ABSTRACTS AND REFERENCES

Aero- and Hydromechanics in Power Machines

Rusanov A., Paschenko N., and Rusanov R. Using the interpolation-analytical approximation of
the lapws-95 equations in the flow calculation of the steam turbine flow part..........cccccecvevveecrieciiecreeneenne. 3-10

Paper introduced an approach to the approximation of the equations of state of water and steam (IAPWS-95) for
the calculation of three-dimensional viscous flow of steam in the flow parts of turbomachines. This method based
on an approximation of the complex thermodynamic functions IAPWS-95 more simple relationship with the
compressibility factor, which is calculated using an interpolation polynomials of the third order. To verify the
proposed method there are made test calculations of spatial flows in the five-stage flow part of the low-pressure
cylinder of steam turbine with capacity 360 MW which is one of modification of the three-stage flow part of the
low-pressure cylinder of steam turbine K-200-130 and medium pressure cylinder of cogeneration turbine T120
130-12,8. Presents a comparison of the numerical results with experimental data. The proposed method provides
sufficient accuracy of determination of thermodynamic values throughout the operating range of modern and
advanced steam turbines (the maximum error is not more than + 0,1%), without the need for a substantial in-
crease in the computational cost. Using of this approach allows for a more accurate modeling of three-
dimensional flow of wet steam in flow parts of the turbines in comparison with models which use simple equation
of state.

Key words: turbine, flow part, spatial flow, equations of state of water and steam.

Ilpeonoscen nodxo0 Kk annpoxcumayuu YpasHeHuil COCMosAHus 600bl U 600saHo20 napa (IAPWS-95) ons
PACUemo8 MpexmepHbiX 6S3KUX MedeHUll napa 6 NPOmOYHbIX wacmsx mypoomawun. Memoo ocnoean Ha
ANNPOKCUMAYUU  CILOJICHBIX — MepMOOUHamMuyeckux —@yukyuii  ypasnenuss [IAPWS-95 6onee npocmuimu
3A6UCUMOCIISIMU  C  KOIDPUYUEHMaMU  COHCUMAEMOCTNU,  GbIYUCTSEMbIMU € NOMOWBIO  UHMEPNONAYUOHHBIX
HONUHOMO8 mpembe20 Nopsaoka. s nposepku npeorodCeHHON MemOOUKU GbINOIHEHbl MECMO8ble PACHenibl
NPOCMPAHCMBEHHbIX MEYeHUll 8 NAMUCTYREHYAMOU NPOMOYHOU YaAcmu YUIUHOPA HUZKO20 OAGNeHUs Napo6ol
mypounvt mowpocmoio 360 MBm 00HOU U3 MOOUGUKAYUTL MPEXCMYNeHYamou NPOMOYHOU 4acmu YUIUHOpa
HU3K020 dasinenus naposot mypounst K-200-130 u yurunopa cpednezo oagneHuss menio@ukayuoHHoU mypoursl
T120/130-12,8. [Ipeocmagnenvl conocmasienus YUCIEHHbIX Pe3yibmamos ¢ IKCHePUMEHMATbHLIMU OAHHBIMU.
Ipeonooicennviii memoo obecneuusaenm OOCMAMOUHYH) MOYHOCb ONPeOeieHUs: MePMOOUHAMULECKUX BETUYUH
80 6CceM OuanasoHe pabomovl COBPEMEHHBIX U NEPCREKMUBHBIX NAPOBBIX MYPOUH (MAKCUMANbHAS NOZPEUWHOCTIb
He npesviwiaem 0,1 %), npu smom ne mpeOyemcsi CyujeCmeeHHO20 YEeIUYeHUsl GbIYUCTIUMENbHBIX 3ampam.
Ipumenenue danno2o nooxoda noseoisem obecneyums Oojiee MOUHOE MOOEIUPOBAHUE MPEXMEPHBIX MeYeHUll
BILAJICHO20 NAPA 8 NPOMOYHBIX YACHSAX MYPOUH NO CPDABHEHUIO C MOOCISIMU, 8 KOMOPBIX UCHONb3YIOMCSL NPOCHIbLE
VPAGHENUSI COCTNOSIHUSL.

Knioueswle cnosa: mypouna, npomounas 4acms, npoCMPaHcmeeHHoe meuenue, YyPaeHeHUus COCMosHUsL 800bl U
60051H020 napa.
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Heat Transfer in Engineering Constructions

Levterov A. M. and Umerenkova K. R. Forecasting of thermal performances of working bodies
heat eNgINEETING OF AEVICES ...ecuviiiieiieiiiecie et etee ettt et e e re e st eetteesibeeesbeeesbeessseeessseessseessseesnsseesssenans 11-14

The procedure of definition of parameters of phase equilibriums and thermal properties of the alternate non-
petroleum power supplies used in manifold heat engineering of devices is offered. Descriptions of designed
mathematical models of vapour-liquid equilibrias in multicomponent molecular intermixtures are submitted.
Mathematical models of phase equilibriums and their numerical embodyings are based on the statistical me-
chanical approach within the framework of a thermodynamic perturbation theory without attraction of empirical
parameters. Features of a method are the following: limited initial information for calculations, a hair accuracy,
applicability for a wide class of substances in any practically important gamuts of states. Received results for
basic properties and phase equilibriums predict performances of intermixtures in unexplored experimentally
gamuts of states down to pressures 1000 MIla and temperatures up to 5000 K or up to temperatures of pyrolysis.
Errors of calculations of predicted thermal performances of multicomponent working bodies are at a level of
routine experimental errors.

Key words: thermal characteristics, phase equilibriums, alternative energy sources, working body, mathematical
model.

Ipeonosicena memoouxa onpeoeneHuss NApamempos Qazoeuix pasHOecull U MenioQuU3UYECKUx C80UCME alb-
MEPHAMUBHBIX DHEPLOHOCUMENEl HEHEPMAHO20 NPOUCXONCOEHUS, UCHONb3YEMbIX 8 PASHOOOPA3HbIX MenIomex-
Huueckux ycmpoucmeax. Ilpedcmasnenvl onucanus paspabomanHblx MamemMamudeckux mooenetl napoICuoKo-
CIHBIX PABHOBECUU 8 MHOLOKOMNOHEHMHBIX MOEKYIAPHBIX cMecax. Mamemamuueckue mooenu (azosvix pas-
HOGeCUll U UX HYUCTOBblE Pednu3ayull OCHOBAHbL HA CIMAMUCIUKO-MEXAHUYECKOM NOOX00€e 8 PAMKAX MepMOOu-
HAMUYECKOU Meopuu 603MYUWeHUll Oe3 npueilederus IMnupudeckux napamempos. Ocobennocmsamu memooa s6-
JISLIOMCSL: OZPAHUYEHHOCHb UCXOOHOU UHGDOPMAYUU, 8bICOKASL MOYHOCHLb, RPUMEHUMOCHb OISl UPOKO20 KIACCA
seujecme 6 00bIX NPAKMUYECKU BAICHBIX Ouanazonax cocmosinuil. Tlonyuennvle pesynomamol Ol 6A3UCHBIX
CBoUCME U (PAa308bIX PAGHOBECULl NPOSHOZUPYIOM XAPAKMEPUCHUKU CMecell 8 HeUCCIe008aHHbIX IKCNEPUMEH-
ManbHo OUanazoHax cocmosnull enioms 00 dasnenuti 1000 MIla u memnepamyp 0o 5000 K unu 0o memnepa-
myp nuponusa. Tloepewnocmu pacuemos npocHo3upyembix MmeniopUuU3UYecKuUx Xapakmepucmux MHOLOKOMNO-
HEHMHBIX pabo4Ux mei Haxo00sImcsl HA YPOBHE OObIYHBIX IKCHEPUMEHMATLHBIX OUUOOK.

Kniroueswie cnosa: menﬂocj}u3uuecxue C(s‘OlwlCI’)’l(i’a, ¢a306‘bl€ pasHoeecus, pa6oqee meio, albmepHaniueHble IHep-
2OHOcumeu, mamemamudecKkas Mmooers.
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Dynamics and Strength of Machines

Yanchevsky L. V. Non-stationary vibration of electroelastic shallow spherical shell..................c..cc....... 15-22

80

The numerical-analytical method of solving of the problem of non-stationary axisymmetric vibration of shallow
spherical shell, composed of thin elastic and electroelastic layers, under impulse electromechanical load is pre-
sented. Statement of the problem is executed within the limits of the theory of thin electroelastic shells. Integral
Laplace transform on time coordinate, expansion of unknown functions into a series and methods of the theory
of integral equations were used for problem solving. By the developed approach the problem is reduced to a sys-
tem of Volterra’s integral equations of the 2nd kind which is solved numerically. Results of calculations and
their analysis for various variants of fastening of shell’s edge are presented for step mechanical and electric
load. The obtained expressions allow to investigate vibration of nonstationary loaded electroelastic element in
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the form of a shallow spherical shell or a round plate (at rather great value of radius of curvature of the surface
of connection of layers) and at other variants of boundary conditions as mechanical, as electric groups. The
stated approach can be generalized on a case of the partitioned current-carrying covering of an electroelastic
layer. Advantages of the stated method are simplicity of computing realization and an opportunity to control an
accuracy of results.

Keywords: electroelasticity, shallow spherical shell, non-stationary vibration, integral Laplace transform.

Ilpuseden uucieHHO-aHaIUMU4ecKuil Memoo peuwieHus 3a0a4u 0 HeCMAyUOHAPHBIX 0CECUMMEMPUUHBIX KONeba-
HUSAX NONI020U cheputeckoll 0O0I0YKU, COCMABIEHHOU U3 MOHKUX YAPY2020 U IJIeKMPOYAPY2020 CN0es, NPU UM-
NYAbCHOM DNEKMPOMEXAHULECKOM Hazpyoicenuu. Tlocmanoska 3a0ayu GbINOIHEHA 8 PAMKAX MeOpUU MOHKUX
anexmpoynpyaux obonouex. [isi pewienus 3a0a4u UCNOAb3YIOMCSL UHMeZpaibHoe npeobpasosanue Jlaniaca no
BDEMEHHOU KOOPOUHAmMe, PA3N0NCEHUEe UCKOMbIX QYHKYUIL 8 psdbl U Memoobl Meopull UHMEZPAIbHbIX YPAGHe-
Hutl. Pazpabomannvim no0Xo0om 3a0aya ceedeHa K cucmeme UHmMezpanibHulx ypasHenuii Bonomeppa Il-20 pooa,
peulenue Komopoul 6bINONIHEHO Yucienno. [Ipedcmasienvl pe3yismamol pacyemos u ux auaiu3 O pasiuyHbix
8APUAHMOB 3aKPeNIeHUsl Kpasi 000I0YKU NPU CIYNEHYAMOM MEXAHUYECKOM U JIeKMPUUECKOM €€ HAZPYICEHUSX.
Ionyuennvie pacuemmvle blpadCeHUs NO3BONSAIOM UCCIE008aMb KONeOAHUS HECMAYUOHAPHO HASPYIHCAEMO20
INEKMPOYNPY2020 KOHCMPYKIMUBHOZ0 DNIEMEHMA 8 8UOe NOA020U cheputecKkoll 060A0UKY U KPY2IOll NIACTHUNbL
(npu 00CMamoyro OOILUIUX ZHAYEHUSX PAOUYCa KPUBU3HBL NOBEPXHOCTIU COCOUHEHUs Cloes) U npu Opyeux 6a-
PUAHMAX 2PAHUYHBIX YCIOBULL KAK MEXAHUYECKOU, MaK U 2NeKmpudeckou epynnol. M3100cenHblii no0OX00 Modicem
ObImb 0000UWeH HA CYYAll CEKYUOHUPOBAHHOZO MOKONPOBOOAUe20 NOKpbImusl daekmpoynpyzoeo cios. K npe-
UMYWecmeam Memooda ciedyem OmHeCcmiu RPOCMOmY YUCIEHHOU Peaiu3ayul U 603MONCHOCHb KOHRMPOJISL MOY-
HOCMU pe3yibmanmos.

Knroueevie cnoesa: snexmpoynpyzocmo, nonozas cgepuyeckas 000104Ka, HeCMAayuoOHapHvle KOLeOanus, uxme-
epanvroe npeobpazosanue Jlanaaca.
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Garmash N. G. Investigation of vibrations of shafting turbine unit T-250/300-240 at drawdown of
supports and instantaneous imbalance Shafting............ccooiiviiriiiiiiiiiie e 23-29

82

The methodology and software that enables based on the finite element method with the direct integration of the
motion equations by Newmark’s method solve problems forced flexural, longitudinal, torsional vibrations and
transients shafting on complex elastic-damper supports, are developed. Software allows to determine the vibra-
tion characteristics of initial defects and defects that have arisen during operation of turbine shafting. The finite
element calculation model of rod shafting turbine unit T-250 / 300-240 is used. Discs stages with blades, cou-
plings, flanges or balancing weights are modeled by concentrated masses and moments of inertia. At the junc-
tion of neighboring rotors, the stiffness coupling elements are taken into account, as well as imperfections con-
nection - radial clearance (crankshaft) or a kink of axis plots. Model identification is carried out on the basis of
the experimental values of the vibration characteristics obtained by the vibration-diagnostics system. Numerical
simulation of the vibrations of the turbine shaft T-250 / 300-240 is performed in such cases imperfections of
connection flanges rotors as misalignment of rotor axis (crankshaft), kink of shafting axis, drawdown of supports
and instantaneous imbalance shafting. Taking into account the defects leads to a change in amplitude, phase and
frequency vibrations, as well as the trajectories of individual points shafting. The results obtained allow us to es-
timate the influence of the most widespread defects on the vibration characteristics of shafting. These symptoms
of defects extend the capabilities of an expert system to assess their availability and development, which is part
of the automated system of turbine vibration diagnostics.

Key words: rotor, shafting, turbine, defect, vibration characteristics.

Paspabomano memoouueckoe u npocpammuoe obecneueHue, NO360JA0Wee HA OCHOBE MEMOOd KOHEUHbIX
IEMEHMNO8 C HENOCPeOCMEEHHbIM UHMESPUPOBAHUEM VPAGHEHUL OBUNCEHUs Wa2oeblm Memooom Heromapka,
pewams 3a0auu BLIHYHCOCHHBIX U3LUOHBIX, NPOOOTLHBIX, KPYIMUILHLIX KOACOAHUL U NEePEeXOOHbIX NPOYeccos
8aNIONPOBOO08 HA CIONCHLIX Ynpyeo-OemngepHvix onopax. Ilpoepammuoe obecneyenue no3eonsem onpeoeisims
BUOPAYUOHHBIE XAPAKIMEPUCIUKY HAYATBHBIX U NPUOOPEMEHHBIX NPU IKCIIYyamayuu 0eekmos 6aionposood
mypboacpecama. Hcnonvsyemca KOHEUHOINEMEHMHASL CMEPHCHeBAs. PACYEMHAs MOo0elb  8alonpo8oodd
mypboaepecama T-250/300-240. Hucku cmyneneii ¢ nonamramu, My@mol, @ianysl uiu OAIAHCUPOBOUYHbBLE
2py3bl MOOETUPYIOMCA COCPEOOMOUEHHBIMU MACCAMU U MOMEHmAamu unepyuu. B mecme coedunenus coceonux
POMOPO8 YHUMbI8AIOMCS HCECMKOCMU CMBIKOBOUHBIX DNEMEHMO08, 4 MAK#Ce HeCO8ePULEHCINBA COeOUHEHUs —
paouanbHblll 3a30p (KOJIEHYamocms 6ana) unu usiom ocei yyacmxos. Ocywecmensiemcss uoeHmugpuxayus
MoOenu Ha COOmEemcmaue pe3yibmamos paciemos IKCNEPUMEHMANbHLIM 3HAYEHUAM 6UOPOXAPAKMEPUCTUK,
NOMYUEHHBIM € NOMOWbIO cucmemyl gubpoouazrnocmuku. IIposoounoce uuciennoe mooderuposanue Konebanul
sanonpogooa mypboazpecama T-250/300-240 6 cayuasx Hecoseputencmsea coeduHeHus: (ranyed pomopos — He-
coocHOoCmU Ocell (KOMEeHYamocmu) pomopos, U3ioma ocu 8ai0onpogodd, npocaoki Onop U MeHO8eHHOU pa3ba-
JIGHCUPOBKU 8AIONP080OA. Beedenue dedhexmos npusooum K usmeHneHuro amniumyo, ¢asz u wacmom KoreOaHuil,
a maxsce MpaeKmopuil 08UNCEHUA OMOETbHLIX MOYeK 6anonpoeodd. llonyuennvie pe3yivmamvl NO360AUNU
oyeHums enuAHUE HAUbOIee PACHPOCTNPAHEHHBIX OeheKmos Ha 8UOPAYUOHHbBIe XAPAKMEPUCUKY 8410RPO60OU
mypboacpecama  T-250/300-240.  Onpedenennvle  GUOPORpUsHAKU — 0eeKmo8 NO3GOSIOM  PACUUPUNb
BO3MOHCHOCTNU DKCHEPMHOU CUCTNEMbL OYEHKU UX HATUYUSA U PA3GUIIUS, KOMOPAS AGIAEMC s COCTNABHOU YACHbIO
aA8mMoMamu3upoOBaHHol cucmemsl BUOPOOUazHOCMuKY mypboazpezama.

Knroueewie cnosa: pomop, sanonpogoo, mypooazcpezam, depexm, UOPAYUOHHbBLE XAPAKINEPUCTHUKLL.
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Kalantarly N. M. Computational model of cracking in circular heated disk...........ccccooeurriiiriiiiiineennenn 30-39

A computational model describing the cracking in the circular disk under the influence of thermal stresses is de-
veloped. It is assumed that the zone of cracking process is a finite length layer, containing the material with par-
tially broken bonds between the individual structural elements. The bonds between the prefracture zone faces
are modeled by the cohesive forces continuously applied to the faces and constraining its disclosure. The bound-
ary problem for equilibrium of the heated disk weakened by rectilinear prefracture zone is reduced to a nonlin-
ear singular integrodifferential equation with a Cauchy type kernel. The singular integrodifferential equation is
reduced to a system of nonlinear algebraic equations which is solved by the method of successive approxima-
tions, and an iterative algorithm similar to 1l'yushin elastic solutions method. It is assumed that the temperature
field in the circular disk has an axial symmetry, and the elastic characteristics and the coefficient of linear ther-
mal expansion of the material do not depend on temperature. The limit equilibrium analysis of the zone of weak-
ened interparticle bonds is performed on the basis of criterion of limit traction of the bonds. Relations for deter-
mining the critical value of the heat effect intensity at which in the circular disk occurs cracking are obtained.

Keywords: circular disk, temperature field, zone of weakened interparticle bonds, tractions in bonds, cracking.

Paspabomana pacuemmnas mooenn, 6 pamrkax KOMOpPOU 603MONCHO ONUCAHUE MPEUUHO0OPAZ08AHUSL 8 KPY2OBOM
oucke noo oelicmeuem memnepamyphvlx Hanpsiscenudl. [lpunsmo, umo 30na npoyecca mpewuHooopa306aHus.
npeocmagnsiem cobou Clol KOHeYHOU ONUHbL, COOepIHCaWUll MAMepuan ¢ YacmuyHO HAPYUEHHbIMU CBSI35MU
Mencoy OmoenbHbiMU  CmpyKmypHvimu  onemenmamu. Cesizu  medcoy Oepezamu  30Hbl  NPeOpa3pyuleHus.
MOOETUPYIOMCS HENPEPLIBHO NPULOICEHHBIMU K NOBEPXHOCIU Oepeco8 CUNaMU CYENeHUsl, COePACUBATOUUMU UX
packpvimue. Ilonazaemcs, umo memnepamypHoe nojie 8 Kpy2080m OUCKe Umeen 0Ccegyio CUMMEmMpPUIO, a ynpyaue
Xapaxmepucmuky u Kodphuyuenm auHeno20 memMnepamypHo20 pAaculupeHus mMamepuaia He 3a6Ucim Om
memnepamypwl. Kpaeeas 3adaua o pagnogecuu HA2pesaemo2o OUCKA, OCLAOIEHHO20 NPAMOIUHEUHOU 30HOU
npeopaspyuileHuss, C6OOUMCs K HeTUHEUHOMY CUHZYIAPHOMY UHMe2poOudpepenyuaibHoMy YPagHeHuio ¢ 10pom
muna Koww. Cuneyisipnoe unmezpooudpepenyuanvioe ypagHeHue Cc600UMcs K CUCmeMe HEeAUHElHbIX
aneebpauyeckux YpaeHeHuil, pewaemMoln MemooOM NOCIe008AMENbHbIX NPUOTUICCHUN U UMEPAYUOHHBIM
ancopummom, nOOOOHBIM Memody ynpyeux pewieHuii Hivlowuna. Ananus npeoenvHo2o pagHosecus 30Hbl
OCIAONEHHBIX MENCUACUYUHBIX C653€ll GbINOMHAEMCS HA OCHO8E KpUmepus NpeoeibHOU BbIMSNCKU Ces3ell
mamepuana. Tlonyuenvt coomuoutenuss O OnpeoeieHusi KpUmudecko2o 3Ha4eHuss UHMEHCUBHOCIU TeNI08020
8030elicmeus, npu KOMopom 6 Kpyeogom Oucke npousotioem mpewunooopasosanue. C  nomowwio
PaspabomanHol pacuemHuol MoOeiu MONCHO HA CMAOUuu NpOEKMUpPOBaHUs OYEHUBAMb 2apaAHMUPOBAHHbLU
pecypc Hazpesaemozo OUCKa, YCmaHaeiueams OONYCMuMblil ypo8eHb UHIMEHCUBHOCHU MENI08020 8030€lCMEUs,
sblOUpames mamepuan OUCKA ¢ MpedyemMbiMU XapaKmepucmuKamu mpewuHoCmouKocmu.

Knroueswvie cnosa: preoeoﬁ duc;c, memnepamypHoe noJie, 30Hd 0CNAONICHHBIX MENCUACTUYHBIX CGﬂSeﬁ, ycuuus 6
C6BA3AX, mpemuHoo6pa306aHue.
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Interaction of an indenter (kinetic ammunition) with an armored obstacle is highly nonlinear physico-
mechanical process. In the paper a complex of problems of numerical investigation of penetration of the projec-
tile into the target is posed and solved. Different numerical methods are used for discretization of the resolving
system. The use of simplified models and empirical relations gives an opportunity to put the problem of multi-
variate analysis of the of the projectile-target impact process for variable type of the shell, the material proper-
ties of its jacket and core, as well as armor plate material, impact angle and velocity, etc. In a first proximity, the
initial stage of the meeting and the contact interaction of the projectile with the armor plates can be represented
as a contact between two half-spaces. To analyze the distribution of contact pressure in conjunction of complex
shaped bodies it is proposed to use the method of boundary integral equations (MBIE). Using a mathematical
model in MatLab environment a software module «SBEM» was created. It implements an iterative procedure for
finding the contact area and the contact pressure p. The paper investigates the contact of two bodies of revolu-
tion, the gap between them is a power function of the radius vector r with the exponent K. Modeling of the elastic
properties of the layer simulating the roughness is accomplished by varying the parameter A. As a result certain
qualitative features of the contact pressure distribution by varying the shape of the head of the kinetic projectile
and compliance shell are established.

Keywords: contact interaction, boundary element method, indenter, armored obstacle

Ipoyecc e3aumodeticmsusi undenmopa (Kunemuieckozo boenpunaca) ¢ 6poHenpe2padoul s61semcst 6biCOKOHe-
JUHEUHbIM (DUBUKO-MEXAHUHECKUM npoyeccom. B cmamve cmasumca u pewiaemcsi komniexe 3a0a4 YucieHHo20
UCCIe008aHUsL NPOYECCa NPOHUKHOBEHUS CHAPAOa 6 npezpady. [lna ouckpemu3ayuu NOIYYEHHOU CUCHeEMbl CO-
OMHOWEHUL NPUMEHSAIOMCS PA3TUYHbLE YUCTEHHbIE MemOObl. Hcnonb3oeanue ynpowenHblx IMIUPULECKUX MOOe-
Jleti U COOMHOUeHUT 0denm 803MONCHOCHL CIABUMb 3A0a4l MHO208APUAHMHO20 AHAIU3A PE3YTbMAmMa npoyec-
ca ecmpeuu cHaps0a ¢ npespadoll npu 6apbUPOSAHUU MUNA CHAPAOd, CEOUICME MAMepUand e20 0b0I0YKY U cep-
O0eUHUKA, @ MAKJICe CEOUCME MAMepUaIa OpoHenpespaobl, Y2io8 u CKOpocmell 6cmpedu CHapsiod ¢ npespacoul u
m.n. B nepsom npubnudicenuu HauanvbHblil 3man ecmpedu U KOHMAKMHO20 83AUMO0eliCmaus cHapsaoa ¢ opone-
naHenbio PedCmasIsiemcs 8 6ude KOHmMakma 08yx ROLynpocmpancms. [lis ananusza pacnpeoenenus KOHmaxm-
HbIX OAGLEHUL 8 CONPSINCEHUU CLONCHONPODUILHBIX el NPeONIoNHCEHO UCHONb308ANb MEMOO0 SPAHUYHBIX UHNe-
epanvubix ypasuenuti. C ucnonv3osanuem mamemamuyeckot mooenu ¢ cpede MatLab 6win coz0an npoepamm-
Houlll MO0y «SBEMy, peanusyowuil umepayuonnyo npoyeoypy ROUCKA KOHMAKMHBIX HAOWAOOK U KOHMAKM-
HO20 dasnenust p. B cmamve uccnedyemcs KonHmakm 08yxX meil 8paujeHusl, 3a30p Mencoy KOmopblmu npeocmas-
Jisiem coboil cmenennylo yHKYuio paouyc-eekmopa v ¢ noxkazamenem cmenenu K. Mooenuposanue énusnus yn-
Pyeux ceolcme Closi, UMUMUPYIOWe20 WUepoXo8amocmyp, OCYIEeCMBIeH0 NymeM 6apbuposanus napamempa A. B
pabome ycmanogieHbl HEKOMOpble KAYyecmeeHHble 0COOEHHOCMU pacnpedeietus KOHMAKMHbIX 0aéneHull npu
8apbLUPOBAHUU POPMbL 20NOBHOU HACU KUHEMUYLECKO20 CHAPAOA U NOOAMAUBOCIU 000I0UKU.

Knioueeswvie cnosa: konmaxmnoe 6361”][/[0061207’)161/!6, Memoo CPAHUYHBIX D1EMEHMOB, queHmop, 6p0Henpeepa()a
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Lazariev 1. and Shevchenko V. Axial internal forces in power transformer active part elements af-
LRI SROTE CITCUIL. c..ceutiteeitite ettt sttt sttt ettt sb et e bt ebe et e bt sae et e sbeestesaeemsenbenn 45-54

The paper examines core type transformers in which windings clamping and magnetic system end yokes
clamping is accomplished by means of the same yoke beams. With regard to forces of friction between the yoke
beams and the yoke there were determined internal forces in the active part elements after short circuits. Based
on numerical analysis, there was studied influence of axial short circuit forces upon the internal forces in
windings. One of the reasons for reduction of winding clamping forces are the forces of static friction between
the yokes and yoke beams. With the short circuit forces acting on the yoke beams decreasing, the static friction
forces change direction, thus preventing the yoke beams from returning to the initial location before short
circuit. The reduction of the winding clamping forces is in direct dependency from the windings rigidity and
clamping structure compliance. These phenomena were studied on a set of 110 kV class core type transformers
with the indicated type of the clamping structure. It was demonstrated that the forces of static friction between
the yokes and the yoke beams have a significant influence upon the windings clamping forces. The obtained
results are consistent with transformer testing and service data.

Keywords: transformer, winding, clamping forces, short circuit.

Paccmampusatomes mpancgopmamopsl cmepocHeso2o mund, 8 KOmopbix 3anpecco8ka 06MomoK U mopyoguix
APM MASHUMHOU CUCTEMbL OCYWECMBIAENC C NOMOWbLIO OOHUX U mex dice sipmosbix banok. C yuemom cun cy-
X020 mpeHust MenHcOy APMOGLIMU OANKAMU U APMOM ONPEOeleHbl YCUUSL 8 INEMEHMAX aKMUBHOU YaACmu nocie
Kopomkux 3ameikanuil. Ha ocnose uuciogo2o anaiuza uzyueHo 6iusHue 0CesvblX Cuil KOPOMKO20 3AMbIKAHUS HA
ocesvie ycunus ¢ oomomrax. OOHOU U3 NPUYUH YMEHbULEHUS CUTL NPeCCO8KU 0OMOMOK ABNAIOMCS CUTbL MPeHUs
NOKOsL MeHCOY ApMamu U apmosvimu oarkamu. Ilpu ymenvuieHuu cun KOpomKo2o 3aMulKanus, 0eticmeyoumux Ha
Apmosbvle 6anKu, Cuibl MpeHus NOKOs MEHAIOM HAnpasieHue, makum oopazom npensmcmeys 6038paujeHuro ap-
MO8bIX OANIOK 8 UCXOOHOE NON0HCEeHUe 00 KOPOMKO20 3aMbIKAHUA. Y MeHbuleHue CUll NPecco8KU 0OMOMOK Heno-
CPeOCmBeHHO 3A8UCUM OM HCeCMKOCMU 0OMOMOK U NOOAMAUBOCTNU Npeccyloujell KOHCMPYKyuu. mu A61eHus
uzyuenvl Ha mpancgopmamopax cepuu 110 kV ¢ svimeyxasanuvim munom npeccyroueii koncmpyxyuu. Iloxasa-
HO, YMO CUNbl MPEHUsL NOKOSL MeNCOY APMAMU U SPMOBLIMU OALKAMU UMEIOM 3HAYUMETbHOE GIUAHUE HA CUIbL
npeccoeku 0omomox. I[lonyuennvie pesyromamol cO2NACYIOMCS ¢ OAHHBIMU UCHLIMAHULL U IKCHLYAMAYUU.

Knrouesvie cnosa: mpancghopmamop, 0omMomxa, cuil NpeccosKU, KOPOMKoe 3ambliKanue.
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Dyomina N. A. Express-analysis when modeling the stress-strain state of stamp rigging elements......... 55-59

86

Proposed is approach, which is based on application of express-models for numerical simulation of stress-strain
state of stamp rigging elements. Using these models, a study was conducted many of stamp rigging elements. In-
terest of considerable is the question of quality pre-Express-analysis of the influence of some parameters on the
behavior of elements of investigated technological system. From this point of view is relevant and important the
private problem determination of the contribution of the elastic displacements of points of the matrix dividing of
stamp in the overall balance of displacements in area between the cutting edges using the Express-models. The
simplified computational models of matrix were used for this purpose. The analysis of distributions of displace-
ments, stresses and integral dependency of the displacement and stress points of the cutting edges of matrix of
dividing stamp serves as the basis for the following main conclusions. The equivalent stress in the area of the
cutting edge of the matrix has level, which slightly changes by changing on their height. The strain state of ma-
trices depends significantly on their height. At this can be identified tentatively the matrix: are low (high up to
the one-third of inner diameter), of medium height - one-third to two diameters, are high - the higher of the two
diameters. Increase in all cross-sections is characteristically for low matrices. Narrowing in the area of the
cutting edges and increase in the middle part and closer to the basis are observed in matrices of medium height.
The characteristic feature for high matrices is wavelike character of the increase cross-sections at different
heights when moving along the forming in the area of the cutting edge, as well as approximately uniform
decrease data cross-sections in the direction of action of the forging force.

Keywords: mathematical model, parametric model, express-model, operation of separation of sheet metal form-
ing, matrix, stress-strain state, balance of displacements.

s yucnennoeo MoOenuposanus HaNPANCEHHO-0ePOPMUPOBAHHOZO COCMOSHUSL IEMEHMO8 WMAMNOBOU OCHA-
CMKU NpedNodcer nooXo0, OCHOBAHHLII HA npumeHeHuu sxcnpecc-modened. C npumenenuem dmux mooenell
npoeedeHo Ucciedo8aHue paoa IEeMEeHmMos Wmamnosou ochacmku. Ilpedcmasnsiem 3HauumenvHwill unmepec
B0NPOC KAYECMBEHHO20 NPEOSAPUMENbHO20 IKCAPECC-AHAUZA GIUSHUL HEKOMOPBIX NAPAMEMPO8 HA NOGeOeHUe
eMeHmos ucciedyemou mexnonozudeckou cucmemol. C 5mou MOUKU 3peHUsl A6ISLeMCsl AKMYAIbHOU U 8AJICHOU
YacmHas 3a0aya onpedeieHus 6KIa0d Ynpy2ux nepemewenull movex Mampuybl paszoeiumeibHo20 Wmamnd 6
0owull bananc nepemeujeruli 8 MeNCKPOMOUHOU 30He C UCHONb308AHUeM dKCnpecc-mooenell. [l amoeo ucnov-
306aHbL YNPOUJEHHbLE PACHEeMHble MOOETU MAMpPuybl. AHAIU3 KApMuH pacnpedeieHutl nepemenjeHutl, Hanpsiice-
HUL U UHMEZPANbHBIX 3d8UCUMOCTEl NepeMeyeHUll U HanpAXCEeHUU TMOoYeK pexcyujeli KPOMKU Mampuysl pazoe-
JUMENbHO20 WMAMNRA CLYHCUM OCHOBOU O CLe0VIOWUX OCHOBHLIX 8b160008. DKEUBALCHMHbIE HANPSICEHUS 8
30He pedcyuels KpOMKU MaAmpuybl UMeEIOm YPOGeHb, C1ab0 UZMEHSIOWULICS NPU 8APbUPOBAHUN UX 8biCOMbL. [le-
Gopmuposannoe dce COCMOosHUE MAMPUY CYWECMBEHHO 3A8UCUM OM UX GblcOMbl. TIpu 2mMom YCI06HO MOINCHO
8bI0eIUMb MAMpuUybl: HU3KUe (bICOMA — 00 Mpemu GHYMPEHHe20 OUAMempa); CpeoHell 8bICOmMbl — OM 0OHOU
mpemu 00 08yX OUAMEMPO8; 8bICOKUE — gblute 08YX OUaMempos. /s HU3KUX Mampuy XapakmepHo ux pacnupa-
Hue 60 6cex cewenusix. Mampuyul cpeonell 8blcOmMbl UCNLIMBIBAIOM CYJICEHUE 8 30He pedcywell KPOMKU, pacnu-
Ppanue 6 cpedHell Yacmu u npu nPUOIUNCEHUU K nooowge. J{iisk 8blCOKUX MAMPUY XApaKmepHot 0COOEHHOCHIbIO
A6JI1eMCsL BOIHOOOPAZHBIL XAPAKMep PACNUPANUSL Ce4eHUli Ha PA3HOU 8blcone NpU OBUICEHUU 800Ib 00paA3YIO-
Wux 8 30He pedcywell KpOMKU, a maKHce NPUMEPHO PABHOMEPHAS 0CAOKA OAHHBIX CeYeHUll 8 HanpasieHuu oeti-
CMUsL YCULUSL WMAMNOBKU.

Knroueesvte cnosa: mamemamuueckas Mooeib, NAPAMEMPULECKAsi MOOEb, IKCAPECC-MO0elb, PA30eIUmMeNlbHAs
onepayus TUCMOBOU WMAMNOBKU, MAMPUYA, HANPAAICEHHO-0ehOPMUPOBAHHOe COCMOsIHUe, DANAHC nepemeuye-
Hul.
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Pankratov A., Romanova T., Kovalenko A. A balanced layout problem of cylinders in a
cylindrical container of the Minimal TadiUS ..........ccociiiiciiiiiiecie e e e evre e bee e 60—66

We study a balanced layout problem of a collection of homogeneous circular cylinders onto the given bearing
plates of a cylindrical container of minimal radius taking into account behavior constraints. We consider a re-
duced model of a spacecraft as the mechanical system. The latter is formed by means of a cylindrical container
with placed objects (technical equipment) onto the given bearing plates. Behavior constraints include dynamic
equilibrium, moments of inertia, stability constraints. A mathematical model of the problem is constructed in the
form of nonlinear programming problem, using phi-functions. We develop the efficient algorithm, involving the
multistart method, an algorithm for constructing a set of feasible starting points and IPOPT to solve nonlinear
programming problems. In order to simplify a nontrivial procedure of searching for a feasible starting point we
apply a special algorithm, which is based on homothetic transformations of circles. The proposed solution
method allows us: to search for local optimal solutions for the balanced layout problem of cylinders in a cylin-
drical container of the minimal radius, improve a convergence of the local optimization and reduce the computa-
tional time. We present a number of known benchmark instances to demonstrate the high efficiency of our ap-
proach.

Keywords: balanced layout, cylinders, behavior constraints, mathematical modeling, nonlinear programming.

Pacemampusaemcst 3a0aua pagnogecHol KOMROHOBKU OOHOPOOHBIX KPY208blX YUIUHOPO8 HA CMELANCAX Yu-
JUHOPUHECKO20 KOHMEUHePA MUHUMATILHO20 PAOUYCA C Y4emoM 0ZPAHUYEHUL NOBCOeHUsI MEXAHUYECKOU cuchie-
mol. [1o0 mexanuueckoli cucmemoi NOHUMAENCsl YNPOWEHHAs: MOOelb KOCMUYEeCKO20 annapamd, KOmopdst
npeocmaensiem coboll KoHmelHep (Kopnyc KOcMuueckoeo annapama) ¢ onopueimu cmennaxcamu (bearing
plates) u pasmewennvimu Ha cmennaxcax odowvexkmamu (obopyoosanue). Ozpanuyenus nosederus (behavior
constraints) 6KkaO4AIOM & cebs 02PAHUYEHUs. HA NOLONCEHUE YEHMPA MACC U 3HAYEHUSL OCEGIX U YEHMPOOEHCHBIX
MOMEHMO8 UHepyuu Mexanuueckol cucmemvl. Cmpoumcs Mamemamuyeckdas Mooeib padHOBECHOU KOMNOHOBKU
YUTUHOPUYECKUX 00BbeKmos 8 8uoe 3a0au HeIUHEUHO20 NPOSPAMMUPOSAHUSL C UCNONb308aHUeM Phi-QhyHKyull.
Paspaboman ancopumm pewenus 3a0auu, OCHOBAHHYIN HA NPUMEHEHUU Memo0d MYIbMUCMAPMd, AIeOpUmma
nocmpoerus oonycmumuix cmapmoguix mouex u IPOPT ons pewienus 3a0au HeIUHEUH020 NPOSPAMMUPOBAHUSL.
s ynpowenus nempusuaibHot npoyedypbl HOUCKA CMAPMOBOU MOYKU U3 00IACMU OONYCTNUMBIX PeUleHUti Uc-
NOAL3YEMCs Memoo, OCHOBAHHBIN HA PEUleHUU 6CHOMOZSAMENbHBIX 300a4 HEeTUHENH020 NPOSPAMMUPOBAHUS C
NPUMEHEHUEeM 20MOMemudeckux npeobpaszoeanutl Kpy2os. Ilpednosicennvlii nOOX00 RO380Jisem NOAYHAmb J0-
KalbHO-ONMUMAibHble peuteHust 0 3a0a4u PAGHOBECHOU KOMIOHOBKU YUTUHOPOE 8 YUTUHOPUUECKOM KOHMell-
Hepe MUHUMAIbHO20 pAaouycd, YIV4uluns CXOOUMOCHb NPOyedypbl JNOKALbHOU ONMUMUZAYUL U COKDAMUMb
epemst pewsenusi. IIpusoosamcest pe3yibmamsl 8bIYUCTUMENbHBIX IKCHEPUMEHMOE 0I5l U36ECTIHBIX MECTOBbIX NPU-
mepos (benchmark instances), demoncmpupyrowie 3¢phexmuerHocms npedroNCeHH020 n0OX00d.

Kntoueevie cnosa: pasnosecHas KOMNOHOBKA, WUNUHOPbL, OSPAHUYEHUS NOBEOeHUs, Mamemamuyeckoe Mo-
oenuposanue, HeruneliHoe NPOSPAMMUPOSAHUe.
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PV-farm simulation results in software package RETScreen and PVSYST for conditions of the plain part of
Ukraine are posted. The simulation results with the estimated model and the results of the operation of a real
station were compared. The estimated model is built based on the direct and diffuse solar radiation. Imposed
approaches to determining the potential of solar energy and photovoltaic panels classification based on the
identification of three generations of photovoltaic cells. The technological scheme of laboratory research stand
fixing the parameters of the photoelectric: current voltage and power electric current running time of the day
and the total energy production was described. Provided recommendations for areas application software
systems. RETScreen 4.0 can be successfully used in the early stages of decision-making, but gives high accuracy
of seasonal changes in solar insolation.

Key words: renewable energy recourses, potential, photoelectric cells, inclination

Jlanvl pezynbmamol MoOdenuposarnus pomosnexmpocmanyuii 8 npoepammusix komniexcax RETScreen u PVSYST
0715 ycnosuti pasHunnoti yacmu Ykpaunwl. IIposedeno cpasnenue pe3yibmamos MoOeiupo8anus ¢ paciémuoll
MOO0enbio U pe3yabmamamu QYHKYUOHUPOBAHUs pedbHOl cmanyuu. Pacuemnas modens nocmpoena ¢ yuemom
NPAMOU U PACCEAHHOU COMHEYHOU paouayuu Buiignenvl 3aKOHOMEPHOCU U GbLOGUHYHIbL NPEONONIONCEHUSL NO
ocobeHHOCmAM UX 803HUKHOBeHUs. [Ipedcmasiensi n00X00bl K OnpedeieHuio NOMmeHyuana COTHeYHol IHepee-
muKu u Kraccuguxayus homosiekmpuieckux nauesnell Ha 0CHoO8e 8blOeleHUs MPEX NOKONeHUl hOmOoIIeKmpu-
yeckux npeodpazosameneti. ONUCaHO MeXHOLOSUYECKYIO CXeMy 1a00pamopHO-UCCIe008amenbcko20 CmeHod,
Qurcupyrowezo napamempusl pabonvl hoMOINEKMPOCMAHYUU: MEKYujee HANPIdIceHUe U MOUHOCMb dNeKMpU-
Y4ecK020 MoKd, NPOOOINCUMENbHOCMb PAOOMblL CUCTEMbl, OHEBHYIO U CYMMAPHYIO 8blpabomky suepeuu. llpeo-
cmasiiensbl peKomeHoayuu no cgepam npuMeHeHus npocpammusix komniexcos. RETScreen 4.0 moocem 6vimy
VCHEWHO UCNONb308AH HA HAYATLHLIX YMANAX NOO2OMOBKU K NPUHAMUIO PeuleHUll, HO 0dem 8bICOKYIO Nozpeul-
HOCMb CE30HHBIX USMEHEHUL COTHEYHOU UHCOTIAYUU.

Knrouesvie cnosa: 60300n0615eMble UCMOYHUKU dHepeuu, nomenyual, d)omoaﬂekmpuuea(uﬁ npeo6pa306ameﬂb,
Y20]l HAKJIOHA.
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Pilipenko S. O. Review of research on using hydrogen fuel in an ecologically pure internal combus-
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Presents the analysis of dynamics of development the world energy market, taking into account population
growth. Analysis of consumption of fossil fuels for the previous years with the approximate relationship reserve
stocks of coal, natural gas, oil. Analyzed the environmental component, relating to the influence of vehicle
emissions in the urban environment on human health. Present the comparative analysis of emissions of
atmospheric pollutants during combustion of hydrocarbon fuels vehicles with emissions from the combustion of
alternative fuels. Represented by the cost of fuel for road transport and their connection with the equivalent
carbon dioxide emissions in several types of fuel. The most promising alternative fuels derived from other
resources other than oil. Analyzed the percentage of the potential use of alternative fuels for vehicles. The
methods of hydrogen storage. By exploring a number of factors demonstrated that hydrogen - the most
promising source of energy. Presents the urgency for today transfer of internal combustion engines on hydrogen
or gasoline - hydrogen composite fuel. Demonstrated that the ultimate goal of hydrogen technology envisages
the displacement of fossil fuel filling station market, which is the best way to ensure the speedy introduction of
environmentally friendly energy.

Keywords: hydrogen, global energy consumption, alternative fuels, the valuation of CO, emissions vehicles, the
consumption of fossil fuel.

Ipedcmaenen ananus OUHAMUKU PA3GUMUSL MUPOBO2O IHEP2EMUUECKO20 PbIHKA C YYEMOM POCHA YUCIEHHOCMU
Hacenenusi. Paccmompeno nompe0Oienue UCKonaemvlx MONAUE 3a Hpeovbloyujue 200bl € NPUOTUNCEHHBIMU
COOMHOWEHUSMU PE3EPEHBIX 3aNACO8 Yeisl, Npupoonozo 2asa, Hegmu. I[lpoananusupoeana skonocuyeckas
COCMABAAIOWASA, CEA3AHHASL C GAUSHUEM BbIOPOCO8 ABMOMPAHCHOPMA 8 20POOCKOU cpede HA 300p08be Nooell.
Ilposeden conocmagumenvuvlll AHAIU3 BbLIOPOCO8 BEWECME, 3ASPAHAIOWUX amMocPepy, Npu Cc2opanuu
V2le6000pOOHbIX MONIUE MPAHCHOPMHBIX CPEOCME € BblOpOCAMU OM C2OPAHUSL AbMEPHAMUBHBIX BGUOOS
monaug. Ilpedcmagienvl 3ampamvl HA MOWAUBA 0Nl ABMOMOOUIBLHOZO MPAHCHOPMA U UX C6A3b C
IKBUBATICHMHBIM  8bIOPOCOM OUOKCUOA Yenepood 6 HeCKONbKUX 6uoax monaued. Paccmompenvl Haubonee
nepcnekmueHvle  albimepHAmugHble 6UObl MONIUBA, ABTAIOWUECS NPOU3BOOHBIMU ONl  OpY2UX pecypcos,
omauunbix om Hepmu. Ilpoanazuposan npoyeHm RNOMEHYUATLHO NPUMEHSEMbIX AIbIMEPHAMUBHBIX BUO008
monauea Ha asmompancnopme. Paccmompenvl memoowvl xparnenus 600opoda. Ilymém uccredosanus yenozo
pAada akmopos npoOeMOHCMPUPOBAHO, YMO B000PO0 — HAUbOoNee NEePCHeKMUEHbIL UCIOYHUK SHEPIUl.
Ipedcmasnena axmyanpHoCmb HA Ce200HAWHULL OeHb nepesoda Osueamelell GHYMPEHHe20 C2OPaHusi Hd
68000pOOHOE UMU OEH3UHO — BOOOPOOHOE KOMNOZUYUOHHOE MONAUGO. IIpodeMOHCmpuposano, ymo KoHeyHas
yerb  BOOOPOOHOU  MEXHONO2UU  NPeOyCMAmpUBAem  GblIMeCHeHUe UCKONAeMblX U008  MONIUGd  C
aABMO3aNPABOYHO20 PHIHKA, YMO AGIAEMCS HAULYHYUUM nymém O0si obecneyenus cKopeuuie2o 6HeOpeHus:
9KOIOSUYECKU HUCTNO20 IHEPSOHOCUMETSL.

Knrwouesvie cnosa: 6000pod, muposoe suepeonompebnenue, aibmepHamueHvle GUObl MONIUEH, HOPMUPOBAHUSL
sviopocos CO; aemompancnopmom, nompedienue UCKONaemozo 6uoa moniuea
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