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INEPEIMOBA

CpOrOHIIIHI JHI Majo XTO 3 YKpPailHCBKUX YYEHUX HA3Be CHOPUATIUBUMHU IS JOCHTIHKEHb —
BIMICHKOBHMI CTaH, OKyHallis YacTHHU Hamoi TepuTopii, HecTada ¢iHAHCYBAaHHS, PO3PHB OaraThox
HAJIarO/KEHUX 3B'SI3KIB, Y TOMY YMCII MDKHapoAHUX... IIpore Hayka Bce OJHO HE CTOITh Ha MicCli,
PO3BHBAETHCS, OCOOJIMBO II€ CTOCYETHCS TaKUX IEPEAOBUX TEXHIYHUX HAMNpPsMIB, SK 1HGOpMAIiiHI
TEXHOJIOT11, aBToMaTH3allisi, podbotorexnika. L{i ramy3i € OCHOBHUMH JyIsi OaraThoxX BUPOOHHUUX cdep,
CTBOPCHHS HOBUX BUPOOIB, B 3araji i TEXHIYHOTO MPOrpecy.

Huni pucranmiiinuii oOMiH iH(OpMaIi€l0 MiXK BUCHUMH — UM HE €JIMHA MOXJIHMBICTH OTPUMATH
JaHl Mpo TepenoBi 17el y CBOiil raiysi, Ipo HUISXH PO3BUTKY CBOI'O CEIMEHTY PUHKY, HPO MPOPHUBHI
3aJlyMH IHIITUX JOCTiTHHKIB.

HaiiGinpIe e MOXIJIHMBO TijJ Yac MPOBEICHHS OHJAWH-KOH(EpPEeHINH, KoM IXHI yJ4aCHUKH, HE
BUDKDKAIOYH 31 CBOET KpaiHU Ta MicTa, OOMIHIOIOTHCS pe3yJIbTaTaMU CBOIX JOCATHEHb. Take 3HaiOMCTBO
13 Cy4aCHMM CTaHOM CIIpaB y HAyKOBIH raiy3i I03BOJIS€ 3a0LIAJANTH SIK 4Yac, TaK 1 pecypcu. Tomy Tak
BOXJIMBO CHOTOAHI OpaTh ydacThb y TaKHX 3YCTpi4ax, a OpraHi3oBYBaTW iX — 3aBIaHHS B3arajii
MepIIOPsTHE.

L1 36ipka Te3 MOMOBIJCH CKIIAAAETHCS 3 HAYKOBUX Mpallb, ki Hagicnamu Ha XVI MikHaponny
HayKOBO-TIPAaKTUYHY KoH(pepeHiito «lHdpopmamiitHi TexHosorii Ta aBroMarusaris — 2023» BueHi 3
VYxpainu, Monnosu, Kazaxcrany, ['py3ii, Himeuunnu ta JIuteu. Kongepennis npoiinua 19 ta 20 xoBTHS
2023 poky y OzpecbkoMy HalliOHaJIbHOMY TE€XHOJOIrIYHOMY yHiBepcuteTi (YKpaiHa), y i poOoTi B3sia
y4acTh JIOCTATHBO BENIMKA KiJBKICTh y4acHHKIB (65 opranizamii, 196 Te3 momoBinei), Biag CTYICHTIB 1O
npodecopis. Kondepenuii 3 IT ta aBromaruzaii, siki npoBoasatecs B OHTY, Bce Oinbliie MpUBEpTAIOThH
yBary BYCHHX Ta BUKJIAIadiB 3 yciei YKpainu, Ta i He JuIIe 3 Hamol Kpainu. MOXIIMBICTh OTEpaTUBHOL
nyOmikamii pe3ynbTariB CBOIX JOCHIIXKEHb, OOMIHY JyMKaMu, TOOpPO3HUUIMBOI KPUTUKHU POOISATH Taki
3yCTpidi AyXKe MPUBAOIIUBUMH.

Y naHoMy 30IpHHKY NpEICTaBJICHI BCl HAYKOBI MOCHIIPKEHHS, pE3yJbTaTaMU SKHX 3aXOTUIH
noJiMTUCS ydyacHUKH KoH(pepenuii. HaykoBi mparii 3rpymoBaHi 3a HanpsiMKaMu poOOTH KOH(pEpeHIIil Ta
HaBeJleHI B andaBiTHOMY MOpPSAKY Mpi3BUI aBTOpiB. Marepianu (Te3u AOMOBiACH) APYKYIOThCS B
aBTOPCHKIN peaKIiii.

PREFACE

Few Ukrainian scientists would call these days favorable for research - martial law, occupation of
part of our territory, lack of funding, severance of many established connections, including international
ones... However, science still does not stand still, it is developing, especially in such advanced technical
areas , such as information technology, automation, robotics. These industries are fundamental for many
production areas, for the creation of new products, and in general for technical progress.

Currently, remote exchange of information between scientists is perhaps the only opportunity to
obtain data on advanced ideas in their industry, on ways to develop their market segment, and on the
breakthrough ideas of other researchers.

This is most possible during online conferences, when their participants, without leaving their
country and city, exchange the results of their achievements. Such familiarity with the current state of
affairs in the scientific field saves both time and resources. That’s why it’s so important to participate in
such meetings today, and organizing them is a top priority.

This collection of abstracts consists of scientific papers sent to the XVI International Scientific
and Practical Conference “Information Technologies and Automation - 2023” by scientists from Ukraine,
Moldova, Kazakhstan, Georgia, Germany and Lithuania. The conference was held on October 19 and 20,
2023 at the Odessa National Technological University (Ukraine), and was attended by a fairly large
number of participants (65 organizations, 196 abstracts), from students to professors. Conferences on IT
and automation held at ONTU are increasingly attracting the attention of scientists and teachers from all
over Ukraine, and not only from our country. The possibility of quickly publishing the results of your
research, exchanging opinions, and friendly criticism make such meetings very attractive.

This collection presents all the scientific research, the results of which the conference participants
wanted to share. Scientific works are grouped according to the areas of work of the conference and are
listed in alphabetical order by the names of the authors. Materials (abstracts of reports) are published in
the author’s edition.
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KIBEPBE3IIEKA B VKPAIHI: TIPOBJIEMU TA HAIIPSIMU BUPIIIEHHS Byrenko

. - . RV N 85
T. A. (XapkiBcbKuii Iep)KaBHHUI 010TEXHOIOTIYHUIN yHIBEpCUTET, YKpaiHa)

JOCHIDKEHHS 3ACTOCYBAHHS METOJIIB TA 3ACOBIB PEAJIIBALIIL
MOJIITUKU BE3MEKW IHOGOPMAILII Y OCBITHIX KOMIIOHEHTAX. Baagimiposa | 87
B.B., CeniBanoBa A.B. (Onechkuii HallioHATBHUN TEXHOJIOTTUHHI YHIBEPCUTET, YKpaiHa)

INVESTIGATION OF THREAD RACE PROBLEM
IN MULTITHREADED PROGRAMS. Zhulkovska I.I.!, Zhulkovskyi 0.0.%, Sheiko | 89
M.A.Y, Vokhmianin H.Ya.” (*University of Customs and Finance, Dnipro, *Dniprovsky
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State Technical University, Kamianske, Ukraine)

RESEARCH ON THE DETECTION OF SQL INJECTION ATTACKS BASED ON THE
STRING MATCH APPROACH. A. Kopp (National Technical University «Kharkiv
Polytechnic Institute», Ukraine)

90

KBAHTYBAHHA TPAHCO®OPMAHT JBOBUMIPHUX  OPTOI'OHAJIBHUX
I[NEPETBOPEHb I1PU YIIUIBHEHHI 30BPAXKEHDb. Maiinauniok B. I1., MaTBiiiuyk
O. B. (BiHHUIIbKWIT HALlIOHAIBHUI TEXHIYHHMIA YHIBEpCUTET, YKpaiHa)

93

IIPOBJIEMHI ACIEKTH IH®OPMAIIIMHOI BE3IIEKM CEPBICY SAAS.
Monomapenko B.1O. (XapkiBchkuil HaliOHAIBHUI YHIBEPCHTET palioCIeKTPOHIKH,
VYkpaina)

96

PEKOMEHJALIL LIOJJ0 BE3IEKU XMAPHUX ITIPOTPAM 3A JIOIIOMOI'OIO
TEXHOJIOT'II DEVSECOPS. Ilonomapenko B.JO. (XapkiBchkuii HamioHambHMIA
YHIBEPCHUTET PaIiOeIeKTPOHIKH, YKpaiHa)

98

AHAJII3 ATAK IIPOIPAM-IIAHTAXUCTIB vV ~ MICROSOET AZURE
Monomapenko B.1O. (XapkiBchkuil HaliOHAIBHUH YHIBEPCHTET padiOCIeKTPOHIKH,
VYkpaina)

100

KIBEPATAKHW HA JJEP)KABHOMY PIBHI: BAXJIMBITH BOPOTBBM TA JTOCBIJ]
KPAIH. PamzixoBcbka A.O., Ciuxo T.B. (Joneupkuii HalliOHAILHUN YHIBEPCUTET IMEHI
Bacuis Cryca, Ykpaina)

102

AHAJII3 3ACOBIB IHOOPMALIIMHOI IMIITPUMKU JISJIBHOCTI IT-KOMITAHIU
B COEPI IIPABOBUX ITMTAHb MIDKHAPO/JHOI'O 3AKOHOAABCTBA. Peiipman
P.B., boaroua O.C. (Onecpkuil HallioOHaTbHUI TEXHOJOT1YHHM YHIBEPCUTET, YKpaiHa)

104

3AXUCT TEPCOHAJIbBHUX JIAHMX V [IPABOBUX [H®OPMAILIIMHUX
CUCTEMAX. Comenko O.0. (LleHTpanbHOYKpaiHCHKHI iHCTUTYT PO3BHUTKY JIFOJHHU
BigkpuToro MiXHApOTHOTO YHIBEPCUTETY PO3BUTKY JIOAMHU . «YKpaiHay, CoMeHKO
J.B. (LlenTpanbHOYKpaTHCBKHIA JepKaBHUMN YHIBEPCUTET
imeHi1 Bosiogumupa Bunandenka, YkpaiHa)

105

JOCIPKEHHA METOAIB ITEPETBOPEHHSA ITIOBIZIOMJIEHB ¥V BOPTOBHUX
ABTOMOBUIBHUX CUCTEMAX. YaiikoBcbkuii O.P., CeniBanoBa A.B. (Onecpkuit
HalllOHAJIbHUI TEXHIYHUI YHIBEpCUTET, YKpaiHa)

107

PO31J13. ABTOMATU3AIIA TA YIIPABJITHHA
TEXHOJIOT'TYHHUMMU ITPOOUECAMUA

109

SYSTEM OF ~ORE-STREAM QUALITY REMOTE MONITORING IN THE
ENVIRONMENT OF DIGITAL TRANSFORMATION OF MINING PRODUCTION.
Almas S. M. (East Kazakhstan Technical University named after D. Serikbayev, Republic
of Kazakhstan)

109

HIABUIIEHHA EHEPI'OE®EKTHUBHOCTI EJIEKTPOMEXAHIYHOI'O
OBJIAIHAHHA HACIHHEPYIIHUX MAIINH 3A PAXYHOK
YIOCKOHAJIEHHA ABTOMATHUYHOI'O KEPYBAHHA. byiiBagnenko A.A.
(Omechkuit HaliOHATBHNI TEXHOJIOTIYHUN YHIBEPCHUTET, YKpaiHa)

111

AUTOMATIC GAS SHUT-OFF DEVICES: NEW METHODS IN SELF-DIAGNOSIS
AND EARLY FAULT IDENTIFICATION. D.Velychko, A.Nakonechny (Lviv
polytechnic national university, Ukraine)

112

BUKOPUCTAHHA ABTOMATU30BAHUX CHUCTEM VIIPABJIHHA  JJIA
YIAOCKOHAJIEHHA TTIPOLECY BUPOBHUIITBA JIU3EJIBHUX ITAJIMB. I'pariii
T.I.,, Oxpimuyk B.C. (daxoBuii kojemk HaAPTOTa30BUX TEXHOJIOTIH, I1HXXKEHepii Ta
inayctpii cepBicy OHTY, VYkpaina)

115

EHEPTOE®EKTUBHE BUKOPUCTAHHA OBJIAIHAHHA JJIA OTPUMAHHA
COHSIIHMKOBOI OJIII. 3aepiuko C.C. (Omechkuii Hal[iOHANbHMII TEXHONOTIYHMIA
YHIBEpPCHUTET, YKpaiHa)

117

PE3VJIbTATU BITPOBAI’KEHH A ABTOMATH30BAHOI CUCTEMH
KOOPJIMHAIIII 3ABAHTAXXEHHSA 3EPHOM IITJI [IPUMMAHHS 3EPHA I3
3AJIIBHNYHUX BAI'OHIB HA MOPCBKOMY 3EPHOBOMY TEPMHWHAJII B M.
OJIECA. Kip’s3oB I.M., lllecronanos C.B., CrenanoB M.T., Xo6in B.A. (SE Group

118
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International, Oecbkuii HaliOHATLHUI TEXHOJIOTIYHNN YHIBEPCUTET, YKpaiHa)

MIKPOIIPOLIECOPHE KEPYBAHHS EJIEKTPOMEXAHIYHIYHOKXO CHCTEMOIO
LHEHTPUOYIN 1A OUUCTKU POCIIMHUX OJIIN. Ko63ap O.B. (Opecbkuii
HaI[lOHAIBHUI TEXHOJIOTIYHUN YHIBEPCUTET, YKpaiHa)

120

[MPUKJIAIM MOJIAEJIIIOBAHHS CHUCTEMM JIOI'THHOI'O KEPYBAHHS B
I[TPOT'PAMI STATEFLOW. JleBincbkuii M.B., JleBincbkuiik B.M. (Harmionansauit
yHiBepcuTeT «Omecbka MoOpchbka akagemis», OIechbKuil HaiOHATBHHA TEXHOJIOTIYHUN
YHIBEPCUTET, YKpaiHa)

122

AKTVYAJIBHICTh 3ACTOCYBAHHS IH®OPMAILIMHUX TEXHOJIOIIM IIPU
VIIPABJIIHHI TEXHOJIOTTYHUMM I[TPOLHECAMU KPIOTEHHOI
[TPOMMCJIOBOCTI. THTEP®EMC CHCTEMU. Mon4eHko M.IO., MampeHnko
B.O., CeaiBanoBa A. B. (Oxecbkuii HaI[lOHAJbHUN TEXHOJIOTIYHUI YHIBEPCHUTET,
VYkpaiHa)

123

JOCIIDKEHHSA MIAXOAIB 10 I'PYITYBAHHA 3 METOIO PE3VJBTATUBHOI'O
OOPMYBAHHSA HUUIBOBUX KIIIEHTCbKUX CETMEHTIB. Ouailinux C.B., Boiiko
Bb.M. (Hamionanpauii yHiBepcuteT “JIbBiBChbKa MOJITEXHIKA”, YKpaiHa)

125

MOJEJIBHO-OPIEHTOBAHE I[TPOEKTYBAHHSA MMPOT'PAMHOI'O
3ABE3IIEYEHHS B CEPEIOBUIII MATLAB Simulink {JIs1 KOHTPOJIEPIB 3
BHUKOHABUYOIO CUCTEMOIO CoDeSys V3.5. IIamkos C. O., ®inapcekuii B. 1.,
Ierpenxko [I. C. (Onechkuii HalliOHAIBHUI TEXHOJIOTIYHUI YHIBEPCUTET, YKpaiHa)

128

[NOPIBHAHHA JAOBI'OBIYHOCTI OBIIMBKU KPUJI JITAKIB 3 KPUJIOM
HAJIBEJIMKOI'O IIOJOBXEHHA 3 AEPOAUMHAMIYHUM IIIJIKOCOM TA
JITAKIB 3 KPWJIOM BEJIMKOI'O TTIOAOBXEHHSL. Mleaux B. II., AuaproueHnko
B. M. (Hauionansuuii aepoxkocmiunuii yHiBepcureT iM. M. €. Xykocbkoro «XAly,
VYkpaina)

131

KOHTPOJIEP 3 BHUKOHABYMM CEPEJOBUIIEM CoDeSys HA BA3I
OJHOIUIATHOI'O KOMIT'IOTEPA BEAGLEBONE BLACK. Ilerpenxko /. C.,
@iaspcepknii B. 1., IMamkos C. O., Masyp O. B. (Omechkuii HarioHa bHUI
TEXHOJIOTIYHHUH YHIBEpCUTET, YKpaiHa)

133

IITYYHUM IHTEJEKT SIK UMHHHK 3ACTOCYBAHHS MIKPOEJEKTPOHIKU
HA HUIAXY 0 BE3NEKM CYJHOBOJAIHHA. Ilynuenko H.O. (Onecwhkuit
Jiep KaBHUHN arpapHuid yHiBepcUTeT, YKpaiHa)

136

KITACUDIKALIA ®AKTOPIB AKOCTI BEPCTAHHA KHNXXKOBOI'O BUJIAHHAI.
Ceabmencbka 3. M., [lnaxtuna 3. I. (Vkpaincbka akajeMist pykapcTBa, YKpaiHa)

139

MIIBUIIEHHS © E®EKTMBHOCTI TIIPOLIECY TIIACTEPM3ALIII TIMBA B
TYHEJIbBHOMY TIACTEPU3ATOPI PO3IIMPEHHSIM ®YHKLIH71 CUCTEMMU
ABTOMATHUYHOI'O KEPYBAHHS. Cepexonoxk M.B. (Onmecbkuii HalioHaJIbHUI
TEXHOJIOTIYHUN YHIBEpCUTET, Y KpaiHa)

141

BUKOPUCTAHHSA TIOJIOXXEHb MDKHAPOJHMX KOHLEIIIIM PO3BUTKY
BUPOGHUIITB ITPU ABTOMATU3ALIL OUUILEHHSA OJIUB I MACTUJIL. Tiopina
€. 0., Slpomyk JI. JI. (HamioHanpHuil TexHiuHMi yHiBepcuteT Ykpainu «KuiBChbKHiA
MOJIITeXHIYHUM 1HCTUTYT iMeHi Iropst Cikopcbkoro», Ykpaina)

142

I[IOTYXHE ITPOI'PAMOBAHE JUKEPEJIO XUBJIEHHS TEPMOEJIEKTPUYHOI'O
TEIIUDIOBOI'O HACOCY. ®inspcwkuii B. L., Ilerpenko . C., [Tamxos C. O., Ma3yp
O. B. (Onecbkuii HalliOHAJTbHUN TEXHOJIOTIYHHI YHIBEPCHTET, YKpaiHa)

145

MIABUIIIEHH A EHEPTOE®EKTUBHOCTI EJIEKTPOMEXAHIYHOT'O
OBJIAJHAHHSA HTHEKIB 3A PAXYHOK YIOCKOHAJIEHHA ABTOMATHUYHOI'O
KEPYBAHHSI. Xomenko A./l. (Omechkuii HaliOHAIbHUIA TEXHOJOTIYHUI YHIBEPCHTET,
VYkpaina)

149

MOJEJIFOBAHHA JIOT'IB BIBHEC-TIPOLIECIB IIEPIIOI'O PIBHA 3PUIOCTI
I[MPOLIECHOT'O VIIPABJIIHHS. Yana O.B., bBboratroB €. O. (XapkiBcbkuit
HaIllOHAJILHUHN YHIBEPCUTET Pa/lioeNIeKTPOHIKH, YKpaiHa)

150

MOJIEJTFOBAHHS POBOTU HABITAIIMHOI CUCTEMU JJII ABTOHOMHOI'O
PYXY BE3IIJIOTHOI'O JIETAJIBHOT'O ATTIAPATY. I'epacumos C. B., Mapyumienko

153
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B. B., YepHnsicbkuii O. 0. (HamioHansHuil TeXHIYHHE yHiBepcuTeT “XapKiBCHKHUIA
MOJIITEeXHIYHUH IHCTUTYT”, YKpaiHa)

PO3/IL 4. HOBI IH®GOPMAIIIMHI TEXHOJIOI'TI B OCBITI

155

DEVELOPMENT OF A MULTIFUNCTIONAL VIDEO PLAYER WITH
INTEGRATED SUBTITLES AND DICTIONARY SUPPORT FOR LANGUAGE
LEARNING. Kurban SH.A., Mamyrova A.K. (Turan University, Almaty, Republic of
Kazakhstan)

155

UNIVERSITY ASSESSMENT SYSTEM. Kurmambayev A.A., Kim Ye.R. (Turan
University, Almaty, Republic of Kazakhstan)

156

BEB-3ACTOCYHOK KEPYBAHHSA 3ABJJAHHSAMUM TA TTPOEKTAMMU. Ba3zap6aes
O.11., Kamura H.I. (XapkiBchbkuii HaliOHAJBHHH YHIBEPCHTET pPaiOCICKTPOHIKH,
VYkpaiHa)

158

INFORMATIZATION OF POSTGRADUATE STUDENTS' EDUCATIONAL AND
RESEARCH ACTIVITIES. Bolokan O. S., Tataush 1. I., Voinova S. O. (Odesa national
university of technology, Ukraine)

160

IHTETPALIIS IITYYHOI'O IHTEJEKTY YV CUCTEMY OHJIAMH HABYAHHSL.
Bpoasirina J.A., Kamura H.I. (XapkiBcbkuii  HaIllOHAJIBHAM = YHIBEPCUTET
pazioeNneKTpoHiKH, YKpaina)

162

JOCJIJDKEHHA OCOBHI/IBvOCTEI?'I [IPOTPAMHOI ITIATPUMKU TECTYBAHHS
B CHUCTEMI JUCTAHUIMHOT'O HABYAHHA OHTY. Bimaiu €.B., KopHuienko
10.K. (Onechkuii HalliOHATbHUI TEXHOJIOTTYHHIA YHIBEPCUTET, YKpaiHa)

164

OPTAHIBALIII CHUCTEMU  IHOOPMALIIMHOI'O  3ABE3IEYEHHS /I
O®OPMYBAHHSA THAUBIAYAJIbBHUX TIJIAHIB BUKJIAJJAYIB KADE/IPU. 3amuk
M.O., CBunuyk O.B.. (HauionanpHuii TexHiuHuii yHiBepcuteT YKpainu «KuiBchkuii
MOJIITeXHIYHUH 1HCTHTYT iMeHi [ropst Cikopchkoroy, YKpaina)

167

KOHKYPEHTOCIIPOMOXHOCTI = MAWUBYTHIX IT-DPAXIBIIIB. Isanosa JI.B.
(BimoxpemieHuid CTpyKTypHHHA migpo3ain «OnechbKud TeXHIYHUN (HaXOBUH KOJICIK
OpecbKoro HalliOHAJIBHOTO TEXHOJIOTIYHOTO YHIBEPCUTETY», YKpaiHa)

168

MAIIMHHE HABYAHHA 3 YUUTEJEM: HASBHI METOAMW TA IIPUKIIAIAU
BUKOPUCTAHHS. Kocrouenko A.JI. (JHinpoBchbkuil HaliOHaJbHUM YHIBEPCUTET
imeni Onecst ['ongapa, Ykpaina)

171

BUKOPUCTAHHS BLENDER B HABYAJIBHOMY I[IPOLIECI. Kpusonoc O.M.
(Kuromupchkuil iepkaBHUiL yHIBepcuTeT iMeHi [Bana dpanka, Ykpaina)

174

BIIPOBAJDKEHHSI ~ TEXHOJIOTIM  IIEHTPAJII3OBAHOI  IJEHTU®IKAIIIL,
ABTEHTU®IKALIIL TA ABTOPM3ALII KOPUCTYBAUYIB
YV OCBITHIX IHO®OPMAIIMHUX CUCTEMAX. Maginiu II. II., Koaaenko O. O.,
Mauainiu 1. TI. (Bivanubpknii HalIOHATFHAUN TEXHIYHUHN YHIBEpCUTET, YKpaiHa)

177

JIOCHIJDKEHHS. PUHKY TIPALIl COEPUM THOOPMAIIMHUX TEXHOJIOITM 3
METOIO BUSIBJIEHHS TIPOITO3ULIIN JJII BUITYCKHUKIB CIELIAJIBHOCTI
122 «KKOMITIOTEPHI HAVKW». Manbues M.C., CexiBanoBa A.B. (Onecwkuii
HAI[IOHAJBHUI TEXHOJIOTIYHUHN YHIBEpCUTET, YKpaiHa)

179

OPTAHIBALISI CUCTEMHM OBMEXEHOI'O JIOCTYITY JIO THOOPMALIMHUX
PECYPCIB KA®EJIPU. MMoBx M.I., CBunuyk O.B. (HamionanpHuii TexHi4HUil
yHiBepcuTeT Ykpainu «KuiBcbkuil momiTexHiuHuil iHCTUTYT iMeHi Iropst Cikopcekoroy,
Ykpaina)

181

BUKOPUCTAHHS ILUITYYHOI'O IHTEJEKTY B CEPEJIHIM TA BUILIN LIKOJII:
[NHEPCIIEKTMBU TA MOXJIMBOCTI. Ilokpumens H.A. (YepHiriBcbkuili oGnacHui
THCTUTYT MicIauIUIOMHOI iegaroriynoi ocBity iMeHi K. JI. YmumHcekoro, Ykpaina)

182

TECTYBAHHS TIPOAYKTHUBHOCTI MOJYJISI TEMMIDIKAINL B CHCTEMI
VYIIPABJIIHHA HABYAHHSIM. Cropoxkyk 1O. B., Kopanenko O.0. (BinHunpskuii
HAaIliOHAJIBHUI TEXHIYHUH yHIBEepcUTET, YKpaiHa)

183

IHOOPMALIIMHA CUCTEMA ®OPMYBAHHS IHJUBIIYAJIbHUX 3BITIB 3
HAVKN BUKJIAHAUYIB KATEJPHU. Tkayenko P. O., CBunuyk O. B., banaypka
O.1. (HamionaneHuii TexHiuHW# yHiBepcuTeT Ykpainun «KuiBCbKUU MONITEXHIYHUNA

185
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iHCTUTYT iMeHi1 Iropst CikopcbKkoroy, YKpaina)

BUKOPUCTAHHA HABYAJIBHUX BIJEOII'OP HA YPOKAX IHO®OPMATUKMN.
Toxkap LI. (Vkpaincekuii nepxaBHUM YyHIBepcuTeT iMeHI Muxaiina [Iparomanosa,
VYkpaiHa)

187

MATEMATUYHE IIPEJCTABJIEHHS PE3VJIbTATIB HABYAHHS B MEXAX
[MPO®ECIMHOI'O CTAHIAPTY BHKIIAJAYA 3BO. IInunkoBcbkuii 0O.0.,
BoarbonkoB B.O. (Hamionanehuit yHiBepcuTeT «OiechKa MOJITEXHIKa» , YKpaiHa)

189

PO3/ILJ 5. MPOEKTYBAHHS IHOOPMAILIMHUX CUCTEM TA
ITPOT'PAMHHUX KOMIIVIEKCIB

192

RESEARCH OF THE KNOWLEDGE BASE FOR SPECIALISTS IN THE IT FIELD.
Maulenov T. N., Mamyrova A.K. (Turan University, Almaty, Republic of Kazakhstan)

192

PO3POBKA IHTEPHET-CEPBICY IIPUTVIJIKY JJII TBAPUH «PET'S PAW»
Barnwok O.B., Jdymenko A.M., Koziliuyk A.O., Pomaniok O.B. (Binnnmnskuit
HalllOHAJLHUN TEXHIYHUI YHIBEpCUTET, Y KpaiHa)

193

UUTABEJIBHICTb TEKCTY V BEB-IIPOCTOPI. Boryuskuii JA.B., T'opooBa O.B.
(VkpaiHchKuil 1ep)KaBHUIA YHIBEPCUTET HAYKHU 1 TEXHOJIOT1H, YKpaiHa)

195

AOCJIJPKEHHA CTPA]:EFIT TECTYBAHHS TIPUKIJIAJJHOT'O TTPOI'PAMHOI'O
IHTEP®EUCY BEBCAUTY. boarau C.B., 3anorounbKui A.0. (Onecbkuit
HAIlIOHAJIBHUI TEXHOJIOTIYHUHN YHIBEpCUTET, YKpaiHa)

196

RESEARCH OF BUSINESS PROCESSES FOR A WEB-BASED INFORMATION
SYSTEM FOR FOOD STORAGE CONTROL. Bondarenko D.B., Liutenko 1.V.
(National technical university kharkiv polytechnic institute, Ukraine)

198

BUPILIEHHS TIPOBJIEMU YACTKOBOI'O OHOBJIEHHS BMICTY BEB-
CTOPIHKM HUIAXOM OITHUMI3ALILITAPAMETPIB SPA. ‘Bonpapuyk A.IlL,
Xmucera 1. A. (HepxaBHuil yHiBepcUTeT i1H(QOPMAUiITHO-KOMYHIKAI[IHHUX TEXHOJOTIH,
VYkpaina, Ykpaina)

200

CEPBIC IIOIYKY IMTPUBATHUX ®AXIBUIB JJIA BUPIIHEHHSA ITOBYTOBUX TA
BIBHEC 3ABJIAHb. BopoBukoB €.0., Tpoiinina A.C. (HauioHanbHuil yHIBepCHTET
«OpecbKa MmoJiTexHika», YKpaina)

202

KOHLIEILISI CUCTEMU [IJEHTU®IKALIL AHOMAJIIM VY T'PA®IMHUX
I[TPOIT'PAMHUX 3ACTOCYBAHHSX. Byt F0.A., Pynniuenko M. JI. (MixperioHanbpHa
aKaJieMisl YIIpaBJIiHHS IMEPCOHAJIOM, Y KpaiHa)

204

AKTYAJIBHICTE = BIIPOBAJDKEHHASI BAT'ATO®AKTOPHOI'O AHAJIIZY B
CUCTEMU BIABOPY KAHAWIATIB. I'amkos O.A., I'ynuenko F0.O. (Onmecwkwuii
HalllOHAJIbHUI MOPCHKHI YHIBEpCUTET, YKpaiHa)

206

AHAJII3 POBOTU IHTEPHET-MAT'A3MHY 3 TIPOHAXY OIATY TA NOoro
IMPOCYBAHHSA V MEPEXI IHTEPHET. I'emko M.M. (Onecbkuii HalfioHaIbHUI
TEXHOJIOTIYHUN YHIBepCHUTET, YKpaiHa)

207

[NIPOTPAMHA CHUCTEMA VIIPABJIHHA PEKJIAMHUMU KAMIIAHISIMU.
I'pomosuii M. M. (Harionansuuii yHiBepcuteT «Oechka MONITEXHIKay, YKpaiHa)

209

NNEPEAYMOBM BUHUWKHEHHA IITYYHOI'O [IHTEJIEKTY. TIyaesuu O.O.
(dep>xaBHHIi TOIATKOBHI YHIBEpCHTET, YKpaiHa)

211

BUKOPUCTAHHS LITYYHOI'O IHTEJIEKTY JIJIs1 CTBOPEHHSI TECT-KENCIB
TA TECT-CLIEHAPIIB HA OCHOBI BHMMOI' JIO ITPOTPAMHOI'O ITPOJYKTY.
Lypanbruxk @.B. (BinHupkuil HallloHaIbHUM TEXHIYHUN YHIBEPCUTET, YKpaiHa)

213

TEXHOJIOI'TYHI ACIHEKTU ITPOEKTYBAHHSA CHUCTEMHM EJIEKTPOHHOI'O
JOKYMEHTOOBITY. Hepkau T.M., Jepxkau C.M. (HaumionanpHuii yHiBepcUTET
«[TonraBceka momitexnika imeHi FOpist Konapatiokay , Ykpaina)

215

JOUUIBHICTh AOCIIKEHHA AJITOPUTMIYHOI'O TA IIPOI'PAMHOI'O
3ABE3IEYEHHS MOJEIIOBAHHS ITPOLIECIB ITPUMHSATTS PILIEHG B TAJTY3I
I[NEPCOHAJIBHUX ®IHAHCIB. HdiakiBchkuii B. B., Antoniok [I. C., Bakamxwk T.
A. ([epxaBHuii yHiBepcuTeT « KUTOMUpCHKA MOJITEXHIKa», YKpaiHa)

217

[NPOEKTYBAHHA [POITPAMHOI'O 3ACTOCYBAHHA ITPOI'HO3YBAHHAA
JAHUX HA TIPUKJIAJAT CIIOPTUBHOI'O ITPOTPAMYBAHHS. Imutpies M. 1O.,

219
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289

BUKOPUCTAHHA OB’€KTHO-OPIEHTOBAHOI'O MMIIXO0Y B
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MOBUIBHOI'O POBOTA. IBaniwok O.l., bouapuikoB M.O. (YkpaiHChbKHil Aep>KaBHUI
YHIBEPCUTET 3aTI3HUYHOTO TPAHCIIOPT, YKpaiHa)

337

AHCAMBJIb OJHOPIJHUX METOJAIB MAIIMHHOI'O HABYAHHA 3
YCEPEJAHEHHAM PE3VIJIBTATY. I3onin LI.B., lnbunmmn B.A., TaBpumok ML.A.,
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349
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351
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359
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361
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364

17



Martepianu X VI Mi>kHapOIHOT HAYKOBO-TIPaKTHUHOI KoH(epeHtIii «IHpopMaIiiiHi TEXHOJIOTT 1 aBToMaTHu3aIis - 2023

NETWORK. Orekhov S., Luchkovaha I., Tkachenko M. (National Technical University
“Kharkiv Polytechnical Institute”,Ukraine)

HOUSE PRICE PREDICTION USING MACHINE LEARNING METHODS. Peretiatko
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366
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370
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Po3ain 1.

MartemaTu4He i KOMII'IOTEpHE MOAEJTIOBAHHS CKJIAJIHUX
NpoIeciB

UDC 519.6, 004.94

EXTENDED OPTIMAL CONTROL TASK FOR COMBATING DISINFORMATION
Kereselidze N. G. (nkereselidze@sou.edu.ge)
Sokhumi State University, Georgia

The work investigated a mathematical and computer model for effectively combating disinformation.
In the compartmental model of the dissemination of false information in society, there are groups of
citizens: - At risk, prone to the perception of misinformation; Adepts - those who accepted false
information and with Immunity - those who rejected false information from the very beginning or future
adepts. A barrier level for the number of adherents will be introduced as a measure of the information
security of society. As a result of a computer experiment, the possibility of an uncontrolled growth in the
number of adherents was identified, threatening the safety of society as a whole.

1. Introduction. A mathematical model for effectively combating disinformation was proposed in [1]
in the form of an optimal control task:

3(ya (1) M,) = [ 4(t)y, (t)dt —inf, v, (t)eCl, M, R 1)

== =AY, (%) Y (X) = Y5 (X) Vi (%) = an¥y (X) ¥z (X) = @z ¥; (%) ya (%),

dy, (x)
dx
dy, (x)

=a ¥y (X) Y, () + Y5 (X) Yo (X) = A Ys (X) Vo (X) =72 (X) = BiYz (X) Y (%),

= Y (X)+ @Y, (X) Yo (%) + A5z (X) Yo (X)+ Ay (X) V2 (X)+ Ay, (X) ¥, (X), (2)

(3)

y,(T)<0,05M (4).

Where, is the size of the prowl group vy, (t) - i.e. those people who are not yet under the influence of
false information, but may become its adherents due to the influence of flows of false information
disseminated by some source in volume y,(t). The size of the group of adherents who were influenced
by misinformation is - vy,(t) . y;(t) - the number of groups with immunity that did not accept
disinformation or freed themselves from it, to some extent under the influence of flows of anti-false
information disseminated by a certain source in the amount of y,(t). Dynamic system (2) is considered
on a time interval [0;T]. In system (2) all coefficients are constant and positive, and mean the levels of
those Internet Technologies with the help of which flows of anti and false information are spread,
respectively M, , M,.The coefficients of system (2) are established empirically, by the synergy of

different specialists and scientists, with their help the intensity of the transition of citizens from one group
to another is described.

System (3) is the initial conditions, and (4) means that at the end of the time interval the number of
adherents should not exceed 5 percent of the entire society - it is believed that with such a number of
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adherents, the influence of misinformation on society as a whole is insignificant and it is able to accept
objective - adequate decisions, for example in important elections or referendums.

Thus, the task is set to transfer the system from the initial state (3) to the final state - (4). At the
same time, it is desirable that the costs of this translation be minimal (1). Costs are calculated from the
production of the amount of anti-false information weighed by a certain “price” - ¢(t), and the

corresponding level of IT - M,. In fact, there are control parameters: - determining the level of flow of
anti-false information and .

2. Controllability problem. We will assume that the system is closed, i.e. The number of people in a
society is constant at any given time:

Yo (t)+Y, (t)+ys(t) =Ry + A +1, = N =const,

forany te[0;T], where N the size of society.

In system (2), we will look for unknown functions in the class of continuously differentiable
functions on [0;T] - C'[0;T]. Thus, for the Cauchy problem (2), (3) there is a unique solution. As for the

boundary value problem (2), (3), (4), we will study it using numerical methods to determine the
controllability of the system.

We will conduct a computer experiment in the MatLab system. Empty we have the following
boundary conditions: T =15, y,(0)=400, y,(0)=50, y,(0)=10, y,(0)=1 v,(0)=17, y,(15)<460/20=23.
The coefficients of system (2) have the following values:" 2=0,015; 4 =0,01% &=0,009; «, =0,013;
a,=0,014; B =0,013; y=0,0092 @ =0,018; w, =0,017, M, =45 M, =60.

To solve the Cauchy problem (2), (3) with the values indicated above, we use the odel5s solver, the
program code is compiled -

Listing -

[X,Y]=0del5s(@adsys,[0 15],[400 50 101 17]);

plot(X,Y,'linewidth',2); legend('y1','y2",'y3','y4','y5")

We will call the source disseminating false information the second party, the first will name the
source disseminating anti-false information. A computer experiment shows that the first party, with little
effort, manages to neutralize the influence of false information by the end of the time interval - the
number of adherents is actually zero, although it is enough for the number of adherents to be less than
five percent of the population of society [2]. See fig. 1.
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300 [\'

200 | v2
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Figure 1. Manageability of the model for combating disinformation
A similar result is achieved for other values of system parameters - information security is ensured
by the end of the interval. However, information security is nevertheless vulnerable, but not at the end of
the interval, but at the beginning. If we pay attention to the value of the number of adherents at the
beginning of the interval, it turns out that, for example, in our example, its maximum value is
355.947924151334 at time 0.335176470970211. Which is approximately 77% of the population of
society, see Fig. 2

24



Martepianu X VI Mi>kHapOIHOT HAYKOBO-TIPaKTHUHOI KoH(epeHtIii «IHpopMaIiiiHi TEXHOJIOTT 1 aBToMaTHu3aIis - 2023

450

— 1

y2

400 y3|
y4

350 y5 |

300

250

200 y2

150 - /

100

50 |

N

1 L 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4

Figure 2. Information security vulnerability

At the same time, and over a sufficiently long period of time, the number of adherents is more than
50% of the public.

3. Conclusions. For the information security of society, it is not sufficient to reduce the number of
disinformation adherents only at a certain point in time, for example, before any voting. Since at some
points the influence of disinformation on societies can be so strong that society as a whole can legitimize
revolutionary, early parliamentary, presidential elections, etc. Therefore, in the optimal control problem
of combating disinformation, adjustments should be made and inequality in (4) should be satisfied over
the entire period of time vy, (t)<0,05xN , for vte[0;T]. Thus, we have a new- Extended optimal control

task against disinformation. Otherwise, the model may “miss” not only a critical violation of information
security, but also state security.
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P2P, short for peer-to-peer, refers to a computer network that is commonly used for the sharing of
digital media files. In this network, each computer functions both as a server and a client, facilitating the
exchange of files. Kademlia, an early implementation of the distributed hash-table (DHT), incorporates
the XOR-based metric for constructing network topology. Kademlia employs four fundamental
operations: PING, FIND_NODE, STORE, and FIND_VALUE. This protocol organizes the participating
nodes in a binary tree-like structure called a routing table. Each node has a unique identifier, typically a
cryptographic hash, and the routing table maintains information about nearby nodes in the network using
a metric called XOR distance. Thanks to its metric, Kademlia provides efficient lookup operations for
finding the node responsible for a specific key or retrieving stored data [2]. Kademlia guarantees that a
lookup operation will find the correct node or the closest node to the target key in a logarithmic number
of steps, making it highly scalable. Kademlia also replicates data across multiple nodes in the network to
provide redundancy and fault tolerance. The protocol allows data to be stored on the K closest nodes to
the key's identifier, ensuring that data remains available even if some nodes fail or leave the network.

Gossip is a distributed communication protocol used to disseminate information or propagate
updates across a network of nodes. It is commonly employed in peer-to-peer systems, distributed
databases, and distributed computing environments. The algorithm gets its name from the analogy of
spreading information through a social network by word of mouth.

The basic idea behind the gossip algorithm is that each node in the network randomly selects a
few other nodes and exchanges information with them. This information can include updates, messages,
or any data that needs to be propagated across the network. The exchanged information is then spread
further by the receiving nodes, and the process continues iteratively.

Some typical steps involved in the gossip algorithm include selection, exchange, propagation and
iteration.[3] Selection presupposes that each node selects a small subset of nodes from the network to
communicate with. The selection can be random or based on specific criteria, such as proximity or load
balancing. Nodes exchange information with the selected nodes. This can involve sending updates,
sharing data, or transmitting messages. The exchanged information can be sent directly between nodes or
via intermediate nodes. Propagation means that upon receiving new information, each node continues the
gossip process by selecting a new set of nodes to communicate with. This allows the information to
propagate throughout the network. Finally, the gossip process is iterated multiple times, allowing the
information to reach a large portion of the network. Each iteration increases the dissemination of
information and reduces knowledge disparities among nodes.

The gossip protocol achieves eventual consistency, meaning that over time, all the nodes in the
network will converge to a consistent state and have the same information. The speed and efficiency of
convergence depend on factors such as the network size, node selection strategy, and the frequency of
iterations. One of the advantages of the gossip algorithm is its decentralized nature, as nodes can
communicate directly with each other without relying on a central coordinator. This makes it resilient to
node failures and scalable for large networks. Additionally, the randomness in node selection helps to
evenly distribute the information throughout the network.

However, it's important to note that the gossip algorithm does not guarantee perfect accuracy or
immediate propagation of information. There may be delays, inconsistencies, or duplicate messages in the
system, which need to be managed and accounted for in the design and implementation of applications
using the gossip protocol.

There are differet variants of implementing the gossip protocol. We are interested in
implementations that compute a network-wide aggregate by sampling information at the nodes in the
network and combining the values to arrive at a system-wide value — the largest value for some
measurement nodes are making, smallest, etc. The key requirement is that the aggregate must be
computable by fixed-size pairwise information exchanges; these typically terminate after a number of
rounds of information exchange logarithmic in the system size, by which time an all-to-all information
flow pattern will have been established.

Kademlia can be used alongside aggregation to solve other kinds of problems using gossip and
upgrade the existing gossip protocols thanks to the XOR metric. In Kademlia the nodes are ranged in a
list according to proximity, making it possible to use the nodes in a gossip overlay from a list sorted by
node-id (or some other attribute) in logarithmic time using aggregation-style exchanges of information
[1]. Similarly, Kademlia can be useful in gossip algorithms that arrange nodes into a tree and compute
aggregates such as "sum" or "count™ by gossiping in a pattern biased to match the tree structure. Thus,
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gossipping can be optimized by selecting the closest nodes to spread the information, which is the most
effective way. Besides, we can avoid picking the same nodes thanks to the tree topology. Each branch
contains ranged node IDs, and moving through the tree allows to get different nodes each time.

In this article we have considered Kademlia and Gossip protocols, their work schemes, advantages
and disadvantages. We have also suggested that Kademlia can be integrated into Gossip to make it more
optimized and robust.
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Introduction. The membrane computing model, also known as P-Systems, is a large-scale parallel
computing paradigm inspired by the biology of living cells that offers significant potential for designing
massively parallel computing algorithms [1 - 4]. The membrane computation model is an extension of
DNA computing that provides advantages in modeling discrete, distributed, parallel, pipeline systems
based on multiple sets and evolves through rewritten rules.

This paradigm was first proposed by Gheorghe Paun in 2000 as an approach to nature-inspired
computing. P-Systems is based on the concept of processing information using membranes, just as
biological organisms process chemicals through their cell membranes. These systems are used to solve
computational problems, especially those involving distributed or parallel/concurrent processes.

Key features of P-Systems are considered [2, 3]:

- The use of membrane as a structuring and organizational element for information processing.
Membranes are interpreted as a separate workspace containing objects and rules for transforming objects;
- The presence of a set of symbols or objects that can be modified and processed based on defined
rules;

- The presence of a set-of rules describing how to transform and process objects. These rules may
involve copying, moving, or transforming objects;

- Communication ‘between membranes through objects passing through special communication
channels;

- Ability to carry out processes in parallel where each membrane can operate independently or
collaborate with other membranes to solve complex problems.

Formulation of the synthesis problem

Elaboration of a concept for formal and parallel/concurrent organization description of computing
processes, starting from fundamental logical elements (AND, OR, NOT) and ending with global
computing architectures (Computer networks, etc.).

Results achieved

The concept for formal and parallel/concurrent organization description of computational processes
provides for the development of membrane computing models that provide rules-based functional
description for:

- Combinational logic circuits (encoders, decoders, multiplexers, de-multiplexers, etc.);
- Memory functional circuits (registers, counters, memory, etc.);
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- Circuits for data processing [5];
- Functional devices (HDD, SSD, KBD, Mouse, Display, Flash, etc.);
- Systems for data processing (PC, Servers, Mainframe, Virtual Machines, etc.) [9];
- Computer networks (LAN, MAN, RAN, WAN) [7];
- Agent-Based Systems [6, 10], Collaborative Systems [8, 10], Artificial Intelligence Systems [11],

The structure of a P-Systems model is shown in Figure 1 [2, 3], where:

Environment — the activity environment that provides data for the membrane computing model and
supports its action in the result of calculations and decisions taken;

Skin — external membrane;

Elementary Membrane — unitary membrane;

Complex Membrane — membrane with complex internal topology;

Rm.n: - rules for data processing/transformation.

Environment

(1 R1.1:f1(X)->Y; \

R1.2:f2(X)->Y;

Region R1.3:f3(X)->Y; f 5 \
Environment [\

R5.1:1(X)->Y;

.
R5.2:f2(X)->Y;
\< 2 N

i R2.1:f1(X)->Y;
Sk”ﬂ\ R2.2:f2(X)->Y; 6
R2.3:f3(X)->Y; R6.1:f1(X)->Y;
Memb |~ ' R6.2:12(X)->Y:
embrane |

3 4 7
R3.1:f1(X)->Y; R4.1:f1(X)->Y; R7.1:f1(X)-
R3.2:f2(X)->Y; R4.2:f2(X)->Y; R7.2:f2(X)->

. e —— )
Elementar_yV N Complex

Membrane Membrane

Figure 1. The structure of a P-Systems model.
The model of a membrane computing system (P-Systems) is defined by formula (1) [2, 3]:
M=V, u,0,...0,R,auR, i, ), (1)
where:
V - is afinite alphabet or set of objects;
4 -is astructure of m membrane computing marked with indices1,2,...,m;

@, Vi =1,m - is the set of objects that are part of the membrane computing i, wherew, cV ;
R, Vi =1,m - are sets of evolution rules associated with the membrane computing i;

I, - 1s the result generated by IT obtained from the membrane computing i =1m.

Internal structure of the membrane computing i is shown in Figure 2, where:

Input port Xi — is a filter that selects the data allowed for input to be processed;

Output port Yi — It is a filter that selects the data allowed for the output;

Ri.1:Xi — Ri.n — is the set of data processing/transformation rules defined for the membrane
computing i;

Data processing — the data processor executing the rules defined for the membrane computing i .

Membrane(i) \
Ri.1: Xi->Yi;
Ri.2: Xi->Yi;
5 l.?.i..n:Xi->Yi. S
a_ 2
=% 1 55
a g
= 3
Data
processing

Figure 2. The internal structure of the membrane computing i .
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VYkpaiHChKHI Iep)KaBHUI YHIBEpPCUTET HayKH i TexHouorii (YkpaiHa)

Posenanymo axmyanvnicme mooenroeanns cumyayiti vy 0Oisnec-npoexmax. Haeedeno npuxiao
PO3POOKU KOHMEKCMHOI diazpamu i diacpamu 0eKOMNOo3uyii Ha NPUKIA0i CUCMeMU KOMNIJIEKCHO20 AHANIZ)
cobisapmocmi.
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AKTYyaJIbHICTh P00JIeMH.

MopentoBanHs cuUTyariii y Oi3HEC-POEKTaXx MOXKE CTaTH €(PEKTUBHUM CIIOCOOOM ONTHUMI3aIli
YIPaBIiHHSA, OCKUIBKU J03BOJIUTH BiACTEXYBAaTH CTPYKTYpPY BHPOOHMIITBA, OOIr JOKYMEHTIB i1 MOTOKH
rpomieii 3 ypaxyBaHHSIM €KOHOMIYHUX BHMOr. [Iporpama komm'roTepHOro MmojenoBaHHsS BPwin
(AllFusion Process Modeler) mo3Boisie BUSBUTH BHCOKOBUTPATHY YM HAJAMIpPHY [iSJIBHICTB,
YIIOCKOHAJIUTH 200 YCYHYTH ii 1 TUM CaMMM MIJBUILUTH KOHKYPEHTOCIPOMOXHICTh KOMIIaHii, CIPOCTUTH
VIOpaBIiHHSA, 3MEHIIUTHA Yac Tepenadi posmnopsypkeHb. BPWin mo3Bossie MonentoBaTH pi3Hi crieHapii
O13HEC-TIPOCKTIB, BPaxOBYIOUM CYy4YacHI TEHJCHINI, aHaJII3yBaTH PU3UKH, NPUUMATH OOIPYHTOBaHI
pimeHHs 1 onTuMizyBaTtu Oi3Hec-mipouecH. [Iporpama momimnirye yrnpaBiiHHS OPOSKTaMU 1 KOMYHIKaIiiO
MDK BiJUIUTaMH, HaJa€ MOKJIUBICTh C(hOPMYBATH LIJTICHY KapTUHY IisJILHOCTI KOMMaHii — BiJl MOJeIeH
opranizaiii poboTH y BiJijiax A0 CKJIAIHUX 1€papXiyHUX CTPYKTYP.

MeToam AJis1 BUpPilIEeHHS PO0JIeMH.

SIKIo KOMMaHis 3 METOI NiJABHMIICHHS pe3yJbTaTUBHOCTI BHUPOOHMLTBA NpPUHMAE PilICHHS
PO3MIISIHYTH MOJKJIMBOCTI BBEIEHHS OUIBbII €(pEKTHMBHUX MIAXOJIB A0 aHAII3y COOIBApPTOCTI MPOIYKINi
(HampuKIaa, 3aCTOCYBaHHS OUTBII MPOCTHX aBTOMATHU30BAHUX AJTOPUTMIB Ta IHCTPYMEHTIB aHaii3y), TO
OCHOBHMMHU 3aBJAHHSAMM I11]] 4ac BIPOBA/HKEHHS 1aHOI CUCTEMH Oy1yTh HACTYIIHI:

— OIIHKA PIBHSA 1 CTPYKTYPH BHUTPaT B TOPIBHSIHHI 3 IMOKa3HHUKaMH ILJIAHOBOTO, MHHYIIOTO POKY,
MMOKa3HUKAMH TIePioJTy, B3SATOTO B SIKOCTI 0a3M MOPIBHSAHHS;

— BH3HAYeHHs (AKTOpiB, MPUUMHHO-HACIIIKOBUX 3B'A3KIB, 110 BIUIMBAIOTh HAa BEIWYHHY 1 JUHAMIKY
BUTpAT;

— OIIiHKA BIUTMBY (PaKTOPiB HA TIOBHY COOIBapTICTH;

— BH3HAYCHHS MOXIIUBOCTCH 3HIDKCHHS COOIBapTOCTI IMPOMYKIi 1 MIABUIICHHS €(QEeKTUBHOCTI
BUKOPUCTaHHS MaTepiajlbHUX, TPYJOBUX PECYpPCIB B IIpoLecl BUPOOHUIITBA, TOCTaYaHHs, 30yTYy.

Y pamkax TpOCKTyBaHHs OpraHizaiii AaHux iHdopmamiiHoi cuctemu «KoMIUIeKCHUI aHai3
co01BapTOCTI» MPOIMOHYETbCA CTPYKTYpHUH miaxid. CyTb CIPYKTYpHOro MigXOAy J0 PO3pOoOKH
aBromaruzaii. Lleit nmpouec nependavyae po3OUTTS cuCTEMH Ha QPYHKIIIOHAIBHI MiJCUCTEMH, SIKi, B CBOIO
qepry, IpoOJiATbes Ha MiAQYHKIT, 3aBIaHHs Ta 1HINI CKJIAJOBI eJIeMEHTH. TaKWil JICKOMITO3HIIIMHUAN
HiAX1 MPOJOBXKYEThCA A0 JOCATHEHHS KOHKPETHUX mpolienyp. He3Baxarounm Ha po30OUTICTh CHUCTEMH,
aBTOMAaTH30BaHa CUCTeMa 30epirae MUTICHICTh YSIBICHHS, 1€ BC1 KOMIIOHEHTH B3a€MOIIOB'SI3aHi.

Otxe, y (QyHKIIOHAIBHUX MOJIEISX TOJOBHY pOJIb BIAIFPalOTh (PYHKIIi, 110 BUKOHYIOTH I€BHI
YaCTUHHM CUCTEMH, a 00 €KTH CUCTeMH CIyXaTb iHTepdeiicamu (3B’ sA3kamMu), K1 00’ €THYIOTh 11 (yHKIIT
[1]. Jns BupimieHHs 3aBAaHHS (QYHKIIIOHATHLHOTO MOJCTIOBAHHS HA OCHOBI CTPYKTYPHOTO aHATi3y
BUKOPUCTOBYIOTBCS nBa TUIM Mojened: IDEFO-miarpamu ta mgiarpamm nexommosunii. Lli mopmeni e
e(pEeKTUBHIMHU IHCTPYMEHTAMH I aHami3y Ta Bisyamizamii (yHKIIOHAJBHUX AacCHeKTIB CHUCTEMH, iX
B3a€MO3B'SI3KIB Ta iepapxiyHoi CTPYKTypu. BoHM pomomararoTh YCBIIOMHUTH CKJIQIHICTh CUCTEMH,
PO3KpPHUBAIOTH B3aEMOJII0 KOMIIOHEHTIB Ta JONOMAararoTh 3pO3YMITH IX pOJib Yy KOHTEKCTI 3arajibHoOl
(G YHKITIOHATTBHOCTI CUCTEMHU.

3anpornoHoBaHa KOHTEKCTHa jiarpama (pucyHOK 1) BigoOpakae 3arajlbHMA KOHTEKCT CHUCTEMH
«KommiiekcHuil ananiz coOGiBaprocTi». Y Wil jAiarpami NpeACTaBieHI MOTOKU BXOJY, YIPaBIiHHS,
MeXaHi3My Ta BUXOJY.

[loTik BXOAy BKJIIOYa€e Taki eleMeHTH sk «byxranrepcbka 3BITHICTB», «BHpoOHMYA 3BITHICTHY,
«Kormropuc Butpary, «Ilnanosi nmokaznukuy». L1 gani € Bxigaumu st cuctemu «KomruiekcHu aHani3
C001BapTOCTI» 1 BUKOPUCTOBYIOThCA ISl IPOBE/ICHHS aHANi3Yy.

Hotik ynpapninus Brmodae «llpuHnunu ta meroam Oyxranrepcbkoro o0Omiky», «CranmapTu
mignpueMcTBay, «[IpuHIUNN Ta METOAM aHAITUYHOTO JOCITIKEHHS Ta o0miky» Ta «CTpaTeriyHi mii
nignpreMcTBay. L1 eneMeHTH npecTaBIsIlOTh OCHOBHI MPUHIIMIIN Ta BUMOTH, SIK1 CUCTeMa BUKOPHUCTOBYE
JUIsL aHaJIi3y Ta YIpaBJIiHHS co0iBapTiCTIO.

[Torixk mexaHi3My BKiIto4yae «byxrantepcbkuil Biaaumy, «AHamituunui Biaaim», «I13 (IIporpamue
3abe3neueHHst OOMIKy Ta aHamizy)» Ta «Buie kepiBHUITBO». Lli eneMeHTH mpencTaBisioTh BUKOHABYI
CTPYKTYPH, 110 3a0€31euyroTh 30ip, 00p0oOKy Ta aHaJI3 MTaHUX IS IPUHHSTTS YIPaBIIHCHKUX PIIIEHb.

[Torik BuXomy € pe3yiabTaToM poOOTH CHCTEMH 1 TMpeICTaBlsie «YXBAJIECHHS YIPaBIiHCHKUX
pimenb». Lli pimieHHS € BHUXITHUM HPOAYKTOM CHCTEMH Ta BHUKOPHUCTOBYIOTHCS ISl KEpyBaHHS
co01BapTICTIO Ta MPUNHSATTS CTPATETIYHUX PIILICHb.
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Pucynok 1 — KonrekcrHa miarpama cuctemu «KoMIUIEKCHUI aHami3 co0iBapTOCTI»

Hiarpama nexommosunii (pucyHOK 2) BimoOpaxkae CTpykTypy cuctemu «KomruiekcHuil anamis
co0iBapTOCTI».

Crpykrypa cucremun «KoMmIuiekCHHM —aHami3 CcoOIBapTOCTI» CKJIAMAEThCS 3 II'SATH  OJIOKIB:
«Bu3HaueHHs CTPYKTypH BHUTpar», «Po3paXyHOK coOiBapTOCTI MPOAYKLIi», «AHami3 BIAXWIEHb Ta
CTPYKTYpH BUTPAT», «AHaJI3 MIPUUHMHHUX 3B’ SA3KIBY», Ta «Y XBAJICHHS YIPABIIHCHKUX PILICHBY.

brok «BusHaueHHs CTPYKTypH BUTPAT» BUKOHYE aHaji3 CTPYKTYpH BUTpAT 1 OTpUMYE BXiJHI AaHi
«byxranrepceky 3BITHICTB», «BupoOHHYY 3BiTHICTE» Ta «Komropuc BHTpar». YTNpaBIiHHSA B I[OMY
050Ky 0a3yeTbcsa Ha BUKOpUCTaHHI «[IpuHIMIIB Ta MeTOaIB OyXraaTepchbkoro ooiiky» Ta «CTaHnapTis
MIAIPUEMCTBa»: MeXaHI3MOM - 11boro  Omoky € «byxrantepcbkuil Bingun» Ta «[I3  (mporpamze
3abe3neueHHs 00Ky Ta aHaTi3y)».

oTpuMye BXiaHi mpaHi «CTpyKTypa BHTpaT, Kiacudikallis Ta po3noai». BiJl MOTOKY BXOIy 3 OJIOKY
«Bu3HaueHHs CTPYKTYpH BUTpaT». TakoX BHUKOPUCTOBYIOThCS «CTaHIapTH MiANPUEMCTBA» Ta
«[IpuHIIMNK Ta METOAM AaHAJTITUYHOTO JOCII/DKEHHS Ta OOJiKy». MexaHi3MOM IIhOTO OJIOKY €
«AHamitnaHui Bigain» ta «I13 (mporpamue 3a0e3neueHHs OOMIKY Ta aHAII3Y)».

bnok «AwnHaini3 BIIXWIEHb Ta CTPYKTypU BHUTpPAT» BUKOHYE aHalli3 BIIXWIEHb Ta CTPYKTYpH 1
OTpUMY€ BX1JHI JaHi «3BIT Mpo coOiBapTICTh MPOAYKLIi» BiJ MOTOKY BXoay 3 050Ky «Po3paxyHok
cobiBaprocti mpomykmii». JlIs TpoBemeHHS aHaNi3y TaKoXX BHKOPHCTOBYIOThCS «CTaHIapTH
HiAnpueMcTBay Ta «[IpUHIMNK Ta METOAM aHAIITUYHOTO JOCTIKEHHS Ta 00JiKy». MexaHi3MOM LbOro
0JIOKY € «AHamTnaHui BiIi» Ta «I13 (mporpamue 3a0e3nedeHHs 00Ky Ta aHAIII3Y)».

biok «AHani3 nMpUUMHHUX 3B’S3KiB» BUKOHYE aHaji3 NMPUYMHHHUX 3B’S3KiB, a came (haKTOpHUIL
aHai3, 1 OTPUMYE BXI1JIHI JIaH1 BiJl TOTOKY BXOAY «3BIT MPO BIAXUJIEHHS Ta CTPYKTYPY BUTpaAT» 3 OJOKY
«AHaJI3 BIAXWIEHb Ta CTPYKTYPHU BUTpaT». Jls MpOBeAEHHs aHalli3y BUKOPHUCTOBYIOThCS «CTaHAApTH
nignpueMcTBa» Ta «[IpuHIMON Ta METOIM aHAIITUYHOTO JOCTIIKEHHS Ta 00JiKy». MexaHi3MOM 11bOTro
070Ky € «AHamTUYHMH Bigaim» Ta «I13 (mporpamue 3abe3neueHHs 00Ky Ta aHaTi3y)».

bnok «Po3paxyHok co6iBapTOCTI MPOAYKIII» BUKOHYE pO3paxyHOK cOOIBapTOCTI MPOAYKLUIT 1

bnok «YxBaneHHs ynpaBiIiHCHKHUX pillieHb» MpUKHMae YIPaBIiHCHKI PIlLIEHHS 1 OTpUMYe BXi/HI JaHi
«3BIT TIPO BIAXHWIEHHS Ta CTPYKTYpY BUTpaT» Ta «Kiro4doBi (pakTopu, 110 BITHBAIOTH Ha COOIBAPTICTHY 3
OJIOKIB «AHaJII3 BIAXWIEHb Ta CTPYKTYpU BUTPAT» Ta «AHali3 MPUYMHHUX 3B’SI3KiB», BiAMOBIAHO. s
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NPUAHATTA ~ PINIEHb BHUKOPUCTOBYIOThCS  «CTaHmapTH MiANpuUeMcTBa» Ta  «CTpareriuydi i
HiANPUEMCTBAY, a MIATPUMKA pOOOTH OJIOKY 3aJIeKUTh BiJ «BUIIIOr0 KepiBHUIITBAY.
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Pucynok 2 — liarpama nekommnosuilii cuctemu «KomruiekcHuii aHami3 co0iBapTOCTI»

BucHoBku. 3aBgaHHs (yHKIIOHATHHOTO MOJEIIOBAHHS BHMArae J0CBiTy, TNTMOOKOTO PO3yMiHHS
BUMOT' KOPHCTYBadiB 1 0cCOOMMBOCTEH caMoOl cuctemd. lle KomIuiekcHW Tmporec, SKHid MOTpedye
pPETEeNbHOTO aHami3ly, MUIAHYBaHHS Ta BHKOHaHHsS. I[IpaBUIbHO 3MOJeNbOBaHA OpraHizailis JaHUX
1H(pOpMaLIHHOT CUCTEMHU € OCHOBOIO ISl YCHIIIHOTO ()YHKIIIOHYBAaHHSI CUCTEMHU.

Y pe3ynbTari - BUKOPUCTAaHHS CIPYKTYPHOTO TMiAXOAy OO MPOEKTYBaHHS OpraHizalii JaHux
iHdopmariiinoi cuctemu «KomriekcHUM aHami3 co0iBapTOCTI» JOCSITHEHA Kpala opraHizaris (QyHKIH
Ta KOMIIOHEHTIB CHUCTeMH, 3a0e3redyeHa iX 3pO3yMITICTh Ta B3a€EMO3B'S30K, M0 CHpPUSE MOKPAIICHHIO
(YHKI[IOHAJIBHOCTI Ta POAYKTUBHOCTI CUCTEMU B IILIIOMY.

Cnucox BUKOPUCTAHOI JiTepaTypu
1. OcHoBu Teopii cucTeM i cucteMHoro aHanizy: HaBd. nocioHuk /K.O. Copoka. XHAMI': 2004. 291 c.
URL: https://core.ac.uk/download/pdf/11320265.pdf (Toctymn 07.10.2023)

JOCJAIKEHHA MOJEJII PUHKY MPAIII METOJAMMJ TEOPII ITOP
Bopogcekwuii /1.B. (denys.borovskyi@stud.onu.edu.ua)
Opnecbkuii HanioHaNbHWIA yHiBepcuTeT iM. I. I. Meunukosa (Ykpaina)

Otxe, mo Take rpa? I'pa — me cucremMa NHpaBWiI, IO BU3HAYAa€ MOXJIMBI il YYaCHHUKIB, iX
KUIBKICTb, MpaBUjia PO3MOAUTY BUTPAIIiB, K1 3aJ€XaTh BiJ MOBEAIHKH KOKHOTO 3 YYAaCHHKIB, a TaKOXK
pe3yabTaTy IpH, SIK BUTPAILIly KOXXKHOTO rpaBlis. Po3B’s3aTu rpy O3Havae JaTé peKOMEHJalii rpaBIsiM
II0JI0 ONTUMAJILHOTO BUOOPY CTpaTerii Ta BKa3aTU BUTIpalll TpaBlis, sIKUM BiANOBIgae oOpaHiil cTparterii
nmoBeiHku[1].
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B cBoiii poboti «Teopis irop Ta ekoHOMIuHa TmoOBeMiHKa» Heiiman 1 MopreHmrepH
COPMYITIOBAIM TOHATTS «TPH», SIK AISUIBHOCTI ABOX 1 Oinble OcCid, M0 Mae YyMOBHU T.3. «BUTPALIy».
BaxnuBo 3a3HauMTH, 110 YYaCHUKHM TaKOl «TpPU» MOXXYThb BHMKOPHCTOBYBAaTH II€BHI «pPECypcH» Ta
B3aEMOJIATH MiX coboro. OTxe, MpuiiMaioTh OyAb — sIKi PIIICHHS 13 ypaxXyBaHHSM IOBEAIHKH IHIIMX
YYacCHHMKIB. ABTOpPM MAaTE€MAaTUYHO ONHMCYIOTh 3acOOM IOUIYKY ONTHMAJIbHUX CTpaTerii — THUX, LIO
IIPU3BOASTH 10 BUrpay[2].

Jlnst motanbIoro BUBYEHHST KOH(IIIKTHUX CHTYAIllid, 3BEPHEMOCS 10 TECOPETUIHUX MaTepiaiB.

3a xapakTepoM BHTPALIiB TPH BIIHOCATH IO irop 3 HYJbOBOI CYMOIO Ta JIO0 irop 3 HEHYJIHOBOIO
CyMOK0. Y TMepHioMy BHUIQJKY II€ Tpa, B SKIH 3arajJlbHUM KamiTaJl BCiX TPaBI[iB HE 3MIHIOETHCS, a
NEPEePO3MOAUIIETECS MUK TPABISIMUA B 3aJIEKHOCTI BiJ Pe3yNIbTaTiB I'PH, TOOTO CyMa BUIpAILiB I'PABIIiB
JOpiBHIOE HYIIO. B iHIIOMY Bunajaky rpa Oyae 3 HEeHy/nboBOIO cyMmoro. [IpukiiagoM rpu 3 HEHYIbOBOO
CYMOIO MOXXYTh OyTH TOProBi BiTHOCMHHM MDX KpaiHamu. BHacmizok 3acTocyBaHHSL CBOIX CTpaTeriii yci
KpaiHK MOXYTh OyTH y BUTpaIli.

bimarpuuyna rpa — OeskoaminiiHa Tpa, B fAKii KOXHHH TIpaBellb. Ma€ CKIHYCHHY KUIbKIiCTh
crpareriii. Hexaii mepmuii rpaBenb mae m, ctpateriii (i=1,...,m). Y apyroro rpasiig € N crpaterii(
j=1,...,n). Burpami nepioro ta qpyroro rpaLiB BiJIIOBiIHO 3aJal0ThCS MATPHULISIMH:

R - b, « b; .. by

3a KUTBKICTIO XOMIB IrpH IUIATHCS: OJHOKPOKOBI Ta 0araToKpokKOBl. Y mepHioMy BUIAAKY Tpa
3aKIHUYETHCS MICJI OJHOIO X0y KOXKHOTO rpaBls. baraTokpokoBi irpu B CBOIO 4epry MOJIUISIIOTbCS Ha:
MO3MIINHI — IrpH, B IKUX MOXe OyTH KiJbKa I'paBIliB, KOXKEH 3 AKHX MOKEe 3/iHCHIOBAaTH X0au. Burparmri
BU3HAUYAIOTHCS 3JIEKHO BiJl pe3yNbTaTiB rpu. SIKII0 y Ipi X0au NPU3BOIATH 10 BUOOPY MEBHUX MO3MIIIH,
IPUYOMY € MOXKITUBICTH TOBEPHEHHS HA TMONEPEIHIO MO3HIIIO, TO IPa € CTOXaCTHYHOIO.

B curyamii (i, j)Bi,I[6YBa€TLC$I posirpam rpu I, B Kl KUIBKICTh CTpaTerii y IpaBLiB —

CKiHYEHHa, ajie Moke OyTu iHma. B cBoro uepry, B rpi I'; Moxe OyTu 31iiicHeHO po3irpalll HOBOI IpH:

& @y . By ) (b .o By by
akl FZ akn bkl FZ bkn
a b

ml ml mn ml

3ajyexxHO BiJl cTaHy iH(pOpMAIlii po3pi3HAIOTHCS ITPHU 3 TOBHOKO Ta HEMOBHO iH(OpMarlier. SAkio
KO)KHOMY eTani KOXKHOMY TpaBLIO BiZIOMO, sIKi BUOOpH OyJiM BHKOHAHI I'paBILSIMH paHille, Taka Ipa
HA3WBAETHCS 3 TOBHOIO 1H(OpMaIiero. B iHmoMy Bumaaxy rpa 3 HermoBHo iHpopmarieto. [Ipuknan rpu 3
MTOBHOIO 1H(OPMAITI€IO € Ipa B MIAIIKH .

[Ipu GaraTokpaTHOMY OBTOPEHHI O1IMAaTPUYHOI I'pH, TPaBL 3 MEBHOIO YaCTOTOO OyayTh 0OMpaTu
cBoi wucti crparerii. Tomy MoXHa NepedTd 10 HOBOI MOCTAHOBKHM - OIMaTpUYHOI I'pU Yy 3MIIIaHUX
crparerisix (6alfecoBCBKOI0O TIpOM). BpakaTmmemo mOBHMH HaGip HMOBipHOCTEH X =(X..., X, )
3aCTOCYBaHHS IEPIIUM IPaBIEM CBOiX YHUCTUX CTpaTerid 3MIIIaHOK CTpPATeri€lo Mepuioro rpasls, Ta
NMOBHUH Habip WMoOBipHOCTEH Y = (yl,..., yn) 3aCTOCYBaHHS JIPYT'MM TIpaBLEM CBOIX YHCTUX CTpaTeriii —
3MILIAHOIO CTPATETI€I0 JPYroro rpaBlis.

I'pa 3 HenmoBHOIO 1H(OpMarlieto yn balieciBcbka rpa B Teopii irop XapakTepu3yeTbCsi HETOBHOTOIO
iHpopMalii Mpo CyNmepHHKIB, aje MpH IIbOMY Y TPaBIliB € MEBHA JOBipa 0 PO3MOILTY HMOBIPHOCTI.
BaiieciBcbky Tpy MOKHAa TEPETBOPUTH Ha TPy 3 TOBHOIO, aje HEJOCKOHAIOK 1H(GOpPMAIEI, SKIIO0
OPUAHATH TPUIYIIEHHS NpPO 3arajbHUi anpiopHuil posmonin. Ha BinmiHy Bijg HemoBHOI iH(oOpMarlii,
HeZ0CKOHaa 1H(opMallisd BKIIOYAE 3HAHHS CTpaTeriii Ta BUTpalliB CYyNpPOTHBHHKIB, ajleé iCTOpPis Ipu
(momepenHi il ONOHEHTIB) JOCTYyIHA He BCiM ydyacHHKaM. PiBHoBara baiieca € y3araibHEeHHSIM piBHOBaru
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Hema y 3MmimanHux crTpaTerisix Ha BUNAIOK OaiiecoBux irop. DyHKIlsS BUTpaIly SBISE COOO0IO
MaTeMaTHYHE O4iKyBaHHS BUrpamry[3].

BimoMo 3 Teopii irop, m0 3HAWTH «iJeajdbHE» PIIIEHHS MJs BCIX TPaBIiB HEMOXIIMBO, aje
CKOPUCTATUCS ONTHMAJIbHUM pIIIEHHSIM — IUIKOM peanbHa 3agada. JlaHuil acmekt € 0coOnMBO
aKTyaJIbHUM JJIs EKOHOMIKH. Po3risiHeMo MoJienb puHKY Mpali Ha MPUKIIaal CUCTEMHU OCBITH.

VsaBuMo co0i, 10 iCHye JABI TpynHM NpaliBHUKIB: Tpyma JIOJEH, sSKa SKICHO BUKOHYIO CBOIO poOOTY
(cydacHa TepMiHOJIOTiS Ha3WBa€ TaKUX JoJeil «Bepiikuy») Ta rpyma Jitoiel 3 HU3bKOI MPOYKTHUBHICTIO
(cydacHa TepMiHONOTIS HasuBae Takux Jroaed «CrnuBu»). Hamami OynemMo KOpHUCTYBAaTHCS JIaHOIO
TepMiHoJoriero. PoOoTa BepIIKiB OIIHIOETHCS Yy 2 OMMHMIN, a cuB — Yy 1. SKmo y po6oToaaBiiss HeMae
MO>KJIMBOCTI BiIpI3HUTH BEPILIKHU BiJ] CIIUB, TO BiH Ha3Ha4YaB OW 3apOoOiTHY IJIATHIO BUMAJAKOBUM YMHOM: 1
3 IMOBIpHICTIO p Ta 2 i3 MOBIipHICcTIO 1 — p, &Ie p € yacTka moaei y rpyni ciauB. Toxi cepeiHiil piBeHb
3apruiati gopiBaooBaB ¢ 1 - p + 2 - (1 — p) = 2 — p. HaromicTs yuM MeHHIa rpyrna BEpIIKiB, TO
THUM O1JIbIIIE TIPETEH31H CTOCOBHO iX CEPEIHBOI 3apIlIaTH.

Cain 3a3HauuTH, 1O JUIA JIIOJUHM, SKa HalilMae Ha poOOTYy, MPOIYKTHBHICTH € OCHOBHHM (aKTOpOM, Y
SIKOMY HEMa€ MOXJIMBOCTI MEPEKOHATHUCS 3a3/1ajieTi/ib. 3BICHO, CIIMBU HE MPOiH(OOPMYIOTh KEPIBHHIITBO,
0 MalOTh HU3bKUH KOE(ILIEHT MPOAYKTHBHOCTI. AJie KEPIBHHLTBO MOXE CKOPHUCTATHCS CUTHAIOM —
ocBiTor0. BapricTh HaBuYaHHS I CIUB 3a piK, NpUIycTUMo, Oyde komTyBatu 1. Taki mpaiiBHUKU
MOXYTh HaliMaTH PENETUTOPIB, XOAUTH Ha JOAATKOBI 3aHATTA, KyIyBaTu 0araTo JIiTepaTypH, KyllyBaTH

o 1 - . o
KypCH TOIIIO. B CBOIO 4epry BepIIKU BUTPATATH 3a 1IEH yac 53 JIOTIOMOT 010 CBOIX 310HOCTEH, OaXKaHHS,

HAaBUYOK Ta 1HIIUX (akTopiB. Toai m pokiB HaBYAHHSI JIJIS JIFOJWHH 13 TPYIH | KOIITYE M, a JJIs JIFOUHH
3 IpyIH 2 CTOITh %

B opurinanshiii mpoctiii mozeni A. Crnenca mnependadaeTscsi, MO OCBITa BIUIMBAE NPOJYKTHBHICTH
JIOJUHU Y TIH CHeUiaJbHOCTI, SIKy BiH MpeTeHaAye. 3ayBakKMMO, IO BAapTICTh HaBUAHHS OOEPHEHO
KOpelboBaHa 3 MPOAYKTHUBHICTIO JIIOJUHU (HECTOCTEPSIKYBaHUM JUIs HaiiMada (paktopom). Mu MaeMo
CUTHAJIbHY TPy, 1€ BIIIPABHUKOM € CIyXOOBellb, a OJepKyBaueM — HaliMad. BinmpaBHUKH OyBaroTh
neox tumiB: T = {1,2}, ne tun t € {1,2} o3Hauae, MO JitoJUHA HaIeXKUTh rpymi t. [ToBimomiieHHs
me M = [0, ) o3Haydae, IO JIOAMHA HABYABCS M POKIB (HEe 000B's3K0BO MUKX). OnepxyBad Mae JBi
nii: A = {1,2}, ne nis a € A 0o3HaYae «IPHU3HAUUTH 3apIuiaty a». HaiiMau xo4ye NMPU3HAYUTH TaKy
3apIuiaTy CBOEMY IMpPAIiBHUKOBI, siIKa BiAMOBiAa€e oro MpoayKTuBHOCTI. Tyr s Oynp-sakux t € T,
m € M rtaa € A Burpami BiilipaBHUKA Ta OTPUMYBa4a BiAMOBITHO TOPiBHIOIOTh

ds(m,a;t) =a— ?,(IJR(m, a;t) = —(t — a)?.
[IpencraBneHHs OTpUMyBayda O THITAX BBIATIPABICHHS HACTYITHI:
(1) =p,n2) =1-p.
[Tpunyctumo, 1o HaiiMad BH3HAUYMB PIBEHb OCBITH m* € (1, 2), 1m0 MPOIYKTHUBHICTH JIOAMHH, IO
HaBYajacs M < m# pOKiB, JOpiBHIOE | 3 HMOBIipHICTIO 1, a IPOAYKTHBHICTh JIIOJMHHM, SIKA HaBYaIaCs
m = m* poKiB, JOpiBHIOE 2 3 HIMOBIpHICcTIO 1. KepiBHUK 3aCTOCOBY€E MOPOTOBY CTpaTErito

" (m) = {1,m <m*
2,m=m"
sKe YABJCHHS PO TUII CILY>KOOBIIS MICHISI OTPUMAaHHS MOBIIOMIJIEHHS 111 BU3HAYAETHCA:
1,m<m* oom<m*
n(um) ={gm ST pim) = {7 S
2,m=m"

c;t(m) = m/t — BapTicTh HaBYaHHS IS Jrojed Tpynu t. Burpamr ciyxOosus i3 tpynu t (t = 1,2)
JIOP1BHIOE
bs(m, a’;t) & u,(m) = a*(m) — c.(m).
TakuM 4nHOM Tpyna CJIMB BU3HAYa€ CBOIO ONTUMAIIbHY cTparerito m; = 0, Makcumizyroun uq (m). Toxi
BUTpAIll JIOPiBHIOE Uy (M) =1 —m; = 1. A ONTUMAIBHOIO CTPATETiI0 TPYIH BEPIIKiB Oyme m, = m”.
> 1.

m
2
lomo cutyamii piBHOBaru: OyJO IMOKa3aHO, MO0 ONTHMAJILHOIO CTPATETIEI0 BiANMPaBHUKA HA CTPATETIIO
oTpuMyBada d* € cTpareris m":

Toxi Burpamnt g0piBHIOE U, (My) = 2 —
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Bapto 3a3HaunTH, mo B cutyamii (M, d*) Burpam otrpuMmyBaua AopiBHIOE Hymw0. lle € HalHOLbII
MOXXJIUBOIO Tiojiero. ToMmy cTpareriss oTpuMyBada @°€ ONTUMAIBHOIO BUIMOBIIII0 Ha CTPATETIiIO
BiJITpaBHUKA M.

[Ipore BepmikaMm € BUTIAHUM MMOAABATH CUTHAJIM CTOCOBHO BApTOCTI HaBUaHHS, skmo m* < 2p. Toxi ix
npuOyToKk 2 — m*/2 Oyne OLIBIIMM CepeHLOr0 MPHOyTKA 2 — p, SIKMH MOXKE OTPUMATH OTPHMYBad,
SKIT0 He OyJie MaTH HiIKO1 iH(opMaIlii CTOCOBHO CBOIX IPAIliBHUKIB.

CnucoK BUKOPHUCTAHOI JIiTepaTypu:
[1]. Borovskiy D., Kichmarenko O. (2022). Research of the model of relations by methods of
game theory. https://card-file.ontu.edu.ua/handle/123456789/23774
[2].von Neumann, John; Morgenstern, Oskar (1944), “Theory of games and economic behavior”,
Nature, Princeton University Press, 157 (3981): 172 p.
[3]. Gibbons R. Game Theory for Applied Economists. — Princeton University Press,
Princeton,New Jersey, 1992. — 288 p.

VK 004.67: 338.47

AJITOPUTMH OBPOBKH 305PA’KEHDb B THOOPMAIIIHHO-BUMIPIOBAJIBHIA MEPEKI
MOHITOPHUHI'Y HAITOBHEHOCTI 3YIIMHOK MTACAXKUPCBKOI'O TPAHCIIOPTY

Byperko B. O. (volodymyr.burenko22@gmail.com)

HauionanbHuit yHiBEpCcUTET KOpabiieOyayBaHHs iMeHi aamipaina Makaposa (Ykpaina)

B pobomi pozensnymo memoou peecmpayii Kilbkocmi JoOell HA 3YRUHYI NACAANCUPCLKO2O
mpancnopmy. Ilposedenuti ananiz eukopucmants 2100a16HUX (NOPO2OBUX) MA JOKAILHUX (A0ANMUBHUX)
Memo0is binapuzayii 300padicenb, ompumanux 3 IP-kamep, Axi € xocmamu iHGopMayiiHo-6UMIPIOBATILHOL
mepedwci Smart-City. Jlogedeno OoyinvHicmv eukopucmanHs aneopummy QOuyy O0aa 3HAXOOHMCEHHS
ONMUMATbHO2O Nopo2y npu Oinapuzayii 300padiceHv y npoyeci NIAHYBAHHA NACANCUPONEPEBE3EHD.
Hagedeno npuxnao pobomu pe3pobienoco 3aCmMoOCyHKY Ha moei JavaScript npu po3paxymky 3a2anbHoi
KinbKicmi nikcenie iz pomo n10oetl na 3ynuHyi.

B apxiTekTypi koM loTepHIX Mepex st Smart-City 3pocrae kigbkictsh [P-kamep, siki HaHOLIBIION
YaCTKOIO BCTAHOBJIOKOTHCS HA 3yIMMHKAX MACaXHPCHKOTO TPAHCIIOPTY Ta MOXKYTh OYTH BUKOPUCTAHI IS
3aja4u 1HGOpMaLlIHHO-BUMIPIOBaAIIBHIN MEpeki MOHITOPUHTY HAlIOBHEHOCTI TaKUX 3YIMHMHOK 3 HACTYITHUM
MJIaHYBaHHSAM BYACHOI TOJIayl TPAHCIOPTY HEoOXimHoi MicTkocTi [1]. MOHITOpUHT HaAmOBHEHOCTI
3YMHMHOK MacaKUPChKOI0 TPAHCIOPTY — 1i€ MPOLeC BUZHAYECHHS PiBHS 3alHATOCTI 3yMMHOK Ta KOHTPOJIIO
32 KUTBKICTIO TIACAKHPIB, SIKI KOPUCTYIOTHCS TPAHCIIOPTOM HAa KOHKpeTHiH 3ynuHmi. Lle BakimBa
iHpopMalis A7 onepaTopiB TPAaHCHOPTY, sIKa M03BOJSE iM €()EeKTHBHO IUIAHYBATH PyX TPAHCHOPTY,
3abe3nedyBaTd KOM(POPTHI YMOBH JUIsl TACAKHUPIB 1 OKPAIILYBATH SIKICTh 00CITyroByBaHHs [2].

JUis  MOHITOPMHTY  HANOBHEHOCTI  3yNHMHOK  MAaCaXUPCBKOTO  TPAaHCHOPTY  MOXYTb
BUKOPUCTOBYBATHUCS pi3HI TexHojorii. OnHa 3 HUX — BUKOPHUCTAHHS CEHCOPIB, SIKI PEECTPYIOTh PyX
moAel Ha 3ymMHLI. Hampukiag, MoXHa Ha TpOTyapl BCTaHOBJIIOBaTH CEHCOPH, sIKi pearyioTh Ha
MIPUCYTHICTH Jifo/ieN Ta QiKCyroTh iX pyx (puc. 1). Taki JaTYMKM MOBMHHI MAaTH CTYIIHb 3aXUCTy HE
Hwkye IP65, nmpu crnpanboByBaHHI NepeaaBaTd KMBJIEHHS Ha Jpkepeno cBitia (Hm., LED-cBiTumpHUK
Horoz Electric AWAX-1). Takum uiHOM, A5 00Ky MOXE BUKOPHUCTOBYBATHUCH MOTYXKHICTh JaTYHKA,
sgKa JOPIBHIOE CyMapHii MOTYXKHOCTI CBITWJIBHMKIB, 0 BkItoumnucs. Llg indopmariis Mmoxe
nepeaBaTucs orepaTopaM TPAHCIIOPTY [UIS MOAAIBIIOT0 aHATI3Y.

Haii6inbim 1ouibHUM cIIOCOO0OM MOHITOPHHTY HAIlOBHEHOCTI 3yIMUHOK MO)Xe OyTH BCTAHOBJICHHS
CUCTEM BIJICOCIIOCTEPE)KEHHSI Ha 3YNMUHKAX, SK1 JI03BOJSIOTH B PEaJbHOMY 4acl BM3HAYaTH KUIbKICTh
Jmofed, fAKI 3HaxoAAThcs Ha 3ynuHII Ll iHQoOpmaiis Takok MOKe IepeaBaTHuCs oOIepaTopam
TPaAHCIOPTY Yepe3 BIANOBIIHY 1HPOpPMAILIiHO-BUMIPIOBAJIbHY MEpEXKY, XOocTaMHt sKoi € [P-kamepu.

BaxumBuMm eranom B 00po611i 300paxkeHp, oTpumanux 3 IP-kamep, € cermeHTanist 300paxeHb, sSka
JOTIOMAarae BUPIITYBaTH CKJIa/IHI 3aBJIaHHS KOMIT'TOTEPHOTO 30DY.
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Pucynok 1 — Tporyapni LED-cBiTnnbpHuKH: a — iHIKHI; 6 — TOYKOBi; B — BOYyJOBaHUI AATUUK PYXY
e100101

OaHuM 3 OCHOBHHMX METOIB CErMEHTallii 300pa’keHb € BHUKOPUCTAHHS TJIMOOKHX 3FOPTKOBUX
HeliponHux mepex (anri. Deep Convolutional Neural Networks — CNN). Lli Mmepexi MOKYTh HABUUTHCS
ABTOMATUYHO BH3HA4YaTH TpaHUIll OO'€KTIB Ta PO3MOAUIATH IKCETl 300paKeHHS OO0 BIAMOBIIHUX
cerMeHTiB. Bukopucranus rinubokoro HapuaHHs (anrii. Deep Learning — DL or ML) no3Bosisie nocsartu
BHCOKOi TOYHOCTI Ta IIBHUAKOCTI 00poOKM 300paskeHb. CermeHTtauis 300pakeHHs Oa3yeThCsl Ha
MIPUHIIUAIIAX PO3PUBHOCTI Ta MOMIOHOCTI.

[IpuHIM po3puBHOCTI Tepemdadae, MO CYCiIHI CETMEHTH 300paKEHHS MMOBHHHI OyTH pPI3HUMHU
o0'ekTamMu a00 PiI3HUMHU YaCTHHAMHU OJHOTO 00'ekTa. Ile 03Hauae, MO rpaHuIll MK CErMEHTaMU ITOBHHHI
OyTH YITKMMH 1 HE IEPETUHATHUCS.

[Tpunnun moaioHOCTI Tepenbavae, MO MiKCeIl B MeKax OAHOrO CErMEHTa IMOBHHHI MaTH IOAi0HI
XapaKTePUCTHKHU, TakKi K KOJIp, TEKCTypa abo sickpaBicTh. Ile o3Hauae, mo 00'ekTH 3 OJHAKOBUMU
XapaKTepUCTUKaMU OyyTh HaJeXaTH 10 OJHOLO CEFMEHTA.

Icuyroui pi3Hi MeToan OiHapu3alii 300paXKeHb MOYKHA YMOBHO HOAUTUTH Ha TI00asbHI (TIOPOTOBI)
Ta JIOKaJIbHI (aanTHBHI).

VY 3araibHOMY CEHCI 3aBJaHHS BHUSBJICHHS OO'€KTIB IONATaE y BCTAHOBJICHHI HAsBHOCTI Ha
300paxkeHHI 00'€KTa, MO0 Ma€ JAesKi MEeBHI XapaKTEPUCTUKU. Takol XapaKTEpUCTHKOI MOxke OyTH,
HaNpUKIal, SCKPaBiCTh 300pakeHHSI.

JlokanbHi (ajanTuBHI) MeToAM OiHapu3alii po30uBaOTh 300pakeHHS Ha JIeKiIbKa 0oOnacTeid, amns
KOXKHOI 3 SIKMX HEOOX1HO OOYMCIUTH MOpIT, IPYHTYIOUNCHh Ha iH(OpPMAIii PO IHTEHCUBHICTH IMIKCEIIB.
AJNTOpUTMH JJAaHOTO KJIacy rnependadaroTh po30UTTs 300pakeHHs Ha OJOKU MEBHOTO PO3Mipy, IPU LILOMY
po3Mip OJIOKYy Mae OyTH MiHIMJIBHUM, ajie JOCTaTHIM i 30epeXeHHs BUXITHUX OCOOJIMBOCTEH Ta
netaneit 300pakeHHs. OHAK OpU bOMY OJIOKH MaroTh OYTH HACTUIBKM OUTBIIMMH, 1100 IIYMU BIUTMBAIH
Ha pe3yabTaT MiHIMadbHO. HalOimbIn momynsipHIMU aJlalTHBHUMHU MeToJaMH OiHapu3allii 300pakeHb €
metoxa bpanau-Pora, Hibneka, Meton bepucena, meron Eiiksens, meron CayBona, meroa KpicTiana Ta iH.
AnanTtuBHy OIHAPHU3AII0 MOXHA PEKOMECHIYBAaTH y pasi, SKIIO HEOOXiMHO OOpOOHWTH HAIiBTOHOBI
300pakK€HHSI HEBUCOKOI sKOCTi. ‘OfHaK, y pa3l HeoJHOpinHOcTell (OHY 3 HH3BbKOIO KOHTPACTHICTIO
MOJKJIMBA TI0SIBa XMOHHUX 00'€KTIB.

3rigHo 3 TNI00aTbHUMH (IOPOTOBUMH) METOJIaMU OJHUM 3 CIOCOOIB BUSIBIECHHS O0'€KTIB € BUOIp
[opora 3a sicKpaBicTio, abo rpannyHa kiacudikamis (thresholding). Cenc Takoro nopory nossrae B TomMy,
00 po3AIIHTH 300pakeHHs Ha cBIT/HiA 00'ekT (foreground) Ta Temue 1110 (background). To6To0. 00'ekT —
L[e CYKYIHICTh THUX IMIKCEIIB, SICKpaBICTh SKUX nepesuitye nopir (I >T), a TII0 — CyKyHHICTb IHIIUX
HiKceniB, ACKpaBicTh skux Hiwkde 3a nopir (I < T). IluranHs moctae y Tomy, sIK oOpaTé KIHOUOBHIA
napametp — nopir T.

OxHuM 3 HaWOUTBII MOMYISPHUX METOIB riio0anbHOI OiHapu3amii 300paxens € metox Omy [3],
3amporoHoBaHuH smoHChEKUM BYeHUM HoOyroki Oty B 1979 p.

Anroputm Oy CKIaJa€ThCs 3 TAKUX OCHOBHHUX KPOKIB!

1. Po3paxyiiTe ricrorpamy iHTEHCUBHOCTI 300pakKeHHSI.

2. Po3paxyiiTe 3arajqpHy KiJIbKICTh MIKCETIB Y 300paXKeHHI.

3. nst xoxxHOrO 3HaueHHs nopory (Big 0 10 MakCHMMallbHOT IHTEHCHUBHOCTI MIKCENIB) po3paxyire
Bary KO>XHOT 4YaCTUHH 300pa’keHHs (JI0 Ta Micis MOpOry), a TAaKOXK CepeH] 3HaYeHHS IHTEHCUBHOCTI JUIS
KOKHOI YaCTUHU.
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4. JIns KO’KHOTO 3HAYEHHS MOPOTY po3paxylTe MucIepcii KOKHOI YaCTUHU (BIIHOCHO CEPEIHBOTO
3HAUEHHS IHTEHCHUBHOCTI KOXXHOI YacTMHH) Ta 3arajlbHy BHYTPINIHBOKIACOBY  AHCIIEPCIIO,
BUKOPHCTOBYIOUH Bary KOXHOI YaCTHHH.

5. 3HaiiaiTh MOpir, U1t IKOro MIXKKJIacOBa TUCIEPCisi MaKCUMabHa.

6. 3acTocyiTe OTPUMAHHK MOPIT 10 300paXKESHHS.

Henonikom metoay Oy MOXKIUBICTh BTpaTH JpiOHUX JAeTasel, aje i 00Ky KiTbKOCTI Jroael Ha
3yYMHUHKAxX JAPIOHI JieTaii He € BaXKIMBHMHU, TOMY IS TUIAHYBaHHS TacaXHPOIEepeBe3eHb anroputM Oy
J03BOJISIE 3HAUTH OMTUMAIIBHUE TOpIir A OiHapu3alii 300pakeHHs. Y IbOMY BUMAJKY BiH 3a0e3nedye
TOYHY Ta HaJiiHy OiHapH3aIlilo 300pa)KeHHs, IO J0TIOMarae MOKPAIIUTH SKICTh MOJAIBIIOI 00pOoOKH
300paKeHHS.

Jns TeHepyBaHHS TICTOrpaMH SICKPAaBOCTI Ta PO3PAXyHKY 3arajibHOI KUIBKICTI TIKCETiB Yy
300paxkeHHI OyB pO3pOOJICHHN 3aCTOCYHOK Y cepefoBuili po3poOku Webstorm, mns doro Oyio
BCTaHOBJICHO Kpoc-miardpopmue cepenosuiie Node.js 18.18.2 LTS nus BukoHaHHs JavaScript 3
BIIKPUTUM BUXiTHUM KojoM [4] Ta MmeHepkep makeriB JavaScript — Node Package Manager (npm), — 1o
Kepye 3aJCKHOCTSAMH B TIPOEKTaxX, HamucaHux Ha Node.js, Ta J03BOJISIE 3aBaHTaXYBaTH MAKETH Y
3aCTOCYHOK 3 XMapHOro cepsepa npm [5; 6].

[Tpuxnan po3paxyHKy 3arajbHOi KUIBKICTI MIKCENiB 13 (OTO JI0AEH Ha 3yIUHIII HaBeJeHO Ha puc. 2.

LanS@AIND N
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Pucynok 2 — Po3paxyHok 3aranbHoi KUIBKICTI MIKCENIB 3 GOTO Jto/IeH Ha 3yMUHIII TPAHCIIOPTY

MOHITOPUHI HAamOBHEHOCTI 3YNMHOK MAcCaXKUPCbKOIO TPAHCHOPTY [JO3BOJSE  OIepaTopam
e(pEeKTHBHO IUIAHYBATH PYX TPAHCIOPTY, YHUKATH IIEPEMOBHEHHX aBTOOYCiB 4 TpamBaiB, a TaKOX
3abe3neunTH KoM(pOPTHI YMOBHU 1151 acaxupiB. KpiM Toro, 1151 iHpopmarlis Moxe OyTH BUKOPUCTaHA JUIs
aHai3y MOIMYJISPHOCTI PI3HUX 3yIIUHOK Ta BU3HAYECHHS NOTPEO Y PO3BUTKY I'POMAJICHKOTO TPAHCIIOPTY.
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YK 004

AHAJII3 IIUISAXIB 3ACTOCYBAHHS HEUITKOI JIOT'TKH JIJIS1 OITHKY PIBHSI
KOMIIETEHTHOCTI TECTYBAJIBHUKIB IPOI'PAMHOTI'O 3ABE3IIEUEHHS
BoitnexoBerkuii A.C., llep6axosa I'.1O. (inbox20n@gmail.com)
Hamionansuuit Yuisepcurer «Oneceka [lomrexnika» (Ykpaina)

B pobomi wnagedeno pezynomamu awanizy aKmyaibHOCMi ma MONCIUBOCMEU 3ACMOCYB8AHHS
anapamy He4imkoi 102iKu 0/ 8UPIUEHHS 3A80AHHS OYIHKU PIGHS KOMNEMeHMHOCMI MeCchy8aibHUKIE
NPOCPAMHUX CUCEM.

Beryn. [Ipo6iemMu mpuitHATTS pillieHb B CKJIAJIHUX YMOBAaX 3aiiMaloTh y JTaHWH 9ac 0coOJIMBE MicIie
B IHQOpPMALIHHUX TEXHOJIOTiAX. MaTreMaTuyHi METOAM IIMPOKO 3aCTOCOBYIOTBHCS Il ONMUCY W aHami3y
CKJIQJIHUX EKOHOMIYHMX, COI[aJIbHUX Ta IHIIMX CHCTeM. Teopis onTuMizalii CTBOpWiA CYKYITHICTb
METOIB, IO JIOMOMaraloTh npu BukopuctanHi EOM edekTuBHO mpuiMary pilieHHS HpU BIAOMHUX i
(dikcoBaHUX MapameTpax abo KOJIM apaMeTpH - BUITAIKOBI BEJIMYMHHU 3 BIAOMHMH 3aKOHAMHU PO3IOILTY.
Icuye, mporte, psa 3aBoaHb, SKi HE MiANAIOThCS (OPMAIBHOMY ONHUCY B CHJIy TOTO, IO YacTHHA
napaMeTpiB MPEJICTaBISIIOTE COOOK0 HETOYHO abo SKICHO 3aqaHi BeNMYUHU. 1paauiiiiHi MeToIu
HE/IOCTaTHHO NPUJIATHI JJIsl BUPINICHHS MOAIOHMX 3aBlIaHb caMe€ TOMY, IO BOHH HE B 3MO31 ONMHCATH
BUHUKAE HEBU3HAUEHICTb.

PerenpHe omparioBaHHs NMUTaHb KBaidikaiii KaapiB craia HEBII'E€MHOI YAaCTHHOIO 1 BaXKIUBOIO
CKJIaJIOBOIO YCIIIXY JIsUIBHOCTI KOXKHOT Kommadii. [Ipore Bee yacTiiie cydyaHUMH KOMIAHISIMU 3 PO3pOOKH
nporpamMHoro 3abe3nedeHHs (I13) moBoAMTHCS TpPWIMATH PIMICHHS B yMOBaX HEBU3HAYCHOCTI, SIKi
MOXYTh MPHUBECTH A0 HemepeadadeHHX HaCHiAKIB 1, BIAMOBIAHO, HEOAKAaHUM pe3yiabTaTaMm 1 30UTKaM.
CBoeuacHe BHUSBICHHSA, a TAaKOX aJleKBaTHA 1 HAWOUIBII TOYHA OILIHKA KOMIIETEHTHOCTI Pi3HUX
MpaliBHUKIB TAKUX KOMIIaHIH € OJIHIEIO 3 HaraJlbHUX MPOOJIeM cydyacHoro anamizy [1].

Ha »xanp, icHyro4i Ha CHOTOJMHINIHIM JeHHP METOAM aHai3y Ta OIIHKHA KOMIIETEHTHOCTEH
MpaliBHUKIB KoMmMaHii po3poOHukiB [13 He mo36aBieHl cy0'eKTHBI3MY 1 ICTOTHHX IEpPEAyMOB, IO
MIPU3BOIATH /IO HETIPABIIILHUX Ta HE TOYHUX PE3YIIbTATIB.

Teopist HEYITKOT JIOTIKH - 11€ HOBUM IMAXI A0 OMIHKH PI3HUX CKJIAJHUX CHCTEM Ta B3aEMOJIINA MiX ii
eJIeMEHTaMH, M0 JUHAMIYHO pO3BUBA€ThCA. OCTaHHIM YacoM HEYITKE MOJICTIOBAHHS € OIHIEI 3
HaOIIbI aKTUBHUX 1 MEPCHEKTUBHUX HANPSMKIB NPUKIAJAHUX JOCIIPKEHb B Taly3l YHOpaBiIiHHS Ta
MPUMHATTS PIIIECHb.

B ocHOBI HEUITKOT JIOTIKH JIS)KUTh TEOPisl HEUITKUX MHOKHUH, /1€ QYHKIIIS IPUHAJICKHOCTI €IeMeHTa
MHOXXMHHM He OiHapHa (Tak / Hi), a MOXe mpuiiMaTi Oyab-ske 3HaueHHs B mianaszoni 0-1. Ile mae
MOJKJIMBICTh BH3HAUaTH TMOHATTSA, HEUITKI 3a CaMOI0 CBO€IO MpHponor0: "Xxopommuit", "BUCOKHUit",
"cnaOkuit" 1 T.4. HeuiTka norika Jae MOXJIMBICTh OyAyBaTu 0a3u 3HaHb Ta €KCIEPTHI CUCTEMH HOBOT'O
MOKOJIHHA, 37aTHI 30epirat i o0poOisATH HeTouHy iHGpopmauito. CucTeMHu, 3aCHOBaHI Ha HEYITKiH
JIOTiMi, pPO3poOJieHl 1 YCHIIIHO BIPOBA/DKCHI B TaKWX OO0JACTAX, SK YIPABIIHHA TEXHOJOTTYHUMHU
IpOIeCaMy, YIPAaBIiHHS TPAHCIOPTOM, YIPaBIiHHSA NOOYTOBOIO, TEXHIKOIO, MEJMYHA Ta TEXHIYHA
J1arHOCTHKA, (pIHAHCOBUM MEHEIKMEHT, (PIHAHCOBUM aHasi3, Olp>KOBE MPOTHO3YBaHHS, PO3MI3HABAHHS
00pa3iB, NOCHIKEHHS PU3UKOBUX 1 KPUTHUHUX OIepalii, MPOrHO3yBaHHS 3EMIIETPYCIB, CKJIaJaHHS
aBTOOYCHUX PO3KIAIIB, KIIMAaTUYHUN KOHTPOJIb B OymiBISIX [2].

[ToctanoBKa 3aBiaHHS. AKTYaJIbHUM 3aBJaHHAM € JOCHIJUKEHHS MOJKJIMBOCTEH 3aCTOCYBaHHS
HEYITKO{ JIOTiKK Ta HeuiTkux mozenedt (HM) /s ouiHKM cTyneHs BIUIMBY BX1IHUX (PAKTOPIB HA BUXI1JHI
3MiHHI B KOHTEKCT] OI[IHKH KOMIIETEHTHOCTEH TECTYBaJIbHUKIB IPOrPaAMHOTr0 3a0e3MeueHHsI.

HM 3a cBo€10 CyTTIO € JeSKOI CYKYIHICTIO HAaOOpy €JIEMEHTIB, IO BIHOCATHCS 110 3aBIaHOT
IPUPOJM YU MPEAMETHOI raiysi Ta sKi He MOXKYTh OyTH OJJHO3HAYHO BiJIHECEHI /10 OKPEeMOi CYKYIMHOCTI.
®opmanbio HM mif Ha3Boro A BHU3Ha4yaeThes yepe3 JesKy 0e3/114 BIOPSAKOBAHUX Map TUMY (X, LA (X)),
7€ X € OKPEMHUM €JIeMEHTOM YyHiBepcyMy (yHIKajJbHa MHOXKHHA), TOOTO X€E, mokasHuK A (X) sBISE
coboro ¢ynkiito npunanexHocti (PII), ska BiamOBiZa€ 3a BCTAHOBICHHS €JEMEHTaM YHIBEPCYMY
BIJIMOBIAHUX JIACHUX YHCEN, IO 3HaXoAATbes y iHTepBam [0, 1]. V pasi, skmo pA (x) mopiBaioe 1 —
eJIeMeHT X 0e3yMoBHO BigHOcUThCA 10 HM A, y mpoTuiexxHoMy BUNAAKY e€leMeHT X € E 6e3yMoBHO He
xoauTh 10 HM A. Takum unHOM, MaTeMaTH4HoO, 3a qornomoru HJI 3xaiiicHIoeThCst 00poOka HMOBIpHICHUX
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Ta HEBM3HAYCHUX CHUTyallli, Ha 0a3l ¢GopMyBaHHS acOIlIaTUBHUX IMOHATh, TOOTO (QopMaTi30BaHUX
JHTBICTUYHUX TEPMiHiB (TepmiB) [1].

Koxxna 3 obOmacreii mae 6arato MOXJIMBOCTEH IS 1i BUKOPUCTaHHS B paMKax M'SKUX OOYHCIICHb.
HeuiTka 5orika € OCHOBOIO METOMAIB pPOOOTH 3 HETOYHICTIO, 3€PHUCTOI0 CTPYKTYpPOIO (TPaHYIHOBAHOIO
iHdopmariiero), HaOMDKEHUX MIpKyBaHb 1 oOuuciaeHb 31 cinoBamu (computing with  words).
HeiipoBuuucnenHss BigoOpakaloTh 3JaTHICTh 1O HaBYaHHA, ajanTamii Ta ineHtudikamii. Y pasi
€BOJIFOLIIMHUX OOYMCICHb WIETHCS MPO MOXKIUBICTH CHCTEMATHU3YBaTH BUIAJKOBHM IMOIIYK 1 JOCSITaTH
ONITUMAJIHOTO 3HAYEHHS XapaKTepUCTHK. IMOBipHICHI 00UnCIeHHs 3a0e3MeuyoTh 0a3y A yHpaBIiHHI
HEBH3HAYEHICTIO Ta MTPOBEACHHS MipKyBaHb, 1110 BUXOATH 13 CBIAOUTB [2].

Cucremn, y SKHX HEUiTKa JIOTiKa, HEHMpPOOOUYHMCICHHS, T€HETWYHI alTOpPUTMH Ta IMOBIpHICHI
00YHNCIICHHSI BUKOPUCTOBYIOTHCS B JICsKii KOMOIHAIIi1, HAa3WBAIOTHCS TOpUIHUMH cucTeMaMu. Haitbinbim
BIJIOMHMH CHCTEMaMH IILOTO € TaK 3BaHI HEWPO-HEWITKi cucTeMu. B nmaHuil yac 3'SBISIOTHCS HEUITKO-
TeHETUYHI CUCTeMH, HEHWPO-TeHETUYHI CUCTEeMHM Ta HeHpO-HediTKo-TeHeTW4H1 cuctemu. lIposenemo
aHaJi3 HafOLIbII YaCTO BUKOPUCTOBAHUX HA MPAKTHUII aJITOPUTMIB HEYITKOTO JIOTTYHOTO BUCHOBKY.

AnroputM MamjaHi, 3aCHOBaHUI Ha HEYITKOMY JIOTIYHOMY BUCHOBKY, SIKHW JIO3BOJISIE YHUKATU
HAJMIPHO BEJIMKOTO 00CATY O0YHCIIEHB, 10 € 3pYYHHUM IpH pearizaiii. [leh anroput™m croroiHi OTpuMan
OlNIblIIe TPAKTUYHE 3aCTOCYBAaHHS B 3aJjauax HEYITKOTO MOJENIOBAHHS, MPUMITHUN THM, IO BIH MPAIIO€
3a TMPHUHIIMIIOM «YOPHOTO SMKa». Ha BXiJ HaaXOAsITh KUIBKICHI 3HAYCHHS, HA BHXOJI TaKOX KUTBKiCHI
3HaueHHs . Ha mpoMiKHHMX eTamax BHKOPUCTOBYETHCS arapar HEWiTKOi JIOTIKM Ta Teopis HEeUiTKHX
MHOHH.

Anroputm llykamMoTo 3a3BHuail 3aCTOCOBYIOTH TUIBKHM JIi MOHOTOHHUX (PYHKIIM BiJMOBIAHOCTI
BUXIIHOTO TIapamMeTpa, TOMY I aJTOpUTM HE YHIBEPCAJIbHHIA, ajle BiTHOCHO MPOCTUH. AJTOpPUTM
I{ykamMOTO MEHIII TOYHMIA, HDK anropuT™M MamjaHi, cepeliHe BiAMIHHICTB = OJM3bKO OJHOTO BiJICOTKA.
OpHak, BiH MEHIII HAOYHHH 1 CKIIQHIIIIE PeaTi3yeMo.

Anroputm JlapceHa 3acTOCOBYETHhCS B THUX JK€ BHIAJKax, 110 1 adroput™ Mampmani. VY psi
BUIIAJKIB BIiH BUSBJISETHCA TOYHINIC anroputmy MampuaHi (SKIO BXiJHI HEYITKI MHOXXHHU HE €
MOHOTOHHHMMH), aJieé BUMAara€ BUKOHAHHs OUIBIIOr0 YKCIia Onepalliii MHOXEHHS.

Anroputm CyreHo 3aCTOCOBYETHCS, KONMM Bimoma He (opma QyHKIIi BiAMOBIZHOCTI BUXITHOTO
napaMmeTpa, a TUIbKH iX BaroBi koedinieHTH. Ha Bigminy Bif anroputmMy MamaHi, He BAKOPUCTOBYIOTHCS
MIPaBWJIA, 1110 MICTSITH MU3'FOHKIIT B JTIBUX YACTHHAX 1IMILUTIKAIIIA.

TakuM uyuMHOM, HANOUIBII JOUUIFHUM 3 TOYKH 30pY MPOCTOTH, (YHKIIOHAIBHOCTI 1 JIOTIKH
HAIMCaHHS TPOTPaMHOTO KOay, € anroputM Mampaani. Bin Oyne BUKOpPHCTaHWUN JUIS MPAKTUIHOI
peatizaliii Haloro 3aBAaHHs

BucnoBku. Ha 0a3i mpoBEACHOrO aHalli3y OCHOBHHX ITOJIOKEHb Ta (YHKIIOHAJHHHX ACTIEKTIB
3aCTOCYBaHHs TEOPIi HEUITKOI JIOTIKM Ta JOCIIIXKEHHSI 0COOIUBOCTEH MOMYNISPHUX aITOPUTMIB HEUITKOTO
JIOTIYHOTO BHUCHOBKY CJIiJl CTBEpKYBaTH IpPO JOLUIbHICTh BUKOPHUCTAHHS JI@HOTO amapary uis
BUPIIICHHS 3aBJIaHb OI[IHKM KOMIIETEHTHOCTEH TeCTYBAIbHHUKIB MIPOrPaMHOT0 3a0€3MeUeHHS.

Cnucox BUKOPHCTAHOI JIiTepaTypu
[1] ABepkin O.M. HeuiTki MHOXHHM B MOJENSIX YIPAaBIiHHS Ta WITY4HOro iHTenekTy / O.M. ABepkiH,
[.3. batupmuH. - B.: Hayka, 2006. - 312 c.

[2] bopucos B.B., Heuitki Mmozeni Tta mepexi. / B.B. bopucos, B.B. Kpyrios, A.C. ®enynos, - I.: Cutnz
Ko, 2007. - 284 c.
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VK 004.94

MOJEJIOBAHHSI CHCTEMH MACOBOI'O OBCJIYTOBYBAHHS COPTYBAJIBHOI
CTAHII
Ianun C.B., Buuyxanin B. B. (inbox20n@gmail.com)
Hamionansuuit Yuisepcurer «Oneceka [lomrexnika» (Ykpaina)

B pobomi nasedeno pezyrvmamu cmeoperHs ancopummy noOy0o8u mooeii cucmemu Maco8020
00C1y208Y8aHHS HA NPUKAAO] COPMYBANbHOI cmanyii cknady. 3anponoHo8ano cmMpyKmypHy CK1a008y
eflemenmis inmepgheticy cucmemu MoOento8anHs O0Jisl BUKOHAHHS OOCIIONCEHb 3 NOBEOTHKU MO0 Y PIZHUX
306HIUHIX YMOBAX.

Beryn. OcranniM yacoMm Bce OUBIIOT aKTyalbHOCTI Ha0yBalOTh METOAU Ta MiIXOAW MOOYIOBH
IMITAIIfHUX MoOJeNel pi3HUX CKIagHuX cucteM. Komm'roTepHi MoJeni MOpocTilie 1 3pydHilie
JOCIHIKYBAaTH B CHITY 1X MOKJIMBOCTI POBOJUTH OOYHCITIOBAIbHI €KCIIEPUMEHTH, B TUX BUIAIKAX, KOJIH
peanbHl EKCIIEPUMEHTH YTpyAHEHI dYepe3 (iHaHCOBI ab0 (I3MYHMX MEPeuIko] adbo MOXYTh JaTH
HernepenbdadyBaHuid pe3ynbrar [1].

JIoriuHiCTh KOMHO'FOTEPHUX MOJENIeH J/103BOJIAE BHSBUTH OCHOBHI (DAKTOpH, IO BHU3HAYAIOThH
BJIACTUBOCTI JOCHTIKYBAaHOTO 00'€KTa-opHuriHairy (ado mijoro Kiacy o0'eKTiB), 30KpeMa, TOCIiKyBaTH
BIJIT'YK MOJENIOETHCS (D13MUHOT CUCTEMU Ha 3MiHHU 11 mapameTpiB 1 MOYATKOBUX YMOB [2].

[TocTranoBka 3aBmaHHSA. 3 METOK JIOCITIDKEHHS CKIAIHUX CHCTEM JJIsi BUSBICHHS CIEHU(IKU iX
(GYHKLIOHYBAaHHS Yy pI3HOMAHITHUX YMOBaX AaKTyaJbHHM € BHKOPHCTAHHS Cy4acHUX METOMIB Ta
nporpaMHHAX 3aco0iB peamizamii KOMITIOTEPHOTO MOJENIOBaHHsA. Lle crae MOXJIMBHM 3aBISIKU
BUKOPHUCTaHHIO CIEIiai30BaHOTO IPOrpaMHOro 3a0e3NedyeHHs Ta Cy4acHUX MOB IPOrpaMyBaHHS.
Mertoto poboTH € migBuIIeHHS €(EeKTUBHOCTI MOJICITIOBAHHS CHCTEM MacOBOTO OOCITyrOBYBaHHS.

Po3pobnena mojnens npusHaueHa JUIsl JOCHIDKEHHS creuudiku poOOTH CKIagy COPTYBaJbHOL
CTaHIii.

OcHOBHI onepallii: po3BaHTaKEHHsI, 3aBaHTa)KEHHsI Ta 30MpaHHs 3aMOBJICHb.

1. ITpouec po3BaHTaXEHHS:

—  BanTaxiBka J0oCTaBIIs€ M1IZIOHU 10 HasBHOT PO3BaHTaKyBaJIbHOI MailaHUUKY.

—  IloTiM miJIoHW BUBAHTAXYIOTHCS 3 BAaHTAXKIBKU 3 JIOTIOMOTOI0 BUJIOYHOT'O HaBaHTa)X<yBadya i
PO3MILIYIOTECS B 30HL HPUHOMY.

- [ToTiM 101aTKOBI HaBaHTaXKyBadl TPAHCIIOPTYIOTH MIJJOHU 10 OCHOBHUX CKJIQJICBKUM CTIHOK.

2. Ilporec ckmagaHHs 3aMOBJICHHS:

- 3aMOBIIEHHS 30MpaeThes 3 MiVIOHIB, SIKI MOXKYTh OyTH OHOT0 a00 Pi3HUX THUMIB.

- 3aMOBIIEHHST MOXkKe OYTH 310paHMi, SKIIO HEOOXiJIHI MiJJJOHU MOXYTh OYTH BCTAHOBJIEHI B
30H1 30IpKH MOOJM3Yy PO3BAHTAXKYBAIHHOI TUIOMAAKKA (200 SKIIO TaM HEJAOCTAaTHbO MICIS - B 30HI
J0JJaTKOBOTO 30€piraHHsi) i OCHOBHE CXOBUIIE Ma€ HEOOXIIHY KUIBbKICTh MiOHIB HEOOXiTHUX THUIIIB.

—  3aMoBIIeHHS 30MPaETHCS BIJIKOBUMH HaBAaHTA)KyBadaMHU.

3. IIporiec 3aBaHTaKEHHS:

- [licns Toro, sk 3aMOBJEHHS TOBHICTIO 310paHi, KOXHOMY 3 HHX [pPHU3HAYAETHCS
HaBaHTAXYBaJbHUI MaliJaHUUK, J1e BOHU Oy1yTh 30epiraTucs.

—  IlotiM BaHTaXiBKa MPUIKIDKAE 10 BAHTAKHOT MAWTAaHUMKY JUIT OTPUMAHHS 3aMOBJICHHS.

~ ABTOHaBaHTa)KyBay 3aBaHTa)Ky€ 3aMOBJICHHS B BAHTa)KIBKHU 3 30HU 301pKH.

9 3aranbHa KUIBKICTh 3aMOBJIEHb HAa OJHY BaHTaXIBKy HE IOBMHHO NEPEBUILYBaTH HOro
MepPEBI3HUHN 3/TaTHOCTI.

Anroput™ (QyHKIIIOHYBaHHSI CTBOPIOBaHOI MOJIeJi HaBeeHO Ha puc. 1.

JocnimxkenHs MoJeni NOBUHHO OyTH 3aCHOBAaHO Ha psifii (YHKIIIOHAJBbHUX MOKJIMBOCTEH, SKi
MOBMHEH HaJaTu iHTepdeiic. 3a JOMOMOru CTBOpeHOro iHTepdeicy GopMHu AOCIIHKEHHS po3po0sieHol
MOJIeJIl KOPUCTYBay OBUHEH MaTH HAaCTYIH1 MOXJIMBOCTI:
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I TowaTox

HanawryeaHna saralbHUX NapaMeTpis
MoOJTeri (Mac, MBHAKICTE onepantiit, poamipn
BIKHA, METOIH THCENEHOT 00pobrH)

:

BreaeHHd BXITHHX MapaMeTpiB MOTEmTi:
- MOYATKORE BHKOPHCTAHHA CXOBHIIA;
- KITBKICTD MOLTOHIB;
- KIJIBKICTh BHJIKOBHX HABAHTLKYBAYIE,
- KiNBKICTE POIRAHTLKYBLTEHIX
MAHTaHTHKIR,
-KiMBKICTE 33RAHTAKYBATRHIX TUTOTIATOK

h

| 3‘:1.llyl;‘}\' OOYHCIIOBAIEHOID CHCHEPHMEHTY 110 jJ,UC.‘JiH,HEEHHH] M(L‘l&:.l[i |

k4

/ 3ImiHa areHTHHX HATATYBaHE /

h

Feuapauiﬂ CTATHCTHYHHE HAHHX 110 EKCHEPHMEH’I'}’

Tak Hi

AKTHBYBaTH 3-BHMIpHHI pesuM Bisyamisatii

Blﬂoﬁpdmcmm BlJIOOpﬂ;I\L,IIIIH
TPHBHMIPHOTO JIBOBHMIipHOTO

BIil.llJU.(}' MU.JE.I[I BHI J[HJ}’ MOIOC! 1

,JEHHH.Mi'-IHﬂ B]3}'H.II]'.{HLIHI PE'.E}".I[I:'l'«Tl']B JOCHBKEHHH MOJIENT 110
JAMOBITICHHAM Ta RﬂHTElH{iH-KEIK

Tak Hi

3aBnanmii Uac TOCTiTKEHHA MOIETi BHYCpTaHO?

¥

3yIHHEA 00MHCTIOBABHOTO eKCTIEPHMEHTY

h 4

/ 30epewkerHs OTPHMAHHX PE3VIIRTATIR /

h 4
( Kineue )
Pucynok 1 — Anroput™m ¢yHKI[IOHYBaHHSI CTBOPIOBAHOI MOJIENI
1. YrpaBmniHHS 3aITyCKOM MOJEJI 3 OIIISIMU: 3aITyCKy /10 BCTAHOBJIEHOTO MOMEHTY 4acy; 3alyCKy Ha
BCTAQHOBJIGHUH TNPOMDKOK (Tepiosl) wyacy; 3alycK 3a OOpaHOIO KUIBKICTIO KpPOKIB; MPU3YNHUHUTU
BUKOHAHHS CUMYIALIi (YHKIIOHYBaHHS MOJeNli Ha BKa3aHWH Mepioj Yacy; NMPUCKOPUTH BUKOHAHHS
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nporiecy cuMmyssiii moaeni Bif 1 g0 10 pa3iB; ymoBUIbHUTH BUKOHAHHS MPOIIECY CUMYJIALIT Moeni o 1-
X IIBUKOCTI.

2. HanamryBaHHs MOYaTKOBUX BXIJIHUX NTaHUX POOOTH MOJIENi: CTYIIHb BHKOPHUCTAHHS OOCSTIB
cxoBuIa 30epiranHs 3aMOBIIEHb; KIJIbKICTh TOCTYITHHUX J0 BUKOPUCTAHHS MiJIOHIB; KIJTbKICTh BHJIKOBUX
HaBaHTAXYBauiB, KUIBKICTh PO3BAaHTAXYBAIbHUX MaWJIaHYMKIB; KIUJIbKICTh HaBaHTa)XyBAJIbHHX
MalIaH4NKIB.

3. 3miHa mapameTpiB y iHTepderici hopmu cumyssaiii GyHKIIIOHYBaHHS MOJEII: MBHAKICTh pOOOTH
HABaHTAXyBayiB; MIBUAKICTH POOOTH pPO3BAHTAXKYBaYiB; BAHTAXOIIIMOMHICTh TPAHCHOPTHUX 3ac00iB
(BaHTaXIBOK); MIHIMAJIbHUNA OOCSAT 3aMOBJICHb HA OJIMH TPAHCIIOPTHHM 3aci0; MaKCHMMallbHHH OOCsT
3aMOBJICHb HA OJIMH TPAHCIIOPTHUH 3aCi0; 3araJbHUI 00CT YCiX MOYKIIUBUX 3aMOBIICHb.

4. Tepernsig CTaTHCTUKU IO OOYHCITIOBAIEHOMY €KCIIEPUMEHTY MOJIENI: meperiisi rpadiky BUTpaT
gacy Ha 0oOpoOKy 3aMOBIIeHB; Teperyisa Tpadiky BUTpAT 4acy HA BHKOPUCTAHHS 3acO0iB; MEPerIisia
JiarpaM# po3IOLTYy CTaTyCiB 3aMOBJICHB; IEPETJIS JiarpaMy PO3IOLTY KUTbKOCTEH MiAI0HIB.

BucnoBku. [ToGynoBana Mozienb CHCTEMH MacoBOTO OOCIYrOBYBaHHS Ha MPUKIIAAI COPTYBAIBHOL
CTaHIlii CKJIaay ITO3BOJISIE TPOBOJMTU JOCITIDKCHHS BIUIMBY IapaMETpiB CUCTEMHU Ha ii MOBEIIHKY Ta
OLIIHIOBATH B33a€MO3B’S3KH MK €JIEMEHTaMH, IO MOKe OyTH 3aCTOCOBAHO JJIsi IPEBEHTHBHOIO aHAJI3y
TaHUX.

Cnucox BUKOPHCTAHOI JIiTepaTypu
[1] KonynaeBa C. H. Maremarnune ta komm'totepHe moaemtoBants / C. H. Komynaesa. — K.: IkinpHMiA
yHiBepcuteT, 2018. - 208 c.
[2] Taniymnina A.®@. AHamiTHYHE MOAETIOBAHHS TUIOBUX IIPOIIECIB SIK CHCTEM MAaCOBOTO OOCIYrOBYBaHHS
3 METOI0 OLIHKH X moka3HukiB edextuBHOCcTi / O.D. ["amiysiina // Hayka B4opa, chorojiHi, 3aBTpa: 30.
CT. o Marep. XX MiXkHap. HayK.-pakT. KoH. - 2015. - Ne 1 (18). - C. 56-67.

VK 621.313.333

ABTOMATHU30BAHUI METO/I BUSBHAYEHHSI MOMEHTHUX XAPAKTEPUCTHUK
ACHUHXPOHHMUX EJIEKTPO/IBUT'YHIB
I'pansik B.®. (titanxp2000@ukr.net)
BinHuIbKHI HalliOHABHUHN arpapHuii yHiBepcuteT (Ykpaina)

Y pobomi mnpononyemocs excnpec memoo 6U3HAYEHHS MOMEHMHUX XAPAKMEPUCMUK ACUHXPOHHUX
e/IeKMPOOBULYHIB, WO O0ONOMARAE 3HAYHO 3MEHWIUMU CKIAOHICMb 8UNpOOY6anHs maxkux mawuH. Taxooc
PO3PO0ONIEHO 3a2ANbHY MAMEMAMUYHY Mooelb O/l KOHMPOI0 MOMEHMHUX XAPAKMEPUCTIUK eNeKMPUUHUX
Mawiut, AKa 00360J5€ 0OHO3HAYHO BCMAHOBUMU 3AEHCHICINb NYCKOBO2O MOMEHMY ACUHXPOHHO20 O08USYHA
810 KYMO0B020 NOJIONCEHHS pOMOPA HA OCHOBI OAHUX, OMPUMAHUX Ni0 YAC eKCNepUMEHMIB.

Huzbka edexTuBHICT 3ac00iB KOHTPOJIIO MOMEHTHHMX XapaKTEpPUCTHK MoOXKe OYyTH MOsCHEHa
nepeayciM 0OMeKEHUMH MOXJIMBOCTSIMA BUKOPHUCTOBYBAHOTO THIIOBOTO METOAY BHMIpIOBAaHHS, IO
nojsrae y HacrynHoMy: porop OK 3arambMoByeTbes, 1 Ha craTop OOMOTKHM MOJAEThCS HOMIHAJIbHA
HaIpyra, 110 MPU3BOJUTH /10 IIBUJIKOIO HarpiBaHHS 00'€KTa KOHTPOJIO MPOTATOM KOPOTKOTO MPOMIKKY
qacy (mpubnuzHo 10 cexynna). TakuM 4MHOM, MOXJIMBO MPOBECTH JIMILIE OJHE BUMIPIOBAHHS MOMEHTY 1
KyTa, a00 MOMEHTY 1 HamlpyTy >KMBJIEHHS, MIOKH TemIepaTypa OOMOTKHM 3MIHIOETbCS BiJl KIMHATHOI J0
po3paxyHkoBoi po6oyoi. Ilicng nmporo OK 0X0n0mKy€eThCsl IPOTATOM KUIBKOX T'OJAWH, BCTAHOBIIOETHCS
HOBE KYTOBE IIOJIO)KEHHSI pOTOpa 1 HOBa Halpyra >KUBJIEHHS 3a JOMIOMOTOI0 MOJUIBHOI TOJOBKH.
3a3HaueHUi BUMIpIOBAIbHUN €KCIIepUMEHT NOBTOpIoeThes 18-20 pasis. OTxke, 3arajgbHa TPYJOMICTKICTh
KOHTPOJIIO 3aJIEKHOCTI ITyCKOBOTO MOMEHTY BiJl KyTOBOT'O MOJIOKEHHS pOTOpa MPUOIU3HO CTAaHOBUTH 36
HOPMO-TO/IMH JUIS OJHOTO ABUTYHA [1]. AHAJIOTIYHO TPYAOMICTKHM € 1 KOHTPOJIb 3aJI€)KHOCTI ITyCKOBOT'O
MOMEHTY BiJ] HAIIPYTH >KUBJICHHS.

Tox BUXOASYM 3 CKa3aHOTO € OYEBUAHMM, IO PO3pOOKa METOJIB BHM3HAYEHHS MOMEHTHUX
XapaKTEPUCTUK ACHHXPOHHUX JBUTYHIB, IO JO3BOJWIM O TMIJABUIIUTH TPOAYKTUBHICTH TaKHX
BUMIPIOBaHb, € aKTYaJIbHOIO HAYKOBO-IIPUKJIQIHOIO 33/1a4€0.
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Jiss 3HAYHOTO TOKPAIICHHS MPOJYKTUBHOCTI IMPOIOHYETHCS IMPOBOAUTH KOHTPOJIh MOMEHTHHX
XapaKTepUCTHK Yy MPOMIXKKY Yacy, KOJIM TeMIeparypa 0OMOTOK cTaTopa 00'€KTa KOHTPOJIO 3MIHIOETHCS
BiJl KIMHATHOI 10 PO3paxyHKOBOI poOouoi. Lleit miaxix moBuHEH OyTH 3aCTOCOBAHMM IMiJ Yac KOHTPOJIIO
TaKUX MapaMeTpiB, SK 3aJEKHICTb IYCKOBOI'O MOMEHTY BiJl KyTOBOTO IOJIOKEHHSI POTOpPA, 3aJICKHICTh
MTyCKOBOT'O MOMEHTY BiJl HAIIPYTH KUBJICHHSI, MOMEHTY 1HEpIIil Ta JMHAMIYHOTO MOMCHTY.

JIist TiIBUIIEHHS MPOXYKTUBHOCTI 3aCO0IB KOHTPOJIIO MOMEHTHUX XapaKTEPUCTUK 3aIPOIIOHOBAHO
METOJI HETEePEPBHOTO KOHTPOJIIO 3aJEKHOCTI MYCKOBOTO MOMEHTY BiJl KYTOBOTO MOJIOXKEHHS pPOTOpA.
OcHoBHa iJ1es1 METOTy BKIIIOYA€ B ce0e HACTYITHE.

30BHIIIHIN TPUBITHUHN ABUTYH 3 (DIKCOBAHOIO HaIepe/1 3aJaHOr0 MIBUIAKICTIO o0epTae poTop 00’ €KTa
KOHTPOJIIO 1 OZTHOYACHO BUMIPIOETHCSI MOMEHT Ha HOTO POTOpPI Ta KYyTOBE MOJOXKEHHS POTOPa MPOTIrOM
OJTHOTO TIOBHOTO 00epTy poTopa 00’ekTa KOHTpoito. [IIBuaKicTh oOepTaHHs poTopa 00’ €KTa KOHTPOIIO
PETyIIOEThCA TAKMM YMHOM, 1100 BIATBOPUTU YMOBH JIOCIiAYy KOPOTKOTO 3aMHUKaHHS (s =~ 1), Ipu Lbomy
3abe3neuyroun, 1mo0 Temreparypa OOMOTOK cTaTtopa JIOCHIKYBAaHOI'O JBUT'YHA 3a 4ac KOHTPOJIIO
MOMEHTHOI XapaKTePUCTUKU HE MEePEBUIIIIIA PO3PAXYHKOBOTO poO0OUOro 3HAYECHHSI.

Jist peamnizanii {bOro METOy MPOMOHYETHCS CTPYKTYPHA CXeMa aBTOMAaTH30BAaHOTO KOHTPOJIIO, SIKY
MPEACTABICHO HAa PUCYHKY 1.
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Pucynok 1 — Y3araiabHeHa CTpyKTypHa cxema 3aco0y aBTOMaTH30BaHOTI'O KOHTPOJIIO MOMEHTHO1
XapakTepucTuku A/l

[TpucTpiid, 1o peasizye 3amporOHOBAHMA METOJ, CKJIAJAEThCA 3 HACTYIMHUX KOMITOHEHTIB:
OCHOBA, MPHBIIHUHU ABUI'YH, BUXITHUM Basl 3 MiJIIMIHUKAMH, CEHCOP 3yCHJUIS, SIKUH BCTaHOBJIEHUH Ha
OCHOBI TEpeTBOpIOBada 1 3'€lHaHUU 31 CTATOPOM MPHUBITHOTO JIBUTYHAa BHUMIPIOBAJIbHUM Ba)elleM,
IYCKOBI MPHUCTPOi NPHUBLAHOTO IBUIYHA 1 O0'€KTa KOHTPOJIIO, a TaKOX MIKPOIIPOLECOPHY CHCTEMY
yIIpaBITiHHS.

MeToj BUKOHYETBCS 32 HACTYITHUM aJITOPUTMOM:

1. OG'eKT KOHTPOIO >KOPCTKO 3aKPIILUTIOETHCS HA OCHOBI BUMIpPIOBAJIBHOTO IEPETBOpPIOBAYA, i
HOro poTop 3'€AHYEThCA 3 BUX1IHUM BaJIOM IPUBITHOTO JABUTYHA 32 JOTIOMOT'0I0 My(TH.

2. J)KuBneHHs 00'€KTa KOHTPOIIO Ta MPUBITHOTO JBUTYHA MONAETHCS BiJl €IEKTPUIHOT MEpEexi 3a
JIOTTIOMOT0I0 ITYCKOBHX NPHCTPOIB.

3. IpuBigHWMIA IBUTYH 3 BUMiPIOBAJILHUM IIEPETBOPIOBAYEM BCTAHOBJICHO OaIaHCHPHO.

4. Tlepen BKIIOYEHHSM NPUBIIHOTO JIBUTYHA Ta 00'€KTa KOHTPOJIIO B EIIEKTPUYHY MEPEKY B
OTlepaTHBHIN MaM'ATI MIKPOIPOILIECOPHOI CHCTEMHU YIPABIIHHS BCTaHOBIIOIOTHCS IMOYAaTKOBa ajpeca 1
po3mip Oydepa, B sikoMy OyayTh 30epiraTHcs MacUBM BUMIPSHUX 3HAY€Hb MOMEHTY 1 KyTa IMOBOPOTY
poTopa.

5. IlotiMm MiKkponpoliecopHa CcHCTEMa YIpaBIiHHS 3allycKae MPHUBIAHUN JBUTYH Ta 00'€KT
KOHTPOIJIIO.

6. IlpuBiguuii ABUTyH oOepTae potop o0'ekTa KOHTpomo yepe3 Mydry. Ilig uvac obepranHs
KOHTPOJIbOBaHMH mapameTp M,,,, mepenaerscs 3 poropa 00'ekta KoHTpoI0 Ha MypTy MC Ta Ha KOpmyc
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MpUBiIHOTO JABUTYHA. [IpM 1IbOMY Ha CEHCOp 3yCHIUIA 4Yepe3 BUMIPIOBAIILHUMA BaXiib aie cuia Fi, ska
npornopiiiHa M,y

7. Hanmpyra U; Ha Buxomi ceHcopa 3ycWUIs, mpomopiiiiHa Fj, dYepe3 anamoro-mudpoBuit
NIEPETBOPIOBAY 3aMUCYETHCS B OTNIEPATUBHY MaM'SITh.

8. Ilicnsa 3aBepiieHHsS OJHOTO TOBHOTO O0EpTYy poTOpa 00'€KTa KOHTPOJIO MPHUBITHUN JBHUTYH 1
00'€EKT KOHTpPOJIIO BUMHUKAIOTHCS, a B OMNEpPATHBHIA MaM'sITi MIKpOIPOLECOPHOI CHCTEMH YIPaBIiHHSI
(bopMyeThCcst MaCHB BUMIpSTHUX 3HaueHb cuiu Fi. [Ipu mpomy azmpecu B IbOMYy MacHBi YIOPSIKOBaHi 3a
KYTOBUM II0JIOKEHHSIM pOTOpa.

9. Ilicns BOrO BHU3HAYAETHCS MACHB PE3YJIBTATIB IIYCKOBOI'O MOMEHTY, SIKH BUKOPHCTOBYETHCS
IS TIOJAJTBIIOTO aHaAi3y 1 KOHTPOJIIO MOMEHTHHUX XapakTepuctuk OK.

[Ticys bOTO BU3HAYAETHCSI MACHB PE3YJIBTATIB TyCKOBOTO MOMEHTY:

M =F., Q)

noes
| — moBXHMHA BUMIPIOBAIBHOTO BaXKEIIs.
[IpencraBneny cxemy Ta MiAXiJ 10 aBTOMAaTH30BAaHOTO KOHTPOJIIO MOKHA 3aCTOCOBYBATH TaKOX
IiJl 4yac KOHTPOJIIO 3aJI€KHOCTI IYCKOBOI'O MOMEHTY BiJ] KyTOBOI'O IOJOXEHHS pOTOpa Ta Hampyru
KUBJICHHS.
VY3aragbHeHa MareMaTHyHa MOJIENIb 3aC00y KOHTPOJII0 MOMEHTHUX XapPaKTEPUCTUK €JIEKTPUUYHHUX
MaIliH 3 ypaxyBanHsm (1) matume Burisy [2-4]:

u, | [r,+dL,/dt dM/dt 0 0 1 Tig
u,, dM/dt 1, +dL,/dt Lo, Mo, iy
Uy |~ [-Mo, L, 1, +dL,/dt dM/dt ||,
Uy | [0 0 dM/dt r,+dL,,/dt 11
Mg“=M'(isﬂ'iro{_isa'irﬁ);
do(t) p : )
T - F[Mo“(t)_Mp(t)]i
M, () = Mx(t)__M"(t); M. =—e-cosa;
i-n

M, () =M,.(t) + M (t) - M._(t);

1 1 . 2
M (t) = j.joﬁ-exp(—gmt).sm( 1—¢ a)t)-My(t)dt,

B cHucTeMi (2) mepii TpU PIBHSAHHS SBISAIOTE COOOI0 y3arajlbHEHY MOJENb eJEeKTPUYHOI MalluHH
MIPUBITHOTO JBUTYHA, YETBEPTE 1 I 'ATE PIBHSIHHS BiITBOPIOIOTH (Hi3MUHI MPOIIECH, IO BiAOYBAaIOTHCS B
penyKkTopi Ta My(QTI CHpsDKEHHS, a OCTaHHE pIBHSHHS OINMCYE NPOIEC pPyXy PYXOMOi YacTHHHU
BHUMIPIOBAJILHOTO ~ MlepeTBoproBava. JlaHa Mojenb Moxe OyTH [JONOBHEHa TakoX (PyHKLISIMU
NIEPETBOPEHHSI CEHCOPA 3yCHILISL.

BucHOBKH

1. 3ampomoHOBaHO aBTOMAaTHM30BaHUW METOJ  BU3HAYEHHS MOMEHTHUX  XapaKTEPUCTUK
ACHHXPOHHUX €JIEKTPOJIBUTYHIB, IO JO3BOJISIE CYTTE€BO 3MEHIIUTH TPYIOMICTHKICTh JOCTIAHOTO
BUIPOOYBAHHS TAKUX MAIIHH.

2. Pozpobreno y3aragpHeHa MaTeMaTHYHA MOJENb 3aC00y KOHTPOII0 MOMEHTHUX XapaKTePUCTUK
EJCKTPUYHMX MAITUH, 0 JIO03BOJIIE€ OJHO3HAYHO BCTAHOBUTH (YHKIIOHATBHY 3aJICKHICTh 3HAYCHB
MyCKOTOTO MOMEHTY aCHHXPOHHOTO ABUTYHA BiJ KyTa MOBOPOTY POTOpa HAa OCHOBI BUMIPOBAIBHOI
1H(popMallii, 10 OTPUMYETHCS B Pe3yIbTaTl EKCIIEPUMEHTATILHOTO JIOCIIJIKEHHSL.
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[2] G. Wang, G. Zhang, R. Yang, D. Xu «Robust low-cost control scheme of direct-drive gearless
traction machine for elevators without a weight transducer». IEEE Transactions on Industry Applications.
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ONTUMIBALIA JIATHOCTUYHUX MAPAMETPIB KOHTPOJIIO
TEXHIYHOI'O CTAHY PAAIOTEXHIYHUX CUCTEM
Pomymikin €. C., I'peuka O. B. (reszzz@gmail.com)
XapkiBchKuit HarioHa bHU yHiIBepcuTeT [loBiTpsanx Cun (Ykpaina)

Obrpynmosano HeoOXiOHiCMb BUHAYEHH ONMUMAIbHO20 Nepeiiky OideHOCMUYHUX napamempis
011 KOHMPONIO MEXHIYHO20 CMAHY PAdiOMexHIYHUX cucmem npu eKcniyamayii. 3anponoHo8aHo
MemoOuKy oOIpyHmMy8anHsA ONMUMATbHUX OiAeHOCMUYHUX RAPAMempié npu KOHMpOoii MexHiYH020 CIMAHy
PAOIOMEXHIYHUX CUCTNEM, SIKA CKAAOAEMbCIL i3 080X Memodig: Memody po3pobKu pezpecitinoi modeni ma
Memody PpO3PAXyHKY IMOSIpHOCMI BUHUKHEHHs HecnpasHocmi. Ompumanuii ORMUMATbHULL NepeiK
0iacHOCMUYHUX Napamempie padiomexHIYHUX CUcmem 8i0N08I0a€e 8CMAHOBIEHOMY PIBHIO 00CMOBIPHOCMI
onepayili npo8edeH020 KOHMPOJIO.

Ha croroani mmpokoro 3actocyBaHHs 3Haiuui paaiotexniuHi cuctemu (PTC) — indopmarriiino-
KepYIoUi CHCTEMH, SIKi 3IIHCHIOIOTH Iepenavy, OTpUMaHHS Ta 0OpoOKy, BHECEHHS 3aBaJl 32 JIOTIOMOTOIO
pamioxBuib [1, 2]. Tak, cuctemu pamionokauii, HaBiraiii, 38’ 43Ky, yIpaBIiHHS CKIaJHUMHU TEXHIYHUMHU
crcTeMaMH, IepeaBaHHs Ta MpuiiManHs iHpopmanii Ta iHmi PTC 3Ha4HO BIITMBAIOTH HA SKICTH KUTTS Y
BHUCOKOTEXHOJIOTIYHUX KpaiHax. ToMy, HecBoeuacHe BHSBJICHHS MOxuBoi HecrpaBHocTi PTC moxe
OyTH MPUYUHOIO 3aBJIaHHS HENOJOOCTB Yy MOBCSKICHHIN AISUIHOCTI (HAIIPUKIIAI, BTpaTa 3B’ 53Ky B SIKIHCH
nokariii abo wmicti), abo, 110 ripie, MpU3BECTH 10 KaracTpodu (aBapis 3aco0y MOBITPSIHOTO, HA3EMHOTO
abo BomHOrO TpaHcnopty). Omxke, mns 3amobiraHHs mosBu HecnpaBHocTi y PTC mepiogmuno
IIPOBOJIUTHCS KOHTPOJIb iX TexHiyHoro craHy [3]. OaHak, Ha CbOroJH1 omnepauii KOHTPOJIO JaroTh
BIJINOB1/Ib MPO MOTOYHUN TEXHIYHUHN cTaH 00’ekTa. J{7s BU3HAYEHHS MOTO HACTYITHOTO Yacy KOHTPOJIIO
JUIs 3a11001raHHs MOSBU IPUXOBAHOI BIZIMOBH MPONOHYETHCS TPOBOIUTH ONepalii JAiarHocTyBaHHs. J{is
[IFOTO HEOOXiTHO BU3HAYMTH IEperiK AlarHocTnyaux napamerpiB PTC, 3miHa sikux Oyae cUrHalizyBaTH
PO MOSIBY MO>KJIMBOI HecIIpaBHOCTI [4, 5].

[Tokazano, 1m0 ISt pO3PaxyHKy AOCTOBIPHOCTI KOHTpOJItO TexHiuHOro ctany PTC 3a oOMexeHum
NepeTikoM A1arHOCTUYHUX MapaMeTpiB HEOOX1THO BpaXOBYBATH BIUIMB MApaMeTPIB, sIKi KOHTPOJIOIOTHCS
Ta HEKOHTPOJIIOIOThCS, Ha 3arajlbHUM pe3ysibTaT MPOBEACHHS ONepalliil KOHTPOJIIO Ta 11IarHOCTyBaHHS [5].
Ile obymoBneHO THM, LIO 13 Bei€i cykynmHocTi mapamerpiB PTC sk giarHOCTHYHI NMpHU3HAYEHI MOXKYTh
OyTH Taki, BIUIMB SKUX Ha JOCTOBIPHICTh KOHTpOJIO TexHI4HOro crany PTC e He 3HauHuM. 3 iHIIOTO
OOKy, BHUKJIIOUEHHUMH MapaMeTpamMH 13 MepeniKy IIarHOCTUYHMX MOXYTb OYTH Ti, BIUIMB SKHX Ha
JIOCTOBIPHICTE KOHTpOJIO TexHiyHoro craHy PTC e 3HayaMM 1 iX BHXiI 3a TpaHUI BH3HAYCHHX
1HTEepBaJIiB MOXKE MPU3BECTH 0 HECIPABHOCTI (MOMWIOK MpU (QYHKIIOHYBaHHi) [6]. ToMy onTUManbHUMA
MEPENIK TIarHOCTUYHHX MapaMeTpiB TexHIYHOTO ctany PTC moBMHEH BiANOBIAATH 33/1aHOMY 3HAYSHHIO
(piBHIO) TOCTOBIPHOCTI IPU €KCIUTyaTalii. 3 Li€l0 METOI MPOMOHYEThCS MPH ONTHMI3allli BpaXoByBaTH
Koe(iIieHTH BIUTUBY (Baru) KOXKHOTO 13 MOXIMBUX napametpis PTC.

Jist oOrpyHTYBaHHS ONTHUMAJILHOTO Tepelniky AiarHocTuuHux mapamerpiB PTC mnpomnonyeThcs
BpaxoBYBaTH KOE(]IIIEHT BIUIMBY J1arHOCTUYHOIO IMapaMeTrpa Ha BHCHOBOK IPO Pe3yNbTaT KOHTPOJIIO
texHiyHoro crany PTC. V nomoBifii NpornoHyeTbCs 3 METOI ONTUMI3allii A1arHOCTUYHUX HapaMeTpiB
PTC npoBectn ix paH>XKMpyBaHHSA 3a HACTYITHOIO METOJAUKOXO.

3anponoHoBaHa METOAMKA PaHKYBAaHHS CKJIAZA€THCS 13 IBOX METO/IIB:

po3pobka perpeciiinoi moaeni ckiagosux PTC 1 ix y3aranbHeHOro GyHKIIOHYBaHHS (47151 30MpaHHs
cTaTUCTUYHOI iHpopManii mpo HecripaBHicTh PTC mif yac ekcrutyaranii);
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pO3paxyHOK IMOBIPHOCTI TOsIBU (BHHHMKHEHHs) HecmpaBHOcTI PTC 3a KOXKHHUM 13 momepeaHbo
BU3HAYCHUM JIIarHOCTUYHMM TapaMeTpoM (paH)KyBaHHS MPOBOJIUTHCA 3a 30UIBIICHHSM TakKoi
IMOBIpHOCTI) (111 eTamy 00poOKu ctaTucTUdHOI iHpopMarii mpo HecripaBHOCTi PTC npu excrutyarartii).

3anpornoHoBaHa METOAMKA JO3BOJISIE BPaxOBYBaTH Bary aiarHocTuuHoro mapamerpa PTC, To6T0
HOro BIUIMB Ha pe3yJbTaT 3arajibHUi pe3yjabTaT 3acTOCYBaHHS 3a NPU3HAUEHHSM 3 YpaxyBaHHAM
BUMAIKOBUX (DaKTOPiB 1 30BHIIIHIX YMOB eKcIuTyaTamii. BpaxyBaHHs BUNIaAKOBHUX (DaKTOPIB 1 30BHIIIHIX
YMOB €KCIUTyaTalii He BUKOPHUCTOBYIOTh NpU OOIPYHTYBaHHI ONTHMAJIbHOIO IMEPENiKy IapameTpiB
KOHTpoJto. Lle 00yMOBIEHO CKJIQAHICTIO MAaTeMaTHYHOTIO CKJIQJAAaHHS PErpeciiHoi MoJeni CKIaJOBHX
PTC. Tomy, mponoHyeTbcsi MPOBOAMTH HAKONMUYEHHS CTATUCTHYHOI 1H(opmMaiii mpo  3MiHIOBaHHS
napametpiB PTC mix vac ekcruryararii 3a pe3yibTaTaMH IMEPiOAMYHOrO KOHTPOIIO TEXHIYHOIO CTaHy
PTC. TIlicns HakomuueHHS HEOOXITHOI CTaTHCTHYHOI 1HGOpMaIi 3 TOTPIOHOK JTOCTOBIPHICTIO
BH3HAYA€THCS BILIUB JIarHOCTUYHOTO IapaMeTpa Ha pe3yabTar ¢pyHkuionyBanHs PTC. OninroBaHHs Baru
KO)KHOTO JIarHOCTHYHOTO IapamMeTpa KOHTPOJIO IOJ0 CIPaBHOCTI (HECHpaBHOCTI, TOOTO HasBHOCTI
BiIMOBM a00 TMOSBU BiIMOBU TmpoTsroMm Jneskoro yacy) PTC po3paxoByeTbes 3a pe3yibTaTamu
JOCTIPKEHHS 3MIH XapaKTePUCTHK CUCTEMHU B PI3HUX YMOBAX €KCILTyaTallii.

Po3pobnena meroauka oOIPYHTYBaHHS ONTHMAJIbHHUX AIarHOCTHYHHMX HapameTpiB Hpu KOHTPOJI
texHiyHoro crany PTC Oiunbm pamioHanpbHa MOpiBHSAHO 13 Bimomumu [3, 5]. Lla pamioHanbHICTH
JOCSITAETHCS 32 PAXYHOK CIIPOIIEHHS aJTOPUTM BU3HAUEHHS Bary mapameTpiB 00 He moTpedye 3amyyeHHs
BHUCOKOKBami(ikoBaHUX (axiBIiB (110 MpUTAaMaHHO METOAY EKCIEPTHOTO OIHIOBAaHHS) 1 JI03BOJISIE
BpaxyBatu Bary KokHoro mapamerpy PTC Ha crpaBHicTh (HECHPaBHICTh) CTaHIII] 3aJIE)KHO BiJ YMOB ii
eKCIUTyaTarlii.

Pe3ynbraty KOMII'IOTEPHOTO MOJIEIIOBAHHS 3alPONIOHOBAHOI METOJMKU JIOBEIH CIPOMOXKHICThH
OOTIpYHTYBATH ONTUMAIBHUIN MEPENiK JIarHOCTHUHUX NapaMeTpiB Ui KOHTPOIo TexHiyHoro crany PTC
NIpY BUKOHAHHI BUMOT II0ZI0 JIOCTOBIPHOCTI MPOBEACHUX OIEPaLiii TAKOTO0 KOHTPOJIIO.
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BI3YAJIIBALIA XBUJIEYTBOPEHHSA BTPATHU CTIMKOCTI TOHKOCTIHHOI
CKJAJEHOI OBOJIOHKOBOI KOHCTPYKIII 3 BIZICIKAMU HEHYJIbOBOI TAYCOBOI
KPUBU3HUA

I'pumak B. 3. (hryshchak.v.z@mnu.one)

HamionanbHuii TexHiuHMiA yHiBepcuTeT “J{HinmpoBchbka nomitexHika” (YkpaiHa)

I'pumax /1. B. (GDVspace@gmail.com)

MiHicTepCcTBO 3 MUTAaHb CTPATETIYHHX TATy3€l MPOMHUCIOBOCTI YKpaiHu

II’ssuenxo H. M., Kynpikos B. O. (dyachenkonata69@gmail.com, Paladman2009@gmail.com)
3anopi3pKuii HallioHaNbHU yHiBepcuTeT (YKpaiHa)

Poszensoaemvcs cmitikicms nioxkpinienoi moHKocminHoi 00010HK080I KOHCMPYKYIl muny «0ouxa-
00ICUBATION, SIKA YMBOPIOEMbCA 3  CeKYill, WO Maioms GIOXUIeHHs 6I0 KOHyca ma YUliHOpa
cunycoioanbno2o muny. Bizyanizayis ¢opm empamu cmitikocmi  003605€ NpoOGeCMU  AHANI3
X8UNEYMBOPEHHS OJIsL OOCNIONCEHHS PAYIOHANbHO20 NPOEKMYBAHHA CKIA0EHOI KOHCMPYKYIT 3A3HAYEeH020
Muny, 30Kkpema 8U3HaA4UMu NOEOHAHH 3HAKIB 2ayCCOB0I KPUBU3HU BIOCIKI6, sIKe € HAOINbUL eeKMUBHUM
00 empamu CMIUKOCMi 3a 0Cb0B020 CIMUCKAHHS A00 PO3MSCHEHHSA 8 KOMOIHAYI 3 308HIUHIM MUCKOM .

Komn’roTepHa Bi3yanizallis XBUJICYTBOpEHHs (DOpM BTpaTH CTIMKOCTI TOHKOCTIHHOI 00O0JIOHKOBOL
KOHCTPYKIIi JO3BOJISIE HAOYHO JOCHIAMTH PO3MOJIL XBHJII B3I0BXK TBIPHOI OOOJIOHKOBOI KOHCTPYKIIII,
BUSBUTH MICIIE 30CEpeKEHHS TpeOHsS XBWII 3 METOI BUPILIECHHS Mpo0JeMH palioHATbHOTO
NpPOEKTYBaHHs KOHCTpyKIii [1-3].

OcTaHHIM 4acoM 3HayHa yBara npHuaUIIETHCS TEOPETUUHUM Ta €KCIIEPHUMEHTAIBHUM J1OCI1IKEHHIM
CTIMKOCTI CKJIaJIeHIX 00OJIOHKOBUX KOHCTPYKIIiH, Y TOMY YHCI MIAKPIIUIEHUX AUCKPETHO PO3MIIIEHUMHU
mmanroyrami [ 1, 2], a Takok KOHCTPYKLISIM HEHYJIbOBOT TayccoBoi KpuBu3HU [ 1, 3].

Y poboti Bizyamizamis (GopM BHUIIMHAHHA KOHCTPYKMIIii peayi3yeTbcs IiJ 4ac BHUBYCHHS 3a/adi
CTIMKOCTI cKiIaneHoi OOOJOHKOBOI KOHCTPYKIIi, YTBOPEHOi 3 CEKIild, B SKHUX BIIXWUJICHHS TBIpHOI
WIIHApAa Ta KOHyca Mae cuHycoinambHy  (opmy.  KoHCTpyKIis 3HAaXOAWUTBCS TiJ BIUIMBOM
KOMOIHOBaHOI'O 30BHILIIHHOIO HABAaHTA)KEHHsI PIBHOMIPHUM 30BHILIHIM THCKOM Ta OCBOBHM 3YCHUJUISM, B
pe3ysbTaTi 4Yoro BOHA MOXE BTPATUTU CTIMKICTh. JlocHiaKyeTbcs BIUIMB Ha CTIMKICTh KOHCTPYKIi
napamMeTpiB KpUBHM3HM OOOJIOHKH, 3HAa4E€HHS OChOBOIO 3yCHIUIS, @ TAaKOX >KOPCTKOCTI MPOMIXHOIO
IIITAHTOYTY SK Y IJIOUIMHI IOYaTKOBOT KPUBU3HH, TAK 1 3 Ii€] IIIONIMHY.

3amaua po3B’A3YETHCA METOJIOM CKIHUEHHMX pI3HUIb IO BIJHOLIEHHIO /0 AudepeHLiaTbHuX
PIBHSHB JUI KOXHOTO BIJICIKY Ta AU(epeHIIaIbHUX YMOB CIIPSKEHHS Yepe3 IIMaHrOyT.

Bizyamizanis ¢opm BunuHaHHS 000yI0HKH (puc. 1) m03Bosise MpoBeCTH aHali3 (GopM BTpaTH
CTIMKOCTi Ta 3pOOMTH BUCHOBKH MPO TaKe MOEJHAHHS 3HAKIB KPUBU3HU OOO0JIOHKOBUX CEKI[IH, IPU IKOMY
KOHCTPYKIig Oyne HaiOuibm edexkTuBHOW0. Tak, y BHUIAAKy BIUIMBY Ha KOHCTPYKIIIIO PIBHOMIPHOTO
PO3MOAIIEHOTO 30BHIMIHBOTO THCKY T4 OCHOBOTO 3YCHJUIS IHIILIN BUCHOBKY, IIIO 32 HassBHOCTI OCHOBOTO
CTHCKaHHI Kpally e(eKTMBHICTh Ma€ LIJIKOM ONyKJa KOHCTPYKLis (3 oboma CeKLisMH, II0 MaroTh
JI0JIaTHY TAyCCOBY KPUBU3HY), a 3a HASBHOCTI PO3TATYBAHHS — KOHCTPYKIIiS, OJIMH 13 BIJICIKIB SIKOi Mae
BiJI’€MHY KPHBH3HY.

Amnauti3 Bi3yamnizoBaHuX (OpM BUIMHAHHS TOKa3aB, 0 HAMKpaITy CTa0UIBHICT y MMOBEMIHII K IIPH
PO3TATYBaHHI, TaK 1 MPH CTUCKAHHI JIEMOHCTPYIOTh OOOJIOHKH THUITy «00YKa-0KMBaJO» 3 MapaMeTpamy,
OJIM3BKUMHU /10 TapaMeTpiB PIBHOCTINKOT KOHCTPYKIIII.

Kpim Toro, B pob0Ti MpoIeMOHCTPOBAHO CTa01Ii3a1lil0 3HAU€Hb KPUTUYHOTO TUCKY MPH 301IbIICHHI
KOPCTKOCTI IIIMAHroyTa B IJIOUIMHI MMOYaTKOBOI KpuBU3HU. Lle no3Bossie oOpatu HailOuIbll eheKTUBHY
KOPCTKICTB IIMAHToyTa 0€3 3HaYHOTO 301IbIIEHHS] MACH KOHCTPYKIIIi.

OOroBoprOETHCS 3aCTOCYBAHHS CYYaCHMX MIAXOAIB JO pPO3B’si3aHHSA MpoOieMu Bi3yamizamii
¢bi3UYHMX MpoLeciB Ha 6a31 KOMIT IOTEPHUX TEXHOJIOTIH.
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* *
PucyHnok 1 — 3aeKHOCTI KpUTHYIHOTO THCKY (] BiJ OCBOBOTO 3yCHuIst | JIst Pi3HUX 3HAYEHb
napaMeTpiB OMyKJIOCTi/BTHYTOCTI Cb 00YKOMOIOHOTO Ta Cog 0’KMBAJIONOAIOHOTO BIJCIKIB 3
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combined loading. Space Science and Technology. 2022. Vol. 28? No. 4, p. 31-38.
DOI: https://doi.org/10.15407/knit2022.04.031
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VJIK 004.946

AHAJII3 CYYACHOI'O CTAHY FTEUMI®IKALIII HABYAHHS Y 3AKJTIAJAX BUILOI
OCBITHU
J. Typin (dmytro.gurin@nure.ua),
B.I'pmkak(valeriia.hryzhak@nure.ua)
XapkiBChKUl HAIIIOHATIBHUIN YHIBEpCUTET padioenekTpoHiku (YkpaiHa)

B pobomi naseoeno pezynomamu O00CRiONCEHHS 6NPOBAVINCEHHS 2etmipikayii K [HHOBAYIHO20
nioxo0y 00 HABUAHHA ) BUWUX HABUANbHUX 3aKAA0ax. Jocniodceno enius eeumigixayii Ha niosuweHHs
momusayii cmyodenmie. Taxooc po3ensioaromvpcs NpuKiadu YCHiWHO20 6NpOBAONCeHHs 2euMigixayii y
BUWYITL OCBIMI, BKIIOYAIOYUU BUKOPUCTNAHHS CUMYIAYIU, [2POBUX NIAMPOPpM ma iHMEPAKMUBHUX i20p.

VY cyuyacHOMY CBITiI HaBYaHHS i OCBITH CHPaB)KHIM BUKJIMKOM € IMiJTPUMKa 3aI[IKaBJIEHOCT1 CTY/ICHTIB
Ta MOTHBAIlis iX JO AaKTUBHOTO HaBYaHHS. Bukiazaui Ta OCBITHI 3aKjaaM TMOBUHHI ~HOCTIITHO
ajanTyBaTHCS JO 3MiH, SKI MpuHIC TU(PPOBHHA BiK, 1 IIyKaTH HOBI IUIAXH IOKPAIICHHS IIPOIECY
HaBuaHHS. O/HI€IO 3 TAKUX IHHOBAIIMHUX MPAKTHUK, SKa OTPUMYE BCE OiIbIIE MOMYJISIPHOCTI 1 00Jerurye
el 3aBaHHs, € reiiMidikaliis y BUIIMX HaBYAIbHUX 3akinagax [1].

[efimiikaris - e KOHIEMIis, SKa IIEPEeTBOPIOE HABUAHHS HA 3aXOIUIMBY TPy, € CTYACHTH 3aJTy4eHi
Ta MOTUBOBAHI y JIOCSTHEHHI HaBYaJbHUX I[UJIEH Yepe3 BUKOPUCTAHHS IrpOBUX €JIEMEHTIB Ta MEXaHIK. Y
CYy4acCHOMY CBITi, Jil¢ KOMO'TOTepH Ta CMapT(OHH € HEBII'€MHOIO HYAaCTHHOIO KUTTS, reimidikamis
BUSBIIIETHCS 17€aIbHUM 1HCTPYMEHTOM JJisi CTUMYJIOBAHHS aKTHBHOTO HaByaHHs. BoHa He nwmine
3aXOIUTIOE yBary CTYJACHTIB, ajleé ¥ J03BOJISIE BUKOPUCTOBYBATH Cy4YacHI TEXHOJOTIl JJsl TOKpaIleHHS
HABYAJILHOTO Tpotiecy. IrpoBe HaBuaHHS — 1€ MIAXIA [0 HABYAHHS, IIPHU SKOMY HaBYAJIBHUN Matepian
oa€eThes y hopmi irop abo cuMyIsmiiHuX irop. Lle qomomarae CTyaeHTaM 3aCBOOBATH MaTepian OLIbII
edeKTUBHO Ta I[iIkaBO. BUKOpUCTaHHS 1HTEPAaKTUBHUX ITOP, € CTYJACHTHU MAalOTh BUPIIIYBAaTH 3aBJaHHS
a0o0 rpaTu y poJibOBY IPY, MOXKE CIPHUATH MOJICTTICHHIO PO3YMIHHS CKJIaJHUX KOHIICIIIN y HaBYaHHi [2].

Cepen MetoniB reimidikaiiii y BUIIMX 3aKJIafax CJIiJl 3a3HAYUTH:

- CHCTEMH PIiBHIB: Kypc MOXe OyTH pO3AlICHUH Ha PiBHI CKIAIHOCTI, CTYJICHTaM HEOOX1THO PONTH
KO>KEH PIBEHb, MEpPIL HIK IEPEXOAUTH J10 HACTYMHOI'O;

- 3MaraHHs: CTBOPEHHS 3MaraHb abo TYpHIPIB MK CTYAEHTaMU a00 HaBITh MK IpyllaMu CTYJIEHTIB
MOK€E MiIBUIIUTH KOHKYPEHIIII0 Ta CTUMYJIOBATH OakaHHS BUKOHYBAaTH 3aBJJaHHS Kpallle;

- IHTEepaKTHBHI ITPH: BUKOPWUCTAHHS IHTEPAKTHBHHUX Irop, /€ CTYICHTH MAarOTh BHPIIIyBaTH
3aBJaHHs a00 TpaTu.y poJbOBY TPy, MOXKE CHPUATH MOTIMOJIEHHIO PO3YMIHHS CKJIQIHMX KOHILEMIIH y
HaBYaHHI,

- CUMYJALIl: CUMYIALI] TO3BOJSAIOTH CTYJIEHTaM €KCIIEPUMEHTYBAaTH Ta HABYATHCS HA MPaKTHIIL.
Hanpukaan, y MeAMYHOMY HaBYaHHI CTYJIEHTH MOXYTh BUKOPHUCTOBYBATH CHUMYJSTOPH IJISi TIPAKTHKH
XIpypriyHUX BTPYYaHb, CTYJCHTH IHXEHEPHHMX CHELiaJbHOCTEH MOXXYThb BHUKOPHUCTOBYBATH CHUMYIISLIL
JUIsl BUPIIIIEHHSI 1HKEHEPHUX 3aBJjaHb a00 CTBOPEHHS ITPOEKTIB.

Cepen 3aco0iB reiMigikanii ciail 3a3HaYUTH €(PEKTUBHICTh BUKOPHCTAHHS OHJIAMH-TUIATQOPM JUIs
HaBYAHHS:

- Coursera - e onnaitH-matdopMa, sika CIiBIPALIOE 3 YHIBEPCUTETAMH Ta BUIIMMHU HaBYAJIbHUMU
3aKjajaMu JUTS HaJaHHA JOCTYIy A0 Oe3niul kypci. BoHa Bkiroyae B cebe irpoBi €JIeMEHTH, Takl K
BIJICTeKEHHS [IPOTpecy BUKOHAHHS 3aB/laHb Ta OTPUMaHHS cepTU(]IKaTiB;

- edX - cmiBmpallioe 3 yHIBEPCUTETAMHU 3 YChOTO CBITY, MPOMOHYE BEIHUKY KiTbKICTh O€3KOIITOBHUX
KYpCIiB, SIK1 BKJIIOUAIOTh B ce0e IrpoBi €IEMEHTH Ta IHTePAaKTUBHI 3aB/IaHHS;

- ~Kahoot! - e inTepakTuBHa miatdopma /sl CTBOPEHHS OHJIAMH-BIKTOPHH, SIKI BUKJIaaui MOXYTh
BUKOPHUCTOBYBAaTH JJIsi CTBOPEHHsS 3aXOIUIMBUX TECTIB Ta BIKTOPHUH, IO JIOTNIOMaraloTh Yy BHBYEHHI
Marepiany;

- Quizlet - e iHCTpyMEHT aJs1 CTBOPEHHS Ta HaBYaHHS 3a JIOMOMOTO0 (iemi-kapTok. Bin Moxe
OyTH BUKOPHUCTAHUH /JIs1 CTBOPEHHS 1rop VIS 3armaM'aTOBYBaHHS TEPMiHIB 1 TOHSTh.

Cepen meroniB reiimMidikamii Takox CiJl 3a3HAYUTH BUKOPUCTAHHS BipTyaibHOI peanbHOCTi (VR) y
HaBYaHHI, I METOJ CTa€ BCE OLIBII MOMKUPEHNUM y BUIIMX HaBUYAJIBHUX 3aKJIaJIaX Y BCbOMY CBITI.
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VR Hagae cryaeHTaM MOXXJIMBICTP BHBYAaTH PIi3HI MPEeIMETH Ta KOHIEMIIl y BipTyalbHUX
CepeloBUINAX, IO CIPHUSAE KpalloMy pO3YMIHHIO Ta 3acBOEHHIO Marepiany. Hampuxman mennysi
YHIBEpPCHUTETH BHUKOPHUCTOBYIOTH VR [UIs HaBYaHHS CTYIACHTIB Xipyprii Ta miarHoctukd [3]. 3a
JOMIOMOT0I0  TexHoJorli VR CTBOPIOIOTbCA 1HTEpaKTUBHI Jaboparopii [UIs CTYAEHTIB 3 TEXHIYHHX
HAIMpPSIMKiB, /¢ BOHU MOXYTh BIITBOPIOBATH €KCIIEPUMEHTH, YU CIIOCTEPIraTh 3a MEBHUMHU siBUIIIaMU [4].
CTyneHTH apXiTEeKTypHHX Ta AM3aMHEPCHKHUX CHEliaJbHOCTeH MOXXYTh BHKOPHUCTOBYBaTM VR s
CTBOPCHHS BIPTyaJIbHMX MOjENIed OyaiBedb 1 MPOEKTIB, Ui JOCIIIKEHb iX B pealbHOMY MacmTaoi i
MOJAIBIIOMY yJIOCKOHAJIEHHI. VR 7103BOJIsIE CTy/I@HTaM BUBYATH ICTOPHYHI MOAIT Ta KyIbTYpHI Micus y
BIpTYyaJbHUX MOJ0POXKAX, JOKIAJTHO JOCTIKYBATH MYy3€l Ta apXeoJIOTriuHI PO3KOMKH.

3a momomoror TexHoiyorii VR BukIamadui MOXYTh CTBOPIOBATH BipTyalbHI CEPEHOBHILA IS
HAaBYaHHS CTYICHTIB POOOTOTEXHIKHM, 1[0 B CBOI Yepry JO03BOJISE B3AEMOJISATH 3 PI3HUMH THUIIAMU
po6oTtiB. CTyIeHTH MOXYTh BUBYATH 1 TECTYBATH Pi3HI MOJIEINI, IPOTPaMyBaTH iX 1 BUPIITYBaTH 3aBIaHH:I
B peaJlbHOMY Yacl HaBiTh Ha BIJCTaHI, III0 POOUTH MPOIEC HABYAHHS THYUYKIIIMM. TaKke BUKOPUCTAaHHS J1a€
3MOTY CTYICHTaM BHWPINIYBaTH MUTAHHS JOIUIBHOCTI BUKOPUCTAaHHS pOOOTIB y HEOE3MEUHUX YU
BaXKOJOCTYIHUX CEPEOBHILAX, SIK HAMPUKIAJ MPOMHUCIOBI MaiJaHYMKH, YA 30HU 3 MEBHUMH BUAAMU
3a0pynHeHb. CTyIEHTH MOXXYTb CTBOPIOBATH BIpTyajbHI HMPOTOTHIH POOOTIB 1 BUIPOOOBYBAaTH pi3Hi
TEeXHIYHI pilICHHS B Oe31eYHOMY TSl ce0¢e BIpTyaIbHOMY CEePEIOBHII.

BucnoBku. EQexTuBHICT, BUKOpPUCTaHHS TeliMidikaiii BioOpaxaeTbcs Yy HIABUIICHHI MOTHUBAILl
CTY/ICHTIB J0 HaBYaHHS, rpadiuHi irpu, CUMYJIAIIl Ta iHII I'POBI €JIEMEHTH IOTIOMAraloTh MOKPAIUTH
iXHI HaBUaJbHI pE3yAbTaTH, MIABUINUTU 3al[iKaBICHICTh 1O MNEBHUX AUCLUUIUNH, ypPI3HOMAaHITHUTHU
NpaKTUYHI 3aHATTSA. BukopucranHs reimidikamii y Bumiid OcBiTI mie He HaAOyJI0 MaKCHMAJIbHO
MOXXJIUBOTO 00’eMy. IcHye moTeHIian [Uisi MOJANbIIUX HOCIIHKEHb Ta PO3POOKHM HOBHX METOJUK 1
iHCTpyMeHTiB. ['efimidikamiss mpenacraBinsie coOO METOJ IMOKpPAIICHHS HaBYaHHS, NpPUKIAnH Il
BUKOPHUCTAHHS CBiYaTh MPO BHUCOKUH MOTEHIiall HbOTO MiIX0Ay y 3abe3nedeHHi OUTbII MpeaIMeTHOro,
e(EKTUBHOTO Ta MPAKTUIHOTO HABYAHHS Y BUIIUX 3aKJIaJaxX OCBITH.
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3a euxopucmanua memoo0on02ii CUCMEMHO20 AHANI3Y 3aNPONOHOBAHO MEXHONO2II0 IEPAPXIYHO20
MOOeN8aH s HA NPUKIAO0l cucmemu pezyiayii enikemii, 0CHO8Y SKOI CKIA0a€ CYKYNHICMb DI3HUX 3d
CKIAOHICMIO MamemMamuyHux mooeneil. Peanizosana 3a npunyunom iepapxii mexnonozia Mooent08aHHs.
0038015€  po36’a3yeamu  3a0ayi i0enmuixayii, NPoOSHO3Y8AHH:, GUOOPY ANOPUMMIE KOPEKYii
NAmoNo2iYHO20 CIMAHy cucmemu pe2yiayii 2nikemii 3 UKOPUCMAHHAM Memooié MamemMamuyHoi meopii
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Kepy8aHHsa. Brniouenns 6 eOunuil mexHono2iuHUU YUK KOMNIEKCY MamemMamudHux mooenetl, SKi
@yHKYioHyIOMb  0OHOYACHO, PO3UWUPIOE KOJLO 3A80AHb | 00360A€ NPOAHANI3Y8AMU HA emanax
meopemuyHux O0O0CHIONCeHb | OOKNIHIYHUX BUNPOOYBAHL DI3HI aAcnekmu NpoOIeMamuku cuHmesy md
OYIHIOBAHHA A0EK8AMHOCMI NPOSHO3YIOUUX Modenell | e@eKmugHOCmi  ancopummis KepyeaHHs,
AKmMyanbHUux 6 0iabemonoeii.

Bionoriuni cucremu, MpeaIMETOM SIKUX € BUBYCHHS CTPYKTYPHO-()YHKIIIOHATBHUX OCOOJMBOCTEN JKUBHX
00’ €KTiB, O€3MEPEeUHO, € CUCTEMaMHU Ha/I3BUYaiHO CKJIAQJHUMH, ITPOLEcH (DYHKITIOHYBAaHHS B HUX HE € CTAJIMMH,
BOHH TIOCTIHHO 3MIHIOIOTHCS 3aJIKHO BiJI BHYTPIIIHBOTO CTaHY 1 B/l BIUIMBIB, SIKI HAJIXOAATH i3 30BHIIIHBOTO
cepeoBuUIlla. BUBUCHHS TaKMX CHCTEM € TAaKOXXK HE MPOCTHM MPOIIECOM i, BIANOBIJHO, BUMAra€ aJleKBaTHIX
mijxomiB. EpekTuBHUM HampsiMoM B JIOCHI/DKEHHI TAaKMX CHUCTEM 3apeKOMEHIYBaB ceOe CHCTEMHHUU aHai3,
KU IIMPOKO BUKOPHCTOBYETHCS Y PO3B’s3aHHI CKIAmHAX OararodyHkiioHamsHUX mpodnem. Came
CUCTEeMHMI aHaji3 CTaB THUM a/JeKBaTHUM HAyKOBHM HAMpsSMOM, SIKUW CIPHUSB BUPILICHHIO CKJIAHUX
npobyiieM, TOB’s3aHUX 3  0araroakTOpHICTIO, HEOJHO3HAYHICTIO, HEBH3HAYCHICTIO 00’ €KTiB
JOCITIJDKEHHS, TPUTaMaHHUX 010JIOTITYHUM CHCTEM.

3 OaratbOX 3arajbHUX MPUHLMIIB, IO CKJIAJA0Th METOAOJIOTIYHY OCHOBY IIbOIO HAYKOBOT'Q HAIIPSMY,
NpUHYUN i€papxiyHocmi € OCHOBHUM Bi/IIOBITAJIGHAM 3a CTPYKTYPHY OpPraHi3alliio JIOCTiHKEHb.

[IpakTHKa NPUKIATHOTO BHUKOPHCTAHHS NPUHIMITY 1€PAPXIYHOCTI 3AIEKUTH BiJ CHEHU(IKU
JOCHIUKYBAaHUX TMPoOJIeM Ta MOB’A3aHUX 3 LUM TEXHOJOLIYHMX ocoOiuBocTel. [lug mociipkeHHs
00’€KTiB, BKJIQJIEHUX Yy KOXXHHUH piBEHb i€papxii, BUKOPHUCTOBYIOTH METOAW BIAMOBIAHO 0 CTYIECHIO
a0CTpakKIlii, aIcKBaTHI TOCATHEHHIO METH KOHKPETHOTO JIOCIIIIPKSHHS.

EdexTuBHICT pO3B‘s3aHHS TEXHIYHUX MPOOIeM MOKe OyTH 3HAYHO PO3NIMPEHA 1 YIOCKOHAICHA 32
paxyHOK BHKOPUCTaHHS HU(PPOBUX TEXHOJOTIH, M0 0a3yIOTHCS Ha 3100YTKaxX 1 TOCSITHEHHSX IITYYHOTO
IHTENIEKTY, OCHOBY SIKOTO CKJI/Ia€ MaTEeMaTHYHE MOJEITIOBAHHS, SK OJTHOTO 3 HAWBAKIUBIIINX H(PPOBUX
KOMIIOHEHTIB CcydacHUX iH(popMaliiiHux TexHojoriid. Came B mapaMeTpax MaTeMaTHMYHHX Mojened —
IITY4HO! IMITaliiHOI IHTENEeKTyaJbHOI CIPYKTYpHM — 3aKOJOBaHI 3HAHHS, HAKONWYEHI B PE3yNbTaTi
JIOBFOTPUBAJIOTO CIIOCTEPEKEHHS 3a 00 ‘€KTaMU peasbHOI )KUBOI HPUPOJIH.

MeTo0 po3poOKH € — 32 BUKOPHCTAHHS METOJIOJIOTIT CUCTEMHOTO aHaNi3y PO3pOOJICHHS TEXHOJIOT11
IMITAI[IIHO-CTPYKTYPHOT'O i€papXiyHOr0 MOJMACTIOBAHHS, SIK OCHOBH CYYaCHHX JOKIIHIYHUX IOCIIHKEHb
Ta IPOTHO3Y JMHAMIYHHMX NPOIECIB Ha NpUKIaai (i3i0J0TiyHOI CHCTEeMH PEryJIsmii TiikeMii B HOpMI 1
natosorii. B naHuii yac BizjoMa BellMKa KUIbKICTh MATEMaTUYHUX MOJEJCH, MPUCBIYEHUX JOCIIPKEHHIO
PI3HUX acleKkTiB (QYHKIIOHYBAHHS CHUCTEMM peryisuii riaikemii. JlOCmikeHO TeHJIEHLII0 CTaHOBJIECHHS,
PO3BUTKY Ta BUKOPUCTAHHS TEXHOJIOIli MAaTEMAaTUYHOIO MOJIETIOBaHHS JUIsl BUPILIEHHS OlOMEIMYHHUX
3aja4 JiabeTooril B caMHX pi3HHX acmekrax [1-9].

OchosHi KoMnOHeHmU  cepedosuuja mooeniosants. Po3pobieHa HaMM TEXHOJIOTIS 1€papXidHOro
MOJIETIIOBaHHS Tependadae BUKOPUCTAHHS TPbOX THINIB MOJIENEH pi3HOrO piBHA ckiagHocTi. [lepmimii
TUI — MOJIeM BUCcOKoro piBHS ckiaaaHocTi — MAXMOD, e moaeni HalO1IbI HAOMUKEH1 10 Cy9acHUX
ySIBJI€Hb PO 3aKOHOMIPHOCTI (YHKI[IOHYBAaHHS CHCTEM — BHKOPUCTOBYIOThCS MJs IMiTalii 06 'exmy
JOCHIJUKeHHs (BipTyanbHUH namieHT). pyruit tun — ne Oinpm mpocti mozxeni — MIDIMOD, 3a
JOMOMOTOI0 SIKHX MOJKJIMBE BUKOPHUCTaHHS TEOPii ONTHMAaJIbHUX IPOLECIB JJISI CHHTE3y aITOPUTMIB
KEepyBaHHs, BUKOPUCTOBYIOTHCS B SIKOCTI MoJieleld BIPTYalbHOTO Talli€eHTa 1 BUKOHYIOTh (DYHKIIIi
MPOTHO3YBaHHs. TpeTiit TUM Mojenell 3HAaXOMUThCA 1€ Ha OUTbII HHU3BKOMY pIBHI CKJIAIHOCTI
MINIMOD — nie Mozeni, 3a SKMMH MOJIMBE OJIEp)KaHHS aHAIITUYHHX PO3B’S3aHb NU(epeHIlialbHuX
PIBHSHB 1 SIKI JOIMYCKAlOTh OOYMCICHHS KEPYIOYHMX BIUIMBIB 1 (DYHKIT MPOTHO3Y 3a PO3paxyHKOBUMHU
dopmynamu. CXeMaTHYHO TEXHOJIOTIIO 1EpapXiuHOrO MOJIENIIOBAHHS HaJlaHO Ha puc. 1.
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Puc. 1. OCHOBHI TE€XHOJIOT1YHI KOMITOHEHTH CEPEAOBHIIA 1€paPXIYHOr0 MOJICITIOBAHHS

3anponoHOBaHy TEXHOJIOTIIO peayli3oBaHO B CEPEedOBMII IMporpamyBaHHs Matlab. Bukopucranus
CXEMH 1€papXiyHOTO MOJIENIOBAHHS HAJAJI0 MOKJIMBICTH IMITYBAaTH MPOLIEC OTPUMAHHS BHMIPIOBaHb 3
yciMa BIACTHUBUMH [UIsl HUX aTpuOyTaMu (IJUCKPETHICTh, HETOYHICTh, HASBHICTh HemependauyeHux
30ypeHs), mpouenypy ineHtudikamii mapaMeTpiB 3a OAECPKAHUMH CIIOCTEPSKEHHIMH, MPOLEIypPy
NOPIBHAHHS PI3HUX CHHTE30BaHUX AITOPUTMIB, @ TaKOX NEPEBIpKY iX Npane3gaTHOCTI B HIMPOKOMY
Jiana3oHi 3MiHU TTOYaTKOBUX YMOB 1 30BHINTHIX 30ypeHb.

BucHoBku. BukopucTaHHS NpPUHIUIIB CHCTEMHOrO aHamidy, sKi 0a3yloTbCcsd Ha MeEToJax
KOMIIO3HUIi-1€KOMIO3NLI, JJs  BHBYEHHS CKIQJHUX CHUCTEM BEJIMKOI pO3MIpPHOCTI 3abe3neuye
BIIOPSIIKYBAaHHS JIOCJIIKYBaHOT npeaMeTHoi cepu. Taka iepapxiyHa oprasizailisi JOCHIIKEHHS 3HIMae
«bemMaHIBCbKE TPOKIATTA PO3MIPHOCTI», CIpHsie 30epekeHHI0O Oarato(akTOpHOCTI MpPOILECIB, fAKi
BIIOYBaIOThCSI B CKJIQJHMUX >KUBHUX < OpraHizMax, LUIIXOM BpaxyBaHHS YITKOI iepapXii CTPYKTYypH
BIJIMOBIAHO J0 aPXITEKTOHIKU JAOCHIKYBAaHUX 00’ €KTIB.

lepapxiuHa CTPYKTypa MOJETIOBAJIBHOI CHUCTEMHU € 3pYYHUM JIONOMDKHHUM IHCTPYMEHTApieM Ta
OCHOBOIO /ISl iMiTallli pPO3B‘sI3aHHS TEOPETUYHMX 1 MPUKIAJAHUX 3a]ad MIATPUMKH HNPUHHATTS pPILLICHb
IIPY JIIATHOCTHUIII Ta Tepalii 1iadeTy, o HaJae MOXKIUBICTh Ha OCHOBI Bi3yallizailii JHHAMIKH TPOIIECY
OLIHUTH 3a JIONIOMOTOI0 PO3pOOJIEHUX alTOPUTMIB SIKICTh KEpPYBaHHs, BUSBUTH 30HM PHU3HMKY 1€ Ha
JOKJIIHIYHOMY €Tarli 1 BUOpaTH pexkuM, sIKUi 3a0e3neuye NpUHHATHE PIlIeHHS TOCTaBJICHUX 3aBJaHb.

lepapxiuHe MOIETIOBaHHS, 1110 BUKOPUCTOBYE MOJENI Pi3HOT CKIaJHOCTI B €IMHOMY TEXHOJIOTTYHOMY
UMK/, HaJa€e MOXJIMBICTb B IMITalIHHOMY JIOCHIUKEHHI BpaxoOBYBaTH HETOYHICTb pe3YyJbTaTiB
BUMIPIOBaHb, PI3HUN 1HTEPBAJ TUCKPETHOCTI Ta HEAJEKBaTHICTh MPOTHO3HUX MOJENEH, 10 € BaXJIMBUM
JUIS. KOHCTPYIOBAHHS TEXHIUHUX 3aC001B KEPYBAaHHS, aKTyaJIbHUX Y /11a0€TOoJIor1i
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HAP®POBA TPAHC®OPMANLIA B MAIIMUHOPEMOHTHOMY BUPOBHUIITBI: ACIIEKTHU
I BUKVIUKHA

Kosanescekuii C.B,, KoBanescska O.C., Cumrok J[.M. (kovalevskii6l@gmail.com,

olenakovalevskaya@gmail.com, sydiukdaria@gmail.com )

JlonOacbkKa sep:kaBHa MaHOOy1iBHA akanemist (YkpaiHa)

B me3ax nasedeno acnekmu oyuposysanus 6isHec-npoyecie ma 6ax#ciusicms 30a1aHCco8AHOCMI
MidC KoMnoweHmamu upobHuyoi cucmemu. Iliokpecieno, wo ycniwna yugposa mpaucgopmayis
BUMARAE KOMNIEKCHO20 8NPOBAONCEHHS YUPPOBoi cucmemu. 3aznayveno, wo 6a2amoykiaoHicms Modxce
VCKAAOHUMU peanizayiio nepedyacHo2o yugpposo2o po3eumxy, momy 8axiciue0 YHUKAmu Henepeobauenux
83a€MO0iU ma 3abe3neuumu oanauc y enpoeaoddcenni. Hazonoweno npo neodXiomicme pemenvbHo20
AHANI3y PUHKOBUX NPONO3UYIU U000 YUPDPOBUX piuieHb neped 6UOOPOM KOMNOHEHMI8 MatOymHbOi
BUPOOHUYOI cucmemUl.

[TocraHoBKa npoOieMH. ¥ 3B'SI3KY 31 CTPIMKUM PO3BUTKOM TEXHOJIOTIH Ta MOCTIMHUMHU 3MIHAMH
PUHKOBHX YMOB, MallMHOPEMOHTHI IM1JIPUEMCTBA MOTPEOYIOTh BIPOBAKEHHS KoHUenuid "lHmyctpis
4.0" Ta THY4YKOro BUpOOHUITBA JUISl MIABUIIEHHS €PEKTUBHOCTI Ta KOCTI podotu. Lls pobora npomnonye
KOHKPETHUI MOIJsIA Ha Te, SK I1HTerpamis UM(pPOBUX TEXHOJIOTIH MOXe 3MIHMTH MAalIMHOPEMOHTHE
BUPOOHUIITBO, HAJAIOYM HMPAKTUYHI BKA31BKU VISl TOCSTHEHHS BHCOKOI MPOJYKTUBHOCTI Ta CTIHKOCTI B
3MIHHOMY PUHKOBOMY CEPEOBHUIIII.

VYV cyuyacHUX yMOBaxX TEXHOJIOTIUHOTO PO3BUTKY Ta 3pOCTal04Y0i KOHKYpPEHLi, MallMHOPEMOHTHI
HiANPUEMCTBA MOTPEOYIOTh MOCTIMHOTO BIOCKOHAJIEHHS JUIsl JIOCATHEHHS KOHKYPEHTOCIPOMOKHOCTI.
Konnenmis "lagycrpiss 4.0" Ta rHyuyke BHUPOOHHULTBO MOXYTh OyTH KIIOUOBHMH JUIsl 3a0e3MeUeHHs
BUCOKOI SIKOCTI PEMOHTHHUX POOIT Ta e(h)eKTUBHOCTI.

MerToro Hamoi poboTH € JoCHiKeHHs BIUMBY KoHuenuii "[uaycrpis 4.0" Ha MalIMHOPEMOHTHE
BUPOOHMITBO, 3 (POKYCOM Ha THYYKOMY BUPOOHMLTBI. 3aBIaHHS BKIIOYAIOTh: JOCITIJKEHHS MPUHIUITIB
"[nmyctpis 4.0" Ta iX 3acTocyBaHHS B MAllUHOPEMOHTHOMY BHPOOHHUIITBI; BUBUEHHS BIUIMBY ITU(PPOBUX
TEXHOJIOTiH Ha THy4YKe BUPOOHHUITBO; 1/IeHTHU(iKaLlig MEepeIKoa Ta ImepeBar BIPOBAKEHHS IHUPPOBUX
IHHOBAIlIl y THYYKOMY BHUPOOHHMITBI; pPO3pOOJIEHHS peKkoMeHAauid g edeKTHUBHOI crparerii
BrpoBakeHHs "[HaycTpis 4.0" 3 ¢okycoM Ha THyYKOMY BUPOOHMIITBI; ()OPMYIIOBaHHS BHCHOBKIB Ta
MOJATBIINX TEPCIIEKTUB PO3BUTKY HH(PO-OPIEHTOBAHOTO MANIMHOPEMOHTHOTO BHPOOHUIITBA 3
BUKOPHUCTaHHSAM T'HYYKHUX METOJIIB BUPOOHUIITBA.

Konnermist "Iagyctpis 4.0" mnpencrtaBise coOorw oO0'€qHaHHA MepeqoBUX i1HGOpPMAIIHHUX
TEXHOJIOT1H Ta KOMYHIKallIHHUX MEpeX 3 BUPOOHUYMM YCTaTKyBaHHIM Ta 3aco0aMu aBToMaTH3aii [1,2].
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s iHTErpamiss cipusie opraHizallii, KOHTPOIIO Ta YIPABIIHHIO yCIM JIAHIIOTOM TPOIECIB CTBOPEHHS
BapTOCTI B )KUTTEBOMY LUKJI MPOYKIii, yTBOPIOIOYHM CHHEPTit0 iHPOPMAILIIIHOT Ta TPOMHUCIIOBOI cdep.

JocmikeHHs BKa3ylOTh, M0 B YKpaiHi BIPOBAKCHHS MUGPOBUX 1HHOBAIIM Yy MPOMHUCIOBOCTI
CTUKA€THCS 13 3HAYHMMHU BHKJIMKAMU. BenuKi TepMiHM OKYIMHOCTI Ta BHCOKI PU3MKH 3 iH(POpMaLiiHO
Oe31eKu poOIIsITh BIHOIICHHS BUTpaT 10 eheKTUBHOCTI nudposizallii He ayxe BUTIIHUMH. Kpim Toro,
CKJIQJIHICTh BITYM3HSHHX IMIJIPUEMCTB OOMEXye pO3BUTOK LH(ppoBi3allii, OCKIIBKA CTPYKTypa
BHPOOHUIITBA B MAIITHHOPEMOHTHOMY BUPOOHUIITBI Mai’ke HE 3MiHIOBAIACS 32 OCTaHHI JACCSTHITITTS.

OpHi€ro 13 KIIOYOBUX MPOOJIEM € BiJACYTHICTh €(pEKTHBHOI B3a€MOJii MiX 3aroTiBEJIbBHUMHU Ta
00pOOHMMH BHUpPOOHHMIITBAMH B MAIIMHOPEMOHTHOMY BHPOOHHMIITBI, & TaKOX HHM3bKa MOJEpHI3aIlis
BUKOPHUCTAHHS METally, 110 CYTTEBO BIJICTAE BiJ CBITOBUX cTaHmapTiB. Lle mpu3BoauTh 10 30epekeHHs
3acTapiyioro o0JIalHaHHS y 3aroTiBeJIbHUX BUPOOHMIITBAX 1 HETaTUBHO BIUIMBAE Ha OOpOOHHI Tepemi,
30UTBIITYIOYM BUTPATH Ta 3HWKYIOYH KOHKYPEHTOCTIPOMOXKHICTb.

Crnil miaKpecIuTH, M0 BUPOOHUYI MEPEId € KIIOYOBUMH Yy JIAHIIOTY CTBOPEHHs I[IHHOCTI Ha
HiANPUEMCTBI, OXOIUTIOIOYM DPI3HOMAHITHI TMPOLECH BiJ MPOEKTYBAaHHSA [0 MICISTPOAAKHOTO
oOcimyroByBaHHs. Po3BUTOK mu¢poBOro o01aHaHHS Ta BUPOOHUUYUX MEPEALUIIB BUMArae TEXHOJOTIYHOTO
ayJMTy Ta BIIPOBAPKEHHS CUCTEM KOHTPOJIO IS 3a0€3MEUCHHS ONTUMAIBHOTO BUKOPHCTAHHS PECYpCiB
Ta MIATPUMAHHS BUCOKOT MPOTYKTUBHOCTI.

VYkpaiHa TakoX CTHKA€THCS 3 BHCOKOIO PECYpPCOEMHICTIO LHU(PPOBHX MPOEKTIB, IO BUMAarae
cnenu(piyHUX TMJIaHiB Ta crparerii. OAHaK Opi€EHTYBaHHS Ha EBOJIOIINHI METOIW aBTOMaTHU3allii,
BIIPOBADKCHHS CHCTEM "BiAUYTTS 3aimiza" Ta KOMIUIEKCHOTO KOHTPOJIIHTY dYepe3 MEeXaTpOHI3allifo Ta
OHJIAafH-MOHITOPUHT BUPOOHUIITBA MOXKE OYTH BaXKJIMBUM KPOKOM y Hu(DpoBiil TpanchopMartii.

Cepen oOMexeHb, BOKIMBOIO € 30aJJaHCOBAHICTh YKJIAAiB BUPOOHUIITBA B YKpaiHi, IO BIIMBAE
Ha aBTOMAaTH3allil0 BUPOOHHUUX MpolieciB. PO3BUTOK HU(MPOBUX TEXHOJIOTIH BUMAarae BUPILIEHHS IIOTO
MUTAHHS IS IOCSTHEHHS yCITixXy B U(poBii TpaHchopMarii.

Po3BuTOK Ta MojepHi3allis MOB's3aHi 3 MIABUILICHHSM PIBHS CKIAIHOCTI Yepe3 BUKOPUCTAHHS
iHpOopMaLiHUX TEXHOJOTiH Ta aBTOMAaTH3aIlilo, 110 BKIOYAae B CEOE 3pOIIEHHS TEXHOJIOTIYHOI 0a3u 3
U(POBUMH TPUCTPOSMU Ta HOBUMHU Marepiasamu. CriibHa TOTOBHICTh KOMIOHEHTIB AJisi LU(POBOI
TpaHcdopmMarlii cTa€ BaXKJIMBUM aCIIEKTOM JUIS TOCSTHEHHS cuHeprii. KojkeH KOMIIOHEHT, BiJl TEXHIYHOTO
710 Oprasi3aniifHoro, moTpedye KOMILIEKCHOTO onndpyBaHHs."

Jns yenimHOro BripoBa/pKeHHs KoHUenmii "laayctpis 4.0" B MaIIMHOPEMOHTHOMY BHPOOHUIITBI
HeoOX1HO BpaxOBYBaTH KiJIbKa BaKJIMBUX ACIICKTIB.

[To-nepiie, nmudpoBa Tpanchopmailisi MOBHHHA OYTH MOBHOIIIHHOIO Ta OXOIUTFOBATU BCl aCMEKTH
6i3Hec-nporieciB mianpuemMcTaa. Lle o3Hayae BpoBaKeHHS LHU(POBUX PILIEHb HE JIMIIE Ha TEXHIYHOMY
piBHI, a ¥ B iH(hoOpMaIliiHiii, OpraHi3amiiiHiid, MPOIECHIH, HOPMATHBHIH, YIpPaBIIHCHKIA Ta KaJpoBil
chepax.

Hpyruii acniekT nossirae y 30ajaHCOBaHOMY MIAXO0/1 A0 BIPOBAHKEHHS LU(PPOBUX TEXHOJOTIH.
BaxnuBo BpaxoByBaTH BCi KOMIMOHEHTH BUPOOHHYOI CHCTEMH Ta YHHUKHYTH IepeBaru OJHOTO acleKTy
Hajg 1HWUM. lle MOX/IMBO HIIAXOM LMQPOBOrO MEPETBOPEHHSI BCIX ACMHEKTIB Oi3HEC-NPOILECIB, SKi
J01al0Th CKJIaIHICTh BUPOOHUYIH cHUCTEMI.

Tperiii acmekT - aHami3 MeperymMoB LUPPOBOro mneperBopeHHs. HeoOXigHO ypaxyBaTu TUNHU
BUPOOHMLTBA Ta OpraHizaliiiHi 0CcOOJMBOCTI KOHKPETHOro mianpueMcrBa. Crenudika mnepeniabHUX
YKJIa/1iB Ta iX BIAMOBIIHICTh MPOIECaM XKUTTEBOTO UKIY MPOAYKIIT TAKOXK I'PAtOTh BAXKIJIUBY POJIb.

YeTBeptuil acmekT cTocyeTbes MUpoBoro AucbanaHcy. BaxkianBo BU3HAUUTH HEOOXiIHI Mepexi
JUTsL TOCSITHEHHS 6aaHCy MIXK PI3HUMHM CKJIaJJOBUMH BUPOOHUYOI CUCTEMH.

Hapemrri, n'sTuif acrekT - BpaxXyBaHHS CHCTEMHOCTI BIPOBaPKEHHS HUQPOBUX pimeHb. Lle
O3Hayae, 110 BCl KOMIIOHEHTHU OIEpaliiiHOi AISUIBHOCTI MiJIPUEMCTBA TOBUHHI OyTH B3a€MOIIOB'A3aH1 Ta
Y3TO/IKEH1 MiXk c00010.

BpaxoByroun mi acmexkTtd, MOKHa JAOCATTH ycmimHOi nudpoBoi TpaHcopmarii BHPOOHHUOT
CHCTEMH MAalIMHOPEMOHTHOT0 BUpOOHMITBA. OJIHAK CIIiJ MaM'aTaTH MPO BaXIUBICTh KOMIUIEKCHOTO Ta
30a71aHCOBAHOTO IMIIX0IY J0 IBOTO MPOIECY, a TAKOXK MPO BpaxyBaHHS BCIX KOMIIOHEHTIB OIEpaIiiiHol
TiSUTBHOCTI MATIPUEMCTBA.

Cnucox BUKOPUCTAHOI JiTepaTypu
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MOJIEJIb EOEKTUBHOCTI KOHTPOJIIO TEXHIYHOI'O CTAHY
CKUIIAJHUX CUCTEM
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HarmionanbHa akanemis HamionansHoi rBapii Ykpainu (Ykpaina)
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HamionanpHuil TeXHIYHUI yHIBEpCUTET “XapKiBChKUH MOMITEXHIYHUN IHCTHTYT (YKpaiHa)

Egexmusnicmv kKoHmponio mexHiuHo20 Ccmany CKIAOHUX CUCMeM € Mipoio OoyitbHOCmI ix
BUKOPUCMAHHA, MOOMO  MIpol0  00CMOBIpHOCMI  iHopMmayii, ompumanoi nio0 uyac KOHMPOIIO.
Heobxionicms po3pobku mooeni epexmusHocmi KOHMPONO MEXHIYHO20 CHIAHY CKIAOHUX CUcmem
00YMOBIEHO BUMO20I0 OYIHKU KIHYeB020 pe3yibmamy ix ~HOOAIbUO020 BUKOPUCMAHHS 6 Npoyeci
excnayamayii. Ocobaugicmio 3anponoHosamnoi mooeni € O0OIPYHIMYSAHHA V3A2dlbHEHO20 NOKA3HUKA
epexmusrnocmi 01 OYIHIOBAHHA OOYLILHOCMI NOOAIBUIOZ0 BUKOPUCTNAHHA CKIAOHOI cucmemu 3a
NPUSHAYEHHAM 30 Pe3VIbMamamy KOHMpOi0 MexXHIiYHO20 CMAaH).

Ha cporogni ckimaaHi TeXHIYHI cuCTeMH (B €HEpPreTHIli, B IPOMHCIOBOCTI, TpW OpraHizarii
[epeBe3eHb PI3HUM TPAHCIOPTOM TOIIO) MAKOTh 3HAYHUI BIUIMB HAa €KOHOMIYHMH MOTEHIlial KpaiHu Ta
KHUTT HaceneHHs. [Ipu 1poMy HEOOXITHO BpaxOBYBaTH HEOOXITHICTH CBO€YACHOTO Ta SKICHOTO
IIPOBE/IEHHS] KOHTPOJIIO TEXHIYHOI'O CTAHy TAaKUX CKJIaJHUX CHCTEM I 3alo0iraHHs iX meperdacHoro
BUXOAY 3 Jaxy abo aBapiii. 3 METOI MAOCSITHEHHS NOTPIOHOro piBHA (YHKIIOHAIHHOI TOTOBHOCTI
CKJIaJHUX cHcTeM, 3ale3nedeHHs ix Oe3aBapiiiHOl ekcrulyaTanii Ta e(peKTHMBHOIO 3acTOCYBaHHs 3a
MPU3HAYCHHSAM TIOTPIOHO CBOEYACHO BUSBISATH MOXJIMBI BiIMOBH Ta SIKICHO HPOBOJUTH POOOTH i3
BIJTHOBJICHHS iX TEXHIYHO CIIPABHOTO cTany [1, 2].

VY 10omoBizl HaBEAIEHO Pe3yJbTaTH aHali3y BUKOHAHHS OCHOBHHMX 3aBJaHb KOHTPOJIIO TEXHIYHOTO
CTaHy CKJIaIHUX CUCTEM [2, 3]:

opranizalii TeXHIYHO ITPaBUIBHOI (Y TOMY YHCIII €KOHOMIYHO JOIIEHOI MOPIBHSHO i3 BUTpAaTaMH
Ha 00CIyroByBaHHS) eKCILTyaTallil;

CBOEYACHOTO TIPOBEICHHSI OIepalliil i3 peryJIfoBaHHs HECIIPaBHUX 3pa3KiB (JIUIs 3am00ITaHHS TOSIBU
panToOBUX BiJIMOB);

opranizailii MoJiepHi3allii 3ac00iB KOHTPOIIIO, 0COOIHMBO JIJIsl HOBUX (MO/IEPHI30BaHMUX ), 3pa3KiB.

IToxa3zaHo, 1110 MepIle 3aBJaHHs MPH eKCIUTyaTalii CKJIQAHUX CHCTEM MepeBaKHO MPOBOAMIOCH 13
MOPYIIEHHSMU BUMOT' KEPIBHMX JIOKYMEHTIB: HE B MIOBHOMY 00cCs31; HE B IOBHOMY 00’€MIi; HE Y BU3HAUHI1
TepMiHH [4, 5].

Ile € oCHOBHOIO MPUYMHOIO BUXOY 13 JIady SIK CKJIAJOBUX, TaK 1 B IIIJIOMY CKJIaJHUX cucTeM. Kpim
TOr0, TPAaKTUYHO BIJCYTHS CHCT€Ma KOHTPOJIIO 33 TEXHIYHUM CTaHOM BHCOKOTEXHOJIOTTYHOIO
00JyaZiHaHHA CKJAJHMX CHCTEM Ha eTall eKCIulyaTalii — Ja3epHOi Ta pajloeJeKTPOHHOI amapaTypH,
CHCTEM KepyBaHHs Ta aBToMaTH3allii Tomo [4]. BiacyTHicTh Takoi 1i€BOi CHCTEMH KOHTPOJIIO TEXHIYHOTO
CTaHy CTaBajJO MPHUYMHOIO IIOSBU 3HAYHOI KUIBKOCTI HECTPaBHHUX CKJIAIOBHX CKIQJHUX CHCTEM
(HampuKJIaJ, anapaTypy HaBiraiii Ta yrnpaBiiHHS, 3B’ 513Ky, iHQOpMAIiiiHUX KaHAJIB Mepeiadi JaHuX) pH
CIIpaBHIN X0JI0Bii 0a3i — JABUTYHIB, IIACI.

VY JomoBiai 3amporoOHOBAaHO JUI TiJBUIICHHS €()EKTUBHOCTI KOHTPOJIO TEXHIYHOTO CTaHy
CKJIAJTHUX CHCTEM:

3alpOBaJUTU CUCTEMY KOHTPOJIO TEXHIYHOI'O CTaHy BHCOKOTEXHOJIOTIYHOTO OOJaTHaHHS 3pa3KiB
3aBOJCHKUX Opuraj abo creniaaizoBaHuX LEHTPIB (3a JOTOBIPHUMH YMOBAMH);

OOIPYHTYBAaTH MEPIOJUYHICTh MPOBEACHHS KOHTPOJIIO TEXHIYHOI'O CTaHy BHCOKOTEXHOJOTIYHOTO
oOnmaHaHHS 3pa3KiB 3a pe3yibTaTaMU aHali3y JaHUX 00 BHUXOAYy WOro 13 jamy (BUSIBICHHS
HECITIPaBHOCTI);
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po3poOuTH yHIBEpcadbHy MOOUIbHY KOHTPOJIbHO-IIarHOCTUYHY amnaparypy IJjisi KOHTPOIIIO
TEXHIYHOTO CTaHy BHUCOKOTEXHOJOTIYHOTO OONaJHAHHS 3pa3KiB sl IMiIBUINECHHS OMNEPAaTUBHOCTI Ta
JIOCTOBIPHOCTI BUSIBJICHHSI MOKJIMBHX BiJIMOB.

BpaxyBaHHS HaBeIEHHX TMPOIO3UIIM JO3BOJUTH MiJBUIIUTH OIEPATUBHICTH 1 JOCTOBIPHICTH
(To0TO, €(hEeKTHUBHICTh Yy IIJIOMY) KOHTPOJIFO TEXHIYHOTO CTaHy BHCOKOTEXHOJIOTIYHOTO OOJagHaHHS
CKJIAJHUX CHUCTEM 1 MiJABUIIMTH (PYHKI[IOHAJIbHY T'OTOBHICTH MiJMPHUEMCTBA 32 PAXYHOK CBO€YACHOT'O
BHSIBJICHHS BiZIMOB y OOJIaJIHaHHI Ta MPOBEJCHHS Olepalliid 3 BiJHOBJICHHS IPaIe3/1aTHOCTI CKJIaJI0BUX
(ememMeHTIB, OJIOKIB) CKJIATHUX CHUCTEM.

EdexTHBHICTh KOHTPOITIO TEXHIYHOTO CTaHY CKJIAJJHUX CUCTEM BU3HAYA€THCS TAKOXK HPABUIIbHICTIO
BUOOpY CKJaay MapaMmeTpiB 1 3aco0iB KOHTPOJIIO, TITUOMHOIO, 4acoM (OMEPAaTHUBHICTIO) MPOBEACHHS
KOHTPOJIIO, TOYHICTIO BUMIPIOBaHHS MapaMeTpiB KOHTPOJIIO Ta JOCTOBIPHICTIO BHU3HAYEHHS TEXHIYHOTO
CTamy.

VY Toli ke yac e(peKTUBHICTh KOHTPOJIFO TEXHIYHOTO CTaHY CKJIQJIHMX CHUCTEM € MIPOI0 JOUiIHHOCTI
Horo 3actocyBaHHs, TOOTO MIpOIO JOCTOBIPHOCTI iH(oOpMalii, sika oAepKyeTbcsi npu KOHTpodi. Toxi
€(EeKTUBHICTh KOHTPOJI TEXHIYHOTO CTaHy CKJIQJHUX CHCTEM 3aJeKUTh BIJ JOCTOBIPHOCTI
BHMIiPIOBAJILHOTO KOHTPOJIIO IAPaMEeTPiB, OTIEPATUBHOCTI Ta BAPTOCTI HOTO MPOBEACHHS.

HeoOximHicTh po3poOKu Mol €PEeKTUBHOCTI KOHTPOJIIO TEXHIYHOTO CTaHY CKJIAIHUX CHCTEM
O00OyMOBJIEHO BHIMOTOI0 OIlIHKH KIHIIEBOTO pE3yJbTaTy MpO MOJAIBIIC IX BHUKOPUCTAHHS IPU
ekcruryaTarii. OcoONIMBICTIO 3ampONOHOBAHOT MOJENi € OOIPYHTYBaHHS Y3arajlbHEHOTO MOKa3HUKA
e(eKTUBHOCTI.

Po3pobiiena Mojenb 103BOJISIE OIIHUTH TOKa3HUKM aOCOFOTHOI €(PEKTUBHOCTI, SKi, 3aJIEKHO BiJ
MacIITabiB OIIHIOBAHOTO 3aXOJy, BU3HAUYAIOTHCSA y BUIUISAJI BITHOWICHHS MPUPOCTY JOXOIY MO
KalliTAJIbHUX BKJIAJICHB, [0 BUKIMKAJIO TAKUW 1Iei PUPICT, @00 MPUPOCTY PIYHOTO 00CATY BUTOTOBJICHUX
3ac00iB KOHTPOJIIO JI0 BUTPAT HA CTBOPEHHS HOBHX 3aC00iB KOHTPOJIIO, 110 BUKIMKAIO TAKHUH TPUPICT.

VY3aralbHEHUM MOKa3HUKOM € MOKa3HHUK MOPIBHSUIBHOI €(EKTUBHOCTI, KU 3aCTOCOBYETHCS IS
OOTpyHTYBaHHSA Ta BHOOpPY HaWKpalIdxX BapiaHTIB pO3POOKH, BIPOBAHKEHHS Ta BHUKOPHCTAHHS HOBHX
3ac00iB KOHTpouo. Lle 103BONUTH HE TUIBKM MiIBUIMUTH €(PEKTUBHICTH KOHTPOJIO TEXHIYHOI'O CTaHy
CKJIQJIHAX CHCTEM, a i 3SMCHIITUTH BUTPATH HA YCYHEHHS HECMPABHOCTI MPU SKCILTyaTaIlii.
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VK 004.588

IMOBIPHICTh OJHOYACHOI MOSIBU TPHOX CIIEMIAJIBHUX MOJINA Y CXEMI
BEPHYJLJII
Korepey €. 1. (yevhen.kotereu.kita@donntu.edu.ua)
JloHenbKuit HallioHANBHUI TexHiuHui yHiBepcuTeT (YkpaiHa)

Y me3ax npoananizosano axmyanvHicmv aHanizy UNAOKOBUX NOOIll mMa UMOBIPHOCMEI.
Posenanymo ponv cxemu Bepuynni y mooentosannui npoyecis. Haseoeno npukiad 3acmocysamHs memooy
2PadiEHMHO20 CNYCKY OJIs1 MAKCUMI3ayii 00HOUACHOI nossu mpbox noditl y cxemi bepryuni.

3aragpHOCBITOBOIO TEHJICHIIIEIO € BJOCKOHAJIICHHS Ta ONTHUMI3allis MPOIECiB Y BCiX chepax KUTT.
30kpeMa, HaHOUTBII CTPIMKO PO3BUBAETHCS TEXHOJIOTIUHA Tally3b, JI€ PO3BHUTOK HOBITHIX MIAXONIB Ta
TEXHOJIOTIH Tpa€ KIFYOBY POJIb Y JOCATHEHHI MMOCTaBJICHUX Iiyiell. OHIE0 3 3a/1a4, M0 4acTo MOTpedye
pillIeHHS, € TTONIYK MaKCHUMaJIbHOI HMOBIPHOCTI 3/1IHCHEHHS IEBHOI MOAIT @00 HU3KU MOIIM.

Jlns aHami3y BUIIQIKOBHX IMOAIN Ta MMOBIPHOCTEH 3aCTOCOBYIOTHCS Pi3HI CTOXACTHYHI MOJEII.
OpHi€ro 3 HAUTOMIMPEHININX € cXeMa bepHyIuIi, Mo MOS0 MOCIIAOBHICTh HE3aJIC)KHUX BUIPOOYyBaHb
3 JIBa MOXKJIMBUMH pe3ysibraTtamu (yCrix Ta HeBiaya) [1].

3acTocyBaHHS IUCKPETHOTO PO3MOIUTY MMOBIPHOCTI MOSBHM TPHOX IMOMAIA MPH aHaii3i OiTOBHX
IOCTIIOBHOCTEH 13 3acTOCyBaHHs cxeMu bepHyIi BiIKpHBae HOBI MOXKJIMBOCTI JUIsl SIKICHIIIOTO aHAJI3y
OiHapHHX JaHUX y 0aratboX 00JIACTsIX, 30KpeMa y TeIeKOMYHIKalifgX Ta Kpurnrorpadii.

AmHaii3 BUMAIKOBUX IMOCIIIOBHOCTEH BHUKOHYETHCSI Ha 6a3i s-maHIporiB ta (s+1)-maHioris. S-

maHitor, ne 1<s<n, — [OBUIbHA TOCHIAOBHICTE  ¥;,Vis1s ) Vits—1,L = 1,2, ...,n—s + 1,
MOCIIJOBHOCTI BUMIQJIKOBUX BEJIHMYUH
Yo Y2, Voo (l)

e Vi, k = 1,2, ..., n, npuiimae 3Ha4eHHS 3 JESIKOT TUCKPETHOI MHOKHHHU MTOTY>KHOCTI N.

3anponoHoBaHUi y poOOTi [2] miAXif, 1100 BCTAHOBJICHHS SBHUX CYMICHHX PO3MOJLTIB yKcia 2-
JIAHIIIOTIB Ta YKcia 3-JaHIOTIB 33JaHOTO BHIY, OTPUMaB PO3BUTOK y cTaTTi [3].

[To3HAYMMO YHCIO YCiX S-MaHIoriB y mociimoBuocti (1) sk n(ty, ty, ..., ts), ne t; € {0,1},i =
12,..,s.

VY cratTi [3] Oyno BUCYHYTO i TOBEIEHO KOPEKTHICTH CIiBBIIHOIIECHD, 32 SIKUMH PO3PaXOBYETHCS
WMOBIpHICTh OJIHOYACHOTO BHMHHKHEHHS TpPbhOX TMOAIN 3a cxemorw bepHymri. 3 3ampomoHOBaHUX
piBHOCTEH JUI MOJAIBIIOrO JOCIIKeHHs 0yi10 o6paHo (2).

P{U(tt) = ki, n(titty) = ky, n(tit™t]) = k3} =

k k k
Z pm1qmo{C 2 K m3t klcmi*—mﬁklz(kl; k,) +

m10

+Cp2l e 10 G k21 )

me—ki—1"Mp—me+ki+1 k1
Ca i, akwyoa =b =1,
nemy =mn—my,t*=1—t7Z(a;b)* = 1, sxwoa =b =0,
0 6 iHwux sunaokax;
Jnis MakeuMizanii IMOBIPHOCTI MOSIBH TPhOX IMOAINA 3aCTOCOBYETHCS METOJI IPAJIEHTHOTO CIIYCKY
[4]. Posrnsnemo mnpukian. JomkuHa mociimoBHocTi: n = 5. Bimapua mnocmigoBuicts: 01101. s
JOCHIKeHHs1 Oyno 00paHo KUIBKICTh BXO/KeHb 2-naHutory Buay 00 Ta 3-manmrori Buay 100 ta 110 y
MOCIIIOBHICTE. Y HaBeICHOMY TPHUKIA KUTBKICTh BXO/pKeHb S Ta (S+1)-manmoris: 1(00) = ky = 0,
n(100) = k, = 0 Tan(110) = k; = 1. imoBipHicTh 0HOYACHOI OSBY IUX JAHIJOTiB ckinaae 0,21875
npu Tomy, mo p = q = 0,5, 1e p — AMOBIpHICTH yCIiXy, a ¢ — HMOBIpHICTh HeBHaui. s po3paxyHKy
ONTHMAJIBFHOTO 3HAUEHHs Mapamerpa ¢, Oyno po3poOiieHO MpOTOTWN mporpamMud Ha MoBi Python i3
3aCTOCYBaHHSIM MOKJIMBOCTeH Oi0mioTekn SCIPy. Tox, y pe3ynpTari OTpUMaHO MaKCHMalbHE 3HAYCHHS
P{n(tt) = kq, n(titty) = k,, n(tit*t]) = ks} = 0,343551, a onmumanvue snavenns q = 0,264911.
Ha pucynky 1 nokasani pe3ynbTaTi po3paxyHKiB iHIIMMHU METOJIaMH, 110 MpeACTaBIeH! y QyHKIIi1
minimize. TakoX MpeaCTaBIEHO Yac BHKOHAHHS KOJKHOTO 3 3aCTOCOBAHUX aJTOPUTMIB 1 HaBEICHO
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TOYHICTh PO3pPaxyHKIB JIJI1 METOLy YMOBHOI ONTUMI3aIlii B JOBIpUiit obsacTi. Buxoasuu 3 boro, MokHa
MPUITYCTUTH, 10 TOUYHICTh IHIIMX METOJIB CTaHOBUTH Mpubim3Ho 0,00001.

onTumizauii 8 posi

Pucynok 1 — Pe3ynbpTatu po3paxyHKiB IHIIMMUA METOAaMU

PesynbraTamu poOOTH € IPOTOTHIT IPOTPAMHA JJIsk PO3PAXYHKY 3HAUCHHSI TapaMeTpa ¢, IPH SKOMY
JOCSITAEThCSI MAaKCHMaJIbHA HMOBIPHICTH BHHUKHEHHS OJHOYACHOI MOSBH TPHOX IMOJIH 3a CXEMOIO
bepnymi. HaBeneHo yac BUKOHAaHHS KOXKHOTO 13 3aCTOCOBaHUX aJITrOpUTMiB. TakoK HaBeleHa TOYHICTb
PO3paxyHKIB 7151 METOTy YMOBHOI ONITUMI3allii B TOBipYiil 06macTi.
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SIMULATION OF A CRYPTOGRAPHIC PROTOCOL FOR AGREEMENT A SHARED
SECRET KEY-PERMUTATION OF SIGNIFICANT DIMENSION WITH ITS ISOMORPHIC
REPRESENTATIONS
Krasilenko V. G., Kiporenko S. S., Chikov I. A., Nikitovych D. V. (krasvg@i.ua,
kiporenko@vsau.vin.ua, ilya95chikov@gmail.com, diananikitovych@gmail.com)
Vinnytsia National Agrarian University, Vinnytsia National Technical University (Ukraine)

Abstract
A protocol for agreement by user parties of secret keys-permutations of significant dimension and
their new isomorphic matrix representations is proposed. Features and advantages of such

representations are considered. The need to create such secret permutation keys to improve the
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cryptographic stability of matrix affine-permutation ciphers and other cryptosystems of the new matrix
type is well-founded. The results of modeling the basic procedures of the proposed key agreement
protocol in the form of an isomorphic permutation of a significant dimension, namely the processes of
generating permutation matrices and their degrees, are given. Model experiments of the protocol as a
whole, including accelerated methods of raising permutations to significant degrees, were performed.
Such methods use sets of fixed permutation matrices, which are degrees of the underlying permutation
matrix, and all these matrices are given in their isomorphic representations. The values of the fixed
exponents correspond to the corresponding weights of the digits of the binary or other code
representations of the selected random numbers. The results of simulation modeling demonstrated the
adequacy and advantages of isomorphic representations of the processes of functioning of matrix-
algebraic models of cryptographic transformations and the proposed secret key-permutation agreement
protocol.
Keywords

matrix-algebraic model, matrix representations, isomorphic permutation key, cryptogram,

cryptographic transformations, affine-permutation cipher, protocol, matrix-type cryptosystem.

1. Introduction, overview and analysis of publications

Introduction. Generalization of known cryptosystems [1-3], with scalar-type data formats to the
cases of matrix-tensor formats, emergence and research of a new class of matrix-type cryptosystems
(MTC) [4-7], based on their matrix-algebraic models (MAM) of cryptographic transformations (CT) 2D
(3D) - arrays, images (Is), which have a number of significant advantages, contributed to the
intensification of MTC, MAM research and the demonstration of a number of new improvements and
applications [7-12], MAMs in their hardware implementations are more easily displayed on matrix
processors, have extended functionality, improved crypto-resistance, allow checking the integrity of
cryptograms of black and white, color images [8], and the presence of distortions in them [7], create block
ones [9], parametric [9], multi-page [10] models with their significant stability [11]. Secret key generation
protocols for such ciphers were partially considered in works [13-15], including in works [14], [15] some
matrix modifications of known key agreement protocols were proposed. Generalized MAM, matrix affine
and affine-permutation ciphers (MAPCS), their modifications were studied and used in the creation of
blind and other improved digital signatures in [11]. For CT in matrix models of permutations (MM _P),
with their basic procedures of matrix multiplication and some other element-by-element modulo
operations on matrices, byte matrices formed from rows, columns, vectors, which in unitary or other
codes display symbols, codes, bytes, must be multiplied by the permutation matrix (PM). Procedures for
rearranging bits, bytes or their groups are the most common and mandatory for almost all known and
newly created algorithms and ciphers. To increase the entropy of cryptograms images with their CT based
on MM _P and change their histograms, the decomposition of R, G, B components and their bit slices and
several matrix keys (MKs) of the PM type are necessary [6], [7], [10]. A number of such pseudo-random
(current, step-by-step, frame-by-frame) MKSs, which would meet the requirements and be quickly
generated, is also needed for masking, CT of video files or stream of blocks from files, images with their
significant sizes.

Formulation of the problem. Thus, there is a need for the MAM to form a number of MKs of the
PM-type that would satisfy a number of requirements from the main MK. Since the issue of matching the
main MK (MMK) of a general type, but not the sequence of PMs, was considered in [14], [15], and the
methods of generating a stream of MKs-permutations from the main MK were partially considered in
[16], but only for bit MPs of small sizes (256*256), then the purpose of the work is to propose and
investigate a protocol for the coordination of a secret (main) MK in the form of an PM of significant
dimensions, i.e., an main PM (MPM), to improve and adapt the type and structure of a MPM of such or
even greater dimensions to the images format and to fast hardware solutions, to model this protocol and
the process of formation flow of PMs from such a MPM for MAM CT in MT systems. In addition, the
above review and analysis of publications allows to determine another important task, namely the need to
develop and model such MAM CTs, which would be best suited for implementation based on vector-
matrix multipliers (VMMs), as well as to determine the characteristics and indicators of such models and
implementations.
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2. Presentation of the main material and research results

An overview of MT ciphers, especially multifunctional parametric block ciphers [9], their analysis
shows that it is advisable to use isomorphism of various representations of permutations (matrices or
vectors) that act as a master key (MK) and block or step-by-step, round MKs to achieve the goal of PM-
type, i.e. sub-keys (SKs), which are matrices of permutations of P (its powers!) or vectors isomorphic to
them. It is known from the works [7], [9-11] that with CT based on the basis of matrix affine-permutation
ciphers (MAPCs) and vector affine-permutation ciphers (VAPCs), cryptograms for some types of text-
graphic documents (TGD) and images (), especially for block-based MAMSs, when using one personal
computer (PC) for all blocks are insufficient in terms of stability, however, a number of PCs created from
MPM solve this problem. And that is why the aspect of coordinating the secret MPM of the PM-type with
a significant dimension is important. Let’s consider the situation when for M blocks with a length of
256*256 bytes, presented in the form of a matrix of a black and white image, it is necessary to rearrange
all bytes in accordance with PM. In this case, PM in the generally accepted form should be square with
N*N elements (“0” or “1”), where N=2°=65536. The power of the set of possible such PMs, i.e. their
number, is estimated as N!=65536!, which gives colossal values for this N. But each byte address of the
block can be represented by two bytes indicating two coordinates (row and column) of the block. This
gives us the opportunity to represent any permutation with two blocks (256*256 elements) of bytes,
setting in each identical address of these blocks the corresponding senior byte (in the first block) and
junior byte (in the second block) coordinates of the new address of the byte selected for permutation. The
view of the software module in Mathcad for generating the basic (main) MK (PM) and the view of its
components KeyA and KeyB in the format of two images is shown in report. Therefore, any PM can be
uniquely represented by two matrices of size 256*256, the elements of which take values from the range
0-255, with the peculiarity that each of their 256 gradations of intensity in-each of these two matrices
(images) is repeated exactly 256 times. The histograms of KeyA and KeyB PM components have the
form of horizontal lines. We note that such an isomorphic representation of the PM in the form of two
images gives us the opportunity to use these components KeyA and KeyB as two secret MCs of a general
type, for example, as additive and multiplicative keys in the MAPCs. This is evidenced by the simulation
results of the CT image (Im) using in MAPC the proposed PM and its components, as keys, shown with
the matrices of explicit image (Im), intermediates, its cryptograms (Cmap) and verifiable images [16].
And the histograms of the explicit image, Its cryptograms after each CT with the affine components of
this PM, induced in [16], will be shown in the report. These experiments confirmed that CT with the
existing 2 components of the PM give high-quality cryptograms CD-ImAa and CD-ImAm, whose
histograms H-Cda and H-CDm are so close to the uniform distribution law that even for image (Im) with
an entropy of 0.738, the entropy of cryptograms differs from the theoretical maximum (8 bits) by just a
fraction of a percent, going all the way up to 7.99. The simulation results of the multi-step MAPC [15] for
different cases, when the components of affine transformations are first performed in a different sequence
and with different MK from the PM, and then permutation using the PM also proved similar qualitative
CTs, when applying the proposed representations of the PM. But for all modifications of the MAM with
such PMs, the power of the set of which is estimated by a significant value N! = (256*256)!, the issue of
agreeing session secret MPM is paramount. Let’s consider the essence of the protocol of agreement of the
MPM by the parties. Let there be sides: x (Alisa) and y (Bob). Let’s assume that one PM is known from
the set of admissible components in the form of KeyA and KeyB, shown in images. In addition, there is
always a PM of reverse permutation, which for the selected representation has the form of 2 KeyAO and
KeyBO. Each of the parties in the 1 step isomorphically elevates the MPM to their chosen secret degree
(we have 11 and 17 for example!), sends a new PM to the other party, and in the 2 step, the party receives
the new PMs similarly elevate them to the same random secret degrees. Here is an analogy with the
Diffie-Hellman protocol. In report show Mathcad program modules, displaying the procedure of iterative
permutations of the initial MPM, isomorphic to the elevation of the PM to the required power (11!) by
side z (Alisa). Using similar modules, the other side also isomorphically calculates the PM, as initial
MPM to required power (17!) by side y (Bob). New PMs received by the parties after the first step (each
in the form of two of its components) are sent to the other party. The participants in the session, obtained
by exchanging matrices, subject the parties to permutations of their elements chosen by the parties. In an
isomorphic representation, this is equivalent to raising the permutation matrix to the appropriate power.
After the second step the parties receive identical new PMs, i.e. essentially one secret PM. The modeling
results of these two steps of the secret MK agreement protocol in Mathcad in form of intermediate
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exchange and resulting secret MPMs in an isomorphic image representation will be presented. The parties
do not know the degrees of the other party, but the MPs they received are identical, which is confirmed by
simulation results. Thus, exponentiation of MPM (N*N bit matrices, where N=2° 1) is equivalently
replaced by fast permutations, which, moreover, can be even more accelerated for significant powers by
using some basic set of fixed degrees of MPM and their specific sequence, which provides significant
advantages by accelerating the calculation of MPM degrees, simplifying possible implementations. In
accordance with the MP protocol, values of significant dimensions must be multiplied many times, that is,
raised to a power. And the degrees to which the parties raise these isomorphically presented MPs must be
significant enough to ensure the necessary crypto-resistance against random attacks. Therefore, taking
into account the necessity and expediency of using the above-mentioned accelerated methods of raising
matrices to a power, we show an adequate isomorphic transformation of this procedure into some
sequence of fixed permutations. Depending on the code in which the value of the degree is given,
appropriate permutations are selected from the formed set of fixed MPs, the degrees of which correspond
to the corresponding weights of the digits of the binary code. The results of these simulations, the
corresponding formulas, procedures, key fragments will be given in the report. A comparison of the
elements of the obtained matrices confirmed their complete correspondence and equality. The results
obtained by modeling confirm the correctness of the protocol. Although the initial MPM is known to both
parties, the protocol allows without knowledge of the secret degrees being chosen sides, form a secret
key, PM in a similar isomorphic form in a time proportional to the number fixed permutations. In
addition, stability analysis taking into account the power of the set formed by this the protocol of the
relevant PM of significant dimensions showed the impossibility of carrying out attacks as a result of a
huge set of possible MPs, which is estimated by the value (2'%)!

3. Conclusions
A protocol for agreeing a secret key in the form of isomorphic representations of PMs of
significant dimensions was proposed, model experiments were performed that confirmed the adequacy of
the functioning of the models and the proposed protocol and methods of PM generation, their advantages.
The models are simple, convenient, adaptable for various format and color images, implemented by
matrix processors, have high efficiency, stability, and speed.
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YK 004.942

IMITAIOIMHE MOJEJIOBAHHS FOPIHHSI 3 YPAXYBAHHSIM HEJITHIMHOCTI
MNPOLECIB
Kpusuenko 10.B., KpuBuenko A.A.
(yuriikryvchenko@otfk.ukr.education, Nastya.otk.2014@gmail.com)
BCII "Onecpkuii TexHiunmii Gaxosuii konemx OHTY" (Ykpaina)

IIpononyemocs  pozenadamu mamemamudni MOOeni 2OpiHHA [ 6UOYX08UX Npoyecis, 30Kpema
asmomypoynizayito nonym's, uepes egonroyito OUHAMIYHOI cucmemu y Gazoeomy npocmopi 30ypeHb.
Posenanymo ennue na 2opinHa maKux eaxciuux cmaobinizyrouux Gaxkmopis, AK 6'siskocmi cmucaugocmi
cepedosuya, 30YPEeHHs MUCKY i cknaodosux weuokocmi noaym’s. Ilposedeno komn'romepne
MOOENI0BaHHs 20PIHHA 3 YPAXYE8AHHAM HENIHIUHOCMI NpoYecie MemoooM MPUBUMIDHUX Nepemutie
Ilyankape ma eusnaueHo napamempu i0N0GIOHUX AMPAKMOPIE.

[ToOymoBa MareMaTHYHHX Mojeneld BHOYXOBHX TIPOIECIB 1 IOTEHLIHHO BHOYyXOHEOE3MEeUHHX
00'eKTIB BHMMArae, ‘B Ieplly 4epry, MPOBECTH aHajli3 Iepexojay MHOBUIBHOTO TOPIHHSA Y PO3BHHEHY
Jeduarpariro 1 JeTOHAIlI0, BUAUTMBIIA TaKUM YHHOM IpoOJieMy BHOYX0O€3MeKd 3 OUThII 3araibHOT
npobieMu nmokexHoi oesneku [1].

HeckinuenHo maine 3MileHHs € moayM'st B310BXkK ocl OX € mpuyrHO0 30ypeHoro craHy Bel€l Teuli
cepenoBuia (puc. 1).
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Pucynok 1. Hecranionapuuii HoTik cepeoBulia yepes 30ypeHy HOBEpXHIO MOIyM's

3aBIsIKM TOMY, 110 Oy/Ib-sIKe JliHEapi3oBaHe 30ypeHHS MOKHA 110 KOOPIUHATI ¥ ITPEJCTABUTH PSIOM
(abo inTerpasiom) @Dyp'e, TOOTO OTpUMATH HAKJIAJCHHSIM eclNEMEHTapHUX XBWib Ttumy exp(ihy), —
JOCTATHBO TOCIIDKYBATH TIIBKH TaKi PIICHHS IS JOBIILHOTO XBHIBOBOrO uncia h> 0, e
h=2z//, 1)
ne />0 — noBxuHa XBUJI 30ypeHHS.
VY pesynbraTi JiHeapu3amii piBHIHb T1APOIUHAMIKA 1I€ATHHOIO CEpPeIoBHUIIa OIS CTalllOHAPHOTO

. . r. . ' '
(OCHOBHOFO) PIIICHHA IIPpHU HECKIHYCHHO MalIuX 36prHH$I THUCKY pJ 1 CKJIagoBUX MIBUIAKOCT1 U jx u iy

s obacTei BUXinHoi cyMmimi j = 1 1 IpOAYKTIB 3ropsHHSA j = 2 OTpUMaHo (2).

Amnani3 cuctemu (2) TArHe 3a coOOI0 BHCHOBOK MPO abCONIOTHY HECTIHKICTh PO3PHBHOI CXEMHU
HOPMAJILHOTO TOPiHHS (a0CONIOTHA HECTIMKICTh O3HA4Ya€ HECTIMKICTh MO BIJHOIICHHIO 10 HECKIHYCHHO
ManMx 30ypeHb 3 JOBUILHOK JOBXKHHOI XBuai A). Ll HecTiliKicTh, y CBOI 4Yepry, € HPHYMHOKO
aBTOTYpOyIi3aLii 1 IPUCKOPEHHS MMOTyM's.
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J1s pO3BUTKY pe3ysbTaTiB, OTpUMaHMUX y poboTax [2,3], MpoBeIeHO KOMIT'IOTEPHE MOJICIIOBAHHS
TOPIHHS 3 ypaXyBaHHSAM HENIHIMHOCTI MPOIIECIB METOI0M TPUBUMIPHUX NepeTuHiB Ilyankape.

ITposiB aBTOTYpOyMi3amii mojaym's Ha YOTHUPHOX MAcIITAOHMX PIBHAX OMUCYETbCA B MOJENi SK
€BOJTIOLILS] IMHAMIYHOI CUCTEMH Y (pa30BOMY MPOCTOP1 30ypeHb Ta BUBHAYAETHCSI CHCTEMOIO PIBHSHS (3).
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1€ X, ¥, Z1 W — JUHaMI4H1 3MiHHI, 110 XapaKTepu3yloTh 30ypeHHs HiacucTeM, a Kij , Xin , P, 4, I Ta S
— PpO3MOAUTBHI KOE(IIIEHTH, M0 BHU3HAYAIOTH B’S3KICTh CEPENOBHUINA, TUCK 1 CKIAJO0BI IIBUAKOCTI
nmoyM’st. PimenHst cuctemu y Burisiai 4D-arpaktopiB orpuMano uncenbHO. OYEeBUAHO, IO €BOJIOIIS
Takoi JUHAMIYHOI CHCTEMH B 3JIEKHOCTI BiJ 3HAYECHb PO3MOAUIPHUX KOCQIIIEHTIB OMHCYETHCS
aTPaKTOpaMH PI3HUX THITIB.

Knacudikamiss 4OTUpUBUMIPHHUX aTpaKTOpiB y KOMI'IOTEpHiM peamnizamii Mozeni MpOBOAMTHCS
Bi3yaslbHO 3a ix 3D-ciigaMu, OTpUMaHKMH METOIOM TPUBHMIPHHX MEepPEeTUHIB [4].

Pucynok 2. 3o0pakeHHs B TpuBUMIipHUX nepeTuHax Ilyankape B310BXk MPOCTOPOBUX OCei
W, X, Y, Z YOTUPUBUMIPHOTO (Pa30BOI0 MPOCTOPY HPU OYATKOBUX MapaMeTpax:

Kxy=0.9; p = 0.6; x =0.025;
kyx=1.2; q=04; y =0.025;

Ky, = 0.95; r=0.25; z = 0.025;
Ky = 0.15; s=0.9; w = 0.025;
Kow=0.001; Xin = 0.35; Npoints = 5000.
kw,=0.1; Kout = 0.8;

KnacuuHuit MEeTOM MepeTHHYy TPAEKTOpii IUIOHMIMHOI B TpUBHUMIpHOMY (azoBoMy mpoctopi [5],
3HA4YHO CHPOIye BHUBYEHHs €BOMIOMII JuMHAMiIYHUX cucTeM. [IpuymH JekijgbKa: mo-mepiie, MepeTuH
[Tyankape 3amMiHIOE JOCHIPKEHHS €BOJIOLII TPUBHUMIPHOTO TOTOKY 3 (KBa3i)Oe3lmepepBHUM YacoM
BUBYEHHS BiI00pak€HHs HA IUIOIIMHI 3 JUCKPETHUM YacoM; MO-ApYre, Pi3KO 3HUXKYETHCS KUIBKICTh
JaHUX, SKI HOTPIOHO 0OpPOOUTH, OCKUIBKH «Maii’ke BCiMa TOUKaMU TPAEKTOPIi MOKHA 3HEXTyBaTu» [5]. I
TpeTe, 1O OCOOMMBO BaKIMBO JUISl JOCTIKYBAaHOI MOJeNi, — MPHU BUKOPUCTAHHI METOAY MEPETUHY
YTBOPIOIOThCS 00'€KTH, 1[0 MAIOTh PO3MIPHICTh HA OJMHHMIIIO MEHIILY, HiJK Y BUXIJHUX aTpakTopis [4,6].

SIKI10 pO3TyIsIaTH TPUBUMIPHI CIIIM aTPakTOPiB, IO OAECPXKYIOTHCS B MEPETUHAX, SIK y3arajabHEHI
¢irypu Jlicaxy, TO BIAKPHBAETHCS MOXJIMBICTb BH3HAYaTH XapakTep 1 HHU3KY OCOOIMBOCTEH
KBa31KOMMBAIBHUX TPOUECIB, a TAKOX KJIACH(PIKyBaTH iX MOPOIKYBaJIbHI YOTUPUBHUMIPHI aTpaKkTOPH
(puc. 2), 110 A03BOJII€ MOJIETIOBATH FOPIHHS 3 YpaXyBaHHSAM HENIHIMHOCTI MPOLECIB Ta aBTOTYpOymi3arii
noiyM’si. [Ipy BUHUKHEHHI XaOTHYHOTO pEXHMY aTpakTopa B oOMexeHil (a3oBiii o0aacTi mpoctopy
30ypeHsb (pakTalbHa PO3MIPHICTH 300paxkeHHS B Tiepepisi [lyankape mapanensHoi oci w ckiama 2.37,
KopeJsiliifiHa po3MipHicTh ckiana 2.55. ®paxrtampHa po3MipHicTe 4D-artpaktopa cknana 3.47,
KopeJsiliiHa po3MipHICTh ckiana 3.49.

3a pe3ynbTaTaMM MPOBEACHOT0 MOJIECTIOBAaHHS MOYKHA 3pOOUTH HACTYITHI BUCHOBKU:

1. AOcontoTHa HECTIHKICTH JIaMIHApHOTO IUJIOCKOTO TMOJYM's MOXKE CIY)KUTHU JIUIIE SKICHUM
MOSICHEHHSIM CIIOCTEPEKYBAaHUX SIBUI aBTOTYpOY:i3alii moxym's i mepexoly HOPMalbHOTO TOPIHHA Yy
pO3BHHEHY Aedarpalliro i IeTOHaIIIo.

2. KinpKicHI OLIHKM CTPYKTYpPH MOJyM'sl 1 4acy Nepexojy HOPMAaJbHOTO TOpiHHS y BHOYXOBUH
MPOLIEC BUMAraloTh 00JIIKY psly (pakTopiB — y HepiIy Yepry, B'S3KOCTI 1 CTUCIUBOCTI CEPEOBUILA.
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3. HeBpaxoBaHi YMHHUKHA MOXKYTh HaJlaBaTH CTaOUII3yIOUHi BIUIMB Ha MOJIYM'sl, 110, Y CBOIO YEpPTYy,
MOJKE ICTOTHO YNOBUIBHUTH a00 HaBiTh 3amoOirTv TypOydi3alii mporecy ropiHHsa 1 Horo mepexomy o
po3BHHEHOI edarpairii 1 1eToHaItii.

Po3BuHEHI BuIlle MaTeMaTH4yHI MOJENI € HUIAXOM JJIsi CTBOPEHHS IHTENEKTYalbHUX CHUCTEM
miarpuMku npuidaaTTs  pitrens (ICIIIP) mis (onTHMaasHOr0) KepyBaHHS MPOLIECOM CaloBaHHs [1].
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MOJEJIb ONIHIOBAHHSA JOCTOBIPHOCTI KOHTPOJIFO TEXHIYHOI'O CTAHY
3PA3KIB CKUIAJHUX CUCTEM
Ioxos O. 0., Mansko A. B. (iohov@ukr.net)
Harionanbna akagemis Hamionanshol reapii Ykpainu (Ykpaina)
KyxTtia M. O. (gsvnr@ukr.net)
HamnjionanpHuii TeXHIYHUE yHIBepCHTET ““XapKiBChKHUN MOMITeXHIUHHUE iHCTHTYT (YKpaiHa)

O6rpyHmo6ano 6naue MmoYHOCmi OYIHIO8AHHS KOe@iyicHma 20mo8HOCMI 3aco0i8 UMIDIOBAHHS HA
00CMOBIpHICMb  KOHMPONIO- MEXHIYHO20 CMAHy 3pAa3Kié CKIAOHUX cucmem. 3 Memolo RniO8UUeH s
eekmuHocmi KOHMPOIIO MEXHIYHO20 CMAHY 3PA3KI6 CKAAOHUX CUCmeM 3anpONOHOBAHO OYIHIOBAMU
AKicmb (Haditinicms, mounicmy) oyinku Koeghiyicnma 2comogrnocmi 3acobie eumipiosanns. s no6yoosu
MoO0eni 3anpoOnOHOB6AHO BUKOPUCTOBYBAMU  IMOGIPHICHO-CIAMUCMUYHUL MemoO, 3MICMOM K020 €
OYiHKa eeKmueHocmi KOHMpPONIO 34 MEXHIYHUM CMAHOM 3PAa3Ki@ CKIAOHUX cucmem nio udac
eKchiyamayii.

3a pesynbTaTaMd MPOBEJEHOTO aHaJi3y KOHTPOJIbHO-A1arHOCTUYHUX POOIT NpHU KOHTPOII
TEXHIYHOT'O CTaHy 3pa3KiB CKJIaJHUX CUCTEM BUALICHO HACTYIHI Helomiku [1, 2]:

PO3pOOHUKH (BUPOOHUKH) CKIAAHUX CHUCTEM CTBOPIOIOTH, SK MPABHUIIO, KOHTPOJIBHO-/11arHOCTHYHI
3aco0M /71 KOHTPOJIIO TEXHIYHOTO CTaHy 3pa3KiB BJIACHOIO BUPOOHHUIITBA, YHIBEpCAJIbHI CHCTEMH
MOHITOPHHTY JUIsI 3pa3KiB IHIIUX MOJIETIE HE pO3pOOIIAIOThCS;

KOHTPOJb (MOHITOPHHI) TEXHIYHOTO CTaHy 3pa3KiB CKJIQJHUX CHCTEM 13 3allydyeHHAM
CHeI1aJII30BaHUX KOHTPOJIbHO-A1arHOCTUYHUX CTEH[IB (KOMILJIEKCIB) 3IMCHIOETHCA SIK IMPaBWIO Ha
HiANpHUEMCTBaX abo Crieliali30BaHUX [EHTpax.
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VY omoBizi 3apONOHOBAHO MOJIEIh OIIHIOBAHHS JOCTOBIPHOCTI KOHTPOJIO TEXHIYHOTO CTaHy
3pa3KiB CKJIaJHUX CHUCTEM 13 3aCTOCYBAaHHSIM METOJIB IMOBIPHICHO-CTaTUCTHMYHOTO Ta CIEKTPAJIHLHOTO
anami3y [3]. i nporo BUKOpUCTaHO HAO1p CHTHAJIB 3aB1IOMO CIIPaBHUX 3pa3KiB (€TAJIOHHI CUTHAJIHN) Ta
CHUTHAJIM BIOPOMIarHOCTYBaHHS Ta CKJIAQJOBI CHEKTpYy BiOpOCHTHANIB 3pa3kKiB, SKI TECTYIOTHCS
(KOHTPOIIOITHCS ). OCOONMBICTIO MOJIEI € PO3POOICHUN METOJ OLIHIOBAHHS CIEKTPAIbHOI IIIILHOCTI
MOTY>KHOCTI TIPU CHEKTPAIBbHOMY aHaji3i BUIMAJKOBUX CHUTHAJIB, SIKI MPOIOHYETHCS BUKOPHCTOBYBATH
MIPU KOHTPOJI TEXHIYHOTO CTaHY PYXOMHX EJIEMEHTIB 3pa3KiB CKIATHUX CHUCTEM (JBUTYHIB, XOJOBOI
YacTUHU TO1IO) [4, 5].

HaBeneno pe3ynbTaTél iMOBIPHICHO-CTATHCTHYHOIO aHAI3y BIJIOMHX METOIIB CHEKTPAIbHOTO
aHaji3y, AKi 3alPOMOHOBAHO 00’ €HATH Y HACTYITHI YOTHPH B3AEMOIIOB'SI3aH1 TPYIIH:

METO/JI 4acOBOT0 YyCepeIHEHHs KBajpara (iIbTpOBaHOI peanizallii BUNAJAKOBOIO BHUMIPIOBAJILHOTO
curraiy (“¢inbrpoBuii Mmeron ”);

MeTo/ yciueHoro meperBopeHHs Dyp'e omiHkM KopelsmiiHoi (GyHKIT peasi3aiii BUIIaIKOBOTO
BUMIipIOBAJILHOTO CUTHAITY;

MeToa ycepemnHeHHs KoedimieHTiB Dyp'e peanizallii BHIIaJAKOBOTO BHMIPIOBAIBHOTO CHTHANY 3a
4acTOTaMH;

METOJI 4YacoBOI'O YyCepeAHEHHs KBajpaTiB KkoedimieHTiB Dyp'e peamizaiii BHUIAIKOBOTO
BUMIPIOBAJILHOTO CUTHAIY.

3anpomnoHOBaHO METOJI ONTHUMI3alii (QYHKIII CIIEKTPalIbHOrO BiKHA (CHEKTPabHOI ab0 4acTOTHOT
XapaKTePUCTHKHU) BY3bKO-CMYTrOBOro (hiIbTpa JUIsl CIIEKTPATBHOTO aHaIli3y BHUIIAQJAKOBUX BUMIPIOBAJILHUX
CUTHAJIB 3a CEPeJHbOKBAJAPATUYHUM KPUTEPiEM, TOOTO MIHIMYyMY CEpEIHBOKBAIPATUYHOI MOXUOKHU
anmpoKcuMaIlii igeanbHoi (mpsAMoKyTHOT) ¢yHKIIT GinsTpy. HaBeneHo oTpuMaHi BUXiIHI CIIBBIIHOIICHHS
JUIS  IMITYJIbCHOI TEPexXigHOi XapaKTepUCTHUKU (IIbTPY IMpPU BHUKOPUCTAHHI METOAY MHOKEHHS
OLIIHIOBAHHS XapaKTEPUCTUK CHEKTPAIBHOI IIIIEHOCTI MOTYXKHOCTI Y BUMiPIOBAIBHOMY CHTHAJT.

[Tokxazano, o st Meroay Oe3nocepeHbol QUIbTpAIlii OLIHIOBAaHHS XapaKTEPUCTUK CHEKTPAIbHOT
IIUTEHOCTI TOTYXKHOCTI ONTHMAJIbHA IMIYJIbCHA XapaKTEPUCTHKA B 3arajlbHOMY BHUIJISII HE MOXE OyTH
OTpUMaHa IPH BUKOPUCTAHHI BIIHOCHO MPOCTHX BUMIPIOBAIBHMX MPUIaiB (3ac00IB CHEKTPAIbHOTO
aHami3y 13 QYHKIIEI0 HAKOMMMYEHHS Ta 00pOoOKH pe3ynbTariB BUMiproBaHH:). TomMy po3poOieHO MeTon
ontuMizamii (QyHKIIi CIEKTpaIbHOrO BiKHA BY3bKO-CMYFOBUX (INBTPIB JUIsl CHEKTPATBHOTO aHAali3y
BUIIQ/IKOBUX CHTHAJIIB 32 pO3paxyHKaMH MIHIMYMIB BIUIMBY OIYHUX TMETIOCTOK (PYHKII CHIEKTPAIBHOTO
BiKHA HA MOXUOKY OI[IHIOBAHHSI XapaKTEPUCTHK CHEKTPATBHOI IIIJTbHOCTI MOTY>KHOCTI.

OOrpyHTOBaHO BIUIMB TOYHOCTI OI[IHKM KOE€(ILIEHTY TOTOBHOCTI 3aCO0IB CIIEKTPAIbHOIO aHaI3y Ha
JOCTOBIPHICTh KOHTPOJIO TEXHIYHOIO CTaHy 3pa3kiB ckiIaaHux cucteM. lle mo3sommno chopmyBatu
MIPOITO3UIIT OO ITiIBHIEHHS KOS(MIMIEHTY TOTOBHOCTI JIOCTOBIPHOCTI KOHTPOJIIO TEXHIYHOTO CTaHY
3pa3kiB ckiagHUX cucteM. Jns migBUIeHHS e(EeKTUBHOCTI KOHTPOJIO TEXHIYHOTO CTaHy 3pasKiB
CKJIQJIHUX CHUCTEM IPOMNOHYEThCs OILIIHYBAaTH SIKICTh (JIOCTOBIPHICTb, TOUYHICTH) OLIHKHA KOEQILIEHTY
TOTOBHOCTL 3aC00iB BHUMIpPIOBAHHSA  (BUMIpIOBaIbHUX npwiafiB). Ilpu 1poMy pilieHHS 3aBIaHHS
OLIIHIOBaHHS TEXHIYHOTO CTaHy 3pa3KiB CKJIAJHUX CHCTEM EKCHEPUMEHTAIBbHHUMHU 1 CTAaTHCTUYHUMHU
METOJIaMHU 'y CHIIYy YaCOBHX OOMEXEHb € HaJATO CKJIaJHUM. ToMy OIiHIOBaHHS KO€(]IlliEHTY TOTOBHOCTI
3ac00iB BUMIpIOBaHHS fIK UL ICHYIOUHX, TaK 1 IJIsl IEPCIIEKTUBHUX 3Pa3KiB, MPOMIOHYETHCS 3MIHCHUTH 32
JIOTIOMOT'OI0 MaTEMAaTUYHOTO MOJETIOBAHHS IMPOLECIB BUMIPIOBAIBHOTO KOHTPOJIO 3Pa3KiB CKIIAAHHUX
CUCTEM ITPH BUKOPUCTAHHI 3aC001B CIIEKTPATILHOTO aHaJi3y, SKi 3aCTOCOBYIOTHCS MPU KOHTPOJI.

3anpomnoHoBaHa MOJIENIb BUMIPIOBAILHOTO KOHTPOIIO TEXHIYHOTO CTaHy 3pa3KiB CKIAJHUX CHUCTEM
JI03BOJISIE TAKOXK OI[IHIOBATH KOE(DILIEHT TOTOBHOCTI 3aC001B BUMIPIOBAaHHS (BUMIPIOBAJIbHUX MPUIAJIIB) 1
PO3paxoBYBaTU MOTO BILTUB Ha JIOCTOBIPHICTH KOHTPOJIIO TEXHIYHOTO CTaHY 3pa3KiB CKJIAJHUX CHCTEM.
Jlnst moOyaoBU MOJIENI TPOMOHYETHhCS BUKOPUCTATH IMOBIPHICHO-CTATUCTUYHUN METOJ, 3MICT SIKOTO
MOJIATAE Y OI[IHIOBaHHI €(EKTUBHOCTI KOHTPOIIO0 TEXHIYHOTO CTaHy 3pa3KiB CKIAAHUX CHUCTEM IIpU
eKCIUTyaTarlii.
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CONSTRUCTING AN ATTRACTIVE ROUTE BY SOLVING THE TRAVELING SALESMAN
PROBLEM
I.Mazurok (igor@mazurok.com), K.Veremiov (veremiov@stud.onu.edu.ua)
Odessa Mechnikov National University (Ukraine)

This article discusses the problem of automatically constructing tourist routes by solving the
traveling salesman problem. The model is built by representing the streets and intersections of the city in
the form of a graph. City points of interest are considered as attractions on the route. Data obtained from
Open Street Map.

Key words: graph theory, OSMnx, NetworkX, GeoPandas, OSM, python, open street map, optimization,
path, route, trip, tourism, significance, interestingness, attractions.

Today, many people take many trips every day. And often people find themselves in places they are
not familiar with. But they may be interested in taking a walk, seeing the sights nearby, and learning
something about the place where they are. Today, many apps can provide a fairly quick route from one
point to another, but. most of them focus on the minimum time or distance, rather than the attractiveness
of the route. You can also take the case when a person has a little free time and would simply like to take
a circular route around the area. For these cases, it may be useful, for example, an application that can
provide information about nearby attractions, and build a route between them.

To do this, considering the territory of a city, we can model the surrounding streets as edges, and
intersections as nodes in the graph. In this way we can model part of the city (Figure 1). This approach
may allow us to use known graph algorithms to solve the problem. By simply obtaining nearby points of
interest (POI) data and associating it with the nearest node, we can model the traveling salesman problem
(TSP), which is NP-hard, but there are some approximations.

To solve TSP we can use Python's NetworkX library, and to retrieve data we can use OSMnx library
(which in turn also uses GeoPandas and NetworkX). The map can be displayed using library tools (based
on a leaflet). Thus, we can create routes as in Figure 2 and display them as in Figure 3 (for example, there
is the center of Odessa with several POISs).

What can we see on the map? There is a fairly optimal route in terms of distance, which actually
leads to some attractions. But the algorithm visits all available POls (as it is in TSP) and this leads to
some cases of repeated visits to streets. Or when the route goes too far for just one POI.

In this way, we can reduce the problem of creating an interesting route to TSP and solve it quite
efficiently, with a fairly good result. But TSP algorithms may have their own peculiarities, such as
visiting all points and related ones. Perhaps some kind of filtering function that can make a decision
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The paper considers a list of parameters for the formation of statistical data on the locations of
potential defects in infrastructure facilities (pipes, roads, and buildings). Damage there usually occurs
due to insufficient strength, excessive use and age of the materials. However, such characteristics of
materials as physico-mechanical and features of matter are often not taken into account. In addition,
statistics of the most frequent places of damage to such objects will allow establishing dependencies and
complementing such models. In this way, a more extensive list of parameters for statistical analysis of
such surfaces is possible. Data forecasting is based on the use of historical statistical information, so
such data will be useful for forming data sets to determine the likely location of defects in materials.

Infrastructural objects such as bridges, roads, pipelines in buildings are over time exposed to
external factors and internal mechanical loads [1, 2]. As a result, defects in the form of cracks and
corrosion fatigue often appear, which leads to the destruction of structures as a whole. Detection of
damage in concrete and metal parts of infrastructure objects is a well-researched topic. At the same time,
it is possible to create models for statistical analysis to determine the locations of defects. The purpose of
the work is to analyze the dependencies between parameters based on statistical analysis of the frequency
of defects.

The main tasks can be defined as the following:

- to expand the list of parameters taking into account the characteristics of materials (physical and
mechanical, potential places of damage, type of material and substance), which should be taken into
account when forming such data sets for further analysis and use.

- modeling of the main parameters based on statistical data.

Statistical analysis of the subject under study can show the trends of past years of pipeline operation.
These ratios can help in estimating the probability of damage. Based on data on the number of cases and
parameter values, dependencies can be found to estimate the occurrence of defects.

In general, after conducting an analysis of open sources of information and the latest research on the
most frequent places in pipes where cracks and corrosion occur. Statistical analysis consists in compiling
a table of dependencies based on a known number of defect occurrence frequencies and dependent
parameters.

The appearance of a crack is influenced by the following pipe properties:

- pipe thickness, existing welds, inner or outer surface, shape of pipe, previous repair of joints [3]

-'age, protection, pressure, weather, soil hazards, hydrogeology [4]

Additionally needs to be considered material type (concrete, metal), substance type (gas, oil, water).

Metal and concrete can be considered as the main materials of infrastructure objects, and corrosion
and cracks, respectively, which most often occur in such materials.

Each of the materials has features that should be taken into account when analyzing and forming
statistical models.” Concrete can contain nanoparticles for strengthening, respectively, they affect the
durability of operation [5]. According to the results of research in [3], the most vulnerable places are
joints between pipes in metals that can be welded.

The stage of formation of models important for the preparation of data for further analysis. All
dependencies between attributes can be visualized and used for a more comprehensive data prediction
solution. As shown in Fig. 1. the main attributes are the following set for concrete structures and pipes.
Among which id - identifier, material - material type (concrete or metal), pipe diameter, joint presence,
substance type (water, gas or oil), age, risk_level, wall_thickness, protection, material_type, repair_count,
length, underground, moisture, connection_type, defect location, defect_type, possible or impossible
defect.
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Reading and displaying data from 'pipeline data.csv':

| id | material | pipe_diameter | joint_presence | substance_type | age | risk_level | wall_thickness | protection | material_type | repair_count | length | underground | moisture | connection_type | defect_location | defect_type | defect |
1 concrete 712 | no sewage 43 high “0 yes OPCNC 36 72.2871240849939 no medium horizontal || root crack @ ]
2 concrete 498 | yes sewage L high 8 yes OPCNC 75 36.95991352984234 no medium | root leakage L] I
3 concrete 330 | yes sewage 8 low 5 no OPCNC 16 62.45414636357441 yes high horizontal | inner ° |
4 | concrete 872 | yes sewage 16 low 2 no OPCNL 23 34.46356554138679 no low horizontal | outer leakage e |
5 | concrete 832 | no sewage 16 medium 8 no OPCNL 54 92.79908273350112 yes mediun bend | root 1eakage e |
6 concrete 841 | yes water 24 high 48 yes OPCNC 18 62.016484235398636 no medium horizontal 1 root leakage e ]
7 concrete 431 | no water 15 medium 32 no OPCNS 59 48.312883882124474 yes low horizontal 1 outer leakage e ]
8 concrete 543 ] no water 44 high 4“0 yes OPCNS 23 82.01862598373287 yes medium horizontal 1 root crack @ ]
9 | concrete 670 | no sewage 31 medium 22 yes OPCNS 54 12.310564924452127 yes high I root leakage 1
10 | concrete 941 | no water 38 low 48 no OPCNS 76 12.310544924452127 yes medium bend | inner L] |
1 concrete 532 | no water 23 high 19 no OPCNC 13 79.99198574506483 yes medium bend | inner @ ]
12 | concrete 805 ] no sewage 25 low 6 yes OPCNC 58 18.462320859232253 no low horizontal 1 outer e |
13 | concrete 892 ] no sewage 13 high 36 no OPCNS 59 13.850673863574483 yes low horizontal 1 inner @ I
14 | concrete 663 ] no water 31 low 9 no OPCNL 25 76.59334846389895 yes high horizontal | root [ I
15 | concrete 320 ] no sewage 19 medium &2 no OPCNL 23 93.42230126795485 no low bend I root L] I
16 | concrete 689 ] yes water 19 medium 45 no OPCNC 55 79.99198574506483 yes high bend 1 inner 1 |
17 | concrete 924 ] no water 50 medium 16 | yes OPCNL 1 40.632127753659645 yes high horizontal | root 1 |
18 | concrete 877 | no sewage 17 high 4“5 | yes OPCNC 67 50.99659495424059 no high 1 outer 1 ]
19 | concrete 597 ] yes water 23 high 19 1 yes OPCNL 35 15.961062034682264 yes high bend 1 outer e ]
20 | concrete 865 | no water 36 low 4“6 | no OPCNC 18 35.25613953135499 yes high bend 1 outer e ]
21 | concrete 802 ] no sewage 20 medium &9 1 no OPCNL 88 12.310544926452127 yes medium horizontal | inner ] ]
22 | concrete 854 | no sewage 1 low ] yes OPCNL 69 58.99659495424059 yes low horizontal | outer e |
23 | concrete 972 ] no water 19 low 37 yes OPCNS 8 40.88718201003447 yes low bend I inner @ ]
24 | concrete 802 | no sewage 23 high 6 yes OPCNC 1 34.46356554130679 yes high horizontal 1 inner 1 |
25 | concrete 747 | no sewage 26 medium 24 no OPCNS 4“9 94.89342672902771 yes medium horizontal | inner @ I
26 | concrete 865 | no sewage 3 high 21 yes OPCNL 16 72.91772732522466 yes high horizontal | root T
27 | concrete 397 I no sewage 20 medium 13 yes OPCNS 1 11.42069496808980849 yes high horizontal | root e |
28 | concrete 472 | no sewage 34 medium 43 yes OPCNL 25 51.528743051010224 yes high bend | root [ ]
29 | concrete 486 | yes sewage 31 low 24 yes OPCNS 16 76.59334846389895 yes medium bend 1 outer L] I
30 | concrete 498 | yes water 1 medium &2 no OPCNS 55 38.55827130848917 no medium horizontal 1 inner ] ]
31 | concrete 873 | yes sewage 37 high 38 no OPCNC 51 34.65029345713661 no low horizontal 4] outer e ]
32 | concrete 597 | yes water 13| mediun 17 yes oPCAL 39 34.65929345713661 yes nediun bend | root o |
33 | concrete 612 | no sewage 37 medium 36 yes OPCNC 57 67.76763742382066 yes low horizontal 1 outer ° I
34 | concrete 840 | no sewage 19 low 26 | yes OPCNL 6 54.23104480493257 yes low horizontal | root e |
35 | concrete 942 | no sewage 23 medium 48 1 yes OPCNS 7 67.76763742382056 yes low I inner e |
36 | concrete 487 ] yes sewage 16 medium 48 | yes OPCNC 3 51.528743051010224 yes medium bend ] oot e ]
37 | concrete 330 | no sewage 21 high 38 | yes OPCNS 62 12.822244256289107 no medium horizontal 1 inner L] ]
38 | concrete 942 | no water 31 low 48 | yes OPCNL 12 95.96824127313734 yes high horizontal ] inner ° I
39 | concrete a7 1 no sewage &9 low 16 1 yes OPCNC 76 53.93091746020951 yes medium horizontal 1 outer e |

Fig. 1. An example of formed statistical models for concrete structures

The same structure was formed for models for metal structures as shown in Fig. 2. The difference
between the models is only in the values of the types of materials and substances that flow there and the
features of the defects that arise there.

[ ] [ ] 77 Defect-Detection-master —~ -zsh — 261x43

Reading and displaying data for metal pipelines from 'pipeline_data metal.csv':

| id | material | pipe_diameter | joint_presence | substance_type | age | risk_level | wall_thickness | protection | material_type | repair_count | length, | underground | moisture | conection_type | defect_location | defect_type | defect |
1] metal | 736 | ves | water 9 low | 33 no | steel | 38 81.56043091882525 no high bend inner corrosion 0 |
2 metal 589 ] yes | gas 7 low | 13 no | carbon ] e 21.389598136440178 yes medium bend inner crack L] ]
3 | metal 856 1 no I water 2 | medium | 25 no | carbon | 7 79.59794814441385 no nigh horizontal outer leakage 1.
& metal 500 ] yes 1 water 13 medium 1 10 no | steel 1 73 20.04791994135217 no high horizontal outer leakage [ I
5 metal 627 ] yes o0il 27 low | “7 no | steel I 22 25,803008531768562 no Tow bend inner corrosion e ]
6 metal 556 ] yes gas 28 low ] 45 no It carbon i 48 95.22800989684828 no low bend root leakage [ I
7 metal 321 | yes gas 39 low I 20 no. 1 carbon | 61 59.3881468742203 no medium bend root crack 0 |
8 metal 897 ] no water 17 medium 1 37 yes 1 steel 1 51 93.12522244116528 no medium horizontal root crack [ I
9 | metal 913 I no oil 23 | medium | 33 yes |  cerbon | 73 26.383391349484583 ves low vend inner leakage 6 |
10 | metal 579 | no water 7 medium | 20 no | steel i 65 62.38885350331639 fo medium horizontal outer corrosion ] |
11| metal 88 I yes 0as 7 mediun | 2% no | steel | I 78.41201875573388 ves medium horizontal inner leakage 0 |
12 metal 666 | yes oil 18 low | 21 yes | steel I 85 B6.46398684407683 no medium horizontal outer corrosion [ ]
13 metal 937 | no water 26 medium | 24 yes | steel | 88 33.862265883313874 yes low bend outer crack [ I
14 metal 368 I no water 17 medium ] 32 yes | steel 1 39 31.822389156537593 yes medium bend inner crack L] I
15 | metal 2 | yes water 38 high | 13 yes |  carbon | 73 11.628415993571277 yes low horizontal root leakage 6 |
16 | metal 954 i no oil 36 | medium | 8 yes | steel | 8 98.57038631504295 no medium horizontal outer leakage 6 |
17 metal 579 ] no oil 22 medium 1 17 yes | carbon 1 72 80.70607820549624 yes medium horizontal outer corrosion [ ]
18 metal 977 ] yes ] gas 21 high 1 32 yes | steel 1 L] 67.24362657988837 yes low bend root corrosion @ I
19 metal 424 ] yes ] oil 4 high 1 29 no | steel 1 42 81.21073278929528 no high bend root corrosion [ I
20 metal 330 | no ] o 18 low 1 23 no | steel I 55 31.82238915537593 no medium horizontal outer crack [ I
21 | metal 994 1 yes | water 2 low | W yes |  carbon | 9 38.39504346233551 no mediun bend inner leakage 0 |
22 | metal 584 1 yes I gas 2 high | 33 no. | osteel | & 53.03235691276649 no high horizontal outer leakage 6 |
23 | metal 994 | no water 3 high | 6 yes | carbon | 91 55.634514724414956 yes low horizontal inner crack e |
24 | metal 724 | no gas 50 high | 22 yes | carbon | 17 40.267749989953835 no medium bend inner crack ] |
25 metal 724 | yes oil 18 high | 4“8 yes 1 steel 1 5 82.941719673256917 yes low horizontal root corrosion [ I
26 | metal | 603 | yes gas 16 low I 14 ves 1 steel | 23 19.2800948592121 yes low horizontal root corrosion ] |
27 | metal | 823 1 no gas 2 w 28 ves. | steel | 37 74.96054529965552 yes high vend outer corrosion [
28 | metal | 706 | no gas 3 medium | 21 no 1 steel It 32 77.519244785896089 yes medium horizontal root leakage ) |
29 | metal | 994 1 yes gas a2 om | m no | carbon | 8 84.56940557412247 no medium horizontal outer leakage o |
30 metal | 994 ] yes gas 3 medium 1 14 yes | carbon 1 61 95.22800989684828 no high bend root leakage 1 |
31 metal | 424 I no water 50 | 17 no | steel 1 99 59.254474483494874 no medium horizontal outer corrosion L] I
32 metal | 669 ] yes gas 18 high 1 23 no | carbon 1 83 78.41201876573388 yes medium bend root leakage [ I
33 metal | 666 | yes o0il 27 high ] L6 yes | carbon ] 14 84,25338478819094 no high bend inner leakage 1 |
34 | metal | 710 1 yes oill 3 high | 1 yes | steel | 32 25.803008531768562 | no mediun bend outer corrosion 0 |
35 | metal | 795 1 yes oil 26 nigh | 36 yes | steel | 72 33.862265883313874 | no medium horizontal inner corrosion 6 |
36 metal | 315 | no | water 9 high 1 4“8 yes | carbon I 14 20.84791994135217 | no low root leakage [ I
37 metal | 856 ] no ] water 10 medium i 15 no | steel 1 11 96.42729566039754 | yes low outer crack [ I
38 | metal | 616 | no | water 32 high (| 37 no | steel | 56 12.273387414660212 | yes high horizontal root leakage 1 |
39 | metal | 976 | no I oil 45 lowd | 33 ves | steel | 61 45.274430664960455 | no medium bend root leakage 0 |

Fig. 2. An example of formed statistical models for metal structures

The most popular language for data processing and visualization is Python and the auxiliary libraries
matplotlib and seaborn, which are used in development. The main parameters for visualization are those
that can potentially affect the appearance of a defect in materials. Thus, on the basis of the generated
values, you can build graphic dependencies for metal structures as shown in Fig. 3a - the number of cases
to the diameter of the pipe, Fig. 3b - the level of the risk of breakthrough to the number of cases, Fig. 3c -
defect type to quantity, Fig. 3d - the location of the defect to the total number of cases.

The total number of entries in the models is 100 for each material. From the obtained graphical
results of the models, the pipe sizes can be different and the largest amount of data is 400-600 and 900
mm. In addition, the risks of the appearance of a defect are distributed almost proportionally across all
data quantities. The greatest number of values with corrosion defects on the outer walls of the pipe, which
may occur during operation. In the process of finding additional data, such models can be modified and
expanded.
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Fig. 3. An example of visualization of the dependence of parameters based on statistical models

depending on the number of values: a) - diameters of pipes, b) - level of risk due to the absence (0) or

existence of defects (1), c) - types of defects, d) - location of defects
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Conclusions. The paper analyzes the main parameters that should be taken into account in the
statistical analysis of defects in infrastructure objects. Statistical data are generated on the basis of data
from open sources for research in the researched topic. In addition, it is possible to extend such models
with values that refine and improve the prediction of such values. As a result, the list of parameters was
expanded and modeled based on statistical data.
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AHAUJII3 TPOBJIEM ITPOTHO3YBAHHS BI3BHEC-OTOYEHHSA KOMITAHII
Mockanenko B.1O, I'punuenko M.A. (marinagrunchenko@gmail.com,
vladimir.moskalenko@outlook.com
HarionanbHuil TeXHIYHMIA yHIBEPCHTET «XapKiBChKUH MOMITEXHIYHUN iHCTUTYT» (YKpaiHa)

Y me3ax posensoaromvcsa npobnemu npoenosysamHs 6iznec-omoueHus komnawii. Ilpoananizoeano
ocobaueocmi, AKi 06YMOBII0I0Mb CKIAOHICMb nepeddaueHHsi NOBeOiHKU VUACHUKIE PUHKY Ma npodiemy
8UOOPY  A0EKBAMHUX Memodié NPOSHO3YV8AHHA napamempis 0i3Hec-omouenHs Komnauii. Haoawno
npono3uyii wooo sudOpy mMemooie NPOSHO3Y8aHHs OI3HeC-0MOYeH s KOMNAHIL HA OCHOBI AHAI3Y YACOBUX
PAO0I8, AK CIMAmMUCmMu4Hux, max i Memooie MauuHHO20 Ha8UAHHS.

IlocTanoBka mnpodaemu. [IporHo3yBaHHS € OCHOBOKO [UIsl MPUUHATTS pilIeHb 1 MJIAHYBaHHS
aisutbHOCTI KomrmaHii. HeBu3HadeHicTph, ska O0TOUye MailOyTHe (QYHKIIOHYBaHHS KOKHOI KOMHaHii, €
CKJIaJJHOK, OCKUIBKM YYaCHUKM PHUHKY IparHyTh MiHIMI3yBaTH PpHU3UKH Ta MAaKCHUMI3yBaTH CBOIO
KOPHUCHICTb. Y il poOOTI po3TiIsiaeMoO KOMITaHilo, sSiKa BxKe MEeBHHI 4ac npairoe Ha [T-punky. IT- punok
mBUAKO 3MiHIOeThes [1]. L{i 3MiHM MOB’si3aH1 SIK 3 00CSITOM PUHKY, Tak i3 HOro cTpykTyporo [2]. Ha
OCHOBI TIPOBEJCHHUX JOCTI/DKEHb MIOJ0 MPOTHO3YBaHHS KOH IOHKTYpH IT-pHHKY BHSBIEHO, IO
aKTyaJIbHUMH € mpoOiieMa aHaji3y METOJIB MPOrHO3yBAHHSA Ta HaJaHHS peKoMeHJaulii 1moao BUOOpY
e(EeKTUBHUX METOJIB JUIS MPOTHO3YBaHHS pi3HUX acmekriB IT-punky. s aHamizy Ta mporHO3yBaHHS
613Hec-oToueHHs IT-koMmaHii Tpeba BU3HAYUTH CYKYIHICTh (haKTOpiB, IO BIUIMBAIOTH HA ii poOOTYy Ta
JII0Th 30BHI, a caMe: MOBEIHKA MOKYIIIIB, KOHKYPEHTIB, TMOCTAYaIbHUKIB, TCHICHIII B €KOHOMII, il
JIepKaBHUX CTPYKTYp Ta PEryjsiTOpiB, colliajbHl Ta AeMorpadidgti hakTopu, pO3BUTOK TEXHOJIOTIN TOIIO.
OcHoBHa npo0ieMa MPOrHo3yBaHHs 0i3HEC-0TOYCHHS KOMITaHii — Ie TTpoaHalli3yBaTh BIUTUB K OKPEMHUX
(bakTopiB, TaK 1 IX CYKYITHOCTEH, OLIHUTHA MOXKIIUBY pEaKiil0 KOMHaHI1 — BU3HAYUTH TPOTHO3HI 3HAYEHHS
OCHOBHHX TIOKa3HHKIB [ISUTPHOCTI KOMIIAHII Ha mepiofi, Ha sSKOMY Oyae MpHiMaTHCS YIPaBIiHCHKI
PIIIEHHS I0JI0 PO3BUTKY Ta BU3HAUATHUCS BIAMOBIIHI TUIAHU.

Meta po6oTu. MeToro poOOTH € TiABUIIEHHS SKOCTI TPOTHO31B MO0 MOKA3HUKIB 013HEC-OTOYCHHS
IT-kommanii. Bubip BiAMOBIAHMX METOJIB NMPOTHO3YBAHHS MOKA3HUKIB O13HEC-OTOUYCHHS 3AJIEKUTH BiJ
BHU3HAuUEHHs (aKTOpIB BIUIMBY HAa MOTOYHMM Ta MailOyTHIHM craH Oi13Hec-oToueHHs. OTOX MmocTae 3a1aya
a”aii3y uux (akropis Ta BUOIp METO/IB MPOTHO3YBAaHHS XapaKTEPUCTHK O13HEC-OTOUCHHS.

OcHoBHa yacTuHa podoTu. CKIAAHICTh MPOTHO3YBaHHS (aKTOPIB, K1 BIUIMBAIOTh HA MMOKA3HUKH
aisuibHOCTi  IT-KOMMaHii, @ TakoX Ha BU3HAUeHHSA 1 MalHOyTHIX IUIaHIB, OOYMOBJEHa TaKUMH
0COOJIMBOCTSIMH O13HEC-OTOUYCHHSL:

— IMHAMIYHICTh — MOCTiiHA 3MiHA CEpeJOBHUINA MiJl BIUIMBOM Oe3midi (akTopiB, sIKI 3MYIIYIOTH
013Hec 3MIHIOBATH CBOIO ()OpMY Ta XapaKkTep AisTIbHOCTI;

~ CKJIQJHICTh — y O13HEC-O0TOUEHHI B3aeMozie 0e3id (akTopiB Ta YMOB, sIKI BUHUKAIOTh 13 PI3HUX
JDKepell, 10 OOYMOBIIOE CKJIaJHICTh BM3HAUEHHS BIUIMBY TOIO YU I1HIIOTO (DakTOpy Ha [IISIBHICTD
KOMIIaHii, a TAKOXX PO3YMIHHS B3a€MO3aJISKHOCTI IIUX (PAKTOPIB OJMH Bij OJTHOTO;

— HEBM3HAUEHICTh — BUIAJAKOBHI Xxapakrep 3MiH Yy OI3HEC-OTOYEHHI, SAKHIl 00yMOBIIEHUN
HenepenoauyBaHUMM JiIMU PI3HMX YYacHHUKIB PHUHKY, IO OINUCYEThCA IMOBIPHICHHMH 3aKOHaMH,
HEeYITKMMU MapaMeTpaMu Ta iH.;

— HEO/IHO3HAYHICTh — PI3HI YYaCHUKHU Oi3HEC-Cepe/lOBUIA MOXKYTh MO-PI3HOMY CIIpUHMATH Ti cami
3MiHU B Oi3HEC-CEpPEOBHIII, 10 YCKIIATHIOE MPOTHO3YBAHHS HACIIKIB IIUX 3MiH;

— TPUBAJIMH BIUIMB — BUXKMBAHHS, 3pOCTAHHs Ta MPUOYTKOBICTh KOMIIaHii Ha pUHKY 0arato B YoMy
3aJIeKUTh BiJl TEPMiHIB BIUIMBY TOrO 4YM 1HIIOrO ()aKTOPY cepepoBHUIa Ha HOro AISUIbHICTD, a TAaKOX BiJl
CTIHKOCTI KOMIIaHIi TPOTUIATA HETaTHBHUM BIUTMBAM CEpPEIOBHUINA HAa TEBHOMY Tiepiomi. HaBith
HE/IOBrOTPUBANI 3MIHM Y HaBKOJMIIHHOMY CEpEJOBHILI MO-Pi3HOMY BIUIMBAIOTH Ha (YHKIIOHYBaHHS
KOMITaHii;

— BITHOCHICTb — TOHATTA Oi3Hec-cepelloBHIA € BITHOCHUM, OCKIJIBKM BOHO BapilO€ThCS B
3aJIKHOCTI BiJ Tany3i, e QyHKIIOHYEe KommaHig. ['amy3eBi 0cOOMMBOCTI BiIOOpaX)arOThCs Yy KIIFOUOBHUX
MMOKa3HUKAX JIsNIBHOCTI KOMIaHii.
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Benuka KimbKICTh METOMIB NMPOTHO3YBAHHS BHMAara€ aHamily Ta BHOOpPY €()EKTUBHOTO METOIY
MPOTHO3YBAaHHS JJIs BUPILIEHHS peallbHUX 3aBaaHb [3]. 3poOieHO BUCHOBOK, IO BonatuibHICTH IT-
PUHKY B OCTaHHI POKH MOTpeOye BUKOPUCTAHHS METOIB NMPOTHO3YBaHHS, SIKi 0a3ylOThCS Ha aHami3i
gacoBuX psiiB. [IporHo3yBaHHS NaHWUX YaCOBUX PSAIIB € CKJIAJHUM 3aBJaHHSM TOJIOBHUM YHHOM 4Yepe3
BEJIMKI 3MiHM B €KOHOMIYHMX TEHJCHIIISIX 1 YMOBax, 3 OJHOr0 OOKy, 1 HEMOBHY 1H(GOpMAIIitO, 3 1HIIOTO.
HaiiBigomMimuM METOJOM CTOXAaCTHYHUX MOJCNEH MPOTHO3YBaHHS YacOBHX PSJIB € OAHO(AKTOpHE
aBToperpeciiine koB3He cepeqHe (ARMA) g 1aHUX OJHOTO YacOBOTO PAMY, Y SIKOMY KOMOIHYIOTHCS
Mozeni aBroperpeciiinoro (AR) i ko3Horo cepennporo (MA). baratopumipni moaeni ARIMA Ta moneni
BekTOopHOI aBToperpecii (VAR) € iHIIMMY HAaHTOMYISPHIIIMMH MOJEISIMH MPOTHO3YBaHHS, SKi, Y CBOIO
4epry, y3arajibHIOITh onHOBHMIipHI Mozaeni ARIMA Ta onHoBuMipHy Mojaens aBtoperpecii (AR),
BpaxoByHOUH Ourbmie onHiel 3MiHHOI [4]. MeToaM MamMHHOTO HaBUYaHHS 1 alTOPUTMHU TNIMOOKOTO
HaBYaHHS BU3HAYWIM HOBI MIJXOAM JO TNPOTHO3YBaHHA. 3B’S3KM MK 3MIHHEMHU MOJCIIOIOTHCS B
«rauOOoKii» 1 GaraTopiBHEBIH iepapxii. MeToau, 3aCHOBaHI Ha MAlIMHHOMY HaBYaHHI, Taki sSK OIOPHI
BekTopHI MamuHu (SVM) 1 Bunaakosi nicu (RF), a Takok anroputMu Ha OCHOBI TTTMOOKOTO HABUYaHHS,
Taki SK pekypeHTHa HelipoHHa Mepexa (RNN) 1 moBrorpuBasia kopoTkoudacHa mam ate (LSTM),
OCTaHHIM YacOM BHKOPHCTOBYIOThCSI HaiyacTimie /i NpOTHO3yBaHHs (DIHAHCOBUX pE3YJbTaTiB
TiSTTBHOCTI KOMITaHiM, OOCATIB MpoAakiB, MPOTHO3IB IIiH TOIIO. MeToau TIMOOKOTO HaBYaHHS 3/1aTHI
i1eHTUdiKyBaTl CTPYKTYpy Ta MOJEIb JAaHUX, HAPUKIIA HEMiHIHICTh 1 CKNAAHICTh y YaCOBUX pslax.
3okpema, LSTM BHKOpPUCTOBYETBHCS ISl MPOTHO3YBAHHS YAaCOBUX PSAIIB €KOHOMIYHHMX 1 (DiHAHCOBUX
JaHUX, TaKUX SK TPOTHO3YBAHHS BOJATHIBHOCTI Pi3HUX (OHAOBUX Oip)K Ta TOBapHUX pPUHKIB. Jlis
BUOOpPY METOJy MPOTHO3YBaHHS TpeOa BPaxOBYBATH TOYHICTh TPAMUIIIHUX METOAIB MPOTHO3YBAHHS Y
MOPIBHSHHI 3 alNTOpUTMaMH MPOTHO3YBAaHHS Ha OCHOBI TNTMOOKOro HaB4aHHsA. OTXe, HA JaHUM Yac
MIPOBOAATHCS JAOCIIKEHHS IOA0 MOPIBHIHHS PE3ybTAaTIB MPOrHO3YBAHHS €KOHOMIYHUX 1 (DIHAHCOBUX
nanux [T-kommanii 3 Bukopucranast LSTM Ta tpaguniitaux MeroiB, TakuMu sik ARIMA.

BucHoBok. Otxe, aHali3yloud MNpoOJeMH [POrHO3yBaHHs Oi3Hec-oToueHHs IT-kommanii
BH3HAYCHO HAMOUIBII aKTyalbHi, a caMe: BEIHKi 00CsSTH 1H(opMalii; TOYHICTh IPOTHO31B, 3pO0JICHIX Ha
BHU3HAUEHUH mepiona; BUOIp METOMAIB MPOTHO3YBaHHS B 3aJieKHOCT1 Bija mepiofy mependadenHs. OTxke,
3aIpOMOHOBAHO IS TIepe0adeHHs CTaHy 0i3HEeC-0TOYCHHS KOMIIaHii 3aCTOCOBYBAaTH OHOYACHO METOJIU
MPOTHO3YBaHHA, fAKi OyIylOThCS Ha MOJEISAX CTAaTHUCTUYHOIO aHai3y Ta METOIU OOYHCITIOBAHOTO
IHTENeKTY, a BUOip MPOTHO3Y 3/1MCHIOBATH 3AJIKHO BijJ OMIHKH HOTO TOYHOCTI.
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EXPERIMENTAL DATA PROCESSING WITH A SMALL SAMPLE:
A COMBINATION OF PROBABILISTIC AND INTERVAL ANALYSIS METHODS
Potanina T.V., Yefimov O.V. (potaninatetiana@gmail.com, AVEfimov@kpi.kharkov.ua )
National Technical University “Kharkiv Polytechnic Institute” (Ukraine)

The applications of the interval and standard probabilistic approaches for verifying the reliability of
the results of an experiment studying the mechanical properties of nuclear materials are compared.

The problem of small sample size, its statistical evaluations, and the correctness of the application of
existing non-parametric tests in one or another case is one of the most frequent issues of discussion.
Works that discuss and propose methods and approaches to determine the optimal size of the sample so
that it is representative [1] contain contradictory arguments and proofs, and sometimes erroneous ones
[2]. At the same time, there remain some fields in which, for various reasons, it is impossible to increase
the amount of experimental material — medicine, psychology, biophysics, research in nuclear energy, and
so on. But the need to understand, describe and determine the dependencies between factors to build a
forecast remains.

The analysis of experimental data is due to objective information not being complete, and the
uncertainty of the data is also complicated. Uncertainty is present in any process of research and
evaluation of experimental data. It contains measurement errors, noise, round-off errors, incomplete
information, and methodological errors that give rise to uncertainty. It is impossible to overcome the
conditions of all these uncertainties. The analysis of numerous scientific works on the processing of
experimental data shows that the interval model [3] is correct if there is uncertainty in the data and the
samples have small sizes [4].

The application of the interval and standard probabilistic approaches is compared to verify the
reliability of the results of an experiment to study the mechanical properties of hafnium samples.

The presence of outliers in the sample of hafnium ingots hardness values was investigated at fixed
weight oxygen content: 0.03 wt. %, 0.04 wt. % and 0.05 wt. %. The situation of measurement error
limiting the without reliable information about its distribution and checking the sample for consistency by
the methods of interval analysis is considered. The classical statistical tests were used: "three sigma rule”,
"two sigma rule", Lvovsky’s criterion, "three sigma rule" for the median of the sample. The application of
these methods shows conflicting results since they all assume that the sample values are subject to a
Gaussian distribution. But this sample of measurements is small, and the probabilistic characteristics of
the errors are unknown since it is impossible to guarantee compliance with the Gaussian distribution. The
correctness of the interval analysis application for processing experimental data under conditions of
uncertainty and noisy experimental data and determining anomalous points is displayed.

After removing outliers using interval analysis methods, the adjusted three subsamples determined

the  means (probabilistic. methods) X, =(173.857,181.0,192.0) and central actual values (interval

analysis method) Xx_ =(176.24,180.24,193.24). Finally, classical statistical methods, after removing

outliers from the first and second subsamples, the mean values in the samples are determined, that is
X = (172.333,182.435,197.222) .

The examples considered show that if the sample of experimental data is small with gross errors of
observation, the interval analysis method gives better accuracy indicators than the standard statistical
method.

Next, we determine the dependence of the hardness of hafnium samples on the mass content of
oxygen.

Using standard statistical approaches to experimental data processing and based on the fact that the

dependence is not a linear function, the parameters of the ratio f(x)= A-e® +C are determined by the

method of Levenberg-Marquardt minimization [5].
Curve 1 gives a rougher estimate of the dependence of the hardness of hafnium samples on the
oxygen content. Curve 2 is a more accurate estimate and is close to curve 3. That is, the construction of an
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approximating line at the nodes determined for samples truncated by interval analysis methods is a more
efficient approach for processing observational data.

201

.96.25 /// /
88.7p 1 1/

2. 7

s12b 3 %
177, \7 —

0.025 0.03 0.035 0.04 0.045 0.05 0.055

Brinell hardness of gafnium ingots, HB

Oxygen content, wt. %

Fig. 1. The dependence of the Brinell hardness of hafnium samples on the weight oxygen content:
1 — approximation by mean values of the sample;
2 — approximation by corrected mean values of the sample; 3 — approximation by central actual values.
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MOJEJIOBAHHSI HAJJIMHOCTI TIPOT'PAMHOTI'O 3ABE3INEYEHHSA
HA OCHOBI AJITEBPH AJITOPUTMIB I HEYITKOI JIOTTKHA
Pakursucrbka I'.b. (rakit@vntu.edu.ua), [Ipyc b.B. (bohdan.prus.vntu@gmail.com)
BiHHUIBKUH HaIllOHATBHUN TEXHIYHUHN yHiBepcuTeT (YKpaiHa)

3anpononosaro modensv nadiunocmi 113 na ocnosi aneeopu aneopummie i newimkoi noeixu. Jloziko-
arneopummiyna mooenv naodivunocmi 113 0o036013€ npoekmysamu aneopummu 3 HeOOXIOHUMU DIGHAMU
Oe3nomunKosocmi (pusuky) ma eumpam Ha OCHOBI eKCHEPMHO-eKCNepUMEHMANbHOI iHopmayii npo
HAOIUHICHO-4ACO8I XapaKmepucmuky emanie ma cmaoitl H#cummesozo yuxy I13.

ITocTanoBka 3anayi
OCHOBHOIO MeTOI0 PO3po0KHM mporpamHoro 3adesneueHHs (I13) € HamaHHS MPOAYKTY HaiKpamioi
SKOCT1 32 YMOBH 0OMeXeHOro yacy (Baprocti). OyHKIIOHAJIbHA HAAIMHICT € OCHOBHUM KpPUTEPIEM, IO
notpedye MOJETIOBAHHA HAIIMHOCTI Ha PI3HUX eTamax po3poOku. BHUCHOBKHM, OTpuMMaHi Ha OCHOBI
TpaaULiMHUX MoJeneil 3pocTaHHs HaJilHOCTi [1, 2], He Aal0Th pO3yMiHHS MPAaKTUKaM KyAU CIPSIMyBaTH
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3YCHJUTS 1 SIK PO3MOAUTATH PEeCypcH, 1100 3MEHIIIUTH pU3UK MOsBY aAedekTiB [3]. BuzHaueHHs MOporoBoro
3HAYEHHS PHU3MKY TAKOX 3aJMIIAE€ThCS HEPO3B's3aHO0 mpobieMoro [3]. Po3ymiHHS B3aeMO3asie)KHOCTI
MOAi# 1 IpolIeciB Ma€e BUpIIIAJIbHE 3HaueHHs i HaaiitHoCTi [13 [4-6]. Ha mpakTuili BUKOPHUCTOBYIOTHCS
eKCHepTHI Mojeini, 3100yTi IIIIXOM aHajli3y MpoIeciB PO3pOOKM peaJbHUX IPOEKTIB Ha OCHOBI
CIIOCTEPEIKEHHS BITHOCHOI OJIM3BKOCTI Ta CXOKHX Ifijieit [5, 6]. IHTenekTyanbHuil aHaIli3 IPOLECIB SIBIISE
co00r0 Hadip METOJIB, CIIPSIMOBAaHUX Ha BUJIYYEHHS OCHOBHHMX 3HaHb 13 IMPOILECIB AJs iHTepHpeTanii
JTaHHX 1 PO3YMiHHS Iporiecy B auHamimi [6]. Omuc HEBU3HAYEHOCTI, BIACTUBOI MpoIiecaM po3poOKH, Ta
BpaxyBaHHS BIUTUBY (DaKTOPIB PU3UKY 3YMOBIIIOE 3aCTOCYBAHHS MOJIETICH HAAIMHOCTI HA OCHOBI HEYiTKOI
soriku [7].

Memoio mooentosanns € po3poOKa JOTIKO-aNTOPUTMIYHOT Mojeni HaaiiaocTi 113, Mo 103BONHTH
MPOCKTYBaTH QJITOPUTMH 3 HEOOXITHUMH PIBHAMH O€3MOMHIKOBOCTI (PHU3HMKY) Ta BHTpPAT Ha OCHOBI
eKCIePTHO-eKCIIEPUMEHTAIBHOI 1H(OpMaIlii Ipo HaAIiHICHO-4YacOBI XapaKTEPUCTUKM €TaliB Ta CTaiil
KUTTEBOTO UKy [13.

Eranu nodynosu monesi Hagiiinocri I13

Jlis MoJientoBaHHs HaiiHOCTI nporecy po3poOienHs [13 BukopucTaHo npuHIMNK, CHOPMYIIbOBaHI
B [7-9].

[TobynmoBa Mmopem HamiiiHOCTI I3 37M1HCHIOETHCST HA OCHOBI aJITOPUTMIYHOTO OMHUCY TIOIIH,
MOB’SI3aHUX 3 BUHUKHEHHSM, BHSBIICHHSM 1 BHJAJICHHSAM NOMWIOK y cHeremi [8, 9]. Jloriko-
ITOPUTMIYHA MOJIENb CKIIAJA€ThCS 3 OMEPATOPiB 1 JIOTIYHUX YMOB, a TaKOX OMEPATOPHHUX 1 JIOTIYHHUX
CTPYKTYp, IO OMHCYIOTh IUCKPETHI mporecu po3podienns [13. B Teopii HamiifHOCTI aJIrOPUTMIYHHX
nporecis [8, 9] po3pi3HAIOTH poOOUi oneparopu Ta onepaTtopu A0podku. Jloriuni ymoBu hopmamizyroTh
orepanii KOHTPOJIO Ta BHKOPHCTOBYIOTHCS ISl TEPEBIPKH TNPABMIBHOCTI BUKOHAHHS pOOOYMX Ta
nopobounux omeparopiB [8, 9]. Ommc mnporecy pospodsenns I3  saiificHIOETbCS Ha OCHOBI
Mo uGiKoBaHOI cucTeMu anroputMmivyHux anre6p B.M. I'mymikosa [10, 11], ne perynspHuii anroputm
OyayeTbes 3a JONOMOTOIO JIiHIMHOI, allbTepHATUBHOI Ta 1TEPATUBHOI ONEpaTOPHUX CTPYKTYp. B Teopii
HAJIMHOCTI AJITOPUTMIYHMX TporeciB [8, 9] miHIHHA CTPyKTypa TIOpPOJDKYE OIepaTop, SIKUH €
€KBIBaJECHTHUM IIOCJIIJOBHOMY BUKOHAHHIO pOOOYMX OIEPATOPiB; aJbTEPHATUBHA CTPYKTYpa HMOPOJDKYE
OIepaTop 3aJEeKHO BiJ HEYITKOI ICTHHHOCTI yYMOBH KOHTPOJIIO; ITEpaTHBHA CTPYKTypa MHOPOJDKYE
oneparop, KU € EKBIBAJICHTHMM IOBTOPHOMY BHMKOHAHHIO pPOOOYOro oreparopa IONOKH YMOBa
KOHTPOJTIO HE CTaHE ICTHHHOIO.

[Tponiec po3podnenHs II3 omnucyeTbcss TUHOBUMHU ONEPATOPHUMHU Ta JIOTIYHUMM CTPYKTypamH.
JliniiiHa CTpyKTypa ONHUCYE TOCIIIOBHICTE POOIT 0€3 KOHTPOJIB 1 3BOPOTHUX 3B’s3KiB. Omeparrii
KOHTPOJIIO BI/MOBIIAIOTh €TamaM TECTYBaHHA 3 METOI BHsBIEHHS MoMuiok. Omepauii J0poOku
BiJINIOBITAIOTh €TalaM BIUIarQ/DKEHHS, CIPSIMOBAHMX Ha BHIIPABIICHHS ITOMHJIOK. AJIbTepHATHBHA
CTPYKTYpa OMHCY€E PO3TanykeHuil mpoiiec «po0oTa — KOHTPOJIb (TECTyBaHHs) — 10poOKa 0e3 3BOPOTHOTO
3B’SI3KY», KOJIA TTIOMUJIKH BHSIBIIIFOTHCS 1 0/1pa3y BUIASIOTHCS 13 CHCTEMH; iTepaTUBHA CTPYKTYpa OIHCYE
LUKJIIYHUI MpoLec «poboTa — KOHTPOIb (TECTyBaHHA) — 1OpOOKa 13 3BOPOTHUM 3B’SI3KOM», KOJIU MiJ Yac
HaJIaroPKEHHs MOXYTh OyTH BHECEH1 HOB1 MOMMWIKH |8, 9].

OmniHka piBHSA HPaBUIBHOCTI BUKOHAHHS MpoleciB po3poOnenHs [I3 31ificHIOETbCS Ha OCHOBI
METOJly HEUITKOI'0 MOJAENIOBaHHS HaJlMHOCT] aTOPUTMIYHUX TpoueciB [7, 12]. AHamorom HeuliTKoi 6a3u
3HAaHb Ta HOCIEM MOJIeTi HaIIMHOCTI € JIOTIKO-aITOPUTMIYHHUNA OTHC MOIH, 110 MOB’sI3aH1 3 BAHUKHEHHSIM,
BUSBIICHHSAM Ta YCYHEHHSIM NpPUYMH HENpaBWIbHOI poOOTH mporpamHoi cuctemu [7, 12]. Bxomamu
IPOIEC-OPIEHTOBAHOI MOJENI € HAAIMHICHO-4acOBl OLIHKM POOOYMX, KOHTPOJBHUX 1 JOPOOOYHMX
omneparopiB. Ha BUxoi mpoliecy crocTepiraroThes JABa KJIACH CUTYaIlil, 10 BiAMOBIIAI0Th MPABUILHOMY
(n') i HenpasuabHOMY (L°=1—11") BUKOHAHHIO 3a/1adi.

Hotpumyrouucs [7, 12], 3anauy oniHKM HaIHHOCTI ONEpaTopiB 1 JOTTYHUX YMOB 3BEJEHO /10 3aj]ayi
HewiTKOI inenTHiKarii 06’exta “Bxomm X — Buxix p'”’. Bxogamu 06°€kTa € po3moia T moMmIok. Ha
BHXONi 00’€KTa CIIOCTEpIrafoThCs [BAa KIACH CHTYAIil, IO BiAMOBiZalOTH mpaBmibHOMY (') i
HEMPaBUILHOMY (uo) BUKOHAHHIO OKpeMHUX (YHKIIH. 3a M-apHOI1 KOHIENI[il MOMIIOK [9], OIIHIOEThCS
MOXJTUBICTh BHUSIBJICHHS Ta BUIIPABICHHS MIOMUJIOK J-T0 THITY, j=1,...,M.

Mogenp HaAIMHOCTI Y BUTJISIII CUCTEMH HEUITKUX JIOTIYHHUX PIBHSAHB 3B’s3ye (PYHKIIT HAJIEKHOCTI
MPaBWJIBHOTO (HEMPAaBWJIBHOTO) BHUKOHAHHS MpOIECY Ta MOro €JIeMEeHTIB, IO BXOASTh B JIOTIKO-
ITOPUTMIYHUI OIUC Ha PiBHI MpoIecy; Ha piBHI poOOUYMX, KOHTPOJIBHUX 1 10poO0oUHUX onepartii. J{is
TUMOBUX CTPYKTYp, CHCT€Ma HEUITKMX JIOTIYHUX PIBHSHb BHUIUIMBAa€ AaBTOMATUYHO 13 JIOTIKO-
AITOPUTMIYHOTO OMHKCY, TOOTO HEeuiTKOi 0a3u 3HaHb. [OTPUMYIOUMCH MPUHLUIY HEYITKOI MPaBUIBHOCTI
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[7, 12], nns piBHIB NMPaBUIBLHOCTI OMEPATOPIB 1 JIOTIYHMX YMOB BH3HAYAETHCS CTYMIHb HAJICKHOCTI
BEKTOpa BXiMHMX mapaMerpiB X 0 KimaciB po6oTi cucteMn «paumbHO» (u') i «aenpasmismo» (1),
VYrpaBiniHHA pU3HKAMH 3IIACHIOETHCS 3a JOMOMOTOIO OIepalliii KOHTPOJI Ta JOPOOKH, SKHUMHU €
TECTyBaHHs Ta BiajarokeHHs. Jloriuna ymoBa, 110 KOHTPOJIOE MPAaBMWIIbHICTH BUKOHAHHS POOOYOro
oreparopy abo omepaTopy IOpOOKH, IMOJATaE y MEPEBipIli MPaBUIBLHOTO (HEMPAaBHIBHOTO) BUKOHAHHS
MOCTIIOBHOCTI T€CT-KeHCiB, 10 MOKPUBAIOTh BUKIIMKH Ta aKTUBI3allito onepariii inrepdeiicy. HaniiHicTs
BUKOHaHHA poOOYMX Ta KOHTPOJIBHUX  OINEpaTOpiB  OLIHIOETbCS HAa  OCHOBI  €KCIEpPTHO-
EKCIIEPUMEHTAIBHUX JaHUX IIOA0 PO3MOALTY MOMIJIOK Pi3HUX THUIIIB (MOMMIIKHK iHTEp(dEenCy, MOMUIKU B
Jorimi poOOTH MporpaMu, MOMIJIKM OOpPOOKH MapayielbHUX TOTOKIB JaHUX Touo). Pusuk Bigmoru [13
OLIIHIOETHCSI €KCIIEPTAaMH K HACHIJOK i CYKYITHOCTI MOMHJIOK, IO 3JIMIIAI0THCS B CUCTEMI.

Pu3nk BHECEHHs MOMMWJIOK PI3HUX THIIIB, @ TAKOXX BUTPATH 4yacy Ha iX BUSABJICHHS Ta BUIPABICHHS
MOXYTh OYyTH OIKCaHi 3a JONOMOTOI0 IHTEPBAJIBLHUX a00 HEWITKUX OLIHOK, OTPUMAaHMX Ha OCHOBI
€KCIIEpTHO-CKCIIepUMEHTaIbHO1 1HpopMarlii. HaniliHicTh poO0YMX omepaTopiB BU3HAYAETHCS HA OCHOBI
HEYITKUX OLIHOK YacTOTH BHECEHHS IMOMMJIOK pi3HUX THUIB (uacmo, pidke). HanilHICTB omepariit
KOHTPOJIIO Ta JOPOOKM BH3HAUAEThCA HA OCHOBI IHTEPBAIBHUX OI[IHOK MOXJIMBOCTI BUSBJICHHS Ta
BUTpaBIeHHS MOMUIOK pi3HUX THIIIB (0.8-0.9). IIpn boMy BUTpaTH Yacy TaK0oX OLIIHIOIOTHCS HEHITKUMU
TepMaMu (Hu3vki, cepeoui, eucoki). [IpiopuTeT NMOMWIKM pO3MIAJA€ThCA SK Bara npaBumia. OyHKuil
HAJICKHOCTI, HEOOXiaHI A (opMmamizamii HEUITKUX TepMiB, BU3HAYAIOTH 3POCTAHHS PIBHIB HEYITKOI
MPaBWJIBHOCTI 3ajekHO Bif 4vacy [7, 12]. 3pocranns ¢yHKIi HamiitHOCTI 3a0€3MEeUy€eThCsl BBEICHHAM
MOKA3HHKIB cTeneHs (QYHKIIA HaJeKHOCTI, IO IHTEPHPETYIOThCS SK KPaTHICTB a00 pETENbHICThH
BUKOHAHHS OTEPATOPIB 1 JIOTTYHUX YMOB 1 JO3BOJISE€ POMOAUINTH 3YCHILIIS Ha TECTyBaHHS 1 TOpoOKy [7].

Hotpumyrouncs [8], ¢yHKIiOHambHa Mepeka, M0  BIANOBiae HYJIHLOBOMY BapiaHTy,
NIEPETBOPIOEThCA JIONOKU HE Oyne 3HalIeHO JIOriKO-aJrOPUTMIUHUI OmHUe, sKkuil 3abe3nedye BUMOTH
HaJiiHOCTI Ta BUTpAT. [lepeTBOpeHHs MOo/Iemi HaJiHHOCTI TTOB’s13aHi 13 3MIHCHHSIM CIIOCO0iB BUKOHAHHS 11
OlepaTOpHUX Ta JIOTIYHUX CTPYKTyp [8, 9]. Bubip apXiTeKTypHHX pIIIeHb AOCATAETHCA IIISIXOM
BUKOPUCTAHHS MOJIMNIIYBAJbHUX IMiJCTaHOBOK. KoXXHa mosiniryBajibHA ITi/ICTAHOBKA O3HAYA€ 3aMiHy
JeSIKOTO orepaTopHOro abo JOoriyHoro (parmenta (QyHKIIOHAABHOI MEpEeXi 1HIIUM (QparMeHTOM i3
MIJBUIIICHUM pIBHEM HAJIIHHOCTI a00 MOHIKEHUM piBHeM BuTpar. [lominmryBaibHI TiJICTaHOBKH
BI/IMOBIIAIOTh BIJOMHMM i1HXXEHEPHUM METOJAM ITiIBUIICHHS HAIIHHOCTI Ta 3MCHILICHHS BUTpaT, IO
BUKOPUCTOBYIOTBCS Y IIPOTPaMHIi iHXKeHepIi.

Ha npaktumi npu po3poOiii MOOIIBHUX BEPCiil po3risgaeTbesi nmepeHeceHHs (QyHKui oO0poOku
iH(popMmalii 3 cepBepa Ha MOOUIbBHMU mpucTpidi. lle 3abe3nedye 3aXMINEHICTh JAHUX Ta OJHOYACHO
HiJABHILYE BUAKOIII A0JATKY, 3MEHIITYE HaBaHTAXKEHHS Ha MEpPEeXy Ta BUTpATH Ha Mepenady JaHux. 3
KOXXHOIO TOJIIMIITYBAIbHOK. MIICTAHOBKOIO IOB’S3aHUI BEKTOpP KEpyBaJbHUX 3MIHHMX, ONTHUMAaJIbHE
3HA4YeHHs SIKOro HEoOXiJHO 3HalTW B Mpoleci onTuMizaniitHoro cunresy [8]. i MOOUIBHHX CHCTEM
00pOoOKH MYIBTUMEIINHUX AAHUX TaKUMM KE€PYBaJbHUMH 3MIHHUMH € KOCQIIEHTH CTUCHEHHSI MOJEINI
pO3Mi3HaBaHHA Uil PO3rOPTaHHA HA MPUCTPOSX 3 OOMEKEHHMMM OOYHUCIIOBAJIBHUMHU pecypcamu 3
MIHIMaJbHUMHM BTpaTamMu TOYHOCTI. JIng reHepyBaHHS Ta celeKklii HalKpalmoro BapiaHTa
¢byHKIIOHATBHOT Mepexi B pexumi off-line BUKOPUCTOBYIOThCS TeHeTUYHI anroput™u [9]. ns aganramii
GYHKIIIOHATEHOT MEPEXi B Mipy 3MiHEHHSI BAMOT BUKOPHUCTOBYETBCS TpaieHTHUI MeTo [7-9].

BucnoBku

3anpomnoHoBaHo MifIXiA A0 MoAeNtoBaHHs HaAliMHOCTI [13 Ha ocHOBI anreOpu aaropuTMIB 1 HEUITKOL
noriku. Jloriko-anroputmiuHa Mozenb HagiitHOCTI 13 103B0IIsI€ MPOEKTYBATH aIrOPUTMH 3 HEOOX1THUMHU
piBHSIMU OE3MMOMHIIKOBOCTI Ta BHUTPAT HAa OCHOBI EKCIIEPTHO-EKCIIEPUMEHTAIbHOI 1H(opMallii Mmpo
HaJIIHICHO-4acOBl XapaKTepUCTUKU eTamiB Ta crafiil xutreBoro nukiay II3. PiBeHbp HewiTKoOl
MPABUILHOCTI OTIEPATOPIB 1 JIOTIYHUX YMOB OMUCYETHCS 32 JIOMTOMOTOI0 (DYHKITIA HAJIEKHOCTI. 3pOCTaHHS
¢byHkiii HagiHOCTI 3a0e3MeuyeThCcsl BBEACHHSAM IOKA3HUKIB CTEMeHs (YHKIIH HaJIEXKHOCTI, IO
IHTEPIPETYIOThCS K KpaTHICTh ab0 peTeNbHICTh BUKOHAHHS ONEPaTOpiB 1 JIOTIYHUX YMOB 1 JI03BOJISIE
PO3MOAUTUTH 3yCUIUISA Ha TECTYBAaHHS 1 JOPOOKY.
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MOJAEJIIOBAHHS 1 ONTUMIBALIS POBOTU KEHI-ITAM’ATI KOMIT'FOTEPA
Pesniuenko O.B., Apxumnosa B.B. (rezn2509@gmail.com, arh.v.1006 @gmail.com)
JABH3 «Yxpaincekuii JepaaBHUIN XIMiKO-TEXHOJIOTTYHUN yHIBepcuTeT» (YKpaiHa)

YV mesax pozensdaemvca xkew-nam'smo xomn’tomepa, ii munu. Busnaueno cnocodou 3anoemenHs
inpopmayicto ma 83aem00ii 3 iHWUMU udamu nam ami. Ilpoananizoeano napamempu, wo 6NIUBAIOMb
Ha ii pyHKYioOHY8aAHHSA, NOOYOOBAHO MOOENb POOOMU Keul-nam sami.

Kemnr-pam'sith € crienianbHOK GOpMOIO Imam’sTi KOMIT 10Tepa, e 30epiraloThcs JaHi, 10 SKUX 4acTo
3BepTaeThes npouecop [1]. Lle#t Bua mam'sati po3TaioBaHHi MiX MPOIECOPOM Ta OCHOBHOIO IaM’SITTIO.
[IIBuAKicTh KelI-IIaM’ATi MeHIIle, HiK [EHTPAIbHOTO Mpoliecopa, aje Bullle, Hixk onepatuBHOi [2]. [Tpu
nam’ STl Ta po3TallyBaHHS JJaHUX Y HiH.

MOoXIuBO JeKiIbKa TUIIB pO3TallyBaHHs 1H(opmamii y kemi-mam’sati. Ilepmum Ttumom e kemi-
nam'ste 3 NpsAMUM BigoOpaxeHHsM [3]. Becb 00’eM onepaTUBHOI MaM’sTi MOJIUISETHCS HA CTOPIHKH, 110
JOPIBHIOIOTH 00’€My Kela, 1 py B3aeMOJii Kemla i ONmepaTHBHOI MaM’STi OJHAa CTOpPIHKa ONepaTHBHOI
nam’sATi po3TauloByeThCs y Kemi-mam’ati. IIoTiM HoBa CTOpiHKa pO3MIILYy€eThCS 3BEPXY, 3aTUPAIOYH BMICT.
Takum unHOM, poOOTa BiIOYBaETHCS HEe(DEKTUBHO, 1 00’ €M TTaM’ SITI BUKOPUCTOBYETHCS HE TIOBHICTIO.

Hpyrum — € HabipHO-acoliaTUBHA-KenI-nam'satb. Kemr-mam'sTb MNOJUIAETHCS HA CEIMEHTH, 1
orneparuBHa — JUINTBCA HA CTOPIHKH, IIO JOPIBHIOIOTH OJHOMY CEerMeHTy kKema. Toai cTopiHka
OTIEPAaTUBHOI — 3aMUCYETHCSI B MEPIIMHA CErMEHT, Apyra — B Apyruil tomo. Lle 30iabiye ehekTuBHICTD
BHKOPHUCTAHHS 00’ €My Kellla, ajie YCKIIaTHIOE MPOoIieC OOPOOKH JTaHMX.

I TpeTim THIIOM — € acouiaTuBHA Kenl-nam'stb. O0’e€M cerMeHTa Kellla CTa€ piBHUM PSJIKY Kelly, 11e
Jla€ MOXJIMBICTH 30epiraTu CTPOKY ONEpaTUBHOI Mam’ATi B OyAb-SIKOMY MICII Kew-am’sTi. Takum
YMHOM, OCTaHHIM TUN OpraHi3auii Ja€ MOKJIMBICTh MAKCUMAIbHO €(DEKTUBHO BUKOPHCTOBYBATH MaM'SITh.

s moOymoBu Mojeni poboTu Kemry Oyino 3pobieHo Aekinbka mpunyiiens [4, 5]. Jauwii tun
maMm’ATi Ma€ N piBHIB, KOXEH 3 SAKUX MICTUTH M Komipok. O0’eM KOMIpKH NOpiBHIOE a;. Bech 00’em
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aM’SITi KOKHOTO j-TO PiBHA CKianae bj. Takox BUKOpUCTaHa 3MiHHA X;j, [0 BKa3ye Ha BiJICYTHICTb abo
HasBHICTh JaHUX Yy KOMipii. BaxXITMBOIO XapaKTEpUCTHKOIO KEUI-IaM’sITi € MiHIMi3allisl yacy 3BEpHEHHS
tj. no iHpopmanii, IKa MICTHTBCS y KOMIPIi Iam AT j-ro piBHA. TakoX MiHIMAJIbHUM MOBMHEH OyTH
00’eM yciei mam’sTi Ta 4yactoTa ii BUKopucTanHs. L{i mpumymeHHs Oyio BpaxoBaHO TMpH MOOYymOBi
3aranLHoro BUTJISY LIJIHOBOT q)yHKuu SKa OTIHUCYE p060Ty KeIry:

ZZtalplxl]—)mm injzl, Zaixl-jsbj, x;; €{0,1},i=1..m,j=1..n

i=1 j=1 j=1 j=1
Takum ynHOM, Ha PoOOTYy Kell-mam’sTi BINIMBAIOThH: THUII ii Opradi3aiii, KUIbKICTh PIBHIB, 00’ €M
KOMIpKH, 00’ €M PiBHA Ta Yac 3BEpHEHHSA 710 KOMIpKH.
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MOJIEJIIOBAHHA PEUTUHTOBOI OIITHKYW IHBECTHITIMHOI TPUBABJIUBOCTI
MIAIPUEMCTBA
CaBuyk JI. M., Bannopina JI. M., Yaaunna K. O.
(dialog.aktiv@gmail.com, bandorina7@gmail.com, eudachina7@gmail.com)
VYKpaiHChKHIA JIep)KaBHUI YHIBEpCUTET HayKH i TexHouorii (YkpaiHa)

Pozenanymo nioxoou 0o oyinku ineecmuyiinoi npusabaueocmi NIONPUEMCMEA 3 MemMol0 UPIULEHHS
npobnemu  306HIWNLO20 . pinancysanns. Ilpedcmasneno mooughikoeany Mooenv  iHmez2panbHOi
Ppeumunz080i OYiHKU.

AKTyaJIbHicTh po0JieMH. B yMOBax mocuiieHHs HEraTUBHUX TEHJEHIIIM B €eKOHOMII, 30KpemMa Ha
PUHKY KamiTamy, npoOjemMa 30BHIIIHHOTO (PiHAHCYBAaHHS JUIS IIJIPUEMCTBA € OJHICI0 3 HAWOULIBII
aKTyanbHUX. [HBECTHIIIIIHI MOXXJIMBOCTI € OOMEXKEHUMH, TOMY NPUUHATTSA OyIb-KOro pIillleHHS II0A0
BKJIQJIaHHST KOINTIB MOTpeOye TPYHTOBHOTO aHami3y, 0 y KOMILJIEKCI BU3HAYAETHCS K 1HBECTHIlINHA
NpHUBAGIIMBICTH MiIIPUEMCTBA.

Meroau BupimeHHss npoéuaemu. ICHyroul MiAXOAM A0 OLIHKM 1HBECTHULIMHOI NPUBAOIMBOCTI
HiANPUEMCTBA TMOTPEOYIOTh YAOCKOHAJEHHS, 30KpeMa YpaxyBaHHS OCOOIMBOCTEH BITUM3HSIHOTO
€KOHOMIYHOTO CepPEIOBHIIA, PO3BUTKY (DIHAHCOBOTO PUHKY TOIIO.

Ha ocHoB1 mpoBeaeHoro aHanizy TEOPETHKO-METOAOJOTTYHUX MiIXOiB J0 OLIHKH 1HBECTULIHHOT
MIPUBAOIUBOCTI ITiITPHEMCTBA MOYKHA BUIUIATH JIBA KOHIICTITYAJILHO Pi3HI MiaXxoau [2].

3a mepumuM MiJXOA0M I1HBECTHIiIiHA MpHUBAONMBICTh MIANPHUEMCTBA TIPYHTYEThCS Ha aHami3i
(IHAHCOBMX TIOKA3HHWKIB HOTO MJISIBHOCTI. 3a JpyrdM TIAXOI0M 1HBECTHUIIHHA TPUBAOIHMBICT
HiANPUEMCTBA BU3HAYAETHCS PIBHEM HEJIOOI[IHKH BapTOCTI HOTO LIHHUX Marepis.

Ha cywsacHomy etami pO3BUTKY €KOHOMIKM YKpaiHU OLIbIN JOIUIBHAM € TPOBEJACHHS OIIHKHU
IHBECTULIIHHOI TPUBAOIMBOCTI MIANPHEMCTBA HAa OCHOBI aHai3y (PiIHAHCOBMX IOKa3HUKIB HOTo
TUSITEHOCTI [5].

Y wMexax [TaHOro MiAXOAy BCi METOJMKH MOXHA CHUCTEMAaTH3yBaTH 3a JBOMa O3HAKaMH: 3a
MaciTaboM Ta 3a 00CSIroM aHali30BaHUX (akTOPiB BIUIMBY. B 3amexHOCTI BiJ MacmTaldy OL[IHKM MOXHA
BHJIUTUTA METOJMKH KOMIIJIEKCHOTO Ta BHOIPKOBOrO aHamizy. BulOipkoBMid MiaxiJ 0 OIIHKH
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IHBECTHIIIITHOT TIPUBAOIMBOCTI Tmepeadadae aHami3 OJHOTO a00 JEKUIBKOX AaCHeKTiB JisIIbHOCTI
HiANPHUEMCTBA, KOMIUIEKCHUH — epeidayae OiHKY MaKCUMAaJIbHOI X KUTBKOCTI.

Jns omiHKM 1HBECTHIIHHOI TPUBAOIMBOCTI IMIANPUEMCTBA IHBECTOPOM BH3HAYAETHCS HAOIp
HOPMOBAHUX 1 TEHJICHIIIMHUX MMOKA3HUKIB Ta 3/1MCHIOETHCA iX pAH)KUPYBAHHS 3a CTYNEHEM BaXKJIMBOCTI
OLIIHKKA KOXKHOTO TOKa3HHWKa Ul iHBECTOpa. B pe3ynbraTi Ui KOXKHOTO IMOKa3HUKA, IO OIIHIOETHCS,
BCTaHOBJIIOETHCS BArOBHIA KOCQIIIEHT.

Ha apyromy erami OIliHKM OOMpaEeThCs HAHOUIBII IHBECTHIIIMHO MpHUBAOIWBE IMiANMPUEMCTBO Ha
OCHOBI METOJy E€TaJIOHHOTO MiJNPUEMCTBA: BU3HAYAIOTHCS HAWKpalll cepe] pPO3paxOBaHHMX 3a BCiMa
MiANPUEMCTBAMH 3HAUCHHSI 32 KOKHUM ITOKa3HUKOM, KMl Oepe ydacTh B OlliHIOBaHHI. i 3HadeHHs
npUMaloOThCs 3a eTanoHHi. CyKyIHICTh €TaJOHHUX 3HAYCHb BiAMOBIaTUME MOKAa3HUKAM IMIAIPUEMCTBA-
etanona. Ilicis 4oro po3paxoByeTbcsi pEUTUHT MiMPUEMCTBA, 110 XapaKTEPU3Y€E CTYIIHb BiANOBIAHOCTI
(haKTUYHUX 3HA4YEHb BHPOOHUYO-TOCIIONAPCHKUX TTOKA3HUKIB KOXKHOTO ITiIIPHEMCTBA, SIKi O€pyTh y4acThb
B OI[IHIOBaHHI, TOKa3HUKaM €TaJIOHHOTO mianpuemcTsa (1):
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ne Rj — ysaranbpHIOOYHI pO3paXyHKOBUH MOKAa3HUK pel/ITI/IHFOBOI OIIHKU (DiHAHCOBOT'O CTaHy Ta
BUPOOHUYO-TOCHOIAPCHKOT TISTBHOCTI j-T'O MiAIPUEMCTBA; P’ i) — GaxTHuHE 3HAUEHHS 1-TO IOKA3HUKA -
ro MiNpHeEMCTBa; Pje) — 3HaueHHS 1-ro MOKa3HMKa MiAIPUEMCTBA-€TaloHa; ki — BaroBuil koe(ilieHT 11t
1-T0 MOKA3HUKA; N — KUIBKICTh OLIIHIOBAaHUX 1-TUX MOKA3HUKIB j-TO MIIMPUEMCTBA; | — MOPSIKOBUNA HOMED
JOCIIKYBAHOTO TiAPHEMCTBA.

Cnuparoynch Ha METOJIMKY PEHTHUHTOBOI OLIHKHM 1HBECTHULIHHOT MpuBadiuBocTi mianpuemcTsa [.J1.
Ckusip ta FO.M. llkoninoi [4], HaBeneHy NOMEPEAHBO, 3AIMCHUMO NeBHI Moan(ikamii, aganTyBaBmH ii
OCHOBHI TMOJIO’KEHHS 3 METOI0 MPAKTUYHOI'O 3aCTOCYBaHHSA. lle BUKINKAHO TUM, IO JIHCHO €TaJOHHOTO
HiANPUEMCTBA JUIs TIOPIBHSAHHS 3HAWTH OyXe BaXXKO B YMOBax, IO CKJIAJHMCS Hapasi y BITUYM3HSHIN
€KOHOMIlll, a TEBHI MOKAa3HUKH 3 3alpOMOHOBAHHX pPO3pPaxXyBaTH HEMOXKIMBO BHACHIOK BiJICYTHOCTI
peaTbHO JIIF0Y0T0 (POHIOBOTO PUHKY Ta ()OPMHU BIACHOCTI JOCIIKYBAHOTO TiAIPUEMCTBA.

Ane, B3SIBIIM 32 OCHOBY MO IMOKAa3HHUKIB (piHAHCOBOTO CTaHy HAa HOPMOBAHI MOKa3HUKH Ta
TEHJICHIIIIHI, YTOUHUMO X HEpeiK, a 3aMiCTh JAHUX €TaJOHHOTO MiAIMPUEMCTBA BU3HAYUMO ONTUMAJIbHI
a00 PeKOMEH/I0BaH1 3HAUY€HHS I KOXKHOTO MOKa3HMKa, CIIMPAaOYUCh Ha JliTepaTypHi mkepena [3, 1] Ilo
MOKa3HUKAX, 7S SIKUX HE ICHye HOPMATHBIB HANPUKIAM], MOKA3HUKH PEHTAOENbHOCTI, 32 ONTHMAJbHE
3HA4YCHHs PEKOMEHIYeEMO OpaTd JMaHl MOTOYHUX Ta MEPCIEKTUBHUX IUIAHIB, SKi CTaBUTH IEpe] coOO0r0
MiIPUEMCTBO.

3anponoHOBaHUN HAMH MIJAXiJ Nepeadadac OKPeMO OILIHKH IHTErPabHOTO MOKAa3HUKA 32 KOYKHOIO
TPYMO0 JJisi OUTBII TOYHOI YSIBU MO JaHUX HOPMOBAHMX Ta TEHACHLIWHUX MOKA3HUKIB Ta OCTATOYHHM
PO3PaxyHOK IHTETPAIHHOTO TTOKA3HUKA K CEPEHbO3BAKEHOT Bl OTPUMAaHUX Ha MOMEPETHHOMY €Talll.

Kpim Toro, ams miiel OLiHKK HaMU BUKOPHUCTOBYBATUMETHCS HACTyMHa MoAM]iIKOBaHA MOJAEH (2)
JUISE PO3PAXyHKY PEUTHHTOBOT'O YHCIa:

P

R = 2 1k *PNorm - max, (2)

f . o o . . N
ne P; — dakTuyHe 3HaueHHS 1-TO MOKa3HUKA, SIKUWA BXOAUTH J10 CKIIy PEHTHHTOBOI OIIHKY; Pj om _

HOpMaTuBHe, a00 TIaHOBE 3HAYEHHS BIJIMOBIAHOTO 1-TO TMOKa3HWKA; kj — Bara i-ro koedimieHra y
3arajbHOMY MiJICYMKY.

i moaudikarii 3acTOCOBaHI M0 HACTYMHUX MpUurHax. [lo-nepiue, A8 peHTHHIOBOI OLIIHKKM 00paHi
MMOKa3HUKH, MO3UTUBHOIO JUHAMIKOIO SIKHX € 3POCTaHHS — TOMY (DYHKIIISI Ma€ MaKCHUMI3yBaTHCS, a He
MiHimi3yBatucs. [lo-apyre, Bci 3HaUeHHS MOKAa3HUKIB MepedavyaroTbess TAKUMU, 110 MAlOTh MO3UTHUBHE
3HAYEHHS, 110 J103BOJISIE T030aBUTHCS KBaAPATHOTO KOPEHsI Ta MiJJHECEHHS Y CTYIIHb.

BucHoBku. OTxe, 3amporoHOBaHa MOJENb IHTErpajbHOI PEHTUHIOBOI OIIIHKM 1HBECTHULIHHOI
MPUBA0OIMBOCTI MIAMPUEMCTBA JI03BOJISIE BU3HAYWUTH Ha TIJACTaBl HAHOUIBII BaroMux IOKa3HHKIB
¢iHaHCOBOrO CTaHy MiANPHUEMCTBA, BiJIOpaHMX 3 ypaxyBaHHSM IX Barv, CTYIiHb HaOJMKEHOCTI
1HBECTHIIIITHOT MPUBAOIUBOCTI JO ONTUMAJILHOI, sIKA OI[IHIOETHCS HA PiBHI 1.
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Information management, processing and protection are critical aspects in the modern digital
world. This article examines the problem of information security, based on the importance of
confidentiality and data integrity. We will also look at how the RSA algorithm can solve these problems
and present the results of our research.

Introduction

With the growing volume of digital data, information management and protection are becoming
more urgent tasks. Data confidentiality is especially important, as well as data integrity during
transmission. The problems of data leakage and unauthorized access are becoming more and more serious
challenges for business and the state. In this article, we will explore how the RSA algorithm can solve
these problems.

Basics of the RSA algorithm

RSA (Rivest-Shamir-Adleman) is an asymmetric encryption algorithm that is based on the
principles of mathematics and number theory. It works on the basis of two keys - public and private. The
public key is used to encrypt the data, while the private key Is used to decrypt it. This makes RSA an ideal
tool for ensuring confidentiality and data integrity.

The cryptographic system with the RSA public key is based on the complexity of the problem of
factorization of the product of two large primes. The operation of exponentiation modulo a large number
is used for encryption. To decrypt (reverse operation) in a reasonable time, it is necessary to be able to
calculate the Euler function of a given large number, for which it is necessary to know the decomposition
of the number into prime factors. In a cryptographic system with a public key, each participant has both a
public key (public key) and a private key (private key). In the RSA cryptographic system, each key
consists of a pair of integers. Each participant creates his own public and private key independently. The
private key is kept secret by each of them, and the public keys can be shared with anyone or even
published.

The public and private keys of each participant in the exchange of messages in the RSA
cryptosystem form a "consistent pair" in the sense that they are mutually inverse. That is, for any valid
public and private key pairs (p,s), there are corresponding encryption functions Ep(x) and decryption
Ds(x) such that for any message meM , where M is the set of valid messages, m=Ds(Ep(m))=Ep(Ds(m)).

Key transfer

Suppose Bob wants to send Alice information. If they decide to use RSA, Bob must know Alice's
public key in order to encrypt the message, and Alice must use her private key to decrypt the message. To
allow Bob to send his encrypted messages, Alice passes her public key to Bob via a secure but not
necessarily secret route. Alice's private key is never shared with anyone(Figure 1).

Encryption

Suppose Bob wants to send Alice a message m. Messages are integers in the range from 0 to n—1,
that is, meZn. Algorithm:

e Take Alice's public key (e,n)

e Take the plaintext m

e Encrypt the message using Alice's public key: c=E(m)=pow(m, ) mod n(1)
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Bob Alice

there is a public key of Alice owns his private key

communication

.| c=E(m _| m=D(c
o . (m) . © | — m
transfer of encrypted data
encryption decryption
Figure 1
Decryption
Algorithm:
° Accept encrypted message C
) Take your private key (d,n)
° Apply the private key to decrypt the message: m=D(c)=math.pow(c, d) mod n(2)
Methods:

Information security issues

-Before considering how RSA solves security problems, let's define them. The main problems are:

e Leakage of confidential data;

e The possibility of unauthorized access to data;

e Data integrity violation during transmission.

-The role of the RSA algorithm in solving problems

The RSA algorithm provides a data encryption mechanism that ensures data confidentiality and
integrity. This happens through asymmetric encryption, where data is encrypted with a public key and
decrypted only with a private key. This praovides protection against unauthorized access.

Research;.

Banking security

The banking sector is often at risk of financial fraud. RSA is used to ensure the security of bank
transactions and protect the financial data of customers.

Protection of bank transactions:

Banks process a huge number of financial transactions every day, and ensuring the security of
these transactions is-a top priority. The RSA algorithm is used to encrypt data transmitted between
customers and banks during financial transactions. When customers interact with banking sites or
applications, the RSA algorithm provides a secure connection and protection of sensitive data such as
account numbers and passwords.

Client authentication.

One of the key problems in the banking sector is the authentication of customers. The RSA
algorithm also plays an important role in the authentication process. Customers can use RSA keys to
verify their identity when accessing their financial data. This prevents unauthorized access to bank
accounts.

Digital signatures.

In the banking sector, digital signatures using the RSA algorithm are an important part of security.
Banks can use digital signatures to confirm the authenticity and integrity of documents and transactions.
It also provides protection against counterfeiting and fraud.

Client data protection.

Banks store a lot of sensitive customer data, such as social security numbers, credit histories and
other personal information. RSA is used to encrypt and protect this data when it is stored in databases.
This helps prevent data leaks and unauthorized access.

Multi-factor authentication

Many banks are implementing multi-factor authentication to provide an additional level of security.
The RSA algorithm can be used to generate temporary one-time passwords (OTP), which customers must
provide in addition to their password when logging in. This makes the authentication process more
reliable.
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Results and conclusions.

The RSA algorithm plays a critical role in ensuring security in the banking sector. It ensures
confidentiality, data integrity, customer authentication and fraud protection. The security of banking data
is of paramount importance for the trust of customers and the stability of the financial system.
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Jocniosxcennss npucesueno po3pooyi npoyecy OYiHKU 6pa3IUBOCmi CcoyianvbHol IHxceHepii 0/
i0enmughixayii ocooucmoi inghopmayii, ssxa modxce Oymu sukopucmana nio yac Qiwuneosux amax. Mema
nouseae 6 momy, wob cmeopumu epexkmusHull i Oicéutl npouec ioenmuikayii yinei, SuKonamu
8IPMYANILHY PO36IOKY YUX yinel i cmeopumu iHOUGIOYANLHI (ituUH08] amaxu 3 BUKOPUCTNAHHAM Memooie

OSINT.

«UepBoHi KOMaHIW» 3 KibepOe3nekn ado «ETUYHI XaKepH» HAMMAIOTHCS OpraHi3alisiMH IS CIIpoo
37I0MY CHCTEM 3aJUIsl OLIHKH BPa3JMBOCTI O€3MeKu 3a JOMOMOIOI0 TECTIB Ha MPOHUKHEHHS a00 OI[IHKU
exocucteMu Mepexi. Lli Bpa3muBocTi MOKYTh OyTH 3aCHOBaHI Ha MIMPOKOMY CIIEKTP1 MPOTPaAMHHUX TOYOK
Oe3neky a00 KOHKPETHHUX BPA3IUBHUX MpoIecax 1 cucreMax. TakuMu MOXYTh OyTH BIAKPHUTI MepexeBi
CUCTEMH, HEHAJEeKHO HaBYEH1 CHIBPOOITHMKM Ta HaBITh HENPaBWIbHI METOAU (I3MYHOI Oe3MeKH.
PoGotoro opranizariii €rae mocuJIEHHs a0o0 IMiJBHINCHHS OE3MEeKH MHUX TOTCHIIIHHUX TOYOK 30010 Ha
ocHOBI iH(popMmarrii, 310paHOT YEPBOHOK KOMAHJIOKO IICS TECTy Ha NMpOoHUKHEHHS. OOcsar TecTy Ha
MPOHUKHEHHS BU3HAYAETHCS HA MOYATKY I[LOTO MPOLECY Ta MiJMUCYEThCS OpraHi3alli€lo Ta YepBOHOIO
KOMaH1010. JIoKyMeHT mpo o6¢sr nepeBipsic poOoTy, SIKy TO03BOJCHO BUKOHYBAaTH YEPBOHINH KOMaHII, i
3axMIae ii B1A 3BepHEHHs 3 OOKY KOMIaHii, SKII0 0c00a cTae BiIUYKEHOIO Yepe3 MPOLECH COLiaIbHOL
1HXKeHepii, IKUX TOTPUMYETHCS YEPBOHA.

CydacHi TeHJIHIIi Yy BHUKOPUCTaHHI COLIANBbHOI 1HXEHepli Maiike eKCIOHEHI[IaTbHO 3pOCTalu 3
KO)KHHM POKOM 1 IMPOJIOBXKYIOTH 3pOCTaTH TaKUMH X TemriaMu. s mpoGiema e Oibiine yCKIa HIOEThCS
THM, [0 aTaka COLiaJIbHOI 1HXKEHepii 3a3BUYall MOEJHYETHCS 3 1HILIOI YaCTHHOIO 3JI0BMUCHOTO KOAY, SIK-
0T Mporpam-BUMaradiB abo IIKIAIUMBUX IporpaM. Yepes 110 TEHACHLIIO JO aTaK «YOPHUX KaIleIroXiB»
a00 3JO0BMHCHHMX aTaK YEPBOHMM KOMaHIaM 4YacTillle JOPY4YalOTh BUKOPHCTOBYBATH aTaKH COIialIbHOT
IHKeHepii IS OIIHKK BPa3IUBOCTEH Oe3MeKH CcoIiaibHO1 iHkeHepii. L1 morpeda moTpedye edheKTUBHOTO
MPOLeCy, KU YepBOHI KOMaHM BUKOPHCTOBYBAIH O, 1100 3HAXOMUTH IIUJIi B OpraHizaiii, ska Haiimae
MIEPCOHAJ, CTBOPIOBATH CICIiajbHI aTakW Ta 3allycKaTh aTaku eTwyHo. OMHaK Takui mporec Ie He
po3pobienuii i He BunpoOyBanwuii. [leprr HiXk YepBOHI KOMaHAU 3MOXKYTh 3aXHCTUTH CBOI OpraHi3aiii, i
YepBOHI KOMaHAM MOTPIOHO HABYMTH PO3MI3HABATH 1I aTaKW, PO3YyMIIOUM HAWKpalll MPaKTHKH, SKI
BUKOPHUCTOBYIOTh KOMaH/IU YOPHUX KaIeIIOXIB, MiIJal04Yu cede TOCTYITHUM IHCTPYMEHTaM 1 aTakaMm.

3apa3 qocTymHO 6arato iIHCTPYMEHTIB JJII CTBOPEHHSI aTakK COLIabHOI 1HkeHepli. HaltedexkTuHimti
IHCTpYMEHTH — OE€3KOINTOBHI Ta IOCTYIHI JJig BCiX 0ci0, ski OepyTh y4acTh y IUX aTakaxX (YepBOHI
KOMaHAM, YOpHI Kamemoxu Touio). Po3siaka mo Bigkputum jxepernam (OSINT) — me merox, sikuii
IIMPOKO BUKOPUCTOBYEThCS B 1HAYCTpIi KiOepOe3neku Ha eTami po3BiIKH JAHIIOXKKA KiOEpKiTbKyBaHb.
Bin Bu3HauaeTbcs SIK IHCTPYMEHT, KU mependayae 30ip, aHalli3 1 BUKOPUCTAHHS JAHUX 13 BIJKPUTHX
JDKEpeI Ui PO3BiAyBaTbHUX LITIEH.
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Panime OSINT BHKOpHCTOBYBaBCS SIK IHCTPYMEHT JIJIsi BIJICTeKEHHS Ta JIOBY 3JIOYMHIIIB,
MOHITOPHHTY TIE€pPEeMIIlIcHb OCi0 1 HaBiTh IS CTBOPCHHS OTJISAIIB HACCIICHHS HA OCHOBI MYOJIYHHMX
myOJTiKaIii, aje 3apa3 BiH TaKOX BHKOPHUCTOBYETHCS OPTaHi3allisiMH SIK IHCTPYMEHT 300py JaHUX IS
npodiTOBaHHS HOBUX KIIE€HTIB a0o iXHIX BiIacHUX cmiBpoOiTHUKIB. lleil mpomec Moxe Oytu
BUKOPUCTAHUM UYEPBOHMMHU KOMaHJAMHU [UIsl 3aXHCTy CBOIX Opradizamiii abo 3JI0BMUCHUKAMHU JUIs
KoMITpoMeTarlii cBoix misiet. [Ipobiema monsrae B ToMy, IO OpraHi3ailii MarOTh Pi3HI PIBHI PU3HKY IS
comiaybHOI 1HXeHepil Yepe3 3arajJbHOJAOCTYIHY iH(OpMaIlifo, SKOK iXHI CHIBPOOITHUKHU JIISTHCA.
OSINT, 3a ymM0OBH €()EeKTUBHOTO BUKOPUCTAHHS, MOKE€ CKOMIIPOMETYBATH BHYTPIIITHI MEPEKi MEPCOHATY,
HAJal041d YepBOHUM KOMaHJaM 1 YOPHUM KameltoXaM JIOCTYI O OCOOMCTHUX JaHUX THX, XTO MOXe OyTu
notenmiiHo unto. Ockinbku OSINT monmomarae 3i10paTé BiAMOBIIHI IUIBOBI AaHi, (HIIIMHTOBA aTaka,
ctBopeHa 3a jgoromororo OSINT, moBuHHa MaTh ePEeKTUBHIII pe3yIbTaTH.

[Tpoutec SIEVE (orinka Bpa3muBOCTI COIIANbHOI iHX)eHepii) — 11e Habip KPOKIB, MPU3HAUCHUX JIJIS
TOro, 100 JOMOMOITH KOMaHJIaM O€3NeKHd CTBOPIOBATH Ta OLIHIOBaTH 3arajbHi Ta . CIPSMOBaHI
¢imuHToBI ataku. Llei mporec gqomomoxke iMeHTU(IKYBATH 111, TPOBOAWTH IX PO3BIJIKY T2 CTBOPIOBATH
BJIacHI (DIIIMHTOBI aTaKH.

Mera nociiDKEHHS mojisarana B itepaiiiiHiid po3poomi SiEVE, mo0 BiAnoBiCTH Ha 3alUTaHHS
JOCIIJDKEHHS MPO Te, AK IMIJBHINATHA MPOAYKTHBHICTH (3AATHICTH 1MCHTH(IKYBATH KIOYOBUX OCiO Ta
ocobucty iHdopmariro mpo HUX) Ta €PEKTUBHICTH (Yac JUIsi OPOBEICHHS PO3BIIKM Ta aTaku). byio
CTBOPEHO KOMILJIEKCHUH JIITepaTypHU OTJIsif, 1100 CIOCTEpiraTH 3a MpollecaMH Ta ifesiMH, SKi 3apa3
ICHYIOTB Y TalTy3i, 1 OI[IHIOBATH, IO TOTPIOHO YEPBOHUM KOMaH/IaM JUTs YCIIIIHOTO TPOBEACHHS TECTy Ha
MIPOHUKHEHHS COIaIbHOI 1H)KeHepil. YYacHUKIB KOHTPOJIbHOT TPYMHU 3aTy4IINd 0 TECTYBAHHS IPOIECY
SiEVE, posninuemm ix Ha rpynu «3 SIEVE» ta «be3 SiEVE», po3mineni Ha Tpu TpUIIATHXBUIUHHI
cekmii. /lani, oTpuMaHi BiJ KX Y4YacCHUKIB, OyiH 3BeACHI M1 MOPIBHSIHHS /1BOX rpyr. O4YeBUAHO, IO
BUKOPHUCTAHHS TPOCTOro mporecy, takoro sk SiEVE, nig "ac ¢asum comiansHOI iHXEHepii TecTy Ha
MIPOHUKHEHHS JacTh e(DeKTUBHIII Pe3yIbTaTi MOPIBHSAHO 3 BIACYTHICTIO CIELiaIbHOTO MPOIIECY.

OCKUTbKH YYaCHUKH MaJld Halpi3sHOMAaHITHIIIMKM PiBeHb KBali(hikallii, MOXKHA CKa3aTH, IO TPOIIEC
SiIEVE nonomarae HaBuMTH HOBUX IpodecioHaniB i3 6e3MeKku CTBOpIoBaTU €(EeKTUBHI Ta Pe3yabTaTUBHI
¢imuurosi araku. IIpomec SIEVE poOuth me, Oepydr KOHIICHIIIO Y3TOJPKCHOCTI Ta HAJal0ud HOMY
CTPYKTYPY, fKa 103BOJIsI€ Mpodecionany 3 0e3neku, sskuii HaB4aeThCs, OTPUMYBATH MIBUKI Ta MPaBUIIbHI
pesynbrat. Llim, ski Opaiy ydacTh y JOCHIPKCHHI, BUSHAYWIHA ¢(DEKTHBHICTh CTBOPCHHUX (DIITMHTOBUX
atak 13 BukopuctanHsiM SiEVE sk Taki, 1o 3 OUIBIIOI0 IMOBIpHICTIO 3aBOIOIOTH 1 BUKOPUCTOBYIOTH iX
JOBIPY, 3MYCHUBIIIH iX HATUCHYTH, 3aBAHTAXKUTH 200 BIAMOBICTH.
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KIBEPBE3INEKA B YKPAIHI: TPOBJEMU TA HAITPSIMUW BUPIIIIEHHA
byrenko T. A. (buttan29@gmail.com)
XapkiBChKUi epkaBHUIA O10TeXHONIOTIUHMIA yHiBepcHuTeT (YKpaiHa)

3pocmatroua ponv iHhopmayiiHux MexHoI02il Y CYHACHOMY C8imi cmasums NUMaHHsa Kibepoesnexu
8 yewmp yeaeu. YKpaina, sk i Oacamo IHWUX KpaiH, CMUKAemvcsi 3 Kibep3acpozamu, 0coOIUBO 3
NOYaAMKOM NOBHOMACUWMAOHO20 8MOPESHEHHS, MOMY pO321i0 npobaem y cepi Kibepzaxucmy i HAOaHHs
npono3uyill Wooo ix GUPIULEHHS € AKMYATbHUM.
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B enoxy, sKiii mpuUTaMaHHWK TOCTIMHHN TEXHOJOTIYHUW TpOorpec, 3Ha4deHHs KibepOe3meku €
BaroMuM. 3 KOXKHHUM JIHEM TEXHOJIOTis BIIKPUBAE SIK HOBATOPCHKI MOMJIMBOCTI, TaK 1 BETWYE3HI BUKIIUKH
oesmeri. KiGepOe3neka € oHI€0 3 HAMOUTBIT BOKIMBUX Ta aKTyallbHUX MPOOJEM, sKa CTOITh Tepe
OpraHizalisiMi, CyCIIJIbCTBOM Ta jAepkaBaMu. CTpIMKHN pPO3BUTOK 1H(OPMAIIHUX TEXHOJIOTIH Ta
3pOCTaHHS KUTHKOCTI MIJKIIOYCHUX 0 MEpexi mpucTpoiB (rmoHan 50 MUIbSp/iB) poOsaTh KiGep3arposu
Bce OuLTbII HeOe3MeuyHNMH. YKpaiHa, K Cy4acHa KpaiHa 3 PO3BMHEHOIO iH(pOpMaliiHO-KOMYHIKaIiiHHOIO
1H(}pacTPyKTypoOIO, HE € BUHATKOM 1 Yy 3B'I3KY 31 3pOCTaHHSAM KIJIBKOCTI KibepaTak CTUKAETHCS 3 3arPO3010
BTpaTu KOH(IACHIiIHOI iH(opMaIlii, MOPYIIEHHSIM KPUTUYHO BAXKIMBHUX IHQPACTPYKTYPHHUX CHUCTEM Ta
KiOep3I0uYMHaMU, CIPSIMOBAaHUMH Ha T1IPHUB HAIlIOHAITBHOI O€3MeKH.

Y 3B’sa3ky 3 manaemicro Ha COVID-19 BimOynacs crpimMka mudposizaiiis Oi3Hecy Ta 3pocia
MONYJISIPHICTh BIAAAJICHOI poOOTH. 3a OIIHKAaMHU €KCIEPTIB, MiHKUTAN TpaHchopMallis BUIIEPEarIa Jac
Maiike Ha CiM POKiB, a HaWHOBIIII JTOCATHEHHS y cdepl MTYYHOTO HTENEKTY, XMApHUX Ta MOOLIHHHUX
TEXHOJIOTi! CTBOPIOIOTH HOB1 MOXIJIMBOCTI JUIsl KiGep3nounHiiB. 3a nporHo3amu Cybersecurity Outlook
Bix Statista riioOaneHI 30MTKU Bia KiOep3iaouyuHHOCTI 3pocTyTh 3 11,50 tpam jgonapiB y 2023 pomi 1o
23,84 tpnu nonapis y 2027 porii, ToO6TO 011 HXK yABIYi [1].

3a pesynbpTaramu nociimxkeHb LleHTpy aomaptiiiHoi momituku (Bipartisan Policy Center, BPC)
BHJIUICHO OCHOBHI MAaKpOPHW3HMKH, SKHX CJIJ OCTepiratucs y HaWOIWKYl pOKH, a came: 3MiHa
T€OMOJIITUYHOTO CEPEIOBUINA; MPUCKOPCHHSI TOHKH KiOEpHETHMYHUX 030pO€HB; I00aIbHI €KOHOMIYHI
BUKIIMKH; AYOIIOI0Ui, CYNEpewInBi Ta Cy0'€KTUBHI PEryIsITOpHI HOpMU; Bpa3nuBa IHPpacTpyKTypa; Opak
IHBECTHUIII{{; HETOTOBHICTH /10 KPU30BUX CUTYaliif; Aedinut kaapis [2].

3anovyarkoBana y 2007 p. tomimniM ['enHepanpaum cekperapem MCE (Mixnaponna croiika
€JIEKTPO3B'A3KYy) NOKTOpoM XamanayHoMm Type ['mobambHa mporpama KiGepOesrneku craja OCHOBOIO IS
MDKHAPOJHOTO CIiBPOOITHUIITBA, CIPSIMOBAHOTO HA IiIBULICHHS JOBipY Ta Oe3mnexu B iH(opMaLiiHOMY
CYCHUIBCTBI, B HI i NPUHAHATTA KOHKPETHUX 3aXOiB, CHPSIMOBAaHMX Ha OOMEXEHHs Kibep3arpos,
BU3HAUEHO II’SITh OCHOBHUX HaMpsMiB, a caMme: MpPaBOBI 3aXO[W; TEXHIYHI Ta MPOLEAYpPHI 3aXOMH;
opraHizaliifHi CTpYKTypH; POTPaMH ITiIBUIICHHS KOMIETEHTHOCTI; Mi>XKHapOIHE CriBpoOiTHHITBO [3].

om0 mpaBoBUX 3axo0[iB, YKpaiHChKiI BajJHI CTPYKTYpU 3pOOMJIM BIUIMBOBI KPOKH Y LbOMY
HanpsMmi. 30kpema, Oyno NPUAHATO PsA 3aKOHIB, IO PEryJIOIOTH TiSUTBHICTH y cdepi KibepOe3meku
(3Y 2663-VIII «lIpo ocHoBHI 3acaau 3abe3nedyeHHs kidepOesneku Ykpainu», 2017 p.; Yka3 [Ipesuaenra
Vkpainn Ne 447/2021 «IIpo crparerito  KibepOesneku Ykpainm», 2021 p.), CTBOpeHO nepKaBHi
CTPYKTYpH, SIKi 3alMarOThCsl LUM NUTAHHSIM Ta 3MIMCHIOIOTH HIATPUMKY PO3BHUTKY KibOepOe3mekoBoi
iHppacTpykTypu ([epxaBHa ciry:k0a CrieiaibHOTO 3B’ 3Ky Ta 3aXUCTy iHpopMallii YKpainu).

3 MoYaTKOM NMOBHOMACIITAaOHOTO BTOPTHEHHs MUTaHHS KibepOe3neku € OJHUMHM 3 NMPIOPUTETHUX 1
KPUTHYHO BAXJIUBUX Y PO3BUTKY HAWIOI KpaiHM, OJHAK OJIHIE 3 mIpobiieM IUGpoBOi Oe3neku €
HE/IOCTaTHS yBara Ha JiepKaBHOMY PiBHI, TaKOX 3aJIMIIA€THCS HU3KA MUTaHb, sIKI HEOOX1HO BUPILTYBaTH
1 Ha MDKHapoAHOMY piBHI. 16 TpaBHs LBOro poKy YkKpaiHa odimiiiHo npuegnanacsa 1o Llearpy HATO 3
nuTaHb criBpoOiTHuITBa B ranysi kibepsaxucry (CCDCOE). bins mrta6-kBaptupu uentpy HATO B
TanninHi opiiHO migHATO JlepkaBHUI npanop YKpaiHu, 110 3HaMeHye oQiliiiHe TpUeJHaHH YKpaiHu
1o ueHTpy. Lle nyxe BaxIMBHI KpOoK y cucTeMi 3a0e3nedeHHs] NpOoTUMil KiOep3JIOUMHHOCTI B yMOBax
BIMHM, TOMYy IO JepKaBa IoTpedye OLIbIl JOCKOHAJOi cTparerii, sika O BpaxoByBaJla HE TUIbKH
€KOHOMIYHY Ta COILliaJIbHY CKJIaJIOBI, @ TAKOX 1 BIHCHKOBY [4].

VYcBiioMIIeHHST BaKJIMBOCTI KiOepOesrnekn B Oi3HEC-CEepeOBHUINNI 3pOCTa€, KOMMAHii MOCHIIOIOTH
3ax0Ju LIOA0 Kibep3arpo3, OJHAK He KOXKHAa KOMIIaHis MOXeE JO03BOJMTU CcOOl CTBOPEHHS BIIACHOTO
BILITY 1HGOPMAITIHHOT OE3MEeKH, TOMY BKJIMBUM € PO3BHTOK KibepOe3nekoBoi iHPpacTPyKTypH, IO
BKJIIOYAa€ CTBOPEHHs LIEHTPIB KibepOe3neku. OcTaHHIM 4acoM pi3Ko BHpIC MOMUT Ha mociyru LleHTpis
MOHITOpHHTY 1H(}opmartiiinoi 6e3neku (Security Operation Centers a6o SOC), siki BUPINTYIOTh TUTAHHS 3
Ki0epOe3neKy Ha opraHi3aliifHOMY Ta TEXHIYHOMY PiBHSX, 320€3MeUyl0Th CIIOCTEPEKECHHS, BUSIBJICHHS Ta
pearyBaHHs Ha crmpoOuW KiOepatak B pexuMi peanpHoro yacy. CmiBmpansg 3 SOC mis mamoro ta
CepeIHbOro Oi3HECY € HaUBUTITHIIINM 3 €KOHOMIYHOI TOYKH 30pY PILLICHHSM.

AKTyalnbHOIO € TIpobiieMa MIATOTOBKH KaJpiB 3 MUTaHb Oe3neKku. JlepiKcrel3B’ si3Ky OIMIKY€EThCS He
TIIBKH (POPMYBAHHSM 1 peallizalli€lo JIepKaBHOI MOMITUKU Yy cdepi Kibep3axHcTy, a TaKoXK BIJMOBIIaE 3a
MIITOTOBKY CIEIIAJICTIB, K1 MalOTh BIAMOBIAATH BUMOTaM ChOTOAeHHS. OIHUM 3 HAmpsMiB BUPIIICHHS
[[LOTO MUTAHHS € PEopraHizallisi CUCTEMH BHIIOi OCBITH, TOMY IO 3apa3 abiTypi€HTaM, SKHX I[IKaBUTh
poboTa, 1moB’s3aHa 13 3aXucTOoM 1H(OpMaIlii, JOCTyMHA JUIIEe OfHa cremanbHIcTh 125 “KibepOesneka Ta
3axucT iH(opMmarii”. Ane ii cTaHIapTH HE MOBHOIO Mipol0 3a0e3nedyroTh MaiOyTHIM (axiBISIM TOM
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pIBEHb 3HaHb Ta MPAKTHYHUX HABUYOK, HEOOXIAHMX HA Cy4aCHOMY PHHKY TIpaili, TOMy HEOOXiTHHM €
PO3LIUPEHHS MEepeNiKy OCBITHIX MOXIUBOCTEH y criBrpani 3 MOH.

CtBopeHHs KBali(piKaifHUX MEHTPIB — 1€ OJWH 3 HANPSIMIB BUPIMICHHS MPOOJIEMH HACHUYCHHS
PUHKY mpami (axiBisgmMu 3 KidepOe3neku, Mo HaJAacTh IM MOXJIMBICTh CKJIagaTH mpodeciiiHi icnuty i
BUXOJMTH HAa PUHOK Ipalli, @ TAKOX 33J0OBOJIBHUTH IOMHUT POOOTOABIIIB CaMe Ha Ti KaJpH, SKUX BOHH
notpelytoTh. OKpiM mpoBeAeHHS MPO(ITFHUX ICINTIB, KBaTi(iKaIliifHi HEHTPH 3MOXKYTh TAKOXK Ha/1aBaTH
ocBiTHI mociyrd. Tomy JlepKcren3s’si3Ky MATPUMYE 1HIIIATUBH IIOJO0 3acCHYBaHHS CepTHU(IKAIIHHUX
HEHTPiB Ha 0a31 HABYAJILHUX 3aKJI/IiB TA MPUBATHUX KOMMaHIi [5].

IcHye mepekoHaHHS, IO €IWHUM BHPIMIEHHAM NPoOIeMH KiOepOe3NeKHn € TEXHOJIOTIYHI 3aco0u.
Opnnak, 6e3 cB1IOMOT0 BIPOBA/KEHHS KYJIBTYpU KibepOe3neKku cepel] HaceIeHHs, M0 BKII0Ya€ HABUIKH 1
YCBIJIOMJICHHS 3arpo3, 1 € KIIFOYOBOI CKJIAJIOBOIO YCITIIIIHOTO 3aXUCTY Bija KiOepaTak, TEXHIYHMX 3ac00iB
MOke OyTH HemocTaTHhO. Ha chOrogHi mocrae mpobiieMa HU3BKOTO PIBHS CBIJOMOCTI Ta 0013HAHOCTI
CyCIJIbCTBA IOJI0 Kibep3arpo3 Ta Kibep3axucty. HeoOXimHO miaBuIyBaTH piBeHb HHU(PPOBOT
IpPaMOTHOCTI HaceJCeHHs, PO3BUBATH KYJIbTYpY O€3MeUHOro MOBOPKEHHS y Kibeprnpocrtopi. [Hdopmariiini
KOMIIaHii, HaB4aJbHI IPOTPAMU Ta TPSHIHTH IOBHUHHI CIIPSIMOBYBATHUCS Ha HaJIaHHS OCHOBHHUX 3HaHb Ta
HABUYOK 3 KiOepOe3IeKH.

Ycmix B ramysi kibepOe3nekn BUMarae TpuBajioi pOOOTH, CIIUIBHAX 3yCHIIb YCIX CTOPIH 1 MMOCTIHHOTO
MOHITOPUHTY KiOeprnpocTopy /Ui BUSBJICHHS HOBHX 3arpo3 Ta pearyBaHHs Ha HUX, OCOOJIMBO 3apa3, KOJIU
B KpaiHi ije BiliHa.
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JTOCJIII)KEHHS 3ACTOCYBAHHSI METO/IIB TA 3ACOBIB PEAJIIBAILLL TOJIITUKH
BE3NEKU IHOOPMAIIII Y OCBITHIX KOMIIOHEHTAX
Bragimiposa B.B., Cenianosa A.B. (vladimirova.v.b@gmail.com, av_selivanova@ukr.net)
OnechbkHii HalliOHANBHUI TEXHOJIOTIYHU yHiBepcuTeT (YKpaina)

B mesax pozenamymo axmyanvricme niosuwenns saxkocmi IT-oceimu, 3a 00noM02010 MOHIMOPUHEY
0C8IMHBO-NpOGheciinux npocpam cneyianvHocmen eanysi 12 «lugopmayitini  mexnonociiy, ma
iMniemenmayii y 0c8imui KOMHOHeHmU Memodié ma 3aco0is peanizayii noaimuxu be3nexu iHpopmayii.

3a ocranHi poku (mangemis COVID-19 ta BoenHuii craH) ykpaiHcbka IT-ramy3p mnokasana
HECIIMHHUI 3pICT Ta CBOIO MEPCHEKTUBHICTh. 3rifHO 3 JaHUMH sKi HaBeneHi B [1] y 2021 pomi
ykpaincbkuit IT-cextop 3pic Ha 36% y nopiBHsAHHA 3 2020 pokoM. A y niepiof] ciueHb-TpaBeHb 2022 poky
eKCIIOPTHUH JOXiJ Tany3i pocsrHyB $3,1 Mipz., o0 JOBOAWTH TUHAMIKY 3pOCTaHHS Traily3i Mix yac
MOBHOMAcITaOHOrO BTOprHeHHs pocii B VYkpainy. Pict IT-puHKYy TUIBKM CTUMYJIIOE€ MONHUT Ha
creniadbHOCTI TOB’s13aH1 3 Kap’eporo IT-daxisis, 30kpemMa Ha crenianbHocTi ramysi 12 Indopmariiiai
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TexHouorii. [le maTBepmKyeThCs KUTBKICTIO 3asB Ha CIEIIabHOCTI Tanmy3i [HdopmariiiiHi TeXHOJIOT1i, SKi
MoJIaHi MUHYJIOTO poky. 3a nanumu iHpopmaniinoi cucremu «Betyn.OCBITA.UA» us ramy3s 3aiiHsia
JpyTe MicIie 3a KUThbKICTIO To/IaHuX 3asB [1].

Opnak Hapasi B VYkpaini cnocrepiraetbesi aediuut IT-¢axiBmiB, KUIBKICTh CHEHIamicTiB, sKi
BHUXOJSTh Ha PUHOK Mpalli, TOCTYNAEThCA MOMUTY PUHKY. | AK 3a3Ha4eHO B iHGOpMAIIHO-aHATITHYHI
Mmarepianax, moo 6auenus pegopmu IT-ocBiTi B Ykpaini [2], us Tenaenuis Oyae TUIbKH 3pOCTaTu Ta y
2030 pomi moxke mocarHyTd 231 Tucsadi ¢axiBmiB 3 iHMoOpMmamidHux TexHosorid. Jlms Toro, mo0
HiAroTyBaTH KOHKypeHTocnpoMokHoro IT-¢haxiBis HeoOXiqHO BpaxyBaTu TpH rpymnu Bumor [ 1, 3]:

1) BUMoOTrH, SIKi HAIXOASTh 3 30BHIIIHBOTO CEPEAOBHINA (3AITUTH CYCITIJILCTBA Ta EKOHOMIKH);

2) BUMOTH, AKi 03Byuye mnpodeciiiHe cepemoBuIe, SKOMY HEOOXiHI MpaliBHUKU BiAMOBIIHOTO
piBHS;

3) BuMoOrH, 1m0 GOPMYIOTHCSI HA OCHOBI CTAaHAAPTY BUIIO1 OCBITH.

Hoci ocobnuBo roctpo croiTh nutaHHs 3B’s3Ky [T-ocBitu Ta IT-iHayeTpii Ta BIJIMBY Ha IO
B3aEMOJIII0 OCBITHIX Ta mpodeciitaux cranmaptiB [4]. lle me pa3 miaTBEpIXKye, MO IS YCHIITHOI
miaroroBku IT-¢axiBusg HEOOXigHO BpaxoBYBaTH CBITOBHUH OCBITHIM JIOCBiJ, 3allMTH CYCHIILCTBA,
MPOBOJUTH 1HTErpyBaHHS NPOQECIHUX CTaHAAPTIB y OCBITHI Ta CHUPATHCS HAa TYMKH EKCHEPTHOI
CHiIbHOTH. [ 1IbOTO HEOOXIAHMI MOCTIMHMX MOHITOPHUHT OCBITHBO-TIpodeciitnux mporpam (OIIIT) 3
METOI HAOJIMKEHHS 3MiCTy OCBiTHIX KoMoHeHTiB (OK) 10 cyuacHuX TeHIeHIiH, moTped mpodeciitHoro
cepesoBHIla Ta pOOOTOAABIIIB, TAKUM YHMHOM IT1IBUILYIOUH SKICTh BUKJIaIaHHS.

[Tiguac migroroBku (QaxiBiiB cnemiambHOCTeH ramysi 12 «lHpopmaniiiHi TEXHOJIOTI» HE0O0XiIHO
OaraTo yBarM TMPUAUIATH [NUTAaHHSAM  opradizamii- 3axucty iHdopmauii ~ B iHQopMariitHux
(aBromaruzoBanux — AC) cucremax pisHux TumiB. I1ig Tepminom «3axuct inopmartii B AC» 3rigno 3 [5]
pO3yMi€ThCs TiSUIBHICTh, fKa TOBMHHAa OyTHM CHpsIMOBaHa Ha 3a0e3leyeHHs Oe3mleKku, Mo-TMepile,
iH(popMarllii, mo 0OPOOIIIOEThCA, MO-APYre, CUCTEMH B IUJIOMY, IIOO 3amO0IrTH 3arpo3aMm Ta 3HU3HTH
BEJIMYMHY MOTEHIIHHIX 30MTKIB BHACTIAOK peanisaii 3arpo3. disapHicTh 3 3axucTy iHpopMaIlii TOBUHHA
MaTH 3a METY 30epexeHHs 11 OCHOBHUX BJIACTUBOCTEH:

1) BrnactuBicTh iHQoOpMalii OyTW 3aXMINEHOW BiJ ~ HECAHKIIOHOBAHOTO  O3HAWOMIICHHS
(KOH(]1ACHIIIHHICTB);

2) BnactuBicTh iH(opmamii OyTH B3axXUIIEHOI0 BiJ HECAHKIIOHOBAaHOI 3MiHM a00 3HUIIEHHS
(LUTICHICTB);

3) BiacTUBICTH 1H(OpMAILLl, TPU SKOT 3BEPHEHHS 32 OTPUMAHHSAM JAHUX MOXYTh 3A1MCHIOBATUCS
0e3mepenmKoHO (AOCTYIHICTD).

To6to 3axuct iHopmanii, 3rigHo 3 3akoHoMm Ykpainu «[Ipo iHbopmartito» [6], BH3HaAUae
TSUTBHICTh  (3aX0IW TIPaBOBi, ~@JMIHICTPAaTHBHI, OpraHi3amiifHi, TeXHIYHI Ta iHIII), SKa IOBHHHA
3abe3neuyBaTu 30epexeHHs, HITICHICTh, HAJIEKHHUH MOPAA0K AOCTYIY A0 iHPOpMAaLii.

B Oynp sikux opranizamisix, Oymab-sikoi (opMH BIAaCHOCTI Ta HAMpPSMKY MIiSUTBHOCTI TOBHHHI
ICHyBaTH HpaBMila, peKoMeHjalli, oOMeXeHHsS, 1HCTPYKLIi sKi BH3HA4YalOTh MOPSIOK OOpOOJIEHHS,
PO3MOBCIO/IKEHHS Ta 3aXUCTy 1H(opMarlii (rmonituka 6e3neku iHopmarii) [5].

KepyBaHHS MOMITUKOI OE3MEKH CIUPAETHCS HA CYKYIHICTh MPOrpaMHO-alapaTHUX 3aco0iB, sKi
3a0€3MeUyI0Th peani3aliio MOoJITUKK Oe3neku iHdopmarii (komruiekc 3acobiB 3axucty — K33) [5].
Crpykrypa K33 cknanaerbcss 3 HACTYMHHMX KOMIIOHEHTIB: KE€pyBaHHs JOCTYIOM; peecTpalis W o0k
(aymut); imeHTHdikamis ¥ aBTeHTH(]iKamis,; 3a0e3medyeHHs IUTICHOCTI; Kpunrorpadiuni QyHKIIT;
aHTUBIPYCHUM 3axucrt [7].

[Tix yac mocmiKeHHS MPOBOJIMBCS aHaII3 OCBITHIX KOMIIOHEHTIB OCBITHRO-TIPO(ECIitHUX Mporpam
nepuioro (6akanaBpchbKOro) piBHS BHINOI OCBITH clelianbHOCTeH ramys3i 3HaHb 12 «IHdopmariiini
TEeXHOJOri» mnpeacTaBieHnx B OJleCbKOMY HaI[lOHAJLHOMY TEXHOJOTIYHOMY YHIBEpCUTETI. AHai3
nyomikamiu [8], [9], [10] mokasas, mo mix yac monitopunry OIIIl HeoOXigHO BpaxoByBaTH BIUIMB Ha
PO3B’si3aHHS MMOCTABJICHOT 3a/1a4l MPOrPaMHUX KOMIETEHTHOCTEH Ta MpOrpaMHUX pe3y/bTaTiB HaBYaHHS,
eKCIEepTHUX AYMOK Ta MDLKIUCHUIUTIHApHI 3B’s3kiB. Takoxx mopeunHo BBoautu Baru OK, mporpamuux
KOMIIETEHTHOCTEH Ta MPOTPaMHHX PE3yJbTaTiB HABYAHHS, BH3HAUYCHUX CKCIIEPTHUM IIIJISIXOM.

Busnauenuii migxix 103BOJUTH MPOBOJUTH MOHITOPUHI OCBITHBO-TIpO(eciiiHMX mporpam, II0a0
BIJIMOBIAHOCTI iX BCIM Ipynam BHUMOT JUIsl HMIATOTOBKHM ycmilmrHOro Ta 3aTpedyBanoro IT-¢axiBus. Ta
Ha/1aBaTH peKOMEHallii, 11010 YAOCKOHAJIEHHS OCBITHIX MPOrpaM Ta OCBITHIX KOMIIOHEHTIB.
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INVESTIGATION OF THREAD RACE PROBLEM
IN MULTITHREADED PROGRAMS
Zhulkovska I.1.Y, Zhulkovskyi 0.0.%, Sheiko M.A.}, Vokhmianin H.Ya.? (olalzh@ukr.net)
YUniversity of Customs and Finance (Ukraine),
2Dniprovsky State Technical University (Ukraine)

One of the main challenges in implementing multithreaded programs in modern multi-core and
multiprocessor systems is the race condition that arises when threads share data. This work addresses the
thread race problem in the implementation of resource-intensive tasks with parallel access to shared data
using appropriate synchronization mechanisms. A multithreaded algorithm for implementing a typical
task of processing large data arrays with protection of the critical area in concurrent programs running
on multiprocessor and multi-core systems has been developed and investigated.

One of the directions to enhance the performance of computer hardware, efficient use of its
resources, processing large volumes of data, and supporting the growing demands of modern information
systems is the use of multiprocessor and multi-core computing systems, ensuring faster and more efficient
parallel resolution of individual resource-intensive tasks. Computer software is also adapted and
improved to meet the requirements of use on such advanced systems. Parallel techniques, such as parallel
algorithms, parallel databases, and parallel programming, are becoming increasingly important for
ensuring optimal performance of modern information systems.

The challenges of studying synchronization methods and resource management in multithreaded
environments, developing new methods and tools for parallel programming with the creation of efficient
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multithreaded cross-platform programs, optimizing algorithms and architectures for scalable computing
are current tasks.

The purpose of this work is to address the thread race problem in multithreaded computing of
resource-intensive tasks with parallel access to shared data using appropriate synchronization
mechanisms, such as mutexes.

The thread race problem is considered using the example of solving a typical task of finding the sum
of elements of a super-large array in multithreaded mode.

The algorithm for solving this task is implemented in C++ in the Microsoft Visual Studio 2022 IDE
using the std::vector class — a dynamic array from the STL (Standard Template Library). The standard
std::thread class is used to create and manage threads in the program. Each thread is responsible for a
certain segment of the array for which it calculates the sum of elements in a specially developed function
with execution timing. The standard std::mutex class is used to solve the thread race problem in critical
areas of code.

As a result, a multithreaded algorithm has been developed to implement a typical task of processing
super-large data arrays with protection of the critical area to prevent the thread race problem using
mutexes; the performance of the developed algorithm was investigated with a significant (10°-10°
elements) amount of processed data and a variable (1-14) number of computing threads; a concept was
developed for further application of effective approaches to data protection in concurrent programs
implemented on multiprocessor and multi-core systems.

It was found that solving the thread race problem in the considered task on a modern PC with an
Intel Core i7-12700H processor slows down the program execution by approximately 10 times when
increasing the array size in the aforementioned range. Increasing the number of used threads from 2 to 14
in this case slows down the application implementation by approximately 4 times, regardless of the
amount of data processed.

The use of the obtained developments, together with other advanced software tools to increase
computational performance, will contribute to the development of effective computer models of
technological processes and systems.

UDC 004.65

RESEARCH ON THE DETECTION OF SQL INJECTION ATTACKS BASED ON THE STRING
MATCH APPROACH

A.Kopp (andrii.kopp@khpi.edu.ua)

National Technical University «Kharkiv Polytechnic Institute» (Ukraine)

Abstract. This paper focuses on the problem of detecting and preventing SQL (Structured Query
Language) injection attacks. Recent studies in this area are analyzed and the most common type of SQL
injection attack is examined. The string match approach already known from related work on SQL
injection detection is used to answer the question — which special characters can be used to detect and
prevent SQL injection attacks when analyzing HTTP (Hyper Text Transfer Protocol) traffic. Several null
hypotheses are tested and the subset of characters with the strongest impact is used to build the regular
expression for malicious SQL code detection.

Problem statement. One of the Top 10 Web Application Security Risks recognized by OWASP
(Open Web Application Security Project) [1] is SQL (Structured Query Language) Injection Attacks,
often known as SQLIA. Intruders utilize SQLIA, malicious behavior, or policy violations, to attack online
applications in order to get access to protected information without authorization or even take over the
database server [2]. Authors of [3] claim that SQLIA is a type of cyber-attack that takes use of breaches
in web applications that relate to database-stored data. As a result, hackers may purposefully alter SQL
queries to compromise database security. It is made feasible by taking advantage of weak security
measures used by the online application or DBMS (Database Management System) and SQL syntax flaws

[3].
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One of the most dangerous and regular online application threats is an injection, which happens
when an intrusive party modifies, deletes, or queries data from a DBMS server. Database integrity,
availability, and security may be compromised by SQLIA. Therefore, detecting and preventing SQL
injection attacks is a pertinent yet established study area [4]. The diverse cyber-attack patterns and
strategies employed by hackers make it difficult to identify SQLIA despite the frequency of attacks and
the wealth of studies in this field [5].

Paper [6] asserts that attackers typically take advantage of the WHERE clause, which governs the
dataset results requested from the database. The SQL commands SELECT (to query tables), UPDATE (to
edit records), and DELETE (to delete records) all support the use of a WHERE condition. This kind of
attack, an example of which is shown in Fig. 1 [6], is typically referred to as a tautological SQLIA or
boolean-based SQL injection [7].

http://localhost/actions.php?username=johndoe'OR%201=1--&password=123

lHTTP request

SELECT username, password FROM user
WHERE username = ‘johndoe’OR 1=1--
AND password = '123"

lMaIicious SQL code

_
Database

Figure 1 — Tautological SQLIA and query string illustration [6]

As demonstrated in Fig. 1, such a malicious SQL query injects the second, always TRUE condition
“l1 =17 via the logical OR operator, forcing the web application to deliver a result. The database server
will not process the remaining portion of this SQL query, which comes after the comment symbols “--”.
As a result, the updated SQL query produces a new outcome that is unrelated to the accuracy of the user
name or password.

As a result of this, authors of [7] take into account particular symbols used to create SQLIA code in
order to identify such cyber-attacks (Table 1).

Table 1 — Symbols typically used to create SQLIA code

Type Characters

String -

Comment - #, 1% %

Wildcard %

Terminator :

Concatenate + |

Assignment =

Comparison > >= < <=, ==, <> I=

Thus, this study aims to answer the following research question — which special characters could
signalize the presence of SQL injection attacks in the HTTP (Hyper Text Transfer Protocol) traffic?

Solved tasks. Therefore, to answer this research question, it is necessary to test the following null
hypothesis:

— for string characters — HO,1: There is no correlation between string characters and SQLIA,;

—for comment characters — HO0,2: There is no correlation between the presence of comment
characters and SQLIA;
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— for wildcard characters — HO0,3: There is no correlation between the presence of wildcard
characters and SQLIA,

— for terminator characters — HO,4: There is no correlation between the presence of terminator
characters and SQLIA,

— for concatenate characters — HO,5: There is no correlation between the presence of concatenate
characters and SQLIA,;

— for assignment characters — H0,6: There is no correlation between the presence of assignment
characters and SQLIA,;

— for comparison characters — HO,7: There is no correlation between the presence of comparison
characters and SQLIA.

Research results. To perform the necessary experiments, let us use “HttpParamsDataset” that
represents values which can be found as values of parameters in HTTP requests [8]. This dataset includes
31067 records, which are divided into two categories [8]:

— benign records (19304 items designated as normal);

— suspicious records (11763 items tagged as anomalies).

Out 0f 31067 records, 10852 records are labeled as “sqli” — these are SQL injection attacks:

Therefore, this dataset [8] was processed to detect the presence of different special characters in the
HTTP request parameters analyzed. The final dataset, which was-used to test the hypotheses formulated,
includes the following fields (Fig. 2)

— query —the HTTP request string;

— string — the number of string characters occurred in the HTTP request string;

— comment — the number of comment characters occurred in the HTTP request string;

— wildcard — the number of wildcard characters occurred in the HTTP request string;

— terminator — the number of terminator characters occurred in the HTTP request string;

— concatenate — the number of concatenate characters occurred in the HTTP request string;

— assignment — the number of assignment characters occurred inthe HTTP request string;

— comparison — the number of comparison characters occurred in the HTTP request string;

— test — indicates whether the HTTP string is suspicious for SQLIA (1) or not (0).

~ | query v |string ~ comment|1| wildcard | ~ |terminator | ~ | concatenate | ~ | assignment | ¥  comparison | ~ |test|-T

1' where 6406=6406;select
count(*) from rdbSfields as
t1,rdbStypes as
t2,rdbScollations as

436 t3,rdbSfunctions as t4-- 1 1 0 1 0 1 0 1
1) and 8514=(select count(*}
from domain.domains as
t1,domain.columns as
t2,domain.tables as t3) and

437 (4666=4666 0 0 0 0 0 1 0 1

438 -3136%') or 3400=6002 1 0 1 0 0 1 0 1
1) where 7956=7956 or

439 sleep(5)# 0 1 0 0 0 1 0 1

440 -7387")) order by 1-- 1 1 0 0 0 0 0 1

Figure 2 — Fragment of the created dataset

Using the logistic regression classification algorithm [9], there was found the “concatenate” variable
has a p-value (0.347) greater than 0.05 (the alpha significance level). Therefore, it is clear that there is no
correlation-between the presence of concatenate characters and SQLIA and accept the null hypothesis
HO,5. However, the p-value of the other variables is 0 (< 0.05), which allows us to reject the remaining
hypotheses HO,1 — HO0,4 and H0,6 — HO,7.

Conclusion. This paper addressed the problem of SQLIA detection. The different types of SQLIAS
were discussed and the string match approach was considered for detecting SQLIAs. In addition, the
meaningful features for SQLIA detection were defined. Therefore, the future machine learning models for
SQLIA detection could be based on the selected features except “concatenate”.
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KBAHTYBAHHS TPAHC®OPMAHT JIBOBUMIPHUX OPTOI'OHAJIBHUX
INEPETBOPEHD ITPH YINIVIBHEHHI 30BPA’KEHb
Maiinantok B. I1., Marsiiiuyk O. B. (maidaniuk2000@gmail.com, 888sasha@gmail.com)
BinHuIpKui HalliOHABHAHN TexHIYHUI yHiBepcuTeT (YKpaiHa)

Poszenanymo  ocobrueocmi - keaHmysamHs — mpaHchoOpmaHm — 080BUMIPHUX — OPMOSOHATbHUX
nepemeopeHs Npu ywinoHeHHi 300pasicens. Ilokazano, wo 30inbulenHs Koe@iyicHma YuiibHeHHS MOHce
Oymu 00CiaeHYmo uepe3 GeKmMOpHe K8AHMYBAHHA MPAHCHOPManm OUCKPEMHO20 OPMO2OHANbHO2O
nepemeopenus (Yonwa-Aoamapa, JIKII ma inwux). I0eanvhumu 05 supiuienHs 3a60aHb 8€KMOPHO20
K8AHMYBAHHA € HEUPOHHI Mepedxci, Wo CAMOOP2aHi3yiomvcs, 3anponoHo8ani @iHcokum eueHum T.
Koxonenom (Self-Organizing Feature Map — SOFM).

3pOCTaHHs CKJIAJHOCTI CUCTEM OOpOOKM JaHMX cIpusie Oe3nepepBHOMY 30UIBIIEHHIO MOTOKY
iHpopMaii, SKUii MpsAMYe 10 HEHTPAIBLHOTO MPOLECOPY, NPUCTPOIB BiJOOPaKEHHS UM B KaHAIIU 3B’S3KY.
HocuTh yacTto Taka iHQopMallis BIAPIZHAETbCS 3HAYHOIO HAJUIMILIKOBICTIO, IO B CBOIO YEpry Bejae 0
HEpaliOHaTbHOTO BUKOPUCTAHHS 00JIaJiHaHHS. 3 METO0 MOJIETIIEHHS POOOTH OmNepalifHUX MPHUCTPOIB,
3HIDKEHHS 00’ €My mam’4Ti 1 MiHIMI3allll CMYTH YacTOT CUCTEM Iepe/iadi, I04aTKOBY 1H(POPMAIlI0 Y TaKHX
BUIAIKaX OakaHO MOMEPEAHhO OOpPOOIATH, JUIS YOTO BHUKOHYETHCS YINITbHEHHS Ili€l iHopmamii i
OJTHOYACHO MTEePETBOPEHHS Y POpMY, 3pyUHY IS TIOJAITBIIOTO BUKOPUCTAHHS B IU(POBUX OJIOKAX.

Haii0inbiy ckimagHICTh BUKJIMKA€E YIIUIBHEHHS 300pa)KeHb, OCKUIBKM  HEOOXIJHO 00poOisaTH
MacuBU JIaHUX BEJIMKMX PO3MIpPIB 3 BHUCOKOIO IIBHUJKOAIE€I0. YIIUIBHEHHS 300pakeHb MOJIArae B
MiHIMi3alil KUTBKOCTI 1H(GOpPMAaLiIHHUX €NeMEHTIB, fKi MOTpiOHI UIs MpeACTaBIECHHS 300pakKeHHS.
BigHOBNeHHS 300paXeHHST y TONEpeAHI0O (QOpMY CYIMPOBOIUKYETHCS, SK TPABWIO, JETKAMHU
CIIOTBOPEHHSIMHU.

KonyBaHHs Ha OCHOBI IEPETBOPEHDb PAAMKAIBHO BIAPI3HAETHCS BiJ KIIACUYHUX METOJIB KOJTyBaHHS,
TaKuX SK IMITyJbCHO-KOJIOBAa MOJYJSAIS, KOAYyBaHHS 3 TmependaueHHsSM abo 3 IHTEepIOJALI€El0, SKi
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3aCTOCOBYIOThCS O€3IMOCEpeIHbO /10 BieocurHany. KomyBanHs Ha 6a3i mepeTBOpEeHb — HEMPSIMUN METO/I.
300pakeHHS MIAJA€ThCS YHITAPHOMY MaTEeMAaTUYHOMY II€PETBOPEHHIO, OTpPUMaHi B pe3yibTarTi
KOCQII[IEHTH MMEPETBOPEHHS KAHTYIOThCS 1 YIIIUTBHIOIOTHCS CTATHCTUYHUMHU MeToaamH [ 1-3].

Ha croromni po3poGiieHo psin CTaHAApTIB JUIA KOTYBAaHHS PYXOMHX 1 HEpyXoMuX 300pakeHb. Lle
Tak 3BaHi cranmaptd JPEG (Hepyxomi 300paxkenHs) Ta MPEG (pyxomi 300paxxeHHs). B ocHOBY 1ux
CTaH/IapTiB MOKJIAJCHO AUCKpeTHe KocuHycHe mneperBopeHHs (JKII) ta entpomiitne xomyBanus [1-4].
Opnak, Bukonanus JIKII, He nuBnsunch Ha HASBHICTh HIBUAKUX aJITOPUTMIB, BUMArae BEJIMKOI KUTbKOCTI
MHOXXEHb Ha KOCHUHYCHY ckianoBy. Hampuknan, mis Bukonanus JKII ¢parmenty 3o00paxkenns 1x8
BUKOHYETHCSI 64 MHOKEHHSI.

B upomy mnani BurigHo BigpisHseThes Bin JKII meperBopennst Yomma-Anamapa, sl peamizarii
SIKOTO TIOTPiOHI JiMIe omeparii A0/aBaHHSA Ta BimHIMaHHA. Jlo TOTO X Iie MEPEeTBOPEHHS MOXe OyTH
pearizoBaHe 3 3aCTOCYBAaHHSAM THX )K€ CAMUX MIBHIKUX anroputmis, mo i JKII. B 3aransHomMy BUnanky
npsiMe 1 3BOPOTHE IEpeTBOpeHHs Yomma-Anamapa ains ¢parMeHTy 300paxeHHs po3MmipoMm NxN
BU3HAYAETHCSA TaK [S]:

[F(u, V)] = %[H(U, ILx, YIHu V17, (1)

fix.y) = %[H(U, VI [F(u WIHU, v, ()

ne [f(x,y)] - BiUTiKH TOYaTKOBOTO 300paKEHHS,

[H(u,v)] - matpuris Anamapa nmopsaky N,

[F(u,v)] - TpancdopmanTa neperBopeHns Yourna-Axamapa curaany f(x,y),

(X,y) - KOOpaMHATH, IO BU3HAYAIOTH PO3TAIIYBAaHHSL Bi/UTIKY Ha IUTOIIMHI HOYAaTKOBOTO (hparMeHry,
(u,Vv) - y3arajmpbHEHi 4acTOTH B 00JacTi TpaHCHOPMAHTH.

HezanexxHo Big TuUNy AMCKPETHOTO OPTOTOHAIBHOTO MEPETBOPEHHS KOEQIIIEHT YIIITbHEHHS 1
SKICTh BIJTHOBJICHOTO 300pa)KCHHS 3aJIC)KATh BiJl BUPIIICHHS 33744l KBAaHTYBAaHHS TPaHC(POPMAHT I[LOTO
neperBoperHs (JKII, Yomnma-Anamapa abo iHmoro). 3BHuYailHO KBAaHTYBaHHsS BHUKOHYETBCS HUISIXOM
[IJIOYHCIIOBOTO JUIEHHS KOXKHOTO Koe(ilieHTa MepeTBOPEHHS Ha CBil «K0e(illi€eHT KBAaHTYBaHHS».

OanuM 3 MiAXOMIB [10. ONTUMIi3alii KBaHTYBaHHS KOe(illi€EHTIB TUCKPETHOTO OPTOTOHAIBLHOTO
MIEPETBOPEHHS € METOJI BEKTOPHOTO KBAaHTYBAHHSI, IKUW paHilIe HE BAKOPUCTOBYBABCS Ha MPAKTHIII Yepe3
BEIMKI OOYMCIIIOBANIbHI 3aTpaTH. lness BEKTOPHOrO KBaHTYBAaHHS € JyXe MpOCTO. 300paskeHHs
po30uBaeThCs Ha KBaJpaTHI 010K, Hampukiag 2x2, 4x4 abo 8x8. KoxkeH 010K po3TiIsIaeThCs SIK BEKTOP
y 4-BuUMipHOMY, 16-BUMIpHOMY 200 64-BUMipHOMY IPOCTOPI. 3 IILOT'O IPOCTOPY BUOUPAETHCS OOMEKEHa
KUTBKICT BEKTOPIB, ' II0 YTBOPIOIOTH KOJOBY KHHTY, ajleé TakK, 00 3 HaHOLIBIIO TOYHICTIO
anpoOKCUMYBaTH BEKTOPH, IO BHJIYYalOTbCA 3 BXIJHOrO 300paxkeHHs. Y KaHal 3B’3Ky abo aiin
3aMMUCYIOTBCS HOMEpPU BEKTOPIB 3 KOJOBOI KHHUIH, L0 MarOTh HaWMEHIy BIJICTaHb B1Jl BEKTOpIB, IO
BIJTYYaOThHCS 3 BX1IHOTO 300pakeHHs, 1 cama KoJ1oBa KHUTra. OCKIJIbKU BEKTOPIB Y KOJIOBii KHM31 3HAUHO
MEHIIE 3arajgbHOI KUIBKOCTI BEKTOPIB Yy BXITHOMY 300paske€HHI, TO IS TPEACTABICHHS HOMEpa BEKTOpa
BUTPAYA€ETHCS MEHIIIE 01T, YMM JIJIs I0YAaTKOBOI'O BEKTOpaA. 3a PaXyHOK IIbOT'0 1 JOCATAETHCS YIIIJIbHEHHS.

3aranbHa cxema KojayBaHHs HaBeleHa Ha puc. 1. Ilpame JIOIl (nuckpeTrHe OpTOroHandbHE
NEPETBOPEHHsI) 1 LIJIOYMCIOBE KBAHTYBaHHS BUKOHYIOThCS aHajoriuno JPEG. Iliciast BukoHaHHS
IpyIyBaHHS KOE(]IIIEHTH OJHAKOBOI YaCTOTHU YTBOPIOIOTH Yy JBOBUMIPHOMY MacHBl JaHUX OJIOKH
OJIHAKOBOi 4YaCTOTH, €JIEMEHTH SKHMX MOXYTh MaTh OJNM3bKI 3HAU€HHsS, [0 MiJBHUILYE TOYHICTb
BEKTOPHOI'0 KBaHTyBaHHA. Ha eTami xomyBaHHS HalWOUIbII AOLIIBHUM € 3aCTOCYBaHHS apu(METUYHOTO
KOJYBaHHs; OCKUIbKM ILIeil MeToJ] 3abe3nedye Hailkpamiuii Koe]illieHT YIIUIbHEHHS cepell BiIOMHX
METO/IB yIIiIbHEeHHs 0e3 BTpat (puc. 1).

IneanbHUME JUI pO3B’sI3aHHS 33a]]a4 BEKTOPHOTO KBAHTYBAHHS € HEMPOHHI Mepexi, 3alpornoHOBaHi
¢incekum yuenum T. KoxoHeHowm, a came, Mepexa y BUTIIA1 1BoBUMIpHOI kKapTu Koxonena [6-8]. Kapra
KoxoHena Mmae Bl BaXJIMBUX BIJACTHUBOCTI, II0 BHKOPUCTOBYIOTHCA MpPH YIIIJIbHEHHI 300pa’ke€Hb
METOJaMU BEKTOPHOro KBaHTyBaHHsS. [lo-mepiie, BoHa JqyXe cXoXa Ha IHIII METOAU BEKTOPHOIO
KBaHTYBaHHS, II0 3aCTOCOBYIOTh IpPH YIIUJIBHEHHI 300pa)k€Hb 3 BTpaTaMM, a MO-Ipyre OJU3bKUM
KJIacTepaM BXIJIHUX BEKTOPIB BiJMOBIAIOTh OJIM3BKO PO3TAIIIOBAaHI HEWPOHU 1€l Mepexi, M0 301IbIIye
e(eKTHUBHICTh YIIIJIbHEHHS 0€3 BTpaT Ha HacTynmHoMmy eTami konyBaHHS. Kapra o3nak Koxonena, 1o
cama opranizyetbes (Self-Organizing Feature Map — SOFM) mae Ha0ip BXIIHUX €JIEMEHTIB, KUIbKICTh
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SIKUX BIJMOBI/Ia€ PO3MIPHOCTI BXIJHUX BEKTOPIB 1 HaOIp BHXIJHUX €JEMEHTIB, SIKI CIIy)KaThb B SIKOCTI
MIPOTOTHIIB.

HeobpoOneni = IIpmuae = Uino=scaoee = Ipvoveanua

JaHi 200pa#eHH OII KEAHTVEaZHHA koehillieHTIE
JakogoEeaHi & Kogveanusa & BexTopue

Jawi KEAaHTVEaHHA

Pucynok 1 — 3aranbpHa cxema KOJyBaHHsI 3 BEKTOPHUM KBaHTYBaHHS TpaHCOPMAHT

bazoBa apxitektypa mepexxi SOFM HaBenena Ha puc.2. BuxXigHi eleMeHTH Ha3WBaIOThHCS
KJIACTEpHUMHU eneMeHTaMmu. KiactepHi eneMeHTH a0o KOJOBi CIOBa PO3MIIIYIOTHCS y BUII OJHO abo
JBOBUMIPHOTO MAacCHBY. 3BHYalHO KUIBKICTh KIJIACTEPHUX CJICMEHTIB 3HAYHO MEHIIA Yy TOPIBHAHHI 3
KUTBKICTIO HaBYAJIIbHUX 3pa3KiB, IO 1 Ja€ MOXIHUBICTh BHUKOpucTOBYBaTH SOFM 5K BeKTOpHUIA
KBaHTYyBay.

KoopauHaTK
EEKTOpRA

Pucynok 2 - basosa apxitektypa mepexi SOFM

Kosxauii HeipoH MpeCTaBIsAEThCA BArOBUMH KoedimieHTaMu wij. ITicis HaB4aHHS 1 Mepeka MOKe
anpoOKCUMYBAaTH BEKTOPHU BX1THOTO HPOCTOPY HAMKpaluM ciocoOoM. AJITOPUTM HaBYaHHS MEpEKi TaKHii
[7]:

IninianizyBatu BaroBi Koe(ili€eHTH BUNAJIKOBUMH 3HAUYCHHSIMHU.
J171s1 KO>)KHOTO KJIACTEPHOTO eleMeHTa OOYUCIIUTH BIJICTaHb 0 HaBUYAJIBLHOTO BEKTOpA!

dj =X (wy —x)* 3)

Haiitu kiacTepHuil eneMeHT j Juis sikoro dj MiHIMaJbHO.
Mnst xmacTepHHX €JNeMEHTIB 13 Kpyra 3aJlaHoro pajiiyca 3 IEHTPOM B | €JIEMEHTI OOHOBHTH BaroBi
KO(IIIEHTH 3T1]THO (POPMYIIH:
wi; (R+1) = w;; (n)+n(n)[x; —w; (n)], (4)

JIe T - HOpMa HaBYaHHS, Xj — KOOPJMHATA HABYAJILHOTO BEKTOPA.
OOHOBUTH HOpPMY HaBUYaHHS 1 1 pailyc MpU HEOOXIAHOCTI 1 MOBTOPUTHU MYHKTH 1-5 IS HACTYMHOTO
HABYAJILHOTO BEKTOPA.

Hopma nHaBuanHs 3 4yacoM 3MiHIO€TbCs. BoHa Moke, Hampukian, matu 3HadeHHs 0,9, a moTim
3MIHIOBATUCh JIHINHO N0 Aesikoro (ikcoBaHOTO 3HaueHHs, Hampukiaan 0,01, micis 4oro 3aiumarucs
HEe3MIHHOIO0. Pajiiyc Takok crioyaTtky BUOMPAETHCS JOCTATHHO BEJIMKUM, 11100 OOHOBIISUIMCH BC1 €JIEMEHTH.
3 yacoM pajiiyc 3MEHIIYETHCS 1 B KiHI[I TOBUHEH OOHOBIISITHCH TIJIBKU CaM €JIEMEHT-TIEPEMOKEITb.
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V]IK 004.056:355.451]:004.75

MPOBJIEMHI ACIEKTH IH®OOPMAIIMHOI BE3ITEKHA CEPBICY SAAS
[Tonomapenko B.1O. (volodymyr.ponomarenko@nure.ua)
XapkiBChbKUil HAIIOHATBHUI YHIBEPCUTET paaioeeKTpoHiku (YKpaiHa)

B me3ax pozenaoaromvca axmyanvhi npobniemu 30epedicents Kibepbesneku 6 XMapHux mexHon02isx.
Poszenanymo ocobaueocmi pobomu npoepam SaaS. Ilpoananizosano memoou deznexu Saas, sKi MOdiCHA
peanizysamu, wob ompumamu Oinbul 3axuyery i besneuny pobomy 3 yum 000amKoM.

OcobOnuBicTh mporpam SaaS (software as a service) moisra€ B TOMY, II0 BOHU 3HAYHOIO MIpOIO
3ajeXarh BiJl MOCTAYaJbHUKIB XMapHUX Mociyr. OCKUIBKM Taki IpOrpaMud BHUKOPHUCTOBYIOTH XMapHIi
w1aThopMu Ul pO3MIILIEHHS, eKCIULyaTallii Ta PO3MOBCIOKEHHsI CBOTO MPOJYKTY, OyAb-sKa aTaka Ha
XMapHy 1HQPACTPYKTYPY TaKOXK MOXKE IOIIKOAWTH ciyxOy. CriBBigHOIIEHHS 3arpo3 Oesmeri SaaS
300pakeHo Ha puC. | (iHpopmallisa B3sTa 3 BIAKPUTHUX JKEPEN).

56%

Share of respondents

0%
Lack of visibility Lack of visibility Inability to Lack of 5aas Lack of Insufficient
nto 3rd Party into 5aas security  remediate 5aas security automation or amount of 5aas
application settings security knowledge tooling for SaasS security
access to the misconfigurations security
core 5aas stack

Puc. 1 — BiacoTkoBe cIiBBiIHOLIEHHS 3arpo3 Oe3neku SaaS
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XMapHa kibeparaka a0d0 3JI0M 03HAYaIOTh, 110 MOCTAYaILHUK SaaS MOCTpakaa€ Bij BTPATH JaHHX,
HECAHKIIIOHOBAHOTO JIOCTYIy, BTpaTH JOXOJiB, mkoau pemytanii, DDoS-atak Ta Oyap-sIKUX I1HIIMX
npo0JieM, IKUX BU HaMarajaucs YHUKHYTH. ToMy BIIPOBaPKCHHS HaWKpaIIUX MPaKTUK Oe3reku SaaS mae
BUpIIIANIbHE 3HAYEHHS a1 Oe3mepeOiifHoi poOOTH BaIIOro MPOAYKTY Ta MOCHyrd. B nmaniit po6oTi
PO3MIISIHYTI Jesiki 3 Hux [1].

1. KoHTpons Ta ympaBiiHHA JOCTYNOM. YTPABIIHHA JOCTYIIOM KOPHCTYBAayiB Mae€ BHpilIalbHE
3Ha4YCHHS M1 1H(pacTpykTypu SaaS, OCKUIBKHM X04YeMO OOMEXKHTH HECAaHKIIOHOBAHUU JOCTYII,
J03BOJISIFOYM BCIM JIIHCHUM KOPHUCTyBadaM BUKOPHCTOBYBATH CEPBIC/MPOAYKT. TOMy 110 4aCTUHY MOXKe
OyTH CKJIaJTHO KOHTPOJIIOBATH 0€3 HAJIGKHUX METO/IIB aBTEHTHU(DIKAIlli KOpUCTyBaya.

2. Tlpobnemu koH(igeHIIHHOCTI MaHuX. 3abe3nedeHHs MOBHOI OE3NeKH JaHUX Ta 3aroOiraHHS
BTPAaTi JaHUX Mo)ke OyTH YTpPYAHEHO 4epe3 4YacTi aTaku Ha IUIaT(GOpMU XMapHOro XOCTHHIY. BTpata
JaHUX TaKOX MO)Ke OyTH BUKJIMKAaHA BUIAQJKOBUM BUIAJICHHSAM Ta CUCTEMHHMHM 3005 IMH, 1 MH MOXEMO
00poTHCA 3 IUM, BUKOPUCTOBYIOUH PErYJIIpHE PE3epBHE KOMIFOBaHHS.

3. Croponni mpoGnemu. Yacro momatky SaaS OyayTh moTpiOHI MOCHYI'M CTOPOHHIX KOMIIaHid
(Hampuxiiag, oOpoOKa IUIATEeXiB, XOCTHHI Touwlo). OJHAaK, SKIIO CTOPOHHS Iporpama 3a3Ha€ araku,
1HTerpallis MOXe BIUTMHYTH Ha Bally CIIyKO0Y, SIKIIO il He IepeBipUTH, HE MPOTECTYBATH 1 HE BIICTEKUTH.

4. be3nepepBHuii MOHITOpUHT. [locTayambHUKK SaaS MOBWHHI BKJIAJAATH KOIITH y Oe3nepepBHUM
MOHITOPHUHT, OO CBOEYACHO BHSIBJIATH Ta YCYBaTH araku Oesneku SaaS. OIHAK yacTe peryiroBaHHS Ta
MOHITOPUHT MOXYTbh OyTH CKJIaJHUMH Ta BUMaraTtu 3Ha4HUX PECYPCiB.

5. OOMexeHHi KOHTPOIIb. 3 JoJaTKaMu SaaS KOPHCTYBadl MOBUHHI JOBIPATH MOCTaYaJIbHUKAM CBOI
JlaHl, OCKUTbKM BOHU HE MAIOTh MPSMOT0 KOHTPOIIO HaJ HUMH. | OCKUIbKU OUIBLICTH IILOTO KEPYETHCS
nocTavyalbHUKaMU TIOCITYT, KOPUCTYBadi HOBUHHI BiZIMOBUTHCS BiJ] IIbOTO KOHTPOJTIO.

6. Ypa3nuBOCTI Ta 3arpo3u. YIIPaBIiHHS NporpamMoro SaaS Moxe OyTH yTPYAHEHO yepe3 pi3Hi aTakH,
10 TIPOBOJIATHCS XaKepaMH JUIsl BUKOPUCTAHHS BPa3IuBOCTEH ciyk0u. Lle cTBoproe cepito3Hy npobdiiemy
B yIpaBJiHHI 0e3MeKor0 naHux st SaasS.

7. TloingopmoBaHicTh Tpo Oe3neKy OCBITHIX MaHMX. HaBuaHHS CHiBpOOITHHKIB O€3MEKH IMOCIYT
MO’KE€ 3HAYyHO HIJABMIIUTU IIaHCU Ha ycmix. IIporpama Saas Mo)ke HaBiTh BiAYyBaTH TPYAHOIII 4epe3
HEHaBMHCHI 1HCAHIEPChKI BUTOKH, 3 SKAMH MOXHA €()eKTHBHO OOpOTHCS, HABYAIOUM CIIBPOOITHHKIB
YHUKATH BUIIAJKOBUX ITOMHUJIOK.

8. llIBuake 3pocTaHHs Ta MacIITaOyBaHHs. BUKOpHCTaHHS XMapH JJIsi PO3MIIIEHHS mporpaMm SaaS
Mae pan nepesar. | me 103BoJsie KepyBaTH NMOLIMPEHHSIM IOCIYT, MaclITa0yBaHHSAM Ta 3pOCTAHHSIM
npoaykty. OJHaK IIBUIKE 3POCTaHHS MOXE 3aJIMIIATHA BPa3juBI MICIA, SIKUMH HEOOXITHO KepyBaTH
e eKTUBHIIIIE.

9. BpasnuBocTi Ta 3arpo3u. YTPaBIIHHS MporpaMoro SaaS Moxke OyTH YCKIAIHEHO dYepe3 pi3Hi
aTaky, 110 MPOBOATHCA XaKepamM JUI BUKOPUCTAHHS BpasnuBocTell ciayxoOu. Lle cTBoproe cepitozny
po0GsieMy B YHpaBIiHHI 0€3MeK0k0 JaHUX id SaasS.

Po3rnsiHeMO feski 3 mepeloBHX MeToAiB Oe3neku SaaS, siki MOKHA peayi3yBaTH, 1100 OTpUMaTu
OUTBII 3aXMINEHY 1 6e31IeUHy poOOTY 3 JoaTKOM SaaS:

1. Posmmpene mm@pyBaHHs JaHMX. 3amupoBaHi AaHI HEOOXigHI 3axucTy iHopmamlii mnpo
KJIIEHTIB B1Jl CTEXKEHHS Ta iHIIUX (opM nepexoruieHHs. Lle 3amobirae kommpomeranii KoH)IIeHIIITHIX
3aMuCIB Ta AeTanel y pasl cipoOu BUTOKY JTaHUX.

2. TecryBanus Oe3nexu. PerymsipHe TecTyBaHHS Ta ayJauTH O€3MEeKHW HEOOXIiJHI, 00 rapaHTyBaTH,
o nporpama SaaS 3axMIIeHa BiJ 30BHIIIHIX Ta BHYTpPIMIHIX 3arpo3. L[i TecTH Ha NPOHUKHEHHS
JIOTIOMAararTh MATPUMYBATH CUCTEMH B aKTyaJIbHOMY CTaHI i BHSIBJIATA MOTEHIIIWHI BPa3JIUBOCTI, SKi
MO’KHa BUIIPABHUTHU J0 TOTO, K XaKep MOJyMae Mpo X BUKOPUCTAHHS.

3. Yopasninas goctynoM Ha ocHoBi posieii. RBAC (Role Based Access Control), abo kepyBaHHS
JOCTYMOM Ha OCHOBI pOJIel, Kepye BXOJIaMH B CUCTEMY CIIBPOOITHHUKIB Ta KOPUCTYBAYiB, 00 OOMEKUTH
J0CTyH 10 KOoH(pineHUiiHO1 iHpopMalii. Takum yuHOM, SKIIO KOPUCTYBaueBl HE MOTpiOHA iHdOpMalIis,
BoHa Oyne HemoctynHa. JlocTynm TOBHHEH KOHTPOJIIOBATUCH Ta OHOBIIIOBATUCH, IIOO 3amobirTH
HECaHKI[IOHOBAaHOMY JOCTYITY.

4. Bunanenns nanux. [HppacTpykTypa SaaS norpeOye HaIEKHHUX MOJITHUKIB, 100 YHUKHYTH 3arpo3
Oe3neku y pasl BTpatu AaHux. J{ns 3a0e3neueHHs O6e3nepebiiiHOi poOOTH cepBicy MOTpiOHE perynspHe
pe3epBHE KOMIIOBaHHS Ta BiTHOBICHHS JJAHUX.

5. VYnopasninag iHuMaeHtamu. IloctayanpHuku SaaS MOBMHHI BUTpayaTH Yac Ta pecypcd Ha
PO3pOOKY HaJEeKHUX MOMITHK YHPaBIiHHS IHUWACHTAMM, 100 rapaHTyBaTH, L0 y pa3l MOpYIIEHHS
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Oe3IeKu YK aTaku CUTYyallis Oyzae ycyHyTa Ta mpobiema Oyne ycyHyTa edektuBHO. HasBHICTh HaAlitHOTO
IUTAaHY pearyBaHHS Ha 1HIIUACHTHU 3aBXKIH JIOTIOMArae.

6. besneuna po3poOka SaaS. Illo crocyerbest po3pobku SaaS, MU TOBHHHI BITPOBA/KYBAaTH KOJ 13
BUKOPUCTAHHSM METOJIiB 0€3MeYHOr0 KOJYBaHHS, 00 OOMEKUTH KIJTbKICTh BPA3IMBOCTEH, BBEICHUX Y
CHCTEMY Ha JAHOMY €TalTi.

7. MoniTopuHTr. 3aBIsSKd Oe€3MEpepBHOMY MOHITOPUHTY HporpaM SaaS BH MOXKETE BUSBISATH
MII03piTy aKTHBHICTh y PEXUMI peaibHOro yacy. lle Moke 3aomaauTu KOMITaHisiM 0araTto 3yCHib Ta
CTpecCy, TOMY 1110 BOHH MOKYTb OauUTH Ta YCYBaTH 3arpo3u J0 TOTO, K BOHH CTaHYTh HEOE3EUHIMHU.

8. BipryasbHi npuBaTHI Mepexi ado mpuBaTHI XxMapu. [IpuBaTHI XMapu Ta BIpTyallbHI NpHUBaTHI
Mepexi MOXYTh 3a0e3neyuTd Kpamry Oe3neky Ta KOH(]IIEHIIHHICTh JaHUX, OCKUIBKM BOHU OYAYTbH
JOCTYITHI MeHIIiH KiabKocTi cucteM. Chorogani VPN mIHUpOKO BHKOPHUCTOBYIOTHCS JUISI @HOHIMHOTO
JOCTYIy 10 ¢Iyk0 Ta ans mudpyBaHHs Tpadiky, 100 0OMiH JaHUMH MiX KOPUCTYBAa4eM Ta IMPOTrPaMor0
SaaS 3anumaBca Oezneynum. PizHi posmmpeni npotokoan VPN, taki sk WireGuardVPN, OpenVPN
TOIIIO CHOT'OJTHI BUKOPUCTOBYIOTHCS JIJIS 3a0€3MEUCHHS OE3MIEYHOT0 3B'SI3KY MiK CEpBEPaAMHU.

9. HapuanHs Ta HaB4aHHs CIiBpoOITHUKIB. [1[e oqHa BaXIMBa MpakTHKa AJIS MMABUIICHHS 0e31eKn
SaaS — inpopmyBaHHS CIIBPOOITHUKIB Ta KIIEHTIB MPO MepeoBi MeTOAU KibepOe3neku. Taki mporpamu
HaBYaHHS Ta MIABUIIEHHS O0I3HAHOCTI MOXYTh JOIMOMOITH Kpallle BUSABIATH (DIIIMHTOBI EJICKTPOHHI
JUCTH, aTaKd COLaNbHOI 1H)KeHepii Ta iHmI MmoTeHmiiiHi 3arpo3u. KpiM TOro, BOHM TaKOX MOXYTh
JOTIOMOTTH BaM PO3POOUTH JOCKOHAJIIINH TIaH pearyBaHHsI.

10. IIpaBa xopucryBaua Ta OararodakrtopHa aBreHTH(iKamis. Bukopucranus aBogdakTopHOi abo
6aratodakTopHoi ayreHTHdikauii (Bimomoi sk 2FA abo MFA) Mo)xe MOMOMOITH O0JaTH PiBEHb IS
BXOJly KOpHCTyBaya, MIO0 TapaHTyBaTH, IO JXKOJCH 3JIOBMHUCHUK HE cHpoOye OTpHUMAaTH AOCTYH IO
ciyx0wu [2].

BucHoBkwu.

B po6oti O6ynu po3risHyTI OCHOBHI acleKTH yIpaBiiHHS Oe3nekoro SaaS, Bin mM@pyBaHHS JaHUX
710 ayAUTy O€3IMeKH.

Bkpaii BaxxnuBO mam'sTaTH, 110 yNPaBIiHHS O€3MEKOI — Iie He OJHOpa3oBa pid, a MOCTYMOBUH Ta
Oe3nepepBHU mporiec, 0 3a0e3Medye perysIsapHi OHOBJICHHS OC3MIEKU Ta AyAHUTH.

3acTOCOBYIOUH PO3TISHYTI METOIU O€3MEKH, MOXKHA 3aXHCTUTHU CBOIO Iporpamy SaaS Bij CydyacHUX
XMapHHX KiOepaTaxk.

Cnucox BUKOPUCTAHOI JiTepaTypu

[1] Vijayarani Mohan, Sharmila Sathyanathan (2015). Research in Cloud Computing-An Overview,
International Journal of Distributed and Cloud Computing. https://doi.org/10.21863/ijdcc/2015.3.1.002.

[2] Lizhe Wang, Gregor von Laszewski, Andrew J. Younge (2010). Cloud Computing: a Perspective
Study, New Generation Comput. 28, pp. 137-146, https://doi.org/10.1007/s00354-008-0081-5.
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PEKOMEHJIAIIIL OO0 BE3NNEKA XMAPHUX ITPOT'PAM
3A JIOIIOMOTI'OIO TEXHOJIOI'TI DEVSECOPS
[Toromapenko B.1O. (volodymyr.ponomarenko@nure.ua)
XapkiBChKU HAIIOHATIBHUH YHIBEpCUTET pagioenekTpoHiku (YkpaiHa)

B mesax pozensdaromvca akmyanvHi npobiemu 3a0e3nedeHHss 6e3neku 8 XMApHUX cepedosuyax 3a
donomoeoro memooonozii DevSecOps.

DevSecOps — e mpakTHuKa iHTerparii TecTyBaHHsS Oe3leKH Ha KOXXHOMY eTarll MpoIecy po3poOKH
nporpamMHoro 3a0esnedeHHs. Ll Meromororis BkiIO4Yae B cebe I1HCTPYMEHTH Ta HpOILECH, SKi
BUKOPHUCTOBYIOTBCS JIJIsl CTBOPEHHSI €(DeKTUBHOTO Ta OE3MEYHOT0 MPOTPaMHOTO 3a0e3IeUYeHHs, KO 3a
0e3neKy BIANOBIAAIOTH YCi, XTO CTBOPIOE MpOrpaMHHUM MpoayKT. OCKUIBKM Oprasizauii mpoaoBXKYyIOTh
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TepeMilyBaTH CBOi MPOTpaMH y XMapy, BOHU TaKOK MOBHHHI 3a6e3neunTH ix Oe3neky. DevSecOps — e
miaxig 1o Oe3meKk, SKUi MOXKEe JOTOMOITH OpraHi3alisM 3aXMCTUTH CBOI XMapHi MpOTrpamMH Bif
Kibep3arpos.

[IpoananizyBaBiu podotu [1, 2] MokHa 3pOOUTH HACTYIHI pEKOMEHIALIN 100 3aXUCTY XMapHUX
nporpam 3a gonomoror DevSecOps.

1. Asromarmsyiite TectyBaHHs Oe3neku. OmHuM i3 HaiBaxmBimmx acrektiB DevSecOps €
aBTOMaTu3alisl TecTyBaHHA Oe3meku. HeoOXimHO peryiaspHO NPOBOJUTH AaBTOMATUYHE CKAaHYyBaHHS
Oe3meku, mo0 MepeKoHATHCs, IO MPOrpaMU HE MICTATh BPA3IMBOCTEH. ABTOMATH30BAaHE TECTYBaHHS
0e3neKkyd MOBHMHHO BKIIIOYATH CTAaTUYHHMM aHami3 KOy, JAMHAMIYHE TECTyBaHHS O€3MeKd mporpam Ta
KepyBaHHS KOH(pIrypamieo 6e3meKH.

2. BukopucroByiite iHCTpyMeHTH Oe3rneku. OpraHizailii TOBUHHI BHKOPHUCTOBYBATH IHCTPYMEHTH
0e3mekH, 100 JONOMOTTH iM BUSIBJISITH Ta yCyBaTH npobsiemu Oesmneku. [Ipukinaam iHCTpyMEHTIB O0e3meku
BKJIFOYAIOTh CKaHEpH Oe3MeKH, aHaIi3aTOpH KOAY Ta PIIIeHHS JyIsl 3a0e3reueHHsT 0€3MeKu KOHTCHHEPIB.
L1i iHCTpyMEHTH MOXYTh JOMOMOITH OpraHi3allisiM CKaHyBaTH CBOi MPOrpaMH Ha HasIBHICTb MOTEHITIIHNX

3. BmpoBamkeHHS METO/iB O0€3MeYHOTr0 KOJYBaHHS: METOIU 0€3N€YHOro KOAYBAaHHS MOBHHHI OyTH
BKJIFOUEHI JIO mTpolrecy po3poOku, mobd 3abde3meuntH O€3MeKy  AonaTkiB. IIpakTuku Oe€3medHoro
KOJYBaHHsS BKJIIOYAIOTh IEPEBIPKY BBEACHHS, Oe3MeuHy ayTeHTH(dIKalilo Ta Oe3neuyHe KepyBaHHS
CCaHCaMH.

4. MoHITOpUHT BUPOOHMYMX cepenoBUll. BupoOHHUYi cepeqoBHIa CiliJl BiACTEKYBATH 100 Oy/Ib-
SAKUX M1I03pUIMX AiM YU MOTEHIIMHUX BpaznuBocTel. ['pynu Oe3nekd HOBUHHI OyTH MOMEpeKeHi, SIKIIO0
BUSIBJICHA Oy/Ib-SKa MiJ03piJia aKTHBHICTh, 1 MAaOTh OYTH 3JaTHUMH BXHUTH HETAaWHUX 3aXOMIB IS
BHpILIEHHS MTPOOJIEMHU.

Jorpumyrouuck mux pekomenpamin DevSecOps, opraHizaimii MOXyTh 3a0€3MEYUTH 3aXUCT CBOIX
XMapHUX MporpaM BiJ MOTEeHLIHHUX KiOep3arpo3. s opranizaiiii BaxiuBo OyTH B Kypci HalKpamux
MIPAKTUK Oe3MeKH, 00 3a0e3meunTr 0e3neKy CBOiX JOMATKIB.

Apromarmzaniiss xmMapHux DevSecOps 3a 10moMorow iHQpacTpyKTypu SIK KOOy — e eQEeKTUBHUI
crnoci®é po3ropraHHsS O€3MeYyHMX Ta HAMIMHUX XMapHHX MOporpaMm. BHUKOPHCTOBYIOUYM 1HCTPYMEHTH
«iH(ppactpykrypa sk koa» (IaC), opraHizamii MOXyTh aBTOMATH3yBaTH IMPOLIEC PO3TOPTAHHS Ta
VIPaBIiHHA XMAapHUMH IporpaMaMu, 100 3al0e3meunTd Oe3lmeKy Ta BIAMOBITHICTH BHUMOTaM CBOIX
JIONATKIB.

laC — me mpakTHKa BUKOPUCTaHHS KONy J/JISi BH3HAYCHHS Ta YNpaBliHHSA KoHirypamiero IT-
1HGPACTPYKTYpH, TaKoi sIK Mepexi, cepBepu Ta nmporpamu. BukopucroByroun laC, opranizarii MOXyTb
JOCUTH HIBHJIKO Ta JIETKO PO3TOPTATH CBOi XMapHi MpOrpaMu Ta KepyBatu HUMHU. BukopucroByroun [aC
oprasizalii MO>KyTh BU3HA4aTH Ta PO3rOPTATH CBOIO XMApHY 1HYPACTPYKTYpy 3a JOMOMOIOI0 KOIY, MpH
[IbOMY TapaHTYIOUH, 110 TXHi MPOrpaMu OyIyTh MOCTIIOBHO HAJIAIITOBAHI Ta Oe3MeyHi.

3a pomomoroto laC opranizamii MoXyTh aBTOMaTH3yBaTH mpouec DevSecOps abo iHTerpyBaTH
Oe3reKy B Mpolec po3poOKku mporpamHoro 3abe3nedeHHs. Bukopucrtoyroun [aC, opranizaiii MOXYTh
3a0e3neunTH 0e3MeKy CBOiX Mporpam MpOTATrOM yChOro IMpOoLEecy Ta Ha BCiX eTanax po3poOku. Lle myxe
BOXIUBO ISl XMapHHX IPOTpaM, OCKUIBKM XMapHi MPOTpaMu 3a3BHYAll CKIAMAIOTBCS 3 JEKIITBKOX
KOMITOHEHTIB, SIKi HEOOX1THO 0€3MeYHO HAIAIITOBYBATH Ta KEPYyBaTH HUMHU.

[aC Takoxx no3BONISIE OpraHizalisM IIBUJIKO Ta JIETKO PO3rOpPTAaTH BJAcHI XMapHI Iporpamu Ta
KepyBaTH HUMU. BuxopucroByroun laC, opranizanii MOXKyTh aBTOMAaTU3yBaTH MIPOLIEC PO3TOPTAHHS CBOiX
XMapHUX Mporpam Ta KepyBaHHS HMMM, TapaHTYIOUH, 10 iXHI IporpaMu OyAyTh Ha/J1MHO HaJIalITOBaHI
Ta OHOBJICHI.

laC — ne BaxMBUIT IHCTPYMEHT JJIsl OpraHi3alliid, sKi MparHyTh OE3MEeYHO PO3TOPHYTH CBOI XMapHi
nporpaMM Ta KepyBaTu HUMH. BuxopucroByrounm IaC, opranizamii MoXyTh 3a0e3NeUuTH HaJiiiHe
HaJalUTYyBaHHS Ta aKTyaJbHICTh CBOIX JOJATKIB, a TaKoXX aBTromaru3aiito mpoieciB DevSecOps. 3a
nonomororo laC opranizariii MOXXyTh IIBUJKO Ta JIETKO PO3TOPTaTH CBOI XMapHi MporpaMu Ta KepyBaTh
HUMH, TIPH I[bOMY 3a0€31eUyI04H BUCOKUI PIBEHb O€3MEeKH Ta BIMOBIIHICTH BUMOTAaM CBOIX JIOJATKIB.

Ilepexin no xmapHux TexHojoriii DevSecOps € ckiagHUM Ta BaKJIMBUM 3aBJaHHSAM JJIS PI3HUX
oprasizaiiii Mo BCbOMY CBITy. Y 3B'SI3Ky 31 IMIBHIAKHMH 3MIHAMH B TEXHOJOTISX KOMIIAHISIM Terep
JIOBOJIUTHCSL 3HAXOMUTH CHOCOOM OE3MEeYHOro pPO3rOpTaHHS CBOIX MPOrpaMHHUX JOAATKIB, a TaKOXK
CTEKUTH 3a TUM, 1100 1XHI rpynu Oe3nexku Oyiau B Kypci OCTaHHIX IEPEOBUX METO/IB OE3MEKH.
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Xmapuuii miaxig DevSecOps — 1e moeaHanHs po3poOKH, Oe3MeKn Ta eKCIuTyartarlii, ke Joromarae
OpraHizalisM IIBUAKO Ta Oe3me4yHo mnepemimaru mnporpamu. lLle mo3Bosise oprasizamisiM IIBHIKO
pO3ropTaTy MporpamMu 0e3 MKOoIU JJIsl OE3MEeKH, aje BCe e € KiTbKa po0ieM, ki HE0OX1THO BUPIIIHUTH,
1106 3po0OuTH Horo ycminHuM [3].

Opniero 3 HalOUTIBIIUX MpoOJsIeM € iHTerparis 6e3neku B koHBeep DevSecOps. Lle Bumarae 3minu
MUCJICHHSI Ta KYJIbTYPH, OCKUIBKH TPYyNU OE3MeKH IMMOBHHHI HABYUTHCS TPAIIOBATH 3 KOMaHIaMHU
po3po0KH Ta ekcIuTyartarlii, o0 3abe3neunTn Oe3neyHe po3ropTaHHs nporpam. KpiMm toro, opranizamii
MOBUHHI 3a0e3MeunTy Halie)kHe HaB4YaHHS (axiBIiB 3 OE3MEKU HOBITHIX IEPEIOBUX METOMIB Ta
TEXHOJIOTIH O€3MeKH, a TaKoXX PO3YyMIHHS TOTrO, SK INPABWILHO BHKOPHCTOBYBAaTH I1X Yy KOHBEeEpi
DevSecOps.

[Ile onna mpobiema, 3 SIKOIO CTHKAIOThCA OpraHizaiii, — MOIIYK HPaBHJIBHUX 1HCTPYMEHTIB Ta
TeXHOJIOTiH a7 KoHBeepa DevSecOps. 3 momupeHHsIM HOBUX TEXHOJIOTIH Ta IHCTPYMEHTIB MOXe OyTH
B&)KKO BH3HAYUTH, SIKI 3 HUX MAXOAATH 10 pobdotu. Opranizaiii MOBUHHI OLIIHATH CBIi MOTOYHUIN CTaH
0e3MmeKkr Ta BH3HAYMTH KOHKPETHI IHCTPYMEHTH Ta TEXHOJIOTii, SKi HalKpalie BiANOBIAAIOTH IXHIM
notpebdam.

Hapemri, opranizanii moBUHHI 3a0€3M€YUTH HAJIEKHE OOCIYrOBYBaHHS Ta MOHITOPHHT KOHBEepa
DevSecOps. lle Bkiltoyae peryisipHe TECTYBaHHs Ta BHIIPABJICHHS OyIb-SKHX BPa3IMBOCTEH, a TaKOXK
3abe3neueHHs Toro, mod kouBeep DevSecOps BiAMOBITaB OCTAHHIM IMIEPEIOBUM METOIaM 3a0e3eUCHHS
Oe3mneKu.

BucHoBkwu.

B poGotri Oynu po3riasHyTI OCHOBHI acleKTH Oe3MeKd XMapHHX MporpamM 3 BHKOPUCTAHHSIM
metononorii DevSecOps. [Ipobnemu, mos's3ani 3 xMapHUM posropTaHHsaM DevSecOps, MOXyTh OyTH Ha
MePIINH MOTJIA CKIaJHUMHU, ajie MPU MPABUILHOMY MIJXOJ1 OpraHizaiil MOXYTh YCHIIIHO O€3MeYHO Ta
e(eKTUBHO pPO3ropTaTH MPOrpaMu. BUTpaTUBIIM 4Yac HA MPABHWIBHY IHTErpaIlif0 OE3MeKH, BU3HAYCHHS
NPaBUIbHUX IHCTPYMEHTIB Ta TEXHOJIOTIH Ta 3a0e3meucHHS HAICKHOro OOCIYroByBaHHS KOHBEEpa
DevSecOps, opranizaiii MOXyTb 3a0e31eUlTH OE3MEeKyY Ta IIBUIKE PO3rOpTaHHS CBOIX JOJATKIB.

Cnucox BUKOPUCTAHOI JiTepaTypH

[1] Ribeiro M. Learning DevSecOps. Integrating Continuous Security Across Your Organization / M.
Ribeiro, D. Matthew., 2022. — 180 c.

[2] Txun Kim, Ixe3 Xam6m, Ilarpixk [eOya, JIxon Bimmic. IMTocioruk i3 DevOps. VYkpaina.
Bunasuunurso ®adyna, 2023, C. 384.

[3] Jason Carolan, Steve Gaede. Introduction to Cloud Computing
Architecture. Santa Clara : Sun Microsystems, Inc., 2009. P. 40.
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AHAJII3 ATAK ITIPOTPAM-ITAHTAKUCTIB Y MICROSOFT AZURE
[Tonomapenko B.1O. (volodymyr.ponomarenko@nure.ua)
XapkiBChKUl HAIIIOHATIBHUH YHIBEpCUTET pajgioenekTponiku (YkpaiHa)

B mesax pozensioaromucs ocnosni moscnueocmi ma 3acoou zaxucmy MICROSOFT Azure 6io0 amax i3
3ACMOCYBAHHAM — NPOSPAM-WAHMANCUCTNIB, A  MAKOXC  HABOOAMbCA — peKoMeHoayii  wodo  ix
NpOGINAKMUUHO20 BUKOPUCMAHHS O] 3aXUCMY pecypcis y xmapi Azure.

ATaku 13 3aCTOCYBaHHSIM TPOTPaM-IIAHTAXHUCTIB CTadd OJHIEIO 3 HANUCEPHO3HIMMX MpobdieM
0e3nekH, sKi CTOATh ChOTOAHI IMepen Oi3HecoM. Y pasi ycIixy aTakd MpOorpam-IIaHTaKUCTIB MOXKYTh
npu3BecTd A0 BiakiatoueHHs IT-iHdpacTpykTypu Oi3Hec-sapa 1 MPU3BECTH 0 PYHHYBaHHS, IO MOXKeE
MaTH BUCH@XJIMBHMHA BIUIMB Ha (Pi3MUHYy Ta €KOHOMIYHY Oesmeky abo Oe3meky Oi3Hecy. ATaku i3
3aCTOCYBaHHSM MPOTPaM-IIAHTAXKUCTIB HAIUJICHI Ha MiJMPUEMCTBA BCIX THUIIB. TOMy BCIM KOMITaHisIM
HEOOX1THO BXKMBATU NMPO(ITAKTHUHUX 3aX01B JUId 3a0e3neueHHs 3axucty [1].

100



Martepianu X VI Mi>kHapOIHOT HAYKOBO-TIPaKTHUHOI KoH(epeHtIii «IHpopMaIiiiHi TEXHOJIOTT 1 aBToMaTHu3aIis - 2023

ATaku Ha pecypcH BiAOYBaIOThCS TaK, IO aTaKyIO4YH XMapHY iHQPpacTpyKTypy, 3TOBMUCHUKH YaCcTO
aTakyloTh KiJIbKa pecypciB, 100 crnpoOyBaTH OTPUMATH JOCTYN [0 JAHUX KIIEHTIB a00 CEKpeTHOL
iHdopmariii kommanii. Mojiens JaHIIOKKA MOPYIIEHHS XMapHOi O€3MeKH TMOSCHIOE, SK 3JIOBMUCHHKHU
HaMararoThCsl OTPUMATH JIOCTYN 0 OyIb-SKOTO Pecypcy B 3arajJlbHOJOCTYIHIA XMapi 3a JOMOMOTOI0
YOTUPHOX €TAITiB: 30BHIIIHIN BIUIMB, JOCTYII, O14HE YCYHEHHS Ta Jii.

30BHINIHA Jis TOJIATAE B TOMY, IO 3JI0BMHUCHUKHU HIYKAIOTh MOXIIMBOCTI [ OTPUMAHHS JOCTYITY JI0
Bamoi iHGpacTpykrypu. Hanpukiian, BOHM 3HAIOTh, 110 MPOrpaMH JUIsl KIIEHTIB MAarOTh OYTH BiIKPHUTI
U1 OCTYIy 3 60Ky noOpornopsaHux KopuctyBadiB. L{i mporpamu noctymnHi B [HTepHETI 1 TOMY Bpa3iusi
710 aTak.

SIk mpaBmIIO, 3MTOBMHUCHUKM HAMararoTbCs CKOPUCTATHUCS BPA3IUBICTIO, MO0 OTPUMATH AOCTYH 0
1H(pacTpyKTYpH 3arajibHOAOCTYNHOI xMmapu. Lle Moxke pocsratucs 3a paXyHOK CKOMIIPOMETOBAHHUX
OOJIIKOBUX JaHMX KOPHCTYBayiB, CKOMIIPOMETOBAHMX EK3EMIULIPIB 200 HEMPAaBHIBHO HAJAMITOBAHUX
pecypciB.

Ha erarmi 6i4HOr0 yCyHEHHS 3JIOBMUCHUKH BH3HAYAIOTh, IKUX PECYpPCiB BOHH MalOTh JOCTYII i IKOMY
piBHI. YCHilHI aTakd Ha EK3EeMIUIAPU HAJAalOTh 3JI0BMHUCHHUKAM JOCTYNl 10 0a3 JaHUX Ta IHIIMX
KOH(DIIEHIIINHNX BiOMOCTEH. 3r010M 3JIOBMUCHUK IIIyKAa€ JOAATKOBL 00JikoBi naHi. JlaHi, oTpuMaHi 3
Microsoft Defender mnsi xmapu, Mmoka3yroTh, IO 3a BIJICYTHOCTI 3aC001B O€3NeKkH, 37aTHOTO HIBUIKO
MOBIIOMJISITH TIPO aTaKH, IJisl BUSBJICHHS MOPYIICHb B OpraHizauisx norpioHo B cepenaboMmy 101 neHs.
Tum gacom, npoTsirom Bcboro 24—48 roauH micisi NOPYLICHHs 3JI0BMUCHUK 3a3BHYail OTpUMYy€E MOBHUIMA
KOHTPOJIb HaJl MEPEKEIO.

JIii, 1110 BUKOHYIOTHCSI 3JIOBMHUCHUKOM TIiCJisl OIYHOTO yCYHEHHs, 0araTo B 4YOMY 3ajieKaTb Bij
pecypciB, 10 SKUX BiH 3MIT OTPHMATH JOCTYN Ha eTami Oi9HOTO 3MilicHHS. Pe3ynmbrarom Takux mii
MOXYTh OyTH KpaJiXKa JaHUX, BTpaTa JaHUX a00 3amMycK IHIUX aTak. s mignpueMcTB CepeaHiid
po3mip (¢iHaHCOBMX 30WTKIB BiJ] BTpaTH MJaHUX Hapa3l HaOmmwkaetscss no 1,23 mum pon. CIIA
(i opmartist B3siTa 3 BIAKPUTHX JHKEPE).

XKeprBamu artak i3 3aCTOCYBaHHSM IPOrPaM-IIAHTAXKHUCTIB YaCTO CTAIOTh BPA3JIMBI HiANPHEMCTBA.
Hwxue HaBesieHO JesiKi 3 OCHOBHMX (PAKTOPIB yCIIXy TaKUX aTak.

— BpasnuBa 30Ha pO3MIHMPIOETHCSA, OCKUIBKM KOMITaHIl MPOIOHYIOTH Jeiali OUTbIIe MOCIyT 4epes
1 (poB1 KaHAIIH.

— Jlyxe mpocTO OTpUMATH T'OTOBI HIKIUIMBI MPOTPaMH 3a MOJAEIUII0 “NPOrpaMU-IIAHTAKHUCTU SIK
nociyra” (RaaS).

— Ormiata BUKYITY KPUNTOBAJIIOTOIO BIJKPUBAE HOBI IEPCTIEKTUBH JIJIsl 3TOBMHUCHUKIB.

— PozmmpeHHs kKOMI'IoTepiB Ta iX BHUKOPHUCTAHHS Ha PI3HUX POOOYMX MICIAX (MICLIEBl IIKUIbHI
OKpYTH, BIITUICHHS MOJIIII, MOMIIEHChKiI aBTOMOOLTI TOIIO), KOXKHE 3 SIKUX € MOTEHIIIHOI TOYKOO
JOCTYIY JUIsl IKIATTMBUX MPOrpaM, 110 HPU3BOIUTH 0 NOTEHIIHHOT aTaky.

— IlomupenicTh cTapux Ta 3acTapiinx iHQPACTPYKTYPHUX CUCTEM Ta IPOrPaMHOr0 3a0e3MeUeHHS.

— Ilorano Hajaro/keHe KepyBaHHsI BUITPABICHHIMHU.

— 3actapimi abo mqyxke crapl omnepauiifHi CUCTEeMH 3 MepioJoM MiATPUMKH, LI0 MHMHYB abo
3aKIHYY€EThCS.

— Hecraua pecypciB mns moneprizanii [T-cepenosumia.

— Hecraua 3Hans.

— BiacyrHicTh KBaTi(hiKOBAaHOTO IMEPCOHANTY Ta HaJMIipHA JIOBipa KIFOYOBUX CITIBPOOITHHUKIB.

— HenafiitHa apxiTeKTypa O€3MeKH.

310BMUCHUKN BUKOPUCTOBYIOTH Pi3HI MPUHOMH, HANPHUKIAJ, aTaka METOAOM MiI00py MPOTOKOIY
BiigasieHoro podoydoro ctony (RDP), s Bukopucranus Bpanusocteit [2].

Bmnue ataku mporpaMu-IIaHTaKMCTAa HA OpPraHi3alil0 BaXXKO MiANAEThCS KIMbKICHIM OIHIT.
3ayie’)kHO BiJ 00J71aCTl Ta TUMY 1IeH BIUIUB MOXKE OyTH OaratoacreKTHUM.

— Brpara nocrymny 10 qaHux.

[TepepuBanus Oi3HEC-OnEpariil.

diHaHCOBI 30UTKH.

— Kpanikka iHTeNeKTyaabHOi BIaCHOCTI.

[TinpuB nOBipH KIIIEHTIB Ta 31ICOBaHA PeIyTallis.
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Kommanis “Colonial Pipeline” Bumnatuna 6muspko 4,4 mua pon. CHIA, mo6 po36igokyBaTH CBOi
nani. Jlo mi€i cyMu He BXOIATh BUTPATHU 4Yepe3 MPOCTOi, BTpaTh MPOAYKTUBHOCTI, BTpaueHi MpoJaxi Ta
BIIHOBJIEHHS po00TH Cityx)0 (iHpopMallist B3STa 3 BIAKPUTUX JHKEPEN).

BucHoBku.

VY OLapII MMPOKOMY TUTaHI CepPi03H1 IHIIMICHTH HAIal0Th OTIOCEPEKOBAHMI BIUIMB HA 0araTo 1HIINX
MIIPUEMCTB Ta OpraHizamii yciX BHIIB, BKIIOYAIOYM MICIEBI MiChKi Ciry>kOu. (DiHAHCOBI HACIHIJIKH
TaKOX € JyXe CepHo3HMMH. 3TiTHO 3 MPOrHO3aMHu Koproparii MakpocodT, BUTpAaTH HA BiTHOBJICHHS
Bil arak mnporpaMm-mantaxucTiB y 2023 poui mocsarayte 20 mapn non. CHIA. BpaxoByroun 1,
MMOCWJICHHSI BJIACHMX 3aC00IB 3aXUCTy BiJI IPOrpaM-IMIAHTAKUCTIB B Azure Ta BXHUTTS BiANOBIIHHX
3ax0/IiB JIO3BOJISATH OpraHizamisM e(eKTHBHO 3amo0iratu, BUSBIATA Ta OJOKYBaTH MOTCHIIMHI aTaku i3
3aCTOCYBaHHSM MPOTrpaM-IIaHTAXHUCTIB Ha pecypcu Azure.

CnucoKk BUKOPHUCTAHOI JIiTepaTypu

[1] 3axucr Bim mnporpam-mantaxuctieB B Azure. URL: https://learn.microsoft.com/ru-
ru/azure/security/fundamentals/ransomware-protection. (lara 3sepaenns 01.10.2023).

[2] Microsoft Azure Well-Architected Framework. URL: https://learn.microsoft.com/en-
us/azure/well-architected/ (nara 3Bepuenns: 04.10.2023).
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KIBEPATAKH HA JJEP)JKABHOMY PIBHI: BAJKJIMBITh BOPOTHBM TA JJOCBIJ KPATH
PamzixoBebka A.O. (radzikhovska.a@donnu.edu.ua)
Ciuko T.B. (t.sichko@donnu.edu.ua)
JloHelbKuit HallioHaIbHUE yHiBepcuTeT iMeHi Bacuis Cryca (Ykpaina)

Poszenanymo sasxcnusicme npomudii kKibepamaxam HA 0epiHCABHOMY PIi6HI, 3a20CMPeHHs CUmyayii
3 iHgopmayitino be3nexkor 8 YKpaini 3 nowamkom GillHu ma 00Ce8i0 pi3HUX Kpain y 6opomvOi ma
3MmiyHeHi iHghopmayilino2o poumy.

21 cropivyus BB@XA€ThCS LU(GPOBUM CTOpIUUSAM, AK€ HAa KOKHOMY KpOIl MU CTUKAaEMOCH 3
BUKOPHCTaHHSAM KOMIT FOTE€PiB, CMapTQOHIB, €JICKTPOHHUX CEPBICIB, UPPOBUX TOMATKIB Ta iHmIe. Tak, 3
OJTHET CTOPOHH, 1€ AOIIOMAra€ IIBUIKO Ta e()EeKTUBHO 33IOBUTHBHUTHU Ti UM 1HIII MOTPEOH, POOISIUN KUTTS
npoctimuM. [Ipote, okpiM UX MepeBar € CBOi HEAOMIKH. A came: IMaHTaX Ta MaxpaicTBO, MOKIUBICTh
BTpaTu a00 CHOTBOPEHHS JAHUX, NEKTPOHHUM IIMIOHAX CTAIM YW HE TOJIOBHUMM BUKJIMKAMM CY4acHOI
0e3neKu: 3a CTAaTUCTUKOIO Y CBITI KOKHOTO POKY 3’sBINseThecsl 6u3bko 100 Tucsy HoBuX BipyciB [1]. 3a
IIUM CTOSTh TaK 3BaHi KiOEp3/IOYMHII TOJIOBHA MeTa SIKHX — HECAHKI[IOHOBaHMH 3JI0M Ta BUKpaJEHHS
MEPCOHANBHOI 1H(OpMallii, TapOJIiB Ta IHIIOTO.

KibGeparakam migmaroTbcs He JHINE 3BUYAiHI KOPUCTYyBaul, ajne W BiJOMI KOMIMaHii, 1epkaBHI Ta
0aHKIBCBKI ycTaHOBH i T.1H. Hanpukiman, ataka min HazBoro « TutanoBmii A0y tpusana 3 2003 mo 2007
poku iMOBIpHilIe 3a Bce 3 mpoBiHiii ['yaunyn B Kutai. ¥ 2004 pomi amepukaHchki denepanbHi ciigyi
BUSIBIUIM Cepii araKk Ta NMPOHUKHEHHS Y MepexXi BiIIUIB Oe3nmeKku, CHePreTHKH Ta OOOPOHH, a TaKOXK
3aBaHTAXEHHS TepabalTiB AaHMX. | Xo4ya BBa)kanocs, M0 y4acTh Yy KiOEpIIMHUTYHCTBI B3SUIM KUTaHCBHKI
BiliCbKOB1, o¢iuiHui [lekiH 3BUHyBaueHHS BIAKMHYB. ATaku, oB’s13aH1 3 « TutaHoBUM jaomem» y 2007
poli OyJIM TaKOX HaIpaBJIeHI HAa MIHICTEPCTBO 3aKOPAOHHUX cripaB Benukoi bputanii [2].

Omxe, 6aunMo, IO BiJl TAKUX aTak HE 3aCTpaxoBaHUU HIXTO. OCOOIMBO 13 HUHINTHBOK CUTYAII€I0 B
Hamii kpaiHi. 3a o¢iuiifHo i1HQOpMAaLiel TUIBKM y mepmii 6 Micslll MOBHOMAacIITaOHOI BilHM
pociiicekoro deaeparriero O0ymno 3aiiicaeno 1123 kibeparak. [lepkaBHa ciry)0a CHeIialbHOTO 3B’ SA3KY Ta
3axucTy iH(popmanii YKpaiHu MOKa3aiu Ha SKi CEKTOpU HANOUIBII 3A1MCHIOBANIHMCH aTaku (TIepioja Bij
24.02 mo 24.08) [3]:

. ypsn 1 micueBi opranu Biaau — 260;
J cekTop Oe3neku Ta 000poHu — 154;
. KOMepIiifHi opranizaiii — 83;
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o (hiHaHCOBHI CEKTOp — 72,
o iH1Ie — 554.

Ha xinens 2022 poky Cnyx0a Oesmneku YkpaiHu HeWTpamizyBaia moHan 4,5 Tuc. kibepatak Ta
KiOepiHIIEHIEHTIB, PO i€ 3aBUB HAUYAJIbHUK JIeMapTaMeHTy KibepOesneku st BiTiok.

Tomy GopoThba 3 KiOeparakamMy Ha PiBHI ACP)KaBH € JYXKE BAXJIMBUM 3aBJaHHSIM, OCKUIBKU
KiOEp3JIOUMHHICT, € OJHI€I 3 HalOuTbmMX 3arpo3 Oesmeri. Och KiNbKa MPHYUH, YOMY Ba)JIMBO
OopoTwucs 3 KibepaTakamu:

1. 3axucm Oepacasnoi ma npusamnoi inghopmayii. Kideparaku MOXYTb MPU3BECTH 10 KPaJiKKH,
posrojyionieHHss abo BTpatu iH(doOpMaIlli, sika Moke OyTH BaXJIMBOKO Ui JepKaBU ab0 MpHUBATHUX
nianpueMcTB. lle MOXxe NpPU3BECTH A0 CEpHO3HMX HACHIAKIB, TaKUX $K: MOPYIIEHHS HalliOHAJIbHOL
0e3I1eKu, EKOHOMIYHI 30MTKH a00 MIKOy penyTailii KpaiHu.
2.  3axucm kpumuuno eaxcausux ingpacmpyxkmyp. Kibeparaku MOXyTh OyTH CIPSIMOBaHI Ha KPUTUIHO
BaXUIHMBI 1HOPACTPYKTYPH, TaKl SIK: €IEKTPUUHI MEPEXKi, TPAHCIIOPTHI CUCTEMH, (PTHAHCOBI YCTAHOBH Ta
iHII. SIKIm0 Taki CMCTEMH MiJNAI0ThCS aTakam, TO 1€ MOXE MPU3BECTH 0 BEIUKUX 30MTKIB Ta HABITh
3arpo3u KUTTIO JIFOJIEH.
3. 3bepescennn xoughioenyitinocmi Oanux. Kibeparaku MOXyTb OyTH CIpSMOBaHI Ha KOMIIaHii Ta
YCTaHOBH, 5IK1 30epiratoTh KOHQIIEHIIIHHY 1HPOpMaIlil0, TaKy sSK: 0COOMCTI JaHi KII€HTIB a00 MeIU4HI
3amucH. SIKImo JaHi CTaloTh JOCTYNHI AJISl 3JIOBMHCHHUKIB, 116 MOXE IPH3BECTH JO MOPYIICHHS
MIPUBATHOCTI Ta IIKOAM permyTallii KoMIaHiil.
4. 3axucm 6i0 kibepwnueyncmea. Kibeparaku MOXyTb OyTH CHPAMOBaHI Ha OTPUMAHHS [IEPCOHATBHUX
JAHKUX BiJl IHO3EMHUX JIep>kKaB a0o 3JI0YMHHUX opraHizaiiil. Lls ingopmaris Mmoxxe OyTH BUKOPHCTaHA IS
IIMATYHCTBA, BIUIMBY HA OJITHYHI MPOLIecH a0o il eKOHOMIYHO MIKOIH.
5. 3axucm 6i0 xibepmepopuzmy. KiGeparaku MOXyTh OyTH BUKOPUCTAHI SIK 30p0Osi y TEPOPUCTUUHHX
aKTax, TAKUX SK HalaJWd Ha CTpaTeriuHi 00’€KTH abo I 3aBAaHHS €KOHOMIYHMX 30uTKiB. BopoThOa 3
KiOepTepopu3MOM BHUMarae po3poOKH Ta BHPOBAKEHHA e(DEKTHBHHX 3aXOJiB O€3MeKH, SKi MOXYThb
3aro0IirT TaKUM HaltagaM.
6. 3axucm inmepnem-npocmopy. bopoThba 3 kibepaTakaMd Ha piBHI JIepKaBU BaKJIMBa IS
3a0e3neueHHs] Oe3MeKH IHTEPHET-POCTOPY. 3JIOYMHHI OpraHi3amii MOXyTh BUKOPHUCTOBYBATH IHTEPHET
Ui 371ICHeHHs KibepaTak, a TaKOX Ui MOMIMPEHHS IKI/UIMBOTO KOHTEHTY, KUl MOKe 3aBJaTH IIKOAU
KOPHCTYBa4yaM.

3 kibepbOe3nekoro moB'si3aHO Oe3mid mpoOiIeM 1 AEp>KaBU 3 PI3HUM JOCBIIOM BeIEHHS OOpOTHOHM 3
KibepaTakaMu MarOTh Pi3Hi MiIX0au Ta piBHI 3axucty. Ock aeski npuknaam [4]:

CIIIA4: MaroTh JOCBIIYEHY. Ta BEIHKY KiOepOe3MeKoBy KOMaHIy, sKa 3aiiMaeThCs 3aXHCTOM
nepxaBu Bin kibeparak. Komanma mie min erimoro HamionansHOi GesrekoBoi areniii (National Security
Agency) Ta KOOpAMHYE CBOIO JiSUIbHICTH 3 IHIIMMHU JepxkaBHUMU opraHamu. Y CIIA nie Takox
®denepansHe 010po po3caiayBab (FBI), sike 3aiiMaeThCsl BUSBICHHSIM Ta PO3CIIiTyBaHHAM KiOEp3I0YHHIB.

Kumaii: mae Benuky KibepOe3nekoBy KOMaH 1y, ajle BOHA MPAllO€ BUKIIOYHO HA KOPUCTD JepKABU
Ta KOHTpOJoeThes Komiterom HamioHanbHOi Oe3meku. KuTalickka KOMaHIa aKTHBHO BIJICTEXKYE
aKTUBHOCTI rpoMaisiH B [HTepHETI Ta MOXKe OJOKYBaTH JOCTYII IO IEBHUX CANTIB.

E€sponeticokuti Coros: cTBOpUB €Bporneiicbky arexuito 3 kibepoesneku (European Union Agency
for Cybersecurity), sika KOOpAMHYE 3aXOIu 3 MiABUIIECHHA KibepOe3meku B KpaiHax-uieHax. KoxkHa
kpaina €C Takox Mae BiacHi KibepOe3neKoBl OpraHH, IKi KOOPJIMHYIOTh CBOIO JISIbHICTD 3 areHI€o.

OT1xe, KOXKHa Jep)kaBa Mae PI3HMH PiBeHb JOCBiAY Ta MiAXOAH 0 60poThOM 3 KibepaTakamu.
[Ipore BaxxMBO 3po3yMmiTH, IO KibepOesneka — 1e riobanbHa mpobieMa, ska noTpedye chiBmpall Ta
KOOpAMHAIIT 3yCHIIb JIep’KaB YChoro CBIiTy. B mimomy, 60opoTh0a 3 kibeparakamMu Ha pPiBHI JepiKaBU €
BAXJIMBUM _3aBJaHHSAM JJis 3a0e3leueHHsl HalloOHaNbHOI Oe3meku Ta 3axucty iHdopmarii. Po3BuTok
KibepOe3mneKku Ta BOpOBaKeHHS €(EKTUBHUX 3aXOMIB O€3MEeKH MOKE TOTIOMOTTH 3MEHIINTH PU3HKHU Bij
KibepaTak Ta MiABUIIUTH CTYIIHb 3aXUIIEHOCTI JIepKaBU BiJI Kibep3arpos.

CITMCOK BUKOPUCTAHUX JIPKEPEJI:
1. Kowmm toTepHi BipyCH: 3arposa 6e3 KOp/IOHIB. URL:
https://life.pravda.com.ua/society/2010/03/26/44615/
2. Ton 10 wmaitbinmpmmx kidbeparak nmecstupigus. URL: https://tyzhden.ua/top-10-najbilshykh-kiberatak-
desiatyrichchia/
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3. Odimiianii TemerpaM KaHal JEpPXKaBHOI CIY)KOW CIIEHiaJIbHOTO 3B 53Ky Ta 3axHCTy iH(opmarrii
Ykpaiau. URL: https://web.telegram.org/k/#@dsszzi_official

4. Ornspg oAl B chepi KibepOesmnekw, ClueHb 2023. URL: chrome-
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.rnbo.gov.ua/files/2023/NKCK/Cyber%20dig
est_january 2023 fin.pdf

YK 004.9

AHAJII3 3ACOBIB IHOOPMAIIMHOI MIATPUMKHA AISLJIBHOCTI IT-KOMITAHINI
B COEPI IPABOBUX IIUTAHb MIZKHAPOJHOI'O 3AKOHOAABCTBA
Peiidpman P.B., Boaron O.C. (romaronnil080@gmail.com, olbodyul@gmail.com),
OnecbkHii HalliOHANBHUI TEXHOJIOTIYHUI yHiBepcuTeT (YKkpaina)

B pobomi posensmymo eadxciusi numanus 3ab6e3neyeHHs YCNiWHOI OiIbHOCMI KOMNAHIU HA
MINCHAPOOHOMY PUHKY 3 OOMPUMAHHAM NPABOBUX HOPM 3AKOH00A8CmEa y. Kpainax €eponelicvbko2o
Coro3sy. [Mocnioxceno npobaemy ICHY8AHHS 3HAYHUX BIOMIHHOCMEU ) CMAHOAPMAX MINCHAPOOHO20
3aKoH00aecmea y pizHux kpainax y cgepi ¢ynxyionyeanusa \T-komnanii. 3anpononogano cmeopenus
npoepamuoco 3avesneuenns oas |T-komnaniu, wo 6yoe micmumu iHopmayiro npo 3aKoHu, NOOAMKU,
Niyen3ii ma inwi 30008'13aHHS.

3poctanHa riaobanizalii Ta MbDKHApOAHOI ciiBrpail y chepi iHpopMaliifHIX TEXHOJIOTH BiIKpUBaE
nepen IT-koMmaHisIMH IIUPOKI MOKJIMBOCTI Ta OJHOYACHO CTAaBUThH NEpe] HUMHU CKJIATHI 3aBIAaHHS 3
JOTPUMAHHAM MIKHApPOAHOIO 3aKoHOJABCTBA. OJIHIE0 3 OCHOBHUX NpoOJeM € Pi3HHLS B MPaBOBUX
HOpMax Ta CTaHJApTax MK PI3HUMHU KpaiHaMu, 110 MOXKE BUKIHMKATH KOH(IJIIKTH 1 HEBU3HAYEHICTH Y
cepi perymoBaHHs. IT-kommaHii NMOBHMHHI YBa)XHO BHBYATH Ta aJaNnTyBaTUCS 1O BHMOI PI3HUX
IOPUCIUKIIN, a TakoX OpaTh 1O yBard NUTaHHA OO KOHQIACHIIHHOCTI, 3aXUCTy HaHHUX Ta
kibepbOe3neku it 3a0e3MnevYeHHs BiANOBIAHOCTI MIKHAPOAHOMY 3aKOHOJIABCTBY Ta 30€peKeHHs JIOBipH
CTIOKHMBAYiB.

KpiMm Toro, Mi>xkHapoJHa CHiBIpalsi CTae HEOOX1THOIO AJs BUpILIEHHS MpoOieM, MOB'S3aHUX 13
KiOep3nouuHHICTIO Ta - KiOepHamamamu. [T-kommaHii MarOTh  aKTHBHO  CIIBIpAIlOBaTH 3
[IPABOOXOPOHHUMH OpraHaMH Ta MUDKHApOJHMMHU OpTaHi3alliiMU JUIsl BMSBICHHS Ta MPUIMHEHHS
Ki0ep3J04YnHIB, a TaKOX Ji pO3pOOKH CIUIBHUX CTpaTerid Ta CTaHJApPTIB AJS 3aXUCTy iHpopMmalii Ta
kibepbOe3neku. Y 1pOMYy KOHTEKCTi, 3a0e3Me4eHHs BiAMOBIHOCTI MDKHApPOJHUM CTaHAapTaM Ta
cmiBmpans y- chepi kibepOe3mekyd CTaloTh BaXIUBUMU 3aBAaHHAMU s [T-xkommanidi y cBiTii
3pOCTar04Oro BIUIMBY TEXHOJIOT1H Ha Cy4acHE CYCHUIBCTBO Ta EKOHOMIKY.

IT-kommaHii Ha MiKHApOTHOMY PiBHI CTHKAIOTHCS 3 YMCICHHUMH TPABOBHMHU IPOOJIEMaMH, SKi
BIUIMBAIOTh Ha IXHIO [JisulbHICTh. OJHI€IO0 3 HaBaXIMBIIIMX MpoOJIEM € aBTOPCHbKI IpaBa. 3aXUCT
IHTEJIEKTYaJIbHOT BJIACHOCTI 1 IpaBa Ha IporpaMHe 3a0e3NeyYeHHs € KPUTUYHO BaxxnuBumu s IT-
KOMIIaHI}, OCKUIBKM MOPYIIEHHS aBTOPCHKUX IpaB MOXE IPHU3BECTH JI0 HOPUIMYHUX CaAHKIIN Ta
¢dinancoBux BTpar. Kpim Toro, y 3B'I3Ky 31 3pocCTaHHSIM OOCSTIB OOpPOOKH IEPCOHATBHHUX JaHHX,
KOMIaHil MMOBUHHI JOTPUMYBATHCS CYBOPHUX IMpaBHJI LIOJ0 3aXUCTY IIMX JAHUX, OCOOJIMBO B KOHTEKCTI
PETYJIATOPHUX BHMOTI, TakuWX SK 3arajdbHUMl perjameHT 3 mnuraHb 3axucty pganux (GDPR) B
€Bporneiicbkomy Coro3i. Hapemri, maTeHTHI NMTaHHsS, 30KpeMa MaTeHTHa OOpoTbOa 1 MOpPYLICHHS
MaTeHTHUX IPaB, MOXYTh CTAaTU MpoOseMoro, ockimbku IT-kommaHii nrykaroTh CIOCOOM 3aXHMCTY CBOIX
TEXHOJIOTTYHUX PO3pOoOOK 1 1HHOBAIil B MIKHApOJHOMY KOHKYPEHTHOMY cepefoBuuli. JloTpumaHHs
3aKOHOJIaBCTBA Ta 3ay4eHHS IOPHIUYHOI EKCIEPTU3W CTalOTh HEOOXIMHUMHU JUIS PO3B'SI3aHHS IIHX
MIPaBOBUX MpoOieM i 3a0e3neueHHs yCinHoi AisbHocTi [T-koMnaHii Ha MI>KHAPOIHOMY PUHKY.

OcHoBHMM crniocoOoM BUpPIIUTU MpaBoBi mpobiremu IT-kommnaHiii € CTBOpEHHS MPOrPaMHOTO
3a0e3neueH s, sIKe J03BOJISIE 3HAWTH K 1 B SKOMY perioHi BapTO pPO3BHMBAaTH 1 KOPUT'YBAaTH CBOIO
TisUTBHICTh. BOHO /103BOJIsIE BU3HAYHMTH, SKUM YHHOM 1 Jie JOIUIBHO PO3BHBATH Oi3HEC 3 OTJsiAy Ha
PI3HOMaHITHICTb MpPaBOBUX 3000B's3aHb. OCHOBOIO TaKOi CHUCTEMH MOXe OyTH peecTp, IO MICTUTh
iH(pOpMaLlilo PO 3aKOHU, MOJATKH, JILIEH31] Ta 1HII1 3000B'13aHHS, 10 3aCTOCOBYIOThCA /10 I'T KoMmaHii.
[Tporpamue 3abe3neyeHHs CIpUATHME aHai3y Li€i iH(opMallii, BUSBICHHS PU3UKIB Ta MOXKJIMBOCTEH, a
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TaKoX HaJaHHS pekoMeHpaliil. EdexkTuBHe BUKOPUCTaHHS CHCTEMH JIOMIOMOXKE E€KOHOMUTH PecypcH
KOMIIaHId Ta TMOKPAIIUTH CTpaTeriyHe IUIaHyBaHHs. BanuBo 3abe3nedyyBaTH akTyali3alilo JaHUX Ta
3abe3nevyBaru Oe3mneky iHpopMmaiii. Po3poOka Ta miaTpUMKa Takoi CUCTEMH MOTpelye ydacTi (paxiBIliB 3
NPaBOBUX MHTaHb Ta HporpamicTiB. BoHa moxe crtatm B mpuroii sk BenukuM [T-kommnadisM, Tak i
cTapTamnam, JOIOMaraluu JOTPUMYBATHUCh 3aKOHIB Ta YCIIIIHO PO3BUBATHUCH.

Hocunanus
[1] FO. Koryr, “KibGepbe3neka Ta pusuku nudpoBoi Tpanchopmanii kommnanid”, Kuis, Vkpaina:
Koncanmunzoea komnanis Cioxon. 372 ¢, 2021.
[2] T.B. bauuncekuid, P.1. Paneiiko. “OcnoBu IT-tipaBa”, Kuis, Yxpaina: IOpinkom Inmep. 244 c., 2022.

YK 004.056.5

3AXHCT NEPCOHAJIbHUX JAHUX Y IPABOBUX IHOOPMAIIMHAX CUCTEMAX
Comenko O.0. (olenasmn@gmail.com)
IlenTpasibHOYKpaiHCbKUN THCTUTYT PO3BUTKY JIFOAUHU
Bigkputoro Mi>kHapoJIHOTO YHIBEPCUTETY PO3BUTKY JIOAUHHU «YKpaiHay» (YkpaiHa),
Comenxo JI.B. (SomenkoD@gmail.com)
LentpanbsHOYKpaiHCHKUN IepKaBHUN yHiBepcUTeT iMeHi Bonoanmupa BuaHn4enka (Ykpaina)

Ha cvoeooui eenuxa uacmuna HAwiozo 0coOUCmo2o xcumms i 0i3Hecy cmana 3d1elCHON 8i0
MexHoN02il ma IHGOpMaYiiHUX cucmem, momy 3aXUCH NePCOHANbHUX OaHUX cmae oedani Oinbu
akmyanvHolo i eaxciugoro memorw. Ocobucma ingopmayis, sAxa moxce Oymu 6uKopucmawa O
ioenmudpixayii KoHkpemuoi ocobu, € YiHHUM AKMUeoM, i ii KOHQiOeHyiliHicmb ma YiliCHICMb NOBUHHI
Oymu 2apanmosawni ycima npagosumu iHopmayiuHumu cucmemamu. Y yiti pobomi mMu po3ensiHemo
OCHOBHI ACNEKMU 3aXUCM) NePCOHANbHUX OAHUX ) NPABOGUX THHOPMAYIIHUX CUCIEMAX MA BANCTUBICMb
Yb020 NUMAHHA 8 CYYACHOMY CYCNITbCMEI.

IMocTanoBka mnpodiemMu. Y HAmoOMy Cy4acHOMYy NIH(PpPOBOMY CBiTi, ne iHdopmamis crana
KIIFOUOBUM pecypcoM, MpaBoBi iHdopmariiini cuctemu (I1IC) cranu HeBiI'€MHOIO YacTUHOIO POOOTH Y
cdepi mpaBa 1 wpucnpyaeHiii. Bonn nonmomararTh OpHUCTaM, MPaBO3HABIAM Ta IMPaBO3aCTOCyBayam
30upaTH, OpPraHi3oBYBATH, aHANI3yBaTH Ta HaJaBaTH JOCTYH JO BEJIMYE3HOI KUIBKOCTI IOPHIMYHOL
iHpopManii Ta JIOKyMeHTiB. OfHak, pa3oM 3 Oe3cymMHIBHUMHU mniepeBaramu BukopuctaHHs [IIC,
MIPUXOAUTH 1 BEJIMKa BiAMOBIAANBHICTH 3a 3a0e3neueHHs] KOH(IASHIIMHOCTI Ta 6e3neku i€l iHpopMmarii.

3axUCT MEePCOHAIBHUX MAHUX y MPaBOBUX 1H(OPMAIIMHUX CHUCTEMaxX CTa€ JAenail Ba)JIMBIIIUM
3aBJJaHHSIM, OCKUJIbKHM Ili CHCTEMH MICTATh 3HAYHY KUIBKICTh KOH(IIeHLIHHOI Ta 4yTauBoi iH(popMarii
npo ¢Gi3MYHUX 0Ci0, KOMIIaHil, Cy/lOBi pilIEHHs, MPaBOBi MpeneAeHTH Ta Oararo iHmoro. Brpatm um
HECAaHKIIIOHOBaHUH JOCTYT 0 1€l iHpopMallii MOXKYTh MPU3BECTH JI0 CEPHO3HUX HACIIAKIB, BKIIOUAIOYH
MOPYIICHHS IPUBATHOCTI, (DiHAHCOBI BTPATH Ta IOPUINYHI HACIIIKH.

Omxe, MeTol0 HAmOl poOOTH € — pO3IJISAHYTH B@KJIMBICTh Ta KIIOUOBI AacleKTH 3aXHCTY
MEePCOHANBHUX JaHUX Y TIPaBOBUX 1HPOpPMALIITHUX CUCTEMaX.

Pe3yabTaTy AociaizkeHHs. 3aX1CT EPCOHATBHUX JTAaHUX Y MPAaBOBUX 1HPOPMALIHHUX CHCTEMAaX —
[le HE TUIbKM BHUMOTa 3aKOHOJABCTBa, aje W MoOpajbHa Ta €TUYHA BIAMOBIJAIBHICTE TEpPE.
KOPUCTYBa4aMM IIMX CHCTEM Ta Iepe CyCIiIbCTBOM B LIIJIOMY.

VY Oaratbox KpaiHax ICHYIOTb 3aKOHM Ta PEryJidlii, sSIKi BCTAHOBJIOIOTh BUMOTH IOAO 3aXHCTY
nepcoHaNbHUX naHux. Hampuxman, B €Bpomneiicbkomy Coro3i icHye 3arajbHUIl perjiaMeHT 3 IMUTaHb
3axucty gaHux (GDPR), axuii Hamae mpaBa rpoMajisiHaM MO0 KOHTPOJIO HaJl iXHIMH MEPCOHATbHUMH
JAaHUMHU Ta BCTAHOBIIIOE BUCOKI CTaHAApTH Ul ixHboro 3axucty. Y Cnomydenux Illtatax icHyrOTbH
3aKOHH, Takl SIK 3aKOH PO 3aXUCT 0coOucToi iHpopMallii B ramy3i oxoponu 310poB's (HIPAA) 1 3akon
npo kpeautHi 3BiTH (FCRA), siki perynoroTh 00poOKy 1 3aXMCT NEPCOHANBHUX JaHUX Y MEBHUX chepax
[1].

VYkpaiHa TakoX Mae CBOT 3aKOHO/IaBYl aKTH, SIKi PETyJIOIOTh 3aXUCT NMEPCOHATBHUX JIaHUX, TaKi SK
3akon Ykpainm «[Ipo 3axumcTt mepcoHanbHUX nMaHux». Lle 3akOH BCTAHOBIIOE MpaBHiia OOPOOKH,
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30epiraHHs Ta nepefavi MepCOHATBPHUX JaHWX, a TAKOXK BHMAarae BiJl OopraHizaiii, ski oOpoOisSioTh I1i
JlaH1, BYKUBATH 3aX0/JliB JUIS iXHOTO 3aXHUCTY.

3rimHo 3akoHy Ykpainu «IIpo 3aXxuCT mepcoHaANbHUX TaHUX», MEPCOHAIBHI JAaHl — BIJIOMOCTI 4u
CYKYIHICTh BimoMmocTedd mpo ¢izuuHy ocoly, ska ineHTu¢ikoBaHa abo Moke OyTH KOHKPETHO
imeHTu(diKoBaHa; Cy0'eKT MEPCOHAIIBHUX JaHUX — (pizuuHa ocoba, mepcoHaNbHI JaHi IKOT 00pOOJISIOTHCS.
ITix 3romoro cy0'ekTa MepCOHANBHUX JTAHUX CIIIJI PO3YMITH JOOPOBLIbHE BOJICBUSBICHHS (Pi3MUHOI 0cOOH
(3a ymoBH ii moiH(pOpMOBAaHOCTI) MIOJ0 HAJAHHSA JO3BOJY Ha OOpOOKY T MEpCOHAIBbHUX JaHHUX
BIJIMTOBIAHO 710 c(hOPMYIIHOBAHOT METH 1X 0OpOOKH, BUCIIOBIICHE y MUCHEMOBIH (hopmi abo y dopMi, 0 Jae
3MOTry 3pOOMTH BHCHOBOK IpO HaJaHHS 3rogu. Y cdepi eIeKTpoHHOI Komepiii 3roma cy0'ekTa
NEPCOHATBHUX JAaHUX MOXe OyTH HaJaHa Mif yac peectpauii B iH(pOpMamiifHO-TeIeKOMYHIKaIHHIi
cucteMi CyO'eKTa €JIEeKTPOHHOI KOMEpIli HUISIXOM IMPOCTaBJICHHs BiIMITKM IpPO HaJaHHS HO3BOJY Ha
00poOKy CBOIX MEPCOHAIBHUX JaHHUX BIAMOBIAHO 10 cHOpMYyTHOBaHOI METH X 0OPOOKH, 32 YMOBH, IO
Taka CHUCTeMa He CTBOPIOE MOXKIMBOCTEN JIIsl 0OPOOKHU MEePCOHATBHUX JaHUX /10 MOMEHTY HpPOCTaBJICHHS
BimMiTKH [2, 3].

[IpaBoBi iHoOpMaIliiiHi CHCTEMH € CIEHiali30BaHUMU  KOMITIOTEPHUMHM  TIIPOrpaMH  Ta
iHpopMaLiiHUMH pecypcaMH, SKi pU3HAYeH1 i 300py, 30epiranHs, oprasisaiii, IOUIyKy Ta HaJaHHSI
ropunnuHoi iHpopMmarnii Ta moxkymeHTIB. LI crcTeMu BHKOPHCTOBYIOTBHCS B IOpUIWYHUX cdepax Ta
opraHax, a TakKo)X B YCTAHOBax, IO 3aliMalOThCS MPABO3ACTOCYBAaHHSIM Ta PpEryJIOBaHHAM, JUIS
TMOJIETIIIEHHS JOCTYITY JI0 PI3HUX MPABOBUX PECYPCIB Ta CIPOILEHHS BEACHHS IOPUAUYHOL POOOTH.

Cepen ocHoBHUX @hynkuiit ITIC BUIUISIOTH:

36ip i 30epicanus ingopmayii. I1IC no3onsioTs 30MpaTd, OpraHizoByBaTH 1 30epiratu pi3Hi
IOPUINYHI JOKYMEHTH, TaKi K 3aKOHH, MMOCTAaHOBH, CY/IOBI pILlICHHS, IPABOBI NMpEUENSHTH Ta iHII
MPaBOBI MaTepiaiu.

Towyx i docmyn 0o ingopmayii. BoHH HagarOTh MOMKIIMBICTH 3IHCHIOBATH IIBHJKHHA TMOIIYK Ta
OTpUMaHHS NOTPIOHOI ropuANYHOI iHGOpMamii 3a HOHOMOIOK KJIIYOBUX CIiB, (PUITPIB, KaTeropii i
IHIINX IHCTPYMEHTIB.

Ananiz i obpodxa oanux. IIIC MOXyTh HaJaBaTH aHAIITAYHI 3acobu s oOpoOkM 1 aHamizy
IOPUINYHUX JaHHX, [0 JOIIOMarae IoprucTam, IpaBo3HABILM i TPaBO3aCTOCyBayaM POOUTH OOIPYHTOBaHI
pIIICHHS.

Mounimopune 3axkonooascmea. I1IC MOXyTh aBTOMAaTHYHO BIJCTIJIKOBYBaTH Ta HaJaBaTh
iH(OopMallito PO 3MIHH B 3aKOHOJABCTB1, HOB1 3aKOHOITPOEKTH Ta 1HIII IPABOBI MOIi.

Ynpaeninua ookymenmamu. BoOHU [03BOJNSIOTH CTBOPIOBAaTH, pelnaryBaru, 30epiratu Ta
BIIOPSAKOBYBATH IOPUANYHI JJOKYMEHTHU Ta 3aIUCH.

3abesneuenns  Oesmeku i 3axucmy Oanux. BaxmuBum acmnektom [IIC e 3abe3meueHHs
KOH(D1IEHI[IITHOCTI Ta 3aXHUCTYy MePCOHANBHUX JaHUX IHAMBIAIB, @ TAKOXK BIAMOBIIHICTS BUMOTaM 3aKOHIB
PO 3aXUCT JAHUX.

Haesuanna ma niompumka kopucmyeauig. I1IC MoOXyTh HajaBaTH HaBYaHHS Ta MIATPUMKY
KOPUCTYBaYiB [T €()EeKTHBHOTO BUKOPHUCTAHHS CHCTEMHU.

3axXUCT MEPCOHANBHUX JAHUX y MPaBOBUX 1H(GOPMAIIHHUX CHCTeMax € HaJA3BUYANHO Ba)KJIIMBHUM
3aBJAHHSM, OCKIJIBKH I CHCTEMH MICTATh BEIMKY KUTBKICTh KOH(QIICHIIHHOI Ta 4yTIuBOi iH(popMarii
mpo (i3UYHUX 0Ci0, KOMMaHIT Ta opraHizaiii.

Bu3Haunmo k1rouosi acnekmu 3axucmy HEPCOHANbHUX OAHUX ) NPAGOGUX IHGopmauiniHux
cucmemax:

1. [udpysanss nanux. Bei nani, siki 30epiratorsest B [1IC, moBuHHI OyTH mudposaHi, iHGopMmarris
MEPETBOPIOETHCS B HE3PO3YMUTy Il CTOPOHHIX 0ci0 GopMmy 1 JocTynm A0 Hei MOXJIMBHM JMiIe 3a
noromororo kitova. lIudpysBanns 3axuinae aaHi BiJ HECAaHKIIIOHOBAHOTO JIOCTYIY HaBiTh Y BUINAAKY
BUTOKY JaHUX a00 (Di3UYIHOTO JOCTYITY /IO CEPBEPIB.

2. Aptentudikamis 1 apropusaris. [1lo6 marm goctym g0 mepcoHanbHMX jgaHux y IIIC,
KOpUCTYBadl MOBHHHI TNPOWTH Mpoueaypy aBTeHTH(ikamii, MiATBEPKYIOUH CBOK 1AEHTUYHICTb,
HaIMpUKIaJ, 3a JOMOMOTOK IMEHI KOopucTyBada 1 mapois. I[licis aBreHTHdiKaIii cucteMa MOBUHHA
BU3HAUUTH, Y Ma€ KOPHUCTYyBa4 TMPaBO JOCTYNy JO KOHKPETHUX JaHUX (aBTOpHU3allis) 1 HaAaTh
0oOMeKeHHI TOCTYM 3aJIeXKHO BiJl POJIl KOPUCTYyBaya.

3. ®izuynHa 6e3neka. CepepH 1 00nagHaHHS, Ha AKUX 30epiraroThCs JaHi, TOBUHHI OyTH (Pi3UUHO
3axuiieHi. [le Moxe BkirogaT B cebe JOCTYI 0 CEPBEPHUX KIMHAT JIMIIIE 3a JOTIOMOTOI0 TPOITYCKIB a00
010METpUYHUX JTAHUX, BIZIEOCMIOCTEPEKEHHS 1 CUCTEMH KOHTPOIIIO AOCTYITY.
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4. Aynawut 1 moHiTOpuHT. CHCTEeMH TIOBUHHI OyTH 00JaHaH1 3aco0aMu ayIUTy Ta MOHITOPHHTY, 1110
JI03BOJISIFOTH BiJICTEXKYBATH BCi Jlii KOPUCTYBauiB 1 cucreMu. Lle qomomarae B4acHO BUSBIISTH HE3BUYAWHY
a00 MiI03p1Ty aKTHBHICTb.

5. Perymsapui onoBnenHs ta matdi. Ilporpamue 3abesneuenHs I1IC moBuHHO OyTH perynasipHoO
OHOBJIIOBAaHMM, BKIIOYAaIOUHM B ce0c BCTAHOBJICHHS IaT4iB Ta OHOBIEHb Oe3meku. lle momomarae
3axXHILATH CUCTEMY BiJl BPa3lIMBOCTEH, SIKI MOKYTh OyTH BUKOPHCTaHI JUIs aTak.

6. Ilomituku mapomiB 1 goctymy. I[ToBUHHI OyTH BCTAHOBJIEHI CTPOTi MONITHKH IIOAO CKJIATHOCTI
MapoJiiB 1 peryasipHoi 3MiHM MapoJiiB KopucTyBauiB. JlocTyn a0 KoH(}iaeHiiHOI iHpopMmalii Mae OyTH
OOMEKEHHH 13 BpaXyBaHHSIM POJIi KOYKHOTO KOPHCTYyBayva.

7. 3axucT BiA BHYTpimHIX 3arpo3. [HpopmariiiHi cucTreMy MOBUHHI MaTH 3aXHCT BiJ| BHYTPILIHIX
3arpo3, Takux sK HeIoOpocoBicHI cmiBpoOiTHHKH. Lle BKiItOuae B cebe OOMEKEHHS JOCTYITY JO JaHHUX
3aJIeKHO BiJ] poJii 1 HEOOX1IHOCTI AOCTYILY.

8. IlnanyBaHHS BiIHOBJEHHS Micis HIUASHTY. [ToTpiOHO MaTH IJ1aH BiTHOBJACHHS, AKKI BU3HAYAE,
K JiSITH Y BUMAQAKY IHIMJICHTIB, TaKUX SK BHUTIK JaHUX abo kiOeparaka, i sK IIBHJKO BIJHOBUTH
HOpPMAaJIbHY pOOOTY CHCTEMH.

9. Csimomicts mepconany. KopuctyBaui i mepconan ITIC moBuHHI OyTH HaBYeHi NpaBHJIaM i
cTaHAapTaM O€3IeKH, IMaTh PO3YMIHHS MOTEHIIIHHUX 3arpo3 1 3HAXOAWTHCS Ha CTEXKKY IIOJ0 OC3MEeKH
TaHUX.

BucnoBku. IIpaBoBi iHpopMaIliiiHi cUCTEMHU OMOMAaraiTh MiABUIIUTU €(EKTHBHICTH POOOTH B
rajgy3i mpaBa Ta 3a0e3medyloTh AOCTYN A0 aKTyajdbHOI iH(opMamii ans mojanpMX pimeHb. BoHu €
BXJIMBUM 1HCTPYMEHTOM JJisi MPOQECItHUX FOPUCTIB, AEP>KaBHUX OPraHiB, IOPUIANYHHUX MiIPO3JLTIB Y
MIIPUEMCTBAX Ta JJIS BCIX, XTO 3aMA€ThCS AiSUTbHICTIO, ITOB'I3aHOO0 3 IPABOM.

3axuCT MepCOHANbHUX JIAHUX y MPaBOBUX 1H(YOpPMAMIMHUX CHCTEMaX € MHOCTIHHUM MPOIIECOM, KU
BUMAara€ yBard Ta 3axOJiB Ha BCIX DIBHIX oprasizamii. BaxiuBo BiJ3HAYWTH, IO BiJIOBITHO [0
3aKOHOJABCTBA, TAKOTO SIK 3arajJbHUM periameHt 3 muTanb 3axucty naHux (GDPR) B €Bponeiicbkomy
Coro3i, TOPYIICHHS MTPABHUJI 3aXHCTy JAaHUX MOKE MPU3BECTH 10 CEPHO3HNX mTpadiB i CyTOBUX MO30BIB.
ToMy opranizanii NOBHHHI HNPUIAUIATH BEIHKY yBary HbOMY MHUTAHHIO 1 JOTPUMYBATHCS HaMKpaliux
MPAKTUK y cepi 3aXUCTy MEePCOHATTBHUX AaHUX.
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JOCIIIKEHHA METOAIB IIEPETBOPEHHS ITOBIZIOMJIEHDB Y BOPTOBUX
ABTOMOBUIBHUX CUCTEMAX
Yaiikoscwkuit O.P., CeniBanoBa A.B.(emmorion@gmail.com, avi_selivanova@ukr.net)
Onecbkuii HalliOHANBHUI TEXHONIOTIYHUI yHiBepcuTeT (YKpaina)

Hocnioocenus memooie nepemeopeHHs NOBIOOMIEHb 8 ABMOMOODIIbHUX CUCMEMAX MAE BANCIUBE
3HaueHHs 05 3a0e3neyeHHs Oe3neku ma egekmusHocmi mexHoaozitl 6 Oawiu cgepi. I[lpasunvho
HAIAWmMOoBaHi Memoou NepemeopeHHs NOGIOOMIEHb MOXNCYMb 3a0e3neyumu HaoditiHy nepeoavy OaHux
MIDIC RPUCMPOAMU ABMOMODLIA, WO OONOMA2AE YHUKHYMU 300i8 ma NOMUIOK y pobomi cucmem.

OaHMM 13 OCHOBHUX aCIEKTIB aBTOMOOLILHUX CUCTEM € Nepeada MoBiJoMIIeHb Mk npucTposmu. L
MOBIOMJICHHSI MOXYTh BKIIOYaTH JlaHI TPO KEpyBaHHS JABUTYHOM, CHCTEMY O3MEKH, YIpPaBIiHHSI
JBepUMa 1 6arato 1HIIoro.
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[CHYIOTh pI3HI METOAW TEPETBOPEHHS IOBIIOMJICHHR B aBTOMOOUTPHHX CHCTEMax, BKIIOYAIOYH
MIPOTOKONIM 3B'SI3KY, KOAYBaHHS Ta CTUCHEHHs naHuX. L[i MeTomu MOXyTh OyTH ONTHMIi30BaHi Ta
aZanToBaHi I 3a0e3MeYeHHs] HalKpanoi MpoAyKTUBHOCTI Ta HAIIHOCTI Iepeaavi TaHuX.

OnHUM 13 HaWNOUIMPEHIIUX METOIIB MEPETBOPEHHS IOBIAOMIIEHb B aBTOMOOUIBHHX CHUCTEMax €
CAN-muna (Controller Area Network). CAN-muHa Moke OyTH BUKOpPHCTaHa JJIs Mepeaadi JaHuX MIX
PI3HUMH MIPUCTPOSMHU B aBTOMOO1JT1, BKIIFOYAIOUX JATYUKH, MOIYII, IO yIPABISAIOTH, 1 JUCILIE].

[ammit meton - Ethernet, sxuii Moxe 3a0e3mednTH BUINY HMIBUIKICTH IEpenadi JaHUX Ta OUIBIITY
THYYKiCTh y KOoH(irypamii mepexi. Ethernet Moxe BHKOPHUCTOBYBATHCS AJisl Tiepeaadi BEIUKOTO 00CsTy
JAHUX y CUCTEMaXx, TAaKUX SIK CAaMOBPSIIHI aBTOMOOLJI, sIKI BUMararoTb 0OpOOKH BEITMKOI KIJIBKOCTI IaHUX
Y PEKUMIi pealbHOTO Yacy.

DLT-Viewer (Distributed Ledger Technology Viewer) — 1ie iHCTpYMEHT JJisl MEPErysiLy AaHHX Y
posnoxinenux peectpax (blockchain), sikumii MoOXe BHUKOPUCTOBYBATHUCH JUISI MOHITOPHHTY Ta aHali3zy
nepeaadi JaHuX B aBTOMOOUIbHHMX cuctemax. DLT-Viewer moxke Hamatu nerainbHy iH(oOpMaIliio mpo
nepenavdy JaHuX MK MPUCTPOSMH B aBTOMOOLTI, IO MOXE TOTIOMOTTH BUSIBHTH MOJIHBI TPOOIEMH Ta
MIIBUINUTHA €(DEKTUBHICTh Ta HAIIMHICTh CUCTEMH.

ABTOMOOITHHI CHCTEMH CHOTOJHI € BHCOKOTEXHOJOTIYHMMHU Ta KOMIUIGKCHHMH, 1 Iepenadya
MOBIIOMJICHb MDK TPHUCTPOSIMH € KJIIOUYOBUM €IIEMEHTOM 1iX poOOTH. JlochmipkeHHS METOiB
MEPETBOPEHHS IOBIIOMJIEHb B aBTOMOOUIBHUX CHUCTEMax - 1€ MpPOLEC BUBYEHHS PI3HUX METOMIB, SKi
MOKYTh BUKOPHUCTOBYBATHUCS JUIsl ONITUMI3allil Ta MOKpaIleHHs epeKTUBHOCTI Mepeaadil MoBIIOMICHb Y
[IUX CHCTEMaX.

OnuH 3 HaWMOMIMPEHIIUX METOJIB Iepe1adi MOBIJOMICHh B aBTOMOOUTbHUX cucTteMax — e CAN-
IIMHA, KA € CTaHAapTOM Yy wii ramy3i. CAN-IMHa BUKOPHCTOBYE CHEMiadbHIA TPOTOKON 3B'SI3KY, KU
3a0e3neuye MBUAKY Ta HAJIWHY MepeAady AaHuX MK HpUcTposMu. OHAK; 31 3pOCTaHHSM CKJIaTHOCTI
aBTOMOOUTbHHX cHcTeM, crae scHo, mo CAN-muHa HE 3aBXIM 3/aTHa 3a0e3MeYuTH HEOOXiIHY
HIBUAKICT Ta THYYKICTB JJIs TIepeadi BCiX JaHWX, sIKi HOTPiOH1 s MpaBUIbLHOI pOOOTH CUCTEMH.

VY upomy konTekcTi Ethernet moxe OyTm BUKOpPHCTaHWH SIK aJbTEPHATUBHUI CHOCIO mepenadi
MOBIOMJICHh B aBTOMOOiUNIbHUX cucTteMax. Ethernet Moxe 3a0e3neuuTd OUTBII BHUCOKY IIBUIKICTH
nepenayi JaHux Ta OLIBIIY THYUYKICTh Y KOHQITrypalii Mepexi, o Moxe OyTH 0COOIMBO KOPUCHHUM ISt
nepeavi BeIMKOro o0CcATy JaHUX, HAMPUKIIAA, Y CUCTEMaX CaMOBPSIHUX aBTOMOOLIIB.

VY KoHTEeKCTI aBTOMOOUTEHUX cucteM, DLT-Viewer Mo)ke IOMOMOITH BUSIBISTH Ta aHAi3yBaTH
MOXJIMBI TIPOOJIEeMH Tepenadi JJaHWX, Taki K 3aTPUMKH a0o 3001 B cHCTEMi, IO MOXE JIOMOMOTTH
MOJIIMIUTH e(EeKTUBHICTh 1 HaiHHICTE cuctemu. DLT-Viewer Takok Moke OyTH BHKOPUCTAHWMA JUIS
BUSIBIICHHS Ta 3aM00ITaHH MOXKITMBUM KiOepaTakaMm Ha aBTOMOOUIbHI CHCTEMHU.

JlocmipkeHHsT METOMIB. MEPETBOPEHHS TOBIJIOMJICHh B aBTOMOOITBPHUX CHCTEMaX Ma€ Ba)KJIUBE
3HAa4YeHHs Ui 3abe3neucHHs Oe3nekd Ta e(eKTUBHOCTI aBTOMOOIIBHHUX TeXHOJOTiH. IlpaBuibHO
HaJIallITOBaH1 METOAM MEPETBOPEHHS MOBIAOMIIEHb MOXYTh 3a0€3MeUNTH HAJIIHHY Mepeaavy JaHuX MDK
MPUCTPOSIMH aBTOMOO1JIS, LII0 T0MIOMarae YHUKHYTH 3001B Ta MOMUJIOK Yy POOOTI CHCTEM.

VY Toii ke yac, BUKOPUCTaHHS HOBUX TEXHOJOTH, Takux sk Ethernet Ta po3noniieHi peectpu, Moxe
JIOTIOMOTTH T ABUIIATH TPOIYKTHUBHICTh Ta THYYKICTh CUCTEM, a TAKOX 3a0€3MEeUUTH Kpalluid 3aXUCT BiJl
3arpo3 Oe3MeKu.

Jlna 3a0e3neueHHsT HAMKpalUX pe3ylbTaTiB JOCHIHKEHHS METOJIIB MEPETBOPEHHS IMOBIJOMIICHb B
ABTOMOOUIBHHX CHUCTEMax Mae OyTH pPETeNIbHO CIUTAHOBAaHE Ta BUKOHAHE 3 BUKOPHCTAHHSM CYYaCHUX
TEXHOJIOTIM Ta IHCTPYMEHTIB aHaii3y naHuX, Takux sk DLT-Viewer. Lle m03BonuTh ontumizyBatu
MPOAYKTUBHICTE Ta O€3MeKy aBTOMOOUIBHHMX CHCTEM Ta 3pOOMTH aBTOMOOUI OUTHIN HAAIMHUMHU Ta
0€3meYHUMU I BOAIIB Ta MaCaXHpiB.
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SYSTEM OF ORE-STREAM QUALITY REMOTE MONITORING IN THE ENVIRONMENT
OF DIGITAL TRANSFORMATION OF MINING PRODUCTION
Almas S. M. (ASoltan@ektu.kz)
East Kazakhstan Technical University named after D. Serikbayev

The paper aims to develop a methodology for remote assessment of ore-stream quality at the
technological stages of normalization of iron ore material. In the environment of digital transformation of
mining production, it is proposed that the functional efficiency of the digital control process should be
quantitatively evaluated by integrated mathematical convolution of fuzzy structural-functional control
agents. A fuzzy model is proposed in this paper to quantify the quality of ore-stream. The key agent in
fuzzy control is considered to be monitoring. Under conditions of fuzziness and uncertainty of control
factors, stochastically programmed risks arise in the monitoring process. A probabilistic model for
quantifying monitoring errors and decision-making risks is proposed. Ore production quality management
in modern state programs of "digitalization” of mining production is viewed as a systemic process that
includes all technological stages from geological research to metal smelting: ore mining, ore cleaning and
"digital" logistics. In the Republic of Kazakhstan, a similar mining and ore complex was called "Digital
Mine"[1-2]. The entire life cycle of a "digital mine™ is called - "Rudopotok”. In material and
informational interpretation Rudopotok is a contex process integrating the stages of processing and
movement of useful ore materials in the technological space from logistic point A to the final point B [3].

In a numerical sense, the quality of ore-stream. is assessed by indicators from two components of
the control information system: the functional part and the supporting part [4].

Ore-stream quality assessment is a multi-parametric system problem. The key problem in digital
control of complex multi-parameter systems is the development of a criteria for quantifying the quality of
the control system, and especially the quality of monitoring and decision making. To develop this criteria,
we used modern methodology of multi-approach modelling based on: fuzzy sets, statistical modelling,
simulation modelling, agent-based modelling, methods of expert evaluation [5].

In formal interpretation, the quality of the system is represented by a mathematical integral
convolution, weighted by the coefficients of technological and economic importance of the provision
agents [6]. This problem becomes significantly and sometimes inexplicably more complex under
conditions of statistical uncertainty of control agents, data fuzziness and uncertainty of the regulatory
framewaork [7].

The mathematical model of differentiated assessment of the system quality of ore-stream by one
indicator is as follows:

Qi= oi[Xjj (cirxwij+ dil+1XWij+1) ]

Integral assessment of the five group of indicators: Q1,Q2,Q3,Q4,Qs.

ZQiGi
Q — =1 ,
2.G

where: Qi - quantitative value of the i-th indicator of the system quality of the ore-stream;
Gi — "weight" of the i-th indicator of the system quality of ore-stream;
The process of controlling an object or process is impossible without a monitoring procedure. The

quality of iron ore is mostly assessed by magnetic properties and the percentage of magnetic components
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in volume or weight measurements. Measurement is a mandatory monitoring procedure. Measurement is
considered as an independent agent, which has characteristics - errors (uncertainties) that are independent
in the process of monitoring. The result of a measurement is always a number (or a set of numbers) that
quantifies the measured quantity in some pre-selected units. A measurement result set is a set of numbers
from some interval of possible values.

Monitoring is a sequence of procedures of measurement, comparison of the measured value with
the norms and decision making according to the principle - “"the monitored object is suitable”, "the
monitored object is not suitable”. The final "pass-fail" decision is usually made automatically by humans
or software tools. Monitoring errors are quantified by probabilities Ps - probability of false rejects and Py,
- probability of undetected rejects. These probabilities also make meaning of the risks of the producer of
the work and the customer of the work respectively. This paper proposes a methodology for quantitative
assessment of these risks as a function of technological regulations and statistical characteristics of all
components of a multi-agent model: measurement, norms and decision-making procedure. From the full
range of possible statistical compositions from the parameters and characteristics of the modelling agents,
three laws were investigated: normal, uniform and Weibull's law.

From a probabilistic point of view, erroneous monitoring results will consist of two events:

- the true value of the parameter is higher than the norm (S;>S;), i.e., the controlled
parameter is normal (pass), and the measured value as a result of random error will be lower than the
norm (Si<S,) (fail), which is a false reject with probability Ps;

- the true value of the parameter is below the norm (Si<S,), i.e., the monitored parameter is
in the (fail) field, and the measured value as a result of random error was above the norm (S;>S,) (pass),
which is an undetected reject P;.

Probabilistic models for false reject and undetected reject estimation have been developed for
computer modelling purposes.

According to the results of modelling and computer experiment, it was found that the probability
of false reject is the most influenced. When the value of measurement uncertainty is commensurate with
the value of uncertainty of the monitored parameter, this risk reaches 25%. In this case, the influence of
the variation of standards is noticeably higher than the influence of measurement error (uncertainty).

Reference list
[1] The State Programme "Digital Kazakhstan". Available: https://primeminister.kz/en/news/16155
[Accessed: October 14, 2023].
[2] Digital Mine Project Altynalmas. Available: https://primeminister.kz/en/news/16058 [Accessed:
October 14, 2023].
[3] Vasilenok V.L. Kruglova A.l. Aleksashkina E.I Main Trends of Digital Logistics Scientific Journal
"National Research University Institute of Precision Mechanics and Optics" - SPb, 2020. Series
Economics and Environmental Management No. 1, - 69 p.
[4] System of automatic quality control of iron ore raw materials. Available:
uralrudoavtomatika.ru/?p=148 [Accessed: October 14, 2023].
[5] Zadeh, Lotfi. Fuzzy Sets / Information and Control, 8(3), June 1965. — p. 338-353.
[6] Kornev V.A., Makenov A.A., Mashekenova A.H., Radjabov R.C. Quality assessment of multi-
parameter control of vehicle complex systems efficiency//News of National Academy of sciences of
Republic of Kazakhstan: Series of geology and technical sciences/ ISSN 2224-5278. — 2020. — Vol. 2. —
N. 440. — 96-102 p. Available: https://doi.org/10.32014/2020.2518-170X.36
[7] EUROCHEM/CITAC Guide «Quantifying Uncertainty in Analytical Measurements», Second Ed.,
2000.

110


http://uralrudoavtomatika.ru/?p=148
https://doi.org/10.32014/2020.2518-170X.36

Martepianu X VI Mi>kHapOIHOT HAYKOBO-TIPaKTHUHOI KoH(epeHtIii «IHpopMaIiiiHi TEXHOJIOTT 1 aBToMaTHu3aIis - 2023

VK 636.631 - 223.018

HIABUINEHHA EHEPTOE®OEKTUBHOCTI EJEKTPOMEXAHIYHOI'O
OBJIAJHAHHSI HACIHHEPYHIHUX MAIIUH 3A PAXYHOK YIOCKOHAJIEHHS
ABTOMATHUYHOI'O KEPYBAHHS
byiiBanenko A.A. (buiwalenok@ukr.net)
OnecbkHii HalliOHANBHUI TEXHOJIOTIYHUI yHiBepcuTeT (YKpaina)

OnitHO-2/cUPOBa 2any3b € BANCIUBUM CEKMOPOM Xapuoeoi npomuciosocmi Yxpainu. lliosuwenns
ehexmusHoCmi, 3HUNCEHHS eHep2o8UMPam ma NiOBUWEHHS. AKOCMI 0Jlii € 0yJice 8aANCIUBUM NUMAHHIM.
AxmyanvHolo € 3a0aua YOOCKOHANEHHA HAUNPOCMIul020, AK 30A€EMbCS, MEXAHIZMY 6 KOMNJIEKCi
00/1a0HAHHA Ol OMPUMAHHA Oaii ma onmumizayii ynpaeninua Hum. Cmamms npucesuera npoonemi
niOBUYEHHSl eHep20eheKMUBHOCMI HACTHHEPYUHUX MAWUH. J{OCTIONCeHHs MICIUmMb NOuyK Memoois ma
MEXHONO2IU, AKL CNPUAIONb SHUMHCEHHIO eHEPEOCNONCUBANHS MA NiOBUYEHHIO NPOOYKMUBHOCMI 8 NPOYeci
nywenns nacinna. Ix sacmocyeanns npuséede 00 nioguujenHs AKoCmi COHSUHUKOE0T ONnii.

Cdepa BupoOHHIITBA XapUOBOI OJIiT € BAXKIMBUM CEKTOPOM Xap4OBOi MPOMHUCIIOBOCTI B yChOMY CBITI
3 BUCOKHUM IIOIIMTOM Ha Pi3HI THIM Xap4yoBOi oJlii /Uil BUPOOHMLTBA XapuOBHX HPOAYKTIB. 3MEHILEHHS
BUTpPAT y Wil ramy3i Mae 3HA4YHI €KOHOMIYHI BHTOJM, MiJBHUIIYIOYH NPUOYTKOBICTH IUIsi BUPOOHHUKIB
Xap4yoBOi OJii Ta MOTEHIIHHO MPU3BOJAYM 10 3HIDKEHHS IiH Ui cnokuBadiB. [lomiOHoro pesynbrary
MOYKHA JTOCSATTH HUISIXOM ITiIBUIICHHS €()EeKTUBHOCTI POOOTH €JIEKTPOMEXaHIYHOTO 00JIaJHAHHS OJIIITHOTO
BUPOOHMILITBA, 30KpEMa HACIHHEPYILIHOTO 00J1a/IHaHHS YAOCKOHAJICHHSIM aBTOMaTUYHOI'O KEPYBAaHHS HUM
[1, 2].

HacinHepymiHa MamiMHa € OJHMM 3 HEpPHIMX Ta BaXIMBUX MEXaHI3MIB Y BEIMKOMY KOMIUIEKCI
oOmagHaHHs 111 BUpoOHUITBA oii. [IpoTe, BenuKi SHepreTuuHi BUTPATH, Hee(EKTUBHE BUKOPHCTAHHS
pecypciB Ta HEAOCTAaTHS aBTOMAaTH3allis MPU3BOIATH JO OTPUMAHHS HU3bKOSAKICHOI CHPOBUHHM, 1, SK
HACJIJIOK LbOTO, JI0 3POCTaHHSI BUTPAT 1 3HHXKCHHSI KOHKYPEHTOCIIPOMOKHOCTI mianpuemctna [3, 4].

MeTor nochiKeHHs € po3poOKa HOBHMX alTOPUTMIB 1 METOMIB ONTHMI3allii eHeproeeKTUBHOTO
oONagHaHHA Ta CHCTEMH AaBTOMAaTH30BAHOI'O KEpPYBAaHHS EJIEKTPOMEXaHIYHMM  OOJaJHAHHIM
HACIHHEPYIIHOI MAIIUHU.

Kommuiekc 3aBiaHb CIpsSMOBaHMM Ha MIJABUIIEHHS €HEProe(EeKTUBHOCTI €IEKTPOMEXAHIYHOTO
oOJlaHaHHS MNUISIXOM BIPOBA/DKCHHS I1HHOBAL[IHUX aBTOMAaTHUYHUX CHCTEM KepyBaHHS. 3aBJsSKH
1HTerpanii nepeoBUX TEXHOJIOFIYHUX pIlIeHb cucTemMa 3abe3nedye TOYHMM KOHTPOJb Ta ONTHUMAalIbHE
yIpaBlliHHA pPOOOTOK0 BCIX MEXaHI3MIB HACIHHEPYIIHOT MAIIWMHHM, IO TNPU3BOAUTH JO 3HIDKEHHS
CIIOKMBAHHS €HEprii Ta MiJIBUIIEHHS 3araJbHOTEXHIYHOT €()eKTUBHOCTI.

Cucrtema BUKOPHCTOBYE KOMOIHALIIO anapaTHUX 1 IPOrpaMHUX KOMIIOHEHTIB ISl JOCATHEHHS METH
TT1/IBUILIEHHS €eHEProePEeKTUBHOCTI.

3 60Ky amapaTHOro 3a0e3MeUeHHs CUCTeMa KepyBaHHs HACIHHEPYIIHOT MALIMHU MICTUTh JAaTYHUKH,
MIKPOIPOIIECOPHI KOHTPOJIEPM Ta BUKOHABYI MEXaHI3MH, SIKI KOHTPOJIOIOTH 1 PEryiiolTh pi3HI
napamMeTpH, IO XapaKkTepu3yloTb POOOTY BCIX KOMIIOHEHTIB HaciHHepyIIHOT MamuHu. LI naTumkum
HaJaloTh JlaHl B peajlbHOMY Yacl Mpo Takl PerysbOBaHI MapaMeTpH, SK HMIBUAKICTb, KPYTHHUH MOMEHT,
MOJIOKEHHS Ta BiOpallis, 110 JT03BOJISE CUCTEMI NpuUiMaTH OOIPYHTOBaHI PillIEHHS LIOJAO0 JOTPUMAaHHS
perimamenTy. Hampukiaz, TaT4uky Bard BUKOPUCTOBYIOTHCS JUTsl BU3HAUSHHsI Bark HaciHHs. Lle no3Bosse
KOHTPOJIIOBAaTH Ta PETYJIOBAaTH KIUJIbKICTh HACIHHA, SIK€ IMOJAEThCS B MAIIMHY, 3a0e3Nedyrodu OuIbLI
pIBHOMIpHE ITyIIEHHS. BUKOpUCTaHHS CHCTEMH aBTOMAaTHYHOTO KEPYBaHHS POOWTH IPOIEC JIYIIEHHS
HaciHHS O1TbII HAIIHHUM, €(DEKTUBHUM 1 aIalITUBHUM.

[IporpaMHuii KOMIOHEHT CHCTEMM BKIIIOYA€ CKJIaJHI AJIrOPUTMU Ta JIOTIKY KEpyBaHHA, SKi
00pOOIAIOTh AaHI JaTYMKIB 1 T€HEpYIOTh ONTUMAaNbHI Kepyroui fii. Lli kepyrodi Iii mepenaroTbcs Ha
MIPUBOJIU, JO3BOJISIIOYM CUCTEMI MIATPUMYBATH IIBHJKICTb, TOYHICTh, KDYTHHUM MOMEHT Ta iHII pobodi
MOKa3HUKHU HACIHHEPYIIHOT MALIIMHM HA 3a/IaHOMY PiBHI 3 BUCOKOIO TOYHICTIO.

ANTOPUTMH BPaxOBYIOTh Taki (aKTOpH, SIK BHUMOTH JI0 HABaHTaXCHHsS, CTaH HABKOJMIIHHOTO
Cepe/ioBHILA Ta TOKA3HUKH E€HEepProe(eKTHBHOCTI, 1100 ONTHUMI3yBaTH Kepyrodi Jii Ta MiHIMI3yBaTH
CIIO’KMBAHHS €HEPT1i.
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Kpim Toro, cuctema Moke BUKOPUCTOBYBATH MEPEOBI METOM MAIIMHHOTO HABYaHHS Ta IITYYHOTO
IHTENeKTy JJIs MOCTIHHOTO HAaBYAaHHS Ta aJamnTalii cBOiX cTpaTeriii kepyBaHHs 3 yacoM. CucreMa Moxe
JIOJaTKOBO ONTHUMI3yBaTH CBOi oOmepamii Ta TOYHO HAaJaIlTOBYBAaTH QJITOPHUTMH KEPyBaHHS IS
JOCSITHEHHS BUCOKO1 €Heproe()eKTUBHOCTI.

ABTOMAaTHYHE KEPYBaHHS HACIHHEPYIITHOK MAIIMHOIO Ma€ HU3KY MepeBar, a came

- JIOTIOMAara€ 3HM3MTH PU3HMK IOMHJIOK, MOB'SI3aHUX 3 JIOJCHKOI0 POO0UYOI0 CHIION, 1 3a0e3meuye
OLTBIITY CTAaOUIBHICTH BUPOOHUYOTO TIPOLIECY,

- JI03BOJISIE BECTH OOJIK 0OpoOJieHMX OOCATIB Ta HaJaBaTH JaHI MPO MPOIEC OYHUIICHHS, IO
MOJIETIITYE KOHTPOJIb Ta BIJICTEKEHHS X0y BAPOOHUYOTO MPOIIECY,

- Hajae iHQopMaIilo NpPO MOKA3HUKHU MPOAYKTUBHOCTI HUISAXOM peecTpamii Ta aHalizy AaHuX,
MOJICTITYFOYH MOCTIMHUN MOHITOPUHT 1 TEXHIYHE OOCIYyrOBYBaHHS €JIEKTPOMEXAHIYHOTO 00JIaiHAHHS,

- JI03BOJIsIE HACIHEPYIIHIM MAallMHI TPAIIOBaTH Ha ONTUMAIbHOMY piBHI HPOXYKTHBHOCTI,
YHHUKAIOUH 3aiiBUX BUTPAT CHEPTii.

Takum 4MHOM, YIOCKOHAJIEHHS! aBTOMAaTHYHOTO KEPYBaHHS HACIHHEPYLIHOIO MAIIMHOIO 3a0e3nedye
ITIIBUIIICHHS €HeProeeKTUBHOCTI 11 eIeKTpOMeXaHIYHOTO 00IaITHAHHS.
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AUTOMATIC GAS SHUT-OFF DEVICES: NEW METHODS IN SELF-DIAGNOSIS AND
EARLY FAULT IDENTIFICATION
Darii Velychko, Adrian Nakonechny
(dariy.velychko@gmail.com, adrnakon@gmail.com)
Lviv Polytechnic National University (Ukraine)

The thesis formulates and outlines a new method of self-diagnosis and early fault identification
based on the norm wavelet analysis in automatic gas shut-off devices. Of particular scientific interest are
the high efficiency and applicability of the method, which highlight its ability to be used in low-power
autonomous control systems. Moreover, the outlined method makes it possible to implement not only
binary logic (presence or absence of a fault), but also fuzzy logic to determine severity of the failure and
fault prediction.

Problem statement. Natural gas remains among the world's core resources. It is used in both
domestic and industrial applications widely. Unfortunately, even today, thousands of leaks, poisonings,
and explosions occur in Ukraine alone. A single breakdown in this crucial system can cost millions of
dollars, but more importantly, it can cost lives and health. In this regard, there is an increase in prevention
systems, such as automatic gas flow shut-off devices and valves. However, how can the operation be
ensured? That is why self-diagnostic methods and tools are so important: to detect, prevent, and warn at
early stages.
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Aim of the study. The study aims to research and develop a method for self-diagnosis and early
detection of errors in automatic gas pipeline shutoff valves using methods of mathematical signal
processing, in particular, the wavelet region.

Research summary. Automatic circuit breakers are relatively simple in their majority. Usually,
they consist of an electric motor with a gear mechanism and a control device. The motor current
consumption is linear as long as its load remains linear. However, what matters the most is the transient
process at the moment of start-up. A current feedback sensor in the form of a shunt resistor and an ADC
is used to measure the current profile. Norm wavelet analysis is used to decompose and evaluate the
signal. It allows not only identification of the presence or absence of a fault but also enables
implementation of fuzzy logic to determine the level (severity) of the failure at early stages and to predict
it (such as, for example, natural wear of gearbox gears). [1]

In DC motors during the startup period, the energy content of different frequency regions in the
current waveform varies according to the fault. This indicates that a faulty condition affects the signal
quantity of information in different frequency bands. Therefore, the provided norm values shift higher or
lower. Norm values analysis of the frequency band corresponding to a fault enables fault identification.
[2]. The failure detection process consists of two steps: decomposition of the current signal into different
frequency bands and calculation of the norm values for each.

Discrete wavelet transform (DWT) is used for decomposition. It is calculated using the lifting
transform algorithm. Initially, this algorithm involves "splitting” - computation of a conventional (slow)
wavelet transform over a dataset b;_; (where j is the DWT level). In this case, the input signal is
separated into two sequences - with even and odd indices. The input signal is then modified by the
"prediction” and "update” stages.

As shown in Fig. 1, for a set of 5/3 filters, the prediction stage implies predicting the dataset {bjl}

as follows: b} = by — %(c]-0 + ¢jy4). The output of this stage is the low-pass component of the DWT filter.

Co be ¢’ b° c2 be c:

—— & r]— — Input sequence

il

’
— + — — Low frequency output

-H4-————- F————— = -] — — High frequency output
Cs

Figure 1. The general algorithm for performing steps in a lifting transformation and a 5/3 filter set.

The update step involves obtaining the set {cjl} (even samples) by adding a linear combination of

the already modified odd samples {bjl}. The formula for this step is as follows: c]-1 = c]-O + i(b]-l_1 +

bjl) [3]@. The output of this stage is the high-frequency output signal of the DWT filter. The prediction
and update stages are performed N times, with the weighting coefficients differing for each iteration. In
general, the coefficients are:

bP = b1 + Z PR, nef12,..,N]
k

=l Z U,(ObE,  ne[1,2,...,N]
k

Where P and U are the weighting coefficients for the n-th iteration. At the last stage, the output is
low-frequency coefficients up to the scale factor K; and high-frequency coefficients up to the scale
constant Ko [3].

The lifting transform algorithm features a much smaller number of required mathematical
operations, which is crucial for computation speed and energy efficiency for a microcontroller or
microprocessor operation. Lifting transform is also more efficient in terms of RAM usage since new
values of variables replace old ones without affecting transformation accuracy. What is more, the
conversions remain lossless.
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The fault identification step requires analyzing the obtained wavelet coefficients. As stated above,
the corresponding wavelet coefficients will differ depending on whether the engine startup process
occurred under normal conditions or in the presence of any failure. The proposed method implies
determining these deviations based on the norm value of each frequency band. If x;, x,, ... x,, — are the
signal values corresponding to the wavelet coefficient of a certain frequency range w;, then the norm:

W;| = Y (x)? + (x)% + -+ + (x,,)2. Since the norm measures the magnitude, determining the severity
of fault using the norm is better in comparison to the entropy which measures the randomness (for a
particular fault, the magnitude level of the current signal increases or decreases when the corresponding
fault increases or decreases, but randomness does not vary very much).

As previous studies described [1], , with a five-level decomposition, the DWT coefficients have
definite differences during the motor start-up under normal conditions and with gearbox wear. Having
sampled the wavelet coefficients for N engine starts under normal conditions and calculated their
magnitudes, the normal distribution can be compiled (when N >= 30). The values out of the range of +3¢
are taken as ones for a faulty motor condition. Thus, the failure will be predicted or identified at an early
stage with a probability of 99.7% [4]. Collecting a larger sample of start-up current profile data for
different degrees and sources of fault provides the possibility to assess faults' severity and even their
nature.
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Figure 2. Levels of wavelet coeffcients decomposition for a normal motor start-up (a) and for
start-up with a gearbox wear (b) (Red line highlights differences)

Conclusions. In the course of the study, modern methods of self-diagnosis and early detection of
faults using digital signal processing were analyzed. The research presents a method based on the analysis
of the norm values of the current profile of the motor start in the wavelet region.

The use of wavelet analysis ensures high efficiency of filtering and identification and significantly
improves the resolution. The chosen lifting transform algorithm ensures that mathematical operations are
relatively simple and memory-efficient. Therefore, this method is acceptable for use in low-power control
systems based on microcontrollers and microprocessors.

Such methods are not purely theoretical but have obvious practical significance aimed at
increasing the reliability of critical infrastructure systems. Thus, they should be the focus of future
research and development.
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BUKOPUCTAHHSA ABTOMATU30BAHUX CUCTEM YIIPABJIIHHSA JJI51
YAOCKOHAJIEHHSA MPOUHECY BUPOBHULTBA IU3EJbHUX ITAJIUB
I'pariii T.1., Oxpimuyk B.C. ( tagratij@gmail.com, . kirieshkina95@gmail.com)
daxoBuii KoJie/K HaQTOra30BUX TEXHOJIOTH, iHkeHepil Ta 1HxycTpii cepicy OHTY (Ykpaina)

Hadra, mo BumoOyBaeTbes i3 3eMHUX HaJp, SIK NPaBWiO, MICTUTh pO3YMHEHI raszu. Ilpomykmis
Ha(TOBUX CBEPJIOBUH, SIBJIsI€ COO0I0 OAraTOKOMIIOHEHTHY TpU(]a3Hy cucTeMy, 110 CKJIaAaeThes 3 HadTH,
ra3y i miracroBoi Bogu. Jlo ckmamy HadT BXOIATH pi3Hi rasu opraHiuHoro (meran CH4, eran C2HO,
npornan C3HSE, 6yran C4H 10) 1 neopraniunoro (cipkoBoaenbs H2b, Byrnexkucnuii ra3 CO2 1 reniit He)
noxo/pkeHHs. e 3HauHO BIUMBae Ha sAKicTh HA(TH 1 11 eKCILTyaTaniliHi BMACTHBOCTI [4].

[lepen TpancmopTyBaHHSM 1 mojadero HadTh Ha MEPepPoOKy ra3 HOBUHEH OYTH BIIIUICHUN BiA
Ha(TH, 3 METOIO 3MEHIICHHS KOPO31MHOTO BIUTMBY Ha TpyOONpoOBix i oOnagHaHHs HadTOIepeKadyyBaHHS.
Bucoka motpeba B BYIJIEBOAHEBiM CHpPOBUHI 1 HOro OOMEXEHICTh B 3amacaXx BUMAarailOTh PO3BUTKY
€Hepro30epiralouux TEXHOJOTIH 1 MiJBUIIEHHS SKOCTI TOBapHOI HadTh. VY 3B'I3Ky 3 UM poOOTH,
CIPsIMOBAH1 Ha BUJIYYEHH 3 HAQTH POZUYMHEHUX Ta3iB, € AKTyaJIbHUMH.

Jlu3enpHe MamuBO - PIOKUN MPOIYKT, IO BUKOPUCTOBYETHCS SK MAIMBO B JWU3EIHLHOMY JBUTYHI
BHYTPILIHBOT'O 3TOPSIHHS, @ TAKOX - 1 B Fa30JU3EJIL.

[Iporiec orpumaHHs Au3manvBa 3 Ha(TH Tependadae «BUYABIIOBAHHS» CBITIIMX PEYOBUH. TeMHi
KOMIIOHEHTH 3aJIMIIAl0TBCS Ha JHI 1 3aCTOCOBYIOTbCA JJIsi BUpOOHUITBAa Ma3yty. Ilicms mepioi
¢binpTpamnii BUXOIUTH OpyJHA MMAJIHBO, K€ MICTUTh B CKJIaJi BEIUKY KUIBKICTH JOMIMIOK (CipKa, a30T i
T.IL.).

Jlu3enpHe HaNWBO BUPOOIAIOTH NUIAXOM HPSIMOI NMEPEroHKH i KaTaJiTHYHHX MPOIECiB NepepoOKH
racoBO-M3eIbHUX (Ppakilili, TKe CKJIaJaeThCsl EPEeBaKHO 3 racy, ra3oiiro Ta iH HadroBux dpaximiil. J{o
IPYNOBOIO  CKJIaay AW3ENbHOIO MajBa B OCHOBHOMY BKJIIOYa€e mnapadiHoBl 1 HaQTOB1 BYIJIEBOJHI, a
TAaKO’X HEBEJIMKA KUIBKICTh apOMATHYHUX BYIJIEBOJAHIB. 3a paxyHOK BHUpPOOHUIITBa O€H3MHY, HadTH,
Iu3edbHE MAJIMBO MA€ Kpally XIMIUYHY Ta (13M4HY CTAOUIBbHICTh, IO 3HUXKYE BTPATH AU3EIBHOIO MajluBa
i Yac TpaHCIOPTYBaHHs, 30epiraHHs Ta BUKOpUCTaHHS [5].

ABTomaTH3alliss BUPOOHMIITBA JM3EJIbHUX MalIMB 3a0e3leuye perystoBaHHS THCKY CUPOBHHH,
TemrepaTypy, BUTpary ¢pakuid. BiaxuieHHS IMX BEJIWYMH MOKE MPUBECTH JO aBapiiiHOI cHUTyalii.
Brnane pimeHHs: aBToMaTH3alii BUPOOHUIITBA AM3EIBHUX TTAJHB MPU3BEAE A0 MONIIMIISHHS YMOB Tpalli i
0e3mexu pooiT, 320€3MeYnTh KOHTPOJIb 1 TUM CaMUM MPUBEJIE /10 MOIIMIIEHHS TPOTYKTUBHOCTI MPaLll.

Ha puc 1'moka3ana cxema aBTomMaTH3allli yCTAaHOBKM BUPOOHMIITBA AU3ENbHUX ManuB. CUpOBUHA B
SKOCT1 $KOi 3aCTOCOBYETbCS IMIArOTOBJIEHA HaTa HACOCOM MNOJA€Thes y TermaooOMiHHMKM T1, T2
KOHTPOJIb TeMIIEpaTypH BiOYBA€THCS 3a JIOTIOMOTOI0 TEPMOMETPA PTYTHOTO €IEKTPOKOHTAKTHOTO THITY
TIIK , ne narpiBaetscs o temnepatrypu 150-180 °C, i moaeTbes y BiIOCH3UHIOIOYY KOJIOHY.

VY B1AOEH3UHIOIOYIN KOJOHI BHUMIPIOETHCS PIBEHb CYMIIIl 3a JIOMOMOTOI0 IEpEeTBOpPIOBava pPIBHS
Sitrans LC 300. Ilpu pocsrHeHi CHUPOBHMHM pIBHS OM NEpeTBOPIOBAY HAJCWIIA€ CHUTHAJT Ha
€JIEKTPOMTHEBMATUUHUI TE€PEeTBOPIOBAY, KU BUPOOJIA€ yHpaBiisitoul Jii Ha BIIAKPUTTS 3acyBKH Y A2,
CyMIIll TIOTparuige A0 TpyOdaroi meui, Ae HarpiBaetbest 10 350-360 °C, Ha Buxomi i3 TpyO4aroi medi
BHUMIPIOETHCSI TEMIIEpAaTypa Ta BUTpaTa BYIJIEBOAHOI cyMmili. Skio TemnepaTtypa He gocsrae HopMu 350
°C, TtepmoneperBoptoBau  omopy tumy Sitrans TF mnomae curHan Ha eJeKTpONMHEBMaTHUHUI
MepPEeTBOPIOBAY, SIKUI B CBOIO Yepr'y reHepye CUTHAJ Ha BIAKPUTTSA 3acyBKU Y A3 mojadi nmapy B TpyOuaty
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M4 2 1 CyMill JOTPIBaEThCSA IO 3a/aHOi Temmeparypu. Pobora TpyOuartoi meui 1 aHamoriyHa poOOTi
TpyOuactoi meui 2. Y pasi SKIIO Ha BUXOAl TpyOuaToi meui 2 BUTpaTa CyMillli HE BiIIMOBIIAE 3alaHOMY
00’eMy CHPOBHUHH, TOJI 3a MOTOKEHHSM BiJl €IEKTPOMAarHiTHOTO BUTparomipa, Tumy Sitrans MAG 3000
BMUKAETHCS EIEKTPOJBUTYH Hacocy H2.

Puc 1 Cxema aBToMaTu3alii ycTaHOBKH BUPOOHUIITBA AU3EABHUX NAJINUB

VY BiIOCH3MHIOIOYIH KOJOHI MPOXOJIUTH HPOUEC BHUIUICHHsI BYTJICBOJHHUX Tra3iB Ta JIETKOi (pakmii
O6en3uny 3 mexamu BukunanHs 30-100 °C, ski BUXOHATH 3 BEpXy, KoHIeHCyroTbcs y AIIO 1, sxio
temreparypa Ha Buxoai AITO 1 6inemre 100 °C TepmomepeTBoptoBau omopy tumy Sitrans TF  momae
CUTHAJI Ha EJEKTPOIHEBMAaTHUHUI NEepeTBOPIOBaY , SIKUM B CBOIO Yepry IreHepye CUTHal Ha BMHUKAHHS
enexktpoasuryna AIIO 1 i temmeparypa cyminri 3MeHIIyeTscs. Jlami BYriaeBOJHI ra3u MOCTYIMAKOTh y
cernaparop, 3 BepXy SKOTO BHXOJATh BYIJIEBOJHI Ta3M, 3 HU3y piiuHHaA (aza B SAKOCTI OEH3UHY
PO3IUISETHCS HA 2 MOTOKH, IEPUINHA HANPaBIAEThCS Ha MOJAIBITY MTEPEpOOKy, a 2 4YacTHHA 3BOPOTHUMHU
MOTOKaMHM HJie Ha 3pOILIECHHS.

Cymim notparuisi€ y pekTu@iKaliifHy KOJOHY. 3 BEpXHbOI YaCTHHU SIKOTO BUAUISETHCS Ba)KKa
OeH3MHOBa (pakiis, fKka KoHAeHCyeTbes y AIIO 2 (mpuHumm peryitoBaHHs Temmeparypu y AIIO 2
aHajoriyHu# perymoBanHio B ATIO 1), mpoxoauTs cenmapaTtop aHAJIOTIYHO 1 HAIIPABISETHCS y pe3epBYyap.

Takox BUALIAETbCA TracoBa 1 qu3enbHa ¢pakuis, koHaeHcyetbes y AIIO 3, AITO 4 BignosigHO
(TpUHIHUT peryJroBaHHS TeMIIepaTypy aHaJIOT1YHEe OMMCAaHOMY BHUIIE) 1 /i€ Y pe3epByap.

3HU3Y peKTUIKaIifHOI KOJIOHU BUXOAUTH B Ma3yT, NMpoTikae yepe3 T1 Bijiarouu cBOE TEIUIO 1 3a
nonoMororo Hacocy H4, HanpasisieTsest y pezepByap.

Ha cxemi perymoroTbcs BHUTpaTa MNpOJIYKTIB MNEpepoOKH HAPTONPOAYKTIB 3a JOMNOMOTOKO
eJIEKTPOMAarHiTHUX BUTpAToMipiB, Tuiy Sitrans MAG 3000

VY HpoekTi BUKOPUETOBYEThC KoHTposiep Simatic CPU 1212, skuit BUKoHye (PyHKIIIO KOHTPOJIIO,
perysroBaHHs, CUTHAITI3AIlli Ta OJIOKYBaHHS BCIX €JIEMEHTIB CUCTEMH aBTOMATHKH.

PeanizoBana aBromatuka Ha 0a3i MPOrpamMOBaHHUX JIOTIYHHUX KOHTpoJiepiB (Simatic) m03BOJI€ B
MaifOyTHEOMY 0€3 OyIb-SKHUX CEPHO3HUX TEXHIYHHMX 3MIiH NMEPEBECTH YCTAHOBKY Ha IOBHE YIPABIIIHHSA 3
ITK omeparopa.

Cnucox BUKOPUCTAHOI JliTepaTypu
1. B.® 3nanesuy, O.B. I'apauk Ximis 1 TexHonorig HapTH i razy. Oneca TTHIT OJIAX 2011
2. B.® 3ganeBuy. OcHOBY BUPOOHMIITBA TATBHO-MAaCTUIILHUX MaTepiamiB — Onxeca, 2006 pik.

3. Kanyctun B. M. Kapnio C.A. Okcureni B aBToMo011bHUX OeH3uHax, Mocksa Koinoc, 2011

4. Kozapp M.B., [TaBnenko J[.O. ABToMaTu3zailis TEXHOJOTIYHMX JIAHOK BHUPOOHUIITBA O10JIOTTYHOTO
nanusa — J{Hinpo, 2021p.

5.T'.K. JIe6enes, B.I'. Konecuuxos, I'.€. 3ikanos, O.H. Jlaiikos, 10.K. Imenko, I'.A. Piuuk, JI.B. JIyOens,
H.E. Kannina. [IpaBuia TexHiuHOi eKcIuTyaTtallii pe3epByapiB Ta iHCTPYKIIi 3 iX peMOHTy. — MuKomnais,
1988.
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VK 636.631 - 223.018.

EHEPI'OE®EKTUBHE BUKOPUCTAHHSA OBJAJTHAHHA J1IJI1 OTPUMAHHSA
COHSILLIHUKOBOI OJIII
3aspiuko C.C. (sergeyzavrichko@gmail.com)
OnecpKuii HaliOHATBHUI TEXHOJOTIUHUHN yHiBepcuTeT (YKpaiHa)

Oniuno-doicuposa 2any3vb € GaANCIUBUM CEKMOPOM XAp4080i NPOMUCIOBOCMI )Y BCbOMY CGImiI.
Tlumannsam  niosuwenns egeKmusHOCmI, 3HUICEHH eHeposumpam ma NiO8UWEHHS SKOCMI Ol
saumanucsa uyumano oocnionuxie. Cmamms npucesuena npooOnemi onmumizayii emepeoe@exmusHoco
001A0HAHHA 8 eKCMPAKYIUHUX anapamax O01s 6UpOOHUYMEA COHAWHUKOBOI Ol ma asmoMamuinoco
KepyB8aHHs eNeKMpOMEXaAHIYHUM 00NAOHAHHAM. J]OCTIONCeHHs 30CepeOdceHo HA NOULYKY. Memooie ma
MEexXHON02IU, AKI CNPUAIOMb 3HUNCEHHIO eHeP2OCNONCUBAHHS MA NOKPAWEHHIO HPOOYKMUBHOCMI 8 npoyeci
excmpakyii. 3acmocy8ants 3anponoHOBAHUX Memooi8 ma MexHON02il Modice NPU3Becmu 00 3HUINCEHHS
CHOJICUBAHHS  eHepeil, NiOGUWeHHs NPOOYKMUBHOCMI ma NONIAWEHHs SKOCmI — 8upoOHUYymaed
COHAWHUKOBOI Olil.

CyuacHMH NPOMMCIOBUH CEKTOp CTUKAETbCS 31 3HAYHUMM BUKIMKAMM - I10/10 ONTHUMI3aLii
eHEeproe(eKTUBHOCTI Ta E(PEKTHBHOIO YIPABIIHHS eJNEeKTPOMEXaHIYHUM oOJagHaHHsIM. B ymoBax
MOCTIHHOTO 3pOCTaHHS EHEPreTMYHUX BHUTpPAT 1 OOMEXKEHMX PecypciB, HPUCKOPEHHS pPO3BUTKY
TEXHOJIOTIH € HEBII'€EMHOIO CKJIAZIOBOIO JUIS JAOCSTHEHHS CTAJIOTO MPOMMCIOBOTO 3pocTaHHs. OgHUM 3
KIIFOUYOBHUX aCIEKTIB € po3poOKa e(eKTUBHUX METO/IB ONTHMi3allii eHeproe(eKTUBHOrO O0JIaJHAHHS Ta
CHCTEM aBTOMATUYHOTO KEPYBaHHS, 30KpeMa B KOHTEKCTI €KCTPAKIIIHUX anmapaTiB.

ExcTpakuiiiHi amapatu BUKOPUCTOBYIOTBCS B PI3HMX IPOMUCIOBUX Tally3siX, TaKMX SIK XIMIYHA,
HadTOBa, (hapMaIleBTHYHA Ta Xap4yoBa MPOMHUCIIOBICTD, sl BIUIYYEHHS IIIHHUX PEYOBUH 3 CHPOBHHHU a00
BUPOOHMYMX MOTOKIB. [IpoTe, BenMKi eHepreTHyHi BUTPATH, HeeEKTUBHE BUKOPHUCTAHHS PECYpCIB Ta
HE/IOCTATHS aBTOMAaTHU3aIlisl MPU3BOIATH A0 3POCTAHHS BUTPAT 1 MOTIPIIYIOTh KOHKYPEHTOCIIPOMOXKHICTb
i IITPUEMCTB.

MeTtor poboTH € pOo3Tisia Ta po3poOKa METOAIB onTuMizailii eHeproeeKTUBHOrO OOJaHAHHS Ta
CHCTEMH aBTOMAaTHYHOIO KEPyBaHHs €JEKTPOMEXaHIYHUM OOJaJHaHHSIM Ta PO3MOAUTY 3aBAaHTAKCHHS
eKCTpakIiiiHuX amapariB. Harie goCHiJKEHHS CHOpPsSMOBAaHE HAa BUSBICHHA MUIAXIB TOMIMIIEHHS
MPOAYKTUBHOCTI, 3MEHIIEHHS BUTPAT. €HEPrii Ta ONTUMI3aLil PO3NOALTY 3aBaHTAXXEHHS €KCTPaKIIHHUX
armapariB 3 BUKOPHCTAHHSIM HOBITHIX TEXHOJIOTiH aBTOMAaTUYHOTO KEPYBaHHS.

Orasin  momepenHix JOCHIKeHb IIoKa3ye, L0 Bxke Oyau MpOBEAeHI JOCIIKEHHS U070
eHeproe(eKTUBHOCTI B TPOMHUCIOBOCTI, ajie¢ JOCHUTh OOMEKEHO JIOCHIKCHO acCIeKTH, IMOB'A3aHi 3
eKCTpaKLIHHNMHU anapataMu. TOMy Halia poOOoTa 3alOBHIOE 1[I0 MPOTAUHY, PO3MIIAAI0UYM ONTHMI3alliio
CUCTEMU EJIEKTPOMEXAHIYHOTO OOJIaJiHAHHSA Ta PO3MOJLIY 3aBaHTaKEHHS EKCTPaKLIMHMUX amapariB 3
ypaxyBaHHSM BUMOT €Heproe(eKTHBHOCTI Ta aBTOMAaTUYHOT'O KEPYBaHHS.

Pesynpratn mociipKeHHSs MOKYTh MaTH 3HAYHHIA BILUTUB HA TIPOMHCIIOBICTh, CIIPUSIOYN 3MEHIICHHIO
CMOKMBAHHS €Heprii, MIABUILIEHHIO MPOAYKTUBHOCTI Ta 3HMKEHHIO BUPOOHMYMX BHUTpar. Kpim Toro,
BOHU BIKPHBAIOTH HOBI MOXIIMBOCTI I BIOPOBA/DKCHHS 1HHOBAIlIWHUX IMIXOIIB y CEKTOpi
eKCTPAKI1HOI IPOMHCIOBOCTI.

VY cTarTi MH TIOSICHUMO HAIly METOOJIOTII0, OMICYEMO PE3YJIbTaTH €KCIIEPUMEHTIB Ta MPOBOJIUMO
AeTalbHUN aHami3, 1mo0 MPOAEMOHCTPYBAaTH €(PEKTHBHICTh 3alpONOHOBAHUX METOMIB ONTHMI3aLlii.
OxpecanMo TMEepPCHeKTHBU TMOJANBINNX JOCTIIH)KeHh Ta MOTCHIIMHI HaNpsSMKH BJIOCKOHAJIEHHS CUCTEM
eHEeproeEeKTUBHOTO 00J1aIHAaHHS Ta aBTOMAaTUYHOTO KEPYBaHHS €KCTPAKLUIHHUMH anapaTaMu.

Onuc cucteMu eJIeKTPOMEXaHIYHOTO 00J1aJHAHHSA Ta eKCTPAKIIMHKUX anaparis.

ExcTpakTop CKiIagaeThes 13 pOJIMKOBOrO KOHBEEPA, BCTAHOBJICHOTO Ha TOPU30HTANIbHIN MPAMOKYTHIH
pami. OCHOBHUM €JIEMEHTOM amapary € mnepdopoBaHa CTpiuka, MO SKIH pyxaeTbcs MaTepial, IIO0
00pobmseTbes. CBUKUN PO3UMHHHMK PO3MOPOLIYETHCS dyepe3 (POPCYHKY Ha CXOJi MaTepiany 31 CTPIUKH.
Micuena, mo yTBOPIOETHCS, 30MPAEThCs B 30IpHUK 1 HACOCOM HAIPAaBISAETHCS HA HACTYITHUN JIJISTHKY, 7€
nporiec MoBTOproeThes [1].

117



Martepianu X VI Mi>kHapOIHOT HAYKOBO-TIPaKTHUHOI KoH(epeHtIii «IHpopMaIiiiHi TEXHOJIOTT 1 aBToMaTHu3aIis - 2023

Cucrema €JIEKTPOMEXaHIYHOTO O0JIaTHAHHS Ta CKCTPAaKIIMHUX amapaTriB € KIYOBUM €JIEMEHTOM
BUPOOHUIITBA COHSIIIHUKOBOI oJii. BoHa Bkirodae B ceOe psii KOMIIOHEHTIB, IO B3a€EMOMIIOThH IS
3a0e3nedeHHs €()eKTUBHOTO MPOIIECY EKCTPaKIIii Ta BAPOOHHUIITBA OJIi1 3 HACIHHS COHSIITHUKY.

Enextpomexaniune oOnannanas: Cucrema eJlIeKTpPOMEXaHIYHOro oOJaJHaHHS BKJIIOYAaE B cebde
€JICKTPOJIBUTYHH, HACOCH, TPUBOJM Ta IHINI MEXaHI3MH, SKi 3a0e3MeuyloTh pyX Ta (YHKIIOHYBaHHS
eKCTpakLifHOrO amapaTy. BoHu BiAMOBiZaOTh 3a Mojady CHPOBHMHH, IEPEMILTyBaHHS PO3YMHHUKA Ta
BUTSDKKH, CTBOPEHHSI BaKyyMy [UIsl 3all00IraHHIO BUTOKY PO3YMHHHMKA 3 €KCTPAKTOpa, a TaKOXK PyX
PO3YHHHUKIB yepe3 cucremy [4].

Excrpakuiitnuii nmporiec: ['0JJOBHUM €JIEMEHTOM CUCTEMH € eKCTPaKIIHHMKA anapart. BiH ckiagaeTbes
3 pe3epByapa [UIs BUTSDKKH Ta MEXaHi3My JJIs 3MIIIyBaHHS HACiHHA 3 PO3YMHHUKOM. EKCTpakuiiHUiA
MIPOLIEC TIOJISATaE B POZUYMHEHH] OJIi1 3 HACIHHS Y PO3YMHHHUKY.

Ontumizanis eHeproeeKTUBHOrO 00IaJHAHHA B €KCTPAKLIMHUX amapaTax COHSIIHUKOBOL 0Jiii Mae
BEJIMKUIN MOTEHINa ISl JOCATHEHHS MO3UTUBHUX PE3yJIbTaTiB. AHAI3 Cy4acHOTO CTaHy eKCTPaKIIIITHIX
amapariB Ta iX €HEpreTMYHOi e(QEeKTHBHOCTI BUSBUB HH3KY (aKTOpiB, sKi CyTTEBO BIUIMBAIOTH HA
€HeprocroXXuBaHHs. Po3ris TEXHONOTrIYHUX MapaMeTpiB Ta MPOIlECiB MOKa3aB, IO JEAKi aCHEKTH
MOXYTh OYTH ONTHMI30BaHi Ui JOCATHEHHS OUTBIIOI MPOAYKTHBHOCTI Ta MEHIIOIO BUTPATH EHEprii.
OauvH 13 OCHOBHUX HANpPSAMKIB OINTUMI3alii MHOJSArae y BUKOPUCTAHHI CY4acHOTO OOJIaJHEHHS Ta
IIPOTPaAMHOTO 3a0€3MEUCHHS JUIsI KOHTPOJIIO Ta PETYJIIOBAaHHS MPOLECIB y eKCTpakuiiHuX anmapaTtax. Ll
IHHOBAIIII{HA MPAKTUKA MOXKE BIAKPUTHU HUIAX A0 €()EeKTUBHIIION0 BUKOPUCTAHHS PECYPCIB Ta JOCSITHEHHS
OUTBIIOT MPOYKTUBHOCTI B IaHOMY BUPOOHHUYOMY TPOIIECI.

Jlireparypa

1. [TonoB M. O. Ouinka 1 HapsIMKU TiABUIICHHS €(EeKTUBHOCTI BUKOPHCTAHHI €HEPropecypciB Ha
MIPUEMCTBAX OJiiHO-kHpoBoi Tany3i / M. O. Ilonos // Bicauk Ham. texs. ya-Ty "XIII" : 30. HayK. mip.
Temar. Bum. : Texuiunuii nporpec i epekTUBHICTS BUpoOHHIITBA. — XapkiB : HTY "XIII". — 2013. — Ne 67
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2. Hurankos JI. €. O6rpyHTyBaHHS O€3B1IXOAHOI TEXHOJIOT1 MepepoOKH MAaKyXHM COHSIIHHMKA 3
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3. I'yn b.B. BupoOGHHUIITBO CO€BOi Ol HUIAXOM MPSIMOi €KCTPaKIli y MeXy MOTYXHICTI0O 558 T
HaciHHA coi 3a 100y : 6akanasp. JlumiomHa podora : -Kuis, 2020 p. — 52c.

4. THCTpyKIIisl 3 eKCIUlyaTamil «eKeTpakiiitHa ycraHoBka [lecmer HempepuBHOi mii». EAI Eastern
Agro Investments Ltd NICOSIA, CYPRUS. 66¢r.

YK [621.867.3:622.612]:658.5

PE3YJIbTATH BIIPOBAJKEHHSI ABTOMATHU30BAHOI CUCTEMHM KOOPJIUHAIIIT
3ABAHTAKEHHSI 3EPHOM II'TJI IPUMMAHHSI 3EPHA I3 3AJIIBHUYHNUX BATOHIB HA
MOPCBKOMY 3EPHOBOMY TEPMHMHAUJII B M. OIECA

Kip’s3oB [.LM., llectonanos C.B., CrenanoB M.T., Xo0in B.A.

(ivan.kiryazov@se.ua, stanislav.shestopalov@se.ua,

stepanov197818@gmail.com, khobin@ontu.edu.ua)

SE Group International, Onecbkuii HalioHaNBHUI TeXHOJIOTiYHUH yHiIBepcuTeT (YKpaina)

Posznaoaromuca pesynomamu mecmy6anns y GUPOOHUYUX YMOBAX ABMOMAMU308AHOI cuUCmeMU
KOOpOUHAyii 3a8AHMANCEHHS 3ePHOM NOMOKOB80-MPAHCHOPMHUX JIIHIU NPULLMAHHS 3€PHA 3 3ANI3HUYHUX
6A20HI8 HA MOPCbKOMY 3€PHOBOMY MEPMIHAII.

ABTomaTrH3oBaHa cucreMa kKoopauHaiii 3aBaHTakeHHs (ACK3) 3epHOM MOTOKOBO-TPAHCIIOPTHUX
miHii (IITJI) npuitmaHHs 3epHa 13 3ai3HUYHOTIO TPAaHCIOPTY, BIPOBA/KEHA HA 3€pHOBOMY TEepMIHAMI
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xommanii «HooTex-TepMiHan» € iHHOBamiifHOIO Po3poOKor0. [i MeTa — (opMyBaHHS MOTOKY 3€pHA
OJHOYACHO 3 [JBOX MNpHUiiMambHUX OyHKepiB, migBuiieHHs mnpoayktuBHocTi IITJI, 3HMKeHHA
€HEPrOBUTpAT Ha MEPEBAHTAKCHHSI, 3aMI00ITaHHs aBapiiHUM CHUTYAIlisIM, TTOB'sI3aHUM 13 3aBajlaMH 3€pHA B
Oammakax Hopiid uepe3 nepeBanTakeHHs [1TJI. ACK3 peanizye 6a3oBi ¢ynkuii Texnomorii Leffol &
Senumac ski 3anarentoBani SE Group International [1-2].

®parmeHT TexHooriyHOi cxemu 3 nisHkoro IITJI anma kepyBanHst skoi pospoOsnena ACK3
npencrasieno Ha puc.l. dinsnka IITJI Brmrouae npuitmansai Oynkepu (I1b-1, I1B-2), nopii (H-10, H-
10.1, H-11, H-11.1, H-9) Ta tpauncnoprepu (KJI-18, KJI-19).

wes || wes
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i & Ready Ready # P
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Puc. 1. ®parmenT TexHonoriuyHoi cxemu 3 ainsHkoro [TJI npuitmanss 3epHa 13 3aTi3HUYHOTO
TPAHCIIOPTY.

ACKS3 IITJI npuitManHs 3epHa 13 3II3HAYHOTO TPAHCIIOPTY peati3ye HACTYITHI OCHOBHI (DYHKIIIT:

1. ABTOMaTHYHUIN IEpepaxyHOK CTpyMmiB HaBaHTaxeHHs Hopid H-9, H-10.H-11 B 3HaueHHs ix
CTyIEeHIB 3aBaHTakeHHs (% B HOMIHAJIBHOI) 1 MOAANBUIMM aBTOMAaTUYHUM IEPEPaxXyHKOM CTYIEHIB
3aBaHTakeHHs Hopil H-9, H-10..H-11 3HaueHHs iX NpOayKTUBHOCTI (T/4).

2. ABToMaTmuHe BIIKpUTTA 3acyBok y Hopisix H-10..H-11 na 3amane omepatopom Oe3redne
3HA4YeHHs NP CHYCTOLICHHI NpUiiMaIbHOro OyHKepa, 1110 3anolirae 3HaYHUM HaBaHTaXXEHHsAM Hopii H-
10..H-11 Ha noyaTKy BUBaHTa)KE€HHs 3€pHa 3 BaroHa.

3. ABromaryuHa crabimizanis mpoayktuBHocTi Hopiit H-10.H-11 Ha BcTaHOBIEHOMY OomepaTopoM
3a/IaHOMY 3HAYCHHI. AKTyaJabHO IS PEKUMIB MEPEMIIIEHHS 3€pHA, 10 3MIHIOIOTHCA, 1 3MIHU OakaHOi
IPOAYKTHUBHOCTI KOXHOi HOpii H-10..H-11.

4. ABTOMaTM4HAa KOOpJAMHALA 3aJaHuX NpoaykTuBHocTi Hopiit H-10..H-11 3a morounoro Ta
3aJJaHOI0  MTPOAYKTUBHICTIO Hopii H-9. KoopauHailisi BUKOHYeTbCS 3 ypaxyBaHHSM BCTaHOBJICHOT'O
OTepaToOpOM  JIOMYCTUMOTO CTymneHs HaBaHTaxeHHs Hopid H-10.H-11. AxTtyanpHO 111 peXHUMIB
MIHJIMBOTO MEPEMILIEHHS 3epHa Ta 3MiHU O6a)kaHO1 MPOIyKTUBHOCTI Hopii H-9.

5. MakcnMizalisi IpOAYKTHBHOCTI JIiHIT MepeBaHTa)KEHHS 3epHa.

AKTuBaIisl HeOOX1AHUX (PYHKIIM KepyBaHHS y BUpOOHHUUIN CUTYallii, 110 CKJIaIa€ThCsl, BAKOHYETHCS
OTIEPATOPOM 3a JOTOMOTO0 BikHA TpadiuHoro iHTEpdeiicy onmepaTopa NEHTPATHLHOTO JUCTIETYEPCHKOTO
NyHKTY (AuB. puc.l).

Pesynbratu TectyBanHs mokazanu, mo ACK3 3alesneuye nocuTh BHCOKY TOUYHICTH PO3PAXYHKY
npoayktuBHocTi IITJI, mBuakuii nmepexim IITJI 3 mouaTkoBOi NPOAYKTHUBHOCTI Ha HOMIHAJIbHY,
crabinizauito npoaykTuBHOcTi [1TJI Ha BUCOKMX piBHSX Hpu (OpMyBaHHI MOTOKY 3€pHa OJHOYACHO 3
KUTBKOX JDKepesl 3 BKpail HEepiBHOMIpPHUM XapakTepoMm mepeMinieHHs 3epHa. [Ipm npomy ACK3
e(peKTUBHO 3amo0irac BUHUKHEHHIO aBapiHUX CUTYyallll, NOB'SI3aHUX 13 3aBajaMM 3€pHa B OalliMakax
Hopill uepe3 nepeBantaxeHHsa [1TJI oco6nrBoO Ha MOYaTKOBOMY eTari BUBAHTa)KEHHS 3€pHA 3 BaroHIB y
MOpPOXKHI MpuiiManbHi OyHKepu. BupoOHWYI BUIPOOYBaHHS MOKa3alM IO BUKOPUCTAHHS CHCTEMHU
J03BOJIUIIO 30UTBIINTH CEPETHIO MPOAYKTHBHICTh MPUHMaHHS 3epHa npuOim3Ho Ha (15-17)%.
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Jlxepena migsumieHHs epextuBHocTi podoTu I1TJI mpu 3actocyBanni ACO3:

e ckopoueHHs uyacy po6otu IITJI 31 3HHMKEHOIO NPOAYKTUBHICTIO, OCOONMBO B pEXKHMaX
HEpPIBHOMIPHOT TMOAadi 3€pHa 3 NPUUMAIbHUX OYHKEpiB, 3a pPaxyHOK Oe€3MepepBHOr0 KepyBaHHS
MOJIOKEHHSM 3aCYBOK, 110 cTadimi3ye 3aBantaxenss [1TJI;

e makcuMizaiis npoayktuBHocTi I[1TJI no 1i rpaHrYHO AOMYCTUMUX 3HAYEHb BU3HAYEHHUX MTOYATKOM
PO3BHTKY 3aBajly 3epHa B Oammakax Hopiit [1TJI.

e rapaHToBaHe 3anoOiranHsa aBapiHuM 3ynuHkaMm IITJI yepe3 iX mepeBaHTaXEHHS 3€PHOM Ta iX
HEraTUBHI HACIIIKH.

@parmenT aiarpamu (puc. 2) 3Miau npoayktuBHocTi Hopiid [TTJI npuiiMaHHs 3epHa 13 3aIi3HUYHOTO
TPAHCIOPTY, LIIOCTPYE peajbHy BUPOOHHYY CHUTYallil0, KOJU cucTeMa epEeKTUBHO pealidye (DyHKIIO
aBTOMATHYHOI KoopauHauii 3aganoi npoxyktuBHocTi HOpid H-10..H-11 3a moTowyHoro Ta 3amaHoOro
npoaykTuBHicTIO HOpii H-9 1 3abe3neuye Bucoky ctabinpHy npoayktuBHicTh [ITJI Ha piBH1 Ois 950
T/TOA.
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Puc. 2. Bikno «Tpenamn» 3 miarpamamu 3MiHU poayKTuBHOCTI HOpi#t I TJI npuitmanHs 3epHa
13 3aJII3HUYHOTO TPAHCHOPTY IPY BUBAHTAXKCHI JBOX BaroHiB KyKypy.I3u.

Cnmncoxk BUKOPHCTAHOI JIiTepaTypu

1. IMat. na BuHaxig 99525 Ykpaina, MIIK (2011.01), B65G 17/00, GO1R 29/00. Crioci®O KOHTpOIIO
CTyNeHs 3aBaHTaXeHHS KoHBeepa / AHHaeB b. C., I'epacumoB B. B., Xobun B. A., Kupsszos U.H.,
[llecronanor C. B. u ap. — Ne a201014455; 3asBn. 03.12.10; ony6:1. 25.05.12, brom. Ne 10. — 14 c.

2. Iar. na BuHaxig 95887 Vkpaina, MIIK (2011.01), B65G 17/00, B65G 47/46 (2006.01), B65G
65/42 (2006.01), GO1G 11/12 (2006.01). Crioci6 aBTOMaTUYHOTO YIPaBIIIHHS 3aBaHTAXKEHHSIM TTOTOKOBO-
TpaHCHOPTHOI diHii cunkux marepiaiiB / AnnaeB b. C., 'epacumos B. B., Xo6un B. A., Kupssazos 1.H.,
[llecromranor C.B. u ap. — Ne a201015861; 3asBn. 29.12.10; ony6m. 12.09.11, bron. Ne 17. — 24 c.

VK 663.34:664.0:636.084

MIKPOINPOLLECOPHE KEPYBAHHSA EJIEKTPOMEXAHIYHIYHOIO CUCTEMOIO
HEHTPU®YTH AJ51 OUYUCTKA POCJTUHUX OJIH
Ko63ap O.B. (baiker1232@gmail.com)
Onecbkuii HalliOHANBHUI TEXHOJIOTIYHUH yHiBepcuTeT (YKpaina)

Copepa eupobHuymea onii ma dHcupie € KuOUOBUM CE2MEHMOM XAPUOB0i NPOMUCIOBOCMI VY BCbOMY
C8imi, npusepmMaloyu y6azy 4eHux 00 NUMAaHs NIOSUUWEHHSL eheKMUBHOCMI, 3MEHULeHHS eHEP2OSUMPam i
nioguweHHs aKocmi npooyKkyii. B pamkax 0ano2o 00CHiONHCEeHHS BUBYAEMbC NUMAHHA 800 CKOHAICHHS.
KepYBAHHSL NPOYeCoM pobomu eleKmpoMexaniyHux Cucmem yenmpugyeu npu nepeurHiu ouucmyi onii 3
Memoio NOKPAWEHHs AKOCMI OmpumMysanoi onii ma niosuwenHs enepeoedexmuernocmi yeumpugyeu. Lle
003601UMb YeHMPUPY3L NPAYIOBAMU HA ONMUMATLHOMY PI6HI RPOOYKMUGHOCHI MA 3MEHWUMb SUMPAMU
enepeii. /[ooamkoso ye 00360aums Oibll MOYHO Pe2yno8amu NApamempu OYUWeHHs. CUPOBUHU, MAKI 5K
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weuoKicmob obepmanns yeumpugy2u ma NoOAHHS ONMUMANLHOI KIIbKOCMI CUPOBUHU, MAKONC ye
003601UMb HANAWMOBYBAMU PEHCUMU POOOMU 0OIAOHAHHSA 8 3ANEHCHOCII 80 NOOAHOI CUPOBUHU

["any3p BHpOOHHMIITBA Xap4yOBUX OJM € 3HAYHUM CETMEHTOM Ha TJI00aTbHOMY PHHKY, OCKUIBKU
ICHY€ BEJTUKHM MOMUT Ha PI3HOMAHITHI BUIM XapyoBOi OJii y raixysi Xap4yoBoi MPOMHUCIOBOCTI, KyiHapii
Ta IHIIMX 00JACTAX BUKOPUCTAHHS. 3HUKECHHS BTPAT €JIEKTPOCHEPTii Ta ONTHUMI3allisi BUTPATH CHPOBUHU
B Wi chepl MOKE NMPHU3BECTH 10 BEJIMKOT €KOHOMIYHOI BUTOIU, 30UIBINYIOYM MPUOYTKOBICTH IS
BUPOOHMKIB XapyoBOi OJIii 1 MOXKJIMBO, MPU3BOASYH 10 3HIDKEHHS IIiH JUIS CIIOXKMBAUIB Ii€i MPOAYKII.
[luXx NO3UTHBHUX  PE3yJbTaTIB MOXHA JOCAITH, MiJBUILYIOYM €(QEKTUBHICTb €JIEKTPOMEXaHIYHOTO
oOnagHaHHs JUIsi BUPOOHUIITBA XapuyoBOi OJii, 30KpeMa, NUIIXOM BJIOCKOHAJIECHHS aBTOMAaTHYHOTO
KepYBaHHS LIEHTPU(DYTO0 JUIsl OUUIIEHHS POCIUHHOT OJii.

bararo HayKoOBIIIB 3BepTajM yBary Ha IO MpooOiieMy, aje po3poOeHi pillleHHS XapaKTePU3yIOThCS
HU3BKOIO €HEProe(PeKTUBHICTIO Ta HU3BKOIO SKICTIO TOTOBOI ITPOIYKITIi.

Y OpecbkoMy HaIliOHATBHOMY TEXHOJIOTIYHOMY YHIBEPCHTETI, B PaMKaX HayKOBOTO NOCIHIIKCHHS
aclipaHTa, 3alo4aTKOBAaHO BHMKOPHCTaHHS MIKPOIIPOLIECOPHOIO YIPaBJIHHSA YacTOTO OO0€pTaHH:S
HEHTPUPYTH 3 METOIO MiJABUIIEHHS €HEProeeKTUBHOCTI €ICKTPOMEXaHIYHOI CUCTEMH LEHTPUyru st
OYMIIEHHS POCIMHHOI OJIii Ta IMiIBUIIEHHS 11 IKOCTI.

B nmanomy HampsiMKy OyB MpOBEIACHUN OIJIAJ JITEPaTypH 3 MUTaHb aBTOMATUYHOTO YIPAaBIiHHA
€JIEKTPOMEXAHIYHOK CUCTEMOIO LIEHTPU(YIH, BU3HaUeHa MeTa Ta IOCTaBJICH] 3aBJaHHA JUIsl IPOBEICHHS
HayKOBOI'O JJOCIII>)KEHHSI.

CrBopeHa 3arajibHa CTPYKTypHa CX€Ma 3alpollOHOBAHOIO PIIEHHS y (HopMi OJI0K-CXEeMH, a TAKOXK
MIPOBEJICHUH aHaJIi3 0COOJIMBOCTEH MOTO POOOTH Ta araparHol peai3ariii.

Cucrema crnpsMoBaHa Ha MiJABHILEHHS €HEProeQEeKTUBHOCTI  EIEKTPOMEXaHIYHOI CHCTEMU
HEHTPUPYTH, sSKa BUKOPUCTOBYETHCS I OYMIICHHA pOCAMHHOI omii. lle mocsraerbes 3aBAsKH
BIIPOBA/PKEHHIO 1HHOBALIMHUX MiIXOIB O @BTOMATUYHOIO KepyBaHHA. 3 iX BUKOPHUCTaHHSM CHCTEMa
3a0be3neuye TOYHUH Ta ONTUMAIBHUN KOHTPOJIh HaA pOOOTOI0 MEeHTpU(YrH, IO HPU3BOIUTH JIO
3MEHIIIEHHS CIIO)KUBAaHHS €JIEKTPUKHU Ta MIABUILEHHS 3arajlbHOi TEXHOJIOTTYHOI €(h)eKTUBHOCTI.

Cucrema Oyne BHKOPHCTOBYBAaTH KOMIUIEKC TPOTPaMHUX 1 amapaTHUX KOMITOHEHTIB JUIA
JOCATHEHHS 1111 3MEHIIICHHS] €HEPrOBUTPAT B LIEHTPUPY3i.

Hlomo amapaTHOrO 3a0e3neueHHs] KEPyBaHHS EIEKTPOMEXaHIYHOI CHCTEMOIO LEHTPU(YTH, BOHO
BKJIIOYA€ B ceOe JaTYMKH, MIKPOIIPOLIECOPHHN KOHTPOJIEp Ta BUKOHABY1 MeXaH13MHU. BOHU KOHTPOIIOIOTH
1 perymoloTh TapaMeTpH, SKi XapaKTepu3yloTh poOOTYy pOTOpa, HIHEKa Ta KHUBHJIbHUKA. JlaTdmku
Ha/Ial0Th B peajbHOMY 4Yaci JaHi IPO PeryjibOBaHI MapaMeTpH, Taki SK IIBUJAKICTb MOJadl CUPOBUHU
KUBWJIBHUKOM, KPYTHHM MOMEHT 1 CTYIiHb 3aBaHTa)XEHOCTI MIHEKAa MUIaMOM. MIiKpONpOIecOpHUit
KOHTpoJiep 00pobiisic 1o 1H(OpMaIll0 Ta Hagae Kepyroul il Ha BHKOHaBYid MexaHi3M. Lle nae
MO>KJIUBICTh CUCTEMI ITPUIIMaTH OOTPYHTOBAH1 PILICHHS, SIK1 ONTUMI3YIOTh IPOLEC OYMILEHHS OJIii.

[TporpaMHHii KOMITIOHEHT CHCTEMM BKJIIOYA€ CKJIAJHI AITOPUTMU Ta JIOTIKY KEpyBaHHS, SKi
3a0e3neuyroTh O0poOKy MaHWX BIJ AAaTYMKIB i (QOpPMYyIOTh TOYHI curHamu KepyBaHHs. Lli kepyroui
CUTHAQJIM MepearoThes Ha MPUBIJ, 110 J03BOJISE CUCTEMI YTPUMYBATH IIBUIKICTb, KPYTHUH MOMEHT Ta
1HIII TapaMeTpy poOOTH POTOpa HA 33JAHOMY PiBHI 3 BHCOKOIO TOUHICTIO.

ABTOMaTH30BaHE KEPYBaHHS Mae psaf neperar. [lo-nepiue, BoHO 3a0e3nedye oNTUMaIbHUI piBEHb
MIPOJYKTUBHOCTI Ul LIEHTPU(YTH, 110, B CBOIO 4Yepry, 3abe3nedye BUCOKY eHeproe@ekTuBHICTh. Ilo-
Apyre, 1€ MO03BOJSE CUCTEMI KepyBaHHsS LEHTPU(Yrorw IIBHUIKO IMiUIAIITOBYBATUCS O YMOB, SIKi
MO>KYTh 3MIHIOBATHCS BIIPOJOBXK MPOLECY OYUCTKM POCIMHHOI OJii, 1 3a0e3rneyyBaTd ONTHMAalbHE
poboue HaBaHTakeHHs. [lo-Tpere, cucrema 3abe3neuye MNOCTIHHMI MOHITOPHUHI TPOLECY OYUCTKH
poCIMHHOI 0ii, a came 30Mpae 1H(OpMALII0 Ta MOKa3HUKU MPOIYKTHUBHOCTI LUISIXOM peecTpaiii Ta
aHaJi3y JaHMX, 1110 TOCTYNAOTh BiJl €JIEKTPOMEXaHIYHOI CUCTEMH LIEHTPUYTH.

CnucoK BUKOPHCTAHOI JiTepaTypu

[1] Lentpudyransaoe odopynosanue npousoactea AO «CMHIIO - Wmxuuupuary/ OdimiiHuii
caiir  kommaHii  AO  «CMHIIO -  HWwxwaumpuar».-  URL:  https://frunze.com.ua/wp-
content/uploads/2021/02/ Centrifugi-katalog-2021-02.pdf.

[2] Mammsbl 1 anmapaTbl XUMHUECKHX Mpou3BoAcTB/ OGiliiiHUN caliT METOAWYHOI JiTepaTypHu.-
URL.: https://studfile.net/preview/9505578/page:40-50.
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[3] AIP VYkpaina: Enextpomuryn 7,5 kBt 3000 06/xB. — AUP112M2/ Odimitinuii caiit TOB
«Cucremu sikoctin.- URL: https://xn--80aqy.com.ua/katalog_elektrodvigatelei_air/air-112m2-7-5-kvt-
3000-0b-min.

[4] Odiiitanii caiit JIHTY .- URL: https:/lib.Intu.edu.ua/sites/default/files.

VK 681.5.004.94

MNPUKJIAIX MOAEJIOBAHHSA CUCTEMMU JIOT'TYHOT'O KEPYBAHHSA
B IMIPOI'PAMI STATEFLOW
JleBincekuiit M.B., JIeBincbkuii B.M.
(MaxLevinskyi@gmail.com, ValerylLevinskyi@gmail.com)
Hamionanenuii yHiBepcutet «OJiecbka MOPChKa aKaaeMisi»,
OnechKuil HalIOHATBHUI TEXHOJOTYHUHN yHiBepcuTeT (YKpaiHa)

B 00nosioi pozensdaromucsi npukiaou Mooenr08aHHs Cucmemu 102I4H020 Kepy8aHHs MpPaHCHOPIMHOKO
OLIAHKOIO nepemiwenns cunyuux sanmaoicie 6 npoepamax Simulink i Stateflow cepeoosuwa MATLAB ma
nepesipka npaye30amHocmi asmomMamuyHo CMeopeHoi NpocpamiL KepysanHs OilanKoo 6.cepedosuwyi TIA
Portal

AxryanpHicTh. CKJIagHICTh PO3POOKH aJrOpUTMIB i MpOrpaM JIOTIYHOTO KEpyBaHHS, HAIPHKIIA,
TPAHCHOPTHUMHU JUISHKAMH TEPEMILEHHS CUITyYUX BaHTaXIB, 3pOCTa€ 13 30UIBLICHHAM 4YHCIa
MEXaHI3MIB Ta JaTyMKiB, SKi 3a0e3medyroTh iX (yHKIiOHYBaHHS. lIpW 1IbOMY BHUKOPHUCTaHHS JIHMILE
EBPUCTHUYHUX METOJIB PO3POOKH aJIrOpUTMIB 1 MPOrpaM CTBOPIOE 3arpo3y BUHUKHEHHS TOMUJIOK Ta
301IBIIYI0 Yac, HeOOXiIHUH I TecTyBaHHs. B maHoMy BHNaJIKy pamioHaJIbHO BUKOPUCTATH TPOTPaMHU,
fK1 3acHOBaHI Ha Teopii KIHLIEBUX aBTOMAaTiB 1 JalOTh MOMJIMBICTh MOJENIOBATH IPOLECH, IO
YIPABIAIOTHCS TOISIMH.

Merta. Po3risHyTM Ha NpUKJIaAax AOLUIBHICT BUKOPHCTAHHS TaKMX HporpaMm uis MoOydoBH
ITOPUTMIB 1 IPOTPAM CHCTEMH JIOTIYHOTO KePyBaHHS TPAHCIIOPTHOIO TUISHKOIO IMEPEMILICHHS CHITYYUX
BaHTaXIB.

Meton. B sikocTi MeToay AOCHIIKEHHS! 0OpaHe MOJIETIOBAHHS CUCTEMH KEPYBaHHS 13 3aCTOCYBAHHSIM
nporpam Simulink ta Stateflow cepenosumia Matlab.

Pesyneratn. HaBeneHi npukianu MOJEITIOBAaHHS CHCTEMH JIOTIYHOTO KEpYBaHHS i3 3aCTOCYBaHHSIM
nporpam Simulink ra Stateflow. Otpumani TekcTu nporpam kepyBanHsi Ha MoBi SCL s mopansioro
nporpaMyBaHHS IPOMHUCIIOBUX KOHTposiepiB Simatic B cepemorumti TIA Portal.

BucHoBku. HaBeneni npukiiaiu MiATBEpANIN JOUUIBHICTh BUKOPHCTaHHs mporpamu Stateflow mis
noOy/IoBU Ta TECTYBAHHS aJrOPUTMIB CHUCTEMH JIOTIYHOTO KEpPYBAaHHS 1 aBTOMAaTUYHOI'O OTPUMAHHS
TEKCTIB Iporpam sk MpOMHCIOBUX KoHTposepiB. [Iporpama Stateflow moxe Oyti pexomennoBana s
MiATOTOBKY CIIEI[IaJIICTIB 3 -aBTOMAaTH3aIlil BHPOOHMYMX TPOIECIB B OTPUMAHHI HABHUYOK aHATI3Y i
CHHTE3Y CHUCTEM JIOTTYHOTO KEpYBaHHS.

CnucoK BUKOPHCTAHOI JiTepaTypu

[1]. Stateflow and Stateflow CoderUser’s Guide. USA:The MathWorks Inc, 2009.

[2] D. Shames, and D. Rosner. “Stateflow: A simulation environment for embedded systems”. IEEE
Control Systems Magazine, 19(4), p. 49-57, 1999.

[3] M. Burke. Stateflow Best Practices. USA:The MathWorks Inc, 2012.

[4] https://uk.mathworks.com/products/simulink.html.

[5] https://uk.mathworks.com/products/stateflow.html
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YK 004

AKTYAJIBHICTh 3ACTOCYBAHHSI THOOPMAIIMHUX TEXHOJIOI'TH ITPA
YIPABJIIHHI TEXHOJOT'TYHUMMU ITPOLIECAMHU KPIOT'EHHOI TIPOMUCJIOBOCTI.
IHTEP®ENC CUCTEMMU.
Monuenko M.1O., Mampenko B.O., CeniBanoBa A. B.
(shmonda@gmail.com, vmamrenko@cryoin.com, av_selivanova@ukr.net)
OnecpKuii HalIOHATBHUI TEXHOJOTIUHUHN yHiBepcuTeT (YKpaina)

Memoto 0anoi pobomu € U3HAYEHHA AKMYAILHOCMI 3ACMOCY8AHHS IHPOPMAYILIHUX MEXHONO02Il,
a came iHmepeiicy cucmemu npu YnpagiiHHi MexHoI02IYHUMU NPOYeCaMU KPIO2EHHOT NPOMUCTIOBOCHII.

CTpiMKU{ PO3BHUTOK HOBHX TEXHOJOTIYHUX 3aC00iB, MPOrpaMHUX MPOAYKTIB, €ICKTPOHHUX,
KOMYHIKaI[iIfHIX MeEpeX 3yMOBIIOIOTH MOTpeldy aHami3y Cy4acHOro craHy iHpopmaru3amii OCBiTH B
VYkpaiHi i BU3HaueHHs 11 MOJAJbIINX MEPCIEeKTUB 1 TeHAEHIINH PO3BUTKY B KOHTEKCTi BIPOBAIKEHHS Ta
BUKOPUCTaHHA 1H(OPMALIfHUX TEXHOJIOTIH B MISTIBHOCTI MiIPUEMCTB.

Peanii cydacHOro cTaHy TEXHOJOTIYHUX IPOIIECIB KPIOTEHHOI MPOMMCIOBOCTI BU3HAYAIOTh, IO
PO3BHUTOK iH(pOpPMALIHHUX TEXHOJIOTIH, a came po3po0Ka Ta BIPOBAKEHHS HA OCHOBI Cy4acHOI MOAEi
€proHOMi4HOrO iHTep(delcy KpioreHHOI CUCTeMH Oe3MocepeHbO BILUIMBAE HA 3POCTAaHHS MOKA3HHKIB Y
KpIOTeHHIH MMPOMHUCIIOBOCTI Ta MOMIMIIEHHS SIKOCTI MIATOTOBKH (axiBIliB i poOOTH Ha MiANPUEMCTBAX.
Tomy, OesnepeduHo, CBO€YacHE BIOPOBAHKCHHS 1HQOpPMAIIHUX TEXHOJIOTI TpH  YHpaBIiHHI
TEXHOJIOTIYHIMH TIPOIECaMH KPIOT€HHOI MPOMHUCIOBOCTI Ta BH3HAYCHHS HAOUIBIN aJanTHBHUX 3aC00iB
3aCTOCYBaHHA iHTepdeiicy CHUCTEeMH BIJKpPHUBAE€ HIMPOKHMA CIEKTp KOHKYPEHTHHX MOXKIMBOCTEH. Aje
BIIPOBA/KEHHSI HOBUX TEXHOJIOTiH BHMara€ MPHUHATTS IUIOTO KOMIUICKCY 3aXO[iB, CHPSIMOBAHUX Ha
po3poOKy HOBOro iHTep(eiicy KpioreHHOi; HOro ampoOalliid Ta NporpaMH BIPOBAKEHHS HOBOL
iHpopMamiiHOI CHCTEeMH B YNPAaBIiHHI TEXHOJOTIYHHUMH NpPOIECaMHU Yy MPOMHCIOBOCTI. Buxomsunm 3
OOIPYHTOBAHOI aKTYaJIbHOCTI JaHOi MpoOJeMaTUKH, aBTOPOM OyJo OOpaHO TeMy TUIUIOMHOI poOOTH:
«JlocmimpKkeHHs 3aCTOCYBaHHS 1H(POPMAIIHHIX TEXHOJIOTIN MPU YIPABIIHHI TEXHOJIOTIYHUMH MIPOLIECaMU
KploreHHOo1 mpomucioBocTi. [HTepdeiic cucremuy». BianosiiHo, npeaMeToM € iHpopMalliiiHi TeXHOJOT1i B
VIPaBIIiHHI TEXHOJIOTTYHUMU TIPOIIECaMH, a 00’ €KTOM — iHTepeiC KPIOTCHHOT CUCTEMH.

Merta numioMHOi pof0TH — po3poOKa Ta 3aCTOCYBAaHHS CY4acHOro iHTepdelcy A yrnpaBiliHHSA
TEXHOJIOTIYHUMH ITPOLIECaMU KPIOT€HHOI TPOMHUCIOBOCTI.

OcHOBHI 3a7ayi: TEOPETHUYHUIl aHai3 HAyKOBOI JIITEpaTypH 3 BHILE3a3HAUYEHOI MPOOJIEeMAaTUKHU;
y3arajlbHeHHs TEOPETUYHUX NEepIIOJKEepeN; MIaHyBaHHS eTamiB JIOCHIIKEHHs; po3poOka iHTepdeicy
KpIOT€HHOT CUCTEMM; 3aCTOCYBAaHHS Ta alpoOallis CHCTEMH Y HABYAJIbHOMY IPOLIECI.

HaykoBa HOBH3Ha IUIIOMHOi pOOOTH TOJISITa€ B TOMY, IO BIEpIIe OYIO TOCHIKEHO Ta
OOIPYHTOBAaHO e(EeKTHBHICTh 3aCTOCYBAHHS CYYacHOro iHTep(delcy yNpaBliHHA TEXHOJIOTTYHUMHU
mporiecaMi B KpPIOTEHHIH cUCTeMl Yy HaBUalbHOMY mporeci. [IpakTnyHa 3HaUYuMICTh — Oe3mocepeHbo
BIIPOBAPKEHHSI L1€T CUCTEMH JI0 HABYAIBHOTO MPOLIECY.

CyuyacHi 1H(OpMaLiiHI TEXHOJOTIT JO3BOJISIIOTH CTBOPUTH €IMHE 1H(OpPMAIiiHE CEepeIOBHIIIE,
($13MYHOI0 OCHOBOIO SIKOTO € IHTErpOBaHI KOMII'IOTEpPHI MEpEeXi Ta CUCTEMM 3B 53Ky, IO Ja€ 3MOTY
CYNpOBOJPKYBATH Ta KOOPAMHYBATH SK TEXHOJIOTIYHI TPOIECH, TaK 1 JUJIOBY [IsUIbHICTH Ha
M1 ITPUEMCTBI.

Ane /Ui €KOHOMIYHOrO Ta OUIbII 3PY4HOIO, SIKICHOIO YIPaBJIIHHS MOJEJUII0 TEXHOJIOTTYHOTO
Ipoiecy y KPUOTeHHIH NIPOMMCIOBOCTI  BMHUKAa€E ToOCTpa MOTpeda y po3poOli JOCTYMHOrO Ta
€proHOMIYHOTrO 1HTepdeilcy CUCTEMM, LIO0 JO3BOJIUTH CHPOCTYBATH Ta 3pPOOUTH OUIBII JIOCTYIHUM
(opMyBaHHS HABUYOK Ta MpodeciiiHMX KOMIIETEHTHOCTEH MPH MiArOTOBLII Cy4acHUX (haxiBIIiB.

JlocnimkeHHIO pi3HUX aclekTiB iHpopMmaTH3alii B YKpaiHi B yMOBax riobanizaiii Ta po3BUTKY
1M(POBOro MPOCTOPY MPUCBAYCHI POOOTH Takux ydeHux, sk JI.€. JloBranp, A.B. Kosuneus [1], A.D.
Mamnako, [.B. Kononenko [2], Maptuntok [3] Ta iH. Y poOOTax HAyKOBIIIB TOKJIAAHO Ta IIHUPOKO
BUCBITJIIOETHCS AKTYaJbHICTh YHNPOBAKEHHA 1H(GOpPMAaLiHHUX TEXHOJOriH, IXHS poJib, NMEPCIEeKTUBU
MOJAJbIINX BIUIMBIB Ha CTpaTeriuHi NpIOpUTETH. AJe HE JOCHUTh YBard MNPHUAUISETHCS MpodiieMam
3aCTOCYBaHHS 1HTepQeiciB KpIOreHHMX CHCTeM,  BHU3HAUEHHS IXHIX TepeBar s MOAAJIBIIOTO
3aCTOCYBAHHS B YIPABJIIHHI TEXHOJOTTYHUMHU MPOILIECaMi KPUOTEHHOI TPOMHUCIIOBOCTI.
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Croroani Ha IT-puHKY MOXKHaA CHOCTEpIraTH BEJIHUKE PO3MAITTS MPOTPAMHHUX MPOAYKTIB, aye
0arato 3 HHUX 3HAXOJAThCSA Ha CTaii PO3BUTKY; HEMA€E YHIBEPCAILHOIO MEXaHI3My PETyIIOBAaHHS PHUHKY
MONUTY Ta MPOIO3UIlii; HeMae e(EeKTUBHUX, ONTUMAIBHUX 1HCTPYMEHTIB a00 1HTep(EHCiB KpiOreHHUX
cucTeM, AKi O 3a70BOJILHSUIM IHTepecaM oreparopiB Ha BUpoOHUITBI [1]. Takox Opakye iHCTpYMEHTIB
JUIsl TIPAKTUYHOI MiArOTOBKM Ta HaBuyaHHs 3700yBaviB 3BO B mawii ramysi, mo gajgo © 3MOrw 10
MIPOXO/KEHHS BUPOOHUYOI IPAKTUKH, HAOYTH HAaBUYOK POOOTH 3 00JIaTHAHHSIM.

[Ipu BUKOHAHHI TPETHOI 3a/ayi AUIUIOMHOI poOOTH, a came, Po3poOKH iHTepdeicy KpioreHHOT
cucTeMH OyJI0 CIIPOEKTOBAHO JIFOIUHO-MAITMHHNK iHTepQeiic, SKUil MpecTaBIeHo Ha puc. 1.

Hanuii rpadiunuii iHTEpdEeic € eproHOMIYHIM, TOOTO, OUTBII MPUCTOCOBAHUHN IO ONEpalliiHuX
MO>KJIMBOCTEH OIEpaTopiB, a TAKOK (POPMYBaHHS MPAKTUYHUX HABHUOK 37100yBaviB.

Mo:keMo migcymyBaTH 10 po3poOKa Ta BIPOBADKCHHS €PrOHOMIYHOTO iHTepdeiicy cucteMu B
YIpPaBIiHHI TEXHOJOTTYHUMHM IPOIeCaMUd KpPIOr€HHOI IPOMHUCIOBOCTI JO3BOJIUTH ITIBHUIIATH SKICTh
MiATOTOBKM ONEpaTopiB Ha BHPOOHHITBI. J[0 TOTO 3K, BIPOBA/PKEHHS TaKOl CHCTEMH Y HaBUYAIbLHUIA
MPOLIEC JTO3BOJIUTH MIJBHUIMUTH SKICTh MIATOTOBKH 3100yBauie 3BO ramy3i HU3BKOTEMIIEPATYPHOI
TEXHIKH Ta YJIOCKOHAJIHUTh IX OMeEpalliiHi HaBUYKH YIPABJIiHHS, BHINE3a3HAYCHUMH IPOILIECAMH, HE
BHMAaral4m 3aCTOCOBYBATH CKJIQJHE Ta JOpOroBapTicHe oOnagHaHHA. Takox 1e Mae Barome 3HauYCHHS
MiJ 4yac BIMCHKOBOrO CTaHy, KoM 3400yBadi 3MOXKYTh HaOyBaTH [OCBIAY poOOTH 3 KpIOr€HHHUMU
crcTeMaMH B O€3MEYHUX YMOBAX.
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e
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Puc.1 JlronuHO-MammuHHKUN iHTepdeiic KplOreHHOT CUCTEMH
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MPEANPUATHS JUISl IIIAHOBOTO Ieproia. Bocrouno-EBpornelickuil )KypHai nepeqoBsix TexHosnoruit. 2010.
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JOCJIILIKEHHS HIAXO/AIB 10 'PYITYBAHHS 3 METOIO PE3YJIbBTATUBHOI'O
®OPMYBAHHA HIJIBOBUX KIIIEHTCHBKUX CEI'MEHTIB
Omiiinuk C.B. (sviatoslav.oliinyk.knm.2020@Ipnu.ua),
boiiko b.M. (Bohdan.Boiko.mMEBA.2022@Ipnu.ua)
Hamionanbhuii yHiBepcutet “JIbBiBchka nositexHika” (YkpaiHa)

Hocnioowcenns mae na memi poO3SNAHYMU MONCIUBICMb CMBOPEHHS YLIbOBUX 2PYN KIIEHMI6
UWLTISIXOM BUKOPUCMAHHSL PI3HUX Memodis Kiacmepuszayii ma nopieHamu ix eghekmuenicmo y Gi3Heco8oMy
konmexcmi. Ilpogedeno amaniz pizHux nioxodie 00 Kiacmepusayii 0as GOpMySaHHI  YiNbOBUX
KIIEHMCbKUX ceemenmis. Ompumani pe3yiomamu 6y0yms KOPUCHUMU O NPAKMUKIB ) cghepi OizHecy ma
MapKemuHey, OCKIIbKU 60HU 00360JIAMb GUSHAUUMU HAUOIIbW epeKmusHull Memoo Kiacmepusayii 0
CMBOPEHHA YLIbOBUX CPYN KILEHMIB.

CrorojHi, y rainysi 6i3Hecy, KO’)KHa KOMIIaHisl HAMaraeTbCsi MAKCHMaJIbHO €()EKTHBHO MPOCYBATH
CBOI TOBapu ab0O TMOCIYrH cepel CBO€l IUIbOBOI aymutopii. OauH 13 KIIOYOBHX METOJIB, SKi
BUKOPUCTOBYIOTHCSl JUIS JIOCSTHEHHS 1i€1 MeTH, - 1€ PO3JAUICHHS KII€HTIB Ha LIUIbOBI Tpymu Ta
BUKOPUCTaHHS 1HAWBIMyaJIbHUX MIAXOMIB J0 KOXHOI 3 HUX. AKTYaJIbHICTh JaHOI poOOTH MoiArae B
JOCTIIKEHH] PI3HUX METOJIIB KJacTepu3allii Ta 1X BUKOPHUCTaHHI JJisl CTBOPEHHS LIILOBUX IPYI KIIIEHTIB
3 METOIO MiABUIIEHHS e()eKTUBHOCTI MApKETUHTOBUX KamnaHiii. OCHOBHOIO METOIO I[bOTO JIOCIIKSHHS €
BCTAHOBJICHHS, KU METOJ| KiacTepusalii € Hailoinpul epekTUBHUM sl (POpMYBaHHS IIIHOBUX TPYI
KITIEHTIB 1 HOPIBHSIHHA HOTO 3 IHIIMMU TOCTYITHUMHU MeTonamu [1].

VY cy4acHOMY CBITl, KOHKYPEHLisl MDK KOMHIaHIsIMU LIOPOKY 3pocTae. TpaauuiiHi cTpaTerii s
MPUBEPTAHHS Ta YTPUMAaHHS KJIIEHTIB BK€ HE TaK e(EKTHBHI, OCKIJIbKM PHHOK HACHYCHUI MOIIOHUMHU
TPOJIyKTaMH Ta MOCITyraMu [2]. Ans BupillieHHS 1IbOI'O BUKIUKY KOMIIaHI1 IOBUHHI MaTH OLIbII INIMOOKE
3pO3YMIiHHSI CBOiX KJII€HTIB, HI)K KOHKYPEHTH, 1, TOJIOBHE, PO3YMITH, IO came iM MOTPIOHO Ta YOMY BOHH
OOMpaIOTh TOW YM 1HIIMH OPOAYKT. Y IIbOMY KOHTEKCTI MAllMHHE HAaBYaHHS Ta METOIM KjacTepu3auii
MOXYTbh OYTH Ba)XJINBUMH 1HCTPYMEHTAMH.

Metoau kiactepusaiii € OAHUMHU 3 HaWOUIBLI PO3MOBCIO/PKEHUX TEXHIK MALIMHHOTO HaBYaHHS,
Kl BUKOPUCTOBYIOTbCS JUISI TPYNyBaHHA CXOXHX 00'ekTiB y Kareropii. Knacrepuzauis no3Bossie
BIJJOKPEMHTH TPYIH KJIIEHTIB 32 CXOXKUMHU XapaKTepUCTHUKaMH a00 MOBEIHKOIO 1 CTBOPUTH Ha X OCHOBI
11760B1 rpynu [3].

HaOip naHux Ki1i€HTIB po3ApiOHOI Toprisii B [HTepHETI npencTapisie co00I0 IIHHUN pecypce 1Uis
MPOBEJICHHS aHaIi3y cerMeHTaiii kienTiB. Janwii natacer (Puc. 1) Mictuts iHdopmariro mpo moxax 500
000 TpaH3aKmii B OHJIAH-MarasuHi, BKJIIOYAIOYM JaTy MOKYNKH, NMpUAOGaHi TOBapH, IiHY KOXXHOTO
TOBapy Ta KpaiHy PO3TalIyBaHHS KITIEHTA.

3a nonomororo ¢yHkuii describe() 3 6i0mioTexu Pandas 6ymna cTBopeHa onucoBa CTaTHUCTUKA JUIS
poro Habopy nmanux. Ll craThcTuka Hamae MIBUAKHA 3arajlbHUM OTJIS LEHTPAITBHUX IOKA3HUKIB,
BapiabesIbHOCTI Ta PO3NOALTY JaHUX, BKIHOYAaOUH HACTYIHY 06a30BY iH(opMarlio:

. KinbkicTh criocTepekeHsb (3amuciB) y JaTaceTi.

Cepenne 3HaueHHs (CepeIHIM MOKa3HUK) JIJIS YUCIOBUX 3MIHHUX.

CrannapTHe BiIXWICHHS, K BKa3ye HA PO3KU]] TAHUX HABKOJIO CEPETHBOTO 3HAYCHHSI.
MiHiManbHe Ta MaKCUMaIbHE 3HAUEHHS AJIs KOXKHOI YMCIIOBOI 3MIHHOI.

Kapruni (25%, 50%, 75%) sik Mipu LIEeHTPaJIbHOT Ta XapaKTEPUCTUKN PO3MOALTY TaHUX.

Il onmcoBa cTaTuCTHKa JONOMAarae OTPUMATH 3arajibHe YSBIEHHS NP0 CTPYKTYPY Ta PO3IMOJLT
JaHUX, 110 Jajl MoXe OyTH BHKOPUCTAHO JIi MOJAJbIIMX AHAJITUYHHUX BUCHOBKIB Ta BU3HAUYEHHS
CTpaTerii cerMeHTaIlli KJI€HTIB.

3a 10MOMOT 010 IIbOr0 HA0OPY JaHUX MOXHA OTPUMATH BXKJIMBE YSBJICHHS PO MOJAENI MOBEAIHKH
Ta BIoJ0OaHHS KJIi€HTIB. BU3HAUNTH IHHMX KJII€HTIB 1 pO3pOOUTH LIJIOBI MAapKETUHIOBI CTpaTerii, sKi
CTIPSIMOBAHI Ha MIiJIBUIIEHHS JIOSJIBHOCTI KJIIE€HTIB 1 30uIblIeHHsT npuOyTKy komnadii. [ToBHuUil oOcsr
JaHUX B IbOMY HAOOpi JaHUX HAJa€ MOXKJIMBICTh BUSBUTHU 3HAUYYLl TPYNU KIIEHTIB Ta BU3HAUYUTU
TEHJICHIII1 B IXHbOMY CIIO’KMBaHHI Ta MOBEIIHIII.
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Quantity UnitPrice CustomerID

count 406829.000000 406829.000000 406829.000000
mean 12.061303 3.460471  15287.690570
std 248.693370 69.315162 1713.600303
min  -80995.000000 0.000000  12346.000000
25% 2.000000 1.250000  13953.000000
50% 5.000000 1.950000 15152.000000
75% 12.000000 3.750000 16791.000000

max  80995.000000 38970.000000 18287.000000

Puc. 1. Onuc BXigHAX JAHUX

BaxmBo Big3HAUMTH, IO Ui ONTHMAJIbHOTO BUKOPUCTAHHS LBOTO HAOOpPY MaHUX MOXKe
3HQI00MTHUCS TIEBHA mMolepeaHss oOpoOka Ta ouumieHHs. Lle Moke BKIIHOYATH BHUIAJCHHS JTYyOJIKaTIB,
00poOKy BIACYTHIX 3HA4eHb Ta CTAHIAPTHU3AII0 3MIHHHUX, 00 3a0e3MeYuTH OJHOPIAHICTH Ta
MOPIBHIOBAHICTh JaHUX MK PI3HUMH KJlieHTamu [4].

Opniero 3 KIIOYOBUX TepeBar IbOro HA0Opy MaHMX € WOro JOCTYHHICTH JUIS 3arallbHOTO
BUKOPHUCTaHHA. BiH Hajae MOXIJIMBICTH BUKOPHUCTOBYBATH Pi3HI METOJM KiIacTEepH3allii Ta aHali3y AJs
MOPIBHSTHHSI PE3yJIbTATIB 1 PO3BUTKY OUIBIIT €()EKTUBHUX CTPATETii B MAPKETUHTY T yTPUMaHH| KITI€HTIB.

VY OoCTaHHI POKH CHOCTEPIraeThCsl 3HAUHUI PICT 3aCTOCYBAHHS CTpaTeriil LIJIbOBOIO MapKETHUHTY
KOMIIaHIIMHA PI3HOTO po3Mmipy. Llsi TeHAEHIs MOSCHIOETHCS PO3BUTKOM IH(PPOBUX MAPKETHHTOBHUX
KaHaliB, SIKI HaJalOTh KOMIIAHIAM 3MOTry €(QEeKTHMBHO HAJAIITOBYBaTH CBOIO LUIbOBY ayaurtopito. lle
BUMAara€e 3HaYHHUX iHBECTHUIIIH y pO3pOOJIEeHHS Ta BIPOBA/HKEHHS IUJILOBUX KaMIlaHii, sSKi BPaxOBYIOTbH
motpeOu Ta Brogo0aHHs KiieHTiB [1].

OpHi€0 3 KIIOYOBUX TEHJIEHINH y LbOMY KOHTEKCTI € BUKOPHUCTaHHS AJITOPUTMIB MAaIIMHHOTO
HaBYaHHS JUIs KjacTepusauii Ta cerMeHTauii. 3a JOMOMOIOK IITYYHOIO 1HTEJIEKTY, KOMIaHii MOXYTh
BUSIBIISITH 3aKOHOMIPHOCTI Ta IHCAWTH B JaHHWX CBOIX KJIEHTIB, sKi Oyno © BaXKo ab0 HEMOXIIMBO
BUSIBUTH 3a JIOTIOMOIOI0 TPaAMLIHHUX METOAIB. BHKOpHCTaHHS alropuTMiB KJlacTepH3allii J103BOJISE
IpyIyBaTH KII€HTIB Ha OCHOBI IXHIX CHUIBHUX XapaKTEPHCTUK, TAKUX SK JeMorpadiuHi 1aHi, MOBEIIiHKA
Ta BIOAOOAHHSA, 1 1€ BIJKPUBAE€ MOXKJIMBOCTI JUisl CTBOPEHHS II€PCOHANII30BAHUX MAapKETUHIOBUX
KaMITaHii.

[Tpote, iCHYIOTB I€SIKI BUKJIUKH, SIKI Tpeba BUPIMIUTH, 100 YCIIIIHO BIPOBAXKYBATH I1i CTpaTerii.
BaxnmBo mMaty sKicHI Ta 00'€MHi IaHl, OCKUIBKH 1€ KJII0UOBHN (PaKTOp U €peKTUBHOTO BUKOPUCTAHHS
MalIMHHOTO HaBYaHHs. TaKOX HEOOXITHMI TEeXHIYHUH NOCBIA y Taiy3i aHamizy JaHUX Ta MaIIMHHOTO
HaBYaHHS JIJIsL YCIIITHOTO 3aCTOCYBAaHHS IIMX METO/IIB.

3arajioM, po3BUTOK CTPATEriil I[UIbOBOTO MapKETUHTY LIBUJIKO MPOJIOBXKYyeThca. HoBi TexHomoril
Ta METOAU HaJal0Th MOXJIMBICTH CTBOPIOBATH OLIbII PO3IIMPEHI Ta €()EeKTHBHI LUIbOBI KaMIlaHli, SKi
BUKOPHCTOBYIOTh CHJIy MAIIMHHOIO HaBYaHHS Ta aHali3y JaHUX JUId B3aeMOJli 3 KIEHTaMH 1
M1JBUILICHHS €()EKTUBHOCTI MAPKETUHIOBUX 3YCHIIb.

Bszarani, 6yno mpoBeaeHo aHaii3 3a JIOMOMOrorw MeTonay kiactepusainii K-Means Ha BXiTHHX
TaHUX, IK1 MICTATH iHPOPMAIIiI0 IPO TpaH3aKIil B OHJIAWH-Mara3uHi. My poBenu cepito eKCIIEpUMEHTIB,
BUKOPUCTOBYIOUU Pi3HY MOYATKOBY KIJIBKICTh KJIACTEPIB, 1 JJI OLIHKU PE3yJIbTaTiB BUKOPHCTOBYBAJIU
nokasHuk silhouette score (Tabu. 1).

Tabmuns 1. [opiBHsuibHA TaOmwIs A merony K-Means
N kJacrepis 5 10 15 20 9
Silhouette score 0.48 0.45 0.47 0.42 0.515

TakuM YHMHOM, Ha OCHOBI OTPUMAaHHMX pE3yJbTATiB MOXKHA CTBEP/KYBATH, IO HAWKpalIuM
BapianToM st Metony K-Means € Bukopuctanss 9 kiacrepis.

Meron K-Means € omHuM 3 HaWOUIBII PO3MOBCIOKEHUX MMIAXOMIB IS KjacTepu3arlii 1
cermeHTanii kmieHTiB. IIpoTe BiH moTpedye MOMEpeHbOr0 BHU3HAYEHHS KITBKOCTI KJIACTEpiB, L0 HE
3aBKIM MOKJIMBO 3pOOUTH Tepe]] BAKOHAHHSIM aHaji3y i MOKe BIUIMHYTH Ha pe3yJbTaTH. BUkopucTaHHS
MeToAy "MKTA" JormomMarae BUBHAUUTH ONTUMANbHY KUJIBKICTh KJIACTEPIB Ul KOHKPETHUX JaHMX, K MU
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3pOoOMIIH Y HAIIOMY JOCTIKEHH], OTPUMABIIIA HAUKPAIIUKA pe3ynbTaT Mpu 9 KIacTepax.

[Ticns 3acrocyBanHs merony K-Means no nmaHux Oynu oOYHMCIIEHI cepefHi 3HAYEHHS TPHOX
XapaKTEePUCTUK (AOXOMa, VYHIKaJIbHI €JIEeMEHTH, dYacToTa) IS KOXKHOro Kiactepa. Pesymbratn
npezacTasieHi y ¢popmi tabnuui (Puc. 2).

Revenue UniqueItems Frequency
Cluster

0 444256215 24.994068 18.592684
1 32970.662917 75.833333 515.250000
2 241136.560000 327.000000 456.000000
3 1239.726135 42641107 233.433992
4 64776.602500 1503.750000 594.250000
5 2680.212703 78.648294 539.251969
6 6236.801824  303.226415 417.062893
7 2852.447883 141.883168 239.906931

8 75746.402500  558.250000 528.500000

Pucynok 2 - Pe3ynbratu 3acrocyBanns Metony K-Means.

3arajioM, pe3ynbTaTH LBOTO JOCHIIKEHHs MeTony Kiacrtepusauii K-Means HaznaroTh IIHHY
iHpopMairo s cerMeHTanii KiieHTchkoi 06a3u. OTpuMaHi AaHi MiJKPECTIO0Th BaXIUBICTh YBaKHOTO
BHUBUEHHSI KUIBKOCTI Ta SIKOCTI KJAacTepiB, a TaKOX MOXKJIHMBICTH 1HTEpIpeTalil XapaKTepUCTUK IUX
KjactepiB. Bu3HavyeHi MiNbOBI TPyNH KIIEHTIB Ta 1XHI XapaKTEpPUCTUKUA MOXKHA BHUKOPHUCTOBYBATH JIJISI
HAAIITYBaHHS MApKETHHTOBUX CTpaTerid, MiJBUIICHHS PIBHSA 3aJ0BOJEHOCTI KJIIEHTIB Ta MIATPUMKHU
pocty Oi3Hecy.

BucHoBku. Y naniii po6oti Oyn0 MpoOBEACHO MOCHIIKEHHS HIOJO0 CTBOPEHHS LLUILOBUX TPYII
KIIIEHTIB 32 JIOTIOMOTOI0 METOJIIB KiacTepu3allii. I3 3ammOiIcHIM aHai30M JIiTepaTypHUX JHKepen Oyia
BHU3HAa4Y€HAa BAXJIMBICTh LUJIbOBUX KaMIaHIM Ul OXOIUIEHHS KOHKPETHMX CETMEHTIB CIOXHBayiB Ta
MakcHUMi3alii MapKeTHHroBoi epekTuBHOCTI. [locTaBuBIIM mepex coO0I0 3aBJaHHS, MA Majld HAa METI
BUKOPHUCTATU OOpaHUil METO/1 KJIaCTepU3allii IIs1 CTBOPEHHS LILTLOBUX T'PYII KIIIE€HTIB.

[Tix yac anamizy MarepialiB Ta METO/IB, Oy 0OrOBOpEHi OCHOBHI CTPATETii, 110 3aCTOCOBYIOTHCS
B ILUJIBOBUX KaMMaHifX, 1 BUCBITJIMIM MOTOYHUN CTaH JAOCTKEHb y Iiil ramy3i. bymo BuUcCBiTIEHO
BOXJIUBICTh METOJIB KJIacTEPH3alii SK MOTYXKHOTO 1HCTPYMEHTY s ineHTH]IKaImii rpyn KIi€HTIB Ha
OCHOBI CXOXKOCTI Ta HIaQJIOHIB y iXHIX XapakTepHCTUKax Ta nmoseliHIi. Kpim Toro Oymu nociimkeHHi
JIOTIOMIXKHI METOAM aHai3y AaHMX, SKI MOXYTh MIJBUIIMTH TOYHICTh Ta HAAIMHICTb pe3yJbTaTiB
KJIacTepH3allii.

VY cepii ekcrieprMeHTIB OyB 3aCTOCOBaHMIA anropuT™ kiacrepusaiii K-Means. 1li ekciepumeHTH
J03BOJIMIIM  OLIHUTH €(QEeKTUBHICTh Ta MNPUIATHICTH LBOTO METOAY S CTBOPEHHS LUIBOBUX TpyM
KJIIeHTIB. byna mpoBesieHa cepisi eKCIEPUMEHTIB 13 PI3HOIO KUIBKICTIO KJIACTEPIB JJIsl OLIIHKU PE3yJIbTaTiB
Ta TMOLIYKY ONTHUMAJbHOIO 3HAYeHHsA. Takok, OyB BUKOPHUCTaHMH JONMOMDKHHMM Meron "mikTsa" uis
BU3HAYCHHS ONTUMAIBHOTO TIOYaTKOBOTO 3HAYCHHSI.

Mo>kn1Bi ONTHMI3allii pe3ysbTaTiB BKIOYAIOTh YAOCKOHAJIEHHS METOJIB MOMepeIHboi 00poOKH
JaHUX Ta CTBOPEHHSI HOBUX O3HAK JUIS MiJIBUILEHHS TOYHOCTI Ta eheKTUBHOCTI Kiactepu3zaiii. Kpim Toro,
ONTUMI3allisl NapaMeTpiB METOJIB € Ile€ OJHUM BaXJIMBUM acCHEKTOM IIOKPALIEHHs pe3yJbTaTiB
kiactepusamii. Pi3Hi anroputMu kiacrepusanii MaloTh pi3HI MapaMeTpH, SKi MOKHA HANAIITYBaTH IS
JOCATHEHHS TOYHMX pe3ybTatiB. [IpoBeieHHs aHani3y 4yTIUBOCTI Ta €KCIIEPUMEHTIB 13 HaJallITyBaHHAM
mapaMeTpiB MOK€ JONOMOTTH BH3HAUWTH ONTHUMAlbHI HAJAIITYBaHHS MapaMeTpiB Uil KOXHOTO
aJITOPUTMY Ta HaOOPY JaHUX, IO MiJBUIIUTH €(PEKTUBHICTH KJIaCTepHU3allii.

[lepcriekTBaMu MOJANBIIUX JOCTIIKEHb € 3aCTOCYBaHHS IHIIWX METOJIB KJacTepw3arlii s
OTPUMAHHS KpalMx pe3yibTariB. IHmi meronu, taki sk Affinity Propagation abo DBSCAN, MOXyTb
OyTH JOCIHIKEHI, MO0 TOoM0NaTH OOMEXKEHHS TPAIUIIMHUX aJITOPUTMIB 1 BHUSBUTH OUIBII HINIOBI
CerMeHTH KJieHTiB. KpiMm Toro, iHTerpatist iHIMX METOAIB aHali3y JaHUX MOXKE JOIOMOITH 3a0€3NeUUTH
OUIBLI TOBHE PO3YMIHHS MOBEIIHKH Ta BIIOJ00AHb KITIEHTIB.

JlonaTkoBo, BUBYEHHS BIUIMBY BKJIFOUEHHS JIOJIATKOBHX JKEpEJ JaHUX, TAKUX SIK JJaHi COLIaTIbHUX
Menia abo TeormpocTopoBoi iHdoOpMalli, y mpolec Kiactepusarlii MOXe MPHU3BECTH J0 PO3UTUPEHHX
MoJIesIel cerMeHTallil.
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MOJAEJIBHO-OPIEHTOBAHE IMPOEKTYBAHHSA ITPOT'PAMHOI'O 3ABE3IIEYEHHSA
B CEPEJJOBHUIII MATLAB Simulink IJISI KOHTPOJIEPIB 3 BUKOHABYOIO CUCTEMOIO
CoDeSys V3.5
[MamkoB C. O., ®insapeskuii B. 1., Hetpenko J1. C. (sergypashkov2001@gmail.com,
filyarsky@gmail.com, dmytropetrenkoO0@gmail.com)
Onechbkuii HallOHANBHUM TEeXHOMOTIUHU yHiBepcuTeT (YKpaiHna)

B Oocnidocenni poszensnyma memoouka eukopucmauHs. cepeoosuwa Matlab Simulink Ona
MOO€ENbHO-0PIEHMOBAHO20  NPOEKMYBAHHA NPOSPAMHO20 3a0e3NeUeHHs NpPOPAMOBAHUX — O2TYHUX
xkoumponepis (IIVIK) 3 suxonasuoio cucmemoro CoDeSys V3.5.

IMocranoBka mpodJem. Ilicisa po3pobku Ta TecTyBaHHsS aJITOPUTMIB OE€3MEPEpBHOTO Ta JIOTIKO-
IPOTPaMHOTO KEPYBaHHs, CIIELialicTaMH 3  CHCTeM KepyBaHHs, mix dac mnporpamyBanHs [1JIK
creriaiicraMu-IporpamMmicTaMu oJIeKy il BUHUKAIOTh PI3HOMAaHITHI MPOOJIEMH MOB’sI3aH1 3 «TIOJICEKUM)
(bakTopoM, sKI NPU3BOJATH 10 HETOYHOI peaii3allili alfOpUTMY B IporpaMHoMy Koal. OJHHUM 3 IIIAXIB
3ano0iraHHd 1IMX MOMMWIOK € BUKOPUCTAHHS MOJEIbHO-OPIEHTOBAHOIO IMPOEKTYBAHHS IMPOrPaMHOI0O
3a0e3nedyeHHs, M0 A03BOJSE PO3POOIATH Ta MPOBOIUTH IMITAIlliHE MOJIETIOBAHHS SIK yCi€l cCUCTEMHU
LJIKOM, TaK 1 il KOMIIOHCHTIB. A aBTOMaTH4YHA TeHepalis MPOrpaMHOro KOJAy 3MEHIIY€e BIPOTiIHICTbH
MOSIBU OUTBIIIOCTI TTOMIJIOK TIOB'SI3aHUX 13 JIFOJCHKAM (DAKTOPOM Ta JO3BOJISIE CYTTEBO CKOPOTHUTH dac
po3poOKu Ta Bepudikallii mpuKIaAHOro MporpaMHoro 3adesneueHHs. OIHUM 3 IHCTPYMEHTIB MOJIEIbHO-
OpPIEHTOBAHOTO MPOEKTYBaHHS € MakeT MnpukiaaHux nporpam MATLAB Ta #foro pojmaTok s
BI3yaJIbHOTO MpOrpaMmyBaHHs OpH MojentoBaHHi auHamiuaux cucteM SIMULINK. Tomatox Simulink
PLC Coder no3BoJisie KOHBEPTYBaTH OTPUMAHHMN ITOPUTM ab0 WOTO YaCTUHM Yy MPOTPaMHHNA KO JUIs
MOJAJIBIIOro BUKOpUCTaHHS B pizHoMaHITHUX [IJIK. ¥V cTarTi po3risHyTo mpolec KOHBepTallii YaCTUHH
QITOPUTMY Y IMPOTPAMHHM KOJT Ta HOTO IMIIOPT Y BUKOHaBYe cepenosuiie CoDeSys V3.5.

Ilepesik BupilIeHMX 3aBAaHb. Y JOCIIDKEHHI PO3IJISIHYTI MUTAaHHS BUKOPUCTaHHS MOJAEIbHO-
OpIEHTOBAHOI'O MPOEKTYBAaHHS MPH PO3poOlLll aNropUTMIB KEPYBaHHA HA MPUKIAAl peamizauii (impTpa
HHU3bKUX 4acToT y cepenosumi Matlab Simulink, reneparnii mporpamuoro xoxay 3rigHo cranmapty IEC
61131-3 Ta iioro imnopt y cepenouiie CoDeSys V3.5.

Cyrb pocaimkenns. [Jomatok Simulink PLC Coder mocrymumii Ha Bepcisix Matlab 2012a Ta
HOBIIIIAX, TOMY po3poOka (inbTpy mpoBoamiack y Bepcii Matlab 2022b. lo mpuknany posrisHemo

. . 10p+1

3ajady peanizaiii GuUIbTpY HU3BKUX YaCTOT APYroro MOpsAKY 3 MeperaTHOI (DYHKIIIE Gpr1)? T HacoM
P

kBaHTyBaHHA Ty = 0.1c. IlepeBenemo 3a1any nepenaTHy (QyHKIIIO 3 HEMEPEPBHOTO Yacy Y JUCKPETHHH 1

101—-100z~1

441-840z71+400z72
peamizanii nepeaatHoi ¢yHkiii GimbTpa ckopucraemocs enementom Discrete Filter 3 6iomiorexu plclib

JUIA 4oro y KomanaHoMy psaky Matlab weoGxigHo mporucatn komanay «plcliby. Komiroemo oGpanui

B pE3y/ibTaTi OTPUMYEMO HACTYIHE pPIBHSHHS VY HalnmpocTimoMy BUMNAIKY JUIS
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om0k y mosre Simulink, 3amucyemo y HbOMY Z-TiepeaTHy (YHKIIO Ta BCTAHOBIIOEMO Yac KBAHTYBaHHS
Sample Time = 0.1. HanamryBanus Discrete Filter naBeneni Ha pucysky 1.

SIMULATE Block Parameters: Discrete Filter2 X

Discrete Filter ~

Independently filter each channel of the input over time using a discrete IIR filt
5 to Toolstrip Mapping. Do not show again denominator coefficients in ascending order of powers of 1/z.

A DSP System Toolbox license is required to use a filter structure other than Di

Main  Data Types  State Attributes

Filter structure: Direct form II ¥
Data
Source Value
Numerator: Dialog v |[101 -100]
1 101-100z-1 D&.en-ominator-: Dialog ~ |[441 -840 400]
.. > 441 »8402_1*4002_2 > - Initial states: Dialog v |D
Discrete Filter2 External reset: |None - ~

Input processing: Elements as channels (sw?based) . ~
[[] Optimize by skipping divide by leading denominator coefficient (a0)

Sample time (-1 for inherited):
o1 [E

v
< >

9 Cancel "

Pucynok 1 — Peanizanis ¢inbTpy HU3bKHX 4acTOT y udpoBiid popMi B cepeJOBHII IMiTAI[IITHOTO
monemoanas Matlab Simulink

Jani oTpuMaHUi alropuT™ 00’ €HYEMO Yy MiICUCTEMY SIKY Jalli PO3FISIAEMO SIK OKPEMY YacTHHY.
Jliis mporo BuiisgemMo (iabTp, HATHCKAEMO MPaBy KHONKYy Mumini, oompaemo «Create subsystem for
selectiony, nepexoanMo y mapamMeTpH IiJCUCTEMH Ta CTAaBUMO rajIouKy HaBrpoTu «Treat as atomic unity.
Ha pucynky 2 HaBeZieHO HaJamTyBaHHS MIICUCTEMH 3 (PUIBTPOM.

= 1a3Lncaan vaun - Toiwaru

Block Parameters: Subsystem21 X —

Select the settings for the subsystem block. To enable parameters for
code generation, select 'Treat as atomic unit'. e

pps in Simulink or view Menus to Toolstrip Mappi

Main  Code Generation = Subsystem Reference

Show port labels FromPortIcon ~
Read/Write permissions: ReadWrite ~
10s+1

> 1 Name of error callback function:

y 4 44541
Permit hierarchical resolution: All >
Treat as atomic unit
[[] Show subsystem reinitialize ports

1 1
] Minimize algebraic loop occurrences
Subsystem21 Schedule as Sample time ~

Sample time (-1 for inherited):
0.1

J Cancel Help Apply

Pucynok 2 — HanamryBaHHS MiACUCTEMU QJITOPUTMY

Ilepen reHeparli€ro MpPOrpaMHOTO KOAYy HEOOXiAHO 0OpaTH IIIbOBE IHTErPOBAHE CEPEIOBHUIIE
pOo3p0o0Kw. JIJ1s1 1IbOT0 HATHCKAEMO MPABOIO KHOMKOIO MHUIII 1Mo TijcucTemMi Ta mepexoaumo y «PLC Code
=> Options...», xe y paaky «Target IDE» obupaemo, B Hamomy Bunaaky, «3S CoDeSys 3.5». 11106
3reHepyBaTH KOJl HATUCKAEMO MPaBOI0 KHOIMKOM MuIi 1o migcucremi => «PLC Code => Generate Code
for Subsystemy. ITicist yoro aBromaTiyHO cTBOprotoThes aitn ST Ta XML Document mo MaroTh Taky x
Ha3By sk 1 daiin Simulink.

Juns iMmopty ¢aiiniB Ta oHoBieHHs kommnoHeHTiB 3 Simulink PLC Coder HeoOXiHO BCTaHOBHTH
wraria CODESYS «Simulink PLC Coder Importy. [Jai Bigkpuaemo nmpoekt CODESY'S, nmepexoaumo B
meHro «[Ipoekt => Simulink PLC Coder Import...» ta ooupaemo «Add and import PLC Coder files...»
micias 4oro BiakpuBaemo 3reHepoBanuid XML Document. [y BUKOpHUCTaHHS 3T€HEPOBAHOI YaCTHHU
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MPOTrpaMHOTO KOAYy HEeoOXigHO momatu Onok «EmemeHT» Ta miamwcatd HOTO HAa3BOIO MIJCUCTEMH B
Simulink. Ha pucynky 3 mnokaszanuii (yHKHIiOHaNBbHWEA OJOK (UIBTpa y BUKOHABYOMY CEpEIOBHIII
CoDeSys V3.5.

PLC_PRG n
: FUNCTION_BLOCK Subsystem2l > = ~
8 VAR_INPUT L=
| 3 ssMethodType: SINT;
ool Subsystem21_0
e ZH0 VAR Subsystem21
8 VAR OUTPUT ssMethodType Outl
Outl: LREAL; In1
END_VAR
VAR R|41Q |100% R v
DiscreteFilter2_states: ARRAY([0..l1] OF LREAL; < >
DiscreteFilter2_tmp: LREAL;
BD-VAR 100% |& v

CASE ssMethodType OF
SS_INITIALIZE:

* DiscreteFilter2_states[0])) - ( * DiscreteFilter2_states[l])) / 4

Di creteFilter2_stat

END_CASE;

Pucynok 3 — 3renepoBanuii mporpaMHuil Koa GUIbTpy y BUNISHAI GYHKIIOHATBHOTO OJIOKY Y
BUKOHaBuOMY cepenosuiii CoDeSys V3.5.

Bucnook. Simulink PLC Coder Hamae MOXIHMBICTh TI'E€HEPYBAaTH alapaTHO-HE3AICKHI
CTPYKTypoBaHi TekcToBi Ta cxonoBi aiarpamu IEC 61131-3 i3 mozaeneit Simulinkmodels, miarpam ctany
ta pynkmii MATLAB. CrpykrypoBanuii texkct reHepyerbes B PLCopen XML Tta immux ¢dopmarax
daiiniB, SKi MATPUMYIOTbCSA OLIBINICTIO 1HTErpOBaHUMU cepenoBuiiamu po3podku (IDE), Bkimtouatoun
nporpamui pimenas 3S-Smart CODESYS, Rockwell Automation Studio 5000, Siemens TIA Portal i
Omron Sysmac Studio. Bu mMoxkeTe CKOMMLIIOBATA Ta POSTOPHYTH OTPHUMAaHy IpOrpaMy Ha YHCIEHHUX
MIPOrpPaMOBAHUX JIOTIYHUX KOHTPOJIEpPAX Ta MPOrPaMOBAHUX KOHTpOJIEpax aBTomaTH3ailii. [HCTpymeHT
«Simulink PLC Coder Import» mospoisie immoptyBatu ¢daiinu Simulink PLC Coder 1 onoBmtoBatu
IMIOPTOBaH1 KOMIIOHEHTH. Bci iMmopToBaHi KOMIOHEHTH MOXYTh OHOBIIIOBATUCS aBTOMAaTHYHO 3
MiATBEp/KEHHSIM a00 ©0e3 Hbporo. I[loBemiHKy OHOBJIEHHS MOKHA BCTAaHOBUTH [UIsl KOXHOTO
IMIIOPTOBAaHOTO (aily.

Cnncok BUKOPHUCTAHOI JITepaTypu
[1]. MonenpHO-0pieHTOBaHE MPOEKTYBaHHS MPOTPAMHOTO 3a0e3MedeHHs Il BOYJOBYBaHHUX CHCTEM B
cepenoBuii Matlab/Simulink. Tomopam I''K., Mazyp A.B, KoBampuyk M. A., ITymkin A.A. Oxecbka
HauonansHa AxaneMis XapuoBux TexHOoI0riH, M. Oneca, 2014. Available:
https://www.researchgate.net/publication/307758793 _Modelno-
orientirovannoe_proektirovanie_programmnogo_obespecenia_dla_vstraivaemyh_sistem_v_srede_Matlab
Simulink.
[2]. Koxep TTJIK Simulink - MATLAB (mathworks.com)
https://www.mathworks.com/products/simulink-plc-coder.html
[3]. PowerPoint-Prasentation (codesys.com) https://www.codesys.com/fileadmin/data/Images/
Download/CODESY S-Features-Improvements-Iv.pdf
[4]. Simulink PLC Coder(TM) Import (codesys.com) https://us.store.codesys.com/simulink-plc-coder-
import.html
[5]. Simulink PLC Coder Import — Product Data Sheet V0.0.0.1 (codesys.com)
https://us.store.codesys.com/media/n98_media_assets/files/000062-
F/2/Simulink%20PLC%20Coder%20Import_en.pdf
[6]. I'enepartist KOy - MATLAB i Simulink (mathworks.com)
https://www.mathworks.com/help/overview/code-generation.html?s_tid=hc_product_group_bc
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[7]. Konep ITJIK Simulink JlokymeHTarfii (mathworks.com)
https://www.mathworks.com/help/plccoder/index.html?s_tid=hc_product_card

[8]. OOMmexenHss Ha TeHepallif0o CTPYKTYypoBaHOro TekcroBoro koay - MATLAB i Simulink
(mathworks.com) https://www.mathworks.com/help/plccoder/ug/structured-text-code-generation-

limitations.html

V]IK 629.7.025.12
MHNOPIBHAHHSA JOBI'OBIYHOCTI OBILIMBKU KPUJI JIITAKIB 3 KPUJIOM
HAJABEJIUKOI'O IIOAOBXXEHHS 3 AEPOAUMHAMIYHUM IIIIKOCOM TA JIITAKIB 3
KPHUJIOM BEJIMKOI'O ITOJOBKEHHSA
[Tenux B. I1., Auapromenko B. M. (venator.verba@gmail.com, v.andryushchenko@khai.edu)
Hamionanbhuii acpokocmiunmii yHiBepcuteT iM. M. €. JKykoBchroro «XAD» (Ykpaina)

Cyuacni memoou po3paxyHKy pecypcy JmanibHux anapamis 00380JA0Mb OMpUMamu Opi€eHmMOo8HI
3HAYEHHSL 008208IUHOCMI CUTOBUX elleMEeHMI8 AGIayitiIHUX KOHCMPYKYill Ha emani po3pooKu asaHNpoexKmy
0e3 neobXiOHOCmi N06Y008U HAMYPHUX 3PA3KIE MEXHIKU Ma 8UMpPAam Ha ix UNPoO08YE8aHHS HA CIEHOAX.
IIpeocmasneno pezyrbmamu po3pPaxyHKy OPIEHMOBHUX 3HAUEHb 008208I4HOCMI 00WUEKU naHenel O
NIMaKie 3 KpUiom HAOBENUKO20 mMda BeIuKo20 nodoeycenHus. Ilposedeni pospaxymku ceiouams npo
30L1bUWEHHA 008208IUHOCI OOWUBKU NaHelel Nnpu 30ibUeHH] BUCOMU KpeLlcepcbKo2o Noibomy O
JIIMAaKie 3 KpUIom HA0BENUKO20 NOOOBIHCEHHS 8 NOPIGHAHHI 3 AHAIOCIYHOI XAPAKMEPUCIMUKON TIMAKI8 3
KPUTIOM BENIUKO20 NOOOBHCEHHSI.

CyuacHi aBiamiiiHi jaiiHepu MaioTh H0BroBiuHicTh (N) koHcTpykuii B paiioni 60000 gboTHHX
roauH [1]. 3abe3neunTn Takuii pecypc HEMOXKIMBO MPH HMPOSKTYBaHHI KOHCTPYKIII JIUIIE 32 YMOBaMH
cratuyHoi MinHOCTI. B pobGortax [1] Ta [2] po3rnsgaeTbes MeTOAMKA PO3PAaxXyHKY JOBTOBIYHOCTI 3a
npodUISIMA THIOBUX MONBOTIB JiTtakiB. Ilin mpodisemM THHMOBOTrO MONBOTY MA€ThCS HA yBa3i (YHKIIS
BHUCOTH TOJBOTY, MacH JIITAIBHOTO anapaTy Ta IMIBUAKOCTI BIJ 4acy.

B it po0oTi po3rISIHYTO JBa JIITaKHM, IO MAalOTh OJHAKOBI MacH, CHJIOBI YCTAaHOBKH Ta BCi
TeOMETPUYHI MMapamMeTpu, OKPIM 3HAYEHHS MOAOBKEHHS Kpuia Ta MOXigHMX mapamertpiB. [lapamerpu
BUKOPHUCTAHOI'O B PO3paxyHKy NpoQiIt0 TUIIOBOTO MOJILOTY MpeAcTaBieH] B Ta0aumi 1.

Tabmuns 1. [Mapamerpu mpod1sTr0 TUHITOBOTO MOJIEOTY

ITapamertp 3HayeHHs | OAMHUI BUMIPY
[Tnoma kpuna 397 M’
IToxiaHa KoedilieHTy MiIHOMHOT CUJIM IO KYTY aTakH 5 1/pan
MakcumarnbHa 3J1iTHa Bara 280 TOH
MiHiMaTpbHa Bara B TAIIOBOMY ITOJIBOTI 184.,8 TOH
Bucora kpeiicepCbKOro mojiboTy 10...13 KM
[IBUAKICTH KpEHCEPCHKOTO MOIBOTY 800 KM/TOJ
Yac Habopy BUCOTH 0,75 roj
Yac kpercepchKOro nojaboTy 8 roj
Yac 3HMKEHHS 0,75 roj
CymMapHui Koe(iIieHT HaAIIHOCTI (3amac mo pecypey) 4 -
Exkcrutyarariiine nepeBaHTaKeHHS 2,5 -
EdexTuBHM Koe]ilieHT KOHIEHTpallii Hanpy>KeHb 3,2 -
HowminanbHi Hanpy>XKeHHS IPH OJUHUYHOMY 85 MIIa
NepeBaHTAKEHHI

Martepian naHesni oOIIMBKY KpHJia B PO3TATHYTIN 30H1 J16T -

Bci mapamertpu, kpiMm BucoTH Kpercepcbkoro noisoty (H) € omnakoBumu s 060x mitakiB. Bucotu
MOJIOTY AoCHiKeHi B poboti [3]. Jns mitaka 3 KpWUJIOM BEIMKOTO TOIOBKEHHs, 3a3BuYail, H He
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nepesumrye 10...11 kM. [l miTaka 3 KpUiIoM HaJIBEIUKOTO MOJOBXKEHHS H 3HaXOomuThCs B Jliama3oHi
12...13 xm.

Po3paxyHku 3py4HO TpencTaBUTH y BUTIISLAL Tpadiky 3amexHocTi qoBropiunocti N Big Bucotn H
Kpelicepcbkoro monboTy (puc. 1). JliniliHa wactuHa miarpamu it H Bim 10 kM g0 13 KM BKJIIFOYHO
MOKa3aHa Ha puc. 2.
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Puc. 1. I'padik 3anexHOCTI JOBrOBIYHOCT1 OOIIKMBKY Bil BUCOTH KPEHCEPChKOT0 MOJIbOTY
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Puc. 2. JliniitHa yacTrHA rpadiky 3aJ€KHOCTI JTOBIOBIYHOCTI OOIIMBKH BiJl BACOTH KPEHCEPCHKOTO
NOJBOTY Ha BUCOTI BiJ 10 kM 110 13 KM BKJIIOUHO

Sx BUAHO 3 rpadiky, 31 30UIBIIEHHSIM BHUCOTH KpPEHCEPCHKOTO MOJbOTY OpPIEHTOBHE 3HAYECHHS
JOBFOBIYHOCTI 30utblIyeThes. lle moB’s3aHo Hacamiiepen 31 3MEHIIEHHSM KUIBKOCTI HAKOILJIEHUX
MOIIKO/KEeHb BiA Nii arMocdepHoi TypOyleHTHOCTI. 3i 30UIbIIEHHSIM BHUCOTH NOJbOTY H mMIBHAKICTBH
MOPUBIB CYTTEBO crnajaae. 3 mo3Hayku 10 KM 3alie)HICTh MIBUIKOCTI MOPHUBIB 1 BHCOTH MOJBOTY
MPAaKTUYHO JIiHIHA.

Haii6inpiry BenMYMHY NOIIKOMKEHb JITaK OTPUMY€E Ha eTamax Habopy BHUCOTH Ta IOCAJKH,
MPOXO/AYH Ha BITHOCHO HU3bKMX BUCOTAaX 3 MAaKCUMAaJIbHOIO IIBUJIKICTIO T2 IHTEHCUBHICTIO IOPUBIB.
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B poGoti [3] moka3aHo, 110 3a paxyHOK 30UIBIIEHHS aepOJMHAMIYHOI SKOCTI MOXKJIMBA BHCOTa
MOJILOTY JIITAKiB 3 KPWJIOM HAJBEIMKOTO IMOJOBKEHHS 3 aepOJMHAMIYHMM IIJKOCOM B IODPIBHSHHI 3
BHCOTOIO TTOJIHOTY JIITAKiB 3 KPHUJIOM BEJTMKOTO MOJOBKECHHS 301JIBIITYETHCS HA 2 KM.

JIOBroBIYHICTh PETYISPHOTO Nepepi3y OOLIMBKY B PO3PaXyHKOBIH 30HI Kpuiia JiiTaka A Mpogiiro
THUIIOBOTO TOJBOTY, IO PO3IJIANAETHCSA, MPU BUCOTI Kpelicepchkoro moisoTy 13 kM ckimamae 11813
MOJILOTIB.

JIOBrOBIYHICTh PETYISIPHOTO TIEpepi3y OOIIMBKHU B PO3PAXYHKOBIM 30H1 KPHJIA JIiTaKa JUIsl MPOQLITIO
TUIIOBOTO TOJBOTY, L0 PO3TJSAAETHCS, TIPU BUCOTI Kpeicepchkoro moiboty 11 xm ckiamae 10673
MOJIbOTIB.

3a paxyHOK 30iIbIICHHS BUCOTH KPEHCEPCHKOrO IMOJNBOTY JIOBTOBIUHICTH BHUroTOBIEHOI 3 J[16T
OOIIMBKHU TaHeNl Kpujia B po3paxyHKoBii 30H1 Ha 10,68 % Oiible Uit JTITaKiB 3 KPUIOM HAJBEIUKOTO
MTOJIOBXKEHHS 3 TIIKOCOM YUM JIJISI JTITAKIB 3 KPUJIOM BEJIMKOTO MOJO0BKEHHSI.

OcCkiIbKM B pPO3paxyHKy MPHUHHATI OJHAKOBI HANpPY)KEHHS B KOHCTPYKMIl MPU  OJUHUYHOMY
NepeBaHTAXKEHHI, TPU 30€peKeHH] JOBrOBIYHOCTI Ha OJHOMY piBHI (y roguHax MOJbOTY, a00 KUIBKOCTI
MOJIBOTIB), MOKJIUBE MPOIOPIIiiiHE 3MEHIIEHHS MacH KOHCTPYKIIIT JUIsl KpUJla HAJABEIUKOTO MOIOBXKEHHS
32 paxyHOK 30UIBIICHHS HANpyXXeHb B MeEpepi3i MpU MEHIIH MOIIKOAMXKYBAaHOCTI Ha PO3PaXYHKOBIH
BHCOTI MOJIBOTY.

B po0orti nociimkeHo nuiie oauH npogiab TUIIOBOTO MOIkOTY. OcTaTodHO pecypc abo 3HAa4YeHHS
JIOBFOBIYHOCTI MPU3HAYAETHCS TUTBKU MO pe3ylbTaTaM BTOMHHUX BUMpoOyBaHb. [IpoBeaeHi B 1iil poOoTi
PO3paxyHKH JIMIIE TMOKAa3ylOTh MOXJIHMBY €(QEeKTHBHICTh KpWJIa HAJBEIMKOTO MMOJOBXKEHHS depe3
3017IBIICHHS JOBTOBIYHOCTI CHJIOBUX €JI€MEHTIB a00 MOXKJIMBE 3MEHIICHHS X MacHu.

Cnmcoxk BUKOPHCTAHMX JsKepeJt

1.I1. O. ®omuueB, «Po3paxyHOK pecypcy aBialliliHOi TexHiku», Ham. —aepokocMm. yH-T
iMm. M. €. XKykocbkoro «XAl», c. 50, 2018.

2. I1. O. ®omuueB, «CydacHi METOAM PO3paxyHKY pecypcy JITATbHUX amapatiB», Harl. aepoxocw.
yH-T iM. M. €. XXykoBcbkoro «XAly, c. 60, 2022.

3. B. II. Ilenmux, B. M. Angpromenko, "TlOpiBHSHHS IIBHIKOCTEH JITakiB 3 KPHJIOM PI3HOTO
nooBxkeHHs", T. y MiXHapoAHIi HayKOBO-NPAKTUYHIN KOH(EPEHIlii MOJIOANX HAyKOBIIB, acMipaHTIB i
3m100yBayiB BHUIOI OCBITH «[IpoOieMu Ta MEPCHEeKTUBH PO3BUTKY CydacHOi Haykm». —p. 86-88: HYBI'TI,
2023. Jlata 3BepuenHs: 29 yeps. 2023. [Onnann]. Joerynuo: https://ep3.nuwm.edu.ua/26282.

VJIK 004.2

KOHTPOJIEP 3 BUKOHABYMUM CEPEJOBHUIIEM CoDeSys HA BA3I
OTHOIIVIATHOTI'O KOMIT'IOTEPA BEAGLEBONE BLACK
[Merpenko /1. C., ®inapewkuii B. 1, IMamkos C. O., Masyp O. B. (mazur.a.v.ua@gmail.com,
filyarsky@gmail.com, dmytropetrenkoOO@gmail.com, sergypashkov2001@gmail.com)
OnechKuii HalliOHATBHUI TEXHONOTIYHUI yHiBepcuTeT (Ykpaina)

B 0ocnidaicenni pozensinymo memoouxy po3pooKu KOHmMpoaepa O 6UKOPUCIAHHA 8 80VO008AHUX
cucmemax KepyeamHs 3 GUKOHAgUUM cepedosuujem codesys Ha 6a3i 0OHONAAMHO20 KOMN tomepa
beaglebone black, ocobnusocmi 3asanmadsicennsi npoepamnoco 3abe3neyents, KOHQpieypyeanns QyHKyii
ninie GP1O konmponepa. B pesynomami ompumyemo npocpamosanuil 102idHuLl KOHMpoiep 3 GilbHUM

HAIQUIMYBAHHAM cucmemu 88edeHHs/sueedens ma niompumroio npomorxonie UART, 12C, SPI, USB2.0,
mini-USB, Ethernet, HDMI, 7Al, 45DI/DO, LLIM.

IMocranoBka mnpodiaemu. IIpomucnosi mnporamoBani JsoriuHi koutposnepu (IUUIK) cramm
HEBiJ’€MHOI0 YaCTHHOIO CYYaCHHX CHCTEM KepyBaHHs. Xoda KiJIbKICTh Ta PI3HOMAHITTS MOCTaBJICHUX
nepesl MUHU 33/1a4 TUIBKU 3pOcTaroTh, OutbiIicTh [1IJIK mMaroTe 3akpuTi Ta >KOpCTKI HalalITyBaHHSA 1, Y
3B’A3Ky 3 IIUM, BiTHOCHO oOMexeHuil (yHkiioHan. L{ina Ta crneuun¢iuHi 0coOIMBOCTI eKcIuTyaTamii
npomucnoBux [IJIK yckiagHiOIOTh X BUKOPUCTaHHS TPU CTBOPEHHI BOYJAOBaHUX CHUCTEM KEpyBaHHSI.
Crarra npucssiueHa po3po6bui IIJIK, skuii MaTuMe BIIKPUTY apXiTEKTYpy, MOTYXHHUM BHKOHAaBUMM
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CEpEIOBUIIIEM, TMIATPUMYBAaTHME OUIBIIICTh CYYaCHHX IPOTOKOJIB 3B’SI3KYy, MAaTUME IIHPOKUH
(byHKIIOHAT 1 IPH LOMY HU3BKY I[iHY.

Iepenik Bupimennx 3aBaanb. Po3podaeno IJIK 3 BukoHaBuuM cepemoBuiieM Codesys Ha 6asi
oJHoMIaTHOro Komi 'totepa beaglebone black. Posrnsayro ¢yHKIIOHATBHI MOXKIHMBOCTI OJHOILIATHOTO
komi’torepa beaglebone black a Takox ocobmuBocti pobotu 3 HEM. Po3riasHyTO (GyHKIIOHAIBHI
MOJKJIMBOCTI BUKOHABYOTO cepeIoBHIIa COAESYs.

Cyrb pocaimkennsi. Jlis peamizamii IT1JIK, opieHTOBaHOrO Ha BHKOPHUCTAaHHS y BOYIOBaHHX
cHCTeMax KepyBaHHs, 0OpaHO ojHoIuIaTHUI kKomm 'torep beaglebone black 3 omepariiiHolo cucTemoro
(OC) Linux.

XKusnenns mmatu beaglebone black BinOyBaethcst yepe3 uepes USB-kabenb, aGo 30BHIIIHE
JpKepelo kuBiieHHs 5 B mocTtiiiHoro crpymy, ane ue piako motpi6Ho. 3B’s30k 3 1K 3a0e3neuyerses
gyepe3 USB-kabens a6o LAN-mopr (puc. 1).

Provided USB Cable

Pucynoxk 1 — migkmrouenns beaglebone black mo ITK uepe3 USB-kabenn

Tun 3aBantaxxyBanoro obOpasy OC 3anexuth Bif 00’emy eMMC mnam’srti beaglebone black.
BcranoButu auctpuOytus Linux mHa eMMC matu moximBo 3 SD-nHakonmuysaua. 3amyck OC Takox
noctynHuii 6e3nocepennnbo 1 3 SD-nakonuuyBaua. 3a nepebirom BcranoBiaeHHss OC MOXHaA crOoCTepiraTH
3a JJONOMOTOI0 TepMiHaIbHOI Tporpamu mpecoHansHoro Komm totepa (I1K), migkmrounsmm beaglebone
black uepe3 3oBnimHiit UART/USB xouBeptep mo ITK. s crabigpHOT poOOTH CHCTEMH BCTAHOBIIIOBATH
Haiicy4acHimy Bepcito Debian.

- sy
L
[ rx0
- XD

Pucynox 2 - beaglebone black ta 3oBnimniit UART/USB konBeptep

[icns Bramoi imcramsanii OC Linux, ma beaglebone black BcramoBmroemo BukOHaBUy cucTeMy
codesys (puc 2).
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® CODESYS
Gein Npsexa BWA MpoekT Kowrwiaips OWwiss QTR | IbTRYMENTH | OB

& L3
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R
oo
=
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o= ===r_10

Package
e

QO ==
e e oot wostey | = | (@)
o

o —

Runtime
stant Stop

Disable appication

Pucynok 2 — Beranossienns BukoHaBuoi cuctemu codesys na beaglebone black

Ocoo6nuBictio beaglebone black e te, mo Ginburich koHTakTiB GPlIO miatu Moxe maT JEKiIbKa
npusHadeHb (puc 3), ki MU KOH(IrypyeMo B 3aJI€XKHOCTI BijI TOCTaBJIEHOT 3a/1adi.

Pucynoxk 3 — INpusnauenns kontaktiB beaglebone black

HanamryBanns ¢GyHKUiH MiHIB TUIaTH 3AIMCHIOETHCS IIISXOM peAaryBaHHs KOHQITypamiiHux
daiinis beaglebone black wepes Putty - repminansay nporpamy I[TK(puc 5).

88 purTY Configuration X
Category:
Session Basic options for your PuTTY session
 Logging Specify the destination you wantto connectto
Terminal P y
+Keyboard Ho e (or IP address) _Port
§Bell 19216872 |12
(" Features
1]
I % Window Connection type:
Appearance @ssH  Osenal OOther | Telnet v
Behaviour
Translation Load, save or delete a stored session
it Selecion Saved Sessions
Colours
Connection
Data Default Settings Tosa
Proxy
# SSH Save
Serial
Telnet Delete
Rlogin
SUPDUP
Close window on exit .
OAways  (ONever (® Only on clean exit
Abou < orn LD cancel

Pucynok 5 — BiKHO TepMiHAJIBLHOI IPOTrpamMu

V BikHiI Tepminany beaglebone black aBropusyemocs (3a 3amoB4yBanHsM JoriH : debian, mapons:
temppwd). Jlns mocTyny a0 pemaryBaHHS KOH]irypariiiHoro ¢aitry BHKOHyeEMO KOMaHAy SUdo nano
/boot/uEnv.txt (puc 6). Ilicnsa 3aBeprueHHs 30epiraeMo BiapenaroBaHuil KoHpirypaniiiauii daitn s
MO/IabIIIOT0 BUKOPUCTAHHS.

Hanpuknan, mis toro mo6 3sinbHuTH 1ig DI/DO minu GPIO 3koHdirypoBani mis pobotu 3 HDMI
HEOOX1IHO:

e po3koMeHTyBatu (Bumamutu  pemritkun  “#7)  ngBa  psaku:  disable_uboot_overley video=1
disable_uboot_overley audio=1;
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e BukoHatu komanay Write Out, 3atucuysmu kiasimri Ctrl+O;
e BHKOHATH KOMaHJy «Iepe3anucaTtiy 3aTUCHyBIN Kiaimi Ctrl+(M+A);
e 3arucHyTH Kiasimi Ctrl+X mist Buxomy.

Pucynok 6 - BikHo Tepminany beaglebone black

Jos aktuByBanii UART, HeoOximHO 3HaiiTu B KOHirypauiiiHomy Qaiini  psaok
#uboot_overlay _addr4=<file4>.dtbo, ta 3aminuTu #oro na uboot overlay addrd=/lib/firmware/BB-
UART1-00A0.dtbo.

BucHoBku. TakuM uyumHOM Ha 0a3i JOCTYHHOTO araparHOro Ta NPOrpaMHOro 3a0e3rmeucHHS
(beaglebone black + codesys v3.5) mu orpumanw ITJIK 3 BIAKPUTOHO apXiTEKTypoK Ta MiATPUMKOIO
inrepdeiicie UART, 12C, SPI, USB2.0, mini-USB, Ethernet, HDMI, 7Al, 45D1/DO, PWM.

Cnmcok Jireparypu

[1]. CODESYS Control for BeagleBone SL | CODESYS Store International -
https://store.codesys.com/en/codesys-control-for-beaglebone-sl.htmi

[2]. Tepmoperynsatopu BeagleBone Black, koudiryparis mtidTiB, 0COOIMBOCTI Ta 3aCTOCYBAHHS
(microcontrollerslab.com) - https://microcontrollerslab.com/beaglebone-black-pinout-pin-configuration-
features-applications/

[3]. PowerPoint-Prasentation (codesys.com)
https://www.codesys.com/fileadmin/data/Images/Download/CODESY S-Features-Improvements-lv.pdf

[4]. BeagleBone Black — BeagleBoard Documentation -
https://docs.beagleboard.org/latest/boards/beaglebone/black/index.html

[5]. Beagleboard:BeagleBoneBlack Debian - eLinux.org -
https://elinux.org/Beagleboard:BeagleBoneBlack_Debian#U-Boot_Overlays

[6]. Setting Up the BeagleBone Black's GP1O Pins (vadl.github.io) -
https://vadl.github.io/beagleboneblack/2016/07/29/setting-up-bbb-gpio

V]IK 389:681.2

INTYYHUM THTEJIEKT SIK YAHHUK 3ACTOCYBAHHS MIKPOEJIEKTPOHIKH HA
HJIAXY A0 BE3ITEKHU CYJHOBOAIHHSA
[Tynuyenko H.O. (iloonn24.01@gmail.com, iioonn24@rambler.ru)
Onecbkuii Aep)kaBHUMN arpapHuii yHiBepcuTeT (YkpaiHa)

Cykynnicmb 6CIX HASABHUX O3HAK Y Memooax IHmezpayii IHepyiuHux HasieayitlHux cucmem 3
2N100ANbHUMU HABI2AYIUHUMU CYNYMHUKOBUMU CUCEMAMU, AKI 0A3yI0mvbCs HA MEeXHONI02IAX UMYYHO20

iHmenexmy, npu3eo0ams 00 HeoOXIOHOCMI 30i1bUleHHS] GUKOPUCTNAHHS WMYYHO20 THMeNeKmy nopyy i3
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npoghecionanizmom 8 po3pooKax ma GUKOPUCMAHHI [HMe2pOosaHux Hagieayiunux cucmem. Memoou
nepeobauaroms UKOPUCMAHHA AICOPUMMIE WmyuHo2o inmenekmy. Te3u meopemuuHo NOKA3YI0Ms, WO
iHmezpayis cucmem nepeobauae 6UKOPUCMAHHI AN2OPUMMIB WMYYHO20 iHmenekmy. A ix UKOpUCMAaHHs.
msieHe 3a cob0io 30iNbUeHHs MOYHOCMI, NI0BUWEHHS HAOIIHOCMI Ha8ieayil.

Bcebiune mizHanHs CaiToBoro OkxeaHy 3 METOH BUKOPHCTAaHHS HOTO PECYpCiB € OJHIED 3
MI00aNbHUX MPOoOJIeM 1HHOBAIIMHOTO cycniibcTBa [1]. B iHHOBAIIHHOMY CYCHIJIBCTBI Taka raiy3b, SIK
CYTHOBOJIIHHS ITiJT 4ac 3apOJPKCHHS, BU3HA4MIA ceOe 10 iHHOBaIliiHOI. TakoMy BU3HAYCHHIO € JIOKa3. A
OJIHMM 13 HAWBaXKJIUBINIUX 3aBAaHb JUI CydacHOro ¢JoTy € HEOOXIAHICTh y HOTO  TepMiHOBOMY
onoByieHHi [2]. Lle 3aBmaHHS TATHE 3a COOOKO 30UIBIICHHS BHUKOPHCTAaHHS IITYYHOT'O I1HTEJNEKTY.
TexHousorii TYYHOTO IHTENEKTY MiIBUIYIOTh €EKTUBHICTh CUCTEM, 13 IKUMU BiJI0YBAa€ThHCS 1HTETpallis.
[Tpore, mo6 eheKTUBHO PO3KPUTH MOTEHIIAJ HOBUX TEXHOJIOTIH, CIIiJI BpaxyBaTH IEpEeXiTHUU eTar B
1HTerpanii IWTY4YHOTO 1HTENEKTY K 13 TpaAULIHHUMU 1HPOPMAIITHUMH cHUCTeMaMH, TaK i 3 ICHYIOUUMU
KaJpOBUMH pecypcamu. PO3rissHEMO CHCTEMH.

Mera ro6anbHOI HaBIramiiHOI CYyTHUKOBOI CHCTEMH ToJIArae y ()OpMyBaHHI CHTHAJY, 3@ SKUM
crielialbHUN MpUHMaY y PEeXHMI pealbHOTO 4acy, 3 MapaMeTpoM TOYHICTh® MIBUAKICTH BHMIipIOBAaHHS,
BHU3HAUA€ CBOE MiCIIe PO3TAIlyBaHHs Ta IIBHJKICTh Y TPHOX BUMIpaxX. 3aBASKHU [[bOMY MOXXHA OTPUMATH
iHpopMalil0 TPO TMOTOYHE MICLE3HAXOMKEHHs Ta HAmpsMOK pyxy. IH(opmaiis BaxiuBa B
CYTHOBO/[)KCHHI, OCKIJIbKA TOYHICTh HaBiramii € 6azucom. [loguBumMocs mapameTpu, Asl SIKUX 3a1sTHHUMA
LITYYHUH 1HTEIEKT. [TokparmieHHs: TOYHOCTI HaBiramii: ITYYHHH IHTEIEKT MOYKE BUKOPHUCTOBYBATH
QITOPUTMHU Ta METOAM IS aHalli3y Ta KOPUTYBaHHS JaHUX, OTPUMAHUX BiJ 1HEPUIHHOT HaBIramiiHoi
cucteM 1 THOOAJIbHUX HaBIraliMHUX CYMYTHUKOBHUX cucteM. [le mo3BoJs€e MiIBUIIUTH TOYHICTh
BHU3HAUEHHS MiCIE3HAXO/KEHHS 1 NIBUAKOCTI TPAHCIIOPTHOTO 3ac00Yy.

VYnpaBiiHHS BiIXWJICHHAMU: iHEpIiiiHa HaBiramiiHa CHCTEMa MOXXE CTPAXKIATH BiJl HAKOMYCHHS
MIOMHJIOK BUMIpIOBaHb 3 yacoM. LITyuyHuil iHTENEKT MOXE BHUSIBUTH LI BIIXWUJIECHHS Ta KOPUTYBaTH iX,
mo6 3abe3neunTH cTabnbHy HaBiramito. KoHTponb CTaHy iHepHidHMX HaBiramiiHux cuctem: LTyunmii
IHTEJIeKT MO)KE BUSBIIATH aHOMallli y (YHKIIOHYBaHHI 1HEPILIMHMX HaBIraliiHUX CUCTEM 1 3allyCKaTH
BIJIMIOBIHI TPOIEAYpH TEXHIYHOTO OOCHYroBYBaHHS a00 pEMOHTY Ui 3a0e3MeyYeHHs HaliiHOCTI
HaBiramii. = ABToOMaTH3allis IMpolecy KamiOpyBaHHsS: IHEPIIMHMX HaBIraliiHUX cHUCTEM MOTpedye
KamiOpyBaHHs Juis miATpUMaHHs TOYHOCTI. LLITyuHuil iHTENeKT MOXKe KOHTPOJIIOBATH Ta aBTOMAaTH3yBaTH
mpouec KajaiOpyBaHHs [Jsi 3a0e3Me4YeHHs ONTHUMANbHOI TOYHOCTI. AfanTtaiis 10 3MIHHHUX YMOB:
[ITyyHuii 1HTENEKT MOXE aHali3yBaTW 3MIHM B yMOBaxX HaBKOJIMIIHBOTO CEPENOBUIIA 1 BHOCHUTHU
BIJIMOBIAHI KOpEKIii B pOOOTY 1HEPLIHHUX HABITAI[IHHUX CUCTEM JIJIS MIATPUMAHHS TOYHOI HaBiraiii.

Iurerparist cucteM B Cy/JHOBOJKEHHI 3a JOIIOMOTOIO IITYYHOTO IHTENEKTY MOXE BKIIOYAE pI3HI
0COOIIMBOCTI, CIIPAMOBaHI Ha MOKpaIlleHHs HaBirailii, 6e3neku Ta epeKTUBHOCTI CyTHOBONIHHA. OCh AesKi
METOIM Ta IXHlI 0COOJMBOCTI. ABTOMAaTH30BaHa HaBITAIllsl: IITYYHUH IHTENEKT 3aCHOBAHMM Ha
HEeHpOHHINA MEepeXi BUKOPUCTOBYBAETCS JJIsl pO3POOKH CUCTEM aBTOMIJIOTY Ta aBTOMAaTU30BaHOI HaBirauii.
Cucremu OOpOOKHM JaHMX Ta HEUPOMEPEXKI JOMOMAararoTh CyJHaM aBTOMAaTHYHO BHM3HAYAaTH HULIX Ta
YHUKaTH nepemkoA. - [IporHo3yBaHHS MOroju: IITYYHUN 1HTENEKT aHali3ye BeIUYe3HI 00CATH AaHUX
MOrOJW JUTSI MTPOTHO3YBAHHS TOTOAHWX YMOB Ha MOpi Ta ONTUMAIBHOTO MapmipyTy s cyaeH. Lle
JIOTIOMarae TMOKpaLIUTH 0e3neKy Ta e(pEeKTHBHICTh CYIHOBOIIHHS. KonTponb BaHTaxy: IMTYYHUI
IHTEJIEKT KOHTPOJIIOE PO3MIIIEHHS Ta PO3MOJLI BaHTAaXy Ha CyAHI JUIs 3a0e3nedeHHs CTaOlIbHOCTI Ta
Oe3neky IUTaBaHHS. BusiBieHHs aBapidi 1 0OCIyroByBaHHS: IITYYHHUH IHTENEKT BHSBIISE MOTEHIIHI
aBapiliHi cuTyalii, 3iHCHIOBAaTH JiarHOCTHKY OOJIaJHAaHHS Ta PEKOMEHIYBaTH IUIAHHW OOCIYrOBYBaHHS
JUIs 3a0e3neueH st HafliHOCTI cyieH. be3neka Ta BUsBJIEHHS 3arpo3: ITYYHUN 1HTENEKT BUKOPHUCTOBYBAE
CHUCTEMH BIJICOCTIOCTEPEKEHHSI Ta aHaji3y 300pa)keHb /I BUSBJICHHS 3arpo3 Ta HE3aKOHHUX i Ha
cyani. Takox Moxe OyTH BHUKOPUCTAHUHM Ui KOHTPOJIIO 3a JOCTYNOM Ta O€3MEeKOI Ha CYIHI.
OnTumizailis CHOXKUBAaHHS TMajMBa: IITYYHUH IHTEJIEKT po3po0Iisie ONTHMAalbHI CTpaTerii YHmpaBiliHHA
pPYXOM CyqHa 7Sl 3MEHIIICHHS CTIOKMBAHHS MallMiBa Ta 3MEHIIEHHS BUKUAIB. MapuipyTu3ailis: MTYIHHHA
THTENIEKT PO3pOo0IIsie ONTHMATBHI MapIIPYTH JUIS CYACH 3 YpaXxyBaHHSIM MOTOJHUX YMOB, TIIMOMHH BOJIH,

nopTiB Ta iHIMUX ¢akTopiB.  KepyBaHHS KOMYHIKalisIMU: IITYYHUH 1HTETEKT 3a0e3euye 3B'I30K MiXk
CYAHAMHU Ta MEHTPAIbHUMH OIEPAaTOPaMH, a TaKOX PO3POOISTH CHUCTEMH aBapifHOTO CHOBINICHHS Ta
B3a€MO/JIIT MK CyJHaMHU. MOHITOPUHT CTaHy MOPCBHKOT'O CEPEJOBHUIINA: ITYYHUN IHTENEKT CIY>KUTH

JUISL MOHITOPUHTY €KOJIOTIYHUX MapaMeTpiB MOPCHKOIO CEpeNOBHINA, BUSBICHHS 3a0py/IHEHb Ta OLIHKU
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BIUIMBY Ha MOpPChKe MOBKiLI. 1[I 0coOmmBOCTI iHTErpallii CHCTEM 3 MITYYHUM IHTEJIEKTOM JI0IIOMararTh
CYAHOBOJIIHHIO CTaTH O€3MeYHININM, OUThII e()EKTUBHUM Ta CTAJIO OLTBII €KOJIOTTYHO YHCTHM.

IaTepec n0 cTBOpeHHS 1HEPHINHUX BUMIPIOBAILHUX MOJYJIIB BUKIWKAHHWH, OAHIEID 3 TEXHOJOTIH,
TEXHOJIOTIEI0 MIKPOENEKTPOMEXAaHIUHUX CHUCTEM, SIKYy 3aCTOCOBYIOTh JUIsI CTBOPEHHS PI3HOMAaHITHHUX
MIHIQTIOPHUX JATYMKIB, TaKUX SK aKCEJICPOMETPH Ta TipOCKOMH. AKCEIepoOMeTpd 1 TIpPOCKOIH, IO
PO3POOIIAIOTECS, XapPaKTEPU3YIOThCS HAAMAIUMU Macol (YacTKd TpamiB) i rabaputamMu (OAMHHIIL
MIKPOMETpPIB), HU3BKOIO COOIBApTICTIO 1 €HEProCHOKMBAHHSAM, BHUCOKOK CTIMKICTIO 10 MEXaHIYHHUX
BIUIMBIB. 3aBISKM 3a3HauYCHUM IiepeBaram Oe3ruiaT¢opMHiI iHEpUildHI HaBiramidHi cucteMu Ha 0asi
MIKpOEJIEKTPOMEXaHIYHUX CHUCTEM MAlOTh IIUPOKUN CIEKTp 3acTOCYBaHb. IHepuiiiHa HaBirauiiHa
crucTeMa HE MOXKE TMpAIfOBaTH AaBTOHOMHO Yepe3 MOXMOKM JIaTYMKIB Ta MOXUOKH iHTETPYyBaHHSA, IO
HapocTaroTh 3roAoM [3]. [Toxubku HepIiaTbHUX JTaTYMKIB MOAUISIOTHCS HA ACTEPMIHOBAHI TA BUITAIKOBI.
JlerepMiHOBaHI TOXMOKM BHM3HAYAIOThCA KaiOpyBaJbHUMM TpoueAypaMu. Bumaakosi  moxuOku
MOJICITIOIOTBCST SIK CTOXACTHYHI Mojeni. BHacaigok 1bOTro, TOYHICTH JaHUX -IHEPIIHHOI HaBiraliiHoi
cucTeMH 30epiraeThes Juile Ha 0OMeXeHui yac, ocoonmBo B Oe3muardopMHiil iHepuiiHii HaBIraiiHii
CHUCTEMI HU3BKOI'O KJIacy, JI¢ TOTIPIICHHS HaBIralifHUX mapaMeTpiB BigOyBaeThcs HabaraTo MIBHIIIE,
HIK y iHepuiiiHa HaBiraiiiiHa cucreMa HaBiraliifHOTO Ta cepeiHbOro KiaciB. ['moOanbHa HaBiramiiiHa
CYIyTHUKOBA CHUCTEMa Ta IHEpIliiiHAa HaBIraliiHa CHCTeMa MOXYTh OyTH BHUKOPHCTaHI1 ISl IIMPOKOTO
CIEKTPY HaBITAlIMHKUX JOAATKIB, KO)KHA CUCTEMAa Ma€ CBOI MepeBaru Ta HeIOIIKH

Iarerpanis iHepUiiHOT HaBIraliiHOI CUCTEMH Ta rI100aJbHOI HABIraIiiiHOI CYILyTHUKOBOI CUCTEMH
00'€IHYIOTBCS B OJIHY CHCTEMY, MOTPIOHY JUIsi YyCYHEHHS HEHOMIKIB KOKHOI 13 cucteM. lle mo3Bossie
30epertu nepeBard Ta KOMIIGHCYBaTH HEIONIKH, BIACTUBI KOXKHIM 13 CHCTEM OKPEMO. IHC Bonoxie
BHCOKOIO TOYHICTIO KOPOTKOCTpOKOBOi HaBiraiii, Tofl sik [HCC 3a0e3neuye BeIMKHI OXOIUICHHS Ta
MOJKJIMBICTh OTPUMAHHS CUTHAJIIB HABIraLIHHUX CYIYTHUKIB IIPAKTUYHO B OYAb-SIKOMY MicLli Ha 3eMiIi.
IaTerparist 703BOJISIE TOETHATH IIi TIEPEBAry JJIsl OTPUMAaHHA HaziitHO1 Ta TouHoi Hagiramii. THCC moxe
OyTH CyIyTHMKaMM IEPELIKO/KEHO a00 3a0j0KOBAHO B I'yCTOMY JIiCl, BUCOKHMX OyaIBISX a00 B y3bKii
ripcekiii nonmuHi. IHC, HaBmakwu, 30epirae TouHICTh iHEpHiliHOI HaBiramii, HaBiTh koiu curHain [HCC ne
JNOCTYMHUM. [HTErpoBaHi CHUCTEMH MOXYTh aBTOMATHYHO TMEPEKIIOYATUCS MDK pexuMamMu Ui
HmiATpUMaHHs HaBiramii B ycix ymoBax. IHC mMo)ke BUKOPHCTOBYBATHCS JUIsl BITHOBJICHHS HaBiramii micis
tuMyacoBoi BTpatu curHany 'HCC, nanpukiaa, yepe3 armocdepHi mepemkoan ado iHTeppepeHLito.
IHC 3narHa HajaBatu OMIHKY Micis po3rantyBanHs, ok curaan [[HCC we BigHoBHTHCs. IHC BusiBisie
nesiki apeicdu momuiok 3 "acom, toni sk 'HCC moxxe HajgaBaTu aOCONIOTHY Mo3ulito. [HTerparis
no3Boiisie Bunpasiatu apenidu nommiok [HC 3a nonomororo BumipiB 3 'HCC, nmiaTrpuMyroun TOYHICTh
Ha TpuBamuii TepMmiH. IHC moxxe npomomaratu BusiBisatH cnpoOu crnonyku 'HCC curnanmis, Taki sk
IDKEMIHT a0o crryiHT, 1 MATPUMYBATH HaBIraiiro B yMOBaxX IUX aTak.

CnucoK BUKOPUCTAHOI JiTepaTypu
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KIJACUDPIKALIA ®AKTOPIB AKOCTI BEPCTAHHS KHU)KKOBOI'O BUJIAHHSA
CenpMenceka 3. M., ITmaxtuna 3. 1.
(zorselm@gmail.com, zoreslava.plakhtyna91@gmail.com)
VYkpaincbka akajgeMis apykapcrsa (Ykpaina)

B mesax pozensioaemovcs 6naue inopmayitinux mexHono2iti Ha npoyec 6epPCMAanHsL KHUNCKOBO2O
BUOAHHSA, A MAKOMHC ONUCYEMBCA MHONCUHA KPUMEPII8 AKOCMI 6ePCMAHHA MA MOXCIUG] 83AEMO38 3K
MIdIC HUMU, AKI NOOAOMbCs Yy U0l OPIEHMOBAH020 2paga, 0e 300pPadCeHO 3ANeNCHICHb 00HO20
gaxmopa 8i0 inwoeo.

[Tonirpadist € HaliAaBHINIOW 1HPOPMAIIHHOK TEXHOJIOTIED, 10 MPOSBISAETHCS B PI3HOMAHITHOCTI
METOMIB 1 CIOCOOIB yHpaBiiHHSA JaHWUMH Ta 1HGOpPMAIli€0, a TaKOX KOHIICMIE iX (OpMyBaHHS Ta
CYKYIHICTIO BCIX BH/IIB armapaTHO-IPOrpaMHuX iH(popmManiitHux pecypcis [1].

BunaBuuumii mpouec MmiAroToBKM W ONpAIOBaHHS aBTOPCHKMX OPUTIHAIIB Ha ChOI'OJHI BXKE HE
MOJKHA YSBUTH 0€3 Cy4aCHHX KOMII IOTEPHUX CHCTEM, IO 3HAYHO MPUCKOPHIIO IPOILEC MPOSKTYBAHHS.
[Tomyk onTHManbHOro BapiaHTa MPOOHMX MAKETIB MPSIMO HAa MOHITOPI KOMII FOT€pa 3HAYHO CIIPOLIYE
Ipolec BUTOTOBJICHHS OpHUTriHaN-MakeTa. KpiM TOro, mporpaMu BEpCTKH JO3BOJSIOTH B aBTOMAaTHYHOMY
PEXKHUMI BUKOHATH 3HaYHY YaCTUHY POOOTH 31 CTBOPEHHSL OPHUTiHAT-MAKETIB.

[Ipore HEOOXimTHO 3a3HAYMTH, IO XOYa HMPHHIUNHM TBOPEHHS 1 TEXHOJOrIl peaizamii
iHpopMaLlIHHUX HOCIIB TMOCTIMHO 3MIHIOIOThCA, aile QyHKIIT [uX iHGOpMaLiifHUX MPOIYKTIB
3aJIMIIAIOTHCSI HE3MIHHUMHM: KOMYHIKallis, mepenava indopmaii criokuBady. [Ipu cTBopeHHI mpoayKiii
KOMYHIKaTUBHOI'O XapakTepy MOTPIOHO OOOB’S3KOBO BpaxOBYBaTH IUTAHHSA XYJ0’KHbO-TEXHIYHOI'O
o(opMIIeHHS, €CTETHKHU 1 €prOHOMIKH Ul MOKpAIIEHHS CIPUIHATTS iHQOpMAIlii, a/pke SKII0 IOro He
poOHUTH, TO 1LI€ MOKE€ HNPU3BOAMTU 10 HOTIPIIEHHS BHUIIALY Ta 3HUKEHHS SKOCTI (YHKLIOHAJIBHHUX
BJIACTHBOCTEH 1H(POPMAIIHHUX HOCIIB, TAKUX HAIIPHUKIA] K KHIDKKOBI, )KYpPHAIIbHI BUTAHHS [2].

KHIDKKOBE BMIAHHS SBIA€ COOOK HOCHTh CKJIajHE, CHCTEMHE YTBOPEHHs. Moro motpi6HO
PO3TISIIATH SIK CYKYIHICTh B3a€MO3AJECKHUX 1 B3a€EMOOOYMOBICHHX eleMeHTiB. [lo ckmany BumaHHS
BXOJIUTH JIiTepaTypHHil TBip Ta amapaT. TBip TaKOX € HENPOCTUM YTBOPEHHAM. Moro 060B’S3KOBUM
€JIEMEHTOM € TEKCT, 1110 CKJIAJA€ThCs 3 JEsIKOI MHOKMHU CMHUCJIOBHMX €JIEMEHTIB 1 MOXKE€ MaTHu pi3HY
CTPYKTYPY 3aJI€KHO BiJl BUZy JIITEPATypH, 3MICTy i kaHpy TBopY. [lopsia 3 TeKCTOM y BHJIAHHI MOXYTb
OyTH HETEKCTOBI €JIEMEHTH TS BiTOOPAKECHHS 3MICTY: LTFOCTpaltii, Tadmuii, Gopmym.

Takum YUHOM, BHJIaHHS B LIIJIOMY MOXKHA PO3IJIAJaTH, K iH(OpMaIliifiHy cucTeMy, IpUIOMY JOCHTh
CKJIaJHy, Xo4a ¥ moOpe opraHizoBany. Ilpu mpomy nBi i CKiamoBi — TBip Ta amapaT — YTBOPIOIOTh
HiCUCTEMM, KOXKHIH 3 SIKMX NpPUTaMaHHa CBOSI CYKYIHICTh €JIEMEHTIB, SIKi 1epe0yBaloTh y B3a€MHIH
¢GbyHKIIOHANBHIN B3aeMoii Ta 1H(GOpMaLiiHO-00yMOBIEHHUX BITHOLIEHHSX [3].

Y TeXHOOril TBOPEHHS BUAAHHSA MOXHA BUAUIUTH CTaTUYHY Ta JAWHAMIuHY iHpopMaliiHy Mozaemi
npormecy BepcraHHs. CraTtuyHa BigoOpa)xkae NPOCTOpOBE OadeHHS KOMITO3HMIIIHHOTO PO3MIIICHHS
Matepiaily, yocoOIIt0€ CTPYKTYpPHI HiAXO0/IU 10 B3aEMHOTO MOJIOKEHHS €JIEMEHTIB CKJIAJJHOCT1 Ha INMANbTI.
Jlo cTaTHYHOT MOJIeNi MOXHA BIIHECTU IPOrPaMHI AKETH BUKOPUCTOBYBAHOI KOMIT IOTEPHOT BUAABHUYOT
CHCTEMH Ta BIANOBIIHOTO 1if TEKCTOBOTO pelakTopa.

Junamiuna iHdopmaliiiina MoJenb BUIAHHS 3aJ€KUTh HE TIIBKA BiJl CTPYKTYpPH Ta 3MICTY
nmyOusikamii, ajge W Big NpHU3HAYEHHA 1 (YHKIIOHAIBHUX MOXIUBOCTEH BHOpaHOI KOMII IOTEpHOL
BUTABHUYO] CHCTEMH. [i OCHOBOIO € BHXimHA iHdopmarriiina 6a3za qaHUX, sKa MOBHHHA MICTHUTH: BUXI1IHI
napaMeTpH BUJIAHHS; TEKCTOBY YaCTHHY, BiJ[pelaroBaHy 3aco0amMu JIOIIOMI’KHOT'O TEKCTOBOTO PEIaKTOpa;
rpadivyHuil Ta UTIOCTpaliifHuii MaTepian (mpu HOro HasgBHOCTI), MiJTOTOBJIEHUNH OKPEMOIO CUCTEMOIO UM
CKaHOBaHMI BIAMOBITHUMH MPUCTPOSIMU [4].

BBaxaiimo, mo Si, Sy, Sz, Si, Ss, Sg, S7 — MHOXHMHaA (AKTOPIiB SKOCTI TPOIECY BEpPCTaHHS
KHIKKOBOTO BUIaHH:. HaBeneMo aktopu 3abe3mneyeHHs SKOCTI BEpCTaHHS KHIKKOBOTO BUIAHHS:

S1 — Bun Bunmanus. BusHauaeThes BIAMOBIIHO JIO CTAHAAPTY 3a PI3HUMHU 03HAKAMH, BiJIITOBIIHO JI0
AKMX 1 BiIOYBa€Tbcs BHPIIIEHHS BapiaHTy IOJaHHSA Ta (OPMYBaHHS 3OBHIIIHBOI Ta BHYTPIIIHBOI
CKJIaJIOBUX KHHTH.
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S, — Po3wmipai napamerpu Bumanss. [Ipu cTBOpeHHI MakeTy Ud MPU BUKOHAHHI BEPCTaHHS MEPIITHIM
KPOKOM € BH3HAu€HI IMpH BUPOOHMYO-TEXHIYHOMY IUIaHYBaHHI. Y CIEIiali30BaHUX IaKeTax s
BEpPCTaHHS 3a7al0Th: PO3MIP CTOPIHKH, PO3MIp IOJIB, BUITYCK i 00pi3, KIJIBKICTh CTOPIHOK, OPIEHTAIIIIO,
KUTBKICTh KOJIOHOK, PO3Mip MI>)KKOJIOHHHKA.

S3 — Xapakrep umroctpatuBHOI iH(MOpMali. 3aJie)XKHO BiJg CHoco0y MOJAHHS UIFOCTpAIiifHO-
rpadivunoi iHdopMarii y KHH31, MOXXHA BHOKPEMHTH JIBa THIM BHJAAHB: UTIOCTpAIil PO3MILIYIOTH Ha
BKJICIKaX, HE MPUB’A3YIOYM 1X JIO OMKCY B TEKCTi; LIFOCTpaIlii 3aBEpCTYIOTh O€3M0CcepeIHbO B TEKCT, 3
SIKMM BOHH TICHO TIOB’513aHi 3@ 3MIiCTOM.

S; — I'pyna ckmagHoCTi BepcTKH. € YOTHUPHU TPYNH CKJIATHOCTI BEPCTKH: BEPCTKA IMPOCTOTO
(CyHTBHOTO) TEKCTY; BEPCTKA TEKCTY 3 HEMIPU(PTOBUMH BUALJICHHAMH, TAOMUISIMH, (POPMYITaMU; BEPCTKA
TEKCTY 3 BUJUICHHSAMH, TaOJHUISIMU (HOPMYIIaMH, UTIOCTPAIISIMH 3 MAMKCOM, 0araToKoJIOHKOBa BEPCTKA,
CKJIaJIHa BEpPCTKa (JJ0JJaTKOBO KOMITO3HUIIIMHI BUIIICHHS).

S5 — CTBOpeHHs/3acTOCYyBaHHS A0JIOHIB Ta MOJIYJIBHUX CiTOK. B cydacHux cnemiamizoBanux HBC
IUIE BEpCTaHHS BHUKOPUCTOBYIOTH TEXHOJOTiI0 IIa0ioHIB. BuKOpHUCTaHHS  SKAX Ja€ MOXKIUBICTD
aBTOMATHYHO MEPEBEPCTYBATH BCE BHJAHHS NPU 3MiHI IIA0JOHA i BUKOPHCTOBYBATH JIJISI OJTHOTO BHILY
CTOPIHOK JIeK1JIbKa MA0JIOHIB.

S¢ — Kommo3wumiiine odopmiieHHS. 3BOAMTHCS 10 BU3HAYEHHS TPYHHM CKJIATHOCTI BEpPCTAHHS
BpaxoByloud (opMaT, pO3TallyBaHHS INMaJbTH HA CTOPIHII, XapaKTEPUCTHUKHA TEKCTOBOI Ta
uTrocTparniiHoi iHdopmartii, 3pemTor 1 caMoro BEpCTaHHS.

S; — IligrotoBka no BuBeneHHA. [lomsArae y BH3HAUYEHHI HASBHOCTI BCIX MPUQTIB y CUCTEMI,
MPaBUJILHOCTI MOJAaHHS 300paK€Hb — BIJIMOBIIHI pO3MipH, PO3lIbHA 3[ATHICTH Ta KOJIIpHA MOJEIb.
BukoHaHHS KOJIBOPOIIOALTY, TPEMIHTY Ta pacTpyBaHHs 3@ HEOOXiMHOCTI [1].

‘ S, — Bua BugaHHs ‘

/
P /

- / \ T
S, — MNigrotoBka / S, — PoamipHi napamvetpum
[0 BUBEOEHHS / BMOAHHSA

v

S, — KomnoauuiinHe
OOOPMIEHHS

1.8, — XapakTep inocTpaTuBHOI
iHdpopmaLii

~

S, — CTBOpEHHS WabnoHiB |«

—

S, — pyna cknagHocTi
BEPCTKU

Puc. 1 I'pagh 36 a3xie chakmopie 3abesneuents AKOCMi 6ePCMAHHIA KHUNCKOBO20 BUOAHHS

OTxe, MHOXHWHY KPHUTEpIiB. S Ta MOMJIMBI B3a€MO3B’S3KM MK HUMH IIOJaMO Y BHIJISII
opieHTOBaHOTrO rpada. Bin Bka3ye Ha NMEBHY 3aJ€KHICTh OJHOTO MapameTpa BiJl 1HILIOro, HAPHUKIIAMA, Ha
MpoLeC BEPCTaHHA BIUIMBAIOTH MapaMEeTpU LIIOCTPalliid, PUCYHKIB UM TaOJIMlb, CYTTEBUMHU € TaKOX
po3mip mamepy Ta opMar IINagbTH; MPOMOPLIHHICTE PO3MIIIEHHS ENEeMEHTIB 3aJeKUTh BiJ
KOMOIHYBaHHS TapaMeTpaMy MpUQTiB, B3AEMHOTO PO3TAIIYBaHHS TEKCTY Ta LIFOCTparii Tomo [4].

Cnucok BUKOPHUCTAHOI JiTepaTypu

[1] CenbkiBcbkmii- B. M., Ocinuyk O. I. «Knacudikauis ¢akropiB 10 Ipykapcbkux mporieci» / B. M.
CenbkiBcrkuid, O. 1. Ocinuyk // Haykosi 3anmmcku [ Ykpaincbkoi akagemii apykapcersa]. — 2017. — Ne 1. —
C. 60—67

[2] TomoBko O. A. BB iHdopMaIiiHUX TEXHOJOTiH Ha (OPMYBaHHS Cy4aCHOTO KHUTOBHIAHHS Ta
npobiaemaruka miaroroBku peaakropis / O. A. T'omoko // O0pii npykaperBa. — 2014. — Ne 1. — C. 95-102.
— Pexxum moctymy: http://nbuv.gov.ua/UJRN/obdr_2014 1 12

[3] Iix 1. B., CenbkiBchkuii B. M. IHdopmartiiini TexHOJIOTIi MOJACTIOBAaHHS BUIABHHUYUX IPOIECIB
[Tekct] : maBu. mocionuk / Ilix I. B., CenpkiBchkuii B. M. — JIbBiB : VKp. akaa. apykapcrtsa, 2013, —
220 c.

[4] CenbkiBebkuii B. M. Monenb kputepiiB KOMIO3UIIHOTO 0(OpMIIEHHS KHUKKOBUX BUAaHb / B. M.
CenbkiBebkui, P. O. Ko3ak // Haykosi 3anucku [ Ykpaincekoi akanemii apykapcrsal. — 2008. — Ne 1. — C.
125—139. — Peskxum pocrymy: http://nbuv.gov.ua/UJRN/Nz_2008 1 21
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HIJIBUIIEHHA E€EKTUBHOCTI MIPOLECY NACTEPU3AIIIL IUBA B TYHEJIBHOMY
MACTEPU3ATOPI PO3IIAPEHHSIM ®YHKIIA CHCTEMH ABTOMATHYHOI'O
KEPYBAHHS
Cepexonok M.B. (maxim.seregenok(@se.ua)
Opnecbkuii HalliOHANIBHUI TEXHOJIOTIYHUI yHiBepcuTeT (YKpaiHa)

B mesax poszenadaromecs npobiemu 3 cucmemamu YApAaeniHHA HA eHep2oe@deKmusHicmio
MYHENbHUX NACMEPU3AMOpIB.

YV Hayxosiu pobomi nianyemvcs npogecmu OOCHIONCEHH 3 Memoi po3poOKU «cucmemu
eapaumyryozo ynpaeninua (CI'Y)» mymnenvHoco nacmepuzamopa 3 nooanbuumM GHPOBAONCEHHAM Hd
OiI0UUX 1 HOBUX YCIMAHOBKAX.

[Tpouec macTepu3aiii B JIiHISIX PO3JIMBY € OJHUM 3 HAaHOUTBII €HEePro3aTpaTHuX. B TyHeIpHUX
MacTepu3aropax MpPOXOAWTh IMacTepu3allisi MUBa 3aKyMOpeHHX IULAMIOK. [lacTepusaiis mpoXoauTh 3a
paxyHOK HarpiBy, 3a JOMOMOTOI0 Iymia 3 BOAW. [IISIIKM HOCHITOBHO MPOXOIATH 30HU HArpiBy,
nacTepusailii, OXOJO/KEHHsI, B KOXHIM 30HI aBTOMAaTUYHO PETYIIOEThCS TEeMIIEpaTrypa IyIIOBOI BOAU
(eHepreTUYHI MOTOKM MOKa3aHl Ha MaJl. 1).

¥ 3

F 3

bddd _ Ll

82°C 52°C

Y

i
-

Man. 1 EHepl"eTI/I"IHi IMOTOKH TYHCJIBHOT'O ITaCTCPU3aTOpa

Heoniku icHYIOUMX CHUCTEM KEpyBaHHS:

- KuacuuHi cucTteMH KepyBaHHSA MIATPUMYIOTh TIIbKM 3a/laHl TeMIEpaTypd B 30HAX
racTepusaropa

- Hewmae aunamiunoro po3paxyHky PU, 1is KOHTpoITo SIKOCT1

- SIk mpaBMIIO MBUIKICTh PYXY CTPIUKH HE PErYIIO€THCS

- Hwuzsbka cTabUIBHICTD SKOCTI, ITiIBUINIEHE CHEPTOCIIOKUBAHHS

[Ipu nopymenHi pexxumy nacrepusaiii, nepesuiieHH1 PU, sSKicTh nuBa pi3KO MOTIPIIYETHCS.

To6To HeoOXiAHO 3AIMCHUTH ynpaBiiHHSA sike O 3a0e3nedyBajlo TapaHTOBAHY MMOBIPHICTh
JTOTPUMaHHS BCTAaHOBJICHUX TEXHOJIOTaMH OOMeKeHb. Taki CHCTEMH Ha3MBAIOTh «CHCTEMH TapaHTYIOY0Tro
ynpaBiiHH (CTY)».

Bunukae i1es BUMIpATH TeMIEpaTypy BCEPEIUH] IUISILIKH, aje 1€ MPaKTUYHO HEMOXKIIUBO 1
€KOHOMIYHO He JOLiIbHO. {10 TeMnepaTypy MokHa po3paxyBaTH aHAJTITHYHO (32 JOIIOMOIOI0 MOJIENi), a
noTiM obuncanTu 3HayeHHs PU

Buacninok BnpoBamkenHs: CI'Y odikyeThes:

- 3MEHIIEHHS €HEeproBUTpaT (MU BHKOPHCTOBYBATHMEMO CTUIBKH Tapsidoi BOJAM, CKUTBKA
JiHCHO HEOOX1THO);

- miaBuiIeHHs sikocTi muBa (PU nmuBa nopiBHIOBAaTUME 33JaHOMY 3HAYCHHIO).
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Sk momanell NIIAXW ONTUMI3AIl KEpyBaHHs, MOKHA 3alpoOIOHYBaTH PO3POOKY MoOJemi
SHEepPreTUYHUX MOTOKIB (UMU(pOBUI NBIHHUK). AHAI3 JaHUX MOJENI 1 JAHUX 3 BUTPATOMIPIB J103BOJIUTH
BUSIBIIATH HECTIPABHOCTI

BucnHoBku

Po3pobka cuctemMu aBTOMaTHYHOTO KEPYBaHHS 3 PO3MIUPEHUMH (DYHKIIISIMH JJO3BOJIHTH!

- 3HayHe MiABUIICHHS SKOCTI MMPOAYKTY, CTAOUTbHICTh MapaMeTpiB SIKOCT1

- 3HavHa eKOHOMIsl €HEepropecypciB

AKTyanbHICTh JIOCHIDKEHHS € BHCOKOI SIK JUIi HOBHUX I[ACTEpPH3aTOpPiB, TaK 1 JUIs
MoJIepHi3alii ICHYIOUHX.

Cnucox BUKOPUCTAHOI JliTeparypu
[1] Determining Pasteurization Units. Bent Stig Enevoldsen, Dpartmet of Bewing Chemistry,
Carlsberg Research Center K-250 Valby, Copenhagen, Denark. ASBC Journal.

VK 665.6/7:681.54:338.2

BUKOPHUCTAHHA MOJOXEHb MIDKHAPOJHIUX KOHIEIIIIN PO3BUTKY
BUPOBHUIITB IIPU ABTOMATU3ALIIL OUUIIIEHHA OJIUB I MACTWI
Tropina €. O., SApomuryk JI. /1. (eugenia.turina@gmail.com, vicleon@i.ua)
HauionansHuii TeXHIYHMI yHIBEpCUTET YKpaiHU
«KuiBchkuii nositexHiuHuil iIHCTUTYT iMeHi Iropst Cikopebkoro» (Ykpaina)

Bukonano ananiz memunosux 3aday aemomamusayii npoyecy aocopoyii, sKi SUHUKAOMb HpU
OYUWeHHI BIONPaYbOBAHUX [HOYCMPIANIbHUX 01U8 ma Mmacmui. Pozensinymo nonodicenus KOHyenyiu
Inoycmpis 4.0 i 5.0, a makoosc Cmanozo po3sumky i HanpAMKiI6 ix peanizayiil 3 MOYKU 30pPy PO38 A3AHHS
3a0ay agmomamuzayii adcopbyii. BusHaHo 0oyinbHUM BUKOPUCMAMU KOMNIIEKCHICMb Ni0X00Y KOHYenyitl
i Memoou, HuMU 3aNpPonoHo6aHi, O CYKYAHOCMI 3a0a4 OMPUMAHHA 3HAYHO20 00CA2Y ONepamusHol
iHhopmayii npo eracmusocmi 8iONPaybOBAHUX MA OYUUIEHUX DEeHOBUH, NIOMPUMYBAHH ONMUMATbHUX
YMO8 a0copbyii npu 3MIHHOMY CKAAO0T 3a0PYOHIOBANbHUX DEYOBUH, BUSHAYEHHS KePY8albHUX 6NIUEI6 Npu
MPeHoax e1acmusocmell 6HympiuHix KOHCMPYKYIill, 8DAXY8AHHS eKOJIO2IYHOI ma COYianbHOI CKIA008UX Y
Kpumepisax eexmuerHocmi 8upooHuYmaa.

Y cy4acHOMY CBiTi HEMEPepBHO BIIOYBAIOTHCS 3MIHM SK TEXHIYHOI Ta TEXHOJIOTIYHOI YaCTHH
BUPOOHUIITBA, TaKk 1 B E€KOHOMIKaxX JepXaB, COLIaJbHOMY >KHTTI Ta CTaHl JOBKUIIA. Y CHUIBHOTaxX
€KCIIEePTIB 3a3HAYEHUX IpeIMETHUX 00JacTeil € po3yMiHHS TOTO, 110 NMpoOieMH (YHKIIOHYBaHHS IHX
obnacTeil Hapa3i i y HOJAJBIIOMY MOXKHA BUPIIIUTH TUIBKU BIPOBA/PKEHHSAM KOMIUIEKCHOTO MIXOY.
[Ipuknanamu 11boro € po3poOKa 1 HaMaraHHs peajizallii pI3HOMaHITHUX MDKIACIUIUTIHAPHUX KOHIEIIIH,
3okpema Cranoro po3BuTky (CP), Inmyctpiii 4.0 ta 5.0 (I4, I5) [1 — 3]. ®axiBIli KOKHOTO HAMpPSIMKY
MaroTh BJaCHe OaueHHs TEPCIEeKTUB Ta CIIOCO0IB PO3BUTKY CBOTO HAampsAMKY. Jlyxke BaXXJIMBO 3aKjalaTH
KOHCEHCYCHI pINICHHS NHUX KOHIEMIId Ha I0YaTKOBHX €Tamax TIPOEKTYBaHHS UM MOJEpHi3alii
TEeXHIYHUX, EKOHOMIYHMX 1 colliampHUX cucTeM. Hapasi HallOiabIl aKTUBHO OOTOBOPIOETHCS TeMaTHKa
ImpycTpiii y ramyssix, MOB’S3aHHUX 3 MEHEIKMEHTOM Oi3Hec-TpoleciB. [HII HampsiMKU MOTPeOYIOTh
OLTBIIOT TeTarizamii y NpaKTHYHUX [UIaHaX 9M JisX.

Meroro nocainzkeHHsl € aHaII3 3a/1a4y Ta LULIXIB aBToMmaru3auii texHonoriyHoi cucremu (TC) 3
TOUYKU 30py noJjoxkeHb KoHuenuiii CP, 14, IS Ha npuxmnani aacopOUiifHOr0 OYMIEHHS BiANPalbOBaHUX
oJuB 1 MacTui [4].

Bukiaag ocHoBHoro wmarepiaay. TexHousoris aacopOLIHHOTO OYMINEHHS NpU3HAYEHA JUIS
MIJBUIIEHHS €(QEeKTUBHOCTI pecypco30epexeHHs, 30KpeMa IMOBEPHEHHsSI BapTICHUX OJIMB 1 MacTUI Yy
BUPOOHWYY Ta TPAHCHOPTHY rany3i. 3a3HaueHUW Ccrmocid eKOHOMil pecypciB Mae Iie W BIacCHUU
MO3UTUBHUMN €KOJIOTTUHUHN e(eKT — 111 MIKIAJTUBI PEUOBUHU HE 3aJUIIaTUMYTh Ha CMITHHUKAX Ta B 3€JIEHUX
30Hax.
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HenepepBHa TexHOIOTIs aCOPOIIITHOTO OYUIIICHHS peai30BaHa CUCTEMOIO, SIKa MICTUTh ajicopoep
HETepepBHOi i, B AKOMY aJCOpPOEHT Ta 3a0pyIHEHa CHPOBHHA PYXAIOThCS MPOTUTEUIEI0; anapaTH JUIs
pereHepaiiii BJIACTUBOCTEH ajcopOeHTy (mecopOep, Cylmapka, pereHeparop, YOTHPUCTYIICHEBUI
XOJOAMIIBHUK), TICHS SIKUX aJCOPOCHT MOBEPTAETHCS 3HOBY B ajncopOep; amapaTtu A MONepeiaHboi
MiArOTOBKKM CHPOBHHU (puc. 1) — 3MillyBaHHS 3 PO3YMHHUKOM W OXOJIO/DKEHHS [0 TEeMIIepaTypu
ajcopoIrii.

o ocobmuBocreii 1iei TC, K1 yCKIaIHIOIOTH 11 aBTOMATH3alli10, BITHECEMO HACTYITHE:

- 3HaYHA KUTBKICTh BIIACTHUBOCTEH, SIK CJIiJ] TOBEPHYTH OYMIIICHUM OJIMBaM;

- HEOOX1AHICTh MIATPUMYBAaHHS KOKCH pa3 HOBHX YMOB aJicopOIIii mpu 3MiHI TUITY CHPOBHHH;

- HEOOXiJHICTh KOpETryBaHHS HAIANITYBaHb PETYIATOPIB NpPU 3MiHI JUHAMIYHHX BJIACTUBOCTEH
BHYTPIIIHBOTO CEPEOBUIIA ajicopoepa;

- 3B’A30K Mi’K €EKOHOMIYHUMH, €KOJOTTYHIUMH Ta COLIaIbHUMHU PE3yJIbTaTaMU AisUIbHOCTI BUPOOHHUIITBA.
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Puc. 1. TexHonoriyna cxema aacopOIiifHOTO OYHUIIICHHS OJIUB 1 MaCTHJI

KoHnenTpoBaHo HampsMok [4 Mo)XHAa MOJATH SIK PO3MIMPEHHS 1 TMOTIMOJICHHS IudpoBizaltii
BUPOOHUIITBA Ta O13HEC-TIPOIIECIB, HA OCHOBI AKOI 3a/1ayl WX JIBOX HAMpPSIMKIB OyIyTh PO3B’A3yBaTHUCS
CIUJIBHO, 30KpeMa, 1 METOJJaMH LUTYYHOrO 1HTENEKTy 3 MiHiMi3aliero poui moauHu. Hanpsmku 15 ta CP
HAMararmThCsl YpPIBHOBAXUTH - «TexHOKpatusm» [4. Ili kouuenmii nepen0avaroTh MiABUIICHHS PO
JIOJIMHU TIPU KE€PYBaHHI PI3HOTO POJy CUCTEMaMH Ta MpsSME BpPaXxyBaHHS COLIAJBHUX Ta €KOJIOTTYHHX
YMOB >KUTTI IPH BU3HAYEHH1 KPUTEP1iB (PYHKIIOHYBaHHS BUPOOHHUIITB.

PosrimaaHeMo 11l 0COOJMBOCTI MOCIIZOBHO 1 BHU3HAYMMO MOXJIMBI IUISXM IX aBTOMAaTH3allii, fKi
MOXKYTh BII0OpakaTh mosoxeHHs konuenuii 14, IS ta CP.

BinnparipoBaHi Ta OUHIIECHI OJIMBU XapaKTEPH3YIOTh 3HAYHOIO KUTBKICTIO MMOKA3HUKIB, 110 OB’ A3aHO
371X BIANOBIAaNBFHUM €KCIUTyaTalliiHUM mNpu3HadeHHsM. Taka OararomapaMeTpHyYHICTh YCKIIAJIHIOE
3aCTOCYBAaHHS THIIOBUX CHCTEM KEpyBaHHs TeMIepaTypH Ta THUCKY B ajcopOepi s AOTpUMaHHS
MOTPIOHOTO PIBHS OYHUIIICHHS.

Mo:xHa BUOpaTH Takl HAIPSIMKH IMIUIEMEHTAIli1 oJiokeHb KoHentii 14 y mpouecu kepyBanns TC:
= 600CKOHANICHHA MA G6NPOBAONCEHHA 6 CUCMEMU KePYEaHHA MEXHIYHUX 3acodie asmomamu3zayii
(T3A4), 30amnux eumiprosamu ma OUCMAHYINHO Nepeoasamu po3uiupeHe Kolo0 HOKA3HUKIE AKOCHI
OUUWEHUX 01116 | MACMUI;

- GU3HAYEHHA Cnocofie ma po3podneHnsa 3acodie Op2anoNenmuUyHO20 OUIHIO8AHHA 61ACMUBOCHEll
npooyKuii;
- 6NP0O6AOINCEHHA cUCMEM KepYBaHHA, NOOYO0BAHUX HA 3HAHHAX, 30Kpemd, HeYImKux cucmem
KepyeaHnHsl.

CupoBuHa MOXE€ HAIXOAMTH 3 PIZHUX JDKepen 3a0pylHeHHs Ta me W 3MmimyBatucsa. Tomy ii
BJIACTUBOCTI CKJIAJHO TMPOTHO3yBaTh. Bu3HaueHHS yMOB ancopOuii uisi CHUPOBHHM 3 HOBUMHU
BJIACTMBOCTSIMU HE MO’KHA BUKOHATH THUIIOBUMHU aBTOMaTHYHUMU cucteMamu kepyBaHHs (ACK). Mopenni,
AK1 OylyTh BUKOPHUCTaHI 