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Parafeynik V.P., Shcherbakov N.S., Ryabov A.A., Shevchuk V.V., Raznoshynskyy V.N., Ter-

tyshnyi L.N., Prilipko S.A. Selection of System Characteristic of Turbo-Compressor Package Based

on Efficiency Analysis according to Full-Scale Test Results. P. II. Methodological Approach to De-

sign Modular Turbo-Compressor Packages for CS of Gas INdUSEIY ......ccoceerveiriiiriiiniinieniencniceeceeeeene 6-11

This work deals with test benches features and analysis procedure of operating process efficiency for different
systems of turbo-compressor packages of GPA-C type manufactured by Sumy NPO PJSC. The design of back-to-
back test rig for full-scale test of centrifugal compressor with high pressure (1,2...12,0 MPa), GTE with power
4,0...25,0 MW and packages as a whole under conditions close to operating conditions at CS of gas and oil in-
dustry is presented. The construction diagram and equipment configuration of gas bench of Motor Sich JSC to
test turbines D-336 as well as AI-336 on gaseous fuel are considered. The bench permits to perform experi-
mental works not only to run a curve but to research air intake duct geometry effect on pressure field non-
uniformity at GTE inlet when being a part of bench. The programs, methodical specifics of full-scale test of gas
turbineD-336-1 with power 6,3 MW, centrifugal compressor NCV-6,3/56-1,45 and other systems are described.
The analytical dependences to process test results of turbine and gas centrifugal compressor performed under
conditions close to operating ones are presented providing the possibility to obtain the package system charac-
teristics based on experimental data as well as verification of this characteristics obtained by calculation at pre-
development researches stage.

Keywords: back-to-back test rig, turbo-compressor package, centrifugal compressor, gas turbine engine, com-
pressor polytropic efficiency, turbine effective efficiency.

Paboma nocssawena paccmompenuto ocobennocmel KOHCMPYKYuu cmeHo08 1 Memoouku auaiusa 3¢ggpexmus-
Hocmu paboyezo npoyecca pasiuyHblx cucmem mypooxomnpeccopnvix azpecamos muna I'TIA-I] koncmpyxkyuu
ITAO «Cymckoe HIIO». Ilpedcmaenena KOHCMPYKyus CMeHOa 3aMKHYMO20 KOHMYpPA 015l HAMYPHBIX UCHbIMA-
HULL YeHMPOOEHCHBIX KOMNPeccopos gulcokozo dasnenus (1,2...12,0 Mlla), I'T/] mowrocmeio 4,0...25,0 MBm u
azpe2amos 8 YeioM 8 YCI0BUAX MAKCUMATLHO NPUOTUNICEHHBIX K YCIOGUAM IKCHAYAMAYUU HA KOMAPECCOPHBIX
CmaHyusax 2azoeotl u He(pmsanol npomviutiennocmu. Paccmompena konempykmusnas cxema u cocmas 060pyoo-
sanus 2az06020 cmenoa [1AO «Momop-Cuu» ons ucnoimanuil osueameneti muna /{-336, a makoce AU-336 na
2azoobpasnom monause. CmeHo no36o0.1aem npogooums IKCHepUMeHmalbHvle pabomsl He MOIbKO CO CHAMuUeM
Xapaxkmepucmux osucamesis, HO UCCIe008aMb GIUAHUE 2eoMempuU 8030YXONPUEMHO20 MPAKma 0gueamens HA
HepasHoMepHOCb NoJisl 0asienull Ha éxode 8 I T/ npu eco pabome 6 cocmase cmenda. Onucanvl npocpamma,
Memoouueckue 0COOEHHOCMU HAMYPHBIX UCHBIMAHULL 2a30mypounnozo osueamens [[-336-1 mowmocmuio
6,3MBm, yenmpobexcnoco xomnpeccopa HI[B-6,3/56-1,45 u opyeux cucmem aepecama. Ilpeocmaesnensvt auna-
JUMuUYecKue 3a8UcUMocmu 0s 00pabomKu pe3yibmamos UCHbIMAHUL 08Ueames U 24308020 YeHMPOOEHCHO20
KOMNpeccopa, BbINOIHEHHbIX 8 YCA0BUAX ONUBKUX K IKCNAYAMAYUOHHBIM, 4MO 0Decneyusaem GO3MONCHOCHb
NONYHeHUsL HA OCHOBE IKCNEPUMEHMATIbHBIX OAHHBIX CUCMEMHOU XApAKMepUCmuKy azpezamad, a maxoice epu-
@uxrayuro smou XapaKxmepucmuxi, NOJIY4eHHOU PAciemubiM nymem Ha Cmaouu npeonpoeKmHblx Uccieo008anul.

Knrouesvte cnosa: cmeHno 3aMKHYmMo2o KOHMypa, mypOoKOMAPECCOPHbL acpe2am, YeHmpOOEelCHblll KOMIpec-
cop, eazomypounnbil 0gueamens, noaumponuviti KII/[ komnpeccopa, 3¢pgpexmusnoiii KI1/[ dsueamens.
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Babayev A. 1. Analysis of modern designs combined stop-control valves of steam turbines................... 19-24

The article presents an analysis of modern designs combined stop-control valves for power steam turbines.
Comparative analysis allowed us to determine the main advantages and disadvantages of the design developed
turbine-building companies of Power Machines, ENTEK, Turboatom, ABB, Alstom. In conclusion, it noted that
the use of combined designs of stop-control valve is a promising direction in both the design of new turbines,
and operated under the modernization. The analyzed designs of valves have high levels of efficiency and reliabil-
ity. However, analysis of the experience of their operation indicates the presence of a number of problems, the
solution of which will give further opportunity to fully realize their potential.

Keywords: control valve, steam distribution, steam turbine.

B cmamve npedcmasnen ananus KoHCmpyKyuti cO8pEMeHHbIX KOMOUHUPOBAHHBIX CTNONOPHO-PECYIUPYIOWUX KId-
NAHO8 015 MOWHBIX NAPOMYPOUHHBIX YcmaH080K. CpasHUmenbHblll AHAIU3 NO380IUL ONpedenumb OCHOBHbIE O0-
CMOUHCMBA U HeOOCMAMKU KOHCMPYKYUll, paspabomanusix mypoocmpoumenvuoimu pupmamu «Cunogvie ma-
wunvl», DJHTOK, «Typboamom», ABB, Alstom. B 3akiiouenue ommeuaemcs, 4mo npumenenue KOMOUHUPOBAH-
HBIX KOHCIPYKYULL CIONOPHO-Pe2yIUpyrouUx KIanaHos A1aemcs nepCcneKmusHblM HanpasieHuem Kak npu npo-
EeKMUpoB8anUY HO8bIX MypOOYCMAHOBOK, MAK U NPU MOOepHU3ayuu sKcniyamupyemslx. Paccmompennvie Kow-
CMPYKYUU CMOROPHO-PEYIUPYIOUUX KIANAHO8 UMEIOM BbICOKUE NOKA3AMENU IKOHOMUUHOCTIU U HAOEHCHOCU.
O0naxo ananuz onvima ux SKCRIYAMayuy 20860pum 0 HAIUYUU psoa npoobiem, OanvHeliulee pewenue KOmopvix
0acm 03MOICHOCb 6 NOTHOU Mepe Pedau308amy UX HOMEHYUAL.

Knrouegvie cnosa: pezynupyowuil Kianat, napopacnpeoeierue, naposas mypouHa.
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Heat Transfer in Engineering Constructions

Andreeva O. L., Kostikov A. O., Tkachenko V. I. Analytical solution and neutral curves of the
stationary linear Rayleigh problem with rigid and mixed boundary conditions in cylindrical
EOIMICETY ..eteiteentteteentte et et et et et e bt e s bt e e st e eat e e st e et e e bt e sbeesheesatesate e et e e bt e st e seeeueeeueesae e et e embeesbeenbeesanesaneeane 25-35

An analytical solution for the convective cells in a cylindrical geometry with rigid borders for the stationary lin-
ear Rayleigh problem is received. For a special case there were obtained expressions of distribution for per-
turbed velocity and temperature in cylindrical system coordinate with rigid boundaries. Selected results can be
useful in solving the problem of stationary Rayleigh solid boundaries in the rectangular coordinate system This
distributions were compared to similar property for free convective cell for the main mode. In order to construct
the neutral curves let’s use the solutions invariance with respect to the scale-shift transformation of the prob-
lem’s parameters. The term "invariance with respect to the scale-shift transformation"” responds to the immuta-
bility of the solutions. On the basis of the analytical solutions analytical expressions are built for the neutral
curves in the case of rigid or mixed boundary conditions. It is shown that those neutral curves correspond with
sufficient precision to the ones numerically calculated by other authors.

Key words: stationary linear of Rayleigh problem, cylindrical geometry, rigid or mixed boundary conditions,
analytic solution, neutral curves.

Honyueno ananumuueckoe peuieHue CMayuOHApHOU TUHEUHOU 3a0ayu Panes ons koneekmugHoll sueiku 6 yu-
JUHOPUHECKOU 2eOMempul ¢ MEepobiMU SpaHuyHblMu ycroguamu. Ha e2o ocnose nocmpoenvl ananumuyeckue
sbIpadicenust 0Jis HEUMPATbHBIX KPUBIX 6 CIyude MeepoblX U CMEUAHHbIX SPaHUYHbIX Yeaoguil. Tlokazano, umo
Helmpanbivle Kpugble ¢ OOCMAMOYHOL CMENEeHblo MOYHOCMU COOMBEMCMEYIOM YUCIEHHbIM PACYemam, NoJy-
YEHHbIM OpY2UMU ABMOPAMU.

Knrouesvie cnosa: cmayuoHapHas JUHENHAs 3a0a4a P9ﬂ€ﬂ, L{MﬂqupMV@C‘Ka}l ceomempus, meepdble umu cme-
WianHvle cpaHudnsble yCiaosus, anaiumudeckKoe pewenue, Heﬁmpaﬂbele Kpueble.
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Tsakanyan O. S., Goloshchapov V. N., Koshel S. V., Ganzha N. G. The definition of the heat
losses from sections of main heat pipes, the method of Etalon ...........coccceiiiiiiniiiiniiiniincee 25-35

Currently, thousands of kilometers of heat pipes operated with worn insulation. A significant part of heat energy
is lost to the environment. To measure the magnitude of heat losses on the pipeline very difficult, and the accura-
¢y of measurements using the current methods depends on seasons, temperature and humidity, coolant tempera-
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ture, state of heat insulation and other factors. The developed measurement technique and design of the measur-
ing device allows to determine the level of heat loss in any pipe section regardless of the type of thermal insula-
tion. The measuring device is a mounted on the tube housing with screens on the inner surfaces and openings top
and bottom for sensors measuring temperature and air flow, which determines the heat loss into the environ-
ment. The device is pre-calibrated in the laboratory using standard heat capacity in which it is uniformly dis-
tributed over the surface, simulating the pipeline. The benchmark is a model of the pipeline section containing
the heater and integral temperature sensor. The presence of screens and good insulation of the device allows
you to convert all radiant heat energy in the convection. This allows to take into account all heat losses of the
pipeline. Changing the diameter of the holes in the end caps of the device, it can be used to measure the heat
losses from the pipelines of various diameter.

Key words: heat loss, measurement, standard, tubing.

Paspabomana memoouxa uzmepenuti u KOHCMPYKYUs UsMepumenIbHo2o npubopa 0ist onpeodeneHus yposHs men-
JI08bIX nOMePb HA M06OM yuacmke mpyoonpogooos He3a8UCUMO Om muna meniosou uzonayuu. Ipubop npeo-
cmagnsiem coboil YCmaHOGLeH bl Ha MpPy6y KOPNyc ¢ IKPAHAMU HA GHYMPEHHUX NOBEPXHOCMSX U OMEEPCMuUs-
MU CHU3Y U C8epXy OJiL OAMUUKO8 USMEPEHUsL MEMNEPAmypbl U pacxoda 8030yXd, no KOMOPbIM ONpeoeisitomcs,
mennogvle nomepu 8 oKpyscaiouyio cpedy. Ilpedsapumenvho npubop mapupyemcs 8 1aO0PAMOPHBIX YCI0BUSIX C
NpUMEHEHUeM SMALOHA MENI0B0U MOWHOCU, 8 KOMOPOM OHA PAGHOMEPHO pPAChpedeNeHd NO NO8ePXHOCMU
yuacmka, umumupyrowe2o mpyoonposod. Imanoun npeocmasisiem coboi mMooensb yuacmka mpyoonposood, co-
odepaicawyyio Hazpeeamend U UHMESPANbHLIL 0amuUUK memnepamypel. Mzmensas ouamemp omseepcmus 6 mopye-
8bIX KPbIUKAX NPUOOPA, €20 MONCHO NPUMEHAMb 0I5 USMEPEHUsl MENI08bIX NOMePb MPYOONPOB0008 PA3IUYHO2O
Juamempa.

Knrouegvie cnosa: mennogvie nomepu, usmepenue, SMaioH, mpybonpogoo.
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Dynamics and Strength of Machines

Strelnikova E. A., Syrota I. P., Lynnyk A. V., Kalemat L. A., Zarhina V. N., Zaydenvarg O. L.
Probabilistic estimation of the cracked shaft durability ..........c.cccooieiiiiiiiiinii e 36-43

The paper presents the numerical modeling of the turbine shaft with the extended defect zone. During the inspec-
tion of the shaft, there have been discovered numerous cracks disposed in the extended cylindrical domain. The
most affected zone is placed near the flange coupling of the shaft with the turbine runner. The analysis of chemi-
cal content and mechanical properties of the shaft material was accomplished. The obtained data allow us to ob-
tain the numerical values of the stress intensity factor range, the fatigue crack growth rate. These quantities are
used in crack propagation criteria. It was supposed that there will be micro-defects propagated under applied
loading. The crack initiation position was analyzed based on the metallographic analysis and the end of the
keyway was determined as the crack initiation position of the shaft. The crack propagation was analyzed with
the predicted crack initiation position and crack propagation routine. The modified Paris equation was used for
setting the dependency between crack growth rate and stress intensity factor range. For stress intensity factor
the semi-analytical expression was in use. Using the Paris equation we find the time before cracked shaft failure
for each crack with prescribed initial position. The method is proposed to estimate the probabilistic average of
time before failure of the cracked turbine shaft. The time failure was estimated necessary for crack hitting unto
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82

the defect zone that lead to the shaft failure. In order to avoid important damages, the obtained results are of
highest interest because they give the possibility to establish the correct interval between the current inspections.

Keywords: durability, hydroturbine shaft, crack, expected value, expected value.

Ipeonosicena memoouxa onpedeienusi MAmemMamuiecko20 0HCUOAHUsL KOTUYeCmsea iem 00 paspyueHus 8did
euopomypounsl, umerowe2o degpexkmuyio 30ny. Ilpeononacaemcs, ymo 601u3u NOBEPXHOCMU B8AA MOSYN HAXO-
OUMbCsL MUKPOOeheKmbl, KOmopbvle PAcnpOCMpaHsIOncs H00 Oeticmeuem NpuiorcenHol naepysku. Oyenusaem-
cs 8pems (6 200ax), HeobOxX0OuUMOe Oisi MO20, YMOObl MUKDOMPEWUHbL PA3BUIACH 00 HONAOAHUsL 8 OeDEeKMHYIO
30HY.

Knwuesvie cnosa: ()0]12066‘1H06‘mb, eain 2u0p0myp6qul, mpewjuna, namemamuieckoe oocuoanue.
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Gnitko V. L., Polishchuk O. F., Cherkasskiy A. Y., Ilicheva N. A., Artemova S. V.,
Kononenko Y. S. Stress-strain state research of fastener in hydraulic turbine flanged connections......... 43-50

The technique for numerical analysis of the stress-strain state of the main massive load-bearing fastening the
hydraulic turbine equipment with Kaplan runner under static and dynamic loading is developed. The flanged
connection operation modeling is reduced to formulation of the contact problem of the bolt—flanges interaction.
The finite-element program modules to estimate static and forced vibrations are constructed. The numerical in-
vestigations of the static and dynamic stress-strain state of the load-bearing bolted connections for hydraulic
turbine I1/140-B-700: turbine shaft — runner, turbine shaft — generator shaft, blade — runner have been per-
formed. The tests for cycle fatigue of cylindrical test-pieces of steel grade 25XIM® used for manufacture of fas-
teners are accomplished in the modes of tension—compression and symmetric bending. The fatigue curves for
strain-compression and bending of the test-pieces made of steel grade 25XIM® are obtained. At the fatigue test
in tension-compression mode the number of cycles to failure of the sample is less significant compared with the
test on a flat symmetrical bending under the same stresses.

Keywords: flange connection, prestressed, static and dynamic loading, finite element method.

Paspabomana memoouxa YucieHH020 aHanu3a HANPSHCEHHO-0eDOPMUPOBAHHO20 COCMOSIHUSL OCHOBHO20 KPYN-
HO20 CUN0B020 Kpenienusi 2uOpomypouHHo2o 060py008anus ¢ NOBOPOMHO-IONACIMHBIM PAOOYUM KOJIeCOM Npu
cmamuyeckom u OuHamudeckom Haepyosicenuu. Moodenuposanue pabomsl ranyesoeo coeOuHeHus c6e0eHo K
opmynuposanuio KoHmaxmuou 3adayu o e3aumooleicmeuu dboaxma c @ranyamu. Iocmpoenvl Mooyiu npo-
2pamm OJisi KOHEUHOINEMEHMHO20 PACHema CIAMUKY U GbIHYHCOEHHbIX KOIeOaHull. Bulnoanenvl yucienuvle uc-
Ce008AHUSL CMAMUYECKO20 U OUHAMUYECKO20 HANPSNCEHHO-0ehOPMUPOBAHHO2O COCMOSAHUA CULOBLIX DOJIMO-
6bix coedunenutl euopomypounst I1J140-B-700: éan mypounel — pabouee Koneco, 6al mypoOuHvl — 6all 2eHepa-
mopa, nonacms — pabouee xoneco. IIposedenvl UCnLIMAHUA HA YUKTUYECKYIO YCMALOCHb YUTUHOPULECKUX 00-
PA3Y08 8 PedcuUMe PACMSANCEHUSI-CHCAMUL U CUMMEMPUYHO20 uzeuba uz cmanu maprku 25XIM®, ucnonvzyemorii
0715 U320MoseHuUs KpenedcHvix oemanetl. Ilonyyenst kpugvie YCmarocmu Ha pacmsdicenue-cocamue u u3eud 0o-
pasyos uz cmanu mapku 25XIM®. Ycmanoseneno, umo npu ucnvlmanusx Ha yYCmaioCcmy 8 pedlcume pacmsiice-
HUSI-COICAMUsL YUCTO YUKTLO8 00 paspyuleHus oopasya na nopsioox MeHbuie, YeM Npu UCHbIMAHUSX HA NIOCKUL
CUMMeMpPUYHBII U32UO OJ11 OOUHAKOBBIX HANPSNCEHUU.

Knroueswvte cnoea: ¢ﬂ(lH14€60€ coeduHeHue, nped@apumeﬂbnoe 3amAzcuearnue, cmamudeckas u ouHamu4eckas
HaepysKa, Memoo KOHEUHbIX INEeMEHMO8.

References

1.  STO RusGidro 02.03.107-2013. (2013) Gidroehlektrostancii. Nerazrushayushchij kontrol' krepezhnyh
ehlementov otvetstvennyh uzlov gidroagregatov. Metodicheskie ukazaniya: 53.

2. GOST 20700-75 (ST SEHV 1066-78).(2001) Bolty, shpil'ki, gajki i shajby dlya flancevyh i ankernyh

soedinenij, probki i xomuty s temperaturoj sredy ot 0 do 650°S. Tekhnicheskie usloviya. IPK Izdatel'stvo

standartov: 23.

Birger I.A. (1979) Raschet na prochnost' detalej mashin. Spravochnik. Mashinostroenie: 702.

Birger I.A. (1973) Rez'bovye soedineniya. Mashinostroenie: 256.

Kovalev N.N. (1961) Gidroturbiny. Konstrukcii i voprosy proektirovaniya: Gos. nauch.-tekhn. izd-vo

mashinostroitel'noj literatury: 615.

6. Tosilevich G.B. (1985)Zatyazhka i stoporenie rez’bovyh soedinenij: Spravochnik. Mashinostroenie: 224.

7. GOST 25.502-79. (1980) Raschety i ispytaniya na prochnost' v mashinostroenii. Metody mekhanicheskih
ispytanij metallov. Metody ispytanij na ustalost'. Izdatel'stvo standartov: 32.

8. SHkol'nik.L.M. (1978) Metodika ustalostnyh ispytanij: Spravochnik. Metallurgiya: 304.

kW

ISSN 0131-2928. Ilpo6a. mawunocmpoenus, 2017, T. 20, Ne 1 83



ABSTRACTS AND REFERENCES

Applied Mathematics

Litvinova Yu. S., Maksymenko-Sheiko K. V., Sheiko T. L., Analytical identification of three-
dimensional geometric objects by information about the shape of their cross-sections...........cc..ccccueeueene. 51-56

In this paper we investigated the possibilities and proposed methods of functional representation of a geometric
object in 3D for information on the equation of the boundary sections of the object being restored. The article
describes the various methods postreniya geometry equations according to their section. The functional repre-
sentation of a geometrical object defines it as a unit by one real continuous function of several variables. In 3D
on the basis of the theory of R-functions developed by V. L. Rvachev works are devoted to the solution of the in-
verse problem of analytical geometry. The technique of creation of the equations of the composite geometrical
objects described in them is based on operations with the known equations of three-dimensional primitives. At
the same time set-theoretic operations are defined in an analytical view with the help of R-functions. However
often there is a need of the functional representation of a geometrical object for 3D, being based not on the
known equations of three-dimensional primitives, and according to information on the equations of borders of
sections of the restored object. Constructed geometric objects using the apparatus of the theory of R-functions
and its supporting software. This method of constructing geometric objects is a universal means of modeling and
visualization. Analysing method for constructing geometric objects using R-functions, it should be noted that the
function is positive inside the body is equal to zero on its surface and it is negative. Using literal parameters sig-
nificantly expands the design possibilities of the implementation of the simulation geometry. Stored in the com-
puter's memory model allows the researcher using the software three-dimensional interactive computer graphics
to manipulate spatial images obtained by varying the value of literal parameters. Construction of mathematical
models of geometric objects are their analytic identity, as evidenced by visualization of the derived equations.

Keywords: R-function, spline modeling, visualization, three-dimensional objects.

B oaunou pabome ucciedosanvi 603MOACHOCMU U NPEOTIONCEHBI MEMOOUKYU DYHKYUOHATLHO20 NPEOCABIeHUs.
2eomempuuecko2o obvekma ¢ 3D no ungopmayuu 06 ypasHeHusx epanuy ceyeHuil 0CCMAanagIU8aemMo20 00b-
exma. Tlocmpoenvl ceomempuueckue 00beKmvl ¢ UCNOAb308AHUEeM annapama meopuu R-@ynkyuii u noodepoicu-
8aKOWe20 €20 NPOSPaAMMHO20 NPOOYKMA. J{AHHbLL Memo0 NOCMPOEHUs 2eOMEMPUUECKUX 00BbEKMO8 S6ISemcsl
VHUBEPCANbHBIM CPEOCMEOM MOOenuposanus u eusyanusayuu. HMcnoavsosanue OyKeeHHbIX napamempos cyuje-
CMBEHHO pacuiupsenm KOHCMPYKMUGHbIE 803MOMCHOCIU Pedau3ayu MOOEIUPOBAHU 2eOMEMPUYECKUX 00beK-
mos. Xpanawasacs 6 namsamu KOMHblOmepa MoOoelb NO360J5em UCCIe008AMENI0 ¢ NOMOWbIO NPOSPAMMHBIX
cpeocma UHMepaKmuBHoOU MpexmepHol KOMNbIOMEPHOU SPaduKy MAHURYIUPOBAND NOYYAEMbIMU NPOCIPAH-
CMBEHHbIMU 00pA3aMU, 8apbUpys 3naveHus OyKeeHHbIX napamempos. Ilocmpoennvie mamemamuyeckue mMooenu
2e0MempuUecKUx 00beKmoe8 AGIAIOMCI UX AHATUMUYECKOU udeHmudurayuet, o yem ceudemenbCmeyem 6usya-
JU3AYUSL NOTYYEHHBIX YPAGHEHUIL.

Knrwoueswvte cnosa: R-gpynxyuu, cnaaiin, mooenuposanue, 8usyaiuzayus, mpexmepuvie 00beKmsi.

References

1. Rvachev, V. L. Theory of R-functions and some of its applications. Kiev Sciences. Dumka. 552. (1982)

2. Maksimenko-Shejko, K.V. R-function in the mathematical modeling of the geometry and physical fields -
Harkov.; Institute of Problems of Mechanical Engineering of the NAS of Ukraine. 306 (2009).

3. Lytvyn, O.M. Interlinatsiya functions and some of its applications . Kharkiv, Base. 544 (2002).

4. Maksimenko-Shejko, K. V, Matsevity, A. M., Tolok, A. V., Shejko, T. I. R-functions and the inverse prob-
lem of analytic geometry in three-dimensional space . Inform. technologie. 10, 23-32 (2007).

5. Rvachev, V. L., Tolok, A. V., Uvarov, R. A., Shejko, T. I. New approaches to the construction of three-
dimensional equations of the loci using the R-functions. Visn. Zaporiz. University tu. 2, 119 - 130 (2000).

6.  Maksimenko-Shejko, K. V. ., Shejko, T. I. R-function in the mathematical modeling of geometric objects in
3D for the information in 2D. News Zaporiz. the University, 98-104 (2010).

Lytvyn O. M., Tomanova 1. S. Solving the problem of bending plate finite element method using
splines of the 5th degree on the triangular Erid ..........cocueiiieiiiiiiiiiiii e e 51-56

84

Splines are involved in a large number of physical processes. Using splines for research biharmonic problem is
widely used in practice, particularly in the study of the deflection plates. Many exact solutions have been devel-
oped for isotropic linear elastic thin plates; most of them can be found in the monographs Tymoshenko (Tymo-
shenko and Woinowsky-Krieger, 1959). In this paper we propose a scheme for solving biharmonic problem for a
rectangular plate in the case of boundary conditions that match the conditions of rigid support plate in the form
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of a spline of the 5th degree, which provides an approximate solution of a class affiliation CZ(G) . These poly-

nomials are not used previously for the biharmonic equation. The article was considered the application of the
formulas for the construction of a polynomial of the fifth degree taken from [1] biharmonic problem. An experi-
ment was conducted that compares the current solution with polynomials, which were obtained by the formulas
[1] to the square area. As has been taken exact solutions formula (a) in work [3] on the field a =b =1. The ar-
ea was divided into two, four, eight triangles. The experiment showed greater than a partition area into trian-
gles, the smaller the error.

Keywords: splines of the 5th degree, biharmonic problem, rectangular plate, uniformly distributed load.

Ipeonooicena cxema peuwieHuss dGULAPMOHUYECKOU 3a0adil 01 NPAMOY2OIbHOU NIACMUHbL 8 CyYae SPAHUYHBIX
VCoBULl, KOMOpble COOMBEMCMBYION YCIO0GUIM HCECTNKO20 3aUieMNIeHUs. NIACIMUHbL 8 8Ude CNIAUHA 5-20 cme-

. 2
nems, Komopulii obecneyugaem npuHadiexcnocms npubausxcenno2o pewenus xaacca C~(G). Pacemompeno

npumenenue Gopmyn 0 NHOCHMPOEHUs. NOTUHOMA NAMO20 CmeneHs busapmonuieckol 3aoauu. Ilposeden sxcne-
PpUMeHm, KOMOpblLl CPABHUBAEN MOYHOE peuleHue ¢ NOAUHOMAMY, NOJYYEHHLIMU HA KEAOpamHou obaacmu.
Dkcnepumenm noxasan, yem 6oavule pasouenue 061acmu Ha mpey2orbHUKY, meM MeHbule NOZPEUHOCb.

Knrouegvie cnosa: cniaiinel 5-ii cmenenu, dueapmonuieckas 3a0aud, NpsSmMoy2oabHas NAACMUHA, PAGHOMEPHO
pacnpeoenennas HazpysKa.
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Non-traditional Power Engineering

Solovey V. V., Kozak L. R., Shevchenko A. A., Zipunnikov M. M., Robert Campbell,
Fred Seamon Hydrogen technology of energy storage making use of wind power potential................... 6268

This article describes the development of the versatile technology that can be used to provide continuous power
for a desalination plant using wind energy. There were studied the main principles to realize the electrochemical
method of high pressure hydrogen and oxygen generation with the use of variable-valency metals as electrodes.
We propose the high reliable and operational safety system to store chemical energy as high pressure hydrogen
for later use in the fuel cells. Such hydrogen generation and storage system allows the chemical reaction rate to
be controlled by controlling the current intensity and, hence, the consumed power can be controlled. This is es-
pecially important when the primary energy source for the electrolysis installation is wind power, which is not
constant and is affected by climatic factors. The article provides the recommendations as to application of this
versatile technology to generate hydrogen (oxygen) using the changeable wind or sun renewable energy as the
primary energy sources. Scientific and technical principles for creation of the energy electrochemical hydrogen
accumulators are formed and the ways are proposed to optimize their operation under variable modes, which
represent the real conditions of exploitation of energy-technological complexes created on the base of the wind
power stations. Cost indexes over of creation and exploitation of the hydrogen generation system are presented
depending on the pressure level in an electrolyzer.

Keywords: hydrogen, electrolyzer, gas absorbing electrode, electrochemical cell, current density, wind-
hydrogen energy storage system

Onucvisaemcs paspabomra yHUSEPCANbHBIX MEXHOIO2UL, KOMOpble MO2Ym Oblmb UCNOIb308AHbL 015l 0becnede-
HUSL Henpepvl8HOU pabomvl ONPecHUMenbHOU YCMAHOBKU NpuU UCNOIb308AHUU dHepeuu gempad. Paccmompensi
OCHOBHbIE NPUHYUNBL Peanu3ayiu INeKMPOXUMULECKO20 Memood NOaYyYeHUs 6000po0d U KUCIOPOOd 8bICOKO20
oasnenus U3 600bl C UCNONIB308AHUEM MAMEPUATO8 IIEeKMPOO08 ¢ nepemeHHol earenmuocmuio. Ilpednocena
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cucmema XpaneHus XuMU4eckol sHepeuu 8 GUoe CaHcamozo 8000pooa 00 BbICOKUX 0ABNEHUL C NOCIEOYIOUUM €20
UCNONBL30BAHUEM 8 MONIUBHOM dNemenme. Paspabomannas cucmema xapakmepuszyemcs: noGbluleHUeM Haoedic-
HOCMU U IKCNIYAMayuonnol bezonachocmu. Booopoo-nakonumenvbHas cucmema no360asen KOHmMpoIuposams
011 YCIMAHO80K NOMpeOaAeMyio MOUWHOCHb. MO 0CODEHHO 8AXHCHO, KO20A OCHOBHBIM UCHOYHUKOM dHepeuu OJis
INEKMPONUSHOU YCIMAHOBKU CLYICUM IHEPSUsT Gempa, KOMOPAsi He SGIAEmCs NOCMOSIHHOU U 3a6UCUM OM KU~
Mamuyeckux gaxkmopos. Jlanvl pexomenoayuu no NpUMeHeHuro 0aHH020 Cnocoda NoIyyYeHus: 6000pood (KUcio-
po0a) ¢ UCNONBL306aAHUEM 8 KAHeCH8e NEPBULHO20 UCMOYHUKA B0300HOGIAEMbIX BUO06 IHep2ul (CoHYa, eempa),
omauyarowuxcs HenocmosHcmeom nocmynienusi. Coopmupoeansvl HayuyHO-mexHuyecKue NPUHYUNbl CO30AHU
2NEKMPOXUMUYECKUX B000POOHBIX AKKYMYAAMOPOS IHEP2UlU U NPEONIONCEeHbL NYMU ONMUMUZAYUYU UX paOOmbl HA
NEePeMEHHbIX PeNCUMAX, XAPAKMEPHBIX OJisl PEealbHbIX VCI08ULL IKCHLYAMAYUU IHEPLOMEXHOL0SULECKUX KOM-
niexkcog Ha 6aze eemposnepeemuyeckol cmanyuu. IIpusedenvl cmoumocmmuvle NOKa3amenu Co30aHus U IKCHILY-
amayuu cucmemvl 2eHepayul 6000po0a 8 3A6UCUMOCTI O YPOBHS OAGLEHUS 8 IIeKMPOTU3epe.

Knrwouesste cnosa: 6000poo, s1ekmpoauszep, 2a30n0210uarouull 31eKmpoo, 21eKmpoXuUMuieckas auelixd, niom-
HOCMb MOKA, 8eMpo-8000POOHASA CUCMEMA XPAHEHUs IHePUU
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Ecological Aspects in Mechanical Engineering

Kanilo P.M and Shubenko A.L. Thermal power engineering. Fuel and ecological issues, and de-
VEIOPIMENT PTOSPECES .e.nvientieiiieiieeie ettt ettt ettt et e e bt e sbeesheesate e bt e bt e bt e bt e bt e ebeeeaeeeaeeeabeenbeesbeesbeesanesaseeane 6268

86

The 21* century is challenging thermal power engineering, as a fundamental basis of the global economy, with
the historically momentous task of its development with account of the following factors: limited reserves of con-
ventionally exploited non-renewable natural energy carriers, principally, oil and natural gas; extending the con-
sumption of renewable energy carriers with greater efficiency; the need to reduce substantially the technogenic
(ecologically hazardous) impact on nature and humans. The present fuel and ecological crisis of global thermal
power, including global climate warming, is found to be a man-induced and ecological reality linked to the fol-
lowing factors: the explosive growth of the planet's population and its depredation of NATURE; the ever-
increasing level of ineffective utilization of natural resources; the critically hazardous environmental pollution
with supertoxic materials; and the degradation, deterioration and destruction of biosphere systems, including
the global biota. The fallout of all this is a declining quality of the biota's functioning, including such functions
as bio productivity, environment formation and climate stabilization. Therefore, this global crisis can be over-
come by changing the vector of global economic development, including economising and greening of all areas
of human activity, stabilizing the population size and restoring critical natural ecosphere regulators, and among
them, the planet's climate.

Keywords: thermal power engineering, energy carriers, fuel combustion, toxic agents, greenhouse gases, envi-
ronment, global climate warming.
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Ommeuaemcs, umo 6 XXI 6. neped menyiosnepeemukou Kax yHOamMenmaivHou 6a3oi Mupogou IKOHOMUKY NO-
CMaegenbl UCMOPUHECKU 8AdCHbLE 3A0aYU NO ee OAIbHeUueMy PA36UMUI0 C YHemoM KOHEUHOCMU 3anacos mpa-
OUYUOHHO UCNONL3YEMbIX HEBO300HOGNIAEMbIX NPUPOOHBIX dJHEP2OHOCUmMeNel, 6 Nepeyio ouepedb Hepmu u npu-
POoOoHO2O 2as3a, pacwupenus u oonee dPexmuenoco nompedieHus 60300H0BIAEMbIX dHep2OHOCUmenell, d MaxK-
JHce He0OXOOUMOCTU CYUWECMBEHH020 CHUIICEHUS] MEXHOZEHHOU (IKOI0UYECKU ONACHOU) HASPY3KU HA NPUpOO-
HY10 cpedy u yenoseka. O6OCHOBbIBAEMCS bIBOO, YMO COBPEMEHHBIL MONIUBHO-IKOIOSULECKUL KPUUC MUPOBOT
MENN0dHEp2eMUKY, BKII0YAs 2N00ANbHOE NOMENNeHUe KIUMAmMd, — MO AHMPONOZEHHO-IKOL02ULECKAsl Pealb-
HOCMb, CBA3AHHASL C PE3KUM YBEIUUEeHUEM POCMA HACEeNeHUs NIaHembl U e20 NOMpeOUmenbCKUu-XumHu4ecKum
omuowenuem x [IPUPOJIE, cywecmeeHHbIM NOGbIUEHUEM YPOBHEU HEIPDEKMUBHO20 UCNONb308AHUL NPUPOO-
HbIX pecypcos U npeoeibHO ONACHbIM 3a2PSA3HEHUEM OKPYICcaiowell cpedbl CynepmoKCuKaHmamu, ¢ oeepaoayuet,
paspyuleHuem 1 YHUUYmocenuem cucmem o6uocghepsvl, Gra0OHAsL 2100ATbHYI0 OUOMY, NPUBOOSYUX, COOMEEN-
CMBEHHO, K CHUMICEHUIO KA4ecmea ux (QYHKYUOHUPOBAHUS, 8 MOM uucie OUONPOOYKMUBHOCIU, CPed00dpa3syio-
wux u Kamamocmabunusupyiowux Gyuxyutl. Ilosmomy 6vbxo0 u3 2106aibHO20 KPUUCA GUOUMCSL 8 USMEHEHUU
6EKMOPA pA3GUMUSL MUPOBOT IKOHOMUKU, 8 MOM YUCILe IKOHOMUZAYUL U IKOJIO2U3AYUL 8CEX Cep Yer06eUecKoll
OessmenbHOCmU, GKIIYAS CIMADUIUZAYUIO YUCTEHHOCMU HACENEeHUsL U B0CCTNAHOBNICHUE BANCHEUUUX NPUPOOHBIX
Pecyisimopog8 IKochepul, 8 MOM YUCTIe — KIUMAMA NIAHENb.

Knroueswvie cnoea: menjiodnepeemuKka, IHepeoHocumentu, corcueanue moniaue, moKCuKanmyl, napHUKoesvle 2ca3svl,
OKpyotcarowast cpeda, 2100aIbHOe NomenjieHue Kiumamad.
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NMPABUITA O®OPMINEHUA PYKOMUCEN

B xypHaiie nmedaTaroTcs CTaThU MO CIEAYIONICH TeMaTHKE:
DHepreTUuecKoe MaITHHOCTPOCHHE
Adpo- ¥ THAPOMEXAaHUKA B DHEPTETUYECKUX MalliHaX
Terutonepenada B MAITMHOCTPOUTEIHHBIX KOHCTPYKITUSIX
JmHaMuKa ¥ IPOYHOCTH MAIlIHH
IIpuknagHas MatremaTuka
HNmxenepHas bmoMexaHnKa
HerpagumnmonHnas sHepreTrka
DKOJIOTHYECKHE acTIeKThl SHEPTETHYECKOT0 MATHHOCTPOCHHUS
Bricokue TeXHOIOTHH B MAIlTHHOCTPOEHUH
MarepuanoBefieHre B MAaIIMHOCTPOSHUHT
W3 ompiTa 0TE4eCTBEHHOT'O MAIIMHOCTPOCHUS

Pyxomnuce nomkHa ObITh IOATOTOBNEHA B pegakTope MS-Word. @opmar ctpanuisl A4 ¢ monsiMu He
MeHee 25 MM (cBepXy, CHU3Y U clieBa) U 15 MM (cripaBa). TexcT HaOpaH depe3 moiaTopa uHTepBasia. Pazmep
mpudTa 14 myHKTOB, pekoMeHayeMas rapautypa Times New Roman.

Pykomnuck momkHa BKIIOYATH CIACAYIOIIHUE SIEMEHTHI, KaXKIbIM M3 KOTOPHIX HAYMHAETCS C HOBOU
CTPaHMIIBL:

Ilepsas cmpanuua, noanvcanHas BceMu aBropamu. Ha Hell pacmoararoT:
unjaekc YJK;
WHUIMAIBL, (DaMWINY U YYCHBIC CTETICHH aBTOPOB;
Ha3BaHWE OPTaHU3AIINY;
TOPOJI ¥ a7pec IEKTPOHHON TOYTHI;
Ha3BaHUE CTaTbU, KOTOPOE JIOJKHO OBITh KPATKUM M HH()OPMAaTUBHBIM, 0€3 COKpalleHui 1 ab0peBHaTyp;
aHHOTaImio, (He Oomee 100 CIIOB), HA YKPAaMHCKOM SI3bIKE, COJCPIKAIIYIO U3JI0KECHUE OCHOBHBIX PE3yJib-
TaToB;
® KII0OYEBBIC CcI0Ba (3—5 CJI0B) HA YKPAWMHCKOM SI3BIKE.

OcHOGHOII meKCm, B KOTOPOM PEKOMEH]TYETCS BBIICIHUTh CIICTYIONIUE SJICMCHTHI:

® BBEJICHHUE, OMUCHIBAIONICE MTOCTAHOBKY MPOOJIEMBI B O0IIEM BHUJE, €€ CBA3b C BXXHBIMU HAYYHBIMU HIIH
MPAKTUYECKUMU 3aJaHUSIMH, aHAJIA3 TTOCIICAHUX UCCIEAOBaHUHN U MyOJIUKaIi, B KOTOPBIX pacCMaTpHUBa-
eTcs JaHHasl MpoOJeMa, ¢ BhIJCICHHEM He PElIeHHBIX paHee yacteil oomie mpooieMbl, popMyITHpOBaHUE
meJiel CTaThu;

® (OCHOBHYIO 4YacTbh, MTOCJIEIOBATEILHO OMKCHIBAIONIYIO IPOBEACHHBIC UCCIICOBAHUS C IMOJHBIM 000CHOBa-
HUEM TOTYYCHHBIX PE3yJIbTaTOB;

® 00CYXIEHHE pe3yTbTaTOB pabOTHI;

® BEIBOJIBI M3 JAHHOTO MCCIIEIOBAHMS U NIEPCIIEKTUBBI TATbHEUIINX pa3paboTOK B JAHHOM HAaIlPaBJICHUH.

Cnucox qumepamypusl Ha SI3bIKE IMyOJIMKaIH, odhopMieHHBIH B cooTBeTcTBUr ¢ ICTY I'OCT 7.1-
2006. CcpUIKM Ha IUTEpaTypy HAIOTCS B KBaApaTHBIX cKoOKax. CIUCOK JTUTEPaTyphl IeYaTaeTcsl B MOPSIKE
cceuloK Ha He€. [Ipu 3TOM cienyeT ydecTb, YTO CChUIAThCS Ha palboThl, OMyOJIMKOBaHHBIE Oosiee 25 yeT
Hazan, He pekoMmeHmyetcs. Jlomyckaercs He Oonee 30% CCBIIIOK Ha COOCTBEHHBIC Ty OTUKAITHH.

Pacwmupennas annomayusn na anenuiickom azwvike (0xono 300 cinop, ot 800 3HAKOB) U Ha3BaHUE
CTaThM C yKa3zaHHEM (paMUIMA M HMHHUIMAIOB BCEX 0€3 HMCKIIIOUCHHUS aBTOPOB. AHHOTAIMS IOJDKHA OBITH
HaIlMCaHa CBA3HBIM TEKCTOM Ha XOPOIIEM aHIJIMHCKOM SI3bIKE U COACPKAaTh BCTYIUICHHE, 1IE/b, 3aa4H, Me-
TOJBI, PE3yJIbTaThl, BHIBOJIBI.



Cnucox numepamypsl HQ GHZTUTLCKOM A3bIKe, OPOPMIICHHBIN COTJIACHO OOMIETIPUHSATHIM MEKTyHa-
POIOHBIM CHUCTEMaM TpaHCIUTEpalUH (C YKPaMHCKOTO — COTJacHO HocTaHoBieHHio Kabunera MuHHCTpOB
VYxpannst Ne 55 ot 27.01.2010 «IIpo BnopsimkyBaHHS TpaHCHiTEpalii YKpaiHCHKOTO aidaiTy JIATHHULECIO»,
¢ pycckoro — corsacHo «Cuctemsl Tpanciutepanun budmmoreku kourpecca CIIIA»). B ccpimkax Ha cTaThy,
OITyOJTMKOBaHHBIE HA YKPAMHCKOM HMJIM PYCCKOM f3BIKE, €€ Ha3BaHWE NAeTCs B TPAHCIMTEpalldd W Jaliee B
KBaJpaTHBIX CKOOKax elle pa3 B aHTIHMICKOM nepeBojie. HazBaHue ncTouyHnKa myOoauKanuu (GKypHal U Ip.)
JlaeTcsl B aHTJIMMCKOM TIepeBOJie KypcuBOM. Bce npyrue cchUlku (KHUATH, AUCCEPTAIlMU, TATEHTHI U 1p.) Aa-
IOTCA IO CXeMe: aBTOPHI, Jajiee KypCUBOM B TPaHCIUTEPAIlMN Ha3BaHHE, 3aT€M B KBaIpaTHBIX CKOOKax (Ipsi-
MO) aHTJIMHCKUN TepeBoJ, Janee Apyrue AaHHbIE COOTBETCTBEHHO BUAY MyOJIMKAIllUH, BBHIXOIHBIC JaHHBIC
(mompobuee cMmotpets http://www.ipmach.kharkov.ua/journal).

AHHOmayusa Ha pyccKkom A3vlKe, COACPKAIIasi U3OKEHIUE OCHOBHBIX PE3yJbTaTOB
Knwueswle cnosa Ha pycCKOM U aHTJIMMCKOM A3BIKAX (J10 MATH MO3UIUIN).

dopmyIbl, eciM Ha HUX B JTATBHEUIIEM €CTh CCBUIKH B TEKCTE, TOJUICkKAT CKBO3HOW HYMEpaIlWU.
[Ipu sTOM dopMyna pacmonaraeTcsi Ha OTAETBHOW CTPOKE, a CIpaBa OT HEE CTABUTCS HOMEP B KPYTJIBIX
ckoOkax (1). Jlatuackue OykBBI, 0OO3HAUarOmMue (PU3NICCKUE BEIMYWHBI, WHICKCHI M T. I1., HAOMPAIOTCS
KYPCHBOM (32 HCKITIOUCHHEM OOIICTIPUHATHIX 0003HAYCHUH (YHKIMI THIA abs, sin, COS U YHCEN MOM0OUS:
Re, Nu 1 T. 11.). BexTopa u MaTpuiisl — )XUpHBIM MpupTOM, 6€3 KypcHBa HaT4epKuBaHuil u ckoOok. Bekropa
0003HAYAIOTCSI CTPOYHBIMH OYKBaMH, MATPUIIBI — 3arJaBHbIMH. [IpocThie GOpMYITBI IO BO3MOXKHOCTH HaOU-
ParOTCs IPOCTHIM TEKCTOM C MCTIONh30BAHUEM CTaHAPTHBIX cpeacTB MS-Word (KypcuB, BCTaBKa CUMBOJIOB,
HaJCTPOYHBIC U MOACTPOYHBIC MHICKCHI U T. 11.). bonee croxkHbie (hOpMYIBI TOJMKHBI OBITh HAOPaHKI C TO-
MOIIIBIO CTAaHAAPTHOTO perakTopa MS-Equation ¢ ncnoip30BaHHEM CTaHAAPTHBIX CTHIIEH U pa3MepoB. Mc-
MOJIb30BaHUE APYTUX CTHJIECH, MpUMEHEHHE NPYTuX pemakTopoB (Hampumep Math Type), a Takke BcTaBKa
(hopMyJT KaK PUCYHKOB HE JIOITYCKACTCSI.

Bce Tabnuiiel 1 pUCYHKH TOJHKHBI UMETh Ha3BaHMS M CCHUIKHM HAa HUX B TEKCTe cTaThu. Ecnu Tabnmi
(pUCYHKOB) B cTaTbe ABE WIH 0oJiee, TO OHU HyMEPYIOTCS MOCIeA0BaTeNbHO. TaOuuIbl M PUCYHKH C TIOATIH-
CSIMH TIOMELIAIOTCS HA OTIEIBHON CTPOKE mociie ab3ama, B KOTOPOM MEPBBIA pa3 BCTpEUaeTCsl CChbUTKA Ha
HUX. B Tabnuuax He MOMHKHO OBITH MYCTBIX CTPOK, €CIH HET Pe3yJbTaToB, CTaBUTCS mpodepk. He momycka-
eTCsl pa3leleHne TEeMaTHYECKHUX 3aroJIOBKOB KOcoi uepToil. IIpmHMMAaroTcs TOJIBKO depHO-Oerble WILTIo-
CTpalliy, LIBETHBIE — TOJIBKO C COTJIacHs PelaKkLiu 32 JOMOIHUTEIBHYIO TIaTy.

BripaBauBaHue (JOpMYJI U UX HOMEPOB, a TAK)KE PA3IMYHBIX YACTCH PUCYHKOB U IOIPHUCYHOUYHBIX
MOAIUCEH JOMyCKAeTCs TOIBKO MPH MOMOINY TaOyJsIuu 1 ab3aneB. Kareropudecku 3ampenaeTcst UCIOb-
30BaHUE JIJIS 3TUX 1eNel Tabuil, KaapoB, paMOK, 00TEKaHUS TEKCTOM H T. II.



