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lopiyHa MiXHapoaHa HAayKOBO-IpaKTH4YHa KoH(epeHwis «MaremaTHyHe Ta NporpaMHe 3a0e3neyeHHs
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of the problems of development, creation and implementation of a new generation of information management and
processing systems - intelligent systems, as well as of the topics of control automation in the context of accelerated
development of mathematical theory and applications of intelligent systems and environments, their widespread
adoption in everyday practice. Conference abstracts are published in the author's edition.
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JOCIIIKEHHSA METOAIB JOBEJAEHHS NIPABUJIBHOCTI
KOMIT'FOTEPHUX ITPOTI'PAM 3ACOBAMMU IIVIAT®OPMHU
JEAYKTUBHOI BEPUDIKALII MPOT'PAM WHY3
ABpaxoB ®@. B., fwa710@gmail.com, Xu:ka O. JI.

Huinposcoxuti nayionanvnuil yrigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

HaBuaHHA nporpamMyBaHHIO BK/OYaEe B Ccebe HanuMcaHHA BeNUKOT
KIfIbKOCTI  AOBOMII  TPUBIa/IbHUX nMporpaM, AKi  3a3BU4yail  MepesBipsArTLCA
BUK/MajayaMn BpPYy4HY. ICHYye 6arato cuctem A/ aBTOMATUYHOI NepeBipKu
MpPaBUILHOCTI Mporpam, ase nepesaXKHa GiNbLUICTb BUKOPUCTOBYIOTb A5 LibOTO
TeCTyBaHHS, LLIO He [Ja€ rapaHTil pe3y/brary.

MeToto AaHoi poboTK € BAOCKOHA/IEHHSA cucTeMU XMxXKi-BrUCOKONOACHOro
[1] ons nepeBipKu 3aBAaHb 3 MpoOrpaMyBaHHSA, Sika MOBHICTHO MOK/IAAAETbCA Ha
(hopmManbHy BepudikaLito — A0BeAeHHS MPaBUIbLHOCTI NporpamM 3a A0rnoMOrow
(hopmanbHUX MeToAiB. Cuctema 6a3yeTbCsi Ha Hailcnablumx nepegymMoBax
[eKCcTpn — po3LnpeHHi norikn Xoapa [2].

Cuctema peanizoBaHa fK Be6-3aCTOCYHOK Ha NodelS i MICTUTb 6/IM3bKO
30 cneumudikaui 3aBfaHb, WO MOTPeOYKOTb HanMcaHHs Kogdy. PO03B'I30K
BBOANTLCA nceBfokKoaoM Guarded Command Language. 3 NceBLOKOAY
(hopmyntotoTbea Havicnablwi nepegymosn (WP) [3], | nepefatoTbes 4O NpyBsepa
(3aci6 aBTOMaTMyHOro fosefeHHA TeopeM) Simplify. CTyaeHTY noBepTaroThCA
pe3ynbTatv — 4n 6yno YCnilHO A0BeAEeHO NPaBU/bHICTL KOAY.

Y [daHiii poboTi cuctemy 6yno CyTTEBO NEPEPOB6IEHO | BHYTPILLIHIO NTOTiKY
nepeknageHo Ha nnartgopMy AefyKTUBHOI Bepudikauil Why3. TMnatgopma
Why3  mictute Moy WhyML, WO MOELHYE  MOX/IMBOCTI  MOBU
(hyHKLiOHa/IbHOrO NporpamyBaHHA | MOBW Ans crneuudikauii (hopmanibHMX
BUMOT [0 nporpamu) [4].

Kog,  BignpaBneHWin  CTyaeHTOM,  pasoM  3i  cneumdikalieto

TPaHCMINOETLCA Y KoA MoBOK0 WhyML. Why3 camMOCTiliHO BWiNsE TEOpemu,
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AKI NOTPIGHO JoBecTw. Jani iX MoXHa nepefasat 10 6yab-SKOro npysepa, Lo
NIATPUMYE L0 NAATHoPMY.

TakMM YNHOM:

1)  cucTeMa He npuB'A3aHa [0 KOHKPETHOro npysepa. Pi3Hi 4yacTUHK
3aBfjaHHA MOXXYTb AOBOAUTUCA PI3HUMK MPYBEPaMU.

2)  CTae MOX/IMBMM BMKOPUCTOBYBaTK 6ibnioTekn nnatgopmu Why3 i
[04aBaTy 40 CUCTEMU 3aBAaHHS Ha OCHOBI a/ITOPUTMIB, HanMcaHUx Ans Why3.

3)  pO3LMPHOKOTLCA CUHTAKCUYHI 3aC00M A1 HaNMCaHHA Koay.

Bce ue cyTTeBO pO3LIMPIOE NOTEHUIMHI MOX/IMBOCTI CUCTEMM | MOX/TUBY
MHOXWHY 3agad. byno [ofaHO MOX/IMBICTbL CTBOpHOBATM | MeEpeBipATU
3aBfjaHHA, WO CKMagatoTbCA He 3 OAHIET, a 3 KifIbKOX (PYHKUiN: ANd KOXHOI
(YHKL,iT CTBOPHOETLCS CBOA CrieumdikaLis.

Byna gogaHa MOX/MBICTb BBOAUTM KOf, PI3HMMU MoBamu. Ans LbOro
BUKOpPUCTaHMIN reHepaTtop napcepiB ANTLR i (opmanbHUiA ONMC CUHTaKCcUcy
MOB Yy HoTauiT PBH®. Bce Le Aae nepcrnekTnBn Ans nofasibLlloro po3LwmnpeHHs

MHOXXHW 3ada4 [ BMpoBa»KEHHA CUCTEMN.

Cnucox BUKOPUCTAHOI JiTepaTypu
1. BbicokonoscHblin W.I"., Xmwka A.J1. ABTOMaTMyeckas MpPOBEpKa CEMaHTUYECKOW
NPaBWUIbHOCTUN PeLLeHniA 3aaay no NporpaMmmmupoBaHuio//MnTaHHA NPUKNaLHOT MaTeEMATUKMK i

MaTemMaTMyHOro MofentoBaHHs, 2017, - AHinpo: AHY iMm. Onecs MoHuapa, ¢. 234-247.

2. C. A. R. Hoare. An axiomatic basis for computer programming. Communications of
the ACM, 12 (10):576—580 and 583, Oct. 1969.
3. E. W. Dijkstra. Guarded commands, nondeterminacy and formal derivation of

programs. Commun. ACM, 18:453-457, August 1975. ISSN  0001-0782.
doi:10.1145/360933.360975.
4. Andrei Paskevich. Deductive Program Verification with WHY3. [EneKTpoHHWiA

pecypc] - Pexxum gocTyny: http://why3.1ri.fr/ejep-2016/ejcpl6-slides.pdf
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YIOCKOHAJIEHHSI HABYAHHS TIPOTPAMYBAHHIO HA OCHOBI
ABTOMATHU30BAHOI JEAYKTUBHOI BEPUDIKAII TIPOT'PAM
AspaxoB ®. B., fwa710@gmail.com, Xu:xa O. JL.

Jninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

IMig Yac HaBYaHHA NMpPorpaMyBaHHIO CTYAEHTN MULWYTb BEIMKY KifbKICTb
TpuBIaNibHUX MporpaMm — nabopaTtopHi poboTn 3 peanizayigsMyv anropuTmis
TOLLO. 3a3BMYall BOHU MepeBipsArTLCA BPYUHY, WO MiABULLYE HaBaHTaXXEHHS Ha
BUKNaAadiB Ta MOTEHLIHO MOXeE 3a/1MLIaTi NOMUIKN HEMOMIYEHUMMW.

ICHye psg  cucTem, WO  [03BONAKOTH  aBTOMATM3YyBaTW  MepeBipKy
MpaBUIbLHOCTI nporpaMm. [Jns UbOro € Asa OCHOBHI NiAX0oAu: TeCTyBaHHA Ta
(hopmanbHa  Bepudikauisa.  lMepeBaHa  GiNbWICTb  OCBITHIX  CUCTEM
BUKOPUCTOBYIOTb TECTYBaHHS, YaCTUHa — CyMiLLl NiAgXopiB.

MeTo fgaHol po6oTn 6yno noganblie BAOCKOHANEHHA CUCTEMM XUXi-
BucokonosicHoro [1] ana nepesipku 3aBfaHb 3 NPOrpaMyBaHHA Ta Mi4roToBKa
CUCTEMU [NA BNPOBa[PKeHHA. BoHa MOBHICTIO MobOynoBaHa Ha (DOpMasibHil
Bepuikauii [2]. Lie € cknagHiwmm, ane Mae CBOI nepesaru:

e [1/19 NEpeBipKN NpaBuIbHOCTI NporpaMu He NOTPIGHO 1T 3anycKarTw.

e TeCTyBaHHA He MOXe [aTu MOBHOI rapaHTii HagiinHocTi. dopmasibHa
BepuiKaLis 403B0NAE OiNbLL MOBHO | 06'EKTUBHO MEPEBIPUTH pe3ynbTaTu
CTYAEHTIB Ta NpoaHasni3yBaTyi NOMWUIKA Y KOAI.

e CuUCTema [03BO/SIE CTyAeHTaM OMaHyBaTW OCHOBW (POPMasibHUX METOAIB
nporpamyBaHHsA  ((hopManbHI  cneuudikauii, ymoBM  Bepudikauii,
iHBapiaHTM), PO3yMIHHA crneundikaliin Ta HanMcaHHA Koy 3a HumK. Lle
Aae 6iNbLU MOBHE TEOPETUYHE YAB/IEHHS NP0 NPorpaMyBaHHS SK HayKy.

e CTYOAEHTM HaABYaKOTbCA 3aCTOCOBYBATM MaTemMaTuKy Ha MpakTuui [0
HarnmcaHHA NPOrpamMmHoro Koay.

CucTema npavoe Ha 0CHOBI Nnaropmn fefyKTUBHOI Bepudikauii Whya3.
Kog, HanucaHuii CTyeHTOM, pa3oM 3i crneyundikalieto TpaHCNIETLCA Ha MOBY
WhyML. Llelii kog BignpaBnsieTbCs [0 CUCTEMM, WO (OPMY/OE A1

cneundikayii  uini — Teopemu, AKi  NoTpi6HO posectn. Why3 Moxe

5
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BIAMPABAATU Pi3HI Uil A0 pi3HMX MpyBepiB — 3aco6iB aBTOMATUYHOIO
AoBefeHHsA TeopeM. CTydeHT OTPUMYE pe3y/bTaT, Yu LOBefeHa NpaBu/bHICTb
nporpamu, Ta micus NoOMWU/IOK.

PO3LLMPEHO MHOXWHY 3aBAaHb CUCTEMM ANA NIABULLEHHA 11 NPaKTUYHOI
uiHHoCTi. Kpim iHTepdeiica ans  crydeHTa, Oyno CTBOPEHO iHTepdeic
BUKNadava. 3a Moro 40rnoOMOror MoXHa AoAaBaTyi HOBI 3aBfaHHs, BiACTeXYBaTy
CNpobu CTyAeHTIB, po3rnagarn BignpasnieHi Bepcii kody, MOMWIKA B HWUX Ta
IHAMBILYa/IbHUIA  MPOrPec KOXXHOTO KOHKPEeTHOro crydeHTa. Cucrtema €
30aTHLOK [0 PO3LUMPEHHS: IHTepdieic BMKNagava [103BONAE [0[JaBaTl HOBI
cneundikayii 3aBaaHsb.

MpoBeaeHo iHTerpauito cuctemu 3 nnaropmoto Microsoft Teams, Ha
6asi Akol MpoBOAUTLCA HaByanbHWUA npouec. Microsoft Teams (akTUUYHO
CKNafaeTbCs 3 Wiforo pagy nporpam, Mae APl Ta [03BONS€E NigKMO4aTn Ao Hel
CBOI 3aCTOCYHKW. IHTerpauis 3 Microsoft Teams € Hal6ifbL 3py4YHUM CIOCO60M

AN1S1 BNPOBA/PKEHHS CUCTEMU [0 HABYA/IbHOTO MPOLIECY.

CnHcoK BUKOPHUCTAHOI JiTepaTypu

1. AspaxoB ®. B., Xwka O. J1. [oOCNifKeHHSA MeTOAIB A0BeAeHHS NpPaBW/IbHOCTI
KOMM'IOTEPHMX Mporpam 3acobamMu nnatopMun [AeAyKTUBHOI Bepudikalii nporpam
WHY3 // MarematnyHe Ta nporpamHe 3abe3neyeHHsi iHTeNeKTyaSlbHUX CUCTEM
(MPZIS-2022): XX Mi>kHapoAHa HayKoBO-NpaKTUyHa KoH(epeHLis. JHinpo.

2. BbicokonoscHblin W.I,, Xwka A.J1. ABTOMatMyeckas MNpPOBepKa CEMaHTUYECKON
NPaBUIbHOCTM  pelleHnini  3afia4 Mo NporpammupoBaHuto//TINTaHHA  NPUKNaLHOT
MaTemMaTvKu i MaTemaTM4HOro MogentoBaHHsa, 2017, - AHinpo: AHY im. Onecs
loHuapa, c. 234-247.
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TEXHOJIOI'TI JIOMMOBHEHOI PEAJIBHOCTI
Y MOBIJIBHOMY 3ACTOCYHKY
Areena I'.O., annaageeva4200@gmail.com

Antonenko C.B., szemlyanaya@gmail.com

Jninposcoruil nayionanvruil ynisepcumem imeni Onecs 'onuapa (WwWw.dnu.dp.ua)

LLITY4HWIA iHTENEKT Ta [OMOBHEHa PeasibHICTb BXe He € AKMMUCH
ANKOBWHKaMK, a € JOCUTb NOLUMPEHUMI Ta NOMYNSPHUMM Y Cy4acHOMY CBITI Ta
€ OIHAMM i3 HaNepCneKTUBHILLIMX HanpsMKiB I T po3pobok.

[Nna [NOCATHEHHA MOCTaBMeHOT METU Tpeba NPOBECTM aHani3 NpeaMeTHOI
obnacTi, NoB’A3aHOT 3 PO3POOKOKD MOOIIbHMX 3aCTOCYHKIB 3 BUKOPUCTAHHAM
[OMNOBHEHOT peasnibHOCTI, Ta NPOBECTM OrNaf MeTO/AIB Ta NPorpaMmHNX 3acoobis, 3a
[OMOMOroK AKMUX MOXHa peanizyBaTi eNemMeHTU [AOMOBHEHO! peasibHOCTI Y
MOGINIbHOMY 3aCTOCYHKY.

[lonoBHeHa peanbHicTb (Augmented Reality, abo AR) — Ue JOMOBHEHHS
(hi3yHOro CBITY 3a [0MNOMOrOK UMMPOBUX [AaHUX, SKe 3a6e3MneyvyeTbecs
KOMM’IOTEPHUMW NPUCTPOsSIMM (CMapT(oHamu, MnaHLeTaMn abo X OKynsapamm
AR) B pexxumi peasibHOro 4acy.

TexHonorii A0MNOBHEHOI peasibHOCTI MOXHa MOAINUTM Ha fABa TUMW:
3aCcHoBaHi Ha Mapkepax (Marker-based AR) Ta 6e3 mapkepis (AR without
markers).

Mporpamm AR Ha OCHOBI MapKepiB BWKOPWUCTOBYIOTb  Li/IbOBI
300paXkeHHs (MapKepn) Ans po3MmilLleHHS 00’€KTIB Yy MOMi 30py KOpUCTyBaya.
Mepwi nporpamMn 3 [AOMOBHEHOK peasibHICTIO 6a3yBaMCAa Ha MapKepax.
MpuKnagoM Takoro TUMy LOMOBHEHOT PeasibHOCTI € BUKOPUCTAHHA (iNbTPIB Ta
irop B Instagram Ta Snapchat.

OCHOBHUMM 3aBAaHHAMM AR 3 Mapkepamy € aHani3 3MiH Yy Kagpax,
3HATUX Kameporo, i MpaBW/ibHe BUPIBHIOBaHHA BipTyas/lbHUX [AaHUX Y CLEHI
Kamepyn Ha OCHOBI pe3y/ibTaTiB BIACTEXEHHS. Y CBOK 4epry, nigxig Ha OCHOBI

MapKepiB 3abe3neyye TOYHE BIACTEXEHHS 3a AOMOMOror GiHapHMX MapKepis
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abo hoTorpadin peanbHUX MIOCKNX 06’EKTIB Y CLEHI KaMepu.

AR 06e3 MapkepiB A03BO/ISE MNO3ULIOHYBaTK BipTyasbHI 3D-06°€KTU B
CepeoBuLLI peasibHOro 300paXKeHHSs, AOCIIKYHOUM XapaKTePUCTUKK, NMPUCYTHI
B [JaHUX Yy peasbHOMY 4aci. Llein Tvn BKa3iBOK MOKMafaeTbCAd Ha araparHe
3abe3neyeHHs  Oyfb-9KOro CmapTgoHa, 30Kpema Kamepy, GPS a6o
aKcefiepoMeTp, a nporpaMHe 3abesrneyeHHs [OMOBHEHOI peaslbHOCTI 3aBepLuye
poboTy.

B cBoto vepry AR 6e3 MapKkepiB NOAINAETLCA Ha 4 KaTeropit:

1. AR Ha OCHOBI po3TallyBaHHA — CNpsMOBaHa Ha 06’efHaHHA 3D-
BIPTYa/IbHUX 06’€KTIB Y (Di3N4YHOMY NMPOCTOPI, e 3HaXOAMUTLCA KOPUCTYBau.

2. AR Ha OCHOBI MpOEKUiA — OCHOBHUM BWKOPUCTAHHAM L€l
TEXHOMOTIT € CTBOPEHHS iMt03ii WoA0 FMOUHK, MOMOXEHHA Ta OpieHTauil
00’€eKTa LUNAXOM MPOEKTYBaHHA LUTYYHOIO CBIT/1a Ha peasibHi MI0CKI MOBEPXHI.

3. AR 3 HaknafjaHHAM — BWKOPWUCTOBYETbLCA AN 3aMiHM
OpUriHa/IbHOTO BUINISAY 06’€KTa OHOBMIEHUM BIPTYa/lbHUM 300paXXeHHAM Ta
3abe3rneuvye KifibKa BUMNAiB LifIbOBOro 06’eKTa 3 MOX/MUBICTHO BiOOpaXKEHHS
A0AAaTKOBOT BiAMOBIAHOT iH(OpMaLii NPo Lieit 06’€EKT.

4. KoHTypHa AR — 3a [OMOMOroK  creyiasibHUX  Kamep
BUKOPUCTOBYETLCA AN TOro, W06 /IOACBKI 04l OKPEC/OBa/IN  KOHTYPU
KOHKPETHUX 06’€KTIB NiHIAMIN AN NOMErLLIEHHS NEBHMX CUTYaLin. Hanpuknag,
A0ro MOXHa BUKOPWUCTOBYBATU A/1 aBTOMOOINIbHMX HaBirauinHMX cucTeMm, Wwob
3a6e3ne4nTn 6e3neyHe BOAIHHA B yMOBaX MoraHoi BUAMMOCTI.

PeanizyBat BMacHM MOOGINbHUIA 3aCTOCYHOK MOXHa 3a [0MOMOrOH
Pi3HMX TEXHO/OTiM Ta nnathopM. HarnonynsapHilmMMmn Ta HanKpaLymMm 3 TOUKK
30py (pyHKUioHany 3apa3 € TexHonorii ARKit ta ARCore Big Apple (ansa i0OS)
Ta Google (ana Android), BignoBigHO. TakoX MONYNSAPHUMK € MnaTopmMu
Vuforia Ta EasyAR, aKi MOXyTb HafaBaTu MOAiGHWIA (DyHKUioHan, ane 3

06MeXeHHSIMIN Yy 6e3KOLUTOBHI BepCii Ta He A4/ KOMEPLiNHOr0 BUKOPUCTaHHS.
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3AJAYA TOMIYKY JOCTATHIX YMOB KEPOBAHOCTI B
JIHIHHUX CTAIIOHAPHUX JJUHAMIYHUX CUCTEMAX

AaekceeB M. A. nikalekseyev(@gmail.com, Hakoneuna T.B.

Jninposcoxuti nayionanvnu ynigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

Teopis aBTOMaTMYHOrO KepyBaHHA — HayKoBa AWCLMMIIHA, fIKa BUBYAE
MpoLecn aBTOMATUYHOIO KepyBaHHS 00’€KTaMu PI3HOT (I3UYHOT NPUPOAN.
MaTematnyHux 3acobu gonomaratoTb  BUSIBUTU  BIACTUBOCTI  CUCTEM
aBTOMATUYHOIO  KepyBaHHA A/19  PO3POOKM  peKoMeHAauin 3  IXHbOro
MPOEKTYBaHHS.

Teopis NiHIKHMX CTaliOHapHUX CUCTEM — po3Ain Teopil AMHaMiIYHMX
CUCTEM, BMBYAE [AMHAMIYHI  BMACTUBOCTI Ta  MOBOMKEHHA  NiHIMHUX
CTaliOHapHMX CUCTEM. BUKOPUCTOBYETLCA B PI3HUX 006/1aCTAX IHXEHepPHOI
CrpaBun: 4N8 KepyBaHHS TEXHIYHUMUK CUCTEMaMW, LUPPOBOT 06POOKM CUTHaIB,
TOLO.

CrauioHapHa niHiHa cucTeMa LUIJIKOM KepoBaHa, $KLIO BUOG0OPOM
Kepytouoro BnmBy () Ha iHTepBani yacy [ ] MOXXHa nepeBecTu cucTemy 3
Oyab-aKoro novatkoBoro ctaHy () Yy [AOBiNbHWIA 3a3ganerigb 3adaHWiA
KiHUeBMin cTaH (). AKWO yci KOMMOHEHTU BEKTOPY CTaHiB KepoBaHi, TO
cucTemMa NoBHICTHO KepoBaHa.

OCHOBHI Npo6rieMn  JOCNIMKEHHA KPUTepiiB 4acTKOBOI Ta MOBHOT
KepoBaHOCTI NiHIMHUX CTaLiOHapHMX AMHAMIYHMX CUCTEM Oynu BUKNafAeHi B
poboTax HacTynHux maTematukis E. [inbbepta, P. B. [amkpenigse, P.
KanmaHa, J1. C. MNMotpsriHa, H. H. Kpacoscbkoro, FO. M. CemeHoBa, P. BiaHuiHi,
a TakoX Yy pob6otax M. MicpixaHoBa, B. PsabueHka Ta O. bypgapriHa npu
AOCNIKEeHHI BENIMKNX CUCTEM AMHAMIYHOIO KepyBaHHS.

ABTOpamn 6yno 34iNCHEHO Y3ara/lbHeHHS MaTeMaTU4HOI MOCTaHOBKM
3afjayi MOLYKY YMOB KepoBaHOCTi B JiHIMHWUX CTauioHapHUX AMHaMiYHUX

CucTemMax.


http://www.dnu.dp.ua/
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3ajaya MowyKy YMOB KepOBaHOCTI BWMKOHYETbCSA 3 3aCTOCYBaHHSM
NpeAcTaB/eHHs pyXy AMHaMIYHOT cUCTEMM B 6araToBUMipHOMY MPOCTOpPI CTaHIB
KepyBaHHS, B SKOMY CTBOPHOETHCA MOAE/b AMHAMIYHOT cUCTeMW. BoHa BK/OYaE
B cebe Habip 3MiHHUX BXO4Y, BMX0OAY i CTaHy, 3B’A3aHMX MK €000t
AndepeHLiaibHUMM PIBHAHHAMM NEPLUOro NopsaKy B MaTPUYHIA (opMi.
Bynn  3acTocoBaHi  anroputMuM  po3paxyHKiB  KpUTepiiB  MOBHOI
KepoBaHOCTI CTaLioOHapHMX NiHIMHWUX AUHAMIYHUX CUCTEM HaCTYMHUX aBTOPIB:
" Bi[ICYTHOCTi «HY/NbOBUX» CTPOK B KaHOHI30BaHi/i MaTpuLi KepyBaHHS
AnHamiyHoT cuctemu E. Minbbepra;
" paHry matpuui KepoBaHOCTI AnHaMiYHOT cuctemn P. KanimaHa;
" paHry CTpPIYKOBOI MaTpuui KepoBaHOCTI AMHaMiyHOI cuctemn M.
MicpixaHoBa.
Mig yac peanizauii anropuTMiB BU3HAYEHHS KPUTEPIiB KepoBaHOCTI B
AKOCTI MporpaMHoOro 3abesneyvyeHHs AN BUKOHAHHA MaTpUYHUX orepauii
3acTocosaHi naketn: MATLAB ta MAPLE.

Bioaiorpadgivyni mnocuiaHHs
1. HethbogoB HO. M. Teopis KepyBaHHSA: HaB4yanibHWiA nocibHmK, 2003.
2. ®enb3ep M. C. O6uYMCNEHHS KepoBaHOCTI ANs NIHIMHUX CTauioHapHUX
cuctem, 2011, c. 36-38.
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PO3POBKA ITPOT'PAMHOI'O 3ABE3IIEYEHHSA
JJISA BUBOPY JTUCHUIIJITH

Ananpbkuii 1.O., ilya.anatskiy@gmail.com

J3w6a I1.A., avatarrr@ua.fm
Jninposcoxuti nayionanvuuu ynigepcumem imeni Onecs I onuapa (Www.dnu.dp.ua)

MpoeKTyBaHHA Ta pPO3pobKa Beb-A04aTKIB € aKTyas/lbHOK 3ajadverd Ha
CbOroAHi. He 3BaXkaroum Ha iCHBaHHA BeIMKOT KiNIbKOCTI COLialbHUX Mepex Ta
IHLIXX caiTiB, SKi SIKOCb 3aMIiHIOKOTb UM AY6/OKTL TX (PYHKLiOHaN, BOHU BCi
MaloTb PI3HY apxiTeKTypy | HamaraloTbCa KOHKypyBaTM MK €060 Yy
LLUBUAKOAIT Ta NErkocTi po3poobKu.

BifblWiCTb Cy4YaCHWX caWTiB  BWUKOPUCTOBYHOTb  CMiSIbHAWA  NaTepH
po3pobkn - MVC (Model-View-Controller). AKuMA CKnagaeTbCsd 3 TPbOX
KomnoHeHTiB UI-BLL- DAL (User Interface - Business Logic Layer - Data
Access Layer). KoxHa 3 LMX KOMMOHEHTIB BifnoBifae 3a NeBHWIA (DyHKLiOHaN B
AOfAaTKY Ta Mae YiTKi IHCTPYKUIT CnifikyBaHHA 3 IHLIMMW KOMIMOHEHTaMW.
Mepwa - BignoBifanbHa NuLLe 3a BIAOOPaXKEHHS iHTepdeincy, BOHA MOXe
NpuiAMaTK AaHi, ane He MOXe 3MIHIOBATW YuM BigNpaBsTH, apyra - KOMMOHeHTa
Gi3Hecy, MO)XKHa Ha3BaTW Ti rO/I0BHOKD KOMMOHEHTOK), BOHA MOBHICTb Kepye
MPOEKTOM, MICTUTb Y CO6I BCi MOTOYHI 3MIHHI Ta (DYHKLiT, MOXe TX 3MiHIOBaTU
Ta BKasyBaTW IHWWM KOMMOHEHTaM WO 1M pobutu. TpeTa KOMMOHeHTa -

KOMMOHeHTa API, BOHa MOBHICTHO BignoBijasbHa 3a 06MIH JaHMMMU i3 CEpPBEPOM.

B pesynbTati BUKOHaHOI poboTu po3pobneHnii Beb A0A4aTOK, NErkuii Ta
AOCTYIMHWIA Y BUKOPUCTaHHI, Y IKOMY CTYEHTN MOXYTb 06MpaTh CBOI ManbyTHi
ANCUMNAIHM BILNOBIAHO O MOJSIOXKEHHA MPO MOPSAAOK 06paHHA 3400yBavyamu
BULLOT OCBITM AucumnniH 3a BuMbopoM Yy [HINpoBCbKOMY HauioHaibHOMY
YHiBepcuTeTi iMm. Oneca MoHuapa Big «01» nunHa 2021 p., BXiA4 A0 CUCTEMM
BUKOHYETLCA 3a LOMOMOrow nowtn MS Teams. M0ONOXEHHAM BU3HAYaAETLCH
npouedypa ¢opmyBaHHS Mepeniky, BMOOPY Ta MOAAIbLIOTO BUBYEHHS

3006yBavamm BULLIOT OCBITU YHIBEPCUTETY BMOIPKOBMX HaBYaIbHUX AUCLMNIIH
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y Mexax, rnepegbdayeHvx BiAMOBIAHOK OCBITHBLOK NMPOrpamor Ta HaBYa/IbHUM
niaHoM, NopaLoK PopMyBaHHSA IHAMBIAYa/IbHOrO HaBYa/IbHOrO M/iaHy CTyAeHTa
(mani - IHI), a TakoX 3OINCHEHHA KOHTPOMO 3a pe3ynbTaTamMy HaBYaHHS 3a

BMOPAHUMM AMCLMNAIHAMMN.

®i3nyHe 36epiraHHs OaHMX B CUCTEMi peasli3oBaHO Ha 6a3i pensyiiHol
CYB[ PostgreSQL, BpaxoByroun HeobXigHICTb 36epiraty 3Ha4Hi 06CArn faHnx
Ta MigTpMMyBaTh po60Ty 6araTbOX KOPUCTYBauiB, L0 34IACHIOTL O4HOYACHUN

AocTyn Ao 6asu gaHnX.

PO3POBKA ITPOI'PAMHOI'O 3ABE3IIEYEHHSA
JJISA OCBITHIX 3AKJIAIIB

AnapeeB JI.A., andreevdenis1611@gmail.com

3oa0tbK0 K.€., Z01t66(@gmail.com
Jninposcoruii nayionanvuu ynigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

MpoeKTyBaHHA Ta PO3p00OKa OCBITHIX Be6-A0AaTKIB /M06aiN 3aCTOCYHKIB
€ Ay>Ke BXX/IMBOIO | aKTya/IbHOK Cepefoto. He 3Baxatoum Ha iCHyBaHHS BE/IMKOT
KifIbKOCTi aHa/oriyHmx i NoAibHMX CanTiB, SKi IKOCb 3aMiHIOKTb UM Ay610H0Tb
X (yHKUIOHan, BOHW BCI MatOTb PI3HY apxiTeKTypy 1|1 HamaralTbCcs
KOHKYpyBaTh Mi>XX c060t0. INpu UboMy 6araTo CUCTEM MpPauiolTh 415 BY3bKOI
rpynu OCBITHIX NPOAYKTIB.

[(0f10BHOIO 3afadvein npu po3pobui cyyacHoi LMS cuctem € Te, WO
NoTpibHO BpaxoByBaTy Ay>Ke 6araTo (PakTopiB, AKi OyAyTb BN/IMBATK Modasi Ha
HaBYaHHS.

MounHaT 3aBXAM MOTPIGHO caMe 3 KOHLUeNnTy, Wwob po3pobuTn TOM
(yHKLiOHaN, AKUIA 6ye NpuaaTHWIA 4O KOPUCTYBaHHS B MEBHIi cepi/o6nacTi.

Oani BukopucTtoByemo UX/UI am3aiiH, amke wo6 He Bigdbutn b6axkaHHA
HaBYaTUCH, BiH MOBUHEH OYTU NpuBabAnBUM.
Baxkn1BoO CKNafoBoOO € i nodanblUnii npouec aBTopu3alii i KOHTPO/b

SIKOCTi HaBYaHHA. Tomy 6yn0 BMKOPWUCTAHO HOBWIA hopmaT aBTOpM3aLlii Yepes
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MeHepKep, 6e3 fofaBaHHA 3aiBUX MaponiB. AKICTb OCBITM MPUCYTHS 4epes
6a3oBy aHaNiTMKYy, a TaKOX CTBOPEHHS MepCOHa/IbHUX akayHTiB [Ans
afMiHiB/BunTeniB/ iHWKMX 0Ci6. OCO6NMBICTIO CUCTEMU € Te, L0 BOHA MOBMHHA
aflanTyBaTuUCb Nif Pi3HW METOAM HaBYaHHSA, WO AAacTb MOX/IMBICTb OYyTU
YHiBEpCa/IbHOKO | MigXoAnTn Ana 6yab-9KOro TUMy HaBYaHHA SK 0COBMCTOrO,
Tak i rpyrnoBoro Buay OCBITW.

B pe3ynbTarti BUKOHaHOT poboTn 6ynn 3pobsieHi HaCTYMNHI BUCHOBKW: ANs
MoyYaTKy MoTpPi6HO PO3POOUTK YiTKMIA KOHUENT cucTemn. Jani 3BepHyTH yBary
came Ha npotec ctBopeHHsA UI/UX YacTuHM, BUKOPUCTOBYHOUM CTaHAapTHI User
GuideLines Ta wabnoHn LMS. 3aans 6inblu NpocToi asTopusadii, i npy Lubomy
MaTu aHa/oriyHy AKIiCTb 6e3nekn, Tpeba BUKOPWUCTOBYBATU MiAK/OYEHHS [0
MeceHKepiB. 3aBxan Tpeba nam’atatv NpPo LiMICHICTb BCbOro MPOAYTKY, i
npuainaTy éarato yBarm BCiM KOpUCTyBayaM, SK CTyAeHTaMm, TaK i Buntensm/
meHTOpam. [lpu ubomy LMS cucTema npautoe MakCMMalbHO Ha BefiMKy
KifIbKICTb OCBITHIX Mporpam, TOMy BOHa BUKOPUCTOBYETLCA AK CTaHAApTHa AN

6y,ﬂ|b AKOIo Tny HaB4aHHA.
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BUKOPUCTAHHS CEPBICY MENTIMETER
Y HABUAJIBHOMY IMPOLECI
AntoHenko C.B. szemlyanaya@gmail.com, I3maiinosa M.K.

Jninpoecoxuii hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

B Haw 4yac, nos’s3aHuin 3 AUCTaHLIAHUM HaBYaHHAM, MOTPIOHO SKOCb
HanaroguTn  B3aEMOAID 3  ayAWUTOpieto, W06  NEKUiNHI  3aHATTA  He
MepPeTBOPIOBA/INCHL HA CKYYHE MPOC/YXOBYBaHHSA iHhOpMaLinHUX MOBiAOM/IEHb.
B Takomy BunNagKy CKIagHO OUIHUTM OMepaTtuMBHO, a $K e 3aCBOEHO
3arnponoHoBaHWiA Matepian. MoXHa, 3BICHO, HanpuKiHLi 3aHATTS abo Temu
MPOBOAWTM TeCTyBaHHA 3a JOMOMOrow google-hopM abo ¢opm microsoft, ane
ICHYIOTb CepBicK, SKi [J0OMOMOXYTb «OXWBUTW» feKUito. Mu  MOXeMO
MPOMOHYBaTW CTyAeHTaM KOPOTKI ONUTYBaHHA B PI3HUX dopmaTax i 3 Pi3HOMO
MeTOH0.

Po3rnsaHemo npuknag, 3aCTOCYBaHH# cepsicy mentimeter

(https://www.mentimeter.com/). if 4yac 3aHATTA, KOM MU po3ibpanu SKilcb

MOMEHT NeKLinHOro MaTepiany, HagaeMo CTyleHTam NMocuIaHHA Ha 3a3ganerigp
MigrotoBneHe B cepBici 3anuTaHHA. Lle moxe OyTn 3anutaHHA Yy GopMmi
3MaraHHs, ae Oyae BpaxoBaHO He TiNlbKWM MNpaBW/bHa BiAMNOBiAb, a Lie M
LWBWAKICTb HagaHHA uiei Bignosigl. Micnsa 3akiHYeHHA TepMiHYy 3anuMTaHHSA
3’ABUTLCA TYPHIpHa Tab/MusA, Ta Oro/fioWEHO nepeMoxus. Taka (opma
OMUTYBaHHS rapHoO CNPUMAaETbCA CTyfAeHTaMu, Nifbafboproe X, MOTUBYE Ha
nepemory, Bumarae nocTiiHOI yBarn. Ha pycyHKy 1 MoXHa nobayunTi npuknag

3anuTaHHA Ta TYPHIPHOT Tabnmu,.

Go to www.menti.com and use the code 4727 5898

Go to www.menti.com and use the code 4727 5898

Siki psaaxy BUKITMYYTb NOMWIKY Leaderboard

KoMninsawii?

op S Woltmeister

PucyHok 1 — 3anntaHHs Ta TypHipHa T1abnmug
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MOXKJIUBOCTI BUKOPUCTAHHS IPOTPAMHOI'O
MPOAYKTY «DRAW & GO» Y HABUAJIBHOMY IMPOLECI
AnToHOK B.A., vlad.antonyuk@gmail.com,

Cupoposa M.T'., sidorova.m.g@gmail.com

Jninposecoxuii hayionanvnuti ynieepcumem imeni Onecs I onuapa

«Draw & GO» — Cy4aCHWIA KpOC-NAaTPoOpPMHUIA NPOrpaMHUIA MPOAYKT,
AKUA  [0O3BOMSIE  MOMErLUNTA, MPUCKOPUTM Ta asBTOMaTM3yBaTu poboTy 3
npucTposMun. Lle MOX/IMBO 3aBAAKM MakKpocaM — MIKPO KOMaHZam, Lo
BUKOHYIOTbCA Ha BMMOTY KOpUCTyBaya. Ko)keH KopucTyeady caM (popmye Ta
KOMOIHY€e KOMaHAMN, AKI NMOTIM MOXKHa BIATBOPUTU HEOOMEXKEHY KifbKICTb pasiB.

«Draw & GO» CKnafaeTbCs 3 HACTYMHUX YaCTUH:

MeHemkep — NOMIYHMK Yy KepyBaHHI Kogammn Ta Makpocamu (puc. 1). BiH
[03BO/IAE NPOAMBUTICA 3anmncaHi rpadiyHi Kogu y raseper; nepenucatn Kog,
MNPy UbOMY MaKpOC HiSiK He 3MiHMTbCA; A04aTM Makpoc A0 aBTo3anyckKy
orepauiiHOi CUCTeMM; [aTX MaKpoCy KOHKPEeTHe iM’A; HanawTyBaTW Makpoc,
TOOTO BCTAHOBUTM Ki/IbKICTb MOBTOPIB Ta Yac A0 3anyCcKy MaKpocy; nepenvcaTtu

MaKpoC; MOBHICTIO BUAANMTM MaKpocC Ta rpadiuHuii Kop.

«@.‘ ‘\@,J

o | Word 0:1 ‘ >

| Excel 0:2. "%

S (210
S Mysbika 0:3 [

M Google 0:4 [
'

PucyHok 1 — MeHemkep
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3anucyBay MakpociB — nporpamHuii  3aci6, npu3HaYeHWin  Ans
aBTOMaTu3auil giil. BiH 403BoNsE 3anmcaTy Ta BiATBOPUTA YCi AiT KOPUCTYBaYa.

TakoX OfAHIEH 3 MOXK/IMBOCTEN Mporpamu € eKCnopT Makpocy, SKuUiA NoTiMm
MOXHa BIATBOPUTU Ha Oyab-AKOMYy KomM’toTepi. [porpama cama 3MiHWTb
PO34iNbHY 34aTHICTb EKPaHy Ta BiTBOPUTL EKCMOPTOBaHMIA Makpoc.

TaKoX iCHYE MOXNMBICTb HE TiflbKW BIATBOPUTM EKCNOPTOBaHWUIA MakKpoc, a
A NPOBOANTY OHNANH KOHCYNbTaLiT. [LoCTaTHLO NuLLe BU6paTn «Give-a-Hand»,
obpaTtn CBOK CTOPOHY Ta noyaTu poboty. «Give-a-Hand» [403BONSE KepyBaTy

Bifja/1leHIM KOMMN’0TEPOM Ta 0OMiHIOBATUCH (Parinamu (puc.2).
= = U Ho0o

2 > )
ey e aass . m

. Paste secrot KEY.

7 XKl epeS i i

Conndct

) B4 Conhoction'gstablished :

PUCYHOK 2 — KepyBaHHSA BifAa/leHM KOMIM’ HOTEPOM

3aBaHTaXWUTK Mporpamy MOXKHa Mpu BiABiAyBaHHI OQiLinHOT CTOPIHKM B

IHTepHeTI — https://drawgo.azurewebsites.net/.

3aBaakn «Draw & GO» |1 «Give-a-Hand» MoXHa LWBMAKO 1 3pYy4HO
opraHi3yBaTy B3aEMOZi0 BMKNaJaya Ta CTyfeHTa. Buknagay 3anvcye nekuito i
po3waproe Ti 3i cTygeHTamu. Ti y CBOK 4epry MOXYTb BiATBOPUTW Ti Ha
B/IACHOMY MPUCTPOI. Y pasi BUHWKHEHHSI MWUTaHb, BMKIaAay MOXe BifJaseHo

KepyBaTy MPUCTPOEM CTyfeHTa A/1s1 BUPILLIEHHS NPOGEM.
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AUTOMATIC ENHANCEMENT OF METALLOGRAPHIC IMAGES OF
THE SAMPLE SURFACE

Akhmetshina L.G., akhmlul@gmail.com,

Yegorov A.A., for __ students@ukr.net
Dnipro National University named by O. Gonchar

Introduction. The metallographic images analysis quality may decrease
due to the presence of defects in the image of the studying sample, which were
obtained due to the method of its formation. Visually, they are observed in the
form of dark spots, scratches, etc. In this case, it becomes necessary to eliminate
them, preferably in automatic mode.

Formulation of the problem. This paper proposes a method for the
automatic elimination of defects in metallographic images.

Solution of the problem. The algorithm of proposed method contains the
next steps:

1. Power transformation, which has the goal to decrease the brightness of
source image proportionally:

|1(y,X)= |(y,X > (1)

where |,1, are the source and processed images, accordingly; X is the mean of

)l+(X1 ji-sen (x-0.5)x,

source image brightness; X, = (Y”X + O.5j/2.

2. Window transformation (window size is 5x5), which has the goal to restore
the background at the place of defects. This transformation is performed based

on weighted sum of those window pixels which have the brightness value less
than (x;, ) = (xmin + X_l)/ 2, where x,.;, is the minimal brightness value of the
source image; X_l is the mean of the image |,. The summation involves only
min ) :

those pixels of the window whose brightness values are not lower than (x

In this case, for 4 corner pixels of the window, the coefficient 1/ V8 s used, for
4 adjacent vertically and horizontally with the central pixels, the coefficient 1 is

applied, and for the rest of the pixels (except for the central one, which does not
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participate in the summation, because it does not satisfy the condition) 1/ V2 s
used. The resulting sum is divided by the number of pixels used in the

summation. Thus the |, image is formed.

3. Power transformation, which performs the proportional decreasing of
brightness to provide matching the gray levels of original image:

)l—(X1)1+X1/2

13(y, %)= 1,(y,x @)

That is the way of forming image |5.

The experimental results were obtained on the example of processing an
image of an iron alloy sample doped with molybdenum and phosphorus, which
was obtained using an electron microscope with magnification x3500 (Fig. 1a).
As we can easily notice, the source image has various defects in the form of dark
objects. The application of the proposed method (Fig. 1b) made it possible to
restore the image and provided the correspondence of halftones in comparison
with the original image. At the same time, it should be noted that the proposed

method does not eliminate the presence of skin-deep scratches, which are

20mKm L BnexTnoHHne MoBnakeHue 1 ! 20mura BNaKT BOHHO

a b

Figure 1 — The processing results: a — the source metallographic image, b — the

enhancement result.
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AJITOPUTM ABTOMATHUYHOI NIEHTU®IKAIII NOIIKO/KEHb
HEJOPOI'MX CUCTEM MOHITOPUHI'Y CTAHY KOHCTPYKIIN
bacbko A.B., basko.artem@pdaba.dp.ua, [lIonHomapsoBa O.A., pricmech@ukr.net

IIpuoninposcvra oepacasna axademisi OyOienuymea ma apximexKmypu

BUKOpPUCTaHHS CydacHUX CUCTEM CTPYKTYPHOI0 MOHITOpUHrY (SHM) Ha
BaXX/IMBMX 00’€KTaX TaKUX AK: aTOMHI €1eKTPOCTaHLiT, BITPOBI TypbiHW, MOCTH,
BUCOTHI BYy/iBNi Ta Ha CKaAHMX apXiTEKTYPHNX 06’ €KTax MoKasanu BaXK/IMBICTb
X 3actocyBaHHA [1]. SHM HauineHi Ha aHani3 faHux peakuil KOHCTPYKLIT Ha
30BHILLHIA BM/JMB 3 METOK CBOEYACHOrO 3aCTOCYBaHHA MPOMiNaKTUYHNX
3axofiB Ta 3anobiraHHo pyiHyBaHb [2-3].

Y HayKoBili CNiNbHOTI 6YyN0 3anponOHOBaHO Pi3HOMaHITHI anropuTMu
MalUWMHHOIO HaBYaHHSA: HaMeHLWNX cepedHix keagpatiB (LMS), pekypcuBHUiA
HaliMeHWwmnX KeagpatiB (RLS) [4]. A TakoX anropuTmu, 3acHOBaHi Ha
MPUHLMNAX HEYITKOT /TOTIKM Ta LWUTYYHUX HEMPOHHNX MepeX [5].

MeToto pob0TU € pPO3pobKa anropuTMy aBTOMATUYHOI ideHTUgIKaLil
MOLUKOAXKEeHb [/ CEHCOPHUX BY3/iB AKI MobynoBaHi 3a BUKOPUCTaHHSM
[EeLeBOl  eNneMeHTHOI 6a3n. 3anpomnoHOBaHWn  anropuTM  BiJHOCUTLCA [10
HEKOHTPO/IbOBaHNX a/nropuTMiB, Ta Mae repesary, MoB'A3aHi 3i LWIBUAKICTIO
06unCneHb | He BUMarae BUXigHNX AaHUX 3a NOMepeaHiii CTaH.

CyTb aBTOMaTM4HOro MeTOoAy no/ssirae y CcaMOCTIMHOMY HaBYaHHi
OMMparynCb Ha PI3HULK nonepedHiX [AdaHux Bibpauil. To6To anroputm
MOCNIAOBHO OLIHIOE PI3HULIO MonepeaHbOro Ta MOTOYHOrO 3Ha4YeHHs Bibpalii.
Kpim TOro, B po6oTi 3anponoHOBaHO MNiAxif, SKWA [03BONSE aBTOMATUYHO
BU3HAYaTU PIBHI MOX/MBUX MOLUIKOMKEHb AN1A 1X iAeHTUQIKauii B pexumi
peasibHOro vacy.

KoHuenTyanbHO po3po6rieHnId NiAXif MOXHa po3f4iNTU Ha  KiflbkKa
OCHOBHMX eTanis:

1. OTpMMaHHA 3HayeHb MOTOYHOIO KPOKY $AK PISHULK MDK ABOMa

3HaYeHHAMMK BiGpauiT.
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2. OuiHWTK, AK 3MIHIOKOTHCA HaLLi KPOKK
3. OuiHKa KoeilieHTa 3rnagpKyBaHHS, N5 3MEHLUEHHS LWYyMiB Yy cUrHani

4. ®iHanbHa Kopekuis MOTOYHOro 3HaYeHHs Bibpauii.

[na  nepeBipkKM Ta OLiHKMA SAKOCTI 3anpOnoOHOBAHOr0  airoputMy
aBTOMaTMYHOI ifeHTUiKaLiT NOWKO4KeHb 6Y/10 BUKOPUCTAHO Habip AaHUX Mpo

MPUCKOPEHHA MOCTa AKi MokasaHi Ha puc. 1.

10 20 30 40 50 &0

—X xF xy ——IL1 L2

L3

PucyHok 1 - Habip noyatkoBux gaHux (X) Ta ckopurosaHi gaHi (XF)

CnHcoK BUKOPHCTAHMX JKepeJt

1. Y. Fu, T. Hoang, K. Mechitov, J. Kim, D. Zhang, B. Spencer. Sudden event
monitoring of civil infrastructure using demand-based wireless smart sensors. Sensors.
2018. Vol. 18, No. 12. P. 1-17. DOI: https://www.doi.org/10.3390/s18124480
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KOMIT'IOTEPHE MOJEJIOBAHHSA PO3IIOBCIOJ’)KEHHS
3ABPYJHEHD Y IIPUMIIIEHHI
Be3poauns T.B., tanyabezrodnyaya@gmail.com, Tonkomkyp I.C.

Jninposcoxuti nayionanvuu ynigepcumem imeni Onecs I onuapa (Www.dnu.dp.ua)

3axX1CT HaBKOMMLLHLOIO CcepefoBuula Bif 3abpyAaHeHb MpW aBapinHUX
BUKMAAX TOKCUYHMX PEYOBUH € OAHIEID 3 aKTyaslbHUX NPo6semM eKONOriyHoI Ta
MPOMUCNIOBOT 6E3MEKN. 3 KOXXHUM POKOM rocTpoTa Ljiel npobnemu 3poctac. OfHIED
3 BXK/IMBUX 33a4 eKOMOTiT € NPOrHo3yBaHHA PiBHA 3a0pyAHEHHS MOBITPSHOIO
cepeaoBuLLa B CYCMiIbHUX | BUPOOHNYMX NMPUMILLEHHSAX.

B paHiin poboTi Ang MogentoBaHHSA PO3MOBCHOAXKEHHS 3abpyAHIOYNX
PEYOBMH BUKOPUCTOBYETLCS KOHBEKTUBHO-AMY3iliHA MOZE/b NepeHeCeHHs, L0

OCHOBaHa Ha AnepeHLianbHOMY PiBHAHHI B YACTUHHUX NOXIAHMX

% +div(VC) =div(ugradC) +Q,

fe t —yac, C — KOHUeHTpauif 3a6pyAHIOY0T PEYOBUHN Y MPUMILLEHHI, V —
BEKTOp LUBWAKOCTI MOBITPAHMX Mac, u — KOeiuieHT Aaudysii, Q -
IHTEHCMBHICTb  3abpyAHeHHsA. [uiepeHuiasibHe PIBHAHHA  LOMOBHIOETLCA
MOYaTKOBOIO YMOBOK Ta Kpa/ioBMMMW YMOBamu MepLUOro i Apyroro pogy Ha
MeXIi po3paxyHKoBOi 06nacTi. [ns BM3HAYeHHA KOMMOHEHTIB BeKTopa
LUBMAKOCTiI V 3aCTOCOBYETLCSA MO/E/b NOTEHL[ia/IbHUX Teuili pignHm
Ap=0, V =grado,

[e ¢ — NoTeHuian WBUAKOCTI NOBITPAHOrO CepefoBuLLa.

3aaya po3B’A3YETbCA Y [ABOBMMIPHOMY HabMXEHHI, KON NPOBOAUTLCA
ocepefHeHHs HEBIAOMUX (QYHKUIA M0 BepTUKa/IbHIA ab0 TrOpU30HTasbHIN
KoopauHatam (mnaHosa i1 npodinbHa 3agadi). A9 YMCeNbHOro po3B’sA3aHHA
KpainoBux 3afay A5 HaBefeHMX BULLLE PIBHSIHb 3aCTOCOBYETLCA METO[, 3MiHHUX
HanpsMKIB 3 BMKOPWUCTaHHAM METOfa YCTaHOB/IEHHSA PO3B’A3KY A1 PIBHSAHHS
Nannaca. HaBoaATbCsA pe3ynbTaTt Po3paxyHKiB, OTPUMaHMX 3a [OMOMOror

naketa Matlab.
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PO3III3HABAHHA BE3IIJIOTHUX JIHITAJIBHUX AITAPATIB 3A
PAJIOYACTOTHHUM CUT'HAJIOM

Bepesin B.B., brzvalentin1997@gmail.com

Jninpoecoxuii Hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

Be3ninotHi nitanbHi anapatn (BINJ/1A) MarTb LUMPOKe 3aCTOCyBaHHA |
30KpemMa BWKOPWUCTOBYHKOTLCA Y BICbKOBIM, TPAHCMOPTHIN, pPATYBa/IbHIiA,
peknamHiii  cpepax. IX PO3MOBCIOMKEHICTb NpuU3Bena [0 HeobXiJHOCTI
CTBOPEHHS, AN19 MNEeBHUX MpeAMeTHUX 061acTeil, CUCTEM 3aXUCTY, LU0
nepef6ayvaroTb HasfABHICTb (DYHKLIOHaNy BWSBMIEHHA Ta po3mi3HaBaHHA. [pu
pO3po6Li AKICHMX aBTOMAaTM30BaHMX CUCTEM, LIO BUPIWYOTL Wi 3adadi, cnif
BpaxoByBaTW X BapTICTb Ta OPIEHTYBATUCb Ha MeTOAW, fAKI MiIHIMI3YOTb
MOXMOKY pOo3ri3HaBaHHS.

ICHY€E [eKifibKa MeToAIB BUSBNEHHS (aeTekui) Ta knacudikauii BIJIA.

1) MeTog, WO BUKOPUCTOBYE AaHi pafiofnoKauinHuX AaTYmMKiB, 3aCHOBaHWM
Ha BWNPOMIHIOBaHHI pagioxBWb |1 peecTpauii TX BigA3epKasieHb Bif
06'ekTiB. OHaK TaKunin MeTo MOXKe NPU3BECTU [0 TOr0, WO 40 MHOXMHU
TUX 06’€KTIB, AKI Ham NOTPIOGHO BUABUTM, MOXYTb NOTPANIATA 06’EKTU
IHLLOT Npupoaw.

2) MeTof, WO BWKOPWUCTOBYE AaHi OTPMMaHi 3 ONTUYHUX AaTUMKIB  Ta
06po6se X, 6a3yeTbCA Ha MaTeMaTUYHUX MeToAax 06POOKN 306paKeHb.
BINJTIA noBuHeH GYyTW B 30HI BMAUMOCTI Ta SKICTb OTPUMAHUX [daHMX
3a/1eXK1Tb Bif NOroAHNX YMOB.

3) MeToam po3ni3HaBaHHA ayfio CUrHaNiB BUKOPUCTOBYHOTL [aHi OTPMMaHI
3 aKyCTUYHMX JaTumkKiB. [pu Nobynosi Moaenein B LibOMY BUNaAKy CAif
BPaxoBYyBaTV MOXX/IMBY 3aLLYyMJIEHICTb CepeaoBumLa.

4) MeToau, Lo 6a3ytoTbCA Ha BUKOPUCTaHHI PafioyacTOTHUX CUMHaIB, Lo
BUMNPOMIHIOTLCA BIJIA.

MeToan BUABMEHHS Ta Knacugikauisa BINJTA Ha OCHOBI pafiovyacTOTHUX
CUrHaNiB € Ha fAaHuWi 4ac ManofocnipkeHuMK. ICHye [ekinbka crnocob6is
NpeacTaB/eHHs TakuX curHanis [1].
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HaBefemMo nOCTaHOBKY 3afadvi BUSIBNEHHS 06°ekTy. Hexaill 3agaHa

CYKYMHICTb CNOCTepeXeHb , e — [aHi pagiocurHany B MOMEHT
yacy . PesynbTatOM po3B’A3aHHA  3afadi  AeTekuii €  OTpUMaHa
Mi4NocnifOBHICTb , e , OaHi AKol |

CBifYaTb MPO HasABHICTb came TOro 06°eKTY, AKNA MW NOBUHHI BUSBUTW.

Ha puvc.1 HaBoAATLCA (hparMeHTW TUX PaaioyacToT, SiKi NOTPebyoTb aHani3y.

\

|
Mo

PucyHoK 1. Mpuknag BUABEHHSA aHOMaiin Ha CreKTpi pagiovacTtoT
3aaya YCKNaAHETLCA MPU 36iNbLUEHHI KiNIbKOCTI 06’€KTIB Bif AKUX
O[IHOYACHO MOCTynakTb PaaioyacToTHI CUrHAN.

Ha ocHoBI OTpuMaHOi MiANoCNi40BHOCTI MOXHa 3MPOrHo3yBaTh 40 SKOro
Knacy HaneXxutb 06’eKT. [ns 3agadi Knacudikawii Heoo6XigHO 3a3aaneriib 3HaTu
Knacu [0 SKUX 3 BM3HAYEHOH IMOBIPHICTIO OYAyTb BifHECEHI iAeHTU(IKOBaHI
00’eKTHN.

ITepenixk BUKOPHUCTAHHUX JKepes

1. Whiteboard. — [EnekTpoHHUIN pecypc]. —http://whiteboard.ping.se/SDR/IQ
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APXITEKTYPA BATATOPIBHEBOI OTHOPAHT OBOI
PO3MIOALIEHOI BJIOKYEWH MEPEXI
Beasdep P.E., belfer.roman@gmail.com

XmenvHuybkuii HayioHalbHUU yHigepcumem

[Na NpoeKTyBaHHA MepeXXi 6/10KYerH 3rigHO 3 MPUHLMNAMN KOHCEHCYCY
npotokony Proof-of-Activity [1], HeOO6XiAHO BHECTW MEBHI YTOYHEHHS LIOAO
MepeXxxeBOoT apXiTekTypu. KnacnuyHa 6/10Kk4eliH Mepexxa, 40 npuknagy Bitcoin,
Wo 6a3yeTbCa Ha MNpUHUMNAX MPOTOKONY KoHceHcycy Proof-of-Work,
BUKOPUCTOBYE OJHOPaHroBY MepexeBy apXiTekTypy Peer-to-Peer. B Takomy
BUNAAKY, KOXKEH MEPEXEBUIA BY30/1 € PIBHUM €IEMEHTOM Y rN106a/bHiin cuctemi
BIZIHOCHO iHLIKMX BY3/iB. [poTe, 414 onpautoBaHHA NpoLecy poboTy NPOTOKONY
Proof-of-Activity HeobxigHa Tuni3auis 1a napameTpusauisa By3/niB mepexi. Lle
MNoTpi6HO And Toro wo6 cnigyBatv eTanam WO BW3HAYEHi anropuTMOM
MPOTOKONY KOHCEHCycy o6 BigibpatM KiHUEBWIA By30n  Banigatop.
[MpoeKTytouUM OfHOPAHIoBY OMOKYEH Mepexy, WO peasi3oBye MPOTOKON
KoHceHcycy Proof-of-Activity, BMMaratoTbCs [0JATKOBI Aetani — came Ans
LIbOro 6yno 3anponoHOBaHO BUKOPUCTATK 6araTopiBHEBUIA PO3MOAIN AN Pi3HUX
TUNIB Ta napameTpiB BcepeauHi mepexi. KoXeH piBeHb MICTUTb MiAMHOXMWHY
MEPEeXEeBMX BY3/IB L0 3rpynoBaHi 3a MEeBHUMW Harepes BM3HAYEHVUMMU
ymoBamu. [poTe, mMepexka NIATPUMYE BACTUBICTb KIACUMYHOT OfHOPAHroBOl
MepexXi Hajarwum KOXHOMY BY3/y PiBHI MOXMMBOCTI. Taki NOKpalleHHs Ta
MOCUNIEHHA MepeXki BifobpaXaroTbCa Y Ha3Bi apxiTekTypyu — Layered Peer-to-
Peer (LP2P). BianoBigHO A0 KifbKOCTI Ta AKOCTI aKTUBHOCTI Y Mepexi, BY3/n
MOXYTb OYTW nepemMileHi MiXK piBHAMKW, NiABULLYHOUN cebe Ta 30i/bLUYOYM
MOX/IMBOCTI OyTV 06paHMMK AK BanigaTtopu. BapTo 3a3HauMTL WO MiDKPiBHEBA
no3uuisa By3na B MepeXki He cTaTuyHa | MoXke OyTW 3MiHeHa. AKL0 YMOBa:

activityIndex(node) > index , (1)
[ns By3na nodegK BipHa, ToAi BifOyBaeTbCA NePEMILLEHHS:
nodey,K — node;L+1, (2)

FAKLWO BY30/1 PO3MillleHUiA Ha piBHI N fgocdrae piBHA aKTUBHOCTI,
LLOHaMeHLLIe PIBHOTO A0 PiBHA akTMBHOCTI N + 1, Uel BY30/1 NepeMmillyeTbCs
Ha HaCTynHWIA piBeHb Ta CTa€ BYy3/10M piBHA N + 1. By3nu € 3rpynoBaHvMmn Ha
PiBHAX 6a3ylouMCb Ha TXHIA aKTMBHOCTI Ta CTat0Tb 3A4aTHUMKM GpaTn yyacTb Y
BiA6GOpI BY3niB 414 poni BanigaTopis.
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Layer N

node, P

@ -

Layer 2

PucyHok 1 — baratopiBHeBa OJHOpPaHroBa Mepexxa Ta BY3/1 PO3MnojieHi
Ha PIBHSAX

LP2P 6araTopiBHeBa 0[JHOpaHroBa MepeXxxeBa apXiTeKTypa Nno CBOI CyTi €
CTPYKTYpPHUM  WwabnoHom ans  nobygoBu  Mepexi  npu3HayeHol A/
06CNyroByBaHHs 6/10KYENH CUCTEMU MPOTOKONY KOHCeHcycy Proof-of-Activity.
BaraTopiBHeBa CTPYKTypa A03BO/ISE PO3AINNTN 060B’A3KM BY3/iB 6e3 NoTpebm
06MeXxyBaT MOX/MBOCTI Ta MNepPCnekTMBM OKPeMUX BY3NiB. HacTynHui
anropuTM Banigauii MoXxxe 6yTK 3aCTOCOBaHWA ANs Pi3HOMaHITHMX BY3/IB, LU0
PO3MILLYIOTBCA Ha MEBHOMY MEPEXEeBOMY PiBHI, 3 Hanepes BU3HAYEeHUMU
ymoBaMu Ta napameTpamn. Lle [03Bonse maclitabyBaTh KiNbKICTb PIiBHIB
3a/1eXXHO Bif BXiAHMX YMOB 4151 PI3HOMaHITHOI MPOrHO30BaHO| NMOBEAIHKW.

Layer 1

Layer 0
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IMPO ®OPMAJIBHY MOBY IS THYYKOI'O HAJJAHHSA PECYPCIB
BEB-CJIYKB Y MIKPOCEPBICHIN APXITEKTYPI

bineubkuii A. C., antonbeletsky@gmail.com,

Jninpoecoxuii hayionanvrutl yHieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

Kntouosi cnosa: Beb-cny»xbu, MiKpocepBiCHa apXiTeKTypa, onepauii 3
BiAHOLUEHHAMMN, (DOpMasibHI MOBW, KOHTEKCTHO-BIi/IbHI FpaMaTuKu.

Y chepi iHoOpMaLiMHNX Ta KOMYHIKaUiHUX CUCTEM € TeHAeHUis Ha
YHipikaLito iHTepdeiciB NpeAcTaBneHHss Ta O00MiHY iH(opmauii. Tomy
HarasibHOK MPO6IEMOIO € CTBOPEHHS €4MHOI0 ry4yHoro API ans Be6-cepsicis,
BUKOPUCTaHHS AKOro no3taBuTb HeobxigHOCTI aganTtyeatu API Beb-cepsepy
Mif KOXeH KIEHT okpemo[1].

Ona po3po6neHHA Takoro rHY4YKOro iHTepdency po3rnsigaBcst MeTo[
NpefCTaBEHHS pecypciB Be6-CNyK6 Y BUrNAAi BiAHOLLEHb PENSLINHOT anredpu
[2]. 3rigHO HbOro, NMpu NpeAcTaB/eHHI pecypcis y BUTNALI BiAHOLIEHb, MOXHA
BMKOHYBATW TUMOBI PenauiHi onepauii, Taki AK 0OMeXeHHS BigHOLUEHHS,
MPOEeKUit0 BiAHOLLIEHHS, 3'€AHaHHS BifHOLWEHb. [N BUKOHAHHA LMX Onepawiii
Ha CTOPOHI CepBepy KNIEHT BEO-CMYXOM Mae onmcaTi iX y hopmi 3po3yminii
cepBepy i fika BpaxoBye cneumiky umx onepauiin (KinbKicTb onepaHAiB, TvN
BXIAHMX, BUXIOHMUX AaHUX TOw0). TOMY NOCTaE 3aaya CTBOPEHHSA (DOPMasibHOT
MOBW A1 THYYKOr0 HaflaHHS PecypciB Be6-Cnyxo.

Tak, cepef; OCHOBHMX OnepaLiin 3 BiHOLIEHHAMM pecypciB Be6 Cyxo,
MOXKHA BWAIMUTKL: PIiNbTpaLito, COPTYBaHHS Ta OOMEXEHHS! BifHOLLUEHHS,
06’eHaHHA BiJHOLLEHb Ta MPOEKLit0 aTpubyTiB BigHOWeHHA. Bci uwi onepayii
Hanpae/fieHi Ha OTPUMaHHA pPecypcy 3 cepBepy i OINbLWICTb TaKMX 3anuTiB
BMKOHYETLCSA 3a A0NOMOrol MPoToKo/ny http. Tak AK yci meToauM NPOTOKONYy
http mat0OTb MICTUTM CTPOKY 3arofioBKy, TO OMUC onepauii 3 pecypcamu
HeobXifHO BWMKOHyBaTM came B URIL. [Ona onucy umx onepauii MOXKHa

BMKOPUCTATU KOHTEKCTHO-BINbHY rpamMaTiKy (hopMaibHOT MOBW.
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Cepes  HavnmowmpeHiwmMx  ¢opm  onucy  (OPMaslbHUX  MOB
BUKOPUCTOBYIOTb (hopMy Bekyca-Haypa Ta CMHTaKCUYHI giarpamun. Po3risgHemMo
orepavito copTyBaHHSA BifHOLLeHHS. Lis onepauis nepef6avae y SKOCTi BXigHUX
[aHNX Has3By BiJHOLWIEHHS, aTpuOyTW BiJHOLUEHHA MO AKUM COpTyBaTK Ta
HanpsMOK COpTyBaHHSA (3a 3pocTaHHAM abo 3a cnafgom). Y ¢opmi bekyca-Haypa

1T MOXXHa NpeACTaBUTU:

order by expression ::= order_by clause (', order by clause )*

order by clause ::= attribute ( 'asc' | 'desc' )?

attribute ::= [a-zA-Z ] [a-zA-Z 0-9]*

[Ona npuknagy po3rngHeMo BigHoweHHs Product(Name, Price). Ans
COPTYBaHHA NPOAYKTIB CMOYaTKy 3a 3MEHLLUEHHSAM LjiHK, a NOTIM 3a Ha3Bot0 (Mo

anasiTy), 6ye BUKOPMUCTaHO HACTYMHWIA http 3anuT:
GET http://<hostname>/products?orderby=Price desc,Name asc

AHanoriyHo MOXXHa MpeAcTaBATM | IHLWIE onepauii 3 pecypcamu, a
CYKYMHICTb UMX onepauiin npeactaBnsTuMe (opmasibHy MOBY A7 HafaHHS
FHYYKOro pecypcis Beb6-cny6. [n1s BUKOHAHHA onepawiil Ha CTOPOHI cepsepy
HeobXigHO Oyde CTBOPUTU  abCTpakTHe CUHTaKCUYHE  [epeBo,  fKe
po3ni3HaBaTVMe 3arnpornoHoBaHy MOBY i NePeBOANTU 11y OrepaTopy KOHKPETHOI
MOBM MPOrpamyBaHHs L0 BUKOPUCTOBYETLCA Ha cepBepi. TakMM YNHOM MOXKHA
OTPUMATU  E€OMHWIA  THYYKWMIA  iHTepdeic  KOMYyHiKauil  Be6-Cnyx6 vy

MiKPOCEpPBICHI apXiTEKTYpI, HE3a/IEXHO BiJ MOBM NPOrpaMyBaHHS Ha CepBepi.
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OJJHOMIPHMM IT’E€30EJEKTPUYHUN KBA3IKPUCTAJI 3
MIZK®A3ZHOIO TPIIIIMHOIO I BININBOM BHYTPIIIIHBOI'O
EJIEKTPUYHOI'O 3APAAY TA AHTUILJIOCKOI'O
HABAHTAKEHHS
Binuii /I. B.

Jninpoecoxuii hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

Po3rnaHyTo f4Ba NoB’A3aHi OAHOBUMIPHI KBa3iKpUCTasiYHI HaniBnpocTopwu
Ta TyHe/bHa TpilMHa B3[0BX X Mexi po3ainy nig BNAVMBOM MeXaHIYHOro
HaBaHTaXXEHHA Ta efIeKTPUYHOro 3apsgy, NpuKnafeHoro 6esnocepefHbO [0
Geperis TpilWMHW. BBaXaeTbCd, WO nonsapusalis marepianis napasiesbHa
()POHTY TPIWMHN | B UBOMY X HanNpAMKY po3TallyBaHHA aTOMiB €
KBasinepioAMYHUM. T[lepneHAMKYNApHO XX (POHTY TPIWMHM pPOo3TallyBaHHS
aToMiB € nepiognyHuM. MNMpukKnagaoTbCa PIBHOMIPHO PO3MOAISIEHI aHTUNIOCKI
(POHOHHI Ta (ha30HHI 3CYBHI HaBaHTaXXeHHS Napasie/lbHO Geperam TpiWmMHKU. Ha
rpaHsax TPILMHN TAKOX NPUKIaLEeHWIA eNeKTPUYHNIA 3apaf.

3a [0nomoror BEKTOPHOI (hYHKLT, ronoMoOpgHOi y BCiA KOMMIEKCHI
NAOWMKMHI,  KpiM  obnacti  TpiWwmMHK,  OyaytOTbCA  MaTPUYHO-BEKTOPHI
MNPefACTaBNeHHs  Ans  NOXIAHWX  CTPUOKIB  MepeMillleHb | Hamnpy>KeHb.
3a[l0BO/IbHAOYM TPaHMYHI YMOBM Ha TpaHAX TPIWMHK, 32 LOMOMOrOH LMX
npeacTaBfeHb POPMYETLCS 3afadva NiHIMHOro cnpshkeHHs PimaHa-IinbbepTa 3
BIAMOBIAHMMM  [OAATKOBMMW yMOBamMy Ha TpiWMHI Ta YMOBamMn Ha
HeCKiHYeHHOCTI. MobyaoBaHO aHa/liTUYHE PilleHHs LIET 3adadi. AHaniyoum
OTPVMMaHWNA PO3B’A30K, OTPUMaHI aHaNi TUYHI BUpasmn AN POHOHHMX i (Ha3OHHUX
Hanpy>eHb, CTPUOKIB NepemilleHb Y3[0BX MeXi po3ainy maTepianis B 06/1acTi
TPILLMHWN, L0 MAE eNEKTPUYHUIA 3apsa,

YncenbHniA  aHanis  po3B’dA3Ky NPOAEMOHCTPYBaB  ICTOTHWIA  BMUBY
eNIeKTPUYHOr0 3apsigy TPIWMHM Ha (DOHOHHMIA | (Pa3OHHWI  HanpyXXeHo-
Ae)opmMOBaHUA CTaH B OKOJi TPILWMHKX. AHani3 NpoBOAMBCA AN KOMOiHaLT
Pi3HMX KBasikpucTaniyHmx marepianis. OCHOBHI pe3ynbTaTy po3B’A3KiB, TOOTO
(POHOHHI Ta (Pa3oHHI HaNpPY>XeHHS B3L0BX MeXI po34i/y Matepianis Ta CTPUOKM
(POHOHMX | (PA30HMX 3MiLLEHb, MPeACTaB/eHi y rpadiyHomy BUrnsagi. 3pobneHo
BUCHOBKM LLOAO BM/IMBY €IEKTPUYHOIO 3apsAay TPILMHM Ha NMOBEAIHKY AK camol
TPIWMHW, TaK | MaTepiany B i OKO/II.

28



MATEMATHUYHE TA ITIPOTPAMHE 3ABE3INEYEHHA IHTEJIEKTYAJIBHUX CUCTEM

BUKOPUCTAHHSA ITPOI'PAMHOTI'O 3ABE3IIEUEHHS
JJISA MOAEJIIOBAHHS CKUIAJJHUX CUCTEM MEXAHIKHA
Binoyc O.B., belous3006(@gmail.com, 3aitueBa T.A., ztan2004@ukr.net

Jninposecoxuii hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

[MpakTMYHO Yy BCIX rany3fax NPOMMCMOBOCTI MNif 4Yac PO3POOKM HOBMX
BMPOGIB BUKOPUCTOBYKOTLCA TEXHOMONIT KOMM’HOTEPHOr0 MOZENOBaHHS, LWO
[103BONAKOTb 3aMiHUTW [0POri Ta TpuBa/i €eKCnepuMeHTasIbHI  O0CNIAKEHHS
ynceflbHUMKN ekcrnepumeHtTamu. Kpim TOro, Ha npakTuui He 3aBXau €
MOX/IMBICTb BMNPOOYBaHb peasibHUX MOfeNen, Hanpuknag, B asiabynyBaHHI,
OCKi/IbKM Lie NOTpebye Be/IMKMX EKOHOMIYHNX BUTPAT, & iHOAI, MOXe MPUBECTU |
[0 KatacTpoivyHMX HaCNiaKiB.

MporpamHuii Komnieke ANSYS — BigOMMI1 | LUMPOKO 3aCTOCOBYBaHWiA
BMCOKOMNPOAYKTUBHUIA iHXXEHEPHWUIA THCTPYMEHT, WO MifBWLLYE LIBUAKICTb
pO3p06KM BUPOGIB Yy BIPTYa/lbHOMY CepefioBMLLi, [03BOMSE  UNCENbHO
BUpiLLYBATX NPOCTOPOBI 3aBAaHHA CTaTUYHOIO i AMHAMIYHOIO HaBaHTAXKEHHS,
3afavi 3 ypaxyBaHHSIM T[EOMETPUYHOI HENiHINHOCTI, CTIAKOCTI, MeXaHiKu
PyVHYBaHHA Ta UinvMiA psag nogibHMx KnaciB 3aBfaHb, a TaKoX pafd 3agad
rigpoavHamiku, akyCTUKM Ta iH.

Ha nouaTky npouecy MOZEeNtOBaHHA CTBOPKETLCA AWCKPETHA MOAENb
AOCNIMKYBaHOT cucTeMn. ICHYe [eKifbKa cnocobis nobynoBu reomeTpil
6e3nocepenHb0 B ANSY'S — SpaceClaim ta DesignModeller.

Byno nobygosaHo mogeni B3aeMOAIT Tin y (hopmi UMNIHAPA, TPUKYTHOI
NPU3MK 3 NMPYXXHIM NiBNPOCcTOpoM ( 3aCcTOCOBaHO 06uasa cnocobu SpaceClaim,
DesignModeller). Pe3ynbTaT po3paxyHKiB MOPIBHAHO 3 aHaliTUYHMMMK, L0
OTpPMMaHI paHiwe. Ha OCHOBI OTpUMaHOT reoMeTpii ¢iryp, nobyaosaHi Tina
cKnagHoi dqopmu. TlpoBefeHO pPO3paxyHKM X B3aEMOAIT 3 MNPYXHIM

MiBNPOCTOPOM. HafaHo OLiHKM.
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MOJEJIOBAHHSA TA ITPOT'HO3YBAHHS EKOJIOTI'TYHO
HEBE3IIEYHUX NPOLECIB HA ITIPOMUCJIOBUX TEPUTOPISIX 3
YPAXYBAHHSM TEXHOT'EHHOI'O 3ABPYJITHEHHSA
binses M.M.

Ykpaincoxuii oeporcasnuii ynisepcumem nayxu i mexuwonoeivi MOH Ykpainu
Pycaxkosa T.I.

Jninpoecoxuii hayionanvrutl ynieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

Jlammuu €.C.

Inemumym ceomexniunoi mexanixu im. M.C. Ilonskosa HAH Ykpainu
J31o6a C.B., sergejdzuba@gmail.com
Ipuoninposcoxuii nayxosuii yenmp HAH Yxpainu i MOH Ykpainu

BupilleHHs eKoMoriYyHMX 3aBAaHb Ha TepuTopiax, MpuaernMx Ao
MPOMUCNIOBUX MIANPUEMCTB, AKI BUHMKatOTb BHACMiAOK MPOBEAEHHS TipPHUYO-
IHXXeHepHUX POBIT, CKnafyBaHHA BiAX0OAIB NepepobKn MiHepasbHOT CUPOBUHM,
pPO3/MBY HaTONPOAYKTIB |1 T.i., BMMarae BpaxyBaHHA QiNbTpaLinHNX
0Cc06NMBOCTEN ['PYHTIB, a TaKOX [MPOLUECIB 3abpyAHEHHS Mig3eMHUX BOA.
Y [IOCKOHa/IEHHA METO/IB OLIHKM MapameTpiB ifbTpauil NoBepxHi eKoforiyHo
3HAUMMUX 30H, AKI NOB'A3aHI i3 TEXHOreHHUMU 3a6pYyAHEHHAMMN, € aKTya/lbHUM
3aBflaHHAM. BenuuesHi nnowi, fki 3aiHATI nig BigBanuM ripcbKoi nopoam i
TEPUKOHW, Kap'epHi BUIMKW, LUMAKO30/bHI BigBasv, WO € TeXHOTeHHUMU
naHgwadTammn, 3 0AHOro 60Ky He BMKOPMUCTOBYHOTHCA SK MOTEHLIVHI YacTKu
Ana 3abyfoBum nif IHOPACTPYKTYPHI NMPOEKTU, 3 IHLWOro 60Ky € TeEPUTOPISAMM 3i
3HAYHVMM HaBaHTAXKEHHSAMU LLOA0 EKOMIOTIYHOI0 CTaHy.

Ona ycniwHoi onepaTMBHOT Nokanisauii 1 nikeigauii  pe3ynbTaTis
PO3/MBY HaPTOMNPOAYKTIB B MPOMMUC/IOBMX PaiiOHax i Ha pivykax 3 HacTyMHUMMU
3a06pyAHEHHAMW NiA3eMHUX BOJ, | NPUOEPEXXHUX TEPUTOPIA B nNeplly 4yepry
Heob6XiAHO BAOCKOHa/OBATK 3aC00M M METOAM YCYHEHHS HACNiAKIB eKONOrivyHOl
He6e3MneKy Ha OCHOBI Cy4aCHUX Mofenei, sKi onucyroTb NpoLuecy 3abpyaHEHHS
3 ypaxyBaHHAM OCHOBHWX MapameTpiB, a came: (inbTpauiiHMX BNacTUBOCTEN
30H aepauii, KOHUeHTpauii HebGe3MmeyHOl pPeyYoBMHWM |  TemnepaTypu

HaBKO/IMLLIHLOIO cepeaoBuila. Mpu LUbOMY, BENUKY YyBary NpUAinsaoTh TakuMm
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YMHHMKAM, K HEOOXIAHICTb NIATPUMKM B NOCTIAHIN FOTOBHOCTI CWN i 3ac06iB,
LLLO NOB’A3aHi 3 /loKanisauiero Ta Mikeigauicto po3nmBy HaPTONPOAYKTIB, SKi
BK/HOYalOTb B cebe MigTPMMKY npaue3faTHOCTI TeXHOMOriYHoro obnagHaHHA Ta
3aBYaCHe MPOBEAEHHSI IHXEHEePHO-TEXHIYHMX 3ax0fiB, CrPAMOBaHUX Ha
3anobiraHHA MOX/MBMM aBapisM Ta CBOEYaCHY J/OKanisauito po3vey, LU0
BUHWK.

[dnHamika npouecy 3abpyfHEeHHsA Mig3eMHUX BOL PO3PaxX0BYETHCA Ha 6asi
piBHAHb MaconepeHocy (1.1) Ta (1.2) [1-3]:

> JABOBUMIpPHAa MO/eJb

N dup)  dWe) , - ¢22(Dxa_¢j+
ot OX oy P ox OX 1)
, (1.

0 0 kK
+2(0,22)+ 2apix-xy-%)

ne Q(t) — iHTeHcuBHICTb BUKMay; D, D, — KoegilieHTn gucnepcii; u, v —
KOMMOHEHTN LUBMAKOCTI MiA3€MHOr0 MOTOKY; N — MOPUCTICTb, Xi, Vi

KOOPAVHATY PO3TalLlyBaHHS TOUKOBOTO /pkepena 3a6pyaHeHHs, o(X—Xi,y— V)

— fenbTa-(pyHkuis fipaka, &,

— napamMeTp, W0 BPaxoBYe 3MiHY KOHLEHTpauil
AOMILLKX B MNiA3eMHOMY MOTOLi B 4aci BHAacMigoK NepeTBOPeHb (XiMiYHWIA
po3nag, pagioakTUBHWIA po3nag, Tow).

Bif3HauMmo, L0 B 3a/1€XKHOCTI Bi TUNY 3a6pYAHEHHSA NapameTp @ Le:

a) KOHLeHTpaLlis XiMi4HOT Pe4oBMHU B NiA3eMHMX Bogax (Mr/m);

6) 06’eMHa aKTMBHICTb, AKLLO PO3rNsAAacTbCA PafioakTMBHe 3a0pYyAHEHHS
nigzemMHux Bog (Ku/m’);

B) TeMreparypa, AKLIO pPo3rNfaaeTbCs Tenaose 3abpygHeHHA BOAOHOCHOMO
wapy ( C°);

I KOHUeHTpauis KAiTMH B 06°eMi NiA3eMHUX BOJ, AKLWO PO3rnsafacTbes
6i0/10riYHe 3a6PYIHEHHSA BOLOHOCHOTO Lapy (KNiTUH/M?).

[na onucy npouecy He3BOPOTHOI COPOLiT BUKOPUCTOBYETLCA 3a/IeXHICTb
BUAY:
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oN
_zo-w,

ot
ae N — KifibKiCTb PeyoBWMHMW, MOT/IMHEHOI TBEPAOH (Ha30k B OAMHWML
BUAINEHOro 06°eMy [Mr/M’]; 0 — KOHCTaHTa LuBMAKOCTI copbuii [1/c]; ¢ —
KOHLIEHTPALlist PEYOBMHI B BOAOHOCHOMY Luapi [Mr/m?].

> TPUBUMIipHA MO/I€eJIb

PiBHAHHA pyXy 3abpyaHIoBaya B (hinibTpauiiHoMy noToLi Mae BUTNISA;

8ng0+8uw+8V(p+5WgD+5 8(D 6—¢)j+ a(D a¢j+

a - ox oy o T ) Tyl Yy

(1.2)
0 L) k

—| D, — |+ (thX=X,Y—-V;i,Z2—-Z

° 0.2 0. 0px- %y -yiz-2)

ne Qi(t) — iHTeHcmBHiCTb BUKMAY; D, D, . D, — koediuieHtn aucnepcir; u, v,
W — KOMMOHEHTU LUBUAKOCTI NiA3eMHOro MoToKy; N — MOPUCTICTb, Xi, Vi, Zj —

KOOpAMHaTK po3TallyBaHHS TOYKOBOIO mpKepena 3abpyHeHHS,
5(x — X, Y= Vi, Z— zi) — fenbTa-(yHKuis [lipaka, &, — napameTp, Lo BPaxoBye

3MIHY KOHUEHTpauil AOMIWKM B Nig3eMHOMY MOTOLI 3 4acoMm, BHac/nifgoK
NepeTBOpPeHb (XiMiUHMIA po3nag, pafioakTUBHWIA po3nag, ToLo).

UncenbHe iHTerpyBaHHa piBHAHb (1.1) — (1.2) 34IACHIOETLCA NpU
BiAMOBIAHMX KpainoBMX yMOBax 3a [J0NOMOro KiHLEBO-PI3HULEBUX CXEM.

[na moaentoBaHHA Npouecy 3abpyAHeHHs 30HM aepauil (Hanpuknad, npu
aBapiilHOMy pPO3/MBI Ha IPYHT 3 3al1i3HUYHOT LMUCTEPHU) BMKOPUCTOBYETLCH
O[HOBMMIpHa MOfe/Nb MacornepeHocy, aHanoriyHa mogeni (1.1). PiweHHs
O[HOBUMIPHOIO PIBHAHHA MacorepeHoCy B 30HI aepauil BM3HAYaETLHCA
YMCESIbHUM LLNIAXOM.

1. Zgurovskiy M Z, Skopetskiy V V, Khrushch V K and Belyaev N N 1997 Numerical
Modeling of Pollution Spreading in the Environment Kiev: Naukova dumka Publ. 368 p.

2. Tripathy D P, Dash T R, Badu A, Kanungo R 2015 Assessment and modelilng of dust
concentration in opencast coal mine in India. Global NEST Journal 17(4) 825-834.

3. Azto6a C.B., AakyH W.J1., Kupnuko C.M. BusHaueHHs inbTpaLiinH1X BNacTUBOCTEN
'PYHTIB TexHOreHHUx pogosuiy. Modern Scientific Researches. 2020. Ne 11/Part 4, P. 12 —
20. https://DOI: 10.30889/2523-4692.2020-11-04-014.
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ANALYSIS OF MULTIPLE LONGITUDINAL BIOMARKERS FOR THE
EARLY DETECTION OF OVARIAN CANCER
Blyuss O.'?, Zaikin A.? Abrego L.?
o.blyuss@qmul.ac.uk

! Wolfson Institute of Population Health, Queen Mary University of London, London, UK
2 Institute for Women'’s Health, University College London, London, UK

Background. Despite recent advances in the development of approaches
for earlier detection and treatment, ovarian cancer remains one of the
malignancies with very poor prognosis. The only well-studied ovarian cancer
biomarker is CA125 whose measurements are known to be increasing prior to
diagnosis. Previously several methods have been suggested for predicting risk of
ovarian cancer based on serial changes in CA125, however their performance
characteristics were not sufficiently high to suggest respective approaches for
screening. In the present study we aim to evaluate predictive power of a
combination of longitudinal biomarkers including CA125 together with some
other know biomarkers such as HE4 and Glycodelin.

Methods. To incorporate changes in serial patterns of multiple
biomarkers we have used Bayesian Changepoint modelling. This relates to the
fact that when a biomarker is related to tumor development, it is expected that
corresponding levels should remain approximately flat before cancerous cells
appear and then suddenly increase thereafter.

Results. We obtained highest performance for a combination of CA125
and HE4, AUC of 0.988 which was significantly higher than the performance of
longitudinal CA125 (AUC 0.956). One year before diagnosis, the combination
also outperformed single biomarker although difference was not significant.

Conclusion. Several combinations of longitudinal biomarkers have been
evaluated and tested. We showed the potential of multivariable models to

increase the detection rate of ovarian cancer.
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AJITOPUTM NOBYAOBU E®@EKTUBHOT O PO3IIOALTY OB’€EMIB
POBIT U1 TEXHIKHA HNIAITPUEMCTBA
Bboroma3s B.M., wbogomas@ji.ua, bopenko M.B., bopucenko A.M.

Ykpaincoxuii 0eporcasnuii ynisepcumem nayxku i mexumonoeiu, M. J{Hinpo

HeobxifaHOO YMOBOK 3abe3rneyeHHs CTIMKOro PyHKLUioHYBaHHSA 06’€KTIB
TPaHCMOPTHOT  IH(PaCTPYKTypU [ep>aBu € CBOEYaCHe Ta HKICHe X
06CyroByBaHHS i BiIHOB/IEHHS NMPWU PYAHYBaHHI 3 Pi3HUX NPUYNH (NPUPOAHOTO
abo BICbKOBOro xapakrtepy). [And eeKTUBHON0 BUKOHaHHSI TaKMX onepawii
3a3fanerifb NPoBeAeHO PO3MOAINEHHSA AepXKaBHUX NIANPUEMCTB (MPU3HAYEHNX
ANA TaknxX pooiT) Ha BU3HAYeHUX TepuTopisax. Mpu BigHOBEHHI aBTOMOGINbHNX
A0pIT, AINAHOK 3a/1i3HUYHOT KOAIT, PI3HOMaHITHUX LUTYYHUX CNOPYA Ha 06’ eKTax
IHPPACTYKTYpU NPOBOAUTLCS BENIMKMIA 06°€M POBIT MO NepeMiLLIEHHIO 3eMNSAHUX
Mac, AN BUKOHAHHA AKUX 3a/ly4aroTbCs 3eMIepUiAHI MaLLMHWN Ta TPaHCMOPTHI
3acobun. [lMpouec po6oTM BULIE3a3HAYEHOT TEXHIKM MigNpuemMcTea npw
BiZJHOB/IEHHI 00’€KTY NOZAINAETLCA HA ABI OCHOBHI YaCTUHW: TPaHCMOPTYBaHHA
TEXHIKW 3 MYHKTY Aucnokauii nignpuvemMctsa [0 06’€KTY BiAHOB/MEHHS
(byfiBHMLITBA) Ta BUKOHaHHA OCHOBHMX POOBIT Mo NepeMmilLeHHIO 3eMISHUX Mac.

Mpn UbOMY TMPOLEC TPAHCMOPTYBaHHA TEXHIKM XapaKTepU3yeTbCA
[OBXMHOIO,  SKICTIO  MOKPUTTA  AOPIr, CnocoboM nepecyBaHHs,  LUO
6e3nocepeHbO BMNIMBAE Ha BapTICTb TPAHCMOPTYBaHHS TEXHIKW Y 3a3HAYeHMi
paioH.

3ajaya pauioHasIbHOro po3nofineHHs 06°emiB pPobIT MiXK HasBHOM
TEXHIKOK nignpuemcTea Ha 06°ekTi OyfiBHMUTBA abo BIAHOBMEHHS 3
ypaxyBaHHAM T TPaHCMOPTYBaHHA Ha 06’ EKTU € aKTya/lbHOHO.

Hexaihi BMHUMKNA HEOOXiAHICTb BiJHOBMEHHA Ha OAHOMY 006’€eKTi
BMKOHaHHS 3aBfAaHb 3 BignoBigHMM 06’eMOM pPob6IT V , KM 3HAXOAMUTLCA Ha
BiACTaHI L Bif Micus po3MileHHA nignpuemctea. BigctaHb TpaHCNOPTYyBaHHSA
'PYHTY nicnd WOro 3aBaHTAXEHHA B TPaHCMOPTHWUIA 3acibé Ao 06°ekTa

BIHOB/IEHHS [OPIBHIOE | .
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Hexai Ha nignpuemcTsi € N TUMNIB 3eM/IEPUNHNX MALLVH 3 BiAMOBIAHMMMU

Be/IMYMHAMN MPOAYKTUBHOCTI IIj, i=1,n, AKi MpauloloTb B KOMMIEKCI 3 N
TNamn TPaHCMOPTHUMK 3acobamu. KinbKiCTb 3eMIEPUAHMX MALLWH j -FO TUMy
[OPIBHIOE Pgyj. HeXain Xj - 06°eM 3eMSIAHMX POGIT, BUKOHAHWIA i-UM TUMNOM

MaLUWHM Ha 06°eKTi. [ns OuiHIOBaHHA e)eKTUBHOCTI BUKOHAHMX POBIT 6yaemo
PO3rNa4aTN Yac BUKOHAHHA Ta CyMapHYy BapTICTb.

3afiaya nonsrae y BU3HayeHHi Takmx 06°eMiB X; *, Cyma AKMUX LOPIBHIOE

V , Ta AKi 6 3a6e3ne4vyBasin MiHiMasbHi Yac Ta BapTICTb BUKOHaHHS Po6IT. Mpw
LbOMY e(eKTUBHUM PO3B’A3KOM 3afadi OyaemMo Ha3uBaTW TaKWil PO3MOAin
06’emiB x_I AKWO OyAb-AKa MOoro Bapiauis Npu3BoAMTL A0 MOTiPLUEHHS OAHOrOo
3 1BOX MOKa3HWKIB AKOCTI.

[na po3rngHyTol 3a4adi nobyfoBaHO MaTeMaTU4YHY MOZesNb, fKa SAB/SE
CO60I0 TPaHCMOPTHY 3afa4vy 3 ABOMa MOKa3HMKaMK SKOCTI: YaC BMKOHaHHA Ta
CyMapHa BapTiCTb BUKOHAHHS POGIT.

B po6oTi 3anpornoHoBaHO anroputMm nodyaosu eheKTUBHOIO po3noginy
06’eMiB pOBIT ANA KOMMNJEKCIB MawuH NiAnpueMCTBA Ha OAHOMY O06’€KTI
BIAHOB/IEHHS1 TPAHCMOPTHOI  IHPACTPYKTypu. [Onsa nobyaoBn  MHOXUHU
eheKTMBHMX PO3B’A3KIB 3a4ayi MOKa3HUKMN AKOCTI NpefAcTaBieHi AK YHKLIT Bif
napameTpy o. Takuil Nigxod [ae MOXIMBICTb PO3B’A3yBaTW 3afadvi npwu
3azfanerigb 3a4aHNM MakcMmasibHO NPUNyCTUMUM BUTpaTam abo npuv 3agaHomy
yaci BUKOHaHHS pooiT,

[na po3B’A3yBaHHA 4MCE/IbHOTO MNPWKNaZy PO3rNsHyTOI 3agadi (npu
n=23) 3a 3anpornoHOBaHNM aJIrOPUTMOM PO3P06IEHO NporpaMHe 3abe3neyveHHs
Yy CUCTEMi aHa/liTUYHMX PO3paxyHKIiB Maple. B pe3ynbTaTi 3a/lyyeHHs
nobyaoBaHoi nporpamn Ans Po3rfisHYTOro npuknagy nodynoBaHO MHOXUHY
NpUNYCTUMUX 06’€EMIB BUKOHAHHA 3eMISAHUX POBIT, MHOXWHY e(eKTUBHUX
PO3B’A3KIB, rpaiyHy 3a1eXHICTb BapTOCTI BWMKOHaHHA POGIT Big uacy,

BUTPayvYeHoro gnaa uboro.
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MIIXOAU AJJTOPUTMIBALII TA OPTAHIBALIT JAHUX

Boxkyxa JI.M., bozhukha.li@gmail.com

Jninposcoxuti nayionanvuuu yrnigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

Mpwn BUpILIEHHI Pi3HUX 3aBAaHb B IHXKEHEPIT NporpaMHOro 3abesneyeHHs
NPUAINAITL yBary Ka040oBUM NpUHLMNAM, AKi Bi4irpaTe BaXXIMBY posib Npu
PO3PO6/IEHHSA aNropuTMIB Ta BIAMOBIAHMUX 40 HUX CTPYKTYP AaHUX.

Hemae eMHOro anropuTtmy, KM NocniJoBHO 3abe3nevyBas 6V HaliKpaLly
MPOAYKTMBHICTb 3a BCiX 0OCTaBUH. Y Mipy OTpMMaHHA iHopMaLi’ Npo BXiAHI
AaHi HeobXiAHO 06MpaTK CTPYKTYPY Ta anroputMmu, AKi Halbinblle NigxoasThb
and po6otn. lMpupoAHMM pilwleHHAM Oyfe 30CepeaMTUCA Ha Hauripomy
BUMaAKy [ANS KOXHOro anroputmy. Ase 060B’S3KOBO HEOOXiAHO Mpuainntu
yBary KOHUenuiam, i3 KUMKW AOBOAUTHLCA CTUKATUCA Mif Yac peanisauii Ta
BUKOPUCTaHHS LUMX a/irOpPUTMIB.

[Mpu BUPILLEHHI 33424 MOXHa TaKOXX BUKOPUCTOBYBATU MPUHLMN PO3KNaLy
Ha 3afa4i MeHLLOro po3mipy.

BaxnmBnMm € nuTaHHA BWOOPY NpPaBWbHOT CTPYKTYpU [aHUX Ans
BUPILLEHHS PI3HMX MiA3afay OAHOro TemMaTuyHoro 6110ky. Bubip HefopeyHoi
CTPYKTYPU [aHWX MOXEe He [03BO/IMTU alropuTMy AOCArTM  HalKpallol
MPOAYKTUBHOCTI.

AKWO BAAETLCA BUAIMTL  NiA3aBAaHHA, AKI MOXHa 064MCNOBaTy
He3a/IeXXHO, TO MOXHa CMPOEKTYBaTW  6aratornoTOKOBE  PilleHHA 3
BUKOPUCTaHHAM HasfABHMX pecypciB. OfHaK He KOXXEH a/iroputM Moxe 6yTu
MOKpaLLEHNIA 3a JONOMOro0 napasneniamy.

CyyacHi anroputMmn fyXke 4acto HeCNpOMOXXHI MnpaLoBat 6e3 BUCOKOro
CnoxuBaHHA nam'aTi. CTBOpPeHHA [OAATKOBOro MNpPOCTOpY Y  BUMNAgI
A0AAaTKOBUX MOMIB CTPYKTYPK 3 iHpOpMaLLiErD MOXKe NPUBOANTU [0 BUHUKHEHHS
MPOCTOPOBO- 4YAaCOBOrO KoMMpoMicy. CTBOPEHHS Takoro LOAAaTKOBOIO NpocTopy
AN 36epiraHHA faHuxX po3mipoM nopsagky () MOXHa opraHisoByBaTwu A

3abe3neyeHHs e(eKTMBHOI peanisauii anroputmy. [N YHUKHEHHS BUCOKMX
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BUMOr [0 nNam’dATi MOXHa BWKOPWUCTOBYBaTU G/IOKOBE COPTYBaHHA [N
PIBHOMIPHO PO3MOAINEHMX AaHUX.

MpuKNagoM BUKOPUCTaHHA [ABOX Pi3HUX CTPYKTYpP [aHWX  LW040
BUKOPUCTaHHS afiropuTMy MOLIYKY MOXYTb OyTuM  36anaHcoBaHi [epeBa Ta
SkipList. Peanisauis 36anaHCOBaHWX [EPeB € CKIaAHNM 3aBAaHHAM, a CMNCKK 3
MPonyckamy € MPOCTOI CTPYKTYPOK [AaHUX. AITOPUTMU CTPYKTYPU [aHKX
SkipList /lerko peasi3oByBaT, pO3LIMPIOBATM Ta 3MiHIOBATW. 3BMYalHI
peanisauii onepawiin Ha cnmnckax 3 NPonyckamn NPUG/IM3HO Taki X LWBUAKI, K i
BMCOKO OMNTMMi30BaHi peani3saLii Ha 36anaHCOBaHMX [epeBax.

PO3rnsHeMo ABOBUMIPHWA MacuB Ta MY/bTUCMUCOK, SKi  MOXYTb
MNPeACTaBNATM  CTPYKTYPY  PO3PIMKEHUX  MaTpULb  Ay)XKe  BeUKOl

PO3MIpHOCTI. Hanpuknag, MynbTUCMMCOK 3abe3nedye eeKTUBHE 306epiraHHA

NALLE HEeHY/NIbOBUX €NIeMeHTIB, fAKi BXOAATb Y cnvckn, pe , -—
KINIbKICTb PAAKIB | CTOBNLIB MaTpuLL.

OpraHizayifa po3pimkeHol maTpuui y BUTNAAI MYNbTUCTIUCKY LUMPOKO
BUKOPUCTOBYETHCA B MALLUMHHOMY HaBYaHHI ANA Lineld KoA4yBaHHA [aHWX i B
IHWKMX 06nacTax, Takmx K 06pobsieHHs npupodHoi moeu. ObpaHa CTPYKTypa
PO3PiPKEHOT MaTpuLi MOXKe CYTTEBO BM/MBATW Ha MOKPALEHHA HEWPOHHUX
mepexx. OCHOBHUMW MepeBaramn Takoro rnpeAcTasBeHHA PO3pIMKeHOT MaTpuui
€ 06cAr Nnam’aTi Ta Yac 064YMC/IEHD.

CTucHeHHs 6e3 BTpar abo yciyeHe 36epiraHHA PO3PIMKEHOI MaTpuui €
3ara/ibHAM  SBULLEM B IHXeHepii nporpaMHoro 3abesneyvyeHHs. MoxKHa
BpaxoBYyBaTV PO3PIMKEHICTb MaTPULi | BUKOPUCTOBYBATN METOAN CTUCHEHHS,
06 nnwe 36epiratn «iHhopMaTUBHI» 3HAYEHHS B MaTpULL. PyHAAMEHTAIbHUIA
XapaKTep LbOr0 CTUCHEHHA [PYHTYETbCA Ha 6aratbOX OLHUX |1 TUX >Ke
KOHLENLIAX NPorpamHoi iHXeHepii, AKi 403BOMAOTL BUKOPUCTOBYBATU OY/b-
KNI ePEKTMBHUIA cnocib 36epiraHHs.

Mo>kHa BUAINNTK, K Npobnemy, iCHyBaHHA MEBHOT rPynn Hee(heKTUBHUX

KOAIB, AKI MIATPMMYIOTb PO3PIMKEHI 06UMCIEHHSA anredpu.
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IMPO ®OPMAJIIBAIIIO BHYTPIIIHIX ITPOLIECIB
MNJAT®OPMHU XMAPHUX OBYUCJIEHb
Bboxyxa M. 1., dbozhuha@gmail.com
Bbaiioy3 O.I'., mzeom@ukr.net

Jninposcoruti nayionanvnu ynigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

[ONna [OCATHEHHS OCHOBHWX NPUHUMNIB peasisauii cepBiC-OpiEHTOBaHOI
apxiTEKTYpU BUAINAOTL GaraTopiBHEBUIA MeXaHi3M abcTparyBaHHsi XMapHUX
cepsiciB. Npn BMOOpPI apXiTeKTypy NNathopMu XMapHUX 064YMC/IEHb BUKOHAHO
moandiikauito  apxitektypu [1]. Po3rnsHyto Mofenb  GaraTopiBHEBOI
apxiTeKTypn nnaTthopMn XMapHUX OOYMC/IEHb, SIKa MICTUTb CiM  PIBHIB.
MpeactaBneHHA CTPYKTypu piBHA PaaS y Burnagi iepapxii  3abesnevye
MOX/IMBICTb  Mofanbluol  dopmani3auil  BHYTPILWHIX MpoLUeciB  nnat(opmu
XMapHUX 064YmMCreHb. XapaKTepuctmkaMun (yHKLiOHYBaHHA XMapHMUX CUCTEM €
MHOXWHa  napameTpiB, AKi  06ymMOBNeHI  0CO6/MBOCTAMW  peasi3auil
iHhopMaLiiHMX MPOLECiB Ta HagaHHA iHopMauiiHMX nocnyr. Ons KOXHOro
PiBHA Mofeni 6aratopiBHeBOI apXiTeKTypu MnathopMum XMapHUX 06YMCNEHb
3anponoHOBaHO BeNMKa KiflbKiCTb PO3P06IEHOr0 IHCTPYMEHTApIH0 Ta TEXHOMOT N
ANA peanisauii 3B'A3KiB MK PIBHAMW. BMKOpWUCTAHO anroputMm Kriacudikauii
Baiieca, AN OUIHKM MapaMeTpiB AKOro HeobXifAHO [0CTaTHbO HEBENMKOIL
KINIbKOCTI HaBYaNbHUX AaHuX. BusHayeHo 18 3miHHMX, fKi BiAnoBsifatoTb 3a
XapaKTepuCTMKMA BIAMOBIAHOTO PIBHA apxiTekTypwu. BwuaineHi fnBa Kniacu
«apHUA  BMBIpP IHCTpyMeHTapito / TloraHuin BWGIP IHCTPYMEHTapItO».
CtopmoBaHO HaB4YasibHa BWOIpKa po3mipoM 180 3 eKCnepTHOK OLIHKOH
BiZANOBIAHMX KOMGiHaLiin 3MiHHUX. Peanisalis KnacudgikaTopy nposegeHa npwu

BUKOPWUCTaHHI BOYL0BaHMX afIrOPUTMIB Knacudikawii,

Bioaiorpagivyni nocunanus
[ocsig posroptaHHs TecTiB OpenStack Ta NOPIBHAHHA BIPTYa/lbHUX | peasibHUX KNacTepHUX
cepeposuly, / bapgagnum T., NledptepoB O., OcuneHko C. // KibepHeTMKa Ta KOMM'OTEPHI
TexHonorii. 2021 — c. 74-85. (YKpaiHCbKOKO MOBOH) [ENEKTpOHHMIA pecypc] — Pexum
poctyny: https://doi.org/10.34229/2707-451X.21.3.7 (gata 3BepHeHHs: 24.04.2022).
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METOJIU KJACU®DIKAILIIT 306PA’KEHb TA BUKOPUCTAHHS IX B
NOJATKY JJisA KOHTPOJIIO BUKOHAHHS ®I3UNYHUX BITPAB
Bonnapenko b. P., bogdan.bondarenko99@gmail.com,

Cupnoposa M. I'., Sidorova.m.g@gmail.com

Jninposcoxuti nayionanvuuil yrigepcumem imeni Onecs I onuapa (Www.dnu.dp.ua)

MaHaemis Ta 3arasibHa CTpecoBa CUTYyalisi B CBITI Ay>Xe CUbHO 3MiHMNA
nigxig GinbLWOCTi Noderd A0 XMTTA. barato XTO BTpaTMB 3MOry 3a/iMaTtucs
CMOPTOM 4epe3 3aKpUTTA CMOPTUBHUX 3aniB. OKPIM LbOro, rpynoBi 3aHATTA B
301 Ay)XXe CUbHO BIAPI3HAKTLCA Bif 3aHATH BAOMAa HaoAuHLUI. JlloanHa pigko
MOXKE 3HAlTW AO0CTaTHbO MOTMBALIl Ta 3auliKaBMeHOCTI ANnd  TaKux
IHAMBIAYaSIbHUX TPeHyBaHb. YacTo Ans UbOro BUKOPUCTOBYETHCA MY3MKa.
OfiHaK, y TpeHyBaHHi 3 My3VKOI € OfIVH BE/IMYE3HIN MiHYC, a CaMe — paxyBaHHSA
MoBTOpeHb. yyHa Ta akTMBHAa My3WKa [0Momarae CKOHLIEHTpyBaTUCA Ha
MpaBUIbHOMY BMKOHaHHI BNpaBsy, asie 3aBaXKae paxyBaTy KiflbKiCTb MOBTOPEHb.
Came 4epes Le, 6yN0 NPUIAHATO pilleHHA Po3pobUTN J0AATOK, SKWUA 61 cam
paxyBaB Ki/fIbKICTb MOBTOPEHb MEBHMX BrMpaB Ta [JoromaraB MOBHICTHO
CKOHLIEHTPYBAaTWCA Ha NPaBWIbHOCTI BUKOHaHHSA (i3i4YHOT BNpasw.

MoTpibHO 6YyNn0 po3pobuTK NporpamHe 3abesneyeHHs ANa Knacudgikaui
300pakeHb, fAKe 6 fornomarano KOHTPOJIKOBATU BUKOHAHHA (Di3VYHKX Bripas, 3
MOXX/IMBMM PO3LUMPEHHAM (PYHKLIOHANBbHOCTI. 3aaBanocs 6, AKuii 3B’30K ICHYE
MK (DI3UYHMMK BMpaBaMu Ta 3adayero Knacudikauil 306paxkeHb? BennyesHa
KifIbKICTb BMpaB CKM1afaeTbCd 3 [ABOX CTaHiB, MOYaTOK BMpaBu, YMOBHO,
MOYaTKOBE MOJSIOXKEHHS, Ta MOMEHT, NPY AKOMY MW MOXEMO CKasaTy, L0 Bnpasa
Oyna BWKOHaHa OAWH pa3, YMOBHO — HailBulla Touka. Hanpuknag, Ans
MiATArYBaHHA: NePLUNIA Knac — KoM N0ANUHA BUCUTb Ha NPSMUX pyKaX, Apyrui
Knac — KO/N N0fiMHa B BEPXHIN TouLi, TOOTO, KONM MOXHa CKasaTu, L0 BrpaBa
Oyna BMKOHaHa.

[(nobanbHO, 3afayva Mondarae B PO3AiNeHHI 300pakeHb Ha [Ba Knacw,
300paXXeHHS 10 NoYaTKy BUKOHaHHS CMOPTUBHOT BNpaBu Ta 306paXkKeHHs MeBHOT

MIKOBOT TOYKM Brpasu. [na BUPILLEHHSA nocTaBfeHol 3a4adi 6yno po3rfisgHyTo
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Pi3HI METOAN, aNropuTMK Ta MigXoam Ans Knacugikauii 306paxkeHs. icnsa yoro,
CNMparyunCb Ha pesynbTaT¥ HayKoBMX AocCnimkeHb [1], 6yno NPUIAHATO
pilUEHHA BUKOPUCTATM METOL OMOPHWX BEKTOPiB, a came — NiHINHWN
Knacugikatop. 3a fOMOMOro0 MoBW nporpamyBaHHsi Python, 6i6ioTekn PyQt
Ta Scikit-learn 6yNn0 po3po6seHo [OA4ATOK, AKWA, 3a AONOMOroK BOYAOBaHOT
ab0 30BHILLHLOI BebKamepn pobuTb feKinbka oTorpadiin Ansa neplioro Ta
apyroro knacy. llicna upboro, f0AaTOK HaBYae Mofefnb Ta paxye KifbKiCTb
MOBTOPEHb BUKOHAHHS (hi3MYHOT BNpaBMu.

Bakn1BoKO YacTMHOK PO3pobKK foAaTKy Oyio nonepedHe onpatoBaHHSA
300paxkeHb. Bebkamepa, ika BUKOPUCTOBYBasiacs MpW HanmcaHHi L€l poboTu
Mana po3fifibHy 34aTHICTb Bigeo Ta oTo3axonneHHs 1280x720. Y iHWMUX
KOpPUCTYBayiB MOXe OyTK Kpalla abo ripla Kamepa, 3 po3AifibHOK 34aTHICTHO
640x480, abo HaBiTb 4096x2160. [na cTabifbHOT Ta LWBWAKOI PO60TH A0AATKY
OyN10 NPUIAHATO pilleHHA 06pobnaTK doTorpadii nepes BUKOPUCTaHHAM 1X 41
TpeHyBaHHSA Mogeni. Ona uboro, oTorpadii 6ynn nepesefeHi B YOPHO-6ini
TOHM Ta 3MeHLUeHi fo po3mipy 150x113. 3aBAsku LboMy, oTorpadii 3anmaroTb
Habarato MeHLle MiCUsi Ha YXOPCTKOMY [AMCKY, a aNropuTMy feriie HaBUMTUCH
BUAINATM OCHOBHI fieTai Ha (POTO, TaK SK KO/IbOPiB Habarato MeHLLe.

Y nopanblumx [LOCNIKEHHAX MNMAHYETbCA PO3rNIAHYTU  TeXHOMOriT
PO3Mi3HaBaHHA ro/iocy Ta IMMIEMEHTYBATU rO/IOCOBE KepyBaHHSA [0AATKOM.
OKpiM LbOro, HeobXigHO peanizyBaTu 36ip Ta Bi3yanisauito pesynbTaris
TPEHyBaHb.

Bibaiorpagiuni nocunanus
1. Rosasco, Lorenzo; De Vito, Ernesto; Caponnetto, Andrea; Piana, Michele;
Verri, Alessandro (2004-05-01). "Are Loss Functions All the Same?". Neural Computation.
16 (5): 1063-1076.
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3ACTOCYBAHHSA METOAIB OIITUMAJIBHOI'O KEPYBAHHA 10
BUPOBHUYOI MOJEJI IIHOYTBOPEHHS
Bparyra O.B., sashabratuta2000@gmail.com

Ko3akoBa H.JI., kozakova.natali@gmail.com

Ininposcoruil nayionanenutl yuisepcumem imeni Onecs I'onuapa (Wwww.dnu.dp.ua)

Ha cyyacHoMy eTani MOXKHa criocTepiraty JOCTaTHbO BUCOKY YYTMBICTb
CMOXMBaYiB [0 LjiHW, Hacamnepes Ha PUHKax CrOXMBYMX TOBapiB, a TaKOX
BCTAHOB/IEHHSI 3aBULLEHOT LiHN BUPOOHMKOM 4M NOCTaya/lbHUKOM. Y AaHil
poboTi  MPOMOHYETLCA  MOAEeNb  LIHOYTBOPEHHA Yy  BUINA4I  CUCTEMM

AndepeHLUiabHUX PIBHSAHb

{p= f(u, p), o
u=y(S(p)—-D(p)),
ae uiHa, ()i ()  yHKUil nonuTy i npono3uuir, napamMeTp, Lo

BU3HA4ya€e LUBUAKICTb MPsSIMYBaHHA 40 PiBHOBArv; amnaityga LMKIIYHOT 3MiHW
LiHM 3a1eXnTb Bif BM6opy PyHKuii f(u, p).
[Mo3Ha4ymMMo Yepe3 U MOLITYYHWNIA NOTIK TOBApPHUX BMPOGIB, z — KiflbKICTb

BMPOO6IB Y BUPOOHUKA 3 ANHAMIKOI 3MIHW:

2=U - NQLE} @
P
ne KINbKICTb CNoXusadis, S(p) — AOXi4 CNOXKMBaYiB, Q(w] — (hyHKUiS
P
CNoXuBaHHA. Hexai KiNIbKICTb TOBapiB Yy CMoXuBauis, KoemiLieHT

CNoXwuBaHHA. ToAi AnHaMiKa 3MiHM LbOro napameTpa BU3HAYaeTbCA PIBHAHHAM:

V= NQ[S(—pp)] —kV, (3)

3anponoHoBaHa Moesb (DYHKLIT MONnTY:

S(p) p
S g a P 4
Q( p ] RREYES *)
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ae Lie MaKcumasibHa noTpeba OAHIET N0AMHM B MPOAYKTI 38 OANHULIIO Yacy.

Lla yHKUiA cnafae i3 3poCTaHHAM LjiHW, 1 32 YMOBOHO O cnoxusavi

BiIMOBNSAOTLCS Bif nNpuabaHHs ToBapy. MNMapameTp Lie Mipa enacTUYHOCTI

(PYHKUIT NONUTY 3a WiHOK. TakuM YMHOM, PYHKLIS NOnuTy, fKa 3a4aHa B (oopMi
(4) € noporosoto (TO6TO, (Q):O npu ) 1 Mae BNacTMBOCTI

HacuyeHHs. PyHKLI0 crnoxmBaHHA () BU3HAYMMO CMNiBBIAHOLLEHHAM

D(p,z):zl. (%)

cr

[Mo3HauMmo Yepe3  cobiBapTICTb BUPOOHMLITBA OAMHWLI TOBapY, i Yepes
KOe(iLliEHT BWTpaT Ha 306epiraHHs, ToA4i NPUOYTOK BUPOOHMKA Ha
CKIHYEHOMY  TUMYacoBOMY  iHTepBali [ ] 6yme BusHavatuc
CNiBBIAHOLLEHHSAM

.

J(T):J.ENpQ(&j—UpO —klz]dt —> max. (6)
p

0

3BMYaliHO  MpUNYCTUTK, WO MaKCUMa/lbHUA  Temn  BUPOGHMUTBA

0OMeXeHWiA  TexHonoriyHnmMmn  mMoxnmeoctamm: 0<U<U,, pge U, -

MaKCUMa/lbHUIA TeMM BUPOOHMLTBA.

MocTaBneHy 3afgayy 3BeAeHO [0 3afadvi ONTUMA/IbHOro KepyBaHHS: MOTPIGHO
3HANTN TaknA Temn BUPOOGHWUUTBA, NpW SKOMY (yHKUioHan (6) Apocsrae
MaKCMMa/IbHOro  3Ha4yeHHsi, a O00’€KT OnUCYeTbCA  AnUdepeHuiabHUMN
piBHAHHAMK (1) — (3) 1 anrebpaiuHumu cniBBigHoweHHAMKU (4), (5). Taky
3afja4y BUPiLIEHO CTaHAAPTHUMK MeTodamKn Teopil ONTUMaNbHOro YrpasBniHHA

3a [JONOMOro0 NpuHUMny mMakcumymy J1. C. FNoHTpAriHa.
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PO KOMBIHAIIIl BUKOPUCTAHHS AJITOPUTMIB CTUCHEHHSA
IHPU I'PYITYBAHHI CEI'MEHTIB HABOPY PNG 30BbPA’KEHDb

By3oBcbkuii €.0., eugbn6@gmail.com
Bo:xyxa JI.M., bozhukha.li@gmail.com

Jninposecoxuii hayionanvrutl yHieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

Mopin 300paxkeHb Habopy Ha CerMeHTW Ta Mojasiblie rpynyBaHHSA CErMeHTIB
Pi3HMX 300paXKeHb Hagae MOX/IMBICTb OTPMMATW HOBUIN Habip 306paXkeHb A1
36i/bLLIEHHA KOE(ILIEHTY CTUCHEHHS 6e3 BTpar.

ICHYIOTb pi3HI nigxoan [0 3afadi cermeHTauii LOAO MOAINY MiKcenis
300paXKeHHs Ha rpynu. 3acToCyBaHHA METOAIB KfacTepusauii Ha rpyni
300paXkeHb, 30Kpema K-means, [Ans nofanblioro rpynyBaHHA KracTepis
MPUBENO A0 NOKPALLLEHHS CTEMEHHO CTUCHEHHS.

OTpumaHi pe3ynbTaT¥ rpynyBaHHA, KOMM B OAHY Tpyny NOTPanistoTh
HalbI/bLl CXOXI 3a CBOEKD NATITPOK (DparMeHTV MNpu BpaxyBaHHI (YHKLIT

( ) 4K KNacMYHOI NiHiIMHOT KOMOGIiHaUil 3HayeHb SCKPaBOCTI 3a
BU3HAYEHUMW KaHa1aMu.

MpoBeaeHNIA eKCnepuMeHT LWOoA0 3MiHM MOpsAAKY 3anyCcKy afroputMis
Knactepmsauii no kKoxxHomy 3 kaHanie (), (), () Ta dopmyBaHHA
Hagani KOMOGIHaUil CerMeHTIiB 300paXeHb TPynu npyv BUKOPUCTaHHI Pi3HUX
(hopm npeactasneHHs pyHkuii (. (), (), ().

MonepefHi pe3ynbTaT¥ MNPaKTUYHOI peanizauii Mokasanm MOKpaLeHHs
CTeMeHi CTUCHEeHHA 0 16% Konekuii 306paxeHb. Hagani MoXKHa mocTaBuTU
3afa4y aHasizy poboTM KOMOIHALIT afiropuTMIiB Ha KOJEKLiAX 300paxeHb, AK
MHOXWH Pi3HUX MOTYXXHOCTe, Ta MOKPaLeHHA anropuTtmie Ans nigTpuMKu
Alpha KaHany.

Bibsiorpagivyni nocuianus

1. McAnlis C. Reducing PNG file Size [EnekTpoHHu1 pecypc] / Colt McAnlis — Pexxum
joctyny fo  pecypcy:  https:/medium.com/@duhroach/reducing-png-file-size-
8473480d0476 .

2. Image Segmentation By Clustering [EnekTpoHHWiA pecypc] / pawangfg — Pexum
poctyny  go  pecypcy:  https://www.geeksforgeeks.org/image-segmentation-by-
clustering/.
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PO ABOETAIIHI 3AJIAYI OITUMAJIBHOI'O PO3BMIIIIEHHS-
PO3BUTTA B YMOBAX HEBU3HAYEHOCTI
Bynat' A.D., KiceasoBa® O.M., I“apT2 JIJL., HpHTOMaHOBa2 O.M.

1 : . . .
Incmumym 2eomexniunoi mexanixu im. M.C. Ilonsaxosa
Hayionanvnoi akademii nayk Ykpainu

2 . o . o . . .
J[ninposcokutl Hayionanvrull yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

B paHuin yac TepMiH o2icmuxa LWWAPOKO BUKOPUCTOBYETLCA Y Bi3HeCI Ta
rocrnofapcbKiin  AisNbHOCTI | BM3HA4Yae TeOpitd Ta MPaKTUKY MepemilleHHs
CUPOBUHK, MaTepianis, BUPOOHNYMX, TPYAOBMX | (hiHAHCOBUX pPecypcis, roTOBOI
NPOAYKUIT Bif TXHbOro [Kepena [0 crnoxueaya. [lepeBakHa OGiNbLUICTb
NOTICTUYHMX 3afa4y 3a3Bu4alt AOCNIMKYETbCA B YMOBAX BW3HAYEHOCTI, NpoTe
peasibHi CUTYyaLii, ANd SAKMX CTBOPHOKOTLCA NOFICTUYHI MOAeni, HauvacTille
XapaKTepu3ytTbCA NMEBHUM CTYMEHEM HEBU3HAYEHOCTI. Y UMX BMNaLKax AKiCTb
MPUAHATMX pilleHb B ONTUMI3aUiiHMX NIOTICTUYHUX MOAENAX 3HaXO4MTbCA B
MPAMIA 3a/1eXXHOCTI Bif, NOBHOTU ypaxXyBaHHSA BCIX HeBU3HAYeHUX (aKTopiB.
ToMy akTya/lbHUM € AOCNIAXKEeHHA NOTICTUYHMX 3aday y Bunagkax, Koim abo
OKpeMi napameTpu, WO BXOAATb A0 ONUCY MOAENI, € HEYITKUMWN, HETOUHUMN,
HeAOBM3HAYeHMK, abo € HeJOCTOBIPHMIA MaTeMaTUYHMI ONUC  [esKKX
3a/1eXKHOCTEN B Mogeni, Tow.

Y paHili poboTi po3rnagarTbCs HaMMOLLMPEHIWI NOriCTUYHI  3ajaui:
TpaHCNopTHa Ta ONTMMA/IbHOMO0 PO3MiLeHHA-po36uTTa. OcobnmBa yBara
NPUAINAETLCA  MaTemMaTMYHUM  MOfensam Ta nigxogam [0 pO3B’si3aHHA
06oemannux HENePepBHO-ANUCKPETHNX 334ay  ONTUMa/IbHOTO  PO3MILLEHHSA-
po30uTTA. LI 3a4a4i XapakTepn3yrTbCA HAsABHICTIO 4BOX €TaniB i NONArarTb y
BU3HAYeHHI 30H 360py HerepepBHO PO3MNOAINEHOro pecypcy (CUPOBUMHN)
nignpuemMcTeamMy nepwioro etany i 06cAriB nepeseseHb nepepobieHoro
MPOAYKTY Bif NiANPUEMCTB MepLUIOro etany A0 CroXuBadis (MyHKTaM Apyroro
etany) 3 METOK MiHIMi3auii CyMapHUX BUTPAT Ha TPaHCMOPTYBaHHA pecypcy
Bi, MocCTaya/ibHUKIB 4epe3 MyHKTM Mepepobkn (36opy, 36epiraHHA) [0

CroxwusayiB.  [BoeTanHi  HenepepBHO-AMCKPeTHI  3ajadyi  ONTUMabHOro
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po3nofiny-po3ouTTas, 3  OAHOro  OOKY,  y3ara/lbHIOKTb  KNaCUYHI
CKIHYEHHOBMMIpPHI TPaHCMOPTHI 3a4adi Ha BMNALOoK, KoM 06CArn BUPOOHMLTBA
(36epiraHHsa, nepepobKkM) B 3a4aHUX MyHKTaX HeBigoOMI 3a3fjanerigb Ta
BIALIYKYIHOTbCA K PO3B’A30K BIAMOBIAHOI HemepepBHOI 3a4advi ONTUMa/IbHOrO
PO30UTTS MHOXWHW CMOXMBaYiB (MocTava/ibHUKIB HENEepepBHO PO3MOoiNeHoro
pecypcy) Ha cepy 06CNyroByBaHHS X UMMM NMYHKTaMU; 3 IHLWOMO 60Ky, BOHW
y3ara/ibHIOKTb  AUCKPETHI  ABOeTanHi BUPOOHMYO-TPAHCMOPTHI 3afa4vi  Ha
BMMaAoK HenepepBHO po3nogdisieHoro pecypcey [1].

Y po6oTi AOCNifKYHTbCA ABOETarHi  HernepepBHO-AUCKPETHI  3afaui
ONTMMa/IbHOrO  PO3OUTTA-PO3MOAINY i3  3aJaHMM  MOJIOKEHHAM  LEHTpIB
MNIAMHOXWH MPU  OBMEXEHHAX Yy BUrNA4I  PIBHOCTER; i3  BifLlyKaHHAM
ONTUMA/IbHUX KOOPAMHAT po3TallyBaHHA LEHTPIB NIAMHOXMH, a TakoX i3
HEYiTKUMW NOYaTKOBUMU AaHVMMU,

Po3B’A3aHHA ABOETANHWX 334ay OMTUMa/IbHOrO PO36UTTA-PO3NOAINTY
3aCHOBAHO Ha €AMHOMY nMigxodi, SKWA nonarae Yy 3BeAeHHi BUXIAHWUX
HECKIHYEHHOBUMIPHMX  3aady  OMTUMaIbHOrO  PO36UTTA-po3NoAiny [0
Hernagkmx, $K MpaBuno, CKIHYEHHOBUMIPHMX 3afad onTtumisauii, Ana
UMCE/IbHOTO  PO3B’A3aHHA  AKMX  3aCTOCOBYHKOTbCSA  E(DEKTMBHI  METOAM
HeaudepeHLinoBaHOT ONTUMI3aLil — pi3Hi BapiaHT -anropuTtmy LLlopa. MeTog
M anroputM PpO3B’si3aHHS  [BOETanHoi  HernepepBHO-AUCKPETHOI  3ajadi
ONTUMa/IbHOrO PO3BUTTA-PO3NOAINY 3 HEYITKICTIO B Li/IbOBOMY (YHKLUioHanI
6a3yroTbCA Ha TOMY MPUHLMNI, L0 CNOoYaTKYy 4715 Bi4HOB/IEHHA TOYHMX 3HAYEHb
HEeYiTKMX napameTpiB Yy UiNbOBOMY (DYHKLiOHaMi 3aCTOCOBYETbCA METO[
HEMPONIHIBICTUYHOT  igeHTUiKayii, a noTiM  OonTUMalbHe  PO30UTTA
3HaAXOAMTLCS 3a JOMOMOroK MeTOZIB Teopil ONTUMa/IbHOTO PO3BUTTA MHOXMH

Ta MeToLY NOTeHUialiB PO3B’A3aHHSA TPAHCMOPTHOT 3a4aui.

Bidaiorpagivyni nocuiianus
1. KicenboBa O.M., apt J1.J1., MputomaHoBa O.M, Baneitko H.B. Heuitki 3agaui
ONTUMaNbHOIO PO3OUTTA MHOXMWH: TEOPETUYHi OCHOBMW, anropuTMK, 3aCTOCYBAHHS:
MoHorpadis. AHinpo: Mipa, 2020. 400 c.
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MOJIEJIFOBAHHS TA AHAJII3 CONTENT MANAGEMENT SYSTEM
«CUCTEMA MOHITOPHUHI'Y CTAHY TPAHCIIOPTHHUX 3ACOBIB
HA ABTOBYCHUX MAPHIPYTAX M./IHITIPA»

Bep6a O.B., olvi_ver@ukr.net, Jouenko T.C., tetiana.s.dotsenko@gmail.com,
3aiineBa T.A., ztan2004(@ukr.net, Jiucuus H.M. lisitsa_natalyal971@ukr.net

Jninpoecoxuii hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

JenapTtaMeHT TPaHCNOPTY Ta TPAHCMOPTHOI IHMPACTPYKTYpu MicTa
[HINpo perynapHo ornagae ctaH aBToOYyCiB Ha MapLlupyTax Mmicta 3aa/is
KOHTPO/IO Ta MifBUWLLEHHS AKOCTI NepeBe3eHb MacaXkupiB. 3a pesy/bTaTtamu
ornafiB CKNafakoTbCA BiAMOBIAHI aKTK, B AKUX PIKCYHOTLCA pe3ynbTaTu Ornagis
Ta KifIbKICTb 6aniB, AKi Leil aBTOOyC Habupae. banbHa cuctema [03BONSE OifbLU
00’€KTUBHO OLIHIOBATM CTaH CrpaB Ha OKPeMOMY MapLUpyTi Ta BUABAATM
Ha6i/bL NPO6/IEMHI Micud, AKI NOTPebyOThb A0AATKOBOT yBarm.

Onsa o6pobKM akTiB, X 30epiraHHA Ta BCe6GIYHOro aHanisy 6yno
PO3p06/1eHO IHOPMaLiiHY cncTeMy abo content management system (CMS) y
BUrNA4i Be6-3aCTOCYHKY. OKpiM 3py4yHOro iHTepency, SKWil [LO3BOSISE
CNIBPOGITHNKAM [enapTamMeHTy 06pobnaTh BeNMKY KiNIbKICTb aKTiB, cUCTeMa
BUPILLYE | Apyre BaXK/MBe 3aBAaHHSA. Pe3ynbTar ornsay aBTobyciB € Myo6/1ivyHO0
IH(pOpMaLLiErD, TOX KOXEH MICTAHWUH MOXe 3ailTW Ha CallT Ha 03HalOMUTUCL 3
pe3ynbTaTamMu Orna4iB 3a KOHKPETHUM TPAHCMOPTHUM 3aC000M.

[MpoeKTyBaHHA CUCTEMM CKnadanocs i3 [Aekinbkox etanis. lNo-nepuue, i3
3aMOBHWKOM 6ynn po3pobneHi Ta 3aTBepKeHHi BUMOMM [0 Be6-3aCTOCYHKY.
Mo-gpyre, 6yna BYBYeHa NpegMeTHa 06/1aCTb Ta CMPOEKTOBAHO MOZENb AaHWX,
po3pobneHo 6a3y paHux. o-TpeTe, 6yno po3pob/eHO MakeT Ta BUKOHaHa
BepcTka wWabnoHis HTML-cTopiHOK. Ha HacTynHomy etani Bifgoynocs
nporpamyBaHHS CepBepHOl 4YacTWHM Beb-3aCTOCYHKY. [ns uboro 6yno
BUKopuctaHo PHP 7.4, apxiTeKTypa Be6-3aCTOCYHKY OyayBasiacb 3a NaTTepHOM
MVC, Ta BKNo4Yana B cebe OCHOBHI MoAyni, Taki K mapwpyTusauis, Mogeni,

KOHTPONEPW Ta NpefCcTaBeHHS.
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OKpeMuUM MUTAHHAM, PO3rNAHYTMM B POOOTI CTall0 BMBYEHHS PO6OTU
onTumisaTopy 3anuTtie — nigcuctemn CKBJ. Pesynbtar, SKUin KopucTyBau
oTpumye y 6pay3epi Le nepenik akTiB Ta IHGopMalii Npo HUX; Ki/bKICTb
BUBEAEHOI IH(hopMaLliT 3a1eXXUTb Bif KOHKPETHOro 3anuTy Kopuctysaya. KoxkeH
TaKWUin KOPUCTYBaLbKWIA 3annUT NOTPebye 3BEPHEHHSA A0 AEKiNbKOX Tabnuub Ta
arperauii oTpMaHmX pesynbTaTtiB ANns BuAadi KopucTyBayesi. [ns cTabinbHOI
Ta LWBMAKOT POBOTU CUCTEMM HeOoOXIAHO OYyN0 NepernaHyTn 3anutn, SKi
6e3nocepefHbO BIAMNPaBNAOTLCA Ha BUKOHaHHA y CKB/l Ta BMEBHWUTUCDH, LU0
BOHM € ONTMMa/IbHMMW Ta He BUTPaYyaroTb CEPBEPHI PECYPCU MapHO.

B po6oTi po3rngaHyTo eTanu onTumisauii nigcTeMy 3anuTiB, 30KpeMa,
MeTOAM SKi ONTUMI3aTOpP BUKOPUCTOBYE A9 NMOOYA0BM aflbTEPHATUBHUX MaHiB
BUKOHAHHA 3anuTiB: CTpaTeris BUKOHaHHA 3anuTy Moxke OyTn nobyaoBaHo 3a
OLIHKOK BapTOCTi abo eBPUCTUYHUM (NOTIYHUM) MeTOAOM. Y MepLUuomy
BUNaAKY, OMTMMI3aTOpP OLiIHIOE (I3UYHI BMACTMBOCTI, Taki AK KiJIbKICTb
KOPTEXiB, X PO3Mip, po3Mip Ta CTPYKTYpYy Tab/vub, HasBHICTb YHIKa/IbHUX
3anucie, Towo. Mig 4ac norivyHoT onTuMi3auil 3annT MNPeACcTaBAAETLCA fAK
anrebpaiyHnini  BUpa3, [0 $KOro 3aCTOCOBYHOTLCS MpaBufia EeKBiBaJIEHTHUX
MepeTBOPeHb pensuinHnX BupasiB. B pesynbTaTi Oyae OTPMMaHO /OrivyHO
eKBiBa/IeHTHI [0 3anuTy BuMpasu, cepef SKMX ONTUMI3aTop 06epe HalMeHLU
BUTPATHUA NfiaH BWKOHaHHA. EKBIBaleHTHI  MepeTBOPEHHS  [03BONAOTb
MiHiIMi3yBaTK KifIbKiCTb HEo6XigHMX onepauili Ta pecypciB. Tak, onepaLis
BMOOPY Mae BUKOHYBATUChb SKHaWLUBM/LLE | MePLLIO MAe BUKOHYBATUCh Ta, LLO
MOBEPHE HaMMEHLLY KifbKICTb KOPXiB. TakoX [oUiNbHO BUKOPUCTOBYBATU
MPOEKUiT 3 YITKUMU OBMEXEHHAMW AN TIET X Uil - YiM BiflbLl 0OMEXEHUM
Oyfe 3anuT, TUM MeHLY KiflbKICTb KOPTeXIB 6yae OTPMMaHO B pe3y/bTarti, TUM
feweswmmM 6yge 3anuT. OKpIM LbOro, ONTMMI3aTOp 3anuTiB Mae [eKifbKa
cTpaTeriin BUKOHaHHA orepauiid NoegHaHHS, OCKiNIbKN MOPSAOK TX BUKOHAHHS Y

3annTi € HaA3BUYAHO BaXKIMBUM.
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BUKOPUCTAHHS TEXHOJIOT'TI JOMMOBHEHOI PEAJIBHOCTI IJI51
HIABOPY OKYJIAPIB Y MOBIJIBHOMY 3ACTOCYHKY

BoBuenko T.O., 1taras.vovchenko@gmail.com

AnToHenko C.B., szemlyanaya@gmail.com
Jninpoecoxuii Hayionanvrutl yHieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

BUKOpPWCTaHHS LUTYYHOrO IHTENEKTY AN15 CTBOPEHHA MOBINBbHUX A0AATKIB
B OCTaHHI POKW CTa/io AYXKe aKTya/lbHOK TeMy B MOOGiNbHIn 1T ranysi. Bxe
Ginble 1 Ginblie 6i3HeCIB MparHyTb A0AAaTU 40 CBOIX A0AATKIB «yHIKa/IbHY»
(yHKUit0, fika Oyfe peasizoBaHa 3a [JOMOMOIOK LUTYYHOTO iHTenekTy. Taka
(OYHKUIS MOXe 36iMbLUMTU KIJIbKICTb HOBMX KOPWUCTYBadiB, MOKPALWMTL iX
[0CBI[ KOPUCTYBaHHAM A0AATKY | TUM camMnM 30i/1bLUNTY NPUBYTKKN Gi3HeCy.

[nsa peanisauii 6axxaHO! (PYHKLIT <«OKMBOro» Mepernsgy OKynspiB Ha
06MYYl KOpUCTyBaya B PeXuMi peasibHOro 4acy crnoyaTtky Tpeba npoBecTu
aHani3 npeameTHOT 061acTi, BCE MOX/MBI IHCTPYMEHTM Ta X BNacTMBOCTI Ta
MOXX/INBOCTI.

Mpn po3pobui O6yab-AKoi (PYHKUIT 3 BUKOPUCTAHHAM  LUTYYHOrO
IHTENeKTy, Tpeba bpaTn A0 yBarn apxiTeKTypy, MOX/MBOCTI Ta 0OMEXEHHS TiEl
nnatgopmun, B AKy Oyfde iHTerpyesatmca uUs (PyHKUis. Ta mogenb, fka 6yne
eheKTMBHO npavtoBaty Ha BigeokapTi (GPU) Ta npouecopi (CPU), Wo CTBOPEHI
A9 HacTI/IbHOrO KOMM’KOTepa, MOXYTb Ay)Ke MOBINIbHO MpautoBaTy Ha TUX
cammnx MPUCTPOAX Ha MOOINbHMX TenehoHax. ToMy nepLui iHTerpauii WTy4yHOro
IHTeNeKTy Oynu 3aBaskvM mMoxnvei nvwe 3 gonomoroto Cloud Vision APl —
IHCTPYMEHTY, SIKAWA [03BOSISE HaBYaTW Ta 3anyckaTy¥ HeWpOHHI Mepexi Ha
XMapi. Lle 3MeHWYyBasi0 HaBaHTaXXEHHA 3 MOOINbHOro TeneoHy, ane Oyna
notpeba B MOCTiIMHOMY Ta LUBMAKOMY iHTEepHeTi, Ta Oynn AesKi 0OMEeXeHHS,
NoB’si3aHi 3 BUJayero pe3ynbTaty y pexuMmi peasibHoOro vacy. Ane y 2017 poui
KomaHga Google npeactaBuna CiMeMCcTBO MOAeNein ANa LUTYYHOTO IHTENeKTYy —
MobileNets. BoHn 6ynn 3npoekToBaHi Nig apxXiTeKTypy MO6ifbHUX TenegoHis,
Ta MOr/v npautosat 6e3 JOCTyny A0 IHTEPHETY, TUM CaMUM MOKPALLyHOUK

[0CBI[ KOPUCTYBauiB.
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Ha CcbOrogHilWwHIin geHb peanizyBati MOGINIbHWIA LOAATOK 3 (DYHKLIEO
[IOMOBHEHOT peaslbHOCTI MOXHa 3a A0MoMOrow pPIi3HMX IHCTPYMEHTIB Ta
nnatopm. OAmMH 3 HalnonynapHiwmx iHCTpymeHTiB — ARCore Big Google.
Ane uel HCTPYMEHT € AyXe «BaXKMM», BiH CTBOPEHWA Ana peanizauil
CKNagHNX (YHKLUIA Yy peXXumi AONOBHEHOT peanbHOCTI (BIATBOPEHHS Bifeo,
PO3MILLIEHHS BENMKOI KiNIbKOCTI 00’€KTIB Yy Kaapi, CKnagHi aHimauii Ttowyo) i
BUKOPWCTOBYE BE/NNKY KifIbKICTb PECYPCIB TENeMOHY.

[na peanisauii KOHKPETHOI 3afadvi, a came Mepernagy OKynspis, LeW
IHCTPYMEHT He € [ouUinbHUM. BpaxoByroun Te, WO OKYNsSpU «MpuB’A3aHi» [0
06/1M4ys, 6yae [OCTaTHLO BUKOPUCTOBYBATU IHCTPYMEHT, AKUIA MOXKe BUSBNSATU
06mMuYs Nofein Ha Bigeo Yy peXxumi peasbHOro vacy. [nd uboro igeanbHO
nigxoaunTtb Habip mopenei Big Google nia Hasgowo MLKIt. BiH MicTutb Face
Detection — API, 3a JOMOMOrol0 SKOro po3po6HMK MOXEe Ierko iHTerpysartu
MOX/IMBICTb BUSB/IEHHA 00/1M4YS NOANHN Ta OTPUMaHHA KOOPAMHAT MOoro puc.
Lle APl BukopucToBye nig kKanotom BlazeFace — mogenb, Aka € BUXiguem 3
MobileNets. BoHa HaTpeHOBaHa Ha BeNMKIW KiNbKOCTI POTO NHOAEN 3 YCbOro
CBITY, TOX Ma€ Be/IMKWI LIAHC BUSIBMEHHS 00/M4YS HE3aNeXHO Bif perioHy (B
cepeaHbOMY TOYHICTb CK1agae 98,6 %).

TakK fK KopucTyBaY [04aTKy NOBUHEH MaTW 3MOrY MNepernsgatn oKynsapu
Ha CBOEMY 06MMYdi 3 PI3HMX pakypciB, TO Ui OKyndpuM MarTb OyTu
npeacrtaeneHi y Burnagi 3D mogeni, Ta CTBOPEHHI 3a 4OMOMOIo cnevjiasibHOro
IHCTPYMeHTY, Hanpuknag, Blender. Ona BigobpaxeHHs 3D mMofeni Ha ekpaHi
AofaTky aouinbHo 6yae BuKopucTaTu peaniszauito 6i6niotekn OpenGL ans
Android.

BukopuctoByroum BCi BULLenepepaxoBaHi IHCTPYMEHTU, MU MOXXEMO
pO3poOMUTM O04aTOK, AKMA Oyae e(eKTMBHO MpautoBaT Ha MOGINIbHUX
MPUCTPOSAX HaBiTb NPW Cnabkomy iHTepHeT-3’efHaHi. BiH 3MOXe nogapysatu

KopuCcTyBayaM HOBWIA AOCBIf IHTEPHET-MOKYNOK OKYNAPIB.
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METO/ CUHI'YJAPHUX IHTEI'PAJIBHUX PIBHSIHD B
MPUKJIAJTHUX 3AJAYAX MIIHOCTI AJ1A TIJI 3 TPILIMHAMUA
BoJsiogapeus JI.B., kardashova.d20@fpm.dnu.edu.ua,
BoJsiogapeus M.B., volodarets. m@fpm.dnu.edu.ua,

IleBeanoBa A.€., shevelevaae@dnu.dp.ua
Jninpoecoxuii Hayionanvrutl yHieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

PO3LLMpPeHHs crnekTpa NpUKNagHnX 3af4ad y paMKax 3acTocyBaHHA Teopii
CUHTYNAPHMX [HTErpasibHUX PiBHAHb 4O 3a4ay Teopil aHaNiTUYHMX (YHKLUIN,
Teopii NPY>XHOCTI, Teopil TenoNPOBIAHOCTI | PAAY IHWKWX PO3A4iniB MeXaHiKu,
(iskn  Ta mateMaTU4yHOI (iKW, pPafiOeNIeKTPOHIKK, 6IOHIKK, Teopii
(hinbTpauii, eKonorii, eHepreTukM mnpu3Besno A0 aKTuBi3auil TeopeTUYHMX
AOCNIMKEHb | PO3BUTKY YMCNOBUX METOAIB PO3B’A3aHHA CUCTEM CUHIYNSAPHUX
IHTErpasibHUX PiBHAHD.

B paHii po6oTi po3rnsgatoTbea ABi 3afgadvi, MaTeMaTUYHUMKU MOAENSMU
AKNX € CUHTYNAPHI IHTErpasibHi PIBHAHHSA.

Po3rnaHyTa nnocka 3agava A1 HEeCKIHYEHHOro MpY)KHOro Liapy 3
BHYTPILWHLOK TPILWMHOK. TpilMHa HaBaHTa)KeHa BHYTPILLHIM TMUCKOM, a Ha
NPYXXHUA wap [AitloTb ABa TUMY HaBaHTaKEHHA: CUMETPUYHE MornepeyHe
CTUCKaHHA Napoto 30CepePKEHNX CUN abo CUMETPUYHMIA MOMEPeYHnin po3Tar
Mapoto 30cepempKeHnx cun. TpilmHa BBaXKAETLCS BIAKPUTOO | pO3TallOBaHOK
nocepeAvHi NPY>KHOTO LWapy napasnenbHO NOro NoBEPXHI.

CgopmynboBaHa MaTemaTMyHa MOAenb 3afadvi, fkKa 3BOAUTLCA [0
CUCTEMX [BOX PIBHSAHb B YaCTUHHUX MOXIAHUX €NinTUYHOro TUny 3
BIAMOBIAHVMM  MILLAHUMW TPaHWYHMMK  YMOBamMW. 18 po3B’A3aHHA  LIET
CUCTEMU BUKOPWUCTAHO METOA IHTerpasibHUX nepeTBopeHb dyp’e. Lle fano
3MOry 3BecTv npobnemMy [0 CUHTYNSPHOrO iHTErpasibHOro PiBHAHHA 3
ocobnueicTio Tuny Kowi. BaXnMBuMM enemMeHTOM pPo60TU 6yn0 CTBOPEHHS
anropuTMy Ta BIiAMOBIAHOT MporpaMmn pPo3B’A3aHHA LbOro iHTErpasibHOro
PIBHSAHHS, fKa Aae 3MOry AN Pi3HUX 3Ha4YeHb FeOMETPUYHUX Ta MeXaHiUYHUX

BXIAHNX MapameTpiB BMU3HAYaTK KOegiLieHTN IHTEHCUBHOCTI HanpyXeHb (KIH),
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AKI B CBOK 4epry IiAeHTUPIKYIOTb MOX/IUBICTb PO3BUTKY TpiwmMHK. B
4aCTKOBOMY BWMafKy, KOMW TOBLLMHA MOSIOCKM MPAMYE [0 HECKIHYEHHOCTI
OfepXKaHi pe3ynbTat¥ Y3roMKylTbCA 3 BIiJOMUMMK, WO MIATBEPIKYE TX
[OCTOBIPHICTb.

Y MawuHobyfyBaHHI, aBTOMaTWUi, (YHKUIOHa/IbHUX  efleMeHTax
064MCNIOBASIbHOT TEXHIKN 3HAXOAATb 3aCTOCYBaHHA (PYHKLIOHa/IbHI efleMEeHTH,
AKI BUrOTOB/IEHI 3 M’€30€/IEKTPUYHMX MaTepianiB. OcobsmBa yBara 40 BUBYEHHS
LUMX MaTepiasiiB NoB’s3aHa 3 ABMLLEM N’€30e(heKTy, TO6TO, Npu AeopmyBaHHI
KpUCTaNiB [eaKuMX Kpuctanorpa@iyHux KnaciB Ha iX MOBEPXHi 3’SABNAKTLCS
eNeKTPUYHI 3apaan, nponopuirHi gedopmadii. XapakTepHOK 0CO6/UBICTHO
N’e30e)eKTy € WOoro 3B’S30K 3 BACTUBOCTAMU KPUCTaNiYHOT r'paTKu |
BIAMNOBIAHO 3 CUMETPIEID KpUcTana.

CthopmynboBaHi  Mofeni CMYr efleKTPOHaCMYeHHs Ta  0c/iabneHnx
MeXaHIYHUX 3B’A3KIB 414  MDK(asHOT TPIWMHW B M’€30e/1eKTPUUHOMY
GimaTepiani, SKi ONUCYOTbCA 3MillaHMK KpaoBUMK 3ajadyamMu. Ha OCHOBI
IHTErpasibHMX nepeTBopeHb Pyp’e CHOPMY/bOBAHO CUCTEMWU CUHTYNISPHUX
IHTErpa/ibHUX PiBHAHb  BIAHOCHO HEBIJOMWMX  MeXaHIYHMX napameTpiB:
AOTUYHOIO Harnpy»eHHs, MOXIiAHOT Bif HOPMa/IbHOro NepemMilleHHs, MoXiAHOT
Bifl eNeKTpnyHoro noteHuiany. Cuctemun CIP 6ynm po3B’a3aHi UMCeNbHO 3a
[ONOMOrO0 MeTOAa KOMOKauid 3 BMKOPUCTAHHAM KBafpaTypHOT (hopmysun
[ayca-YebuwieBa. 3HaiaeHi KoeiUiEHTW IHTEHCUBHOCTI Hanpy>eHb A/
LUMPOKOro Kona n’e3omarepianis. HanvcaHe nporpamHe cepefoByLle, B AKOMY
00UNCMIOOTLCA HanPYXXeHHA Ta TX KOeMILiEHTU IHTEHCMBHOCTI ANS PI3HMX
martepianiB A4na Pi3HUX 3HayYeHb (I3UYHUX XaPaKTEPUCTUK N’€30e/1eKTPUKIB,
FeOMETPUYHNX XapaKTePUCTUK Ta MPU PI3HUX 3HAYEHHAX TUCKY Ta Pi3Hil

ANCKpeTM3aLii o6nacTi.

Bibaiorpagiuni nocunanus
1. Aosruin C.O., JNlihaHoB |.K. MeTof CUHIYNAPHUX IHTErpaibHUX PiBHAHL. Teopis Ta
3actocyBaHHA. — Kuis, 2004. — 510 c.
2. Chan Y.-S., Athaide E., Belcher K., Kelly R. Detailed Solution of a System of
Singular Integral Equations for Mixed Mode Fracture in Functionally Graded
Materials \\ Jo.urnal of Mathematics Research. —2020. —Vol. 12, No. 1. —P. 43-61.
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JOCBIJA BUKJAJAHHSA BIOITH®OPMATUKU TA ®OPMYBAHHSI
MIKIIPEAMETHHUX 3B’SI3KIB VIS BABE3IIEYEHHA BUMOTI
OCBITHBOI TIPOI'PAMMU «BIOXIMIS TA ®I310JIOTIS»
BoJsiomko B. JI., VVL56@i.ua

Juinposcoxuti nayionanvuu ynigepcumem imeni Onecs I onuapa (Www.dnu.dp.ua)

LLIBMAKWIA pPO3BMTOK CBITOBOI rno6anisauii, TEMNU PO3BUTKY TEXHO/OTIN
PI3HOr0 MPU3HAYEHHS NMPUBOAATL A0 HEOOXIAHOCTI 3aCTOCYBaHHA CUCTEMHOIO
nigxody Ans Po3KPUTTS HEBM3HAYEHOCTEN Pi3HOT Npupoan. HaykoBUAMK CBITY
CTBOPEHO KOJIOCA/IbHUI TEOPeTUYHUIA Ta MPaKTUYHWIA MaTepian npo 6yaoBy
6ionoriyHmMx monekyn (6inkiB i HyKNeiHOBUX KMcNoT). Llei matepian noTpebye
PO3BMHYTUX KOMM'HOTEPHUX METOAIB [N CBOr0 aHanmizy i came TOMY
IHpopMaTUKa LUMPOKO 3aCTOCOBYETHCA [N PO3B’A3aHHA 3afay TeHeTUKMU,

GioTexonorit, 6ioxi|v|i'|'[1]. E(eKTUBHICTb OTPMMaHHA NPaKTUYHUX Pe3y/bTaTiB

3a1eXNTb BIA 34aTHOCTI  AocnigHuKa-6ionora 0BONOAITU | pauioHasIbHO
noegHaTK MeToam 6ioximil Ta pi3ionorii 3 Cy4aCHUMM MOX/IMBOCTAMM Teopil
MMOBIPHOCTEN Ta KOMMN’HOTEPHOT MaTeMaTUKMN.

Y 3B’A3KY 3 UMM BWHWKAE NPO6G/ieMa 3aCBOEHHS CTyAeHTamu-6ionoramm
6a30BMX CKMagHUX KaTeropiin CTaTUCTUYHOrO aHanidy (Lo € HeoOXigHWMM Ans
OCBITW aKafemi4yHOro piBHA yHIBEPCUTETY) pa3oM 3 (POPMyBaHHAM MPaKTUYHO
OpIEHTOBAHMX HaBWYOK MabyTHIX (haxiBuiB. B Uil cuTyauil aKkTya/lbHUM CTae
MUTaHHA HayKOBO-METOAMYHOro 3abe3neyeHHs HaBYas/ibHOro npouecy. Ans
bionora-6ioxiMika BupilWanbHy Ponb Bigirpae  BUBYEHHA OCHOB  Teopil
MMOBIPHOCTEN, 30KPeMa,  YCBIJOMJIEHHS BaXX/MBUX MOHATb MNP0 MOBHWIA
MMOBIPHICHMIA NPOCTip, PYHKLIT pO3noginy i PYHKLUIT WiNbHOCTI, HOPMaIbHOIO
po3noainy Ta (yHKuii Jlannaca. BaxknuBy ponb Bigirpae AocTaTHiin o6cAr

PO3B’A3aHX 3afia4 Ta CaMOCTiliHO BUKOHaHNX 3aBAaHb [2].

HacTynHum 3aBfaHHAM Kypcy CTano 3HailOMCTBO 3 MOX/IMBOCTAMM NCBI
(HauioHanbHOro ueHTpy 6ioTexHonoriyHoi iHgopmauii CLUA). MeTtowo 1ioro
AISNbHOCTI € CTBOPEHHA aBTOMAaTM30BaHUX CUCTEM [ns 30epiraHHsA Ta aHanisy
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AaHNX 3 MOSIEKYNAPHOT GI0NOriT Ta reHeTUKN, a TaKoXX KOMM’KoTepHa 06pobKa
AAHUX, OTPUMAHUX Y [AOCAILKEHHAX CTPYKTYpU |1 3HavyeHHA 6i0/1oriyHo
aKTUBHMX MOMeKyn 1 peyoBuH. OpHMM 3  4acTill BUKOPUCTOBYBAHMX
IHCTpyMeHTiB € BLAST — CiMEACTBO KOMIM’HOTEPHUX MNporpaMm A noLykKy
romonoris 06isikiB abo HYK/ETHOBMX KWUCMOT, ANA SAKUX BigoMa nepBUHHA
CTPyKTypa (nocnifoBHicTb) abo i pparmMeHT. [1d NOCTAHOBKM /1ab0OpaTOPHNX

poGIT 6YB BUKOPUCTaHWIA noci6H|/|K[1], marepian SKoro [03Bonse 3400yBayeBi

3aCBOITM HOBITHI Gi0IH(hOPMATUUYHI METOAN AOCNIIKEHHS BGIONOTIYHNX areHTIB
(OHK, PHK, 6inkiB), 3p0o3ymiTi MnpoLec po3B’A3yBaHHA 3adadyi Ta BMBYMTU
3aKOHOMIPHOCTI BMOGOPY Harbifbll MPUAHATHUX &1bTEPHATMB Y MPUAHATTI
piLLeHb.

[na AKICHOro 3acBOEHHSI KYpCY MiAroTOB/EHI €NeKTPOHHI KOHCMeKTU
NeKUiin, AKi MICTATb TEOpit0 Ta AOCTAaTHK KifbKIiCTb PO3B’A3aHUX MPUKNaLiB;
nabopaTopHi poboTun, SKi NepefbdavaldTb CAMOCTIHICTb 3aCBOEHHSI MaTepiany,
NpaBu/bHICTb PO3pPaxyHKiB, CBOEYaCHEe 0)OPM/IEHHSA 3BITY, a TaKOX NiAroToBKY
A0 MOAYNbHOMO i NiACYMKOBOro KOHTPONiB. OCTaHHI MOXXe MPOBOAUTLCS Y
TeCTOBIi hopmi B ayanTopii abo Npu BUKOPUCTaHHI AMCTaHUIAHOINO HaBYaHHS
y cuctemi Ogric 365.

MeTOANYHNIA  NPaKTUYHMIA  OOCBIA, OTPMMaHWA NpY  NapanenbHil
MigroToByi noB’A3aHMX 6a30BUX AMCUMNAIH Ta AMCUMNIH  NpodeciiHoro
LUMKNY, A03BONSE 3abe3neynTn: akTyanisauitd OMOPHUX 3HaHb, CTINKICTb
MPaKTUYHNX HaBUYOK, NOTNNGIEHHS aHaNiTUYHOTO MUC/IEHHSA |, BPELUTI-peLuT,

MigBu1LLYE piBeHb AKOCTI OCBITU Bakanaspa.

1.N'opo6eup C.B. bioiHdpopmaTtuka. Mpaktnkym / C.B. opobeub, O.HO. opobeupb, 1.B.
Oem’aneHko. — K: KII im. Iropsa Cikopcbkoro. —2020. — 87 c.

2.bopw, B.J1. MatemaTnuHi metoam B 6ionorii. OcHoBM Teopii MmoBipHOCTeN. KOHCnekT
nekuin / B.J1. bopw, KO.M. Cosit. — A.: PBB AHY .—2007. — 140 c.
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BUKOPUCTAHHA BIBJIOTEKHN CLOSED. XML JJIsI HAPCUHI'Y
JAHUX 3 EJIEKTPOHHUX TABJINLDb EXCEL JJIs1
ABTOMATHU30BAHOI CUCTEMM OBJIIKY CTYJEHTIB
I'anzka A.C., hanzha as@outlook.com

AnToHenko C.B., szemlyanaya@gmail.com

Jninpoecoxuii Hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

YacTto npu po3pobui pisHOMaHITHUX aBTOMAaTU30BaHUX Mporpam 067Ky
HeobXiHO BUKOHYBATW 06PO6/IEHHS IH(POPMaLLIT 3 THLLMX DKepen, Hanpuknag 3
eNIEKTPOHHUX Tab/mub. 34nTyBaHHA Ta 00pPOGNEHHS BENMKOT  KiNIbKOCTI
iHpopmauii 3a [0NMOMOroH MporpaMHUX 3acobiB  BMKOHYETHCA 3aBAAKM
napcuHry. lMapcuHr — ue npouec aBTOMAaTUYHOrO 360py AaHMX Ta iX
CTPYKTYpyBaHHA [1]. B gaHoOMy BMMagKy 3afadva nonsrae B 360pi iHpopmauii 3
PISHOMaHITHUX [OKYMEHTIB AN CTPYKTYPYyBaHHA HaBYa/lbHUX MJaHiB
YHIBEPCUTETY.

bibnioteka Closed. XML — ue IHCTPYMEHT [N CTBOPEHHS 3BITIB |
aHanisy iHgopmauii B gogatkax .NET 3 BukopuctaHHAM Microsoft Excel. [o
nepeBar LUI€i 6I6/1I0TEKN MOXKHA BIgHECTM Te, WO BOHa He BMMarae
BCTaHOB/IEHOI Ha KOMN'lOTEP KopucTyBada nporpamn Microsoft Office Excel Ta
[03BOSISE K BHOCUTYM faHi B Excel haitn (reHepysatun Tabnuui), Tak i HaBnaku
34MTyBaTK iX Ta 06po6NATN.

Ycs poboTa 3acHOBaHa Ha po60Ti i3 BOPKOYKaMy — eK3eMMASAPOM KHUMU
Excel, fika BK/1OYae B cebe apkyLui Ta Komipkn (WorkSheet Ta Cell BignoBigHO).

MpuKnag BUKOPUCTAHHSA HaBEEHO Y NICTUHTY.

using (var workbook = new XLWorkbook())

{
var worksheet = workbook.Worksheets.Add(*'Sample
Sheet™);
worksheet.Cell ("'A1l™).Value = "Hello World!";
worksheet.Cell (""A2™) .FormulaAl = "=MID(A1, 7, 5)";
workbook.SaveAs("'Hel loWorld.xIsx');
}
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B paHomy npuknagi B KHM3I — workbook CTBOpHOETLCA apKyLu
(worksheet) 13 Ha3Bo0 Sample Sheet, B KOMipKy Al BHOCUTLCA IH(OpMAL,is
Hello World, a B KoMipky A2 ¢opmyna MID (A1, 7, 5), iKa BUKOHYE 34NTaHHS
3 KOMIpKM Al 5 HacTymnHWX CUMBONIB, MOYMHaKO4UM 3 7-ro, T06T0 ¢oBo World,
Micns voro BigOyBaeTbCA 36epeXKeHHs dhaitny.

HacTynHuin nicTUHI NokKasye MpuKnag 34nTyBaHHA iHopMmauil 3 Excel

hainny.

using (XLWorkbook workBook = new XLWorkbook(file.lInput
Stream, XLEventTracking.Disabled))
{
var workSheet = workBook.Worksheets.First();
var text =workSheet.Cell (5, "0").Value.ToString();

[aHnii NpuKnag BUKOHYE BIAKPUTTA ICHYHOUOro (hailny, 3BepTaeTbCs [0
KOMipKun O5 Ta 36epirae ii 3HaueHHs B 3MiHHIN text [2].

3arafiom, AaHa 6i6nioTeka Haa3BMYaliHO MPOCTa Y BUMKOPWUCTaHHI Ta
IHTYITUBHO 3p0O3yMifna, WO pPobuTb Ti OAHIED 3 HaMKpawmX i Ha3pyyHILLIKX
IHCTPYMEHTIB [N CTBOPeHHs, pefaryBaHHA Ta 06pO6KM iH(opmauii 3
e/IEKTPOHHNX Tabnnub, [0 TOr0 X BOHA HE BUMAarae BCTAHOB/IEHOI Mporpamm

Microsoft Office Excel Ha Komn'toTepi KOpUCTyBaya.

Cnucox BUKOPUCTAHHUX JIZKEPEJI:

1. TapcuHr pgaHux 3  calTiB: WO Ue | HaBiwo BiH noTpibeH. URL:
https://blog.ringostat.com/ru/parsing-dannyh-s-saytov-chto-eto-i-zachem-on-nuzhen/  (gara
3BepHeHHA: 28.10.2022)

2. GitHub — ClosedXML. URL: https://github.com/ClosedXML/ClosedXML/ (gata
3BepHeHHs: 28.10.2022)
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ATIPOKCUMAIIAHUN AJITOPUTM PO3B’SI3AHHS 3AIAUI
PO ONITUMAJIBHUHA PO3MOALI TEILIA
B HAIIIBOBMEKEHOMY CTPUXHI
I'aprt JL.JI, Bparyra O.B.

Jninposcoxuti nayionanvuu yrnigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

ABKLLe TEnMONPOBIAHOCTI Mae BeNMKe 3HAYEHHs Yy 6aratbox ranysax
CyyaCHOI Haykm |1 TexHikn. CyTTeBY poOnb  BifirpatoTb  npouecu
TEensionpoBiAHOCTI B eHepreTuui, asiauii, cygHOOyayBaHHI, pakeTobyayBaHHI,
MPOMMCNOBOCTI Ta ra30TPAHCMOPTHIN cUCTeMi. Po3paxyHOK eHepreTuyHuX
YCTaHOBOK, pPO60YMX MNPOLECIB, TEMIOBOr0 3aXMCTy, TOLLO, MOBHICTHO
'PYHTYETbCA Ha Teopii TennonposigHocTi. Came TOMY TenjonNpoBIAHICTL €
(hyHAAMeHTa/IbHUM MOHATTAM A/ creyianicta B raflysi eHepreTUYHMUX CUCTEM,
IHKeHepa Ta iH.

Y [faHiii pob6oTi AOCNIMKYHTbCA MaTemMaTUyHi  Mofgeni, A0  AKuX
NpUBOAATL 3adadi  CTauiOHapHOro MepeHocy Tensia B HariBOOMEXeHMX
obnacTax, Ta YACMOBI METOAN TX PO3B’A3YBaHHS, 30KpeMa MEeTO[, HECKIHUEHHOT
CUCTEMU PIBHSAHb NS PO3B’A3yBaHHS OAHOBMMIPHMX CTaliiOHapHUX 3ajad
TensonpoBIAHOCTI, e KIHYOBMM MOMEHTOM € BM3HAYEHHSA MOPSAAKY YCi4eHOT
(CKIHYEHHOT) cUCTeMM PIBHAHbL, [LOCTAaTHLOrO A4 3abe3nevyeHHs OTPUMaHHSA
HabMMXEHOro PO3B’A3KY BUXIAHOI 3adadi i3 3a4aHOK TOYHICTHO. Lleid metopn
BUSIBNSE NepeBary Hag MeTO4OM KBa3i-OfHOPIAHOT CITKM, 3anpornoHoBaHUM ANs
PO3B’A3yBaHHA TaKMX 3afad, | Yy MOEAHAHHI 3 MeTOAOM 3MiHHMX HanpsmKiB
MOXe OyTW 3aCTOCOBaHWA A0 ABOBMMIPHMX 3afday Yy HamniBHECKIHYEHHUX |
HECKIHYEHHUX CMYyTrax.

30kpema, y poboTi po3rnafaeTbCa 3afjada OMTUMASIbHOrO KepyBaHHSA
PO3MOAINEHUMI [KepenaMun Tensa B 3agadvi ctalioHapHOT TensonpoBigHOCTI B
HaniBOOMEXeHOMY CTPUXKHI, e AKICTb KepyBaHHS OLIHIOETHCA KBaApaTUYHUM
LifIbOBMM (PYHKLIIOHANIOM, a YMOBW OMNTUMaNbHOCTI (hOPMY/OKOTLCA Yepes
cucteMy AvdepeHLiasibHUX PIBHAHb AN BUXILHOTO 1 CNPSYKEHOro CTaHiB
AOCNifKyBaHOro npouecy. MaremaTnyHa MOAeNb 3agadvi  ONTMMa/IbHOrO
KepyBaHHA Ma€ BUT/ISA: 3HANTN HUXKHIO rpaHb (hyHKLioHaNa
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() £ CC C» )N (1)
33 YMOB
cC)y ¢ )y O) [ ) (2)
() « ) 3)
[ ); 4)

ape (), ()i () — Bigomi yHKUii, BU3Ha4eHi i HenepepsBHi 3a
[ ),
() () ()
() ( )i () — wykaHi dyHKUiT Ha [ ); — BiiOMi
cTai.

[Ona  po3B'AsyBaHHA  3adadyi  ONTMMasbHOro  KepyeaHHa  (1)—4)
nepenbayaeTbcA nobyayBaTu Ha OCHOBI METO/IB CKIHYEHHMX CYM Ta Pi3HMLb
CITKOBY anpoKcuMMaLito L€l 3afadi; po3podbuTn, 06rpyHTYBaTK Ta AOCIANTU
MPaKTUYHY 36DKHICTb HAO/IMXKEHMX aITOPUTMIB, 3aCHOBaHUX Ha Pi3HUX
BapiaHTax rpafieHTHOro MeToAy Ans MiHimizauii LinboBOro PyHKLioHaa.

Bibaiorpagiuni nocunanus

1. Dang Quang A., Tran Dinh Hung. Method of infinite system of equations for problems in
unbounded domains. Journal of Applied Mathematics. 2012. (2012). 17 p. doi:
10.1155/2012/584704.

2. Owko C.B., Bopw O.€., Owxo M.A. CtauioHapHa TennonpoBsigHICTb. Xapkie: HTY
«XI1I», 2011. 80 c.

3. Camapckuin A.A., Babuwesny MN.H. BbluncnntensHas tennonepegada. M.. EauTtopunan
YPCC, 2003. 784 c.

4. Tapt J1.., [osrai MM.0., Ceniwes B.J1. CiTKoBi anropuTMu po3B'A3aHHA 3afadi
OMTUM&a/ILHOTO KEPYBaHHSA eflinTUYHOK CUCTEMOKO. [TumanHs npukiaoHoi MamemMamuxuy i
Mamemamuynoeo modenoganns. 2017. Bun. 17. C. 42-53.

5. Hart L., Feshchenko M. Numerical algorithms for solving a problem of optimal control of
stationary heat conductivity process // 2nd Al-Farabi International Congress on Applied

Sciences, Nakhchivan University&IKSAD,Azerbaijan— Turkey, May 2-4, 2021. Pp.43-44.
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3ACTOCYBAHHSA METO/IB PET'YJIAPU3AILIL 1O PO3B’SI3AHHS
3AJJAYI BITHOBJIEHHSA POSMUTUX 30bPAKEHD
Iapr JIJL., 1l hart@ukr.net; Kyuep B.O., mrfalubii@gmail.com,;

Kypaseas C.B., se.zhuravel@gmail.com

Jninposcoxuti nayionanvnuil yrigepcumem imeni Onecs I onuapa (Www.dnu.dp.ua)

Y cyyacHOMY CBITI MM 4acTO 3YCTPIYaEMOCH i3 MOHATTAM 3006paXKeHHS
(Hanpuknag, doTtorpagia — uUe uMppoBe 300paKEHHA SKOrocb 00'eKTa).
306paXkKeHHs MOXKHa 3ycTpiTM Oyab [e, MNOYMHAKUM 3  MOBCAKOEHHOrO
(hoTorpagyBaHHs Ha Tened)oH Ta 3aKiHYyHUM PisHUMUK ray3daMu HayK (LMQposBI
Tenleckonu i Take iHWwe). Mig yac CTBOPEHHS 300paXKeHHS B AeAKUX PiAKICHUX
BUMNaAKaX M1 MOXKEMO OTPUMATW 300PaXKEHHS 3 PISHUMK AedieKTamu, Yepes Lo
300paXXEHHS Ha3MBalOTb CMOTBOPEHUM. Taki BUNaAKW TPannsatTbCAa BHACIA0K
HeLOCKOHa/IOCTI caMOro ONTUYHOrO Mpwuniagy, 30KpeMa OLHUM 3 NPUKIaAiB
nedekTiB € aedokycyBaHHS. MpUUMHOK [1ethoKYCyBaHHA 300paXKEHHSI MOXKe
OyTM HenpaBWbHe BCTAHOBMIEHHA (JOKYyCYy B CaMOMYy MNPUCTPOI peecTpauii
300paXkeHb, Hanpuknag «cepuuHa abepauis nA3epkasa Teneckona», K Yy
BUMNaAKy 3 Teneckornom «Xab6s». LLLofo pagioTeXHIYHUX CUCTEM, TO BOHW B
npoueci nepefadi 306paXkeHHs 3 MPUCTPOKD Ha NPUCTPIA MOXYTb MigaaBaTucs
Pi3HOMY BMN/MBY Yepe3 Pi3HOMaHITHI Mepewkoan, Wwo y niagcyMKy npu3BoanTb
[0 MOripLIeHHA Bi3yanbHOT SAKOCTI | HaBiTb [0 4acTKOBOI BTpaTW MeBHUX
AINAHOK 300paXKeHb.

MK TuUM, [LethoKyCyBaHHA 300paKeHb HE MOXXHA BBaXKaTu TO/I0BHOKD
npobnemoto, 60 Habarato 4YacTille 3yCTpivaroTbCA 300paXKEHHS, CMOTBOPEHI
LUYMOM, MPUYMHOKD AKOTO MOXE OYyTU TeXHIYHEe MOLIKOMKEHHS MaTpuui
MPUCTPOIO AIK Ha eTani (POPMyBaHHA 300paXXeHHS, TaK i Ha eTani nepegadi 1oro
yepe3 MEeBHUA KaHan 3B’s3Ky. CMNOTBOpPeHe TakMM YMHOM 3006paKeHHS
BiZNOBIZA€e NEBHIl 3a71eXKHOCTI, 3aKOHY, 3a AKUM iH(opMaLlis NPo 306paKeHHs
Mepepo3noAiNseTbCs, 3aBAAKN YOMY € MOX/MBICTb BIAHOBUTY Lie 306paXXeHHs 3

ypaxyBaHHAM iCHYOUMX 06MexeHb [1].
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3agadvi Npo BIAHOB/EHHS CMOTBOPEHUX 300paXKeHb 3a3BM4yali OMUCYHOTb
HabopoM OAHOBUMIPHMX IHTerpanbHUX piBHAHbL (IP) ®pearonbma | pogy Tuny

3rOpTKM:

Jg C ) O () (1)

a60 ofH1M ABOBUMIPHUM IP ®pearonbma | pody Ty 3ropTku

¢ )

ae — (OyHKUiA po3citoBaHHA TOYKM (PPT), 34e6inbWOro MnpocTopoBo-
IHBapiaHTHa (pi3HOMaHiTHa); —onepaTop; | — PO3MNOAiN IHTEHCMBHOCTI 3a
ICTUHHUM Ta CMOTBOPEHMM 3006paXeHHAMM BignoBigHO;  — nepewkoga. B (1)
BiCb  CMpsMOBaHa B3[0BX 3Ma3yBaHHfA, a  Bigirpae ponb napameTpa. Habip
piBHAHb (1) 4YacTO BMKOPMCTOBYIOTb Y 3ajadvi 3MasyBaHHA, a (2) — y 3agadi
nedoKycyBaHHSl 300paxkeHHs. [aHa poboTa npucBsiYeHa aHanisy ICHYHUUX
afIrOpUTMIB BifIHOB/EHHSA 300paXKeHb, MPOrpaMHiin peanisauil AesKUX 3 HUX Ta
OUiHUi TX eeKTUBHOCTI, a TaKOX [AOCNIIKEHHIO MOX/MBOCTI MONIMWEHHS 1
BOOCKOH&/IEHHS  peasli3oBaHWX  a/irOpUTMIiB  Ha  MpUKNagi  po3B’si3aHHA
KOHKPETHMX 3ajau.

3a OcHoBYy MarbyTHLOI nporpaMHoOl peanisauii  6epeTbcss MeTo[
iITepaTUBHOI perynapusauii dpigmaHa, a TakoX BiJOMiI MeTOAW MEepPeTBOPEHHSN
dyp'e, perynapusauii TMXoHOBa Ta MeTOA NapameTpUUHOI (inbTpalii BiHepa.

[oBOpAuM Mpo  MeTof  iTepaTMBHOI  peryndpusauii  ®PpigmaHa,
BBaKATMMEMO, WO SAp0  PIiBHAHHA (2) € cumeTpuyHum, 10610 ()

(), Wwo Ao3BONsSE KOPMUCTYyBaTUCA iTEPaLiiHOK (DOPMY/IOHD

¢ ) ¢ )

[C ) JT0 ( ) () ] 3)
ae ( )Tma () —HabnwxeHi po3B’a3ku, oTpumaHi Ha ( )-in Ta -
i iTepauisx BignoeigHo; () —No4YaTKoBe HAGMVKEHHS; — NapameTp, Lo
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T N {gr ¢ ) }  Hopma

®PT.. MeToa ®PpigmaHa fyxe YyTInBKiA 10 BUGOPY NOYATKOBOr0 HaBMMKEHHS,

3a/10BOJIbHAE YMOBU

TOMY Nif yac roro peanisauii 3a3suyain obupatote () . 3a3Ha4Mmo,
L0 4Yepe3 HeKOpeKTHICTb IP (2) Ta «3allymneHicTb» npaBol YaCTUHWM MpoLec
iTepauin (3) AEMOHCTPYE 306DKHICTb NMLle A0 MEBHOro HOMepy iTepauin
nicng 4yoro BTpayae Ti. TOMy HeobXi[HO 3anpoBagMTW TakuiA Crocio Buoopy
ymucna , KU HaaBaB 61 MOMY BNacTUBOCTI NapameTpa perynspusauii [2].

LLlo cTocyeTbest (inbTpy BiHepa, MeTa AOro 3acTocyBaHHS nonsraTume B
TOMy, WO6 3HaWTM Taki OUIHKM AN OPUriHa/IbHOro 300paXeHHs, LWo6
cepeAHbOKBaApaTUUHe BIAXWIEHHS BiATBOPEHOro 300paXKeHHS Bif OpuriHany
Oyno MiHIMa/IbHUM, O NpuBefe 40 CKOPOYeHHS PiBHIO BUMAAKOBOIO LLYMY Ha
300paXKeHHI.

Po3po6ntoBaHWUiA  NMPOrpaMHUIA  NMPOAYKT MOXe OYyTW KOPUCHUM AN
aHani3y Mozenein Komn’toTepHol rpadiku, y poboTi 3 Pi3HUM TUMOM 300PaXKEHb,
Yy BIOHOB/MEHHI MeAWUYHMX Ta acTPOHOMIYHMX 3HIMKIB TOW0. KOpUCTyroumnCh
MeTOAOM MaLUMHHOIO HaBYaHHS, Ha OCHOBI MPOrpamHOro MpoAyKTY MOXHa
Oyne CTBOpHOBATWU TEXHOMOTIT po3ni3HaBaHHSA HEYiTKMX 06pasiB, HeJOCTYNHUX
ANA BMI3HAHHA /TOACLKAM OKOM.

Y noganbwiomy  AOCAIAXKEHHI  MMNAHYETLCA  MOPIBHATM  OTPUMaHI
pe3ynbTaTh  3aCTOCYBaHHSi  Pi3HWX MeTOAiB  BIAHOB/EHHS  CMOTBOPEHUX
300paXkeHb 3 METOHO aHani3y MOX/IMBOCTI 301/IbLLEHHS TX e(heKTMBHOCTI [3, 4].

Bioaiorpadgivyni mocuiaHHs

1. BockoboiHukos HO.E., JlutacoB B.A. YCTOWYMBLIA aIropuT™M BOCCTaHOBNEHUA
N306paXKeHNs NPU HETOYHO 33laHHON annapaTtHoOW PYHKUUW. Aemomempus. 2006. 42(6).
C. 3-15.

2. Cusnkos B.C. Tlpavble 1 o06paTHble 33fayuM  BOCCTAHOB/EHUS  U3006paxXeHUH,
cnekTpockonuu 1 Tomorpaduu ¢ MatLab. CI16.: /laHb, 2017. 412 c.

3. lapt J1.J1. OnTumi3ayis 064MCeHb B perynapusauiiHux anroputMax po3s’si3aHHA 3a4aui
BIJHOB/IEHHS PO3MUTUX 300paXeHb. [lepesviii Hezasucumbiii Hayunvii eecmuux. K.
PyHAaLia eKOHOMIYHKX iHiuiaTme, 2015. Ne 1-1. C. 165-170.

4. lapt J1.J1., MaHoitno M.B. O HeKoTOpbIX anropuTMax perynsapusauuy gns peLleHus
WHTErpasibHbIX YpaBHEHUA. Cucmemni 0ocniodxcenns ma ingpopmayitini mexnonoeii. 20135.
Ne 1. C. 99-110.
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HEIIPSAMI OBUNCJIIOBAJIBHI CXEMHUX PO3B’SA3AHHSA 3AJIAYI
ONTUMIBALI TMHAMIYHOI CUCTEMH
Tapt JLJL., 1l_hart@ukr.net, Py:;keBuu B.O., vova.ruzhevich@gmail.com

Jninposecoxuii hayionanvrutl ynieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

OnHaMiyHI  cucTeMM € CK/1agoBOK 6araTbOX MNPUKNagHUX — 3afad.
Po3pobka epeKTUBHUX 06YMCNIOBA/IbHUX CXEM PO3B’A3aHHA 3afay OnTumisauii
AVNHAMIYHMX CUCTEM Ta iX MporpamHa peanisauis € akTyalbHOK Npobnemoro B
rasysi NpuKNagHoi MaTeMaTUKN Ta CUCTEMHOIO aHanisy, B TOMY YMC/i 3 TOUKK
30py NPUIAHATTA OBIPYHTOBAaHMX pPilleHb CTOCOBHO KOHKPETHOI MPUKNaaHol

3agayi [1-3].

B uin po6GoTi po3rnsHyTO
3agady npo onTUMasbHYy
TPaEKTOPIt0 MEepenboTy pakeTn Ha
Ko/oBy  0pbiTy  MakCMMa/bHOro
pagiycy 3a 3afjaHud 4ac [1].
MigcTaBoto AN1s NOLYKY

ONTUMa/IbHOI TPaEKTOPIT € eeKTUBHE BUKOPUCTAHHA Ma/MBHUX PecypciB Ta
CYMDXKHI MUTaHHA: BMOIp TeXHIYHMX 3ac06iB KOMMJEKTauil pakeTn, 6e3neku
eKinaxy Ta iHLLi.

PO3rnaHyTo ®isnyHy MoAenb, WO OMWUCYE MNOMLOT PakeTu B CUCTeMI

«paKeTa — rpasiTauiiHWiA LeHTP», BUCYHYTO BiANOBIAHI rpaHNYHi YMOBMW:

_ _ 9 ) () () v—
| (l) UG () =~ ()
{ o N
fe  — BiJomMa CTana Tdra pakeTHOro ABUrYHa, — BIOMMIA Yac po60TK
pakeTHoOro asuryHa; = () — BifCTaHb KOCMI4YHOro Kopabns Bif LEHTPY
TSXKIHHA;, = () — pagianibHa cKnagosa WengkocTi; = () —TaHreHuiasbHa

CKNafoBa LUBUAKOCTI; — Maca KOCMIYHOro kKopabns;, = = — MacoBa
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BUTpaTa nasmea;  — No4yaTkoBa OpbiTa KOCMIYHOro Kopabnd; = () — KyT
HanpsAMKy Taru (Kepyroyda 3miHHa), [ 15 - rpasiTauiiHa cTana LeHTPY
TAXKIHHA.

MpefCTaBNeHO HenpsMy CXeMy HabAMKEHOro pPo3B’A3aHHA 3afadi, Lo
3aCHOBaHa Ha HeoOXiAHMX YyMOBax OMNTUMa/IbHOCTI Yy opmi npuHUMNY
mMakcumymy J1.C. ToHTpArnHa i Ha MeTofi CTPiNbOU YMCEeNIbHOTO PO3B’A3aHHSA
BIAMOBIAHOT KpaloBOi 3afadyi NpuHUMNY Makcumymy [4]. Po3pobneHo i
MporpaMHO  peaslizoBaHO  OBOYUCNIOBA/IbHI  aNropuTMK,  SKi - LO3BONAKOTH
BMKOPUCTOBYBATK afanToBaHi 40 NMOCTAHOBKW 3afadvi Metoan PyHre-Kytrta Ta
Eiinepa ans po3s’s3aHHA AOMOMIDKHMX 3adad Kowli, a TakoX rpagieHTHWUiA
MeToA MiHiMi3auil y3arasibHeHOT (PYHKLiIT HEB’A3KN A4/1A BU3HAYEHHSA napameTpiB
«MPUCTPINKK». BignosigHa nporpamHa peanisawis 403BO/SE WBMAKO OTPMMATU
yucenbHI pesynbTaTh i3 3aaHOK TOYHICTHO, NpoaHani3yBaT MNPaKTUYHY
36IXKHICTb Ta e(DEKTUBHICTb PO3POO/IEHNX aNropuTMIB.  PO3rNsaHyTy  3agadvy
Oyn0 KOHKPEeTN30BaHO AaHUMK 3 gocnimpkeHHs R.E. Kopp, R. McGill npo Buxig
pakeTu Ha opb6iTy Mapca B cuctemi «paketa — CoHue» [1]; oTpumaHi
pe3ynbTaty 36iratoTbCcs 3 pesynbTatamun gocnimkeHHs H.G. Moyer, G.Pinkham
Ha OCHOBI MeTofy MporoHku (sweep method) [5]. Po3B’d30K, OTpMMaHWiA 3a

[I0MOMOF 00 PO3PO6/IEHOr0 NMPOrPaMHOro NPOAYKTY, NPeACTaB/eHo Ha puc. 1a).

[ 5
/ N
/ o/ \

F§ \

1 / o/ \
. ﬁﬁpdmﬂq [-Optuma \\
| Mapea | demmu 1
; _ N | i Eﬂiﬁqe d
5 gy EREE- R a E!.S 10 1,5

Puc. 1a) OntumanbHe KepyBaHHA () Puc. 16) TpaekTopis NonbLoTy

Cyaaum 3 TpaekTopii NonbOTy pPakeTu, 300paXkeHOoT Ha puc. 16), MOXHa
cKasaTtu, WO pakeTa, abu BUATU HA MaKCUMa/TbHO MOXINBUIA pagiyc opbiTh, Mae

HanpasuTW TAry Bif rpasiTauiiHoro ueHTpy (CoHus) abu NpULBUALIUTUCH, a
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BXXe Ha NigiboTi Hanpasuty 1 fo rpasiTayiiHoro ueHTpy (CoHus) abwu
MPU3YNMUHUTACE.

Pe3ynbTat [OCMIIKEHHSA MOXYTb OYTM 3aCTOCOBaHI MPU PO3B’A3aHHI
IHLWIXX 33aa4 OMTMMa/IbHOTO KepyBaHHA A/ PO3rNAHYTOI (i3nyHOT Mogeni Ta
Ana 6iNbll CKNaAHWX HENiHIMHMX AWMHAMIYHWX CUCTEM, B TOMY u4uchi 3
pO3MNoAiNeHuMN  napameTpamu. Po3pobnieHi  anropyUtMyM  Ta  BiAnoBiAHWN
(hyHKUiOHan nporpamn MoXKyTb BYT1 BUKOPUCTaHI Y NOAaNbLUNX AOCNIIPKEHHAX
Mig 4ac peanisauil iHWMX 0BYUCNIOBA/IBHUX CXeM Ta TX Moaudikaui ans
MPUKNagHNX ONTUMI3aLiNHKX 3aau.

BukoHaHe  [JOCMifKeHHA MOXe OyTWM  po3liMpeHe 3a  paxyHOK
KOMMN’tOTEPHOr0 MOZENIOBAHHA PyXYy pakeTW 3a pe3y/bTaTamy O06YMCIEHD,
yepe3 [AOMOBHEHHS (I3MYHOT Mofeni CUCTEMM IHWKUMK rpaBiTaliiHUMK
ueHTpamn COHAYHOI cucTemMyn  Ans  36i/bLUEHHA  NPUKNaAHOT  LiHHOCTI

PO3pPaxyHKIB.

Bioaiorpagiuni mocuianus

1. Bryson A.E., Ho Yu-Chi. Applied Optimal Control: Optimization, Estimation, and Control.
Taylor & Francis Group, 2017. 481 p.

2. Hart L.L. The application of projection-iteration methods to solving optimal control
problems for systems of ordinary differential equations. Hamburger Beitrdige zur
Angewandten Mathematik. Institut fur Angewandten Mathematik der Universitat Hamburg,
2000. Reihe A. Ne 152. Pp. 1-17.

3. Hart L.L. Calculating the optimum two-link robot arm with respect to movement time.
Journal of Mathematical Sciences. 2001. 107(6). Pp. 4458-4463.

4. BacunoeB ®.I. YucneHHble METOAbI peLleHns 3KcTpemanbHbIX 3agad. M.: Hayka, 1980.
552c.

5. McReynolds S.R. The successive sweep method and dynamic programing. Journal of

Mathematical Analysis and Applications. Elsevier, 1967. 19(3). Pp. 564-598.
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METO/] IOBYIYBH PHI-®YHKIII IS HEABHOI ®OPMU
PIBHSIHb KOHTYPA OB'CKTIB

Iiaes H. U., Ianyk B. M., vimpatsuk@gmail.com,
Incmumym npobnem mawuno6yoyeanus im. A. M. Iliocopnoco HAH Ykpainu

B [1] nobygosaHi Phi-thyHKUiT Ta KBa3i-Phi-(hyHKUIT 419 MOAENHOBAHHSA
YMOB HeMepeTuHY Ta BKIKOYEHHS 4/ MIOCKUX HEOPIEHTOBAHUX FeOMETPUYHMX
00'eKTIiB, rpaHuLi AKMUX OMUCYKOTLCA PIBHAHHAMW [OPYroro nopsgaky Ass
3aCTOCYBaHHSA B MO/ENAX 3aay reoMeTpuYHOro NPoeKTyBaHHA. B Uil gonosiai
pO3rnsfacTbea nigxig 4o nobygoBn aHIMTUYHUX YMOB B3aEMHOIO HEMepeTuHy
Ta BK/IKOYEHHSA 415 MIOCKUX HEOPIEHTOBAHUX reOMeTPUYHUX 00'EKTIB, rpaHuL
AKX OMUCYHTLCA [AOBIIbHUMU aHaNITUYHUMMK PIBHAHHAMW Yy BUrNaal Phi-
OyHKLUIT.

[Mpunyckaemo, WO NOBOPOTM (DIKCOBaHI, Ta PIBHAHHA KPUBUX, LWO

BM3HaYatoTb rpaHuLi 06’eKTIiB S, S;, B KOOPAMHATHI CUCTEMHI 06°€KTa S; CyTb
F(u)=0 Ta G(u—A})=0, fie Aj € BEKTOP, L0 3'¢HYE LIGHTPN 06'eKTiB.
Haknagemo fesiki oomexxeHHst Ha F(s), G(s).

1. F(u),G(u)eC*(R?), To6T0 cyTb ABiui AndepeHLilioBaHi;

3. F(u),G(u) € MOHOTOHHMMW BiIAHOCHO BIACTaHI [0 rpaHuub S, S,
BiAMNOBI4HO;

4. Hexah p(u,frS,) € BiactaHb Big U go frS,, ke {i, j} Ta Hexali

—1, AKwWo ueintsS,,
o, (u)y=4 0, aKwo uefrs,,
1, aKwo ueint(R\S,).

Toai (VR (u),0,(W)Vp(u,frS,)) >0, konn u ¢ frS, .
Ham noTpi6Ho 3HaTV ®-(hyHKLi0 Dg, s, HaWMX 06'eKkTIB S;, S;.

®-(hyHKL IO MOXXHa MobyayBaTh, BUKOPUCTOBYHOUN PiLLEHHA HACTYMHOIo

CUCTEMA PIBHAHb | HEPIBHICTb (Hamaratoymcb 3HalWTW MEeBHY TOYKY U 3a
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MeXkaMmn 060X 06'EKTIB):

VF(u)=—-AVG(u-A}),
Fuy = -Gu-ay),
A>0.

B iHWin dopmi (3 BUKOPUCTAHHAM TPUBMMIPHOrO MpoCTOpy Ta

BEKTOPHOIro J06YTKY), cucTema Moxe 6yTu ChopMy/ibOBaHO TaKUM YMHOM.
VF(u)xVG(u AG )=0,

Fu) = -G(u-Ay),
(VF(u),VG(u-Aj)) <0,

abo

(VE(U)xR_, o VG(u—-A})) =0,
Fu) -G(u- A) 0,
(VF(u),VG(u-Aj)) <0,

0 -1

Mu BUpiLLYEMO OAHY 3 LMX CUCTEM BiJHOCHO U. Hexail po3B’sa3kaMu €

Uy (A9) €U, = {Uy 1 (A9),Up (AU (A}, me y ={1,2,... M}
Togi (HeHopmoBaHy B 3araibHoOMy BuNagky) @P-(yHKLi0O MOXHa

BNPa3NTN AK

s S (A}) = Pre (A]) = min  F(U; (A7)

U, (Aj)eU
[1] Finb M. 1. Phi-Functions of 2D objects with boundaries being second-

order curves / Iinb M. I., Mauyk B. M. // Cybernetics and system analysis. —
2020. -V 56. Ne 5.—C. 802-810.
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MATEMATHUYHE TA KOMI'IOTEPHE MOJAEJIOBAHHA
CKJAJJHUX CUCTEM HEJIIHIHHOI MEXAHIKH

I'onuapos S1.A., goncharv.yar.an@gmail.com
3aiineBa T.A., ztan2004@ukr.net

Jninpoecoxuii hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

B pgaHuin 4yac po3pob6nieHO 6araTo  CrnewjiasbHOro  MPOrpamHoro
3abe3MneyveHHs, nNpU3HaYeHoOro [Aasa MaTeMaTM4yHOro Ta KOMM'HOTEPHOro
MOAE/HOBaHHS CKNaAHNX CUCTEM HENIHIAHOT MexaHiKK Ta iX aHanisy. Ane yepes
LUMPOKMIA 06CAr TakMx 3adad 3 OAHOro 60Ky Ta BeNMKOI  KiflbKOCTI
PO3p06/IEHOr0 MPOrpamMHOro 3abe3neyeHHs A1 X PO3B’A3aHHA 3 IHLWOro 60Ky,
BUHWKAE NUTaHHSA, SiIKe camMe nporpamHe 3abe3neyvyeHHs NOTPIGHO 0bpaTu.

Ona aHanizy Ta MOfeNtoBaHHSA CUCTEM HENIHIMHOT MexaHiKu 4acTo
BMKOPUCTOBYIOTbL [Ba BMAW NporpamMHoro 3abesneyeHHs: Computer-Aided
Design  (CAD) Tta Computer-aided engineering (CAE). Cwuctemu
aBTomMatm3oBaHoro npoektyBaHHa (CAIP) a6o CAD (Computer-Aided
Design), BMKOPUCTOBYHOTbCA 3a3BM4ali CMifibHO 3 CUCTEMaMMU aBTOMaTU3aLil
IHKeHepHUX po3paxyHKiB 1 aHanisy (CAE), fKi [03BONAKOTb BUKOHYBaTW
3aBflaHHA NPOLECiB MOAEMOBaHHA B Pi3HUX KOMOIHOBaHMX CepefoBULLAX.
3okpeMa, Hainbinbw nowmpeHumn € CAD cBiTOBUX BUPO6HMKIB — AutoCAD,
Autodesk, NX, Solid Edge, CATIA, Pro/ENGINEER, SolidWorks. NporpamHe
3a6e3neyeHHs Tuny CAE BUKOHYE camy pi3HOMaHITHY po60Ty 3a po3paxyHKOM
Hanpyr, gedopmadiii, TennoobMiHy, po3nodiny MarHiTHOro noss, NOTOKY PianH
Ta napameTpiB iHWKUX CMiNbHUX cepeaoBuLl. o Hanbinbw nowunpeHunx CAE-
cuctem moxkHa BigHectn ANSYS, LS-DYNA, Nastran, Abaqus, T-FLEX CAE,
Deform, Qform i np. dani Big3Haunmo, wo cuctemu tTuny CAE noginaotbea Ha
y3kocnevjianizosaHi (Hanpuknag, Deform i Qform) i opieHTOBaHI Ha BUPILLEHHSA
3afa4y LWMPOKOro cnekTpy, Taki Ak npogyktm ANSYS (ANSYS, Inc.), Nastran
(MSC.Software Corporation), Abaqus (Abaqus, Inc.).
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MPOEKT IHOOPMAIIMHOI CUCTEMHU AJIAIITUBHOI'O
EJJEKTPOHHOI'O HABUAHHS
Iomko O. B., olha.hoshko.w@gmail.com
Bacrok T. M., taras.m.basyuk@lpnu.ua

Hayionanvnuii ynisepcumem «Jlvgiecoka nonimexnikay

EnekTpoHHa 0CBiTa — e OfMH i3 Cy4acHMX 3aco0iB LUBMAKOro Ta Heoporo
OTPUMaHHA Ta nepefadi  3HaHb. LUKonu, WO 3acTOCOBYKOTb METOAM
e/IEKTPOHHOrO HaBYaHHS Yy CBOIX CTiHax, € Oifibll e(EKTUBHUMK 3a Ti, IO
MOKMafaoTbCA NMLle Ha CTaHAApTHI BapiaHTVW BUKNafaHHA. BapTto 3ragatu
TaKOXX NPO BKMaf4 €NeKTPOHHOIO0 HaBYaHHA Yy CMPOLLEHHA >XUTTS Nofen i3
BaZaMy (Pi3MYHOr0 YM NCUXOMOriYHOro Xapakrepy. TakK fK 4aCcTO BOHM MaroTb
ocobnmBi NoTpebn Ta HECNPOMOXHI BiABiAYyBaTW OCBITHI 3aKnagun, AaHWi
BapiaHT HaBYaHHA Aae M LAaHC Ha 3400YyTTA BMLLOT OCBITW, MifBWLLEHHS
BNaCHUX NPOECINHMX BMiHb Yy BXe OnaHOBaHiil cgepi Ta Ha 03HaNOM/MEHHS 3
Oy b-AKO0 IHLLIOK GaXkaHO ranyssto [1].

Ha cborogHi Haibinblw AieBMM METOAOM €/IeKTPOHHOro HaBYaHHS
BBKAETbCA IHAMBIAYya/lbHE, a Ccame 3aBAAKW  afanTVBHOMY  acrekTy.
AHani3yloun 3HaHHA Ta HaBUYKW OKPEMOro CTyf[eHTa, afanTuBHI CUCTEMU
ANHAMIYHO TeHepylTb MN/iaH HaBYa/IbHOrO Kypcy Ta HanalToBYHTb PiBeHb
cKnagHocTi [2]. BOHW BM3Ha4atOTb, SKWUA MaTepian KOPWUCTyBay CrpuUiimae
Kpalle, a SKWiA ripLle, nicis 4oro B peasibHOMY Yaci KOpPeryrTb Kypc. Y Takui
CNocié BOHM 3MIHIOKOTbL NIAXig Ha IHAWBIAYaNbHOMY pPiBHI, W06 BMNEBHUTUCH,
L0 KOPMCTYBay NOBHOLIHHO 03HANOMMBCS 3 TEMOLO, MEPLL HXK MepexoanTn Ao
HaCTYMHOI.

[(O/I0BHOKO METOK MNPOEKTY € CTBOPEHHSA iH(OpMaLiiiHOT CcUCTEMM
aflanTUBHOIrO €NeKTPOHHOro HaB4YaHHS. OCHOBHMI aKUEHT pobuTbCA Ha
MPUCTOCYBaHHI MabyTHLOT CUCTEMMU [0 KOHKPETHOro KOPUCTYBaya LLISAXOM
aHani3y 1oro ycniwHoCTi, 3aCTOCOBYHOUN aNropuTMmN afanTUBHOIO HaBYaHHA Ta

3aB/ISIKU CTBOPEHHIO iHAMBIAYaNbHMX HaBYa/IbHUX PEKOMEH/ALIN Ans 3aKpUTTS
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MPOra/IMH y PO3YMiHHI TOT 4mM IHWOI AucumniiHn. Ha puc. 1 306paxeHo

Aiarpamy BapiaHTiB BUKOPUCTaHHA AOCNIIKYBaHOT CUCTEMM.

<<edend>>  noginomuTi AP0 NOMUMKY
Buknagay )Q\ —— peccmpaui Q
/‘7 ———M’Q Hanucat NogigoMneHHA B yari
f% Kopucrysau 3JapeecTpyBamCA y cucTemi A
MpoBecTH iHTepaKTUEHy MepernanyTn Bignoeigj Ha
| / B33EMOMI0 3anuTaHHA
<<extends>
ABTOPW3YBATHCA ¥ H -—__h———_,_j_b

MOBIQOMUTY NPO NOMUMKY O

aeTopuaauii !'IeuemHHymrnaHi npo
YCMiWHiCcTh 2
MepernAHyTH HaBYanbHi
pekomeHaaLi
s -O b /

<<include=>

D w7 —
CTBOPHTWPEOAIYEATH KYPC
i . MepernAHyTM HABYaNbHI 2
[oaaTh rmocapif Marepiapu e Mpowry Tect
e : *\, <<include=> 4
=77 <<include»> N <<include>> .
: & / <<include== b <<include>>", T
|" ' .‘
CTBOPHTW/PEAATYBATH NPAKTMUHE I Creoputn/peparyeary Tecroei BWKOHATH KOHTPONBHI

3aBOaHHA % 33B[3HHA 33BAAHHA
'
3aBaHTaKUTH M ocapilt

CTeopuTH/penaryeatn nekuin

Puc. 1. Jliacpama eapianmie eukopucmanns
BesnepepBHWIA aHani3 BigNoOBige i MOBefiHKM KOpUCTyBaya [03BONNTb
iHhopMaLLiHI cMuCTeMi CTBOPUTU MaKCUMasibHO AOCTYNHWIA OcepefoK Ans
HaBYaHHA. TaK0oX BUKOPUCTAHHA [aHOI TexXHOMorii  cnpuatume  GiNnbLu
ornepaTMBHOMY Ta $KICHOMY 3aCBOEHHIO JIHOAMHOK OCBITHIX Marepianis,
OCKIi/IbKN BigOyBaTUMETLCA MNPUCTOCYBaHHA 6e3nocepefHb0 A0 i BMAaCHOro
PiBHA 3HaHb.

Cnucox BUKOPUCTAHHUX JIZKEPET

I. MeToanuHi acnekTU BMPOBAPKEHHsS €NeKTPOHHOr0 HaBYaHHA B 3aKfagax
3arafbHOi  cepedHbOT  ocBiTM  [EnekTpoHHMIA  pecypc]. —  Pexum  gocTyny:
http://www.irtc.org.ua/dep105/publ/2019/METOD POSIBNYK ZARITSKA LITVINENK
O SAVCHENKO SLIPCHENKO 2019 SCHOOLI132.pdf.

2. HoceHko HO. . AJanTuBHI CUCTEMM HaBYaHHS: CYTHICTb, XapaKTepUCTKa, CTaH
BUKOPUCTaHHSA Y BITYM3HAHUX 3aKnagax neparoriyHoi ocsitn / FO. . HoceHko // ®i3nko-
mMaTemaTMyHa OCBITa: HayKOBUI XypHan. — Cymu: CymArny im. A.C. MakapeHka, 2018. —
Bun. 3. —C. 73-78.
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3ACTOCYBAHHSA CUCTEMHOI'O ITIAXOAY A0 AHAJII3Y
®AKTOPIB, 10 BIVIMBAKOTDH HA 3APOBITHY IVIATY

I'pankoBebknii C.B., stdinozzzaur@gmail. com
Jninposecoxuii hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

MeTogonoria ~ CACTEMHOro  aHanizy  nepegbavae  3acTOCYBaHHS
MaTeMaTUYHUX MeTOAIB Ta IH(OPMaLINHNX TEXHONOrIA A1 AOCIIKEHHS
CKNafHMUX cucTem i npouecis. 3agady AOCNIMKEHHA (PaKTOpiB, WO BNANBAOTbH
Ha PpoO3Mip 3apobiTHOI nMnatyM  3anpornoHOBaHO pPo3rnsafaTyn  AK  3ajadvy
ideHTUiKauil (BIAHOBMEHHS) CKMNaQHOI HENIHIAHOT  3a/1e)KHOCTI  Po3Mmipy
3apo6iTHOT NnaTy Big Uux aktopiB. Mpu LUbOMY HeNiHiHA 3aneXHICTb, SKa
nignarae igeHTUikauii, npeacrtasneHa BUOIPKOKD eKCMePUMEHTA/IbHUX AaHUX
«BXI[1-BUXi1»:

C ) :
ne ( ) — BeKTOp BX04iB (  — Ki/IbKICTb BXOAIB),  — BUXif B
- napi, —o6csAr BUGIpKN.
3afaya ifeHTudpikauii nonarae B NobyLoBi MmaTemaTUyHOT Mogeni , fka

3a6e3neyye MiHimManbHe 3HauYeHHs cepelHbOKBaAPATUYHONO BiXNIEHHS:

V-3 ( (), (1)

ae () — 3HauyeHHs BMXoAy MaTeMaTU4YHO MOAENI MPU 3HAYeHHi BXOAIB, AKi
3a/laHi BEKTOPOM

Y poboTi ana aHanizy ¢aktopis, WO BNAMBaKOTL PO3MIP 3apobiTHOI
nnaTk, 3acTocOBaHO TPW Pi3HI  MIAXOAW: EKOHOMETPUYHe, HediTke Ta
HelpoHeYiTKe  MogentoBaHHA.  IH(opmauiiHol  6a300  MaTemaTUyHOro
MOZE/IIOBAHHA CNYryBasM CTaTUCTUYHI AaHi Cy4yaCHOro €BpPOMencbKOro pUHKY
npaui ®paHuii (150 oci6) Ta HimeyunHu (150 ocib6). Ocobnuey yBsary npwu
po3pobui Moaenelt 6yno npuaineHo Takum akTopam, SKi MOXYTb BNAIMBaTK Ha
3apobiTHY nnaty, K reHgep, paca, nepebyBaHHs Yy wnobi. Ll akTopn
BUMIPIOKOTLCA Y KaTeropiasibHMX LWKanax, Lo i 06ymoBmno B1bip BiAMOBIAHOIO

MaTeMaTUYHOro IHCTPYMEHTapItO.
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Y pesynbtati OTPMMaHO TpPW MaTemaTU4dHi MOAesni: eKOHOMETPUYUHY,
HEYITKY Ta HelpoHeYiTKy. TOYHiCb NobyaoBaHUX MOAENein NnopiBHIOBaNach 3a
KpuTepiem RMSE (tabn. 1):

Tabnuus 1 — MNMopiBHAHHA TOYHOCTI NOOYA0BaHNUX MOAeNei

Twun matemaTnyHol 3HayeHHA RMSE
mogeni
EKOHOMETPUYHA 5.6154
HeuiTka 5.5641
HelpoHeyiTka 5.0474

JTOCJAIIXKEHHS TA PO3POBKA HEUPOHHUX MEPEX
JUISA PO3B'SI3AHHA 3AJIAYI
3 IIEHTU®IKALII PYKOIIMCHOI'O TEKCTY
I'punenko A.QO., alinhryt@gmail.com
J3r00a I1.A., avatarrr@ua.fm

ninposcvruii nayionanvHutl yrisepcumem imeni Onecs I'onuapa (www.dnu.dp.ua)

Cepep, Tem, AKi BXXe [0Bro 3a/MLLIAKTLCA aKTya/IbHUMK | NPUBEPTaKOTh
A0 cebe yBary, MOXHa BWAINNTM CTBOPEHHS LUTYYHOrO IHTENEKTY, SAKWUIA
34aTHUIA  3HAYHO NPUCKOPUTM MPOLEC PO3BUTKY Hayku Ta fdaTtu  HOBI
MOX/IMBOCTI A1 MOKpaLeHHsA XUTTA. [CTOpiA WTYYHUX HEMPOHHUX Mepex
noyunmHaetbCd B 40-x pokax XX CTOMITTA, KOAM MaTeMaTUKM YOoppeH
Makkannok i Bontep IMiTTC 3anponoHyBann Mofenb HEMpPOHa Ta CUCTEMY, SKa
iMmiTyBania poboTy /HOACLKOro MO3KYy Ta Mana 3MOry BWKOHYBaTW MpOCTI
anroputmm [1].

3a [10MOMOroH HEMPOHHUX MEePEX MOXKHa BUPILUMTI LiNNA KOMMNIEKC
3afa4 y pisHMX 06n1acTaX: NPOrHo3yBaHHA NPUPOLHUX ABWLLY, AlarHOCTMKa 3a
[0MOMOroH aHasli3y 6a3un 306paxKeHb, KOHTPO/Ib Haf, BU3HAYEHUMU AKOCTAMM Ta
BUMOTramu, CTBOPEHHS LUTYYHOT MOAENI MOACbKOro IHTeNeKTY TOLWO.

Bci 3agayi MOXKHa po34i/IMTY Ha YOTMPW KaTeropir:

e MaLUVHHWIA 3ip — 34aTHICTb OTPUMYBATK IH(OPMALLit0 Yepes aHai3
3006paXkeHb Ym BIAEO;
e pO3Mi3HaBaHHA MOBM — aHani3 Ta po3ni3HaBaHHA NOACLKOI MOBMU;
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e 006pobKa NPMPOAHOT MOBY — Lie 06p0obKa NPUPOAHOr0, CTBOPEHOTO
NOLMHOKO TEKCT;
e peKoMeHfaLil cepBiciB —aHasi3 Aiin Ta BnogobaHb KOPUCTYBayiB
AN191 PO3PO6KMN ePEKTUBHUX peKOMeHAALLIN.
Y [paHomy BuMagky BcA Yysara Oyae CKOHLEHTpOBaHa Ha 3ajadi

MaLLMHHOIo abo KOMM’OTEPHOrO 30pY, a caMe Ha iAeHTU(IKaLiT 3aBaHTaXKeHNX
3006paXkeHb PYKOMMCHOIO TEKCTY.

MeTa poboTVM nonarae y AOCNIMKEHI TEMW LUTYYHOrO IHTENEKTY Ta
3HAXOKEHHI HANONTUMA/IbHILIOTO TUMY HEMPOHHUX MepeXx A5 POo3B’A3KY
nocTaBfeHol 3afadi, WO B NOAasbLLUOMY JishKe B OCHOBY PO3PO6KM BMacHOro
A0AAaTKY ANs i0eHTUMDIKaLIT TEKCTY.

IMig yac aHanisy pisHUX TUMNIB HEMPOHHNX MepeX, TX XapakKTepUCTUK Ta
BUAINEHHA OCHOBHMX rMepeBar Ta HeAONIKIB 6yn0 NPUMAHATO  PilLIEHHSA
BMKOPUCTOBYBATM 3ropTKoBY mMogesib abo CNN (convolutional neural network).
3ropTKOBI HEMPOHHI MepeXi — Le crewiani3oBaHuin TAM WTYYHUX HEMPOHHUX
MepeXx, SKi  BUKOPUCTOBYIKOTb MaTemaTuMyHy orepauito, fSKy HasuBaloTb
3rOpTKOM, 3aMiCTb 3ara/lbHOr0 MHOXEHHSI MaTpuuUb NPUHANMHI B OAHOMY 3i
CBOIX Lapis [2].

Pe3ynbTaT AOCNiKEHb MOXYTb OYTK B NOAa/IbLLIOMY 3aCTOCOBaHI AN
NMo6YyA0BN HEMPOHHMX MepeX BiNbLUOT CKIaAHOCTI, Ta OCHOBHOIO 33a4etd SKMX

MOXKe BYTM PO3B’S30K CXOXKMX 3aaau.

Bibaiorpagiuni nocunanus

1. Mutte B., Makkanox K. JloriyHe o6UMCreHHs ifei, Lo HanexaTb [0 HepBOBOI

akTnBHOCTI / Heipokomn’toTep — 1992 —Ne 3-4. C. 40-53.

2. lan Goodfellow, Yoshua Bengio, Aaron Courville Deep Learning [EneKTpoHHWi

pecypc] URL: https://www.deeplearningbook.org/
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DEVELOPMENT OF AUTOMATED FILE
MANAGEMENT SYSTEM FOR UNIVERSITY

Guk N.A., Gerasimov E.A. izanamissues@gmail.com

Oles Honchar Dnipro National University (www.dnu.dp.ua)

University has a digital library which stores different files, books,
presentations. etc. Digital library is Web site, which is developer as a web site.

Current system 1is old, it is hard to manage and develop new features,
unable to fix existing bugs and blockers, so it was decided to develop a new
automated system of file management for university.

Old site with database in MySQL were used as a base for the next
iteration. Development was split into three major branches:

1. Modelling of database. At the first step major attention is paid to choosing
of new storage and migration of existing structure in new database. Next
step requires understanding of university’s database and relationship of
data, which is in need for simplification of existing structure to reduce
nested relationships. The final stage is data migration from existing
system to the new one without leak of data.

2. Development of Web service. This branch is about development of core
of new automated system, which communicates with database, executing
business logic and provides possibility to interact with application from
another. It is important to choose flexible and shrinkable architecture
because system is going to be supported for a long time. Secondary, this
step of development requires many utility features to provide stable,
predictable, and noticeable work of system, for example: error handling,
logging, recovery planning and more.

3. Creating a user interface. It is the last step of development, when it is
necessary to decide and develop user interface, which can be used to

interact with Web service.
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After processing of these steps, it was developed a new automated file
management system. New system has next technical specifications:

e Database is stored at MSSQL server. Data relationships are reduced to
functional minimum. All data from existing system is transferred to new
system without leak. Also, stored files were separated into two storages to
prevent collisions.

e Web server is developed with C# in a .NET Core 6.0 platform. Interaction
with data is designed with repository patterns. Communication with
another applications is provided by Web API architecture via HTTP
requests. Additionally, system has logging, error handling middleware,
recovery plan and test covering.

e User interface is present as single-page application, which was built with
Angular Framework. Site has many of improvements, for example,
responsible search fields, reactive components.

New system has simpler data structure, without losing of relationships.
Core of application is stable, and it is easy to predict application’s workflow.
User interface i1s quick and smooth, it is comfortable to interact with.
Additionally, system was designed with complex routing, so that two separate
parts of application are hosting as a single unit. New system is ready for

deployment.

73



MATEMATHUYHE TA TPOTPAMHE 3ABE3INEYEHHA IHTEJIEKTYAJIBHUX CUCTEM

PO3POEKA METO/IIB AHAJII3Y BEB-CAMTIB I3
BUKOPUCTAHHAM iX TUHAMIUHUX XAPAKTEPUCTHUK

I'yk H.A., EmeassnoBa FO.C., yemelyanovaj@gmail.com
Jninposcoxuti nayionanvuuu yrisepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

BpaxoBytoun npobneMy HafaMWKOBOI  iHopMauii y CBITI, fyxe
aKTya/lbHUM € BJOCKOHA/IEHHS1 METO/iB aHasli3y iHTEPHET 06’€EKTIB.

CyuyacHi iHTepHeT-pecypcu € [AMHamiyHUMK o6'ekTaMun. B 3aBAaHHsX
aHasi3y Cnif BpaxoBYBaTW He TI/IbKM MOTOYHI XapaKTEPUCTUKN 06'EKTIB, ae 1 iX
TUMYacoBi, TOOTO AMHaMIYHI 3MiHK, 3a (PAKTOM MOSBM HOBMX MOLUYKOBMX
3anuTiB. Ha nigcTaBi 3i6paHUX AaHWX MOXKHA BU3HAYUTU ayamMTOpPitO canTy Ta
BMBUMTKL MOBEAIHKY BifBigyBadiB AN NPUAHATTA PilleHb WOA0 PO3BUTKY Ta
PO3LUMPEHHS MOXX/IMBOCTEN BEO-pecypcy.

MatemaTuyHa moaenb Be6-caiTy 6yna nobyaoBaHa y BUrNaai Be6-rpady
[1] Ta Mogenb NoBefiHKM KOpUCTyBaya y Burnagi rpady nepexofgis. ObpaHa
Mofe/Nlb MOXe OyTW OCHOBOK [ aBTOMAaTM30BaHOro aHasnizy Beb6-rpady, 3
METOH BUSBMIEHHSA MPOGMEMHUX MICLLb Y MOr0 CTPYKTYPI Ta MOX/IMBUX LLUNAXIB
T onTumizauii. IHWKWM BapiaHTOM 3acTOCyBaHHS rpadoBOi Mofeni canTy €
Bi3yanizalis CTPYKTypu canTy, WO CNifIbHO 3 HaKOMMYeHUMU CTaTUCTUYHMMMU
AaHVMK, POOUTL MOX/IMBUM TX HAOYHWIA aHani3 i 06po6Ky.

B faHiin po6oTi f4ocnimKyTbCA ANHAMIYHI 3MIHW KNaCTepHOT CTPYKTYpU
IHTepHET-06'EKTIB, Ha OCHOBI AKMUX MPOBOAUTLCS aHani3. [ns BU3HAYEHHS
KnacTepiB [2] CeMaHTMUYHO 6/1M3bKUX CTOPIHOK NPOMNOHYETLCA BUKOPUCTOBYBATM
3ibpaHy CTaTUCTUKY BIABIAYBaHHA CTOPIHOK CaiTy. B OCHOBI Migxody NeXuTb
ifest, Wo npwv Haeirauii no Be6-canTy, MOro KOPMUCTyBadi JOTPUMYHOTLCA NEBHUX
IHTepeciB |1 06MpalOTb CTOPIHKA CXOXOI TeMaTUKKW, WO BiANOBifal0Th 1X
iHpopmaLitHUM  3anuTaM. MapLipyT KOpPUCTYBaYiB, WO MOBTOPSKOTLCS,
(hopMYIOTb FPYNN CEMaHTUYHO 6/IM3bKNX CTOPIHOK, 06'¢AHaHHS AKNX MOKPUBaE
Be6 cainr.

BukopucTaHHsi  anropuTMiB  Kfactepmsauii  Beb-rpagiB  [103BONSE
CTBOPUTM KNacTep CXOXWX 3a 3MICTOM [AOKYMEHTIB, fKi MOXYTb OyTu
BUKOPUCTaHI A9 NOAaNblIOT CeMaHTUYHOI 00pobKW. TOXX 3acToCyBaHHSA
MeTO/iB KnacTepu3aLil MoXXe 3Ha4YHO MOKPaLWUTY aHasi3 CTPYKTYpK Beb-caunTy.

CnucoK BUKOPHCTAHOI JiTepaTypH
1. CHapcbkuii ALA. & NaHge O.B. (2015) Mooenosanns cknaonux Mepesc KWiB :
HTYY «KMl».
2. Duran, B. S. Cluster Analysis - A Survey / B. S. Duran, P. L. Odell. — Springer,
1974. — 146 p.
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MMOBYJIOBA KJIACU®IKATOPA JIJIS IIOITYKY AHOMAJITIA
MEPEXEBOI'O TPA®IKY

I'yamii T.O., guliutaras@gmail.com, Bbino3sopos B. €.

Jninposecoxuii nayionanvrutl ynieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

Tunosi akTMBHI MepexkeBi aTaku, Taki K breaches, spoffing, pivoting,
DoS, atakm 3 BUKOPUCTaHHSIM OOTHeT Mmepexi [1], po3ymiemo, WO 3axuct
MepeXi NOBMHEH BifOyBaTUCb B KOMMJ/EKCI. 3BUYanHO afiMiHICTpaTOpy Mepexi
MOBUHHI BMKOHATK PS4 MPEBEHTUBHUX 3aXO0AiB: CErMeHTaLis Mepexi, 3aKpuTTA
TUMOBMX MOPTIB, BCTAHOB/IEHHS CMUCKY [03BOMEHMX IP agpec, ABOX(haKTOPHOI
aBTeHTuM(iKalii Ta aBTopm3auii. MNpoTe y BUNagKy MacoBOi aTaku Haf3BUYanHO
BXXKO 3pO3YMITU MPUUYMHY Ta BUABUTU MicLe B MepumeTpi Mepexi, Ae
BiAOyBacTbC aTaka. ABTOMaTUYHE BUSAB/EHHS  aHOMani  [03BONSE
CNPOrHO3yBaTU aTaky Ha Mepexy Ta 3anobirtym LWKigAMBnUm Hacnigkam.
3BMYAHO BUSBMIEHHSI aHOMaslii MepeXxXeBoro Tpaiky € TakoX OAHUM 3
HanpsMiB 3aXuCTY.

AHOMa/bHI WabnoHn ym —crnekcnll (eKCTpeMyMr) MOXKYTb MICTUTKU AK
NOKanbHi, TaK i rnobasbHi BigxuneHHsA. Xoya rnobasbHi aHoManii MoXHa /1Ierko
iAeHTU(DIKYBATX LUMSXOM 3BUYAMHOrO Ornafy, MoKaibHIi aHoManii MaroTb
IabnoHN, NoAibHI 40 HOPMasIbHOro CUrHaly, a Lie 03Hayae, WO BUSBUTU Ha
OCHOBI eKCTPeMYMIB CK/1afHo.

Ha puc. 1 npeactasneHi gsa rpadiky aHomaniin Tpadiky. Puc. 1 (a)
NnoKasye fioKabHy aHoMasito, e aHoManisi icCHye BcepeAuHi Tpadiky, a puc. 1

(6) noka3sye rnobasbHy aHOManito, B AKiin aHOManis iCHye no3sa Tpagikom.
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PucyHok 1 — Mpuknagn rpadikis aHomanin Tpagiky
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[na  BUABMEHHA aHOMasiini MNOTPIGHO npautoBaT¥ OLHOYACHO |1 B
MPOCTOPOBIA | B 4acosiihi o06nacTi. OCKiNbKKW, WO6 BUSBUTU rN06asbHY
aHOManito A0CTaTHbO BCTAHOBUTWM TMEBHWW pPiBEHb | CNiAgKyBaTW 3a WOro
MepeBULLEHHAM, WO | Oyae igeHTUikaTopom aHomanii. MpoTe 3 NOKa/ibHO
aHOMasito He BCe TaK MpPocCTo, i Ans Ti BUSABNEHHS NOTPIGEH MEBHUIA KOMMJIEKC
mMojenen.

NMMBoKe HaBYaHHA HalKpalle npefCTaB/eHO [BOMa anropuTMamu:
3ropTKOBMMM HelipoHHUMK Mepexkammn (CNN) ans posnizHaBaHHS 306paXKeHb |
PEKYPEHTHUMU  HeWPOHHUMK  Mepexxamn  (RNN)[2], €Ki B  OCHOBHOMY
BUKOPUCTOBYIOTbCA A1  00pPOOKM NpuMpoAHOT MOBM Ta  PO3ni3HaBaHHSA
moB/neHHA. CNN MaroTb NloKasibHe CpPUAHATAMBE MoJie Ta QIiNbTPU, SKi MOXYTb
BigO6GpaXKaTU MPOCTOPOBI  XapaKTePUCTUKM  LLNSXOM BWTYYEHHA OCHOBHUX
Bi3ya/IbHMX 03HaK, TaKMX K OpIEHTOBaHI Kpai, KiHUeBi TOUKK Ta KyT. RNN mae
Ay)Xe TNNB6OKY CTPYKTYpY, fKa 3’€HYE OCHOBHI HEMPOHHI OAuMHWLI B
XPOHONOTIYHOMY MOPAAKY 1, AK nNpaBuio, edekTMBHa A8 MOAENHBaHHS
MOCMIAOBHMX [JaHUX LUIAXOM HaBYaHHSA 3a [0MOMOrow 6/10KIB LWK3iB, TaKMX
AK OANHULL foBrocTpokosol nam'ati (LSTM).

Kpim Toro, BuBYaeTbca KombiHauis wapis CNN i LSTM, wo6 Bmuainntu
4acoBi Ta MPOCTOPOBI OCOBGAMBOCTI, WO | € HEOOXIAHO ANS AO0CNIIKYBAHOIO
Habopy paHux. Komb6iHauis CNN i LSTM Moxe edeKTMBHO BUTAryBaTty
O3HaKW. B paHWiA uyac Ui nepeBary 3acTOCOBYKOTbCA ANA Knacudikauii Ta
MPOrHO3yBaHHA CUTHaNIB 3 AAaTUMKIB, AKi BUKOPUCTOBYIOTLCS B iHAYCTPia/IbHIi
cthepi.

Bioaiorpagiuyni nocuianus
I. N.-Y. Lee and H.-J. Chiang, -The research of botnet detection and

prevention,lipresented at the Computer Symposium (ICS), 2010, International, 2010,

pp.119—124.

2. Hawkins S, He H, Williams G, Baxter R. Outlier detection using replicator neural
networks. In: Kambayashi Y, Winiwarter W, Arikawa M, editors. Data warehousing

and knowledge discovery, lecture notes in computer science, vol. 2454. Berlin,
Heidelberg: Springer; 2002. p. 170-80.
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METO/ BIJTHOBJIEHHA CIIOTBOPEHUX HU®PPOBUX
30bPAKEHDB 3 BUKOPUCTAHHSAM INIEPETBOPEHHSA ®YP’€

L'ypaim A. O.,nastya20143872@gmail.com, Cepawok M.E€.

Huinposcoxuti nayionanvnu yrigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

Barato ranyserd TexHikW, L0 MalTb BIAHOLWIEHHS [0 OTPUMaHHS,
06po6Ku, 36epiraHHsA Ta nepefadi iHopMauii, B 3Ha4HI Mipi OPIEHTYHOTLCS B
AaHWI Yyac Ha PO3BUTOK CUCTEM, B IKMX iH(hOpMaLLis Mae XapakTep 306paXKeHb.
Ane [y)ke 4acTo nif 4ac nepeTBOpeHHSA abo rnepefadvi CMrHany BTpayvaeTbCs
yacTuHa IH(opmauil. BuHMKae notpeba y po3B’A3aHHI 3adadi BiATBOPEHHS
300paXkeHb. Ha fgaHui vac ust 3aaya He Ma€e 3a0Bi/IbHOr0 PILLEHHS | BUKNKAE
PS4 NMUTaHb, 8 0TXKe Tema BiJHOB/IEHHSA CMOTBOPEHUX 300paXKeHb € aKTYaslbHOHO.

MeToto AaHoi poboTK € AOCNIIPKEHHA MeTOAY BiAHOBMNEHHS iH(opMaLii y
CMOTBOPEHNX 061aCcTAX 300paXKeHHA 3 BUKOPUCTaHHAM CrekTpy ®yp’e Ta
MOPIBHAHHA pe3ynbTaTiB  Po60TM MeTody Ha 300padXKeHHSX 3 PISHUMM
XapaKTepuCcTUKamu.

Bygemo posrnfgatn umgpose 300paXKeHHA AK ABOBUMIPHY (hYHKUiO

f(X,y), BusHaueHy Ha MmaTpuui nikcenis. 3HaueHHs (yHKUii f B mikceni 3
KoopavHatamn (X, Yy) SBNsSE COOOK [A0AaTHY CKanspHy BENYMHY, SAKY
HallyacTille acouilolTb 3 IHTEHCUBHICTIO (SiCKpaBiCTHO) abo KOMbOpOM.
dPyHKUiA, 3afaHa pagom dyp'e, MoXe 6yTM MOBHICTIO 6e3 BTpaTu iHopmaLlii
BIAHOB/IEHA 3a [OMOMOrOK aNropuTMy rMepeTBopeHHsA. Lia BrnacTuBicTb €
HaJ3BMYaliHO BaXK/IMBOKD, OCKIiNbKN [103BOJISE NpautoBaTn y «Pyp'e-npocTopi»,
a noTiM NOBEPHYTUCA B NMOYATKOBY 00611aCTb BU3HAYEHHSI (PYHKLIT 6e3 BTpaTtu
Oyab-AKOT iH(hopMmaLil. MNepeBaror 4aHOro MeTofy € MOX/IMBICTb aHaNiTUYHO
OUIHUTM [eTa/IbHICTb OAepPXXyBaHOro 300paXKeHHs, a TaKOoX MOPIBHAHO
HEBE/IMKMIN 06CAT 0BUNCNEHD.

PO3rnsHeMo anropuTM, KMl 6a3yeTbes Ha igesx metogy [1]. Mepumm
KPOKOM € TepeTBOPEHHSA 3HayeHb MIiKCeNiB BUXIQHOTO 300paXKeHHA B

KOMIM/IEKCHY KapTy ymnces, 6epyymn 3Ha4eHHS NiKCeNs 3 KaHany i NepeTBOPHOYN
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MOro AK AINCHWMIA KOMMOHEHT 3 YABHWM KOMMOHEHTOM, LU0 NPAMYE 4O HYNS.
3acTocyBaHHSA NepeTBOPEHHS Pyp’e Ta 06YMCNIEHHS MOr0 CNEKTPY A0MNOMOXe
BIAHOBUTW  MNOYaTKOBe  300paeHHs.  [nd  yCriWwHOro  BiHOB/EHHS
CMOTBOPEHOr0 300paXXeHHS1 HEOOXigHO TaK pPeTyLlyBaTW BifCYTHIO 4acTUHY,
o6 CnekTp OTPMMAHOro 300paXKeHHs He BIAPI3HABCA Bif4 MNOYATKOBOrO
300paXeHHsi. TOOGTO 3amOBHEHHS BIACYTHbLOI YaCTMHU 300paXeHHSA MOTPiI6HO
POOMTM Ha OCHOBI CMeKTpa HassBHOT YaCTUHW 300paXKEHHS.

[Mo3Ha4YMMO CroTBOPEHE 300paXKEHHS 4, a BiIHOB/IEHE Ha KOXHIN iTepauil
B;. O6umcnumo cnektp ®Pyp'e, ane Ha nepwiin itepauii  6yaemo
BUKOPUCTOBYBATW TifIbKM HY/MbOBY CKN3A0BY [A15 3arOBHEHHA BIACYTHbLOI
4aCTUHKN 300paxXeHHs. OTPUMAEMO MepLue HabnvKeHHs B;. Jani 06uncioemo
CMeKTp OTpMMaHOro 306pakeHHA B; 1 3amnoBHIOEMO BIACYTHIO YacTUHY
BUXIAHOro 3006paXkeHHA A 306paXeHHAM, 00UYMCIEHMM 3 HYNbLOBOI Ta MepLuol
CKMafoBoi crnekTpa 300paxeHHs B;. MNMpoaoBXnmo npouec A0 MaKCUMaibHUX
4acCTOT, MPUCYTHIX Ha 300paxKeHHI 4. MOpPIBHAHHA BUXIAHOMO | BIAHOB/IEHOIO
300paXeHb NOKas3ye, L0 NOCTYNOBO pPeTyLLoBaHa 06/1acTb Oy/e 3anoBHIOBATUCH
300paXXeHHAM, Bi4NOBIAHMUM [0 061aCTi HABKO/IO CMTOTBOPEHHS.

TecTyBaHHA HWU3KM 300pakeHb 3a [OMOMOrOH MPOrpamHoi peanisauii
airopuTMy [03BONNIO 3p0OMTU BMCHOBOK, WO airoputM fae MNPUAHATHI
pe3ynbTaTt¥ Ha 300paXKeHHSAX 3 OfAHOPIAHUM abo rpadieHTHUM (hOHOM, Ao06pe
BIAHOB/IKOE TEKCTYPHI (DOTO, afle AKWO Ha (DOTO € MpPeAMETHI e/lEMEHTU, TO

METO/, NOTPe6YE BAOCKOHAEHHS.

CnucoKk BUKOPHCTAHUX JIKepeJt
1. Kokoshkin, A.V.; Korotkov, V.A.; Korotkov, K.V.; Novichikhin, E.P. Retouching and
restoration of missing image fragments by means of the iterative calculation of their spectra.

Comput. Opt. 2019, 43, 1030-1040.
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CTPYKTYPHUH INIAXIJI IO BUWIYYEHHSA TEKCTIB
3 BEB-CTOPIHOK
JMuxanos C.B., I'yk H.A.
dykhanovstas@gmail.com, natalyguk29@gmail.com

Jninposcoxuti nayionanvnu ynigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

3afayui aBTOMATMYHOI KracTepu3auil KoMeKUil TEKCTIB 3a TemaTUKOH
MatOTb LUMPOKE MpaKTUYHe 3aCTOCYBaHHS Yy PIi3HMX 06nactax 06pobKu
npupogHoi  MoBW. [puknagamm  TakMx  3acTocyBaHb €  Ppo3pobKa
PEKOMeHJALINHMX CUCTEM Ta IHTENIeKTYa/lbHUX aCUCTEHTIB, 3aAa4i BU3HAYeHHS
NpoiniB KOPUCTYBa4iB y COLlialbHUX Mepexax, 3afadi aHanizy emouiiHOro
(hbapbyBaHHS TEKCTiB, 3adayi KnacTepu3auii aHoTauiii HayKOBMX CTaTeil Ta
KHWKOK, 3afadvi aHanisy CemaHTMYHOro sfpa Be6-CalTiB Ta peneBaHTHOCTI
K/IK0YOBMX C/1iB NOLLYKOBUM 3anuTam, 3agadi igeHTugikauii LWTYYHMX TEKCTIB.

He3BaXkatouy Ha akTya/lbHICTb Ta LUMPOKE MpPaKTUYHe 3acTOCYyBaHHS
3afla4a Knactepm3auii TeKCTiB [0Ci BUK/MKae 6GaraTo TPYAHOLLIB Mg uac
PO3B’A3aHHA. ICHYE 3HaYHa KiNbKICTb Ny6NiKaLii, Y SKUX NPONOHYTLCA Pi3Hi
MOAeni 300paXeHHs1 TEKCTIB Ta 0OIPYHTOBYETLCA BMOIP XapaKTePHUX O03HaK,
MOPIBHIOKOTLCA METOAM KnacTepu3auii Ta OBroBOPHOETHCA Ha/alTyBaHHA TX
napameTpiB. A 3a HeoOXIAHOCTI KnacTepu3auii TEKCTIB 3 BEO-CTOPIHOK MOCTAE
LLle ofiHa NPo6/ieMa — BUNTYHEHHS 3MICTOBHUX TEKCTIB 3 BEO-CTOPIHKMN.

3a3BMnYail BEO-A0KYMEHTU B MepeXi IHTEPHET 300paxytoTbCs B hopmari
Hyper Text Markup Language (HTML) Ta MICTATb He fiMwle TEKCT, a i iHwWy
iHpopmauito — CSS ctuni, JavaScript kog. HTML posmiTka BU3Ha4ae
CTPYKTYPY Ta BMICT BEO-KOHTEHTY, 3a onoMOrot CSS 34iCHIOETLCA CTUNbOBE
0(hopMeHHS CTOPIHKK, JavaScript Kof Onucye HaBirauiHi efleMeHTH, a TaKoX
MNigTPUMYE  NOSBY  AMHAMIYHOMO  KOHTEHTY (KOMeHTapiB Ta  peakLuil
KopucTyBayiB). Ha ocHoBi HTML cTOpIHOK 6pay3ep 6yaye CTPYKTYPHY MOAe/b
canty — Document Object Model (DOM). 3a3HayeHa MOAeNb € AEepPeBOM, Y

BepLUMHAX AKOro 30epiraloTbCs MOCWMMAHHA Ta aTpubyTn enemeHTa, a
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HallafKaMn Takoro efnemMeHTa € BKnafeHi B Hboro HTML-Ternm ta TekcTu 3
IHpopmaLieto (KOHTEHTOM).

Ona  BUWNYYeHHS TEKCTIB 3 BeO-CTOPIHOK Yy poO6OTI  3acTOCOBAHO
CTPYKTYpHMIA nigxig fo aHanisy HTML foKyMeHTIB Ha OCHOBI Teris. Bigomo,
LLL0 Y 6I/IbLIOCTI BUMAAKIB iMeHa TeriB Ta aTpubyTiB € CTaHAapTU30BaHNMMN.

ABTOMaTMYHY Mpoueaypy aHanisy Be6-CTOPIHKA MOXKHA po3rnagatn sk
aBTOMaT 3i CKIHYEHOK KI/NbKICTO CTaHiB. Pyx Ta 3MmiHa CTaHiB aBTOMarty
BiAOYBAETLCA 3 ypaxyBaHHAM KOHTEKCTY CTOPIHKW. B 3anexxHOoCTi Bif no3uuii
Ha BeO-CTOPIHLI BM3HA4alOTbCA CTaHW: 3 30BHI Tery, B CepeiuHi Tery, B
CepeAnHi KOMeHTaps, B cepefunHi JavaScript kogy. Cnif 3a3HauMTy, LWO B
cepefvHi JavaScript Kooy MOXYTb TakKoX 3HaxoauTtucd HTML-Teru, ane BOHU
He BXOOATb [0 CTPYKTypu nobyposaHoro DOM-gepeBa. OCKilbKM Ha METI
Ma€ETbCA BWYYEHHA 3 BEO-CTOPIHKM fiMwe TeKCTOBUX AaHuX, To 6yno
BiZJOKPEM/IEHO Ha3BW efleMeHTIB Ta TX HalafKiB, AKi He MepernagarnTbCa Ta He
Hanexartb [0 nobyfoBaHO! CTPYKTypu. [0 TakMx  BIAHECEHO €NleMeHTU
CTUNbOBOTO  O(OPMJIEHHS, MOCWMaHHS, €NeMEeHTU KOMEHTapiB, CXOBaHi
e/IEMEHTU Ta e/leMeHTH, L0 PO3TaLLYOTbCA 3a MeXXaMun 6ayeHHs 6pay3epy.

LLInsgxom nepexofiB MK CTaHaMM Ta 3 BpaxyBaHHAM 3MICTY CTaHy 3
NIOKYMEHTY BIJOKPEM/IIOETLCA CTPYKTypoBaHa iHgopmauis. Ha  OcHoBI
OTPUMAHNX AaHWX MOXX/MBO MOOYAyBaTW IEpapXito, fKa BIATBOPHOE CTPYKTYPY
BKNaeHHA TeriB y BUrNA4i AepeBa 06’ eKTiB.

Po3po6nieHnin nigxif 3acTocoBaHO [0 BW/IYYEHHS TEKCTOBUX O/OKIB
iHbopMaLii 3 caiTy iHTepHeT-MarasuHy Ta iH(POPMALiiHOrO CalTy KOMMaHii,
3AINCHEHO MOPIBHAHHA TEKCTOBOI iH(opMaLii, OTpMMaHOI i3 3aCTOCYBaHHAM
nigxody Ta 3a pesynbTataMy Py4yHOro BUTyYeHHS. BuUABMIOCH, L0 BUTYYEHHS
TEKCTOBOI iH(opmauii € Hainbifbll eeKTUBHUM A/t KOHTEHT-OPiEHTOBaHNX

BebGCanTiB, AKM PO3PO6NAOTLCA 3a AONOMOrOoH0 LLAG/OHIB.
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PO3POBKA BHYTPINIHbOI
CTYJIEHTCBHKOI IHOOPMAIIIMHOI CUCTEMM (SIS)
HNopomenko P.K., 1290399@gmail.com

Jninpoecoxuii hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

Benukoto npobnemoro gna B MOACTBA B LIIOMY B AaHWMA 4ac €
HeoOXIAHICTb AiMKMTanisauii. — MepeTBOpPeHHs  6i3Hecy/dep>kaBn  3a
A0MOMOroH iHopmaLiiHUX TEXHOMOTIIA.

[Ona yHiBepcuTeTy, AK ANA opradisauii, Aipkutanizauis € BaKIUBUM
KPOKOM ANnA MNOKPaLLEeHHS HaB4Ya/lbHOro npouecy i 36i/bLUeHHI  oro
edpekTMBHOCTI. B KpaiHax €Bpocotody Ta [liBHIYHOT AMEPUKN  LUIMPOKO
BuKopuctoBytoTbca Taki SIS, ak Oracle Student Cloud, Workday Student,
Ellucian Banner i 1.4,

OCHOBHUM 3aB[laHHAM CTBOPEHHSA CUCTEMW Byna peanizalis MOX/IMBOCTI:

1. MpaytoBatn 3 npegmetramm (y460Bi martepianiv, poboTu, OLIHIOBAHHSA
pooIT).

BigTBOpPEeHHA LM(MPOBOT CTPYKTYPU YHIBEPCUTETY 418 NepcoHanisaLii.
CTBOPEHHS CUCTEMU PONel NS KepyBaHHSA AOCTYNOM KOPUCTYBauiB.

Po60Tn 3 HOBUHaMW.

woke e

OTpuMyBaTU 3BOPOTHII 3B’S30K Bifl KOPUCTYBaUiB 3 BUKOPUCTAHHSM
PENTUHIOBOT CUCTEMN.

6. MpoBOANTY TaEMHE r010CYBaHHS.

Mpwn po3pobui apxiTekTypn BebaoaaTky 3a goromoroto ASP.NET Core 3a
OCHOBY 6yna B3aTa 3-piBHeBa apXiTekTypa (3 Layers Architecture).

TpupiBHeBa apxiTekTypa — Le apxiTeKTypa KieHT-cepBep, Y AKii
(hyHKLiOHabHI Npouecy iHTepdelicy kopucTyBaya (Presentation Layer), 6i3Hec-
norikn (Business Layer) Ta piBHa poctyny Ao gaHux (Data Layer)
pO3p0o6NATLCA Ta MIATPUMYHOTLCA AK  He3alieXkHi MoAyni Ha OKpemmux
nnatopmax. TpupiBHeBa apxiTekTypa — LUe LWabfoH MNPOEKTYBAHHSA
NporpaMHoro 3abesneyeHHs Ta fo6pe HanaropkeHa apxiTeKTypa NporpamMHoro

3a0e3neyeHHs.
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[MepeBaru 3-piBHEBOI apXiTEKTYPU:

1. LLBnawa po3pobka.

2. TlokpallieHa macluTaboBaHiCTb.

3. TligBvweHa HafdiHICTb.

4. TMokpalleHa 6e3neka.

Ona  3pyyHocTi  6yno po3pobneHo iHTepdeic 3 2 NOCTIAHUMMU
HaBirauiiHAMK eneMeHTamMM — OGOKOBMM MEHIO C TFO/IOBHUMK po3dinamu, Ta
xefep 3 6inblW APiGHMM MepcoHanizoBaHUM (YHKLIOHa/IOM (MOBIAOM/IEHHS,
aKKayHT, HanaluTyBaHHS, MOBa iHTepgeiicy).

KoykHa BKnagka Ao3Bosise BUKoHyBaT CRUD onepalii B 3a71e)KHOCTI Bif
npas KopucTysaya Ta BiAnosijae 3a peanisauito gyHKLiIOHaNy yKa3aHoro B Tesi
3 OMMCOM OCHOBHOIO 3aBjaHHS.

OfHOK 3 HalMBaXMBILUMX BMACTUBOCTEN CUCTEMW MOBUHHA OYyTK
FHY4KiCcTb. Taka BNacTuBiCTb 6ynia 3abe3neyeHa 3a paxyHoK peanisauil cucTemm
HaBYa/IbHUX OAMHULb, AKI CTBOPOKOTH IEPapXiYHY CTPYKTYPY YHIBEPCUTETY
MOYMHaKUM Bif, BCbOrO YHIBEPCUTETY, 3aKiHYYHOUM OKPEMUMU rpynamm Ta
nigrpynamu. Taka peanisauisi CTPYKTYpPWU YHIBEPCUTETY [03BOISE CUCTEMI OYTH
FHYYKOIO A/19 TOro LWo6 BOHa MOr/ia BUKOPUCTOBYBATUCA pPisHMK BH3.

KoXXeH KopucTyBay CUCTEMM 3aKPINIiEHNA Ha NEBHOMY PiBHI CTPYKTYpU
YHIBEPCUTETY — Ha MNEBHIN HaBYaNbHI OAUHWLI, WO Aano 3MOry peasnizyBaTiu
nepcoHaniszalito KOHTEHTY Ta OOMEXeHHs MpaB [AOCTYyNy KOpPUCTyBayiB B
3a/1eXKHOCTI Bif, A0Oro poni.

Takuinl PyHKLIOHaN [03BOMISE CUCTEMWU peanidyBaTh 3HAYHY 4YaCTUHY
y4y60BOro npouecy y uugpposoMy surnsagi. O4HUM 3 MOX/IMBMX HanpsMKIB
NoAasibLLIOr0 PO3BUTKY CUCTEMU MOXe OyTu peanisauisi Bifeo-A3BIHKIB ANnA

MNPOBEAEHHS 3aHATb.
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AJJAIITUBHA PEAYKIUIS HEYITKUX ITPABWJI BIJHOCHO
HABYAJIbHOI BUBIPKH
€rowkin . I., KnightDanila@i.ua, I'yk H. A.,NatalyGuk29@gmail.com

Jninposcoxuiti nayionanvuu ynigepcumem imeni Onecs I onuapa (Www.dnu.dp.ua)

Ha cborofHilWHIN AeHb 3adadi, WO NoB'a3aHi 3 MOAeNt0BaHHSAM MPOLIECIB
I3 6aratoakTOpHUMKN 3a/IEXXHOCTAMM, 3YCTPIYAKOTLCA Y PI3HUX ranysax
NIOACLKOT AifnbHOCTI. [nA po3B’A3aHHA TakMX 3adady 3aCTOCYHTbCA METOAM
LUTYYHOrO [HTeNeKTy, fAKi [403BONAKTL 3HAXOAMTU MPUXOBaHI B3aEMO3B'A3KM
MK Habopamu BXIAHWX O3HaK Ta BUXIAHMMMW AaHUMW. 3aCTOCYBaHHS HEYITKOI
NOTIKN Ta HeYiTKMX 6a3 NpaBui B eKCNEPTHUX CUCTEMax A03BONSE BifobpasuTu
3anexHocTi y surnagi npasun "IF - THEN", aki € 3py4HuMun ans 06pobkn Ta
aHasni3y 3HaHb ekcriepToM. [nda nobynosu 6a3 npaBui BUKOPUCTOBYIOTH [Ba
MigXo4W: CKNafaHHA npaBui eKCrepToM Ha OCHOBI BlacHOro foceigy a6o
aBTOMaTM4He (HOpMyBaHHS 6a3n npaBwn. bBinbwicTb 06°€KTIB Yy 3adayax
MOZE/0BaHHA CKMagHUX NPoLeciB MatoTb 6aratoBUMIpHI 03HaKW, a KiJibKIiCTb
AaHUX, WO 006pobNnseTbCs, € MOTEHLUINHO BenMKow. Tomy npoueaypu
aBTOMAaTM4YHOIO reHepyBaHHs 6a3u npasBui € 6i/ibl NPOAYKTUBHMM.

BignosigHO [0 Teopemy Npo HeyiTKy anpokcumauito [1] Oyab-ska,
CKINIbKW  3aBrOAHO  CKMNagHa MaTeMaTUyHa 3a/1eXHICTb  MOXe  OyTu
anpoKCMMOBaHa CUCTEMOK HeYiTKOT foriku. [py 3acTocyBaHHI npoueaypu
aBTOMAaTM4HOI reHepauii 6a3a npasun Oyae MNOBHOK, ane MOXEe MICTUTK
HafMLWKOBI npaBuna. B igeanbHoMy Bunagky 6a3a npasun mae OyTu
afleKBaTHOK, CKMaJaTnucs 3 MiHIMa/IbHOI KifIbKOCTI mpaBu/ Ta 3abesnevysaty
MPUAHATHY TOYHICTb, afie AOCArTU UbOro ANs peasibHUX 3afa4y [OCUTb CKIaAHO.
[Nns 3MeHLEeHHA po3MipiB 6a3n 3HaHIN HailyacTille BUKOPUCTOBYETLCA METOL
peayKuii npaeun, asie Npy 3acTocyBaHHI L€ NpoLeaypy HeobXigHOK YMOBOO €
GanaHc MK KiJIbKICTHO NpaBu Ta TOUHICTIO Mogeni. Tomy 3agava peaykuii 6asu
MpaBu/ € aKTya/lbHOK |1 PO3rNAfaeTbCs y pagi pobiT. Tak y poboTi [2]

PO3B’A3YETbCA 3afaya (POPMyBaHHA 0a3n 3HaHb HEMPO-HEeYITKUX CUCTEM.
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BUKOPUCTOBYIOTLCA OCHOBHI  MPUHUMNM  peayKuii npaBun: a) CKOPOYEHHS
HEYITKMX MpaBuA BIAMOBIAHO A0 X NOTiYHMX (yHKUIWA; 6) opToroHanisauis:
BUAANEHHA TUX NPaBW/, BMIUB AKWUX HA TOYHICTb BUABMSETLCA MiHIMAIbHUM
Micns OUiHKM THAMBIAYaNbHOrO BHECKY KOXXHOrO npasuna. Y po6oti [3] ans
3AINCHEHHA Mpouesypy pefyKuil po3rnsfacTbCa 3acTOCYBaHHS FEHETUYHOMO
anropuTMy. Y  SKOCTI  KPWUTEPID TOYHOCTI HEeYIiTKOl Mmogeni o6paHo
cepeaHboKBagpaTuyHy nomunky (RMSE), a 3agayvy pefykuii chopMyib0BaHO
AK 3ajayy OaraTtoakTopHOI onTMMmisauil. O6nacTb A0NYCTUMMX PO3B’A3KIB
(hopMyeTbCA Y oKoni MNapeTo-PppoHTy. LLle o4HMM 3 NepcrneKTUBHUX MIAXOAIB €
nobynoBa HeMpO-HEeYiTKOT Mepexi, WO Mae MPOrHo3yrudy 3AaTHICTb. Tak Yy
Po6OTI [4] HeMpo-HeYiTKa MepeXxa 3aCTOCOBYETbCA ANS CUHTE3Y afanTUBHOIO
HeuiTKoro perynatopa. Peaykuis npaBua 30IACHIOETHCA  LLASXOM  BUMOOPY
HEYiTKMX MpaBua 3 6a3n 3HaHb 3a AOMOMOrOK HEMPOHHOT MepeXi. Y npoueci
HanalTyBaHHS HePOHHA MepeXa OLiHIOE AKICTb MOTOYHOro Habopy HeYiTKMX
npasun WOA0 OTPMMAHUX pe3ynbTaTiB Ta MPOrHO3YE 3HAYeHHA KOeqiLIEHTY
AKOCTI KepyBaHHS perynsaropa.

[MpoBeaeHWIA aHani3 Mokasas, WO PO3po6Ka eqeKTUBHUX anropuTMmiB
peaykuii 6asn npasun y 6a3ax 3HaHb [03BO/IATb CTBOPOBATU EKCMEPTHI

CUCTEMU 3 MIHIMa/IbHOKO KiNbKICTIO MpaBu/ Ta NPUAHATHO TOYHICTIO.

Bibaiorpagivni nocujianus:

1. Kosko B. Fuzzy systems as universal approximators. IEEE Trans. on Computers.
1994. 43, N 11. P. 1329-1333. DOI: 10.1109/12.324566

2. KnebaHoBa T. C.Oco6nBOCTi BUKOPWUCTAHHA HEMPO-HEYITKUX Mogenen y
(hiHaHCOBIM AiANbHOCTI KOMyHanbHUX nignpuemcTs / T. C. KnebaHosa, O. O. PygayeHko //
EKOHOMIYHUIA BiCHMK 3anopi3bKoi fepXxaBHOT iHXeHepHOT akageMmil. - 2016. - Bun. 5(1). - C.
108-112.

3. Wos6a C. A., Ma3sypeHko B. B., CaBuyk [. A. [eHeTUYHWIA anroputm BUbOpPY
npaBun He4iTKoi 6a3n 3HaHb, 36a/1aHCOBaHOI 3a KPUTEPISMU TOYHOCTI Ta KOMMAaKTHOCTI.
Haykosi npavi BiHHWLBKOro HaLioHa/IbHOr0 TEXHIYHOIO YHiBepcuTeTy. 2012. Ne 3.

4. MuxaiineHko, B. CuHTe3 ajanTMBHOIO HEYITKOrO perynsatopa 3 NporHo3yBasibHOK
HeMpoHeYiTKo Mepexeto /| B. MuxalineHko P. XapueHko // Opecbka Aep)kaBHa akagemis
xonogy, M. Ofieca; BicHuk CymY. Cepisa "TexHiuHI Haykun", Ne3' 2012.
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€aosikoBa I. €., ingaelovikoval @gmail.com,

BoJsiomko B. JI., VVL56@;i.ua

Huinposcoruti nayionanvnu ynigepcumem imeni Onecs I onuapa (Www.dnu.dp.ua)

paHU4YHI  3afadi eninTMYHOro TWUNY HaiexaTb A0 3a4ay  3ruHy
MNaCTUHOK, AKI Hapasi € AyXe aKTya/lbHUMW Ta 3HaX0AsATb CBOE 3aCTOCYBaHHA Y
GaraTbOx ranyssax npomucnoBocTi. OTXe, Tpeba BM3HAYMTU 3rMH MNACTUHU 3
YKOPCTKO 3aKkpinieHnMu Kpasgmu i NOCTINHUM PiBHOMIPHUM HaBaHTAXEHHSM.
Po3rnsHemo matemaTU4Hy NOCTaHOBKY L€l 3aaadyi [1] :
AAW(X, Y) = f(X,Yy)

WY _ (1)

w(x,y)|. =0, =
I

ae W = W (X, Y) — HeBijoMa ()yHKLiS 3rMHY CepPeauHHOI TOYKU (X, ¥)

NNacTUHN, ["— KOHTYp NacTUHU, SKWI1 06MeXYe 1T 0651acTb Q.

f(x,y)= q(gy)’ Ae q(X,y)— IHTEHCUBHICTb MOMepeKoBOro HaBaHTaXeHHS;

2
po EN
12(1-0?)
h - ToBWMHA NnacTuHK;  E - MOoAyNb NPY>KHOCTi NepLLOro poay.

— UMNIHAPUYHA YXOPCTKICTb NMACTUHN; o — KoeqilieHT MyaccoHa;

P03B’A30K 3afayi LyKaTumMemo y BUraal W(X,Y) =W, (X, y)+W,(X,Y)
3agaya (1) 3B0AMTLCSA 10 PO3B’A3KY ABOX 3a7a4 TaKMM YNHOM:
1. HabnuxeHo 3Haxoammo 3a Teopemoto MinbepTa YaCTUHHWUIA PO3B’A30K

HEOAHOPIAHOIO PIBHAHHA W, (X,Y) = é” r*Inr- f (&,n)dQEn),
Q

e r=y(x-&+(y-n)’.
2. Oani po3B’A30K 3afjayi 3BOAMTLCA 4O OAHOPIAHOT  3afjadi 3

HEO4HOPIAHNMM KpanoBMMK YMOBaMK, ae A5 6irapMOHIYHOr0 PiBHAHHSA
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MM 6epeMo KpanoBi YMOBW — (DYHKLIIO W, (X,Y) Ta Tl HOpMasibHY MOXigHY

31 3BOPOTHMM 3HaKOM. P03B’A30K L€l 3aa4i LUyKaTUMeMO Y BUMNALI
2 a 2
Wz(x,Y)=I(ﬂl(S)-r lnr+ﬂ2(5)-a—n(r lnr))dF(S)
r
3. [puxoouMo A0 CUCTEMU IHTErPASIbHUX PIBHAHL BIAHOCHO £, (S) 1 4, (S)

[ (s)- v nrdr(s)+ [ g (s)- %(ﬁ Inr)dl(s) =-w,(x,)|,

0
onov

(r* Inr)dl(s) = _W

J4(5) (P I (5) + [ (o)
r n r

r

4. Cuctemy iHTErpaibHUX PIBHAHb HAOGMMKEHO, 3 BUKOPUCTAHHAM
IHTerpasibHOI  TeopemMy NP0 CepefHE |1 3aMiHW  iHTerpanis  no
efleMeHTapHUM fyram Cymamu, MOXXHa NpPeAcTaBuTu Y BUTNIAAI CUCTEMU
NiHIAHKX anredpaivyHnx PIBHSAHb. Micns
po3B’A3aHHA C/IAP 3HaxoAMMOo HeBifAOMI (DYHKLIT LWiNbHOCTI £4,(S) 144,(S)
[N BU3HaueHHs W(X, Y) .

BucHOBOK: pesynbTaT cBigyatb NPO e(eKTUBHE 3aCTOCYBaHHA
PO3paxyHKOBUX METOAUK AN BEAUMKOro Kniacy npuknagHux 3agady  [2].
Mpuknagn 4ncenbHOI peanisauii mMetogy cBifgyaTb MPO BUCOKY TOYHICTb
OflepXKaHnX pe3ynbTaTiB A1 061acTet HEKaHOHIYHOT POpMKU MPU MiHIMabHUX

3aTparax yacy.

1.KicenboBa O.M. Lloao po3s’da3yBaHHS KpaloBOi 3agadyi AN HeO4HOPIAHOro
BirapMOHIYHOro piBHAHHA Ans obnacti cknagHoi gopmu / O. M. Kicenbosa, B. [. J/1lam3ioK,
N. B. Bonowko /I «BICHUK OHY», cepia «MofgentoBaHHsA». — 2011. — Bun. 3. — Ne8. —
C.20-28.

2.Bonowko B.J1. Lono po3s’sa3yBaHHS KpanoBOi 3afadvi Teopil MnacTMH Ans o6nacten
cknagHoi ¢opmu / B.J1. Bonowko, M.IM. TeTynbKo //«TuTaHHA NPUKIagHOT MaTeMaTuKy i
MaTemMaTUYHOro MOZLEBaHHA». 36IpHMK HayKoBMX npaub. Bun.19 — Axinpo: Mipa, 2019p. —
C.41-50.
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KOMIT'IOTEPHE MOJEJIIOBAHHS B3AEMOJIII TIJI CKJIAJTHOI
@®OPMH 3 ITPYKHUM HNIBIIPOCTOPOM I JIE€IO
MO3AIEHTPOBOI CUJIN

Kymman B.B., zhushmanvlad@gmail.com

Jninpoecoxuii Hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

B pesynbTaTi fOCNIKEHHA 6YN10 NPOBEAEHO KOMM’HOTEpHe MOZE/THOBaHHS
npoLecy BAABMOBaHHA UWIIHAPUYHOIO abCOMOTHO XOPCTKOro LwWrtamna 3
M/10CKOK0 MiAOLLBOMD, L0 3aiiMae B MfaHi OA4HO3B’A3HY LLECTUMKYTHY 00M1acTb 3
NPy>XHiM niBnpocTopoM. [lo wramny Oyna npuknageHa cvna Q, wo Aisna
BEPTUKA/IbHO Ta NPOXOAMNa Mo3a LUEeHTPOM TSKIHHA OCHOBWM LWTamna. [Ans
KOMMN’tOTEPHOr0 MOAEe/oBaHHSA Oy/l0 BUKOPWUCTAHO MPOrpaMHuiAe  KOMIMIEKC
ANSYS STUDENT. [aHe nporpamHe 3abe3neyvyeHHs Hagae 6Ge3KOLUTOBHWIA
AOCTYM [ANs  MOAENOBaHHA TMPOLUECIB B pamKax HayKOBUX [OCNI[KeEHb.
CeomeTpuyHa Mofe/b A1 MaTteMaTUYHOro MOZentoBaHHA 6yna CTBOpeHa B
moayni Design Modeler. MatemaTuyHe MofentoBaHHSA Big0yBanocb B MOAY/i
Static Structural. HAKWM B CBOK Yepry Hagae MOBHY MOXMBICTb [0
MOAE/NIOBaHHA 3a4ay PI3HOI CKIaAHOCTI B pamMkax CTaTtuku. 3a [0MomMororo
MOCTMPOLECIHIY OTPMMaHNX pe3ynbTaTiB 6yn10 OTPUMAHO PO3MOAiN HOPMaSIbHOT
Hapyru, 3a SKUM NPOBOAMBCA aHasli3 0TPUMaHOT MOAeNi Ha afieKBaTHICTb.

Byno po3rnsHyTO NpoLec BAaBHOBaHHA abCOMFOTHO YXXOPCTKOIO LWTamny
B MPY)XHWA MiBAPOCTIp nig Ai€t0 cwui, Wo NpuKnageHi nosaueHTpPoBo.
JocnimpkeHo nNpoLec BiApuBY LITaMMy MNPU HEOCECUMETPUYHOMY HaBaHTaXKEHHI.
Bynn po3rnsHyTi pi3Hi BapiaHTXM NPUKNAAeHHS CUAW, Ha Pi3HIiA BiAcTaHi Bif
TOUKM NPOEKUIT LEHTPY TAKIHHA Ha 30HY KOHTaKTY, X 3a/1eXHICTb 3 BipvBOM
WTamMny Bif NPY)XHOro MiBNPOCTOpY Ta MabyTHbOK BTPATO CTIAKOCTI

KOHCTPYKUIT.
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SIK 3HAWTH BCI PO3B’SI3KH 3AJTAUI KOMIBOSIKEPA?

3az10p0>KHm711 B.O., Kopancmmﬁl 0.0., CTeIIIOKl’2 IL.1., HIBeuL3 A.B.
ddphyk@gmail.com
1Y9fc20p0()cw<uﬁ HAYIOHANbHUU YHIgepcumem
2IHcmumym Kibepnemuxu imeni B.M. I'nywxosa HAH Yxpainu
Hayionanenuii agiayitinuil ynieepcumem

3agava KOMiBOspKepa Nossirae B 3HAXO[PKEHHI HAMKOPOTLIOrO MapLUpyTy
(ramifIbTOHOBOIO UMKAY), AKUIA NPOXOAMTL Yepe3 N MICT (BepLUnH), BigCTaHb

MiX skummn d; >0, i, j=1,..,n, i# j. BoHa MOXe OyTu C(hopMy/ibOoBaHa Sk

3afja4a LjifloumncioBoro NiHiMHOro nporpamyBaHHs Takoro surnagy [1]: 3Hantu

d*ZXijE{Ol}Erlel?z {Z Z d'] ”} (1)

i=l j=1,j=i

Py 0OMEXEHHSX

Zn: X; =1, Zn: X =1 i=1...,n, (2)
j=1, j=#i j=1, j=i
U-—u;+(n-Dx;<n-2, i,j=L..,n, i#s,j#s,i#]. 3)
TyT 6yneBa 3MiHHa X; AOPIBHIOE OAMHWLI, AKLIO LMK MICTUTb Ayry ij, Ta
[OPIBHIOE HY/IKO B NPOTUIEXXHOMY BUMAAKY. 3HAYEHHS LLiNIOYMCNIOBMX 3MIHHUX
U, BIAMNOBILAIOTL HOMEPY KPOKY, Ha AKOMY BIABIAYETHCA BepLUMHA i, OKPIM
BEPLUMHN S, 3 AKOT MOYMHAETLCA | B AKIN 3aKIHYYETCA ramMifibTOHIB LKJ.
MiHimizalis UinboBOT  NiHiIMHOT  yHKUii (1) Bignosigae nowyky
ramifibTOHOBOIO LMKY MiHiManbHOT A0BXMHM d* (MapLipyT KOMiBOSXKEpa).
O6mexeHHs (2) onucytoTb OAHOPA30BWA BXif Ta OAHOPA30BUI BUXIA ANS
KOXKHOT i3 BepwnH. O6MmexeHHs (3) 3abe3mnevytoTb 3B'A3HICTb raMilbTOHOBOIO
uukny [1].
3agava (1)<3) mictTb N =n’—1 3MiHHUMX, 3 AKuX n(n—1) € 6ynesi, a
(n—1) — uinouncnosi, Ta M =n>—-3n+2 0OMEXeHb, 3 AKUX 2N — NiHiliHi
piBHOCTI, a (N—1)(N—2) — NiHilHI HepiBHOCTI. AKWO n=25, TO Maemo 624
3MiIHHMX Ta 602 o6MmexeHHsa. [na Takmx po3mipiB 3agady (1)—3) moxHa

YCMiLLHO PO3B’A3yBaTW 3a [eKifnbKa CeKyH/j cyyacHMMM nporpamamu Gurobi
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9.1.2 ta CPLEX 20.1.0.0 3 NEOS-cepBepa [2], npo o cBigyaTb pe3ynbtatu

Ana 25-BepLUMHHOrO rpadga.

S tepex S tepiex S tepLex S tepiex S tepiex

01 12.23 06 6.90 11 7.17 16 7.70 21 5.98

02 6.32 07 1.47 12 2.22 17 3.69 22 1.91

03 7.38 08 22.51 13 10.18 18 4.33 23 6.16

04 37.34 09 6.69 14 5.82 19 1.75 24 3.30

05 6.56 10 38.39 15 2.05 20 2.06 25 2.51

Hexaii d; € LiMmmn uncnamm. Po3risiHeMo cnoci6 ans 3HaxomkeHHs ycix

MapLUpyTiB  KOMiBOSDKEpPa, SKAWA 33  KOXHWIA  MOCMIAOBHMIA  3arycK
Gurobi/CPLEX 6yne abo 3HaxoAuTW HOBWIA MapLUpyT AO0BXMHOW d*, abo
3aKiH4yBaTW PO6OTY, AKWO YCi MapwpyTu AOBXMHOK d° yxxe BMOpaHi. BiH
Mo/Iirae y HaCTyrnHomy.
Hexaii 3HalineHo m MapuupyTie X,, k =1,...,m, cepef sKUX HeMae crisna-
Aatoumx. LLLo6 3HainT HoBUIA MapLupyT, AodamMo Ao 3agadi (1)—3) 06MeXxXeHHs:
> odyx<d -1/2, k=L..,m. (4)
(i) =1

NiHiiHi HepiBHOCTI (4) BiACiKaOTL YKe 3HaligeHi Mapwpytt X, k =1,...,m,

*
m+1*

TOMY p03B'si3KOM 3afadi (1)—(4) 6yae HOBUIN MapLLPYT KOMiBOsDKepa X ... AKLLO

*
m+1

A0ro [JOBXMHa AopiBHIOE d°, TO X* ., Oy/e HOBMM MapLLPYyTOM KOMiBaoshkepa, i

ioro MOXHa [0JaTh 40 ChMcKy MaplupyTis X, k =1,...,m. SKWO0 A0BXWHA
MapLIpyTy X ., MeHWwa HiX d°, TO ue 3HauMTb, WO CMMCOK MapLipyTiB
X,, k=1,...,m, MICTUTb YCi MOXNBi MapLLUPYTX KOMiBOsKepa.

Y ponosigi  6yayTb  NpeAcTaBfieHi  pe3ynbTatM  po3paxyHKiB - 3

BUKOPUCTaHHAM BKa3aHUX COMBEPIB Ta MOBW MofentoBaHHA AMPL, HaBefeHi

32 po3B’a3ku 3agadi (1)—(4) ana rpadgyy st70.tsp 3 Bigomoi 6i6niotekn TSPLIB.

Cnucok Jiteparypu
1. Miller C.E., Tucker A.W., Zemlin R.A. Integer programming formulation of travelling
salesman problem. —J. ACM, 1960, 3, P. 326-329.
2. NEOS Solvers [Electronic resource]: https://neos-server.org/neos/solvers/
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KOMIT'IOTEPHE MOJAEJIOBAHHSA BIIJIUBY IIOJIIB
TEMIIEPATYP HA EOEKTUBHICTHh COHAYHOI TAHEJII
3axapos JI.B.,decinpix@gmail.com, Kaum JLI.

Ininposcoruil nayionanenutl yuisepcumem imeni Onecs I'onuapa (Wwww.dnu.dp.ua)

3a MeTy po60TK NOCTaB/IEHO CTBOPEHHA MaTteMaTuyHoi mogeni (MM) ans
BU3HAYEHHS TemmepaTypHUX MONiB Yy KpeMHieBin coHsauHiM naHeni (CIT) Ta
LJOCNImKeHHA X BnavBy Ha KK/, cuctemu.

Po3pobneHo MM eHeproobmiHy B CI1, wWo cknagaetecs 3 2D
CTaliOHapHOro PIBHAHHA TEMN/IONPOBIAHOCTI, B AKOMY (DOTOENEKTPUYHUIA edeKT
BPax0OBYETLCA B [PKEPe/bHOMY YfieHi. BnavBe 30BHILLHIX (haKTopiB MOAY/MH0BaBCA
B rpaHU4YHMX YMOBaX Ta BiAnoBifae 3akoHy HbloToHa-PixmaHa ans KOHBeKUiT Ta
3akoHy CredpaHa-bonbumaHa Ans  pagiauiiHoi  cknafoBoi.  BignosigHi
Koe(iLieHTM TennoBiffgavi  3HaAXOAATbCA 3 BMKOPUCTAHHAM  KMAaCUYHMX
KpuTepiaslbHUX PIBHAHD.

[na BuasneHHs 3anexxHocti KK/, CI Big Temnepatypu ekcnepuMeHTasbHi
AaHi 6y anpoKCMMOBaHI 3 BUKOPUCTaHHAM METOAIB PerpecvBHOrO aHasidy Ta
BBefeHi B MM §iK HeNiHIMHWIA KePenbHWIA YeH.

CI npy mofentoBaHHI po3rnsganacb Ak Garatoluapose Tifo 3 ifeabHUM
TENNOBMM  KOHTakTOM. EdekTvBHMIN  KoediiuieHT TennonposigHocTi  CIT
OTPMMaHO 3 BUKOPUCTAHHAM BaroBMX MHOXHWKIB, LLO BiAMnoBifaloTb reomeTpil
KOXXHOTO 3 LUapiB.

Po3pobneHa 2D MM 6yna po3B’s3aHa METOAOM MpoCTol iTepauii 3
ypaxyBaHHAM [0CTaTHbOI YMOBW 36IXKHOCTI. [ns po3B’A3aHHS M00YyA0BaHO
YMCMOBUIA aNropuTM, IKWIA peanizoBaHO MOBOK) NporpamyBaHHS C++,

CepefHe 3HauyeHHa KK/ 6yno pospaxoBaHO A/1d [ABOX BWMagkiB: 3
ypaxyBaHHSIM TemnepaTypHoi 3anexHocTi KK T1a npu nocTiiHomy KK,
CepepgHboiHTerpansHa Temnepatypa CIT 3Haxogmnacb y BUrNsfi NoBepXHEBOroO
iHTerpana, L0 po3paxoBaHUA YMCIOBUM METOLOM.

OTtpumana po3bixHicTe KK, fopiBHIOE 2%, L0 MOXe CYTTEBO BMN/IMBATK

Ha e(*)eKTI/IBHiCTb BEJIMKNX I'Ii,qI'IpI/IGMCTB Ta Ma€ BpaxoByBaTUCb Mpn I'IﬂaHyBaHHi.
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AHAJII3 MIKPOCEPBICHUX TA MOHOJIITHUX APXITEKTYP

3eabonkina A.P. anastasiia.zelonkina@gmail.com,

CrenanoBa H.I. nisto6(@gmail.com

Jninposecoxuii hayionanvrutl ynieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

[Mig yac CTBOPEHHS HOBOI NMporpamu, OfHe 3 MepLUnX MUTaHb, AKe MocTaHe
nepes PO3pO6GHMKaMK, NONArae B TOMY, Y/ BapTO BMKOPUCTOBYBATWM MOHOSMITHY
apxiTekTypy, uu 6a3yBaTu nporpamy Ha MikpocepBicax. Xo4ya obuasa nigxoau
N03BO/IAKOTb CTBOPHOBATY HaliiHi A0AAaTKN PI3HOro Npu3HaYeHHs, IX 0CHoBa byae
Ay>Ke Pi3HO0, 3a/1eXKHO Bif TOro, KM caMe niaxia 6yae obpaHo. Kpim Toro, nicns
CTBOPEHHSI nporpamMy 3miHa 6a30BOi apxiTeKTypu MOXe OYyTW BUCHAXK/IMBOK Ta
TPYAOMICTKOK. TOMY, W06 YHUKHYTU MOMW/IKWA, PO3POOHMKMA MOBWHHI B3ATU [0
yBaru rnepesarv Ta HefloNiKWU KOXHOT 3 LUMX apxiTEKTYp Ta 3p03yMiTu, WO came y
KOHKPeTHOMY BUMNaaky byae nigxoamTn Kpatlle.

MoHoniTHa apxiTeKTypa € €4MHOO BE/IMKOK 06UMC/IHOBA/IbHOK MEPEXEID 3
€[IMHOK0 KOJ0BOO 6a30t0, Lo 06'eiHYe BCi Bi3Hec-npouecn. Ons BHECEHHS 3MiH B
Taky nporpamy, HeobXigHO OHOBUTW BeCb CTeK, 3BEPHYBLUMCbL A0 6a3n Koay, a
TaKOX CTBOPVBLUM Ta PO3rOpHYBLUM OHOB/IEHY BepCito iHTepdelnicy Ha CTOPOHI
Cny>k6u. Lle pobutb OHOB/IEHHS 06MEXeHMM Ta NOTPebye Garato yacy.

[10 roNI0BHUX XapaKTepuUCTUK MIKPOCEPBICHOT apXiTEKTYPU Y MOPIBHAHHI 3

MOHO/ITHO BIAHOCATb:

MPOCTe PO3roPTaHHS;

rnonerteHa po3poobKa;

GiNbLL BUCOKA NPOAYKTUBHICTb

CMNpOLLEHe TeCTYBaHHS.
3a3Ha4yeHi 0Cco6/IMBOCTI MOXKHA MOACHUTM TUM, WO AOAATOK, No6yA0BaHI
Ha apXiTeKTYpi MIKPOCEPBICIB, MOAINSE KOXHY YaCTUHY MPOrpamm Ha HesasieXxHi
KOAoBI 6a3n, WO BUKOHYKTb OfHY KOHKPETHY 3ajady. Hanpwuknag, OAvH
MiKpOCEPBIC MOXe BUKOPWUCTOBYBATUCA A1 KePYBaHHS KOPUCTyBavyaMu, iHLLWIA —

ONA PO3PaxXyHKY BUTPaAT. Ko>XeH KOMMNOHEHT MOXHa po3ropTatn Ta MaCLLITa6yBaTI/I
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HesaJIeXXHO Bif IHWMX MoAyniB. Y npoueci poboTn popatky ui  mogyni
B3aEMOZiOTb OfUH 3 O4HUM Yepe3 iHTepdeic NpuKnagHoro nporpamysaHHs (API),
L0 3a6e3neyvye NOBHY (PYHKLIOHA/IbHICTb MPOrpamum.

Cepep iHWKMX nepeBar MIKPOCEPBICHOT apXITEKTYpU MOXHA TaKOX
3a3HaunNTK:

FHyLIKiCTb (neru.le npauroBaT 3 HEBEJIMKUMN KOMaHAaMWn, AKUM I'IOTpi6HO 4acCTo

po3ropTaTucs);

- 6e3nepepBHe po3ropTaHHA (MOX/IUBI YaCTI Ta LWBUALLI LMKAN BUMYCKY);

- MOX/MBICTb  HE3a/IeXXHOr0  po3roptaHHA  (MIKpOCEpBICM €  OKPEMUMM
OAUHULAMKN, TOMY [03BOMAKOTH LUBMAKO | /IErKO HE3a/1eXKHO PO3ropTaTy OKpeMmi
PyHKUT);

- BMCOKa HagiHICTb (MOXHa po3ropTaTti 3MiHW 15 KOHKPETHOI Cnyo6u 6e3
3arposn 3ynuHKK BCIET Nporpamm).

B po60Ti CTBOPEHO A0AATOK 3 BUKOPUCTAHHAM MiKPOCEPBICHOT apXiTeKTypu

i NpoBefieHO aHani3 Mhoro poboTn, 3’ACOBaHO, AKMMM Oynn 6 Hacnigku y pasi

3aCTOCYyBaHHA MOHONITHOI apXxiTeKTypu. B po60Ti po3ropTaHHsi MIKPOCEPBICIB B

Xmapi Azure 6yno 3po6/eHO LUISXOM KOHTeHepu3auii 3a gornomorow Docker,

AKU obroptae [0A4aTOK Y MOBHY (painoBy CUCTEMY, WO MICTUTb BCe HeobXigHe

0ns 3anycky. Lle € rapaHTieto Toro, Wo nporpaMa 6yfe npawoBaT 04HaKOBO Y

Oyfb SIKOMY cepefoBuLli. B xofi BUKOHaHHS poboTn Gynn OTpUMaHi pesysnbTaTty,

AKi MOXHa BUKOPWCTOBYBATW 4718 BUOOPY NiAX0AY LWOA0 apXiTeKTYpU fOAATKY, a

TaKOX 3 ypaxyBaHHAM IHLWWX [aHuX, fKi Mae PO3pPOOHUK Mpo CBOK KOMaHzy,

TEXHO/OTIT, 3an/1aHOBaHOr 0 BKOKeTY, PIBHA HABAHTAXXEHOCTI TOLLLO.

Cnncox BUKOPHCTAHUX JIZKepeJt

1. Newman, S. Building Microservices: Designing Fine-Grained Systems/ 2nd Edition / S.
Newman/ — O’REILLY. —2021. — 586 c. ISBN: 9781492034025.

2. Burns, B. Design patterns for container-based distributed systems. / B. Burns, D.
Oppenheimer. : HotCloud, 20016. — 10-22 c.
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BUKOPUCTAHHA ITOCJIIIOBHOI'O AHAJII3Y ITPU
MOHITOPHUHI'Y APTEPIAJIBHOI'O TUCKY
3emasauii O.J1. zemlianyi.o20@cf.dnu.dp.ua, baiioy3 O.I'.

Jninpoecoxuii nayionanvrutl ynieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

Ha cbOrofHilHiiA  [eHb NOCMIAOBHUIA aHani3 3HaxoAuTb BCe Oifbl
LLUMPOKe 3aCTOCYBaHHA B PI3HOMaHITHMX MpUKNagHMX 0651acTax, 30Kpema npu
KOHTPO/I AKOCTI MPOAYKUIT i MaTtepianis, BUNPOOYBaHHI NpuiagiB i CUCTEM Ha
HaAiNHICTb, NOLWYKY HeCcrpaBHOCTEN Y CKNafHUX CUCTEMAX, BUSBMIEHHI CUTHaNy
Ha (DOHI LyMmY.

BuBYeHHSA MOCNILOBHOIO aHanily Hafae MOX/MBICTb ICTOTHO CKOPOTUTU
TPMBaNICTb CTATUCTUYHOIO aHanisy, Wo [A03BOMSE 3MEHLUMTU eHepreTUyHi Ta
IHWI BUTpPaTW Ha NPOBeAeHHs1 BUNPOoOYBaHb, i 6ifbLl OnepaTUBHO OTPUMYBATH
IHpopMmaLito, HeoOXigHY AN KepyBaHHA TexXHOMoriYyHMMKn npouecamu. Lle
[03BO/SE 3@ HasBHUMW AaHMMK MPUAMATL OBrpyHTOBaHI PilleHHs, WO, B Y
pe3ynbTari, CNpuae NigBULLLEHHIO AKOCTI NPOAYKLUIT.

Ha BIigMIHY Bif KNaCMYHUX MeETOAIB MaTeMaTMYHOI CTaTUCTUKK, [e
KINbKICTb  eKCMepUMEHTIB  (hiKCYeTbCA 3a3fanerifb, MeToAn MOCMiA0BHOIO
aHasizy XapakTepusyrTbCA TUM, WO MOMEHT 3YMWHKM CMOCTEPEXEHb €
BUNAAKOBUM i BU3HAYaETHCA B 3a/1€XKHOCTI Bifl 3HaY€Hb, L0 CMOCTEPIraEMO.

OcCKifNbKN KnacuyHa npouefypa € 4aCcTKOBUM BMNAAKOM MOCMiA0BHOT 3
(hIKCOBaHMM YMCNOM CMOCTEPEXEHb, TO MOLIYK ONTUMAaSIbHOT MOCNILOBHOT
npoueaypy Mae CeHC TOMY, WO BOHA NPWMBOAWUTL [0 CepeAHbOro 3HaYeHHs
CMOCTEPEXEHb, AKE € 3HAYHO MEHLUMM, HXK BignoBigHe (3 TUMU X BeIMYNHAMM
MOMW/IOK MEPLLIOro Ta APYroro poAy) KnacuyHe YMC/Io CNoCTePeXeHb.

Y po6oTi po3rnafarTbCs  NpUHUMNU  Teopii BUOGOPY MK [ABOMA
rinotesaMu, NpoOCTUMK Ta CKNaLHUMW, MPU KIacMYHOMY Ta MOCNiLOBHOMY
nigxopax. MeTow faHOro fOCNiMKEHHS € po3pobka iHpopmaLiiHOT TeEXHONOT T
MNIATPUMKA NPUAHATTA pilleHb NpU aHanisi fgaHux [060BOro MOHITOPUHIY

apTepiasibHOro TUCKY.
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AK HanbiNbL LiKaBUA 3 MPaKTUYHOI TOYKWM 30pY, Y LAOC/I[IpKEHHI 6yB
PO3rNSHYTUIA HOPMasbHWIA po3noAin. BigHOCHO ABOX NapameTpiB HOPMaslbHOro
po3nodinly Ta  PO3rNSHYTO Taki 3adadvi BUOOPY MixX IBOMa rinoTe3amu:

1) napameTp  He BilOMWIA,  — BiAOMMIA NapameTp, NPOCTI rinoTesu;

2) napameTp He BIAOMMWIA,  — BIZOMWIA NapamMeTp, CKNagHi rinoTesu.

Y paHini  pob6oTi  MpeacTaBNeHO  anropuTM  OUIHKM  MIH/MBOCTI
apTepiasibHOro TUCKY 3a [JaHMMK [060BOr0 MOHITOPUHTY, AKWUIA MOXe OyTu
KOPUCHUM MeAMYHUM MNpauiBHUKaM B MPUAHATTI PiLLEHHA BIAHOCHO KaTteropil
apTepiasibHOro TUCKY NauieHTa.

B xogi pilleHHs NocTaBeHnX 3aga4 6yno BUKOHAHO HaCTYMHI Al

1. Po3pob/ieHO 06YMCNIOBa/IbHI CXeMM TMEPEBIPKA MPOCTUX | CKNaAHUX
rinoTes npo napameTpy HOPMasIbHOro PO3MOAiTY Ha OCHOBI K/TAaCMYHOTO Ta
MOCNiAOBHOIO aHani3y.

2. 3anporoHoOBaHO aropuTM MPUAHATTA  PilLeHHA NpPo  KaTeropito
apTepianbHOro TUCKY.

3. BMKOHaHO po3paxyHOK OMepaTMBHOI XapaKTepUCTUKN KpUTepIto,
(hYHKUIT cepeaHbOro yncna BUnpobyBaHb A1t NPUAHATTA OCTATOYHOIO
PiLLEHHA 415 MOCNIL0BHOIO KPUTEPItO.

4. BWKOHAHO pO3paxyHOK MOMW/KX TMepLIOro pofy A8 KIaCU4HOro
KpWTepito npu 3agaHomy 06cs3i BUOIPKN.

5. Ha ocHOBI po3pobneHuX O6YMC/IOBAIbHUX CXEM  PO3pP06JIeHO
nporpamHe 3abesrneyeHHs A9 aHanizy AaHUX [060BOro MOHITOPUHTY
apTepianbHOro TUCKY.

6. [poBeaeHO aHani3 faHMX 40O0BOr0 MOHITOPUHTY 3 METOK BU3HAYEHHS
KaTeropii apTepia/ibHOro TUCKY Ta OLiHKM Or0 MiH/IMBOCTI,

7.  BwusaBneHo, WO HaibinbW NpuaaTHAM NpU NPUPOAHIM ANS BUPILLEHHS
3ajaui BUSBNAETLCA MOCNILOBHUIA KPUTEPI ANs CKNagHoT rinoTesu.

Pe3ynbTtatom poboTu € iHpopmMaLiiiHa TeEXHONOTIA NIATPUMKA NPUAHATTA

piLleHb NPV MOHITOPUHTY apTepiaibHOrO TUCKY.
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NPUUHATTS PIIIEHB HA OCHOBI PO3BSI3AHHS KJTACUYHUX
AHTATI'OHICTUYHUX ITOP
IBaxnenko A.B., arkadiyivahnenko@gmail.com,
IBaxnenko I.B., endermanchik04@gmail.com,

Yepuunpbka O.B., chernitskaya.olga@ukr.net

J[ninpoecoxuii hayionanonutl ynieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

Po3rnagaetbcs 3agava NPUAHATTSA PillleHb Ha OCHOBI PO3B’A3aHHA K1aCUYHMX
aHTaroHICTUYHMX  irop, rpa «CnpolleHnin nokep». Lle  BMnaakosa
aHTaroHiCTUYHa rpa, Koy OfvH 3 rpasLiB BOMOAIE OI/bLIOKD iHhOpMAaLLiEo, HiXK
iHWKA. TpaBui — 3paunii Ta Cninuid. 3psaunii Bonofie GiNbLLIOKD iH(OpMaLEto,
HDK Cninuii.  Pe3ynbTaToM AOCNIMKEHb € 3HaWAEHI PIBHOBaXKHI cTpaterii ans
060x rpasuiB. Ona 3pa4oro piBHOBaXKHa CTpaTerisi Taka: MigBuLLyBaTW, AKLLO
LWiHHICTb MOro KapTM Bulla abo piBHa LIHHOCTI KapTW CYNpOTUBHUKA i
nacyeaTty, SKWO LiHHICTb MOro KapTu HUXKYe 3a LiHHICTb KapTh CYNPOTUBHUKA.
[na Cninoro piBHOBaXKHa CTpaTeris — Lie nacysaTu, AKLIO KapTa Mae LiHHICTb
Big 1 00 4, i nigBuLLyBaTH, SKWO KapTa Mae LiHHICTb Big 5 no 13. CepefHii
Burpaw Cninoro i 3pA4Yoro npu OAUHUYHMX CTaBKax [OPiBHIOE -4 1 4
BIAMOBIAHO, TOOGTO rpa € HecrnpaBeAIMBOKD. Byno 3HaNAEHO 3a SSKUX YMOB LLIOAO
CTaBOK rpa 6y/e cnpaseinBoLo.

B pamkax BuKOHaHOI poboTu 6yn0 BMKIAAEHO MpaBwufia rpu Ta OTPMMaHO
HU3KY pe3ynbTaTiB. byno po3rnsHyTo ABa BapiaHTV FPY 3a/1eXKHO Bif TOro, KU
3 rpaBuiB pobuTb Xig nepwumM. NS KOXHOro BapiaHTy Oyno 3HangeHo
PIBHOBaXHI CTpaTterii nNpuM OAMHUYHMX CTaBKax. TakoX Oyno 3HainaeHo

BIZHOLLIEHHSA CTaBOK, MpK AKNX rpa byae cripaseMBOLO.

1. 3axapos A.B. Teopus urp B 06LeCTBEHHbIX HayKax. - M.: HNY-BLL?D,
2013. - 198 c.
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BUKOPUCTAHHSA IHBAPIAHTIB I'PA®IB JIs1 CKOPOUYEHHSA
HAIIPSAMJIEHOI'O ITIEPEBOPY Y 3AJIAYAX YIIOPAJIKYBAHHSA
KapasaeB K./I., karavaiev_k@fpm.dnulive.dp.ua
Jninposcoxuti nayionanvnu yrnigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

Beryn. [MpupogHoto dopmanisauieto NpakTMYHUX 3afad, Nos's3aHux 3
ONTUMI3aLiet0 NOPAAKY BMKOHAHHA TEXHOJIONYHO B3aEMOMOB'A3aHMX POOBIT 3
MeTOK CKOPOYEHHSI 3arajibHOro 4acy BWKOHaHHA, € 3afjadi OnTUMa/bHOro
yrnopsaaKyBaHHA BEPLUMH  OPIEHTOBHUX auMKAivyHUX rpadis. Lli  3agadi
BIAHOCATLCA A0 Knacy NP-BaXKuUX, TOMY 415 3HAXOAPKEHHS TOYHUX PO3B’SA3KIB
y 3araJlbHOMy BWMagKy Heo6XigHO 3acTOCOBYBATW CXeMW HarpsamIEHOro
nepebopy. OAHUM 3 aKTya/lbHMX MUTaHb LbOr0 HanpsMKYy € CKOPOYEHHS
Nnepebopy 3a paxyHOK MepeBipKX MPOMDKHUX nigrpadis BUXiAHOro rpagy Ha
130MOP(HICTb.

IMocTranoBka 3amauvi. PO3rNAfaeTbCA KnacMyHa 3afadva napasie/sibHoro
ynopsagkyBaHHA [1]. MHOXMHa po6IT Ta TEXHOMOrYHI O0OMEXeHHS, Lo iX
MoB’A3YI0Tb, (hopMasni3oBaHi Yy BWUIMAAI OPIEHTOBHOrO auUMKAIYHOro rpady

G(V,U), V|=n. HeobxigHo nobyaysaT napanenbHe ynopsakyBaHHs S, Ha

KOXXHOMY MICLi SKOro 3HaxoAuTbCA He Oisiblle HDK h BepwuH Tak, W06
KIfIbKICTb Micub | y HbOMY Oyna MiHIMasbHO, a TaKoX He Oynu nopyLueHi
06MeXeHHs Ha NOCNiJOBHICTb BUKOHAHHA POBIT. Y Wil NOCTaHOBLi BennynHa h
Ha3MBAETLCA LUMPUHOK YMOPALKYBaHHA Ta BIAMOBILAE KiIbKOCTI POBITHUKIB,
BefiMumMHa | — JOBXMHOIO Ta BIiAMNOBiAae YyacoBMM BUTpaTam. [punycKaeTbes,
LLL0 BATPATM YacCy Ha BUKOHaHHS KOXKHOI pO60TN OAHAKOBI Ta AOPIBHIOKOTL 1.

OckinbKkuy 3afaya BigHOCUTLCA A0 Knacy NP, To 3a ymoBM, WO P # NP,
TOYHI anropuTMM A9 Hel MarTb €KCMOHeHUia/lbHYy CKMagHiCTb, TOMY
pauioHasbHa opraHisauis CXem HanpsMIeHoro nepedopy B AesKUX BUNagKax
ANa  3adady  BeNMKOI  PO3MIPHOCTI  [03BOMUTbL OTPMMYBaTW PO3B’A3KU  3a
MPUAHSATHUIA Yac.

PesyabTaT. Y po6oTi [2] 6yB NpeacTaBieHNin anropuT™, WO A03BOSISE
CKOPOTUTW Mepebip y MEeTOoAi Ti/IOK Ta MeX LUASAXOM BU3HAYEHHSA BIAKPUTUX
B3aEMO3aMiHHUX BeplMH Yy rpadi. [oBefeHO, WO HaBeAeHWA anropuTMm He
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BTpayae po3rajy>eHHs, L0 BiANOBIAatOTb HEei3oMOpP(HMM nigrpadam, npote
3HAXO[PKEHHSA TaKMX BEPLUVH Y 3aralbHOMY BUMaAKy € TPYAOMICTKOO 3a/ayeto.

IHWVM nigxoAoM [0 BUMPILWEHHA LUIET npobnemMn € HabnvkeHe
BU3HAYeHHA 130MOPMHOCTI Migrpagis 3a A0MOMOro MOTYXHUX IHBapIaHTIB.
OfHMM 3 TakuX iHBapiaHTIB € po3miTKa rpagy, oTpMMaHa 3a alropuTMOM
YTOUYHEHHS Ko/bopiB [3]. [loBefeHo, WO MMOBIPHICTb TOro, WO ABa BUMaaKoBI
rpagu MarTb OA4HAKOBY PO3MITKY 33 UMM aITOPUTMOM Ta He € Mpu LbOMYy
I30MOP(OHUMN € OAM3bKOKD [0 Hyns. Y poboTi TakoX MokasaHo, Lo
NPaBUbHICTb BW3HAYeHHA 130MOp(Mi3My [BOX rpaiB TICHO nNoOB’A3aHa i3
ABOrpaHHNMI rpadamu.

pathm 3 UbOro Knacy npv OAHaKOBIW KiNbKOCTI BEPLUMH Y [0MSX Ta
KiNIbKOCTI BXiAHMX Ta BUXIAHUX Ayr Ans BIAMNOBIAHWX BEPLUMH MalOTb O4HAKOBY
PO3MITKY, NpOoTe He 060B’A3KOBO € i30MOP(HMMK. BmaBunoch, WO y LbOMY
BUMaAKY AOBXUHW ONTUMA/IbHUX YNOPSAAKYBaHb TaKOX MOXYTb OYTU Pi3HUMMU.
[na rpadis 3 puc. 1 ui 4OBXUHKU Npu h =4 fopiBHIOKOTL 4 Ta 3 BiAMNOBIAHO.

Puc. 1. IBorpaHHi rpagu 3 pisHUMM LOBXUHAMW ONTUMa/ILHUX YNOPALKYBaHb npn h = 4
LLi rpagm moxHa 06’efHaT LUNAXOM AOAaBaHHSA BepliunH 2, 3, 5 Ta 6

pasoM 3 BUXiAHUMW Ayramu 3 0fHOro rpady B iHLWKA. OTXXe, MOXEMO BTPaTUTU
pO3rany)KeHHsd, WO  BiAMNOBiJawdTb  rpaaMm 3 PI3HOK  [OBXMHOKO
ynopsiaKyBaHHS, NpoTe He 060B’S3KOBO NPW LIbOMY He Oyae 3HalfeHe LUyKaHe
yNopsaKyBaHHA, TOMY aKTya/lbHUM € BM3HAY€HHS OLIHKM TOYHOCTI ANS LbOro

nigxoay.
Biosiorpagivyni nocuianus

1. Tanaes B.C. Teopus pacnucaHuid. I'pynnosble TexHonormum [Tekct] / B.C. TaHaes,
M.A. Kosanes, A.M. LLathpaHckuit. — MH.: YHuBepcuTeTcKoe, 1998. — 290 c.

2. Kapasaes K.JI. AHani3 BNAvMBY aBTOMOP(I3My rpag)y Ha CXemu Harnpas/ieHOoro
nepebopy [Tekct] / KA. Kapasaes, B.A. TypunHa // MUTaHHA NPUKNaAHOT MaTemMaTuKu i
mMaTemMaTMyHOro mogentoBaHHs. AHinpo. —2021. —C. 94-104.

3. Arvind V. Graph Isomorphism, Color Refinement, and Compactness [Text] /
V. Arvind, J. Kébler, G. Rattan et al. // Comput. complex. —2017. —# 26. —P. 627-685.
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MOJAEJIIOBAHHA OCBITJIEHHSA 3D OB’EKTIB

Kapam6oBuu O. 1., ducalboar@gmail.com

3os0TbKO K.€., Z0lt66(@gmail.com

Jninposcoruil nayionanvrutl yrisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

MounHaroum 3 40-x pokis 20 cTopiyuysa (POKN BUHUKHEHHS Takux EOM sk
«ABC», «EHIAK» Ta iH.), KOMn’toTepHa rpaika cTpiMKo possuBanacs. |
MPOMLLIOBLIM BiHOCHO Manuii LWINAX, 3apa3 KOMM’KoTepHa rpadika [03BOSSE
CTBOpPtOBATU (HOTOPEasTiCTUYHI 306paXKEHHS.

MeTot MOET po60TH € CNPoba CTBOPUTU THCTPYMEHT 711 MOJENHOBAHHS
2D Ta 3D 06’eKTiB Ta OCBIT/IEHHSA, SKWUA Oyae CTBOPHOBATM 300PAXKEHHS Y
peasibHOMY 4aci. AKWO po3rngaatv 3agady Ginbl opmanbHO, TO Ham Tpeba

BUPILLMTW PIBHAHHSA, Ke HA3MBAETbCA PIBHAHHAM PEHAEPUHTY.
L) = [ Lw)eost, f(@0,) do
Q

OTKe, PIBHAHHA CKNAAaeTbCA 3 TaKUX YaCTUH: MOTYXHICTb CBITNa 3
HanpAMKY, KOCUHYC KyTa Mi>K NOBEPXHELD Ta HaNpsMKOM CBIT/ly ab0 CKansipHuWi
AO6GYTOK | [BOHarnpaBfneHa «yHKLUIA BIiAGMTTA, fKa NpPUIAMaE HanpsiMoK
Majfar4yoro Ta BilouToro ceiTNa i MoBepTaE Ki/bKICTb Bi40OpaXXeHOro ceiTna.

Y MOii pob0oTi 6ynun peanizoBaHi Ta NOPIBHSAHI emnipnyHa moaens ®oHra [1]

Ambient + Diffuse + Specular = Phong Reflection

Puc. 1
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Ip = 'I(aia + EmlEIlights(kd (Em ) ﬁ)im.d + ks (ﬁm ) i'})ﬂim.s)'

P

R, =2(L, -N)N—L,.

Ta (hisnvHO-KopeKTHa Mojaenb Kyka-ToppeHca [2].

. DFG
.fl"l'lﬂun'll‘.)r'."fh’” ¢ = ) ) "
'1{‘\‘.-4.—'” " ill::l{'\..-i.-!r = i'.l":l

2
[0

m((n - h)?(a?l) + 1)2

NDFeexrr(nh, o) =

(P

n-v)(1k) + k&

Gsentickaax (n.v, k) = {

F-'_‘J'f!.llhln'r'.L ”4’ i, np] = I’T[} + |:1E,.;|{l|:.‘lf + I'::l}rj

Oopnatok 6yB 3po6neHnii Moo C++ Ta 3 [JOMNOMOroH rpadgiyHol

6ibniotekn OpenGL.

Cnucokx BUKOPUCTAHHUX JIZKEPET

1. Phong illumination model [EneKTpoHHWiA pecypc]

http://rodolphe-vaillant.fr/entry/85/phong-illumination-model-cheat-sheet

2. Physically Based Rendering - Cook—Torrance [ENeKTpOHHUIA pecypc]
http://www.codinglabs.net/article_physically based rendering_cook_torrance.aspx
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JOCJIIKEHHSI 3ACTOCYBAHHS GAN-HEHPOMEPEXI Y
3AJAUYI TIOKPAIEHHS AKOCTI 306PAKEHD
Kamrransn M.O., mashalas2603@gmail.com

CunopoBa M.I'., sidorova.m.g@gmail.com

Juinposcoxuti nayionanvnuu ynigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

3aflayelo MOKpaLLeHHA 300paXKeHHs € MiABULLEHHA AKOCTI KapTUHKKU [0
GaXkaHOro Bi3ya/lbHOro pe3ynbTaTy Ta 6e3 3ailBOi BTpatu iH(opmauii.
MigBMLLEHHS SKOCTI 300paXkeHHs 3a3BuYali BKIHOYAE pPsf  NEpPeTBOPEHD:
3MEHLUEeHHS LWYyMiB, MNIiABULLEHHSA KOHTPACTHOCTI YW PO3A4INbHOI 34aTHOCTI,
OCBIT/IEHHSI TEMHOT (hoTOrpadii, yCyHeHHst ONTUYHUX CMOTBOPEHD i T.[.

3a [0MOMOroK Cy4yaCcHUX aJifOpUTMIB CTa/lo MOX/IMBUM MOKpPALLEHHSA
AKOCTI 306paXkeHb, 3p06/1IeHNX Nif BOLOKH UM B KOCMOCI, MiABULLEHHSA SKOCTI
6araTb0X KOMMN’HOTEPHUX irop, BIATBOPEHHS CTapmx (hoTorpadiii, 3aCToCyBaHHS
3afadvi y MeduuMHI Ta y 6aratbox iHWKX cepax XUTTA. Kpim Uboro, Bce
GinbLWOT nonynspHOCTi HabyBae 3acTOCyBaHHA MonepeAHbLOl 00pPo6KM Y
nporpamax KOMN’tTepHOro 30py, a came y 3agavax po3ni3HaBaHHSA 300paXKeHb,
Knacuikauii Ta iHTepnpeTayii. 1o nonynsapHMX nNporpamHMX A0AaTKiB MOXXHA
BigHecT MS Restore, VanceAl, Deeplmage Toulo.

AKTyanbHUM MigX0A0M [0 BUPILLEHHS 3afayi € 3aCTOCYBaHHS HEMPOHHUX
Mepex. He 3Bakaroum Ha MONynspHICTb, LUei HanpsM mae pag npobnem, no-
rnepLue, CKNagHICTb MOLIYKY anroputMmy i nigbopy napameTpiB Mif KOHKPETHY
cuTyauito, a no-gpyre nigbip AaHUX AN HaBYaHHSA HEMpPOHHOT Mepexi, 60
AKICTb HaBYaHHS MOfenNi Hanpsamy noB’s3aHa 3 AKICTHO iH(opmaLil, fska byae
HagXxoauMTn. ToMy BaX/IMBUM € MPOBELEHHA aHanily npegMeTHOI 061acTi,
AOCNIAKEHHS ICHYHUMX anropuTMmiB, NiAX0AiB, TEXHOMOTIA Ta BUSABMEHHS 1X
B/IaCTMBOCTEN, NepeBar i HefoMiKiB.

OfHMM 3 HanonynApHiWmMX MigxodiB A0 PO60TU 3 306paXKEHHAMU €
3acTocyBaHHA GAN-Helipomepexx (reHepaTvBHO-3Mara/ibHux mepex) [1].

OcHoBHOW 3agadveto GAN Oyna reHepauisi 306paxKeHb, ane 3apas airopuTM
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HabyB LUMPOKOro PO3MOBCIOMKEHHS | MOAMMDIKALLIA, MOXe 3aCTOCOBYBATUCS A1
3aBflaHb 00PO6GKM UM CTBOPEHHSA MOCNIA0BHOCTEN 306paxkeHb, qoTorpadii i
Bifle0, aBTOMaTU4HOro nepeabayeHHs, 30i/bLUEHHS HABbOPIB JaHUX, & TaKoX
MiABULLEHHSA AKOCTI.

Came [ocnifXeHHA 3aCTOCYBaHHA TeHepaTUBHO-3MaraibHUX Mepex Yy
3afja4i NOKpPaLLEHHS AKOCTI 306paXkeHb € METOHO LiET po6oTH.

ApxiTeKTypHO GAN CKIafaeTbCAd 3 [BOX HelipoMepex, a came —
reHepatopa Ta [AUCKpYMMKHATOpA. eHepaTop reHepye 300paxeHHdA, a
ANCKPMMIHATOP HamaraeTbCa Bifpi3HUTM TX Bif CrpaBXHIX O0O'eKTiB 3
TpeHyBa/IbHOI BMOIPKN. MOXHa ckasaTtu, Wo Ui ABi MOoAeni 3mMararoTbCs OfHa 3
IHLLIOM, | Y MpPOLECi reHepatop HaB4YaeTbCA reHepysaTu Aefani Gifbll AKICHI
00'ekTH, WO6 AMCKpUMIHATOPY OYN0 CKMagHO BIAPISHUTU 1X Bif peasibHUX
06’€KTIB BUBIPKN.

Mig yac pobotn 6yno po3pobneHo Ta HaBuyeHO GAN, 3aCTOCOBYHOUU
python, tensorflow, google colab. ApxiTekTypa reHepatopa Ta AUCKpPUMIHaTOpa
NpeacTaBnse COO0K 3ropTKOBI HEMPOHHI Mepexi 3 12 Ta 8 3ropTKOBMMMU
Luapamu BiANoBIAHO, a TakoX wwapfvb nyniHry Ta Hopmanisauii.

B akocTi onTtmmizaTopiB 6yn0 NpoTecToBaHO METOAM CTOXaCTUYHOrO
rpagieHTHoro cnycky (SGD), RMSprop (Root Mean Square propagation) Ta
Adam  (Adaptive = Moment  Estimation). Haikpatyi pesynbTaTu
npoaemMoHcTpyBaB MeTofd Adam, sKWin noedHye B cob6i | ige0 aganTUBHUX
MeTOAIB, i pyXY 3 iHepLi€to.

Y noganblnxX AOCNIMKEHHAX MIAHYETbCA Oifbll  AeTanbHUX Migoip
rinepnapaMeTpiB HaBYaHHA Ta CBOPEHHs BebfgofaTKy, [0 £Koro 6yae
IMMNIeMeHTOBaHa Po3pobieHa MoAe/b.

Jlirepartypa:

1. Generative Adversarial Nets [EnekTpoHHui1 pecypc] URL:
https://arxiv.org/pdf/1406.2661
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MO/JIEJTIOBAHHSI TPOLIECIB PO3MOBCIOYKEHHS 3ABPY/THEHD
Y BOJHOMY CEPEJIOBMILII

KuceasoBa M.O., kyselova.m@fpm.dnu.edu.ua, Toukomxkyp I.C.
Jninpoecoxuii hayionanvrutl yHieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

[Mpob6nema 3abe3neyeHHs AKOCTI BOAM Y pikax i 03epax € fyXe BaX/IMBOHO,
OCKIJIbKM TMOBEPXHEBI BOAW € OCHOBHMM [DKEpPesioM BOLOMOCTaYaHHA A/1d
HacCeNieHHs | MPOMMCNOBUX NIAMNPUEMCTB. 3 IHLIOTO GOKY, PiKM € OCHOBHUMM
npuinMadamm noGYTOBUX Ta BUPOOGHUYMX CTIYHUX BOJ, KiNbKICTb SKUX 3
KOXXHMM POKOM BCe 36inblUyeTbCA. [n4 NPOrHo3yBaHHA PIiBHA 3a0pyAHEHHS
MOBEPXHEBMX BOJ, 3aCTOCOBYHOTb METOAN MaTEMaTMUYHOIO MOAENHOBaHHS.

B po6oTi po3rnsgaeTbCA 3agada Npo PO3MOBCHOMKEHHA 3abpyAHeHb Yy
HernMookKik Bogonmi (piyui) 3 NAOCKMM AHOM. [N18 BU3HAYEHHS KOMMOHEHTIB
BeKTOpa LUBWAKOCTI 3aCTOCOBYETLCA MOZENb MOTEHLiabHUX TeYiin pignHu Ta
KOHBEKTUBHO-AN(MY3iiHa MOfJenb MepeHeceHHs. 3afjada pOo3B’A3YETbCH Y
ABOBUMIPHOMY  HAONMXKEHHI, KOMW  OCepefHeHHA  HeBiAOMUX  (DYHKLLi
MPOBOAUTLCS MO BEPTUKa/bHIM KoopanHaTi (NnaHoBa 3adaya). AndepeHuiansHi
PIBHSHHS, O OMUCYIOTb Lii NPOLIeCH, MatoTb BUTISA

Fo o _o 0 | G0
x> oy’ ox oy
oC ouC ovC o© oC 0 oC
a ey :&(ﬂxa}a[“@}@

[e ¢ — MoTeHuiaN LWBMAKOCTI, U,V — KOMMOHEHTW BeKTopa wwBuakocTi, C —

9

KOHLIEHTpaLis 3abpyAHIOYOT PEYOBUHU Y BOAOWMI, L, 1, — KOE(iLieHTH
TYpOYNeHTHOT Andy3il, Q — IHTEHCMBHICTb 3a6pYAHEHHS.

[na umncenbHOro po3B’A3aHHA KpaloBWX 3afady [Nf HaBeAeHUX BuLle
PIBHAHb BMKOPWUCTOBYETLCA MeTOL [APIGHUX KPOKIB, a TaKOX METO[
YCTaHOB/IEHHA PO3B’A3KY 4719 PIBHAHHA Jlannaca. [MpoBefeHi po3paxyHKu 3

BUMKOPUCTaHHAM mMaTeMaTU4HOro naketa Matlab.
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JOCINIKEHHSA 3ATAY YIIPABJIIHHSA COIIAJIBHUMHA
MPOILIECAMU 3ACOBAMU TEOPII OITUMAJIBHOI'O PO3BUTTSI

KiceanoBa® 0.M., kiseleva47@ukr.net, HpuTOMaHOBa1 0.M., olgmp@ua.fm,

2 . 1
CrpoeBa“ B.O., vikastroeva@ukr.net, CTpoeBa I'.B.", stroeva_anna@ukr.net
1ﬂHinp060bKuL7 HayioHanbHull yHieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)
J[Hinpoecvkuii 0eparcasnuii mexuiuHul yHigepcumem

KoHuenuis Teopii onTUManbHOro po3butta  nonsdrae  y  gobpe
PO3pPO6/IEHNX Ta CTPOro OOGrPYHTOBAHWX MaTemMaTUUYHUX MeToAax Ta MOoAensx,
HapaxoBYye BENNKY KiJIbKICTb HAyKOBUX Pe3y/bTaTiB Ta aKTUBHO PO3BUBAETHCA.
Ko)keH i3 3anpomnoHOBaHWX HanpsiMiB PO3BUTKY Teopii HernepepBHMX 3adad
OPM € Bax/iMBMM, TaK K [03BO/ISIE BpaxoByBaTW [04ATKOBI 0COG/IMBOCTI
npoueciB abo cucTeM, SKI PO3rNfAal0TbCA Ta 4alOTb MOX/IMBICTb OyayBaTy
aflekBaTHIi MaTtematuyHi mogeni. OTpumaHi y AaHii poboTi pe3ynbTatv €
MPOAOBXEHHAM [AOCNiKeHb, MPOBeAeHMX paHille, a caMe, AOCNIAKEeHO 3adadi
OMTMMa/IbHOr0 PO3OUTTSA MHOXWMH, A0 AKUX Y CBOT MaTeMaTWUYHIi NOCTaHOBL
3BOAATLCA 3a4adi ynpas/iHHA couianbHUMKM npouecamn: 3afadvi Po3MiLLEHHS
HaBYa/lbHUX 3aKnagiB, MeAWYHUX LEHTPIB enifeMionoriyHol A0onomorwy,
LLeHTPIB HaflaHHA ryMaHiTapHOT 40NOMOrW.

Yci gocnifpkeHi 3afadi € akTyalbHUMKN Y BUPILLEHHI Cy4acHUX npobsiem
ONTMMaIbHOrO YMPaB/iHHA couianbHUMK npouecamun, a came, eqeKTUBHOCTI
BUKOPUCTaHHS  OIO[KETHUX  KOLUTIB, 3abe3neyeHHA SAKICHOI OCBITM Ta
CBOEYaCHOT MeAWYHOT AOMOMOIU; HaNeXHOro, AOCTYMNMHOro Ta OnepaTMBHOIO
0OCNYyroByBaHHA KOXHOrF0 MeLUKaHUA [ep>XaBHUMW  aAMiHICTPaTUBHUMMU
opraHamu.

[MpoBefeHa poboTa A0BOAMTL €NEKTUBHICTb Ta HEOOXIAHICTb 3a/yyaHHS
HayKn [0 BMPILLEHHA aKTyallbHUX 3afad, fKi BUCYBaE HaM CKafHe Ta
ANHaMiYHe CbOrofleHHs. BwupilweHHA npobnem ynpaefiHHA coujia/ibHUMM
npouecamn 3abesreyye 3pOCTaHHS [0OpPOOYTY rpomafdH Ta MOiNWeHHs
AKOCTI X XWUTTH, a Bif LbOro 3asnexarb CTabi/ibHICTb CYCMNifIbHOrO XUTTA Ta

MalibyTHE HaLLIOT KpaiHW,
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OLIHKA JUCHEPCIi JUCKPETHOI'O BUIIAJIKOBOI'O MTPOLIECY
SAK PIBHS 30BHIIIHIX 3AT'PO3
Ko3youosa JI.M., l.kozubtsova@i.ua
MManaryra A.M., apm17184@gmail.com

Biiicokosuti incmumym menexomyHixayiv ma inghopmamusayii im. I'epoie Kpym, m.Kuis

30BHILLUHA 3arpo3a K BUKIWK cUCTEMI Be3rneku B JaHWA Yac € 06°€EKTOM
HayKOBUX  [OCNIMKeHb Ta  NPeaMeTOM  HU3KA  MPUKNagHUX  3adad.
KibepTepopnam Ta KibepLnUryHCTBO Hapasi € OAHWMK 3 HalHebe3neuyHimnx
BUAIB 3arpo3 B enoxy PO3BMTKY KOMM IOTEPHUX TEXHOMOrIn Ta MOBINbHUX
cucTem. BBaxkatoum BUMaAKoBMiA NPoLEeC K MOAe/b Nogadi CUrHany Ha NeBHWUIA
MPUCTPINR, AOLINbHO OLIHWTL PU3MKK 30BHILLHLOMO BTOPrHEHHS Yepe3 aHasis3

OKPEMMX UYNCOBUX XapaKTePUCTMK BUMAAKOBOIO NPOLECY.

IHpopmaLid, fika NoAaeTbCs 4epe3 KaHan 3B’A3KYy Ha MNpuUCTpin abo
BUTYYaETLCA 3 HHOTO, 3aK/THOYAETLCA B CUMHaI. PO3rnsHeMo nogavy cUrHany Ha
npuinMay, SKWIA OCHaWeHWA peecTpaTopoM. Hexail nig yac npoBefeHHS
eKCnepuMeHTy BunagkoBa QyHKUis X(t) Habyna n pisHUX peanisauii
{xi (), :I,_n}. Mpwy thikcauil yacy t KoxHa peanisauisi NpuiivMe neBHe YKCIOBe
3HayeHHs, TOOTO MaTMMEMO CYKYMHICTb [MCKPETHMX 3HAYeHb BUMAaAKOBOI
BE/IMUMHM, SIKY Ha3MBaTUMEMO Mepepi3oM BUNaAKOBOI (hyHKUIT Yy BiAnoBiAHWIA

dac t,, j=1k [2]. AN AMCKPETHOro BMMaZKOBOrO MPOLECY MaTUMEMO Habip

ANCMEPCIA  KOXKHOro nepepizy — OLIHOK Dx(tj):Dj,j:I,_k. YcepeaHeHe

— 1 & .
3HaYeHHs LbOro Habopy DX:E-ZDJ. € MaTeMaTU4YHMUM CMoAiBaHHSM
j=l1

BMNaaKoBoi BennumMHu D (t). Byab-ike BIAXWNEHHS, HanpuKnag, CurHany

PO3rNAfAETbCA K He WO iHWe SK BUXIif 3a MeXi AonycTuMuX (ayKTyauii.
Tomy [4na nepesBipkM HOpPMasibHOT Pob6OTM CUCTEMW HEOOXIAHO NepeBipuTH

rinoTey npo PiBHICTb MaTeMaTW4HOro CMOAiIBaHHS BWMNAAKOBOI BENMYMHM
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3agaHomy umcny D. Lle uncno moxe OyTn 3agaHe Ha OCHOBI MonepefHix
eKCrnepuMeHTa/lbHNUX AaHWX 3a BIACYTHOCTI 30BHILLHIX 3arpo3 abo X fK ofHa 3

TEXHIYHUX XapPaKTEPUCTUK CUCTEMMN.

Toal 3agava BWAB/IEHHA aHOMa/lbHWX BiAXWMeHb SK  IHAMKATOpIB
MOXX/IMBMX 30BHILLIHIX aTakK (3a YMOBW HOpPManbHOIo Po3noAiny) 3BOAUTLCA A0

MepeBipKN OCHOBHOI rinote3n H, Npo PiBHICTb MaTeMaTUYHOrO CrofiBaHHSA
LOCNiAKyBaHOT BennmunHn D (t) 3afaHOMy 3HavyeHH0 D npuv anbTepHaTUBHIN

rinotesi H, 3a piBHA 3HauywocTi «=P(H,/H,) (AMOBIpHOCTI BiAXUANTY

1

3aBifIOMO BIpHY OCHOBHY rinoTesy ):

3a KpuTepi nepesipkn rinotesn BisbMemMo KpuTepiit CTbtogeHTa [1].

dopmyna Ans po3paxyHKy eMnipuyHOro 3Ha4eHHs:

_D,-D L (b B

3HaueHHA KpuUTepito 3HaxoguTbcs 3 gogatkie t, =t(a,n—1). Mpu
NPaBOCTOPOHHIi rinoTesi 6yAyeTbCA NPABOCTOPOHHS KpUTUYHA 06nacTb > 1, .

Mpn nogajaHHi B Hei po3paxoBaHOro 3HadyeHHs 1, OCHOBHA rinoTesa
BIAXWUNAETbCA, TOOTO NpM BMOPaAHOMY PIBHI 3HAYYLLOCTI MOXHa 3pobuTn

BMCHOBOK PO HasABHICTb BiAXW/EHb.

1. Meggeges M.B., MaweHko 1.0. Teopis MMOBIpHOCTEN Ta MaTeMaTMyHa CTaTUCTMKA.
Migpy4yHuk. — K: Bua-Bo «/lipa-K», 2008. —536 c.

2. CeHbo N.C. Bunaakosi npouecu: nigpyyHuk. — f1beiB: KomnakTt-J1B, 2006. — 288 c.
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MPUMHSATTS PIIIEHB 3A TOIIOMOTI'OIO BA3 IAHUX
Kopuara T.A., CeaiBanoBa A.B., lOpuenko FO.10., tanyakorchaha@ukr.net

lepoicasnuii mopeoeenbHo-eKOHOMIYHUUL YHIgepcumem

O[fHIED 3 OCHOBHMX 0COGMMBOCTEN  iHOPMALINHUX  TEXHO/OrIN
MPUAHATTS pilleHb € METOAMKA B3aEMOZIT MK IIOAMHOKO Ta CUCTEMOO. Takum
YMHOM, NPUNMatOTbCA PILLIEHHA 3a pe3yNbTaToM [eTa/lbHOI 06PO6KK BCiX AaHUX,
AKI OTPUMYIOTb 3 Pi3HOMaHITHMX MKepen. OcobnvMBy ponb B LbOMY Bifirpae
6asa faHuX, agpke Ui faHi MOXKHAa BUKOPUCTATU ANS Po3paxyHKY 3a [LOMOMOroo

mMaTemMaTuyHOI Mogeni.

IHpopMaLiAHI TEXHONOTIT 3 MPUAHATTA PilLleHb MOXKHA BUKOPUCTOBYBATHU
Ha PI3HUX PIBHAX ynpa/iHHA. OKpiM TOro, BCi YXBanu, AKi NPUiMatoTb Ha LMX
PIBHSX, 3a3BUYall KOOPAMHYOTLCA. Came TOMY FO/I0BHUM 3aBAaHHAM CUCTEM |
TEXHO/ONIN € Y3roMkKeHHs NIOAer, AKi 3aTBEPAKYHOTb TaKi PILLEHHSs, AK Ha

OZIHOMY PIBHI, TaK i Ha Ki/IbKOX PIBHAX YnpaB/iHHS.

CucTeMa MiATPUMKN NPUAHATTA pilleHb CKNafaeTbecs 3 TPbOX FONOBHUX
KOMMOHEHTIB: nporpamHa cucTeMa

baza

— yrnpaeniHHA, 6a3a Mogfeneit, 6asa gaHux

(Pnc.1).
3 9O

Cucrema
baza .
. yIpasJii-
MoaeJiei

HHst Puc.1. Cuctema NigTPUMKN NPUAHATTSA PilleHb

Ona  KepyBaHHA  aBTOMATM30BaHMMW  CUCTeMaMu  YMpasiHHA,
yCcTaHoBaMy, aAMIHICTPATUBHUMU TepUTOPIAMW, BMPOOHULTBOM NpUTaMaHHI
3aBflaHHA NPUIAHATTA PilleHb Ha 6asi BE/IMYE3HOro YMcna AaHuX, HaKOMUYeHnX
3a BE/IMKMIA MPOMDKOK 4acy. JocuTb 4acto ud iHopmauis 36epiraetbca y
(hopmi BJ, Ae KoXHa onepauis 3 HUMW MPOXOAWTL 3a CrnpusHHAM CYB[, -
cCUCTeM ynpaeniHHA 6a30t0 AaHux. CTpyKTypa Y3araJibHeHOro mnopsgky

NPUAHATTA pilleHb KepyBaHHS 3a gonomMoroto CYB/L BigobpaxkeHa Ha Puc. 2.
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ANTOpUTM  NPUAHATTA  PILLIEHHb
'l' MOXX/IMBO PO3INISHYTU AK TpaHcpopmaLlis
————— w5 [ 3apnaHb X Ha pilleHAs Y 3 AaHUMK, Lo
lmT OTpUMaHi 3 6a3n aaHu B i BiATBOpPEHHS
CYBI craHy I. 'Y = F (I, B)[X]. Omxe, Habip
¢ e AaHux 1 1a B € iHopmayiiHUm 3paskom
— CUCTEMM NPUNHATTSA PiLLIEHHS.

Puc.2. CTpyKTypa NpURHATTA piLLeHb

Y TakoMy BUNafAKy anropuTMun 3aexxaTb Bif TOro, Ans 4oro npusHayeHa
CucTeMa, a TakoX Bif 0C06/1MBOCTEN 11 3acTOCyBaHHA. TOOTO MpW Pi3HUX
cucTeMax NocnifoBHICTb BiAPI3HAETLCSA. TPOXM iHLLMIA cKnag Yy iHhopMaLinHOT
MOAe/i CUCTEMU NPUIRHATTSA PiLLieHb, [je OCHOBOLO € 6a3a 3HaHb. [0 cKnagy 6a3u
3HaHb BXOAATb: Habip 3aranbHOBIAOMUX AaHUX i3 B[, i npaBun B3aEMOAIT MiX
HUMK. TTOCNIAOBHICTb MPUIHATTA pilleHb Ha 6a3i NpaBuN Ta (PaKTIiB HisK He

BM/IMBAE Ha NPU3HAYEHHS CUCTEMM YNPaBiHHS.

BuchHosok: CucteMa ynpasniHHA 6a3aMn faHUX A0S NPUAHATTS PilLeHb
MatoTb BUpiLla/bHe 3HaYeHHs Ana (YHKLIOHYBaHHS Ta 3pOCTaHHA OyAb-AKOro
nignpuemctea 4um ycraHosu. Xopowa CYB[ [03BoNse LWBWAKO Ta Nerko
MPOBECTU aHani3 pilleHHs, Wwob 3po3ymMiTu, WO BigbyBaeTbCA Ha AaHOMY eTani
ab0 L0 OYIKYETbCA HANOAMKUNMU AHAMW. [TONOBHUM MUTAHHAM NpW Po3rnsagi
nobyaoBmn 6asu faHux, K iHPOpMaTUBHOI CTPYKTYpu € F nigdip 3pyvyHmx Ta

3P03YMININX ONKUCIB TUMIB B3aEMO3B'A3KY MK e/leMeHTaMu aHuX.
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ONTUMI3ALISA KOMPECII I30OIIJIAHATUYHUX
I[IA®POBUX 30BPAKEHDb JUCTAHIIAHOI'O 30HAYBAHHS 3A
THOOPMAIIMHUMMU KPUTEPISIMUA
Kopuuncbkmii B.M. korchins50k@ji.ua
Kozaps 1.0., i.kozar97@gmail.com,

Jninpoecoxuii hayionanvrutl yHieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

CyuacHi anapaTHi 3acobw AucTaHUidHOro 30HAyBaHHs (43) 3
OTPUMaHHAM BUAOBMX JaHMX (POPMYHOTb BifnOBi4HI 300PaXEHHS, OTPUMaHI Y
PI3HNX CMEKTPa/lbHNX IHTepBaiaX efIeKTPOMarHiTHOro NPOMiHHA, Y pacTpoBUX
(hopmatax [1]. [Ona TakMx [aHWX XapakTepHa 3HayHa iHgopmauiiHa
Ha/IMLLKOBICTb, fKa CMPUUYMHSAE YacoBi BUTPATU A/19 TeMaTUYHOro aHasidy Ta
IHTepnpeTayii oTpUMaHuUX AaHUX. Y 3B’A3KY 3 UMM akTyalbHa npobrema
KOMNpecii 6arato CnekTpa/ibHUX UUPPoBUX 300pakeHb [3 3a ymMoBU
30epeXKeHHss piBHSA  IH(OPMATUBHOCTI, HeobXiAHOro Ans X [AOCTOBIPHOT
IHTepnpeTaLii Ta TeMaTUYHOrO aHaisy.

CyYKYNHICTb pacTpPOBMX 300paxKeHb, NofgaHux Ha pacTpi po3mipom N x M
nikcenie Ta 3aikcoBaHUX Yy K CneKTpasibHUX IHTepBasiax, PO3rnsagacMo K
€ANHNIA  6araTOBUMIPHUA  FeOMETPUYHMIA  00’eKT — bGaraTtocrnekTpasibHe
300paxkeHHs (BC3).

BukopucTtaHe 3anponoHoBaHe Y poboTi [2] nogaHHA PiBHIB ACKPaBOCTI
BC3 'y surnagi matpuuyi A .k, e L=N-M, KOXHWA CTOBMeUb AKOI
OTPMMaHUIN  yrnopsiAKyBaHHSM  KOAIB  SICKPaBOCTI  300paKeHb k-ro

CNEeKTPa/IbHOr0 KaHasly Mo CTOBMUAX pacTpy: A .k :[X(Llll’x@p ,X@IJ.
HacTynHuin eTan NpornoHOBaHOro MeTOAYy MONArae B OPTOroHanisauii CToBmnuiB
A xk 3 MeTOo iXHbOI AeKopenauii, He0OXiAHICTL AKOI MOB’A3aHa 3 TUM, LU0
iH(hopMaLiiiHa HaAMIPHICTb PacTPOBMX 300paXKeHb 3yMOB/IEHA KOPENALIED MiX
6nm3bkuMKn  niikcenamu [1]. Jani 34IACHIOETLCA PO3KNag KOXXHOro CTOBMUA

OPTOroHasni3oBaHoT1 matpuui A,k N0  33a4aHoOMy  AWCKPETHOMY

OpTOHOPMOBaHOMY 6asncy (BUKOPUCTOBYBanncs 6Gasvucu Yonila, Xaapa Ta
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L
Xaprni): Y () Z op(n), me @p(n) - Gasucki dyHKuii; c(pk) ;

koediLieHTV po3knagy; n=1, L.
Knto4yoBMiA MOMEHT MPOMOHOBAHOrO MeETOAY KOMMpecii nonsdrae y

(hopMyBaHHI MepPeTBOPEHOT MHOXXMHN KOeMILIEHTIB pO3Kiagy cg‘) LLSIAXOM TX
OBGHYNIHHA, MOYMHAOYM 3 MEBHOrO MOPOroBOr0 3HAYEHHS: Cg():c%k) npu

pzl,_P; C%k):o npu p=P. BnacHe Komnpecisa 34iNCHIOETLCA 06epHEHUM
L
NepeTBOPEHHSM YC ( )= Z 9p(n).

BusHayeHHs nopory P 06HYNIHHS  KOegiLieHTIB  po3Knady c%‘)
chopmynboBaHe $K  OMTUMI3aUiiHa 3afadva 36epeXXeHHs Yy BigHOBNEHUX
BEKTOpax Yék) 3aflaHoi YacTKu iHopMauiinHoi eHTnponii BC3 Ta iHAekcy
CTPYKTYPHOI CXOXOCTI.

3iCTaBMeHHs  PI3HMX  OWCKPETU30BaHUX  (OYHKLiOHaNbHUX  6asunciB
MoKa3asio HabifnbLLy epeKTUBHICTb 3a 3a3Ha4YEeHUMKN KpUTEPiSMKU Gasncy Xaapa.

HaBefeHi pe3ynbTaTk TeCTyBaHHS NPOMOHOBAHOr0 MeTOAY Ha MpuKnagi

baratocrnekTpasbHUX 306paXKeHb ANCTaHLIAHOMO 30HAYBaHHSA 3eM/i.

Cnucox BUKOPUCTAHHUX JIZKEPEJI

1. LWoseHrepar P.A. [uMCTaHUMOHHOE 30HAMpPOBaHWe. Mogenm n MeToabl 06paboTKM
n3o06paxxeHuin. Mep. ¢ aHrn. M.: TexHocdepa, 2010. 556 c.

2. KopuuHckuin  B.M., CsuHapeHko [.H. TloBbllieHWe NPOCTPAHCTBEHHOIO U
PafMOMETPUYECKOrO  paspeLleHnsl  MHOTFOCMEKTPa/IbHbIX  LWMPOBLIX  M300paXKeHWi
OMCTAHLMOHHOIO 30HAMPOBAHMSA Ha OCHOBE WX aHIUTWUYECKUX CUTHANOB. [Ipuxiadi

numanHa mamemamuyroz2o mooemosanns. 2020. Tom 3. # 2.1. C.156 — 163.
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AJITOPUTMU PO3B’A3AHHA JTIOI'ICTUYHUX 3AJAY

Koctenko O.B., rootalex.n@gmail.com, Ky3zenkos O.0.
Huinposcoxuti nayionanvuuu ynigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

OOG'€eKTOM BMBYEHHS NOTICTUYHMX 3afa4 € PeCcypcHi, (iHaHCOBI Ta
IH(opMaLiiiHI NOTOKWN. Ha CBOEMY LUNAXY Bif, MKepena CMPOBMHU [0 KiHLEBOrO
CMOXwMBaya, Lji NOTOKM NMPOXOAATb Pi3Hi BUPOOHWNYI, CKNAACHKI Ta TPAHCMOPTHI
naHkn. Tlpu  TpaguuinHoMmy nigxodi 3agadvi 3 ynpaBniHHA PecypCHUMM
MOTOKaMM BUPILIYKOTLCS B KOXHIN naHUi OKpemMo ofHa Big iHWOI. Ans
PO3B’A3KY NOFICTUYHMX 3aBaHb BUKOPUCTOBYHOTb HAYKOBI 3HAHHSA. JIOTICTUYHI
3aBflaHHA MNOCTal0Tb LWOAHA, Aedki MoTpebytoTb AOMYCTUMOrO pPilleHHs Y
peasibHOMY 4aci. [lokpalleHHs pileHb abo 3HaXOMKEHHS ONTUMaIbHOIo
piLleHHS 3a 6iNbLL KOPOTKUIA Yac NOTPeBYOTb HOBUX a/irOPUTMIB Ta MiaxXo/iB.

HaykoBa 6a3a NoriCTMkK/ MiCTUTb LUMPOKKUIA CNEKTP METOAIB, L0 HanexaTb
Pi3HUM aucumniiHam. Takum SK: Teopist IMOBIPHOCTI, MaTemMaTuyHa CTaTUCTUKA,
Teopid BMMaAKOBUX MPOLECIB, MaTeMaTUYHA /IOTiKa, Teopist HEeYITKMX MHOXMH,
NiHINHe, HeniHIMHE Ta AWHamivyHe MporpamyBaHHsl, Teopis irop, Teopis
CTaTUCTUYHUX pilleHb, Teopis MacoBOro 06C/MYroByBaHHS, Teopis yrpaBiHHA
3anacamy, MeToau  imiTauiiHOrO  MOJENOBaHHSA, METOd  MEPEXeBoro
NnaHyBaHHA Ta YNpaB/iHHA, Teopis e()eKTUBHOCTI, EKOHOMIYHI AMCUMNIIHK Ta
iH.

CyyacHi fioricTMyHi  3agadi  vacTiwe [oBOAUTLCA (opmy/oBaTM Ta
BUpiLLYBAaTU SIK 3aBfaHHS, WO BigHOCATb A0 3aBAaHb MPUAHATTS PilleHb B
ymoBax, fAe psag napameTpiB MOXYTb OYTW HETOYHUMW, HediTKUMKU abo
HeAoCTOBIpHUMK. OCO6/IMBO B BOEHHWIA 4ac, KO/IM PanToBO 3MEHLUYHTHCA
KiNIbKICTb Ta MOTY)HICTb AK MOCTaya/ibHUKIB TaK | TPaHCMOPTHUX KaHais.,
ICHYE KpuUTW4YHa 3arpo3a AN CKNafdiB 3 3anacamy  3HavyHUX 06’eMmiB,
3MEHLUYETbCA  HafiiHICTb  IH(opMauinHUX  KaHaniB  Ans  nepepgadi
YMpaBniHCbKMX CcuUrHanis. BogHoyac u4epe3 KpUTMYHMIA Gpak pecypcis,
HEMOX/IMBO 3a6e3neynMTy HaANMLIKOBI 3amacu, AN KomneHcauil gediuunTy.
BupileHHs Taknx 3agay noTpedye HOBUX, HECTAHAAPTHUX, AeLeHTpani30BaHNX
pilleHb. BUKOPMCTOBYHOUM AN MOLLYKY OCTaHHIX BECb HAasBHWI MaTeMaTUYHWIA
Ta iHhopMaLiiHO-TEXHOMOTIYHWIA anapar.
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MODELLING DYNAMICAL PROCESSES DESCRIBED BY TIME
SERIES DATA WITH NEURAL DIFFERENTIAL EQUATIONS
Koshel Eugene, eugenefade@gmail.com

Belozyorov Vasiliy, belozvye2017@gmail.com
Faculty of Applied Math, Dnipro National University

A neural ordinary differential equation (NODE) is a type of neural
networks that is evaluated by solving a differential equation defined by its neural
architecture [1]. So an NODE is integrated for the time T with its input values as
a starting point and the last point in the trajectory is then returned as an output.

NODEs can be trained to learn the dynamics of a particular process
given by the raw time series data. The dimensionality is a problem — the lower
the dimensionality of an ODE, the less complex behaviors it can exhibit, and the
time series data is often one-dimensional. The solution is to use PECUZAL
algorithm on the time series data to obtain the embedding dimension of the
NODE model [2]. After that, we can define an architecture and train the model
to produce trajectories that resemble the original time series.

As an example, let’s try to fit the following model:

dx
NODE = —_= Wjtan h(Watanh (1)
to the time series data generated by a sum of two sine waves:

F(x) = sin(x) + @ 2)
x) = sin( 5
First, we run the PECUZAL algorithm on the series of points generated
by the function (2). The algorithm suggests that the embedding dimension of the
time series is 3, so the model (1) must define a 3-dimentional ODE. The
matrices W; can have the following dimensions then:

Wi:3 X N, Wy: N X N, Wy: N x 3

3)

with ¥ =50. So, when a 3-dimensional vector is passed through the
model, the result will also be 3-dimentional and trajectories of the system (1)

will exist in the same space as the time series data, allowing direct comparison.
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Now, let’s define the loss function as follows:

T

loss(to,T) = » (f(t} _ (j

t=tp o

Function (4) allows us to compare the first coordinate of the NODE’s

3 H

NODEd :) [1] 4)

/

trajectory to the values in the time series. Then we use backpropagation method
to minimize the difference between them. The result is a system of ordinary

differential equations that fits the data and can be used for qualitative analysis.
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Fig. 1: Time-delay embedded data (blue dots) and the
trajectory produced by the system (1).
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10 PO3POBKHU AJITOPUTMIB OIIHKA IICUXOPI3IOJOI'TYHHOT' O
CTAHY OPI'AHI3MY JIIOJAUHMU 13 3AJTYUYEHHAM
IHTEJEKTYAJIbHUX IPUCTPOIB MOHITOPUHI'Y

Kpak 10.B."?, Iamko A.O., Kyasc AL% Ky3Hnenos B.O.
! Kuiscoruii HayionanvHul yHieepcumem imeni Tapaca lllesuenka
2IHcmumym kibepuemuxu im. B.M. I'mywuxosa HAH Yxpainu

[Mcmxodi3ioNnoriyHnii- cTaH opraHiamy — CYKYMHICTb MOKa3HUKIB, AKi
BK/IOYaOTb B cebe cepueBuid MysnbC, TUCK, HACUYEHICTb KUCHeM Ta iH. [1]. B
MeAWYHIA AiarHocTUui Ta JIiKyBaHHI  MEeBHWX BUAIB  CepLeBO-CYAMHHUX
3aXBOPHOBaHb € aKTya/lbHUM € 30epeXXeHHs LMX MOKa3HWKIB B NPUMYCTUMUX
mexax. [1poTe, HaABHICTb HaBaHTaXeHb, fAKI He 3aBXAN € MOX/IUBUM
BUMIpIOBaTK No3a KNiHIYHUMW LOC/IIPKEHHAMW Ta CTaliOHapHUM 0BCTEXEHHAM
CTaBUTb NMUTaHHA: axum YuHOM onocepedkoeaHo ouiHumu Lﬂ HABAHMANCEHHS |
8i0N0BIOHO BIOHOPMYBAMU IX BIOHOCHO NEGHUX NOKAZHUKIB OP2AHI3MY.

Ona  BupilweHHA Uiel 3adadvi MPOMOHYETLCA CUCTEMA MOHITOPUHTY
NCUXOMI3I0NOriYHMX MOKa3HUKIB  Ha MNiAcTaBi BUMIPHOBAHHS E€Ta/lOHHUX
MOKa3HWKIB MIIOACLKOr0 OpraHiaMy B CTaHi CMOKOK — efleKTpoeHLedanorpamu
(EEI), kappiorpamu (EKI) Ta, 3a MOX/IMBOCTI, HAacWYeHHs KUCHK. CyTb
CUCTEMW MONArae y BCTAHOB/IEHHI HOPMaslbHUX MOKa3HWUKIB (6e3 HaBaHTaXKEHHS)
Ta OUIHKM X 3MiHW BNPOAOBX 4acy HaBaHTaXEHHS i3 PI3HMMK eTasioHaMu
HaBaHTa)KEHHS Ta TPMBA/IOCTI HaBaHTaXeHHA. Ha nigctaBi uux eTaloHIB
BUMIPIOETLCA BIArYK OpraHiaMy — MUTTEBMIA Ta (3 3amni3HEHHSAM) Bif CTaHy
CMOKOK [0 CTaHy HaCW4eHHs i3 MepexofoM Ha3ag [0 CTaHy CroKOH
(BiACYTHOCTI HaBaHTaXXEHHS | MOBEPHEHHSI OpraHiamy Yy rno4vyaTKOBMWiIA CTaH). 3a
MHOXXWHOI BIAryKiB Ha eneMeHTapHi BMN/MBY OLIHIOETLCA BIAMYK KOXHOrO i3
MOKa3HWKIB, L0 [A03BOMAE BIiAHOPMYBaTU Ui MOKa3HWKMA 3a Be/IMYMHOKO
HaBaHTaXXeHHS (HanpuKiag MUTTEBE 3YCWIA MPU CTATUYHOMY HaBaHTAXKEHHI
ab0 BeNMyMHa poboTH NPU BUKOHAHHI NEBHOT eTa/IOHHOI (DI3UYHOT BNpasu).

[na npoBefeHHSA EeKCrepyvMEHTIB Ta OTPMMAaHHA [JaHUX MPOMOHYETLCA

HaCTyrnHa iHpopMaLiiiHa TEXHOOT i 3aX0N/eHHs Ta aHasli3y NOKa3HWKIB:
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1) Ha BXif NocTynarTb NOKa3HMKK, a came faHi i3 gasadis EEI i EKT
2) BUKOHYETLCA MeBHa (Pi3nMYHa Brpasa Ta BUMIPHOETLCA BIATYK;
3) oTpuMaHIi pe3ynbTaTy 3aHOCATLCA B 6a3y gaHux (bA);

4) MOKa3HWKWN AN KOHKPETHOT II0AVHM HOPMYKOTbCA BiAHOCHO BE/TMYMHM
HarbiNbLIOro i HAMMEHLLIOTo NPOosiBY (CMOKOK | HaBaHTAXEHHS);

5) paHi 3 B/l nepefatoTbCa y CUCTEMY IHTENIEKTYa/IbHOr0 aHasi3y;

6) cucTema iHTeNeKTya/IbHOro aHasli3y nepeTBOPtOE Habip NMOKa3HMKIB Y
Habip napameTpiB, AKi NepeTBOPOKOTLCA Y rpadiuHe nogaHHA [2].
Takum YMHOM, NPOMNOHOBaHa TEXHOMOTIA A03BO/SAE NEPENTN BifJ MEBHOMO
Habopy nMapameTpiB Yy u4aci A0 Habopy TO4YOK Yy OGaraToBUMIpPHOMY
MpeLCTaB/IEHHI JaHUX, B AKX KOXXHA TOUKa LaHWNX BIAMOBIAAE NEBHOMY CTaHy.
Mig 4Yac ekcrnepvMeHTa/lbHUX BWUMPoOOyBaHb Oyno0  BCTAHOB/EHO:
1) HaWGINbLW inopmamusnum ncuxogizionoziunum noxaznuxkom € 3MiHa EET,
OCKi/lbKM BOHa 3MiHIOBaslacsi Mavke OfHO4YaCHO 3i 3MIHOKH  Be/IMYMHM
HaBaHTaXXEHHS B CTaTUYHOMY CTaHi; 2) iHLWI NOKa3HWKMK, BiANOBIAHO, pearysaim
i3 MEBHUM 3aniznenHam 6i0HOCHO nouamky enaugy, NPUYOMY CepLeBuin puUTM
pearyBaB Ha BMAMB Hauwsuiwe; 3) AOCNILKEHHS 3MIH NpU  AUHAMIYHKX
HaBaHTAKEHHAX 13 PI3HOK IHTEHCUBHICTIO MOKa3aio, WO ICHYE ueninitinicmb
8I02yKy | HasisHICMb TOKANLHO20 onmumymy TNPU NEBHOMY PUTMI HaBaHTaXKEHb.
Came ToMy, Yy MOAasibLUNX AOCNIAKEHHAX MPOMOHYETHCA BUPILWNTY L€l
3afa4vi B AMHamiui, a came 3anporoHyBaTV aifOPUTMI MOLLYKY MPUXOBaHMX

napameTpiB, AKi € 3a1eXKHAUMU Bif, IHTEHCUBHOCTI HaBaHTaXXEHHS.
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2. Kpak KO.B., Metposny B.M., Ky3HeloB B.O. Po3pobka anroputmy igeHTudikauii
GaraTtonapameTpuyHOi 6ioNorivyHoi cuctemy 3a Habopom napameTpiB. XV MiKHapogHa

KOH(pepeHLif «KOHTPO/Ib i YNpaBniHHA B CKagHUX cuctemax» (KYCC-2020). 2020 p. —c.16.
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HETEROGENEOUS COMPUTER NETWORKS SIMULATION IN
CISCO PACKET TRACER ENVIRONMENT

Krasnoshapka D.V., dimakrasnoshapka@yahoo.com
Siryk S.F., siryk600@gmail.com

Oles Honchar Dnipro National University (www.dnu.dp.ua)

Computer network modeling allows you to make more accurate,
compared to expert estimates, the calculation of the required performance of
individual components and the network, including system and application
software [1]. The main advantage of the modeling is the ability to conduct
various experiments with the object under study, without resorting to physical
implementation, which allows to predict and prevent many unexpected
situations during operation.

Heterogeneous computer network (meaning different transmission media)
1s more complex than homogeneous, as it consists of several signal transmission
media. Therefore, they are often the object of research and modeling using
general simulation tools such as Matlab [2] and a variety of special applications
such as Cisco Packet Tracer, Opnet Modeler, GNS3 and others [3, 4].

The main goal is to simulate of a heterogeneous local network that uses
unshielded twisted pair (UTP) and optical fiber. Switch models with modules
such as PT-SWITCH-NM-1FGE are used to connect different types of network
segments. The single-port Cisco Gigabit Ethernet Network Module (part number
PT-SWITCH-NM-1FGE) provides Gigabit Ethernet optical connectivity for
access routers. The module is supported by the Cisco 2691, Cisco 3660, Cisco
3725, and Cisco 3745 series routers.

To create a computer network you need to create models of personal
computer, switch and connect them unshielded twisted pair and fiber.

To create a computer model, select End Devices - PC-PT from the model
area and bring it to the work area. Left-click on the computer model. On the
Config tab, select Fast Ethernet. In the IP Configuration menu, select Static and

specify a static IP address with a subnet mask. In the Settings item in the
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Display Name column, specify the PC1 domain name. In the Gateway/DNS
menu, select Static and specify the network configuration information.

To create a switch model from the model area, select Switches - Switch-
PT-Empty and bring it to the work area. Left-click on the switch model. On the
Physical tab, turn off the device using the visual switch. Select PT-SWITCH-
NM-1CFE and move it to the "empty" port of the model five times (three
computers, server, router), turn on the switch.

To create a computer network based on fiber optic cable, you must use a
fiber cable that connects to the optical ports of the switch of the appropriate
standard. For example, a PT-SWITCH-NM-1FFE port supports a bandwidth of
100 MB/s and a PT-SWITCH-NM-1FGE port supports 1000 MB/s.

Modeling a heterogeneous local area network allows you to investigate
the interaction of subnets with different signal transmission media. Further

research can be conducted to model computer internets.
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TRAINING ROBOTS FOR ELIMINATING THE TECHNOGENIC
DAMAGE WITH MACHINE LEARNING
Kuzenkov O., kuzenkov1986(@gmail.com,

Zmievska O., alex.zmievskaya@gmail.com, Baleiko N.
Oles Honchar Dnipro National University (www.dnu.dp.ua)

Every year we are scared of the end of the world. Scientists predict global
warming, meteorite impacts, radioactive threats and other dangers that often
threaten our health and life.

Nowadays for Ukraine, it is necessary to find a solution which will help to
save as many people as possible in the catastrophe situations. The main task of
civil defense is to carry out urgent work in the lesions.

The aim of rescuing operations is searching for the affected civils,
extracting them from the rubble, destroyed buildings and structures. Then to
provide the victims with the first aid. These works are performed by specialists
with a great risk. Therefore, scientists are considering of using robots to solve
man-made damages.

Robots are able to act quickly in wunpredictable and dangerous
environments. Their vision, communication and movement systems operate in
the intense smoke, dust and fire conditions in a disaster area. Due to machine
learning, the robots will be able to self-develop in emergency situations. Soon,
artificial intelligence can conduct searching and rescue operations
independently. Meanwhile, it will eliminate the human factor.

One of the most suitable programming languages is C#, for which was
developed an entire Machine Learning library - ML.Net. The Microsoft platform
allows you to work with this framework in an accessible VS environment, which
is multi-platform. ML.Net introduces a user-friendly and responsive interface,
where it uses a model builder for creating, training and deploying machine
learning models into an application. The model builder also has autorunning
settings which help in learning and finding the right settings for an individual
ML. With AutoML, an add-on for ML.Net, you can automatically integrate

ready-made settings and models from Python neural networks libraries.
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ALGORITHMS FOR SOLVING LOGISTIC PROBLEMS UNDER
CONDITIONS OF UNCERTAINTY
Kuzenkov A. A., kuzenkov1986@gmail.com,
Lozovskyi A. V., lozartval@gmail.com,

Oles Honchar Dnipro National University

Decision-making under conditions of uncertainty is a decision-making
process characterized by the multivariate development of events and the
possibility of unforeseen situations. The task is to find a vector of target
variables that satisfies the imposed constraints and optimizes a vector target
function that forms a system of criteria and interdependent characteristics. The
multi-criteria problem of mathematical programming is modeled on their basis.
In this case, it is difficult to find a solution that satisfies all the conflicting
criteria and the system of constraints. In general, the optimization logistics

problem has the following form:

b

{y = f(x) » max (min)
x€EX

where X is the set of admissible plans (alternatives, actions, previous
variants of logistical solutions); f — a numerical function defined on a set X,
which together with the maximization or minimization requirement is called the
target function.

The solution of the optimization logistic problem is formed by the pair X,
y', where X is the set of optimal plans, y is the optimal (maximum, largest or
minimum, smallest — depending on the optimization orientation) value of the
objective function, which is achieved by it on the set of admissible of plans X.
Usually limited to a partial (rather than general) solution of the problem,
determining only one among the set of optimal plans, and not the whole set.

They find a solution to the optimization logistics problem using special
mathematical methods of optimization, computer programs and computer tools

based on the appropriate source information.
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An arbitrary optimization logistic problem contains two components: an
objective function and constraints. The objective function formalizes the
criterion of optimality, according to which the best one is determined among
alternative options of logistics solutions. Constraints, on the other hand, define a
set of acceptable alternatives. Constraints are given in the form of inequalities
and/or equations.

Examples of optimization logistics tasks are the following:

e formation of a better economic plan for transportation of products,
raw materials or other production resources from suppliers to
consumers - directly or through certain distribution centers;

e determination of the maximum carrying capacity of the transport
network;

e determination of the cheapest transport route between two specified
points of the transport network;

The type of problem (linear, nonlinear, discrete) determines the methods
that will be used to solve it, namely:

¢ linear programming (simplex method, dual simplex method, others);

e integer programming (methods of segmentation, branched search,
combinatorial, heuristic, random search);

e non-linear programming (direct, indirect; design, linearization, etc.);

] others (depending on the specifics of the problem being solved).

References
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THE USE OF SYSTEM APPROACHES FOR THE AUTOMATIC
CREATION OF ROBOT-FIREFIGHTER PROTOCOLS

Kuzenkov O., Masych O., Siryk S., kuzenkov1986@gmail.com

Oles Honchar Dnipro National University (www.dnu.dp.ua)

During last several month Ukraine was facing multiple russian terrorists
attacks on it's energetic infrastructure. Country is spending multiple human
resources to deal not only with destruction but also with fires. Paying attention
to the latest science achievements in robotics it would be extremely useful to
implement robots-firefighters into the State Emergency Service of Ukraine to

save as many people lifes as possible.

Before development starts we need to determine the exact tasks the robot
must do, such as: successful movement to the fire, analyzing the environment
around, firing water or foam, behaving during burning, alerting about critical
situations e.g. stucking in a burning building or being pinned down by

something.

Robot has to be able to measure temperature, atmosphere pressure,
recognize it's position in space and after data processing send it to the server. In
addition to direct control, the robot has to be at least semi-autonomous so it has

to have movement, firing and notification algorithms executed by itself.

The most suitable programming language to resolve such problems is
Python. It simplifies work with computer vision and is able to compute data
from multiple sources in parallel. As far as the operator will take on the bulk of
the work, we have to worry about the fast and convenient application-based
interface, which will allow responding as quickly as possible to changing

circumstances and the situation around.
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THE USE OF SYSTEM APPROACHES FOR THE AUTOMATIC
CREATION OF CLEAR MINE ROBOT PROTOCOLS

Kuzenkov O., Oleshko O., kuzenkov1986@gmail.com

Oles Honchar Dnipro National University (www.dnu.dp.ua)

In connection with the martial law and the de-occupation of Ukrainian
territories from russia, the issue of demining, especially remote, is gaining
relevance.

For the development of remote demining machines, it is necessary to take
into account all stages of work. First of all, this robot must get to the mine
(taking into account all the bumps and obstacles in the scene). The next step is
the demining of the explosive itself.

To create the software part of the robot, it must be taken into account that
the robot needs its own mine analysis algorithm and ways to neutralize it, taking
into account such facts as temperature, depth, type of mine, and so on.

To train the robot, it is necessary to collect and process data. Among them
are the types of mines, their type, methods of neutralization. The stage of data
preprocessing will standardize the data to one type and facilitate the training of
the neural network for further identification of the projectile type.

The learning process is one of the most important. The neural network
learns to recognize the type of mine and, based on the type, works out possible
demining algorithms. It is also worth noting that gigabytes of data are needed for
the learning process, among them photographs of mines from different angles,
as well as their clearance methods, will take up most of them.

After that, the process of testing training on new data begins. The chance
of error must be minimized, and in case of retraining, the process must start

over.
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That is, even with an error on the part of the manager, the neural network
will minimize the undesirable impact of the projectile both on the robot itself
and on the environment around.

To train machines, it is necessary to use the Python programming
language, which simplifies the work with neural networks and computer vision.
The opencv library will allow you to process the image and, using artificial
intelligence, set the type of mine, as well as other variables necessary for
successful demining. Obviously, the manager will take on the bulk of the
demining work, but do not forget about the convenient and fast application-
based interface, which will allow him to respond as quickly as possible to

changing circumstances and the situation around.

Bibliographic references
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MACHINE LEARNING FOR ROBOTS

Kuzenkov O.0., kuzenkov1986@gmail.com
Tryputen M.M., triputen2014@gmail.com, Baleiko N.

Oles Honchar Dnipro National University (www.dnu.dp.ua)

Currently, robots have become indispensable assistants to humans in
solving many problems. In many cases, a controller and simple sensors are
enough to solve these problems. However, when solving more complex
problems that require taking into account the interaction of the robot with the
environment, it is necessary to use algorithms for processing information about
the environment.

Among the information processing algorithms, a special place is occupied

by machine learning algorithms that determine the relationship between
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combinations of input and output data. As a result of machine learning, a model
is synthesized based on data sets. Data sets can be presented in a structured form
or as raw data, from which the algorithm independently extracts features and
patterns. Machine learning on structured data is called supervised learning.
Machine learning on unlabeled data - unsupervised learning and as a special
case of supervised learning - semi-supervised learning. There is also
reinforcement learning as one of the methods of machine learning, during which
the system under test learns by interacting with some environment.

At the moment, the most popular are supervised learning algorithms based
on linear regression. These algorithms show or predict the relationship between
two variable or factors by fitting a continuous straight line to the data. The line

1s often calculated using the Squared Error Cost function.

Bibliographic references
John D. Kelleher, Brian Mac Namee, Aoife D’Arcy. Fundamentals of machine learning for
predictive data analytics. The MIT Press; 1st edition (July 24, 2015) 624p.

USING CELLULAR AUTOMATA IN SIMULATION AND
FORECASTING OF COMPLEXLY ORGANIZED PROCESSES AND
SYSTEMS

Kuzenkov O.0., Trotsenko A.G., Padalko V.

kuzenkov1986(@gmail.com, trotsenko1998@gmail.com
Oles Honchar Dnipro National University (www.dnu.dp.ua)

Many complex phenomena and processes, such as self-reproduction,
growth, development, etc., are difficult to describe using differential equations
and their systems. However, this can be easily modeled using cellular automata.
Accordingly, the popularity of models built on their basis is growing. A cellular
automaton is characterized by discrete space and time. Such a structure is
convenient for modeling various physical, biological and informational
processes. The use of cage automata allows to simulate the complex behavior of

objects or phenomena without using a complex and cumbersome mathematical
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description. The popularity of cage automata is explained by their relative
simplicity combined with great possibilities of use for modeling a set of
homogeneous interconnected objects.

In my work, I studied cellular automata in detail. Analyzed many different
examples. I found out in which areas CA are used. I got acquainted with modern
modeling systems, namely: Wolfram Mathematica and CelLab. 1 plan to go
deeper into the study of the material and create my own program for the

implementation of CA.
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METHODS AND ALGORITHMS TO INDUCE THE OPTIMAL
TRAJECTORY OF THE ROBOT'S MOVEMENT BY A GIVEN
3D SCENE

Kuzenkov O., Feshchenko M. kuzenkov1986(@gmail.com

Oles Honchar Dnipro National University (www.dnu.dp.ua)

Due to the development of artificial intelligence and robotics
technologies, a large number of companies set themselves the goal of replacing
the use of human resources with the automation of some complex and multi-
component processes by integrating software or robotic production. One of the

critical points for achieving the goal is not only the implementation of the
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underlying algorithm but also the study of the environment around it, its
analysis, and the adoption of further decisions depending on external factors.

Determining the optimal trajectory of robots in the environment is one of
the most difficult tasks for artificial intelligence and computer vision, since the
construction of the rotation is possible only after analyzing the scene around, as
well as calculating all possible paths.

It is necessary to build an environmental matrix to analyze the external
conditions. For example, it is possible to process a picture of the environment
using the CV2 computer vision library, which can be integrated using the
Python programming language.

One of the ways to collect a complete picture of the scene around is to
analyze the scene from several angles and build a 3D matrix around the robot.
After that, it becomes possible to calculate the path of the robot. This matrix is a
more complex version of its mathematical counterpart, as it must include the
physical characteristics of the environment in order to avoid damage to
expensive equipment. Having studied the physical properties of obstacles in the
path of the robot, the main task of the work is to determine which path is

optimal and less costly in terms of energy costs and machine operation time.

Bibliographic references
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3ACTOCYBAHHA TEHETUYHUX AJITOPUTMIB /10 3ATAUI
OIITUMAJIBHOI'O PO3MIIIEHHSA BITPSITHUX EJJEKTPOCTAHIIIN

Ky3nenoBa A.B., ali.kuznecova@gmail.com, llleBesboBa A.€.

Jninposcoxuti nayionanvuuu ynigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

B oCTaHHI pOKM B eneKTpOeHepreTuLi NPOCTEXYETbCA TeHAEeHUIA LWoA0
AeueHTpanisayii BUPOOHULTBA eNeKTPUYHOT eHeprii, OCKIMIbKM Lie 06YMOB/IEHO
BUYEPMaHHAM TpaguUiiHMX €HEProHociiB, a TakKoXX 30i/IbLUEHHAM YacTKK
reHepartopiB BIAHOBMOBaHOI eHeprii. [lpn uUubOMy B YMOBax MOripLUEHHS
eKOHOMIYHOI CcUTyauil, Lo cKnanaca B YKpaiHi, a came, 3pOCTaHHAM LiH Ha
eNIEKTPUYHY eHeprito, BWHWMKMNA HeOOXIAHICTb Y BMNPOBAKEHHI EHEepro- Ta
pecypco3aollaiKyBalbHUX TEXHOMONIN, SKi  CNPsMOBaHi  Ha  3HWKEHHS
CO6IBAPTOCTI €NIEKTPOEHEPrii B PI3HUX rany3sax NPOMUCIOBOCTI. MMpuginnmo
0cob6nmBYy yBary HaviBaXKnvBILLIN cepi rocrnofapcbKoi AisfbHOCTI, a came —
3a1iI3HUYHOMY TPaHCMOPTY, AKUA € MPOMIKHOK NTAHKOK MiXX BUPOOGHUKOM
MPOAYKLUIT Ta KIHLEBUM CMOXKMBAYEM.

B YKpaiHi JoCTaTHbO BeNMKa LUifIbHICTb HaCeNeHHs, a Ana [aHoro Tuny
TEPUTOPIA NepPCneKTUBHUMMK € PO3MOAiNeHI reHepaTopy, pPo3MilLleHi B3L0BX
HasBHMUX O0O6'€KTIB 3 MiHIAHMUM pO3TalllyBaHHAM B NpocTopi. [0 uyucna Takux
06'eKTIB Hanexatb 3a1i3HNL Pa3oM 3 3eMe/IbHUMU CMYyraMu BifUy)XXKeHHS, SKi Ha
MpaBax BMACHOCTI ABNAOTLCA TI MallHOM. Ha uuX cmyrax MoXXHa po3MilLlyBaTu
AK po3nogifnieHi (OTOENeKTPUYHI TFeHepaTopu, TaK | BITPOENEKTPOCTaHLi.
OcTaHHI [Ba TUMW TeHepyrunX [mKepen 6esnocepefHbO Hanexartb [0
BIZHOB/IOBA/TbHUX [PKEPEST XXMBJIEHHS, 3aCTOCYBAHHA AKX B YKPaiHI KOXEH PiK
Habupae BennKi 06epTu.

Po3pobka MeTOAIB Ta airopuTMIB BUPILLIEHHS PO3MILLEHHS [KEpen
YXUB/IEHHS TPMBAE BXe 6arato poOKiB, afie BOHW BCe Lie [Ay)Ke Baxiusi. B
OCHOBHOMY Lle MOB’A3aHO 3 TWM, WO npo6sema € NP-MOBHOW, | BaXKO

PO3PO6UTY 3aranbHWUIA anropuTM, SKUIA A03BONNUTL 3HATY TOYHMIA PO3B 30K 3a
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PO3yMHMIA yac. lMosBa HOBUX | BAOCKOHa/IEHUX O6YMCNIOBA/IbHUX MPUCTPOIB,
o 3abe3nevyroTb MOTY)XXKHI 064YMCNIOBa/IbHI  PEcypcKn, a TakKoXX MOCTINHO
3poCTarodi BUMOrM [0 KOHCTPYKUIMHWX NPUCTPOIB - BCE LEe CTUMyNn [Ans
PO3POOKN HOBUX aITOPUTMIB A1 PO3B’A3aHHS NPo6aeMy PO3MILLEHHS [pKepen
YXNBJIEHHS.

3 METOK MiABMLLIEHHA LIBWMAKOCTI Ta TOYHOCTI PO3B’A3KY 3adadvi 6yno
06paHO reHeTUYHWNIA anropuTM. MeHETUYHUIA anropuTM - Le MOTY)XXHWUIA MeTof
MOLLYKY, 3aCHOBaHWMA Ha MpuUpoaHOMY BiAbGopi Ta NPUPOAHO-reHETUYHOMY
MexaHi3Mi, K11 4acTo 3aCTOCOBYETLCS 151 PO3B’A3aHHA 3aa4 onTMMizaLii.

B po6oTi 6ynu BMpiLLeHi HaCTyMHi 3aBAaHHS:

1. Byno obpaHO peanbHWUN 06’€KT, HA AKOMY OyaemO PO3MiLLlyBaTK
BITPOENeKTpOCTaHLil.

2. O6paHO TWM BITPOENEKTPOCTaHLiN (a came 3 TOPU3OHTA/IbHOO
BICCKO) Ta 3HaWAEHO TOPU3OHTaNIbHI  BITPOENEKTPOCTaHUIT 3  Pi3HOM
MOTY)XXHICTHO.

3. [MpoaHanizoBaHO NO3UTWMBHI Ta HEeratMBHI CTOPOHW TFE€HETUYHOTO
anropuTmy

4. MobynoBaHa MaTemaTyHa MOZesb PO3B'A3yBaHOT 3ajaui.

5. Po3po6/ieH0 nporpamHe 3abe3neyeHHs, ke peanisye onTUMaibHe
PO3MILLIEHHS BITPOYCTaHOBOK 3a JOMOMOIOK FreHETUYHOTO a/IfOPUTMY.

0. Byno NOpPIBHAHO FeHeTUYHI anropuTMK 3 PIHUMK Cenekuiamu, a
came: TYPHIpHOO, eNITHOK Ta Ha OCHOBI PyneTKN. Ha npaktuui 6yno BUAB/EHO,
WO Ha/Kpalle npawytoe reHeTUYHWUIA alrOpUTM 3 eNiTHOKO CeneKLi€eto, 3aBAaHHs
SKOro OMTUMAILHO pPO3MICTUTU pekinbka BAE (pisHMX TuUMNopo3mipis), |

OAHOYACHO 3aKPINUTI CNOXMBaYiB 3a LMW AXKEPeNamu XXUBMEHHS.
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OCOBJIMBOCTI MOAEJIFOBAHHS 3BOPOTHUX 3B'A3KIB Y
AEDPOPMIBHUX CUCTEMAX

Ky3bmenko B.1., Ilnamenko C.O.

vasilkuzmenko50@gmail.com
Jninposcoxuti nayionanvnuu yrnigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

Po3rnagaeTbca AedopmiBHa cuUcTeMa, SIKa 3MIHIOE CBIlA CTaH nif Aieto
30BHILLUHbOIO0 HaBaHTaXKEHHA. 3 IHLIOro 60Ky, 3aBAAKW OCOONMBIN CTPYKTYPI
CUCTEMU 3MiHa 1T CTaHY CNPUYMHSE 3MiHY 30BHILLIHLONO HaBaHTaXKEHHS. ToMmy
Taka CUCTeMa BMBYAETLCH K CUCTEMA 3i 3BOPOTHUMM 3B’A3KaMu. 3ayBaXkMMO,
WO 3a3BMyail aHanii3 3BOPOTHMX 3B’A3KIB aCOLKETHCA 3  KepoBaHUMU
cucTemMamu, a 3BOPOTHI 3B’A3KM POPMYIOTBCA CBIAOMO ANS AOCATHEHHS MEBHOI
meTu. [1n9 fJaHOro K/acy CUCTeM CTPYKTypa 3BOPOTHUX 3B’A3KIB Mae MPUpoaHe
MOXOPKEHHA. 3anpornoHOBaHO 3arasibHWIn Migxif [0 BMBYEHHS 3afay Takoro
Knacy. MarematnyHi mogeni rpyHTYHTbCA Ha (DOPMY/OBaHHI 3afad y BUrNAfi
OrMepaTopHUX PiBHAMb. BCTaHOBNEHO JOCTATHI YMOBW ICHYBaHHS Ta €4MHOCTI
po3B’A3Ky. OTpMMaHO aHa/liTUYHI Ta YWUCMOBI PO3B’A3KM HU3KK 3afay npo
3BOPOTHWUIA BMAMB MOBEAIHKA Ae)OPMIBHOI CUMCTEMM Ha 30BHILUHI YMHHUKW.
Po3rnagatoTbCa 3B’°A3aHi 3afa4i B3aEMOZil piguHM 3 MembpaHamu, Teuil pianHu
BMCOKOIO TUCKY Y TOBCTOCTIHHMX Tpy6ax, B3aeMOfil NPOBIAHUKIB 3i CTPYMOM.
BunByatoTbCA 0COG/MBOCTI TUCKY BUCOKMX LUTaMMIiB Ha MOBEPXHIO MPYXXHOrO
niBNpOCTOPY nig [i€l0  rpaBiTaliiHAX Ta MarHiTHUX MoniB, a TaKoX
BIICTEXXYBa/IbHOM0  HaBaHTaXEHHS.  BMKOHAHO  MOMENOBAHHA  TUCKY
pe3epByapiB HECUMETPUYHOT JOPMK Y MPOLIECI 3arMOBHEHHS PIAMHOMD, a TaKoX
MOBOPOTIB BWCOKMX CMOPYL YHacnifoK MigiomMy BaHTaXy Y3[0BX CTiH.
BcTaHOBMEHO KPUTMYHI 3HAYeHHSA MapameTpis, 3a AKUX BiAOYBaETbCA AKICHA
3MiHa MoBeAiHKN cucTemn. BifsHayeHO HeNiHINHMIA XapakTep peakLil cuctemm

Y NPOLIECi MOHOTOHHOTO 3POCTAHHS HABAHTAXKEHHS.
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THOOPMAIIMHA CUCTEMA MOHITOPHUHT'Y TA PESEPBYBAHHSI
IMAPKYBAJIbHUX MICIb
Jlamincskuii O.B., olexsandr.lapinskiy@gmail.com,

Bacwok T. M., taras.m.basyuk@lpnu.ua

HY «/Ivgiscorka nonimexuikay

3 KOXHUM pOKOM B YKpaiHi 36iNblUYeTbCA KiNbKICTb aBTOMOOINIB.
Buxofaum 3 cTaTUCTUKKM 3a Apyry nonosuHy 2021 poky: KifbKiCTb aBTOMOGINIB
Ha 1000 >xwutenis cTaHoBMTbL 407. 3a OCTaHHIA piK KiNbKiCTb aBTOMOGINIB
36inbwmnnace Ha 50 Tucad, Wwo asnse coboto 4,1%. CepefHiil MOKa3HUK MO
YKpaiHi ue 245 aBtomo6iniB Ha 1000 >xutenie. Cepef, OCHOBHUX 06nacTen
apyre micue nicna Kuisebkol o6nacti nocigae BonnHcbka (314 aBTo/1000
XuTtenis), gani ige 3anopisbka (300), Kiposorpagcbka (271) i PiBHeHcbKa (269).
BpaxoBytoum Te, WO KiNbKICTb aBTOMOOGINIB 30i/bLUYETLCSA, He B YCIX MicTax
IH(PpacTPyKTypa NpucTocoBaHa A0 TOro, o6 MoXHa 6yno 3py4HO PO3MICTUTH
aBTO 614 BCiX 00°eKTiB. Jedhiunt napKyBa/ibHUX MicUb — Npobnema ska He Mae
YHIBEpCa/IbHOr0 PiLleHHS, i Yyepe3 306i/bLUEeHHS KiIbKOCTI TPAHCNOPTHMX 3ac06iB
3 KOXHWM pPOKOM nuwe 36inbwyetbesa.[1] B HoBoGygoBax, SK nNpasuio
MPUCYTHI Nig3eMHI NapKiHrn, nNpoTe 6arato BOAIIB HaBiTb 3a HAABHOCTI TaKuX,
3a1MLLAa0Th aBTO fe TM 3aMaHeTbes. OfHIE 3 HalbiNbLUMX NPo6MeM € Te, WO
CyyacHi OYAWHKMK, SKi 3BOASATLCS Ha OOMEXEeHiW AiNsHUi, 4acTo He MatoTb
BMIaCHUX NapKyBa/lbHNUX 30H. Taka X CUTyauist CKIafaeTbcs 34e6iNblioro i 3
IHLWMMKW 06’eKTaMu IHPPACTPYKTYpU, TaKUMW SK: TOPriBefibHI LEeHTPKU, AUTAYI
Caf04KK, LUKOMKW, TOwo. HaicknafgHiwa cuTyauis CKNafaeTbCs B CTapilUMX
MiCTax YKpalHM f[e 4acTUHK MicTa 6ynm nobyaoBaHi [OCUTbL [JaBHO | He
NignaraloTb PeKOHCTPYKLUIT, Ana Toro, wo6 MoXHa 6yno gogatn HeobxigHy
KIfIbKICTb MapKyBaJlbHMX 30H. BpaxoByrounm nepeniveHi aktopu, HeobxigHO
peopraHizyBaTu HasiBHY AOCTYIMHY Ha JaHUX Yac KiNbKiCTb MapKOBOK.

HalironosHilumMM  3aBfjaHHAM 6yno  CTBOPUTU  MPOCTY, IHTYITMBHO

3p0O3yMminy cuctemy, fka 3ab6e3neuntb BOAIIB HaZIiHUM MOMIYHUKOM Yy BMOOPI
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Ta 3aBY4aCHOMY pe3epByBaHHI MapKyBa/lbHUX MiCLb. BMKOPUCTOBYHOUM CUCTEMY
BOAII 6 3MOrfnM Kpalle OpraHi3oByBaTW CBOI MOI3AKW, PO3BaHTAXUTU Micus
MapKyBa/lbHMX 30H BiJ CKYM4YeHHs aBTOMOOINIB, AKi LWYyKalOTb [e
NMpUnapKyBaTuCh.

MMoyaTKoBUIN eTan PO3PO6KM $ABNSB COOOK aHasi3 CUCTEM-aHasIoriB,
OCHOBHUX €fIeMEHTIB CUCTEMM, AKI HeobXxigHO nepef6aunT. OCHOBHUM
(hyYHKUiOHan 4ns pisHMUX TUMIB KOPUCTYBaYiB 3060paXKeHO Ha fiarpami BapiaHTIB

BUKOPUCTaHHSA (use case diagram).

Visual Paradigm Online Free Editior

CHTHiKymaTACE
4 KOpUCTYREN
wina Y
: _ _ Encludes
772 haTopmayBaTHCh K
KopHeTyBaH

paryBariy
MAPLIPYT

<<lifcludes>

SeoprynaTi soiT

Puc. 1. Jliacpama eapianmie suxopucmaums cucmemu

Ha piarpami BMaHO, WO CMCTEMa Ha MOYaTKOBOMY eTamni BuMMarae Bif
KOpUcTyBaya 3apeecTpyBaTuUCb, abo YBINTW, MiCNS 4Oro BiAKPMBAKOTHLCA
[AOCTYMHI  (OYHKUIT B 3a/1eXHOCTI, SAKI MpaBa HagaHi TOMY UM iHWOMY

KOpUCTYBauy.

1. TMpo6nemu 3 NapKyBaHHAM y Ku1eBi: YoMy 3a6y10BHUKM HEOXOUe BYAYyHTh MAPKIHTN:
Beb-canT URL: https://realestate.24tv.ua/problemi-parkovkami-kiyevi-chomu-zabudovniki-
ne-buduyut-parkingi (Aata 38epHeHHsA 22.10.2022)

2. Stanislaw Wrycza, Bartosz Marcinkowski. Towards a Light Version of UML2.X:
Appraisal and Model, 2007.
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METO/I PO3B’SI3AHHS NEPIOJUYHOI 3AJIAUI MAPIIPYTHU3 AL
TPAHCIIOPTHHUX 3ACOBIB 3 YACOBUMMU BIKHAMUA
Jencekuii M.M., Muxaapuyk I'.H., Imichael1003@gmail.com

Jninpoecoxuii nayionanvruti yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

3agaya  ONTMMA/IbHOTO  MNaHyBaHHA  MepeBe3eHb Ta  3HUDKEHHS
TPaHCNOPTHUX BUTPAT € BX/IMBOK Ta 3aBXAW aKTYa/lbHOK [AJ/19 €KOHOMIKW.
OfHMM i3 pi3HOBMAIB LiET 3agadi € nepiogMyHa 3ajadva MapLupyTtusauii
TPaHCMOPTHMX 3aC06iB 3 YAaCOBMMU BiKHaMW.

Maemo Habip 3aMOBHUKIB, AKMM MOTPIOHO AOCTaBUTKU TOBap. OPM30OHT
MNaHyBaHHA CTaHOBUTb N AHIB. [lNsi KOXXHOrO 3aMOBHMKa HafaeTbCA afpeca,
06'em TOBapy, 4acoBe BiKHO, Mif Yac AKOro 3aMOBHMK MOXE MPUAHATK ToBap, a
TaKOX MOX/IMBI LWabMoHN BiaBiayBaHHA. OAWH WabnoH BU3HAYae nepenik aHis,
B MeXax ropu30HTY MnaHyBaHHS, B SKi 3aMOBHUMK OYiKY€E [OCTaBKY. 3aMOBHMKaA
MOTPIGHO BIABIAATN Y KOXHWIWA 3a3HayeHWin B LWAGMNOHI fAeHb. [Nf KOXHOro
3aMOBHMKa, AK MpaBuno, CHHOPMOBaHO AeKiflbka MOX/MBMX  LLAGJIOHIB.
BiaBigyBaHHA 3aMOBHMKA Mae 3AiiCHIOBATUCSA BIAMOBIAHO [0 OAHOro 3
MOX/MBUX LWAGNOHIB. [Na HagaHHA NOCAyr AOCTYNHWIA MapK TPaHCMOPTHUX
3ac00iB 3aaHOT MICTKOCTI.

HeobxigHo nobyaysaty N HabopiB MapLUpPYTIB MiHIMa/IbHOT BapTOCTI, AKI
3a/10BO/IbHAKOTL TaKi YMOBMW: MICTKICTb aBTOMOOGI/IIB HE Mae OYTM NepeBULLEHa;
KNieHTiB Tpeba BiABigyBaTW Yy [HI, WO BIiANOBIAAOTb OAHOMY 3 MOXX/IMBUX
LWabnoHiB BiABiAYyBaHHS;, 0OCNYroBYBaHHSI K/IEHTIB Mae 3Mi/iCHIOBATUCA Y
MeXKaxX BCTaHOB/IEHWX YacOBMX BIKOH; MapLUpyTU MatoTb MO4YMHATUCA Ta
3aKiH4YyBaTuMCA Ha CKnagi.

[nsa BMpiLLEHHS NOCTaB/eHOT 3a4adi po3po6eHO ABOETAMNHUIA a/ifOPUTM.
Mepwmm eTanom anroputMmy € nobyaoBa NOYATKOBOrO pilleHHS. PilLeHHS
OyayeTbCs 3a [JOMOMOrOK anropuTMy Hambnmxk4yoro cyciga. ANroputm Ha
KOXXHOMY eTani Agojae 40 MapLupyTy Hanlbnmk4yy HeBifBifaHy TO4Ky. Touka
A0LAETHCA [0 MapLUPYTIB KOXXHOr0 BKasaHOro B ii WabnoHi BigBiLyBaHHA AHS.

AKWO TOYKa Mae [eKisibka LWab/oHIB BifBiAYyBaHHS, TO Ha eTani Mobynosu
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MOYaTKOBOrO pilleHHA BUKOPUCTOBYETLCA OYAb-AKWMIA 3 HUX. ANTOpUTM
HaMGIMXKYOro cyciga npunuHse poboTy, KoM BCi TOUKKU JofaHi 10 MapLUpyTiB.

Ha gpyromy etani BUKOHYETLCA ONTUMI3aLis OTPUMaHMUX MapLUpyTIB 3a
fornomoroto anroputmis Shift, Swap Ta 2-opt [1].

Anroputm Shift gna napn mapLipyTiB BUAANISE TOUKY 3 OA4HOIO MapLUpyTy
Ta fofae i B iHWWIA. 3aCTOCYBaHHA LbOro airopuTMy 40 nepioguyHol 3agadi
MapLpyTmnsauii nepegbayvae BuAaneHHA TOYKM 3 MapLUpYTIB  YCiX [HiB
MOTOYHOro wabnoHy BiABiAyBaHHA. IMicng 4oro nepedbmparoTbCA YCi MOXKIUBI
labnoHn BiABIAYyBaHHA 1 3OINCHIOKTLCS CNpobu AodaTM U TOYKY [0
MapLpyTiB TUX [HIB, WO 3a3HayeHi [A19 4eprosoro LabnoHy. 3MiHa
MPUAMAETLCA, AKLLO CymapHa [AOBXWHA MapLupyTiB 3MeHwmnaca. Taki Al
BMKOHYHOTLCA A9 KOXKHOI TOYKM.

Anropnt™M Swap MiHSE MiCUAMM Napy TOYOK 3 Pi3HMX MapuipyTiB. LLLo6
Moro aganTyBaTu 4O NepioAMYHOI 3aaadi, OyAyeTbCA MHOXMHA BCINAKUX MNap
TOYoK. KoxXHa Touyka 3 Mapu BUOAIAETLCA 3 MapLUPYTIB YCIiX AHIB CBOrO
MOTOYHOrO LWab/oHy. [Jani BUKOHYKOTLCA Cpobu fofaTv MnepLuy 3 BUAIEHUX
TOYOK [0 MawuHW, 3 AKoi Oyna BuaaneHa papyra Touyka. [And  Lboro
NnepebmparoTbCs yCi WaboHN NepLloi TOUKW. AHANOTIYHI 4iT BUKOHYHOTLCA AN
APYrot TOUKK 3 napu. 3miHa NPUIAMaETLCA, AKLLO CyMapHa AOBXWHA MapLUpyTiB
3MeHLUmnacs.

AnroputM 2-opt 3MIiHKOE MOCNIAOBHICTb BiABIAYBaHHA TOUYOK B KOXXHOMY
MapLUPYTi 3a paxyHOK BUAa/EHHSA [BOX pebep Ta BCTaBKW ABOX HOBUX pebep.
MapLUpyT BBaXKAETLCA NIOKA/IBHO ONTUMAa/IbHUM, SKLLO HEMOX/IMBO OTpUMATK

MapLLPYT MEHLLOT A0BXMHW B pe3yNnbTaTi 3aMiHW Napy pebep iHLLIOK Mapoto.

Bibsiorpagivyni nocuianus
1. Eliana M. Toro O., Antonio H. Escobar Z., Mauricio Granada E. Literature review
on the vehicle routing problem in the green transportation context. Luna Azul. 2016. No 42.

P.362-387.
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3ACTOCYBAHHSA APACHE SPARK JIJISA AHAJII3Y
«BEJIMKUX JAHUX» MEJUYHOI'O MOHITOPHUHI'Y
CEPIHEBO-CYIMUHHUX 3AXBOPIOBAHb

Jlupuuxon B.O., lyrchykov.victor@gmail.com,
Baiioy3 O.I'., obaybuz@ua.fm

Hninposcoruti nayionanvruil ynisepcumem imeni Onecs I'onuapa_(Www.dnu.dp.ua)

«Benuki faHi» Ta MalMHHE HaBYaHHA 3 KOXXHMM POKOM 3HaxXoAAaTb BCe
LUMPLLIE 3aCTOCYBaHHA Y Pi3HUX cthepax NHOACHKOT AisNbHOCTI. 30Kpema, Yy cepi
OXOPOHWM 3[0pPOB'A «Be/UKI AaHi», CMIIbHO 3 [OCATHEHHAMW B ranysi
MalMHHOIO HaBYaHHSA, [al0Tb MOX/MBICTb BUPILIYBaTWM LUMPOKUIA CMEKTP
npobnem, noB'A3aHUX 3i 340poB'AM. [10 BefMKUX 06CAriB AaHWX BaXKKO
3aCTOCOBYBATW METOAM iIHTENEKTYallbHOro aHanidy, Wo iX HagatoTb TPaaULiiHI
nporpamHi 3acobamu, TOMy BUHUKAE NOTPeba y 3aCTOCYBaHHI crnewiani3oBaHOro
MPOrpaMHoro 3abesneyvyeHHs .

Apache Spark - Ue cucTema aHanisy fJaHux, fka 3abesnedvye ix
po3nojineHy o06pobky. Lls cucTema Bifoma 3aBAsKM CBOIM BOYAOBaHWM
MOX/IMBOCTAM MALLUMHHOIO HaBYaHHS Ta K/aCTEPHUM OBYMC/IEHHSAM  [ANs
BE/IMKOMACLUTabHUX  PO3MNOAINEHNX 06UYMCNIOBa/IbHUX — cepefoBull.  Spark
N03BONSIE 3AiNCHIOBATM 0O6POOKY LUMPOKOrO CMEKTPY PO60YMX HaBaHTaXKEHb,
BK/HOYAKOUM MNaKeTHI Mpouecu, CrhifbHI 3anuTu, iTepaTUBHI anroputMm Ta
MOTOKOBY Nepeaavy faHuX.

Barato nocTtaya/ibHUKIB MegU4HUX MOCAYr BUKOPUCTOBYHOTL Apache
Spark ans aHanisy 3anuciB nauieHTiB, WO6 BU3HAUYNTU, XTO 3 HWUX, MMOBIPHO,
3ILUTOBXHYTLCA 3 mpobriemamu 3i 340POB'AM MICNSA BUMUCKA 3 KAiHIKKW. Lle
agoriomarae fikapHsam 3anobirTi NOBTOPHIA rocniTanizauii, OCKiNIbKWU BOHU
MOXYTb HagaBaTW NauieHTOBI MeAMYHI NOCNyry BAOMA, 3a0LLaMKYHUM Ha
BUTpaTax AK Ans NikapeHb, Tak i ANns nauieHTIB.

Lla poboTa cnpsMoBaHa Ha PO3pPO6KY MOZeni MalMHHOIO0 HaB4YaHHSA i3
BUKopuctaHHam Sparks MLIib gns nporHosyBaHHs CTaHy 3[0pOB'A MauieHTa.
CucTema HauifileHa Ha 3aCTOCyBaHHA Mofeni 4O AaHWX MPO iHCY/bT 3 MeBHUMMU
aTpubyTamu A58 NMPOrHO3yBaHHA CepLEeBMX 3aXBOPHOBaHb. Byno BMKOPMCTaHO
Habip gaHux i3 penosutopito UCI. [aHi BKNOYalOTh Taki aTpubyTtun: Gender,
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Age, Hipertention, Heart disease, Ever maried, Work type, Residence type,
Average glucose level, Bmi, Smoking status, Stroke.

Micna nonepeAHbOT 06PO6KK, MiAroTOBAEHMIN HabIp AaHMX CTaB MiCTUTK
41227 3anuciB. 3 HUX 655 BKasyloTb Ha HasABHICTb IHCYNbTYy, pewTa 40 572
cBifyaTb MPO MOro BiACYTHICTb. TakoX 1864 matoTb 3aXBOPHOBaHHSA cepus iy
39363 LbOro He criocTepiraeTbca. [AaHi po3omBatOTLCS Ha HaBYa/lbHY Ta TECTOBY
BMGIpKKM y cniBsigHoOLWEeHHI 80:20.

[MPOrHOCTUYHWNIA aHani3 IHCYNbTY BMKOHAHO 3a [JOMOMOroH 6i6/1i0TeKu
MLIib. BukopuctoByBaBcst anroput™M Knacudikauii 3 Ha OCHOBI [epeB pilLeHb
(random forest). [lepeBo pilleHb - Lie NONYNSAPHUIA METOA, Knacuikalii, KW €
NPoCTMM B iHTepnpeTauil i 4acTo BMOMPAETLCA AN BUPILLEHHA 3aBAaHb
nporHosyeaHHsa.  MLIib  nigtpumye  gepeBa  pilleHb, fAKI  MOXHa
BUKOPUCTOBYBAaTM [N CTBOPEHHA MacwtaboBaHOI MOZeNi  MallMHHOrOo
HaBYaHHS, LLLO 34aTHa e(heKTMBHO 06p06ATM BeNMKI Habopy gaHnx [1].

Ona  BMMIpIOBaHHA  PI3HUX  MapameTpiB, TakKMX AK  TOYHICTb,
BMKOPUCTOBYBa/IMCA MaTpuua HesignosigHocTed (Confusion matrix), Lo
MICTUTb iH(hopMaL,ito MPO (PaKTUYHI Ta OYiKyBaHi pesynbTaTy Knacudikayii [2].
Y T1abnuui 1 HaBefeHO pe3ynbTaTW, OTPUMaHi 3 MaTpuui HeBIAMOBIAHOCTEN i3
3acTocyBaHHAM Knacudikatopa random forest.

Tabnuus 1.
Martpuus HeBignoBigHOCTelW pe3ybTaTy Knacudikawii
Ilependauene «ui» (0) Ilependavene «rax» (1)
dakTnuHe «Hi» (0) 8196 4
dakTruHe «TaK» (1) 502 25

AK BMAHO 3 MaTpuui HEeBIANOBIAHOCTER, TOYHICTb  Knacudikauii
CTaHOBUTL 94%.

CnHcoK BUKOPHCTAHMX JKepet
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2. Ali A. A. Stroke prediction using distributed machine learning based on Apache
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PO3B’AA3AHHA 3AJAYI KOMIBOSKEPA 3 YACOBUMHA BIKHAMMU
3A JIOIIOMOTI'OIO AJITOPUTMY 3I'PAl BOBKIB

Jligpapenko II.€., lifarenko99@gmail.com,

IleBeanoBa A.€., shevelevaae@dnu.dp.ua

Jninposecoxuii hayionanvrutl ynieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

3ajava KoMmiBOshKepa 3 4acoBMMM BiKHaMM Aonomarae BuMpiLLyBaTy
BaX/MBI Npobnemu B norictuui. BoHa MoXe O6yTM BMKOpUCTaHa And
MOAENIOBaHHA MapLUpyTu3aLil, a TakoX 3agady nnaHyBaHHs. lged nonsrae y
TOMY, WO KOXHWI NYHKT, AKNIA HEOOXIAHO BiABiAaTH, Mae NeBHe YacoBe BiKHO.
KoMmiBosxep, Tak camo §IK i B KnacU4Hii NOCTaHOBLi 3afadi, MOBUHEH BifBiaaTy
yCi MiCTa i3 BUTpayaHHAM MiHIMaNbHOT KiNbKOCTI KOLWITIB. ToMy CcTae
aKTya/lbHOK NMpo6iemMa BMOOPY MapLUPYTy TakMM YMHOM, 06 BCTUIHYTU B YCi
MicTa i BogHo4ac MiHiMi3yBaTu BapTiCTb MOAOPOXKI.

MeToo po60TU € 3acTOCyBaHHA afIrOpUTMy 3rpali BOBKiB, Sk OyB
HaTXHEHMI NPUPOAOHD Ta IMITYeE couianbHy iEpapXiuHy CTPYKTYPY Ta MexaHi3m
MOMOBaHHA 3rpai Cipux BOBKIB, [AN15 PO3B’A3aHHA 3adadvi KOMiBOsbkepa 3
4aCoBMMM BIKHaMW.

[Ona [ocarHeHHA MeTU B Po60TI MOCTaBfeHi | BUPILLEHI HACTYMHI
3aBjaHHs:

—  po3rnsg 3adadi KOMIBOSKepY 3 4aCOBMMWM BiKHamn Ta MNPOBEAEHHS
aHasi3y 3agadi Ta nonepeaHix 4OCNiLXKeHb;

— 3anpoBaKeHHs MaTeMaTMYHOI NOCTaHOBKM 3afaui;

— MNPOBEAEHHS aHani3y airopuTMy 3rpail BOBKIB;

— peaniszauia anroputMy 3rpai BOBKIB N8 3afadvi 3 BUKOPUCTAHHAM MOBW
nporpaMyBaHHA Python;

— TeCTyBaHHS, aHaNi3 Ta MOPIBHAHHA 3 POOGOTOK IHLIOrO anroputMy Ans

PI3HMX NPUKNAaAIB, WO6 NepeBipuTN PYHKLIOHAILHICTL peaisauil.
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Byno po3rnsHyto 3agady KOMIBOSXKepy 3 4acoBUMMW BiKHaMK Ta
NpeLCcTaB/IEHO MaTemMaTUYHY MOCTaHOBKY.

Po3rnsaHyTo Ta nNpoaHasi3oBaHO anropuTm 3rpai BOBKiB. [Mob6ynosa
PO3B’A3KY CKNAJaETbCA 3 KiSIbKOX eTaniB, fKi NOYMHAKOTLCA 3 BU3HAYEHHSA Yacy
Ta O0OMeXeHb, MICNA LbOro CTBOPKETLCA MNOYaTKoBa Monynauisa, fka
npeacTaefieHa SK 3rpas BOBKIB, LLO PO3MOBCHOAKEHI MK By3namu. [licns
NnobyfoBM MOYATKOBOrO pPO3B’A3KY CUCTeMa MOYMHAE MpautoBaTy LUISXOM
nepemillleHHA BOBKIB Bif BYy3na [0 iHLWOro By3na. [Ansa toro, wo6 nobyaysatu
IHWI pPO3B’A3KM | 3HANTM HaWKpawmili po3B’A30K, Nam'ATb 306epirae Tpu
ONTUMa/IbHUX Ta OHOBMKOE 1X, KOAM 3Haife Kpawi po3s’ssku. [pouec
CTBOPEHHS pO3B’A3KiB TpuBaTUMe, [AOKM He Oyfde 3HageHO HaliKpalimm
MOXX/IMBUIA ab0 He By/ie AOCArHYTO YMOBU 3ynMHKN. ONTUMI3aLis 3rpai BOBKIB €
ANHAMIYHUM aNropuTMOM, TOMY LLLO BIH YHMKAE NOKa/IbHUX PO3B’A3KIB 3aBAAKM
MOXX/IMBOCTI 3MiHIOBATW PO3TalLlyBaHHSA B iepapxii.

MpeacTaeneHo peanisauito anroputmy ansa 3KUB i3 3acTocyBaHHSAM MOBU
nporpamyBaHHd Python Ta nNpOAEMOHCTPOBAHO PO6OTY  NPOrpamHoro
3abe3neyveHHs i3 Bidyasisalicto Ta MOX/MBICTIO BUCTaB/IEHHS MapameTpiB Ans
po6OTU aNlropuTMYy.

Micna TecTyBaHHA Mporpamu, npoaHanizoBaHO OTPUMaHI pe3ynbTatu |
MOPIBHAHO 1X i3 ONTUMAa/IbHUMK 3HAYEHHAMU Ta POOOTOKD anropuTMy iMiTauii
Bignany. [PYHTYIOUMCL Ha OTPUMAHMX 3HAYEHHAX LifbOBOT  (YHKLIT i
MpoBeAeHOMY MOPIBHAHHI, 3p06/1EHO BMCHOBOK LLIO a/rOpuUTM 3rpal BOBKIB
Mokasye e(DeKTMBHI pe3y/bTaTu Ta 34aTeH 3HaXO04MTU ONTUMa/IbHUIA PO3B’A30K

ANA 3a4a4i KOMIBOs>Kepa 3 4aCOBUMU BiKHaAMMU.
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MOJAEJIOBAHHSA E@EKTY PO3®OKYCYBAHHSA B CUCTEMAX
KOHIIEHTPAIIII COHSAYHOI'O BUITPOMIHIOBAHHS

Macamukin C.C., Kuum JLI., masalykin.ss@gmail.com

J[ninpoecoxuii hayionanoruil yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

B oCTaHHI pPOKM COHAYHA eHepreTuka rpae NomiTHY posib Y (hopMyBaHHI
CBITOBOrO eHepreTM4yHoro 6GanaHcy. BaxiMBMM NUTAHHAM € [AOCNIAXKEeHHS
COHAYHMX EeHepreTMYHMX YCTAHOBOK, $Ki AiNATbCA Ha fABa TuNKM  —
(bOTOENEKTPUYHI Ta TepMoAMHaMIYHI. Ha BigMiIHY Bif (OTOENeKTPUYHMX
cucTeM, fKi, K MpaBusio, He OPIiEHTYOTbCA Ha COHLE, B TepMOAUHAMIYHNX
cucTemMax 3 KOHLEHTpaTopamu nepenbadaetbCA udiTKa opieHTauis Ha CoHue.
ToMy aKTyanbHOI 3afa4eto, Lo A0CNiIMKYETLCA B AaHil poboTi, € BU3HAUYEHHS
BN/MBY e(eKTy pO3(DOKYCYBaHHA Ha €HEPreTMYHi MOKa3HUKM COHAYHOI
YCTaHOBKM 3 KOHLIEHTPATOpOM. B MOBIpHICHY MOAeNb MePeHOCY COHAYHOro
BUMPOMIHIOBaHHA [Ans MapabonoigHOro KOHLUEeHTpaTopa, B AKiil BpaxoBaHi
abepauii 1Moro nosepxHi, Oyno [ofaBaHO (hakTop pPO3(hOKyCyBaHHA. B
CTBOpeHWiA anroputm MoHTe-Kapno BBeAeHO A0AaTKOBI KyTW U Ta A, AKi
XapaKTepusytoTb MOMWUSIKY PO3(POKYCyBaHHS. KyT | MOKasye BigXWUIEHHS
Magartyoro nyyka MpomeHiB Bif HanpsMy KoHueHTpatopa Ha CoHue. Kyt
A € [0; 2] xapakTepu3ye 06epT Magaroyoro nyyka y nioluHIi KOHLEeHTpaTopa.
BusHayeHo, WO Ha eHEepreTMyHi MOKa3HUKU CUCTEMM MNP PO3(HOKYCYBaHHI
BMN/IMBAE NMLLE KyT W, a caMe, Npu oro 36iMbLleHHI CNoCcTepiraeTbCs NOMITHe
3MEHLLEHHS (DOKaNbHOT NASAMM Ha NOBEPXHi TernonpuiiMaya. MNMopiBHAHO BN/IMB
abepaLiin NOBEPXHi i MOMWIKN PO3(OKYCYBaHHA Ha eHepreTMyHi MOKa3HUKM
cuctemu. MNMpoBefeHO NOPIBHAHHA CepeHbOr0 3HAYEHHS TEM0BOro MNOTOKY AN
MaTeMaTUYHO ifeabHOr0 KOHLEHTpaTopa i KOHLEHTPATOPIB 3 Pi3HUM CTYMEHEM
MOMWNOK pPO3POKYCYBaHHS | abepauii MoBepxHi. BM3HA4YeHO HasiBHICTb
B3aEMHOT KOMMeHCcaL|iT MOMWIOK 3a paxyHOK He3HauyHWX abepauii NoBepxHi Ta
epeKTy pO3(POKYCYBaHHS, fKa NPUBOAUTL 40 3MEHLUEHHS eHepreTUUYHUX BTpaT

cucTtemu.
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PO3POBKA MOBUUIBHOTI'O JOJATKY JJIsA MOAEJIFOBAHHSA
CTAHIOHAPHUX MPOLECIB HA OCHOBI PIBHAHHSA TIYACCOHA
Maxno A. B., makhno.arthur@gmail.com, Knum JLI.

Jninpoecoxuii Hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

MeTo0 fgaHoi poboTM € po3pobka MOGINbHOMO  JofaTKy  Ans
MOZENoBaHHA CTalioHapHMX MpPOLEeciB Ha OCHOBI pPiBHAHHA [lyaccoHa Ta
MOPIBHAHHSA pe3y/bTaTiB POO0TU PIBHAHHA Ha 300PKEHHAX 3 PI3HUMMU
XapaKTepucTnKamu.

Posnogin lyaccoHa — uUe po3MnoAifi, AKWIA MokKasye BIPOrifHe 4mncro
BUMaKiB, KOMM NOAIA BiAbYAeTbCA NPOTAroM 3a3ganerigb BU3Ha4YeHOro nepiogy
yacy. BiH BMKOPWUCTOBYETbCA [ANSi HE3aNeXHUX MOAINA, AKi BifbyBalOTbCs 3
MOCTINHOK LUBUAKICTIO NPOTArOM 3aaHoro iHTepsany u4acy. Posnogin
lMyaccoHa € [AUCKPETHOK (yHKLiE, L0 O3Hayae, WO MoAia MoXe O6yTu
BUMIpAHA TifIbKM AK npoucxopsilee abo He AK npoucxopsilee, TO € 3MiHHa
MOXe 6YTU BUMIpSAHA TiNIbKX B LINX YncCnax.

Yncno HacTynis NeBHOI BMMaaKOBOT MOAIT 32 OAUHULIO Yacy, Konu qakT
HacTaHHA Uiel MoAiT B JaHOMY eKCMepPUMEHTI He 3anexartb Bif TOro, CKi/lbKu
pasiB i B AKI MOMEHTW Yacy BOHa 3fi/iCHIOBaNacq B MUHY/IOMY, i He BMN/IMBaE Ha
MalibyTHE. A BUNPOOYBaHHA BMPOONAOTLCS B CTaliOHapHUX YMOBaX, TO NS
OMucy pPo3MnoAiny Takoi BUMAAKOBOI BeUMYMHM 3a3BM4Yall BUKOPUCTOBYHOTb
3aKoH [yaccoHa

Lleil 3aKOH MOXHa TakoX OnucyBaTU fK TPaHUYHUIA  BUNALOK
6iHOMiaNbHOro Po3noainy, KoM MMOBIPHICTb P 34IMCHEHHSA NOAIT, WO LiKaBUTb
Hac, B O4MHWUYHOMY EKCMEPUMEHTI Ly)Xe Masa, asieé YMC/I0 eKCMEepUMEHTIB m,
BUMPOG/IEHNX B OAMHMLIO Yacy, LOCUTb BefMKe, a came Take, L0 B npoueci p-0
i Mmoo mp nparHe 40 AeSKOT MO3UTUBHOIT MOCTIAHOI BeNNMYMHU A (TOBTO
mp - A).

B pesynbTaTi BUKOHAHOI PO60TU pPO3pPO6MEHNUIA NPOrpamHuUiA NPOAYKT,
NErknin Ta AOCTYMNHWIA Y BUKOPUCTaHHI, Y SKOMY CTYAEHTU MOXYTb O0UMCANTY

KpaeBi YMOBW a TaKOX BUPILINTY PIBHAHHSA MyaccoHa.
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CAMOOPI'AHI3OBAHA CUCTEMA YHPABJIIHHA JEKIJIbKOMA
BIIJIA JJIA JMHAMIYHOTI'O OTPUMAHHSA 306PA’KEHD B
TPUBUMIPHOMY ITPOCTOPI

Meabanuenko O.B., oleksandr.melnychenko@live.com
XmenvHuybkuil HayioHatbHUU yHigepcumem

[Ona po3s’AsaHHsA 3agadi, Ae rpyna BIJIA  Mae BMKOHYBaTu
PO3Mi3HaBaHHA CTPYKTYPHUX OG’E€KTIB B PEXWUMI peasibHOro 4acy, moTpibHO
BUKOPUCTOBYBaTM  OiNbll  TOYHIWI 3acobmM Ta 3acobu, £AKi  CYTTEBO
aBTOMaTN30BYBaTUMYTb CaM Mpouec. ToMy, MepPCneKTUBHUM HamnpsMoMm Ans
AOCNIAKEHHA € BUKOPUCTaHHS CaMOOpraHi3oBaHuMX cucTeM. [nsi CTBOPEHHSA
CamMOOopraHi3oBaHol cuUCTemMWn yrnpasniHHA rpynoto  BI1JIA  BMKOpUCTaHO
TEXHO/IOT K0 OTPUMAHHA BXIAHUX AaHWX A8 nobynosu MapipyTiB Real Time
Kinematic (RTK).

IHTerpoBaHa  apxiTeKTypa  po3po6/oBaHOI  CUCTEMM  MOAaHa
y3araJibHeHOK CXEMOI OCHOBHUX CK/1af0BMX Ha PUCYHKY 1.1. [1ns OLiHIOBaHHS
AKOCTI NnaHyBaHHA 006nb0Ty rpynu BI1JIA po3pobneHi KpuTepil AKOCTI
MNaHyBaHHA, a came: 1) BUKOHAHHA 3aBfaHHs 3a HaiMEHLUWIA Yac; 2) BifCTaHb
Mig 4ac BWKOHAHHA MepeMilleHHs Yy poboyomy cepefoBuLli; 3) pecypcu
anapaTHUX NMpUCTPoiB; 4) KiNbKOCTb AaHuX, Ky BIJIA moxe onpauroBaTi nig
yac poboTN Yy pexmmi peasbHOro 4acy. 4 camoopraHi3oBaHOi CUCTEMM
KinbkicTb BIMJIA, panbHICTb NONLOTY, MiHIMaNbHUIA pafiyc PO3BOPOTY,
AianasoH LUBWAKOCTEN BU3HAYEHO, AK BXiAHI faHi. Po3nofifneHHs uinei Mix
Aekinokoma BIJ1A, NocnigoBHICTb NMPOXOMKEHHSA KOXXHUM BIMJTA MigMHOXMHM
Linen Ta cnocib nepemilleHHs A0 KOXHOI po6o4oi 06nacTi BM3HAYEHO, K
XapaKTepHi BNacTMBOCTI Yy 3afayax MiaHyBaHHA MapLupyTis.  3rigHo
chopMOBaHUX BUMOT [0 CaMOOPraHi30BaHOI CUCTEMW YNpaBiHHA AeKiNbKoma
BIM/IA, Ha OCHOBI (yHKUiA cucTemMn Ta T XapaKTEPUCTUK apXiTeKTypy
PO3pP06/1t0BAHOT CUCTEMM CUHTE3YyBaHO Yy BUINSAAI CYKYMHOCTI  [AEeKI/IbKOX
KOMMOHEHTIB: (hopMmyBaHHA rpynu BIJ1A, -po3ymHall cuctema nniaHyBaHHS
MapLUpyTiB, cMCTEMA CaMOBIJHOB/IIOBAHHSA, CUCTeMa MJiaHyBaHHA Po60TU Ta
cucTema ynpasiHHA | MOHITOPUHTY.
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Pe3ynbTaTtom BMKOHaHHS ~ CaMOOpraHi3oBaHol
cucteMn € 06'elHaHWIA  Bifeopsa, SKWMIA  Hadani
MOAAETbCA  Ha  MOAY/Nb  PO3Mi3HaBaHHA  Ta
006YMCNEHHSA  KINIbKOCTI  CTPYKTYPHUX  06’€EKTIB.
BpaxyBaHHs ~ TakMx  CKMafoBux B MOAeni

IH(hOpMaL,iiHOT CUCTEMM € OCHOBOHO Ti apXITEKTYPMW.

B MeXax camoopraHizoBaHol cucTemmn
PUCYHOK 1.1 - MepexkeBa MePeAdadeHo  3aJaHHA  MyHKTIB  MPU3HaYeHHs
CXema KIHeMaTUKi (iHWWMK  cnoBamu, TOYOK B  PO3rNsLyBaHOMY

peasibHOro yacy _ _ _
cepenoBuLLi), SKi KOXeH 6e3MiIOTHUK MOBUHEH

AOCATTA B MeXax CBOro cerMeHTa Ta BiAMITUTU Ha

YTBOPEHI Mani.
BaxnmeMM eneMeHTOM MoAyns Mno6yaoBM MapLUpyTiB € pPOo3pob/ieHi
MexaHi3MW [N YTBOPEHHS CaMOCTIMHWX Al Yy nnaHyBaHHI TpaekTopin y

KOOpPAMHATHOMY MPOCTOPI.
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OBEPHEHI 3AJIAYI BIITBOPEHHA ®PI3UKO-MEXAHIYHUX
HOJIB Y HEAOCTYIITHUX OBJACTAX

MouauanoB A.O., evandr73@gmail.com

Jninposcoxuti nayionanvuuu ynigepcumem imeni Onecs I onuapa (Www.dnu.dp.ua)

Ob6epHeHi 3agadi — uUe Ti 3af4adi, B AKMX 3a AaHUM HacniAKOM MOTpPibHO
po3paxyBaTu nNpuUynHY. Hanpuknag, 3a 3HAYeHHAMW MPUCKOPEHHS TiNa,
MOTPIGHO po3paxyBaTu CcuAy, WO Ai€ Ha Tino. IHWWIA Npuknag: 3a 3agaHUmu
3HAYeHHAMM CUIK, WO i€ Ha Tifo, NOTPIGHO po3paxyBaTu CWUIOBe Mose
(rpaBiTaujiiiHe, enekTpomarHiTHe). o 06epHeHWX 3agay BifHOCATbCA 3ajadi
BU3HAYEHHS [eSKUX (I3UYHMX BNacTUBOCTENW O0O6'EKTIB, TaKMX AK LLUINbHICTD,
Koe(iLIEHT TeNNONPOBIAHOCTI, MOAYNI NPYXHOCTI B 3a/1€XKHOCTI Bif KoopAnHaT
abo y Burnafi yHKUIA iHWKX napaMeTpiB. Ycnix npoueaypy po3B’si3aHHs
TaKUX 3a/lay B 3HAYHIN Mipi 3aneXnTb AK Bif AKOCTI | KiNbKOCTI OTPUMaHOI 3
eKCnepuMeHTy iHopmauii, Tak i Bif cnocoby ii 06pobkun. Po3rngHeMo 3agavy
BIHOB/IEHHS1 MOTEHLiabHOrO NONS B HEAOCTYMHi 06nacTi 3a JaHuMMK
3Ha4YeHHSMM BUMIPIOBaHb LIbOro nons B AOCTYMHIN 06/1acTi.

Hexail fesike (hisvyHe nose onmncyeTbes pPiBHAHHAM Jlansaca:

Au = 0. (1)
O6nacTb ICHyBaHHS Nons Q CKNafaeTbCs 3 ABOX YaCTUH: 2 = N, U f2,. YacTuHa
£, [OCTynNHa A/ BUMIPIOBaAHHA XapaKTepuUCTUK nons. BumiptoBaHHA B 061acTi
0, HeMoXnmBe. Hexail y Toukax Py, ..., B, € 2, Bigomi (BUMIpsiHI) 3HaYeHHS
NoTeHUiany uy, Uy, ..., U,. OTPIGHO NOBYAYBaTU (YHKLiO U (x), AKa B TOUKaX
yciei obnacti  Q 3a40BOMbHAE pPiBHAHHA (1), a B TOYKax BMMIPHOBAHHSA
Pi, ..., P, € 2, Gyne 6nn3bka A0 BUMIPAHMX 3HAYEHDb Uq, Uy, ..., Uy,. Y PEANIBHUX
NPUKNagHNX 3afad4ax TOYKM P; po3TalloBaHi Mo nepuMeTpy AesKoi MI0CKOT
(irypy ( B pasi ABOMIpPHOI 3afadi) abo Ha rpaHuui geskoro Tina ( B pasi

TPVBMMIPHOT 3azaui).
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Hexan ¢, (x), 0,(x),..., 0, (x),x ER™"(n =2 abo n = 3) - NiHilAHO

He3a/IeXXHi PO3B’A3KM PIBHAHHA Jlannaca. Togi iX MiHiinHa KoMbiHaL,is

U (%) = X2y A; () )

TaKoXX Oy/le pO3B’SI3KOM LIbOro PiBHAHHSA. B AKOCTI (hyHKUIN ¢; (x) MOXKHa B3SITU
rapMOoHiYHI  NoniHOMKM abo  (hyHKUIT Buay G(x—pB), Be Gx) -
(hyHAameHTabHMI1 Po3B’A30K (yHKUiA piHa) onepaTopa Jlannaca, 8; — Habip
TOYOK (po3TallyBaHHA [Kepen), fAKi MNOBWHHI fieXaTn nosa o6nactio Q.
Po3TallyBaHHA LMX TOYOK MOXHa 06MpaTh AOBiNIbHUM YAHOM, asle ANa Kpawoi
TOYHOCTI PEKOMEHAYETLCA BMOMpaATK X po3TallyBaHHS PIBHOMIPHUM HaBKO/O
Q. 3Hangemo KoedilieHT Aj,A,,...,A,,; 3 yMOBU OAM3bKOCTI v,,(x) [0
BUMIPAHNX 3Ha4yeHb MOTeHLiany B TOYKax Py, ..., P, € 02;. 3a Mipy 6/1M3bKOCTI

Y3ATO cepeJHbOKBAJPATUYHE BiIXMUNEHHS

F(Ay Az, .., Am) =S4 [T 4 0i(35) — ] 3)

KoedhiyieHTV NiHiiHOT KOMGiHaUii (2) 3HaxXoAMMO 3 YMOBU MiHIMYyMY (QYHKLiT
F(Ay,A,, ..., A,). Ua ymoBa fae m JMiHINHUX anrebpaiyHux piBHAHb. [pw
BEMKMX m 3afaya 3HaxXOMKeHHA MiHIMyMy QYHKUIT (3) € HEKOPEKTHOLO,
oCKifibkn CJIAP € HecTiikolo. [ns nobyaoBuM HabAMXKEHOTO PO3B’A3KY
oTpumaHoi CJTAP 3acTocoBaHO MeTof perynapu3sauii TuxoHoBa. Ha MogenbHuX
npuKnagax po3rngHyTo AKICHY 3a/1eXKHICTb PO3B’A3KY Bif 3HAYeHHA MapameTpa

perynspusadii.

B noganblumx [JOCnigpKeHHAX NAaHyeTbCA AOCMIANTA BiNbll AeTaslbHO
BMN/IMB BMOOPY pO3TalllyBaHHSA [KEPEeNbHUX TOYOK f3; Ha TOYHICTb O06YMCNEHD.
IHWa uikaBa npobnema, AKy MnaHyeTbCca Aocnigutn — nobyaposa 6asvcy Ans
BUMaAKY PO3PUBHUX FPaHUUYHUX YMOB. ADKe Y MiCUAX PI3KOro nepenagy nons
TakKWin MeTof Y 3BMYaHOMY BUI/ISAI He 3aCTOCOBHMI 3-3a HasiBHOCTI SBMLIA
[i66ca.
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I'PA®IYHA ®AKTOPU3AIIA Y HABUAJIBHUX JOCJLIKEHHSAX
Hakoneuna® T.B., naktanya@ukr.net

. ) 2 o1
Hikyain® O.B., Makcumenko” O.I1., avnikulin@ukr.net
1ﬂninpoecbkuﬁ Hayionanvrull yHieepcumem imeni Onecs 'onuapa (www.dnu.dp.ua)
zﬂHinpoechuiZ 0epaicasHull mexHiuHuLl yHigepcumem

CyuacHi O0CNiMKeHHs, AKIi BUKOHYIOTbCA B YHIBEPCUTETCbKMX YMOBaX
3000yBavami BUMLLOT OCBITU Ta X KepiBHMKaMK, 0OMeXeHi B pecypcax i 3a
yacom. ToMy Ha YCIX Kpokax po60TW, MNO4YMHarodi 3i CKMagaHHA MiaHy
AOCNIMKEeHHs, MNOBMHHA 3abe3nevyBaTUCb €(MEKTMBHICTL [iA 3a paxyHOK
BUKOPUCTaHHA iHHOBaUii. lMpn HaykoBOMYy Migxoai poboTa MOYMHAETLCH 3
po3rnagy MPUUMHHO-HACMIAKOBUX 3B'A3KIB MK (hakTopamu (NpuymnHammu), sKi
BM3HAYalOTb ABMWE abo npouec, Ta 1X BUXIAHMMM XapakTePUCTUKAMU
(Hacnigkamun). B nepepo6GHOI  NPOMMCNOBOCTI, 30KpeMa MNPOKaTHOMY
BUPOOHWLTBI, CXeMYy MPUYNHHO-HACMIAKOBMX 3B'A3KIB  MOXHa Oyaysatu
BignoBigHO Ao Aiarpamun Icikasu [1]. OaHWA iHCTPYMEHT BUKOPUCTOBYHIOTD,
KO/ Heo6Xi4HO LUBMAKO BMOPAAKYBATY 3a K/IKOHOBUMK KaTeropiamn [2].

[MoyaTKoOBUA KPOK MO6YAOBM fiarpaMu MPUYMHKU-CNIACTBA AN aHani3y

«YNPaBNiHHSA PEXMMOM HaTSKiHb MPOKATKM», NPeCTaBNEHO Ha puc. 1.

Martepian O6naaHaHHS
[HCTPYMEHT —» CtaH —»
Poskar —»
Bnok
Mactnno Knitb YnpasniHHA
.| pexnmom
HaTsKiHb
Onepatop —» Mpokarka NPOKaTKn
B OAHOMY —P
CTPYMKY MepioanuHicte —»
ACY —
[pokaTka B
GaraTbox Moxnubka —»
CAMP —> CTPYMKax
KepyBaHHs TexHonoris BumiptoBaHHs

Puc. 1. liarpama IcikaBu npo0JjieMn «YnpaBJliHHS pe;KUMOM HATSKiHb MPOKATKID)
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Po3B’A3aHHA NpO6/ieMN JOCMIIKEHb YNPaB/IHHA PEXUMOM HaTSXKiHb Y
npoueci NPOKaTKM BUKOHYETbCHA 3a ABHUMWU 5M npuynHamn. MpoBOAMTLCS
(pakTopm3aLia pe3ynbTariB fOCMIAKEHb, AK BNOPALKYBaHHA 32 YNHHUKAMM Ta TX
BfACTUBOCTAMK, BiJOMUMW N0 TeMmi ny6nikauin Ta po3pobok. JouinbHO
y3ara/lbHATU  pe3ynbTaTh  aHanisy BMMBY TEXHOMOTMIYHUX UYMHHUKIB NpU
6e3nepepBHIil NPOKaTLi Ha Cy4aCHUX CTaHax i3 BK/IKOYEHHSAM [APOTAHMX G/IOKIB.

HaouHiCcTb (hakTopM3alii ocAraeTbCs rpaiyHMM MOAENOBaHHAM ( puc. 2).

YnpaB/iHHSA PEXUMOM HaTsHKiHb MPOKATKK
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BumiptoBaHHS
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Puc. 2. I'pa¢iuna paxkropusauis BJIMBY TEXHOJOTIYHMX YMHHHUKIB

Jliteparypa
1. Ncukasa K. ANoHCKMe MeTOAb! ynpaBneHns kayectsoM. — M.: SKoHOMUKa, 1988. — 214 c.
2. MakcumeHnko O.IM., HikyniH O.B., 'onosHak B.B. pagiuHe nnaHyBaHHA [OCHIAKEHHS
BNMBY (DaKTOPiB Ha MO3AO0BXHIO CTINKICTb MPOKaTKW. 36ipHMK HayKoBuX npaub AATY. —
2020. —# 2(37). —C. 39 —42.
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PO3POBJIEHHA TIPOI'PAMHOI'O JOJATKY OO PO3PAXYHKY
MMOBIPHOCTI BUHUKHEHHS KOJII3IA ITYYHUX HEBECHUX
TIJI 3 KOCMIYHUM CMITTAM

Heskputnii 1.0O., nevkrityi@gmail.com, Autonenko C.B.

Jninpoecoxuii hayionanvrutl ynieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

Ha [aHWii MOMEHT 0CO0/MBO aKTya/lbHOK € MpobnemMa KOCMIYHOro
CMITTA Ha op6ITi 3emni. 3a fJaHUMK eKCrepTiB, CTAHOM Ha MOTOYHWIA MOMEHT,
Tam 3HaxXoAATbCA MiSIbMOHN HeOe3NeYHNX AN15 NIK0AeN Ta TEXHIKN yiaMKiB.

Came TOMYy Oy/n0 3anporoHOBaHO pPO3pPO6GUTM cuUCTeMy, fKa Oyae
pO3paxoByBaTV MMOBIPHICTb 3IiTKHEHHA [AN1S1 KOCMIYHOro Tina, Takoro $K
CYNYyTHWK 4/ pakeTa, BUBELEHOro Ha neBHY OpOITYy 3 [eAKOH TPaeKTOpIEtD, 3
KOCMIYHVM CMITTAM.

[MonepeaHiin eTan HanucaHHS POBOTU BK/OYaB B Ce6e 03HAMOM/IEHHS 3
NMpeaMeTHOO 001acTio, BWOKPEM/IEHHS Ta apryMeHTYBaHHA HeooXigHMX
MaTeMaTMYHUX Ta  (i3UYHMX  opMysl, HanucaHHa  cneumdikayii - go
MalibyTHLOro NPOrpamMHOro NPOAYKTY Ta niaHyBaHHA eTaniB peanisauii.

HuHi po6oTa nepebyBae Ha Apyromy etarni peanisayii, a caMe: HarnvcaHHi
MPaKTUYHOI YaCTUHW, AKa 6yae BMKOHYBAaTW HEOOXiAHI PO3paxyHKWM Ha OCHOBI
MOBMW nporpamyBaHHs C++, Ta MOBIAOMAATM NPO Le KopucTyBaya y BUMNAgI
PDF 3BiTy. [doAaToK BMKOPWUCTOBYE 06a3y [aHUX KOCMIYHOIO CMITTS 3
napameTpamu,  3reHepOBaHHUMW  BWUMAAKOBMM  yYMHOM. B po6oTi
BUKOPUCTOBYETLCA Liifla HU3KA YXKe ICHYHUMX anropuTMiB Ta BacHi MeToau no
MPULIBUALLEHHIO 3HAXOMKEHHSA (DAKTY KONI3IT MHOXMHW Tifl.

OuikyeTbCs, WO MNicNA 3aBepLUeHHA peanisauii NporpamHoOro AoAaTky
Oyfe 3anporoHOBaHO PpilUeHHS, WO A03BO/IUTb 3HAYHO MPULLIBUALINTA
PO3Mi3HaHHA KOMI3iA MHOXMHU TiNn. Lia peanisauis 6yge MICTUTU YHiKa/lbHY
KOMOIHaLit0 3 ICHYHUMX aIroOpuUTMIB Ta BNaCHMX a/irOpUTMIB aBTopa. Takox
MNaHYyeTbCA CniBnpays 3 KOCMIYHMMK 06CepBaToOpIAMU  A/1  OTPUMAHHSA

pPeaJ/IbHUX AaHNX KOCMIYHOIO CMITTS.
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PO3B’SI3YBAHHSI TPAHUYHOI 3AJIAUI 1151 BITAPMOHIYHOI'O
PIBHAHHSA 3A JOITIOMOI'OIO IHTET'PAJIBHOI'O PIBHSIHHSA
®PEATI'OJIBMA
HikiTuenko M.I., ssmensemenich731@gmail.com,

BoJsiomko B. JI., VVL56@i.ua,

Jninposecoxuii nayionanvrutl yHieepcumem imeni Onecs I onuapa (www.dnu.dp.ua)

Bunagkn  (hopMyntoBaHHS  MPUPOAHMYMX  3adady  3a  [OMOMOroH
IHTErpasibHMX pPiBHAHb 3YyCTpivYa/IUCA BXe Yy nepwid nonosuHi XIX cT.
Mepwmmun npuknagaMmm 6ynn iHTerpaibHi NepeTBOPeHHS Pyp’e Ta PIBHSAHHA
Abens, aKi  NpuBepHynn [0 cebe yBary AOCMIAHWKIB, cepef SIKMX HainbinbLu
BigoMi BonbTepp, ®pearonobm, [inbbept, LUmiAT. B iX poboTtax akux 6ynu
PO3rNAHYTI OCHOBU Teopii iHTerpasibHUX PiBHAHb, AKI fani BUKOPUCTOBYHOTLCS
A9 MaTemMaTMyHOI NMOCTAHOBKW Ta PO3B’A3yBaHHA  LUMPOKOro Kracy 3afad
npupopo3HascTBa. Cepef TakuMx 3afad chij Big3HAYMTU BUBYEHHA AMAY3ii Ta
ABMLLA NEepeHOoCy, 3aKOHW MPY)XKHOCTI Ta TEnnonpoBiAHOCTI, aHani3 AUHAMIKM
MaLLUWH | MexaHi3MiB, ONTUMaNbHWUIA CUHTE3 eNeKTPUYHUX NaHutorie. Ocobnmea
PO/Ib HaNEXUTb IHTErPa/IbHUM PIBHAHHAM Y LOCAILKEeHHI | PO3B’A3yBaHHI
rPaHNYHUX 3afay PiBHAHb MaTemMaTU4HOT QI3NKW.

Po3rnsHemo npuknag OAHOro 3 PiBHAHbL eNinTUYHOro Tuny. HeobxigHo
3HANTW PYHKLIF0 W=W(X,Y), HernepepBHY B 06/1aCTi €2, 06MeXKeHY 3aMKHEHUM
KOHTYpOM I, B SKi UA (PYHKUIS Mae HenepepBHi YaCTUHHI NOXiAHI [0

YeTBEPTOro NOPAAKY BK/IHOYHO i 33/10BO/bHSIE PIBHAHHIO Ta KPaiioBMM YMOBaMm

4 4 4
aaw=IW o OW  OW_, (1)
OX ox-oy” oy
OW(X,
WX, Y)|, = p(x,Y). (a—ny) —u (%), @)
I

e @ i Y HenepepsHi PYHKLII.
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3BefeHHA rpaHnyHoi 3agadi (1) — (2) go cuctemun iHTerpasibHUX PiBHAHb
HeoOXilHO NPOBOAMTN 3 BMKOPUCTAHHAM BMACTUBOCTEN  GirapMOHIUYHKX
noTeHuianiB, [OOCNIAKEHHS AKUX [03BONSE  e(EKTUBHO BUKOPUCTATK
KBagpaTypHi opmynu, MpPOBeCTU AUCKPETU3aLit0 CUCTEMM  IHTErpasibHUX
PIBHAHb | 3BECTU 1X 40 cUCTEMM anredpaidHmx [1]. MNpu po3B’a3yBaHHI OCTaHHIX
MPOBOAUTLCSA KOHTPONb 00ymMOBMeHOCTI matpuui. Cnig Big3HAUYMTU 3HAYHY
MepeBary TakKoro IHTErpalbHOro MnigxoQy npu KoMy 3abe3neyyeTbes
BpaxyBaHHS CKMAAHOCTI i HEKAHOHIYHOCTI KOHTYpY, SKMiA 06MeXye 061acTb
BU3HAYeHHA LWYyKaHOT PyHKUiT. Came BUCOKA TOYHICTb KBafpaTypHOI (hopMy/u
CvMMCcOoHa y MoedHaHHI 3 NPOCTOTOK Y 3aCTOCyBaHHI A03BONSE ePeKTUBHO
BPaxoBYyBaTU «CKMNaAHICTb KOHTYPY».

Mpn  UbOMY aKTyaJlbHUMW  3a/IMLLIAKOTLCA  3a6e3MevyeHHss  TOYHOCTI
OTPUMaHNX pe3ynbTatiB Ta nobynoBu mMogenbHoT PyHKUil. B [2] HaBedeHo
OO6rpyHTYBaHHS ICHYBaHHS Ta €OMHOCTI PO3B’SA3KY rPaHWYHOI 3agadvi Ass
6irapMOHIYHOr0 pPIiBHAHHSA, MOAAaHMIA cnocib6 npeacTaBneHHS 6irapMOHIUYHKX
(hYHKLUI Yepe3 rapmMoHiYHi, a TakoX HaeefeHa hopmMyia 06UYUCNEHHA TOYHOIO
PO3B’A3KY 3adadi Yy BUMNagKy, Konm 06nactb Mae opmy Kpyra [2]. OTprmaHuia
TaKMM CNocobom pe3ynbTaT MOXHA po3rnsgati K MOAENbHWIA | MOPIBHATU 3
HabIMXKEHUMM,

36DKHICTb pe3ynbTaTiB PO3B’A3yBaHHA TPaHWYHOT 3agadvi, OTPUMAaHUX
TOYHUM Ta HabMVKEHMM MeTodaMu 3 TOYHICTIO noHag 99%, CBigYMTbL NPO

e)eKTMBHICTb 3aCTOCYBaHHA iHTerpasibHUX PiBHAHb Y LUMX 3aga4ax.

Bibaiorpagiuni nocuinanus

1.Bonowko B.J1. Logo po3s’sa3yBaHHA KpalioBOI 3afadvi Teopii MnacTUH Ans obnacteid
cknagHoi opmu / B.J1. Bonowko, M.T. TeTynbko //«ITuTaHHA NPUKIaaHOI MaTeMaTuKuy i
MaTemMaTUYHOro MOZLENBaHHA». 36ipHMK HayKoBMX npaub. Bun.19 — Axinpo: Mipa, 2019p. —
C.41-50.

2.TuxoHoB A.M., Camapcbkuii A.A. «PiBHAHHSI MaTemaTUyHOI (isukn». — M.: [onosHa
pefakuis (i3nKo-maTeMaTUyHOI liTepaTypyn BUAaBHMLTBA «Hayka», 1966p. — 735c.
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CUCTEMHE JOCJ/IKEHHA ®YHKINIOHYBAHHSA MEPEXKI
MACOBOI'O OBCJIYT'OBYBAHHSA 3 POMBOBUJIHUM KOHTYPOM

Hogik K.O., pulherio.alexandrov@gmail.com, Hakoneuna T.B.

Jninposcvruti nayionanrvruil ynisepcumem imeni Onecs Ionuapa (www.dnu.dp.ua)

Teopis macoBoro o6¢cnyroyBaHHsi (TMO) — po3ain Teopil IMOBIpPHOCTENR,
MeTOH [OCNiKEHb SKOro € pauioHa/lbHUA BUOGIP CTPYKTYpU CUCTEMM Ta
npouecy o06CNyroByBaHHd Ha OCHOBI BMBYEHHA MOTOKIB BMMOI Ha
06CNyroByBaHHs, WO HaAXo4AaTb A0 CUCTEMMU Ta BUXOAATH i3 HEl, TPUBAIOCTI
OYiKyBaHHSA Ta JOBXUHN Yepr. B TMO focnigpKyrTbCa Taki CUCTEMM, Y AKUX Y
BMMNAAKOBI MOMEHTW 4acy Ha 06C/MyroByBaHHS HaAXOAATb BMMOMM (330BHI 4u
3cepeauHU cuctemn). BoHM MaroTb 6YTU OOCNYXEHI CUCTEMOK Ha [AesKOMY
npunagi, npu4yomy TPUBaIiCTb 0OCNYroByBaHHA Y 3araJibHOMy BUNAOKy €
BUMagkoBo. [lpupoga BMMOr Ta 1X 06CNYroByBaHHA 3a/IeXWUTb  Bif,
KOHKPETHOro BMAYy CUCTeMW. SAKWO nNif BUMOramy po3yMiTh, Hanpuknag,
BIAMOBW e/leMeHTIB cucTemu i nif 06CnyroByBaHHAM X 3aMiHY UM PEMOHT, TOAI
YMCMEHHI 3afadi Teopil Ha#iMHOCTI MOXHa BuMpillyBaTM MeTodamu Teopii
MacoBOro 06cyroByBaHHS.

ABTOpamn 6yno AOCNIMKEHO CTalioOHapHMIA  po3nogin  mepexi 3
POMOOBMAHUM KOHTYPOM A/11 MapKOBCbKOIO Ta HEMapKOBCbLKOIO MPOLECiB, a
TaKOX [AN151 Mepexki 3 HeraTMBHUMU 3ad9BKaMU.

Byno BCTaHOBNEHO, L0 3a OyAb-AKOro Po3nofisy vacy 06C/yroByBaHHS
3aABKM 3 (PIKCOBAHUM MaTeMaTUYHMM CMOAIBaHHAM CTaliOHapHI POo3nogiiv
MapKiBCbKOro npoLecy Ta HEeMapKOBCbKOro 36iratoTbCcs  (CTaLioHapHWiA
posnogin npu aucumniidi obcnyrosyBaHHs LCFS PR iHBapiaHTHWIA Mo
BIAHOLIEHHIO 40  PO3MoAiny 4acy 06CNyroByBaHHS 3 (DIKCOBaHWUM

MaTeMaTUYHUM CrOLIBAHHAM).

Bibsiorpagivyni nocuianus
1. nTBuHOB A.J1. Teopis CUCTEM MacOBOro 06C/YroByBaHHS : HaBY. MOCIOHUK. — XapKiB :
XHYMT im. O. M. bekeTosa, 2018. — 141 c.
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BUKOPUCTAHHSI WEBRTC TA IPOTOKOJIY WEBSOCKET JIJI51
OPTAHIBAIIII MMEPEJAUYI TOTOKOBUX JAHUX

Oniiiko A.Q., odiykoartem@gmail.com

Ininposcoxuti nayionanvuu yrnigepcumem imeni Onecs I onuapa (Wwww.dnu.dp.ua)

CyyacHi  iHopmauiiiHi  Ta  MepeXxeBi  TEXHONOrT  aKTUBHO
BUKOPUCTOBYIOTLCA B YCIiX cpepax MOACLKOI AIANbHOCTI. MOXIMBICTb LUBUAKOT
| 3pYYHOT KOMYHiKauii gy>ke BaXKNMBIi B NOTOYHUI Yac ANs BENMKOT KiflbKOCTI
NOAen | KoMnaHiin.

WebSocket moxe 6yt ay)Ke KOPUCHUM ANa MiABULLEHHS LLBWUAKOCTI
poboTn caiTy. 3aBAsiKM NErkocTi LbOro MNPOTOKONY, BiH [03BOSISIE LLBUAKO
OTpUMyBaTW |1 BIANPaBAATM JaHHI Y TakMxX BMNaAKax fK: 4aTwu, couiasibHi
mepexi, 10T i TpergepcbKi nporpamu [1].

Lle NpoToKO/T KOMM'IOTEPHOrO 3B'A3KY, WO 3abe3neyvye NMOBHOAYMIEKCHI
KaHa/n 3B'A3Ky 4yepe3 ogHe TCP-3'efHaHHA. Hafae MOX/IMBICTb B3aEMOAIT MiXK
BeO-6pay3epom Ta Beb-CepBepoM i3 MEHWMMK  BUTPaTaMK, HDK Yy
HaniBAyNNeKCHNX anbTepHaTuBax, TakuxX K onuTyBaHHA HTTP, nonerwyoun
nepefadvy faHUX y peaslbHOMY Yaci 3 cepBepa Ta Ha cepBep.

WebSocket Bupillye Kinobka npo6nem 3 HTTP:

e JlBOHanpas/ieHW NPOTOKO/ — BYAb-AKNA KNiEHT/cepBep MOXe
Haficnat NoBiAOMEHHS iHLLIN CTOPOHI.

e [1OBHOAYNNEKCHWIA 3B'A30K - KMIEHT | CEPBEP MOXKYTb CMINIKyBaTUCA OAMH
3 O[IHUM HEe3aNeXXHO OfWH Bif, OAHOIO B OAMH i TOW Xe yac.

o OpnHoyHe TCP-3'egHaHHA — nicns OHOBMEHHA HTTP-3'eqHaHHA Ha
MoyaTKy K/IEHT i cepBep B3aEMOAIOTL Yepes Te came TCP-3'eiHaHHS.
WebRTC — Ue TexHonorisd, fka Aae 3Mmory Be6-gojatkam i caiTam

3axon/oBaTh Ta 3a 6axaHHAM Mepedasatyt ayfio Ta/abo Bifeo Mefia, a Takox
OOMiHIOBAaTUCA  [OBIIbHAMM  JaHUMKW  MiXK  6pay3epamu  6e3  noTpebu

nocepefHuka. Habip cTaHgapTie, wWo BkMoyaloTe WebRTC, pae 3mory
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0OMIHIOBaTUCA [aHWMK Ta MNPOBOAUTU OLHOPAHIOBI TesleKOHMepeHLUil, He

BMMararo4m Bif, KOpUCTyBaya BCTAHOB/IEHHA MariHiB abo Oyab-AKOro IHWWOro

CTOPOHHbLOrO NPOrpamHOro 3abesneyeHHs [2].

[l0 nepe.ar L€l TeEXHONOTIT MOXHa 40OAATW:

HenoTpibHICTb BCTAHOB/IEHHSA NMPOrpamMHOro 3abesneyeHHs;

CyuacHi Bifeo Ta ayfio KofeKu, aBTOMaTUUHe peryntoBaHHA AKOCTI;
YCi 3’e[JHaHHA 3axULLeHI Ta 3aLMppPoBaHi;

[MpOEKT 3 BIAKPUTMM KOLOM, SIKMIA MOXHA BOYAyBaTU Y Balll NPOAYKT;
Hopnatok WebRTC ogHakoBo f06pe npautoe 3 6yab-AKOK CUCTEMOLO.
[0 He10NiKiB BIAHOCUTLCS:

PilweHHa WebRTC HecyMiCHI 04MH 3 OOHUM, OCKI/IbKW CTaHAapT Onncye
NnLLIe METOAM Nnepeaadi Bifeo- Ta ayaio faHUX;

WebRTC BusBnse cripasxHi IP-agpecu;

WebRTC He nigTpyMye KepyBaHHS BigaaeHUM poboynm CTO/IOM.

B nigcymKy Ui TeXHOMOrii gonomaratoTb 3MEHLUMTU HaBaHTXKEHHS Ha

cepBepu 1 KMIEHTCbKI MalUMHKW, A03BONSAKOTL 36iMbLUNTU 06CAr 06P06/IEHUX |

nepeaHnX AaHUX 3 NoAaNbLUNM TX KOHTPO/EM.
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JOCJILIZKEHHA IHTEHCUBHOCTI 3ABAHTAXKEHHSA CEPBEPY
3A 1OITOMOTI'OIO YACOBHUX PAAIB JAHUX

Ouniiinuk /L.1., darya.olejnik@gmail.com, 3aiineBa T.A., ztan2004@ukr.net
Cipuk C.®., siryk600@gmail.com, ®@puaman O./. afridman@i.ua

Hninposcvruti nayionanrvruil ynisepcumem imeni Onecs 'onuapa (WwWw.dnu.dp.ua)

OfHiero 3 3aga4 OLiHKM PO60TK NPOrpaMHOro NPOAyKTY € AOCNIIKEHHS
Ta NPOrHO3yBaHHSA 3aBaHTA&KEHHS MNPOLeCOpY Ta OnepaTMBHOI MaM'aTi UMM
[A0AATKOM, W06 He foMyCTUTU CTaHOBULLA, KO AOAATOK CTaHe HeLOCTYMHUM
ANA  KOpUCTOBadiB. 3 [aHOK MpPo6/MEMOKD MOXKE 3iLLTOBXYBATUCA KOXXHWIA
PO3POOHMK, AKWIA Micna eTany CTBOPEHHA MPOrpamHOro MpoAyKTy, He
MPOBOAAYN HEOOXIAHMX KPOKIB LOAO TeCTyBaHHA |1 PI3HMX OUIHOK A0AaTKy,
0fApasy HafgacTb AOCTYN peasibHUM KOPUCTyBayaM A0 MOro 3acToCyBaHHS.

[na BUpIiLIEHHS fJaHoi npob6nemu 6yno po3pobneHo Java-AoAaaTok Ta
PO3rOpHYTO Ha ABOX cepBepax. [MporpamHa po3pobka OTpUMYE iHopMaLito 3
Opokepy noBifom/eHb ([OAATOK, WO MEPeTBOPKOE MOBIAOM/IEHHS 33 O4HUM
MPOTOKOMOM Bij [ofJaTKa-[kKepena B MOBIAOM/IEHHS NPOTOKONY [oAaTKa-
npuinvaya) Ta 3anucye iHopMaLito y penauinHy 6asy gaHux. [logatok 36epirae
6araTo iH(opmauii, Tomy 6yno NPoOBeAeHO KnacTepusauito aaHuX. CTBOPEHO
KaTasior, Lo MICTUTb IH(hopMaL,ito Mpo Te, AKi AaHi 36epiraloTbCA Ha KOXHOMY 3
wapais  (pensuinHmMx 6asax AaHux). [licna  po3pobku popatky  6yno
HanalIToOBaHO MOro MOHITOPUHI (BIACTEXEHHS AaHWX MPO cepBep Ta [0[4aToK),
[e 30Kpema MOoKa3HMKaMn OLHKM 1oro po6otn 6yno o06paHo: KifbKicTb
MOBIIOM/NEHb, AKI MOTPaNATL Y Yepry (efieMeHT GPOKepy NOBIAOM/EHD, LLO
3bepirae iH¢opmMaLito Ha OCHOBI crocoby opradizauii FIFO) go pgopatky;
KIfIbKICTb  00p06/IeHNX  yCMilWHO Ta He 06p0o6/IeHNX;  IHTEHCUBHICTb
3aBaHTAXEHHS1 OnepaTMBHOI Nam’ATi, npouecopy Ta JVM; KinbKiCTb, 4ac
CTBOPEHHS 3’€flHaHb 3 6a30t0 JaHMX Ta TPUBA/TICTb BUKOPUCTaHHS iX.

[na  pocnifkeHHs 3aBaHTaXeHHSA cepeepy Oyno 06paHO HaCTYMHI
[OMOMDKHI  IHCTPYMeHTU: Prometheus (CMCTEMA MOHITOPUHIY, WO 3anucye

MeTPUKWN B peasibHOMY Yaci y 6a3y vacosux pagis — TSDB) i Grafana (cuctema
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Bisyanizayii fgaHnx, otpumanux 3 TSDB). Po3pobneHunii Java-[04aTOK KOXHI
15 CeKyH[ CKaHye BCHO CUCTeMy, CTBOPHE CTOPIHKY And Prometheus, fe
BUCBIT/IIOE AaHi LIOAO 3aBaHTaXeHOCTi cepsBepy. B cBow uyepry Prometheus
KOXHi 15 cekyHp poouts GET 3anuT wo6 oTpuMaTtu Ui AaHi 3i CTOPIHKM Ta
3aBaHTaXye X y 6asy gaHmx yvacosux psagis (TSDB). Omxe TSDB 36epirae y
cob6i Ha3By 4acoBoro psgy (Hagani — MeTpuKa) i MOMEHT 4acy, KO/n BiH 1Oro
oTpumas. Ana Toro, wo6 iHjopmauid LWoao cepsepy Oyna 306paxeHa
3p03yMinio Ana NOACLKOro oka 6yno BukopuctaHo Grafana, fKa [03BONSE
300pa3nT BCi METPUKKU Yy 3pYYHUX rpadikax Ta Tabnmusax. Ans uyporo 6yno
3aCTOCOBaHO Ha3BM METPUWK Ta NPOCTI apuPMETHYHI onepalli.

Ha ocHoBi uux fgaHux 6yno 3po6neHo AOCNifKeHHSA. Y 4ac MiKoBOro
HaBaHTaXXEHHSA [04aTKy, KO/MM O06CAr BUMKOPWUCTAHHA OnepaTBHOI Mmam'daTi
aocsras Maixe 85%, 3pocTaB Yac CTBOPEHHS 3'€lHAHHSA 3 6a30t0 AaHMX, Yepes
Lie NOBIJOM/EHHS, AKi NOTpanAsaaM y AoAaTtok, 06pobnsanmnca 3 NOMUIKOK Ta
noTpannsnn y Lazy yepry, B SKiii BOHM 36epiratoTbCA [0 TOro 4yacy, MoKu He
OyayTb NepeBipeHi | BUAaANeHHi BnacHopyY. byno 3po3ymino, Lo Yac CTBOPEHHS
3'eAHaHb 3 623010 AaHNX B/IMHYB Ha SIKiCTb 06PO6GKM MOBIAOMMEHD.

Buxopgsaum 3 uboro 6yno BMpILLEHO, LLO B YacK MiKOBOrO 3aBaHTaXKEHHS
MPOrpaMHOro MNpoAykKTy, HeobXifHO 36i/bllyBaTU KifbKIiCTb pensik (Komik)
[A0JAaTKY AN KOPWUCTYBadiB, WO AOMOMOI/I0 PO3MOAININTI HaBaHTaXKEHHSA MIX
cepBepamMu, 3MEHLUW/IO Yac CTBOPEHHS 3'€4HaHHA 3 6a30t0 faHuX. icns uboro,
MOBIJOM/EHHS, AKI HaaXoAunuM [0 MPOrpamMHOl Po3pobku, 6ynnm 06po6/eHi
ycniwHo. [laHy Bi3yasni3auito I aHania Moxke 6yTu 3aCTOCOBaHO A0 6Y/b-AKOro

noaibHoro Java-goaatky.
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PEKYPEHTHUI AHAJII3 JAHUX EJEKTPOEHIE®AJIOI'PAMUA
I'OJIOBHOI'O MO3KY

Omenbsin A.B., nastia.shulik@gmail.com

3aiines B.I'., vadymzaytsev65@gmail.com

Hninposcvruti nayionanrvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

EnektpoeHuedganorpama (EElN) — meton peectpauii  6ionoTteHyianis
rO/IOBHOr0 MO3KY Yepe3 HerMOoLLKOPKEHI MOKPUBK TOM0BK, L0 [A03BOSAE CYANTH
Npo oro  qisionoriuHy  3pinictb, (YHKUIOHANbHUA  CTaH, HasBHICTb
BOTHULLEBMX MOPa30K, 3aralbHOMO3KOBI po3faaM Ta iX Xapakrep. EEI €
€AVMHMM  O0'€KTMBHMM  Ta  IH(OPMATMBHMUM  CrOCOGOM  AOCNIAXKEHHS
(bYHKLIOHaIbHOTO CTaHy nepudepnyHOl HEPBOBOI CUCTEMMW, NATOMONIA AKOT Y

CTPYKTYpPi HEBPOMOriYHNX 3aXBOPIOBaHb 3aliMaE NPOBiJHe MicLe.

Haii6inbw iHgopmaTBHOI € peecTpauia EEI xBopux 3 enifnenTMyHUMmM
npunagkamu. B nepwy yepry EEI gonomarae Bigpi3HUTW enifenTUYHI Hanag

Bif, HEEMINENTUYHUX | KnacudgikyBaTm ix.

AHani3 pe3ynbrartiB BUMIPIOBaHHA NapameTpiB Lie 3afaya, Ky BUPILLYOTb
nikapi  gna  aiarHoCTUKM  nposedeHoi  peecTpauii  EEl.  Jlikapi  vacTo
KOPUCTYIOTbCA Bi3ya/lbHMM aHasi3oM, ane BiH Mae CYTTEBI HefoNiku, Taki SK
CY6’EKTUBHICTb, HU3bKY TOYHICTb Ta TPUBANICTb Y Yaci.

Y po6OTi Ppo3rngHyTO 3agavyy 3 HanpsMKy MOwWyKy nigxody Ao
Knacudpikauii curHanis EEI niognHy 3 BUKOPUCTaHHAM HeNliHIMHUX MEeTOZIB.

[ns OuiHKM Ta OTpUMaHHA iHopmalii y poboTi NPOBOANTLCA BidyaslbHUI
aHasi3 peasibHUX JaHUX y BUrnsagl vyacosux pagis EEI HagaHux nauieHTiB. Y
nporpaMHOMY Komriniekci crptools nporpamHoro cepegosuwa Matlab ans
aHanisy AaHuX BUKOPWCTOBYBABCA HENIHINHWIA PEKYPeHTHWA aHaniz RP  3a
[0MOMOrOK SIKOr0 aBTOMaTK3yeTbecs aHani3 EEI.

fonoBHa npob6nema, fika BMHMKae npu 06pobui iHgopmMauii fka 6yna

HafaHa, Nonsrae y BMABNEHHI CXOBaHOI IH(hopMaL,iT, BUKOPUCTOBYHOUN METOAM
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He/NiHIMHOro PEeKYPEHTHOr0 aHani3y Ans KOXHOro 4yacoeoro psgy EEI y Toukax
3’emy curHanis O1, 02, Pz, AKi po3TalloBaHi Ha 3afHiil YaCTUHI rofoBMn.
Mo-nepwle, 4ng OTPUMaHUX 3HaYeHb MapameTpa 3aTPUMKWU Ta mapameTpy
PO3MIPHOCTI BKMafleHHsA MoTpibHO nobyayeatu pekypeHTHi Aiarpamu (RD),
BMKOPUCTOBYKOUN 3HayeHHA napametpy & = 0.1 —0.25. T[lo-gpyre, pAanqa
BU3HAYeHMX 3Ha4yeHb MapameTpa 3aTpuUMKM Ta MapameTpy PO3MIpPHOCTI
BKNafleHHA 06paxyBaTu YMCe/lbHI 3HAYEHHS NapaMeTpPiB PEKYPEeHTHOT Aiarpamu
Ta 3aHeCTW TX [0 Tabnmui BIAMOBIAHO 415 KOXHOI0 CUrHasTy Ta YCiX NauieHTIB.
Y po60Ti NPoBOANTLCA aHasli3 OTPUMAHOT YNCeNbHOT iHGopMaLLii 3 TOUKM
30py X iHTepnpeTauii Ta Knacudikauii Ana nauyieHTis, WO MakTb AiarHo3

eninencis.

Cnucox BUKOPUCTAHHUX JIZKEPET

Meknep A.A. TprMeHeHVe annaparta HefIMHeNHOro aHanm3a ans 06paboTku curHanos A3,
n/pen. npod). KanawHukosa E.B., n3a. JINY nm. A.C. MNywkuHa, C.-M6., 2004 r. T. 13 (BbI.
2), cTp. 112 — 140.

Torse Dattaprasad, Veena Desai, Rajashri Khanai. Classification of Epileptic Seizures using
Recurrence Plots and Machine Learning Techniques.
https://www.researchgate.net/publication/332675878

VccnepgoBaHue aneKTpUYeckom akTUBHOCTM ronoBHOro mosra / H.B.3Bé3a0ukuHa. — KasaHb:
KasaH. yH-T, 2014. —59 c.
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3ACTOCYBAHHSA METO/IIB HEUYITKOI JIOTIKH ITPU
MOJIEJIOBAHHI ITPOILIECY KOHTPOJIIO JIi
PO3POBHUKA TPOI'PAMHOI'O TIPOAYKTY
Onumenko /JI-P.B., onidanil@gmail.com,
Yepuuuska O.B., chernitskaya.olga@ukr.net

Jninpoecoxuii Hayionanvrutl yHieepcumem imeni Onecs [ onuapa (www.dnu.dp.ua)

Po3rnagaetbcq  3afaya po3pobkM Ta peanisauil  Mogeni npouecy
KOHTPOMO [fii po3po6HMKa MNPOrpaMHOro MNPOAyKTy Ha cTafil BUSBMEHHS
BUMoOr. Ha i cTagii 3a4a4a po3pobHMKa nonsrae y OKYMeHTYBaHHI BUMOT [0
NporpamMHoOro 3abesneyeHHd 3a [JOMOMOrOK NPaKTUKM Bi3HeC aHaniasy,
BMKOPUCTOBYKOUM KaTeropii 3 enterprise architecture framework, skui
aflanToBaHO A1 pPo60Tn 6Gi3Hec-aHNITUKIB. KOXKHa MpakTuKa 3anucyeTbes y
OKPEMWIA [OKYMeHTa Ta Mae KOEDiLieHT BifJHOCHOT BaXK/MBOCTI [0 IHLWIMX B
3a/1eXKHOCTI Bif TMNy NpoAykTy. lNpaBunbHa NOCNILOBHICTb BUAB/IEHHA Ta OMUC
MOHATTAMM 3PO3YMINIMMM  KNIEHTY € KIKYEM A/19 CTBOPEHHA 6axaHoro
KNIEHTOM MPOAYKTY. B CBOK > 4epry KIIEHT MOXe MaTu OakaHHS
KOHTPO/IOBATK AaHuiA NPoLec, Ta 3anpocuUTK YCi JOKYMEHTN sKi 6ynn 3p06/ieHi
3a NEeBHUI Yac cTafil BUSABNEHHS BUMOT. TakoX BiH MOXKe [i3HaTucs ix cTaTyc
BMKOHAHOCTI. NpoAMBMBLUNCE JOKYMEHTW, KMIEHT Aa€ CBilA BiAryK 3p03yMinocTi
[IOKYMEHTa LLI0A0 KOXHOro. 3agaya mMojeni - gornomMaratu KnieHTy AiHaBaTUCh
cTaTyc eTany BUSAB/EHHS BUMOT, a TaKoX HafaHHsA peKoMeHzalili abo BKazaHHS
Ha PU3MKK, 38419 CaMOCTIHOIO KOHTPO/IHO Ta BUPILLEHHS MOX/MBUX NPO6/eM
3a3fanerifb, AKi MOXXYTb BUHUKHYTU 3 [OMNYLIEHWX NMOMW/OK Ha CTagii BUABY
BUMOT PO3POOHUKOM.

Ha etani po3pobkun mogeni onucani BXigHi | BUXigHI NIHIBICTUYHI 3MiHHI,
chopmoBaHO 6a3y MpaBu/I CUCTEMM HEYITKOrO BMBefeHHSA. LiMun npasmnamu
OXOrJ1eHI HACTYMHI NpoLecu:

1. BcTaHOBMEHHA AKOCTI | e()eKTUBHOCTI AOKYMEHTIB, A1 PO3YMiHHSA, AK

CUMbHO Byfe KOXEH AOKYMEHT OKPEMO BMIMBATU Ha pe3y/bTar.
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2. BCTaHOBNEHHA egeKTUBHOCTI KaTeropii [JOKYMEHTIB, AnA 3’ACyBaHHS
PO3YMiHHA 36epeXXeHHs CTPYKTYPU BUSABMIEHHA BUMOT 4O NPOAYKTY.

3. 3HaxXOLKeHHA JIHIBICTUYHOINO 3HAYEeHHA A4  KOXHOI  Kateropii
OOKYMEHTIB, fIKe fJae 3MOry rnepefaty¥ KOHTPO/IOKOYOMY BIgNOBIAb Y
3BUYHI iOMY (hopMi.

4. ®OopMynoBaHHA HEYITKUX MPOAYKUIA NS BUBOLY PEKOMeHAaLin Ta
PU3NKIB.

OTpumaHa Mofefnb Npouecy KOHTPO [iii po3pobHMKa NPOrpamHoro
NPOAYKTY, AKa MOXe MokKasyBaTW ICHYHOUI pU3NKK, HadaBaTy pekomeHZauii i
IHPOpMYyBaTU MpPO CTatyc eTarny BUSAB/IEHHA BMMOP, L0 MOXE AO0MOMOrTU
36epertTu rpowi MPOEKTHOro OMKeTy Ta OTpuMaTh OGaKaHHMIA MNPOAYKT.
CKOpouye pu3MKM MpoBasly HOBUX cTpaTanaiB.  [ng poO3BUTKY, MOAE/b
KOHTPON0, NOTPebye A0AATKOBY MOE/b PO3BUTKY, AKa 3MOXE NpuiimaTti faHi
3 AOCNiDKeHb Ta BUATK BXe po3pobrieHy Mofenb AaBaTh TOYHILI BIiAMOBIA|.
[ocnipkeHa 'y cdepi BMABY BUMOr MNPOrpaMHOro 3abesneyveHHs, a came
BUSABNEHHA 3BA’3KIB MiXK KOe(iLiEeHTOM BaXX/IMBOCTI MPaKTUKN BUABY BUMOT Ta
TUNOM NPOAYKTY, | CTaTUCTMKA 3HAYeHHs BIiAMOBIA4I 3aMOBHMKA PO3YMIHHSA
JOKYMEHTOBaHUX BMMOr, ANna O6inbll  peTenbHOro nigoopy napameTpiB
HanarofpKeHHs KOpPeKTHoi pobotn cucTemn. Lle gornomoxke pobuTtn 6inbLu

TOYHi BMCHOBKW, Ta He MOMWUAATACA Y CREUM(UUHMX Buaax MpPorpamMmHoro

MPOAYKTY.

1. International Institute of Business Analysis. Business Analysis Body of Knowledge® -
Version 3.0. International Institute of Business Analysis: Toronto, Ontario, Canada.
2015. 502p.

2. Kpaseup M., Kupkano P. CucTemMn NPUAHATTA pilleHb 3 HEYITKOK JOTiKOH.
HauioHanbHWiA  yHiBepcuTeT -J1bBiBCbKa noniTexHikall, kadegpa iH(opmaLiiHUX

cuctem Ta mepexx. 2009. URL: http://vlp.com.ua/files/special/17_0.pdf

156


http://vlp.com.ua/files/special/17_0.pdf
http://vlp.com.ua/files/special/17_0.pdf

MATEMATHUYHE TA ITIPOTPAMHE 3ABE3INEYEHHA IHTEJIEKTYAJIBHUX CUCTEM

PACKING OBLIQUE 3D OBJECTS IN
A MINIMUM-VOLUME CUBOID
Pankratov A., pankratov2001@yahoo.com,
Romanova T., tarom27@yahoo.com,
Dubinsky V., volodymyr.dubinskyi@gmail.com,

Maximov S., maksimovsergey0O8@gmail.com

Institute for Mechanical Engineering Problems
of the National Academy of Sciences of Ukraine

Packing problems aim to allocate a set of objects in a container subject to
placement constraints. The latter typically stipulates non-overlapping between
the objects and the boundary of the container. Additional placement constraints
may include weight distribution and stacking, cargo stability, balance
constraints, loading and unloading preferences, etc. In optimized packing certain
criteria have to be optimized, e.g., maximizing the number of the packed
objects, minimizing the waste or optimizing characteristics of the container, its
volume or shape [1]. Packing problems are proved to be NP-hard [2].

In this research, packing irregular 3D objects in a cuboid of minimum
volume is considered. Continuous translations and rotations for all objects are
allowed. Each complex object is composed by a number of convex shapes
including a family of oblique circular cylinders, cones and truncated cones.
Studying composed objects requires new modelling tools, different from those
used previously for simpler objects (see, e.g., [3] and the references therein). In
this paper, the phi-function technique [4] is applied to represent analytically
containment and non-overlapping conditions. Using the concept of quasi-phi-
functions [5], an exact mathematical model is formulated and a corresponding
nonlinear programming problem is stated.

The model represents all globally optimal solutions to the original

irregular packing problem. It can be solved by any available global solver, e.g.,
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BARON or LGO included in AMPL. However, due to large number of variables
and constraints, a direct solution to this problem may be time consuming and
complicated. A solution approach is proposed to search for a local minimum of
the problem, using decomposition procedure [5]. This algorithm can be used
either as a reasonable approximation to the original global solution, or as a
starting point for a global solver or heuristics.

Computational results are presented to illustrate the approach.

[1] Leao, A.A.; Toledo, F.M.; Oliveira, J.F.; Carravilla, M.A.; Alvarez-Valdés, R. Irregular
packing problems: A review of mathematical models. Eur. J. Oper. Res. 2020, 282, 803-822

[2] Chazelle B, Edelsbrunner H and Guibas L (1989) The complexity of cutting complexes.
Discrete Comput. Geom. 4(2):139-181

[3] Pintér, J.D.; Kampas, F.J.; Castillo, I. Globally optimized packings of non-uniform size
spheres in Rd: Acomputational study. Optim. Lett. 2017, 12, 585- 613

[4] Chernov, N.; Stoyan, Y.; Romanova, T. Mathematical model and efficient algorithms for
object packing problem. Comput. Geom. 2010, 43, 535-553

[5] Romanova, T.; Stoyan, Y.G.; Pankratov A.V., Litvinchev, I.; Marmolejo Saucedo, J.A.
Decomposition Algorithm for Irregular Placement Problems. In Advances in Intelligent

Systems and Computing; Springer Nature Switzerland AG, 2019; 214-221.
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MINIMUM-AREA CONVEX HULL FOR NON-OVERLAPPING
CONVEX POLYGONS

Pankratov® A., Romanova® T., Melashenko® O., Infante? Luis

"Department of Mathematical Modeing and Optimal Design, Institute for Mechanical
Engineering Problems of the National Academy of Sciences of Ukraine; tarom27 @yahoo.com
’F aculty of Mechanical and Electrical Engineering, Graduate Program in Systems
Engineering, Nuevo Leon State University (UANL), Monterrey, Mexico;
igorlitvinchev@ gmail.com

Finding a convex hull for a given number of polygons fixed to position
and orientation is a classical problem in computational geometry and has
important applications in packing and cutting, manufacturing, operations
research, mechanics, chemistry. In most applications analyses of several
polygons are substituted by studying a single geometric object (convex hull).
The problem becomes more complicated when the polygons are freely translated
and rotated without mutual overlapping of their interiors. Correspondingly, the
problem to find a minimum convex hull arises [1].

Polynomial solution techniques for minimum-perimeter convex hulls are
known for a few (two or three) polygons [2, 3}. In [4] the minimal surface
convex hull problem for circles was studied numerically and analytically.

In this research the problem of packing freely translated and rotated convex
polygons in a minimum-area convex polygonal container with variable number
of verticies is considered. The maximal number of vertices of the container is
given, however the shape of the container is not specified and is defined to
minimize the area. More specifically, the problem is as follows: find a
minimum-area convex polygon with at most m vertices containing all given
convex polygons without overlapping.

Analytical tools to state placement conditions for variable polygonal shape
domain are presented. Two models as nonlinear optimization problems are
formulated. The first model uses phi-functions for describing non-overlapping

conditions while the second model employs quasi-phi-functions [5].
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A number of problem instances are solved to optimality by the global
optimizer BARON [6] and can be used as the benchmark problems for further
research. Numerical experiments for medium-sized instances local optima have
been calculated by freely available solver IPOPT [7] in a reasonable

computation time.

[1] Alt H., de Berg M., Knauer C. (2015) Approximating Minimum-Area Rectangular and
Convex Containers for Packing Convex Polygons. In: Bansal N., Finocchi I. (eds) Algorithms

- ESA 2015. Lecture Notes in Computer Science, vol 9294. Springer, Berlin, Heidelberg

[2] Park D., Bae S.W., Alt H., Ahn H.K., Bundling three convex polygons to minimize
area or perimeter, Computational Geometry, 2016, 51, 1-14,

[3] Bennell J., Scheithauer G., Stoyan Y., Romanova T., Pankratov A., Optimal clustering of
a pair of irregular objects, Journal of Global Optimization 61 (3), 497-524.

[4] Kallrath, J., Frey, M.M.: Packing Circles into Perimeter-Minimizing Convex Hulls.
Journal of Global Optimization 73(4), 723-759 (2019).

[5] Stoyan, Yu., Pankratov, A., Romanova, T., Quasi-phi-functions and optimal packing of
ellipses, Journal of Global Optimization, 2016, 65(2), 283-307.

[6] Sahinidis N.V. BARON 19.12.7: global optimization of mixed-integer nonlinear
programs, User's manual, 2019.

[7] Wéchter, A., Biegler, L.T. On the implementation of an interior-point filter line-search
algorithm for large-scale nonlinear programming, Mathematical Programming, 2006, 106, 1,
25-57.

160


https://www.sciencedirect.com/science/journal/09257721
../../../Work/J_Glob_Opt_min_perim/Revised/51
javascript:void(0)
javascript:void(0)

MATEMATHUYHE TA ITIPOTPAMHE 3ABE3INEYEHHA IHTEJIEKTYAJIBHUX CUCTEM

OLIHKA JOCTOBIPHOCTI IH®OOPMAIIII 3 JATYUKIB IIPU
OYHKHIOHYBAHHI CUCTEMHU ABTOMATHU30BAHOI'O
KEPYBAHHJ HIABICKOIO

IHankparosa H./l., Ilankparos €.B.

natalidmp@gmail.com, pankratov.science@gmail.com
K1l im.120ops Cikopcovkoeo, Kuis, Yxpaina

Cucrema aBTOMATH30BAaHOTO KEpyBaHHS MIABICKOIO  JBOKOJIICHOTO
tpaHncrnoptHoro 3aco0y (CAKII) — me cknmagHa kibepdizudHa, KOMILJIEKCHA
cuctemMa 3  OOYMCTIOBAIBHMMH Ta  (pi3muyHUMH  KOMIoHeHTamu  [1].
VY I0CKOHAJIEHHS CUCTEM KEpYyBaHHS MIABICKOIO JBOKOJICHOTO TPAHCHOPTHOIO
3aco0y (JT3) m0o3BOMWTH MIABUIIMTH IJIABHICTH XOAY Ta eKCILIyaTalliiiHi
nokazuuku J[T3, Taki sk HaAINMHICTh, JOBTOBIYHICThH, MPOXIiJIHICTh. [linBicka
JT3 BUKOHY€ OJHOYACHO KIJbKAa BaXKJIMBUX (PYHKIIHM, BiA il KOHCTPYKIII Ta
poOOUMX XapaKTEPUCTHK 3aJI€KaTh KEPOBAHICTh, CTIHKICTh, MIIABHICTh X0y Ta
iHm  BrnactuBocTi T3, mo Bu3HA4alOTh HOro Oe3neKy, KOMQOPTHICTb,
HAJIIHHICTh Ta €KOHOMIYHICTh. [HTerpariis MABICKM Ta €JICKTPOHHUX CHCTEM
KepyBaHHA J03BOJISIE BUPINIYBAaTH 3aBAAHHS MIJABUIICHHS SKOCTI MIPOLECIB
KEpyBaHHA, aJallTUBHOIO HAJAIITYBaHHSA Ta MIATPUMKH TapameTpiB abo
ctpykrypu cuctemu JIT3 npu fioro dhyHKiionyBaHHi [2].

I'onoBHoto 3amaueto CAKII € cBoewacHa B peXuMI peajbHOroO 4acy
oOpoOka Ta aHami3 iHdopmali, oTpuMaHoi 3 JATYUKIB Ta CEHCOPIB, IO
pO3TalloBaHi B KIIOYOBUX TOYKax TpaHCHOpPTHOro 3aco0y. Ha ocHOBI
OTPUMAaHUX [JIaHUX, BI1AOYBAa€TbCAd CYNPOBOXKCHHS (PYHKIIOHYBaHHS Ta
KepyBaHHA (DI3UYHOIO CHCTEMOIO, IO 3a0e3neuye ONTHUMAIbHY PEaKIliio
MIJBICKM, JO3BOJISIOYM  MEPEeMIlyBaTUCh IO CKIagHOMY penbedy 3
MaKCUMaJIbHIUM KOM(OPTOM Ta MIBUAKICTIO.

VY nauiii poOOTI TOCTOBIPHICTH POOOTH MATYMKIB peami3yeThes 13
3aiydeHHsaM kputepis IlloBene. Ha mijcTaBi JaHOro KPUTEPi0 HA TECTOBIM
BUOIPIl, @ TaKOXX HAa KOKHOMY TMOJAJBIIIOMY KpPOIll MPU OTPUMAHHI HOBOTO
eJIEMEHTa 3 MHOXMHH BXIiJHUX TIOKa3HUKIB, JJII KOXKHOI KOOPJIWHATH OKPEMO
PO3pPaxoBYIOThCSI 3 0araThOX TMOMEPEIHIX 3HAYEHb IMX IMOKA3HHUKIB OI[IHKH
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MaTEeMaTHYHOTO O4iKyBaHHS 1 gucnepcii. [IoTiM Il OIIHKK MiACTaBIAIOTHCA Y
3BOPOTHY (DYHKIIIIO po3noainy ['aycoBoi BHIIAIKOBOI BETUYMHM 1 JJIST KOXKHOI
KOOpAMHATA BU3HAYAETHCA MMOBIpHICTh. [l0TIM BHUKOHY€THCS MHOXEHHS Ha
po3Mip BHOIpKH, PO3TJISIHYTOI 0 MOTOYHOTO MOMEHTY, 1 SKIIO OTpHMaHa
BenuurHa Outbmie 0.5 Xoya 6 1Mo OJHIM KOOpAMHATI TMOKA3HUKIB, 3a SKUMHU
KOHTPOJIOETHCS TaTYMK, TO JATYNK BBAKAETHCS HECTIPABHUM.

[Iponienypa BUsBICHHS MMo3amTaTHOI (a00 aBapiiiHOi) cuTyallii mooyoBaHa
Ha BUKOPHUCTaHHi IIOPOroBux 3Ha4eHb y_neshtat; (y_avarj) mis nmorounoro j-ro
TaT4yvKa (MPUYOMY BUKOPHUCTOBYETHCS HE TUIBKM TMOTOYHI 3HAYEHHS, a W
nporHososani). Hemrarna curyanis Hacrae |y pasi, skmo 3 j(y; <
(>)y_neshtat;) 3anexHno Bix TOro, MiHiMaabHe a00 MaKCMMalbHE TDAHMYHE
3HAUEHHS TMO3alITaTHOI cUTyallii. ABapiiiHa cHUTyallii HacTae y pasi, SKIIO
3j (y; < (>)y_avarj) 3agexHO BiJ TOro, MiHIMagbHe a00 MaKCUMAJbHE
rpaHUYHE 3HAYCHHS aBapiiHoi curtyanii. [Ipu mepexoni OJHOTO 3 JaTYMKIB
yepe3 TPaHUYHUM CTaH, MOKa3HUK «SKOCT1» CUTYallll MIJBUIYETHCS JO IEBHOTO
3HaueHHA (IHAMKATOpa «IITaTHAa», «HEIITaTHa», «aBapiiiHay). l[lapanenbHo
CTBOPIOETHCSI IOSICHEHHS», & CaM€ OMKHC MPUYMHM BUHUKHEHHS BIAMOBIIHOI
CUTYyallli, a TAKOK OOYMCITIOETHCS 3HaUCHHsI (haKTopa PU3UKY 32 POPMYJIIOIO:

|yj — y_neshtatj|

4= |y_neshtat]- — y_avarj|'

Jie y; — IOTOYHE 3HAYEHHS IaT4MKa, y_neshtat; — rpaHnyHe 3HaYE€HHs HACTAHHSA

HEINTATHOI CHUTYyallll, y_avar; — TpaHW4YHE 3HAYCHHs HACTaHHs aBapiiiHOI

CUTYyalii
IlepeJik mocujanb
1. Pankratova, N.D. Creation of Physical Models for Cyber-Physical Systems. Lecture
Notes in Networks and Systems, 2020. P.68-77. DOI: 10.1007/978-3-030-34983-7.
2. 0. 5. Hukonos, B. U. ®acrosen, B. H. lllynskos, Hccnenosanne 3G HeKTHBHOCTH

(GYHKIIMOHUPOBAHUS CUCTEMBI YIIPaBIEHUS aJallTUBHOMN MOJBECKHU aBTOMOOMIIS //

Bicauk HTY «XIII». 2015. Ne 9 (1118). C.33-37.
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HEYITKO-IPOAYKIIAHA MOJAEJIb PO3MOLTY 3ABJIAHD

Ietyx I1.B., petukh@dlit.dp.ua

Ko3akosa H.JI., kozakova.natali@gmail.com

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

Jlns KepiBHMKIB OpraHizaiiii Ta MiANPUEMCTB aKTyaJbHOK € 3ajada
pO3MOJTy 3aBlaHb, LIO JO3BOJSE MIABHIIUTH OMEPATUBHICTH OTPUMAaHHS
iH(dopmarlli, HEOOXiMHOI MJisi TPUUHSATTS YHPABIIHCHKUX PIlIEHb, a TaKOX
3MIIMCHIOBATH OTICPATUBHHUI KOHTPOJIh BUKOHABYOT JTUCIIUILTIHH.

Posrnsinyto 3amady ONTHMalbHOTO PO3MOJAUTY 3aBJaHb 3 METOI0
OIATPUMKA TPUUHATTS pillleHb MIOJI0 palliOHAJIBHOTO BUOOPY BHKOHABIIA
JOpy4eHHs 1t KokHoro 3 N 3aBnasb. [loOynoBaHa HeWiTKO-IPOAYKIIiHHA
MOJIeJIb Ha OCHOB1 METO/IIB MAKCUMIHHOI Ta aIUTUBHOI 3rOPTKHU.

[Ipu anamizi Oyn0 BCTAHOBJIEHO, 10 OTpUMaHa HEYITKO-MPOIYKIIiiHA
MOJIEIb PO3MNOJUTY 3aBlIaHb € aJalTUBHOIO 1 Mae JAWUHAMIYHUNW 3MIHHUM
napameTp, 3aJIeKHO BiJ SIKOTO PO3PAXOBYIOTHCS JOCTOBIPHOCTI HEYITKUX
npaBui, 110 BHU3HAYAIOTh KOPHUCHICTH BHOOPY BHUKOHABIIB 3aBIaHb.
3anponoHOBaHUI aJITOPUTM HEYITKOTO JIOTIYHOTO BUBOAY (pOopMye KOHQIIIKTHY
MHOXHHY TPaBWJI 31 BCIEl CYKYMHOCTI BHUXIJHUX HEYITKO-TIPOIYKIIAHUX
npaBui. 3 KOH(IIKTHOI MHOXXMHM BUOMpAJIM OJIHE BHUpIIIAJIbHE MPaBUJIO 3
MaKCHMAaJIbHOIO KOMILIEKCHOIO OIIIHKOIO JOCTOBIPHOCTI MIPUHHSATOTO PIIICHHS.

AHaJli3 METOAIB MaKCUMIHHOI Ta aJUTUBHOI 3TOPTOK TIOKa3aB, IO
pPO3paxXyHOK 3HA4YeHb KOC(MIIIEHTIB BaXJIMBOCTI aHATI30BaHUX KpPUTEPIiB, a
TaKOX 3HAXO/KCHHSI TIEPETUHY 3BAXKCHUX KPUTEPIaTbHUX OIIHOK, I03BOJISE TSI

KOJXHOI'O KOHKPCTHOI'O 3aBJaHH:A O6I/IpaTI/I HaﬁKpamoro BUKOHAaBIIA.
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PO3POBKA OHﬂéﬁH HNJIAT®OPMHA
JJIAA AUCTAHINIMHOI'O HABYAHHSA

IMoaoncwka A.€., polindroma81@gmail.com,
Hninposcoruti nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

OcTanHi JA€KUIbKAa POKIB JOCHUTh aKTyaJbHUM CTajl0 IPOBEACHHS
HAaBYaHHSA Yy JUCTaHIINHIN ¢opmi. 3a 1ei yac Taly3b HIPOTrPaMHOIO
3a0€3IeUeHHs I[LOTO MPOIIECY aKTUBHO PO3BUHYJIACH B1JI CEPBICIB T'YIJI A0 ITHX
OKpeMux BeO-TuiaThopM, y SKuX 310paHO MEeBHHUM (YHKIIOHANT 1HCTPYMEHTIB
JUISL TIPOBEJICHHS JUCTAHILIMHOTO HaBYaHHA. SIK MpaBuUIIO, Takuil (PyHKIIOHAT —
yHIBEpCaJIbHUH Ha0Ip MEBHUX 1HCTPYMEHTIB JIJIsl YCiX TaJly3eil HaBUaHHS 1 HEMae
MOXJIMBOCTI 3MIHUTH HaJIallITyBaHHS ITiJl TIEBHI BUMOTH. 3BIJICH ICHY€ IE€BHA
npoOjemMaTuKa, sKa IOB’sA3aHa 3 METOJMKOK Ta CHEHU(IKOK BHUKIAIaHHSI
Marepiaiy. | monsirae BoHa B TOMY, 110 BUKJIaJIaHHS TYMAaHITApHUX Ta TEXHIYHUX
JUCIHIUTIH JOCUTh CYTTEBO PI3HUTHCA. Tak, HAIPHUKIIAJ, CEpel OCTaHHIX Oararo
Marepialy HaJaeTbcs y BUIJSAL (QOpMyNl 3 BHUKOPUCTAHHSM CHEIadbHOL
CUMBOJTIKH.

PosrasiHeMo 1ie Ha npo06sieMi MOHITOPUHTY 3HaHb, IO OYJIM OTpUMaHi i
yac MPOXO/KEHHS Kypcy. MOokHA, 3BICHO, HamaraTtucsi BUPIIINATH JaHy
npoOiemMy iCHYIOUMMH MeToAamu. Hampukiaa, mpoBOAUTH YCHI OMHUTYBAaHHS.
Anle BUKOPUCTAaHHSI TaKOro MiXoay OyJe BUMAaratv BiJ] BHUKJIajada JOCHUTh
Oarato yacy 1 BUMararTume NPHUCYTHOCTI 000X OIMOHEHTIB y Oecimi. MoskHa
BUKOPUCTATH IHIIMN BapiaHT — TECTH. TakKuil MiAXIJ MOJA€ YYHIO ACKUIbKa
BaplaHTIB BIANOBIAEH 3 SKUX CJiJ 00paTd MNpaBWIbHY Ta pOOUTH
HE0OOB S3KOBUM TPHUCYTHICTh BHKJIaJiadya Ta y4HS Ha TECTI OJHOYACHO. Ajie
HasBHICTh BXKE€ TOTOBHX BIUIMOBIJEH HaJae YYHIO MOXJIMBICTh BraJyBaTH
BIIMOBI/I 3 MEBHOK BiporiaHicTio. [le MoxkHa Oyno 6 yCyHYTH, SKIIO HaIaTH
MO>KJIMBICTh YYHIO ()OpPMYBATH BIAKPUTY BIANOBIAb. [ rymaHITapHUX Hayk
BIIKpUTI BIAMOBIAI — Il TEKCToBa 1HQoOpMaIlis, $Ky JOBOJI HECKJIAIHO
MepeBIpSITH aBTOMATHYHO. [[1s MpUPOJHMYMX HAayK BIAMOBIAI Ha 3adadi — IIe
HaOlp cremiaibHUX CUMBOIIB 200 (hopMyd, SIKHU y ICHYIOUHUX BeO-TutaTgopmMax
HEMAa€ MOXJIMBOCTI BBECTH MPABUILHO 1, OUIBIIE TOTO, 3a/laTU ABTOMATHYHY
NEPEBIPKY.

Otxe, BUHUKA€E TOTpeda y po3polill oHNIalH MaaTdopM, K1 HaIliIeH] Ha
OpraHizalito AMCTaHLIHHOTO HABYAHHS JI MEBHOI Traiy3i 3 MOXJIMBOCTIO 3MiH
Ta HaJATyBaHHS (YHKIIOHANY 3 ypaxyBaHHSIM cleuudikyd Ta MiIXOAIB 10

BUKJIQJIJaHHS MaTepiay.

Cnycox BUKOPUCTAHMX J7Kepet
Jucranmiiini miaTtopMu A8 HAaBYAHHS, CAaMOPO3BUTKY Ta OTPUMaHHS JONOMOTH M
nepeBipeHol iH(opmarrii [EnextporHMit pecypc] - Pexum JIOCTYyMY:
https://mon.gov.ua/ua/news/distancijni-platformi-dlya-navchannya-samorozvitku-ta-
otrimannya-dopomogi-j-perevirenoyi-informaciyi.
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PO3POBKA CUHTAKCHUYHOI'O AHAJII3ATOPA JIOKYMEHTIB I3
PO3KJIAZIOM 3AHSATDH

IMoaraBa A.M., Marac O.C.

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

Opranizamis  pobotu  ¢dakynpTeTy 0€3 mnepeboiB moB’s3aHa 13
CHCTEMAaTH3AIlI€I0 €JIEMEHTIB PO3KIIay 3aHATh. Y 3B’SI3KY 3 UM PO3TIIATAETHCS
3ajlaya po3poOKU MPOTPaMHOTO 3a0e3MEUYEeHHS MO YCYHEHHIO TPYAHOILIB IO
po0OTI 13 TOKyMEHTaMH, 1110 MICTSTh TaKi PO3KJIa/IH.

[Iporpama nmoBMHHA MAaTH NPOCTUH Ta IHTYITUBHO 3p0O3yMUINH 1HTEpdENiC,
OyTH 3py4YHOK Yy BHUKOPHUCTaHHI. BiAmoBigHO 40 IbOTO MPOIMOHYETHCS
po3pobutu nBa moxnyii. llepmmii Mae 3yuTyBaTH 1HPOpPMALID 3 OOpPaHOro
KopuctyBadem (aitmy dopmaty Microsoft Excel, cucremarusyBatu i1 Ta
3anmucyBatv B 0aszy gaHux. Jpyruil MOIysb Ma€ 34UTYBaTH CHUCTEMATH30BaHY
iH(popmarliro 3 0a3u JaHUX Ta CTBOPIOBAaTH (hallu TiNEPTEKCTOBOI PO3MITKU
HTML nns warmmsimHoi Ta 3pydHoi Bizyamizamii. Jlias 1boro HeoOXiTHO
CIPOEKTYBATH apXITEKTypy ©a3uW JaHuUX, BUOpAaTH TEXHOJOIIl pPO3pOOKH
IPOrpaMHOro 3a0e3MeyYeHHs, PO3pPOOUTH (OpMalibHI IpaMaTHKU ISl aHAIII3Y
JTOKyMeHTIB [1], Ha OCHOBI pO3pOOJCHUX TpaMaTHK CTBOPUTH CHUHTAKCHYHHMA
aHami3aTtop, II0 Ma€ Ha METlI MNEPEeTBOPUTU TEKCTOBI JaHI JOKyMEHTa Ha
iHpopmariito, mo Oynae 30epexeHa y 6asi ganux. Takok HEOOX1THO 3aCTOCYBATH
110 Iporpamy 10 JOKYMEHTIB 13 aKTyaJIbHUM.

Moaynb 13 CHHTaKCMYHHUM aHaji3aTOPOM SIK TIporpama IiJi Ha3BOIO
ExtractExcel peamizoBanmii MoBOi0 mporpamyBanHs C# 13 BHUKOPHUCTAHHAM
oi6morex  Microsoft.Office.Interop.Excel [2], Microsoft.Data.Sqlite. Llsa
mporpama 13 BUKOPHCTaHHSM HamucaHux kiaciB Program, Connector, DB,
Parser tTa UnderRecord 3untye Ta anamizye ¢aiia kopuctyBaua, CTBOPIOE HOBHIA
TUI JaHUX Ta 30epirae Woro a0 0a3u gaHux. JIJisi CHHTaKCHYHOTO aHali3aropa
Oyna moOynoBaHa TpaMartuka 2 THUIY 3a ie€papxi€l0 XOJMCBKOTO, SKa €
KOHTEKCTHO-BUIBHOIO, JIIHIMHOO, MOPO/KYIOUOI0 Ta KOHTEKCTHOIO, OCKLJIBKU HE
MICHUTh €-TIPABUIL.
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OCHOBHMII aJITOPUTM IBOTO MOJYJIA OIpPaIbOBYE BCi KOMIPKH (haimy
dbopmaty Microsoft Excel: orpumye aapecy Ta TEKCT KOMIPKH, HOMEP 3aHATTS
Ta 3HAYCHHS «YHCEIIbHUK/3HAMEHHUK». SIKIIO TEKCT KOMIPKH MICTUTHh OAHY 3
MOTIEPETHRO 3a/IaHUX TTOCTIAOBHOCTEH TEPMIHAIBHUX CHUMBOJIB, TO 3aIUCYE
JIaHl JI0 CTBOPEHOTO THUITy. Y I1HIIOMY BHUIAJKy BHUKOPHUCTOBYIOTHCS (DYHKIIII
aHaII3y TEKCTY VIl HACTYITHOTO 3aIUCY IHOTO THUITY.

B sikocti 6a3u maHMX BHKOPHCTOBYEThCs pymid SQLite, ockinbku BiH
MOXe TPAIOBATH y Oy/Ib-IKOMY CEPEIOBHII, a JIaHi 30€pIra€ThCs B €IMHOMY
¢aiini. J{ns 30epexeHHs JaHUX CTBOPEH1 HACTYITHI TaOMIIL:

* Tabmung Class MicTUTh 1d, Ha3BY 3aHSATTS Ta TUIT 3aHSITTS.

e Tabmuusa Groups MicTuUTh 1d Ta Ha3By Tpynu.

» Tabmuusa Groups MiCTUTH 1d Ta Ha3BY TPYIIH.

» Tabmuus Plan mictuts 1d, id kiacy, Homep ayauropii, id miarpynu,
HOMED 3aHATTS, id BUKJIa/1a4da, 1CHb THKHS Ta 3HAYCHHSI YNCETLHUK/3HAMCHHHK.

» Tabmuns Professors mictuth id Ta npi3Buile 3 iHillaIaMu BUKJIada4a.

* Tabmuusa Groups MicTuTh 1d, Ha3By NmiArpynu Ta id rpynu.

Moayns  Bizyamizamii peanizoBaHuii sk nporpama WebWoke 13
po3pobnennmu  kinacamu Program, DB, FileCreator ta UnderRecord. Ilei
MOAYJIb 3UYUTY€ 0a3y JaHUX Ta CTBOPIOE BIANOBIAHY CTOPiHKY po3miTku HTML.

Pesynbrat poOoTH po3poOJeHOT MporpaMu MPOJAEMOHCTPOBAHO IS
CUCTEMATHU3allll Ta HAIISIIHOI Bi3yali3allii po3kiaaiB (pakylabTeTy MPHUKIATHOIL

maremaTuku 3a 2020-2022 poku HaBYaHHS.

Bi6aiorpagivuni mocumianust

1. Bosommn B.I'. Komn’torepHa ninrsictuka: HaBuanbauii nocionuk. — Cymu: YHiBepcUTETChKA
kaura, 2004. — 382 c.

2. Workbook Interface. [Enextponnmuii pecypc]. — Pexxum qoctyty:
https://learn.microsoft.com/en-us/dotnet/api/microsoft.office.interop.excel.workbook
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3ACTOCYBAHHSA AJITOPUTMIB MAIHLIMHHOI'O HABUYUAHHA JIA
IMPOTHO3YBAHHS I'OCTPOTH 30PY
Mpuxoabko M.O., maxymprikhodko@gmail.com,
Manyra O.M., olga.matsuga@gmail.com

Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

Y poboTri posriasgaeTbes 3agada MoOYyJOBU MOJENl  perpecii s
IPOrHO3YBaHHS MaKCHMaJbHO KOPEroBaHOI TOCTPOTH 30py Ha peatbHOMY
MeauyHOMYy Habopi nanux. HaGip maHux MICTHTH pe3ynbTatv o0cTexeHHs 91
natieHTa 3 npobiaeMamu 30py. KoxeH marieHT onucyeTbes 120 moka3zHUKaMH.
BpaxoByrouu, 10 KIJIbKICTh MTOKa3HUKIB JJOCUTH BEJIMKA MOPIBHSIHO 3 KUIBKICTIO
MaIi€HTIB, PO3B’SA3aHHs 3ajaul BHMAara€ 3acTOCYBaHHS aJITOPUTMIB B1JIOOPY
1H(OpPMATUBHUX MOKA3HUKIB MOPSIT 3 AITOPUTMAMHU perpeciiHoro anamizy [1,2].

J7ist po3B’si3aHHA 3a7a4i Yy poO0Ti Oys10 po3po0iaeHo BeO10JaTOK, B IKOMY
peanizoBaHO MOOYI0BY MOJEN1 JIIHIMHOI OaraTOBUMIpHOI perpecii, HOKpOKOBHIA
B1/101p MOKA3HUKIB JIJIsl IaHO1 MOJIEJIl, @ TAKOK MOMEPEHI0 00pOoOKyYy AaHuX. Yci
eTanu 0OpoOKM MaHuX Ta MOOYAOBH MOJEII Bi3yalli3ylOThCs Y BUTIIAI TaOIUIb
ta rpadikiB. Cam BeOmomarok ckiagaerbess 3 HTML-cropinok 3 CSS, mis
CTBOPEHHSI SIKUX BUKOpPUCTaHO MOBY Javascript Ta 616moreky JQuery. CepBepHy
yacTUHY BeOmoaaTky Oyno HamucaHo Ha mMoBi Python 3 Bukopucrannsm Flask
JUTS TOOYI0BH BeOCepBicy Ta OararonoTodHoi 00pooku http-3amuTis.

Y xomi ampobarii  po3po0JEHOTO TPOrpaMHOro 3a0e3MEeUeHHS Ta
pO3B’sI3aHHS TMPHUKIATHOI 3a7adi CIoYaTKy Oylo TpPOBEACHO TMOMEPEIHIO
00poOKy 3amanoro Habopy aAaHux. BoHa Bkiro4ana B cebe MOITyK MOMIJIOK Ta
OPOMYyCKIB y JaHUX, MONIYK AaHOMaJbHMX 3HA4Y€Hb, MEPEBIPKY PO3MOALTY
KUIbKICHUX MOKa3HUKIB HA HOPMAIbHICTh, JOCIIKEHHS KOPEISLUINHUX 3B’ SI3KIB
Ta MYJIbTUKOJIIHEAPHOCTI M1 KUIbKICHUMH MMOKa3HUKAMH, O1HAPU3AIIIIO SKICHUX
MOKa3HUKIB, BUITYYEHHSI HEIHPOPMATUBHUX MOKA3HUKIB a00 TUX, 110 AYOIIOIOThH
iHdopMmarito iHmux. [licas nmonepenHboi 0OpoOKU OYyJI0 MPOBEACHO MOOYIOBY

Mojenel JHIMHOI 0araToBUMIpHOI perpecii 3 yciMa TIOKa3HMKaMu Ta
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MOKa3HUKAaMH, $IKI HANCWIBHINIE KOPEIIOITHh 3 IUIBOBHM, a TaKoX Oyio
31MCHEHO TTOKPOKOBHM BII01p MOKA3HUKIB JIsl MOJEII perpecii.

B pesymprari Oyno moOymoBano 4 Mojenmi JiHIAHOI OaraTroBHUMIipHO1
perpecii Ta TMOPIBHSAHO iX sKicTh. [l OLIHIOBaHHS SKOCTI Mojenei
BUKOPUCTAHO CKOpPEroBaHUM KOe(DIIIEHT JeTepMiHaIlli, SKUHA JTO3BOJISE
KOPEKTHO TIOpPIBHIOBAaTHM MOJENl 3 PI3HOI0 KUIBKICTIO mapameTpiB. Llei
Koe(]illieHT po3paxoByBaBCs SK Ha HaBUaJIbHIM, TaK 1 HA TECTOBIH BUOIpKax MJis
BUSIBJIICHHS [IEPEHABYAHHSI.

[Tepury Monens perpecii O0yyno moOyJoBaHO Ha YCiX HasBHUX y HaOopi
HE3aJIeKHUX TOKa3HUKAaX. BoHa 3 OYEBHUIHUX TPUYUH BUABWIACS CUIIBHO
nepeHaBueHow. Jlpyry w™oxaens Oyno moOymoBaHO Ha S5 HE3aIeKHUX
MOKa3HUKaX, SIKI HACWIIbHIIIE KOPETIOBAIN 3 UTLOBUM. 7151 HET CKOoperoBaHwmii
Koe(dilieHT JeTepMmiHalli Ha HaBYaJbHIA Ta TECTOBIM BHOIpKaxX CTaHOBUB
88.34% Tta 78.16% BigmoBigHo. Ilpu 1npomMy 3HauymMMH B il Mopel
BUSIBUJIUCS JuIIe
3 mnoka3nuku. Ha ix ocHOBI Oylo moOyAOBaHO TPETIO MOJEIb, s SIKOi
CKOperoBaHui koeilieHT AeTepmiHallii 1opiBHIOBaB 88.58% Ha HaBUalIbHIN Ta
78.82% Ha TectoBiif Bubipkax. HaileekTUBHIIIOI BUSBUIACS OCTAHHS MOJEIb,
noOy/loBaHa Ha TOKa3HUKAaX, OTPUMAaHUX LUISTXOM IMOKPOKOBOTO Bimdopy. o
i€l MoJenl YBIMIIIM 4YOTHMpHU TOKa3HWKU. CKoperoBaHuii KoedimieHTt
nerepMiHarii 1 Hei ctaHoBUB 91.78% Ha HaB4anbHIN Ta 84.06% Ha TECTOBIM
BUOIpKaX.

Takum unHOM, y po0OOTI Oyso po3poOieHO BeOAOAATOK ISl MOOYI0BU
MOJIeJll JIIHIAHOT 0araToBUMIPHOI perpecii 1 3a HOro J0MOMOrorn nodyaoBaHO
SAKICHYy MOJIeNb perpecii Ijsi MPOTHO3YBaHHSA TMOKa3HUKA «MakCUMalbHO

KOpETroBaHa rocTtpoTra 30py».

Cnycoxk BUKOPHUCTAHOI JIiTepaTypu
1. ba6axk B.I1., bineupkuit A 4., [Ipucraska O.I1., [TpucraBka I1.0. Cratuctiuna
06poodxka ganux. K.: MIBBII, 2001. 388 c.
2. Mpeiinep H., Cmur I'. IlpuknanHoii perpeccMOHHbIN aHanu3: 3-e uza. M.:
M3 narensckuii oM «BuimssaMcey, 2007. 912 c.
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AHAJII3 TOHAJIBHOCTI TEKCTY
Iyrau A.C., andrew.pugach21@gmail.com,

Ko3akosa H.JI., kozakova.natali@gmail.com

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

Bu3HayeHHs TOHAIBHOCTI TEKCTY € OJIHIEI0 3 HaWaKTyalbHINIUX 3a/lad y
nudpoBiit KypHamicTuill. Beauka KUIBKICTh HOBUX MeIla BUKOPHUCTOBYIOTH Y
CBOiX MyOJIKaIlisgxX CJIOBAa Ta MOBHI KOHCTPYKIii, IO CIPHSIOTH MiABUIIECHHIO
EMOI[IITHOCTI y 4YHMTaya Ta OJHAM YHUHOM HE JIONOMAararTh PO3IMIUPEHHIO
iH(popmarlli g BUsBICHHS (akTiB. Takuil NpuiloM CHOTBOPIOE CHIPUNHATTSA
iHopmalii Ta € mnpsMor MaHinyJsmiero 31 ctoponu 3MI abGo  1HImMX
iHQopMmaIiiHuX ~ pecypciB.  3’SBISETbCS  HEOOXIIHICTH  BUKOPUCTAHHS
OOYHMCITIOBAHUX THCTPYMEHTIB JJIs1 aHANI3y 1H(pOpMarlii.

ToHaNIBHICTh TEKCTY € OJHHUM 13 PI3HOBU/IIB TaKoro aHaizy. Po3risnyra
CHUCTeMa BHW3HA4YCHHsS TOHAIBHOCTI TBep/yKeHHA. [loOymoBaHa Momenb, sKa
KJ1acu(iKye MPUHAICKHICTh TBEPJIPKEHHSI 10 OJHOTO 3 JIBOX KJIACIB: MO3UTUBHUX
TOHAJIBHOCTEW Ta HETATUBHUX.

3ajava a”ai3y TOHAJIBHOCTI TBEpKEHb Oysia BUpILIEHA 32 JOMOMOIOIO
METOJIy JIOTICTUYHOI perpecii. byno npoBeseHO KiJIbKICHY OIIIHKY TOHAJIBHOCTI
TekcToBoi 1H(popmariii. I[louaTkoBi gaHi Mozaeni NPOTHO3YBaHHS OynH
NEPETBOPEH] y YMCIOBUWA BEKTOpP 3a JOMOMOIOI0 TakKHX 3aco0iB 00poOKu
IIPUPOJIHOI MOBH:

TOKEHI3aIlisl PAIKa;
MIPUBENICHHS TEKCTY JI0 HUKHBOTO PETICTPY;
BU/JIAJICHHS] HEBIJTUBOBUX KOHCTPYKIIIM TEKCTY Ta MyHKTYaIlii;
BU3HAYCHHS CI1JIHHOKOPEHEBUX CIIIB.
CtBOopeHO TmporpamMHe 3a0e3leueHHs, 10 pealizye po3poOJieHUM

JIITOPUTM JIJIs1 PO3B’sI3aHHS ITOCTABIICHOT 3a1a4l.
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3ACIBb PO3SIIOAIJIEHOI'O BUABJEHHS 3JIOBMUCHOI'O
HNPOI'PAMHOI'O 3ABE34YEHHA I3 BUKOPUCTAHHSAM
TEXHOJIOI'TI EMYJIIOBAHHSI
Peripa I1. T'.

XmenvHuybkull HayioHaTLHULL YHIgepcumem

[[Iupoke  pO3MOBCIOMKEHHSI Ta  BUKOPUCTaHHSA  1HGOpMaIiTHUX
TEXHOJOTIM CIHPUYMHUIO IIMPOKE 3aCTOCYBAHHS KOMIT IOTEPHOI TEXHIKH Y
OaraTpox cepax. BogHouac, 13 METOI0 OTpUMATH JOCTYII JI0 IEPCOHANBHOI a00
IIHHOI 1HQoOpMaIlii, 3JOBMUCHUKM TIOYaJIM 3aCTOCOBYBaTH BIpycu. 3a,
cratuctukoro AVTEST, ¢ikcyeTbcsi mopiyHe 3pOCTaHHS KUIBKOCTI HOBOTO
3JI0BMUCHOIO TnporpamHoro 3abesneuenHs (3113), ta temmy ix nosiBu. Towmy,
NOIIYK Ta 3alpOBaJKEHHS HOBUX MeETOMIB Ta 3aco0iB BusBieHHs 3II3 €
aKTyaJIbHOIO 3aJa4elo.

Po3po6uuku 3113 mopasy BAOCKOHATIOIOTH METOIU iX pPO3pOOKH, 1
HaMararThCsl IPUXOBATH iX JiSUIBHICTh B CEPEOBHINAX 1€ BOHM BUKOHYIOTHCS.
3a icropito po3Butky 313 oTpuManu BeNMKYy KUIBKICTh 3aCO0IB 3aXHCTy Bij
BUSIBJICHHSI, 30KpeMa OJHI€I0 3 KIOUOBHUX € TexHika oOdyckarii [1]. Metoau
BusiBiieHHs 3113 TakoX €BOJIIOIIOHYIOTh, 1 OJHIEI0 13 OCHOBHHMX TEXHIK €
BUKOPUCTAHHS TEXHOJIOTII eMysAiii. EMymsiis BUCTymae y poji MPOMI>KHOTO
eTamy, Tepea TUM SK JaTH MOXJIMBICTh BUKOHYBAaTH HEBIJIOMY IMpPOTpaMy Y
cuctemMi. TakoX yKe JJOCHIIPKEHO BAXKIMBICTh BUKOPUCTAHHS IITYYHOTO
inrenekty (L) y mnuramasx wiacudikamii 3[13 [2]. Sk Bignosims, 3113
OTPUMYIOTh HOBI aHTHUEMYJSIINHI TEXHIKM, SIKI HampaBieHI Ha aHaji3 Ta
CKaHyBaHHs CEpeJOBHUINA, /€ BOHM BHKOHYIOTHCS 3 METOIO MPUXOBATU CBOE
ICHYBaHHSI, 10 TOTO MOMEHTY, KoJIi (pailyn Oy/ie MOMYIIeHO Yy pealibHy CUCTEMY.
[Toxu, HOBa TporpaMa HE TMPOIJIe MEePEeBIPKYy, BU3HAYUMO 1i K — MOTEHIIIHHO
3noBMucHe nporpamue 3abesneueHHst (I13I13). [Ipodnema nepesipku I13113 13
OMMCAaHWMM BHIIE TEXHIKAMH, TMOJArae y OOYMCIIIOBAIBHIN CKJIQIHOCTI

nepeBipku. Tomy, BU3HAYMMO HACTYITHE:
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N = {sq ...5;}
ne, N — KOMIIOHEHT CHCTEMH 13 E€MYJISTOPOM, Sj ...S; — KIJIbKICTh CTaHIB
eMyJISTOpa, SIK1 103BOJATH BUsABUTH 3113 mix yac TecTyBaHHS.

Buxosun 13 mocTaBIeHUX TBEPAKEHb, MOKEMO CPOPMYBATU MOJAETH IS
BUPIIICHHS TTOCTaBJICHOI 3a/1a4i. BpaxoByrouu, Te, 1110 KUIBKICTh BIPYCIB 3pOCTa€
[3] Ta X aHTHEeMYJALIWHI TEXHIKUA MOKpAIIyOThCs [4], moTpiOHO 3abe3neunTu
HEOOX1IHUI pIBEHb OOUYMCIIOBAIILHUX PECYPCIB IS MPOBEICHHS MEPEBIPKU
yCix cTaHiB 1 koskHoro HoBoro 13113, ans BusiBnens cepen Hux 3113.

Jlis  BUpilmIeHHS TOCTaBIEHOI 3adadi, MPOMOHYEThCS BHUKOPUCTATH
po3MoJIeHy cucteMy. Taka cucTtema MOBMHHA OyTH 0aratopaHroBoOlo, IO
JIO3BOJIUTh BUPIMIMUTU MHUTaHHS 1i MaciiTaOyBaHHs. BuszHaunmo TroJIOBHI ii
KOMITOHEHTH: CepBep, Ha0Ip MPOMIKHUX CEpPBEPiB, 00UNCITIOBAIbHI KOMIIOHEHTH
13 emynaropom Juist BusiBieHHs 3113, 6a3a naHuxX yxe po3Mi3HAHUX CUTHATYP 13
pO3NOAUIEHUM JOCTynoM. Y JnaHiii cucrtemi cepBep orpumye [I3I13 sk HOBe
3aBJIaHHS, Ta OOMpae Tpyny KOMIOHEHTIB g ii aHamizy. KoxkHa Taka rpymna
KEpY€EThCSl MPOMIXKHUM CEPBEPOM, SKUU BHU3Ha4yae HaOlp cTaHiB, 10 Oyne
ONpalbOBaHUN KOXKHUM eneMeHToM rpynu. [lpu BusiBnenni 3113, npomMikHu
cepBep Oy/ne OHOBIOBaTH 0a3zy maHux curHaryp. Bukxopucranns I takox €
MEePCIIEKTUBHOIO TEXHOJOTIEK JJig 1€l 3aJadi, 30KpeMa YK€ YacCTKOBO

BUKOPUCTOBYETHCS JiJIsi 0OOpPOOKH Ta aHaIi3y KOMaH]l eMYJISITOpa.
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CAMOOPI'AHI3OBAHA PO3ITOAIJIEHA CUCTEMA BUSIBJIEHHSA
3JIOBMUCHOI'O ITPOI'PAMHOTI'O 3ABE3IIEYEHHA B
KOMIT'IOTEPHUX MEPE/KAX

Cagenko B.O., savenko bohdan@ukr.net

XmenvHuybkuil HayioHATLHULL YHIgepcumem

AKTyaJIbHOIO € HayKOBa 3aja4ya 3 POo3pOoOKH HOBUX THIIB 3aco0iB [1, 2] 3
IMIIJIEMEHTOBAHUMH B HUX METOJAMH BHSIBJICHHS 3JIOBMHCHOTO TPOTPAMHOTO
3a0e3neuenHs (3113), sxi 6 Morm GyHKIIOHYBATH B KOMIT IOTEPHUX MEpexKax
TpUBaJIU 4yac 1 He NOTpeOyBaiii O MOCTIMHHUX BTPYYaHb aJMIHICTPATOpIB Ta
KOpUCTyBauiB. [lepCreKTUBHUM HaMpsiMOM 3 PO3POOKM TakuX 3aco0iB €
CTBOPEHHSI CaMOOPTaHI30BaHUX CHCTeM. Taki CHCTEMHU MOTJIM O CaMOCTIHO
3niicHioBatd BUsBIEHHs 3I13 B pi3HUX By3Jgax KOMIT IOTEPHOI MEpexl.
PisHotunni Ta pizHOGYHKIINHI 3acoOu BusiBiaeHHs 313 B komm’toTepHUX
MepekaxX CTBOPIOIOTH 3JIOBMHCHHKAaM MPOOJEMHU INMOA0 BpaxyBaHHSA iX TIpH
3A1MCHEHH] 3JIOBMUCHHUX JIH 1 14 IIbOT'O BOHHU ITOBHUHHI 3HATH 1X OCOOJIMBOCTI.
Jlnsi yHUKHEHHS OTpPUMaHHS BigoMocTel mpo 3acoOu BusiBneHHs 313 B
KOMIT'FOTEpPHUX Mepexax 1 CHUCTeMaxX BaXJMWBO, MO0 3aco0M Maiau Taki
MOKJIMBOCTI 3MIHM CBO€i KOH(}Irypamii IWHAMIYHO 1 Majlld MOXJIMBOCTI
NepeMIIIeHHS Ta MIrparlii HIeHTpy KepyBaHHs a0o pi3HUX IIeHTpiB. BpaxoByroun
NEPCHEKTUBHICTh TaKOi CTparTerii HEOOXIIHMM € pPO3po0Ka YacTKOBO
[EHTpali30BaHuX cucteM BusBieHHsS 3[13 B KOMIT'IOTEpHUX Mepexax 1
CHUCTEeMax Ta IMIUIEMEHTALlis] B HUX METO/IB BUSIBJICHHS.

Meroto pobotu € mokpamieHHs edekTuBHOCTI BusiBneHHs 3113 B
KOMIT IOTEPHUX MEpekax 1 CHCTeMaX MPH BUKOPHCTaHHI CaMOOPTaHi30BaHUX
YaCTKOBO IICHTPATi30BaHUX CUCTEM.

YacTHa KOMITIOHEHT YaCTKOBO IIEHTPAII30BaHUX CHUCTEM MICTUTHME
IIEHTP CUCTEMH ab0 HoTro YacTHUHH. Takok, B MEBHUX KOMIIOHCHTAX IIEHTP MOXKE
MepeMilyBaTHCh. Pelira KOMITOHEHT CUCTEMH HE MICTUTHME IEHTP CHCTEMH,

alle 3a MOTpeOM MaTUME TaKy MOKJIMBICTb. 3aJaMO MOJEIb apXITEKTypH
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YaCTKOBO IICHTPAJI30BaHOI CUCTEMU 3 BUKOPUCTAHHAM OIHUCY KOMIIOHCHTIB
CUCTeMHM SK 11 TIJAMHOXKHMH Ta  NOpeAWKaTiB Uil BiIOOpakKeHHs
YCIIIIHOTO/HEYCIIITHOTO BUKOHAHHS (DYHKIIH MK KOMIIOHEHTaMU CHUCTEMH 3a
dbopmyoro:

M = (S, P), (2)
ne S — NIpOEKTOBaHA YacTKOBO IIEHTpalli3oBaHa cucrema, M - MoJelb
apXiTEKTypd YaCTKOBO IIEHTPaAIi30BaHOI CHUCTEMH S, B SKiil BHIUICHO
MIJIMHOKUHAMH KOMIIOHEHTH,; P — MHOXXHMHA TMpeauKaTiB uisi OIHApHOTO
B1JIOOpa)KEHHS pe3yJIbTaTiB BUKOHAHHS (YHKIIIN, SIKI BCTAHOBJIIOBATUMYTh PI3HI
BapiaHTH 3’ €JHAHb M1 PI3HOTO TUITY KOMIIOHEHTaMH CUCTEMH B 3aJICKHOCTI BijI
MO>KJINBOCTEH CBOTO BUKOHAHHSI.

BusnaueHHsi apXiTEeKTypud YacTKOBO IIEHTpaji3oBaHOI cucTeMu S il
MOJICJUTIO apXITEKTypH 3ajaHoro (opmynoio (2) BIAMOBIIA€ BUMOTaM OO
MO>KJIMBOCTI JMHAMIYHOI 3MIHM KOH(QIrypauii, HOAUTy UEHTPY NPUUHATTA
pillieHb, PO3MOJUTY KOMIIOHEHTIB 32 MOMJIMBOCTSAMH 3 HAsBHOCTI IIEHTPY
OPUIHATTS PIlIEHb B HUX 1, TOMY, € OCHOBOIO ISl IOJAJBIIOTO CUHTE3Y B HIN
BJIACTMBOCTEH aJalTUBHOCTI 1 CaMOOPraHI30BaHOCTI, peaiizamis SKux Oyjne
3MIICHIOBATUCh OE3MOCEPEIHHO B KOMIIOHEHTAaX CHCTEMH, B OCHOBHOMY THX 3

HHUX, B IKUX 3HAXOOAUTUMCETBLCA HCHTP HpHﬁHHTTH piH_IeHB CHUCTCMU.

IlepeJik mocujianb
1. JlykoBa-Uyiiko H. B. Merononoriudi ocHOBU 3a0e3neueHHs (pyHKI[IOHAIbHOT
CTIMKOCTI po3noiieHux iHGopMaliiiHUX cucTeM 10 KIOEpHETUYHUX 3arpo3: aBToped. Auc. ...
n-pa texH. Hayk: 05.13.06, Kuis, 2018, 40 c.
2. Lysenko S, Bobrovnikova K, Kharchenko V, Savenko O. lIoT Multi-Vector
Cyberattack Detection Based on Machine Learning Algorithms: Traffic Features Analysis,
Experiments, and Efficiency. Algorithms. 2022; 15(7):239. https://doi.org/10.3390/a1507023
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HEYITKA MOJEJIb YIIPABJITHHSA
BIOXIMIYHUMU ITPOLUECAMHU B AKBAPIYMI
Camoapura O.B., samodrigaalex@gmail.com,

Yepuunbka O.B., chernitskaya.olga@ukr.net

Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

Posrnsimaerbest  3amava moOyJOBM — HEYITKOI  CHCTEMHM  YIPABJIIHHS
010XIMIYHUMHU TIPOIIECAMU B aKBapiyMml TUIY «TpaBHHUK». Takuil akBapiym mae
JIOCTaTHHO BENUKY €MHICTh (Bl 70 miTpiB), TaM MENIKAIOTh HEXIKI pPUOU
HEBEJIMKUX PO3MIpIB, SIKI HE PUIOTh I'PYHT, aKBapiyM 3acapKEHO BOJOPOCTIMHU
Ta BEJMKOIO KUJIBKICTIO 1HIIMX POCIUH. Y TaKOMY akBapiymi BiIOYBa€TbCsI HU3KA
OloxiMiyHUX TporeciB. HediTka Mojaenb yOpaBIiHHS aKBapiyMOM Mae
cTab1113yBaTH 010XIMIYHI IPOLIECH TAKUM YMHOM, IIIOOU 3a/I0BUIBHUTH MOTpeOH
SK puO, TaK 1 POCIHUH.

Ha paHomy erami BBEIEHO BXIJIHI Ta BHUXIJAHI JIHIBICTHMYHI 3MiHHI,
chopMoBaHO 0azy MpaBWJI CUCTEMH HEUITKOrO BHBeAeHHs. [lumMu mpaBuiamu
OXOIUICHI HACTYMHI TPOIECH: KOHTPOJb 3a OCBITJICHHSM Ta TEMIIEpaTypOIO
BOJM, MIATPUMKA TOCTaTHHOTO PIBHS BYIJIEKHCIOTO Ta3y Ta KUCHIO y BO/I,
MIATPUMKA CTaOUIBHOTO Ta HEMIKIAJIMBOTO a30THOTO IMKIY, 3a0e3MedeHHs
BUKOHaHHS Tmponopiii Peadinma (cmiBBigHomeHHs (ocdartiB 10 HITPATIB),
KOHTPOJIb 32 BMICTOM 3aJli3a Ta Kajio y BOJI.

OtpumaHa cucTema ympaBiiHHS ISl PIYKOBOTO cepemoBuia. Mopchki Ta
OKEaHIYHl akKBapiyMu NOTPeOyOTh 30BCIM IHIIMX NapameTpiB. B akBapiymi
MOXXYTh OyTH HE TIJIbKA PUOM Ta POCIWHH, a ¥ 1HIII MENIKAHII BOJHOTO CBITY,
KOXEH 3 AKUX MOKE MOTpeOyBaTH JOJATKOBUX YMOB ICHyBaHHA. Taka cuctema,
K aKBaplym, MOke OyTH Jly’Ke PI3HOMaHITHOK. Mojienb Moxe OyTH CIPOILIEHO

a00 HaBIMMAaKU YCKJIAIHEHO BUXOJIIYH 3 TOTPEO KOHKPETHOTO aKBapiyMma.

1. JleonenkoB A. B. Heuetkoe monenupoanue B cpene MATLAB u fuzzyTECH.
[TerepOypr: BXB-IlerepOypr, 2005. 736 c.
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ENTERPRISE SECURITY IN THE INFORMATIONAL
ENVIRONMENT
Samoylenko H.T., Selivanova A.V., Yurchenko Yu.Yu.
anna_zak@ukr.net, ann.selivanoval@gmail.com, yura253245@gmail.com
State University of Trade and Economics, Kyiv, Ukraine

A characteristic feature of the XXI century is the formation and
development of the information society. In the information society that
information and communication technologies are actively developing,
conditions are created for the effective use of knowledge and solutions to the
most important problems of economic management and democratization of
public life. Characteristic features and features of the information society are:
the formation of a single information and communication space of the country as
part of the world information space; formation and further dominance in various
fields of intellectual information technologies, telecommunications and
computer technology; creation and development of the market of information
and knowledge as factors of timely adoption of expedient investment decisions;
qualitative improvement of the level of education and modification of its role in
the world information society, the creation of an effective system for ensuring
the rights of citizens and social institutions to freely receive, disseminate and use
information. Data protection models are one of the main elements of security.
They are key components of the overall modeling process, which can be divided
into two components: model construction and model implementation. The main
goal of this research is to develop a conceptual model of the security of a
conditional enterprise in an information environment.

Thus, in the information society, the country's economy undergoes
changes and is transformed into an economy based on information and
knowledge, using information technology. As stated in [1] "In modern
conditions, information technology and digital transformation are a driver of
technological change and a condition for the competitiveness of the country.”
The Information Society also makes significant qualitative changes in the
methodology of the modern economy: knowledge forms the basis for the
realization of the needs of the economy and constitutes one of the most
important production factors. Businesses seek competitive advantages, including
lower costs and increased production efficiency.
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Information society

Knowledge update
Resource base
requirements

Informational =
component of IE

Selection of
model
Access to information Resources
IE support tools ¢ Organization of
Intelligent 11T Technological Organizational : 3
component of IE component of IE Joint activities
Network form of
organization

Fig.1 Model of information society [adapted by the authors]

The main purpose of the models is to create conditions for an objective
assessment of the overall state of the system in terms of vulnerability or the level of
data protection in it. Ensuring the necessary level of security of the enterprise is a
complex task that requires for its solution the creation of a complete system of
organizational measures and the use of specific means and methods of data protection.
Success in the implementation of any project depends not only on the interaction of all
its participants, but also on the surrounding information environment (IE). As stated in
[4], such interaction should coexist in a single environment, the main components of
which should be knowledge, practice and skills, which in turn are intensively updated.
IE is a virtual environment that provides its participants with information, analytical
(mathematical), organizational and methodological resources, as well as means of
carrying out joint activities on the basis of global computer communications.

The main components of IE are:

organization (from local units to virtual enterprises);

technology (intelligent information technology),

digital repository of information and methodological resources;

services;

mathematical methods of modeling;

system of modeling the safety of the enterprise according to types, goals, and

principles.

information and telecommunication infrastructure (a set of communication

channels, workstations, server and client software).
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OCOBJINBOCTI BUKOPUCTAHHA I'NMIEPITIOCUJIAHD
3I'YTJI-JOKYMEHTAMU

Cerena H.€., segeda@ua.fm

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

[NnepriocunaHHs BaXJIMBI HE TUIbKH 7S [HTEpHETY, iX BUKOPHUCTAHHS Y
3actocynkax makery Microsoft Office moxe OyTH KOpHCHHM B TEXHOJOTII
JOKyMEHTO0O0ITYy. 3a JOMmOMOrol0 TiMepIoCHIaHh MOXHA 3a0€3NmeYuTH
nepeMimeHdss B kHurax Excel, mokymentax Word, npesenTtarisx PowerPoint,
TaKOXX OpraHi3yBaTH IIBUJAKUN TEpexiJi MK HUMH a00 Ha 1HII PecypcHu.
Hanpuknan, depe3 rinepnocwiands B Excel MokHa BUKOHYBAaTH MEPEMIIIIEHHS
JI0 TIEBHOTO PO3TAIllyBaHHS B MOTOYHINA KHU31, BIAKPUTTS Pi3HUX JTOKYMEHTIB Ta
BUOIp BKa3aHO1 00J1acTi y JOKYMEHTI, MEPEXiJ 0 BEO-CTOPIHOK 3 apKyllia 1 T.II.

BinburicTe MOKIMBOCTEH 1I0/I0 CTBOPEHHS TINEPHOCHIAHb Y 3aCTOCYHKAX
MS Office mommproeTbcsi Ha TyII-JOKYMEHTH, OKPIM BHKOPHCTAaHHS MOBH
VBA. [locunanns, mo Oynu po3mimieHi B fokymenTax MS Office komangamu 3
MEHI0O ab0 MporpaMHUM 3aco00M, MICIS 3aBaHTaKEHHsS (ailyliB Ha TYTJI-IUCK
MOHa BUKOHATH (3BUYAMHO, 32 HASIBHOCTI JIOCTYNYy 0 HEOOXITHUX PECYPCIB).
B cBoro wuwepry, rinepnocwianHs y ¢aiax 3actocyHkiB MS Office na
JIOKYMEHTH 3 TYrJI-IUCKy a0o caiiTu [HTepHeTy BUKOHYIOTHCS 3a JIOTIOMOTOIO
HOBITHIX Bepciit Opay3epiB Firefox ado Google Chrome.[1]

Pi3HOMaHITHI eKCHEpPUMEHTH 13 CTBOPEHHSIM Ta BHUKOPHCTAHHIM
rineprnocuianb, M0 CTOCYIOThCS TYTriI-IOKYMEHTIB, JO3BOJISIIOTH BUKOPHUCTATH
el JOCBIJ AJIA NOTJIMOJICHOTO BUKIIQJAaHHS HA Cy4acHOMY pIBHI AMCIMUILIIH
«O¢icui  TtexHomorii» 1  «TexHonorii  JOKyMEHTOOOITYy»  CTyIeHTaMm
cnemianbHocTet  «lIporpamua imxeHepis», «lHpopmaiiitHi cuctemMu Ta

TEXHOJIOTI».

Bibaiorpagiuni nocunanus

Cereqa H.€. CtBoproBanHs 1 BUKOpHCcTaHHS rineprnocuianb y MS Office // IlpobGiaemu
MaTEeMaTUYHOTO MOJIeTIOBaHHs: MaTepiasm Bceykp. Hayk-meTona. kKoH(., 25-27 tpas. 2022 p.
Kam'siucwke: JIJITY, 2022, 89 c. —c. 83.
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Bo:xyxa JI. M., bozhukha.li@gmail.com

Hninposcoruti nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

bazu panux reorpadiunoi iHdopmamiitnoi cuctemu (I'IC) wmicTaTh
iH(opMairito ipo 6arato 00'eKkTiB, sIKa MOXKEe OYTH BUKOPHUCTAHA HAa BUPIIICHHS
pI3HHX 3aBlIaHb KOMITIOTEPHOTO 30py. [IpOTOHYETBCS PpO3TISTHYTH METO
MOKPAIICHHS BUSBJICHHS O00'€KTIB 3 BUKOPUCTaHHSIM Ha0Opy aOCOIIOTHUX
3HaueHb, oTpuManux 13 06a3 ganux ['IC. [Ipu HasBHOCTI 0a3u HaHUX OO'€KTIB 3
I'lC 1 300pakeHHS 3alUTy 3 METaJaHMUMH, HEOOXITHO OOYHCIMTH OUIKyBaHE
MIPOCTOPOBE TMOJOKEHHA BUAMMHX 00'€eKTIB Ha 300paxeHHi. [lepmuii kpok
AITOPUTMY BUSBIIAE 00'€EKTH Y 300paKE€HHI 3aMUTY (HAMPUKIIA[, 33 JOMOMOTIOI0
DPM), sxuii orpumye Habip pamMoK uisi 00'€KTIB, M0 OOMEXYIOTh HOTO.
[Toeqnanusa abcomrotHux maHux ['1C 3 mOTEeHINWHUMHU BUABICHUMH HEOOXI1THO
Ui TOro, mo0 3HAWTH OCTaTouyHI OOMEXyBalbHI pamku o00'exta. Jlis
YHUKHEHHSI PI3HUX HETOYHOCTEW Ta MPaKTUYHUX YCKIATHEHb (3alrymiIeHi
Metagani, HertodHocti B I'IC Ta morane BHUSBICHHS O00'€KTIB), MOJXKHA
chopMyBaTH HaBEJCHE IMOETHAHHS SK 3aBJaHHS 3I1CTaBJICHHS TpadiB BUIIOTO
opsAAKy, sike BupimryeTbes 3a gormoMororo RANSAC. Omxke, med miaxina
nepeBepiye aeTekTopu 00'€KTiB, MO0 A0OpEe 3apeKOMEHAYBaIM cede, Takl sK
DPM, 3 Benukum BiapuBoM. Kpim Toro, MoxHna BukopuctoByBat 00'extu ['IC
K MiAKa3KU JJisl BUSBIEGHHSI Micis, Je Oyio 3po0OsieHo 3HiIMOK. ['imoresa
IPYHTYETHCS Ha i71€i, mo 00'€KTH, BUIUMI Ha OJTHOMY 300pa’KE€HHI, MOPST 3 iX
BIJIHOCHHM IIPOCTOPOBHUM IIOJIOKCHHSIM, JAIOTh Pi3HI O3HAKH JIJIsS T'€OJIOKAIIii.
JInst OLIHKM TeoJoKallii Ha OCHOBI THUIOBUX OO'€KTIB NPOBOJUTHCSA MOIIYK
IIUTHHOI CITKH JIOKAIIA 10 TMOKPUTIH 00acTi Ta (GOpMyBaHHS OLIHKU CXOXKOCTI
KO’KHOMY MICII€3HaXO/[KeHHI0. HaBeeHuit ceMaHTUYHUHN MIIX1] MOXE 3HAYHO
3BY3UTH TMPOCTIp TMOIIYKY JOKaJi3alii, a TaKoxX 3HAUTU TPaBUIbHE

MICLIE3HAXOKEHHS.
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IMITAIIMHA MOJEJIb OPTAHI3AIIII OBCJIYTOBYBAHHSI B
CUCTEMAX ITPOMAJCBKOI'O XAPYYBAHHSA

Cwmoaa O.1., alexsmola200016@gmail.com

Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

Cepen Takux BiJOMHUX METOiB MOOYI0BU MoJIeliel Ik MakeTHe (Hao4yHe),
CUTYyaIliiiHe, aHAJIOTOBE, MaTeMaTHYHE (aHAJTITUYHE), OCOOJIUBY POJb BiIirpae
METO/1 IMITAIIITHOTO MOJICTIOBAHHS.

[Tpu imiTaritHOMy MOJEIIIOBaHHI HAHOUIBII MOMIMPEHUMH € MIAXOAU IO
0a3yr0ThCSA Ha peallbHOMY, BIpTyaJbHOMY Ta KOHCTPYKTHBHOMY Mmiaxoaax . B
JMaHli  poOOTI MPOMOHYETHCS  IMITallllHA MOJENb, W0 BHUKOPUCTOBYE
KOHCTPYKTUBHUU MIIX1/ JIJIs1 HACTYITHOI 3a]1ay4l.

[TocTaHoBKa 3ajayi: pO3MIISIIAE€THCA CUCTEMA, MOB’s3aHa 3 TPOMAJICHKUM
XapuyBaHHSM B  SKiMl  mepefdadaeTbCs  CKIHUEHA  MHOXXHHA — BHJIIB
oOcnyroByBaHHsA. Ha koxeH BHJ OOCIYroByBaHHS IIOCTYIAa€ CKIHYEHHA
MHOXMHa 3asBOK. BpaxoByrouum CTaTUCTHYHI JaHl 3a MOMNEPEIHI Meploau
poboTu 3akiany, 3aJaHUil 4yac OOCIyroByBaHHS 3asBOK Ta MPOTHO30BaHA ix
KUIBKICTh Ha KOXKEH BUJ 00CIYrOBYBaHHS 3aJJa€ThCS BIJIMOBITHUM IMOBIPHICHUM
3aKOHOM  po3mojiny. Tpeba  y3roluTH  KIIBKICTH  TEPCOHANY,  SKHM
3aKpIIUTIOETBCS 32 OOCIYrOBYBaHHSM OKPEMHUX BHJIB 3aiBOK, 3 METOIO
onTuMi3alii yacy 00CIyroByBaHHSI.

B paniit po0OOTI pO3risAarOTCA HACTYIHI BHUIM  OOCITYrOBYBaHHS:
CIEI[3aMOBJICHHS, OpPOHIOBaHHS OKPEMHX MICIb Ta OOCIYrOBYBaHHS B PEXUMI
Online. Ba3yrounch Ha KOHCTPYKTHBHOMY IIiJIXO[li, MPOIOHYEThCS MOOYI0Ba
BIIMOBITHUX IMITAI[IHHUX CITKOBUX MEpeX Ta IMPOBEACHO iX aHaji3 Ha
MO>KJIMBICTh PO3MApaANICNICHHS PO3PaxXyHKIB MPU MPOBEACHHI OOYHMCIIOBATHHUX

CKCIICPUMEHTIB.
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PO3POBJIEHHS PO3IOAIJIEHOI CACTEMHU IHBEHTAPU3AILI
I3 BAKOPUCTAHHSM ACUHXPOHHOI APXITEKTYPH
CoxoaoBcbknii I'. O., george.sokolovsky2001@gmail.com

Manyra O. M., olga.matsuga@gmail.com
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OcraHHIM dYacoM Bc€ OUIBIIO TMOMYJSAPHICTIO I MOOYJI0BH
BHCOKOHABAHTaKEHUX CHCTEM KODHCTYEThCS ACHHXPOHHA apXiTekTypa. Ii
nepeBaraMu € 3BEJCHa 10 MIHIMyMY 3B’S13aHICTb KOMIIOHEHTIB CHCTEMHU Ta
ACMHXPOHHI KOMyHIKallii. MeToro gaHoi po6otu Oysio po3poOUTH PO3MOJLIEHY
CUCTEMY 1HBEHTapu3allii 3 BUKOPUCTAHHSIM aCUHXPOHHOI apXiTEKTYpH.

VY xoai po6oTH Oy0 CTBOPEHO PO3MOIICHY CHCTEMY 1HBEHTapu3ailii, B
AKiii mepembadeHo 3 THNM KOPHUCTYBadiB  (CHeIiiamicT, Maiictep Ta
aaMmiHicTpatop) Ta 4 cepBicM (KOpUCTYyBayiB, 1HBEHTapHU3allii, PEMOHTY Ta
aHaAMITHKK). Y CepBICI KOPHUCTYBaylB pPEai30BaHO MOKJIMBICTh MEPErIsAaTH
CIHCOK KOPUCTYBayiB, A0JaBaTH, BUAAISATH KOPUCTYBaUiB 1 HaJaBaTH M MEBHI
npaBa. OcranHi 3 (QyYHKIIT [JOCTYIHI JMIE aaMiHICTpaTopaM. Y cepBici
1HBEHTapu3allil peasii3oBaHo JIOTIKY BUadl Ta TOBEPHEHHS IPEIMETIB Ha CKJIA/.
Jlesiki mpeaMeTr MOXKYTh BHJIaBaTUCS Ha3aBXKIM, BIJMIOBIIHO ITICIIS BHIadl BOHU
BUJIATISIIOThCSL 13 cucTemu. [licns 3aXxomKeHHs B CepBIC 1HBEHTapu3allii,
KOpPHUCTyBa4d 0ayuTh yCl MPEAMETH, SIKI BIH YK€ B34B, a TAKOXK yCl IPEIMETH, AK1
3apa3 3HaxoJAThCA Ha ckianl. Jlo cepBicy pEeMOHTY MarOTh JOCTYI JIMILE
MaiiCcTpu Ta aaMiHICTpaTOpu. Y I1E€W cepBiC MOTPAIUISIOThH JIMILE TOJaMaHi
npeametn. [licis peMOHTY MpeaMeT MOBEPTAETHCS Y CEpBIC 1HBEHTapH3aIlii.
Axmo mpeaMer HE MOXKHA BIAPEMOHTYBATH, MaWCTEp MOXE BIIMITUTH 1€ 1
npeaMer OyAe BUIIYYEHO 13 CHCTEMH. Y CEpBICI aHANITHKU PO3PAXOBYETHCS
BIJICOTOK B3SITHX 31 CKJIaJly IPEAMETIB MEBHOTO TUITY 1 sIKIIO BiH MeHie 80%, To
HAJICUJIAE€ThCS MOB1IOMJIEHHS y TenerpaM-kKaHai aagMiHICTPaTOpIB.

Cucrtemy OyJ0 HamMCaHO MOBOIO MporpamyBaHHsi Python y cepenoumii

po3pobku PyCharm. V xoai CTBOpeHHsS CHUCTeMH OyJIO BHKOPHUCTaHO BeO-
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¢petimBopk  Django Ta iioro posmmpenns django-rest-framework. s
OTIEPATHUBHOTO TOBIJIOMJICHHS aIMIHICTPATOPIB MPO HEAOCTATHICTh IMPEIMETIB
Oyno crtBopeHo Temerpam-kanan Ta Tenerpam-00T, IS BiANpPaBICHHS
TIOB1JIOMJICHb BUKOpPHUCTaHO 0i0mioTeky telegram_send.

BpaxoByrouu, 1110 CTBOproBajacs CUCTEMA 3 aCUHXPOHHOIO apXITEKTYpOIo,
BAXUJIUBO OYyJO0 JOTPUMYBATHUCA TaKOi MOCIIJOBHOCTI y XOJI PO3pOOJIEHHS:
pO30UTTA Ol3HEC-BUMOT Ha TMOli, OyayBaHHS O13HEC-JIAHIIOXKKIB, OyayBaHHS
Mojiel 0a3u JaHUX, PO30OUTTS CHUCTEMH Ha JOMEHH, BU3HAUYCHHS KOMYHIKAIIiH,
IMIUIEMEHTAIIi Ta TECTYBaHHS.

Jlns po30uTTs O13HEC-BUMOT Ha MOJIi 3pyYHMM BHSBHUBCA Mmiaxin Event
Storming.

VY xonai iMiuieMeHTanii ajisi 3a0€3Me4YeHHs] aCUHXPOHHOCTI KOMYHIKAIIIi,
30KpeMa AaCHHXPOHHOTO JIOTYBaHHs, OYJ0O HAlMCaHO OKpPEMUW CcepBic 3
BUKOPUCTAHHSAM MeCEIK-OpOKepy y BHIVISAI PO3MOAUIEHOT YEpru MOl
RabbitMQ. Came takuii BuOip Oyso 3po0JeHO uYepe3 MPOCTOTY KOHIICMINii Ta
MOXJHBICTh poyMiHTy. RabbitMQ 3amyckascs uepes Docker-konretinep.

V¥ xoj1 TecTyBaHHS KOJ OYyJIO MOKPUTO FOHIT-TECTaMM Ta 1HTErpaliitHUMU
tectamu Maibke Ha 100%. Byno Takox mpoBeAeHO TECTYBaHHS aCHHXPOHHOTO
jJoryBaHHa Ta TectyBaHHsS Ha piBHl Ul. Jlng mnepeBipku SIKOCTI Komy
BUKOpUCTOBYBaBcs Monayiab Flake8, Takoxx Oyno HamaromkKeHo MpoIec
Continuos Integration 3a gomomoroto iHcTpymenty Travis Cl.

TakumM 4yuHOM, Yy po0OOTI pPO3pOOJIEHO PO3MOJIEHY CHUCTEMY
IHBEHTapu3aIlii 3 BUKOPUCTAHHSIM aCHHXPOHHOI apxitekTypu. [IpoananizoBaHo
Pi3HI MIIXOIU 10 KOKHOTO 3 €TamiB po3poOKH 1 00paHo HalOIbIl e(peKTUBHUI

JJIs1 JAHO1 CUCTEMU.

Cnucok BUKOPHUCTAHOI JiTepaTypu

1. Richardson C. Microservices Patterns: With examples in Java. 2018. 520 p.
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«Ykpaincokuii depotcagnuil XiMiko-mexHoA02IUHULL YHIBepCUmemy»

[adpopmariitHi  cucteMu  BiIICPalOTh POJb  BUCOKOKBaNI(PiKOBAaHUX
MOMIYHUKIB, 3JaTHUX JAaTU KOPUCHY IIOpajay Ta IMOBIJIOMUTH HEOOXIJHI
BiloMOCTl ii kopucrtyBauy. Jlani ¢QiHaHCOBOi Traily3i, SIKi € TEPEBaXKHO
CTAaTUCTUYHHMH, MOXYTh BHUKOPHUCTOBYBATHCS JUIA MMATPUMKH TMPUAHSATTS
pillieHb, HAMPUKJIA]l, TOTEHIIIHOTO 1HBECTOpA HA BaJIFOTHOMY PUHKY.

3anponoHoBaHO Po3poOka MOOLIBLHOTO AojAaTky mif miargopmy 10S, 3a
JOTIOMOTOI0  SIKOTO TMOTEHUIWHUIA I1HBECTOP Ma€ MOXJIUBICTh CHPOTHO3YBATH
JIHAMUKY BaJIIOTHOTO KypCy Ha OCHOBI CTATUCTUYHUX JAHUX Ta OTPUMATH JaH1
JIJIs BU3HAYEHHSI BJIACHOT 1HBECTHUIIIMHOI CTpaTerii.

['onoBHOIO 3ajauer0 CUCTEMHU € MOXKIMBICTh HaJaBaTH aKTyaJbHY
1H(DOopMaIrito mpo:

KYPCH TIOKYTIKH, TIPOAaXy PI3HOMaHITHUX BATIOT y Jep>KaBHUX Ta

KOMEpIIiitHUX 6aHKax YKpaiHu,
KypC HaI[lOHAJIbHOTO OaHKY,
KypC BaJIIOTH Ha MIKOaHKY,
I[IHK Ha JIOPOTOIIHHI METaJIH,
ocTaHH1 (DiHAaHCOB1 HOBUHH,

3MIHU KYpCY Y pO3pi3i JeHb, MICSIlb, TUXKIEHbD, PIK,
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pPO3paxoBaHUi MTPOTHO3 3MIHU BATIOTHOTO PUHKY Ha OCHOBI
CTAaTHUCTUYHMX Ta aHATITHYHUX JAHUX, SKi CTAHYTh y HAroJli iHBeCTOpam y

dbopMyBaHH1 BaTIOTHOTO TOPTQEIIO.

JonaTtkoBo  MOOUIBHMM  J0JaTOK Mae  (PyHKIIO  1HQOpMYBaHHS
KOPUCTYyBa4ya TPO 3MiHYy aKTyaJIbHOTO KypCy BaJIIOT Ta HaJaHHA MyII-
MOB1JIOMJICHHSI PO OCTaHHI (piHAHCOB1 HOBUHU.

[Tig yac mpoeKTyBaHHs CUCTEMHU BUALICHO HACTYITHI OCHOBHI YaCTHHH:

aJIMIHICTpPATHBHA,;
KOPHUCTYBAIIbKa,.

[Ipu po3poliri cepBepHOi YACTUHU MOOUIBHOTO JOJATKYy BHKOPHUCTAHO
HACTYITHUH CTEK TEXHOJIOTii: MOBa po3poOku Python; cepemoBuie po3poOKu:
PyCharm 3 akryanmsHOMO JinieHsiero; Oidmiorekn Django, Requests, Django
REST framework, asyncio. Jlns cTBopeHHS (POHTEHJ YaCTHHH 3aCTOCOBAHO:
MOBa po3poOku Swift; cepenoBuile po3podku Xcode 3 JileH31€10 PO3POOHUKA
Apple ta 0iomiorekm CoreData, Alamofire, Firebase, FirebaseCore,
FirebaseAnalytics, Flex.

JIyist aHauizy MOKIIMBOCTEH PO3pOOJIEHOTO MPOAYKTY 3aCTOCOBAHO METOJ
aHami3y xapakrtepucTuk KoHKypeHTiB (Competitors feature analysis) [1], sikumif
MOKa3aB Horo nepeBaru HaJl ICHyIOUMMU aHAJIOraMu KOHKYPEHTIB Ta MOKJIIBICTh
BUPIITYBAaTH MEBHI 33/1a4i, 1110 TPUTAMaHH1 IHBECTOPAM.

Mo06iapHUM A0aTOK MOXe OyTH MOJEpPHI30BaHM 00 apXITeKTypa Ta
010;110TeKM MOOUIBLHOTO JOAATKy TepeAdadyaroTb OHOBJEHHS Ta TMOCTIHHO

HIATPUMYIOTHCS B aKTyaJIbHOMY CTaHI.

Bidaiorpagivyni nocusianus
1. Product Templates: Competitive Feature Market Analysis [Enexkrponuwuii

pecypc] //baor — Pexxum moctymy mo pecypey:  https://productschool.com/blog/product-
management-2/skills/templates/product-templates-feature-market-analysis/
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MATEMATHUYHE 3ABE3INEYEHHS BUBOPY KOMIIIEKTYIOUYHNX
JJISA ITEPCOHAJIBHOI'O KOMIT'IOTEPA B EKCITEPTHHUX
CUCTEMAX
Coaomenko M.O., nikisoloshenko@gmail.com

Couronka H.O., nataliya_solodka@udhtu.edu.ua

epotcasnuil suyuli HABYAILHUL 3AK1AO

« Ykpaincokuii depotcagHull XiMiko-mexHonA02iUHULL YHI8epCcUumemy»

[TepcoHabHMIA KOMIT IOTEp — HEB1JI €MHA YaCTHUHA JIJIs1 O1IBIIOCTI JIFOICH,
ajyie TepCOHAIbHUM MIA0Ip 1HIMBIAYyaldbHOI KOHQIrypalii 3 MEeBHUM Ha00OpOM
KOMITJIEKTYIOUUX € JIOCTaTHHO HETPUBIAIbHOIO 3amaueto. (s Takoro BUOOpPY
MOXE€ JIOTIOMOTTH €KCIIEpTHA CHCTEMa, KOTpa 3 YypaxyBaHHSAM IOTpeO
KOpHUCTyBaua mijodepe Haiikpamnly koHirypariiito. KopuctyBau BifnmoBigae Ha
MOCTABJICHHI MUTaHHS EKCIEPTHOI CUCTEMHU, 1 B 3aJIEKHOCTI BiJ BIJIMOBIJIEH,
EKCIIepTHA CHUCTEMa MpOXOAUTh MO 0a3l JaHuUX 1 BIOAOMpae HaWKpalll
KOMILJIEKTYIOYI.

[Ipu po3po0d11i mo1I0HOT CUCTEMH BCTA€ MUTAHHSA 1010 TPUHIUITY BUOOPY
EKCIIEPTHOK CHUCTEMOIO0 HAWOUIBIN MIAXOMASIION KOMIUICKTYIOUOW 13 0asu
naHux. JlJ1s bOro MOKHa BUKOPUCTATH eKCrepTH1 ominku. [lix yac qomaBaHHS
KOMILJIEKTYI0UO01 B 0a3y [aHUX, EKCIEepTy MNOTPIOHO OLIHUTH HACKIIBKH
KOMIUICKTYIOUa MIIXOJUTh IMJ yCl MOMKJIMBI BIJIMOBII Ha KOXKHE IHUTaHHS.
ExcriepTH1 OLIHKM BHCTaBISIIOTBCA 32 JECATUOANBbHOIO mIKajow, Ae: 10 —
171eaTbHO MIAXOUTh; 5 — HE AY’KE MAXOAUTh; 1 — 30BCIM HE MiXOIUTh.

B 3anpomonoBany KOH(]irypailito TOBHWHHI BXOJWTH: IIEHTPAIbHUN
MPOIIECOP — OCHOBHUM KOMITOHEHT MaTeMaTHYHHMX OOYHMCIICHB, BijcokapTa —
rpadiuamii mporecop Il poboTH 13 Tpadikorw; MaTEepUHChKA IjIaTa —
PO3IOIIIbHA CUCTEMa €JIEKTPOSHEPrii Ta B3a€MO/Ili KOMIIOHEHTIB; ONepaTHBHA
nam’siTb, B KOTpil 30epira€TbCsi BUKOHYBaHUN MAIIMHHUNA KOJA MPOrpaMH;
HaKOMW4YyBa4l — JUIs 30epiraHHs MaHuX; KyJaep — I OXOJIO/KYBaHHS

IEHTPAJIBLHOTO TIpoIlecopa; OJOK JKUBJIEHHS — IS 3a0€3MEUeHHS BCIX
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KOMIIOHEHTIB €JIEKTPOCHEPTi€l0; 3BYKOBa KapTa — OKpeMa CHCTeMa s
PO3IIMPEHHS B3aeMOIIi 3 3ByKoM. B 0a3i JaHuX MOTPIOHO BKa3yBaTH COKET
HEHTPAJIBHOTO MPOLECopy, 00 MaTepUHChKA IJIaTa W KyJlep MOTJIH 3 HHUM
B3aeMoAisaTH. Takok moBMHHa OyTH iH(OpMallsl MO0 TEIUIOBIABEACHHS
mporecopa, mo0 maidopatu migxoasmuid kynep. Ille mnoTrpiOHO BkazaTu
CJIICKTPOKUBIICHHS TSI TT1A00PY HAWKpamoro O0JIOKY kuBJaeHHs. [ BizeokapTu
TEX MOTPIOHO BKA3aTU €JIEKTPOKUBJICHHS. JJisi MaTEpUHCHKOI IJIaTH HEOOX1THO
BKa3aTU COKET, 100 Oylo pO3yMiHHSA MiAXOAUTh MaTEpPUHCHbKA IUlaTa JUIs
KOHKPETHOTO Tpoiiecopa yu Hi. B 0a3i gaHux juis OJioKa >KUBJICHHS TTOBUHHA
OyTHu iHGOpPMAITiS 00 HOT0 MOTEHIIIHHOTO eJIEeKTPOIIOCTaYaHHs.

JUist BU3HAUYEHHA e€(QEeKTHUBHOrO O0’€My OIEpaTUBHOI MaM STl Ta
HaKOMUYyBaviB e(heKTUBHO OyJie CTBOPEHHS JIIUMIbHUKA. B 6a31 JaHuX BapTiCcTh
OIEpaTUBHOI MaM’sITI BKa3y€ThCS 3a BiCIM TirabaiT, a HaKOMU4YyBayi 3a OJHH
TepabaiT. OTHOYACHO 13 BHECEHHSIM €KCIIEPTHUX OI[IHOK CTOCOBHO OIEPaTUBHOI
nam’siTi Ta HAKOMU4YyBaya, €KCIEepPT TaKOK IMOBUHEH BU3HAYUTHUCSA 3 JOCTATHIM
00’€eMOM ONEPAaTHUBHOI NaM’STI Ta HAKONWYyBada J/JI1 KOXHOI MOKIIMBOI
BIJINOBI/Il HA KOXHE MUTAaHHS. TakuM YMHOM, KOJIM KOPUCTYBay BiANOBIB Ha YCI
MOCTABJICH] MUTAHHA, TO €KCIIEPTHA CUCTEMa MPOXOIUTHCSA MO YCIM MUTAHHAM
Ha KOTp1 BIANOBIB KOPUCTYBAy 1 3HAXOAUTh HailOUIbIIe 3HaUeHHs. J[J1s MBHIKOI
poOOTH EKCIIePTHOI CHCTEeMH 1O BHUOOpPY HaWKpamoro OJOKYy >KUBJICHHS
JIOCTaTHHO  BKA3yBaTH  €JIEKTPOXKUBJICHHS  OCHOBHMX  KOMILJIEKTYIOUUX
(BimeokapTH Ta UEHTpaJbHOro mnpoiecopy). llicas doro migcymyBaTH iX, 1
nonasat e 20% BIACOTKIB BiJl 3arajJbHOI CyMHU 3a (JOPMYJIOHO:

Eennocravanns = Eeﬂ.npou + Eeﬂ.Bi,Z[ + (Een.npou + Een.Bi;L) * 0,2

HaBenennii omuc A03BOJISIE BpaxyBaTH TpHU MOOYIOBI 0a3u MpaBUI
MPOTOTUITY €KCIIEPTHOT CUCTEMH JIeSIKI TEXHIUHI BUKIIFOYEHHS MpHU 300pIll HOro

KoH(piryparii.
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PO3POBKA E®EKTUBHOI'O METOAY MATEMATHYHOI'O
IJIAHYBAHHA J1JIAA ITPOEKTYBAHHS MEPEK
TA JOCJIIKEHHSI TEXHOJIOT' T
OIITUYHUX MATICTPAJIBHUX MEPEX
Cod¢’in O.I1., olexiy.sofin@gmail.com

Huninposcoruti nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

3 camoro movarky TenaedoHii Ta TOCBiTy TOTO, MO MiIKIIOUYEHHS OJHOTO
KIIIEHTA JO KOXXHOI'O 1HIIOIO KII€EHTa B TEIEPOHHIM MeEpexi He €
HaMEKOHOMIYHIIIKUM CIIOCOOOM HaJaHHS TeJIe(OHHUX TMOCIIYT, TUIAaHYBaHHS OyII0
BOXKJIMBUM aCMEKTOM JIJIsI MEpEeXeBUX omnepaTopiB. HoBatopcbky poboty A. K.
Epnanra B 1iif ramy3i MOXHa pO3TJISaTH K CXOJUHKY JUIsl HAYKOBOTO 1HTEpECY
JI0 TJTAHYBAHHS KOMYHIKAI[IHHUX MEPEeXK.

Ha >xamp, MeTOOW TIUTaHYBaHHS, BUTpPaTH Ta CKOHOMIiS BEIIMKHUX
(KOMepIIHIX) KOMYHIKAIIHHUX Mepex 100pe 30epiraloTbcsi B TAEMHHUIIL, IO
YCKJIQJIHIOE OI[IHKY BIUIMBY IUJIJAaHYBaHHS Ha OI13HEC MEPEKEBUX OMNEpaTOpiB.
OpnHak Juist HIMEIBKUX JOCIITHUKIB TIJIOM MEPEXKEBOTO TUIAHYBAaHHS OYEBU[THI
IIOJHS: HIMEIbKI YHIBEPCHUTETH Ta JOCHIIHUIIBKI 1HCTUTYTH 3’€JIHAHI uepes
IIBUJIKI, ajlé EKOHOMIYHO e(EeKTHBHI Mepexi, sKi HEeMOXJIUWBO Oyso O
peanizyBaTu 0€3 MaTeMaTUYHUX METOJIIB MJIaHyBaHHSA. Y O1IbII KOMEPIIHHOMY
koHTekcT, y 2000 poui AT&T crBepakyBaia, 1110 3a011a1j1a «COTHI MIJTbAOHIB
J0JIapiB», BUKOPHUCTOBYIOUM BJIOCKOHAJICHUH METOJ IIJIaHYyBaHHS PE3ESPBHUX
MO>KJIMBOCTEH y CBOiM MarictpanbHiit mepexi B CLIIA.

BpaxoBytoun TOH (akT, 10 NpOBalAEpH KOMYHIKAUIMHUX MEPEX,
OUYEBHJIHO, BXKE MOBOASATHCS Ha0araTo palioHaIbHIIIE, HK IXHI KOJETH B 1HIITUX
rany3sax (sK, HampuKIaj, 3ali3HUYHA Taly3b, J€ MaTeMaTWUYHE TUIaHYBaHHS
JIMIIE T0CATIIO 0013HAHOCT1), YOMY TIJIaHYBaHHS KOMYHIKAI[IHHUX MEPEX BCE e
[iKaBe fK TeMa JOCHiKeHHs? BiAmoBinp Ha 1€ 3alUTaHHS MOXXHA CTUCHYTH

JIBOMa CJIOBAMH: MOCTIKHI 3MiHU. 100 MOBHICTIO 3pPO3yMITH BIUIMB IOTO
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TBEP/KEHHS, BAXJIMBO PO3YMITH, IO MPHU IJAHYBaHHI BEJIUKHUX MEpPExX -
HEJIeTKO CJIayBaTh aOCTpakTHUM MojensaM. I[Ipore MepekeBl TEXHOJOTIi
MOCTIHHO PO3BUBAIOTHCS. SIK HACHIIOK, TPOOJIEMH TIJIaHYBAHHS, SIKI MU MOBUHHI
BUPIIINTH, TAaKOX 3MIHIOIOThCSA. KpiM TOro, Hamm MOMJIMBOCTI IUIAaHYBaHHS
MOKPAIYIOThCS: Oepydd 3a NPHUKIAJ] JIHIAHY ONTHUMI3allilo, MaTeMaTH4HI
BJIOCKOHAJICHHSI MOXYTh TPHU3BECTH JI0 MPUCKOPEHHS B pa3u 3a ocraHHi 20
pOKiB, He Oepyud 10 YyBarud MPUCKOPEHHS amapaTHOro 3abe3nedyeHHs
koM ’totepa. Ille OiabIni BIoCKOHaNeHHsS Oyiu 3poOJieHl 3 ajJrOpUTMaMu, IO
CTOCYIOTBCSI KOHKPETHHX MpodiieM. OTxe, HaM MOTp1OHE JOCKOHAJE PO3yMIHHS
000X — 0a30BHX TEXHOJIOTIH 1 MATEMaTHYHHUX METOIIB, III00 MaTH MOKJIMBICTh
3HAXOJMTH PILIECHHS JJIS PEATICTUYHHUX MTPOOIEM.

bakaHHs 3HaAWTH XOpoIIl PIMIEHHS € BHCOKHUM: 3 OJHOro OOKY,
NOCTAYaJIbHUKK TIOCIYT 3MYIIEHI MPOMOHYBAaTH IOCIYTM SKOMOIa JEIIEBIIE,
00 MaTh MOXJIMBICTh BH)KUTH Ha BUCOKOKOHKYPEHTHOMY PHUHKY. 3 1HIIOIO
OOKy, MOCTayaJbHUKHU arapaTHOro 3a0€3NEYEHHs MOBHMHHI MaTH MOXJIHBICTb
3alpONOHYBATH E€KOHOMIYHO €(EKTHBHI PIIIEHHS JUIsl ydacTi B TEHIepax y
rJI00aJIbHIM KOHKYpeHI[li. Mu X04eMO HarojJIOCUTH Ha LbOMY OCTaHHBOMY
MYHKTI: OCKUIbKM TMOCTAaYaJIbHUKHU arapaTHOro 3a0e3MeUeHHs MaloTh HaJaTu
€KOHOMIYHO €()EKTUBHE PILLIEHHS, a HE MPOCTO XOPOIIY LIIHY 3a IEBHUM MEpeiK
oOnaHaHHs, 3HAYHUHN THTEPEC /10 OLIIHKU PI3HUX BapiaHTIB 00JIaJHAHHSA 3 TOYKU

30py Mepeki BUHHKAE BXKE ITi/T 4ac PO3POOKHU.

Cnucox BUKOPUCTAHHUX JIZKEPET

1. E.II. 3a171HyJ1J1HVHa - MOJAEJIM N METOAblI PEHIEHUA 3AJAYU
OIITUMAJIBHON MAPIIPYTU3ALMN JAHHBIX B KOPIIOPATHUBHBIX
CETSX https://core.ac.uk/download/pdf/197384084.pdf

2. A. OuIMMOHOB - ANTOpUTMBI ONTHUMAJIBHOW CTPYKTYPhl KOMIIBIOTEPHOM CETH
https://moluch.ru/archive/102/23257/
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MOJEJIOBAHHSA TEILIOBOI IHEPIIII BYAIBJII B YMOBAX
EHEPTETUYHOI KPU3U

Creabmamenko I1.B., stelmashenko@dlit.dp.ua, Kaum JLLI.

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

[Ipobiiema eHeproz0epekeHHs OCOOJMBO TOCTPO IOCTae B YKpaiHi y
3B’SI3KY 3 OOMEXEHHSM  MPUPOAHUX  PECYpCIB, 3MIHOK  JIOTICTHKH
eHepromocTtauanusi, arpeciero Pocii. Burpatu mnanumBa Ha TeruionoctayaHHsS
OyJIWHKIB CKJIa[aloTh OUIbIY YAaCTHHY BiJ] 3arajbHOi TEIUIOBOi €HEeprii, M0
BUpOOJIsieThCA B YKpaiHl MiJ 4ac BINCHKOBOrO CTaHy. biuibll Toro, pyrHaris
3HAYHO! KIUJIBKOCTI Oy/iBElIb CTaBUTh MUTAaHHA IMPO 30UIbIIEHHA 00’ €MIB
AKHUTJIOBOTO, KOMEPLIMNHOTO Ta MNpomucioBoro OyaiBHuuTBa. lLle 3ymoBmtoe
NPOEKTYBaHHS HOBUX OyiBelb 3 MIABUIICHOI €HEProe(eKTHBHICTIO,  SKa
3aJIeKUTh B1J TEIJI03aXUCHUX BIACTHUBOCTEM MaTepiaiiB ISl OrOPOKYBATbHUX
KOHCTpYKUIiM. OnTtuMaibHUi BUOIp LKX MareplajiB 3a0e3reuvye 3MEHILECHHS
BTpAaT TeIlIa Ta M1JBULIEHHS 3arajJbHO1 TEIIOBOI 1HEPIIHHOCTI Oy aiBIi.

Hapasi icHye Oarato mporpaMHMX TMPOAYKTIB JUIsi BU3HAUYCHHS
eHeproeekTUBHOCTI OyaiBenb, SKI 3a3BUYail € KoMmepiiiHuMH abo He
JIOCTaTHhO JETAIbHUMHU. B poOOTI po3po0JIeHO HECTAlllOHApHY MaTeMaTUYHy
MOJIeNIb TETUIOOOMIHY, SKa JO3BOJISIE BU3HAYUTH €HEProeeKTHBHICTH B IIapi
OTOPOJKEHHST OyJiBIII MiJ Yac KPUTHUYHOI CUTYyallli 3 TEIJIONOCTaYaHHSIM.
Mopnenb 0a3yeTbCs Ha KJIACMYHOMY DPIBHSHHI TEIUIOMPOBIAHOCTI B YaCTKOBUX
MOXIAHUX 3 BIAMOBIIHUMU TpPaHUYHUMHU YMOBaMHU, IO BPAXOBYIOTh CTaH
HABKOJIMIITHHLOTO CEPEIOBUIIA, XapAKTEPHUH ISl KITIMATUYHUX YMOB YKpaiHi.

Marematnyna wmojaens Oylia anpoKCHMOBaHA Ha OCHOBI  METOIY
KOHTPOJIBHUX O00’€MIB Ta peajli3oBaHa 3a JIONMOMOIOK SBHOI Ta HESIBHOI
po3paxyHKoBUX cxeM. Po3poOnenuit nonatok Ha MoBi C# 103BOJIsIE BUSHAUUTH
noJisk TeMreparyp B OyndiBil Ta ii OrOpoJKYBaJIbHUX KOHCTPYKIIISIX, a TaKOX
KPUTUYHI 4YacoBl IHTEpBaJIM JJid 3amno0iraHHs pyWHIBHUX aBapid y

TEIJIONOCTaYaHH1 Ta 1HIIUX KPUTUIHUX CUTYaIlii.
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PO ABOETAIIHY TPAHCIIOPTHY 3AJIAYY 3 HEBIIOMUMU
INOTPEBAMM CI1IO’)KUBAYIB

Creniox H.I.l, XomM’aK O.M.l, JIsimiko B. 1.2
stetsyukp@gmail.com

1 . . . .
Incmumym xibepnemuxu imeni B.M. I'nywrxosa HAH Yxpainu,

2 . o . .
Hayionanvnuti ynieepcumem «Kueeo-Mozunancvka akademisy

Posrnsmaerbcss MareMaTuyHa MOJIENb JIBOCTATHOT TPAHCIOPTHOI 3ajadi 3
HEB1JIOMUMU MOTpeOaMU CIIOKMBAYIB Ta 3aJJaHUMHM iXHIMH HWKHIMH 1 BEpXHIMHU
mexxkamu [1]. Ii wacTkoBMM BHMTAMKOM € KacHM4yHA JBOETAlHA TPAHCIOPTHA
3a/1aya, s’Ka BU3HAYa€ HANO1IbII €KOHOMIYHHMM TUTaH TIEPEBE3CHHS IIPOIYKIIIT Bij
MOCTAYaJIbHUKIB JI0 CIIOKMBAYiB uepe3 MNPOMDKHI MNYHKTH. Po3risgaerbcs
JTUCKPETHUN aHaJor MOJENBHOI 3a/1adli ONTUMAIBHOTO PO3OWTTS MHOXHHHU Ta
HaBEJCHO pE3yJbTaTH OOYHCITIOBAIBHUX EKCIEPUMEHTIB 3 BHUKOPHCTAHHSIM

cosiBepa Gurobi.

JIBoeTanmHa TPAHCMOPTHA 32/1a4a 3 HEBIIOMMMHU MOTPeOAMHU CIOKUBAYIB.

Hexaii B m myHkTax nocrayansus 4,..., A, € a;,...,a, OJUHUIb OPOAYKIII],

AKy TIOTpIOHO TIepeBe3TH JI0 n CHoXuBadiB B,,...,B

n*

O6’emu  motped
CIO’KMBaviB OyJeMO BBa)XKaTH HEBIIOMHUMH, a iX HWIKHI MEXi bll"w,...,b,i"w Ta

BepxHI Mex1 b”,..,b" Oynemo BBaxxaTH 3aJaHuMH. {151 TpaHCIIOPTYBaHHS

MPOAYKINi Bl MOCTAYaJbHUKIB JO CIOXXHMBAa4iB MOXHA 3aJ15TH | TPOMIKHUX
nyHKTiB D,,...,D,. IloTpiOHO 3HAWTH ONTUMAaJbHUH IUIAH TPAaHCIOPTYBAHHS
OpOAyKIii, n€ ¢, — BHUTPATH Ha NEPEeBE3CHHS OIMHMII MPOIYKIT BiA
MOCTaYalbHUKa A; 10 IPOMIKHOTO MyHKTY D, , a ¢,; — BUTPATH HA TIEPEBE3CHHS
OMHHUINl TIPOAYKIii BiIl TPOMDKHOrO myHKTY D, 10 cnoxusada B, Ta
BIJIMOBITHI ONTUMAIHHOMY TUTAHY TTOTPEOH CIIOKMBAYIB.

k 1.1

Hexait x x, ~~, ;me x, — KUIbKICTb OJUHMIB TPOIYKIi, sKa
i 1..m l
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TEePEBO3UTRCA Bijl MOCTayaNbHUKa A, 10 myHKTY D y ¥ . " ne Vg —

KIJIBKICTh MPOJYKIIi BiA MyHKTY D, 10 cnoxuBaua B iz g P G
J Lean

KUIBKICTh MPOYKIILT, sIKA OCTAYAEThCS CHIOKUBaYYy B; .

JIBoeTamHa TpaHCIOPTHA 3ajlada 3 HEBIAOMHMH IMOTpeOaMM CIIOKHBAYiB

Ma€ TaKuil BUTJIISA: 3HAUTH

m 1 ) n
fxyz f X ’y ’Z min f 'x’ y’ Z Cik'x[k ijykj (1)
Y i1kl k11
3a OOMEKEHD
) _
x, a,i lm, (2)
k1
l _
ykj Z]’l J 1,”1, (3)
k1
'xik ykj O; k ﬂs (4)
il j1
Z; a,, (5)
i1 i1
Bz, b7, j Ln, (6)
x, 0,y, 0,i Lm,k 11, Ln. (7)

3agaua (1) —(7) € 3amauero miHiiiHOrOo nporpamyBanHs (JII1-3amaua), ne
niiboBa (QyHKWiA f x,y,Z 3aJa€ CyMmMapHl BUTpaTH Ha TPaHCIOPTYBAHHS
MOPOIYKIli BIJ] MOCTAaYaJbHUKIB JO CHOXKMBAa4diB 4Yepe3 NPOMDKHI ITyHKTH.
OOMexeHHs (2) 03HAYarOTh TPAHCIOPTYBAHHS d,...,d, OJUHMIL MPOAYKIII 13
NYHKTIB TOCTa4aHHA JO0 NPOMDKHMX IYHKTIB, a oOMexeHHa (3) — mio
CHOXKMBa4yaM MOTPIOHO TOCTaBUTH HEBIOMI 00'€MH Zj,...,Z, OJAMHUIb IPOAYKIII]

3 MPOMIXHUX NYHKTIB. OOMexeHHs (4) 3agal0Tb YMOBU Ha Te, 100 ycsd
MPOIYKIliS, sIKA MPUXOJUTH Bl TMOCTAYAIBHHUKIB J10 KOXXHOTO MPOMIXKHOTO

NYHKTYy, Oyna 0OOB'SI3KOBO BiAmpaBieHa croxkuBadam. OOmexxeHHs (5) 3amae
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YMOBY Ha Te, 00 cyMapHa MPOIYyKIlis MOCTavYadIbHUKIB JOPIBHIOBANIA CyMapHii
npoaykiii BUpOOHUKIB. OOMexeHHs (6) 3ajae HIDKHI Ta BEpPXHI MEX1 Ha
HEBIJIOMI MOTPEOH CTIOKHBAYIB.

Teepaxennsn 1 [1]. Cucmema oomesncenv (2) — (7) € cymichoro mooi u

Jauuie modi, KOJIU BUKOHRYEMbCA YyMOBA

n m n
low up
b; a, b'’. (8)
j1 il j1
YmoBa (8) o3Havae, 1m0 oOMexkeHHs (2) —(5) € JiHIHHO 3alle)KHUMH Ta
OJIHY 3 pIBHOCTEH B oOMexeHHsX (2) Ta (4) Moxke OyTH BWIYYEHO, TPUUOMY

JOBUIBHY.
Kiacu4yna aBoeTanHa TpaHCIOPTHA 3a4a4a

ko bj”w b’ b, j 1,n, To 3amaua (1)—(7) MEePEXOAUTh B KIACHIHY

I[BOCTaHHy TpaHCI‘IOpTHy 3aI[aLIy, JAKa Mae TaKI/Iﬁ BUI'JIS. 3HaﬁTH
m 1 Il n
fxy f XYy rglyn f X,y Cik'xik ij ykj (9)

ilk1 k1j1

32 00OMEXEHD

x, a,i lm, (10)
k1
l -
ykj bjl ] 11”; (11)
k1
Xik Vi 0, k ﬂ’ (12)
il j1
x, 0,y 0,i Lm k 11, Ln. (13)

3agaua (9)—(13) e Jlll-3amauero, ae minboBa GyHKIA f X,y 3aaae
CyMapHi BUTpAaTH Ha TPaHCHOPTYBaHHS MPOAYKIIl BiJ TOCTavaIbHUKIB IO
cnoxuBayiB. O6mexeHHs (10) o3Ha4arOTh TPAaHCHOPTYBAHHSA 4, ...,d,, OJUHULb
MPOJYKITIT 13 MyHKTIB MOCTaYaHHs 10 MPOMIKHUX IMYHKTIB, a oOMexxenHs (11) —

IO CHOXHUBayaM IMOTPIOHO JOCTaBUTU HeoOXinH1 ol'emu b,...,b, OIUHUIB
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OPOAYKIIII 3 MPOMIXKHUX MyHKTIB. O0MesxeHHs (12) 3a1at0Th yMOBH Ha T€, 1100
ycs TPOIYKIIisl, sIKa MPUXOAMUTD BiJl MOCTAYaJbHHUKIB A0 KOXKHOTO HMPOMI>KHOTO
MYHKTY, Oysia 000B'S3KOBO BiJIITpaBJIeHA CIIOKUBAYaM.

Trepaxennsn 2 [2, 3]. Cucmema oomesncens (10) — (13) € cymicnoro mooi i

Jauuie modi, KOJIU BUKOHRYEMbCA YyMOBA

m n

a b, (14)
il j1

PiBuicTh (14) o3nHauae, mo ooMexeHHs (10) — (13) € miHIHHO 3aICKHUMHU

Ta OJTHY JOBUIBHY PiBHICTH 3 oOMexkeHb (10), (11) ta (12) Moxke OyTH BHITYUCHO.

MoaeabHa 3a7a4a ONTHMAJBLHOIO pO36HTTﬂ MHOKNHHU

Posrnsnemo 3actocyBanHsi 3amaul (1) —(7) mo 3amadi ONTUMAIbHOIO
pO3OUTTS MHOXWHHM, ommcaHoi B pobori [4]. J[eskuii mocTavaabHUK

OJIHOPITHOTO pecypcy (CHUPOBHHU), HETMEPEPBHO PO3MOAUICHUN 31 HIUIBHICTIO

x 1 B obOmacti x xWx®P 0 x® 10 1?1 , TocTayae Moro

B II'SITh MYHKTIB (MEpUIOro €Tary) JUisl MEePBUHHOI MEepepoOKH uu 30epiraHHs.

3amani KOOpaWHATH ,-I’ i ZITS, pO3TaITyBaHHS ITUX ITyHKTIB: 11 0,2;0,2 |,
' 0305, ! 0803, ! 0608, ! 0601 . amansi Taox
KOOPJMHATH |, j 1,3, myHKTIB (ZPyroro eramy) CIOXHBAHHS PECYPCY, LIO

OyB TepepobneHuii (36epirasca) B myHKTax mepmoro ertamy: ,  0,2;0,8 |

; 0604, S 080,7

BapricTh TpaHCHOpTyBaHHS OJUHUIIl PECYpCy BIiJ NOCTadyajJbHUKA 3

1
KOoopaAuMHaTaMu X X X B IIYHKT ICpIIOro cramy 3 KOoOopAWMHaTaMu

3aJ1aHa y BUTIISII

2 2 -
1 1 2 I 1 I1 2 12 .
c, x ,x°, . \/x : X ) .1 15.

3aTpaty Ha TPAHCHOPTYBAHHS OJMHMUIN MPOAYKII 3 { TO MYyHKTY MEPLIOTO
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11 12 1 11 1 2

eramy D B IYHKT JPYroro eramy | i 3ajjaHl y
N/ J/ 11 11 2 12 1 2 2 . E . 1_3
BUTISIIL C; ;1 ; j ; j i 15,7 13.

[ToTpiGHO PO3OUTH MHOXKUHY MOCTaYabHUKIB pecypcy Ha cdepu ix

0oOCITyroByBaHHs B II'SITU IMYHKTax IMEpIIOro eTamy, TOOTO Ha MiJAMHOXKWHU

5
110y 1 U

i
il

, 1 1,5, 1 Bu3HAUUTH 00'€MH TIEPEBE3CHb v, 0,: 15,

. . . 1 . pa——
Jj 1,3, Bix myHkTiB nepmroro erany ., i 1,5, B IyHKTH CIIO)KMBaHHS APYTrOro

i

eTamny JI.' , j 1,3 tak, mo06 MiHIMi3yBaTH CyMapHYy BapTiCTh TPAHCIIOPTYBaHHS

pecypcy BiJl TOCTayalbHUKIB B MyHKTH NEPBUHHOI NEPEpOOKH (IIEPILOTo eTary)
1 IOCTaBKU MEepepoOIEHOr0 pecypcy B MyHKTH KIHIEBOTO CIOXKUBAHHS (JIpyroro
eTarny):
F Do 5 0 Vg Ve Vag
5 5 3 _ (15)
il i1j1
1 MpU I[bOMY B€Ch NEPEpOOJICHUI MPOIYKT 31 BCIX IMYHKTIB MEPIIOTO €TaIy

HEOOX1THO BUBE3TH B ITYHKTH JIPYTOTO €TaIy

3

V. xdx,i 15, (16)

v, b, j 13, (17)

1 MTOBMHHA BUKOHYBAaTHCh YMOBa OaaHcy
5 3
x dx b . (18)
il i1
Huckpernuii ananor 3anmayi (15)—(18) nerko omucaTu 3a JOMOMOTOIO
3amadi (1) —(7), ne mocTayaJIbHUKAMU € m JUISHOK 3 JUCKPETHOTO PO30UTTS

o0nacti , CHOXXMBayaMH € TpPU IMYHKTH JPYroro eramy, a IPOMIKHUMH
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NyHKTaMd — TIISTh TYHKTIB TeEpmioro eramy. Skmo o0csru  pecypecy
MOCTa4aJIbHUKIB BHOpAaTH MPOIMOPLIHHUMHU IIJIONAM JUISHOK, TO PO3B’SA30K
3amadi (1) — (7) Oynme BiAMOBIZATH OJHOMY 3 BapiaHTIB ONTUMAIBLHOTO PO3OUTTS
MHOXXMHU  TOCTaYajbHHUKIB PECYpCy 3 TOUYHICTIO 10 BUOpaHOi AMCKpETU3alii

JJISTHOK.

O04uCTI0BATILHUN EKCIIEPUMEHT

Posrnsmanucst aBa po30UTTS Ha kBagpaTHi auasHku: 31 31 Ta
500 500. 3amaui (1) — (7) maroth 4823 3MinaMX Ta 970 MHIHHIX 0OMEXEHb
st citkn 31 31, 1250018 3migaux ta 250009 miHIMHAX OOMEXEHbL — I
citku 500 500. I[Mepma 3agaua po3B’si3yBaiach 3a JOIOMOror consepa Gurobi
MEHIIIe CeKYH/IH, a Ipyra 3a7ada — 3a JeKIJIbKa CeKyHI.

Ha puc. 1 HaBeneHo onTuMayibHI PO3OUTTS MHOXKHHHU 3 00'emamu
BupoOHuITBa 0.0832466; 0.220604; 0.238293; 0.361082; 0.0967742 Ta
o0’eMaMHu CHOXKHMBaHHS y IyHKTax apyroro etamy 0.220604; 0.418314;
0.361082 (puc. 1, a, citka 31 31); 3 06'emamu BupoOHHITBa 0.09066; 0.22896;
0.232524; 0.342172; 0.105684 Tta 06’eMaMu CHOKHUBAHHS Yy IyHKTaX APYTOTO
erammy 0.22896; 0.428868; 0.342172 (puc. 2, 0, citka 500 500 ).

Puc. 1. Ontumaneni po3ourts 0 b, 1, i 1,3.

[Inan mepeBe3eHHs Vv, BIANOBIIA€ ONTHUMAIbHOMY PO3OUTTIO 3 puc. 1, a,

IUTaH IEPEBE3EHHS V, — ONTUMAJILHOMY pO30UTTIO 3 puc. 1, 6:
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0.0000 0.0832466 0.0000
0.220604  0.0000 0.0000
v, 0.0000  0.238293  0.0000
0.0000 0.0000  0.361082
0.0000 0.0967742  0.0000

0.0000 0.09066  0.0000

0.22896  0.0000 0.0000

v, 0.0000 0.232524 0.0000
0.0000 0.0000 0.342172

0.0000 0.105684 0.0000

Ha pucynky 2 HaBeeHO ONTHMallbHI PO3OHUTTS MHOXHHM 3 00'eMamu
BupoOHunrea 0.0686785; 0.3; 0.23975; 0.3; 0.0915713 Tta o00’eMmamu
CHOKHUBaHHS y myHKTax apyroro eramy 0.3; 0.4; 0.3 (puc. 2, a, citka 31 31), 3
00’emamu BupoOHuTBa 0.07418; 0.3; 0.226712; 0.3; 0.099108 Ta 06’emamu
CMOKMBaHHS y yHKTax apyroro eramy 0.3; 0.4; 0.3 (puc. 2, 0, citka 500 500).

Puc. 2. Ontumanesi poséurts b b” 0.3; by b 0.4;
low up
by by 0.3.
[Inan mepeBe3eHHs V, BIANOBIIA€ ONTHUMAJIbHOMY PO3OUTTIO 3 pHC. 2, a,

IUTaH NIEPEBE3EHHS V, — ONTUMAJILHOMY PO30UTTIO 3 puc. 2, 6:
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0.0000 0.0686785 0.0000 0.0000 0.07418 0.0000
0.3000 0.0000  0.0000 0.3000 0.0000 0.0000
v, 0.0000 0.23975 0.0000 ,v, 0.0000 0.226712 0.0000
0.0000 0.0000  0.3000 0.0000 0.0000 0.3000
0.0000 0.0915713 0.0000 0.0000 0.099108 0.0000

BucHoBok. Po3risiHyTo MareMaTuyHy MOJENb JIHIHOTO MporpaMmyBaHHs
JUIS IBOETAIHOI TPAHCIIOPTHOI 3a/1a4l 3 HEBIJOMUMH MOTpedaMH CIIOKMBAYiB Ta
3aJaHUMH IXHIMH HIDKHIMH 1 BEpXHIMH MeXaMmH. PO3riasHyTO mpHKIagu
3aCTOCYBaHHS TMMOOYIOBAaHOT MOJENl J0 3a7adi ONTUMAJIBLHOTO PO3OHUTTS
MHOKWHH 3 JTUCKPETU3AIIEI0 oOmnacTi

x WP 0 x® 10 2 1 piBHOMipHUMHU ciTkamu 31 31 Ta

500 500. HaBemeno pe3yabTaTH OOYMCIIOBAIBHUX CEKCIICPUMEHTIB 3

BUKOpPHUCTaHHAM cojBepa Gurobi.
Po6ota gactkoBo migrpumana CRDF Global (rpant G-202102-68020).
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PACKING SOFT ELLIPSES IN AN OPTIMIZED RECTANGLE
Stoyan' Yu., Pankratov' A., Romanova' T., Kravchenko' O.,
Duryagina®® Z., Chugay® A., Veligodsky* D. and Melashenko® O.

"Institute for Mechanical Engineering Problems of the National Academy of
Sciences of Ukraine; tarom27 @yahoo.com
’Lviv Polytechnic National University, 12 Bandera St., Lviv, 79013, Ukraine
Katolicki Uniwersytet Lubelski Jana Pawla II, Al. Ractawickie 14, 20-950
Lublin, Poland; zduriagina@ gmail.com

Packing ellipses is NP-hard [1] and one can find various applications of
this problem in molecular dynamics and powder metallurgy, logistics and
transportation, robotics and manufacturing.

Our interest in this kind of packing problems is motivated by modeling
porous media under pressure [2]. These problems arise frequently in the oil and
gas extracting industry [3,4]. Elements of porous media can be deformed by
external force, however, the mass of each individual element remains
unchanged. In a 2D setting this is equivalent to area conservation.

To the best of our knowledge packing problems for soft ellipses were not
considered before.

The new problem of packing soft ellipses in a rectangle of minimum
height is studied. Each ellipse has variable metric characteristics and placement
parameters. Transformations of translation, rotation and stretching ellipses are
allowed. The limits for stretching (shrinking) ratio of the half-axes of ellipses
are assigned. The phi-functions are used for analytical presentation of placement
conditions (non-overlapping ellipses and layout (complete or relaxed) of ellipses
in a container) [5].

A mathematical model is formulated as a continuous nonlinear
optimization problem. To find local solutions of the optimized soft ellipse
packing problem, a combined methodology is proposed. Two related problems
are solved successively. First, an optimized circle packing problem is considered
for the circles having the same area as individual ellipses. It is based on a

multistart strategy, a method of constructing feasible starting points (using
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homothetic transformations of circles) and a decomposition approach to reduce
the large original problem to several smaller subproblems.

To find local solutions of the problem a multistart strategy is used. It
combines a starting point algorithm using a circular packing problem and a
decomposition procedure.

The main solution approach consists in the following principal stages:

Stage 1. Generate a set of feasible solutions to the problem by solving the
circular packing problem.

Stage 2. Using a compaction algorithm get local minima of the ellipse
problem starting from each feasible point obtained at Stage 1.

Stage 3. Choose the best local minimum from those found at Stage 2.

In most cases this approach results in reducing the problem to smaller
nonlinear programming problems with dimensions linear to the number of

ellipses. Computational results are provided.

[1] Chazelle B, Edelsbrunner H and Guibas L (1989) The complexity of cutting complexes.
Discrete Comput. Geom. 4(2):139-181

[2] Duryahina Z, Kovbasyuk T and Bespalov S et al (2016) Micromechanical and
electrophysical properties of AlI203 nanostructured dielectric coatings on plane heating
elements. Mater. Sci. 52: 50-57

[3] Eichheimer P, Thielmann M, Popov A, Golabek G, Fujita W, Kottwitz M and Kaus B
(2019) Pore-scale permeability prediction for Newtonian and non-Newtonian fluids Solid
Earth. 10(5):1717-1731

[4] Kravchenko O, Veligotskyi D, Bashtovyi A and Veligotska Y (2019) Improving the
controllability and effectiveness of the chemical-technological process of the technology for
hydrogen thermobaric chemical stimulation of hydrocarbon recovery Eastern-Eur. Enterprise
Technol. 6(6):57-86

[5] Pankratov A, Romanova T and Litvinchev | (2019) Packing ellipses in an optimized
convex polygon J. Global Optim. 75(2): 495-522
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IMPOEKTYBAHHS TA CTBOPEHHS IHOOPMAIIMHOI
TEXHOJIOI'TI CTETAHOT'PA®II B 3BYKOBUX CUTHAJIAX
Crpy:xko B.P., AuTonenko C.B.

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

[IpoTsirom GaraTh0X POKIB BHpIIIyBaJlach 3aja4a 3aXUCTy iHGOpMaIlii Bija
HecaHKIIIoOHOBaHOTrO jAoctyny. Ille y craponaBHBOMY CBITI OTBOPHUJIOCS JBa
OCHOBHUX HampsIMKW pilleHHs IIi€i 3aaadi. BoHM iCHYIOTH 1 JOHHHI, II€
kpunrorpadist ta creranorpadisi. Mera kpunrorpadii nosisrae B ToMmy, 100
IPUXOBATH BMICT IOBIIOMJIEHb 3a PaxXyHOK iXHboOro mu@pyBanHd. HaBnakw,
cTeranorpadisi npuxoBye caMm (PakT ICHyBaHHS TAEMHOTO MTOBIJJOMJICHHS.

CnoBo «creraHorpadis» Mae Tpelbki KOpeHi, BOHO OyKBaJIbHO O3HAYa€e
«TailHEe MUCHMOY». 3arajibHOI PUCOI0 cTeraHorpadii Ta kpunrorpadii € Te, 1o
IPUXOBYBAHE MOBIIOMIICHHS BOYJIOBY€THCS B I€AKHM 00'€KT, 1110 HE IPUBEPTAE
yBaru. [lpm BukopuctanHi kpunrtorpadii HasgBHICTH 3amIM(POBAHOTO
NOBIJJOMJICHHSI CaMe€ IIpUBEpPTa€ yBary, aje Mpu CcTeraHorpadii HasBHICTb
CXOBAHOTO 3B'3KY 3aJIMIIA€THCS HETOMITHUM.

Crerocucrema — 11€ CYKyMHICTb METO/IIB Ta 3aCO0IB, SIKi 3aCTOCOBYIOThCS
JUTSl TOTO, III00 CTBOPUTH NMPUXOBAHUI KaHaA JJIs iepenadl iHdopmarii.

Bumoru, 1o MoxxyTh npeAa'siBISITUCH 10 3aCTOCOBYBAHUX CTETOCUCTEM:

— npuxoByBaHa 1HpopMallisi Mae OyTH CTIMKOIO A0 HAsBHOCTI PI3HUX
IIYMiB, CTUCKY 13 BTpaTtaMu, (piIbTPYBaHHIO, aHATOTOBO-IIU(PPOBOMY 1 UG PO-
aHaJIOTOBOMY TIEPETBOPECHHSM;

— mpuxoByBaHa 1H(oOpmaIlis HEe TOBMHHA BHOCUTH B CHUTHAI
nepeKpydyBaHHs,CIIPUIIMaHi CUCTEMOIO CIIYXY JIFOJAUHU;

— cnpoba BUAAJIIEHHS MPUXOBYBAHOI 1H(OpMaIli MOBUHHA NPHUBOJIUTU
JI0 TIOMITHOTO YIIKO/DKEHHS KOHTeWHepa (s uudpoBOro BOASHOIO 3HAKY,
nami 1[B3);

— NpuxoByBaHa iH(OpPMAILlisi HE MOBHMHHA BHOCUTU MOMITHUX 3MIH Y

CTAaTUCTHUKY KOHTEHHEpA.
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[apopmariitna TexHonoris OyAe BHUKOPUCTOBYBATH Taki METOAM
MPUXOBYBaHHS 1HQOpMaIlli, K METOJ PO3IIUPEHHS CHEKTPY Ta METOJ JIYyHU
CUTHAIY.

MeTon BiAyHHS CUTHATY J103BOJIsIE BBOAUTHU J1aHl B CUTHAJI MPUKPUTTS,
[UIIXOM 3MIHU MMapaMeTpiB BIUTYHHS CUTHAY. Jlo mapaMeTpiB JiyHH, sKa Hece
BOyIOBaHy iH(OpPMAIIif0, BITHOCSATHCS: MOYATKOBA aMILTITY/a, 9ac 3aracaHHs i
3CYB (Yac 3aTpUMKH MK BHXIJIHUM CHUTHAJOM 1 Horo BiaiayHHsM). Konn 3cyB
3MEHIIIYEThCS, JBA CUTHAIM 3MINIYIOThCS. Y TEBHUHW MOMEHT JIIOJCHKE BYXO
nepecrae po3pi3HATU JABa curHaiau. lleii MOMEHT BaXKO TOYHO BHU3HAYMTH,
OCKIJIbKM BIH 3JISKUTH BiJl JpKepesa 3amucy, TUIY 3BYKY ¥ ciyxawa. Jlims
OLIBIIOCT] TUIIB CUTHAJIB 1 JJISI OUIBIIOCTI CIyXayiB JBa CUTHAIM 3JIMBAIOTHCS
Ha BiacTani npubiuzHo 0,001 cexynmau. Kogep BUKOpUCTOBYE ABI 3aTPUMKU:
JUTSL KOAyBaHHS HyJsl Ta onunuil. O0uaBa 4acu 3aTpUMKHA MEHIIIE 32 4ac, KOJIH
JIOJICBKE BYXO MOXKE€ pO3Mi3HAaTH JIyHy. KpiM 3MEHIIEHHsS 4Yacy 3aTpUMKH
HEOOX1THO MEePEeKOHATUCS 1110 BBEJIEHA 1HPOpMallis HE MOXKE OyTHU CIIpUKHSATA
CIIyXOBOKO CHCTEMOIO JIIOJIMHU, 33JaBIIM TIOYATKOBY AaMIUITYIy 1 dYac
3aTyXaHHSI.

Meron po3UMIMpPEeHHS CHEKTPY 3aCHOBAaHUM Ha MPSMOIHIHHOMY
po3mpeHoMy crnektpi. JlomatkoBa iHdopmallis, MO0 MOpU3HAYEHA IS
BOY/IOBYBaHHS, = MOJYJIIOEThCS  TICEBJOIIYMOBOIO  MOCIIJOBHICTIO,  IIIO
OpPU3BOIUTh JIO po3mupeHHss 1i cnektpy. Ilicms 1mporo mo curHamy
3aCTOCOBYIOTBCS METOJIM MACKyBaHHsA B 4YacTOTHIM oOnacti. Pe3ynbpTyroua
iHopmariiHa TMOCTIOBHICT,  JIOJAETbCS  JO0  ayIIOCHUTHAITY-HOCIS K
aIUTUBHUN TIyM. Merta mossrae B TOMy, II00 MOOyAyBaTh TaKy CXeMmy,
ereprii [IB3 sakoi Oyma 6 MakcuManbHOIO 1 HpPU LOMY BUKPUBICHHS
ayJloCUTHALy HE MepeBuIlyBaiu aonmyctuMux Mex. llotyxnicte L[[B3, mio
BOY/IOBYEThCS, 3aJEKUTh BIJ OCOOJMBOCTEM CHCTEMM CIIyXy JIOAUHU Ta
XapaKTEePUCTUK ayJilocurHay. Po3B’s3koM naHol 3a7adi € BUKOPUCTaHHS

e(eKTy MacCKyBaHHS, XapaKTEPHOIO JIJIi CHCTEMHU JIFOJIUHU.
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USING THE METHOD OF FREQUENCY EXTRACTION TO FORM AN
INVESTMENT PORTFOLIO WITH HELP OF TIME-SERIES
ANALYSIS

Tpodimos O.B., atrof2222@gmail.com,
Jlynenxo O.M., lutsenko.020fpm@fpm.dnu.edu.ua
Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)
Manual market trading entails a lot of mistakes and unconsciousness of
actions. Humans have been replaced by high-performance machines capable of
following an algorithm without emotion. The new era of trading is dominated by
the use of machine learning and artificial intelligence. We will look at machine

learning algorithms, specifically learning with a teacher.

To train the model and set the target function, it is necessary to clear the
series and perform labeling. Select the lower and upper frequencies and
approximate them. Approximation and selection of frequencies are the

background for training, testing, and investment portfolio generation.

First of all, it is necessary to consider the accuracy with which the
algorithm extracts frequencies, to simplify its work, it is necessary to conduct
trend scanning. With its help, we will be able to cut off high, and low
frequencies and, based on the cleaned and approximated 5-minute candles
series, perform feature engineering. After establishing the labels depending on a
chosen quantile classification model is then fit using these labels to determine
which stocks to buy and sell for a long/short portfolio. The returns used for the
quantile creation may be volatility-adjusted.

R(t —¢,¢)

r(t—t,t) = vl 2)

This trading model uses software from companies that use such models in
practice, namely in nature, to isolate the necessary frequencies.

A large number of libraries and mathematical functions have been created

for learning with a teacher, which have their own change factors for capturing
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frequencies. The task becomes engineering in character and requires full
automation of the work. After clearing and labeling the series, we can start
testing solutions from Microsoft (TPOT), Amazon (AutoGluon), and the rest of
the ML software, including self-written. More than 100 technological solutions
are tested with classification algorithms, discrete analysis, and multilayer
stacking.

Such a large sample of technological solutions allows to find the best
algorithms with uncorrelated variables and factors, from which a portfolio is
created, and on the basis of approximated calculations from the range [0,1] a
portfolio is created for each algorithm, and after tests, on non-test (live) data a
single trading solution is given. You can see on the chart that the selected
technological sampling worked best for EURCHF, USDCHF, EURGBP.

= EURCHF

=
0
>
%,
>
v
2
v

References
1. Quintillion asset allocation. Providing us an trading algorithm with ML.

2. Mlfinlab, Definition of labeling and trend scanning functions.
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MOJIEJIb IUHAMIYHOI'O KEPYBAHHS 3AITACAMMU 1TPU
BU3HAYEHOMY 3 TOUHICTIO 1O MTAPAMETPA ITOIIUTI
Tpodimos O. B., lllaToxin M.A., maks.shat2002@gmail.com

Huninposcoruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

Bucokuii piBeHb BOJIATUIBLHOCTI PUHKOBUX IIiH, WLI0 TMOB'S3aHUN 3
rJI00IbHUMH €KOHOMIYHUMHU Ta TEOMOJITUYHUMHU (aKkTOpaMH, a TaKOX
HECTaOLTPHUI MOMHT, CIOHYKAIOTh TPEHAMHIOBI CTPYKTYpHU A0 ONTHUMI3alii
CTpaterii CTBOPEHHS Ta MOMOBHEHHsS 3amaciB. Bubip onTtuManbHOI cTparterii
yOpaBIiHHS 3amacamMu g Tpedaepa OylaeMo TPOBOJUTH HAa  OCHOBI
CTaTUCTUYHMX JAHMX NPO TOMUT 3a BIIOMUMU OO0’e€MaMu MicayHUX (abo
KBApTaIbHUX) CHOXHUBAHb — Xq,Xp,....,Xp. 1aKOX BBOXAaTHMEMO BiJIOMUM
po3noaut F momuTy 3 TOYHICTIO A0 HEBIAOMOIO MapameTpa, IO HAJIEKUTh
BIIOMOMY Kiacy ¢yHKUIA po3noauty {1 . Ilo mipi HaKONWYEHHS [aHUX, €
MO>KJIMBICTh YTOUHIOBATH MapaMeTp (PyHKI[IT po3NOALUTY HOMUTY 1 OHOBIIOBATH
KpUTUYHI 3HAYEHHsI CTparterii ympaBiiHHSA 3amacamMu. ToMmy HaWOLIbII
ONTUMAJIbHUM OyJi€ 3aCTOCYBAHHS MOJIEICH TMHAMIYHOTO IJIaHyBaHHS 3amaciB 3
BUKOPDHCTAHHSAM TeOpii CTAaTUCTHUUHUX pIlIeHb, sIKa Mae€ TMepeBary Haj
KJIACMYHUM METOJaMH OIlIHKH TapaMeTpiB PO3MOALTY, OCKIIBKH JO3BOJISE
BPaXOBYBATH MOKJIMBI HACHIIKM MPUUHATTA HENPAaBWIBHUX pIIIEHb 3
BUKOPUCTAHHAM (PYHKIIi PU3HUKY.

Hexait W (F, d) — ueBin’emua (yHKIlist 30MTKIB, 10 XapaKTEePU3y€e BTPATY
BiJl IPUUHATTA piieHHs d , ko F — icTHHHUEN po3noain nomuty. Po3i6’emo
MHOXMHY () Ha miaKiIack QyHKIINA po3noaty (); Tak, 1o

{W(F,di)=0np1/1F € Q;
W(F,dl)>0HpI/IF € ‘Qi

B Haciiok BHMIIAgKOBOTO TOMUTY Ta PaHAOMI30BAaHUX KEPYIOUHX MpaBUI —
BUOIp MOBWUHEH OyTW peanizoBanuii 3 K rimore3, cymapHi BUTpatu OyayTh

CTOXAaCTUYIHOIO BCIIMYMHOIO 3 HACTYITHUM MAaTCMAaTUYHHUM CHOI[iBaHHSIMI
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k
r(F.6) = D W(F,d) -6+
i=1

co k
+ z ZJ [W(F,d;) + cm]-P(m,  d;|6, x1,X2, er) Xon)

m=1i=1"%m
X f(%1, X2, ey X | F)dx1d X5 ... dX;,
e & ={8;,} — moOCHimOBHICTH Kepyrounx QYHKIIH, [0 BH3HAYAIOTH

IMOBIPHICTh MPUAHATTS PilIEHHS d; TICIS M CIOCTEPEKEHb peaizallii momnuTy;
P(m,d;|8,x4,%x5, ..., X;;,) — IMOBIPHICTb NPUHHATTS pillIeHHS d; HA m-momy
KpOIli TIpH 3aJaHOMy KepyrdoMy TpaBWii & Ta peamsaiii IMOMUTy
(X1, X2, <) X;m), @ ITHTETPYBAHHS BiIOYBAETHCS HA MPOCTOP1 X,;,, BCIX M-MIpHHUX
BUOIPOK.
Bupa3s r(F,§) noB’s3ye pu3mK 3 BHOOPOM KEPyHOUOro MpaBUiia MPH BiIOMOMY
posnoaini F. byneMo BBakaTu po3MOJiJl MOMUTY MyacCOHIBCHKUM 3 HEBIJIOMUM
napamMeTpoM 1 Jalli 3aCTOCOBYEMO 0all€COBCHKOY CTPATEriio AJii OTPUMAaHHSA
po3B’si3Ky. BalfecoBchbke kepyroue mpaBwio 8° MiHIMi3ye OdiKyBaHHMil pH3HK
7 (¢, §) 1O BCIM MOXJIMBUM TIpaBHIIaM §
7 (¢,6°) = ming 7 (g, 8).

BuKOpUCTOBYIOYM ONMUCAHHI alrOpPUTM JWHAMIYHOTO KEpyBaHHS 3armacamu
Ipu BU3HAYEHOMY 3 TOYHICTIO O TapaMeTpa TOMWTI, MOXKHAa pO3paxyBaTH
BEKTOP OYIKYBAHOTO PU3MKY Ta 3a HOTO MIHIMAJIBHIUM KOMIIOHEHTOM BU3HAUYUTU

BIJIMOBIHE ONTUMAJIbHE 3HAUCHHS 3amacy Y Ta MiHiMaJIbHI BUTPATH S.
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CUCTEMA AHAJII3Y PEKOMEHJIALIM TP BUHUKHEHHI
HAJI3BBUYAMHUX CUTYAIIIA
Ty3 O. L., ost.tuz@gmail.com, Bacrok T. M., taras.m.basyuk@Ipnu.ua

HY «/Ivsiscorxa nonimexuixay

HanzBuualini cutyariii 3aBxaM MepecaiayoTh JIIOACH, K Y MUPHHUHN Tak 1
BIMCBKOBHUH 4ac. 3 MOYaTKOM MOBHOMACIITAOHO1T BIHHM Il 0araThbOX YKpaiHIliB
BOHH, Ha JKaJlb, CTAIA OyICHHICTIO.

BpaxoByrouu 11e Jep:kaBHa Cy»0a IUBUIBHOTO 3aXUCTYy po3po0iisie pi3Hi
CUCTEMHU JIsl OTOBIIIEHHS HACEJIEHHS], 3a1y4aloun 10 IbOT0 HalpI3HOMAaHITHIIII
3aco0M: CHUPEHH, paaio, TEICHOBWHH, COIllaJibHI Mepexi Tomio[1]. 3a3HaueHi
OTIOBIIIIEHHS OYBaIOTh K 3arajibHOJCP)KaBHI, TaK 1 OLIbII JIOKAJIbHI, MICIIEB1, Ta
BUHUKAE€ TUTAaHHS YW JIOCTaTHHO BOHU IEPCOHAII30BaHI ISl MOTEHIIMHUX
KopucTyBauiB? Yu MOXKYTh CTaHIApTHI 3aco0u 1H(OpPMYBaHHS BpaxyBaTH
MO>KJIMB1 0OCTaBUHHM, aJK€ TOBIAOMJICHHS PO HEOE3NEeKy HAIPUKIA, B LIEHTPI
MICTa HE 3aBXK]IM € AKTyaJIbHUM Ha ii OKOJIMIISIX, OKPIM TOTO KOKHAa KOHKpPETHA
JIIOJTMHA MOKE€ MaTH CBOi ITepCOHAIbHI OOMEKEHHS.

B pesynbrari nmociimkeHb Oylio BUPIIIEHO CTBOPUTH CHCTEMY, SKa
BUpIIIy€e 10 MpobieMy. ['00BHa MeTa — CTBOPUTH [OJATOK, SKUW Oyje
aJanTyBaTUCh MiJ aKTyallbHI MpOOJIeMH KOpUCTyBaya 1 HajgaBaTH HEOOXIHI
peKoMeHaaIli.

[IpoananizyBaBIId PUHOK IOMIOHWX CHCTEM, BH3HAUCHO IO IOIIOHUM
¢dbyHKIiOHaIOM BoJjIoaie nomatok «Ostrzezeniay [2], skuil € IHTErpOBaHWM B
MOJIbCHKY CHCTEMY OIOBIIICHHS HaceneHHs. JlaHwii M0JaTOK HE TUIBKH
OTIOBIIIa€ HACENICHHS, aJie 1 HajJae TepiovYeproni pekoMenaaili. OCKITbKY JaHe
nporpamMHe 3a0e3NeUYeHHS € 3aXWIeHE aBTOPCHKMMH IIpaBaMH TO IIOCTaja
npo0semMa po3poOKHU MO1I0HOT CUCTEMH 13 3a3HAYCHUMU (DYHKIISIMU

[lepen erarioM KOHCTPYIOBaHHS OYJ0 3I1MCHEHO MPOIEC ii CUCTEMHOIO
JOCIIIJIKEHHS Ta MOOYJOBAaHO MHOXUHY JiarpaM. 30kpeMa Ha puc.l 300paxeHa

KOHTEKCTHa Jiarpama, II0 BioOpajkae B3a€EMOJII0 CHUCTEMH 13 30BHINIHIMH
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cyrHoctsimu  (Puc.1). 3okpema, [lepxaBHa cioyx0a HaA3BUYAMHHUX CHUTYalll €
TOJIOBHMM JpKepesioM 1Hdopmallli mpo Haa3BUyaliHy cutyarniio. I[Iporpama
OTpaIboBy€e JaHl 1 30uMpae MOXJIMBI pEKOMEHAalli, sKI PO3MILIYIOThCS B
cxoBuIll nanux. Ha 6a3i 11boro yTBOPIOETHCS MOJIENb, KA OMPAIbOBYE 3aIUTH

KOPHCTYBayiB 1 HAJCUJIa€ M KOPEKTH1 BIAMOBII.

ACHC IHchopmauin npo HC

3aMMT pekoMeHgali

_ HamicnaT iHpopmatio npo
Pekomekgaul Ha3IBHalHY CHTYaLlD
3BIT NPO HAACKNAHHA

\

—= aair Npo yCniluhe ONOBiLLEHHA

| ———OnoBiugniA npo HC

3anuT npe HC

Bignosigs Ha 3an w— | |

2
KopwcTyeau

Puc.1 Konmexcmna oiacpama

Yepe3 BUMOry MOOUIBHOCTI 1 JOCTYHHOCTI, OyJO HPUAHATO PIIICHHS
BIATBOPUTH 1i Yy BUIVISIAI MOOUIBHOTO JojaTka. TakoXX CUCTeMa MICTUTh
(GYHKIIIIO MIBUKOTO BUKIIUKY €KCTPEHUX CITYXO 1 MOKJIUBICTh TOOYIOBH 3BITY,
3 ycierwo HeoOxigHowo s Hux 1Hdopmalierw. Knacudikaiis Haa3BUuYaiHOI
CUTYyallll 3JIMCHIOEThCS 3 BUKOPUCTAHHSM METOJIB MAIIMHHOTO HaBYaHHS.
bazyrounce Ha 310paHUX HaHMX OYIYIOTHCA MOJEII, SIKi 3 BUCOKOK TOYHICTIO
BHU3HAYalOTh BUJ HeOe3neku. [lincyMoByoun pe3yabTaTu AOCHIIKEHHS, MOKHA
BU3HATH, M0 PO3pOOJIEHUN JONATOK JOIMOMOXKE PO3IIUPUTH TMOKPUTTS
OTOBIIIEHHS CepeJl TPOMasiH, a TaKOX 3a0e3MeUuTh KOPUCTYBAUIB OUIBII
MePCOHATI30BAaHUMH pPEeKOMEHaamissMu. Ile CyTTeBO 3MEHIIUTHh KUIBKICTh

MOCTPAXKIAINX, a B ICSIKAX BUTAJKAaX HABITh 3MOKE BPSATYBATH KHUTTS.
CnHcoK BUKOPHCTAHUX JIITEPATYPHHX JKepe
1. Kozaekc nuBimbHOTO 3aXHUCTy YKpainu: 3akoH Binx 02 sxoBTHs 2012 p. Ne 5403-VI//
BinomocTti BepxoBnoi Pagn Ykpainu. 2013. Ne 34-35. Cr. 458.
2. MinicTepcTBO BHYTPINIHIX cripaB Ta aaMiHicTparii [Tompmii. PerionansHa cucrema
omnogimmeHHs: BeO-caiiT. URL: https://www.gov.pl/web/mswia/regionalny-system-

ostrzegania
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HASIBHICTh AHOMAJIIA ITPU MTOBYIOBI MAPAJIEJIbHUX
YINIOPAAKYBAHD IS OJHOT' O KJIACY I'PADIB

Typuuna B.A., Mamgienko O.0., chelpanovaolha@gmail.com

Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

3amaya napaneiabHOro yHnopsJIKyBaHHS MOJSITa€ B PO3MILIEHHI BEPIIUH
OpIEHTOBAHOTO ALMKIIYHOTO Tpada Ha MIHIMAIBHINA KITBKOCTI MICIb TaK, IO
Ha KOXHOMY MICIIl CTOITh (piKCOBaHa iX KUIBKICTb 1 BHUKOHYETHCS YMOBa
CJTiTyBaHHS.

[TonsaTTss aHoManmiii B 3agadax Teopli YHOPSAAKYBaHb OyJIO BIIEpIIE
BBeneno P. JI. I'pexemom. Ilim «aHOMamisiMU» pPO3YMIIOTHCA BHIMAJKH
JIOTIYHOTO TIOKPAIICHHS ITOYaTKOBUX YMOB 3ajadi, IO MPU3BOJIATH JIO
MOTIPIICHHS 3HAaYeHHs LUIbOBOT GyHKIii. Y [1] mochimkeHo y3araJibHEHHS
JEKUTBKOX BHUITAJIKIB, a CaMe: OJIHOYACHOI 3MIHU JIBOX a00 TPhOX MapamMeTpiB.

Jana poOoTa TmpHUCBAYEHA BHUMAJKaM HAsBHOCTI aHOMAMM Jid
JOBUTHHUX JEPEBOBUJIHUX CTPYKTYp (ZIepeB Ta JiciB). 30Kpema, OTPUMAHO
HAaCTyMHHI pe3yJbTaTu: JJs 3B’SI3HUX AaUUKIIYHUX TpadiB Mae Micue
aHOMaJIbHE TIOTIPIIEHHS PO3B 3Ky MpHU 3MEHIIEHHI Baru BepimH. [lana
aHOMaJlisli BUHHMKA€E 32 PaxyHOK BLIBHOTO BHOOPY BEpIIMH NpPH MOOYIOBI
napajieTbHOTO YHOPSAIKYBAHHS 3a aJlfTOPUTMOM, 3aCHOBAHMM Ha PIBHEBOMY
npuHIUIi. TakoX, BUBYEHO BUMAJO0K 30UIBIICHHS IIUPUHHU YHOPSIKYBaHHS
3a YMOBHW BHJAJICHHS Y MOYATKOBOMY JAepeBi okpemux Ayr. /laHa cutyarris
Moke OyTu ommcaHa SK TMepexif Big JepeBa J0 Jicy. BuHUKHEHHS
napagoKCaIbHOT 3MIHH Pe3yJIbTaTy y IbOMY BUMAJAKY TaK CaMO TOSCHIOETHCS
BUIBHUM BHOOPOM BEPIIIVH.

[lomanpiioro gociiKeHHsI TOTPeOyIOTh YMOBH BiJICYyTHOCTI aHOMAii
JUIS JaHUX MIAKIACIB OpIEHTOBAaHUX rpadis.

IlepeJiik BUKOPHCTAHMX J7Kepet

Yennanosa O.0. Y3aranbHeHHs aHOMaJbHUX BHUMAJKIB y 3afadax ynopsakysaHHs. / O.0.
UYenmanoBa, B.A. Typumna. // IlutanHs npuKIamHOi MaTeMaTHKH Ta MAaTEMAaTHYHOTO
MoJieNmoBaHHs: 30. Hayk. nip. JHinpo, 2021. — Bum. 21. — C. 220-226
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MOPIBHSIUIBHUI AHAJII3 3AJIAY
YIIOPAIAKYBAHHSA TA TAKYBAHHSA
Typuuna B.A., KoBanenko €.0. kovalenko.y20@fpm.dnu.edu.ua

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

3amaul mapajiebHOTO YMOPSAKYBAaHHS BEpIIMH oprpadiB, Tak caMo SK 1
3a/layl MaKyBaHHS, MalOTh IIIMPOKE MPAKTHUYHE 3aCTOCYBAHHS. byJo mociKeHo
3B’A30K MK HUMH JUIs BUMNAQJAKIB JIHIHHOTO TaKyBaHHS Ta YMOPSAKYBaHHS
BEpIINH MOBHUX JIBOAOJIBHUX oprpadiB K, , m,r € N, 1e m Ta r — KUIbKICTh
BEpUIMH BIANOBIAHO y MEPIIIA Ta Apyrii goisx. Bara ycix BepuuH oprpada €
OJIHAKOBOIO 1 MTO3HAYAETHCS K . BUABNIAETHCS, 1110 PO3MIIIICHHS BEPIINH OJIHI€T
JI0JI1 B YHOPSAJIKYBAHHI MOXKHA PO3TISAATH SIK 33a/lady PO ONTUMAJbHE JiHIHE
MaKyBaHHS, sIka Ma€ HacTynHe ¢popmystoBaHHs [1].

3amaua 1. Hexail 3a1aHa MHOXHHA OJJTHOBUMIPHUX KOMIPOK JOBXHHHU L 1 m

00’€KTIB 13 3aJaHUMHU JOBXKHUHAMU  4,,d,,ds,...,d HeoOximHo 3HaWTH

m e

MiHIMaJIbHE IIiJIe YUCIIO KOMIPOK B 1 po30UTTS MHOKUHU 00’ €kTiB M = {1,...,m}

B
Ha B niaMHOXMH M, M, M,,..,M, Tak, 100 ~U1M" M;M, (M, ,

st popmanizanii 3a1a4i BBEACHO BEJIMYHUHU X;; TA y; HACTYIIHUM YHHOM.:

1, sIK110 j-mii 00'€EKT MICTUTBCS B i-Til KOMIpIIi | 1, sIK110 i-Ta KOMipKa HETIOPOKHS

X . 1 i .
Y 0,8 1HIIOMY BHUIIAAKY ' 0,B IHIIOMY BAIIAAKY

[inpoBa HyHKILIS:

B y, min, (1)
i1l
OOMeKeHHS:
ax, Ly,i 12..,B; (2)
i1
B
x;, Lj o L2..,m; (3)
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v, {03, 12,..B; (4)

x, {0:1},i 1,2,..B,j 1,2,..m. (5)

iy
[IpoBojsiuM aHANOrII0 MDK 3a/lay€io MapajielIbHOTO YMNOPSAKYBaHHS Ta
3a/layel0 PO ONTHUMAJIbHE JIHIHE TMMaKyBaHHS, [OKa3aHO, LI0 KOMipKam

BIJIMOBIIAIOTh ~ MICI B YHOPSAKYBaHHI, a  O0’€KTaM  JOBXKHUHH

. . . . ma
@ a, a, .. a, a BIANOBIAIOTH BEPIIMHU. 1O/ TOBKHHA KOMIPOK L W

, e h — mmpuHa ynopsakyBanHs. [Ipu 3BeaeHH] OfHIET 3aMa4l 1O 1HIIO1, IS
KOXHOT J10111 oprpada GpopmyoeThest Okpema 3ajaua.
Po3risiHyTo Takok BUNAAOK, KOJIM MPH NOOYI0BI YHOPAJIKYBAaHb J103BOJIEHI

nepepuBanus [2]. O0MexeHHs (5) B IbOMY BUIIAAKY Ma€ BUTIIST
0 x, Lij {L2,...m}. (6)

[Tpu 3amini oObmexxeHnHst (5) Ha (6) oJaepKyeEMO pO3OUTTA Ta ONTHUMAJIbHE
3HA4YEeHHS UIHOBOI (DYHKIIIT MpH JO3BOJIECHUX MEPEPUBAHHIX BIJIMOBIAHOL 3a/1a4l
YHOPSIKYBaHHS.

CmiBCTaBUBIIM OJEpkKaHI PO3B’SI3KM  3a7a4 JIHIWHOTO TaKyBaHHS Ta
napajeibHOTO  YHOPSIAKYBaHHS, OyJi0 TOKa3aHO, 10 BEpIIMHH, SKi
BIJINOBIJIAI0OTh 00’ €KTaM B MEPIIUX /i PO3OUTTAX PO3MOAUIAIOTHCS TPYMaMH IO
IIUPHUHI YIOPSIKYBaHHS, MPU IIbOMY BEPIIMHU 3 MIAMHOXWH M, ne i > h,
PO3MINTYIOTHCS HAa HACTYITHHUX MO3HUIIISIX YIIOPSAIKYBaHHS.

BcraHoBieHHS Takoro 3B’A3KY JIO3BOJUTH IMPOAHATI3yBaTH MOKJIUBICTD
BUKOPUCTAaHHA METOJIB PO3B’s3aHHS OJHIEI 13 3amay A0 IHIIOI Ta HaAATH

MPaKTUYHI PEKOMEHAAIIII.

Bibaiorpagivyni nocuyianus

1. S. Martello, P. Toth. Knapsack problems. — Chichester, UK: John Wiley and Sons, 1990. —
296 p.

2. Typumna B.A., KoBanenko €.0. IlapanenbHi ynmopsaxyBaHHS Al HOBHUX JBOJIOJIBHHX
rpa¢iB. Kponuanupkuii: 1111 «Exckiarozus-Cucrem». 2022. C.82-86.
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AJITOPUTMMU INEPEXOY MI’K ®OPMAMMU INPEJACTABJIEHHSI
IHOOPMAIIIL IPO I'PA®U
Typuuna B.A., MapkoBa A.Q., nmarkova273@gmail.com

Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

Beryn. B npuknagHux 3amavax, 1mo 3BOJATHCS A0 ONTUMI3AIINHUX 3a/1a4
Ha rpadax, OAHUM 13 BAXJIMBUX MUTaHb € MMATAHHS MIPO 3pyYHE TIPEICTABICHHS
iHdopmMmarii npo rpad. IHoai 6yBae HEOOXiTHO Mia yac peamizailii aropuTMy,
Malo4yM MOYaTKOBE MpeACTaBICHHS 1HGOpMaIlii, TEPEXOJUTH 10 OLTBII 3pYIHOTO
Ha TIEBHOMY €Tali aJropuTMy IHIIOTO TMpeacTaBieHHs. B nmaHiii poOoTi
pO3IIIAal0Thesl TPU (GOPMH TIpEJCTaBlIeHHS Takoi 1H(opmalii Ta crocoou
nepexo1y Bij ojHi€ei 10 iHmoi [1].

Ilepexin mix piBHsiHHAME Ta maTpuielo. Hexaitl inpopmaris npo rpad
3aJlaHa CUCTEMOIO PIBHSIHb BUTITANY [, = f (xil,xiz, ...,xl-p), k=1m,p<m
(kibKicTh apryMeHTIB (DYHKIIIT B KOXKHOMY PiBHSHHI MOe OyTH pi3HOI0). 1100
nepeiiTu Bia JaHoi ¢opmu 1H(opmamii 10 MaTpU4HOi, Tpebda mNoOyayBaTH
Matpunp A = (ai f)mxm' HasiBHa 3aJ1eKHICTh B k-My PIBHSHHI BiJ 3MIHHOT X;_
(s = 1,p) Bianoizmae ToMy, 0 B MaTpuli A eleMeHT ay;, = 1, a pemra
CJICMEHTIB JOPIBHIOIOTH HYII0. Tak caMO MOYKHA BUKOHATH MEPEXiJ1 BiJ MaTPHIIL
JI0 CHUCTEMH DPIBHAHB. SIKIO 3aJaHa MaTPHIll CYMDKHOCTI, TO Mepexi 0
piBHSHb Oyne BIANOBIAATH 3aMiHl k-ro psaka wmaTtpuil (QyHKIIE fi =
f (xil,xiz, ...,xip), B AKIH X; NPUCYTHIW, AKIIO Y BIAMOBIIHOMY CTOBIIII

eJeMeHT ay; = 1.

Ilepexin Mixk MaTpumerww Ta KOMYTATHMBHOW aiarpamor. Ilix
KOMYTAaTHBHOIO J[1arpaMOI0 PO3YMIEThCS CTPYKTypa, 110 Mae rpadidHe
300paKEHHSI CICMIAIbHOI CTPYKTYpH rpady, BEpPUIMHU SKOTO BiJIMIOBIIAIOTH
00’€KTaM MEBHUX KaTeropiil, a pedpa — BIAHOLEHHAM Mk 00’ ekTamu. [lepexina
BiJl MATpHIll /10 KOMYTAaTUBHOI JlarpaMH 3AIMCHIOETHCS NUISIXOM TOOYAOBH
nBOAONRHOTO Tpada. B miBy Ta mpaBy nod0 BXOASITH MO M BepmuH. Jis

KOXKHOT'O €JIeMEHTa MaTpHIll, 10 JIOPIBHIOE OJIMHMII, BBOJIUTHCS Ayra 3 JiBOi

210


mailto:nmarkova273@gmail.com
http://www.dnu.dp.ua/

MATEMATHUYHE TA ITIPOTPAMHE 3ABE3INEYEHHA IHTEJIEKTYAJIBHUX CUCTEM

nom rpada mo mpaBoi. I[lepexim Big KOMYTaTHBHOI JiarpaMud 10 MaTpHIIi

BI/IMOBIZAa€ TOMY, IO 3HAYEHHS EJIEMEHTY ay,;, = 1, Ao ICHy€ BIANOBIHA
nyra (fi, ;).

Ilepexin Mixk piBHAHHAAMH Ta KOMYTATHMBHOI0 aiarpamoro. Koxhe

PIBHSIHHSI YTBOPIOE TEH30PH JIiHIHHOTO MpocTopy. ToOTO /17151 pIBHSIHHS

fk=f (xl- D Xiyy e xip) PE3YNBTYIOUMMH BEKTOpPaMH OYIyTh fk,—xls (X KIIBKICTB
BIJMOBIIa€ KUIBKOCTI aprymeHTiB ¢yHkIi). B TepMiHax KOMyTaTUBHOI
JiarpaMu BEKTOPH € JyraMu, 110 MOEAHYIOTh BEPIIMHM f) JIIBOi 1ol rpada Ta
BEPIIMHU X;_ TpaBoi joyi. Takum 4MHOM, 31IHCHIOETBCS TIEPEXI Bijl CHCTEMU
PIBHSIHB JI0 KOMYTaTUBHOI JiarpaMu. B 3BOPOTHOMY HanpsMKy BiJHOBIIOETHCS

3JICKHICTh KOXKHOI BEPIIMHHU JIBOI 10T fi, BiJl BEPIIMH MPaBOi 01 X; 4epe3
IyTH ( fro xis) y BIANOBiAHE PIBHSHHA fi = f (xi Xy ...,xl-p).

Hpuxnan. Ha puc. 1 300paxkeHo pizHi (GopMU MpEACTABICHHS OJHIET 1

Ti€i % 1HGOpMaIIii.

fr = f(x2,x4) 0101 0
f2 = f(x3,%4) 0 01 1 0
fa = f(x1, %2, x5) A=[1 1 0 0 1
fa = fQx1, %2, x3,X5) 11101
fs = f(x3) L

a) 0)

Pucynok 1. ®opmu npencraBieHHs iHQOpMaLii:
piBHsHHSA (a), MaTpulls (0) Ta KOMyTaTUBHA Jiarpama (B).

[IpoBeneno awnami3 Ta JAIOTHhCS TMPAKTUYHI PEKOMEHIAIi 100
BUKOPUCTAHHS BIAMOBIAHOI (OpMH [Jii OKPEMHUX ONTUMIZALIMHUX 3a7a4 Ha
rpadax.

IlepeJiik BUKOPHCTAHMX J7Kepet
Hilding Elmqvist, Martin Otter. Methods for Tearing Systems of Equations in Object-

Oriented Modeling. In: Proc. ESM'94 European Simulation Multiconference Barcelona,
Spain, June 1-3, - 1994, - pp. 326-332.
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CIIOCOBU ABTOMATHUYHOI KJTACU®IKALIL TEKCTY, 1110
BUKOPUCTOBYIOTbhCSA CYUYACHUMU CEPBICAMHU
®enoros K. B., kirillfedotov.info@gmail.com
Boxyxa JI. M., bozhukha.li@gmail.com

Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

Icnye Oarato migxoaiB A0 aBTOMATHYHOI KiIacU(ikaimii TEKCTy, sIKI MOXHa
3rpYIyBaTH B TPH Pi3HI TUIIM CUCTEM: CUCTEMH Ha OCHOBI MPaBUJI; CUCTEMHU HA OCHOBI
MalIMHHOTO HaBYaHHs; T10puaHi cuctemu. [linxoau, Mo rpyHTYIOThCS Ha MpaBUIIaXx,
HNOJUISAIOTh TEKCTM HA OpPraHi3oBaHi TPyHH 3a JONOMOIOK Habopy CTBOPEHUX
JIFOJTMHOIO JTIIHTBICTHYHUX TpaBuil. Ll mpaBuia moBiAOMIISIOTh CUCTEMI, SIK BUSHAUUTH
BIJIMOBIHY KaTErOpit0 Ha OCHOBI BMICTY TeKcTy. KoxkHe mpaBHIIO CKJIalaeThes 3
mabJioHy Ta KaTeropii, o BiAmoBigae oMy ImabmoHy. Cucremu, 3acHOBaHI Ha
MpaBUjiax, 3pO3yMLUII JTIOJIMHI T4 MOXKYTh MOKpAIIyBaTUCS 3 4YacOM. AJie TaKUW MIX1A
Mae aesiki Hepomiku. [lo-mepine, 11l cucTeMy BUMararoTh TNIMOOKUX 3HaHb MPEIMETHOI
oOnacti. BoHn Takox 3a0uparoTh OaraTto 4Yacy, OCKUIBKM CTBOPEHHSI IPABMII IS
CKJIAJTHOT CUCTEMH MOXe OyTH JOCUTH CKJIQJTHUM 1 3a3BHUail moTpedye O6arato aHamizy
Ta TecTyBaHHsA. CHUCTEMHM Ha OCHOBI TpPaBWJI TaKOXX Ba)XKO MIATPUMYBATH Ta
MacImTaOyBaTH, OCKUTBKU JTOJIaBaHHS HOBUX MPABHJI MOXE BIUIMHYTH Ha PE3yJbTaTH
nonepeaHix nmpaswi. Knacudikaiiiss Ha OCHOBI MAaIlIMHHOTO HaBYaHHS IPYHTYETHCS Ha
MUHYJIMX CIOCTEpEKEHHSIX. BUKOpHCTOBYIOUN MonepeIHbo Kiacu(iKoBaH1 HaBYalIbHI
JlaHl, aJlfOPUTM MAITMHHOTO HaBYaHHS MOJKE JI3HATHUCS IPO Pi3HI acomiarii Mik
YaCTMHAMM TEKCTY Ta Ipo Te, 10 MEeBHMM BHUXiJ (TOOTO Ipymna, Kiac, Kareropis)
OUIKYETBHCS NIl IEBHOTO BBeACHHS (TOOTO TekcTy). ['iOpuaHi cucteMu kinacudikamii
MOETHYIOTh KJIacH(iKallito Ha OCHOBI MAIIMHHOTO HAaBUYaHHS Ta Ha OCHOBI MpPaBHIL.
['OpuaHi cUCTEMH MOJKHA JIETKO HAJIAIITYBaTH, JOJABIIW CHEIlalbHI MpaBuia s
TUX KOH(IIKTYIOUMX KJaciB, ki He OynIM NpaBWIBHO 3MOENbOBaHI 0a30BUM

KJ1acU(IKaTOPOM.

* John Gantz, David Reinsel, «The Digital Universe: Big Data, Bigger Digital Shadows,
and Biggest Growth in the Far East», December 2012 — C. 187-192.

e Abdur Rehman, Haroon A. Barbi, Mehreen Saeced, «Feature Extraction for
Classification of Text Documentsy, 2012 — C.285-2809.

o Judpmm FO., «KANTOPUTMBI 1) HHTEpHETa: ABTOMAaTHYECKas KIacCH(PUKAIUS
TekcToBy, 2006 — C. 59-71.
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PEAJIIBAIISI IHTEPIIOJISILIMHOI'O MHOTOYJIEHA JIATPAHXA
3 BUKOPUCTAHHSIM PYTHON
®dirimonosa T.O., tatyana0377@gmail.com,
Komnanens B.C., Vladkompanets28@gmail.com

leporcasnuu mopeosenbro-exoHomiunul yHigepcumem, m. Kuig
IlocranoBka 3agaui. I[loOyayBatu iHTepnossALIAHUN  OaratodsieH
Jlarpamxka L, (x) s Gynkuii f x , mro 3amana tadbnumero. [loOymyBatu rpadik
iHTeprnossiiinol Gpyukmii y L, (x) 3a HasBHUM HaOOPOM TOUOK.

Tabmuug 1. Tabnuuno 3anana GyHkuis f x

xi -3 -2 0 2

f(x) -22 -13 -7 3

Po3p’si3anHs. Y BUnaaky n = 3 po3paxyHKoBa opMysia MaTUME BHUIJIS

[1]:

lg(.X:) (x Xl)(x xz)(x x3) N (x XO)(X XZ)(X xs)

(X ) 5)x x5) ° () ) x) '

(xr ) ) x) + (x x)x x)x x)

(x, x)(x, x)(x, x) ’ (v ) x)(x x) >

Poss'sokemo 3amauy 3 BukopuctanHsMm Python. Immoptyemo HeoOXiaHi

616mioTexu [2] (puc. 1).
import numpy as np

import matplotlib.pyplot as plt
from scipy.interpolate import lagrange

Puc. 1. ImnopryBanHs 6i0mioTex
3amaeMO TOYKH X; Ta BIAMOBINHI 3HaueHHs yHkuii f(x;), i =1,2..,n.
3a gomomororo ¢ynkiii lagranz() peamizyemo no0yaoBy Oararounena Jlarpamnxa

(puc. 2).

x=np.array([-3.,-2.,0.,2.], dtype=float)
y=np.array([-22.,-13.,-7.,23.], dtype=float)
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def lagranz(x,y,t):
z=0
for j in range(len(y)):
pl=1; p2=1
for i in range(len(x)):
if i==j:
pl=pl*1; p2=p2*1
else:
pl=pl*(t-x[i])
p2=p2*(x[j]-x[i])
z=z+y[j]*p1/p2
return z

Puc. 2. IloGynoBa 6ararowiena Jlarpanxka

Bizyanizyemo OTpUMaHi pe3yIbTaTH. [ToGynyeMo rpadik
iHTeprosiiHol  QyHKIIi 3a HasBHUM Habopom Touok. [lepeBipumo
NpaBUIBHICT 00UYMCIEHb 3a jAonoMoror (yHkmii lagrange(), 1m0 HaIEXHUTbH
oi6motemi scipy [3]. Ha puc. 3 HaBemeHo rpadik iHTEpHOISMiiHOT QYHKIIIT,
noOy7oBaHOi 3a HasBHUM HaOoOpoMm TouoK 1 rpadik ¢ynkuii Jlarpanxa,
noOyaoBaHoi 3a jgomomororo lagrange(). Mu oTpuMmanu ieHTUYHI Tpadik.
Mo>kHa 3poOUTH BUCHOBOK, 1110 OaratowieH Jlarpana no0y1oBaHO IPABHIIBHO.

Lagrange Polynomial_1 Lagrange Polynomial_2

20 20

-10 ~10

=20

Puc. 4. Bizyani3ariist pe3ysbTariB
BuchoBku. B pobGoti peamizoBaHo OaratouneH Jlarpanxa 3
BUKopucTanHsM Python. Pesyneratu BisyasnizoBano. ['padiku iHTEpHOISAIiHHOT
¢ynkuii Jlarpanka 3a HassBHUM Ha0OpOM TOYOK 1 3a Jla JOMOMOIOK (PYHKIIT

lagrange() criiBmanu.

Cnycox BUKOPUCTAHMX J7KepeJt

1. IlporpamyBaHHS YHCIOBUX METOiB MOBOIO Python : HaBu. moci0. / A. 1O.
Hopomenko, C. JI. [Toropinuii, f. FO. Joporuii, €. B. I'mymiko ; 3a pea. A. B. AnicimoBa. —
K.: Bunasanvo-nonirpadiuynuii nentp "KuiBcekuit yHiBepcuter”, 2013. — 463 c.

2. NumPy. [Enexkrponnmuii pecypc]. - Pexxum nocryy:
https://numpy.org/doc/stable/index.html#

3. Scipy. [Enexrponnuii pecypce]. - Pexxum moctymy: https://docs.scipy.org/doc/scipy/
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HABJIMKEHHS ®YHKII ITIOJIHOMOM TEMJIOPA 3
BUKOPUCTAHHSAM PYTHON
®dinximonosa T.O., tatyana0377@gmail.com,
Can:xapos /I.P., daniilsan347@gmail.com

epatcasnuii mopaogenvbHo-ekoHoMiyHUl YHigepcumem, M. Kuis

IlocranoBka 3amauvi. AmnpokcuMyBaTh  (PyHKIIIO  f(x) = x + sinx
noiainomoMm Teitmopa 4 creneni Ha Bigpisky [—2;2]. ITobymyBatu rpadik
3aJ1aHo1 Ta HaOJIMKEeHOT QYHKIIINA Ta BUSHAYUTH MTOXHOKY.

Po36’a3anns. 3naiineMo MoxifHi A0 I1’ATOro NOPSAKY Ta iX 3HAYECHHS IIPH

x=0][1]:
f'(x) =14cosx,
f"(x) = —sinx,
f"'(x) = —cosx,
f®(x) =sinx,
f®(x) = cosx,
f(0)=0,f'(0) =2,f"(0) = 0,f"(0) = —1,f®(0) = 0.
Maewmo:
fG) = f(0)+f'(0)(x - 0) +f"(0)( — O +f”'(0)( 2k +f®(x )( 0)4
[TincTraBisitoun KOHKPETHI 3HAYCHHS:
f(x)=0+2x+0- x—2—£+0 £~2x—£
2 6 24 6

JIns OIIHKK MOXWUOKHM OIHUMO II'SATy moXimHy. II’sTa moximHa npwu
x € [—2;2] He nepeBunryBarume 1, Tomy npu oriHI nmoxudku M BizbMeMoO 1, 1

MaAEMO.
f (¢ - 2)*

Po3B’spkeMo 3amauy 3 BUKOpucTaHHsAM Python. Immopryemo HeoOXinHi

oi6moTteku (puc.l) [2, 3].

1]|-2),
=— 3| =

4

15

dt = —

R <—
IRl 24

Sympy sp
math

Puc. 1. Imnopr 6i0mioTex
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CrtBopumo ¢yHKIIIO faylor(), sika CTBOPUTH HAOIMKEHY QYHKIIIIO (puc.2).

( ):

diffs = []
i range ( )
diffs (sp ( 1))
Y
i range(n)
y diffs[i] * ( yx*i (i)
Y

Puc. 2. ®ynxkmis taylor()
CTBOpHMMO CIIMCOK CHMBOJIB X, 3amaiimo ¢yHkmiro f(x) = x + sinx

(puc.3) ta modyayemo rpadiku (puc.4).

X sp ( )

f = x + sp.sin(x)

taylor_x (f, x, 4)

sp (taylor_x, f, (x ))

Puc. 3. 3aganns 3MiHHUX Ta MoOya0Ba rpadikiB

44

P

Puc. 4. I'padixu pynkuii f(x) = x + sinx Ta HabIMKEHOI A0 Hel
BucnoBku. 3amana (QyHKIis anpokcuMoBaHa OaratowieHoMm Teinopa,

noOyaoBaHo rpadik opiriHaabHOI Ta HAOMMKEHOT (YHKIIN 3 BUKOPUCTAHHAM

Python.

CnHcoK BUKOPHCTAHMX JKepet

1. Yucenwsui metoau: koucrekT jekiiii / O.B. I'opma. — K.: KHYBA, 2009. — 76 c.

2. Sympy Python. [EnektponHnuii pecypc]. - Pexxum goctymy:
https://www.sympy.org/en/index.html

3. Math Python. [Enextponnuii pecypc]. - Pexum goctymy:
https://docs.python.org/3/library/math.html
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DEVELOPMENT OF A NEURAL NETWORK FOR SOLVING THE
PROBLEMS OF MEDICAL DIAGNOSTICS
Furs S.0., sesergejfurs@gmail.com

Chernitska O.V., chernitskaya.olga@ukr.net

Oles Honchar Dnipro National University

A large number of medical institutions, whether private or public, need
automation and improvement in various directions, especially when it comes to
establishing patient diagnoses. This process is always different for each person,
but still has the same type of actions and algorithms based on special analyses,
research and personal experience, which the specialist comes to a more likely
diagnosis.

To implement the problem of disease diagnosis, a feed-forward neural
network was chosen, which transmits information from input to output and has
layers, where each layer consists of input, output, or hidden neurons. The
neurons of the same layer are not connected to each other, but the layers are
closely connected. This neural network is trained using the method of error
backpropagation, in which the network receives sets of input and output data.
This process is called "learning with a teacher".

To train the neural network, a classified and organized database was
loaded, where the data is official and collected by one famous medical university
from real patient disease stories and their diagnoses. A neural network trained on
these data can make a diagnosis with minimal error. To obtain a diagnosis, the
neural network receives input data such as gender, age, blood pressure, sports
activity (must be from 1 to 10), cardiac workload, and others. At the output, the

system offers a ready-made diagnosis.

1. Cy66otin C.O. HelipoHHi Mepexi: Teopis Ta MpakTHKa: HaB4. moci6. — XKXuromup:

Buga. O.0.€Benok, 2020. — 184 c.
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AHAJII3 TA NOPIBHAHHS EGEKTUBHOCTI KYBATYPHOI
OOPMYJIU CIMIICOHHM TA METOAY MOHTE-KAPJIO
HABJIMKEHOI'O OBYUCJIEHHSA IHTEI'PAJIIB

Xapyn JI.K., davidharun3151@gmail.com, Boaxomko B. JI., VVL56@i.ua,

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

[aTerpan - oaHe 3 HAWBAXKIMBIIIKUX MOHATH MATEMATUYHOTO aHAJI3Y, SKe
BUHUKAE MPU PO3B’A3yBaHHI 3aB/IaHb:
- 3HaxOJKeHHs Iioull (irypu, oOMexeHOi KPUBOIO;
- BHW3HAYCHHS JOBXHWHH NUIIXY Y BHMAAKY HEPIBHOMIPHOTO PYXY;
- 3HAXOPKEHHS Macu HEOJJHOPITHOTO Tija;
- 3ajJa4a BIJIHOBJICHHS (YHKIII1 3a 11 TOX1IHOIO (HEBU3HAYEHUN
1HTEerpan).

CrpolieHo 1HTerpail MOXKHA TMOJATH SK aHAJOT CYMH JUIsl HECKIHYEHHOTO
YyCcia HECKIHYEHHO MaJIUX JI0JIaHKIB. 3aJIKHO BiJl IPOCTOPY, HA AKOMY 3ajaHa
nigiHTerpaibHa  QyHKIIS, 1HTErpal Moke OyTH MOJBIMHUM, MOTPIMHHM,
KPUBOJIHIMHUM, MOBEPXHEBUM. [CHYIOTH Pi3HI MIAXOAW BU3HAUYECHHS IHTErpalia
— po3pi3HsAIOTh iHTerpanu Pimana, Jlebera, Ctunrheca Ta iHmil [1].

Po3BuTok MarematuyHoi (PI3UKM TPUBOAUTH JO YCKIAAHEHUX 1
PI3HOMAaHITHUX ITOCTAHOBOK T'PaHUYHUX 3aJa4, MEepeBaKHA OUIBLIICTh SAKUX
noTpedye epeKTUBHUX METOJIB OOYMCIICHHS 1HTETPaJliB y BUITAJKAX CKIQJTHUX
dbopm obnacteit BuzHaueHHs ¢GyHKIINH. CKIagHOI MOXe OyTH TakoX cama
GyHKLIS, TEepBICHY SKOi HE 3aBXIW BHAeThbcs 3HaWTU. Hapasi e Oarato
e(eKTUBHUX TPATUIIHHUX 00UMCITIOBAIBHUX METOIIB (hopmyrna CimricoHa), sKi
MPOCTI Y 3aCTOCYBaHHI J0 OJHOBUMIPHMX I1HTerpaiiB. JIJisl 1HIIMX BUIAJKIB,
3acTOCyBaHHSA WX (GOPMYIT CTa€ OB CKIIATHUM a00 B3araiai HEMOXKITUBUM.

Metoqu Monre-Kapno (MMK) — 1ie 4ucenbHI METOAU PO3B'S3aHHSA
MaTeMaTHYHUX 3a7ad 3a JIOTIOMOTOI0 MOJENIOBAHHS BHIAJKOBHX BEJIHYHMH.
MMK 103BOJISAIOTH YCIIIIHO PO3B’A3yBaTH MaTeMaTH4YHI MpoOJIeMu, 3yMOBJIEHI

WMOBIpHICHUMHU mponecaMu. Jljisi BUpIlIEHHS 3aBAaHb MOXKHA MOB’SI3aTH iX 3
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BUMAJKOBUMHU YHUCIAMU, TOOTO IMITYYHO MOOYIyBaTH WMOBIPHICHY MOJEINb 1,

HaBiTh, HE OJIHY, 110 HEPIAKO CIIpOIIye MpodieMy. Po3ristHeMo, HalpuKIIa

] = f bf(x)dx

[Ipu oOumcieHHi 1pBoOro iHTErpaga 3a GOpPMYJIOK NPIMOKYTHUKIB
iaTepBan [a, b] po3buBaeMo Ha N OJHAKOBHX IHTEPBAIIB, Yy CEPEIAMHAX SIKMX
OOYHMCHTIOBANIUCS 3HAa4YeHHs MiAiHTerpanbHOoi (yHKIii. OOYHUCIEHHS 3HAY€Hb
GyHKIIT y BUMTAKOBUX TOYKAX Ja€ OUIbII TOYHHUNA PEe3yIbTaT:

b b—ax
= 0~ == D 100

Xi =a+yi(b—a)

TyT y; - BUIaaKOBe 4KCIIO, PIBHOMIPHO po3mnojiieHe Ha iHtepsaii [0, 1].

1

[Toxubxa o6uncnenns iHrerpana MMK ~ ~

Kyb6arypna ¢dopmyna CimrncoHa Mae B OCHOBI KBaapaTypHy GdopMyity

CiMIIcOHa 3aCTOCOBaHY JBIYi 10 PO3MUCAHOIO IHTErpaly uepe3 MOBTOpHUM [2]:

A B K (A
jf f(x,y)dxdy = j dxj f(x,y)dy = §j f(x,y0) + 4f(x,y,) + f(x,y,)dx
5 a b a

A

k A A
=§j f(x,yo)sx+4j f(x,yl)dx+f f(x,y,)dx
a a a

hk
=9 (f(Xo»YO) + £(x2,y0) + f(X2,¥2) + f(x0,y2) + 4f(x0,y1)
+ 4f(xq,yo) + 4f(x3,y1) + 4f(x1,y2) + 16f(X1»Y1))

[Ipn Bu3HAueHHI €(EKTUBHOCTI METOMAIB 3BEPTAIOTh YyBary Ha Taki
napameTpu SK MBUAKICTb OOUMCIEHHS Ta TOYHICTH BIJINOBIJI Y KOHKPETHUX

3a7a4ax.

Bioaiorpagiuni nocuiaanus
1.KpatHi, kpuBoIiHiiiHI, MOBepXHeBl iHTerpanu. Enementu teopii mons — Poman-uyk H.O.,
[MMamosan H.O., Maiit6opoaa O.B. — HYK, 2020 — 152 c.

2.Buma marematuka. — B.I1. Jlere3a, M.A. Maptunenko, O.1. IBanoBa. — UeTBep-Ta xBUJIA,
2014 — 368 c.
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OIIIHKA OBIPYHTOBAHOCTI KJIACTEPU3ALII JUISI JAHUX
BHUCOKOI PO3MIPHOCTI

Xoaoma LI., holoshai@gmail.com, Hakoneuna T.B.

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

Knacrepusariisi € ojHi€r0 13 3aJad JIOT1YHOTO aHajizy JdaHuX. Ii
npu3HaueHHs (HOpMaIbHO MOKHA BU3HAUUTH SIK PO3OUTTS CYKYIMHOCTI 00'€KTIB
Ha OJIHOPIJHI 3a SKOKIOCh O3HAKOK Ipynmu — KiacTepu. ['0jloBHA BiAMIHHICTH
KJactepu3anii Bia kiacudikaiii mosisrae B TOMy, IO TEpIiia 3 HUX HE Mae
YKOAHUX BIJIOMOCTEH MPO KJIACH, SIKI 1l HAJEKUTh BUAUIMTH, 32 BUHSATKOM, Yy
KpalmoMy BHUIAJKYy, iX 4YHCiIa 4Yd po3Mipy. HalOinpmoro mommpeHHs
Kjacrtepusanis Habyna y  Oiojorii, OloiHpopmaTHill, MapKETUHIOBUX
JOCIIIKEHHSX, 1HPOPMALIIMTHOMY TOIIYKY 1 HABITh y IICUXOJIOTII.

Opni€ero 3 YUCIEHHHX O0JIACTe 3aCTOCYBaHHS KJacTepU3allili € MOIIyK
300pakeHb 32 3MICTOM. ICHY€ TinoTe3a, U0 aKTUBHO PO3pOOJIAETHCA 1 HA JaHUM
MOMEHT MIATBEP/PKEHA PSJIOM EKCIEPUMEHTIB, MpPO Te, W0 JUIs PI3HUX
CEMAaHTUYHUX KJIAClB 300pakeHb OyJe KOPHUCHO BHUKOPUCTOBYBATH pI3HI
QJITOPUTMHU TIONIYKY 3a 3MicTOM [1,2], a BUAIJIEHHS KJIACiB 13 MHOXKUHU JTaHUX —
npsiMe 3aBJIaHHS KJlacTepu3ailii.

Mera paHoi poOOTM mToJArae 'y BHU3HAYEHHI HOBOI  METPUKH
OOTPYHTOBAHOCTI, IO MOEAHYE B COO1 MOXJIMBICTH JE€AKOTO '"Bi3yaJIbHOTO"
CIPUMHSATTS PE3yJbTATIB KiacTepu3allii Ta BIPHY OLIHKY SKOCTI OJep>KaHOi
KJIACTEPHOI CTPYKTYPH.

3anponoHoBaHa METpHUKa OOIPYHTOBAHOCTI 0a3yeThCs HA JABOX OCHOBHHX
MOHATTSIX: 0O KIIacTepa Ta winbHicms KiacTepa.

Knactepuum spoM, 3araioM, Ha3UBA€ThCS YACTHHA €JIIEMEHTIB KiacTepa,
HaWOUIBII HAOMMKEHA J0 HOro HeHTpy. Y Iiil poOOTI MU BU3HAYAEMO Pailyc

KJIIaACTCPHOTO dapa AK
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TYT 7; 1€ cepelHs BIACTaHb MDXK ILIEHTPOM KjacTepa Ta KIAaCTEepHUMHU
€IEMEHTaMH, a ; — CEpeAHbOKBAJpPAaTUYHE BIAXWICHHS BHIIE3raJaHoOl

BEJINYNHU.
3a3Buyail mij MIUTHHICTIO KJIacTepa MalOTh Ha yBa3l AUCIEPCIIO BiJCTaHEH
BiJI KOYKHOTO €JIEMEHTA JI0 IICHTPY KJacTepa.

Mu nponoHyeMo po3paxoByBaTH LILIBHICTh KJIacT€pa HACTYITHUM YHHOM

VY pa3t R; ue paailyc KJIacTEpHOIO sJpa, BAZHAYEHUN BUILE, a N; YHUCIO
€JIEMEHTIB, CKIaJ0BHUX sApo. OIIHKOIO Il BChOTO PE3yJIbTaTy KiacTepu3allii

OyJe cepeHs MUIbHICTh

TakuM YMHOM, MU OTPUMYEMO METPUKY OOIPYHTOBAHOCTI, SIKa JIETKO
oOYHMCIIOBaHA, CTIMKA [0 BHUKWIIB 1 3/1aTHa JaTH BIPHE YSABIEHHSA PO
KOMIIaKTHICTh KJIACTEPIB Ta OJIM3BKICTh €JIEMEHTIB KJIacTepa JI0 HOTO0 IIEHTPY.

HIinbHICTD Sipa HISK HE BPAXOBYE NPYTUd 3 KPUTEPIIB OOIPYHTOBAHOCTI,
BIJIOKPEMJIEHICTD, aj€ B JAHOMY BUIAAKY L€ MPUIYCTUMO, OCKUIbKH KJIACTEPH
300pakeHb 37€OUIBIIOTO HE € YITKUMHU. 3pO0JICHI EKCIEPUMEHTH TMOKA3YIOTh,
10 HE3BaKAIOUM Ha MPOCTOTY BBEJEHA METpPUKA 37aTHA HaJaBaTH aJeKBaTHI

pe3yJIbTaTH.

Biosiorpagivyni nmocuianus

1. George Karypis: CLUTO A Clustering Toolkit.
2. Moses Charikar, Chandra Chekuri, Tomas Feder, Rajeev Motwani:
Incremental Clustering and Dynamic Information Retrieval.
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KOMIT'IOTEPHE INIPEJICTABJIEHHS TEKCTY HA OCHOBI
IITYYHOI MOBH ITKY1JIb
Xpanak B. C., Muxaasuyk I'. H., bohdan.khrapak@gmail.com

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

[IpencraBiaeHHsT TEKCTy 3alHMIIAETHCS OCHOBHMM 3aBIaHHSIM y 00poOii
OPUPOAHOI MOBH, OCKUIBKM 0arato BaKJIIMBUX 3aCTOCYBaHb Y CYMDKHHUX
00NacTAX TMONSIraloTh Yy PO3YMIHHI pEYeHb, HAMPUKIAJ, Yy3arajJbHEHHS,
MaIllMHHUH TIepeKIIaj, aHalli3 HacTPOiB i cucTeMa aiajiory [1].

B Toi1 ke yac, npobiaemMu IpeaCTaBI€HHS MOBU JOCITIKYBAIUCA HE TUIbKU
B KOMIT'IOTEpHUX HayKax, ajie B 0araThbOX IHIIMX, 30KpeMa - JIHTBUCTHII. Sk
OJMH 13 TPUKIAAIB JOCIIDKEHHS - INTy4Ha MoBa ITKyinb. ITKyinp - 1e
eKCIIEpUMEHTaJIbHA CKOHCTpYHOBaHa MoBa, ctBopeHa /[xonoMm Kixanoro. Bona
po3pobiieHa, 100 KOPOTKO, aje 4YITKO BHUCJIOBUTU OUIBII TJIMOOKI PiBHI
JIOACHKOTO Mi3HAHHS.

CtBOpeHHs peueHHd B ITKYinb CKIagaeThes 3 psiiy KPOKIB, HA KOXKHOMY 3
SAKUX OOMPAETHCS OJUH YU JEKUJIbKa CHUMBOJIB, SIKIi OyIyTh pENpe3eHTYBATH
NIEBHI XapaKTEPUCTUKU peueHHs [2]. Sk mpukiaa, MOKHA POTISHYTH TaOJIUIIIO
Kkpoky |V, saxuii Bianosigae 3a GyHKIit0, cnenugikaliio Ta KOHTeKCT (Tadim. 1).

Tabmuus 1 — TaGnuis 3HaueHsb Kpoky 1V

DyHKUiA Cnenudi- Konrekcer
Kanis
Ex3ucren- | ®yHKIiOHAJILHUH Ilpencras- | 3mimanui
HiaJLHHUN HUILKHUHA
CraTnuna Bba3zoBa a al 1la/ua ao
3micToBa a au le/ ué ao
YcranoBua e el 10/ 14 eo
IIpeameTHa 1 eu 10 / U€ €0
JAnnamiuna bazoBa u ul ua/ia oa
3micToBa u Iu ue /1€ oa
YcranoBua 0 ol uo / 0a oe
IIpeameTHa 0 ou uo / 0é oe
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Crmparounch Ha rpaMaTUYHY KOHCTPYKIIFO MOBH ITKYinb, 3aIIpOIOHOBAHO
CTPYKTYpy NpeACTaBIICHHS PEUYCHHs, ska Oyae BijoOpakaTH BCl HEOOXITHI
XapaKTEPUCTHKHU. BisbIlie TOTO, AJISI TOYHINIOTO NEpEeIaHHsS HEOTHO3HAYHOCTEH
IPUPOJHUX MOB CTPYKTypa BMIINIyE HE OAHO 3HAYCHHS XapaKTCPUCTUKH, a
T MaCUB MOXKIIMBUX XapaKTEPUCTHUK. Tak, HAMPUKIIAMA, 3arajibHy CTPYKTYpPY

3 XapakTepucTHUKaMu 3 Kpoky |V nmonano Ha pucyHky 1.

SentenceStructure

+context: List<ContexEnum>
+function: List<FunctionEnum>

+specification: List<SpecificationEnum>

[...]

Pucynok 1 — CtpykTypa npeacTaBiIeHHS TEKCTY
BukopucTaHHs Takoi CTPYKTYpH Y SIKOCTI aOCTPAKTHOTO HE3aJIEKHOIO Bij
MOBU TIPEJCTaBICHHS JOB30JII€ TIOKa3yBaTH HEOJHO3HAYHI MOMEHTH B
nepexiani. Hampuknan, ¢paza “You smiled” oTpumye MOMUIIMBI 3HAYEHHS
KUTBKOCTI MiAMETa K OJHUHA, 1 MHOXKMHA, a P11 — SIK Oyab-sakuil. [lepekman miel
dbpas3u ykpaiHChKOIO 3 1HTep iHrBa € “Bu nmocmixnynucs”, “Tu mocMixHymnacs”,

“Tu nocmixHyBes”, “Tu MOCMIXHYJOCS .

Bibsiorpagivyni nmocuianus
1. Sentence Representation [EnextponHMit pecypc]. Pexxum JOCTYIIY:
https://link.springer.com/chapter/10.1007/978-981-15-5573-2_4.
2. A Grammar of the Ithkuil Language - Introduction [Enextponnmii pecypc]. Pexum

nocrymy: http://www.ithkuil.net/00_intro.html
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CUCTEMA HIATPUMKH MPUMHSATTS PIIIEHD Y 3ATAYAX
OIITUMIBAHIMHOI'O TEOMETPUYHOI'O NIPOEKTYBAHHSA
Yyraii A.M., SAcbkos I'.'M., IllexoBuos C.b.

chugay.andrey80@gmail.com, yaskov@ukr.net, tarom7@yahoo.com
Inemumym npobnem mawunodyoysanus im. A.M. ITiocopnoco HAH Ykpainu

OnHuM 13 THCTPYMEHTIB BHUBYEHHSI Ta ONTHUMI3allli CKIaJHUX TEXHIYHHUX
CUCTEM Il JOCATHEHHS CTaHy iX ONTHUMAJIbHOTO (YHKIIIOHYBAaHHS € Teopis
ONTHUMI3alIMHOTO TEOMETPUYHOTO TMPOEKTYBAHHA, SKa MpPU3HAYCHA JJIA
BUpIIICHHS KJacy TMPHUKIAJHUX ONTUMI3AlIMHUX  3aJa4  PO3MIIIECHHS
reoMeTpuyHux 00'ekTiB (po3Kkporo, makyBaHHs Ta mokputts) [1]. Lli 3amaui
MOB's3aHI 31 CTBOPEHHSIM €HEPro- Ta pecypco30epirarounx TEXHOJOTIH B
€HEepreTulll, MalllhuHO-, CYAHO-, aBlaOyJqyBaHHI, OyJIBHUUTBI, XIMIYHIH
MIPOMHUCIIOBOCTI, @ TAKOX Y HAYKOBUX JOCIIKEHHSX Y raidy3l HAHOTEXHOJIOT1H,
y CyYacHHUX 3ajJadax 010jI0Tii, MiHepajorii, MeIUIIMHK, MaTepiaJo3HaBCTBA, B
poOOTOTEXHINI, 337adyax KoAyBaHHs 1H(}oOpMalli, cucTeMax poO3Mi3HABAHHS
o0Opas3iB, cUCTeMaxX yMpPaBJIIHHSI KOCMIYHUMH arnapaTaMHu IiJl Yac aBTOMAaTHU3allli
Ta MOJIEJIFOBAHHS MTPOLIECIB PO3MIILIEHHS PI3HUX TPUBUMIPHHUX TIII.

Jist 3ama4 TEOMETPUYHOTO TPOEKTYBAHHS CPOPMYIIOEMO 3arajibHy
MOCTAHOBKY Ta y3araJlbHEHy MaTEeMaTU4YHy MOJEIb, SIKa MOXE MaTH BEJIUKY
KUIBKICTB PI3HUX peaiizaiiil (pi3Hi GyHKIIT L1, TEXHOJIOTTYHI OOMEKEHHS).

B nmanwmii yac CTBOPEHO MOCHUTH IIMPOKUN CIEKTP METOIB PO3B’SI3aHHSA
ONTHUMI3alIMHMUX 33]1a4 PO3MIIIECHHS IBOBUMIPHHUX Ta TPUBUMIPHUX TLJI.

Cnin  3a3Ha4yuTH, W0 CKJIAIHICTh AHAJITUYHOTO ONUCY 0O0JacTi
JOMYCTUMHUX pillleHb, 0araTOBUMIPHICTh 1 0araToeKCTpeMalabHICTh ITUX 3aj1ad,
HEeNHINHICTh (QYHKIIH oOMexeHb O00JacTi AOMYCTUMHUX pIIIEHb BHUMAraroTh
pPO3pPOOKHM CyYacHUX IHTENEKTyaJdbHUX 1HGOPMAMIMHUX TEXHOJIOTIN M iX
e(eKTUBHOTO BUPIIICHHS.

Uepes cCckIaaHICTh MaTeMaTUYHUX MOJENeH 3aJad  ONTHUMI3alliitHOTO
T€OMETPUYHOTO TPOEKTYBAHHSA Ta HAA3BUYAWHO BEJIMKY OOYHCITIOBAIBLHY
CKJIQJIHICTh JIJIS YCIIIIHOTO BUPIIIEHHS TaKUX 3aJlad HeOOX1JHO 3aCTOCOBYBATH
Cy4YacHi MJIX0/IH.
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CydacHUM MiIXOAOM JJisi JOCSTHEHHS MaKCHMaJbHOTO MpPOTrpecy Y
BUPIIICHH] CKJIQJIHUX HAyKOBHUX IPoOJieM Hapasi € "MTYyYHUH 1HTEJIEKT", OJJHUM
13 HampsIMIB SIKOTO € IHTENEKTyaldbHI 1H(OpMAaLiiiHI TEXHOJOTII [2], 10 Aal0Th
3MOT'Y CTBOPUTH 1HTENEKTYyalbHI cucTeMH. BoHU 31aTHI BUpIlTyBaTH 3a/1a4i, 1110
TpPaJMIIITHO BBAXAIOThCS TBOPYMMH Ta HAJIEKaTh O KOHKPETHOI MPEeIMETHOT
rajysi.

Ilin  iHTEeNeKTyalpbHOIO  1H(OpPMAIIITHOIO  CHCTEMOI0  PO3YMIIOTh
B3a€EMOIIOB'sI3aHy CYKYIHICTh 3ac001B, MOJENIEM Ta METOiB, aJIrOPUTMIB Ta
IPOrpaMHOro 3a0e3MeYeHHs, 3JaTHOro OOpOOMTH MacuB BXIAHOI 1H(OpMaIii
npo 3ajady, TMpoaHaT3yBaTH CHUCTEMY TEXHOJOTIYHUX OOMEXEeHb Ta,
IPYHTYIOUMCh Ha MPOBEACHOMY aHaji3l, BUOpaTH ONTHUMaJbHY MaTE€MaTU4YHY
MOJIeNIb Ta CTPATEril0 PO3B’SI3aHHSA, CAMOCTIHHO MPOBECTH HAaJAIITyBaHHS
rapaMeTpiB METOJIB BHUPIIICHHS 3aJICKHO BiJ BUXITHUX AaHUX Ta crenudiku
PO3B's13yBaHO1 3a/1aul.

st po3poOKM 1HTENEeKTYadbHUX TEXHOJOTI BEJIMKE 3HAYCHHS Mae
BUSIBJIICHHS 3arajbHUX 3aKOHOMIPHOCTEN MOJENIOBaHHS ONTUMIZAIIMHUX 3a]a4
r€OMETPUYHOTO MPOEKTYBAaHHS, IO TMOB'A3aHO 13 3a0€3MEUCHHSIM MOKJIIMBOCTI
3aCTOCYBaHHS METOJIB BHPIIMIEHHS OJHOTO KJIAcy 3aBJaHb JIO 1HIIOTO,
BIJIMIHHOT'O 32 CBO€I0 HE(POPMAIIbHOIO TOCTAHOBKOIO.

CTBOpEHHS 1HTEIEKTyaJIbHUX TEXHOJOTIA BUXOJSYU 3 €IMHOTO MITXOTy
0 MaTeMaTHYHOTO MOJCIIOBAaHHS Ta BHUPINICHHS ONTHMI3AIIMHUX 3a7ad
NaKyBaHHsS TPUBUMIPHUX TIJ Ha 0a3l apceHairy 3aco01B, PO3BUHEHHUX y paMKax
TEOpii OMTUMI3AIIMHOTO TEOMETPUYHOTO MPOEKTYBAHHS, JAaCTh MOXKIIMBICTH
CTBOPUTH CydacHY iH(opMaIlliiiHy cucTemy, 10 3a0e3nedye aBTOMATH30BaHY
HNIATPUMKY TPUWHSATTSA PIMICHb Yy 3ajadaX ONTHMI3alliHOTO TE€OMETPUYHOTO

IMPOEKTYBAHHA.

Chernov N., Stoyan Y., Romanova T. Mathematical model and efficient algorithms for object packing
problem. Computational Geometry. Theory and Application. 2010. Ne 43(5). C. 535-553.

Pashchenko F. F., An B. T., Hieu T. D., Pashchenko A. F. and Trong N. Van. "Intelligent
Technologies in Decision-Making Support Systems,” 2020 International Conference Engineering and
Telecommunication (En&T), 2020, pp. 1-4, doi: 10.1109/EnT50437.2020.9431248.

225



MATEMATHUYHE TA TPOTPAMHE 3ABE3INEYEHHA IHTEJIEKTYAJIBHUX CUCTEM

PIEZOELECTRIC BIMATERIAL WITH ELECTRICALLY
CONDUCTIVE AND ELECTRICALLY PERMEABLE COLLINEAR
CRACKS AT THE INTERFACE
Shevelova N.V., nataliya.shevelyova@gmail.com,

Khodanen T.V., thod@ua.fm

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

The problem of the electrically conductive and electrically permeable cracks
situated along an interface of two piezoelectric materials is considered. The
materials polarization is co-directed with the crack front and an anti-plane
mechanical loading and an in-plane electric field are applied. A combined
Dirichlet-Riemann boundary value problem with respect to the function analytic
in the whole plane cut along the crack segments is formulated. An analytical
solution of this problem is presented. It permitted to find relatively simple
expressions for the shear stress and the electric field at different bonded parts of
the material interface. The intensity factors of these components at the crack tips
are also found. The mechanical and electric displacement jumps along the crack
regions are presented and their behavior at the crack tips are considered. Special
attention is devoted to the energy release rates. With use of asymptotic
expressions of the stress, electric field, mechanical and electrical displacement
jumps at the crack tips the analytical expressions for the ERR are found for the
electrically conducting and the electrically permeable cracks, respectively.

The results of the numerical analysis demonstrated the variations of the crack
sliding, electric displacement jump, stress and electric field along the
correspondent parts of the material interface for different distances between the
cracks at different intensities of mechanic and electric loadings. The associated
variations of the ERR are demonstrated. It is found that for a large distance
between cracks the electric field significantly affects the ERR of the electrically
conductive crack and does not change these values for the electrically permeable

one.
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TEXHOJIOI'TSI BUBHAUEHHS PO3MIPY OB’€EKTA
HA MEJUYHUX 306PAKEHHAX
IlleBuenko P.P., groleore@gmail.com

Manyra O.M., olga.matsuga@gmail.com

Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

ITix gac ompalfoBaHHs Ta aHaJli3y MEJIUYHUX 300pakeHb MOCTa€e MoTpeda
BUJIIJISAITA HA 300pOKCHHSX TIeBHI O0’€KTH Ta OOYHCIIOBATH iX PO3MIp.
Hampuknan, y TiHeKkosorii JJjis BU3HAUEHHA TEPMIHY BariTHOCTI Ta
JIarHOCTYBaHHsI 3aTPUMOK Y PO3BUTKY IUIOAY JIKapi-aKylIepud OLIHIOIOTh
pO3MIp MaTKU 3a 300paKE€HHSIMHU, OTPUMAHUMHU 32 JIOMIOMOTOI0 YJIBTPa3BYKOBOI
JMiarHOCTUKU. B oOHKoOJOTIi Jyisi TPUHHATTA PIMIEHHS PO HEOOXIIHICTh
XIpypriuHOro BTpYyYaHHS OOYMCIIOIOTH 00’€M NYXJIMHU Ha 300pa’KEHHSX,
OJIep’KaHuX 3a JOMOMOTrol MarHiTHO-pe3oHaHcHOi (MPT) abo xomm’roTepHOi
Tomorpadii.

VY naniit po60Ti 3a7aH0 300paxkeHHs MPT rojioBHOTO MO3KY MAalll€HTIB 13
yIepIe JiarHOCTOBAHOKO TJ11007aCTOMOIO 1 TTOCTABJICHO 3aJiady BHUIIJICHHS Ha
[UX 300pakKeHHAX MyXJIMH Ta OOYUCIICHHS iX PO3MIpY.

Jiist po3B’si3aHHA 1Mi€1 3a71a41 3alIPOTIOHOBAHO OOUYUCITIOBAIEHY CXEMY, SKa
0a3yeTbcs Ha KOMOIHYBaHHI aJITOPUTMY HapoOIIyBaHHsS o0sacTi (region growing)
Ta aJITOPUTMY BUIUICHHSI KOHTYpIB. CXeMa CKJIaJIa€ThCsl 3 HACTYITHUX €TaIliB:

1. OOupaeMo MOYATKOBY TOYKY Ta 3aJa€EMO MOPOTOBE 3HAYCHHS IS
aJIrOPUTMY HapOIllyBaHHS 00J1aCTi.

2. OTprMyeEMO MHOKHHY TOYOK CETMEHTY 3a JIOMIOMOTOI0 aJTOPUTMY
HapOIIyBaHHS 00JIaCTi.

3. Ha mnouaTkoBOMy 300pa)keHH1 ycCi TKCelNl, sIKI HE HaJeXarb
BUIIJICHOMY CETMEHTY, BCTaHOBI0EMO B O (YOpHHIA KOJIIp), a MKCeIi CerMEeHTY
— B 1 (Oinmii xodip). et kpok HEOOXiTHUI K IS 130J1sIM1i1 TOTPiOHOT 00JIacTi,
Tak 1 Jyg OlHapu3alii ycboro 300pa)K€HHS, M0 € HEOOXITHOK YMOBOIO IS

HACTYITHUX KPOKIB
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4, Buninsemo  koHTYpu Ha  300pakeHHi, OJEp)KaHOMYy  Ha
NOMEePEeTHOMY KpOIll 32 JOMOMOIOI0 alrOpUTMy, 3ampornoHoBaHomy Carorri
Cynzyxi.

d. O0uYnCII0OEMO TUTONTY CErMEHTY, IO BIAMOBITAE KOHTYpPY, 3a
nonomororo ¢opmynu ['pina.

BunineHHss KOHTypiB [103BOJISA€, TO-TEpIe, BUKOPUCTATH BXKE 1CHYIOUl
dbopmynu asis OOYMCIEHHS IUIONII;, TO-Apyre, 3MEHIIUTH 00’eM iHOpMaIlii,
AKUA HEOoOX1MHO 30epiratv [Jjis €KCHOPTY PO3MIYEHUX JIaHUX; IO-TPETE,
3pOo0OUTH OUIBII aKypaTHY Bi3yalli3allil0 OTPUMAHOTO CETMEHTY Ta M030aBUTHUCH
Bil “BUKHAIB” (OKPEMHUX TOYOK, IO (DaKTUYHO HaJIeKaTh MyXJIUHI Ta
MOTPAIISIOTh Y MEXKI KOHTYPY, IIPOTE HE MOTPAIUIIIOTh Y MHOKUHY, BHIIIJICHY
QITOPUTMOM HapOIIyBaHHs 00J1acT1).

Cnin 3a3HauuTH, 1Mo ¢Gopmyna ['piHa 103BoJIsIE OOUUCIUTH AOCOIOTHE
3HAQYEHHS TUIONII (KUIBbKICTh MiKceNiB). [l Toro, mob oTpuMaTu 3Ha4eHHS, SIKE
MOke OyTH 1HTEpPIPETOBAHE JIIKAPEM-OHKOJIOTOM, HEOOX1JHO OOUUCIUTH TIJIOILY
YChOTO 3p13y MO3KY (ISl LOrO CJijf MEPEeBECTH IMOYATKOBE 300paKCHHS Yy
grayscale, 3acrocyBaTv MOpPOTOBHI METOJI, a MOTIM KpOKH 4-5 31 CXeMH) Ta 3
metaganux DICOM-aiiny mictaty BioMOCTI IIpo IUIOILY YChOTO 3pi3y y CMZ.
[lo1Ly BHUIIIEHOTO CErMEHTy y CM? (Hampukiaj, ITyXJIUHH) TOMI MOXKHA
BHUPaxXyBaTH Y€pe3 MPOIOPIIIIO.

3anpornoHoBaHa OOYHMCIIIOBaJbHA CXE€Ma pealli3oBaHa y cucTeMi Tumor
Segmentator, sika mpu3HaUYeHa AJIsi CETMEHTAIlli MeIMYHUX 300pakeHb. Cucrtema

TAaKOX JO3BOJISIE 3IMCHIOBATH IMIIOPT Ta EKCHMOPT BHUAUICEHUX oOJacTed y

dbopmati JSSON.
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PO BITHOBJIEHHSA KYCKQBO-HEHIHIﬁHHX PEI'PECIMHUX
3AJIEZKHOCTEMA 3 OJHUM BY3J10M
Ilepemer B.C., valerasheremet96@gmail.com

Manyra O.M., olga.matsuga@gmail.com
Huninposcvruti nayionanvruil ynisepcumem imeni Onecs Ionuapa (Www.dnu.dp.ua)

3amaua BiJTHOBJICHHSI pETpeCciiHUX 3aJIeKHOCTEN MocTae B pi3HUX cdepax
nisTbHOCTI. B 6aratbox cuTyalisx ICHYIO4l 3aJIeKHOCTI HE MOKHA OTHCATH 3a
JIOTIOMOTOI0 KJIACUYHOI JIIHIMHOT a00 HaBiTh KYCKOBO-JIIHIHHOI Moieni. BuHukae
notpeda y 3aCTOCyBaHHI KyCKOBO-HEMIHIMHUX MOJIEIIEH.

Y po0OTI pO3TISHYTO 1 MPOrPAMHO PEalli30BAHO €PEKTUBHI AJITOPUTMU
BIJIHOBJICHHSI KYCKOBO-HETIHINHUX 3aJI€KHOCTEN 3 OJTHUM BY3JIOM.

[lepmr 3a Bce, BapTO 3a3HAYUTH, IO BIJHOBJIEHHSA KYCKOBO-HEIIHIMHHUX
perpeciiiHuX 3a1eKHOCTel 3 OJIHMM BY3IIOM 3a HabopoM Aanux {x;, y;;i = 1,N}
0a3yeTbcsl Ha iX NPUBEAEHHI J0 KYCKOBO-JIIHIMHUX 1 Yy 3arajlbHOMY BHUIJISIAIL
CKJIaJIa€ThCsI 3 HACTYITHUX eTarmiB [1]:

1. IlepeTBOpeHHS MOYATKOBOT'O HAOOPY AAHUX JIO BUTIISITY
{XuY5i=1N}, ne Y = 0;(v), Xi = 92 (x;), a pynxuii ¢4 Ta @, 3anexars
B1JI BUY HEJIIHINHO1 3aJIEKHOCTI.

2. OI1iHIOBaHHS MapaMeTpiB, BKIIOYAIOYH BY30J1 CKJICIOBAHHS, KyCKOBO-
JHIAHOT perpeciitHOl 3a7I€KHOCTI 3 OJJHUM BY3JIOM.

3. 3BOpOTHE MEPETBOPEHHS JIJIsl OJICpKaHHS OLIHOK ITapaMeTpiB
HEJTIHIWHOT MOoJIeTi.

JIst OIiHIOBaHHS TapaMeTpiB KYCKOBO-JIIHIHHOI PErpeciifHoi 3aIeKHOCTI
3 OJIHHUM BY3JOM, IO 3JIHCHIOETbCS Ha JpyromMy Kpolli, aBTOpaMH
3aMpPONOHOBAHO €(PEKTHUBHI MPOTPAMHI AITOPUTMHU [2], BUKOPUCTAHHS SKUX €
OCHOBOIO ISl MIBUAKOTO Ta SKICHOTO BIJHOBJIEHHS HEMHIMHUX MOJIEIEH.
CranmgapTHUl anropuT™M Imependavae, MO0 BY30J CKICIOBAHHS 3HAXOIUTHCS
[UIIXOM Tepedopy yCiX €NeMEHTIB BUOIPKH, 1 JJIs KOXKHOTO TOTEHIIIHHOTO
By3Jla (OPMYEThCS CHUCTEMa JIHIMHMX anreOpaidHuX piBHAHb, JJISI 4YOTrO

3MIIUCHIOETHCSI OOUMCIICHHS CYM €JIEMEHTIB BUOIPKH, iX KBaJAPATIB 1 T.II. IUIIXOM
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o0xoxy yciei BuOipku. Takuil anropuT™M € IOCHTh PECYypCOBUTpATHUM. Jis
MPUIIBUJIIIEHHS] HOTO poOOTH B [2] MPONOHYIOThCS MoaupiKallii, CyTh SIKUX Y
HACTYITHOMY:

1) momepeaHpo ISl KOXKHOTO eJIEMEHTa BUOIPKU pO3paxyBaTh CyMH
MOTPIOHUX BEJIUYHMH BiJl TOYATKY BHOIPKH JI0 IIbOTO €JIEMEHTa Ta BiJ eJIeMEHTa
JI0 KIHIIS BHOIPKH, III0 OOMEKHUTH KITBKICTh MPOXO/I1B BUOIPKOIO IMiT Yac
dhopMyBaHHS CUCTEMH JITHIMHUX aJireOpaidHuX PiBHSHb;

2) BUKOPUCTOBYBATH JUIS MOILIYKY BY3Jia METOJI ONITUMI3allil, HAITPUKIIA],
30JI0TOTO TIEPETHHY.

Ha ocHOBI po3rmsHyToi cXemu Oyjao po3poOJIeHO mporpamHe
3a0€3MeUeHHs] BIJHOBJICHHS KYCKOBO-HEIIHIMHUX PETpeCciiHUX 3aleKHOCTEN 3
OJIHUM BY3JIOM, TlepeBaraMu sIKOro € MIBUIKICTh POOOTH. Y HOMY peaii30BaHO
BIJIHOBJICHHSI KYCKOBO-JIIHIMHOI Ta 22 KyCKOBO-HENIHINHUX 3aiiekHOCTel. [l
KOXKHOT MOJIEJIi TIpOorpaMHe 3a0€3MeUeHHS J03BOJISIE

1) 3HaxoAWTH OIIHKM TapaMeTpiB MoOJieli, BKIIOYAIOUYHd  BY30I]
CKJICIOBAHHS;

2) BimoOpa)kaTu BIJHOBIIEHY perpecito Ha rpadiky 3 KOpeIsUiiHUM
MoJIeM;

3) OyyBaTH TOJIEpAaHTHI MEXI;

4) po3paxoOByBaTH TaKi METPUKH SKOCTI SK KOPiIHb 13 3aJUIIKOBOL
JUcIiepcii Ta KoeImieHT AeTepMiHaIIiT;

5) MoaentoBaTH HaOlp JaHUX HAa OCHOBI 33J1aHOT 3aJI€KHOCTI.

[Iporpamue 3abe3nedyeHHs Hamucano moBow C# wa mmatdopmi NET
Framework 4.6.1. Moro TEeCTyBaHHs OyJIO MPOBEICHO HAa MOJACIHOBAHUX JAHUX 1

3aCBIYMIIO aJICKBATHICTh Ta MIBUAKICTH POOOTH pO3pOOICHOT IPOTPaMH.

Cnycoxk BUKOPHMCTAHOI JiTepaTypu

1. Tlpucraska O.I1., Baiiby3 O.I'., €Emen’ssnenxo T.I'. MeTonu Ta anropuTMu CrijiaitH-
perpeciitHoro ananizy. Jlainponerposcok: Bun-so JJHY, 2012. 144 c.

2. Mamyra O.M., llepemer B.C. EdexkTuBHI anropuTMH BiJHOBJICHHS KYCKOBO-
JMHIHHOI perpecii 3 OZHUM BY3IIOM. Akmyanvui npobaemu aemomamusayii ma
iHghopmayinux mexnonoeiu: 36. Hayk. mip. Quinpo, 2021. T. 25. C. 119-130.
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BUKOPUCTAHHS ITOHATTSA KJIIK 'PA®Y ITPU AHAJII3I
HAJIIMHOCTI CUCTEMMH EJEKTPOXWBJIEHHSA

Ilep6aruii K.FO., gromell99@gmail.com, Typunna B.A.

Huninposcvruti nayionanvruil ynisepcumem imeni Onecs I'onuapa (Www.dnu.dp.ua)

Haniitnicte  iHdpacTpykTypu  MicTa  HampsMy  3aJ€XKUTh  BiJ
0e3mepeOIMHOCTI Mojadl eJIEKTPOCHEPrii crokuBadyam. J[y)ke IMOKa30BHUMH €
CUTYyaIlil, KOJIU y BWITAJIKy BUBEJCHHS 3 JIaqy OJHIET JJAHKW CHCTEMH, 1HIII
€JIEMEHTU HIBEIIIOIOTh TMONIKO/KEHHS, TMOJAal0Yu EJIEKTPOCHEPrilo B 00Xi]
MOIIKOJ/PKEHOT JIAHKH, IO Ja€ MOXIIMBICTH y KOPOTKI TEPMIHHU BIJHOBHUTH
€JIEKTPOIIOCTayaHHs 0e3 3alBUX BUTpaT Ta IMONEPEAHBOrO BIAHOBIICHHSA
CUCTEMHU.

Jlns toro, mo6 BHAUIMTH 13 II€] €HEPreTUYHOI CHUCTEMH IIIJICUCTEMY
(MAMHOKUHY), €IEMEHTHU AKOi OyAyTh MaTH CILIbHI 3’€JHAaHHs (200 CIIOIYKH)
OJIMH 3 OJHUM, MOTPiOHO (opmanizyBaTh caMy MHOXKHHY, BIACTHUBOCTI, 1

CTPYKTYPY MIIMHOXHHH, SIKY IIIYKAEMO.

Jlnst popmanizaiiii JaHoi 3a7avi 3py4yHO BUKOPUCTOBYBATH amapar Teopii
rpadiB. Y BuIagky, KOJAM Ha TYHKTH HE HAKIAJAIOTHCA HIiSKI CIeIialibHi
oOMeskeHHs, oTpuMaeMo HeopientoBanuii rpad G = (V,E),|V| = n, B akomy
BEpUIMHAM BIJNOBIIalOTh MYHKTH 3 €JIEKTPOOOJIaJHAHHSM, K1 KUBJIATH MEBHY
CBOIO TEPUTOPIIO, a IyraM — JIiHIi eJIeKTpornepeaadyl, o 3B’ I3YI0Th TyHKTH MIX
c00010, T03BOJISIIOUHM MTPONYCKATH yepe3 cebe CTpyM B 00UJIBI CTOPOHH.

Toni BuHMKae 3amada — OILIHUTH HaAlMHICTG (L) cuUcTemMH B IUIOMY, Ta
3HAWTH HAMOUIBII HAIIHHY JUISIHKY JaHOI CUCTEMH.

B upomy Bumanky HEOOXITHO 3HAWUTH B HE3BAXKEHOMY rpadi KIIKY
MaKCHMaJbHOTO PO3MIpPYy, BEpPUIMHHM $KOI 1 OyAyTh BIANOBIIATH HaMOUIBII

HAIAHIIINAM JUITHKAM.
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Tax, nms rpady 13 puc. 1 MakcuManabHOIO KIIKOIO Oyae Kilika
(v4, Vs, Vg, Vg, V19), SKa BUiIeHa Ha rpadi. BoHa ckimagaerbcs 3 5 BepiiuH

(TyHKTIB 3 €JeKTpo00JIaIHaHHAM) 1 TpUKMae 3HaYeHHs HaaiiHoCTI L = 5.

9\5 @ o 0

o ©O
/7
o Q’IZ& o
o o\a___s

Pucynok 1. MakcumainpHa Kimika B rpadi 3 He3BaKEHUMH BEpIIMHAMH.

VY BuUNaAKy, KOJIM KOXHIA BEpIIMHI TPHUCBOIOETHCS BIAMOBITHA Bara
(MakcMManbHa CIPOMOXKHICTh MYHKTY), TO MAaKCUMAJIbHOIO 3BAXKEHOIO KIIIKOIO
OyJie KJlika, CyMapHa Bara BEpIINH SIKOi € MaKCUMAJIBHOI Cepefl BCIX MOMKJITUBUX
KiK. B 1poMy BuMaaKy BHUHHMKae 3ajada TONIYKY caMe€ MaKCUMalbHUX
3BAXKEHUX KJIIK.

Jlnst pukiagy i3 puc. 2, B IKOMYy HOMEP KOXKHOI BEpPIIMHU 3aMiHEHO
Baroro II1€i BEPIIMHU, MaKCUMAaJIbHOIO 3BAXKEHOIO KIIIKOIO Oyje KiIika, IIo
CKIAJa€Thes i3 TPHOX BepMH (Vpg, V11, Vpp). L BiANOBigac MakcuMaabHa
CyMapHa MOTYXHICTb B 35 YMOBHUX OJIMHUIIb.

0 9% o " o 9
o o 0
@
0 0 °
o @

Pucynok 2. MakcumainbHa Kiika B rpadi 3 3BaK€HUMHU BEpIIMHAMHU.

JUist po3risiHYyTHX 3a/ad BUKOPUCTOBYBABCS BIIOMHI anroputMm bpona-
KepOoma [1]. IlorpeOyioTh MOAANBIIOTO JOCTIHKEHHS y3arajibHEHHS J1aHOi
3a/layl Ha BWITAJIOK 3BAXEHUX BEPIIMH Ta pedep 1 po3polOka BIAMOBITHUX
ITOPUTMIB.

Bib6aiorpagiuni nocunanus

1. Alessio Conte. Review of the Bron-Kerbosch algorithm and variations //
School of Computing Science, University of Glasgow. — 2013.
P. 2-3. URL.: https://t2m.io/M1CDVarx
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INPO METO/ BIITBOPEHHS TPUBUMIPHUX OB’EKTIB 3A
JTOIIOMOI' OO HEMPOHHOI MEPEXKI
Hlyp C.M., faintlfix@gmail.com
Boxyxa JI.M., bozhukha.li@gmail.com

Hninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

[Ipotiec BIATBOPEHHS TPUBUMIPHOTO OO’€KTY — 1€ MPOILIEC OXOIJICHHS
dbopMH 1 30BHINIHBOTO BUIIIAAY peanbHHX 00’ekTiB [1]. MeTom BiATBOpPCHHS
dbopMU TPUBUMIPHOTO OO0’€KTYy 3 OJJHOTO BXIJHOTO 300paKCHHS, SKUN
0a3yr0ThCA Ha MIIXO0J1 IIMOOKOr0 HaBYAHHS HEHPOHHOI MEPEXl, peani30BaHMi
y apxiTekTypi HeripoHHOi Mepexi PSGN [2].

CroyaTky pemnpe3eHTYeEMO BIATBOPIOBAHUN TPUBUMIPHUNA OO0’€KT, SIK
XMapy HEBIOPSAKOBAHUX TOYOK Yy TPUBUMIPDHOMY MIPOCTOPi, fAKI 3aJal0Th
dbopmy mporo 06’ekty. OCHOBHA 1Jiesl IILOTO METOJy TOJIArae y ToOyI0BI
Mepexi 171 nependadyeHHs HA0Opy TaKUX TOYOK.

ApXITEeKTypa HEHPOHHOI MEpexl BKIIIOYAE y ceOe €HKOoJep Ta JABI T'JIKU
st nepenbadeHHs. OgHa Mae BHUCOKY THYYKICTh Yy 3aXOIUIEHHI CKIIQTHUX
CTPYKTYD, a 1HIlIa BUKOPUCTOBYE FTEOMETPUUHY O€3MEPEPBHICTD.

VY skocTi (yHKIIT BTpaT BUKOPUCTOBYIOTHCA (DYHKIIT BHUMIPIOBaHHS
BIJICTaHI MK HaBYAJIbHHM Ta OTpUMaHuM Habopamu Touok: Earth Mover’s
distance [2] abo Chamfer distance [2]. Ockiibku HEMpOHHA Mepexa MOXKe
OyayBaTH MHOXUHY TiepenoadeHb Gopm 00’ekTy, HyHKIIS BTpaT 00ropTaeThes
y pyskmito Midimizamii. [Ipy BUKOpUCTaHHI 1€l apXITEKTypH JOMIHYIOThH JIBa
TPEHIU TOMMIIOK: HEHpOHHA MeEpeka BUIA€ KOMIIO3UIIIO JEKIIbKOX 00’ €KTIB

ab0 30BCiM HE Ty opMy (HAmpUKIA, JITaK O€3 Kpui).

Biosiorpagiuyni nocuianus

1. 3D reconstruction [Enextponnwuii pecypc] //URL:
https://en.wikipedia.org/wiki/3D_reconstruction

2. A Point Set Generation Network for 3D Object Reconstruction from a Single Image
[Enexrponnmii pecype] //URL: https://arxiv.org/pdf/1612.00603.pdf
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HEYITKA MOJEJIb ®OPMYBAHHS IHIUBIJIAJIBbHOI
TPAEKTOPII HABUAHHS
Apum 0.0., sanya.yarysh.17@gmail.com
Yepuunnka O.B., chernytska_o@fpm.dnu.edu.ua

Huninposcoruti nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

Jyist BUKIIa/1ayiB HaBYAJIbHUX 3aKJIAJ1B aKTyallbHUM Ha ChOTOJHINIHIN yac
€ 3aj71a4a Ta MOXJIMBICTh BUKOPHUCTOBYBATH aJanTUBHE HaBUYaHHS. ChOTOJICHHS —
CHUCTEMa JUCTAHIIIMHOTO HAaBYAaHHS 3 MOXJIMBICTIO ajamnTailii ajisi CTyJIeHTa
HaBYaJIbHUX MaTEPIalliB 3 BpaxyBaHHSAM MOI0 1HAWBIAYaIbHUX OCOOIMBOCTEN Ta
MO>KJIMBOCTEH, Ha 0a31 AKUX POPMYETHCS 1HAUBITyaIbHA TPAEKTOPIS HABYAHHS 3
BUKOPUCTAHHSAM HaBYAJIbHUX (PparMeHTiB 3aJaHOr0 PpiBHSA  CKJIAJHOCTI,
JIOJIATKOBHI MaTepiall Ta 10 Pe3yJIbTaTiB MPOMIXKHOTO TECTYBAHHS.

Posrnsinyra 3amaya BBEJEHHS HEUITKUX XapaKTEPUCTHK IIOJO0 OI[HKU
HaYyaJIbHOIO0 MaTtepiaidy 10 MOXKE JTOMOMOITH Y MIArOTOBII Ta po3poOILll TECTIB.
3a mpuKITa Bi3bMEMO 0 BHKJIa/1ad MOKE Ty’Ke IBHIKO BU3HAYUTH YH € TE a00
IHIIIE 3aBJAaHHS CKJIQJHUM I YYHS YM HAaBMNAKU — JIETKE, ajie 3 TOYHICTIO
CKa3aTy Ha CKIJIBKH BOHO € ckyaguuM 3a 100-0aabpHO0I0 MIKaiIo010, a00 K OIIHUTH
PI3HUITIO CKJIATHOCTI ABOX 3aBJIaHh — BAXKKO.

3 TOUYKM 30py CTYyJE€HTa HEYITKa OIllIHKa 3HaHb MAaTHUME HaCTyIHE
«BIIMIHHOY», «IYK€ I00pe», «100pe», «3aJ0BLILHO», «HE3aJOBLILHO» - Oyje
OUIBIII 3pO3yM1JIO0, HIJK KUIBKICTh OaiB sika HaOpaHa y pe3yJibTaTi TECTYBaHHS.

ba3a HeYiTKHMX 3HaHb HEYITKMX 3HaHb MOJEJl HEYITKOTO (hOpMYyBaHHS
1HUBITyaJIbHOI TPAEKTOPIl HABYAHHS MICTUTH J1Ba BXOaH: «PiBEHb 3HAHD YUHS»,
«CKJIaHICTh HABYAJILHOTO (parMeHTy», Ta JIMIIE OJUH BHXiJ «Yac BUBUEHHS

Ha4yaJbHOTO (PparMeHTy».
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PEKYPEHTHHU AHAJII3 JAHUX 30POBUX BUKJIUKAHUX
INOTEHHIAJIIB I'OJIOBHOI'O MO3KY
SlueBcbka O.A., oyatsevskayamr@gmail.com

3aiines B. I'., vadymzaytsev65@gmail.com

Jninpoecoxuii nayionanvnuti ynieepcumem imeni Oneca I onuapa (www.dnu.dp.ua)

HocnimkenHs: BUkiaukanux rnoreHmiams (BIT) Mo3ky m03Bosisie oTpuMaTu
00’eKTHUBHY 1H(QOpMAIIII0O PO CTaH pPI3HOMAHITHUX CEHCOPHUX CHCTEM,
HallpUKJIad, 30py, CIyXy, NpU YOMY HE TUIbKA mepudepuyHux, ajue u
neHTpaibHux BiaauiB. BII € cinabkumu 1 HajcnIaOKUMK 3MIHAMHU €JIEKTPUYHOT
aKTUBHOCTI MO3KY Y BIJAIOBIAb HAa CTUMYJI, HAIPUKIAJ, 30pPOBUM, CIyXOBHUU,

YyTTEBUM.

Hocmimxennss 3opoBux BII (3BII) mae 3mory orpumaru 00’€KTUBHY
1H(hOpMaIliI0 PO CTaH 30pOBOTO HEPBA, 00 €KTUBHO OIIHUTU TOCTPOTY 30Dy,
npoBecTH Au(epeHIiaibHy JIarHOCTUKY (PYHKIIOHAIBHUX 1 OpraHIYHUX
MOPYIICHb Ta IX AMHAMIKY MPH JIIKYBaHHI, TECTYBaTH CTaH MOPYIIEHb 30POBOTO
TPaKTy 1 KOpHU, MOPYILICHHS TOJIIB 30pYy, 3HAWTH HASBHICTH MATOJIOTIi B 30POBIii
cuctemi crnernudiuynoi 1 HecrienudiuHoi adepeHIii y XBOPUX 3 MOPYHICHHSIM
CBIIOMOCTI. Y JiTeparypl HasBHI BIJIOMOCTI MpPO BHUCOKY 1H(OOPMATHUBHICTH
anamizy 3BII y pniarHOCTHIII 1 MOHITOPMHTY CTaHy XBOpPUX 3 PO3CISTHUM

CKJIEpO30M, TIPU MOPYIIEHHI MO3KOBOTO KPOBOHAIIOBHEHHS, TIPH E€MUIETICIT Ta 1H.

st ananizy 3BII B maGoparopisix Ta MEIUYHUX YCTAaHOBAX 3aCTOCOBYIOTh
IporpaMHo-arapaTHi KOMIUIEKCH BiTun3HsHOro BupoOHuiTBa DX-NT, Tredex,
NeuroSoft, sixki € cramioHapHumu, BuauieHHs 3BII BUKOHYIOTH Ha OCHOBI
YCEpEeIHECHHS TMOCTCTUMYJBHUX  peaiizaimii, [y NPUAHATTS  PIIICHHS
MOPIBHIOIOTH aMIUTITYJTHO-4aCOBI XapaKTePUCTUKU eKcTpeMyMiB owiHku 3BII 3

HOPMATUBHHMMHU 3HAYCHHAMMN.

Y poOoTi pO3riAsHYTO 3a7adyy 3 HAOpsIMKy MOLIYKY WiAX0AY 0
kiacudikaiii curnanis 3BI1 mroauHU 3 BAKOPUCTAHHSIM HETTHIMHUX METO/IIB.
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BukoHaHo Bi3yallbHUI aHali3 peaIbHUX JAHUX Y BUIJISAI YACOBUX PAIIB
EEI' Hajmanux mamieHTiB. BukopucTaHoO METOIM HEIIHIMHOTO PEeKypEeHTHOTO
aHaJi3y Ui BUSBJICHHS CXOBaHOI 1H(OpMAaIii 7151 KOKHOTO 4acoBoro psany 3BII
y Toukax 3’emy curnanis Ol, O2, Pz, Fz, Cz.

Po3paxoBaHOo Bi3yasibHI pe3yJIbTaTH MPOLEAYpPH MONIIYKY Mepuux 3-5
TOYOK Ta BIAMOBITHUX 3HAYEHb MapaMeTpa 3aTPUMKH KO>KHOTO CUTHAITY.

Jns  BU3HAYEHMX MapaMeTpiB 3aTPUMKH PO3PAXyBaHO Ta HAJAHO
3HAYEHHA, 00paxyBaHHs MapaMeTpy po3MIPHOCTI BKIaJaeHHs. OOpaxyHKHU HOTro
poBeACHO /I yCix HOPM (L1, Lypgxs L2)-

JUis  OoTpUMaHMX 3HauyeHb [apaMeTpa 3aTpUMKUH Ta [apameTpy
pPO3MIPHOCTI  BKJaAeHHS noOyayBaHo arpakrtopu curHamiB 3BIL.  [lns
OTPUMaHMX 3HAa4YeHb IapamMeTpa 3aTPUMKH Ta MapaMeTpy pO3MIPHOCTI
BKJIaJICHHA T100yayBaHO pekypeHTHi giarpamu (RD), BukopucroByrouu
3HaueHHd napametrpy € = 0.1 — 0.25.

JUis BU3HAUEHUX 3HAYEHb MapaMeTpa 3aTpUMKU Ta [apamerpy
pPO3MIPHOCTI ~ BKJIaJIEHHA OOpaxyBaHO 4YHUCEJIbHI 3HAUYEHHS MapaMmeTpiB
PEKYpPEHTHOI JiarpaMH Ta 3aHECEHO iX J0 TaOJMIN BIAMOBIAHO IS KOXKHOTO
CUTHAJTy Ta YCiX MAaIliEHTIB.

[IpoBeneHo aHami3 OTPUMAHOI YMCENbHOI 1H(OpMAaLIi 3 TOYKH 30py iX

1HTepnpeTalii Ta kiacudikarii.

Cnucox BUKOPUCTAHHUX JIZKEPET

1. Tme3muuxuii, B. B. Bei3BaHHbIE TOTEHIMAIIBI MO3Ta B KIIMHUYECKOM npakTuke / B. B.
['mesmunkwmii. — Taranpor: TPTY, 1997. — 252 ctp. — ISBN 5-98322-268-6.
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METOA BIJHOBJIEHHA KOJIBOPIB HA IU®POBUX
HAINIBTOHOBHUX 30BbPA’KEHHAX

SAmmneBa A.O., yashnieva.a@gmail.com,
Cepmiok M.E., me_serdyuk@i.ua

Jninposcoruii nayionanvruil ynisepcumem imeni Onecs 'onuapa (Www.dnu.dp.ua)

BinHoBneHHs KoOibOpiB Ha HU(POBUX 300pakeHHAX — MpoOsieMa, sika B
ChOTOJICHHI € JOCHTh AaKTYyaJIbHOI0 Ta 3yCTPIYAa€ThCA y TaKUX Taly3siX, 5K
dboTOMHCTENTBO, KIHOIHYCTpIA, icTopuyHa cepa. OCTaHHIM YaCOM 3alUTIB HA
BITHOBJICHHSI KOJIbOPIB cTapux Qororpadiii Ta QuibMiIB cTano ayxe Oarato, a
TEeXHIYH1 3ac00M Ta METOJIM peai3allli 1i€i 3a/1a4i MaloTh MEBHI OOMEXKEHHS Ta
HE 3aBXX/IM KOPEKTHO MPAaIol0Th. TOMY BJIOCKOHAJICHHS ICHYIOUHX Ta PO3poOKa
HOBHUX METO/IIB KOJIOpU3AIIll 3aJIUIIAETHCS aKTyaJIbHOIO.

OcCHOBHOIO TIPOOJIEMOIO BIAHOBJIEHHS KOJHOPIB HAa 300paKEHHIX Y
BIJITIHKaX CIpOro € T€, IO HEMOXJIMBO BCTAaHOBUTU B3a€EMHO OJIHO3HAYHY
BIIMOBIAHICTD MK BIJITIHKOM C1pOro Ta KoiabopoM. Ha TenepinHiii yac iCHyIOTh
py4YHI Ta HaNiBaBTOMATHYHI METOJM KOJIOpH3allii, sKi MOTpeOyIOTh ydYacTi
KOpUCTyBaua, Ta aBTOMATHUYHI METOAM, SKI 4acTo € pecypcoemMHuMu [1].
HamiBaBTOMaTH4HI  aJrOpUTMH  KOJIOpW3AIlli  JalOTh  HAWOLIBII  YiTKE
NpeACTaBICHHS KOIbOpy. KpiM TOro, BeNHMKY akTyallbHICTh Y (POTOMHUCTELTBI
3apa3 HaOupawTh (Qortorpadii, B SKUX KOJbOPU BIJIHOBJICHI YacCTKOBO.
Hampuknazn, ¢ororpad moxe odbpobutn dororpadiro Tak, mo KOJIbOPOBUMH
OyayTh Juuie odi Ta HeOO abo sKuiich ¢parMeHT ofexi JoauHu. Ha ne moxe
BUTpAYaTHCS JOBOJI Oarato yacy, pecypciB, a TOMY 1 BUXOJUTH 111 poboTa Oye
JIOPOKYE.

Hana poOoTa mpucBsueHa PoO3poOlll HAMiBaBTOMATUYHOTO METOIY, B
OCHOBI SIKOTO JIKHUTH 17151 IEPEHECEHHS KOIPHOTO «HACTPOIO» 3 300pakKeHHSI-
JKepena Ha LUIboBe 300paxkeHHs [2]. MeTo, 110 mponoHyeThesl, 0a3yeThCsl Ha
BIJIHOBJICHI KOJIbOPIB 3a JOMOMOTOI0 300pakKeHHS-3pa3ka Ta Mpemnaparii
300paxkenHss y mpoctopi LAB. Ilepmmm KpokoM MeETOAy € TEpeBEICHHS
300pakeHHs y KoinbopoBuil mpoctip LAB, nicns yoro HeoOXiAHO MpOMapKyBaTH

300paKeHHSI YOTHpMa MapkepaMu (4epBOHUM, 3eTIEHUH, CHHIN Ta (iojeToBuUiA),
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KOKCH 3 KX Oyjie BKa3yBaTH CBOIM KOJLOPOM Ha HOMEp IOPOTY Iperapartii.
Jlani BUKOHYEThCS Mpenapariisi, Ioporu KOTpol BUPAXOBYIOThCS 3a HACTYITHOIO
dbopmyoro:

x * (maxC — minC)
y

JIe X — HOMEp TOopory, y — 3arajbHa KUIbKICTh MOPOTiB, maxC — MakCuMajibHa
sCKpaBicTh, minC — MiHIMaJIbHa ICKPaBiCTh.

3a  pesyiapTaTaMu  Ipenapaiii Ha  HamiBTOHOBE  300paKEHHS
NEPEHOCATHCS KOJIbOPHU 3 300paKEHHS-3pa3ka 3a HACTYMHHUM IPABUIIOM: Ha
HaAMCBITIIIITY 00JIaCTh IEPEHOCHUTHCS KOJIIP 3 00JACTI, 0 BIAMIYEHO YEPBOHUM
MapKkepoM, Ha TPOXH TEMHIIy — 3€JICHUM, 1€ TEMHINIy — CHHIM 1 Ha YOpHY
oOnacTe mpemnapauii — ¢ioseroBuM. Ilicas xonseprauii Hazan y npoctip RGB
OTPUMYEMO PE3YIbTYI0UYE 300paKEeHHS.

Omnwucanuii Buie mMetoj OyB peaji3oBaHUIl MPOTrpamMHO 3a JONOMOTOI0
texnonorii .Net ta Windows Forms. TecTyBaHHsS mporpaMHOro aojaTka
MOKa3aJI0 MPUNHATHI pe3yJbTaTh Ta €(EKTHBHICTh pPeaji30BaHOr0 METoja 1
Hapa3i MOXke OyTH BUKOPUCTAaHUM ISl BIAHOBJICHHSI HAIBTOHOBUX 300pa)kKeHb.
300pakeHHsI, Ha IKUX 0araTo JeTajiel, BiTHOBIIOIOTHLCS Tiplie, 1 4aCTO YaCTUHH,
Kl MalTh OJIHAKOBY SCKPaBICTh, aj€ TMOBUHHI OYTH pPIZHUX KOJBOPIB,
3a(apOOBYIOTECSI  OJHUM KOJBOpOM. Tomy mependadaeThCs MOAANbIIE
BJIOCKOHAJICHHSI METO.Y.
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Many governments have placed cyber-physical systems (CPS) on their
priority list of innovations, deeming them critical to protecting their interests.
Nowadays, SPS is spreading to almost all human activities, including a variety
of technical systems, industrial, energy, military, transportation and many other.

The main common feature of CPS is the interaction between physical and
computational processes, complexity, uncertainty, the connection with the
Internet things. In cyber-physical systems computing elements interact with
sensors that monitor cyber-physical indicators, and with actuators that make
changes to the cyber-physical environment. Cyber-physical systems carry out
computational procedures in their distributed structure, they include “smart
nodes” and make it possible to reconfigure flows in the network depending on
conditions. The main CPS characteristics are its complexity, heterogeneity,
uncertainty of a different nature, multidisciplinary nature and provision of
guaranteed strategy for CPS functioning throughout its entire life cycle [1].
Distributed CPS integrate a wide range of heterogeneous aspects such as
physical process dynamics, process control, machine learning, and error
handling. To ensure the effectiveness and efficiency of CFS functioning, which
can significantly change its physical structural and production processes in
response to external influences, it is necessary to have the system accurate
models and its environment in the digital twin form [2].

A further digital twin development is to provide simulations to continuously
optimize system behaviour by creating a software architecture based on the
information between the cyber-physical system, its physical environment and

the digital twin model. A cyber-physical system interacts both with its real
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object and with its simulation model using the same interface [3]. It should be
noted that software performance tuning is done for simulation so that events in
the digital twin can be simulated much faster than in the real world, i.e., the time
required for the simulation should not exceed the flow of the physical process.
Then digital twins can be used not only in the system design, but also during its
operation for predicting behaviour and identifying faults, finding physical
system modifications in the future based on its observed effects. Digital twins
can be used in the production of large and small enterprises to solve the
optimizing technological processes problems, in particular: for metallurgical
plants during steel casting; when creating aircraft engines to account for their
manufacture and maintenance during operation; when creating structural
elements of space technology; when solving monitoring growth of the
agricultural plants for their future crop capacity; as well as in many other human
activity areas.

The digital twin presence for the CFS provides the system with efficient and
reliable operation throughout its entire life cycle. When adopting a management
strategy, the digital twin makes it possible to adequately reflect the physical
process dynamics, predict behaviour and detect system malfunctions online
during modelling, find modifications in the real physical system structure and its
production process based on its observed effects in the future.

The functioning of the cyber-physical system as a deep circulating system
with the control of its functioning by a digital twin, which ensures the reliability
of operation throughout the life cycle of the system, is given.
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