ABSTRACTS AND REFERENCES

Power Engineering

Rusanov R. A., Rusanov A. V., Lampart P. and Chugay M. A. Improving the efficiency of radial-
axial rotors of turbine stages through the use of complex lean of trailing edges ........cc.ccceceerveervierveinenneene 6-11

The influence of shape of the blade trailing edges on the flow patterns and integral flow characteristics of the
radial-axial turbine rotors is investigated. Also a modified analytical method of design of spatial blades of ra-
dial-axial rotors with complex lean of leading and trailing edges is proposed. A radial-axial rotor designed for a
turboexpander unit of a complex gas treatment plant working in a gas condensate field is chosen as an object of
investigations. Three types of rotors are considered having the same geometry of meridional contours, but differ-
ing in shape of blade trailing edges. In the first variant of the rotor its blades have radial trailing edges, in the
second variant the trailing edges are straight with circumferential lean, and in the third variant they are de-
signed in the form of arcs leaned in the circumferential direction. It is shown that the application of complex
lean of trailing edges of low-loaded radial-axial rotor blades allows us to increase the flow efficiency by 3.1%
compared with the rotor blades having radial trailing edges.

Keywords: radial-axial turbine, flow part, analytical method of profiling, spatial flow, numerical modeling,
complex lean.

IIposedeno uccredosanue rUAHUA OPMbL BLIXOOHOU KPOMKU HA CMPYKMYPY NHOMOKA U UHMeEZPAlbHble XapaK-
MepUCmMuKY NPOMOYHOL YACmu, a Makice NPeonoAHceH MOOUGUYUPOBAHHBILL AHATUMUYECKUTI MEMOO 3A0aHus
NPOCMPAHCMBEHHBIX PAOUATbHO-0Ce8bIX pabouux konec (PK) co crnoscuvimu Haganamu 6X0OHbIX U BbIXOOHBIX
Kpomok. B kauecmee obvexma ucciedoganus eblopano paouanvro-ocesoe PK, npednasnauennoe 0ns mypounsi
myp600eman0eprHo20 azpe2ama YCHMAHOBKU KOMNLEKCHOU N0020MOBKU 2a3d, pabomaroujei. Ha O0OHOM U3
2a30KOHOEeHCamHblX Mecmopodicoenutl. Paccmompeno mpu muna PK, umeiowux 00unaxogyio zeomempuio
MepUOUOHATLHBIX 0080008, HO OMIUUAIOWUXCSL POPMOU BBIXOOHBIX KPOMOK. B nepsom sapuanme PK @vixoonwvie
KPOMKU paouaibhvle, 60 GMOPOM — NPMble ¢ OKPYICHLIM HABAIOM, d 8 Mpembem — 6 gude 0yeU, HA8ANEHHOU 6
oxpyosicnom nanpasienuu. I1okazano, Ymo UCnoIb308aHUE CNONCHO20 HABANA BLIXOOHLIX KPOMOK HU3KOHASDY-
JiceHH020 paduanvio-oceso2o PK nozeonuno nosvicumo KII/ na 3,1% no cpasnenuio ¢ KOoHcmpyKkyuet ¢ paou-
ALHBIMU 8bIXOOHBIMU KPOMKAMU.

Knrouegvie cnosa: paduanvno-oceéas mypounda, npomounas 4acms, AHAIUMUYECKUll Memoo npoQuUIUposanus,
NpOCMpAnCmMEenHoe medeHue, YUCIeHHOe MOOeIUPOBAHUE, CIONCHbII HABAL.
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The methodology of efficiency analysis of gas turbine turbo-compressor package and its systems to select the
systematic characteristics and more appropriate mode of its operation at pre-design studies stage while
creating new equipment for gas pipelines compressor stations will be finalized in the present work based on the
full-scale results of bench and prototype models of the series-produced turbo-compressor package GPA-C-6,3A
manufactured by Sumy NPO PJSC and State Enterprise “Ivchenko Progress”. The first part of the work presents
the target of research, i.e. modular package designed for line compressor stations and equipped with centrifugal
compressor NC-6,3/56B-1,45 providing outlet pressure of compressed gas 5,49 MPa and gas turbine D-336.
The main design solutions and the special features of the package which predetermine the package design layout
as well as general approach for method development of thermodynamic analysis of the package of container
type are considered. Also the work presents the requirements to scope of testing of separate systems including
parameters data for operation of centrifugal compressor, gas turbine, auxilliary systems of the package to
perform thermodynamic analysis of its operating process when the package runs under conditions of back-to-
back test rig.

Keywords: turbo-compressor package, centrifugal compressor, gas turbine engine, compressor polytropic effi-
ciency, turbine effective efficiency, package integral characteristics, package systematic characteristics, exergy
approach.

B nacmosweil pabome na ocrnoge pe3yibmanmos HamypHbiX UCHbIMAHUL CIEHO08020 U ONBIIMHO20 00PA3Y08 Ce-
putinoco mypboxomnpeccopnoco acpecama muna I'TIA-1]-6,34 paspabomxu [1A0 «Cymcxoe HIIO» u I'Tl «Hs-
yenko-Ilpoepecc» ymounena memooonoaus aHaiuza spdexmuenocmu 2a30mypoUHHO20 MypOOKOMAPECCOPHOLO
azpeaama u e2o CUCHeM ¢ Yeavlo 8b100pa CUCMEMHOU XapaKmepucmuKky u Hauboee yenecooopasHozo peicuma
e2o0 pabomvl Ha cmMaouu NPeOnPOEKMHBIX UCCIeO08AHUL 8 NPoOYecce CO30AHUL HOB020 0O0PYO0BAHUsL Ol KOM-
NPecCcoOpHbIX CMAHYULL MASUCPATILHBIX MPYOONpo8odos. B nepeoii wacmu pabomer npeocmasnen ob6vexkm uc-
C1e008aHUsL — ONOUHO-KOMNIEKMHbIU azpe2am, NpeOHA3HAYeHHblll 01 TUHEUHBIX KOMRPECCOPHbIX CMAHYUU U
OCHauwjeHHblll yeHmpobexcuvim komnpeccopom HI[-6,3/56B-1,45, obecneuusaowum KoHeunoe OagieHue KOM-
npumupyemoeo easa Ha ypogue 5,49 Mna, u cazomypbunnvim ogucamenem /I-336. PaccmompeHsl 0CHOGHbIE KOH-
CMpYKmMugHbvle pewleHuss U 0COOeHHOCmU azpe2ama, npedonpedensiouue KOMIOHOBOUHYIO CXeMy azpeeamd, d
maxdce 00wWUll NOOX00 K paspadbomke MemoouKy mepmoOUHAMUYECKO20 AHANU3A azpe2ama KOHMEUHEPHO2O
ucnoanenus. Taxoce 6 pabome chopmynuposansl mpebosanusi K 00beMmy UCILIMAHUL OMOETbHbIX CUCHEM,
sKIIOUAIOWUe OaHHble NO NAPAMempaM pabomsl YeHMPOOEHCHO20 KOMNPeccopa, 2a30mypounno2o dgueamerns,
BCNOMO2AMENbHBIX CUCTEM A2Pecama ¢ Yeavlio OCYWeCmaIeHUs. MepMOOUHAMUYECKO20 AHANU3A €20 paboye2o
npoyecca npu pabome azpezama 8 yCi08UAX CMEHOd 3AMKHYMO20 KOHMYpA.

Knrouegvle cnosa: mypbokomnpeccopuwviil azpezam, YeHmMpoOEe*CHbLL KOMNPECCop, 2a30MypOUHHbIIL 08U2ameny,
noaumponuwiti KIJ/[ xomnpeccopa, sgpgpexmusnviti KII/[ 0sueamens, unmezpanvHas XapaKkmepucmurka azpeed-
Mma, CUCemMHas XapaKkmepucmuka azpecama, dIKcepeemudeckuti no0xoo.
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Aero- and Hydromechanics in Power Machines

Babayev A. 1., Goloschapov V. N. Application of impermeable screens to stabilize the flow in the
ANEIE CONLTOL VAIVE ..cniiiiiiiiiiiiiee ettt ettt et et e bt e s bt e s et et e et e bt e sbeesaeesabeeaee 19-24

Formation of vortex flow in the control valve is determined not only the transition to a separated flow of the
valve channel formed by the valve seat and the plug, but the conditions of steam supply to it. Most modern
designs of control valves has a one lateral inlet of steam. Therefore, when steam moves along the annular
section of the steam chest, cross section of the channel is unchanged and mass flow is decreased. For this
reason, a diffuser effect occurs in the stream. As a result, non-uniform velocity field is formed, promoting the
formation of separated flow in the inlet section of the valve channel. The main goal of the present work was to
investigate the possibility of improving the gas-dynamic characteristics of the control valve by installing an im-
permeable screen at the entrance to the steam chest. The object of investigation was adopted design of the con-
trol valve of the high pressure cylinder of turbine 200 MW. To investigate the effect of the installation of the im-
permeable screen to gas-dynamic flow characteristics has been developed a new design of the protective glass.
The proposed glass, unlike to the original, has an impermeable sector, located opposite to the inlet, and the ad-
ditional force racks located on the remainder of the circular sector. As a result, the calculation of three-
dimensional flow in the valve is determined that the installation of the screen with length a = 30-60 ° leads to an
increase in the efficiency of gas-dynamic of control valve. To skip the established steam consumption at nominal
mode at the valve without the screen relative pressure drop was 3,3%, with the screen — 2,1-2,4%. This reduc-
tion in pressure drop is observed in the investigated range in all modes. Analysis of the results showed a large
loss of energy in the original model of the valve caused, first of all, flow separation in the valve channel. This
flow separation from the surface of the valve seat profile observed in all investigated modes. The formation re-
verse flow negative impact on the reducing ability of the diffuser. In the variant of the control valve with the
screen design provides greater uniformity of flow in the inlet of the valve channel. When steam stream around
the screen is its redistributed. As a result, in the throat cross section of the saddle there is a more uniform
velocity field and there is no separating jet in the streamlined wall. With these conditions it is possible to sig-
nificantly increase reducing the ability of the diffuser. In conclusion, the work points out that the installation of
impermeable screen with length of 30 ° ...60 ° with forcer racks leads to increased gas-dynamic efficiency of
control valve due to the formation of the more uniform flow at the inlet of the valve channel. The increase losses,
when the steam flows around the screen and power racks, compensated by a significant increase in regenerative
ability of the diffuser. As a result, energy loss ratio in the diffuser and pressure drop desired of the model for the
control valve are reduced by 50%. The most effective is a screen length of a = 40 °.

Keywords: control valve, impermeable screen, steam turbine.
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Dopmuposanue 6uxpeso2o mevenusi 6 pezyiupyiowem kianare (PK) onpedensiemcs ne monvko nepexodom K
OMPBIGHOMY 0OMEKAHUIO KIANAHHO20 KAHAAA, 0OPA308AHHO20 CeONOM U OCHOBHBIM 3AMBOPOM KIANAHA, HO U YC-
J08usAMU n00800a napa xk nemy. ITockonbKy 6oabuuHcmeo cospemennvix Koncmpykyuti PK umeem oonocmopon-
HUtl 6OK0B0U NOOBOO NAPA, MO NO Mepe e20 NPOOBUICEHUsL BOOIb NAPOBOU KOPOOKU cedenue KOIbYeBo2o KaHALd
He UBMEHSIemMCsl, A pacxo0 napa YMeHbuaemcs u 8 NomokKe nposeisemcs oug@ysopunuiil s¢pgexm. B pezyroma-
me 9mo20 60 6XOOHOM YYacmKe KIANAHHO20 KAHAA (opMUpyemcs: HepasHOMEPHOe noje CKOpOCmell, cCnocoo-
cmeyroujee 0bpazoeanuio ompuieHo2o meyenus. OCHOGHAS Yenb NPedcmasieHHol pabomyvl COCMOANA 8 UCCAE)0-
BAHUU BO3MOICHOCIU YIYHUEHUs 2A300uHaMuyeckux xapakmepucmuk PK 3a cuem ycmanoeku HenpoHuyaemozo
9KpaHa Ha 6xo0e 8 napoeylo Kopooky. B kxauecmee ob6vexma ucciedosanus ovina npunama xkoncmpykyus PK-2
B[ mypoun mownocmero 200 MBm. [[na ucciedosanus 6nusHUsA YCMAHOBKU HENPOHUYAEMO20 IKPAHA HA 2a30-
OUHaAMUYecKue Xapakmepucmuki nomoxKa paspabomana HO6ds KOHCMPYKYus 3awumuoeo cmakana. Ilpeona-
2aemulll CMaxaH, 8 Omaudue om UCXo0H020, UMeen HenpOHUYAEMblll CEKMOP, PACNOIONCEHHbII HANPOMUB 6X00-
HO020 nampyoxa, a makdice OONOIHUMENbHbLE CULOGbLe CIOUKU HA OCMABWENCs KObYeol yacmu. B pezyrbma-
me pacuema mMpexmMepHo20 MmeyeHusi 8 KIAnawe Onpeoeieno, Ymo YCMAHOBKA IKPAHA NPOMSINCEHHOCHIBIO
o = 30-60° npusooum K nosviuienuio 2azoounamuieckou agppexmusnocmu PK. s nponycka 3a0annozo pac-
X00a npu HOMUHATLHOM pedicume pabomul y K1anana 6e3 9KpaHa omHoCUMenbHbulll nepenaod 0asieHull COCMagul
3,3%, c sxkpanom — 2,1-2,4%. Jannoe cuudicenue nepenada 0asienutl Habaooaemcs 60 6cem ouanazomne uccie-
O0BAHHBIX PeNCUMO8. AHANU3 pe3yTbmamos NoKaA3al HAaudue OONbWUX NOMePb IHepPUU 8 UCXOOHOU Mooenu
KIAnaua, 6bl36aAHHbIX, 8 NEPEYI0 04epedb, OMPLIGHLIM MedeHUeM 8 KIANaHHOM KaHane. JJaHHbll Ompble NOmoKa
om npo@UILHOU NOBEPXHOCMU Ce0ld KIANAHA HAOM0OaNCcs 0N 6CeX UCCIe008AHHbIX pexcumos. Ilpu smom
Gopmuposanue YupKyIayuoHHO20 MedeHus He2AmMUBHO CKA3bIBAemest Ha 60CCMAHOBUMENbHOU pabome Jugddy-
3opa. B eapuanme xoncmpyxkyuu PK ¢ sxpanom 6 nomoke obecneyusaemcs O01buids pagHOMEPHOCMb NPU 8X00e
6 knananuviil kanan. Ilpu obmexanuu sxKkpana npoucxooum nepepacnpedenenue nomoxa. B pesyiomame 3mozo 6
20pI06OM cedenuu cedna Habmodaemcsi bonee pasHOMePHOe Nojie CKOPOCmell U OMCymcmeue Ompuléd Cmpyu
om obmekaemvix cmenok. IIpu maxux yciogusx nodgooa yoaemcs 3HA4UmenbHo NOGbICUMb 60CCMAHOBUMEND-
HYI0 cnocobnocmu oughgysopa. B 3axnouenue pabomvl ommeuaemcs, Ymo YCmano8Ka HenpoOHUYAeMO20 IKPAHA
npomsidcennocmoio 30—60° ¢ cunogviMu CMOUKAMU NPUBOOUM K NOBGBLIUEHUIO 2A300UHAMUYECKOU dhheKmusHo-
cmu PK 3a cuem ¢hopmuposanust 6onee pasHoMepHo20 NOMOKA HA 6X00€e 8 KIANAHHbII KaHAl. YeenuueHue no-
mepb npu 06meKanul IKPAHA U CULOBLIX CHOEK KOMIEHCUPYEMcsi 3HAYUMENbHbIM YEeIUdeHUeM 60CCIMAHOBU-
menbHoU cnocobrocmu Jug@yszopa. B pezynomame xosgpduyuenm nomeps suepeuu 6 ougpgysope u Heobdxoou-
Mblll nepenad oasnerutl 0as ucciedyemou mooenu PK ymenvwaromes na 50 %. Haubonee s3¢pgpexmusnvim s16715-
emcs IKpau npomsdiceHHocmoio a.=40°.

Knrouegvie cnosa: pezynupyrowuil Kianan, HenpoHuyaemulii IKpaH, naposas mypouna.
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Heat Transfer in Engineering Constructions

Bozbiei L. S., Kostikov A. O., Kurskaya N. M. and Tkachenko V. I. The experimental investiga-
tion of thermal parameters of free elementary convective Cell.........ccoviiiiiiiiniiiiiiniiiieeeeeeee 25-35

This work substantiates the existence of an elementary convective cell by comparing the theoretical model and
experimental data, as well as experimental determinations of characteristic velocities of fluid convection within
a cell. It was assumed that suspension near the bottom of the vessel should be regarded as separate environment,
with distinct from of a pure oil density and viscosity, which moves along an oil substrate of a pure oil without
friction. In these conditions, boundary conditions of layer fluid can be considered as free. This assumption is
supported by results of the numerical processing of experimental results on formation of convective rings in a
layer of fluid, heated from below, obtained by other authors. Geometric dimensions and the velocity of mass
transfer of the elementary convection cell were experimentally investigated in this work. As a result of experi-
ments on formation a cylindrical convective cell by overlay of the copper ring on a surface of oil, qualitative and
quantitative correspondence of the theoretical model to the experimental data was shown. Results of experimen-
tal studies were adequately described by the theoretical model of elementary convection cell. It is shown, that the
adding of aluminum powder in oil, transforms oil to a suspension, such that boundary conditions on the solid
wall can be regarded as free, because we have a slip through the tape of pure oil. Change in the character
boundary conditions is confirmed by results of numerical processing of experimental results on formation of
convective rings by other authors. Two independent methods for determining the velocity of mass ttransfer in
cells with various diameters were described in this work. For cells with large diameter (17 mm), the maximum
velocity of mass transfer was measured at the upper boundary on a deflection angle of the probe. Measured in
this way velocity was equal 0,2 mm/sec. For cells with smaller diameter (2 mm), the velocity of oil on the surface
of a cell was measured using an optical method and constituted the value from 3,5 mm/sec to 5,2 mm/sec..

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

B pabome sxcnepumenmanvho ucciedo8anvl ceomempuyeckue pasmepsl U CKOpOCHb MACCONEPEHOCA INEeMEH-
MAPHOU KOHEEKMUBHOU siuelku. Pe3yismamol dKCRePUMEHMAIbHO20 UCCIe008AHUSL AOEKEAMHO ONUCHIBAIONCS
meopemu4ecKkoll MoOebl0 2NeMEeHMApHOl KoHeekmuehou adetixu. Tloxazano, umo dobaenenue 8 Macio anomu-
HUegoll nyopel npeobpasyem MAacio 6 CYCHeH3UI0, SPanuyHble YCa08Us Ol KOMOPOU HA MEepOoll CeHKe U3-3d
NPOCKAb3bIBAHUS NO NIEHKE YUCTNO20 MACLA MONCHO PACCMAMPUBAMsb KAk c60600nbvle. M3menenue xapaxmepa
SPAHUYHBIX YCIOBULL NOOMBEPIHCOACMCI PE3VAbMAMAMY YUCTEHHOU 00pAbOmKU dKCNEPUMEHMATIbHbIX Pe3Yilb-
Mamos no Qopmupo8anuio KOHGEKMUBHbIX Kojey opyeux agmopos. Onucano 08a He3a8UCUMBIX CnOcoba onpe-
OeleHUs CKOpOCMU MACCONEPEHOCA 8 SiYelikax pasHvlx ouamempos. s sueex Oonvuioco ouamempa (17 mm)
MAKCUMATbHASL CKOPOCHTb MACCONEPEHOCA HA 8EPXHEU 2panuye UMepsiacy no yeuy omrioHeHus wyna. Haue-
pennas makum cnocobom ckopocms pasusaace 0,02 cm/c. [na sueex menvuteco ouamempa (2 Mm) ckopocms
MACa Ha NOBEPXHOCMU SIYEUKU USMEPSIACH ONMUYECKUM MEMOOOM U COCMABIANA eeluyuny om 3,5 0o 5,2 mm/c.

Knrwouessie cnoea: snemenmapras KOHBEKMUBHAA AYelKA, CB0O0OHbIE SPAHUYbI, KOHBEKINUBHbIE NPOYECCHL, Men-
JlonepeHoc, memMnepamypHbslii 2paoueHm.
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Dynamics and Strength of Machines

Mirsalimov V.M. and Mustafayev A. B. Closure of a curvilinear crack in sheet element under in-
fluence of tempPerature fIBld.........c.coouiiiiiiiiiiii et 3643

74

We consider a change of temperature field near ends of a curvilinear crack in structure sheet element under
influence of an inhomogeneous strength field. Solution of the boundary value problem for equilibrium of a
curvilinear crack with partially contacting faces under the influence of an external inhomogeneous stress field,
an induced thermoelastic field and tractions on contacting crack faces is reduced in each approximation to the
problem of analytic functions linear conjugation. It is assumed that in some part of the contact zone a stick of
crack faces occurs, and in the rest part of the contact zone a crack faces slippage is possible. The goal of the
local temperature changes is deceleration or braking of curvilinear crack growth. From the solution of the
problem of analytic functions linear conjugation the normal and tangential contact stresses are found. The sizes
of contact zones also are found.

Keywords: curvilinear crack in sheet element, non-uniform stress field, temperature field, contact stresses, con-
tact zone, slippage zone.

Paccmampueaemces usmenenue memnepamypnozo nois 601u3U KOHYO8 KPUBOIUHEUHOU MpewuHbl 8 TUCHOBOM
anemMenme noo Oelcmeuem HeoOHOPOOHO20 HANPAdNCeHH020 noas. Pewenue kpaesoil 3adauu o pasnosecuu
KPUBONUHEUHOU MPewjutbl ¢ YACTUYHO KOHMAKMUPYIoOwumu depecami npu 0elcmeuu 6HeuHe20 HeoOHOPOOHO20
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HANpAXCeHHO20 NOJsA, HABEOEHHO20 MePMOYNPY2020 NONA HANPANCEHUU U YCUIUU HA KOHMAKMUPYIOUUX
NOBEPXHOCMAX MPeWuHbl C800UMCA K 3a0aue JUHENHO020 CONpAXMCeHUs anarumudeckux @yukyuu. [lpunamo,
4mo Ha HeKOMOPOU Yacmu KOHMAKmMa 603HUKAem cyenieHue Oepe2os, a HA OCMANbHOU HACMU KOHMAKmMA
B03MOJICHO NPOCKATb3bIGAHIUE.

Knroueevie cnosa: Kpueoﬂuﬂednaﬂ mpewjuna 6 JAUCnoeom 31emeHme, HeOdHOpOdHOG HanpsAxdCeHHoe noJe,
memnepamypHoe nojie, KOHmaxKkniHovle HanpAasMdCeHusd, KOHmaxKmuas 30Hd, 30Ha npPpoCKajlb3bl6AHUA.
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Shulzhenko M. G., Gontarovskiy P. P., Garmash N. G., Glyadya A. O., Shvetsov V. L.,
Grishin M. M. and Gubskiy O. M. Seismic stability of turbine unit K -540-23,5/50.......cccccceceeriennnnn. 43-50

76

The seismic stability estimation of a powerful turbine unit K-540-23,5 / 50 is carried out by software developed
based on the finite element method. For analysis of dynamic processes in the turbine units under seismic actions
is necessary to be taken into account the interaction of the turbine unit and foundation. Method and software for
analysis of turbine-foundation-base system under seismic action are proposed. The rod computational models
for solve problems forced vibrations and transients shafting on complex elastic-damper supports are used. The
foundation plates are modeled by of the rods grating that take into account elasticity and inertial properties of
foundation elements. The lumped mass at the nodes of rods of foundation are used to account for the mass of the
installed equipment. Accelerograms of real earthquakes are used for simulation of the impact of seismic load.
The results of these studies have shown that the same intensity of seismic loads with different frequency
perturbations causes to significantly different maximum values of displacements and stresses in system elements.
The results of analysis of powerful turbine for different design models are shown. These results may be used for
design of resistant to seismic action of the powerful turbine units.

Keywords: seismic stability, turbine, foundation, base, accelerogram, rod finite element, vibration.

Paccmampusaemces celicmocmorixocme mypbooazpecama K-540-23,5/50 ¢ ghynoamenmom ¢ ucnonb3o06anuem cos-
OGHHOU pacyemHol MemoOuKu OYeHKU KoAeOanuil cucmemvl mypooazpezam-@yHoamenm-ocHoganue. Pacuemnas
MOOenb OUHAMUUECKOU CUCTEMbl COCTOUM U3 NPOU3BOTILHO OPUEHMUPOBAHHBIX CIEPAUCHEN U COCPEOOMOUEHHbIX
MAcc ¢ MOMEHMamu UHepyuu, KOmopule COeOUHSIOMC MeAHCOY CODOUL HCeCMKO UL TUHELHBIMU UYL HETUHEUHbIMU
ynpyeo-Oemnpeprvimu snemenmamu. CmepocHesble KOHEUHble DNEMEHMbL ¢ PACHPEOCTICHHBIMU RAPAMEMPAMU NO-
360JAI0M YHUMBIBAMb 6Ce 8UObL OehopMayull, UMEIOWUX MeCO npu Kolebanusx. Bozodelicmaue celicMuueckou Ha-
2PY3KU MOOETUPYemCst ¢ UCNONb306AHUEM AKCENePOSPAMM PealbHbiX 3emaempsicenul. [Ipugodsmes peszyibmanivl
OJIsl pACUEMHBIX CXeM PA3HO20 YPOGHs ClodcHocmu. Onpedensiiomes MaKkCuMAibHble 3HAUeHUs: nepeMeujeHutl u Ha-
2PYIHCEHHOCIU HAUbOee OMBEMCMEEHHbIX dNleMeHmog cucmemvl. Pazpabomannoe npocpammnoe obecneuenue u
HONYYeHHble Pe3ybmambl MO2ym Oblmb UCHOIb306AHBL NPU NPOEKMUPOSAHUL MOWHBIX Mypboazpezamos Ons ux
OYEHKU HA CeLCMOCMOUKOCHTb.

Knrouegvle cnosa: ceiicmocmotiikocms, mypboazpezam, ¢ynoamenm, oCHOBaHUe, aAKCENEPOSPAMMA, CMEpPIUCHe-
8011 d1eMeHm, KONeOAHUSL.
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Applied Mathematics

Budanov V. E., Budanov O. V., Suslov N. N. Classical theory of the Aharonov-Bohm effect .............. 51-56

The intention of constructing a classically-electrodynamic theory of the Aharonov-Bohm effect (ABE) was a
driving force to conduct the study presented in this paper. The ABE has been detailed by R. P. Feynman, it is a
phenomenon in which an electrically charged particle (electron) passing by a very long and extremely thin
magnetized filament is affected by a force, despite the fact that both the magnetic field and electric field are zero
along the particle trajectory. The fact that nonzero vector potential exists around a magnetized filament turned
out to be sufficient to give rise the quantum-mechanical explanation of this effect by Aharonov and Bohm in
1959. However, among the theorems of classical physics, the virtual work principle can be found, which
represents one facet of the energy conservation law. This principle asserts that if the energy of a set of physical
objects varies with the location of some object, then this object is subjected to a force, which can be calculated
from the energy gradient at the point of the object location. This paper presents a classically-electrodynamic
theory of the Aharonov-Bohm effect. The proposed theory uses the virtual work principle to determine the force
acting on a point charge. The calculated value of the transverse momentum of an electron passing by an
infinitely long solenoid is opposite in sign to that calculated by a quantum-mechanical method. The need for
new, reasonably set up experiments is justified.

Keywords: Aharonov-Bohm effect, virtual work principle.

Tob6youmenvHoll nPUHUHON K NPOBEOEHUIO UCCIEO08AHULL, ONUCBIBAEMbIX 8 HACMOoAWel pabome, ABUIOCH JiCelaHue
NnOCMpPoOUms KIACCUKOINEKMpOOUHAMULECKY0 meoputo dghgexma Aponosa-boma (IAF). Dmom s¢pghexm cocmoum
8 MOM, UMO 3aPAANCEHHAS YACMUYa (INeKMpPoH), NPoaemas paooM ¢ OYeHb ONUHHOU U OYeHb MOHKOU HAMACHUYEH-
HOU HUMbIO, UCNBLIMBIBAEN CUTOB0E B030€UCEUe HECMOMPSL HA O, YMO HA MPAEKMOPUL YACMUYbl HU deKmpuye-
CK020, HU MazHumHozo noieil em. Tom pakm, ymo OKpye HaAMASHUYEHHOU HUMU CYWeCcmByen HEeHYIe80U BeKMOop-
Hblll NOMEHYUAT OKA3ALCH OOCMAMOYHbIM, 4mobbl 6 1959 2. nosA6UIOCH KAHMOBOMEXAHUYECKOE 0OBSCHEHUE IMO20
aghpexma Aponosvim u Bomom. B apcenane akcuom Kiaccuueckou Guuku umeemcs RPUHYUn UpmyaibHou paoo-
mbl, AGIAOWULCS OOHOU U3 2PAHEel NPUHYUNA COXPAHEHUS. JHEPSUU U YIMBEPICOAIOWULL, YMO eCil 8 HEKOMOPOU CO-
BOKYNHOCMU DUBUYECKUX 0OBEKIMOE C USMEHEHUEM PACNONONCEHUSL KAKO20-TUO0 00beKma UBMEHACMCsl IHEPIUsL Ha-
38AHHOU COBOKYNHOCU, MO HA 9MOM 00BbEKM 0elcmeyen CUuld, Gbl4UCTSeMAdst Yepe3 ePAOUeHm IHEPSUUL 8 MOUKe
e2o pacnonodcenust. ITocmpoena xiaccuxosnekmpoounamudeckas meopust s¢pgexma Aponosa-boma, 6 komopoii
UCNONIL306AH NPUHYUN BUPINYATLHOU pabombl OJisL YCMAHOBNEHUs CUTbL, Oelticmayioujell Ha moueynwlil 3apso. Haii-
OeHHOe 3HaueHue NONEePEeUHO20 UMNYIbCA, NPUOOPEMaemo2o dINeKMPOHOM, NPOIEMAIOWUM MUMO DECKOHEUHO ONUH-
HO20 CONEHOUOA, OMAUYAEMCA NO 3HAKY OM U36ECHHO20 UMNYIbCA, PACCYUMAHHO20 KBAHMOBOMEXAHUYECKUM Me-
mooom. O60cHO8bIBACNCS HEOOXOOUMOCb 8 HOBbIX KOPPEKTMHO NOCMABTIEHHbIX IKCHEPUMEHINAX.

Knrueswie cnosa: 3¢pghexm Aponosa-boma, npunyun supmyanvrot pabomeot.
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Sergienko I. V., Lytvyn O. M., Lytvyn O. O., Tkachenko O. V. and Gritsay O. L. Construction
and research of operators of an interlineation of functions of three variables on system of not inter-
sected curves in a cylindrical frame with preservation of a class of differentiability ..........ccccccoceereinncee 57-61

In solving the problem of Hermite interpolation functions of three variables from its values and the values of its
partial derivatives at a given point the system is not a problem of constructing operators automatically storing
the class of differentiable because it completely can be solved by selecting the auxiliary functions, since the val-
ues of the function and its partial derivatives It does not affect the class of differentiable operator constructed.
The mission statement is assumed that traces of derivatives of order s over the radial variable r in the cylindrical
coordinate system are functions continuous together with its partial derivatives up to order v —s,
0 <s <N <v <eo In addition, it is believed that these derivatives are given on a system of non-intersecting lines
lying on the surface of the three-dimensional body. Known R-functions method of constructing a system of coor-
dinate functions for solving boundary value problems do not include the possibility of constructing the coordi-
nate functions with automatic preservation of differentiability class, if the boundary function not belong to the
class CT(dG). The method of the building of the operators the hermitian type interlineations of the functions of
the three variables with help of its traces and traces of its derivatives on a no crossed lines system in cylindrical
coordinate system are proposed. The method can recovery these functions between given closed no crossed lines
in cylindrical coordinate system with automatical preserve of a differentiability class.

Keywords: interlineation of functions, a cylindrical coordinate system, the preservation of differentiability class,
traces of functions, traces of derivatives, the operator Hermitian interlineation.

Ipu pewenuu 3a0ayu 3pMUmMo8oL UHMEPROIAYUY QYHKYULL Mpex NepeMeHHbIX N0 ee 3HAYEHUSIM U 3HAYEHUSIM ee
YACMHBIX NPOU3BOOHBIX 8 3A0AHHOU CUCMeMe MOYEK He 803HUKAen npobiema ROCMPOeHUs. ONepamopos ¢ de-
MOMAMUYECKUM COXPAHEHUueM Kiacca oughgepenyupyemocmu, nOCKOAbKY OHA NOIHOCMbIO MOdicem Ovlmb pe-
wieHa nymém 8ubloopa 6CNOMO2AmMenbHbIX (YHKYULL, MAaK KaK 3HAYeHus: (QYHKYuu u ee 4acmuuix npou3BoOHbIX He
GIUSIIOM HA KAacc Oupdhepenyupyemocmu nocmpoeHHozo onepamopad. B nocmanogke 3adauu npeononazaemcs,
YUMo caedvl NPOU3BOOHLIX NOPAOKA S NO PAOUATLHOU NePEMEHHOU T 8 YUTUHOPUYECKOU cucmeme KOOPOUHAm s16-
JAIOMCSL  QYHKYUAMU HENpepbiBHbIMU 8MeECme €O CE0UMU YACMHBIMU NPOU3BOOHBIMU 00 NOPAOKA V — S,
0 <s N <v <oo Kpome moeo, cuumaemcst, 4mo 3mu npousgooHvle 3a0anbl HA CUCMEME HeNepeceKaiouuxcs
JUHUT, TeAHCAUUX HA NOBEPXHOCMU UCCeYeMO20 mpexmepno2o mend. Hzeecmuulii memood R-@ynxyuii no-
CMpOoeHUs. cucmembl KOOPOUHAMHBIX QYHKYUL NPU peueHul Kpaesvlx 3a0ai He npeonoaazaem 603MOACHOCHEl
HOCMPOEHUs KOOPOUHAMHBIX PYHKYULI C ABMOMAMUYECKUM cOXpanenuem Kiacca oupgepenyupyemocmu, eciu
epanuunvle Gynkyuu ne npunaonexcam kiaccy CT(dG). Ilpedrazaemes memod nOCMPOEHUs ONEpamopos uH-
MEPAUHAYUU IPMUMOB020 MUNA DYHKYULL MPeX NePEeMEHHbIX ¢ NOMOWbIO UX CIe008 U Cl1ed08 UX NPOU3BOOHBIX
Ha 3a0anHbIX JUHUAX. Memoo no36o.sem 60CcCmManagIU6amy Smu QYHKYUU 8 mouKax Mexicoy 3a0aHHoll cucme-
MOU 3aMKHYMbIX HENepecekanuxcs KpUsblX 6 YUiuHOPUecKou cucmeme KOOPOUHAM, COXPAHAS A8MoMamude-
cKu Kaacc oughghepenyupyemocmu, KOMmopomy npuraoiedicum npubaudicaemas Qyukyus.

Kniouesvte cnosa: unmepnunayus Qyuxyuil, yuruHOpuieckas cucmema Koopounam, coxpamenue xkiacca oug-
epenyupyemocmu, ciedvi PyHKyuU, ciedbl NPOU3BOOHbIX, ONEPAMOP IPMUMOBOU UHMEPIUHAYUU.
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Non-traditional Power Engineering

Kleperis J., Solovey V. V., Fylenko V. V., Vanags M., Volkovs A., Grinberga L.,
Shevchenko A., Zipunnikov M. Self-Sufficient PV-H, Alternative Energy Objects .........c.ccccevereenene. 62-68

Energy storage becomes more important as mankind switch to renewable energy, away from fossil resources. Traditional
way — batteries - offer a limited number of cycles, require regular maintenance; nevertheless gravitational storage, fly-
wheels, compressed air are mainly large scale and expensive methods. The hydrogen as energy carrier and hydrogen fuel
cells are possible option to store different amounts of energy for relatively long times with low losses. Different solutions for
self-sufficient sun/wind energy objects are analysed - the solar radiation collecting systems, wind power generators, and high
pressure electrolysis technologies for hydrogen production and the metal-hydride energy storage. This article describes the
development of a versatile technology that can be used to provide continuous power for small and medium-sized self-
sufficient objects or their micro-grids using alternative energy and energy storage. The technology uses advanced electroly-
sis and fuel cells to efficiently store excess energy from sun/wind generation as hydrogen for later use in fuel cells.

Keywords: energy storage, metal-hydride, electrolysis technologies, photovoltaic cells.

Xpanenue snepeuu cmanogumcsi 6ce 6oiee 8adNCHBIM 6 KOHMEKCHe nepexodd 4enogedecmed On UCKONAemo2o
MONIUBA K 80300HOGIAEMbIM UCMOYHUKAM dHepeuu. Tpaouyuonunvill cnocob — xumuueckue bamapeu, Komopbvie
Xapaxmepuszyiomcst 02pAHUYEHHbIM YUCTIOM YUKTIO08 U MPebYIom pe2yisipHO20 MEXHUYECKO20 00CIYICUBAHUSL, 8
Mo 6pemsi KaK 2pasumayiOHHOe XpaHeHue, Maxo8uki u Cocamvlii 6030yX 6 OCHOGHOM mpebyiom O6orbuux 0ove-
MO8 U 8vicokozampamubl. Bodopoo 6 kauecmee nocumens snepeuu 8 6000POOHBIX MONIUBHBIX INEMEHMAX ABTS-
emcst B03MOICHLIM 8APUAHINOM OJil XPAHEHUS. PA3TUYHBIX KOAUYECTNE IHEPSUU 8 medeHue OmHOCUMENbHO Olu-
MENbHO20 BPEMEHU ¢ MATbIMU nomepsamu. B pabome npoananusuposansi pasnuynsie peuienus 0 A86MOHOMHBIX
Hepeemuieckux 00beKmos Ha OCHOGe dHepaUl COHYa/eempa — Pomodexmpuieckue cucmemvl 0s npeoopa-
306aHUSL NEPEUYHO2O UBNYYEHUs CONHYA, BeMPOLEHePAMOpPsbl U MEXHON02UU INEKMPOIU3A BLICOKO20 OAGICHUS
071 NPOU3800CMBA B0OOPOOA U XPAHEHUs. IHEPSUU 8 MEMANI0SUOPUOHBIX akKymyasmopax. Onucvleaemces pas-
pabomxa yHUBEpCanbHOU MEXHON02Ul, KOMOPAsi MOJICem Oblmb UCNONb308aHA O 0Decneyenus HenpepbleHOU
MOWHOCTIU OJISL MABIX U CPEOHUX AGMOHOMHBIX 00BEKMOE UL UX MUKDPOCEMOK C NPUMEHEHUEeM AlbMEePHAMUG-
HbIX UCMOYHUKOG DHEP2UU U XPAHEHUsl dHepaul. B mexunonocuu npumensiomcs: nepedogvie paspabomu dieK-
MpoU3epos 86000pooa U MONIUBHBLE INEMEHMbL 015 IPHexmusnoco xpanenus u3DbIMOYHOU dHEPeUlU NOaYHeH-
HOU U3 80300HOGISLEMbIX UCHOYHUKOG, OJIsl NOCIeOVIOWe20 UCNOIb306AHUS 8 MONIUBHBIX INEMEHMAX

Knrouegvle cnoea: xpanenue sHepeuu, Memaiiocuopuo, 1eKmpoausep, Gomosiekmpuieckutl npeoopasosa-

merb.
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