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The method of analytical profiling of radial stator blades is considered, which in combination with numerical
modelling of three-dimensional viscous flows allows us to improve the efficiency of the flow part of high-loaded
centripetal turbines. The profile of radial blades is determined in a curvilinear coordinate system and consists of
the trailing and leading edges, and also of suction and pressure sides described by polynomial curves of the 5"
and 4" order, respectively. Thanks to this method, highly efficient radial stator blades of high-loaded stages can
be designed. The special form of blade-to-blade channels allows us to obtain a low level of profile and trailing
edge losses, as well as low supersonic and shock wave losses of kinetic energy. Three variants of turbines with
different types of stator blade profiles are considered: the profile developed using a standard method for axial
blades; the “half-drop” profile and the profile developed using the proposed method. For the stator profile de-
veloped in this paper, the stator kinetic energy losses related to the enthalpy drop in the stage were decreased by
2,2% compared to the profile of a classic form, and by 1,1% compared to the “half-drop” profile. Using of the
high-loaded stage with a new type of stator blade profile allowed us to significantly improve the aerodynamic
characteristics of the flow part in the whole stage.

Keywords: radial-axial turbine, high-loaded stage, flow part, analytical method of profiling, spatial flow, nu-
merical modeling.

Paccmompen memoo ananumuueckozo npo@uiuposanus paouaibbix 10NAMOK HANPAGIAIOWUX ANNAPAMOs, Uc-
NONb308aHUE KOMOPO2O 8 COYCMAHUY C YUCTEHHLIM MOOETUPOBAHUEM MPEXMEPHBIX 6A3KUX MeUeHUll N03601em
nogvicumys  IPPEKMuUeHOCmMs NPOMOYHBIX YACMEl BbICOKOHASPYIHCEHHBIX YEHMPOCMPEMUMENbHBIX YPOUH.
Tlpoghunv paduanvuvix 10namox 3a0aemcs 8 KPUBOJUHEUHOU cucmeme KOOPOUHAM, COCHOUmM U3 6X0OHOU U 8bl-
XOOHOU KPOMOK, a MaKdice CNUHKU U KOPbIMYA, ONUCAHHBIX KPUBLIMU 5-20 U 4-20 NOPAOKO8 COOMBEMCMEEHHO.
Memoo 0aem 603M0OICHOCMb CO30A8AMb BbICOKOIPGEKMUBHbIE PAOUATbHbIE PEUEemKU HANPABIAIoUuje20 anna-
pama (HA) svicokonazpyoicennvix paduaibio-ocegvlx cmyneneti. Cneyuanbhas hopma MeicionamoyHblx Kaua-
7108 nO380sIem 0Decneyums OMHOCUMENbHO HUSKUL YPOBEHb KAK NPODUILHBIX U KDOMOUHBIX, MAK U BOJHOBbIX
nomepb KuHemuueckou snepeuu. Paccmompenst mpu eapuanma mypouHsl ¢ paziudnblMu munamu npoguieti
nonamox HA: npoguns, paspabomannvlii Ha 0CHO8e CIAHOAPMHBIX MEMOOUK, UCNOAb3YEMbIX OJi NPOEKMUPO-
BAHUSL OCEBBIX JIONAMOK; NPOPUILL 6 8UOE «NOLYKANIU» U NPOPUID, PA3PAOOMAHHBII C NOMOWBIO NPEONALACMOU
Memoouku. B npednoswcennom 6 pabome HA nomepu kunemuueckoil suepeuu, omuecenuvie K nepenady cmyne-
Hu, cHusunuco Ha 2,2% no cpaenenuro ¢ npoghuiem mpaouyuonuou gopmer u Ha 1,1% c npogunem 6 gopme
«noaykaniu». Ilpumenenue BbICOKOHAZPYIHCEHHOU PAOUAIbHO-0cesoll cmyneny ¢ npoguiem HA nosozo muna
HO360UNLO CYUECIBEHHO YYUUUND AIPOOUHAMUYECKUE XAPAKMEPUCTIUKYU NPOMOYHOL YACMU 8 YENOM.

Knroueswie cnoea: paduaﬂbno-oceeaﬂ myp6una, BbICOKOHACPYIHCEHHAS CMYNEHb, NPOMOYHAA 4aACnlb, AHAIUMuU-
yeckuil Memoo np0¢uﬂup06anuﬂ, npocmpancmeerHnoe medenue, 4ucCjleHHoe Modeﬂupoeanue.
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Lynnyk A. V., Riabova S A., Varenko V. D., Riabov A. V., Khoryev O. N. Computational and
experimental investigations of flow parts PL20 for rehabilitation of hydraulic turbines of kremen-
Chug hydro POWET PLANT .....c...coiiiiiiiiiiie ettt sttt et e s s 12-19

One of the priority directions of development of hydropower engineering in Ukraine is the rehabilitation of ob-
solescent and worn-out hydropower equipment for hydro power plant, served for 40-50 years. The major con-
cerns of hydro power plant reconstruction are time extension of its operation, capacity increase, effectiveness
increase, reliability and safety of equipment and structures, compliance with the requirements of environmental
protection, improvement in quality of produced power, and creation of modern working conditions. The capital
equipment of Kremenchug hydro power plant reached the end of its standard service life and is not equal in full
measure to the modern requirements of the power system. Rehabilitation of the hydraulic equipment provided for
the improvement of the main working bodies of the flow parts: the runner and the guide vanes within limits of ex-
isting sizes of the inlet and outlet bodies. Two stages of rehabilitation of the flow parts of hydraulic turbines of
Kremenchug hydro power plant have been carried out: reconstruction of two units (station Ne 2 and Ne 3) for the
first stage and three units (station Ne 7, Ne 8 and Ne 9) for the second one. The principal indicators of contrac-
tual conditions fulfillment for the rehabilitation were to provide values of nominal and maximum capacity, effi-
ciency, cavitation stock, the valid range of work loads, etc. The complex of theoretical and experimental investi-
gations on the development of blade systems for rehabilitation of hydraulic turbines PL20 Kremenchug hydro
power plant has been carried out. The experimental dependences of the relative efficiency of the model from the
reduced discharge and comparison the energy and cavitation parameters of tested flow parts at the optimal op-
erating conditions are given. The advantage of improved flow parts on energy and cavitation characteristics is
shown. PJSC "Turboatom" has confirmed the contractual conditions that ensure the values of nominal and max-
imum capacity of turbine, achievement of a weight average efficiency, cavitation performances and etc. accord-
ing to the functional guarantees. Advanced runners and guide vanes have been manufactured and mounted on
the hydraulic units Ne 2 and Ne 3, these units have been put into operation. The hydraulic unit Ne 7 with ad-
vanced runner and guide vanes has been put into operation after rehabilitation. The hydraulic units Ne 8 and
Ne 9 are in the reconstruction stage. The third stage of reconstruction of Kremenchug hydro power plant is
planned — two units (station Ne I and Ne 4).

Key words: Kaplan turbine, the flow part, multipurpose power and cavitation test facility, model tests, runner.

OOHUM U3 NPUOPUMEMHBIX HANPAGIEHUI PA36UMUsL 2UOPOIHEPLeMUKU  YKpAuHbl SGISAEMCs MOOEPHU3AYUSL
MOpANbHO U PUBUYECKU  UBHOWEHHO20 —2UOPOIHEPEMUecKo20 0060py008anus 2UOPOINEKMPOCMAHYU,
ompabomasuiezco 40-50 nem. I'nagenvimu 3adauamu pexoncmpykyuu I'9C sasnsemes npooieHue cpoka ee 3Kc-
nayamayuu, yeeiudenue MowHoOCmu, nogvlienue 3QPexmusHocmu, HadexrcHocmu u bezonachocmu 06opydosa-
HUSL U KOHCIMPYKYULL, COOMBEMcmesue mpebo8aHusM 3auumsl OKpyscaroweli cpeosl, yayyuenue Kauecmed npo-
U3B00UMOTL DHEP2UU, a4 MAKIHCEe CO30aAHUEe COBPEMEHHbIX yeaosull pabomul. OcHosHnoe 0bopydosanue Kpemenuye-
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cxou I'OC gvipabomano c8oti HOPMAMUBHBLIL PeCyYpPC U He COOMBEMCMEYem 6 NOIHOU Mepe COBPEeMEHHbIM mpe-
bosanusm smnepeocucmemvl. Mooepnuzayus cuopomypouHHo2o 060py008anusi NPeoyCMampudald Co8epulencm-
606aHUE OCHOBHLIX PAOOYUX OpP2AHO8 NPOMOYHBIX Yacmell: paboyezo Kojleca u HANpasnsiowe2o annapama 6
npeoenax cyuecmsayrouux pasmepos n0080OSUMUX U OB0OAWUX opeanos. Ilposedeno 06a smana mMooepHuzayuu
npomoyHvlx yacmeii euopomypoun Kpemenuyeckoit I'2C: pexoncmpyxyus 08yx acpeeamos (cmanyuonnwii Ne2
u Ne3) ons nepsoco u mpex acpecamos (cmanyuonuwiti Ne7, Ne§ u Ne9) ons émopoeo. OCHOBHbIMU NOKA3AMES-
MU BbINOJHEHUS. KOHMPAKMHBIX YCAOBUL N0 MOOEPHUAYUU AGIANOCL 0becnedeHue 3HAYeHUll HOMUHANbHOU U
makcumanvroti mownocmu, KIIJ], 3anacoe no kasumayuu, 0onycmumoz2o Ouanazona pabomul no HaspysKam u
Op. Buinonnen xomnaexc pacuemno-meopemuieckux u dIKCNEPUMEHMANbHbIX UCCIe008AHUL NO pa3pabomke 1o-
nacmuuix cucmem 0Jii modepruzayuu euopomypoun IJ120 Kpemenyyeckoui I'IC. [Ipedcmasnenvl sxcnepumen-
manbHsie 3agucumocmu omuocumenvrozo KIIJ[ mooenu om npueedeHHo20 pacxood, a maxdice CpasHeHue dHep-
20-KABUMAYUOHHBIX NAPAMEMPOE UCHbIMAHHBIX NPOMOYHBIX YaCell Ha ONMUMALbHBIX pedcumax pabomul. Ilo-
KA3aHO NPeumMyujecmeo YCo8epuleHCmaeo8aHHbIX NPOMOYHBIX YACMell KAK N0 dHEP2eMUYecKuM, MaKk u Kaguma-
yuonnvim noxazamensm. IHAO «Typboamom» noomeepoun 6blNOIHEeHUe KOHMPAKMHLIX YCI08Ull no obecnede-
HUIO 3HAYEHUL HOMUHATLHOU U MAKCUMATLHOU MOWHOCIU MYpOunbl, 00CmudiceHuio cpedregzseuennozo KIIJ],
KAGUMAYUOHHBIX nOKaA3amenel u Op. CO2IACHO PYHKYUOHATbHBIM 2APAHMUIM. Ycogepuiencmeogantvle pabouue
KoJleca u IONamKy Hanpasisiowe2o annapama u32o0mogieHsl U CMOHMUPOsanvl Ha 2uopoazpezamax Ne 2 u Ne 3,
BbINOJIHEH 6600 YMUX ASPE2AMO8 8 IKCNIyamayuio (6600 6 sxcniayamayuto — start of operation). I'uopoaepe-
eam Ne 7 ¢ ycogepuieHCmeoBaHHbIMYU PADOYUMY KOIECAMU U TONAMKAMU HANPAGISAIOWe20 annapama 68e0eH 6
axcnayamayuro nocie mooepuuzayuu. I uopoacpecamot Ne 8 u Ne 9 naxoosmces Ha smane pexoncmpyrkyuu. Ilna-
Hupyemcs mpemutl sman pexoncmpykyuu Kpemenuyeckou I'9C — 0yx azpecamog (cmanyuonnwiii Nel u Ned).

Knrouegvle cnoea: nosopomno-ionacmuas 2uopomypouna, npOMoOYHAas Yacmy, YHUGEPCAIbHbI IHEPLOKABUMA-
YUOHHBIU CMEHOD, MOOeTbHble UCHbIMAaHUs, paboyee Koneco.
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Gritsenko N. 1., Goloschsapov V. N. A method of designing flow parts of the high-pressure shaft
fan and DIOWET FANS ......cocuiiiiiiiiiiee ettt ettt s b et e a et sre e 20-26

Given the integrated design method of high-pressure main fans and blower fans. Method created to reduce de-
sign time and the number of field experiments when creating an energy efficient modern fans. For this first stage,
mathematical models are used based on the solution of the simplified conservation equations of the working me-
dium (mass), momentum energy in the form of Bernoulli's equation, equations of state, allowing to define the ba-
sic geometry of a flowing part of the fan and its integral characteristics. The second phase is the improvement of
the spatial form of flow parts of fans, including in IPMFlow designed to simulate three-dimensional viscous flow
in blade systems rotary machines. The approach is implemented in the form of an automated complex with the
possibility of further transfer data to third-party CAD/CAM/CAE system. Verified as separate modules and as a
whole confirmed its effectiveness. Using the proposed approach generated high-pressure fan BO-32/[H, whose
main characteristics are far superior to commercially available fans of this class.

Key words: axial fan, hydraulics, design of blade systems, automated system, modules, mathematical modeling,
performance.

Ilpuseden KOMNIEKCHBITL MEMOO NPOEKMUPOBAHUS BbICOKOHANOPHBIX EHMUNSIMOPOE 2ABHO20 NPOBEMPUBAHUSL
u ma2o0ymuegulx Mawun. Memoo co3dan ¢ yenvio COKpaweHus cCpoKo8 nPOeKMUPOBAHUs U KOIUYECMEa Hamyp-
HbIX 9KCNEPUMEHINO8 NPU CO30AHUL IHEP2OIPDEKMUBHBIX COBPEMEHHBIX GEHMUIAMOPOS. [t 3Mo2o Ha nepeom
amane UCHONLIVIOMCS MAMEMamuieckue Mooe, OCHOBAHHble HA PeuleHUU YNPOUWEHHbIX YPAGHEHUL CoXpane-
Husi pabouetl cpedbl (Maccwvl), UMnyILCA dHepeuu 6 opme ypasuenus bepuynnu, ypasnenus cocmosinus, no3eo-
sowue onpedeiums OCHOGHbIE 2eOMempuiecKue Xapakmepucmuky npomodHol 4acmu GeHMUISmopa u e2o
unmezpanvhvle xapakmepucmuku. Ha emopom smane binonnsiemcsi cogepuleHCmeosanue npoCmpancmeenHol
opmbl nPOMOUNBIX Hacmel 6eHMUNIAMOPO8, 6 MOM Hucie npu nomowu komniexca IPMFlow, npeonasnayento-
20 0151 MOOENUPOBAHUSL MPEXMEPHBIX A3KUX MEUeHUl 8 TONAMOYHBIX CUCIEMAX POMOPHbIX Mawut. T100x00 pe-
Anu308aH 6 6uUde ABMOMAMUUPOBAHHO20 KOMNIEKCA C BO3MOICHOCMbIO NOCAedylowel nepedaiu OaHHbX 6
cmopounnue CAD/CAM/CAE cucmembl. Boinonnennas eepugurayust kKaxk omoenbHuix MoOyell, max u KOMIIeKCd
6 yerom noomeepouna e2o IQpgexmuenocms. Memood npoekmuposanus No360sem co30a8amb 0Ce8ble GeHMU-
JISIMOPbI PA3TUYHBIX KOMHOHOBOUHBIX CXEM, d MAKICE C PA3TUYHOU NPOCMPAHCINBEHHOU 2eoMempuel RPpOMmMo4HOU
yacmu — YuruHOpU4ecKkoll, KOHU4eckoul, Yyurunopo-konudeckol. C UCnoib308anuem npeonrodiceHH020 nooxood
€030aH GblCOKOHANopHwlll eeHmuismop BO-32/[H, komopwill no OCHOBHbIM XAPAKMEPUCTUKAM 3HAYUMETbHO
npesoCX00Um Ceputino 8bINYCKaeMble BeHMUIAMOPbL OAHHO20 KAACCA.

Kniouesvie cnosa: ocesoli 6enmuiisimop, npomMouHasi Yacmv, KOHCMPYKYUsL TONAMOYHbIX CUCTEM, A8MOMamu-
3UPOBAHHBLIL KOMNIIEKC, MOOYIU, MAMEMAMU4ecKoe Mooeauposanue, d¢hdekmusHocmo.
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Heat Transfer in Engineering Constructions

Bozbiei L. S., Kostikov A. O. and Tkachenko V. I. Elementary convective cell in incompressible
viscous fluid and ItS PATAIMETETS. .....cc.eeeutiriiriiriieiteteettenie ettt ettt ettt st sttt e b e sbeesaeesanesane e 27-36

The energy principle of convective structures formation in a layer of viscous incompressible fluid uniformly
heated from below is proposed. The energy principle of usage of elementary convective cell of cylindrical shape
is proposed and justified. The mathematical model of thermal processes in elementary convective cell with free
boundaries is suggested and analytical solutions for the perturbation of velocity and temperature are obtained.
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The radial wave numbers for the velocity perturbations and eigenvalues of the problem are determined. It is
shown that the spectrum of eigenvalues is discrete both on the mode of the perturbation and the radial wave
number. The expression for the radius of an elementary convective cell is obtained. It shows that the radius
value can take discrete quantities that correspond to stable convective states. It is shown that maximum heat
transfer occurs at the smallest possible radius value. Experimental investigation of forming the convective cells
was carried out. It confirmed the correctness of the theoretical results.

Key words: elementary convective cell-free border, convective processes, heat transfer, temperature gradient.

Paccmompen npunyun opmuposanusi KOHGEKMUBHBIX CIMPYKIMYP 8 CIOE 653KO1U, HECIHCUMAEMOU HCUOKOCMU NPU
pasHomeprom noodoepese chuzy. Ilpeodnosicen u 060CcH08aH dHEp2eMUYECKULl NPUHYUN UCNOTb30BAHUSL dNIEMEH-
MApPHOTL KOHBEKMUBHOU A4elKU YUIuHOpuueckol gopmvl. Ilpusedena mamemamuyeckas mooens meniopusuie-
CKUX NpOYecco8 8 auetike co C60O0OHbIMU ZPAHUYAMU U NOLYHEHbl AHATUMUYECKUe PeuleHus Osl 603MYUWeHUl
ckopocmu u memnepamypul. Onpeodenenvl padudaibhbie GOIHOBbIE YUCTA Ol BO3MYWEHUL CKOPOCmU U cOOCm-
6eHHvle yucna 3aoayqu. Iloxkazano, ymo cnekmp coOCMEeHHbIX uucen A8aemcsi OUCKDEeMHbIM U HO MOOe 803MY-
weHull, U no paouarbHoMy 80aH08oMYy uucay. Ilonyyeno evipascenue 01 paouyca 21eMeHMAaApPHOU KOHBEKMUE-
HOUL AYeliKu, UCX005 U3 KOMOPO20 BUOHO, YMO BEIUYUHA PAOUYCA MONCEM NPUHUMAMb OUCKpemHble 3HAYEHUs,
KOmopble cOOmeemcmayom yCmoudugblM KOH8EKMUSHbIM cocmoanuam. Tlokasano, umo makcumanvhoviil men-
JIOnepeHoc NPoUCXooum npu HauMeHbUeM U3 B03MONCHLIX 3HaueHuli paouyca. IIposedensl dxcnepumenmanbHsie
uccne008anus PopMupo8aHUsi KOHBEKMUBHBIX sUeeK, KOMopbvle NOOMBEpHcOarom NpasUibHOCIb NOLYYEHHbIX
meopemuiecKux pe3yibmamos.

Knrouegvle cnosa: snemenmaphas KOH8EKMUBHAS AUEKA, CB0DOOHbIE 2PAHUYbL, KOHBEKMUBHbIE NPOYECCbl, Men-
JIOnepeHoc, memnepamypHblil 2paoueHm.

References

1. Benard H. Les tourbillons cellulaires dans une nappe liquide. Description générale des phénomenes. Revue
générale des Sciences pures et appliquées. 11 (24), 1261-1271 (1900).

2. Benard H. Les tourbillons cellulaires dans une nappe liquide. Procédés mécaniques et optiques d’examen
lois numériques des phénomenes. Revue générale des Sciences pures et appliquées. 11 (24). 1309-1328
(1900).

3. StruttJ. W. (Lord Rayleigh). On convection currents in a horizontal layer of fluid when the higher tempera-
ture is on the under side. Phil. Mag. 32, 529-546 (1916).

4. Thomson J. On a changing tesselated structure in certain liquid. Proc. Glasgow Philos. Soc. 13, 464468
(1882).

5. http://www.ivanov-portal.ru/astron/30.htm

6.  Shishkin N. S. Education cellular structures in a liquid or gas layers. Uspekhi phizicheskih nauk. 31 (4),
462-490 (1991) (in Russian).

7. http://lifeglobe.net/blogs/details7id=860

http://p-i-f.dreamwidth.org/351593.html

9. RayR.J, Krantz W. B., Caine T. N. and Gunn R. D. A model for sorted patterned-ground regularity. J. of
Glaciology. 29 (102). 317-337 (1983).

10. Rychkova E. V., Tychkov S. A. Numerical model of thermal convection in the upper mantle of the earth
under continental lithosphere. Vyichislitelnyie tehnologii. 2 (5), 66—81 (1997) (in Russian).

11. http://en.wikipedia.org/wiki/Supergranulation

12. Pikel'ner S. B. Dynamics of the solar atmosphere. Successes of physical sciences. 88 (3), 505-523 (1966)
(in Russian).

13.  http://opensky.library.ucar.edu/ collections/SOARS-000-000-000-268.

14. Rieuton M., Rincon F. The Sun’s Supergranulation. Living Rev. Solar Phys. 7 (2), 84 (2010).

15. Gershuni G. Z, Zhukhovitskii E. M. Convective stability of incompressible fluid. M .: Nauka, 393 (1972)
(in Russian).

16. Chandrasekhar S. Hydrodynamic and hydromagnetic stability. Oxford: University Press, 657 (1970).

17. Getling A. V. Spatial patterns formed by Rayleigh-Benard convection. Uspekhi phizicheskih nauk. 161 (9),
1-80 (1991) (in Russian).

18. Bozbiei L. S. An elementary convective cell in layer of incompressible viscous fluid. Conference of young
scientists and specialists. [IPMach NAN of Ukraine, Kharkov, 29 (2013) (in Russian).

19. Bozbey L. S., Kostikov A. O., Tkachenko V. I. Elementary convective cell and its thermal properties. Proc.
conf. "Physical and technical problems of energy and ways of their solution in 2014". — Kharkiv, Ukraine,
on 25-26 June 2014. 6 (2014) (in Russian).

(o]

ISSN 0131-2928. Ilpooa. mawunocmpoenus, 2016, T. 19, Ne 3



ABSTRACTS AND REFERENCES

20. Nekludov I. M., Bortz B. V., Tkachenko V. I. Description Langmuir circulations ordered set of cubic con-
vective cells. Prikladnaya gidromehanika. 14 (86) (2), 29-40 (2012) (in Russian).

21. Van Dyke M. Atlas flow of liquids and gases. M.: Mir, 184 (1986) (in Russian).

22. Koschmieder E. L. Bénard Cells and Taylor Vortices: monograph on mechanics. Cambridge: University
Press, 350 (1993).

23. Adelman E. D. Effect of liquid film thickness to cell size ratio convection. Zhurnal tehnicheskoy fiziki. 68
(11), 7-11 (1996) (in Russian).

24. Eckert K., Bestehorn M., Thess A. E. Square cells in surface-tension-driven Bernard convection: experi-
ment and theory. 356, 155-197 (1998).

25. Borts B. V., Kazarinov U. G., Kostikov A. O., Tkachenko V. I. Experimental study of liquid movement in
free elementary convective cells. Energetika. 61 (2), 45-56 (2015).

26. Royal Society Mathematical Tables. Vol. 7. Bessel functions. Cambridge: University Press, 140 (1960).

27. Zierep J. Uber rotationssymmetrische Zellularkonvektionsstromungen. Z. Agev. Mah. Mech. 39 (7/8), 329

333 (1958).

28. Zierep J. Eine rotationssymmetrische Zellularkonvektionsstromun. Beitr. Phys. Atmos. 30, 215-222
(1958).

29. G. Korn, Korn T. Mathematical Handbook for Scientists and Engineers. M.: Nauka, 720 (1968) (in Rus-
sian).

30. Conway J. H., Lagarias J. C. Tiling with polyominoes and combinatorial group. Journal of Combinatorial
Theory. Series A 53, 183-208 (1990).

Dynamics and Strength of Machines

Fridman M. M. Optimal design of tubularbar structures subjected tO COITOSION........cceeeeruerierieriereennens 3742

In the operation of buildings and structures in aggressive environments, their designs are subject to both
mechanical and chemical resistance, in particular, corrosive wear. The impact of stress on the rate of corrosion
in the design calculations for the first time was considered Dolinsky, investigated the strength of the stretchable
thin-walled tube, subjected to uniform corrosion, the rate of which was considered as a linear function of the
stress intensity. The objective of exploitation structures working in aggressive environments, is to minimize the
cost of its safe lifespan. However, solving this problem arises the apparent contradiction. Thus, the longer
design performs its function, the lower the unit cost of its operation time, but it increases the probability of
failure of the design. To resolve this conflict requires an integrated approach, taking into account both the
strength and the economic performance of the project. This research is devoted the optimal design of tubular rod
structures exposed to corrosive environments. Influence of stress state on corrosion kinetics takes into account
design using corrosion models Dolinsky. As a function of purpose was adopted by full amount expected costs,
taking into account, in addition to the initial cost of construction, reliability and costs caused by its refusal.
Optimized initial size cross-section tubular elements and their calculated resistance. The study received
expression of durability, as well as the inverse problem is solved by definition cross-sectional sizes truss
structural elements of annular section (when you specify a value for the duration of their operation), prone to
corrosion, by using model Dolinsky. The problem of optimization of truss operated in an aggressive environment
with the use of an economic model that takes into account in addition to the initial cost of design, reliability and
costs caused by its failure. From the resulting optimal design follows that the value of reliability strive to unity,
which results in the exclusion of damage caused by the failure the construction, which is much greater than its
initial cost.

Keywords: corrosion, optimization, reliability.

B npoyecce sxcniyamayuu 30aHutl U COOPYICEHUL 8 AZPECCUBHBIX CPeOax Ux KOHCMPYKYUU noogepearomcsi Kax
MEXAHUYECKOMY, MAaK U XUMUYECKOMY B030€liCMEUulo, 6 HaCMHOCHU, KOPPOZUOHHOMY U3HOCY. Bausnue
HANPSIICEHUIl HA CKOPOCMb KOPPO3UU 8 pacuemax KOHCMpPYKyuil enepgvle Oviio yumeno B. M. Jonunckum,
UCCe008asUUM NPOYHOCb PACHASUBAEMOU MOHKOCMEHHOU MmpYyObl, N008epeaioweiicss CRIOUHOU KOppo3ul,
CKOpOCMb KOMOPOU CYUMANACh, JUHEUHOU (QYHKYuel uHmeHcugHocmu Hanpsidcenui. Llens sxcniyamayuu
KOHCMPYKYUU, pabomaiowux 6 dazpeccusHblx cpeoax, 3aKuoddemcs 6 MUHUMUZAYUU CTNOUMOCTU  ee
bezonacnozo cpoka cysicovl. OOHaKO npu peulenuy OAHHOU 3a0ayl 603HUKAem 04euoHoe npomueopedue. Tax,
yem OONbUle KOHCMPYKYUS GbINOIHACM C60U (DYHKYUU, mem Hudxice CMouMocms eOUHUYbl GpPeMeHU ee
IKCHIYamayuy, Ho Npu IMOM pacmem 6epoImMHOCIb OMKA3A KOHCMpPYKyuu. s pewenuss OaHHo20 KOHpaukma
mpebyemcs KOMWAEKCHbI NOOX00, YYUMbl8AioWull KAk NPOYHOCHHbIE, MAK U IKOHOMUYECKUe noKa3amenu
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npoexma. JlanHoe ucciedosanue NOCEAUEHO ONMUMATLHOMY NPOEKMUPOBAHUIO MPYOUAMbIX CMEPHCHEBbIX
KOHCMPYKYUll, N008ep2aloujuxcs 8030elticmseuio KOPPO3UOHHOU cpedbl. BrusHue HanpajiceHHo20 COCMOAHUA HA
KUHEeMUKY KOppOo3Uull KOHCMPYKYUU YHUMbI8Aemcsi ¢ NOMOWbIO KOPPO3UOHHOU modeau [lonunckozo. B kauecmee
dyHKyuu yenu NPUHUMAEMCS BeIUYUHA NOJHLIX OXHCUOAEMbIX 3AMPAam, VHUMbIBAIOWAs NOMUMO HAYATbHOU
CMoOUMOCMYU  KOHCMPYKYUU, HAOEHCHOCMb U 3ampambvl, 8bl3viaemble ee omrazom. Onmumusupyromcs
HauanvbHvle pazmepvl CeyeHuul mpyouamvlx JjleMeHmos, d makKdxce UX pacuemHvle conpomugneHus. B
pesyibmame UCCIe008aHUsL NOIYHEHO GbIpAdCEHUEe 00208€HYHOCU, A MAKJCce peuena obpamuas 3a0aid no
OnpeoenenuI0 pazmepos NONEPesHo20 CeHeHus. (PePMeHHbIX INEMEHMO08 KOHCMPYKYULL KOIbYe8o2o ceyenus (npu
300aHHOM CPOKe UX DKCNIYAMAyuu), NOOBEPIHCEHHbIX KOPPO3UU, C UCHONb30BAHUEM MOOenu JJOnUHCKO2O.
Pewena 3a0aua onmumusayuu hpepmenHot KOHCMPYKYUU, IKCHIYAMUPYEMOUl 8 YCIOBUSIX A2PeCCUBHOU cpedbl ¢
npUMeHeHUeM IKOHOMUYECKOU MOOeNU, YYUMbaroujell NOMUMO HAYATbHOU CHOUMOCMU  KOHCIMPYKYUU
HAOEIHCHOCMb U 3ampamul, 8bi3bledeMbie ee OMKA30M. M3 nonyuenHozo onmumanbHo2o0 npoekma ciedyem, ymo
BEUUUHA HAOEHCHOCTU CINPeMUMCA K eOUHUYe, YMO NPUBOOUM K UCKIIOYEHUIO YiuepOd, 8bi3618AeM020 0OMKA30M
KOHCMPYKYUll, KOMOPbIU HAMHO20 Npesbluiaem ee Ha4dIbHyI0 CIOUMOCb.

Knroueswie cnosa: Koppo3us, onmumuszayus, HAOEHCHOCD.
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Pankratov A., Romanova T., Kotelevskiy A. Layout problems for arc objects in convex domains ......43-60

82

We introduce a new methodology for solving layout problems. Our objects and containers are bounded by
circular arcs and line segments. We allow continuous object translations and rotations as well as minimal
allowable distances between objects. For describing non-overlapping, containment and distance constraints the
phi-function technique is used. We provide a general mathematical model as nonlinear programming problem
with nonsmooth functions. We propose here the automatic feasible region generator, using phi-trees. The
generator allows us to form ready-to-use systems of inequalities with smooth functions in order to apply efficient
nonlinear optimisation procedures. We develop an efficient solution algorithm and original solver for layout
problems which uses the core representation of inequlities in a sybmol form and provides exact calculation of
Jacobian and Hessian matrixes. The search for local minima of NLP-problems is performed by IPOPT
algorithm. An essential part of our local optimisation scheme is LORA algorithm that simplifies description of
feasible region of the problem and reduces the runtime of local optimisation. It is due to this reduction our
strategy can work efficiently with collections of composed objects and search for “good” local-optimal
solutions for layout problems in reasonable time.
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Keywords: irregular shapes, convex domains, phi-functions, object rotations, allowable distances, solution tree,
solution algorithms, local optimisation.

Ipeonacaemces Ho8ask MEMOOONOUSL PEUEHUsT ONMUMUZAYUOHHBIX 300a4 KOMNOHOBKU NPOU3BOIbHBIX 0OBLEKMO8 6
KOHMEUHEPAX, 0SPAHUYEHHBIX OY2amMU OKPYICHOCMEN U OMpe3KaMU npsmblX. Jlonyckaiomes: HenpepuleHble mpaHc-
JAYUU u epawerusi 00vekmos. Meacody obvexmamu 3a0anbl MUHUMATLHO OONYCIMUMble PACCMOAHUSL. [ Mooenu-
POBAHUSL 02DAHUYEHULL HenepeceyeHlsl, GKIIOYEHUsL U 02PAHUYEHULL Ha OONYCTUMbLE PACCMOSHUSL UCROIb3YEMCsL Me-
moo phi-gynxyuil. Cmpoumcsa mamemamudeckas Mooeib 6 6uoe 3a0a4i HeIUHEUHO20 Npozpammuposanus. Onucol-
saemcsl npoyedypa ceHepayuy 001acmu OONYCMUMbIX peuienuli ¢ npumenenuem phi-oepesbes, Komopasi No380sem
dopmuposamov cucmemvl HepageHcme ¢ enadkumu Qyrxkyusimu. I[lpednacaemces 3(hexmueHslii aneopumm noucka
JIOKAIbHO ONMUMATIbHBIX pewlenull. Bajichou cocmasnsiroweli pazpabomanHol onmuMu3ayiOHHON npoyedypsl A615-
emcsi LORA anzopumm, komopwiii c600um 3a0a4y HeIUHeUH020 npocpamMmupo8anuss ¢ DOIbUWUM YUCTOM HeluHell-
HbIX Hepasencme K nociedosamenvrocmu NLP-3a0au ¢ MeHbUWUM YUCIOM HEPABEHCMB, YMO 3HAUUMENTbHO COKPA-
waem ebIMUCTUMETbHBIE PECYPChl OISl IOKAIbHOU onmumuzayuu. Paspaboman opueunanvuvlil peuwiamens 0ns 3a0ay
He2Na0KoU ONMUMU3aYUL, KOMOPbIll UCHONb3YEM CUMBONIbHOE NPEOCMABIeHIe HEPABEHCIE U 06eCneuusaen moy-
Hoe gbluucieHue diemenmos mampuy Axoouana u I'eccuana. Ilouck noxkaneHwix munumymos NLP-3a0au evinonnse-
mces ¢ nomowwto IPOPT. Ilpeonacaeman memoodoaocus dghgpexmuena 0is peutenusi 3a0ay KOMROHOBKU NPOU3BO.TIb-
HbIX 00bEKMO8 U NO360JI1eN NOLYUAMb «XOPOULUE» TOKATbHO ONMUMATIbHbIE PEUEHUsL 3a NPUEMIEMOE BPEMSL.

Knwouesste cnoea: 3adaua ynaxkosxu, npousgoivbHbie 00beKmvl, HenpepvigHvle 8paujenus, OOnyCmumbvle pac-
cmosinusl, phi -QyHKkyuu, 2eHepamop nPOCMpaHcmed peueHul; HeluHeuHas ONMUMUZAYUS.
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Sergienko I. V., Lytvyn O. M., Lytvyn O. O., Tkachenko O. V., Gritsay O. L. Construction and
research of operators of a Hermite interlineation of functions two variables on system of not
intersected lines with preservation of differential Class..........coooeiviiiiiiiiiiinie e 60-68

84

Investigates methods for constructing Hermitian operators interlination recovery of differentiated functions of
two variables between the smooth continuous curves that preserve the class of differentiability C'(R°). To
construct these operators are used traces of the interpolated function and its partial derivatives with respect to
one variable to a given order. The method of constructing these operators are based on the method first
proposed in O. N. Lytvyn and uses a linear combination of the integral operators, allowing to increase the
relevant classes of differentiable functions that are built with the following, which are assumed not to have the
required class of differentiability. Thus said linear combination belongs to a specific class of differentiability
despite the value of the linear combination coefficients. These values are found from the condition that
corresponding derivatives of the variable y have the same traces as the approximated function on all M non-
intersecting curves. Thus constructed operators retain the same differentiability class r, which owns the
approximated function f(x, y) and at the same has the same traces as the approximated function with partial
derivatives y with respect to the order N inclusive. In this paper, accepted that the functions describing these
curves have continuous derivatives to order r including and those curves do not intersect.

Keywords: classes of differentiable, the following functions, traces the derivatives on the line, Hermite
interlineation.

Tlocmpoenvr u uccredosanvl onepamopvbl UHMEPIUHAYUY DYHKYULL 08YX NEPEMEHHBIX C COXPAHEHUeM Kidcca
oughgepenyupyemocmu, KOMOPOMY NPUHAOAEHCUM RPUOTUICAeMAss (OYHKYUS Npu YCIO8UlU, YO Cledbl IMUX
onepamopos u Cciedvl HYACMHLIX HPOU3BOOHLIX NO O0OHOU U3 NEPEeMEHHbIX 00 QUKCUPOBAHHO20 NOPSAOKA
€cOo8nAOAOmM HA 3A0AHHOU CUCmeMe JUHULL C COOMBEMCMEYIouuMY credamu npubaudicaemou gynxyuu. Memoo
HOCMPOEHUsL YMUX ONepamopo8 OCHOBbIBAEMCSl HA Memooe, 6nepevie NpedloNCeHH020 6 pabomax
O. H. Jlumsuna u uUCnoIb3ylowe20 JAUHEUHYI0 KOMOUHAYUIO UHMESPATbHbIX ONepamopos, No3601I0UUX
nogvluams Kiace ouggepenyupyemocmu coomeemcmsayioumux @yHKYuti, NoCMpoeHHbIX ¢ NOMOWbLIO CNed08,
KOmopbvle Nno NpeononoliceHuro He umeilom mpedyemoeo kiacca ouggepenyupyemocmu. Taxum obdbpaszom,
VKA3AHHASL TUHEUHAS KOMOUHAYUS NPUHAOEHCUM K mpebyemMomy Kiaccy ouggepeHyupyemocmu HecMomps Ha
SHAUeHUsT KOIPOUYUEHMO8 NUHEHOU KOMOUHAyUY. YKa3aHHwle 3HAYEHUsT HAXOOAMCA U3 YCI0GUs, YmoObl
coomseemcmayrouue npou3go0Hvle N0 NePEMEHHON y UMenu ciedbl maxue dce, Kak u npubaudcaemas QyHKyus
Ha 6cex M Henepecexaiowuxcs kpusvlx. Takum o6pazom, ROCMpoOeHHble ONePamopbl COXPAHIIOM MOM Hee KIACC
oughgepenyupyemocmu r, KOMOpomy HpuHadIedcum npubnuxcaemas QyHkyus f(x, y) u npu smom umeem me
Jice cnedvl, Wmo u npubnudcaemas QyHKyus emecme ¢ HACMHbIMU NPOU3BOOHBIMU NO Y 00 nopsioka N
sKkmouumenvro. B Oannoil pabome npuHsmo, umo @OYHKYul, ONUCHIGAIOWUE VKA3AHHbIE KpPUBble UMEIOm
HenpepbvlaHble NPOU3B0OHbLE 00 NOPSLOKA T GKIIOYUMENbHO U KPUBble MU He NePeceKkaiomcsl.

Kniouesvie cnosa: xnacc ougpghepenyupyemocmu, credvl Qyuxyuu, ciedvl npou3soonslx na aunuu, Epmumosas
UHMEPTUHAYUSL.
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Non-traditional Power Engineering

Filenko V. V., Solovey V. V. Combined installation of photovoltaic panel with concentrators and
hydrogen ENErgY STOTAZE.....cc.ueeuiiriieriieriierte ettt ettt ettt ettt st st st et e e bt e bt e smeesaeeemteenneenneens 69-75

Scaling up the use of alternative and renewable energy sources necessitates a substantial improvement of energy
conversion processes and improve technical and economic characteristics of power supply systems based on
them. One of the main ways to solve this problem is to intensify energy conversion processes at all levels of the
system, both during energy generation and its consumption, which necessitates a systematic study of the dynam-
ics of energy conversion processes in key elements of the technological scheme. As promising projects that could
be implemented in the shortest possible time with maximum economic, can be divided into work that aims to im-
prove the efficiency of wind energy infrastructure and solar energy sector using hydrogen technologies. Innova-
tive hydrogen technologies designed to play an important role in the diversification of energy flows, significantly
reduce the consumption of hydrocarbon fuels and will improve the environment in the most environmentally
stressed areas of industrial regions and rural arias. Solar electricity generation steadily increased its share in
the world's energy balance. Among the main obstacles to efficient use of the energy potential of solar radiation
should underline its low density and high revenues as uneven during daylight hours and, depending on the sea-
son. The way to overcome or minimize these obstacles may be the creation of specialized systems of concentrat-
ing solar energy combined with energy storage systems or production of clean fuels. The paper presents the re-
sults of mathematical modeling of static parabolic-concentrator for the photovoltaic system and demonstrate
possibilities use of concentration may not only increase the energy efficiency of solar cells, while reducing the
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use of expensive semiconductor materials, but also smooth the unevenness of incoming solar radiation and im-
prove economic and operational performance, including the use of renewable energy sources. Use concentration
system constructed during the year will in 2.3 times increase revenues solar radiation per unit area, while reduc-
ing seasonal fluctuations of the level of solar radiation on the surface of the receiver by 14%.

Keywords: renewable energy, photovoltaic cells, electrolyzer, hydrogen, concentrator.

Pacwupenue macuimabo6 ucnonv3o6anus aibmepHAmugHsIX 1 60300HOBIAEMbIX UCOYHUKO8 dHep2uU mpebyem
CYWeCMBEHHO20 VIYHUEHUsl NPOYEeCCO8 NPeodpa308aHus IHEPSUU U MEXHUKO-IKOHOMUUECKUX XAPAKMEPUCUK
cucmem neKkmpocHabceruss Ha ux ocroge. OOUH U3 OCHOBHBIX Nymell peweHus SMotl nPoodIeMbl 3aKI0UAEMCsl
6 UHMEHCUDUKAYUU NPOYECCO8 NPeodPA306aHUs IHEPSUU HA BCeX YPOBHAX CUCMEMbl KAK 8 npoyecce npou3eoo-
cmea snepaull, maxK u ee NOMpeoIeHUsl, Ymo mpebyem CUCmeMamu4ecKo2o U3yieHusi OUHAMUKYU NPOYeccos npe-
00pa306aHUsL DHEPSUL 8 KTIOUEBIX JJIEMEHMAX MeXHOI02uYecKol cxembl. Kak nepcnexmugnvie npoexkmei, Komo-
pbvle Mocym Oblmb peanu308anbl 8 Kpamuanuue CpoKu ¢ MAKCUMATLHOU IKOHOMUUECKOU dpghexmusrnocmyio,
MOHCHO 8blOeNUMb pabomul, HANpasieHHsle HA NOo8blUeHUe IPPEeKMUBHOCMU UCNONb308AHUS IHEPSUU 8empa U
COIHYA C UCNONB308AHUEM 8000POOHBIX MexHoA02Ull. MHHO8AYUOHHbIE MEeXHOI02UU 8000P00A NPU3BAHBI USPAMb
BAJNCHYIO POb 8 OUBEPCUPUKAYUU IHEPSeMUYECKUX NOMOKO8, CYUWEeCMEEeHHO CHUUMb nompeobienue y21e8000-
POOHO20 MONAUBA U YAYHUUMb IKOIOSUHECKYI0 0OCMAHOBKY 8 Hauboiee IKOI02UYECKU HANPANCEHHbIX NPOMbILU-
JIEHHBIX PALIOHAX U CeNbCKOU MecmHocmu. B cmambe npeocmasiensi pe3yibmamsl MamemMamuiecko2o Mooenu-
POBAHUA CMAMUYECKO20 NAPADOIUYECKO20 KOHYEHMPamopa Oas (homoaneKmpudecKkoll cucmemvl, 4mo no3eo-
JUM CHU3UMb UCNOAL30BAHUE 00PO2OCMOSWUX NOIYIPOBOOHUKOBBIX MAMEPUANO8, C2AOUMb HEPABGHOMEPHOCTIb
HOCMYNIEHUs. COTHEYHOU paduayull, a Mmaxice Yayuulums IKOHOMUYECKUe U IKCHIYAmayuoHnvle Xapakmepu-
CMUKU MmexHon02ull 60300H0615eMOl dHepeemukuy. IIpednoscennas cucmema no3goaem YEeauiums COIHEUHYIO
UHCONAYUIO HA eOUHUYY naowaou gomodnemenma 6 2,3 pasa Ha NPOmMs’CEHUU 200d, CHUUB NPU DMOM CE30H-
Hble KOeOanus yposHs COIHeUHOU paouayuu Ha nosepxuocmu npuemuuxa na 14%.

Kniouegvie cnosa: 60300H06715eMble UCHOYHUKU DHEP2UU, (POMOINEKMPUYECKULl npeodpazosameis, IAeKmpoiu-
3ep, 6000P00, KOHYESHMPAMOP.
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