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CUCTEMA OBJIIKY IIEPCOHAJIBHUX BUTPAT
Muxanpuyk M.O.
HaykoBuit kepiBHUK — K.T.H., 1oueHT Paxmic /1.1O.
XapKiBChbKUM HAIlIOHATBHUN YHIBEPCUTET pajiioeneKTpoHiku, kad. AIIOT,
M. XapkiB, YkpaiHna
ten. +38(067) 122-79-28, e-mail: maksym.mykhalchuk@nure.ua.

Over the past decade, cost accounting systems have become increasingly
popular. They act as personal financial assistants: they provide a detailed report
on income and expenses, help you stick to a monthly spending plan, and remind
you about regular payments. This article examines the shortcomings of existing
software tools, the advantages and disadvantages of popular OCR systems and
text recognition methods. A method of improving accounting systems using OCR
technology is proposed.

B ymoBax chOroJieHHs Jis YCIIIITHOTO JOCSATHEHHS CBOIX IIJIEH HEOOX1THO
BU3HAYMUTH, IKUM YUHOM BOHU MOXYTh OyTH peayi3oBaHl Ta SIKi pecypcu s
1bOro MoTpiOHI. PiHAHCOBA CKJIAJ0Ba YacTO € IMEPIIOYEPrOBUM IYHKTOM, Oe3
AKOTO 3IIMCHEHHS TUX YW IHIIUX IJIaHIB He € MoxiauBuM [1]. Came Tomy
OUIBIIICTD JIIOJEH OakaloTh BUTpAdyaTH MEHIIE Ta €KOHOMHUTH Ouiblie [2], 1 B
bOMY iM JI0IOMararoTh CUCTEMU JJI 00JIIKY BUTpAT.

Hapa3i Ha puHKY @porpamMHuX NpOAYKTIB € 0e31i4 A0JaTKIB, SKi
J03BOJISIIOTH BECTH OOJIIK (piHAHCIB. AJie BCl LI 3aCTOCYHKH MarOTh MPUOIU3HO
OJIHAKOBI HEJOJIIKH, a caMe: BIJICYTHS MOKJIMBICTh JIOJAaBaTU BJIACHI KaTeropii,
BIJICYTHSI MOJIMBICTh aHAJII3yBaTU BUTPATU BCEPEIUHI OKPEMO B35TOT KaTeropii
(HampuKIIaa, HE MOJXKHA TMIOPIBHIOBATH WIOMICSYHY JMHAMIKY BHTpaT Ha
KOMYHaJIbHI TIJIaTeX1, 1 TP HEOOXITHOCTI iX KOPUTYBATH), Ta HANUTOJIOBHIIIHIA
HEJIOJIK, 1I€ T€ 1110, BUKOPUCTAHHS TaKMX JOJATKiB, BUMarae BiJi KOpHUCTyBaya,
PETryJIIpHO Ta JETalbHO BECTH OOJIIK BHTPAUYCHMX KOINTIB, PO3MOAUISIOUN B
cuctemi cBoi BuTpatu 3a kateropisimu [1]. Tomy 3ampomoHoBaHO po3poOuTu
cUcTeMy OOJIIKY MEepCOHANIBHUX BUTPAT, 3 BUKOpUCTaHHIM TexHoJorii OCR, 1o
JTIO3BOJIUTHh KOPUCTYBAUYEBI 3a IOTMIOMOT'010 (DOTO KACOBOTO Y€Ky BHOCUTH 3pO0JICHI
MOKYIIKH B CHCTEMY Ta aBTOMAaTUYHO PO3MOAUISITH iX IO BIMOBITHUX KaTETOPIsX.
OCR abo ontuyHe poO3Mi3HABAHHS CHUMBOJIB — II€ TEXHOJIOTIYHUM TpOoIIeC, 10
JI03BOJISIE IEPETBOPIOBATH 300paXKeHHS 3 HAOpaHUM a00 PYKOIUCHUM TEKCTOM Y
eJeKTpOHHY Gopmy [3].

Ha chorogHimHiii MOMEHT BHUIUIAIOTH TPU OCHOBHI MIAXOIH, SKI
BUKOPUCTOBYIOThCI B OCR — 1€ CTpyKTypHUH, O3HAKOBHI Ta MIaOJIOHHUM.
[ITa610HH1 METOM MOPIBHIOIOTH 300paKEHHS CUMBOJLY 3 yciMa I11a0JI0HaMHU, 1110
€ B 0a3il cucrtemu. HaliOuIbII mMAXOASIIMM ITIa0JIOHOM BBa)KA€ThCA TOH, SKHHM
MaTUM€ HaWMEHIIy KIIbKICTh TOYOK, BIAMIHHUX BT JOCTIIKYBaHOTO
300paxkenns. L{i meromu mobOpe posmizHaioTh AeheKTHI CUMBOJU (pO3ipBaHi,
CKJIC€H1), aJie OCHOBHUHM HEJIOJIK 1€ — HEMOKJIMBICTh PO3Mi3HATH MIPU(T, 1110 X0U
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TPOXH BIJAPI3HIETHCSA BiJ 3aKJIAJCHOTO0 B CHUCTEMY (pO3MipoM, HaXWJIOM, abo
300pakeHHsIM). O3HAKOBI MalOTh B CBOill OCHOBI CIIPOIIYIOUYE MPUIYIIECHHS, a
came Te, III0 MOYKHA aHaJlI3yBaTU HE BCE 300paKeHHS CHUMBOJTY, a TIJILKH HaOIp
O3HaK, OOYMCIICHUX 3a 300pakeHHsIM. BBaxaeThCs, 1110 3HAYEHHSI O3HAK HECYTh
JnocTaTHbO 1HGopMaIlli npo cumBoi. [lepeBaramu MeToay — € mpocTa peatizaiis
Ta Ao00pa y3arajapHIOIOYA 3AaTHICTh. Hemomik — Ie BHCOKAa YyTIWBICTH [0
nedeKTiB Ta Te, 0 PO3Ii3HABAHHIO MIATA€THCI HE CaM CUMBOJI, a TIEBHUHN HaO0Ip
O3HAaK, M0 MOX€ MPU3BECTU J0 HEMPAaBUIBHOTO po3mizHaBaHHA. CTPyKTypHI
METO U 30epiratoTh 1HPOPMAIII0 HE MPO KPANKOBE HAMMCAHHS CUMBOILY, a MPO
Joro Tomosorito (€TaJoH MICTUTH 1H(GOPMAII0 MPO B3aEMHE PO3TALITYBAHHS
CTPYKTYpPHHUX €JIEMEHTIB CUMBOJY). [lepeBaru — CTIfKICTh A0 3CyBYy Ta HOBOPOTY
CUMBOJIY Ha HEBEJIUKUM KYT, 10 pi3HUX Bapiamii mpudris. Hemomiku — Benuki
peCypCHi BUTpATH, 110 MOTPiOHI JIs pealizailii 1aHoro Metoxy [4].

3apa3 npencraBiaeHo gocutk 6arato OCR cuctem, aje € 4OTUPHU OCHOBHI,
Kl BUKOpPUCTOBYIOThCS Haiuactime. ABBYY FineReader Engine -
OararoyHKI10HATBLHUN IHCTPYMEHT, IKUH MATPUMY€E HAUOIBITY KIJTbKICTH MOB
(monax 210), ame Mae JOCUTh BaroMMi HEJOJIK, a caMe€ — BHCOKa BapTICTh 1
HaBps TifiiAe ais noBcsikaeHHoro Bukopuctanns. Google Cloud Vision API —
e XMapHa miargopma, 0 JOCUTh aKTUBHO PO3BUBAETHCS KoMiaHieo Google, ii
HEJOJIIK B TOMY, III0 BOHA TaKOX € IUIATHOK Ta MOTPEeOye MiIKIIOYEHHS 10
inTepHetry. Apple Vision APl — e mocuts Mononia po3poOka Bix Apple, sika Moxe
npaioBaTy B oduiaiiH pexxumi, ajie i He0JIiK B TOMY, 1110 BOHA MiAXOAUTh TUTBKH
JIJIsi BAKOPUCTaHHS 3 TexHikoro Apple. Tesseract — 11e onHa 3 Halictapimux OCR
pPO3pOOOK, siKa € OE3KOLITOBHOIO, Ta HE 3aJIeKUTh B Tuiatgopmu. Takox g OCR
MOKE TpaIoBaTi 0e3 MIAKIIOYEHHS /10 1HTEpHETy, 10 poOUTh ii OAHIEID 3
Haikpamux Ha gaHuii mMoMeHT [1]. Came Tesseract MoOkHa BUKOPHUCTATH Y
PO3pOOII TOKPAIIEHOT CUCTEMHU 00JIIKY TEPCOHAILHUX BUTpAT.

Omxe, y 1iH cTaTi PO3TIASHYTO HEAOIIKUA ICHYIOUUX JOJATKIB JUIsl OOJIIKY
MEePCOHANILHUX BUTpAT, mepeBaru Ta Hemoniku nomyssipaux OCR cuctem Ta
METO/M PO3IMI3HABAHHS TEKCY, sIKi BUKOpUCTOBYIOThCS B OCR. 3anpornoHoBaHO
BaplaHT MOKpaIIeHHs HasBHUX cucTeM 00Ky, OCR TexHoorii.

Crnucok BUKOPUCTAHUX JHKEPE:

1. Penosutapiit HarionansHoro AgiamiitHoro YHiBepcutetry: Home. —
Pesxxum noctymy: http://surl.li/eigdb. — JlaTa moctymy: 08.01.2023.
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XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaAi0CICKTPOHIKU
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The given work discusses the technology of creating character recognition
(using neural networks) systems on the image. These days, there are many
approaches to solving this problem, and most of them are ineffective for images
whose symbols are located on a complex background and are vulnerable to noise,
affine and projection distortions. In this regard, the development of character
recognition systems with a high load, which are focused on the recognition of
short texts that do not have strict standards. Present-day methods for recognizing
text characters make it possible to solve a number of scientific as well as applied
tasks, such as document recovery, publishing text on a web page, digitizing books,
automating business accounting systems, determining a bankcard number.

VY cydacHOMY CBITI BaXKJIMBHM aCIIEKTOM € po3Mi3HaBaHHs 1H(opmaii. Pi3Hi
METO/AM PO3II3HABAHHSA CUMBOJIIB MOXJIMBO BUKOPHUCTOBYBATHU ISl BUPIILICHHS
pPI3HOMaHITHUX 3a/lay, HaNpHKIad, PO3MI3HABAHHS TEKCTY, PpO3Mi3HABAHHS
CHUMBOJIbHOI 1H(OpMaIllii, HAHECEHOT Ha MOBEPXHIO p13HUX 00'exTiB. HUHI BijoMi
TPU NApAJWTrMU HABYaHHsS HEHUPOHHUX MEPEXK, B OCHOBY SKMX IOKJIAJEHO
0COOJIMBOCTI MAIIMHHOTO HaBYaHHS:

° HaBYaHHs 3 BunuTeneM (supervised learning);
° HaBYaHHA Oe3 BumTens (unsupervised);
° HaBYaHHS 3 miakpituieHHsM (reinforcement learning).

Hapuanns 3 BunteneM (supervised learning) — oauH 31 cnoco01B MaIIMHHOTO
HaBYaHHS, JIe CUCTEMa IPUMYCOBO HABYAETHCS 32 JOTIOMOTOI0 HassBHOI MHOKUHH
MPUKITAIB «CTUMYJI-PEAKIisH» 3 METOI0 BU3HAYCHHS «PEaKIlii» I «CTUMYIIIBY.
HaBuanus 6e3 Bumtens (unsupervised) — BuJ HaBYAaHHS, MIPHU BHUPIIICHH] SKHX
BUIMIPOOOBYBaHA CHCTEMa CIIOHTAHHO HABYA€THCS BUKOHYBATH TIOCTaBIICHE
3aBlaHHSA, Oe3 BTpy4aHHs 3 OOKy ekcnepumeHTatopa. Hapuanus 3
nigkpimaeHHsM  (reinforcement learning) € mNpPOMIKHUM BapiaHTOM JBOX
MOTIEPETHIX MapaJUrM . 3aMICTh «BUUTENSH B CXEMYy HABUAHHS BBOJMUTHCS OJIOK
«KPUTHKa», SKUM BIICIIIKOBYE PEAKII0 CEepeOBUINA HA BXIJHUNA CHUTHAI
1 ONMpar4Kch Ha HEl BU3HAUAE €BPUCTUYHY MOXUOKY, AKY MMOKJIAJEHO B IPOLEC
HABUYaHHS MEPEXI.

B nanuii 4yac iCHye JOCUTh BEJIMKA PI3HOMAHITHICTH Mporpam st
OoLM(PPOBKU TEKCTYy, sIKi 3aTpeOyBaHi sk B odici, Tak 1 Baoma. Hampuxnan,



Freemore OCR, FreeOCR, VueScan, RiDoc. Koxna 3 mporpam mnpomnonye
peaizalliio BUpilieHHs 3aa4l 00poOKU Ta po3Mi3HaBaHHSA TEKCTY 3 300pakKeHb.

Jns peamizaiii Takux 3aBJaHb BUHAWIILIM TakKe IMOHSTTS, SK HEHPOHHA
Mepexxa. lllTydHa HeHpoHHa Mepexka — 1€ Taka MaTeMaTH4Ha MOJEelb, 3
MPOTPAMHOI0 Ta arapaTHOK peaji3ali€ro, 0 IMOo0ya0BaHI 3a IPUHIIUIIOM
¢byHKI[IOHYBaHHS O10JIOTTYHUX HEHPOHHUX MEPEkK — MEpPEeki HEPBOBUX KIITHH
KUBOTO OpraHizmy. ['0OJJOBHHM €J1€MEHTOM CHCTEMHU IITYYHOI HEMPOHHOT MEpexi
BUCTYMA€ INTYYHUNW HEHPOH, K IMiTallliHA MOJENb OIlOJOTIYHOTO HeMpoHa
HEPBOBOI KJIITHHH MO3KYy. 3aBISKH HBOMY MOJKHA BHBYATH TIPOIECH, SKi
BiIOYBaIOThCSI B MO3KY Ta MOJIETIOBATH MPOLIECH IITYYHOI HEUPOHHOI MEpEexKi.
Meta nmocmipKeHHS — JOCHIDKEHHS HEHMpOMEpexKEeBUX METOMIB IS
pO3Ii3HaBaHHSA TEKCTY 3 300pakeHb, OIS ICHYIOUUX PIIIEHb MPOTPAMHHUX
JIOJATKIB.

Po3mizHaBaHHs TEKCTYy CKJIalaeTbes 3 MeBHUX eTamiB. CrodaTtky cucrema
po30uBae 300pakeHHs Ha OJIOKM, TPYHTYIOUHUCh Ha OCOOJUBOCTSAX MOro
BUPIBHIOBAHHS Ta PO3MOJUTY IO JACKUIBKOX KOJOHKaxX. Jlami 300paskeHHs
pO30UBaIOTh HA PAJIKH. A MOTIM PO30MBAIOTh HA 300pakKeHHS 3 CUMBOJIIB, 11100
00pOOUTH OKPEMO KOXEH CUMBOJI. MOKIIUBO 3BICHO 300pakeHHsI 00poOIsTUCS
OJlpa3y IMOBHICTIO, aji¢ € BEJUKAa HMOBIPHICTh MOXUOKHU. 300paKeHHsS IO
MOCTYIIA€ Ha BXiJ CHCTEMH, IOBUHHO OYTH OYUIIEHUM BiJl IITyMYy Ta TPUBEICHHMA
JI0 TAKOr'O BUIIISY, 100 MOKIMBO OyJio €(EKTUBHO pO3MI3HABATH CHUMBOJIU.
Jnst Toro, mo0 OTpUMYBaTH Kpally SKICTh PO3Mi3HABaHHS TEKCTY, MHOTPIOHO
BOyAyBaTH OJIOK HaBYaHHSA Y CHUCTEMY. 3a JOMOMOIOI0 IILOTO OJIOKY CHUCTEMI
MO>KHA 33JaBaTH NPUKIaAN 300paKeHHS PI3HUX JIITEp. 3aJadyero JOCTIIHKEHHS €
CTBOPEHHSI CHCTEMa JIJIsl pO3IMi3HABaHHS 3 TEKCTY 3 300paKeHb 13 3aCTOCYBaHHIM
HEUPOHHUX MEPEK.

Ha panuii MOMEHT ICHye BeJlMKa KUIBKICTh camMe MporpaMm Jyis
PO3ITi3HaBaHHS TEKCTY 3 300pakeHb, @ MOOUIHPHUX JTOJIATKIB HE HACTIJILKHU Oarato.
[IpakTryHa 3HAYMMICTh BUSIBIIETHCS B aHATI31 MOKIIMBOCTEN Cy4acHUX Mporpam
pO3Mi3HaBaHHS TEKCTY, 3 METOI CTBOPEHHS HOBOTO MOOIIBHOTO JOJATKY, 3
MO>KJIMBICTIO aBTOMATHU3AIIl1 MPOIIECIB KEPYBAHHS B HHOMY.

Crnucok BUKOPUCTAHUX JHKEPE:
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Meier/398c296d0cc7f9d180f84969f8937e6d3a413796.

2. 3aiiuenko lO. I1. OcHoBH mpoeKTyBaHHs 1HTeNeKTyalbHuX cucteM / FO.
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3. 3actocyBaHHs HEHpPOMEpEeX y po3mi3HaBaHHI 300paxeHb [EnxexTponnmii
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61166, Xapkis, ip. Hayku, 14, xkad. KITC, Ten. (057) 702-02-45
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Algorithms of distributed artificial intelligence, including Multi-Agent
systems, were defined. The relationship between Multi-Agent Systems and the
Internet of Things has been revealed. The definition and areas of application of
the Internet of Things are given. The literature is analyzed and examples of the
use of Multi-Agent systems and the Internet of Things are given. The advantages
and disadvantages of this method were determined. The implementation of an
agent approach in the Internet of Things is a promising direction for further
research, but for further development it is necessary to solve existing problems.

Hocmimxenuss mryyHoro ixtenekty (LHI) akTtuBHO po3BUBAIOTHCS, Ta
PO3LIMPIOETHCS KOJIO 3aB/aHb, SIKI BiH 34aTHUM BupimryBath. Cami kK 3aBIaHHA
CTarOTh OUIBII CKJIATHUMH, 11O 1 CTAJIO MPUYMHOIO PO3BUTKY po3noaiieroro LII.

Anroputmu posnoauieHoro Il knacugikyroTbCs Ha Tpu KaTeropii Ha
OCHOBI OCHOBHHMX METOJIIB, SIKI BUKOPUCTOBYIOTHCS JUIsl BUPILIECHHS 3aBJaHb, a
came: napanenpHuid LI, po3noaineHe BupilieHHS MpoOsieM 1 OaraToareHTHI
cuctemu (BAC). BAC cknanatoTbCsi 3 aBTOHOMHUX CYTHOCTEH, SIKi HA3UBAIOThHCS
areHTaMu. BOHM CHUIBHO BHUPINIYIOTh 3aBJaHHS, Ta TMPOMOHYIOTH OLIBIITY
THYYKICTh, 3aBISKHA 37aTHOCTI HaBYATHCS Ta aBTOHOMHO POOUTH pIIICHHS.
ATEHTH B3aEMOJIIIOTH 3 CYCITHIMU areHTaMu a0o 3 CEPEIOBUILEM, B SKOMY BOHH
nepe0yBaroTh, 11100 HaBYATUCA. 3TOJOM areHTH BUKOPUCTOBYIOTH CBOi 3HAHHS,
o0 CaMOCTIMHO NPUHHATH PIIIEHHS Ta BUKOHATH [0 B CEPEIOBHUIII IS
BUPIIIEHHS TPU3HAYEHOTO 3aB/aHHs [1].

Posnoginenwnii LI, 3okpema BAC, MoxyTh OyTH TapMOHIYHO MO€AHAHI 3
koHuenuiero Internet of Things (IoT). IoT ue mepexa ¢pi3uuHUX NPUCTPOIB, L0
B3a€EMOJIIOTH 3 HABKOJIUIITHIM CEPEIOBUIIIEM, MOXYTh MepeaaBaTH Ta MpUiMaTu
nani. [oT 30kpeMa BHKOPHUCTOBYETHCS B TaKMX Tally3sX: OXOpPOHA 30pOB’S,
MIPOMUCJIIOBICTh, KOMEPIIifiHA TisJIbHICTh, IHQPACTPYKTYpa.

BignoBigHo, Bxe icHyrOTh cucteMu 0T, 110 BHUKOPUCTOBYIOTH
OararoareHTHHI NiaXiA. Y po0oTi [2] 6yno po3pobiaeno [oT aBroHoMHY cucteMy
VOpPaBMIHHSA TOMUATOM JIJI1  HEBEJMKOI COHSYHOI  €JIEKTPOCTAaHINi, sKa
BUKOPUCTOBYBaia OaraToareHTHUW miaxin. Y poboti [3] Oyno mociimpkeHo
CTPYKTYpPY, B siKkiii koxkHudi npuctpii loT OyB moB’s3aHuMii 3 mporpaMHUM
are’HToM, 10 3/1areH (OpMyBaTH COLiabHI 3B’s3kM y mupokii loT-mepexi
PI3HOPIAHUX 1HTENEKTYaJbHUX MPHUCTPOIB i (OPMYBaHHS areHTHHUX TPYI HA
OCHOBI OIIIHKHY areHTa, 1o 0a3yeThCsl Ha TEXHOJIOT1T OJoK4eitH. Y po6oTi [4] Oyio



3aMpONOHOBAHO BUKOPUCTOBYBaTH OaratoareHTHy loT cuctemy aJis nosermeHHs
MOIIYKY MICLA JIJIsl MTApKyBaHHSI.

Taki BJTaCTUBOCTI areHTIB, SIK IPOAKTUBHICTb, IHTEJIEKTYaIbHICTh, 31aTHICTh
CHUJIKYBaTUCh, POOJATh TaKUM MiAXiJA MEePCHEKTUBHUM JUIS MOJAIBIIOTO
po3Butrky loT. Taka mnapaaurmMa wmae mnepeBard, MOPIBHSIHO 3 00’ €KTHO-
Op1EHTOBAHOIO, CEpBICHO-OPIEHTOBAHOIO, KOMITOHEHTHO-OP1EHTOBAHOIO
napagurMamM. AreHTHUH miaxif no3Bosisge mozemoBatu [oT cuctemu pizHOro
CTYIICHsI JeTami3allii, a TaKoX J03BOJISIE MOJIEITIOBATH Pi3HI BaplaHTI/I z[maHHy
Mepesl PO3TOPTAHHSM. Ane Bapto 3BEPHYTH yBary 1 Ha 3arajbHi HEIOJIKH
areHTHOTO TIAXO0My. ATEHTHUH MiAXiJi CTaHOM Ha 3apa3 HE € JOCTaTHBO
po3BUHYTUM. BiH 3’SBHBCS B aKaJeMidYHUX KOJIaX, a HE B mpomuciaoBocti. Y [oT
CUCTEMaX BAXJIMBOKI XapaKTEPUCTUKOIO € MBHUAKICTH poboTu, a B BAC He
nepeadayeHi MexaHi3Mu JIsi poOoTH B pexxkumi peansHoro uacy. llle Bapto
3a3HAYMTH, I110 BIPOBAKEHHS OaraToareHTHOTO miaxoay y loT motpebye Oinbiiie
IpOIIei, MOPIBHSIHO 31 IIEHTPATI30BaHUMHU Ta CEPBIC-OPIEHTOBAHUMU CUCTEMAMHU.
MeTtonoorii, IHCTPyMEHTH Ta MOBH, 110 BUKOPUCTOBYIOThCA B BAC npu3HaueHi
JUISL  JTOCBITYEHUX KOPUCTYBadiB, TOMY HEOOXiJIHa pPO3pOoOKa MPOCTIIIUX
IHCTPYMEHTIB JJI MOYATKIBIIB. TakoxX BiJ PO3POOHHKIB HEOOX1HE PO3YMIHHSA
TOrO, 1110 HE 3aBXJU BUTITHO pOOUTU 3 peyel areHTiB, 1 B3arajial He BCl 3ajadi
BUT1JTHO BUPIIIYBAaTH areHTamH [5].

OTxe, yCKJIaHEHHSI 3aBJaHb, 10 BuUpimyroThes LI Ha mel yac, crtano
npUYrHOI po3BUTKY posnoauieHoro II. BAC moxyTe OyTH TapMOHIYHO
noeaHaHi 3 koHuemniier Internet of Things. BnpoBamkeHHsI areHTHOTO MiAXOAY
B loT € mepcrnekTUBHUM HANPsSIMKOM ISl TMOJAIBIIMX JOCTIIHKCHB, aje s
MOJAJIBIIOTO PO3BUTKY HEOOX1AHE BUPIMICHHS ICHYIOUHUX TTPOOIEM.
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This work discusses the growing popularity of artificial neural networks, a
fundamental aspect of Al for prediction. Inspired by human brain structure, neural
networks excel at learning and generalizing complex patterns in large data sets.
With Docker as a popular platform, Containerization and Apache Spark's in-
memory data processing engine are key tools for implementing neural networks
in forecasting tasks, allowing for scalable and efficient deployment. As research
progresses, neural networks are anticipated to be more significant in addressing
complex pattern recognition and prediction problems.

OcTaHHIMA pOKaMH BUKOPHCTaHHS INTYYHUX HEHPOHHHUX MEpEeX, SKi €
dbyHIaMeHTaIbHUM acrniekToM ITy4dHoro iHtenekty (1), mo dokycyerbest Ha
3ajayax 1AeHTH(ikaii, kKiacu@ikamii Ta MNPOTHO3YBAaHHS CTa€ BcCe OLIbII
MOMYJISIPHAM Ta PO3MOBCIOKeHUM. Lli 3a7madi OXOIUTIOIOTH MIMPOKUI CHEKTP
METOJIIB 1 anrOpUTMiB, IIO BUKOPHUCTOBYIOTHCA MJIs aHali3y, PO3YMiHHA Ta
MIPOTHO3YBaHHS Ha OCHOBI CTPYKTYp JaHUX.

Taki oOuuCIIOBaIbHI MOJIEINl 3HAYHOIO MIpOI0 HATXHEHHI CTPYKTYPOIO 1
GYHKIISIME JIFOJICBKOTO MO3KY, 1110 CKJIAJIAETHCS 3 B3AEMOTIOB'SI3aHUX BY3J1B, 400
"HelipoHiB", opraHizoBanux y mapu [1]. Heliponni mepexi ocoOmuBo mo0pe
MAXOAATh IS 3aBOaHb, K1 BKJIIOYAIOTH BEIMKI OOCATM MaHMX 1 CKJIAIHI
3aKOHOMIPHOCTI, OCKIIBKA BOHHM MOXYTb HAaBUMTHUCS PpO3Mi3HABATH
y3arajJbHIOBATH 111 3aKOHOMIPHOCTI 3a JJOTIOMOT'OO MPOIIECY, KUl HA3UBAETHCA
HaBuYaHHAM. HeillpoHH1 Mepexi 3aCTOCOBYIOTHCS JJI MPOTHO3YBaHHS MaiOyTHIX
3HAY€Hb 3MIHHO1 HA OCHOBI aHaJli3y ICTOPUYHUX JIAaHUX Ta TeHAeHIii. HeliponHi
MEpeXi BIIMIHHO CIPaBISIOTHCS 3 IIUM 3aBJaHHSAM 3aBJSKH CBOiM 31aTHOCTI
BHUBYATH CKJIAJHI 3B’SI3KM Ta y3arajbHIOBaTH MHUHYII JaHi, 00 poOUTH TOYHI
MIPOTHO3H.

OmHuM 13 TPHUKIALIB  MPOTPaMH TMPOTHO3YBAHHS €  CIIOKUBAHHS
enexkTpoeHeprii. ToOYHI MPOTHO3M CIHOKUBAHHS €HEpPrii HEeoOXimaHl s
e(pEeKTUBHOTO VNPABIiHHS E€HEPri€l0 Ta IUIaHYyBaHHS, OCKUIBKM BOHH
JIOTIOMAralTh KOMYHAJIbHUM KOMIIaHISIM ONTHMI3yBaTH PO3MOJLT PECYpCiB 1
3MEHIIIUTA  eKCIUTyaTariiHi  BuTpaTd.  HelpoHHI  Mepexi  MOXKHA
BUKOPHCTOBYBATH JIJIsi MOJICIIIOBAHHS Ta MPOTHO3YBAaHHSI CIIOKUBAHHS €HEPTii Ha
OCHOBI Pi3HUX (DAKTOPIB, TAKUX SK MTOTOHI YMOBH, Yac J0OU Ta iICTOPUYHI MOAEI
CIIOKHBaHHS [2].
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OaHuM 3 OCHOBHHMX 1HCTPYMEHTIB pealtizallii HSHpOHHUX MEpex y 3ajadax
NpOTHO3YBaHHA €  KoHTehHepu3auis.  KonreliHepuzaiiss — mepenbavae
YIaKOBYBaHHSI IPOTpaMu Ta ii 3aJIe)KHOCTEN B €IMHUHN MTOPTATUBHUM OJIOK, KU
HA3MBAEThCS KOHTeWHepoMm. lle 3abesnedye mMOCHiOBHE Ta BIJIITBOPIOBAHE
BUKOHAHHS MPOTpaMU B PI3HUX OOYMCIIOBAIBHUX cepepoBuinax. KonreitHepu
MOJKHA JIETKO pPO3rOpTaTd Ha PI3HUX XMapHUX I[Iatrgopmax 1 IMIBUIKO
MaciTadyBarty, 1100 BiIMOBIAATH BUMOTaM MPOTpaMu MPOTHO3yBaHHS Ha OCHOBI
HelipoHHoi Mepexi. Docker — 1e monynspHa mardopma s KOHTEHHEpHU3alli,
sKa TPOMOHY€E 3pYyYHUH CMIOCIO CTBOPIOBAaTH, pO3rOpPTaTd Ta KepyBaTU
KOHTEHHEepaMu JJI J0IaTKiB HEeHPOHHOT Mepexi [3].

Apache Spark € me ogHUM BaXKJTUBUM 1HCTPYMEHTOM JIJISI BITPOBAXKEHHS
HEHPOHHMX MEPEX y 3aBlaHHs MporHo3yBaHHA. Apache Spark — e mBuakmii
MEXaHi3M OOpOOKM JaHUX Yy T[aMm’sTi, TNPU3HAYEHUW I8 BUKOHAHHSA
BEJIMKOMACIITAaOHUX 3aBJiaHb OOpoOkM gaHuX. lle ocoOmmMBO KOpHCHO IS
PO3MOICHOTO HABYaHHA Ta PO3TOPTAHHS MoOJIeNiell HEHPOHHUX MEPEeX ¥y
MacitaboBanuii Ta edexkTuBHUM croci6. bidmioreka MLIib Spark Bkirouae
HNIATPUMKY PI3HUX apXITEKTyp HEUPOHHUX Mepexk 1 MPONoHye BOYIIOBaHI
IHCTPYMEHTH JUIsl TIONIEPEeHh0I OOpOOKM JTaHMX, HABYAHHS MOJIE Ta OI[IHKH.
BuxopucroBytoun MoxiauBOCTI Spark, mporpamu NnporHo3yBaHHS Ha OCHOBI
HEHPOHHOI Mepexi MOXKHA MacIiTadyBaTh Ha KUTBKOX BY3/axX, IO JO3BOJISE
JIErKO 0OpOOJISITH BEeNMKI HAOOpHU JAaHUX 1 CKJIaJiHI Moei [4].

HelipoHHi Mepexi cTaau NOTYXHUM IHCTPYMEHTOM JUIsl PI3HOMaHITHUX
3aBJaHb 3aBISKH iXHIH 3JaTHOCTI BUBYATH Ta y3araJIbHIOBATH CKJIHI 3B’ SI3KH Y
BENMKUX HaOopax maHux. BoHW goBenu CBOIO €PEKTHBHICTh y pI3HUX cdepax
*uTTs. OCHOBHI 1HCTPYMEHTH, Taki Sk KOHTeWHepu3aiis Ta Apache Spark,
HEOOX1H1 ISl BIIPOBAKEHHSI HEUPOHHUX MEPEX Yy 3aBJaHHS MPOTHO3YBaHHS,
00 came BOHU J03BOJISIOTH MaciTaboBaHe Ta €()EKTUBHE PO3TOPTAaHHS Pi3HUX
mozenen. OCKITbKH JOCTIKEHHSI Ta pO3pOOKHU B 1M Taiy3l MPOAOBXKYIOThCS,
OUIKY€THCA, 10 HEHPOHHI MEPEXi BIAITPAaBATUMYTh JeJal BaXIHUBIIITY POJIb Y
pO3B'sI3aHHI CKJIQJHUX MPOOJeM po3Mi3HAaBaHHS 00pasiB 1 MPOTHO3YBaHHS B
pi3HHUX 00JACTSIX.
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This work discusses the increasing need for effective big data analysis

methods like forecasting and the challenge of inefficient resource management.
Containerization technologies, such as Kubernetes, offer a solution to these
problems by providing improved resource utilization, simplified deployment, and
greater flexibility. Containerization allows for autoscaling, which adjusts resource
allocation based on workload, improving performance, reducing costs, and
enhancing forecasting accuracy. By combining autoscaling capabilities with
Kubernetes' container orchestration, forecasting tasks can achieve better
performance, flexibility, and cost-effectiveness, leading to widespread adoption
in big data analysis.

VY cywyacHOMy CBITI 00'€M JaHUX 3pOCTa€ B F€OMETPHUYHIM Mporpecii, 1o
NPU3BOJUTH 10 HEOOXITHOCTI BHKOPUCTAHHS €(PEKTHUBHUX METOJIB AaHAII3Y
BEJIMKUX JAHWUX, TAKUX K MPOrHO3yBaHHsA. OIHAK, OJHIEI0 3 HAWBaXIJIMBIIINX
npo0iem, 3 SIKUMH CTHUKAIOThCS B LIbOMY IPOLEC], € HEE(PEKTUBHE YNPABIIIHHS
O00YHUCTIOBAILHUMU pecypcamu. Ll HeedeKTUBHICT MOXKE HE JIUIE TIPU3BECTH
710 301IbILIEHHS BUTPAT, aJie il HEeraTUBHO BIUIMHYTH Ha MPOIYKTUBHICTh MOJEEH
IPOrHO3yBaHHA. BXoasiun 3 1bOro, pO3rIsIHEMO BUKOPUCTAHHS KOHTEHHEPHUX
3aCTOCYHKIB K PO3B'sI3aHHS MTPOOIeMU HEEPEKTUBHOTO YIPABIIHHS peCcypcaMu
B 3aJayax  IMPOTHO3YBaHHS, 30CEPENMBIIMCh Ha  KOHTEHHepu3allii,
aBToMacmTaboBaHocTi Ta Kubernetes.

TpanumiitHui miaXia A0 pOo3NOALTY pecypciB, TaKui K (iKCOBaHI amaparHi
KOH(DIirypamii Ta MOHOJITHI HPOrpaMHi apXiTEKTypH, MOXKE MPU3BECTH [0
HeeEeKTUBHOCTI Ta MapHOTpaTcTBa. KpiM TOTO, 111 MiAX011 HEJOCTAaTHLO THYYKI,
1100 BpaxyBaTu AUHAMIKY 3a7a4 MPOrHO3yBaHHsA. JJ1 po3B'sa3aHHs LUX IpodsieM
NEPCHEKTUBHUMHM  PIMIEHHSMH  CTaJIM  TEXHOJIOTT  KOHTEWHepu3allii.
KonteitHepu3aiiis nepeadavae makyBaHHs 3aCTOCYHKIB Ta iXHIX 3aJIe)KHOCTEH B
130J1b0OBaH1, MOPTATHBHI OJWHUII, SKI Ha3UBalOThCA KOHTeHHepamu. Lli
KOHTEHHEpH MOXYTh TpalioBaTH Ha OyAb-sKid CYMICHIH XOCT-CHCTEMI,
HE3aJIe)KHO Bi KOH(]Iryparlii amapaTHOro Ta MpOTPaMHOTO 3a0e3MeueHHs. TaKuii
MiIX11 Ma€e HU3KY TepeBar, cepei SKUX TMOKpalieHe BUKOPUCTAHHS PECypCiB,
CIPOIIIEHE PO3TOPTAHHS Ta OibIIa THYUYKICTh [1].

Opniero 3 KIIOYOBHX TepeBar KOHTeWHepm3aiii € 11 QyHKIs
aBToMacimTabyBaHHs. ABTOoMacmiTaOyBaHHS O3HAYa€e 37aTHICTb CHUCTEMH
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aBTOMATUYHO PEryJIOBaTH PO3MOJILII PECYPCIB HA OCHOBI MOTOYHOTO POOOYOTO
HaBaHTaKEHHA. Take AMHaAMIYHE HATAIITYBaHHS MOKe OyTH 0COOIMBO KOPUCHUM
y 3ajJla4ax MpPOTHO3YBaHHS, OCKIJIBKH JI03BOJISIE CUCTEM1 €(DEKTUBHO PO3MOIISATH
pecypcH BIIMOBIIHO 10 MIHJIMBUX BUMOT MOJIEJIEH MPOTHO3YBaHHSI.

Kubernetes — me mnardgopma st OpKeCTpyBaHHsS KOHTCHHEpIB, sKa
CHPOIIYE praBJ'IlHHH KOHTCHHEPHUMHU 3aCTOCYHKaMH. HnaTq)opMa MPOTIOHY€
psaa  QyHKLINA, SKI MIATPUMYIOTH aBTOMAacIITaOyBaHHS, BIAMOBOCTIHKICTH 1
OanmaHCyBaHHS HABaHTAXEHHA, IO POOUTH il ONTUMAaIbHUM BHOOPOM IS
yIpaBIiHHS pecypcaMu B 3aJja4ax MPOTHO3yBaHHS [2].

[Tpuknagom BukopuctanHs Kubernetes y 3agadax TpOrHO3yBaHHS €
3aCTOCYBaHHS y TIPOTHO3yBaHHI €HEProcrnokuBaHHsA. EHepreTnyHi kKoMmraHii Ta
OIIepaTOpHU MEPEXk BCE YACTIIE BUKOPUCTOBYIOTh MOJIEIl MAIIMHHOTO HaBYaHHS
JUIsL IPOTHO3YBAaHHS MOJIEJIE€N CIOKMBAHHS €HEPrii Ha PI3HUX PIBHAX, TAKUX K
OKpeMi JIOMOTOCIIOIapCTBA, KOMEPITiHH1 Oy/1BI1 260 11111 MicTa. TO4HI MPOTHO3U
CIIOKMBAHHS HEOOXITHI JUIsi ONTHMI3alii BUPOOHUIITBA EJIEKTPOEHEPTii,
YIOPaBIiHHSA MEPEeXel0 Ta OallaHCYyBaHHsS HaBaHTAXKEHHA NJs 3a0e3leueHHs
HajdliiHOro  eHepromocrtadyaHHa.  Kubernetes  n1o3Bosisie  aBTOMaTH4YHO
MacmTadyBaTd pecypcd Ha OCHOBI BHMOI' poOOYOro HaBAHTAXKEHHS,
rapaHTylO4u, M0 MOJIEIl MPOTHO3YBAHHS MOXYTh BIOpATUCSA 3 BaplalisiMH
00CsITY Ta CKJIQJHOCTI JaHWX. 3aBASKH KOHTCHHEPHHUM MOJEISM, €HEepPreTUYHI
KOMMaH1i MOXYTh TMOCTIHHO OHOBJIIOBATH Ta BJOCKOHAJIIOBATH CBOI MOJENI
IPOTHO3YBaHHA, MO0 BpaxyBaTH 3MIHM B CTPYKTYpl CHOKMBaHHS, IMOTOJHI
YMOBH Ta IHIII (PaKTOpH, sIKI MOXKYTh BIUIMBATH HA BUKOPUCTaHHsS eHeprii. Lle
MPU3BOJUTH JI0 OUIBII TOYHUX MPOTHO3IB E€HEPrOCIOXKUBAHHSA, MOKPAILECHHS
CTaOUIBHOCTI E€HEProCUCTEMH Ta EKOHOMIi KOIITIB SIK I KOMYHaJIbHHX
MIMPUEMCTB, TaK 1 JJIS CITOKUBAYIB.

TexHomnorii KOHTeWHepHu3allli CTalu TMOTY)KHUMHU 1HCTPYMEHTaMU IS
e(eKTUBHOTO VYIPABIIHHSA pecypcaMu B 3aJadax MPOTHO3YBaHHs. DYHKIIis
aBTOMacIITa0yBaHHS KOHTEHHEPHHX 3aCTOCYHKIB y TIO€JIHAaHHI 3 HaJIIWHUMU
MOKJIMBOCTSMHM OpKECTpyBaHHS KoHTeiiHepiB y Kubernetes moxke 3HauHO
M1JBUIUTH MPOAYKTHUBHICTh, THYYKICTh Ta €KOHOMIUHY €(DEKTUBHICTH MOJIECIICH
nporHo3yBaHHsA. OCKIJIBKM KOMITaHIi Ta HAyKOBLI MPOJOBXKYIOTh MPaIlOBaTH 3
BEJIMKUMH JaHUMU Ta IIYKaIOTh 1HHOBAIIMHI CIOCOOM TOYHOTO NMPOTHO3YBAHHS,
BIIPOBAKEHHsST KOHTeilHepu3alli ta Kubernetes, iiMoBipHO, Oylie cTaBatu Bce
O1JIBIII TOIIUPEHUM SBUILIEM.

Crnucok BUKOPUCTAHUX JHKEPE:

1. Treseler, M., & Burns, B. (2017). Building distributed systems with
containers. O'Reilly Media, 48-54.

2. Hightower, K., Burns, B., & Beda, J. (2021). Kubernetes: Up and Running
- Dive into the Future of Infrastructure. Second Edition. O'Reilly Media.

14



YK 621.396.946
AHAJII3 CYYACHHUX MOBUIBHUX TEXHOJIOT'T OPTAHI3AIIIL
3B'SIBKY
Hpurau K.B., [Tokasiit.K.O.
HaykoBuii kepiBHuk — ac., bongapenko M.E.
XapKiBCbKHUI HallIOHAIBHUN YHIBEPCUTET paaioeneKTpoHiku, kad. EOM
M. XapkiB, Ykpaina
tea. +38(050) 952-26-48, email: kyrylo.dryhach@nure.ua.

The broad word "mobile technologies" refers to the multitude of
technologies used in mobile devices such as cell phones and the iPad. Mobile
technologies have developed at an unprecedented pace over the past few years,
revolutionizing the way we live, work and interact. This paper presents the
analysis of solutions, their implementation and comparison.

besnpotosi Texnounorii, Taki sk Wi-Fi, Bluetooth 1 NFC, sxi 103BoJISIFOTH
OPUCTPOSM OOMIHIOBATUCS JTaHUMHU Ta B3a€EMOJISATH 3 I1HIIMMHU MPUCTPOSIMU
0€31pOoTOBUM CIOCOOOM, € MEPIIMMHU 3 OCHOBHUX TEXHOJIOT1H, 10 3a0€3Me4y0Th
TaKWAH IIBUIKUHA OOMIH.

Wi-Fi — e mepesxa, sika po3Impuiia CBOi MOKIIMBOCTI. 3aBISIKH TEXHOJIOTI1
Wi-Fi, sika BUKOPHCTOBYE paIiOCUTHAIM ISl TIepeladi JaHUX, BU MOXKETE
HIBUIKO JUIMTHCS CBOIMU JJAHUMH 3 IHIIMMU 10 BCbOMY CBITY, ITIJIKJIFOUUBIIHCH
no Iurepuery. BOynoBaHy  JokalnbHy  KOMITIOTEpHY  Mepexy wi-fi 3
KoH(pirypyBanHsM 3a jonomorotro texHousorii Bluetooth mocmigmmu  A. O.
Menbuuk, JI. B. Jluxorom, A. B. I'pebensik [1].

Bluetooth - 1e cramgapt 0e3apOTOBOrO 3B'SI3KY, SKHH BHKOPHCTOBYE
XBUJIbOBI KOJIMBAaHHSA [JIs1 Tiepenadi maHux. TexHonoris Bluetooth crana
aTbTEPHATUBOIO KaOeIbHOMY 3'€IHaHHIO B 0aratbox Jo0JaTKax il OOMiHY
JTAHUMU Ha OJIM3bKiH BIZICTaH1 1 YaCTO BUKOPUCTOBYETHCS PA30M 13 TEXHOJIOT1SIMU
MOO1ILHOTO 3B'S3KY[2].

Ha BigMiHY Big TpaaumiiHOTO MOOLIBHOTO 3B’S3KY, JJIS SIKOI'O HEOOXiaHa
HAsIBHICTh CTaHIlli MOO1THHOTO 3B 53Ky, Bluetooth Moxke mpairoBat He3aneKHO
Bl iHmMX TenedoHiB. [liamazon mnepegadi OoOMEKEHUW 1 3aJCKHUTh Bij
noTyXHOCT1 Tenedony Ta Bepcii Bluetooth, mo BUKOpHUCTOBYETHCS PUCTPOEM,
3a3Bu4ail BapitoeThes Bia 50 go 100 meTpis.

«Near Field Communication» ab6o «NFC» («3B'sI30kHa HEBEIUKHUX
BIJICTAHAX») — TEXHOJOrIs 0e3IpOTOBOIO0 BHCOKOYACTOTHOTO 3B'SI3KYy MAajoro
paniycy aii «B oauH A0Tuk» [3]. Texnonoris NFC npusHaueHa Jjis MOJIETIeHHS
nepeaadi TaHuX MK MPUCTPOSIMHU, JO3BOJIIIOYM KOPUCTyBayaM OOMIHIOBATHUCS
1H(OopMaIri€ero Ta Jeriie B3aEMOIATH 3 1HIIIUMH.

Jlpyroio rojloBHOIO TEHJEHLIEI0 PO3BUTKY MOOUIBHUX TEXHOJIOTIH € BCe
OUTbII IIMPOKE BHU3HAHHA MOOLIBHUX JojaTkiB. KopucTyBaui MOXYyTh
BUKOPHCTOBYBaTH MOO1JIbHI MPOTpamMH Uil AOCTYIY 10 PSIAY MOCIYT 1 QYHKIIIH
Ha CBOiX MOOLTFHUX MPHUCTPOSIX. 3pOCTaroyua MOMyJISIPHICTh MOOUTBHUX JTOJIATKIB
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BIJIKpUBA€ OUTHII TIPSAMUM 1 €(heKTUBHHM KaHal KOHTAKTy MK KOMIAHISIMHU Ta
iXHIMH CITOKHMBa4YaMH, CIIPOIIYIOYH JOCTYII JIO TOBapiB 1 MOCIYT, 30UIBIIYIOUH
B3a€EMOJIIIO 3 KOPUCTYyBa4aMHt Ta 3a0€3MEUyI0UH KPaIy SIKiCTh 00CITyTOByBaHHS.

Bluetooth

2442 2480

Pucynok 1 — Kananu WiF1 ta Bluetooth y mianazoni ISM 2,4 [T

MoxHa 3po0UTH BUCHOBOK, OJHUM 13 HEJIOJIIKIB TPAJAUIIIHHOTO MOOLIIEHOTO
3B’SI3Ky € OOMEXEHI MOXJIMBOCTI Mepefadi JaHuX. TpaauiiiiHe MOOUIbHE
MIJKJITIOYEHHS 3a3BUYail Mae Habarato HIKYy IIBUJKICTH Mepenadl JTaHuX, HIXK
cyuyacHi texHosorii, Taki sk 4G 1 5G. Kpim Toro, 3BHYalHUI CTIILHUKOBUN
KOHTaKT MOX€ OyTH HECTaOUIbHMM Yy MICISIX 13 TIOTAaHMM CHUTHAJIOM, IIIO
MPU3BOJUTH JI0 TIEPEPUBAHHS T1AJIOTY.

Kpim Toro, 3Bnuaiinuii MOOUIBHUH 3B’ 130K MOXKE OyTH JOPOTHM, 0COOJIMBO
JUIs. A3BIHKIB 3a KOPAOH. 3arajoM TpaJUIifHUNA MOOUTbHHUM 3B’S30K 3aiiMae
NO3ULIi Ha PUHKY 3B’SI3KYy, aj€ 3 PO3BUTKOM CYYaCHUX TEXHOJIOTIH BIH MOXKE
BTPATUTH CBOIO KOHKYPEHTHY IIepeBary.

CnucoK BUKOPUCTAHUX JHKEPEN:

1. Menbauk, A. O. (2017). BOynoBana nokaipHa KoMl 'roTepHa Wi-Fi
Mepexa 3 KOH(ITypyBaHHSIM 3a joroMoror TexHosorii Bluetooth. JIbBiBChKka
noJiiTexHika, Ne 881, 66-86.

2. 3BSI30K OJMKHBOT i Bzsaro 3
https://en.wikipedia.org/wiki/Near_field communication

3. Minoli, D. (2007). Wireless Sensor Networks. 287-295.

4. Tapuascbkuit, FO.A. (2018). Opranizariis koM torepanx Mepex. KIII im.
Irops Cikopcbkoro, 84-100.

5. Kyuepsseiii, E.A. (2006). IlpuHumMnsl TOCTPOEHUS CEHCOPOB U
OECITPOBOJIHBIX CEHCOPHBIX ceTel. YueOHuk, Ne6, 42-59.
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YJIK 004.9:636.8.084.7
ABTOMATHUYHA I'OAIBHUIA 1JIS KOTIB
HA BA3I IVNIAT®OPMMU ARDUINO UNO
I'onoBuenko O.C.
HaykoBuii kepiBHUK — K.T.H., Joil. Kymnak E.M.
XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaIiOCIEKTPOHIKH
(61166, Xapkis, npoct. Haykwu, 14, xad. AIIOT, Ten. +38 (057) 702-13-26)
e-mail: olekcandr.holovchenko@nure.ua.

An automatic feeder is a device that gives a certain amount of pet food to an
animal at a given time. Feeders for cats are designed specifically for this type of
pets and may have design features that don’t allow them to be used for feeding
other animals. Typically, automatic feeders are used if it is necessary to strictly
control the amount of pet food consumed by the pets, or if the owner cannot feed
the animal himself for some reason. The automatic feeder ensures that the pet will
be received the necessary portion of pet food at the time programmed by the
owner.

OpnHa 3 HaWOUTBIIUX MPOOJIEM Cy4acHOI JIIOAMHU — KaTtacTpopiuHuil Opak
yacy. Hacuuenuii rpadik, HenoBre BIIpsSUKEHHS a00 BIAMYCTKa, y SKY
HEMOJKJIUBO B3STH 3 COOOI0 TBAPHHY 1 BOHA MOKE 3AIMIIIUTHCS BAOMA TPOTATOM
OaratboX roAuH Ha caMoTi. lle ripmoro cuTyaris CTa€ SKIIO 3 IKUXOCh IPUYMH
TBapWHU KMBYTHh HE B OCENl BJIACHWKA. B TakoMy BUMNaAKy Tepesa BIACHUKOM
Ty’Ke TOCTPO TOCTaE€ MUTAHHS TOMyBaHHSA. B Haroai Moxke cTaTd aBTOMaTHYHA
FOIBHUYKA.

OcHoOBHA 3aJlaya — BYACHO TO/IaBaTH TBapHHI KOpM. TakoxK, aBTOMaTUYHA
TOJIBHUIISI Mae OyTH MpUHAWMHI MIHIMAJIbHO MPOTPAMOBaHOIO, MI00 HE
3MIHIOBaTH 3BUYHOTO Tpadiky rogyBanHs. Ha 6ararbox cydacHUX roJiiBHUYKaX
BUCTABJIIETHCS IHTEPBAJI MK TolyBaHHAMH. Ha Ol MpOCYHYTUX MOJEISAX €
MO>KJIMBICTh 33J]JaBaT KOHKPETHUN Yac KO>KHOTO T'OTyBaHHSI.

Criz 3ayBayKUTH, 1110 3a3BHYail aBTOMATHYHI TOAIBHMII, & OCOOJHMBO Ti, 110
MpU3HAYEH1 JIs1 JOBTOCTPOKOBOI pOOOTH B aBTOHOMHOMY PEKHMI, TPUCTOCOBAHI
JuIie I cyxoro kopmy. BracHe, nesiki TOJIBHHII MOXYTh HAllOBHIOBATHCS
BOJIOTUM KOPMOM, IIPOTE, SIK MPaBUJIO, IXHHOTO BMICTY BHCTAua€e IIOHAUOLIbIIE
Ha 48 TOaUH, OCKUIbKM 30€epiraHHs MpPOTATOM JOBIOr0 4Yacy € JOCHUTHb
npoOiemMaTuYHUM. TakuM 4MHOM, 3aJ1s1 YHUKHEHHS MpoOsieM 31 30epiraHHsm,
TOJIIBHULIS JIJIs1 KOTiB OyJ1€ 3aIIOBHIOBATHUCS CYyXUM KOPMOM.

3a ocHoBy mpuctporo obepemo 1iary Arduino Uno R3 Big Keyestudio,
BUKOHAaHY Ha MikpokoHTpoJiepi ATmega328P. Kpim Toro Bukopucraemo LCD
JUCIUIeH Ta HaOlp TAaKTOBUX KHOIOK JJIs HaJjallTyBaHHs rpadiky roayBaHb i
TEH30/IaTYHK JJIsI BariB, 00 KOHTPOJIIOBATH HASIBHICTH KOPMY B MHUCIII.

Jlnst HacWmaHHS KOpMY, TOJIBHMYKA Ma€ J03aTOPHUNA MeEXaHI3M, SKUi
CKIIAJA€ThCs 13 00epTambHOTrO O6apabaHy 3 OTBOPOM B TOPIll, CEPBOMPUBOJIA 3
MaKCUMalbHuM KyToM 00pty 180°, oOMexysambHOro 060ay. B mouarkoBuii
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MOMEHT 4acy 0apabaH 0OepHyTHI OTBOPOM Bropy, Tak 1100 11e¥ OTBIp CITIBIIAIaB
3 OTBOPOM TaKOTO X po3Mipy Ha JHI 0aky 3 KOopMoM. TakuM YHUHOM KOpM
3acunaeTbes B 6apabaH mmij Ji€ro BiaacHoi Bard. JJist Toro, mo6 HacumaTu KOpM B
MHUCKY HEOOXI1JTHO MOBEpHYTH OapabaH, AJig YOTo MOJATH KEPYIOUMM CUTHAI Ha
CEpBOJIBUT'YH 3’€JJHaHUM 3 OapabaHOM, 1110 BUKIMKAE HOTO MOBOPOT HA 3aJlaHUN
kyT y 180°. Kepyrodi curHanm momaroThCs Ha CEpBOJABUTYH JBiUi 3 HEBEIUKUM
iHTepBasoM, ABiui moBepraroum Gapaban Ha 180° rpamycis. ITosepraroumce,
OapabaH epeKprBaE OTBIp OaKy CBOEIO CTIHKOIO, 2 OOMEXyBaIbHUHN 00111 HE 1a€
KOpPMY BHCHIMATHCS 3 caMoro 0apabaHy J0 TUX Iip OKU TOW HE PO3BEPHETHCS HA
180° Big MOYATKOBOIrO MOJIOKEHHS.

3aranbHUI aNrOpUTM POOOTH TOAIBHUII € HACTYMHHM. BIacHUK akTUBYe
T'OJIIBHUIIIO, 3aMIOBHIOE 0aK JIJIsl KOPMY, 3a JOTIOMOTOI0 HA0OpY KHOIOK 3aJ1a€ yac
KOXXHOTO TOJ{yBaHHS, aBTOMAaTUYHO PETYIIOYH 1 KUIBKICTh TOJTyBaHb (BiJl OJJHOTO
0 TpboxX Ha A00y). Cuctema HE Ma€ TOJAUHHMKA, TOMY IIICIs BBOJAY 4Yacy
roJlyBaHb HEOOXIJIHO BBECTH MOTOYHMM 4ac (yac Bimiiky). Komu #oro Oyme
BCTAHOBJICHO MOXKJIMBICTh peAaryBaTu 4ac TojyBaHb Oy/ie 3a0J0K0BaHa, ajie BCe
e MOXHa BIIMIHUTH OyJb siIk€ 3 HHUX a00 TOBHICTIO CKHUHYTH BHECEHI
HaJallITyBaHHS.

3a JOIIOMOTOK0 TalMepa CHCTEMA BHU3HAYA€ YW HACTAB 4Yac 4YEProBOro
roJlyBaHHA. SIKIO L€ TaK 1 1€ Neplle TOAYBaHHS MICIs 3aMyCKy T'OJIBHHII TO
OyJZle BUKOHAHO OIEpalii0 HACUIIaHHS KOPMY, IICIs 4Oro Oyze 3amipsiHO Bary
KOpMY B MHUCIII 3a JOIOMOTOI0 PO3TAalllOBaHMX Mia Hew BariB. Hamami Oyne
BUpaxyBaHa 1 3alMcaHa B TaM'sATi JecsATa 4YacTHHA IIi€l Baru, SKy Hajami
Ha3MBAaTUMEMO TIOPOTOBOIO Baroro. SIKIO HacTaB yac YeproBOro TOayBaHHS, aje
[Ile HE Tepile ToAyBaHHS TICIS 3amycKy, TO OyayTh 34MTaHl JaHl 3 BariB.
Hacumnanus kopMy BiiOyneThCsl JIMIIE SKIIO BUMIPSHA Bara KOpMy B MUCIII HE
nepeBuIIye 30epekeHy MoporoBy Bary (TOOTO KiT MOTEHIIMHO TOJIOIHUN).

[lepenbauaeThcsi, MmO cHCTEMa MAaTHUME AaBTOHOMHE JKHMBJICHHS BIJ
aKyMyJIATOPIB, 3 MOXJIHMBICTIO 3apsiIKU Bil Mepexi 0e3 HeoOXigHOCTI ix
BUJTyuYeHHsS. TWM He MEHII 4Yepe3 OOMEeXEeHHs TaiWMepa TOJIBHUIISL Mae
BUMUKATHUCS HE piamie HiX KoxHI 49 ni6. O0’eM 06aky 11 KOpMY Ta J03aTOPY
pO3paxoBaHi Ha POOOTY BIPOJOBK TPHOX, A00 IMIOHANOLIBIIE YOTUPHOX Ji0.

Crmcok BUKOPHCTAHOI JIITEPATypH:

1. ABTomMaTW4yHa TOJIBHHUI JUIs KIMIOK: TMOpagud MO0 BHOOpPY 3
MOPIBHSHHAM MONYJIAPHUX Mojienel roaiBHuLb [ Enextponnuii pecypce] / Pexxum
noctymy: https:/murmur.org.ua/avtomatychna-godivnytsya-dlya-kishok-porady-
shhodo-vyboru-z-porivnyannyam-populyarnyh-modelej-godivnyts/

2. Arduino Uno [Enextponnmii pecypc] — Pexxum moctymy 1o pecypcy:
https://doc.arduino.ua/ru/hardware/Uno

3. ELS PET Automatic Cat Feeder,4L Pet Dry Food Dispenser for Cats and
Dogs,Programmable Timer, Up to 10 Meals per Day [Enexktponnuii pecypc| —
Pexum noctymy 1o pecypcy: https://cutt.ly/z1 TKHjH
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YJIK 004.5:004.9
IMPUCTPI KOHTPOJIIO BOJIOI'OCTI IPYHTY HA BA3I ARDUINO
Crminenpkuii B. B.
HaykoBuit kepiBHUK — K.T.H., 1011. Kynak E.M.
XapKiBChKHUM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKA
(61166, Xapkis, npocn. Haykwu, 14, kad. AIIOT, ten. +38 (057) 702-13-26)
e-mail: volodymyr.slipenkyi@nure.ua.

Soil humidity control system is the whole system, which is a combination of
technical features, used to control that soil humidity content in any zones for
additional sensors. Such a system allows you to automate everyday processes and
simplify human life. In the provision of the system with the addition of sensors,
they help to create a more favorable schedule for the supply and distribution of
water. It is very convenient for both small farms and large enterprises.

B nami gH1 Bce Ounblie HaOWpae MOMYJSPHOCTI Ta aKTyallbHOCTI Taka
CUCTEMaA, 5K «po3yMHHM naiM». Cuctema «po3yMHUH AiM» MOTpiOHA MAJis
MOJICTHICHHS YIIPaBIIHHS TJOMAIIHIM FOCTIOaPCTBOM, a TAKOK PO3IIUPEHHS HOTO
MO>KJIMBOCTEH, TO3BOJISIE Y OyAb-sIKMM MOMEHT 4Yacy, 3 OyIb-sSKOi TOYKU CBOTO
OYJIMHKY BCTAHOBHUTH 3B'I30K 3 KOMIIOHEHTAMH CUCTEMH 1 3 OyAb-SIKOI TOUYKH
CBITY BCTAHOBUTH 3B'SI30K 31 CBOIM OYJMHKOM.

OpHak Take MOHSATTS MOKHA PO3LIMPUTU MIJT Oynb AKy 1H(QPACTPYKTypy
JIIOJICBKOTO KUTTS. B paHiii TemaTIll e AOTJA 3a pOCAMHAMHM a00 1HIIUMHU
KyJnbTypamu. [lesiki 3 HUX ToTpeOyIoTh CyBOPOTO KOHTPOJIIO CaMe BOJIOTH IPYHTY,
aJKe TIe TTOKa3HHUK € KPUTHYHO BKIMBUM JIJIS1 )KUTTS POCIMHU Ta BiAMOBITHOT
SKOCTI SIK Pe3yJIbTaTy BUPOIILyBaHHS.

OcHOBHA 3aj7ja4a — MPOBOJAUTH KOHTPOJb CTaHY IPYHTY 3a MapaMeTpoM
BoJsiorocti. [le Mae OyTu TOUHMII Ta eeBUNA MPUCTPIH, 110 3a0€3MeUUTh HAIHHY
poboTy.

[TpucTpOiB KOHTPOIIO BOJOTOCTI MPEACTABICHUN 3HAYHUN PSJ MOJCIEH 1
came BIJl CEpeloBUINA, Yy SKOMY BiIOyAeThCS BUMIpIOBaHHS, Oyje 3ajexaru
cnerudikamis gaTauky. JJis rpyHTY Iie 3aHypeHHs BIUIMO, TOX JAaT4YMK Mae
HEBEJIMKHH J1ialTta30H BUMIPIOBAHHS, ITPOTE € TOYHUM 1 T€PMETHU30BAHUM.

OCHOBHUMH KOMIOHEHTaMH MpUCTporo € miata Arduino Uno Ha OCHOBI
MiKpokoHTpoJiepa ATmega328P Ta naTyuk BUMIPIOBaHHS TEMIIEpaTypu Ta
Bojoru DHT-11. Ile#t natumk oOpaHO Yepe3 MOro HaIIMHICTh, TOYHITH,
JIEIIEeBU3HY Ta BEJIUKY BiICTaHb Nepeaadl curiainy Kpim toro amns BigoOpaxeHHs
noTouHoi 1H(opmarii npouecy Oyne momanuii LCD-eneMeHT, 110 T03BOJIUTH
BUBOJAWTHU J]aH1 y JOCTYITHOMY Ta 3pO3yMIJIOMY BUTJISII.

OcHoBHa poOoTa Oyje MPOXOAUTH MK JaTYUKOM (TIPOIIeC BUMIPIOBAHHS)
Ta MIKpOKOHTpoJiepoM Ha Arduino (mporec oduucieHnHs). /JlaTyuk Hamae cBOiM
Bux010M 40 O1TiB, 1110 OYIyTh MICTUTH YCIO MOTOYHY 1H(POPMAIIIFO TTPO BOJIOTICTh,
TEMIIEpaTypy BHUMIPIOBAHOTO CEPENOBUINA, a TaKOX IEPEBIPKY KOPEKTHOCTI
4yepe3 KOHTPOJIbHY cyMy. JIoOKyMeHTaIlisl 1aTuyuKy rnepeadoadae cXxeMu-mpruKIaIn

19


mailto:volodymyr.slipenkyi@nure.ua

po3umpyBaHHs a00 TpaKTyBaHHS MOAIOHUX MOCIIIOBHOCTEH. OTKe, TOJOBHUM
3aBJlaHHS MIKPOKOHTpoJiepa Oyne oOpoOka 1€l BHUXIAHOT IIMHUA IS
MpEeACTaBIICHHS JaHUX Y 3p03yMiIoMy BUTJIsi1. Jlani HoBul opMart naHux Oyne
BUBeeHO Ha naHenb LCD.

Jns  3amaHHS  1HTEpBaJiB BUMIPIOBAHHS Yy JaTYUMKy IepeadadeHo
HaNAIITYBaHHA Taiimepy. Takuii mapaMmeTrp € 3pyYyHUM ISl 1HIUBITyalbHOI
KOPEKIIil CHCTeMH i MpeACTaBIeH] 3aaul.

3aranbHU anTOpUTM POOOTH CHUCTEMHU € HACTYHMHHUM. [laT4uMk 3 mEBHOIO
3aJIaHOI0 TIEPIOIMYHICTIO TTPOBOUTH BUMIPIOBAHHS Ta HAJICWJIAE€ JaHI Ha BXIiJ
Arduino.

Jlaii MiKpOKOHTpPOJIEp MTPOBOAUTH OOUYUCIICHHS 3T1AHO 3aIIPOrPaMOBaHOTO B
HBOMY aJITOPUTMY 1 Ha BUXiJ BKE MOTPAIUISIIOTH BiadopMmaToBaH1 JaHi, sKi
HajatoTbes Ha BuBig LCD. Expan neMoHCTpye 1110 1H(OpMAIlito, OHOBIIOIYHUCH
MICTISl TOYATKy HOBOTO ITUKITY.

Uepe3 HeBenuki 00’€MH CIOXHUBAaHHS EHEPTrii, CUCTEMa MOXKE MaTu
aBTOHOMHE UBJICHHS BiJ] aKyMYJISITOPIB, 3 MOKJIMBICTIO 3apsIIKHU B11 MEpexi 0e3
HEOOXITHOCTI 11X BWIy4YeHHs. JIJIs1 30BHINIHBOTO BUKOPHUCTAHHS JKEPEIOM
YKUBJICHHSI MOKe OyTH COHsSIUHA OaTapes.

OTxe, roroBa cucreMa Oyne peali30ByBaTH BUMIPIOBaHHS  Ta
JIEMOHCTpallil0 BoJiorocti IpyHTy. lle o3Hauae, mo cucrema Moxe OyTH
YaCTUHOIO CY4aCHOI aBTOMAaTUYHOI CUCTEMHU IIOJIUBY.

JlaHi, 1110 HAIXOAATH 3 JATYMKA 3MOXKYTh IMICJIsl 0OPOOKHU MIKPOKOHTPOJIEPOM
nepeaaBaTUCs J0 1HIIOr0 MOJTYJIsl, HAPUKIIAJl, MEXaH13MY MOJIMBY, TOK KPUTHYHI
3HAYEHHS BOJIOTU (K1 MOKHA BCTAHOBUTH Ta MEPEBIPSITH Ha eTari 0OpOOKH)
JaayTh 3MOTY 3aIlyCKaTH TMpoiiec 0e3 y4acTi JIIOAUHH.

Takox cucTteMa KOHTPOJIIO BOJOTOCTI IPYHTY MOKe OyTH MaciiTaboBaHa,
TOOTO TMOKpUBATH BEIUKI JUISTHKA 4Yepe3 PO3MIMICHHS JaTYMKIB 30HAMH. Y
TaKOMY pa3i «CIIJIKYBaHHs» Oy/ie MPOXOIUTH uyepe3 inTepdericn 0OMiHY TaHUMH
(I2C, SPI Tomo).

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. Arduino [ EnekTpoHHUiA pecypc] — Pexxum JIOCTYIY:
https://ela.kpi.ua/bitstream/123456789/27992/1/OMPT _laboratorni.pdf
2.LCD [EnextpoHHuii pecypc] — Pexum JOCTYIY:

https://datasheetspdf.com/pdf-file/1266779/ORIENTDISPLAY/AMC1602A-
12C/1

3. DHT-11 [EnextpoHHuit pecypc] — Pexum JOCTYIY:
https://randomnerdtutorials.com/complete-guide-for-dht11dht22-humidity-and-
temperature-sensor-with-arduino/
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YJIK 004.89:656
THTEJEKTYAJIbHA CUCTEMA NONEPE/)KEHHS ABAPIMHUX
TPAHCIIOPTHUX CUTYAIIIIA HA OCHOBI HEHPOHHOI MEPEXI
Kypuenko O.B.
HaykoBuii kepiBHUK — K.T.H., CT. Bukiiagad Poxxnosa T.I'.
XapKiBChbKUI HalllOHAIBHUN YHIBEPCUTET pafgioenekTpoHiku, kad. AIIOT,
M. XapkiB, YKkpaiHna
ten. +38(066) 817-63-23, e-mail: oleh.kurchenko@nure.ua.

This work is devoted to assessing the effectiveness of car safety, namely, the
system for preventing accidents on the road. The work considered the main
designs of systems to ensure the safety of the car on the road. The system was
tested by parametric analysis. Experiments have been conducted by implementing
the system in a prototype car. Based on the results of the analysis of the entire
system, neurol network-based system with a cluster of new functionality has been
proposed to prevent road accidents, collision avoidance and ensure more reliable
vehicle safety on the road.

3 KOXHUM pgHeM 3poctae KuibkicTh JTII, 1mo crae HOBOIO Cy4acHOIO
npoOJieMOI0  Tepell CYCHUIbCTBOM, OXOPOHOIO 3J0pOB'Ss Ta TiraHTaMu
aBTOMOOUIBHOT ~ MPOMHUCIOBOCTI.BUKOPUCTaHHS ~ TEXHOJIOTI  IITY4YHOTO
IHTEJNEKTY, Cy4aCHUX OlIb MOTYXHUX MIKPOIIPOLIECOPIB, @ TAKOXK BIACTHUBOCTEU
KOMIT'FOTEPHUX CUCTEM, HaJla€ MOXJIMBICTh PO3POOKH 1HTENEKTYaIbHOI CHCTEMHU
BUSIBJICHHS Ta 3amo0iraHHs JOPOKHBO-TPAHCTIOPTHUM TIPUTOIAM.

[HTenekTyanpHa cucremMa  3amnoOiraHHs — aBapliHUM  TPAHCIOPTHUM
CUTYaIIisIM BKJIFOYA€E CTEK KOMIIOHEHTIB “TPaHCIIOPT, CUCTEMA, BY30J1 3B'sI3KY ", 110
BIJIPI3HSIETHCS B1J] ChOTO/IHIIIHIX aHAJIOTIB CBOEI0 BHYTPIIIHBOIO 1HTETpaIli€ro: 1)
iCHytoul M pOB1 aBTOHOMHI cucTteMu Oe3neku [1] 13 3acobaMu TacUBHOTO Ta
aKTUBHOTO 3aXHCTY; 2) BIPOBADKEHHS CTPYKTYPHOI MPOrpaMHOi MOJAENl 3
MOHITOPUHTY Ta 00poOkH iHdopmarllii mpo Tpadik Ha OCHOBI IHTETPOBAHUX
amapaTHUX KOMITIOHEHTIB TPAHCTIOPTHOTO 3ac00y; 3) yA0CKOHAJICH] Iaph MOJENI
HEUPOHHOT Mepexi I 3a0e3nedyeHHs OUIbIN  IIBUAKOTO IOMEPEIKEHHS
TPAHCIIOPTHOTO 3acO0y MPO aBapiiiHy CUTYaIIlIO.

Jxepeno: TeopeTHUUHi PO3pPOOKHU IHTEIIEKTYyIbHUX Ta alapaTHUX MOJCIICH;
METO/IIB aHaJI13y BEKTOPHUX MATPUYHUX MOJECNIEH, MOB'I3aHUX 13 CTOXaCTUYHUM
IPaJlEHTHUM CITYCKOM JJisi ONTHMI3allli ICHYIOUHMX HEHPOHHUX MOJejeH, 110
CIpsIMOBaH1 Ha BIIOCKOHAJICHHS MPOLECIB PO3MI3HABAHHS Ta MPUNUHATTA PIlICHb
3a OJWHUIIIO Yacy. MeTa JOCHIDKEHHS — TIJIBUIINCHHS O€3MeKu Ta
nepea0avyyBaHOCTI TIOBEIIHHKY TPAHCIOPTHOTO 3acO0y B aBapiHUX CUTYaIlisX
3a paXyHOK CTBOPEHHSI IHTETPOBAHOI IHTEJIEKTYaIbHOT CHCTEMH [2], III0 BKITIOYAE
amapatHi JaTYuKW 300py iHGOpMAIlil Ta aBBTOHOMHY CUCTEMY OOpPOOKH JaHUX B
aBTOMOOLTI, sSKa HAJacTh MOXJIUBICTb CKOpoTUTH KiubKicTh JTII mig dac
JIOPOKHBOTO PYyXy, a TaKOX JO3BOJHTH CTBOPUTH HOBI HAYKOBO-TEXHIYHI
pillleHHs B pi3HUX cepax.
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3aBmaHHs — po3p0oOKa MOJIEIi B3a€MOIii CHCTEMH Ta TPAHCIIOPTHOTO 3ac00y,
Jie cucTema, nepedyBarouu B pexxumi on-line, o0po0JIsie BC1 JaH1 PO 3yCTPIYHUN
Tpadik, mapaMeTpu MOro pyxy, Ta Jejerye OJIOKY YIpaBJiHHS dYepe3 IIUHY
3B’SI3KY B peXHMi on-line BUMOTH 1110/10 3amo0iraHHs aBapiHii cuTyalii mpu
aKTUBHOMY JOPOKHBOMY PYCi.

[TapameTpuuHuii aHaii3 JOPOKHBOI CHUTyaIlli HA OCHOBI ONEPATUBHOTO
300py JaHUX BiJ] aBTOMOOUIA J1a€ MOXJIMBICTh y PEXHUMi on-line ONTUMAaIbHO
OIIHIOBATH JOPOKHIO CHUTYaIllif0 0a3ylOUHWCh Ha TOTOBUX MOJCISX MOBETIHKA
TpaHcnopTHOTO 3acoly. dopmyBaHHS B3aemoAii "aBToMOOUTL — cuctema"
CTBOPIOE JIBA THITH HOBUX BiTHOCHH (puc. 1): 1) BIpoBamkeHa cucteMa 3 0JIOKOM
KepyBaHHsS aBTOMOOLJIeM; 2) amapaTHI JaTYMKH aBTOMOOLIS 3 BIIPOBAKEHOIO
cucreMoro. IlepeTBopeHHs 3ac00aMU IHTETPOBAHUX AITOPUTMIB cucTeMH |3, 4]
JAHUX 3 arapaTHUX JaTYUKIB JIO3BOJISIOTH CKJIACTH KIHIEBY (DYHKIIIIO
JIETEPMIHOBAHOI OIIHKH JIOPOXKHBO1 CUTYaIlli B OJJUHUIIIO YaCy:

fm(t): Zﬁ:o fn(e)’
1€ fm— QYHKIIS OLIHKY JOPOKHBOI CUTYAIIIl B OIMHULIIO Yacy; f, — PyHKIIisA
BUXIJTHOTO CHUTHAJTy ITapaMeTpa; e — 3BaKeHa CyMa BXIJTHOTO CUTHAIY.

12 Input parametrs

“ine+1)

Pucynok 1 — B3aemois cucTeMu Ta TpaHCIIOPTHOTO 3acO0y

HaykoBa HOBH3Ha BH3HAYAETHCA IMMOBHOILIIHHOK 1HTETPAII€l0 MOJENI
CUCTEMU Yy TPAHCIOPTHUH 3ac10, OJI0KIB rpad1yHOi Ta YACTOTHOI 1AeHTU(IKAIIT
TPaHCIOPTHUX 3aco0iB, 3aco0iB Ta (YHKIIOHATIB, L0 CHPUATUMYTh
3aMno0IraHHIO JAOPOKHBO-TPAHCIIOPTHUM TPUTOJIaM Y PEXHUMI PEaibHOTO 4acy,
10 Y CBOIO YEPTY HAJACTh 3MOTY PO3BSI3aHHIO EKOHOMIYHUX, TEXHOJIOTTYHHUX Ta
BUPOOHUUHUX TPOOIIEM.
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The wide spread of the Internet of Things is facilitated by the mass
appearance of devices equipped with electronic components, software and
communication capabilities. The entire industry is on the path of making life
easier for people, developing automated systems that work almost without human
intervention. But of course there must be ways to control these devices. Any
electronics can contain software or hardware errors that must be resolved in a
short time. It is very important to analyze the security issues and identify the
possible risks of 10T and to investigate the existing methods of ensuring
information security.

Beryn. Intepner peueii (Internet of Things, [oT) — naiimBue 3pocratoya
TEXHOJIOTIYHA Taly3b. Y TMPOMHUCIOBOCTI TexHojorii I[HTepHETYy peueit
3aCTOCOBYIOTHCS ISl ONTHMI3allll ONMEPAaTUBHUX BUTPAT, 30UIBLIEHHS TEPMIHY
eKCIUTyaTallli MpOoJAyKTIB Ta TMOKpalleHHs Ja00poOyty mtonei. «Peuamu» B
[HTepHeri peuell € raMOOKO BOYIOBaHI MPUCTPOI 3 TaKUMHU BIOAMITHUMU
OCOOJIMBOCTSIMHM, SIK By3bKa CMyra IpOIyCKaHHsS, 301p JaHUX 3 HHU3BKOIO
MOBTOPIOBAHICTIO 1 MalWil 00CSAT BHKOPUCTOBYBaHMX MAaHuX. LI mpuctpoi
OOMIHIOIOTHCS TAHUMH OJMH 3 OJHUM 1 HaJIalOTh JaH1 yepe3 iHTepdericy.

3MmicT gocaimkeHHns. Apxitekrypu |0T pi3HATBCS 3a CKIAAHICTIO Ta
KUIBKICTIO apXITEKTypPHHX IIapiB 3aJIe’KHO BiJ] KOHKPETHOTO Oi13HEC-3aBIaHHS,
poTe KOMITET 3 apXiTekTypu BceecBiTHboro dopymy 10T, ckianenuii 3 miaepis
inayctpii, Bkmouaroun IBM, Intel i Cisco, B sxoBTHI 2014 ony0I1iKyBaB €TajJOHHY
mozaenb 10T, mo mae 7 mapiB: ¢i3uuHI MPUCTPOI Ta KOHTPOJIEPH; 3B’SI30K;
TyMaHHI OOYHCIICHHS; HAKOIMHMYCHHS JaHWX, aOCTpakilisa JdaHWX; JOJATKH;
B3a€EMO/Iisl Ta MPOIIECH.

TexHonorisiMu, 1O BUKOPUCTOBYIOThCS B cucteMax l0T, e: nmepudepiiini
OO0YHCIIEHHS, XMapHi 0OUMCIICHHS Ta MAIlIMHHE HAaBYaHHS.

[Mepudepiiini obumcienns (iHma Ha3zBa — «TymanHi oOuucnenHs, fog
computing») BIAHOCATH 10 TEXHOJOTII, SIKYy BHKOPHUCTOBYIOTH JUISl TOTO, 1100
IHTENEKTyaJIbHI MPUCTPOi MOTJIM POOUTH OUIbIIE, HIXK MPOCTO HaACHIATH abo
OTpUMYyBaTH NaHi Ha cBoto Tiaropmy 10T. ToOTO, 11EH 1Iap € MPOMIKHUM MiXK
[oT-mnaTtdopmoro Ta «30BHIMIHIM CBITOM». XMapHUMU oOumcieHHaMH. [le
301TBIITy€ OOUYUCITIOBANIbHY MOTYKHICTh Ha Tiepudepii mepexi 10T, 3MeHTyroun
3aTPUMKY 3B’ 513Ky Ta MOKPAIIYIOUX Yac BiAMOBIII.

XMapHi TEXHOJIOT1i BUKOPUCTOBYIOTHCS JIJIs BIAICHOTO 30€piraHHsl JaHUX
Ta KepyBaHHs mpucTtpossiMu 10T, mo poOuTh maHl MOCTYITHUMH ISl KITBKOX
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MPUCTPOIB Y MEPEKI.

MamunHe HaB4yaHHS BigHOcHThCcs 10 [I3  Ta anroputmiB, 110
BUKOPHUCTOBYIOTBCSI JUIi OOpOOKM JaHWUX Ta MNPUUHATTA PIMICHb Y PEKUMI
peaabHOro Yyacy Ha OCHOBI ITUX JaHUX. AJITOPUTMHU MAIIIMHHOTO HABYAHHS MOXKHA
PO3TOPHYTH Y XMapi 4 nepudepii.

besneky InTepHery pedeit MoxHa moOyayBaTH Ha (PyHAAMEHTI 13 YOTHPHOX
HapKHUX KaMEHIB: Oe3MmeKa 3B 3Ky, 3aXUCT IPUCTPOiB, KOHTPOJIb MPUCTPOIB Ta
KOHTPOJIb B3aEMOII y Mepexi. KaHnan 383Ky MOBUHEH OyTH 3aXHINCHUM, IS
IIBOTO 3aCTOCOBYIOTHCSI TEXHOJOTiI mudpyBaHHS Ta aBTeHTHU]IKaIii, 100
301IBIIUTH JOBIPY JO BiJJaJIEHOI CHUCTEMHU. BakIMBHUM 3aBIaHHSM TaKOX €
KEepYBaHHS KJIIOYaMH JJIsl MEPEeBIpKH aBTEHTHUYHOCTI JaHUX Ta JOCTOBIPHOCTI
KaHaliB iX oTpumanHs. [IpoBigHi ueHTpu ceprudikamii Bxke BOyAyBaIU
«ceptudikaTd TPUCTPOIB» Yy TOHAA MUIbApA mnpuctpoiB |0T, HamaBmm
MOXJIMBICTh ~BHUKOHYBATH TMEPEBIPKY CIPABXHOCTI IIMPOKOTO  CIEKTPY
MPUCTPOIB. 3axXHUCT TPHUCTPOIB — 3a0e3medeHHs OE3MeKd Ta IUIICHOCTI
nporpamMHoro kopay. IligmucaHHsi Koay MiATBEPHKY€E MPABOMIPHICTh MHOTO
3aITyCKy, TaKOX HEOOX1HUI 3aXUCT Mij Yac BUKOHAHHS KOy, 100 aTaKkyoui He
nepe3arycyBajIi Horo mijl yac 3aBaHTaKEHHS.

HeMOoK/IMBO MOBHICTIO Mo36aBUTHCS BpasnuBocTi B mpuctposx loT. Ix
HEOOXIJTHO yCYBaTH, 1 116 MOKE BIJIOYBaTUCS MPOTATOM TPUBAJIOTO YaCy IMICIIA
nepenayl o0JagHaHHS CHOKKUBadeBl. MexaH13M OHOBJIEHHS 4yepe3 MoBITps (OVer-
the-air) Bumarae mporpamHe Ta amaparHe 3a0€3MEUYCHHS, IO MiITPUMYE TaKe
OHOBJICHHS, a camMe NMOTpiOHA MIATPUMKA OTPUMAHHS Ta BCTAHOBJIEHHS MAaTYiB,
OTpUMaHUX 4epe3 Oe3IpOTOBY MEpPEXKy Bija mpoBaiiaepa. 3a3Buyait HoBe [13
BCTAHOBITIOETHCSA, 3aMIHIOIOUH 3acTapiiii (aityin Ha HOBI Bepcii.

Jlesiki 3arpo3u 3MOXKYTh MOJI0JIATH OY/Ib-sIKI BXKHUTI 3aX0U HE3AJIC)KHO BiJI
TOTO, HACKUIBKU JOOPHUM € 3aXUCT. TOMy Ba)KJIMBO MaTH MOXKJIMBOCTI aHAJII TUKH
oe3mneku B [oT. Cucremu 1151 aHAMITUKKY O€3MEKU JOTIOMOXKYTh Kpalle 3p03yMITh
MEpEeXKY, IOMITUTH ITiI03p1JIl, HeOe3eYH1 Y 3JIOBMHCHI aHOMAJTii.

BucnoBku. IligBumeHHss Oe3nekd IHTEPHETY peYell € TEePIIOPSAHOI0
3a/1a4ero pH po3poOiIli cydacHoro loT-TexHoorii. Buiie po3riasHyTo 1i BayKIuBi
CKJIAJI0B1 1 BKa3aHO HAIPSAMKH 11 pO3BUTKY.
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This work is devoted to optimizing the process of storing in-game values in
RPG games, namely, the storage of items in the inventory and related virtual
containers that are typical for games of this genre. An analysis of popular games
using item storage mechanics was carried out in order to establish the optimal set
of tools necessary for the player to access them conveniently and intuitively. It
has been established that the most optimal is a set of two virtual containers, the
main of which is a static inventory container with features characteristic of the
game genre, as well as a special container that unifies access to some in-game
objects that have storage properties.

KoxxHOro poky Ha PHUHOK BIJIEOITOp MOTpaIUisie BelWYe3Ha KIJIbKICTh
npeacTaBHUKIB )kaHpy RPG, abo ponsoBux irop. I1ig yac po3poOku irpoBi cTyaii
KEpYIOThCs MOTpeOdaMu CTWIICTHKUA [l], y TOMy 4YHCHl TiJi 4ac CTBOPEHHS
KOHLIETITY B3a€MO/I1i 3 IrpoBHM cBiTOM. Haltuacriiie rpaBenb yepe3 He0OX1IHICTh
noaiOHoI B3aeMojii Mae MoTpely y 30€pekeHHl IrpoBOro MaiHa, 1o Oyso
3HANJIEHO, CTBOPEHO, TPHUI0aHO YM OTPUMAHO OYyIb-IKUM IHIIUM HUIIX0M. Yepes
OCOOJIMBICTh KaHPy 13 YacoM TMPWKWUJIACh TEHACHINA peaiizaiii moaioHoi
MEXaHIKM 3a JOMOMOTOI0 BIPOBA/KEHHS TaKOi CYTHOCTI, K 1HBEHTap.
OpHouacHO 13 TEMIIaMH PO3BUTKY MAacHITabiB TMPOEKTIB JAHOTO KaHPY
pO3MIUPEHHST (DYHKIIIOHATILHOCTI ITPOBOTO CXOBUIIA YCKJIAIHIOBAJIO MPOIIEC
B3a€MO/Iii TPABIIA 13 CHCTEMOIO Ta ITiIBUIIYBAJIO TIOPIT BXOY.

Buxoasuu 3 aHamnizy poJjbOBUX Irop, 110 BUHIIUIM B peni3 3a octanHi 10
POKIB, MOKHA BUJUIUTH OCHOBHI CYTHOCTI [2], a00 BipTyasibHI KOHTEHHEPH, 110
HaNOUIbIlIe BUKOPUCTOBYIOTHCS TU3aliHEPAMU TIPU PO3POOIIl CUCTEM 30epiraHHs
IrpOBOTO MaiHa:

- IHBEHTAp IpaBLs;

- IOPTaTUBHE CXOBHUILE HA IrPOBIii JOKalli (CyHIyK, Iada ToIo);

- IHBEHTap MapTHEpa Mo KOMaH 1 800 BOUTOTO CyNepHUKA;

- BIKHO JIOCTYIY JI0 MaifHa, 1110 0YyJI0 CKUHYTO I'paBlLIEM pPaHIIIIE;

- BIKHO IHIIMX KOHTEHHEPIB, HEOOXiMHI I crnerudIYHuX i, TaKuX SK
B3a€EMO/IIS 13 CKpUnTaMu abo kpadT HOBOTO MaiiHa.

3a3HayeHi BIpTyalibHI KOHTEHHEPU MOXHA KIACH(IKyBaTH 32 MPUHIIUIIAMHA
B3a€MO/I11 3 OTOUYIOYHMM CBITOM Ta Bi3yaJIbHUM B1JOOPaXKEHHSM, [0 ACOLIFOETHCS
13 BUKOPUCTaHHSIM IEBHOTO KOHTeiHepy. HesBakaroum Ha BETMKUIA BI1JACOTOK
30iry MDK 1HBEHTapeM TpaBlisd, BOWUTOr0 CYNPOTMBHHKA Ta MOPTATUBHUM
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CXOBHMILIEM, 3MIIIyBaHHS IMX CYTHOCTEH HE IOBMHHO BiJIOYyBaTUCh Yepe3
HEOYEBU/IHICTh MOAIOHUX PillIEHb I TPaBIls Ta MOXKIMBUM IEPEIIKOaM ITij Jac
IrPOBOTO MPOIIECY, BPAXOBYIOUM YaCTOTy 3BEPHEHb O CUCTEMHU 30epiraHHs
MaifHa Mg 4ac irpoBoi cecii. ¥ Toll caMmMuii 4ac rpaBellb MOXK€ IMOBHOIIIHHO
B3a€EMOJIISITH JIMILE 3 OJHHUM JIOJATKOBUM BHUJOM CXOBHUINA Yepe3 Te, L0 €
HEOOX1IHICTh TEpPEeHOCY MaiiHa 3 «BJIACHOI KHUIIEHI» N0 aJbTepPHATUBHOTO
KOHTEHHepy, a MNPUHIUI €IWHOTO JOJATKOBOTO BIKHA JO3BOJSIE TPaBIIEBI
KOHIICHTPYBAaTH yBary Ha OCTaHHbOMY aKTHBHOMY CXOBHII, IO BiAMOBIJTa€
BuMoram >xaHpy RPG. BianosigHo, mogiOHI KOHTeHHEPH MOBUHHI 3HaXOUTHUCH
MOpYY 13 OCHOBHUM BIKHOM 3 TUHAMIYHOIO KOPEKIIIEIO BIAOOPaKEHHSI.

[TonibHa cuctemMa BpaxoBye HEOOXITHICTH 1HTerpaiii BiAOOpa)KeHHS 10
MOJIeNII JIaHWUX, W0 BIAMNOBIJA€ BUIIE3a3HAUCHUM KPHUTEPISIM Ta JO3BOJISIE
BOYJIOBYBAaTH OINTUMI30BaHy CHCTEMY 30€peKEHHS MaiHa JI0 apXITEKTypHOTO
pimeHHs irop. CucreMa BHUKOPUCTOBYE 0a30Bl MOHSATTA TaKUX CYTHOCTEH, SIK
«ITpOBUM MIPEAMETY, KKOHTEHHEP)» Ta «IIPEIMETHA KOMIpKay (BIpTyaJbHUHN CIOT
JUTsl iHGOpMaIiHOT MoAelNl TpeaMeTy abo 1i BigoOpaxeHHs ). 3armpornoHOBaHO
BUPIIIEHHS MOTPeO peatizallii 3a paxyHOK BUKOPUCTAHHS TPOrPAMHUX PIllIEHb Ta
abctpakiiit irposoro pymrito Unreal Engine 5 (3 po3mmpeHHsIM 3a JOMOMOTOIO
mariny GAS). KoHuenT cucteMu Ta B3aeMOJIT MIXK 1i CKJIaJIOBUMHU YaCTUHAMHU
npenacrasieHo y Burisal Mind Map, 110 HaBeZIeHO Ha PUCYHKY 1.

Pucynox 1 — Mind Map cuctemu 30epexeHHs iIrpoBOTO MaiftHa

VY migcymky mnopaibHa cucTeMa J03BojIsie abcTparyBaTu pPo3poOKy Bij
30epiraHHs IrpoBOr0 MaifHa Ta CKOHUEHTPYBATHUCS Ha acleKTax Iu3aiiHy 0e3
BTpAT Y IUIOLIMHI apXITEKTYPHUX PIllI€Hb.

Crnucok BUKOPUCTAHUX JHKEPE:
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This article provides an overview of the evolution of mobile communication
standards from GSM to 5G, highlighting their unique features and capabilities. It
discusses the advantages and disadvantages of each standard, as well as the
limitations they present. The main topics covered in the article include GSM (2G),
3G, 4G and 5G

3 PO3BUTKOM TEXHOJIOT1M MOOUIBHHI 3B'SA30K BIiAIrpae Bce OLIBII BaXKIUBY
poJib Yy OKMTTI Cy4yacHOi JIOAMHU. BIH /103BOJsiE HaM  CHUIKyBaTHUCH,
oOMiHIOBaTHCA 1HPOPMAIII€I0, TPAIIOBATH Ta PO3BAXKATHUCH.

Mu po3riassHeMO OCHOBHI CTaHIApTH MOOUIBHOTO 3B'A3Ky Ta IX
XapaKTePUCTHUKHU.

1. GSM (Global System for Mobile Communications)

GSM € oHMM 3 HAWMOUIMPEHIIINX CTAHAAPTIB MOOLIILHOTO 3B'SI3KY B CBITI,
sakui OyB BOpoBaxeHul y 1991 poui. OcHoBHI xapakTepuctuku GSM:

° Buxopucranns yactorHoro fiana3ony 900 MI'n ta 1800 MI1.
° [IBuakicTs epeaayl JaHux 10 9,6 ko6iT/C.
° [TinTpriMKa MOCIyT roJI0COBOTO 3B's13Ky, SMS Ta MMS.

2. 3G (3rd Generation)
3G € TpeTiM MOKOJIHHSAM MOOUIBHUX MEPEX, IKE 3a0e3euye OiIbII BUCOKY
HIBUKICT Nepeaayi JaHux, nopiBHaHo 3 GSM. Xapakrepuctuku 3G:

° [IBuakicTs iepenayi gaHux ao 2 Moit/c.
° BukopucTaHHS IMPOKOCMYTOBUX paiOKaHaIB.
° [TlinTpumka ronocoBoro 3B'sa3ky, SMS, MMS, Bineo3BOHKIB Ta

MOOUIBHOTO IHTEPHETY.

3. 4G (4th Generation)

4G € yeTBEepPTUM IMOKOJIHHAM MOOUIBHHX MEPEX, IO MPOIMOHYE IIIe OLTBIIT
MIBUJIKICHUM MOOUTbHHH iHTEepHET. OcobmmBocTi 4G:

° [IBuakicTe mepemaui ganux g0 100 Mo6it/c (Teopernuno mo 1
['6it/c).

° Buxopuctranns texnosorii OFDMA mng Ouibil  €eKTUBHOIO
PO3IOIITY YacToT.

° [linTpumka rosocoBoro 3B'si3ky, SMS, MMS, Bi€03BOHKIB,

MoO1TBHOTO 1HTEepHETY Ta [PTV.
4, 5G (5th Generation)
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5G € HalHOBIIIMM MOKOJIIHHAM MOOUIBHMX MEpEeX, K€ BIAKPUBAE HOBI
MOXJIMBOCTI ~Ta TEpPCHEeKTUBU JUIsl  PO3BUTKY TexHoJorid. (OCHOBHI
xapakTepuctuku 5G:

° [IBuakicTs nepeaadi ganux jno 20 ['6iT/c.

° 3HayHO HW)KYa 3aTpUMKa Iepenayi naHux nopiBHiIHO 3 4G (1 mc
npotu 30-50 mc).

° Bukopuctanns yactotHoro aiana3zony Big 600 MI'n go 86 I'T'.

° Benuka migpHICTH MPHUCTPOIB, SKI MOXKYTh OyTH MIAKIIOUEHI 10
Mepexi (10 1 MUTbIfOHA MPUCTPOIB HA KM?).

° [TinTpuMKa nepeaavi BEIMKUX 00CATIB JaHUX, sIKI BAMAraroThCs JJIs

Takux cdep, K aBTOHOMHI TpaHCHopTHi 3acobu, loT, meauimua, redMidr ta
1HIII.

CydacHi craHgapTd MOOUIBHOTO 3B'A3KY IOCTIHHO PO3BUBAIOTHCA, IO
CIpHsIE MOKPALIEHHIO SKOCTI Mepeaadl TaHuX, 3a0€3MeUEeHHI0 HOBUX TOCIYT Ta
BIIKPUTTIO HOBUX MOJIMBOCTEH JIJIsi KOPUCTYBAUiB.

Bin GSM 5o 5G, Mu cramu cBLAKaMH 3HA4YHOrO mporpecy y cdepi
MOOUTBLHOTO 3B'A3KY.

3 po3BUTKOM 5G OYIKYEThCS I1I€ OUIbII 3HAYHE 3POCTAHHS BIPTYalbHOI
peanbHOCTl, [0T Ta IHIIMX TEXHOJOTIH, SIKI BUMAaraloTh BHUCOKOi IIBHJKOCTI
nepeadi JaHuX Ta MIiHIMAJIBHOT 3aTPUMKH.
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Apache Spark is a powerful tool for big data processing, with benefits such
as speed, scalability, and support for multiple programming languages. It
outperforms Apache Hadoop in several areas, including processing time and ease
of use. However, it also has some drawbacks, such as high resource demands and
complex configuration. Overall, Apache Spark is a great choice for developing
large-scale data processing and machine learning projects.

Apache Spark ta Apache Hadoop - 1ie iHcTpyMeHTH 1711 0OpOOKH BEIUKUX
oOcsariB nanux. Apache Hadoop - ne ¢peliMBopk aiisi 0OpoOKM MaHUX, SIKAN
BUKOPHUCTOBYE po3MmojiieHy (aitnoBy cucremy Tta MapReduce, mo6 po3outu
3aBJaHHS Ha OIbII APiOHI Ta PO3MOJLIUTH iX MO By3nax kimactepa [1]. Apache
Spark, € aBwxKOM a1 0OOpOOKHM [aHUX, KWW MPALIOE Ha BEPXHHOMY PIBHI
Hadoop. BiH Takox BUKOPHUCTOBYE pO3NOIIEHY (PaliIOBYy CUCTEMY, all€ 3aMICTh
MapReduce BuKOpHCTOBYE OUIBII MOTYKHY MOJI€Ih OOPOOKH JaHHUX B MaM'sTi.
Xoya 0o0MIBa IHCTPYMEHTH MalOTh CXO0XKY (YHKIIOHANBHICTh Ta iX MOXHA
BUKOPHCTOBYBATH OKpPEMO ab0 B MO€JHAHHI B 3aJI€KHOCTI BIJl MOTPEO MPOEKTY,
Apache Spark mae kinpka nepesar nopiBasiHo 3 Apache Hadoop:

1) IlIBuakicTh OOPOOKHU TaHUX.

Opniero 3 HaOUTBUX niepeBar Apache Spark € #oro mBUAKICTE 0OPOOKH
nanux. Spark moxe oOpoOmoBatu nmani 1o 100 pasiB mBumiie, HiXk Apache
Hadoop. Ile nocsraerbcst 3aBAsSKA BUKOPUCTAHHIO IN-MEMOry oOpoOKH JaHUX,
110 JT03BOJIsIE 30€epiraTu AaHi B ONEPaTUBHIN MaM'siTi Ta ONTUMI3YBaTH JIOCTYII JI0
nanux [2]. Lle mo3Bossie Spark OyTtu imeanpbHUM BHOOpOM i 3ajiay, IO
BUMAararoTh BEJIMKOI IIIBUJIKOCTI OOPOOKHU JaHUX.

2) MacmraboBaHiICTb.

Apache Spark Takox Mae mepeBary B MacIITaOOBaHOCTI TOPIBHSHO 3
Hadoop. Spark moxke maciraOyBaTucs ropu3oHTaIbHO Ha ACKIJIbKA MAIIKH, 110
JI03BOJIIE PO3pOOHMKAM OO0poOJsATH Benuki obOcsaru nanux. lle mocsraerbes
3aBASIKM  BUKOPUCTAHHIO  PO3IMOJAUIEHOI OOpOOKM JITaHUX Ta CHCTEMH
KJacrepu3ailii. Spark MoJe paIroBaTy 3 COTHIMH TepabalTIB JaHUX.

3) MOXIHMBICTh BUKOPHUCTAHHS OaraTh0X MOB MPOTPaMyBaHHI.

Apache Spark wmoxxe OyTH BHUKOPHCTaHHMI 3 JCKITbKOMa MOBaMU
nporpamyBaHHs, BKItodatoun Scala, Java, Python Tta R. Ile mno3Bomse
pPO3pOOHHKAM BHUKOPHCTOBYBAaTH MOBY, 3 SIKOIO BOHM 3HAHOMi, Ta J03BOJISIE M
HIBUJIKO Ta €PEKTUBHO CTBOPIOBATHU MPOTPaMH JIJIsl OOPOOKHU TaHUX.
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4) HaniiHiCTh Ta BiJHOBIIOBAHICTb.

Apache Spark pno3Bosise BITHOBIIOBATH JlaHI Yy BHIIQJAKY BIIMOBH
amapaTHOTO 3a0e3nedyeHHs Ta 30epiratu AaHi y 0e3MeuHuX Ta HaIIMHUX MICIISX.
Bin Mae BOymoBaHMII MexaHI3M BIJHOBJICHHS Micias 300iB, IO JI03BOJISE
3abe3reuyBaT HaliliHY poOOTY Ta 3aXUCT JIaHMX.

5) Benuka KijabKiCTh 0i0iOTEK Ta IHCTPYMEHTIB.

Apache Spark mae Benmky KinbKicTh O10710T€K Ta 1HCTPYMEHTIB, IO
J03BOJISIE  PO3POOHMKAaM €(EeKTHBHO BHKOHYBATH Pi3HI 3a7advi, BKIIIOYAIOYH
MalIMHHE HaBYaHHA, OOpoOKy rpadiB Ta aHaji3 TEKCTIB. 3aBIASKU BEIHKIN
KUTBKOCTI 010J110T€K, pO3pOOHUKHA MOXKYTh HIBUIKO Ta €(PEKTUBHO PO3POOIATH
nporpamu st oOpoOKku gaHux [2].

6) Jlerkuii BUKOPUCTAHHS Ta IHTETPaLlisl.

Apache Spark mae nerkuit inTepdeiic Ta mpocty cuctemy KoHpirypaiiii, 1mo
JI03BOJISIE PO3POOHUKAM JIETKO BUKOPHUCTOBYBAaTH Ta 1HTErpyBaTU MOTO y CBOi
npoekTH. Bin Takox miaTpumye pizHi popmatu ganux, taki sk CSV, JSON rta
Parquet, 110 103B0osIsI€ JIerK0 0OpOOISATH AaHi 3 pi3HUX Kepe [3].

Apache Spark Takoxx mMae nekinbKa HeA01KIB opiBHsIHO 3 Apache Hadoop,
Ha SIK1 BAPTO 3BEPHYTH YBary nNpu BUKOPUCTAHHI:

1) CxkiaaHiCTh HACTPOMKH.

Apache Spark mae 6araTo napameTpiB HACTPOIKH, 1110 MOKE OYTU CKIIATHUM
JUTsl HOBauKiB. JIJIsl JOCSTHEHHS HAaWKpaluX pe3yJbTaTiB HEOOXITHO MPABUIIBLHO
HACTPOITH HOTO TTapaMeTpH, 10 MOKE BUMAraTu 0araTo 3yCHJb.

2) TloTpebye moJaTKOBHX IHCTPYMEHTIB ISt OOPOOKY JTaHUX.

Apache Spark He wMae BOygoBaHMX I1HCTPYMEHTIB Juisi 0OpOOKH
PO3MOUICHUX TaHUX, 1110 CTAHOBUTH MIPOOJIEMY 3 TAHUMHU BEIIUKOTO OOCHTY.

HesBaxatoun Ha neski Hemomiku, Apache Spark € nyxe mnoryxHum
IHCTPYMEHTOM JIJIs1 0OOpOOKHU JTaHMX, 3 BEJIUKOIO KIJTBKICTIO IepeBar MopiBHSIHO 3
Apache Hadoop. Horo mmBuakicte 0oOGpoOKM MaHMX, MAacIITabOBaHiCTh Ta
MOXKJIMBICTh BUKOPUCTaHHSI 0aratbOX MOB MPOTPAMyBaHHS JIO3BOJISIOTH
po3poOHNKaM e(heKTUBHO BHUKOHYBATH Pi3HI 3aj1ayi. Tako, BelHWKa KUJIBKICTh
010J110TeK Ta THCTPYMEHTIB, JIETKE BUKOPUCTAHHS Ta 1HTErpallis 3a0e3neuyoTh
KOM(OPTHY Ta 0e3neuHy poOOTy 3 BEJIMKUMH JTaHUMHU.

Orxe, Apache Spark moxe OyTu BIIMIHHUM BHOOPOM UIsl PO3POOKH
BEJIMKUX TPOEKTIB OOpOOKM JaHUX, 30Kpema, [JIs MAaIIUHHOTO HaBYaHHS,
00poOku rpadiB Ta aHATI3y TEKCTIB.

Crnucok BUKOPUCTAHUX JHKEPE:
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30



YJIK 004.6:004.042
JOCJIIZKEHHA METOAIB CTBOPEHHSA KOHBEEPIB JIUIA
IMOTOKOBOI OBPOBKH JAHUX
Hocos O. B.
Haykoswuii kepiBuuk - noi. Kpasers H.C.
XapKiBChbKUI HalllOHAIBHUN YHIBEPCUTET pajioenekTpoHiku, ¢-1. KH,
M. XapkiB, Ykpaina
ten. +38(099) 53-39-768, e-mail: oleksii.nosov2@nure.ua.

This research work delves into the design and implementation of real-time
data pipelines, focusing on their significance in today's data-driven world. The
author explore the latest innovations, challenges, and solutions in creating
efficient and robust data pipelines. By examining key components such as data
ingestion, processing, storage, and analytics, the study provides a comprehensive
understanding of the underlying technologies and best practices in the field. This
research work serves as a valuable resource for data engineers, architects, and
researchers seeking to design and implement state-of-the-art real-time data
pipelines.

KonBeepu gaHux y peaibHOMY 4aci CTal0Th BCE O1IBII BXKJTUBUMHU B €MIOXY
BEJIMKHX JaHUX. Y [IbOMY JAOCIIKEHH] BUBYAETHCS TPOECKTYBAHHS Ta peaizaiis
MaciITabOBaHUX, BIJIMOBOCTIMKMX KOHBEEPIB JaHMX Yy pEaJbHOMY 4Yaci 3
BukopuctanHsaMm Apache Katka ta Apache Flink. ocmimkeHHss nopiBHIOE
MPOIYKTUBHICTh LIUX TEXHOJIOTIH 3 TOYKU 30pY MPOIYCKHOI 3JaTHOCTI, 3aTPUMOK
1 MOKJIMBOCTENW OOPOOKH JaHUX, a TAKOXK IEMOHCTPYE iX €pEeKTUBHICTH B 00p0OIIi
JAHUX B pEaJlbHOMY dYaci B pI3HUX Taly3eBUX BHIQJIKaX BUKOPUCTAHHS.
PesynpTaTi mocCHipKeHHS HAJAOTh I[IHHY 1H(QOpMAIiI0 JJIs OpraHi3ailii, sKi
MparHyTh ONTHUMI3yBaTH CBOIO 1H(MPACTPYKTYpy OOpOOKM HAaHUX y peaIbHOMY
qaci.

[HTerpanis anropuTMiB MAIIMHHOTO HABYaHHA B KOHBEEPU [AHUX Y
peaNbHOMY Yaci MPOMOHYE BEJIMYE3HUI MOTEHIAN JJI TOKPAIIeHHS TPOLECiB
NPUKHATTS pIlICHh Ha OCHOBI gaHuX. JlociaigHuiibka poOoTa JAEMOHCTPYE
BUKJIMKM Ta MOXJIMBOCTI, TOB'SA3aHl 3 IHTErpaIli€l0 MOJeNed MaIIMHHOIO
HAaBYAHHS B KOHBEEPU JIAHMX Y PEXKUMI pPEaJbHOTO 4Yacy, 3 akIEHTOM Ha
nonepeaHii 00poOIll JaHUX, HABUYAHHI MOJIEJIEN Ta BUCHOBKaAX. Y JIOCHIKEHHI
MPEACTAaBICHO KUIbKa KOHKPETHUX TMPHUKIIAJIB, BKIIOYAIOYM BUSIBJICHHS
nraxpaicTBa Ta IPOrHO30BaHe 0OCITYrOBYBaHHS, sIKI IEMOHCTPYIOTh [IEpEBaru Ta
0OME)XEHHSI METO/I1B MAIlITMHHOT'O HaBYaHHS B 00poOIli IaHUX Yy pealbHOMY Yaci.

OnTuMizarliss TPOIYKTUBHOCTI KOHBEEPIB JAHWX Yy PEAbHOMY 4Yaci Mae
BUpIIIANbHE 3HAYCHHS /I 3a0e3rnedeHHs] €PEeKTHBHOI OOpOOKM Ta aHalizy
MOTOKOBUX daHuX. Ll mocmimauipka podorta MpoToHye KOMIUIEKCHUI HaOIp
METPHUK JJISI OIlIHKH HpOI[yKTI/IBHOCTl KOHBEEPIB JaHUX Y peanbHOMY Jaci,
BIITIOYAKOYH MPOTTYCKHY 3/IaTHICTh, 3aTPUMKY, SKICTh JAHWUX 1 BUKOPUCTAHHS
pecypciB. Y AOCHIKEHH] TPEICTaBICHO CUCTEMY ONTHMI3allil MPOIYKTHBHOCTI,
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sKa BUKOPUCTOBYE Il METPUKU [JIsi BUSABIICHHSI BY3bKMX MICIb 1 IT1IBUIIECHHS
3arajgbHOi €()eKTUBHOCTI KOHBeepa. Jlist umrocTpallli MpakTUYHOTO 3aCTOCYBAaHHS
II€1 CUCTEMH B PI3HUX Taly3eBUX KOHTEKCTaX HAaBEJEHO KUIbKa TEMaTUYHUX
JOCIIJKEHb. Pe3ynbratv CHpUsiiOTh pO3poO0Il HAWKpammMx MPaKTUK IS
onTUMI3aIlli TpyOONpPOBOIIB IaHUX Y peaIbHOMY Yaci.

BripoBakeHHsT apXiTeKTyp Ha OCHOBI KOHTEHHepH3allli Ta MIKpOCEpBICiB
CTa€ Bce OUIBII MOMYJISIPHUM ISl pO3POOKU Ta PO3TOPTAHHS KOHBEEPIB TaHUX Y
peanbHOMY uaci. Lle mocmikeHHs] BUBUA€ MepeBaru Ta BUKIUKA BUKOPUCTAHHS
KOHTeIHepu3allii Ta MiKPOCEPBICIB Y CTBOPEHHI KOHBEEPIB JAHUX Y PEaTbHOMY
gaci, 30Cepe/DKYIOYNCh Ha MacimTab0BaHOCTI, €(PEKTUBHOCTI BUKOPHUCTAHHS
pecypciB Ta THYYKOCTI pO3TOpTaHHS. Pe3ynbTatel JOCHIKEHHS TAIOTh I[IHHY
iHdopmarito s oprauizaimiii,  sKi  NparHyTh  BUKOPHUCTOBYBATU
KOHTEHHEPHU3allil0 Ta MIKPOCEPBICH IS BIIOCKOHAJICHHSI CBO€ET IHPPACTPYKTYpHU
KOHBEEPIB JIaHUX Y PEXKUMI peaabHOro Jacy.

OOpoOka JaHUX y PEXHUMI PEATbHOTO Yacy € >KUTTEBO BAXKIMBOIO IS
oprasizaiiiif, o0 mpuiiMaTi OOIPYHTOBAHI PIIICHHS Ta ONEPATUBHO pearyBaTu
Ha moxAii. Y  JOCHIKEHHI TMPEACTABICHO KOMIUIEKCHE  MOPIBHSHHSA
IPOAYKTUBHOCTI IIUX TE€XHOJOTIN 3 TOYKU 30pY MOXKJIMBOCTEH OOpPOOKU JaHMX,
MacmTabOBaHOCTI Ta BIAMOBOCTIMKOCTI. Pe3ynbTath MOCHIIKEHHS CHPUSIOTH
po3yMmiHHIO cuwibHUX 1 ciaOkux ctopiH Apache Kafka ta Apache Flink y
CTBOPEHHI KOHBEEPIB JIaHUX y PEAJbHOMY 4Yaci, JOIMOMAaraloyu OprasizanisMm y
BUOOP1 HAMOLTBII MIAXOASIIONO TEXHOJOTTYHOTO CTEKY AJIs iXHIX MOTPeoD.

3pocTarounii MONUT Ha OOpOOKY JaHUX Yy peaTbHOMY Yaci CHOHYKae
opraHizaiii JOCTI/PKyBaTH HOB1 TEXHOJOTII Ta METOAW JJIsi CTBOPEHHS
eeKTUBHUX KOHBEEPIB JaHMX. T[aKoXX PpO3TISAAIOTHCA MPOOJIeMH 1 Kparii
MIPaKTUKH, TIOB's13aH1 3 TOOYI0OBOIO MACIITAOOBAaHUX 1 HAIIMTHIUX KOHBEEPIB JJAaHUX.
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Acrtificial intelligence is actively used in industry. The definition of Multi-
Agent systems is given. The relationship between Multi-Agent systems and
biological behavior in nature is described. The advantages of Multi-Agent
systems are listed. The definition of Industry 4.0 is given. Industry 4.0 has evolved
the concept of Cyber Physical Production Systems. The literature is analyzed and
examples of the use of Multi-Agent systems and Industry 4.0 are given. Multi-
Agent systems are actively implemented in Industry 4.0. Their application makes
it possible to develop new approaches to the solution of current problems of
industry. The use of Multi-Agent systems in Industry 4.0 is a promising area for
further research and will contribute to the development of the industry.

Ha 1eit yac 3actocyBaHHS IITYYHOT'O 1HTEJIEKTY B KUTTI JIFOAUHU AaKTUBHO
PO3MHPIOETCS. Foro 3aco0u 3 KOKHIM POKOM BHPIITYIOTh BCE GilbII CKIIAIHI
3aBaaHHs. OIHUM 3 BUIB IITYYHOT'O 1HTEJNEKTY € OaraTroareHTHi CHCTEMH.

BaraTroarenTH1 cucTeMH TOXOAATE B1J JOCIIKEHHS O10JIOTTYHOI TOBEIIHKHA
B IPHUPOJL, 1I€ YTOUHEHHS 1 PO3BUTOK MOJENI MOBEIIHKH O10JIOTIYHHUX TpYIl.
baratoarenTHa cucteMa 11e cabo3B’si3aHa CTPYKTYPA, IO CKIAAAETHCS 3 KITBKOX
areHTIB, 1 aT€HTH B3a€MOJIIOTH OJIMH 3 OJTHUM JJIA BUPIIICHHS MpoOsieM, K1 He
MOXYTh OyTH BHUpIIICHI OJHUM arceHTOM dYepe3 Opak 3/110HOCTeH, 3HAHb YH
pecypciB. IlepeBarn OararoareHTHUX CHCTEM ME€pe]l OJMHOYHUMHU areHTaMu:
3/IaTHICTh BUKOHYBATU OUIBII CKJIA/IHI 3aBAaHHS, BUCOKA €(DEKTUBHICTh, BUCOKA
BIJIMOBOCTIHKICTh 1 HaJIMHICTh, HU3bKa BapTICTh 1 JIETKICTh PO3POOKH TOIIIO.
bararoareHTHi CUCTEMU MOXYTh MOKPAIIUTH SKICTh 1 €PEKTUBHICTh CKIIQTHUX
33724 3 aCMHXPOHHUMM MapalebHUMH JSMU MK areHTaMu. i c1abo3s’si3aHa
CTpPYKTypa 3abesneuye Oararopa3oBe BUKOPHUCTAHHS Ta MacIITaOOBaHICThH ii
KOMMOHEHTIB. JlaHi 1 pecypcu 0OaraToareHTHOI CHCTEMHU PO30CEpPEeKEHI MIXK
pI3HMMH areHTaMH B CHCTEMHOMY cepefoBuii. Yepe3 CKOOpIMHOBAHUMN
KOHTPOJIb Ta CHUIbHE (YHKI[IOHYBaHHS 1HTEJNEKTYallbHOI Tpynu eQeKT
3aCTOCYBaHHs 0araToOareHTHUX CHCTEM 3HAYHO MEPEBUILYE 3arajbHy Cymy ii
IHIUMBIAyallbHUX TIOKa3HUKIB. TakuM 4YMHOM, OaraToareHTHI CHUCTEMHU
TpaHC(HOPMYBAIUCH Y CKJIAJIHYy CUCTEMHY HayKy, 10 (DOPMYETHCS, 1 TOCTYIOBO
MPOHUKIIH B Pi3HI chepy CYCHITBLHOTO XUTTS [1].

BaratoarenTHi cHCTeMH aKTMBHO BIpPOBa{KyloThcss B Industry 4.0. Ix
3aCTOCYBaHHS JI03BOJISIE PO3POOJISTH HOBI MIAXOAM JO0 BUPIMICHHS aKTyaJIbHUX
po0IeM IPOMHUCTIOBOCTI.
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UeTBepTa mpomuciioBa peBodtolis, Bigoma gk «Industry 4.0» mouanacsa B
2011 pori 3 NpOEKTy B paMKax CTpaTerii BACOKUX TEXHOJOTH ypsay HiMmeuunnu.
Bona po3sunyna xonuenuito Cyber Physical Systems (CPS) y Cyber Physical
Production Systems (CPPS). SmartFactory € ofHi€l0 3 KJIFOUOBUX acOI[IHOBaHUX
iHimiatuB Industry 4.0. B enoxy Industry 4.0 Bupo6uuui cuctemu, y popmi CPPS,
MOKYTh MPUHAMATH PO3yMHI PILICHHS Yepe3 CHUIKYBaHHS B pealbHOMY 4aci Ta
CHIBIPALIIO MIX «BUPOOHHUMMHU pedaMm», 3a0€3Meuyl0ur THy4YKe BUPOOHUIITBO
BHCOKOSIKICHUX TEPCOHATI30BaHUX MPOAYKTIB 13 MaCOBOIO €(PEKTUBHICTIO [2].

Ha cporoanimHii JeHb TpuBae Oarato AOCITIKEHb 3aCTOCYBaHHS
OaratoareHTHux cucteM B Industry 4.0. B poGoti [3] Oyno mpencraBieHO
CTPYKTYPY PO3YMHOI (HaOpuKu, IO XapaKTePU3YETHCS CaMOOPTaHi30BaHOIO
OaratoareHTHOO cuctemor. B poGoti [4] Oyno 3amporoHOBaHO IIA0JIOH
apXxITEeKTypu OaraToareHTHOi CUCTEMHM, SIka MO’K€ JOIMOMOITH BHOpaTHCs 31
CKJIQJHICTIO BUPOOHMIITBA Ta OYTH aIaliTOBaHOIO BiAMOBiAHO A0 BuMmor CPPS. B
poboti [5] Oymo IOCHIKEHO 3acTOCYBaHHs OaraToareHTHHUX CHCTEM JUIS
KOHTPOJIF0O BUPOOHMIITBA, TAaKUM MiJXiJ IMOKa3aB Kpamly e(eKTHUBHICTh, HIX
NoMepeIHIN MIIX11 PO3MITHYTOT KOMIIaHI].

OTxe, cpepu 3aCTOCYBaHHS IITYYHOTO IHTEJEKTY AKTUBHO PO3IIUPIOIOTHCA.
3actocyBaHHa OaratoareHTHUX cucteM B Industry 4.0 € nepcrnekTUBHUM
HanpsMKoM. HeoOxiaHO mnojanbiie AOCHIHKEHHS MIAa0JIOHIB MPOEKTYBaHHS,
1HTEp(EICIB B3a€MO/IIi Ta METPUK €(PEKTUBHOCTI OAaraTOareHTHUX CUCTEM.
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This work is devoted to the study of methods of creating frame-by-frame
animation, as well as ways of implementing these methods. From its creation at
the end of the 19th century to the present, classic hand-drawn animation of
characters (and not only) has come a long and rich way. It was constantly
changing, modernizing and adapting to the challenges of the times it was passing
through. But even today, frame-by-frame animation remains a very popular
animation technique with a more developed list of methods for its
implementation.

HapiTh He3BaXkarouu Ha Te, 110 MOKapOBa aHIMalllsl BUHUKIA B KiHII XIX
CTOpIY4si, BOHA M CHOTOIHI 3AJMINAETHCA OAHUM 13 HANUMOIIMPEHIIINX BUIAOM
aHIMaIlii, SKUM 3aCTOCOBYETbCs B KiHemarorpadi. Aje med Buja aHiMmarii
MNPOMIIOB JOBIUM MUISAX, TMOCTIMHO 3MIHIOIOYHCH, MOJCPHI3YIOUUCH Ta
aJanTyI4YUCh, [0 Y CBOIO YEPTy CTBOPHIIO O1IBIITNIN NIEpEIiK METO/IIB Ta 3aC001B
JIJIsl CTBOPEHHS 111€1 caMo1 MOKaApoBoi aHiMallii. [ yum Gibliie BAHUKAIO METO/IIB,
TUM OlIblIIe BUHUKAJIO TpoOJieM Ta BUKIUKIB JUIs aHimMatopiB. Tomy Oyio
MPOBEJICHO JOCJIIPKCHHSI METOJ[IB CTBOPEHHS MOKAJAPOBUX aHIMAIlil 3 METOIO
BHU3HAYCHHS MepeBar Ta HEAOJIKIB IUX METO/IIB.

3BICHO BapTO 3rajlaTd OAWH 3 TEPIIMX METOAIB CTBOPEHHS MOKAJAPOBUX
aHIMaIlii, a caMe KiIacu4Hui, pyuynuid metoa. Lle meToa mojsraB y Tomy, IIo
aHIMaTOPU MAJIIOBAIM KOXKEH OKPEMUI KaJIp BPYUHY, Ha CIIEIIaAIbHUX MPO30PHUX
TJIACTUKOBUX KapTKax, sIKI TOTIM CKJIaIyBalM y TMOCIHIIOBHICTb, SIKa 1 cTaBaja
animarniero. lleit meton OyB MOMyNsipU30BaHUN y MHUHYJIOMY CTOpIY4i, ajue 3
PO3BUTKOM HU(PPOBUX TEXHOJOTIN BTPATHB aKTyaJIbHICTh 1 3HUK SIK TaKUH Ha
MOYaTKy JBOXTUCAYHUX POKIB. 3 YacoM TMOYaldd BHUHHUKATH HOBI 3acoOu
CTBOpEHHsI aHiMaliil. CrnouaTky 1e OyJio mnporpaMmHe 3a0e3MeYeHHs], SKe
JTIO3BOJISIIO CKaHYBaTH MaJFOHKU, CKJIQJaTH 3 HUX IMOCHIJOBHICTh 1 CTBOPIOBATH
NOBHOIIHHUY Bineodaiisn. [1oTiM BUHUKIN TPOTpaMH, sIK1 I03BOJISLIIM BUKOHYBATH
yCI0 pOo0OOTY aHIMATOPIB y ITU(DPOBOMY MTPOCTOPI, a 3 HUMH 3’ IBUIIUCH 1 rpadiyuHi
IJIAHIIETH, SIK1 JO3BOJISLIM aHIMAaTOpaM MaJIFOBaTH 0€3MOCEePEIHBO Y BIMTOBITHUX
nporpamax. Ha chOroaHimHi# yac Takuil CHoci0 3aJduIIA€TbCS OJHUM 3
HAWTIONIMPEHIIINX, 1 CaM MPOIIEC CTBOPEHHS aHIMaIliil y IUPPOBOMY CepeIOBHIII
HE CHWJIBHO BIJPI3HSAETHCSA BiJl KJIACMYHOTO METONY: aHIMATOpH, SK 1 paHiIie,
MaJIOI0Th OCHOBHI KaJIpu BPYYHY, aje Temep He Ha Mmamepi, a 3a JOMOMOTOI0
rpadiyHoro miuanmiery. J{aai BoHu abo BpyudHy, a00 3a IOOMOT0I0 MOXJIUBOCTEM
porpaMHOro 3a0e3MedeHHs] CTBOPIOIOTH MPOMDKHI Kaapu. I[lotim 3 ycix
CTBOPEHHUX KaJpiB KOMIIOHYETHCS MOCIIOBHICTb, K 1 B KJITACHUHOMY METO/I1, aje
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Ternep JUIsl [bOTO BUKOPUCTOBYETHCS «4acoBa IIKaJay - IHCTPYMEHT, SIKUi pOOUTh
poOOTY 3 MOCIIIOBHICTIO KaJApiB OUIBII 3pyYHOIO Ta THYYKOI0. TaKoXX OJHHUM 13
MONYJIIPHUX METOJIB CTBOPEHHS aHIMAaIllid € Tak 3BaHUHU ‘rigging” (BiA clioBa
‘rig’). Lle#t meTox € O1IBII ONYJIAPHUM y chepl MApKETHUHTY, OCBITU Ta 1HIIHUX,
Jie BAKOPUCTOBYIOTHCS ORI MPOCTI Ta IJIaBH1 aHiMaIlii. B 0CHOB1 IbOTO METO Y
MOJIATa€ CTBOPEHHS TaK 3BAaHOTO ‘CKENeTy JUisi aHIMOBAHOTO 00’ €KTY
(nampukian, mepcoHaxy). Llei ckemeT A03BOJIUTH aHiMaTtopaMm (ikcyBaTH
MOJIOKEHHSI OCHOBHHMX HOTO TOYOK JJIsi KOXXHOTO 3 KJIIOYOBUX KaJpiB 3aMICTh
PYYHOTO MaTIOBaHHS KOXKHOTO 3 HUX. Jlani mporpama cama 3reHepye MpoMixkHI
KaJpu MDK KIIOYOBHUMH. AJile MOXJIHUBOCTI TOMIOHOTO TPOTPaMHOTO
3a0e3neyeHHs] Hapa3l € OOMEXKEHHMMH, a pealiCTUYHHUX aHIMaliil pyxiB
MEPCOHAXKIB JIOCIATTU JIy>Ke Baxkko.[lessike mporpamHe 3a0e3MedeHHs J03BOJISIE
00’eqHyBaTH y cOO1 1HCTPYMEHTH Il poOOTH SIK 3 JBOMIPHOIO TTOKaJIPOBOIO
aHIMalli€l0, Tak 1 3 TPUBUMIPHUMHU OO0 ’€KTaMu. Tak, Hampukiaj, y IEsSKHX
BUIAJIKaX yCIO JBOBUMIPHY IIOKQJpPOBY aHIMAIlll0 MOXKHAa MEPETBOPUTU Y
OKpeMHIl 00’€KT TPUBUMIPHOTO CEpPEJOBUINA, a00 HABMAKU — KOXKEH CJIEMEHT
MOKaIPOBOi aHiMallli (mepcoHaxi, BTOPUHHI 00’ €KTH, 3aH1i (POH 1 T.7.) MOKHA
MEePETBOPUTH HA OKPEeMHUH OO0’€KT TPUBUMIPHOTO mpocTopy. JlociimkeHHs
MOKa3y€e, 110 OCHOBHHUMHM METOJaMH CTBOPEHHS MOKAJPOBHUX aHIMalli
3QJIMIIAIOTHCS TaKl, 10 HAWOUIbII HAOIMKEHI JO OPUTIHAIBHOTO, KJIACUYHOIO
Metony. | cmoctepiratoun Te, SIK 11 METOJIU EBOJIOLIOHYIOTH 3 4YacoM, SIK
3’SBIIAIOTHCS HOB1 IHCTPYMEHTH Ta MpOrpaMHe 3a0e3MeUeHHs 1Sl BTUICHHS X
METO/[IB, MOXXHa 3pOOMTH BHCHOBOK, IO TMOKAaJapoBa aHIMalllsl SK Taka €
3aTpeOyBaHa Ha pUHKY aHIMOBAHOTr'0 KiHemaTorpady Ta Mpo10BKUTh OyTH TaKOIO
HANHOMIKY1 POKH.

Takox ciii 3a3HAYUTH, [0 HEMOXKJIMBO OCTATOYHO BU3HAYUTHU SIKIHCH 3
BHIII€3a3HAYCHUX METOMIB (200 croco0iB BTUICHHS MeToja) ‘Haikpamum’. JIis
BU3HAUYCHHSI, SKUHA 3 METOJIB € OUIBII PEICBAHTHUM JJISI BTIJICHHS MTOCTaBIICHOI
3ayaul Tpeba 3BayKaTH Ha BEIMKHM mepelik (akTopiB, 30KpeMa Taki K po3Mip
KoMaHau (mpodeciiiHa cTyAliiHa KOMaHIa — aHiMaTopiB ab0 OJWH — JiBa
HE3JICKHUX aHIMATOPIB), OIOJKET MPOEKTY, YaCOB1 paMKU BUKOHAHHS, ILIIhOBA
ayJIUTOPIs MPOEKTY TOLIO.

Cnucok BUKOPUCTAHUX JHKEPETT:

Kit L. The Animation Book : A Complete Guide to Animated Filmmaking—From
Flip-Books to Sound Cartoons to 3-D Animation / Laybourne Kit. — New York:
Three Rivers Press, 1998. C 302 — 313. 2. Coulson W. "The Art of Disney and
Sotheby's” / William R. Coulson. // Animation Magazine. — 1995. — Ne8. — C. 72.
3. Drawing 2D Animation in Blender 2.8 [Enektponnuii pecypc]. — 2017. —
Pexxum noctymy no pecypey: https://code.blender.org/2017/12/drawing-2d-
animation-in-blender-2-8/. 4. Cel (or traditional) animation explained: definition,
types and methods. [Enexktponnuii pecypc] — Pexxum poctymy g0 pecypcy:
https://www.adobe.com/creativecloud/animation/discover/cel-animation.html.
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KOMIT'IOTEPHI 3ACOBH 30BHIINIHBOI'O MOHITOPUHIY
BEJIMKUX OB’€EKTIB 3 BUKOPUCTAHHSAM CEHCOPHUX MEPEX

Hees C. 1.
HaykoBuit kepiBHUK — 1.T.H., mpod. Kpusymnsa I'. .
XapKiBCbKUI HallIOHAILHUN YHIBEPCUTET padioenekTpoHiku, kad. AIIOT,
M. XapkiB, Ykpaina
ten. +38(067) 700-34-62, e-mail: serhii.dieiev@nure.ua

To ensure operation, it is proposed to carry out testing of the sensor network
using anchor nodes with a global positioning system, for localization when
deploying the network and ensuring its normal operation. The number of test
nodes is determined by the Hamming number depending on the total number of
nodes used. This means that the more nodes in the network, the more test nodes
are needed to diagnose our system and obtain correct data. Also it should provide
correct result for all customers who will use it in a right way regarding instruction.

Beryn. OctaHH1 JOCITHEHHS B Tally31 0€3pOTOBUX TEXHOJIOT1H JI03BOJIUIH
BUKOPHCTOBYBATH IIMpOKoMaciiTabHi Oe31poToBl ceHcopHi Mepexi (Large
Wireless Sensor Network, LWSN) sik HOBUIl KJIac BEIMKUX MEPEKEBUX CUCTEM,
110 MICTSATh COTHI ¥ HaBITh THUCSYl BY3J1B JIaTYMKIB, PO3MILIEHUX Y BEIUKOMY
perioHi. IcHye mmpokuii crnektp 3actocyBaHHd LWSN, Takux sk MOHITOPUHT
HaBKOJIMIITHROTO ~ CEPENIOBUINA, HAYKOBE  CIIOCTEPEKCHHS,  BUSBIICHHS
HaJ3BUYAWHUX CHUTyalllid, T[OJIhOBE CIIOCTEPEKEHHS, CIIOCTEPEKECHHS 3a
CTpykTyporo ckiaanux o0'ekTiB. LWSN 3a3Buuaii ckiiazaerbcsi 3 BY3IIB, sIKi
MPEICTABIISIOTh COOOI0 K HEBEJIMKI MOPTAaTUBHI BOYAOBaHI OOUYMCIIOBAJIBbHI
CUCTEMHU, 3’€JIHaHI 31 CIeiai30BaHUMU TMEPETBOPIOBHYAMH Ta PaII0CTAHIISIMU
JUIS 3B’S3Ky Ha Majiid BijacTaHHI. BoHW 37aTHI aBTOHOMHO KOHTPOJIFOBATH,
oOpoOMsATH 1 TepenaBaTH pPi3HI MapamMeTpyd B CTAHOBIEHUX MICHSX MPOTITOM
TPUBAJIMX NIEPIOJIIB YaCy, BAKOPUCTOBYIOUHU JAYKE OOMEKEHY €HEPTII0 1 4acTo 0e3
OyIb-sIKOTO 00CIIYyTOBYBaHHSI MPOTSATOM TEPMIHY iX CITy>KOH.

3micT gocaimxenHsi. 3actocyBanHss LWSN myis MOHITOPUHTY CKIIQTHUX
00'€KTIB MOB'SI3aHE 3 PO3TAIIYBAHHSIM BUMIPIOBAIBHUX ceHCopiB. KoHTpouib
MOTOYHOI'O CTaHy CKJIagHUX 00'eKTiB 13 3acTocyBaHHAM LWSN Bumarae Beaukoi
KUIBKOCTI CEHCOPIB 1 € CKJIAJHUM TEXHIYHUM 3aBIaHHAM. 30ip JaHUX s
3aJJaHOTO TPOCTOPY B PEATBHOMY dYaci 3MIMCHIOETHCS CEHCOPHOIO MEPEXKErO.
KoxeHn Haganuii BUMip NOB'sI3aHUI 3 PO3MIILEHHAM By3Jla IaT4yMKa B MPOCTOPI,
MpoIiec JIoKasi3alli Mo BIJHOMIEHHIO 1O JOKajdbHOI (r7100alibHOi) CUCTEMU
KOOPJIMHAT ISl KOSKHOTO By3Jla Ma€ OyTH BUKOHAHHH 3 HEOOX1JHOIO TOYHICTIO.

CeHCOpHI BY3IM Ha BEIMKOMY TMPOCTOpPI 3a3BHYail  BHIMAJKOBO
pO3ropTalOThCS, TOMY BOHM HE MAalTh MOINEpPeAHBOi i1H(OpMaIlii Mpo CBOE
Miciie3HaxopkeHHs. OCHACTUTH KOXKeH ceHcopHmii By3osn GPS uepe3 BHCOKY
BapTICTh Ta CHEPrOCIOKMBAHHSI HEMOXJIUBO I  BEIMKOMACHITAOHOTO
po3ropTanHs. ToMy BW3HAYEHHS TOJOXXEHHS 3 HEBIIOMHUMH KOOPJAWHATAMHU
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CEHCOpPHHUX BY3JIB (JIOKAJI3aIll€l0) € OJHIEI0 3 KIoUoBUX TexHoyoriii LWSN.
[Tponeaypa mokanizailii B MepeKi BUKOHYEThCS 3a JOIIOMOTOIO SIKIDHHX BY3J1iB
4acTo ¥ HOCUTH ITepalliiHuil xapakrep OCKUIBKH SIKOPIB 3HAYHO MEHIIE, HIX
HEBIJIOMMX BY3JIIB, TOMY JE€sAKl HEBIJIOMI BY3JIM JOKATI3yIOThCA CYCIIHIMU
JokanizoBaHuMu. Po3mojineHa Jokamizailis  JI03BOJIIE  KOKHOMY — BY3Jy
OLIIHIOBATH BJIACHE MICIIE PO3TAIlyBaHHs 0€3 LIEHTPAIBLHOTO OJIOKY yTpaBIiHHS,
110 TIOJICTIITY€ BEJIMKI HAKJIHI BUTPATH Ha 3B'SI30K, TOK BOHH OLIBIIE MM IXOISTh
st By3diB jokamizamii LWSN, Hixk meHtpamizoBani metomu. OTxe, MeTa
JoKaizamii — 11e 3HaiTH (Pi3udHI KOOPAUHATH IS BCIiX BY3JIB TaTUHKIB.

VY wmiif pob6ori, mob 3abe3neuntu HeoOXximHi By3nun LWSN nokanizariero,
MIPOTIOHYETHCSI MPOBECTH TECTOBE JIAaTHOCTYBAaHHS MEPEXKi 3 BUKOPHUCTAHHIM
AKIpHUX BY3J1B. KUTBKICTh TAKUX TECTOBUX BY3JIiB JOPIBHIOE YUCITY XEMMIHTa B
3aJIEKHOCT1 BiJ 3arajlbHOrO 4YHCJIa BY3JIIB MEpPEXi W BUPAXOBYETHCS SK
k=2k—m-—1, me K — KUIBKICTb TECTOBHUX Y3JiB, M — 3arajbHe YKCIO Y3JIiB
LWSN. KoxeHn By3011 B Ipolieci JIOKaji3allii OTpUMYe CBiif HOMEpP aHAJIOT14HO
HOMEPY IMOTOYHOTO PO3PSATY JJI ABIMKOBOI MOCIITOBHOCTI. SIKIpHI BY3JIM MEPEKi
HYMEpPYIOTBbCSI SIK 4YHMCJIa XEMMIHTra 1 3aiiMaloTh TO3UIlli B YHCIJIOBIM
nociigoBHocTi Big 1 mo K , Tooro 1, 2, 4, 16, 32, 64... Ilicnsg npoBeaeHHS
TE€CTOBOTO J1arHOCTYBAaHHS MEPEK1 3 BUKOPUCTAHHSAM BUOPAaHUX SKIPHUX BY3JIIB
npoleaypa Jokatizanii 3a0e31ne4yeTbes TIIbKH CIPaBHUMH CEHCOPaMHU.

CucremMr BHU3HAYCHHSI MiCIIE3HAXOKEHHS BHKOPHCTOBYIOTh TPH METOIH
[lepmmii BuMipsie moTykHICTh oTpuMaHoro curHaiy (RSS) sk nmpoctuii cnocid
OLIIHKM BIJICTaHI MDK By3JaMu. Jlpyruil miaxii BUKOPUCTOBYE KyT MPUOYTTS
CUTHaIy BiJ JBOX a0o0 Ouiblle BY3diB, 00 OLIHUTH PO3TAIlyBaHHS CEHCOpA,
KWW miepeaaB curHai. OcTaHHIA METO BUMIPIOE PI3HUITIO B Yaci HAIXOHKESHHS
CUTHAIIy /10 KUIBKOX SKIPHUX BY3JIB 13 BIJOMHM MICIEIIONOXKEHHAM, 1100
OIIIHUTH PO3TalTyBaHHS MOTPIOHOTO By3Ja.

BucnoBku. TecToBe MiarHOCTYBaHHSI TMOJMIMIIYE SIKICTh MEPEXKI TOMY IO
paaio3B'A30K MK By3JaMH MOXe OyTHU HemependadyBaHUM, OCOOJIMBO Tij] 4ac
aTMOC(epHHX SBUII (HAIIPUKJIIA, IOI, CHIT, MOPO3, TYMaH), 13-3a POCTY POCJIHH
1 JIMCTIB a0o0 X pyXy 13-3a BITPY, a00 13-3a Opyy Ta KOMAIIMHUX THI3] Ha By3JIaX,
BEJIUKHMH JTOOOBUMH KOJIMBAHHSAMHU TEMITEPATyPH.

Crnucok BUKOPUCTAHUX JHKEPE:

1. Y. Qu, W. Han, L. Fu et al., «kLAINet - A wireless sensor network for
coniferous forest leaf area index measurement: Design, algorithm and validation,
Computers and Electronics in Agriculture», vol. 108, pp. 200208, 2014.

2. G..Krivoulya, V Shcherbak Intellectual Functional Diagnosis of Large
Objects Using Sensor Network. IEEE East-West Design & Test Symposium
(EWDTS) Proceeding of international conf .Varna, Bulgaria, September 4 — 7,
2020, pp.507-511.
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00YHMCITIOBAIbHOT TeXHIKH, Ten. +38(057) 702-13-26
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This work deals with the digital modeling of social relations. Modeling is the
main method of research in all fields of knowledge and a scientifically based
method of evaluating the characteristics of complex systems, used to make
decisions in various spheres of social activity. Existing and designed systems can
be effectively investigated with the help of mathematical models (analytical,
simulation), implemented on modern computers. The relevance of this topic, both
in the conditions of a developed market economy and a transitional economy, is
determined by the fact that modeling is an integral part of social forecasting, and
the level of forecasting of social development processes determines the
effectiveness of planning and management of social and other spheres.

Mix cuUHTE30M Ta aHajui3oM LU(POBUX OOUYMCIIOBAIBHHX CHUCTEM Ta
COIIaJIbHO-JIOTIYHUX CTPYKTYp Y KOMI'IOTHHTY ICHY€ B3a€MHO-OJHO3HAYHA
BIJINOBIJIHICTh. TOMY BUKOPUCTaHHS HU(PPOBUX TEXHOJOTIH AJI1 MOHITOPUHTY Ta
YIOPABIIHHS COI[IAJIbHUMU TPyNaMU € TEXHOJIOTIYHUM IUISIXOM JJI BUPIILICHHS
rII00aJbHUX TTPOOJIeM JIFOICTBA.

MogenroBaHHsS — 0araToIIaHOBUM METOX AOCJIIKEHHS, OJUH 13 IUISAXIB
ni3HaHHSA. MOJEITI0 € aHajor OpUTiHAIy: BOHa Ma€ 0araTo CXOXKHUX PHUC Ta
napameTpiB, ajie He MOBTOPIOe caM opuriHai [1]. MoaentoBaHHs 1a€ MOKITUBICTh
JTOCTIDKYBaTH  CKJaJHI  CHUCTEMH, YAaCTHHH SKMX  ONHCaHl  PI3HUMH
maTemMaTMYHUMU  MeronaMu. CoulajgbHe  MOJEIIOBaHHS €  HalpsiMOM
MaTEeMaTUYHOI COIIIOJIOTI, a 3 IMU(POBI3AIIEI0 CYCHIILCTBA — KIOEPCOIIaIbHOTO
KOMIT'FOTHHTY. BUKOpUCTaHHS MOJENIOBAaHHS JJii BHBYCHHS COIIJIbHUX
MPOLIECIB JO3BOJISIE€ BUSBUTH: 30BHIIIHI Ta BHYTPIIIHI TapaMeTpU BCiX MPOIECIB;
3aKOHOMIPHOCTI, SIKi BaXKKO BUSBUTHU B MIPUPOJTHUX YMOBAX; 3B'SI30K aBTOMATHIHO
3aJlaHUX TPOrpaMol0 TapaMmeTpiB Ta TEHEPOBAHUX SBHIL;, MMapaMeTpH, SKi
3MOXKYTh ONTUMI3yBaTH IMITYIOUUH TIPOLIEC.

Komn'torepHe MoOACIIOBaHHS COLIJIBHUX TIPOILIECIB — I11€ METOA IS
BUPIIICHHS 3aBJIaHHS 3 CHHTE3Yy a00 aHajii3y CUCTEMH, B OCHOBI SIKO1 JICXKHTD
CTBOPECHHsSI Ta BHUKOPWUCTAaHHA KOMIT'IOTEpHOI Mojeni. ['ojoBHOMO imeer0 €
OTPUMaHHS SKICHUX Ta KIJbKICHHX XapaKTePUCTUK HA OCHOBI SIKICHOI MOJEIII.
PesynpTaTi momomararoTh 3HAWTH HOBI BIACTUBOCTI CHUCTEMU: 30BHIIIHIO Ta
BHYTPILUIHIO CTPYKTYpYy, ULUIICHICTh, CTIMKICTh, BIJOOPAa3UTH PO3BUTOK.
Komn'torepHe mojentoBaHHS COLIAJbHUX MPOIECIB MICTUTh B ce0e HACTyIHI
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eTaru [2]: BUBUEHHS COI10JIOTIYHO1 TEOPii; MOIIYK €JIEMEHTIB CTPYKTYPH 00'€KTa,
B3a€MO3B'SI3KIB, (pakTOpiB; MOOyA0Ba 1HGOPMALINHOT MOJEIl Ta aHATITHYHUX
CXEM Ha OCHOBI COIIOJIOTIYHOI Teopii 00'€eKTa MOJICIIOBAHHS; TEOPETUYHE
BUBYECHHS TOTOBOI 1H(OpMaIiiiHOi Mojel 1 Mo0yaoBa MaTeMaTHYHOI MOJIEIIL;
noOy0Ba KOMIT'IOTEPHOI peaizailii MaTeMaTUYHO1 MO/IeNi; TPAKTUYHE BUBUCHHS
TOTOBOI KOMITFOTEPHOI MOJIEITI.

BuninsroTs ABa MiaX0au 10 MOOYI0BH MOJIETI: TIIO0ATBHIUHN Ta JTOKAITBHHM.
[Tpu rno6GanbHOMY BpaxOBYETHCS BECh COIIIYM Ta JIJIsl AOCTII>KEHHS BUOUPAIOTHCS
XapaKTePUCTHUKH, PUTAMaHHI JIJIsl BCIX 0C10, K1 IPUCYTHI B MOJIEINI, IPH LILOMY
nepeadavaeThes, MO TOCHIKEHHS MPOBOATHCA HA BEIMKUX MPOMDKKAX Yacy,
TOOTO MO>XHa 3HEXTYBaTH TMOBEIIHKY OKpeMoi ocoOuctocti abo rpymu. Ilpu
JIOKAJIBHOMY IMIIXO/I1 PO3TISIAETHCS JEKIIbKa 0COOUCTOCTEN ab0 TPyMH JHOJEH.
Ha ocHoBi ix B3aemMo/Iii Bi1oOpaskaeThbesl 3araliIbHUM pO3BUTOK CycIisibeTBa. [Ipu
[[bOMY BPaxOBYIOThCSl 30BHINIHI Ta BHYTPIlIHI (AaKTOpW BIUIMBY Ha KOXKHY
OCOOHMCTICTh Ta IIpaBUiia B3a€MO/Iii 3 30BHIIIHIM CEPEIOBHUIIIEM.

[HTepec craHOBUTH aHAII3 coMiaNbHO-JIOTIYHOI (SL) Momeni cycniibcTBa
NUIIXOM aJianTamii JAeTyKTUBHOTO MOJICITIOBAHHS HECIPaBHOCTEH Ha BXIJHUX
NBIMKOBUX Habopax [3-5] 3a yMOBH, 1110 1Ie(HEKTH HE BUBOJSATH ITUPPOBY CUCTEMY
3 MHOXMHHM 33/1aHUX cTaHiB. @akTU4HO, Marouu HUPpoBy SL-Moa€e1b COLlaabHO1
rpynu, MOKHa BUKOHYBAaTH JAEAYKTHBHUUN aHami3 ii MOBEIIHKH 32 OYyJb-SIKOTO
TECTOBOTO BIUIMBY, IO HAMIWIIOB y CYCHIJIBCTBO SK NMUTAHHS, 3aTBEPKEHHS,
Hakas3, 3aK0H. [[poeKTyBaHHS JOTTYHOT CXEMU YIPABIIHHS COLIaIbHUMU IPYIIAMH
IPYHTY€EThCS Ha (hopmatizallli BepOaJIbHOTO ONMKUCY CUCTEMH yIpaBiaiHHSA. Marouu
noOy0BaHy JIOTIYHY CXEMY MEHEDKMEHTY IOCUTh IMTPOCTO BU3HAYUTH YMOBH JIJISI
peamizaiiii Oyap-sAKoi 17el, Mo Wae BiJ ICTOTHUX CYO0'€KTIB (3MIHHHMX) IILISIXOM
B3ATTS OyJieBOi MOXiAHOI. 3amporoHOBaHI MOJENl TEOPETUYHO MOSCHIOIOTH
COIIlaJIbHI MPOIIECH.
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METOIA JIATHOCTYBAHHS IHTEPAKTUBHUX
OBUYNCJ/IIOBAJIBHUX MEPEX, 11O PEKOH®IT'YPYIOTBHCSI HA
OYHKIIOHAJIBHUX MOAVJISIX, IO ITPOTPAMYIOTBHCA
Jlo6oituenko JI.A.
HaykoBuit kepiBHUK — K.T.H., goueHT kb O.C.

XapKiBChKHI HAIIOHATLHUN YHIBEPCUTET pajiioesiekTpoHiku, kad. AIIOT,
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The work will create models and methods for modifying unidirectional
iterative networks and synthesizing checking sequences; creation of methods for
the synthesis of testing tests using cyclic and characteristic symbols of automaton
models of nodes, which allow formalizing and simplifying the procedure for
generating tests with built-in diagnostic tools and checking the health of the entire
network, eliminating the labor-intensive procedure for modeling faults.

[upoke 3actocyBanHs enemeHTHoi 6a3zu NoC, SoC 1 IUIC npu
npoekTyBaHHl koM torepHux cuctemM (KC) nano momroBX YHCIEHHUM
JOCITIJIPKEHHSIM 1110JI0 CTBOPEHHS JAMHAMIYHUX cucTeM pekoHdiryparii KC, siki
MalOTh BJIACTHUBOCTI KOHCTPYKTHBHOI OJTHOPITHOCTI Ta MapaJieIbHOCTI 0OpOOKH
nanux. lle Bu3Hauae KOHHGHTyaJIBHi OCHOBH IPOCKTYBAHHs JiarHOCTHYHOI
inppactpykrypu (/1) KOMI'TOTEPHUX CHUCTEM Ta IX KOMIIOHEHT y BHUIIIiLi BIST
OTHOBMMIPHHX Ta JBOBUMipPHHX iTepaTUBHHUX 00YHMCIOBaIbHUX Mepex (IOM) 3
KOHCTPYKTUBHHMH BJIACTHBOCTSMHU apXiTEKTYPHO-CTPYKTYPHOI OZHOPIAHOCTI,
TECTONPUIATHOCTI, CAMOIEPEBIPKH, BUCOKOI MPOAYKTUBHOCTL Ta PEAKTUBHOCTI.

0O6'exkmom PO3pOOKH € MPOIEC CUHTE3Y AIarHOCTUYHOI 1H(QPACTPYKTypH
IS BIZIMOBOCTIHKHX PO3MOIITIEHUX KOMIT FOTEPHUX CHUCTEM.

Ilpeomemom pO3pOOKM € MOjeNl, METOAM Ta TMPOLEAYPU CHUHTE3Y
JIarHOCTUYHOI 1H(QPACTPYKTypu Ta MOIYJNIB CHUTHATYPHOTO MOHITOPHUHTY.
Mera po3poOku — CTBOpEHHS Mojeied Ta MeTomiB  Moaudikarii
OJIHOHAMPABJICHUX 1TepaliiHuX oOuucmoBadbHuX Mepexk (IOM) 1 cuHTe3y
NEPEeBIPSAIOUMX TOCIIIOBHOCTEN; CTBOPEHHS METOIB CHHTE3Y MEPEBIPSIOUNX
TECTIB 3  BUKOPHCTAHHSM IMKJIIYHEX 1 XapaKTEePUCTUYHUX CUMBOIIIB aBTOMAaTHHX
mozeneii By3niB [OM, siku J03BOJISIOTE (POPMAITi3yBaTH 1 CIIPOCTUTHU IPOLEAYPY
re’epatii TeCTiB B6y)10BaHI/IMI/I 3aco0aMy JIIaTHOCTYBaHHS 1 TMEPEBIPKY
CIIPABHOCTI BC1€1 MEPEX1, BUKIIOUUTH TPYJOBUTPATHY NPOLEAYPY MOAEITIOBAHHS
HECITPaBHOCTEM.

VYV pob6oTi BAOCKOHANIEHO: METOJ TOOYIOBH A1arHOCTUYHHUX eKcnepHMeHTiB
st IOM, meron cunTesy serkorectoBaux [OM Ta moOynoBH TEpeBipAIOYHX
eKCIIEPUMEHTIB; METO/[ T IPOLEYPH OOy A0BH [IarHOCTHYHOTO EKCIICPUMEHTY
Ha OCHOBI BUKOPHUCTAHHSI XapaKTEPUCTUUYHHMX CUMBONIB mia kiacy IOM 6e3
CIIOCTEPEIKYBaHUX BUXOJIB; METOAU Ta MPOLEIYPH CHHTE3y OJHOBHMIPHHX Ta
aoBuMipHnx IOM 3 pO3HOALICHMM YHPAaBIIHHSIM PEKOH(Irypaiieo i3
BOYZOBaHOI CHCTEMOIO BHYTPIIIHBOI KOMYyTallii BXil - BHXIIHHMX IIWH.

Y poGoTi po3pobieHO METOoau CUHTe3y TmepeBipsitounx TtecTiB [IOM,
(pyHKIIOHANBHI MOJYJIl SKMX HE MArOTh BHXOJAIB, IO CIOCTEPIrarOThCs, a
(pyHKIIOHYBAHHS TPEACTABISIETHCS  MOJICISIMA -~ KIHIEBHX  [I€TEPMiHOBAHHX
aBTOMATIB. Y CTaHIApPTHUX crpykrypax IOM BIJICYTHI BEpXHI K€pOBaHi BXO/JIH,
0 3HIKYE MOKa3HUKH KEPOBAHOCTI MEPEXi, a OTKE YCKIAIHIOE MPOLEypY
TECTOBOTO J1arHOCTYBaHHSI CIIPABHOCTI MEPExXI.

3 MeTO0 TMOKpAaIlleHHS TMOKAa3HMKIB KEPOBAHOCTI Ta CIIOCTEPEKHOCTI,
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CIPOILECHHS TPOLEAYP CHHTE3Y INEpPEeBIPSIOYUX TECTIB Ta JJ1arHOCTYBaHHS
onHoBuMipHoi IOM mnpomnoHyeThCs MOI[I/I(bleBaTI/I ctpykrypy IOM Ta
npoLeaypy nepeBipkd i1  CHOPaBHOCTI BIAMOBIIHO JO HHXKYCHABEICHHUX
MIPOTIO3ULIINT Ta YMOB.

[Tpu peanizarii mepexi Ha 6a3i [TJIIC tunmy FPGA nepenideHi Buiie yMOBH
JIETKO BHUKOHYIOTBCS IIUIIXOM  BiamoBigHoro BuOopy tumy IIJIIC Ta
HaJIaIITYBaHHS JIOTIYHMX OJIOKIB, IO PEKOH(ITypPYHOThCA. TakuM YHHOM,
3aBJaHHS TE€CTOBOro JiarHocTtyBaHHS IOM 3BOIUTHCS 110 3aBJaHHS TECTOBOIO
JIIaTHOCTYBaHHS OJHOBUMIpHOI omHocmpsmoBaHoi IOM abo Tiobku 3
KEpOBaHUMH BXOJaMHU B KOXHIM KoMmipili, abo 10 nepeBipku cupaBHocTi IOM 3
KEPOBAaHMMH BXOJaMH Ta CIIOCTEPITralOThCS BUXOAAMHU B KOXKHIM KOMIPIII MEPEKi.

AHai3 cTpykTypHoi opranizariii IOM mnokasye, 1m0 po3MipHICTb KIIITHHHUX
(hYHKIIIOHATBHUX MOJYJIIB MOJKE 3MIHIOBATHCS B IIHPOKUX MEXKaX 3aJICKHO BIJI
00poOIIOBaHUX III€I0 Mepexero 1H(QopMamiiiHuX ITOTOKIB, KJIacy 3aBlaHb 1
OOYMCITIOBANIHUX ~ aNropuT™MiB. IIpencraBieHi Ta po3poOsieHi MeToau Ta
Ipoueaypu cuHTe3y oAHOBUMipHHX IOM, 1m0 103BOJAIOTE BHKOPUCTOBYBATH
pe3epBHI MOJyii 0e3 3HWKEHHs MPOAYKTHBHOCTI MEPEXi Ta 3aCHOBaHi Ha
BUPILICHHI 3aa4i MIHIMAKCHOrO pPO3MIIIECHHS PE3EPBHAX MOJYIIB, IO
3a0e31euyroTh pekoHdiryparito crpyktypu IOM 3 MiHIMaTbHUMH TUMYaCOBUMH
BUTpAaTaMU Ha IEPEKOMYTAIlll0 Ta IEepecUJiaHHs MaHWX MDK MOIYJISIMH Ta
130MOpGHUMU. O0OYHUCITIOBAILHUM XapaKTepUCTHKAM IOM.

3anpomoHoBaHi  METOAM  Ta  Mpoueaypu  pekoHdirypamii  IOM
(byHKIIOHANEHUX MOJIYJIIB PO3IJIAHYTI 0€3 3HIKEHHS CHUIBHOCTI peanizallii
MpOLEyp 33 YMOBH HAsBHOCTI y MEPEXi OJXHOTO HecnpaBHOro moxyis. Lleit
MIIXIJ MOXE 3aCTOCOBYBATHCS JIO MOJIYJIBHHX TMPOLIECOPHHIX MEPEK pi3HOI
PO3MIPHOCTI Ta NMPU3HAYCHHS, B SKMX HECIPABHUN MOIYIJIB BUSBIAETHCSA abo
30BHILIHIMU abo B6yI[OBaHI/IMI/I 3aco0amu zuarHOCTyBaHHﬂ

Sxmo Mk MOAYISIMH MEpexXi HEeMae B3aEMO3B'S3KY, TO HANMPOCTIIIAM
PILIEHHSIM € BUXIAHE MiJKIIOUYEHHS! PE3EPBHUX MOJYIIB J0 3arajibHOI MIUHU. Y
pa3l BIAMOBH TMPAIIOIOYOTO0 MOAYJS BKJIIOYAETHCS OJWH 13 PE3EPBHUX,
BHKOHYEThCS IIEPECHJIAHHS JAHUX 1 HECHPaBHUM MOIYJIb BHMHUKAETHCA.

HasiBHICTh B3a€MO3B'SI3KIB MK MOJYJISIMA MEPEXK1 YCKJIAIHIOE 3aBIaHHS
pexkondirypamii IOM. V 1mpoMy BHIIAQJIKy SBHO HEJOCTATHHO IIiIKIIOUNUTH
pe3epBHUN MOAYJIb Ta BUMKHYTH HeclpaBHUN. Mae OyTu CTBOpeHa HOBa cxema
iHTep(decHUX 3B'SI3KIB MIDK MOJYJISIMH, sIKa 3aJICKUTh BiJ chepr 3aCTOCYBAHHS
IOM.

BucHoBku. B X0/11 BUKOHAHHS JOCTIKEHBI pO3pPOOJICHO METOIM CUHTE3Y
nerkorecropanux IOM  rta mo0Oynou HepeBips{}qux EKCIIEPUMEHTIB 3
BUKOPUCTAHHSM LMKIIYHUX BIAMIHHUX MOCITIIOBHOCTEH, WO (HOPMYIOThCS 3
BIZIMITHUX CHMBOJIIB aBTOMATHOI MOJIENI KOMIPKA MEPEKi Ta sKi JI03BOJAIOTH
(hopmanizyBatu Ta COPOCTUTH IPOLEAYPY nepempKH CIIPaBHOCTI BCI€i Mepexi,
BH3HAYCHO HEOOXITHI YMOBHU icHyBaHHS y JaHii IOM IUKIIYHHMX BIIMITHHX
MTOCJTI JIOBHOCTEH.
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This work examines the technology of biometric recognition of students at
the university using biometric devices and a database system. Biometrics are a
rapidly expanding and reliable form of authentication because physical
characteristics are, for the most part, much more difficult to falsify than passwords
or PINs. Additionally, the ubiquitous implementation of biometric scanners on
popular consumer devices has made that much easier.

biomerpuyHa cucrema, Mo CyTi, € CUCTEMOIO pO3Mi3HABaHHsS 00pas3iB, sKa
po3Ii3Hae 0co0y Ha OCHOBI BEKTOpa 03HAK, OTPUMAHOTIO 3 MEBHOI (i310JI0TTYHOT
YU MTOBEJAIHKOBOI XapaKTEPUCTUKHU, SIKOIO BOJIO/IE 0coba. Mema docniodcenHs —
NIJBUILIEHHS K10epOe3NeKu YHIBEPCUTETY, 10 BKIIIOYAE JIETITUMHICTD JOCTYIY
[1] 3a paxyHOK 1HTerpaiii pi3HUX BUAIB O10METPUYHOTO PO3Mi3HABAHHS JIFOAUHH
JUTSl AOCTYIY B YHIBEPCUTET Ta P13H1 HOTO YACTUHU; AyAUTOPIi, IEKaHAT, KOPITYCH,
1HII OPUMIIIEHHS, 10 BKJIOYae 0a3W JaHUX CTYAEHTIB Ta MpPaliBHUKIB 1
ayJIMTOPiii Ha OCHOBI 3aCTOCYBaHHS OIOMETPUYHUX IMPHUCTPOIB PI3HOTO BUAY
Bepu(ikalli, 00 Ja€e MOXJIMBICTh MIHIMI3ZYBaTh 3arpo3y IPOHUKHEHHS B
YHIBEPCUTET CTOPOHHIX OCI0, SKI MOXYTh CTAHOBUTH 3arpo3y IMOPSAKY B
yHiBepcuTeTi 200, HaBITh, O€3MeElll CTYACHTIB.

3aJie’)kHO BiJ] KOHTEKCTY 3aCTOCYBaHHS, O10METpUYHA CHCTEMa MPAIIOE B
OJIHOMY 3 IBOX PEXHUMIB: Bepudikaiii abo imeHTudikaii. ¥ pexxumi Bepudikarrii
CUCTEMa MIATBEP/KYE OCOOY JIIOJUHU IUISXOM TOPIBHSHHS OTPUMAHHUX
OIOMETPUYHUX XaAPAKTEPUCTUK 13 OIOMETPUYHUM II1a0JOHOM OCOOH, SKUiA
nmonepeaHbo 30epiraerbcss B 0a3l JaHmx cucteMu. Kinbka OlOMETpHYHHX
XapaKTEPUCTUK BUKOPUCTOBYIOTHCA B pi3HUX Mporpamax. KosxkeH 010MeTpu4HHMiA
MOKa3HUK Ma€ CBOI CUJIbHI Ta CJIa0Ki CTOPOHH, 1 BUOIp MOKAa3HUKA 3aJIEKUTH Bij
nporpamu. JKoaeH G1OMETpUYHUN MOKA3HUK HE MOXKe €(EeKTHUBHO BIJIMOBIIATH
BUMOTaM YCIX 3aCTOCYHKIB — JKOJIGH HE € «palioHalbHuM». [loka3HuUK
O10OMETPUYHOrO PO3MI3HABAHHS MIAOMPAETHCA 3aJIEKHO BIJ PEXKUMY poOOTU
POrpaMu Ta BIIACTUBOCTEN O10METPUYHOT XapaKTEPUCTUKH.

3asoannsam OocniodcenHs € Po3poOKa Ta JOCIIIHKEHHS MOJEII B3aeMOJIIi
cucTeMu 0a3 JaHUX Ta PI3HUX BUAIB 010METPUYHHUX MPUCTPOIB, ¢ O10METpHUUHI
MPUCTPOi, TepeOyBaroun Ha 3B’ 53Ky 3 0a3aMu JaHUX, TOPIBHIOIOTH BIJICKAHOBAHI
JaHl JIOMUHA 3 MIa0JOHAaMH, SKI 30epiraroThCs y cHcTemi 0a3 JaHuX Ta
NpUIMAIOTh PIMIEHHS TPO HaJaHHA a0o BIAMOBY JIOCTYIMy oOCOO01, IO
BEepUQIKYETHCS.
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baza nmanux mpenacrarisie coOOr Opra”izoBaHUN HalIp CTPYKTYpPOBAHOIi
iHpopMmaiii abo maHuX, sKi 30epiraloTbCs B EICKTPOHHOMY BHIJISAI B
KOMIT'FOTepHIA cUCTeMi. ba3a JaHWX KOHTPOJIIOETHCS CHUCTEMOIO KEpyBaHHS
06azamu nanux (CYBJ). Jlani ta CYBJ/] pa3om i3 nmomaTkamu, SKi 3 HUMHU
MIOB’sI3aHi, HA3WBAIOTh CHCTEMOIO 0a3 JTaHUX, Ky 9acTO CKOPOUYIOTh /IO MPOCTO
0a3u nanux. JlaHi B HaWMOMMpEHIMUX THUHaxX 0a3 AaHWX, M0 MPAIOIOTH
ChOTOJIHI, MOJIENIOIOTHCS B PSAJIKAX 1 CTOBMISIX y cepii TaOauib, 00 3p00UTH
00poOKy Ta 3amuTu JaHuX epekTUBHUMH. [lani € MOXIMUBICTh JETKO OTPUMATH
JOCTYII 10 JaHUX, KEPYBaTH HUMH, 3MIHIOBATH, OHOBIIIOBAaTH, KOHTPOJIIOBATH Ta
OpranizoByBatu. binpiricTs 6a3 JaHMX BUKOPUCTOBYIOTH CTPYKTYPOBaHY MOBY
samuTiB (SQL) mist 3ammcy Ta 3anuTy manmx. Taka cuctema 0e3 maHux i Oyze
BUKOPUCTOBYBATHUCS JIJIsl 30€piraHHs 1ma0JIoHIB O10METPUYHUX JAaHUX CTYJCHTIB
Ta MEpPCOHAITY yHIBepcUTETy. B3aeMonito 610METpUUHUX HNPUCTPOIB 3 CUCTEMOIO
0a3 JaHUX HaBeJIeHO Ha puc.l.

Enrollment

r?; enrollment I
i

template » template
extraction g  storage

a4y

biometric template

template
comparison

comparison
algorithms

Search/Match

(ﬂ? - livecapture
£

bio

template » template
extraction < comparison

a4

biometric template
no match/
match non-match

a Q < template search/match result

Puc.1. Bzaemogist 6i0MeTpUYHUX MPUCTPOIB 3 CUCTEMOIO 06a3 JaHUX

Po3pobneno monens cucteMu G10OMETPUYHOTO PO3IMi3HABAHHS CTYJEHTIB B
cucTeMi 0e3neKu KibepyHIBepCUTETY, PO3IIISTHYTO B3aEMO/IIF0 CUCTEMU 0a3 JaHUX
Ta Pi3HUX BUAIB OI0METPUYHUX MPUCTPOIB, TA AOCIIHKEHO MIJBULICHHS O€3MeKu
VHIBEPCUTETY 3a PpAaxXyHOK IHTerpamii pi3HUX BHUIIB OIOMETPUYHOTO
pO3IMi3HaBaHHS JIIOJJMHU JJIsL TOCTYITy B CaM YHIBEPCUTET Ta Pi3HI MOr0 YaCTUHHU.
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The real-time control system is a system, in the result of which the deposits
are not only logical values of simple key functions but are seen by stretching such
a wire. Implementation of the model using a timed FSM. The formation of output
signals of control machines is classified according to the model of Moore and
Mile. The work of software and hardware verification of models of automatic
control devices at different levels of automated design (algorithmic, functional-
block, schematic and simulation of the design-technological level).

Cucrema ymnpaBlliHHS PeaIbHOTO Yacy — CUCTEMa, B sIKIi pe3yJbTyloua Jiis
(A1SUTBHICTB) 3aJIEKUThH HE TUIBKU B1JI JJOTITYHUX 3HAYEHb MPOCTUX KEPYIOUUX i,
a U BIJ 4Yacy, MPOTIroM SIKOTO Il J1i mpoBOAAThCA. Jis iX peanizalili npuiHATO
BUKOPUCTOBYBaTH MOJieJb 4YacoBoro asromara (timed FSM), sika no3Bossie
BpPaxOBYBAaTH BIUTMB METPUYHOTO Yacy Ha MEPEXOJU MiXK TEXHIYHUMH CTaHAMH
KEpOBaHOI CUCTEMH. 3a crocoOoM (hOpMYBaHHS BHXIJTHUX CUTHANIB KEpyroul
aBTOMaTH KJIacu(iKyrOTbcs Ha mMojaen Mypa 1 Mudi, a 3a cnocoboM o0poOku
BXIIHMX CUTHAJIB HAa aKTUBHI 1 [TACHUBHI.

AKTUBHUN 4YacOBHM aBTOMAaT (YHKIIIOHYE B 3aJIEKHOCTI BiJ] 3HAYCHHS
BX1JTHOTO CUTHAJTy B IEBHUI MOMEHT 4acy (He Bij] 3MiHH BX1JJHOTO CUTHAITY, TOOTO
BX1JTHOTO MO/Ii1). 3MiHa BX1IHOTO CUTHAITY (BX1Hi J111) 6€3mocepeIHb0 He HIIII0E
3MIHM CTaHy aBTOMara. ABTOMAaT OMUTY€E BXIJHI CUTHAJIM B MOMEHTH Hacy, sKi
BU3HAYAIOTHCS aJTOPUTMOM HOTro poOOTH 1, TAKUM YHMHOM, peami3ye (yHKIIIO
nepexoAiB.bibllly 4YacTUHY KEpyruHMX aBTOMAaTIB B CHUCTEMax JIOTTYHOTO
YIOPABIIHHS CKJIAJAI0Th aKTUBHI a00 3MilIaHi aBromatd Mypa, ToMy 1110 JJOCUTb
MPOCTO BCTAHOBUTH BIJAMOBIJHICTh MDK TEXHIYHHMMH CTaHaMH KEPOBAHOTO
00'ekTa 1 HAOOPOM KEPYHOUUX CUTHAJIIB B CTaHaX Kepyrodoro apTomata Mypa [1].

[Tpu Bepudikanii HDL-mozaenelt yacoBUX MOJ1€BUX aBTOMATIB B CUCTEMAX
VIOPABIIHHS PEANbHOIO Yacy BAXKIMBO HE TUIbKU (DIKCYBaTH 4Yac 3HAXOKECHHS
aBTOMAaTa y BU3HAYEHOMY CTaHi Ta 4ac MOSBHU BIJAMOBIIHUX BUXIJIHUX CUTHAJIB,
ayie ¥ peanizyBaTtu croci® mojaayi BXIIHMX CUTHAJIB HAa pOOOYMX YacTOTax Ta
3a0€3MeUYnTH B3a€MO/IIF0 30BHIINIHIX MO Y BIMOBIIHUX MPOMIKKAX Yacy.

Hanaromxkenns mpoektiB Ha [IJIIC moxe mpoBoauTHCS 3 BUKOPUCTAHHAM
30BHIIIHBOTO KOHTPOJIHHO-BUMIPIOBAILHOTO OO0JIaIHAHHS, TaKOTO SIK IH(POBI
ociiorpadu 3MIMIAHUX CUTHATIB abo JoriyHi aHamizaropu. B poboti [2]
3allpOIIOHOBAHO B SIKOCTI TecTepa MpH IMITallIHHOMY MOJEIIOBaHHI Ta
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HajamrtyBanHi MpoekTiB Ha [IJIIC BUKOpUCTOBYBAaTH 30BHIIIHINA KOMII IOTED,
MOEIHAHUNM 3 TIJIaTOI0 HajamTyBaHHS dyepe3 1HTepderic JTAG. Imirtauiiine
MOJICJIIOBAaHHSI ~ IIIMPOKO TMOLIMPEHEe 1 3a3BUYall  3aCTOCOBYEThCA A
HaJIaro/PKeHHs OKpeMHUX OJIOKIB HU(PPOBUX CHCTEM, aje YacTOTa MOJECIIOBAHHS
CTaHOBUTH JIECSITKH Tepll, o0 oOMexye cdepy 3actocyBanus iHTepdeiicy JTAG.

s BupimenHs npoOiremu uacoBoi Bepudikamii mpoektiB Ha [IJIIC
3allpONIOHOBAHO TecTep po3mimyBaTd B 1boMmy kK kpuctami [UIIC, ge
PO3MINITY€ETHCS CHCTEMa, IO TMPOCKTYETHCS, 3BICHO TPH HASBHOCTI BIILHUX
pecypciB. Ane B cydacHux kpuctanax [1IJIIC (FPGA) e He mpoOiema: mpoeKTH,
10 PO3POOIIAIOTHCA, K MPABHUIIO, 3aiiMAIOTh 3HAYHO MEHIIIE MTOJIOBUHHU PECYPCIB
KpHUCTaIa.

Tecrep peanizyerbcss y HoOpMi 3MIIIIAHOTO aKTUBHOTO YacCOBOTO aBTOMAaTa
Mypa, o go3Bosisie BUpiUTH psia npoodsiem. [lo-mepie, Tectep cam reHepye
TECTOBY MpOrpamy, IO IMITYye POOOTYy peasbHOro O0’€KTy YIpaBiiHHS, O€3
3allydeHHs] OyJb-SKMX 30BHIIIHIX curHaiiB. [lo-gpyre, mpu Takomy MiaXoi
MOXKJIMBA CYMICHa CHHXPOHI3allisl TeCTepa Ta MPHUCTPOIO0, IO MPOEKTYETHCH,
HaBiTh Ha poOoumx dYactoTaxX. Ilo-Tpere, Takuil MiAXiJ T03BOJIIE IMITYBaTH
30BHIIIIHI MTO/111 Y BUBHAUYEHI MOMEHTH Yacy Ta epeHaNaIITOBYBaTH Yac iX MOSBU
B 3aJIEKHOCTI Bl PEXUMIB pPOOOTH, $SKI BepU]iKyloTbcs. Pe3ynbratu
MOJICJIIOBAHHSI MOXYTh crocrepiratucss Ha cymicHii Waveform 00’ekTa
YIPABIIHHS Ta IPUCTPOIO KEPYBAHHS, III0 POOUTH MPOCSKT HAOYHUM Ta TIPO3OPHUM.

HaykoBa HOBM3HAa POOOTH MOJSATa€ y MOAATBLIOMY PO3BUTKY METOIIB
nporpaMHoO-aprnapaTHoi  Bepudikaiiid Mojeleild aBTOMAaTHUX MPUCTPOIB
KepyBaHHSA Ha  pI3HUX  PIBHSIX  aBTOMAaTH30BaHOTO  TPOEKTYBaHHS
(aIropuUTMIYHOMY, G yHKI1I0HATBLHO-0JI0YHOMY, CXEeMOTEXHIYHOMY  Ta
KOHCTPYKTOPCHKO-TEXHOJIOTIYHOMY PIBHSIX).
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KaxaeB M.C.
HayxoBwuii kepiBHUK — K.T.H., 1o11. Jlapuenko JI.B.
XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaAi0CICKTPOHIKU
(61166, Xapkis, npocn. Hayku 14, kad. ATIOT, texn. (057) 702-13-26)
e-mail: mykhailo.kakhaiev@nure.ua, (068) 815-81-35
Research and optimization of face recognition systems based on neural
networks using 3D face models instead of 2D images, and investigation of
appropriate normalization and regularization methods.

HeliponHi Mepexi g po3Mi3HABaHHS OOJUY BUKOPUCTOBYIOTHCS B
0aratb0X po3poOKax, TaKUX SK CHUCTEMHU O€3MEeKH, BIICOCIIOCTEPEKEHHS,
pO3Ii3HaBaHHS €MOIIii, METUYHOI JIarHOCTUKH 1 6arato 1HImuX. Bukopuctanus
3D mopenel njsi HaBYAHHS, A€ 3MOTY OTPUMYBATH OUIbII TOYHI pe3yJIbTaTH,
OJTHAK, MOK€ MPU3BECTH 10 BUHUKHEHHS HOBUX npo0Jem, iK1 He BIJOYBAOThCS
IIpU BUKOPUCTaHHI 3BMYaiiHUX 2D 300pakeHb. OI[HlGIO 3 TOJIOBHUX MPOOJIEM €
HECTaOUIBHICTh MPOLIECY HABUYAHHSA, IO 3aJIeKUTh BiJl KUIBKOCTI JAaHUX Ta iX
sxocTi. OnTuMizallis, perysapu3allis Ta HopMati3allis € BaXJIUBUMU MPOIECaMH,
10 JIO3BOJISIIOTH MOKPAIIMTH CTIMKICTh Ta TOYHICTh TaKOi HEHPOHHOI MEpexi.
Jlxepena: TEOPETUYHI JOCIIKEHHS U pO3pOoOKU HEHPOHHUX MEPEeX y ccpepax
MAIITMHHOTO 30Dy, 00poOKH 300pake€Hb, a TaKOXK I[OCJ'III[)K@HHH MPUHIIUITIB
onTUMi3arii HEHPOHHHIX MEPEexK [1 3] Mema 0ocnioxcenms — 1OCTI IHKSHHS HOBUX
METO/I1B Ta IMiIX0/IIB JI0 ONITUMI3AIlii Ta HABYaHHS HEHPOHHUX MEPEXK, III0 MOKYTh
MPU3BECTH A0 MOJINIIEHHS iX €()eKTUBHOCT1, TOYHOCTI Ta mBUIkoa1i. Kpim Toro,
METOI0 AOCHIPKEHHSI € 3MEHUIEHHS pecypciB, HEOOXIAHUX ISl HaBYaHHS Ta
poOOTH HEUPOHHUX MEPEXK, TAKUX K 0OUUCITIOBANIbHA MOTYKHICTh Ta KIJTBKICTh
JaHuX. 3a0aua — NOKpaleHHs: €eKTUBHOCTI Ta TOYHOCTI pO3Mi3HABAHHS 00JIUY
3a JOMOMOTOI HEMPOHHUX MEPEXK, TOCITIAUTH MOKIUBOCTI ONTUMI3AIIT MOIEI
JUTst 3a0e3neyeHHs epeKTUBHOI pOOOTH Ha 0OMEXKEHUX PeECypcax.

OmHuM 3 1HHOBAMIWHUX TIAXOMIB A0 ONTHUMI3AIi MOJEI € BUKOPUCTAHHS
3D mopeneit o6y 11 HaBYaHHS HEHPOHHOI Mepexi 3aMicTh 2D 300paxeHb.
["onoBHMMU niepeBaramMu Takoro Miaxoy €: OUTbII TOYHE BIATBOPEHHS 00JMYYs,
10 MOK€ OyTH KOPHUCHO TIPU PO3IMi3HABaHHI OCOOJUBOCTEH OOIMYUSI, TAKUX SIK
dbopma Ta rmubrHa; 3MEHIIIEHHS KIJTBKOCT1 JaHUX JJIs HABYaHHS, OCKIJIbKY BOHU
3a3BUYall MICTAThH OuTkbie iHGopMalrii, HK 2D 300paskeHHs; 3HIKCHHS BIUIUBY
IyMy, SIKHi MOKE BHHUKHYTH MPH poboti 3 2D 306pa>I(eHH$IMI/I SKIIO HA HUX €
TiHI ab0 pyX, IO MOXKe MPU3BECTH 110 HETPABHILHOI iHTEepIIpeTalii JaHux;
301IbIIIEHHST TOYHOCTI pO3Mi3HaBaHHS, OCKITBKA HEHpOHHA Mepeka MaTHMe
JOCTYIl JO OUIbII JAeTanbHOi Ta TOBHOI 1HGoOpMalii mpo obmuuds. Xoda
po3pobiieHa Mojenb B pobodoMmy cTaHi orpumye Jsmime 2D 300pakeHHS,
BUKopucTaHHa 3D mojneneil Moke MOKpallUTH SIKICTh HaBYaHHS HEUPOHHOI
MepexXi, 3MEHIIUTH BIUIMB IIyMYy Ta 30UIBIIMTH TOYHICTH pO3Mi3HaBaHHA. Alie
IIPY BUKOPUCTAHHI JJAHOTO METOLy OCHOBHUMU MPOOJIEMaMHU € BEJIMKA UCTICPCis
(high variance) ta mammii 3cyB (low bias). Benuka nucriepcist MOXe BUHUKATH,
KOJIM HEHpOHHA Mepeka MEePEeHAaBYAETbCS HAa TPEHYBAJIbHOMY HaOOpi JaHUX,
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TOOTO BOHA CTa€ Ay>K€ YyTJIMBOIO 10 ApiOHUX BigMiHHOCTEH y naHux. Lle moxe
MPU3BECTH JI0 TOTO, 10 HEHPOHHA Mepexka Oy/ie MOraHo NpPAlOBATH HA HOBUX
JaHUX, SIK1 HE 6yJIH BHKOPHCTaHI ITil Yac TpeHyBaHHsA. Bupimenns npobaemu
BEJTMKOI AMCIIepCii MoyIsirae y BAKOPHCTAHHI METO/IIB pery sipu3artii, Takux sik L1
1 L2 perynspuszariii, Dropout B JlaHOMy BHMNAJKy Kpallle 3a BCE MOKasye cebe
Bukopuctanua L1 1 L2 wmetomis. L2 perynﬂpmaum BUPIIIIT Hp06neMy
nepeHaBYaHHsl Ha BEJMKIA KUIbKOCTI mapameTpiB, a L1 perynspuszauis Oyne
KOPUCHOIO JUIsl 3MEHILIEHHS 3HAYEHHS HEBAXKIMBHUX O3HAK 10 HyJs. BoHu
MPALOIOTh 3aBJAKH JOAABaHHIO A0 (PyHKIII BUTPAT KOPEKTYIOUMX 3HAYCHb Ha
OCHOBI CyMHU aOCONIOTHHX 3Ha4eHb BaroBux koedimieHTiB ans L1 1 Big cymu
KBaJpartiB Bar s L2 3a HacTynHUMHU hopmyaMu:
Ly = 1Y wil;Ly=24,%;  |wl?

ne A4 1 A, - e mapaMeTp, SKUil KOHTPOJIIOE BXKIUBICTh peryspu3ariii, W -
1I€ Baru napaMmeTpiB Mojeni, L 1 L,- KOpeKTyr0Ur 3HaYEHHS.

Hopwmanizartiis He Bupiiye 0e3mocepeHb0 MpodiemMy BEJIMKOI AUCTEpCli B
MOJIeJIi, ajle BOHA JTOMOMOYKE 3MEHIIUTH BIUIMB Bapialiil y BXIJHUX JAaHUX Ha
pe3yJabTaTH MOJIeNl Ta 30UIBIMIMTUA IIBUJKICTH 301KHOCTI Mojeni. s 1mporo
BUKOPHUCTOBYIOTh LIEHTPYBaHHsI Ta MacluTaOyBaHHS. LleHTpyBaHHA moJjsrae y
BIJIHIMAHHI CEpPEHbOT0 3HAYEHHSI BXIIHUX JAHUX BiJI KOKHOTO 3HAYEHHS, a
MacmTabyBaHHs - y 3MiHI MacmTady JaHUX LUISIXOM JIJIE€HHS Ha MOTPIOHMIA
koedimient. Manwuii 3cyB (low bias) Moke BUHUKHYTH, KOJIU HEHPOHHA MEpeka
HEJ0CTaTHHO HaBUEHA a00 KOJIM BOHA HaBYEHA Ha 30a71aHCOBAHUX JAHUX, a IOTIM
3aCTOCOBYETHCS JO HOBUX JAHMX, SIKI MalOTh 1HIIY PO3MOAUIBHY (QYHKIIIO.
Manomy 3cyBy MOKHa 3amoOIrTH 3a JOMOMOTOI0 Pi3HUX METOJIIB ONTHUMI3allii,
TaKuX SK 301IBIICHHS KITBKOCTI HEHPOHIB y MEpeXi, J0JaBaHHS JIOJATKOBHUX
mapiB, 3MEHIICHHS peryispusainii Ta 1HII. TakoX BaXJIUBO MPABUIBHO
HaJallITyBaTH TineprapaMeTpy HEUPOHHOI MEPEXi, Taki K KOePII€HT HABYAHHS
Ta KUIBKICTh €MOX HaBYaHHS, 100 JOCATTH ONTUMAJBHOTO OallaHCy MIiX
TOYHICTIO Ta IIBUKICTIO HABUYAHHS.

Hayxoea no6u3zna BU3HAYAETHCS IHTETPAIIEI0 METOIB HOpMAJi3allil JaHUX
3 1HHOBAIIMHUM MiAX0J0M BHKOpHCTaHHS 3D Mopeneit oOiuy 11 HaBYaHHS
HEHPOHHOI MEPEeXKI, 10 Aa€ 3MOTY OTpUMaTH OuibIie iHdopmarlii npo ¢popmy Ta
pO3MipHu 00IMYYs MPU 30€pEKEHH] ONTUMAIIBHUX PO3MIPIB HaBYAIbHOI BUOIPKH,
a METOoJM HopMai3allii 3a0e3MedyloTh BUPIIMIEHHS TOJIOBHUX MPOOJIEM IIHOTO
MiIX0My, IO y TOEIHAHHI € JyXe KOPUCHHUM JUIsi HaBUYaHHS MeEpexi Ta
MOKpAaIIeHHs i1 poOOTH.

Cnucok axepe:

1. Tran, L., Bourdev, L., Fergus, R., Torresani, L., & Paluri, M. (2017).
Learning Spatiotemporal Features with 3D Convolutional Networks. In
Proceedings of the IEEE International Conference on Computer Vision (ICCV)
(pp. 4489-4497).

2. Goodfellow, lan, Yoshua Bengio, and Aaron Courville. Deep Learning.
MIT Press, 2016.

3. Domingos, Pedro. "A Few Useful Things to Know About Machine
Learning." Communications of the ACM 55, no. 10 (2012): 78-87.
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Video system for hand sign gesture recognition using neural networks using
neutral networks. Complex of methods to detect hand sings in dynamic in real-
time using MediaPipe and OpenCV with Python.

Cucremu Bijieo po3Mi3HaBaHHS KECTIB MOBU TITyXOHIMUX 3 BUKOPUCTAHHSIM
HEHPOHHHUX MEPEX y PEabHOMY Yacl y Cy4aCHOMY CBITI CTalOTh BCE€ OLIBII
aKTyaJibH1, OCKIJIbBKA POCTE KUIBKICTh IHTEPHET-KOPUCTYBAUIB 3 BaJaMH CIYXY.
Hefiponi Mepexi 1 TeXHOJIOT1i KOMIT IOTEPHOTO 30pYy BKE MOXKYTh BUPIIIYBAaTH
JesiKl MpoOJIeMH JIFOACTBA: 3YUTYBATH TEKCT MO (OTO, pO3Mi3HABAHHS O0JIMY Ta
eMOIIiil, 3HaxoIUTU TeBHI 00’exkTH Ha (oro Ta Bigeo. Hapasi icHye Oe3mniu
YCHIIIHUX PIIIE€Hb, SIKI, BAKOPUCTOBYIOUM MAIIMHHE HABYAHHS, J103BOJISIOTH
KOHBEPTYBAaTH OJHY MOBY B iHITY. OJTHaK TOTOBHX PIIllICHb JJII KOHBEPTAIlii MOBH
JKECTIB y TEKCT MOKH He Tak Oarato [3].

Mema Oocnidxcenns — CTBOPEHHS METOAOJIOTIT HEOOXIMHOI st
pO3Mi3HABaHHS JKECTIB TIYXOHIMHUX Yy pealbHOMy daci 3 ¢GoTo Ta BIJ€O.
BupimenHs cyyacHux mpobiieM y cucTeMax po3Ii3HaBaHHA KeCTiB. 3adaua —
po3po0Ka 3aCTOCYHKY 3 BUKOPHCTaHHSM HEUPOHHUX MEPEXK Ta MAIIMHHOTO
HaBYaHHS IS PO3Mi3HABAHHS JKECTIB IITyXoHIMUX Ha Python. HaBuutu momens
JUTSL pO3ITI3HABAHHS JKECTIB PYK K Y CTATUYHOMY TaK 1y TUHAMIYHOMY PEKUMAaX
gepe3 BeO kamepy. HalGip TekcTy 3a J0OMOMOTOIO TOCHIIOBHOCTI JKECTIB Bij
KopucTyBada. Po3pobutu Habip gaHux ajs ePeKTUBHOrO HaBYaHHS Mozem. Y
HalllOMY 3aCTOCYHKY OyJe BHKOPUCTOBYBAaTHCS HeillpoHa Mepexa. Lle
M IMHOKMHA MAITMHHOTO HaBYaHHS Ta CepIle arOPUTMIB ITMOOKOTO HaBYaHHSI.
Heliponni Mepexi CKJIaaloThCsl 3 IIapiB BY3JIB, sIKI MICTATh BXIJHUN pIBEHbD,
OJIMH abo Oinbllle MPUXOBAHMX WIAPIB 1 BUXIIHUK piBeHb(pUCYHOK 1). Byne
BUKOpHCTaHO Oi0moTeka MediaPipe, mo6 po3mi3HaTi pyKy Ta 1 KIIFOUOBI TOUYKH.
Bona noBeprae 3aranom 21 kiarodoBa TOuYKa ISl KOKHOI BUABJIEHOI pyku [1].
BuBonutu 300pakeHHST Ha €KpaH pa3oM C HEOOXIAHUM i1HTepdencoM s
pO3Mi3HaBaHHS, a TAKOX JJIs BUSBJICHHS PYKHU Ha Bijeo, Oyae OiOmioTeka s
Python — OpenCV. Lle cucrema KOMIT IOTEPHOTO 30py Ta 0OPOOKH 300paKeHb y
peanbHOMY 4aci. AIroput™ poOoTH maHoi cuctemu HacTynHuid: 1) KopucryBau
Ha BeO Kamepy MOKa3ye *KECTH MOBH ITyXOHIMHUX, BOHU 3UMTYIOThCS 3 BII€O 3a
nonomoror OpenCV Ta nepenarThes 10 HaBYEHOI MOJIei HEHPOHHOT MEPEexKi;
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2) Heiiponna mepexa nepenae oaeprkani nani 10 MediaPipe, a BoHa moBeprae
Hallp TOYOK SIKa BOHA 3MOTJia pO3Mi3HATH JJIs MEeBHOI pyku; 3) Jlami HaBueHa
MOJIe/Ib 3icTaBiisie 0OpOOJICH] JaHI C JaHUMH Ha SKMX BOHA HaBYajIach 1 MICIA
IILOTO BHJIA€ BIJTIOBIIHUHN pe3ysIbTaT Ha EKpaH KOPUCTYBaUy.

hidden layer1 hidden layer2

Pucynox 1 — [Ipuniun po6oT HEUPOHHOT MEepexi

st toro mo0 po3mi3HaBaTH pi3HI GIrypu Ha 300paskeHHi, (GUIBTPU
BUKOPHCTOBYIOTH OTEPAIlil0 3TOPTKHU. 3aBIAKH Il orepariii MOXJIMBO 3MIHUTU
300pakeHHsI, BUJAUIMBIIM TI€BHI O3Haku. Hampuknan, GuUIbTp pyKd T03BOJISIE
OTpUMATH KOHTYpP. DIUIBTP - 11€ MATPHILL N HA N, IO PO3MIIIYETHCSA HA MOYATKY
BX1JIHOTO 300pakeHHs1. J[asii BUKOHY€EThCS Onepallisi CKaJIsIpHOTO JOOYTKY: KOKEH
MIKCeJlb, HAJl AKUM 3HAXOAUTHCS (DUIBTP, MHOKUTHCS Ha BIANOBIAHUHN y PLIBTPI,
Ta pe3yiabTaTu J0Aat0Thest. Oneparlis MOBTOPIOETHCS, TOKH (IILTP HE MPOMe 1O
BCbOMY 300paK€HHIO(PUCYHOK 2).

,,,,,

'
FEATURE LEARNING CLASSIFICATION

Pucynok 2 — Onepaiiist 3ropTK1 Ha MPUKJIIAA1 pO3Mi3HABaHHS TPAHCIIOPTY

HaykoBa HOBHM3Ha — KOMIUIEKC pIIIeHb JIs8 PO3MI3HABAHHSA >KECTIB
TIIyXOHIMHUX 3 BHUKOPUCTAHHSM HEHUPOHHUX MEPEXK Ta KOMIT IOTEPHOTO 30Dy Y
peanbHOMY 4aci. BupimeHHs mpoOyieM 1010 HaBYaHHS MOJEINI IS TEBHOTO
KOpUCTyBaua — KaniOpyBaHHs. Po3poOka HEHPOHHOI Mepeki Ta 3aCTOCYHKY
moBoro Python 3 Bukopucranusam MediaPipe Ta OpenCV

Cnucok BUKOPUCTAHUX JHKEPETT:

1. MediaPipe rpad ™omeni po3mi3HaBaHHS TOYOK MapKepiB PyK
[EnekTpoHHUi pecypc] — Pexum OCTYITy hi (o) pecypcey:
https://arxiv.org/pdf/2006.10214.pdf.

2. Deep Residual Neural Network [Enektponnuii pecype| — Pexum noctymy
1o pecypey: https://arxiv.org/pdf/1512.03385.pdf.

3. MS ASL [Enextponnuii pecypc] — Pexum noctyny 10 pecypey:
https://www.microsoft.com/en-us/research/project/ms-asl/.
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The given work discusses the long-term machine learning model using cloud
computing. Designing a machine learning methodology in the cloud. Solving
problems related to memory and limiting script execution by established cloud
technology providers. Method for Executing Sequential Lamba Functions on
AWS with Intermediate Results Stored in AWS EFS

VY CBITI NOMUPIOETHCS KOMEPIIHHE BUKOPUCTAHHS IITYYHOTO IHTENEKTY, Ta
xMapHux oOuucnenb. llITyynuit iHTenekT Ha 0a31 MaIIMHHOTO HaBYaHHS
JT03BOJISIE  BUPINIYBAaTU  BEJIMKUH  CHEKTP 3aBlaHb, BOHO JOIOMArae
aBTOMATU3yBaTH PIIICHHS CKIATHUX MpoQeciiHui 3a7ady B CaMUX pPIZHUX
00JacTAX JIOACHKOI JISJIBHOCTI. XMapHi OOYMCIEHHS, CTPIMKO HaOWparoTh
NOMYJISIPHICTH MO-TIEPIIE YePe3 EKOHOMIYHI IPUYHMHM, LICHTPAJI3allisl CEPBEPIB B
JaTa MEHTPH, CYTTEBO 3MEHIIYIOTh 3aTPaTh Ha 00CITYroBYBaHHA. A TaKOX uepes
HasBHICTh I[EHTPaATI30BaHUX KOMYHIKaIlil ycepeauHl XMapHOro IpoBaiepa.
Ane y npoBaiifiepiB sKI HAIal0Th XMapH1 TEXHOJIOT1i, € TEBHI 0OMEKEHHSI III0]10
yacy BHUKOHAHHS CKpHUNTY, Ta MEBHUM 00°’eM naHux. Skmo o0’eM maHuX
BUPIIIYETHCS TIEPEXOAOM Ha OUIbIN JOporui Tapud, TO JIMIT Ha BUKOHAHHS
CKPHIITY € 3arajIbHONPHUIHATUM MPABUIIOM, I1I00 HE HABAHTAXKYBAaTU YBECH CEPBIC
0arato HaBaHTAXYBAJILHUMH CKpUIITaMHU. Y Takid CHUTYyallli BUKOPHUCTAHHSA
MaIlTMHHOTO HABYaHHSA Yy XMapHOMY CEpEeIOBHINI HE € pealbHUM, TaK SK,
mporpama IMoBHHHA «HABYATUCKY Oarato yacy. Mema 0ocniodcenHss — CTBOPEHHS
METO/I0JIOTI1 JIJIsl MOKJIMBOTO BUKOPUCTAHHS MAIIMHHOTO HABYAHHS Y XMApPHOMY
cepenoBuili. BupimenHs cydacHux mpoOjeM 31 OOMEXKEHHSIM  dYacy
BUKOPHCTaHHS CKPUNITY. BripoBakeHHS MiAXOAY I YHUKHEHHS J10/IaTKOBOTO
cepBepy Ul MAIIMHHOTO HaBYaHHA. 3adaua — po3poOKa MoJell MAITUuHHOIO
HAaBYaHHS y XMapHOMY CEpPEJIOBHIII, 3 BHUKOPUCTAHHSAM IMOCHTiTOBHUX AWS
Lambda ¢ynkuiii, 31 30epiranasm npomizkHoro pesynbtaty B AWS elastic flip
storage 3a IOMOMOTOI0 CMUKaHHS Ta KOMOTHYBaHHSI TTOJTIM.

Jlnst ctBopeHHst Mozeni, Bukopuctopyemo AWS Lambda — 6e3 cepBepHa
o0uucIIOBalibHA CITyk0a, Ky Tporonye Amazon Web Service. O6unciroBaibHa
noTyxkHicTb AWS Lambda 306iumbmryerbest 31 30UTbIIeHHSIM i1 KOH]ITypartis
nam'ati. Omxke, xMapHa QyHKIlIS OUTBIIIOT mam’sITi MOXKE OTpUMATH BUTOMY BiJl
BUIIOT OOYHCIIIOBAIBHOI MOTY>KHOCTI B #oro po3mopsypkenHi. 1106 Bupimmtu
npoOriemy 30epiraHHs, MU MOXXEMO CTBOPHUTH cuctemy 3 komOinamiero EFS i
asmoOna. Y miACyMKy JUIsl BUPIIICHHS MUTAHHS MPO CXOBUINE, MH OyaemMo
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BUKOPUCTOBYBaTH KOMOIHAIII0 HaJAIITyBaHHS  JIsIMOJa-BU3HAYEHHS  Ta
nonaBaHHs cxopwuina 3a gornomororo EFS. [1[o6 mogonaTi 9acoBi 0OMeXeHHSI, MU
MOXXEMO BHUKOPHCTaTH KOMOIHAIII0O CEepIMHUX 1 PO3MOJIICHUX IpalliBHUKIB.
[Ticnst 3aBepiiieHHS MPOIECY HaBYaHHS MpaIlIBHUKKU 30€pIraTUMyTh I'PaJl€HTH B
katano3i B EFS. Tlotim 111 rpanientn OyayTh migiopaHi assMOaa-QyHKIlIEO, sKa
00’€THy€ TPpaIIEHTH Ta OHOBIIOE Bary. [licis oHOBIEHHS Bary 00’ €1HaHa JIaMO1a
3HOBY BUKIIMKA€ poOOUHMX, 1 MPOLEC MPOJOBXKY€EThCs. KibKicTh poOITHUKIB, SKI
NPALOI0Th MapajeilbHO, BU3HAYATUMEThCS 3HAYCHHSIMH IMapaMeTpiB, SIKI MU
nepeaaMo Ha TMOoYaTKy HaB4aHHS. s mMeromosorii HaB4YaHHS MU OyneMo
BUKOPHUCTOBYBATH MiJXiJl PO3MOJIJICHOTO HABYAHHA 3 BUKOPUCTAHHSIM MiHi-
MAaKETHOTO TpaieHTHOTO cmycKy (mini BGD). Mu po3moainmmo Habip maHMX
«MaivHHe HaBYaHHS 3 BUKOPUCTAHHSM 0€3 CepBEpPHUX OOYHCIECHB» Cepel
poOoYMX BY3IIIB, 1 KOKEH BY30J1 0OpOOJISITUME Ta OHOBIIIOBATUME Bary MoOJIEIi.
Mu miianyemMo BKIIFOUMTH YaCTHHY CepBepa MapaMeTpiB y KOKEH poOoUuit By301,
TaKUM YUHOM YyCYyBarO4u MOTpeOy B aBTOHOMHOMY cepBepi. Lle 3menmnye
MepeKeBl HaKJIaJH1 BUTPATH Ha Mepefady Ta OTPUMAaHHS IMapaMeTpiB 1 MOXKYTh
OyTH Oe3mocepeIHbO OTPUMaHI 3 MigKIYeHoro cxopuma (Puc - 1).

L3
]

EFS Storage

Pucynox 1 - Cxema B3aemo1ii KOMIOHEHTIB y AWS
Hayxoea Hosusna — CTBOPEHHSI HOBOTO IMiIXOY O MAIIMHHOTO HaBYaHHS
y XMapHOMY CEPEIOBHIIlI, BUPIIICHHS Cy4aCHUX MPOOJIEM 13 MmaM’STTIO Ta 4acy
BUKOHAHHS CKpunrty. Po3poOka MeTomosorii BUKOPUCTAaHHS MAIIMHHOTO

HaB4yaHHs y cucteMi Amazon Web Service, 3 BukopuctanusiMm AWS Lamda ta
AWS EFS.

Cnucok mxepen:
1. Warren E. Agin. A Simple Guide to Machine Learning [Text] //
Business Law Today. 2017. —P. 1-5.

2. Xaiikin C. Heiiponni mepexi: noBHuit kypc / C. Xaiikin / M .:
MHianektnka, 2019. - 1104 c.
3. Kannan, P. Hetiponni mepexi: Kopotkwmii nosignuk / P. Kamnan. - M

.. Bumesime 1.J1., 2017. - 288 c.
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This article is devoted to the evaluation of the effectiveness of the
meteorological data monitoring system for independent forecasting of the user's
hike. The paper examines the main components of the meteorological data
monitoring system and their role in ensuring effective forecasting of weather
conditions. The use of the meteorological data monitoring system allows to
provide an effective forecast of weather conditions, as well as to detect and
prevent the negative impact of human activity on the environment in time.

Beryn. CydacHa Jto/1MHa 3aJ1€KUTh Bl OTOUYIOUOTO CEPEIOBUILA 1 TOTOH.
3MiHM KJIIMaTy Ta €KOJIOT14HI MPOOJEMHU CTalOTh BCE OLIBII aAKTyaJbHUMH
npobiieMaMu HaIoro yacy. ToMy MOHITOPUHT METEOPOJIOTIYHUX JTAHUX Ta CTaHY
HABKOJIMIIIHROTO CEpPEJOBHINA Ma€ HAA3BUYAMHO BaXXIMBE 3HAYCHHS JIs
3a0e3nedeHHs Oe3IeKku Jroeil 1 30epexenHHs npupoau. CuctemMa MOHITOPUHTY
METEOPOJIOTIYHUX AaHUX J03BOJIAE€ 30MpaTH Ta aHAII3yBaTH JaHl MpO MOTro.y,
CTaH TMOBITPS , pPIBEHb BYIJIEKMCIOrO Ta3y, BIJHOCHY BOJIOTY THOBITpPS,
aTMOC(EpHHI THUCK, TEMIEPATypy MOBITPS Ta 1HII MOKA3HHUKH, 110 BILJIUBAIOTH
Ha CTaH HaBKOJMILHBOTO CEPEJOBHINA 1 caMe Ha CaMOIOYyTTs Ta poOOUni CTaH
JIOAVHM, $Ka 3HAXOAUTHCS JIEBOBY JIOJII0 CBOTO JKUTTS 3HAaXOJUThCS B
npumitieHHi. B 1miii crarti Oyae po3riissHyTO BaXKIMBICTh CUCTEMH MOHITOPUHTY
METEOPOJIOTIYHUX JaHUX, il OCHOBHI CKJIAJO0BI Ta MOXMJIMBOCTI 3aCTOCYBaHHSI.
Takox OymayTb pO3MISIHYTI NpoOJIeMH, 3 SKUMHA MOXHA CTHKHYTHCS TIPH
peasizallii Takoi CUCTeMH, Ta MOKJIMBI IIJISIXH X BUPIIIECHHS.

JIxepeno: TEOpEeTUYHI BIJOMOCTI Ta CITIOCOOU JOCIIKEHHSI MIKPOKIIIMATY B
OJIHOMY MPUMIIIIEHHI. AHaJII3 METEOPOJIOTIYHUX MTOKA3HUKIB, 5IK1 € KOM(OPTHUMHU
JUTSE TPUBAJIOTO HAXODKEHHS JIIOJUHH B TIEBHOMY IIPOCTOPi Ta BIUIMBY MOTOJIHUX
YMOB Ha i nparie31aTHiCTh.

MeTta mochmimKeHHsS — JOCTiIKEHHS MOJIMBOCTEH Ta MepeBar CHUCTEMH
MOHITOPUHTY METEOPOJIOTIUHUX JaHWUX ISl 3a0e3nedeHHs KoM@OpTHOT
KUTTETISTBHOCTI  Jtofiel. PO3rIis OCHOBHUX CKJIIAJOBUX CHUCTEMH, MOMJIUBHX
npobiieM, 3 SKUMHM MO>XHa CTUKHYTHCS IiJl 4ac peajizaiii Takoi CUCTEMH, Ta
BUPOOJICHHSI PEKOMEH/IAIIIN 100 MOXJIMBUX NMUISAXIB iX BUPIMIEHHA. Y TpoIieci
JOCITIJKEHHsT Oye TpoaHaai30BaHO 1HGOPMAII0 MPO TEXHIYHI MOMKIUBOCTI
MOHITOPHUHTY METEOPOJIOTIYHUX JIaHUX Ta 1X 300py Ta 0OpOOKH.

3aBIaHHS — pO3pOoOKa MoOJeNll CHCTEMH METEOpOJIOTIYHOI CTaHINi, SKa
JIOCTYIIHO BHUBOJUTH JaHl HABKOJHUIIHBOTO cepenoBuina Ha LCD micruieid.
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OCHOBHUM 3aBJIaHHSM CHUCTEM € BUMIPIOBaHHS TEMIIEpaTypH MOBITPS, BOJIOTICTb,
atMochepHUit TUCK( Y MM.PT.CT.), BYIJICKUCIIUNA ra3( y ppm), IPOTHO3 OIa/IiB Ha
OCHOBI 3MIHM THCKY Ta 1oOynoBa rpadikiB MoKa3aHb 3 JaTYMKIB 3a TEBHHM
nepioJ vacy.

3MmicT nocaimkenns. [lapameTpuunuii aHaIi3 METEOPOJIOTIUHOT CUTYallIi Ha
OCHOBI OIEpaTUBHOTO 300py AaHUX BiJ 3 HAaBKOJHUIIHBOTO CEPEIOBHINA A€
MOKJIMBICTh O/Ipa3y ONTHMAJbHO OIIHIOBaTH CTaH TMOBITPs 0a3ylodnch Ha
TOTOBHX TTOKa3HUKAX CTaHIli CTOCOHBO NMPUMIIIECHHS /¢ BOHA PO3TaIllOBaHA.
Meteopomiryna craHIlis Oe3nocepeHbO B3AEMOJIIE€ 3 JOBKULISAM, LIO0 HaJae
MOKJIMBICTh oOfpazy 0e3 “mocepeAHHKIB” KOpPUCTyBauy OTPUMYBATH BCi
pe3ynbTaTH BUMIpPIB 1 HaBiTh BECTH CTATUCTHUKY 3a TMIEBHUU MeEpioj
yacy(moroauHHo, a00 1mMo000B0).

Temperature

LD Pressure

Display

Air sensor

Meteostation

CO2 Sensor

CO2 level

Pucynok 1 — B3aeMoist cucTeMu 3 HABKOJIUIITHIM CEPEIOBUIIIEM Ta
KOOPHCTYBaueM

BucHoBkn. Y pganiii ctaTTi Oyj0 MpoaHaIi30BaHO BAXKIIMUBICTH CUCTEM
MOHITOPUHTY  METEOpPOJIOTIYHMX  JaHMX JJs  3a0e3neyeHHs  Oe3neku
HABKOJIMIIIHBOTO CEPEIOBUIIIA Ta XKUTTSI Jt0AeH. bylio onmmcano oCHOBHI CKJIaJ10Bi
CUCTEMHU MOHITOPUHTY Ta iX (yHKIII. B pe3yabpTaTi 10oCiIKeHHs Oy10 BUSBICHO,
0 CHCTEeMa MOHITOPUHTY METEOPOJIOTIYHUX JaHUX € HEOOX|HOW s
BUPIIIEHHS BOXXJIMBUX MPOOJIeM B raidy3i OXOpoHH mpari JroauHu. Kpim Toro,
OyJ0 BU3HAUEHO, 110 BHUKOPUCTAHHS CYYaCHUX TEXHOJIOTIA Ta METOMIB y A
cdepi MOXKe JTOTTOMOTTH TOKPAIUTHA POoOOUy 30HY MpaIliBHUKA a00 MPOCTO MICIIe
MIPOKMBAHHSI JIFOIUHU.
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This work explores the importance of designing a modular architecture for
software systems in order to enhance their testability. A modular architecture is
composed of smaller, manageable components that work together seamlessly,
offering numerous benefits such as improved testability, maintainability, and
scalability. The report discusses the advantages of a modular architecture,
including the ability to isolate and test individual components, ease of
maintenance and updating, and scalability for handling increased functionality. In
conclusion, designing a modular architecture is essential for achieving better
testability, leading to more stable and reliable software systems that are easier to
maintain and update.

TectyBaHHS TPOrpaMHOTO 3a0€3MEUYCHHS € BAXJIMBHM €TallOM TPOIECY
pO3poOKK MporpaMHUX MOpPOAYKTIB. OjHIEI0 3 OCHOBHMX IIJIEM TECTyBaHHS
MPOTrpaMHOro 3a0€3IMEUCHHsS] € TMEPEeKOHAHHS y TOMY, 10 BOHO (DYHKIIIOHYE
HaJICKHUM HUITXOM Ta BiAMNOBiae Bu3HaueHUM Bumoram. IIlo06 mpocsrtu mporo,
apXiTeKTypa IMporpaMHOro 3ade3neyeHHs Mae OyTH po3poO0sieHa TaKUM YHWHOM,
100 CIIpuUsATH TecTyBaHHIO. OHUM 13 CIIOCOOIB TOCATHEHHS 111€1 METH € PO3pOo0Ka
MOJYJIbHOT apXITEKTYPH.

MonynbpHa apxiTEeKTypa BIIHOCUTHCSA JO apXITEKTYPH, SIKa CKJIAJA€ThCS 3
MEHIIUX, OUIBII KEPOBAHUX KOMIOHEHTIB abo wmomyniB. KoxeH Momynb
MpU3HAYEHUN JJI1 BUKOHAHHS TEeBHOI (YHKIIIT Y1 3aBJaHHS, 1 BOHU pO3p00JIeH1
TakKUM 4YMHOM, 100 Oe3mepebiiiHO mpairoBatu pazoM. [lepeBarm MomynbHOI
apXITeKTYpH YHCIICHHI, BKJIOYAIOUM Kpally MacIITabOBaHICTh, MiABUIICHY
3pY4HICTb OOCIYTrOBYBaHHS Ta MOKPAIEHY MOXKJIUBICTh TECTYBaHHSI.

OpHi€l0 3 TOJOBHUX IepeBar MOAYJIbHOI apXITEKTYypH € TMOKpalleHa
NpUAATHICTH 70 TecTiB. Kosn nporpamMua cuctema po3po0sieHa 3 BAKOPUCTAHHIM
MOJYJIBHOT apXITEKTypH, JIETIIE 130JIF0BATH Ta TECTYBAaTH OKPEMI KOMITOHEHTH.
[{e MOSICHIOETHCS TUM, IO KOYKEH MOJYJIb MPU3HAYCHHUH /ISl BUKOHAHHS TTEBHOI
¢byHKIi, 1 HOro MOKHA MEPEBIPUTU OKPEMO BiJ 1HIIUX MoayJiB. Lle monerurye
BUSIBJICHHS Ta BUIIPABJICHHS MOMUJIOK, 110 B PE3YJIbTATI MPU3BOAUTH JO O1JIBII
CTabUIbHOI Ta HAAIMHOT CUCTEMH MPOTPAMHOTO 3a0€3MCUCHHSI.

[Ile onHier0 mepeBarold MOMYJIBbHOI apXITEKTypH € TMiABUIICHA
peMoHTONPUAATHICT. Kosi mporpamMHa cuctemMa CKIagacThCsl 3 MEHIITUX, O1JTBIIT
KEpOBaHUX MOJYJIB, 1i JIETIIEe MiATPUMYBATH Ta OHOBIOBaTH. KoXeH MOIyInb
MOKe OyTHM OHOBJICHMM HE3aJIe)KHO BiJ 1HIIMX, 1 OyAb-fKi 3MiHH, BHECEHI 10
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OJIHOTO MOJYJIsl, HE BIUIMHYTH Ha 1HII1. [le poOUTh MOXKIMBUM BHECEHHSI 3MIH 10
CUCTEMHU TMPOrpaMHOro 3a0e3NeueHHs, HE BHOCAYM HOBUX TMOMMIIOK 1 HE
MOPYIIYIOUH 1CHYI0UY (PYHKIIIOHAJIBHICTB.

Hapemti, MomysipHa apXiTeKTypa MPOINOHYE Kpally MacIiTaOOBaHICTb.
Skio nporpaMHa cucTema 3pocTae, MOXKHa CTBOPIOBATH JI0AATKOBI MOJTYJI, 100
BUpINIYBaTH 3pocTaroul (pyHKLIOHANBbHI BUMOTH. lle m03Boisie mporpamHiii
CUCTEMI MacImTabyBaTHCs, HE CTAI0UX HAJTO CKJIATHOIO B KEPYBaHHI.

[Ipote, xoua MOIyJabHA AapxXiTEKTypa MOXKE MOKPAIIUTA MPHUAATHICTD
TECTYBaHHS, BOHAa TaKOXX MOXXE BHUKIMKAaTH MEBHI mpobinemu. Hampuxman,
130J1bOBaHE TECTYBaHHS OKPEMHX MOAYJIIB MOXe HE BUSABHTH BCiX IpobIieM, sKi
BUHHUKAIOTh, KOJM MOIydi 00’€aHyIOTh y Oimpiry cucrteMmy. Kpim Toro,
TECTYyBaHHS CKJIQJHOI B3a€MOJII MK MOAYJISIMA MOXE OyTH CKIAIHUM 1 MOXKE
BUMAaratd CTBOPEHHs CIHEIiali30BaHUX 1HCTPYMEHTIB TECTyBaHHA a0o
bpeitmBopKiB. J{J1s1 BUpIMIEHHS ITUX TPOOJIEM BaXKIMBO PO3POOIIATH KOMIUJIEKCHI
CTpaterii TECTyBaHHS, SIKI BKJIIOYAIOTh SK MOJAYJIbHE TECTYBaHHs, TaK 1
IHTErpalliifHe TEeCTyBaHHSA, a TaKOXX BUKOPHUCTOBYBATH KOMOIHAIIIO PYYHHUX 1
aBTOMATU30BaHUX METO/IIB TECTYBaHHSI.

[TincymoByrOUM, TPOEKTYBaHHS MOJYJIBHOI apXITEKTyph MAa€ BaKIIMBE
3HAYEHHS ISl OCSTHEHHS Kpamloi MPUAATHOCTI M0 TeCcTyBaHHA. Po30uBaroum
MpOrpaMHy CUCTEMY Ha MEHIII, O1IbII KEPOBaH1 MOy, CTA€ JIETIIE TECTYBAaTH
OKpeMl KOMIIOHEHTH 130JIb0BaHO. Lle MNpu3BOIUTH 10 CTBOPEHHS OUIBII
CTaOUIbHOI Ta HAAIMHOI NPOrPaMHOI CUCTEMHU, SIKA TAKOXK JIETIIE MATPUMYETHCS
Ta OHOBIOEThCSA. KpiM TOro, MomynbHa apXiTeKTypa THPOIOHYE Kparry
MacmTabOBaHICTh,  JO3BOJISIIOYM  CHUCTEMI  NPOrpPaMHOro  3a0e3MedeHHs
PO3BUBATHCS Ta BUKOHYBATH OlIbIIe (DYHKIIIH, HE IEPETBOPIOIOYUCH TIPHU ITLOMY
Ha Ha/[3BUYaHO CKJIaJHY 200 Ba)KKOJOCTYIIHY.
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Shorten a little this text Software testing and debugging is an essential part
in software development process but this process is confirmed to be laber-
intensive and expensive. Combinatorial testing (also called interaction testing) is
an efficient method of generating test inputs based on a specification. To date,
most research work in combinatorial testing has focused on proposing new
approaches that attempt to create test sets of minimal size that cover all pairwise,
triple, or one-way combinations of factors. This paper considers pairwise testing
(that is, a special case of combinatorial testing aimed at covering all pairwise
combinations).

Beryn.  bararopazoBe TecTyBaHHA MapHHUX IMOPIBHSAHb B  aHaji3i
JTUCIIEPCITHUX MOJENEH € JaBHbOIO CTATUCTUYHOIO MPAKTHKOIO. 31 3pOCTaHHAM
0aratopa3zoBOro TECTyBaHHS NPOTATOM OCTaHHIX JBOX JECATUIITH, UIO
BUKJIMKAHO TaTy3sIMH 3aCTOCYBaHHS, BHHHKJIM HOBI Ta MEHII KOHCEPBAaTHBHI
M1JIXO0IM J0 TECTiB monapHux BiaMiHHOocTel. [lomapHe TecTyBaHHS — €()eKTUBHUIMA
METOJI TeHepallii TeCTOBHX BHUMAIKIB, KU 0a3yeThCS Ha CIOCTEPEKEHHI, IO
O1MBIIICTh TTOMUJIOK CIPHYMHEHI B3a€MOJIEI0 IIOHAKWOLIBIE JTBOX (DAKTOPIB.
[TonapHo 3reHepoBaHi HaOOpU TECTIB OXOIUIIOIOTH yCi KOMOIHAIi JBOX, TOMY
BOHU Ha0araTo MEHII, HDK BHUYEPITHI, ajie BCe IIe AyKe e(DEeKTHUBHI Yy MOIIYKY
nedextiB [1]. 3riiHO DOCHTIKEHB, OUIBIIICTH TOMUJIOK Ta Ne(EKTIB BUKJIMKaHI
HEIMPaBUILHOIO B3aEMOIIEI0 MK JBOMA MOJYJIAMH ud GyHKIIsIMU. /{7151 mapHOTO
TECTyBaHHS  BUKOPUCTOBYIOTHCS ~ QJITOPUTMHM  3aCHOBaHI Ha  TOOYIOBi
OpPTOTOHAIBHUX MACHUBIB, K1 CIIUPAIOTHCS HA TEOPETUYHI JOCIIKEHHS B 00J1aCT1
KOMOIHATOPHUX  QJTOPUTMIB 1  aNrOPUTMIB  JMCKPETHOI  MATEMAaTHKH.
OpToroHajqbHU MAaCHB — 1I€ JIBOMIPHUN MacCUB, SKUW 3alHUCYETHCA B TAKOMY
BUTJISIL:

Lm(k"),

JIe M — 1I€ YUCIIO PAIB;

N — 9KCTI0 CTOBOIIIB, SKE BIMOBIAE YUCTY BXITHUX MapaMeTpiB;

K — KiTbKICTh BapiaHTIB 3HAYCHD €IEMEHTIB TaOIHIII.

Jlst TecTyBaHHsSI 3 BUKOPUCTAHHSM OPTOTOHAJIILHUX MACHBIB BU3HAYAIOTh
3MIHHI JIJIS1 BXIJTHUX JAHUX B KOMOIHAIlISAX, BU3HAYAIOTh 3HAUYCHHS, SIKI MOXKYTh
npuiiMatd  3MiHHI, OyJAylOTh OPTOTOHAJbHUM MacuUB J€ KOXEH pSAOK
moOyJ0BaHOTO MAaCHBY IHTEPIPETYETHCS SK OJHA KOMOIHAIliS 3HaYEHb 3MIHHUX
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JUISL OJTHOTO TECTOBOIO BUHIAAKY [2]. Mema docnioscennss — MiaBUIICHHS AKOCTI
TECTYBaHHS 3a JOMOMOTOI0 BUKOPUCTAHHS METOJIy MOMApHOIO TECTYBaHHS IS
MIJBUIIEHHS TOKPUTTS TECTOBUX BHUMAAKIB SIKOMOTAa MEHILIOI KUIbKICTIO
TECTOBUX HaOOpiB. 3adaua — oriisiy Ta mody/10Ba OPTOTOHAIBLHOTO MACHUBY IS
peaizaliii MeToly MOnapHOro TeCTyBaHHS.

3mict pocaigkennsi. [lpumyctuMo, mo y Hac € TECTOBE MporpamHe
3a0e3neyeHHs, sike Mae 10 qaT4rKiB MOJIiB BBOY KOXKEH 3 IKMX Mae 10 MOKIMBUX
3HaueHb. B Takomy BUNAJKy BHYEPITHE TECTYBAaHHS CTa€ HEMOXKJIMBUM, TaK 5K
KiIBKiCTh TecToBHX BHIaaKiB Oyzae 100 =10000000000. Mu Mormu 6 nepesiputu
10 3HaYeHB 7151 KO)KHOTO JaTYMKA 32 JIOMTOMOTOIO JIUIIE 5 TECTIB, ajie Ioro Oy e
HEJIOCTaTHBO [IJI1 BUSIBICHHS TIOMWJIOK. PO3MIISHEMO TMPOCTHI TPHUKIIAA
TECTOBOTO 3a0e3neueHHs 3 3 OlHApHUMHU BXITHUMH MapaMeTpaMu. Mu MOXeMO
CKJIACTH Takl koMOiHaIii Bximaux gqanux: {1;1}, {1;2}, {2;2}, {2;1}. Bci moxmuBi
KOMOI1HAII] BXITHUX JaHUX HaBeaeHl B Ta0mum 1.

Taomuus 1 — KoMmO1HamI1 BXITHUX JaHUX

Psgox No [TapameTp 1 [TapameTtp 2 [TapameTp 3
1 1 1 1
2 2 1 1
3 1 2 1
4 1 1 2
5 2 2 1
6 1 2 2
7 2 1 2
8 2 2 2
OpToroHajapHUI MacUB LIMX JAHUX BKa3aHUH B TaOJUIIl 2 1 3aITUCYETHCS SK:
L4(23).
Ta6mui 2 — OpToroHaIbHUN MacHB BXITHUX JaHUX
Psanok Ne [Tapamerp 1 [Tapamerp 2 ITapamerp 3
1 1 1 1
2 1 2 2
3 2 1 2
4 2 2 1

BucHoBok. Sk 6aunMoO, MM CKOPOTHUJIM KUJIBKICTh KEHCiB 3 8 10 4 mpu 3
pI3HHX TapaMmeTpax, o NpUHMaroTh OiHapHe 3HaueHHs. [le peanbHuil BUrpai,
KUY TIO3UTUBHO BIUIMHE 1 HA OIO/DKET, 1 HA PECYpPCH, SKI MU BUKOPHCTOBYEMO.
[lapHe TecTyBaHHS - 1€ TOTYXHHUW, aje NPOCTUH y BUKOPUCTAHHI METOA
pO3pOOKU TECTiB, SKUH JOMOMAara€e 3HA4YHO CKOPOTUTH KIIBKICTh TECTIB,
30epirarouu Mpu bOMY pO3yMHE OXOIIJICHHS Ta MBUJIKICTh BUSIBJICHHS MPOOJIEM.
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This work is devoted to the study of data protection in the Bluetooth channel
in modern 10T devices. Bluetooth 4.0 and above have addressed security issues
by implementing the Security Manager, responsible for authentication, security,
confidentiality, and privacy protocols. The Security Manager uses AES, a 128-bit
symmetric block cipher, as the encryption key algorithm in the latest Bluetooth
versions. The goal is to describe the block encryption method for transmitting data
packets between devices using Bluetooth.

Bepcis Bluetooth 4.0 ta Bume Bupimmna Oarato npoOiemM Oe3neKu
nonepenHix nokoniHs Bluetooth. ITorouni Bepcii Bluetooth BukopucTOBYIOTH
crek BLE. YerBepTuii piBeHb cTeka, BiIoMuM sk Security Manager, skuii
3aiiMa€eThCs TUM, 110 CTOCYETHCS ayTeHTU(DiKalli, Oe3nekn Ta KOH(P1AEHIIHHOCTI.
HaiiGiapm1 mommMpeHuM ajaropuTMOM IIMQPYBaHHS, IO BUKOPHCTOBYETHCS B
octaHHii Bepcii Bluetooth (4.0 1 Bumie): Advanced Encryption Standard (AES) —
CUMETPUYHUN O710KOBUH (P TOBKUHOIO 128 OIT.

JloOpe BiAOMHMH peai3alliiMi aIroOpuTMy OJOYHOrO IHUQPPYBAHHS €
Crangapt mmdpyBanua ganux (DES), TripleDES ta Crangapt po3mmpeHoro
mdpyBaras (AES) [1]. Lle kpunTocTiiKuit anropuTM, 10 TPOIOHye ATEHTCTBO
HaiioHanbHOi Oesnekun  CIHA  gms mmdpyBanHs 1iHHOI  iHQopMarii 3
BUKOPUCTAHHAM Kjtoya po3Mmipom 128 06iTiB. OcoOiuBIiCTIO OIOKOBUX
KPUIITOAIOTPUTMIB € 00poOKa OJIOKY KUIBKOX OalT 3a OJHY iTepailiro OJIOK
BX17HOT 1H(opmarlii (ikcoBaHOT AOBXKHMHM, SIK mpaBuio 8 abo 16 OalT B
pe3yJbTYIOUM OJIOK TOTO K O0CATYy 3a OJHY ITepalliio, po30MBaIOYU TEKCT
MOB1JIOMJICHHSI Ha OKpeMi OJIOKHU 1 IepETBOPIOUH 111 OJIOKH 32 JOTIOMOTOI0 KJTFOYa.

Mema pobomu — pO3IISIHYTH aKTyallbHUWA CHOCIO0 KpUNTOrpadiqHOro
3axucty kaHaimy Bluetooth B cywacHux IoT mpucrposix. 3adaua — omnucatu
0JIoOKOBUH criociO mm@pyBaHHs JUIs TIepeaadl MaKeTiB JaHuX, 0 MepeaaroThCs
MDXK IPUCTPOSIMU 32 TOTIOMOT00 TexHosorii Bluetooth.

CxeMy poOOTH aaTOpUTMYy, 1110 300pakeHa Ha PUCYHKY |, MOKHa omucaTu
takumu pynkiismu: Y = EnCrypt (X, Key), X = DeCrypt (Y, Key). [e, kmou
(Key) mpencraBnse 6ok ABiHKoBOi iH(MOpMaIli (ikKCOBaHOTO poO3MIpy, aie
HE000B 3K0BO piBHUM BUXiHUM 010Ky (X) 1 3ammdpoBanomy 6510ky gaHux (Y)
K1 MatOTh (PIKCOBaHY PO3PSATHICTH, PIBHY MK CO00IO.
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[TpounTaTu 3ammdpoBaHuil 6JJOK MOKHA TIepeOPABIITN BCl MOMKIIMBI KJIIOYI.
3a Teopi€r0 MMOBIPHOCTI KoY OyAe 3HalaeHO 3 WMOBIpHICTIO 1/2 micns
nepedopy MOJOBUHHU BCIX KJIIOUIB, a Ha MOIIYK KJ04Ya JOBXUHH N MOTpiOHO B
cepeaabomy 2N-1 mepeBipok.

Key

X E (X, Key) Y

Pucynok 1 — Mogens 65109HOTO mHMdpy B HAUMPOCTIIIOMY PEKUMI

Tak ax ¢dyHkiis, mo mudppye — Npocta 3MiHHA, 1€ BUKIUKAE CEPHO3HY
po0sIeMy: CTAaTUCTUYHI BJIACTUBOCTI BIIKPUTUX JAaHUX YaCTKOBO 30€piraroThCs,
TOMY 110 KOXXHOMY OJIHAKOBOMY OJIOKY JaHMX OJJHO3HAYHO BiJOBIJA€E
3amndpoBanuii 00K naHux. [Ipu Benukid KiIbKOCTI AaHUX (B1€O, 3BYK) L€
MOX€E JaTu JAESKi BIIOMOCTI JUIsl KPUIITOAHANI3y Mpo 3MicT gaHux [2]. s
BUPILIIEHHS LI€i MpOOJEMU BHUKOPHCTOBYETHCS UHMKIIUYHE KOAYBAaHHS, 100
3MIHUTH CTPYKTYpY JaHUX Tepes ix mudpyBaHHIM, THM CAMHUM YCKJIATHIOKOYH
npoiiec Kpunroanamnizy. LIUMKIIYHUA KOJI € MiAKIACOM JIIHIMHUX OJIOKOBHUX KO/IIB,
y SIKUX IUKJIIYHHUI 3CyB O1TIB KOJOBOTO CJIOBA MPU3BOAUTH J0 1HIIIOTO KOJIOBOT'O
cioBa. BiamoBigHO 1O 6racmueocmi JniHiuHocmi, AIHIMHA KOMOIHAIS IBOX
KOJIOBHUX CJIiB IOBUHHA T€HEPYBATH 1HIIIE TPETE KOJIOBE CJIOBO.

[Tpunyctumo, y Hac € nBa kojoBi cioBa Ci ta Cj . OTxe, npu J10aBaHHI
Ci+Cj=C,, ne CpTakox Mae OyTu KOJOBUM cJI0BOM. BIAMOBITHO 10 61acmusocmi
YUKTIIYHO20 3CY8Y, 3CYB MPaBopyd abo JIBOpPYydY OITIB KOJOBOTO CJIOBA, TaKOX,
MOBUHEH TEeHEPYBATH 1HIIIE TPETE KOJOBE CIIOBO.

BnpoBamxenns aucneruepa 6e3nexku B Bluetooth 4.0 1 Buimie m03B0MMITO
BUpIIUTH Oarato mpobsem Oe3neku mnomnepeAHix MnokoiaiHb Bluetooth.
Buxopucranus Advanced Encryption Standard (AES) sk 128-6iTHoro
CUMETPUYHOIO OJ04yHOTO MWHU(py s aaropuTMy Kioya MUQPPYBaHHS B
octaHHiX Bepciax Bluetooth 3a6e3neuye Oe3neuny nepenady NakeTiB JaHUX MIXK
npucTpossMu. OHAK CTATHCTHYHI BJACTUBOCTI 3BUYAHHUX JaHUX MOXYTh OyTH
YaCTKOBO 30€pEeKeHi, 10 pOOUTH iX Bpa3IMBUMHU ISl KpunrToaHamizy. s
BUPIIIEHHS IT1€T TPOOIEMHU BUKOPUCTOBYETHCS IIUKIIYHE KOTyBAHHS.

Cnucok BUKOPUCTAHUX JHKEPETT:

1. Ilo Take Omok-mmdp? - BuzHaueHHs 3 Texomnenmii. Icy Science. URL:
https://uk.theastrologypage.com/block-cipher (nata 3Bepuenns: 12.01.2023).

2. TloToxoBa Momudikallisi aropuTMy rsa Jyisi mudpyBaHHs 300pa’keHb 3
4iTKO BUIIeHUMHU KoHTypamu / FO. PamkeBuy Ta iH. M. JIsBiB. C. 171-178.
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MEJIUYHA THOOPMANINHA CUCTEMA
Xomoma C. B.
HaykoBuii kepiBHUK — K.T.H, Aoil. Jlapuenko JI. B.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKH
(61166, Xapkis, np. Hayku, 14, kad. AIIOT, Ten. (057) 702-13-26)
e-mail: lina.larchenko@nure.ua, Tein. (057) 702-13-26)

Medical information system (MIS) is a complex software product, the main
task of which is to automate the work of a medical institution. Providing patients
with complete and accessible information about services, history of visits, the
possibility of online consultation. Maximum attention is directed to the security
of storage and transmission of medical data.

B cyuacHomy cBiTI HaOyBae CTpIMKE 3pOCTAaHHS PI3HUX EJIEKTPOHHUX
CUCTEM BIJJIaJIEHOTO JOCTYNY: OAHKIHT, €JIEKTPOHHI IOKYMEHTH, BUHSTKOM HE €
1 MemuuHa iHdopmaiis. CydacHI CHCTEMH BIJQJICHOTO JOCTYNYy JalOTh
MO>KJIMBICTh OTpUMAaTH a00 3aMOBUTHU pi3HI mociyru. Ilicias po3mnoBCroIKeHHs
Covid-19 po3BuTOK MeIWYHHX THPOPMAIIMHUX CHCTEM OTPUMAaB HOBHIA eTal
pO3BUTKY. Benuka KUTbKICTh MAIlI€HTIB, 3apajy CBO€i OE3MEKH, Malu MOTpely
OTPUMYBATH KOHCYJbTAIllIO Jikaps B online dopmari. Memorw Odocniodcenns €
OTJIsiJ] Ta pO3poOKa MEIUYHOI 1HPOPMAIIHHOT CUCTEMH, KA HAJA€ BiJTaICHUN
JIOCTYTI TIAIIEHTIB /10 1HGOpMAIIil Ta MOCIYT MEANYHOI YCTAHOBH.

Memuuna iadopmariiiina cucrema (MIC) — 11e KOMIUJIEKC MPOTPAMHOTO
3a0€e3MeUeHHs], KU TpU3HAYEHUI sl CTBOPEHHs, 30€piraHHs Ta Mepeaayl
MeanuHoi 1Hpopmarii. B MIC peanizoBaHO MOXIJIHMBICTh TOCTYITY 10 CUCTEMH 3
PI3HHUX TPHUCTPOIB, K TOCTYI YEpe3 CaT, Tak 1 uepe3 J0IaTOK ISl MOOITLHUX
tenedoniB Ha miatdpopmax Android, [OS. [l KOpeKTHOro mnepeaaBaHHs
1H(popMaIlli cucremMa MOBUHHA 1HTErPYyBaTUCh B PI3HE MpOrpaMHe 3a0e3MeyeHHs
Meau4yHOi yctaHoBU. CHucTeMa Ma€e MOMKJIMBICTb aBTOMATUYHO BIJCTEXKYBATH
JIaTU BIABIAYBaHHS, Ta 1HHOPMYBATH NALIEHTA PO YAC HACTYIHOTO MPUHOMY Y
nikaps. [IpononyBaru gaTy Ta 4ac Jikaps AJig HACTYIHOIO BiJIB1lyBaHHS, SIKILO
MaIle€HT TPUBAIHNM yac He OyB y cBOro ¢haxiBIIs.

Menuuna iHpopMaliifiHa cucTeMa BKIIIOYa€e B cO01 IEK1JIbKa BUIB CUCTEM:

— Radiology Information System (RIS) — cucremna nporpamna Mepesxa Jijist
YIOPABIIHHS MEANYHUMH 300paKCHHSIMHU Ta TIOB’SI3aHUMH 3 HUMU JaHuMH. RIS
OCOOJIMBO  KOPUCHHWHM JUIsl  BIJICTE)KCHHS 3aMOBJIEHb  PEHTTECHOJIOTIYHUX
300paxeHb;

— Laboratory Information Management Systems (LIMS) — na6oparopHa
1H(popMaIliiiHa cucTema;

— Electronic Medical Records (EMR) — cuctema, sika mpu3HayeHa st
300py Ta aHaNi3y MEAUYHHUX 3aMKCiB, ICTOpii XBOPOOW, MEAMYHA CTATUCTUKA,
€JICKTpOHA KapTa Malli€eHTa.

Y cuctemi € MOXIMBICTH BIJIOOpa)X€HHs 1CTOpii  BiABIAYBaHHS
KIIiHiIKu/Tabopatopii. JlabopaTopHi MOCHIKEHHS MarOTh OyTH JOCTYMHI IS
3py4HOTO Tieperisiny Ta 3aBaHTaxeHHs y Qopmari PDF. [ns  geskux
Ja00paTOPHUX aHaji31B, 1H(POpPMAIlid MOXKE BIJJOOpaKaTUCh y BUIIIAI Tpadika,
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110 MICTUTh JaTy, HOPMY, HOTOYHUH cTaH. [laHuil QyHKI[IOHAN € KOPUCHUM JJIs
MAIIEHTIB 13 XPOHIYHUMHM 3aXBOPIOBAHHSAMM, HAIIPUKJIIAM, HA IlyKPOBUI J1a0eT.

OcCkinpKd MEIWYHI JaHi Malli€eHTa € YyTINBOIO 1H(GOpPMAIIIE0, Y CUCTEMI
Mae OyTH KUJIbKa PiBHIB aBTOpHU3aIlii, a OTXKeE:

— BXig uepe3 HoMmep TeaedoHy (JI0TiH) Ta Maposib, MiATBEPKEHHS BXOTY
4yepes CMC;

— MOJKJIUBICTh BBEJICHHSI TOBTOPHOT'O MAPOJIsl YU KOY;

— TAIlIEHT CaMOCTIHHO MOXKe 0OHpaTH BiJOOpaKEHHSI OCOOMCTUX JaHUX;

— Iepemaya JaHUX JIO0 OCOOMCTOro KaOiHeTy 3aiicHIoeTbes Oe3
nepcoHaizallii malieHTa;

— JiarHO3W Ta J1abopaTOpHI JOCIIDKCHHS MepeaaroTbes y BUriasami 1D,
BCEpeInHl 0coOnCTOro0 KabiHeTy BoHH BinoOpaxkeni y MKX-10-AM ta AKMI;

Menuuna cucteMa Ma€ OCOOMCTHI KaOIHET KOpHCTyBaua, SKUN
BiIoOpaxkae nuiie BHyTpimHIA ID Ta crate. KopucrtyBau moke camocTiiio
BUPILIYBAaTH, YU BiAOOpakaTuMe KablHET MOBHY 1HPOpMalio. [CHye MOXKITUBICTD
noeqHaHHsa KabOiHeTy gk «barbku—/liTi». B cucteMi mependayeHO HasIBHICTH
JIOCTYITHOT 1H(popMallii PO BiJABITyBaHHS IUTUHU MEAYyCTaHOBU. B ocoOucromy
KaOIHET1 KOPUCTYBA4 MOKE NEPETJISHYTH BCl JOCTYIHI MOCIYTU KIIIHIKH, a came,
PO3KJIaJ] CIEIaTICTIB, paiic; 3pOOUTH 3allKC Ha TPUIOM/3/1a4y aHaT131B, MOITYK
Ta oriaty MenukameHTiB. KopuctyBau Moxke BUOpaTy MOBHY 1HQOPMAILIIIO PO
BIJIBIIyBaHHs: JaTa IMpPUHAOMY, CIHELIaliCT, [1arHo3, MPU3HAYEHUU Kypc
JIKyBaHHsI, 10AaTKOBI 3HIMKM Y3/, pentren. MeauuHa cucrema 3a3ialierijib
CHOBINIY€E TTPO MaOyTHIN BI3UT, TOTOBHICTH JIAOOPATOPHUX JTOCHIIKEHb. IcHye
MOXJIMBICTh TPUAOATH MEIUKAMEHTH Ojpa3y B o0coOMCTOMYy KaOiHeTi. 3a
OaXaHHSIM MAalllEHTa € MOJIMBICTh HAJAIITYBATH HaraJgyBaHHS MIpO NpHIIOM
npenapartiB (1y1s1 MOOITBHHUX 3aCTOCYHKIB). B crCTeMi € MOXKJIMBICTh BECTH CBIH
IIOJICHHUK TIPO CTaH 3/I0POB’S 1 MAIIEHT MOXE CaM 3aluCyBaTH B OCOOHUCTOMY
KaOlHEeTI MOKa3HUKU apTeplajibHOrO THUCKY, PUTM cepus Ta iHme. JlaHa
1H(opMarlis JOCTYITHA TUIBKY JJIS TAIIEHTA Ta JIIKaps, Y I[bOMY BUIIAIKY TaIli€HT
Ma€ HalBUIIUU mpiopuTeT. B ocobOuctomy KaOIHETI MOMJIMBO MPOBEACHHS
Online-koHcysbTalli B pexXKMi BiJleo A3BIHKA.

ITix gac mocmimKeHHsI PO3TJIsHYyTa KOHIEIIS MeIudHO1 1HhOopMaIiifHOT
CHUCTEMHM, POJIb 1 3aBIaHHS CUCTEMHU Ta il MOXKJIUBOCTI. CHCTEMa € THYUYKOIO Y
BUKOPHUCTaHHI, J03BOJISIE MAacIITa0yBaTH (PYHKIIOHAN, Ta € HE3aJEKHOK BiJ
BUKOPUCTAaHHS BHYTPIIIHHOTO MPOTrpamMHOro 3abe3nedeHHs: MeaycTaHnoBu. [Ipu
po3poOIll cucTeMH BelMKa YyBara TmpujaiieHa Oesmeni poOdOTH CHUCTEMH,
30epeKeHHs Ta IOCTYIY A0 MEeIMYHOI 1H(pOpMAllii.

Cnucok BUKOPUCTAHUX JHKEPE:

1. Metz C (4 September 2019). "A Breakthrough for A.l. Technology:
Passing an 8th-Grade Science Test". The New York Times. ISSN 0362-4331.
Retrieved 12 May 2021.

2. Nance Jr., John W., Meenan, Christopher; Nagy, Paul G. Future of the
Radiology Information System./Jr. Nance, W. John and others // American
Journal of Roentgenology. — 2013. — 200 (5). — pp. 1064 -1070.
doi:10.2214/AJR.12.10326. ISSN 0361-803X.
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BUKOPUCTAHHSI HEHPOHHUX MEPEX JIJISI BUSHAUYEHHSI
CYMICHOCTI MI’K BUKJIAJAYEM I CTYAEHTOM
Kosanenko M. O.

HaykoBuii kepiBHUK — K.T.H., go11. Ceparok H.M.
XapKiBChbKUI HalllOHANBHUI YHIBEPCUTET paaioenekTponiku, kad. KITC
M. XapkiB, Ykpaina
e-mail: mariia.kovalenko@nure.ua

The use of neural networks has become increasingly popular in recent years,
and one area where they can be particularly effective is in determining teacher-
student compatibility. While teacher-student compatibility has long been
recognized as an important factor in the learning process, using traditional
methods to assess compatibility can be time-consuming and subjective. Neural
networks offer an alternative approach that can be more efficient, accurate and
objective.

Hetiponni mepexi HaOylId BEJIMYE3HOI MOMYJSAPHOCTI B OCTaHHI POKH
3aBISKM CBOIM 3/IaTHOCTI BUPINIyBAaTH CKJIAJHI MPOOJEMHU Ta HaJAaBaTH TOYHI
MPOTHO3M B IIMPOKOMY Jiama3oHi oOnactedd. Bin posmizHaBaHHS 300pa’KeHb 1
MOBJIEHHSI 0 OOpOOKM MNPUPOJHOI MOBM Ta (PIHAHCOBOTO IPOTHO3YBAHHS,
HEHPOHHI MEPEX1 CTaIM MOMYJISIPHUM IHCTPYMEHTOM JUIsl 0ararbOX HayKOBIIIB 1
JOCJIITHUKIB JaHUX.

BukopucTaHHs HEHPOHHHX MEPEXK CTa€ BCE OUIBII MOMYJISIPHUM B OCTaHH1
pOKH, 1 OfHI€O 3 cep, A€ BOHHU MOXKYTb OyTH 0OCOOJMBO €(PEKTUBHUMH, €
BU3HAYECHHS CYMICHOCTI MIJK BHKJIQ/Iau€M 1 CTYJICHTOM. Y TOM 4ac SIK CYMICHICTb
MDK BHUKJIaJIadyeM 1 CTYJICHTOM JaBHO BH3HAHA BAXXJIMBHUM (PaKTOPOM y TpoIeci
HABYaHHS, BUKOPUCTAHHS TPAJULIMHUX METOMIB OIIHKKA CYMICHOCTI MOXeE
3aifHsATH O6arato yacy Ta 0ytu cyo’ ekTuBHEM [ 1]. HelipoHHI Mepexi MpOoroHYIOTh
ATbTEPHATUBHUM TMIAXiJ, AKUH MOxe OyTu Oulblll e(pEeKTUBHUM, TOYHUM 1
00’eKTUBHUM. BUKOpHCTOBYIOUM BENUKUI HaOlp JaHUX Map y4YeHb-BUKJIAAay i
iXHI OIIIHKKA CYMICHOCTI, HEWPOHHY MEpEeXy MOKHA HABUUTU PO3MI3HABATH
3aKOHOMIPHOCTI Ta 3B’SI3KM MIX PI3HUMHU XapaKTEPUCTUKAMHU, SIKI CHPUSIOThH
CYMICHOCTI, TAKMMHU SIK PUCH OCOOMCTOCTI1, CTUJII HABYAHHS Ta METOAN HABYAHHS.

JInst BUpIIIEHHS 3aBJaHHS BU3HAYEHHS CYMICHOCTI «YYEHb-YUHUTEb)» 3a
JIOTIOMOTOI0 HEMPOHHOT MEPEKi HaM 3HAI00IAThCS TaOJIUYHI JIaH1 IBOX THIIIB:

HapuanpHuii HaOlp AaHUX, MO CKJIAAAEThCA 3 Map Y4YHIB Ta BUYUTENIIB 3
iXHIMM  BIJNOBIIHUMHM  OIlIHKaMH  cyMmicHocti. Lleit  Halip  maHuXx
BUKOPUCTOBYETHCS JIJIs HABUYAHHS MOJIEI]II HEUPOHHOI MEpexi.

Habip TecToBUX MaHMX, IO CKIAAAETHCS 3 AP YUHIB Ta BUUTEIIB O€3 OIlIHKH
cymicHocTi. Ile¥ Habip MaHWX BUKOPUCTOBYETHCS JJIS OLIHKH MPOTYKTUBHOCTI
MOJIeJIi HABUCHO1 HEHPOHHOT MEPEexi.

VY KOHTEKCTI BHU3HAUEHHS CYMICHOCTI YYHS Ta BUHWTENsS BIIIOBIAIIO
HelpoHHOI Mepexi Oyae oxHe 3HaueHHs Big 0 mo 1, mo mnpeacraBisie

63


mailto:mariia.kovalenko@nure.ua

MPOTHO30BaHY OLIIHKY CYMICHOCTI JIJIsl Li€i mapy y4Hs Ta Buutens. Lle 3HauenHs
MOXKHA 1HTEPHPETYBATH K MOXKJIUBICTH CYMICHOCTI Tapyd Ha OCHOBI BXIJIHHX
O3HaK, HaJlaHUX HEHPOHHOI MEPEXKi.

Hampuknan, sKkmo HEHpOHHA Mepexka OTpUMY€ BXIJHI JaHl Mpo
BHCOKOMOTHBOBAHOT'O, OPTraHi30BaAHOI'O Ta KOMYHIKaTUBHOIO Y4HSI, & TAKOX PO
JOCBIYCHOTO, TEPIUITYOT0 Ta THYYKOTO BYMTENS, BOHA MOXXE BHBECTH
IIPOTHO30BaHy OLIIHKY cyMicHOCTI 0,8, 1110 BKa3ye Ha BUCOKUI PIBEHb CyMICHOCTI.
AMOBIPHICTh CYMICHOCTI MK y4yHeM Ta BuutTenem. [loTiM 110 mporHo3oBaHy
OLIIHKY CYMICHOCTI MO>KHA TOpPIBHATH 3 ICTUHHOIO OI[IHKOIO CYMICHOCTI, 11100
OLIIHUTH TOYHICTH MPOTHO3Y HEHPOHHOT MEPEXKi.

Ha nmomatok no 1BOX BUIIE3raJlaHuX HAOOPIB JaHUX, MU TaKOX MOXEMO
BUKOPHUCTOBYBATH J0IaTKOBI TAaOJIMYHI JIaHi, Taki K qeMorpadiuHi JaHl YUHIB Ta
BUHMTEJIIB, aKaJEMIUHI 3aIMCH Ta 1HIII BIAMOBIAHI QYHKIIIT, K1 MOKYTh BIUIMHYTH
Ha CyMICHICTh MK yU4HeM Ta BuuTeaeM. OTHaK BKIFOUSHHS J0IaTKOBUX (PYHKIIIH
MOKE€ BHMAaratu mornepeaHboi 0OpoOKH Ta po3poOKM (PYHKIIN, MEpIl HDK iX
MO>kHa Oyjie BAKOPUCTOBYBATH K BX1JHI IaH1 JIJIs1 MOJIeJIi HEHPOHHOT MEPEexi.

[licnss HaBYaHHS HEHPOHHY MEPEXY MOXKHA BHUKOPHUCTOBYBATU IS
MIPOTHO3YBAHHS OIIIHKKA CYMICHOCTI JijIsl HOBOI Mapy y4eHb-BUKJIAJa4 Ha OCHOBI
iXHIX BIAMOBIAHUX ocobOnuBocTel. Llei miaxig Moxke 0yt 0COOJMBO KOPUCHUM
y BEIHMKUX HABYAIBHHWX 3aKjIajax, J€ BUHTEISIM MOXE OyTH HEMOXKIMBHUM
OIL[IHUTU CYMICHICTb 3 KO)KHUM YYHEM OKPEMO.

KpiMm TOro, BUKOpHUCTaHHS HEHPOHHOI MEPEKI AJI1 BUSHAYEHHSI CYyMICHOCTI
MOKE JTOTIOMOTTH BU3HAUWUTH CTYJICHTIB, SKUM MOKE OyTH KOPHUCHUN TTCBHHMA
CTHITh 200 MiIXi A0 BUKIAAAHHS, JO3BOJISIOYM BUYUTEIISIM TPUCTOCOBYBATH CBOI
METO/IM HaBYAHHS JI0 1HAMBIAyalbHUX ToTped yuHiB. lle, y cBoto uepry, Moxe
MPU3BECTH JIO KPAIIUX aKaJEMIYHUX PE3YIbTATIB 1 OUIBII MO3UTUBHOTO JOCBIAY
HABYaHHS JUIsl CTYJICHTIB.

[lincymoBytOuUM, BUKOPHUCTAHHS HEHPOHHHX MEPEX IS BHU3HAYCHHS
CYMICHOCTI MK BUKJIQ[a4€M 1 CTYJCHTOM € I[IHHUM 1HCTPYMEHTOM, SIKHUA MOKE
MOKPAIIUTH TPOIEC HaBYaHHSI. BUKOPUCTOBYIOUM TMOTYKHICTh MAIIMHHOTO
HABYaHHS, MU MOKEMO TMOKPAIIUTH HAllle PO3YMIHHS CKJIAQIHUX CTOCYHKIB MIX
BUKJIalayaMyd Ta CTyIA€HTaMHU Ta CTBOPUTU Oulbll epEeKTUBHUH Ta
nepcoHaIi30BaHUM MIIX1/] 10 HaBYaHHS.

Crnucok BUKOPUCTAHUX JHKEPE:

1. KoBanenko M.O. IlepcnekTrBu po3poOKH 1HTENIEKTYadbHOI CHUCTEMHU
«Bubip penerutopa» / XVI Bceykpaincbka HaykoBo-nipaktuuHa WEB
koH(pepentis «Komm 1oTepHi 1HTENEKTyalnbHI cuctemMu Ta Mepexi», KICM-2023
21-23 6epesns 2023 poxy Kpuswuii Pir, C 153
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3ACTOCYBAHHS HEMPOMEPEKEBOT'O IIIXOY B 3AJAYAX
INPOT'HO3YBAHHSA 3ABPYJAHEHHSA IVIACTUHYACTHUX
TEIIVIOOBMIHHUKIB
[Tuporos B.O., Tpuryba M.M., ITamonok O.C.
HayxkoBwii kepiBHUK — K.T.H., cT.BUKI.Lmtonin O.0.
XapKiBChbKUI HalllOHAIBHUN yHIBEpCUTET pafgioenekTpoHiku, kad. KITC
M. XapkiB, Ykpaina
e-mail: vladyslav.pyrohov@nure.ua, mykola.tryhuba@nure.ua,
oleksii.pasholok@nure.ua
The problem of the dynamics of contamination of plate heat exchangers is
relevant, as it affects the efficiency and cost-effectiveness of the operation of heat
exchangers. Contamination of heat exchanger plates can lead to reduced heat
exchange, increased energy consumption and equipment wear. The application of
artificial intelligence and machine learning can help solve this problem.

3acTOoCyBaHHS TEXHOJIOTIUHUX TMPOIECIB 3a0pyIHEHHS IUIACTUHYACTUX
TEIJIOOOMIHHUKIB MOKe OyTH 3HAWJIEHO Yy PI3HHUX Tally3iX MPOMHCIOBOCTI Ta
chepax IisIIbHOCTI. 3a0pyAHEHHS MOKE TIPU3BECTHU JI0 3HMKEHHS €()eKTUBHOCTI
poOOTH TETIOOOMIHHUKIB, HEOOXITHOCTI YacCTOTO OYMIIECHHS 1, SIK HACHIIOK,
30UTbLIEHHS MPOCTOIB Ta onepariiiHux BuTpat. IIpobnema 3a0pyIHEHHS MOXKe
BUHUKHYTH Yy XIMIYHI MPOMHCIIOBOCTI, /i€ IIJIACTUHYACTI TEIMIOOOMIHHUKU
BUKOPUCTOBYIOTBCS JIJI51 OXOJIO/IPKEHHS Ta HarpIBaHHS XIMIYHUX PEAKIIN, a TAKOX
JUTsl KOHJIGHCAIIT Ta BUIAPOBYBAHHS PO3YMHIB. 3a0pyAHEHHS MOKE€ BUHUKHYTH
yepe3 OCAKEHHS COJieH, KOpo3li YM HAKOMWYEHHS OPTaHIYHUX PEYOBHH; Y
XapyoBid MPOMHCIOBOCTI, JI€ TEMJIOOOMIHHUKH BUKOPUCTOBYIOTHCS JIS
nacTepusailii, CcTepuiizailii, OXOJIOJUKCHHS Ta HarpiBaHHS TMPOAYKTIB. Y
Ha(TOra3oBi MPOMHUCIOBOCTI, J€ BUKOPUCTOBYIOTHCS JJI OXOJIO/HKCHHS,
HarpiBaHHS Ta KOHJEHcAIll Ha(TOMPOIYKTIB Ta Ta3y. 3a0py/IHEHHS MOXKeE
BiIOyBaTUCSl 4Yepe3 HAaKOMHW4YEHHs acdanbTeHiB, mapadiHiB, coieil Ta 1HIIUX
pedyoBHH. A TakoX y ¢apMaleBTUUHINA, €HEPreTUYHId MPOMHUCIOBOCTI, J€
TEIUIOOOMIHHUKHA ~ 3aCTOCOBYIOTBCS ~ JUIsI  KOHTPOJIO  TEeMIEparypu y
PI3HOMAHITHUX TEXHOJIOTIYHUX ITpoIllecax.

[Ipobiiema nuHaMiKM 3a0pPYJHEHHS IUIACTUHYACTUX TEIUIOOOMIHHUKIB €
aKTyaJIbHOI0, OCKUIbKM BIUIMBA€ €(EKTUBHICTh Ta EKOHOMIYHICTH pOOOTH
TEMJIOOOMIHHUX YCTAHOBOK. 3aOpyJAHEHHsS IUIACTUH TEMJIOOOMIHHUKIB MOXe
NPU3BECTH [0 3HWKEHHS TEIIOOOMiHY, 30UJIbIIEHHS E€HEProClOXUBAHHS Ta
3HOCY oOnaaHaHH: [1].

3acTocyBaHHS MITYYHOTO IHTENEKTY Ta MAIIMHHOTO HAaBYaHHS MOXeE
JIOTIOMOTTH Y BUPIIIEHHI IIi€T Tpo0iemMu. A came:

MomniTopunr Ta giarHoctuka. CTBOPEHHS CUCTeMH 300py JaHUX 13 TaTYUKIB,
BCTAHOBJICHUX Ha TEIJIOOOMIHHHMKAX Ta arperarax, JI03BOJISI€ BIJICTEKYBATH CTaH
oOJalHaHHS B PEeXUMI peaibHOro yacy. Mojeni MalllMHHOTO HaBYaHHS MOXYTh
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aHaMI3yBaTU 1l JlaHI Ta BUSBISATA O3HAKU 3aCMIYCHHS, MOMEPEKAIOUU PO
MOTIPIICHHS POOOTH TEIJIOOOMIHHHUKA.

[IporHo3yBaHHs Ta IUTaHyBaHHs oOciyroByBaHHs. HeoOximHICTh 0OOJIKY
THUMYacoOBOI MOCTIOBHOCTI Ta 3aJ€kKHOCTI B JIAHUX MPU3BOAUTH [0
BUKOPHUCTaHHS PeKypeHTHUX HelpoHHNX Mepex (RNN). Bonu 3qaTH1 00pobiisaTu
MOCITIZOBHOCTI JaHUX, BKJIIOYAIOYM 4YacoBl pAIM, Ta BpPaxOBYBaTH YacoOBi
3aJIeKHOCTI MDK €JeMEeHTaMM MOciimoBHOCTI [1]. BoHM MaioTh BHYTPIIIHIO
nam'saTh, 10 J03BOJsIE 30epiratu iH(MOpMaIlio mpo monepenni crtanu. OgHaK
HaBuaHHd RNN moke OyTH CKIagHUM 4epe3 mpoOJieMy 3racaHHS TPaji€HTa.
Bapiaat RNN, Takmii sk LSTM (Long Short-Term Memory) po3po0siennii s
BUPIIICHHS 1i€l TpoOyiieMu Ta 3a0e3nedeHHst OiIbll e()eKTHBHOTO HaBYaHHS Ha
noBrux nociioBHOCTsIX. Ctpykrypa LSTM Brirovae cremiaibHi 0710KH mam'siTi,
K1 HA3UBAIOTHCS OcepelKaMu mam'sTi. 3aBagku ik cTpyktypi LSTM moxe
BHUBYATH Ta 3allaM'ITOBYBATH JOBIOCTPOKOBI 3aJIEKHOCT1 Y JaHUX Ta €(heKTUBHO
HABYATUCS Ha TMOCTIJOBHOCTSX PI3HOT JIOBXKMHU. BUKOpUCTaHHS JaHOi
apXITEKTYpPH JI03BOJUTH CBOEYACHO IJIAHYBaTH OOCIYTOBYBaHHS Ta OYMILICHHS
TEIMJIO0OMIHHUKIB, 3HIKYIOYH PU3UKH HECIIOA1BAaHUX MPOCTOIB Ta 3001B.

OnTuMizallisi TEXHOJOTIYHUX MpoIreciB. Mojeni MallMHHOTO HaBYaHHS
MO’KYTh BUKOPHUCTOBYBATHUCH JIJISl BA3HAUCHHS ONTUMAJIFHUX MTapaMeTpiB poOOTH
TEIUIOOOMIHHUKIB Ta arperaTiB 3 METOI0 MiHIMIi3alii pu3uky 3acMmiueHHs. Lle
MO’K€ BKJIFOUATH BU3HAYEHHS ONTUMAIBHOI MIBUAKOCTI MMOTOKY, TEMIIEpaTypH Ta
TUCKY POOOYMX CEPETOBHILL.

Po3poOka 1HTENEKTyalbHUX QJITOPUTMIB YOpPaBIiHHSA. BukopucTtanHs
QITOPUTMIB HAaBYAHHS 3 MIAKPIIUIEHHSAM Ta aJalTUBHOTO YIPABIIHHS J03BOJIUTH
CTBOPUTH CHUCTEMH, 3JIaTHI CaMOCTIHHO KOPUTYBaTH TapaMeTpu poOOTH
TEIJIOOOMIHHUKIB Ta arperaTtiB 3aJIe)KHO BIJT TOTOYHUX YMOB Ta CTaHy
oOnaHaHHS.

TakuM 4YWHOM, 3aCTOCYBaHHSI INTYYHOTO IHTEJIEKTY Ta MAIIMHHOTO
HAaBYaHHA  MOXE€  CYTTEBO  MIABUIMUTH  €(QEKTUBHICTh  YNPaBIIHHS
TEMJI000OMIHHUMHU MEpEeXaMu Ta arperaramu, a TaKo 3HU3UTH PU3UKHU TOB'sA3aH1
13 3aCMIYEHHsIM Ta 300aMH 00JaJHaHHSA. BaXIWBO BiJ3HAYWTH, IO YCITIIIHE
BIIPOBA/DKCHHS TaKWX CHCTEM BUMAarae 30MpaHHS SKICHUX JaHWX, IiITOTOBKH
MozieJied MAalIMHHOTO HAaBYAaHHS Ta IHTErpamii 3 ICHYIOUMMH CHUCTEMaMH
YIOPABIIHHS Ta KOHTPOJIIO.

Crnucok BUKOPUCTAHUX JHKEPE:

1. Intelligent Identification System of the Process Liquid Solutions
Composition / Bezsonov, O., llyunin, O., Khusanov, A., Rudenko, O., Sotnikov,
O. /l CEUR Workshop Proceedings, 2022, 3171, pp. 960-973
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M. XapkiB, Ykpaina
ten. +38(066) 104-75-20, e-mail: roman.chornyi@nure.ua
To reduce risks to users and companies using 10T, security measures such as
regular software updates, authentication and authorization, data encryption, and
the use of known and trusted standards should be taken. This work discusses
modern security methods in 1oT. Vulnerabilities of the main protocols: WPA2,
TLS, Zigbee have been identified.

Iatepuer peueli (IoT) mpomnoHye Bennye3Hi epeBar Juisi KOpUCTyBaviB Ta
KOMIIaHii, ajie 3 HUM TaKOX IOB'sI3aH1 pi3HI PU3UKHU Ta HeOe3neku. OCHOBHI 3
HUX: HeOe3neka 370My, IpoodiieMu 3 KOH(IICHIIINHICTIO, HEIOCTaTHs Oe3meka,
BIJIMOBA y pOOOTIi, PU3UK BiJl OOTHETIB, HECYMICHICTh CTaHAPTIB, 3aCTapIBAHHA
IPOrpaMHOro 3a0e3MeYeHHs], HeaBTOPU30BaHUI JOCTYI, IPOOJIEMU 3 HaIHHICTIO
a TaKOXK €TUYHI Ta MPaBOB1 MUTaHHS.

JUist  3MEHIIeHHS 1MX PU3MKIB KOPUCTyBauaM Ta KOMIIAHISIM, SK1
BUKOPUCTOBYIOTH [0T, CI1iji BXXKMBATH 3aXO01B OO MiABUIICHHS OE3MEKU, TAKUX
SK pEryJspHE OHOBJIIEHHA NpPOrpaMHOro 3a0e3meueHHs, 3a0e3neueHHs
ayreHTudikailii Ta aBTopu3ailii, muppyBaHHs JaHUX Ta BUKOPUCTAHHS BIJJOMHX
Ta HaJlIMHUX CTaHIAPTIB.

be3neunoi ekocucremu [oT Hemae. EkcriepT HAnoaermmBo 3a4BisiIOTh, 1O
MOCTAYabHUKN TOCIYr Ta MNpUCTPoiB puHKY [oT mopymrytoTh NpUHIHAIT
Hackpi3zHoi 1H(opMmartiitnoi 0e3neku (Ib), skuit pekomennoBanuii 1y Beix [KT-
MPOAYKTIB Ta MOCAyT. BiAMOBIAHO 10 IbOTO NpUHIMMY, Ib MOBHHHA 3aKIagaTUCs
Ha MOYaTKOBIN CTa/il MPOEKTYBaHHS MPOIYKTY UM MOCIYTH Ta MiATPUMYBATHUCH
X JI0 3aBEpIICHHS 1X XKUTTEBOTO HMKIY. HaBeneHo aesiki JgaH1 TOCHIIKEHb
kopnopauii HP, Meroro sikux Oylio He BUSIBUTU SIKICh KOHKpPETHI HeOe3MeuHi
IHTEPHET-NPUCTPOi Ta BUKPUTU iX BUPOOHUKIB, ajie¢ BU3HAUUTU Npodiemy Ib-
pusukiB y cBiTi [oT B niimomy.

Hocnigauku HPE 3BepTatoTs yBary Ha mpo0sieMH, K Ha CTOPOH1 BIACHUKIB
NPUCTPOIB, TaK 1 HA MPOOJEMU, HaJ SIKUMH MOBUHHI MOAYMAaTH PO3POOHMKHU.
OckibKM HE BCl IpUiaau MaroTh BOynoBaHi 3acobu Ib-3axmcry, BiacHuKam
TaKOX CJI1J] T0A0aTH MPO BCTAHOBJIEHHS 30BHINTHHOTO 3aXUCTY, TPU3HAYEHOTO
JUTSL IOMAITHBOTO BUKOPUCTAHHS, [00 IHTEPHET-PUCTPOT HE CTAIH BIAKPUTUMHU
IUII03aMHU B JIOMAIIHIO Mepexy ab0o MpSIMHUMH I1HCTPYMEHTaMU 3arolisTHHS
mkonu. JlocTym 10 MNPUCTPOI0 MOKHA OTPUMATH uepe3 Bpa3IUBOCTI B
IPOTOKOJI0AX, KOTP1 BUKOPUCTOBYIOTHCSI MalKe KOMKHOIO JIFOJAUHOIO KOKEH JICHb,
HaIPUKIIA;

- WPA2 (Wi-Fi Protected Access II): 1ie mpoTokon, skuii 3a0e3mnedye
3axuineHe 3'enHanHs Wi-Fi. BpaznuBocti WPA2 MoXyTh BKIIIOYAaTH aTaku Ha
napodi 1 DoS-araxwu.
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- Zigbee: mpoTOKOJ O€3APOTOBOrO 3B'SI3KY, SKHUH BUKOPHUCTOBYETHCS B
Oaratbox mpuctposix loT. BpazmmBocti Zigbee MOXyTh BKJIIOYATH aTaKu Ha
cmadki kmroui 1 MITM-araku.

- TLS (Transport Layer Security): e kpuntorpadiqHuii MPOTOKOJ, KU
3a0e3neuye 3aXUIlEeHUN 3B'SI30K MK mpucTposiMu. [leski 3 BpaznuBoctend TLS
BKJIIOYAIOTh aTaku Ty "nmoanHa mocepeaudi” (Man-in-the-Middle, MITM),
aTaky Ha ci1a0Ki Kirodi 1 BimMoBa B 00ciryroByBanHi (DoS) aTakw.

VY xoni mpoBenenoro HP pocmimkeHHs BusBieHo, 1o mpudauzHo 70%
pOaHaNI30BaHUX MPUCTPOIB He MmHPpyeTbes Oe3apoToBuil Tpadik. Beo-
iHTepderic 60% mnpuctpoiB excrieptu HP BBakanu wHeOe3neuHuMm dyepes
HeOe3NeyHy opraHi3alliio JOCTYIy 1 BUCOKI PU3UKHA MDKCAUTOBOTO CKPUIITUHTY.
Y OuIblIOCTI MPHUCTPOIB TMepeadayeHo TMapoJii HEAOCTAaTHBOI CTIMKOCTI.
[Tpubauzno 90% mnpuctpoiB 30uparoTh Ty YU 1HIIY NEPCOHAIBHY 1H(OpMAILit0
npo BilacHHKa 0e3 ioro Bimoma. Ycboro x (axiii HP HapaxyBanmu 61u3bko 25
PI3HUX Ypa3IMBOCTEH y KOXHOMY 3 JOCHIDKEHUX MPHUCTPOIB (TEJIEBI3OPIB,
JIBEPHUX 3aMKiB, TOOYTOBUX Bar, JOMAIIHIX OXOPOHHUX CUCTEM, €JIEKTPOPO3ETOK
TOIIO) Ta IX MOOUIBHUX Ta XMAPHUX KOMIIOHEHTAaX.

BucnoBok excneptiB HP HepTimHuii: Oe3neunoi exkocuctemu loT Ha
CHOTOHINIHIN JieHb He icHye. Oco0nuBy HeOe3neKky pedi [HTepHeTy XOBaroTh y
KOHTEKCTI momupeHHs iiboBux atak (APT). Bapro nuie 310BMUCHHUKaM
BUSIBUTH 1HTEpPEC A0 OYb-SKOI TAKOi CUCTEMH, TO BOHA CTA€ BIJKPUTOO JJI HUX.

Cna6xi micus loT:

- [lepexin na IPv6;

- )KUBJICHHS JITaTYMKIB,;

- CTaHJapTU3allisl ApXITEKTYPH Ta MPOTOKOJIB, cepTU(IKAIlls TPUCTPOIB;

- iHpopMariitHa Oe3neKa;

- cTaHAapTHI OOJIIKOBI 3aMMCH BiJl BAPOOHHUKA, Cl1abKa aBTeHTU(DIKaIlis;

- BIICYTHICTb MIATPUMKH 3 OOKY BUPOOHHUKA /1JIs1 YCYHEHHSI BPAa3JIMBOCTEM;

- BAXXKKO 9n HeMOoknBo oHoBHTH 113 Ta OC;

- BUKOPHUCTAHHS TEKCTOBUX MPOTOKOJIIB Ta HEMOTPIOHUX BIKPUTHUX TTOPTIB;

- BUKOPUCTOBYIOUH CIa0KICTh OHOTO Ta/KETa, XaKep JIETKO MOTPAIUTH Ha
BCIO MEPEXKY;

- BukopucranHus He3axuIieHoi XMapHOi iHPPaACTPYKTYpH;

- Bukopucranns nebesneunoro I13 Tormo.

Takum ynHOM OYJ10 3’SICOBaHO, 5IKi came HeOe3MeKH YEeKatoTh KOPUCTYBAUiB
Ta KOMIaHii, KOTpi BUKOpPHUCTOBYIOTHh [0T. BusBnenus mpobnemu € mepimm
KPOKOM JIJis1 11 BUPIMICHHs. X04a Cy4acHI METOAM BHUPIMICHHS ITUX MPoOIeM Iiie
HE MOXKYTh BUPIIIMTH BCl MPoOIeMu O€3MeKH pa3oM, ajie Ha JaHHUi yac MoTpiOHO
BUKOPUCTOBYBaTH HE TUIBKA MPOrpaMHI METOAM 3aXUCTy, a W amapartHi
TOpHIHUM YHMHOM.

Cnucok BUKOPUCTAHUX JHKEPETT:

1. “Learning IoT with Particle Photon and Electron” (2016, Packt
Publishing Limited). Rashid Khan, Kajari Ghoshdastidar, Ajith Vasudevan.
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The use of machine learning technology is becoming popular in the modern
healthcare. It is useful in detecting symptoms of various diseases based on data
about important indicators of the body conditions obtained from various sensors
on the patient's body. After these data samples are collected, the computer system
is trained. There is an opportunity to make future diagnoses with greater accuracy
based on the recording of medical data. In order to reduce training time and
increase the accuracy of diagnosis, it is suggested to improve computer medical
systems due to the effective exchange of acquired knowledge. It is appropriate to
use a combination of a neural network model and a hashing algorithm.

VY cywacHIii cUCTEMI OXOpPOHHM 3A0pPOB’S BCE OUIbLI TMOMYJISAPHUM CTa€
BUKOPUCTAaHHS TEXHOJOTM MallMHHOrO HaB4aHHS (aHri., Machine Learning,
ML). Hanpukiaza, Taki TEXHOJIOTI MalOTh KOPUCTh MPU BHUSBJICHHI CUMIITOMIB
PI3HOMaHITHUX 3aXBOPIOBAHb Ha OCHOBI JIaHUX MPO BAXKJIMBI MOKA3HUKHU CTaHy
OpraHizmMy, OTPUMaHUX 3 Pi3HUX MEPEHOCHUX MPUCTPOIB y BU3HAUCHUN YaCOBUIA
nepiof. Ilicas Toro, sax Oyne 310paHO Il JUCKPETHI 3pa3ku NaHUX (HAMpUKIa,
TrOJIMHY a00 TMIBTOAWHHU), 3MIMCHIOETHCS HABYAHHS KOMII FOTEPHOI CHCTEMH 3
METOIO MiA00py HOBUX AaHUX. TaKUM YMHOM, BUHUKAE MOXKIIMBICTh TIOCTAHOBKH
MaiOyTHIX J1arHO31B 3 OUIBIIIOI0 TOYHICTIO Ha OCHOBI (pikcallii MeTUYHUX JaHUX.
[Ipote, HaBITh BUKOPUCTOBYIOUM OOYHMCIIOBAIbHY TMOTY>KHICTh XMapH, s
peaizailii OUTHIIOCTI aJTOPUTMIB MAIIMHHOTO HAaBYaHHS BCE OJHO MOTPIOHO
BUTpayaTu OaraTo 4acy Ha HABYaHHS, [0 € ICTOTHOI MPOOJIEMOIO IS
e(eKTUBHOTO TPOIECY HABYAHHS B pEalbHOMY 4aci. 3 1HIIOTO OOKYy, YMMajo
MEIUYHUX YCTAHOB 3a3BMYail BUKOPUCTOBYIOTh MPHUBATHI XMAapHI CEPBICH JIs
30epiraHHsl JaHUX 1 MPUCKOPEHHS MPOIECIB HABYAHHS, ajie 30BCIM HEYACTO
pYXalo4yuCh B HAIpPSIMKY CHIBHOTO 3 IHIIMMH YCTaHOBAMH BUKOPHUCTaHHS
OTpUMaHuUX HaOopiB naHux. Komm’rorepHi iHdoOpMaliiiHI CHUCTEMHU PIZHHUX
MEAWYHUX YCTAaHOB MOXYTh MIJBUIIMTA CBOIO JiaTHOCTUYHY TOYHICTH 3a
paxyHOK e(peKTHBHOTO BHBUEHHS CHUTbHUX AaHWX. OTXKE, OYEBHIHO, IO YUM
OUTbIlIe MaHWX MOCTYNMHO NJis aHalidy, TUM TOYHIIIMKA JlarHO3 MOXE OyTHh
ITOCTABJICHUM.

Jlnst BupiieHHsT MPOOJIeMH CKOPOUYEHHS Yacy HaBYAHHS Ta ITiIBUIIICHHS
TOYHOCT1 JIarHOCTHKU TMPOTOHYETHCA YAOCKOHAIUTH KOMII IOTEpHI MEIUYH1
iH(OopMaIliiiHI CUCTEMH, HAJABIIM M MOXJIMBICTh €(EKTUBHO OOMIHIOBATHCH
OTpUMaHUMH 3HaHHAMU. OCHOBOIO JUI peajizallii TAaKoro PIlIeHHS MOXe CTaTH
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noeHaHHA HeiipoMepexkeBoi moaem ELM (anri., Extreme Learning Machine)
Ta anroputMmy xemryBanHa MDS. 3okpema, ELM mMo0XHa BUKOPUCTOBYBATH JIS
reHepailli 3HaHb 13 HeoOpoOJIeHOTO HaOOpy HaBUAIBHUX JaHUX y MeEXax Tak
3BaHOI «9aCTKOBOI» Mojieni, a MDS — niis o64ucieHHs Bepcii 4acTKOBOI MO,
10 TO3BOJIMTH YHUKHYTH MOBTOPHOT'O HaBUAHHS.

[lenTpanizoBaHa MO/IETb Ma€ MEBHI BaJI B aCMIEKTI OOMiHY HEOOPOOIeHUMHU
naHuMu. ToMmy 3ampoOITOHOBAHO JI0 3aCTOCYBaHHS B XMAapHIA CHCTEMi MOJIEIh
HaBuanHs P2P. [Ipu TakoMy migxozi olHa MeIMYHA yCTaHOBA q)opMye YaCTKOBY
MOJIEITb B PE3YJIbTAaTi HABUYAHHS HA Ha6op1 JAHUX TIEBHOTO €TaITy, a MOTIM nepenae
1[I0 4acTKOBY MOJIENb iHmMM  cycigam (pucyHok 1). Y mopiBHSHHI 13
TPaIUIIHHOIO  IIEHTPATi30BaHOIO  MOJEIUTI0O,  OCHOBHOIO  MEPEeBaroro
3aMpoNOHOBAHOI JAeleHTpaizoBaHoi mojeni tumy P2P monsrae B ycyHeHHI
3aJIEIKHOCTI B1J] IIECHTPAJILHOTO CEPBEPA.
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Pucynox 1 — Moaens P2P y nopiBHSHHI 13 HEHTPaII30BaHOO MOJIEIUIIO

be3apoToBl AATYMKKU MPUKPIILTIOIOTECA A0 Tila Malli€eHTa Ta HAJACUIAIOTh
3HAQYCHHS BUMIPIOBAHUX JIaHMX Ha MOOUIRHUM CMapT-TIPUCTpid (HampuKiIaid,
CMapT-TOJMHHUK). 32 JOMOMOTr0I0 MOOUIBHOIO MPUCTPOIO JaHl1 MepeatoThCcs y
MPUBATHY XMapy, SKa BHKOPHUCTOBYETHCS MEAUYHOIO YCTAaHOBOIO. Y XMapi
BUKOHYIOTHCS TIPOIIEYPH OUMIIEHHS NaHux, HaBuaHHS ELM-SM 1 BugoOyTKy
3HaHb. [licns mporo HaBueHa wmoxaenb ELM-SM  BHKOpHUCTOBYETBHCS IS
OIIHIOBaHHSI MaWOYTHIX KJIIHIYHMX CTaHIB Ha OCHOBI HEIIOJABHO OTPUMAHHX
JAHUX BiJ MamieHTiB. MeIWYHHI TEpPCOHAN MOXKe MNPUKUMATH JTIarHOCTHYHI
pillIeHHS BIAMOBIHO JI0 KIHIYHUX CTaHIB IMAIlEHTAa Ta HAJC)KHUM YHHOM
CTIOBIIIIATH MAIlIEHTA.

Crnucok BUKOPUCTAHUX JHKEPEN:

1. Belliger, A., & Krieger, D. J. (2018). The Digital Transformation of
Healthcare. Progress in IS, 311-326. https://doi.org/10.1007/978-3-319-73546-
719

2. Gerke, S., Minssen, T. and Cohen, G. (2020). Ethical and legal challenges
of artificial intelligence-driven healthcare. Artificial Intelligence in Healthcare,
pp.295-336.
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The purpose of the work is to develop procedures for modeling MEMS
components in feedback control systems using the Matlab/Simulink mathematical
package. Analysis of automatic control systems with PID controllers and analysis
of the general structure of the microsystem with feedback was carried out. Models
of the thermal parameter regulation system were developed in the
Matlab/Simulink environment, and experimental research was carried out.

Beryn.  Mikpoenektpomexaniuni  cuctemu (MEMC) € ogaum 13
MPOTPECUBHUX  HAMPAMKIB  MIKPDOCHUCTEMHOI TEXHIKH, SKAW pazoM 13
HAHOTEXHOJIOTISIMA ~ BBAXalOTbCSd y BCbOMY CBITI PEBOJIOLIMHUMH, IO
BU3HAYAIOTh TEHACHIII1 PO3BUTKY Cy4YaCHOTO BUPOOHHUIITBA €IEKTPOHHOI TEXHIKH
[1]. Mema oOocniosncennss — po3poOka mnpouenyp wmojaemoBanHs MEMC-
KOMIIOHEHTIB B CHCTEMax pEryJioBaHHS 31 3BOPOTHUMHU 3BS3KaMU 3
BUKOPUCTAaHHAM MaTeMaTtuyHoro makety Matlab Simulink. O06'ekTom
nociipkeHHs: € MEMC-KOMIIOHEHTH B CUCTEMax PETyJIIOBaHHS TeMIepaTypu 3
Bukopuctanusam 11 /[-perynaropis.

3mict npocaimkennsi. Ha croromnimHiii nens cBitoBuil puHok MEMC
HaJajl MBUJKO 3POCTAE, CIIOCTEPIraeThCsl HOTO aKTHMBHA JWHAMIKA, MPU IIBOMY
o0csar punky MEMC mopoky 361nbiyerbest Ha 16%, Tak sik kommnoHeHTH MEMC
1 CEHCOpPH Ha 1X OCHOB1 MalOTh BEIUKY KOMepIiiHy mpuBabnuBicth. Ha puc.1
npuBeeHo quHamiky 3poctanHs punky MEMC nipuctpois 1o 2026 poky. Cepen
pizanx MEMC-ipucTpoiB criocTepiracThCs MoAalibliie 3pOCTaHHS BUPOOHUIITBA
RF MEMC, ontnununx MEMC, akcenepoMeTpiB, rpoOCKOMiB, CEHCOPIB THUCKY,
ocumiaTopiB 1 MEMC 1151 MOHITOPUHTY HABKOJUIITHBOTO CEPEOBUIIIA.

MEMS MARKET DYNAMICS BY DEVICE
oo b P

{ ™
Forecast 2026:518.28 | .,

~
AYOLE Ty e
Y Revenues 2020:512.18

Puc.1. unamika 3poctannst punky MEMC npuctpois
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[Tpu moOy10B1 CHCTEM aBTOMATHYHOTO YMPaBIiHHSA BUHUKAE HEOOX1IHICTD
BpPaxOBYBAaTH B3a€EMHH BIUJIMB BUXI1JIHUX 3MIHHUX OJTUH HA OJHOTO, 1110 HEMUHYYE
B1IOMBAETHCS HA CTPYKTYPl CUCTEMHU.

Y 3aMKHYTUX CHCT€MaX peryJiloBaHHS MPOBOAUTHCS BUMIPIOBAHHIM
BUXIJTHOT 3MIHHOI 1 HOro pe3ynbTaT y BHIJISII CUTHANYy 3BOPOTHOTO 3B'SI3KY
MOPIBHIOETHCA 3 €TAJIOHHUM BXIJHUM CHTHAJIOM, IO Hece iHdopmariio mpo
3aJlaHOMY 3HAYCHH1 BUX1AHOI 3MIHHOT.

Y poOOTi pO3IIIAHYTO MPOLEAYPH MOJAEITIOBAHHS CHUCTEM aBTOMAaTHYHOIO
pEryJioBaHHs TEMIEpPAaTypHUX PEXUMIB 31 3BOPOTHUMH 3B’SI3KaMH 3
BUKOPHUCTAHHAM MaTeMaTuyHoro rnakety Matlab/Simulink ta ctBopena Simulink-
MOJieJb 3aMKHYTOi CHCTEMH peryjloBaHHsA Temmneparypu Ha ocHoBi [I-
perynsitopa (puc.2).

Adormaz Subpyem |

Puc.2. Simulink-monens cuctemMu peryitoBaHHs TEMIIEpaTypHUM
PEKUMOM Y IPUMITICHHI

Ha ocHOBI mpoBefeHuX AOCTIIKEHb Ta aHaji3y OTPUMaHUX MNEepPexiTHUX
MPOLIECIB MOXHA 3pOOMTH BUCHOBKHU: SIKIIO PETYJIATOP HE BPaXOBYE HACHUEHHS
BUKOHABUOT'O MEXaHI3My, TO TPHU JOCSITHEHHI KEPYKUYOTo BIUIUBY OOMEXEHb
30UTBLIYETHCA Yac PEryJIOBaHHs, JUHAMIYHA MOXHMOKa Ta MepeperyiroBaHHS;
SKII0O B CHUCTEMY AaBTOMATUYHOIO PETYIIOBAHHS BBECTU AITOPUTM OOJIKY
00OMeKeHb, TO 3HAYHO MIJIBUIILYETHCS SIKICTh PEryTIOBaHHS.

BucnoBok. IlpoBeneHo aHami3 cUCTeM aBTOMATHYHOTO PErYJIIOBaHHS 3
[TIJI-perynsitopamu, aHali3 3arajbHOI CTPYKTYPH MIKPOCUCTEMHU 31 3BOPOTHUMHU
3B’sI3KaMHU, PO3p00IICHO Simulink-monens CUCTEMH  PETyJIIOBaHHS
TeMIIepaTypHUM pexuMoM. [Ipu TpoBeneHHI TOBEAIHKOBOTO MOJICITIOBAHHS
oTpuMaHi Tpadiky 3aJeKHOCTEH, 10 MiATBEPHKYIOTh PO3POOICHI MaTeMaTUyH1
MO/IeJIl CUCTEMHU PETYIIOBAHHS TEMIEPATypH.

Crnucok BUKOPUCTAHUX JHKEPEN:

1. boromonos B.A., Typko A.JT. Kimumenko B.M. wu np.
MonenupoBanue cuctem yrnpasienus B Simulink: y4. moco6. / B.A. boromornos,
A.T'. I'ypko, B.1. Knmumenko u ap. / — XapskoB: XHAJ[Y .—2018. — 220 c.

2. XaHHAaHOBA B.H. Maremaruueckas MOJIENb CHUCTEMBI
peryivpoBaHus TemrepaTypsl BHyTpu nomerienus / B.H. Xannanosa // BectHuk
Kazanckoro texnonoruueckoro yauepcurera. — 2015. — Nel8. — C. 309-313.
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3BITIB
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HayxoBuii kepiBHUK — CT. BUKJ. kKad. Cokopuyk L.I1
XapKiBCbKHUI HAllIOHAIBHUN YHIBEPCUTET PaAl0eTIeKTPOHIKH, M. XapKiB,
VYkpaina
teir. +380661936087, email: sofiia.kazantseva@gmail.com
In today's world, the increase in the amount of data generated every day

requires fast and efficient data processing. Developing scripts for processing data

and creating reports is becoming a necessity for most companies and individual

users. This talk will cover the basic aspects of scripting for data processing and

report generation.

B nmanmii yac Bce OuIblle KOMIIAHIM Ta OpraHizamiii BUKOPHCTOBYIOTH
IIporpamMHi 3aco0u JuIs 300py Ta aHami3y AaHux. L{e 1o3Bosste im 3poOouTH Kpariii
YIOPABIIHCHKI PIMICHHS, MPOTHO3YBAaTU TPEHIU Ta BUSBIATA MOXIIMBI PU3UKH.
Opnak, oOpoOKa Ta aHadi3 BEJMKOI KUIBKOCTI JaHMX MOXKe OyTH dYaco- Ta
PECYPCOEMKOIO 3a7a4eto, sika MoTpedye Bucokoi kBamidikaii gaxiBiis[1].

Came ToMy, BUKOPHCTAHHSI CKPHUIITIB JJISI aBTOMATHU3AIIi1 TTpoIiecy 00poOKu
JAHUX Ta CTBOPEHHS 3BITIB € BAXIUBUM €JIIEMEHTOM B CydYacHOMY Oi3HeECI.
CkpunTH MOXXYTh OyTH BUKOPUCTaHI U1l 300py JaHUX 3 PI3HUX JIKEpE, 00poOKu
Ta aHa3y IUMX JAaHMX, CTBOPEHHS 3BITIB Ta iX aBTOMAaTH4YHOI po3cuiku. Lle
JT03BOJISIE 3MEHILUTH BUTPATU 4Yacy Ta 3yCWJb (DaxiBIiB, a TAKOXK 3a0€3MEUUTH
TOYHICTH Ta HAMIWHICTH JaHUX.

[IIo6 cTBOpUTH CKpUNTH JUisi OOPOOKM JaHUX Ta CTBOPEHHS 3BITIB,
MOTPiOHI CIEIANICTH 3 BUCOKOIO KBAMI(IKAIIEIO Ta POZYMIHHIM TE€XHOJIOTTYHUX
npoiieciB. BoHM TOBMHHI 3HAaTHU MOBU TMporpamMyBaHHs, 0a3u JaHUX Ta
IHCTPYMEHTH JIJIs1 pO3POOKHU CKPUTITIB.

Po3pobka ckpumTiB ajisi 0OpOOKU TaHUX Ta CTBOPEHHS 3BITIB € BAKIUBUM
eTanoM B poOoTi 3 BenmukuMH oOcsaramu iH@opmaiiii. CKpunTu AornoMararoTh
aBTOMAaTHU3YBaTH MPOIECH 0OPOOKH JTAHWUX, SMCHIITYIOUH BUTPATH Yacy Ta 3yCHIIb.

Ckpunt MOXYyTh OyTH HalMCaHi Ha PI3HUX MOBAaxX MpPOTpaMyBaHHS,
Hanpukiaa, Python, R, Perl, Bash Tomo[2]. s 00poOku maHuX 3a3BUYaii
BUKOPUCTOBYIOTHCS MOBU MPOrPaMyBaHHsI 3 BUCOKMM PIBHEM a0CTpPaKIIli, TaK1 K
Python Ta R, ockiibku BOHM MarOTh MOTYXH1 010J110TeKH Jis1 poOOTH 3 TaHUMU
Ta CTATUCTUYHUM aHaJI130M.

OnuH 3 HAUMOIMMPEHIITNX BUTIAKIB BUKOPUCTAHHS CKPHUTITIB 111 00pOOKH
JaHUX — [1€ aBTOMATHU3allisl IPoIIecy 300py JaHUX 3 PI3HUX JHKEPEN Ta iX o0poOka
JUIsl  moAanibiioro a”amizy. CKpUNTH MOXKYTh 3MIMCHIOBATH TIONIYK Ta
3aBaHTaXCHHS JaHUX 3 BEO-CTOPIHOK, BUKOHYBAaTH 3alUTH N0 0a3 JaHUX,
00poOSATH TEKCTOBI (paityin TOIIO.
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Kpim 00po0OKu TaHUX, CKPUIITH TAKOX JIONIOMararoTh CTBOPIOBATH 3BITH Ta
rpadiku Ha OCHOBI 0O0poOJieHMX JaHuX. Hampukiaa, CKpUNTH MOXYTh
aBTOMATUYHO CTBOPIOBATH 3BITU 32 MIEBHUM LIA0JIOHOM, BKIIIOUAIOUU Ipadiku Ta
Ta0IuUIll 3 00pOOJICHUMH TaHUMHU.

[Tpukian 3 >KUTTS , 1711 0OPOOKH JIaHMX Ta CTBOPEHHS 3BITY 3 MPOJIAXiB 3a
OCTaHHI! MICSIb MOKHA PO3POOUTH CKPUNT Ha MOBI nporpamyBanHs Python[3].
Criouatky 34dTyeTbCs (aill 3 JaHUMHU MPOJAXiB, MICIS YOro BiAOYBaeThes iX
o0pobka Ta anam3. ToOTO, MM MOXXEMO 3HAaWTH CepelHId 4YeK, KIIbKICTh
IpOJaHUX TOBApiB, HAWOUIBII MpoAaBaHU ToBap Toulo. Jlami, 3a JOMOMOToI0
BignoBiAHUX ¢yHKIi 0i0miorekun Matplotlib, MmoxxHa moOyayBatu miarpamu Ta
rpadiku A Bizyamizamii pe3ynbrariB aHanizy[4]. Ha ocHOBI ux maHUX MOKHA
MIJTOTYBaTH 3BIT, B IKOMY OyAyTh MIPEACTABIICHI BCl HEOOX1AHI 1aHi Ta rpadiku.

Tox, po3poOKka CKpHUIITIB JIsI OOpOOKM JTaHMX Ta CTBOPEHHS 3BITIB €
HEOOX1THUM 1HCTPYMEHTOM JIJ1s1 €PEKTUBHOI pOOOTH 3 TaHUMH Ta 1X MOJATBIIOTO
BUKOPUCTAaHHA. 3aCTOCYBAaHHS BIJMOBIJHUX 1HCTPYMEHTIB Ta TEXHOJIOT1H
JT03BOJISIE aBTOMATU3YBaTH MPOIECH Ta 30UIBIIUTH MPOAYKTUBHICTh POOOTH 3
nanumu. [Ipote, mpu po3poOIll CKPUNTIB AJisi OOpPOOKH JaHUX Ba)KIMBO
JTOTPUMYBATUCh KUIbKOX mpuHIMIB. [lo-miepiie, CKpuntu TMOBUHHI OyTH
JIETKUMHU TSI 3pO3YMIHHSI Ta 3MIHH, 11100 3a0€3M1€YUTH MOKIIUBICTh peAaryBaHHs;
CKpUIITY B pa3l HeoOXxigHOCTI. [lo-apyre, ckpunTyu NOBUHHI OyTH O€3MEYHUMM,
TOOTO MOBUHHI MAaTH JIOCTATHI 3aX0JIA 3aXUCTY BiJ 3JJOBMUCHMX JI1i Ta atak. [lo-
TpETE, BAPTO JOTPUMYBATUCH IPUHIIUITIB YUCTOTO KOAY, 1100 3a0€3MeUNTH JIETKY
3pO3YMUIICTh CKPUIITY Ta 3a0€3MEUUTH MOKJIIUBICTh HOT0O MOJAIBIIOI PO3POOKH.

Otxe, po3poOKa CKpUMNTIB 1Jii OOpOOKM JaHUX Ta CTBOPEHHS 3BITIB €
HEOOXITHUM €JIEMEHTOM Cy4acHOi KOMM'IOTEpHOi 1H)KEeHepli. 3acTOCyBaHHS
BIJIMOBITHUX 1HCTPYMEHTIB Ta TEXHOJIOTIN 103BOJISIE 3a0e3meunT €eKTUBHY
poOOTY 3 JaHUMHU Ta X MOAAIbIIIE BUKOPUCTAHHS, 3MEHIITUTH BUTPATH HA PYUHY
00poOKy JTaHUX Ta 30UIBIIUTH MPOAYKTUBHICTh. OJIHAK, TIPU PO3pPOOIIl CKPUTITIB
HEOOXITHO JOTPUMYBATUCh KITBKOX TMPHUHIUIIB, 1100 3a0€3MeUYuTH JEeTKY
3pO3YMIIICTh Ta 3MIHHICTh CKPUNTY, O€3MEKy Ta MPOCTOTY MOAAIBINOT PO3POOKH.

Crnucok BUKOPUCTAHUX JHKEPE:

1. Martin Fowler. Refactoring: Improving the Design of Existing Code.
Addison-Wesley Professional [Texct] / Martin Fowler: O'Reilly Media, 2018. -
104 c.

2. Charles Dierbach. Introduction to Computer Science Using Python
[Tekct] / Charles Dierbach. - Hoboken, NJ: John Wiley & Sons, 2018. - 528 c.
3. John Paul Mueller, Luca Massaron. Machine Learning For Dummies

[Tekct] / John Paul Mueller, Luca Massaron. - Hoboken, NJ: John Wiley & Sons,
2016. - 432 c.

4, Zed A. Shaw. Learn Python the Hard Way [Tekcr] / Zed A. Shaw. -
Upper Saddle River, NJ: Addison-Wesley Professional, 2013. - 320 c.
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PO3POBKA HEMPOHHOI MEPEXI JIJISI KEPYBAHHSI CUCTEMOIO
PO3YMHOI'O BYUHKY B ABTOHOMHOMY PEXHUMI

Cononosnuk 10.1O
HaykoBuii kepiBHUK — K.T.H., mpod. Hemuenko B.I1.
XapKiBCbKUI HalllOHAIBHUN YHIBEPCUTET PaIiOCIEKTPOHIKH
(61166, Xapkis, npocn. Hayku,14, kad. ATIOT, ten. (057) 702-13-26)
e-mail: yurii.solodovnyk@nure.ua, dakc (050) 552-93-59

Development of a neural network to automate a smart home system in the
absence of owners and power outages. Analysis of the environment, taking actions
based on the data received.

Beryn. Ocrannim yacom Habupae nonyssgpHocTi konueriist [oT (Intepuer
pedeil), 1€ MpUCTPOi MOXKYTh CIUIKYBATHCS OJIMH 3 OJAHUM 0€3 B3aeMOJIl 3
moaeMu a Takoxk Cyber Physical Computing ta loT-driven Services [2]. Lle
3HAYHOIO MIPOIO 3aBJSIKA MPOTpecy TOTOBUX amapaTHUX IIaTPopM, TaKUX SK
Arduino, Raspberry Pi, ESP8266. B pe3ynbrari 11€ 103BOJIsIE OyIMHOK O1JIbII
aBTOMATU30BAaHUMH Ta aJalTOBAaHUMH, BUKOPHCTOBYIOUM TaKi MPHUCTPOi, 5K
CreriajibHl CUCTEMH KOHTpPOJIIO OCBITJIEHHS Ta Temneparypu. Kommanis IDC
BUSIBUJIA, IO KUIBKICTh MPUCTPOIB 711 po3yMHOTO OyauHKY B 2020 poiri gocsria
801,5 MJIH ITYK, U0 CTAHOBUTH 30ubIIeHHS HA 4,5%. Takox BUSBWIOCH, IO
PUHOK TEXHOJOTIH «PO3YMHOTO JOMY» OIliHIoBaBcs $77,3 wupn, mio
HiATBEP/KYE aKTYaIbHICTh poOOTH B 11iit cepi [1-2].

[Ipore icHye HHM3Ka 3aBJaHb, SKI BaXXKO BUPIIIHUTH TPAJAULIAHUMHU
aHAJITUYHUMH Ta PO3PAXyHKOBUMHU MeToJaMH. € 3ajaadi, sIKi MICTATh JECITKH,
COTHI, @ YacTO THUCSYl PI3HUX TapaMmeTpiB. 3HAXOJMUTH JIOT14HI 3B'SI3KH a0O0
OyayBaTH pillleHHS Ha OyAb-SKOMY allrOpPUTMI € 3a3BUYail Jy>Ke CKIIAIHO,
HAMPUKJIA] aIroput™m ifeHTHdIKAil o0Juyds 3a 300paKEHHAM TOTpedye
BpaxyBaHHs OaraThoX (hakTopiB. Uepes 11e icCHye HEOOXITHICTh BUKOPHUCTAHHS
HEHPOHHMX MEpeX. Y CydacHil MpakTUlll BOHU BUKOPUCTOBYIOTHCS SIK YACTHHH
MIJICUCTEM B QJITOPUTMIYHUX CTPYKTYpax, OCKUIBKA BOHU HE MIIXOIATH JJIS
3a0e3nedeHHs 3arajabHoi cucteMu [3]. LITydni HEHpOHHI MEPEXKi MPEICTABISIOTh
c00010 a0CTpaKTHUN METOJI, IKHIl MO>KHA TTOPIBHATH 3 MOKJIMBOCTSIMU 00pOOKU
JTaHUX JIOJCHKOTO MO3KY. METOI0 TOCIIHKEHHS € TOCHTIKSHHS MOMXJIMBOCTEH
BUKOPHCTAHHS MITYYHOTO IHTEJCKTY JUII aBTOMAaTH3allil Ta BIPOBA/KCHHS iX B
CHUCTEMYy pO3YMHOTO OYIWHKY, SKHH aBTOMAaTHYHO KOHTPOIIOBATHME i
nepeHaBYaTUME CBOI KOMITOHEHTH, a TAKOK 3a0e31euyBaTUMe 3BOPOTHHH 3B'I30K
y PEKUMI PeanbHOro 4yacy.

3MmicT pocaimkenHs. [[ns iMruieMenTairii HEHPOHHOI MEPEkKi B CUCTEMY
«Po3ymHOr0 1OMY» CI1ij1 BpaxoByBaTH Taki (haKTOPH:

MosknuBOCTI 1HTErpallii HEeHPOHHOI MEpEeXi B ICHYHOUY 1HOPACTPYKTYpPY
PO3yMHOTO OYJWHKY Ta 11 B3a€MOIII0 3 IHITUMU KOMIIOHEHTAMH CUCTEMU, TAKUMH
sk [oT mpuctpoi, miardopmu yrnpaBiiHHS TOIIO.
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Croci6 BUKOPUCTaHHS HEMPOHHOT MEpexi IJisl aHaNi3y JaHUX, OTPUMaHUX
BiJl JATYMKIB, TaKUX fAK JaTYUKU PyXy, AATYUKU TEMIEPaTypH, NATUYUKU
BOJIOTOCTI Ta 1HIII, 11100 BUPINTYBaTH 3aBJaHHs, TaKi SK BUSBJICHHS MPUCYTHOCTI
JI0JIeH B KIMHATI, KEpYBaHHS OCBITJICHHSIM Ta TEMIIEPATypPOrO B KIMHATI 1 T.I.

BukopucTaHHs ICTOpUYHUX JAaHHMX, OTPUMAHMX BiJ JATYUKIB PO3YMHOTO
OyAMHKY, JIJIs1 HABYaHHS HEHPOHHOI Mepexi, 00 BOHA MOTJIa MPOTrHO3YBAaTH Ta
aBTOMATH3YyBaTH YIPABIIHHS MPUCTPOSIMH B po3yMHOMY OyauHky. Hampukian,
NPOTHO3YBaHHSI CIIOKMBAaHHA €JEKTpOeHeprii st onTumizamii  poOoTH
CJIEKTPOHHUX TMPHUCTPOiB Yy OyauWHKYy ab0 TMPOTHO3YBaHHS TMOTpPeOHM B
OTaJICHHI/KOHIUIIOHYBaHHI TOBITPS [UIsI PETYJIOBaHHS TeMIEpaTypud B
KiMHaTax.

[TopiBHSIHHSA €(dEKTUBHOCTI BUKOPUCTAHHS HEMPOHHOI MEpexi 3 1HIIUMHU
METOaMH OOpOOKH JTaHUX, TAKUMHU SIK JIIHIAHA perpecis, AepeBo pIlieHb 1 T.1.
BU3HAYCHHS HANOUIBII €()eKTUBHOTO METOTY.

TecTyBaHHSI CHUCTEMH, BUKOPHUCTOBYIOYM HaOlp JaHUX, OTPUMaHUX BIJ
JMATYUKIB PO3YMHOr0 OYJIWHKY, MJIs OILIHKKA TOYHOCTI, MPOJYKTUBHOCTI Ta
HaJIIHHOCTI HEMPOHHOI MEPEXXi B CUCTEMI PO3YMHOTO OYJIUHKY.

OmiHka MOXJIMBUX HaOpsIMIB JJIsI  TOJAJIBIIOTO0 PO3BUTKY CHCTEMH,
BKJIIOYAIOYM MOXJIMBI MOAUQIKaIi Ta TMOKpAIIeHHs HEWPOHHOI MEpexi,
IHTErpanil0 HOBUX JATYMKIB Ta MPUCTPOIB, a TAKOX I1HIII MEPCIEKTUBHI
HANPSIMKH JIJIS1 PO3BUTKY CUCTEMH PO3YMHOTO OYAHHKY.

BucnoBok. HaykoBa HOBM3HA MOJIATAE y JOCTIIHKEHH] aJITOPUTMY Ha OCHOBI
HEHPOHHOI MepeX1 AJI1 CTBOPEHHSI CUCTEMU PO3YMHOT0 OYJMHKY, SIKa HA OCHOBI
JaHUX, 310paHUX 3 OTOYYIOHOr0 CEpPEAOBMINA, MAa€ POOUTH PILIEHHS LIOJ0
KOHTPOJIIO CUCTEMH 3arajioM. MOXJIMBICTh HaJaBaTH MEPCOHATI30BaH1 QyHKITIT
MIPOCTO IIIIXOM BUBUCHHSI KOHKPETHUX YITOJA00aHb 1 MOBEIHKK KOPUCTYBAUIB €
BEIUYE3HUM (DAKTOPOM, KM CHIPOIIYE SIK MOBCSIKIECHHE XKHUTTS OpeHIapiB abo
BJIACHUKIB OYJIMHKIB, TaK 1 poOOTY, MOB’s3aHy 3 HAJAAHHSIM TaKOTO POJY MOCTYT.

Crcok BHUKOPHUCTAHUX JZKCPCII:

1. Hemuenko B., Uymauenko C., [oT. ba3osi texnomorii. Bua-so XHYPE,
2020.

2. Hahanov V. Cyber Physical Computing for loT-driven Services. New

York. Springer. 2018. 279 p.
[https://www.springer.com/gp/book/9783319548241]

3. Deco, G. & Schuermann, B., Information Dynamics: Foundations and
Applications, Springer,ISBN 0-387-95047-8, Berlin Heidelberg, Germany, 2001
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As mobile applications become more complex, the need for efficient and
scalable data storage solutions becomes increasingly important. In the world of
Android development, Room database has emerged as a popular option for
developers to store and manage data. This paper explores the advantages of using
Room database as a data storage solution in Android applications. It examines the
features and capabilities of Room database and compares it to other traditional
data storage options such as SQL.ite.

Bigomo, 1m0 iHmycTpis MOOUTPHUX 3aCTOCYHKIB € OJHIEI0 3 HaWOLIbII
IIBUJIKO3pOCTarounx. MoOUIbHI TEXHOJIOT1] € aBTOHOMHHM, KOPUCHHM 1 JI€BUM
MapkeTUHroBuM iHctpymeHToM [1]. Ilix wac manpemii COVID-19 mupokoro
PO3MOBCIOIKEHHS Ha0yu 1u(poBi pitieHHs B chepi MOOIITBLHOTO 30poB’s (m-
health). 30inbmIMIOCH 3aCTOCYBaHHS PI3HOMAHITHUX LHU(PPOBHX CEPBICIB B
OAaHKIBCBHKIWA, JEpXaBHIM, MyHIOUNAIbHINA, KOMYyHaJpHIA Ta 1H. Take
npUCKOpeHHs 1upoBoi TpaHcpopMmauii crnoHykae 10 oOHoBieHHS [T
1H(PACTPYKTYpH, a BiJA pPO3POOHHMKIB — BIPOBAHKEHHS  €PEKTUBHUX 1
MacmTaboBaHUX pilIeHb [2, 3].

BaxnmuBuM KOMIIOHEHTOM MOOUIBHMX JOHATKIB € JIOKaJIbHI 0a3su JaHuX.
Po3po0OHMKY BUKOPUCTOBYIOTH JIOKAJIbHI 03U JaHUX ISl HAJIAHHS KOPUCTYBavYam
MOOUIBHUX MPUCTPOIB MIBUIKHM 1 O€3MEUHMI CEPBIC 31 30€piraHHs Ta JOCTYIY A0
naHux. BomHouac, pe3yiabTaTH OOCHiKeHb [4] cBiguaTh, 110 BHKOPHUCTAHHS
JOKanbHUX 0a3 JaHUX € OJHUMH 3 HAUOLIBII €HEePrOEMHUX KOMIIOHEHTIB Ha
MOOUIBHUX TPUCTPOSIX, a HempaBwibHe BUKopucTanHs ixHiX API (Application
Programming Interface) moxe mpusBecTu a0 NpoOieM 13 NPOAYKTHUBHICTIO Ta
0€3IeKOl0.

¥ Android-po3po0Oui 0a3a nanux Room crae momysisipHUM BapiaHTOM st
YIOPABIIHHS CXOBUIIEM JaHUX. Room — 11€ jierke, ruydke Ta eeKTUBHE PILICHHS,
sake moOyaoBaHe Ha ocHOBI SQLite 1 Mae psig mepeBar Haja TpaJUIIHHUMU
BapiaHTaMu 30epiranss naHux [S]. OngHiero 3 oCHOBHUX ocoOnuBocTedt Room €
nepeBipka SQL-3anuTiB MmiJ 9ac KOMOUIAINT, a HE MiJ yac poOOTH 3aCTOCYHKY.
[Ipy 1pOMY BIpPOTIAHICTE TOTPAIUISHHS TOMIIIKH, mOB’s3aHO0i 3 bBJI, 10
KOpHCTyBaua — MiHiManbHa. Takox, Room 3a0e3neuye mpocTtoTy Ta 3py4HICTb
BUKOPUCTAaHHS IIUISIXOM 3aCTOCYBaHHS aHOTAIlli JJIsS OIMUCY CTPYKTYpU Oasu
JAaHUX Ta B3aeEMOJIi 3 Heto B Kofl. e m03Bosisge po3poOHUKY MIBUAKO Ta JIETKO
CTBOPIOBATH Ta HAJAINTyBaTH Oa3zy maHux Oe3 momarkoBux 3amutiB SQL.
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[TepeBipka BiI0OyBa€ThCS 3a TOMMOMOTOIO aHOTAIIIM, K1 3aJJal0ThCS JIJIsI KOKHOTO

eJIeMEHTY, oB’si3aHoro 3 /1.

B minomy, Room MicTUTh TpH pi3H1 KOMIIOHEHTH:

— “Entity” — Tabmuug B 0a3i gaHux, Hampukiaan (@Entity(tableName =
"note table"). B cepenuHi kiacy, SIKMM OMHCY€ J1aHy TaOJHUII0, MOXYTh
mictuTHcs aHoTaiii @PrimaryKey, @Columnlnfo() ta ixmre;

— “Dao0” — meroau (3amutu). AHoTauii Dao MOXyTh OyTH HACTYIMHUMU:
@]Insert(), @Delete, @Query() Ta iH. B gyXKkax 3amar0ThCs AeTall 3aMuTY,
Hanpukian “SELECT * FROM note_table”. [Ipu ibomMy, METO, TO3HAYEHUI
I[i€}0 aHoTaIliero, Oyne mMmoBepTaTH aOCOMIOTHO BCI 3almUCH B TaOJIHII
“note_table”;

— “Database” — aHortalis, sKa MICTUTh 0a3y JaHUX, € OCHOBHOIO TOYKOIO
JOCTYITY JIJIsl TIKITFOUEHHS JT0 30€peKEHUX JTaHUX TTPOTrPaMH.

Takum ymHOM, 3acTocyBaHHA 0a3 JaHuX Room m03Boiisie po3poOHUKAM
MIJBUIIUTH TPOJYKTUBHICTh 3aIUTIB, 3MEHIIUTH BUKOPUCTAHHS MaM’ sTI Ta
MOKPAIIUTH Yy3TOJKEHICTh JaHux. BukopuctanHs Room pazom 3 iHmMMH
oi0morekamMmu Android 103BOJISIE 3MEHIIUTH KIJIBKICTh ITAOJIOHHOTO KOAY 1
M1JBUIIUTH 3arajibHy MPOJTYKTUBHICTH CBOIX JTOJIATKIB.
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The article discusses the importance of choosing the right game engine for
developing 2D platformers, as it can significantly affect the game's development
process and quality. The most popular game engines, including Unity, Unreal
Engine, GameMaker, Godot, and others, were compared based on criteria such as
movement mechanics, character controls, graphics and sound quality, cost,
flexibility, and platform support.

The analysis shows that each engine has its own strengths and weaknesses,
and the best choices for developing 2D platformers are Unity, Godot, and
GameMaker. The article highlights the features of each engine and advises
developers to choose an engine that is convenient to work with and best suited for
their project.

2D mnatdopmepu € OAHMM 3 HANOUIBIN MOMyISIPHUX >KAaHPIB B Talysi
BIJICOITOp, IO Ja€ MOXJIMBICTh MNPUBAOUTH BEJIMKY KUIBKICTh TpaBIIiB.
[MopiBHsiHHS pyuIiiB s po3podku 2D mmardopmepa € gyxe axTyaabHUM
3aBJAHHAM JJIsi PO3POOHMKIB, OCKIIBKM BHOIp ITpPOBOTO PYIIIiS Ma€ BEJIUKHIA
BILJIUB Ha MPOIIEC PO3POOKH IpH Ta ii SIKICTb.

Jlns nopiBHSHHS Oyj10 0OpaHO HaWmomyJspHimN icHyrodi pyrri: Unity,
Unreal Engine, GameMaker, Godot, RPG Maker MZ, Construct 3, Stencyl,
Buildbox, GDevelop.

KoxeHn 3 1iux pymriiB 0yso nmpoaHaii3oBaHO 3a TAKUMU KpuTepisimu: Pyxosa
mexaHika, KepyBanns mnepconaxem; PoGora 31 mapoBumu 00'€kTamu;
JIOCTYIHICTD: JIETKICTh BUKOPUCTAHHA Ta JOCTYIHICTb J1J1s1 PO3POOHUKIB 3 PI3HUM
piBHEM J10cBiny; BapricTb: BapTiCTh JIIIEH3yBaHHS Ta IHIIUX BUTpaT Ha
BUKOPUCTaHHS 1rPOBOT0O pyuisi; PO3BUTOK: aKTUBHICTh PO3BUTKY Ta OHOBJICHHS
irpoBoro pyiuisi; DOyHKIIOHAIBHICTh: KUIBKICTh Ta SIKICTh 1HCTPYMEHTIB,
JOCTYITHUX JUIsl pO3POOKH I'pH, HASIBHICTh (Pi3UyHOTO pyuist; [IpoyKTUBHICTS:
HIBUKICTh Ta €(PEKTUBHICTH POOOTH IFPOBOI0O pyIIisi; ['HYUKICTh: MOXKIIMBICTb
3MIHIOBaTH Ta HAJAIMTOBYBAaTH (PYHKIIIOHAJT IrpoBOTO pymris; AKicTh rpadiku:
AKICTh Tpadiku, MO MOXKe OyTH JOCSATHYTa B IrpoBOMY pyIii; SAKicTh 3BYKY:
SKICTh 3BYKOBOT'O CYIIPOBOJY, fIKa MOXK€ OyTH JOCATHYTa B irpOBOMY pYIIIii;
Hamiiigicte Ta Oe3meka: MOIMBOCTI 3a0e3rnedeHHs Oe3lMeKd Ta HaIlWHOCTI
poboTu irpoBoro pytrist; JIETKICTh CTBOPEHHS KOPUCTYBAILKOTO 1HTEpdEHCy;
[TigTpumka kouTponepis; [linTpumka pi3HUX MIATHOPM.
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3aranbHUi BUCHOBOK 3 TOPIBHSIHHS ITPOBUX PYIIIIiB HA OCHOBI PO3TJISIHYTHX
KpUTEPIiB MOKA3Ye, 110 KOKEH ITPOBUI pyIlll Ma€ CBOI MEpeBaru Ta HEAOJIIKU B
3QJICKHOCTI  BIJT KOHKpETHHMX moTped po3poOHuka. s po3podku 2D
maTdopMepa MOKYTh OYTH BUKOPHCTaH1 pi3HI irpOBi PyIIIii, aje HalKparil 3 HUX
- Unity, Godot Ta GameMaker.

Unity mMae 6arato KOpUCHHUX (YHKI[IM Ta 1HCTPYMEHTIB, SIKi JO3BOJISIOTH
JIETKO CTBOPIOBATH TPy, BKJIOYaroud riaTdopmep. € miaTpuMka OaraThbox
wiatopm Ta MOB MPOTpaMyBaHHS, IO JO3BOJISIE PO3POOHUKAM 3 PI3HUM PIBHEM
JocBiny 3HaWTH cBiMl musx. Ha xanp, BapTicth minensii Unity moxe OyTH
BHCOKOIO JIJISl HE3aJIEKHUX PO3POOHHUKIB.

Godot Takoxk € AyXe MOTY>KHUM ITPOBUM JABM)KKOM 3 BiJIKDUTHUM BUX1THUM
KoJIoM, 10 3a0e3medyye OE3KOIITOBHY JIIIEH31I0 Ta 3abesnedye OaraTo
IHCTpYMEHTIB 11 po3poOku 2D mnardopmepiB. Godot mae npoctuii iHTEpPeEiic,
JPYKHIU 1711 HOBAYKIB Ta JIOCBITYCHUX PO3POOHUKIB, & TAKOXK MIATPUMYE Oarato
MOB IIpOrpamMyBaHHs Ta miatdopm.

GameMaker mae nerkuit iHTepeiic Ta Tyxe JOCTYIHI I[IHU, IO JO3BOJISIE
PO3pOOHKKAM 3 pi3HUM PIBHEM JOCBITY JIETKO CTBOPIOBATHU IIIAT(HOPMEPH Ta 1HIIT
BUJIU irop. € MIATPUMKA PI3HUX MOB MPOrpaMyBaHHs Ta MIATHOPM.

Ocraroynuii BUOIp pyIIiO 3aJ€KUTh BiJ] 0OCOOMCTUX BMOJ00aHb, TOCBIAY,
(1HaHCOBHUX MOXJIMBOCTEN Ta NOTPeO. B3arami, pekoMeHay€eThC BUOPATH PYILI,
3 SIKMM 3PYYHO TPAIIOBATH Ta SIKUW HAMKpaIle MAXOIUTh AT POCKTY.
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The model of xor-relationships for digital circuits is considered, which
allows to solve the problems of technical diagnostics, generative machine
learning, search for similarities-differences between processes and phenomena.
The advantages of a vector universal model for a compact description of
processes, phenomena, functions and structures are determined.

HaykxoBo-TexHiuH1 TeHJIEHIIi Y CBITI HIOPIYHO aHAMI3YIOThCSA €KCIIepTaMu 3
komranii Gartner [1]. 3 TpancopMmaniifHUM PO3BUTKOM HAYKH 1 CYCHIJIbCTBa
BUHUKA€ Ta EBOJIOLIOHYE OaraToBUMIpHA pEaJbHICTh, IO MPU3BOAUTH JI0
3apOJKEHHSI Ta PO3BUTKY P13HUX Ki0epripocTopiB. DyHAaMEeHTaIbHIM HayKOBUM
3aBJAHHAM € PO3KPUTTSI OCHOBHHMX IHKEHEPHUX MEXaHI3MIB Ta MPUHLHUIIIB, SIKI
CTPYKTYPYIOTh Ta PO3BHBAIOTH PEANbHICTh, 110 BHHUKAE Ta PO3BUBAETHCA Yy
cyber-social-nature Bumipax.

VY TexXHIYHIN J1arHOCTHIII BUKOPUCTOBYIOTHCS TPH OCHOBHI (popMu omnucy
MPOLIECIB Ta SBUILL: TaOJIMYHA, aHAJITUYHA, Tpadosa [2, 3]. [Ipu upomy maTpuis
1 BEKTOp € AB1 (OpPMU OMUCY MOJAENEH, 110 ePeXoasiTh ApYyT B Apyra. Bektop €
KOMIMAaKTHUM  BHJOM TaOJWIll ICTHHHOCTI 'y BHUIVISAI  BIOPSAKOBAHOI
MOCJTIIOBHOCTI CTaHIB BUXOJY, AKIIO BX1JHI KOMIIOHEHTH aJpECH BIOPSIKOBaHI
3a 3poctaHHsM [4]. Marpurs, npu HEOOXIIHOCTI, NEPETBOPIOETHCS HA
OJTHOMIPHUI BEKTOP JIJIsl 3pyYHOCTI NapaieabHOi 00pOOKH JaHUX HA PETICTPOBIi
nam'ati. [IpupomHo, MOCUTH TPOCTO BIAHOBUTH TaOJUII0O YU MATPUIO 3
BEeKTOpHOI (popmu omucy mporiecy. Jlami BEKTOp BHKOPUCTOBYETHCS SIK (opma
omucy o0'exta. Ilpu 1mpOMy MeTpuMKa BHUMIPIOBAHHS TIPOIECIB Ta SBUI Y
JUCKPETHOMY  JIBIMKOBOMY  TIpOCTOpi  ONEpye  TpbOMa  aKCiOMamu
(peyieKCUBHICTh, CHMETPUYHICTh Ta TPAH3UTUBHICTD) HUKIIYHOI 00 3aMKHYTOI
B3acMO1l MK KOMIIOHEHTAMHU.

JlenyKkTHBHE MOJENIOBaHHS, 3alpolOHOBaHE ApPMCTPOHIOM, JOCI €
3aTpe0yBaHUM 3acO00M aHaI3y SKOCTI TECTIB Ta CUHTE3y TaOJIWLb JJIsl MOIIYKY
nedekrtiB. KpiMm Toro, nanuii Metoa Moxe OyTH €(pEeKTUBHO BUKOPUCTAHUN IS
aHai3y BHOOPUYOi AaKTUBHOCTI NUISXIB MPUUHATTSA pilieHb Oyab-sSKoi Kidep-
COIIIAJIbHOI CUCTEMH, SKa TPEJCTaBlieHa €JIeMEeHTaMH JoTiku. Y [5]
MIPOTIOHYETHCSI KOTO peaizallisi Ha OCHOBI BEKTOPHOI ()OPMHU OIHCY JIOTIKH, sIKa
JTa€ MOXJIMBICTH CYTTEBO CIPOCTUTHU aJTOPUTMHU JEAYKTHBHOIO MOJEITIOBAHHS 3
METOI0 OOpOOKM MHU(PPOBUX CXEM BEIUKOi po3MipHOCTI. TpukyTHHK XOR-—
BITHOILIEHh € OCHOBOIO Ta BHUKOPUCTOBYETHCS JIsi BEKTOpPHOI Moaudikarii
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JEAYKTUBHOTO (1IeTyKTUBHO-BEKTOPHOTO) METO1Y MOJICIIIOBaHHS
HECITPABHOCTEN.

Posrnsmaerbess AeAyKTUBHUM aHali3 JIOTIYHOI CXeMH Uil IidpoBoi
CTPYKTYPH 3 YOTHUPHOX E€JIEMEHTIB, KOKEH 13 SIKUX MpeJcTaBiIeHu Q-BeKTOpOM
OMHCY CTaHIB BUXIAHUHN 3MIHHOI Y Y BIJIMOBIAHIN TaOIMIN ICTUHHOCTI. 3aBIaHHs
HoJisira€ B TOMY, 100 Ha BXIJHOMY JABIMKOBOMY HAOOpl BHU3HAUUTHU CIUCOK
BXIJIHUX HECTHPABHOCTEH, sIKi OyIyThb TPAHCHOPTOBAHI BiJ KOXHOTO BXOIY [0
BUxomy cxemu. /[l po3B’s3aHHS i€l 3amadi HEOOXiMHO TOOymyBaTu
IU3'IOHKTUBHI ~ HOpMalibHI  (OpPMHU  TPAHCIIOPTYBaHHS  BXIJHUX  CIIHCKIB
HECTPAaBHOCTEW depe3 KOXKeH eneMeHT cxemu. CKiamaeTscss TaOnuis, sKa
MICTUTBh BEKTOPHI Mpoleaypu oOpoOku Q BEKTOPIB €JIEMEHTIB ISl OTPUMAaHHS
JNEAYKTUBHUX (POPMYIT Ha KOKHY JIBIHKOBY JiIO.

BripoBaiykeHHsI BEKTOPHO-/I€YKTUBHOI'O METOJIy B CUCTEMY aBTOMaTHU3aLlli
IPOEKTYBaHHS UPPOBUX CXEM JO3BOJIUTH CYTTEBO CHPOCTUTH METOJIU OLIIHKU
SKOCTI TECTIB, a TAKOK 3MEHIIUTH Yac MPOXOJKEHHS MPOEKTY MPH OLIHII HOTOo
SAKOCT1 3a paxyHOK TNapalieTbHUX BEKTOPHUX MPOLEAYyp TPAHCIOPTYBAaHHS
CIUCKIB HECNpaBHOCTEH 10 BUXOJIB cxemu. KibepcolianbHa iHTeprpeTaris
OTPUMAHOI'0 Pe3yNbTATy MOJIATAE B TOMY, 1110 KOXKHY CXEMY MOKHA pO3IJIAaTH
MEXaH13M NPUNUHATTA PILIEHHS y COL1aJbHO-JIOTIUHIA CTPYKTYp1 YIPABIIHHS.
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This work is devoted to finding the most convenient way to control a
microcontroller device from the point of view of user experience. The common
approaches to writing such software are considered and, based on their
shortcomings, the use of a Web application as a control interface is proposed.
Additionally, the prospects for launching such an application locally within the
microcontroller are considered, which will allow connecting to such an interface
from any device in the current network.

[Tin yac Bukopuctanus npunagiB loT (Internet of Things) akTyanbHuM €
MUTaHHS BCTAHOBJICHHS 3pYYHOTO Ta €(DEKTUBHOIO HAJAITYBaHHS a00 MPSMOTO
KepyBaHHS mTpUCTpoeM. OIHUM 3 OUYEBHIHUX pIlIEHb € PO3MIIICHHS
MaHIIYJISITOPIB HA KOPITYCl MpUiIaAy, 3a JTONOMOTOK SIKHX MOXJIMBO 3a/1aBaTH
JIOTIKY Moro poOoTH, BMUKaTH a00 BUMHKATH MEBHI (yHKII1, Tomo. Hexomikom
TaKOTO MIAXO0AYy € HEOOXIJHICTh Oe3MOCEepeTHhOr0 KOHTaKTa KOPHUCTyBaya i3
IPUIIAZ0M, IO HE 3aBXK/IU € 3pYIHUM 200 MOKITUBUM.

JIns1 BiAianeHoro KepyBaHHsI ICHy€ MporpaMHe 3a0e3MeueHHs, 10 3JaTHE 3a
JIOTIOMOT'O10 JIOKQJIBHOI MEPEsKi HalaBaTH KOMaHIU MPUCTPOI0, a00 OTPUMYBATH
Ta BIITBOPIOBATH JlaHi 3 HHOTO. [li7 yac po3poOKu TakuxX MporpaM BHUHHUKAIOThH
BUMOTH JI0 X YHIBEPCAJIBHOCTI, ajike 0 Mepexi 3 [oT npunagoM MoxXyTh OyTu
MIIKITI0OYEHI KOMIT' I0Tepu ab0 MOOUIbHI MPUCTPOi 3 PIZHUMH OlEpaIiiHuMU
cuctemamu. OTxKe, aKTyaTbHUM € MUTAHHS BUOOPY TEXHOJIOT1i HAMTMCAHHS TAKOTO
iHTepdeicy KkepyBaHHS, 1110 HAAACTh BUCOKUHN CTYMIHb KPOCIUIAT(HOPMHOCTI.

Cepen cydacHHX TEXHOJIOTIH JJIEPOM 3 TOUKHU 30py KpOCIIAaTHOPMHOCTI €
Web nomatku. 3aBasku BUKOPHCTAHHIO TilIEPTEKCTY, BOHM HE TOTPEOYIOTH
THCTAJISAIIT Ta IX 3alyCK HE 3aJIeKUTh BiJl ONepaliiHOl CUCTEMH KOPHCTyBaya Ta
noTpeOye Juilie BCTAHOBJICHHS 1IHTEpHET-0Opay3epa, TOCTYIHOTO JJi1 TOTOYHOTO
npuctpoto. Ille oaHOI0 MepeBaror Takoro MiAXOAy € MOXKJIUBICTh CTBOPEHHS
KOPUCTYBAIILKOTO 1HTEpQENcy BHCOKOTO pPIBHSA SKOCTI 13 BUKOPHUCTaHHSM
CKPHIITIB, HAITUCAHUX 3a JonomMoroto JavaScript.

BaxnuBor pucoro Web nomatky € Toil (akt, Mo HOro BUXIIHUN KO
30epiraeTbCcsi Ha cepBepl, KOTPUU 3a 3aMUTOM HAMAINUIE JaHl KIEHTY, TOOTO
Opay3epy. 3arajoM 1e 103BOJIUTh MIBUIKO IMiIKIFOYATHCS] HOBUM KOPUCTyBadam
6e3 30epiranHs ab0 3aBaHTAXEHHS MPOrpamMu A0 iX MPHUCTPOIO, aje TOoCTae
MUTaHHS PO3TOPTaHHS BIAMOBITHOTO CEpBepa.
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B pasi Bukopucranas Web noaTky y SKOCTI MMaHell yMNpPaBIIiHHS HEMae
HEOOX1THOCT1 y JIOCTYII O HBOT'O Yepe3 Ii100albHy MEPEKY, a OTXKE JOCTATHHO
3aIyCTUTH JIOKAIBHUI CEpBEp y Mepexi, B KM IJIaHYE€ThCS BUKOPUCTOBYBATU
[oT npunazn. [Ipote 3amyck Takoro cepBepa KOPUCTYBadyeM € HEIOIIBHUM Ta
3arajoM HeKOpeKTHHM. OTxe, KpallluM pIIIEHHSM OyJ]le 1HTEerpyBaHHSA TaKOIro
cepBepa HampsIMy Y MIKpOKOHTPOJIEPHUN TPUCTPIil.

Texnomnoris NodeMCU Hanae BU4epIiHANA HAO1p IHCTPYMEHTIB IS 3aITyCKY
HTTP cepepy 3a nonomororo ESP8266. OueBnaHO, Takuil cepBep MaTUME y
COTHI pa3iB MEHIIy MOTY>KHICTh 3a peaibHl XocTUHTH Web noaatkis, ane iioro
pECYpCIB IUIKOM JOCTaTHBO JJIsi 3aIyCKy IPOCTOTO JOMATKY, IO MICTHTH
BITHOCHO HEBEJIHMKY KUIbKICTh MAHIMYJSATOPIB ISl HaJAIITYBaHHS MPOLIECY
poboTHu puIay.

Takuif Moaynp Moke OyTH YacTHHOIO OUIBIIOrO MPHUCTPOIO  abo
CaMOCTIffHUM MiKpPOKOHTpOJIepoM. Foro HeBenKi po3MipH Ta HU3bKa BapTiCTh
J03BOJIsIE CTBOpIOBaTH JikicHO edektuBHI [oT mpunaam, mo He MOTPeOYIOTH
CKJIaIHOTO JI0JIaTKOBOTO 00JIaHaHHs a00 MPOLECY YCTaHOBKHU, IOCTATHBO JIUII
MIIKJITFOYEHHS JI0 JIOKATBHOT MEpexl.

[loenHanHs ~ MOXKJIMBOCTI BOynoByBanus  HTTP cepBepa  y
MIKPOKOHTPOJIEPHUI MPUCTPI Ta MOXIMBOCTeM cydacHux Web nomartkiB 3i
CTBOPEHHs 1HTEpdeEiiCy 13 BHUCOKHM pPIBHEM KOPHUCTYBAI[bKOI'O JOCBILY Ja€
IIYKaHU#M pe3ynbTar: 3py4Hy nanenb kepyBaHHs loT npunagom, mo moxe Oytu
3ammynieHa 3 0y/b-sK0i KUIbKOCTI IPUCTPOIB OYb-SKOTO popMary.

Moayne NodeMCU wmae MOXIUBICT, TMPUETHAHHS JI0 3BUYAKHHOI
0e31poTOBOI JIOKabHOT Mepexki, a Web 1o1aTok, 3anyiieHuii Ha BOyJoBaHOMY
HTTP cepBepi, Oyne He nuiie MOCTYMHUN [JIsi KOMIT IOTEPIB 3 OYIb-AKOi
OTEpaIlifHOI0 CHUCTEMOI0, TeleQOoHIB abo0 TUIAHIIETIB, ajieé W MICTUTUME
aJanTUBHUN TU3aliH, 1110 JI03BOJINTH HAJIaTH CTAOLTbHUI KOPUCTYBAIILKUI TIOCBi/T
JUUIS1 €KpaHiB OyIb-SIKOTO PO3MIpY.

Takoxx 0 Takoi maHedl KEepyBaHHS NIOCHTh MPOCTO OTPUMATH JOCTYIL:
JOoCTaTHBRO Tiepeitu 3a nocwiandsaM aapecu HTTP cepsepa NodeMCU y Oynab-
KoMy Opay3epi.

OTxe, BHUKOPUCTaHHS TiMEPTEKCTOBOTO JONATKy JJIsI KEpyBaHHSA
MIKpDOKOHTPOJIEPHUM TIPHCTPOEM € HE IIMIIE MOXKIWBUM, allé TaKOX Mae
HAWBUIIMIA TIOKa3HUK KPOCIIATQPOPMHOCTI Ta KOPUCTYBAIBKOTO IOCBITY Yy
MOPIBHSHHI 13 KJJACUYHUMH nporpamMamiu st Windows abo iHIIMX onepauiifHux
CHCTEM.

Croucok BHUKOPHUCTAHUX JZKCPCI:

1.Hoddie P., & Prader L. (2020) loT Development for ESP32 and ESP8266
with JavaScript: A Practical Guide to XS and the Moddable SDK. Apress.

2. NodeMCU documentation (2023, 12 «ksitHa) Getting started
https://nodemcu.readthedocs.io/en/release/getting-started/
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3D graphics are used to solve data visualization problems. However, it wasn't
until the advent of WebGL that web application developers were able to access
3D graphics. WebGL, a JavaScript API, allows developers to create 3D graphics
directly in a web browser without the need for plugins or other software. With
WebGL, developers can create complex 3D models, render them in real time, and
animate them. Although WebGL offers an impressive set of tools for creating 3D
graphics, working with WebGL is complex and difficult.

3D graphics have been around for decades to help solve data visualization
problems, but it wasn't until WebGL that 3D graphics became accessible to web
application developers. WebGL is a JavaScript API that allows developers to
create 3D graphics directly in the web browser without using additional software
or plugins. With WebGL, developers can create complex 3D models, render them
in real time, and even animate them. Although WebGL provides a powerful set of
tools for creating 3D graphics, it is quite complex and difficult to work with. This
IS where React comes to the rescue. React provides a simple and intuitive way to
create and manage complex user interfaces that may include 3D graphics.

One way to create 3D graphics in React is to use a library called Three.js.
Three.js is a JavaScript library that provides a set of tools and utilities for creating
and rendering 3D graphics in the browser. Three.js is based on WebGL, which
means that it provides a high-level interface for working with WebGL, making it
much easier to create 3D graphics.

To get started with Three.js in React, you need to include the Three.js library
in your project. Once this is done, you can create a Three.js scene and add objects
to it. Objects can be created using the built-in Three.js classes, or you can create
your own custom objects and import them to project. One of the key features of
Three.js is its ability to apply textures and materials to objects. Textures can be
images or videos applied to the surface of an object, while materials define how
light interacts with the object. Three.js provides a wide range of built-in materials,
including glossy, matte, and transparent materials.

In addition to textures and materials, Three.js also provides a powerful set of
tools for animating 3D graphics. Animations can be created using keyframes that
define the position, rotation, and scale of an object at specific points in time.
Three.js also provides a number of embossing functions that can be used to create
natural-looking, fluid animations.
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Overall, Three.js provides a powerful and flexible way to create 3D charts in
React. With Three.js, you can create complex and detailed 3D models, render
them in real time, and even animate them. Whether you're creating a game, a
rendering tool, or just adding some 3D to your website, Three.js is a great choice
for creating 3D graphics in React.

Another way to create 3D graphics in React is to use a library called react-
three-fiber. react-three-fiber is a lightweight Three.js wrapper that provides a set
of React components for creating and rendering 3D graphics. react-tres-fibra is
based on the React fiber architecture, making it highly efficient and high
performing.

To get started with react-three-fiber, you'll need to install the library and
import the necessary components. Once you've done this, you can create a three-
threaded React scene and add objects to it using JSX syntax. JSX is a JavaScript
syntax extension that allows you to write HTML-like code in JavaScript files.

One of the key features of react-three-fiber is its ability to create declarative
3D graphics. Declarative programming is a programming paradigm that
emphasizes describing the desired result rather than the steps required to achieve
that result. With react-three-fiber you can describe the 3D scene you want to
create using the React kit.

In conclusion, 3D graphics can add an extra dimension of interactivity and
engagement to web applications, and with the advent of new libraries, developers
now have the tools to create powerful 3D graphics right in the browser. By using
libraries like Three.js and react-three-fiber, developers can easily integrate 3D
graphics into their React apps and create stunning and immersive user
experiences. Whether you're building a game, a data visualization tool, or just
adding visual flair to your website, 3D graphics in React offers a new avenue for
creativity and innovation.
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Developers have many options to choose from when it comes to visualizing

data in React. Among them, Rechart and Victory are two of the most widely used
libraries for creating charts and charts in React. Using only one of these libraries
Is not always convenient and efficient. While both libraries have their advantages
and disadvantages, developers must consider many factors when choosing
between them.

React has become one of the most popular front-end libraries for building
web applications. When it comes to data visualization, developers have a wide
range of options to choose from. Two popular libraries for creating charts and
graphs in React are Rechart and Victory. While both libraries have their strengths
and weaknesses, developers must consider several factors when deciding which
library to use.

Rechart is a library for creating responsive and customizable charts in React.
It provides a wide range of chart types, including line charts, bar charts, and
scatterplots. Rechart is based on the D3.js library, which provides a powerful set
of tools for working with data.

One of the main advantages of Rechart is its ease of use. Rechart provides a
simple and intuitive API for creating charts, making it easy for developers to get
started. Rechart also offers a wide range of customization options, allowing
developers to create charts that match their design requirements.

Rechart has some drawbacks. One of the main problems with Rechart is its
performance. Rechart can be slow when working with large data sets, which can
affect the user experience. Rechart also has a steep learning curve when it comes
to customizing charts beyond the default options. This can complicate things for
developers who require highly customized graphics.

Victory is another library for creating charts and graphs in React. Victory
provides a wide range of chart types, including line charts, bar charts, and
scatterplots. Victory is based on the D3.js library, which provides a powerful set
of tools for working with data.

One of the main advantages of Victory is its performance. Victory is highly
optimized for performance, which means it can handle large data sets without
impacting the user experience. Victory also provides a simple and intuitive API
for creating charts, making it easy for developers to get started. Victory also
provides a wide range of customization options, allowing developers to create
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graphics to suit their design requirements. Victory provides a wide range of built-
in themes, making it easy to create graphics that match the overall design of your
application.

Of course, Victory also has some drawbacks. Victory can be less flexible
than Rechart when it comes to customization options beyond the default themes.
Victory also has a steeper learning curve when it comes to working with data,
which can make it more difficult for developers unfamiliar with data visualization.

When it comes to choosing between Rechart and Victory, developers have
to consider several factors. If performance is a priority and the developer needs to
work with large data sets, then Victory is a good choice. If ease of use and
flexibility are more important, Rechart may be the best option. Ultimately, both
libraries are highly capable, providing a wide range of options for creating charts
and graphs in React. Developers should choose the library that best suits their
needs and the needs of their project.

In addition to performance and ease of use, developers should consider
factors such as the specific chart types they need, the level of customization
required, and the availability of documentation and support.

Another factor to consider is the level of community support and the
frequency of updates and bug fixes for each library. A strong and active
community can provide valuable resources and support for developers.

When evaluating these libraries, developers should also consider the size and
complexity of their project. For smaller projects with simpler charting
requirements, Rechart may be sufficient. For larger projects with more complex
data visualization needs, Victory may be a better option.

It's important to note that Rechart and Victory are not the only options
available for creating charts and graphs in React. Other popular libraries include
Chart.js, D3.js, and Nivo.
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Android development does not stand still, and developers have to constantly

look for new solutions to improve the quality and efficiency of their applications.
One such solution is the use of a multi-module architecture in combination with
the Dependency Injection (DI) Dagger tool. This is an approach which allows to
break an application into separate modules each of which can be developed and
tested independently. We will look at the benefits of using multi-modularity in
Android development and how Dagger can help simplify this process.

Multimodularity is an architectural approach where an application is broken
down into multiple modules, each of which can be developed and tested
independently. This speeds up the development process, reduces testing costs, and
improves the overall structure of the application. The main advantage of multi-
modularity is the ability to develop and test individual modules independently.
Each module can have its own architecture and set of dependencies, making it
easy to make changes and add new features.

Another advantage is the ability to reuse code. Code written for one module
can be used in another, saving development time and reducing errors.

In addition, using multi-modularity improves the structure of the application,
making it clearer and easier to maintain. Dividing an application into modules
allows developers to focus on specific aspects of the application, which makes it
easier to understand its structure and improves its quality.

Another important aspect of implementing a multi-module approach is
managing the dependencies between modules. This is where Dagger comes in as
a powerful tool for dependency injection in Android.

Dagger is a popular dependency injection library for Android that allows you
to define dependencies in a clean and modular way. It works by generating code
at compile time to provide dependencies to classes that need them.

With Dagger, you can easily provide dependencies across different modules
and ensure that they are managed correctly. This means that you can keep your
code organized and decoupled, which makes it easier to maintain and extend your
application. To use Dagger in a multi-module Android application, you need to
define your dependencies in each module and then specify the dependencies that
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each module requires from other modules. This can be done using Dagger's
annotation-based approach.

To ensure that the "feature” module has access to the core functionality
provided by the "core" module, you need to define a dependency between the two
modules using Dagger. This can be done by creating a Dagger component in the
"feature” module that specifies the dependencies it needs from the “core” module.

Dagger also allows you to define scopes for your dependencies, which can
help you manage the lifecycle of your application components. For example, you
can define a scope for dependencies that should be created once and reused.

In addition to Dagger, there are other popular dependency injection libraries
for Android, such as Koin and Hilt. These libraries offer different approaches to
dependency injection and may be more suitable for certain types of applications.

In conclusion, implementing a multi-module approach and using Dagger for
dependency injection can greatly improve the organization and maintainability of
your Android application. By breaking down your application into smaller,
modular components and managing dependencies between them, you can reduce
complexity and improve scalability. Additionally, using a powerful tool like
Dagger can help you ensure that dependencies are managed correctly and make
your code easier to maintain and extend over time.
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The thesis considers the pros and cons of using bcrypt and AES for password

hashing and encryption. Bcrypt offers several advantages over other hashing
algorithms, such as a built-in mechanism to adjust the difficulty of hashing, called
a work factor, an automatic generation and appending of a salt to the password,
and a wide support by many programming languages and frameworks. AES offers
several benefits over other encryption algorithms, such as being a standard that
has been extensively tested and vetted by experts, being fast and efficient for
encrypting large amounts of data, and having various modes of operation to suit
different scenarios.

Data security such as passwords is an important aspect of authentication. In
this work, the most common encryption algorithms, bcrypt and AES, will be
discussed. Bcrypt is a hashing algorithm that transforms a simple plaintext
password into a fixed-length string of characters called a hash. Bcrypt also adds a
random value called "salt" to the password before hashing to prevent attackers
from using precomputed hash tables, known as "rainbow tables,” to crack
passwords. Bcrypt requires intensive computations, making it resistant to simple
attacks that attempt to guess passwords by hashing many possible combinations.

Advanced Encryption Standard (AES) is an encryption algorithm that
transforms a simple plaintext password into a variable-length string of characters
called encrypted text. Encryption is a two-way process, meaning you can recover
a password from encrypted text if you have the correct key. AES uses a symmetric
key, meaning the same key is used for both encryption and decryption of the
password. AES is a fast and efficient algorithm, making it suitable for encrypting
large volumes of data.

Berypt is a good choice for hashing passwords as it offers several advantages
over other hashing algorithms. First, bcrypt has a built-in mechanism for
regulating the complexity of hashing, called the work factor. This allows
increasing the time and resources required for hashing a password, as the
computational power of attackers increases over time. Second, bcrypt
automatically generates and adds salt to the password, making it difficult for
attackers to use rainbow tables or dictionary attacks to crack passwords. Third,
berypt is widely supported by many programming languages and frameworks,
making it easy to implement and integrate. Thirdly, AES supports different modes
of operation, such as CBC, CTR, or GCM, which provide different levels of
security and performance for different scenarios.
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However, Berypt is not without drawbacks. One of the main drawbacks of
berypt is that it is not compatible with some outdated systems or platforms that do
not support it. AES also has some limitations. One of the main issues with AES
Is that it requires secure management and storage of the encryption key. If the key
is lost, stolen, or compromised, you may not be able to access or recover your
encrypted passwords. AES is a good choice for encrypting passwords as it offers
several advantages compared to other encryption algorithms. First, AES is a
standard that has been rigorously tested and verified by experts and is considered
safe and reliable. Second, AES is fast and scalable, making it ideal for encrypting
large volumes of data or streaming data.

There are several best practices to ensure the security of passwords and
encryption algorithms. It is important to choose strong passwords and avoid using
the same password for multiple accounts. It is also important to keep passwords
confidential and avoid sharing them with others.

In addition, encryption keys should be securely stored and never shared with
unauthorized parties. It is important to use up-to-date encryption algorithms that
are tested and verified by experts to ensure their reliability and security.

Regularly updating passwords and encryption keys is also a good practice to
ensure continued security. Finally, it is important to stay informed about new
developments and vulnerabilities in encryption algorithms and take appropriate
measures to address them.
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Radar is a technology that uses electromagnetic waves to detect and locate
objects, such as aircraft, ships, vehicles, or missiles. Radar can also be used to
measure the distance, speed, direction, and shape of the objects. Radar can operate
in different domains, such as ground-based, airborne, or satellite. Each domain
has its own advantages and disadvantages, depending on the application and the
environment.

Requirements for the storage and processing of data will undoubtedly
increase along with the improvement of computing power. Currently, it is
common practice to collect large volumes of unprocessed data sets in digital
format for independent verification and future (open) access. Radar technology
has already allowed us to explore huge areas that would otherwise be inaccessible
to humans, whether within the ice cover or on the most remote Arctic ice floes.
The amount of information that can be extracted from radar data is still in its
infancy, and further progress in processing radar signals and interpreting data will
help reveal more understanding from within and beneath the ice.

Radar functions by transmitting and receiving radio wave pulses to
investigate the location and properties of a target. The distance from the radar
instrument to the target can be determined by measuring the delay of the radar
pulse there and back.

Radar instruments aboard satellites can be used to monitor the changing
Acrctic ice cover using satellite radar altimetry. Altimetry is a technique in which
the height of the instrument above the target surface is measured. In satellite radar
altimetry, distance is measured from the satellite to the Earth's surface. Then, the
height of the Earth's surface can be calculated by combining the distance
measurement with precise knowledge of the satellite's orbit. In the Arctic, satellite
radar altimetry has been used to measure the height of ground ice, oceans, and sea
ice. The application of this data includes estimating the mass of ice shields, ocean
circulation, sea ice thickness and volume.

Compared to satellite radar observations, measurements of Arctic snow and
ice taken with onboard radar missions create images with much higher spatial
resolution but at the cost of a smaller footprint. This can be useful for studying
individual glacier catchments, for example, to investigate local topography and
how relief shapes the flow and deformation of ice upstream. This is a key
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parameter in models predicting loss of land ice and sea level rise. Most onboard
radars are "side-looking," meaning the antennas are located under the fuselage or
wings of the aircraft and are mounted in such a way as to look perpendicular to
the aircraft's trajectory. Continuous scanning during the aircraft's movement
creates images that overlap in space, which can then be stitched together to create
a combined strip of the surveyed area.

Radio Echo Sounding (RES), another form of radar, works by transmitting
and receiving electromagnetic waves at certain frequencies or frequency ranges
to investigate the properties of ice. The propagation of radio waves through ice is
mainly controlled by the dielectric constant and conductivity of the ice material.
The contrast between these properties and other materials, such as water and
sediment, results in some of the radio waves transmitted through the ice being
reflected back to the radar receiver on the surface. This delay and mechanism of
(multiple) reflections allow for non-invasive observation of the ice base and layers
within the ice mass through appropriate processing of the received radar signal.

RES has been used extensively in the Arctic to investigate the properties and
structure of ice sheets, glaciers, and sea ice. By analyzing the reflected radio
waves, scientists can infer the thickness of ice and the presence of subglacial water
or sediment layers. These data are crucial for understanding the dynamics of ice
sheets and how they contribute to sea level rise.

RES data have also been used to investigate the formation and evolution of
sea ice in the Arctic. By analyzing the electromagnetic signals reflected from the
ice, scientists can determine the thickness and properties of sea ice, which is
essential for understanding the role of sea ice in the Arctic climate system.

The combination of RES and satellite radar altimetry data has been used to
create detailed maps of the thickness and volume of Arctic sea ice. This
information is important for understanding how the Arctic sea ice cover is
changing over time and how it may affect the climate system.
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In Android development, Dagger 2 is traditionally used for DI, which is a
very powerful framework with code generation. However, there is a problem: it's
difficult for beginners to use. The principles of DI themselves are simple and
understandable, but Dagger complicates them. One could complain about the
widespread decline in programmers' literacy, but that won't make the problem go
away. With the emergence of Kotlin, it became possible to write convenient things
that would be practically impossible to do using Java. One of those things is Koin,
which is not DI but a Service Locator, which is seen by many as an anti-pattern,
which is why many fundamentally do not use it.

Dagger is an open source Dependency Injection library from the developers
of okhttp, retrofit, picasso and many other great libraries well-known to many
Android developers.

The main advantages of Dagger (compared to Guice):

° Static analysis of all dependencies

° Detection of configuration errors at compile time (not just at runtime)

° No reflection, which significantly speeds up the configuration
process

° Relatively low memory usage

In Dagger, the dependency configuration process is divided into 3 major
blocks:

° initialization of the dependency graph (ObjectGraph)

° dependency injection requests (@Inject)

° dependency satisfaction (@Module/@Provides)

It is worth mentioning that in order for compile-time validation to work, it
is necessary to specify all classes (in the "injects" parameter) that request this
dependency.

Koin is easier to understand and implement. Here are some advantages of
using Koin as a dependency injection framework:

° Simplicity: Koin's DSL (Domain-Specific Language) approach
makes it easy to understand and use, even for developers who are new to
dependency injection. Its simplicity also makes it easier to debug and maintain.

° Lightweight: Koin is a lightweight framework with minimal
overhead, which means it has a minimal impact on performance and build times.
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° No code generation: Unlike other dependency injection frameworks,
Koin does not require any code generation or reflection, which makes it faster and
safer.

° Flexibility: Koin allows for a high degree of flexibility in
configuration, which makes it easy to switch between different implementations
of dependencies.

° Easy testing: Koin makes it easy to test dependencies in isolation by
allowing you to replace real implementations with mock objects.
° Android-specific features: Koin has specific features for Android

development, such as support for the Android lifecycle and easy integration with
Android Studio.

° Kotlin integration: Koin was built specifically for Kotlin, which
means it has excellent integration with the language and its features.

But Koin also have disadvantages. Compared to other more complex
dependency injection frameworks like Dagger 2, Koin has more limited features.
For example, it doesn't support lazy loading, custom scopes, or subcomponents.
Also Koin is primarily designed for use with Kotlin, which means that it may not
be as compatible with Java projects as other dependency injection frameworks.

In summary, Koin's advantages include its simplicity, lightweight nature,
flexibility, easy testing, Android-specific features, and Kotlin integration. It is a
great choice for small to medium-sized projects that require a simple and efficient
dependency injection framework.
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In paper will be considered new technology that enables developers to create

code that can be shared across different platforms such as Android, iOS, and web
applications. The technology offers several benefits, including faster
development, excellent interoperability with other programming languages, and a
range of tools and libraries that make development easier and faster. Additionally,
the technology is open source, allowing developers to contribute to its
development and improvement. However, there are also potential drawbacks to
using Kotlin multiplatform, such as challenges with optimizing code for each
platform and limited platform-specific functionality. Developers should carefully
weigh these factors when deciding whether to use Kotlin multiplatform or native
programming for their projects.

Kotlin multiplatform is a new, powerful instrument that is quickly gaining
popularity among developers. This technology allows developers to create code
that can be shared across different platforms, such as Android, iOS, and web
applications. With Kotlin multiplatform, developers can write once and deploy
everywhere, making development faster and more efficient.

One of the main advantages of Kotlin multiplatform is that it allows
developers to avoid writing separate code for each platform, which can be time-
consuming and error-prone. Instead, developers can write code in Kotlin and use
it across all platforms. This makes it easier to maintain codebases and ensures
consistency across different platforms.

Kotlin multiplatform also offers excellent interoperability with other
programming languages, such as Swift and JavaScript. This means that
developers can use Kotlin to build their applications and seamlessly integrate
them with other systems.

In addition, Kotlin multiplatform offers a range of tools and libraries that
make development easier and faster. These tools include code sharing, cross-
platform testing, and cross-platform debugging. With these tools, developers can
streamline their development processes and focus on building great applications.

Another advantage of Kotlin multiplatform is that it is an open-source
technology. This means that developers can contribute to the development of
Kotlin multiplatform and help to improve it for everyone.

Overall, Kotlin multiplatform is a powerful instrument that is changing the
way developers build applications. With its ability to share code across different
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platforms, its interoperability with other programming languages, and its range of
tools and libraries, Kotlin multiplatform is quickly becoming the go-to technology
for developers who want to build great applications quickly and efficiently.

However, there are also some potential drawbacks to using Kotlin
multiplatform. One of the biggest challenges is that it can be difficult to optimize
code for each individual platform. Because Kotlin multiplatform relies on a
common codebase, it may not be as efficient as writing native code for each
platform.

Another potential challenge is that Kotlin multiplatform is a relatively new
technology, so there may be some bugs or issues that have not yet been identified
or resolved.

Finally, while Kotlin multiplatform allows for code sharing, there may still
be some platform-specific features that cannot be replicated across all platforms.
This may limit the functionality of applications built with Kotlin multiplatform.

In summary, while Kotlin multiplatform offers a range of benefits, including
faster development, excellent interoperability, and a range of tools and libraries,
it also has some potential drawbacks, such as challenges with optimization and
limited platform-specific functionality. Developers should carefully consider
these factors when deciding whether to use Kotlin multiplatform or native
programming for their projects.
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In countries with emerging markets, users tend to steer clear of downloading
apps that appear too big, especially if their devices connect to slow 2G and 3G
networks or have limited storage capacity. It is crucial to consider the size of your
app to prevent these issues.

On markets with expensive internet and low-powered devices, the fight is
literally for megabytes. Whether to download your app or not depends on its size.
For example, the Opera developers are very proud that their app takes up only 8
MB. Minimize the number of libraries. First, unnecessary libraries should be
removed, and then third-party libraries should be abandoned altogether. They
simplify the work of developers, but it is unreasonable to connect a whole library
for the sake of a couple of convenient functions. Therefore, it is good practice to
describe the logic independently for the needs of each project. Of course, this
takes more time, more code, but significantly reduces the size of the program.

Do not keep libraries with similar functionality in the project. When using
libraries is inevitable, for example, when creating ads, you should look at what
libraries they contain inside. Perhaps it is worth giving up your favorite library in
favor of the one that already exists in another.

Use lightweight images. The resources of the program module - images, and
other things - often take up the most space. Reduce them. It is simpler than coming
up with where to reduce the size further.

Vector images are well suited for this - they consist of simple geometric
shapes, so they are both visually understandable and take up little space. Instead
of the standard package of five images for different display formats, you add one
vector. It changes size without losing quality. The downside is that the image
should be simple. A complex image can be drawn in vector, but this is not an
optimal option because it will still weigh a lot and load slowly. If the image is
complex, you can use WebP. This is a Google compression format that allows
reducing the weight of the image by almost 10 times.

Use tools for converting code. There is a great utility called Proguard, but
there are other options as well. In addition to transforming the code into an
unreadable state, it detects and removes unused resources, thereby optimizing it.

Use platform resources. For example, in Android, there is an internal class
of drawable objects that allows you to draw simple images inside the system
without adding anything to resources. Set the element creation logic, and it will
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be painted in the right place with the right size. This reduces the amount of code
and resources, making the application faster and smaller.

Use resources multiple times. For example, images that are duplicated in
different colors can be saved not as two copies, but as one with a color filter.
Searching for such optimization options may take time, but it is worth it to save
the minimum program size.

Use App Bundle - a type of application packaging where elements for each
user are collected individually not by the developer, but in PlayMarket. This
optimizes the size, because the platform knows the user's device type and
packages one suitable image. PlayMarket claims that this helps reduce the size of
the program by 30%. This is a good choice for those who do not want to bother
with previous options.

Optimize the speed of interface display - this is relevant for users with weak
hardware. Most often, the user interface is designed in an xml file - this is
convenient and fast compared to coding. This does not always have a good impact
on Ul processing time, especially on weak devices. This process can be slightly
accelerated by setting up layout in code. This way we will save time on the process
of converting xml layout to code. Alternatively, you can use the
AsyncLayoutlInflater class to make this process asynchronous. Perhaps the overall
processing speed will not increase, but at least it will make the user interface more
responsive.
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Google's decision to sever ties with Huawei has resulted in new Huawei

devices losing access to Google services such as the app store, maps, geolocation,
push notifications, and analytics, rendering the device useless for many users. If
Huawei were not a Chinese company, its Android business might have faced a
dead end. Nevertheless, Huawei is a large Chinese company and has pursued
import substitution by swiftly developing functionality similar to Google services.
This article provides an overview of the development of App Gallery and its
features.

After companies severed any ties (Google's partnership with Huawei), the
question of Huawei's continued existence sharply arose. It was proposed to create
their own platform and services. An overview of the features of this platform is
proposed.

Therefore, it is necessary to:

 Create a developer account, connect dependencies, prepare the code for
implementation.

* Integrate Huawei Analytics.

» Use Huawei's geolocation.

» Use Huawei Maps instead of Google Maps for AppGallery.

A little more detail about some steps. The code must be well-written and be
bug-free (although this is self-evident - why write code with bugs?). By "well-
written," we mean a more or less standard architecture that mimics Clean.

If the code with Google libraries is smeared evenly throughout the entire
project, then | have bad news for you. For example, you may not have an
abstraction over analytics and/or over Google coordinates. In this case, you will
have to introduce it to clean up the code from importing Google classes that will
be unavailable when we remove them from the assembly.

Using DI greatly simplifies abstraction over analytics and geolocation. We
use interfaces, passing the necessary implementation through DI.

Maps do not need to be overly customized. In particular, the main complexity
will be with abstracting over marker clustering. You need to register on a separate
website. Here you will need a passport/rights + a plastic card. It will take a day or
two to verify you, then the account will start working. If something goes wrong,
you will receive a message where the support will explain in detail. After
communicating with Google Play, everything looks very cool - Russian-speaking
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technical support responds quickly. Then it is necessary to accept the personal
data processing agreements.

We are creating a program project, specifying the package (also known as
Applicationld).

If we also need to implement in-app purchases, then we need to: a) fill out
bank account information; b) print and fill out an application for the cross-border
transfer of personal data to China; c) send a scan along with the data from point
a; d) send the application from point b by mail to Moscow. When the application
IS received, an email will come and all that's left is to activate the service in the
project settings. There may be delays in the mail, so we may have to wait. | waited
for a couple of weeks and then called the person responsible for this at Huawei -
they assured me that they would solve the problem. And they did.

Next, we enable the analytics service. Unlike geolocation and maps, which
are enabled by default, this needs to be done manually.

We add SHA-256 for all keys that will sign the application. This includes
debug keys and release keys. We download the equivalent of google-
services.json, called agconnect-services.json for Huawei.

So, the necessary dependencies are connected. Folders for the code have
been created. A developer account has been created and necessary actions have
been taken to create the program project. For future publications, it is suggested
to further develop this topic, namely, to embed analytics not from Google, but
from Huawei. In future publications, it is recommended to further explore the
topic of integrating analytics from Huawei instead of Google.

Literature list:

1. Vitalii Tkachov, Anna Budko, Kateryna Hvozdetska and Daryna
Hrebeniuk. Method of Building Dynamic Multi-hop VPN Chains for Ensuring
Security of Terminal Access Systems // IEEE International Scientific-Practical
Conference Problems of Infocommunications, Science and Technology (PIC
S&T): Kharkiv 06-09 oct. 2020, Kharkiv.

2. Hunko M.A., Tkachov V.M. Development of a module for sorting
the 1paddresses of user nodes in cloud firewall protection of web resources.
Jlep’sita MiKHapoAHA HAyKOBO-TeXHIYHAa KOHGepeHliss «CyyacHl HampsMH
PO3BUTKY 1H(GOPMALIIITHOKOMYHIKAIIMHUX TEXHOJOTIN Ta 3ac001B YIPaBIIHHSY.
2019. C. 30.

3. Tkachov V. Architecture of overlay network with nested vpn
tunneling / M. Hunko, V. Tkachov, M. Bondarenko // "CyuacHi Hanpsmu
PO3BUTKY 1H(POPMAIIIIMHO KOMYHIKAI[IHHUX TEXHOJIOT1H Ta 3ac001B ympaBmiHHS" :
Mmatepianu Jle'sToi Mi>kHap. HayK.-TeXH. KOHO., 9-10 kBiTHsa 2020 p. — Xapkis,
2020. - C. 36.

102



YK 004.8
JIATHOCTYBAHHSA JE®EKTIB Y KIBEPOIBUYHUX CUCTEMAX
Kapsika E.B.
HaykoBuii kepiBHUK — JI.T.H., ipod. XaxaHos B.H.
XapKiBCHbKUM HAIlIOHATBHUN YHIBEPCUTET PajIi0CIEKTPOHIKH
(61166, Xapkis, npocn. Hayku, 14, kad. ABromaTH3aliii NpoeKTyBaHHS
00YHMCITIOBANIbHOT TeXHIKH, Ten. +38(057) 702-13-26
e-mail: ernest.kariaka@nure.ua
The toolkit for vector and parallel execution of procedures related to
searching for data in a matrix space with coordinates specified in binary,
numerical or multivalued form is considered.

[cTopuyHO ckJanocs, MO anmapaTtHi Ta MpOrpaMHi 3aco0M KOMIT'toTepa Ha
KOXHIU cTajili HOro pO3BUTKY CTAHOBJIATH MIXK COOOI0 TapMOHIMHUMN anbsHC. [le
O3HAYae, 1[0 HOBUM YinaM MOBUHHI BIMOBIJATH HOBI MPOTPaMHI CUCTEMH, TaK
caMmo SIK 1 i HOB1 aJITOPUTMH Ta TEXHOJIOTIT CI1] pO3po0IATH OUIBII JOCKOHAII
KPEMHI€B1 KPUCTAIIM Ta CTPYKTYpu. HallBiOMIIIIMM MPUHIIUIIOM Y MIKpO-HaHO-
CJICKTPOHILI1 MPOTITOM MOHaA 55 pokiB € 3akoH Mypa: «KoxkH1 2 poku KUTBKICTb
TPaH3UCTOPIB Ha (PIKCOBaHIN MJIONI KPEMHIIO OJABOKOEThCs» [1]. Jlimepu ramysi
3asIBJISIIOTH, MO0 MPOTATOM ACCATHIITTS PUHOK OTPUMAE 1-HM CTYIIHB JTO3BOJITY
TPaH3UCTOPIB Ta MIXK3'€THAHb HA KPUCTaJIl KPEMHIIO, IO BIJIIOBIIAE PO3MIPHOCTI
I'ITU aTOMIB KpeMHI10. TakuM YMHOM, HaBITh OKPEM1 HaMKpaIlll PIILIEHHS B ramry3i
KOMIT'IOTEpa, aHalli3y Ta MOUIYKY AaHUX CBIIYaTh MPO ICHYBAaHHA CTIMKOIO
TPEHJy Ha I1HTENEKTyalli3allll0 «3aji3ay MUIIXOM IMIUIEMEHTAllll amapaTHUX
pillieHb B aNTOPUTMHU IITYYHOTO IHTEJEKTYy Ta MAIIMHHOTO HAaBYaHHS, IO
CTBOPIOIOTH 3aCO0M J1J11 BUCOKOTIPOIYKTUBHUX 00UHCIIEHb, HEOOX1THUX ChbOTOJTHI
y Kibephi3uaHOMY ITPOCTOPI JJIsI aHATI3Y BEIUKUX JaHUX. Bigomo, 110 i1eanbHuM
OMMKMCOM JIESIKOTO TPOIECY YM SBHUIA € CTPOro JEeTepMIHOBAHA TaOJIHUIIS
ICTUHHOCTI BIJl N 3MIHHHX, SIK [ICBHA MEKa 3HAHHS 00'€KT JOCIHKEHHS [2].

Posrnsimaerbest  1HCTpyMEHTapiii  JJii  BEKTOPHOTO Ta MapaleiabHOro
BUKOHAHHS MPOTIEAYP, MOB'SI3aHUX 13 TIOITYKOM JIaHUX Y MAaTPUYHOMY MPOCTOPI 3
KOOpJIMHATAMH, 33JaHUMH Yy JBIMKOBOMY, YHCEJIBHOMY YHd OaraTo3HauHOMY
BUTJISAI. Mojenb BIAHOIIEHh MIX TpoliecaMu Ta/abo SIBUIIAMH ONTHMAJIBHO
TPEJCTABIIACTLCA Y BUIIIAI IBifKOBOI (OinapHoi) MaTpuui M=[M;;], sxa popmye
B 3arajlbHOMY BUMAJKy JCKapTOBHM HOOYTOK JBOX MHOXWH, HaIPUKIIA],
MHOUHU TecTiB T Ha MHOXKUHY (QyHKUIoHANIBHOCTEH F: <TxF>.

Jlst niarHOCTyBaHHS 1e(DEKTIB MOKHA BUKOPUCTOBYBATH PI3HUIIEBUN METO/]
MOIITYKY, 3aCHOBAaHUH Ha BEKTOPHOMY ToAaHHI [3] cyKynmHOCTI HecripaBHOCTEH F,
10 TIEPEeBIPAIOTHCS Ha TecToBUX Habopax T. Tyt ¢irypyroTs aBa piBHSIHHS, SIKi
BU3HAYAIOTh MHOXUHY OJMHOYHUX Dy abo kpatHux D,, nedexTiB y nudposiii
cuctemi. [Ipu boMy B TOYaTKOBIM cTajii J1arHOCTYBAHHS CJ1J] CKOPUCTATHUCS
TiIOTE3010 MPO 1CHYBAaHHS KPAaTHOTO 1e(EKTy, 1110 € OUTBII IMOBIPHOIO MOJIEI0 B
polIeci eKkcruTyaTarii BUpoOy. SIKIIo Takuii anropuT™ J1a€ MOPOKHIO MHOKHHY
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nedexTiB, HEOOX1HO CKOPUCTATHUCS JAPYTUM PIBHSIHHSAM JUIS TOIIYKY KpaTHHUX
HecrpaBHOCTeH. Y mpolieci BUKOHAHHS JIIaTHOCTHYHOTIO EKCHEPUMEHTY
BUKOPHUCTOBYIOTBCSI JIBI TPYHH BEKTOPIB, SKI KIACH(IKYIOTHCS MIIIXOM iX
MPUHAIEKHOCTI 10 OAMHUYHOI a00 HYJIHbOBOI MHOXHHH, 10 (DOpMyeTbcs Ha
ocuoBi {1,0}-peakmii R 1mdpoBoro mnpucrporo Ha TecroBi mii. Jam
pPO3TIIAIAE€TECA MATPUYHHM METOJ| JIarHOCTYBaHHS HECIPABHUX CTaHIB
mupoBoro BHPOOy, SKH BUKOPUCTOBYE SK JIarHOCTHYHY 1H(OpPMALIiO
JBIHKOBY MaTpHULIIO «TecT-HecnpaBHicTe» M = <T, F>. Marpuunuii pi3HuIeBuit
METO/I IIarHOCTYBAaHHS Ma€ OCOOJIUBICTD, sIKA MOB'A3aHa 13 ABIKOBUM ajiaBiTOM
OIHCY KOOPAMHAT MaTpUIll. BBaXkarouu 11e MeBHUM HE0JIIKOM MacIITabOBaHOCTI
METOJy, MPOTOHYEThCS Oararo3HayHe MOJAHHS KOOPAMHAT, SIKE MOXe OyTH
TpaHC(OPMOBAHO y BEKTOPH, PO3MIPHICTIO, M0 JIOPIBHIOE 3HAYECHHIO
3aMpONOHOBAHOTO aJ(aBiTy.

Posrisgaerbest KyOITHO-PI3HUIIEBUN METOJ MIONIYKY KpaTHUX JedekTiB D,,
Ha OCHOBI OOYHMCJIEHHS TEOPETUKO-MHOXUHHOI PI3HULI JBOX BEKTOPIB-PSAIKIB
MaTpulli, IO BIAMOBIIAIOTH O00'€IHAHHIO OJWHUYHUX 1 HYJIBOBUX PEAKIIIN
BHUXOJIB, IO CHOCTEPIrarOThCs, Ha BXIAHUN TECT MEPEBIPKU HECIPABHOCTEH.
CTpyKTypu NaHUX TPEICTaBICHI MATPUICIO HECIPABHOCTEH Ha JEKapTOBOMY
JN0O0YTKY MHOXHWHHU TECTOBUX HA0OOP1B 1 MHOYKMHHU €KBITTOTEHIIMHUX JIiH1M 00'€KTa
JIIarHOCTYBaHHS, JI¢ KOXHa KOMIpKa sIBJIsi€e COOOI JBOOITOBUM KOJ-KYOIT:
NepInii 3 HUX 1AeHTU(IKYe€ KOHCTAHTHY HECIPABHICTh HYJIA, a MEPEBIPSETHCA
KOHCTaHTHY HecnpaBHICTh. Cymneprosuilisi HecHpaBHOCTEW (JBI OJIMHHUIN Ha
OJIHIN JIHIT-KOMIpIIi) A€ MOKJIUBICTh CYTTEBO MIHIMI3yBaTH CTPYKTYPH JaHHUX
JUTst 30epiranHs iH(opMarllli 3 METOI MOAANBIIOTO MOMIYKY A€PEKTIB M Yac
BUKOHAHHS IIarHOCTUYHOTO €KCIIEPUMEHTY B pexkumi online.

PosrisHyTi MeTroaM Opi€EHTOBaHI Ha arapaTHy peaii3allilo BUKOHAHHS
napajielbHUX JIOTIYHUX PETICTPOBHUX OIEpalliid, siki 3a0e3MeuyioTh CyTTEBE (Ha
NOPSJIOK) MIABUIIEHHS IIBHJKOJII MOPIBHSHO 3 aHajJOraMy, BUKOHAHUMH Y
IPOrpaMHOMY KOJIi.
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An improved model-architecture of Cyber Social Federated Machine
Learning (FML) computing is analyzed, which differs from the standard one by
combining the learning process, testing, operation, and distribution of ML
terminals in space, which makes it possible to reduce the training time by an order
of magnitude and improve the quality of recognition-decision-making services
when servicing citizens.

CporojmHi Haif3aTpeOyBaHIIIMMUA TE€MaMH Ha PHHKY TEXHOJOTIH IS
NpaKTHKH, Hayku Ta ocBiTH € Quantum Computing; Cyber Social Computing;
Artificial Intelligence Computing. Ilepmmii Mae BUPIIUTH BCi HaWCKIaIHINI
KOMOIHATOpHI MpOOJIEeMH JIFOACTBA, aje Yy KoMmOiHaIii 13 KJIACHUYHUM
KOMI'IOTEPOM. AKTyaJIbHUM 3aBIaHHSIM € CyMILICHHsS KJacH4HOI iH(popMarii 3
KyOITHUM TIOTOKOM, 3aXHUIIEHUM KOJOM KBAHTOBOi KOPEKIi IOMUJIOK.
[ToenHaHHS KBAaHTOBUX MTOTOKIB MOYE MOJIETIITUTH CUHXPOHI3AIli0, KEPYBaHHS Ta
BUKOPHUCTaHHS KBaHTOBUX cucTeM Ta mepex. pyruii (Cyber Social Computing)
— TIOKJIMKaHUW YCYHYTHM HEOE3NEeKy €KOJIOTTYHMX Ta COIIaJIbHUX KaTtacTpod.
Tpertiit (Artificial Intelligence Computing) — Mae Ha MeTi cTBopuTH human-free
MIJXOM CTAJIOTO CaMOPO3BUTKY KiOep(h13UYHUX MEXaHI3MIB Ta IHPPACTPYKTYP.
[Ipy upbOMy KOMI'IOTHMHI O3Hauda€e online OpUUHATTS UU(POBUX pIlIEHb Y
BIJINIOBI/Ib HA TOYHUIA BUYEPITHUN METPUYHUI MOHITOPUHT MpOIeCy abo sBUIIA.
3rajaHi TPEHIU KOPENIOIThCA 3 HalpsMKaMu PO3BUTKY TexHousoriii Gartner's
Priorities octanHix pokiB [1].

Kibep-¢i3uunmii Ta Kibep-coliaibHUl KOMI'IOTUHT € 130MOpOHUMHU
HOHSTTAMHU, B OCHOBY SIKUX MOKJIAJICHO TOYHE YIPABIIIHHS MPOLIECaMU Ha OCHOBI
BUYEPITHOTO METPUYHOTO MOHITOPUHTY O0'€KTIB. 3 1HIIOTO OOKY, KIFOUOBUM
HOHSATTAM OyAb-IKOTO KOMI'IOTHHTY € BIJHOIIEHHS MK Mpolecamu Ta/ado
SBUIIIAMH, SK€ OOUYHCIIOETHCS HAa OCHOBI METPHKH BH3HAYCHHS BIJICTaHI
(momi6HOCTI-BiAMIHHOCTI) MK HumHu [2]. BaxkimBe 3HadeHHS  JUIs
(GYHKI[IOHYBaHHS T7I00AJFHOTO KOMITIOTHMHTY MalOTh KaHaJIM 3B'SI3KY B YaCTHHI
iXHBOT MPOAYKTUBHOCTI, SIka MO€ OyTH 301IbIlIE€HA 32 PAXyHOK BIIPOBAIXKECHHS
TEXHOJIOT1H KOyBaHHs Ta CTUCHCHHS TaHUX.

TakuM YMHOM, YCKIIAIHEHHS CTPYKTYp JaHUX BiJ TaOJIUIl ICTUHHOCT1 y OIK
il po30OUTTS MapajoKCAIbHO MPU3BOAUTH 1O MOSIBU CKIAAHUX AJITOPUTMIB, IO
BUKODUCTOBYIOTb INaM'ATh, 1 CIPUYMHSAE CYTT€BE 3OLIBIIEHHA 4acy
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OOYHUCITIOBAILHOTO TIPOLIECY JJI OTPUMAaHHS pe3ysibTary. Marouu Ha yBasi, 10
namM'siTi Ha ChbOTOJHI JOCTAaTHHO ISl 30epiraHHs TaOJHIlh ICTUHHOCTI BEJIHUKOI
pPO3MIpPHOCTI, HEOOXiJHE TIOBEPHECHHS apXITeKTypd OOYHUCIIOBaYa  J0
HaWMPOCTINX CTPYKTYp JaHUX — TaOMWIb Ta TMPUMITUBHHX aJTrOPUTMIB
yIpaBJIiHHS Ha OCHOBI JIOTiKM. JIo TOTO X CHIiJ MaTh Ha yBasi, 10 JOCTaTHBHO
30epiraTéu He BCIO TAOJUINIO, a JIMIIE BEKTOP 11 BUXITHUX CTaHIB, IO IIe OiJIbIIe
CTIOHYKA€ CIeliaTi30BaHI KOMIT'IOTUHT y O1K BEKTOPHUX CTPYKTYp AAHHX Ta
IPUMITUBHOI JIOTIKHA aNTOPUTMIB AJis iX 00poOku. [IpakTuyHO, BEKTOP, TAOIHIIS
1 MaTpuilsl € HaWOUIbII TEXHOJOTIYHHUMH CTPYKTypaMU [aHUX, SKHUX CIiJ
IPUBOJUTH BEJIMKI JIaHl 1XHBOI MOJAAJBINOI TpuBiaibHOI 00poOku. Tomy ML-
Computing, mo omepye TaOMUISIMH, € aKTyaJJbHUM PHUHKOBO-OPIEHTOBAHUM
amapaToM JUisl po3Mi3HaBaHHS Ta MPUIHATTS PIIICHb.

VYnockonainena apxitektypa cloud-edge kibGepcoriaabHOTO KOMIT'IOTHUHTY
JUIsL aNropuTMiB (helepaTUBHOTO HAaBUaHHS BKJIOYA€ YOTUPHU (Da3u: JOKaIbHE
HaBuaHHs (Training), 3aBantaxkenHs mnapametrpiB (Upload) y xmapHy mojens,
arperyBaHHsi (Aggregating) mapaMeTpiB Ha XMapl Ta MOBEPHEHHS MapaMeTpiB
mozeni g0 tepminaiiB (Download). 3anpoBakyeTbest TOT1UHA METPUKA SKOCTI
pO3Mi3HaBaHHs TMAaTepHiB, Je(EKTIB Ta KOJI3ii, sSKa pa3oM 13 PIBHSIHHAM
KOMIT'FOTEpPA Ja€ MOXKIIUBICTh (POPMYBATH BC1 CTPYKTYPHI Ta HOPMOBAHI1 OL[IHKH B
IpOLIECl HABYAHHS.

IMnimeMeHnTartisi Mojieeil, METO/IIB Ta apXITEKTYyp MOKe OyTH peaiizoBaHa y
FML-driven cloud-edge computing [3], sika Mae Ha METi BIPOBAKCHHS METPHKH
pO3Mi3HaBaHHS MATEPHIB JUIsl NPUWHATTS PILIEHHS Ha PUHKY HaAaHHS TU(POBUX
cepBiciB. [lis mpuckopeHHs mpolleciB HaBuaHHs ML—Mmopeni, mpeacTaBlieHOl
TaONMIICI0 ICTUHHOCTI, MOXHa BHUKOPUCTOBYBATH PO3MOJIJIEHI y TPOCTOPi
KOMIT'FOTEpHI TEPMIHAJIH, K1 JIOKAJTLHO TPEHYBAJIU OH1 i caM1 CTPYKTYPH JaHUX.

Cnucok BUKOPUCTAHUX JIKEPEIT:
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MIKPOKOHTPOJIEPHA CUCTEMA KOHTPOJIIO CTAHY
MIKPOKJ/IIMATY B AKBAPIYMI
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XapKiBCbKUI HalllOHAIBHUI YHIBEPCUTET pajioeneKTpoHiku, kad. AITIOT
ten. +38(066) 091 3246, e-mail: mykyta.kudelia@nure.ua

Microcontrollers based on Arduino, due to their versatility, are a cheap and
convenient way to automate routine human activities. Arduino microcontrollers
are easy to learn and suitable even for beginners, and for its programming you do
not need to know many different languages. In the use of such a device, there is
no end result with the variety of what can be collected. Everything is limited only
by your imagination. This hardware and software complex will be useful in
creating a huge number of different electronic devices with your own hands, from
a small robot to a Smart Home system.

3 KOXXHHUM POKOM TEXHOJIOT1i CTPIMKO PO3BHBAIOTHCS, BIIKPUBAIOUU BCE
HOBI MEXI TBOPYOCTI Ta ¢haHTa3ii AJIS CTBOPEHHS PI3HUX MHPUCTPOIB, 5Kl TaK
MOJICTIIYIOTh Hallle KUTTA. He KokeH MOXe 03BONHMTH COOl CTBOPUTH IIOCH
1HHOBAIlIiHE Ta AOpOre, IPOTe MPUCTPOi HA OCHOBI Arduino MOKyTh OCBOITH YCI
oxoui. BoHO MoOke 3a0BOJBHUTH OLIBIIICT MOTPEO Yy CTBOPEHHI pPI3HHUX
MPUCTPOIB JIJIs ce0e Ta BChOTO OYIUHKY.

B po6oti po3riasiHyTo MOXKIUBICTH BukopucTtaHHs Arduino Uno B siKOCTI
0a3u I CUCTEMH KOHTPOJIIO MIKpOKJIiMaTy B akBapiymi. Llg mmara moBHICTIO
3aJI0BOJIbHSIE TOTPeOU B peanmizallii MPOeKTy, 3a BUHATKOM TaKOTO MIHYCY, 5K
Majia KUIBKICTh IMaM'siTi, 4epe3 0 MOXKEe 3HAJ00UTHCS 3BUIBHEHHS BiJ YaCTUHH
dbynkuionany cuctemu. lle He cyTTeBuil MIHyC, aje Jyisi peamizaiii OiIbII
BEJIMKHX MPOEKTIB Haiikparie migiiiae Arduino Mega. [lns nouatkisiiB Arduino
Uno crane G111 MPOCTUM Ta JIETKUM CTaPTOM Y OCBOEHHI €IIEKTPOHIKH.

Cucrema KOHTPOJIIO MIKPOKIIIMATY B aKBapiyMi MOBUHHA CTEKUTH 3a BCIMa
3MiHAMU B akKBapiyMi 1 JONoOMaraTd BJIACHUKY aBTOMATHU3yBaTH OUIBIIICTb
¢bynkuiid. 'ogyBat pubOK 1 mpuOUpaTH aKBapiyM Tak CaMO HAJIEKUTh BIACHUKY,
npoTe AesKUi PyHKIIOHAN Terep BUKOHYBAaTUME Hallla CUCTeMa.

Opniero 3 ¢QyHKUIA CHUCTEMH, 116 BUMKHEHHS Ta BKJIIOUEHHS CBITJIA Y
akBapiyMi. BlacHUK He 3aBXKJM MOKE 3raJlaTy PO CBITIIO Yepe3 3alHSATICTh, ajie
CBITJIO 1y’Ke BayKJIMBeE JIsl Mikpodopu akBapiyma. ToMy 3a 1011omMororo taiimepa
Hallla CUCTeMa TOYHO 3HATHUMeE, KOJIM MOTPIOHO BKJIFOUUTH 1 BUMKHYTH CBITJIO Y
pHUOOK.

Hpyra QyHKIA, 1€ MACBIYYBaHHS akKBapiymMa B 3aJIEKHOCTI BIJ
Temneparypu. Jliama3zoHu Temreparypu TMpH BHUXOJlI 3 SKHX [IOBMHHA
CHpallbOBYBaTH «CBITJIOBA CUTHAJI3allis» TMOBHHHI OyTH HacTpoeHumu. He
JUBJISIYMCH HA JATYUK TeMIEepaTypH, BIACHUK HE 3aBXKIU MOKE 3BEpPHYTH yBary
Ha Te, mo pubOkam XoiogHo abo xapko. s mporo cucrema Oyae momaBaTH
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KOPHCTYBAau€Bl CHUTHAJIM Yy BUIJISA1I MIiACBIYYBaHHS akBapiyma. SIKIno
M1JICBIYyBaHHS CBITUTBCS CHHIM, Y pUOOK HU3bKa TeMrepaTypa. SKIo iM KapKo
— TO YepBOHUM. Tak KOPUCTYBaU 3aBKAU 3MOXKE 3HATH, YU KOM(POPTHO prOKam B
aKBapiyMi He JUBJISYUCH HA TUCILICH.

byns0amiku moBiTps (akBapiyMHHM KOMIIpecop) Mg pPUOOK IOBUHHI
3'IBIATHCA JIUINIE BpaHI 1 BUMHUKaTthca BHOYI. KuceHb He3aMiHHA YacTHHA y
KUTTI pud. be3 xucHiO BoHM OynyTh MIISBUMH Ta CIa0KUMHU. 3a JOMOMOTOIO
aBTOMATUYHOTO BKIIIOYCHHSI Ta BAMKHEHHSI y pUOOK 3aBXk /11 Oy/ie KUCEHb 1 BiH HE
3aBa)KaTUMeE 1M CIIaTH BHOUI.

Tomy, meta poOOTH — TPOEKTYBaHHS CHUCTEMH KOHTPOJIO CTaHy
MIKpOKJIIMaTy akBapiyma Ha 0a3i mikpokoHTpoiiepa Arduino Uno, sika 3Moxe
HOJIETTLUTH MPOLIEC HOro aHajii3y 1 KOHTPOJIIO.

TakuM uMHOM, cUcTeMa KOHTPOJIIO KJIIMATy B aKkBapiyMi CTaHE HE3aMIHHUM
NOMIYHUKOM I BCIX JOOMTENB akBapiymiB. [lpum OakanHi Ta OUIbIIINA
KUIBKOCTI J€TaJiel 110 CUCTEMY MOYKHA JI0BECTH 0 IIe OUIBLIIOr0 aBTOMAaTU3MY,
mo0 MaTh MOBHUM KOHTPOJb HaJ cHUCTEeMOlo akBapiyma. CucreMy MOXHa
NOCTIHHO BIOCKOHAIIOBATH, ajieé B MEpIy Yepry BOHA HE MOBHHHA 3aBa)KaTU
KUTTIO pUO 1 SIKOCh TOPYIIyBaTU iXHIA TpupogHuit kiaiMat. Tomy Kpartie
O0OMeKUThCA 0a30BUMU (DYHKIIISIMU 1 BCE K TaKU MPUAUISTH aKBapiyMy YacTHHY
CBO€1 yBaru, KOJIM HAAA€ThCSA MOKIIUBICTb.

HaykoBa HOBU3HA MPOEKTy MOJSATae y il YHIBEPCAIbHOMY MIAXOAL [0
KOHTpOJIIO KiiMary akBapiyma. KopucTyBau Mae MOXKJIUBICTH CaMOCTIMHO
HaJalllTyBaTh CHCTEMY MijJ NOTpeOM CBOiX puO, HE 3MIHIOIOYM X 3BUYHHA
PO3KJIaJ] Ta KIIMAT HUISTXOM BTPYYaHHS €JIEKTPOHIKH.

Cnucok BUKOPUCTAHUX JKEPeTT:
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JJIA EJIEKTPOKAPIB
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The utilization of gamification in app development to enhance user
involvement and contentment is the main focus of this write-up. It elucidates how
gamification can generate a feeling of accomplishment, rivalry, and camaraderie
among users, resulting in higher retention rates and income for app creators.
Additionally, the piece accentuates some of the difficulties associated with
gamification, stressing the significance of scrutinizing the intended audience and
selecting suitable game mechanics to embed into the app's interface using the
charging station network application as an example.

3pocTaHHs NOMYJSIPHOCTI MOOLITBHUX 3aCTOCYHKIB MPHU3BENA A0 3POCTAHHS
KOHKYpeHII1i B 1iil cepi. s BuALIEHHS cepel KOHKYPEHTIB, Tpeda CTBOPIOBATH
3aCTOCYHKH, $IKI HE€ JIMIIE 3aJ0BOJIbHAIOTH IMOTPEOM KOPUCTYBauiB, aje W
YTPUMYIOTh TXHIO 3allIKaBJIEHICTh Ta MOTHUBAIIIIO O BUKOPUCTAHHSI MPOTPAMHU.

[eitmidikariis nependayae BUKOPUCTAHHS ITPOBUX E€JIEMEHTIB y HEIrPOBUX
KOHTEKCTaxX JyIsi MOTHBAIlli Ta 3aJIy4eHHSI KOPUCTYBadiB. Y KOHTEKCTI TU3aHY
3aCTOCYHKIB 11€ MOJK€ BKJIIOYATH JOJAaBaHHS TakuxX (YHKIIH, SK 1HAUKATOPH
nporpecy, 6eiIKi, Haropoau, TaOJIUIIl JTJAEPiB Ta BUKIUKH.

[li ¢yskmii MoOXyTh OYTH BUKOPUCTaHI JJIsi CTBOPEHHS BIAUYTTS
JIOCSITHEHHS, KOHKYPEHIIlI Ta CHIIBHOTH Cepell KOPUCTYBayiB, IO MOXKE
3MOTHUBYBATH IX TMPOJOBXKYBAaTH KOPHCTYBAaTHCS 3aCTOCYHKOM. SIK HACIIiJIOK,
BIIOYBA€THCS MIJIBUILICHHS PIBHSA YTpPUMaHHS KOPUCTYBadiB 1 30UIbIICHHS
JIOXO/IIB pO3pOOHUKA TPOTPaMHU.

Takox, BKJIIOUAIOUM ITPOB1 €JIEMEHTH, PO3POOHUKH 3aCTOCYHKIB MOXYTb
CTBOPUTHU O1IBIII 3aXOIUTIOIOYNNA Ta IHTEPAKTUBHUI KOPUCTYBALIbKUI TOCBI/I.

Xoua reimigikaris Moxe 3a0e3MeunuTH 0arato rnepepar, BOHa TaKOXK MOXKE
CTBOPIOBATH MpoOJieMH Jid AW3ailHEepiB 3acTOCYHKIB. JlW3aliHepw MOBUHHI
MIePEKOHATHCS, IO €JIeMEHTH Teimidikamii HE € HaaTo CKIAAHUMH a0o
TPYAOMICTKHMH, HE BIJBOJIKAIOTh yBary BiJl OCHOBHOI (DyHKIIOHQJIBHOCTI Ta
noOpe 1HTErpoBaHi, OCKUIBKM 1€ MOXXE TPU3BECTH O pO3YapyBaHHS
KOPHUCTYBAyiB 1 BTPATH IHTEPECY 10 IPOTPAMH.

109


mailto:oksana.ukrainska@nure.ua
mailto:yelyzaveta.mykhalik@nure.ua

Ille omHuM BUKIWMKOM revmidikaliii € 3a0e3nedeHHs MpUBAOIMBOCTI IS
IIMPOKOTO KoJjia KopucTyBadiB. EnemenTu refimidikariii, iki 3aHaaTo crernudivxi
JUISL TIEBHUX JAeMorpadiyHuX rpyn abo iHTepeciB, MOXKYTh OYTH HEIIKaBUMM IS
BCiX KOPHUCTYBaYiB.

Jns  yemimHOI reiiMidikarii HEoOXITHO BHU3HAYMTH, SKI €JIEMEHTHU
reiimidikariiii MOXyTb OyTH BUKOPUCTaHI B KOHKPETHOMY 3aCTOCYHKY, 1 SIK BOHU
MOKYTh OyTH IHTErpOBaHi B iHTEpQEiic.

Jlna BrpoBamKeHHs TeiiMidikarili B KOMEPIIHHUI 3aCTOCYHOK HEOOX1THO
CTHUMYJIbOBaHI IrPOBUMHU MEXaHIKaMH.

OCHOBHOIO ayAWTOPIEI0 3aCTOCYHKY JUIsI MEPEXi 3apsSaHUX CTaHINN €
OCBIYE€H1 KOPUCTYBaui, sIKi XOUYyTh HMIBUJIKO Ta SKICHO BUPIIIUTH CBOI MUTAHHSA
I0JI0 3apsAny eJeKTpokapy. ToMy irpoBa MexaHika, MOB'I3aHa 3 JOCATHEHHAM
e, moxke Oytu edektuBHOIO. [IpoTe MOTPIOHO HE MEPEBAHTAXKUTH HEIO
3aCTOCYHOK, 00 BUTpaydaTu yac Ha 3a0aBKH LIJIbOBA ayIUTOpPIs He OyJie, a 3aHaITO
BEJIMKA IrpoBa CKJIaI0Ba MOXKE BIJUISIKATH JAESKUX KOPUCTYBAUiB.

Jlami, HeoOXigHO IHTErpyBaTH oOOpaHi IrpoBI MEXaHIKM B 1HTepdeiic
nporpamu. [IpoTe BaXXJIMBO MEpeKOHATHCS, 10 II MEXaHIKH HE MEepEeBaHTAXKATh
iHTepdeiic 1 relmidikaiisi HE CTaHE TOJOBHOK (YHKIIEIO 3aCTOCYHKY, a
CIIyr'yBaTUME€ MOTHUBALI€l0 Il KopucTyBaduiB. Hampukman, me Moxe OyTu
CUCTEMa JIOCATHEHb, JIJIepOopiu, OOHYCHI 3aBAaHHS TOIIO.

JInst 3aCTOCYHKY MEpEeki 3apsiiHMX CTaHLIM rapHUM BaplaHTOM OYyIyThb
HAropoju 3a BUKOHaHH: 1ijei. Tak, Haropoga «MaHapiBHUK» OyJe OTpUMaHa 3a
3apsIIKY €JIEKTPOKapy B TPHOX PI3HUX MICTaxX. A TOMY, XTO 3aIllpaBJISBCS CIM JHIB
nocmiib, Oyie Hajana BuHaropoaa «Hikomu mpucictu.

BaxxnuBo TakoX MOBIAOMUTH MPO ICHYIOUY MEXaHIKY Ta 3aIlliKaBUTH HEIO,
TOMY Ha TMOYaTKy KOPUCTYyBad OTpUMYyeE BUHaropoay «EHBaipoHMEHTaNICT» 3a
T€, 110 MIKJIYETHCS TIPO HABKOJIUIITHE CEPEIOBUIIIE.

['eiimidikaris € epeKTUBHUM 1HCTPYMEHTOM JUIS TIIJBHINCHHS MOTHBAIi
KOPUCTYBadiB 1 TIOJIMIICHHS KOPUCTYBAIbKOTO JOCBIAY B KOMEPIHHUX
3actocyHkax. Opnak, nns ycmimHoi reimidikamii HeEoOXiJHO BpaxoBYyBaTu
0COOJIMBOCTI KOHKPETHOTO 3aCTOCYHKY Ta MOTO ayAMTOPii, a TAKOXK 1IHTErPyBaTU
IrpoBl MexaHIkM B 1HTep(delCc 3aCTOCYHKY, HE TNEpPEeBAHTAXYIOUH MHOro.
BpaxoBytoun 1ie, Oysio BUKIAJEHO BUKOPUCTAaHHS TeimMudikaiii B 3aCTOCYHKY
JUTSL MEPEK1 3apsAJIHUX CTAHIIH AJisl €JeKTPOKapiB.

Crnucok BUKOPUCTAHUX JHKEPE:
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This paper investigates the power spectral density of different noise colors
using a digital pink noise generation system. Power spectral density is an
important characteristic for describing the spectral composition of a signal, which
provides information on the distribution of signal energy depending on the
frequency. A comparative analysis of the spectra of different colors of noise was
carried out, which allows us to understand how they affect the power spectral
density in different ways. This study can be useful for various fields of science
and technology where different types of noise are used, for example, in audio
engineering, telecommunications and other industries.

[IymMu MOXYTh BHUKJIMKATH PI3HOMAaHITHI CIIOTBOPEHHS Ta 3MEHILEHHS
SKOCTI Tepenaui curHainy. KoxkeH 1mym mMae BIacHy CHEKTpalbHy T'yCTHUHY, SKa
B1JI0Opaka€e po3MOJT €HEpril IIyMy MO Pi3HUX YacTOTaX Ta BUKOPUCTOBYETHCS
JUTSL OMTUCY BIIACTUBOCTEW B CHTHANAx Ta cucremax. CreKkTpallbHUN aHami3aTop
pO30MBae CUTHAII HA HOTO CKJIAJIOB1 YaCTOTH Ta BUMIPIOE €HEPTit0 KOXKHOT 3 HUX.
AHaJ3 BUMAJIKOBUX CUTHAIIB 3HAXOJIUTh BUKOPUCTAHHS B Tajly3i paalOTEXHIKH
Ta 3B’A3KY. [CHYIOUl METO/M OIlIHIOBAHHS CIEKTPIB JUCKPETU30BAHUX CUTHAIIIB
0a3yloThCSd HAa BUKOPUCTaHHI MIBHIKOro mneperBopeHHss Dyp’e. Kiacuunuii
iaxig 10 HUGPOBOr0 CHEKTPAIbHOTO AaHANI3y CHUTHAJIIB JA€ MOKIHUBICTD
OTpUMATH JOCTOBIPHI OLIHKK JUIsl KJacy JOCHIPKyBaHUX CHUTHAJIB, MO
3aJI0BOJIBHSIIOTH YMOBHU CTaI[lOHAPHOCTI, €PrOAMYHOCTI Ta HASBHOCTI MAaCHUBY
JTaHUX BeJaukKoro oocsary[1-3].

[im gocmipkeHHs BKITOUaloTh: 1) JlochmipkeHHs pi3HUX KOJIBOPIB IIIyMy Ta
iX XapaKTepUCTUK, BKIIOYAIOUU OLTUH, pOKEBUN, KOPUUHEBUHM IITYMHU Ta 1HIII. 2)
BumiproBaHHS CHIEKTpaTbHUX TYCTHH TOTY>KHOCTI IS KOKHOTO KOJIBOPY IIyMY
Ta MOPIBHSAHHSA iX XapaKTepUCTUK. 3) AHaii3 0COOIMBOCTEN TeHepallli poKkeBOro
IIyMy Ta BU3HAUEHHS MOT0 CIEKTPAJIbHUX T'yCTUH MOTY>KHOCTI. 4) Po3yMmiHHS
BJIACTUBOCTEH ITyMy Ta iX 3HAYCHHS JUISI PO3POOKH €(PEKTUBHUX aTOPUTMIB
CUTHAJILHOT 0OpOOKH.

3amaya. Po3poOka e(eKTUBHOTO METOAY OINUCY EJIEKTPOHHOTO IIyMy B
CIICKTPOHHUX TMPHUCTPOSIX Ta KOMYHIKALIMHUX CHCTEMax, IO JO3BOJHTH
pO3paxoByBaTH BIUIMB LIYMY Ha SIKICTh CUTHAILy, MIHIMI3YyIOUU HOTO 3HAYEHHS
a00 mmiyaBM GUIbTpalIii.

PoxeBuii 1mIym XapakTepu3yeTbCsli THM, IO CIHEKTpajdbHAa TyCTHHA
NOTY>XHOCTI Tipornopuiiina 10 1/f, ne f — vactora. @opmanbHo, pyHkiis Dyp'e
POKEBOTO 1IyMY BU3HAYAETHCS HACTYITHUM YMHOM:
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SUF) =K/f

ne S(f) — cnekTpanbHa HIUIBHICTh OTOKY POXKEBOTO IIyMy, f —dactoTta, K
—KOHCTaHTa, fKa 3aJIeKUTh BiJl MIUPUHU CMYyTH mpornyckaHHd. s dyHkiis e
IHTETPOBAHKUM BiZJOOPaKEHHSAM PIBHOMIPHOI'O pO3MOIiy B Aiamnas3oHi [0, fmax],
ne f_Mmax — MakcUMallbHa 4acTOTa B PEXUMI peanbHOro vacy. s reHepaui'l'
POXKEBOr0 IIyMy MOXKHA BHKOPHCTOBYBATH biabTp, 10 3MEHIIye aManyzLy
IIyMy 31 3pOCTaHHSAM 4YacTOTW. [licis bOro mrym MOKHA MiIBECTH /10 plBHH
PO’KEBOTO IITYMY, JI€ CIIEKTpaJIbHA TYCTHHA MOTY>KHOCTI Oy/1€ PO3MOIiJieHa 3T1/THO
3 1/f 3akonom. lle o3Hauae, MO HAa HU3BKUX YACTOTaX IIYM Ma€ OUIbIIY
MOTYXXHICTh, HDK Ha BUCOKHX. Jlis peamizarmii Oyae BUKOpHcCTaHa IMdpoBa
CUCTEMa I'eHepallii POKEBOro MIyMy, sika Oyjie TeHepyBaTH Pi3HI KOJIbOPHU LHIyMY
3 PI3HUMU CHEKTPAIBbHUMHU PO3MOJAUIAMU TOTYXKHOCTI. 30Kpema, OyayTb
BI/IMipHHi CHCKTpaJ'IBHi I'YCTHHHU HOTy)KHOCTi JUIA POXKEBOTO WIYyMYy Ha pI3HHX
Jiara3oHax 4acToT i pesybTaTi OyayTh HOplBHHHHl 3 IHIIAMH KOJIbOPaMHU IITyMY.
JInst oTpyMaHHS 3MIaJIKEHUX 1 cTaTUCTUYHO cTikkuX omiHoK CI'TI (cnekTpanbHa
I'yCTHHA MOTYXHOCTI) Ha KIHIIEBOMY MAacHBI1 BIIJIIKIB JOCIIKYBAaHOTO CUTHAITY
HEOOXITHO 3MIMCHIOBATH 3IJIAJKyBaJIbHE OI[IHIOBAaHHS Yy YacoBOMY Ta
4acTOTHOMY BUMIpi. ToMy Ha mepiioMy erarmi 00poOJieHHS HeOOX1THO BX1IHUN
MacHuB pO3AUIMTH Ha P cermeHTiB mo M BiJIIKIB 31 3CYBOM, IO JOpiBHIOE B
BIJIJTIKIB MK CYCIJIHIMHU cerMeHTaMu. [1iamociiioBHOCTI Xp (n) mosxuHoIO 10 M
BIJIJTIKIB 3CYHEHI OJ{HA BIJHOCHO OJIHOI Ha B BiJIIKIB, IPH IIbOMY pP-H CETMEHT
OB’ A3aHO 31 BX1IHUM MacuBOM X(n) CHiBBIIHOIIECHHAM[4]:

xp(n) = x[n +B(p — 1]

HaykoBa HOBH3Ha 1mOJAira€ B TOMYy, W10 3alpOIIOHOBAHUM METOJ
CIIEKTPAJIbHOTO  OI[IHIOBAaHHS  BHUMAJKOBMX  CHUTHAJIIB  0a3yeTbcsl  Ha
OararoeTantHOMY 00poOJieHH1 BUOIpok curHany. Ha nepmux etanax oOpoOiaeHHs
(bOpMYIOTBCSI TMEPEKPUBHI CETMEHTH JaHMX, 10 MHiJJISTaloTh ONTUMAIBHOMY
BIKOHHOMY 3Ba)XXyBaHHIO. Y TIOJalbIIOMY BHUKOHYETbCA IEpioJlOTpamMHe
oOpoOJIeHHsT 3BaXKEHUX MiAMOCTioBHOCTeH. HacTynmuuii eram moB’si3aHuil 3i
3MIUCHEHHSIM KOPEJIOTPaMHOTO OOpOoOJieHHsT TepioforpaM Ta OTPUMAHHAM
3Ba)XKEHOI aBTOKOpEJIALIHOI oiHKK. Ha ocranHboMy etarti 3a fonomoroto [ITTD
(mBHaKoro neperBopeHHs1 Pyp’e) Bu3HavyaeThes ouiHka CI'TI-curnany.

Croucok BHUKOPHUCTAHUX JZKCPCI:

1. Electronics Today International, November 1981 - Audio White Noise
Generator Employs Digital Technique (original 3dB/octave filter component
values)

2. IEC 60065, Annex C (Normative), Band-pass filter for wide-band noise
measurement (extract from IEC 60268-1)

3. bennat /Ix. [IpuknagHoit aHamu3 CIIy4aiHBIX TaHHBIX : TIep. ¢ aHTIL. / JIK.
bennar, A. ITupcon. — M. : Mup, 1989. — 540 c. — ISBN 5-03-001071-8.

4. Teopis curnams ykiuan.: A.O. [lonos. — EnexTponHi TEeKCTOB1 AaHHI. —
KwuiB : KIII im. Irops Cikopcbkoro, 2019. — 268 c.
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An application in which users work with different amounts of data require
high-quality and simple visualization. A good tool in solving this problem can be
a web application with a minimal and simple design. For such applications you
can use simple tools and languages as well as various frameworks specialized for
web application development.

Bynb-gkuil OCBITHIN MpoOLIEC CYNIPOBOKYETHCS OLIIHKOIO OTPUMAaHHUX 3HaHb
JUISL TOTO, 100 KOPUTYBAaTH IPOLIEC Ta MOKPALLyBaTH €(PEKTUBHICTh 3aCBOEHHS
HABYAJILHOTO MaTepialy CTyJACHTaMHU.

Jlo MOMEHTY CTBOpPEHHS TE€XHIYHHMX 3acO0IB ISl pOoOOTH 3 €JIEKTPOHHOIO
1H(pOopMaIli€l0, BUKOPUCTOBYBAJIUCH MANEpOBl pecypcu: HIOJEHHUKH, >KypHAIA
YCHIIIHOCTI Ta 1H1Ie. TexH1uH1 3ac00U MOJIETIIYIOTh MPOIIEC 3aMKCy, MOIIYKY Ta
00poOku nanux. [Hdopmalliro npo HaBYaIBLHUHN PO3KIIad, TPEAMETH, CTYJCHTIB Ta
BUKJIa/IayiB, MOKHA JIETKO MOIIMPIOBATH Ta MOAU(IKYBAaTH, 3MIHU MOMEHTAIbHO
noctynHi iHmUM. Lle cnpornrye 6arato acnekTiB y SIKMX BHHUKAIUA MPOOJIEMU
paHiiie, MpoTe MOBHICTIO BCIX MPOOJIeM 11€ HE BUPIIIYE.

SAxio nmoTpiOHO OLIHIOBATH MPOIEC 332 BECh CEMECTP YM PIK, BUKOHAHHS
3aMuCcy MPOMDKHUX PE3YNbTATIB MOJETIIUTh MPOIEC BU3HAYEHHS KIHIIEBOTO
pe3ynbTaty poOOTH CTy/IeHTa. Bia Ty 3amuciB 3ayexath 1 METOJU, K1 OyIyTh
BUKOPHUCTaH1 /s POpMyBaHHS OCTATOYHOI OIIHKK. BUMOTru 10 OIiHIOBaHHS B
OUTBIIOCTI BUTIAJKIB HE OYEBU[HI JUIsI CTYJEHTIB, MAIOTh BIIMIHHOCTI Y PI3HHUX
BUKJIJ[a4iB T4 MOXYTh 3MIHIOBATHUCH MPOTATOM CEMECTPY, IO JIHIIE MOTIPIIye
CUTYAIIIIO 3 MOTJISIY CTYACHTIB.

SK110 3BepHYTH CBOIO yBary Ha OUIBLIICTH MpOrpaMm 3 SKUMU Ha JaHUH
MOMEHT MPaLIOITh KOPUCTYBaUl, TO MOKHA TOOAYUTH, 1110 poOOTa 3 TaHUMH IS
KOpHCTyBa4a HE € SKOIOCh BEJHKOIO Tpobiemoro. Hapmaku, po3poOHHKOM
CTBOpEHO 1HTepdeiic, SKUil 3alikaBUTh 1 OyJae MNPOCTUM Yy KOPHUCTYBaHHI.
HaTtuchu Ha KHONKY «3aMOBUTH», II00 mepes TOOOI 3acBITUIIOCS MOJAJIbHE
BIKHO, B SIKOMY TH 3amOBHHUII (PopMy 31 CBOIMH MEPCOHATHHUMHU JTaHUMH.
[aTepdeiic IHTYITUBHO 3pO3yMUIHIA, @ TOMY € BaXJIMBOIO YACTHHOIO B PO3pOOLII.

[lepmioro BaXKIMBOIO YaCTUHOIO B po3po0ill Takoro 3actocyBanns € UI/UX
Jr3aiiH. Ko KOPOTKO OMMCYBATH WIO 1€ 3a MOHATTS, TO Buiae mo Ul — User
Interface — e 3oBHIMIHINM BuUTIAA 3acTocyBanHs, a UX — User experience — me
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dbyHKITIOHAT 3aCTOCYHKY. ToOTO KiHIIEBa IUIb AU3aliHY — CTBOPUTU MPOCTHM
3aCTOCYHOK, /1€ TeKCT Oy/ie YnTabeIbHUM, KOPUCTYBa4 MOXKE HATUCHYTH KHOIIKY
0e3 npo6iem, sk Ha [1K Tak 1 y ananTuBHIN MOO1IBHIN Bepcli, BC1 aHIMallii 0y1yTh
3aBepIieHi, a GyHKI[IOHATI KHOIOK Oyj1ie 3p03yMIInuii KOpHUCTyBauy.

HactynHa yacTMHa — HaTsbKKa Ou3aiiHy Ha KOA. 3 IMM JIONIOMOXYTh
iHcTpymentn HTML/CSS/JavaScript. J{ns ocobuctoi 3pydHOCTi, B TPOEKTI
TakoX Oyne BukopuctaHo O0i6miotexky JS’y — JQuery. fxi x mmrocu miei
616mi0TeKN?

- CrpoleHHsl TUNOBUX (PYHKINM 3BEpHEHHS 10 Kjacy, 1IeHTH]IKaTopa,
TEry, TOIIO;

- Crpomtennst po6otu 3 DOM — nepeBom. CTBOpeHHsI THYYKUX 1HTEpQEiiciB
3a JOTIOMOT'O10 BUAJICHHSI, a00 JI0JaBaHHsI €JIEMEHTIB IICIsl KOHKPETHOT MO/Iii;

- CnpomuieHnst po6otu 3 aniManisimu. Animartii Tuny fadeln(), slideToggle(),
show(), Tor1o;

- Minimizamiss koay BaHiabHOTO JavaScript. MoxiauBicTh BiaTBOpUTH 20
psankiB JS B 3 psakax JQuery.

3amaya po3poOHUKa BIITBOPUTH y KO Takuil iHTepdeic, 1od KopucTyBauy
OyJ10 1IKaBO JOCIIKYBATH 1I0Ch HOBE, a (yHKIIIOHAT OyB MPOCTUM 1 HE JIOTIKaB
CTapuXx user’iB.

OcTaHHBOIO 3aJ1a4el0 Mepesl po3pOOHUKOM Oyje CTBOPEHHS 0a3u JaHUX 3a
nonomororo SQL — a came, npocroro iHteppeiicy PHPMyAdmin, 1 Takox
niaKIroYeHHs Bwmicty 1iei b/ 10 BeO-3acTOCYHKY 3a JOMOMOTOI0 MOBHU
nporpamyBanHsi PHP. HalironoBHimuM npaBuiioMm B poOOTi 3 KOPUCTYBaYaMU —
1€ 3aCTOCYBaHHs MOCTIMHUX MepeBIpOK BBeIeHUX AaHuXx. IlepeBipka Ha crtamii
BBeJIeHHs (TIepeBipka (Gopmu 10 11 BIANPABKHU 3a AOMOMOTOI0 moii onSubmit()),
nepeBipka Ha cepBepi (HelTpanizyrodi PyHKIlT 3 BUKOPUCTAaHHAM (DYHKIIH THITY
htmlentities()). He Tak cTpamHo 1o jJroJuHa MOXE BBECTH, a SIK T€, 1[0 BOHA
Moke BuBecTH. Hampukiian, HeOe3neuyHud CKpINT SIKWWA MEePEeBOAUTH Ha 1HITY
CTOPIHKY 31 IIKIMBUM KojioM. [loTpiGHO po3ymiTu 1ie, 1 mepeadaunTd BCi
MO>KJIMB1 CUTYaITIi.

Po3pobka xopoiioro Be6-3aCTOCYHKY 1€ Baxkka poOOTa, B sIKii KIHIIEBOIO
METOI0 € — THY4Ka, IPOCTa, HalliHa 1 I[IKaBa JjIsl KOPUCTyBaya nporpama.

Cnucoxk Jgirepatypu

1. Co3paém nuHamuueckue caitel ¢ nomompio PHP, MySQL,
JavaScript, CSS u HTMLS / Pooun Huxcon // ITutep — 2016

2. JavaScript Everywhere Building Cross-Platform Applications with
GraphQL, React, React Native, and Electron / Adam D. Scott // 2020 Boston

3. JavaScript ¢ nyns / Kupyna Yunnarxam6u // TTutep 2021

4, Cexpertsl JavaScript auanzs / J[xxon Pesur, busp bubo // Kues 2015

114



YK 004.65:004.85

BUKOPUCTAHHSA MAIIMHHOT'O HABYAHHA J1IJIA
IHNOKPAIIEHHSA E@EKTUBHOCTI ObPOBKU BEJINKUX OB'€EMIB
JTAHUX
Caenko M.O.

HayxoBwii kepiBHHK — acucTeHT Xoues B.O.

XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaIiOCIEKTPOHIKH
(61166, Xapkis, np. Haykwu, 14, kad. EOM Tten. +380932715348)
e-mail: vladyslav.kholiev@nure.ua

The rapid growth of data generation in various fields such as social media,
healthcare, finance, and more has created a pressing need for efficient and
effective data processing techniques. This paper discusses the importance of
having a deep understanding of mathematics and statistics to succeed in the field
of big data processing and machine learning. In addition, the paper highlights the
crucial role of specialized tools and technologies in processing large volumes of
data.

Benuki o0'emu nanux (Big-Data) cramm HeBii'€eMHOIO 4acTHHOIO POOOTH
OaratboXx opraxizaiiii. BoHu BkIIOYalOTh B ce0€ BEIMKY KIJIBKICTh JaHUX 3
PI3HHX JIKEpell, TaKUX SIK COLlaJIbHI MEpeXi, MeIMYHa Ta HayKoBa 1H(popMallis,
TpaH3akiiitHl gaH1 Tomo. OCKIIbKU KUIBKICTh JAHUX, SIKI T€HEPYIOThCS IIOIHS,
3pOCTa€ EKCIMOHEHI[INHO, MOTpeda B €peKTUBHUX Ta IIBUJIKUX METOJaX 00OpOOKH
UX JaHUX cTae Bce Outbmioro. Ili maHi moTpeOyroTh 00pOOKH Ta aHami3y, 100
OTpUMATH LIHHY 1HPOpPMAIlilO, SKa MOXE OyTH BHUKOpPUCTaHA ISl MPUNHATTA
BOKJIMBUX PIIIEHb.

OaHuM 3 OCHOBHHMX BHUKJIMKIB y POOOTI 3 BEIMKUMH OO'€MaMM JaHHUX €
o0OpoOka, aHami3 Ta Bi3yami3aiis IMX JaHUX B pealbHOMY 4Yaci. Tpamguriiii
MeToan O00poOku maHux, Taki Ak SQL-3amuté Ta 30epiraHHd JaHUX B
CTPYKTYPOBAHOMY BUTJISA/II, MOXKYTh OyTHU HEAOCTATHIMHU JIJI1 pOOOTHU 3 BEJIMKUMU
o0'eMaMu JJTaHUX.

MeTo10 10M0Bii € PO3rIsA BaXKIMBOCTI OOPOOKH BEIMKUX 00'€MIB JTaHUX
Ta BUKOPUCTAHHS METO/IiB MAIIIMHHOTO HABYAHHS, a TAKOXK 1X BIUIMBY Ha CydacHe
CYCIUJIBCTBO T EKOHOMIKY.

MammHHe HaBUaHHS MOXE CTaTH BAXKIWBUM 1HCTPYMEHTOM IS
MOKpalieHHs: e(peKTUBHOCTI 00poOKHM BenuKUx 00'eMiB paHuX. BoHO no3BosIsie
BUSIBJISITH 3aJIEKHOCTI Ta 3B'A3KM MK JaHUMH, 3a0€3Meuyroyd OUIbLl TOYHY
iH(dopmarriro. Hampuknan, airopuT™MH MalIMHHOTO HaBYaHHS MOXYTh OyTH
BUKOpUCTaHI Jyia  kjacu@ikaiili  JaHuX, PO3Mi3HABAHHS  300pakeHb,
IPOrHO3YBaHHs MOMUTY Ta 1HIIMX acneKkTiB podotu 3 Big-Data.

OaHMUM 3 TOJIOBHUX MepeBar BUKOPUCTAHHS METO/11B MAIIMHHOTO HaBYaHHS
€ 3MIaTHICTHh J0 aBToMarm3ailli. lle mo3Bossie omTuMizyBaTH mporec 0OpoOKU
BEJIMKUX O0'€MIB JaHUX 1 OTPUMATU Kpallll pe3yJbTaTH 3a KOPOTKHi dac 1 0e3
y4acTi JIIOIUHU.

115



s edekTuBHOI OOpOOKHM BEIMKHX OO'€MIB JaHUX Ta BUKOPHCTaHHS
METO/IIB MAIIMHHOTO HaBYaHHS HEOOXIAHO HE JIMILE MATU TIMOOKI 3HAHHS B
o0nacTi MaTeMaTWKH Ta CTaTHCTUKH, allé TaKOX BMITH KOPHUCTYBATHUCS
CHeliaJbHUMHU THCTPYMEHTAMH Ta TEXHOJIOT1SIMHU.

OaHuM 3 MOMYJSIPHUX IHCTPYMEHTIB JUIsi poOOTHU 3 BETUKUMH 00'eMaMu
nannx € Apache Hadoop - Bimkpute mporpamue 3a0e3neyeHHs, [0 J03BOJISE
00po0OIATH BeMMKI 00'€eMHU TaHUX Ha KiacTepax 3 Oararbma By3namu. J{is poboTu
3 nanumu B Apache Hadoop BUKOpHCTOBYIOTBCS Crieliaii3oBaHi IHCTPYMEHTH,
taki sik Apache Hive ta Apache Pig, ski m03BOJIAIOTH BUKOHYBATH CKIIAIHI
orepartii HaJl JaHUMH.

JInst TOCSTHEHHST YCIIXy B OOpOOIl BEIMKUX 00'€MIB JaHUX HEOOXITHO
TaKOXX BpaxoOBYBaTU HE TUIBKM TEXHIUHI aCMEKTH, a W JIIOACHKUU (hakTop.
PesynpTaT aHamizy JaHUX MOXYTh BUKOPUCTOBYBATHCS MJIS TNPUAHATTS
BOKJIMBUX pIlIEHb, TOMY BaXKJIMBO 3a0e3euyBaTH SIKICTb Ta JOCTOBIPHICTb
JTAHUX.

O6poOka BenukuX 00'€éMiB JaHUX Ta BUKOPUCTAHHS METOJIB MAIIIMHHOTO
HaBYaHHS MO>K€ MaTH BIUIMB Ha CYyCHUILCTBO Ta €KOHOMIKY. BukopucTanHs 1mux
QITOPUTMIB MOYXE MPU3BECTH O aBTOMAaTHU3allll MEBHUX pOOOYMX MPOLECIB Ta
3aMI1HU pOOOYUX MICUB JIOJAbMHU.

Hapemiri, BaXXJIMBO BpaxOBYBaTH, 10 OOpPOOKa BEIMKUX O0'€MIB TaHUX Ta
BUKOPWCTAHHS METOMIB MAIIMHHOTO HABUYaHHS € TOCTIMHO PO3BUBAIOYOIOCS
rajxy33i0. [3 3poCTaHHSIM KUIBKOCTI JaHUX Ta TMOKpAIICHHSM TEXHOJOT1H
3'SIBISIETHCS BCE OUTbLIE MOXIMBOCTEN JIJISl 3aCTOCYBAHHS IIUX METOJIIB Y PI3HUX
ray3sx.

Otrxe, o0OpoOKka BenUKHUX O0'€MIB JaHUX Ta BUKOPHUCTAHHS METOJIB
MaITMHHOTO HaBUYaHHS € BAXJIMBOIO raly3310, sika MOKEe IOIOMOI'TH B PO3B'sI3aHHI
OaraTtb0X 3aBJaHb Ta BUpIIIEHHI Oaratbox mpoosieM. [Ipore, mist mocsrHeHHs
yCHiXy HEOOXiZIHO BpaxOBYBaTH TEXHIYHI Ta COIlaJbHI acCMeKTH, a TaKOX
MOCTIIHO BJIOCKOHAIOBATH METOH Ta aJITOPUTMHU.
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This report is devoted to the topic of Natural Language Processing (NLP)
and Computational Linguistics (CL). It provides an overview of these fields,
including their history, key concepts, and applications. The report also discusses
the challenges facing these fields, such as the ambiguity of human language and
the need for large amounts of annotated data to train models. One particular
problem addressed in this report is the difficulty of handling rare or unseen words
in NLP models, and it presents various ways to resolve this problem, including
the use of sub word units, character-level models, and transfer learning
techniques. The report concludes with a comparison of these techniques and their
effectiveness in addressing the challenge of rare words. The report highlights the
importance of NLP and CL in processing natural language text and presents
solutions to some of the challenges facing these fields.

O6po0Oka mpupoaHoi MoBu (OIIM) 1 koMt roTepHa giHrBictuka (MJI) — 1e
rajiy3i, siki HallJIeHl Ha Te, 100 KOMII IOTEPU MOIJIM PO3YMITH W aHali3yBaTH
TEKCT NPUPOJHOI0 MOBOK. OcTaHHIMU pokamu LI chepu HaOyBarOTh JAeaali
OUIBIIOTO 3HAYEHHsS uepe3 BUOYX NIMGPOBUX JaHUX 1 NOTpedy B OUIbII
edeKTUBHUX 1 ePEKTUBHUX crTOoc00ax ix 00poOku. OMHIEI0 3 € TPYAHOILI 0OPOOKH
piakicHux abo HeBuauMUX ciiB y Mmozensx OIIM. Mwu mpencraBisemMo pi3Hi
CrocoOu BHPIIIEHHS Ii€1 TPOoOJIeMH, BKIIOYHO 3 BUKOPUCTAHHSM ITiICIIBHUX
OJIMHUIIb, MOJIETICH PIBHS CUMBOJIIB 1 METO/IIB HaBUaHHs nieperocy. OIIM 1 MJI
MaroTh IIUPOKUHN CIIEKTP 3aCTOCYBaHHS B PI3HUX cdepax:

- meromuku OIIM MoxyTh OyTH BHKOPHCTaHI IS aHANI3y TEKCTYy Ta
BWIYYCHHS BIAMOBIAHOI 1HGoOpMaIi 3 BeTUKUX 0a3 JaHUX 1 KOJICKIIIH
JIOKYMEHTIB;

- mogeni OIIM MoXxHa HaBYMTH 1IEHTU(PIKYBATH MOUYYTTS, BUPAKEHI B
TEKCTi, 110 Ma€ 3aCTOCYBAaHHS B TaKuX cdepax, SK MAPKETUHT 1 MOJITUYHUMA
aHaJis3;

- TexHiku OIIM Mo’kHA BUKOPHCTOBYBATH JJIsi aBTOMAaTUYHOTO TEPEKIIaLy
TEKCTY 3 OJHIET MOBH Ha 1HIILY.

HesBakatoun Ha uncienHi 3actocyBanHs OIIM 1 MJI, i rany3i CTUKaIOThCS
3 KUTbKOMa TIpo0IeMaMHu:

- K 3raJyBaJIoCsl paHilie, JI0ACbKa MOBA 3a CBOEIO CYTTIO HEOJIHO3HAYHA,
10 MOKE YCKJIATHUTH TOYHY 1HTEPIpETAIliio Ta aHali3 TeKkcTy Mozensimu OIIM;

- mozeni OIIM moTpeOyroTh BEIMKOI KITBKOCTI aHOTOBAaHWUX JaHUX IS
HaBYaHHS, aJie IIUX JaHUX 9acTo Opakye, 0COOIUBO B CIIEIIali30BaHNX 00JIACTSIX;
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- MOBHI1 JaH1 MOXXYTh OyTH YIEPEKCHUMHU 111010 TIEBHUX TPyl ab0 TOUYOK
30py, II0 MOKE€ MPHU3BECTH JI0 HECHPABEMJIMBUX a00 HETOYHUX pe3yJIbTaTiB
moxenen OIIM;

- mozeni OIIM Baxkko BropaTucs 3 pIAKICHUMHA a00 HEBUJIUMHUMHU CIIOBaMHU,
10 MOK€E BIUIMHYTHU Ha iX 3JJaTHICTh TOYHO OINpPaIlbOBYBaTH TEKCT.

[cHyt0TH pi3HI ciocoOu BupiieHHs 1ux npodaem y OIIM ta MJI, 3okpema:

- po3poOka OLIbII CKIQAHUX AITOPUTMIB, SIKI MOKYTh Kpallle BIOPATHUCS 3
HEOJ/IHO3HAYHICTIO Ta PIIKICHUMU CJIOBAMH;
- 3017IBIIEHHS JIOCTYIMHOCTI Ta PI3HOMAHITHOCTI aHOTOBAaHWX MOBHHUX
aHUX 1A NIOBUIECHHS ToYHOCTI Moaene OIIM;
- po3poOka OUTBII HAAIMHUX METOAIB 0OPOOKU YIEepeKEHOCTI B MOBHUX
JTAHUX;
- BIHTErpamis OaraThbox JpKepen iHdopmailii, Takux gk 0a3u 3HaHb 1
KOHTEKCT, JUIST MIABUIIIEHHS TOYHOCTI Mozeiieir OITM.
[linBoasiun MiJICYMOK, Y IbOMY 3BiTI HiAKpecTtoeThesl BaxauBicT OIIM 1
MUJI nist 0OpoOKU TEKCTY IPUPOIHOIO MOBOIO Ta MPEICTABIICHI JesKl PoOIeMH,
3 AKUMU CTUKAIOThCA 11 cepu. BiH Takok MpONOHYye BUPIIIEHHS OJHIET 3 UX
npo0JieM, a came TPYAHOIIIB 0OPOOKH PIIKICHUX a00 HEBUJIUMHUX CIIIB Y MOAEIISIX
OIIM. I[TopiBHIOIOYH 111 PIILICHHS, IIE¥ 3BIT Ma€ HA MET1 IOTIOMOI'TH JOCI1THUKaM
1 NpaKTUKaM OPUAHATH OOIPYHTOBaHI PIIIEHHS IMiJI 4ac BHOOpPY HaOUIbII
OPUIHATHOT TEXHIKH JIJIs1 IXHIX KOHKPETHUX MOTPEO.

Cnucok BUKOPUCTAHUX JKEPeTT:
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Qubit-matrix models, data structures, methods of synthesis and analysis of
logical schemes of social processes are considered, which allow modeling the
reaction of the social system to decision-making based on the qubit description of
standards of behavior, which makes it possible to actuatorically control social
groups and infrastructure.

OCHOBOIO KJIACHYHOTO KOMITFOTHHTY TPJAMIIIHO € TaOIUIls ICTUHHOCTI [1,
2], sxka B SBHOMY BHWIJIAAlI 3a7ae (QYHKIIOHAIBHUNA OINHKC IOBEIIHKU
TEXHOJIOTTYHOTO 00'eKTa, poOOTa, JIFOAUHU, COIlianbHOI rpynu. [HiI dpopmu, Taki
K aHAJIITUYHI PIBHSHHS, aJIbTEPHATUBHI I'padu, KyOITHO-BEKTOPHI CTPYKTYPHU
OpIEHTOBAaH1 HA MIHIMI3aLI0 MaM'sTi 1715 30€piraHHs JaHUX MPU OMKUC] CKIAAHUX
dbyukiionanpHocTed. s opraHizamii  KuOEpCOIiadbHOTO  KOMIT'FOTHHTY
HEOOX1THO HacaMIepel HABUUTUCA aBTOMAaTUYHO OyAyBaTH TaOJIUIl ICTUHHOCTI,
Kl SIBJSIIOTH COOOI0 JAMCKPETHUH OINUC COLIAJIBHUX MPOLECIB 1 SBHULI,
MPU3HAYCHUN 11 MOJENIIOBaHHS 1 TepeAOaueHHs HACHIKIB BiJl MPUHHATTA
pieHs [3].

JloriyHi cxeMH, CUHTE3UpPOBaHI 3 KyOUTHHX (OpM 3Ha4YeHb 3MIHHHX,
MIPU3HAYCHI IS MOJICIIFOBAHHS social-mpoIieciB 3 METO BU3HAYCHHS ITOBEIIHKH
krOepdi3uvHOi social-apXiTeKTypu KOMI'TOTUHTY Ha 3aJlaHUX BXIIHUX pOOOUYUX
BIUIMBIB. PoOourMMM BIUTMBAMHM € CYINEPIIO3UIli YHITAPHUX KOJIIB BXIJHUX
3Ha4YeHb 3MIHHUX. CTaH BUXOJy JIOT14HOI social-cxemu, 10 TOPiBHIOE OJUHHUIII,
CBITYUTH PO TMO3UTHUBHUU pe3yJbTaT B3a€EMOJIi BXIAHMX 3HAYEHb 1CTOTHUX
3MIHHUX Ha XIJI BUKOHAaHHS social-maTepHy abo mporecy s JOCSITHEHHS
MOCTaBIeHOI MeTH. TakuM YHMHOM, 3aMiCTh JIAHIIOKKA JIaHWX, M0 LIIOCTPYE
MOCJIIJIOBHICTh 1K social-(QyHKIIIOHATbHOCTI, BUKOPUCTOBYETHCS MPUHIIUIIOBO
HOBa ¢opma — KoMOiHalIiHA U(POBA JIOTIYHA CXeMa, MMapajiebHO IHTErpyoua
JIUIIIE 1ICTOTHI BJACTUBOCTI social-()yHKIIOHATBLHOCTI, 1€ OCHOBHOO BIIMIHHICTIO
€ MOKJIUBICTb MOJICTTIOBaHHS social-Tipor1ieciB.

Jloriuna cTpykTypa abo social-mporiecop iHBapiaHTHHM 0 4Yacy, CTBOPIOE
social-pyHKI[IOHATBHOCTI HAa OCHOBI KyOITHBIX (OpM TaOIUIb ICTHHHOCTI
JOTIYHUX €JIEMEHTIB, MPUB'SI3aHUX JI0 YHIBEpPCYyMY MNPUMITUBHUX 3HAYCHb
smiHHUX. [lepeBaru social-mporiecopa moasATarOTh Y KOMITAKTHOCTI TIOJIAHHS Ta
BUCOKI IIBUJKO/IT JOTTYHOT cXeMH social-(pyHKIIIOHaIbHOCTI, sIKa BU3HAYAETHCS
KyOITHUMH BEKTOpaMHU 3MIHHUX, 0ITOBA PO3MIPHICTh SKHX JOPIBHIOE KUTBKOCTI
MPUMITUBHUX JIaHUX 3HA4Y€Hb KOXKHOI 3MiHHOI. MaTpudHa apxiTekTypa social-
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KOMIT FOTUHTY MIATPUMYE l€papXito KyOITHMX TMOKPUTTIB. JJI1 MpOeKTyBaHHS
Ki0epcoIialbHOr0 KOMITIOTUHTY BUKOPHCTOBYIOTHCS JIBa BHUIU MOJENEH
joriuaux mnporecopiB. KybitHo-perictpoBa monens (KPM) omepye nBoma
BXOJaMH JIOT1YHOTO and-eleMeHTa, Ha Kl MOJAThCs: 1) KyOITHHUM BEKTOP-
eTajoH OaraTo3HayHOi 3MIHHOI social-(hyHKIIIOHAIBLHOCTI; 2) BXITHUM BEKTOP
naHux social-mporiecy, 1mo mianArae posmizHaBaHHO. KyOiTHO-7I0rYHAa MOAETH
(KJIM) omepye onHUM BXOJOM JIOTIYHOTO and-eleMeHTa, Ha SIKUN TMOJAETHCS
3HaYCHHS-aJpeca JaHuX social-mporecy, BiANOBIAHE JaHOT 3MIHHOI. 3a aapecoro,
OJICP>)KaHOI0 BHACTIAOK KOAYBAaHHS TEKCTOBOTO (hparMeHTa, BU3HAYAETHCS
KOOpAMHATa KyOITHOTO BEKTOp-€TajoHa Oarato3HayHoOi 3MiHHOI social-
(GYHKIIIOHATBHOCTI, 3HAYEHHS sIKO1 (hOpMye CTaH BUXOMY JJIs PO3IMi3HABAHHS
3HAQYCHHS BXIJIHMX JaHUX BIJIHOCHO 3aJaHOTO KYOITHOTO BEKTOpYy, (Gopmye
joriyHu# etanoH. OHa iTepallis MOJCNIOBaHHs Ha KyOiTHOMY eneMenTi KJIM-
Mozeni social-pyHKIIIOHATBHOCTI BU3HAYa€ HAJICKHICTh BXIJTHOT'O 3HAYCHHS J0
KyOITHOrO BekTOpy JoriuHoro etajgoHy. KPM wmoxens 3MiHHOI social-
(GYHKIIOHATBHOCT] J1a€ MOXJIMBICTH IMapajielibHO, 32 OJUH aBTOMATHUMN IHKII,
BU3HAYATH HAJICKHICTh BXIJTHOTO BEKTOPY 10 KyOITHOIO BEKTOPY JIOTTYHOTO
eTasiony. B mpomy ix BiamiHHICTB. [IpupojiHO, 10 BXiJHI BIUIUBHU JJI1 000X
Mozenelt (opMyrOThbCsl 3 TEKCTOBUX (parMeHTIB BXIAHUX JaHUX HUITXOM iX
VHITapHOIO0 KOAYBAHHS Ha YHIBEpCaJbHIA MHOKMHI 3HAYEHb KOXKHOI 3MIHHOL
Ki0ep-comiaibHOI (PYHKIIIOHAIBHOCTI.

Social-koMIT'FoTHHT MOXe PO3MIIAIATUCS K 1 YHIBEpCaIbHUNA O0YMCITIOBAY,
3MaTHUN BU3HAYATH TOYHI PIIIEHHS 3 JOMOMOIOKO JIOTTYHUX CXEM €TaJIOHHOI
MOBEIIHKY JIFOAUHU a00 couianbHoi rpynu. [Ipobnema miaisrae BUPIICHHIO B
MaiOyTHHOMY Ta MOJIATAE Y CTBOPEHHI 0a3u aITOPUTMIB a00 CXEM, 3 IKMX MOKHA
TEXHOJIOT1YHO MPOCTO CHHTE3YBAaTH KMOEpCoIliadbH1 METpUUHI social-nporecopu
JUIsL MOHITOPUHTY, aHali3y Ta aKTI0ATOPHOTO YIMPAaBIIHHS MEAUIMHOIO,
TPaHCIIOPTOM, HayKOIO, OCBITOI0, BAPOOHHUIITBOM, €KOJIOTI€I0, FOPUCIIPYICHIIIEIO,
¢diHaHCcaMH.
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With the steady rise in popularity of numismatics as a hobby, and the ability
to buy coins from different eras, catalogs of coins are being created for the purpose
of identification and clear classification of coins based on many parameters,
making it easier for people to build their own collections. These catalogs are also
used by museum staff, pawn shops, antique stores, and others. Therefore,
electronic catalogs are being created to simplify life and provide the ability to
have information from many books on a user's own device.

VY TenepimHiil yac HyMmi3Matuka [1] crama AoBOJI MONyJsIpHUM X001 Ta
HOBHUM METOJIOM IHBECTHUIIIN — 1 € CYTTEBOIO YAaCTHUHOIO KUTTS JICSIKUX JIIOACH.
CydacHl BUPOOHMKH JOMOMIXHOI MPOAYKLII JUIsl KOJIEKIIOHYBaHHS 1 JOCi
NEePEeBAXHO BUITYCKAIOTh MouirpadiyHi BUpOOM, II0 HE JO3BOJISIE 3a PI3HUX
00CTaBHH IIBUJIKO 3HANTH HEOOX1IHY 1H(OpMAILiIO.

Yepe3 110 albTEpHATUBOIO CTalOTh €IEKTPOHHI Kartajoru. llpm ix
BUKOPDUCTaHHI BHUHUKA€ MOXJIMBICTh IIBHJIKOIO TMOIIYKY 3a TaKUMH
napamMeTpaMmu: Jara KapOyBaHHs, MpaBUTENb, PI3SHOBUMA, diaMmeTp 1 T.1. Takuii
M1X11 € MOOUTBHUM Ta 3pYYHHM:

» IlIBuuka dinbrparis;

» Hemae moTpedu Bo3uTH 3 COO0I0 KyIy KHUT Ha 3JIbOTH KOJIEKIIOHEPIB;
« JlomomMora B CTPYKTYpOBAaHOCTI KOJIEKIIii;

o IlIBuaka imeHTHU]IKALIST MOHETH;

* CTBOpEHHA Ta pefaryBaHHs CIIyCKy 0a)KaHOTO;

*  MOXIHBICTh BeIEHHSI HOTATOK;

* KpoccrnarpopMeHHICTb.

EnexTpoHHI KaTajoru MpaiploTh Ha OCHOBI 0a3u JaHUX, IO 30epiracThes
Ha MPUCTPOiI KOpUCTyBaya abo K Ha BiAJIaJIEHOMY cepBepl. 3aJIeKHO BiJl METOAY
PO3pO0KH, 3aCTOCYHOK MOKE€ MaTH pi3HOOIYHUHN Halip ¢pyHKuin. s po3podku
KpOCCIIaT(OPMEHHOTO 3aCTOCYHKY MOXYTh OYTH BIKOPHUCTaHI TakKi MOBH
IporpaMyBaHHS:

« Python[2];
« Java;

« C#

* Ruby;
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* Rust;
bararo 3 1iux MOB IporpaMmyBaHHs MarOTh pi3HI (HpeMBOPKH Ta 010T10TEKH,
0 JO03BOJISIOTH JIETKO PO3poOJIATH MOOUIBHI 3aCTOCYHKM Ha PI3HHX
mwiatdopmax, Takux sk Android ta IOS. Takox s po3poOkd MOOUTBHUX
3aCTOCYHKIB MOXKYTb OyTH BUKOPHMCTaH1 1 Taki MOBU MPOTPaMyBaHHS:
« TypeScript;

« PHP;

« Lua;

e Dart;

o CH++;

« JavaScript;
+ Go.

EnexkrponHuii Katanor 3a3Buuail OyAay€eThCs 3a TAKOIO apXITEKTYpOIO:

* baza nanux: EnekTpoHHUI KaTajior MOHET MOBUHEH MICTUTH 0a3y JaHUX
ska 30epiratuMe 1HQoOpMaIil0 Mpo MOHETU. ba3a NaHWX TOBUHHA MICTUTH
HACTYMHI TOJIS: Ha3Ba MOHETH, PIK BHUIYCKYy, KpaiHa BHUIIyCKy, ME€Tall, Bara,
JiaMeTp, OIUC, 300pakKeHHs, TOIIIO;

* Iuarepdeiic kopuctyBaua: Katanor moBuHEH MaTh 3py4yHuil iHTEpdeEiic
SIKUWA JO3BOJINTH IIBUAKO 3HANTH HEOOXI1JIE;

* Ayrentudikaiis Ta 0e3nexa;

* [lommpenns: EnekTpoHHUI KaTagor MOHET MOXeE OyTH TOCTYITHUM IS
KOPHUCTYBayiB Ha PI3HUX IJIATPOpPMaX, TAKUX SIK BEO-CAlT, IECKTOIHA Mporpama,
MOOUIBHHI 3aCTOCYHOK;

* OHOBJICHHSI Ta PO3MWIMPEHHS: ENEKTpOHHUN KaTajaor MOHET MOBUHEH
OyTH JIETKO OHOBJIIOBAaHUM Ta PO3LIMPIOBAHUM. SIKILO 3’ SIBJISIOTHCSI HOBI MOHETH,
0a3a JaHuX MOBUHHA OyTH OHOBJIEHA, @ HOB1 (DYHKIIIT MIOBUHHI OyTH MepeaHi 10
1HTepdeicy KopucTyBada, o0 3a0e3neunTy 3pyuHnil Ta ePeKTUBHUN JOCTYI JI0
HOBHUX MOXKJIUBOCTCH;

* AHamTHKa Ta 3BiTH: EJIEKTpOHHUH KaTajgor MOHET MOXE HaJlaBaTH
aHAMITHYHY 1HGOPMAIIiIO Ta 3BITH 1)1 KOpucTyBaviB. Hanpukan, ctaTucTuka 3a
KpaiHOIO BUITYCKY, METaJIOM, POKOM BUITYCKY, TOIIO;

*  MoxnuBicTh 30epiraHHsi: KOPUCTYBad IMOBMHEH MaTH MOKJIIUBICTb
30epiraTi MOHETH SIK1 OT0 LIKaBJIATh B OKPEMOMY CIIHCKY.

VY Takomy 3aCTOCYHKY y KOpPHCTYyBauiB OyJie MOKJIMBICTh 30epiratu Ta
neperasgaTy iHGopmalio Ipo MOHETH, BUKOHYBATH MOIIYK Ta (PUIbTpaLiio 3a
PI3HUMH TapamMeTpamH, J0JAaBaTH HOBI MOHETH Ta BECTH CTATHCTHKY CBOEI
KOJIEKITII.

Cnucok Jgirtepatypu
1. Makkeit JI. Monern. Benmuka enruknonenis. / C.K. O6oaunckas // AST
Publishing Group. — Mocksa. — 2008. — C. 11-12.
2. Python [enexTponnmii pecypc] / Virtual Resource — Pexxum moctymy:
www/URL.: https://docs.python.org/3/ — lara 3Bepuenns: 10.04.2023.
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The increasing use of cloud computing has led to the widespread adoption
of microservices as an architectural pattern. This approach involves breaking
down large applications into smaller, independent packages that can be distributed
across different environments, with the goal of achieving a cloud-native
architecture. However, selecting the most effective communication mechanism
between these services can be a complex task. To address this challenge, this
thesis presents experimental findings comparing common inter-process
communication methods, with a particular focus on REST APIls and Google
gRPC.

Ctunp MIKpPOCEpBICHOI apXITEKTypH CTaB OJHUM 3 HaWMOMYJSPHIIINX
apXITEKTYpHUX CTHIIIB PO3POOKH IMPOrpPAMHOrO 3a0€3MEUEHHS B OCTaHHI POKHU.
3TiIHO 3 AOCIIKEHHSIM, MPOBeIeHUM KomnaHiero Statista [1], 81,5% kommnaHiii
B’K€ BUKOPHCTOBYIOTh MIKPOCEPBICHY apXITEKTYpY, a 17,5% KoMIaHiii IUIaHyOTh
nepeiTy Ha 1ed Tun apxitektypu. Jlume 1% pecnoHIEHTIB 3aJ0BOJIEHI
MOHOJIITHOIO apXiTEKTypor0. 3TiAHO 3 1HIIUMH JOCTIIKEHHAMH TPOBEACHUMU
kommnaniero RedHat [2], 73 % xoMmaHiii Bxke BUKOPUCTOBYIOTh MIKPOCEPBICHY
apXITEKTypy.

OCKIJIBKM CHCTEMH Ha OCHOBI MIKPOCEPBICIB € PO3IMOAIICHUMH, OJTHIEIO 3
KITFOUOBUX MPOOJIEM MPHU pO3p0oOIIi MporpamMu € BUOIp MEeXaHi3My, 3a JOTIOMOT OO
SKOTO CEpBICH B3a€EMOJIIIOTH OJWH 3 OJHHM. ICHYe ACKUIbKa MiAXOMIB IS
peasizallii Mi>k IMPOIIECHOI B3aeMoii (aHrI. inter-process communication, [IPC) B
MIKpOCEpBICax, 1 KOKEH 3 HUX Ma€ CBO1 IIEpEeBarv Ta KOMIPOMICH.

Ha chorosi B raimy3i BBakaeTbes, 10 apxiTekrypa REST 3 Bukopuctanasm
TekcToBOro npotokony JSON € craHmapToM Jjisi B3a€MOJIi B MIKPOCEPBICHIM
apxitektypi. BimHocHo HoBa TexHojoris gRPC mouwnae 3amingyBatu REST
apXiTEeKTypy, 0COOJMBO B BEJIMKUX KoMmIaHisIX, Takux sk Google, Netflix, Spotify
Ta IHIIII.

B nmanomy  JgochimpKeHHI — TOPIBHIOETHCS — MPOJIYKTUBHICTH  JIBOX
BeOiHTep(elCiB ONMUPAIOYNCh HA HACTYMHI MOKa3HUKH:

- BHUKOPHUCTAHHS MPOIECOPHOTO Yacy y BiJICOTKAX;

- Yyac BUKOHAHHS 3alUTy IO BKJIIOYAE MPOIIEC (Ze)cepiami3allisa JaHuX Ha
KJIIEHTI Ta CEpBEP1 Ta YaC OOMIHY TTOBIJJOMJICHHS MEPEXKEIO;

- TMPOMYCKHA 3JAaTHICTh IO XapaKTEPU3ye€ CKUIbKA BeO 3amUTIB MOXKE
00poOHUTH crucTeMa 3a MEBHUM MPOMIXKOK Yacy.
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Jlns BUKOHAaHHS 3aMipiB OyJI0 PO3pOOJICHO MpPOrpaMHy CHCTEMY IO
CKJIaJIa€ThCsl 3 BeOCEpPBICY, BEOKIIEHT Ta JAOMOMIKXHOTO MOAYJS 3 IiATOTOBKU
CTaTUYHUX JaHUX MOBOIO MporpamyBaHHs Java [3].

Jlnst 3aMipy MOKa3HUKIB OyJI0 MPOBEACHO HABAaHTa)KYBAJIbHE TECTYBaHHS.
JI71s1 KOKHOTO TeCcTy BUKOPUCTOBYBaoCh 100 MOTOKIB BUKOHAHHS, KOXKEH MOTIK
BUKIMKaB MeTon cepepa 100 pasiB. Koxen tect mpoBoguBcs 11 pasiB Ta 3a
JIOTIOMOTOI0 MEiaHu OOUPANTUCh TOKAa3HUKHU JIJIsl TOPIBHAHHA. BapTo 3a3HauuTH
0 a0COJTIOTHI MOKA3HUKKM OTPUMAaHI i 4ac JOCTIKCHHS € JIUIIE TPUKIIAI0M
poOOTH CHUCTEMH Ta MOXKYTh BLAPIZHATHCA IiJ] Yac MOBTOPHOTO BHUKOHAHHSI.
Pesynbratu HaBeneHi y Tabmumi 1.

Tabnuusg 1 — Pe3ynbratu nopiBHSHHS NPOTYKTUBHOCTI (PpEHMBOPKIB

Manuit Cepenniit Benukuii
Po3Mip noBigoMITeHHS

REST | gRPC | REST | gRPC | REST | gRPC

KispKicTh 3a1muTiB 3a
CEKYHIY

131521 | 90334 | 8842 | 44853 | 1029 | 6017

[IIBHAKICT, BUKOHAHHS
3aIUTy, MC

0,4652 | 0,6642 | 6,7853 | 1,3377 | 58,2989 | 9,9702

BincoTok BUKOpUCTaHHS
IIPOLIECOPHOTO Yacy

27,4 108 | 28,2 | 18,38 31,3 27,2

3rizHo 3 Tabnuier 1 MoxkHa 3poOuTH BUCHOBKH 1110 (periMBopk REST €
OUIBII MPOAYKTUBHUM IIPU MAJIOMY pO3MIipy MOB1IoMJIeHb. [IponyckHa 31aTHICT
REST na 45 BigcotkiB Oubiie Hix y gRPC. Ane cnig 3a3nauutu mo REST
BUKOpPUCTOBYE Ha 16,6 BijcoTka Oulblie mpouecopHoro yacy. Ilpu 3011b11eHH
po3Mipy moBigomiieHb (peiimBopk gRPC mokasye Kpaiii pe3yJbTaTH.
[Iponyckna 3natHicTh 3poctae Ha 407 Ta 484 BIACOTKM MpPHU CEPEAHBOMY Ta
BEJIMKOMY PO3MIpi MOBiOMJIEHb Ta ToTpeOye Ha 9,4 Ta 4,1 BiicOTKa MEHIIE
MIPOIIECOPHOTO Yacy Jjisi 00pOOKU MOB1OMIICHD.
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https://github.com/lysiakov/rest-grpc

124



https://www.statista.com/statistics/1236823/microservices-usage-per-organization-size/
https://www.statista.com/statistics/1236823/microservices-usage-per-organization-size/
https://www.redhat.com/architect/microservices-overlooked-facts
https://github.com/lysiakov/rest-grpc

YK 004.92:004.73

JOCIIKEHHSA APXITEKTYPHUX PIIEHD
KOPUCTYBAIBKOT'O IHTEP®EMCY JJIsI EPEKTUBHOI'O

BUKOPUCTAHHA MOBIVIBHUX TOJATKIB

3enencoka FO.JI.
HaykoBwii kepiBHUK — K.T.H., ¢.H.C. Ko63eB B.I'.
XapKiBCbKHUI HalllOHANBHUN YHIBEPCUTET pajgioenekTpoHiku, kad. 11,
M. XapkiB, Ykpaina
tea. +38(063) 029-79-39, e-mail: yuliia.zelenska@nure.ua.

This study focuses on analyzing the architectural solutions for designing
the user interface of a mobile application. The aim of this research is to evaluate
various research methods and guidelines for 10S and Android platforms that can
enhance the efficiency of using mobile applications. The outcome of this research
includes an extensive examination of user interface research methods and existing
guidelines for 10S and Android platforms.

KoskHOTro THSI MU BUKOPUCTOBYEMO JIOJATKX HA MOO1TBHOMY HPUCTPOT JJIst
TOTO 1100 3aMOBUTH 1KY, CIUIATUTH IMOCIYTY, HOJAUBUTHCS (PuIbM ad0 MPOCTO
MOCHIJIKYBaTUCA 3 Jpy3sMH. B 3a1eXHOCTI BIJ JIETKOCTI Ta 3pO3yMiIOCTI
KOPUCTYBAaHHS MOOIJTBHUM JIOJATKOM MU MOKEMO JOCITTU 0a’KaHOTO JI0OCTaTHBO
mBujko. OnHaK, Jeski MOOUIbHI JOAaTKU MOXYTh OyTH CKJIQJHUMU B
KOPUCTYBaHHI, III0 MOXXE TPHU3BECTH JO HE3aJOBOJICHHS KOPHCTYBadiB Ta
3HIDKCHHSI TOMYJIIPHOCTI 1oaaTtka. OCHOBHI TPUYHMHHM CKIIATHOCTI BUKOPHUCTAHHS
MOOUTPHUX JOJAaTKIB MOXYTh OyTH TIOB'SI3aHI 3 HEJOCTATHHOI 1HTYITHBHICTIO
iHTepdeiicy, HemoCTaTHIM omucoM (YHKIN Ta MOXIMBOCTEH 10JaTKa,
HAJMIPHUMHU BUMOTaMH JI0 JOCTYIY J0 0COOHCTOI iH(opMaIlli KOpucTyBada Ta
iHmmMu  ¢aktopamu. [li mpoGnemu MoXyTh OyTH BHUPIIIEHI IUISIXOM
MOKpAIICHHS TU3aiiHy KOPUCTYBAIbKOTO 1HTEp(deiicy MOOUIBHOTO TOIATKY.

IcHye 3aranpHuil HaOlp mpaBun Ta npuHOUMIB [1], sSkuil Moxe OyTu
3aCTOCOBaHUN /10 OyAb-SKOrOo JW3aiiHy, aje CIiJ 3ayBaXuTH, M0 JUIs
mwiaropmu Android ta st iardopmu |OS BUKOPUCTOBYIOTHCS JTOBOJII Pi3Hi
apXITEKTYpHI PIlICHHS.

{06 mocaiauTy apXITEKTYpHI MiAXOAU 10 MOOYAOBHU J10JAaTKy HEOOX1THO
BpPaxOBYBaTH Pi3HI aCMEKTHU MPOEKTyBaHHSA. OHUM 3 HAWBAKJIMBIIINX ACIIECKTIB
€ BUOIp NIPaBUIILHOTO AU3aNHY AJI1 KOHKPETHOTO A0aTKy. Jln3aiiH moBUHEH OyTH
NpUBAOIMBUM, PYHKIIOHATBHUM 1 3pyYHUM Y BUKOPUCTAHHI JJI1 KOPUCTYBaUiB.

ITpu npoeKTyBaHHi z[maﬁHy JI0NIaTKY, CITi BPaXOBYBaTH pi3HI €JIEMEHTH,
Taki K KoJIip, MpudTH, MaKeT Ta 1HIN Au3aiiHepChKi eneMenTd. Komip moBuHeH
OyTH BIATMOBIAHUN 10 METH NIONaTKy 1 BUKJIMKATH BIJAMOBIAHI eMOIli Yy
kopuctyBaua. [llpudTn mnoBuHHI OyTH YNTAOCIbHUMH 1 JIETKUMH JIS
BUKOPHCTAHHSI.
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Jlu3aitH Tako)X MOBUHEH OyTH aJalTUBHUM JI0 PI3HUX PO3MIPIB €KpaHiB,
00 A0JaTOK OYB 3pyYHUM y BUKOPHMCTAHHI Ha Pi3HUX MpHUCTposix. Kpim Toro,
JU3aifH  TIOBMHEH BIANOBIATH  (PYHKIIOHAIBHUM BHUMOTaM JOJATKy 1
3a0e3MeuyBaTu 3py4He B3a€EMOJII0 MK KOPUCTYBAUEM 1 IOJAATKOM.

Bci i nmapametpu 6a3ytotbest Ha rpyHTI UX — nocnimpkens [2]. OnHumH 13
HalBU3HAYHIMMX € CTBOpeHHA [HDopmariiitHoi ApXiTeKTypH Ta BapPpeiMiHT.

CrBopenns [Hpopmarriitnoi ApxiTeKTypH € KIIFOYOBUM €TaIloM y po3po0Iri
6yI[B-5IKOF0 nonatky [3]. Lle mponec opraHlsaun KOHTEHTY, AKUH Mae OyTH
JOTIYHMM 1 JIETKUM Y BHKOPUCTaHHI Jif KOpI/ICTyBa‘—IlB [adopmariitna
ApxiTekTypa BH3Haudae, sIK OyIyTh CTPYKTypOBaH1 JaHi Ta SIK BOHU OyayTh
BifoOpa)keHl Ha CTOPIHIIl, 00 KOPUCTYBAad MIr 3 JIETKICTIO 3HAWTH MOTPIOHY
1H(DopMmarrio.

Jlnst Bizyamizanii [HpopMaliiifHOi apXiTeKTypy BUKOPUCTOBYETHCS METO]
Bapdpetimiary [4], mo gomoMarae BH3HAYUTH OCHOBHI €JEMEHTH Ta iX
B3a€EMOJIII0 Ha CTOPIHII. 3a JIOMOMOTro0 BapPpelMiHTy PO3POOHUKH MOXKYTh
no0a4YuTH, AKUM OyJie BUTIIA IHTEpdECy 111e 10 TOro, sIK I0YaTh HOTo KOAYBaTH.
I1e 3MeHIIy€e pU3HK TOMUJIOK Ta CIPOIIYE MPOIIEC PO3POOKH.

Takum YMHOM, B OCHOB1 OY/b-IKOTO JIOJATKY JICKUTh raifij1aiiH Ta 0a3ucHI
JOCIIIJKEHHS, SIKI JI03BOJISIIOTH C(POPMYBATU ApXITEKTYpy HOAATKY Tak, 1100
JOTPUMATHCS YCIX TpPaBWJI Ta MPHUHIMUIIB MPOCKTYBaHHS KOPUCTYBAIBKOTO
iHTEepdeicy. Y mnomanblioMy i JIOCHIIKEHHS BUKOPUCTOBYIOThCS AB-
TeCTyBaHHA [5], 1100 MOPIBHATH OJHAKOBY (PYHKIIIO HA pi3HUX IIaTdopMax Ta
iHcTpyMeHTH Figma Ta inDesign. Figma 1no3BoJisie CTBOpIOBAaTH BEKTOPHI
300paXeHHs] Ta MaKeTH, peAaryBaTH ixX KOJAOOpaTMBHO Ta JETaJbHO
HAJAIITOBYBAaTH PO3MIIIEHHS €JIEMEHTIB Ha cTopiHii. inDesign Hajgae
MOXXJIMBICTh TpaioBaT 3 TUNorpadikow, rpadikor0 Ta MyJIbTHUMEIia-
eJIEMEHTaMH, 100 CTBOPUTH JOCKOHAIMN MaKeT JJIsl MOOUIBHOTO JI0JIaTKa.

CnucoK BUKOPUCTAHUX JIKEPEIT:

1. Foundation overview. (2023, 10 KBITHS).
https://m2.material.io/design/foundation-overview

2. UI UX research techniques. (2023, 1 xBitns). https HYPERLINK
"https://www.toptal.com/designers/ux-research/ux-research-techniques"://
HYPERLINK

3. Information ~ Architecture =~ Basics. (2023, 5  kBiTHf).
https://www.usability.gov/what-and-why/information-architecture.html

4, Harington Bill (2016). Universal methods of design.

5. Lukas Mathis (2011). A/B Testing

126


https://m2.material.io/design/foundation-overview
https%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22:/%20HYPERLINK%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22-%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22techniques
https%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22:/%20HYPERLINK%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22-%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22techniques
https%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22:/%20HYPERLINK%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22-%20HYPERLINK%20%22https:/www.toptal.com/designers/ux-research/ux-research-techniques%22techniques
https://www.usability.gov/what-and-why/information-architecture.html

YK 004.92:004.73]:364.694
JTOCIIIXKEHHSI METOJIB IPOEKTYBAHHS IHTEP®ENCY

BEB-CAMTIB JJ151 3ABE3IIEYEHHS JOCTYITHOCTI

KOPUCTYBAYAM 3 OBMEX XEHUMH MOXJ/INBOCTAMMU
Arakynosa K.IO.
HaykoBwii kepiBHUK — K.T.H., ¢.H.C. Ko63eB B.I'.
XapKiBCbKHUI HalllOHANBHUN YHIBEPCUTET pajgioenekTpoHiku, kad. 11,
M. XapkiB, Ykpaina
ten. +38(066) 051-46-15, e-mail: kateryna.atakulova@nure.ua.

The object of the work is positive and negative aspects that affect the
effectiveness of using websites by people with disabilities. The purpose of the
work is research and analysis of site accessibility criteria for a special group of
users, formation of results and conclusions, and the basis of testing.

B cBiTI cniocTepiraeThcs 3pocTaroua TEHACHIA 10 3a0€3MEUYeHHST PIBHUX
IpaB Ta MOXJIMBOCTEH [JIs1 KOXKHOI JIOAMHH, BKIIIOYAIOYU BPA3NIMBI TPYIH
HACEJICHHSI.

3a nanumu BceecBiTHROT opranizaiii oXopoHu 370poB’s [1] Oueme 15%
HACEJICHHS CBITY Mae€ SIKIChb BUJI OOMEXKEHbB Y 3[I0POB’1, sIKI MOXKYTh BIUIMBATH Ha
iXHI MOKJIMBOCTI B3a€MOJIi 3 1H()OPMALIHHUMU TEXHOJOTIIMH, TAKUMH SIK BEO-
caittu. L{e o3Hauae, 110 3a0e3nedeHHs JOCTYITHOCTI Be0-CalTIB AJ11 KOPUCTYBaUiB
3 00MEKEHUMHU MOXKIIMBOCTSMH € BOKJIMBUM MUTAHHSIM JUIsI PO3BUTKY 1HTEPHET-
TEXHOJIOT1H Ta BeO-IH3alHy.

IcHye Bce Ounble opraHizaiii, SKi 3alMarOTbCA JOCHIKEHHSIM Ta
PO3BUTKOM CTaHJApPTIB JIOCTYIHOCTI BeO-CEpeoBHUINA, IO MiATBEPIKYE
BOKJIMBICTh Ta MOTpeOy B HUX. J[ns mrojmel 3 0OMEKEHUMHU MOMXJIMBOCTSIMH,
TaKUX K JIOJU 3 BaAaMH 30Dy, CIYXy, pyXy Ta IHIIUMH, TOCTYI J10 iH(opmaIlii,
gKa HAJaeThCsl uepe3 BeO-cepeqoBuUIlle, MOXe OyTH oOMexeHuM abo
HEMO>KJIUBUM 0€3 HaJIE’KHO1 JOCTYTHOCTI Ta MPUAATHOCTI JIsl BAKOPUCTAHHS.

OauH 3 MpOBIAHUX Y CBITI pO3POOHMKIB BeO-CTaHAAPTIB — MIXKHapoIHA
opranizaitiss W3C, Bijiirpae BaxiIuBY poJib y po3poOili CTaHAApTIB JOCTYITHOCTI
BeO-caiiTiB, Bkimoyaroun WCAG - BeO-cTaHIapT IOCTYIMHOCTI KOHTEHTY [2].

JIns JOCHIIPKeHHST JOCTYIMHOCTI Be0-CalTiB HEOOXIAHO 3PO3yMITH, SKY
iHopMmaIlito AOCTHIPKYBaTH Ta SAKI KpUTEpli BUKOPUCTOBYBATH IS  iX
omiHiOBaHHs. JIJIS 1IbOTO HEOOXIMHO aHANI3yBaTH CTaHIApTH, PEKOMEHJAIIii,
nmyOJikarii Ta HayKOBI JOCIIHKEHHS, 110 BUCBITIIOIOTH MPOOJIEMU JOCTYMHOCTI
BeO-CaliTIB Ta METOAM iX BHPIMICHHA. BaXJIWBO pO3IMIIAHYTH METOIU Ta
TEXHOJIOT1i, sKi 3a0€3Medyl0Th JOCTYIHICTh 1HTEp(enciB BeO-CalTiB, Takl K
po3Mmip mpudTy, PO3MIIIICHHS €JIEMEHTIB KEpyBaHHS Ta HAsBHICTh TEKCTOBHUX
OIHKCIB 10 300paKEeHb Ta IHILUX €JIEMEHTIB IHTEpPeiiCy.

Jani, HeoOX1AHO MPOBECTU aHali3 ICHYIOUHMX BE0O-CalTIB 3 TOUKH 30pY
JOCTYMHOCTI 1X 1HTepdehcy Mg pI3HUX TPyl KOPHUCTYBadiB Ta PO3pOOUTH
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CTpaTerito JociipkeHHs. [ 1boro Mo’kKHa BHUKOPHUCTOBYBATH Pi3HOMAaHITHI
IHCTPYMEHTHU Ta CEPBICH, TaKi sIK BEO-1HCIIEKTOPH, IO JO3BOJISIOTh MEPEBIPSATU
KOJl CTOPIHOK BeO-CaliTiB Ta OIIHIOBAaTH iX JOCTYIHICTh JUIS PI3HUX TPy
KOpPUCTyBauiB. Y TMpoleci IOCTIPKEHHS BapTO BpaxoOBYBAaTH IMOTpeOU Ta
OCOOJMBOCTI  pI3HUX TIpyn KopucTyBadiB. 1100 AocCHiauTH MOBEIIHKY
KOpPHUCTYBauiB, HEOOXIHO JETalbHO BHBYMUTH 1H(POPMAIIO, BIIOKPEMUTH
HallBaXXJIMBINIE Ta 3HAWTH I[JIbOBY ayAMTOPII0 Ta CTBOPUTH TOPTPET
NmoTeHIliifHOTro KoprcTtyBada Personas [3]. Hactymuum eramom € po3poOka User-
flow miarpamu 3 ogHUM 13 0OpaHUX CIIEHAPIiB [4], 1110 € TOKPOKOBUM OTIMCOM Jii
KOpHCTyBaya i JOCATHEHHS] METH 3a JOTIOMOTOI0 BI3yaJIbHOTO CXEMAaTHYHOTO
BiIOOpaKEHHS 3 BITHOCUHAMH Ta 3B sI3KaMHU.

3aKII0YHUM €TaroM € eKCIIEpUMEHTaIbHE JOCIHKEHHS, 100 epeBIpUTH
e(EeKTUBHICTh 3aIIPOIIOHOBAHUX METOJIIB MOKPAIICHHS JOCTYITHOCTI BeO-CalTiB
JUTSl KOPUCTYBayiB 3 OOMEXEHUMHU MOKIJIMBOCTAMHU. sl IbOTO 0OpaHO Tpymy
KOPHUCTYBayiB 13 0COOIMBOCTSIMU 3/I0POB's, TAKUX SIK 30POBI, CIIyXOB1 Ta OIIOPHO-
pyxoBi npobaemu. CTBOpEHi JiBa MPUKJIAIU BeO-CalTIB HA OJJHAKOBOMY 0a3ucl,
MIPOTE OJIUH 3 HUX PO3POOJICHO 3 ypaxyBaHHSIM MOTPeO ypazIuBUX TPYII, a 1HIIHMA
- 0e3 ypaxyBaHHS 1IUX TOTPeEO.

TakuMm YMHOM, PU MPOBEACHH1 JOCTIXKEHHS Y pe3yJIbTati 0y/1e OTPUMAHO
JaHl 1po OO0JIbOBI TOYKM KOPUCTyBauya Ta TINOTE3W 1X BHUKOPEHEHHA. 3a
nonomororo UX miaxoiB [S] MOXHA BUSHAYUTH, sIKI METOIU MIPAIIOIOTh 3 000Ma
rpynaMyd KOpPUCTYBadiB 1 B YOMY iX BIAMIHHICTH 4yu 30ir. ¥ MailOyTHbOMY
TJIAaHY€ETHCS PO3BUTOK JTAHOI TEMU Ta JOBEICHHS BUCYHYTHX TIiMOTE3 HAa TIPUKIIaI
CHeliajJbHO CTBOPEHOro Au3aiiHy. lle M03BOJMTH MepeBIpUTH Ta MIATBEPAUTU
OTpUMaHI pPe3yJIbTaTH 1 PEKOMEHJAIl B peaJbHUX YMOBaxX Ta JOMOMOXKE
BJIOCKOHAJIUTH METOIOJIOT1I0 IPOEKTYBAHHSI JIOCTYITHHUX 1HTEP(EHCIB.

CnucoK BUKOPUCTAHUX JIKEPEIT:

1. BcecBiTHSL oprasizaiiisi OXOPOHU 3/I0POB’sl, OOMEXEHHS MOKIUBOCTEH
3mopoB‘s. (2023, 7  Oepesns).  https://www.who.int/news-room/fact-
sheets/detail/disability-and-health

2. Web Content Accessibility Guidelines (WCAG) 2.1. (2023, 10 kBiTHS).
https://www.w3.org/ TR/IWCAG21/

3. Jaime Levy (2021). UX Strategy. 2nd Ed.. Reilly Media.

4. Jon Yablonski (2021). Laws of UX: Design Principles for Persuasive and
Ethical Products.

5. Elizabeth Goodman, Mike Kuniavsky (2020). Observing the User
Experience A Practitioner‘s Guide to User Research
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Saving is quite an important part of a video game. Save files allow for
reducing the game launch time, as instead of recreating the game level from
scratch, it is enough to load specific parameters from the file. This process can
take no more than a few seconds, and in some cases, tens of seconds. No player
wants to spend much time waiting for the level to load. That is why the
programmer’s task is to optimize this process.

Bigomo, 1o rpa — 1e AisUTBHICTD JIOJIMHU 3 MOJICTIOBAHHS 1HIIIOTO BUIY
JTISUIBHOCTI 3 PO3BaXaJIbHOIO YW HaBYaJIbHOIO MeToro. HapuanbHi 1rpu
JIOTIOMAralTh KpalioMy 3aCBOEHHIO HAaBYAaJIBHOTO MaTepially, a TaKoX
JIOTIOMAraTy y BABYEHH1 KOHKPETHUX 00'€KTIB, pO3pOO0I1 KOHIIENIIH, OCMUCIIEHHI
ICTOPUYHUX TOAIM, KyJIbTYpHOTO PO3BHUTKY, OMaHYBaHHIO HOBUX BMiHb B XO/Il
ITPOBOTO TMpPOIIECy. 30KpeMa, MOJACIIOBAHHS MISIBHOCTI y GopMi AIOBOI TpH
CTUMYJIIO€ HAOYyTTIO HOBHUX KOMIIETEHTHOCTEH, a JIOTiKa BUKOHAHHS pOJIeH
(irpoBHX TIepcOHaXeH) CIIOHYKae 10 OnaHyBaHHIO HOBUX 3HaHb [1, 2]. I'pa, mo
BIJIOYBAETHCS 32 JOMOMOIOI0 EJIEKTPOHHHUX TMPUCTPOIB, MPOTPaMOBAHUX YH
HEMPOTrpaMoOBaHUX, SKI YTBOPIOIOTH IHTEPAKTHBHY CHCTEMY, Ha3UBaIOTh
«ETEKTPOHHOI0» a00 «KOMIT FOTEPHOI0» a00 «BIICOTPOIOY.

[IpoexkTyBaHHS KOMIT'IOTEPHUX 1IrOp CYNPOBOKYIOTh TPYAHOII, SIK
TEOPETUYHOTO, TaK 1 MPAKTUYHOIO XapakTepy, uepe3 HasBHICTb CHUTHATIB 1
30UIbIIeHHST 00csAry 1HQopwmarlii y yaci. B irpax kinpka areHtiB/oci0, siki
NpUIMAIOTh PIllIEHHS, HEOJHOPA30BO B3a€EMOJII0 Yy MIHIMBOMY CEpEIOBHIII.
AreHTH MOXYTh opMyBaTH rpyIi adbo koMaHau. ToOTO HE MOKIIMBO OTPUMATH
CTaHJApTy TOCHIAOBHY JEKOMIIO3UIIIO, sika O 3abe3neunsia ajaropuTM
JUHAMIYHOTO  TMpOTpaMyBaHHsA i LEHTPaJi30BaHOIO  CTOXAaCTUYHOIO
kepyBaHHA. CTpaTerii BUPIIICHHS WX MPOOJIeM MOXKYTh IPYHTYIOTHCS Ha OCHOBI
omTtuMmizaiii MepexxHuX anropuTtmiB [3], 0a3 manux [4], a TakOXX CTUCHEHHS
JAHUX.

ANTOPUTMHU CTHCHEHHS JaHUX 0€3 BTpaT MOXYTh BUKOPHUCTOBYBATH
CTATUCTUYHY HAJIMIIKOBICTh JIJII TPEJCTABICHHS JaHUX 3 BUKOPUCTaAHHSIM
MEHIIO1 KUTBKOCTI OiTiB TOPIBHSHO 3 OPUTIHAJIHLHUMHU HECTHCHCHUMH JTAHUMHU.
Run-Length Encoding (RLE) € ogauM 13 HAWMpOCTIMIMX aJTOPUTMIB CTHCHEHHS
0e3 BTpaT 3 TOYKH 30py PO3YMIHHS MOTO MPUHIIMITIB 1 MPOTpaMHOi peasizailii, a
TaKOX 3 TOYKH 30pY YacCOBOi Ta MPOCTOPOBOI CKIAAHOCTI. SKIIO 1ed MPUHIIUI
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3aCTOCOBYETBCS JI0 OKpEeMHX OITIB OpUTIHAJIBHUX HECTUCHYTHUX JaHMX 0e3
JTOTPUMAaHHS MEK OalTiB, IIEH MiIX1]] HA3UBAETHCS KOTYBAaHHSIM JOBXUHH ITUKITY
Ha piBHi 0iTiB [5]. Ha pucyHKy mpeacTaBieHo BapiaHTH 3aK010BaHO1 iH(popMariii
2D rpu xkaHpy «Sandbox» i3 BukopucranHsMm RLE anroputmy Ta 0€3 HBOTO.
KomnapaTuBHMii aHami3 J03BOJMB BCTAHOBHUTH, IO APYTUi BapiaHT OUIBII
epexTuBHUHN (KoeilieHT CTUCKAaHHS 66%).

010101010102 01050201
010101010102 01050201
010101010102 01050201

a) 6e3 suxopucmanms RLE-ancopummy  8) i3 suxopucmannsim RLE-aneopummy
Pucynox. [puknan koxyBanus inpopmariii 2D rpu xanpy «Sandbox»

B uinomy, 3actocyBanHs RLE anroputmy no3Boiis€e y AeKiibKa pa3iB
3MEHIIUTU po3Mip (aitiry. BomHouac, yepe3 HEOOXIAHICTh IOAATKOBOTO 3aIUCY
30UTBIIY€ETHCS KUTBKICTh MOBTOPIB JJIsi KOKHOTO OO’€KTY 1 1€, Y CBOIO 4epry,
MO>K€e MPU3BECTH JI0 30LTBIIICHHS pO3Mipy daiy.

Crucoxk BHUKOPHUCTAHUX JZKCPCI:

1. Fesenko, T., Ruban, l., Karpenko, K., Fesenko, G., Kovalenko, A.,
Yakunin, A. & Fesenko, H. (2022). Improving of the decision-making model in
the processes of external quality assurance of higher education. Eastern-European
Journal of Enterprise Technologies. 1(3(115)), 74-85.
https://doi.org/10.15587/1729-4061.2022.253351.

2. ®ecenxko, I'.I'. & decenxo T.I'. (2022). dinocodist yrpaBiIiHHS SKICTIO Y
BUIIIN OCBITI: HOBI MiaXx0au. 3a0€3MEeUeHHS SIKOCTI BUINOI OCBITU: MPOOJIEMHU Ta
NEepCHeKTUBH po3BUTKY: Marepiann V MiXHApOAHOI HayKOBO-METOJIUYHOL
KoHpepeHiii), 3-4 motoro 2022 p. Oaeca: OHEY, 51-53.

3. Tkavos, B.M., KoBanenko, A.A. & ®ecenko, T.I'. (2021). Onrumizarris
MEPEXXHOT0 aNrOpuUTMy (DYHKITIOHYBaHHS KOMIT IOTEPHUX MEPEX IMiABUIICHOI
KUBYYOCTI Ha MOOUIBbHIN TuiaTdopMi Ha eTami iX mpoektyBaHHA. Cucmemu
YnpaeninHa, Hasieayii ma 36’°a3Ky. 30ipuux Haykosux npays. [lonrasa: [THTY, 3
(65). 143-147. https://doi.org/10.26906/SUNZ.2021.3.143.

4. Rezanov, B., Semenova, A., Petrovska, I. & Fesenko T. (2021). Model for
Providing the Second Factor of Authentication Into Authentication Services with
Centralized Account Databases. Fifth International Scientific and Technical
Conference “Computer and information systems and technologies”, 46—47. doi:
https://doi.org/10.30837/csitic52021232201.

5. Mados, B., Bilanova, Z., Hurtuk, J. (2021). ARLE: Lossless data
compression algorithm using delta transformation and optimized bit-level run-
length encoding, J. inf. organ. sci. (Online), 45(1), 329-349.
https://doi.org/10.31341/ji0s.45.1.15
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When developing a 2D game of the sandbox genre, difficulties may arise
with the generation of static structures. There are several possible ways to solve
this problem: write a matrix that will store the identifiers of the blocks necessary
for generating the structure; creation a file containing a matrix for further
download; use an image file to render the structure.

Po3pobka irop € 3pocrarodoro cheporo IT po3poOku. OcTaHHI JOCTIIKEHHS
BKa3yIOTh, 1110 BAKOPUCTAHHS HABYAJILHUX 1TOP K JOTIOBHEHHS /10 TPAJAMIIIITHOTO
HAaBYaHHsA € HaWOUIbIl e(EeKTUBHUM 1 MOTHUBALIMHUM Yy TIOPIBHSHHI 3
BUKOPUCTAHHSAM TpaJULIMHUX MeToMiB HaBuaHHsi [1, 2]. Po3poOka rpu
NOYMHAETHCS 3 BUOOPY miaTdopmu. Unity — HalnonmysipHiiia y ¢BiTi ratdopma
pO3poOKHU BiA€oIrop 1 3aCTocyHKlB CtBopeHi 3a nonomororo Unity mporpamu
IPALIOITh HA HACTUIBHUX KOMIT IOTEPHUX CHCTEMax, MOOUIbHUX MPUCTPOSIX Ta
rpainbHUX KoHCOoJsAX y 2D Ta 3D rpadiii, a Tako Ha IPUCTPOSX BIPTyaIbHOI 4U
JIOTIOBHEHO1 PeaIbHOCTI.

3aranpHa METOJUKA CTBOPEHHs PiBHIB Ay 2D rpu nmependadae croyaTky
reHepalilo pUTMIB, a MOTIM — TEHEpalild IeOMETpii Ha OCHOBI LIMX PUTMIB.
['enepariisi 0oOMexXyeTbCsi HAOOPOM MApaMETPIB CTUIIIO, SIKI MOYKE 3MIHUTH
nu3aitHep. Takuil miaxig MiHIMI3Y€e OOCAT KOHTEHTY, SIKUU OTPIOHO CTBOPIOBATH
BpyuHy. B po6oTi [3] mpeacTaBiaeHO METO TeHepallii KBeCTIB 3 pO3Traly>KEHUMHU
CIO)KCTHUMHU JIHISIMU JUIS TUHAMIYHHUX Ta IHTEPAKTUBHUX ITPOBUX CBITIB. TaKoX
pPO3POOHUKH MOXKYTh BHUKOPHUCTOBYBATH METOAM ONTUMI3AIl MEpPEKHUX
anroputmiB [4], 6a3 nanux [5], HeKOMMIO3UIIIi Ta 1H.

[Tnatdopma Unity Hagae MOXKIUBICTE cTBOproBaTH ScriptableObject (daiin,
SAKUM 30epirae nani Ta KOHQITYpaIlito BiIeOrpr) Ta HAJAIITOBYBATH 00’ €KT KIIacy
(3acTocoBytouu manenb Inspector). ToO6To, po3poOHHKY TOCTaTHRO OOpPATH OJUH
3 IPYIU KOJBOPIB, SIKI IPUCYTHI Ha 300paykeHH1 Ta 00paTu OJIOK JIJIsl TeHepallii.

HactynHuil Kpok — HalMCcaHHs KOAY, SIKUI Oy/ie 3UUTYBaTH KOKEH MIKCENb
Ta JoJaBaTH Horo no cnucky. Knac, B SIKOMy MNpONMHMCAHO AaHUN KOJ, Mae
HacmigyBatucs Bij ScriptableObject. Ilicist npboro HeEoOXiTHO CTBOPUTH (aii,
Akui Oyne 30epiratucs y mammi 3 pecypcaMu MPOEKTY, Ta BHUKOHATH
HaJAIITyBaHHS CIIUCKY KOJIbopiB (puc. 1). HacTynmHuil kpok Oynie 3aJ1eXuTH Bij
peanizaiii reHepartii irpoBoi kaptu. Hanpuknaa, oqHUM 13 MOXJIMBUX PIIICHb
Moke OyTH JoJaTKoBe 30€pekeHHS KOOpAMHAT TiKcens abo MOBTOpHE
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3UMTYBaHHA KOJBOPY TMIKCENIs 1 3HAXO/KEHHS MOTro BIAMOBIIHOCTI Y
HaJIAIITOBAHOMY CITUCKY (pHc. 2).

Puc. 1. IIpukiang HanamryBaHHs Puc. 2. ITpukian 3reHepoBaHoi
CTpPYKTypH y naneni Inspector cTpykrypu 2D rpu
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This research project aims to develop affordable bionic prosthetic,
incorporating advanced engineering solutions such as Rust programming
language, STM32 microcontroller, and cost-effective materials. By utilizing
EMG sensors for intuitive control and offering the potential for mobile device
integration via Bluetooth, the proposed bionic hand will be highly functional, safe,
and accessible to a wide range of users. The successful implementation of this
project can lead to improvements in the quality of life for amputees, the
development of new technologies in the bionic prosthetics field and emphasize
the social impact of such innovations.

CydacHuil CBIT OIOHIYHMX TMPOTE3IB MOCTIMHO PO3BUBAETHCS, alle
JOCTYIHICTh Ta IHAWBIYQJIbHICTh PIIIEHb € KIHOUYOBUMHU MpoOJIeMaMu i
KOPHUCTYBauiB. ¥Y bOMY JOCTIHPKEHHI MU MIPEACTABIIEMO 1HHOBALIMHUI MTPOEKT
pO3pOOKH OIOHIYHMX MPOTE3iB, SIKI 30CEpEKEH] HAa BUKOPHUCTAHHI MEPEIOBUX
1H)KEHEpPHHUX pIIIEHb, TAKUX SK MOBa IporpamyBaHHs Rust, MIKpOKOHTpoJjep
STM32 1 mocTynHi Marepianu, 00 3HU3UTH BAPTICTh MPHUCTPOIO Ta 3pOOUTH
HOro TOCTYIHHUM JUJIsl IIMPOKOI0 KOJla KOPUCTYBAYiB.

3acTocyBaHHsS MOBH IIporpaMyBaHHs Rust y IpoeKTi 103BOJIsIE MIABUIIUTH
MPOJYKTUBHICTh, O€3MEKy Ta MOJYJbHICTh CHUCTEeMHU. Rust cripusie mBHAKOMY
CTBOPEHHIO MPOTOTHIIB 1 CIPOILY€E MOJAIbIIE PO3IMIMUPEHHS MPOEKTY, a TaKOX
3abe3neuye Oe3neyHe MporpaMyBaHHS BUCOKOTIPOTYKTHBHUX CHCTEM.

Buxopucranns mikpokonTposiepa STM32 no3BoJisie onTUMi3yBaTH BapTiCTh
npucTporo 0e3 BTpatu ¢yHKIIOHATBHOCTI. STM32 BiIpI3HAETHCS BHUCOKOIO
MPOJIYKTUBHICTIO, HHU3bKUM €HEProCMOXXMBAHHIM 1 I[IMPOKUM HAOOpOM
nepudepiiinux iHTepdenciB, MO poOUTh HOTO 1/I€aTbHUM BUOOPOM ISl LIbOTO
MIPOEKTY.

BukopucTanHs JOCTYTHUX MaTepialiB 1 TEXHOJIOT1H BUPOOHUIITBA JO3BOJISIE
3HU3UTH BapTICTh MPUCTPOIO 1 3a0€3MEUUTH HOT0o JOCTYIHICTH IS OUIBIION
KUIBKOCT1 JOCTYITHUX KOPUCTYBadiB. BHKOpUCTaHHS HOBITHIX TexHOJOT1d 3D-
JIPYKY, KOMIIO3UTHUX MaTepialliB 1 MOAYJIBHOTO I IX01Y IO IPOSKTYBAHHSI TAKOXK
JI03BOJISIE IIBUJKO Ta €()EKTUBHO BUTOTOBJISITH MPOTE3W, aJanToBaHl [0
IHIUBITyaJIbHUX TTOTPEO KOPUCTYBAUIB.

Buxopucranns naruukie EMI qyist kepyBaHHSI G10HIYHOIO PYKOIO JO3BOJISIE
IHTYITUBHO 3pO3yMiJie Ta HaJliiiHE KepyBaHHS MPOTEe30M. JlaTUMKK aHAI3YIOTh
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CJICKTPUYHI CUTHAJIM, 10 TEHEPYIOThCS M s3aMU, JI03BOJIIIOYM KOPHUCTYBayeBl
KEepyBaTH MIPOTE30M 3a JIOMNOMOT0I0 BUBUEHHUX PYXIB.

[IpoexkTn OIOHIYHHUX MPOTE3IB MaIOTh BAXKJIWBE COIlIaJIbHE 3HAYCHHS,
CIpSIMOBaHE HA MOKPAIICHHS SIKOCT1 KUTTS JIFOIeH 3 aMITyTOBAaHUMU KIHI[IBKAMH,
Ta CIPUSIIOTH peadiTiTallii, maABUIIeHHS (PYHKI[IOHATLHOCTI Ta HAOYTTS HABUUYOK
CaMOOOCITyrOByBaHHSI.

Y Maii0yTHhOMY 3aBIskH KoHTposiepy STM32 1 Benmkiil KiNbKOCTI
610miorek Rust Gloniunuii mporte3 Oyne MaTd MOXKIUBOCTI 10 PO3IIUPEHHS
(GYHKIIIOHATBFHOCTI HANPUKIIAA, MiJKIIOYaTHCS 10 MOOLTFHUX MPUCTPOIB yepes
Bluetooth. Ile 3a0e3neuye m0AaTKOBI MOXIJIMBOCTI AJisi KOPUCTYBadiB, Taki K
3py4yHE HaJaIITyBaHHS TMpOTE3a, BIJCTE)KEHHS CTATUCTUKA BUKOPHUCTAHHS,
CTBOPEHHSI 3BOPOTHOTO 3B’s3Ky 3 (axiBIsIMM Ta MIATPUMKA CIUIBHUX
KOpUCTyBauiB. [HTerpamis 3 MOOUIBHUMH TMPUCTPOSIMH TaKOX BIJKpUBAE
MOJKJIMBOCTI Ui PO3POOKM HOBUX TMpOrpaM, SIKI CHPHUSIOTh MOKPALICHHIO
B3a€MO/IIT 3 KOpUCTYBaueM 1 peadutiTallii mcis aMIryTalli.

BukopuctanHs mnepeqoBUX TEXHOJIOTIM 1 MaTepialiiB, TaKUX SK MOBa
nporpamyBaHHsi Rust, mikpokonTtposnep STM32 1 matunku EMG, no3Bossie
CTBOPUTU BUCOKOIPOJYKTUBHUM, O€3MEYHUN 1 JOCTYIHUNU NPUCTPINA, SKUAN
MO>KHA aIalTyBATH JJIs1 LIUPOKOTO KOJia KOPUCTYBauiB. Y MaOyTHbOMY yCHIIITHA
peanizalisi HbOro MPOEKTY MOXKE CHPUATH PO3BUTKY HOBHX TEXHOJOTIH y cdepi
O10HIYHUX MPOTE31B Ta MIABUIIMTH COLIAJIbHY 3HAUYLIICTh 11€1 IHHOBALII].

CnucoK BUKOPUCTAHUX JHKEPEN:
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— HMata goctymy: 10.04.23. — Ha3Ba 3 exp.

2. Magnets could offer better control of prosthetic limbs. — Pexum
noctymy: https://www.media.mit.edu/articles/magnets-could-offer-better-control
-of-prosthetic-limbs. — Jlata moctymy: 10.04.23. — Ha3Ba 3 exp.

3. Clinical implementation of a bionic hand controlled with kinetic
myographic signals. — Pexxum goctymy: https://www.nature.com/articles/s41598
-022-19128-1. — Jara noctymy: 10.04.23. — Ha3Ba 3 exkp.
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Thanks to the constant development of ICT, the digital infrastructure
supporting creative professions is changing. The focus of this study is the analysis
of the possibilities of digital sheet music. A comparative analysis of electronic
musical scores with tablets on which special software is installed made it possible
to structure the necessary functional characteristics of digital notes and determine
their presence in the corresponding devices.

Cy4acHi cTaHIapTH SKOCTI €BPOINEUCHKOT OCBITU MEpe10ayaroTh HasIBHICTh
cepell 000B’A3KOBUX — IPEIMETH €CTETUYHOIO BUXOBAaHHS (HAIIPUKIIAl, HAOYTTs
HABUYOK T'PU HA OJHOMY 3 My3W4yHuX 1HCTpyMeHTiB) [1]. TBopui mpodecii,
30KpeMa mnpodecii My3HKaHTa, € JOCTAaTHbO 3aTpeOyBaHMMHU Ha PUHKY Iparll.
CporoaHi, 3aBsKM HOBOMY TOTJISITY Ha KYJIBTYPY, PO3LINPIOETHCS YABICHHS PO
KyJbTYPHI PECYPCH 1 CTallMii pPO3BUTOK TepuTopii [2, 3]. 3aBASKM MOCTIHHOMY
pPO3BUTKY 1HGOPMAIIHHO-KOMYHIKATUBHUX TeXHOJOrid [4, 5] 3MIHIOETHCS
uudpoBa iH(pacTpyKTypa CylpoBO1Y TBOPUUX MPOGECIi.

doKycoM JAHOTO MOCTIKEHHS OOpaHO aHalli3 MOXKJIMUBOCTEH HUGPOBOI
my3uyHoi maptutypu (Digital sheet music). [udposi HOTH (maptuTypa) €
TEXHOJIOTI€I0 MPEJICTABICHHS Ta BiIOOpaXKEHHS HOT y (hOpMaTI, IKUN 3UYUTY€EThCS
KoMIT'torepoM. Ll TexHoyoriss 03BOJSIE MY3MKAHTy: aBTOMATHYHO (200
HAIIBaBTOMATHYHO) TIEPErOpTaTh CTOPIHKU; peaaryBatu mapTutypy (3a
JIOTIOMOTOI0 PI3HUX aKcecyapiB, HANpUKIAJ, CTHIyca) 1 pOOUTH BIAMOBIAHI
MPUMITKH; CTBOPIOBATH HOBI APTUTYPH IIISTXOM BUKOPUCTAHHSA PI3HUX 0a30BUX
mabnoHiB. TakoX, eJeKTpOHHA TapTUTypa JO3BOJISIE  PEali30BYBATH
IHCTPYMEHTU TpYyNoBOi poOoTu Ta iHmN ¢GyHKLIi (Kactomizaiii iHTepdency;
iHTerpaiii JukToQoHy, Iaeepa, TFOHEpa, METPOHOMA; 3aCTOCYBaHHS TEXHOJIOTI]
Optical Music Recognition (OMR); pexumy nozBiitHoro ekpany; ekpany E-Ink.

KoMmnapaTuBHuii aHani3 enekTpoHHUX My3udHux naptutyp («GVIDO Sheet
Music Reader» 1 «PADMU PAD 4») 3 nnanmeramu, Ha SIKi BCTaHOBJIEHO
cnemiaigbHe nporpamue 3adesneueHHs (MusicReader, PlayScore2, Orpheus Sheet
Music Reader, digitalScore, Tomplay, forScore) n03BONMB CTPYKTypyBaTu
HEOOX1H1 (DYHKIIOHATBHI XapaKTEPUCTUKU ITU(GPOBUX HOT Ta BU3HAYUTH iX
HasBHICTH (200 BIZICYTHICTH) Y BIMOBITHUX MPUCTPOSX (TaOIHUIIS).

3anponoHoBaHUM MiAXiJ MOTpedye MOAAIBIIOrO JOCHIIKEHHS Jlana3oHy
GYHKIIOHATPHUX ~ XapaKTEPUCTUK LU(PPOBUX HOT, a TaKoXK po3poOIri
MaTeMaTHUYHOI MOelli BUOOpY 1l UPOBOT MY3UUHOT MAPTUTYPH.
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Ta6nuit. OyHKIIIOHAIBHI XapaKTePUCTUKHU ITU(DPOBUX HOT

@OyHKIIOHAJIbHI [Tnanmer 3 BctanoBinenuMm | Lludposa my3zuuna
XapaKTEepUCTHUKA cneniaasbHuM 13 napTUTypa
E-Ink expan — +
[leperopranHs CTOPiHOK 4 +
(BimmaseHi meaai)
CuHXpOHI3aIlIsT MiXK N B
IPUCTPOSIMHU, IO TTOPYY
PenaryBanns mapturypu + +
CTBOpEHHS HOBOL + +
NapTUTYpHU
CTBOpEHHS IPUMITOK + +
[aTerpoBaHni AMKTOPOHH, + +
TIEEPH, TIOHEP, METPOHOM
Texnomnoris OMR — —
Pexxum noaBiiiHOTO B +
EKpaHy
HaBuanpH1 IHCTpyMEHTH + +
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A smart home is created with the help of professional design and
programming by companies engaged in the development of smart-home projects.
This study is aimed at conducting a high-level analysis of publications and
identifying trends in the design of “smart home” protection systems. 200 results
(documents) were found in the Scopus scientific metric database. A scientific
metric map was developed using the VOSviewer program.

Bimomo, mo «posymuuii mim» (intelligent building, smart-house, digital
home) — cucrema (QyHKIIOHAIBHO B3aEMOIOB’SI3aHUX TMPUCTPOIB  Ta
yCTaTKyBaHHSA,  SKa  JIO3BOJISIE  LIEHTPali30BaHO  KepyBaTH  yciMma
eJIeKTponpuiagaMu. Po3yMHUI 1M CTBOPIOETHCS 3a JOMOMOIOI0 NpogeciiHOro
MIPOEKTYBAHHS Ta MPOrpamMyBaHHS KOMIIAHISIMH, [0 3aiiMalOThCS PO3POOKOIO
npoekTiB smart-home. [Iporpamu, 1mo BBOASTHCS 10 aJropuTMiB multi-room
PO3YMHOI'O JOMY, PO3paxoBaHl Ha II€BHI IMOTPEOM MEIIKAHIIB Ta CHUTYalii,
MOB’s13aH1 13 3MIHOIO cepeaoBuiia adbo 6e3nexoro [1, 2]. OnHUM 13 €IEeMEHTIB
PO3YMHOTO0 OYIWHKY € 1HTEJEKTyaJdbHI CHUCTEMU O€3MeKH, IO JI03BOJISE
IHTErpyBaTW JHUCTaHIIIIHE KEpyBaHHS OCBITJIEHHSAM, TepMoOcTaTaMH Ta
npuiaaMi, BHUKOPHUCTOBYBATH TOJIOCOBE KepyBaHHS. [loemHaHHS cuctemu
0€3MeKH 3 «PO3yMHUMH 3aMKaMI» JT03BOJISIE HAJAIITYBAaTH CUCTEMY 3aXUCTY Bij
HECAHKI[IOHOBAHOTO  JIOCTYNMY  3JIOBMUCHUKIB.  IIpo€ekTyBaHHS  cHCTeM
IPDYHTYETbCSI Ha CYYaCHUX 3HAHHAX, Y TOMY YHUCJl ONTHUMI3alli MEpEexHUX
anroput™iB [3], 6a3 nanux [4].

1. JlaHe mociimKeHHsS CIPSMOBAHO Ha IMPOBEJCHHS BHCOKOPIBHEBOTO
aHaJi3y MmyOJiKalii Ta BU3BHAYEHHS TEHACHLIN Y MPOEKTYBAaHHI CUCTEM 3aXUCTY
«pO3yMHOTO OymuHKy». [[ns HOCATEHHS TOCTaBIEHOT METH TPOIMOHYETHCS
MPOBECTH TMOMNIYK AaKTyaJIbHUX HAyKOBUX JIOCHIDKEHb Ta po3poouTtu
616miorpadiuny kapty. Lle 103BOIUTH BUSBUTH ICHYIOY1 TOCIITHUIIBKI aKIIEHTH
Ta TMMO3HAYUTH TIEPCIICKTUBY IS MTOAANBIINX HAYKOBUX ITOIITYKiB.

3a nomrykoBuM 3anutoM «Information system | Security | Smart house» B
HayKoBoMeTpHuHiil 0a31 Scopus BuspieHo 200 pe3yibTaTiB (IOKYMEHTIB) 3a
nepion 3 1985 nmo 2023 poku. binbiia yactuHa nokymeHTiB (70%) omy0J11KoBaHO
y nepioa 3 2016 no 2022 poxku. ['eorpadis myOsikarii mokasye, Mo HaANOUIBII
aKTUBHO JOCITIKYIOTh 1[I0 TEMATUKY MPEICTABHUKHU YHIBepCUTETIB 3 [Hii — 53
nyoumikamiii, CIIIA — 21 my6mikariii 1 Kuraro — 15 myOmikartiid.
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1. [Mopmanemmii 610morpadiyHuiA a”Hail3  3I1ACHIOBABCS 13
BukopuctanHaMm mnporpamu VOSviewer. lle nosonuino ineHtudikyBatu 86
TEPMIiHIB Ta CTPYKTYpyBaTh iX y 6 kiactepiB. Ha pucyHKy HaBeaeHa Kapra
MepeKeBOl Bizyasizaii Kiro4oBux ciiB. HaitOineiny yacToTHicTh (OCCUITence) i
MmitHicTh 3B s3KiB (total link strength) matots Tepminm: «automatio», «internet of
thinfsy, «intelligent buildings», «snart houm(s)», «network security» 1 «IoT».

energy conservation
information use

- data acquisition !
human ' e } cost effectiveness

iot
. ” embedded systems
information technolog -

smart home

6‘%;) VOSviewer

Pucynok — HaykometpuuHna kapta aia 86 tepmiHiB 3 200 TOKyMEHTIB 3a
nomykoBuM 3anutoM «Information system | Security | Smart house»
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PO3POBKA ATEHTHOI CUCTEMM JJISI IHTEJIEKTYAJIBHOI'O
KEPYBAHHS MOIITOBUMMU MNOBITIOMJIEHHSIMU 3ACOBAMUA
IJIAT®OPMMU JADEX
Snenko A.K., JIroBkin B.M.
HarmionansHuil yHiBepCUTET «3amopi3bKka MOJITEXHIKay, Kadeapa MporpaMHUX
3ac001B, M. 3amopixkxks, YKpaina
ten. 38-061-7698267, e-mail: vliovkin@gmail.com
Joint application of software agents and intelligent models enhances
practical significance of the proposed solution. The software agent system was
developed based on this concept using Jadex platform. It allows to receive e-mails
automatically without user’s participation, categorize received e-mails and filter
spam. Such a solution proposes individual setting of the process, giving an
opportunity to define own categories, own perception of these categories by
creating necessary dataset. Agent-based architecture as a result allows users to
define such settings separately for different servers and situations.

[lapamurmMa  areHTHO-OPIEHTOBAHOTO  MPOTPAMyBaHHS,  MOCHIIIOIOYU
KOHLEMLII0, XapakTepHy Uil 00 €KTHO-OPIEHTOBAHOIO IMPOrPaMyBaHHS
HOHSTTAM MPOTrPAaMHOI0 areHTa, TAKUM YUHOM J03BOJISIE AOCATATH MPOTrPaMHUM
areHTaM OuIbIIOI AaBTOHOMHOCTI, SIKa JOJATKOBO TIOCHUJIIOETHCS y BHUNAAKY
CTBOPEHHS 1HTEJIEKTyaJbHUX arcHTIB. [HTENEKTyalbHI areHTU € aBTOHOMHUMHU
00’e€KTaMH, 3JaTHUMH JISTH, CHOPHHUMATH Ta B3aEMOMIATH 3 HABKOJIUIITHIM
CEpEeIOBUIIEM IS JOCATHEHHS CBOIX IUJIEH, PU I[bOMY B IIPOIIECI 11i€i B3aEMO/IIi
BUKOPDHCTOBYBaTH BJIACHUN MEXaHI3M NPUUHATTA pilleHb. 3 PO3BUTKOM
NPAKTUYHOTO  BIPOBAKEHHS  INTYYHOTO  1HTENEKTY  BAXKJIMBICTH IS
IporpaMHOro  3a0€3MEeYeHHs 3arajioM CaMOCTIHHO MNpUHUMATH  PIILIEHHS
301IBIIYEThCS 1 MOKE€ OyTH 3HAYHO TMOCHJIEHA 33 PaxyHOK BHKOPUCTAHHS
areHTHO-OPIEHTOBAHOI  MapaAWrMu  mporpamyBaHHsA. [laHa  mapagurma
BUKOPUCTOBYETHCSI B PI3HUX O00JIACTSIX, TaKUX SIK IHTEJIEKTyalbHI CHCTEMH,
poOOTOTEXHIKA, €JIEKTPOHHA KOMEPIIisl Ta pO3MOJIIeHI cucTeMu. BoHa m03BoJisie
PO3pO0JIATH CKIIAHI Ta JUHAMIYHI POTPAMHI CUCTEMH, SIKI BKIIIOYAIOTh BEJIUKY
KUIBKICTh areHTiB, 1110 TPAIIOIOTh Y PO3MOIJICHOMY Ta aBTOHOMHOMY PEXKHUMI.

Opaum 31 coco0iB peanizallii Takux cuctem € ¢ppeiimBopk Jadex [1] — e
BDI-posmupennss mynpruarentHoi miatdopmu. [Imardopma Jadex mosBorsie
nporpaMmyBaTH IHTEJIEKTyallbHI MpPOrpaMHl areHTH, BUKOPUCTOBYIOUM MOBY
mporpamMyBaHHsS Java, 10 BIAMOBITHO JO3BOJISIE CKOPUCTATHCS BciMa il
MOXJIMBOCTAMH. Jadex mporonye Habip iHCTpymeHTiB 1 APl mns cTBOpeHHs,
PO3TOpTaHHS Ta KepyBaHHSI MYyJIbTHArCHTHUMU cucTeMami. [laHe cepenoBuiie €
FIPA-cymicHuM, TOOTO [103BOJISIE PO3POOJISITH AareHTiB y BIAMOBIAHOCTI 3
moneiro BDI (belief-desire—intention) i mpunHinmnamu BuszHaueHumu FIPA
(Foundation for Intelligent Physical Agents). Bin Bkitodae cepemoBulie s
MOJICTIOBaHHS areHTIB Ta IXHBOT MOBEIIHKU, IPOMIXKHE ITPpOTrpaMHe 3a0e3eueHHs
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JUTSL 3B’ S13KY Ta KOOPAMHAIT MI>K areHTaMH, a TAKOK MEXaH13M BUKOHAHHS, IKUN
MOXe 3aIlyCKaTH areHTiB Ha Pi3HMUX I1aTgopMmax.

3a nonmomoroto 3aco0iB Jadex Oyio peani3oBaHO MPOTpamMHy CUCTEMY IS
MEePEeBIPKU TOIMITOBUX IOBIIOMJIEHb, PO3IMOJILITY IMOBIIOMJIEHb Ha KaTeropii Ta
BUSBJICHHSI CIIaM-JIMCTIB. Y 0a3l NMepeKoHaHb areHTa 30epiraroThCs KaTeropii Ta
BIJIMTOBITHI iM BIATIPAaBHUKH, CaMi JINCTU Ta CITUCOK 3JIOBMUCHUX BiJIIPABHUKIB.

[Tpu oTpuMaHHI HOBOTO JICTA areHT MPAIIOE 33 HACTYITHOIO MPOIEAYPOIO:

a) TepeBipse, UM HAJNCKUTh aJpeca BiAMpPaBHUKA 10 CHHUCKY 3JIOBMHCHUX
BIJIMMPABHUKIB: AKIIO TaK, TO JIUCT OJIpa3y BUIAISIETHCS;

0) mepeBipsie, YU € EIEKTPOHHA aJpeca BiANpaBHUKA Yy iCHYHOUii 6asi
MEePEeKOHAHb: SAKIIO ajpeca € y 0asi, JUCT BIAHOCHUTHCS JO BiIMOBITHOT HOMY
kateropii («Po6oui», «Ocobuctin, «I[Ipomoakiii» Ta «IHie»);

B) SIKIIIO aJpecH BiJIIpaBHUKA y 0a3l HEMae, TO MPOBOJUTHLCS IEpeBipKa
JIMUCTA Ha CIaM: B 3aJICKHOCTI BiJ PE3YJIbTATIB MEPEBIPKH, JIUCTY MPUCBOIOETHCS
3HaueHHA kateropii «IHmey» abo «Cramy.

st 3abe3nedeHHsT MOKJIMBOCTI pOOOTH B TOMY YHCIl MiJ BEIUKUM
HABAHTAKEHHSAM PO3Mi3HABAHHS CHAM-JHCTIB y 0a30Bii Bepcii mporpamMHoi
cucTeMu 0a3yeTbCs Ha BUKOPUCTaHHI MOJIEN Ha OCHOBI HAaiBHOTO Kilacu(pikaTopa
baiieca, saxuii Oyno peani3oBaHO 3a JomoMoror kiacy NaiveBayes 010moTeku
Weka. Jlanuii anroput™ mMBUAKUAN 1 IPOCTHIA, 10OpE MPALIOE HA TPAKTHUL B TOMY
yucal 0a30BO JUIs JITaHOI 3ajayl, HE3BaKalouW Ha HaiBHE MPUIYIIECHHS PO
HE3aICXKHICTh  QyHKIiM. Jlns HaBYaHHS MOJEli B  OCHOBI  areHra
BUKOPHUCTOBYEThCS BUOipKa nanux B popmari ARFF 3 Tekcramu nmoBinoMieHs 13
3a37aJIeTiIb BU3HAYCHUMH KJIACAMH — «Spam» JIJIsl CIIaM-JIUCTIB Ta «NOrmy Jis
3BUYAMHKUX. 3a Ii€f0 BUOIPKOIO areHT BU3HAYa€, JIUCTH 3 SKUMHU €JIEMEHTaMU
3MICTY MOKYTb OyTH BIJHECEHI /IO CIIamy.

Y nonmanmpmmx JOCTIDKEHHSX B MeEXax JaHOI CHCTEMH ILJIaHYEThCS
PO3MIMPUTH BUOIPKY HUISXOM BHECEHHS JOJIaTKOBHX KJIACIB, IO SIKUX MOXYTh
BIJIHOCUTHCS JIUCTH, 3POOMBIIK B IIJCYMKY KaTErOpH3aIlil0 JHCTIB IS
KOPHUCTYBayiB OUIBII 3pyYHOI0, & TAKOX HAJAATH MOKJIMBOCTI 1HIUBITYyaIbHOTO
HaJaIITyBaHHS TIiJ] KOHKPETHOro KopuctyBada. OKpiM TOTO IIJIAHYETHCS
JTOCTIANTH albTEPHATUBHI MOJIEI JIJIi BAUKOHAHHSI Kacu]ikarii.

TakuM YMHOM, CTBOPEHHS areéHTHOI CHCTEMH pPa3oM 3 BHKOPHCTAHHIM
METO/IB 1HTEJICKTyaJIbHOTO aHali3y MOXKE€ HE TIUIbKU MIABUIIUTUA 3pPYYHICTH
NeperyisAay TIIOMITH, BUKOHYIOYM aBTOMAaTHYHI 3BEPHCHHS JO BH3HAYCHUX
cepBepiB, 30MparOyYu JIUCTH JJiI KOPUCTyBaua, MiABUIIYIOYM HOro Oe3meKy,
BUSIBJISIIOYM TTOTEHIIITHO HEOE3MEeUH] JIMCTH, BUKOHYIOUM KaTeropHu3alliio JIMCTIB,
30uparound iX 3a €IWHOI TOYKOI JOCTYNy, a TakKoX 3a HEeoOX1IHOCTI
HAJIAIITOBYIOYHUCH T11]] OaueHHS KaTeropu3allii KOHKPETHOTO KOPUCTyBaya.

Crnucok BUKOPUCTAHUX JHKEPE:
1. Welcome to the Jadex Active Components Documentation. (2022, 22
Oepesns). https://github.com/actoron/jadex/blob/master/docs/index.md
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PO3POBKA ITPOT'PAMHOI'O SABE3IIEYEHHS JIA IIOITYKY
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OPIEHTOBAHOI'O ITPOI'PAMYBAHHA
JIroBkin B.M., Kapnayx B./I.
HarmionansHuil yHiBepCUTET «3amopi3bKka MOJITEXHIKay, Kadeapa mporpaMHUX
3ac001B, M. 3amopixkxks, YKpaina
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The software for transport ticket search was developed. Approach based on
agent-oriented programming was applied. Necessary plans, beliefs and a goal
were determined. The agent was developed based on Jadex platform. Prediction
model was created based on multilayer perceptron and was trained. It allows to
predict how many days left to the moment when necessary ticket will appear for
sale. This prediction is used by agent to decide if it possible to buy this ticket
before the journey starts. Is it is possible, then agent schedules requests to the
ticket server.

BukopucTaHHs pi3HOMaHITHUX 3ac001B [l aBTOMATH3aLll IIMPOKOTo Koja
3aJ1a4 B’K€ JJABHO CTaJIO0 HEB1J' €MHOIO YACTUHOIO CY4aCHOIO CBITY. 3aB/IIKU PIBHIO
PO3BUTKY CBITOBOI €KOHOMIKHM 0araTo JIF0IeH MO0POKYE, 1 TUIbKK YaCTHHA 3 HUX
HOJIOPO’KYE B OpraHi3oBaHMX Typax. [HIIAa YacTWHAa BUKOHYE ILJIaHYBAHHS
BJIACHOTO BIJMOYMHKY CaMOCTIHHO. L{e TaKo CTOCYEThCS 1 JIJTOBUX MOJIOPOIKEH.
BiamoBiHO y TakuX BUMAAKaX IJIaHYBaHHS BXKE 3aiiMae MEBHUM MPOMIkKOK 4acy,
aJie MICJIsl TOTO Yac BUTPAYAEThCS Ha peali3allito miany. [HO/1 cTaeTbes Tak, 10
peati3yBaTy IUIaH 3 IepLIOro pa3y He BAaeTbes. Lle moB’s13aHo 3 TUM, 1110 KBUTKU
Ha 3alJJaHOBaHUN MaplIpyT BIACYTHI. Y TakKOMY BHIIAJIKy MOKJIMBO MOTPIOHO
3MIHUTH  MapuipyT, COpoOyBaTH 3HAWTH IHIIOTO  MEpeBI3HUKA  abo
MPOAHANI3YBATH 1HIIMH TUII TPAHCHIOPTY. AJle B JEIKUX BHUIAJKaX MOTPIOHO
JIOYEKATUCS CIYITHOTO MOMEHTY, aJI’K€ 3T0JI0OM KBUTKU MOXKYTh 3 IBUTHCS. J{71s1
[bOI'0 MOTPIOHO 3 OJTHOTO OOKY PO3YMITH, YU MOXKE 3 SIBUTHUCS TaKa MOXKJIUBICTb
B MallOyTHbOMY, a 3 1HIIOTO OOKYy — CKOPHUCTATHUCA LIUM MOMEHTOM, KOJH BiH
3’aBUThCs. [IporpamMHe 3a0e3medeHHs, sIKE€ BIJAMOBIIAE 3a PO3B’SA3aHHS III€]
npo0OyieMd, TOBMHHO BUKOHYBAaTH TIOMIYK Ta OpOHIOBaHHS KBHUTKIB a0o0
iH(OpMyBaHHS MPO iX HASBHICTh, SIK TUIBKM BOHU 3 SIBISITHCA. ABTOMATHYHE
BUKOHAHHS TIEBHOTO KOJa TPOLEAyp MPH PO3B’SI3aHHI Ii€l MpoOseMH Mae
MOJIETTLUTH MOBCAKACHHE )XKUTTS 0araTboX JIIOICH.

Tox cmig KOHCTaTyBaTu, MO JUIsl PO3B’sA3aHHS Ill€i TpoOieMu cama
aBTOMATH3allisl 3BEPHEHb J0 CEPBEPA € BAXKIMBOIO, alie HeAoCcTaTHROI0. [Iporpama
TaKO)X TIOBHHHAa CAMOCTIHHO BHIIIUTH, UM JOCTaTHHO Yacy 3 MOTOYHOTO
MOMEHTY /10 MOMEHTY peai3alii Moi3AKH, 00 KBUTKU 3 SIBUJIKMCS B MPOJIAXKY,
SKIIO 1X HEMa€ B TO MOMEHT, KOJIM BiA0yBa€eThCs 3BEpHEHHS 10 cepBepa. OKpiM
TOTO MpH 30UTBIIEHH] KITBKOCTI KOPUCTYBAUIB, JIJISl IKUX TaKWW MOLIYK TOTPIOHO
BUKOHATH, 3aIIUTH MOXYTh IIOBTOPIOBATHUCS. Yce Lie MOTpedye B MIJICYMKY Bij
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MIPOTPAMHOT0 3a0€3MEeUCeHHS TIEBHOI aBTOHOMHOCTI, CAMOCTIMHOCT1 Y MPUHHSATTI
pilieHb, o0 B MIJICYMKY JIOCATTH pPE3yJbTaTy, 3HAWIIOBIIA KOPHUCTYBauy
MOTPiOH1 KBUTKH a00 MpoiH(POpMyBaBIIIH HOTO 3aBYACHO IIPO T€, 110 3pOOUTH IIe
HE BJIacTbcs. [l CTBOpEHHS MPOrpaMHOTro 3a0e3MeUeHHs 3a JaHUMHU BUMOTaMHU
1 I[l€l0 JIOTIKOIO aJCKBaTHUM € BHUKOPUCTAHHS TMapajUrMH areHTHO-
OpPIEHTOBAHOTO TIpOrpamMyBaHHSA. Y JaHOMY BHIMAJAKy BOHA JIOTIYHO Mae
peaiizoByBaTHucs Ha ocHOBI Mozeli Belief-Desire-Intention (BDl).

Hna ii peamizauii Oyno ctBopeHo BDI-areHT 1 BuU3HaYeHO AJii HBOTO
BIJIMTOBI/THI TUTAHH, TIPEKOHAHHS, 1111k, Peaizariito mporpaMHoOro 3a0e3nedeHHs
BUKOHAHO Ha OCHOBI muatdopmu Jadex [1].

ba3a nepekoHaHb CKJIAAa€ThCS 13 MEPEKOHAHb, K 3MIHIOIOTBHCS y Yaci Ipu
BUKOHAHHI TUIaHIB arenTa. BoHa Bkitouae 0a3y HassBHUX KBUTKIB 1 0a3y KBUTKIB,
JOCTYIIHICTh SKHUX HEOOXiMHO mepiogudHo mnepeBipsaTu. [lepma ckmamoBa y
MOJAJIBIIOMY HAKOMHUYYE JaHl 30Kpema JUisi TOro, 00 MaTh B MOAAJIBIIOMY
1ICTOPUYHI JTaH1 JIJI1 HAaBYaHHS MOJIEJ MTPOTHO3yBaHHs. BiaMOBIIHO HAKOIMMYEHI
naHl GopmyroTh 6a3y JaHUX JJIsl HABYAHHS MOJEIl B MalOYTHbOMY, a aKTyaJlbHi
JIaHl MPO HAasBHI B MOTOYHUN MOMEHT KBUTKM Ha KOXXEH HASBHUM MapuipyT
30epiratoTbes B 0a3i mepexkoHaHb. B 3aye:KHOCTI BiJl crioco0y poOOTU areHTa 3
CEpBEPOM 11€ MOXKYTh OYTH JaHl PO BCl HasABHI HANPSIMKUA 200 MPO OOMEXKEHY
KUIbKICTB. [[s1 peamizanii nepuioro crocoOy MOTpiOeH JOCTYIN 10 cepBepa
KBUTKIB 3 HEOOMEKEHOI KUIBKICTIO 3aluTIB, Hampukian, dyepe3 API, skmio
cepBep MIATPUMYE Takui crmocid poboTu. Y ckiaji areHta 0yJio peanaizoBaHO
IJIaH, KM BUKOHYE TEPEBIpKY HASBHOCTI KBHUTKA 3a 3aJIaHUMH TIapaMeTpaMu
NOJOPOXKI. SKIIO 3amuTaHUil KBUTOK OyJO 3HaWIE€HO, TO BIH aBTOMAaTUYHO
OpontoeTbea. CaMi mapameTpu TOJIOPOXKI CTAIOTh MapaMeTpamu Il areHra, a
pPEe3yIbTaTOM € Yac IMOSBH HEOOX1MHOro KBHTKA. JIIsi MepexkHOi B3aemomii 3
KJIIEHTOM II0JI0 OTPUMAHHSI TTapaMeTpiB 3aMuUTy OyJIO peaiai3oBaHO BiAMOBIIHUN
IJIaH y CKJIQJIl areHTa. Y BUNAJKY, SKIO KBUTOK HEAOCTYITHUH, BIAMOBIAHI JaHi
3aHOCATHCA 10 0a3u KBHUTKIB, JOCTYIHICTh SIKUX HEOOXIJTHO TEpIOAUIHO
MePEBIPATH Yepe3 IUIaH MEePEBIPKUA HAIBHOCTI KBUTKA.

[IporHo3oBaHuii 4ac OYiKyBaHHS BIJIIOBIJIHMX KBHUTKIB 3HAXOJHWTHCS 3a
JIOTIOMOT'OI0 BUPIIIEHHS 33Jlayl perpecii Ha OCHOBI BUKOPUCTaHHS 1CTOPUYHUX
JaHUX, TOOTO JAHMX TPO TE€, B SIKI MOMEHTH Yacy paHillleé KBUTKU CTaBaJH
JOCTYMTHUMH, SKIIO OyiM BIJICYTHI B momepeaHi mMomeHTH. s peanmizarii
NPOTHO3YBaHHA OyJ0 CTBOPEHO MOJIeJIb Ha OCHOBI 0OararomapoBOro
nepcenTpony. HaBuaHHS Mojeni peasizyeThCs 4epe3 OKpPEeMHH IUIaH arcHTa.
[TinTpriMKa MPOTHO3YBaHHS 31MCHIOETHCS Yepe3 1HIIMM miiad. BiagnosiaHo cama
MOJI€JIb BUCTYTIAE B POJIi III€ OJHOTO MEPEKOHAHHS.

Crnucok BUKOPUCTAHUX JHKEPE:
1. Welcome to the Jadex Active Components Documentation. (2022, 22
oepesHs). https://github.com/actoron/jadex/blob/master/docs/index.md
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XapKiBCbKHUIl HallIOHAIBHUN YHIBEPCUTET PaiOoeIEKTPOHIKH,
kad.AIIOT, m. XapkiB, Ykpaina
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The work is devoted to the problem of topology building of a
forecasting neural network, which is connected with the need to select significant
factors that affect the equipment during operation. Based on the analysis of the
input parameters vector, the construction and training of a neural network was
carried out in the Matlab software environment. The evaluation of the developed
network was performed according to the regression and root mean square
deviation indicators. In the course of the conducted experiment, regression and
standard deviation indicators were obtained for this method.

Beryn. [lInpoke BUKOpUCTaHHS KOMI'TOTEPHUX CUCTEM Ta KOHKYPEHIlisS Ha
PUHKY KOMIT'FOTEpPHUX 3aC001B 3yMOBIIIOIOTH 3pOCTaHHS BUMOT J0 iX HaIHHOCTI.
3 morisay HaAIMHOCTI KOMIT'IOTEpHA CHCTEMa € BIJIHOBIIOBAHUM TEXHIYHHIMA
00'ext. EpextrBHE DYHKITIOHYBAaHHS KOMI'IOTEPHUX CUCTEM 300py, 00poOKHU Ta
nepenadi iHdopmarllii nependadae O€3BIIMOBHY pOOOTY KOXKHOI CKJIaJ0BOi
KOMIT'IOTEpHOT  Mepexi. ICcHye HeoOXIOHICTh aHali3y Ta CBO€YacHOIro
MIOTIEPE/KEHHST BUXOAY 3 JIaly KOMIIOHEHTIB KOMIT FOTEpHOT Mepexi. [cHyroun
MIIXOAW IIOAO TMPOTHO3YBAaHHSI BIAMOB KOMIT FOTEPHUX CHCTEM TIOB’s3aHl 3
aHaI30M CTaTUCTHMYHUX JAHMX Ta METPUKaMU BIPOTIIHOCTI. MOXIUBUM
albTEPHATUBHUM  CHOCOOOM  KOHTPOIO  Mpale3aTHOCTI  OOJIaHAHHS €
BUKOPUCTAaHHA HeWpoHHUX Mepex [l1]. Ilpu BupimieHHi 3aBnaHp 3
BUKOPUCTAHHAM HEHUPOHHOI MEpexi MiI0UpaloTh CTaHAApPTHY KOHQITyparlito
HEHpoMepexi, ajie 3 ypaxyBaHHAM CKJIAIHOCTI Ta 0COOJIMBOCTI 3aBIaHHS 1001p
IcHyI0YuX KoH(pirypaiiii Moxe OyTu mpoOseMaTHYHUM. SIKINO K 3aBJIaHHS HE
MOKe OyTH 3BEJICHO 10 YKOJHOTO 3 BIJOMHX THIIB HEHpOMEpekKi, JOBOIUTHCS
BUPINITYBATH CKJIAJIHY MPOOJIeMy CUHTE3y HOBO1 KOoH(iryparrii. /(s Bu3HaUeHHS
CTPYKTYpPH MOl HEUPOHHOI Mepei MOTPIOHO pO3B'sI3aTH KUTbKAa 3aBIaHb:
MIPOBECTH aHaNI3 ICHYIOUUX HEHPOHHUX MEPEX; pO3pOOUTH OCHOBHI KpHUTEpIi
B1IOOPY HEUPOHHMX MEPEX I MOOYJOBH MOJENi; BHU3HAYUTH OCHOBHI
XapaKTEPUCTUKU BU3HAYEHHS SIKOCTI MOJIE1 Ha OCHOB1 HEHPOHHOI Mepesxki. OTxe
CKJIQJHICTh BUPIIICHHS 3a7a4l BAKOPUCTAHHS HEMPOHHOI MEpPEXkK1 B MEPIILY Yepry
MOB’s3aHa 3 HEOOXIJHICTIO TMOOYJOBH aJeKBAaTHOI Mojell Mepexi [2].
[IpoGnemaTuka mOOYAOBH TOMOJOTII HEUPOHHOI MepexXi MPOTHO3YBaHHS
NOB’sI3aHa 3 HEOOXIAHICTIO CeJIEeKIll 3HauMMHUX (aKTOpPiB, 1O BIUIMBAIOTH Ha
oOJlafHaHHS B Tpolleci eKcrutyarallii. [HmmMM oOMEeXEeHHSIM MpU 3aCTOCYBaHHI
HEHPOHHOI Mepexi € HeoOXiIHICTh 300py 1 aHami3y AaHUX Uid (OpPMYyBaHHS
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HaBYAJIbHOI BHOIpKW. BiAMmoBigHO 10 3alpONOHOBAHOTO BapiaHTY 3arajbHOi
kiacudikaiii ¢akTopiB BIUIMBY Ha Mpare3/IaTHICTh 00JIaiHaHHSA € (pakTopH 3
no3ulllii yYMOB 3aCTOCYBaHHsS OOJaJIHaHHS, SIKOCTI BHUKOPUCTaHHS Ta YyMOB
excruryararii [1,2].

3micT gocaigkenns. Po3risiaroTbest HaHOUTbI BaXIMBI (haKTOPU BILIUBY
3 MO3WIi yMOB 3aCTOCYBaHHs, SAKOCTI Ta YyMOB poOoTu. IIpoBenenuii anami3
3B’S3KIB OOJaIHAHHS Y SKOCTI K OKPEMHX €JIEMEHTIB, TaK 1 CUCTEMH B LIJIOMY.
CdopmoBani Bupasu, SKi OMUCYIOTH 3AJIEKHOCTI MK IapaMeTpaMu AJisi OJJHOTO
00’€KTy MOCHIDKEHHS Ta IMapaMeTpaMu O0’€KTIB OJHOTO THUITy TpPH PI3HUX
YMOBAaX 3aCTOCYBaHHSI.

Jns  ¢opMyBaHHS BEKTOPY BXIJHUX MapaMeTpiB mOpu MOOYyIOBI 1
BUKOPUCTAaHHI HEHPOHHOI MEPEXi MPOTHO3YBAHHS B1IMOB 3/IIMCHIOETHCS BUOIP
HACTYIMHUX MMOKa3HUKIB pOOOTH 001 THAHHS:

- 3araJIbHUM Yac HampalroBaHHA, TaHUW MapaMeTp nepeadayae 30ip JaHUX
PO 3arajbHe HAMPAIFOBAHHS CUCTEMH Ta i OKpeMHUX KOMITIOHEHTIB;

- Yac HampalloBaHHA CHUCTEMH IICJS 3aMiHU a00 BIJHOBJICHHS OKPEMUX
€JIEMEHTIB, HEOOX1/THO 3/11MCHIOBATH 301p HAMPAIFOBaHHS JIJIs1 KOKHOT'O OKPEMOTO
CJIIEMEHTY;

- KUIBKICTH IIMKJIIB BKJIIOUEHHSI-BUMHUKAHHS OOJIaJHAHHS Ta IMKIIB 3MIHU
CTaHIB, peanizaiis 300py Ta aHamizy pAaHoi iHdopMamii mnependaydae
BUKOPUCTAHHS  CIICLIAJILHO  PO3POOJEHOr0 MPOrpaMHOro  3a0€3MEUEHHS.
HeoOxiaHicTh BpaxyBaHHS 3arajibHO1 KUIBKOCTI ITUKJIIB BKJIFOYEHHS-BUMUKAHHS
00’€KTy MOB’A3aHa 3 MOSIBOIO MEPEXIJIHUX MPOLECIB B €IEKTPUYHUX KOJax Ta
HaIIBNPOBIJHUKAX B PE3yJbTaTl 3MIHU iX CTalllOHAPHUX CTaHIB B pPE3yJbTaTi
BKJIFOUEHHS 800 BUMHUKAHHS;

- Koe(Ili€HT MUKIIYHOCTI BIMOB, BUpa3 IJsi OTpUMaHHS Koe]iIlieHTy
nepeadavae MPOBEJACHHS aHali3y CHEKTPaJbHOI MIIJIFHOCTI Ta MEPIOJUYHOCTI
BHUXOJIiB 3 staay oomagnanas KC;

- KUTbKICTh KOMITOHEHTIB CUCTEMH 3 PI3HUMHU BaroBUMHU KoedirieHTamu.

BucnoBku. Ha ocHOBI aHani3y BEKTOpY BXIJHUX MapameTpiB, IPOBEICHO
noOyZI0By Ta HaBUYAHHS HEMPOHHOI MEPEXkK1 B MpOoTrpaMHOMY cepeoBulili Matlab.
Ominka po3po0JIeHOI Mepexki MNPOBOAWIACH 3a IOKa3HUKOM perpecii Ta
CepeAHBOKBAAPATUYHOrO BiaxuiaeHHA. Cepeld METOAIB HaBYaHHA HAWMOUIBII
ehexkTBHUM € MeTox JIeBeHOepra-MapkBapaTa, JUIsl IbOTO METOAY MOKa3HUKU
perpecii Ta CKB BignosiaHo nopiHioroTh 0,106 Ta 96,681.

Crnucok BUKOPUCTAHUX JHKEPE:
1. Xaiikin C. (2009). Heliponni Mepesxi Ta HaB4asibHi MamuHu. Prentice Hall.
Hb}o-I7IOpK.
2. Schmidhuber J. (2015). Deep Learning in Neural Networks: An Overview
// Neural Networks.
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This work is dedicated to monitoring the heart rate of people, for early
notification of critical pulse rates. Experiments were conducted with a system
prototype from the device and an Android application for heart rate measurement.
Based on the results of the analysis, the functionality of the system can help to
report critical changes in heart rate.

Beryn. MOHITOPUHT  CeplIeYHOTO PHUTMY € BaXKJIMBOIO CKJIAJOBOIO
310poBOrO crnocody xuTTs. Lle mpolec BiACTeKEHHS pOOOTH CepIlsi 3 METOIO
BUSIBJICHHSI aHOMaJTi B Horo po6ori. Ile Moxke OyTu 0COOIMBO KOPUCHUM IS
JIOJIeH, K1 MarOTh MEBHI 3aXBOPIOBaHHS, Taki K (iOpwsiiis nepeacepib abo
apuUTMisl.

Opaun 3 HalOLIBII €(DEKTUBHUX METOJIB MOHITOPUHTY CEPIIEBOTO PUTMY €
enextpokapaiorpadis (EKG).

Opnak, 3BUYaliHA eJeKTpokapaiorpadis He 3a0e3nedye MOCTIHOrO
MOHITOPHHTY CEPIIEBOTO PUTMY. TOMY JIesKi JTFOAM MOXKYTh 3a3HaBaTH CEPIICBUX
po0sIeM, KOJIM HE MPOXOATh 3BUYaliHI TecTyBaHHS. TyT Ha JOTIOMOTY MOXYTh
MPUITH CrielialibHI MOPTATUBHI PWIIAJIN I MOHITOPHHTY CEPLIEBOIO PUTMY.

[lopratuBHUil  enekTpokapuaiorpad Moxke OYTH BUKOPUCTaHUN IS
TPUBAJIOTO TMEPIOAYy 4Yacy ISl BIJCTEKEHHS CEPIIEBOTO PUTMY, a TAKOX JIJIs
BUSIBJICHHSI IIOTCHIIIHHUX TTPOOIIEM.

Jlxepeno: MPUKIAIU MPUCTPOIB ISl MOHITOPUHTY TIOKa3HHUKIB B (hiTHEC
IHIYCTPIi.

Meta nmociimKeHHS — HaJaHHS JIFOAIM MOXJIMBOCTI BIACTEXKYBaTH CBOL
MOKa3HUKHU CEPJIEYHOTO PUTMY Ta CBOiX OJIM3BKHUX, a TAKOX 1H(POpMYyBaHHS B pasi
KPUTHYHHMX MMOKA3HMKIB, IIJIIXOM 00’ €THAHHS TEXHOJIOT1H MOO1IBHOT PO3pOOKHU
Ta IPUCTPOIO Ha 0a3i MikpokoHTposiepa Arduino 3 IR matuukom, 1715 3YNTYBaHHS
nysnbcy Ta Bluetooth mis nepenayi naHux.

3aBIaHHs — po3poOKa MPUCTPOIO SKUW Oyjae MO03BOJSATU: BIJICTEKYBATH
cepAeUHuil puT™M 3a gonomororo IR natumka sikuit MOXHA PO3MICTUTH Maiike B
OyIp-siKill 4YacTMHI TuIa Ta BIAOPABISATH pPe3yJbTaTH BIJACTEKYBAaHHS Ha
MOOUTbHMM AojJaToK. B cBow yepry B MOOUIBHOMY J0JaTKy Mae OyTH
nepeadayeHa MOXKIIMBICTh BiOOpaXEHHSI CEPACYHOTO PUTMY Ta BIAMPaBKH
MOBIJJOMJICHb KOPUCTYBady Ta HOTO OJM3HKUM B pa3i KPUTUYHUX TTOKA3HUKIB.

3micT gocaimkennsa. CydacHi MIKPOKOHTPOJIEPH Ta MOOUTHHI MPUCTPOL
JAa0Th MOJKJIIMBICTh €()eKTHBHO B3aeMOMISATH 3a goromororo Bluethooth, a came
BLE texHosorii, 11 TEXHOJIOTiS € AyXK€ €HEeproe(eKTUBHOIO, IO JO03BOJISIE
aBTOHOMHHM TPHUCTPOSIM JOBTO OOXOMUTHCH 0e3 mim3apsakd. TakuM 4rMHOM €
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MOJKJIMBICTh PO3POOKH TMPHUCTPOIB SIKI MOXYTh JOCUTH JOBTO 3YHUTYBaTH
iH(opMalito 3 JaTYMKIB Ta Oe3MepepBHO MepeaaBaT Ha MOOLIbHI IPUCTPOI, K1
B CBOIO YEpPry MarOTh JIOCTAaTHI XapaKTEPUCTUKHU Ui 30epiraHHs Ta oOpoOKu
JaHUX Ta TMOJAJIBIIOI BIAMPAaBKH 3a HEOOXIMHOCTI. 3YUTYBAaHHS CEPACUYHOTO
pUTMY BiI0yBa€eThes 3a monomororo IR natunky o6poOka qaHux BigOyBaeThCs Ha
MikpokoHTpoJiepi Arduino Ha MoBi Arduino C.

TenedoH KOpUCTYBaYa.

OTpUMyBaU NOBIAGMASHL

MpucTRiA 3 IR gaTynkon. MPO KPMTUYHI NOKA3HWKA
KOpHCTYBAYA.

Pucynox 1 — B3aemonist eleMeHTIB CUCTEMH, JIJIsl iHHOpPMYBaHHS PO KPUTHUYHI
MOKa3HUKHU.

BucHoBkn. HaykoBa HOBH3HAa BHU3HAYAETHCS B TOEJHAHI TEXHOJOTIN
MOOUIbHOI PO3pOOKM Ta MPOTpaMyBaHHS MIKPOKOHTPOJEPIB [JIsi HaJaHHS
MO>KJIMBOCTI OyJb-AKif JIOAWHI 3a JOTMOMOIOI0 3BMYAWHOTO CMapTQoHa Ta
CHEIaJIbHOTO TIPUCTPOIO BIJICTEKYBAaTH CBIM CEpJAECYHHI PUTM Ta CBOIX
ONMM3BKUX, Ta OTpUMAaHHS 1HGOPMYBaHHS TPO KPUTUYHI TIOKa3HUKUA. B
MOAJILIIIOMY MOJKJIMBE 1HTETPYBAaHHS B MEAMYHY CHCTEMY JIJII MOHITOPUHTY 3a
KOXXHUM TAIIEHTOM Ta MIBUJKOTO pearyBaHHS Yy pa3l BUHUKHEHHS KPUTUIHUX
MOKA3HUKIB.

Cnucok BUKOPUCTAHUX JIZKeEPeJI:

1. llImak 3. 4. (2006). [TporpamyBanus moBoto C. Opisina-Hoga.

2. Hemuenxko B. I1. (2020). IOT. ba3zogi texnosorii Bix [HTepHETY
monei 1o [arepuery peueit. M-Bo OCBiTH 1 HayKu Y KpaiHH.

3. Maprtin P. (2019). Yucra apxitektypa. @adyna.

4. Darwin I. F. (2017). Android Cookbook. 2nd ed. O'reilly Media.
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This work is devoted to evaluating the effectiveness of an automated system
for the disposal of household waste, namely: the system opened the lid when a
hand approached. The work is considered to be the main design of automated
household waste disposal systems. The system was verified by parametric
analysis. Experiments were carried out to introduce a system of plastic
containers. Based on the results of the analysis of the entire system, a system
based on Arduino Nano proposed a functionality for automatically opening the
lid when a hand approaches.

Bceryn. ABToOMaTH30BaHa CUCTEMa yTHUTI3AIll MOOYTOBUX BIJIXOJIIB — I HE
IPOCTO KOPUCHUHM MpeIMET JIOMAIlHbOTO BUKOPUCTAHHS, 1€ I1€ ¥ CTHJIbHUHN
neBaiic cygacHoro 0yauHKy. [1o cBOili cyTi — 1€ YHIBepCalbHUN KOHTEHHED IS
BIJIXO/I1B, SIKUH MO’KHA BCTAHOBUTH B OYJIb-SIKOMY MICIIi: I KyXH1 Y OYJIUHKY, B
pobodyomy kabiHeTi Jyist odicy.

Metoro naHoi poOOTH € aHadi3 IEePCIeKTUB aBTOMAaTH3aIlli IPOIECIB
yTHIII3alli BIIXO/IB, & caMe€ IepeBard aBTOMATHUYHOIO BIJKPUTTS KOHTEHHEpa
JUIsl BIAXOAIB B TMOPIBHAHHI 3 PYYHHM, a TaKOXX aHali3 ICHYIOUMX CYYaCHHUX
TEXHOJIOT1 aBTOMAaTH3allll Ta NEPCHEKTUBHUX CIOCOOIB 30MpPaHHS 3AJIMIIKOBUX
noOyTOBUX BIIXO/IB JIJIsl MOJANBIIOI YTUIII3alll HAMOUTbII 3pYYHUMH CIOCOOaMu
JUTSE KOPUCTYBAaua, 110 CTaJI0 MOXKJIMBHUM 3 MOSBOIO MOTY>KHUX CEPBOIPHUBO/IIB T
PO3IOBCIOIKEHHSIM TIPO1IecOpiB [4].

Pa3zoMm 3 pilleHHSAM BHKOPHUCTOBYBAaTH AaBTOMAaTUYHUN KOHTEHHEp s
B1JIXO/IiB, KO’KCH KOPHCTyBa4 HaOyBae:

— xkoMdopT, 6e3 moTpedn HATUCKATH Menaib ad0 BIAKPUBATU KPHIIKY
PYKOL0;

— TITIEHIYHICTh — 0€3 MOTHKY J0 TMOBEPXHI KOHTEWHEepa I BIAXOIB, HE
Bi/I0YBAETHCS TOMMUPEHHS OaKTepii, BIPYCiB;

— mpe3eHTa0eIbHUM 30BHINIHIA BUIJISJ — KOHTEHWHEp I BIIXOMIB 3
CEHCOPHOIO KPHUIIIKOIO BIIPI3HAETHCS CTPUMAHUM OUIBII CYYaCHUM JTU3aHHOM.

JIxepeno: MpuUKIaad MPUCTPOIB ISl aBTOMATUYHOTO BIAKPHUTTS KPHILIKH
KOHTeiHepa. MeTa MOCTiKEeHHSI — HaJlaHHS JTIFOASIM MOXJIMBOCTI aBTOMAaTUYHO
BIJIKpDUBATH KPUIIKY KOHTEHHEpa JJIs BIIXOJIB MPU MPUOIMKEHI PYKH, IS
KOM(OpTYy Ta 3PYYHOCTI. 3aBHaHHSI — PO3POOKa MPHUCTPOIO, IO JO3BOJIUTH
aBTOMATUYHO BIJIKPUBATH KPUIIKY KOHTEWHEpa Ui BIAXOIIB MpU HAOIMKEHI

PYKHU.
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3mict mocaimkennsi. CyyacHl MIKpOKOHTPOJEpHU JalOTh MOKIIUBICTD
e(eKTUBHO B3a€EMOJISATH 3 JIOJUHOIO 3a JOMOMOIOI0 JaTYMKa HAOIMKEHHS, a
came HC SR04 [1]. dnsg MAKIIOYEHHS JKUBJICHHS BHKOPUCTOBYETHCS
aKyMyJIATOp, 110 Ja€ MOXJIMBICTh BUKOPUCTOBYBATH KOHTEMHEpa JJIsl BIIXO/IIB
Oy/b SIKOMY MICITi, ajie Tpeba CIIAKYBAaTH 3a PIBHEM 3apsaaKku akymyasTopa. AGo
aBTOMATUYHY CUCTEMY YTWJIi3allli BIAXO0/A1B MOKHA MIAKIIOUNTH JI0 )KUBJICHHS 32
JOTIOMOTOI0 KaOemto 3apsiiKu, SKUH MOXKHa BUKOPHUCTOBYBATH y OYyIb SIKOMY
MiCIll, € € po3eTKa, 1 He Tpeba CIIAKyBaTH 3a pIBHEM 3apsay. 3UUTyBaHHS
HaOMKEeHHS PyKW BimOyBaeTrhes 3a gomoMororo HC SR04 matuumky, skwmid
Ipalioe Ha OCHOBI BUMIPIOBAHHA Yacy, HEOOXIAHOTO [JIsl MPOXOKCHHS
yIBTPA3BYKOBOTO IMITyJIbCY BiJ jJarduka 10 o0'ekta Ta Hazan [1, 3]. Ilicus
3UUTYBaHHS HAONWKEHHS JOJIOHI JIIOAWHH, TepenaeThes 1H(opMalis [0
HajaropKyBainbHO1 Tiatu Arduino Nano, MIKpOKOHTPOJIEPHOI Tiat@opMu, sika
3a0e3neyye MOMKJIMBOCTI MpOTpaMyBaHHS Ta KOHTPOJIIO 3a JOIMOMOTOIO
MikpokoHTpoJsiepa ATmega328, skuii BukoHye mporpamHuii xox [1, 2, 4].
Arduino Nano — e ocHoBa B3aeEMOII1 €JIEMEHTIB CUCTEMH I aBTOMATHYHOL
yrumizanii BiaxonaiB (puc. 1). Ilicis o6poOku iH(DoOpMaIlli MaKeTHOIO IJIATOIO,
NEPEeNAETbCS CUTHAN BIIKPUTTS KPHUIIKK MPHUCTPOIO JI0 CEPBONPHUBIAY Servo
SG90, sKuii BUKOPUCTOBYETHCA AJIsI KEPYBAHHSA PyXOM 00'€KTa B KOHKPETHOMY
HarnpsaMKy. BiH Mae BOy10BaHUI pOTOP, IKMI MOKE TOBEPTATHUCS HA IEBHUM KYT
B 00HM/[Ba HAMPSIMKHU BITHOCHO CBOTO ITOYaTKOBOT'O MOJIOXKEHHS [ 1, 4].

[ JlaTunk HaOmCKeH S HH&H&IOM’YB&HBH& nnaTa CepeonpHgin

[Haﬁmem ZOJOHI [ [Binhp}mg I\pmmcnl

Pucynok 1 — B3aemo/is eneMeHTIB CHCTEMU JUIsi aBTOMATHYHOI yTHIII3aIlii
BIJIXO/IIB

BucHoBku. HaykoBa Ta mnpakTHuHa HOBH3HA TOJSTa€ Yy TMO€AHAHHI
texHosorii Arduino Nano Ta mnapaMeTpuyHOTO aHami3y Uil CHCTEMH
aBTOMATHUYHOI yTHIII3aIlli BIIXO/MIB 32 PaXyHOK BIJIKPUTTS KPUIIKH KOHTEHHEpa
py HAOIMHKEHH] PYKH JTIIOAMHU. Taka cuctema 0yJie KOprcHa y TTOBCSKICHHOMY
KUTTI JTFOJUHHU.

CnmcoKk BUKOPUCTAHHUX JIKepeJI:
1. Samarth Brahmbhatt. (2013). Practical OpenCV. Apress.
2. Maprin P. (2019). Yucra apxitekrypa. 2-re Bua. @adyna.
3. Kurniawan Agus. (2017). Arduino Programming with .NET and Sketch.
4. bounapenko M. @., Kpupyns I'.®., Ps6ues B.I'., Xaxanos B.1.
(2000). [MpoekTyBaHHs Ta qiarHOCTUKA KOMITIOTEpHHX cucTeM Ta Mepex. XHYPE.
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This research paper discusses the regulatory and legal support for information
security systems (I1SS) and their importance in the current digital age. The paper first
introduces the need for robust ISS due to the increasing reliance on technology to
manage sensitive data. It then highlights the regulatory frameworks established by
governments worldwide to ensure the protection of information from unauthorized
access, modification, and disclosure. The regulatory frameworks, such as NIST,
FISMA, and GDPR, establish minimum requirements that must be met to maintain
the confidentiality, integrity, and availability of information systems.

Cucremu i1Hpopmariiitnoi 6e3neku (CIb) cranu HeBig'€eMHUM KOMIIOHEHTOM
Oi3Hec-onepanii 'y cydacHy IudpoBy emnoxy. OCKITbKM KOMITaHII BCE OLIbIIe
MOKJIAJAI0ThCA HAa TEXHOJIOTIT i 30epiraHHsd Ta yHpaBiiHHS KOH(IACHIINHUMU
JAHUMHU, 1TOTpeda B HANIMHUX cUcTeMax 1H(OpMaIIiHOT O€3MEeKH CTae HAraJbHOIO.
Jns 3abe3neuenHs 6e3nexku 1H(GOpPMaLIiHUX CUCTEM YpSIU KpaiH CBITY CTBOPHIIU
HOPMAaTUBHO-MIPABOBY 0a3y, sfKa peryyiroe podoTy cucteM 1iHGOpMAaIIHHOI OE3MEKH.
VY 11boMy JOCIIIKEHH] PO3IIISIIAETHCS HOPMATUBHO-TIPABOBE 3a0€3MEUEHHS CUCTEM
1H(popMarliitHoi Oe3neKu.

HopmatuBHo-npaBoBa 6a3a Jijis cucteM iH(OopMaliitHOT O€3MEeKH CTBOPIOETHCS
3 MeTor 3a0e3nedeHHs 3axucTy 1H(opmalli BiJ HECAHKIIIOHOBAHOTO JOCTYITY,
Moaudikaiii Ta posroyiomeHHs. [{i pamku BU3Ha4at0Th MiHIMaJIbHI BUMOTH, SIKUX
HEOOXITHO JOTPUMYBATHUCS Uil 30€peKeHHs] KOHQIAEHIINWHOCTI, HUIICHOCTI Ta
nocTynmHocTl iH(opmariitnux cucrem. Y Cnomydyenux Illrarax Amepuku
HOpMaTUBHY ©0a3y misg cucreM iHGoOpMalliiiHoi O€3MeKu BCTAaHOBIIOIOTh
HarmionanpHuit iHcTUTYT cTanaapTiB 1 TexHousorii (NIST) 1 denepanbauii 3aK0H Mo
ynpasiiHHs iH(opMmariitHoto Oe3nekoro (FISMA). €pponeiicekuii Corws (€C)
CTBOpUB 3arajibHuil perinameHT 3axucty nanux (GDPR), sxuii perymioe 3axuct
nepcoHanbHux nanux. GDPR BucyBae cyBopi BHUMOrM 10 KOMMaHid, fKi
00pOoOJISIIOTH IEPCOHANIBbHI J1aHi, 100 3a0e3MeYEHHS 3aXUCTY IUX JTaHUX.

Ha nonmaTok 10 HOpMaTHBHO-TIPABOBOI 0a3u, HOPUIUYHUN CYIIPOBIJ CUCTEM
1H(popMaIliiiHOT Oe3NeKu TAaKOXK Ma€ BaXKJIMBE 3HaueHHs. IOpuanuHa migTpuMKa
HaJ[a€ KOMITaHIsIM MPAaBOBUM 3aXUCT y pa3l BUTOKY JaHUX a00 HECAHKI[I0HOBAHOTO
noctyny go iHdopmarii. Y Cnomydenunx Illtatax xoH}iAeHIINAHICTD HaHUX
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PEryJIoeThCa KIJTbKOMa 3aKOHAaMHU, 30KpeMa, 3aKOHOM IMpPO MEPEHOCUMICTh 1
BIIMOBIAANBHICTD ¥ cepi meauuHoro ctpaxyBanHs (HIPAA) Ta KamidopHiiicbkkum
3aKOHOM MpO 3axXUCT mepcoHalbHUX naHux crnoxkupaudiB (CCPA). L1 3akonu
BU3HAYaIOTh O0OB'SI3KM KOMITaHI# 11010 3aXUCTy 0COOMCTO1 1H(OpMaIllii Ta HaJIal0Th
rpoMajisiHaM MpaBOBUM 3aXUCT y pasi nopymeHHsa nanux. GDPR nanae mpaBoBuit
3axucT rpoMaasHam €C y pa3i mopyleHHs JaHUX.

He3Bakatoun Ha HOPMATUBHO-TIPABOBY MIATPUMKY CHCTEM 1H(OpMAIiiHOi
Oe3mneku, mpodiaemMu Bce mie iCHytoTh. OmHIEI0 3 TOJIOBHHUX MPOOJIEM € MiHJIUBHMA
xapaktep 3arpo3 iHQopmarliiiHiii Oe3meni. 3 TOSBOIO HOBHUX 3arpo3 HEOOXI1THO
OHOBJIIOBATM HOPMAaTUBHO-MPABOBY 0a3y Ta 3akoHU, 00 MPOTUCTOSATU LM
3arpo3aM. [HmIo0 mpobremoro € Opak pecypciB, MOCTYMHUX KOMIIaHISIM JJist
BIPOBA/DKCHHS HAJIMHUX cucTeM 1H(opMariiiHoi Oe3neku. Hepenwki kommaHii
MOXXYTh HE MaTH PeCcypciB, HEOOXIAHHMX JUIsl BIPOBA/KEHHS TAKOTO X PIBHS
Oe3rneku, fAK BEIMKI KOMIIaHii, ajge BOHHM BIAITPalOTh BHPIMIATIBHY pPOJb Yy
3a0e3nedeHHl  Oe3neku  iHPopMamiHuX  cucteM. OCKUIBKM — TEXHOJOTIT
MIPOJIOBKYIOTh PO3BUBATHCS, HOPMATHBHA 0a3a 1 3aKOHU MOBMHHI aaNTyBAaTUCS 10
HOBUX 3arpo3. Kommanii Tako MOBUHHI 1HBECTYBaTH B HEOOXIJIHI pecypcH st
BIIPOBA/DKCHHS HAJIIMHUX CHCTeM 1HQopMaliifHoi Oe3neku. TakuM 4YMHOM BOHU
3MOXYTh 3aXHCTHUTH KOH(IACHIINHY I1HQOpMaLilo Ta 30€epertTd IOBIPY CBOIX
KJIIEHTIB 1 3aI[iIKaBJICHUX CTOPIH.

OTxXe, HOpMAaTUBHO-TIPABOBA MIATPUMKA CUCTEM 1H(POpMaLIiHOI Oe3MeKn Mae
BAKJIMBE 3HAYEHHS B CydacHy LHU(poBy emnoxy. HopmaruBHa 0aza Ta 3aKOHU
HAJAal0Th KOMIIAHISIM KEpiBHI NPUHIUOM JJs TIATPUMKU KOH(QIIEHUIHHOCTI,
IUTICHOCTI Ta IOCTYMHOCTI 1H(popMaIiiiHux cucteMm. OpuaudHa miaTpUMKa Haaae
oco0aM TPaBOBHIl 3aXWCT y pa3l BUTOKY JaHuX. Hes3Bakatoum Ha TpyAHOII,
NoB's3aHI 3 MiATpUMaHHAM 1HGOpMalliiiHoi Oe3neKkd, HOPMAaTUBHO-TIPABOBA
MIITPUMKA Ma€ BUPIITAIIbHE 3HAYCHHS JUTSI 3aXUCTy KOH(1ISeHIHOT 1HpOopMaIrii Bij
HECaHKIIIOHOBAHOTO JIOCTYITY, MOJIM(iKallii Ta pO3TOJIOIIECHHS.
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[ITo motpi6HO 3HaTH KOKHOMY. Oxford University Press.

151



YK 004.056.5:004.7
KPUTEPIi ®OPMYBAHHS IHOOPMALINHOI BE3NEKHU JJAHUX
Y XMAPHOMY CEPEJJOBHUIIII
Hinyx FO. B.
HaykoBuit kepiBHUK — K. T. H., 1011. Kyapsimosa A. B.
VYkpaiHnceka akagemis apykapcera, kad. KHIT, m. JIbBiB, Ykpaina
ten. +38 066 710 30 33, e-mail: julija.didun@gmail.com

Cloud computing provides users with a variety of services and facilities, as well
as the ability to store large amounts of data. This allows to simplify and accelerate
work, which makes cloud environments popular among individuals, companies and
organizations. But there are risks even here. Foremost among them is cloud security.
Whether it's incorrect data entry due to human inattention or a cyberattack, it affects
the safety of information. This report looks at the possible causes of data security
breaches in cloud environments and the criteria for forming security.

JlocBij moKasye, o XMapHi CepeIoBUIIA CTAIOTh JeAalll NomyaspHimMu. Bee
OlsIbIlIe KOMIIaH1HM, OpraHi3aii Ta IHIIKMX CTPYKTYp 30€piratoTh CBOI 1aH1 B XMapHUX
cuctemMax. Y 3B’sI3Ky 3 LIUM, BUHHMKaE MOTpeda B Ha/lIiHOMY 30epiranti i o0pooiI
iH(dopmarrii. BaxxinBo po3ymiTH, 110 MOXKE CIIPUYUHUTHU MOPYIICHHS O€3MeKu, Ta
JOTPUMAHHS SIKUX KpUTEpIiB 3a0€3MeUnTh BUCOKUI PIBEHb 3aXUCTy 1HPopMaliii. 3a
METO/IOM E€KCHEPTHOIO OLIHIOBAaHHS BHOKPEMIIEHO OCHOBHI KpuTepii (hopmMyBaHHS
1H(pOopMaIiiiHOI O€3MEKH JaHUX Y XMAPHOMY CEPEIOBHUILI: TEXHIYHI 3aX01H, poOoyi
MpoLIECH, JIIOJICBKUI (haKTOp, OopraHizaliiiHi 3axoAu, 1HQPACTPYKTypa, 30BHILIHE
cepenoBuie. Ha 1iX ocHOBI c(hOpMOBaHO NPUUYMHHO-HACTIAKOBY JAlarpamy
nopyuieHHs iHpopmalliiiHoi Oe3neKn JaHUX Y XMAPHUX CepeIOBUIIAX.

TexHiuHi 3axoaM Hacamrepea ToB’si3aHi 3 Oe3mekoro ganux. Crabke
mrdpyBaHHS JTaHUX, HEHAJICKHUN KOHTPOJIb JOCTYITYy, BUKOPUCTAHHS 3aCTapijioro
MIPOTPaMHOT0 a00 amapaTHOTO 3a0e3MEUYCHHS, He3aXHUIIICHICTh MEPEXK Ta CUCTEM YU
HAsSBHICTh YPa3JUBHUX MICIb y XMapHId 1HQPaCTPyKTypi MOXKE MPU3BECTH O
HECaHKIIIOHOBAHOTO JIOCTYMy JO JaHUX KopucTyBadyiB. [Hdopmariiiiny Oe3mnexy
MOXKHA ITIBUIIUTH IUISXOM BUKOPHUCTaHHS OaraTodakTOpHOI aBTeHTHU(IKAIIT 11
KOXXHOT XMapu. BianmoBiganbHICTh 3a O€3MeKy JaHUX B XMapHHUX CEPEIOBHINAX
JICKUThH HE JIMIIE Ha TEXHOJOTIUHUX PIIICHHSX, aje ¥ Ha Jrosax. HaBMucHo uu Hi,
BOHU MOXXYTb MOIIKOJAUTH LUIICHICTh Ta KOH(DIACHINIWHICTh JaHUX, TOOTO 3MIHUTH,
CTEPTH YU PO3KPUTH TpeTiM ocobaM. BaxiauBo 3a0e3neuuTH TMiATOTOBKY
MIPAIliBHUKIB Ta BXXUTH 3aXO0IiB TSI YHUKHEHHS ITOMUJIOK, IITO MOXKYTh TIPU3BECTH JI0
NOpYyIIeHb OE3MEKH.

[ToTpiOHO TakoX BpaxoByBAaTH poOOYl MPOLIECH Ta OpraHi3aliifHi 3axOJIH.
HenocratHe kepyBaHHA OOJIKOBUMH JaHUMH Ta JIOCTYIIOM, BIJCYTHICTh
MOHITOPUHTY Ta PE3EPBHOTO KOMIIOBAHHS — JIMIIE JIEedKi 3 pooiem. HeedekTurHi
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MOJIITUKK Ta CHCTEeMH O€3MeKH, BIJICYTHICTb HaBUYaHHS 4YacTO € MNpUYMHAMU
NOpYyIIeHb OE3MEKH.

IHOPACTPYKTYPA NOACLKUIA ®AKTOP TEXHIYHI 3AX0AUN

YPA3NIVBI MICUA B XMAPHIV
IHOPACTPYKTYPI

HEAKICHE ABO 3ACTAPINE
MEPEXEBE OB/IAQHAHHA

HEAOCTATHS OBI3HAHICTL
NPALIBHUKIB

3ACTAPIE NPOTPAMHE TA

BUNAAKOBE BUAANEHHS,
ANAPATHE 3ABE3NEYEHHS

PO3KPUTTA XMAPHUX JAHNX

HEAOCTATHIV KOHTPONb B
LEHTPAX OBPOBKM AAHUX,
CEPBEPIB
BIACYTHICTb BATATO®AKTOPHOL
. 3N0BXUBAHHR AAHUMA ABTEHTU®IKALIT ANIS XMAPA
HEAOCTATHIV 3AXMCT
NPUMILLEHD TA
OB/IAAHAHHA

BIAMOBA BUMTUCA CNABKE LUM®PYBAHHA AAHVIX /

KOHTPONb AOCTYNY

HE3AXMUULEHT MEPEXI TA CUCTEMM
MOPYLEHHA BE3NEKN
HUX B

BA
CEPE/JOBUILLAX

NEPEBOL Y POBOTI C/IYXB ABO

BIACYTHICTb HABYAHHA NIIOAEN HAZAHHI nochyr

BIACYTHICTb PE3EPBHOMO
BUKOPUCTAHHA 3AHAATO KOMIOBAHHS
CKNAAHUX KOPNOPATUBHIX

XMAPHUX CEPEAOBMLL

HEKOPEKTHI CNOCOBM

KIBEPAT,
IBEPATAKU NIAKMOYEHHA AO IHTEPHETY

BIACYTHICTb NOCTIAHOMO
MOHITOPUHIY TA AYAUTY
BE3MEKM AAHMX

NEPESOT
ENEKTPONOCTAYAHHS

MOrAHO BU3HAYEHWA KOHTPONb
HEAOCTATHA EDEKTUBHICTH Aoctyny
BHYTPILLHIX NONITAK TA

nl r
ROUGAE BESHEEN HEAOCTATHE KEPYBAHHS

OB/IKOBMMU AAHUMU TA KTKOHAMMU

HEMPABU/bHA KOH®INYPALIA

MPUPOAHI KATAKNIZMU
XMAPHWX CEPBICIB

HE OHOB/EHHA CUCTEMM

DI3UYHI PUIUKM BE3NEKN

HEABTOPV30BAHUIA AOCTYN HEHANEXHI NPOTOKONM BE3NEKU

30BHILHE CEPE/JOBULLE OPFAHIZAL{IVIHI 3AXOAMN POEOUI NPOLECK

Pucynok 1 — [IpyunHHO-HACTIAKOBA Alarpama
nopyuieHHs iHpopmalliiiHoi 0e3neKn JaHUX Y XMAPHUX CepeIoBUIIaX
[Ipobsiemu 3 1HPPACTPYKTYpOIO, 30KpEMa, MOraHO KEPOBaHI LIEHTPU O0OPOOKH
JAHUX 1 CEpBEpPH, BHUKOPHCTAHHS HESIKICHOIO ab0 3acTapiioro MepexeBOro
oOJaJiHaHHs, MOXYTh MPU3BECTH JI0 BPA3IMBOCTI MEpEXi /10 KibepaTak Ta 3J7I0MiB.
SxIo 3axUCT NPUMINIEHb Ta OOJaJHAHHS € HEHAJICKHUM, MOXKIMBHM (Pi3MUHUN
JIOCTYIT IO CEpBEPIB Ta IHIIMX MPHUCTPOIB, IO BeAE IO BUTOKY KOH(I1ICHIINHOT
1Hpopmarrii.
30BHIIIHE CEPEIOBUIIE TAaKOXK BIUIMBAaE Ha 3axucT 1H(opmalii. Diznyni
PHU3HKH, TaKl K BUKPAJICHHS Y pyHHYBaHHS 00JIaIHaHHS, CTHXI1MHI JIXa, nepedoi
B €JIEKTPOIOCTAaYaHH1, 3aTPOXKYIOTh BTPATOIO AaHUX, 400 HABITh YHEMOMKIIUBIIOIOTh
JOCTYIl O LEHTpIB 00poOku nanux. KidepaTaku MOXYyTh NMPU3BECTH A0 BHUTOKY
KOH(D11eH1HOT 1HPOopMallli Ta 3aBAATH WIKOAU OpraHi3auii B LJIOMY.
3abe3neueHHs 1H(opMaiiHOT O€3MeK B XMapHHUX CEpPEJOBMINAX BHMAarae
KOMIUTIEKCHOTO TMiAXO0y, KW BPaXxOBYBaTHME 3arpO3W Ta BPA3IUBOCTI, JIOACHKUI
daktop Tomo. BuokpemiieHHs: kpuTepiiB popMyBaHHs iH(MOpMaIliiiHOI Oe3MeKu y
XMapHUX CEPEeIOBHUIIAX CTBOPIOE MEPEAYMOBH JUIS OI[IHIOBAHHS PU3HKIB, ayIAHUTY
Oe3neKu Ta BIPOBAIKEHHS cTpaTerii Oe3NeKH AaHUX, IO JOTOMOKE YHUKHYTH
CEpHO3HUX MPOOJIEM 1 ABUIIUTH HAMIMHICTh 30€PEKCHHSI TAHUX.
Crucox BUKOPUCTAHUX JKEPE:
1. Mather T., Kumaraswamy S., Latif S. (2009). Cloud security and privacy:
an enterprise on risks and compliance. Beijing : O'Reilly.
2. Winkler V. (2011) Securing the cloud: cloud computer security techniques
and tactics. Syngress.
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This text discusses the problems related to the organizational and engineering
aspects of information technology systems. The former can result from human error,
equipment damage, or theft, while the latter can stem from hardware or software
malfunction, as well as environmental factors. The consequences of these problems
can include violations of data integrity, availability, and confidentiality, which can
lead to legal penalties, loss of customer trust, and other negative outcomes. The text
also highlights the importance of proper data management and security practices to
prevent such issues from arising.

[nTepuer peueit (IoT) — 1e cucremMa MAKITIOYEHUX MPUCTPOIB, SIKI MOXKYTh
B3aEMOJIATU MIX €000 Ta 3 KopucTyBadamu uepe3 [HTepHer. JlaHi cuctemu
HaOyBalOTh 3HAYHOI MOMYJSIPHOCTI SIK Cepel MPUBATHUX OCI0 Tak 1 cepen
mianpuemiiB. Cucremu IoT wacTo MICTATH BaXIuBYy 1H(MOpMAIliO, BTpaTta 4H
MOIIKOKEHHS K0T CIIPUYMHUTD PsIiT HETATUBHUX HACHTIJKIB, TOMY JOCIIIKEHHS
JIaHOi TEMU € aKTYaJIbHUM 1 BaXKIIMBHM.

PosrnssHemo ocHOBHI npo6iemu 3axucty gaHux B [oT, moOymyBaBiiu aepeBo
npoOsiem. [lpu 11bOMy HIDKHI TIJIKA BKa3yIOTh Ha CKJIQJIOBI OCHOBHOT MpoOsieMH, a
BEpX1 — Ha HACIIJIKM BUHUKHEHHS JNaHUX MpoOieM. 3 mpobiieM opraHi3aiiifHOro
XapakTepy 0COOJMBY yBary BapTo MPHUIUTATH MOIIKOIKEHHIO Ta BTPATi JaHUX, SKi
MOXYTh BUHHMKATH BHACIIJOK BTpaTH a00 MOIIKOHKEHHS MPUCTPOIB 30epiraHHs.
Brpara npuctporo Moke BUHUKHYTH BHACIIIOK KPaJII’)KKH, HEYBaXKHOCTI, CTPECOBUX
CUTyallli 4YM IHIIUX BUHATKOBUX TmoAiil  (popc-MaxopHUX  0OCTaBHH).
[TomkomKeHHS Ta BTpaTa JaHUX 3a3BUYail B1I0YBAETHCS Ye€pe3 HECTIPABHICTh HOCI1B.
[TpuurHr MOXKYTh OyTH SIK (P13UuHI (HAMPUKIIAL, MEPErpiB MIPUCTPOIO YEpe3 Mui),
TaK 1 HE 3aJIe’KaTH BiJl KOPUCTYBaya (HAPUKIIad, CUIIbHUNA CTPUOOK HaNpyTH).

Moo nmpobyeM 1HKEHEPHO-TEXHIYHOTO XapaKkTepy TO MIPUYUH 1 EPEIyMOB iX
BUHEKHEHHs € yuMado. [IpoTe yci BOHM Tak yu 1HaKIIe 0e3mocepeHbO OB’ sI3aH1 3
MPUCTPOSIMU Ta TEXHOJIOT1SIMU SIKI BUKOPUCTOBYIOThCS B cricTemMaxmax [oT. YMoBHO
IO MIArpyny MnpodjieM MOKHa MOJUIMTH HA JIBI YACTUHU: Meplia IOB’s3aHa 3
amapaTHUM 3a0e3ledyeHHs M, a Jpyra 3 [porpaMHuM 3a0e3neuyeHHs. Bapro
3ayBa)kaTH 110 B 000X BUMAJAKaX 3a3BUYail ICHYe 3 Kepera MOKIUBUX MPOOJIeM:
HEesKICHI mpucTpoi abo >x HemineH3oBaHe [13, 3TOBMHUCHHMKHM $KI HaMararoThCs
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MPOHUKHYTU Y CUCTEMY (CIOJM K BIAHECEMO BIpPYCH 1 1HIIE IIKIJJIMBE MpOrpaMHe
3a0€3IeUeHHs) Ta MOT0IH1 YMOBH, 110 MOXKYTh CIIPUYUHU K (D13UYH1 MOIIKOPKCHHS
TaK 1 MOIIKOMKEHHS IIJIICHOCTI IaHUX, HAMPUKIIaa yepe3 nepedoi Mepexi.

Moaudikania nannx | 3uumenna Brnokysanns ‘Pl)'irﬂ:l()lll(,‘l|l'lﬁ| ‘ Burik [IIcc:unﬂliollonmmi‘r J'[(1(:Tyn|

I [ [ I [
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]'lpnn.nemﬂ 3AXHCTY /

naunx B [oT

‘ TIpoGiemn opranizauiiinoro / \—\'ﬁ: T u|
XapaKTepy l XapakTepy l

AnapaTHe 3a0C3NCHCHHS Tporpamue 3a6esne4eHHs

TTOLKOKCHHA | BIpaTa
JaHHX

Hecankuionosane
BHKOPHCTAHHA NporpaM

Llkignuse
n3

Brpara

TTONIKO/UKCHHS TPHCTPOIO
TIPHCTPOIO

30epiraHHs JanHinx

‘Hccupauuumi ‘ Mepewaxi b’lpnpo,umm akrop Konirosanus

* Hecnpasnidi npouccop n * Bipyen
N P ———— Rt R [Nre— « XpoSawn
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e « Kinorrey
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PI3HOIO poay(pyxy, * 3ampHEKH
BOJAOIOCT], IMMY TOUL0)
7 +2 * Pyrxir

Pucynox 1 — [lepeBo npoGiem 3axucty nanux B [oT

Jlo ocHOBHMX HacmiJKiB nopyimieHHs1 Oe3neku loT Hanmexarb: mopyrieHHs
IUTICHOCTI, JOCTYMHOCTI Ta KOH(DIIECHUIMHOCTI. YCi TpU MOPYIIEHHS MOXYTh
npu3BeCcTH 10 mTpadiB 1 BIAIIKOAYBaHHS 30MTKIB, BTPATH JIOBIPH KOPUCTYBayiB 1
nopymieHHs:  3akoHy. llopymieHHss IUTICHOCTI  moniArae 'y — Moaudikaii
naHux(BAOyBaeTbca uepe3 3MIHY 1H(opmalii) 4Yu 3HMILEHHI JaHux(mpouec
BUJIaJIeHHS 1H(OopMaIlii 6e3 MOKIIMBOCTI ii BiIHOBIEHHS). [lopyiieHHs 1OCTYTHOCTI
nependayae 3HUIICHHSAM a00 OJIOKyBaHHA AaHUX (KOPUCTyBau 4Yepe3 TEeXHIYHI
OpUYUHA a00 K MPUYMHU OE3MEeKH HEe 3JaTHUM OTPUMATH JOCTYH A0 JaHUX).
[TopymienHss  KOHQIIEHIIIMHOCTI:  pPO3rOJOMICHHS  JaHuxX  (KoH(IiIEHIlIIiHA
iHpopMarlliss  moTpamiie  Ha0yBa€e — poO3rosiiocy), BHUTIK  1HpopMmamii  Ta
HECaHKIIIOHOBaHMM J0CTyn (MeBHa 0co0a OTPUMYE JOCTYI J0 KOH(IIEHIIAHUX
JAHUX 1HIIO1 ocoOu 6e3 Ti J03BOY).

OTtxe, 06 yoesneuntu nani cucreM [oT moTpiOHO OyTH YBOXKHHMM JI0 TEXHIKH
1 mporpaMHOTO 3a0e3medyeHHs $KI BUKOPUCTOBYIOTHCS, BMITH TPABHIBHO
MOBOJIUTUCH 3 TIPUCTPOSIMHU, a TaKOX MPOAYMYBATH 1 3aXMINATH CIaOKI CTOPOHU
cBoix loT cuctem BiJ 30BHILIHIX 1 BHYTPILIHIX 3arpo3.

Crucox BUKOPHUCTAHUX JIKEPE:

1. David Hanes, Gonzalo Salgueiro, Patrick Grossetete, Rob Barton,
Jerome Henry. (2017). loT Fundamentals: Networking Technologies, Protocols, and
Use Cases for the Internet of Things

2. Cemenuek, A. 1. (Pen), Hpemmak, B. M. (Pexn). (2017). Enekrponne
ypsIyBaHHSI Ta €JEeKTpOHHa jAemokparis (yactuHa 13, Xomaba, O. M., 3axucr
iH(opMallii B cuctemMax eJIEKTPOHHOTO YpsTyBaHHS).
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This work is devoted to analysis of neural networks and ways that they could

be implemented into security systems. The study of neural networks became an
essential part of our world in a past few years. And nowadays when neural networks
started to become a part of different parts of our lives, | want to explore possibilities
of neural networks in information security field. As our world progresses and
becomes more and more digitalized, we need to improve our cybersecurity and
security of our information. And in my opinion, neural networks could be this next
step in maintaining this security. They can be used in fields like data analysis,
prediction and prevention of attacks, data recovery, threads detection and a lot more.
But like with any other new inventions there always will be an intruder, who will
exploit them. And with the development of neural networks, we need to take these
risks in consideration to prevent breaches in our security.

Heiiponni Mepexi, 30kpeMa IIHOOKI HEHpPOHHI MEpexi, CTald OIHIEI 3
HAWMOTYKHIIIMX TEXHIK MAIIMHHOTO HAaBUaHHS, SKI 3aCTOCOBYIOTBCS B 0araTbox
cepax, Brmowaoun iHdopmariiiHy Oesrneky. BBeICHHS HEHPOHHHX MEpex y
CHCTeMH OE3IeKH MOXe BIIKPHBATH HOBI MOXJIHMBOCTI, ale TAKOX BHOCHTH HOBI
PHU3UKHU Ta BPA3JIUBOCTI, K1 MOTPEOYIOTh YBaKHOTO BUBYEHHSI Ta po3yMiHHs. O/lHa
3 OCHOBHHUX 00JIacTel 3aCTOCYBaHHS HEUPOHHUX MEPEX y cUcTeMax Oe3NeKH - e
o0poOka BENMKHX OOCATIB JaHUX, 30KpEeMa B PEXUMI PEaTbHOTO Yacy, IS
BUSIBJIICHHS 3arp03, BUSIBJICHHS aHOMaJIiH, kiacudikaiiii 00'€KTiB, aHali3y MOBEAIHKA
KOpHUCTyBauiB Ta 0arato iHmoro. HelipoHH1 Mepexi MOXYyTb OyTH 3aCTOCOBaHI B
CUCTEMax BIJICOCIIOCTEPEXKEHHS, CHCTEMax BHSBIIEHHS BTOPTHEHb, CHCTEMax
po3mi3HaBaHHSI 00pa3iB, CUCTEMaX MOHITOPUHTY MEpEXi, CUCTEMax BHIBICHHS
HIKIJJIMBUX MPOTrpaM Ta 1HIIMX 3aX0Jax 3a0e3MeueHHs Oe3MeKH.

[Tpu 1bOMyY, OTHUM 3 OCHOBHMX aCIEKTIB BIIPOBA/KEHHSI HEUPOHHUX MEPEXK Yy
cucTeMH Oe3rneku € 3a0e3nedyeHHs iXHbOI HaAIWHOCTI Ta 3axuiieHocTi. HeliponHi
Mepexi, fK 1 OyIb-iKi 1HII CHUCTEMH, MOXYTh OyTH Bpa3IMBUMHU JO aTak,
BKJIIOYAIOYM aTaku 3 OOKY 3JIOBMHUCHHKIB, TaKMX SIK BBEJIEHHS LIYMY, 3JOYMHHI
371aMH, aTaKy Ha HaBYaHHS MoOjeJel Ta iHmi. BpaxyBaHHs nux 3arpo3 Ta po3podka
3aXMCHUX MEXaHI3MIB, TaKUX SK 3aXHUCT BiJl aTak BBOJY ILIyMy, IIH(pPYyBaHHS,
ayreHTU(]iKaIis Ta aBTOpI/ISaHIH € BOXJIMBUM KPOKOM Yy 3abe3rnedeHHi Oe3neKu
CHCTEM 3 BUKOPUCTAHHIM HEUPOHHUX MEPEK.

[Ile ofHMM Ba)KJIMBUM acCllEKTOM BIPOBAIXKEHHSI HEMPOHHUX MEPEX y CUCTEMHU
0e3MeKu € MPO30PICTh Ta 3PO3YMUIICTh IXHIX pillieHb. bararo HEeWpOHHUX MEpex,
30KpeMa TJIMOOKUX HEUPOHHUX MEPEX, MOXKYTh OyTH CKJIAJHUMH MOJENSIMHU 31
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3HAYHOIO KUTBKICTIO HEMPOHIB Ta MIapiB, IO POOUTH iXHI PIIICHHS BAXKKUMH IS
po3yMiHHs Ta nosicHeHHs. OJIHaK, B cucTeMax 0e3MeKH BaXKJIMBO MAaTH MOXJIUBICTh
MOSICHIOBAaTH PIIIEHHS, TPUNHATI HEHPOHHHMMH MEpEKaMM, 30KpeMa B pasi
BUSIBIICHHSI aHOMaJiii, pU3MKOBUX MOJINA ab0 MPUUHATTA BAXKIMBUX pIlICHb Ha
OCHOBI1 BUXITHUX JaHUX MOJIEJIEH.

OkpiM 1BOTO MOTPIOHO PO3YMITH, LIO BIPOBAIKCHHS HEHPOHHHUX MEPEK y
CHCTeMH OE3IIeKH TaK0X BHOCHTH PU3HKH BiIHOCHO KOH(IICHIIHHOCTI, LiMCHOCT
Ta I[OCTYI'[HOCTI JaHuX. 30KpeMa, MOXKYTh BHHUKATH TaKi BPa3IHBOCTI, 5K aTaKH Ha
MoJell HeHPOHHHUX MEPEeX, 3MaTHICTh [0 31aMy, (anbcudikauii BXIIHUX JaHHX,
pO3Mi3HABAHHS HEAOCTATHBOI KIUIBKOCTI 00pasiB, PU3HKM BTPATH JaHHX abo
3JI0BMUCHOT'O BUKOPUCTaHHSI MOJIEJICH, TEXHIUHI Ta €TUYHI aCTIEKTH BUKOPUCTAHHS
HEHPOHHHUX MEpexk y cuctemax Oesmeri. [list TOro, 11106 3aXMCTHTH CHCTEMH OC3MeKH
BIJl LMX BPa3IMBOCTCH, HEOOXINHO MPOBOIUTU MOCIIDKCHHS Ta PO3POOISTH
BIJNIOBI/IHI 3aX0/1 3a0e3neueHHs Oe3neku. | ToMy, OHUM 3 acHeKTiB AOCTIIKEHb
Cy4acHUX HeI/IpOHHI/IX MEpEK B KOHTEKCTI iX BIPOBAKCHHS B CHCTEMHU Oe3nexu €
PO3yMiHHS IXHBOI CTIHKOCTI 110 aTaK. ATaKy Ha HEHPOHHI MEPEexki MOXKYTb BKIIIOYATH
BITPOBA/KEHHSI IIKIJIMBUX 300pa)K€Hb, 3MIHY BXIJHUX IaHHUX, aTaKh Ha MPOIIEC
HAaBYaHHS Ta IHIII METOAM 37aMmy. TakoX, OJTHUM 3 MOKIMBHUX PHU3UKIB € BUTIK
iH(dopmarrii. HelipoHHi Mepexi MOXKyTh OyTH HaBU€HI HA OCHOBI KOH(IJIEHIIHHUX
JTAaHUX, TAKUX SIK OCOOMCTI JlaHI KOPHUCTYyBauiB, (DIHAHCOBI JaHl, MEIWYHI JaHl Ta
1HIII. BukopucTanHs LUX MOJENCH y cHCTeMax 0€3MeKu MOXKE€ BUKJIMKATH PU3UK
BUTOKY IIl€l KOH(pineHUINHHOI 1H(opMalii, SKIO 3aX0au 3aXUCTy HE OyAyTh
HAJICKHUM YMHOM BIPOBaUKeHI. KpiM TOro, HeipoHHI MEpeKi MOKYTh TaKOX OyTH
Bpa3JMBi 10 aTaK Ha LUIICHICTh JAHUX. U_IKLZ[HI/IKI/I MO>XKYTh 3MIHIOBATH BX1JIHI JIaHi,
10 TIOJJAIOTHCS Ha BX1J MOJIENI, 3 METOIO OTPUMAaHHS HETPABIUBUX PE3yIbTaTiB 200
3JIOB)KMBAHHS cHUCTeMOIo0 Oe3meku. lle Moke mMaTu cepilo3Hl HACHIIKH, TakKi K
BTpaTa JIOBIPU JI0 CUCTEMH, HEKOPEKTHI PIIIEHHS HAa OCHOBI 3MIHEHUX JIaHUX Ta
MOXJIUBI HaCJ'IiI[KI/I JUTst O€3IEeKHU B HiJ’IOMy

OTxe, AOCHIIKEHHS CYYaCHHX HEHPOHHHX MEpEk Ta iX BIPOBAPKCHHS B
cUCTeMU O€3MeKH Mae€ BEJIMKHUI MOTEHIiaj, aje BOJAHOYAC BHOCUTH HOBI PHU3HUKH,
NoB'sI3aHl 3 KOH(IACHIINHICTIO, IUTICHICTIO Ta JOCTYMHICTIO NaHUX, a TaKOX 3
MO>KJIMNBUMH BEKTOPaMH aTaK Ha CUCTEMY O€3MEKH B ILJIOMY.

CrnucoK BUKOPUCTAHUX JHKEPEN:

1. Pawlicki,M., Kozik,R., Choras ,M. (2022, Cepniesis 21). A survey on neural
networks for (cyber) securlty and (cyber-) security of neural networks.
Sciencedirect.
https://www.sciencedirect.com/science/article/pii/S0925231222007184

2. Lakshit Malhotra, Bharat Bhushan, Rahul Veer Singh (2021, Ciuens).
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This work is devoted to the development of a token to provide a secure
connection between the user and a remote server. The issue of creating a secure
connection becomes especially relevant when it concerns the storage of confidential
personal or corporate information. Technical requirements for the system are
considered. The application built on Openvpn technology using Openvpn Access
Server with encryption keys and using encryption technologies is created. The
program structure from the user's side and the functionality and features of the system
are described.

3rigHo 3akony 2297-VI, penakmis Bim 27.10.2022, migcraBa — 2438-1X nmms
3B’SI3Ky 4epe3 Mepexy I[HTepHeT NoTpiOHO BUKOPUCTOBYBATH O€3MEYHUN THUII
3’€JlHaHHS, SIKAA Mae€ HaJaBaTH TrapaHTOBaHE Oe3leuHe 3’€IHaHHA MIXK
KOPUCTYBa4y€M Ta BiJJaJ€HUM cepBepoM (1ie Moke OyTH Oynb-sIKUW cepBep, SIKUN
MOK€ HaJlaBaTH KOPUCTYBady JOCTYI JIO HOTO TMEPCOHATBHUX JaHUX, a TaKOXK
HaJaBaTy 3MOTyY JJIsl O€3MeYHOl mepeaavl TaHux MK KiieHT-cepBepoM). [Tutanus
CTBOPEHHSI O€3MEYHOTO 3’ €THAHHS CTa€ OCOOMBO aKTyaJIbHUM, KOJIH I1€ CTOCYETHCS
30epiranHs KOH()iAEHLIIHOI 0coducToi abo KOPIOPaTHBHOI iH(popmarrii. MoxHa
HaBecTH mpukiaan podorm APM cimeitnoro mikaps «Kamran» (h ttps: /[ciet-
holding.com/ru/mis-kashtan/), B skoMy 30epiraloTbcs MEPCOHAIBHI  JaHi
KOPHUCTYBauiB, 1110 HAJAIOTh JIIKApIO CBOI NEPCOHAJbHI JaHl. [HIIMM npHKIagoM €
cUCTeMa eJIeKTpOHHOro qokyMeHToo0iry Fossdoc (https://fossdoc.com).

Cucrema Mae BIIMOBIAATH TAKUM TEXHIYHIM BUMOTaM: HaJIaHHS MU (QPOBAHOTO
B1JIJIAJIGHOTO JOCTYITY IO CUCTEMH; KOPUCTYBa4d — I1¢ KiHIICBUH aOOHEHT MEpexi, Yy
SIKOT'O HEMA€ CIIEI[iaJIbHOT0 00JIaJHaHHs; TOKEH, a00 KJIF0Y, IIOBUHEH MaTH BIACHUH
3aXMCT BIJ] CTOPOHHBOIO BTPYUYAHHS; aAMIHICTPATOp BIJJAJICHOI MEPEeXi Mae
MOXJIMBICTh KE€pPYBaTH BIJJAJICHUM IJAKIIOUCHHSIM; KaHajl Mae OyTH HaJlIiHO
mrpoBaHUl JEKIIbKOMa TUTIAaMU MU(PyBaHHSA, SKI TapaHTOBAHO 3a0€3MEYYIOThH
3axucT 1HpOopMaIii.

Ines monsirae y cTBOpeHH1 A0JaTKy, MOOYA0BaHOTO Ha TexHoJorii Openvpn 3
BukopuctanHaM Openvpn Access Server (BilacHOi po3poOKH) 3 KIHOYaAMHU
mmdpyBadds B (opmati pkscl2 Ta BHKOPUCTaHHSIM TEXHOJOTIH MmUbpyBaHHS,
Takux sk KopeHeBud ceptudikar CA, mepcoHanpHUN TpuBaTHUN K104 RSA 3
noBxkuHOW 2048 61T, kmou Hipdi Xenmana, mudpysanas Blowfish 3 kepyemoro
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JOBXXHUHOIO KiTtoua (Harpukiam, 256 6it abo 512 6it), SSLATLS, tls-auth — nogarox
1o SSL\TLS mmdpysanns [1, 2].

IIporpamy oyne p03M1meH0 Ha TOKeH1 ((pien-HakonuyyBadi), B IKOMY OYJyTh
30epiraTucs i Koyl JIOCTYIIy, @ TAKOXX HANAIITYBaHHS IS IEPBUHHOTO 3aITyCKy
Ta BCTAHOBJICHHSI MTAPOJIiB IOCTYITy Ta 3aXUCTY (en-HakonuayBada. B 3araisHomy
BUIAJKy KOPUCTYBa4yeBl CKJIAJHO BCTAHOBIIOBATH CAMOMY MPOTPAMH Ta KEPyBaTU
CXOBHIIIAMHU KIJIIOUIB JIOCTYITY, TOMY TOKEH € TapHUM BapiaHTOM BUPIIIEHHS I[HOTO
MUTaHHS.

[TpuOnau3HuUMU aHAJIOTaMHU TaKOi MPOTrpaMH MOXHA Ha3BaTH JIOAATKH
pizHomaniTHHX VPN cepgiciB, aje BOHU HE MalOTh JOJATKOBUX (DYHKIIIN (TaKuX, SIK
MEHIO KOpHUCTyBada, NepeBipKa 3’€JHAHHS TOIIO) Ta MalTh JOCHUTh YMOBHE
mudpyBaHHS KaHATY, TOMY IO 11€ HEMOTPIOHO JJIsI KOPUCTYBauiB, SKUM MOTpIOHA
TUIBKH 1p-agpeca Juist poootu yepe3 VPN.

31 CTOpOHM KOpHCTyBaua IporpaMa Mae BUTJIA 3BUYaiiHOrO *.exe (ailny, B
SAKOMY 3HAXOJSAThCA: JpaiBep JUisi BCTAHOBJICHHS BIpTyaJIbHOTO 1HTepdeicy s
MIJKIIOUEHHS /10 BijalneHoi Mepexi depe3 I[HTepHeT-3’€lHaHHS; KIIIOY ISt
3’eHaHHsA Ta BcTaHOBJIeHHS VPN TyHento; nporpama, sika Kepye NiAKIIOYEHHSIM Ta
3alycKae JOJaTKOBY mporpaMy (Hampukiaa, mnigkirodeHHs no RDP (Remote
Desktop Protocol)).

[Ipn mepBMHHOMY 3aIlyCKy IporpamMa 3alpOCUTh BCTAaHOBUTH Napojb Ta
3pobuTth mudpoBanuil ¢daia Ha ToKeHi. B HbOMy OynyTh 3HaXOAUTHUCH KJIHOY1 JIJIs
3’eqHanHs 10 VPN. Takox, KoxkeH pa3 mnpu 3aIlyCKy nporpama HepeBIpsiE€ UM € B
CIINCKY MEpEMKEBHX lHTepCI)eI/ICIB NoTpIOHUHN 11 BlpTyaJIBHI/II/I 1HTEppenc ans
3’eaHaHHs 3 BigmaneHoro VPN wmepexero. SIKIo Hi, TO mporpama po3Makye Ta
3aIyCTUTh MIPOrpamMy 1HCTAIATOP 3 BCTAHOBIIEHHS BipTyanbHOro iHTepdeiicy (TAP-
ajanTep).

3amymieHa mporpama 3HaXOIUTHCS B Tpel omepariiitHol CUCTEMH Ta Ma€ MEHIO
JUIs po3’€HaHHS Ta nepeniakiatodeHHs. [Ticist BumaleHHsT TOKeHY B OIepaliiiHii
CUCTEMI 3alMIIAETHCS TUIBKKA BIPTyaJIbHHM 1HTep(deic, SKui MOXKHA JIETKO
JIEIHCTAJIIOBATH.

31 CTOpOHM cepBepa aAMIHICTpATOp Mae BeO-0JaTOK, IO MOKAa3y€e CIIMCOK
KIIFOUIB, SIKI MOXYTh MIAKIIOYATUCS 10 cepBepa. € Tabnmuis 3 aKTUBHUMU
MIIKITIOYESHHIMHA. AIMIHICTPATOP Ma€ 3MOTY BiJl’€JHATH KIIOY, JCAaKTUBYBATH HOTO,
ab0 ckayaTh MOTO B BUIJISAI IEPBUHHOTO *.exe (paility /uisl TOKeHy, o0 nepeaaTu
kopuctyBaueBl. [lepenOauena anamiTMKa MOIAKIIOYEHH 10 cepBepy. Ha kiroui
MO>KJIMBO BlApeNaryBaTH ip-aJipecy NpHUBaTHOI MEpexi Ta AOJaTH MApUIPYTH IS
JOCTYITy, HAIIPUKJIA, 10 JOJJaATKOBUX CEPBICIB.

Cnoucok BHUKOPHUCTAHUX IXKEpPEII.
1. [nraiinep, b. (2017). Ilpukmamgna kpunrorpadis: IPOTOKOJIH,
aroput™i 1 Buxigaui kox Ha C. JlianexTuka.
2. Aumasson, J.-P. (2018). Serious Cryptography: A Practical Introduction to
Modern Encryption. No Starch Press.
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These theses are dedicated to the security of banking transactions at the banks.
The stench hoots complex pidhid to improve the security of bank transactions,
including zastosuvannya modern methods of identification and authentication,
protection against cyber attacks, backup of data and encryption of information.
Efficient protocols for securing banking transactions, such as SSL / TLS, IPSec and
SSH, as well as international security standards, are also considered. These theses
will be relevant for cyber security facilitation, banking services and other affected
parties, as they will increase the level of security of banking transactions at different
banks.

B ymoBax Bce Outbioi nudpoBoi TpaHchopmaliii Ta 3p0CTar0qoi HOMYJISIPHOCTI
OHJIaliH-0aHKIHTY, Oe3meka OaHKIBCHKMX TPAH3aKIINA y BIIKPUTHUX MEpekax CTae
HAJ3BUYAHO BAXKJIMBUM MUTAaHHAM i OaHKIBCBKUX YCTAaHOB Ta iX KIIEHTIB.
HeoOxigHiCTh 3axUCTy BIJA KIOEp3JOYMHLIB, SKI MIYKalOTh MOXJIMBOCTI IS
3JIaMyBaHHS CHCTEMH Ta KpadikKKW KOH(DiAeHIIHHOI iHGopMallii, BUMarae Bij
OaHKIBCHKMX 1HCTUTYTIB BHUKOPHUCTOBYBAaTHM HOBI TEXHOJIOTii Ta cTparerii s
3a0e3nedeHHs] 0e3neKn OaHKIBChbKUX TpaH3akKLid y BIAKpUTUX Mepexkax. OCHOBHI
OPUHIUMON POOOTH CHOTOJAEHHOI CHCTEMHM Oe3MeKM OaHKIBChKHUX TpaH3aKLiid y
BIJIKDUTHUX MEPEeKax MOJSTaloTh Y BUKOPUCTaHHI mudpyBaHHs, ayTeHTUdikarii Ta
KoHTpoJito goctryny. [ludpyBanHs nanux 3abesneuye KOH(PIACHIINHHICT Ta
HUTICHICTh 1H(OpMaIlli, [0 MepeJacThCs BiJ KIi€EHTa 10 OaHKy Ta Haza.l.
AytenTtudikaiis 3abe3nedye MepeBIpKy IMEHTUYHOCTI KJIl€HTa Ta OaHKy mepen
3aicHeHHsAM TpaH3akiii. KoHTpoas moctymy 3abe3mneuye 0OMeKEHHS AOCTYITy 10
pecypciB TUTbKM aBTOPU30BAHUM KOPUCTyBadaM Ta MPUCTPOsM. [[1s1 mocsrHeHHS
MaKCUMAaJIbHOTO PIBHSA OE3MEKU BUKOPUCTOBYIOTHCS PI3HOMAHITHI TEXHOJIOTII, TaKi
K UdpoBUN NiANUC, MyJIbTU(aKTOpHA ayTeHTU(DIKAIIs, BIPYCHI CKaHEpHU Ta IHIIII.
HalikpamuMu npoToKoJiaMu JIJIsl 3aXUCTy OaHKIBCBKUX TPaH3aKI[H y BIIKPUTHUX
mepexxax € SSL/TLS, IPSec Ta SSH. Bonu 3a6e3mneuyroTs epeKTUBHUMN 3aXHUCT Bif
KiOep3ounHINB Ta 3a0e3MmedyroTh KOHGIAEHIIWHICTh Ta I[UTICHICTh JaHUX,
nepelaBaHuX BiJl KJIIE€HTIB 40 OaHKy Ta Ha3a1. KpiM Toro, 111 MpOTOKOIM JO3BOJISIOTh
BCTAHOBITIOBATH O€3MevHe 3'€JHAHHS MK OaHKIBCHKHM CEPBEPOM Ta KIIIEHTCHKUMU
MPUCTPOSIMHU, TTI0 3a0e3nedye HaAIHHICTh Ta 3aXUIICHICTh OAHKIBCHKUX TPaH3aKIIIH.

SSL/TLS, IPSec ta SSH - 11e mpoToKoIH, sKi 3a0€31e4yroTh KpUnTorpapiayHni
3aXMCT JaHUX, 10 TepeAaroThes depe3  BiakputTi  wmepexi. SSL/TLS
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BUKOPHUCTOBYIOThCS 1Jisi 3aXucTy BeO-Tpadiky, IPSec - misg 3axucty tpadiky mix
MepekaMu Ta mpuctposimMu, a SSH - miast 3axucty Tpadiky, 0 MeperaeThess MixX
komm'rorepamu 1o npotokory SSH. Kpim Toro, i npoTtokonu mMaioTh BOYTOBaHI
MeXaHi3MHU ayTeHTu(ikamii Ta igeHTHdIKaIi KOpUCTyBayiB, IO JO3BOJISE
NEPeBIPATH, MO0 KIIEHT Ta CEpBEp, MUK SKUMH BiTOYBa€ThCS KOMYHIKAIis, €
JHCHOIO CTOPOHOI0. BukopucTanHs MX MPOTOKOJIB JOTIOMArae miIBUIIUTH PIBEHb
Oe3MeKn OaHKIBCHKUX TPaH3aKIIA y BIAKPUTHX MEPEKaxX Ta 3aXUCTUTH BaXJIUBY
iH(hopMmartito Bix kibepartak. /[s 3a0e3neueHHs MIXKHAPOIHOI O€31MeKu OaHKIBCHhKUX
TpaH3aKUIN y BIAKPUTUX MEPEKaX BUKOPUCTOBYIOTHCA MIXKHAPO/IHI CTAaHIAPTH, TaKi
sk PCI DSS, ISO 27001, SWIFT CSP Ta iammi. Ili ctangapTi MiCTITh BUMOTH J10
3axucTy iH(pOpMaIli Ta MePCOHATBHUX NAaHWUX KIIE€HTIB, BUMOTH JI0 3aXUCTy BIJ
Ki0epaTak, BUMOTH 10 KEPYBAaHHS pU3HKaMU Ta 0€3MeKO0I0 B [IUIoMy. Bukopuctanus
[UX CTaHAApPTIB JO3BOJISIE 3a0€3MEUUTH BUCOKUU PIBEHb O€3MEKH OaHKIBCHKUX
TpaH3aKI[ii Ta 3a0e3MeunTH JOBIPY KIIEHTIB 10 OaHKIBCHKOT ycTaHOBU. OIHAK, TS
JOCSITHEHHSI TIOBHOT'O 3aXMCTy BIJ KiOep3arpo3 HEOOXIJTHO BUKOPHUCTOBYBATH
KOMIUJIEKCHUM MiJIXiJ, [0 BKJIOYA€ HE JIMIIE BUKOPUCTaHHS CTaHAApTIB, a M
peryisipHe OHOBJICHHSI MPOTPaMHOTO Ta arapaTHOro 3a0e3MedeHHs, HaBYaHHS
MEPCOHATY Ta BIIPOBAKEHHS HOBUX TEXHOJOTIN 3aXHCTY.

Henonikamu cydacHoi cucteMu 3a0e3nedeHHs Oe3neku y OaHKIBChKHUX
TpaH3aKIiil y BIAKPUTUX MEpPEkKax € HAsBHICTh BPA3IUBOCTEH y MPOrpPaMHOMY
3a0€3MeUeHHI Ta MOKIIUBICTh 3JIOMY Yepe3 COLlaIbHY 1HKEHEPI0, HEJI0CTATHS yBara
10 KibepOe3neku 3 00Ky KOPUCTYBadiB, a TAKOXK PU3HK 3JI0MY TEXHIYHUX 3aC001B
3axucTy. TakoX BaXXJIMBUM HENOJIKOM € HecTaua perylsiTOPHHX HOpM, sKi O
BCTAHOBJIIOBJIM CTaHJApTH O€3MeKH Ta BIAMOBIAHI BUMOTH Uil OaHKIBCHKHX
IHCTUTYIIN Ta ix kmeHTtiB. Kpim Toro, icHye 3arpo3a kiOepaTak, sIKI MOXYTb
MPU3BECTH JI0 BTpaTu KOH(DiAeHIITHOT iHpopMallii Ta KOIITIB.

Jlns miaBUILEHHS piBHS Oe3MeKkM OAaHKIBCHKUMX TPAH3aKUIA Yy BIAKPUTHX
Mepexax HeO0OX1JJHO BHUKOPHUCTOBYBAaTHM KOMIUICKCHUM TMIAX1J, SKUH BKJIIOYAE
3aCTOCYBaHHS Cy4yaCHUX METOMIB 1HAeHTU(IKAIi Ta ayTeHTudikailii, 3aXUcTy BiJ
ki0epaTak, pe3epBHE KOIIIOBaHHS JaHUX Ta mwudpyBaHHs iHopmanii. Kpim Toro,
BAXJIMBO TIOCTIHHO OHOBIIOBATH TporpamMHe 3a0e3meueHHsT Ta amaparHe
3a0e3MeUeHHsI, BAKOPUCTOBYBATH MEPEIKEB1 MPOTOKOJIN 3 BUCOKUM PIBHEM O€3MEeKU
Ta HaBYaTH NIEPCOHAIT 3aX0J1aM Ki0epOe3neKHu.

o6 edekTuBHO MIABUIIMTU O€3MeKy OaHKIBCBKMX TPaH3aKIiN y BIAKPUTHX
Mepekax, TaKOK HeOOX1THO TPOBOJUTH PETYJSIPHHUM aHaIi3 PU3UKIB Ta OIIHIOBATH
NOTeHII1iTH1 3arpo3u. KpiM TOro, BaXXJIMBO po3poOJIATH Ta BOPOBAKYBATH CTpATEril
N1 y BUMAAKY KiOepaTaku a0o0 1HIIMX HeOaKaHUX CHUTYyallid, 1mo0 MiHIMI3yBaTH
MO>KJIMB1 BTpatu. Jlo 1HIMMX NUIAXIB MiABUIIEHHS €()EKTUBHOCTI CUCTEMH O€3MEeKU
MO>KHA BIJTHECTH BIPOBADKCHHS ABO(PAKTOPHOI ayTeHTU(iKallli Ta BUKOPUCTAHHS
OlOMETPUYHUX TEXHOJIOTIH, sIKI JO03BOJSIOTH MIATBEPAKYBATH 1ICHTU(IKAIIIO
KOPHCTYBaya 3 BUCOKOIO TOYHICTIO.

161



YJIK 004.054.5
KIBEPBE3IEKA IHOOPMAIIMHO-TEJIEKOMYHIKAIIMHNX
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3akytHuii B.M.
(ABTY, m. XapkiB, Ykpaina, stym@btu.kharkov.ua)
The article formulates the basic concepts of Cybersecurity of information and
telecommunication systems. Substitution encryption and decryption.

KiGep6Oesneka iHdopmariiino-TenekomyHikaiiiinux cucreMm (ITC) € oaniero 3
HaNOUIbII aKTyalbHUX MPOOJIEM B Cy4aCHOMY CBITI, I€ 3pOCTA€ KIIBKICTh KibepaTak
Ta KiOep3nouuHiB. OIHUM 3 e€(PEKTUBHUX METOJIB 3axHUCTy i1H(opmarlli €
mupyBaHHs Ta 1emu(pyBaHHS METOJAOM IM1JCTaHOBKH.

[IudpyBaHHs METOAOM IIJICTAHOBKH MOJISITA€ B TOMY, IO KOXEH CHMBOJI
BIJIKDUTOI'O TEKCTY 3aMIHIOETHCA Ha 1HIIWKA CMMBOJ 200 CHMBOJIM 3T1JHO IEBHOTO
npaBwia MiJACTAHOBKU. TakuM YUHOM, OTPUMYEThCS HIM(PPOBAHUN TEKCT, SIKUN
HEMOKJIMBO 3p03yMITH 0€3 3HaHHS IIpaBHUJIA M1JCTAHOBKH.

[Tpoctum npukiiagoM mudpyBaHHS METOAOM IIJCTAHOBKH MOX€E OyTH 3aMiHa
KOXHOT JIiTepu B al(aBiTi Ha HACTYIHY JiTepy. Takum uyuHoM, cioBo "hello" Oyne
zamudpoBane gk "ifmmp". JlemmdpyBaHHs 301HCHIOETHCS MIJITXOM 3aMIHUA KOXKHOT
JITEPH Ha MONEPEIHIO JIITepy B ayipaBiTi.

[Ipote, Takuil mpocTHil MeTOJ MHU(PPYBAHHS MOKE OyTH JIETKO pO3rajaHuil
3IOBMUCHUKAaMHU 3 BHUKOPHCTAHHSM PI3HUX METOJMIB KPUNTOAHAI3Y, TaKHX SK
YacTOTHUN aHam3. Tomy mjis OUIbII CKJIAJHUX CUCTEM IIU(PPYBAHHS METOIOM
M1JICTAHOBKHA BUKOPUCTOBYIOTHCS OUTBII CKJIAJIHI ITPaBUIIa M1JCTAHOBKH, SIKI MOKYTh
OyTH 3aJIe’KH1 BIJ MO3MIIT CUMBOJY B TEKCTI ab0 BiJl MONepeAHiX cUMBOMIB. Jlis
3axUCTy iH(opmamii BiJ 37TOBMHUCHHKIB, $Ki HamararmTbCcsi pO3IIH(PpPyBaTH
mpoBaHUI TEKCT, BUKOPUCTOBYIOTHCS Pi3HI METOIN KPUMTOTPadigHOTO 3aXUCTY,
Takl K CUMETpUYHE WU(PYBaHHS Ta acUMeTpuyHe mm@pyBaHHSA. CUMeTpUUHE
mu@pyBaHHS BHUKOPUCTOBYE OJIWMH 1 TOM ke KoY s MHUQpPyBaHHS Ta
nemu@pyBaHHs aHUX, TOMAI AK aCUMETpPUYHE MIM(PPYyBaHHS BUKOPHUCTOBYE JBa
KJIIfo4l: myOnmiyHuil Ta npuBaTtHUM. [lyOmiyHMII KIIIOU BUKOPUCTOBYETHCS IS
mudpyBaHHS TaHUX, TOJI SK MPUBATHUN KITFOUY MOTPIOEH MJis X po3mudpyBaHHS.
Lle#t meton 3axucTy € OUIbII HAJiHHUM, OCKIJIBKUA 3JIOBMHUCHMKH HE MOXYTh
po3mu@pyBaTH AaH1, HABITh SKIIIO BOHU OTPUMAJIH MTyOJTYHHUMN KITIOY.

OpHuM 3 HaWOLIBII BIJOMUX aJTOPUTMIB IU(PYBaHHS METOAOM I11/ICTAHOBKHU
e anroput™ lle3aps. Lel aqiropuT™m mnossirae B 3aMiHi KOXKHOI JIITEPU BIAKPUTOTO
TEKCTy Ha JITEpy, 10 3HAXOAUTHCS Ha TMEBHY KUIBKICTh MO3UIINA B aldaBiTi
BIIMOBIHO /10 3aJaHOTO Kitro4ya. Hampukiian, sKio kito4d J0piBHIOE 3, To jiTepa A
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Oyne 3amineHa Ha D, mitepa B - Ha E ta tak mami. [lnsa gemmdpyBaHHS TEKCTY
MOTPIOHO 3HATH KJIFOY Ta IMPOBECTH 3BOPOTHY 3aMiHY JIITEP.

MpueaTthui Kniou My6niunmn Knou

My6aiunmin Knou MpusaTHuit Knou

Pucynok 1 — CumeTpruyHe Ta acCUMeTpUYHE IUPPYBAHHS

[Ile ogquUM BIAOMHM METOJOM IU(PYBAaHHS METOJOM MiJCTAHOBKU € METO/I
Bixenepa. Lleli MeToa BHUKOPHUCTOBYE KIIIOY, SIKMM CKJIAJIA€THCS 3 TMOCIIAOBHOCTI
cuMBOIiB. KokHy JiTepy BIIKPUTOTO TEKCTYy 3aMIiHIOIOTh Ha JITEpy, IO
3HaXOJUTHCS Ha BIJICTaHI, sIKa BIAMOBIIA€ IEBHOMY CUMBOITY 3 Kitodya. Hanmpukian,
SKIIO KITIOY CKJIafaeThesl 3 mociigoBHocTi "ABC", To mepia siitepa BiIKPUTOTO
TEKCTy Oyjie 3aMiHEHa Ha JIITepY, SKa 3HAXOUThCA Ha BiJicTaH1 1 Bif A, apyra jiTepa
- Ha JIITepy, sika 3HaXOJAUThCA Ha BijcTaHi 2 B B, 1 Tak gami.

[A[B]CID[E[F]

(A[BIC|D|E|F]

Pucynoxk 2 — AnroputMm Lle3zaps
[udpyBanns Ta nemmdpyBaHHS METOAOM IMiJICTAHOBKH € €(EeKTUBHUMU
MeToJaMM 3axMcTy 1H(popmalli BiJ HECaHKIIOHOBaHOro joctymy. Ilpore,
BUKOPUCTaHHS OUIbII CKJIAJIHUX METOAIB IIM(PYBaHHS Ta 3aXUCTy € HEOOXITHUM
JUTS 3aXUCTY BaXKIIMBOI 1H(OpMAIii BiJl XaKEPChKUX aTakK Ta KPaglKoK.

CrnucoKk BUKOPUCTAHUX JHKEPEN:
1. OCHOBUM KIBEPBE3IIEKN TA KIBEPOBOPOHM Jlanmk IO.T'.,
Bopoo6ienko ILI1., Yepnera B.M.

2. OcHOBHI BuAM KiOepOE3MeKu B KOHTEKCTI 3aXHUCTy Ta OOpPOOKH
nepcoHajabHUX maHux: https://bsoprivacygroup.com/cyber-cecurity/
3. [udpysanns; Tunu 1 anroputmu. o 1e, yum BiAPI3HAIOTHCA 1 1€

BUKopucToroThes: https://hostpro.ua/wiki/ua/security/encryption-types-algorithms
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This work is devoted to the analysis of the effectiveness of the proof-of-work
consensus protocol. The main criteria of the effectiveness of the protocol, its
disadvantages and advantages are analyzed. Evaluation of the effectiveness of the
PoW protocol includes a number of aspects: energy efficiency, speed of transaction
processing, decentralization, resistance to attacks and others. The basic principles of
the protocol are described. Each of the criteria has a detailed description to
understand all possible problems and advantages of the protocol.

[Tporokon koncencycy Proof-of-Work e oguum 3 HaWOLIBII MOMIMPEHUX
IPOTOKOJIIB B OJIOKUEHH Mepekax, HOro 3aCTOCOBYIOTh B TAKMX BIJOMHUX MEpEXax
sk Bitcoin, Litecoin, Peercoin. B ocHOBI mpoTOKOIy JCKUTH MaTeMaTH4YHA 3a/1ay4a,
pO3B'sA3aHHS SKOI Iependadyae BUKOHAHHS BEJIMKOI KUIBKOCTI OOYMCIIEHb, KOXKEH
MaiiHep (JIFoJMHA, 10 HaMaraeTbes chopmMyBaTH HOBUHM OJIOK) Mae pO3B'S3aTH IO
3a/layy Ta MIATBEPAUTH TPaH3akKIilii B Mepexi. AHami3 ePeKTUBHOCTI MPOTOKOIY
POW Bkitouae B cebe HHU3KY AaCMEKTIB - 1€ €HEeProe(eKTUBHICTb, HIBUIKICTb
00poOKHU TpaH3aKIIiH, JEIEHTPaTi30BaHICTh, CTIUKICTH JIO aTak Ta iHIIi. Po3risHeMo
KOKEH 3 HUX OKPEMO.

EneproeeKTHUBHICTD - 1€ OJUH 3 HAWOUIBIIMX HEAOJIKIB B MPOTOKOIl PoW.
JInst BUKOHAHHS OOYMCIEHb ISl MIATBEPDKEHHS TPaH3aKIid MPOTOKOJ BUMAarae
BEJIMKY KUIBKICTh €HEprii, 1Ie CTBOPIOE BEUKI MPOOJIEMHU 3 €KOJIOTTYHOI TOYKHU 30DY.
B ogHOMYy 3 gochipkeHb Oyiio BUSBICHO, 1110 MEPEKa BUKOPUCTOBYE TaKy KUIbKICTh
€Heprii, CKUIbKM BHUKOPUCTOBYE BCs KpaiHa AprentnHa. Ha oOcCHOBI 1bOTro
JOCHTIKeHHs: OyJl0 CTBOPEHO iHINI TMPOTOKOJIM KOHCEHCYyCy, Taki sik Proof-of-
Stake(PoS), sixi € MeHIII eHeprOBUTPATHUMHU, HIK TIPOTOKOT POW.

besneka - PoW BBaxkaeTbcst MOCUTH O€3MEUHUM 4epe3 Te M0 MOro JTOCUTh
BaXKO aTakyBaTu. Hampukiaz, B Mepexax OJoK4eiH icHye ataka 51% - 1ie aTaka
CHpsSMOBaHa Ha Te, 11100 1 3T0BMUCHHKIB ONMHIIIOCH TOHAT 50% MOTYKHOCTI MEepexi
MalHUHTY, Yy BUNAQAKY YCIIITHOCTI TaKOi aTakW, 3JIOBMHCHHK MOXE KYIyBaTH
NEBHUM TOBap 3a KPUNTOBAIIOTY, @ MOTIM OFOJOCHUTH OJIOK 3 TpaH3aKII€0
HEJIUCHUM 1 BUKIIOUUTH Horo 3 mepexi. OmHak, JJis YCHIIIHOCTI TaKol aTaku
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3IOBMUCHUK TIOBHHEH MaTH BEJIMYE3HY OOYMCIIOBAILHY TMOTYXKHICTh ISt
3MIIMCHEHHS 11€1 aTaKu, AJIs1 3IOBMUCHHUKA 1€ IPOCTO CTA€ HEPEJIIEBAaHTHUM.

JleneHTpai3oBaHICTh - HE3BAXKAIOUM HA T€, M0 KPUIITOBAIIOTH MO3UIIIOHYIOTh
cebe sIK JereHTpaiizoBaHi Mepexi 1 nmporokoid PoW 3abe3nedye BUCOKUN piBEHBb
JeLIeHTpali3allii, BOHM 3 4YacoM IeHTpami3yloThcs. B mporokoni PoW Bucoki
BUTpATH Ha 0OJIagHAHHS, 3MYIITYIOTh MalfHEPiB 00'€THYBATHUCS B MATHUHTOBHM MY
- 1Ie TpyIa JIOJCH, SKi MOEAHYIOTh CBOi OOYMCITIOBAIIbHI TIOTYKHOCTI JUTsI CITIITLHOT
nepeBipkyd OJIOKIB TpaH3akIlii. B HUHINIHBOMY Yaci MaiXe BCl MiATBEPHKCHHS
OJIOKIB TpaH3akKUid WAyTh 3 MAWMHMHTOBHX IIyJiB, IO ILIEHTPaNli3ye€ MEPEKy Ta
30UTBIITY€ PU3HK IICH3YPH.

[IBuakomist - B ACTAIAX JOCATHEHHS KOHCEHCYCY BiIOYBA€THCS 3a PaxXyHOK
3MaraHHs MaitHepiB M1k co00r0. MaliHepu HaMararoTbCsl 3HAUTH MPaBUIILHUHN XeEIIl,
1110 TOBUHEH 3aJI0BOJILHATH TIEBHI KPUTEPIT CKIIAIHOCTI, BA3HAYEHH1 MPOTOKOJIOM. B
MIPOTOKOJII IITBUJIKOJIIS 3aJICKHUTh B1J KIJIBKOX (hakTopiB. CKIATHICTh MEPEXKI - UUM
CKJIQJIHIII KPUTEpPii CKIQJTHOCTI TUM OLIbIe Yacy HEOOX1AHO JJIs 3HAXO/KCHHS
HOBOTO OJIOKY. 3aJI€XHO BiJl KUIBKOCTI MaifHEpIB Ta 00CSTY TpaH3aKIiliii B MEpPEexKI,
qac JIJIsl 3HaXO/PKEHHS HOBOTO OJIOKY KOJIMBAETHCS B ICKIJIBKOX CEKYH]I JI0 IECATH
XBWJIMH. Y BUMAJKY, SKIIO0 MEpEXa JOCITa€ MaKCUMAJIbHOI CKJIQHOCTI Ta KIJIbKOCTI
MaifHepiB, MIBUAKOAIS MEPEX1 CIOBUIBHIOETHCS, YEpe3 TE, 110 MaitHepaM MOTPiOHO
OlnbIIe yacy JJsi 3HAXOKEHHS HOBOro OJioky. OTxe, MIBUAKOIIS MPOTOKOIY
3aJIEKUTh BlJ CKJIAJHOCTI MEPEXi, KUIbKOCTI MalHEpIB, MOTYKHICTh MalHEPIB Ta
oOcsIT TpaH3akKIIiil.

OTmxe, anam3ywoun mporokos Proof-of-Work, MoxHa mOMITHTH, IO 3 TOYKH
30py e(EeKTUBHOCTI MPOTOKOJ Ma€ HU3KY MpodiieM, yepe3 Ii mpobdiieMu OyIio
CTBOPEHO 1HIIII MPOTOKOJIM KOHCEHCYCY Taki sik Proof-0f-Stake, Proof-of-Burn roimo,
a neski OjJokuyeliH Mepexi, Taki sk Ethereum, BiAMOBUIIMCH BiJ IIBOTO IIPOTOKOIY.
He 3Baxkatouu Ha 11€, TPOTOKOJ € JOCUTH IIMPOKO BUKOPUCTOBYBAHUM B OJIOKYEHH
Mepexax, Jesiki KOpUCTYIOThCa HUM Hampsamy (Bitcoin), a meski BUKOPUCTOBYIOTh
Horo riopuaHe MOEIHAHHS 3 IHIIMMU TTpoTokosiamu (Peercoin).

Crmcok BHUKOPHUCTAHUX JZKCPCI:
1. Satoshi Nakamoto (2008). Bitcoin: A Peer-to-Peer Electronic Cash System.
https://bitcoin.org/bitcoin.pdf
2. Andreas M. Antonopoulos (2017): Mastering bitcoin : Programming the
Open Blockchain.
3. Dylan Yaga, Peter Mell, Nik Roby, & Karen Scarfone (2018). NISTIR
8202 Blockchain Technology Overview. https://doi.org/10.6028/NIST.IR.8202
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This work is devoted to the research of the digital identity model and the
identification of means capable of ensuring its functioning in accordance with the
specified requirements. The main requirements for the implementation of digital
identity are its privacy and the flexibility of its expansion. Flexibility can be achieved
through the use of a three-participant identity model. Such participants are the owner
of the identity, the postulator of the statements about the owner, and the verifier.
Privacy is achieved by using zero-knowledge proofs. The resulting system allows
participants to edit, verify and submit digital identity instances for verification using
the unified identity standard and protocols.

3Bakar04yM Ha 3arajbHOCBITOBY TEHCSHIIIIO J10 MUPOBI3aIlli MOCIYT, 30KpeMa
1 TaKMX, 10 HAJA€ JepKaBa (ICKpaBUM MPHUKIIATOM € YKPATHChKUM 3acTOCYHOK Jlist
Ta CHUCTEMA EJIEKTPOHHOTO ypsayBaHHs ECTOHII), MUTaHHS BTIIEHHS LUQPPOBOI
IIEHTUYHOCTI HaOyBae 3HA4yHOi akTyaidbHOCTI. [Ipu 1boMy Ha mnepmiuil IiaH
BUXOJATH MpoOIemMu 3abe3nedeHHs] KOH(IACHIIIIHOCTI Ta IMITICHOCTI JaHUX, IO
CTaHOBJIATH 1JICHTHYHICTD, a TAKOK MAaCIITA00OBAHOCTI 1JEHTUYHOCTI SIK MOKJIMBOCTI
BUIBHO i1 JIOMOBHIOBATH.

MeToro poOOTH € BHUSABJICHHS ICHYIOYMX 3ac00iB, IO 3/aTHI 3a0e3MeYuTH
(GyHKL10HYBaHHS HU(PPOBOT 1IEHTUYHOCTI THYYKHM 1 KOH(PIAEHIIHHUM YMHOM.

3riIHO BU3HAYCHHS, 1ICHTUYHICTh — II€ SIKOCT1, XapaKTePUCTUKU Ta JOCBIJ
MeBHOI MepcoHU. JI0 HMX MOXXYTh BIJIHOCHTHCS BIK, CTaTh, 30BHIIIHICTh, €THIYHA
MPUHAJIEKHICTh, TPOMAITHCTBO a00 MIAAAaHCTBO, HAOYTI HABUYKH, ITpaBa, OCBITA Ta
1HIIIE.

[HudpoBa iMEHTHUYHICTL — M€ JaHI, IO 3aCTOCOBYIOTHCS ISl TO3HAYCHHS
neBHOro cyO'ekty B 1H(popmaliiHii cucremi. BoHM MOXYyTh BiIOOpaxaTu
XapaKTePUCTUKU, M0 CKIIAJIal0Th 1JEHTUYHICTh CYO0'€KTy Tmo3a iH(opMaiiitHoIO
cucTeMoro. B Mmepexi 0 mux AaHUX 3a3BUYail BIMHOCATHCA [1] JOTiH, Tapods,
1CTOp1s aKTUBHOCTI 1 T. II.

PosrisitHemo  Mopens  (PYHKIIOHYBaHHS 1I€HTUYHOCTI. YYAaCHHKIB, IO
OpUMMalOTh y4acTh Y (PYHKIIIOHYBaHHI 1IEHTHYHOCTI SK TaKOi, YMOBHO MOKHa
MOAUITMTH Ha TPhOX CYO’ €KTIB: CyO’€KT, IO BOJIOJIE 1EHTUYHICTIO, CYO’ €KT, 1110
nepeBipsie  1ACHTUYHICTh Ta CYO’€KT, IO TOCTYJIOE IOJ0 TMEpHIOro TeBHI
TBEP’KEHHS, 10 CKJIAaI0Th HOTO 1IEHTUYHICTh. ¥ MOBHO MTO3HAYUMO YYaCHHUKIB SIK
BOJIOJIIFOYOTO, MEPEBIPAIOUOrO Ta MOCTYI0040ro. [Ipu npomy posi BoJ0aAir04oro Ta
MIOCTYJIIOIOYOTO MOKYTh, B OKPEMHX BHUIIAKaX, CITIBIIaaTH.
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Mo>kHa MpOUTIOCTPYBATU II0 MOJENIb HACTYITHUM NPUKIAJOM: MarasuH, IO
NMpOJIa€ KBUTKM HA KOHLEPT, € MOCTYJIOI0YMM; JIOJMHA, [0 MpHi0daTa KBUTOK —
BOJIOAIIOYHM; a OXOpOHa Ha BXOJll B KIy0 € nepempmquM TakuM 4YHMHOM,
IZICHTUYHICTh BOJIOJIFOYOTO MICTUTh TBEP/KEHHS, 110 BIH Ma€ MPaBO BiIBIIATH
KOHILIEPT.

3acTtocyBaHHS Takoi MojeN (PYHKIIOHYBaHHS 1IEHTUYHOCTI Ta PO3MOIIICHHS
poneil  y4aCHMKIB MOXE MaTH KOPHCTh JUIA  3a0€3MEUCHHS  THYYKOCTI
dyHkiioHyBaHHA 1MbPOBOT ineHTHYHOCTI. Tak, JepxkaBa, HaJalouM ICBHUM
cy0’ekTaMm (K BJACHMM, TaK 1 HEJEP)KaBHUM) JO3BUI PO3IIMPIOBATH Ta
JIOTIOBHIOBATU ITU(POBY meHTHquCTB IpOMaJITHUHA 32 PAaXyHOK MOCTYJIOBaHHS
TBEPJHKEHb 1I0JI0 MOT0 OCOOMCTOCTI (TaKUX, SIK BOJIOAIHHS TUIIJIOMOM MPO BUIILY
OCBITY, BOJIACHKMMHU IIpaBaMH, IpaBaMM Ha HEPYXOME MalHO, TOLIO), MOXKE
peanizyBaTd 3arajbHOHAI[IOHAJIBHUM TMPOEKT HU(POBOT 1ACHTUYHOCTI, IO
3a0€3MeUnTh OJJHOUYACHO THYYKICTb 1 YH1(DIKOBAHICTb.

[HIIMM BaXJIMBUM €JIEMEHTOM (DYHKIIOHYBaHHS LHU(PPOBOi 1JEHTUYHOCTI €
3a0e3nedeHHs il KOH(biz[eHuiﬁHOCTi Ta 1uricHocti. Ile moxe Oytu JOCATHYTO 32
PaxyHOK 3aCTOCYBaHHs JOKa3iB i3 HyNbOBUMHU 3HaHHAMH [2] (TAKOXK BiIOMHUX SIK
J0Ka3l 13 HYJIBOBHUM pO3FOJ’IOIHCHH$IM) IO JO3BOJISIIOTH MIATBEPAUTH TICBHE
TBEP/’KEHHS, HE pO3KPUBAIOYH 3aiiBoi 4y TiIMBOi iHpopMalii. Tak, 3aCTOCOBYIOUH iX,
BOJIOJIIOYNN 1ICHTUYHICTIO MOXE JOBECTH II€BHE TBEPJDKEHHS I0jI0 cebe
NEPEBIPSAIOUOMY, HE PO3KPUBAIOYM NPH LBOMY 3MICT IHIIMX TBEPIKEHb, IO
CTOCYIOTBCSI HOTO 17I€HTUYHOCTI.

Jlocsirtu BogHOYAC MacITabOBaHOCTI Ta KOH(D1ICHIIIIMHOCTI MOYKHA 32 PaXYHOK
3aCTOCYBaHHS JIOKa3iB 13 HYyJIbOBMMH 3HAHHSIMHU Ha 0a3i gepeB Mepkia. Oxpemi
3aremnioBaHl TBEPXKEHHS OyIyTh CKJIaJaTH JUCTHU JIepeBa, a KOPiHb (KIHIICBUM Telll)
Oyne yHIKaJIbHUM ileHTU(]iKaTopoM okpemoi 1udpoBoi igeHTudHOCTI. 1106
HiATBEPIUTH, 110 TEBHE TBEPKEHHS BXOAWTH IO JEPEBa, NOCTATHHO MyOJIYHO
30epiraTi JIMIIE KOPiHb JI€peBa, MIATBEP/KYIOUM BOJOJIHHS HHUM 3aco0amu
aCUMETPUYHOI KpunTorpadii, 1 HaxaBaTh /Jid TMEPEBIPKH HEBEIUKY KIJIbKICTh
eJIeMeHTIB (Jiorapu(dm BiJ KiIJIbKOCTI BY3JiB Aepesa [3]).

Orxe, uudpoBa  1AEHTHYHICTD Ma€  MEPCHEKTUBU  PO3BUTKY Y
JeleHTpali30BaHii, yHi(ikOBaHIi, TOBIpeHi 1 BoJgHOYAC O€3MEeUHIi 3 TOYKU 30Dy
KPHIITOJIOT1T MaHepi.

Crucok BHKOPHCTAHUX IKCPCII:
1.What is a Digital Identity ? — Definition from Techopedia.
https://www.techopedia.com/definition/23915/digital-identity
2. What is a zero - knowledge proof and why is it useful ?
https://www.expressvpn.com/blog/zero-knowledge-proofs-explained/
3. Narayanan, A., Bonneau, J., Felten, E., Miller, A. & Goldfeder, S.
(2016). Introduction to Cryptography & Cryptocurrencies. In Bitcoin and
Cryptocurrency Technologies (p. 35). Princeton University Press.
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The present thesis focuses on the analysis of a software implementation of the
decentralized consensus protocol OUROBOROS-BFT for cryptocurrency platforms.
Over time, cryptocurrencies have become an integral part of the financial system,
offering a more secure, transparent, and decentralized way of conducting financial
transactions. The thesis examines the OUROBOROS-BFT protocol, which was
designed to achieve consensus in decentralized systems. Its advantages include high
transaction processing speed and resilience to criminal attacks.

Po3risitHyTo Ccy4acHMil CTaH KpPUINTOBAIIOTHUX IJIATGOPM Ta HEOOXIAHICTH
JOCATHEHHSI KOHCEHCYCY MK KopucTyBauamu. CydacHUM CTaH KPUNTOBAJIIOTHHUX
w1aT(opM € JOCUThH PI3HOMAHITHUM Ta PO3BUHYTUM. KpUNTOBAIIOTH 103BOJISIOTH
KOpUCTyBauyaM 3J1MCHIOBaTM Oe€3leyHl Ta IIBHUJKI TpaH3aKlii, YHUKAIOYU
MOCEPEeTHUKIB Ta iXHIX KoMmicii. IIpoTe, B KpUNTOBaMOTHHUX IUIaTQopMmax, e
KUIBKICTh KOPUCTYBAYiB Ta TPAH3AKI[IH MOCTIMHO 301IBIIYETHCS, BHHUKAE TIOTpeda y
NEBHUX TMPaBWJIaX Ta AJITOPUTMAax MAii, 10 MPUBOAATH IO JOCATHEHHS KOHCEHCYCY
MIK KOPUCTYBauyaMH.

KoHceHcyc 03Hauvae, 1110 BCi KOPUCTYBayi mIaTGOpMH MOBUHHI MAaTH OJHAKOBE
YSIBJICHHS TIPO Te, SIKI TpaH3aKIlii Oy BUKOHAaHI Ta B IKOMy nopsaky. Lle BaxxiuBo,
OCKIJIbKY KPUNITOBAIIOTU € HU(DPOBUMHU aKTHUBAMHU, SIK1 MalOTh CBOIO BapTiCTh, TOMY
HEoOXiMHO 3a0e3nmeunTy ix Oe3MeKy Ta YHHKHYTH MOXKIMBUX MIaxpaicts. s
JOCATHEHHS! KOHCEHCYCYy B KPHUIITOBAIIOTHUX IUIaT(opmMax BHKOPUCTOBYIOTHCS
pi3HOMaHITHI mpoTokoiu, Taki sk Proof of Work (PoW), Proof of Stake (PoS),
Delegated Proof of Stake (DPoS) Ta iHu1i. ¥ npoTokonax 3ajaHuii IEBHUH aJrOPUTM
T Ta IPaBUIIL, SIK1 PETYJIIOIOTH B3a€EMO/I1F0 KOPUCTYBAUiB 13 IEBHUMU TPAH3AKITISIMU.
OpHak, BOHM MAalOTh CBOi IepeBard Ta HEJOJIKH, IO MOXKE IMPHU3BECTH [0
HEKOPEKTHO1 pobotu miargopmu. ToMy, MOCTIHHO BUHMKAE MOTpeda B po3pooii
HOBUX MPOTOKOJIIB, K1 OYyTh HaIIMHIIIUMH Ta €(PEKTUBHILLIUMHU.

[Tporokon OUROBOROS-BFT 0yB po3po0ieHuii KOMaHI0I0 JOCTITHUKIB B
pamkax npoekty [IOHK (Input Output Hong Kong). Komanna p03pO6HI/IK1B
BKJIIOYAJia cebe BUEHUX 3 PI3HUX KpaiH Ta 0a3yeThCcs Ha MONEpenHid poOoTi 3
npotokosioM OUROBOROS mns kpuntoBamtotu Cardano. OUROBOROS-BFT
cTBOpeHU 3 MeToro mokpamutu mpotokos OUROBOROS Ta 3abe3neuntu ioro
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BUKOPUCTAHHSA Yy JCHEHTPAII30BaHUX CHUCTEMaX 3 BHUCOKUMH BUMOTaMH [0
IIBUIKOCTI 0OpOOKM TpaH3akIliid Ta Oe3neku. BiH BUKOpHUCTOBYE B COO1 MPOTOKOI
Byzantine Fault Tolerance (BFT), o m103B0os1s1€ JOCSITHYTH KOHCEHCYCY IIBUJIKO Ta
e(EeKTHUBHO, HaBITh y BHUMAJKy HEBIJOMHX YM 3JIOBXHBAIOUMX BY3diB. [IpoTokon
OUROBOROS-BFT 3a6e3nedye BHCOKY MIBHAKICTh OOpOOKHM TpaH3aKIii Ta
MOJKJIMBICTh 3a0€3MeueHHs 0e3MeKH MEpexi y pas3l HEKOPEKTHOI poOOTH JESKUX
By31iB. Kpim Toro, BiH 3a6e3mneuye O11bIll BUCOKY CTIHKICTD JI0 aTak, HIK OUTBIIICTh
THIITUX TTPOTOKOJIIB, TOMY BiH € €(DEeKTUBHUM 3aCO00M ISl JOCSITHEHHSI KOHCEHCYCY
B JICIIEHTPATI30BaHUX CHUCTEMax. Y poOoTi OyJio poaHaIi30BaHO HOTO MOKITUBOCTI
Ta TepeBar B TMOPIBHSAHHI 3 IHIIUMHU MPOTOKOJIAMU JOCATHEHHS KOHCEHCYCY.
Pesynpratn mnoxkazanmu, mo OUROBOROS-BFT € edekTtuBHUM Ta HaailiHUM
IPOTOKOJIOM JJIsi JTOCSITHEHHSI KOHCEHCYCY B JICLIEHTPaJII30BAHUX CUCTEMax 3
BUCOKMMH BUMOTAMH JI0 IIBHIKOCTI 0OpOOKH TpaH3aKI[ii Ta O€3MeKH.

[IpoBeneno anamiz ocodnuBocter ¢yHkiionyBanHss OUROBOROS-BFT ta
BUSIBJIEHO HOr0 IepeBaru Haja IHUIMMH IpoTokojJaMu. OcOoOIUBOCTI MPOTOKOIY
OUROBOROS-BFT Bximouaroth HacTyIHe: aetientpanizaiis, BFT aaroputM, skuit
CTIMKMI [0 aTak, BUCOKa IPOJYKTUBHICTb, pOOOTa B yMOBaxX BIJICYTHOCTI
iH(dopmarrii, AOBUIbHA (PYHKIIOHATBHICT. TakuM YHMHOM, MPOBEACHUMN aHai3
nokazye, mo OUROBOROS-BFT € edexktuBHUM 1 O€3MEUHUM MPOTOKOJIOM
JOCATHEHHS KOHCEHCYCY B JICHIEHTPATi30BaHUX CHUCTEMaX, IO J03BOJIE
3a0e3IeuyBaTi BUCOKY MIBUAKICTH 0OpOOKH TpaH3aKI[1i Ta 3a0e31euyBaTH CTIHKICTh
MepeXi B yMOBax BIJICYTHOCTI JESKMX BY3JiB Ta IHTEPHET-3B'S3KYy Ta Malouu
1axpaiB y CUCTEMI.

Po3pobneno mporotun mporpamHoi peanizaiii nporokoay OUROBOROS-
BFT nnst kpuntoBaigtoTHOI IIIATGOPMHU Ta MpOaHaNi30BaHO ii €(peKTUBHICTb. J[s
MPOBENICHHS TECTIB Ta aHaji3y €(eKTUBHOCTI MPOrpamMHOi peasizailii MpOTOKOIY
OUROBOROS-BFT 6yB po3pobmaenuii ioro mpotoTun. JlaHuii mpoTOTHIT JO3BOJIUB
BIJITBOPUTH HAOIMAKEHY POOOTY 10 MPOTOKOIY Ta HOTO peaJbHOr0 BUKOPUCTAHHS Y
cuctemax. byrno BusBieHo, 1mo nporpamua peanizaiisi mpotrokory OUROBOROS-
BFT mnoka3dye BHCOKY e(dEKTHBHICTH B YMOBaxX HH3bKOI Ta CEepeaHbOl
HABAHTAXKEHOCTI Mepexi. OJHak, B yMOBaX BHCOKOI HaBaHTaXEHOCTI, 4Yac
JIOCSITHEHHSI KOHCEHCYCY MOKe 301JIbIITYBaTUCh, 1110 MOKE BIUIMBATH Ha IMIBUJKICTb
0OpOOKH TpaH3aKIIH.

Cnucok BUKOPUCTAHUX JXKEPEIL:

1. Ouroboros-BFT: A Simple Byzantine Fault Tolerant Consensus Protocol.
(2023, 14 xsiTHs) https://eprint.iacr.org/2018/1049.pdf

2. About Ouroboros BFT. (2023, 14 xsitus) https://docs.cardano.org/cardano-
sidechains/basics/ouroboros-description

3. Ouroboros (protocol). (2023, 14 kBiTHs)
https://en.wikipedia.org/wiki/Ouroboros_(protocol)
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METO/I1 KOMIT'FOTEPHOI CTETAHOTI'PA®II
JIJISI TPA®TYHUX PAJIIB
[Tickyn S.A.
HaykoBuit kepiBHUK — K.T.H., go11. Paxmic J1.1O.
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(61166, Xapkis, npocn. Hayku, 14, kad. ATIOT, ten. (057) 702-13-26) e-
mail: yaroslav.piskun@nure.ua, ¢axc (096) 176-58-50

Analyze the existing methods of steganography for graphic files, add ways
to improve the degree of stability of the methods.

Beryn. Creranorpagis — 1€ MpakTUKa MPUXOBYBaHHA 1HQOpMaIlii
BcepeauHi 1HmOI iHpopmarlii. Lle MoxkHa 3poOWTH, BCTABUBIIM IMOBITOMJICHHS B
300pakeHHs, aynaiodaitn abo iHmuMA TN Menia. Mera cteranorpadii mosisirae B
TOMy, 100 TPUXOBaTH ICHYBaHHS TMOBIJOMIICGHHS, VYTpyAHIOIOUM  abo
YHEMOKJIMBIIIOIOYM HOTO BUSIBIICGHHS O€3 3HAHHS KOHKPETHOI TEXHIKH, SKa
BUKOPUCTOBYETHCS /11 MOTO MPUXOBYBAaHHs. 3arajibHi cTeraHorpadiuni MeToau
BKJIFOYAIOTh BCTaBKYy HaWMEHIIIOro OiTa Ta NEPETBOPEHHS YacCTOTHOI 0OJacTi.
Creranorpadis MOX€ BHUKOPHUCTOBYBATHCS [UJISl PI3HUX IIJICH, HAMpUKIAL JUIs
3aXUCTy KOH(IAEHIIMHOI 1H(popMalii BiJ HECAHKI[IOHOBAHOIO JOCTYIy alo
IPUXOBAHOI Nepeaayl JaHux.[1]

IIle oauH creraHorpaiuHuii MPUHAOM  HA3UBAETHCS  «MACKyBaHHS
Tta (iasTpamis». Lleit Meton nepenbdayae 3acTocyBaHHs (UIBTpaA 10 300paKEHHS, a
MOTIM HaJlAlITYBaHHsS mapaMeTpiB (uIbTpa s BOyJOBYBaHHS moBigoMieHHs. Lle
MOXHa  3pOOUTH, PEryJloYd  KOJipHUWA  OamaHc ab0  KOHTPACTHICTh
300pakeHHs.[2]

Creranorpadiro  TakoX MOXKHAa BHUKOPHUCTOBYBaTH B  IU(poBOMY
cBiti. Hampukian, Horo Mo)xHa BUKOPUCTOBYBATH, 1100 IPUXOBATH IIKIIJTUBUMA KO
y, 37aBajocs 6, HeBUHHOMY (aiiii 300pakeHHsl, ay110(haiisii yu HIIUX TUTIAX MeIia.
Ile Bimome sik «udpoBa creraHorpadis» 1 MOKe BHUKOPUCTOBYBATHCS JUIS
NPUXOBYBAaHHS  3JIOBMHUCHOTO IpOrpamMHOro  3abe3nedyeHHs abo  1HIIOTro
3I0BMUCHOTO KOJly, MPU3HAYEHOTO JJIsi BUKpaJAeHHS KOH(DimeHIiiHoi 1HpopmMaIii
a00 KOHTPOJIIO HaJl KOMIT FOTEPOM.

Creranorpadis TaKOX MOXKE OoyTu BUKOPHUCTaHa JUIS
OPUXOBYBaHHS  TOBIAOMJIEHb Yy MepexxkeBoMmy Tpadiky. Ile Bigome sk
«crera”orpadist Mepexi» i MOK€ BHUKOPHUCTOBYBATHCS JJIsi YHUKHEHHS BUSBICHHS
OpaHaMayepiB @00 CUCTEM BUSIBICHHSI BTOPTHEHb.

3MmicT gocaixxenHs. [ mokpamieHHs: cTeraHorpa@iqyHuxX MeTO/iB
MOHa BUKOPHCTOBYBATH:

* IlludppyBanHs: MOXHAa BUKOPUCTOBYBATH aJTOPUTMHU IUGPYBaHHS,

mo0 3ammdpyBaTd [aHi, MEPIT HIXK MPUXOBATH iX HA 300pa)keHHI
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oOkiamuuku. lle yCKIagHUTh MOCTYN 3JIOBMHCHHKA 10 MPUXOBAHHUX
JTAHUX, HaBITh SIKIIO BIH 3MOXE BUSBUTH iX HASIBHICTH;

* CHUCTEMY  KepyBaHHS  KJIIOYaMH:  MOXXHa  BHUKOPHUCTOBYBATH
CUCTEMY KEepyBaHHA KIHOYaMH, 00 TapaHTyBaTd, IO JIMIIE
aBTOPU30BaH1 CTOPOHU MAIOTh JOCTYI JI0 MPUXOBaHUX JaHuX. Lle MoxkHa
3poOUTH 3a JOMOMOIOI0 3arajlbHOTO CEKPETHOro Kiodya abo cucTteMu
myOIIYHO-TIPUBATHOTO KJTIOYA;

. BUKOPUCTOBYBaTH aJIafTUBHE BOY/TOBYBaHHS: MO>KHA
BUKOPHCTOBYBaTH aJaliTUBHI METOIM BOYIOBYBAaHHS, SIKI PETYIIOIOThH
nporec BOyIOBYBaHHS Ha OCHOBI XapaKTEPUCTHK 300paKeHHS
oOkiamuuky. 1{e Moxe 3poOUTH TPUXOBaHi JaHi OUTHIT HEMOMITHUMH, a
TOMY iX OyJle BayKue BUSBUTH;

. BUKOPHCTOBYBATH KOHTP3aXx0/11 CTeraHai3y: BU
MOJKETE BUKOPUCTOBYBaTH  KOHTP3aXxOAW  CTEraHaiizy, 1100
YCKJIQAHUTH 3J0BMUCHUKY BUSIBICHHSI MPUXOBaHUX JaHuX. lle mMoxHa
3poOUTH 3a JOMOMOIOK TaKUX METOMAIB, SIK PO3IIMPEHUH CHEKTp 1
paHIoMi3aIlis;

* BHUKOPHCTOBYBATH II€pEJOBlI METOJIM Taki SK MAallMHHE HaBYaHHS
Ta HEUpOHHI Mepexi, MmMo0 MOKpPAlMTH €(PEKTUBHICTH METOIY
creranorpadii. Ile Moxe BKJIIOYATH BUKOPUCTAHHS IIMX METOJIB IS
PpO3pOOKH OB HAIMHUX 1 €PEKTUBHUX aJITOPUTMIB BOY/IOBYBaHHS a00
JUIs. po3poOKM  €TOAIB CTeraHaily, siki € Oulblll €(EeKTUBHUMU IS
BUSIBJIICHHS TPUXOBAHUX JIAHUX;

* BHMKOPHCTOBYBATH KOMOIHAIIIO PpI3HUX METOMIB JUIsl I1IBUILECHHS
Oesrekn Ta e(EKTUBHOCTI MeETOAy cTeraHorpadii, HampukiIan,
MOXHa BUKOPHUCTOBYBAaTH IMH(PYBaHHS Ta aJanTUBHE BOYIOBYBaHHS
pazom.

[TporecTyBat MeTOAM 3a JOMOMOIOI0 CTEraHoaHallidy, HPOCIIAKYBaTU

K 3MIHWIKNCS PE3yJNbTaTH TECTYBaHHS B 3aJIEKHOCTI BiJ MOKpPAIICHHS METONY,
OIIIHUTH SIKICTh MTPOTPaMHOTO 3a0e3neueHHs [3].

BucHoBok. HaykoBa HOBHM3HA TOJsiTae y  JOCHIIDKCHHSAX METOJIB
KOMIT'IOTEPHOI CTeHOraHorpadii Ta MOKpauleHHs X 3aXHUCTy /10 CTeraHoaHali3y,
HETOMITHOCTI Ta HaAIMHOCTI TPOTH 0OPOOKHU 300paKeHb.

IlepeJtik q:Kepes MOCUIAHHA:

1. . Marius lulian Mihailescu, Stefania Loredana Nita, Cryptography
and Cryptanalysis in MATLAB. 1st Ed (english), 2021.

2. Abbas Cheddad, Digital Image Steganography: Concepts, Algorithms,
and Applications, 2009

3. Kyuepenko J.E., Kpuyms I'.®., Hkuns A.C.., DxcnepTHoe
OIICHMBAHUE KayecTBa MporpamMmHoro odecnedeHus, 2013.
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®OPMYJIIOBAHHS EJJEMEHTIB OPTAHIBAIIIMHO-PO3IOPSI TUNX
JOKYMEHTIB 3 3AXUCTY B3O/ TA 130/
ManaxoBa A. A.
HayKOBHH KCplBHHK npod. 3abonotuuii B. 1.
XapKiBCbKHUI HalllOHAIBHUN YHIBEPCUTET padioenekTpoHiku, kad. bIT,
M. XapkiB, Ykpaina
ten. +38(066)-723-95-73, e-mail: anna.malakhova@nure.ua.

The relevance of the topic of standardization of the design of business papers
simplifies and speeds up the preparation and perception of the text of the document
makes it objective and reliable. The general and most characteristic feature of
documents is that they are a source or carrier of information, are widely used in
everyday activities, contribute to the improvement of the internal organization of any
institution. One of some of the tasks facing civil servants is it is necessary to learn how
to correctly prepare business documents, constantly increase their language culture.
Currently in organizations of state and local authorities the government of state
disagreement in the preparation of certain business papers.

He3anexxno Bim xapakrepy 1 3MICTy TISJBHOCTI  MIJIMPUEMCTBA, HOTO
opraHizaiiiHo-mnpaBoBoi ¢opMu Ta IHIIUX (aKTOPIB, OpPraHU YIPaBIIHHS
MIJNPUEMCTBA  HAAUISIOTBCA  MPABOM  BHJAHHS  OpPTraHi3alllifHO-pO3NOPSTUUX
JIOKYMCHTIB.

OpraH13au11/1H0 posmopsinid JIOKYMEHT - BHJI TIHCBMOBOTO JIOKYMCHTa, Y
AKOMY (1)1Kcy}oTb plmeHH;I OpFaH13aI_III/IHI/IX MWTaHb, MTUTAHb YNPABIIHHS, B3a€EMO/III,
peryJItOBaHHS JISIbHOCTI OpraHiB BJaIH, Hmpo3mmB 1 mocasoBux ocio [1].

OcHoBHa (YHKIlIS [UX JOKYMEHTIB - PEryJsTUBHA; IJIbOBE MPU3HAYCHHS -
pPEryJIOBaHHS JAISUIBHOCTI, $KE€ JO3BOJISIE OpraHy VyIpaBIiHHS 3a0e3nedyBaTu
peaizalliro MocTaBJICHUX Mepel HUM 3aB/IaHb.

Pimennsi, 3a(1)11<c013aH1 B OpFaHISaLIlI/IHO pO3NOPATINX JIOKYMEHTAX, CHpHMOBaHl
Ha BJIOCKOHAJICHHS opraH13au1HH01 CTPYKTYPH, XapaKrepy, 3MICTY, 3aC001B 1 ClIOCOO1B
31ICHCHHsI OCHOBHOI (BUPOOHMYOI) ALSUIBHOCTI yCTAHOB, 3a0€3MEYCHHs OpraHisalii
(GbiHAaHCOBMMHM, TPYJOBUMH, MaTepiaibHUMH, I1HQOpMAIIMHUMU Ta 1HIIUMU
pecypcamu.

OpranizaniiHo-po3nopsAdl JOKYMEHTU MICTATh PIIIEHHS, K1 WAYTh 3BEpXY
BHU3 IO CUCTEMI ynpaBniHHﬂ BIJl KEPYIO4Oro OpraHy 10 KepOBaHOTO, B1Jl BUIIOI
opraH13au11 210 HIILBII[OMHOI BiJl KeplBHI/IKa opraH13au11 10 KeplBHI/IKa CTPYKTYPHOTO
n111po3111ny 1 HpaIIIBHI/IKIB JTaHOT opraH13an11 tomfo. Came 111 JOKYMEHTH peasi3yloTh
KEepPOBaHICTh 00 €KTIB 1O BepTUKai [2].

[Ipononyto omparrroBatu GopmymoBanHs B gokymentax T3[: TKBI, 3axomu
(3actocyBanns 3ac060iB) T3I, 3axoau koHTposr0 T3] Ta 3pOOKUTH CHHTAKCUYHUN p0361p
3a3HAYCHHX BHIIC IIOHATH [3] O6epeMo BU3HAYCHHS 3 I[CTY HJI T3I ta naykoBoi i
HABYAJILHOI JIITEpaTypH TOIIIO, JHPKEPEIaM HAIIIOHABHUX 1 THO3EMHUX, B TIEPIITY YEPTy
cC.

Texniunmii kaHan BuToky iHbopmarii (TKBI) — cykynHIicTh Kepena
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Bl,ucyTHOCTl BITYM3HAHUX AHAJIOTIB IIPU _ HAJABHOCTI  BIAIIOBIIHHX m

CKOHOMIYHMX OOIPYHTYBaHR 1 HpOBEACHHS iX ceprudikanii abo aepKaBHOI

excreptusu y chepi T3I (POBHOBII[HC HEOKJIMYHE, MPOCTE, ABOCKIIAJHE, MOLIUPEHE,
MOBHE, YCKJIATHEHE OJTHOPIIHUMH WICHAMU pequHﬂ)

Ha1<a3 dIpo 3arBepxenns [1ogokeHHs PO KOHTPOJIB 32 cTaHoM T3] v MicIsax

HOCTIMHOrO 1 THMYACOBOr0 IepeOyBaHHA OCAJIOBUX OCIO IMOAO0 AKUX 3IIMCHIOETHCS
epkaBHa oxopoHay [4] (PosmoBigHe, HEOKIIMYHE, TIPOCTE, OJHOCKIIAIHE, HA3UBHE,

HEMOIIUPEHE, HETIOBHE).

[Ticnss CHHTaKCUYHOTO aHani3y MH MOXKEMO 3POOMTH BHCHOBOK, IO JysKe
Ba)KIIMBO BMITH PO3PISHSATH OJMHHUI CHHTAKCHCY, YCBIZOMIIOBATH, IO L& OMHUII
PI3HUX DIBHIB, i SIKIMH O3HAKAMH XapaKTEPU3YEThCS KOXKHA 3 HHUX. BaxianBo He
IUTyTaTH CIOBOCTIOIYYCHHS Ta MPOCTY MHPONO3HUIIIO, a TAKOXK IPOCTI Ta CKIaIHI
PCUCHHS Ta 3HATH, SIK CJ1iJ PO30HMPATH KOXKHE 3 HUX. CHHTaKCH4HUIT po30ip — pos0ip,
MOKJIMKAHUWA BUPOOUTH YMIHHS aHalII3yBaTH CTPYKTYPY MPOCTOrO, CKJIATHOTO 1
YCKJIAJITHEHOTO PEYCHHS, PO3KPUBATH XapaKTep CHUHTAKCUYHHUX 3B’S3KIB CIIB Y
CJIOBOCITOJIYYEeHHI1 i peueHH1 Ta CHHTAaKCUYHUX BiJHOIIICHb.

Opranizaiiiiino-po3nopsiaunii 1okymeHT T3I He BCTaHOBIIOE HOBUX HOPM, a
CHCTEMAaTH3y€ B OJHOMY NOKYMCHTI BHMOTH, HOPMH 1 IPABHIIA, SIKi Oe3mocepeiHbo
abo HempsMHUM YHHOM BHTIKAalOTH 3 IMOJIOKCHb JAiI0YMX HOPMATHBHUX JOKYMCHTIB.
J_'[OKyMeHT NPUSHAYCHUH UL CyO’€KTIiB IHQOPMALINHUX BIJHOCHH, AISIIBHICTD SKHX
OB s13aHa 3 o6po61<0}0 1H(b0pMau11 IO MIJUIATAE 3aXHCTY.

Metorw nonoBiai € GopMyNIOBaHHS €JIEMEHTIB OpraHi3aliiiHO-pO3MOpSIAUnNX
nokyMeHTiB 3 3axucty B3O/l ta 130/ B gokymentax T3I, a came HaBUUTHCA
MPaBUJIBLHO TOTYBATH JIJIOBI JOKYMEHTH Ta TOCTIMHO IiJIBUIIyBaTH CBOIO MOBHY
KynbTypy. 3apas, mpoOnema (GOpMy/TIOBaHHS MOHATH 3aXWCTy iHbopmauii y
JIOKYMEHTaxX T3I He Mae OCTaTOYHOTO BlemeHHﬂ TOMy 1€ TOCTIKeHHSI B1oOpakae
CydyaCHHUU CTaH mpoOJieMH 1 MAXOMIB A0 1i pO3B'I3aHHS Ta HE MOXE OyTH HeE
aKTyaJIbHUM.

Crnincox stitepatypu

1. ACTY 2394-94. Indopmarist Ta fokymeHTaris. KomriekryBanus Gponzy,
0i10miorpadiunuid onuc, aHami3 JOKyMeHTIB. TepmiHu Ta Bu3HaueHHs. - K.
Jepxcrangapt YKpalHH, 1994. - 89 c.

2. 3aco6u T3I, siki MatOTh €EKCIIEPTHUN BUCHOBOK IPO BIAMOBIHICTH JO BUMOT
TexHiuHoro 3axucty iHdopmamii. URL: https://cip.gov.ua/ua/news/zasobi-tzi-yaki-
mayut-ekspertnii-visnovok-pro-vidpovidnist-do-vimog-tekhnichnogo-zakhistu-
informaciyi (mara 3BepueHHs: 27.03.2023).

3. Ykpaincbkuii npasonuc. - K: Hayk. nymka, 1996.

4. Tlpo 3arBepmxenHst [lomokeHHS MPO KOHTPOJb 32 CTAHOM TEXHIYHOTO
3aXUCTy 1HGOpMaIii Y MICHSIX MOCTIMHOTO 1 TAMYACcOBOT0 nepeOyBaHHs MOCaT0BUX
oci0, momo sxux 3miic... URL: https://zakon.rada.gov.ua/laws/show/z1069-11#Text
(mata 3BepHeHHs: 28.03.2023).
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Kyp’siHoB A.L
Kyukos B.O.

Jlaponsa B.C.
JIncsikoB M.C.
Jlo6otiuenko J[.A.
JIboBkiH B.M.

ManaxoBa A.A.
Mixaiimos 1.0O.
Mimenko B.O.
Muxutacs A.O.
Muxaiik €.1.
Muxansuyk M.O.
Mornnbaunii A.€.

162
125

73
105
141
103
47

143
25
55
63
154
59
150
107
119

21
45
51

113
123
41

139
141

172
137
71
39
109

121



H
Hocuxk J1.0.
Hocos O.B.

O
OBuapenko B.B.
Onennu I1.C.
Omitinuk 1. I

Owmenbuenko /J1.B.
OnucekiB C.B.

IT
[Tamonok O.C.
[Tickyn S.A.
[Inporos B.O.
[TonBopuuii B.T.
[Tonmoyc B.1O.

[Toxkasii K.O.
[Ipumepos M.B.

[Tynnoscekuii [1.C.
IIymko B.B.

P
Pycinos FO.M.

C
Caenko M.O.

CeipmieBcbkuii K.O.

Ceprees /I.B.

Cutnik H.O.
Cainenbkuii B.B.
CoxomoB A.B.
Coxomona B. K.

CononoBuuk 10.10.

Crpura JI.M.

T

Tapanenko O.B.
Tuxomupos B.1.

145
31

168
83

135
164
154

65
170
65
147
11
13
15
133
111
33

23

115
69
129
131
43
19
158

75
79

35
49

Tomaunncrka B.C.

Tpuryba M.M.

Yy
VYkpaineup B.O.
VYkpaincbka O.0.

X
Xonoma C.B.

|
Yebypaxin M.IL
Yopuuii P.B.

IO
IOchkiB €.B.

A
Auenko A.K.

57
65

53
109

61

160
67

117

139
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XapKiBCbKMA HaLiOHANbHUA
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XXVII MixxHapoaHuUn
MONOAIKHUIA GOpYyM

"PapioenekTpoHika Ta
monoab y XXI ctonitTi"




