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IInenapue 3acinanus
BigxpurTsa 10-i MizkHapoaHoi HayKkoBoi KOHpepeHii

«CYYACHI NPOBJIEMU MATEMATUYHOIO MOLEJIOBAHHA,
NMPOrHO3YBAHHA TA ONTUMI3ALII»

aonosial

JI. O. MuThbKO, KaH. (i3.-MaT. HAYK

[HCTHTYT TPOOGIIEM MOIETIOBAaHHS B CHEPTETHIII
imeni I'. €. ITyxoBa HAH Ykpainn, M. Kuis

HAYKOBU OOPOBOK TA CNAALIMHA
AHATOIIA ®EAOPOBUYA BEPJTAHA

A. @. Bepnanp, 4ieH-KOPECIIOH/ICHT 1 TIOUecHU akageMik HarioHa-
TpHOI akajgeMii MejarorivHMX HayK YKpaiHH, HOKTOp TEXHIUYHHX Hayk,
npodecop.

Haponuscst A. ®. Bepnanp 28 ciuns 1934 poky B MicTi XMIUTBHHK
Binnuipkoi obmacTi y ¢iM’i BilfickkoBoro. Buiiy ocsity Anaromniii ®emo-
poBud oTprMaB y KuiBCcbKOMy MOJITeXHIYHOMY iHCTHTYTI. [licns 3akiH-
YeHHS eJIEKTPOTEeXHIYHOro (akynbrery (1956 p.), mparroBaB Ha migmnpu-
emcTBax MiHaBianpomy: aBiauiiinuii 3aBoj y M. Y da, kadeapa aBromaTu-
YHOTO yIpaBiHHS KHIBCEKOTO IHCTHTYTY HUBIIBHOTO MOBITPSHOTO (I0-
Ty. AKTUBHY HayKOBY IisSUTBHICTB po3modaB 3 1960 poky B IHcTHTYTI Kibe-
puetukn AH Ykpainu. ¥V 1964 p., micis 3akiHY€HHsI acIlipaHTypH, 3aXKc-
TUB JIMCEPTAIiI0 Ha 3[00YTTS HAYKOBOIO CTYNEHs KaHAWAATa TEXHIYHUX
HayK W y CTHCII TEPMiHM NPOWIIOB IUIAX BiJi MOJIOJIIOrO HAYKOBOTO
CIiBpOOITHHKA JI0 3aBijyBava HayKOBUM BiaaiioM CekTopa eIeKTPOHIKH i
mozetoBanHs (1968 p.), sikum Toni kepyBaB akanemik . €. Ilyxos. 3
1971 p. micns mepeBenenas CeKTopa eNEeKTPOHIKK 1 MOJEOBaHHS 10 [H-
ctutyty enekrpoanHamikd AH Ykpaian A. @. BepiaHs mpoaoBKHUB CBOIO
HAaYKOBY IisUIbHICTh B IIbOMY IHCTUTYTI, e Yy 1973 p. 3axuctuB nucepra-
if0 Ha 3100yTTS HAayKOBOTO CTYIEHS JOKTOpa TEeXHIYHMX HayK, a y
1978 p. itomy OyJI0 IPUCBOEHE BUCHE 3BaHHS Tpodecopa.

A. @. Bepnanp B Koui y4HIiB i ogHOZyMIIB akagemika I'. €. [Tyxosa Ha-
JexaB 710 uucna GpyHaaropis IHCTHTYTY mpoOieM MOJICIIFOBAHHS B €HEPIeTH-
i, crBopeHoro y 1981 pomi. Briogosxk necstu pokiB BiH 00iifiMaB mocamy
3aCTYITHHKA JMPEKTOpa IbOT0 IHCTHTYTY 3 HAayKOBOi poOOTH. 3 MOMEHTY
CTBOPEHHS {HCTUTYTY 1 110 TpaBHS 2015 poKy BiH OYOINIIOBAB HAYKOBHH Bil-
JIJT, @ OCTaHHI POKHM IIPAIIOBAB TOJOBHUM HAYKOBUM CITIBPOOITHHKOM HAyKO-
BOTO BIIJTUTY MOJICTFOBAHHS CHEPreTHYHUX MPOLIECIB 1 CHCTEM.

A. ®. Bepranp BimomMuil ykpaiHCBKHI BUEHHI, SKUA BHIC 3HAYHUH
BKJIQ/l y PO3BHTOK METOJIB MAaTeMaTHYHOTO MOJETIOBaHHS Ta iH(popma-
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[ITHUX TEXHOJIOTiH, 30KpeMa B rally3i eJeKTPOTEXHIKH Ta eHepreTuku. Ha
OCHOBI CTBOPEHOTO HHUM HAayKOBOTO HANpsIMKy y KOMI'TOTEPHOMY MOje-
JroBaHHI (i3WMYHHX Ta iH(GOPMAIIHUX MpoIeciB CTBOPEHAa HAyKOBa ITKO-
Ja, TIpEICTaBHUKAMHM SIKOi € YHCEeNbHI HAyKOBII B HAIIild KpaiHi Ta 3a ii
MexaMu. 3amnporoHoBanuid A. @. Bepianem iHTerpanbHuil MeTOI Marte-
MaTUYHOTO MOJENIOBAaHHA JWHAMIYHHUX CHCTEM JO3BOJISE €()EKTHBHO BH-
pilyBaTH CKJaJHi 3a/adi aHalli3y, CHHTE3y Ta JIarHOCTHKH CHUCTEM Kepy-
BaHHSI, CJIEKTPUYHUX 1 JIEKTPOHHUX KiJl, TOCHI/PKEHHS Ta KOHTPOJIIO elle-
KTPUYHUX OO0'€KTIB 3 PO3NOAUICHUMH INapaMeTpamH, NMPOEKTYyBaHHs Cy-
YaCHUX TEXHIYHHX 00'ekTiB. B #oro HaykoBoMy Ja0pOOKYy OJH3BKO
527 naykoBux mpaub, cepen skux moHaa 50 moHorpadidd, NOBIJHHKIB,
HayKOBHUX 301pHHKIB Ta 30 MaTeHTIB i aBTOPCHKUX CBIIOLTB HA BUHAXOIH.

Came iHTerpanbHi piBHSHHS CTaIH HApDKHUM KaMeHEeM HOTO MOCIi-
JOKEHb 1 TIEPIIMM MiJICYMKOM IMX JOCIIKEHb CTajla HOTo KaHIUIATChKa
mucepranis «[IutaHHS MOOYZOBHM €NEKTPUYHUX CXEM Ta MPHCTPOIB Ui
PO3B’s3yBaHHS IHTETPAIBHUX PIBHSIHBY, siKa Oyna 3axumieHa y 1964 pori.
A B 1965 pomi Anatomiit @enopoBHY OTPUMYE CHOYATKY aBTOPCHKE CBi-
nouTBo Ha «IIpucTpiil Ui po3B'si3aHHS IHTErpaJbHUX PIBHAHBY, a depe3
pik aBTOpCHKI cBimonTBa «IIpucTpiil 1711 MOJETIOBaHHS HENIHIMHUX 1HTe-
TPABHUX PIBHSIHBY Ta «AHAJIOTO-TUCKPETHA MOJACIb JJIS PO3B'SI3aHHS
iHTerpanbHUX piBHAHB». CaMe 3 HUX Mip B Or0 HAYKOBUX 1 MPAaKTHYHUX
JIOCSITHEHHSIX TOCTIHHO 3yCTPi4aloThCss HAYKOBI TEPMIHU — IHTErpajbHi
PIBHSHHS 1 MOJICIIOBAHHS, a 3aKOHOMIPHHM MPOJOBXKCHHAM IIMX JOCSAT-
HEHb CTa€ JOKTOPChKa aucepTalist «MeToiu eNeKTPOHHOTO MOJICIFOBAHHSI
IHTETpaJbHUX Ta IHTETPO-Au(EPEHIIiAEHUX PIBHIHDY, 3aXUCT SIKOi BiI0Y-
Bcs y 1973 pomi. B quceprarii B OCHOBHUX pe3yibTaTax HamucaHo: — «Po-
3p0o0JICHO Ta JOCIIHKEHO METOAMKY €IEKTPOHHOTO MOJICIIOBAHHS iHTEr-
palbHUX CIIBBIAHONIEHB, IO MPEACTABISIE COO0I0 CYKYNHICTh MaTeMaTH-
YHHX MPUHOMIB IEPETBOPEHHS Ta MIATOTOBKU BHPa3iB, 110 MOJIEIIOIOTHCS,
METOJIIB CHHTE3Y PO3B’S3yBaJbHUX CXEM Ta OOUYMCIIIOBATBHUX HPHUCTPOIB
Ha OCHOBI EJISKTPOHHHMX MOJIEJIIOIOUMX JIAHIIOTIB, a TaKOX CIIOCOOIB Ta
ITOPUTMIB TX BUKOPHUCTAHHS, IO JIO3BOJISIE PO3LIMPUTH MOXJIMBOCTI Ta
MiABUITUTYA ¢(PEKTHBHICTh aHAJIOIOBUX OOYMCITIOBAIBLHUX 3aCO0iB Mij] Yac
pO3B’sI3yBaHHsI 3ajad, LI0 ONHUCYIOThbCS IHTEIPAILHUMH Ta IHTErpo-
JudepeHiaIbHIMHU PiBHIHHSIMEY.

3anponoHOBaHi B AMCEPTaIlii METOAM €IEKTPOHHOTO MOJETIOBAHHS
BUKOPHCTOBYBAJINCS TIPH PO3B’SI3aHHI NMPAaKTUYHUX 33/a4, a TAKOXK IPH
po3pobui obuncoBanbHUX 3acobiB. Jlo opraHizaniif, B po3poOKax SIKHX
BUKOPHCTOBYBAJINCS Pe3yJbTaTH JAUCEPTaliifHOi poboTh abo I SKHX
Oymu posp’s3ani 3amaui BigHocsThest LIKB «I'eodizuka» (M. Mocksa),
KuiBcpkuii MammHoOyAiBHMI 3aBox iM. Aptema, [TH/I «Mopdiznpuany»
(M. Jleninrpan), XapkiBcbkuii nomitexHiuHu# iHCTHTYT (IIpobnemHa Ja-
OopaTopisi eJIeKTPOHHOTO MOJETIOBAaHHS), 3aBOA «A30Bkabenb» (M. bep-
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ISTHCEK), JIBBIBCHKHI MONIITEXHIYHAHN iHCTUTYT (HAYKOBO-AOCHiTHI poOoTH
Kadep ENeKTPOTEeXHIKM Ta eJeKTpoMepex), [HcTuTyT wmeramodizuku
AH VYxpainu. Pesymprat po6oTH Oyl BUKOPHCTaHI TaKOX IPH po3poOIti
MaTeMaTHYHOT'O aHaJIOTOBOTO OOYHMCIIOBATBHOTO Komiuiekcy A3K-2 B
(«<HUHcyermam» M. Mockga).

HactynauMm eranom BHecky A. @. Bepnaus B po3BUTOK Teopii iHTeT-
palbHUX PIBHSHB 1 IX HPaKTHYHOMY BHKOPHMCTaHHI cTayna MOHOTrpadis
«Metomu pO3B’A3yBaHHS IHTErPabHUX PIBHSAHB 13 IporpamMamMu s
EOM» y cniBaBTopctBi 3 CizikoBum B. C., sxa nmobGauuina cBit y 1978 po-
mi. A Bxe B 1986 poui aBTOpH BHIanM HacTymHy MoHorpadito «lHTerpa-
JIbHI PIBHSHHS: METOJH, aJITOPUTMH, ITPOTrPaMi», sika Maya (aKTH4YHO CBi-
TOBE BH3HAHHS, OCKIJIbKH OTpUMaJa MMO3UTUBHI BIATYKH y MPOBIAHUX CBi-
TOBHX pe(epaTUBHHUX XXypHallaXx, BXOAWIA 10 PEKOMEHIOBAaHHUX IiApyd-
HUKIB 0araThOx 3apyOi’KHUX HaBYANBHUX 3aKJIAMIIB 1 IO CHX Iip BUKOPHUC-
TOBY€EThCS B HAYKOBOMY CEPEIOBHIII.

Ha ocHogi 3amporioHoBanoi A. @. Bepnarem KOHIETIIT KOMITIOTEPHOTO
MOJICITIOBAHHS CTBOPEHO BHCOKOMPOKTHBHY METOJIMKY JIOCIIZKEHHS JIOB-
THX JHIA CIeKTPOMOCTAYAHHS, aHaIIzy HCpeXl,I[HI/IX npouecm B KaOembHUX
JHISAX, PO3B'SI3aHHS BaXJIMBOT PAKTUYHOI 3a71aui JOCIIDKEHHS PEXKUMIB pe-
aKTOP-TpaHC(HOPMATOPHOT YACTHHH amapary KOHIEHCATOPHOTO BiOopy Mo-
TY)XHOCTI. MeToIM MOZEIIOBAaHHSI €HEPreTUYHNX IPOLECIB B CYLUIBHUX Ce-
PEIOBHIIAX JTO3BOJIMIN PO3B'SI3yBaTH TaKi TPYAOMICTKI 3a/1aui SIK JTOCIIIIKEH-
Hsl 1 pOpMYBaHHS MOBEPXHEBUX SKOCTEH MaTtepialliB JUIsl TEPMOEIEKTPOHHUX
MEPETBOPIOBAYIB, MOJICIFOBAHHS TEIUIOBHX IOMIB, JIarHOCTUKH BHCOKOTEM-
nepaTypHOI T1a3Mu. J[o BaXKIIHBUX pe3yIIbTATIB HEOOXITHO BiHECTH PO3pPO0-
Ky 1 OOTpyHTYBaHHS METOJIIB PO3B'SI3yBaHHS IPSIMUX 1 3BOPOTHUX 3a/1a9 JIOC-
J/DKSHHS SNCKTPHYHUX KUJI, CHHTE3y CXeM, iIeHTH(]IKallii Ta BiJHOBICHHS
30BHIIIHIX 30ypeHb. 3anpornoHoBanuii A. ®. BepmaHeM TeopeTHKO-TPYIIOBHIA
MiIXig 10 Teopil MOMIOHOCTI JHHAMIYHUX CHCTEM JIO3BOJISIE BHUMTH 32 MEXi
TPAJUIIHHAX METOMIB Teopii MOMIOHOCTI 3a PaXyHOK BHKOPHCTAHHS TPYIl
MIePETBOPEHb, PO3IINPIOE KOJIO 00'€KTIB, 110 MOJIETIOIOTHCS 32 PaXYHOK BUKO-
pHCTaHHS MOJIEINeH, 110 iM TpaauLiiiHO He Mo/ i0Hi.

Po3po0ku, 110 BUKOHYBanucst 11 kepiBHULITBOM A. ®. Bepnans, otpu-
MaJli LIAPOKE BIPOBAKEHHS. 30KpeMa JI0 HUX BITHOCSTBCS MPOrPaMHI 3ac0-
Ou [iarHOCTHKM aBTOHOMHHX JDKEpEJl EHEepProloCTavyaHHs BHCOKO-TEMIIE-
paTypHOI IU1a3MH, PUCTPOi 0OPOOKK BHMIPIB TEIUIOBHX IHOTOKIB, MPOrpaMu
PO3paxyHKy MEpiOIMYHNX PEXMMIB TIOTY)KHHX MEPETBOPIOBaYiB (BUPIBHIOBA-
4iB, NEPETBOPIOBAYIB YaCTOTH, IHBEPTOPIB Ta iH.), 3aCOOM KOHTPOJIIO TepMe-
THYHOCTI BEJMKOrabapuTHHUX MAIMBHHUX Pe3epByapiB Ta aBTOMATH3aMil KOHT-
POJTIO METaJIeBUX KOHCTPYKIIiH 3ac00iB TPaHCTIOPTYBAaHHS €HEPTOHOCITB.

Amnatoniit @egopoBuY BiB aKTHUBHY IEAAroriyHy AisibHICTE. Cepen
fioro yuHiB — 21 mokTop Hayk Ta moHax 40 kanaunartis Hayk. [lonan ne-
CATh POKIB OYOJIOBAB CIEIialli30BaHy BUCHY paay i3 3aXHCTy AHCEpTaIlii
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B [HCTHTYTI MIpOGIIeM MomemroBaHHS B eHepreTumi iMmeHi . €. Ilyxosa
HAH VYxkpaian ta OyB WieHOM CIIeIiajli3oBaHUX BUCHHUX paj i3 3aXUCTY
JUcepTaliil B iHITNX HAYKOBUX yCTaHOBaxX. BXoauB 10 ckilagy peakoseriit
psany paxoBuX BHIAHb K B YKpaiHi, Tak i 3a 1i MexxaMu.

Binpme 30 pokis A. @. Bepmanp 6paB yuacTs B yAOCKOHAJICHHI OCBITH
SK y BUIIHM Tak i B cepemHii MIKOMi, CIPHUSIB PO3BUTKY MMO3ANIKIIFHHUX 3a-
ki1aniB Ykpainu. [lounHatoun 3 1965 p. nmpuiimaB ydacth B po3poOLi miKi-
JBHUX Y40OBHX MPOTpaM, NPHUIIaJiB Ta CTBOPIOBAB 0AraTOTUpPaXKHi MOCIOHU-
KM 3 OCHOB KibepHeTrku. Ha ocHoBI 1ux myOuikaniii A. ®@. Bepnanem (cmi-
apHO 3 B. M. Kacarkinum) OyB HanucaHWid nepmmii B YKpaiHi MiApy4HUK
«OcHoBH iHpOpMATHKU Ta OOYMCITIOBANLHOI TexHiKm» Uit 9 Ta 10 KiaciB
cepeHbOl IIKOJH, 10 BuxaBaBca y 1985 ta 1986 pp. BunaBHuITBOM «Pa-
JHCBKA MIKonay. B Ykpaini y 1998 pomi 3’sBUBCsI mepiiuii mpoOHMA HaITi-
OHANBHUH MAPYYHUK 3 iHpopMmartuku (Buximexis) — Bepians A. @., Ana-
toBa H. B. Indopmaruxa. Ilinpyurnk mst yani 10-11 kmaciB cepenHix 3a-
rampHOOCBITHIX KT — Kuis: KBazap-Mikpo, 1998. — 200 c.

VY 2000-2001 pokax BHHILTH TpH BUAAHHSA MiapyIHUKa «[HQOpMaTHKaY
st 10-11 xmaciB 3aranbHOOCBITHBOI cepenHpoi mkonn (aBT. A. @. Bepnans,
H. B. AnaroBa) 3aranbHuM HakiaaoM Outst 500 THCsY NpUMIpHUKIB (YKpaiH-
CBKOIO Ta POCIHCHKOI0 MOBaMu), sikuii OyB pekomeHnoBanuM MOH Yxkpainu
JUIsL BAKOPUCTAHHS 3arajIbHOOCBITHIMY 3aKJIaZiaMy KpaiHu.

A. ©. Bepianb OpaB y4acTh y CTaHOBJICHHI NEpIIOl B KOJIHUIIHBOMY
CPCP Mauoi akazemii Hayk (KpuMCbKOT) Ta HU3KH IHIIUX MajHMX aKaje-
Miii B YKpaiHi, a TAKOX € 3acHOBHUKOM y 1975 p. KuiBchkoi Maiol akae-
Mii, BHIC BEIWYEe3HHH BKJIAJ y CHpaBy MIATPUMKH i PO3BUTKY TBOPYHX,
IHTENEKTyaTbHUX 3[I0HOCTEH I0HANTBA 1 MOJIOII.

VYxazom Ilpesunenrta Yipainu Big 4 Oepe3ns 1992 poky Oyna 3acHo-
BaHa AKaJeMis MelarorivHuX Hayk Ykpainw, sika 24 motoro 2010 poky
OoTpHMaja CTaTyc HalioHaneHOI. B mmcromani 1992 poky Ha 3arampHHX
300pax Oymo copmoBaHo ckiaf i kepiBHi opranu AIIH Ykpainu. Binmi-
JICHHSI TUAAKTHKH, METOIUKHU Ta 1HGOPMAI[IHHAX TEXHOJIOTIH B OCBITI OY-
7o ytBopeHe 18 nmcromama 1992 p. y umcii nepiiux TphOX BiJIijIeHb
Akanemii, sike 3roJI0OM CTaJI0 Ha3WBATHUCh — BiIiJICHHs 3arajibHOI cepe/-
HBOI ocBiTH. [lepmuii ckiaj BifmijeHHs HamiuyyBaB 11 ocid — 5 miicHHX
wireHiB 1 6 uneHiB-kopecnonneHTiB AIIH VYkpainwm, ogamm i3 HuX OyB
A. @. Bepnanb, akuii BXOAWB 0 CKiamy Owopo BimmiaeHHs. YdeHi Bipmi-
JICHHsI 3pOOMJIM TTOMITHUH BHECOK Y (pOpMYBaHHS KOHIENTYaJIbHUX 3acaj
HOBOI HIKOIH CyBepeHHOi YkpaiHcbkoi Jlep:kaBu. BpaxoByroun BaroMuii
BHecOK AHarouisi deopoBuua y GopMyBaHHS 1 PO3BUTOK OCBITH HOTro
Oyino oOpaHO MoYecHMM akajeMikoMm HamioHanmbHOT akajgemil memarorid-
HUX HayK YKpainu 1o BijgnineHHro 3aranbHoi cepeiHbOT OCBITH.

3HauHe Miclle y HayKOBiH Ta megaroriuHii aisuieHOCTI AHaTtonis dexo-
poBHYa 3aiiMasia CIBIpaId 3 (axiBIFIMH Ta HAYKOBHMH KoJleKTHBaMH Pec-
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myOikn Y30eKucTaH, siKa TpUBaJia OHA TPUILUATE POKiB. B pesynprari Ta-
Koi cmiBmpani Oy70 MiArOTOBICHO 5 MOKTOpIB HAayK i 8 KaHIWIATIB HAyK, 9
MoHorpadiit, monan 130 crareit, 10 matentiB. Pimenssm Buenoi paan Tami-
KEHTCHKOTO JIeP’KaBHOTO TeXHIYHOTO YHiBepcutery A. @. Bepmans Oymo 06-
pano [louecHrM IOKTOpOM IIHOTO YHiBepcuTeTy. AHaTtouisi PenopoBnya Ta-
K0 Oymo ob6pano ITowecHnM mpoecopom BiHHHITEKOTO HAIIOHAIEHOTO YHi-
BepcuteTy, YepKacbKoro JepKaBHOTO TEXHOJIONTYHOro yHiBepcurery Ta Ka-
M’siHenb-I1o/1ibChKOTO HAllIOHATIBHOTO YHIBEpCUTETY iMeHi [BaHa OrieHka.

Ocranni 20 pokiB cBoro xuttsi A. ®. Bepianp npuminss 3HauHy
yBary po3BHTKY CHCTEM i3 BOY/ZIOBaHUM IHTEJIEKTOM Ha 0a3i apXiTeKTypu
MaIlHU JiaJIoTy, KOTHITHBHOMY YIIPaBJIiHHIO B iHTEJIEKTyaJIbHUX HaB4a-
JBHUX CHUCTEMaXx, iHpopMaliiHUM cUcTeMaM 3 aJIallTUBHUM YIPaBIiHHAM
IpoLecaMy CIpUHMAaHHs 3HaHb Ta Mpo0ieMaM iHTeprpeTanii Ta pO3BUTKY
MITYYHOTO iHTENEKTY, M0 3HAHIIIO BimoOpaxxeHHs B MoHOTpadisx «lHbo-
pMaliifHi CHCTEMHU 3 aAaNTHBHUM YNPABIIHHAM NPOIECaMH CIpUHMaHHS
3HaHb», «KOTHUTHMBHOE YIpaBIEeHHE B HHTCIUIEKTYAIBHBIX OOYdYarOIINX
cucreMax», «MareMaTHdHE MOJENIOBAaHHSA HENEPEPBHUX TUHAMIYHHX
cucrtem», «VIMIepaTHBHOE MNPOTrPaMMHPOBAHHE W OOBEKTHO-OPHEHTH-
poBaHHOe MonenupoBanue: Java, UML, OCLy.

3a BuCOKHMil npodecioHai3M Ta 0COOUCTHUI BHECOK y PO3BUTOK Hay-
ku A. ®. Bepnans Oyio HaropomkeHo opiaeHoM «3Hak [lomanny, Harpy-
JHUMH 3Hakamu MiHicTepcTBa ocBiTH 1 Hayku Ykpainum «A. C. Maka-
peHko», «BinminHuk ocBiTH Ykpainuw», [loyecHuMu rpamoramu
HAH VYkpaian, menansmu HarioHamsHOI akamemii MearoriqyHux Hayk
Vxpaian «Ymmacbkuid K. J1.», «[puropiii CxoBopomay», «Bomomumup
MoHomax». 3a BU3HA4HI pe3yJbTaTH y Taily3i JOCHIIKEHb 3 €HEPreTHKU
A. ®@. Bepnanp 0yB ynocroenuit imeHHo1 mipemii im. I'. @. [Ipockypu HAH
VYkpaian. Y 1995 pori oMy 0yi10 IpHUCBOEHO MMOYECHE 3BaHHS «3aciryxe-
HUH Jis9 HAYKA 1 TEXHIKA YKpaiHm.

Amnarouniii ®enopoBuy Beprnanb HaJleXXUTh 10 HAYKOBOI et YKpai-
HH, CBITJIa IaM'Th NPO HBOTO Ha3aBXAW 30€pexeTbCs B iCTOPIi HAyKH
VYkpainu, y Hallux Aymax i ceprysix.



0. M. Ximiy, 1-p ¢i3.-mar. HayK, nmpodecop, akageMik HAH Ykpaian

IactutyT KibepHeTnky iMeni B. M. I'mymkoBa HAH Ykpainu, M. Kuis

MATEMATWYHE MOAENIOBAHHA:
IHHOBALII, NPOBJIEMU | NEPCNEKTUBU

BucokonpoayKTUBHI OOYMCIIEHHS 1 CYNEpKOMIT FOTEPHI TEXHOJIOTI]
Ha OCHOBI MapalelbHUX OOYHMCIEHb Ha JAaHWK 9ac € OJHUM 3 OCHOBHHX
IHCTPYMEHTIB (@ 1HKOJIM 1 €IMHUM) MaTeMaTHYHOTO MOJEIOBAHHS B Hay-
KOBUX 1 IHKEHEPHHX TOCIiKESHHSIX.

Pa3oM i3 3pocTaHHsAM MOXKIMBOCTEH MapaieilbHUX KOMITTOTEpiB 3po-
CTArOTh i MPOOJIeMH X CTBOPEHHS Ta eKCIUTyaTallii, peaji3alii BHCOKOIPO-
JYKTUBHUX 0OYMCIIeHb. Bke 3apa3 € CyTTeBI BiIMIHHOCTI 32 paxyHOK KO-
MYHIKaifHIX BTPAaT MK MaKCHMAJFHOIO Ta CKCILTYyaTAIiifHOI MPOIYK-
tuBHOCTSIMH [1]. OCHOBHI IIPOPHBHI NOCSTHEHHS B LIMX HalpsMKax: HOBI
MoJIeNTi O0YNCIIeHb, IO BPaXOBYIOTh OaraTOpiBHEBHUH Hapaiieni3M (po3mo-
JIUICHI, MapaebHi, FiOpUIHI 00YNCIICHHS, KBAHTOBI OOYHCIICHHS), 0JI0Y-
HO-IIMKJIIYHI METOIH PO3MOIUTY Ta 00poOKH iH(popMaIlii Ha PO3IMOAITICHUX
O0YHCITIOBAILHUX CHCTEMaX, SIKi JIO3BOJIMIIM MO30YTHCS OOMEKEHHS Ha
e(eKTHBHICTh BHACTIOK edekTy ["aiigHa Ta 3a0e3mednin CTBOPeHHS 30a-
JIAHCOBAHMX IMapaJIeIbHUX OOYHCIIIOBAIBHUX aJTOPUTMIB; METOJH CTPYK-
TYpHOI perynspu3amii A YIIITbHEHHS BEIUKUX PO3PIIKCHHUX NaHUX,
KEII-KOTePEeHTHI METOIM OO0pOOKH MaHMX (Kelusaiis 0OYHCIIeHb), TMHA-
MiYHa aJlalTHBHA PEKOH(Iryparis apXiTeKTypH B IpoIeci 004YHCIeHb [2-
4]. Ha vaci gociipKeHHs Ta po3po0Ka KBAHTOBUX OOYHCIICHb Ta MPOrpam-
HOTO 3a0e3NeveHHs I 3aJad MaTeMaTHYHOTO MOJICNIOBAHHS, 10 3a0e3-
NEeYUTh IHTEHCUBHMH, NPUHIIMIIOBO HOBHH IUISIX HAPOIIYBaHHS Pecypcy
BHCOKOIIPOTyKTUBHUX O0UNCIICHb.

Ki1ro4oBo10 1po0IeMOI0 MaTeMaTUYHOI'O MOJICNIOBAHHS POLECIB,
CHUCTEM Ta 00’€KTIB HE3aJICXKHO Bill iX MpHPOIH (MEXaHIYHHX, (I3UIHUX
€KOHOMIYHUX, MEMYHUX, COL[IaJIbHUX TOLIO) € mpobiieMa JOCTOBIPHOCTI
OTPUMYBaHHX KOMIT IOTEPHHUX Pe3yNbTaTiB. Bimomo, mo y psamai BUMaakiB
NP BHUPIILIEHHI HAYKOBUX Ta 1HKCHEPHUX 3aB/IaHb HAa KOMII'TOTEpax KOpH-
CTyBaYi OTPUMYIOTh MAIIUHHI PE3yIbTATH, IO HE MICTATH (I3MIHOTO CEH-
cy. Lle BinOyBaeThcs 3 GaraThOX MPUYMH, ajie HAcaMIIEpel] 4epe3 MOXHOKY
y BUXIIHUX JJaHUX, BIIMIHHOCTI BJIaCTHMBOCTEH MaTeMaTHYHHUX Ta MaIlMH-
HUX MOJIeNel 3a7ad, BiAMIHHOCTI apu()METHKH Ta MAIIMHHOI apu(pMeTHKI
tomo. [IpakTHyHO BCi iH)KEHEpHI Ta HAyKOBi 3ajadyi MalOTh HAOIMXKEHI
BUXIiJHI JaHi. XapaKTepHOI OCOOIMBICTIO MaTEMaTHIHUX MOJEJEH 3 Ha-
OMMKCHUMHU BHXIJTHUMH JJAHMMH € Te, IO X MaTeMaTH4HI BJIACTHBOCTI
anpiopi HEBiIOMI 1 B paMKax IMOXHOOK BHXiJHHX JJaHUX MOXKYTh 3MiHIOBa-
TUCBH. binbmie Toro, y ¢pikcoBaHOMY KOMIT'IOTEPHOMY CepeIOBHUINI HEMOXK-
JIMBO PO3PI3HUTH BUPOJUKEHY MAaTPHUIIO BiJI TIOTaHO 0OYMOBJICHOT, I1ATOJIO-
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rivHO OJIM3BKI BIIACHI 3HAYEHHS BiA KpaTHHX Tomio. [IpoGieMa mocToBip-
HOCTI KOMII'FOTePHHX DIIlICHb 3AMIIAETHCS M Hallali OJHIEI0 3 IPAKTHIHO
BOXJIMBUX. [CTOTHA pOJIb MOKJIAAAETHCS HA MaTeMaTH4HI METOJH OLiHIO-
BaHHS CITaJKOBOI, OOYMCITIOBAIbHOI Ta TMOBHOI IMOXHOOK KOMII FOTEPHHX
pe3ysbTaTiB, MPOrpaMHUN Ta TEXHIYHUH HCTpyMeHTapiidi OaraTopo3psia-
HOI Ta 3Mmimanoi apupmeTnku [2-3, 5-6].

[HI1I010, HE MEHIII BaXKJIMBOIO MPOOJIEMOIO PAKTHYHOI peaizaliii MeTo-
JIiB MaTEMaTHYHOTO MOJICTIOBAHHS Ha OCHOBI BHCOKOIIPOIYKTHBHHX OOYHC-
JIeHb € CTBOPEHHS IMPOTPaMHOTO 3a0e3TeUeHHs PiBHS KiHIIEBOTO KOPHCTYBa-
Ya — iHTEIEKTYyaJbHIX MPOrPaMHUX 3ac00iB, IO 3a0€31eTyI0Th CIILIKyBaHHS
3 KOMITFOTEPOM MOBOIO TPEAMETHOT 0071acTi Ta aBTOMAaTHIHY afalTalliio Me-
TOIY, KOMII'FOTEPHOTO aJrOpPUTMY, IPOrPaMy Ta TOIOJOTI] KOMIT'IOTepa 10
BJIACTUBOCTEH KOMITIOTEPHOI 3ajavi y mporeci oTpuMaHHs pimeHHs. [Ipo-
TPaMHHUIA THCTPYMEHTApiil /Ul 1[bOTO — 3HAHHS OPIEHTOBAHI TEXHOJIOTIi, IO
0a3yloThCsl Ha METOJAX TiOPUIHOrO IUTYYHOTO IHTEJIEKTY 3 BUKOPHCTAHHSIM
(hopMabHHUX METO/IIB Ta METO/IIB MAIIIMHHOTO HABYaHHS [6-7].

BupimienHst nepepaxoBaHuX MpoOJieM Ui OCHOBHUX KIaciB 3aj1ad
004YHMCITIOBATILHOT Ta NPHUKIIAJHOI MAaTEMaTUKHU (CHCTEM JIIHIHHUX PIBHSHB
anreOpu, anreOpaiuHoi MPOOIEMH BIACHUX PIIICHb, CHCTEM 3BHYANHUX
IuQepeHIiaTbHAX PIBHAHD, HENMIHIHUX PiBHSIHB) PO3TIIAAAETHCS B PAMKax
PO3pOOKH 3acalHHYNX MPUHLUIIB MAaTEMAaTHYHOTO MOJCIIOBAHHSI, B OC-
HOBI SIKMX JIGKHTH TpiaJa: BUCOKONPOIYKTHBHI OOYHMCIICHHS, KOMITIOTEp-
Ha MaTeMaTHKa, LITYYHUI iHTeNeKT. Peaizamis Takoro miaxoxy JO3BOJE
ICTOTHO NEpepo3MOIUIUTH POOOTH 3 MOCTAHOBKH i PO3BSI3yBaHHS 3anad
MiXK KOPHUCTYBa4eM i KOMITIOTEPOM MOPIBHIHO 3 TPAAHLIHHAMH TEXHOJIO-
rissMH, aBTOMAaTHU3yBaTH MPOLEC JOCITI/DKEHHS Ta PO3B’sI3aHHS 3a/a4, 3a-
0e3neunTH JOCTOBIPHICTH KOMII FOTEPHHUX PO3B’SI3KiB Ta ICTOTHO CKOPOTH-
TH 4ac MaTeMaTHYHOTO MOJICIFOBAHHSL.

Cnucok BUKOPUCTAHHUX JI’KepeJi:
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Andriy Verlan, DSc

Norwegian University of Science and Technology, National Technical
University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute»

SMART ENERGY LAB: INTELLIGENT MULTI-AGENT
ENVIRONMENT FOR SMART ENERGY
SYSTEM MODELLING, DESIGN AND TRAINING

The world around is rapidly saturated with new technologies and automa-
tion tools. Recently such concepts as Internet of Things, Big Data, unmanned
technologies, cloud computing, smart / intelligent building/city are becoming
commonplace. Today’s trends are: growing share of renewable and non-
traditional energy sources, both centralized and «consumer»; development of
energy storage market; development of online customer services, in particular,
sale of energy, integration of energy and financial services; growth of the world
market of building management systems; growth of the world market of energy
management services; development of municipal smart energy infrastructures;
management of energy use connected with the situational demand [1]. And
behind these familiar concepts there are some hidden specialized processes of
planning, design, creation and operation. Sustainable development of the above
processes requires more and more specialized professionals. Qualitative and
timely training of specialists in smart energy approach is one of the driving
forces of sustainable development of society nowadays.

The Smart Energy System for more secure and efficient energy sup-
ply is the matter of how we use the intelligent approach to energy man-
agement to get safe, clean, reliable and flexible energy system.

Trends in smart energy reflect a dynamic shift toward sustainability, de-
centralization, and technological integration. The urgency of the situation is
marked by global recognition of the need for clean energy solutions, supported
by policy frameworks and increased consumer awareness. The current situa-
tion requires continuous development of infrastructure and technology, sup-
ported by joint efforts to create a more sustainable energy future.

To challenge the above vital tasks a collaborative NTNU-KPI re-
search team has been working on a new strategic project initiative to build
a joint NTNU-KPI Smart Energy Lab (SEL) for research and educational
purposes substantially enriching capacity in providing knowledges and
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practical skills in the strategic area of energy sustainability (Fig. 1). SEL

key research objectives are intelligent multi-agent environment for smart

energy system modelling, design and training.
®NTNU o g ==

Future Energy Center — } .

Educational and RnD Smart }

Energy Lab IVB

- Cyber-physical Energy Systems

- Intelligent management of
integrated energy infrastructures

The core element of the Centerisa

dynamical systems

Solar power plant;
Hydrogen generation;

Nuclear power unit.
*  Realgeneration:

Wind power plant;

Heat pump;

ells;
Energy storage device: .
(electricity and heat)
Bio-energy unit.

- SmartGrd +

Fig. 1. Smart Energy Lab concept

Main SEL activities are: development of a joint virtual software
complex, cyber-physical power engineering systems lab, intelligent and
well-being environment model, learning and research facility management
system, math modelling and multi-agent approach, experimental Models
and Agent Interactions (MAS), cloud training simulator for Intelligent
Management of Integrated Engineering System Infrastructure, cloud-based
distributed system of power engineering students and personnel training.

The scope of the SEL includes the following research directions us-
ing Al, ML, DT, IoT and smart sensor networks: identification of users'
energy needs, intelligent management of energy use (generation, accumu-
lation, distribution, consumption), meeting sustainability requirements for
ensuring a healthy environment, intelligent management of multi-
ple/blended energy generation — complex usage of renewable, traditional
energy sources and energy storages (micro-GRID, smart GRID, smart
buildings, etc. [2, 3]), math models of energy systems, intelligent agents
and multi-agent energy infrastructures, training and research stands, opti-
mization approach in the synthesis of the structure and management of the
operation modes of the energy system infrastructure elements.

References:

1. Sioshansi F. P. Smart Grid: Integrating Renewable, Distributed & Efficient
Energy. Academic Press. 2011.

2. Borlase S. Smart Grids: Infrastructure, Technology, and Solutions. CRC Press.
2013.

3. Chowdhury S., Chowdhury S. P., Crossley P. Handbook of Smart Grid
Technologies. Palgrave Macmillan. 2013.
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I. M. Cherevko, Dr. Sc., Professor,
L. A. Piddubna, PhD.,

0. V. Matwiy, PhD.,

S. A. llika, PhD.

Yuriy Fedkovych Chernivtsi National University, Chernivtsi

APPROXIMATION SCHEMES FOR DIFFERENTIAL-
DIFFERENCE EQUATIONS AND THEIR APPLICATIONS

Schemes for approximating differential-difference equations by spe-
cial schemes of ordinary differential equations are proposed in the
work [1]. Further research was found in various functional spaces [2, 3].

Consider the Cauchy problem for a delayed differential equation

(:j—)t( = F(t, x(t), x(t — 7)), @
X(t) =p(t),t ety —7,t], 2

where xeR", 7> 0,t; € R,F(t,u,v) is a continuous function.
Equation (1) corresponds to an approximating system

dﬁ:F(t,zo,zm),
dt
0 3)
ji_m i=1m
E:?(tj_l(t)—Zj(t)),J:1ym1
2(tg) = plty —1), j =0.m. )

Theorem 1 [2]. If the solution of the problem (1)-(2) x(t) € ([t, —7,T],
then

xt—10)— 2, )| < flo(x, 2)), j=0m, teft, T,
m m

where £(6) >0 and 6 —0, a)(x,%)— the continuity modulus of the

function x(t) on [t,—7,T].

The study of approximation of linear stationary systems with a delay al-
lowed us to construct algorithms for approximate detection of nonasymptotic
roots of quasi-polynomials. Using these algorithms, a method for modelling
the stability of solutions of linear systems is developed [2, 3].

Consider the initial problem for a linear system with many delays

dx

—= Ax(t)+zk:BiX(t—ri), (®)
dt i=1
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Cekuis 1.
IHTErPAJIbHI METOOU B BAAYAX
MATEMATUYHOIO TA KOMITKOTEPHOIO
MOLEJTFOBAHHA

0. O. Sytnyk, Dr. Sc., Professor,
K. M. Klyuchka, PhD,

S. Yu. Protasov, PhD,

H. O. Kyselova

Cherkasy State Technological University, Cherkasy

APPLICATION OF INTEGRAL DYNAMIC MODELS FOR
RESEARCH OF ELECTRICAL CIRCUITS

The modern stage of development of electrical engineering is character-
ized by an increase in the complexity of the tasks of analysis and design of
electrical engineering devices, which is caused by the widespread introduction
of electrical circuits that contain heterogeneous elements — both with concen-
trated and distributed parameters. This circumstance imposes special require-
ments on their models, up to the need to use non-traditional models, the struc-
ture of which should take into account the heterogeneity of these circles [1]. In
addition, for the calculation and design of a significant number of electrical
circuits, the initial information is experimentally obtained data in the form of
continuous dynamic characteristics of these circuits. In this case, it is quite
difficult to apply traditional models in the form of differential equations,
which belong to the class of parametric models. In principle, the most effec-
tive should be non-parametric models that are formed directly on the basis of
dynamic characteristics. This feature is possessed by models in the form of
integral operators or equations, which have a number of such positive proper-
ties as high universality, potentially high stability of computing processes, the
property of smoothing experimental data, and the possibility of effective con-
struction of macromodels [1, 2].

In the general case, an arbitrary electric circuit is described by a sys-
tem of integral equations of Voltaire-Urison

n t mt
y, (t)+jz=1t{ Hy (s, (s)]ds:qzzltjoeiq [t,s, f (s)} ds., ()

where y;(t) (i =1,n) — unknown quantities (currents, voltages, flows);
fq® (g =1,m) — functions that depend on external sources and initial

conditions; Hj; i Gj; — the transforming characteristics of the elements.
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In the case of a linear circle, instead of (1), the system of linear equa-
tions of Voltaire is used

n t m t
Y, 0+ 2 [ Hyt9)y;)ds=2. [ G t,) T (s)ds )
q

f=1t0 =1t,
where, in this case, the kernels of the equations Hj;(t,s) i Gj,(t,s) have

the meaning of weight functions (impulse characteristics).

For a number of applied problems of modeling the dynamics of elec-
tric circuits, it is possible to present mathematical models in equivalent
forms: differential, integral, and integro-differential. It is obvious that the
errors of numerical solutions depend in different ways on the level of ac-
curacy of the initial data set and the level and type of obstacles for differ-
ent forms of mathematical models. Therefore, in order to assess the condi-
tions of applicability and determine the area of preferential use of types of
mathematical models of electric circuits, the influence of interference of
different frequencies on the accuracy of the calculation of dynamic pro-
cesses in an electric circuit was investigated.

It was established that the choice of one or another mathematical
model largely depends on the frequency of interference. It is obvious that
in the field of low-frequency disturbances, the differential model should be
preferred. However, as the frequency of the disturbance increases, the ac-
curacy of the differential model solution decreases, and the integral and
integro-differential models are more appropriate.

As a general conclusion, it should be noted that the use of integral
equations to describe the dynamics of electric circuits leads to obtaining a
number of peculiar methods of their qualitative and quantitative analysis.
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