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Aerohydrodynamics and Heat-mass Exchange

Gnesin V. 1., Kolodyazhnaya L. V., Kravchenko 1. F., Merkulov V. M., Scheremetyev A. V.,
Petrov A. V. The numerical analysis of aeroelastic behaviour of blade row of aviation engine fan........... 3-11

There presented the numerical analysis of oscillating blade row aeroelastic behaviour of aviation engine fan.
The numerical method is based on solution of coupled problem of unsteady aerodynamics and blades elastic os-
cillations, equations in which are integrated with parallel-sequential information exchange on each iteration.
There presented the calculation results of aeroelastic characteristics and aerodamping coefficients of fan blade
row under harmonic and coupled blades oscillations for given regimes of boundary conditions in inlet and outlet
of blade row. There conducted the numerical analysis of the influence of the Ist natural form frequency on
blades oscillations regimes with account of interaction of five natural forms. There shown that increase of the
1st natural form frequency quotes to increase of aerodynamical stability of blades oscillations.

Keywords: fan, three-dimensional ideal flow, numerical modelling, unsteady loads, aeroelastic characteristics.

Ilpeocmaenen uucienHwlll aHAIU3 A3POYNPY2020 NOBEOEHUs BUOPUPYIOUIe20 TONATNOYHO20 8eHYA BEHMUIAMOPA
asuayuoHHozo osueamens. HucienHolil Memoo 0CHOBAH HA peuleHult C8A3aHHOU 3d0ayU HeCMAyUOHAPHOU aspo-
OUHAMUKU U  YNpyeux Koaebauuii JIONAmMoK, YPAGHeHUs KOMOpbIX UHMeSPUpPyromcs napaiieibHo-
nocne008amenbHo ¢ 06MeHoM ungopmayuell Ha Kadxcool umepayuu. Ilpusedensl pe3yibmamol paciemos a’po-
VApY2UX Xapakmepucmux u KodDOuyuenmos a’spooemnuposanis i10NamoyHo20 6eHYd 6CHMUIAMOPA Npu
2aPMOHUYECKUX U CEA3AHHBIX KONEOAHUAX TONAMOK 0I5l 3A0AHHBIX PEHCUMOB SPAHUYHBIX YCIO0BUL HA 6X00€ U Bbl-
x00e 3a senyom. Ilposeden yuciennviii anaius erusaHus wacmomol 1-ii cobcmeennoll popmul Ha pescum Koneda-
HUll IONAMOK € y4emom g3aumooeticmaus namu coocmeennwvix gpopm. Ilokasano, umo nosviuienue yacmomaot 1-1i
€cobCMBEen O hopMbl NPUBOOUN K NOBLIUEHUIO A3POOUHAMUYECKOU YCMOUYUBOCTU KOIEOANHUL TONAMOK.

Knrwouesvte cnosa: eeHmunamop, mpexmephbiil UOeaibHblll NOMOK, YUCTeHHOe MOOeIUpOo8aHue, HeCmayuoHap-
Hble Ha2py3Kil, Adpoynpyaue XapaxKmepucmuKii.
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Rusanov R., Szymaniak M., Rusanov A., Lampart P. Development of the 500 kW and 1 MW
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There paper presents two types of developed ORC turbines. The silica oil (MDM) is used as the working media.
Proposed turbines are developed for electric power in 500 kW and 1 MW. For the designing of that turbines
there were only one geometric constraint: the minimum height of the blade — 20 mm. The final 3D calculations
of all turbine stages are provided with accounting the real properties of working media. Gasdynamic efficiency
of the developed turbine flow parts is adequate for the such type of power machines.

Keywords: ORC, flow part, analytical method of profiling, spatial flow, numerical modeling, modified Benedict-
Webb-Rubin equation with 32 members.
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Paccmompenvt neckonvbko eapuanmos npomounwix yacmetl ocegvlx mypoun mownocmoto 500 kBm u 1 MBm 0ns
KO2eHepayuoHHOU YCMaHosKu, UCHOAb3YIoujell 8 Kawecmee paboueco mena cuiukonosoe macio (MDM). Eoun-
CMBEHHbIM 2eOMeMPUYECKUM O2paHudeHuemM 018 NPOeKMuUpos8anus dIMux mypoun 0viio MUHUMANbHAS 8bICOMA
aonamku — 20 mm. OKoHUamenvHble mpexmepHvle pacuemvl 8cex cmyneHetl mypouHsl NPOBeOeHbl C YYemom pe-
AnbHBIX CBOUCME paboue2o mena HA 0CHO8e MOOUDUUUPOBAHHO20 YpaeheHus cocmosnus beneouxma-Bebba-
Pybuna. I'azoounamuyeckas 3¢p@exmuenocms pa3pabomanublx NPpOmMoYHbIX yacmei mypoun y0oeiemeopsem
mpebo8aAHUAM, NPEOBAGIAEMbIM K IHEPLEMUUECKUM MAUUHAM ROO0OH020 poda.

Knrouesnie cnosa: usomponnass ORC, npomounas uwacme, ananumuyeckuii memood npoguiuposanus, npo-
CMpancmeenHHoe meyeHue, YUCIeHHoe MOOenUposaHie, Mooupuyuposantoe ypasuenue cocmosnus beneouxma-
Beb6a-Pybouna c 32 unenamu.
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Ovsiannykova O. O. Development Thermal state of the rotor of the turbogenerator with direct
NYATOZEN COOIIME ......eiiiiiiiiiiiiiee ettt ettt ettt s e sttt e bt e bt e sbeesaeesanesane e 19-24

70

Modeling of the rotor thermal state of a synchronous turbogenerator of 550 MW with direct cooling of the wind-
ing by hydrogen is performed. The temperature field of the rotor is investigated by finite element method in a
three-dimensional formulation. Mathematical modeling of the task is implemented in the SolidWorks computer
environment. Correlations for determination of the heat transfer coefficients that were obtained by different sci-
entists in 1959-1970 and applicated in the design of cooling systems for nuclear rocket engines are given. Corre-
lation was selected that provides temperature distribution corresponds to test results. The temperature distribu-
tion of the rotor winding was obtained as a result of thermal test of 550 MW turbogenerator which were carried
out at State Enterprise «Plant «Electrotyazhmash» in idling and short circuit mode. According to test results,
maximum temperature of the rotor winding in the nominal mode was 74.7 °© C (347.7 K). The comparison of the
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calculated data and test results shows that the difference is not more than 10%. The thermal state of the rotor
does not restrict of the nominal power of the generator.

Keywords: turbogenerator, rotor winding, thermal state, finite element method.

Buinonneno mooenuposanue menio8oco COCMOSAHUS POMOPA CUHXPOHHO20 MYypOO2eHepamopa MOUHOCINbIO
550 MBm ¢ HenocpedcmegenHbiM 0XaaxicoeHuem ooMomru 6000podom. Temnepamyprnoe noie pomopa uccieoo-
8AHO C NOMOWBIO MEMOOA KOHEUHbIX IeMeHmOos8 8 mpexmepHol nocmanoeke. Mamemamuueckoe Mooenuposa-
HUe NOCMABIEHHOU 3a0ayu peaiu306ano 8 KomnvromepHo cpede SolidWorks. [Ipusedenvt koppenayuu 0 on-
peoenerust Ko3puyuenmosg menioomoauu, Komopwvie Ovliu NOLYy4eHvl pasHbimu yuenvimu ¢ 1959-1970 ce. u
Hawiy npumenenue 6 001acmu npoeKmupOBaHUs CUCEM OXAANCOeHUs A0EPHbIX paKemHblx osueameineti. Boi-
bpana Koppenayus, Komopas obecnedugaem cOOMEEMCmMeUe paciemHo20 pacnpeoeseHus memnepamyp 8 po-
mope u ucneimamenvHoz2o. Pacnpedenenue memnepamyp 6 obOmomke pomopa nomy4eHo 8 pe3yivmame npogeoe-
HUSL Menogulx ucnvimanuti mypboeenepamopa mowpocmuvio 550 MBm na I'll «3a600 «Dnexmpomsicmaus» 6
peodkcuMme X0I0CmMo20 X00d U KOPOmMK020 3ambikanus. 11o pe3yrbmamam ucnvlmauuti MaKkCUMaibHds memnepa-
mypa obmomku pomopa 6 HomMuHanvHom pexcume cocmasuia 74,7 °C (347,7 K). Cpasuenue pacuémuuix 0an-
HBIX U pe3VIbmamos UCNbIMAHUll NOKA3bleaem, 4mo nocpeuHocms pacxoxcoenus cocmasgiiem ne 6onee 10%.
Tennosoe cocmosanue pomopa He HAKIAObIBAETN OSPAHUYEHUN HA 8eTUYUHY HOMUHAIBLHOU MOWHOCTU 2eHepamo-

pa.
Knrwoueesie cnosa: mypboozenepamop, 06MomKa pomopa, menjiogoe coOCmosaHue, Memoo KOHeUHbIX deMeHMO8.
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Dynamics and Strength of Machines

Malishev S. E., Avramov, K. V., Konkin V.N. Periodic, almost periodic and chaotic forced
oscillations of the sloping cantilever shell under geometrically nonlinear deformation ..............c.cc....... 25-31

A nonlinear dynamical system with a finite number of degrees of freedom is obtained, which describes the forced
oscillations of the shallow shell for its geometrically nonlinear deformation. To derive this dynamic system, the
method of given forms. In the region of the first fundamental resonance, the Neumark-Sacker bifurcations are
investigated. As a result of these bifurcations, almost periodic oscillations arise, which are transformed into
chaotic oscillations. The properties of these oscillations are explored.

Keywords: nonlinear periodic oscillations of a shallow shell, stability of oscillations, almost periodic oscilla-
tions, chaotic oscillations
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Tonyuena nenunelnass OUHAMUYECKAsL CUCTEMA C KOHEYHbIM YUCIOM Cmeneneti c80000bl, ONUCHIBAIOUAst BbLH)-
JicOenHble KONeOanust noao2ot 00010UKU NPU ee 2eoMempudecku Heauneunom oegopmuposanuu. /s 6v1600a
IMOU OUHAMUYECKOU CUCTNEMbL NPUMEHSEMCsl MemoO 3a0aHHbIX (Popm. B obracmu nepeo2o 0cHO6HO20 pe3oHaH-
ca uccrnedosanwvt bugpyprayuu Hetimapra-Caxepa. B pezyromame smux ougyprayuil 603HUKAIOM NOYMU Nepuo-
ouyeckue Koaebanus, Komopuvle npeobpasyiomes 6 xaomuveckue. Hccrnedyromes ceoticmea smux Koieoanuil.

Knroueswvte cnosa: nenunetinvie nepuoduquKue Konebanus nonio2otl 050]10’”(‘1/{, ycmozilmeocmb K0ﬂ€6aHulZ, noy-
mu nepuoduqecmte K0ﬂ€6aHM}Z, xaomuueckue KoieOanusl.
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Obodan N. I., Guk N. A., Kozakova N. L. Nonlinear deformation of a two-layered planar
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72

Nonlinear behavior of a two-layer curved system is investigated. The system of layers is exposed distributed load
on surface and disturbances force. The force is applied to the lower layer. At the boundary where the layers are
separated, in the contact zone, boundary conditions corresponding to the clutch area slipping and separation
are possible. The method of solution is based on the variation formulation of the boundary value problem using
characteristic functions. For the solving of the problem the finite element approximation is used. Numerical
analysis of non-linear stress-strain state and stability of the upper layer depending on the height of the bottom
layer, the angle model, the coefficient of friction and the relative stiffness of the layers, was produced. Analysis
of the behavior of a two-layer system showed that at a certain ratio of the thickness of the layers and the values
of the existing load, the deformation in the presence of slip, contact, and separation zones is possible. Moreover,
the existence of this behavior depends on the system parameters and can be found in series calculations with
load change from zero to the final value. Possibility and characteristics the loss of stability of the layer and the
entire system have been found, their relationship with parameters of the system are investigated.

Keywords: contact problem, system's stability, layer’s stability, layer's separation, friction.

HM3yueno neaunetinoe noseoenue 08YXCAOUHOU KPUBOIUHEUHOU CUCHEMDbL, HASPYICEHHOU PACIPEeOeNleHHOU No-
BEPXHOCMHOU HAZPY3KOU U BO3MYUJEHUEM 8 8UOE CUTbL, NPUTOIHCEHHOU K HUMCHEMY Clot0. 3adaua hopmynupyem-
¢ 6 eapuayuonHol nocmauoske. Ilpouzseden  YUCIEHHbIL — AHAAU3  HEAUHEUHO20  HANPSICEHHO-
0ehopmMupo6anno20 COCMOAHUSL CLOSL 8 3ABUCUMOCIU OM 8bICOMbL HUNCHE20 C05, Yeid MoOenu, Kodgguyuenma
MpeHUst U OMHOCUMENLHOU HCECIMKOCMU CI0€e8. YCmAaHOo81eHbl 803MOAICHOCHb U 0COOEHHOCIMU nomepu YCmou-
YUBOCMU HUNCHE20 CILOSL U BCEll CUCTNEMbL 8 YETIOM, UCCIe008AHA UX C6:3b C NAPAMEMPAMU CUCTHEMDL.

Knrouegvle cnosa: niockas KOHMAKmMHuAs 3a0a4d, YCMOUYUBOCMb CUCTHEMbL, YCMOUYUBOCTNG CJIOSI, OMPbIE COS,
mpenue.
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Applied Mathematics

Litvin O. M., Yarmosh E. V., Chorna T. I. Spline interfletation method in finding the largest
(least) values for function of three variables in multieXtreme tasks ...........coovvvevvveeeeeeeiiiiiiineeeeeeeeeeenreeees 40-48

The decision of many practical tasks in the sphere of economy, management, technique and engineer puts new
and new tasks for the theory of optimization. An aim of optimization is finding the largest or the least value
among potentially possible. This aim can be achieved by various methods. Among them - the methods of discrete,
undifferentiated and stochastic optimization. Interpolation methods are more widely used now in the mathemati-
cal modeling of many industries and spheres of activity. Unfortunately, authors often use only individual points
values of the investigated function in the construction of appropriate algorithms of optimization methods.

In this article for the solution of task of finding the largest and the least values of continuous function of three
variables in the closed domain it is offered to use operators of spline interlineation on the system mutually per-
pendicular lines, built by means of operators of spline interflatation function of three variables. It is used method
of reduction of general task to the sequence of tasks of finding the approximate largest or least value of function
on the system mutually perpendicular lines. In this work theorems and their proofs are described. Theorems are
about the spline- interfletation operator and its properties, spline-interlineation operator and its properties and
error in the approximation of a function by spline-interlineation operator. An example of finding the least value
of function of three variables is examined. Solution steps are described. Calculated data testify to efficiency of
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the offered and investigated method of using spline-interlineation operators on the system mutually perpendicu-
lar lines built by means of spline-interflatation operators of three variables function. Authors intend to use the
offered method to find the largest (the least) value of function of n variables.

Keywords: operators of spline-interlineation, operators of spline-interfletation, tracks of function, system mutu-
ally perpendicular lines.

B oannoti cmamve npednacaemcs 0na peutenus 3a0ayu HAXOHCOEHUST HAUDOTbULE20 U HAUMEHbULE20 3HAYEHUL
Henpepuisnoil (ynKkyuu mpex nepemennvix 6 samxuymoii obnacmu D =1[0, 17 ucnonwzoeams onepamopui
CHAQUH-UHMEPIUHAYUU HA CUCTEMEe B3AUMHO NEePHREHOUKYIAPHBIX NPAMBIX, HOCIMPOEHHbLE C HOMOWbIO ONEPAMo-
pos cnaain-unmepgaiemayuu Gyukyuy mpex nepemennvlx. Paccmompen npumep. Ilpuseden ananus sviuucise-
MO20 d1emeHma.

Knrouegvle cnosa: onepamopsi CnaauiH-uHMepIUHAYUL, OREPAMOpyl CHAAUNH-UHmMepdremayuu, cieobl GYHKyu,
cucmema 83auUMHO NEPREHOUKYTIAPHBIX NPAMBIX.
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Non-traditional Energy Technologies

Solovey V. V., Fylenko V. V., Tinti F., Shevchenko A., Zipunnikov M. Smart PV-H, grid energy
[ol0) 1113) (S5 QOO RO OO OO O OO P U UTUPRRPPRRPPR 49-53
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The purposes of accomplished work were the investigation, design, manufacturing and operational demonstra-
tion of PV-H2 SMART Grid energy complex and its constituent elements for transformation of the renewable
forms of “dirty” energy (solar) into conventional (quality) electrical energy. Statics concentrator system is used
to reduce the unevenness of solar energy input and improve the efficiency of the photoelectric module. The hy-
drogen as energy carrier and hydrogen fuel cells are possible option to store different amounts of energy for
relatively long times with low losses.

Keywords: static concentrator, energy storage, electrolysis technologies, photovoltaic module.

Paccmompenuvt sonpocel npoexmupoganus, ucciedo8anus i IKCNIYamayuoHHoU 0eMOHCmMpayuy pomoareKmpu-
4eCcK020-8000POOH020 KOMNIIEKCA Cemu 2NeKMPOCHAOIHCEHUS U €20 COCIABHBIX IIeMeHMO08 01 npeobpasosanus
HepagHOMEPHO NOCMYnaloujell SHepeuU 80300HOBNIAEMbIX UCTOYHUKOG (COTHEUHOU) 6 0DbIYHbIE (KAUeCmBeHHbLE).
Cmayuonapmas KOHYeHmpupyrowas CUcmema npumeHsiemcs Ol CHUINICEHUS HEePAGHOMEPHOCMU NOCMYNIEeHUS.
COHEYHOU SHep2UU U NOBbIUEHUS DPPeKMuUeHOCmU HomoaieKmpuuecko2o Mooyis. Booopood 6 kavecmee snep-
20HOCUmMENs U B00OPOOHBIX MONIUBHBIX IJIEMEHMO8 ABNAEMCA BO3MONICHBIM BAPUAHMOM OJis XPAHEHUS. PA3IUY-
HbIX KOIUYECHE JHep2Ul 6 medeHue OMHOCUMENbHO 0012020 8PEMEHU C HUSKUMU ROMEPIMU.

Kniouegvle cnosa: cmayuoHapuvlii KOHYESHMPAMop, XPAHeHue Hepeul, 1eKmpousep, GomodieKmpusecKull
MOOY b,
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Ecological Aspects of Operation of Power Equipment

Lyevtyerov A. M., Savyts’kyy V. D., Hladkova N. Iu. Development of methods for adapting diesel
engines to biodiesel fuel COMPOSITIONS .......couiriiriiiiiiirieniereeteec ettt s 54-63

Many publications have shown that, with some degradation of a diesel engine's power and economic perform-
ance, using fuel compositions containing vegetable oil ethers significantly reduces the toxicity of engine exhaust
gases. Our experimental research into the motor qualities of mixture fuel have shown that increasing the volume
share of the biological component of binary fuel slowly degrades the energy indicators of a diesel engine and
improves its ecological features. In so doing, engine exhaust gases toxicity is not reduced drastically. The main
goal of the research effort was increasing the energy and ecological indicators of a biodiesel engine by improv-
ing the methods of its adaptation to biodiesel fuel compositions. The task of the investigation was a comprehen-
sive experimental validation of such methods. A theoretically substantiated method of compensating for diesel ef-
fective power losses was suggested by changing to fuel mixture supply. The method consists in increasing the en-
ergy content of engine cylinders by increasing the maximum fuel injection rate. Experiments have proved that
increasing biodiesel engine power does not degrade ecological indicators considerably. These indicators are
better than similar ones of a diesel prototype as to the level of emission of exhaust gases (EG) for carbon oxide
and carbon dioxide by 36% and 11%, respectively; for nitrogen oxides, by 18%; for unburned carbon, by 7
times, and for EG smoke opacity, by 28%. Analysis of publications and preliminary estimates and experiments
have defined actions to be taken to reduce the content of nitrogen oxides and solid particles in the exhaust gases
of a diesel engine running on mixture fuel. The actions are to shorten fuel injection advance and use lean fuel-
and-air mixtures. Experiments have shown that optimising the fuel injection advance angle and the minimal
value of the air ratio improves dramatically (up to 50-80%) the ecological performance of a biodiesel engine.
The new methods of improving the energy and ecological indicators of a biodiesel engine have confirmed ex-
perimentally their high effectiveness. Besides, these methods have a regulating character, making their imple-
mentation easier and cheaper.

Keywords: diesel engine, biodiesel fuel, effective power, effective efficiency, toxicity.

Ilpeonooicen meopemuuecku 060CHOBAHMBIN MEMOO KOMNEHCUPOBAHUSL NOMEPDL IPDEKMUBHOU MOUWHOCU OU3e-
51 8Cle0cmeaue nepexooa Ha numanue OUOHePMAHLIMU MONTUSHLIMU KOMNOSUYUAMU. DKCHEPUMEHMATbHO 00-
Ka3aHo, 4mo ygeiuueHue MOuWHoOCmu ouoousenvio2o dgueameins 00 YposHs 6a308020 Ou3ess CONPoBONCOAemcs
VXyOueHueM IKON02UYECKUX NOKA3amenel, Npeumyuecmned Komopuix neped aHaI0SUYHbIMU NOKA3AMEIMU OU-
3€/IbHO20 NPOMOMUNA 6ce-maxu coxpausmcs. Ilpoeedena sxcnepumenmanbHas NPoeepka onpeoeseHHbIX AHd-
JIUMUYECKU MEPONPUSMULL NO CHUNCEHUIO COOEPICAHUSL OKCUOO8 A30ma U meepoblX Yacmuy 6 ompadomasuiux
eazax ouzens, pabomaruezo Ha Cmecegom OUOHeDMAHOM MONIuse.

Knrouesvte cnosa: ousenvhviii Osucamens, OUOOU3EIbHOE MONIUGO, IPPEKMUGHAST MOWHOCMb, IPPEKMUBHDBIL
KIIJI, moxcuunocme.
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High Technologies in Mechanical Engineering

Fridman M. M. Optimal design of structures with a combined approach to corrosion accounting and
protective properties of antiCOITOSIVE COAINES.....c..eeruterutireeriietieteenteeneenteeteeteereesreesseesaeesaeeeaseeneenneens 64-68
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When constructing mathematical models of corrosion wear of structures, it is also necessary to take into account
the work of protective coatings and determine the duration of the incubation period characterizing the durability
of the protective coatings used. Protective coatings are barrier layers that impede the penetration of an aggres-
sive medium to the surface of the structure and push back the onset of the process of intense corrosion. When
calculating structures with protective coatings subjected to corrosive wear, it is necessary to take into account
the joint operation of both the structural element itself and the protective coating, which leads to stresses in pro-
tective coatings, a more intensive decrease in the protective properties of these coatings and, as a result, prema-
ture failure. This study is devoted to the development of a new mathematical model of the combined approach to
the calculation of corrosion and protective properties of anticorrosive coatings. As the basic equation of corro-
sion, the Dolinsky model is used, which allows one to take into account the effect of stresses on the corrosion
wear of structures. The implementation of this model is demonstrated by the example of optimizing the bent ele-
ments of a rectangular section. Analytical solutions were obtained in stages to determine the transverse dimen-
sions and time of complete loss of the anticorrosive coating of these elements. As a result of optimization, opti-
mal initial section sizes were found by the criterion of the minimum volume of the structure. The proposed mod-
el, as well as the considered approach to its implementation when optimizing structures working under corro-
sion conditions, can be used both in analytical solutions and with the help of numerical methods.

Keywords: corrosion, anticorrosive coatings, optimization.

Jlannoe ucciredosanue nOCGAUWEHO CO30AHUIO HOBOU MAMEMATNUYECKOU MOOeIU KOMOUHUPOBAHHO20 NO0X00d K
yuemy KOppo3uu U 3aujumuslx CE0UCME AHMUKOPPOIUOHHBIX NOKpbimuil. B kauecmee 6a308020 ypagHeHus Kop-
PO3UU UCROIBL3YEmCst MOOelb [JONUHCK020, KOMOPas NO360Jisem YUUmvléams GIUSHUES HANPSNCEHUL HA KOPPO3U-
OHHbLIL UBHOC KOHCcmpyKkyuil. Peanusayus dannoii mooenu npooemMoHCmpuposana Ha npumepe OnmuMU3ayuy us-
2ubaemvix NeMeHmMO8 NPSIMOY20IbHO20 ceverus. 1109manno nonyueHvl aHalumuiecKue peulerus no onpeoee-
HUIO NONEPEeUHbIX PAZMEPOG U 8PEMEHU NOJIHOL NOMePU AHMUKOPPOZUOHHO20 NOKDbIMUSL OAGHHBIX deMeHmos. B
pesyrbmame ONMUMUZAYUU HATLOEeHbL ONMUMANbHbBLE HAYATIbHBLE PAZMEDbL CEYCHUSL N0 KPUMEPUIO MUHUMATIbHO20
obvema xkoncmpykyuu. Ilpeonodcennas mooenb, a maxdice paccCmMompenmblii N00X00 K ee peaiuzayuu npu on-
MUMUZAYUU KOHCMPYKYUU, PAOOMAIOWUX 8 YCAOBUSX KOPPO3UU, MO2YM OblMb UCNOb308AH KAK NPU AHAIUMUYe-
CKUX PEUEeHUsIX, MAK U C NOMOWbIO HUCTICHHBIX MEMOO08.

Knroueswie cnosa: Koppo3us, AHmMUKOpPpPO3UOHHbLE NOKPBLMUA, ONMUMU3AYUA.
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