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method is made by creating and simulating elliptic filter of order 9 in LabVIEW development system. Analysis of the
efficiency and accuracy of the method of decomposition in the time and frequency domain is performed. It is shown that
the proposed implementation of a digital filter is equivalent to the classical implementation, and is suitable for solving
the current problems of digital signal processing.
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B nanHO# paboTe paccCMOTPEHO MPUMEHEHUE MCKYCCTBEHHBIX HeHpoHHBIX ceTell (mamee MHC) k pemenuto
3aJaqM ONpeeIeHHs TeIUIO(PU3MISCKUX TapaMeTPOB BOJBI M BOASHOTO ITapa Ha JIMHUH HAaChIIeHUs. belay co3nansl
WHC ans onpeneneHus TeMIepaTypbl, SHTAIBIINHU, SHTPOINHU U YAEIbHOTO 00beMa BOJBI U Napa Ha JIMHUH HACHIIIE-
HUS 110 U3BECTHOMY JIaBJICHHIO. BEINIOIHEHO CpaBHEHNE Pe3yIbTaTOB ONPEAEICHNUS TeIUIOPHU3NIECKUX TapaMeTPOB
BOZIbI M BOJSTHOTO Mapa C UCIOJIb30BaHHEM CETell pa3Nu4HOro THIIA, OIIEHEHA TOUHOCTh OMNpEIeeHHs] HCKOMBIX T1a-
pameTpoB. PaccMOTpeHO HECKOIBKO PAa3IMYHBIX TUIIOB HEHPOHHBIX CETEH M BBISIBICHBI THIIBI CETEH, Hanboee moa-
XOASIIMX Ul pEeLIEHUs TOCTaBIEHHON 3a1auu. B nponecce uccnenoBanus BbIABIEHO, YTO ceTh TUna Pb® peaer
paccMarpuBaeMyo 3aJady JIydllle, 4eM CeTh TUIIa MHOIOCI0MHBII nepcentpoH. [Ipeamerom nanpHeinero ueeaeno-
BaHUs MPEIOoIaraeTcs onpeesieHne ONTUMalbHbIX apameTpoB ceth Tuna Pb® nus pemenus paccmarpuBaeMoit
3a/1a4uu.
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In this paper considered the application of artificial neural networks (hereinafter NN) to the solution of the
problem of determining the thermophysical properties of water and steam at saturation line. Were created Ann
for the definition of temperature, enthalpy, entropy and specific volume of water and steam at saturation line on
known pressure. The comparison of the results of determining the thermophysical properties of water and steam
using the networks of different types, estimated accuracy of determination of unknown parameters. Considered
several different types of neural networks and identified the types of networks that are most suitable for the task
solution. The study found that the network type RBF decides to solve the problem better than a chain-type multilayer
perceptron. The subject of further research assumes determination of optimum parameters of a network such as the
RBF for a solution of the problem.
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B crarse npousBoguTes oneHka 3(pHeKTHBHOCTH MPUMEHEHHS JIeNbTa-peoOpa3oBaHus P MePEXoie OT HeTpe-
PBIBHOTO OIHCaHUS cucTeM auddepeHInaIbHbIX ypaBHEHHH K TUCKPETHOH (JopMe Ha IPHMEpe MOACIUPOBAHUS pa3-
JIMYHBIX TUTIOBBIX 3BEHBEB BTOPOTO Mopszka. JlaeTcst KpaTkoe OMMCaHUe JeNIbTa- OIepaTopa M OMHCHIBAIOTCS CIIOCOOBI
SKBUBAJICHTHOT'O IIEPEX0/ia OT NePEeAATOIHBIX (DYHKINI B Z- U s-hopMe K IepeJaTOUHBIM (QYHKIHSM B JIeTbTa-(opMe.
MeTo/10M COBMECTHOTO MHTETPUPOBAHMS PeaNn30BaHa 0000IIEeHHas MOJETb JUHAMUYECKOH CHCTEMBI N-TO MOPSIIKA,
OITMChIBacMast JIeJIbTa-0nepaTopoM. JiIst OIeHKH J1e/IbTa-CHCTEM BO BpPEMEHHON M 4aCTOTHOM 00JIaCTH HCIIONIB30BATIACh
cpena MozensHoro npoektupoBanusi NI LabVIEW, rne 6bu1  peann3oBan psi Mozeneil nepeaatouHbix GpyHKIHUHA B
pa3nMUHEIX (opMax HpeacTaBiIeHus. Pe3ymbraTsl MOeIUpOBaHUS IpeCcTaBlIeHb! rpadguuecky. [lokazano, 94To npu-
MEHEHHUE JeNbTa- IPeoOpa30oBaHUs U COBMECTHOTO MHTETPUPOBAHMUS ITPU BEIYUCIECHUSIX ¢ (PUKCUPOBAHHOM TOYKOH MO-
3BOJISIET NTOBBICHTH CTEIICHb SKBUBAIEHTHOCTH IU(POBON M HEIPEPHIBHONW CUCTEM.

HAYYHOE OBO3PEHUE Ne |



52 TECHNICAL SCIENCE

EFFECTIVENESS OF DELTA TRANSFORMATION AT MODELING SECOND ORDER ELEMENTS
Andreev V.S.!, Butusov D.N.!, Karimov T.L.!, Lipkin S.M.2, Sotnin M.L.3

1 Saint-Petersburg State Electrotechnical University, Saint-Petersburg, Russia. (197376, 5, Professora Popova
st., Saint-Petersburg, Russia), e-mail: valery.s.andreev@gmail.com
2 South-Russian State Technical University, (346428, 132, Prosvescheniya st., Novocherkassk, Rostov Oblast,
Russia), e-mail: rektorat@npi-tu.ru
3 Novgorod State University (173003, 41, B. St. Petersburgskaya st., Veliky Novgorod, Russia),
e-mail: novsu@novsu.ru

The article made of the efficiency of the delta - transformation in the transition from a continuous description of
systems of differential equations to discrete form by the example of the different units of the second-order model. The
short description the delta-operator is given and ways of equivalent transition from transfer functions in z- and s- form
to transfer functions in the delta-form are described. Generalized model of a dynamical system n-th order, described
Delta-operator, is realized by method of joint integration. For an assessment the delta-systems in time and frequency
domain was used the environment of model design of NI LabVIEW, which has implemented a number of models of
transfer functions in the various forms of representation. The simulation results are presented graphically. It is shown
that application the delta-transformation and joint integration at calculations with the fixed point allows to raise degree
of equivalence of digital and continuous systems.
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[TpoBenen cpaBHUTENBHEIN aHAMN3 cHcTeM BhIcokoypoBHero cuaTe3a(HLS) LegUp, Impulse C u Aprokoq HDL.
HLS-cucTeMsl cpaBHUBAIUCH 10 (YHKIIMOHAIBHBIM BO3MOXKHOCTSIM, IPOCTOTE OCBOCHHMS, YIOOCTBY UCIIOJIB30BAHUS U
TI0 PSITY KOJIMYECTBEHHBIX XapaKTePUCTHK CHHTE3NPOBAHHBIX MU MOIYJIeH. AHAIIN3 CHHTE3HPOBAHHBIX MOJTYIIEH Ipo-
BOJMJICS 1O CIIEAYIOIIUM KPUTEPHUSAM: KOJIMYECTBO U3PACXOIOBAHHBIX JIOTHUYECKUX BEHTHJICH, YMHOXKHUTENIEH U SUeeK
TIaMsITH, MaKCHMAaJIEHO BO3MOXHAs pabodast TAKTOBAst 9aCTOTa, IIPOM3BOUTEIHLHOCTD U SHEPTONOTPEOIeHHE CHHTE3 -
POBaHHBIX UMM TECTOBBIX MOJyJeH Bbrunciaenus muknundeckoro koga (CRC), BII® (FFT) u kpunroanroputma AES.
HccnenoBanne mokasaso, 4TO Ha JaHHBIH MOMEHT BpeMeHH OoTKpbIThie HLS-cuctemsl, Takne xak LegUp, criocoOHBI
KOHKYpPHPOBATh C IIMPOKO W3BECTHBIMU KOMMepUecKuMH, Hampumep Impulse C, ecian ¥ He B IPOU3BOIUTEILHOCTH
TeHepHPYEMBIX MOMYIICH, TO, KaK MUHUMYM, B YI00CTBE HUCIIOIB30BaHMS U TIPOCTOTE OCBOCHMUS, HO HA CETONHSIIHIN
JICHb HU OJ[HA U3 POTECTHPOBAHHBIX CHCTEM HE CIIOCOOHA COCTABUTh KOHKYPEHIHUIO onucaHHbiM Ha HDL cxemam mo
TIPON3BOAUTENEHOCTH.
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This paper contains a comparative analysis of three high level synthesis systems(HLSs): LegUp, Impulse C and
Autocode HDL. Those systems were compared by their functionality, operability, simplicity of mastering and number of
hardware metrics of units, synthesized by this HLSs. We used set of metrics that include: number of logic elements(LE),
number of memory bits used (bits), number of used multipliers(muls), maximum unit clock frequency(max freq),
thermal power dissipation and unit performance for CRC, FFT and AES computing units. Our research showed that
state-of-the-art open source HLSs like LegUp capable of competing with commercial like Impulse C and Autocode
HDL. We established that open Source HLSs like Legup couldn’t be a concurrents to commercical HLSs in performance
aspect, but they can be more user-friendly. But potential users of LegUp should know that this HLSs only available
on Linux. We also ascertained that all tested HLSs couldn’t be a performance competitors to HDL-based schematics.
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B crarbe mpeamararoTcs HOBBIE TEXHOJOTHUYECKHE PEIICHUS MPH CTPOUTEIBCTBE MOA3EMHBIX COOPYXKEHHH, B
CJIOKHBIX THIPOT€OJOTMYECKHUX YCIIOBHUSX IO3BOJSIOMINX CHOPMUPOBATH MPOYHBIN HKeNe300€TOHHBII KapKkac II0
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