHHOL Oau30cmu
om cmenku. Ilokasano, ymo pewienue Xopouio COOMEEMCMEYem UBECMHbIM MEeOPEemudeckum U
IKCHEPUMEHMATLHBIM OAHHBIM.

Knrwoueswvie cnosa: modenuposarue mypoyieHmuoCcmu, dSHepaust mypoyieHmHOCHL.

Berynienne

W3 skcriepuMeHTOB M3BECTHO, YTO B IMPHUCTEHHOW 00JIACTH 3HEPrusi TypOYJIEHTHOCTH
IIOXYUHSCTCA COOTHOLIECHUIO k+=1+10><10'3y+2. W3BecTHble MOAENU TYpOYJIEHTHOCTH B
pacdyeTax yBEPEHHO BOCIPOM3BOJAT 3TO COOTHOIIEHHWE, HO HE IO3BOJSIOT IOJIYYUTh €r0
teopernyecku. B pabore [1] aBTOpoM OblIa mpeiokKeHa MOAETb TYpOYJIEHTHOCTH,
MO3BOJISIIOIIAST TIOJYYUTh 3TO COOTHOIIEHHE. B maHHON paboTe mpeyiokKeH BBIBOJ ATOM
(bopMyIIBL.

1. BbiBoag  ypaBHeHHii, ONHMCHIBAIIMX  IepeHOC  TYpPOYJEeHTHOCTH B
HeNocpeACTBEHHOI 0JIM30CTH OT CTEHKH

[Ipemyioxennas Mozaenb TypOyJeHTHOCTH [1] TO3BOJISIET TEOPETUYECKH PACCUUTATH
pacnpesiesieHue SHepruu TypOYJIEHTHOCTU B TypOYIM3UPOBAaHHOM IMOTPAHUYHOM CJIO€ IpPH
MIPOM3BOJILHO MallbIX 4Yuciax PeiHonpaca. MrTak, mycTb Mbl MMEEM IIJIOCKYIO ILIACTHHY,
o0TekaeMyr0 TypOyJIM3UpPOBAaHHBIM MOTOKOM. Ha muracture oOpa3yeTcs moTpaHUYHBIN CIIOH,
JAMUHApHBIN B HaYaJIbHOM CTAaJUU U MEPEXOAAIIUI C pa3BUTHEM T€UEHUS B TypOYJIEHTHBIMH.
[lepenoc TypOyJIEHTHOCTH BO BHEIIHEM IOTOKE B 3TOM CJIy4ya€ MOKHO OIUCATh CHUCTEMOM
ypaBHeHui (1)-(2) ¢ HayanbHBIMU yclIOBUAMH (3) .

dk
1/ ":-g’ 1
* dx ¢ ()
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de g’

U ¢ =-C, ==
* dx g k, ’ (2)
ke(xo)zkoa ge(xo)zg()' (3)

Cucrema (1)-(2) umeer Tounoe peuenue (4)

1-C 1-C
X 2 X 2
k, =k, ] o ETE ]
“ “ 4)
KU, -
X, =— <~ X=X, X, +X.

" go(Cz _1)’

[Ipubmxennoe pemenne cucteMbl (1)-(2) oyeHb YacTO 3amMCHIBAIOT B BHJIE
anmnpoKCUMAllMOHHOTO  COOTHomIeHus Bujga (cMm. Hampumep [piban, DOnux [2])
u'=C(x+x0)_l% . 3necb C M Xp — KOHCTaHTBI, 3aBHCAILIUE OT TypOYJIEHTHOCTH BHEILIHETO
IIOTOKA, X — PacCTOSHHUE OT Hadaja IUIACTHHBI. Tak, Hampumep, B ciydae Tu, =u'/U, =0.03
XOpollee COIJIACOBAaHHWE C  OKCIEPUMEHTAJbHBIMU  JIaHHBIMM  JTA€T  COOTHOULICHHE
' =10*(x+0.4) /7. 31eCh X — PACCTOSHHE B METPax OT HAYANA IUIACTHHBI, u' BBIPAXKAETCA B
M/cek. M3 3TOro BhIpaXeHHUS U YpaBHEHUsS (2) MOXKHO OLEHHUTh JAWCCUIIATUBHBIA MacumTald B

CBOOOIHOM TIOTOKE. BBIUMCIECHHBIN B M (n =LJ mpu uncnax Re<100 u Tu,=0.03+0.05

va/2Re

OH OKa3bIBACTCSI PABHBIM L=1.5x10°+2.5x10°. B To xe BpeEMs TOJIIIWHA NOTPAHUYHOTO CIOS
B ATOM CJIydae XOpOIIO M3BECTHA M3 aBTOMOICIHHOTO PEUICHUS W BBIPAKEHHAS B 7] paBHA
6=3.52.

B sTroM cnyuae BHYTpH MOTPaHUYHOTO CJIOS 3HA4YCeHHS (YHKUUU fp OIEHEHHBIE TIO

BBIpAXKEHUIO f; =1—exp —2.4% OKa3bIBAKOTCSI BEIIMYMHAMU MOPSIAKA 104107

.

OTtMeTuM Teneph HEKOTOPBIE OYEBUIHBIE OCOOEHHOCTH MepeHoca TypOyJIeHTHOCTH. Bo
MEPBBIX, BCE HW3MCHCHHS, OOYCIOBJICHHBIC KOHBEKIIMCH, COCPEIOTOYCHBI BHYTPH
MOTPAHUYHOTO cJI0sl. Bo BTOPBIX, BHE €J10sl reHepanus TypOyJeHTHOCTH PaBHA HYIIO B CHITY
toro, uto 0U/0y=0. [1o3TOMYy BIIOJTHE €CTECTBEHHBIM ITPEICTABIISICTCS TIPEIMTOJI0KEHNUE O TOM,
9TO 3HAYCHUS k BHE CJIOSI MPAKTUYCCKHU MMOCTOSHHBI, T.. TU(PPY3HOHHBIN IEPEHOC BHE CIIOS
ucyesaronie Mai. B To ke BpeMs, B CBS3H C MaJOCTBIO f; BHYTPH IOTPAaHUYHOTO CIIOS,
muddys3ueit 1 renepanrend MoKHO peHedpedb U BHYTPU CIIOSL.

B urtore ypaBHeHus k-& Moaenu npuooOpeTaroT BU

U%+V%=—go, (5)
&
2
U%_FV%:_ng_O_ (6)
ox oy k,
Kpaesbie yci10BHsS HMEIOT B
=0,k =¢,=0; y >0, k,=k,,6,=¢,. (7)

3HaveHus k, U & PACCUUTHIBAIOT IO BRIPAXKEHUAM (4).
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2. TeopeTuyeckuii aHajau3 TypOYJEHTHOr0 TedeHHs] B MOTPAHUYHOM CJioe TNPH
MaJBIX ynciaax Re

Cucrema (5)-(6) 3ameHoit ¢, = gc‘,’z k,” TPUBOJUTCS K OJJHOMY YPaBHEHHUIO:
U%+V%=—g—gk§2. (8)
ox dy k,?

VYpaBHenue (8) 00beIUHUM C YpaBHEHHMSIMH HEPa3pbIBHOCTHU U MEPEHOCA MMITYJIbCa B
JJaMUHApPHOM MOTPAHUYHOM CJIO€.

2
O A

& & 9
P )
—+—=0.

&

b

3ameHna (4) He MeHsET BHEIIHEro Buia cucTembl (9) M OHa JOMyCKaeT pellieHue B
Ux Uy

v s n_v\/za

MepeMEHHbIE B ypaBHEHHH (8) M TPOBOIS 3aMEHY k =k,/k,, Toe k, ompenensercs

XOpOILIO M3BECTHBIX MNEPEMEHHBIX ¢ =

U=FU,. HUcnone3dys 5TH Xe

cooTHoIIeHuEeM (4), oclie HeCIOKHBIX MmpeoOpazoBanuit mosrydaem (cum. [130)):

2§F@+Vﬁ+ 2 Fk = 2
o& on 1-C, 1-C,

KpaeBble YCIIOBHS JUIA k BBITIAIAT CIEAYIOIMM 06pa3soM:

k. (10)

k(0)=0, lim, _, k(n)=1.
Tak Kak KpaeBble YCIIOBHS HE 3aBHCAT OT &, TO COINIACHO TeopeMme MopraHa

npousBojHas no £ B (10) Mmoxer ObITh oTOpolIeHa. Takum oOpa3zom, ypaBHEHUE NepeHoca k
B IIOTPpaHUYIHOM CJIOC MOKHO YIIPOCTHUTL, 3aMCHHB €0 YPaBHCHUCM

v+ Fk = k. (11)

Cxkopoctu V u F onipeenaroTcsl U3 aBTOMOIEIBHOU (POpMBI 3arucu cucteMsl (9):

F d’F
n n
dv

[loacraBnsis ypaBHenue HepaspbiBHOCTH (13) B (11), ypaBHenue (11) MOXKHO HpHUBECTH K
BUTY
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dc 2 adv ~ 2~
& k= kS . (14)
dn C,-1dn C, -1

VYpasuenue (14) MOxkHO peoOpa3oBaTh K BUILY

W%(—V)Al;:m?q- (15)

3necy A=1/(Cg-1). U3 ypaBHeHus: HepaspeiBHOCTH (13) cnemyet, uro V<0, mosTomy 3amuch
(15) xoppextna. U3 (15) anemeHTapHbIMU [TPEOOPa30BAHUIMU UMEEM:

d AT _ AT b
e E=CrP Ay (16)
Obuee pemenue (16) umeer Bu

1

E={V{C(1—C2)+2j.%dn}}l_cz. (17)

3neck C — mpOU3BOJIbHAS TIOCTOSTHHAS.
Pemienne  NOJDKHO — yIOBICTBOPSITH — ycmoBusM — k(0)=0, lim, &k =1. Paccmorpum

n
BeIpaXeHue 21’ j V=dn . Tlo npaBuny Jlonmrans, ¢ y4eToM ypaBHEHHs HepaspbiBHOCTH (13),
0

nMEEM:

.
jV'Sdn

0

limwo 2 =lim  ——=1lim_  —=o0
F

-2 n—0 dV n—0

_%

Tak kak mokasarens crerneHd B (17) oTpumareneH, To oTciofa ciemyer, 4to k(0)=0
HE3aBUCUMO OT 3HaYeHUH C. AHAJIOTUYHBIM 00pa30M MOJIydaeM, YTO

n

jV'Sdn

lim,_, 2% =lim, —=1.
V- F

n—>
Orcrona ciemyer, 9To JUIs BBITIOJHEHUSI YCIOBHS k (0) =1 HeoO6xoaumo, utoosl C=0. B utore,

TOYHOE penieHne ypaBHenus (16) umeer Buj

1

o]
k=21 —dn} :
OI/3
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OneHuM NoBeieHUe 3TOT0 pelleHus B IpUcTeHHol oOnactu. U3 pemenus [lonbraysena

clenyeT, YTo BONWM3M CTEHKH F zl.S%zl.S%zOAn. Torma w3 ypaBHEHHUS

n
HepaspbeiBHOCTH (13) cnenyer, uto V =~ —0.2n . [loacraBmnss 3to cootHomenue B (18) umeem

dr] Czl—l
—0.008n°

1

n ot
k= 0.08n4j = 0.5 "% (19)
0

Ipu C,=1.5 umeem k ~1.56F*. B ciyuae Tu,~0.03+0.05, yunrsisas, u4to y crenku U.=y.,
MOJIy4aeM ko+=1.4x107+9.9x10" y+2, YTO HAXOJHUTCA B XOpPOIIEM COOTBETCTBHUH C
SKCINEPUMEHTAJIbHBIMH JAaHHBIMH IO TIOBEICHUIO kK B NPUCTEHOYHON 0O0JacTH Ppa3BUTOIO
TypOYJEHTHOTO MOTPAaHUYHOTO CJIOSI.

Cnenyer OTMeTUTb, YTO, BOOOIIE TIOBOps, cooTHomleHHe (19) maer HECKOJIbKO
00JIbIIYIO, YEM KBAJpaTUUHAsI, CKOPOCTh 3aTYXaHUsI kK Yy CTEHKHU, T.K. U3 MIPUBEICHHBIX BBILIE
paccyxaenuit cienyer, uto Cy BCerga MeHsble, ueM 1.5.

K coxanenuto, B cBsI3M ¢ HeCOOCTBEHHOCTbIO MHTerpasia B (18), BbI3BaHHON TeM, YTO

V(0)=0, Beipaxkenue (18) HEMPUTOIHO JJIT TOYHBIX PACUETOB k 10 HaiixeHHBIM 3HAYCHUAM V.
ITo aToit npuunHe ypaBHeHue (19) pemianoch YUCIEHHO.

3. ConocraB/jieHHe pelIeHUil YNPOIUIEHHOT0 YPABHEHHS € IKCIHEPHUMEHTAIbHBIMHU
AaHHbIMH. Q0Cy:KI1eHHue pe3yibTAaTOB

VYpasuenue (10) pemanock Ha HepaBHOMEpHOH ceTke B oOmactu 0<n<1500 meTomom
crarmoHupoBanusi. Ckopoctu V' u F Opanuch U3 NMpeABAPUTEIIFHO MPOBEJACHHOTO PEIICHUS
cuctemsl (12)-(13). 3aBucumMocTu pe3ysnbTaToB OT LIATOB CETKU HE OOHAPYKEHO.

Pacuernbie 3nauenus ko/k. u &/s, npuBenensl Ha puc. 1. Kak m oxxmmanoch, Bce
M3MEHEHHUsI [1apaMeTPOB COCPEAOTOUEHBI B JIAMUHAPHOM MOTPAaHUYHOM CJIO€, T.€. B 001acTu
n<3.52.

K coxanenwnro, skciepuMeHTaIbHBIC TaHHBIC O pactpenenennu k npu Re<1000 aBTopy
Heus3BeCTHHI. [lo3ToMy Ha puc. 2 TpUBEIEHBI PE3YJIbTAaThl COMOCTABJICHUS PACUYETOB Ky IO
ypaBHeHU0 (19) ¢ pe3ynbraTamMu MOJAETUPOBAHUS JaMHUHAPHO-TYpOYJIEHTHOIO Iepexona,
npoBeaeHHoro LES-metomom (Aur m Bok [3]). Hdanuwsie fnra m Boka momydeHsr npu
Re=1.6x10" PesynbTaThl npHUBENCHBI B BUAE 3aBUCUMOCTU Ko/knepeousa OT V/Vnepeouoa. 3HECH
knepeousa — 3HaAUEHUE ko B TOUKE Ieperuda Ha npoQuie ko, Vpepeousa — KOOPIAUHATA ITOW TOUKH.
CoBnaieHNe MPAKTHIECKU TOUYHOE.

| U/U,
08 |— — — — Kk,
- - = gl
0,6 —
0,4 —
0,2 — ’
_ . (/
0 I T TTTT T TTTI I T TTTTI T
0,001 0,01 0,1 1 n

Puc. 1. Pacuer pacnpeneneHus SHEPTUH U TUCCHIIAIWH TTPH MajbiX Ri
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s —] AN
10 - A A A SHur u Bok
- nanHas padoTa
.0,8 —
£0,6 —
v -
= -
0,4 —
0,2 —
0,0 —750p0¢ [T T T T[T T T T[T TTT01
Yneperu6a
0,00 0,25 0,50 0,75 1,00

Puc. 2. ConocraBiienue pacueroB k ¢ pesynsraramu LES-mMonennpoBanus
Sura n Boka [3] npu Re=1.4 10

Bonee Toro, Ha puc. 3 pUBEIECHO COMOCTABJICHUE PACUETOB Ay C pacyeTaMu TEUCHUS B
Pa3BUTOM TMOTPAaHUYHOM CJIO€, TIPOBEIEHHBIMU TI0 MoeisiM Harano-Taraser [4], Uena [5] u
Jlaynnepa-Illapmsel [6]. Pe3ynbraTsl Takke IpeCTaBIECHbl B BUAE 3aBUCUMOCTH k/knepeausa OT
VY nepeeusa- COOTBETCTBHE IO KpaHEN Mepe ¢ ABYMs pacdyeTaMH U3 TPEX OYEHb XOPOILEe.

YT0OBI MOSICHUTH CMBICII ’TOTO COOTBETCTBHS, 3aIMMIIIEM YPaBHEHHE TIEpeHOCa ky B BUJIE

fo%Ddg[/%zconv(ko)_(foP_go) (11)

3nech conv(ky) — orepaTop KOHBEKTUBHOTO TMEPEHOCA.

1,2

s

Yen
— — — — Jlaynpep-llapma

—— = Harano-TaraBa

& & O nanmas pabota

k/kn eperuba

y yn eperuba
0,00 0,25 0,50 0,75 1,00

Puc. 3. ComnocraBienue pe3yibTaToB pacueToB k ¢ pacueramu dHEPTHH
TypOYJIEHTHOCTH 110 TPEM MOJIEIISIM.

Kax n3BecTHO, TOUKa mepernba — 3To TOUYKa U3MEHEHUS 3HaKa BTOPOW MPOU3BOIHOH. B
HEMOCPEJCTBEHHONW OJIM30CTH OT CTEHKH NpOoduib ky UMEET BBINYKIOCTh BHU3, T.€. BTOPAs
mpou3BoHAs mojoxkutenbHa. Toraa u3 (11) caemyer, uto B 3Toit obmactu conv(ko)>foP-&o,
T.€. pacnpezeneHue ky B OCHOBHOM olpezenseTcss KoHBekuue. Ha HekoTopom paccTossHUM
OT CTCHKH MPOQWIb k) CTAHOBUTCS BBIITYKJIBIM BBEpX, T.€. BTOpasi MPOU3BOHAS CTAHOBHUTCS
oTpunarenbHoil, T.e. conv(ko)<foP-&. Takum 00pa3oM MOXKHO CKa3aTb, YTO B 00JIaCTH
V<Vnepecusa PACIIPENICIIEHUE k) B OCHOBHOM OIIPEIEINIAETCSI KOHBEKTUBHBIM IIEPEHOCOM, a B
O0NaCTH  V>Vnepeausa — TEHEpalMed u auccunanuei. Pacnpenenenue ky B oOmactu
MIPEUMYIIIECTBEHHOTO BIHMSHUS KOHBEKIIMH XOPOIIO OmMHUCHIBaeTcs ypaBHeHueM (14). Boree
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TOr0, 3TO PACHPECIICHUE, BBIUUCIEHHOE B NEPEMEHHBIX k/kyepeousa OT V/Vnepecusa COXPAHIETCS
MPaKTUYECKH HEM3MEHHBIM HauMHAas OT CAaMOTO Havasia MIaCTUHBI.
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B pabGore momydeHO TEOpETHYECKOE pEIICHHWE [UIsi paclpelieiieHus DSHEPruu
TYpOYJICHTHOCTH B HEIOCPEACTBEHHOM OJIM30CTH OT CTCHKU. PerieHue o4YeHb XOPOIIOo
COTJIACYeTCS C M3BECTHBIMHU AKCIICPUMEHTAIBHBIMH W PACUYCTHBIMH JTaHHBIMH W SIBJISIETCS
JIOTIOTHUTEIbHBIM MOATBEP)KIEHUEM BEPHOCTH MOJEIU TypOyneHTHOCTH [1].
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CALCULATION OF THE DISTRIBUTION OF THE TURBULENCE ENERGY IN THE
WALLED TURBULIZED BOUNDARY LAYER INTRODUCTION

Abstract. Introduction. In the works [1]-[2], the author proposed a new technique for
designing turbulence models that differed significantly from the classical approach to developing such
models. The equations of the model obtained are simple and contain much less adjusting functions
than existing models for simulation of turbulent flows in the presence of hard surfaces.

An important stage in approbation of new models of turbulence is their verification on
problems with a known result. As a rule, the list of such problems includes the results of experiments
approved in the conferences on modeling turbulence.

One of the well-known and experimentally verified facts is a following statement. In close
proximity to the wall, the turbulence energy is proportional to the square of the distance from the wall,
and the turbulent friction — to the cube of the distance. All models of turbulence are required to ensure
the fulfillment of these ratios. In all models known to the author this was tested by solving on the
complete equations of the model in the immediate vicinity of the wall.

At the same time, the author does not know any simplified version of any model of turbulence
for the calculation of currents in the immediate vicinity of the wall. In this paper, a simplified version
is proposed.
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Purpose. Approbation of the developed model. Demonstration of the possibilities of the
approach to the construction of models of turbulence.

Results. By using the estimations of the model terms in the near-wall region and rejection of
small ones, a simplified version of the turbulence model developed by the author was proposed. The
simplified version makes it possible to simulate turbulence in the immediate the near-wall region,
without taking into account the effect of the external flow. Furthermore. In the immediate vicinity of
the wall, a simplified version allows an analytical solution that well corresponds to the experimental
and simulation data of different authors. The numerical solution of the equations of the simplified
model in a more extended region also corresponds well to a variety of data. Analysis of the results of
calculations makes it possible to propose a new explanation of the behavior of turbulence in the near-
wall region.
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JEAKI IBUAKICHI METOJM PO3B’SI3KY HEJIHIMHUX OGEPHEHUX 3AJTAY
TEIIJIOITPOBIIHOCTI

Anomauin. Y cmammi npogedenuil wucenvHuil anaaiz cepii memooie 6e3ymMo8HoI onmumizayii
Ha HeniHIUHUX 3a0ayax, AKi 0aiomb MOMCIUBICIb 3MEHWUMU Y4acC NOWLYKY HUCENIbHO20 D038 A3KY
senuxozo kaacy ueninitunux O3T. Taxoowce y pobomi 3anponoHosani cymmesi Moouikayii KiacuuHozo
memooy Hviomona, sixi 0aroms MONCIUBICMb OMPUMAMU WYKAHUL YUCETbHULL PO36 S30K HENIHIIHUX
3004y 3HAYHO WeUOwe y NOPIGHSAHHI 3 KiacuuyHum memooom Hviomona. Moougixayii memooy
Hoiomona 3i 3minHuUM Kpoxom O0aiomv 3HAYHO WGUOWLY 30idCHICMb Ma O0aiomb MONCIUBICb
ompumamu 00cumv weuoKo po3e szxu neniniinux O3T.

Knrouoei  cnosa: obepnena  3a0aua  menaonposionocmi  (O3T), mpsma  3adaua
mennonposionocmi (I13T), memoou 6e3ymosHoi onmumizayii, KeaOpamu4Huil QyHKYIOHA.

Beryn

ExcriepumeHTanbHi METOAM JOCHIKEHHS TEIIo(QI3UYHUX IPOLECIB Ta iX CHCTEM €
HaWOUIBII JOCTOBIPHUM JDKEPENIOM 1H(opMaIlii mpo TerioBuid ctad 00’ekty [7]. OcobnuBoro
3HAYEHHS Teopis 1 MpaKTUKa pO3B'si3aHHA OOCpHEHUX 337a4y HaOyBalOTh y Halll Yyac, KOJU B
CIIIy OOCTaBMH 10 CKJIAJIHUCS, OO €KTU EHEpPreTHKH, I[POMUCIOBOCTI, TPAHCIOPTY,
rocIo/1apcTBa, KOMYHIKallild, Oy[aiBeab Ta CHOpYJ BIANpalioBaJd CBiM IMJIAHOBUH pecypc 1
noTpeOyloTh YHUKHEHHS TEXHOT€HHUX KaracTpod, a came mNOTpeOyloTh TEpPMIHOBOIO
OHOBJIEHHS, MoOJiepHi3alii 1 pexoHcTpykuii. [lepmmm kpokoM B peanizauii mnporpamu
PEKOHCTPYKIlIi TepepaxoBaHUX BHIIE OO €KTIB € IIarHOCTHKAa iX TEXHIYHOTO CTaHy 1
BU3HAUEHHS 3aJIMIIKOBOTO pecypcy, TOOTO uacy, MPOTATOM SIKOTO JaHUM OO'€KT MOXe
HaJIMHO 1 €(eKTUBHO NIPALIOBATH, HE CTAaBJISIYM M1 3arpo3y >KUTTS JIIOJCH 1 HaBKOJUIIHE
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