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METO/I HOIIYKY OB’EKTIB IHTEPECY 3A CHEKTPAJIbHUMH O3HAKAMHA
HA 30BPAKEHHSIX 3 AKTUBHOI OIITUKO-EJEKTPOHHOI
CUCTEMMU CIIOCTEPEXEHHS

Anoranis. IIpexmMeToM BHBUCHHS B CTATTi € METOJ IOIIYKY 00 €KTiB iHTEpeCy 3a CIIEKTpaJbHIMH O3HAKaMU Ha OCHOBI
AKTUBHOI ONTHKO-EJIEKTPOHHOI CHCTEMH, Y SIKiil B SIKOCTI JpKepelia BUIIPOMIHIOBAHHS 3aCTOCOBY€ETHCS Halip OaraTocrekTpaib-
HUX JIa3epPHUX BUIPOMIHIOBAUiB, 3 TIOJAIBIIOI KOMIT FOTEpPHOIO 00pOOKOI0 OTpHMaHOTO 300paxeHHs. MeToro € po3polka Me-
TOIy MOIIYKY 00’€KTIB iHTEpeCy i3 3aCTOCYBaHHIM AKTHBHOI ONTHKO-EIEKTPOHHOI CHCTEMH 3 TOAAIBIIO KOMII IOTEPHOIO
00pOOKOI0 OTPHUMAHOTO 300pakeHHs. 3aBAAHHSA: aHANI3 0coOMMBOCTel MOOYIOBH i (YHKIIOHYBaHHS aKTUBHHX OITHKO-
CIIEKTPOHHUX CHCTEM 3 AUHAMIYHOIO CHEKTPAIBHOI0 00pOOKOI0; pO3po0Ka METOY MOLTYKY 00 €KTIB 3a CIIEKTPaJIbHUMU O3Ha-
KaMU aKTHBHOIO ONTHKO-EJIEKTPOHHOIO CHCTEMOIO 3 KOMIT I0TEPHOI0 00pOOKOI0 300paskeHb; po3po0Ka MaTeMaTHYHOI MO,
sIKa JTO3BOJISIE IPUIHSTH PillleHHs PO HAsIBHICTH 00’ €KTa iHTEpecy IUITXOM BU3HAYECHHS UITHOK 300pa)KeHHS 3 elIeMEHTaMH,
[0 MaIOTh HAaHOUIbIIE 3HAUCHHS SICKPABOCTI. BUKOPHCTOBYBAHUMYU METOIAMHU €: METOIU IU(PPOBOi 0OPOOKH 300paXKeHb, Me-
TOJI MATEMAaTHYHOTO MOJICITFOBAHHS, METO/IM TCOPii ONTUMI3AIli], aHATITHYIHI Ta EMITIPUYHI METOJIH aHANI3y 300paKeHb TiCiIs
ix mudpoBoi 00pobku. OTpuMaHi Taki pe3yabTaTu. [IpoaHanizoBaHo 0coOIMBOCTI MOOYZAOBH i (PYHKIIOHYBAaHHS aKTHBHUX
OIITHKO-EJICKTPOHHUX CHCTEM 3 JHHAMIYHOIO CIIEKTPaIbHOI0 00p0OKOI0. Po3pobieHo MeTo MOoIIyKy 00’€KTIiB 32 CIIEKTpailb-
HUMHU O3HAKaMH aKTHBHOIO ONTHKO-EJIEKTPOHHOIO CHCTEMOIO 3 KOMIT IOTEPHOI0 00poOKOI0 300pakenb. Po3pobieHa MaTema-
THUYHA MOJEIb, KA T03BOJISIE IPUHHATH PIIEHHS PO HASBHICTD 00’ €KTa iHTEpeCY IUIIXOM BU3HAYEHHS IUITHOK 300paKeHHS
3 eIeMeHTaMH, MaloYMMH HalOLIbIIIe 3HaYeHHs CKpaBocTi. BucHoBKH. Po3pobiieHo MeTo omyKy 00’ €KTiB 3a CHIeKTpaib-
HUMH 03HAKaMH aKTUBHOKO ONTHKO-CIICKTPOHHOIO CHCTEMOIO 3 KOMIT FOTEPHOI0 00pOOKOI0 300paskeHb. OCOOIMBICTIO pO3p0O0-
JICHOTO METOJy € 3aCTOCYBaHHs Ha MOYaTKOBOMY €Talli akTHBHOT ONTHKO-EJIEKTPOHHOT CHCTEMH JUISl BUMIPIOBAaHHSI CIIEKTpa-
JIBHOTO KOeillieHTy BiIOMTTS TOCIIPKYBAHOT IUISTHKY, SIKHI B MOJAJBIIOMY Pa3oM 3i CNEKTPAJbHUMH XapaKTepHUCTHKaMU
00’eKTa iHTEpecy, BUKOPUCTOBYETHCS B 0OUMCICHHI anmapaTHoi (GyHKIii (BekTopa QUIBTPY) Ui 3a0e3MeueHHs MMiqBUIICHHS
KOHTpacTy 300pakeHHs 00’€kTa iHTepecy. Ha 3akmo4HOMYy erari IpOBOIHUTHCS KOMIT FOTEpHAa 00pOOKa OTPHMaHOTO 300pa-
JKEHHS 3 METOIO0 BU3HAYCHHS AUITHKH, Ha SKiM pO3MIIIEHO 00 €KT iHTEpecy, 3a eNeMEHTaMH 300paKeHHS 3 HaWOLIbIIMM
3HAUCHHAIM SICKpaBocTi. [IpoBegeHO MaTeMaTHYHE MOJETIOBAHHS PO3POOJICHOTO METOMy IMOUIyKy 00’€KTa iHTepecy B 30HI
CIIOCTEPEKEHHS. 3a pe3ysbTaTaMi MaTeMaTHYHOTO MOJIETIOBAHHS PillleHHs PO HAsBHICTh 00’€KTa iHTepecy OyJo NPHIHATO
JUISL TUTSTHOK, CKJIaJIOBI €JIEMEHTH SIKMX MArOTh HalBUIII TOKa3HUKH SICKPABOCTI.

Kaw4oBi cioBa: akTHBHA ONTHKO-EIEKTPOHHA CHCTEMa, KOMIT I0TepHa 00poOKa 300pakeHHS, MOITYK 00 €KTIiB Ha 30-
OpakeHHi, CTIeKTpalbHa 03HAKa.

CraTTs TpuCBIYEHA po3poOIl METONy OIIyKY
00’€KTiB 32 CIEKTPATLHUMHU 03HAKAMU aKTHBHOIO OITH-

Beryn

IMocranoBka mnpo6aemu. HaiiGinbm posmnoscio-
JDKCHUMH ~ 3aJla4aM¥, SKi PpO3B’SI3yIOTBCS  OITHKO-
SJICKTPOHHUMH CHCTEMaMH, € BHUSIBICHHS, PO3Ii3HABaH-
Hs Ta Kinacudikamis 00’ekriB. [1ix gac po3B’s3aHHs Ta-
KOT'0 KJIacy 3a/lad BUKOPHCTOBYIOTh NIEBHUI onuc o0pa-
3iB (CYKYIHICTh CHTHAIB, IIO OOpOOJISAIOTHCS), SKi
CKJIa[Ar0Th BiAMIHHI O3HaKH 00’ckTiB. Halfuacrime BH-
KOPHUCTOBYIOTH TaKi TPyNH O3HAaK: FT€OMETPUYHI O3HAKH,
CIIEKTpalbHi, eHepreTHYHI Ta quHamiuHi [1].

3a npuHIUIoM (opMyBaHHS iHGOpMAIIHHUX MTO-
JiB (IOJIiB BUIPOMIHIOBAHHS) YCi ONTHKO-EIEKTPOHHI
CHCTEMH TOIISAIOTHCS HA TAacHBHI Ta aktuBHi [2]. Ia-
CUBHI OINTHKO-EJIEKTPOHHI CHCTEMH BHKOPHUCTOBYIOTbH
iH(pOpMaIiHHI 10N, SIKi YTBOPEHI NMPHUPOJHMM BHIIPO-
MIHIOBaHHSIM Yy MPOCTOPI 00’€KTiB. AKTHUBHHH METOJ]
OylOBH ONTHKO-CIEKTPOHHHX CHCTEM Iepeabavae
CTBOpEHHSI 1H(QOPMALIWHOrO IOJs i3 3aCTOCYBaHHSIM
LITYYHUX JPKEPEIl BUIIPOMIHIOBaHHSI.

KO-€JIEKTPOHHOI0 CHCTEMOIO 3 KOMIT IOTEPHOI0 00po0-
KO0 300pakeHb. [Ipu 3acToCyBaHHI aKTUBHUX OMTHKO-
€JIIEKTPOHHHUX CHCTEM 3 Y3TO/DKEHOIO (iybTpariiero He-
00Xi/THa HAsIBHICTh JAHUX PO CIEKTPaJbHI XapakTepH-
CTHKM 00’€KTa iHTepecy Ta AULIHKM Nomyky (¢poHy) —
JUISTHKM MICLEBOCTI, Ha SIKOMY IMOBIPHO MOXe OyTH
po3MimieHuii 00’ekT iHTepecy. Bimomo, mo maHi mpo
CIIEKTPAJIbHI XapaKTEePUCTUKH JUISHKHI OIIYKY HE I10C-
TiliHI, HE OJHOPIIHI Ta CXWIBHI 10 3MiH. Lle moB’s3aHo 3
MOJIIUBOIO 3MIHOIO TIOTOJHHMX YMOB, IOpH POKYy abo
4acoM J00H, 10 POOUTH 3aCTOCYBAHHS aKTUBHOI ONTH-
KO-€JIEKTPOHHOI CHCTEMH 3 Y3TOJDKEHOI (ibTpaliiero
He e(eKTHBHOIO.

OcoONMUBICTIO PO3POOIEHOTO METOIY € 3aCTOCYy-
BaHHA Ha [0YaTKOBOMY €Tami aKTHBHOi ONTHKO-
€JISKTPOHHOT CUCTEMH JJIsl BUMIPIOBaHHS CHIEKTPaIbHO-
ro KoedilieHTy BiOWTTS MOCIIDKYyBaHOI JUISHKH HO-
LIYKY, SIKKWH B TIOJQJIBIIOMY pa3oM 31 CIEKTPaJbHUMH
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XapaKTepucTUKaMu 00’€KTa iHTepecy, BAKOPUCTOBYETh-
cs1 B oOuncIieHHi anapatHoi QyHKuii (Bexktopa QinabTpy)
JUIs1 3a0€3MeYeHHs Mi/IBUILEHHSI KOHTPACcTy 300pakeHHS
00’ekra iHTepecy. Ha 3akimrouHOMy eTari mpoOBOJUTHCS
KOMIT FoTepHa 00poOKa OTPUMaHOro 300pa)KeHHS 3 Me-
TOI0 BH3HAYCHHS AUISHKH, Ha SKill pO3MIMIEHO 00’ €KT
iHTEpecy, 3a eleMeHTaMHu 300paKeHHA 3 HaWOimbIImM
3HAYCHHSM SICKPABOCTI.

AHaJi3 ocTaHHIX gocaimKeHs i myOmikamiii. Bu-
0ip CIeKTpaJbHHX O3HAK OOYMOBICHHH THM, IO IiJ
4ac CHEeKTpaNbHOI 0OpOOKH BiACYTHA HEOOXiTHICTH BHU-
COKOi TMPOCTOPOBOI PO3ALIBHOI 3JaTHOCTI, TOMY IO
pO3Mi3HaBaHHS MOXKE IPOBOAMTHCSA 32 MiHIMaJIbHOIO
KiJbKicTIO mikceniB [3].

Takox ciij 3a3HAYUTH, IO IPU BUKOPHUCTAHHI Te-
OMETPUYHHX O3HAaK HEOOXiJJHO MaTH BHCOKY IPOCTOPO-
By PO3IUIBHY 3IaTHICTb 1, OTXKE, BEJIUKY NMpPUAMAaIbHY
arnepTypy NPUHMAaIbHOT YaCTHHHU ONTHKO-EICKTPOHHOI
CHCTEMH, LIO NPHU3BOIUTH 1O 3HIKCHHS BiIHOIICHHS
CUTHAJ-IIIyM CHCTEMU BHUSBICHHS [4].

OOYHNCIICHHIO CIIEKTPAJbHOTO KOe]ilieHTy Bif-
6utTs PoHy npucBsueHa pobota [5]. B Hiii oOrosopro-
€TBCSl METOJ, SIKHI TOJISITaE B TOMY, IO B Nepe/iaBalib-
Hiil YaCTHHI ONTHKO-EIEKTPOHHOI CUCTEMU (hOPMYIOTh-
cs1 GaraTocHeKTpalibHi JIa3epHI CUTHAJIM OJHAaKOBOI iH-
TEHCHBHOCTI, IKHMH IOCJIJIOBHO OIMPOMIHIOETHCS 30H-
JIOBaHA TMOBEPXHsS. BimOUTI CUrHamU KOXKHOI CIIEKTpa-
JIbHOI KOMIIOHEHTU PEECTPYIOThCS NpUHMadyeM BUIIPO-
MIHIOBaHHs, LIO JO3BOJsIE OOGYHCIUTH CHEKTPaIbHUH
KOE(QII€HT BiIOUTTS SK BiTHOIICHHS BUIIPOMIHIOBAHHSI
Ha BXOJi IpuiiMada BHUIPOMIHIOBAHHS 10 BHIIPOMIHIO-
BaHOi cucTeMor eHeprii. [laji, BUKOPUCTOBYIOYH pe-
3yNbTaTH OOYMCICHHS CIEKTPalbHUX XapaKTePHCTHK
¢oHY Ta ampiopHO BiIOMI JaHi MPO XapaKTCPUCTHKH
00’ekTa iHTEpecy, OOUYHCIIOETBCSI BEKTOP (GUIBTPY s
3MIHM XapaKTEePUCTHK SICKPABOCTI 30HIyI04YOro OaraTo-
CHEKTPaJbHOIO BHUIIPOMIHIOBAaHHS B IHTepecax IiJBH-
LIEHHs KOHTPAcTy 300pa)keHHs 00’ €KTa iHTepecy.

Takox ciig BKa3aTH poOOTH, B SKHX OOTOBOpIO-
I0ThCSI METO/IM BUSIBIICHHSI CHEKTPaJIbHUX aHOMaiil Ha
300paxkeHHsx [6; 7] Ta 3aBOaHHS CErMEHTYBAaHHS 30-
opaxens [8]. Ilin crieKTpaIbHOI AHOMAIEI CIiA PO-
3yMiTH 00J1acTh HEBEJIMKOTO PO3Mipy Ha 300paXKeHH,
CHEKTpaJbHi BIIMIHHOCTI MIKCENiB SIKOi CYTTEBO BiApi3-
HSFOTBCS BiJl OTOYYFOUOT ii OKOJIHIIL.

Merta cratTi — po3poOKa METoIy TMOIIyKy 00’ €KTiB
32  CHEKTPAJIbHUMH O3HAaKaMH aKTHBHOK) OITHKO-
€JIEKTPOHHOIO CHCTEMOIO 3 KOMIT IOTEpHOI0 00pOOKOI0
300paKeHb.

BuKJ1a] 0CHOBHOTO MaTepiay

1. OcobuuBocti mModynoBH i QyHKIiOHYBaHHS
AKTHBHHUX ONTHKO-eJeKTPOHHUX CHCTEM 3 IWHAMIY-
HOIO CNIEKTPAJBHOI0 00p00KOI0.

IIpu BupimieHHI 3aAad ONTHMAIBHOTO NpUHOMY
CUTHAJIB 3a3BHYaii BUKOPHCTOBYIOTH METOJIM MareMa-
THUYHOI CTaTHCTHKH 1 ()OPMYITIOIOTH 3aa4y HACTYITHUM
YUHOM. ATIpiOpHO TIOBHHHI OYTH BiZIOMi CTaTHCTHYHI
XapaKTEPUCTUKU KOPUCHOTO CHTHATY Ta 3aBaj, - HE0O-
X1THO PO3pOOHMTH NPHUCTPil, SKUH HAWKpaIIUM YUHOM
MOXE NpUMMaTH DIlIEHHS NPO BUSBICHHS 00’€KTYy 3
MiHIMAJIbHUMH TTOMHUJIKAMHU.

[MpuHumn noOyn0BU ONTHKO-EIEKTPOHHUX CUCTEM
3 JUHAMIYHOKO CIIEKTPaJIbHOI OOpPOOKOK TMOJISrae B
TOMY, IO JUIS MiJBUIICHHS KOHTPAcTy 300pa)KeHHs
00’exTa a00 HMOBIPHOCT] BHSBJICHHSI BUKOPHCTOBYIOTh-
csi OaraTocHeKTpajbHi Jla3epHi 30HIYBaJIbHI CHTHAJIH.
CriexTpaldbHHH Ta EHEPreTHYHHU CKIIAJ 30HIYIOUYOTO
BHIIPOMIHIOBaHHA (OPMYEThCSI Ha OCHOBI ampiopHHUX
JAaHUX TIPO CIIEKTpalbHI XapakTepucTUKH (OoHy Ta
00’€KTy TakUM 4YHHOM, MO0 Ha BHUXOIi OITHKO-
eIIEKTPOHHOI cucTeMH (HOpMyBaBCsS HAWMEHIIUH BiITyK
(3apeecTpoBaHMii CHTHAN) AT BUIPOMIHIOBAHHSI, Bifl-
6uToro Bix GoHy, Ta HAHOLIBIINI BIATYK JUIS BUIIPOMIi-
HIOBaHH, BiIOUTOTO Bij OBepxHi 00 €xTa [9].

®izyyHa  ocHOBa MOOYJOBM — aKTHBHHX — OITHKO-
€JICKTPOHHHMX CHCTEM 3 Y3TOJDKEHOI OOPOOKOIO ONTHYHUX
CHUTHAJIB TOJISITaE B TOMY, IO KOJILOPOBI MOBEPXHI MalOTh
BHOIPKOBY 3[aTHICTh BIOMBATH Ta MOTIMHATHU CBITIO PI3HUAX
JIOBXUH XBWJIb. SIKIIIO TMOBEPXHS 37aTHA BiIOWBATH TIPOMEHI
YEpPBOHOIO KOJIEOPY, TO MPH OCBITIICHHI Or0 3eJICHHM KO-
JEOPOM TIOBEPXHS BiOMBATHME MiHIMAIIBHY KUTBKICTh €Hep-
Tii i, BiATIOBiTHO, Oy/ie YOPHOIO Ha 3apeeCTPOBAHOMY 300pa-
skerri [10]. Lle moB’s3aHO 3 THM, IO YacTHHA Iaal09Y0r0
BHUIIPOMIHIOBaHHSI IPOHUKAE BCEPEAUHY CEPEIOBHINA, B KO-
My TOTIMHAIOTHCS CHEKTPaJIbHI KOMIIOHEHTH, SIKi BiIpi3Hsi-
FOTBCS BiJI YEPBOHUX.

MarteMaTHIHOI0 OCHOBOIO, I1I0 BUKOPHUCTOBYETHCS TPH
BHPIIICHHI 3aBIAaHb [NJBUIICHHS KOHTPACTy 300paKeHb
00’€KTIB CIOCTEPEIKEHHS 32 CIEKTPAJIbHUMH O3HAKaMH, €
BEKTOpHE TIPE/ICTABICHHSA CUTHAJIB. B akTuBHIN cHcTemi
3OHIYHOUHI TTOJIIXPOMATHYHUI CUTHAT (POPMYETBCS Y BHIIISI-
i CyMH MOHOXPOMATHYHHUX JIa3epHUX CUrHaiIiB. ToMy orrrh-
YHE BUIIPOMIHFOBAHHS, SIKE BiNOMBAETHCS Bl 00°€kTa Ta (ho-
Hy, MOKe OyTH TIPE/ICTaBIICHE y BUIIISIL BEKTOPIB y Oarato-
BUMIPHOMY CIIEKTPAJIEHOMY TIPOCTOPL.

BukopHcTaBIIM BEeKTOPHE MpPE/CTaBICHHS ONTHYHHX
CHTHAJIIB, PO3IVISIHEMO MPUHIIMIT BU3HAYEHHS! araparHoi ¢y-
HKIIii, sika 3a0e3Medye MiBHIICHHS KOHTPACTy 300paKeHHS
OZHOPITHOTO 00’€KTY Ha oiHOpIAHOMY (oHi (puc. 1).

Puc. 1. Imoctparist 10 JUHAMIYHOI CIIEKTPaITbHOL
00pOOKH BUITPOMIHIOBAHHS OJHOPIZIHOTO 00’ €KTY
Ha oJiHOpinHOMY (OHI
(mxepero: [11])

BunpomiHioBaHHS 00’€KTY B IIFOMY BHUIIAJIKY XapaK-
TEPU3YETHCSA BEKTOPOM T , & BHIIPOMIHIOBAaHHS, SIKE BiJl-

OuBaeThcs Bif (hoHY — BekTopoM B . AmapatHa QyHKITis
PO3PaxXOBYETHCS HAa OCHOBI aNpiOpHUX JaHHUX CIICK-

TpaJbHUX XapaKTEPUCTHK BEKTOpa 00’ekTy T 1 BekTopa
¢GoHy B 3 BUKOPHCTaHHIM HACTYIHOTO Bupa3sy [11]:
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SRELAL M)
|7-~-5|
7" B , :
me N = —7— — MPOEKIIis BEKTOpa 00’€KTy Ha BEKTOD
B -B
¢ony.

Bekrop amapartsoi ¢pyHKIIi1
'E = f].;:l + fzi\,z + f35'\,3
€ OPTOTOHAJBHKM JI0 BEKTOpa (hOHY

é = b_I_X1+b2X2 +b3X3,

Ta JCKUTh B IUIOIIWHI, SIKa CTBOpPEHAa BEKTOpoM B i
BEKTOpOM, WIO UIFOCTPYE CIEKTPajbHI BIACTHBOCTI
00’exTy

f = tlj‘\'l +t25‘\.2 +t35\23 .

B anrebpaiuniit popmi ckanspHuA JOOYTOK SIBIISE
co00r0 ormepariirto MHOKEHHS MPOCKINH BEKTOpPIB, SKi
MPUIMAIOTh y4acTh Y IPOLEeci CeNeKii 3 MOAaIbIINM iX
ITiICYMOBYBaHHSIM.

VY BUMAnKy, SKUA HANAETHCA, CKASIPHUNA JOOYTOK
OpPTOTOHAIFHUX BEKTOpiB ()OHY Ta amapaTHOI (YHKIi
JOpIBHIOE HyJIIO, a CKaJIApHUH JOOYyTOK BEKTOpa
00’ekTy Ta anapaTHol QyHKLIT BIIMIHHUI Big HyIs

(T-F)=tifi+tyfr+tafy =0 @

Ta XapakTepu3ye BEJIMYMHY CHTHAJy Ha BHUXOJI NPHH-
Maua ONTHUKO-EJIEKTPOHHOT CUCTEMH.

VY po6ori [9] po3pobieni npuHIHIN TO0YI0BU aK-
TUBHOT OITHKO-EJIEKTPOHHOI CHUCTEMH 3 JWHAMIYHOIO
CHEKTPaJbHOI 00pOOKOI0, y SIKiH JPKEPENOM BUIIPOMI-
HIOBaHHS € Ha0ip 0araTOCHEeKTPaNbHUX JIA3ePHHUX BU-
MIPOMIHIOBAYIB.

JAnst T ABHUIIEHHS] KOHTpAcTy 300payKeHHsI BUKOPH-
CTOBYIOTBCS allpiOpHi HaHI MPO CIIEKTpalbHI Xapakre-
puctukd 00’exTy Ta GoHy. Y BiINOBITHOCTI 0 ampiop-
HUX JaHUX OOYMCIIOETHCS YNPABILSIIOUMH CHTHAN JUIS
3MiHHM SICKPABOCTI BHIIPOMIHIOBAaHHS CHCTEMH JIa3€PHUX
BHUIIPOMIHIOBAYiB TAKUM YHWHOM, 1100 3MEHIIUTU BEJU-
YHHY CNIEKTPAIbHUX CKJIaJOBUX CHTHAIY, IO BiIOHTHIl
Bil TMOBEPXHI, fKa HAJICKUTh (OHY, 3 HAHMEHIINM
OCJTa0JICHHSIM 1HTEHCUBHOCTI CHTHAy, BIJJOMTOTO BiX
ITOBEpXHi 00’ €KTa.

Ha pucynky (puc. 2) 300paxkeHa CTpyKTypHa cXxe-
Ma aKTUBHOI ONTHKO-EJIEKTPOHHOI CUCTEMH 3 JHHAMIY-
HOIO CIHEKTPaJbHOIO (UIbTpAlli€lo, SKa CKIATAETHCS 3
nepeiaBajbHOI Ta NMpuiiMaIbHOI YacTuH. [lepenaBaibHa
YacTHHA aKTUBHOI ONTHKO-EJIEKTPOHHOI CHCTEMH CKJIa-
JIA€ThCS 3:

— ¢opmyBaua amapartnoi ¢pyskmii (1),

— 610J1i0TeKN CIIEKTPATbHUX XapaKTEPHUCTHK (2);

— nazepHoro 6moky (3),

(hopMmyBaga 6araTOCHEKTPAILHOTO JIA3EPHOTO Y-
qka (4).

Jlo npuiiMaibHOi YaCTUHH CHCTEMHU BXOJSTH!

— 00’extuB (5),

— npuiiMay BUNpOMiHIOBaHH (6),

— CNCKTPOHHUH 010K 00poOKH (7).

nr

I

[puiiMansHa yacTuHa

IepenaBanbHa yacTHHA

AKTHBHA OIITHKO-CJICKTPOHHA CUCTEMA

Puc. 2. CtpykTypHa cXeMa aKTHBHOI OIITHKO-EJICKTPOHHOT
CHCTEMH 3 TMHAMIYHOIO Y3TOXKEHOIO
CTIEKTPATBHOI (DibTpaIliero
(mxepeno: [12])

®opmyBau anapatHOi (YHKIII NpH3HAUYCHUH IS
CTBOPEHHSI Ha OCHOBI anpiopHUX CIEKTPAIbHHUX Xapak-
TEPUCTUK 00’€KTy Ta (OHY YNPaBJISIOYOrO CHIHAIY,
KUl 3a0e3reuye Ha BHXOJI Ja3epHOro OJOKy OaraTo-
CIIEKTpaJIbHE BUIIPOMIHIOBaHHS 3 HEOOXIHOO CIIEKTpa-
JBHOIO MIUTBHICTIO. Jla3epHuil OJIOK CKIIaJaeThCs 3 Ha-
00py J1a3epiB, sIKi MPAIIOIOTH B OJTHOMOJIOBOMY PEXHMI
1 TeHEepYIOTh MOHOXPOMAaTHYHE BUIPOMIHIOBAHHS.

®opmyBad 6araToCHEKTPAILHOTO JIA3€PHOTO MydKa
MIPU3HAYEHNH Ul CTBOPEHHS 3 HA0OpYy MOHOXPOMAaTH4-
HUX JIa3€PHUX CHTHAIIB MOJIIXPOMAaTHYHOTO BHIIPOMIHIO-
BaHHS Ta YIIPaBIiHHA HOTO KYTOBOKO PO30IXKHICTIO.

B mpwuiiManbHIl 9acTHHI ONTHKO-EICKTPOHHOI CH-
CTEMH BiJJOMTE Bijl 30HYIOYOT MOBEPXHI MOJIIXPOMATH-
YHE ONTHYHE BUIIPOMIHIOBaHHS NEPETBOPIOETHCS B elle-
KTPUYHI CHT'HaIW NpUiiMadyeM BUIIPOMIHIOBAHHS Ta pe-
€CTPYETHCS B CIIEKTPOHHOMY OJI011i 00pOOKH.

2. Metoa mouryky o6’€KTiB 3a CIeKTPaJbLHUMHM
03HAKAMH AKTHBHOI0 ONTHKO-€JeKTPOHHOIO CHCTe-
MOIO 3 KOMII’I0TEPHOI0 00po0KO010 300paKeHb.

Mertoj nomyky 00’€KTiB 3a CHIEKTPaIbHIMHU O3Ha-
KaMH aKTHBHOIO OIITHKO-EJIEKTPOHHOIO  CHCTEMOIO
CKJIQ/IAETHCS 3 TAKHUX €TaIliB!

Ha nouarkoBomy ertami, nepenoadaeTses, o B pe-
3yJbTaTi ONMPOMIHEHHS O0araToCIeKTpPaJbHUMHU Ja3ep-
HUMH CHTHAJIAMH OJHAKOBOI IHTEHCHBHOCTI 30HI0BaHOT
MTOBEpPXHI TpHilMadeM BUIIPOMIHIOBAHHS BiZOyBaeThCS
peecTparisi BiIOMTOr0 BHUMPOMIHIOBAHHS, Ha ITiJICTaBi
axoro (opmyetscs mudppose RGB 300paxkeHHs (06’ exT
iHTepecy Ha OTOYyHOUYOMY (OHI) Ta pPO3PaXOBYETHCS
Horo MaTeMaTHYHE OYiKyBaHHS (BEeKTOp (OHY) 3a JO-
nomoroo Bupasy [13]:

PR
—bKZ:: @)

ne X k — TpuBuMipHui BekTop K -ro emementy penpe-

3eHTaTHBHOI BUOIpKkH (oHy; D — KijgbKicTh eleMeHTIB
pernpe3eHTaTUBHOI BUOIpKH (OHY.

Ha npyromy eramni, nepen0adaersest, 0 MarOThCS
anpiopHi JaHl MpO CIEKTPalbHI XapaKTEPUCTUKU CHT-
Haly 00’ekTy iHTepecy (BeKTop 00’€kTa iHTepecy),
SIKUil po3paxoBaHuii 3a JomoMororo Bupasy [13]:
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;i %z (4)
L=1

ne X| — TpuBHMIipHHH BekTOop L -ro ememeHTy pempe-
3eHTaTUBHOI BHOIpKM 00’€kTa iHTepecy; t — KiTbKiCTh
€JIEMEHTIB PeNpe3eHTaTHBHOT BUOIPKH 00’ €KTa IHTEpECy.

Ha TtperproMmy erami, BHUKOPHUCTOBYIOYH YHCIIOBI
napaMeTpu CIEKTpalbHUX XapaKTepUCTUK CUTHAJIB

00’exTa iHTEpecy Ta (OHY, BU3ZHAYAETHCS BEKTOP (Pisb-

py F, skumit 3abesmedye IMiIBMIIEHHS KOHTPACTY
00’exTa 3a gonomororo Bupasy (1).

Ha 3axmrogHoMy eTarri, 0OOYHCITIOETRCS CKATSPHUI
JN00yTOK BekTOpiB eneMeHTa 1mppoBoro RGB 300pa-

xeras X Ta GineTpy F 3 METOIO MifBUILEHHS KOHT-
pacty 300paxxeHHs 00’ €KTa IHTEpecy.

Po3pobiienuii MeTo 1 ONIYKY 00’ €KTIB Hiepenoayae
MOAANBINY KOMIT'IOTEPHY OOpOOKY OTPHUMAHOTO OIITH-
KO-CIICKTPOHHOKD CHCTEMOI0 300paKeHHs, a came:
oTpuMaHe 300paKeHHS YMOBHO IOIUIAEThCSA Ha MiJISAH-
KA OJHAKOBOTO PO3Mipy 3 MOJAJIbLIMM OOYHCICHHAM
HaiOUIpImoOl sICKpaBOCTI X eneMeHTiB. PimeHHA mpo
HasBHICTH 00’€KTa iHTEpecy CIiJl MPUIHATH U IiISTH-
KH 3 eJIeMEHTaMH, SKi MaloTh HaHOINBIIMKA IMOKa3HUK
SICKPaBOCTI.

3. MaremaTH4yHe MO/JeJTIOBAaHHSI METOIY TOIIY-
KY 00’€KTIiB 32 CNEKTPaJbHUMHM O3HAKAMU AKTHB-
HOI0 ONITHKO-€JIEKTPOHHOIO CHCTEMOIO 3 KOMIT’ I0Tep-
HOI0 00pO0KOI0 300pasKeHb.

MeTor0 MaTeMaTHYHOro MOJEIIOBaHHs Oyno, 00-
YHUCIHMBIIM 3HAYCHHS CHEKTPAIbHUX XapaKTePHCTHK
(¢oHy, Ta, BUKOPUCTABIIH BiIOMi 3HAYCHHS CIICKTPAJIh-
HUX XapaKTEepPHCTUK 00’€KTa iHTepecy, 3MIHCHUTH IUd-
poBy 00poOKy 300paskeHHS Ta BHU3HAYUTH HAa HBOMY
JIUITHKY 3 00 €KTOM IHTEpecy 3a eJIeMEHTaMH 3 Haioi-
JIBIIIAM TIOKA3HHUKOM SICKPABOCTI.

Ha nouarkoBomy erari, nepeioadaeTses, o B pe-
3yJIbTaTi ONPOMIHEHHS OaraToCHeKTPaILHUMU Jia3ep-
HUMU CUTHAJaMH OJHAKOBOI IHTEHCUBHOCTI 30HJ0BAHOI
MOBEPXHI TpHiiMayeM BUIIPOMIHIOBAHHS BiJOYBaeThCs
peecTpamiss BiZOWTOTO BHIIPOMIHIOBaHHS, Ha IIiJICTaBi
sikoro popmyetsest muppoBe RGB 300paxenss ((on),
Ha SKOMY 300pa)KeHO MpUYal 3 TPHUIIBAPTOBAHUMH CY-
JTHAMU, OJHUM i3 SKUX € 00 €KT iHTepecy — Karep 4ep-
BOHOTO KOJHOPY (puc. 3).

Lle 300paxkeHHs, K€ OTPUMaHE 3a JOIIOMOTOO JIi-
TAJIBHOTO amnapaty 3 (oToanaparoM B IPOCTHX METEO-
yMmoBax, sike MicTuTh (1000x920) enemeHTiB po3AiIbHOT
3matHocTi. Byno po3paxoBaHo KoeQilli€eHT BiIOUTTS
BOTO 300paXeHHS (BEKTOp MAaTeMaTHYHOTO OYiKy-
BaHHA (DOHY) 3a JOMTOMOT00 BUpa3y (3).

Ha npyromy erami, nepea0adaeTscesi, M0 MarOThCS
anpiopHi JaHi MPO CIEKTPalbHI XapaKTEPUCTUKU CHT-
Hally 00’€KTa iHTepecy (BEKTOp MaTeMaTH4HOTO OYiKy-
BaHHsS 00’ekTa iHTepecy) (puc. 4), sAKi po3paxoBaHO 3a
JornomMoroxo Bupasy (9).

Ha TtperbomMy erami, Ha mifcTaBi 4MCIOBUX Tapa-
METpIB CIIEKTPAILHUX XapaKTEPUCTUK CUTHAJIB 00’ €KTa

iHTepecy Ta (oHy, BH3HaUaeThbes BekTop ¢impTpy F
SIKUH 3a0e3reuye MiABUIIEHHS KOHTPAcTy 00’€KkTa iH-
Tepecy 3a JoMmoMororo Bupasy (1).

Puc. 3. locnimkysane RGB 300pakeHHs ((bOH)
(IuKepero: po3pobIIeHO aBTOPaMM)

Puc. 4. 300paxeHHs 00’ekTa iHTEpECY
(mKeperno: po3pobieHo aBTopammn)

Ha uerBepToMy eTami, 0OUUCIIOETECS CKaJISAPHUMA
n00yTOK BekTOpiB enemeHta mupposoro RGB 306pa-
werns (X ) Ta dimstpy (F) 3 Meroro migBumeHHs
KOHTpacTy 300paxkeHHs 00’ekra iHTepecy. Ha 300pa-
JKEeHHI (pUC. 5) mpeacTaBiIeHo pe3ynbTaT MI(poBoi 00-
pobku mocmimkyBanoro RGB 300paxenns (¢poHy).

Puc. 5. Pesynsrar nmudposoi 06podku
nociipkyBanoro RGB 306paxenus (pony)
(IuKepero: po3pobIIeHo aBTOpamMm)

8
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Ha 3akmounomy etami, JJis 3MIHCHEHHS TOIIYKY
00’€KTa 1HTEpeCy OTpUMaHe 300paxkeHHs (puc. 5) ciifg
MOJUITUTH Ha JUISTHKH OJHAKOBOTO PO3MIpy Ta JaTH IM
YMOBHI TIO3HAYCHHS (HANPUKIAA, HA 16 OJHAKOBUX Ii-
JITHOK) (pHcC. 6).

Byno mpoBeneHo OLiHKY HaiOMBIINX 3HAYECHD SIC-
KpaBOCTi eNeMEHTIB 300paxkeHHsT | (1 €[0;255])

KOXKHOT JUISHKK JociijpkyBaHoro RGB 300paxkeHHs
micns udpoBoi 00pobku (puc. 6). Ha 300pakeHHi

(puc. 7) 300pakeHO ricTorpamy 3HaueHb HaWOUILIIOT
SICKPaBOCTI €JIEMEHTIB KOXHOI TUITHKH JIOCIHiPKyBaHO-
ro RGB 300paxxeHHs miciis 1udpoBoi 00poOKH.

Otxe, 3a pe3ysibTaTaMd MaTEeMaTHYHOTO MOJIEINIO-
BaHHS DIlIEHHS NPO HasBHICTb 00’€KTa iHTEpecy Clij
npuidHATH 11 AULTHKE Ned (Ha puc. 7 HaiOinbIne 3Ha-
YeHHs SACKPaBOCTi NO3HAYEHE KOHTYPOM YOPHOTO KBaJ-
pary), TOMy IO €JIeMEHTH caMme Ili€l MUITHKH MaroTh
HalfBUIINH NOKa3HUK ACKPABOCTI (| poypmar = 255).

Puc. 6. locnimkysane RGB 300paxenns (hon) micis mudpoBoi 06podku,
noiisieHe Ha 16 0HAKOBHUX [IISIHOK 3 YMOBHUMH MO3HAYCHHAMH
(mmKeperno: po3pobieHo aBTopamu)

255
250,00 ]
219,952

— 209,978
197,683 —

200,00 A 185,723

150,00 -
115,139 112, i

100,00 -

50,00 -

180,631

217,864 220,203

188,422

182,729
] 163,399 165,93

147,982

112,265

0,00 +—H—++——"+"——+"—+—+—"+ "+

Puc. 7. T'icrorpama 3Ha4eHb HAWOIIBIIOT ICKPABOCTI €IEMEHTIB KOXKHOT TIISTHKN
noTo4HOTro 300paskeHHs Nel micis ¢ poBoi 00poOKH
(mKeperno: po3pobIieHo aBTOpaMu)

BucHoBku

B crarTi po3pobieHo MeTox MOmyKy 00’ €KTiB 3a

CHEKTpaJbHUMHU  O3HAKAMH  aKTHBHOK)  OITHKO-
€JIEKTPOHHOI0 CHCTEMOIO 3 KOMIT IOTEPHOI0 00pOOKOIO
300pakeHb.

OcCoOJUBICTIO PO3POOJICHOTO METOAY € 3acTOCY-
BaHHS Ha [OYAaTKOBOMY €Tami aKTHBHOI ONTHKO-
EJIEKTPOHHOT CUCTEMH JIJIsl BUMIPIOBAHHS CIIEKTPAIbHO-

ro KoedilieHTy BIIOWTTS IOCTIKyBaHOI JUISHKH HO-
LYKy, SIKUA B TIOJQJIBIIOMY pa3oM 3i CIEKTpaJbHUMHU
XapaKTepUCTUKaMH 00’ €KTa iHTepecy, BAKOPUCTOBYETh-
cs1 B 00umMCIeHH anmapaTHoi QyHKIT (BekTopa QimbTpy)
JUTST 3a0€3MeYeHHS T ABUIIICHHST KOHTPACTY 300pakeHHS
00’exTa iHTEpECy.

6Ha 3aKII0YHOMY erari MIPOBOJMTHCS
KOMIT IOTEpHA 00pOoOKa OTpUMAHOTO 300pakeHHS 3 Me-
TOI0 BM3HAYEHHS AUISIHKH, HAa SIKiH PO3MILIEHO 00’ €KT

9
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iHTepecy, 3a eJIeMEHTaMH 300paKCHHs 3 HAHOLIBIIUM  CHOCTEPE)KEHHS. 3a pe3ylbTaTaMd MaTEMAaTUYHOTO MO-
3HAYCHHSM SICKPABOCTI. JICITIOBAaHHs PIICHHS MPO HAasSBHICTH 00’€KTa iHTEpecy

Byno npoBeneHO MaTeMaTHYHE MOJCTIOBAHHSA PO-  OYJI0 MPUMHATO YIS AUISHOK, CKJIAJOBI €JIEMEHTH SKHUX
3p00JIEHOTO0 METOMAY TIOIIYKY 00’€KTa iHTEpecy B 30HI  MAlOTh HAWBUIII MOKA3HUKH SCKPABOCTI.
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APPLICATION OF AN ACTIVE OPTIC-ELECTRONIC SYSTEM AND COMPUTER PROCESSING
OF IMAGES FOR THE PURPOSE OF SEARCHING FOR OBJECTS
OF INTEREST BY SPECTRAL CHARACTERS

A. Hurin, H. Khudov, O. Maslenko, P. Mynko, Y. Solomonenko

Abstract. The subject matter of the article is the method of searching for objects of interest by spectral features based
on an active electro-optical system, in which a set of multispectral laser emitters is used as a radiation source, followed by com-
puter processing of the received image. The goal is to develop a method of searching for objects of interest using an active opti-
cal-electronic system followed by computer processing of the received image. The tasks are: consideration of the features of
construction and operation of active electro-optical systems with dynamic spectral processing; development of a method of
searching for objects by spectral features using an active electro-optical system with computer image processing; development of
a mathematical model that allows you to make a decision about the presence of an object of interest by determining the areas of
the image with elements that have the highest brightness value. The methods used are: methods of digital image processing,
methods of mathematical modeling, methods of optimization theory, analytical and empirical methods of image analysis after
their digital processing. The following results were obtained. Features of construction and operation of active electro-optical
systems with dynamic spectral processing are considered. A method of searching for objects by spectral features using an active
electro-optical system with computer image processing has been developed. A mathematical model has been developed that al-
lows you to make a decision about the presence of an object of interest by identifying areas of the image with elements that have
the highest brightness value. Conclusions. The article develops a method that allows you to search for objects by spectral fea-
tures with an active electro-optical system with computer image processing. A feature of the developed method is the application
at the initial stage of an active electro-optical system for measuring the spectral reflectance of the studied area, which is subse-
quently used, together with the spectral characteristics of the object of interest, in the calculation of the hardware function (filter
vector) to ensure an increase in the contrast of the image of the object interest. At the final stage, computer processing of the
received image is carried out in order to determine the area where the object of interest is located, based on the elements of the
image with the highest brightness value. Mathematical modeling of the developed method of searching for an object of interest in
the observation area was carried out. According to the results of mathematical modeling, the decision about the presence of an
object of interest was made for the areas whose constituent elements have the highest brightness indicators.

Keywords: active electro-optical system, computer image processing, search for objects in the image.
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METOJIUKA AHAJII3Y 30H NIIIOI JOCTYIIHOCTI YKPUTTIB 3AJIEKHO
BIJ TUITY BAJIICTUYHUX CHAPSAIIB 3A 1OIIOMOI'OIO
CYYACHHX 3ACOBIB I'EOITPOCTOPOBOI'O AHAJII3Y

AHoTanisi. Y crarTi IpOBEACHO aHANI3 HOKPUTTS 30HAMH IIIIO] JOCTYITHOCTI YKPHUTTIB ¥ M. MHKOJIa€Bi B yMOBaxX IHOTEH-
niitHoi HeGe3neku. [IpoBeneHo OIIHKY MiCTKOCTI JIFOYHMX Ta HOTEHIIHHNX YKPUTTIB, HA OCHOBI SIKOT 3p00JICHO BUCHOBOK IIPO
HEOOXiJHICTb CTBOPEHHS HOBUX YKPHTTIB. PO3IIISIHYTO MeTOM aHawi3y MOKPHUTTS 30HaMH IIIIOI JOCTYITHOCTI YKPUTTIB B
3aJIeKHOCTI BiJl THITy OalicTHYHMX CHApsAiB HA MPHUKIani Micta MHKoaiB 3a IOMOMOT0OI0 Cy9acHHUX 3ac00iB reonpocTopo-
BOTO aHaJi3y. 3alpOIIOHOBAHO MPAKTUYHE BUPILMICHHS NPOOJIEMH CTBOPEHHS 30H MIIIOT JOCTYIHOCTI YKPUTTIB 3aJI€KHO BiJ
TNy OaNiCTHYHHUX CHAPSIiB 32 JOIOMOTOI0 CyYacHHX 3ac00iB T€OIPOCTOPOBOro aHamizy. MeTo CTATTi € MiIBUILCHHA
e(eKTUBHOCTI 3aXHCTy HACENIeHHS B yMOBaX HeOe3leKkH, BUKOPHCTOBYIOUM Cy4acHi 3aCO0M TeompoCTOPOBOTO aHaNi3y.
OTtpumaHi pe3yJIbTaTU: BUSBICHI OCHOBHI HEIOJMIKH ICHYIOUOI CHCTEMH 3a0e3MeUYeHHS Oe3IeKH Ta HaJeKHOTO iHPOpMY-
BaHHS HACEJICHHS 1010 YKPUTTIB y MicTax, Ha 0a3i 3aporoHOBaHOT METOMKY ITPOBEACHO aHajli3 3aralbHOl CUTYyalil 3 yK-
pUTTSIMU B M. MHUKoOJIaiB, B pe3yJbTaTi sikoro Oynu nmo0OynoBaHi kapTorpadivHi 3BIiTH i3 po3paxOBaHUMHU 30HAMU TTOKPHUTTS
MIIIOT JOCTYIMHOCTI 3aJI€KHO BiJl TUIY OAliCTUYHUX CHAPSIIB, IO HAJAE MOXKIIHBICTH OUTBII €()EKTHBHO Ta OOIPYHTOBAHO
OLIIHIOBAaTH OE3MIEKOBY CUTYaLlil0 Ta IPUHMATH YIPABIIHCHKI pillleHHs. BHCHOBKM: Y X011 IPaKTHYHOI peatizarlii MeTOANKH
Ha IIpHUKJIazi Micta MuKosaiB BUSIBICHO, IO HAsIBHI B MICTI YKPHUTTS HE 3/1aTHI 3a0e31e4nTH HE0OXiJHY 4aCOBY JOCTYITHICTb
Ta HE MalOTh HEOOX1THOT MiCTKOCTI 71 IIOPATYHKY HaBiTh IIOJIOBUHU HACEJICHHS Bpa3i HassBHOI HEOOT1AHOCTI, TOMY CTBOPEHO
pexoMeHamii 10 BU3HAYCHHS MOTEHIIHHIX Ta CTBOPEHHS HOBUX YKPHUTTIB [UIS ITiIBUILIECHHS O€3MeKH HACEICHHS.

Kaw4doBi cioBa: 30Ha nokpurts, cHapsia, ArcGIS Online, QGIS, yKkpuTTS, MiCTKICTb, Millla JOCTYMHICTb, 30HA.

Beryn

VYKpUTTS MalOTh BEJIMKE 3HAYCHHS IS 30€peKCHHS
JKUTTIB IIUBIJIBHOTO HACEJICHHS IIiJ] YaC Cy4acHOi BifHH.
Yac nonboTy CHapsIy 3aJeKHUTh Bif 6araTbox (akTopis,
30KpeMa THUIly CHapsiy, HOro 0aliCTUYHHUX XapaKTepuc-
THK, IOTOJHUX YMOB Ta BiJCTaHi 5Ky BiH qojae. Takum
YHHOM, JJOCTYIHICTb 1 MICTKICTb YKPHUTTIB € BOXKINBUMHU
(dakTopamu Oe3leKH NUBUTBHOTO HACEJCHHS IIiJ Yac
BilfHU. BaraTo 3 HuX, 4epe3 HexbaicTh Ta iHIII hakTopH,
repecTay BilNOBIZaTH BHMOTaM IIONO 3a0e3ledeHHs
HUMHJ HEOOXiTHOTO CTYIIeHS 3axXHuCcTy. Takox, dyepes 1o-
TaHUH CTaH, 3arajbHa MICTKICTh YKPHUTTIB JJI HasIBHOTO
HaceJIEeHHs € HeJJOCTaTHBOI0. Y MicTax YKpaiHH 710 ChO-
TOJIHI € 0araTo HEeNpalOYUX YKPUTTIB, SIKi BBOKAIUCS
NPUJIATHUMH JIO MOYaTKy [OBHOMACIITaOHOTO BTOPT-
HEHHs. 3a pe3yJbTaTaMH aHANI3y JICPKABHUX JKEpe
CTBOPCHUX ISl HaJaHHs 1H(GOpPMAIll HACEIICHHIO I[0]10
YKPHUTTIB Ta IHIIUX YCTAHOB LIUBLIBHOTO 3aXKHCTY TaKOXK
Oyno BHSABICHO pSI HENONIKIB, fKi B CYKYyIHOCTI
IIOB’s13aHi 3 BiJICYTHICTIO BIAMOBIHOTO aHadi3y 3arpos
BiJl SIKHX HOTPIOHO PATYBaTH HACENICHHS, BIJICYTHICTIO
KiJIbKICHOTO PO3MOJIJIEHHS! Miclb NTPU3HAUYCHHUX Ha TIe-
BHY KUIBKICTh HaceneHHs. Takok HeMae 4iTKo Iponuca-
HHUX CTaHIApTiB Oe3NeKH, sIKUMU MOXkHa Oyio 6 xapak-
TEpU3yBaTH PiBEHb 3aXHUCTY YKPHUTTIB. BincyTHicTh cTa-
HAAapTH3alii YKPUTTIB Ta HEBHUX BUMOT /IO iX KUIBKOCTI
Ta JOCTYMHOCTI JIJISl )KUTEJIB MICT, CIIUPAIOYNCh HA Jie-
MorpadiyHi Ta COmiOIOTIYHI AaHi, MPU3BOIUTHME JI0 He-
HaJIe)KHOTO PIiBHS O€3MeKH HACENeHHsI Ta, SIK CIiACTBO,
710 30UTBIIEHHS JKEPTB Cepe MUPHOTO HACETICHHS.

Buxonsunm 3 BUKIIageHHX 1MpoOiieM, HaBaXXIIMBUMHU
3a1auaMHy ChOTOJICHHSI €. BU3HAYEHHS HEOOXiJHOT KIJIbKO-
CTi YKPHUTTIB 3aJIe)KHO BiJl KUIBKOCTI JIfoJied B padoHax
MICT 3 ypaxyBaHHSIM JJOCTYITHOCTI ICHYyIOUHMX YKPHTTIB 3a-
JIOXKHO BiJ| TUIIIB CHapsiB, [0 BUKOPHUCTOBYE BOPOT Ta

CTBOPEHHS aHAJIITUIHOTO MiATPYHTS AT OpraHiB BUKOHA-
BYOI BIIaJM IIOJI0 TIPIOPUTETHOCTI OOJAIITYBaHHS HEIpa-
IIOIOYMX Ta CTBOPSHHS HOBHX YKPHUTTIB. 33 UIs pearizamii
MIOCTaBJICHUX 3a/lad 3alpoOIIOHOBAaHA €IMHA METOAWKA
(puc. 1) aHasmi3zy HOKPUTTS 30HAMH MIIIOT JOCTYITHOCTI YK-
PUTTIB 3aJIe)KHO B THITy OANiCTHYHHUX CHApSIIB, sKa
CTaHe HayKOBO-aHAIIITUYHOIO OCHOBOIO JUIsl CTaHAapTH3a-
Ui YKPHUTTIB Ta NPUUAHSTTS YIPABIIHCHKHUX PIllIEHb 11010
MOIepHi3allii, peyoKailii Ta CTBOPEHHsI HOBUX YKPHUTTIB.

CydacHi 3aco0u BeJIeHHsI BITHU HaIIIUYyIOTh [IUPOKY
HOMEHKJIATYPY, SIKa BIIPI3HIETHCS TEXHIYHUMH XapaKTe-
PHUCTHKaMHU Ta XapaKkTepoM ypaxkeHHs. Bopor 3xateH Bu-
KOPHCTOBYBATH SIK OJIH THIT 30POHHIX CUCTEM, TaK i KOM-
OiHOBaHI aTak¥ i3 pi3HUMH IIBHIKICHUMH XapaKTEPUCTH-
KaMU, TATBHICTIO Jii CHApsIiB Ta OANICTHIHOIO TPAEKTO-
pieto. 3ami1s AeMOHCTpallii MOXIMBOCTEH CTBOPEHOI Me-
ToauKY Oyi0 po3risiHyTo Micto MuKoaiB, po3ranioBaHe
B CTPATETIvyHO BaXKJIIMBOMY PaioHi, 1110 poOUTH HOro HoTe-
HIIHHOO MIIIICHHIO [T PAKSTHUX YAapiB.

MeTol0 cTaTTi € MiABUIICHHS e(eKTUBHOCTI 3aXH-
CTy HaceleHHs B YMOBaX HeOE3NeKH, BUKOPUCTOBYIOUU
cydacHi 3aco0u TeonpOCTOPOBOTO aHATI3Y.

OcCHOBHA YacTHHA

I3 ypaxyBaHHAM IOCTaBJICHOI METH, PE3yJbTaTiB
MIPOBEJCHOTO aHaNi3y NMpeAMeTHOI obnacTi Ta mporpa-
MHO-aHAJIITHYHUX 3aCO0iB JIsl BAKOHAHHS MPaKTUIHHX
3aBAaHb POOOTH, MOOYJOBaHA CTPYKTYpPHA CXeMa METO-
JVIKY aHaJIi3y TOKPHUTTS 30HAMH IIIIOi TOCTYITHOCTI yK-
PHTTIB 3aJIe)KHO Bi THITYy OaTiCTHYHNX CHApsAiB (pHc. ).

Ha nepmomy erami BinOyBaeTbes 30ip JaHUX PO
KUTBKICTH 1 PO3IOIUICHHS HACEICHHSI IT0 aJMiHICTPaTHB-
HUM paiioHaM 1 HasiBHICTh NMPHUIATHHUX Ta HETPUIATHHX,
ane NoTeHUiitHuX, yKpuTTiB [1].

Ha npyromy erami BigOyBa€ThCs MiIrOTOBKA Ja-
HUX, SIKI BKJIIOYAIOTh IOIIYK iH(pOpMALil Npo yKpPHUTTS,
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poboty 3 arpubyTammu, a came JTaHHUMH PO MIiCTKICTh 1
IUIOLLY YKPHUTTIB, OPIEHTOBHE MiCII€ 3aITyCKy CHapsiLy Ta

o S |

9ac HOro MmiAibOTY, a TAKOK KOHBEPTYBaHHS YCiX LIapiB
1o exunoro gopmarty, Hanpukian, SHP-daitnis [2].
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AaHi wopo KinbkocTi B MicLie3HaxomXeHHs! B - AaHi wopao Tunis pakert, Aki B
HaceneHHs f:SHRA i *KML ivacTi EXLS
NPUAATHUX YKPUTTIB . 3anycKalTbCs HaMyacTiwe
AaHi Wwopao naowmHu B_ MicuesHaxoaeHHs B AaHi Wwoao Mex oKynoBaHux B
: o *SHP = xkMLN [ i *JPG
MICTa Ta MEXX PanoHIB HENpPUAATHUX YKPUTTIB TepuTopii
E . _ Lﬁ N [aHi wopo wenakocTi y B i
i & 1 / 6aniCTUYHUX PaKeT 3a TUNOM -XLS I
i Etan1-36ip gaHmx ! !
UL i) — —_— —— N — J
5
...................................................................................................... R
I
BusHaueHHs Ta BipeKpeMneHHn P “KML KoHBepTauin *SHP Po3paxyHoK BigcTaHi Bip, MicLb
LiNbOBMX 30H ’ : 3anyckie
v

BupaneHHs BogHUX 06'eKTiB Ta
NPOM30H

|/

PeparyBanHs aTpubyTMBHOI Tabnuui

A

Micue3sHaxopKeHHs
NPUAATHUX YKPUTTIB

TUNiB pakeT

MicuyesHaxoaKeHHs

HENPUAATHUX YKPUTTIB

EXCEL

@ *SHP | [ Koneeprauin *7Ip «0O6pi3Ka» 30H 4acoBoi
> AOCTYNHOCTI 32 MEXaMu
ArcGIS S paiionie
online L 3aBaHTa)XeHHSA reonpoCcTopoBUX 1
AaHux go ArcGIS online .
nOpIBHﬂHHﬂ NNOWWH 30H
MOKPUTTA 3 3aranbHUMK
CTBOpPEHHSA 30H NOKPUTTA YacoBOI . NAOWMHAMN BOCRIAXKYBaHUX
[AOCTYMHOCTi 3aNeXHO Bif NiANLOTHOrO Yacy 30H paiioHie
Yac nogopoxi MeTop no6yaosu
A B —) ,, o = — AHani3 oTpuMaHux pesyneTaris,
niLKn 30H - “3nuTTA

no6yaoBa NOPIBHANbHUX Ajarpam

e

. . !
Etan 3 - CTBOpeHHﬂ 30H MNOKPUTTA YacoBOIl JOCTYNMHOCTI :

r Bu3aHauyeHHA MicTKoCTi
N DaHi wopao KinbkocTi . B
HacesneHHn XLS
Micue3HaxogKeHHsa EN
b ; *XLS
NpUAATHUX YKPUTTIB

—
Po3paxyHOK BiHOLLEHHA 3aranbHol
KiNbKOCTi HACEeNeHHA A0 KiNbKOCTi
MiCLib B YKPUTTAX

BpaxyBaHHA 3MiHU KinbKocCTi
HaceneHHa

Po3paxyHOK niANoLTHOro Yacy pisHux | |

Po3nopin HoBux 06°cKTiB 3a CTYNeH
npupaTHocTi (giloui, Hepiloui, HOBI)

QGIS
S
I
I
i MicLeaHaxopKeHHs AN
I — . *SHP
| NPUAATHUX YKPUTTIB
I
Micue3HaxoppKeHHs B
" won *SHP
PUAATHAX YKPUTTIB

Jlokani3alis HOBMX YKPUTTIB ana
36iNbLUEHHS NOKPUTTSA

| B R R A

v

ps
____________________________________________ ( S S
l " B »| Awnaniz orpumanux pesynbraris
*SHP | | KoxeepTauin *7IP
v
) Ea . .
3a AaHWX i3 3BiTOM LLLO,
ArcGIS .Aa S 5 - M.
) 3aBaHTaXXeHHA reonpocTopoBnX Heob6XiAHOI KiNbKOCTi yKPUTTIB
online AaHux go ArcGIS online A5 KOXHOTO paiioHy
CTBOpPEHHSA 30H NOKPUTTS YacoBoil
AOCTYNHOCTI 3aneXHO Bif NiANbOTHOro Yacy [+
3 HOBMMM BXiHUMU aHNMK EXCEL
CTBOpEHHSA peKOMEeHAALLInHNX
Yac nogopoxi MeTop nobyaoeun . ) 3BiTiB ANA OpraHie BAKOHABYOI
NiLIKN 30H - “3nuTTa” Bnagu

ETan 4 - Bu3aHauyeHHs1 HeOGXiAHOI KiNbKOCTI YKPUTTIB /191 3a40BOJIEHHA NOTPe6 HaceneHHs

ooy

Puc. 1. Cxema METOANKY aHaNI3y NOKPUTTS 30HAMH IILIOT JOCTYHOCTI YKPHTTIB
B 3QJIOKHOCTI Bifl THITY OalliCTHYHUX CHAPS/IIB 32 JOMOMOTOI0 CYy4acHHX 3aC00iB T€0NpPOCTOPOBOTO aHaNi3y
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Ha tperbomy ertami BiOyBaeThcsi CTBOPEHHS 30H
MIOKPUTTS TOCTYITHOCTI YKPHUTTIB Y 3aJIEKHOCTI BiJl 4acy
MITBOTY CHApsiJa, NOPIBHSHHS IIOIIUH 30H HOKPUTTS
3 3araJIbHIMH IUIOIIMHAMY PaioHIB, pO3paxyHOK BiTHO-
LIEHHS MICIIb B YKPHUTTSIX JI0 3arajbHOi KiJIbKOCTI Hace-
JICHHS palioHy.

Ha ocranHpoMy erarri BiOyBa€Tbcs BH3HAYCHHS
HEOOXiJHOI KiTBKOCTI YKPHTTIB, IX MICTKOCTI Ta 30HY-
BaHHSA IS 3a0e31eueHHs Oe3MEKH HaCeIeHHS.

3a pesynpTaTaMu aHaJi3y TEXHIYHUX MOXKIHBOC-
Tel iICHYIOYMX 1HCTPYMEHTIB T€OIPOCTOPOBOTO aHAMTI3Y,
JUTS TIOAAJIBIIOT pOOOTH B SIKOCTI IPOTPAMHOTO 3a0e31e-
yeHHst Oynu obpani: QGIS (nst pobotu 3 ¢aitnamu Ta
ix kouBepratii) Ta ArcGIS Online (ans po6otu 3 anai-
TUKOIO Ta (JOPMYBaHHAM 3BITHHX KapTorpadidyHuX ma-
TepialiB).

AHai3 NOKPUTTS 30HAMH MINIOT AOCTYMHOCTI YK-
PUTTIB 3aJICKHO BiJ] THUITY OalliCTHYHIX CHAPSAIIB ITOTPE-
Oy€e BUKOPUCTaHHS Cy4acHHX 3ac00iB Te0IpOCTOPOBOrO
aHalizy Ta reoiHpopMamiiHuX cucteM. [109aTKoBOIO
3amadero mepen mo0yaoBor0 KaprorpadiyHUX MaTepia-
JIB € CTBOpEHHS 0a3W NaHUX JIOKAIliif CXOBUI y MiCTi
MuxkonaiB. 3 BIIKPUTHUX JDKepen OyJI0 OTPUMAHO ILeHII-
¢aiinm 3 Mexxamu Micta MukosaeBa Ta Horo paidoHiB B
SIKOCTI OCHOBH JIJIS IOJIaJTbII01 00poOkwu. [[ist Toro, mo6
CKOPHCTAaTUCS TEONPOCTOPOBUMHU aHATITHYHUMH 1H-
CTpYMEHTaMHM JJIsi BU3HAYCHHS 30H, SIKI JOCTYIHI JJIs
mimoi eBakyanii y pasi HaJ3BUYailHUX CUTYallid, He0O-
X1JJHO CTBOPUTH 0a3y JAHHX 3 MTbOTHAM YaCOM PaKeT
3 ypaxyBaHHSM reorpadiqHux XapakTepUCTHK palioHy,
MPUOJIM3HUX JIOKAIIH ITyCKiB pakeT Ta IX THITY.

3HalifieHi JaHi PO MOXKIUBI THIH OaTiCTHYHUX
CHAapsIIB, IKi MOKYTh OYTH BUKOPHCTaHI B 3arp0o3ax JI0
pi3HUX dYacTHH MicTa MuxkonaeBa. J{ns mporo, Oymu
ompalbOBaHi HOBHHHI 3BEICHHS 1010 OOCTPIIIB 3 OMH-
COM THITy PakKeT, sIKi aTaKyBaJli )KUTJIOBI paiioHn Muko-
Jla€Ba BiJ MEpIIOro JAHS BiifHU. 3a pe3ysibraraMH aHa-
T3y NaHuX OyJIM BUSIBIICHI, HAMIIOLIMPEHIIi MoJieli pa-
KET, 3a JIOIIOMOTOI0 SIKMX 3aBJIAlOThCS yJlapy MO 3a3Ha-
geHomy wmicty: [axenu [3], Kaniop-M [4], Kani6p-A,
Ickannep-M [5], Ickanaep-K [6]. dust Toro, o6 MoxHa
OyJI0 BU3HAYUTH BiJICTaHb, SIKY NPOJITaE pakeTa, s
MOYaTKy OYyJI0 CTBOPEHO MOJIrOHAJIBHHUM IIap 3 TUMYa-
COBOIO OKYIOBaHOW TepuTopieto y mporpami QGIS B
SIKOCTI JpKeperna iHhopMaIllii BHKOPUCTOBYBABCS OQiITiii-

Hu# caiiT DeepState. Takox AJis1 po3paxyHKy ycepeaHe-
HHX 3Ha4eHb IIJUTbOTHOTO Yacy CHaps/iB 3aJI€)KHO Bij
iX THIy, 32 pe3yJibTaTaMu aHali3y HOBHHHHX 3BEIICHb
Oyiu 3HaWJICHI yCepeIHeHI JIoKallii 3amyckiB Ha Muko-
7aiB OKpEeMHUX THIIIB CHapsIiB 3 JHS NOYATKy BiiHM

(puc. 2).
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Puc. 2. YcepenHeHi jgokanii 3aIryCcKiB NEBHUX THUITIB CHapsIIiB
3a OCTaHHI 2 pokH 3a aaHuMu 3MI

Ha puc. 3 Ta B Tabn. 1 HagaHo pe3ynbTaTH po3pa-
XYHKIB MiJJTbOTHOTO Yacy pakeT 3 ypaxyBaHHIM reorpa-
(DIYHUX XapaKTepUCTUK pailoHy, MPHOIU3HMUX JIOKAIiH
MYCKIB pakeT Ta iX TUIy, a caMe TOJIOBHHX paiioHIB —
Henrpansuuii, Kopabensuuii, 3aBoacbkuit, [HIyIbCh-
KHH.

KopabenbHuii paiion 3asopcbKuii paiioH
= Waxegn = Waxean
0:03:52 &
= Kani6p-M g * Kani6p-M
Kani6p-A Kani6p-A 0:09:12
Ilckangep-M Ickanpep-M
» lckangep-K = lckanpep-K
IHrynbecbKuii paiion LeHTpanbHuii paioH
= Waxean = Waxegu
= Kani6p-M = Kani6p-M
Kani6p-A 0:08:30 Kani6p-A 0:09:21
Ickaugep-M Ickaugep-M
= Ickanpep-K » Ickangep-K

Puc. 3. IopiBHAUIBHI IiarpaMu MiATILOTHOTO Yacy 3aJeKHO
BiJl MOJIEITi paKeTH AJIsl KOKHOTO paiioHy MukonaiBa

Tabauys 1 — JlaHi 100 NiVILOTHOTO Yacy Pi3HUX THIIIB paKeT JJIsl pailoHiB

Tun Mlaxean Kaniop-M Kaniop-A Ickanaep-M Ickannep-K

Buakicts (kM/TOMI) 185 650 860 900 580
Bincrans (km) Kopabenpauit 54 405 126 58 124
3aBOJICEKH 63 422 132 68 131
[HryIBCHKHIT 59 415 122 65 126
LlenTpanbHuii 68 425 134 71 134

Yac miisoty Kopabenbhuit 17xB.30c. 37 xB.28 c. 8 xB.47 c. 3xB.52c. 12 xB. 49 c.

3aBOJICEKH 20 xB. 25 c. 38 xB. 57 c. 9xB.12c. 4 xB.32c. 13 xB.33 c.

[Hrynbcbkuit 19 xB. 8 c. 38 xB. 18 c. 8 xB. 30 c. 4 xB. 20 c. 13xB.2 c.

LleHTpanbHU 22 xB.3 c. 39xB. 12 c. 9xs.2lc. 4 xB.44 c. 13 xB. 51 c.

Jis aHami3y 30H HOKPUTTS MIIIOi JOCTYITHOCTI 110
CXOBHIII BiJI paKeTHOI HEOC3MEKH 3aJICKHO Bijl MiAIBOT-
Horo yacy paket y nporpami ArcGIS Online, MoxHa BU-
KOpHUCTaTH T'€0aHANITHYHI IHCTPYMEHTH, IO HaJae I

mrardopma [7]. ITicis Toro, six Gyo mposeaeHo 36ip re-
orpadiuHUX JaHUX, TAKHUX SIK TOYKH IICKY paKeT, po3Ta-
LIyBaHHS CXOBHIL, reorpadiyHi MeXi MicTa Ta 1HIII BaX-
nuBl mapu. 3aBaHTaxxeHo wi naHi B ArcGIS Online Ta
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MepeX0JMMO 10 CTBOPEHHSI HOBUX IIapiB Ha OCHOBI Ha-
JaHUX JTAaHHX.

Jnst peanizanii nocTaBieHoi B cTaTTi MeTH OyB BH-
KOPUCTaHUH I1HCTPYMEHT TeONPOCTOPOBOIO aHaNi3y,
BOymoBanuit B ArcGIS online «BukopucroByBaTH Ha-
OIMKEHICTEY, 110 MA€ TaKl MOKJIMBOCTI: 3'€ JHAHHS JHKe-
pen 3 IMyHKTaMH TpHU3HAYCHHS (BUMIPIOE Yac y JOpo3i
abo BiAcTaHP MiX MapaMHl TOYOK); CTBOpEHHs OydepiB
(cTBOprOE OGNACTi 3 OMHAKOBOIO BiNCTaHHIO Bim 06'€k-
TiB); CTBOpPEHHS 00JIacTell YacoBOT OCTYMHOCTI (3HaXO0-
IUTH 00J1acTi HABKOJIO MICIh PO3TAlTyBaHHSI, SKHX MO-
’KHA JOCAT'TH MPOTATOM IIEBHOTO MEPioay 4acy); MOIIyK
HaAWOMMKYMX (BU3HAYAE MICIIS, SIKi 3HAXOAATHCS HAHO -
KUe JI0 BIJIOMHX MiCIb PO3TallyBaHH:); IJIaHyBaHHS Ma-
puipyTiB (BU3HAYAE HAWKpalMi HUIAX A BigBimaHHsI
MapKoOM TPAHCTIOPTHHX 3aCO0IB MHOXKHHH 3yMUHOK) [7].

IHcTpymMenT «CTBOpEeHHS 30H 4acOBOI JOCTYIHO-
CTi» CTBOpIOE 00JACTi, IKUX MOYKHA JICTATHCH B MEKaxX
BH3HAYCHOTO Yacy MOI3AKH aBTOMOO17IeM, BiAcTaHi moi3-
KA aBTOMOOITIeM, BiICTaHI mepeMilIeHHs MIIKH 1 T. 1.
Leit iHCTpyMEHT BUKOHY€ BHMIPIOBAHHS Bi OJHi€l abo
6aratbox TOo4oK (mo 1000) B3mOBXK mopir abo mimoxia-
HHX JOPIKOK Ta cTBOpIOE tmap [8].

Jlyis CTBOpEHHs 30HU OyJid BBEICHI BCI HEOOXIHI
rapameTpu JJIs OTpUMaHHsAM OaxkaHoro pesynbrary. Ha
MepIIoMy eTari, Oy/Je MoKa3aHui map, KU B3SATHI SK
BXiJHI AaHi. Y Apyromy erari € pi3Hi BapiaHTH HaJall-
TyBaHHsI BXiJJTHUX JaHUX LOJO IIepPeMillleHHs (JETKOBUM
aBTOMOO1IeM, BaHTQ)XKHUM aBTOMOOIIeM a0o0 MIIIKH) Ta
mapameTp (dac abo BifcTaHb), I poOOTH OYII0 BUKOPH-
crano «Yac momopoxki minku». Ha Tperbomy erari, He-
00ximHO BHOpaTH MeTO 0OPOOKH CHIIFHUX oONacTel 3
pI3HMX BXIZHUX TOYOK, KOJIM BOHH JOCSTAFOTh OJHA
OIHY, OOpaHHi METOJ 3JIUTTS, TaK fIK, lIe Halikpalie 1o-
Ka)kKe 30HYy IOKPHUTTS Ta JIO3BOJIMTh BHU3HAYUTU IOTO
rwronty. OctaHHIM erarnom, OyB 3po0JIeHHI 3anKC Ha3BU
BHUXIIHOTO 1mapy Ta oTpuMani pesynbratu (puc. 4) [9].
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Puc. 4. BikHO HaJamITyBaHHs iHCTPYMEHTY aHAIII3y
30H goctynHocTi B ArcGIS online
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Bubpary wapw Bap'epis

Jami ganmii MeTon, OyJio 3aCTOCOBAHO MJsl BCiX
paiioHiB Ta Pi3HUX TUIIB pakeT, y pe3yapTati OyIo oTpu-
MaHO JABAJIATh MOJIrOHAJBHUX BEKTOPHUX INAPIB, SKi
BIZIPI3HSUTUCS CBOEIO 30HOIO NMOKPHUTTS. TakuM UYUHOM,
MPOAHAaTI30BaHO JiF0Yl YKPHUTTS Y KO)KHOMY paioHi MicTa

i uist tuny cHapsny «lckannep-My», sSIKuii BUKOPHCTOBY-

I0TBCS JJISL aTak.

Ha puc. 5-10 npencrapieHi pe3yabTyiodi KapTH 30H
MOKPUTTSl YKPUTTSAMU M. MUKOJAIB 3a THUIIOM CHapsiLy
«Kanibp-A», «Ickannep-K», «axeny, «Kaniop-M» Bin-
MIOBITHO, 3 YPaxyBaHHAM MIIOYMX YKPUTTIB Y KOXHOMY
paifoni micta [10].

Puc. 5. Pesynprar po3paxyHKy 30H MoKpuTTs LleHTpansnoro
paifoHy 10 YKPHUTTIB 3a TUTIOM cHapsny «lllaxem
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Puc. 7. Pe3ynpTytoua kapTa 30H IOKPUTTS YKPATTIMH
M. MukosaiB 3a Tunom cHapsay «Kamiop-A»

30Ha NOKPHTTS
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VY xoni aHalizy 30H MOKPHUTTS 3’CYBAJIOCs, 110 Ya-
COBO{ JIOCTYITHOCTI HasiBHUX YKPHUTTIB HEJOCTATHBO IS
3a0e3nedeHHs] YKPUTTSAMH BCIX JKHTEINB MICTa, a TOMY
OyJI0 MPOBE/ICHO MOBTOPHUX aHAJI3 3 ypaxyBaHHSIM He-
JIIOYMX YKPUTTIB, TaK SIK BOHU B KOPOTKHI yac micis pe-
MOHTHHUX POOiIT Ta epeodiafHaHHsI MOXKYTh CTaTH IO~
YUMH.

Juis aHamily 30H MOKPHTTS MMIOi JOCTYHHOCTI 3
ypaxyBaHHAM HEAIIOYMX CXOBHII Ta CTBOPCHHS HOBHX 13
3aJja4ero MOBHOTO MMOKPHUTTS palioHy Ta BpaXyBaHHIM Mi-
cTKOCTi, Oymo 3actocoBaHo mporpamy QGIS mns ctBo-
PEHHSI HOBHX TOYKOBHMX BEKTOpHMX ImapiB. J[ms Toro,
100 BU3HAYUTH MICLS JUISl 33 MPOEKTYBaHHS HOBUX YK-
PUTTIB, BpaXyBaJHCh JaHi OTpUMaHi paHilie, 1e ooJacTi,
SIKI IEPEeKPUBAIOTHCS 30HAMH MIIIOi JOCTYIHOCTI, TOOTO
30HH TIEPEKPHUTTSL.

Takox, 1e 1ae po3yMiHHS IOJO 30H HPOIYCKIB,
T00TO 00aCTI, SIKi 3aNMUIIAf0ThCs HemokputuMi. Le mo-
3BOJIWUIO BUSIBUTH MOTPeOy B HOBHX YKPUTTSX Ta OMNTH-
Mi3yBaTH iCHYIOWi Ta 3aiATH YKPUTT, sIKi Oyino 3aHe-
n6ani Ta oHoBHTH ix [11].

Byno BpaxoBaHO, 0 7151 KOXKHOTO THITY PAKET B OK-
peMux paiioHaX 30HM MOKPUTTSI BUHIILIM Pi3Hi, @ OTKE OK-
peMO ISl KOJKHOT 30HM TOKPUTTSI NMOOYIOBaHO BIIACHHUIN
11ap TOYOK JUIsi HOBHOTO NEPEKPUTTs paiioHiB. /st Toro,
100 MEePEeKPHUTH 30HU y THX pailoHax, ic BOHU HEIOCTATHI
a0o0 po3TaloBaHi Jajeko, OyJ0 BUKOPUCTaHI TOUKU He-
MPUJIATHUX YKPHUTTIB, SKi MOTPEOYIOTh PEMOHTY Ta CTBO-
PEHHS HOBHX.

[icns Toro, Oynu MpOCTaBiIeHI HOBI TOUKH 3 ypaxy-
BaHHSM B)K€ HasiBHUX 30H IIIIOI JOCTYITHOCTI, OyJI0 3aBa-
HTaxxeHo map 1o nporpamu ArcGIS Online ta 6ymo mo0y-
JIOBaHO HOBY 30HY ITOKPHTT ITIIIOT JOCTYITHOCTI i3 ypaxy-
BaHHSM HEMII0YHX Ta HOBHX cxoBuil. [Ipu moOymoBi Ho-
BOi 30HM MOKPUTTSI OyJIO NOCSATHEHE MOBHE NEPEKPUTTS
Micra.

[Ipu nmoBTOpHOMY aHai3i 30H MOKPHUTTSI MIILIOT A0C-
TYHHOCTI 13 ypaxyBaHHSM HEIIFOYMX Ta HOBHUX CXOBHIIL
OyJI0 OTPUMaHi 3 MAKCUMaJIbHUM NIEPEKPHUTTSM PAHOHIB, a
pe3yJIbTaT 1o HaOUIbLIIN KITBKOCTI YKPUTTIB TPEICTaB-
neHa Ha puc. 11, 3 MOBHAM NEPEeKPUTTSM 30H MIIIOL J10c-
tynHocTi [12].

Marodi 1aHi oOA0 HEOOXiTHOT KUTEKOCTI YKPUTTIB
JuIst 3a0e31edeHHs TOBHOTO TIOKPUTTS MicTa, OyJIH CTBO-
peHi peKoMeHAaIiil [UIs OpraHiB BUKOHABYOI BTN Mi-
CTa 13 ypaxyBaHHSM pe3yJbTaTiB aHAi3y MOTOYHOI CH-
Tyarii.

VY mporeci aHamizy Oyiu CTBOpEHi KapTH i3 gona-
HUMH HEOOX1THUMH TOYKAMH YKPHUTTIB IS JOCATHEHHS
HaOIIBIIOTO BiACOTKY MOKPHUTTS U KOKHOTO pailOHy
MiCTa 3a THIIOM CHaps.y, [0 BUKOPUCTOBYETHCS ITiJ] 4ac
aTak, a TAKOXX POPaxoBaHi J1it04i Ta HassBHI HENPUIATHI
YKPUTTS, IO MOKYTh OYTH IIepeoOIaHaHi.

Ha ocHoBi Takux maHux OyJi0 MpOpaxoBaHO Killb-
KIiCTh YKPUTTIB Pi3HOTO TUIY JJI KOKHOTO paioHy Mi-
cTa.

VY tabn. 2 npencrasieHa HEOOXiHA KiJIbKICTh YK-
PHUTTIB 7151 KOXKHOTO paiOHy JJIsl TOTO, 00 3po0uTH Ma-
KCHMaJIbHY 30HY TOKPHTTS pailoHiB, BpaXxOBYIOUH Pi3Hi
THTIA CHAPSIIB.

B Ta6u. 3 mpezcraBieHi AaHi MO0 MICTKOCTI YK-
PUTTIB 3 Pi3HUMH BXiTHUMH JTaHUMU TI0 paifoHaM MicTa.
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Puc. 11. 30Ha MOKPHUTTS YKPUTTAMH M. MukoJaiB
3a TUIIOM cHapsny «Ickanaep-M» 3 ypaxyBaHHAM
JIIOYMX, HEPUJIATHUX Ta HOBUX YKPHUTTIB

3a JaHUMH BiIOOpakCHUMH B TAOJHIIi, MiCTKICTh
JIIOYMX YKPUTTIB KaTacTpo(iyHO Masia HOPIBHSIHO 3 3a-
rajJbHOIO KiJIbKICTIO HacesneHHs. [Ipu po3paxyHkax mict-
KOCTI IIOJ0 HENPUIATHUX YKPHUTTIB OylIO OTpUMAaHO
15 % poaMimieHHss HaceJeHHs, 10 Maibke BTpudi Oi-
JBIIe, HiX OyJI0 paHimIe.

Jlara MICTKICTB BCe OJTHO ITOTaHO IEPEKPHUBAE TIOT-
pedu HaceleHHs, ajie SKIIO 3alpOeKTyBaTH HOBI K-
PHUTTS, TO MOXHA TT00AYNTH PE3yJIBTAT, IO BOHH NEPEK-
PHUBAIOTH TaKy K KUIBKICTh HACEIEHHS SK Jif04i Ta He-
MpuAaTHI YKPUTTA pa3soM. OTke, 3arajbHa MiCTKICTh 3
ypaxyBaHHSM JII04NX, HEIPUIATHUX Ta HOBUX YKPUTTIB
CTaHOBUTH MaiiKe MMOJIOBUHY HaceneHHs Micta. [linsu-
LIEHHs MICTKOCTI YKPHTTIB 32 paXyHOK ICHYIOUHX Ta HO-
BUX JlonioMarae 30epertd ColiajbHy CTaOUIBHICTH Ta €
Ba)XJIMBOIO CKJIaJIOBOIO CTpATETii 3aXHMCTy HACEeJCHHS B
YMOBax Ha/I3BUYaHUX CUTYaIliil.

BucHoBku

AHaii3 HOKPUTTS 30HaAMU MilIOI AOCTYMHOCTI YK-
pUTTIB y M. MUKONaeBi B yMOBax MOTEHILIHHOI HeOe3-
MIeKH 10Ka3aB, IO iCHY€E psil mpobiieM, sKi MoTpeOyoTh
HeraifHoro BupimeHHs. J{ns 3a0e3rnedeHHs HaJeKHOTO
PIBHS 3aXHCTy HACEJICHHs HEOOXiJIHO CTBOPUTH HOBI YK-
PUTTSI, TPOBECTH PEMOHT Ta MOJIEPHI3aLlil0 HEPUAATHUX
YKPHTTIB, a TAKOX MiJABHUIINTH PiBeHb iHPOPMOBAHOCTI
HaceJIEeHHsS PO PO3TALIyBaHHS yKPHUTTIB.

Po3pobiiena MeToanka aHami3y MOKPUTTS 30HAMH
MIIIOT JOCTYITHOCTI YKPUTTIB 3aJIEKHO BiX TUITY OanicTu-
YHUX CHapsA/iB 0a3y€ThCs HAa CydacHHX 3ac00ax reornpo-
CTOPOBOTO aHANI3Y.

Tabauys 2 — ba3za 1aHUX 010 HEOOXITHOI KITBKOCTI YKPUTTIB ISl KOKHOTO paiioHy

Paiionn Hentpanbuuii | Inryasckuii | 3aBoacekmii | KopabGeabnuii | 3arasom
Jistdi yKpuTTS 40 26 21 13 100
Kani6p-M HenpunaTHi yKpUTTS 3 1 0 0 4
(37-39 xB.) Hosi yxpuTTs 0 0 3 0 3
Hlaximn HenpupatHi ykpuTTs 8 3 7 1 19
(17-22 xB.) Hogi ykpurtst 3 1 4 3 11
Ickannep-K HenpupatHi ykpuTTs 13 7 12 3 35
(12-13 x8.) Hosi ykputts 19 4 15 6 44
Kami6p-A HenpunaTHi yKpUTTS 21 16 15 6 58
(8-9 xB.) Hosi yxputts 24 13 39 26 102
Ickarnep-M Henpunatai ykpuTTs 40 30 25 25 120
(3-4 x8.) Hogi ykpurts 71 26 89 102 288
Tabnuys 3 — Ba3za TaHuX 100 MICTKOCTi 3 ypaxXyBaHHSIM Iil0UNX, HEMPHUIATHUX Ta HOBHX YKPHUTTIB
Hassa paiiony I_IEHTprlL- Inrym:- 3a3021c1,- Kopaﬁf:.m;- 3aranom
HUH ChKHU Kuit Huit
KinbkicTh HaceneHHs 117719 109743 101476 61622 390560
MicTKicTb AiFOYMX YKPUTTIB 5779 6358 5237 7259 24633
PosmimieHHs HaceneHHS B YKPHTTIX, % 4,909 5,793 5,16 11,77 6,3
MicTKicTh HENPUAATHAX YKPUTTIB 22868 14659 11212 9877 58616
PosminieHHs HaceneHHS B YKPHTTIX, % 19,42 13,35 11,04 16,02 15,008
MicTKiCTh HOBUX YKPHTTIB 28400 20800 26700 15300 91200
BifcoTok po3MinieHHs HaceJIeHHs B YKPUTTIX, Yo 24,12 18,95 26,31 24,821 23,35
3arajbHa MICTKICTb 3 YPaxyBaHHAM AilOYMX, HETIPUJIATHUX Ta HOBUX YKPHTTIB, % 44,65
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Takox po3pobieHa MeToIMKa BHUKOPHCTOBYE Ta
aJlanTye ICHyIOYM IHCTPYMEHTH Ta METOH reoindopma-
LIITHUX TEXHOJIOTIH Ta MPOTpaMHMX MPOIYKTIB [UIsl LU-
poBoi kapTorpadii Ta MOEIIOBaHHS JUIsl KOHKPETHUX 3a-
BJIaHb CYYaCHOCTI. 30HH 4acOBOI JOCTYITHOCTI pO3paxo-
BYBAJINCH 3 JIOTIOMOTOIO HOBITHIX iIHCTPYMEHTIB aHAJI3y
JIOTICTHYHHUX MICBKUX MEPEX IOPIr, 0 JO3BOJISE JOBOIL
TOYHO BH3HAYMTH 30HU MicTa, B SKUX YKPHUTTS 3HaXO-
IATHCS JaJIEKO Bij JIroael, a00 X HEJOCTATHEBO.

[IpakTrynaa peamizallisi METOAUKHA JOBOAUTH JOIIi-
JMBHICTH MiAXOIY, B SIKOMY KIIFOUYOBHM (aKTOPOM 3aIst
oOy0BH ONTUMAaJIbHOI 1HPPACTPYKTYpH CrIOpY. IPU3-
HAYCHMX JJIS 3aXUCTY HACEJEHHs € iX AOCTYNHICTh JUIs
LILOTO HACEJICHHS! B paMKax BCTAHOBJICHOTO 4acy 3alie-
JKHO BiJ[ THUIIB OAJTICTUYHUX CHAPSIIIB, 110 BUKOPUCTOBYE
Bopor. Yac miiipoTy BKa3ye Ha Te SIKi YaCTHHU MicTa Oy-
JYTh aTaKOBaHI MEPIIUMH, IO JO3BOIMIO ieHTU(DIKY-

BaTH 30HM HANBHIIOTO PU3UKY. 3aCTOCYBaHHS TaKOTO
MIX0y Pa3oM i3 Cy4aCHMMHM 3aco0amMH TeoIpocTopo-
BOr'0 aHaJIi3y JO3BOJIUTH 3HAYHO IOKPAIIUTH e(PEeKTHB-
HICTB 3aX0/1iB 3aXHCTY HACEJICHHS B yMOBaX NOTEHIIHHOT
HeOe3MeKH.

3a pesyipTaTaMu MOOYJOBaHUX 30H IOKPHUTTS Mi-
CTa 3 ypaxyBaHHAM TUIy OamicThaHuX paket 3 14-85%
10 100 % mepekpuTTs 3a paxyHOK 301IBIICHHS KITBKOCTI
YKPUTTIB B HEOOXITHHUX YacTHHAX paiioHiB. PesympraTn
aHaJi3y BKa3aJH Ha T€ IO YKPUTTIB HEIOCTAaTHHO, a Oi-
TBIIICTP 3 HUX IepedyBae y HelpuaaTHoMy cTaHi. Le Bu-
Mara€e HeralHOro 3aJy4eHHs JOAaTKOBUX PECypCiB JUIs
MOJIEpHi3allii CTapuX Ta CTBOPEHHS HOBUX, OLIbII e(ek-
THUBHUX YKPUTTIB, 11100 3a0€311eUnTH aIeKBATHUI 3arab-
HUH pIBEHb MICTKOCTI YKPHTTIB 3a/JIsl 3aXHUCTy Hace-
JICHHsI B YMOBaXx IOTEHIIHOT HeOe3IeKn Yepe3 MacoBaHi
o0CTpinm.
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Methodology for analyzing the areas of walking accessibility of shelters depending on the type
of ballistic missiles using modern geospatial analysis tools

A. Nechausov, S. Horelyk, S. Andreev, A. Lakhtina

Abstract. The article analyses the coverage of the walking distance of shelters in Mykolaiv city under conditions of po-
tential danger. The capacity of existing and potential shelters was assessed, on the basis of which a conclusion was made about the
need to create new shelters. The article considers methods of analysing the coverage of the walking distance of shelters depending
on the type of ballistic shells on the example of the city of Mykolaiv using modern geospatial analysis tools. A practical solution
to the problem of creating zones of walking accessibility of shelters depending on the type of ballistic projectiles using modern
geospatial analysis tools is proposed. The purpose of the article is to increase the effectiveness of protection of the population in
conditions of danger using modern means of geospatial analysis. Results: the main shortcomings of the existing system of ensuring
security and proper informing of the population about shelters in cities were identified, the general situation with shelters in My-
kolaiv city was analysed on the basis of the proposed methodology, which resulted in the construction of cartographic reports with
calculated areas of coverage of walking distance depending on the type of ballistic missiles, which makes it possible to more
effectively and reasonably assess the security situation and make management decisions. Conclusions: in the course of practical
implementation of the methodology on the example of the city of Mykolaiv, it was found that the existing shelters in the city are
not able to provide the necessary time accessibility and do not have the necessary capacity to save even half of the population in
case of emergency, therefore, recommendations for identifying potential and creating new shelters to improve the safety of the
population were created.

Keywords: coverage area, shell, ArcGIS Online, QGIS, shelter, capacity, walking distance, zone.
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JTOCJIIKEHHSA ITPOILECIB ATANITUBIZALIII CUCTEMH
TEXHIYHOI'O OBCJIYI'OBYBAHHA 3A PE3YJIBbTATAMMU
3MIHU CTAHY CYIHOBUX TEXHIYHUX 3ACOBIB

AHoTanisi. Y cTarTi pO3risIHYTO BaXIIMBY MPoOJIeMy ONTHMI3alii CHCTEMH TEXHIYHOTO 00CITyTrOBYBaHHS CyJHOBHX TEX-
HIYHUX 3ac001B 3 BpaXyBaHHAM IXHHOTO 3HOLIEHH:, IIOTOYHOTO Ta MPOTHO30BAaHOTO CTaHy. AHAJI3 OCTaHHIX IOCITIHKEHb 1
myOuTikaIlii B 1ii 06JacTi BKazye Ha HEOOXiTHICTh pO3POOKH aIallTUBHUX CTPATEriid 00CIyroByBaHHs, CIPSIMOBaHUX Ha ede-
KTUBHE BUKOPHUCTAHHS PECYPCIB Ta MiJBUIICHHS HAIHHOCTI CYAHOBHUX CHCTeM. METOIO CTaTTi € AOCIIIKEHHS MPOIIECiB afa-
NTHUBI3aLil CHCTEMU TEXHIYHOTO OOCITyrOBYBaHHS 32 pe3yabTaTaMU 3MiHH CTaHy CyJHOBHX TEXHIYHHX 3ac00iB Ta po3poOKa
NPaKTUYHUX PEKOMEHALIH 100 ONTHMIi3alii IUX MpoIeciB. Pe3yabraTé cTaTTi BKIIIOYAIOTH JOCHIIKEHHS IPOIECIB aar-
THUBI3aLil TapaMeTpPiB CUCTEMH TEXHIYHOTO 0OCIyrOoBYyBaHHS BHACHIZOK OJHOTO MPOLECY 3MIHM TEXHIYHOTO CTaHy. ABTOp
pO3risiiae METOANKY BU3HAYEHHS BiJHOCHOI IIEPiOJMYHOCTI TEXHIYHOTO 00CITyrOByBaHHS I BU3HAYCHHS pOOOYMX TOUOK
cHCTeMH. 30KpeMa, B CTATTi PO3IIIAJA€THCS BIUIMB 3MiHM TEXHIYHOTO CTaHY Ha BUTPATH Ta ONTUMI3aLliIo IPOIeciB 00CIyro-
ByBaHHs. Pe3ynpTaTn 1oCiimKeHHs 103BOJIIFOTh BU3HAYNTH ONTHUMAIIBHI, 32 BUTPATaMH 1 9aCOM, CTpaTerii 00CIyroByBaHHS
3 ypaxyBaHHSIM 3HOLICHHS Ta HECHPABHOCTEH TEXHIYHMX 3ac00iB CyZHA. BUCHOBKH MiAKPECTIOIOTH BaXKIHUBICTh PO3BUTKY
aJIaNTHBHUX IMIAXOIB A0 TEXHIYHOTO OOCIYTOBYBaHHS CYAHOBHX CHCTEM, IO JO3BOJIUTH 3a0€3MEUNUTH IXHIO €)EKTUBHY €KC-
IUTyaTallifo Ta MiABUIINUTH 3arajbHy MPOAYKTHBHICTh MOPCHKOTO TPAHCIIOPTY.

KnaouoBi caoBa: amanrtuBizamis, TeXHIYHE 00CITyroByBaHHs, BAHTaXKHI CyHA, 3MiHa TEXHIYHOTO CTaHy, €(EKTHBHICTB,

BUTPATH OOCIYTOBYBaHHsI, aHATI3.

Beryn

IMocranoBka npodieMn. Y KOHTEKCTI MOPCHKOTO
TPAHCIIOPTY Ta CyIHOIUIABCTBA, epEeKTHBHE TEXHIYHE 00-
CJIyrOBYBaHHsI CY/IHOBHX CHCTEM BH3HAua€e He Juiie 0e3-
NeKy TUIABaHHS, aje W ONTHMalbHY eKCIUIyaTaliio Ta
€KOHOMIYHICTh CyTHOIUIaBHOTO nporiecy. OHaK, B yMO-
Bax MOCTIHHOI 3MiHH CTaHy TEXHIYHUX 3acO0IB CYyJEH,
TpajMIiiitHI MeTOIM 00CITyroByBaHHs (32 BiJMOBaMHu, pe-
TJIAMEHTHUH Ta 32 CTAHOM) MOXKYTh BHSIBUTUCS HEIOCTa-
THBO €(DEKTHBHUMH.

OpHi€r0 3 KIFOYOBUX MPOOIJIeM YIIPaBIiHHS TEXHIU-
HHUM OOCITyrOBYBaHHSM CYJJHOBHUX CUCTEM € HEOOXIIHICTh
aJlanTyBaTH IMPOLECH OOCIYTrOBYBaHHS JI0 aKTyalbHOTO
crany oOnasHaHHs. TpaaniiiHi pernaMeHTHI miIXxo1u 10
TEXHIYHOTO 00CITYTOBYBaHHS, 1110 IPYHTYIOThCS Ha (pikco-
BaHMX iHTepBaJlax 0OCIyTOBYBaHHS, HE 3aBXKAH BPAaXOBY-
I0Th HIUBIAyaIbHI OCOOIMBOCTI Ta MOTPEOU CyTHOBHX
CHCTEM Y PEMOHTI Ta 3aMiHi aetaynei. ToMy, akTyabHUM
CTa€ NMUTaHHS PO3POOKH Ta BIPOBA/PKCHHS aJalTHBHHUX
CTpaTerii TEXHIYHOTO 00CITyTOBYBaHHSI, SIKi 0a3yIOThCS HE
JIMIIE Ha TTOTOYHOMY CTaHi 00JIaJHAHHS, a i Ha a/lalTHBI-
3a1ii raHy TeXHIYHOTo 00CIIyTroByBaHHS y BiIIOBITHOCTI
JI0 TIPOTHO30BaHO1 3MiHHU ILOTO CTaHy. [le BUMarae cucre-
MHOTO aHaNi3y JaHUX PO CTaH OOJIaJHAHHSA, PO3POOKH
QITOPUTMIB aJIamnTalii TEXHIYHOTO OOCITYTOBYBAaHHS JIO
3MIHHOTO CTaHy CyJTHOBHX CHUCTEM, a TAKOXK €(DEeKTHBHOTO
BUKOPHCTAHHS CyYacHHX TEXHOJOTiH Ta METOAIB MoOje-
JIIOBaHHS JIS OTITUMI3aIli] WX MPOIIECiB.

OCHOBHOIO TIPO0JIEMOI0, SIKYy BUPIIIYE JIaHa CTATTS,
€ po3po0Ka Ta JOCIIKCHHS MPOLECIB alalTUBI3AIIIi CHC-
TEeMU TEXHIYHOI'O OOCIYrOBYBaHHS CyIHOBHX TEXHIYHHX

3ac00iB 3 METOIO MiIBUIICHHS ePEKTUBHOCTI (PYHKIIOHY-
BaHHS CYZIEH Ta 3MEHILECHHs eKCIUTyaTal[iiHUX BUTPAT.
AHaJi3 ocTaHHIX Aocaizkensb i myOJikauii. [Ipo-
BEJICHUI aHaJli3 OCTaHHIX JOCIIKEHb 1 myOuikaliii Bka-
3y€ Ha BOXJIMBICTh HAYKOBOTO OOIPYHTYBaHHS 3MiH Napa-
METpIB CHCTEMH TEXHIYHOTO 00CITyrOBYBaHHS TEXHIUHHX
3ac00iB BaHTAXHUX CyJIeH. BayKIIMBUMM IOCTalOTh MH-
TaHHsI: BUSIBIICHHSI BIUTMBY 3MIHH CTaHy Ha IapaMeTpH Te-
XHIYHOTO 00CITyrOBYBaHHS CYJIHOBUX MEXaHI3MIB € KpH-
THYHO BA)XKJIMBUM IHTAaHHSM, L0 Ma€ TOTEHIHHI Hac-
JJIKA JJ1s BUXOJTY 3 JIady OOJaJHAHHS, SKOJOTIYHOI Oe3-
TIEKH Ta eKOHOMIYHUX BTpat [1]. st BupirmeHHs i€l mpo-
61emu OyJ10 3aIPOTIOHOBAHO MPOTHO3HY MOJEIb TEeXHIU-
HOTO 00CITyrOBYBaHHS 3 BUKOPHCTAHHSIM IITYYHOTO iHTe-
JIEKTY Ta JaHUX MOHITOPUHTY B peasibHOoMy uaci [2]. Ls
MO/IENb MOJKE IONIOMOTTH BU3HAUUTH KITFOUOBI ITapaMeTpH
Ta MOTEHIIiIHI HECTIPABHOCTI, IO YMOIIUBIIIOE PO3POOKY
aIaNTUBHUX CTPAaTeriii TeXHIYHOTro 0OcIyroByBaHHs. Ta-
KOXK PEKOMEH/IYEThCSI BAKOPUCTOBYBATH IMiAXO/H JI0 TEX-
HIYHOTO 0OCITyTOBYBaHHS Ha OCHOBI CTaHy, IO MATPUMY-
FOTBCSI YIIPABIIHHAM HafiiHicTIO Ta pusnkamu [3]. Kpim
TOT0, OLIIHKa JecTabinizyt0unx (aKTopiB Cy THOBHX TEXHi-
YHUX 3ac00iB, HANpHKIa] (PAKTOPIB y Baly T'OJIOBHOTO
JIBUT'YHA MOJKE CIIPUSTH PO3POOI CHCTEM NPUHHATTS pi-
[IeHb JUIsl KOMIeHcanii 1ux BiumBiB [4]. 3anporionosa-
HMH HaIlBKUIBKICHAM METOJ € OLIBII HaAiHHUM 111 1X0I0M
JUIsl BUOOPY CTpaTerii TeXHIYHOTO OOCIyrOByBaHHS Cy/I-
HOBHX MamuHHEX cucteM. [5]. HoBa, y gac cBoro mosis-
JICHHSI, METO/IOJIOTIsl TIOEHYE TiIXiJ] 10 PU3HKIB 1 KPUTH-
YHOCTI Ta JAEMOHCTPYE 3 BUKOPHCTAHHSIM IHCTPYMEHTIB
aHaJylizy pPEeXMMIB, HACHIJIKIB 1 KPUTHYHOCTI BiJMOB
(FMECA) Ta ananizy nepesa HecnpasHocteii (Fault Tree
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Analysis) [6]. 3anponoHoBaHa cTpareris TEXHIYHOTO 00-
CJIyrOBYBaHHSI 32 CTAaHOM J03BOJISIE MiHIMI3yBaTH 3arajibHi
BUTpATH, a TAKOXK BIUTUB Ha HABKOJIUIIHE cepeaoBue [7].
VYemix TeXHiYHOro o0CIyroByBaHHSI HA OCHOBI CTaHy 3a-
JIOKHUTH BiJl 3IaTHOCTI pO3po0OnsaTH e(peKTHUBHI Mozeni
nporHo3yBanHs [8]. VY 1iif cTaTTi MpencTaBIeHoO aiarTH-
BHY MOJITHKY TEXHIYHOTO OOCIYTOBYBaHHS IJISI CHCTEM,
IO 3HOLIYIOTHCS, 3 YPaxyBaHHAM SIK ITO3UTHUBHUX, TaK i
HETaTHBHUX HACIHIAKIB, JJIS ONTHUMi3alil pO3IOaiTy BH-
TpaT Ha TEXHIYHE 0OCIYTOBYBaHHA Ta TOPOTOBHUX 3HAYCHB
npu 30epexeHHi KUTTEBOTO MKy cructemu [9]. Odiky-
€ThCsI, 110 MalOyTHE CYJJHOBUX MAIIMHHHUX CHUCTEM Oyje
3a TEXHIYHMM OOCIIyrOBYBaHHSIM Ha OCHOBI CTaHy, IpH-
4oMy OUIbII e(heKTUBHE YIPaBIiHHS OyJe AOCATHYTO 3a
PpaxyHOK MOHITOPHHI'Y NPOJYKTHBHOCTI Ta HaJIHHOCTI CH-
cremu [10].

Bci 1i ocnmimpkeH st pa3oM MiAKPECTIOITh BaXKIIU-
BICTh PO3pOOKH Ta BIIPOBAKCHHS aJallTHBHUX CTpaTe-
Tilf TeXHIYHOTO 0OCITyTOBYBaHHS ISl CYAHOBHX MEXaHi-
3MiB. ¥ MalilOyTHROMY, TaKHi MiAXiA O TEXHIYHOTO 00-
CIIyTOBYBaHHS 00ilsie OYyTH CTaHIAPTOM B CYAHOILIABC-
TBi, IO JO3BOJIUTH JOCATTH OUMBIIOI €(pEeKTUBHOCTI Ta
HAJIHHOCTI CYJJHOBHUX MEXaHI3MIB.

MerTa cTAaTTI MOJIATaE B TOCITIKCHHI Ta aHAI31 IPO-
LIECIB a/IaNTUBI3alli] CHCTEMHU TEXHIYHOIO 00CITyTOBYBaHHS
Ha OCHOBI 3MiHH CTaHy Cy/IHOBHX TEXHIUYHHX 3aCO0IB.

OcHoBHuIi MaTepian

3amada amanTHBizalii mapaMeTpiB CHCTEMH TEXHid-
HOTO 00CITyTrOBYBaHHS NPHUHIMIIOBO BUPILIYETHCS 32 J0-
ITOMOTOI0 BHOODY, IUIA peaii3amii B paMkax OU(PPOBOL
cTpaTterii, OJJHOTO 3 TAKUX KPUTEPIiB:

* MinimMi3alii BiIHOCHMX BUTPAT Yacy Ha YCYHEHHs
BiIMOB 200 Ha 3HAXOKCHHS B CTaHI TEXHIYHOTO 00CITy-
rOBYBaHHS (3HAXODKEHHS MaKCUMyMY KoedillieHTa TexX-
HIYHOTO BUKOPHCTAaHHS);

* MiHiMi3aIlis CyMapHAX BUTpAaT Ha TEXHIYHE 00-
CIIyTOBYBaHHS (KpUTepiil e(heKTUBHOCTI BHKOPHCTaHHS
pecypeis);

* MakcuMmaisHa MMOTPiOHICTh B TEXHIYHOMY 00CITY-
TOBYBaHHI 00'€KTa, 0 30epir mpare31aTHICTh (KpUTepii
— notpidnocti B TO).

BapTto migkpecauTy, 110 3a1a4y aganTUBi3alii na-
paMeTpiB HEOOXiJHO aHaNli3yBaTH Yy KOHTEKCTI YIIpaB-
JIHHS TapaMeTpaMH BUKOPHUCTOBYBAHOI CUCTEMH TEXHi-
YHOTO OOCIyTOBYBaHHSA Ta ii ONTUMI3alii yepes mepexin
710 OLTBIT €(peKTHBHOTO METOLy TEXHIYHOTO OOCITyTOBY-
BaHHA. ONTUMI3aliiHI MPOLECH MAOTh MPOBOJUTHCH 3
ypaxyBaHHAM JOMYCTUMHMX PH3UKIB 1 BIJIOBIZHO IO
npunnuny ALARP (as low as reasonably practicable),
110 nepedavae MiHIMI3alii0 pU3UKIB JI0 PiBHS, KOJIH T10-
JaJiblie X 3HIDKEHHS CTae HepalioHaIbHNM.

BescymHiBHO, (hOpMyBaHHS CHCTEMHU TEXHIYHOTO 00-
CIIyTOBYBaHHS, sIKa 3a0€3MeYNTh MiHIMaJbHI BUTPATH, €
HE 30BCIM KOPEKTHOIO TIOCTAaHOBKOIO 3ajadi. BakimBoto
YMOBOIO PO3B'SI3aHHS Ii€i 3a1adi € BiIHECEHHS JO BUTPAT
Ha TEeXHIYHE OOCIYrOBYBaHHS HE TUTbKU TUIAHOBHX BH-
TpaT, a i HETUIAHOBHUX, BKJIIOYHO 3 MOXJIMBOIO BTPAYEHOIO
BUTOJIOIO B pa3i BiIMOBH 00J1aHaHHS. TakuM 9MHOM, aa-
MITHBI3AIis IPOIIECIB TEXHIYHOTO 0OCITyrOBYBaHHS TPaHC-
(dopmyeThest y Oe3nepepBHY ONTUMI3AII0 MPOIECIB YII-
paBiiHHS BiMoBaMH. BusHaueHHs 3am1aHOBaHUX BUTPAT

Ha TEXHIYHE OOCIYyroBYBaHHS 3a3BHYaii HE CTAHOBHTH
0COOJIMBUX TPYAHOLLIB, 32 BUHATKOM BUTPAT Ha 3aMiHy
nerasei. bibIIicTh HOMEHKIIATYpH 3MIHHUX YaCTHH 3aMi-
HIOETHCSI TIPH JJOCSTHEHH] HE3a/I0BIILHOTO CTaHy, a He 3a
MIPUHLUIIOM TPOQIIAKTHYHOT 3aMiHM (ITiIIUITHUKH Ta30-
TypOOHarHiTa4a, TOHKOCTIHHI MiAIIWITHAKA JBHUTYHIB
BHYTPIIITHROTO 3TOPSIHHS). 3aBOAW BHPOOHUKH HE TIpar-
HYTh JOBECTH 10 BiJIoMa EKCIDIyaTallifHUKIB OYiKyBaHi
pecypcu OUIBIIOCTI, 0cOOMBO Aoporux metaieit. OTxe,
MIPOTHO3YBAaHHA MOTPEOH B 3allaCHUX YaCTHHAX 3a3BHYA
3IIHICHIOETHCS Ha MMiACTaB1 IOIIEPEIHBOTO JOCBITY U1 aHa-
73y HaxiitHocT. Hanpukian, y cucreMi piukoBoro Tpas-
CriopTy YKpaiHM iCHyBaJM CTaHAApTH BUTPATH JeTaneii
JIBUT'YHIB BHYTPIIIIHBOT'O 3TOPSIHHS [UISl TPYITH JECSITH O/
HAKOBHX JIBUTYHIB 3a IIEBHUH NepioJ eKCIUIyaraii.
Brparn, acouiiioBaHi 3 BiIMOBaMH, MPEACTABIISIOTH CO-
0010 111e OLIBII HEBU3HAYCHHIA TTApAMETP.

YacoBi BUTpaTH Ha HEIUTAHOBE TEXHIYHE 00CIYTro-
BYBaHHS MOXYTb OyTH OIiHEH] 3 IEBHUM CTYTIEHEM JI0C-
TOBIPHOCTI 3a JOMOMOTOO aHalli3y HACHiIKiB BiIMOB, B
TOMY YHCII Ha OCHOBI IaHUX PO eKcIuTyaTanito. BoxHo-
yac, BU3HAYCHHS YacOBUX 1, 30KpeMa, (piHAHCOBHX BU-
TpaT Ha JIIKBIJALIIO BIIMOB, SIKi PU3BOJSTH JIO MPOCTOIO
TPaHCIIOPTHOTO 3ac00y, CTAHOBUTH OUIBII CKJIagHYy 3a-
nady. 3a3Bu4aid, OUIBIIICT BiAMOB, IO CHPHYHHSIOTH
NpOCTii CyAHa, € pe3yJlbTaToM HenependauyBaHOTO
CHIBNA/IIHHS PI3HUX BHUIAJKOBUX MOIiH, IPHUOMY yCy-
HCHHs X04a O OJHi€l 3 IMX MOMid MOXKe IepepBaTH IO
MTOCTITOBHICTD 1 3aII00ITTH MPOCTOIO.

Takuii nUIAX, 3aCHOBAHMM Ha aHaIi31 IIOBHUX BU-
TpAaT Ha TEXHIYHE 00CITYTOBYBaHHS, BUJA€THCI HANOLIBII
MEPCIICKTUBHIIINM, XO4Ya HOro peaimisamis moTpedye
BIIPOBAKEHHSI CUCTEMH I BCEOIYHOTO 00Ky BUTpAT.
Icuyrots cuctemm o06miky ButTpar, Taki sk MOSyS,
AMOS, CoCoS, shipmonitoring.org, npore JuiiIe
MOSyS Ta shipmonitoring.org nepeadavarTh CUCTEMa-
TUYHUH aHaJIi3 onepaliifHol AisUTbHOCTI, Ha BIAMIHY Bij
IHIINX 3a3Ha4eHUX 1HPOPMAIIIHUX CUCTEM.

Kpim Toro, B 6aratb0X CyJIHOIIABHUX KOMIIAHIsX
CTapl MEXaHiKH Cy/ieH HaBiTh HE MAlOTh JIOCTYILY 10 iH-
(dopmarii mo0 PaKTUIHUX BUTPAT KOMIIaHii, K Ha yC-
VHEHHS BiTMOB, TaK i Ha ITAHOBI OTPeOH, 10, HA AYMKY
aBTOpa JIOCHIPKEHHS, € HEOOTPYHTOBaHMUM. Y 3B'I3KYy 3
YaCTKOBOKO 3aKPHUTICTIO Takol iHpopmarii OyIb-sKi po3-
poOku B 001acTi BUTpATHOI ONTHMI3allii MOBHHHI OyTH
CIPSIMOBaHI Ha 3arajibHe BUKOPHCTAHHS, 2 HE BUPIMICHHS
okpemux npobieM. KommaHis mOBHHHA CaMOCTIHO BU-
pillyBaTH, SIK BAKOPUCTOBYBATH OTPHMaHIi Pe3yJbTaTH,
BpPaxOBYIOYH OCOOJIMBOCTI CBO€ET isUTBHOCTI.

1. JocaimkenHsi mpoueciB axanTtuBizamii mapa-
MeTpiB CHCTEMH TEXHIYHOr0 00CIyroByBaHHS 3a pe-
3yJbTATAMH OJHOr0 mpomecy 3MiHH TeXHIYHOIO
cTaHy. 3 METOK 3a0e3ICUCHHS IMPOIECIB IMiIBUIICHHS
e()eKTUBHOCTI CUCTEM TEXHIYHOTO 00CITyrOByBaHHS BaH-
TaKHUX CYyJIeH Ha OCHOBI LUQpOBOi cTparerii TexHiy-
HOTO 00CITyrOBYBaHHS Cy/THOBHUX TEXHIYHMX 3aC00iB J0-
CJIJKYBAJIMCh NPOLIECH a/aNTuBi3alii nmapaMeTpiB 00-
CJIyTOBYBaHHSI CYZIHOBOTO JM3€Jb-T€Heparopa Ha OCHOBI
aHaJIi3y Ta MPOTHO3YBAaHHS 3MIHH iX TEXHIYHOTO CTaHY.

[Iporpama eKCIEPUMEHTAIBHOTO  JOCIIIKEHHS
3MIHH CTaHy MAcISHUX KiJelb CyZJHOBOTO IU3EIb-TCHE-
paTopa BKJIIo4ajia B cebe HaCTYITHI eTarmu:
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1. ITocraHoBKa 3aBaHHs. BusHaueHHs 00'exTa 10-
CIifpKeHHs (MacisiHi KiIbLs Cy/THOBOTO JT3€Jb-TeHepa-
Topa). dopMyitoBaHHS 3aBIaHHS: Po3poOKa MpOLECIB
ajanTuBi3auii mapamMeTpiB CHCTEMU TEXHIYHOTO 00CITy-
TOBYBaHHS Ha OCHOBI aHaJli3y IPOLECIB 3MIHM TEXHiY-
HOTO CTaHy.

2. 36ip manux. BcraHOBIIEHHS CEHCOpPIB Ta 3aco0iB
MOHITOPHHTY A7 300py MaHHUX MPO POOOTY MAaCISTHUX
KiJIeIb CYTHOBOTO JH3eNb-TeHepaTopa. 3aIryCcK CHCTEMH
300py maHUX Ta 3amucy iHdopMarlii mpo podoTy macis-
HHUX KiJelb.

3. [ligroroBka ganux. OO6poOKa Ta QinkTpalris 3i0-
paHuX NaHUX. BU3HAYEHHS KIIIOYOBHX IapaMeTpiB JIs
aHaI3y CTaHy MacIISIHUX KiJellb.

4. Anani3z npoueciB 3MiHM TEXHIYHOro cTaHy. Bu-
3HAUEHHS 3aJIEKHOCTEH MK MapaMeTpaMu Ta CTaHOM
MacJSIHUX KiJiellb. BUSBICHHS 3MiH y TEXHIYHOMY CTaHi
Ta IX MPUYMH.

5. Po3pobka mporeciB amganTuBizamii mapameTpiB
CHCTEMH TEXHIYHOTO OOCIyroBYBaHHS. Bu3HaueHHS
CTpaTeriii 3MiHH TapaMeTpiB 00CITyrOByBaHHS Ha OCHOBI
pe3yIbTATIB aHATI3y.

6. TectyBanus Ta ouinka edekruBHocti. Tecty-
BaHHs pO3pOOJICHUX IpoleciB Ha npakTulli. Oninka ede-
KTUBHOCTI HOBOT CHCTEMH TEXHIYHOTO OOCITyTrOBYBaHHS.

2. EKcnepuMeHTANILHI YCTAHOBKHM JUISL J10CJi-
JUKeHHsl TpoleciB aJjanTHBi3alii mapaMeTpiB cucTeMu
TeXHIiYHOro 00CJIYrOBYBaHHS 32 pe3yJibTaTaMH Npole-
ciB 3MiHH TexXHiYHOro cTaHy. /IoCTiKeHHS TIPOIIECiB aja-
MITHUBI3aLil TapaMeTpiB CHCTEMH TEXHIYHOTO OOCIyTOBY-
BaHHSI 3a Pe3yJIbTaTaMH MPOIIECIB 3MiHN TEXHIYHOTO CTaHy
OyITi BUKOPHCTaHI IPUCTPOT A1t 300Dy, aHAJI3Y Ta iHTepII-
perarii JTaHuX PO PoOOTy OOCITYTOBYBAaHOTO O0JIaTHAHHSL.
Bonu cknamaroTeed 31 3B'3aHAX MK COOOF0 YaCTHH 1 CHC-
TEM: CEHCODIB JJIsi MOHITOPHHIY NapameTpiB TEXHIYHOTO
CTaHy, aHAJITHYHOTO MPOTrPaMHOro 3a0e3neyeHHs Juist 00-
pOOKM Ta aHai3y JaHHX, @ TAKOXK IHTETPOBAHUX CHCTEM
300py TAHUX Ta AJTOPUTMIB aJalITUBHOTO YIIPaBIiHHA. Bu-
MIpIOBaJIbHA CUCTEMa MICTUTB Y CO01 CEHCOPH ISl BUMIpIO-
BaHHS PI3HUX MApPaMETpPiB poOOTH OOJATHAHHS, TAKUX SIK
TeMIleparypa, TUCK, 00epTH, BiOpais Ta iHIIi (i3udHi Be-
JIMYWHY, SKi JO3BOJIIOTH BU3HAYATH CTAH TEXHIYHOTO 00-
JIaTHAHHS Ta BYKABATH BIATIOBITHIX 3aXO0/IB JUTS i ATPUMKH
Horo edexkTuBHOCTI. EKCrieprMeHTabHA YCTaHOBKA JUIS
TIPOBEJICHHS HAYKOBOTO JIOCII/KEHHS HaJl ABUTYHOM CYy/I-
HOBOTO JM3eJhb-TeHepaTopa, 3aCHOBAHOTO Ha BUMipIOBaHHI
1 TIOATBIIIOMY aHaJIi31 MIBHKOCTEH 3HOIIyBAaHHS KileIpb,
ITIHAPOBOI BTYJIKH, 3MiHH TUCKY Ta BUTPATH MajiMBa i Ma-
Clla Ta CKIIAJIAEThCS 13 TAKUX CKIIAZIOBUX.

Juszenv-zenepamop (puc. 1). OCHOBHOIO CKIIAJI0-
BOI0 EKCIIEPUMEHTAJILHOI YCTAHOBKU € CYIHOBUH IHU-
3€JIb-TeHepaTop, SIKUH CIIYy>KUTh 00'€KTOM JOCIIIKEHHS.

Hamuuku ma eumiprosanvue obnaonanusa. Jns
BUMIPIOBaHHS IIBUIKOCTEH 3HOIIYBaHHS Kijellb, [IMJIiH-
JPOBOI BTYJIKH, 3MiHM THCKY Ta BUTpaTH MaJInBa i Macia
MIPOBOAATBHCS  BIJIOBIAHI 1HCTPYMEHTAJIbHI BHUMIpIO-
BaHHA. J[0/1aTKOBO BCTaHOBIJICHO BUMiproBaui (puc. 2,
imoctpye 3D Bi3yamizariro maTté IPUCTPOIO CIPOEKTO-
BaHOi aBTOpoM crarti y cepemosuini Altium Designer
18), maT4mKu THCKY, TEMIIEpaTypH, BUTPATH MAJINBA i Ma-
cra, a TaKoXX BUMIproBadvi BiOparllii miJKII09YeHi 3a cxe-
MO0 Ha puc. 3.

= O

e

&.......é LR s

Puc. 2. IIpuctpoi: a — peecTpallii aHAIOTOBUX CHTHAJIIB,;
0 — 00uHCITIOBaY YaCTOTH CUTHAITY

Jani ma cucmema 360py. OTprMaHi BiJl TaTYNKIB
JlaHi PO THCK, TEMIIEPaTypy, BUTPATH MAJIUBA 1 Macia, a
TaKOoXk BUMiproBadi BiOparii Ta BUMIpIOBaHHS NIBUJKOCTI
3HOIIYBaHHS 1 MapameTpu poOOTH JIBUTYHA 30MPaIOThCS
cucreMoro 300py nanux ACMS, komn'torepHa cuctema 3
BIZIMOBITHMM TMPOTrpaMHUM 3a0e3NeueHHsIM Uit 300Dy,
30epeeHHs 1 00pOOKU OTPUMAHKX JAHHX.

Ananizamopu ma incmpymenmu ananizy. J1jis no-
JAIBIIOr0 aHATI3Y JTAHUX BUKOPHUCTOBYIOTHCS CIIeTlialli3o-
BaHi aHamizaropu Ta iHcTpymeHTH ananizy ShipDiMRO.
Taki, sIK mporpamMHi 3aCO0U T CTATHCTHYHOTO aHaNi3Yy,
MAaIIMHHOTO HAaBYaHHS Ta MOJICIIIOBAHHS, AKi I03BOJISIOTH
BCTAHOBHTH B3a€MO3B'SI3KM MIX NapaMeTpaMu JBHTYHA i
HIBUJIKICTIO 3HOIIYBaHHS HOTO CKJIa/IOBUX.

Koumponsna cucmema. J1ns1 3a0e3neueHHst HaTiii-
HOCTI Ta 0e3MeKu eKCIIEPUMEHTY BCTaHOBJIEHa KOHTPO-
JIbHA CHCTEMa, IKa BHKOHY€ (DYHKIIII MOHITOPHHTY pO-
00TH YCTAaHOBKHM Ta aBTOMATHYHO BUKOHYE 3aXOJH CHT-
HaTi3amii B pa3i BUSABJICHHS aHOMAJIill a00 epeBUILICHHS
JIOIYCTUMHUX 3Ha4€Hb NapaMeTpiB.

OmnucaHa ycTaHOBKA JI03BOJISIE IPOBOJUTH EKCIIe-
PUMEHTH Ul aJlanTHBi3alii mapaMeTpiB CUCTEMH TeX-
HIYHOTO OOCIYroBYBaHHSI Ha OCHOBI pe3yJIbTaTiB IPO-
LIECiB 3MiHM TEXHIYHOT'O CTaHy CyIHOBOTO JAM3EJb-Te-
Hepartopa.

3. Pe3yJbTaTH 10C/IiZKeHHS NIPOLeCciB aianTHBI-
3anii mapaMeTpiB cHMCTeMM TeXHIYHOro 00CJIyroBy-
BaHHsI 32 Pe3yJIbTATAMM OJHOTO MPOLECY 3MiHH TeX-
HiYHOTO cTaHy. lleil mpukman € HAWMPOCTIIINM, TOMY
0 i7eaji3y€eThCsl CHCTEMa TPOLECiB, SIKi iHTEpPIpeTy-
I0ThCS SIK O/INH 200 00MPAa€ETHCS O/IMH SIK TAKUH, 110 BU-
3Ha4a€ NoTpedy B TEXHIYHOMY OOCIIyrOBYBaHHI.
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System’s "ShipMonitoring" layout on the ship
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Auxlllary

Puc. 3. Cxema miaxiroyeHHs OJI0KY HAaKOTHMYCHHS JJAHUX CUCTEMH
ACMS — MOHITOPHHTY TEXHIYHOTO CTaHy CYZAHOBHX TEXHIYHUX 3ac00iB

Bimomo, mo ams JOMOMDKHHAX ABUTYHIB HEOOXiI-
HICTh MPOBEICHHS MOTOYHCTKH 3HAYHOIO MIpOIO BH3HA-
Ya€eThCsl 3HOCOM (HOPMYIOUOi MACISTHHUX KiJellb, YHACITI-
JIOK 9oT0 e(heKTUBHICTh IXHBOI POOOTH Majae, Mo MPHU3-
BOJIUThH JI0 3HAYHOTO 30UIBIICHHS BUTpAT Macia. 3HOC
(bopMyrouoi KUTbIS TPU3BOAMUTH O 301LIBILICHHS 3a30pY
B 3aMKYy 3a opmymnoro: 46 = 2m - Ad, ne Ad — cepenus
3MiHa MIUPUHE MACISTHOTO KIUIBI B CEPEIHBOMY IHTEp-
Balli MiXK PErJIAMEHTHUMH MOTOYHCTKAMH Alypq, KOIH
6e3mocepeIHbO KOHTPOTIOBAIN 3MiHY 3a30DiB Y 3aMKax
AS. 3a ekcnepyMEHTAIBHUMHU JaHUMH Y TPOIeci eKc-
tyarartii 0yso oTpumano 3HaueHus Ad = 0.44 mwm, ipu
Atreqg = 6100 romun, 46 = 2 -1+ 0.44 = 2.76 mm.

Y 0e3p0o3MipHUX OJUHHUILIX CEPEIHS IIBHIKICTH
3MIHHM TEXHIYHOTO CTaHy By3Ja BU3HAYUTBCS SIK

Ay 1 468
Atreg Atreg S81im —

v e .
Jie YCTaHOBYHH 3a30p Ogp; = 1.15 MM, a TpaHWYHMIA 3a-
30p Ojim = 4 MM. Po3paxyeMo MIBHIKICTh 3MiHH TEXHid-
Horo crany 3a (Qopmymoro (1) y; =1/6100-
2.76/(4 — 1.15) = 0.159 Tuc.rox 1.Ilpu upomy Koe-
¢imieHT Bapialmii MBHIKOCTI 3MiHH TEXHIYHOTO CTaHY
cranoBuB (V, = 0.4). Cepeate HanpamOBaHHs 10 10CS-
THEHHS TPAaHWYHO JOMYyCTHMOIO 3HA4YEHHS 3a30py B
3aMKy (4 MM) YHACIIiJIOK JIIHIHHOTO MPOTHO3Y 3MiHH 3a-
30py a00 (haKTHYHMX JAHUX 33 BUMIPaMH i 4ac MOTO-
gumenns cknano (T, = 7900) roaus.

Hdust Toro, mod CKOPUCTATHUCS PO3PaXyHKOBHMH
KPUBHUMH TapaMeTpiB JJisi BU3HAYCHHsS pOOOYMX TOUYOK
CHCTEMH TEXHIYHOTO OOCIyrOBYBaHHS, HEOOXITHO BH-
3HAQYUTH BIJJHOCHY IIEPIOJMYHICTh PErjaMEeHTHOTO TeX-
HIYHOTO 00CITyTrOBYBaHHS:

At
Treg @)
m

3a popmyioro (2) po3paxyemMo BiJHOCHY Iepiond-
HICTh TEXHIYHOTO 00CITyrOBYBaHHS:

AT,y = 6100/7900 = 0.772.

ATeq =

BukopucTOBYIOUYH TOJTIHOMIANBHY 3alISKHICTH pe-
3YJIBTATIB BiJNPALIOBAHHS IIUKITIB CKCIDTyaTallii BaHTaX-
HOTO Cy/IHa, npejcTaBieny y [11] s pernameHTHOrO Me-
TOIy 32 BCTAHOBJICHOI BiTHOCHOI MEPiOJMYHOCTI TEXHIU-
HOI'O 00cIyroByBaHHs (ATreg = 0.772) JUIs

koegiienta Bapiaii (V, = 0.4) BU3HAYUMO HMOBIpHICTH
3a1o0iraHHs JOCATHEHHIO IPAHMYHOTO CTaHy perjaMeHT-
Hoto cuctemoro TO (Ppre = 0.5518), TPHUBANICTH IUKITY
eKCIUTyaTaIll (Tcycle = 0.699) Ta 3aJMIIKOBHUII pecypc
3a 3MIHOIO CTaHy MacistHuX Kielp (Ryos = 0.321).

TpyAOMICTKICTh IUTAHOBHX MOTOYHCTOK IBHIYHA
cranoBuTh (Hop = 240 mog. rox). SIKIo MOTOYMCTKA
JBUTYHA BUKOHY€ETHCS B PE3yJIbTaTi JOCATHEHHS TPaHU-
YHOTO CTaHy, 30UTBIICHHS TPYIOMiCTKOCTI OI[IHFOETHCS Y
20%, Tooto (k = 1.2).

BuzHaunmMo (QyHKIIF0 BUTPAT Ha BUKOHAHHS periia-
MEHTHOTO TEXHIYHOT'O 00CITYTOBYBaHHS:

W= Py (1—k) +k. A3)

3a dopmynoro (3) pospaxyemMo (YHKIFO BHTpAT
w = 0.5518- (1 —1.2) + 1.2 = 1.08964.
Burpartu BiHECEHI O TPUBAIOCTI UKy eKCIDTyaTaIlii:

= W/Tcycle . (4)

1.08964/0.699 = 1.55886.

BupaxeHi B abCONIOTHUX OAMHHISAX BUTpPATH Ha
BHKOHAHHS MOTOYMCTOK 0€3 ypaxyBaHHS BUTpaT Ha 3a-
TIacHI YaCTUHN CTAaHOBUTHUMYTb:

Sreg _ Yreg'Sscn _ Yreg " Hsen " q- 10° ©)

Tcycle Tm Tm
Ji¢ TOAMHHA CTaBKa BHKOHABIIB POOIT BCTAHOBJICHA B
kommanii (@ = 10 mos. CIIA/Tuc.rox). 3a popmyoro
(5) Bu3HAYMMO:

_1.55886-240-10 - 103
- 7900

Crix 3BepHYTH yBary Ha BiIMIHHICTD OTPHMaHO{
BEJTMYMHH BUTPAT MTOPIBHIHO 3 BEIWYMHOIO, 1[0 HE Bpa-

XOBY€ MOXIIUBICTh BUKOHAHHS MOTOYHCTKH TIPH JIOCST-
HEHHI IPaHUYHOTO CTaHY:

Yreg

NOPIBHIOKOTE: Y704

JoJ. CIIIA

THC.TOJ,

S reg

= 473.58
Tcycle

Sreg _ Hsen " q - 103. ©)
Tcycle Atreg
3a ¢opmyoro (6) BU3HAYUMO:
S 240-10-103 oJ1. CIITIA
reg - = 393.44 210
Teycie 6100 THUC. TOJ,

Crig 3a3HAYUTH, IO TPHHAHATTS 30UTBIIYBAILHOTO
koedimienra (k = 1.2) 1o BUTpar Ha BHKOHAHHSA POOIT
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YHACJIJIOK JOCSTHEHHS JIBUTYHOM IPaHHMYHOTO CTaHy, € 3a-
HikeHnM. Lle ocobmBo cripaBeMBO, SKILO ABUTYH IOJIO-
BHHIA, 1110 BU3HAYAE TIPOBI3HY 3/1aTHICTh CyqHa. Butparyu Ha
npuAOaHHs KOMIDIEKTY MOPIIHEBUX KiJIeb ISl BAKOHAHHS
MOTOYHCTKH CTaHOBIATH S, = 500 mout. CIIA , npote 3
OTJISI/y Ha Te, IO 3aMiHHi TTOPIITHEB] KiTbI MAIOTh 3aJIHIII-
koBuii pecypc (Ryes = 0.321) daxruuni Butpatd Ha
3MiHHO-3aI1aCHI YaCTHHU CTAHOBUTHUMYTh:

Ssp = (1 + Rres) " 52 (7
3a dhopmynoro (7) BU3SHAYNMO:
noJt. CIIA

S, = (14 0.321) - 500 = 660.5 .
o=+ ) THC. TOZ

OTprMaHa BeJIMUNHA BUTPAT MOXe OyTH yTOYHEHA
TTiICTAHOBKOIO 3aJMIIKOBUX PECYPCiB I KOXKHOI 13 3a-
MiHHEX fetaneir. KpiMm Toro, B oMy pasi HE BpaxoBy-
BaJI BUTPATH JOBTOBIYHIMINX JAeTasiei, TOOTO THX, IO
3aMIHIOIOTBCS Yepe3 JBi, TPH TOIIO MOTOYHCTKU — Y
[bOMY pa3i BUTPATH Ha IXHE NPUAOAHHA 3 YpaXyBaHHIM
3aJIMIIKOBHX PECYPCIB PO3MOIUISIOTECS Ha BCi Iomepe-
JIHI omepaii TeXHIYHOTO 00CIIyroByBaHHs. Burpatu Ha
3MIHHO-3aIlaCHI YaCTUHHM, BIHECCHI 10 HAIPaIOBAHHS,
BHU3HAYAIOTHCS 3a (POPMYIIOF0:

Ssp 1-10° n
=S _— s;. 8
t Tcycle T i=1 ' ( )

3a hopmynoro (8) BH3HAYNMO:
Ssp  1- 103
t  0.699-7900

Takum yuHOM cyMapHi BUTPATHW HAa BUKOHAHHS TC-
XHIYHOTO O6C.]'Iyl"OByBaHHiI CTaHOBJIATH:

473.58 + 124.97 = 598.55 gou.CIIA/Tuc.rop,

Sxmo neperitu Ha TO 3a cTaHOM 32 JONIOMOT'OIO 3a-
CTOCYBaHHS KOHTPOJIIO CTaHy LMJIIHPIB ABUT'YHA 33 J0-
TIOMOTOI0 ITHEBMAaTHYHOTO 1HJIMKATOpa, OOJIKY BHTPATH
MacTula Ha JU3€Jb, TO MMPOTHO30BaHi BUTPATH MOXYTb
ICTOTHO 3MiHHTHCS. SIKIIO, 5K 1 paHimie, 3a0e3nedayBaTh
TaKy camy HMOBIPHICTb 3amoOiraHHs JOCSTHEHHIO rpa-
HUYHOTO CTaHy (Ppre = 0.5518), aje BUKOHYBATH 4O-
THPHU KOHTPOIBHI orepamnii Mi>k MOTOYHUCTKaMH, iHTep-
BaJl Mk AIKUMM MosKe OyTu 30ibIeH0 10 Tyyee = 0.92

nou. CIIA

-660.5 = 124.97 .
THUC.TOJ,

abo B abcomoTHUX OMUMHHIAX At,..q = 0.92-7900 =
7268 =~ 7300 roaun. [Ipu 1poMy 3aJIAIIKOBUEN pecypc
cranoButuMe (R, = 0.24). Kpim Toro, sKiio nepeada-
YUTH BICIM KOHTPOJIPHHMX OIEpalii 3a NepioJuyHOCTi
MoTouncToK 7300 roanH iIMOBIPHICTH 3amobiraHHs rpa-
HUYHOMY CTaHy MoO)Ke OyTH MiJHATO JO BEIUYHUHH
(Ppre = 0.75), ajie 3aJIMIIKOBUH pecypc Oyne Ha Jemio
HIKIOMY piBHi (R,..; = 0.28). TpuBamicTs HHUKIY €KC-
IuTyaTanii CTaHOBUTHME (Tcycle = 0.783).
Bespo3mipHa ¢yHkuis Butpar (3):
w=0.75-(1-12)+1.2=1.05.
Burpatu BigHeCeHi 0 TPUBAIOCTI LIMKITY eKCIuTyaTaii (4):
Yeg = 1.05/0.783 = 1.341.

BupakeHi B aOCOMIOTHHX ONMHULAX BHUTPATH Ha
BUKOHAHHS MOTOYHCTOK 0€3 ypaxyBaHHsS BHTpAT Ha 3a-
MacHi YaCTUHU CTAHOBUTUMYTH (5):

Sreg _ 1.341-240-10-10°
B 7900

= 407.39

Tcycle

Butparu Ha 3MiHHO-3am1acHi YaCTUHHM BiJIHECEHI /10
HAITPAIfOBAHHS BU3HAYAIOTHCS 3a hopmyIoro (8):

Sep  1-10%-(1+0.28)-500 nou. CLIA
t 0.783 - 7900 B THC.TOJ|

TakuMm 4MHOM CyMapHi BUTpaTH Ha BUKOHAHHS Te-
XHIYHOTO  OOCIyroByBaHHs cTaHOBATH: 407.39 +
103.46 = 510.85 pmou. CIIIA/Tuc.roz,. TakuM YUHOM
mepexin Ha 30iMbIIeHy MepiogUYHICTE MiX perjaMeHT-
HUMH TEXHIYHUMH oOciyroByBaHHsIMH 10 7300 romun
3a0e3neunTh NpUOIN3HO 15 % eKOHOMIT KOIITIB HA TeX-
HiuHe 0OCIyroBYBaHHS JIBUTYHA, OJJHAK IIPH I[bOMY He-
00XiZHO 30iJBLIIMTH BUTPATH Ha KOHTPOJIb TEXHIYHOTO
cTaHy. SIKII0 0/THa KOHTPOJIbHA OIIEPAIlisi Ma€ TPYIOMicC-
TKICTB 1 JIFOJI. TO/I, TO BUTPATH Ha 7 KOHTPOJBHHX OIIC-
pamiif CTAHOBUTHMYTh!

103.46

Se_YregSc _ Yreg “Hsen*q-10° o
Teycie T T
3a hopmyiioro (9) BH3HAYMMO:
Se¢ 1-7-10-103 noJ. CIIA
Teycte - 7900 - TUC.TOJ,

SIKIo Ha CyJTHI BCTAHOBJICHO TPH TaKHX JIBUTYHHU
SIK TU3€Ib-TEHEePaToOpH, TO CyMapHUil eeKT s cynHa
CTaHOBUTHME:

E = N-(598.55 + 8.86 — 510.85) =
noJt. CIIA

=3-96.56 = 289.68 .
THC.TOJL

[Tpn HampanioBaHHI KOXXHOTO JOTIOMIXKHOTO JBH-
ryua Ha  pik 4000 rommH:  289.68-4 =
= 1158.72 gou1. CIIA/pik. SIkmio 3aci6 KOHTPOJIIO (ITHE-
BMoiHuKarop) komtye 250 non.CIIA, To BiH OKy-
NUTHCS NpUOIM3HO 32 78 mib.

Y ToMy pa3i, SIKIIO BapTiCTh 3ac00y KOHTPOJIIO ic-
TOTHO BHIIA, 3aBJaHHS MOXKHa IIOCTaBHTH B JEIIO iH-
oMy (OpMYJIFOBaHHI: SIKy MakCUMalbHY LiHY 3aco0y
KOHTPOJIIO 32 IepeadadyyBaHOro TEpMiHYy OKYITHOCTI
MOJKE 3aIUIaTHTH CYAHOIUIABHA KOMIIaHisl, KOJIN 3aCTOCY€
HOTo JUIS BiIOMOI KiJIBKOCTI KOHTPOJIIEOBAHUX 00'€KTIB.

OTpuMaHi pe3yabpTaTH MPOILECiB afanTuBi3aii ma-
paMeTpiB CHCTEMHU TEXHIYHOTO OOCIyroByBaHHS 3a pe-
3yJITaTaM{ OJHOTO IIPOLECY 3MIHM TEXHIYHOTO CTaHY
BHKOPHCTOBYIOTBCS y paMKax ITU(POBOi cTpaTerii agar-
THUBHOTO ITPU3HAYSHHS ONEPEIDKYBaIbHUX NPOdiIaKkTH-
gHUX pobiT [12].

BucnoBxku

VY nmaHiif cTaTTi pO3MITHYTO BAXKIIUBI ACTICKTH aJ1aTl-
THUBI3aIlil CHCTEMH TEXHIYHOTO OOCIYyTrOBYBaHHS CYIHO-
BUX TEXHIYHHUX 3ac00IB 3 ypaxyBaHHSM 3MiHH IXHBOTO
TEXHIYHOTO cTaHy. OTpUMaHO HACTYITHI BUCHOBKU:

1) TexHiuHe OOCIYrOBYBaHHS CYJHOBHX CHCTEM €
KPUTHUYHHM aclieKToM [uisi 3a0e3nedyeHHs Oe3leku Ta
e(heKTUBHOCTI MOPCHKOTO TPAHCIIOPTY;

2) TpaauIiiiHi METOOU TEXHIYHOTO OOCIyroBY-
BaHHS, 10 TPYHTYIOThCS Ha (DIKCOBaHMX iHTEepBajax Ta
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periaMeHTOBaHMX MiX0/aX, MOXKYTh OyTH Hee(eKTHB-
HUMH B yMOBaX MOCTIIHOT 3MiHH CTaHy 00JIaIHAHHS;

3) amanTuBHI cTparerii TEXHIYHOTO OOCIYTrOBY-
BaHHJ, 5IKi 0a3yIOTbCsl Ha aHaJli3i 3MIHHOTO CTaHy o0Jia-
JHaHHS Ta MPOTHO3yBaHHI NOTPed Yy PEMOHTI Ta 3aMiHi
JeTaneld, BUSBISIFOTECS OUTBIT e(peKTHBHUMH IS 3a0e3-
TIe9YeHHS ONTHMANBHOI eKCILTyaTalii CyIeH;

4) po3po0OKa aaNTHBHUX CTPATETiH TEXHIYHOTO 06-
CIlyTOBYBaHHs BUMAara€ CUCTEMHOTO aHaJli3y AaHHX IPO
cTaH oONagHaHHA, pO3POOKH aNTOPHUTMIB amanTamii Ta
BHUKOPHCTAHHS CYYaCHUX TEXHOJOTIH Ta METOIIB MOJe-
JIFOBAHHS;

5) BIpoBaKEHHS aMalTUBHUX MIAXOIB JI0 TE€XHi-
YHOT'O 00CITyTOBYBaHHS MOXE IPU3BECTH JI0 3MEHIIICHHS

SKCILTyaTaI[ifHUX BUTPAT Ta MiJBUIICHHS ¢(CKTHBHOCTI
(YHKI[IOHYBaHHS Cy/THOBUX CHCTEM.

6) 3a3HaveHi y CTATTi MigXOAU A0 PO3POOKH amarm-
TUBHHUX CTPATEriii TEXHIYHOTO 0OCITyroBYBaHH:, 110 Oa-
3YIOTBCSl Ha aJanTauii nmiany o0CIyroByBaHHS 10 3MiH-
HOT'O CTaHy CyJHOBHX CHCTEM, BHSBIISIOTHCS IEPCIICKTH-
BHHUMH.

OCHOBHUM pe3yNbTaTOM MPOBEICHUX TOCIIIKCHb
€ BU3HAUCHH BIUIMBY 3MiHH TEXHIYHOI'O CTaHy HA Iapa-
METPU TEXHIYHOI0 OOCIyrOBYBaHHS CYJHOBHX CHCTEM.
OTpuMaHi BUCHOBKHM MafOTh OYTH BHKOPHCTAaHI IS M-
BHUILEHHS e(peKTHBHOCTI PyHKIIOHYBaHHS CyZEH Ta 3Me-
HILCHHS eKCIUTyaTalliiHUX BUTPAT y MOPCHKOMY TpaHC-
TOPTi.
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Study of the processes of adaptation of the maintenance system
based on the results of changes in the condition of ship's machinery

A. Golovan

Abstract. The article deals with the important problem of optimizing the maintenance system of ship's machinery, con-
sidering their wear and tear, current and predicted condition. The analysis of recent research and publications in this area indicates
the need to develop adaptive maintenance strategies aimed at efficient use of resources and increasing the reliability of ship systems.
The purpose of the article is to study the processes of adaptation of the maintenance system based on the results of changes in the
condition of ship's technical means and to develop practical recommendations for optimizing these processes. The results of the
article include a study of the processes of adaptation of the parameters of the maintenance system as a result of one process of
changing the technical condition. The author considers the methodology for determining the relative frequency of maintenance to
determine the operating points of the system. In particular, the article discusses the impact of technical condition changes on costs
and optimization of maintenance processes. The results of the study make it possible to determine the optimal maintenance strate-
gies in terms of costs and time, considering the wear and tear and malfunctions of the ship's machinery. The conclusions emphasize
the importance of developing adaptive approaches to the maintenance of ship systems, which will ensure their efficient operation
and increase the overall productivity of maritime transport.

Keywords: adaptation, maintenance, cargo ships, change of technical condition, efficiency, maintenance costs, analysis.
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B. I1. CaBuyk, M. O. 3inuenko, A. K. [I3urap, A. 1. Carymnos

XepcoHChKa JiepKaBHa MOPChKa akazieMisi, XepcoH, YKpaina

MOPIBHAJIBHUI AHAJII3 HATIPY X KEHO-JE®OPMOBAHOI'O CTAHY
MOJZEPHI3OBAHUX ITIOPLIHIB MAJIOOBEPTOBUX CYJIHOBHUX
JABUI'YHIB WARTSILA RT-FLEX96C TA RTA96C

AnoTtanis. CydacHi TEMIIH PO3BUTKY CyTHOBOTO ABUTYHOOYIyBaHHS AUKTYIOTh HEOOXiTHICTh CTBOPEHHS YHiBEpCATbHUX
METO/IB OCTIKEHHS TEIUIOBOTO 1 HANPYKEHOTO CTaHy OCHOBHUX JIeTaleil IBUI'YHIB BHYTpilIHbOro 3ropsHHA ([AB3), axi
JIO3BOJIAIOTH CKOPOTHUTH Yac iX MpoekTyBaHHA 1 Aedekrarii. CkIagHicTh KOHCTPYKIIi MOPIIHS IIOMITHO 3pOCTa€e 3 HEOOXia-
HICTIO 301JIBIIEHHS OTYXHOCTI €HepreTUIHOro obnasHaHHs. [IpoekTyBaHHS MOPIIHS B TPUBUMIpHIiH 3a1a4i 3 MOBHOIO OLli-
HKOIO (hakTH4YHOI KOH(Iryparii HanpyxeHo-nedpopmosanoro crany (HJIC) Ha nanmii ac € ckiaagHOO mpobieMoro. Bemmki
MOXJIMBOCTI JUISl TAKAX PO3paxyHKiB Mae Merox ckiHueHHHX eneMeHTiB (MCE). CraTTs nmpucBsiueHa aHaIIi3y HAIpPY>KEHO-
JehopMOBaHOTO CTaHy IOPIIHS B HOro MaTepiaiax MiJ{ BIUINBOM eKCIUIyaTallifHAX HaBaHTa)KCHb 3 BUKOPHCTAHHAM cydac-
Hux CAD/CAE xomrutekciB. BcraHoBIEHO, 10 MaKCHMAIIBbHI CyMapHi Halpy»XeHHs 3a KpuTepieM (poH Mizeca CTaHOBIATH
178,7 MIla nns geurysa RT-flex 1 198,6 MIla gnst neuryna RTA, siki cmocTepiratoThCst B 30HI KOHTaKTy ONOPHOI MOBEPXHI
JTHHITA TOPIIH 31 cmigHALer0. B minoMy miarpama po3noaiiy Hanpy>KeHb Ha 1HIIIH YacTHHI HOPLIHA OKa3y€e piBHOMIpHUI
PO3MIOILT HAPYKeHb Ha THULI mopiHs (B cepeaapomy 90...120 MIla) 1 Ha Horo 6iuniit moBepxHi (10...15 MIla). Makcu-
MaJIbHI 3HA4€HHS 3MimIeHHs cTaHOBIATh 0,55 MM s aeuryHa RT-flex Ta 0,357 mm amst apuryHa RTA. Pesynpratu anamizy
1301T0BEPXOHB JiarpaMu MepeMillleHb BKa3yIOTh Ha JIOKAI3allil0 MAKCUMAJIFHHX MEpeMillleHb y [EeHTPaNbHIi YacTHHI Mop-

IIHEBO1 T'OJIOBKH.

Kawuosi ciosa: modeling, piston, stress-strained state, load, piston crown, piston rings

Beryn

IMocTtanoBka mpodaemu. CydacHi TEHACHIIT po3-
BUTKY KOHCTPYIOBaHHS Ta TEXHOJIOTiil BUPOOHUIITBA CY-
JHOBHX JIBUT'YHIB BHYTPIIIHBOTO 3TOPSIHHS HAIpaBJIeHO
HA IIBUIIICHHS EKOHOMIYHHUX MOKA3HHUKIB MPU 33 JTaHOMY
piBHI HagiitHOCTI BY31iB Ta MexaHi3MiB. [lopurHi cripuii-
MAalOTh TWHAMIYHI MEXaHIYHI Ta TEIUIOBI HABAHTAKCHHS.
JHuine nopuHst GopMye TeOMeTpito KaMepH 3TOPSIHHS,
sIKa BILTUBAE SIK Ha CYMIIIOYTBOPCHHS B Hill Tak i Ha Te-
MIEpaTypHUH peXHM POOOTH TOJIOBKH IOPIIHS B Ii-
nomMy. OXOJIOJDKEHHSI TOJIOBOK IOPIIHIB 3/1HCHIOETHCS
HIUIAXOM MoJadl MUPKYJSIIHHOTO Macia B yTBOPEHY
BHYTPIIIHIO TIOPOXKHHMHY, T€OMETpis SKUX 3a3HAa€ 3MIH
BHACJIJIOK TIPOBEICHUX MOZepHizauiil. Takox BpaxoBy-
I0Th OCOOJIMBOCTI POOOTH MAKETy MOPILIHEBUX KiIElb Ta
3a0e3nedyoTh iX TEeMIepaTypHHH pEeXHM HaBaHTa-
JKEHHsI, 30KpeMa LIISIXOM PO3MIllIeHHs KaHaBOK IiJI Mop-
ITHEBI KIS B MAaKCHMAaJbHO BIIIAJICHOMY BiJ JHHIIA
TIOPIIHS TOJIOXKEHHI. e o/Hi€l0 rpaHNYHOI0 YMOBOIO
IIPY KOHCTPYIOBaHHI MOPIIHIB € IX Maca, 1110 BIUIUBA€ Ha
CHWJIY 1HEPIIii, IO TIFOTh B ICTANIAX T IMiIIIHITHUKAX KPHU-
BOILIMITHO-IIATYHHOTO MEXaHi3My, IX pO3MipH Ta B MiJ-
CYMKy eHeproe(eKTHBHICTh. [HIHi HanpssMOK Mo i-
Karlii KOHCTPYKIIii MOPIIHIB TIOB’SA3aHO 13 MOTIMIIEHHSIM
TPHOOJIOTIYHUX BIACTHBOCTEH CHUCTEMH «IMIIHIPOBA
BTYJIKa — MOPIIHEBE KUJIbIIE — HOPLICHBY.

TTocriliHuii MONIYK ONTUMAIEHOI T€OMETPUIHOT PO-
PMH TIOPIIHA JIUKTY€ HEOOXiTHICTP BHKOPHCTaHHS
KOMIT'IOTEPHUX METOJB JOCITI/PKEHHSI HanpyXeHb pi3-
HOTO TIOXOJKEHHSI OCHOBHUX jieraneit /IB3, mo qo3Bos-
I0Th CKOPOTUTH TEPMiHH iX mpoektyBanH [1, 2]. Cknan-
HIiCTh KOHCTPYKIIIT MOPIIHS HOMITHO 3pOCTa€ 3 HEOOXi THi-
CTIO 30UIBIICHHS MOTY>KHOCTI eHeproycraTkyBaHHs. KoH-
CTPYKLIisl IOPIUHS B TPUBUMIpHIH 3a/1a4i, 3 TOBHOIO OLiH-
Koto (hakTHaHOI KOHQIrypamii HampyskeHo-AedopmoBa-
noro crany (HJIC), B qaHMii 4ac € CKJIaIHOIO POOIEMOIO.

Jl1st TpoBeAEHHS TaKNX PO3PaxyHKIB BEJIUKI IEPCTICKTHBU
Mae metof ckinuenHux enemenTie (MCE) [3-6].

AHaJi3 ocTaHHIiX AocjailKeHb i myOJikauiii. Bu-
BueHHIO Ta aHanizy HJIC enmementiB [IB3 mpucesdeHo
6e3iiu myOstikallii, y SKHX B OCHOBHOMY BHCBITIIOIOTH
Takl MUTaHHS: aHali3 HANpPY)XEHOTO CTaHy BUITYCKHHX
KJIallaHiB NIBUAKOXIIHOTO JU3€JIs IIPU IPHUKIIAAHHI Me-
XaHIYHOTO HABAHTAXEHH [7]; OILiHKA HAIPykeHO-1edo-
PMOBAHOTO CTaHy TOJOBKHM IWJIHIAPIB MOTYXHHUX JH3e-
JHHUX JIBUTYHIB 13 BUKOPUCTAHHSIM MYJIbTH(I3UYHOT Te-
xHoorii ANSYS [8]; cTpyKTypHHI 1 TEpMiYHHIA aHATI3
JIOTIATOK Ta30Boi TypOiHu 3 BukopuctaHHsiM MCE [9];
JOCIIKEHHS BTPAT Ha TEPTS B CITLIHUII TOPIIHS 1 HOTO
JuHamivauk aHani3 Ha ocHoBi MCE [10-11]; monemto-
BaHHS TWHAMIKH MMOPITHEBUX Kijenp [12] 1 T.4.

®opmya0BaHHA MeTH cTatTi. Lliuro pobotu €
NPOBEICHHS aHaNi3y HANPYKEHO-/1e(hOPMOBAHOIO CTaAHY
HOPIIHS B HOro MaTepiajiax Iiji BILIMBOM eKCIUTyaTarii-
HUX HaBaHTaXeHb 3a mormomoror cydacuaux CAD/CAE
KOMIUTEKCIB. JIJIsl JOCATHEHHS TOCTABIEHOT il HeoOXi-
JTHO PO3B’SA3aTH HACTYIIHI 3a7adi: aHaji3 KOHCTPYKTHB-
HUX 0COOJIMBOCTEH Ta BIUIMBY yMOB €KCILTyaTamii [uti-
HZPO-TIOPIIHEBOT TpyNH MalloOOEPTOBUX JBHUIYHIB
(MO/I) Ha rmoKa3HUKM MEXaHIYHHX Harpy>XeHb; po3po-
Oka TBepmoTuTEHOT Monem nopmHs MO/, mopemto-
BaHHS CKJIQJIHOTO HaIlpy>KeHO-1e(OpMOBAaHOTO CTaHy
TIOPIIHS B PEKUMI pOOOTH TU3€Is 3 TPOTHO3YBAHHSM Te-
HarpyXeHO-e()OPMOBAHOTO CTaHy MNOPIIHS AHU3ENs 1
HOTO pecypcHOi MIITHOCTI; BA3HAYCHHS BILTHUBY MOJIEPHI-
3amii KOHCTPYKTHBHUX €JIEMEHTIB IUITiHAPO-TIOPIITHEBOT
rpyIH MajsooOepToBHX IBHUTYHIB BUpoOHuUITBa Wartsila
Ha XapakTep po3IMOoIiLTy MEXaHIYHUX HANpPy>KEeHb B CTPY-
KTypi MaTepiaiy roJOBKH MOPIIHS.

Bukaan ocHoBHOT0 MaTepiaay

OcranHi po3poOKH B TEXHOJIOTil BUPOOHUIITBA TTO-
purHeBHX Kijenb BupoOHWKamm MOJI 3acTocoBaHO

24 © Casuyk B. I1., 3inuenxo [I. O., I3urap A. K., Carynos A. 1., 2024
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takok B apuryHax cepii RT-flex Ta RTA. Croroani B
SIKOCTI CTaHJApTy 3aCTOCOBYETHCSI MOJICPHI30BaHUI Ba-
plaHT KOHCTPYKUII MOPIIHS Ta MOPIIHEBHUX KiJIelb, IO
Mae Ha3By TriboPack (puc. 1).

Oco0MBICTIO HOBOT KOHCTPYKIIi MOPIIHEBUX Ki-
JIeTb € Te, IO BEPXHE KiNbIE Ma€ XPOMOKepaMidHe TTOK-
purtsa (CC), a HIDKHI KiJbIA BC1 MAlOTh ITOKPUTTS IS
npunpamtoBanas (RC).

T'onoBHOKO TEpeBaror XpoMo-KepaMidHUX IHOpIL-
HeBux Kinenp CC € X MeHIa MBUAKICTE 3HOCY Ta ITHITi-
HIPOBOI BTYJIKH.

[opurresi kinbus Trry RC 3a0e3neuyroTs Oesneune
Ta LIBUJKE NMPUIPALIOBAHHS Ta MPOTUAIIOTH YTBOPEHHIO
3aupiB. YCi KiJIbLl MAIOTh TPSIMUI 3aMOK 1 TTOTIEpeTHBO
cnpodinsoBani. [lonepeane npodimoBaHHs 3ade3nedye
LIBUJIKY TepMETH3alilo, Oe3ledHe MPUIPAIfOBaHHSA Ta
CTalOlIbHY TiIPOJMHAMIYHY MACIISHY ILTiBKY.

Y 6a3oBOMy BapiaHTi 3a3BHYail BAKOPHCTOBYIOTHCS
TOJIOBKH MOPIIHIB, [0 NPU3HAYCHO Ul YCTAHOBKHU Ia-
KeTy MOPIIHEBUX KiJIeTb i3 KUTBKICTIO 5 mIT.

AT ]
D34425 — 0T . .
T : > D 34426

Ve

Puc. 1. I'onoBKa MOPIIIHS JJIs1 yCTAHOBKH MAKETy MOPIITHEBUX
kinenp Ty TriboPack: D34425 — BepxHeE XpoMo-KepaMivHe
ropirHeBe Kijbie, D34426 — HIKHI TOPIITHEBI KUTbIST
13 moKpHUTTAM [utst ipumnparioBanas (RC)

Jnst  IOCTiDKeHHST  HalpyKeHO-1e(OpMOBaHOTO
crany nopisst 1BuryHiB RT-flex96C TA RTA96C, 3 me-
TOIO MEPEBIPKU MIHOCTI MOJIEpHiI30BaHOT rOJIOBKH I1OP-
IIHS, 1110 HEOOXIMHO BHACIIAOK 30UIBIICHHS THCKY Ha
BEpXHE NOpIIHeBe Kible naketry TriboPack, Hamu pos-
poOIIeHO HOTo CHpOIIeHY TBEPAOTUIBHY MOJIEIb (puUC. 2).

Puc. 2. TBeproTizbHA MOJIENB TOJOBKA TOPITHS
i3 makeToM mopiHeBux Kineus TriboPack

B sxocTi MaTepiany IHUIIA TOPIIHSI BUKOPHCTOBY-
€ThCs CICIiajbHa TEPMOOOPOOIICHa JIeTOBaHA CTaNb i3
HACTYIHUMHU  ()i3UKO-MEXaHIYHUMH  BJIACTUBOCTSIMHU:

Moyib npyxuocti £ = 210 I'Tla; xoediuient [Tyaccona
p =0,28; mexa MinHOCTi Ha po3puB oy = /23,8 MIla;
Mexa TeKydocTi o, = 620,4 MI1a.

HaBaHTa)XeHHSI, 110 J1I0Th HA FOJIOBKY MOPILHS, BU-
Oupaemo i3 JiF0YOro 3HAYECHHS MAKCHMAJIBHOTO THUCKY
3rOpsIHHA, IO Mae 3HaueHHs i JBuryHa RTA
pz = 16,8 MIla, must meuryna RT-flex p, = 14,2 MIla,.
PosmomimeHHss THCKY 3a TOPITHEBUMH  KIUTBIIIMH:
PIRTA — 12,6 MHa, P2RTA — 3,36 MHa, P3RTA — 1,7 MHA,
parta — 0,84 MIla, pirt-fiex — 10,65 MIla, port-fiex — 2,84
MHa, D3RT-flex — 1,45 MHA, P4RT-flex — 0,71 MIla. Hi 3Ha-
YEeHHsI TUCKIB JAiIOTh Ha OIYHY MOBEPXHIO MOPIIHS MiX
MMOPIIHEBUMH KITBIIMH Ta HA CaMi MOPIIHEB] KiTBIIS.

Pesynprat JOCHiKEHHSI TPUBEICHO Y BUIIISAL
enrop Ha puc. 3 — 6.

B pesynbrati npoBeJeHUX NOCHIIKeHb OYJI0 BCTa-
HOBJICHO, I0 MaKCHMallbHI CyMapHi Hampy»XeHHS 3a
kputepiem ¢poH Mizeca cranoBiars 178,7 MIla st nBu-
ryHa RT-flex Ta 198,6 MIla mst neuryna RTA, siki cro-
CTEpIraroThCsI B 30HI KOHTAKTY OIIOPHOI MOBEPXHI THHIIA
TOpIIHSA 13 100K00 (prc. 3). 3aranoM emropa po3MOALTY
HaTpy>KeHb I10 1HIIII YaCTHHI MOPIIHS AEMOHCTPYE PiB-
HOMIpHE PO3MOJUICHHS! HAPYXKEHb 10 JHHUILY MOPIIHS
(B cepenapomy 90...120 MIIa) Ta mo #oro OiuHii mMOBe-
pxHi (10...15 MITa).

3 METOI0 eTajJbHOTO BU3HAYCHHS HAWOIIbII HaBa-
HTQXCHUX IUISHOK MOPIIHSA OYyJI0 3aCTOCOBAHO 1HCTpY-
MEHT emopH «ooMexxeHHs ISO». Lle Hagae MOKIUBOCTI
BUAIINTH JUITHKH A€Talli B IEIKUX MeXKaX HAIPYKEHb.

B nanoMy BHMazsKy BCTAaHOBJICHO MiHIMAJIbHY MEXY
HanpyxeHb 40 MIla. Enropa i3 Hanpy>kKeHHSIMH, IO Tie-
PEBHIIYIOTH BKa3aHEe 3HAYCHHS MIPEACTAaBICHO Ha PHC. 4.

JKopcTKiCTh roNoOBKH MOKIJIMBO OXapaKTepH3yBaTH
3a JJOOMOTOI0 €MIOPH MepeMillleHb, [0 MPEeICTaBICHO
Ha puc. 5.

BcraHoBiieHe B pe3yibTaTi pO3paxyHKIiB MakCHMa-
JIbHE 3HAYCHHS MEpeMilieHb CTaHOBUTH 0,55 MM s
neuryna RT-flex ta 0,357 mm mis asuryna RTA. Pe-
3yJIbTaTH aHali3y 130M0BEPXOHb CIMIOPU NEePEeMilleHHS
BKa3ye Ha JIOKaJi3allil0 MaKCUMaJbHUX IE€peMillleHb B
LEHTPaIbHIM YacTHHI TOJOBKH MOpIIHS. [HImIa gacTuHa
TOJIOBKH TIOPIIHS JAEMOHCTPYE OJHOPIAHICTH 3HAYEHb,
SIKI CKJIaaroTh He Oinbiie, Hisk 0,20 MM.

Po3paxyHOK TOKa3HHKIB BiTHOCHUX Aedopmartiit
MaTepialiB TOJOBKH Ta CITiTHUIII TOPIITHS IPEICTaBICHO
TaKOX y BUIISAJI €MIOPH PO3MOALTY BKa3aHOTO IIOKa3-
HUKa (puc. 6).

Kaptuna posnoainy BigHOCHHX aedopmMariiii MaTe-
pianiB 1o0pe y3roHKyEThCS 13 €MIOPOI0 PO3MOILTY CyMa-
pHHUX HanpyXxeHb (puc. 4). MakcumanbHe 3Ha4YSHHS BiJl-
HOCcHOI fedopmanii ctanosuts 77,67 - 1073, mo Takox
CKOHIIGHTPOBAHO B MICIli KOHTAKTy TOJOBKH Ta LITOKY
nopuHs. J{aHuid eeKT MOXIIMBO ONHUCATH SIK KpaHOBHUH
Ta TOM, IO HE BIUIMBAE HA MIIHICTh MOPITHS B LILIIOMY.

OTpuMaHi pe3ynbTaTi apaMeTpiB HapyKeHo-j1e-
(hOpMOBaHOTO CTaHy BKa3yIOTh Ha BUCOKY MEXaHIYHY Mi-
LHICTh MPUHHATUX MaTepiasiB MOPIIHS i HOPUIHEBUX Ki-
JIelh y IPOTIOHOBAHOMY BapiaHTi MojaepHizalii. HeoOxi-
JIHO aKI[EHTYBaTH yBary Ha To# (akT, 1110 HaJJaHa KOHCT-
PYKILis po3BaHTaXy€ OUISHKY KaHABOK IMOPIIHEBUX Ki-
JIenb TOJIOBKHU MOPIIHS Bil HANPYXKEHb, 10 BUHUKAIOThH
BHACIIJIOK Jii THCKY Ta3iB.
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a 6
Puc. 3. Entopa po3nozity Hampy»eHb B TOJIOBIII TOPIIHS Ta MOPIIHEeBUX Kinbliix asuryHa RT-flex (a) ta RTA (6)

a 0

a 6
Puc. 6. Emopa po3noziny BizHOCHOI neopmarii B FOJIOBII MOPIIHS Ta MOPIIHEBHUX KUTbIX asuryna RT-flex (a) ta RTA (0)
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BucHoBkH

IIpoBeneHo aHaimizy HampyXeHO-Ie(pOpPMOBAaHOTO
CTaHy MOPIIHS B HOT0 MaTepiaiax i BIUIMBOM EKCILTY-
aTalifHAX HAaBaHTAXXCHb 3a JOIIOMOIOK Cy4YaCHHX
CAD/CAE koMILIEKCiB.

IIpoBenene nociiKEeHHS HAPYKeHO-1e(hopMoBa-
HOT'O CTaHy MOpLIHS qu3ensHoro apuryHa Wartsila cepii
RT-flex96C ta RTA96C npu HOMiHAJILHOMY PEKUMI Ha-
BaHTa)XKEHHs BKa3ye Ha HasBHICTH 3aracy MillHOCTi:

— MaKCHUMaJbHI CyMapHi Hampy)XeHHs 3a KpHTe-
pieM ¢oH Mizeca cranosnsath 178,7 MIla anst aBuryHa

RT-flex Ta 198,6 MIla mans neuryna RTA, siki cioctepi-
raloThCs B 30HI KOHTAKTy OIIOPHOI MOBEPXHI JHMINA MO-
PpIIHS i3 100KO10;

— MaKCUMaJbHi 3HaUeHHS MepeMillleHb CTAHOBUTH
0,55 mm s neuryna RT-flex ta 0,357 MM Ui qBUryHa
RTA.

Pesynpratn aHamizy i30MOBEPXOHb CMIOPH HEpeMi-
IICHHS BKa3ye€ Ha JIOKATi3alif0 MaKCHMaJIbHUX IepeMi-
IICHD B IICHTPaJIbHIA YaCTHHI TOJIOBKH TOPIITHS.

AHaii3 OTpUMaHHX pe3yJbTAaTiB BKa3ye Ha JIOCTa-
THIO MEXaHIYHY MIIHICTh NMPUAHATHX MaTepialiB Mop-
LIHS 1 TOPITHEBUX KiEIb.
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Comparative analysis of the stress-strain state of modernized pistons
of low-speed marine engines Wartsila RT-flex96C and RTA96C

Volodymyr Savchuk, Dmytro Zinchenko, Anatoliy Dzygar, Anatoliy Satulov

Abstract. The current tempo of ship engine development dictates the need to create universal methods for studying the
thermal and stress state of the main parts of internal combustion engines (ICE), which can reduce the time of their design and
defect. The complexity of the piston design increases markedly with the need to increase the capacity of power equipment. The
design of the piston in the three-dimensional problem, with a complete estimate of the actual configuration of the stress-strained
state (SSS), is currently a complex problem. The finite element method (FEM) has great possibilities for such calculations. This
article is devoted to the analysis of the stress-strained state of the piston in its materials under the influence of operating loads
using modern CAD/CAE complexes. It is established that the maximum total stresses according to the von Mises criterion are
178.7 MPa for the RT-flex engine and 198.6 MPa for the RTA engine, which are observed in the contact area of the bearing
sur-face of the piston bottom with the skirt. In general, the diagram of stress distribution on the other part of the piston shows
a uniform distribution of stresses on the bottom of the piston (on average 90... 120 MPa) and on its side surface (10... 15 MPa).
The maximum displacement values are 0.55 mm for the RT-flex engine and 0.357 mm for the RTA engine. The results of the
analysis of the displacement diagram’s isosurfaces indicate the localization of the maximum displacements in the central part
of the piston crown.

Keywords: modeling, piston, stress-strained state, load, piston crown, piston rings.
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3ACTOCYBAHHSA IHOOPMAINIMHNUX TEXHOJIOI'TA TA MIKPOITPOIIECOPHOI
TEXHIKU JIs1 TPOBEAEHHSA BUMIPIOBAHD Y TPAHCIIOPTHUX 3ACOBAX

AHoTauis. 3a3HaueHa aKTyaJbHICTh IPOBEACHHS PI3HOMAaHITHUX BUMIpPIOBaHb HA TPAHCIIOPTi. 30KpeMa BUMIpIOBaHb BU-
COKHX TeMIepaTyp Ia30BHX MOTOKiB. [IpoBeneHuii aHaii3 cTany wiel mpoOsieMH, IO MOKa3aB HAasBHICTh JEIKUX HEBUpIIIe-
HUX Tpo0JIeM Ha HbOMY HanpsMKy. J[yist IX BUpIIICHHsI 3apOMOHOBAaHO BUKOPHUCTAHHS iH(GOpMAaLiitHUX TEXHOJIOTIi Ha oc-
HOBIi MikpornpouecopHoi miardpopmu Arduino. J{oknagHo omucaHi JOCTiIKEHHS IPHHIUIIOBOI MOXKIMBOCTI TaKUX BHMIpIO-
BaHb. 3aIPOIIOHOBAHHH, OIIMCAHMH Ta pO3po0IICHNIT METOI BUMIPIOBaHb BUCOKHX TEMIIEpaTyp ra3oBHX MOTOKIB. Po3pobiieHo
mporpaMy Juist o0uncieHHs teMneparypu rasy sume 1000°C B pearbHOMY 9aci eKCIiepuMeHTy. MeTos eKCriepiMeHTaIbHO
nepeBipeHuid. 3po0IeHui BUCHOBOK PO HOTO MEPCIEKTUBHICTh Ta HEOOXIHICTh TOAANBIINX JOCTIKEHB JIUIS i ABHIIICHHS
TOYHOCTI BUMIPIOBaHb 33 PaXyHOK 3aCTOCYBAaHHS Cy4aCHHX METO/iB, Hanpukiaz, ¢piretpa Kanmana.

Kurouosi ciioBa: mardgopma Arduino, inpopmariiiHi TexHOJIOTIT, BUMIPIOBAHHSI BUCOKUX TEMIEPaTyp ra30BHX MOTOKIB,
MIKpPOIIPOLIECOPHI CHCTEMH, NTPOrpaMyBaHHsI MiKPOIIPOILIECOPIB.

Beryn

Bakko mepeoliHUTH 3Ha4Y€HHS BHMIPIOBaHb PI3HUX
(I3MYHNX BENMYUH MPH PO3POOIIi, CTBOPEHHI Ta SKCILTya-
Tamii TpaHcnopTHuUX 3aco0iB (T3). «ExoHOMIUHA HisiTh-
HICTh Ta TPOMAJISTHA B YCHOMY CBITI 3aJIeXKaTh BiJl JOCTYITY
J0 Oe3neyHoro Ta HamiHOTO TpaHcmopty. Lle € omHuM i3
(akTopiB, KW HAHOUTBII BXKITMBUH IUTS YCIIIIITHOTO PO3-
BUTKY Cy4acHOT'O CyCHIJIbCTBA. 3i 30UIbLICHHIM TOTPEOH B
JIOCTYITHOMY Ta €()eKTHBHOMY TPaHCIIOPTI 3pOCTaE HEOO-
XIJIHICTh BIJMOBIJHAX BUMIPIOBaHb Ta CTAHIAPTIB», — 3a-
3Ha4MB AUpeKTop MixkHapo iHOro O10po Mip Ta Bar MapTiH
MisITOH y cBOil IPOMOBI 710 BCecBITHHOTO JHS METPOJIOTI.

VY cydacHOMY TPaHCIIOPTHOMY 3aC001 JECSITKU JaTUH-
KiB BHPOOJITIOTh PI3HOMAHITHI BEUMIPIOBAaHHS, PE3yJIbTaTH
SIKUX BUKOPHCTOBYIOTECSI PI3HUMH CHCTEMaMH KEpPYBaHHS
T3, y TOMy 4HCIIi CHCTEMOIO yIIPaBIiHHS JBUTYHOM.

Aute 0coONHMBO Pi3HOOIYHI BUMIPIOBAHHS aKTyalbHI
Ipu po3poOIli IBUTYHIB Ta iHIIKMX arperaris i 9acTuH 13,
NP 1X BUIPOOYBaHHSIX Ta JOCITIIKEHHI CYNpPOBOJIKYIO-
ynx mnporeciB. Hampuknaa, BUMIpIOBaHHS TeMIEpaTryp
MPOJYKTIB 3TOPSIHHS PI3HUX BUJIIB NaJMBa Y ra3oTypOiH-
HUX Ta IHIIMX JBUTYHAX TPAHCIIOPTHHUX 3aCO0IB.

Ipu npoMy, sIK IPaBUIIO, MPOBOJSTH BUMIPIOBAHHS
JULSL I ITBEPKEHHS PE3YJIbTATIB, OTPUMAHUX 32 JIOIIOMO-
TOI0 CYJacCHHX 1H(QOpPMAaIiHHIX TEXHOJIOTIH — KOMIT FoTe-
PHOTO MoOJeNIOBaHHA Ta iH. He3Bakaroum Ha PO3BHUTOK
LIMX PO3PaxyHKOBHX METOJIB, 0e3 HATYpHHX eKCIepuMe-
HTIB 3 BIIIOBIHUMHM BUMIPIOBaHHSIMH KOHCTPYKTOPH i
po3poOHMKH 00ilTHCS HEe MOXKyTb. Halfuacrime 1i daxi-
BIIi IPOBOAATH BUMIPIOBaHHsI, CAMOCTIHO, 30Mparoyy BH-
MIpIOBaIbHI CXeMH, KOMIIOHYIOUH Di3HY BUMIPIOBAJIBHY
amapaTypy Ta po3paxoBYIOUH OXUOKH BUMipIOBAHb.

ToMy akTyaJbHHM € 3aBJIaHHs 3aCTOCYBaHHSI Cydac-
HUX THPOPMAIIHHUX TEXHOJIOTIH Ha 6a3i MiKpOMpOLECOp-
HOI TEXHIKH JUI1 OTPHMaHHs, 30epiranHs Ta 00poOku BHU-
MiproBanbHOI iH(popMarii. BukopucTaHHS TakMX TEXHO-
JIOTi¥l TOBUHHO, 3 OJTHOTO OOKY, CIPOCTUTH TIPOLIEC BUMi-
pIOBaHb, a, 3 IHIIOrO, JOMOTTHCS BHCOKOI TOYHOCTI Ta
mBHAKOAIT ocTaHHIX. KpiM 1IbOT0, MiKpOIpoIiecopHa BH-
MipIOBaJIbHAa CHCTEMa IIOBUHHA MaTH a/IeKBAaTHY BapTiCTh,
a IIpaLoBaTH 3 HEIO MOTJIN O ITPOrpaMiCTH CEPEeHBOrO Pi-
BHSI, SIKMMH € OUIBIIICTh BYCHUX-EKCIIEPUMEHTATOPIB.

AmnaJi3 my6aikaniid. B nanuii yac icHye 6arato Ba-
piaHTiB NOOYJOBH BUMIPIOBAILHHUX CHCTEM, IIO JI03BOJIS-
10Th 3ilicHIOBaTH 30ip, 30epiraHHs, oOpoOKy Ta aHai3
eKCIIepUMEHTAJIbHUX NaHux. Cepel TaKMX CHUCTEM ILIaT-
(hopMu, 1110 MOETHYIOTh TIOTYKHI arnapaTHi MOLyIi 300py
JaHUX Ta YIPaBJIiHHS 3 yHIBEpCATLHUMHU JpaiiBepamMu Ta
TIPUKJIATHAM TIPOTpaMHNM 3a0e3nedeHHsM. Taki cucteMu
JIO3BOJISTIOTH €(DeKTHBHO BHPINITyBaTH 0araTto TEXHIYHUX 1
JOCIITHUIBKHUX 3aBJaHb, MIHIMI3YIOUH BHUTPATH Yacy Ha
PO3pOOKY, TaK SK MPOMOHOBaHI armapaTHi MOAYJ JOCHTh
VHIBEpCaIIBHI, a CHCTeMH Tpad)iTHOTO MPOTpaMyBaHHS BH-
MAararoTh MIHIMaIBHOTO Y9acy OCBOE€HHA. PO3poOHMKY He
NOTPiOHO BHUTpauyaTH 3Ha4YHI PECYpCH Ha BUBYCHHS MOB
pOrpaMyBaHHS Ta BIOCKOHAICHHS CBOET KBaiikarlii B
PO3pOOILIi ENEKTPOHHUX CHCTEM 3 MPOrPaMOBAaHUMH KOM-
HOHEHTaMH.

Haii6inpin BiIOMUM TPHKIAZIOM TaKUX CHCTEM €
npoaykiis Bimomoi ¢ipmu National Instruments [1], o
00’€THy€ NeCATKH Pi3HUX MOJeIeH st 300py NaHuX, YHi-
BepcallbHI JIpaiiBepa ITij] BCi IMOMIMPEHI OTepalliifHi cHc-
TeMH 1 cucteMy rpadigaoro mporpamysanas LabVIEW.
THmM pukmagoM Takux aTdopM € mpodeciiina crc-
tema ZETLAB [2], sixka moOpe 3apekomMeHayBana cebe, B
TOMY YHCIIi, IPH BUPILIEHHI TOCHTIAHUIBKUX 3aB/IaHb.

Henonikom Takux miatdopM € iX HeZocTaTHs THyY-
KICTh — IIPY BUPIIICHHI HU3KH 3aBJIaHb HE BUCTAYA€E MOXK-
JUBOCTEW cHCTEM rpadiyHOrO MporpaMyBaHHS i1 JOBO-
JUTHCSI TIPOTPaMyBaTH arapaTHI MOy, BUKOPHCTOBY-
F04M 3BUYAifHI MOBH IIporpaMyBaHHSs. Lle BiIMarae 10cuth
JIETaJIbHOTO BUBUCHHS TEXHIYHMX 0COOJIMBOCTEH BUKOPH-
CTOBYBAHMX arapaTHUX MOJXYJiB 300py JAaHHMX Ta yIpaB-
minHs. KpiMm Toro, HommpeHHs Takux m1aThopM oOMeKye
1X BHCOKa I[iHa.

Ha nHamr mormsin, OLTBII THYYKI MOXKITMBOCTI Ja€
CTBOPEHHS BUMIPIOBAJIBHUX CHCTEM CaMOCTIHHO 3 BHKO-
PHCTaHHSAM THIIOBUX MIKpOIPOIECOPHUX MoxyiiB. Ha-
MIPUKJIIA]], IIHPOKOTO TIONIMPEHHS HAOYJIM Taki CHCTEMH,
sik Parallax Basic Stamp [3], Raspberry Pl [4] Ta in.

Y npoMy BHUTIIAJKy Ma€eThCs Ha yBa3i caMOCTiiHa po-
3poOKa mporpamMHOro 3a0e3neYeHHs] KepydnX MiKpoI-
poLiecOpiB Ha MOBax NPOrpaMyBaHHS BUCOKOIO piBHS Ta
MoBi acemOiniepa. OiHaK Taka IHYYKICTb 1 HHKY1 BUTPATH
Ha Marepiajii JOCATaloThCS 3HAUYHMMHM BUTpaTaMu 1
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BUMAararoTh BUCOKOI iH)eHepHoi KBaidikaiii po3poOHH-
KiB: €JIEKTPOHHUKIB 1 TPOrpaMicTiB.

Mix TBOMA IUMH ITiJIX0JJAMH iCHYIOTh KOMITPOMIiCHI
pilieHHs, M0 00’€THYIOTh HEBENWKI HEJOpOri amaparHi
MOJIei i MporpaMHe 3a0e3MeueHHs Y BUTIISl TTOIIHPEHHUX
MOB TIPOTPaMyBaHHs, 110 MAlOTh iCTOTHO OUNBIIY T'HYydY-
KiCTh B TODPIBHSAHHI 3 TpaiYHUMH MOBAaMHU IPOTpaMy-
BaHHSA, ajie He MOTPeOYyIOTh IETANFHOTO BUBYEHHS 0CO0-
JIMBOCTI apXiTEeKTypH KOHKPETHUX MIKPOIIPOLIECOPIB.

OpHIM 3 HAWOUTBII BAANKX MPEACTABHUKIB TaKOTO
KJ1acy anapaTHO-IPOrpaMHHMX TIAT(OpM, Ha TyMKY aBTO-
piB mociIKEHHS, € B AaHuii yac miatdopma Arduino. Hac
3allikaBiila MOXKJIMBICTh 3aCTOCYBaHHs wLi€i miathopMu
JUTsl BUMiproBaHHs Bucokux (moHan 1000°C) Temneparyp
ra30BHX MOTOKIB TepMONapaMH 3 OTPUMAHHSM pe3yJIbTa-
TIB y pealbHOMY 4aci ekcriepumenTy. Hanpuknan, y nsu-
ryHaX TpaHCHOpTHUX 3aco0iB. Lle mocuts ckiamHe 3a-
BIAHHS, II0 OOYMOBJICHO HETIHIHHICTIO XapaKTePHCTHK
BIZIOMUX THIIIB TepMOTIap, 3HAYHUMH BayKKOYCYBHHUMH I10-
XHOKaMH Ta IHIIAMH (HaKTOpaMHu.

[omryk iadopmarii B Ykpaifi Ta B OMIKHBOMY 3a-
PyODIOKI TTOKA3aB, M0 caMe TaKe 3aBAaHHS MTOKA HE BHPi-
LIeHE J0CHiJHUKaMu. BUMiproBaHHs TeMIiepaTypu rasy (y
TOMY YHCIII HOBITpsI) 3a I0NOMOroto 1atgopmu Arduino
HE pa3 OmucaHi B JTeparypi, MpoTe B MepeBaxHiil Oijb-
IIOCTI BUIAIKIB BUMIpIOeThes HeBUCOKa (110 100°C) Tem-
nieparypa noBitpsi. L{e nocuth TpuBianbHe 3aBaanHs. [Ipu-
YOMY BUMIPIOBaHHS BUKOHYIOTHCS HE OKPEMHMH TEPMO-
mapamy, a CIHEHiaJbHUMH JaTduKaMd 3 IUIaThOpMHU
Arduino, npu3HadeHi st remneparyp go 100°C. Taki ga-
TYUKH CKJIAJAl0ThCS 3 TEPMOIAPH 200 TEPMOMETPA OTIOPY
1 Mikponporiecopa. 3aJISKHICTh BETMINHN TEPMOE/C, 110
TeHepy€eThCsl TEPMOIIAPOI0, Bijl TEMITEpaTypH ii criaro € Ji-
HiltHOr0. ToMy 1 mporpama st poOOTH MiKpOKOHTpOIIepa
BUMIPIOBAJILHOT CUCTEMH, 1 CaM BHMIPIOBAJIBHUH MPOIIEC
JIOCUTB TIPOCTI.

[Tpu BuMiproBaHHI TEMIIEPATyp y 3asBJICHOMY Jiana-
30Hi (Burire 1000°C) 1OCITHUKKA CTUKAKOTHCS 3 HEJiHIM-
HHUM XapakTepOM 3aJIe)KHOCTI BEIMYMHHU TEPMOEJIC TEPMO-
napu Bix remneparypu ii criato U = f(Tenas). AHaI3 moka-
3y€, 10 aBTOPU HE BUKOPHCTOBYIOTH MOXKIIMBOCTI MiKpO-
KOHTpOJIEPIB IJIsI pOOOTH 3 HENiHIHOK XapaKTEePUCTH-
K010 U = f(Tenas). Jlesiki aBTOpH 3aKiIa1al0Th Y porpamy
xapakTepucTuky U = f(Tcnar) y Burisiai macusy 3 1000 —
1500 3nauens (ms giamazony Big -60°C mo -1200°C). Ha
HAIII TIOTJISITL, T1€ HE € PalliOHATLHIM.

[HIIMX 3HAYHUX JOCHI/DKEHb Ha 3asBJICHY TeMy B
VYkpaini i B 6mmxHROMY 3apyOioki He Oysio 3HaWAEHO.
OdeBHIHO, 110 (BaxiBIli 3 TEPMOMETPIi 30CepeKEHI Ha Be-
JIMKUX ITAIPHEMCTBAX, 1€ KOPUCTYIOTHCS BApTICHUMH BH-
MipIOBaTbHUMH CHCTEMaMH a00, HABITAKH, TPATUIIHHIMHU
3acrapimmmu cuctemamu KCII-4.

[TpuOnu3HO TakWii cTaH NMUTaHHS y KpaiHax aje-
Koro 3apyOixoks. bararto peamizamiii mpoekTiB Ha 0asi
Arduino 3 BHMIpIOBaHHS TEMIIEpaTyp XpoMelb-Komee-
BuMH Tepmortapamu 10 400 — 600°C B noOyToBuX 1 Hpo-
MHCJIOBHX IIUJIAX: €KCIUTyaTallisi ONaIIOBAIBHIAX KOTIIB Ta
iH. [IuTaHHAMHM TOYHOCTI BHMIpIOBaHb Ta OOJIIKYy MOXH-
00K, II0 BHHHUKAIOTh NPH BUMIPIOBAHHIX TEpMOIIapaMU
KOHCTPYKTOPH HE 33aJaf0ThCs, SIK HE BPaxXxOBYIOTh 1 HEJIi-
HIHHICTD XapaKTePUCTHUK TEPMOTIAp, MPUKIIA] PO3TIISTHYTO
y poborax [5, 6].

Bunsrkom € po6ota [7], aBTopamu sikoi € Opa3uiib-
CbKi JIOCIIIIHMKH 3 BEJIMKOro yHiBepcurery. ¥ [7] mocii-
JDKYIOTBCSI IOXUOKM BHMIPIOBAaHHSI TEMIIEpaTypH TEPMO-
rapam 3a JIonoMoroto cucteMu Arduino, i aHami3yeTbes
TOYHICTB IIOTO TIpoIiecy. AJie, sIK OyJI0 3rafaHo BUIIIE, Ta-
KOX 7151 HeBUCOKUX (1o 125°C) temmepatyp i 6e3 ypaxy-
BaHHS BCIX CKJIQIOBHX TEIIOOOMiHY TEpMOIAPH 3 HABKO-
JIAITHIM CePeIOBHIICM.

TakuM 9MHOM, TIPOBEICHUI aHAII3 ITOKa3aB, IIO 3a-
BIaHHA TOOYNOBH BHUMIPIOBAIBHOI CHCTEMH Ha 0a3i
Arduino, 1o 103BOJIsIE AaBTOHOMHO 3.IIHCHIOBATH 301D, 30€-
piraHHs 1 00poOKy B peaJlbHOMY 4Yaci eKCHEPUMEHTY pe-
3yJbTaTiB BUMIPIOBaHHS TEPMOIIApaMU BUCOKUX (TIOHA[
1000°C) TemrmepaTyp ra30BHX CEpEIOBHII, B TOMY YHCIIA
TIOBITPSI, B TPRHCIIOPTHIH raTy3i Ha IJaHUH Yac He BUPIILCHA.

MeTta Ta noctaHoBKa 3agadi. Buxoasuu 3 npose-
JICHOTO aHaJi3y, HaMH Oyja chopMybOBaHA MeTa J0C-
JIJDKSHHS, SKa MOJISAra€e y CTBOPSHHI BUMIPIOBAJIBHOI CH-
cTeMu 11 BuMiproBaHHs BHcokuX (moHax 1200°C) tem-
meparyp ra30BUX CEPENOBHII Y TPAHCIOPTHHUX 3aco0ax
Ha 0a3i MikpormpornecopHoi miardgopmu Arduino 3a 10-
TIOMOTOI0 TEepMOTIap.

Janst Toro, mo0 peanizyBaTH 3alpONOHOBaHY CHC-
TeMy Ha 0a3i cyyacHHX iH(OpPMaLITHUX TEXHOJIOTiH, He-
00XiZIHO BUPIIINTH HU3KY 3aBJIaHb!

— BUPIIIUTH NPUHLIMUIIOBE NMUTAHHS MOAO0 MOXKJIH-
BOCTI BUMIPIOBaHHS HHM3bKHMX 3HAueHb HamNpyru (Omu-
HHIIb M1JTIBOJIBT) 3a JIOMTOMOTI'0F0 MiKPOIIPOIIECOPHOT T11a-
Thopmu Arduino;

— pO3pOOHTH aNTOPUTM IPOTPAMH IS PO3PAXYHKY
TeMIepaTypH CIIa0 TePMOIApH 3a MOKa3aHHIMH M1JIiBO-
JBTMETPA;

— eKCIICpUMEHTAJIbHO BHUIIPOOYBAaTH IHTEJICKTYa-
JbHY BHMIPIOBAIIbHY BUCOKOTEMIICPATYpHY CUCTEMy Ha
OCHOBI MikpomnporecopHoi miardpopmu Arduino, 1110 aB-
TOMATHYHO B XOJIi PEAJIbHOTO EKCIIEPUMEHTY OOUYHCITIOE
MOYJIMBI HOXUOKH BUMIPFOBAHHSI.

BuKkJ1a 0CHOBHOTO MaTepiay

Ha mepmomy erami moTpiOHO BHKOHATH JOCIi-
JDKEHHST MOYKIJIMBOCTI BUMIPIOBAHHSI HAIIPYTH 32 JJOIIOMO-
roto Arduino.

M poTnoHyeMO pO3pOOHTH IHTENEKTYaIbHY BHMi-
pIOBalIbHY BUCOKOTEMIIEPAaTYPHY CUCTEMY Ha OCHOBI Mi-
KpornporecopHoi miathopmu Arduino.

V crarri [8] moknamgHO onmcaHi 0COOIMBOCTI Ta Xa-
PaKTEepPUCTUKH i€l MikpomporecopHoi miardopmu. Bu-
6ip miei maardopMu 00yMOBIIEHHH ii IIMPOKUM PO3IIO-
BCIO/DKCHHSIM, HAsSBHICTIO y MPOJaXKy BEJINYE3HOT KiJIb-
KOCTI JJaTYMKIB, MIKpOIIPOILIECOPiB, PI3HUX CYIyTHIX pa-
JIOENIEKTPOHHHX €JIEMEHTIB, MOPIBHSHO HEBHUCOKOIO Ii-
HOK0, HAsBHICTIO BEJIHKOI Oi0JIIOTEKH MporpaM TOIMIO.
Bukopucranns MoBu nporpamyBaHHs C++ 103BoJIsI€ po-
3pOOHHMKY TPHUCTPOIB i cucTeM Ha tuatdopmi Arduino
CaMOMy CTBOPIOBATH NpOrpamMHe 3a0e3eueHHs IS Po-
eKkTiB. MiKpompomecopy MporpamMyroThCs 3a JOTIOMOTOI0
creniagbHOI Mporpam.

Arduino Uno Mae aHajoroBi BXOIU-BUXOIH (ITiHHN)
AO0-A5. Cropucraemocs BxogoMm A0 i ¢yHkitiero analog
Read(), 1106 3unTyBaTH NaHi PO BUMIPIOBAHY HAIpyTy,
npuKiaaeHy mMix kouraktaMmua AQ i GND (puc. 1) i BuBoO-
JUTH 1X Ha eKpaH. 3HAUCHHS HANpyrd B YHCIOBOMY
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BupakeHHi Bix 0 1o 1023, tomy mo Arduino Uno mae 10-
Githi ananorosi abo uudposi noprtu, a 21 = 1024 3ua-
YEHb.

MikpormpouecopHi cuctemMun Arduino mporpamy-
10ThCs Ha MOBI C++. [ BBeZICHHS pO3pOOIIIOBAHOT ITPO-
rpaMH B TaM’ATh MIKPOKOHTPOJEpa BHKOPHUCTOBYIOTH
nporpamue cepenosuie Arduino y Bepcii 1.8.13, sixe mi-
CTHUTBH TEKCTOBHH peHaKTop, iHTepdelic s 3B’ A3Ky 3 Mi-
KPOKOHTPOJIEPOM Ta HaJIaroKyBad IPOrpaM IJIsi MOBH
C++. Kpim mporo, Ha MOHITOp 01/l TOTaTKOBOTO BiKHA
Ha €KpaHi MOKHA BHBECTH 3HA4YCHHS HEOOXITHUX 3MiH-
HUX, TOOTO pe3yJIbTaTH pOOOTH MPOTrPaMu.

[Tnardopma Arduino 103BONMIA 3HAYHO CIIPOCTUTH
MpoLeC KOHCTPYIOBAHHS, CTBOPEHHS, IPOrpaMyBaHHS Ta
HaJIaro/PKeHHsI MiIKpOIIPOLIECOPHUX CHUCTEM.

USB-kabenr ____

Mikpo-KoH-
TDOJIED

Puc. 1. Cxema BUMipIOBaHHS HaNpyTH
Ha ocHoBi rutatu Arduino Uno

Po3pobuieni mporpaMu 3aBaHTaXYIOTBCSI B MIKpO-
KOHTpOJIep, MiIKIIOYSHUI 10 KOMIT'IoTepa 3a JOIOMO-
roto 3BngaiiHoro USB kabemro.

Ilicns BUMpaBICHHS MOMIJIOK MIiKPOIPOIIECOpHA
cUCTeMa roToBa JI0 BUKOHAHHS 3aBaHTAXXEHOT IIPOrpaMu.

[Iporpama, 110 Kepy€e BUMIpIOBAaHHSM HAIPYTH, po-
3pobiieHa HaMu Ha MOBi C++ Ta Ma€ TaKuil BUTIISI:

. void setup() {

. Serial.begin(9600); }

. void loop() {

. int V1 = analogRead (A0);
. double vol=V1*(5.0/1023.0);
. Serial.print("V1=");

. Serial.print(V1);

. Serial.print("U =");

. Serial.print(vol);

10. Serial.printin("B");

11. delay (1000); } }

O©CO~NOUOThWNPE

VY mporpamMHOMY KOi B OIepaTopi 2 BUKOPHUCTOBY-
erbest ynkuis Serial.begin (9600), mo BcTaHOBIOE
HIBHAKICTH (YacToTy) oOMiHy naHmmu miatéd Arduino
Uno 3 komn’totepom 1o USB-3’eqnanH0. ¥V 11bOMY Ba-
pianTi e 9600 bps (bits per second, To6to 6iTiB y cexy-
HAay). Onepatop 4 mictuth ¢yHKmito analogRead, sxa

3YUTy€ PiBEHb CUTHAJYy Ha aHaioroBomy Bxoni A0, 3
SIKOTO B OIlepaTopi 5 0OYMCIIIOETHCS BEINYNHA HAIPYTH
Ha Bx0j1i A0 111010 OIIOPHOT HANPYTH, IO A0PiBHIOE 5 B.
VY BikHI MOHITOp HOPTY CepeloBHIa MpOorpamy-
BaHHA (pucC. 2) MOBMHHA OyTH BHCTaBJIEHA TakKa K Yac-
ToTa (mpaBopyd BHU3Y). HeoOXigHO BiAKPUTH KOHCOIH
KOMaH[I0f0 MOHITOp OPTY 3 IIyHKTY MEHIO [HCTpyMEHTH
a6o moegraHHAM kinaBim Ctrl+Shift+M, mo6 6auntu pe-
3yJbTAaTH BUMIPIOBaHb. 3 pUC. 3 BHIHO, III0 HANIPyTa J0-
CIIDKYBaHOTO €JIEMEHTA KUBJICHHS cTaHOBUTH 0,93 B.

LN

Puc. 2. BumiproBaHHs1 HalIpyTH €1€MEHTa JKUBJICHHS

Omneparopu 6—10 opraHi3ytoTb BUBEAECHHS pe3yIIbTa-
TiB BUMipIoBaHb y BikHO Mositop nopty (COMS — Ha3Ba
TOPTY, 10 SIKOTO i €qHaHa rata Arduino Uno depes ka-
6ens USB). ®ynkuis delay B oneparopi 11 3aiiicHroe ma-
y3y mij gyac BUKoHaHHs nporpamu. [Ipu delay(1000) nmaysa
CTAHOBHUTH OJNM3bKO | CEKYHIH, LIO TaKOX BHIHO 3 pe-
3yJIbTaTiB BUMIpIB, HABEJCHUX Ha puUC. 3.

© Ccoms
|

22:48:38.884 >
22:48:39.853 >
22:48:40.853 >
22:48:41.847 >
22:48:42.841 >
22:48:43.868 >
22:48:44.863 —>
22:48:45.861 —>
22:48:46.843 —>
22:48:47.873 —>
22:48:48.843 —>
22:48:49.860 -
22:48:50.878 ->

v1=190 U=0.93
v1=190 U=0.93
v1=190 U=0.93
v1=190 U=0.93
v1=190 U=0.93
v1=190 U=0.93
Vv1i=190 U=0.083
v1=190 U=0.083
v1=18% U=0.92
Vv1=191 U=0.93
V1=190 U=0.93
V1=190 U=0.93
v1=190 U=0.93

Wow W w

ABTONPOKPYTKa MNoKA3aTb OTMETKW BPEMEHIN

Puc. 3. BuBenenns Ha ekpaH pe3ysbTaTiB BUMipIOBaHb
gepe3 MoniTop mopty
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TakuMm YWHOM, TIATBEPIKCHA MOXJIUBICTH BUMI-
proBaHHs Hanpyry 1o 1 B 3a gonomororo Mikpomporueco-
pHoi mardopmu Arduino. [Toku He HaeTbes mpo TOY-
HICTh TAKUX BUMipIOBaHb. Lle mutanHs Oyne JOCTiIKY-
BaTHCS JTali.

Ha ngpyromy erami nocmimkeHHsT Tpeba BUKOHATH
PO3poOKy MIKPOIPOIIECOPHOI CHCTEMH U BHMipIO-
BaHHS BHUCOKHX TeMmIepatyp. Temneparypa ra3oBoro ce-
penoBUIAa BUMIPIOETHCA 33 JIOMOMOTOI0 TEPMOIAPH —
3’€THAHNX 3BapKOI0 a00 MasHHIM IBOX OPOTSIHHX IIPO-
BiHHKIB 3 TICBHUX MaTepiajliB, IO CTBOPIOIOTH IPH Ha-
rpiBaHHI MicCIsl 3’€THAHHS NPOBIIHUKIB PI3HUIIIO TIOTEH-
mianiB, 3BaHy Tepmoenc (puc. 4). Benmuuna Tepmoec
3HAXOUThCA B Mexkax 0 — 50 MiTiBOJIBT, IO OCIA0IIOE
IIPOLIEC BUMIPIOBAaHb 3 TOUKH 30y 1X TOYHOCTI.

O

Xpomenb

Cnail Tepmonapu

Anromens

Puc. 4. BumiproBaHHs TeMIiepatypu
3a JIOIIOMOT'O10 TepMOIIapu

3a BenuuuHOW0 TepMOenC Ucnao, 10 BUIUISETHCS
XPOMEJICBUM 1 aJTIOMIHIEBUM MPOBITHUKAMU IIPU HArpi-
BaHHI CHAI0 1 BUMIPIOETHCS MUJTi-BOJILTMETPOM, 1110 BXO-
JIMTH y CKJIaJl MIKDOKOHTpOJIEpa, MO)KHA BU3HAYUTH TEM-
nieparypy cnaro Tenao 38 TAOTMYHUME 3HAYCHHAME Xapa-
KTepUCTUKH Tenao = F(Ucnan). HOMiHaNBHA cTaTHuHA Xa-
pakrepuctuka (HCX) Tepmomnapu 3agana y BUTIIsII Ta0-
JHII 3 ABOMA CTOBIISIMH: TeMIIepaTypa poOovoro craro
Ta Tepmoesc. [ BUMIPIOBaHHs TEMIIEpaTypH 3a J0Mo0-
MOTOI0 TepMOIIapy HEOOX1THO BUKOHATH TaKi Jil:

— puMipsatu Tepmoesc Tepmonapi (Esar);

— BUMIPATH TeMIIEpaTypy XOJIOJHOTO crai Txon
cnaro;

—3a tabmuuero HCX TepMomapu BU3HAUUTH Tep-
Moezc xonogHoro cnato Uyon. cnao, BAKOPHCTOBYIOUYH Te-
MIepaTypy XoiogHoro cnaro (Txon. craw);

— BU3HAYUTH TepMoeJc poboYoro craro, ToOTO J10-
JaTH €C XOJIOMHOTO CHal [0 3arajbHOi TEepMOE[C
(Upod cnam:U3ar+Uxon4 cnalo);

— 1o Tabmmi HCX Bu3HauuTH Temmeparypy po0o-
YOro CcIiaro, BUKOPHCTOBYIOUHM TEPMOEIC POOOYOTo
craro.

Mu CHpOCTHIH IIO MPOLEIYPY, TOMY LIO JOBKHHA
XPOMEJIEBOTO 1 aJIOMEJIeBOrO MPOBIAHKKIB TEPMOIApH,
Ha sKifi OyJe TepeBipsATHUCS METOJWKa, M0 PO3PO0IIi-
€TbCS, JO3BOJISIFOTh MiJ 4aC €KCIEPUMEHTY NpPHUETHATH
KOHTaKTH TepMoIapy 6e3nocepeiHbo a0 miatu Arduino.
Ile 3poOuTh HENMOTPIOHMM BUKOPHUCTAHHS XOJIOIHOTO
craro.

Hesxi mocaigHuky 3aBoasTh Tabmuuni mani HCX
TEpMOIIapy y BHIJISII MacuBy B IaM’siTh MIKpOIIpoLe-
copa, He3Ba)KaroYM Ha HAsIBHICTh B JJOBITHUKAX allPOKCH-
MYIOUHX TIOJIHOMIB i (OPMYIEHOTO PO3PaxyHKY

TEMIIepaTypu CIAK0 TEPMOIAPH IO T BUMIPSHIN TepMO-
enc. Mu BBakaeMo IIi OOYHCIICHHS 3aHAATO TPOMI3JI-
KHMHU 1 CKOPUCTAJHCS AMPOKCUMYIOUHMHU MOJIHOMAaMHU
BIIACHOT pO3pOOKH, BU3HAYCHHUMH B CEPEIOBHIII
Mathcad mis Tabmmynoi HCX xpomelnb-aintoMeneBol
TEpMOIMApPH.

OTtpumani ¢popMyIH HaBeIEMO HIDKYE B MPOTpami
JUTS YIIPABIIiHHS BUMiPIOBAJIBHOIO CHCTEMOIO, III0 PO3pPO-
OnseTbes. PesynpraTtét poOOTH anpOKCHMYIOUYHX TIOTiHO-
MiB aBTOPCHKOI pO3p0oOKH HaBeneHO y Tabmwmi 1.

VY tabnwmi 1 mepri gBa cToBIIA — 1ie TabIIMIHi 3HA-
YEHHs TEMIIEPATypHU CIIal0 TEPMOIApHU Ta Il TEPMOEAC, a
TPETili CTOBIICIh — II¢ 3HAYCHHS TEMIICPATYPH CIIA0 TEp-
MOTIapH, PO3PaxoBaHi Uil TAOIUYHUX 3HAYCHH TEPMO-
enc. Pisnuus mixk temnepatypoto 3 tabmuni 1 HCX i Te-
MIIEPaTYPOIO, 0 PO3paxOBaHa 3 BUKOPUCTAHHIM PO3pPO-
Onenux nominomis, He Oinbire 0,05%.

3BepHITh yBary, IO MOBa i[ie PO TeMIepaTypy
crato Tepmornapu. CripaBa B TOMy, 1[0 TEMIIEpPATypa rasy
B TOYI[i BUMIPIOBAHHS 3HAYHO BiAPI3HAETHCS BiJl TEMIIe-
parypu cnato. Ha 1ie BIJIMBaIOTh OXUOKK HA BUIPOMI-
HIOBaHHS Ta Ha TEIDIOBIIBI IO TIPOBOAAM, a TAKOXK 1HIII
(hakTOpH CKJIAAHOTO TEIIOOOMIHY CIar0 TepMOIapu 3
OTOYYIOUUM cepezioBuineM. Lle He € mpeaMeToM JaHoro
nociipkeHHs. ToYHICTh BUMIPIOBAHb 10 TAHOMY METOTY
Oyzie JOCIIHKYBAaTHCh B HAIIMX TOAAJBIINX POOOTAX.

Tabnuysa 1 — O6UncIeHHs TEMIIEPAaTYPH CIal0
XpoMeJib-aJII0MeJIeBOi TepMonapu
MO aNPOKCHMYIOYHM MOJiHOMaM

Tenas, °C Ucnas, MB Tenan = f(Ucnan), °C
1100 45,119 1100,360
1110 45,497 1110,378
1120 45,873 1120,372
1130 46,249 1130,394
1140 46,623 1140,391
1150 46,995 1150,363
1160 47,367 1160,362
1170 47,737 1170,335
1180 48,105 1180,282
1190 48,473 1190,256
1200 48,838 1200,175

Buxopucraemo oTpuMaHi anpokcuMyrodi popmynu
JUTSE OTPUMAaHHS 3HAUY€Hb TeMIIepaTypH ra3y IpH eKcrie-
pPUMEHTANLHUX BUMipIoBaHHAX. [Iporpama, mo kepye mi-
KpOTIPOIIECOPHOIO CHCTEMOIO JUISI BUMIPIOBaHHS BHCOKOL
TEeMIIEpPATypH Tazy, po3podieHa MmoBoto C++ i Mae Takuid
BHTIIS;

.void setup()  {

. Serial.begin(9600); }

. void loop() {

. int V1=analogRead(A0);

. double gradC, vol=V1*(5.0/1023.0);

. if (mMV<8.137)

. gradC=(0.03935*mV+24.257952)*mV+(1-
0.1*mV)*sin(0.785398*mV);

8. else

9. gradC=(((-24.231*mV+4626.5)*0.01*mV-

2304.2)*0.01*mV+2790.6)*0.01*mV-14.18;

~NOoO U WNPE
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10. Serial.print(" V1=");
11. Serial.print(V1);

12. Serial.print(" U=");
13. Serial.print(vol);

14. Serial.print(" B");
15. Serial.print(" T=")
16. Serial.print(gradC)
17. Serial.printin(" oC")
18. delay(1000); } }

VY nporpamMHOMY KOJi ZoAaiHcs B onepaTopax 719
(dbopmMyu 111 00UYHCIIEHHS TEMIIEpaTypH CIako 10 arpo-
KCUMYIOUUM MOJTIHOMaM.

3BICHO, /I EKCHEPUMEHTAIIbHUX BHIPOOYBaHb
OyJyio Ou 0Ope CKOPUCTATUCS CTCHIOM JJIS 3aIlyCKy ra-
30TypOIHHUX JABUTYHIB, ae il Yac BOEHHOTO CTaHy 3pO-
OuTH LIe HeMOXJIHMBO. JloBeneThes OOMEXUTHCS THIINM
IDKepeIoM NPOIYKTIB 3rOPsIHHS NajlKBa, HAPHUKIAL, ra-
30BHM TaJBbHHKOM, IO BUKOPUCTOBYETHCS NPH MPOBE-
neHHi OyniBenbHUX poOiT. Hamu BUKOpHCTOBYBaBCS Ta-
3oBuit mambHUK EX-206 (puc. 5). Temmeparypa y #oro
BimkpuTomy noiyM’1 moxke nocsratu 1300°C mpu Buko-
pucTaHHi OyTaHy y skocti nanusa. [Ipu npoBeneHHi exc-
MEpUMEHTY HEOOXIZHO CyBOPO JOTPUMYBATHUCS MPABUII
MOXKEXKHOT Oe3MeKy.

Puc. 5. T'a3oBuii mansHuk EX-206

Jlna mpoBeneHHs eKcIIiepuMeHTy HaMu Oyna MpuI-
6aHa TepMoIapa THITY XpOMeIb-aIIOMEIb 3 MOTyJIEM y3-
romxeHHst MAX6675 (puc. 6), 1110 703BOJISIFOTH BUMIpIO-
BaTH BHUCOKI Temneparypu no 1200°C. Mikpocxema
MAX6675 noennye onepauiitHuii migcwnosad, 12-6it-
Huit AT, cxemy KoMITeHCaIii TeMITEpaTypH XOJIOTHOTO
cnato i meperBoproBay B iHTepdetic SPI. € BOynoBanmii
KOHTPOJIb 0OpPHUBY TEPMOIAPH.

Ha puc. 7 HaBeneHa cxema 3i0paHoOi eKCIIEpUMEHTa-
JIbHOI ycTaHOBKU. Tepmonapa XpoMenb-ajlloMellb Ta MO-
IIy7b y3TOJpKEHHS mia emHaHi no mimaté Arduino Uno,
sika 3’ eqHana USB-kabeeM 3 KOMIT FOTEPOM.

[Iporpama Oyna BBeJjeHa Y MiKpOKOHTPOJIEp 1 Hajla-
IITOBaHAa 3a JONOMOTOI0 IPOTPAaMHOTO CEpEeIOBHIIA
Arduino. Ilicns 3amycky OyB 3amaieHuil Ta30BUil

MaJbHUK Ta TepMoriapa OyJia BBEJCHA Y BUCOKOTEMITEpa-
TypHUI razoBuil motik. Ha ekpani komm’rorepy mnoc-
TiifHO BimoOpakanmucss 1OTO4HI 3HA4YeHHS Ucmas Ta
Tcnaﬂ = f(Ucnax)-

Puc. 6. Tepmomnapa XpoMelb-aToMeb
Ta MOAYJIb y3rojkeHHsI MAX6675

forCint tegount-1;4>s0;4--)

nusber=a¥Nath.pow(10,1);
=(a-nus Hatn pow|

Puc. 7. ObnagHaHHA 1715 BUMipIOBaHHS
TEeMITepaTypu ra3y TepMOIaporo

VY Ta0i. 2 HaBeJeHI JeKiJIbKa 3HaYeHb TeMIIepaTypu
CIIalo TePMOIapH.

Tabnuys 2 — O6UNCIeHHS TEMIIEPATYPH Crialo
XpoMeJIb-aJI0MeJIeBOi TepMOonapu
B €KCIIePUMEHTAIbLHUX BUMIPIOBAHHSX

Ucnas, MB Tenas = f(Uenas), °C
46,995 1150,363
46,249 1130,394
46,623 1140,391
45,497 1110,378

Toukn BUMiprOBaHHS BH3HAYAINCS IOBITBHUM YH-
HOM. TOYHICTH BUMIPIOBaHb HE Iy’K€ HAC IIKaBHJIA, TaK
SIK 3aBJIAHHSIM E€KCIIEPUMEHTY OyJIO BIEBHUTHUCH Y MPUH-
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CucreMu yrpaBiiiHHs, HaBiraiii Ta 38's3ky. 2024. Ne 2

LIMIIOBIH MOXIIMBOCTI peaiizalii 3anpornoHOBaHOIO Me-
oy, O0CAT TaHOTO TOCTIIKCHHS HE JJO3BOJISIE BUPIIITY-
BaTH OLIBLI MIMPOKE KOJIO MUTAHb.

Takum yMHOM, eKCIIepUMEHTajbHa IIepeBipKa 3a-
MIPOIIOHOBAHOTO METOJy BUMIpPIOBaHHS BUCOKOI TeMIIe-
patypu ra3zy (go 1800°C Tepmomnaporo i3 MmIaTHHOPOIII0
Ta 10 1200°C TepMomaporo 3 XpoMeIb-aJIoMeNs) oKa-
3aJ1a MOXKJIMBICTb 3aCTOCYBaHHS TAKOTO METO.Y.

BucHoBkH

MeTot0 1aHOTO JOCIIIXKEHHS € CTBOPEHHS CUCTEMH
JU1s1 BUMiptoBaHHs BUcokux (onaz 1000°C) Temneparyp
ra30BHX CEPEJIOBHIL Ha OCHOBI MiKPOIPOLIECOPHOI IIJIaT-
¢opmu Arduino 3a JOITOMOTOIO XPOMEIb-ATFIOMEIIEBIX
TepMoOIap Ha OCHOBI CydacHHX iH(pOpMAaIiiiHUX TeXHO-
JIOT1H.

ABTOpH TOKa3aJIi IPUHIUIIOBY MOXIIMBICTh BHMi-
PIOBaHHS HHM3BKHX 3HA4YeHb HANPYTH (OAWHUIG MiJi-
BOJIBT) 32 JOIIOMOTOI0 MIKPOIPOLECOPHOI IuaTdopmu
Arduino.

Po3pobiieHo alnroputM po3paxyHKy TeMIleparypH
CIIar0 TEPMOIAPH 3a MOKa3aHHIMHU MIUTIBOJBTMETPA.

ExcriepuMeHTa IbHO TIEpEBIpeHU 3alPOIIOHOBaHHUI

MOTOKIB HAa OCHOBI MIKPOIPOLECOPHOI IIaThOpMH
Arduino, 10 aBTOMaTHYHO B XOJIi pEIbHOTO eKCIepruMe-
HTY MiJIpaXOBY€ MOJIMBI TOMUJIKH BUMIpIOBaHHS.

Bukopucranns Arduino [103BOJISIE PO3POOHUKY
CKOMIIOHYBaTH NPUCTPI JuIs peaiizawii ONUCAaHOTO Y
it poOoTi METOAY 3 MOTPIOHUMHU BIACTHBOCTSIMH Ta Ca-
MOCTIHHO 3alporpaMyBaTH MiKpOIIPOILECOpP OO0 BHKO-
HaHHS MOTPIOHUX HiH y 3aJaHii TOCITiTOBHOCTI.

Takum dnHOM OYB CKOHCTpPYHOBaHWH, 310paHUii,
3arporpaMOBaHUi CIIEHiaIbHO PO3POOJICHOI0 Iporpa-
MOIO Ta €KCHEPUMEHTAIBHO NepeBipeHnil MeTo] BUMi-
pIOBaHb BHCOKHX TEMIIEpaTyp Ia30BHX IOTOKIB Ha OcC-
HOBI MikporpouecopHoi miardopmu Arduino. Excriepu-
MEHTaJIbHA NepeBipKka B YMOBaX, 110 MaKCHUMaJIbHO Ha-
OJMOKEHI 10 pealbHUX, T0Ka3aja, [0 PO3pOoOJICHUI Me-
TOJ] Ta peaji3ytoda Horo eJeKTpoHHa CXeMa Ipale3aaTHi
Ta MOXYTb BUKOPUCTOBYBATHUCS AJIsl IPOBEACHHS TaKUX
BHUMIpIOBaHb.

[IpoJOBXEHHAM IHOTO JOCHI/KEHHS HOBHHHI
CTaTH IOCTIIKCHHS, IO TMPUCBIYCHI TOYHOCTI BUMIpIO-
BaHb, BpaXyBaHHIO YH YCYHEHHIO MOXUOOK BUMIPIOBaHb,
30KpeMa po3paxyHKy MOMHIKHA BUMiPIOBAaHHS Ha IIpoMe-
HHUCTHH TEIUIOOOMIH TepMOIIapH 3 30BHIIIHIM CepeIOBHU-

METOJl BHMIDIOBaHb BHCOKHX TEeMIepaTyp TIa30BHX  LIEM.
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Application of information technologies and microprocessor techniques for carrying out measurements in vehicles
G. Simbirsky, G. Pliekhova, M. Kostikova, S. Ocheretenko

Abstract. Problem. The subject of research is the fundamental possibility of using modern information technologies based
on microprocessor technology for obtaining, storing and processing measurement information. In particular, the use of the Arduino
microprocessor platform for measuring high (up to 1200°C) temperatures of gas flows. Goal. The purpose of the research is to
create a measuring system for measuring high (over 1000°C) temperatures of gaseous media in vehicles based on the Arduino
microprocessor platform using thermocouples. Research objectives. In order to implement the proposed system based on modern
information technologies, it is necessary to solve a number of tasks: 1. To solve the fundamental question regarding the possibility
of measuring low voltage values (units of millivolts) using the Arduino microprocessor platform; 2. Develop a program algorithm
for calculating the thermocouple junction temperature based on millivoltmeter readings; 3. Experimentally test an intelligent high-
temperature measuring system based on the Arduino microprocessor platform, which automatically calculates possible measure-
ment errors during a real experiment. Methodology. For conducting the experiment, a chromel-alumel type thermocouple with a
matching module MAX6675 was used, which combines an operational amplifier and a converter into an SPI interface. The diagram
of the assembled experimental setup is given. The thermocouple and matching module are connected to the Arduino Uno board,
which is connected by a USB cable to the computer. The following results are received. The possibility of measuring voltage up
to 1 V using the Arduino microprocessor platform has been confirmed. The gas flow temperature was measured at several points
in the range of 1100-1150°C with sufficient accuracy. The experiment showed a fundamental possibility of implementing the
proposed method. Conclusions. Designed, assembled, programmed with a specially developed program and experimentally veri-
fied method of measuring high temperatures of gas flows based on the Arduino microprocessor platform. Experimental testing in
conditions as close as possible to real ones showed that the developed method and the electronic circuit implementing it are oper-
ational and can be used for such measurements.

Keywords: Arduino platform, information technologies, measurement of high temperatures of gas flows, microprocessor
systems, microprocessor programming.
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ABTOMATHU3ALIA BHYTPIIIHBO-CKJIAJACBKUX BUPOBHUYUX
JOTICTUYHHUX IMTPOLECIB JJIsI BHIPOBAKEHHSA KOHIIEMIIIT INDUSTRY 4.0:
EHEPTOOIIAIVIMBICTD, TIPOAYKTUBHICTHb, MOBIJIBHICTD,
MOAYJBHICTb, ABTOHOMHICTb

AHoTanisi. Y cTarTi pO3rISHYTO OCHOBHI TEHJCHIII Ta 3aBIaHH:, IO CTABJIAThH Mepel COO00I0 TOMOBI hipMU OCHOBHUM
npodineM poOOTH SIKHX € po3poOKa, BIPOBAIKEHHS Ta MIATPHMKA CHCTEM BHYTPIIIHOBCKIAICKBOI JOTiCTUKH. OCHOBHIMHU
KPHUTEPisIMHU Ha SIKi B HAaifOIIKIoMy MallOyTHOMY OyIyTh HampasieHi po3poOku B cdepi aBToMaTH3aMii BUPOOHNYIOI BHY-
TPILIHBOT JIOTICTUKY € €HEeProOIa/UINBICTh, IPOJYKTHBHICTE , MOOIJIBHICTE, MOJYJIBHICTh Ta aBTOHOMHICTB. [loBeeHO, 10
OJTHHM 13 OCHOBHHX IUIIXIB YXOCKOHAJEHHS BUPOOHUYMX BHOTPIIIHHOCKIIAICHKUX JIOTICTUTYHUX IIPOLIECIB € IIATIOBI CHC-
TEMH, III0 MOXYTb OyTH MOJIEpPHI30BaHi, IIUITXOM BHKOPHCTaHHIM KOHIENIIT Kibepdiznaaux miaxoxis. Lle € oguH 3 Haliko-
POTIIMX NUIAXIB MiJBHIIEHHS MapaMeTpiB 3MEHIICHHS Yacy TPAaHCIOPTYBaHHS, COPTYBaHHS, 30epiraHHs Ta IiIBUILCHHS
MIPOAYKTHBHOCTI, €HEproe(h)eKTHBHOCTI Ta THYYKOCTI MPOIIeciB BUPOOHIYOI BHYTPIIIHBO CKJIAJCHKOI JTOT1CTHKH.

Kaw4voBi caoBa: aBroMaTH3ailisi, BApOOHHIITBO, BHYTPIMIHbOCKIaAChKa joricTika, INDUSTRY 4.0, aBTOHOMHICTB,

€HeProoIIaHICTh, MOIYJIBHICTS.

Beryn

OcraHHi pOKH BUJIABCS HENPOCTHM c(epH Jioric-

TUKU YKpaiHH, Ha PUHKY BCE LIE 3aJIMILAIOTHCS TOIMOBI
TpaBIli, sIKi, He TUBIITINCH Ha BCi Herapasaw, o0ciyro-
BYIOTh KJII€HTIB Ta JOIOMAararoTh iM MiITPUMyBaTH 0i3-
Hec Ta ycmintHo po3BuBarucs [1]. Skicte oGcimyroBy-
BaHHS BHU3Ha4yaeThcsa OaratbMa (pakTopamu, mepodep-
TOBi 3 SKMX — BYAaCHE OTPUMAaHHS Ta BiAIOBIAHICTH 3a-
MOBJICHHIO. BriopaTtucst 3 1My 3aBlIaHHsAMH Ta 3a0e3-
meuntH OesnepeObiiiny poboTy ckiamy 24/7 HaBiTh B
eKCTPeMAJIbHUX yMOBaxX MOXKE aBTOMATH3allis CKIary
Ta CydacHi TEXHOJIOTI BiOOpY TOBapy B CEpeIuHi ca-
MuX 30H cknany [2]. Ligsmu aBTomMaTH3anii B CydyacHuX
peainisx € 30ULIbIIEHHS MPOJYKTUBHOCTI, ONTHMIi3allis
BUTpaT, 3MEHIICHHS HAaBAaHTAXXEHHA Ha CKJIAICHKHX
TIPAIiBHUKIB, OIIAJIMBE BUKOPHCTAHHS €JIEKTPOCHEPTii.
[Ipu npoMy, BaXJIMBAM KPHUTEPIEM € IIBUAKICTH pealli-
3aIii IpPOEKTY Ha OCHOBI MOIYJBHICTH OOJIaHAHHS.

OmHi€I0 3 OCHOBHUX YMOB, II0 3a0e3Iedye BUCOKI
TEMIT 3pOCTaHHS MPOJYKTUBHOCTI Mpali B IPOMHCIO-
BOCTI, € TIOCTi}{HE BIOCKOHAJICHHS apKy TEXHOJIOTIYHO-
ro obnamHanHA. Lle mocsraeTbes Hacammepen 3aMiHOIO
3acTapiiioro oGyaHaHHs HOBUM, CydacHuM [3].

IIpoBiBmm aHami3 puHKY YKpainu Ta €Bpornu 0yino
BHIIJICHO DS TOBITHUX KOMIMAHIN, M0 3aiMaroThCs
CKJIaJICBKOIO JIOTICTHKOIO Ta aBTOMATH3ALI€I0 CKIAJCh-
KHX pecypciB, OyJ0 BUAIIEHO psij JIiepiB, sIKi 3aCTOCO-
BYIOTh HOBaliii Hi mepcrmekTHBHI mimxoan/ AKTyaib-
HICTH NOBEIEHUX IOCIIIKEHh BU3HAYAETHCS HEOOX1IHI-
cTrO 3a0e31edYeHHs MiABUIIEHHS e()eKTUBHOCTI YHHHOTO
napky oOJajHaHHS, 3 HEBEIMKHUMHU BUTpAaTaMHM 1 IIBHUJI-
KOIO OKYTIHICTIO ISl BHpILIeHI pALy NMUTaHb BUPOOHU-
40i BHYTPIITHBO CKJIAACHKOI JIOTiCTHKH.

Merto10 cTaTTi € OOTpYHTYBaHHS BUOOpPY ONTHUMA-
JILHUX KPUTEPIiB MOJEpHi3amil Ta MiABUIIEHHS SKOCTI
BHPOOHWUYOI BHYTPIITHBOCKIAJICHKOI JIOTICTHKH, 3a pa-

XYHOK BHKOPHCTAHHS aBTOMATH30BaHUX MOJYJIB ISt
MIIBUIIICHHS MPOIYKTUBHOCTI Ta MOOUTHLHOCTI Ta MOJY-
JIBHOCTI, 3HWXKCHHSI CHEPrOBUTPAT B CHCTEMaX aBTOMa-
TU3aIlil BUPOOHUYOI CKJIAJCHKOI JIOTICTHKH. O0’€KTOM
JDOCJTi/IZKeHHsI € MPOIIeCH MOJEpHi3alil B BUPOOHHUIHX
BHYTPIINIHHOCKJIAICPKUX aBTOMATU30BAaHUX CHCTEMaXx
HA OCHOBI  KOHIEMI[i KiOep(hi3MYHUX  IMiIXOJIB
INDUSTRY 4.0, a npeaqmMeToM — OUISXH ITiJBUIICHHSI
iX MPOAYKTUBHOCTI 32 KPUTEPISIMU €HEPTrOOMIaIHBICTI
Ta MOOUTHPHOCT1, aBTOHOMHOCTI Ta MOJTyJTBHOCTI.

OcHOBHA YaCcTHHA

SIKIII0 TOBOPUTH MPO MO3UTHBHI 3pYILIEHHS B YKpa-
THCBKI JIOTICTHIII, MOYKHA BIAMITHUTH TaKi TEHICHIII:

1) ckmanceka iHMpPacTpyKTypa MOCTYIIOBO pO3ra-
Ty>Ky€TbCs, BIJHOBIIIOETHCS, OyIYyIOThCS HOBI CKJIA/H,
10 € MOJIeM JUT HOBUX IHHOBAI[ITHUX PIIICHB;

2) crmocTepiraeThCs IMOMUAT Ha CKIAICBKI MpPUMIi-
IICHHS HEBEIUKOTO PO3MIpY, IIe JIOTiCTHYHI XaOW, II0
BUKOPHCTOBYIOTBCS JJIsl HAKOITMYESHHS MPOAYKIIi;

3) moricTMuHi TpoBaiifiepu BIPOBAKYIOTH HOBI
MOCIYTH Ta PilIeHHS ISl CBOiX KII€HTIB, 3 BHKOpHC-
TaHHSM HOBOTO KOMITIOTEPHO-IHTETPOBAHOTO ITiIXOIY
Ta aBTOMATHU3aIlil IMPOLIECiB YCiX PiBHIB,

4) Takox, BiJloMa SIK CTaauMii PO3BUTOK JIOTiCTHKH,
3eJIeHa JIOTICTHKA OXOIUTIOE KOMIUIEKC IONIITHK 1 3aXO0-
NliB, CHOpPsSMOBaHWX Ha 3MCHIICHHS BIUIUBY Oi3Hec-
JISUTbHOCTI HAa HABKOJUINHE cepenoBuine. CBigqoOMiCTh
PO EKOJIOTiuHI NHTaHHS HaOyBae Bce OUIBIIOrO 3HA-
YeHHsI, OCKIJIbKM KOMIIaHii MparHyTh 3MEHIINTH BiIOH-
TOK BYTJIEIIIO, 3a0py/THEHHS Ta BIIXOJM Ha BCIX erarax
JaHLIFOTa MOCTaBOK [4].

BuxopuctanHs eneKTpoMoOiTiB, MATPUMKA ITyHK-
TiB 3a00py Ta BUKOPUCTAHH: 0i0pO3KIATHAX MaTepialiB
— IIe JIdIie Jeski 3 3aXOMiB, AKi KOMIaHil BIPOBAIKY-
IOTh U1 OOMEXKEHHS BIIXOMIB Ta 3MEHILEHHS CIIOXKH-
BaHHS €HEPrii I yac CBOiX Oi3HEeC-TPOIIeCiB.
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3BMYalfHO, Ha YKpaiHCBKY JIOTICTUYHY Tay3b
BIUIMBAIOTh 1 BUKJIMKU — IiepedopMaTyBaHHs TPaHCIIOP-
THOI Ta CKJIaAChKOI iHPPACTPYKTYpH, IMOKPAILEHHS MO-
OinpHOCTI Ta BifHOBIEHHS Oi3Hec-mpoueciB [5]. s
a”amizy Oyno BUKOpuUCTaHO  Bukopuctaiu «[lopran
BIIKpUTHX NaHUX Big MiHicTepcTBa IMQPOBOI TpaHC-
¢dopmarii Ykpaiun» [6]. 3 moBemeHOro aHamisy BHIHO,
0 JIOTICTWYHI KOMIIaHil MiJBUINYIOTH CBill KariTal,
po3BuBaroThCA. [IpoBiBmm aHamiz Oyno BHOUIO psIX
KOMIIaHiH, Kl 3aiMalOThCS aBTOMATH3AIlI€I0 JOTICTUKH
MIPOCITIIKOBAHO TEHICHIIi pO3BUTKY. OCHOBHHUMH 3a-
BIaHHIMH, LIO Iepesi COOOI0 CTaBUTh Tpyna KOMITaHiH
KAPELOU, BupoOHUK poOOTH30BaHOTO 00 JHAHHS Ta
MOCTaYaIbHUK KOMIUICKCHHX PillieHb AJ1s ckiany € [7]:

— ONTHMI3alis BUTPATH, NUIIXOM 301IBIIEHHS KO-
PHUCHOT IO Ha CKJIAJI;

— 3MEHILCHHS HABaHTA)KEHHS Ha TIEPCOHAIT;

— CKOpOYEHHS TPHUBAIOCTI 0OpPOOKH TOBapiB, 3a-
CTOCOBYIOUH e()eKTHUBHI TEXHOJIOTI1 BiTOOPY;

— CIIPOUICHHS KOHTPONIO 310paHWX SIIHKIB IiCIS
BiIOOpY 3aMOBIICHB;

— 3a0e3medeHHs MBUIKICTI peaizallii IMPOeKTIiB 3a
JIOIIOMOT'OF0 MOJTYJIBHOCTI 00J1a/IHAHHS;

— 3HIKEHHSI CTIO)KUBAHHS €JIeKTPOCHEPTii;

— BCTAHOBJICHHS 0O0JIa[HAHHSA, SIKE B pa3i moTpedu
MOJKHa IIBHJKO DPEIOKYBaTH Ta BHKOPHUCTOBYBaTH Ha
IHIIIOMY CKJIaIi.

HeooOxinHo TaKOX BUJIIJIUTH KOMIIaHio
«SBRobotics» [8]. Lle nepenoBa B YkpaiHi opranizarfis,
sIKa CIICIiaNli3yeThCs Ha pOo3poOILi Ta BIPOBAHKECHHI
MepesioBUX POOOTOTEXHIYHMX pimeHb. OCHOBHUMH 3a-
BIAHHIMH, 1[0 CTaBUTH Iepe]i COO0I0 KOMIaHis, € TpaH-
chopMyBaT BHPOOHHYI JIOTICTHYHI MPOIECH Ta IIOK-
pamuTH eQEeKTHBHICTH KOMIAHIA 32 JOMOMOTOI aBTO-
Maru3amii Ta iHTenekryamizauii. B mepry uepry
«SBRobotics» mparne HajgaTtu KiIi€HTaM INEpeaoBi Ta
IHHOBAI[II{HI PIllICHHS, SIKI TO3BOJISIOTH IM MaTh KOHKY-
peHTHy TepeBary Ha puHKy. «SBRobotics» mae mmpo-
KAH CHEKTp POOOTOTEXHIYHUX PillleHb, BKIIOYAIOYH
ABTOMATH3ALlII0 TPOLECIB, POOOTH 31 IITYYHUM IHTEIIEK-
TOM, PO3pPOOKY POOOTIB JJIsi KOHKPETHUX 3aBIaHb Ta
6aratro. OCHOBHI HAaNIPSIMKH POOOTH:

— IHTeTpalis Ta CyMICHICTB: po3poOKa poOOTOTeX-
HIiYHI pillleHHs 3 YpaXyBaHHIM CYMICHOCTI Ta iHTerparii
3 HasSBHOIO IHPPACTPYKTYPOIO Ta CHCTEMaMH KITIIE€HTIB;

— HaBYAHHS Ta MIATPUMKA: HANAETHCS IIUPOKHI
CHEKTp HaBYAJIBHHUX MPOrpaM Ta MiATPUMKH JAJIsI KIi€H-
TiB, MO0 IXHIi MEPCOHAT OTPUMAaB HEOOXiHI HABHUKH
Ta 3HAHHS U1 e(EeKTUBHOI POOOTH 3 HAIIMMH POOOTO-
TEeXHIYHUMU PillICHHSAMUY;

— Oesmeka Ta peryasTOpHI NUTAaHHS: MUTAaHHS Oe3-
MeKH Ta BIANOBITHOCTI PETYIATOPHUM BHMOTaM, JO-
TpPUMaHHS CTaHIAPTIB OE3NeKH Ta PillleHb, SKi BiJIIOBI-
JIal0Th HABHIIIMM HOPMaM 1 BUMOTaM.

Kammanist B6a4ae NepcrieKTHBY y BUKOPHUCTAHHS
IIepeIoBUX TEXHOJIOTIH Ha OCHOBI HOBOBBEJICHb HAJIEXK
B poOoru3amii, 3a paxyHOK BHKOPUCTAHHS pOKJIa-
mrrabenep - miIHOMHO-TPAHCIIOPTHUX MPHUCTPOIB, CTBO-
peHuil IS TepeMillleHHs BaHTaXiB y MPHUMINICHHI
CKIIaAy; YHiBepCaJbHHX IUIaTdopMa, MO0 BUKOPHUCTO-
BYIOTBCS IS OOpPOOKM pPi3HMX BaHTaXiB; COPTYBaJb-
HMKIB, SIKI € KJIIOYOBHUM €JIEMEHTOM aBTOMATH30BaHOI

CHCTEMH, METOIO SIKOTO € TOUYHHH PO3MOIiI BaHTaXiB 3a
BIAITOBIAHUMHU MICLISIMH.

AHanizyouu pUHOK BUPOOHUKIB OONaJHAaHHS Ui
aBTOMATH3AIll JIOTICTHKH, HEOOXIAHO BHIUIUTH TaKOX
«Sklad Service» [9] —ue xommanis, o peanizye oona-
HaHHSA I aBTOMAaTH3allii CKIIaay — I1e Hadip TeXHOJIOTIH,
METO/IB i CHCTEM, SIKi JO3BOJIAIOTH YIIPABIATH 1 TOKpa-
IIyBaTd poOOTY CKIIAAy 3a JIOTIOMOTOI0 Pi3HHX aBTOMa-
TH30BAHHUX CHCTEM, TAKUX SIK CTENaXKHI CHCTEMH, KOHBE-
€pH, BaHTAXHY TEXHIKy, aBTOMaTH30BaHI cUcTeMH 30epi-
TaHHS, MIHOMHI CTONH, TUIACTHKOBY Tapy, CMITTEBI KOH-
teiiHepu. KommaHnisi Bupillye KOMILIEKC 3aBJIaHb: BIPO-
Ba/UKyBaTH (DYHKLIOHAJBHI i7ei, e)eKTUBHO BUKOPHCTO-
BYIOUH IUIONTY 3aMOBHUKa. [Ipornonye BapianTH 1 KOMOI-
Hallii, o0 B pe3yJbTaTi BHHIIIOB MAaKCHMAJIbHO OIpa-
LIOBAHUI TPOEKT I10 3aJaHUX MapaMeTpax 1 OropKeTy.

AHani3yloud pI3HOMAHITTS pUHKY, Ha SKOMY
MPEJCTaBICHO MOCTAaTHA KUIBKICTh KOMIIaHIH, IO 3aif-
Ma€ThCSI aBTOMATH3ALIEI0 JIOTICTUKH, MOXKHa 3pOOHTH
BHCHOBKH, IO 1151 chepa € 3aTpedyBaHOI0, IEPCIEKTHB-
HOI0 Ta Mae «3amac» Uil po3BUTKY. IlimcymoBytouwm,
MOJKHa 3pOOMTH BHCHOBOK, III0 aBTOMATH3allis CKJIAIiB
y Cy4aCHHUX YMOBAaxX CTaBHTh IE€pes COOO0 MUTAHHS IS
BUDILIICHHS, MO0 0a3ylThCS HA CHEProOINAIIHBOCTI,
NPOJYKTHUBHICTI, MOOUIBHICTI Ta MOJYJIBHOCTI.

Jns peanmizanii nux NOCTaBJIGHHX 3aBIaHb, HEOO-
XIJIHO BHPIIIUTH 3aBIAHHS], IO JIEKATh B KOHIICTIIIAX
aBTOMATH3allii JIOTICTUKH, 3 BHKOPHCTaHHSIM Kibepdi-
3UYHHX MiAxoiB Industry 4.0, i € BaYKIUBUM IHCTPYMEH-
TOM JUIS TiIBUIICHHS MPOIyKTHBHOCTI pOOOTH JIOTiCTH-
YHUX OIIEpaTOpiB Ha OCHOBI BUKOPUCTaHHS TEXHOJOTIH
KOMIT FOTEPHOTO MPOTpaMHOro 3abe3rnedeHHs, poboTo-
TexHiku uu podbomainun [10]. IcHye 6arato pisHUX Tex-
HOJIOTIHM, IOB’S3aHUX 3 aBTOMATH3aIl€I0 B JIOTICTHI.
[ocriiiHO po3poOisieThest HOBE 00NaHAHHS Ta MPOrpa-
MHe 3a0e3nedyenHs. J{OCHPKEHO OCHOBHI TPEH/AM Taki
SIK aBTOMATU3aLlis Ta JiKUTAJI3a1lisl JIOTICTHYHHUX PO-
1eCiB, 30KpeMa, aBTOMATH3allii CKIaChKAX KOMIUICKCIB
4y X CKJIaJOBUX YAaCTHH 3 BUKOPHCTaHHSIM KiOedizuu-
aux miaxomais Industry 4.0. TakuM YMHOM, OCHOBHHM
00’€KTOM JIOTICTHKH € MaTepialibHi MOTOKH Ta CIIOCOOH
peanizanii ix nepemimenns [11].

BukopucranHs 6araTopiBHEBHX IIATIOBUX CHCTEM
YaCTKOBO BHPIIIyE MPOOIEMy TpaHCIIOPTYBaHHS Ta 30e-
piranHs Benukux 00’eMiB mpoxaykiii Ha ckiagax [12].
AJie 3HAYHUM HEIIOJIIKOM BiA3HAYUTH BHCOKY BapTICTh
LIATJIOBUX KOHCTPYKIiH Ta iX MOHTaxy, 00CIyroByBaH-
HSI Ta HEBHUCOKY eHeproedexTuHicTs [10].

Konnenmist Industry 4.0 Bxiroyae BUKOPHCTaHHS
ABTOMATHYHUX MOOUTBHUX POOOTOTEXHIYHUX MIATHOpPM
(Shuttle), abo aBTOMaTH30BaHWX HABaHTAXXyBadiB, IO
MepeMILIyIOThCSl B3JOBXK a00 BCEpeMHI CTEIaXHOI CH-
CTE€MH, 3JIMCHIOIOTH IOUIYK, MEPEMIIleHHs Ta BHIAdy
BUPOGIB 3aJIEXKHO Bijl 3aABOK, 10 Hajiimmm. Ix 3acto-
CYBaHHS JIO3BOJISIE 3HU3UTH OIEpAlliiiHi BUTPATH Ta ON-
THUMI3yBaTH YIIPABIiHHS JIAHIIOXKKAMU TNOCTa4aHHS |
JIOCTYII 70 pecypciB, 3a paxyHOK OuIbII e(eKTHBHOTO
yrpasiiaHs 3amacamu [13].

OnHUM 13 BaXXIIMBUX KOMIIOHEHTIB, Ha SKUX 0a3y-
oThcsl  cydacHi Warehouse Management Systems
(WMS), B pamkax Industry 4.0, € BpoBa/pKEHHS TaKHX
TEXHOJIOT1H:
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— Mobile Autonomous Rack System — cucremu
CTEJaXIiB, L0 BCTAHOBIIOIOTHCS B CHCTEMY DPEHKOBHX
HanpsIMHUX, Tak IO IOJMII MOXYTh IepeMillaThucs
BIepe/ i Ha3a | B3JOBXK periok [14];

— Autonomous Vehicle Storage and Retrieval
System (AS/RS) — BHKOpHCTaHHS aBTOMATH30BAHUX
KEepPOBaHUX ITi THOMHO-TPAHCIIOPTHUX IPHUCTPOIB, SKi
JOCTABIIIOTH BUPOOW Ha CKIIAJ i BUTATYIOTH iX 3BIATH y
pasi notpebu;

— Compact Storage and Retrieval System — agsro-
MaTH30BaHi CHCTeMH, 5Ki e(heKTUBHO Ta Oe3medHo 30e-
piraroTb BUpOOM KOMIAKTHUX PO3MIpiB;

— Collaborative Robot System — cuctema aBTOoMa-
TUYHOTO TPYNOBOTO YIPaBIiHHSI MOOUIBHUMH POoOOTH-
30BaHUMH IUTaTPOPMaMH, sIKa B3aEMO/IIE 3 OIIEPaTOPOM,
3 METOIO CIIIJIBHOT'O BUKOPHCTaHHS pOO0OYOro MpOCTOpy
JUI BUPINICHHS 3aBJaHb 30epiraHHs, HaBaHTa)KCHHS,
BiJIBaHTa)XCHHS BUPOOIB.

Ha manuit MoMeHT 4acy iCHYIOTBH cTparerii 30epi-
rasHsa BUPOOIB y cuctemMax WMS. Bapro 3ayBaxwurw,
IO KOJKHA 3 INPOAHAII30BAHMX CTPATETii, Ma€ MEBHY
METy IJIsl ZOCATHEHHS €KOHOMIYHOTO e(eKTy y BUIIISAL
JIOCSITHEHHSI MEBHUX BHUMOT. Bci BOHM mepeciiayoTh
MeTy ONTHMi3allii BU3HAUYEHUX MapaMeTpiB CKIaJyBaH-
HSl, TIPH 1IbOMY € MOXJIMBICTh 3HEXTyBaTH iHIIUMH. Lle,
BIJINIOBITHO, HE JTO3BOJISIE BUAUTUTH SIKYCh YHIBEpCAIbHY
cTparerito 30epiranns Bupo6iB. CydacHi cucremu WMS
0a3yroThCsl Ha BIPOBADKEHHI aBTOMAaTHU30BaHHX PO0O-
TOTEXHIYHUX CKIIAJIB i3 XaOTUIHUM 30epiraHHsIM BHCO-
KOI IIUTBHOCTI.

Cy4acHUM TpEHIOM B aBTOMaTH3allii CKIAJCHKHX
NIPUMIIICHb € BUKOPUCTaHHS MIATIOBUX CHCTEM JUIS 00-
CJIyTOBYBaHHsI BUDOOHMYMX CKJIA/IIB Ta IIATOTOBUYOI 30HH
cxnany. TpaguniiiHO MIATIH, SIK MIPABHUIIO, PEai3yroThCs
3 BOJIOYHJIbHUMH KaOeJsiMu. 3 MOTJIsiy THY4YKOCTI i MO-
JKIIMBOCTI TepecyBaHHs Ha CKiIaai i BUpPOOHMUTBI 1€
BUKJIMKAE TIEBHI MPOOJIEMH, IO MOXYTh OyTH BHpILIEHI
32 paXyHOK BHKOPUCTAHHsS aBTOHOMHHUX miatriiB. [lo ci-
Me#CTBA IATIIIB HaJIeXkKaTh KAHAIBHI TPAHCIIOPTHI 3ac00U
W aBTOMaTH4HI PO3MOJUIbHI TPaHCIOPTHI 3acodu. OnuH
13 MOXJIMBUX TNPUKJIA/IIB KOHCTPYKTUBHOTO O(QOPMIICHHS
aBTOHOMHOTO IIamia Juisi 3a0e3MeueHHs BHYTPIIIHBO-
CKJIaJICBKOTO TPAHCHOPTYBAHHS BAaHTAXKIB IPOMDK psiiaMu
CTeNaXiB Moka3aHuii Ha puc. 1. B mpomy npukinazai 6aqn-
MO aBTOHOMHHUH TpPAHCTIOPTYBAIBHWUHM IIATI y BHIVISII
eJIEKTPOMEXaHIYHOT JOTHPHUKOJIiCHOI riatrdopmu (puc. 1)
13 PO3TaIlyBaHHAM TMapy PYHITIHHUX KOJIC 3 OJTHOTO KPalo,
a TIapy MiATPUMYIOUHX KOJIC — BiJTIOBITHO HA MPOTHIIEHK-
HOMY Kparo, Ta 3 IEHTPaJIbHUM PO3TAlllyBaHHIM Maii/laH-
YUKy JUISl TPAHCIOPTOBAaHOTO BAHTAXY IPOMDK OCSIMHU
KoJIiC. B Takux aBTOHOMHHUX TPaHCHOPTYBAJIbHHUX MIATIAX
701 3a0e3IedeH s PYIIHHUX 3yCHIIb HAHOUIBII JIOIiIb-
HUM € BUKOPHCTaHHS €JIEKTPOIPHBOJIIB, OCKIIBKH BOHH
MOXXYTh MaTH JIOCUTh HEBEJIMKI rabapuTH Ta IPH LbOMY
HE YTBOPIOIOTH BHKHIB JI0 HABKOJMIIIHBOTO CEPEIOBH-
11a, sIK, HalPUKJIaJd, TIPUBOJM i3 IBUTYHaMH BHYTPILIIHBO-
TO 3TOPSHHA, IO HACIPaBIi € NPHUHIMIIOBO BaXXJIMBUM
JUIS 3aKPUTHX CKJIAJCHKUX TPUMIIIEHb.

KoMroHOBKa aBTOHOMHOTO TPaHCHOPTYBaJIbHOTO
ATy i3 OEHTPaJIbHUM PO3TAalIyBaHHAM BaHTaXy [JO-
3BOJIIE  O(OPMUTH aABTOMATHU30BaHI EJIEKTPOIPUBOIN
PYLIHHUX KOJIC Y BUIJIAII JOCHTH KOMITAKTHOTO BY3-

JB, IO PO3TalIOBaHi 1Mo KpasM 4oBHHKA. [Ipu 1pomy,
3a paxyHOK cCreuiajbHOi BUCYBHOI cuctemu (puc. 2.)
MOJKHa 3a0e3nedyyBaTH PO3BaHTaKEHHS TPAHCIIOPTOBA-
HOTO BaHTaXy Y JIBOX HampsiMax, IIO JI03BOJISITHME 00-
CI[yTOBYBAaTH JIBA PSIM CTEJIaXIB OJHUM TAaKUM IIATIIOM.

Puc. 1. 3aranpHuii BUTIISLT aBTOHOMHOT'O YOBHHKA (IIATIa)
IUTS. BHYTPIIIHBO-CKIIACEKOTO TPAHCIIOPTYBAHHS IIPOMIXK
psinamu cresaxis, 3ampornonosanoro ¢ipmoro Kapelou

Pucynok 2 — BHyTpinrHa OyzoBa aBTOHOMHOTO YOBHHKA (111a-
TJ1a) U1 BHY TPIIIHBO-CKJIQJICEKOTO TPAHCIIOPTYBAHHS IPOMiK
psmamu crenaxis, 3ampomnoHoBanoro ¢gipmoro Kapelou

[epenbavaeThes, MO 3aPONIOHOBAHUI TPAHCIIOP-
TYBaJIbHHUN AT Oy/Ie pPyXaTHCh IO CIIEI[ialbHUM MeTa-
JICBUM HAaINpsIMHHAM, SIKi 3a3[1aJerifb BCTAHOBIICHI MPO-
MIDX TBOMa pSJaMH CTEJIaKiB Ha BiAMIOBITHOMY piBHI.

3abe3neueHHs] TOBHOI aBTOHOMHOCTI TaKHUX TpaH-
CIOPTYBAJIBHUX IIATIIB € MPUHIMIIOBOIO HA BIJMIHY BiJ
IHIIIOTO CKJIAJICBKOTO YCTATKyBaHHS, OCKLIBKH, OKPIM
pi3HHX nepeBar, 3a0e3reuye TaKkoX MEHII radapuTH 3a
PaxyHOK BiICYTHOCTI pOOOYOro MiCIisl JUIS JIFOJUHH-
oreparopa, a I¢ J03BOJIATHME 3MEHIIYBaTH MPOCTIp
MPOMIDXK PSAIaMU CTENIaXiB Ta BHACHIJOK IIbOTO JTO3BOJIS-
TUME TaKOXX 3MCHIIUTH JOBXKHHY TPAHCIOPTYBAaIbHHUX
[UIAXIB, IO, 3p03YMLI0, Oy/ie HaJaBaTH IepeBar CUcTe-
Mi BHYTPIITHBO-CKJIAJICEKOTO TPAHCIIOPTYBaHHS B LIJIO-
My. JIOCUTh Ba)XJIUBUM MUTAHHSAM € BHOIp THITy €JICKT-
PUYHUX JBUTYHIB JUII MOTOP-KOJiC aBTOHOMHOTO TPaH-
CHOPTYBAJIBFHOTO IIATIY, KU € TOCHTh CKIaTHUM 00'e-
KTOM aBTOMAaTH3aIlii, OCKUILKH ISl HBOTO CIIij 3a0e31me-
YyBaTH aBTOMATH3AIlIO0 K YCTAJICHUX Ta W MEePEeXiqHUX
PEXUMIB TIPU HASIBHOCTI OKPEMHX CIIEIiaJlbHUX BHMOT
I0JT0 TOYHOCTI MO3UIIOHYBAHHS Ta, MOXJINBO, TIaBHO-
CTi pyXiB mpu OaxkaHiil MiHIMI3allii eHEPTOCITOKUBAHHSI.

Po3B's3yBaHHS KOXKHOI 13 O3HAYEHHX Ta IHIIHX CIIe-
[iaJIbHUX 33/1a4 aBTOMAaTH3AIlii TPAHCIOPTYBAJIBHOTO YOB-
HUKY TIOTpeOye HAaIe)KHOTO BpaxyBaHHS HPHUTAMAaHHUX
LIATITy BIACTHBOCTEH, 1[0 MOXKHA 3a0€3IICUUTH 33 PaXyHOK
BUKOPUCTAHHS BIAMOBIMHMX MAaTEMATUYHHX MOJCICH
TIPOLIECiB, IO BiIOYBAIOTHCS y YOBHUKY HA PI3HUX PEXKHU-
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Max eKcIulyaraiii. B sKoCTI OKpeMHX JOCIIDKYBaHUX
[IUTaHb IIOJI0 TPAHCIIOPTYBAIBHOTO ILIATIY PO3IVISIaTH-
MEMO JaJli HU3KY IUTaHb, Ki TOB's13aHi 13 3a0e3MeYeHHsIM
TOPH3OHTAIIBHOTO TIEPEMILIIEHHS BAHTAXY.

BinmopimHo mpuiiHATIH cxemartu3anii (puc. 3, a)
MPSMONTIHIMHANA PyX INATIy Y3IOBXK HANPSIMHUX MiX
pamamu cTenaxiB 3a0e3neuyeTbes Ipu 00epTaHHI KOJIiC,
Ha sKi BiH crimpaeTbea. OTke, 3aBASIKA TAKOMY TIPHITY-
IICHHIO MaeMO, IIO TIPSAMOJiHIHHA KOOpAMHATAa TpPaHC-
HOPTYBAJBHOTO IIATIy Ta KYT IIOBOPOTY HOTO KOJIC
3B'SI3aHi CIiBBITHOIICHHSIM TaKOTO BUTILIY:

S=Tw @, M)
ae I, — paaiyc Kojlic YOBHUKA, @ — KyT IIOBOPOTY KOJIIC

TPaHCHOPTYBAIBHOTO YOBHUKY.

§ 13
g FN 2 E
s 1 w

®U.

SRf

M

6

B

Puc. 3. 3aranpHa (a), kineMaTnyHa (0) Ta eKBiBaJEHTHA
eJISKTPUYHA CXEMH €JIEKTPOBHUIYHIB (B) mIaTiIy: 1 — YOBHHUK;
2 — xoseco; 3 — BaHTaX; 4 — eNIEKTPUYHHUH IBUTYH

B npuiinstiii kKiHematuuHiid cxemi (puc. 30) Bpa-
XOBaHO HAsIBHICTh JIBOX OTOPHHX KOJIIC, & TAKOXK i IBOX
PYWIHAX KOJIC, II0 BUKOHAHI Y BUTISAI MOTOP-KOIIIC
i3 IHAMBITyaTbHUMH €JICKTPUYHUMHE JBUTYHAMHU.

Jnst HaJIe)XHOro BiATBOPEHHS BIACTHBOCTEH TpaH-
CIOPTYBAIFHOTO aTOMAaTH30BaHOI'O ILIATIY CJiJ Bpaxo-
BYBAaTH TepTsi KoueHHs koJic (puc. 3, 6) HOBHUKA!

IMs| < MZ®; M ~mgs/4, @)

ne My ta M{™ — momeHT TepTs KOUeHHs Koneca Ta

HOro rpaHUYHE 3HAYCHHS, BIAIOBIIHE 3PYIICHHIO KOJIC-
ca; M — MOBHA Maca YOBHHUKY Ta O — KOEQIIIEHT TePTS
KOUYCHHS KOJIIC.

BpaxyBaHHS MOMEHTY TepTsl KOYeHHs Koiic (2) €
BKJIMBHUM JIJIs1 HAIEXKHOI OLIHKK PyXy IIAaTia Ha Pi3HHUX
pexumax, ajie Horo BpaxyBaHHS IPU3BOAUTH 10 CYTTEBOT

Tabauys 1 — TexHiuHi XapaKTePUCTHKH MIATI0BHX CHCTEM

HeminiiinocTi. [IpuitHara cxemaru3amis (puc. 3) TpaHc-
MOPTYBAJIBHOTO MIATIY Ta CQOpMyJIbOBAaHI TYT NPHILY-
LIEHHs MOA0 (aKTOPiB, SIKi JO3BOJISATH BUKOHATH JIOCIi-
JDKSHHSI TIPOLECiB, IO BiJOYBAOTHCS MPH MPSIMOJIHIN-
HOMY pyCi aBTOHOMHOT'O aTOMaTH30BaHOTI'O IIATIY, SIKUM
3a0e3meuyeThcs (QYHKINS TOPH30HTAIBHOTO MepeMilIeH-
Hi BaHTaxiB. lllatnm 3 eneKTpUIHUM NPHBOIOM 3a3BH-
yail 3’€gHaHi 3 HOCIEM 3a IOIOMOTO0 BOJIOYHIIBHOTO
kabemro. TimbKM B HOBITHIX pPO3POOKAX IMPOCKTYIOTHCS
ABTOHOMHI MIaTJIi. MOXIIMBUM ii pillIeHHsIM € MOZACpHi-
3amis oONaJHAHHS 3a JOMOMOTOI0 CHHTE3Y TEXHOJOTIH
[IoT 1 cyyacHHX CEHCOPIB 3 BUKOPUCTaHHIM Kidepdizuy-
aux miaxoxaiB INDUSTRY 4.0. JloricTu4Hi MIATIN 3aCTO-
COBYIOTH Ha CKJIaJIaX i3 BUCOKHM CTYIIEHEM aBTOMaTH3a-
wii. 3a paxyHOK BUKOPUCTaHHS Cy4acHOTO IPOIPaMHOTO
3a0e3MeUYEHHs] CTAa€ MOXJIMBOIO IIOBHICTIO aBTOHOMHA
poborta 1atIiB, sKi 6e3 y4yacTi onepaTopa NepeMillyoTh
BaHTaXX B MOTPiOHI KOMipKH.

3aBIsIKM aBTOHOMHOMY DEXHMY MIATIIB 3a0e3re-
Yy€eThCSl MaKCHMalIbHa €(QEKTUBHICTH POOOTH CKIIAmy.
30KpemMa, BHUKOPUCTAHHS MIATIOBHX CHCTEM [O3BOJISE
3HU3UTH HABaHTAKCHHS Ha HAsSBHUH INEPCOHAN — JUIA
00CIIyrOBYBaHHSI OJIHOT'O CTEJIQ)KHOTO MacuBy BHCTayae
omHOro omeparopa. Ilpu nbOMY HIBHIKICTH OOpOOKH
HaJXO/UKEHb Ha CKJIaJ i HabOpy 3aMOBIICHb HE 3HH-
KYETbCSl. ABTOHOMHE KEpPYyBaHHS aBTOMAaTH30BaHUM
ABTOHOMHHUM LIATJIOM Mae 3a0e3redyBaTu CTaOiIbHICT
3alaHUX YMOB, a TaKOX IUIABHUU TEPeXij| BiJl OIHOTO
CTaHy 70 iHIIOTO ycTaneHoro craHy. OCHOBHOIO mepe-
IIKOJI0I0 CTaOiIPHOCTI CTaHIB € Pi3HOMAaHITHI HEKOHT-
pOTBOBaHI BUMAIKOBI 30ypEeHHS Pi3HOTO IOXOMKCHHS,
110 BIUIMBAIOTh HAa TPAHCHOPTYBAIBHUH IATII.

3abe3neueHHIO caMe 3a/laHUX CTaHIB iCTOTHO Iie-
PELIKO/PKAIOTh TaKOX HEBHU3HAUCHI 3a3/laJieTilb YMOBH
eKCIUTyaTallii, y mepury 4epry 3MiHHa mMaca TpaHCIOp-
TOBAHOTO BaHTAXYy, Ka MOKe OyTH Oy/Ib-SKOIO B MeXax
MaKCHMaJlbHO JIONYCTHMOIrO 3Ha4yeHHs. Po3polineHi
MaTeMaTH4YHI MOJENi J03BOJSAIOTH JOCIHIKYBATH MPO-
[[ECH B aBTOMAaTH30BaHOMY aBTOHOMHOMY TPaHCIIOPTY-
BJILHOMY LIATII SIK B €JIEKTPOMEXaHIYHIN CUCTeMI, aie
JUISL PO3B'SI3yBaHHsI IHKEHEPHUX 3a7ad II0JI0 aBTOMATH-
3amii mi MoJeli MaloTh OYTH BiMOBITHIAM YHHOM TOTO-
)HO TiepeTBOpeHi. Came Ha 1e OyAyTh HAIlpaBJICHI Ha-
CTYNHI JIOCHI/DKEHHS Ta ekcrnepuMeHTH. Ha maHomy
eTami OyJo TPOBEICHO MOJCPHI3AIlI0 3 BpaXyBaHHIM
OJIep)KaHUX MAaTeMaTHYHUX MOJIENIel Ta pillieHb Ta Mpo-
BEJICHO BUIIPOOYBaHHS B BUPOOHWYIHNX YMOBAX.

VY 1abn. | HaBeaeHO pe3yabTaTH BUPOOHUIHX €KC-
MIEPUMEHTIB 1 CEepeIHBOCTATHCTHUYHI MapaMeTpH cTe-
JQKHO-IIATIOBUX CHCTEM JI0 MOJIEpHi3allii Ta micis .

XapaKTepHCTHRS 3HaueHHs napamerpy 3H‘fl‘leHHSl napamerpy
10 MojiepHi3amii nicJsi MoaepHi3aii

Bucora crenaxka, MM 12000 14 000
BanTaxxomimiiOMHICTh KpaH-uTabenepa, KT 6500 8500
KyT Haxwmiy ponbranra, 3 5
MakcumanbHa Maca KOpOOKH, KI' 30 47
MakcuMmainbHa JOBKHHA KaHATY, MM 30000 36000
Kpok nepectaHOBKH SPYCiB IO BUCOTi, MM 45 50
Temnepatypuuii pexkum, °C - 30 no +45 - 30 1o +45
MaxkcumalibHa IBHIKICTh, M/C 5 6
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MoskeMO 3p0OUTH BUCHOBKH, III0 TOI0OHI CHCTEMHU
MIAXOJATh I pOOOTH 3 OYIb-SIKIMH TOBapaMH, BKITIO-
Yalo4Mu Ti, SKi NPEISBISIOTH IiJBHIICHI BUMOTH IO
€KOJIOTIYHOCTI Ta TIri€HIYHOCTI OONaJaHaHHSI — (hapMa-
LEBTHYHOI 1 XapuoBoi mpoaykmii. Hafikpammx mokas-
HUKIB €(peKTHBHOCTI TaKi CHCTEMH JOCSITAIOTh MIPH PO3-
MIIIEHH]I Ha CKJamaxX i3 BHCOKOIO 3aBaHTAXXEHICTIO M
aKTUBHUM TOBapooOirom. TakuM 9UHOM, MOIEpPHI3YIO-
9y 3acTapijie 00NagHaHHA JJIS BUKOHAHHS KOHKPETHUX
(YHKIOIA OIaTIOBUX CHCTEM, 3aMIHIOIOYH OKpEMi CHC-
TEeMH 1 arperatu oOJIaHAHH:I, MOXKHA TPUBECTH BUPOO-
HULTBO 10 CyYacHHX CTaHZIapTiB Industry 4.0, B Tomy
umcni i 3 eneMenTamu Kibepdizuunux migxoxis, 03 BeIUUe-
3HUX KaIliTAILHUX BUTPAT.

BucHoBxku

B cTaTTi HpencTaBICHO y3araJbHEHI pe3yNbTaTH
aHaJi3y KOMIAHIf, IO CIeIali3yIoThcs Ha po3poori,

BIPOBA/UKEHI Ta OOCIyroByBaHHI aBTOMAaTH30BaHHX
norictmaaux cucteM. [IpoBeneHo oOrpyHTYyBaHHS BHOO-
Py KpUTepiiB MoAepHi3aLii Ta MmiIBHUIIEeHHS e(hEeKTHBHOCTI
BUPOOHNYOI BHYTPIIIHBOCKIIAICHKOT JIOTICTHKY, 32 paxy-
HOK BUKOPUCTAaHHS YIOCKOHAJEHHX aBTOMAaTH30BaHHX
MOJIYJiB, 3 METOK IiJBHUIICHHS MPOLYKTHBHOCTI Ta MO-
OUTHHOCTI, 3HIDKCHHS! EHEPrOBUTPAT B CHCTEMaX aBTOMa-
TH3amii BHPOOHUIOI CKIAACHKOL JOTicTHKH. OCHOBHIMH
KpHUTEpisAMH, Ha AKi B HaHOMDKIOMy MailOyTHhOMy Oy-
IyTh HAIpaBIICHI pO3poOKH B cdepi aBTOMATH3ALli1 BUPO-
OHMYO{ BHYTPIIIHBOI JIOTICTHKH € CHEeProoIIa/UINBICTB,
MIPOJYKTHUBHICTb, MOJYJBHICTb, aBTOHOMHICTb. T0OTO,
aBTOMATH3alisl Ta YIOCKOHAJIEHHS IIATPOBHX CHCTEM B
JIOTICTHII, IIUIIXOM BUKOPHUCTAHHSM KiOep(hi3uyHUX mij-
XOJIiB, OIMH 3 HAHKOPOTIIMX NUIAXIB MiIBUIICHHS Mapa-
METpiB 3MEHILCHHS Yacy TPaHCHOPTYBaHHs, COPTYBaHH,
30epiraHHs Ta MiJBUILEHHS eHeproe()eKTUBHOCTI Ta THY-
YKOCTIi IPOLIECiB BHYTPIIIHBO CKIIAICHKOI JIOTiICTHKHL.
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Automation of internal warehouse manufacturing logistics processes for the implementation of the industry 4.0 concept:
energy saving, productivity, mobility, modularity, autonomy

M. Vzhesnievskyi, O. Chala

Abstract. The article examines the main trends and tasks faced by top companies whose main job profile is the devel-
opment, implementation and support of internal warehouse logistics systems. In the near future development in the field of auto-
mation of production internal logistics will be directed on energy efficiency, productivity, mobility, modularity and autonomy. It
has been proven that one of the main ways of improving production internal warehouse logistics processes is shuttle systems that
can be modernized by using the concept of cyber-physical approaches. This is one of the shortest ways to increase the parameters
of reducing the time of transportation, sorting, storage, and increasing the productivity, energy efficiency, and flexibility of pro-
duction intra-warehouse logistics processes.

Keywords: automation, production, intra-warehouse logistics, INDUSTRY 4.0, autonomy, energy saving, modularity.
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BUMIPIOBAHHA AKOCTI IPOI'PAMHOI'O 3ABE3IIEYEHHS
HA OCHOBI CTAHJAAPTIB SQuaRE

AHoTanis. SKicTb € ogHUM i3 (hakTOpiB, 10 3a0e3Meuyr0Th KOMEPLIHHUIA ycmix Ta 6e3neky BUKOPHCTaHHS POrpaMHO-
ro 3abe3neueHHs. [1ig AKicTIO po3yMilOTh BiAIOBIAHICTh SBHUM 1 HEIBHIM BUMOT'aM Pi3HHX 3alliKaBlIeHHX cTOpiH. HeoOxi-
JHO 320€3MEYUTH CIIJIbHE B3a€MOPO3YMiHHS MK PO3pOOHMKAMM Ta KOPUCTyBadaMH, iHKEHEPH NMOBHUHHI PO3YMITH 3Ha-
YEHHS MOHATTA SIKOCTi, XapaKTEePUCTUKHU Ta BAXKIMBICTH SKOCTI Ul pO3pOOICHOTO a00 MiATPUMYBAHOTO MPOTrPaMHOTO 3a-
Oe3neueHHst. OCHOBOIO 3a0e3IeYeHHs SIKOCTI € BUMIpIOBaHHS. BOHH € OCHOBHMM IHCTPYMEHTOM KepyBaHHS )KUTTEBUM IIH-
KJIOM TIPOTPaMHUX HPOAYKTIB, OIIHKA BUKOHAHHS IUIAHIB i MOHITOPHHTY. s KITbKICHOTO BH3HAYECHHS SIKOCTI HEOOXiTHO
BUMIpPSITH XapaKTEepUCTHKH IporpaMHoro 3abesnedenHs. CtanaapTusaris nependadae yHiikamio BUMOT 10 SKOCTI, ii BU-
MIpIOBaHHS Ta OIIHKY. BUKOpHCTaHHS CTaHAapTIB qae Oe3Iiv MOTEHIIMHUX MepeBar s Oyab-sKO0i opraHi3aliii, 0CoOIHBO
Yy TaKuX KIIOYOBUX OOJIACTAX, SIK BUMIPIOBAaHHS SKOCTI MPOTPaMHUX MPOAYKTIB, iHPOPMAIIHHUX Ta BUMipIOBAaJbHUX CHC-
TeM. BusHani MiXKHApOIHI OpraHizaii i3 cranmaprusanii ony6nikysamu cepito cranaaptis ISO/IEC 25000 om0 BUMOT T2
OIIIHKU SIKOCTI CHCTEM Ta mporpamHoro 3abesnedeHHs SQuaRE, sixka HaOyBae OIMPOKOTO MPAKTUYHOTO 3aCTOCYBAaHHA. Y
CTaTTi 0OTOBOPIOETHCS cepist MikHapomgHuX cTaHAapTiB SQuaRE, aHamizyeThes B3a€MO3B’ 130K MiXK MOJICIUTIO SIKOCTI, Xapa-
KTepUCTHKAMH SIKOCTi, TOKa3HUKAMH SKOCTI Ta HOBOIO KOHIICTII[I€I0 — €JIEMEHTOM ITOKa3HHKa SKOCTI MPOrpaMHOro 3abes-
TIEYEeHHs], TIPEACTAaBICHO BUMIPIOBAHHS SIKOCTi Ha OCHOBI IIMX CTaHJAPTIB.

Kaw4oBi cioBa: sKiCTh, MOAENH SKOCTI, IPOrpaMHe 3a0e3MeUeHHs, BUMIPIOBAHHS, CTAHIAPT, HOKA3HUK SIKOCTI.

Beryn

KoMm’roTepHi cuCTEeMHU CTajaM HEBiJ’€MHOIO 4Yac-
THUHOIO JKUTTE3a0e3neueHHs cydacHol iroquan. Hacomif-
KM BHUKOPHCTaHHS HESKICHOT'O IPOIrpamMHOro 3abesrie-
YeHHS MOXYTh OyTH KaTacTpo(iYHUMU, TOYNHAIOYH Bij
TEXHOTEHHHX aBapiii, MaTepialbHUX BTPAT 1 HEOE3MeKH
JUTSL JTFONMHY 1 3aKiHYYIOYH BTPATOIO iMiDKy KOMITAHii-
po3poOHUKA.

SkicTh mporpaMHOro 3a0e3medeHHs — e 3JaTHICTh
MIPOrPaMHOTO HPOAYKTY 33/I0BOJILHATH 3asBICHI Ta Hes-
BHI MOTpeOM NMpPH BUKOPUCTaHHI B MEBHUX ymoBax [1].
Tomy myxe BaxIMBO 3a0€3ME€UUTH CIUIBHE PO3YMiHHS
MDK PO3pOOHMKAMHU Ta KOPHCTyBadaMH. [HXeHepu mo-
BUHHI YiTKO PO3YMITH 3MICT, II0 BKJIIA€ThCSl B KOHILIETI-
IO SIKOCTI, XapaKTePUCTUKH Ta BAXKJIMBICTh SIKOCTI JJIsI
po3poOiitoBaHoro abo MiATPUMYBAHOTO IMPOTPAMHOTO
3a0e3meueHHs. DOpMYITIOBAaHHA UITKUX 1 3PO3yMIIHX
BUMOT 110 sikocti I13, a moTiM iX KUIBKICHA OIIHKA € OJl-
HUM i3 IPIOPUTETHHX 3aBJaHb 3a0e3mnedeHHs sskocTi [13.

OcHOBOIO 7151 3a0e3MeueHHs SKOCTI € BUMIpIOBaH-
Hs. BOHM € OCHOBHHM iHCTPYMEHTOM JUIS YHpaBJIiHHA
KUTTEBUM [UKJIOM TIPOTPAMHUX TPOAYKTIB, OI[IHKH
BUKOHAHHSA IUIaHIB 1 MOHITOPHUHTY. [ KijbKiCHOI OITi-
HKH SKOCTI HEOOXiTHO BUMIpPATH XapaKTEePUCTHKH IIPO-
TpaMHOTO0 3a0e3MeYeHHS.

Crannapru3zaiist 3a6e3neuye yHi(iKkamiro BUMOT 70
AKOCTI, 1l BUMipIOBaHHA Ta OIiHKK. BukopucTanHs cra-
HAApTiB 3a0e3meuyye 0arato MOTCHIIWHUX IepeBar Iyis
Oyab-sfKO1 Oprasizaiii, 0COONMBO B TaKUX KIFOYOBUX
cdepax, sIK BUMIPIOBAHHS SKOCTI MPOTPaMHHUX TPOIYK-
TiB Ta iH(OpMaLiiHUX 1 BUMIPIOBAIBHUX cHUCTeM. Bin-
MIOBIZIHO, JOIIJILHO aHaNli3yBaTH CyYacHi CTaHIAPTH SIK
OCHOBY 151 (POPMYBaHHSI BUMOT 110 SIKOCTi ITPOTPaMHO-
ro 3a0e3nedeHHs Ta BUMIPIOBAHHS SKOCTI MPOTPaMHOTO
3a0e3nedeH s, 10 [O3BOJIUTH 3HU3UTH DPU3UKH TIPH
pO3poO0IIi, BOPOBAKEHHI Ta CYMPOBOJI MPOTPAMHOTO
3a0e3meueHHs. AKTyaJIbHICTh JTAaHOTO MUTaHHS MiATBEP-

IDKYETBCS TaKOX THUM, LIO LI CTaHIAPTH NPUHHATI B
VYkpaiHi SK HAIlIOHAJIBHI.

[epmri MixkHApOAHI CTaHOAPTH B Il Tamy3i Oyiw
npuiiHaTi me B 1991 pomi i 3 TOro 9acy HEOTHOPa30BO
mepernsganica. CporogHi icHye HaOlp cTaHAapTiB
ISO/IEC 25000 SQuaRE — Systems and software Quali-
ty Requirements and Evaluation — nmoriuto opranizoBa-
Ha Ta yHi(iKOBaHA Cepis, MO0 OXOIUIIOE JBa OCHOBHI
npotuecu: crieriu@ikariiss BAMOT JI0 SIKOCTI HPOrpaMHOTO
3a0e3nedeH s Ta OLiHKa SIKOCTI MPOrpaMHOro 3adesrie-
YeHHs, IO MiATPUMYETHCS MPOLECOM BHMIpIOBaHHS
sIKOCTI [2].

Mopens sikocti SQUaRE

Crangaptu SQuaRE BKIIO4arOTh I’SITh OCHOBHUX
po3minie [1]: Bumoru mo sikocti 2503n, Mofeni sSKOCTI
2501n, BumiproBaHHS sikocTi 2502n, OIiHKAa SKOCTI
2504n i ynpaeninas sikicTro 2500n, a TakoX po3MIKUPEH-
=i 25050-25099.

Cranpaptu [SO/IEC 25000 SQuaRE y3romxkeHi 3
ISO/IEC/IEEE 15939 [3] 3a 3micToM, siKuii BU3HAUA€E
3araJibHUA TPOIeC i OCHOBY BHMIPIOBaHHA CHCTEM 1
MIPOTPaMHOTO 3a0e3MEeUCHHS, a TaKOXX BiATOBIIHY Tep-
MIHOJIOT1I0 3 1H)XKEHEpHOi TOYKH 30py. JloTpumyrounch
cydacHux TeHaeHmii [SO moao0 rapMoHnizaiii TepMiHO-
norii, ISO/IEC/IEEE 15939 npuiimae Ta agantye Met-
POJIOTiYHY TEpMiHOJIOTiI0, BcTaHOBIeHY VIM [4] mis
CTaH/apTiB HporpamMHoi Ta cucreMHoi imxkeHepii. Ha-
crynai koHuenuii 3 ISO/IEC/IEEE 15939 mnosHicTio
BIJIMIOBiIAIOTh, aJanToBaHi ab0 0a3yrOThCS HAa BH3HA-
yeHHs1x 3 VIM: 6a3oBa Mipa — 3acCHOBaHa Ha BU3HAYEHHI
«0a30BOi BENMUYMHM»; TOXiNHA Mipa — ajanToBaHa 3
BHU3HAYCHHS «IOXiMHOI BEIMYMHU», BUMIPIOBAHHSI —
aZlanToBaHO, METOJI BUMIPIOBaHHS — Ha OCHOBI BU3HA-
YCHHS IOHATTS «METOJ BHMIPIOBAHHs»; MPOIEAypa
BUMIpIOBaHHsI — MOBHICTIO BiAMOBigae; macmrad — Ha
OCHOBI BM3HAUEHHS «MacIITad»; OIMHHUIS BHMipIOBaH-
HS — MMOBHICTIO BiAIIOBIIAcC.
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Cranmaptu SQuaRE Bu3HauaroTh Mopedi SKOCTI
MIPOTPAMHOTO 3a0C3ICUCHHS T4 CUCTEM, SIKi BUKOPUCTO-
BYIOTBCS JUII BU3HAYCHHS BHMOT, PO3POOKH 3aXOJiB Ta
BUMIPIOBaHHS SKOCTI.

Monenp sIKoCTi — Lie Hadip KiaciB XapaKTEPHUCTHK.
XapaKTepUCTHUKN MOKHA TOAUIATH Ha IiAXapaKTepHc-
THKH, a B ACSIKIX BUITaIKaX i Ha i IXapaKTePUCTHKH.
BuMipHi BIacTHBOCTI, TIOB’5I3aHi 3 SKICTIO, HA3UBAIOTh-
sl BIIACTHBOCTSIMH STKOCTI.

BiactuBocTi SKOCTI IOB's13aH1 3 BIAMOBIIHUMHE I10-
Ka3HUKaMH SIKOCTI.

Sxicte y cranmaprax SQuaRE onmcyerbes 4oTu-
pMa MOJEJSIMU: MOJICITh SIKOCTI Y BUKOPUCTAHHI Ta MO-
Jeb  SKOCTI TPOAYKTY, BH3HAYCHI CTaHAapTOM
ISO/IEC 25010, a TakoX MOAENb IKOCTi JAaHHMX, BU3HA-

yena ISO/IEC 25012, i mogens skocti IT-mocnyr, Bu-
3nauena ISO/IEC 25011.

Mopenb SKOCTI NPOAYKTY 3BOAWTH BJIACTUBOCTI
SIKOCTI 10 BOCBMH XapaKTEPUCTHK, KOJKHA 3 SIKMX CKJIa-
JaeThbes 3 psny migxapakrepuctuk (puc. 1) [5]. st mo-
JeJb SIKOCTi MPOIYKTY NOIOBHIOETHCS MOJEIUIIO SKOCTI
y BUKOPHUCTaHHI, SIKa XapaKTEpU3Yy€ BIUIUB IPOAYKTY
(cuctemu abo TIPOrpaMHOTO TMPOIYKTY) Ha 3alliKaBlie-
HUX CTOpiH. SIKICTD y BUKOPHCTAaHHI BU3HAYAETHCS SKIC-
TIO TIPOTPAMHOTO 3a0E3IeUCHHs, almapaTHOro 3abesrre-
YeHHsI, ONepalliifHOro CEepefoBHINA, a TaKOX XapakTe-
pHUCTHKaMHU KOPHCTYBadiB, 3314 1 COLIaNbHOTO cepeo-
BuIa. Mosenp SKOCTI Yy BHKOPHCTaHHI BH3HAYA€THCS
4yepe3 M'ATh XapaKTEePUCTHUK, MOB'SI3aHHUX 3 pe3yJbTara-
MU B3aeMoii 3 cuctemoro (puc. 2) [5].

| Product Quality |

Functional il Performance - PP : e o
Suitability Reliability Efficiency Usability Maintainability Security Compatibility Portability
Functional Maturity Time Appropriateness Modularity Confidentiality Co-existence Adaptability
completeness behaviour recognisability
Functional ol Resource e s . . .
correctness Availability utilization Learnability Reusability Integrity Interoperability Installability
Functional . s o . o
appropriateness Fault tolerance Capacity Operability Analysability Non-repudiation Replaceability
o User error e -
Recoverability protection Modifiability Accountability
User interface | | Testability || Authenticity

aesthetics

Accessibility

Puc. 1. Monenb SKOCTI HPOAYKTY

Quality in use

Satisfaction Effectiveness Freedom for risk Efficiency Context Coverage
Economic risk Context
Usefulness mitigation completeness
Health and safety .
Trust risk mitigation Flexibility

Environmental

Pleasure risk mitigation

Comfort

Puc. 2. Mojenp sIKOCTi Y BUKOPHCTaHHI

Mopeni SIKOCTI TPOAYKTY Ta SIKOCTI Y BHKOPHC-
TaHHI MO)KHA BHUKOPHUCTOBYBATH I BH3HAYCHHS BU-
MOT, TeHEpYBaHHSI METPUK Ta OI[IHIOBaHHS SKOCTi. Bu-
3HAYCHI XapaKTEPHCTUKU SIKOCTI MOXHA BHKOPHUCTOBY-
BaTH K KOHTPOJIGHUI CIUCOK JUIS JACTAIEHOTO BUBYCH-
HS BHMOT JIO SIKOCTi, TAKUM YHHOM 3a0€3MeYyIYH OC-
HOBY JUTS OIIIHKH IOAAJIBIINX 3YCHIIb 1 JTil, HEOOX1THUX
y TpoIeci po3poOKH CHCTEMHU.

Po3zain BumiproBanus sikocti SQuUaRE

Pozxin BumiproBanHs skocti (2502n) BKIIOUae
ITiCTh CTAHJAPTIB:

— ISO/IEC 25020 — cTpykTypa BUMIpIOBaHHS KO-
CTi: 3a0e31euye OCHOBY JUIsl BUMIPIOBaHHS SIKOCTI;

— ISO/IEC 25021 — eneMeHTH BUMIipIOBaHHS SIKOC-
Ti: Hamae ¢opmar ans BusHadeHHS EIIS (enementir
MTOKA3HUKIB SAKOCTi) 1 Kinpka nmpukmaniB EITA, axi mox-
Ha BUKOPHMCTOBYBATH /sl HOOY/IOBH MTOKa3HUKIB SIKOCTI
MIPOTPaMHOTO0 3a0€3MeUeHHS;

— ISO/IEC 25022 — BumiproBaHHs SIKOCTi y BHKO-
puctaHHi: 3a0e3rnedye BUMIDIOBaHHS, BKIIOYAIOUYH
1oB’si3aHi (YHKIIT BUMIPIOBaHHS JJISI XapaKTEPHCTHK
AKOCTi B MOJIEJTi IKOCTi y BUKOPHCTaHHI,

— ISO/IEC 25023 — BumiproBaHHs SKOCTi CHCTEMH
Ta MPOrPaAMHOTO TMPOAYKTY: HaJa€ IOKAa3HUKH, BKIIIO-
Yarouu IOB’A3aHi (YHKIIiI BAMIPIOBAaHHS Ta €IEMCHTIB
TMOKa3HHKIB SIKOCTI JIJIST XapaKTEPUCTHK SIKOCTI B MO
AKOCTI IPOAYKTY;
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— ISO/IEC 25024 — BumiproBaHHS SIKOCTi JaHUX:
3abe3nedye BUMIpIOBAaHHS, BKIIIOUAIOUHN OB’ si3aHi (QyH-
Kuii BuMiproBanus ta EITS m1s xapakTepucTuk sSIKOCTi B
MOJI€eJIi IKOCT1 TaHuX;

— ISO/IEC 25025 - BumiproBanus sikocti IT-
MOCTYT: Hajga€ TIOKa3HUKH A Mogjeni skocti [T-
TIOCIIYT.

IIpakTHyHe BUKOPHCTAHHS MO €I
BumMiproBanns sikocti SQUaRE

ISO/IEC 25020 3abe3mnedye OCHOBY Uil pO3pOOKH
MTOKA3HUKIB SKOCTi [6]. BumiptoBaHHS SKOCTI mporpam-
HOTO 3a0e3neueHHst 0a3yeThCs Ha JBOX MOHATTAX: ITOKa-
3HHK SKOCTi Ta €JIeMEeHT IMOKa3HWKa sKocTi. ETamonHa
MOJIeNIb BAMIPIOBaHHS SIKOCTi ONFCY€E 3B’S30K MK MO-
JICIUTIO SIKOCTi Ta MOOY/IOBOIO TIOKA3HUKIB SKOCTI 3 elie-
MEHTIB IMOKa3HUKIB SIKOCTI (puc. 3).

BiracTuBOCTI SIKOCTI BUMIPIOIOTHCS 33 JOMIOMOI'OO
METOJly BHUMipIOBaHHsS. METO/] BUMIPIOBaHHS — II€ JIOTi-

YHa IOCIJOBHICTh OIEpaliif, 10 BHUKOPHCTOBYETHCS
JUISL KiJIBKICHOTO BHM3HAYEHHS BJIACTUBOCTEH BiJJHOCHO
KOHKPETHOI IIKaiIH. Pe3ynpTaToM 3acToCyBaHHS METOLY
BUMIPIOBaHHS € €JIEMEHTH IMOKa3HUKa SKOCTI. Xapakre-
PHUCTHKH Ta IiJXapaKTePUCTHKH SIKOCTI MOXKHA KiJbKic-
HO BU3HAYWTH 32 JOMOMOTOI0 (DYHKIII BHMipIOBaHHS.
OyHKIIiS BUMIPIOBAaHHS — L€ aJTOPUTM, SIKU BUKOpHC-
TOBYETBCS UL 00’ €THAHHS €IEMEHTIB TOKAa3HHUKa SIKOC-
Ti. [Toka3HUKH SKOCTI OYAYIOTHCS IIISIXOM 3aCTOCYBaH-
Hs QyHKII] BUMIpIOBaHHA 0 HaOOpy €JIEMEHTIB IOKa3-
HUKa SKOCTi. Pe3ynpTar BUKOpWUCTaHHS (YHKIIi BHUMI-
PIOBaHHS HAa3UBAETHCS TOKA3HUKOM SIKOCTI IPOIPaMHO-
ro 3abe3MnedyeHHs.

TakuM YHMHOM, TOKa3HMKH SKOCTI NPOTrPaMHOro
3a0e3MeueHHsI CTAIOTh KiTbKICHUMU 1HIMKATOPAMH SIKi-
CHHUX XapaKTepPHCTHK 1 miaxapakrepuctuk. [y Bumi-
PIOBaHHS XapaKTEPUCTHKH abo0 MigXapaKTCPUCTHKU
SKOCTI MOYKHA BHMKOPHCTOBYBATH KiJIbKa MOKa3HHUKIB
SIKOCTi IPOTPaMHOrO 3a0e3IeYeHHSI.

Skicte npoaykry / SIkicTh y BUKOpUCTaHHI /
Sxicts marnx / Mogens sikocti | T mocmyr

ISO/IEC 25010,
ISO/IEC 25012

SIKOCTI

Xapakrepuctuku/ITigxapakTepuCTHKA

KIIBKICHO OLIIHIOE

ISO/IEC 25022,

IToka3HUK SIKOCTI

ISO/IEC 25023,
ISO/IEC 25024

Y

®DyHKIIis] BAMiIpIOBAHHS

BUKOPHCTOBYE

BHU3HAYA€THCA

AnroputM™, 1o
BUKOPHUCTOBYE

OoIIMH a00 OlIbIIe
EITA

bazoBuii noka3zHuk
a00 moxigHui

EnemMeHT moka3HHKa SIKOCTI

EneMeHT nmoka3HUKa SIKOCTi

[MOKa3HHUK, 110
00’entHye nBa abo

BHU3HA4Ya€THCA

Merto/1 BUMIpIOBaHHS

BHUMIpIOETHCS

Mero/ BUMIpIOBaHHS

Olnble 6a30BUX
[TOKAa3HUKH

BHU3HA4Ya€THCA

ISO/IEC 25021

A

BHUMIpIOETHCS

1imi, 10 miIsrarTh
BUMIPIOBAHHIO

Brnactusicts mis
KIIBKICHOIO BU3HAYEHHS

KIIBKICHOIO BU3HAYEHHS

Brnactusicts mis

ﬁ Mae

* Mae

LinpoBa CyTHICTB

LinpoBa CyTHICTB

Puc. 3. 3B’430K MiX MOJEIUIIO IKOCTI, IOKa3HUKAMHM SIKOCTI, €EJIEMEHTAMU IIOKA3HUKIB SKOCTI,
BJIACTUBOCTSIMH JIUIsI KUIbKICHOTO BU3HAYEHHS, [{IIbOBUMHU CYyTHOCTSIMH
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ISO/IEC 25022 [7], ISO/IEC 25023 [8], ISO/IEC
25024 [9] HanaroTe HaOip MOKa3HUKIB SKOCTI st Xapa-
KTEPUCTUK CHCTEM/IPOrPaMHUX HPOJYKTIB B MOJEISX
SIKOCTI Y BUKOPHMCTaHHI Ta SIKOCTi IPOJXYKTY, BH3Haue-
mux ISO/ IEC 25010, i B Mojemi SKOCTI JaHMX, BU3HA-
yenid ISO/IEC 25012. I{i mOKa3HHUKH SKOCTI MOXHa
BHUKOPUCTOBYBATH JUIsl BUSHAUYCHHS BUMOT, BUMIpPIOBaH-
HS Ta OLIHKU SKOCTi CHCTEMH/TIPOTPAMHOTO TPOIYKTY.
Buxonsam 3 3amadi BUMIpIOBAaHHS, MOKAa3HHUKH SKOCTI
BuOmparothes 31 crarmaptiB ISO/IEC 25022, ISO/IEC
25023, ISO/IEC 25024, mo0 3agoBOIBHHUTH TOTpedH
PO3pOOHUKIB, OKYMIIB, MEHEIKEPIB, NPSAMHX 1 HENpsi-
MHUX KODHCTYBayiB Ta IHIINX 3alliKaBICHUX CTOpIH.
KpiMm Toro, BKiIrOHYaroThCsi (YHKIIT BUMIPIOBAHHS IS
KO>KHOT'O 3alIpOITIOHOBAHOTO ITOKAa3HUKA SKOCTI, MiJICYM-
KOBHH pO3IJIS[ BUKOPHCTaHHS ITOKAa3HUKA SIKOCTI Ta
€JIEMEHTIB MOKa3HHUKa SKOCTI.

EnemenTH moKa3HHKa

ISO/IEC 25021 [10].

SIKOCTI  TIpeACTaBJICHI

Tabruysa 1 — Ipukiaaau 3acrocyBanns ctanaaprtis SQuaRE

Ha ocnosi ananizy moneni sikocti SQuaRE ta pos-
Iy BHUMIpPIOBaHHS SIKOCTI 3alpOIIOHOBAHO aITOPUTM
BUMIPIOBaHHS SIKOCTi IPOI'PaMHOTO 3a0e3MeYeHHS:

1) BU3HAUMTH MOJENI SIKOCTI 3a CTaHAapTaMH
ISO/IEC 25010, ISO/IEC 25012 mus imeHTudikarii
BIIOBITHUX XapaKTEPHUCTHK SKOCTI MPOrpaMHOTO 3a-
Oe3IeyYeHHs;

2) BUOpATH MOKA3HUKH SKOCTI JJIST KOXKHOI Xapak-
TEpUCTHKH sKOCTi 3 BukKopuctaHHsM [SO/IEC 25022,
ISO/IEC 25023, ISO/IEC 25024;

3) BHUMIpIOBATH €JIEMEHTH TMOKA3HHWKa SKOCTi, BHU-
KOPUCTOBYIOUM METOJIU BHMIPIOBAaHHS 3 CTaHAApTy
ISO/IEC 25021;

4) BubpaHi MOKa3HUKH SAKOCTi OYAYOThCS HIIAXOM
3acToCyBaHHsS (DYHKIT BUMIpIOBaHHS JO €JIICMCHTIB
MOKa3HUKa SKOCTI.

Y Tabmuni 1 HaBeieHO MPUKIATH 3aCTOCYBaHHS
crargaptiB SQuaRE mis BUMiprOBaHHS IESIKHX IMOKAa3-
HUKIB SKOCTi IPOTPAMHOTO 3a0€e3MCUCHHS.

AJist BHMiplOBaHHﬂ SIKOCTI MporpamMHoro 3a0e3meYeHHs!

BICTH Ha 337a4y KO-
puctyBada abo cuc-
TEMHY 3a/1auy?

CHCTEMa Ha BIAIOBIAL Ha
KOHKpETHY 3ajauy KOpHC-
TyBaya ad0 CHCTEMHY 3a/1a-
4y 1pH i-My BEMIpPIOBaHHi,
N — KUTBKICTh BUMIpSHHX
BimoBizei

Xapakrepucruxu / . Enement
. Tloxa3HUK AKOCTI. . . .
niAXapaKTepHCTHKH Onnc DyuKuisi BUMipIOBaHHS NoKa3sHHKa MeToa BUMipIOBaHHS
sIKOCTi SIKOCTi
OyHKIIOHATTbHA ODyHKIIOHATTBHE KinpkicTb [epermsin Ta aHami3 Ok-
MOBHOTA TIOKPHTTSI. X =1-A/B, JOCTYTTHHUX peMux ¢yHKIii nporpa-
SIKy 4acTHHY BKa3a- . . .| byHKmik MHOTO 3a0e3MeueHHs,
HUX QYHKIIH peanizo- A - KUIBKICTE - BIICYTHIX JIOCTYITHUX KOPHUCTYBa-
BaHO? (byHKHH./I’ . YeBi AJIs1 BUKIIHKY Ta
B - KiTbKiCTD nepenbave- SHRORARES, & TAKON
HUX yHKUIH MiIpaxyHOK KiTBKOCTI
(YHKIIH, SKi HEe BIAIOCS
YCHIIIHO BUKOPUCTATH
Yacosi CepenHiii ac TpuBanicTb TpuBaNicTh 3aJIeKNUTH
XapaKTEPHUCTHKH BiJITIOBii. n BiJ] 3arajibHOT KITBKOCTI
CKIJTBKH B CEpeTHBO- X = z A/, qacy i IpuB’s3aHa 710
My 9acy MoTpioHO =1 MiXHapOIHOT CHCTEMHU
cucTeMi, o6 Biamo- Ai — uac, sxuii suTpavac omuauis (VIM)

31aTHICTH 10

IToBHOTaA HacTaHOBU

KinekicTs 3a-

[epermnsin Ta aHami3 OK-

Slka cepenHs Kib-
KiCTh BiZIMOB BUHHKAE
MPOTSTOM BH3HAYCHO-
ro nepiomy?

A — ximbkicTh BiZMOB,
BHUSBJIEHHX 3a 4ac CIOCTe-
PEXEHHS,
B - rtpuBanicts cnocre-
pEKEHHS

HaBYaHHS KOPHCTyBada X =AIlB, JIOKYMEHTOBa- pemux QyHKIIi crcTe-
Slka yactuHa GyHKIIH . .. | HEX QYHKIIH MH/TIPOrpaMHOTO 3a0e3-
by A - xinekicte QyHKUIH, ynxn porp
OIKCaHa JI0CTATHBO HEYEHHsI, JOCTYIHHUX IS
ONHACAaHUX y JOKYMEHTAIii
JIETAJILHO B JIOKYMEH- . BHUKJIMKY Ta BUKOHAHHS
KopuCTyBada Ta/abo IOBif-
Talii KOpUCTyBaya . KOPHCTyBa4eM 3 oOMe-
: KOBOMY WEHTpI, SIKIIO MOT-
Ta/abo B JOBIJKOBOMY pi6HO YKEHHMH MOXIIMBOCTSIMH,
. , .
LEHTPi, 00 KOPHCTY- . . a TaKOX MiIPaxyHOK
. B - xinbkicTs peamizosa- . . .y
Ba4 MIT 3aCTOCOBYBa- Y : . KUTBKOCTI (DyHKIIIH, OTIH-
. HUX (QYHKLIH, sSKi HEoOXin-
TH QYHKIT? CaHHX y JOKYMEHTaIii
HO 33JI0KYMEHTYBAaTH
KOpHCTyBaua
3aBepIleHICTh IHTEHCUBHICTH X = A/B KinpkicTh [TinpaxyHOK KiJBKOCTI
BIJIMOB. ! BIZIMOB BiJIMOB, 1110 BUHHKAJIN

NPOTATOM 33/IaHOTO Yacy
CIIOCTEPEIKCHHS
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BucHoBKkH

Po3nmin  monene#t  sixkocti  2501n  craHnmapris
SQuaRE onwucye Mozeni sikocTi mporpaMHoro 3abesre-
YeHHS, SKi MITPUMYIOTh UiTKE BH3HAUEHHS BHMOT JI0
SIKOCTI TIPOTPaMHOTO 3a0e3MedeHHs .

XapaKTepuCTUKU B MOJICNI SIKOCTI y BUKOPUCTAaHHI
Ta MOJENi SKOCTi MPOAYKTY MPHU3HAUYCHI IJIT BHKOPHC-
TaHHS K HaOip y cremudikarii abo OImiHIi SIKOCTI Mpo-
TpaMHOTO TPOIYKTYy abo KoM foTepHoi cucteMu. Ciif
3ayBaXXHUTH, III0 HOMEHKJIATypa [TOKAa3HUKIB SKOCTi KOH-
KpPETHOTO MPOTPaMHOr0 MPOAYKTY abo CHUCTEMH, SIKi
MJIATaloTh BUMIPIOBaHHIO, HE OOOB’S3KOBO ITOBHHHA
BKJIIOYaTH Bech Ha0lp XapaKTepHCTHK/IiaXapakTepuc-
THK BIJINOBIHOT MOZEJI SKOCTI.

L1 HoMeHKIaTypa Oyle BU3HAYaTHCS HEepL 3a BCe
METOIO TOCIIi/UKEHHS, BKJIUBICTIO Y1 KPUTHYHICTIO THX
YH 1HIOMX XapaKTEePUCTHK/MIAXapaKTepPUCTHK IS IPo-

MEHT NOKa3HHKa sIKOCTi. EtanoHHa mopens BuMipio-
BaHHs sKOCTi omucana B cranmapti ISO/IEC 25020,
SIKUH CTBOPIOE METOIOJIOTIYHY OCHOBY JUIsl IPOLIEIYPH
BUMIPIOBaHHS SIKOCTI NMPOTPaMHUX TNPOAYKTIB Ta CHC-
TEM.

Craugaptu  ISO/IEC 25022, ISO/IEC 25023,
ISO/IEC 25024 Bu3HA4al0Th NOKA3HUKH SIKOCTI Ta QyH-
KIIiF0 BUMIPIOBAaHHS I KOJKHOI XapaKTEPUCTUKHU SKOC-
Ti MOJIENI.

OyHKIIiS BUMIPIOBaHHS TOB’S3Y€ TTOKA3HUKHU SKO-
CTi 3 eIeMEHTaMH BUMIpIOBaHHS SKOCTI, AKi Oe3mocepe-
JTHBO BUMIiPIOIOTHCSL.

JlocuTh MIMPOKHH TEpeltiK eJIEMEHTIB MOKa3HUKIB
sikocti mictuth ctanaapt ISO/IEC 25021.

OCHOBHUMH  IiepeBaramMm  cepii  cTraHIapTiB
SQuaRE € Te, 1m0 BOHNM HaAIOTh METOJUKH KOOpAWHA-
nii A7 BUMIPIOBaHHS Ta OLIHKH SIKOCTI MPOTPaMHHUX
MIPOAYKTIB, HACTAHOBH 13 CIIeIM]iKaIliii BHMOT 10 SKOC-

Ti IPOTPaMHOTO MPOAYKTY Ta TaAPMOHI3AIlifo 31 CTaHIAp-
tom ISO/IEC/IEEE 15939 y ¢dopmi eranonnoi mozeni
BHMIipIOBaHHS SKOCTI.

rpaMHOro 3a0e3MedeHHs] KOHKPETHOIO THILY, HpH3HA-
YEHHs1, yMOB 3aCTOCYBaHHS TOLIO.

BuMiproBaHHA SKOCTI IPOTPaMHOTO 3a0e3MedeHHs
0azyeThCs Ha JBOX MOHSATTSX: IMOKA3HUK SIKOCTI Ta elie-
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Software quality measurement
based on SQuaRE standards

O. Zaporozhets, N. Shtefan, I. Yatsenko

Abstract. Quality is one of the factors that ensure the commercial success and safety of software use. Quality
means compliance with the explicit and implicit requirements of various stakeholders. A common understanding between
developers and users must be ensured, and engineers must understand the meaning of quality, the characteristics, and the
importance of quality for the developed or maintained software. The basis of quality assurance is measurement. They are
the main tool for managing the life cycle of software products, evaluating the implementation of plans and monitoring. To
quantify quality, it is necessary to measure the characteristics of the software. Standardization involves the unification of
quality requirements, its measurement and evaluation. The use of standards provides many potential benefits for any
organization, especially in such key areas as measuring the quality of software products, information and measurement
systems. Recognized international standardization organizations have published the ISO/IEC 25000 series of standards on
requirements and quality assessment of SQuaRE systems and software, which is gaining wide practical application. The
article discusses the SQuaRE series of international standards, analyzes the relationship between the quality model, quality
characteristics, quality indicators and a new concept - the software quality measure element, and presents quality
measurement based on these standards.

Keywords: quality, quality model, software, measurement, standard, quality measure.
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Harmionansanii yaiBepentet «llonraBepka momitexnika imeni FOpis Konnpartroka», [lontaBa, Ykpaina

3ACTOCYBAHHSA KOMBIHATOPHO-TPA®OBOI'O IIIAXOAY
J0 OIIEPATUBHOI'O YIIPABJIHHSA IHHKEHEPHUMHU MEPE KAMHU

Aunorauisi. [Ipu gocrmimkerni imkeHepHux Mepex (IM) sik 00'€KTiB ONEPATHBHOTO YIPABJIiHHS MONEPESIHBO OYIIO0 BUKO-
HaHO II€BHI PO3pOOKHU Ta NpH IOMY OyJIO OTPHMaHO TaKi pe3yJbTaTd. 3IiHCHEHO (opMai3anito CTpyKTypH Ta QyHKIIio-
HaJIbHUX JIEMEHTIB OIlepaTHBHO KepoBaHMX IM Ta 3p00ieH0 NOCTaHOBKY y3arajJbHEHOI 3a/1adi ONepaTHBHOTO YIPaBIiHHS
TakuMH 00'ektamMu. Po3po6ieHo cucteMy MOKa3HHKIB JUISL OIIHKM KEPYIOUUX aITrOPUTMIB, IO MOPOKYIOTHCS BiIOMUMHI
METOJJaMH peajti3alil oCTaBlIeHol y3araJbHeHOI 3a/1adi onepatuBHOro ynpasiniHasa IM. [IpoBexeHo aHaini3 Kepyrouynx ai-
TOPHUTMIB, III0 MOPOIKYIOThCS y3araJbHEHOIO 331a4el0, 3 BAKOPUCTAHHAM JUIA Ili€]l METH CUCTEMH NOKa3HHKIB ISl OL[IHKH
Kepyouux anroputMis. [lokazaHo, o BiJoMi METOAM peatizalii y3aralbHEHOTO 3aBJaHHS ONEPATUBHOTO ymnpapiiHHA IM
HE JI03BOJIIIOTH OTpUMATH e()eKTHBHI Kepyroyl anroputMu. Ha mifcrasi 11poro 3po0ieH0 BUCHOBOK PO HEOOXiAHICTh Ta-
KHX HOBUX MiAXOXiB 10 ympaBmiHHA IM, siki 6 BpaxoByBalM CyTTEBI CTPYKTYpHi Ta (QYHKIIOHAIBHI 0COOIMBOCTI 00'€EKTIB
YIPaBIiHHS KJIACy, IO PO3MIIAAETHCS, 1 MOPODKYBAIN eEeKTHBHI AITOPUTMH OIepaTHBHOTO ynpapiiHHs. Lli pesynpraTu
BUKOPHUCTaHI y AaHiil po6oti momo IM B acrieKkTi onepaTHBHOTO yNPABIIiHHSA TAKUMH 00'€KTaMHU.

Kaw4oBi cioBa: imKeHepHA Mepeka, MOJETIOIUNl rpad, MOTOKOPO3MOALI, aKTUBHUN €JIEMEHT, EBPUCTHKU, KOMOi-

HAaTOpPHO- rpadoBUil MiAXia.

Beryn

IMocranoBka mpodsiemu. Binomi meBHi crocobu
peanizauii mporneciB ynpasiiHag IM, 110 BHKOPHCTO-
BYIOTh pi3HI METOAM pPO3PaxyHKY IOTOKOPO3MOALTIB,
II0 BCTAHOBWJIMCS B IHXKGHEpHHX Mepexax. Jo Hux,
30KpeMa, HaleXKaTh:

— metona Herotona,

— moaudikoBanuit MeTox HeroToHa,

— mertox Jlobawoa-Kpoca,

— y3arajgbHeHui meroa HproToHa,

— METOJ HOKOOP/IMHATHOT'O CITYCKY,

— METOJ criojiydeHux HanpsimiB duetyepa-Pisca,

—wMeron 3minHOl Merpuku J[leBimoHa-Dietuepa-
MMayenna [1].

IIpakTruynHa peaiizailisi KePyHOUYHX MPOIECiB, 3a-
CHOBaHMX Ha IepepaxoBaHUX METOJax, 3yCTpiuae Ha-
cTynHi npobnemu [2, 3].

1. HeoOximauit myxxe Bemukwii obcsr OIl xepyro-
qoi EOM s 30epiraHss 1aHuX, mo OepyTh ydacTs y
00YHCITIOBAIEHOMY TIPOIIECi: anpiopHOi iH(popMarii mpo
mapameTpH Beix xyr IM 1 pobodoi inpopmarii — mpomi-
JKHUX BEJIMYHH, 1[0 BUKOPUCTOBYIOTHCSI B OOUHCIIIOBA-
JILHOMY TIPOIIECi.

2. HeoOxigHi 3Ha4HI BUTPATH MPOLECOPHOTO Yacy
kepytouoi EOM 11t BUKOHAHHS y’Ke BEJUKOI KiTbKOC-
Ti iTepariii 3 METOI0 PO3pPaxyHKy KEpyHOUHX BIUIHBIB,
10 3a0e3Meuyr0Th HEOOX1THUI MOTOKOPO3MOIi.

®opmya0OBaHHA MeTH CTaTTi. Buxonsuu 3 mo-
NepeHbOT0 aHajli3y, B JaHii poOOTI IHpPOMOHYEThCA
IHMMHA miaxix no ynpasninesa IM, Gesmocepennbo He
TIOB'I3aHUI 3 HEOOXIAHICTIO PO3PAaXyHKIB BCTAHOBJICHNX
MOTOKOPO3moAiiB B IM.

Byayun xombinaTopHO-TpadoBHM, 3aIpPOIIOHOBA-
HUI TiIXiZ BpaXxoBye CYTTEBI CTPYKTYpHI Ta (yHKIiO-
HaJbHI 0COOIMBOCTI 00'€KTIB YIPaBJIiHHSA PO3TIISIYyBa-
HOTO KJIacy.

um BiH no3Bonsge cyTTeBO 3MeHIIHTH 0bcsar Ol
Ta CKOPOTUTH KUIBKICTh MPOIECOPHOTO Yacy Kepyrodoi
EOM, HeoOxiguux aist GOpMyBaHHsS KEpyIOYHMX BIUIU-
BiB Y IH)KEHEPHUX MEpEexkax.

OcHOBHA YaCcTHHA

Jlyis po3miisay 3amporoOHOBAHOTO B JAaHi pPoOOTI
KOMOiIHaTOpHO-TpaoBOTO MiAX0oAy M0 ympasiuiHHs IM
BBE/IEMO HACTYIIHI TIOHATTS Ta MO3HAYCHHSI.

Muoxwuny BepumH rpada G, mo BiAmoBimae By3-
gaM IM N, mOigKIOYeHHM [0 aKTHBHOIO eJeMEHTa
(AE), mo3HaunMo A 1 Ha3BEMO MHOKMHOKO BXIiJIHHX
BepmuH rpada G. VY peamsHux IM BXimHUMHE BepIIHHA-
MH € JIMIIe JesKi 3 MHOXHMHHU BCix BepmnH V. Tomy
BBa)XaTUMEMO, [0 MK MHOXXHHOIO BXIJHHUX BEpUIMH A
Ta MHOYKHHOIO BCiX BEPIIMH V Ma€ MICIle TaKe CIiBBiJI-
womeHHs: AcCV. Ilesuuii AE, sikuii 01€KTMBHO BiamoBsi-
Jla€ BXIIHIN BEPIIMHI X, IO3HAYUMO Sy, 1¢ X< A. Biarmo-
BIJTHO JI0 MAaTEeMaTHYHOI MOJIEJi MOTOKOPO3MoaAiIy B IM
[1 - 3], B pe3ynaprati dhynkmionyBanus AE Sy cTBOpro-
IOTHCsI TIEBHI HAopH (piBHi) 1inboBoro mpoaykry (LIIT)
Zyy BepmmHax Y, 1e XeA, yeV.

Koxwiii ny3i je E mozpentorodoro rpada G nocra-
BUMO Yy BIINOBiAHICT BenuuuHy lj, mo ¢opmaitizye
rigpaBniuauii a00 aepoAWHAMIYHHUEA OMmip BiAMOBIIXHOT
JstHKY po3risiayBaHoi IM N.

IcHyIOTB pi3HI CIOCOOM pO3paxyHKY 3HAYEHB lj st
peansHux IM. i BenMYMHM TaKoXX MOXYTh OyTH BH-
3HaueHi y npouneci ineHTudikanii IM sik 00'ekTiB orepa-
THBHOTO yrpasiinas [3, 4].

Hexaii Bepumman x,yeV mozemotouoro rpada G
3B'A3aHi JIAHIIOTOM Pyy.

Topni noBxwuHa naHmora Pyy, 110 BUpaxae omip Bi-
anoBinHOT AutsHkK IM N, Moxke OyTH BH3Ha4eHa CITiB-
BIIHOIIEHHSIM:

Ly= 2. 1.

je Py

VY 3aranbHOMY BHIAJIKy PO3IJIIHYTI BEPIIMHU X,
yeV rpada G MoXyTh OyTH 3B'si3aHi KiJIbKOMa JIAHIIIO-
ramu Pyy, 1m0 00yMOBIIEHO HAsSBHICTIO AEKITBKOX MiJs-
HOK B IM N, mo 3'enHyioTh BiAmoBimHi By3mu. Tomi
HalKOpOTWIMM JaHLtoroM Kyy Ha3BeMO TakMH JAHLIIOT
Pxy, KUl Ma€ HaIMEHITy TOBXUHY Lyy.
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Hoxuny Lyy HalikopoTioro nanmora Kyy nosna-
9UMO Myy.
Bennunna Myy BU3HaYaeThcs HACTYIHUM CIIIBBiJ-

HOIICHHAM:
Myy = min {Lxy}.

/‘_>\/A
(L]
(4

O
=

Mogentotounii rpad G TOMOJIOTIYHOT CTPYKTYpH
IM N, sixuit popmanizye komOGiHaTopHO-rpadOBHid mi-
Xil 10 ymnpaBiiHHS 00'€KTOM pO3IIISAYyBaHOTO KIAacy,
HaBeJeHO Ha puc. 1.

Puc. 1. Monenrorountii rpad G Tonosorignoi crpykrypu IM N, sxuit popmanizye
KOMOiHaTOpHO-TpaOBHUIl MiIXix X0 YIPaBIiHHSA 00'€KTOM PO3IIISIYBAHOTO KIIACy:

O — Bxigni Bepumau rpaga G.

. — IIpomixHi BepunHE Tpada G.
O — Buxiani Beprmnau rpada G.

— Jlyru rpaga G.

Buxonsun 3 MaTreMaTudHOi MOJIEN TOTOKOPO3MO-
ity B IM N, mporec ynpaBniHHS 00'€KTOM PO3TIIIAY-
BaHOT'0 KJIaCy BKJIOYAE I[iJIECIIPSIMOBAaHI BIUIMBU Ha BCi
abo meski AE Sy, ne xeA, mans peamizamnii HeoOXiTHUX
3miH HamopiB (piBHiB) LIl Zy, ne yeV, BiamoBixzHO IO
MEeBHUX KpUTEpiiB yrpasminus [1 — 3].

Juis peanizamii nmporecy ymnpasimiHHSA IM y 1iboMy
MiAPO3Iii MPOMOHYETHCS BUKOPHCTOBYBATH TaKi eBpH-
CTHKH.

1. Inst 3MiHM BeTMUMHK Zy HEOOXIHO HacaMIepen
BukopuctoByBat Ti AE Sy, ski HalieQexkTuBHime
BIUIMBAIOTh HA BEJIMUKHY Zy, JIe XeA, YeV.

2. Cryninb BBy AE Sy Ha BenmunHy Hanopy Zy
XapaKTepu3yBaTHMEMO JOBXHHOIO Myy HallKopoTHIOTOo
naniora Kyy 3 BeplvHu X y BeplIuHy y, 1e XA, yeV.
IIpu 1pbOMy 4MM MEHIIA AOBKMHA HAaNKOPOTILOTO JIaH-
ILIOTa, THM CTYIIiHb BIUTUBY IeBHOTO AE Ha Hamop (pi-
Bens) LI y posrmsgyBaniil BepmuHi BBaXKaeThes OiTb-
LIO00.

CrpaBe/yIMBiCTh JTaHUX EBPUCTUK OOYMOBJICHA
CITIBBITHOIICHHSMH, 110 BCTAHOBIIIOIOTH B3a€MO3B'SI3KH
MDK KEepyIOUMMH 3MIHHHUMH Ta NapamMeTpaMH ITOTOKO-
PO3MOALIIB, 0 BCTaHOBMIUCS B IM.

BignoBigHo 1o cnenugiku MaTeMaTHIHOT MOJENi
norokopo3nonuty B IM naHi €BpPHUCTHKH CIIPHUSIOTH
3MEHIICHHIO EHEPreTMYHHX BUTpPAT IIPH CTBOPEHHI

C— 1- Jlyru nanmora Pxy Ha rpadi G.

— Jlyru HaitkopoTiioro nanmtora Kxy Ha rpadi G.

_|:|_) — CHII, migrutiodeni 10 BUXiTHUX BepiuuH rpada G.

— AE, 110 BiAMOBiIat0Th BXigHUM BepinuHaM rpada G.

JOITyCTUMHX YMOB (PYHKI[IOHYBAaHHS JJIs CIIOKHBAYiB
nitpoBoro mpoaykry (CLII), migkimoueHHX A0 po3ris-
nyBanoi IM. Ile cnpusie peamizamii y3arajibHEHOTO 3a-
Jladi ONepaTUBHOTO YIPABIiHHS B pO3rsayBaHiit IM.

3anpornoHoBaHUH KOMOIHATOPHO-TPapOBUH MMiIXi
Jo ynpasiinas IM ¢opmarizyeMo HaCTyITHUM YHHOM.

Hexaii MHOXHMHH V 1 A MICTATh BiAMOBIAHO V i a
BepmuH: | V [=v,|A|=a.

3 ymoBU A C V BUIUIHBAE, MO0 a < V.

He 3MeHmIyto4M CHiJBbHOCTI, BCI BEPUIMHH MHO-
KMHU V 3aHYMEpPYEMO V MOCIIIOBHUMH HATYpaTIbHUMH
YUCJIaMU TaK, IO TEpIi a 3 HUX BiAMOBIAAIOTH ITiIM-
HOXUHI A c V.

OCKUTBKY KOXHIH BXiJHIH BepIINHI X € A Ol€KTH-
BHO BimmoBimae AE Sy, 3'eqHaHuil 3 PO3MIIAIYBaHOO
BX1IHOIO BEpIIMHO0, OyJIeMO BBaXKATH, MO KOxHUH AE
Sx Mae HOMep, LIO BiAnoBijgae BXimHii BepmmHi Dy. B
upoMy BUnanaky Bci AE Sy OymyTh Tak camo, K 1 BXiJqHi
BEpIIUHH X C A, 3aHYMEpOBaHi MEPIIUMHU a HaTypallb-
HUMH YUCIIAMH.

s KoKHOT BepIIMHU y € V YHOPSAKYEMO MHO-
*uHY HOMepiB ycix AE Sy 3a crymenem ix BmimMBY Ha
BeIHYUHY 2y, e X € A.

Cryninb BBy AE Sy Ha Benmuuny Zy BiAmoBi-
HO [0 TPHUHHATHX EBPHUCTHK OI[IHIOBATHMEMO IOBXKHU-
HOIO My HalikopoTmmoro nanmora Kyy, ne x € A, ye V.
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JAnst boro KOKHIH BepunHi y € V 1ocTaBUMO y BifIo-
BIZIHICTh BeKTOp Dy, KOOpOMHATaMH SIKOTO € HOMEpH
Bcix AE Sy, ynopsiakoBaHi 3a 3pOCTaHHSIM BEJIWYHUHH
Myy, 1e X € A.

Taxuii BEKTOp Ha3BEMO BEKTOPOM YIOPSIKYBaHHS
HoMmepiB AE 3a cTyneHeM IXHBOTO BIUIMBY Ha BEJIHYHHY
ZyyBepumHi y € V.

Po3mipaicTs BekTopa Dy U KOXXHOI BEpIIMHHU Y
€ V, sika BU3HAYAETHCSI YHCIOM HOTo KOOpAWHAT, 10pi-
BHIOE 3aranbHiii kinpkocti AE a ananizoBanoi IM N.

Bekrop Dy Moxe OyTn BUKOpUCTaHHH Uil BH3HA-
yeHHs THX AE Sy, Ha ki MOTpiOHO BIIMBATH B TIEPIIY
4epry Ipu HeoOXiTHOCTI 3MiHU BETMUHUHH Zy Y BEPIINHI
y y npoueci ynpapniaas IM N nex € A,y € V.

CyxkymHicTh BekTopiB Dy mns Bcix BepmmH y € V
ytBoproe marpumio D = {Dy}. Marpumo D nHazsemo
Matpuuero ynopsakyaHus AE Sy, ne x € A, 3a cryne-
HEM IXHBOTO BIUIMBY Ha HANOpH Zy y BCIX BEpIIHHAX Y
€ Vrpaga G.

Koxanm psakom matpuni D € Bektop Dy, mo Bi-
IToBinae meBHiM BepmuHi y € V. Tomy 4mcno enemeH-
TiB y psaKy Matpumi D, 1o BU3HaYa€e KiJIbKICTh 11 CTOB-
IIiB, BINMOBiZa€ po3MipHOCTI BekTopa Dy 1 mopiBHIOE
YHCITy a.

Yucno psiakiB matpuili D BU3HAYa€ThCS KiIBKICTIO
BCIX BEpIIMH Yy, IO BXOJATH A0 MHOXHHH V, 1 TOMY
nopiBHIoe unciy v. Otxe, matpuus D Mae po3MipHICTb
V X a.

Martpurst D ¢opmanisye 3anpornoHoBaHAN y IHO-
My MiJpo31ii KoMOiHaTOpHO-rpadoBUil miaXia A0 yI-
pasnmiaasa IM N.

BucHoBkn

3arpornoHoBaHuii KOMOiHATOPHO-TpadoBUl MiIXifg
MOKe OyTH BHKOPHCTAHMHA TPH CHHTE31 CHCTEM, IO
peari3yroTh mporecu yupaBiiHHA IM po3risiTyBaHOTO
KJacy.

Ha BigMiHy Bix BioMux crioco0iB yIpaBimiHHS, 3a-
CHOBAaHMX Ha YHCEIBHUX METOAAX PO3PaxyHKy MOTOKO-
posnoxiniB B IM, 3anpomoHOBaHUH MigXin y 3arajibHO-
My BHUIQJIKy He 3a0e3ledye ONTHMAILHOTO YIPaBIIiHHS
o0'ekTaMM PO3IIIsIyBaHOTO Kiacy. [IpoTe BiH BpaxoBye
CYTTEBI CTPYKTYpPHI Ta (DYHKI[IOHANBHI OCOOIHMBOCTI
TaKUX 00'€KTIB.

Ile mo3BOJIsIE MOPIBHSAHO 3 BiOMHUMH METOJAMHU
3HAQYHO 3MEHIUUTH HEOoOXimHUH o0OCsr onepaTHBHOI
mam'sTi Ta CKOPOTUTH HEOOXiAHY KIJIBKICTH HpPOIEeCOop-
HOro 4yacy kepyro4yoi EOM.

CIIMCOK JIITEPATYPU

1. Tkauyk O.A. Micbeki imxeHepHi Mepexi: HaBuansauii mociOnuk. — Pire: HYBITI, 2015. — 412 c.

2. BusHayeHHs MOTOKOPO3MOALTY B MEpekax 3 MepeBaKarOuO0 JePEBONOAIOHOI0 CTPYKTYPOO rpada Ha OCHOBI MOTEHIIATY B
cepeniii Toumi rinok-xopx / C.J{. Bunnuuyk // Pexxum moctymy: http://dspace.nbuv.gov.ua/handle/123456789/133524

3. Koanenko A. A., Kyuyk I'. A. Metonu cuHTte3y iHpopManiiiHOi Ta TEXHIYHOI CTPYKTYyp CHCTEMH YIPaBIiHHA 00’€KTOM
KpUTUYHOTO  3acTocyBaHHA.  Cyuacwi  ingpopmayiini  cucmemu. 2018. T.2, Nel. C. 22-27. DOI:
https://doi.org/10.20998/2522-9052.2018.1.04

4. Jlesi JLI. InTenexryanbHi iHpopMariiiHi TeXHOIOTIT B ifeHTH(IKaLil | KepyBaHHI CKJIaIHUMU TEXHIYHUMH 00’ €KTaMHU B yMO-
BaxX HEBH3Ha4ueHOCTi: [MoHorpadis]. — [Tonraa: HamionansHuii yHiBepcuteT «llontaBcbka momitexHika iMeni HOpis Kona-
patrokay, 2021. — 194 c.

Received (Hagitinna) 14.02.2024
Accepted for publication (ITpuitasara no apyky) 17.04.2024

Application of the combinator-graphic approach to the operational management
of engineering networks

L. Lievi, M. Borozdin, O.Yastreba

Abstract. Based on special sociological studies, it has been established that achieving a high level of engineering sup-
port for residential buildings, as well as household enterprises and institutions, helps to improve the sanitary and hygienic level,
has an extremely beneficial effect on the health of the population and on labor productivity, thus contributing to the solution of
important national economic problems. The most important aspect of this problem is improving the functioning of modern urban
water supply and gas supply systems to ensure the required regimes of water and gas consumption by household facilities, as well
as social and cultural facilities. The need to further improve agricultural production and improve the life of the rural population
puts forward increased demands on the implementation of the processes of functioning of irrigation systems, as well as agricul-
tural water supply systems. The need to further improve agricultural production and improve the life of the rural population puts
forward increased demands on the implementation of the processes of functioning of irrigation systems, as well as agricultural
water supply systems. During the study of engineering networks (EN) as objects of operational management, certain develop-
ments were previously carried out and the following results were obtained. 1. The formalization of the structure and functional
elements of operationally managed ENs was carried out and the generalized task of operational management of such objects was
formulated. 2. A system of indicators has been developed for the evaluation of control algorithms generated by known methods
of implementation of the set generalized task of operational management of EN. 3. An analysis of control algorithms generated
by a generalized problem was carried out, using for this purpose a system of indicators for evaluating control algorithms. 4. It is
shown that the known methods of implementing the generalized task of operational management of EN do not allow obtaining
effective control algorithms. On the basis of this, a conclusion was made about the need for such new approaches to EN man-
agement, which would take into account the essential structural and functional features of management objects of the class under
consideration, and generate effective operational management algorithms. These results are used in this work on EN in the aspect
of operational management of such objects.

Keywords: engineering network, modeling graph, flow distribution, active element, heuristics, combinatorial-graph ap-
proach.
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MODELS OF THE SYSTEM OF COLLECTIVE SELF-ORGANISATION OF
UNMANNED AERIAL VEHICLES USING ARTIFICIAL INTELLIGENCE

Abstract. The article examines the current state and trends in the development of unmanned aerial vehicles (hereinafter - UAVS),
methods and means of their control, self-organisation, flight routing, as well as the involvement of artificial intelligence
technologies in the UAV teams system. The main trends in the use of UAVs in the defence sector are analysed. The key problems
in this area are highlighted, as well as the shortcomings of existing methods and systems. The article analyses scientific works of
domestic and foreign scholars, studies problematic issues and suggests ways of their solution. The introduction of artificial
intelligence into the UAV control system has significant potential and makes the development of these technologies urgent. The
development of UAV collective control systems, including those using artificial intelligence, allows for the effective use of
technology in various fields, ensuring increased coordination, functionality and overall efficiency. At the same time, despite active
research in this area, a number of problems related to the development of methods and algorithms for group work still remain
unresolved. The issue of integrating information technologies created on their basis and the specifics of their implementation in
collective intelligence systems in order to increase the efficiency of solving complex formalised tasks is not sufficiently studied. A
method of self-organisation of the UAV team with decentralised control is proposed, in which a number of functions (route planning,
distribution of roles, determination of optimal actions, obtaining and processing information) assigned to the onboard control system
of the robotic air complex can be performed by each element of the UAV team system due to their self-organisation. The practicality
of this method lies in the fact that the UAV's artificial intelligence will constantly self-learn and improve, and if necessary, can be
reprogrammed to meet the required conditions of the task. As a consequence, the results and time required to complete missions will
improve significantly, while the number of control operators will decrease. It solves a number of problems and shortcomings related
to the organisation of the management system, route planning, distribution of roles, speed and completeness of receiving, processing
and transmitting information, which in turn improves the security and performance of the system.

Keywords: agents, algorithms, artificial intelligence, aviation complex, division of roles, collective, coordination, control,

information technology, multi-agent systems, routing, self-organisation, self-training, swarm, unmanned aerial vehicle.

Introduction

Relevance (Problem statement). Building models of
the UAV collective self-organisation system is a very
relevant topic in today's realities. In the context of the
armed aggression of the Russian Federation, the need to
develop and modernise UAVs, their control systems,
improve tactical and technical characteristics, and
introduce innovative technologies has intensified.

UAVs are used in all spheres of modern society,
including agriculture, electricity, geodesy and cadastre, oil
and gas mining, security, construction, forestry and road
maintenance, as well as in law enforcement agencies,
including the armed forces of states. This paper focuses on
the implementation of the UAV collective self-
organisation system in the security and defence system.

The relevance of the chosen research topic lies in the
constant  scientific and technological progress, the
development of robotics and information technology
(hereinafter - IT). Over the past few years, the technology of
unmanned aerial vehicles has seen continuous technological
development, from being used in the important defence
sector to being used in all other areas. According to Globe
Newswire, the global military drone market is projected to
reach USD 23.78 billion by 2027 [1].

The introduction of artificial intelligence (Al) into
the UAV control system has significant potential and
makes the development of these technologies urgent. The
use of Al in UAV systems allows for quick and adaptive
decisions in changing circumstances. This is especially
important for real-time tasks, such as threat detection or

navigation in low visibility conditions. Al allows UAVs
to efficiently and quickly process large amounts of data
received from sensors and cameras. This improves the
capabilities of reconnaissance, object detection and
information analysis over large areas. In addition, the
introduction of the method of collective use and control
into the UAV control system allows UAVSs to perform
their tasks more efficiently by coordinating their actions
together. In the military sphere, UAV collective control
systems can serve to increase tactical flexibility and
coordinate military operations. Ensuring synchronisation
of actions, they can perform complex military tasks.
The development of UAV collective control
systems, including the use of Al, allows for the efficient
use of technology in various fields, ensuring increased
coordination, functionality and overall efficiency.

Analysis of the latest research and publications

In their article "Organisation of the work of a group
of unmanned aerial vehicles”, Golembo V.A. and
Melnikov R. G. considered the basic theories and
algorithms that help to achieve joint coordinated actions
of a group of objects, and proposed an algorithm for
avoiding possible collisions between neighbouring
UAVs by recalculating the flight path [2].

In their research article "Methods for solving tasks
of planning agent behaviour in intelligent decision
support systems", A. Berezhnyi, M. Soroka, and N. Salo
determined that the tasks of planning agent behaviour in
the environment of a decision-making/decision support
system characterised by high dynamism require special

© Trystan A., Zhukov D., Berezhnyi A., 2024
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flexibility of intelligent agent methods. In such systems,
it is impossible or insufficient to find only a static plan, it
is necessary to dynamically adapt some initial plan to a
dynamic environment and, possibly, a dynamic goal
directly upon receipt of new information, i.e., the
development of the methods specified in this subsection
lies in the plane of building methods of dynamic and
adaptive planning [3].

In 2020, in his dissertation on "Methods and
Information Technology for Automated Planning of
UAYV Flight Routes to Increase the Efficiency of Object
Search”, A. Berezhnyi solved the urgent scientific and
technical task of developing methods and information
technology for automated planning of UAV flight routes
to increase the efficiency of object search [4].

In their monograph, Pogudina O. K., Krytskyi D.
M., Bykov A. M., Plastun T. A., Pivovar M. V. on the
topic "Methodology for the formation of the intellectual
component of the agent system of a swarm of unmanned
aerial vehicles”, new scientific and practical justifications
were formed, which together solve an important
scientific task, which is to increase the efficiency of
UAVs in performing various tasks by controlling swarm
intelligence using the provisions of graph theory, multi-
agent modelling and existing stereotypes of adaptive
behaviour of swarm participants [5].

Demidov B. O., Borysenko M. V., Kucherenko Y. F.,
Zadorozhna A. Y. in their article "Perspective directions
of development and application of artificial intelligence
methods and technologies for the Armed Forces of
Ukraine within the framework of implementation of
modern innovations in the military sphere” consider
priority directions and main tasks of development and
application of artificial intelligence methods and
technologies in the defence sector. The authors argue that
in complex, poorly formalised or non-formalised
management situations that cannot be interpreted within
strict schemes, the use of Al becomes necessary to
support the processes of effective management of
activities in the defence sector, including the Armed
Forces of Ukraine (hereinafter - the AFU). According to
the concept of Al development, priority areas of activity
are proposed for the foreseeable future, which are
included in the strategic programme of measures in the
field of development and implementation of Al
technologies for use in the AFU [6].

Professor Nurul I. Sarkar in his paper "Artificial
Intelligence-Based  Autonomous UAV  Networks"
presented a comprehensive overview of autonomous
UAV networks based on artificial intelligence.
Conducted a thorough analysis of more than 100 articles
on UAVs, including classification of autonomous
functions, management and scheduling of network
resources, multiple access and routing protocols, as well
as power control and energy efficiency of UAV
networks. A review and analysis of the literature on UAV
networks has shown that Al-based UAVs are a
technologically feasible and economically viable
paradigm for the cost-effective design and deployment of
such next-generation autonomous networks. This article
identifies open research challenges in the emerging field
of UAV networks [7].

Yograj Singh Mandloi & Yoshinobu Inada's
research focuses on applying machine learning and
neural networks to select actions and better understand
the environment to control unmanned aerial vehicles,
rather than using explicit models to achieve the same
goal. Implementations of machine learning and deep
learning algorithms, such as nonlinear regression, have
been combined with neural networks to study the system
dynamics of the drone to predict future states [8].

Shreyamsh Kamate and Nuri Yilmazer in their
article obtained information using UAVs used to detect
and track moving objects. The main goal of this research
is to assist operators by implementing intelligent visual
surveillance systems that help detect and track suspicious
or unusual events in a video sequence [9].

Mustapha Bekhti, Marwen Abdennebi, Nadjib
Achir, Khaled Boussetta in their article investigated the
route planning of autonomous UAVs with tracking
capabilities provided by ground-based wireless
networks. They formalised this problem as a constrained
shortest path problem, where the goal is to minimise the
delay in reaching the destination while ensuring a certain
delivery rate of UAV location messages [10].

In their 2021 research article, Zain Anwar Ali,
Zhangang Han, and Rana Javed Masood proposed
collective motion control and self-organisation of a swarm
of 10 UAVSs, which are divided into two clusters of five
agents each. In this paper, we develop a 3D model of the
entire environment using graph theory. To solve the above
problems, this paper develops a hybrid metaheuristic
algorithm by combining particle swarm optimisation
(PSO) with a multi-agent system (MAS) [11].

In the research article "Nature-inspired self-
organising collision avoidance for drone swarm based on
reward-modulated spiking neural network", the authors
build a model of obstacle avoidance for a swarm of
drones based on the decentralised, self-organised method
of swarm behaviour in nature. Each individual uses a
spiking neural network with reward modulated bursts for
autonomous learning and makes decisions based on local
observations. The result is a swarm of drones with safe
flight behaviour. This work demonstrates the biological
plausibility of the mechanism of learning and cognitive
behaviour, and provides a basis for the development of
swarm intelligence [12].

The article aims to analyse existing methods of
UAV self-organisation based on artificial intelligence
and describe the communication of UAV team self-
organisation for poorly formalised tasks (missions).

The solution

Methods for improving and implementing
innovative technologies in UAVs' collective self-
organisation systems have been studied by domestic and
foreign scientists relatively recently [5,7,10,11].
Numerous scientific articles propose solutions to
problematic issues in the field of Al application in UAV
control systems, building a control system based on
various systems and platforms, for example, using multi-
agent systems. At the same time, there are still many gaps
and shortcomings, methods to improve the already
proposed research results.
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One of the most pressing topics of current
discussions and research is the improvement of the
effectiveness of tasks, including combat ones, by robotic
systems. During the armed aggression of the Russian
Federation, special attention was focused on the use of
UAV systems in combat, which was due to several
significant reasons. Firstly, aerial reconnaissance and
other units of the AFU demonstrated high combat results
in performing tasks of varying complexity and nature.
Secondly, we can see the high technical potential and
relative safety of UAV operators during missions, as well
as the economic feasibility of their use.

The military use of robotic systems has become an
integral part of the armed forces of states in modern
warfare strategies. UAVs are used to perform combat
missions, such as distracting air defence systems,
destroying military targets, equipment, enemy personnel,
military infrastructure, as well as conducting aerial
reconnaissance and monitoring of combat operations,
coordinating and managing units, and delivering
medicines and other important cargo. Unmanned aerial
systems will continue to be used in various military
operations due to their high effectiveness in performing
combat missions, reducing losses, and because they can
perform highly specialized and long-term missions. First
of all, in order to understand the research problem, it is
necessary to analyse and build a sequential series of UAV
systems development (schematically shown in Fig. 1).

The origin of an idea

{>

The first UAVs were introduced

RV

Development and creation of

1849 - early 20th century

early 21th - 1945

UAVs for various purposes 1946 - 1991
Development of multi-purpose 1046 — 1991

UAVs

RV

Modernisation of control,
routing, communication and
navigation systems

s

Introducing Al into the UAV
management and organisation
sy stem

1991 - present day

1991 - present day

Fig. 1. Sequrnce of UAV development
(developed on the basis of research [14])

After the security and defence forces started using
single systems, the need to improve this area arose. In
addition to wupgrading the tactical and technical
characteristics (TTC) of the UAVs, work was carried out
to update the communication and routing control systems.
More innovative technologies have been introduced

following the emergence of scientific opinions on the
collective use of UAV systems and the integration of Al
into management and decision-making systems.

The chronological development of UAV systems
was studied in the research paper by V. Ryazanov. The
author notes that the history of UAV development can be
divided into four main stages. Among the trends of
modern development, he lists the expansion of UAV
strike capabilities and the creation of a high-capacity
strike  UAV; creation of a rear support UAV;
miniaturisation and "intellectualisation" of UAVS;
increased survivability; and equipment unification. The
main trend is the gradual transfer of manned aviation
functions to unmanned aircraft [14].

Modern science has already developed a method of
self-organisation of UAV teams by defining roles and
selecting the necessary robotic "performers”, each of
which has its own characteristics and features, its own
special role and tasks (schematically shown in Fig. 2,
Tabl. 2). Assigning a specific element of the UAV team
system to the role of leader or subordinate performer has
advantages, but also a number of disadvantages.

In addition, the process and main features related to
the formation of an "internal" information exchange
environment within a self-organising UAV group have
also been studied by domestic researchers [15].

At the same time, despite active research in this area,
a number of problems related to the development of
methods and algorithms for group work still remain
unresolved. The issue of integrating information
technologies created on their basis and the specifics of
their implementation in collective intelligence systems in
order to increase the efficiency of solving poorly
formalised tasks is not sufficiently studied. There is a
tendency to integrate global navigation systems with each
other and other systems, which requires expanding the
width of the frequency spectrum that should be subject to
electronic interference, and, in order to protect against the
effects of EW, it is proposed to use additional, developed
independent navigation systems and methods [16].

A common disadvantage of collective intelligence
systems that use actors is that actors are selected
empirically, and after a complex task is solved by a team
of actors, it is impossible to estimate the probability of
correctness or error of its solution. This hinders the
development of collaborative work methods that can
effectively solve complex drone routing problems posed
by practice and create appropriate tools. Thus, in order to
improve the performance indicator when using collective
UAV systems in solving a number of difficult-to-formalise
tasks related to routing, it is possible to introduce a system
for creating a UAV team, each element of which is similar
to the other and can play both the role of a leader and a
subordinate. Through optimisation and customisation,
UAVs will be able to perform more complex tasks in less
time. The essence of this method is to coordinate all actors
in a system, the last link of which is the operator.

This method will be controlled by only one UAV,
which in turn will analyse the information received from
other agents of the system and use Al. After that, it will
make a rational decision and transmit the necessary
information and tasks to all other elements of the system.
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Initial information

A set of UAVs with
defined characteristics

Objective, mission

Mission
accom plishment

[F

The order of the UAV group is built

Self-organisation using MAS, A1, and
fuzzy set theory methods

Forming a group for
the mission (using
the theory of
assignm ent)

A team is formed
to perform the
task with defined
roles

Entering the
area of the task

Fig. 2. Schematic representation of the existing UAV self-organisation method Source (developed by the authors)

Table 1 — Main characteristics of existing methods of building a UAV team

Features of the existing method of UAYV self-organization:

Theories and methods for construction are applied:

1. Regarding control. With the advent of this method, the
organisation of the UAV group management process has been
simplified, and self-organisation has made it possible for one
operator to manage a team of UAVs.

The theory of assignments;
theory of fuzzy sets.

2. Efficiency. The effectiveness of this method lies in the
proportional reduction in the time required to organise and
manage the team, which in turn increased the performance
indicator.

A method of building multi-agent systems;
is a method of applying artificial intelligence.

Advantages

Disadvantages

Simplifying the management of the UAV team.

Vulnerability of the built team due to a single leader.

Reducing the number of operators and control points.

The inability to continue the task due to the destruction or loss of
communication with the leader or operator (control point).

Reduce the time required to complete a task.

When building this team, it still takes too much time to select the
elements of the UAV group.

Increase in the performance indicator.

The economic inexpediency of using this method, due to the possible loss
of all UAVs after destruction or loss of communication with the leader.

Reduced cognitive load on the operator.

The difficulty of transporting the group to the area of operations.

Vulnerability of the method due to the influence of enemy electronic

Rational use of resources (through Al).

warfare (hereinafter - EW).

The latter, in turn, firstly, have a clearly formalised
task, and secondly, receive all the information
accumulated and analysed by the leader. This, in turn,
makes it possible for any agent to become the leader of
the team in the event of the destruction or loss of
communication with the agent who was in the role of
leader at the time. An equally important fact is the
bilateral nature of such information exchange, which is
necessary to obtain the final situation not only for the
operator but also for other members of the UAV team.
Separately, it should be noted that all elements of the
UAYV team should not only self-organise into a system,
but also have the ability to learn (the proposed method of
organising the UAV team is shown in Fig. 3, Tabl. 2).

Thus, with each subsequent use of the team, each
agent individually and the multi-agent system as a whole
will have a certain knowledge base and algorithms for
action when a certain task or difficult situation arises.
When using the method of building a UAV team from
identical elements, the problem that arises when the team

leader is destroyed and the system is subsequently
destroyed disappears.

Conclusions

Results of work. The author analyses the main
trends in the use of UAVs in the defence sector at the
moment. The article highlights the key problems in this
area, as well as the shortcomings of existing methods and
systems, and a number of unresolved issues related to the
development of methods and algorithms for group work.
The scientific articles of domestic and foreign scientists
are analysed, problematic issues are studied and ways of
their solution are proposed. A method of self-
organisation of the UAV team with decentralised control
is proposed, in which a number of functions (route
planning, distribution of roles, determination of optimal
actions, obtaining and processing information) assigned
to the onboard control system of the robotic air complex
can be performed by each element of the UAV team
system due to their self-organisation and self-exchange.
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Getting a poorly
formalised (fuzzy) task

Single-use (universal)
UAVs

Completing the task, getting the result

Self-organisation of the UAV team to fulfil the
task received during the analysis

Analysing the situation, conducting
reconnaissance

Determining

the required

number of
UAVs

A set of single-
—use (universal)
UAVs

Entering the
area of the task

Fig. 3. Proposed model for building a UAV team Source (developed by the authors)

Table 2 — Main characteristics of the proposed method of building a UAV team

Features of the existing method of UAV self-organization:

Theories and methods for construction are applied:

1. Regarding the selection of team members. As each UAV is an
identical element of the system, the time required to prepare and
transport the group is reduced significantly.

Theory of fuzzy sets

2. Regarding control. The development of this method will further
simplify the organisation of the UAV group management process, due
to their self-organisation and the ability to change their assigned roles,
the operator performs an additional, supervisory function.

A method of building multi-agent systems;
method of applying artificial intelligence;
optimisation methods.

3. Efficiency. The effectiveness of this method lies in the reduction of the
time required to organise and manage the team, the unification and identity
of the system elements, and, in addition, the team is more protected from
complete destruction, which in turn will increase the performance indicator.

Advantages

Disadvantages

Simplifying the management of the UAV team.

Vulnerability of the method due to the impact of
enemy EW.

Reducing the number of operators and control points.

The complexity of creating and building algorithms
for the interaction of system elements.

Reduce the time required to complete a task.

Relative simplicity of transporting the team to the area of the task

The security of the built team, due to the identity of its elements.

point) has been destroyed or lost.

The ability to continue the task after the leader or operator (control

It doesn't take much time to build a team.

Simplification of the UAV production process due to their identity.

Increase in performance indicators, etc.

The implementation of the proposed method is
possible if the AFU have universal, multi-purpose UAVs
in service, the communication system of which is based
on the proposed method. The following methods are
missing to build the proposed system: 1) self-
organisation of a team of homogeneous UAVSs in solving
poorly formalised tasks; 2) model of rules for collective
intelligence of unmanned aerial vehicles when working
as part of a group; 3) A method of self-organisation of
unmanned aerial vehicles team for monitoring ground
objects; 4) a method for coordinating decisions when
monitoring ground objects by a team of unmanned aerial
vehicles; 5) a method for routing flights of a team of

unmanned aerial vehicles when monitoring ground
objects. The practicality of this method lies in the fact that
the UAV's artificial intelligence will constantly self-learn
and improve, and if necessary, can be reprogrammed to
meet the required conditions of the task. As a result, the
results and time required to complete missions will
improve significantly, while the number of control
operators will decrease. It solves a number of problems
and shortcomings related to the organisation of the
management system, route planning, distribution of
roles, speed and completeness of receiving, processing
and transmitting information, which in turn improves the
security and performance of the system.
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MopeJi cucTeMH KOJIeKTUBHOI caMoopraHisanii 6e3mioTHUX JiTaJILHUX anapaTiB
3 BUKOPUCTAHHAM IITY4YHOI0 iHTEIEKTy

A. Tpucras, /1. XKykos, A. bepexauit

AHoTamisi. Y cTarTi po3risgaeThesl CydyacHHH CTaH Ta TEHJASHLIT PO3BHUTKY OE3MUIOTHHX JITAJbHUX amapartiB (mami —
BriJIA), metoniB Ta 3aco0iB ympaBiiHHS HHUMH, CaMOOpraHisamii, MapmpyTH3auii MoJbOTIB, @ TAKOXK 3ATyYSHHS J0 CHCTEMH
kostekTiBY briJIA TexHo0TIH IITyyHOTO iHTeNeKTY. [IpoananizoBaHo OCHOBHI TeHAEHIT 3acTocyBaHHs briJIA B 00opoHHii cdepi.
Bunineni kimo4oBi mpobieMu B IaHii 00J1acTi, a TAaKOX HEJOTIKH BKE ICHYIOUHX METO/IIB Ta cucTeM. [IpoBenieHo aHai3 HayKOBHX
Mpanp BITYU3HAHUX Ta 3aKOPAOHHUX HAYKOBIIB, BUBYEHO MPOOJIEMHI NMHTAHHS Ta 3alpONOHOBAHI NUIAXH iX BHpPIIICHHS.
BrpoBamkeHHs B cucteMy ymnpaBiiHHA bnJIA mTydHOTO iHTENEKTY Ma€ 3HAYMMHMA ITOTEHIad i 0OyMOBIIOE aKTyalbHICTh
PO3BUTKY IMX TEXHOJOTii. PO3BUTOK cHCTeM KOJEKTHBHOrO ympasiiHHsi BrJIA, y ToMy 4mcii i3 BUKOPHUCTaHHSM IITYYHOTO
IHTENEKTY, 103BOJIsIE e(heKTUBHO BHKOPHCTOBYBATH TEXHOJIOTIi B pi3HHMX oOnacTsx, 3a0e3nedyrour MiABUILIEHY KOOPIHHALIIIO,
(GYHKIIOHAIBHICTD Ta 3aranbHy edekTuBHiCTh. Pa3oM 3 THM, He3BakaroyM Ha aKTHBHI JOCTIDKeHHS B Lill ramysi, Bce Iue
3aJIMIIAIOTECS HE TOBHICTIO BUPIMICHUMH PsJ MPoOiIeM, MOB'I3aHUX i3 PO3pOOKOI0 METOIB Ta aJrOpUTMIB IPYHOBOI POOOTH.
HemocraTHRO OnpanibOBaHO MUTAHHS IHTETPALlil CTBOPEHUX Ha X OCHOBI iH(pOpMaIiHHIX TEXHOJIOTIH Ta 0COOIMBOCTI iX peaizamii
B CHCTEMax KOJICKTUBHOTO IHTENEKTy 3 METOIO IiJBHINEHHS e(QeKTHBHOCTI BUPIIICHHS CKJIAgHO (OPMAai30BaHMX 3aBIAHb.
3anmporoHOBAaHO METOJ caMoOoprHaHizamii KonekTuBy BmJIA 3 nmeneHTpanizoBaHMM YIIPABIHHAM, NPU SKOMY psii (yHKIiN
(maHyBaHHS MapuIpyTy, PO3IOALT poJiel, BU3HAUYCHHS ONTUMAJIBHUX Jill, OTpUMaHHsS Ta 00poOKa iHdopMallii), ITOKIaAeHNX Ha
OOpPTOBY CHCTEMY YNpPAaBIiHHS, POOOTH30BAHOTO MOBITPSIHOTO KOMIUIEKCY, MOXYTh BHPIIIyBaTUCS KOXKHUM €JIEMEHTOM CHUCTEMH
kojiektuBy BrJIA 3a paxyHok iXx camooprasizarii. [IpakTH4HICTh 3aCTOCYBaHHS 3a3HAYCHOTO METOAY IOJATaE y TOMY, LIO
wTy4Hui iHTenekt briJIA Oyae nocTiiiHO caMOHaBUaTHCS i yIOCKOHATIOBATUCS, @ IPH HEOOXiJHOCTI MOXHA MepenporpamMmyBaTH
HiJ NOTPiOHI YMOBH MOCTAaBJICHOTO 3aB/laHHsA. TakuM YMHOM, Pe3yJIbTaTH Ta Yac, HeoOXiHUIT Ha BUKOHAHHS MiCiH ITOKPAIUTHCS
Yy pasu, a KUIBKICTh OIepaTOpiB yNpPAaBIiHHS HABIMAKW 3MEHINUTHCSA. BupimyeTbes psia mpoOieM Ta HEHOJNIKIB, OB’ S3aHUX 3
OpraHi3aIli€l0 CHCTEMHU YIPaBIiHH, TUIAHYBAHHS MapLIpyTy, PO3IOILT POJICH, IBUAKOCTI Ta TIOBHOTH OTPUMAaHHS, OOpOOKH Ta
nepeaadvi iHpopMallii, o B CBOIO Yepry MOKPAIIY€E 3aXHCT Ta MPOAYKTHBHICTh CHCTEMH.

Knw4oBi caoBa: apiauiiiHuii KOMIUICKC, areHTH, alrOPHTMH, OC3MUIOTHUI JiTaJbHUI anapar, iHpopMalliifHi TEeXHOJIOT1I,
KOJICKTHB, KOOPIHHALIIS, MAPLIPYTH3ALlisl, MyJIbTHAreHTI CUCTEMH, Piif, PO3IOLI posiell, caMOHABYaHHSI, CAMOOPTaHi3allis, ypaBIiHHS,
IITYYHHUH IHTEJICKT.
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TH®OPMAIIIMHA MOJIEJIb AHAJII3Y MOXKEX CHJIOBOI YCTAHOBKHA
HOBITPAHUX CYJAEH

AHoTanisi. Po3rmimaeTses cucremMa cUrHaII3aLl Ipo MOXKeXKy SK iHPOpMaIiHHO-YIIPaBIII0Ya CHCTEMa, SIKa BUKOHY€E (QyH-
KILO T10/1a4i CBITIIOBOTO i 3ByKOBOT'O CHI'HAJIy PO BHHUKHEHHS ITOXEXI B OJHOMY 3 BIJICIKIB NMOBITpSHOTO cyzaHa. JlaHa Kita-
cuikaris 1 xapakTepHUCTHKa JaTYHKIB ITepBUHHOI iHGopmMamnil. [Ipy oMy 171 BEIMKOTro Kilacy CHCTeM CHTHaIi3alii MoBIT-
PSAHOTO CyZIHA Pi3HOTO MOKOJIHHS BU3HAYAIOTHCS OCHOBHI IPUYMHH BiIMOB IaTUHKIB, HEBUSBICHHS 1 IOMUJIKOBHUX CIIPAIOBaHb,
sIKi Ha COTOJTHIIITHIN ieHb CKIanaroTh Oibine 70% 3 3aranbHOI KUTBKOCTI CIPAIOBAaHb CHCTEM CHTHAMI3ALii po noxexy. 1100y-
JOBaHa iH(pOpMaIliiiHa MOJIENb aHAJI3Y MOXKEXK CHIIOBOi YCTAHOBKH TOBITPSIHUX CyJICH 1 BU3HAYEHI OCHOBHI TApaMETPH 1 CHTHATII-
3aTopu (HeOE3MeYHOI TeMIIepaTypH rasiB, HeOEe3MeuHol TeMITepaTypH MiUIMITHIKIB, CTPYKKU B Macil, HeOe3newuHoi Bibpariii i ga-
croTr 00epTaHHs Ta IHIIMX IapaMeTpiB), 3 METOIO MEPEXO/y BiJl MOHONAPAMETPUYHOTO JI0 TOJIiapaMeTPUYHOTO KOHTPOJIIO He-
0e3IeYHOT MOKEeNKHOI CUTYallii Ha OOPTY MOBITPSHOTO CyAHA. 3alpoNOHOBaHy iH(GOpMAaLiiiHy MOJEIs MOXKHA BHKOPHCTOBYBAaTH
TIPY TiIFOTOBIIi TTOTIB TS JIKBiamil HeOE3MeUHNX MONMBOTHUX CHUTYaIlii. Takok, B poOOTi po3IsIaeThesl peaibHa Katactpoda,
sIKa TIOB’s13aHa 3 TI0XKEXKEI0 ABUTYHa, SIK TPUKJIAJ BKJIMBOCTI CBOEYACHOTO BU3HAUEHHSI TIEPIIIOr0 MOMEHTY BUHHKHEHHS TTOYKEIKI.
[pu oMy pHALIAETRCS OiIbLIEe YBAard TATAHOBUM HOXKEKAM 1 MPUYMHAM iX BUHUKHEHHS.

Knaouosi caosa: inpopmauniiina Mozens, iHpopMmaniitHa Oe3neka, iHpopMariifHi TEXHOJIOTII, JATIYUK ITEPBUHHOI iH(O-

pmarii, 1ocToBipHICTh iH(OpMAIlii, moXkexa ABUryHa, Oe31eka MoIbOTIB, iIHGopMaIifHO-YIPaBIII0YN CUCTEMH.

Beryn

B nmanmit wac aBiamis € OmHI€IO 3 HAWOLIBII pe-
3yNbTATHBHUX Tamy3eld chepu Tpancmopry. OpmHaxk,
BiIMOBH (YHKIIOHAJBHUX CHCTEM 1 3001 aBiOHIKH, a
TaKOXX BIIMOBH TOB'3aHI 3 JIFOJACHKHM (DaKTOPOM MO-
KyThb Hpu3BecTH N0 aBianiiiaux npuron (AIT) i aBiaka-
tactpod (AK). Lli HeraTuBHI (hakTOpW 3HIDKYIOTH pi-
BeHb Oesneku nonbotiB (BII) 1 edexruBHicTh ekcrutya-
tarii nmoBiTpsiHoro cyaua (I1C). Oco0IMBO BETHKE 3HU-
xeHHst eekTuBHOCTI 1 BI1 cniocrepiraerbest mpu mosxe-
xax [IC konm curtyamis cTae HeOE3MEUYHOK I BUMarae
TEPMIHOBOTO BTpy4YaHHs ekinmaxy [IC Ta mnpuiHATTS
MIPAaBUJIBHUX PILICHb JJIS 3YIHHKH PO3BUTKY ITOXKEXKI Ta
il mikBimamii. be3yMOBHO, OTHUM 3 HalfHEOE3MEUHIMIIX
BuaiB moxkexi Ha [IC € moxexa asiaaBuryHiB (AJl).
Tomy 6opoThba 3 moxexxamu AJl i opraisaiiist 3aX0/1iB
3 MUTaHb JIKBIAAI]l MOXKEX NUITXOM HAYKOBHX JOCIi-
JDKEHb € aKTyaJIbHUM 3aBJaHHIM, SKe BUMArae creria-
JILHOTO MiIXOy JUISI HOTO BUPIIIESHHS.

3a jmaHWUMH MDXHApPOJHOI OpraHizamii IUBIIHHOL
apiarii (International Civil Aviation Organization)
ICAO, posnogin AIl 3a NpUYMHOIO BUHHUKHEHHS Ma€
HactynHud Buj — 20% 3 BuHH aBiatexHiku 1 80% —
JIOJIChKMH YMHHUK. Lle crocyeThes 1 aBapiiiHOCTI mpH
noxexax — 80% Bcix karacTpod Tak 4M iHaKIIe MOB'S-
3aHI 3 NiIMHU eKimaxy. TakuM YHWHOM, IMOXKEeXKa — IIe
HeOe3leYHa TOJIbOTHA CHUTYAIlisl, SKa BIIHOCHTHCS IO
KJacy npoOneMHHux cutyarliii. [loxexa sk sBHINE s
eKilaXxKy € MaJJOMMOBIPHUM, HECIIOIIBAHUM 1 IIBUIKOTI-
muHHEAM. ToMy HOTO JIKBifamis BUMara€ CBOEYacCHOTO
BTpy4aHHS ekimaxy. Lli TpyaHOIII BHHHKAaIOTH uepes
HEBHM3HAUYEHICTh MOXKEXIi K 32 4acoM (IIEePIIOr0 MOMEH-
Ty BUHHKHEHHSI TTOKEXi), TaK 1 3a MiCIleM BUHUKHEHHS,
a TAaKOXK 32 BHIOM IOXEXi (3BUYaliHA TMOXKEXKa BCepe-
JIMHI IBUTYHA YM TUTAHOBA TOXekKa ABUTyHa) [1, 2].

Amnari3 cBiToBoi ctatuctuku All mokasye, 1o mo-
xexi B moBitpi [3], cranoBmsaTs 61u3bko 10% i3 3aranb-
Hol craructuku All.  BiamoBiiHO 1O CTAaTUCTUKH
Transportation Safety Board of Canada, gactka moxex
ckmamae 12% 3 3arampHOi Kinbkocti AIl 3a mepiox 3
2009 p. mo 2019 p. Ockinpku moxexi Ha [1C, sk npaBu-
70, HOCSITH (haTaJIbHUI XapakTep, TO Taka YacTKa MOMKEX
cepen cratuctuku All € gyxe BUCOKOO. [[is BUpiIeHHS
TaKoi aKTyaJbHOi TPOOJeMH HEOOXimHO 3a0e3nmeynTH
€KiMaXK TOCTOBIPHOIO Ta CBOEYACHOIO 1H(OPMAILIEI0 MPO
cran ¢yHnkuioHansHux cucreM (PC) IIC, ocobauso
iHdopmariiiHo-ynpasisitounx cucreM (IYC). Edexrus-
HicTh (yHKIOHYBaHHS [YC iCTOTHO 3aJIeKHUTh BiJ] OC-
TOBIpHOCTI iH(popMallii, o HaxxoauTh Ha BXxoau [V C.

Bigomo, mo edekTHBHICTb 1 SIKICTh YNpPaBIiHHSI
TEXHOJIOTIYHUMH TIPOLIECAMH iCTOTHO 3aJICKUTh BiJ
JOCTOBIpHOCTI iH(oOpMAIi, Mo HAAXOTUTh HAa BXOAH
YNPaBISIIOYMX CHCTEM, BiJl PI3HOTO POy AATYUKIB Ta
CHCTEM BHUMIPIOBAaHHS, SKi KOHTPOIIOIOTH CTaH 1 XiA
BUKOHAHHS TEXHOJIOTIYHOTO Impouecy. 3001 MOXyTb
BiIOyBaTHCS K B amapaTHiIi YaCTHHI JATYUKIB, TaK i B
MPOTpaMHOMY 3a0e3IedeHHi, a0 B CTPYKTypi MoOyI10-
Bu ®C sk 1e cramocst 3 Boeing 737 MAX, moisotu
akux Oynm nmpunuHeHi B 6epesni 2019 poxy B 3BI3Ky 3
THM, III0 MEHII HiX 32 PiK pO30MIIUCS N1Ba JIITAKU IIHOTO
tumy. [lepmmii - B [gonesii B sxoBTHI 2018 poky, apy-
ruii - B Ediomnii B Gepesni 2019 poky. 3aranbHa Kisb-
KicThb OcCi0, 110 3aruHyJIM B JBOX aBiakaTacTpodax
ckiragae 346 oci6. TakuM YHHOM, pIilIEeHHS MOIIOHUX
mpo0iieM Mae CBITOBHI XapakTep 1 morpedye BUpilIeH-
HS 3a JIOTIOMOTOI0 MaTeMaTHKO-(i3MYHHX METOMIB i3
3aJy4eHHSIM CyYacHHUX iH(OpManiiiHUX TEXHOJIOTII.

PeanbHi maT4MKM XapaKTepU3YIOTHCSA KiHIIEBOIO
TOYHICTIO TPEICTaBICHHS  KOHTPOJIbOBAHOTO HUMHU
napamerpa. [Tpu IbOMy TOYHICTH 1 JOCTOBIPHICTH 1H(O-
pMarlii BU3HAYAETHCS SIK KOHCTPYKTUBHIMH OCOOJIMBOC-
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TSMU, TaK i TEXHIYHOIO HAJIHHICTIO JATYHKIB 1, K Ipa-
BWJIO, HE 3aJI0BOJIBHAIOTH a00 cilabo 3aJ0BOJIBHAIOTH
HOpPMaM MIOJO0 TOYHOCTI 1 AOCTOBIPHOCTI iH(popMaIlii,
IO MOJA€ThCs HAa BXOAM OOYMCIIOBAIBLHHX CHCTEM
YIPaBJIiHHS TEXHOJIOTIYHUMH TPOLECAMH.

Bigomo, 1m0 BEUMOrM HOpMaTMBHO-TEXHIYHOI J10-
kymenranii (HT) 3 exkcroryaTanii [1C i cuctem, mpu ix
BUKOPHCTaHHI 3a NPU3HAYCHHSM, JOMYCKAIOTh IEBHI
piBHI BUHHMKHEHHS OCOOJMBOI MOJBOTHOI CHTYyamil
(OIIC) na romuny HanboTy [4-6]:

yckinaaHeHi ymoBH momboty (YVII) P yyn < 1073 1/ 200

ckanna cutyanis (CC) Pee < 107° 1/200
aBapiiina curtyanis (AC) Pac< ]_0_7 1/ 200
karactpodivna cutyaris (KC) Prc < ]_079 1,/ 200
(yHKIiOHAbEHA BiIMOBa Pge < 1077 1/200

IMoxexa sk HeOe3meyHa MOJIHOTHA CHUTYAIlisl, 3aB-
KIW Hece MaKCHUMallbHE HaBaHTa)XKCHHS Ha eKimax, a
HMOBIpHICTH HeOe3Mekn HOTro MOSABH KIacH(DIKYEThCS K
CC sxa nyxe mBuako Moxe nepexoauta B AC i KC.
Be3yMoBHO, SIKICTh CHCTEMH CHTHAII3AMil PO TOXKEKY
(CCII) ©OesmocepenHbO BIUIMBAE Ha PiBEHb OE3MEKH
mosboty IIC, B TOMy 4YMCIi Ha BJIACTHBOCTI CHCTEMH
"exinax-I1C".

Sk mpaBuIo, 3 OIJIsIAy Ha TOPIBHSIHO HEBHCOKHI
piBens sikocti CCII i Han3BUUYAHO BUCOKY CKJIAJHICTD
GYHKIIT TPUAHATTS PIMICHHS eKilakeM, MOXKEeXi JIBH-
T'YHIB [IOKHM IO MOB'A3aHi 3 aBapiiHUMHM 1 KatacTpodiy-
HUMH cuTyarisMu. lle BHUKIMKaHO THM, IO iCHYIOYI
cucremu CCII 3a cBO€rO SAKICTIO MArOTh LIJIMHA PsJ He-
JIOJIIKIB:

- HEBUCOKHH piBEHBb HAIIHHOCTI;

- BUCOKa HMOBIPHICTh HEBUSIBJICHHS 1 TOMUIIKOBUX
CIIPaIbOBYBaHb;

- BIJICYTHICTH CII€IliaJbHUX TMPHUCTPOIB PO3Ii3Ha-
BaHHSI M0XKEXI B MEPUINHA MOMEHT 11 BAHUKHEHHS

- yTBOPEHHS 3HAYHUX HEBU3HAYCHOCTEH IpH
MIPUHHATTI PIICHHS EKiMaKeM.

IMocTaHoBKA MPoOIeMHU. 3a TaHUMHU PI3HUX JDKE-
pen [2, 3], KiBKICTh MOMUIIKOBHX CIPAIFOBAHL CHIHA-
Ji3aIii Mpo MOXKeXKY MEePeBUINIIO KUTBKICTh HOpMAallb-
HUX CIPalbOBYBaHb B 3 pa3u. Takum 4uHOM, IpodiIeMa
00poTHOHM 3 TMOKEeKaMHU aBiaJIBUTYHIB 1 po3poOKa cIio-
co0iB MiJIBUIIEHHS €(EeKTUBHOCTI IX PO3ITi3HABaHHS €
OJIHIEIO 3 aKTyaJIbHHUX Ipo0IieM, sika BUMarae pizHOO1Y-
HOTO MiAXOAy IO BUPINICHHS 3 BUKOPHUCTAHHSAM Mare-
MAaTUYHOTO MOJICITIOBAHHS Ta iH(QOPMAIHHUX TEXHOJO-
Tilt.

BincyrtHicTe GaraTopiuHOro mporpecy B ii BHUpi-
IICHHI, HAsBHICTh TEHJCHIIII 3POCTaHHS YHCIA TOXKEK,
MTOKa3y€e HEOOXiTHICTH CTBOPEHHS NMPHHIUIIOBO HOBOTO
MiAXOy A0 BHPIIMIECHHS Ii€l MpoOJIeMH, 3 HOBIMH JIOTi-
YHUMH 1 TEOPETUYHUMH NIEPETyMOBaMHU.

AHaui3 ocTaHHix Aociaimxkensb i myOaikamiii. B
JIaHUH Yac BHUPILIEHO JIOCHThH 0araTto 3aBIaHb I10 OITH-
Mizanii HaJIMHOCTI CKJIAAHUX TEXHIYHUX CHUCTEM: OITH-
Mi3allis eNEeMEHTHOI HaliHHOCTI, PESKUMHOI, CXEMHOI 1
CTPYKTYPHOI HaIiHHOCTI, ONTHUMAaILHOTO Pe3epBYBaHHS
3 3aJTy4eHHSAM Teopii i METOIIB TEXHIYHOT KiOEpHETUKH,
eKCIUTyaTalii  CKJIaJHUX CHCTEM, CHCTEMOTEXHIKH,

CHCTEMHOTO aHalizy, MpoLEeCHOr0 aHaii3y, Teopii
MIPUIHATTS pillleHHs, iHQOpMaTHKH, NMPHUKIAHOT MaTe-
MaTHKH Ta eJNEMEHTIB iH(QOpPMaliiHUX TEXHOJOTIH.
JocnipkeHHI0 BUIE 3a3HaYeHO] MPOOJIeMH MTPUCBSIUCHI
pobotu I'mymikoBa B.M., I'nenenka b.B., Ymakosa 1.0.,
Henncoa B.I'., KomapoBa A.O., Anmenosuua JLJL,
Bynosckoro I1I, 3aiinenbepra M.I'., J1.K., Bomnkosa JI.
1., Kpusenuesa B.1., bapnoy P., Ilpoman ®., Imurpu-
yeaka M.®., Comomennena O.B., Kymuka M.C., Kop-
genka O.I"., Cautioka B.€., Bopo6iioBa B.M., JIeBkoB-
11, Ab-AMMopi A Ta iammx [4, 5, 6, 7, 8, 9]. V Toit
)K€ Yac, JIMIIE HeBEeNWKa KUIbKICTh pOOIT MpUCBsYCHA
3a0e3Me4eHHI0 HaJAiHHOCTI, XKHUBYUYOCTi, €(EeKTHBHOCTI
IYC, saki 6e3nocepennbo BruiuBatoTh Ha BII i edexTus-
Hicte excrutyatauii I1C. Takum umHOM, 3aBIaHHS 3a-
JIMIIAETHCS aKTyalbHHUM.

MeTtor cTaTTi € moOynoBa inhopMarlliiftHol Moaeni
aHami3y Mokexx crminoBoi yctaHoBKH [IC 1 Bu3HaueHHSA
OCHOBHHX IapaMeTpiB, II0 CUTHAII3YIOTh IO ii OBy,
3 METOIO MEPEXOIy Bil MOHOIIAPAMETPUYHOTO A0 IOJIi-
MapaMeTPUYHOTO KOHTPOJTIO HEOEe3MeyHOl IOXKEeXKHOI
curyaii Ha 6opty I1C.

Bukniag ocHOBHOro Mmarepiajry

OYHKIIOHYBaHHA  Ta30-TypOiHHOTO  JIBHUTYHa
(I'TH) xapakTepH3yeTbCs CKIaTHOIO B3a€EMOIIEI0 Pi3-
HUX HOTO €JIEeMEHTIB i CHCTEeM, OIliHKAa CTaHy SKHX IIPO-
BOJUTHCS [UISIXOM KOHTPOJIO 1 BHUMIPIOBAaHHS BEIUKO]
KUTBKOCTI TapaMeTpiB.

Ha nitakax, siki €KCIUTyaTyIOTbCsl B IaHUW 4Yac CHU-
CTeMa KOHTPOJIO CHJIOBHX YCTaHOBOK 3a0e3medye
oTpuMaHHs iHpopMalii 3 IHIUKATOPIB 1 CUTHAII3ATOPIB
JUIsL OLIIHKM (DYHKI[IOHYBaHHS JIBUTYHIB 1 CHUCTEM CHJIO-
BOI YCTAQHOBKH B IOJIbOTI, & TaKOXX PAaHHE BUSBIICHHS
HECIIPaBHOCTEH OCHOBHMX BY3JiB JIBUTYHa 1 CHCTEM
CHIIOBOT ycTaHOBKH. [lapamerpmuna iH(opMaIis, Ky
OJIEPXKYIOTh 3 1HAMKATOPIB, IO3BOJISIE EKilaKy BCTaHO-
BHTH 33/IaHi PeXUMH POOOTH JBUTYHIB Ha BCIX eTamax
MMOJTBOTY 1 KOHTPOJIIOBATH SKICTh 1X (DYHKIIOHYBaHHS
TIpH eKCIUTyaTallii JTiTakiB B PI3HUX yMOBaX, SIK 1€ TTOKa-
3aHO Ha puc. 1.

MoskHa BHJUTMTH HACTYIHI OCHOBHI CHTHAII3aTo-
PpH Ha OCHOBI iH(pOpMAIIT BiJl IKMX BiIOYBa€ThCs OLIIHKA
CTaHy JBUTyHa i HOTO OCHOBHHMX BY3JIB 3a O3HAKOIO
TIOMKEXKI:

1) Curnamnizatopu HeOE3MEUHOI TeMIepaTypu Ta-
3iB, 110 CHPaNbOBYIOTH PH MOPYLIEHHI Ira30{MHAMIYHO]
CTIHKOCTI IBUTYHA 1 y BUNAaJKaX MEPEBUILCHHS TeMIIe-
parypu Ta3iB; OCHOBHMMH NpPHUYMHAMH TOMHIKOBHX
CIpalbOBYBaHb € BiJIMOBa KOHJIEHCATOpa TEMIIEPATYPH,
neperopanHs TpaHchopmaropa Hampyru Wb, BigmoBa
migcumoBaya 2YD-6B UbB.

2) CurnamizaTopu HeOE3NEeYHOI TeMIlepaTypH Ii-
JULIUIHUKIB, [0 JO3BOJSIOTh BUSBUTH pPYyHHYBaHHS
MiAMUIHAKIB 000poTiB TypOokomMmpecopa. OCHOBHOIO
MPUYMHOK TOMMJIKOBUX  CIIPAlbOBYBaHb CHUCTEMH
CTII-3 € 3aBUMICHHA TEMIIEPAaTypd HaBKOJIHUIIHHOTO
cepelloBHUINA B palioHI ycTaHOBKM mijcuiroBada YC-3,
o BiOyBa€eThCs B PE3yJbTaTi HETEPMETHYHOCTI CHC-
TEMH Bi1OOpY rapsidoro MoBiTPs Bij ABUTYHIB.

3) CurnanizaTtopu CTpY>KKH B Macii, IO JI03BOJIsI-
I0Th BHUSIBUTH ITIOYATOK PYHHYBaHHS JieTaleil JBUTYHa.
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CBI — cucrema Binoopaxenns indopmarii, CEII — cucrema enexkrponocrauanns, ATII — naTank TeMuepaTypy MiIIIAITHAKIB,
IO — mpuBix nocririHux 06eptiB, ICY — nonomikHa cunosa ycraHoBka, CKII — cucrema konauninysaHss noitps, CCII — cucrema
curnaizanii npo noxexy, U, |, f — Hanpyra, cuna cTpyMy Ta 4acToTa KUBIEHHS CUCTEMH €IIEKTPONIOCTaYaH s, t. — Temreparypa

BHIXI/IHUX Ta3iB, Py — THCK Macia, b —

TeMIIepaTypa Maca, Pew’ — THCK MTAJIMBA HA BUXO/li aBTOMATA JI03YBaHH:A NaJIUBA, P —

THCK

HaJMBa Ha BXOJIi aBTOMATa JI03yBaHHsI MaJIMBa, Ny — YaCTOTH 0OEpTaHHS BAJIB IBUI'YHA, ( — PO3XiJ HammBa, Q — 3aIMIIOK NajanuBa

Puc. 1. [ndpopmaniitna Mmoaens cuinoBoi ycraHoBku [1C

OCHOBHUMH TIPUYMHAMH TOMHJIKOBOTO CIIPAIbO-
BYBaHHS € IIONAJaHHS BOJIOCONOAIOHNX MeETaJIeBUX
YAaCTHHOK, II0 3aMHKAIOTh €JIEKTPOJIAHIIOI CHUTHasi3a-
uii, CTpyMOMNpoBiZHOTO TpadiTy MK IUIACTHHKAMH,
BOJIOTA B IITeNceNnbHUX pos'emax (ILIP).

4) CurnHanizaTopu HeOe3me4yHoi BiOpariii, mo 10-
3BOJISIIOTH BHSIBUTH HECIPABHOCTI, MOB'sI3aHi 3 MeXaHiu-
HUMHU YHIKOJUKEHHSIMHU. OCHOBHUMH NPUYUHAMH [TOMH-
JIKOBUX CHMTHANIB NpO HeOe3neuHy BiOpalii € BigMOBH
BiOpomaTdnKiB (3aimaHHSI PYXOMOI CHCTEMH, 3HOC IIiJI-
[IWITHUKIB, OCeH 1 0OpUB OOMOTKH) €IIEKTPOHHOTO OJ10-
Ky, TIOTPAIUISIHHS BOJIOTH B IITETICENIbHI PO3'€EMHU €JIEKT-
POHHOTO OJIOKY.

5) CurnamizaTopu HOXeXi NMPH3HAYCHI AJIS aBTO-
MAaTHYHOI CUTHAI3AIl PO MOXKEKY B OYIb-sKiif 3 TOH-
non 1y Bigciky JCY [10, 11,12,13]. OcHoBHUMH TIpH-
YMHAMU TIOMMJIKOBHUX CIIPallbOBYBaHb €: 3MiHa YyTIIH-
BOCTiI KaHaJy BHUKOHABYOro ONOKy; 3amukaHHS B IIIP
KOMYTAI[IfHOI CHCTeMH Yepe3 MO aHHs BOJIOTH; eJIeK-
TPUYHI HABEICHHS B JIAHIIO31 JATYMKIB MEPEBAKAIOTH
JIOIYCTUMI 3HAa4YeHHs 4epe3 IOpPYLICHHs B TpacyBaHHI
€JICKTPOIIPOBOJIKH.

3 BHIIIE HAaBEJEHOTO MOKHA 3pOOMTH HACTYIIHI BH-
CHOBKH:

1. HenocraTHiii piBeHb HaIIHHOCTI CHCTEM CHI'Ha-
Ji3anii NPU3BOANTH 0 MOMIJIKOBOTO CIIPALlbOBYBAaHHS
CUTHAII3aTOopiB.

2. OOMexeHI MOXIUBOCTI BOYJOBaHHUX CHCTEM
KOHTPOJIIO CIPaBHOCTI BHMIpIOBANbHOI amaparypu i
BIJICYTHICTb aBTOMAaTH30BaHOI BHAadi iH(popMarii mpo
BIZIMOBY CHCTEM BHMIipPIOBaHHS IPU3BOSTE 10 MOMHIIOK

THUITy TIOMHMJIKOBOI TPMBOTH TIPH SIKMX €KilMaX BHMHKAE
CIIPaBHO NPAIFOIOYHNH IBUTYH.

Kimpkicts mepeaymon Al TIC i AJl, xomu ekimax
CIpUiMaloYd TMOMHIIKOBY iH(OpMaLilo 3a BIIMOBY
JBUTYHA, BUMHUKA€E Horo, ctaHoBUTh 70% Bix ix 3araiib-
HOT KIJIBKOCTI.

BaxinBe 3HaueHHSI y CBOEYACHOMY pO3ITi3ZHABaHHI
BI]MOB 1 HECNPABHOCTEW CHIIOBHX YCTAaHOBOK MarOTh
cucteMu OoproBoi curHamizamii. s koHTpomio 3a
CTaHOM CHJIOBHX YCTAHOBOK 3aCTOCOBYIOTh TaKi CHCTe-
MU CHTHaJi3allii: MoXeXa B IBUTYHI a00 MOTOTOHIOII,
HeOe3neyHa TeMmieparypa rasis, HeOe3ledHa Temriepa-
Typa MiIIIUIHAKIB, HeOe3lewyHa BiOpamis, CTpyXKa B
Macili, MiHiMaJdbHUN TUCK Maclia 1 HanuBa, MiHIMaJILHHI
3aJIMIIOK Macla, HAJJHUIIOK Macja, 3aCMiYeHHs MaJIuB-
HOro (inmpTpa, TMOJIOKEHHA MeXaHizallii KoMIIpecopa,
MTOJIOKEHHS 3aMKa 1 CTBOPIB peBepcy, 0OMep3aHHs JIBU-
TyHa Ta iH.

CucteMu 1HIUKATOPIB, 32 SIKUMHU OI[IHIOETHCS PO-
0oTa JIBUTYHIB, BIIXHJISIOTHCS HA HEOHAKOBI KyTH, IO
YCKJIaTHIOE PO3Ii3HaBaHHS CTaHy BIJMOBHM JIBHTYHa,
0co0JIMBO B yMOBax Je(inuTy yacy.

BinpiiicTs  CBITJIOCHTHAJIBHUX IHIMKATOPIB  IIPU
CIIpallbOByBaHHI HE BHCBIYYIOTH HOMEp [BHIYHA, IO
BiZIMOBHB 200 HECIPaBHOTO JIBUTYHA, B 3B'3KYy 3 UM B
yMOBax OOMEXKEHOT0 4acy He BHKIIOYAETHCS MOXIIH-
BICTh TIOMIJIKOBOTO BiIHECEHHS CHTHAIY BiIMOBH O
CTIPaBHOTO JBUTYHA. HeBM3HAYEHICTh iICTHHHOTO CTaHY
aBiaJBUTYHa IIPHU HASBHOCTI O3HAK BiMOB abo Hecmpas-
HOCTel 6arato B YoMy OOyMOBJICHAa iIMOBIpHICHOIO MPH-
pPOZIOI0 BENUKOI KUILKOCTI PI3HOMAHITHHX TEXHIYHUX
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NPUYHH BIIMOB JIBUT'YHA 1 HOTO CHUCTEM, a TAKOX MOXKIIH-
BICIO MOSIBM TIOMHUJIKOBOT iH(OpMAIlii cHCTEM KOHTPOJIIO B
npolieci po3Mi3HaBaHHS BIAMOBH 1 NPUHHATTS PillIEHHS.
JlimiT bacy Ha pO3Mi3HaBaHHS 1 NPUHUHATTSA pillIEHHS,
HeOe3eKa HaCIiIKIB panToBOi BiJMOBH JIBUTYHA HaKJIa-
JAafOTh TEBHI OOME)KEHHS Ha HAsBHMHM 4Yac BHSBIIEHHS,
po3mi3HaBaHHA 1 JIOKawi3amis BiqMoBH. BiqmoBa nBuryHa
HeOe3neyHnii CBOIMH HACHiKaMH, IIEPIII 3a BCE, BTPATOIO
TATH, IO OCOOJIMBO HEOE3IIETHO TPH 3JIHOTi, MOKITUBIMU
BTOPHMHHUMH pyHHYBAaHHSAMH KOHCTPYKUIl IBUTYHA,
IUTaHepa abo iX CHUCTEM i IIe BCe MOXKE CYIPOBOIKYETHCS
"HoXKekKer0", 10 MOXKEe CTBOPHUTH KaTacTpodidHy cHuTya-
uiro. Jlo HeGe3neyHux pexuMiB pobotu AJ] BimHOCSTBCS
HacTyIMHI (paKTOpH, IKi BU3HAYAIOTh NPUYMHH HOXKEK AJ]
I1C, sx nokazaHo B a0 1.

Tabruys 1 — dakTopu, siKi BU3BHAYAIOTh NPUYHHHA
noxex Al IIC

O3naka | He Bukinka-
NOKEKi | I0Tb MOKEKY
Maso macna -
CTpyXKa B Macii

Hammok macna

Ianinas THCKY Macia. P macna
ITaninus Tucky nanuBa. P nanusa
DinbTp 3aCMiUYCHUI

Hebe3neuna t rasis

3ynuHKa MOKaKYHKA t ra3iB
Hebesmneuna t miAmmMmHUKIB
Bibpariis Benuka

Knamanu nepenycky -
PHA npukputnii -
3aMoK peBepcy.
MuMOBITBbHE BiIKPUTTSI
Crynku peBepcy:
PEKUM 3BOPOTHOI TSITH
[Toxexa +
TTomnax -

He6e3neuni pexumu AJl

o S S N S S S R

PesynbraTé ekcriepTHOI OIIHKH ONHTYBAaHb IILIO-
TiB 1 OOpTiHXXEHEpiB MUBLIFHOI aBiamii, sKi MarOTh Be-
JIUKUI TOCBIJ PEHCIB 1 IbOTHO-BUIIPOOYBAILHOI PpOOOTH
Ha jitakax 3 ['T/] mo3BoJIsie BUSIBUTH CTYIiHb HeOe3e-
KA MOXJIMBUX DE3yJbTaTiB BiJ| NMPUHHATHX pillleHb 3
JIOKaJizalii BiIMOB JBUTYHIB y IOJIBOTI, SIKI IIPUBE/IEHI
B Ta0J. 2.

Tabauys 2 — Ctyninb HeGe3neKd BiTMOB IBUTYHIB

Mo:IMBi pe3yJIbTaTH NOJbOTY Cryminb
He0e3NeKH

HeBUMHUKaHHS JBUTYHA TIPU iICTHHHOMY CHTHAJI:

TToxexa B MOTOTOHIOI 10.0
Hebesmeuna t raziB (03HaKa MoMITaxka) 8.5
HeGe3neyna BiOpartis 8.2
[leperpiB omop ABUTYHa 4.7
CrpyxKa B Macii 4.3
IlamiHHS THCKY Macia 4.3

Sk BumHO 3 Tabiy. 2, HaWOLTRIIy Hebe3nmeKky mpu
BUHHMKHEHHI TI0)K€XXI B MOTOTOH/IOJII CTBOPIOE CHUTYyALlis
HEBUMHUKAHHS JIBUTYHa NPU ICTHHHOMY CHUTHajl PO
BigmoBy. Tomy KJIE nepenbauae ekcrpeHe BUMHKaHHS
JIBUT'YHa HaBITh Ha €Tali TPUBAJIOrO 3JIOTY B pasi 3aro-

psiHHA Tabjo "mokexka" 1 cHpanboOBYBaHHI NPH IIbOMY
TepIIoi Yepru MPOTUII0KEKHOT CHCTEMHU.

V 3B'3Ky 3 HeOE3MEKOI0 MOXKEXKi 1 HassBHOCTI 0e3-
T4yl mapamerpiB, 3a SKMMH MOJXHAa BHM3HAUUTH CTaH
poOOTH IBUTYHA 3 OJJHO3HAYHUM OTPUMAaHHIM JIOCTOBI-
pHOI iH(popMamii HeoOXiTHO MEePEeXOTUTH HA MPUHIIHIIO-
BO HOBHH MaTeMaTHYHHI METOZ pPO3Ii3HABaHHS IIPoO-
ONMEeMHHUX CHTYyaIlif, SKi IMOB’s3aHI 3 HEOE3NCYHUMHU
pexxuMaMu poOOTH aBiaJIBUT'YHA.

um wmeromom Moxe OyTtu iH(OpMariiiHO-
(axTOpHHI aHAII3 HA OCHOBI MYJIBTHILTIKATUBHUX (pyH-
KIi#t B3aemonis daxropis [7]:

Si:—H(pi)i |09H(pi)i 1)
i=1 i=1

ne p; — IMOBIpHICTh MOSABH Ji0YOT0 YMHHUKA B CHCTE-

Mi «ekinax-CCII».

Ha ocHoBi mMaremMaTH4yHOI MO, OTPUMaHi Ipa-
(ivHI 3aJIKHOCTI SKi MMOKa3yIOTh, IO MPH 301IbIICHHI
iHpOpMAaiHHOTO HABAaHTA)XCHHS B CHCTEMi «CKiMax-
CCIl» HeBW3HAYCHICTh (YHKIII TPUAHATTA DIMICHHS
CTa€ TPaHMYHO HEBH3HAUEHOIO, 1 IpH 1ii oxHOYacHO 4
(akTOpiB eKimax BUXOJUTH MO3aMEeKHI MOXIIUBOCTEH i
HE MOJKE BIIOPATHCH 3 (PAKTOPHOIO HAKIIAIKOIO.

IMoxexa sIK CKIagHA NMPOOJIEMHa CHUTYyAaIlisi BUMa-
rae noJjinapamMeTpuuHOro KOHTPOJb MapaMeTpiB (yHK-
nionyBanHsi cuctemu "ekinax-CCII" mpu moxexi Ha
[1C nns 3abe3neuenns 6e3neku nounboTiB (BIT).

ITigumenns BII 3ailicHIOETBCA NUISAXOM IIJIECII-
PSIMOBAHOTO BIUIMBY Ha (hakTOpH, IO BIUIMBAIOTH Ha
BII. OcHoBHMM pKepesioM iH(opMarii mjst OLIHKH
HeOe3meyHnx (PaKToOpiB € PO3CIHiTyBaHHSA aBialliifHUX
momii (ATl Ta iHIUIACHTIB).

[Mpuknamgom mporo moxe ciyxutu AK mitaka Ty-
154, ne 3armHymo 104 macakup i CiM WICHIB eKilmaxy.
[omnit TpuBaB 8 XBUIWH 42 C. IpU aHaNi3i 3ByKOBOTO
3amucy i po3mudpoBIi NONLOTHOI 1H(pOpMaLil oTpuMa-
HO rpadik mapamerpiB IOJILOTY 1 pOOOTH CHIIOBHX YC-
TaHOBOK pHC. 2. 3 rpadikiB MOXHa MOOAYHUTH, SIK PO3-
BUBAJIACS OCOOJIMBI MOJBOTHI CUTYaIIIi 11i€i kKatacTpodu
(tabm. 3).

Tabauysa 3 — Auadiz npuuuH po3BuTky OIIC

onc Hpuunna OIIC i ii po3BUTKY

YVII | Bbyno uytu yaap

CcC CrpaitoBana curHaiizauist " noxexa B 3-My JBUTY-
Hi". [Toxexa-B pe3ynbrari pylHyBaHHS TPyOOIpPOBO-
Iy 1 HEMO>KJIMBOCTI 3aKpUTTS MAMBHOTO KpaHy (Troc-
TiifHe Ha/IXO/PKeHH;I TaJIMBa B 3-i IBUT'YH)

AC Bci 4epru npoTHUnokeHoi cucteMu OyJM 3acTOCO-
BaHi, aJie MOoYKeKa 3aJIUIIHIIACS

n

KC BigMoBa cHCTEeMH yIpaBIliHHS JIiTAKOM

ITpn posciizyBanHi aBiakaracTpodu HEOOXiTHO
aHaJi3yBaTH BECh KOMIUIEKC NMPHYMH, SKAN CIPHUSB Iii
karactpodu, sk 1e mokasaHo Ha puc. 3. [lokaszani cuc-
TEMHI 3aX01¥ SKi He0OXiHO BUKOHYBaTH B IMOJIOHHX
CUTYallisfX 3 ypaxyBaHHIM (akTOpiB, SIKi BIUTMBAIOTH Ha
noJiepratnyHy cuctemy "ekinax-I1C", Bkmouaroun, Sk,
BUPOOHMYI Tak, 1 eKCIuTyaTauiiiHi ¢akropu, ne orepa-
TOpP € TOJOBHOIO JIAHKOIO L€l cucreMu B Iporecax
MIPUIHATTS pillIeHH] i 3ar00iraHHs T'PaHUYHUX CUTYaLlii.

56



ISSN 2073-7394 Cuctemu ynpasiiHHs, HaBirauii Ta 38's13ky. 2024. Ne 2

Si,
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Puc. 2. I'padiuni 3anexxHocTi iHpopMaLiitHOr0 HaBaHTaKeHHs cucteMn "ekimax-CCIT"
BiJI KUTBKOCTI B3a€MOJII0YMX (DAaKTOPIB
CUCTEMHUI X1/ mo anamizy AK Ty-154
Texuika Eximax CepenoBuiie
- PyiinyBanHs nucky 3 aBuryHa | cTymeHi KoMmpecopa HHU3BKOTO - boprimkenep cmabo miaro- - Excruyara-
THUCKY; TOBJICHUH (HE NEepeKpUB miitHe
- PylinyBanus TpyOonpoBoy 3 IBUTYHA; HanUBHUH KpaH); CEpEJIOBHUIIIE;
- BinmoBa cucteMu ynpasiiiHHS 2 IBHIyHA i3-3a MOKeKi 1 meperapy | | - Hepauionanbauii posnoain - Buytpiummne
TpOCHKa yTIPaBIIiHHS; 000B’sI3KIB €Kilaxy B €KCT- CEepEeOBHIIIE;
- 3akputts kpaHiB ['A-165 1 cucTeMu yrpaBIiHHS JIiTakoM, i3-3a 00ro- peMalbHUX CUTYaLisX;
PaHHS i30JIA1i1 €NEKTPONPOBOIKK ¥ TIOTPAINIAHHS TIpoBoay 27 B mana- - Boprimxkenep He indopmy-
04V 30HV. U BCI CHCTEMU MUMOBOJTi TIDUHIIUTA B HEKEDOBAHHH CTaH. Bas KIIC mpo AC;

' ! !

CHUCTEMHI 3AX0O/1U (onepaunii)

]

- YrpaBniHHA NIepenaTy 2 minoTy;

- lITypmaH - Mae BUAAaTH PEKOMEHAALIT PO HaIKOPOTILIHIA IUIAX 10 Yacy Uil IPUCKOPEHHS MPOLieCy MOCAIKH;

- Boprimxenep — ycyHenns u niksigauis npuanH HIIC;

- KoMaHup - NpUHHSATTS OCTATOYHOTO PIiLlIEHHS 110 CUTYAIlii, 1[0 PO3BUBAETHCS.

a) B rutane migsuieHas ETX

- HeBnane po3miliieHHs TiAPOCHCTEMH B TIOXKEXKOHEOC3TCU il 30Hi;

- KoHneHTparis BCix eneMeHTIB TiIpoCHCTeMA Ha OJHIHM MaHeNi, 0 3HIKY€E HaAIHHICT TiJPOCUCTEMH TIPH TTOXKEXKI;

- CTBOpEHHS TepMOCTIIKO]1 130JIs1iT BOJIOTHX eJIeMeHTiB (KpaH 165).

0) B riane migsumeHHs JITX

- [Ipu TpeHaxxepHiii MiArOTOBII CTBOPUTH HEOUiIKYBaHi CUTYallii, ¥ IPH [IEOMY KOHTPOJIIOBATH B3a€MOJIIIO €KIMTaXy 1 BUATh

KIIC npaBuiabHO po3IOALISTH 000B’I3KH.
p p b\

Puc. 3. Ananis nponecis po3surky HIIC AK Ty-154
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[Ipu npobnemMHOMy aHami3i aBiakaracTpod, MoB's-
3aHHMX 3 MOYKEKEIO0 JIBUTYHIB, 32 METOJIHUKOIO iH(pOpMa-
uiitHo-¢akropHoro ananizy (IDA) nyxe BaxiIuMBO po-
3yMiTH, IO BCs MPOOJIEeMHa CUTYallis, sIka MOTIM Iiepe-
XOAUTH B KaracTpodiuHy, HoBUHHA 3 no3ulii IPA pos-
TIsIOaTics K CHTyalis, sika CKJIAJaeThbesl 3 ACKUIBKOX
eTamiB. YMOBHO NMPUHMAEMO, IO B TOYaTKOBUH MOMEHT
cuTyarii Bci 3 IBATYHa CTBOPIOIOTH ASMaXx - 30Hy Makx-

Tabnuys 4 — Mepexia Bix ASmax 10 ASmin

CHUMaJIbHOI HEBU3HAYCHOCTI, TOMY IO MOSIBA MOXKEXKI -
BKpail MalloiMOBIpHA 1 a0COJIFOTHO HECIOJIBaHA OIS
JUTSL KIMaXxYy.

[lpu BUKIIOYEHHI JIBUTYHA I HCBU3HAYCHICTH
3HHMKA€, TOMy MH IO3HAYAMO MPOLECC BUMKHCHHS JIBU-
TYHa 9epe3 CUMBOI (-): K 3HATTS AS.

V 1abn. 4 HaBeneHO aHaJI3 HACTIAKIB KaTacTpohu
[UITXOM aHANI3Y TOSBHU Ta 3HATTS AS.

Yac ASmax1 ASmax?2 ASmax3 Buxigni crann
3.21 +

3.26 -

3.31 +

3.34 +

3.43 + + + TopsTh BCi IBUTYHH
3.55 +

3.59 -

4.02 +

4.03 - -

412 + + + He 3amyckaeTbes sxo/ieH
4.32. 3amycTy X049 OIUH
441 - +

4.56 - +

5.09 -

5.17 - +

5.18 - -

5.24 + + + [Toxesxa roputsb
6.15 +

6.45 +

7.07 - +

7.09 + Jpyruii roputsb

BusHo, mo ¢akTHyHO Npu MOHOMAPaMETPUIHOMY
KOHTpOJIi 32 poOOTOI0 JIBUTYHIB, sIK OyJI0 npu wiil aBia-
katactpodi 3-i nBUryH (sikuii ropiB) OyB 103a KOHTpO-
neM ekinmaxy (umcio ASmax - 11, 3akpecnenuid (3Hs-
THif)- 1), ToOTO Bechb 4ac B MaKCUMaJbHIl 30HI HEBHU-
3Ha4yeHoCTi. 1[0 30HY MaKCHUMajabHOI HEBH3HAYCHOCTI
MOJKHA 3HATH TiJIBKH TEPEXO0JOM JI0 IMOJlinapamMeTpHy-
HOTO aHai3y.

3 TabnuIili BUIHO, IO HEBU3HAYCHICTh CHTYaIlii HE
3MEHIIyBaJIacs 3 TPETIM ABUTYHOM, a 3pocTana. MoskHa
BU/IIMTH 3 KPUTHYHAX MOMEHTH, KOJIM CHUTYyaIlis Oyia
IPaHUYHO MaKCUMaJIbHO HEBH3HAYEHOIO.

Takum umHOM, SIKOM B IpoOJIEeMHIN cuTyanii 3 ca-
Moro rnouatky OyB 3abe3nedyenuii nepexia Bix (3 ASmax
10 ASmin) - TPPOX MaKCHMYyMIB 0 MiHIMyMy HEBH3Ha-
YEHOCT] B IIOYaTKOBHH MOMEHT NpoOieMHOI cuTyauii 3a
JIOIIOMOT'0I0  [OJIINMapaMeTPUYHOTO PO3IMi3HABAHHS 03-
HakK TOXeXi (KOHTPOJII0), TO CHUTyaIlisl Moria 6 po3BH-
BaTHCS IO IHIIOMY, OCKUIBKHM ABHIYHH 1 1 2 Morim
MIPALIOBATH T10 1HIIIOMY.

ToMy CTBOpEHHsI HONINApaMETPUUYHUX CHUCTEM
pO3Mi3HABaHHS TOXKEXK J1a€ BEIMKY MOXKIIUBICTD B TIEPIITi
MOMEHTH 3HATH MakCHUMalbHY HEBH3HAUCHICTh CHUTYya-

1ii, a B MOAAJBIIOMY HE JaTH il TOCATTH 3HOBY MaKCH-
MyMy, gk e Oyno 3 pasu (3.43; 4.12; 5.24) B KpacHo-
SIPChKiit katacTpodi.

3 anami3zy Tabi. 5 MoOXHa 3pOOMTH HACTYIHI BH-
CHOBKHU:

1) Tpertiit NBUTYH, KUl TOpiB, OYB 0€3 KOHTPOJIIO i
BeCh 4ac B ASmax -

2) BiACYTHICTB MOJiNIApaMETPUYHOTIO KOHTPOIIO B
MOYaTKOBHH MOMEHT HpoOJIeMHOI cHTyalii - rojoBHa
Jlifoya pu4rHa, sIKa Npu3Besia 10 KaTacTpodu.

3) e He mpocto mommikoBi mii Bl, a BkasiBka B
TEXHOJIOTISIX Ha Iepexis KOHTPOJIIO 33 HoJlinapaMmeTpH-
YHUM IIPUHIMIIOM B OYAaTKOBUII MOMEHT KaTacTpoQH.

Tabnuys 5 — KinabKicTh Smax M Smax 3HIMaHb

Smax Smax 3HIMaHL
it 6 4
2 7 6
3 11 1

[pwu anamizi Tabnuue 4 Ta 5 BUIHO, IO Yepe3 Bif-
CYTHICTh KOHTPOJIIO TIapaMEeTpiB TPEeThOTO JBHTYHA B
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npoOnemMHil cuTyanii y ekinmaxy OyJno TpH KpUTHYHI
MOMEHTH, KOJIM CUTYyalis OLIHIOBajlacsi IO TPETHOMY
AS, T100TO siK rpannuHa ("['oputs", "He 3amyckaerbcs
Hisikmit", "Toxexa. ['oputs”).

BucHoBxku

VY wmipy po3BHTKY mpoOieMHOi cuTyarii BinOyBa-
JoCs 3pOCTaHHS HEBU3HAYEHOCTI CHTyalii-4epBOHA
JHiA.

3HATH LI 3pOCTaHHS HEBU3HAUCHOCTI MOXHA OYII0
TIJIBKH TIEPEX0JI0M Bif oneparii "BUMKHYTH [[BUTYH" 110
TEXHOJIOTIH MOoJiNapaMeTpUYHOr0 KOHTPOJIO BCIX JBHU-
T'YHIB.

TakuM YMHOM, MOKHO 3pOOHMTH HACTYIHI BUCHOB-
KH.

1. Toxexi OBUTYyHA SBISIOTH COOOI0 HE MPOCTO
BUITAJIKOBI CHUTYyallii, a XapaKTepH3yIOThCs K CKJIAIHI
abo momidakTopHi ABUIIA i MPOLECH, SKI HECYTh 3HAU-

HUH CTYHIHb PU3WKY 1 I'PaHWYHY HEBH3HAYEHICThH IS
npouecy nousoty I1C.

2. HeBu3HaueHiCTh MOYATKOBOI'O MOMEHTY BUHH-
KHEHHsI Oy/b-sIKOT TOXKEXI ABUT'YHAa HPU3BOJUTH JIO
Toro, mo ¢ynkuis npuiHsTTs pimenns KIIC i ekima-
JKEM CTa€ TEXHOJOTIYHO i ONepaIiifHO TPAHUIHO CKIIa]I-
HOIO, TOMY HAaBiTh TIPOCTI omepamii i CEHCOMOTOpHI
PYXy MiJ 9ac pamnToBOTO i HECTIOAIBAHOTO BHHHUKHEHHS
MTOKEeXX1 BUKOHYBATH EKilTaXXy JTOCHTH BasKKO.

3. Bci cucremu curHamizamii Tpo TOXEXKY €
CKJIaJHIMH JIOTiKO-TUHAMIYHIMHU CHCTEMH, TOMY HEO0O-
XiTHO OOIPYHTYBaTH ONTUMAaJbHI BapiaHTU iX CTPYKTYp
i 3a0e3Me4YnTH iX eproHOMIYHY JIOCKOHAIIICTB.

4. Iudopmauiitno-hakTopHa MOJETH CTBOPIOE TIe-
PCHEKTHBH OiNbII MIMOOKOTO aHalli3y MpoOJeMHOI CH-
Tyamii mpy Hoxkexxax i Ja€ MiJcTaBy AJsl IEpexoly Bin
MOHOIIAPaMETPUYHOT0 A0 MOJINapaMEeTPUYHOTO KOHT-
PpOITIO TapaMeTpiB POOOTH JBUTYHA TIPU TTOXKEXKI.
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Information model of aircraft power plant fire analysis
Ali Al-Ammori, A.Ye. Klochan, A.O. Degtyareva, O.P. Shkurko, H.A. Al-Ammori

Abstract. The fire alarm system is considered as an information and control system that performs the function of provid-
ing a light and sound signal about the occurrence of a fire in one of the compartments of the aircraft. The classification and char-
acteristics of primary information sensors are given. At the same time, the main causes of sensor failures, non-detection and false
alarm for a large class of aircraft alarm systems of various generations, which today account for more than 70% of the total num-
ber of fire alarm system activations are determined. An information model for the analysis of aircraft power plant fires was built
and the main parameters and indicators were determined (dangerous gas temperature, dangerous temperature of bearings, chips in
oil, dangerous vibration and rotation frequency, and other parameters), with the aim of transitioning from monoparametric to
multiparametric control of a dangerous fire situation on board of the aircraft. The proposed information model can be used in the
training of pilots to eliminate dangerous flight situations. Also, the paper examines a real disaster related to an engine fire as an
example of the importance of timely determination of the first moment of fire occurrence. At the same time, more attention is
paid to titanium fires and their causes.

Keywords: information model, information security, information technology, primary information sensor, reliability of
information, engine fire, flight safety, information and control systems.
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CRM TOOLS TO ENSURE THE PROTECTION
OF INTELLECTUAL PROPERTY RIGHTS

Abstract._The article examines the main aspects of using CRM systems in the management of relationships in
companies under the condition of ensuring intellectual property rights. It was determined that the protection of intellectual
property rights is considered through the prism of the development and implementation of a system of legal norms that
require regulation of relations aimed at the need to create and implement intellectual property objects. The need to protect
intellectual property rights, which is mediated by the design, development and use of special software, has been proven.
Based on the analysis of the essence of the concept of intellectual property and the definition of its main components, the
introduction of specially developed software is proposed. The choice of the software environment and tools for the
implementation of the visual design of the proposed database is substantiated, which unites all stages of its development
and implementation in a single seamless environment for the purpose of ergonomics and optimization of writing code in the
appropriate scripting environment, which aims to ensure the generation and reproduction of tables, comparison of
databases, synchronization of schemes and data, preparation of reports and optimization of the methodology and
technology of their distribution, as well as fast and effective security management in databases. The main areas of
implementation of the CRM management strategy and the implementation of software developments in the organization of
the company's work, as well as the components of the information support of CRM systems, are presented. The method of
implementing the CRM strategy in the company's activities is proposed. An information system for accounting of the
company's activities was designed and developed on the basis of the CRM system. The main features, advantages and
disadvantages of using CRM systems in the company's activities are determined. The scientific and practical utility of the
proposed information management system allows for a step-by-step and component analysis of all business processes, to
make management decisions for the purpose of better cooperation and legal protection of intellectual property in the

modern information space.

Keywords: CRM, information system, information technologies, design, intellectual property.

Introduction

Thanks to the rapid increase in the capabilities of
informatics and new information technologies, the
information environment of people's living and life
activities is being formed, and an information society is
being created. The modern century is characterized by
the intensive development and implementation of
informatics in all spheres of society. This was
manifested in the intensive improvement of computer
and communication equipment, in the emergence of
new and further improvement of existing information
technologies, as well as in the implementation of
applied information systems. The achievements of
informatics have taken an important place in
organizational management, in industry, in conducting
scientific research and automated design.
Informatization also covered the social sphere:
education, science, culture, medicine. Information
technologies are gradually, actively and relentlessly
integrated into all spheres of human activity and society,
becoming a powerful catalyst and a determining source
of their objective development. Informatization is an
important factor in changing the quality of life in
society: because in modern conditions, the level and
way of life begins to increasingly depend on the level
and quality of services, culture, education, work
organization, etc.

The process and content of the informatization of
society boils down to the spread of media culture in one

or another society, which, in turn, unites society with
permanent ties. In the political plane, the transition of
society to the informational stage of development
provides an opportunity to use democratic institutions as
an instrument of social control. Informatization in the
field of economy leads to the emergence of new
branches of production, changes the very idea of the real
sector of the economy, which includes virtual reality in
telecommunications networks, and in particular on the
Internet. The possibilities and scale of capital movement
are growing sharply, financial transactions are carried
out with extraordinary speed and ease. Informatization
affects all spheres of human life: it contributes to the
growth of labor productivity, improvement of economic
management, development of knowledge-intensive
industries and high technologies, enrichment of spiritual
life and further democratization of society, etc.
Information technologies open a new page in the
development of science and the life of society as a
whole.

Analysis of recent research and publications. A
number of domestic and foreign researchers constantly
pay attention to the problem of designing and
developing CRM systems. Modern developers and
specialists in the field of IT study the experience of
other specialists in the design of information systems.
D. Korpusenko investigates CRM methodology and
examines the need for their implementation for various
types of service provision, in particular examines
KeepinCRM, PipeDrive, KeyCRM, asserting the
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leading role of those that have mobile as a powerful
component [1]. The main functions of the CRM system
and classification of CRM systems, batch and
individual, analysis of their advantages and
disadvantages are considered G. Chubenko, M.
Loshytskyi, D. Pavlov, S. Bychkova, O. Yunin [2]. K.
Popova studies the problems of implementing CRM
systems and analyzes their differences depending on
where the information is stored and how the system is
protected [3]. A. Hafiyak investigates CRM systems as
a component of modern intelligent management
technologies [4]. L. Dolgova and H. Yamnenko analyze
the importance of using information technologies in the
automation of business processes of the enterprise and
prove the importance of using software in the field of
relations with partners [5-7].

Main part

For the world economy, as well as for developing
countries and countries with a transitional economy,
including Ukraine, this phenomenon poses certain
dangers. First, the countries where the least secured
layers of the goal do not have access to information and
knowledge to achieve better welfare, have less dynamic
development. Secondly, due to the fact that the evidence
and methods of increasing the efficiency of production
due to the use of ICT are practically unknown in this
country, the opportunities for it are not used and are not
multiplied there development. In today's world, the level
of employment is affected by factors generated by the
processes of globalization and regionalization of the
world economy, the progress of information technology
and methods management and communication

technologies, new management methods and business
strategies. The approach to content, content and
methods of obtaining knowledge and obtaining
information is changing. Labor markets are influenced

by technological advances in the areas of
computerization, biotechnology, energy,
communications, and space research. Another

phenomenon of the informatization of modern state life
has become the information war, as a result of new
reasons for information gathering. The essence of this
revolution is not so much in increasing the technical
characteristics of weapons and the emergence of new
technological solutions as in a new conceptual
understanding of the goals and tasks of defense
politicians.

Simultaneously with the development and
improvement of the legislative framework, Ukraine
should stimulate the development of innovative and the
creation of new specialized network structures and
technologies built on the basis of international
standards, as well as organize the development lack of
broad social and political support for the process of the
country's transition to the information society. This will
speed up qualitative changes, ensure high efficiency and
speed up the process of informatization in Ukraine,
which will accordingly reflect on the quality of the
social and political life of the state [1]. The main task of
protecting intellectual property rights is to establish a
number of legal norms that indicate the processes of
support and definition of relations with respect to
intellectual property objects. The need for permanent
protection of intellectual property rights is determined
by the main components presented in Fig. 1.

The main nesds that determine the nesd
to protect intellec mal propesty rights

en=unng the interestz of creators
by pranfing them time-limited
rights to control the vse of their
o works

protection of public misrests
bt tegarding  frzz
world's intellec mal treasury

aceess o the

activation of investment and
innovation activibies,

et imiplementation of achisvements
and innevations in all spheres of

the

zocial ife

stimulation of creative
intellactnal worlk, encouragement
of creaftve  activity  and

~| implementation of its results in
interests  of social and
economic progress of society

Fig. 1. Basic needs for the protection
of intellectual property rights

The authors chose the MySQL Workbench
software environment to perform the task, namely the

design and creation of an information system, the core
of which is a database. MySQL Workbench is a
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specially designed software tool for visual design, it
contains a number of capabilities designed to implement
all stages of working with the core of the information
system, which includes modeling, development and its
implementation in a single seamless environment for
MySQL, which is the next step, and namely
DBDesigner 4 from FabForce. Among the defining
characteristics of MySQL Workbench, it is possible to
note the increased speed of writing SQL code in a
convenient scripting environment; generation and
reproduction of tables; comparison of characteristics,
structures and content of databases, synchronization of
schemes and data; preparation of reports and automation
of their distribution; fast and efficient management of
the processes of protection of filling and structure of
databases.

The database contains tables specific to the field of
legal protection of intellectual property, with columns of
certain types of data, namely: "CopyRightOwner" —
copyright owner; "Own™ - a work that is an object of
intellectual property; “License"” - work license;
"InfringementAct” — an act of offense; "InfringingOwn™
- work that violates intellectual property rights;
"Infringer" — violator; "CourtVerdict" — court decision;
"Liability" — responsibility.

For each database that is planned for permanent
use, a series of tests should be conducted, which was
performed by the authors of this study. Performance
testing of the developed software product is aimed at
overcoming potential difficulties in the decision-making
process. A CRM was developed for the department of
analysis and provision of the intellectual property
protection system. CRM "ZOHO" was used for this

(Fig. 2).

Canras [» Zoho CRM

Introducing Canvas,
The first CRM design studio.

Fig. 2. CRM "ZOHO"

After completing the registration process, system
settings are performed and data is entered in this section
with contacts (Fig. 3).

This is worth noting that the functionality of the
portal is configured correctly sometimes.

The CRM system helps to automate work and
establish employee communication, other specialists,
clients. For this, you should use ready-made modules of
the CRM system. Note that in context improving the
quality of work, you can conduct online testing with
further storage results in the knowledge base in the wiki
directory. Effective communication between by
management subjects, using a single messenger, closed
chats, open channels in order to improve the automation
of business processes.

Data is entered in the service provision section in
the same way as it was done with contacts (Fig. 4).

ﬂ Client
<« |
3 & Add Tags

I Related List (" Overview ) Timeline
Notes ‘ Lulitact wwiier duiic Hainic
Attachments Email serhiy.smyslov@gmail.com
Deals Phone
Open Activities Mobile
Closed Activities Department
Invited Meetings
Products
Cases Hide Details

Quotes
Contact Information
Sales Orders 1
Contact
Owner

some name
Purchase Orders

Emails Vendor
g Name
Invoices
Campaigns Department
Social Home Phone L (066) 768-3493
Reporting Cont... Fax

Fig. 3 Information about one of the contacts

Create Product it Page Layout

Product Image

Product Information
Product Owner | some name -
Product Code  assess_intellectual_property_protection

Product Active @

Product

Category Software
SalesEnd Date = MMM D, YYYY
Support End i ,
Date VD, YYYY

Price Information
Unit Price JAH 1500
Taxable =@

Product Name | Assess Intellectual Property Protection

Vendor Name

Manufacturer None

SalesStartDate ~ MMM D, YYYY

Support Start
Date

Fig. 4. Creating a service
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Conclusions

Informatization of society is a process concept,
that is, it has stages of implementation.

At the first stage, the anticipatory development of
scientific and technical directions is envisaged, which
directly ensure the creation and use of new information
technologies.

The second stage is characterized by computer
development of the information fund, uploading it to
databases, which have been integrated into local
computer networks. But free access to information
stored in such databases has a limited range of users,
and the process of forming the information culture of
the population is still ongoing.

The third stage of informatization involves
ensuring free access to all information accumulated by
mankind, the opportunity not only to use, but also to
replenish the regional, national and global information

fund. The information fund becomes the property of
almost every resident of the country, so this stage can be
called the stage of socialization and updating of the
country's information fund.

In the course of the research, an information
system was developed that allows you to conveniently
store data on a fairly wide range of aspects of this field,
and a CRM for legal protection of intellectual property.

When solving the task, the following actions were
performed:

created database table structures, indexes and table
expressions;

tables were filled with information;

linked tables using foreign keys (one-to-one, one-
to-many and many-to-many);

developed the necessary requests to solve the tasks
that were set in the condition;

CRM is configured and all necessary objects for
the system are created.
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Bukopucranus incrpymenrapiro CRM
IJ1s1 3a0e3neyeHH s 3aXUCTy NPaB iHTe1eKTYyaJIbHOI BJACHOCTI

P. Bapanenko, A. Mocrosa, H. Cac, O. Kypbanosa

AHoTanmisi. Y cTaTTi pO3MISHYTO OCHOBHI acmekTH BukopucTaHHs CRM-cucreM B ynpaBiiHHI B3a€MOBITHOCHHAMH B
KOMITaHIsIX 32 YMOBH 3a0e3NeueHHs IpaB iHTeJIeKTyalbHOI BIacHOCTi. Bu3HaueHo, 1110 3aXKCT NpaB iHTEIEeKTyalbHOI BIACHOCTI
PO3MIIAIAIOTh Yepe3 MPU3MY pPO3POOKH Ta BIPOBAIKEHHS CHUCTEMH IIPAaBOBHX HOPM, SKi NMOTPEOYIOTb  PEryJlOBaHHS
BiJTHOCHHAMH, IO MAIOTh Ha METi HEOOXIIHICTh CTBOPCHHS Ta BIPOBA/DKECHHS O0'€KTIB IHTENEKTyaIbHOI BIacHOCTI. JloBeneHa
HEOOXIMHICTh 3aXHCTy TIpaB IHTENEKTYaJbHOI BJACHOCTI, IO OIOCEPEIKOBaHA IMPOCKTYBAaHHAM, PpO3POOJICHHSIM Ta
BHKOPUCTAHHAM CIELIATFHOTO PpOorpaMHOro 3abe3nedeHHs. Ha mijcTaBi aHalli3y CyTHOCTI MOHATTS 1HTEIEKTYaIbHOI BIIACHOCTI
Ta BHM3HAYCHO OCHOBHHMX HOTrO CKJIAJOBHX, 3alpONOHOBAHO BIPOBA/DKEHHS CIIEHIiAJIbHO PO3POOJICHOr0 MPOrpaMHOro
3abe3nedyeHHs. OOrpyHTOBaHO BHOIp MPOrpaMHOrO CEPElOBHINA Ta IHCTPYMEHTIB Ul peaitizalii Bi3yalbHOTrO MpPOSKTYBaHHS
3anpoIOHOBaHOi 0a3u JaHuX, MO0 00'€qHye BCi ertamy ii po3poOKM Ta BIPOBADKEHHS B €IMHOMY OE3IIOBHOMY CEPEHOBHIII 3
METOI0 eprOHOMIYHOCTI Ta ONTUMI3allii HAKCAHHS KOy y BIATIOBIIHOMY CEpeJOBHIII CIIEHapiiB, 1[0 Ma€ Ha MeTi 3a0e3MeueHHs
reHepanii Ta BiITBOPEHHS TaONWIb, MOPIBHSIHHI 0a3 MaHUX, CHHXPOHI3allii CXeM 1 JaHWX, MiATOTOBKU 3BITIB Ta ONTHMIi3allii
ocHOBHI Hampsimu peanizanii CRM-cTparerii ynpaBmiHHA Ta BIPOBAPKEHHS MPOTPaMHHUX pPO3pOOOK y opranizamii podoru
KOMITaHil, a TaKOoX KOMIIOHEHTH iH{opmariitHoro 3abe3neucHHss CRM-cucreM. 3ampormoHOBaHO METOIVKY BIIPOBAIKECHHS
CRM-crparterii y aisnpHicTh KoMmnaHii. CIPOEKTOBaHO Ta po3pobieHo iHdopMaliiiHy cucTeMy OOJiKY AisTIBHOCTI KOMIMaHii Ha
3acagax CRM-cucremn. BusHaueHo oCHOBHI 0COONMBOCTI, mepeBarn Ta Hemoliku BukopuctanHs CRM-cucrem y AisIbHOCTI
koMnaHil. HaykoBa Ta mpakTH4Ha KOPHCHICTH 3alpOINOHOBaHOI iH(OPMAIiHOT CHCTEMH YNpPaBIiHHS J03BOJISIE MOKPOKOBO Ta
MOKOMIIOHEHTHO aHaji3yBaTH yci Oi3Hec-mipoliecH, NpUHMAaTH YHPaBIiHCHKI PILIEHHS 3 METOI0 KPALoro CHiBpOOITHUIITBA Ta
NpaBoro 3a0e3NedyeHHs IHTeIEeKTyaIbHOI BIACHOCTI B Cy4acHOMY iH(GOpMaI[ifHOMY IIPOCTOPI.

Knwuosi
BJIACHICTb.

caoBa: CRM, indopmamiiina cucrema, iHpopmaiiiiHi TEXHONOrii, MPOEKTYBaHHS, IHTEIEKTyalbHa
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XapKiBChKHI HAIllOHATBHUN YHIBEPCUTET PaIioeNeKTPOHIKH, XapKiB, YKpaina

PO3BUTOK MOJIEJII TA CTPYKTYPU KEPYIOUUX ITPUCTPOIB
3 ITAPAJIEJIBHOIO APXITEKTYPOIO

AHoTanisi. AKTyaJIbHiCTb. 32 OCTaHHE JCCSATUIIITTS MUTAHHAM PO3BHUTKY 1 BAOCKOHANICHHs iH(QOpPMAIiHOT TeXHOIOTii
MapaeIbHOTO JIoTiyHOTro KepyBaHHS Ha 0a3i [1JIIC-koHTponepiB mapanenbHOl Aii Oyino NpUCBSYEHO He ayske Oarato yBa-
ru. Y TOi ke yac B OCTaHHIX JOCIIKEHHIX OyJo MOKa3aHo, IO BIOCKOHAJIEHHS Li€l TeXHONOTIl, yBeACHHS A0 ii ckimaxy
HOBOTO (hYHKLIOHAIY, TO3BOJIHUTH 3HAYHO PO3LUIMPUTH cepH 11 3aCTOCYBaHHS HE TUIBKH ISl KEPYBaHHs 00’ €KTaMH KPHUTH-
YHOTO 3aCTOCYBaHHS, ajie i I MOOYMOBU CHCTEM KepyBaHHS 3BHYaHUMH NMPOMHCIOBHMH 00’ekTaMu. OIHHMM i3 TakHX
BIOCKOHAJICHB, III0 3HaYHO po3iuproe ¢pyHkmionan I1JIIC-koHTposepiB mapaiensHol Ail € yBeAeHHs BHYTPILIHIX TaMepiB
1 miynnbHUKIB. MeToro maHoi poOOTH € BIOCKOHAICHHS! MaTeMaTHYHOI MOZIEINI i apXiTeKTypH NPOrpaMOBAHOTO JIOTYHOTO
KOHTpOJIepa Mapaye]bHOi il i pO3IIMPEeHHsT HOro (YHKIIOHAIPHAX MOKJIMBOCTEH, IUIIXOM YBEAEHHS 1O HOTO CKIamy
MpOrpaMoBaHuX TaiMepiB. BUCHOBOK. 3a pe3yibTaTaMu MPOBEACHUX JOCITIIKEHb CHHTE30BAHO CTPYKTYpPY BIOCKOHAJIE-
HOTO JIOTIYHOTO KEPYIUOro aBTOMATy HapalieNbHoOl 1ii, Y SIKOMY J0JaHO MOXKJIMBICTh peaji3amii mporpaMoBaHHX Taiime-
piB. Boockonaneno enementr MareMatnyaoi mozeni JIKA I1/1, moka3aHo SIKMM YMHOM yBEICHHS HOJATKOBUX BHYTPILIHIX
3MIHHUX BIUTMBA€ Ha peajii3alilo OCHOBHUX MaTeMaTHYHHX 3aJIeKHOCTEH, 110 BU3HAYAIOTh Horo ¢yHKuioHnyBaHHs. Ha 6asi
IIPOIIOHOBAHOI CTPYKTYPH i €JIEMEHTIB MaTeMaTHIHOI MOJIENi 3 SIBISE€THCS MOXKIIMBICTE MMOOYIOBH BIOCKOHAJIEHOTO AJIro-
putMmy dyskiionyBanus i HDL-moneni nis ¢isuunoi peanizanii [1JIIC-koHTpONepa napanenabHoi ail.

Kamo4oBi ci1oBa: TeXHOJOTIS MapaeIbHOTO JIOTIYHOTO KepyBaHHSI, MPOrPaMOBaHHM JIOTIYHUI KOHTPOJIEP HapaenbHOT

nii, [IJIIC-xoHTpomep, BHYTPILIHIN pOrpaMoOBaHuii Taiimep.

Beryn

B opHiif 3 ocTaHHIX MyOMiKamiid 32 HAPSIMKOM J10-
CHIJKCHHS 1H(GOpPMAIiHHOT TEXHOJOTIT HapaieIbHOTO
JIOTIYHOTO KEPYBaHHS, a caMe — KepYIO4HX apXiTeKTyp
napasienabHol Aii, OyJ0 BU3HAYCHO MPIOPUTETHICTH YBeE-
JICHHSI 710 TAKUX CTPYKTYp BHYTPILIHIX MPOrpaMOBaHUX
KOpPHCTyBa4eM TaiimepiB i miunmbHukiB [1]. ¥V Toit ke
yac Hi MaTeMaTHuHOI0 Momemtio, Hi HDL-monmemmo, Hi
anroputMoM QyHKIionyBanHs [1JIIC-koHTpOMNEpiB ma-
panensroi mii (I11) He mependadeHO MOXKIMBOCTI pea-
mizanii moxioHoro ¢yukiionany [2-4]. o Toro x s
MTOBHOIIIHHOT peaiizarii BKa3aHUX (yHKIIH HEoOXigHa
miATpuMKa 3 OOKy MoBH mporpamyBanHs [IJIVC-
koHTponepis [1]1 — ATTJIK-M, a me Takox BiIKpHTE ITH-
tauns [5, 6].

Jlo Toro x aHaii3 Mojesed i CTpyKTyp Imporpamo-
BaHMX Kepyrouux aproMatis napanensHoi aii (ITJIK T1/T)
CBIIYUTH MPO X (aKTUUHY «HETHYYKICTBY, «3aKpH-
TIiCTBb» a00, (haKTUUHO, peaizaliio 3a JOMOMOTO KOH-
LETIIT <GKOPCTKOT JIOTIiKI.

ToOTo, He nuBISYKMCH Ha (i3UYHY peaizaiifo
TaKMX Kepyrouux cTpykTyp Ha 6a3i ITJIIC, mo 3a cBo-
€10 CYTTIO JIO3BOJISIIOTH CTBOPIOBATH T'HYYKOIPOTpa-
MOBaHi CUCTEMH, 10 (aKTy HISIKUX 3MiH y caMy CTpYy-
KTypy Kepyl4oro aBTOMaTy BHECTH HE Ma€ MOMKJIH-
Bocri [7].

MeTo10 1i€i podOTH € BIOCKOHAJICHHS MaTeMaTH-
YHOI MOJIENI 1 apXiTeKTypH MPOrPaMOBaHOTO JIOTIYHOTO
KOHTpOJIepa HapaienbHoi Aii 1 po3mupenHs Horo QyHK-
LIOHAIBHUX MOXIIMBOCTEH, IUIIXOM YBEJCHHS 10 HOTro
CKJIajly MPOrpaMOBaHMX TaiiMepiB.

OcHOBHA YaCTHHA

Ha puc. 1 nokazaHo 6a30By CTPYKTYpy Cy4acHOTO
TJTIC-koHTpoONIepa mapajiesbHol [ii, Mo TMOKIaJeHO B
OCHOBY TIPOMHCIIOBHX 3pasKiB 1 peanizoBaHO Ha KpHC-
tanax IJIIC xomnanii Altera [8].
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Puc. 1. Ctpykrypa I[1JIIC-xoHTpONepa mapanensHoi mii

Peanizanis 6a30BUX (YHKIIH JOTIYHOTO KepyBaH-
Hsl BIIOYBa€ThCs 32 PaXyHOK IE€PEBIPKH ICTUHHOCTI piB-
HSIHB, 110 3aMUCaHi y OJIOK JIOTTYHOTO KE€PYBaHHS:

A=KITv IIPLv ITIP2 ; (1)
+1=E A KIT ATIPLA TIP2 (2)

ne K11 — o3naka kiHug nianporpamu; /7P1 — o3Haka 1e-
pepusanus Bix BIIII; /IP2 — o3Haka mepepuBaHHS Bif
BII3K; A — mouarkoBa agpeca mignporpamu; £ — curaan
eKBIBaJICHTHOCTI; +1 — curHain nepexojy /10 HaCTYITHO-
TO psIIIKa.

CaM Kepyro4Hii aBTOMAaT CKJIQJA€ThCS i3 HACTYTI-
HUX OJIOKiB: 650Ky iHAmKanii — BI; cxemu mopiBHIHHS —
CIT; 6noky Bubopy omeparii — BBO; 6yoky soriunoro
kepyBanHs — BJIK; miumnsauka aapecu — JIA; BuxigHo-
ro perictpa — BP; a Takox OyokiB mam'sti cTaHiB, KO-
MaHJI, mepexofiB i 3aboponeHnx komOiHamii — BIIC,
BIIK, BIIII, BIT3K. Ilpouec BigmpaitoBaHHs Kepyrouoi
MIPOrpaMH CKJIQJAETHCS 3 IBOX €TaIiB a00 YaCTHH:
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1) aHaxni3 KOMOiHaLIK CTaHIB AATYMKIB yMOB IIepe-
X0AiB (CTaHiB 30BHIIIHBOTO cepenoBuIIa) i (hopMyBaH-
HSI TOYAaTKOBOT aJJpecH MiIporpamu;

2) BJIaCHE BiJIpanoBaHHA 00paHOT MiANPOTrpaMHu.

[Tpuyomy aHasi3 cTaHiB 30BHIIIHEOTO CEPEIOBUINA
3MIACHIOETHCS TTapajieNlbHO 1 He3aJIe)KHO BiJX BiAmparlrio-
BaHHS ITi IIPOTPAMHU.

Ha moxazaniit cTpykTypi 3a BHOip mogaTKoBoi aj-
pecH MmiAmporpaMu BiAMOBifae OJOK mam'siTi epexoiB
(BIIII), sxwif, y pasi mosBM Ha HOTro BXO.i OZHi€T i3 3a-
MIPOTPaMOBAaHUX KOMOiHAIil, BCTAHOBIIOE JIYMIHHHUK
aJipecH y BIIMOBIAHUN nMaHii koMmOiHarii craH. Takum
YUHOM pealli30BaHO BHKOHAHHsS piBHsAHHA (1), TOGTO
ictuHHOIO ctae piBHICTH KI1=A4 1 BJIK ¢dopmye curnan
«A4» (Anpeca), 3a IKUM JITYAIBHUK a/IpeCH Iepeaapeco-
Bye BIIC i BIIK Ha nepmmii psitok oOpaHoi mixnporpa-
MHU. B ocraHHBOMY psiIKy KOXKHOT MiANporpamu, a Ta-
KOXX Y HyJIbOBOMY PAIKY IPOTPaMu 3alHCYETHCS TITbKH
O3HaKa KiHIM miamporpaMu «KIT», 10 BHUKOPHUCTOBY-
€TBbCS K JIO3BIN TIEPEXOAy KEpyIOdoro aBTOMAaTa o
BiIIpaIfoBaHHA OyAb-AKOI i3 3amrucaHuX y OJOKH mmam'-
SITI TATIPOTpaM.

BracHe BiamparroBanHs 00paHol MmiANporpamMu Bi-
N0YyBa€eThCs 3a paXyHOK peanizamii piBHsHHS (2). Skio
piBHiCTh BUKOHYETHCS, To BJIK dopmye curnanm «+1y,
3a sikuM JIA anpecye BIIC i BIIK na nactymuumit (i+1)
PAIOK TOTOYHOI MiANPOTrpaMu. YMOBOIO (OpMYBaHHS
curHaiy «+1» € mosiBa curHainy «E», Skuii Moxe OyTH
chopMoOBaHHU BOMa crnocobamMu. SIKIIO Ha IEBHOMY
KpOIli Kepylodoi MporpaMu HEOOXiTHO IOpiBHIOBATH
(aKTUYHUI CTaH yCiX AAaTYHMKIB OUKIY 3 iX OYiKyBaHH-
MU 3HaYEeHHSIMH, TO IO OCTAHHBOTO CTOBILS i-TO PS/IKa,
0 3alHCaHUi 70 OJOKY maM'siTi CTaHiB, 3alUCYETHCS
BIJINIOBiJTHA O3HAKa i OJIOK BUOOPY oreparii popMye cu-
rHaa «/=1». llei curHan nepeMuKae cxemy MOpiBHIHHA
Ha peaji3alilo JIOTiuHOI omnepauii «/», TOOTO cUrHai
€KBIBaJICHTHOCTI £ Ha T1 BUXO[i 3'IBUTHCS JIMIIC Y pasi
30iry ycix ()akTHUHHMX CTaHIB JATYMKIB IUKIY 3 IX Oui-
KyBaHUMH 3HAUEHHSMH, 3aIIMCAHUMH JO 1-TO PSIKY
BIIC. Skmio i mepexoy Ha HACTYTHHUMA KPOK MiAmpo-
TpaMH JOCTAaTHBO CIPALFOBAHHS JIMIIE OJHOTO JAaTYUKa,
t0 BBO dopmye curran «450=1», mo nepeMuKae
CXeMy TIOpiBHSHHS Ha pealli3allilo JOTigHOi omepariii
«A50». O3naku nepepuBanb «I[IP1», «IIP2», curHanu
«l1B» 1 «bB», He popMyIOTH 0a30BY JIOTiKy POOOTH aB-
TOMaTa, ajie 3 TEXHIYHOI TOYKU 30py € HEOOXITHUMH.
JletanbHO MO TPHU3HAYCHHS IMX CHTHANIB, a TaKOK 3
Oinpm netanbHUM omrcoMm pobotn TIIIC-koHTpoOMepa
I1]] MoxHa 03HaHOMHUTHUCH B [8].

TakuM 9uHOM, SIKIIO MiIXOTUTH J0 peanizamii ¢y-
HKIIH NMpOrpaMOBaHUX TaMepiB B KEPyIOUHX aBTOMa-
Tax 3 MapajeibHOI0 apXiTEKTYpOlo, TO HEOOXiTHO BH-
3HAQYUTHCH 13 TUM, Y OyyTh BHYTpIIIHI 3MiHHI TaliMe-
piB mpuiiMatu y4yacTh B 000X piBHsHHAX (1) 1 (2), abo
JMIIe B OAHOMY 3 HMX. Hacmpani aHai3 1boro nuTas-
HS TIOKa3ye, M0 HeO0OXiTHO MOBHOIIHHO pPeaji30ByBaTH
¢yHKIiIO TaliMepiB, SAK Ui peanizalii mepexoay Ha Ha-
CTYIIHUH PAJOK MOTOYHOI MiJIpOTpaMu, Tak i AJs me-
pexony a0 iHmOT miamporpamMu. AJle CHpaIfoBaHHS
TaliMepa MO)ke 0e3MOCepeHbO HIMIIOBATH MEpeXil Ha
HACTYITHUN PANOK (TOOTO MOXe iHilifoBaTH (HOpMyBaH-
HS CUTHAy «+1»), y TOol "ac, chopMyBaTH aapecy Ie-

pexofy 10 iHIIOI miNporpaMu TaimMep He Moxe (axpe-
ca opMyeThCs TIIBKU Yepe3 aHali3 CTaHIB CTOXACTHY-
HUX BXOJIiB, TOOTO CTaHIB JaTYHKIB 30BHIIIHLOTO CEpe-
JoBHIIA). Y TOMH jKe Yac CHI'HaN BiJ] BHYTPIIIHIX TaiMe-
piB MOXXe HpuiMaTH y4dacTh y ()OpMyBaHHI CHrHAILY
«KIl», abo iHIIOTO €KBIBAJICHTHOTO 32 CYTTIO CHTHAIY,
10 MOXe OYTH iHTepIPETOBAaHO AK YYacTh BHYTPIIIHIX
TaiiMepiB y Ipo1ieci mepexoay A0 iHIIOT MiAIpOrpamu.
TakuM 4MHOM HEOOXIAHO BHECTH 3MIHH IO €JIEMEH-
TiB ctpyktypu JIKA ITJ], mo npuiimatoTs y4acts y ¢dop-
MyBaHHI curHaJB «+1» i, Hanpukian «KI1». [IpomoHoBa-
Hy ctpykrypy I[IJIIC-xonTpOnepa I1]] y sikiii peanizoBaHo
(yHKUIT BHYTPILIHIX TaliMepiB, OKa3aHO Ha puc. 2.
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Puc. 2. Ctpykrypa IJIIC-xouTponepa I1]] 3 ememenTamu
peastizauii BHyTPilIHIX IPOrpaMOBaHKUX TalMepiB

Bba30Boro0 BiAMiIHHICTIO IPOTIOHOBAHOI CTPYKTYPH €
HASBHICTP II¢ OJHOTO OJIOKY maM’sTi — OJOKy mam’siTi
BHyTpiHiX 3MiHHuUX (BIIB3), mo npusHadeHuii s
30epiraHHs YMCENbHUX 3HAUeHb BHYTPILIHIX TaliMepiB.
[lle ogHUM JOAATKOBUM €JIEMEHTOM € OJIOK BHYTPILIHIX
taiiMepiB (BBT), mo inTerpye noriky po0otu 3 BHyTpi-
HMIHIMH TaiiMepaMu N0 3arayibHOi Joriku poboru ITJIK
IIJ. Hacnpasni BBT moxe Oytu Bkitoueno no BJIK,
aJle y TakOMy BHIIAJKy 3HAYHO YCKJIAJHIOETHCS OIHC
3araneHOI poboTr JIKA [1]] y mizomy.

PosrnsiHeMO npu3HAYEHHST HOBUX CUTHANIB i OJIOKIB,
0 3’SBWINCh Ha CTPYKTypi puc. 2. Curnamm «/H1» i
«[H2» € curHajamy iHimiaTopamu 3aIycKy BIJUIIKY BHYT-
pilIHIX TaliMepiB, 3HAYEHHS SKUX 3aIMCAHO B i-My PSJIKY
6noky mam’sati komanz (BIIK), abo Gmoky mam’siTi miepe-
xoniB (BIIIT). Ipouenypa BimiKy € mapajiensHOIO i He3a-
JIEXKHOIO BiJl yCIX 1HIIMX MPOIIECiB, 10 MpoTikaroTh B JIKA
II1 i peamizyeTsCsl HE3AJEKHAMHU aTlapaTHUMHU 3aco0aMu
kpuctany [IJIIC. To6To BHKOHAHHS TPOIEAYPH BiIUTIKY
MPOMDXKKY Yacy BHYTpIIIHHOTO TaliMepa HisK He 3aJIeKHUTh
Bi/l BHYTpimHbo1 Joriku podotu JIKA T1/1, mo Oyno posr-
JSTHYTO BHUILE. Y MOMEHT 4acy, IO BiJla€ MOMEHTY 3aKiH-
yeHHs (opMyBaHHs iHTepBaily BimliKy Taiimepa BIIB3
¢dopmye curHan «BT», mo (i3udHO 03HAYa€, 0 BHYTPI-
LIHIH TaiiMep 3aKiHYMB CBOIO poOOTY 1 HEoOXimHMIT mpo-
MDKOK 4Yacy cOpMOBaHO. 3a 3HAYCHHSAM CHUTHAITY «BTH»
BBT ininitoe hopmyBanus abo curHaiy « 7%, ado «KI112» y
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3aJIeKHOCTI Bij Toro, skuii came Onok (BITK, a6o BIIII)
OyB iHiliaTopoM (GopMyBaHHsS BHYTPIIIHBOTO BIUIKY Ya-
cy. 3a 3HaueHHsM curHany «7» BJIK dopmye curnan
«+1», ToOTO iHILIIOE Tepexix 10 HacTymHoro i+I-ro
psnKka MOTOYHOI miamporpamu. TakuM 4YMHOM JIOTiKa
poOoTH 3 BHYTpIIIHIM TaliMepOM BiATIOBiae JoOTimi 00-
pOOKHM CHTHANIB JIETEPMiHOBAHHX BXOIB, 3 TOIO JIHIIE
pizHHUIEIO, O TpH poOOTi 3 AETEpPMiHOBAaHUMH BXO/a-
mu cxema nopiBHsSHHSA (CII) odikye MOSBU €AMHOI «JI0-
3BOJICHOT» KOMOiHamii BXiTHUX CHUTHANIIB, a IpH poOoTi
3 TallMepoM «€IHWHA TO3BOJICHA» KOMOIHAIisA chopmy-
€TBbCSl «aBTOMATHYHO» dYepe3 IeBHHUH (3amporpamoBa-
HUI) mpomikok uacy. Omxe QopMyBaHHS CHTHAITY
«+1» BinOyBaTHMETHCS Y BINMOBIMHOCTI 10 PIBHSIHHS:

+1=(Ev T) A KITLA KIT2 A TTIPL A TTP2 (3)

SAxmo ininiaropom Bimtiky 0ys BIIII, To BBT cdo-
pmye curHan «KI12», norika poOOTH 3 SIKMM TOBHICTIO
BIZITOBiTa€ JIOTII poOOTH 3 curHaIOM «KI1», AKill y po3-
TISIAEMIN CTPYKTYpi oTpuMaB HOBY Ha3By «KI11». Too-
TO Tepexin A0 iHWoi miamporpamMu Oyne MOKIUBHH 10
3aKiHYEHHIO C()OPMOBAHOTO BHYTPIIIHIM TaHMepOM Biji-
JIKy Yacy, MOBHICTIO aHAJOTiYHO OO CHTYyallii, KOJIu
o3HaKa KiHug mianporpamu ¢ikcyerbest BIIK y 3Buuaii-
HUX yMoBax. DopMyBaHHSI CUrHalmy «4» B OHOBJEHIH
CTPYKTYpi BiIIIOBiIaTIME HACTYITHOMY PiBHSIHHIO:

A= KIlv KIT2~ IIPlv [1P2 (4)

Ha octaHok ciij 3a3HaYUTH, IO JJIsl HOBHOIIHHOT
peanizanii po3nIsHYTHX (GYHKIiIH HEoOXimHO 3abesme-
YUTH MIATPUMKY 3 OOKY aBTOMATH30BAHOI TEXHOJOTIl
nporpamyBanHs VP, a Takok BHECTH 3MiHH JI0O CHHTAa-
KCUCY 1 CeMaHTHKH MOBH mporpamysanus SIIJIK-M.
OpHak 1ii CKIafoBil acTHHI iHQOpPMAIIiIHOT TeXHOIIO-
ril mapajensHOrO JIOTIYHOTO KepyBaHHS Oynie IpHCBS-
YEHO OKpPEeMe AOCIiIKEHHS.

BucHoBkH

3a pe3yabpTaTaMy NPOBEAEHUX JOCIIIKEHb CHHTE-
30BaHO CTPYKTYpPY BIOCKOHAJIEHOTO JIOTIYHOTO KEpylo-
YOro aBTOMATy MapayesbHol Jil, Y SIKOMY JOAaHO MOX-
JMBICTH pealtizalii mporpaMoBaHUX TaliMepiB.

BnockoHanieHO eleMEeHTH MareMaTHYHOI Moedi
JIKA ITJl, moxa3aHo SIKUM YMHOM YBEIEHHS AOAATKOBHUX
BHYTPIIIHIX 3MiHHHX BIUIMBA€E Ha Peai3alilo OCHOBHHUX
MaTeMaTHYHUX 3aJEXKHOCTEH, IO BH3HAYAIOTHh IOTO
(yHKIIOHYBaHHSL.

Ha 6a3i npormoHOBaHOI CTPYKTYpPH 1 €IEMEHTIB Ma-
TEMATUIHOT MOJIEI 3’ SIBIISIETHCS. MOXKIIMBICT MOOYIOBH
BIOCKOHAJICHOTO anroputMy ¢yHkiionyBanus i HDL-
mozemi st ¢iznunoi peanizauii [TJIIC-konTponepa na-
payienbHoT il
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Development of model and structure of control devices with parallel architecture
Stanislav Bovchaliuk, Borys Kolomoets, Vladyslav Kolomoets, Yaroslav Garashchenko

Abstract. Topicality. Over the past decade, not much attention has been devoted to the development and improvement
of information technology of parallel logic control based on parallel FPGA controllers. At the same time, recent studies have
shown that the improvement of this technology, the introduction of new functionality into its composition, will allow to signifi-
cantly expand the scope of its application not only for the control of objects of critical application, but also for the construction of
control systems for ordinary industrial objects. objects One such improvement that greatly expands the functionality of parallel
FPGA controllers is the introduction of internal timers and counters. The purpose of this work is to improve the mathematical
model and architecture of the parallel action programmable logic controller and expand its functionality by introducing pro-
grammed timers into its composition. Conclusion. According to the results of the conducted research, the structure of an im-
proved logical control automaton of parallel action was synthesized, in which the possibility of implementing programmable tim-
ers was added. The elements of the mathematical model of LKA PD have been improved, it has been shown how the introduction
of additional internal variables affects the implementation of the main mathematical dependencies that determine its functioning.
On the basis of the proposed structure and elements of the mathematical model, it becomes possible to build an improved func-
tioning algorithm and an HDL model for the physical implementation of a FPGA controller of parallel action.

Keywords: technology of parallel logic control, programmable logic controller of parallel action, FPGA controller, in-
ternal programmable timer.
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JOCJIIPKEHHSA AJIT'OPUTMIB ITOITYKY OIITUMAJIBHOI'O IJIAXY

AnoTtanisi. OOmupHi 06JacTi 3aCTOCYBaHHS AITOPUTMIB IOIIYKY ONTHMAJIBHOTO IUIIXY HPH3BOIUTH 10 HEOOXIITHOCTI
PETEeNBHOTO X TOCIIPKEHHS. MeToro 1aHoi poOOTH € MPOBEAEHHS TOCIIKEHHS ICHYIOUHNX METO/IiB HOIIYKY ONTHMAIEHOTO
[UISIXY B 3aJICKHOCTI BiJl 0COONIMBOCTEH BXIIHUX JTAaHUX Ta IIJIeH ONTUMI3allii. Y cTaTi po3TisIatoThCs TaKi BUIN alTOPUTMIB
SIK: aITOPUTMH Ha OCHOBI Ipa(iB Ta Ha OCHOBI €BPUCTUKH. Y poOOTi OyIio mpoBeeHui aHaliB cepn 3aCTOCyBaHHS HaBee-
HUX aNrOpuUTMiB. BU3Ha4eH1 mepeBaru Ta HEJOJMIKH BUKOPHCTaHHS aJTOPUTMIB B 3aJISKHOCTI BiJ 007aCTi BUKOPUCTAHHS.
JlocnimKeHo CKIaHOCTI 3aCTOCYBAaHHS B 3aJI€KHOCTI BiJl 00YHCITIOBATBHUX MOTY)KHOCTEH Ta 4acy 0OpOOKH BXiJHHUX JaHUX.
[Ipencrasneni KociKEHHS 1AI0Th 3MOTY OTPUMATH 1H(GOPMAILIiI0 PO JTOCTOBIPHICTH PE3yIbTATiB pOOOTH aJrOPUTMIB II0
PO3IIIAAAIOTECS B 3aI€KHOCTI Bil BXITHOI CYKYITHOCTI apaMeTpiB Al OOUHMCICHHS.

Kaw4yoBi cioBa: axropurm, mporpaMmyBaHHs, pO3IOALT pecypciB, Tpad, ONTHMATbHIH IITAX.

Beryn

VY cydacHOMY CBiTi Bce Oinbpllie BHHUKAE HEOOXi-
HICTP B IIOOYIOBI PI3HUX CHCTEM Ta 3aCO0IB IMiBUIICHHS
SIKOCTI Ta KOM(OPTY XHUTTA JIOAWHHU. 3 TAKUMH BUKIJIU-
KaMH{ BCE€ YacTille 3yCTpidaloThcst B 00macTi iHdopMa-
LifHIX TEXHOJOTIi, a 0TXKe HEOOXiTHO TOCIIIKyBAaTH ic-
HYIOYi Ta pO3pOOJISTH HOBI METOIU BUPIILICHHS 3a/1a4 1110
BUHHKAIOTb.

Ha nanuii MOMEHT OLTBIIICTh KOPUCTYBAiB 00YHC-
JIIOBaJIbHUX MaIllMH HE MOXXYTh YSIBUTH CBOE ICHYBaHHS
0e3 HaBirailii Ha KapTax, IIBUAKOI epe/adi JaHuX uepes
IHTEpHEeT, MIBHIKOI Ta JAEIIEBOi IOCTaBKM ToBapiB. Ta-
KO, IIBUJKO PO3BUBAIOTHCS TaKi HAIIPaBJICHHS SIK: CHC-
TeMH OE3MIOTHOTO KepyBaHHS aBTOMOO1JIeM, HaBiraris
MIEPCOHAXIB B BiZIe0irpax, INIaHyBaHHS MapuIpyTy pyxy
JUTS pOOOTIB.

B ycix posrisiHyTHX cdepax, I TOMIyKy eQeKTH-
BHOT'O PyXY Ta JIOCTABKH BUKOPHCTOBYIOTh METO/TH Ta aJl-
TOPUTMH TIOIYKY ONTHMabHOTO nutsixy [1-10].

AJNTOPUTMH TOIIYKY ONTUMAJIBHOTO IUISAXY KJIACH-
(bIKYIOThCS 32 TAKUMH KPUTEPISIMU SIK: THIT BXIJHUX Ja-
HUX, Ta IPUHIUIIOM poOOoTH. B 3ane:xHoCTI BiJf KpUTEpiro
ITOPUTMHU MOYKHA PO3IOAUINTH Ha TaKi IPYITH SK:

—  aJTOPUTMH Ha OCHOBI Ipadis;

—  aNrOpUTMH Ha OCHOBI IITYYHOTO iHTENEKTY;

—  aJITOPUTMIB Ha OCHOBI €BPHUCTHK;

—  aNrOpUTMH Ha OCHOBI BHIIQJIKOBHX METO/IB;

—  aNropuTMH Ha OCHOBI KOMOIHAaTOpHOI opraHi-

3ani;

—  aNropUTMH HAa OCHOBI HEWPOHHUX MEPEXK.

Koyxuuii 3 HaBeIeHNX BUIIB aITOPUTMIB TIpU3HAYE-
HUUW JUIsl BUPIMIEHHS MIEBHOT 3a/1adi, a oTKe HeoOXimaHO
PO3YMITH KOJH 1 SIKUH TOTPiOHO BUKOPHUCTOBYBATH 100
OTpUMAaTH ONTUMAaJbHUMA, a00 HAONMKEHUH 10 ONTHMAa-
JILHOTO PE3YJIbTAT IPH MiHIMAJIbHUX BUTpaTax Ha 004n-
CIIIOBaJIbBHY MOTYXKHICTh Ta Yac BUKOHaHHs [11].

Po3yMmiHHS OCHOBHUX IIepeBar Ta HeloJIiKiB poOOTH
QJITOPUTMIB IO PO3TILIAIOTHCS A€ 3MOTY PO3POOHHKAM
Ta IporpamicraM NMpOEeKTyBaTH IIBUJKI Ta 3pydHi CHC-
TEMH 1110 BUPIIIYIOTh ITOCTaBIICHY Nepe/l HUMH 3a71ady.

MeTta po60TH — IOCIHIHKEHHS iICHYIOUYHMX METOMIB
MIOIITYKY ONTHMANBHOTO MUIAXY B 3aJICKHOCTI BiJl 0CO0-
JIMBOCTI BXIZHUX JAHMX Ta IJIEH ONTHMI3arii.

JlocimpkeHHs cripsMOBaHe Ha BUSIBICHHS ONTHMa-
JIBHUX CTpAaTeriii BUKOPUCTaHHS AITOPUTMIB IOLIYKY
LIUISIXY B 3aJIEKHOCTI Bijl 00J1aCTi BAKOPUCTAHHS.

1. AnroputMu Ha ocHOBi rpadis

Jlo anropuTMiB JaHOTO THITy BiTHOCSATBCS Ti, SKi
U1 TIOOYIOBH MIISXY BHKOPHCTOBYIOTH TaKi BXIiIHI
nanHi sk rpad. I'pad G 1e BmopsiakoBaHa mapa

G=(V,E), 1)

ne V — HeToposKHsl MHOXKIHA BY3JIiB Ta BepInuH, E — MHO-
JKMHA Tap BEPILHH 1110 Ha3MBaIOThCs peOpamu.
Bepumnu U Ta V Ha3MBalOThCs KIHLIEBUMH BEpIIU-
Hamu (abo mpocto Kinimsmu) pebpa e={u,v}. Pebpo,
CBOEIO uUeproro, 3'eHye 1l BepinHU. J[Bi KiHIEBI Bep-
HIMHU TOTO CaMOro pedpa Ha3MBAIOTHCSA CYMIKHUMHI

Puc. 1. Henanpasienwuii rpad

IcHYIOTB pi3HI MOCTAHOBKH 3aj]1adi IMPO HAMKOPOT-
WX TUTSX:

1. 3aBmaHHA MPO HAKOPOTIINH MIJISX 710 33 JaHOTO
MMyHKTY npu3HadeHHd. [1oTpiOHO 3HAWTH HAWKOPOTIIHIA
LUISIX Y 3aJjaHy BEpUIMHY NMpHU3HAUeHHs {, iKuil mounHa-
€THCS y KOKHIN 3 BepunH rpada (kpim t). 3MiHUBIIN Ha-
TIPSIM KO’KHOTO pedpa, 1110 HAIEeXHUTh Tpady, 11e 3aBAaHHs
MOJKHa 3BECTH JIO 3aBJIaHHS IIPO €JIMHY BHXIJHY Bep-
muHy (B SKiH 34IHCHIOETHCS NOIIYK HANKOPOTIIOTO
LUIIXY 13 33/1aHOT BEPIIMHY y BCl iHII).

2. 3aBaaHHs NMPO HAWKOPOTIIHUH MUILX MIX 3aja-
HOIO maporo BepmuH. [1oTpiOHO 3HANTH HAWKOPOTIIHIA
LIUISIX 13 3aJaHO01 BEpIIMHY U 3a7aHy BEpIIUHY V.

3. 3aBmaHHS NMPO HAWKOPOTIIMHA MUIIX MIX yciMa
napamu BepiuH. [1oTpiOHO 3HAWTH HAWKOPOTIITHH MUISIX
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3 KOXKHOI BeplIMHU U 10 KOkHOI Bepmau V. Ile 3aB-
JIAHHS TeXK MOKHA BUPIIIUTH 32 IOTIOMOT'OI0 aJITOPUTMY,
MIPU3HAYCHOTO JJIs1 BUPIIICHHS 33/1a4i PO OJHY BUXIIHY
BEPILUHY, IPOTE 3a3BUYAll BOHA BUPIIIYETHCS IIBUJIIIC.

Yepes pi3Hy MOCTaHOBKY 3aBJaHb iCHY€ BEJIHMKA Ki-
JBKICTh QITOPUTMIB JUIA X pO3B’SI3aHHSA, 1O HUX BiTHO-
CATBCH:

—  Aunropurm Jlefiketpu;

—  Aunroputm A%,

—  Aunropur™m bennmvmana-®opra;

—  AunroputMm @notiga-Yopmenia.

2. Aaroputm JlelikcTpu

AJNTOPUTM MOUTYKY HAWKOPOTIINX IIISAXiB B3BaXKe-
HOTO rpady BiZ OJHOTO 3 HOTO BY3JIiB 110 BCiX iHMMX. [la-
HHUH aJrOpUTM 3aCTOCOBYETHCS JIMIIE Ha Tpadax 3 He
BiJI’éeMHUMH Baramu peopa.

o0 0

Puc. 2. Kpoku anroputmy JlelkcTpu

Anroput™m JIeHKCTpH CKIIQJa€Thcsd 3 HACTYIHHX
KPOKIB!

1. BcraHOBITH MOYATKOBHW BY30JI 1 BiJICTaHb BiJl
HBOT'O JI0 BCIX IHIIMX BY3JIiB PIBHOIO HECKIHYEHHOCTI, a
BIJICTaHb BiJl HROTO JI0 ce0¢ PIBHOIO HYIIIO.

2. OOepiTh By30J 3 MiHIMAJbHOIO BiJICTAHHIO BiJ
MOYaTKOBOTO By3ia. [lo3HauTe HOTro K BiABiaAHMA.

3. JIyis KOKHOTO CYCIIHBOTO By3JIa, SIKHH Il HE
BiJBIAaHUH, IepepaxyiTe BiCTaHb BiJl IOYaTKOBOTO BY-
3J1a yepe3 MOTOYHMIA By30J1. SIKIIO 11 BiZICTAHb KOPOTIIA,
OHOBITh BiJICTaHb.

4. TloBToproiiTe KpokH 2 i 3, MOKH BCi By3.,1 He Oy-
IyTh IO3HAYCHI SIK BiJIBiaHi.

AJNTOpUTM 3aBEpIIYETHCS, KOJIM BCi BY3JH IO3HA-
4eHi sk BigBinani. Ha 1ieli MoMeHT OyayTh 3HalIeH] Hall-
KOPOTIII MUISXH BiJi TOYaTKOBOTO By3Jia JI0 BCIX 1HIINX
BY3JIB.

3. Anropurm A*

Anroput™ A* — anropuTM MouryKy HaiKopoTIIOTo
nuLsixy B rpagi. Bin kom0Ginye B 001 eBpUCTHYHI METOIH
Ta TOIIYK 3 HAWKOPOTIINM HUITXOM. A* BHKOPHCTOBYE
OIIIHKY BiJICTaHEH 70 KiHIIEBOI TOYKHM Pa3oM 3 BapTICTIO
MPONICHOTO NIIAXY, 00 BU3HAYHTH, Ky BEPLIMHY PO3-
rsiatH HacTymHoto [12]. JIo OCHOBHHX KPOKIB JaHOTO
aNTOPUTMY MO>KHA BiJTHECTH:

1. BcranoBiTh MouaTKOBHH By30:1. [lo3HauTe fioro
SIK TOTOYHMI. BCTaHOBITH BapTICTh IIIAXY B1J OYATKO-
BOT BEPIIUHU JO HHOTO Ta OILIHKY BiJICTaHI 10 KiHIICBOL
TOYKH (EBPUCTUYHA OI[IHKA).

2. IloBTOprOiTE KPOKH MOIIYKY, JOKH HE JOCST-
HeTe KIHLIEBOi TOYKM abo He INepeBipuTe BCI MOXKIIMBI
musixd. OOUHCITITE OIHKY "HiHU" MPOWAEHOTO HIIAXY
IUTFOC OIIHKY BiJICTaHi 10 KiHIIEBOI TOYKHU (€BPUCTHIHY
OIIIHKY) I KOXKHOI CycinHpoi Bepmuan. O0epiTh cyci-
JIHIO BEpIIMHY 3 HailMEHIIOK omiHKo. [lo3HauTe 06-
paHy BEpLINHY 5K IIOTOYHY.

3. Komm mocsrHyTa KiHIIeBa TOYKa ab0 BiICYTHIH
HIIAX, a00 BCl MOXKJIMBI LIISIXU TI€PEBipeHi, 3aBepIIiTh
QJITOPUTM.

4. Anroputm Bernivana-®opaa

Anroputm bennmana-®opaa — e aaropurMm mo-
IIyKy HalKOPOTIIMX NUISAXiB BiJl OJHOTO BH3HAYCHOTO
By3J1a JIO BCIX IHIIHMX BY3iB B3Ba)KEHOTO HAPSIMIICHOTO
rpacda, HaBiTh AKIIO B rpadi mpucyTHi pedpa 3 Bix'em-
HUMH Baramu.

J10 KpOKiB JaHOTO alrOPUTMY MOXKHA BiZTHECTH:

1. BcraHOBIIGHHS IIOYAaTKOBOTO BY3Jia Ta BCTAHOB-
JICHHSI BiZIcTaHeil 10 BCIX HIIHMX BY3JIiB sIK HECKIHYEHHO-
CTi, 32 BHUHATKOM BiZICTaHi /0 camoro cebe, sika piBHA
HYJIIO.

2. Tlosroproetses |[M|-1 pasiB ge M — kinbKicThb By-
31iB y rpadi. Ha koxHi#l iTepatii mpoXoJUThCs M0 BCIM
pebpam rpacda i OHOBIIOIOTHCS BiJICTaHI 10 KOXKHOTO BY-
3714, SIKIIO0 MOKHA CKOPOTHUTH BiJICTaHb, IPONIIIOBIIH Ye-
pe3 nmotouHe pedpo.

3. Micast IM|-1 irepariiii nepeBipsAEThCSI, Yu iCHY-
FOTh BiJ'€MHI IIUKJIK. SIKIO BiZCTaHb 10 OyIb-SKOTO BY-
3714 MOKe OYTH 3MEHINICHA MICIIA 1Ie OMHIET iTepariii, 1e
o3Havae, mo y rpadi € BiA'eMHHUN UK, IKAH HECKIiH-
YEHHO 3MEHIIYE BiJICTaHb J0 MEBHOTO By3na [13, 14].

Lle#t anropuT™M [O3BOJSE€ 3HAUTH HAHMKOPOTII
oUIAXH B Tpadi, BKIOYaouu rpadu 3 Big'€eMHUMH Ba-
raMd, aje BiH MO)ke OyTH MeHII e(eKTHBHHAM Y MOpiB-
HSHHI 3 IHIIUMH aJTOPUTMaMHM, TakuMH sK JlefkcTpu
abo A*, yepe3 CBOIO CKIIAJHICTh

5. Anroputm ®uoiiga-yopiuesia

ANTOpUTM MOLIYKY BCIX HAWKOPOTIIHUX HITSAXIB MK
KOYKHOIO TTapor0 BEPIITUH B OPIEHTOBAHOMY 200 HEOPi€H-
TOBaHOMY 3BakeHOMY Tpadi. Lleit anroput™m HaWOUIBII
e(eKTHBHUN Ui BUKOPHCTaHHA Ha rpacdax 3i 3Baxe-
HUMH pedpamu, 10 MOXYTh MICTUTH Bix'emMHi Baru. Oc-
HOBHa iJIesl AJITOPUTMY HOJIATa€ B TOMY, 11100 ITOCTYIIOBO
MOKpAIyBaTH BiJIOMI IIISIXH MK BEPIIMHAMH, JI0Jal04YH
HOBI TPOMDKHI BEpUIMHH IO MOTOYHOTO HAWKPAaIIOTo
nursixy. JlaHwil ajaropuTM Npamioe KOPEKTHO, SIKIIO Y
rpadi HemMae LMKIJIIB HEraTHBHOI BEJIWYMHM, a y pasi,
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KOJIM TAKUH LIUKJI €, I03BOJISIE 3HAWTH X04a O OJTMH TaKUH
uk [15].

CkJajaeTbes 3 TAKUX KPOKIB SIK:

1. BcranoBuTH Bary mpsMHuX peOep MiX BepLIH-
HaMH SIK Bary BiAINOBiHOTO pedpa. SIkio npsiMoro pedpa
HEMae, Bara BCTAHOBIIIOETHCS SIK HECKIHYEHHICTH. Takox
BCTAHOBIIFOEMO Bary BEpIIMHH 10 cede camoi sk 0.

2. TlpoBectn iTepariii mo BciM mapam BEpINUH, A€
JUIS1 KOYKHOT TTapy MepeBipseMO, I1 MOXKITBO OKPAIIUTH
IIUISIX MK MU BEPIIUHAMHE, TPOXO/ISIYH YePe3 HOTOUHY
BEpUINHY. SIKIIO TaK, OHOBIIOEMO Bary IILIAXY.

3. TloBTOprOEMO IICH MPOIIEC IS KOYKHOT BEPIITUHH
SIK TPOMDKHOT BEPIIMHHU Y IUIIXY, TOKH HE JOCSTHEMO
ONITHMAJIEHOTO PO3B'S3KY.

4. Tlicnst 3aBepIUCHHS aITOPUTMY MH MaTHMEMO
MaTpHLIO, B SKiH KOXKEH eJIEMEHT Oyle MICTUTH Bary

Anroputm ®noiina-Yopuiemna rapaHtye 3Haxo-
JUKEHHSI KOPEKTHUX HAHKOPOTIINX NIISIXIB MIXK ycima ra-
pamu BepIuuH y rpadi.

OpnHak #oro ckinaaHicts ctanoButsh O(M * 3), 110
poOHTH HOTO HEe(EKTUBHUM JIJIsI BEJIMKUX Ipadis.

BucHoBok

JlociipkeHo ICHYIOUMX METOJIB MOIIYKY ONTHMa-
JBHOTO MUIAXY B 3QJIC)KHOCTI BiJl 0COOJIMBOCTEH BXITHUX
JaHUX Ta Lijged onrTuMisanii.

Po3risiHyTi anroputMu Ha OCHOBI rpadiB Ta iX eB-
PHCTHUKH.

YV po06ori Oymo mpoBeneHmit aHaiB chepr 3acTOCy-
BaHHS HaBEACHHUX aJITOPUTMIB.

BusHadeHi KOHKpETHI IepeBary Ta HeJAONIKH BUKO-
PHCTaHHS aJITOPUTMIB B 3aJISKHOCTI BiJl 001aCTi BUKOPH-

HAWKOPOTIIOro IUIAXY BiJl BEPIIMHU U 10 BEPIINHH V. CTaHHS.
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Study of algorithms for searching the optimal path
S. Bulba, O. Solovyova, Y. Semerenko

Abstract. Extensive areas of application of optimal path search algorithms lead to the need for their thorough research.
The purpose of this work is to conduct a study of existing methods of finding the optimal path depending on the characteristics of
input data and optimization goals. The article considers such types of algorithms as: algorithms based on graphs and based on
heuristics. In the work, an analysis of the scope of application of the above algorithms was carried out. The advantages and disad-
vantages of using algorithms are defined depending on the area of use. The complexity of the application, depending on the com-
puting power and the time of processing the input data, was studied. The presented studies make it possible to obtain information
about the reliability of the results of the considered algorithms depending on the input set of parameters for calculation.

Keywords: algorithm, programming, distribution, graph, optimal path, artificial intelligence.
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XapKiBCbKHI HalliOHATILHUN YHIBEPCUTET palioeNeKTPOHIKH, XapKiB, YKpaina

T'BPUIHAN METO/ PO3MOALTY PECYPCIB B XMAPHUX CUCTEMAX

AHoTanis. O0'eKTOM IOCITIHKEHb € MPOIIEC YIPABIIHHSA pecypcaMi B XMapHHUX cucTeMax. MeTa CTaTTi moysirae y mia-
BUILIEHHS €EKTUBHOCTI XMapHHUX CUCTEM ILIIXOM PO3POOKH METOia PO3MOALTY BipTyalIbHUX MAIIHH B CHCTEMaX XMapHUX
of0umcnens. [IpeAMeTOM CTAaTTi BUCTYNAKTh METOAW PO3MOIUTYy BIpTyadbHHX MAIIMH Ta 3aBJaHb B CHCTEMax
XMapHHUX 009HCIIeHb. Y po0OO0Ti pO3TIIAIatoThCs Pi3HI METOIH PO3IOALIY PECYPCiB B CHCTEMaxX XMapHHUX 00YH-
cieHs. Ha OCHOBI mpoBeeHOr0 aHaii3y 3po0JeHO BUCHOBKH IPO iX HEJOTIKU Ta MepeBaru. B pesynbrati goc-
JiOKEHHS] OTPUMAaHO TiOpUIHUI METOA PO3MOAiTY BIpTYyaJbHHUX MAIIMH 32 KOMII'FOTEPHUMH PECypcaMH Ta MAKETiB
3aBIaHb 3a BIpTyaJbHUMHU MamIMHamMHu. EkcriepuMeHTanbHI pe3ysbTaTd MiATBEPPKYIOTH MiABHIIEHHS ¢(QEeKTUBHICTb
3aIPOIIOHOBAHOTO METOJy y NMOPIBHIHHI 3 iICHYIOUMMH 32 PaXyHOK 3HMKCHHs €HEProCIOKHMBaHHA Ta Yacy BUKOHAHHS
i 301TbIICHHS KOSQII[ieHTY BUKOPHCTAHHS NMPOLECOPHUX MOIYIIB.

Kaw4oBi c1oBa: xMapHi cucTeMHd, XMapHi 00YHCIEHHS, YIPaBIiHHSA, METO/A, PO3MOILT pecypciB, IIaHyBaHHS, Bi-
pPTyaJIbHI MalllMHH, BipTyaji3awis, 3aCTOCYHOK, IPOTpaMHE 3aBIaHHs

Beryn

XMapHi 00YHCICHHS CHOTOIHI MPOMOHYIOTH HOBI
METOIH JHHAMIYHOTO aHaNi3y Ta MATPHUMKH BEIHKHX 1
BipTyali30BaHUX JaHHUX Ta MOCHYT B [HTEpHETI. XMapHi
CHCTEMH — [I¢ CTPYKTYpH, SIKi 3a0€31edyIoTh JOCTYI 3a
BHMOTOIO JIO PO30CEPEDKEHOI KOJIEKIIIT pecypcCiB, TAKUX
SK XOCTH, TpHCTpoi 30epiraHHs NaHWX, HPOLECOPHI
eNIeMEHTH, CIeliani3oBani mpuctpoi Ta ixme [1].

XMapHi 0OYMCIICHHS MPONOHYIOTh MEPENOBi TEH-
JeHiii B redeparii iHpopmaiii Ta 3HaHb, SIKI BKJIIOYA-
10Th iH(OpMalio, OTpUMaHy MOYUHAKYU 3 POOOYOro
CTOJIy KOPUCTyBada JIO0 BEJIMKUX CTATHCTHYHHX CHCTEM
00po0Oku Ta iHdopmMmarii. Yacto moctym o miei iHpoOp-
Marlii peami3yeTbcs yepe3 BeO-I0AaTKU 3TiAHO XMapHOT
MOJIeTI Ha/laHHS YCIIYTH.

OOuncmoBaNbHa MOJJIMBICTE XMapHHX CHCTEM
3a0e3MeUyrOTECS  JaTalleHTpaMu, $Ki PO3KUOaHI 10
BChOMY CBITYy Ta 00’€IHaHI BHCOKOIIBHIKICHUMH
KPMIT'IOTEPHUMH MepexaMu. Xmapa Moxe OyTtu edek-
THBHOIO PO3MOAUICHOI CHCTEMOI0 300py, 00poOKH Ta
36epiranns indopmaii. Ii mocayru po3noBCIOIKYOT-
¢ MK KITIEHTAMH 3 BiJaJICHUMU KOMITHOTEPHAMH pe-
cypcaMy B KOHKPETHHH MOMEHT 4acy uepes IntepHer. B
poborti [2] mpHITyCcKarTh, IO MIAXOIX IO KEepyBaHHS
pecypcaMu NOBHHHI CHHXPOHI3yBaTH KOHTYpPH YIIpaB-
JIHHS XMapolo SIK 3 OOKy CHOXXKMBayiB XMapH, TaK 1 3
00Ky mpoBaiiiepis.

Posmnopin pecypcis (anr. Resource Allocation, RA)
BIJl MOCTAYaJILHUKIB O KIIICHTIB AO3BOJIAE IUHAMIYHO
MIEPepO3NOIUIATH MPOTPaMHi 3aBIaHHS Ta MOTOKH Ja-
HUX B peaNbHOMY Haci, 0 HaJga€ KOPUCTYBa4eBi MOX-
JIMBICTh KPALIOr0 BUKOPHCTAHHS HAsBHUX MOTYXHOC-
Teil. Po3monin pecypciB y XMapHHUX CHCTEMax — Iie TIpo-
[IeC PO3MOJUTY BilJAJICHUX PECYPCiB Yepe3 KOMITTOTEp-
HY MEpeXy JJIsi BAKOHAHHS BiANIOBIJHUX XMapHUX IIPO-
rpam. Ha Bucokomy piBHiI abcTpakiii Moaenb Takoro
MeXaHi3My pO3IOJIily pecypciB oTpuMalia Ha3By IH(pa-
cTpykTypa sik nocuyra (IaaS) i Hamae xoMn'toTepHi pe-
CypcH 3a 3allMTaMu KOPUCTYBaYiB 3aBISIKH ITOTIEPEIHBO
BU3HaYeHOMY a00 JMHAMIYHOMY MEXaHi3My pO3IMOILTY
pecypciB. Jlns opranizarii o04rcIeHs HEOOXiTHO BHpi-
IIUTH ABI 3a/1adi: pO3MOIIIMTH BipTyaJbHI MaIIWMHHA 32

pecypcaMu, a MpOrpaMHi 3aBIaHHS 3a BIpTyaJbHUMHU
MalllMHaAMH.
AmnaJji3 myOaikaniii Ta mocTaHoBKa npoodJeMu

Byno mpoBemeHo aHai3 METOHIB Ta aJlrOPUTMIB
PO3MOAITY pecypciB Ha XMapHHX IUTATPOpPMax, SKi Has-
BHI Y BIIKPHUTOI JiTepaTypH, Xo4ya Tpeba BIAMITHTH, LIO0
Pl KOMEpUIHHHMX IUIaHyBaJbHUKIB PECYpCiB MaroTh
3aKpuTHIA Ko Oe3 iHdopMalii npo peayizoBaHi METOAM
posnoxiny. Ilim yac po3moaity pecypciB y XMapHHX
CHCTeMaX BPaxOBYIOTbCS YMCIEHHI (AaKTOpPH, TaKi 5K
BHCOKA IMPOJyKTUBHICTb, BapTiCTh, MaKCUMalbHa IPO-
MMyCKHAa 3JaTHICTh, fKICTh o00cimyroByBanHs SLA
(Service-level agreement). Hikue HaBeIeHO OTJISI Jie-
SIKMX JOCIIJUKEHb, MO 0e3M0CepeHbO CTOCYIOTHCS 3a-
Jladi po3MoJLTy pecypciB.

B pob6ori [3] mis onTuMizamii XMapHOro IJIaHy-
BaHHA IIPOINIOHYETHCS TEXHIKa, 3aCHOBAaHA Ha pETElNb-
HOMY JIOCIJKEHHI XMapHUX cucTeM Ha piBHi laaS. Ti
OCOOJIMBICTIO € THYYKHH METOJ TOIIUPEHHS BIpTyasb-
HHUX MalllMH JUIs HaHKpPaIoro BUKOPUCTAHHS (Pi3MYHUX
pPeCypCiB 3 JOTPUMAHHSAM IMOJITHKH aBTOMATU30BAHOIO
PO3BHUTKY.

HeoOximHicTh MOCTIHHOIO KOHTPOJIO MOPYIIEHHS
SLA nnst miHiMizauii BapTocTi posrisinaerses y [4] Ha
6a3i MHOXHMHHU KpuTepiiB SLA, ski ciig nepeBipuTH y
pearbHOMY dHaci miJ 4ac po3mojaury nociyr. B panii
po0OoTi OyiI0 OLIHEHO MEXaHi3M IUIaHyBaHHS 3 KiJTbKOMa
napameTrpamu SLA.

OmHoro 3 MpobieM XMapHUX 00YHCIeHb € OakaH-
HS KJIIEHTIB OTPUMYBAaTH MAaKCHMyM €(EKTHBHOCTI Bif
pecypciB, sKi BOHH BHUKOPHCTOBYIOTH. SIKIIO I TPO-
OseMa He BHUPILIYETHCS POBANIEPOM, XMAPHY CUCTEMY
B IIJIOMy MOXKHa BBa)XKaTH Hee(eKTHBHOM. PimreHHS
MpoOJIeMH MOIIMBO TUTBKH JAWHAMIYHUMHU METOJaMHU,
TOMY IO CHTYyaIlisl B XMapi Ta MDXK KJII€HTaMH MOCTIHHO
3MiHIOEThCS. JIMHAMIYHMH pPO3NOAIN pecypciB 1 Haid-
Kpauie iX BUKOPUCTaHHS IIPOTSArOM BCTaHOBIICHOTO Iie-
pioxy obroBoproetbest y [5]. B poboTi 06roBoproeTsest
MOJIENIb PO3IOJLTYy PEcypciB Ha OCHOBI NpaBWI, sKa
IIPOBOANTH PO3IOJLI PECYPCiB BIAMIOBIIHO 0 BaXKJIMBO-
cTi (TIPiOPUTETHOCTI) 3aBIaHHS JUII YHUKHEHHS Heede-
KTHUBHOTO BHKOPHUCTAHHS peCypciB. AJie JTOAATKOBI Iii
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00MeXyHOTh TePMiHHM BUKOHAHH: npoekTiB Real-Time.

B po6orti [6] 3amporoHoBaHa ines demepaTHBHOI
obOuncmoBanbHOi Ta MepexeBoi cucrema (FCN) mis
00pOOKHM CHITBHOTO PO3MOAUTY OOYHCIIIOBAIBHHUX Ta
KOMYHIKaliiiHux pecypci. OOroBoprooeTbest npobiiema
MIEPEBAHTAXKECHHS Y BUIAKaxX, KOJIH 3allUT KOPUCTyBaya
BAMAara€e BHIUICHHS PI3HOMaHITHHX peCypciB (Hampu-
KJIaJl, MPOIEecopiB, MaM'sATi, cepBepy 30epiraHHs Ta iH-
mire). JIocmipKeH s CIIeHapiiB, M0 MPU3BOAATH 10 Hepe-
BaHTa)XeHb, BIIMOB Ta 300iB MpoBemeHO B poboTi [7]
MIPUBWJIO 1O PO3POOJIEHHS MEXaHi3My KOHTPOIIO mepe-
BaHTaXeHHsA. Pi3HI pecypcu 3a3BHYail BUALIAIOTHCA
OJITHOYACHO JJIsi 0OCIyroBYBaHHS 3allUTy KOPHCTyBaua,
TOMY METOJl MifBHIY€E e(EeKTHBHE YNpaBJiHHS pecyp-
camu. B po6GoTi [8] pecypcu 00'emHYIOThCS B CHCTEMY
XMapHUX OOYHCIICHb 3 ypaxyBaHHsIM OOMEXeHb Ha
CHOXKUTY €JIEeKTPOCHeprito. Takok BpaxoBYIOTHCS MOX-
JMBOCTI aBTOMAaTH30BAHOTO aJMIHICTPYBaHHSA Ta IIPO-
IMyCKHA 3/aTHICTh KOMYHiKamiiHOTO oOmamHaHHs. e
OJTHUM IUTIOCOM € OIiHKa 31aTHOCTI 3a0e3meuenns SLA.

Po6ora [9] omucye mMoaensb po3mofiny pecypciB 3
BUKOpUCTaHHAM SLA Ha mpUKIami IMOCTadalbHUKIB
XMapHHUX Hocayr. B Mojesni BUKOPUCTOBYEThCS TOHATTS
piBHOBaru Hemra 3 Teopii irop moao0 po3mnoaity pecyp-
CiB MK KopucTyBauaMu. [locTayambHHKH pecypciB Ta
CHOXKMBaul PO3TIIIAIOTECS B paMKax I'pH, Ae 00'eKTaMu
BUCTYMAIOTh MYJIbTUXMapHIi MOCITYTH.

[CHYIOTB PSIT AOCII/PKEHB MO0 ONTUMI3AIll XMa-
PHHX DPECypciB, 3aCHOBaHI Ha EBPHUCTHYHHUX aJTOPHT-
Max, MiIKa3aHuX MPHUPO0I0. MeToa MypalIuHUX KOJIO0-
uiit [10] BukOpHCTaHO ISl MPU3HAYCHHS PECYPCIB CIO-
xuBavaM. [lonryk ki MypaxamMu BH3HAYaE 1160 1aHOTO
ITOPUTMY. 32 JIONOMOTOI0 IIHOTO MiAXOAY IUIAXH II0-
LIyKy Kpamoro pilmleHHs MOXYyTb OyTH KOPOTLIMMHU.
OnrtuMizalliss METOZOM IUIOJOBOI MYIIKHA OyJiO 3ampo-
MIOHOBaHO B po6oti [11] mma posmoxiny pecypciB i yi-
PaBJIiHHS 3aBJAHHSMH y XMapi.

Y nockoHaseHuit metox k-cepeiHix Ha OCHOBI TIpio-
pHTETIB 3amponoHOBaHo y poboti [12]. 3aBasku oMy
METOJIy PO3IIO/IIT PECYPCiB MOYKHA 3pOOHTH OLIbII edek-
THUBHUM, THM CaMHM 3MEHIIMBIIM BHUTpPaTH. ABTOpaMu
poOOTH TPEACTABICHO ONTUMI3ALIHHUNA ANTOPUTM JUIS
3MEHIIICHHS BUTPAT Ha peasli3alilo, 3 BUKOHaHHSIM BHMOT
KJIi€eHTiB. MeTomuka Mae crenudiuHy HanpaBieHICTh Ha
BHUKOPUCTaHHS B XMapHHX JaraneHrpax. /s nocrymy ta
YIpaBIiHHS BUKOPHCTOBY€EThCA Beb-iHTepdeiic. B ocHOBI
JIOKUTh TEHETHYHHH alrOPUTM, IO BUKOPHCTOBYETHCS
JUTs IporHo3yBaHHA. Ha ocHOBI cratucTryHOi iH(bOpMa-
il IPOTHO3YEThCS YK OyMyTh AOCTYIHI pecypcu. Otpu-
MaHi J1aHi TPOTHO3YBaHHS BHKOPHUCTOBYIOTHCS IUIS PO3-
TOpPTaHHS BIPTyaJIbHUX MAIlIUH.

HesBakaroun Ha Te, IO 3arajoM 3arpolOHOBaHO
Gararo pimieHp 1010 TUIaHyBaHH, Hellepe10adyBaHoC-
Ti, CIHOXXHBAaHHS E€HEprii, NepeHaBaHTAXXEHHs, IOpY-
meHHs SLA Ta iHI mpobieMu IpUBOIATE 10 CUTYAIl,
110 JKOZIEH 3 NPOIIOHOBAHNX METOJIB HE MOXE JOCSTTH
ONTHUMAJIEHOTO PO3IOAIIY PEecypciB, 0COOINBO y peallb-
HOMY 4Yaci.

Merta cTaTTi ToJISITaE y MiABHIIECHHS €(EKTUBHO-
CTi XMapHHUX CHCTEM IIITXOM PO3POOKH METOJa PO3IO-
TTy BIpTyaJIbHHX MAIllMH B CHCTEMax XMapHHX O04YHC-
JICHB.

I'iopuaHuii MmeTox po3moainy pecypcis
B XMApHHUX CUCTEMAX

VY cTarTi IPONOHYETHCS METOI PO3MIIIICHHS BipTy-
aNbHUX MAIlMH Ta NPOTpaMHHUX 3aBJaHb Ha OCHOBI
KOMOiHaMii TeHeTHIHOTO anroputMy [13] Ta anmropurmy
sumaakosoro Jyicy (Random forest) [14]. Ha nepmiomy
eTamni MeTOJy I'€HETUYHHH alrOpUTM CTBOPIOE Hayallb-
Hy CXeMy IIpPH3HAYEHHS. AJITOPUTM BHIIAJKOBOTO JICY
HaBYA€ETHCS 3@ JIONIOMOTOI0 JIaHHUX BiJ] TCHETHYHOTO al-
TOpPUTMY Ta peaiidye TeXHIKy onrtumizauii. Bipryanbhi
MAaIlMHN PO3MOAUIAIOTECS MK (DI3MYHUMH KOMIT'tOTe-
paMy Ha MepUIOMY €Talli, a 3aBAaHHs 32 BIPTyaJbHUMHU
MallnHaM# — Ha ApyroMy. TakuM caMHM IPOIIOHYEThCS
ribpuaHa MOIeNb, M0 MOCTITOBHO BUKOPHUCTOBYE TeHE-
THYHUI aTOPUTM Ta METOJ BUIIaAKOBOIO JIICY Ul Ke-
pyBaHHS pecypcamu xMapu. HaBuansamit Habip popmy-
€TBCS 3 MHOXKHHHU PECYpCiB, BIpTyaldbHHX Ta (Pi3UUHUX
ManirH. [Ipw 3acTOCyBaHHI T€HETHYHUH alTOPHTMY
OTPUMYETBCSI CXeMa IPU3HAYCHHS — BiOOpakeHHS
MHOXXKMHH BIPTYaJbHUX MAlllMH HAa MHOXXHHY HasBHUX
¢iznunnx mMamuH VM > PM. Anroput™m BKiIIOYae Ha-
CTYITHI KPOKH, 1110 MTOKa3aHo Ha puc. 1.

ITouaTok

ITouarkoBa momyssiiis
(cxema posmoainy)

v

P OGunciieHHst PyHKILii [OmacOBaHOCTI

v

Bin6ip BapianTis (cesekuis)

v

CxpelneHHsl Ta My Tarli st

v

dopMyBaHH I HOBOTO IOKOJIIHHS

puUTepiil 3aBepIUeH Hsl
BHUKOHAaHO?

Taxk

Pe3ynbryroda momyisiitist
(cxema posmoiny)

3aBepureHH st

Puc. 1. ETany reHeTHYHOTO aNrOpUTMy

Kpox 1: inimiamizamiss MHOXHH 3aBJIaHb, PECYPCIB.

Kpok 2: oGuucinenHs (yHKIi J0HacOBaHOCTI 3a
OIHUM 3 OOpaHMX KPHUTEPIiiB (€HEPTOCIIOKMBAHHS, Yac
BHUKOHAHHS, KOS(IIIEHT BUKOPUCTAHHS PECYPCY).

Kpoxk 3: BinOip BapiaHTiB 3 Haimimuumu QyHKi-
SIMH  JIONIACOBAHOCTI Ta BUKOHAHUMH YTOJAMH IPO Pi-
BeHb nocuyr (SLA).
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Kpok 4: cxpeuryBanns. IIpoBogutscs i OTpu-
MaHHS! HOBUX NOTOMKIB 3 HOBHUM TPaBHJIOM NPH3HAYEH-
HS BIpTyaJbHOI MAaIllMHK HasiBHOMY pecypcey. s anro-
pUTMY 00paHO 2-TOYKOBE CXPELIyBaHHS.

Kpok 5: myTtanis — nepenbavae nepedanaHcyBaH-
HS, 3aMiHy, IIEPEMIIICHHS 32 YMOB MOKpAIIECHHS OI[iHOK
po3momiy.

Kpok 6: oTpuMaHHS HOBOTO MOKONIHHS (HOBOL
CXEMH IPU3HAUCHHS), TIEPEXid O eTaIry eBOJIOLII.

ExcniepuMeHTaNbHO BCTAHOBIICHO KiJBKICTH €BO-
JIOIiH 3a KPUTEPiSIMU Yacy BUKOHAHHA Ta SIKOCTI OTPH-
MaHOI cXeMH po3nojiry. PekoMeHyemMa KiIbKICTh €BO-
JIOIIH 3HAXOUTHCSA Y Aiana3zoni 30-40.

Posmonin BipTyalbHHX MAaIIUH MDK (QI3HYHHMHU
BUKOHY€THhCS HACTYIHUM YHMHOM. BXIiTHMMHU naHuMH
BUCTYIIAIOTh TBOE 0AThKIB 13 cxeMu po3mnoainy. Koxen
3 OaTbKIB Ma€ XpOMOCOMH, SIKi XapaKTepH3ylOTh Iapa-
MeTpu BipTyanbHOI Ta (pismyHOi MammH (reHm). Pe-
3yJIbTATOM € HAIAAK{, KOXKEH 3 AKX MparHe MOKpaIu-
TH CHIBBIJHOIICHHS TeHIB (BiAMIOBIIHUX XapaKTEPUCTHK
pecypcy Ta BipTyanpHOI MammHH). MyTamis BinOyBa-
€TBCS TOJI, KOJIH OJIUH 3 NMOTOMKIB MOKPAIIY€E MOITYJIs-
uito (cxemy mpusHauyeHHs). Kpurepiem 3aBeplieHHs
TEHETUYHOIO aJITOPUTMY BCTaHOBJIEHA (pikcoBaHa KiJib-
KicTh nukiiB. [lomanpiie 3acTOCyBaHHS alrOPUTMY HE
Jla€ 3HAYHOT'O POCTY e(eKTUBHOCTI, aje MPU3BOAUTH JI0
301IBIICHHS Yacy IIaHyBaHHSI.

Ha npyromy erari MeTOAy 3aCTOCOBYETHCS alro-
PUTM BHIIaIKOBOTO Jicy. @opMyBaHHS OO KiJTBKO-
cTi IepeB (MOXIJIMBHX CXEM PO3IOMALTY 3aBIaHb 3a Bip-
TyalbHIMH MAaIllMHAMH) O3Hada€ OUTbINY CTIMKICTH Ta
rapaHTye ONW3BKICTH 1O ONTHMAJILHOTO pE3YJbTaTy.
KoxkeH By30JI BHITaJKOBOTO JIiCY OOHMpae HEBEIHKY Ki-
JBKICTh TTapaMeTpPiB U OIIHKH PO3MONLTY, IS SKHX
00YHCITIOETHCS MOKPAICHHS XapaKTEPUCTHK.

Ha xoxHiii iTepauii OTpUMY€ThCS TIPOTHO3 3 KOX-
HOTO JiepeBa, a MOTIM OOMpaeThCs HalKpaluii BapiaHT
LUISIXOM "TOJIOCYBaHHSM OiIbLIICTIO" (IJ1s1 OJTHOTO KpH-
Tepito) abo "rosocyBaHHAM 3a eeKTHBHICTE" (y BUIIa-
JIKY CYKYITHOTO KPHTEpil0 e(peKTUBHOCTI). BuxoHaHH:
JITOPUTMY BHIIAJIKOBOTO JIICY MTOYMHAETHCS IMICHIS BCTa-
HOBIICHHS BIpTyalbHMX MamwuH Ha (izuuni. DizuyHa
MalllHa MOXXe OTpUMaTH OJHe, ABa abo OuibIIe BipTya-
JBHAX MalIMH JUId BHKOHAHHS, BIpTyaJlbHa MalluHa
MOJKE BHKOHYBAaTH OJHE, Ba a00 Oliblle mporpaMHUX
3aCTOCYBaHb 3 3aBlaHb. [Ipu 1[bOMY MOXIHBE IepeHa-
BaHTaXEHH (i3MgHOi MammHU. {1 BUPIIIEHHS I[HOTO
TUIy CLEHApil0 BUKOPHUCTOBYETHCS TEXHiKa Mirparii
BIPTyaJIbHUX MAIlMH Ta MPOIPaMHHX 3aBJiaHb. Y BUIAJI-
Ky HepeBaHTaXeHHs (i3MYHOI MAaIINHH, JIesKi 3 BipTya-
JFHHAX MAIIUH MePeHOCATHCS Ha iHIII (i3u4Hi, IKi MArOTh
MEHIlIE HaBaHTAXEHHs, 3a0e3nedyloun OaslaHCyBaHHS
HaBaHTa)XKCHHs Ha Bci (i3nUHI MallMHM B LIEHTPi 00po0-
ku gaHux [15-17]. [ns mepeBipkd 3anpONOHOBAHOTO
METOIy BHMKODHCTaHO CEPEJOBHUILNE MOJEIIOBAHHS
CloudSim 4.0, 1o nponoHye MojeNi HaJaHHS XMapHUX
MocJIyr Ta BipTyaji3oBaHi pecypcu. MozenroBaHHs
MIPOBOIMIIOCS Ha 32 BipTyalbHUX MallWHAX, SKi MPaIfo-
Banu Ha 1uiatdopmi Azure (pipmu Microsoft) B makeri
Standard B4ms, mo posropTanucs Ha Gi3sHIHUX MaIIn-
Hax 3 nporecopamu Intel® Xeon® Platinum 8370C (Ice
Lake) Ta 6a30B0I0 MPOAYKTHBHICTIO Iporiecopa 22%.

B sxocti mepmioro kpurepist eheKTHBHOCTI BHKO-
PHUCTOBYBAJIOCH E€HEprocrnokuBaHHs. Pi3uuHI MalnIMHU
CIIO’KUBAIOTh CHEPril0, a yCsl CHOXKUTA €HEprisi opiB-
HIOE CyMi yCiX MPUCTPOIB CIIOXKHMBAHHS €Heprii, siki 00-
CIIlyTOBYIOTh BUKOHAaHHS 00uHcieHb. HacTymHum kpu-
TepieM OyB 4ac BUKOHAHHS 3aBIaHb. 3 TOYOK 30py IIPO-
Baifiepa Ta KOPUCTYBa4iB XMAapHUX MOCIYT, IyXKe Bax-
JMBO BUKOHATH 3aIlUTH HA OOYMCIICHHS SKOMOTA IIBH-
mmre. Ha puc. 2 moka3aHO MOpIiBHSHHS €HEPTOCIIOKH-
BaHHS IIONO PO3pOOIEHOTO Ta iCHYIOUHX METOIIB, a
caMme, Ha OCHOBI MypaIIMHOTO aJTOPUTMY Ta OIITHMi3a-
wii poto yactuHok (PSO).

z [ ®Proposed DAntcolony  EPSO |
5 160
¥ 140
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§ 40
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KinbkicTs BipTyaJIbHUX MAaLINH

Puc. 2. OriiHKa eHEeproCroXUBaHHS

KosxeH By301 Mae OKpeMuil mporecop 3 4oTupMa
sJpaMy, ONEpaTHBHY Ta 30BHIIIHIO mam'sate. B excre-
pUMEHTaX JJisl Pi3HUX METOJIB PO3MOALIY pecypciB BHU-
KOPHCTOBYBAaJIaCh OJIHA KOHQITypallis KOMyHIKaI[iiiHOr0
oOiagHaHHs i nepeadi JaHuX Ta KoHdirypaiis na-
KeTa MPOTpaMHHUX 3aBIaHb HAa OOYMCIEHHS. 3 OoTpHMa-
HUX JaHUX MOXKHa 3pOOMTH BHCHOBOK, IIIO €HEProcmo-
KMBaHHSA y BUIAJKy BUKOPHCTaHHS PO3pOOJICHOTO Me-
TOJy HW)XKYE 3a BUMAJAKIB BUKOPHCTAHHS iCHYIOUHMX Me-
TOJIB. 3HIDKEHHSI €HEPTOCTIOKUBaHHS gocsrae 6-8%.

Ha puc 3. noka3aHa 3aeXHICTh 4acy BHKOHAHHS
nakery 3aaanb (mictuB 500 mporpaMHHX KOMIIOHEH-
TiB) Ha BIpTyaJbHUX MalIWHAX.
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KiabkicTh BipTyaabHUX MalIUH

Puc. 3. OniHka yacy BUKOHaHHS

AHaiti3 pe3yJIbTaTiB IOKa3ye, 10 3aIPOIIOHOBAHIH
METO/I OKa3y€e MEHIIMH Yac BUKOHAHHS B MOPIBHSHHI 3
icHyrounMH# ainroputMu. CepelHii MOKa3HUK 3MEHIICH-
Hs yacy ckiaB 10-12%.

BucHoBKkH

ABTOpamH 3alpOIIOHOBAHO TiOPUIHHUN METOM PO3-
MOJUTY BIpTyaJIbHUX MAIIMH B CHCTEMax XMapHHUX 00-
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yucneHb. Cepell HaWOIIBLI BaKIMBUX MOXIIMBOCTEH,
IO HaJa€ METOM, € 3MCHIICHHSI CHEProCIOXUBaHHS Ta
Yyacy BHKOHAaHHsS 3aBJaHb IPU BCTAHOBJIEHOMY piBHI
SLA. OtpumaHi pe3yjbTaTH € BaXXJIMBUMH, TOMY IIO
CTaHAapTHI METOAM YNpPAaBIiHHS PO3IOAUIEHUMH XMap-
HUMH CHCTEMaMH € Iy)K€ PecypCHO3aTpaTHHUMH. SIKIo
MOPIBHATH JaHi €KCIIEPUMEHTIB, MOXKHA 3pOOUTH BH-
CHOBOK, IO Yac OOYHCICHb 3MEHIIYETHCS OLTBITNMHU
TEMITaMH HIX €HEProCIOXKHBaHHS. Lle MOXHa MOsSCHH-

TH: 00YMCITIOBAIbHA CKJIAJHICTh 3aBJlaHb HE 3MIHIOETh-
csl, TOMy 3MCHIIEHHS 4Yacy BHKOHaHHS BiJOyBaeThCs
LIUISIXOM ONTUMAaJIEHOTO BUKOPUCTAHHS MPOLIECOPIB, SIKi
30UIBIIYIOTh KUTBKICTH OOYMCIIEHb Ha OJMHUIIIO Yacy,
110 TPU3BOJUT JI0 3POCTAHHS €HEPrOCHOKUBAHHS.
HanpsiMkoM HOZaNbOIMX HOCTIIPKEHb METOLY €
po3poOieHHs Moamikamii MeTOay 3 ypaxyBaHHIM
TaKUX KPHUTEPiiB €PEKTUBHOCTI K BAPTICTh OOUHCIICHB,
3abe3neueHHst (PYHKIIOHATBHOI CTIKOCTI 10 BiIMOB.
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Hybrid Method of Recourse Allocation in Cloud Systems
Maksym Volk, Vladyslav Kurochkin, Anton Zaporozhchenko, Papin Paronikian

Abstract. The object of research is the process of resource management in cloud systems. The purpose of the article is to
increase the efficiency of cloud systems by developing a method for distributing virtual machines in cloud computing systems.
The subject of the article is the methods of distribution of virtual machines and tasks in cloud computing systems. The work con-
siders various methods of resource allocation in cloud computing systems. Based on the analysis, conclusions were made about
their disadvantages and advantages. As a result of the study, a hybrid method of distributing virtual machines by computer re-
sources and task packages by virtual machines was obtained. The experimental results confirm the improvement of the efficiency
of the proposed method in comparison with the existing ones due to the reduction of energy consumption and execution time and
the increase of the utilization ratio of processor modules.

Keywords: cloud systems, cloud computing, management, method, resource allocation, planning, virtual machines, vir-
tualization, application, software task.
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CIDER : ASSISTED AUTOMATION TOOL FOR C++ LIBRARIES TESTING

Abstract. Software testing is one of the most important parts of a product development lifecycle (PDL). Companies face
significant risks associated with program failures, including financial and reputational ones, having an interest in investing
time and money in new testing and quality assurance practices. The programs written in C++ are known as high performant,
but complex due to the language specifics. At the same time automated tools that are available mostly for GUI programs can't
help with native modules regression testing. Thus, even partial automation of such processes can have a positive effect on PDL
in terms of regression testing effectiveness. The article considers a testing technique of recording and playback of program
execution on the component level. The proposed tool generates testing scenarios during the execution of a program, giving the
ability to perform manual testing and extend the automated component tests execution database. The experiments showed that
such scenarios' code coverage results are at a high level and tend to improve when applying optimization algorithms.

Keywords: test automation, script generation, regression testing, C++, optimization, harmony search, code coverage.

Introduction

The modern world has high security challenges
making companies invest in security measures while
developing complex systems. The software written in
C++ consists of a high number of components interacting
with each other via a public interface. In general, such
components may exchange data not only in the same
process but on different machines, which adds additional
complexity to testing. Isolation of a component removes
redundant complexity and aims to verify that each part of
the whole behaves as expected. In addition, the
component tests are usually written in scripting
languages other than the original component under test
by automation test engineers to aim for the problematic
branches of execution and specific input data.

At the same time, automatic tests generation for
C++ programs question has been a topic of interest in
recent years. While automated unit testing tools and
techniques have been widely studied and applied in
software engineering, including for languages like Java
and Python, the unique characteristics of C++ present
additional challenges. While significant progress has
been made in automatic unit test generation for C++
programs, challenges remain, including the handling of
complex language features, such as templates, macros,
and pointer arithmetic, as well as the need to balance test
effectiveness, efficiency, and scalability, which one of
the key parts of C++ language philosophy.

Recent publications. CIRTUS [1] automated unit
testing tool for C++ programs generates test suites for unit
testing based on source code analysis and method sequences
generation, improves the code coverage by applying the
libfuzzer to change the values of generated method’s
arguments. The tool has shown an ability to produce the test
suites that achieve a high value of branch and statement
coverage (up to 95% on one of the experimental setups).

KLOVER [2] uses symbolic execution technique for
test inputs generation achieving high structural coverage
of the program under test. The C++ program is compiled
into the LLVM [3] bytecode and interpreted by KLOVER
tool collecting statistics and sanity information. The
experiments were made on 4 industrial programs up to 3k
LOC and showed positive results regarding the manual

testing. Another tool named PAULS [4] is oriented on Java
test case generation. It uses dynamic analysis of program
execution to infer a call sequence model with static
analysis of call relations based on argument dependence.
The study is aimed at existing unit tests optimization in
terms of code coverage, test case source code size and
redundant cases search. It showed significant code
coverage improvement on 6 open-source libraries,
improving the existing unit test suites.

At the same time, alternatives suffer from invalid
method call sequences and irrelevant input data
generation, producing a high tests fault rate.

CIDER

The paper introduces a new approach of automatic
testing scenarios generation named CIDER. Instead of
earlier mentioned tools it’s aimed at a script-based testing
approach of C++ programs code base. The generated
scripts can be used in component test suites for industrial
projects. CIDER uses a test recording approach, meaning
that output scenarios are first executed right from a target
application that uses the library under test. The generated
method calls sequences are relevant to the program
execution and possibility of faulty call sequences without
meaning is omitted. Then scripts are optimized to achieve
higher code coverage and saved in the test suite.

In the next sections, we will overview a general
script generation process, as well as valuable
implementation details of CIDER tool. The experimental
setup includes two C++ open-source libraries: Hjson [5]
and Pugixml [6]. The following research questions will
be answered:

RQ1: Are CIDER-recorded scripts executions
comparable in terms of code coverage with the original
test suites executions?

RQ2: Can generated scenarios be optimized in
terms of code coverage?

Process overview

The formal CIDER usage process is shown in Fig. 1
and consists of:

1. Parsing target library T header files into an
abstract syntax tree (AST) for detecting all functions and
parameters with corresponding types.
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2. Generation of C++ source wrapper files
containing special hooks for function calls data collection.

3. Compile and build the T' library.

4. Using the AST generate the (*.swig)
configuration files for SWIG [7] generator for script
bindings generation.

5. Call SWIG generator to get SWIG C++ source
files with lua scripting language bindings.

6. Compile and build the L library from sources
generated on stage 6, which is used by lua interpreter I
for the generated scripts execution.

7. Inject T' library into the target application and
perform executable running in order to get session output
data for script S generation.

8. Generate lua script S.

9. Execute S on luainterpreter | with imported library
T and process output library coverage information.

10. Optimize script S using the harmony search
metaheuristic algorithm.

11.Save the optimized version S’
regression tests suite.

into the

C++
Header file SWIG

config
CIDER Tool file
C++
SWIG
Wrapper

(=

C++
Source
Wrapper

(5
(5

Recorder
Library

Player
Library

Fig. 1. Formal CIDER process overview

Data model

Every program execution is represented as a test
scenario in our model. The test scenario consists of a
sequence of method calls with corresponding arguments.

Each argument has one of the supported C++ types
and value, recorded during an execution. The supported
argument types by CIDER generally are:

e  Strings (std::string, const char*, etc.).

Integers (int, short, unsigned int, etc.).
Booleans.

Doubles (float, double).

User Data (enums, classes, structs, etc.).

After scenario data is recorded it can be either
mutated or generated into lua script [8]. Example of the
recorded data chunks are shown in Fig. 2.

’ nil; ‘do’; obj1; [1, ‘arg1’] ‘

’ obj; ‘reverse’ ; nil ; [1, 3, false] ‘

’ obj; “free’; nil; [] ‘

’ nil; ‘make’; obj2; [obj1, 0.44, ‘name’] ‘

1
1
Lu obj2; 'clean’; nil; [45] ‘

Fig. 2. Recorded program execution data example

Script optimization

An idea from a classic harmony search optimization
algorithm (HS) was taken, which was first introduced by Z.
Geem in 2001 [9]. The reason why it was chosen is that
harmony search as a metaheuristic algorithm was compared
to others and shown that it’s more successful. Also, it's less
sensitive to chosen parameters [10]. The task is formulated
as finding the maximum value of the coverage function of
the given script. The scenario S is represented as sequence
of function calls, according to a formula:

S ={F,F,..,E}, neN, 1)
where n is the number of calls.
The F; can be either a class method call or a free
function call having m; arguments count:

F,=F (xl, X5, ...,xmj), m; € N. 2)

Then, the script S; can be represented as a function
that takes all the arguments from all its constituent
functions.

n
S =S50y, x5, 0, x), L = Z m;. 3
=1

The objective function for HS algorithm can be
represented as:
C(S) = C(xq, X, s Xp) . 4
The number of the generated scenarios that can be
kept in memory equal to k — harmony memory size. The
harmony memory H,,, consists of all generated scenarios’
arguments and looks like this:

X11 X127t Xqp
X221 X22 v Xy

Hy = : : . . (5)
Xk1 Xkz2 0 Xkl

where x,; — arguments of script Sy, i € [1: 1].

The harmony from the memory is used with 6
probability - memory consideration rate. During a new
harmony generation, each argument can be mutated with
¢ mutation rate. The mutation formulas for each type of
parameters are shown in Table 1.

Table 1 — Argument mutation formulas

Argument type Mutation formula
Integers, I} = XOR(L[K], UXZ®®),
Floating points k= Ug‘;ize"fm‘l
Booleans B} = Uﬁé
Enums E; = {ey, e,....em},

El = E[l], l=U)"

int
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The I;[k] represents a k-indexed byte from integer
value, where k is taken from uniform int distribution in
the range from O to size of T in bytes minus 1. For
example, for the char type the indexed byte is always
equal to 0. The formula was firstly introduced by M.
Zalewski and is used in the libFuzzer implementation
[11]. For the boolean values the mutated value is taken
as uniform integer distribution in range from 0 to 1. For
the enum values, all valid values are gathered into an
array E;, and then indexed via I, that is taken as uniform
int distribution from 0 to the size of array E;. For integer
values. the mutation of parameters doesn’t change the
number of bytes, which represent the type of the
argument. Also, string values aren’t mutated as it can
break the context and make it irrelevant. For example,
string parameters can represent JSON-encoded data.

Experimental results

The experimental setup includes two C++ open-
source libraries widely used in production codes all over
the world. The subjects are represented in Table 2.

Table 2 — Experimental subjects

Library Hash | Sources (LoC) | Test Suites (LoC)
Hjson f18f03f 3936 1970
Pugixml | b2b4664 8943 8800

The library interfaces were parsed into the AST and
source wrappers were generated and compiled into the
original test suites. The test suites were run, and test scripts
were generated. Example of the script is shown in Fig. 3.

object_1 = hjson.Value(hjson.UChar(248))

object_2 = hjson.Value(hjson.Char(100))

object_4 = hjson.plusOp(object_1, object_2)
hjson.equalEqualOp(object_4, hjson.Int(350))
object_4 = hjson.plusOp(object_2, object_1)
hjson.equalEqualOp(hjson.Int(334), object_4)
object_4 = hjson.plusOp(hjson.UChar(250), object_1)
hjson.equalEqualOp(object_4, hjson.Int(500))

Fig. 3. Generated script part example for Hjson library

Code coverage measurement of the original test
suite TS, and CIDER generated script S, one is shown in
Table 3. The values for generated script coverage and the
original test suite differ. The reasons were investigated
and was found out that it’s due to fact that not all

0,9
08
~07
o
S06 |
=05 |
O\Q il
v0'4 L
S -
®03 ——Line Cov
%0,2 r —— Branch Cov
Oo1 —— Func Cov
0 | | | | |
0 o5 1 15 2 25 3 35 4
Script instructions (x1000)

functions of C++ nature making sense in the context of
lua. For example, move assignment operators and copy
assignment operators are ambiguous from the lua side, as
r-value references aren’t supported by lua.

Table 3 - Comparison of code coverage results

Line Branch Function
Library Cov (%) Cov (%) Cov (%)
TS, S, TS, S, TS, S,
Hjson 86,6 | 828 | 523 | 48,3 | 50,2 | 49,3
Pugixml 722 | 689 | 61,1 | 589 | 68,1 | 66,3

In addition, the execution time of TS, and S, were
compared, results are shown in Table 4. The experiment
was conducted using a MacBook Pro 2019 equipped with
an Intel Core i7 processor (2.6 GHz, 6 cores), 16 GB of
DDR4 RAM (2666 MHz), and a 512 GB SSD. The
generated scripts were executed step-by-step, and the code
coverage was measured. Results are shown in Fig. 4 and 5.

Table 4 — Comparison of average execution times

Librar S, instructions Avg. time (ms)

y count TS, S,
Hjson 4178 635 649
Pugixml 17050 57 406

For both libraries there are continuous regions of
instructions where the code coverage doesn’t grow. Such
regions contain similar script instructions with
parameters that can be also optimized with HS algorithm
to achieve the highest code coverage without generating
new function calls.

Harmony search optimizations were performed on
average with 5k iterations, and most effective parameters
are H,,=10; 8 = 0.5; { = 0.2. The stopping criteria was
not finding any new solutions that can be saved into the
memory over 300 iterations. Optimized and original script
comparison are shown in Table 5, and in Fig. 6 and 7.

Table 5 — Comparison of code coverage results
for optimized and initial scripts

Line Branch Function
Library Cov (%) Cov (%) Cov (%)
Sc S Se S¢ Sc S
Hjson 82,8 | 834 | 483 | 49,3 | 493 | 508
Pugixml 68,9 | 732 | 589 | 628 | 663 | 67,1
1
508 r e i
o vl
S =
X 06
e\o/ ’ '1
b} 1 _—
204 e Line Cov
E) ————— Branch Cov
<3 L Line Cov Opt
©02 r Branch Cov Opt
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Script instructions (x1000)

Fig. 4. Hjson coverage script instructions dependence

Fig. 6. Hjson optimized script vs original comparison
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Fig. 5. Pugixml coverage script instructions dependence

Conclusion

A new tool for assisted test scenario generation has
been presented. Experiments on third-party libraries have
shown that the scenarios and original test suites have
comparable code coverage and execution time. In addition,
the generated scripts have been optimized using the
harmony search algorithm. The result scenarios can be

Fig. 7. Pugixml optimized script vs original comparison

used to improve existing regression testing test suites.
Step-by-step coverage measurement has shown the
regions of the original test suite that can be improved
applying mutation of the parameters. For more covered
Hjson the coverage improvement value is less than for the
Pugixml library. The technique can be studied and
improved further with legal method sequences generation,
extending the search space for tests scenarios optimization.
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CIDER : InctpymeHT aBTOMaTH3anii TecryBanus C++ 6idmiorex
M. B. I'yneBnu

AHoTauis. IIporpamHe TeCTyBaHHS € OJHIEIO 3 HANBAXKIIUBIIINX YaCTHH XKUTTEBOTO LUKITY PO3poOKHU npoaykry. Kommanii
CTUKAIOTBCS 3 3HAYHUMH PH3UKAMHM, MOB'3aHMMH 3 BIJIMOBaMM MpOrpaM, BKJIOYaroun (iHAHCOBI Ta pemyTauiiiHi, TOMy
LIKaBIITECS BKJIAAEHHSIM 9acy Ta TpoIIel y HOBI METOAM TECTyBaHHs Ta 3abe3medeHHs skocTi. [Iporpamu, Hammcani Ha C++,
BIZIOMi CBO€I0 BHCOKOIO MPOJYKTHBHICTIO, ajie CKIaJAHI y 3B'I3Ky 31 crenudikoro MoBH. Y TOH e uYac aBTOMAaTH30BaHi
iHCTPYMEHTH, sKi JOCTYNHI HEepeBaXKHO I mporpam 3 rpadiuHuM iHTepdelicoM KopHucTyBaua He € e(eKTHMBHHMH Ui
TeCTyBaHHAM perpecii BOyZOoBaHMX MoxyJiB. TakuM YMHOM, HaBiTh YacTKOBA aBTOMATH3allil TaKMX MPOILECIB MOXE MaTH
NO3UTHBHUI BIUIMB Y BiJJHOLICHHI ONTUMI3allil 4acy TecTyBaHHs perpecii. Y craTTi po3risiHyTa TeXHiKa TECTYBaHHS 3alHCy Ta
BIATBOPEHHSI BUKOHAHHS IPOTPaMH Ha PiBHI KOMIIOHEHTIB. 3alpONOHOBAHUH IHCTPYMEHT I'eHepye CIieHapil TeCTyBaHHS IIij 4ac
BHUKOHAHHS IIPOTpAaMH, HAJAlOYM 3MOTY BHKOHYBATH py4YHE TECTYBaHHS Ta OJHOYAcHO pO3LIMPIOBATH 0a3y JdaHHMX
ABTOMATH30BaHOT'O BUKOHAHHS KOMIIOHCHTHHX TeCTiB. EKCIIEpUMEHTH MOKa3aJu, 10 Pe3yJIbTATH IIOKPUTTS KOy TaKHX CLEHapiiB
€ Ha BUCOKOMY PiBHI i MafOTh TeHAEHIIIO 10 IIOKPAIIEHHS Yepe3 arOPUTMIUHY OITHUMI3aIlifo.

Kawo4yoBi ciaoBa: aBromaru3amis TeCTyBaHHsS, T€HEpallis CKpPHUIITIB, perpecuBHE TecTyBaHHs, C++, omrmMizamis,
TapMOHIYHHH ITOITYK, HOKPUTTS KOL.

77


https://doi.org/10.1109/ICST53961.2022.00046
https://doi.org/10.1007/978-3-642-22110-1_49
http://www.llvm.org/
https://doi.org/10.1145/2001420.2001463
https://hjson.github.io/
https://pugixml.org/
https://www.swig.org/
https://www.lua.org/
https://doi.org/10.1177/0037549701076002
https://doi.org/10.1007/978-3-642-00185-7_1
https://lcamtuf.coredump.cx/afl

Control, Navigation and Communication Systems. 2022. No. 4

ISSN 2073-7394

YK 004.9

doi: 10.26906/SUNZ.2024.2.078

. O. dsauenko, B. B. Katiga, A. O. Jleuenko, O. I1. Mixans

XapKiBChKHIA HAIllOHATBHUN TEXHIYHUN YHIBEPCUTET PalioeNeKTPOHIKH, XapKiB, YKpaiHa

METOJA ®YHKIIOHYBAHHS NPUCTPOIB 10T 3 BAKOPUCTAHHAM
MAIINMHHOT'O HABYAHHAA

AHoTaunis. AktyajabHicTb. OyHKIIIOHYBaHHS MpUCTpoiB [HTEpHETY peueit (10T) 3 BUKOPUCTAaHHAM METO/IB MALIMHHOTO
HaBuaHHA (MH) BinkpuBae 6e31i4 HOBUX MOXKIMBOCTEH Ta mepeBar. Lli TexHooril 103BOSIOTh PO3MUPUTH (PYHKIIOHAIBHI
MOJKJIMBOCT] TpaJULIHHUX MIPUCTPOIB, HATAIOUH IM 3IaTHICTh JO CAMOHABYAHHS Ta afanTalii 10 3MiHIOBaHHX YMOB CE€pelo-
BHUIIIa a00 TTOBEIIHKU KopucTyBauiB. |0T mpuctpoi 30uparoTh BeInde3Hi 00CATH JaHUX 3 PI3HUX JHKEPE, TAKUX SK TaTYUKH
TeMIIepaTypH, BOJIOTOCTi, pyXy Tomo. MH no3BoJisie aHami3yBaTH IIi JaHi, BA3HAYAIOYN 3aKOHOMIPHOCTI Ta TeHAEHI1. Bu-
KOPHCTOBYIOUH iCTOpHYHI maHi, anroputMu MH MoxyTh nependauaté MaiOyTHI CTaHM CHCTEMH ab0 ITOBENIHKY KOPHUCTY-
BadiB, JO3BOJIIIOYN ONTHMI3yBaTH poboTy mpHcTpoiB. 3actocyBaHHs MH nossosste loT nprcTposiM caMoCTiHHO yIpaBIsTH
CBOIMH (YHKIISIMH, HAIIPHKJIaJ, PETYIIIOBaTH OCBITICHHS a00 TeMIepaTypy B OYAWHKY, BUXOISIH 31 3BHYOK KOPHUCTYBaUiB.
AJIrOpUTMH MOXYTh aHANI3yBaTH CIIOKMBAHHS €IEKTPOEHeprii a0 BOIHM i ONTHMI3yBaTH 1X BUKOPHUCTAHHS, 3MEHIIYIOUH
BUTPATH Ta BIUIMB Ha HaBKOJHMIIHE cepenoBumie. MH Takox MoXe JOIIOMOTTH BUSIBUTH HE3BHYHY MOBEAIHKY abo crpobu
HECAaHKI[IOHOBAHOTO IOCTYITy IO CUCTEMH, iABUIIYIOYH PiBEHb OC3MEKU. 3AaTHICTh 10 aHOHIMI3awii Ta 3aXHUCTy JaHHX, 10
00pobmsroThest loT mpucTposiMu, € KPUTHYHOIO, OCOOJIMBO B KOHTEKCTI 3pOCTAI0UYMX 3aHETIOKOEHD MIOA0 MpuBaTHOCTI. Ta-
kuM ynHOM, BukopuctaHHs MH B [oT po3kprBae moTeHIia 17151 CTBOPEHHS iHHOBAIIMHUX PillICHb, AKi pOOJIATH HAIIE KHUTTS
3pYYHIIINM, Oe3MEYHININM Ta e(EeKTUBHILIINM, 10 1 pOOUTH TeMy JOCHIIKEHb B Lil 00JacTi akTyanpHOI. MeTolo JaHoi
po6oTH € aHai3 MeTOIIB HyHKIIOHYBaHHS MPUCTPOiB 10T. O6’€KTOM T0CTiIzKEHHSI € METOIH 300py, 00pOOKH Ta mepeaayi
JaHUX B oOuncIoBaIbHUX By3iax 10T. Ilpeamerom nocaixkeHHs € KepyBaHHS 00UUCTIOBAILHUMH By3iaamu 10T 3a momo-
MOTOI0 MallMHHOTO HaByaHHs. Pe3yabTaTn. [IpoBeneno ananiz meroniB ¢yHkiionyBaHHs npuctpois loT. 3acTocyBaHHs
METO/IiB 3MEHIIICHHS 3aTPUMKH IIepeiadi CUTHAJIIB BUMarae BpaxyBaHHs crienndikyu koHkpeTHoi [oT cucremu, BKIFOYa0un
BHMOTH JI0 3aTPUMKH, THIIU JaHUX, OOYUCITIOBAJIbHI Ta MEPEKEBI PECYPCH, a TAKOK MOTPEeOH KOPHUCTYBadiB ad0 MpPOIIECIB,
sIKi BOHa 00ciyroBye. [Ipu BUKOpPHCTaHHI METOIB 3HIDKEHHS 00CATY JaHMX, [0 MEePEatoThCs, CIIiJ OpaTu 10 yBaru Te, Mo
BOHHM BHMAralTh PETENBHOTO IUIaHyBaHHS Ta HAJlATyBaHHS cucTeMu 0T, BpaxoByroun crienudiky 3aCTOCYBaHHS, THITH
JaHUX Ta KOMYHIKaIiifHi Mepexi. Lle nonomoske 3abe3nednTr ONTUMAaIbHE BUKOPUCTAHHS PECYpCiB, MiABUIIEHHS MACIITa-
0OBaHOCTI Ta 3HWKEHH BapTocTi ekcrutyarallii [oT cucrem. BripoBamkeHHsT METOIIB KOH(EICHIIIHHOCTI Ta OE3MEeKU TaHUX
BHMarae KOMILIEKCHOTO IiIXOy 10 Oe3IeKH Ha BCiX eTarax KUTTeBoro mukiay loT cucremu, Bixg po3poOKu Ta BUPOOHHUIITBA
JI0 eKCIUTyaTallil Ta 3HATTSA 3 eKCIUTyaranii npuctpois. OCHOBHUMH BHKJINKaMH y 300pi Ta aHaii3i nanux B [oT e 3abe3me-
YeHHs Oe3nekn Ta KOH(DiIeHIIIHHOCTI JaHuX, 00poOKa BEIMKUX OOCATIB TaHUX B PEATLHOMY Yaci, a TAKOK MOTpeda B eek-
THUBHUX MeTonax MH, 3naTHux aganTyBaTHcs O JMHAMIYHUX YMOB 1 3MiHHHX CepeloBHIL. [HTerpalis mepe1oBUX TeXHOJIO-
riit MH B IoT BigxpuBae mupoKi MOKIMBOCTI JUISI CTBOPEHHS O1JIBII iHTEIEKTYaTbHUX, €PEKTHBHUX Ta AaBTOHOMHHX CHCTEM,
SIKI MOKYTh PEBOJIOLIOHI3YBaTH OaraTo cdep KHUTTS, BiJl pPO3yMHUX OYAMHKIB 10 IHAYCTpiaJbHOTO [HTEpHETY peuei.

Kaw4voBi ciaoBa: MamiHHe HaBYaHHs, 00UMCITIOBATBHIIA By30:, 10T, naTuuk, npotokon, FPGA.

Ha ocHoBI aHaii3y Ta BUCHOBKIB, OTPAMaHUX i3 J1a-
HUX, 0T mpucTpoi MOXXyTh aBTOMaTHYHO 200 3a BKa3iB-

Beryn

30ip JaHUX € epLUIMM KpoKoM, 1ipu sikomy loT mpu-
CTpO1 BUKOPHCTOBYIOTh BOYIOBaHI JaTYMKH a0O 30BHi-
mHi iHTepdeiicn i 300py iHGopMaIii mpo HaBKOIH-
HIHe cepenoBuine abo mpo cnerudivni noaii [1]. i nani
MOJKYTb BKJIFOUATH PI3HOMaHITHI TapaMeTpH, TaKi siK Te-
MIIepaTypa, BOJIOTICTh, THCK, PIBEHb OCBITICHOCTI, 3BYK,
BiOpaIrii, a Takox OUTBII CKIIQJHI JIaHi, Taki K 300pa-
JKeHHs a0 Bijeo, 3i0paHi 3 kamep. 3i0paHi AaHi mepena-
I0ThCS /IO EHTPAIBLHOT CUCTEMH 200 XMapH JUIs 1T0/1alTb-
moro aHam3y. Lle moxe OyTn 3pobaeHo depes pi3Hi 6e3-
JPOTOBi 200 MPOBIiIHI KOMYHIKaIlil{HI TEXHOJIOT11, TaKi K
Wi-Fi, Bluetooth, ZigBee, LTE, a6o uepe3 creriaizo-
BaHi loT nporoxomm, Hanpuxiag, MQTT ad6o CoAP. Ha
LLOMY €Talll BHUKOPUCTOBYIOTHCS aJTOPUTMH MAaIlIWH-
HOTO HABYAHHS Ta aHAJITUKH JaHUX I 0OpOOKHM Ta aHa-
T3y 3i0panux naxux. Lle 103BoJIsiE BUABISATH 3aKOHOMI-
PHOCTI Ta TEHJIEHLIi B JaHUX, POOUTH IPOTHO3M Ha OC-
HOBI ICTOPMYHUX JaHHX, PO3IMi3HABAaTH aHOMaJIbHI abo
HebaxaHi CTaHH.

s 3aBnanb 00poOku Ta Kinacudikarii 1aHuX MO-
XKyThb BHKOPHUCTOBYBATHCSI METOOM MAIIMHHOTO HaB-
YaHHs, SKi OOMPAIOTHCS 3 OTJISIOM Ha 3aJICKHICTH Bij
KOHKPETHHX 3a/1a4 Ta JOCTYNHHX AaHHX.

KOI0 KOpHCTyBauya BHUKOHYBaTH NeBHi aii. Hanpukman,
peryJroBaHHs TEMIEPATYPH B IPUMILIEHHI, OMOBIIIICHHS
Opo MOTEHI#HI mpobjseMu ab0 aBTOMATUYHE BUMK-
HEHHSI [IPUCTPOIB Yy pa3i BUSBJICHHS aHOMAJIM.

O0pobxka manmx Oe3mocepeaHpo B By3iax [oT crae
Bce OLTBII IMOIMYJSIPHOIO, OCKUTGKH II€ J03BOJISIE 3MEH-
LIUTH 3aTPUMKY B 00pOOIIl JaHNX, 3HU3UTH 00CST Tepe-
JAHUX JaHUX 1 TiIBHIIUTH e()eKTUBHICTH 3araibHOI po-
6otu cucremu loT. Ileit migxin, BiqoMuil Takox sIK 00-
yncneHHs edge computing [2], mepenbadae BUKOHAHHS
AHATITHIHUX aJITOPUTMIB Ta 00pOOKY MaHUX Oe3mocepe-
THBO Ha KpaifHiX By3/laXx Mepexi, Jie 30uparoThcs IaHi,
3aMiCTh TOTO, OO TMepeaaBaTH ixX 10 EHTpaIbHOi 00po-
OmoBasibHOT crcteMu a6o xmapu. O6pobka maHux Oe3-
MoCepe/IHbO Ha MPUCTPOT TO3BOJISIE MIBULIE pearyBaTH
Ha 3MiHH B JIaHUX, [0 € KPUTHYHO BaXKIIMBUM IS 101~
TKiB, Yy TJIMBHX J0 3aTPUMKH, TAKUX SIK CHCTEMH aBTOMa-
THYHOT'O KepyBaHHs abo Oe3neku. BinciroBanus, arpera-
1is Ta nomepenHs oOpoOka JaHMX Ha KpalHIX By3iax
3HIKYIOTh HEOOX1THICTh IIepeiaBaTH BEIUKi 00CsTH J1a-
HUX 4Yepe3 MEpexy, 10 MOKe 3HU3UTH BUTPATHU HA Iepe-
Jlady JaHUX | HABAaHTAXXECHHS Ha MEpPEXeBY iHPpacTpyk-
Typy. OOpoOka dYyTnMBHX ab0 OCOOMCTHX JaHHX
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Oe3rocepeIHbO Ha MPUCTPOI MOXKE JTONIOMOI'TH 3abe3re-
YHUTH IXHIO KOH(1ACHIIHHICTh, MiHIMI3YIOYH PU3HKH, 110-
B'si3aHi 3 epeiaueio JaHuX Yepe3 BpasiuBi MEpexi.

Jnst 0OpoOKM NaHUX Ha KpaiHIX By3jax BUKOPHC-
TOBYIOTBCS JIETKOBICHI Bepcii anroputMiB MH, ontumi-
30BaHi U1 pOOOTH HAa OOMEKEHHX 3a pecypcaMu MPHCT-
posix. Ile MoxxyTh OyTH, HalpHKJIA, CIPOLICHI MOJENI
HEHPOHHMX MEpeXk, allTOPUTMH PO3IIi3HABAHHS 00pa3iB
a00 gacoBuX psniB. [cHye HE3Ka po3poOOK 1 IaThopMm,
SIKI TIOJIETIIYIOTh PO3POOKY Ta PO3TOPTAaHHS IOAATKIB
Uil O0YMCIIeHh Ha Kparo Mepexi, Taki sk AWS
Greengrass, Azure [oT Edge ta Google Cloud IoT Edge
[3]. OGuucroBanbHI MOKIUBOCTI Ta 00CST MaM'sITi Kpaii-
HIX BY3JIiB 4aCTO OOMEKEHI, 1[0 BUMArae OnTUMi3ariii as-
TOPUTMIB Ta IPOrPaMHOro 3abe3nedeHHs Ul epeKTHB-
HOi poOOTH B TAKUX YMOBaX.

YrpaBiiHHSA PO3MOAITICHUMH By3JIaMH Ta iX MacIil-
TaOyBaHHS MOXXYTh OYTH CKJIaJHUMH, OCOOJIMBO B BEITH-
kux mMacmradoBanux cucremax loT. PO3BHTOK TexHOIO-
riff Ta IHCTPYMEHTIB JJIs OOYHCICHh Ha Kpal MeEpexi
MPOJOBKYE CIPOILIYBATH iHTETPaLilo 1 PO3IHPEHHS MO-
ximBocTedl [oT cucTeM, 03BOJIAIOYM CTBOPIOBATH BCE
OLIbLI IHTEJIEKTYaJIbHI Ta aBTOHOMHI pillICHHSI.

Otxe, MeTOI0 1i€i pOGOTH € aHAITi3 METOIB (BYHK-
uioHyBaHHs npuctpois 10T.

OcHOBHA YaCTHHA

3MeHILEHHs 3aTpUMKH B cucteMax loT € kputnuHO
BaXIMBUM IS 0aratboX 3aCTOCYHKIB, OCOOJHBO THX,
0 BUMAaralTh IIBHIKOTO pEaryBaHHS B PEaTbHOMY
Yaci, TaKUX sIK MOHITOPUHT KPUTHYHUX CHCTEM, aBTOMa-
THU30BaHE BUPOOHHIITBO Ta IHTEJIEKTYyabHI TPAHCIIOPTHI
cuctemu. [lepeMimieHHs 00poOKH JaHUX 3 IEHTPATbHUX
XMapHHUX CepBepiB Ha KpaiiH1 By3JIH, OJIHKYE /10 JKepea
JIaHUX, JI03BOJISIE 3MEHIIINTH Yac repeiadi JaHuX i 3aTpu-
MKy B 00po0iii. Lle momomarae 3a6e3neyuTH HIBHIKE Pe-
aryBaHHs Ha MOJi1 B peanbHOMY 4aci. Bukopucranns po-
3MOAUICHUX apXiTeKTyp, Ne o0poOka TaHWX BimOyBa-
€TbCs HAa 0araTboX By3J1aX OJHOYACHO, JOTIOMArae 3MeH-
LIATH 3aTPUMKY, PO3NOIIIISIFOUN HABAaHTAXKEHHS 1 3HUKY-
I0YM Yac OYiKyBaHHS 0OpoOKHM Ha omHOMY cepBepi. Bu-
KOPHUCTaHHS €PEKTHBHUX MEPEKEBHX IIPOTOKOJIIB, OIITH-
MmizoBanux Juisg loT, Takux sk Message Queuing
Telemetry  Transport (MQTT) a6o Constrained
Application Protocol (CoAP), sixi po3pobiieni st 3a6e3-
MeYeHHs] HU3BKOI1 3aTPUMKH 1 BHCOKOI €()eKTHBHOCTI B
Mepexax 3 oOMexxeHHMH pecypcamu [4]. Minimizarris
00csry 00poOKu JaHuX, HEOOX1THOT AJ1s BAKOHAHHS KOH-
KPETHOTO 3aBJIaHHSI, IIUITXOM BUKOPHCTaHHS OinbIn ede-
KTHBHUX aJTOPUTMIB 1 BUJIAICHHS 3aliBUX OOYMCIIOBA-
JILHUX TIPOIIECIB MO>KE 3HAUYHO 3HU3UTH 3aTPUMKY. Bera-
HOBJICHHSI TIPIOPUTETIB IS PI3HUX THUIIB JAHHX 1 Tpa-
¢biky Moxe 3a0e3NeYnuTH, 110 KPUTHYHO BAXIIUBI JaHi
00pOOMSAIOTECS Ta TIEPEAAIOTHCS 3 HAWMEHIIIOO 3aTPUM-
KOI0. Arperariist Ta monepeaHs oOpodka gaHux Oe3mnoce-
pensbo Ha loT By3max mepej iXHBOIO NEpenaveto MOXKe
3HM3UTH OOCAT TepeaHuX NaHuX i, BIAMOBIAHO, 3MEH-
IIATH 3aTPUMKY, TIOB'sI3aHy 3 iX mepenadero. Takox Mo-
JKJIMBE 3aCTOCYBaHHS CIIEIiali30BaHOTO 00JIaIHAHHS, Ta-
koro sik FPGA (1mosipoBi nporpamMoBaHi BEHTHJIbHI MaT-
puui) abo GPU (rpadiuni mpouecopHi OIvHUII), IS
NIPUCKOPEHHS OOYMCIEHb MOXE 3HA4YHO 3HHU3UTH

3aTpuMKy 00poOku naHux. FPGA moxyTts OyTH mporpa-
MOBaHI JIJIsl BUKOHAHHS Crielu(iyHUX 3aBIaHb 00pOOKH
CUTHaJIB a00 JaHUX, 110 POOUTH IX imeaNbHUMU IS 3a-
CTOCYBaHb, Ji¢ TIOTPiOHa BUCOKA IIBUAKICTH 00pOOKH i
MiHiManbHa 3aTpuMka B obOsacti loT. FPGA MoxyTh
OyTH mepenporpaMoBaHi Ha MiCIli, 100 BUKOHYBATH Pi-
3Hi 3aBAaHHA a00 aJanTyBaTHCS A0 3MiH y MPOSKTHHUX
BHMOTax. 3aBIsSKM MapajenbHii o0podmi mannx FPGA
MOXYTb 00pOOIATH BedHKi 0OCATH NaHWX 3 MiHiMAalb-
HUMH 3aTPUMKaMH, IO € KPUTHIHO BAXXIMBUM VIS JIe-
skux loT-3actocyBans. FPGA MoxyTs OyTH onTHEMi30-
BaHi JJIs MiHIMI3allil CIIO)KUBAHHS CHEPTII, 110 € BaXITH-
BuUM Jis1 ipuctpoiB [oT, siki 4acTo mpaitoTh Bix Oara-
peii. Inrerpanist FPGA ta MH B IoT no3Bosnse crBopro-
BaTH BHCOKOC(EKTUBHI, aJaNTHBHI Ta IHTEJIEKTyalbHi
cucteMu. FPGA MOXyTh OyTH BHKOPUCTaHI JJIsl MIBUA-
koi 00poOku naHux Big ceHcopiB loT Ta BUKOHAHHS an-
roputMiB MH B peansHoMy uaci [5], Toai ssk MH moxke
HAJaTH 3aCO0M UIA aHAJ3y IHUX NAHWUX, PHAHATTS pi-
IIEHb Ta IIPOTHO3YBAHHS.

s inTerparis BigkpuBae MHAPOKI MOKIHBOCTI IS
po3poOku inHOBamidHNX [oT-pimIeHp y TaKkuX ramyssx,
SK PO3yMHI OyIWHKH, TIPOMHCJIOBHH IHTEpPHET peuei
(11oT) [6], po3ymHi micTa, OXOpOoHa 310pOB'st Ta Garato
IHIIHX.

Cuij TakoX BiZI3HAYUTH aJaliTHBHE KEPYBaHHS Me-
pexero, sike BKIIOYAE B ce0e aBTOMAaTHYHE PEryJIFOBaHHS
MapuipyTu3amii Tpagiky Ta KepyBaHHS HPOIYCKHOIO
CIIPOMOXHICTIO B 3aJISKHOCTI BiJl HOTOYHOT'O HaBaHTa-
xeHHs. Lle Mojke TOTTOMOTrTH ONTHMI3yBaTH 3aTPHMKY B
JUHAMIYHO 3MiHIOBaHHX MEPEKEBUX yMOBaX.

3HIKEHHS 00CATY MepeJaHuX JaHuX y By3nax loT
€ BaXJIMBUM acriekToM onrtumiszanii [oT cucrem, mo mo-
3BOJISIE TIJIBUIIUTH €(EKTHBHICTh BHKOPHCTaHHS Me-
PEeXi, 3HU3UTH BUTPATH Ha Mepenady JaHuX, 3MEHIINTH
€HEProCIIOKMBAHHS 1 TIOKPAIIUTH MaclITaOOBaHICTh CH-
cremu. [lepen THM sik nepenaBaty JaHi Ha cepBep abo B
XMapy, MOXIIMBO BUKOHATH IOTIEPE/IHIO 0OPOOKY JTaHUX
Oe3nocepenibo Ha By3ii. Lle Bkitowae arperamito (Ha-
NPUKIIAJ, OOYMCIICHHS! CepelHIX 3HAueHb 3 JEKIIbKOX
BHMIPIOBaHb), (DLTBTPALii0 HEBOKINBUAX JaHUX, KOMIIpe-
cito Ta i popMu 00pOOKH IS SMEHIIICHHS 00CATY Ja-
HUX, 5IKi TOTPiOHO mepenaTi. BUKOpHCTaHHS anropuTMiB
KOMIIpecii JJaHUX [I03BOJISIE 3MEHIINTH 1X 00CsT repen
mepeadero. [CHyrOTh pi3Hi TeXHIKHA KOMIIpeEcii, Bl mpo-
CTOTO KOJyBaHHS J0 OiJbII CKJIAJHUX aJTOPHUTMIB, IO
MPU3HAYCHI I KOHKPETHUX THUIIB JaHWX (HATPUKIAL,
300pakeHb, ayaio abo TeKCTy). 3aMicTh MOCTIHHOT mepe-
Jadi BCix 310paHMX NaHWX, BY3IH MOXYThH IepelaBaTH
JIaHi JIUIIE ITPY BUABIICHHI 3HAYYIIUX 3MiH a0o moxiit. e
JIO3BOJISIE 3HU3UTH KiJIbKIiCTh MEpPEeIaHnX AaHMX, BiJmpa-
BIISIFOUM 1H(OPMAIIIIO JIMIIE TOAI, KOJH 1ie AIHCHO HeoO-
X1JIHO.

BukopucranHs JerKOBICHUX HMPOTOKOJIIB Iepeaayi
naaux, sk-oT MQTT a6o CoAP, sixi MaroTh MEHIIHIA PoO-
3Mip 3arosoBkiB nopisasiHO 3 HTTP, Moe 3HM3HUTH 3a-
rajJpHUi o0csr nepenannx Aanux. [lepexava iumre 3MiH
y JaHWX 3aMiCTh TOBHOTO HabOpy MaHWX MOXKE 3HAYHO
3HU3UTH 00csT nepenadi. Ile ocobmmBo eheKTUBHO st
IOJATKIB, J€ JaHl 3MIHIOIOTHCS ITOBLILHO a00 1€ MOX-
JUBO TIepelaBaTH JIMIIE PI3HUIO BiJl TOMEPEITHHOTO
craHy. PerymioBaHHS 4YacTOTH, 3 SKOI BY3/IH
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BIJINPABIISIIOTH JJaHi, Ha OCHOBI IOTOYHHUX YMOB a00 Bax-
JMBOCTI iH(OpMaLil, MOXKE JIOTIOMOTTH 3HHU3UTH 00CAT
nepeaHuX AaHux. Hanpuknaza, B nepioan HU3BKOI aKTH-
BHOCTI 4M CTaO1IbHOCTI CUCTEMH MOXKHA 3MEHIIIUTH Yac-
TOTY BiAIIPaBJICHHS.

CyuacHi JaTYHMKH Ta BY3JIM YaCTO OCHAIIEH] BOy10-
BaHUMH MOJIMBOCTSMU UL TIOTIEPEIHBOI 0OpoOKH 11a-
HUX. Bubip Takux iHTEIeKTyaJbHIX KOMIIOHEHTIB MOXE
JOTIOMOTTH MiHIMI3yBaTH OOCAT MepeJaHuX NaHUX 3a-
BJISIKM BUIiH €()eKTUBHOCTI JIOKAIEHOI 0OPOOKHL.

HacTynHuM MUTaHHAM € TiABHUINCHHS KOH(]imeH-
itHOCTI Ta Oe3neku B By3nax loT, mo € oqauM 3 Kitto-
YOBUX acleKTiB MpH po3podui Ta exciutyaranii loT cuc-
teM. Ockinbku [oT npuctpoi yacro 36uparots, 06po0s-
I0Th Ta TIepealoTh Yy TIINBI 1aHl, BXKJIMBO 3a0€3MEUHUTH
X HaNe)KHUH 3aXUCT. MOXIIMBE BUKOPHCTAHHS CTaH/a-
priB mudpyBaHHs, Takux sk Transport Layer Security
(TLS), mist 3axucty maHux mifg yac ix mepemadi mix 10T
BY3JIaMH Ta cepBepaMu ab0 XMaporo ado Xk 3aCTOCYBaHHA
CHIIBHOTO MN(PYBaHHS Al 30epiraHHs JaHUX Ha IpH-
CTpOsiX, MO0 3amodirTu iX BUTOKY y pa3i hi3udHOTO H0-
cTymy no npuctporo. [loTpiOHO ynpaBiiHHSA JOCTYTIOM 32
paxyHOK peanizauii Oararodakropuoi ayreHTH(IKALT
JUTSL TOCTYIy 10 cucteMu ympaniinas [oT Ta/abo BuKO-
pucTaHHs cepTUdiKaTiB Ta yIPaBIiHHS KIIIOYaMH JUIs ay-
tentudikanii loT By3miB i 3a0e3neueHHs: B3a€EMHOT ayTe-
HTH(IKALI] MK TPHCTPOSIMH.

Ile oqauM (akTopoM, SIKHii BIUIMBAE Ha KOHGei-
LiHICTD € MiHIMI3aIlis JaHUX, TOOTO aKTyaIbHIMU € 30ip
Ta 30epiraHHs JINIIE THX TaHHX, IKi HeOOX1IHI 11 poboTn
IoT cucremu, 1m0 JOMOMOXKE 3MEHILUTH PU3UKH, MOB'S-
3aHi 3 X MOXJIMBUM BHUTOKOM Ta PETYJISIpHE BUIAJICHHS
3aiiBUX 200 3acTapiiux JaHuX 3 mpuctpoiB. He Oyne 3aii-
BUM 1 aBTOMaTuyHe a0 MOJIETIICHE PYYHE OHOBJICHHS
MIPOrpamMHOTO 3a0e3neyeHHs Ta nardiB oesmeku s [oT
MPUCTPOIB, 1[0 € KPUTUYHO BaXKIIMBUM JUIsl 3aXUCTY BiJI Bi-
JIOMHX ypa3IUBOCTEH. BUKOpUCTaHHS Oe3MeuHrX MEXaHi-
3MiB OHOBJICHHSI, SIKI IEPEBIPSIOTH ABTEHTUYHICTh Ta LIiJTi-
CHICTb OHOBJICHB Ilepe]] iX BCTAHOBJICHHSIM.

[Hmmmu dakropamu € 3axuct By3iniB loT Bix Heca-
HKI[IOHOBAHOTO (Pi3MYHOTO IOCTYITY, OCOOIHBO B MiCISTX
3 BUCOKHMM PH3HKOM TaKOTO JIOCTYILy; po3poOKa Ta pea-
Ji3aIis cTparteriil A BUSABICHHS O€3IIeKOBUX iHITUICH-
TiB Ta aHOoMaxiit y po6orti loT cucrem; posginernas loT
MIPUCTPOIB BiJ IHITNX YaCTHH MEPEXKi 3a JOMOMOTOIO Bi-
PTyanbHUX MPHUBATHUX Mepex ab0 MepeXeBHX BOTHIB
JUIsl 3HMDKCHHSI PH3MKY IOLIMPEHHS Bpa3iMBOCTEH Ta
[TpoBeneHHs peryysipHuX Oe3MeKOBUX ayIUTIB Ta TECTY-
BaHb Ha IPOHUKHEHHSI JIJIs BUSIBJICHHSI IIOTEHIIMHUX Bpa-
3nmuBoctert y [oT cucremax.

Jis GimbIIOCT] MpoaHaTi30BaHMX METOJIB Ta (ak-
TopiB (yHKUiOHYBaHHSA By3iliB 10T MoxnuBe 3acTocy-
BaHHsg MH. MH Binirpae kir04oBy poJib y pO3BHTKY Ta
¢ynkuionyBanHi By31iB loT, Hagatoun npucTposm 31at-
HICTH JI0 CaMOHAaBYaHHA, ajanTanii Ta aBTOHOMHOTO
NPUHHATTS pimieHs 0e3 0e3MmocepeaHbOro JIOACHKOTo
Brpy4anHs. [Hrerpauis MH nossonse IoT cucremam
OyTH OiTBII IHTENEKTYaTbHUMH, €PEeKTUBHUMHU Ta HAiii-
HUMU. BOoHO Takox no3Boiisie By3inaM [oT oOpobisiT Be-
JIUKI 00CATH TaHUX JOKAJIbHO, BU3HAYAIOUHW 3HAUYIITY iH-
(dbopmariro abo BUABIAIOYM aHOMAJIT 0e3 HEOOXiMHOCTI
repenadi BCiX JaHWX Ha IEHTPAJIbLHHUN cepBep abo B

xmapy. Lle Moske 3HaYHO 3MEHIINTH 3aTPUMKY B 00poO1Ii
JJaHUX Ta CHEPrOCIIOKUBAHHS IIPUCTPOIO.

AnroputMu MH MOXyTh aHamizyBaTu iCTOpUYHI
JlaHi Ta Ha OCHOBI HUX POOUTH MPOTHO3M 11010 MaiOyT-
HBOTO CTaHy CHUCTEMH a00 MOBEAIHKH KOpHUCTyBadiB. Lle
no3sosrste [oT cuctemam aganTyBaTHCs IO 3MiHHUX YMOB
abo moTped, HANPUKIIA, ABTOMATUYHO PETYIIOBATH Te-
MIIEpaTypy y PO3yMHOMY OyIMHKY a00 ONTHMi3yBaTH
€HEePTOCIIOKUBAaHHS B IHAYCTpiaTbHUX MPOIIecax.

Takox MH Moke ZOMOMOTTH ONTHMi3yBaTH pO-
6oty loT mpuctpois, 3a6e3nmedyroun MaKCUMaJIbHY ede-
KTUBHICTb TIPH MiHIMaJbHOMY CIIOXXMBaHHI eHeprii. AJl-
TOPUTMH MOXXYTh aHANII3yBaTH PEXHMH POOOTH NpH-
CTPOIB Ta aJlaliTyBaTH iX ISl 3SMEHILIEHHS €HEPIrOCIIOKH-
BaHHS, HAIIPUKJIA/L, IUIIXOM YIIPaBIiHHS PEXUMaMHU CHY
a00 aKTHBHOCTI.

3BUYaHO, 1110 € 1 JesIKi 0OMEKEHHs, AKi OB’ I3aHi
3 BukopuctanessM MH. Crin Big3aaunty, mo loT By3mu
4acTo OOMEXeHI B OOYMCIIOBAIbHUX MOTYXXHOCTSX Ta
SHEproCIOKMBaHHI, 1[I0 BUMAarae ONTUMi3amii alropur-
MiB MalIMHHOTO HaBYaHHS A X e(eKTHBHOI poOOTH.
[Ile omHMM HEOOTIKOM € Te, IO BIpoBamkeHHs MH B
IoT Bumarae nomaTkoBHX 3aXO[iB Uil 3a0e3NeueHHs
0e3IeK AaHuX Ta MpUBATHOCTI Kopuctysadis. [linTpu-
MKa Ta OHOBJICHHSI MO/IEJIeH MAIIMHHOTO HAaBYaHHS B PO-
snoaiieHux loT cuctemax Moxe OyTH CKJIaJHIM 3aB/IaH-
HSIM Ta BUMaraT HOBUX IMIZAXO/IB B 00JIaCTi pO3pOOKH.

Posrmsn xonueniii 10T go3Bosisie 3p0OUTH BUCHO-
BOK, 10 IpUCTPOi 10T MOXKYTh BHCTYTIATH B pOJIi 00UYHC-
JIOBAIbHUX BY3MiB JJIs PO3MOIUICHOI iH(pOpMAamiiHOL
cucteMu. B nanuii 4ac € TeHACHIIISI HA IEpEeHEeCeHHs 00-
pOOKHM TaHUX 3 IEHTPATiI30BaHUX CHUCTEM (XMapHi 009H-
CIICHHS) Ha PiBeHb IEHTPY 00pOoOKH JaHUX (TyMaHHi 00-
YHCIICHHS) 1 1aii piB€Hb KiHIIEBUX IPUCTPOIB (TPaHHIHI
oOumncienHs). TakuM YHUHOM, 3'SIBJISIETHCSI MOYKIHBICTD
3aJliITH CYTTEBI OOYMCIIOBAIbHI MOTYXKHOCTI, SIKi pa-
Hillle HE BUKOPHCTOBYBAJHCS a00 BHUKOPHUCTOBYBAIHCS
BKpait oomexeHo. Po3moain o0urcieHs mo 6e3iivi 004u-
CJIIOBAJIBHHX BY3JIIB JI03BOJIsIE TOBOPUTH PO MapalielbHi
0OYHUCIIeHHS], SIKi B CUTYallii BUKOPUCTAHHS HE3aJIeKHUX
00YHCITFOBATFHUX TPUCTPOIB, SKi € PO3IOALICHUMH CHC-
TeMaMH. 3aJIe)KHO BiJl OpTraHi3allil B3a€MO3B'I3Ky MiXk 00-
YHUCITIOBAIEHIMH BY3JIaMH TaK0X TOBOPSITH MPO KJlacTe-
pHi cuctemu: BukopucTanHs |0T sk po3nofineHoi iHpO-
pMariifHoi CHCTeMH I03BOJII€ MOOymyBaTH ciabo3B's-
3aHy KJacTepHy cucremy [7-9].

IIpuctpoi 10T maroTs cBotO crienudiky Ta psm o6-
ME)XKEHb, SIKi ISl OpraHi3amii mporecy BUpIIeHHs 0049n-
CJIIOBIBHHX 3aBJJaHb HE J03BOJISIFOTH BUKOPHUCTOBYBATH
IMiIXO/IM, IO BUKOPHCTOBYIOTHCS y KIACHYHHX Iapase-
JBHUX Ta PO3MOIINEHUX 00YNCITIOBAIBHUX CHCTEMAX.

BucnoBxku

YV nmaniit poboTi IpoBeICHO aHai3 METOAIB (yHKIIi-
oHyBaHHA NpUCTpoiB loT. 3acTocyBaHHS METOIB 3MEH-
IICHHS 3aTPUMKH TIepeladi CHUTHANIB BHMarae Bpaxy-
BaHHS crenuiku KoHKpeTHOI [oT crcTemu, BKITIO9a0un
BUMOTHU JI0 3aTPUMKH, THITH JAaHHX, OOYHMCITIOBANBHI Ta
MEpeXeBi PecypcH, a TaKoXK IOTpeOr KOPHUCTyBadiB abo
MPOIIECIB, Ki BOHA OOCITYyTOBYE.

ITpn BHKOpHCTaHHI METOAIB 3HIKEHHS 00CsTY Ja-
HHUX, 1110 TIEPEaroThCsl, CIIiJl OpaTH 10 YBaru Te, 110 BOHH
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BUMAraroTh PETEJbHOrO IUIAaHYBaHHS Ta HaJallITyBaHHS
cucremu loT, BpaxoByloum crenngiky 3acTOCyBaHHS,
THUIM JJaHUX Ta KOMYHiKaliiHi Mepexi. Lle nonomosxe 3a-
0e3reynTy ONTHMalbHEe BUKOPHCTAHHS PECYPCIB, ITiIBU-
LIEHHS MacliTa-O0BaHOCTI Ta 3HIDKEHHS BapTOCTI eKc-
mwryaranii loT cucrem.

BnpoBamkeHHs METOAIB KOH(ENEHITIIHHOCTI Ta 6e3-
NEKH JaHUX BUMArae KOMIDIEKCHOTO HiIXoy 10 Ge3nexu
Ha BCiX eTamax xutreBoro nukiy loT cucremu, Bix pos-
poOKHM Ta BHPOOHHIITBA IO EKCIUTyaTaIlil Ta 3HATTS 3 eKC-
IUTyaTarnii IpUCTPOiB.

TakuM YUHOM, OCHOBHUMH BHKIUKAMH y 300pi Ta
anami3i nanux B [oT e 3a0e3nedenns Oe3mneku Ta KOHI-
JICHIIIHHOCTI TaHUX, 00pOOKa BETHUKUX OOCSTIB TaHUX B
pearbHOMY 4aci, a TaKoXkK motpeba B epeKTUBHUX METO-
JaX MAIIMHHOTO HABYAHHS, 3[ATHUX aJanTyBaTUCS JIO
OUHAMIYHHX YMOB 1 3MiHHHX cepeIoBHUI. [HTerparis me-
penoBHX TeXHOJOTiif MammHHOTO HaB4aHHA B 0T Bimk-
pHBa€ MHUPOKI MOKIUBOCTI IS CTBOPEHHS OiIbII iHTE-
JIEKTyaJbHUX, e(EKTUBHUX T4 aBTOHOMHHUX CHCTEM, sIKi
MOJKYTb PEBOIIOIIOHI3yBaTH 0arato cdep KUTTH, BiJ po-
3yMHHX JIOMIB JI0 iHAyCTpiansHOTO [HTEpHETY pedei.
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Operation methods of 10T devices using machine learning
Dmytro Dyachenko, Valeriya Kaida, Anton Levchenko, Oleg Mikhal

Abstract. Relevance. The functioning of Internet of Things (IoT) devices using machine learning (ML) methods opens up
many new op-portunities and advantages. These technologies make it possible to expand the functionality of traditional devices, giving
them the ability to self-learn and adapt to changing environmental conditions or user behavior. IoT devices collect huge amounts of
data from various sources such as temperature, humidity, motion sensors, etc. MN allows you to analyze these data, identifying patterns
and trends. Using historical data, machine learning algorithms can predict future system states or user behavior, allowing devices to be
optimized. The application of MN allows IoT devices to independently manage their functions, for example, to regulate lighting or
temperature in the house, based on your habits and preferences. Algorithms can analyze electricity or water consumption and optimize
their use, reducing costs and impact on the environment. MH can also help detect unusual behavior or attempts to gain unauthorized
access to the system, increasing security. The ability to anonymize and protect data processed by IoT devices is critical, especially in
the context of growing privacy concerns. Thus, the use of MH in [oT reveals the po-tential for creating innovative solutions that make
our lives more convenient, safer and more efficient, which makes the topic of research in this area relevant. The purpose is to analyze
the methods of functioning of IoT devices. The object is methods of data collection, pro-cessing and transmission in [oT computing
nodes. The subject is the control of IoT computing nodes using machine learning. Results. An analysis of the methods of functioning
of 10T devices was carried out. Applying methods to reduce signal transmission delay requires consideration of the specifics of a
particular IoT system, including latency requirements, data types, computing and network resources, and the needs of the users or
processes it serves. When using methods to reduce the amount of data transmitted, it should be taken into account that they require
careful planning and configuration of the IoT system, taking into account the specifics of the application, data types and communica-
tion networks. This will help ensure optimal use of resources, increase scalability and reduce the cost of operating IoT systems. The
implementation of data privacy and security methods requires a comprehensive approach to se-curity at all stages of the IoT system
life cycle, from development and production to operation and decommission-ing of devices. The main challenges in data collection
and analysis in [oT are ensuring data security and privacy, processing large volumes of data in real time, as well as the need for effective
machine learning methods that can adapt to dynamic conditions and changing environments. The integration of advanced machine
learning technolo-gies into the IoT opens up vast opportunities for creating more intelligent, efficient and autonomous systems that
can revolutionize many areas of life, from smart homes to the industrial Internet of Things.

Keywords: machine learning, computing node, 10T, sensor, protocol, FPGA.
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XapKiBChKHIA HAIlIOHATHPHUN YHIBEPCUTET PaIiOeNeKTPOHIKH, XapKiB, YKpaiHa

AHAJII3 CYYACHHUX METO/IIB CETMEHTAILIIl 30BPAKEHD
B IHTEPECAX HABITAIIIi MOBLJIbHUX POBOTIB

AnoTanis. Ha chorogHimHiil AeHb HEMOXKIIMBO YSBUTH Cy4dacHUH CBIT 0e3 MOOUIbHHX poOoTiB (MP), siki moBHHHI
CBOEYACHO Ta ONEpPAaTHBHO BUKOHYBATH MOKIaJeHI Ha HUX ¢yHKuii. Ha tepurtopii YkpaiHu yke uumano pokiB IpoBO-
OUTHCA NOCTiIKeHHs Hapiranii MP 3 BukopuctaHHIM KopensiniiiHo-ekcTpeManbHux cucteM Hairauii (KECH). Mox-
nuBi Bunaaku B poboti KECH MP, xonn HEoOXiqHO TepMiHOBO MPOBECTH meperianyBaHHS MapupyTy MP. Iloniona
CHUTYyallis MOXKe BHKJIMKATH IIpobiieMy B pillleHHI 3a/adi cerMeHTarlil 300pakeHb, HeOOXITHNX JUIT BUCOKOTO YHOI HaBi-
ranii MP. Tomy 3aBraHHS po3poOKH METOAIB cerMeHTalii 300paXkeHb € aKTyalbHUM. MeToo 1aHoI poOOTH € aHali3 cy-
YaCHHUX METOJIB CerMEHTallii 300pakeHb Ta METOIB, SIKi MOXYTh OyTH BUKOpUCTaHHI Juis Hapiramii MP. [Ipuseneno
aHaJi3 iICHYIOUMX METOMIB CerMeHTallii 300paXxeHb, TAKNX K METOIH Ha OCHOBI ITOpOTa, CETMEHTANis 3a periOHaMH, ce-
TMEHTalis KpaiB Ta CETMEHTAllis Ha OCHOBI KJIacTepu3allii, a TAKOX MPOAaHATI30BaHO OCHOBHI METOMH, SIKi BUKOPUCTO-
BytoTecsi B KECH MP. PesynbraTu nocimiIkeHHS BKa3ylOTh Ha Te, IO 0 HEIOJIKIB OUIBIIOCTI HaBeIEHNX METOJIB Bij-
HOCSITh BUCOKI BUMOTH J0 OOYHCIIOBAJIBHUX PECYpCiB Ta BETUKUI yac Ha 00poOKy 300pakeHb, TOMY iCHYIOUYl METOIU
cerMeHTanii 300pakeHp B iHTepecax Hapirauii MP BapTO BUKOpHUCTOBYBATH AJS HMIATOTOBKH €TAJIOHHUX 300paKeHb y
BHIIAJKaX, KOJU HEMA€E KOPCTKUX YaCOBHX OOMeXeHb. Sk Ioka3aB aHaii3 po3poOiieHi MeTOIM cerMeHTallii B inTepecax
MP He BpaxoByIOTh 0cobuuBocTi ToOynoBu Ta pynkuionyBanHss KECH MP, a takox ocoGnuBocTi onucy 00'exTiB 1O-
BEpXHi Bi3yBaHHA. Y 3B'SI3Ky 3 IIUM 3aBJIaHHS PO3POOJICHHS HOBHX METOIB CerMeHTallii 300pakeHb B iHTepecax HaBira-
uii MP, ocuamenux KECH, e BaxxuBuM i moTpedye B HOAATBIIOMY IOIIYKY HOBHX PillICHb.

Kaw4oBi cioBa: 300pakeHHs, CETMEHTAIIisl, METOJ, IIKCENb, KOPEIAMIHHO-eKCTpEeMallbHI CHCTEMH HaBirarii, MoOiIb-
HHUH po0OT, OBEpXHS Bi3yBaHHs, HOTOYHE 300pa)KEHHsI, ETAJIOHHE 300pa’keHHs, B3a€MHO KOpeJILiiHa (YHKIIs, aBTOKO-

pensuiitHa QyHKIIS.

Beryn

Ha croroaHimHiil 1eHb y 3B’S3Ky 3 HIMPOKHM 3a-
CTOCYBaHHSAM POOOTOTEXHIKH, KA YK€ JaBHO 3HAMIIIA
IIMPOKE 3aCTOCYBaHHS y BCIX c(epax >KUTTS JIOIWHH,
BEJIMKHX YCIHIXiB JOCSITHYTO i B CTBOPEHHI MOOLTBHHUX
poboris (MP). Ak Bimomo MP moke mpamroBatu sK y
aBTOMAaTHYHOMY PEXHMI (32 3a37aierigp 3aJaHuM Ma-
PIIPYTOM) TaK i B AUCTAHIHHOMY [1].

B cucremax Hapiramii MP BHKOPHCTOBYIOTBCS
inepritini mapiramitini cucremu (IHC) [2], sxi momoB-
HIOIOTBHCS CHCTEMaMHM CyIyTHUKOBOI Kopekiii [3, 4] abo
K KOPEJAIIHHO-eKCTPEeMaIbHIMU CUCTEMaMK HaBiraifii
(KECH). BpaxoBytoun TOH (akt, 1110 CyIyTHUKOBI CHC-
TEMH NPU3BOJATH J0 HE aBTOHOMHOCTI (DYHKIIIOHYBaH-
o1 HC T1a y 3B’s3Ky 3 BIACYTHICTIO B YKpaiHi BIacHOI
HaBiTallifHOI cHCTeMH, TO I KepyBaHHI MP B Hamiit
JepkaBi OimbIn norineHO BuKoprucToByBatd KECH.

KopensiitHo-ekcTpeMalbHI CHCTEMH HaBirarii —
LIe CUCTEMH, aJTOPUTM pOOOTH SKHX BKJIIOYaE B cede
oOunciaeHHss (QyHKINI B3a€MHOI a00 aBTOKOpEISIIAHOL
¢yHKIii BHOAIKOBUX NPOLECIB, SKi XapaKTepU3yIOTh
cTaH KepoBaHOro 0o0’ekra, To6To MP, Ta BH3HaueHHs
(Tomrykx) KOOpAMHAT TOJOBHOTO €KCTpeMyMa maHoi ¢y-
HKi [5].

Bpaxosyroun e, mo B mporieci HaBiranii MP mo-
K€ BUHHUKATH HEBIANOBIOHICTE (OPMYyBaHHS IMOTOYHHX
300paxkens (I13) mo paHimie mMiATOTOBICHHUX €TAIIOHHUX
300paxkens (E3) BuHuKae mpobiema nopiBHsHHEA [13 Ta
E3. Ile BrumuBae Ha 3HIKEHHS SKOCTI OI[IHKU CTaHy KO-
HTPOJILOBAHUX 00’ €KTIB.

ToMmy BUHMKae HEOOXiIHICTH 3MEHIIEHHA (haKTo-
piB BIUIMBY, SIK Ha erami (opMyBaHHS cykynHocti E3
TaKk 1 MpU po3poOIli anropuTMiB (OPMYBaHHS BHUPI-
majpHoi pyHKIii [6].

Ile MOXXIMBO MUIIXOM BH3HAYEHHS PALliOHAIBHOTO
MiIXOMy O CerMeHTamii 300paxkeHp, mo OyIyTh BUKO-
pucrasi mij yac nodynosu E3 Ta po3pobku anroputmy
HOPIBHSHHS 300paKeHb.

Po3po0iieHHI0 METO/IiB Ta aJrOpUTMIB CerMeHTallil
300pakeHb MPHUCBSIUCHA BEJIHKAa KUIBKICTh IyOJIiKaIlii,
ajJie BOHH HE BPaxOBYIOTh OCOOJIMBOCTI MOOYIOBU Ta
(YHKI[IOHYBaHHS KOpEJIiHHO-eKCTPEeMalIbHOI CHCTEMHU
HaBiranii MP, a Takox ocoOmmBocTi ommcy O0'€KTiB
noBepxHi BidyBauus (I1B). Tomy po3pobka HOBUX Me-
TOJIIB CerMEHTAIlil 300pakeHb, c()OPMOBAHUX /IS HABi-
ramii MP sBIsseThCcs BaXJIMBUM 1 moTpeOye HOBHX pi-
IEHb.

Meta crarTi — npoaHaii3yBaTH CydacHi METOIU
cerMeHTalii 300pakeHb B LIJIOMY Ta METOIH, SIKI MO-
KyTh OyTH BUKOPUCTaHHI AJsl HaBirauii MP.

OcHoBHMii MaTepian

1 CermenTanuisi 300pakeHb € PO3LINPEHHAM KJla-
cudikamii 300paxxeHp, ne KpiM Kiacudikamii BUKOHY-
€ThCs 1€ U JIokamizamis. TakuM 4YHMHOM, CerMeHTAIlis
300pakeHHs SBIISE COOOI0 HAIMHOXMHY Kiacupixamii
300pa)KeHb, MpPU 1IbOMY MOJEJIb TOYHO BH3HAYAE, JE
3HAXOJUTHCS BiAMOBIAHUIA O0'€KT, OKPECIIOIOYHM HOTO
MEXi.

[Tig cermeHTaIli€r0 PO3YMIIOTh MPOIIEC TOILTY M-
¢poBoro 300pakeHHA Ha PI3SHOMAHITHI MiATPYIH, SKi
Ha3MBaIOTh CETMEHTaMM 300pakeHHs. MeTolo cerMmeH-
Tamii € CIpOoIeHHs 300pakeHHs], 00 MOJISTHINTH HOTOo
aHaii3 abo X mepenavy KaHaJaMHu 3B’ s3KY.

3aBIaHHsS CErMEHTAIlii 300pakKeHHS 3I1eOUTBIIOTO
MOUISIFOTh Ha TPHU TPynu (BUAM), B 3aJEKHOCTI Bij
KIJIBKOCTI Ta THITY iH(pOopMaii:

- CeMaHTHYHA CErMEHTAIlis;

- CerMeHTallis eK3eMILIIpa;
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- NaHONTHYHA CETMEHTAisl.

VY Toif yac sSIK CeMaHTH4Ha CErMEHTAllisi BU3HAUYa€e
LIMPOKY MEXY 00'€KTIB, 110 HaJeXaTh 10 EBHOT'O KJa-
Cy, CEerMEHTallisl eK3eMIULipa HaJae KapTy CErMEHTIB
JUISL KOXKHOTO 00'eKTa, sSIKWIl BIH meperisiae Ha 300pa-
JKeHHI, 0e3 OyAb-SKOT0 YSBICHHS PO KiIac, M0 SKOTO
HaJIEXUTDH TaHUHN 00'€KT.

Mopeni cerMeHTamii eK3eMIUBIPiB KIacH(iKyIOTh
TKCeIN 3a KaTeropisiMi Ha OCHOBI «EK3EMIUIAPiBY, a He
KJaciB. AJITOPUTM CerMeHTamii eK3eMIULIPIB He 3HaE,
JI0 SIKOTO KJIacy HaJIeKHUTh Kiacu(ikoBaHa 00JIaCTh, aje
MOXE PO3AUIMTH 00JacTi 00'eKTa, 110 NEPEKPUBAIOTHCS
a0bo Iyke cx0oxi 00JacTi 00'€KTa HAa OCHOBI IXHIX MEXK.

IManonTHuHa cerMeHTallis, OC3yMOBHO, € Haii-
6inplI iHPOPMATUBHOIO, OCKLIBKHM BOHA SBJSIE COOOIO
CHOJIyYeHHS 3aBJlaHb EK3EMIUIIPHOI Ta CEMaHTHUYHOI
cermeHTanii. [laHonTHYHA CEerMEHTallisl 1a€ KapTH Cer-
MEHTIB yCiX 00'eKTiB Oyab-SKOTO KOHKPETHOTO KIIacy,
MIPUCYTHIX Ha 300pakeHHI.

2 AHajgi3 iCHyloUMX MeTOIdiB cerMeHTAIii 30-
Opaxenb. 10 TpagWIifHMX METONIB CETMEHTAIii 30-
Opa’keHb BiTHOCSATH:

- METOJI Ha OCHOBI [IOPOTa;

- CerMeHTallis 32 perioHaMu;

- CerMeHTallis Kpais;

- CerMeHTallisl Ha OCHOBI KJlacTepu3arlii.

2.1 MeTox Ha OCHOBi mopora ojauH i3 Ha#Ipoc-
TIIIMX METOIB CErMCHTAIlil 300pa)KCHHsS, 3a SKOTO
BCTAQHOBIIFOETHCSI TOPOTOBE 3HAUCHHS IS MOALTY K-
celiB Ha ABa Kiacu. JlaHWi MeTOJ BHKOPHCTOBYIOTB 3
METOI0 BHOKpeMIleHHs 00'ekTa Bix ¢ony. Ilikcerni, 3Ha-
YeHHs SIKMX NEePEeBUILIYIOTh ITOPOrOBE 3HAYCHHS, BCTa-
HOBITIOIOTBCSI PIBHUMU 1, a ImiKceni, 3Ha4eHHS SIKHX Me-
HIII 32 TIOPOTOBOTO 3HAYCHHS, BCTAHOBIIIOIOTHCS PIBHU-
mu 0.

MaremMaTHYHO 1€ MOXHA 3alKcaTH HACTYIHUM
YHHOM:

1, axwo S(i,j)>0

0, 6 inwux sunaokax,

s(i,j) = L)

ae S(i, j) — SICKPaBICTh CEJIEKTHBHOTO 300pakeHHS B
TOYI (i, j) .

Takum YrHOM, 300pa’keHHS MEPETBOPIOETHECA Ha
JBIMKOBY KapTy, II0 NPHU3BOAWUTH JIO IPOLECY, SKUH
YacTo Ha3uBalTh OiHapuzauiero. [loporose 3Ha4YeHHS
300pakeHHs Iy)Ke KOPHCHE, SIKIIO PI3HUIS B 3HAUSHHSX
MKCEeJiB MiXK JBOMA I[ITbOBUMH KJIaCaMH JTyXKe BEIHKa,
1 lerko BUOpaTH cepeiHe 3HAYCHHS K OPOra.

IoporoBe 3Ha4YEeHHsI 4aCTO BUKOPUCTOBYETHCS IS
OiHapu3arii 300pakeHHs, 00 MOKHA OyJI0 BUKOPHC-
TOBYBaTH JOJATKOBI aJlTOPUTMH, TaKi SK BUSBJICHHSI
KOHTYpY Ta ineHTudikamis, SKi NPAIfOOTh TUIBKH 3
OiHapHUMH 300pakeHHIMH [2].

Mertoau Ha OCHOBI HOPOTY B CBOIO 4Yepry po3fi-
JISIFOTH Ha METOJH TJI00AJIHOTO Ta JIOKAIBHOTO Topora
[71.

Meronu Ha OCHOBI TJI006aTBLHOTO TIOPOTA PO3JIINIs-
I0Th 300paxkeHHsI Ha NBi obmacti (00’exT, doH). s
peaiizamii JaHUX METOJIIB HacaMmIepe]] 3a1af0Th 10vaT-

KOBHH TOpIir IO, SIKUA BUPAXOBYETHCSA 32 JOTIOMOTOIO

ricrorpaMy po3MOJUTy IHTEHCHBHOCTI 3Ha4YE€Hb CIpOTO
KOJILODY.

Jlst po3paxyHKy MOpOTOBOTO 3HAYEHHS iCHYE YH-
Maio Meroxis. HaiiBigominii 3 HUX 1i€:

- iTepaTHBHUI METOJ;

- wmerox Omy.

ITepaTuBHI METOIH Il HA3WBAIOTh METOJAMH I10C-
JIJIOBHUX HAOJIMKEHB.

ITepatuBHI MeTonM — TIe CITOCOOM PO3B'S3aHHS 3a-
Jad, y IKUX BUOMPAIOYX JESIKUH MOYaTKOBUN HAaOIMKe-
HUH PO3B'A30K, OOYUCIIOIOTH HACTYIHI, TOYHINI Ha-
OMDKCHHS, NPU 1IbOMY BHMKOPHCTOBYIOUH IIONEPEAHI
3HAYCHHSI.

Januii MeTox mae 3Mory ¢eKTHBHO OOpOTHCS 3
KpaioBUMH e()eKTaMH 1 HaIMIPHUM HOCHJICHHSM IIyMiB
ITi/1 9ac BiTHOBJICHHSI 00pOOKH 300paxkeHb. ITepaTuBHUIA
HpoLEC 3aBXKAM MOXKHA 3YNHHHUTH, SKIIO LIyM Ha 30-
Opa’keHHi pi3KO MOCHITIOIOTHCS.

Metox Omy (Otsu, 1979) [8] He migXomuTh st
OaraTopiBHEBOI cerMeHTaIlii 300pakxeHb.

Tomy Oymo po3pobieHo HOBHIT MoaupiKoBaHUI
metox O1y, 3aCHOBaHUH HA ONTHUMI3aLil POI0 YaCTHHOK
(MoPSO), ans BupimieHHsS mpoOiieMH OaratopiBHEBOT
cerMeHTalii 300pakeHb Ta JUIsl MOAOJIAHHS HPOOJIeMH
0araTopiBHEBOI'O IIOPOI'OBOTO PO3OUTTSL.

OcHOBHa MeTa 3alpONIOHOBAaHOTO METOAYy — Le
3HAXOJDKCHHS ONTHUMAIbHHUX IMOPOTIB Ui CErMEHTAIlil
300paXeHb IUIAXOM MakcuMmizalii IinboBoi (yHKuii
Oy 3a MECHIIHI 9ac 0OYNCIICHb.

Meton Ony — 1€ METOJ HIOPOTOBUX 3HAYEHbB, KU
BHKOPHCTOBYE AHUCIEPCIIO ISl BUMIPIOBaHHS PiBHOMIp-
HOCTI pO3MOJIiTy PiBHIB ciporo Ha 300pakeHH.

VY cBoemy mociimkerHi Oy (1979) Bu3HauMB 1U-
CIEepCio MiXK KiacaMu sK CyMy (YHKIIiT KOKHOTO Kiia-
CY, IKy MOKHa OOYHMCIIMTH 32 JIOTIOMOTOI0 PiBHSHHB!

g(t):80 +04, 2
2
8o =W +(Ho —Ha) 3)
2
8 =wy+ (g —Ha) (4)
ne Oy Ta Op - QHCIepCis Mepuioro Ta APYroro KIacis
BiITIOBITHO;
M - cepemHs IHTEHCHBHICTH BHXIJTHOTO 300pa)KeH-
ua (B3).

[Ipu nBOpiBHEBOMY ITOPOTOBOMY DPO3pi3HEHHI Ce-
penHiil piBeHb KOXKHOTO Kiacy ( |; ) Moxe OyTu obuuc-

JICHHUM 3a JOIIOMOI'OIO piBHHHL:

o= > 2L, 5)

Mzzﬁ. (6)

OnTuManbHUR TOPIr OTPUMYIOTH 3 (YHKIIi Mak-
cUMi3amii MiXK JUCIIEPCIIMU KIIACIB, SIKY MOXKHA 00YHC-
JIMTH 32 TOTIOMOTOI0 PiBHSHHS:

T =argmaxg(t). )
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BinmoimHo s 0araTomoporoBoi 3agadi METOJ
O1ry MOXHa 3aITCATH Y HACTYITHOMY BHTJISII:

2,
8o =Wo +(Ho —Ha);

2.

8 =w+(H—Ha)"s
9 (8)
85 =wj+(1—ba)

2
B = Wiy +(“m _”A) .

BinmoBimHO onTuManbHUI OaraTopiBHEBHA MOpPIT
OTPUMYIOTh IIUIIXOM MaKCHMi3alii (pyHKIIi MiX Ki1aca-
MH, Ky MOXHa OTPHUMATH 3a JOIIOMOIOI0 TaKOro piB-
HSTHHS:

n
T" = argmax D8 |- 9)
i=0

MertoniB Ha OCHOBI JIOKAIBHOTO IIOPOTa JOCHTHh
Oarato, MpoTe cepe]] HUX BUIUIIOTh HACTYITHI:

— merop Hibnexa,

— Mmerto[ bepHceHa,

— meron CaByouti.

HalmBuammMm i3 KIaCMYHHUX METOZIB Ha OCHOBI
JIOKaJIhHOT'O MOpOTa BBAXKAEThest MeToa Hibeka.

B noxansHiit moporosiit 00po061i, iCHYIOTh CHIIEHO
3amIyMIIeHI 300pakeHHsI, SKi HEMOXKIMBO OOpPOOHTH K
300pakeHHS B CYKYHHOCTi. BinmmoBimHO, 300paskeHHs
po30uBarOTh Ha TiK00IACTI.

OpHak y JIOKalbHIM MOPOroBid 0OpOoOI pilmeHHS
PO TMPHHAIEKHICTh MIKCENI A0 OyIb-IKOTO 3 KJaciB
MPUIAMAETHCS Ha aHATi31l JaHUX MPO MPOCTOPOBE MOJIO-
JKEHHSI 1BOTO TMiKcemsl Ta 0e3mocepeHb0 HEBaXKIIMBO,
SKI IO CYCIJCTBY 3 HHMM IiKCeNi 3HaXOAATBCS, 1 KOO
XapaKTEePUCTUKOIO BOHU BOJIOJIIIOTh.

Meron bepHcena [9] 6a3yeTbest Ha i€l 3icTaBieH-
HS PIiBHIB SICKPaBOCTI IMIKCENs, IO MEPETBOPIOETHCS, 3i
3HAYEHHSAMH JIOKIBHUX CEPEIHIX, 00UNCIICHUX y HOTro
OTOYEHHI.

[Tikceni 0OpOOIAIOTECS TO Yep3i MUITXOM IOPiB-
HSHHS TXHBPOT IHTEHCHBHOCTI 13 CEpeJHIMH 3HAYCHHIMH
SICKPaBOCTI.

ANTOpUTM, KU BUKOPUCTOBYETHCS B TAHOMY Me-
TOJI, Jla€ 3MOTy BHMKOHATH CErMEHTalil0 s 300pa-
KEHb, 10 MICTATh LIyM, IO 3aJIeXaTh BiJ 4yTIMBOTO
CUTHAJy, 300pa)KeHb, sIKi MalOTh CKJIAJHY CTPYKTypY
¢ony ab0 X MaIMH KOHTPACT, i IPU IBOMY HPAKTHIHO
6e3 BTpaT KOpUCHOI iH(opMmariii.

2.2 CermenTanisi 3a perioHaMu. AJITOpUTMH ce-
IMEHTalil Ha OCHOBI oOjacTed (perioHiB) HPalIOIOTh,
LIYKaIOYM CXOXICTh MIX CYCIJHIMH MIKCEIIMH 1 Tpy-
MYI0YH 1X Y CHUIBHUM KiIac.

[pukiaagom moaiOHOTO aIropuTMy € IOIYJISPHUN
QITOPUTM BOJAOMAITY JUIS CETrMEHTAIlil, SIKUil MpaIfoe,
MOYMHAIOYH 3 JIOKAIBHUX MaKCHUMYMIB KapTH €BKIIiO-
BHX BiJICTaHEH 1 3pOCTa€ 32 YMOBH, IO JKOJ/IHI JIBa IMOYa-
TKOBHX YHCJIa HE MOXYTh OyTH Kiacu()iKoBaHi K TaKi,
10 HaJIeXAaTh 10 OAHIi€T i Tiel camoi obmacTi abo KapTH
cermenra [10].

2.3 CermenTanisi KpaiB, TakoX 3BaHa BHSIBJICH-
HSIM KpaiB, sIBJIsIE COOOIO 3aBJaHHs BUSBJICHHS KpaiB Ha
300pakeHHSIX.

3 morysiy cerMeHrarii MoXHa CKa3aTH, IO BHSIB-
JeHHsI KpaiB BiAnoBigae knacudikanii mikceniB 300pa-
JKCHHS, Ki € KpallOBUMU MIKCEIIIMU, 1 BIJTOBIIHO BU-
JIUICHHIO X KpalOBUX MIKCENiB B OKPEMHI KJ1ac.

BusiBieHHs kpaiB 3a3BHYail BAKOHYETBCS 3a JOIO-
MOTOIO CITeIlialbHIX (iNbTPiB, SAKI JafOTh Kpai 300pa-
KeHHs micnsa 3ropTku. i GimeTpu po3paxoByroThes 3a
JOTIOMOTOIO CTICI[iaIbHUX AJITOPUTMIB, SIKi OI[IHIOIOTH
rpamieHTH 300paKeHHS B KOOPAMHATAX X 1 Y MMPOCTOPO-
BOI IUTOIIWHH.

2.4 CerMeHTanisi Ha OCHOBi KiacTepu3auii.
Knacrepmsanisn K -cepennix, 30Kkpema, BpaxoBye Bci
mikceni Ta rpymye ix y kK kmacis. Ha Bigqminy Bix mero-
IIiB HapOIyBaHHS PETiOHIB, METOIW Ha OCHOBI KiacTe-
pu3auii He NOTPeOyIOTh BHXIIHOI TOYKM AJISI IOYATKY
cermenTanii [11].

JlaHU# MeTo[ 3aCTOCOBY€ETHCS HACTYIIHUM YHHOM:
K 00'€KTH MOXXYTh BUCTYINATH IiKCeN 300pa)keHHs, a
SIK XapaKTEePUCTUKH — KOJIP aHUX 00'€KTIB.

Itepamiitanii anroput™ K -cepepnix mossrae B
HaCTYITHOMY:

1. BubupaeTbesi KiJIbKIiCTh KJlacTepis k.

2. BunagkoBuM YMHOM i3 33JaHOTO 300paKEHHS
BHOMpaeThes k TOUOK, Tak 3BaHI «IICHTPW» KIIACTEPiB.
KosxHOMy KIitacTepy BiJIIOBia€ OJUH LIEHTP.

3. VYci Touku 300pa)KeHHS PO3MOIUIAIOTHECS TIO
kactepax. OOUUCIIOETHCS BIICTaHb BiJl TOYKH IO KOX-
HOTO IIGHTPY KJIacTepa, 1 TOUKy BiTHOCSITBH JI0 TOTO Kila-
cTepa, BIICTaHb J0 LEHTPY SKOro Oy/ie HaHMEHIIO0.

4. Komu Bci TOYKH 300pa’keHHS PO3IOMUICHI IO
KJIacTepax, BiAOyBaeThCs MEPEPAaxyHOK IEHTPIB Kiac-
TepiB.

Mertox knmactepm3amii qaHUX k-cepemHix € edek-
THUBHUM 1 MIBUAKUM MeTojgoM. OJHaK BiH Mae cBoi He-
nonikd. OHUM 13 HEZIOJNIKIB MeToay k-cepenHix € He-
00XiHICT 3a/aBaTH KUIBKICTh KiacTepis. [IpoTe roso-
BHUM HEJOJIKOM IOTO METOJY € BHOIp IIEHTPIB Kiac-
TepiB BUIAKOBUM YMHOM. OCKIJIbKH IIEHTPH KJIaCTEpiB
0OMpalOTh BUIAJKOBUM YHHOM, TO PE3yJIbTaTH POOOTH
NporpamH, 3aIyIIeHol JeKiibKa pa3 Julsd OJHOrO i TOro
caMoro 300pa)XeHHs, BiIPI3HATHMYThCS

3 Anaui3 icnywunx Meronis KECH mo6inpaux
po6oTiB. MeToan 1 aNropuTMHU CerMeHTAIlii MOXKHa PO-
30IAaTH K (OpMAalTizallilo MOHSATTS BiJOKPEMIICHHS
o0'exta 3 hoHy.

3.1 Meron iTepauiiiHoro ¢opMyBaHHsI ceJieK-
TuBHUX E3. Kopermsmiliauii anani3 300pakxeHHs MOXKHA
3IIMCHIOBATH METOJOM «KOB3HOI'O BIKHA». Horo CyTh
MOJISITa€ B 3arajlbHOMY aHaJIi3i MIKCEJiB 300pakeHHS,
AKI «IOKPHUBAIOTHCS» JESKOI0 JTBOBHMIPHOIO 00IACTIO,
KiHIIeBOTO po3Mipy. Yci mikceni 300pakeHHsT 00poos-
I0ThCS 3a TEBHUM IpaBwiIoM. Pe3ynpraTom 00poOKH
MOJKe OyTH SICKpaBiCTh IIKCEJNsl BUX1THOTO 300paKeHHs
(B3).

[ponec 0OpOOKH MPOJOBKYETHCS IO TUX MIpP IMTOKH
BIKHO Oy/ie 3MIIIIEHO Ha BCi MOXKJIMBI 3HAYCHHS ITIKCEIiB
B Meax 300pakeHHs. SIKIO Mpy BUKOPHCTAHHI JTaHOTO
METOJy II0YepProBO BHKOPHCTOBYBaTH (parMeHTH B3,
TO pe3yJapTaToM Oyae HaOip 3HaYeHb B3aEMHO KOPEIIs-
miianx ¢ysknidn (BK®) dbparmentiB 300pakeHHs Ta
iJIOT0 300payKEeHHS.
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Kopensuiiinuii anani3z gae 3Mory BU3HAYUTH BHe-
COK (hparMeHTiB 300paKeHHs B aBTOKOpEJLILiHHY (QyH-
kiito (AK®) 300paxxeHHs, MO ABISAETHCS HEOOXITHUM
JUIsL OTPUMaHHs celekTuBHoro E3.

OTpuMaHi TakKUM YMHOM CENIEKTHBHI 300pakKeHHS
30epiraroTh KOpeNAMiitHAN 3B'SI30K i3 BUXiTHUM 300pa-
KECHHSM.

HeoOximHoto gactuHOIO MeTony (opmyBanHsS E3
MTOBHHHA OYTH TIepeBipKa SKOCTi OTPUMAaHMX CEJICKTUB-
HUX 300pakeHb NIISIXOM MOOYZOBHU Ta MOPIBHSHHS aB-
Tokopensaniitanx ¢ynakuii B3 i BK® Buxinnoro i cere-
KTUBHUX 300paKeHb.

Jnist KUTbKICHOTO TOPIiBHSHHS MOOYJJOBaHUX aBTO-
kopensiiiaux  Qynkuid (BK®) Bapro BHKOpHCTaTH
KIJIbKICHUH MMOKa3HUK, SIKMH B MOAAJIBIIOMY BUKOPUCTO-
BY€EThCS K MOKAa3HUK SKOCTI CEJIEKTHMBHOTO 300pa)KeH-
HSl.

CenexTHBHE 300paXCHHS, SIKE XapaKTepU3yBaTH-
METbCSl HaWKpamuM 3HA4YeHHSIM TaKOTO IIOKa3HHWKa i
oyzne E3.

OTxe, METOA iTepamiifHoro (POPMYBaHHS CEIICKTH-
BHUX E3 ma KECH moske 3acTocoByBaTHCS B CUCTEMAX
KECH 3 natumkamu 30BHiHBOI iHpopMmaii, mo dop-
MYIOTh 300pa)X€HHSI y BUJUMOMY ONTHYHOMY, iH(ppaye-
PBOHOMY Ta PajioJIOKaI[IfHOMY Aiana3oHi.

Jlo HemomiKiB JTaHOTO METOJY BiIHOCSTH BHCOKI
BHUMOTH JI0 OOYHCITIOBAIBHUX pecypciB. Hac miroroBku
E3 Moke 3aiimMaTH KijbKa TOJVH.

TakuMm 9uHOM, LEeH MiAXin TOUITPHO BHKOPHCTO-
BYBATH Ul HiITOTOBKH €TAJIOHHHX 300pa)KeHb yaKHX
TBUINAJKaX, KOJIN HEMA€ XKOPCTKUX YAaCOBUX OOMEKEHb
[12].

3.2 Metoau ¢popmyBanns E3 KECH 3 Bukopu-
CTAHHAM KOpPeJsiliiiHOro aHai3y 300pakeHb 3a sic-
KPaBiCTIO Ta KOHTPACTHICTIO.

CyTp MeTOAy 3 BUKOPHCTAHHSIM KOPEJSLIHHOIO
aHaJTi3y 300pa)eHb MO SCKPABOCTI 3aCTOCOBYETHCS IS
BUSIBJICHHSI JUISIHOK a0o 00’ekTiB Ha B3 3 Makcumaib-
HOIO SICKPaBICTIO.

®opmysanns E3 mis KECH MP B ymoBax obme-
JKEHOTO0 uncia 00'ektiB Ha [1B 31ificHIOETBCS 32 pe3yiib-
TaTaMH KOpEJLIIiHHOTO MOpiBHSAHHS B3 3 cyKymHICTIO
CEJICKTHBHUX 300pakeHb.

KopensmiitHe MOpiBHSHHS 3aIpOIIOHOBAHO 3Jilc-
HIOBAaTH 3a SICKPaBICHUM MapaMeTpoM, SKHH BUMipIo-
€ThCs JaTYUKOM mepBHHHOI 00poOkm (ITO) cuctemn,
BIIMTOBIZHO 10 SIKOTO 3iHCHIOETHCST (POPMYBaHHS celle-
KTHBHUX 300paKeHb BiJNOBITHUX TUISHOK MiCIIEBOCTI.

BianosinHo, 3riiHO NPOBEAEHUX TOCHTIIHKEHDb [12]
MOJKHa 3pOOUTH BHCHOBOK, IO CENEKTHBHI 300pakeH-
Hl, SIKi OTPUMYIOTBCS IIUIIXOM BHIIJICHHS! MAaKCUMaJIbHO
SICKpaBUX IUITHOK B3, mo3BoisioTs 30epiratn Kopess-
uiitHmit 3B'130K 3 B3.

BinmoBimHO OTpHMaHi CENEKTUBHI 300pakeHHS
JaHUM METOJIOM J103BOJIAIOTH GopmyBat E3 s dyn-

KUIOHYBaHHS KOPEJALIHHO-EKCTPEMAIBHIX CHCTEM
HaBirauii MoOIIbHUX POOOTIB.

Merto/ 3 BUKOPHCTaHHSIM KOPEJSILIHHOTO aHalizy
300pa)KeHb 32 KOHTPACTHICTIO IOJISIra€ y BUAIICHI KOH-
TPAacTHUX MeX 00’€KTIB Ha 300paXkeHi.

KontpacTtHicTh rpaHump 00’€KTiB Ha 300paKeHHI
SIBISIETBCS OUTBIN CTaOIIBPHOIO HIXK SCKPaBiCTh, Tak SIK
SICKpABICTh OUMBII CHIIBHO 3aJICXKHTH, Bill OCBITIIEHOCTI
00'eKTiB.

JlaHuii MeTod Mae Ti K cami HEIOJIKH, TaK caMoO
SIK 1 TIOTIepeHild, B TOMY YHCIIi BHCOKI BUMOTH O0dYHC-
JFOBAJILHUX PECYpPCiB.

BucHoBok

HapifiHicTh anropmTMiB Ta cerMeHTamis 300pa-
JKEHb 3aJIS)KUTh BiJl TOTO, HACKITHKH TOYHO 1 TIOBHO IIPH
OFOMY BpaxOBaHa JOJATKOBa iH(OpMamis, fKa Mae
BKJIFOUATH B ceOe HacTymHi Bimomocti [13-18]:

— 4ncio 00'ekTiB S;

— XapaKkTEePUCTHKH PO3MOALTY SICKpaBOCTI B 00-
nacTsix 00'exTiB abo QoHy (EKCTpeMallbHI 3HaYeHHS
SICKPaBOCTI, KUIbKICTh MepernaiB ICKPaBOCTI);

— OIHKM SICKPaBOCTI Mepernany npu nepexoni 3
obmacTi poHy B 0011aCTh 00'€KTIB;

— ¢opma 00'ekTa;

— iHdopMmarmis mpo Te, Ky YaCTHHY OIS 30py
3aiiMace 00'eqHaHHs oOacTeil 00'eKTIB.

CrotBopeHHs iH(popMarii CHITFHO BIUIHBAE Ha (o-
pmyBaHHs [13, 0 B CBOIO 4epry MoOKe NPH3BECTH IO
HeBiamoBigHocTi [I3 eTaloHHOMY 300pa)KCHHIO, SKE
c(hOopMOBaHO paHiIe.

Taka HEBIAMOBIAHICTH MPHU3BOIUTH 0 3HIKCHHS
AKOCTI OmiHKKM crany o6'ektiB [19-21]. BiamosiaHo,
BUKJIMKAE€ HEOOXiJHICTh YCYHEHHS MOXJIMBOI HEBIiJIO-
BITHOCTI, IO YCKJIAIHIOE TIpoueAypy (popMyBaHHS pe-
3yNnbTaTy HOPIBHAHHA 300pa)KeHb Ta BIUIMBAE HA 3HH-
*eHHs TogHOCHI mokasHukis KECH.

Tomy BapTo 1€ Ha eTamni (opMyBaHHS CYKYITHOCTI
E3 Ta po3po0iieHHs anropuT™MiB (OpMyBaHHS PO3B'S3y-
BaJIbHOI (DYHKIIiT 3MEHIITyBaTH YNHHUKY BIUIUBY [16].

Lle MOXJIMBO HUIIXOM BH3HAYEHHS PalliOHAIBLHOTO
HiIX0My /0 CerMeHTalii 300pakeHb 3 ypaxyBaHHSIM
HEOoOXiHUX IHBapiaHTiB, U0 OyIyTh BUKOpPHCTaHi Mix
yac nmoOynoBu E3 Ta po3poOKu alnropuTMmy MOpiBHSIHHS
300paKeHb.

Po3pobnenHI0 METOIIB Ta aNTOPUTMIB CErMEHTAII{
300pa)XeHb NPHUCBSIYEHO JIy’Ke 3HAUHY KUIBKICTH ITyOJIi-
Karii.

OpnHak, SIK 1OKa3aB aHalli3, BOHM HE BPaxOBYIOTbH
ocobymBocTi nodynosu Ta ¢pynkuionysanas KECH MP,
a Takox ocobimBocTi onucy 06'exTis [1B.

VY 3B'SI3Ky 3 IMM 3aBJaHHS PO3POOJICHHS METOMy
cerMeHTarii 300paxkeHp B iHTepecax Hasiramii MP,
ocHamenux KECH, e BaxmuBuM i morpe0ye MOIIyKy
HOBWX PIIIICHb.
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Analysis of modern image segmentation
or mobile robot navigation

N. Yeromina, Yu. Koltun, A. Bespalyi, Yu. Shmatko

Abstract. Today, it is impossible to imagine the modern world without mobile robots (MR), which must perform their
functions in a timely and efficient manner. In Ukraine, for many years, the study of MR navigation using correlation-extreme
navigation systems (CENS) has been carried out. There may be cases in the operation of the MR CENS when it is necessary
to urgently re-plan the MR route. Such a situation can cause a problem in solving the problem of image segmentation required
for high-precision MR navigation. Therefore, the task of developing methods for image segmentation is relevant. The aim of
this paper is to analyse the current methods of image segmentation and methods that can be used for MR navigation. The
analysis of existing image segmentation methods, such as threshold-based methods, segmentation by regions, edge segmenta-
tion, and clustering-based segmentation, is presented, and the main methods used in the CENS of MR are analysed. The re-
sults of the study indicate that the disadvantages of most of the above methods include high requirements for computing re-
sources and long image processing time, so the existing methods of image segmentation for the purposes of MR navigation
should be used to prepare reference images in cases where there are no strict time constraints. As the analysis has shown, the
developed methods of segmentation for the benefit of MR do not take into account the peculiarities of the construction and
operation of CENS MR, as well as the peculiarities of describing the objects of the imaging surface. In this regard, the task of
developing new methods of image segmentation for the purposes of navigation of MR equipped with CENS is important and
requires further search for new solutions.

Keywords: image, segmentation, method, pixel, correlation-extreme navigation systems, mobile robot, viewing surface,
current image, reference image, mutual correlation function, autocorrelation function.
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STUDY OF LOCAL IMAGE FEATURES DETECTORS

Abstract. The article is devoted to the optimization of local image feature detectors. They can be used in mobile augmented
reality video information systems. A study was conducted of the effectiveness of using a brightness preliminary detector in
conjunction with a Harris angle detector. The simulation results showed a reduction in the duration of detection of local
features of the test image (on average 220 times), a reduction in the number of identified image features and a slight change

in the threshold value of the angle response.

Keywords: video information system of augmented reality, brightness preliminary detector of special points, local feature

of the image, special point of the image.

Introduction

Video information systems supplemented reality
(VIS DR) are classified according to the method of
obtaining information about the real world. There are
marker, markerless systems, as well as systems based on
spatial tracking.

Markerless augmented reality systems, as well as
systems based on spatial tracking, use two main
approaches to determining the position of the observing
camera in space. This is method for identifying local
features of an image and texture comparison method.

Main part

In augmented reality video information systems
using the principle of spatial tracking, the main task is to
continuously determine the change in the position of the
observing camera in space [1]. To solve this problem, the
algorithm shown in Fig. 1 is used.

( Start }

A
Significant special points
in the frame

Significance of special points
in the front frame

The meaning of changing
the position of special points

Change the position
of the safety chamber

No @

Yes

End

Fig. 1. Block diagram of the main algorithm
of VIS DR using spatial tracking technology

In each new frame, local features of the image are
determined, which are compared with the features found
in the previous frame. Next, the change in the position of
the associated special points is determined and, based on
this information, the change in the position of the
observing camera in space is calculated. To identify
special points from the video stream coming from the
camera, special algorithms are used - local image feature
detectors, which are usually classified according to the
type of special points identified. The two most common
types of singular points are corners and circles (blobs).

An angle is a special point that is formed from two or
more edges; the edges usually define the boundary
between different objects or parts of the same object [2].
The main property of angles is that in the vicinity of an
angle, two directions dominate the image gradient, which
makes them distinguishable. Gradient is a vector quantity
showing the direction of the fastest increase in the image
intensity function [(x,y). Depending on the number of
intersecting faces, there are different types of angles,
shown in Fig. 2: L, Y (or T), and X-connected (some also
distinguish arrow-shaped connected angles) [2, 3].

LYTTX

Fig. 2. Different types of angles

In mobile video information systems of augmented
reality, the most widely used are corner detectors, which
have higher efficiency in contrast to blob detectors.
Along with efficiency, an important characteristic of a
detector is speed. Since augmented reality video
information systems are real-time systems, for acceptable
quality of the output video stream it is necessary that the
frame rate does not fall below a threshold of 25 frames
per second, which determines the upper limit of the
processing time of one frame of the video stream, namely
40 ms [3]. To increase the speed of corner detectors, it is
proposed to use a brightness preliminary detector of
special points.

The principle of its operation is to select potential
special points from the image and transfer them to the
detector for further analysis. Thus, to highlight features, not
the entire frame will be analyzed, but only those areas where
they can be found. The block diagram of the preliminary
detector operation algorithm is shown in Fig. 3.
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( Start )

Construction of the matrix of root-mean-square
partial derivatives of image brightness

4

Determination of the threshold value
of brightness change

4

Weeding out points in which the change
in brightness is less than the threshold

v

End

Fig. 3. Block diagram of the main algorithm
of the brightness preliminary detector of special points

To determine brightness differences, a matrix of the
root-mean-square sum of partial derivatives of brightness
in a pixel is constructed

2 2
di di

S = - +| — [l 1

%y (dxj (dyj W)

where S is the matrix of root-mean-square sums of partial
derivatives of image brightness.

After constructing the matrix, the maximum and

minimum values of its elements are determined and, on

their basis, the threshold value for brightness changes is
calculated

S —-S
d=s, . +[%j @

where k is an empirical constant, the value of which is
usually chosen in the range [1.4 ... 2]; Spins Smax are the

minimum and maximum values of the matrix element S,
respectively.

Potential singular point I (x,y) such a point of the
image | with coordinates x,y) is considered for which the
following condition is satisfied:

Sx,y>d. (3)

Selected potential singular points are transferred for
analysis to an image feature detector [4]. Quite a lot of
different angle detectors are described in the literature:
Moravec detectors, Sh-Tomasi detectors, Harris detector,
etc. One of the main disadvantages of many algorithms is
their high computational complexity with not the highest
accuracy. The most accurate results of detecting singular
points are shown by the Harris detector; it is also the most
commonly used detector of local image features in real-
time systems, so a study was conducted on the use of a
preliminary detector in conjunction with the Harris
detector. To highlight local features in an image, the

Harris detector analyzes each pixel in the image, as well
as the pixels in its vicinity. Thus, to identify local features
of an image with a size of N pixels in height and M pixels
in width (with a neighborhood size of P X Q pixels) using
the Harris detector, M X N x P x Q iterations of the
algorithm will be required. In the proposed luminance
pre-detector, each pixel is analyzed once, so pre-
extracting feature points requires MxN iterations of the
algorithm. Thus, the use of a brightness preliminary
detector makes it possible, with insignificant
computational costs, to determine potential special points
of the image, which will subsequently be processed by
corner detectors that require significant computational
costs.

The following metrics are proposed to evaluate the
effectiveness of using a pre-detector.

1. Changing the duration of frame processing when
using a preliminary detector.

2. Changing the number of found special points in
the image.

3. Changing the threshold value of the angle
response for a set of points found by the Harris detector
both without using a preliminary detector of singular
points, and with its use.

The angle response measure is a dimensionless
quantity that evaluates the degree of similarity of the
neighborhood of a point to an angle [5]. The emulation
computing experiment described below was carried out on
a computer with a dual-core AMD Athlon 11 P360 processor
with a clock frequency of 2.3 GHz. To determine changes
in the duration of frame processing using a preliminary
detector, a test application was implemented that measured
the duration of frame processing. For each of the presented
resolutions of the test image shown in Fig. 4, 1000
measurements of the processing duration were carried out,
after which, based on the obtained data, the mathematical
expectation of the duration of frame processing was
calculated, presented in Table 1 [4, 6].

Fig. 4. Test image

Based on the data from Table 1, a graph was
constructed of the dependence of the duration of image
processing on the number of image points, shown in
Figure 5. The resulting dependence of the duration of
highlighting special points on the number of pixels for
the selected computer is linear and is approximately
described by the formula t (N) =9 x 10— 5 N, where N is
the number of pixels.
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Table 1 — Test image processing time

Test image resolution, pixels 320x240 | 640x480 | 768x576 | 800x600 | 1024x768
Mathematlcal expectation of processing duration without a 1386 5681 7839 8439 14006
preliminary detector, ms

Dispersion of processing duration without preliminary detector, ms 102 418 520 589 827
Mathematical expectation of processing duration with preliminary 6 24 35 36 70
detector, ms

Dispersion of processing duration with preliminary detector, ms 3 4 5 6 13

t, ms

LY

3000000 3500000

N, nikceni

Fig. 5. Dependence of the duration of image processing
on the number of points

As follows from Table 1, when detecting local
features of a test image with a Harris detector, the use of
a brightness preliminary detector made it possible to
reduce the detection duration by approximately 220
times. The use of a preliminary detector significantly
affects the number of found special points. The Harris

detector identifies special points based on the angle
response values. The pre-detector uses changes in image
brightness.

They are characteristic not only of corners, but also
of straight lines, as well as prominent points [7].

Conclusions

During the modeling process, data were obtained
indicating that the use of a brightness preliminary
detector of local image features significantly reduces the
time for identifying local image features. This allows the
use of angle detectors in augmented reality video
information systems operating in real time. At the same
time, when using a preliminary detector, the number of
identified local features is significantly reduced. To
increase the number of distinguished features, it is
possible to use various noise filters at the preliminary
detection stage, as well as reduce the threshold brightness
value in the preliminary detector using numerical
methods. The decrease in the angle response measure in
the selected local features is explained by the fact that
some local features do not fall into the set of points
identified by the preliminary detector, which leads to a
change in the threshold value of the angle response.
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JocaitzkeHHs1 1eTEKTOPIB JIOKAJIbHUX 0CO0JTUBOCTEN 300paKeHHs
M. C. Xosronixko, B. I1. 3y6enko, O.0. Moxaes, A. C. I'yx

AnoTtanis. CrarTs NpuCBSYeHa ONTHMIi3amii JETEKTOPIB JIOKAJbHUX OCOOMMBOCTEH 300pakeHHS. BoHM MOXyTh
3aCTOCOBYBATUCH y MOOUTFHUX BileOiH(POPMAIIITHUX CHCTEMaX JOMOBHEHOT peaibHOCTI. [IpoBeneHo mociikeHHS e(eKTUBHOCTI
3aCTOCYBaHHS MONEPEIHBOTO ICKPABOTO IETEKTOPA CIIIBHO 3 AETEKTOPOM KyTiB Xappica. Pe3ybTaT MOEIIOBaHHS TOKa3yBall
CKOPOYEHHSI TPHBAJIOCTI AETEKTYBaHHS JIOKAJbHHX OCOOJIMBOCTEH TECTOBOro 300pakeHHs (B cepemHboMy — y 220 pasiB),
CKOPOYEHHSI KUIBKOCTI 0COOIMBOCTEI 300pakeHHS, 110 BUAUIAIOTECS, i HE3HAYHA 3MiHA TOPOrOBOTO 3HAYEHHS BIATYKY KyTa

Kawuosi ciaoBa: Bineoindopmariiina cucTema IOMOBHEHOI PealbHOCTI, MOMEPEAHIH SCKpaBUil NeTEeKTOP 0COOIMBHX
TOYOK, JIOKaJIbHA OCOOJIMBICTD 300paKeHHS, 0COOINBA TOUKA 300pa)KeHHSI.
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Harionansauii TexHigHUHN yHIBEpCcUTET “XapKiBCHKUN MOJMITEXHIYHAN IHCTUTYT , XapKiB, YKpaiHa

ONTUMIBAIIISA OBUACJIEHHS HEHPOMEPEX
3A TOIMOMOTI' OO BUKOPUCTAHHSA IIVIOYUCEJIBHOI APUOMETUKHA

AHoTanisi. BinplicTh NPUCTPOIB-IATYHKIB B CHCTEMAax iHTEPHETY peuei 6a3yroThCsl Ha eHeproe()eKTHBHUX MiKPOKOHT-
porepax, 00UHCITIOBANIBHI pecypcH SIKUX 0OMeXeHi, K 1 00csru HasiBHOT mam ' siTi. [1i1BUIEHHS 3aXUILIEHOCTI BAKOPUCTAHHS
TaKMX TPUCTPOIB 3a JOMOMOTOI0 HelfpoMepek € BaKIMBOIO Ta aKTyaJIbHOIO NMpoOJeMolo. B cTaTTi omucaHa MOXIIHBICTh
BUKOPHCTAHHS LITYYHUX HEHPOHHHX MEPEX y MaJMX MIKPOKOHTpoJIepax 3 0OMeKeHUMH pecypcamu. MeTa naHoi poboTu
TIOJIATAE y TIEPEBIPIIl MOKIIMBOCTI 00UMCIICHHS HeiffpoMepex Ha 0a3i IIJIoUnCeNnbHOI apu(pMETHKH 3aUTsl 3MEHIIEHHS Jacy
o0unCcIeHHsT HeHpoMepesKi Ta BUKIIFOUSHHS OIepallii Mo HopMalli3alii JaHnX, a TaKoXX OLiHKa JOIIJIBHOCTI BUKOPHCTAHHS
Takux HelffpoMmepex y cepi Oe3nekH iHTepHeTy peduel y MOpIiBHAHHI 3 TpaJUIiHHIMU METOAaMHM, TAKMMH SIK YOpHI Ta Ol
cruckd. OTpuMaNHi HACTYNHI pe3yJbTaTH: IIPH IePEXo/li Ha MIJTOYHCENbHY apu(PMETHKY, Y TIOPIBHSHHI 3 IUIaBalOYO0I0 TO-
YKOI0, TOYHICTh 00YHCIICHB PE3YNIBTAaTy 3HAXOJUTHCS y MEXKaxX JOMYCTHMOI HOXUOKHM HaABYaHHS HEHpOMepexki, TOOTO He 3Mi-
Hunacs. Yac BUKOHaHHA 3MeHImuBcs Ha 30-96%, B 3aJIeXKHOCTI BijJ apXiTeKTypH MiKpOKOHTpoJepy. Po3mip nporpamu 3HU-
3uBCs Ha 22-48% TaKoX B 3aJIEXHOCTI BiJ] apXiTeKTypH MiKpOKOHTpoiepy. BucHoBku. Byio noxa3aHo MOXKIHBICTE Ta J0-
LUTBHICTD BUKOPUCTAHHS HEHPOMEPEK, ONTHMI30BAHUX ISl MIKPOKOHTPOJIEPIB 3 00MekeHUMH pecypcamu. Lle migBumuth
3aXHILEHICTh CUCTEM IHTEPHETY pedell 0COOIMBO Tepes 3arpo3aMy aBTEHTU]IKAIl] IPUCTPOIB Ta BUSBICHHIO BTOPTHEHb.

Busnaueno NEPCHEKTUBU MOAAJIbIINX ,Z[OCJ'[iZ[)KCHI).

Kaw4oBi cioBa: MIKpOKOHTpOJIEp, HEipoMepexka, ONTHMI3allist, HpOTrpaMHa pearizaris.

Beryn

Inrepuer peueit (IoT) moyaB akTUBHO 3aCTOCOBYBa-
THCA Ha NpakTUIi mpuGmm3Ho 3 2008 poky. Moro Buko-
pucTaHHs cTpiMKo 3pocTae, i Tenep loT € yactuHOO NO-
BCSAKIEHHOIO KUTTA Ta 3aiiMac Miclie B 0araTbox JOMiB-
Kax 1 Ha I JIpHUEMCTBAX.

3apa3, y 2024 poui, Bxe icHye 17.08 MinbspmiB
npuctpoiB [oT, a Takox ogikyetscs, mo 10 2030 poky
IS KITBKICTh MIABUIMUTHCS 10 30 MUTBSPIIB IPUCTPOIB
[1]. Yepe3 Taky KimbKiCTh MPHCTPOIB MOCTAE MUTAHHS
Oe3IeKH SIK IePCOHATBHUX JaHUX, TaK i MpobieMa BUKO-
pHCTaHHSI TIPUCTPOIB JUIsl 3amOAisHHS wikoau. Hampu-
KJaJ, araka Bigoma sik Mirai, Bu3Hauae Bpaznusi loT-
MPUCTPOT 32 JONOMOror Tadnuii 3 nonas 60 nomupe-
HUX 3aBOJICHKHX iMEH KOPHCTYBayiB i mapomis [2].

Bracnigok miei ataku Ha Dyn DNS BuHHKIH TIpO-
Omemu i3 mocTymoM 1o 0aratbox BeO-caiTiB, 30KpeMa:
Twitter, Etsy, Github, Soundcloud, Spotify ta ixmi. Bi-
pyc BrickerBot 6yB npu3HaveHuit 1y 3an00iraHHs 3apa-
JKEHHIO TIPUCTPOiB Mirai, ajne BiH, Y CBOIO Uepry, 3HHUIIIB
OinblIe JecsATH MUTbIOHIB IPUCTPOIB.

Takum umHOM, l0oT € nmyxe BpasnuBuM g0 Kibe-
partak, 0co0JIMBO Yepe3 BiJICYTHICTh CTAHAAPTIB OC3MECKH
Ta BUMOT 10 Oe3meku [3, ¢.1-3]. Uepes HU3bKY 3axuliie-
HiCTh 0aratbox MpucTpoiB loT 31I0BMUCHUKHU 3HAWILIM
Oararo crocoOiB aTakyBaTu 1moxiOHI mpucTpoi. Meroau
Ta 3aCO0M aTaKW MOXKYTh BIIPI3HATHCS B 3AJIEKHOCTI BiJ
camoro npucrporo 10T, fioro anapaTtHoro Ta mporpam-
HOTO 3a0€3IeYCHHs, MEPEeXi, 0 SIKOI ITi JKITFOUCHUH pH-
ctpiii IoT Ta mporpamu, 3 SKOI TPHCTPIA B3aEMOIIE.
Ha puc. 1 HaBeneno tunoBy cxemy loT.

Sensor

Sensor > Gate I —

Sensor Router
A

Puc. 1. Tunosa crpykrypa loT

Amnani3 nitepatypHux jxepen [4-8] ta mocsin po-
6otu ¢axiBuiB loT mokasye, mo GimbIIicTh aTak BigOy-
BAIOTBCSl 4epe3 MiJKIIOYEHHS 10 MEPEKEBOro MUII03Y
abo XMapHOTO cepBepy.

IHocTanoBka nmpo0aemMu

MamHHe HaBYaHHS IIHUPOKO 3aCTOCOBYIOTBCS ISt
MOKpalleHHs: 0e3MeKu Mepexi, HalpuKiIal: aBTeHTU]I-
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Kallisl, KOHTPOJIb AOCTYITy 1 BUSBJICHHS LIKIJJIMBUX MPO-
rpam. IIpuctpoi IoT MoxyTh 3acTOCOBYBaTH METOIU KO-
HTPOJIbOBAHOTO HABYaHHS JJIsI BUSBJICHHS 3JI0BMUCHOTO
MIPOrpaMHOro 3abe3reueHHs. Y CXeMi BUSBICHHS 3JI0B-
MHCHOT'O TPOTPaAMHOT0 3a0€3MEeUCHHS, KA pO3pO0JICHa y
[9, c.5], mpucrpiit IoT BukopucroBye K-NN i kmacudi-
KaTOPH BUIIAJKOBOTO JICYy AJsI CTBOPEHHS MOJIEJI BUSB-
JICHHSA 3JIOBMUCHOTO TIporpamMHoro 3abesmedenHs. Lleit
npuctpiit pinsTpye naketn TCP i BuOupae HeooOxinHi ma-
pameTpu, BKIIOYal09d HOMEp 1 JOBXHHY Kaapy Ta 30epi-
rae ix B 0a3i JaHuX. 3rigHO 3 eKcriepuMeHTaMu B [9, ¢.10-
11], cpaB>xHii MO3UTHUBHUIT TIOKa3HUK BHUSBJICHHS LIKi-
JuBHX nporpam Ha ocHoBi K-NN i cxeMu Ha 0CHOBI BH-
MaJIKOBOTO Jiicy 3 HabopoM nanux MalGenome craHo-
BHTH 99,7% 1 99,9% BiANOBiAHO.

IIpuctpoi IoT MOXyTh 3aBaHTa)KyBaTU >KypHaiIu
MepexeBoro Tpadiky Ha CepBepH B XMapi sl BUSIBICHHS
3JI0BMHCHOTO ITPOTpaMHOT0 3a0e3neueHHs. CepBepu Ma-
I0Th OBy 0a3y TaHWX, BUIIY MIBHIKICTIO OOYHCICHHS,
OimpInit 0OCST mMaM’sTi Ta iHII OOYUCIIOBANBHI pecy-
pcu. Habip maHuX A7s BiANIpaBIeHHS y XMapy 3aJICKUTh
BiJl IKOCTi KaHATY 3B’S3KY JJIS1 KOXKHOTO IepuepiitHoro
pUCTPOIO Ta obcsary aanux [10].

VY takiii cxemi poOOTH, ¢ IEHTPaIbHUN BY30J
(XxMapa) HaKOTHU4y€e NaHi, CTBOPIOE Ta HaBYa€ HEOOXiHI
koH(irypauii Helipomepexi, a mpuctpoi [oT Tinbku BU-
KOHYIOTh OOUYHMCIICHHS IIUX HEHPOMEPEX, BCE OJTHO TIOC-
Tae npobaema pecypcis. binbiuicts npuctpois l1oT Gasy-
IOTHCS] Ha MAJIMX MIKPOKOHTPOJIEPax 3 OOMEKEHHMHU 00-
csiraM| ITaM’SITi TIporpaM Ta AaHuX. Pecypcu Takux Mik-
POKOHTpOJIEPIB HE JI03BOJISIIOTH BUKOPUCTOBYBATH OIIe-
pamiifHi cHCcTeMH Ta HasBHI Oi0mioTeKkH, Taki SK
TensorFlow a6o Brain.js [11]. Taki npucTpoi HaBiTh HE
MOXYTb IIPOBOJUTH OOUNCIICHHS HEHPOMEPEX y peab-
HOMY 4Yaci, TaK 5K OKpiM caMOro 0O04YHCIeHHS, TOTPiOHO
L€ BUKOHATH OIlepalii HopMai3amii Ta NmepeTBOPEeHHs
JIaHUX.

BukoHaHHsI ycix 0OYHCIIEHb 3a JIOIIOMOTOIO IIiJI0-
YHCeIbHOT apu(METHKH MOKPAILITYE SK MPodIeMy IIBHI-
Komii (Tak sIK OUIBIIICTh CHCTEM KOMAaH] MIKPOKOHTPO-
JIepiB CTBOPEHI TUTBKH ISl POOOTH 3 MITMMHU YHCIAMH),
TaK 1 BHpINIye MpoOieMy IepeTBOpeHHs i HopMali3aril
JAHWUX, TaK K aOCOJIOTHA OLTBIIICTH TapaMeTpiB Mepe-
YKEBHX IPOTOKOJIIB € IUTUMH YHCIaMU SKi 1 TaK HOpMa-
J30BaHi 4epe3 po3Mip BIIIOBIAHAX OB IPOTOKOIY.

V 3B’S3Ky 3 UM, METOI0 JAOCJIIKEHHS € ONTHUMI-
3amis 00YMCIIEHHS HelpoMepexi, He BHKOPHCTOBYIOUH
cTopoHHI 0i0mioTekn abo MOMaTKOBI amapatHi 3aco0i
(Taki sIK COIpoIIecop), a BAKOPUCTOBYIOUH TiJTBKH 3aCO0H
3 6i6miotekn glibe, gKa € BIIKPUTOIO peari3alli€ro cTaH-
naptaoi Oibmiotekn C, M0 AO3BOJUTH 3HAYHO PO3IIH-
PHUTH BUKOPUCTaHHS HEWPOMEPEXK Y MIKPOKOHTpOJIepax,
a TaKoXX JIO3BOJINTh YHUKHYTH MOTEHUIHHUX TPOOJIeM 3
JIIEH3IIMH.

OcHoBHa yacTHHA podoTH

s mepeBipkM MOXIIMBOCTI ONTHMi3amii oOdwc-
JIeHHs HelipoMmepex OyJio IPOBEJEHO HACTYIHHUHI eKcIIe-
puMenT. Moro mian nossrae y HacTyIHOMY:

1. CrBopuTH Habip AaHUX JJIs TPEHYBaHHS HEHpo-
Mepexi. byne BukopucToByBaTHCS IOCTIHHO ISt TOPiB-
HSIHHS pe3YJIbTaTiB.

2. 3MoJemoBaTH HEHPOMEPEKY 3a JIOIMOMOTOO
brain.js.

3. IlepepoOury oOuncieHHs 1i€l HeHpoMepexi Ha
MoBi C 3 BUKOPHCTaHHSM I1JIaBal0401 TOYKH Ta 3 BUKOPH-
CTaHHSIM IJIOYHUCENILHOT apu(METHKH.

4. TlpoBecTH MOCHiIKEHHS IIBUAKOAII 0oOdwmC-
JICHHS OTPUMAaHUX HEHpOMepeK Ha NeKITBKOX apXiTek-
Typax MIKpOKOHTpPOJIEPIiB Ta 3pOOUTH BHCHOBOK O JOIIi-
JBHOCTI JAHOTO MiJXO0.y.

s ekcriepuMeHTy OyeMO BUKOPUCTOBYBATH JIaH1
3 MepexxeBoro npotokoixy UDP. Ileit metox Takox mif-
XOIHTh Ui OYyIb-KOTO KOMYHIKaIlifHOTO iHTepdercy
Jle BU3HAYCHI alapaTHa ajpeca, IporpaMHa aapeca Ta
po3Mip makera. PazoM yci i mapameTpu JO3BOJISIOT BU-
3HAYUTH TUIIOBY MOJIEINb IOBEAIHKH JJIsI IPUCTPOIB iHTE-
pHeTy peueil, a Ha OCHOBI i€l MoJemi - poOUTH po3IIi-
3HABaHHS CBIH-YyXHH, B 3aJIE)KHOCTI Bifl TUIIOBOT YH He-
THUIIOBOI TIOBEAIHKH.

Criz 3ayBayKUTH, 10 BCi MAKSTH MPUHHATI HIEHTpa-
JHHUM MIKPOKOHTPOJIIEPOM Bill XMapH, OyIOyThb MaTH
MAC-anpecy poytepa. Aje, Ui 3B’SI3Ky 3 CEHCOpaMHU
(sensor) Ta mpuBomamm (actuator), me 3B’SA30K ife Ha-
npsMYy, Li 1aHi € aKTyalbHUMHU.

Jnst cTBopeHHs1 Habopy aHuX OyJia HarMcaHa mpo-
rpama Ha MoBi C, siKa 3a JI0OIIOMOT0I0 TeHepaTopa JOBLIb-
HUX YHCEJ CTBOPIOBasia HAOIp AaHUX y JBOX (opMmarax:
.Jjson Jyisl BUKOpUCTaHHA y brain.js Ta .h ais Bukopwuc-
TaHHs y nporpamax Ha MoBi C. Ycboro 0yso cTBOpeHO
10000 3amuciB, sKi IMITYIOTh pealbHy MOJIEb BUKOPHUC-
TaHHsA. Ha OCHOBI IIMX JaHMUX Ta 3a JOIIOMOTO 010J1i0-
TekH Brain.js OyIio CTBOpEeHO Ta HABYUCHO 2 HEHpOMepexi
OPSIMOTO  PO3MOBCIO/KEHHS, TOOTO ©€3 3BOPOTHOTO
3B’s3Ky. Taki Helfipomepexi HaWKpalie MiIXOISATh IS
3aad posMi3HaBaHHA 00pa3iB Ta kimacuikamii JaHWUX.
Iepria Helipomepexa Oyiia 0OpaHa 3 MiHIMAJIBHOIO KiJib-
KICTIO HEWPOHIB Y BHYTPILIHbOMY HIapi (4 - 1O KUTbKOCTI
BXo/1iB). Jlpyra - HaBIaKkH, 3 MaKCUMAJIbHO JIOLIJIBHOIO
KiJIbKicTIO (1Ba miapu: 8 ta 16 HelipoHiB BinNoOBigHO). Sk
akTHBaTOp OyJi0o 00paHO cHrMoBHIHY (yHKLi0. Bona
HEJTIHIHHA 1 TAKOXK € TPEAMETOM JUIS TOCIIKSHHS IIIBU-
JIKOJTIT Ta ONITUMI3allii, Ha BIAMIHY BiJ JIiHIHOT (PYHKIIIi-
unpsamisiaa (rectifier, ReLU) sixka He mpencTaisie sxo1-
HO1 TpoOIeMH TIPH OOYNCIICHHI.

Ha puc. 2 300paxeHa HelipoMepexa 3 4 HelipoHaMu
y BHYTpIIIHBOMY IHapi, K ii mpeacraBise OiOmioTeka
Brain.js.

BxigHWiA BHYTPILUHlA BuxigHuii
wap wap Lap

AnaparHa
agpeca

MporpamHa ‘
agpeca D
A0
Poamip =/
nakera

MiTka
vacy

Puc. 2. Ctpykrypa HelipoMmepesxi
3 4 HelipoHaMU y BHYTPIIIHEOMY MIapi

91



Control, Navigation and Communication Systems. 2024. No. 2

ISSN 2073-7394

Cotijz 3a3Ha4MTH, 1O BXIIHUH 1Iap HE BUKOPHCTO-
By€TbCs JUIsl OOYMCIICHb, @ TUIBKW JJISI BCTAHOBJICHHS
3HAYEHb BXIJHUX NapaMeTpiB.

bibmiorexa Brain.js mo3Bomsie 30epirat HaBueHi
HelipoMepexi y .json ¢opmari, TOMy BiZloMi Barosi koe-
¢imierTtn xoxHoro Heifpona. Takox Brain.js € Bimkpu-
ToI0 Oi0NOTEeK0I0, TOMY WpPOTpaMHUM Kox (yHKIiT
_runnputSigmoid() Takoxx BimoMuii i ii MOKIHMBO TIepe-
koxyBaTu Ha MoBi C [12]. Oxpim nepexomy Ha HiTOYHC-
JICHHI OOYHMCIICHHs, OyB TaKOX NPOBEINCHHUU EKCIepH-
MeHT 3 TunoM naHux float. Ha BimmiHy Bing 64-06iTHOTO
tuny double, sikuii BUKOpHUCTOBYEThCS y Brain.js, Tun
float mae po3mip 32 6Gita. L{e TOBUHHO 3HAYHO CKOPOTUTH
SIK Yac OOYMCICHHS, TaK 1 o0CAr mam’sTi, HeoOXiTHMIHA
Jutst 30epiranus KoHpirypartii HelipoMepexi.

[Ipu oGuncneHHi 3a JONOMOT 00 IIJIMX YUCEIT BUKO-
pucToByBajiocs 32-0iTHe clioBO y (hopmari HaBeJCHOMY
Ha puc. 3. Ko cpoieHo, To e 3BUYaiiHi 3HaKOBi 32-
OiTHI mini yncna (tum int32_t Bu3HaveHui y stdint.h), e
cTapmuii 6aiT - Ie mijla YacTHHA Ta 3HAK, a 3 MOJOJIIL
OaiiTu - e ApiOHa yactuHa. Hanpukian, gucio 1.5 Oyzae
Burisigaty Ak 0x01800000, a MakcuManbHe 9rCI0 Oyae
127.99999994 (0x7FFFFFFF).

1 6iT 7 6it 24 6ita

3HaK 1[ina vacTvHa [piBHa yacTiHa

Puc. 3. ®opmar gaHuX 3 ICEBIOIIIABAIOY0I0 TOUYKOIO

OOunCneHHs IPY IePETBOPEHHI pOOUTHCS Ha eTarri
(dopmyBaHHS TabmmIi Koe(illieHTIB HEUpOMepexXi Ta He
BHKOHYETBCS Y PEATBHOMY Yaci, TOOTO HEMae 3aTpaT Ha
KOHBEPTAIlif0 JaHUX. TakoX IUTIOCOM BHKOPUCTAHHS ITi-
JIUX YUCETI € BiICYTHICTh HEOOX1THOCTI BHKOHYBAaTH OTIe-
pariii JiJICHHS YM MHOXKEHHS MijJ yac Hopmaiizamii aa-
nux. LI naHi € mapamerpamMu MepexeBUX IPOTOKOJIB,
MaKCHMaJIbHI 3HAU€HHs 33/IaHi PO3MIPOM BIAIMOBIJHUX
TIOJIiB 3ar0JIOBKIB ITPOTOKOIMIB, 1 kpaTHi 2. ToMy mpu Ho-
pMadizanii 31e0UIbIIOr0 BHKOPHUCTOBYETHCS OMeEparlis
3CYBY, 1110 TEX MIABUIIYE MIBUAKOIIIO.

Y xoxi poboTH TIpOTrpaMu BUKOPUCTOBYETHCS 3 OC-
HOBHHX OIIepaIlii, Jo1aBaHH:, MHOKECHHSI Ta OOUUCIICHHS
CUTMOBHIHOT (DYHKIIIT:

e Omeparnis nogaBaHHsA He MOTpeOye OyIb-sSKUX
JIOJJATKOBUX ITEPETBOPEHB Ta BUKOHYETHCS 5K T0JTaBAHHS
JBOX 32-0ITHHX 3HAKOBMX LIJIUX YHCEN, IS OLILIIOCTI

32-0iTHUX apXiTeKTyp 1€ Oy/e BUKOHyBaTucs 3a 1 UK
npolecopa.

e Omeparisi MHOXEHHS BUKOHYETHCS SIK MHO-
»keHHs 32 Gita Ha 32 OiTa 3 pe3ysabpraroM y 64 Oitax Ta 3i
3CYBOM IIBOTO pe3yibTaTy Ha 24 Oita BIiBO. Y apXiTek-
Typi ARM MHOXEHHS 3a JOMOMOTOIO IHCTPYKIIT
SMULL 3aiimae 3 nukia mporecopa, 3cyB TaKOX 3aiiMe
nmekinpka mukitiB [13]. s iHmuxX apxiTeKkTyp, Haupu-
knan AVR, maHy omepamiro MOXHA IIEpPETUCATH Ha ace-
MOIepi o6 YHUKHYTH HENOTpiOHMX oreparii 3 6i0:mio-
Teku C, THM caMHM 3HA9HO CKOPOTHBIIIH YaC BUKOHAHHS.
Jly’ke Ba)JIMBO, 110 Y JAHOMY BHUIIAJKY OJWH i3 MHOX-
HUKIB 3aBX/1 He Oinbiunii 3a 1 (pe3ynbraT abo HopMalti-
3amii BXiJHUX NaHUX, a00 pe3yJIbTaT CUTMOBHIHOI (yH-
KIiT), TOMY IT€pErOBHEHHS HE BUHHUKAE.

o Ilpu oGuncnenHi curmoBuaHOI GyHKIIT OyB 00-
paHuil HAMIIBUANIMK BapiaHT 3 MOKJIMBUX - TAOJMYHHH.
BiH MOXNIWBUH TITBKU IJISI HIJIFX YHCEII, TOMY IO apry-
MEHT BUKOPHCTOBYETHCS SIK IHAEKC y Tabimii. Tak sk cu-
rMoiga — e S-moaiOHa (YHKIIA, TO ¥ TaOIHUII MOXKHA
30epiraTu TUTBKHA YacTHHY pe3yibTaTiB. [ maHOTO BU-
nmaaky Oyno obpaHo 30epiraTé 256 3Ha4YCHb y Aiana3oHi
Bix 0 10 7, T00TO 3 minux po3psiaiB Ta 5 apioHux. Taka
Tabnuug 3aiimae piBHo 1 kb, 1110 € GIBIIUM HiX PO3MIp
KOy JUTsl OOYKCIICHHS CKCIIOHEHTH 3 MaTeMaTHYHOI 010-
miorexku C. Aje, 3BaXkaloud Ha BEJMKI 0OCATH mmam’sITi
[porpaM y Cy4acHUX MIKpPOKOHTpOJIepax Ta 3Ha4yHe CKO-
pOYEHHS Yacy BUKOHAHHs, 1€ HE € KPUTHYHHM HEIOJIi-
KOM.

Byno nposeneHo MozenoBaHHSA poOOTH HelpoMe-
PEeX 3 BHKOPHCTaHHSIM LIIOYHCENBHOI apUPMETHKH, a
TaKOX 3 BUKOpUCTaHHAM Tumy nanux float. Ha nanomy
eTarli He BUKOHYBAJacs OIiHKa IIBHIKOII, 8 BUKOHYBa-
JOCsl TUTBKU TIOPIBHSHHA pe3yibTaTiB. Tomy Mozemo-
BaHHs1 BUKOHyBanocs Ha [1IK. AHaii3 npoBoiuBCs METO-
JIOM TOZavi Ha BXiJ HEHPOMEpPEXKi THUX Ke CaMHX JaHHUX
JUIsl HABYAHHSI Ta MOPIBHSHHS 3HaY€Hb BUXITHUX HEHpO-
HIB MiX c00010.

[opiBHSHHSA [T0KA3aJI0 MPAKTUYHO MOBHY 1/IEHTHY-
HICTh pe3yJIbTaTiB, PI3HHUISI BUXIJHUX 3HA4Y€Hb 3HAXO-
TUTBCS Y MeKaxX TOXHOKHU. Y Tabin. 1 mpuBegeHo mopis-
HSHHS pe3yNbTaTiB poOOTH eTaJOHHOI HeHpoMepexi
Brain.js Ta HelipomMepex, ONTHMI30BaHHX 32 JI0TIOMOT OO
moBu C. Bka3zaHi MiHIMaJbHE, MAKCHMAJBHE Ta CEPETHE
BiIXWJICHHS 3HaYeHb BHXIJHOTO HelipoHa Ha HAOOpi y
10000 TecTOoBUX maHUX.

Tabruys 1 — BinxuineHHs pe3yabTaTiB po60oTH HeiipoMepe:ki Bil eTaJIOHHUX

Heiipomepe:ka [4]

Heiipomepe:ka [8, 16]

Binxurenns Mi:k Brain.js Ta Mi:k Brain.js Ta Mi:k Brain.js Ta Mi:k Brain.js Ta
Float Integer Float Integer
MiHimansHe 0.000002999 0 0.000015999 0
MaxkcumanbHe 0.017194478 0.053537817 0.035021356 0.1162835
Cepenne 0.000616933 0.00102014 0.002131325 0.00963141

Habararo OinpIrniii BIIIMB Mae iHTepIpeTaris pe-
3yJIbTaTiB, TOOTO 110 BBaXkaTH 1 (CBiit), a o — 0 (Ty>kii).
Pi3nHi moporoBi 3HaUEHHS 3HAYHO 3MIHIOIOTH OiHAp-
Hill pe3yJbTaT, ajie, 3HOB TaKH, yCi OTPUMAaHI pe3yIbTaTH

Maibke imeHTndHi. ToMy y Hilf YacTHHI eKCHEPHUMEHTY
Oy710 3p00JIEHO BUCHOBOK PO MOJKJIMBICTH ONTHMIi3arii
0oOUHCIIeHHsT HEHPOMEpEeXK Ta IOUIIBHICTH HACTYITHOTO
eTamy EKCIEPHMEHTY - OLIHKM 4acy BHKOHaHHsS pO3-
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paxyHKy. Y TaOi1. 2 HaBe/leHI pe3yJIbTaT! pO3Mi3HABaHHS
CBIl-4y)XMiI B 3aJIC)KHOCTI BiJl MOPOTiB BH3HAYCHHS

Tabnuya 2 — TlopiBHSAHHS pe3yJbTaTiB poOOTH HelipoMepe:k

pe3ynbTaTy poOOTH HefipoMepexKi (3HAUCHHSI BUXIAHOTO
HeWpoHa).

Mapamerpu Heiipomepe:xa [4] Heiipomepe:ka [8, 16]
Tun pesyabrarty
BHSHAYCHH: Brain Float Int Brain Float Int
“1”-[1;0.9) He Busnaueno 132 130 133 1189 1189 1199
“07-(0.1,0] KinbKicTs nommiox 37 37 37 79 79 77
(dpanpm-mo3uTHBHI (37/0) (37/0) (37/0) (26/53) | (26/53) | (27/50)
/ banblI-HeraTHBHI)
“1”-[1;0.5] KifbKicTh IIOMUIIOK 46 47 47 157 158 157
“0” - (0.5; 0] (dpanpm-no3uruBHI / (46 /0) (4710) (4710) (337 (33/ 34/
(hanpII-HeraTHBHI) 124) 125) 123)

3aKIIFOYHOI0 YaCTHHOIO EKCTIEPUMEHTY OyJIa OLliHKa
IIBUAKOAII BUKOHaHHS OOYMCIECHb Ta BU3HAYEHHS NpH-
pocTy HpoayKTHBHOCTI. [l TecTy OyB BUKOPUCTAHUI
MmikpokoHnTpoiep STM32L476  BupoOnuurBa ST
Electronics Ha 6a3i sinpa Cortex-M4. Ileii MiKpOKOHTpO-
JIep € Ay’Ke HOIYJISIPHUM CepeJl PUCTPOIB IHTEPHETY pe-
4ell yepe3 HU3bKE EHEProCHOXUBaHHSI, BUCOKY MPOIYK-
TUBHICTh Ta PO3BHHYTY iH(ppacTpykTypy. JAmpo ARM
Cortex TakoX € Ay)Xe HIMPOKO IOIIMPEHHUM, TOMY pe-
3yJBTAaTH MOXKYTb OYTH 3aCTOCOBaHi 1 7SI BETUKOI KiJTb-
KOCTI iHIIUX MiKpoKoHTposepiB. Takoxk Oyio BHKOpHC-
TaHe MOJEIIOBAaHHS I apxiTektypu AVR BHpoOHHII-
1Ba Microchip (ATMEL) 3a nonoMororo cumyJsitopa.

Byno BuKoHaHO 3aMipH 4acy BUKOHaHHS HeHpoMe-
pexi Ha Tuny aanux double (64 Oit, eTanoH), a TaKoX
float ta integer (32 6iT). [yt TUNIB TaHUX 3 TUIABAIOYOIO
KOMOIO OyJI BUKOHaHI PO3PaxyHKH SIK 3 BUKOPHCTaHHSIM
eKCIOHEeHIIanbHOi (YHKLIT SK 13 cTaHAapTHOI 0i0io-
TeKU MaTeMaTHky libm, Tak i 3 BAKOPUCTAHHSAM ii CrIpo-
IIIEHOTO BapiaHTa.

VY tabn. 3 mpuBeAeHi 3aMipH Yacy OJHOTO ITOBHOTO
0o0YHCIICHHS Pi3HHUX BapiaHTIB HelpoMepeski Ha Ipole-
copi Cortex-M4 3 gacrororo 80 MI'n, BuMiptoBaHHS BU-
KOHYBAJIOCS 32 JOIIOMOTOI0 ocLiorpada.

VY 1abn. 4 npuBEACHI TaKi K cami pe3ysbTaTH, ajie
JuIsl TIpoliecopa apXiTektypu AVR, skuii npaiitoe Ha va-
croti 16 MI'u. O6uucnenns aast Tumy ganux double He
BHUKOHYBAJIHCS, TOMY IO cTaHAapTHa Oibmioreka C mis
i€l apxitektypu He pospisase Tumu double Ta float —
BOHH 00HM/IBa MarOTh po3Mip 32 Oira.

Buxonsauu 3 naHux, HaBeAeHux y Tabn. 1 Ta 3, mo-
JKJIUBO 3pOOMTH BUCHOBOK, IIIO TIPH TIEPEXOAI Ha IiJI0YH-
ceNbHy apu(MeTHKy, y TMOpIiBHSAHHI 3 IUIABAIOY0I0 TOY-
KOI0, TOYHICTh OOYMCIICHb PE3YJIbTaTy 3HaXOAWUTHCS Y
MeXax JIOMyCcTHMOi MOXMOKHM HaBYaHHSA HEHpoMepexi,
TOOTO HE 3MIHIOETBCS (3rifiHO Tabm. 1, MakcuMmasbHe ce-
PEIHE BIIXUICHHS Bij eTaiony MeHiie 1%).

Yac BUKOHAHHS 3MEHIIMBCS pubian3Ho y 30 pasis,
B 3QJIS)KHOCTI BiJ apXiTeKTypH Helipomepexi (Tabu. 3 Ta
4, qac 00YHMCIICHHS).

Tabnuys 3 — PedyabTaTn po6oTH Ha npouecopi Cortex-M4, 80 MI'u

Yac o0vHCIeHHS, Yac 00uucIeHHS, Buxopucranus na-
. N Vs Buxopucranus na-
Tun nanux Helipomepexka [4], HelipoMepe:ka M'AITI Iporpam, e .
. M'ATi JaHKUX, OaiiT
MKC [8,16], mxc DaiiT

double, sigmoid 688 3240 7828 9644
double, rough_sigmoid 428 2144 6800 9564
float, sigmoid 116.8 257 7132 5036
float, rough_sigmoid 94.4 163.6 6496 4956
integer, table sigmoid 22.64 103.2 6100 4956

Tabruys 4 — Pe3yabTaTi po6oTu Ha npouecopi AVR, 16 MI'u

Yac o09HCIeHHS, Yac 004uCIeHHA, Buxopucranus na-
N N s BukopucraHHs na-
Tun ranux Helipomepexa [4], HelipoMepe:ka M'AITI mporpam, e .
. M'SITi JaHuX, OalT
MKC [8,16], mxc oaiiT

float, sigmoid 14906 80002 7444 4802
float, rough_sigmoid 10558 61152 7152 4802
integer, table sigmoid 8154 55669 7932 4802
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Po3mip nporpamu 3HU3HUBCS NPONIOPLIHHO TUITY Ja-
HUX TOMY IO 3Ha4Ha YacTKa - 1ie 30epiranus koHdpirypa-
uii HeifipoMepexi).

Takox mpu mepexoi Bif 64-0iTOBOTO TUIY JaHHUX
10 32-6itoBoro, oOcsr nam’sTi, HeoOXigHUI 11 36epi-
raHHsA KOHQITypalii HelipoMepeski, aHAIOTITHO 3MCHIITY-
€TbCs y 2 pa3u (Tabi. 3, BUKOPUCTAHHS ITaM’ SITi JaHUX ).

BucHoBKH Ta nepcneKTUBU
MoJAJBIINX JOCTiTKEeHD

Jus apxitextypu Cortex-M4, obuncnenss 3a 100
MKC (HalCKIIamHIIa 3 pO3TIHYTHX KOH(pirypamiit) po-
OWUTH MOXKJIIBIM BUKOPHCTAHHS HEHPOMEpEK IS pO3Mi-
3HaBaHHS CBIA-Uy)XUH y peaJlbHOMY daci.

Apxitektypa AVR HempunaTtHa Il TAaKUX Orepa-
iH, I Hel TOBUHHI BUKOPUCTOBYBATUCS TA0JIUYHI Me-
TOJIH, HATIPUKJIAJ YOPHI Ta OUIl CIIUCKH. 3a J0TIOMOTO0
onrtuMizanii o0uncIeHHs: MHOXeHHs 32 Oita Ha 32 Oita 3

pesynbratoM y 64 OiTax Ha MOBI acemOIepa, MOKHA J10-
CSTTH LI€ 3HAYHINIOrO 3HMXKEHHS 4Yacy BUKOHAHHS, aje
BCE OJIHO BiH 3QJIMIIUTHCS HEMPUHHATHUM.

Buxonsun 3 oTpuMaHMX pe3ynbTartiB, Helpome-
PEXi MOXKJIMBO BUKOPHCTOBYBATH Y MaJHMX MiKPOKOHT-
porepax 3 ooMexeHuMH pecypcamu. Lle BigkpuBae mep-
CHEKTHBH MONAIBIINX NOCIIKEHb y cdepl mMTyIHOTO
IHTENEKTY IS 3aXHUCTY IHTepHETY pede. 3a JOOMOT OO
HEHpOMEpeK MOXKHA CTBOPIOBATH IMOBEIIHKOBI MOJENi
BUKOPHUCTAHHS TIPHCTPOIB, Ta HA iX OCHOBI MPOBOIUTH
pO3Mi3HaBaHHS CBiif-4yKHil, BUABIITH aHOMAJIbHY TIOBE-
JUHKY Ta BHSBJIATH BTOPTHEHHS.

HacrtymHi nocmijpkeHHsT OyAyTh CTOCYBAaTHUCS BH-
6opy HaboOpy mapameTpiB MEPEKEBUX MIPOTOKOIMIB, SIK TO
IP-anpeca, mopT, po3Mip makera Ta iHIIE, a TAKOX CTBO-
PEHHSI TI0YaTKOBOTO YHIBEpCaJbHOTO HabOpy MJaHMUX,
SIKAH MPUIIBUALINTH MOJJAJIbIIE HABYAHHS CUCTEMHU Ipa-
IIFOFOYOI0 BKe 3TIIHO BIACHOT MOENI.
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Optimization of neural network computation
using integer arithmetic

Oleksandr Zakovorotnyi, Andrii Khulap

Abstract. Most of the sensor devices in the Internet of Things systems are based on energy-efficient microcontrollers, the
computing resources of which are limited, as well as the amount of available memory. Increasing the security of the use of such
devices with the help of neural networks is an important and urgent problem. The article describes the possibility of using artificial
neural networks in small microcontrollers with limited resources. The purpose of this work is to check the possibility of calculat-
ing neural networks based on integer arithmetic to reduce the time of calculating a neural network and eliminate data normalization
operations, as well as to evaluate the feasibility of using such neural networks in the field of security of the Internet of Things in
comparison with traditional methods, such as black lists and white lists. The following results were obtained: when switching to
integer arithmetic, compared to floating point, the accuracy of the result calculations is within the permissible error of neural
network training, that is, it has not changed. Execution time decreased by 30-96%, depending on the architecture of the microcon-
troller. The program size is reduced by 22-48%, also depending on the microcontroller architecture. Conclusions: the possibility
and expediency of using neural networks optimized for microcontrollers with limited resources was proved. This will increase the
security of Internet of Things systems, especially against device authentication threats and intrusion detection. Prospects for further
research are determined.

Keywords: microcontroller, neural network, optimization, software implementation.
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XapKiBChKHIA HAIllOHATBHUN TEXHIYHUN YHIBEPCUTET PalioeNeKTPOHIKH, XapKiB, YKpaiHa

CYYACHI IHCTPYMEHTH OPKECTPALIIL JAHUX JIJISA IOBY10BU
KOHBEEPIB ABTOMATHYHOI OBPOBKH JAHUX

AHoTauis. BeecBiT 1aHuX y Cy4acHHX KOMIAHIAX MOCTIHO PO3MIMPIOETHCA. 31 301IBIIEHHAM KIIBKOCTI JaHUX 3011b1TYy-
€Thcsl OTpeda B yIpaBIiHHI, CHHXPOHI3aIil po3KIaaiB Ta BUpilIeHHs mpobieM o0poOku. KommaHisiM moTpiOHO 31amMaTH
Gap'epu MiXK JUKepeaMu JaHUX Ta CXOBHIAMH, 100 MO-CIPaBKHLOMY BUKOPHCTOBYBATH BCIO iH(popMaLlito, SIKy BOHH 30H-
patoTb. OpKecTpallist JaHUX T03BOJISIE OpTaHi3allisiM aBTOMaTH3yBaTH Ta ONTUMI3yBaTH CBOI J1aHi, IEPETBOPIOIOYH iX Ha OIe-
paTHBHI aKTHBH, 100 WiHHY iH(OpMAIifo MOXHA OyJI0 BUKOPHCTOBYBATH JUIS MPUHHATTS Oi3HEC-pIIeHb y peXuMi peaib-
HOTO Yacy. 3a IesKMMH oliHkaMH, 80% poOoTH, TTOB'I3aHOI 3 aHAIII30M IaHUX, 3BOAUTHCS 10 30MpaHHs Ta MiATOTOBKH JaHUX,
IO O3HaJae, 10 OPKeCTpamis JaHUX MOXKe CKOPOTHTH BEIHKY KUIBKICTh Jacy Ha 0OpoOKy Ta IuaHyBaHHA. MeToro qanoi
Po0OTH € aHaJi3 CyJacHHX IHCTPYMEHTIB opkecTpanii. O6’ekToM mociaimkeHHs € nara imkeHepis. Ilpeamerom mocii-

JKeHHS € OPKECTpAaIlis JaHUX.

KnaouoBi croBa: opkecrparis jaHux, KoHBeepu o0pobku nanux, ETL, DAG.

Beryn

BinpaBHOO TOYKOIO IS aHAII3Y AaHHUX 3 HYJIS - €
CrieHapii, KON OpraHi3ailis Xoue MaKCUMAallbHO BUKOPH-
CTOBYBaTH CBOi J]aHi, ajie He Ma€ BCiX AaHHUX MPO KIi€H-
TiB B oqHOMY Micui. OpraHizanist He MOXXe LeHTpai3y-
BaTH Ta OHOBJIIOBATH JaHi NPO KIi€HTIB. J[aHi MOXyTb
OyTH HeHaIiHHUMU a00 HETOYHHUMHU.

OpxkecTpallist JaHUX 11eaTbHO MiAXOJUTh JJIs Opra-
Hi3allii JaHuX 3 OararbMa CUCTEMaMU, OCKIJILKH HE MOT-
pebye MacoBOTO MEPEHECEHH s JaHuX 10 cxoBuina. Haro-
MICTh, BOHA HAIa€ TOCTYII 10 IOTPiOHHUX JaHUX, Y MIOTPi-
6HOMY (opmarti Ta B moTpiOHMIT yac. [HQopMariiro, ska
30epiraeThCsi B Pi3HUX CXOBHINAX, MOXKHA JIETKO OTPH-
MaTH Ta 00pOOISATH CHHXPOHHO, HIOH JaHi 3HAXOIAThCS
B IIEHTPAi30BaHOMY pero3utopii [1].

LlenTpanbHy pojb B OpKeCTpallis JaHUX BiJirpae
ETL mpouec [2], BiH po3im(poByEThCS K “BHITyUCHHSI
(extract), meperBopenHst (transform), 3aBaHTa)KCHHs
(load)”.

Etan BuityyeHHs nependavae MmiAroTOBKY INepeBi-
PKy LUTICHOCTI Ta MPaBWIBHOCTI JaHUX, TOJaBaHHSA Mi-
TOK Ta MO3Ha4YeHb a00 30aradeHHs] HOBUX CTOPOHHIX J1a-
HUX HAsSBHUMHU HAOOpaMu JaHuX.

Etan neperBopeHHs nepeadavac BUSBICHHI Ta BU-
MpaBIcHHI (200 BHIANICHHI) MMOIIKOKCHUX, HETOYHHX,
OyOIIFo0YnX a00 aHOMAIBHUX JAHWX Ta MEPETBOPCHHS
iX y crangapTHHH popmar.

[Ticns Toro, sik HEOOPOOIIEeH] 1aHi BUAOOYTO Ta aja-
[ITOBAaHO, BOHHU 3aBaHTAXXYIOTHCS B IIJIBOBY CHCTEMY, IO
3abe3meuye CHUHXPOHI3aIilo - Oe3nepepBHUI Mpoliec
OHOBJICHHS JaHUX MDK JpKepeiaaMy Ta HMPU3HAYCHHSIMHU
TSt 3a6e3MeUeHHs X y3romkeHocTi [3-6].

Kopotka icTopisi po3BHTKY
opkecTpauii podo4yux npouecis

OpkecTpalisi TaHUX YacTO IUIYTAKTh 3 OPKeCTpa-
uiero pobounx mporeci. Opkectparlis poOOYUX Mpole-
CiB — IIe IpoLeC 3ayCKy Ta MOHITOPUHTY CTaHy 3aBJaHb.
fi cyrhicTh — peanizyBatu anasnor event-driven cuctem
Ha 0a3i makeTHOi 00pOOKH.

OpxkecTpallis TaHUX € MIMHOXHHOIO OpKeCTpartii
pobounx mporieciB i 3abe3nedye HaliiHy Ta eQEeKTHB-

HOT'0 CHHXPOHI3AIIII0 TaHUX Y MPOJAKIICH CEPEIOBHIII.
Ha psany 3 enementamu ETL BoHa Moke TakoX BKIIIO-
YaTu: eJleMeHTH yrpasiiHHs cepenosummeM (CI/CD mus
nmaanux abo GitOps anms naHmx abo Ge3nepepBHA iHTErpa-
s Ta JOCTaBKAa JAaHWX), KOHTPOJb JOCTYIly Ha OCHOBI
poxeii ("RBAC"), onoBieHHsI Ta MOHITOPHHT CTaHy J1a-
HUX.

[HCTpyMEHTH OpKecTpallii poO0YHX MPOIECiB iCHY-
BaJIM BIKE MPOTITOM TPUBAJIOTO Yacy, aje JHIIE Hello 1a-
BHO iX MOYaly HA3WBAaTU IHCTPyMEHTaMH OpKecTpauii
JIaHUX.

Opkecrpaillis 1aHux y cdepi o0pobku maHux Oepe
CBIif MOYATOK BiJi BEJIMKHUX TEXHOJOTIYHHUX KOMIIAHIiM.
Luigi 6yB cTBOpenuit y Spotify Ha mouarky 2010-x po-
kiB. Airflow, mepemoxenp miei OUTBH Ta JiJep ramysi,
3'sBuBcsa y Airbnb. Y Meta € myxe cX0Kuil BHYTpIIIHIH,
HenyOJIYHAN IHCTPYMEHT mijx Ha3Boro DataSwarm.

3 Toro gacy 3'IBHIIOCS 0araTo iHIITUX MAaKETiB OpKe-
cTparii poOOYMX MPOIECiB i3 BiIKPUTUM BUXITHUM KO-
JIOM.

Ha Binminy Bin Airflow i Luigi, siki ailicHo Oyiu
Biakputumu (Airflow 3pemroro € wactuHor Apache
Software Foundation), Prefect, Dagster, Mage, Kestra
NPETeHIyI0Th Ha Te, 00 OyTH KpaIiuMH, MPOCTIIINMHU
Ta 3py4Hinmmu ansrepHatiuBamu Airflow [7], ocobnuBo
JUTSL OpTaHi3alii TaHuX.

ITo cyTi, BCi BOHU JIyKe CXOXKi, IPOIIOHYIOYH Ppeii-
MBOPK JJIsl HallCAHHS KOJy Ta BUKOHAHHS OpIEHTOBa-
Hux amukitiyaux rpagis (DAG) y koHTeitHepu30BaHOMY
cepenoBuili. L{i iHCTpyMeHTH € OE3KOIITOBHI, aJie 3a po-
3TOpPTaHHSA Ta JIOJIATKOBI XMapHi QyHKIIi, Taki sK JOTy-
BaHHS, KOHTPOJIb JIOCTYITy Ha OCHOBI POJIEH, MiATPUMKY
KJIICHTIB JOBEAETHCS 3aIlJIaTUTH.

Orasg cyyacHHMX iHCTPYMeHTIB

JI0o OCHOBHHX XapaKTepUCTHUK CyYaCHHX IHCTPY-
MEHTIB OpKecTpalii po6ounx MpowueciB 3 BiIKPUTHM BH-
X1JIHMM KOJIOM MO>KHO BIJHECTH:

1) Busnauennss DAG 3a pomomororw Git-KOHT-
POJIFO: IHCTPYMEHTH JI03BOJISIIOTH KOPHUCTyBadaM CTBO-
proBatu Ta kepyBatu DAG sk K0JIOM, BUKOPHUCTOBYIOUH
niepeBaru Git U1 BEpCiOHyBaHHs, iCTOpii 3MiH Ta CITiJIb-
HOT poOOTH.
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2) IHCTpYMEHTH MICTATH IUIaHyBaJbHUK, SIKUH BH-
koHye DAGS BiJIIIOBITHO 10 BU3HAYCHOTO PO3KIaAy abo
IHTEpBaJIiB.

3) InctpymenTH 103BOIISIIOTH 3amyckatu DAG Bpy-
YHy 200 aBTOMAaTUYHO Ha OCHOBI NMEBHHX MOJiH (Tpure-
piB). BoHN Takox HamarOTh (QYHKII MOHITOPHUHTY IS
BiacTexeHHs BUKOHAHHSI DAG Ta ONOBIIIEHHS PO TI0-
MIIKH abo ycmimHe 3aBepiieHHs. Kpim toro, iHCTpy™Me-
HTH JO3BOJITIOTH KepyBaTH DAG, Hanpuknaz, 3ynuHATH,
repesarycKkaTi a00 OHOBIIIOBATH iX.

4) BinbImicTh IHCTPYMEHTIB TO3BOJIIOTH KOPUCTY-
Bayam mucaru Jioriky DAG Ha Python, mo 3a0e3mneuye
THYYKICTh Ta IHTerpauito 3 pi3HOMaHITHUMH 0i0uioTe-
kamu Python aist 06poOKyM JaHMX Ta 1HIIMX 3aBJaHb.

5) KopucryBansuuupkuii intepgeiic(KI): xoua ne-
SIKI IHCTpYMEHTH Opi€HTOBaHI Ha pO3pOOKy 3a J0MOMO-
rolo kojay, 6arato xto npomonye KI mis Bizyamizamii
DAG, nepermsany icTopii BAKOHaHHS, HAJIAIITYBaHHS I1a-
paMeTpiB Ta KepyBaHHA IHIIMMH aCHEKTaMH pOO0YMX
TIPOIIECiB.

[lepeiinemo no 6e3mocepeAHLOTO PO3TILILY IHCTPY-
MEHTIB.

3acuoBanuit y 2018 poui Prefect [8] mosumionye
cebe sk "HOBWI CTaHTAPT aBTOMATH3Aallll MOTOKIB Ja-
Hux". 30BHINIHIA BHITSA iHTEpdelcy KopucTyBada
Prefect HaBeneno Ha puc. 1.

Puc. 1. 3osuimniii Burnsag KI Prefect

Prefect mae 3pyunuii KI i cnenianbHO po3pobienuit
UL poOO0TH 3 TaHNMH. BiH ponoHye nmpocTHii i meHTpa-
JM30BaHUH CHOCIO KepyBaHHS Ta MOHITOPHUHTY BCHOTO
cTeKy 00poOku maHuX. JloJaBImy KibKa JEKOPaTopiB 110
Python-koay, MoXxHO mepeTBOpUTH CBOI (QYHKIIT Ha 3a-
BraanHA Prefect i 6e3mpobiaeMHo iHTerpyBaTH iX y poboui
nponecu. Prefect moctynmHuii po3poOHHKaM 3 6a30BUMHU
3HaHHAMH Python, mo moryermrye mowatok opkectpamii
KOHBE€EPiB 0OpOOKHU TaHUX.

Prefect mpomnonye yHikaneHy "riOpugHy Mojens"
JUI OpKecTparii poOoYnX MPOIECiB, sIKa BUPIIIye KPHU-
THUYHO BaXJIMBY POOJIEMY, sIKa IIOCTA€E IIPH BUKOPHUCTaHi
XMapHUX pillleHb: goBipa. TpamuniliHi ciry:x0u opkecT-
pauii BUMararoTh 3aIycKy KOy KIIi€eHTa Ha iHppacTpykK-
Typi nposaiinepa. Lle cTBoproe npobieMy aoBipu: Kiie-
HTH TIOBHHHI JIOBIPSTH IOCTAYaIbHUKY CBili KOH(ineH-
LiifHUi KOJ, a MpoBaiijiepy MOBHHHI TapaHTyBAaTH, IO
KOJ He € 3JI0BMUCHUM. JIOKabHI PIMIEHHS CTUKAIOTHCS 3
AHAJIOT1YHOIO0 MPOOJIEMOI0 OBIpH, X0Ua W y MPOTHIICK-
HOMY HanpsMKy (KJTIEHTH JOBipSIOTH MPOrPaMHOMY 3a-
0e3MeUeHHIO IMOCTAYaTbHHUKA).

Prefect Cloud - cepsic, 30cepeKeHuI BUKIIOYHO
Ha OpKecTpallii, a He Ha BUKOHaHHI kony. Lle ycyBae He-
00XiTHICTB 718 KITieHTiB noBipsatu Prefect cBiit ko, Kiri-
€HTH 30epiraroTh MOBHUI KOHTPOJIb 1 Oe3MeKy: X Kox 3a-
JIMIIAETHCS Ha X MPUBATHIN iHYPACTPYKTYPi.

Sk mparmroe TibpuaHa Moaens Prefect?

KitieHTH mpoekTyroTh i TeCTYI0Th poOodi Imporecu
3a monomoroto Prefect Core Ha BiacHilt iHQpacTpyKTypi.
[licna 3aBepmieHHS poOOYMII TPOLIEC PEECTPYETHCA B
Prefect Cloud. Ilpu oMy mepemaroThCsi METaAaHi Ipo
poboumii mporiec (3aBIaHHS, 3aJISKHOCTI, pO3KIIa TOIIO)
- He caM koJ. Prefect Cloud BukopucroBye oTpumani me-
TajaHi Uit OpKecTpallii pooovoro mnporecy 6e3 HeoOXi-
HOCTI B Kozi. BiH kepye miiaHyBaHHSM pO3KJIaay, KOHT-
POJIIOE CTaHW BUKOHAHHS (3aIyCK, yCIliX, IOMWJIKA, MO-
BTOPHUI 3aIyCK) 1 KOOPAWHYE KiNbKa MapajieIbHUX BU-
koHaHb. Jlam Prefect Agent, mo npairroe Ha iHdpacTpy-
KTypi KJIi€HTa, BUKOHY€E 3aBJaHHSA JIOKaJILHO a00 y Binia-
JICHOMY KJIaCTepi. Ta Iepenae CTaH BUKOHAHHS Ha3all 10
Prefect Cloud.

Po3po6unennii y 2021 porii, Mage [9] - incTpymeHT
OpKecTparii, cmemianbHO po3pobmennit st ETL-
KOHBEEPIB TaHKUX. 30BHILIHINA BUIIISA] IHTEpQEHcy KOpH-
cTyBaua Mage HaBeZieHO Ha puc. 2.

Puc. 2. 3ouimmHii Burisig KI Mage

BiH mparroe 3a J0MOMOTO OJIOKIB, sSIKIi MOXYTb
MartH JIeKiJIbKa 3aJIeKHOCTEH BiJl HonepeHix abo HacTy-
maux 01okiB. KoxkeH 0JIOK Mae CBiil 130J50BaHMM KO/,
NPU3HAYCHU JJIsl JIETKOTO MOBTOPHOTO BUKOPHUCTAHHS B
PI3HHUX KOHBEEpaXx.

Mage nporionye 3pyunuii KI y Burisaai iHTepakTi-
BHOTO OJIOKHOTA JIs JIETKOi po3poOku. broknoTy minT-
pUMyOTh po3poOKy koxa Ha Python, R ta SQL i no3Bo-
JSIIOTH HE TypOYBaTHCS HalITO PO OOpOOKY BHHSTKIB,
ockibkn Mage Oepe e Ha cebe. 3a mornomororo Mage
MOJKHa BCTAHOBJIIOBATH 3BSI3KM MK PI3HUMH OJIOKaMH
KOHBeepa Oe3mocepenHbo uepe3 inTepdetic, mo ycysae
noTpedy B JOJATKOBOMY KOJI.

OpHa 3 iepeBar BUKOpUCTaHH Mage - 1ie MOXJIH-
BiCTB MEPETJIAAATH Ta Bi3yali3yBaTH Pe3yIbTaTH BaIIOTO
KOHBeEpa JIaHUX B PexXHUMI peanbHoro dacy. Lle no3Boisie
MIEPEeBIPATH Ta aHANI3YBaTH JaHi 0e3 04iKyBaHHS pO3ro-
pTaHHS B 1api OpKecTparii.

Ha nomarox 10 po3poOKu KOHBEEPIB IS MMAKETHOL
00poOKy, Mage TakoX J103BOJISIE CTBOPIOBATH KOHBEEPH
s cTpiMinry nanux. Hapasi Mage miarpumye Kafka,
Azure Event Hub, Google Cloud PubSub, Kinesis Ta
RabbitMQ cepgicu 1t poOOTH 31 CTPIMIHIOM JJaHUX, 110
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J103BOJIsIE OOPOOIISATH Ta aHai3yBaTH AaHi B peXuMi pe-
AJIBHOTO Yacy.

Cutijt 3a3HaYMTH 11O, JUIS 3aIlyCKY OBHOTO HAOOpy
IHCTPYMEHTIB OpKEeCTpallil iHIINM aHajoraM MOJKe 3Ha-
nobutucst kinmbka Docker-konTelinepis. lle yckiaaHioe
poboty Ha okpemomy 6e3 cepBepHOoMy Docker-ex3emrr-
mspi, Takomy gk Google Cloud Run a6o amanorignomy
Azure Container Instances. Mage poGHTb akIleHT Ha TIPO-
CTOTI, BiH mpaimroe Ha ogHoMy Docker-koHTeiiHepi, 1m0
3HAYHO HOJIETIIYE HOTr0 PO3TOPTaHHS.

Kestra [10] pospobiena y 2022 pomi st moser-
LIeHHs MaciuTaOyBaHHs OpKecTpalii poOoYmX MpoLeciB.
Bona 31aTHa 00po0IsATH 30UIBIIEHHS] pOOOYOro HaBaH-
Ta)KEHHS, JO3BOJISTIOUN PO3MOAUIITH 3aBJaHH MK JIeKi-
JbKOMa BY3JIaMH KJlacTepy. 30BHILIHIA BUIIIAL iHTEp-
¢eiicy xopuctyBaua Kestra HaBeneHo Ha puc. 3.

* kestra

SubmitRun

Puc. 3. 3oBuimmnii surisaa KI Kestra

OctarHiM "acoMm Oarato xTo mopiBHIOE Kestra 3
Terraform, ockinmepku oOHIBa IHCTPYMEHTH BHUKOPHCTO-
BytoTb DSL 111 KepyBaHHS Ta aBTOMaTH3allii pobodnx
npoueciB. Terraform cnpaBuB 3HauHMK BIUIMB Ha
DevOps, BcranosuBmm ctanaapt laC. Kestra nparue 3a-
MPOBAUTH CXOXKI IPUHIUIH B chepi opkecTparii Ta aB-
TOMaTH3allii, Xo4ya ¥ 3 AEIKMMHU BiAMIHHOCTAMHU B ITiJI-
XOIi.

Le#t nexmapaTUBHUIA MiAXiJ O3HAYa€, IO BU3HAYA-
€Tbecsl Oa’kaHWM KIHLEBMH CTaH, a HE KPOKM JUIS JAOCAT-
HEHHS IIbOTO CTaHy. 3a JIONOMOTOI0 BU3HAYEHHs pobo-
YuxX TpoleciB y KoHQirypauiiiHomy daitmi YAML,
Kestra abctparyeTbest BiJ CKIIAQIHOIIB IPOLETYPHOTO
KOJly, 110 pOOMTH CTBOPEHHSI, PO3YMIHHS Ta MiATPUMKY
PpOOOYHUX MPOIIECIB JICTIITHMH.

Xoua Kestra BuxopucroBye YAML nns Bu3Ha-
YeHHs1 poOOYMX MPOILECiB, BOHA MPOIOHY€E CBOOOTY BH-
KOpHUCTaHHs Oy1b-SIKOT MOBH MPOTPaMyBaHHS /Il HAIlU-
CaHHSI CKPHIITIB BCepeauHi pobounx mporuecis. L Hesa-
JISKHICTD B/l KOHKPETHOI MOBH JIO3BOJISIE PO3POOHUKAM
BUKOPHCTOBYBATH CBOi HasiBHI HaBWYKH, 4u TO Python,
R, abo iHI1i MOBH.

[Huzaitn Terraform 3ocepemkeHnii Ha MOAYJIBHHX
KOHCTPYKIISIX, SIKi I03BOJISTIOTH PO3JIUIATH CKJIa/IHI pecy-
pcH Ha ITOBTOPHO BUKOPHCTOBYBaHI KOMIIOHEeHTH. Kestra
MATPUMYE 1110 (iocodiro MOAYIEHOCTI. 3a JOTOMOTOI0
Takux (yHKOiNA, gk kpecnerHs (blueprints) Ta miampo-
necu (subflows), BoHa MPOMOHY€E CTPYKTYpOBaHUH IIiJI-
XiZl 10 CTBOPEHHS POOOYUX TMPOIECIB, MO MOKpaIIye iX
MTOBTOPHE BUKOPHUCTAHHS Ta 00cmyroByBanHs. Oco0JmBo
BHIUIIOTECS Tianpornecu Kestra, OCKiIbKY BOHU J03BO-
JISIFOTH TIOBTOPHO BUKOPHCTOBYBAaTH YaCTHMHU POOOYMX

MPOIIECIB Y Pi3HUX OMEPAIlisiX, HOJCTIIYIYHd OHOBICHHS
Ta 3MIHH B €TUHOMY LIEHTPaJIi30BAHOMY KOMITOHCHTI.

3acuoBanuii y 2022 poui, Dagster [11] mozaentoe
KOHBCEPH JIaHUX 3 TOYKH 30pYy aKTUBIB AHWX, SIKi BOHH
BHUPOOJIAIOTH Ta CIIOKUBAIOTh. 30BHIIIHINA BUTIIS IHTEP-
¢eiicy xopuctyBada Dagster HaBeneHO Ha puc. 4.

»

Puc. 4. 3ouimmiii Buriag KI Dagster

AKTUB - 11e 00'€KT Y IOCTIfHOMY CXOBHIIIi, HAIIPHU-
knazn, moxem dbt, Tabmumi Snowflake a6o naBith CSV-
¢aitmu. [IporpaMHO-BH3HAYCHUH aKTUB - II€ OITUC B KO,
SIKMH TIOBMHEH ICHYBAaTH 1 SK CTBOPIOBATH Ta OHOBIIIO-
BaTH lieH akTHB. [IporpaMHO-BU3HAYCHI aKTHBHU JI03BO-
JSIFOTh BUKOPHUCTOBYBATH JEKJIApaTUBHHUN MiAXIM 10 yI-
paBIiHHS JaHUMH, B SIKOMY KOJ € JKEpEeJIOM iCTHHHU
LI0/I0 TOTO, SIKI AKTHBM JAHWX HOBUHHI iCHYBaTH 1 SIK
BOHH O0YHCITIOIOTHCS.

Dagster BBakae, 1IJ0 OpKECTpATOp NMOBHHEH OyTH
0013HaHUM 110710 aKTUBIB. {51 iHpOpMallis BUKOPHCTOBY-
erbest i moOynmosu Karanory aktuBiB Dagster. Lle
MIPUHIMIIOBO HOBOTO MOy HAa poOOTYy OpKecTpaTopa,
SIKMH TIOB'AI3y€ aKTHBH 3 OOYMCIICHHIMH, IO iX TeHepy-
1oTh. KopucryBadi MOXyTh MEpEeXOJUTH O OpKecTpa-
TOpa, IIyKaloYH CTBOPEHI aKTHBH, 8 HE KOHBEEPH, SIKi iX
CTBOPHIIN.

Jist Bu3HaveHHst poboyoro mpouecy y Dagster ko-
pucrtyBau nuuie aekoposati ¢ynkuii Python, mo Bu3sna-
YarTh OOYMCICHHS Ta CTPYKTypy rpada. IlomioHo 10
Airflow, peamizaiiiss okpeMoro By3jia rpada Moxe po-
6utu Bce, 1m0 Moxke Python. IIpote, Dagster BBaxae, 1110
¢yHKUiT ToBUHHI odiliitHO feknapyBaTi CBOI BXiJHI Ta
BHXIiJIHI JIaHi, Ha/JlaBaTH TapaHTii TUMi3almii I IUX Ja-
HUX, BU3HAYATH HEOOXiTHY KOH(DITYpaIito TOIIO.

Dagster AP no3Bossie po3mimuTe 00O0B'SI3KH MiXk
o0uMCICHHIMH Ta BBOJOM/BHBOJOM. lle HeoOXimHa
yYMOBa JUIS TECTYyBaHHs IIPOrpaM Juls poOOTH 3 IaHUMH,
10 3a0€3MeYyOTh MBUIKUA 3BOPOTHIH 3B'SI30K IJIS PO3-
pobnukiB. Hanpukian, y pexuMi "TecTyBaHHI" pecypc
Moske 30epiratu (peiim naHux y ¢daitioBy cucremy, a pe-
cypc y pexuMi "BUpoOHHUIITBO" MoXke 30epiratu ¢peim
JIAHUX y CXOBHII 00'€KTIB, TAKOMY 5K S3

Dagster € mocTaTHRO THYYKUM I BUKOHAHHS 00-
yucieHb 0e3 HeoOXiAHOCTI crHeniayibHOI iH(ppacTpykK-
typu. He notpibHa indpactpykrypa, po3kian abo peect-
pamisi cTaHy il BHKOHAaHHS KoHBeepiB. CTpykTypa
rpada Ta po3Kia] BUKOHAHHS € PO3AUJICHUMH KOHIIETIIi-
SIMU: PO3KJIaJ] Ta CEHCOPY BU3HAYAIOTHCS HE3AJIEXKHO Bijl
KOHBEepa.

IopiBHSAHHS iHCTPYMEHTIB opKecTpaii JaHUX.
ITopiBHsUTEHA TAOIHIIA iIHCTPYMEHTIB HaBeneHa y Taba. 1.
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Tabruysa 1 — IlopiBHAJIbHA XapaKTEPUCTUKA IHCTPYMEHTIB opkecTpamii

BucHoBku

B enoxy nanux edexkTuBHa OpKecTpallis € HeBif'e-
MHHM €JIEMEHTOM YCHIIIHOI poOoTH 3 naHuMmH. Buoip
NPaBWIFHOTO 1HCTPYMEHTY OpKEeCTpalii € KPUTHYHUM
3aBIaHHAM A Oynb-sKOoi KOMaHIW iHXKCHEPIB NaHUX.
KoxeH iHCTpYMEHT Ma€e CBOi CHIIbHI CTOPOHH Ta MPU3HA-
YeHUH IS PI3HUX TOTped.

OnTtuManbHUN BUOIp 3aJEKUTHh BiJl KOHKPETHHUX
BHMOT, iH(pacCTpyKTypH Ta 3HAHOMCTBa KOMaHIHU 3 iH-
CTPYMEHTOM.

Prefect noOpe migxoauTh , KOJIM B KOMaHI1 HE OyJI0
norepeIHbOro 1ocBiny B mooynosi DAG-iB i noTpiOHuit

Kpurepiii Prefect Mage Kestra Dagster
Mopens BUKOHaHHSA I'i6puana (moxanpHa/xMapHa) | KoHrteitHepu3oBana| YHiBepcanbHa | YHiBepcaibHa
IMixxin 10 onucy poboYMX IPOLECIB Ilexoparopu Python Python YAML Python
MoBu nporpamyBaHHS Python Python Pyggzjr;;: gijcllla’ Python
CrinpHOTa Benuka 3pocTaroua 3pocTaroua 3pocTaroua
I'ayuxicTs Bucoka Cepenns Bucoxa Bucoka
MacniraboBaHiCcTh Bucoxka Bucoxka Bucoxka Bucoxka
CKJIagHICTh BUKOPHCTAHHS Cepenns Huzpka Huzpka Cepenns
[inTpuMka SaaS Ta XMapHHUX CepBiciB Bucoka Bucoka Cepenns Huseka
BinoOpakeHHs 3anexHocTei JuHamiune Cratuine CratuyiHe Crarnyne
[TinTpuMka KOHTEHHEpH3aLii Bucoxka Bucoxka Cepenns Huzsbka

MPOCTHH B OCBOEHHI IHCTPYMEHT 3 BEJIHKOIO CIILJIHHO-
TOXO, a TaKOXX MOTPiOHA TiOpHIHA MOIECTID.

Mage migxoauTh AJIs TUX BUMA/IKIB, KOJIH OTPiOHA
00poOKa JJaHUX B peaIbHOMY 4Yaci Ta pO3ropTaHHs B KO-
HTCHHEPU30BaHUX CEPEAOBUIIAX.

Kestra uyioBuii BUOIp U151 KOMaHI, SIKi HE MaJIU T0-
nepeaHbporo A0cBiny B nodynosi DAG-iB ane MaroTh ra-
PHUIA TOCBIX 3 pO3rOpTaHHAM IH(YPACTPYKTYpH 3 3aCTO-
cyBanHs npuHIUMiB laC.

Dagster moOpe migXxoauTh Il KOMaHI,. SKi IIyKa-
FOTh IHCTPYMEHT AJis opkecTparii dbt mporieciB Ta Koiu
HAA€ThCS TPIOPITET HATILIHOCTI Ta MPOCTOTI ¥ PO3Y-
MiHHI poO0Y0T0 TPOIIECy.
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Modern data orchestration tools for building big data processing pipelines
V. Zaleskyi, P. lvanovskii, V. Fedorchenko

Abstract. The data universe in modern companies is constantly expanding. As the amount of data grows, so does the need
for management, schedule synchronization, and processing challenges. Companies need to break down the barriers between data
sources and storage in order to truly utilize all of the information they collect. Data orchestration allows organizations to automate
and optimize their data, transforming it into operational assets so that valuable insights can be used for real-time business decision
making. By some estimates, 80% of the work involved in data analysis is spent on data collection and preparation, meaning that
data orchestration can significantly reduce the amount of time spent on processing and scheduling. The goal of this work to
overview modern data orchestration tools. The object of research is data engineering. The subject of research is data orchestra-
tion. Conclusions. In the age of big data, effective orchestration is an integral part of successful data work. Choosing the right
orchestration tool is a critical task for any data engineering team. Each tool has its own strengths and is designed for different
needs. The optimal choice depends on the specific requirements, infrastructure, and the team's familiarity with the tool.

Keywords: data orchestration, data processing pipeline, ETL, DAG.
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XapKiBChKHIA HAIlIOHATBHUN YHIBEPCUTET PaliOeNeKTPOHIKH, XapKiB, YKpaiHa

METOIH PIINEHHA 3AJAYI KOMIBOA’KEPA HA OCHOBI
OBYUCJIIOBAJIBHOI'O IHTEJIEKTY

AHoTaunis. AkryaasHicTb. Ha choroquinHiii 1eHs, 3a1a4a KOMiBOsDKepa 30epirae CBOIO aKTyallbHICTh, OCKLIBKU OTpeda
y TOIIYKYy HAHKOPOTIINX MapUIPYTiB Hapa3i 3yCTpidaeTbesl B 6aratbox cepax J0ACHKOT AISTBHOCTI. I3 pO3BUTKOM TEXHO-
JIOTiH Ta 3pOCTaHHAM CKJIaTHOCTI BUPOOHWYUX IPOIIECIB Ta JIOTICTUKH, MiIBUIILYIOTHCS BUMOTH A0 TOYHOCTI Ta HIBHIKOCTI
MOIIYKY, IO 3YMOBJIIOE HEOOXiHICTh BUOOPY MOLUIBHUX METOIIB pilleHHs wLi€l 3amadi. MeToro AaHoi podoTH € nocii-
JDKeHHSI €()eKTUBHOCTI BUKOPHCTAHHS aJITOPUTMIB PIillIeHHS 3a/a4di KOMIBOsDKEepa Ha OCHOBI METO/IIB 00YHCITIOBAIBEHOTO iH-
Tenekty. 06’ €KTOM AOCTiIZKeHHsI € TIPOIieC MONIYKy HaHKOPOTIIOro MapipyTy y rpadax Benmkoi po3mipHocTi. Ilpeame-
TOM JIOCJIi/IZKeHHSI € aJITOPUTMHU TTONIYKY MapIIpyTiB TS 3a/1a4i KOMIBOsDKEpa 3 BAKOPHCTaHHIM METOIiB 00UNCITIOBAIEHOTO
iHTenexty. PesyabpraTn. YV maniit po6oTi po3IiIsaaloThCsl 0COOIMBOCTI 3aCTOCYBAaHHS METO/[IB OOUHMCITIOBAIBHOTO IHTETIEKTY
JUISL BUPILICHHS 33/1a4i KOMiBOSDKEPa, [0 MOJATAI0Th Y BUKOPHUCTAHHI Bapiamiii TeHETUYHOT0, MypAIIHOTO aJTOPHTMIB Ta
ITYYHUX HEHPOHHUX MEPEXK, 30KpeMa, kaptu KoxoneHa. [IpoBeneHo aHaini3 301)KHOCTI TCHETHYHUX AJITOPUTMIB IIPU BHKO-
PHUCTaHHI pI3HOBHUIIB TEHETUYHUX OmepaTopiB. OTpUMaHi pe3yIbTaTd MPOBEICHUX EKCIIEPUMEHTANBHUX JOCITIHKEHb 103BO-
JISIOTH 3pOOUTH BUCHOBKH OO TIEPEBAr Ta HEJOMIKIB OKPEMUX alrOpUTMiB. BHCHOBOK. 3anporOHOBAHUH MigXid Ha OC-
HOBI IITy4YHOT HEHPOHHOT MEepEXi AEMOHCTPYE HaAWKpally IIBHKOAII0 Ta HAWOIIBIIY TOYHICT IPY BUPIIICHH] 33124 pO3Mi-
paicTro mpubmm3Ho 1000 BepumH. {71 3a1a4 3 MEHIINM YHCIIOM BEPILIHH, TOYHIIII Pe3yIbTaTH 3abe3nedye BUKOPUCTaHHS
TEHETUYHOTO AJITOPUTMY.

Kaw4doBi ciroBa: 3agaya koMiBosDKepa, MapIipyT, Tpad), TeHETHYHHUI anrOpPUTM, KPOCOBEp, MYTaIlisl, CEIEKIis, Mypa-
IIMHUH aJITOPUTM, IITYYHI HEWPOHHI Mepexi, kapTa KoxoHnena

Beryn

I3 pO3BUTKOM TEXHOJIOTIH, TaKi ramy3i JIOACHKOT Ii-
SUTBHOCTI, SIK TPAHCIIOPT 1 JIOTiCTHKA, BUPOOHUIITBO, Te-
JICKOMYHIKaIii, IIOCTYyIOBO CTaOTh BCE CKIATHIMIUMI, 1
moTpeOyrOTh HOBUX C€(PEKTHBHUX METOJIB 3MECHIICHHS
BUTPAT Yacy, MaTepiaibHUX Ta IHTEICKTyaJbHUX Pecyp-
ciB. 3 1i€] MPUYKHH, 3pOCTAE AKTYaNIBHICTh y OlbIN ede-
KTUBHHMX METOJaxX pilleHb 3ajaadi komiBospkepa (3K) —
OJHI€T 3 HAWNOMIMPEHIMKX 33724 KOMOIHATOPHOI OITH-
Mi3arii Teopii rpa¢is, HapaBIIeHOI Ha MOIIYK HAWKOPO-
TIUX MapipyTis [1].

3K BigHOCHTBCS 110 Kiacy NP-noBHUX 3amad, TOMy
31 30UTBIICHHSAM KUTBKOCTI BEPIUH, BapiaTUBHICTH MOXK-
JUBUX PillIeHb 3pOCcTae 3 GaKTOPiaTbHOK CKIAIHICTIO, 1
TIOUIYK HAaHKpPAIIOro MOXJIMBOTO PIIICHHS 33 MPUHHSAT-
HUH 4yac YHEMOXIJIMBIIIOETHCS [2]. B TakoMy BHUIaJKy J10-
LIJIBHAM € 3aCTOCYBaHHS €BPUCTHYHHUX aJrOpuUTMiB [3],
3aBJISIKM X 37aTHOCTI 3HAXOJUTH HAOJIMKEHI 10 TOYHUX
pIlLICHHSI B yMOBaxX BHCOKOI OOYMCIIIOBAIBHOI CKIIAIHO-
cti 3amadi. [lepcrieKTHBHUM HamNpsIMKOM € BHKOpHC-
TaHHS TICHO MOB’S3aHUX 3 €BPUCTHYHUMH AITOPUTMAMHU
METO/IiB 0OYHCITIOBAIEHOTO IHTEIEKTY, TAKUX SIK IITYYHI
HEWpOHHI MepexXi, eBOJIOLINHHI MiIX011, poHOBHHi iHTe-
JIeKT oo [4].

OnHUM 3 HINPOKO BUKOPHCTOBYBAHHX ITiIXO/iB Ma-
LIMHHOTO HaBYaHHSI s TOIIYKy pinieHs 3K € renetnyHi
anroputmu (I'A), sIKi ZO3BOJIAIOTH HPUIIBHIAMINATH I10-
LIYK 32 PaXyHOK pO3IJisily 0OMEKeHOT MHOMKHHHU MOX-
JIUBUX PillIeHb 3aMiCTh 3aTabHOTO Iepebopy BEINKO] Ki-
JBKOCTI MapHIPYTiB, MAIOTh 3[AaTHICTh iITEPaTUBHO IOK-
pamtyBaTy 3Hai/IeH] BapiaHTH PIIICHHS MIJITXOM MOIH-
¢ikarii HasBHHUX Ta BinOOpy HaHKpaIIuX BapiaHTIB Map-
mpyTiB. LIupoki MoxIMBOCTI MOAEpHi3alii 3yMOBIIIO-
10Th BuOip ['A mpeameTom nociijkeHs 0araTbox aKTya-
JIbHUX HayKOBHX POOIT, 30KpeMa 0B’ 13aHKX 3 BUpILIEH-
usim 3K. B [5, 6] BcTaHOBIIEHO, 1110 KOMOGIHYBaHHS Pi3HHUX

peaJizaiiii ornepaTopiB reHETHYHOTO arOPUTMY (KpOCo-
Bepy, CeleKLil, MyTauii, Bif0opy) Ta KoH}irypyBaHHs iX
BXIIHUX TapaMeTpiB 3a0e3nedye BUCOKY ¢(QEKTUBHICTP
BHpIIICHHS 3aBIaHb KOMOIHATOPHOI ONITHMIi3allii, aje 3a-
JMIIAETHCS aKTyaIbHOIO MpobieMa MBHAKOI (Tepeadac-
HOT) 3015KHOCTI alTOPUTMY.

IHmm HanpsmkoM BupimeHHs 3K € BUKOprCTaHHS
MYPAIIMHOTO aJITOPUTMY, IO SABJIsLE€ co00I0 Mozens Oa-
raToareHTHOI CUCTEMH, € Pe3yJIbTaT POOOTH KOIKHOTO
areHTy (MOTOYHMH NUTSIX 06X0my rpady) BIUIMBAE HA JTi-
STIBHICTh IHIIMX 1 TAKUM YHHOM IOCTYIIOBO HAMAE€THCS
nepeBara HailkpaluM MapuipyTaM Bce OUIbIIii KilnbKo-
CTi areHTiB. MOXJIHMBICTh BHU3HAYaTH TETEPOTCHHICTH
areHTiB Ta HAJNAIITOBYBATH iXHIO NMOBEIIHKY, 3MiHH TO-
PSIKY OHOBJIEHHS (DEPOMOHY Ha MapIIPyTax, a TAKOX ITi-
J0ip MOYATKOBHUX YMOB, SIK 3aIIPOITIOHOBAHO B [7], 103BO-
JSFOTH 3HAXOAMTH Kpami pimerss 3K.

[epcnexTrBEMM migxomom ans BupimenHs 3K Ta-
KOXX € BHUKOPHUCTAaHHA INTYYHHUX HEHPOHHHX MeEpex
(ITHM). 3partnicte [ITHM amanTyBaTHCS 10 CKIAJIHUX
CTPYKTYp JaHHUX 3YMOBJIIO€ PE3yJIbTATUBHICTh TAKOI ap-
XITeKTypH, sIK caMooprasisyroua kapta Koxonena, y Bu-
pimenni 3K. BukopuctanHs Mepexki 3 TOIMOJOTi€0 3a-
MKHYTOTO KiJIbIls, onucane B [8], mae 3MOry 3aCTOCOBY-
BaTH aJNTOPUTM IIpH momryky mMapmpyTiB i 3K, ame
npo0JiemMa MosiBM OKPEMHUX BiJIraiTy>KeHb Ha MapupyTi y
npoueci podorn ITHM nepemrkompkae 3HaX0XKEHHIO
HaWKOPOTIINX IUISAXIB.

B xopzi anani3y pe3ynbTariB iCHYIOUHX JOCIIIKEHB,
3p00JIeHO BUCHOBOK, IO PE3yJbTATHBHICTH OINMCAHUX
ITOPUTMIB Hapa3si € HEJOCTaTHBOIO, Ta ICHYIOTH 1Ie He
3aisHI HANPSIMKH BJOCKOHAJICHHS IOUIMPEHMX ITiIXO0-
IliB, TII0 TOTPEOYIOTH OLIBIII IETATHHOTO EKCIIEPUMEHTa-
JBHOTO JTOCHIKSHHS.

MeTo10 1i€i po6OTH € TOCITIKSHHS 0COOINBOCTEH
BUKOPHCTAHHS MiAXOIB MAaIIMHHOTO HAaBYAHHS, TaKHX
SIK TEHEeTHYHI allOPUTMH, MYpAIIWHI alrOpUTMH Ta
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camoopranizyroua kapra KoxoHeHa Juis BUpIIICHHS 3a-
nadi komiBospkepa. OcobnuBa yBara mae OyTH TIpHI-
JIeHA JIOCHI/DKEHHIO BIUIMBY NapaMeTpiB HaJallTyBaHb
3a3HauEHHUX METOIB Ha epEKTUBHICTb IOIIYKY HalKOPO-
TIIOTO IUIAXY 00X0ay rpadis BEIUKOTO PO3MIpY.

ITocTanoBka 3amaui

MatemaTindHa MOZETH 3a/1a4i KOMiBOsDKEpa BU3HA-
Ya€eThCsl HACTYITHUM YMHOM: JIaHUH IMOBHO3B’SI3HUI 3Ba-
xeHuit rpad, mo mae N Bepumn, Ta Matpuus C = |Cjjj
poamipaictio N * N, sika MiCTUTh 3HaUeHHs BapTOCTi (Bi-
JICTaHi) mepexo/y 3 BepUIMHHU | 10 BepluHH j. BapiaHTt
pimenns 3K — nuisx o6xony rpady, sKuil BU3HAYa€ThCS
sk matpuist X = [Xijl, Xij € {0, 1}, ne 3Ha4ueHns 1 o3Hauae
HAsBHICTH MIEPEXO/Iy 3 BEPIUIMHH | IO BEPIIUHH | y 3HAM-
JIeHOMY LMK, 0 3a1a€ThCsl B MPOTHIICKHOMY BHIAJKY.
HaiikpamuM pimeHHAM € OUIAX, SKAH Ma€ HaiMEHITy
MOXKJIUBY BapTiCTh

nn
Z ZCij Xij - min, (l)
i=ij=1

1 KOXKHA BEpIIMHA BKIIOYCHA IO MapIIPYTy TiIbKH OIWH

pa3, ToOTO Mae TUTBKU OTHY BXiIHY, Ta TUTBKU OJHY BH-

XimHY oyTH:

n n —
Yoxij= Y=L, j=Ln). )

j=LjA =iz

KpiMm TOro, mMae icHyBaTH JHII€ OJUH IUIAX, IIO
BKJIIOYA€E 0JIpa3y BCi BepLIMHH Ipada, [0 BU3HAYAETHCS
YMOBOIO

ui—uj+nxijsn—l,i,jzl,_n,i;tj. 3

Junst nocnizpkennst meroziB BupinteHHs 3K oOpani
Ha0OpYW BUXIJTHUX JaHWX, HasBHI y 6i0mioteni TSPLIB,
sika Hazae Habip roToBux ex3eMiuripiB 3K i3 3a3manerias
BU3HAYEHNMH HAHKOPOTIIMMH MapLIpyTaMu, 10 J103BO-
JIsi€ TIOPIBHIOBATH TOYHICTH PEaji30BaHUX AITOPHTMIB.
Jns mpoBeleHHs EeKCIIEPUMEHTIB O0paHi eK3eMIULIpH
cumerpryHOi 3K, BepmvHU SKHUX 3a7aHi B JEKapTOBIH
cucteMu KoopauHaT. st JOCIiKeHHs pe3yJIbTaTUBHO-
cTi 00paHuXx y poOOTI METO/IiB BUPIIICHHS Ha 3a7a4ax pi-
3HO1 po3mipHocTi BupinieHo po3risaati 3K Ha rpadax,
o Mictats Bijg 100 no 1000 BepiiuH.

Pimenns 3aga4i komiBosiskepa
MeTOAaMHU 00YHUCIIOBATBHOIO iHTEJIEeKTY

I'enetrmuni anropurmu (I'A) 3acHOBaHiI Ha imiTamii
MIPUPOJHHUX EBONIOMIMHUX IPOIECiB Ta iHTepIpeTarii
SIBUII TEHETHUKH Ta ONIEPYIOTh IEBHUMH 00’ €KTaMH — 0CO-
OWHaMH, SIKi BiJJPi3HSAIOTHCS OJUH BiJ OJTHOTO CBOIM Te-
HOTHIOM (MHOYKHHOIO XapaKTEPUCTHK, IO OMUCYIOTH Pi-
LIEHHS Ta BU3HAYAIOTh HOTO MPUCTOCOBAHICTB).

B xoni mociipkeHHS cPOPMYIHOBAHO PsiJi YMOB,
SIK1 IO3BOJIAITH 3HAWTH HaOmkeHi pimenHs 3K 3a gomno-
Moroto I'A. OcobrHaMu BHUpIIICHO BBAXKATH MapIIPYTH,
IO BIJHOCATBHCSI IO MHOKHHH MOXJIMBUX pinreHb 3K,
T0OTO Taki, mo BiAmoBimaTs ymMoBaMm (2) i (3). s xo-
JyBaHHS T€HIB 00paHO MIISTXOBE MPEICTaBICHHS — T€HO-
TATIOM OyJZie BBaXKATHCS TEPEiK BEPIINH MapHIPYTy y

MOpPsIIKY 00X01y, a 32 HOKAa3HHUK IIPHUCTOCOBAHOCTI IPHHA-
Ma€ThCS JOBXKHUHA NULIXy. BinmoigHo 1o (1), yum MeH-
LIOI0 € JOBXXKWHA MapIIPYTy — THI OUIbII IPHCTOCOBA-
HOIO OyJie BBaXKaTHCsl OCOOMHA.

[Tpu moury1i HaMOUIBII PE3yIBTATUBHOTO BapiaHTy
I'A mocnimxyroThcs KOMOIHAIIT Pi3HUX peaizamii OCHO-
BHHUX OIIepamii — KpocoBepa, MyTallii Ta CeNeKIIii.

Cepen KpOCOBEpiB PO3TIISHYTI YHOPSIIKOBaHHUN
(Order Crossover, OX) [9], 0AHOTOUKOBH#T MOPSAKOBHIA
kpocosep (Single Point Ordered Crossover, SPOX), kpo-
coBep i3 yacTKOBUM BinobOpaxkenusm (Partially-Mapped
Crossover, PMX) [10], uuknmiuauii kpocosep (Cycle
Crossover, CX) [11], peopranizyroumii (Order-based
Crossover, OBX) [12] Ta kpocoBep 3 iHBepci€ro 3a 010-
paumM etemenToM (Inver-Over Crossover, I0X) [13]. On-
HOTOYKOBHUH MOPSKOBHH KpocoBep € Mojudikariero
OX, B sKiii 3a71a€ThCsI TUTBKH 1HIEKC KiHIIA (ParMEHTy, a
MOYaTOK (hparMeHTy 30ira€Tbcs 3 HOYATKOM TCHOTHITY.

3amisHi peamizamii MyTamid BKIIOYAIOTh OOMiH
IBOX (pparMeHTiB TEHOTHUIY, 3CYB (parMeHTy Ta iHBEp-
cito QparMeHTy MapmpyTiB. BuKoOpHCTaHHA MyTamii
crpusie 30epekeHHI0 PI3HOMAaHITTS y TOITYJIAIIT Ta 3a1mo-
Oirae MOTPAIUIHHIO y JIOKAJIbHI ONITHMYMH.

VY sikocTi omepatopiB BiOOPY OCOOMH ISt CXpeIily-
BaHHS U1l CTBOPEHHSI HOBOT'O MOKOJIIHHSI BUKOPHCTOBY-
I0ThCS Bapialii TYpHIPHOTO METOAY Ta METOAY PYJICTKH.

B 3anexHocTi Bia mpuHImmy fii, oneparii I'A mMo-
JKyTh MaT{ BJIACHI MapaMeTpH: HOMEPH MO3ULIH sl BH-
3Ha4YeHH: (PParMeHTIB y BUIIAJKy KPOCOBEPIB, ITapaMeTpr
JUIst MyTaiii (ToBXHHA (parMeHTy Uit OOMiHY, TO3HILisI
oYaTKy (pparMeHTy, HOoro JOBKHMHA Ta KUIBKICTD ITO3MIIN
JUTS 3CYBY, TOYATKOBA 1 KiHI[EBA ITO3MIIIT IHTEpBay IS 1H-
Bepcii). 3 METOr0 JOCIiKSHHS BIUTUBY BXIJTHUX ITapaMeT-
piB omepaTopiB ['A Ha oTpuMyBaHi pe3yIbTaTH, Peatizo-
BaHI Taki crocoOM IHimiamizamii oUX mnapaMeTpiB:
«manualy (pyd4He BHECCHHS) — 3HAYCHHSI TApaMeTpa 3aj1a-
€ThCS KOPUCTYBaueM OJIMH pa3 i OlIbllle He 3MIHIOETHCS,
«0ne time» — 3HaYeHHS T€HEPYETHCS BUMAIKOBO OJIMH a3
i OisTbIIIe HE 3MIHIOETHCS, «EVErY generationy — HoBe BHIIa-
JIKOBE 3HAYEHHS 3a/Ia€ThCSl HA KOXKHE HOBE TOKOJIHHS,
«every individual» — HoBe BHIIaIKOBE 3HAYEHHS 3a1A€THCSI
Ut 00pOOKH KOJKHOT 0cOOMHH (TTapu 0ci0 y BUTaIKy Kpo-
COBEpa) B MEXaxX OJTHOTO MTOKOJIIHHS.

OpHi€l0 3 TOJOBHUX HpoOIeM NpH BHKOPHCTaHHI
I'A € mepemguacHa 301KHICTB, SKa IMOJIATAE Y TOCTYIO-
BOMY 3MEHIIEHHI PI3HOMAHITTS TEHOTHUILy MOMYJIAMii
mpoTsiroM pobotu anroputmy. [losiBa 0coGMH 3 0JHAKO-
BHM I'€HOTHIIOM 3HAYHO rajJbMY€ YH 30BCIM 3yITHHSIE MO~
ITyK HOBHX, MOXKJIMBO, Kpanux pimens. [IIBuaKicTs po-
3BUTKY IIbOTO SBUIIIA MOXE 3aJI€XKATH BiJ PO3MIpy MOIy-
JISITi1, YMCITa TIOKOJIiHE Ta BUKOHAHHS omepartliii ['A (30k-
pema, HMOBIPHOCTI Ta CTYMNEHIO MyTallii). 3 METOI0 aHa-
Ji3y Ta HOIIYKYy METOJIB 3aro0iranHs rnepeadyacHoi 30i-
JKHOCTI, 3aIIPOITIOHOBAHO KPUTEPiH OLIHKH — MOKa3HHUK
BUpOJUKEHHS nonyJisinii D, sikuit BUpaxoByeTbes SIK Ji-
HiiiHa (4) abo kBagparnyHa ¢yHkuis (5):

A-1  —

D=2"2 A—1N,De[01], 4
N -1 =[o “
I — .

D="-"",A=LN,De[01], ®)
B
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Je A — KUIBKICTb yHIKaJIbHUX T'€HOTHIIIB y mormyisiii, N —
3arajbHUI po3Mip nomysnii. Bupomkenns cxianae 0,
skio A = N, ToOTO KOJIM KOXHA OCOOHMHA y MOMYJIAIT
Mae yHIKaJbHUI TeHOTHII, 1 30UIbIIy€eThes 10 1 31 3poc-
TaHHSAM KUIBKOCTI ITOBTOPIOBAHUX pillleHb, II0 OIHUCY-
IOTHCS BapiaHTaAMH MapIIpyTiB, IPEICTABICHUX y 0COOH-
Hax nomyismii (puc. 1).

|
|
|
|
|
l
l
l
l
1
l
|
|
1

N A

Puc. 1. I'padixu kBagparnyaHoi (1) Ta miHiiHOT (2)
(YHKLIH OLIHKY BUPOKEHHS HoImymsinii 'A

VY peanizoBanux ['A mepenbaueHo meprioueprosi
YMOBH 3YIIHUHY 32 BIJICyTHICTIO IIOKpAllleHb pilleHb
(AKIIO HAWKpAIUIA PE3yIbTAT HE 3MIHIOETHCS MPOTATOM
3a/IaHOTO YHCIIa TIOKOJTiHB), T 38 BUPOKCHHSIM MOMYJIs-
il (Ipu JOCATHEHHI MOKa3HHMKOM BHUPOJKEHHS IEBHOTO
BKAa3aHOTO 3Ha4YeHHs). [{11s 000X BapiaHTIiB TaKOXK BKa3y-
€THCSl MAKCUMAJIbHE YUCIIO TIOKOJIiHb, IICHS SKOTO aJro-
PUTM IPUIHHHUTE POOOTY, AKIIO MEpIIOYeproBa yMoBa
3YMHWHKHU HE BUKOHAETHCS IO TOTO Yacy.

B po06oTi Takox pO3rIsSHYTO BUKOPHCTaHHS Mypa-
mrHOro anroputMy (MA), B OCHOBI SIKOTO ITOBEIHKA O/1-
HOWMEHHHMX KOMaXx, SIKi 3MaTHI €(pEeKTUBHO 3HAXOIUTH
HAWKOPOTIIN HUISIXH 10 JPKEpeNn 1XKi MpH KOJIEKTHBHI
B3aemoii. BaxxiMBy poib B 1IbOMY IpoOIIeCci Ma€e Mo3Ha-
YEeHHsI HAWKOPOTIIMX MapIIPYTIB CIEliaIbHOI PEUOBHU-
HO — ()EPOMOHOM, KOHIICHTpAIlis SIKOT BIUIMBA€E Ha BU-
6ip nUIsIXy iHImMME areHtamu (Mypaxamu). B mporueci
(opMyBaHHS pillIEHHS, areHT NPOKJIaa€ IUIIX 10 Mepe-
X0JlaM MK BEpIIMHAMH, HMOBIPHICTH BHOOpPY SKHX B
KJIACHYHOMY BapiaHTi BU3HAYAETHCS SIK

tif L
= 1 (6)
Z|esi (& +W7_[?)

Jie | — TIOTOYHA BEPIINHA, B SKiil PO3TAIIOBAHMIT ATEHT, |
— BEpIINHA, [0 PO3MISAAETHCS IS BUOODY, Sj — MHO-
KIHA JOCTYITHHX JUII BUOOPY BEpIIHH, t— KiIbKIiCTh (e-
POMOHY Ha Iepexoi, W — TOBXKUHA Tepexony, a Ta ff —
peryJiboBaHi MapaMeTpH, o Mpu BHOOpPi mepexony Bu-
3HAYAIOTHCS IPIOPUTETHICTH (PEPOMOHY UM BapTOCTI I1e-
pexoay BiIMOBITHO.

BpaxoByroun 31aTHICTH ()EpPOMOHY /10 BHIAPOBY-
BaHHS, KUIbKICTh PEUYOBHHH MICIIsl IPOXO/PKEHHS OJIHIEI0
KOMAaxol0 3aJIMIIAETHCS BUINOK Ha OUIBII KOPOTKHX
HIIsIXax, 10 3yMOBJIIO€ IOCTYIIOBE BUAIJICHHS HallKOpo-
TIIUX NUISIXIB O1TBIIICTIO 0COOMH KOOHiT [14].

JocmimkeHHs ciupaeThesl Ha peatizarii MA Ha oc-
HOBI TakuX MmiaxofiB, sk ajxropurMm Ant System [15] i

BUJIJICHHS KJIacy €JNiTapHUX arcHTIB Ul 3aKpilICHHS
Haikpaiux uuisixie [16]. HasBHiCT maM’sTi B KOXKHOTO
areHry, sika 30epirae iH(OpMaLio NPO BEPLIMHH, POH-
JICHI TIPOTATOM OJHI€T iTepauii, J03BOJIsE BU3HAYATH 1IIE
HE Bi/(BiJIaHi BEPIIUHH, 1[0 33J0BOJIbHsIE yMOBaM (1-3) Ta
JIO3BOJISIE BUKOPUCTOBYBATH PO3POOJIEHY peai3aliro
MA s Bupimenas 3K.

Po3rnsHyTO BHKOPUCTaHHS IITYYHUX HEHPOHHHX
Mepex (IHHM), sk mupoko po3moBCIOKEHOTO 3ac00y
IUIsL BUPILIEHHS 3324, [0 ONePYIOTh CKIaTHUMU CTPYK-
typamu nauux [17-20]. Cepen apxitextyp IIIHM st
BHpIIICHHS 3a/1a4i Ha rpad)aX HAHOUIBII TONITBHUM € BU-
KOPHCTaHHsI camoopraHizyrouoi kaptiu Koxonena (Self-
Organizing Map — SOM)), 1110 BUKOPHCTOBYE i IX 11 «Ha-
BYaHH: 0e3 BUMTENs» — HAJAIITYBaHHS Mepexi 0e3 BuU-
KOPHUCTaHHS TPEHYBAILHUX JaHHUX, HAIIPABJICHE HA BUSIB-
JICHHS HCOYCBHIHHUX B3a€MO3B’SI3KiB Ta 3aKOHOMipHOC-
Teit manmx [21].

[pu peanizanii anroputMy mooynoBu SOM, BXKHTO
psI 3aXOiB, HAIIPABJICHUX Ha HOTO afaNTauilo 0 BHPi-
menHs 3K. Tomomoris mepexi oOpaHa y BUTIAAI 3a-
MKHYTOI'O KUIBIA, 3TiJHO SIKOT KOXEH HEHpoH Mae
3B’SI30K TITBKH 3 [BOMA cycinHimu [22]. Tomryk 3ynuHs-
€TBCS, KOJNM KOXKHA BEpIIMHA Oylne MaTH NpUHANHMHI
OJIMH acolifioBaHMH HeHpoH Mepexi. TakuM HeHpoHOM
BBa)KA€ThCSI TOM, IO € MEBHOIO MIpPOI0 HAOIMKEHUH 10
BEpIIMHK (BIICTaHb HE MEPEBUIIYE BKa3aHUH MOPIr).
[pu npomy, KOKeH HEHPOH He MOXKe OyTH acoliiOBaHUH
Ol Hix 3 oHOO BepmuHoo 3K. fKkmmo HelipoH Bxke €
HAOMIDKEHNM 10 BEpIIWHU, BiH BHKIIOYAETHCS i3 IPO-
necy nomryky BMU (Best Matching Unit — HaitOmmxauit
HEUPOH JI0 BEKTOPY AaHHX, LIO PO3MIISAIAETHCS IPOTATOM
MMOTOYHOI iTeparii), a BepIINHa, BiIMOBiTHO, BUKIIOYA-
€TBCSA 3 TIepeOOpy B HACTYIHHX 1TEPAIlisX.

B stkocTi hyHKIIT CyCiACTBA, 1[0 BU3HAYAE TIOPSIIOK
3CYBY HEUPOHIB 3aJIe)KHO BiJI X po3TallryBaHHS BiTHOCHO
BMU, o6pana ¢ynkuis ['ayca HacTyITHOTO BUTIISITY:

~D(ni,neMu)**L(ni,nBMU)
hi Bmu =€ °c : (7)

ne L(ni,neMuU ) — eBKitizoBa BijcTaHb Bix Helpony Nj

10 BMU, a D(ni,ngmu ) — Bincrans mMix nuMu Heipo-

HaMH, 1[0 BUPAXAETHCS B KUIBKOCTI IEPEXO(iB MIXK HUIMH
1o Mepexi. Bukopucranns Bincrani D no3Bosie Bpaxo-
BYBATH TOIIOJIOTII0 MEPEXIi Ta MU TepeMillleHHI HeHpo-
HIB BiJ1aBaTH OiIbLIY IE€peBary THM By3JaM, 110 3HAXO-
Jsteest Ommxye 1o BMU no nopsinky ciigyBaHHS B Me-
peXi, a He JIMIIe 3a BiJicTaHHIO Ha montuHi. [TapameTp o
BH3HAYA€ «EITACTHYHICTH» Mepexi — HOoro 3HadyeHHsS
MPSIMO TIPOTIOPIIIHHO BIUIMBA€ HA KUTBKICTh CYCimHIX 3
BMU HeiipoHiB, 1110 3MIiHITHh CBO€ MOJIOKEHHS, 1 Ha BijI-
CTaHb iX 3cyBy. B xozi poboTn anroputMmy ¢ 3MeHIIy-
€THCS 13 TEMITAMH, SIKi 32/1alI0ThCSI OKPEMHUM ITapaMeETPOM
Ao, IOCTYTIOBO 3MEHIIYIOYM 3HAYEHHS (QYHKIIT Cyciac-
TBa, 1 POOJISIYM KOXKHY HACTYIHY 3MiHY B Mepexi OinbIr
nokanbsHoto. [Ticns oGuncnenns ¢pynkuii ["ayca, BinOysa-
€THCS 3CYB HEHPOHIB B OiK OTOYHOI BEPIIMHH, 1[0 OIH-
CYETBCS K

M = +phy gy (=), (8)
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ae Nj — HelpoH, IO MepeMIlIyeTbCsl, X — BEpIIUHA, B
6ik sikoi BimOyBaeThes smimmenns, | € (0] — koedirient
HaBYaHHS, 110 BIOBUIBHIOE 301KHICTh allTOPUTMY, 3a0€3-
MeYyIOYH TOYHIIII PillICHHS.

Ha ocranHix iTepauisx anropurmy podotu LIIHM,
KOJTH JIOKQJIbHICTh 3MiH € MaKCUMAaJIbHOKO (Bi0yBa€ThCS
nepecyBaHHs epeBaxkHo Tinbku BMU), Moxe BUHHK-
HYTH SIBUIIE, SIKE Ma€ HETaTHBHUH BIIMB Ha OCTaTOYHUH
pe3ysbrar. SIKIo oauH i ToW ke HeHpOH 00Upa€EThCs K
BMU pnst nBox gm Oinpmie BepmmH 3K, #oro Habmu-
XKEHHSI 10 OJIHI€] BEPIINHA YaCTKOBO KOMIICHCY€ThCS T1e-
pemimeHHaM B OiK iHIIOI, IO MPU3BOIUTH O YIIOBIIb-
HeHHA mporecy acomiamii. g 3amobiraHHs IBOMY
SIBUITY, BUOIp HAaHOIIKYIOTO 0 BEPIIMHHU HEHpOHA BH-
3HAYCHO SK:

ﬁ] L(ﬁJ,J,)*pJ —>min, (9)

ne pj € mrpadhHUM KoedimieHTOM, IO Ma€ 3aBaJUuTH 3a-
HaJTO 4acTOMy BHOOpY HEHpPOHY SIK HAHOIMKYOTo Ta
MIPUCKOPUTH IIepecyBaHHs B Oik oxHiel BepmmHU. [loya-
TKOBE 3HaueHHs Koe(illieHTy AOopiBHIOE 1 [Is BCiX HEw-
POHIB, 1 Imiciis KO)KHOTO BUOOpY enementy sk BMU, itoro
wrpadpHul KoedilieHT 301IbIIYEThCS HA 3HAYEHHS, 110
3aJ1a€ThCSI OKPEMUM TTapaMeTpoM Ap.

Ockinbku posnoaiiaeHHs BepinH 3K y rpadi He €
PIBHOMIpHMM, B npoLieci (popMyBaHHs KapTH MOXKYTh 3a-
JMUIIATHCA HEHpPOHW, YHi BCi CyCimy BXKe acoliiioBaHi 3
BEpIIMHAMH, aJe SIKi He MalOTh MOOJIHN3y NOCTYIHHX Be-
pIIMH A acoriarmii 3 HUIMH. AJNTOPUTM POOOTH KapTH
KoxoneHa Oyzne pyxaTu Taki HEHpOHH 10 HAWOIMKINX
JOCTYIHUX BEPILINH, SKi MOXKYTb 3HaXOJUTHCS Ha Biiaa-
JIeHi# aistHI mpoctopy rpady 3K, mo nopomkye Biara-
Jy)eHHs Ha (parmenTax Mapuipyty (puc. 2), siki poo-
JISITh KIHIIEBUH NUTAX 00X0y rpada 3HAYHO JOBIIUM.

n

Puc. 2. IosBa Bigrary>xeHb IpH HEPIBHOMIPHOMY
PO3TOALIEHH] TOYOK Mepexi

3 METOI0 YHUKHCHHS [TOSIBH BIATAITYKEHb BUPIIIICHO
(dopMyBaTi Mepexy 31 301IbIIEHOI0 KUIBKICTIO HEHpo-
HiB. [licii1 BUKOHaHHS YMOBHU 3YIHHY, JJIsI OTPUMAaHHS
OCTaTOYHOTO MapIIpyTy, HEUPOHHU, SIKi HE MAIOTh aCOIIi-
roBanux BepmnH 3K, BunastoTecs 3 Mepexi. Jlotinbae
3HaueHHs KoedilieHTa 301IbIIeHHS KiITBKOCTI HEHPOHIB
N BH3HAYAETHCS EKCHEPUMEHTAIBHO JJII KOHKPETHOTO

rpaga.
Pe3yabTaTu ekcniepuMeHTAJBLHUX JT0CTIIKEHb

Jns mpoBeneHHS eKCHepUMEHTIB o0pani Tpadu
tsb225, pcb442 ta pr1002 (KibKiCTh BEPIIHH BiAMOBiAaE
HOMeEpY y Has3Bi) 3 6ibmiorexku TSPLIB.

JlocmipkeHHsT BUKOPUCTaHHS ['A MOYHMHAIOTHCS 3
MIEPEBIPKU TEMITIB 301KHOCTI aITOPUTMY IJISl PI3HHX

KoMOiHaLlil FTeHeTHYHHUX OIepaTopiB, i3 3aiSTHHSIM Me-
TOJB iHiIiai3anii napaMeTpiB, 10 BKJIIOYAIOTh F'eHepa-
miro BumajakoBux 3Hadenn (One Time — «OT», Every
Generation — «kEG», Every Individual — «EI»).

OcCkibKH oneparop MyTauil NOKJIMKaHWW ITiBHU-
LIyBaTH PI3HOMAHITTS T€HOTHUILY Ta 3MCHIIYBAaTH TEMIIH
301KHOCTI, BHPIIIEHO HE BUKOPHUCTOBYBATH HOTO B MaHIii
cepii eKcIiepruMeHTIB, BCTAHOBUBINN WMOBIPHICTh MyTa-
uii Ha 0.

Po3mip momymsamii ckmamae 250 ocoOuH, yMOBOIO
3yIUHY 00paHo TOCATHEHHS Koe(illieHTOM BUPOIKEHHS
D Benuunnu 0,8, 13 MaKCHUMAaIbLHO MOKIIMBOIO KIJIBKICTIO
nokoutinb 5000. ExcriepumenTn npoBezneHi s 000X Ba-
piaHTIB po3paxyHKy NOKa3HHKA BUPOKEHHS IOITYJISIIT
(4-5).

B xomi cepii eKCHEPUMEHTIB NPOBEACHHUX IS
rpada pr1002 (tabn. 1), BUSABJIEHO, 10 HAWMEHIITY CXH-
JBHICTE JIO TepemyacHoi 301KHOCTI 3a0e3medye Kpoco-
Bep Inver-over (10) i3 mMeTomoM iHimiami3amii MO4YATKO-
BHUX mapamertpiB «El», skuit Mae mpuOIM3HO OIHAKOBI
TIOKa3HUKH JJI1 000X BapiaHTIB PO3paxyHKy HMOKa3HHUKA
BUpomkeHHss D mpu BUKOpHCTaHHI 000X METOIIB Bin-
6opy — TypuipHoi cenekiii (T) Ta pynerkoro (P).

Tabnuya 1 — 36ixuicTs piznoBuais I'A

ij‘gn Kpocosep | Cenexuis Insi:lil?:i- Iic;:é:q_. ;;l:ﬁ:l
i
JliniiiHa ¢ynkuis D
1 10 T El 5000 | 0,0120
2 10 P El 5000 | 0,0201
3 10 T EG 5000 | 0,0375
4 10 P EG 5000 | 0,0924
5 OoBX T El 2536 | 0,8393
6 OoBX T EG 2306 | 0,8755
7 10 T oT 434 | 0,8568
Keanparnuna ¢pynkmis D
1 10 P El 5000 | 0,0186
2 10 T El 5000 | 0,0343
3 10 P EG 5000 | 0,0396
4 10 T EG 5000 | 0,1505
5 OBX P El 2548 | 0,9050
6 OBX T EG 2181 | 0,9048
7 10 P oT 597 | 0,8318

HactynauM eTamoM JOCTIKEHHS € TIOpPiBHSHHS
IIBUIKOCTI POOOTH aJIrOpUTMY Ta JIOBKHH 3HAWICHHX
MapuIpyTiB. 3 Ii€f0 METOIO, [T BCiX BapiaHTiB ['A BcTa-
HOBJICHO €IMHY YMOBY 3yNuHY — JocarHeHHs 500 moxo-
JiHB. 3TiHO pe3yibTaTaM eKclepUMeHTIB (puc.3) Hai-
KOPOTIII IUISIXW 3HAXOIATHCS IIPH CEJIEKIIT METOJIOM PY-
netku Ta kpocosepi OX 3 iHimianizaniero cnocobom El
(3880514 na rpadi pr1002), HaCTYyImHUM 3a JTOBXKHHOIO
3HaiiieHoro MapupyTy € pesynsrar npu 1O i3 TuM xe
TUTIOM CEJIEKIli Ta TMOpPSIKOM 3alaHHs TapaMeTpiB

(4028028).
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Puc. 3. JopxuHu MapupyTiB, 3Haiinenux I'A,
JUISL PI3HUX KPOCOBEPIB Ta CENEKIii METOOM PYJIETKH

Age B TO¥ e gac, KoHQirypatis 3 kpocoBepom [0
BusiBIiacs y 12 pasiB mBuamoro 3a Bapiant 3 OX
(puc. 4) — 26 ta 321 cexyHza BiMOBIIHO, 1[0 3yMOBIIIOE
BUOIp IIOTO BapiaHTy F€HETUYHOTO AITOPUTMY IS TIO-
JaJIbIINX eKCIEPHUMEHTIB.
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Puc. 4. Yac podotu ['A 1uist pizHHX KpOCOBEPIB
Ta CENEeKLil METOOM PYJIEeTKH

[IpoBeneHi eKCIEpUMEHTH TaKOX IIOKa3alH, IO
obpana koHirypariis (kpocosep 10, inimianizamis napa-
METPiB U151 KO)KHOT OCOOMHH OKPEMO Ha KO>KHOMY ITOKO-
TiHHI, cTpaTerist BinOOpy pyJIeTKOIO) BiPi3HAETHCS CTiM-
KICTIO JI0 Tepea4acHoi 301KHOCTI, 1110 1a€ 3MOI'y HE BH-
KOPHCTOBYBATH ONEPATOp MyTALl JUIs MiABUIIEHHS Pi3-
HOMaHITHOCTI T€HOTHITY 1 JJO3BOJISIE THM CaMHM 3MEH-
LIUTH Yac poOOTH aJrOpUTMYy.

IIpoBeeHa cepisi €KCIEPUMEHTIB, B X0/ SIKOi BHU-
3HaYaBcA HEOOXITHUN po3Mip MOMYJLAIIT Ta YUCIO TOKO-
JIHB Ul OTPUMAaHHS SKOMOTra KOPOTIIMX MapIIpyTiB 3a
NpuiHATHUA 4vac. Pe3dynbratu BukopuctanHs ['A ans
rpadiB pi3HOTO pO3Mipy IPEACTABICHI y 3BEICHUX Jla-
HUX 3a yciMa PO3IJISIHYyTUMH METOJIaMHt y TaouI. 3.

[Ipn nocnijKeHHI MypamnHOTO alropuTMy, BaX-
JIMBAM aCIeKTOM € Migdip mapameTpiB o Ta ff, TOMy A0cC-
JipKeHHS poO0oTH MA MOYMHAIOTHCS 3 BCTAHOBIEHHS 1X
Halikpamioro criBBigHOmEHHA. [louaTKOBI yMOBH ITpoBe-
JICHHSI €KCIIEPMMEHTIB: KUIBKICTh areHTiB — 25, KiJIbKICTh
OJWHUIL (EPOMOHY, IO areHT 3alWIIa€ Ha IIJISHII —
100, xurbkicTh iTepamii — 25, KoedilieHT BUIIApoBY-
BanHs — 50%, a 3MmiHrOETHCA Big 0,5 10 5 3 kpokom 0,5,
p —Bin 1 go 5 3 kxpokom 1. Pe3ynbratu excriepuMeHty,
IIPE/ICTaBIIeHI Ha PUC. 5, MOKa3ylOTh, 10 Kpallli pe3yJib-
TaTH JOCSITaIOThCS TpH o Bix 1,5 Ta BuIe, Ta £ Bix 2 Ta
Bume. Haiikopormmii mMapmpytr Ha rTpadi prl002
(365244) orpumanuii ipu 0=2,5 Ta $=5. 3rogom, el pe-
3ysbTat OyIo nokpaiieno (361885) npu 36inbHIeHHI Ki-
JILKOCTI areHTiB Ta iTepariii g0 35.
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Puc. 5. BrutuBy mapaMerTpiB a Ta f Ha JTOBXHHY MapIupyTy,
3HANICHOTO MypaIIMHUM aIrOPUTMOM

2,00 w300 e—] ——00

[IpoBeneHo mOCHiIKEHHS AOIIIBHOCTI 3aCTOCY-
BaHHs KOHLENUII eliTHUX are’TiB. YacTuHi areHTiB Ha-
JIAaHWUH BIAMOBIAHUE KJIac, M0 00YMOBIIIOE KiJIBKICTh (e-
POMOHY, IO J0AA€ThCs HUMHU (3MiHIOETBCS Big 125 1o
350 ommuuup). 3rimHo puc. 6, Haiikpamumit pe3ymbrar
OTPUMAaHO NPHU KUIbKOCTI (pepoMony 225 oaununp. Ha-
Jaji 1e 3HauYeHHs BUKOPHCTOBYBANOCS JISi OTPUMAaHHS
[UIAXIB 3 MIHIMAJILHOO JOBXKHHOIO (Tabi. 3).
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Puc. 6. 3anexHicTh JOBXUHHI MiHIMAJIBHOTO MapIIpyTy
BiJl KUTBKOCTI (pepOMOHY, [0 3aTUIIAIOTh eIiTHI areHTH

[pu po3rmsimanHi camoopraHizyrodoi kaptu Koxo-
HEeHa JUTS NOIIYKY HaHKOPOTIIHX NUIIXIB Ha Tpadax, Ha-
JAMTYBaHHI Mepexi HeoOXiTHO MPOBOJUTH OKPEMO IS
KOXKHOTO 3 mpenacTaBieHux rpadis. He BusiieHO 3aKo-
HOMIPHOCTI III0/I0 OTPUMYBAHOTO Pe3yJIbTaTy Ta 3HAUeHb
BXIIHUX MapaMeTpiB Mepexi i rpadis pi3HOI po3mip-
HocTi. CyTTeBHH BIUIMB HA JOBXHUHY 3HAWICHOTO MapIil-
pyTy 06xomay Ha rpadi pri002 momigeHo mst mrpadHOro
koedimienty Ap (puc. 7).
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Puc. 7. 3anexxHicTh JOBKHHU MapIIpyTy
Bijl 3Ha4YeHHs wTpadHOro koedimieHTy
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[Ticns cepiif ekcriepuMEHTIB 00 MigOopy mapa-
MeTpiB (4p, MHOXKHUK po3Mipy Mepexi N Ta koedimieHT
HIBUIKOCTI HABYAHHS i), OynM BH3HAUYCHI iX 3HAYCHHSI
JUISL OTPUMaHHSI HalKpallux pe3yJbTaTiB, MpecTaBlie-
HUX B TaOII. 2.

Tabauys 2 — 3navyenust napametpiB Ap, N, u nas odpanux
AocjizkeHb rpagis

I'pag 4p, % u, %
tsp225 18 35
pch442 7,5 35
pr1002 20,5 60

3HaueHHs IHIIMX TNapaMeTpiB poOOTH IITY4YHOI
HEHPOHHOT MepeXi /I MOIIYKY HaHKOPOTLIOTro LUIAXY
o6xoxy rpady oOpaHi HACTYIHI: MHOXKHHK PO3MIpy Me-
peXi TopiBHIOE 3, enacTuyHICTh Mepexi 6 = N2, ne N —
KIJIBKICTh BEpIIUH Ha rpadi, TeMIT 3MEHIICHHS eIacTHy-
HocTi Mepexi Ac nopisHIoe 0,1%.

B Tabun. 3 mpexcraBieHi 3BeICHI pe3yIbTaTH TOCIi-
IDKCHB [UIS BCIX PO3MITHYTHX JITOPUTMIB Ta TPHOX T'pa-
¢iB 3K, ne Lyest — JOBXKHMHA BiTOMOTO HAHKpaIioro Map-
mpyTy, o Hanmaerbes aBropamu 1SPLIB, L mo3nadae
JOBXXUHY HAMKOPOTIIOTO MUIAXY, 3HANIEHOTO BiqIOBIi-
HUM IiAX0J0M, t — 3arajbpHuil 4ac poOOTH aJropuTMy B
CEeKyHJIax.

Tabnuysa 3 — 3BefeHi pe3yabTaTH NOIIYKY HAKOPOTIINX HIISIXiB MeTOIaMH HA OCHOBI IiAX0/1iB MAIIMHHOT0 HABYAHHS

rA MA SOM
I'pag Lbest L tec Ant System Elitist Algorithm L te
L tc L t,c
tsp225 3919 4252 9 4968 8 4754 6 5514
pchb442 | 50778 58076 68 66595 32 66646 23 60681
pr1002 | 259045 475204 194 361885 144 349750 127 309255 24

PesynbraT mociimkenHs, 3i0paHi B Ta0. 3, IOKa-
3aJH, OO0 HAMKpaIi pe3ynsTaTd Ui rpadiB po3MipoM y
225 ta 442 BepmmHU 3a0e31edye TeHETHYHUH aITrOpUTM
(4252 ta 58076 BimmoBimHO), aie JOBKHWHA 3HANICHOTO
nusixy it rpagy Ha 1002 BepIIMHU MMOCTYNA€ETHCS pe-
3ynpTatam pobotn MA Tta kaprti Koxonena, mpuuomy
Haiikpanmii pe3yabrat mae [ITHM — 309255 npu Bigomiit
ONTUMAJIBHIHN TOBKHUHI B 259045,

Bussneno, mo kapra KoxoHeHa g03BoJsie 3HAHTH
HaOJMKeH] pIlIeHHs 3HAYHO LIBMIIE 32 HII PO3IJIsi-
HYTI QJITOPUTMHU, TIPY YOMY I Pi3HHILIS 3pOCTAE 13 301ITb-
IICHHSAM KiJTBKOCTI BepmuH rpady — SOM mBuammii 3a
HII anropuT™MHu y 2-3 pasu s 3a7adi Ha 225 BepIInH,
y 3-8 pasiB mms 442 ta y 5-7 pasiB ma 1002 BepmuH.
[ToniGHe criocTepeskeHHs O3BOJISIE 3pOOMTH BHCHOBOK
PO OUUIBHICTE BUKOPUCTAHHS IAHOTO aJITOPUTMY JUIS
BupimieHHs 3K BUCOKUX pO3MipHOCTEH.

BucHoBxku

B naniif poOoTi pO3rISHYTI MiIXOAH IO BHPIIICHHS
3a/a4i KOMiBOsDKEpa 3 BUKOPHUCTaHHSM METOJIIB 00YHC-
JIIOBAIIHOTO 1HTEJIEKTY, TaKi SIK TCHETUYHUH aITOPHUTM,
MypaIIMHIA AITOPUTM Ta MITyYHA HEHPOHHA Mepeka Ha
MpuKIaai camoopranizyrouoi kaptu Koxonena. HaiiGi-
JIBIITY TOYHICTD PillIeHb IS 3314 po3MipHICTIO y 225 Ta
442 BepiIvHU MMOKA3aB TEHETHYHHUH arOPUTM, a IS 3a-
nadi Ha 1002 micta HAKKOPOTIINH IUIAX OYB 3HAHACHUI
3a goromororo IITHM.

Takox Mepexxa KoxoHeHa BusiBUiacss HaMIIBHI-
IOIMM METOJOM TIOITYKY HaONMKEHUX DIllleHb, IO Mae
BaXJIUBE 3HAYCHHA NPU IPAKTHIHOMY BUKOPUCTAHHI 3a-
Jadi KOMiBOsDKepa.

[TpoBenenuii anaiiz 301KHOCTI TEHETUYHOTO AJITO-
pUTMY IIpH BUKOPUCTaHHI PI3HHX peaialliii TeHeTHd-
HHX OIEpaTOPiB Ta COCO0IB X HaJAIITYyBaHb, HAHKpAIIli
pe3yJbTaTH OTPUMaHO Jyisi KOH(Irypaii i3 KpocoBepom
tuny Inver-Over, ta MeTosoMm iHilianizamii #oro napa-
METpIB, [0 BKIIOYA€ BCTAHOBJICHHS HOBHX BUIAJKOBUX
3HAYCHb IUTsI KOKHOI OCOOMHH TOMYJISAMii Ha KOXXHOMY
MTOKOJiHHI.

Jns momanpmmx mociimkens pimenHs 3K Ha oc-
HOBI ITiAXO/iB MAITHHHOTO HABYAHHS € JOIUIEHUM PO3T-
TSI HACTYTTHAX MTUTAHB:

e IIOIIYK IBUAKUX aBTOMAaTH30BAHUX METOIIB ITi-
J100py MOYATKOBUX 3HAYCHB MapaMETPIiB IS CaMOOopra-
Hi3ytounx kapt Koxonena;

* MOXJIMBICTh BUKOPUCTAHHS IHIIUX apXiTEKTyp
IITHM mist Bupinienns 3K;

e anami3 OLIBIIOT KiJTBKOCTI ICHYIOUHX Ta PO3PO-
Oxa HOBUX MOJM(]iKalLiii MypalIHOTO alrOPUTMY;

e JIOCTIUKCHHS HOBHX peaizalidi TeHEeTHYHUX
omnepatopis s I'A.

[TpoBeneHi gociiKeHHs TTOKa3yloTh ePEeKTUBHICTD
BHKOPHCTAHHS iIXO/AIB HA OCHOBI 3aC00iB MAITMHHOTO
HABYAHHS JUIS 3HAXO/KCHHS MPUHHATHAX MAapIIpyTiB
00xoxy rpadiB 3a KOPOTKHH Uac.
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Methods of solving the traveling salesman problem based on computational intelligence
Heorhii lvashchenko, Oleksandr Onyshchenko, Maksym Bondarenko, Nikita Zdoryk

Abstract. Topicality. Today, the traveling salesman's problem remains actual, as the need to find the shortest routes is
currently found in many areas of human activity. With the development of technologies and the increase in the complexity of
production processes and logistics, the requirements for accuracy and speed of search are increasing, which makes it necessary to
choose appropriate methods for solving this problem. The goal of this work is to study the effectiveness of algorithms for solving
the traveling salesman problem based on computational intelligence methods. The object of research is the process of finding the
shortest route in large-dimensional TSP. The subject of research is route search algorithms for the traveling salesman problem
using methods of computational intelligence, in particular, the analysis of the convergence of genetic algorithms when using dif-
ferent types of genetic operators. Results. This paper examines the features of the application of computational intelligence meth-
ods for solving the salesman's problem, which involves the use of variations of genetic algorithms, ant algorithms and artificial
neural networks, in particular, Kohonen's self-organizing map. The obtained results of the performed experimental studies allow
to draw conclusions about the advantages and disadvantages of individual algorithms. Conclusions. The proposed algorithm based
on an artificial neural network has the highest speed, as well as the highest accuracy when problem graph contains approximately
1000 vertices. For problems with a smaller number of vertices, the genetic algorithm provides more accurate results.

Keywords: traveling salesman problem, route, graph, genetic algorithm, crossover, mutation, selection, ant algorithm,
artificial neural networks, Kohonen’s self-organizing map
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! XapkiBchKuii HalliOHATBEHUI YHIBEPCUTET palioeeKTPOHiKH, XapKiB, YKpaina
2 YKpaiHChKHii IepyKaBHUI YHIBEPCUTET 3ali3HHYHOTO TPAHCIIOPTY, XapKiB, YKpaiHa

BE3NEPEPBHE IILTAHYBAHHS I CUTYAIIMHE YIIPABJITHHS
AK 3ABJAHHSA ITYYHOI'O IHTEJIEKTY IO BIJYYBA€E

AnoTtanisi. MoruBanisi. He3Baxxatoun Ha 3Ha4HMIA porpec y raiysi crBopeHHst beamoxnnx Cuctem (bC), 3abe3neuen-
HS1 HEOOX1/THOTO PiBHS IX aBTOHOMHOCTI 3aJIMIIA€THCS aKTyaIbHAM 3aBJaHHSIM. BaxxuBy ponb y Horo BHpilIeHHI Bimirpae
ITYYHUH iHTENeKT. OCOOIMBOCTI GE3TIOMHIX CHCTEM TTOPOAMIN HOBY Mozens «llITyunnii inTenekr mo Bigdysae» (ILIIB),
110 MiATPUMY€ aBTOHOMHICTh. MeTO010 AaHO0i po00TH € po3poOKa arOPUTMY IO HiATPUMYE MOJETb Oe3MepepBHOTO IJa-
HYBaHHI 1 CUTYallifHOTO yIpaBiiHHs iMITIeMeHTOBany y cuctemy Goal-Directed Control IIIB. TIpenmeTom AocixKkeHHs:
€ METOIM Ta MOJEJi YIpaBIiHHSA aBTOHOMHHUMH MOOUTPHUMH pOOOTaMHU Ha MiJICTaBi JaHUX BiJ PI3HOMAHITHHUX CEHCOPIB.
PesyabTaTu. Oco0auBICTIO 3a1a4i yNIPaBIiHHA ABTOHOMHUMHU MOOITBHUMH POOOTaMH € T€, IO U MPUNHHSATTS PILICHHS B
PEXUMI peabHOTO Yacy MIOA0 HOTOYHUX il BAKOPHCTOBYIOTh CTaH BUKOHAHHS IIaHY, TOTOYHY CHTYAIlil0 Ta MOXKIIH-
BiCTh BUKOHAHHS YAaCTHHU IUIaHy i, IO 3alMIIMiIacs, A AOCATHEHHS MeTH. HaBeneHo cTpyKkTypy OaratopiBHEBOI
PO3MOIIIEHOI CHCTEMH HEUITKHX TIPaBHJI YIPABIiHHS y TOE€AHAHHI 3 CHCTEMOIO IPOAYKIIHUX MpaBuiI IIaHyBaHHs. Po-
3TIITHYTO MOJIU(IKOBaHUH MeXaHi3M HEYiTKOTO BHCHOBKY, SKHU 3aBISIKH BBEJCHHIO (paKTOpa BIIEBHEHOCTI 34aTHHI 00-
poOusATH K (paKTH MIOAO CTaHY OTOYECHHS TaK 1 CTaHy BHKOHAHHS IIaHy. HaBegeHo anroputM 6e3nepepBHOTO IUIaHYy-
BaHHS 1 MPUKIAAA KOHTPOJIBHUX pO3paxyHKiB. BucHoBok. [TokazaHo, mo Mogudikaris TpaauuiifHOTO MEXaHi3My JIOTi-
YHOTO BHBEJCHHS B HEUWTKHUX JOTIYHHX CHCTEMaX, MO-TIepIIe, MIJSIXOM BBEICHHS KOHTEKCTHOI IaM’sTi, IO MiCTHTh
KOHTEKCTHI (paKTH, MO-APYre, YABICHHS CTaHy (akTiB, SK 1 3HAYeHb BXIAHHUX 3MIHHUX Yy BUTJIAAI HEUITKHX (haKTOpiB
BIIEBHEHOCTI, JIO3BOJISIE 3aCTOCYBATH iX JuId ynpaBiiHHI BC Ta BUKOPHCTOBYBAaTH yCi epeBaru HEUiTKOTO YHPaBIIiHHS
moao 00poOky HeBH3HAUYEHHOCTI. Po3po0Ka TpaauniiiHOT HEYHKKII CHCTEMH, CIPSIMOBAHOT Ha YIIPaBIIiHHS peaji3alieio
IUTaHy AiH 7151 aBTOHOMHOTO po0oTa 3 ypaXxyBaHHSIM BHIE3a3HAUYCHUX YMOB, [0 XapaKTePU3YEThCS 3HAYHOIO KUTBKICTIO
BXIIHUX YHUCJIOBUX 3MIHHUX BiJ JATYUKIB, € HEPO3B’SI3HMM 3aBJaHHSIM. 3alPOIIOHOBAHA MOJIEINb, SIKAa CKIIAJa€ThCs 3
KOMITIOHEHTIB JBIIX THIIIB CUCTEM HEYHTKHUX CHCTEM 3 JIHTBICTUYHUMH 3MiHHHUMH Ta HEUUTKUX MPOAYKIIHHUX CHCTEM 3
(akTopaMHu BIEBHEHOCTI J0Ja€e mepeiiueHi mpobiemu Ta 30epirae mepeBaru TPaAWLiHHUX HEYHTKHUX CHUCTEM y MOBO-
IDKEHHI 3 HeBH3Ha4eHicTio. HampsiM nmoaanbmux Aociifkens. MailOyTHI KpOKH MOXYTh OyTH MPHCBSIYEHO PO3BUTKY
MOJIeNi Ta IHCTPYMEHTAPIio IS IHIINX KJ1aciB OE3TI0IHUX CUCTEM.

Kaw4oBi ca1oBa: aBTOHOMHI iHTENEKTyalbHI O€3IONHI CHCTEMH, IITYYHHI iHTENEKT 10 BiqdyBae, Oe3lepepBHe Ilia-

HYBaHHS, CUTYallii{He YIIpaBIiHHS.

Beryn

ITpu cTBOpeHHI HOBUX IOKOJIHb OE3MiJIOTHUX aB-
TOMOOUIIB [1], aBBTOHOMHHMX TPaHCHOPTHHUX 3ac00iB Bild-
CHKOBOI'O IpH3HaueHHS [2] Ta iHIINX aBTOHOMHHX CHC-
TEM OCHOBHA yBara MpHIUTIEThCS TpoOIeMi ITiIBUIICH-
HA piBHA 1XHBOI aBTOHOMHOCTI [3]. IIpomucmosi BC
CKJIaJTAIOThCSI 3 ABTOMATHYHUX JIiHIHM 1 BepcTaTiB 3 Mpo-
rpamHOro cuctemoro UITY, mo sSKuX ImiIKiIroueHi TpaHe-
MOPTHI Ta poOOTH30BaHI cuctemu [4]. YV 3ami3HHIHINA
rany3i BC cTtBoproroTh Ha 0a3i po3ymHHX Mmoi3miB [5].
Pospisusirors TpH Kinacu BC 3anexHo BiJ piBHsI aBTOHO-
MHOCTIi: TIporpamoBaHi aBromatndHi bC, iHTeneKkTyans-
ui BC ta Asronomui Iarenexryansui BC (AIBC) [4, 6,
7]. Hepmmii T mae oomexxkenHs: bC Moxke mparroBaTu
JIMIIE 33 IPOTPaMOI0 I HE MOXKE aJlanTyBaTHCs 10 Oy/ib-
SIKMX 3MiH HaBKOJIMIIHBOTO cepenoBuina. Jpyruit tun
Mae MeBHI MOXJIIMBOCTI CIIPUHHATTS, TPUHHSTTS pilllCHb
1 KOHTPOJIIO, 1 MOKE MPHUCTOCOBYBATHCS 10 3MiH Yy Ha-
BKOJIMIITHbOMY cepenoBuili. AIBC mMae BUCOKHMIA piBeHb
ABTOHOMHOCTI, MOX€ aBTOHOMHO IPHUIHMAaTH pillIeHHS B
HIMPOKOMY Jiana3oHi HeBu3HaueHocTi [8]. I € Baxiu-
BHM KOMITOHEHTOM, SIKUH 3a0e3Medye TaKhil piBeHb aB-
TOHOMII.

Amnapatai pecypcu AIBC BCTaHOBIIOIOTH OCHOBY
JUIS aBTOHOMIT, a IHTeJeKT, HaaaHui TexHosorismu 1111,
BH3HAYa€ PiBEHb CAMOCTIHHOCTI MPUUHATTS pillleHb Y
it ctpykrypi. st ctBopernss BC 06roBoproroThCs TpH
TUIH MOAEJEH IUTYYHOTO iHTEJIEKTY, SKi MiATPUMYIOTH

aBToHoMmito BC — Mexaniynumii, mucusuyuii ta III 1o
Bimuysae (IIB) [7, 9]. 3apa3 1B € akTyansHUM 1
AIBC i 00roBOpIOIOTHCSI Pi3HI aCIEKTH BiJ COLIATBHUX
HACJIIJIKIB J10 apXiTeKTypHHX MpoekTiB [§, 10].

Meto1o mi€i podoTH € po3podKa anropuTMy IO
HiATPUMY€E MOAENb Oe3MepepBHOrO IJIaHyBaHHS 1 CUTY-
aliiHOTO YIpaBJIiHHS, SIKUH € IMIUIEMEHTOBAaHUM Yy CHUC-
temi Goal-Directed Control 1111B [11-13].

OcCHOBHA YacTHHA

Mpobsaema aBroHomHocTi AIBC Ha npukiaaai
KoJicHoro po6oty. Hexait miciero AIBC Oyne moBTo-
pIOBaHe INEpEeBE3CHHS NMEBHOTO BaHTa)Xy PoOOTOM 3 MO-
3unii A Ha mosumiro B (puc.l). ns mocsrHeHHS MeTH
poOOT Mae MoA0IaTH TEBHI eTamu, TOOTO JOCATTH BH-
KOHaHHS JIOKaJIbHUX Lineil. B naHomy BHMnanky, joka-
aeHI mim AIBC MoxyTb OyTH mpeicTaBieHi NEBHUMH
eTanaMu IIaHy peajizauii micii, TOOTO MoCTiJOBHICTIO
ctaHiB cucteMu «OtoueHHsA-AIBC», ski cucTtemMa Mae
BHKOHATH 3aBISKU CBOIM nisM. HaBegemo mpukian ta-
KOT ITOCITIZJOBHOCTI CTaHiB, 110 BiJoOpakae IUIaH peari-
3anii micii: «3aBanraxkenns AIBC ma nosuiii By, «Ile-
pemimenns AIBC na mnosumito 5», «[lepemimenns
AIBC na mozumito 3», «Ilepemimenns AIBC Ha mo3u-
mito Ay, «Pospantaxenns Bantaxy AIBC Ha mosurii
A», «llepemimenns AIBC na moswurito 1», «Ilepemi-
meHHs AIBC na mosutito 4», «Ilepemimenns AIBC Ha
MO3uIIit0 By 1 1ani mMoBTOPUTH OTMMCAHWI TIPOIIEC 3aBaH-
Ta)XCHHS Ta MepeMillleHHsI BaHTaxy (puc. 1):
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_)ALoad_)j Move_)4Move_)5Move_)BUnIoad_)5M0ve

_)4Move_)1Move_)AL0ad_) (1)

Bapro 3ayBaxkuTH, 110 HpOLEC JTOCSITHEHHS KOX-
HOI JIOKQJIbHOI IJII MOXKe OYyTH MiIIaHWN MOJANBIIii
Jexkomro3unii 1 Oyt mpencraBieHuM y Qopmi Oinbln
JIeTali30BaHOTO IJIaHy Jil.
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Puc. 1. Mogens orouenns AIBC

Takok BaXJIMBO BpPaxoBYyBaTH, IO cama MICIisl sB-
Jsie COOO0 He JIMIIe BUKOHAHHS MEepeMillleHHs MiX Iie-
BHUMH MO3MLISAMH, ajie i BKIIoYae B cede MoJoiaHHs
neperko. Yepes 1ie IU1aH pearizalii Micii He € cTannm,
MYCHTB BKITIOYAaTH B ceO¢ JOIAaTKOBI eTamw, IO JOIO-
MararpTh JOJaTH ITIePeIIKoad, mepeOyIoByBaTH 3a He-
00XiMHOCTI IDIaH, Ta CHOPUATH IOCSATHEHHIO KiHIEBOL
MeTu Micil. [IpukmagaMu Mepeniko] € MOMIKOIKSHHS
oToueHHs, Ha sike crmpaetbess AIBC mpu BuKOHaHHI
Micii (MITKH, PO3MiTKa TOIIO), BAHUKHEHHs 00’€KTy Ha
myTi AIBC, mo nepenkomkae moaajibllioMy pyxy, abo
HecTada 3apsiy OaTapei, sika )KHBUTH poOoTa.

VYrpapiiHHS pealizalli€lo Miany Jii y BU3HAUSHHX
yMOBax JJsl JOCSTHEHHS! KIHIIEBOI METH € 3aBJaHHIM
IIB, mo po3risgaeTeess B podoTax [25, 26]. OnHak
BiIHAYAETHCA TOJOBHUM HENONIK HEUYITKMX JIOTIYHHX
CHCTEM ]I BUPIIICHHS 3aBIaHHS CHTYaliHOTO yIIpaB-
JISTHHS TIOETHAHOTO 3 Oe3MepepBHUM IDIaHyBaHHsAM. Lle
BiJICYTHICTh BTpPHMaHHS KOHTEKCTY, Yepe3 IO HeMae
PO3YMIHHS B IKOMY KOHKPETHO CTaHi 3HAXOIUTHCS CHC-
TeMa B BU3HAYCHUI MOMEHT Yacy i sKi Hii MaloTh OyTH
BUKOHAHI Ha TOTOYHOMY KpOIli 33115 BUKOHAHHS MicIii.
JoBinpHHN BHOIp TpaekTopii HE CHIPHsI€ BUKOHAHHIO
IJIaHy Jiid, OCKUTbKH BU3HAYEHA TIJIAHOM TTOCIIIOBHICTh
CTaHIB cuUcTeMH NOTpeOye pyXy 3a IMEBHOIO 3aJaHOI0
TpaekTopi€eo. BuzHaueHe 0OMeKeHHSI HEUITKHX CHCTEM
MIPOTIOHY€EThCS TIOOIATH LUISIXOM IMIUIEMeHTamii KOH-
TEKCTHOI 3aJIe)KHOCTI B MHOXKHHY HE3aJIe)KHUX HEYITKHX
npaBun B3 [25], sxa mo3Boisie momatu B b3 mocmimos-
HICTh JIOKaJIbHUX LiJeH eTamiB IUIaHy, Ta NPH LOMY
30epertTy He3aJeKHICTh MIPABHII OJHE BiJ OJTHOTO.

B crarTi posrnspaerscs pearizanisi 3a1pONOHOBA-
HOT MOJIeJTi Ta ampoOarlisi HOBOTO alNTOpUTMY Oe3mepep-
BHOTO IUIAHYBaHHS, SIKUil € IMIUIEMEHTOBAaHHM Y CHCTeE-
mi Goal-Directed IIIIB.

KoHTeKkcTHO 3ajieskHa Mojesib YNPABJIiHHA 110
HaNpaBJsIEThCSl W10, Peanizaliiss KOHTEKCTHOI 3aie-
JKHOCTI TIOTpeOye TMEeBHHX 3MIH Yy CTPYKTYpi HEJiTKOi
cUcTeMH y ToMy 4icii QakTiB ¥ npasui. s nemoHcr-

pauii npuKIIay BUKOPUCTAEMO BU3HAYEHUH miaxixn [25].
Woro peanisauis notpebye pos3ieHHs MHOKHHHE (hak-
TiB F Ha NBi MiAMHOXWHH, J¢ Teplla MICTUTh (aKTH
FPIA" Ha SKMX BM3HAYAIOTH €TAaNM IUIaHy (JOKANbHi Lii-
i), a apyra — pakru FSt cTocoBHO cutyarii, B sKiil me-
pebysae orouenns AIBC.

F:{Fplan :{fi i=12 .. n}:{ALoad RYnload 1 Move 5Move
3M0ve, 4M0ve, 5M0ve }' Fsit = {gj,j:1;2, )m}} (2)

Hami s 30epekeHHs CTallili BUKOHAHHS IUIAHY i
iX BimoOpakeHHS B MOTOYHHH KOHTEKCT BBEAEMO IS
KOXHOTO (hakTy 3 [plan (2) nmomaTkOBUI KOHTEKCTHHI
¢axt # nmomictamo ix B Konrekctay Ilam’ts (KII). Bin-
MOBIZIHO JI0 KOXHOTO ceHcopHoro ¢axry fi 3 (2) mo3ua-
4uMo Leil koHTekcTHuit pakT sk “fi. Takum duHOM, (a-
KTaMm 3a Fplan BimnoBigatuMyTh HaBeneHi B KII koHTeKc-
THi (akTH 3 MHOKHHH F.

F= {*ALoad *BLoad *1 Move *9Move *3Move *4Move *5Move} (3)

Cran Heuitkoi Jloriunoi Cuctemu (HJIC) Ha mo-
BUILHOMY eTari peajizauiii maHy BuzHayae Bekrop CF
3HaueHp PakropiB Brnieunenocti (OB) y 6a3i dakris:

CF = (cf(fi), cf("fy), i=1,2,...,n, cf(g), j=1,2,...m).  (4)

3navyeHHsT OB KOHTEKCTHUX (PAKTIB OHOBIOETHCS
B pe3ynbrari BukoHaHHs npasui HJIC mapy ynpaemnin-
Hsl peasti3alli€lo IUIaHy, IO BiACHIIKOBYIOTh KOHTEKCT.
3nayeHHs OB ¢akTiB, 10 € CKIAJOBUMH IiAMHOXHH
Frlan 1t FSit pp3pauaroThCs HA MiACTABI JAHUX, IO HAM-
xoasth Bif cercopis AIBC [27, 28].

3uanns AIBC weil nocBix y Burisini ¢gparmeHTis
TPAEKTOPIi MOBEIIHKW, LIO NpU3BeJa 0 HOCATHEHHS
METH TIPH BUKOHAHHI Micii a0o ycyHeHHs mepermko. Lli
(parMeHTH ABISIOTH COO0F0, cepe]l iHIIOTOo, Pi3Hi Bapi-
aHTH pearnizamii wiaHiB aiil. Koxen ¢parmenT npepacra-
BJISIE CTPYKTYPY 3HaHb Y BHIJISII pHC. 2.

Puc. 2. CtpykTypa 4acTUHU 3HaHb 0a3u 3HaHb,
1o Biznosiznae npasmwiam R1-R7

Ha HIXHBOMY DiBHI CTPYKTYpH II€ € €JIeMEHTapHi
3HaHHSA 10 JAIOThCA Yy hopmi «dakTi-mis-pakTy, sKi
BiZIOOpaXkaroTh, IO 32 HasBHOCTI (haKTyi akT Aii mpus-
BOJMTH 110 nosiBH hakTy.. Hukue B (5) Ta (6) HaBeneHO
HaOip MpaBwWI, SIKi IPEICTABIAIOTH (PparMeHT peasizarii
Micii B otouenHi (puc. 1), mo norpedyerscst 11 3aBaH-
Ta)KeHHS TPy3y B TOUlll A Ta po3BaHTaXeHHI B Toumi B.
Crpykrypa BimoOpaxkae HE TiJIbKH €JICMEHTapHI IpH-
YUHHO-HACJIIIKOBI 3B'SI3KM, a W CTiHKi OijbIl TpUBami
naHmrory 38'a3kis. Hanpukmazx, meta "BU"° qocsraets-
s (MOHA OTpuUMaTH (pakt "BUMY)  gqxio 3a HasBHOCTI
daxty "A°d peamizyeTses mis U3, AKa € y3aranbHEHHAM
nocigoBrocTi Aiit "Move; i U%, e BepxHiii iHaeKC BU-

107



Control, Navigation and Communication Systems. 2024. No. 2

ISSN 2073-7394

3Hauae xapakrep pyxy (F — pyxarucs npsimo, LF — no-
BEpHYTH HAIIBO Ta pyXaTHch Ipsmo, RF — noBepHyTH
HalpaBo Ta PyXaTUCh MPSMO), a HIWKHIN 1HAEKC € iJeH-
TudikaniiauM HoMepoM Jii. CTOCOBHO TO3HAYOK Jiit
BHCOKOTO piBHA Uy — | mo3Hauae piseHs iepapxii npasu-
Jma, N — HOMEp CIICHApil0 pyXy, Mo peamnizyerscs. Tax
camo meta "BYM°% nocsraeThes, SKmo 3a HasBHOCTI (a-
kry 1Mo peanizyerncs Ais “U%, fKa € y3arajibHEHHAM
nocnigosHocTi Akt “4M°® TA uly. B cBorw uepry, Ul €
yocobieHHsAM nocaifnoBHocTi “MoveRF;3 ta "MoveFs. ITi
3HaHH: npexacranieHi B basi 3uans (b3) mpaBuiamu Rs,
Rs1 Ry, BigmoBigHO.

Ri SIKIIIO *At°d TA *MoveF; TO ‘1Mo (cf=0.9)
R SIKIIIO  *1Mo* TA *MovetF, TO “4Move  (cf=0.9)
Ra: SIKILIO  *4Mo* TA *MoveRF3 TO “5Move  (cf=0.9)
Ra: SIKIIIO  “5Mo* TA *MoveFs TO “BUnioad  (cf=0.9)
Rs: SIKIL[O "AL2d TA yd, TO *BUnoad  (¢f=0.7)
Re: SIKIL[O  “1Move TA y2 TO *BUoad  (¢f=0.75)
Rz SIKILO  "4Move TA yly TO *BUMoad  (¢f=0.8) (5)

OCKUIBKH PyX pealli3yeThCs 32 YMOBH HAasBHOCTI
MEPEIIKO], B SKOCTI MPUKIAay, HABEJCMO OJHY 3 HHX,
oo € HecTader 3apany Oarapei poborta. AIBC mae Bu-
pymtu o 3apsaHoi cranmii C abo D, 1 nmme mortim
MTOBEPHYTHCS 0 BUKOHAHHS IIJIaHy.

Re: SIKILO"AL TA "MoveF: TO 1M  (¢f=0.9)
Ro: SIKIIO*1Mo TA *MoveFs TO *2Move  (f=0.9)
Rio: SKII[O"2Move TA "MoveRFs TO "CCharge  (f=0.9)
Riu: SKIIO AL TA uZ TO "CCharee f=0.8)
Ri2: SKIIO 1Mo TA ul, TO "CCharee f=0.85)
Riz: SAKI[O"AX % TA "MoveFy  TO "1Move  (f=0.9)
R SKIIO "1Mo¢ TA *MoveTs TO "2Move  (f=0.9)
Ris: SKIIO “2Mov TA *MoveF; TO "3Move  (f=0.9)
Ris: AKII[O "3Mov TA *MoveRFg TO "DCharee  (f=0.9)
Ri: SIKILIO "AL2d TA U3 TO *DOharge  (f=0.7)
Rig: SIKILIO “1Mo% TA uZ TO *DCharee  (f=0.75)
Rig: AKIILO "2Move TA ul; TO "DCharge  (f=0.85)
Rao: SIKILIO *CCharee TA *MoveF, TO *2Move  (f=0.9)
R21: SKIIO "2Mo TA *Move™ TO "3Move  (f=0.9)
R22: SKIIO "3Mo*¢ TA *Move-Fg TO "5Move  (f=0.9)
R23:  AKII[O “5Mv TA *MoveRFip TO "BUMoad  (f=0.9)
Ra4: SIKIITO "CCharge TA U3, TO "BYnead  (f=0.75)
Ras: SIKIIO "2Move TA u?4 TO "BYead  (f=0.8)
R2s: SIKII[O "3Move TA ul4 TO "BYnead  f=0.85)
R27: SKIIO "DCa% TA *MoveFn TO *3Move  (f=0.9)
R2g: SIKII[O "3M°¢ TA *Move1, TO "5Move  (f=0.9)
Ra2g:  SKII[O "5M¥ TA *MoveRFg TO "BYMoad  (f=0.9)
Rao: SKIIIO "DCharee TA u?s TO "BYnlead  (f=0.75)
Rai: KO *3Move TA uls TO "BUMad  (f=0.8) (6)

VY BHIaIKy >KOCTKOi HecTadi eHeprii oOmpaeTscs
MapuipyT 2, 3a skum AIBC pyxaerbcs 1o Touku C s
BHUKOHAHHS 3aps/IK 3 BAKOHAHHSM y3arajbHIOIYHX i
U% ta U% (npasuna Rg-Rip). Tlicns axtupauii sapsaxu
Jaini Moke OyTH peaizoBaHMN MapuipyT 4, 3a IKUM Po-
60T MOoxe JocArTH Kinmesoi mii "BUM° (mpasmma Roo-
R26). TlomiOHWil creHapiii TakoX peaji3oBaHO ISt
BUIIaJKy MOMipHOi HecTtaui eHeprii, ko AIBC cnouar-
Ky pYXaerbcsi 10 Toukn D 1ist BUKOHAHHA 3apsakH, i
BIKe MOTIM 10 MeTu BYMoad,

Goal-Directed mexanism ILIB peanisye Heuntke
JIOTIYHE BUBEACHHS 3 KOMOIHAIIE0 METOIIB PSMOTO Ta
3BOPOTHOTO JIAHIIOTOBOro BUCHOBKY 3 ®B. Ilpsmwuit
JIAHITIOTOBHIA BHCHOBOK BUKOpHCTOBYe DB 3 6a3u dax-
tiB FP'® ta FS 3 3BOpOTHIil NAHIIOrOBHIl BHCHOBK BH-

kopuctoBye (aktu 3 KI1. [Tepes akTuBaIiero MexaHizMy
BuBeneHHs ®B dakris 3 FP4" ta FSt onucyrots peanb-
HUI cTaH cepenoBuina Ta eramiB miaHy. @akxtu 3 KII
BiZIOOpaXkaroTh CTaHH, IO XapaKTEPHU3yIOTh MOXKIUBICTh
peanizariii aid, MO BEAyTh IO JOCATHCHHS JOKATbHHUX
uineit. Hanpuxknan, cff® = 0,9 daxry “Moves BinoOpa-
Ka€ MOMJIUBICTh peanizanii mepexomy Big “5MO® o
*BYMoad [pme smauvenns cff® = —0,9 cBimuuTs mpo He-
MOKIUBICTh JOCATHEHHS ToKanbHOi et AU takum
nwisixoM (mpaBmito Ra B (5)). 1i 3HaueHHS 3MIiHIOIOTECS
BIIMIOBITHO 10 3MiH CTaHy HaBKOJHIIHBOTO CEPEIOBHU-
I[a B peajJbHOMY 4aci.

AaroputM 0e3nepepBHOro INIAHyBaHHA. Anro-
PHUTM TPENCTaBiIsge COOOK IHTEPIPETALIF0 METOLY 3BOPO-
THOTO BHUBOJY, SIKMH JIO3BOJISIE OTPUMATH YCi MOJKIIUBI
LIUTSIXM PO3paxyHKy 3aJIJaHOrO LILOBOTO (haKTy 3 po3pa-
xoBaHUMHU DB K0XKHOTO 3HAWEHOrO HUIAXY Ta OTpUMa-
TH KoMOiHOBaHu# (hakTop BrieBHEeHOCTI (KDB).

Anroput™ 0a3yeThCs Ha BHKOPHCTAHHI imei airo-
PHUTMY TONIYKY B IIMPUHY Ta CTBOPEHHI JiepeBa MUISXIB
po3paxyHkKy IinboBoro (akry. KoxeHn By3o0d aepesa
npejcTaBisie co00K0 MPaBHUIIO, SIKE HEOOXiTHO po3paxy-
BaTH, 1100 OTPUMATH LUTLOBHI (akT abo oauH 3 (QaKTIB,
1110 HEOOXI1THI 171 I0TO PO3paxyHKYy.

CTpykTypa iepeBa Mae CTaHAAPTHUI BUTIIS: Jepe-
BO Ma€ KOpiHb, riiku, aucts. OmHaK, CTPyKTypa By3Ja
JepeBa Oyna Moau(ikoBaHa I MOMIIMBOCTI peaizarii
AITOPUTMY.

dopmanbHe BU3HAYCHHS By31a JIepeBa Ma€ BUTTIS

<N, Ry, Pn, {ci: Vci € Cn}, Dy, CFy, 3CFe <> CnE 2> (7)

ne N e imerTudikaropom Bysna; Ry € imeHTH]IKaTOpOM
npaBuia, 3a SKUM po3paxoByeThest By3od N; Py € 6aTh-
kiBcbkuM By3JioM N; Cn € MHOXHMHOIO JO4ipHIX By3JiB N;
Dn € MHOKMHOIO 3aJIEKHOCTEH, sIKI HEOOXiTHO MaTH IS
po3paxyHnky By3aa N 3a mpasuwiom Ry; CFy € motounnm
pospaxoBanuM @B By3na N; CFg € motounum po3paxo-
BanuM @B nuwsixy (riiku gepesa), 10 SKOI BXOJIWTH
By3ou N 3a ymoBH, 110 By30:1 N € ucTAM nepesa.

dopmanbHe BU3HAUCHHS MHOXXHHHU 3aJI€XKHOCTEH
Dn By3na y (7) Mae BUATIISL;

{<fj,{Tfk}>:Vfi € FRN} (8)
ne Fry € MHOXMHA HeoOXigHuX (axTiB, 11O HasBHI Y
npaBuni Ry Bysna N; {Tw} € MHOXHHOIO KOpPTEXiB 3i
CTPYKTYpOIO (9).
dopmanbHe BU3HAYECHHSI KOPTEXKY Tf Mae BUTIISIL

<r, CF>:r € KBs 9)

ne KBr € MHOKUHA TipaBuit uis BusHaueHHs dakry f; CF
€ norounuM OB npasuna r.

I'mobanshi 3anexsocti (GD) € crpykrypoto, ska
HAJla€ MOXKIMBICTH BiJICITIIIKOBYBAaTH BXKE 3HAMEHI mpa-
BWJIa, SIKI HEOOXIi/HI /ISl pO3paxyHKy KiHIIEBOI I, IIO
npuOupae HEOOXIHICTH MOBTOPHOT'O TOIIYKY BXXE 3Haii-
JICHOTO TIpaBMIIa.

dopmanbHe BH3HaueHHs cTtpyktypu GD mae Bu-
IS

{<fj, {r«: Vr« € KBi}>, vfj € F} (10)
ne F e MmHOXUMHOYO BCix (PakTiB, [0 BUKOPUCTOBYIOTh-
cs1y cuctemi; KBt € MHOKIHA TIpaBWIT JIJTsT BU3HAYEHHS

daxry f.
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BximauMu naHuMu anroputMmy €: b3, 1mo MicTuth y
co0i mpaeuna popmaty «SIKIIO-TOx»; baza Jauux (BJ),
110 MICTUTB BiZIoMi ()aKTH Ha MOMEHT IOYaTKy BHKOpHC-
TaHHS aIropuTMY; HiNboBHH (dakT (goal fact) — dakr, mis
SIKOTO HEOOX1JJTHO 3HAUTH LIUISIXH HOTO PO3PaXyHKY.

Inest anroputMy HacTymHa: 3 4EprW OTPUMYETHCS
(baxT [T MOMIYKY BIATIOBITHIX MPABHI I PO3PAXYHKY.
VY BUMAAKy, KOJIH OTpUMaHUH (aKT — IIIHOBHHA, CTBOPIO-
€TBCSL HOBE JIEPEBO IIUIIXIB PO3PAXYHKY HUIBOBOTO (hak-
Ty, BUKOPHCTOBYIOUH 3HAWIeHI MpaBmia K KOpEeHi Je-
peB. [Hakmie BinOyBaeThCS MOMIYK BY3JIB JIEpeB, sIKi IOT-
peOytoTh oTpuMaHuid (haKT Ui po3paxyHKy, Ta ix joro-
BHEHHS 3HAH/ICHUMH TIPaBUIIAMH.

[Ticas nomoBHEHHS BY3JIB BiIOYBA€THCSl yTOYHEHHS
@B BiANOBIHUX LUIAXIB.

Insxu po3paxyHKy LUTLOBOTO (haKTy OTPHUMYIOTh-
csl i3 BUKOPHUCTAHHSIM JIMCTS JIepeB, 32 YMOBH, IO BCI iX
3aJIe)HOCTI Oynu 3HaiijeHi. Skmo xoda 6 10 omHOI 3a-
JIEKHOCTI He OyIlo 3HAIEHO BIATIOBITHOTO TpaBHIia, TO
IIJISIX BBAXKAEThCSA HEIIMCHUM H He Oepe ydJacTh y po3pa-
xyHKy KOB.

Taknm 4MHOM, pe3ysbTaTOM POOOTH JaHOTO AJTo-
pHUTMY €:

1) MHOXHWHA NUIAXiB [UIST PO3PAXYHKY MiIBOBOTO
¢akrty 3 poszpaxoBannm PB. KoxkeH muisix € BHopsako-
BaHMM CITHCKOM IIPaBUII, AKi HEOOXiHO MOCIIJOBHO PO3-
paxyBaTH Ui OTPHUMaHHS IIJIOBOro (hakTy, MpoTe Ha
MOMEHT 3aBEpLICHHs POOOTH AITOPUTMY KOXEH ILIX
MaTtuMe po3paxoBanuii @B minboBoro daxry;

2) KOB, sikuii pozpaxoBano Ha ocHOBI OB k0xHO-
TO IIHCHOTO MUIAXY.

B 3anexHOCTI Bin cTpykTypH mpasun y b3 pospa-
xyHOoK OB BinOysaetbes 3a (11) gu (12). B 060x Buman-
kax K®B pospaxoyerscst 3a (13).

Cf(H,El/\Ez/\.../\En) =
= min[cf(Ey), cf(Ea). ..., cf(En)]*cf

cf(H,E1VELV...VE,) =
= max[cf(Ey), cf(E2), ..., cf{En)]*cf

(11)

(12)

ne H e rinoresoro, adbo x (akToM, 10 PO3paxOBYETHCS;
En € MHOXHMHA HEOOXITHUX [UIS pO3paxyHKy (akTis; Cf €
6azoBum OB rimoresu H; cf(Ei) € OB dakry E;.

cf(cfucfy) =
cf; +cfs x (1 —cfy)

Cf:l +Cf2
1—min [|cfil, Icfol]

cfi+cfax (1 +cfy)

AnropuT™M MOAN(IKOBAaHOTO 3BOPOTHOTO BHBOIY
TaKOXX BHUKOPHCTOBYE HH3KY IOMOMIKHHX aITOPUTMiB-
(byHKITIHA.

J1o HUX BXOJSATH HACTYITHI:

— GetLeaves,

— RestorePath,

— UpdateAncestors.

PexypcuBHmii anroputm GetlLeaves, BUKOPHUCTOBY-
IOYH TTOYATKOBUH BY30JI, IOBEPTAE MHOXXHHY JIHCTKIB
TiiepeBa, jie KOpeHeM € TOYaTKOBUH By3oiI. BiH BHKO-
PHCTOBYETHCS Y BUIIAIKaX, KOJIM HEOOXiTHO O IIOTOYHO-
TO By3J1a JOJAaTH OJUH a00 JNEeKiIbKa HOBUX OJJHOTO PiBHS

cfy >0and cf, >0
(13)

cfi<Oorcf, <0

cfy <O0andcf, <0

(Oymo 3HalijeHO JeKinbKa MpaBHi 1JIsl PO3paxyHKy (ax-
Ty), IPOTE MOTOYHHUH BY30J MOXE MaTH JIOYipHiI BY3JIH.
Tomy, 100 30eperti KOpeKTHI NIISXH PO3paxyHKy Lii-
JIBOBOTO (DaKTy, HEOOXIIHO TOJABATH iX JO JIUCTKIB MiJI-
JiepeBa.

Imes amropurmy-(pyHKIii HAcTymHA: PEKypCHUBHO
MIEPEXOIUTH [I0 JOUIpHIX BY3JiB, AOKH Cn IOTOYHOTO
By3JIa HE JIOPIBHIOBATHME TOPOKHIA MHOXKHHI — IIe KiH-
[IeBa TOYKA PEKypCii.

Pe3ynpTaToM € MHOXKFIHA JIFCTKIB MiIepeBa.

Y MOMEHT 3HaXOMKEHHS MpaBWIa ISl PO3PaxXyHKY
MOTOYHOro (haKkTy 3 Yeprd, MOXKE TPAIUTHCS CHUTYyaIlis,
KOJI Cepe]] 3aIe)KHOCTEH € Ti mpaBuia, 10 Bxe OyIo
3HaWJEHO, TOMY, 1100 YHHUKHYTH IIOBTOPHOTO 3HaxXo-
JDKCHHSI B)Ke 3HalIeHHX ImpaBui, Oyio po3pobieHo ai-
roputM-¢yHkuito RestorePath.

Le#i pekypcuBHHII anropuTM Ha BXOJl OTPHUMYE
MIPaBWIIO, 3 SKOTO OyJe BiIOyBaTHCS BiXHOBJICHHS IILIS-
xiB. BigHOBIIEHHS BimOyBaTUMEThCA IO THX Iip, JOKK HE
BiZTHOBHUTHCS MIPABUIIO, ¥ SIKOMY BCi 3aJIS)KHOCTI — JaHi 3
B/1, abo BiamoBimHi mpaBwiIa s HEOOXiMHUX (aKTiB IIe
He Oy 3HaleHi.

Ines monsirae y HacTyHHOMY: BiOYBaeThCsl CITIBC-
TaBJICHHS 3aJIe)KHOCTEH npaBuia 3 GD. VY pasi, koiu 3Ha-
yeHus akry y GD € mHoxxuna {0}, BinOyBa€eThCs OTpH-
MaHHs Koro 3HayeHHs @B 3 B/l [nakmie, konu 3Ha4eHHs
MHOXXMHH BIIDI3HSIETBCS Ta HE JOPIBHIOE TIOPOXKHIM
MHOJKHHI, BiIOYBa€ThCS BIIHOBJICHHS KOXXHOTO BY3Ia 3
MHO>XHHU.

PesynbraTom anroputmy-QyHKIl € OHOBIEHHI
BY30II, 3 SIKOTO IT0YaJI0Cs BiTHOBJICHHS IUISXY.

[licns momaBaHHS HOBOTO By3ia a00O BiJHOBICHHS
LISy BinOyBaeTbest yrouneHHss @B nounnaroun 3 sc-
TIiB migepena.

Ines mosnsirae y HacCTYIHOMY: 4Yepe3 Te, L0 KOXKEeH
(bakT MoXKe MaTH JEKiJbKa MMPaBHJI JJIS PO3PAaXyHKY, BU-
KOPHCTOBYETHCSI MHOYKMHA KOPTEXKIB, 10 MA€ CTPYKTYPY
(9) ns inentudikauii BiIMOBIHOTO NPaBUIIa y 3aJI€XKHO-
CTSIX By3J1a JUlsi OHOBJIICHHs. [lounHalouM 3 By3na-Jucrs,
BiIOYBa€THCS TIOCTYNOBHH Mepexis 10 0aTbKiBCHKUX BY-
371iB OHOBJIFOIOYM 1X 3aJIE)KHOCTI Ta JOTOBHIOIOYM MHO-
JKIHY KOPTEXKIB.

Pesynsratom € @B minmkoBoro (pakty BHKOPHCTO-
BYIOYH BiJIIOBITHUH IIUISIX PO3PAXYHKY.

BucHoBku

JUts mocTiKeHHST MOXKIIUBOCTEH HOBOTO HAIIPSMY
IITYYHOTO IHTENEKTY, a caMe INTYYHUH IHTENIEKT IO
BiTUyBa€, MPU3HAYCHOTO JJIS MiATPUMKU aBTOHOMHOCTI
OC3III0THIX CHCTEM, CTBOPIOETHCS MOJAETHh CUTYAIHO-
rO yIpaBIiHHS MMOE€THAHA 3 OC3MEPEPBHUM ILIAHYBaHHS
Ui,

ITokazano, mo Moaudikarist TpaAUIIHHOTO MeXa-
HI3MY JIOTIYHOTO BUBEJEHHS B HEYMTKHUX JIOTIYHUX CHC-
TeMax, IMO-TIepIle, IUIIXOM BBEICHHS KOHTEKCTHOI
mam’siTi, MO MICTUTh KOHTEKCTHI (akTH BimOWBaroUi
CTaH BUKOHAHHS IUTaHy [ii, O-APYTe, YSBICHHS CTaHY
(baxTiB, 5K 1 3HAYCHB BX1THUX 3MIHHUX y BUTJISII HEUIT-
Kux (haKTOpIB BIIEBHEHOCTI, JO3BOJSE 3aCTOCYBATH iX
quist ynpasitinas AIBC ta BUKOpUCTOBYBaTH yci repeBa-
TH HEYITKOr'O YIPABIIHHS MI0A0 00pOOKH HEBHU3HAYCH-
HOCTI.
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Po3pobka TpamumiitHol HEYNKOT CUCTEMH, CIIPSIMO- 3anponoHOBaHa MOJEIb, SIKa CKIAJAETHCS 3 KOM-
BaHOI Ha YNpaBIiHHs peaji3alli€lo IaHy Iid JUii aBTO-  [OHCHTIB JIBOX THIIIB HCYUTKUX CHUCTEM 3 JIHIBICTHY-
HOMHOro0 po0oTa 3 YypaXyBaHHSM BHUIIE3a3HAYCHUX  HUMH 3MIHHUMH Ta (paKTaMHU MPOAYKIIWHUX CHCTEM
YMOB, III0 XapaKTePU3YIOTHCSA 3HAYHOIO KIIBKICTIO BXi/l-  3aBISKU BBEJCHIO (h)aKTOPIB BIICBHEHOCTI JIOJIAE MEpelTi-
HUX YHUCIIOBHX 3MIHHUX BiJl TaTYUKIB, € HCPO3B’SI3HUM  YCHI MpoOIeMHu Ta 30epirae mepeBard TPATUIIIMHAX HE-
3aBJaHHAM. YITKUX CHCTEM y IOBODKEHHI 3 HEBU3HAYCHICTIO.
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Continuous planning and situational control as an Feeling Artificial Intelligence task
Anatolii Kargin, Dmytro Hiievskyi, Dmytro Oliinyk

Abstract. Motivation Despite significant progress in the field of creating unmanned systems, ensuring the necessary
level of their autonomy remains an urgent task. Artificial intelligence plays an important role in its solution. Features of
unmanned systems have given rise to a new model of Feeling Artificial Intelligence (FAI) that supports autonomy. The goal
of this work is to develop an algorithm that supports the model of continuous planning and situational control implemented in
the Goal-Directed Control system of FAI. The object of research is the methods and models of controlling autonomous mo-
bile robots based on data from various sensors. Results. The peculiarity of the task of autonomous mobile robots control is
that they use the state of execution of the plan, the current situation and the possibility of executing the remaining part of the
action plan to achieve the goal in order to make a decision in real time regarding the current actions. The structure of a multi-
level distributed system of fuzzy rules in combination with a system of production planning rules is given. A modified mech-
anism of fuzzy inference is considered, which, thanks to the introduction of a certainty factor, is able to process both facts
about the state of the environment and the state of plan execution. The continuous planning algorithm and examples of control
calculations are given. Conclusions. It is shown that the modification of the traditional mechanism of logical reasoning in
fuzzy logic systems, firstly, by introducing a context memory containing contextual facts, and secondly, the representation of
the state of facts, as well as the values of the input variables in the form of fuzzy certainty factors, allows applying them for
autonomous intelligence unmanned system control and take full advantage of fuzzy control in handling uncertainty. The de-
velopment of a traditional fuzzy system aimed at managing the implementation of an action plan for an autonomous robot,
taking into account the above conditions, characterized by a significant number of input numerical variables from sensors, is
an intractable task. The proposed model, which consists of components of two types of systems, fuzzy systems with linguistic
variables and fuzzy production systems with certainty factors, overcomes the listed problems and preserves the advantages of
traditional fuzzy systems in dealing with uncertainty.

Keywords: Autonomous intelligent unmanned systems, Feeling Artificial Intelligence, continuous planning, situa-
tional control.
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Harmionansauiil TexHI9HUHN yHIBEpCUTET «XapKiBCHKUHN MOMITEXHIYHNN IHCTUTYT», XapKiB, YKpaiHa

OHTOJIOTTYHUH NIAXIA 10 NEPEPO3NOALTY HABAHTAXKEHHSI
IHTEPHETY PEYEN

AHoTanisi. AKTyajbHicTb. Bee OUTbITy MOMyNIsipHICTD Y pi3HUX rady3el Ha ChOr0HI OTPUMAIOTh CHCTEMU IHTepHeTy pedeit.
[pu BenmuKii KiTBKOCT] KIHIIEBUX JaTUYMKIB AKTUBHO 3aCTOCOBY€ETHCS KOHIICTILIiS TYMAaHHUX O0UUCIIEHb. AJle BUKOPUCTAHHS TY-
MaHHOI KOHIICTIIIi y TaKUX BUIAJKax MOTpeOye IOBOJI YacTOro Mepepo3NoIily HaBaHTKEHHS MK 00UMCIIOBATbHUMH BY3-
namMu. Meta cTaTTi — po3poOIeHHS MiIXOQy 0 CKOPOYEHHS YaCOBHX BUTPAT Ha MEPEpO3MOJIil HABAaHTAXKEHHA 32 pPaxyHOK
CKOPOYEHHSI MHO>KIHH BY3JIiB-KaHIH/IATiB ISl pPO3MIIIIEHHS HaBaHTa)KEHHS 1 9acy Horo (popMyBaHHs Ha OCHOBI OHTOJIOTHOTO
aHaJI3y 3 METOIO ITi/[BUIIEHHS e(heKTUBHOCTI (DYHKIIOHYBaHHS PO3MO/UIEHOI CHCTEMH, pealli3oBaHOIO Ha 0a3i TEXHOIOTI Ty-
MaHHUX o0unciieHb. Pe3yabraTn qocsimkenns. [IposeneHo aHai3 3aCTOCYBaHHS OHTOJIOTIH 171 BUPIIIEHHS ONTUMI3aliHHIX
3aBJlaHb. 3alPOIIOHOBAHUH TIOKPOKOBHI METO (hOPMYBaHHS OHTOJIOTII PO3IOLTY OOUHCIIOBAIEHOTO HaBaHTaKeHHs. Onnca-
HUH Tiaxig 1t GopMyBaHHSA CHCTEMH MPOIYKIIHHIX MPaBUI BHOOPY BY3JIB IS TIEPEHECCHHS HaBaHTaXEHHS [HTepHeTy pe-
yeit. HaBeneHni mpukiiag 3acTOCYBaHHS pO3pOOICHOTO MTiIX0Ly P BUKOHAHHS €BOJIIOIIHUX alTOPUTMIB, II0 BUKOPHUCTOBY-
FOTBCA JUISI aHAUTI3Y AHUX, sIKi HAAXOAATH 3 JAaTYHKIB cUcTeMH [HTepHeTy pedeil. BucHoBok. Po3pobiennii miaxia ckopodye
YacoBi BUTPATH HA MEPEPO3NOALT HABAHTAKEHHS 33 PAXyHOK CKOPOUCHHSI MHOYKHHH BY3J1iB-KaHANAATIB IS PO3MILIICHHS HaBa-
HT@XEHHS 1 9acy #oro ()opMyBaHHS Ha OCHOBI OHTOJIOTIYHOTO aHaJIi3y 3 IPH BUKOPHCTaHHI TEXHOJIOTI] TYMaHHHX O0YNCIICHb.

KawuoBi cioBa: [HTepHeT peueii, TyMaHHI 0OYHCICHHS, XMapHa CUCTEMa, OHTOJIOTS, IPOAYKLiiHI IpaBHiIa.

Beryn

YerrepTa npomuciora perosroiis (Industry 4.0) po-
3MIAAAETHCS BUCHUMHU SK IHTETPAIlis CyYacHUX KOHIICIIIIIH
PpO3NOLIEHNX 00YUCIIeHb, MEPEKHUX TEXHOJIOTIH Ta Ipo-
mucnoBocTi [1].OmHiero 3 MalOyTHIX MEpCIEeKTHB
Industry 4.0 € 00'enrHaHHS MHOXWHH TiATIPUEMCTB Y TJI0-
OanbHY MPOMHUCIOBY Mepexy pedelt Ta mocmyr [2]. Ty-
MaHHI 00YHCIICHHSI B IaHWH Yac € IepCIeKTHBHOIO KOHIIe-
IIII€I0 OpraHi3amii po3NOAUICHUX 00YHCIICHb, SKI IIPUITY-
CKalOTh HaONMKeHHSI 00pOOKH AaHHMX J0 KiHIEBUX IIpHU-
CTPOTB MEPEX 1 € PO3BUTKOM IOIYJISIPHOI XMapHOT KOHIIe-
i [3]. Le no3Bosisie 3HU3UTH HABaHTAXKEHHSI HA KOMYHi-
KaTHBHY Mepe)ka i CKOPOTHTH 4ac BiAryKy cuctemu. Ha
0a3i TyMaHHOI KOHIEIIii e()eKTHBHO PeaTi3yIoThCsl Pi3Hi
PO3MOIIICHI CHCTEMH, JUIS SIKUX INBUAKO/IS € HAMBAKIIH-
BirmmM kputepieM. Taki cucTeMu € BKpaif 3aTpeOyBaHIMHU
y 0araTthOX OOJIACTSX JIFOACHKOI AISUTEHOCTI, 30KpeMa, y
CY4acHHUX cucTeMax IHTepHeTy peduei, siKi MaroTh BUCOKY
Ta HAJIBUCOKY LIJIbHICTh KIiHIIEBUX MaTdukiB [4—7]. Ane
BHUKOPUCTaHHS TyMaHHOI KOHIENIIl y TakWX BHIAaKax
NOTpedy€e JOBOII YacTOrO HEPEepO3NOiy HaBaHTaKEHHS
MDK OOYHCITIOBAIFHUMH By371aMu. [HOZI 9acoBi BUTpaTH
Ha TIepepOo3I0/IiJI HABAHTAKEHHS 3BOJISTh HAHIBEI[h BCi TIe-
peBarwy, 10 Hajae J0JaTKOBUN TyMaHHMA map. OTxe 3a-
BIIaHHSI CKOPOUCHHS YaCOBHX BUTpAT, MOB'SI3aHUX 3 MPO-
mecaMu peKoH(iryparii cucTeMu pO3IMOAUTYy HaBaHTa-
JKEeHHS [HTepHeTy peuell, € akTyaJbHHUM.

Meta po6oTH — po3poOIICHHS MIAXOIY 10 CKOPO-
YEeHHsI YaCOBHMX BHUTPAT HA IEPEPO3IO/IiT HABAHTAXKECHHS
32 paxyHOK CKOPOYEHHS MHOXWHH BY3/iB-KaHIW/IATIB
JUISL PO3MIILIEHHS] HaBaHTaXEHHs 1 yacy Horo ¢opmy-
BaHHS HAa OCHOBI OHTOJIOTTYHOTO aHaJIi3y 3 METOIO ITi/(BU-
ImIeHHSA e(eKTUBHOCTI (YHKIIOHYBaHHS PO3MOALICHOT
CHCTEMH, Peajli3oBaHOI0 Ha 6a31 TYMaHHUX OOYHCIIEHb.

Pe3yabTaTtu gociaixkeHn

1. Anani3 3acrocyBaHHsI OHTOJIOTii 151 BHpi-
IIeHHs1 oNTHMi3aniiHux 3aBaanb. Ha ¢opmaibHOMy

PiBHI OHTOJIOTIIO MOXHA PO3TJBIIATH SIK CHCTEMY, IO
CKJIQ/IAETHCS 3 HAOOPY MOHSATH Ta HAOOPY TBEPKEHD PO
IIi TIOHATTS, Ha OCHOBI SIKUX MOXKHA, MOXITUBO OyIyBaTH
KiacH, 00'e€KTH, BimHocuHu, QyHKii i Teopii [8]. ITix do-
PMaJIbHOT MOJICIITIO OHTOJIOTIT OYEMO PO3YMITH:

O0=<C,P,R,A>, 1)

ne C — MHOKMHA MOHSTH (KJIaCiB CyTHOCTEH) NpeIMETHOT
obacTi; P — MHOXHHA BIIACTHBOCTEH IUX MOHATH (KJia-
ciB); R — MHOXWHa 3B’13KiB MiXK TIOHATTAMH (KITacamu);
A — MHOXHHA aKcioM, TBEpJUKEHb, ITOOYJOBAaHHX 3 IHMX
MOHATH, iX BJACTUBOCTEH 1 3B'I3KIB MiXK HUMHU.

TakuM 4MHOM, CTPYKTypa OHTOJOTIi MICTHTh Ha-
CTYITHI €JIEMEHTH: KOHIENTH (TOHSTTS, KIacH), aTpH-
OyTH, BiTHOCHHH, aKCiOMH, eK3eMIULIpH. [1i1 kmacom Ma-
€TBCS Ha yBa3i OyIb-siKa CYyTHICTH, PO Ky MOXE OyTH
HaJaHa Oynb-sika indopmais. [IpumMipHUKY — OTMHUYHI
CYTHOCTI, 1[0 HaJIe)KaTh KjlacaM OHTOJOTI1. OAMHUII OH-
TOJIOTIi (KJIaCH Ta eK3eMIUISIPU) MOXKYTh MaTH BJIACTHBO-
CTi — aTpuOyTH. ATpUOYT OIKMCY€E BHYTPILIHI BIACTHBO-
CTi 00'€KTIB 3a IOTIOMOTO0 KOHKPETHHUX 3HaueHb. KoxxeH
aTpuOyT 3a3BHYail Ma€ iM'S 1 3HAYCHHS, i BHKOPHCTOBY-
€TbCs st 30epiranHs iHopmanii, sika crnenudivna JuIs
i€l OIMHUIII.

Axciomu (mpaBuia BHBOJY) BHUKOPHUCTOBYIOTHCS,
mo0 3amucaTH BHUCIOBIIOBAHHS, SIKi 3aBXIW € ICTHH-
HUMH. BoHM MOXyTh OyTH BKJIIOYEHI B OHTOJIOTIIO JUIS
PI3HUX IiJIeH, HANPUKIIAJ, Ul BU3HAUEHHSI KOM-TIJIEKC-
HUX OOMEXeHb Ha 3HaUeHHS aTpHOYTIB, JUII MEPEeBipKU
KOpEKTHOCTI iH(opMaIlii, mo ommcaHi B OHTOJNIOTIi, a00
JUTS BUBEJICHHSA HOBO{ iHpopMaIlii. AKCioMHU TO3BOJISIOTH
BHCJIOBUTH Ty iH(pOpMaIilo, ika He MoXke OyTH BifoOpa-
JKE€Ha B OHTOJIOTII 3a JIONOMOTOI0 MOOYI0BH i€papxii mo-
HSTh i YCTAHOBKH BiTHOCHH Mix HUMH [9-15].

AHai3 cydacHUX JKepel IoKa3as, 10 00J1acTi 3a-
CTOCYBaHHSI OHTOJIOTiH nyke pizHOMaHiTHi [16]. B na-
HUH 4Yac OJIHIEI0 3 HAHOLIBII MEPCHCKTHBHUX 00IacTeit
3aCTOCYBaHHSI OHTOJIOTIH € MPOEKTYBaHHS 1 MOJEIIO-
BaHH;I, BKIIIOYAIOYH PIIICHHS ONTHMIi3aliiHUX 3a1a4.
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Hampuxnan, B po6oTi [17] npomnoHyeTbCs BUKOPHC-
TOBYBATH OHTOJIOTI] JyIsi ()OPMaBHOTO OIHMCH CHCTEMH
6iminry. [Ipu 1bOMY BUKOPHCTaHHS OHTOJIOTIYHOTO ITiJ-
XO/y JI03BOJISIE CHPOCTHTH KOMITIOTEPHY OOpOOKYy na-
HHX, CKOPOTUTH Yac OOYHCIIEHb 1 TOUTYKY a TAKOXK HaJae
MOJKJIMBICTB JIOTIYHOTO BUCHOBKY.

VY po6ori [18] posristHyTi mUTaHHS, TOB'I3aHi 3 iH-
TeJNEKTyalli3aIli€ro mporecy GOpMyBaHHS OIHCH MPOEK-
TOBAaHOTO BUPOOM SIK CKJIAJHMAKA IIPOEKTHO-KOHCTPYK-
TOPCHKOI JOKyMEHTAIIi B 00JacTi IPOEKTYBAHHS HOBHX
Mozeneit omary. [lepenbadaerbes, 10 BUKOPUCTAHHS OH-
TOJIOTTYHOTO IiIXOy JJO3BOJISIE i BUIUTH SIKICTh 1HXe-
HEpPHHX PILICHB.

VY pob6ori [19] aBTOpamMy BUKOPHCTaHO OHTOJIOTIY-
HUH MiAXiA 10 MPOIECY MiNTOTOBKH Ta MPUNHSITTA pi-
LIeHb IOJI0 peaji3auii MPOMHCIOBHX I1HBECTHLIHHMX
npoekTiB. OHTONOTIYHI MOJeNi 3a0e3MedyrTh MOXKIIU-
BiCTh BHOOPY OiITbIIIE SIKICHOTO PIMIEHHS B BiANOBITHO 3
3aJaHUM KPHUTEPIEM ONTHMAIILHOCTI.

VY poborti [20] 3amponoHOBaHO BHKOPHCTOBYBATH
OHTOJIOTIYHI MOJIENi JUISA PillieHHS 3aBIaHb YIpPaBIiHHS
TPYTIOIO0 IHTENEKTYyaIbHUX PyXJIUBUX 00'€KTIB (MAIOpPO3-
MIpHUX KOCMIYHUX anapaTiB) Ha MPUKIAJl pilIeHHS 3a-
BJJaHb JMCTAHIIITHOTO 30HIyBaHHs 3eMJIi. ABTOPH BHKO-
PHUCTOBYIOTh 1I€10 OHTOJIOTIYHOTO ONHUCY O0'€KTIB CHO-
CTEPEKEHHS 1 TPABHJI PO3IMi3HABAHHS LTI,

Takum YHMHOM, MOKHA, MOYKJIUBO TOBOPUTH O 3HAU-
HOMY JIOCBi/li BAKOPUCTaHHSI OHTOJIOTIH B PillICHH] OTTH-
Mi3aliiHIX 3aBAaHb, BAHUKAIOUNX B CHCTEMaX, 3aCHOBA-
HUX Ha 3HaHHSX, B TOMY YHCII TaKHUX SK:

MIATPUIMKA TPUHHATTS PIllICHb IPH IPOCKTYBaHHI
CKJIaJIHUX aBTOMaTH30BaHUX CHCTEM Ta MPOIIECIB;

YIpaBIIiHHS POLECAMH;

MOJICITIOBAHHS 1 OI[IHKA CUTYAIIii;

JIOTTYHUH BUCHOBOK.

Y IOTOYHOMY JIOCITi IPKEHH1 TIPOIIOHYEThCSI BUKOPH-
CTOBYBaTH OHTOJIOTIYHI MOJENI MpPU Nepepo3noii Ha-
BAaHTaXXCHHsI [HTEpHETY pedeil.

2. Metoa (popmMyBaHHSI OHTOIOTII po3noainy o0-
YHCIIOBAJBHOI0 HaBaHTaKeHHs. L[eHTpaabHUM KOM-
MIOHEHTOM MeToy (OpMYyBaHHS OOMEXEHb IPH PO3IO-
JITi OOYHCITFOBAIFHOTO HABAHTAXKEHHS MK IIIApaMH CH-
CTEMH € NpeMETHA OHTOJIOTsl, TIOK/Ia/IeHa B OCHOBY OH-
TOJIOTIYHOTO aHami3y. Merto GopMyBaHHS MOJIENI OHTO-
J0Tii po3MoIily 0OYHCITIOBAIBHOTO HABAHTAKEHHS PO3-
pobneHmit 3 ypaxyBaHHIM OCOOJIMBOCTI allTOPUTMIYHUX
CTPYKTYP 3 TOUKH 30py 00CSTy Ta 4acTOTH iH(pOpMaiii-
HUX OOMIHIB MiX IPOIIECaMH.

OTprMaHa 3 IOMOMOI0I0 JaHOTO METOY MOJIETb €
KapkacoM 0a3u 3HaHb PO MPEeAMETHY 00JIaCTh, 1110 PO3-
TIIAAa€ThCS — reorpadigHo po3moaiieHi cucteMu [HTEp-
HETy peuei, PyHKIIOHYr0Ui Ha 0a31 KOHIIENIT TYMaHHUX
Ta XMapHHUX oOuucieHs. Po3poOka mpeaMeTHOi OHTOJIO-
rii Beslacst B miporpaMHoMy cepenosuii Protégé 5.0.

PosrisiHemMo naHuit MeTO.1 TOKPOKOBO.

Kpox 1. Busnauenns xnacie onmonoeii. Po3pooiro-
BaHa OHTOJIOTIS BKJIIOYAE HACTYITHI KJIACH:

MO/IEJIb PO3HapaleIOBaHHs aJIrOPUTMY;

croci6 po30UTTA mapaneabHOTO alrOpUTMY B Bif-
TOBITHO 3 OOMEKEHHSAMH Ha CIIOCOOU PO30OUTTS;

BHXiJHE PO3MIIICHHS: XMapa, TYMaH;

peryIaMEHTOBaHUI Yac BUKOHAHHS aITOPUTMY

napaMeTpy MoJIeJie po3rapaseIioBaHHs;

BUMOTH JI0 O0UHCIIOBAJIBHUX PECYPCIB.

Kpox 2. Buznauenns maxconomiynoi icpapxii kaa-
cie. CTBOpEHHs KIAciB OHTOJIOTIi i3 BCTAHOBJICHHSIM
iepapXivHUX 3B'SI3KIB MiX MOHATTSIMH BEACTHCS B BIAIO-
BIJTHO 3 MHOKMHOIO BU3HAYEHNX KOHIIEITIB.

Kpox 3. Busuauenns cnomis. ]I BCTaHOBJIEHHS
BiTHOCHH MK KoHIentamu oHrtonorii "Kiac anro-
putMy" 1 "Mopens", CTBOPIOEMO BIIACTHUBICTh «Ma€ MO-
J€Tb», THM CaMHM OTOJIOUIYIOYH, IO PO3MIITHYTI KJIacH
MAalOTh MOJIEITi pO3TapajetoBaHHs. AHAIOTIYHO BCTaHO-
BJIIOIOTHCS BigHOCHMHH MDK Kinacamu "Mogens" 1 "Cro-
ci0_po3ouTTs" uepe3 BIACTHBICTH ''Mae crocid pos-
outtsa"; "OctpiBHa Mojens' — "TpuBainicte ce3oHy" ue-
pe3 BiIacTHBICTh "Mae_napametp'.

Kpox 4. Busnauenns exsemnnapieé knacie. 3aloB-
HCHHs KJAaciB OHTOJIOTI €K3eMIULIpaMH BilIOyBaeThCs
BIIMIOBITHO 3 ICHYIOUMMH KiacupikamisMu i mpoBene-
HUM aHaimizoM. Hampukman, B TepMmiHax OHTOJOTII Ma-
emo: kmac onrojorii "Kmacc anropurmy", skuii BKITIO-
4ae B ceOe BiIMOBITHI MiIKIACH €BOMIOMIHHAX alTOPHUT-
MmiB: "T'A" (reneruuni anroputmu), "AHXIIT" (anropu-
TMH, HATXHEHHI XUBOIO mpupozoro), "AHHII" (anropu-
TMH, HATXHEHHI HEeXHBHUI NPUPOJOI0). Y CBOIO 4Yepry,
KOJKEH MiJIKJIac MOXe OyTH 3allOBHEHHUIT €K3eMIUIIpaMH.
Hanpuknan, migknac «AHXII» Bxirouae Taki exk3eMii-
asipu: "OakTepiaibHa onTHMizalis’”, "Oyp'sTHOBHI anro-
putM", "303yaHuH nouryk”, "MypamuHui arropuT™' .

3 BUKOPUCTaHHAM METOy ()OpMYBaHHS MOJIEI OH-
TOJIOTI] OTPUMYETHCS MOJENb OHTOJOTIT PO3MOIiTy 00-
YHCITIOBAIEHOTO HABAHTAXXEHHS INMapalieIbHUX aJrOpHT-
MiB (DYHKIIIOHYBaHHS PO3MOIIICHIX CHCTEM, KA CTPYK-
TYpy€ 3HaHHS O KJlacax HapaliellbHHX alllOPUTMIB, IO
BHKOPHCTOBYIOTBCS B PO3IOAITICHUX CUCTEMAaX, MOJIEIISAX
po3napaliesIloBaHHs alrOPUTMIB, 3MIHIOBAHUX Mapamer-
piB JaHUX MOjEJei i crocodax iX po30OWTTs, BpaXxoOBye
BUXIJTHE PO3MIIICHHS OOYHCIIIOBAJIBHUX BY3JIiB, peria-
MEHTOBaHHH Yac BUKOHAHHS all’'OPUTMY 1 BAMOTH JI0 00-
YHCIIOBAIBHUX PECYpPCiB. ACHEKTH, BiJOOpaXkeHi y 0TO-
J0Tii y BUIIISII CUCTEMH iepapXii KiaciB 1 BITHOCHH Mix
HUMH, € KIIFOYOBUMH B PIllICHHI 3aBJJaHHS PO3MOJILTY Ha-
BaHTaXeHHs [HTepHeTY pedeil 1 3aiHCHIOITH Oe3mocepe-
JIHIH BIUTUB Ha e(pEKTUBHICTH PYHKI[IOHYBaHHS CHCTEMU.

3. @opMyBaHHSI CHCTEMH NPOAYKHIHHUX mpa-
BWJI BUOOPY BY3JIiB U1l IepeHeCeHHs] HABAHTAKEHHS
InTepHeTy pedeii. B ocHOBI eTamy npuUHAHATTS pilICHHS
PO MHOXHMHY BY3JIiB JJIsI TIEPEHECEHHsI 00YHCITIOBAIb-
HOT'O HaBaHTAKEHHS [HTEpHETY pedeil JeKUTh CUCTEMA
MPOAYKIIIHAUX MIPABUJL, sIKa MOB'SI3y€ KJIaC OHTOJIOT1, 110
MICTHTh 3HAHHS TPO miArpad, mo MepeHOCUTHCS, KOM-
IUIEKCHOTO (DYHKITIOHAJNFHOTO 3aBAAHHS Ta CIIOCOOH
Horo po3OWTTS, a TAKOK NMOTEHIIHHY MHOXHHY BY3JIiB
JUISL pO3MIIIIEHHST O0YHMCIIOBAIBHOT HABAHTAYKEHHSL.

[poxyxkiiitHa MoeNTs Ma€ TAKUA BUTIIS:

i=(S;L;A—>B;Q), )

ne S — kiac cutyaniit; A — B — yMmoBa, npu skiii mpoxy-
KIIisl aKTHBI3y€eThCs;, L — siipo npoaykiil; Q — mocrymoBa
TIPOYKI[IHHOTO MpaBuIIa.

Jl1st mepeBipKu 3alpONOHOBAHOTO MMiIX0Ty OyI1o
PO3pO0IEHO NPUKIAAN POAYKIIHHIX IIPABUIL
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Sk mpaBuIIO, 10 PO3POOKH NMPOAYKUIHHUX MPABUI
MOTPIOHO 3aTydaTH eKCIIepTiB — JIF0JIeH, 1o € npodecio-
HaJIaMHU BHCOKOIO KBaTi(hiKallii B po3riisaaemiii mpeame-
THi# oOmacTi. JlaHi 3HaHHS POPMYIOTHCS 3 TOCBIY Ta CY-
JDKEHB JII0/IeH, sIKi TIPaliooTh y AaHol o0acTi, po3yMi-
IOTh 3arajbHi NMPUHIWANMN pilIeHHS ii 3aBHaHb, 3HAIOTH
MIPUHOMH pillIeHHs, 34aTHI 3a0€31eYnTH YIIpaBIiHHA Ha-
ONMKEHNMHY TaHUMH Ta JaTH OIIHKY YaCTKOBHX PIllICHb.
Crizx BiI3HAYMTH, 110 3aIPOIIOHOBAHA CHCTEMa MPOIYyK-
LiHIX IIPaBIII 3aBXKIU MOKe OYTH PO3LINPEHA.

Jis po3poOKu cucTeMH MPOAYKIIHHHUX MPaBWI y
PO3TIIIAEMOMY BHIIQJIKY HEOOXiTHO PO3POOHUTH Mpa-
BHJIA JIJIsI KOXKHOTO CIOCO0Y po30uTTs miarpada obuwc-
JIIOBaJIbHUX 3aB/aHb, 3TiIAHO ONMUCAHUM OOMEKEHHSIM.
ToMy MOCHIZIOBHO PO3MIIAIAIOTECS MOXKIIUBI BapiaHTH
PO3OHTTS BiIIOBIHO 3 iICHYIOUMMH MOJEIISIMU po3Iapa-
JITIFOBaHHS. 3alpoIoHOBaHi MPOAYKLidHI MpaBuia Jo-
3BOJIIFOTH MPUAHATH PIICHHA IOA0 BHOOpPY OOUYHMCITIO-
BAJILHOTO By3JIa JUIS IEPEHECCHHS HABaHTA)XXCHHS Ha IIi-
JCTaBi 3HaHb, IO MICTATHCS B MOJIEINI OHTOJIOTIi PO3IIO-
JiTy 0OYHCITIOBAIBHOI HABAaHTAXKCHHS MapalieIbHUX aJl-
TOPUTMIB (DYHKIIOHYBaHHS PO3IIOAITICHHX CHCTEM.

4. TIpukJaaa 3acTOCYBaHHSI PO3pP00GJIEHOr0 Mia-
xony. [IpoimocTpyemo edekTHBHICTh cOCO0Y CKOpO-
YEeHHsI YaCOBUX BUTpAT Ha OCHOBI OHTOJIOTIYHOTO aHa-
JIi3y CTOCOBHO BUPIIIEHHS 331241 pO3MiLlIeHHs 004N CITIO-
BaJIbHOT HABAHTA)KCHHS NPU BUKOHAHHS CBOJIOIIHHUX

80 4
70

ITOPUTMIB, 10 BUKOPHCTOBYIOTBCS JJIsl aHAJI3Y JaHUX,
SIKI HAJIXOATh 3 IaTYUKIB cucTeMH [HTepHeTy peuei.

Bynu po3riisiHyTI Taki METo/H, SIK METOZ POIO Yac-
THHOK Ta aJITOPUTM OJIXKOJI, IPUYOMY PO3TIISAAINCS TPH
PI3HHX THIy eHepallii IpOMiKHUX pilieHb. byna noka-
3aHa 3arajbHa /I BCiX €BONIOUIHHUX alTOPUTMIB TEH-
JICHIIIs, 10 TOJIATAE B TiABHUIICHHS SKOCTI PIillIeHb i3 3p0-
CTaHHAM 4HucIa iTepanii (puc. 1, 2).

Takox BiI3HAUNMO HACTYyIIHE.

YV 3aJeKHOCTI BiI PO3TIIAHYTOTO iHTEpBANy IpH-
picT GyHKIIi IKOCTI TaKOXK 3MiHIOETRCS. Hampuxitaz, po-
3MIITHEMO 3aJIeKHICTB SIKOCTI PillIeHb BiJ] YKCIIa iTeparii
B anroputMi 61kii (puc. 2). Baunmo, 110 pi3kuii npupict
(yHKLIT AKOCTI BiJ3HAYa€THCS BXKE Ha iHTEpBaJl iTepa-
i, BignosigaoMy mipubnusno 1/10 Big 3aranbHoi uncaa
itepaniii. TakuM YMHOM, HMOBIPHICTH OTPUMaHHS 33710~
BUJILHOT'O MO SIKOCTI PillIEHHS] BUCOKA BKE HA OYaTKOBUX
iTeparisx. AHami3yroun 301TBIICHHS 32 SKICTIO 32 paxy-
HOK 3aJIydeHHS JOAATKOBOI MPOMYKTUBHOCTI, MOJKHA
3poOUTH BHCHOBOK TIPO T€, IO MiAXilx, CpSIMOBAaHUN Ha
CKOPOYEHHS YaCOBUX BHTpAT, IOB'SI3aHNX 3 TEPEHECEH-
HSIM OOYHMCITIOBAIbHOT HABAHTAXXCHHSI, € IEPCIICKTHBHUM
PIIICHHSM MiJBUIICHHS SKOCTI PIllICHb B ONTHUMI3alliii-
HUX 33j1a4ax aHalidy JaHuxX [HTepHeTy peueill. Buko-
HaHHS T0JIaTKOBOT pOOOTH 3a paxyHOK MPUCTPOIB TyMaH-
HOTO IIapy A03BOJISIE MIABUIUTH SKICTh TPUHMAEMHX Pi-
LIEHb.
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Puc. 1. I'padik 3a11eXHOCTI SIKOCTI PillIeHb B/l KUTBKOCTI iTepamiit Ui METOLy POI0 YaCTHHOK

(L]

@

%&r‘ﬁfgaq‘:a ol ‘,': e 5

= Y
5 0 1 i
E x » f)
x T 1o ' 8 B
I bl
s3 "I
% a % t
g [l
e} o —?}

2

"
a4

P00 R oD Qe
e X a2 8

10

2 9 o = o o
T ReACITER
= = ES

g2

KinbkicTb iTepauin

Puc. 2. I'padik 3a11eKHOCTI SIKOCTI PillIeHb BT KUTBKOCTI iTepamiil Ui alropuTMy OmKiT

BucHoBku

B pesymbTati mpoBegeHNX OOCTIIKEHb po3polite-
HUH MiAXi7 10 CKOPOYSHHS YaCOBUX BUTPAT Ha IMEPEPO3-
TO/IiJT HABAHTAXKEHHS 32 PaXyHOK CKOPOYCHHSI MHOXKHUHH

BY3JIIB-KaHIAMJATIB ISl PO3MILICHHS HaBaHTaXEHHS 1
yacy #oro (opMyBaHHS Ha OCHOBI OHTOJIOTIYHOTO aHa-
Ji3y 3 METOI0 MiABMIIEHHSA €(EeKTUBHOCTI (YHKIIOHY-
BaHHS PO3IIOIIEHOT CUCTEMH, pealli3oBaHOIo0 Ha 0a3i Te-
XHOJIOT1] TYMaHHHUX OOYHCIICHb.
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Ontological approach to load distribution of the Internet of Things
H. Kozhevnikov, D. Chernysh, O. Matyash

Abstract. Topicality. Today, Internet of Things systems will gain more and more popularity in various industries. With a
large number of finite sensors, the concept of fog computing is actively used. But the use of the fuzzy concept in such cases requires
quite frequent redistribution of the load between computing nodes. The purpose of the article is to develop an approach to reducing
time spent on load redistribution by reducing the number of candidate nodes for load placement and the time of its formation based
on ontological analysis in order to increase the efficiency of the functioning of a distributed system implemented on the basis of
fog computing technology. Research results. An analysis of the use of ontologies for solving optimization tasks was carried out.
The proposed step-by-step method of forming the computing load distribution ontology. The approach for forming a system of
production rules for selecting nodes for transferring the load of the Internet of Things is described. An example of the application
of the developed approach in the implementation of evolutionary algorithms used to analyze data received from the sensors of the
Internet of Things system is given. Conclusion. The developed approach reduces time spent on load redistribution by reducing the
number of candidate nodes for load placement and the time of its formation based on ontological analysis with the use of fog
computing technology.

Keywords: Internet of Things, fog computing, cloud system, ontology, production rules.

114


https://www.scopus.com/authid/detail.uri?authorId=16231294500
https://www.scopus.com/authid/detail.uri?authorId=57208421532
https://www.scopus.com/authid/detail.uri?authorId=12793010000
https://www.scopus.com/sourceid/22792?origin=resultslist
https://doi.org/10.1016/j.indmarman.2022.04.012
https://doi.org/10.20998/2522-9052.2023.2.11
https://sciprofiles.com/profile/669680
https://sciprofiles.com/profile/author/Y1p1bkFzRUREREEzbmVxVGEzZ2d5SnZWMWVRc285RTFnUUdzUUtYMkZpST0=
https://sciprofiles.com/profile/669705
https://sciprofiles.com/profile/author/NkhHZ1FFTE0wMnRsdHEzVklYK3U4V2VUR0QyRUR0ZFZFM3hIdXNreWtRYz0=
https://sciprofiles.com/profile/author/SVFhcFE5SG1Wd1dHb3E0VHVBbDNDYTJ0RmF5UFk4OXUxamNCT0dPM3BuUT0=
https://doi.org/10.3390/s19092122
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57193650827&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55427784900&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57219686998&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57225683636&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85101007059&origin=resultslist&sort=plf-f&src=s&st1=fog+computing+IIoT&st2=&sid=d690f9d1ed71016328c6bfb22f1888db&sot=b&sdt=b&sl=25&s=TITLE%28fog+computing+IIoT%29&relpos=2&citeCnt=14&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85101007059&origin=resultslist&sort=plf-f&src=s&st1=fog+computing+IIoT&st2=&sid=d690f9d1ed71016328c6bfb22f1888db&sot=b&sdt=b&sl=25&s=TITLE%28fog+computing+IIoT%29&relpos=2&citeCnt=14&searchTerm=
https://www.scopus.com/sourceid/21100254279?origin=resultslist
https://doi.org/10.20998/2522-9052.2023.3.10
https://doi.org/10.1186/s13677-022-00345-y
https://www.scopus.com/authid/detail.uri?authorId=58811648100
https://www.scopus.com/authid/detail.uri?authorId=57199271988
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57057781300&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56974534500&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=22034616000&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84954320080&origin=resultslist&sort=plf-f&src=s&sid=2e8aa855390d321478daae4a0c606142&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2857057781300%29&relpos=5&citeCnt=1&searchTerm=
http://dx.doi.org/10.1109/DT.2015.7222982
https://doi.org/10.20998/2522-9052.2023.4.04
https://doi.org/10.20998/2522-9052.2018.1.04
https://doi.org/10.20998/2522-9052.2017.2.04
https://doi.org/10.20998/2522-9052.2020.1.14
https://www.scopus.com/authid/detail.uri?authorId=57226433913
https://www.scopus.com/authid/detail.uri?authorId=49361809500
https://www.scopus.com/authid/detail.uri?authorId=57203865476
https://www.scopus.com/authid/detail.uri?authorId=57190294853
https://www.scopus.com/authid/detail.uri?authorId=57203984479
https://www.scopus.com/sourceid/21100829272?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=58522077400
https://www.scopus.com/authid/detail.uri?authorId=58753661800
https://www.scopus.com/authid/detail.uri?authorId=58753383200
https://www.scopus.com/authid/detail.uri?authorId=58753662000
https://www.scopus.com/authid/detail.uri?authorId=58753662100
https://www.scopus.com/authid/detail.uri?authorId=57211142337
https://www.scopus.com/authid/detail.uri?authorId=54783210900
http://dx.doi.org/10.1109/MERCon.2019.8818813
https://www.scopus.com/authid/detail.uri?authorId=25634262900
https://www.scopus.com/authid/detail.uri?authorId=8670601900
https://www.scopus.com/sourceid/17604?origin=resultslist
https://www.scopus.com/sourceid/17604?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55969097400
https://www.scopus.com/authid/detail.uri?authorId=57221153652
https://www.scopus.com/authid/detail.uri?authorId=55577971100
https://www.scopus.com/sourceid/24772?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57411055700
https://www.scopus.com/authid/detail.uri?authorId=57218115919
https://www.scopus.com/authid/detail.uri?authorId=57194092527
https://www.scopus.com/authid/detail.uri?authorId=17338820600
https://www.scopus.com/authid/detail.uri?authorId=57196006131
https://www.scopus.com/record/display.uri?eid=2-s2.0-85127800852&origin=resultslist
https://www.scopus.com/sourceid/25476?origin=resultslist
https://www.scopus.com/sourceid/25476?origin=resultslist
http://dx.doi.org/10.32604/iasc.2022.024052

ISSN 2073-7394

Cucremu ynpaBiliHHs, HaBirarii Ta 38's13Ky. 2024. Ne 2

V]IK 004.031.42+159.953

B.T. Jlagons, €. B. Menemxko, M. C. SIkumenko

doi: 10.26906/SUNZ.2024.2.115

LenTpanpHOYyKpaiHCHKHIA HAI[lOHAIBHHUN TEXHIYHUH yHiBepcuTeT, KpormmBHUIIBKWH, YKpaiHa

PO3POBKA TA IPOI'PAMHA PEAJIIBALIS IHTEJIEKTYAJIBHOI'O BEBCEPBICY
JJIs1 BUBUEHHS IHO3EMHOI MOBU METOJOM IHTEPBAJIBHUX IIOBTOPEHb

AHoTauis. IIpenmeTom IOCTIHKEHHS Y CTaTTI € METOIU MOOYIOBH OHJIAMH-CUCTEMH AJIsl BUBUCHHS 1HO3€MHOI MOBH TIO
METOMII 1HTEPBAIBHUX MOBTOpPEeHb. [IpeacTaBaeHo pe3yiabTaTi po3poOKH BeO-cepBiCy AJIs BUBYCHHS aHTIIMCHKOI MOBH.
IHTepBasbHI MOBTOPEHHS € epEKTHBHOK METOAMKOIO [Tl BUBYCHHS Ta 3amaM’siToByBaHHs iH(opmartii. I{s meToauka rpyH-
TY€ThCSI Ha IPUHLUIAX KOTHITHBHOI IICUXOJIOTI] Ta MOJIATae Y CUCTEMaTHYHOMY MOBTOPEHHI MaTepiaiy 3 IEeBHUMH iHTEp-
BaJIaMH Yacy Mi IoBTOpeHHsIMH. OCHOBHOIO i7Ie€I0 IHTEpBAILHAX IOBTOPEHS € Te, 0 iH(OpMaIis Kpamie 3aKpilTIoeThCs
y mam’sITi, SKIIO KOPUCTyBad MOBTOPIOE ii B TOYHO BU3HAYCHI MOMEHTH 4acy, KOJH I1aM’SITh TIOYMHAE CIa0IIaTH, aje e He
3a0yBaeThcs MOBHICTIO. 1111 po3poOKku cuctemu OyJi0 BUKOPUCTAHO MOBY TiporpamyBanHs Kotlin i cepemoBuie po3poOku
IntelliJ IDEA, a takox ¢peiiMBopk Spring Boot 1isi cTBOPEHHSI OCHOBHOTO Kapkacy cucTemu, dpeiimBopk Vaadin st
CTBOpeHHs BeO-iHTepdeiicy kopuctyBaya, 6a3zy manmx H2 mms 30epiranHs yciei BBemeHOi iHGopmamii, (pedMBOpK
Hibernate six inrepdeiic B3aemoii 3 6a3010 AaHUX Ta IHCTPYMEHT 30MpaHHs ¥ apromatu3anii Gradle s kommissiii i 36u-
PaHHS CHCTEeMH 1 KepyBaHHS yciMa BepCisiMHU HiIKiIoueHnx 0ibmioTek. Po3pobieHa cuctema Mae KIIl€EHT-CEpBEPHY apXiTe-
KkTypy. KimieHTCchKa "4acTHHA CTBOPIOE BeO-iHTEpQelc AT KOPHUCTyBada Ta TEHEPY€E 3allUTH A0 CEPBEPHOI YAaCTUHH, KOJH
KOpHCTyBad B3aeMogie 3 BeO-iHTepdeiicom. CepBepHa 4acTHHA MICTHTH BeO-KOHTPOJIEPH Ta BeO-CcepBicH, sIKi 00pOOIIOTh
HTTP-3amutu Ta B3aeMoxitoTh 3 6a30t0 naHnx. Po3pobiieHa cucrema Hajae HACTYNHUH (QYHKITIOHAN U1 peanizarii iHTep-
BIBHUX MTOBTOPEHb: J0JaBaHHs (ICII-KapTOK, peAaryBaHHs (IenI-KapToK, BUBYEHHS (JICII-KapTOK, CTATUCTHKA HaBYaH-
Hsl, HANAIITYBaHHS, BUOIp alrOpUTMY ITOBTOPEHHS Ta KepyBaHHs npodineM kopucTyBada. Po3pobieHnii BeG-cepBic Moxe
OyTH BHKOPHCTAHHMH SIK NOIATKOBHH pecypc y HaBYaHHI aHITIHCHKOI MOBH B IIKOJaX Ta YHIBEPCHTETaX, MOJICTIIYIOUYH
MpoIieC BUBUYCHHS 1HO3EMHUX CIIiB a00 SK iHCTPYMEHT JUIA MOCTIHOI MPAKTUKU Ta PO3LUIMPEHHS CIIOBHUKOBOTO 3aIacy s
0ci0 110 BUBYAIOTH AHIITIHCHKY MOBY CaMOCTiHHO.

KnaouoBi cioBa: jmucraniiiiHe HaBYaHHsI, IHTEPBAIBHI MOBTOPEHHS], ()ICII-KApTKH, BUBYECHHsI iHO3EMHOI MOBH, BeO-CepBic,

BeO-TIpOrpaMyBaHHsI, IHTEJIEKTyaJlbHa CHCTEMa, CKPUIITOBI MOBH IIPOTPaMyBaHHI, aJTOPUTMH, KiOEpIICUXOJIOT s

Beryn

Yepes cTpiMKe 301IBIICHHS MOMUTY Ha JAMCTaH-
LifiHe HaBYaHHS B OCTaHHI POKH OCBITHI OHJIaH-
1aThopMH MoYalld 3aiiMaTH OCHOBHY YacTUHY PUHKY
HaBYaJIBHOTO HpOTpaMHOro 3abesnedeHHs. Bonm no-
3BOJISIFOTH OTPUMATH JIOCTYII 10 HEOOXiIHUX HaByYasb-
HUX MaTepiaiiB 3 OyAb-sIKOTO MPUCTPOIO, 3 OyIb-sIKOT
TOYKH CBITy, 30epiraTu HaBYaJBHHH Mporpec, Ta aB-
TOMAaTHYHO a/JalTyBaTH HAaBYAIbHY IpOTpaMy Mijx iH-
JIMBilyalibHI OCOOJHMBOCTI KOXKHOTO Y4Hs. 3aBISKU
bOMY, HEBEJIMKA KUIbKICTh BHUKJIAAAuiB, 5IKIi CTBOPIO-
I0Th Ta HAMNOBHIOIOTh HaBUaJbHY HpPOTpPaMy, MarTh
3MOTy HaBYMTH HEOOMEXEHY KUIbKICTh Y4YHIB y Haii-
Oubin edexTuBHUE crocid. CaMe aBTOMaTHYHA ajar-
Talisl HABYAIBHOTO TMPOLECY il KOXKHOTO Y4Hs 3 BHU-
KOPHUCTaHHSM JITOPUTMIB Ta MAIlIMHHOTO HAaBYaHHA €
OJIHUM 3 HalOUIbII MEepPCIEeKTUBHUX HUISXiB PO3BUTKY
Cy4JacHOT OHJIAI{H-OCBITH.

OckiNbKM HaBYallbHa IpoTpaMa 3 KOXKHOI Taiy3i
3HaHb € YHIKaJIbHOIO, 31 CBOEID OCOOJIUBOIO METO.H-
KOIO BHKJIQJIaHHS Ta I10Ja4i MaTepialy, KOXKEeH TaKui
aNTOPUTM MOBHHEH OyTH aJalTOBAHWH IiJI TaKy IMpo-
rpamy, abu MaTH 3MOTYy MiABUIIMTH Ta MOKPAIIUTH
e(eKTUBHICTh CIPUHMaHHS Ta 3aCBOEHHS HaBYAIBHOTO
MaTepiany y4yHsIMH. AJDKe BHKJIAlAHHS, HAIPHUKIALI,
MPOTpaMyBaHHS Ma€ CBOi OCOOIMBOCTI Ta BiAMiHHOCTI
BiJl BHKJIaJIaHHs aHTJicbkoi MoBU. Uepes 1e, 3a3BH-
Yaif, KOXHa OHJIAHH-IUIaTOpMa Mae CBOE BIIACHE
CHpsSIMyBaHHS Ta aJaNTalilo IiJl KOHKPETHY CIIewiati-
3alito.

OnHUMH 3 HAWMONyJISPHINIMX IUIaTGOPM JHCTa-
HIIHOTO HaBYaHHs € OHJIaHH-TIaT(GopMaMH BHBYCH-

HS iHO3eMHHX MOB [1] Ta Hacammepe aHTTIHCHKOI, K
MOBH MDKHAPOJHOTO CIIIKyBaHHA. OCKIIBKHU AJIS BH-
BUYCHHsI OY/b-KOi MOBHM HEOOXiJHO aKTUBHO IOIIOB-
HIOBaTH CJIOBHMKOBHI 3amac, AJsl LbOTO YacTO BHKO-
PHUCTOBYEThCSI TEXHIKa 3amam’sITOBYBaHHS 3 BHKODPHC-
TaHHSM HaBYAJIBHUX (Quem-kapTok [2] Ta mepiojuy-
HUM TeperiasafaoM ix i moBTopeHHsAM. Croudatky, Iie
Oynu 3BUYaliHI KapTOHHI KapTKH, sKi moTpiOHO Oyio
BHpi3aTH, 3alOBHIOBATH, COPTYyBaTH BpyuHy. IIpote
CydJacHI OHJANH-TIATQOPMHU TEPETBOPWIH iX y mH-
pOBHIl BUTIIAN, M0 y KOMOIHAIIT 3 anropuTMamu Iepi-
OJIMYHOTO TOBTOPEHHS 3HAYHO MHiJABHUIIMIO e(eKTUB-
HICTh Ta 3py4HIiCTh BuUKOpucTaHHs [3, 4]. ¥ poborax
[5-8] mokaszaHo BHCOKY edeKTHBHICTH METOILY iHTepBa-
JILHUX TIOBTOPEHb NPH OQJIaiiH Ta OHJIAH HaBYaHHI.
Iumepsanvui noemopenus — e eHeKTUBHUN Me-
TOJ JUIS BHBUYEHHS Ta 3amaM’ ATOBYBaHHA iH(popmamii
[9]. Lls MeToaMKa IPYHTY€ThCSA HA MPHHIUIAX KO2Hi-
MUBHOT NCUx01021i Ta MONATA€ B CUCTEMATUYHOMY I10-
BTOPEHHI MaTepiaiy 3 IEBHUMHM iHTEpBAJIaMH 4acy MiX
moBTopeHHsAME [10]. OCHOBHOKO 1JIC€I0 iHTEPBAIBHUX
MIOBTOPEHb € Te, IO iHPOPMALis Kpalle 3aKpiIuTIoETb-
csl B IaM’sTi, SKIIO KOPUCTYBau IOBTOPIOE ii B TOYHO
BH3HA4YE€HI MOMEHTH, KOJIM I1aM’sITh ITOYMHAE CiadIa-
TH, aJie e He 3a0yBaeThes moBHicTO [11, 12].
MeTtoarKa iHTepBalIbHUX MMOBTOPEHb Hependayace
MO/ MaTepiany Ha HEBEJHUKI MOPIii Ta pO3NOIIICHHS
iX y 9aci TakuM crmocoOoM, 1mo0 KOpUCTyBad MOBTO-
PIOBaB IIi MOPIii epex TUM, IK BOHH 3a0yIyThCs IOB-
HicTIO. 3a3BHUail mi iHTepBa M 301LTBIIYIOTHCS 3 KOXK-
HUM HacTyNHUM NOBTOpeHHsAM. Lle o3Hauae, mo kopu-
CTyBau IOBTOpIOE iHQoOpMalito udepe3 aedani JOBILI
nepioan yacy, KOJIM BiH yce e mam’sitae il modpe, i
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3MEHIIY€E IHTEpBalM, SKIIO BiH Mae€ TPYyJIHOII B 3a-
nam’ITOBYBaHHI.

Memoro pobomu € po3poOka Ta IporpamHa peaiti-
3aI1isi BeO-cepBicy JUIsl BUBYCHHS aHTIIIHCHKOI MOBH.

Jnst OCSATHEHHS TOCTaBJIEHOI METH BH3HauyeHa
nporpaMa JOCIIJDKEHHS, IO CKIANA€Thesl 3 HACTYIHHX
3aBJIaHb!

— JlocmimKeHHS METOIUKH iHTEPBaJIbHHUX TIOBTO-
PEHB 1JIs BUBYCHHS iHO3EMHHX MOB.

— Po3poOka MeToniB Ta anrOpuUTMIB IJIs peaiza-
1ii cHCTeMH BUBUCHHS IHO3EMHHUX MOB.

— IIporpamna peamizaris BeO-cepBicy il BH-
BYCHHSI aHITIHCHKOT MOBH.

OcHoBHu# MaTepian

MeTtoanka iHTEpBaJIFHUX MOBTOPEHb (puc. 1) me-
pendadae Mol MaTepiary Ha HEBENWKI MOPIIi Ta po3-
MOIUIEHHS IX ¥ 9aci TaKUM CIIOCOO0M, 1100 KOPUCTYBad
MOBTOPIOBAB LI MOPLIT Iepe TUM, K BOHU 3a0yIyThCS
MOBHICTIO. 3a3BUYail 11i iHTEpBaiu 301IbLIYIOTECS 3 KO-
JKHAM HaCTyITHMM ToOBTOpeHHsM. Lle o3Hawae, mo Ko-
pHCTYBad TOBTOPIOE iH(OpMalilo uepe3 aeiai JIOBLIi
nepioJM 4acy, KoJiu BiH yce e mam’srae ii po0pe, i
3MEHIYE IHTepBaJIM, SKIIO BIH Mae TpPyJIHOIII B 3a-
ram’sITOBYBaHHI.

[HTEpBaNBHI OBTOPEHHS MOXKHA BHKOPHCTOBYBa-
TU A7 BUBYEHHS Pi3HUX BHIIB iHQOpMAIii, BKIFOYAIO-
YW CIIOBHUKOBHH 3amac, GpakTH, GOpMyNId Ta HABITh Ha-
Buuku [9]. Leit Mmeron nyxe edexkTUBHUIT AJsI TiATOTO-
BKHM JI0 ICIIMTIB, BUBYCHHS HOBOTO MOBHOTO Marepiaiy,
a TaKOX JUIsl 3araM’sITOBYBaHHS Ta yIOCKOHAJICHHS Ha-
BUYOK y PI3HHX rajly3sX 3HaHb.

KapTku Ha aKki Bipnosinn npasunbHO

(1 (21 T30 fall sl
L S | LH |

KapTku Ha AKi BianoBinn HenpasuabHO

Puc. 1. Po3noninenss ¢eni-kapTok
JUIsL IHTEpBAIbHUX OBTOPEHB

BaxnuBuM acrmeKkToM iHTepBaJbHUX HOBTOPEHb €
CHCTEeMaTH4HICThb. JloTpUMaHHS INpaBWIBHOTO Tpadika
MTOBTOPEHB JOMOMArae Kpaiie 3aKpimuTa iHpopmartiio B
mam’sITi.

L[ MeToaMKa J1a€ 3MOTY KOPUCTYBady €(heKTHBHO
BHBYATH iH(OPMAILIO 1 3a0IIaPKyBaTH 4ac, OCKUIBKH
BiH HE BWTpavae HOro Ha HaaMipHE MOBTOPEHHS a0o0
HE3pYYHI MiAXOIU 1O HaBYaHHS.

Beb6-cepBic 11 BHBYSHHS AaHIJIICBKOI MOBH 3a
JIOIIOMOT 010 ()JICII-KapTOK 1 METOAY IHTEepBAIBHHUX IIO-
BTOPEHb INPOTIOHYETHCS PO3IUIMTH Ha JAEKiIbKa (yHK-
LiOHAJBHUX OJIOKIB, SIKi O3BOJISIIOTH peasli3yBaTH 3ara-
JbHUH (DyHKIIOHAJ IPONIOHOBAHOT CUCTEMH:

1. /looasanns prew-kapmox:

— s ¢dyHKUis 103BOJIsIE KOpUCTYyBayaM J10/aBa-
TH HOBi (IIeNI-KapTKH O CUCTEMH.

— KopucryBaui BBOASTH TEKCT MUTAHHS Ta Bif-
TIOBII IJIST KOSKHOT KapTKH.

— Cucrema 30epirae 1i nmaxi B 0asi JaHAX ISt
MOJATBIIOTO BUBYCHHS.

Peoacysanns gpreur-kapmox:

— Jlae 3Mory KOpHCTyBayaM pelaryBaTH iCHyro4i
(Iem-KapTKy.

— KopucryBaui MOXyTb 3MIHIOBATH TEKCT IIH-
TaHb Ta BiAOBINEH.

— VYci BHeCeHi 3MiHH 30epiraloTecs B 0a3i TaHUX.

2. Busuenns ¢newi-kapmox:

— BuxopucTtoBye anroput™m NOBTOPEHHS, SKHI
BU3HAYae, AKi (Iem-KapTKH BUBOJUTH KOPUCTYBadaM.

— Bigobpaxae Quem-kapTku KOpHCTyBadaM, i
BOHM IOBMHHI HamaraTucs HaJaTH NPaBWIbHY Bimo-
Bigb.

— BiamnoBiai KOPUCTYBaYiB aHATI3YIOTHCS IS BU-
3HAYEHHS, KOJIU KOXKHY KapTKy CJIiJi HOBTOPHO MTOKa3aTH
KOpHUCTyBavaMm.

3. Cmamucmuka Hag4anms:

— 30upae, aHaNizye Ta BiOOpaXka€ CTATHCTHKY
HaBYaHHS KOPHCTYBayiB.

— Bximodae iHpoOpMamnito mpo Te, CKUTBKH pa3iB
KOPHCTYBadi BiIMOBUTH MpaBWIHHO a00 HEMpPaBUIEHO
Ha ITUTaHHS, 9aC BUBUCHHS KOXKHOI (hIenI-KapTKy.

— Hapgae xopuctyBauam 3BOpOTHHH 3B’SI30K PO
IXHI JIOCSITHEHHsI Ta MPOTpec, JoroMarae aHauizyBaTH i
MOKPAIyBaTH HaBYAJILHUI IIPOLIEC.

4. Harawmyeanns.

— s ¢yHKIiS 103BOJISsIE KOPHCTYBavyaM HaJlalll-
TOBYBATH MapaMETPU CUCTEMH il CBOT MOTPEOH.

— HanamryBanHs BKiIo4ae B cebe mapamMeTpH 1o-
BTOPEHHS, PS)KUMH HaBYAHHS Ta 1HII HaJAIITyBaHHS.

5. Memoo nosmopenns:

— BwusHadae, Koa# i AKi (IIenI-KapTKH MOBTOPHO
BUBOJIUTH KOPUCTYBa4daM /Ul ONITUMAJILHOTO HaBUYAHHSI.

— AITopHTM BpaxoBY€ iCTOpIIO BiAIOBimeH Ko-
pHcTyBada Ta PO3IOJIISE MMOBTOPEHHS BIATIOBITHO /10
METOJly IHTepBAILHUX TOBTOPEHb.

6. Kepysanns npoghinem kopucmysaua.

— Peecrpaiiisi KOpUCTyBaya B CHCTEMI € MOYATKO-
BOIO TOYKOIO JUIsi KOPUCTYBAUiB 1 rapaHrye, 110 ixHi Ja-
Hi, HaJAITYBaHHS Ta HABYAJIBHUI nporpec OyayTh 30e-
PEXeHi Ta IOCTYIHI B CUCTEMI.

OCHOBHUMHM KPOKaMH QJITOPUTMY /Il TIPOTPaMHOi
pearizanii 3ampoIOHOBAHOTO METOAY JAWCTaHIIHHOTO
HaBYaHHS aHTJIHCHKOI MOBH €:

1) Beepennst indopmailii — MOXIIMBICTh KOPHUCTY-
Baya BBOJIUTH iH(pOpMalito, SKy BiH Oaka€ BHUBYHTH.
Jlns BUBYCHHS aHTJIIHCHLKOT MOBH 1€ € CJIOBAa HA aHTJIiM-
CBKilf MOBH, iX HEpeKIagi Ha YKpaiHCBKYy MOBY Ta Tpa-
HCKPHIIITiS.

2) 30epesxeHHs iHpopMarlii — BBeeHa iHpopMaIlis
Mae 30epiratucs B 6a3i maHux, abo iHIIH ¢dopmi cxo-
uiia. J[s1 KO’)KHOTO HaBUAIBHOTO €JIEMEHTY, Ciia 30e-
piratu camy iHpOpMAIlif0, 1aTy OCTAHHHOTO MOBTOPEH-
HS Ta IHTEpBaJl Yacy JI0 HaCTYITHOT'O TIOBTOPEHHSI.

3) [lnanyBaHHS iHTEPBaiB IOBTOPEHBb — AITOPUTM
PO3paxoBye IHTEPBaJIM MK MOBTOPEHHSIMH JUIST KOXKHO-
ro HaBYalbHOTO ejeMeHTy. Lli iHTepBanyu 3a3Buyaii mo-
YMHAIOTHCS 3 KOPOTKOTO 4acy (HalpHKIaj, JAEKiIbKa
TOJ¥H) 1 30UTBIIYIOTECS TIOCTYNOBO 3 KOXKHHUM HACTYII-
HUM YCHIIIHUM TOBTOpeHHSAM. HoBuil iHTEepBam moxe
OyTH BH3HAYEHHUI HAa OCHOBI MOINEPETHBOTO YCIiXy KO-
pUCTyBaya y BIiJMOBiAI Ha NMUTaHHS a00 3aJEKHO Bif
PiBHS CKIIQJIHOCTI iHpOpMaIii.
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4) TloBropeHHs iH(popMmauii — mporpama Hajgae
KOpUCTYBa4aM MOXIJIMBICTh IeperiigaTtu iHpopMaliio
Ta BIANOBINATH HA BIAMOBIAHI MUTAaHHA. [1icid KOKHOrO
MOBTOPEHHS KOPHUCTYBaya BU3HAYAETHCS, YU TPABUIBHO
OyJa 1aHa BiIMOBIb.

5) OrmiHoBaHHs BiATOBifEH — MmporpaMa OIHIOE
MIPaBUJIBHICT BiAIOBiZeH KOPHCTyBaya i BPaxOBYE ITIO
iH(pOpMamilo A MONANBIIOTO IUIAHYBaHHS iHTEpPBAJiB
MMOBTOPEHb. SIKIIO KOpPHCTyBad MpPaBWIHHO BiAIOBIB,
iHTEepBaJI MO)KHA 301NBIIYBATH; SKIIO BIAMNOBiAb Oyma
HEBipHOIO, IHTepBaJI MOTPIOHO 3MEHIIINTH.

6) 3aBeplleHHS LHUKIY HOBTOPEHb — aJIrOPUTM
MIOBTOPIOETHCS YISl KOXKHOT'O HAaBYAIBHOTO EJIEMEHTY
JOTH, TIOKM KOPUCTYBa4 HE 3amam’sitae iHpOpMaIliro
JIOCTaTHKO JI00pe.

7) AnHani3 Ta craTHCTHKa — mporpama 36epirae
CTaTUCTUKY LIOJO IPOTpecy HaBYaHHS KOPHUCTyBaua,
TaKy K KUTBKICTh BIpHUX Ta HEMPABHUIBHUX BiITIOBiICH.

8) MoxJIMBiCTh HaNamTyBaHb — HpPOrpaMa HaJae
KOpHCTYBady MOJKJIMBICTP HAJAIITYBaTH IapaMeTpH,
Taki sIK MaKCUMJIbHUH iHTEpBaJI OBTOPEHHS, METOAH-
Ka OLIHIOBAaHHS BIiANOBiNeH, Cmoci0 HaraxyBaHHA Ta
1HIII.

[InanyBaHHS iHTEpBaJiB NOBTOPEHb BiJ0YBA€THCS
aBTOMAaTHYHO, 3a JOIIOMOTOK0 J0JAaTKOBOT'O CIIEIliali30-
BaHOT'O AJITOPUTMY «IUIAHYBaHHS IIOBTOPEHB)» 1 BUKOPH-
CTOBYETBCS JUI PO3PaxyHKY ONTUMAaJbHUX IHTEPBaiB
MDK HOBTOPEHHSMH KOHKPETHUX HaBYaJbHUX €JIEMEH-
TiB. BiH BpaxoBye AeKibKa KIFOUOBHX (PaKTOPIB, TAKHX
SK:

1) TpaBunbHicTh BigmoBimi. kim0 KopHCTyBau
MIPaBUJIHHO BIATIOBIB HAa MHTAaHHS YU BIATBOPUB iH(OP-
MaIlifo, iHTepBal MOBTOPEHHS 3a3BUYAl 301IBIITY€ETHCS.

2) HempaBwibHicTh BignoBiai. SKimo kopuctyBau
HEMpaBWILHO BIJIOBIB, IHTEPBAI MOXE 3AJIHIIHTUCS
HE3MIHHHMM, a00 HaBITh 3MEHIITUTHCS.

3) Pisens ckiamHOCTI MaTepiany. leski HaBYab-
Hi €JIEMEHTH MOXYThb OYTH CKJIQIHIIIUMHK 3a iHM, 1,
BIJIMOBITHO, MOXYTh MOTpeOyBaTH KOPOTIINX IHTEpBa-
JIB M) TOBTOPEHHSIMHU.

4) IcTopisi HOBTOPEHb. AJITOPUTM MOXKE BPAaXOBY-
BaTH ICTOPII0 MOBTOPEHb IS KOXKHOTO HaBYaJIbHOTO
eJIEMEHTY, 00 aJanTyBaTH IHTEPBAJIM HA OCHOBI ITOIIe-
PEIHIX pe3yIbTaTiB.

5) MakcumManbHuii iHTepBal. 3a3BU4yail € MaKCH-
MaJbHUN 1HTEpBANI MK MOBTOPEHHSIMH, IICIS SKOTO
iH(pOpMaIio BBaXar0Th BUBYCHOIO.

6) IlapameTpw HamanmTyBaHb KOPHCTyBada. Anro-
PHUTM MOXE BpaxOBYBaTH MapamMeTpH, HAJAIITOBaHI KO-
pHuCTyBaueM, Taki K Oa’kaHWH pPiBEeHb BIIEBHEHOCTI ITe-
pell HaCTYITHUM MOBTOPEHHSIM.

st noOynoBu cucteMu Oyiio oOpaHo Taki 3aco0u:

— MoBa nporpamysanHs Kotlin Ta cepenosuine po-
3poOku IntelliJ IDEA;

— ¢peiimBopk Spring Boot st cTBOpEHHS! OCHOB-
HOT'O KapKacy CUCTeMH;

— ¢peiimBopk  Vaadin s
iHTEepdeiicy KopHucTyBaya,

—baza manux H2 nns 36epiranHs yciel BBemeHOL
iH(hopMaIii;

— ¢peiimBopk Hibernate sk inTepdetic B3aemoii 3
0a3010 JaHKX;

CTBOpEHHSI  BeO-

—iHcTpyMeHT 30upanHs Ta aBTomartm3auii Gradle
JUISL KOMITIISILIT Ta 30MpaHHs CUCTEMH, KEpYBaHHS ycima
BEPCISIMH MiIKITIOYEHUX 0i0Ji0TEK.

VYci oOpani 3acobu 11t MoOYJOBU CUCTEMH JOTO-
BHIOIOTh OJMH OJHOTO Ta B pe3yJbTaTi Ja0Th 3MOTY
IOIBHIKO CTBOPUTH BeO-I0MAaTOK i3 3pydHHM BeEO-
inTepdeiicom kopucryBaua. PpeiimBopk Spring Boot
BiINOBimae 3a poOOTy yciei cucremu, (perMBOpK
Vaadin BimnoBimae 3a AWHAMiYHE CTBOpPEHHS BeO-
iHTEepdeiicy KopucTyBada BUKOPUCTOBYIOUHN TITHKH KOJ
Ha Kotlin g Java. @aiinoBa 6a3a nqannx H2 e motpe-
Oye BUALIEHHSI OKPEMOT'0 cepBepy, Ta i IBHAKOAIT J0C-
TaTHBOIO JJISi HEBENMKOi KUIBKOCTI KOPUCTyBadyiB, a
¢peiimBopk Hibernate nossosnsie B3aemonisitu 3 6a30r0
JaHUX TMPOTrpaMHO. 3a JIONOMOTOI0 IHCTPYMEHTY 30u-
panns Gradle, yBech KO MaKyeTbCS Y €MHUIA BUKOHY-
BaHMH (paiis 3 pO3LMIMPEHHM .jar, SKUH 1 € TOTOBUM BeO-
JOAATKOM, SIKMA MOXHA PO3TOPTATH Ta BUKOPHUCTOBYBA-
TH SIK JIOKaJIbHO, TaK 1 Ha BiyIaJJIeHOMY BeO-cepBepi.

Jusa peamizarii 6a30BOro (pyHKIIOHATY BHBUYCHHS
(Irem-xkapToK 3a METOJOM IHTEpBAIBHHX IIOBTOPEHb
Oyny BUKOHAHI HACTYIIHI KPOKH:

1. CrBopeHHS MoOAeni AaHUX Ui (JICII-KapTOK,
SKa BKJIIOYAE IOJSA, Taki SK “IHUTaHHsa”, “BiAMOBIIL”,
“piBeHb IaM’sITi” Ta “JjaTa OCTAaHHBOT'O MIOBTOPEHHS .

2. PosmmpenHss 0a3u nmaHUX IS 30epiraHHs
¢uem-xkapTok Ta iHGopMaLil Ipo HaBYAHHSI.

3. CrBopeHHs Tabnuui ms 30epiraHHs icTopii
MIOBTOPEHB (DIIEMI-KAapTOK, BKJIIOYAIOYN JIaTy Ta PE3ylib-
TaTH OCTAaHHHOTO TIOBTOPEHHSI.

4. Peamizarmiss anropuTMy IHTEpPBAIGHUX MOBTO-
peHb, SKHH BU3HAYAE, KOJH 1 SKi (IIENI-KapTKH TOBTO-
proBaru.

5. OHoBICHHA TONIB “piBeHB MaM’ATi” Ta “maTy
OCTaHHBOTO TOBTOPEHHS IS KOXHOI (uIem-KapTKH
MICJISE KOYKHOTO TIOBTOPCHHSI.

6. CrBopeHHs iHTepdeiicy mis KopucTyBada 3a
nonomororo Vaadin, ie BiH MOKe Jo1aBaTH HOBI (ien-
KapTKH, IEPErIIsAaTH iX 1 IOBTOPIOBATH.

7. JlonmaBaHHs (yHKLIOHANY JUIsi TEPEBIPKH Bif-
MOBi/Iel Ta OI[IHIOBaHHS PIiBHS HaM AT MICIIA KOXKHOTO
TTOBTOPEHHS.

8. Po3pobnenHs BeO-cepBiciB I  TOJIaBaHHS,
OHOBJICHHSI Ta BHJIAJEHHS (IEMI-KapTOK y CepBEepHIH
4acTHHI 3a qormoMororo Spring Boot.

9. Peanizauis joriku i B3aemozii 3 6a3zoro ja-
HUX Ta aJTOPUTMAaMH ITOBTOPEHb.

10. Bukopucranus Hibernate mist moctymy 10 6a3u
JaHWX Ta 30epiraHHs iHpoOpMarii npo ¢uem-kapTku Ta
IX IOBTOPEHHS.

3a J0MmoMOror IuX KPOKiB OyJI0 CTBOPEHO MPOC-
THH BeO-/10/1aTOK, KU 03BOJISIE KOPUCTYBayaM HaBya-
THCS 332 METOJOM IHTEPBAJIbHUX MOBTOPEHb, BUKOPHC-
TOBYIOUM BipTyanbHi (renr-kaptku. dyHkiioHan BeO-
JIOAATKYy MOXKHA DPO3IIUPUTH Ta IMOKPALIUTH IUIIXOM
JIOZIaBaHHS MOXKJIIMBOCTI HaJlAIITyBaHHS IapaMeTpiB
MIOBTOPEHb, 30€pEKEHHS AETallbHOI CTATUCTUKHU TIOBTO-
peHb, Ta iHMKX (QYHKIIH, SKi JOTOMOXYTh KOPHUCTYBa-
yaM e(eKTHBHO BUBYATH MaTepiall.

Ha puc. 2 300pakeHa CTpYKTypHA cXe€Ma CUCTEMH,
sKa TOKa3ye 3arajlbHUU TPOIeC B3aEMOJIl MK CTPYK-
TYpPHUMH KOMITOHEHTaMU CHUCTeMH, e Vaadin BimmoBi-
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Jla€ 3a KopucTyBalbkuii iHTepdeiic, Spring Boot — 3a
Joriky BeO-monmatky Ta 00pobky HTTP-3anwmriB, a
Hibernate — 3a B3aemoniro 3 6a3010 qaHuX.

KaieaTcpka wactrna (Vaadin)

Hunamiuso cTEOproe Bed-1HTepdeiic ana
KOPHCTYEa4a

(O0pobnae pesyasTars
3AMHTIE Ta
BiOoOpaxae ix v BeO-
iHTepdeci o414

ArTOMaTHIHO
CTEODIOE
HTTP-zanutH 0
CEpEEPHOT YACTHHE KopHcTYEZTA

Lo

CepeepHa wacTHHA (Spring Boot)

Mictuts
BE0-KOHTPOIEpH T4
BE0-CEPEICH,
o 0OpoOITIOTE
HTTP-zamutH Bia

KMEHTCREOT JacTHHHA

Pezyarrats obpobrn
2AMHTIE
HANCHIANTECA Hazal
10 KTEHTCBROL

- TACTHHH
Ta B3a€MOIIOTE 3
0a30H0 JAHHX.

)

YacTtaHa B3aeMoil 3 023050 JaHHX

(Hibernate)

Jani nepearoTecH MUK BE0-CEpEICAMH
0 0A3H JaHEY Ta Y TROPOTHBEOMY MOPATEY

Bea gzaemomia 3 BT,
YHTAHHA, CTEOPEHH, Ta OHOBJICHHA 3allHCiE
v Dast

Peasnifina 0asa nasux (H2)

Puc. 2. CTpykTypHa cxema po3po0eHoi cucteMu

[IpoexT cuctemu, SKuUil BHUKOPHCTOBYE Spring
Boot, Hibernate, H2 ta Vaadin, moxxe OyTu po3aineHuii
Ha JIEKiJIbKa CTPYKTYPHHUX KOMITOHEHTIB, KOXKEH 3 SKHX
BIZINOBi/1a€ 32 NEBHY (PyHKIIOHANBHICTS!

1. KuaienTcbka yactuna (Vaadin):

—KirieHTchKa dYacTHHA CTBOPIOE BeO-iHTEpdeiic
JUI1 KopHcTyBada 3a jgormoMororo Vaadin. KopuctyBau
B3aEMOJIIE 3 TIPOTPAMOIO uepe3 Bed-0paysep.

—Vaadin renepye 3anuTe 10 CE€pBEPHOI YaCTHUHH,
KOJIM KOPUCTYBad B3aEMOIi€ 3 Beb-iHTepdeiicom.

2. CepBepHa yactuHa (Spring Boot):

—Spring Boot BukoHye ponb Beb-cepBepy Ta 00-
poOiisie 3anuTy, Hagicnaxi Big Vaadin.

—Bin micTuTh BeO-KOHTpOJIepH Ta BeO-cepsicH,
ski 00pobsatore HTTP-3anuT Ta B3aemopitots 3 Oa-
3010 JIaHUX.

—Pe3ynbrati 00poOKY 3aNUTIB HaJCHIAIOTHCS Ha-
3a]] 10 KJIIEHTCHKOI YaCTUHH, 1 KOPUCTYyBay OAYNTh OHO-
BIIeHY iH(opMmariito Ha BeO-iHTepdeiici.

3. ba3a nanux (Hibernate):

—Jlani mepemaroThCsi MK BeO-cepBicamMum  Ta
00’eKTaMu TOCTYITy 10 0a3H JaHUX.

—Hibernate BuKOpHCTOBY€ETHCS IIsI poOOTH 3 Oa-
3010 J1aHWX, YNTAHHSM, CTBOPEHHSM, Ta OHOBIICHHIM
3ammciB y 6asi.

—CucreMa BHKOPUCTOBYE pelALiiiHy 0a3y AaHHX
H2 B sixocTi BOytoBaHO1 6a3u JaHUX.

Po3pobinieHa cuctema Hanmae HaCcTYMHUN (YHKIIO-
HAJI IS peatizallii iHTepBabHIX TIOBTOPCHB:

1. JdonaBaHHs (piemi-KapToK:

—1la ¢yHKIis 103BONAE KOPUCTYBAadaM JI0JaBaATH
HOBI (pIem-KapTKU 0 CHCTEMH.

—KopucryBaui BBOJSATE TEKCT MHUTAaHHS Ta BiAHO-
BiJli IJIsI KOXKHOT KapTKH.

—Cuctema 30epirae mi nani B 0a3i JaHUX IS T10-
JIaNbIIOT0 BUBYEHHSL.

2. PenaryBanHs duieni-KapTok:

—Jlae 3mMory xopucTyBayaM pejaryBaTH iCHYIOUi
¢rem-kapTKH.

—KopuctyBaui MOXyTh 3MiHIOBATH TEKCT MMUTAHb
Ta BIAIOBiAEH.

—VYci BHeCeHI 3MiHU 30epiraroThes B 0a3i MaHUX.

3. BuBueHH# ¢uienI-KapToOK:

— BuKoOpHCTOBYE QJITOPUTM TMOBTOPEHHS, KW BH-
3HAYae, SKi (Iaenr-kapTku BUBOIUTH KOPHUCTYBavdaM.

—Binobpaxae (eni-kapTkd KOPUCTyBadyaM, i BO-
HU IMOBHHHI HAMAraTUCs HAJaTy MPABUIBHY BiIIOBI/b.

—BiamnoBiai KOPUCTYBaYiB aHATI3YHOTHCS IJIS BU-
3HAYEHHS, KOJIM KOXKHY KapTKy CJiJl TOBTOPHO MOKa3aTH
KOpPHCTYBauaM.

4. CTaTHCTHKA HABYAHHS!

—30mpae, aHANI3YE Ta BiTOOpakae CTaTUCTHUKY Ha-
BYaHHS KOPUCTYBaiB.

—Bximrodae iHpopmarito mpo Te, CKiTbKA pasiB Ko-
pHUCTYBadi BIATIOBUIA TPaBUIFHO a00 HEMpPaBWIHHO HA
MTUTAHHS, YaC BUBUCHHS KOXKHOI (hIIeII-KapTKH.

—Hanae xopucTtyBadaM 3BOPOTHHM 3B 430K IIPO
iXHI OCATHEHHS Ta MPOTpec, JOMoMarae aHaji3yBaTH i
MOKpallyBaTi HaB4YaJbHUI NpolIeC.

5. HanamryBaHHS:

—Is QyHKIisS MO3BOJISIE KOPUCTYBayaM HaJaIlTO-
BYBAaTH MapaMeTPH CUCTEMH MiJl CBOT MOTPeOH.

—HanamryBaHus Bkiroyae B ceOe mapameTpH mHo-
BTOPEHHsI, Pe)KUMH HABYAHHS Ta 1HIII HAJTAIITyBaHHS.

6. AJropMTM MOBTOPEHHS:

—Busnavae, xonm 1 siki (renr-kapTku MOBTOPHO
BUBOJIUTH KOPUCTYBayaM Il ONITUMAJILHOTO HaBYAHHSI.

— ANITOpHUTM BpaxoBYe€ iCTOpil0 BiAMOBiAel Kopuc-
TyBada Ta PO3IMOJIISIE TTOBTOPEHHS BIAMOBIAHO 1O Me-
TOJIy IHTEpBAJILHUX MOBTOPEHb.

7. KepyBanHs npodinem KopucTyBaya:

—PeecTparis kopucTyBada B CHCTEMI € TIOYATKO-
BOIO TOYKOIO JUII KOPUCTYBAdiB i rapaHTye, MO iXHi Ja-
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Hi, HaNAIITYBaHHS Ta HABYAJIbHUHI nporpec OyayTh 30e-
PE’KeHi Ta JI0CTYIHI B CHCTEMI.

Jlyis KepyBaHHS Ta B3aEMOJIL 3 pO3POOJICHOIO CHUC-
TEMOIO BUKOPHUCTOBYETKLCS BeO-1HTEp(eiic KOpUCTyBaya.
BiH ckiamaeTbcsi 3 OKpEeMHX BeO-CTOPIHOK, KOXKHA 3
SIKIX Ma€ CBOE OKpeMme Ipu3HadeHHS Ta (yHKmii. [t
MepEeMUKaHHSI MK CTOPIHKAMH BHKOPHCTOBYETHCSA 0O-
KOBE MCHIO 31 CITMCKOM JOCTYIHHX CTOpiHOK. Be0-
iHTEepdeiic MOBHICTIO aJaNnTOBaHUI I POOOTH 3 Pi3-
HUMH PO3MIpaMH €KpaHa, IO 03BOJISIE TAKOK BUKOPU-
CTOBYBATH HOTO 3 MOOUTEHUX TPUCTPOIB.

PosrisinemMo po3poOiieHuii iHTepdelc KopucTysa-
ya BeO-cepBiCy I JUCTAHLINHOTO BUBYCHHS aHIJIIN-
CbKOI MOBH.

Ha puc. 3 300paxeHo ronoBHy cTopinky «Konekuii
KapTOK» — Ha Hil BiOOPaXkae€ThCsl CIIMCOK JTOCTYMHHX
KoJeKui (HabopiB) (rem-KapToK, Ta HATAE€THCS MOXK-
JUBICTH (INBTPYBAaHHS Ta CTBOPEHHS HOBHX KOJICKIIiH.
KopucrtyBau Moke pemaryBaTé BIacHi KOJEKIii, Ta BU-
JAIATH IX pa3oM 3 yciMma iX kapTkamu. /s Bcix kopwc-
TyBadiB JOCTYIHI AEMOHCTpaLiiiHi HaOOpM KapTOK It
Pi3HUX PiBHIB BOJIOIHHS aHTIIIHCHKOIO MOBOIO.

Konekuii kapTok

«% CardLearner

Konekuii kapTok
= o P Q Mowyk

[N TpeHysaHHa

Hazea =

D Mpo cait

Hosi cnosa

3MIHWMTK BUrNAA

[ Pen. Hosi cnosa 3 kHUXOK

5

HaiinowwpeHiwi cnosa
Movamkosull piseHs

245

1000 3araNbHOBXUBaHWX CAiB
Moyamkosull piseHs

&) 1167

1200 cnie anna cepegHeoro pieHa
CepedHill piseHs

&) 1215

Puc. 3. Iarepdeiic kopuctyBada po3podiaeHoro BeG-cepBicy — rooBHa cropinka «Komekmii kapTox»

Ha puc. 4 300paxeno cropiaky «KapTkm» — Ha Hiid
BiZIOOpaXkaeThCsi CIUCOK (IICHI-KapTOK Yy KOJIEKIIii, Ha-

&? CardLearner

FH Konekuii kaptok

JA€ThCs. MOXIIMBICTh ITIOIIYKY KapTOK, JOJABaHHS HO-
BUX, pelJaryBaHHsI Ta BUJIAJICHHS ICHYIOUHX KapTOK.

KapTtkn

4 Hasan KapTku 3 konekuii "Hosi cnoBa”. Onuc: "Hosi cnosa 3 kHuxoK".,

= 3minuTK BUrNAA

[®] TpenysaHua

D Mpo caiit Q MNowyx

MutanHA/Bignoeias * Aii

space =
ol npocmip, KocMoc @ ®

lanet =
o P 2 @

naaHema

sun =
o) Z o

CcoHYe

Puc. 4. Intepdeiic kopuctyBaua po3pobieHoro Bed-cepsicy — cropinka «KapTkim»

Ha xoxHii KapTii BioOpaka€eThcsi CIIOBO HA aHT-
JIMCBKINA MOBI mopsiz 3 HOro nepexiiajioM Ha yKpaiHCh-
Ky. KojxHa KapTka Mae KHOIKY «ayio» L0 JAa€ MOKJIU-

BICTb NPOCIYXaTH SK BOHO BHMOBIISIETHCS. 32 JIOIIOMO-
rorwo KHomku «BuBuatmy, MoxHa ompa3y mepeiltu o
BUBYCHHS KapTOK 3 BiAKpHuTOi KoJjekuii. Takox € Mox-
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JIMBICTh IMIIOPTY Ta €KCHOPTY KOJICKLIH KapTOK y BH-
sl ¢ainiB B ¢popmari CSV. Ile nae 3mory immopty-
BaTH BXKE iCHYIOYi HaOOpH KapTOK i3 CTOPOHHIX CepBi-
ciB, a00 EKCIIOPTYBATH KOJICKIIIi 3 CHCTEMU.

Ha puc. 5 300paxeHo cropiHky «TpeHyBaHHS»
UL TPEHYBAHHS Ta 3amaM’sITOBYBaHHS ()JIeII-KapTOK.
BoHa HaJjae MOXJIMBICTh KOPHCTYBayaM BHBYATU KapT-
KU Ta TECTYBAaTH CBOI 3HaHHS, BUKOPHCTOBYIOUH METOX
iHTepBaJIFHUX MOBTOpPeHb. Ha il cTOpiHIi KopucTyBadi
OTPUMYIOTh c(opMOBaHMI anropuTMOM Halip ¢iem-

KapTOK, NEPErisAaloTh iX Ta BiIOBIAIOTh HA TUTAHHS,
10 MICTSIThCS Ha KapTKaX. J{Ji1 KOXKHOTO CJIOBa aBTOMa-
TUYHO TNPOTPAETHCSA AyI03aMUC 3 BUMOBOIO aHIIIIHCH-
KOTO CJIOBA.

KopuctyBau mMoxe oOpaTH OJMH i3 3aIpOIIOHOBA-
HUX BapiaHTIB BiAMOBiAi a00, HATHCHYBIIN KHONKY «He
3HAOY», MO0AYNTH NIPABUIIHHY BiAIIOBib.

[licna 3aBepiieHHS TpPeHYBaHHS BiTOOpakaeThCA
CTOpiHKa 3 pe3yJbTaTaMH, Ha sIKiii TOKa3aHO yci HamaHi
BixmoBizi (puc. 6).

«% CardLearner =

5 Konekuii kapTok

TpeHyBaHHA

Konekuia kapTok

[W) TpeHnyeaHHs Hosi cnosa

D Mpo canr

o Vadym Ladonya

£} Hanawrysanns

5/10

o) hello

‘ NPoCTip, KoCMoc ‘

NpUWBIT

| |

| |

‘ naaHeTa ‘

Puc. 5. [aTepdeiic kopuctyBada po3pobieHOro BeG-cepBicy — cTopiHka « TpeHyBaHHD»

TpeHyBaHHA

«i‘, CardLearner =

B Konekuii kaprok PEByﬂ bTatu

[ TpenysaHsa 5/8

D Mpo caiit nepecmopoza, NPopinaKmuHHUG = Cnpob: 0
to exempt v YeniwHo: 1
Hadaeamu npueinel (niteau, iMyH( Cnpob: 0
culpability v YeniwHo: 1
8UHG, npuyemHicme do yozoce, sii Cnpob: 0
BWHa, NPUYETHICTE A0 YOroch, B v YeniwHo: 1
culpability Cnpob: 0
nepectopora, NpoginaKkTUYHHA v YeniwHo: 1
precaution Cnpob: 0
though X YenmiwHo: 0
00HaK, HE 36aXar0YL HA Cnpob: 3

Puc. 6. Iarepdeiic kopuctyBada po3po0ieHOro BeG-cepBicy — cTopinka «Pe3ymbraTimy
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Po3pobiiena cucrema BHKOPUCTOBYE (ppeiMBOpK
Spring Security y noegnansi 3 nporokosiom OAuth2.

Ile no3Bonsie KOpHCTYBauaM BHKOPHCTOBYBATH
JUISL BXOJly Y CUCTEMY BiKe iICHYIOUl OOJIIKOBI 3alMCH Ha
cTopoHHix matdopmax, Takux sk Google, Facebook Ta
Github.

Tako yci KOMyHIKaIlii MK CHCTEMOIO Ta CTOPOH-
HiMH cepBicaMu 3axuiieHi nporokoaom HTTPS.

BucHoBku

VY wiit po6oTi Oyno po3poOJicHO Ta peai3oBaHO
BeO-CepBiCc /Ui BHBYCHHS AHTJMCHKOI MOBH METOIOM
iHTEepBaIBEHUX MOBTOPEHb. bylu mociimKeHi Ta BUKOPHC-

TaHi 3aco0M PO3POOKH IPOrpamMHOro 3abe3reueHHs, ce-
pen sikux: Spring Boot it CTBOpEHHSI cepBEpPHOI YacTH-
uy, Hibernate st po6otu 3 6a3or0 nanux, H2 sik BOyno-
BaHa 0a3a JaHUX Juls po3poOKH Ta TecTyBaHHs Ta Vaadin
JUISL CTBOPEHHS KOPUCTYBAIIBKOTO iHTEp(eiicy.

3acTocyBaHHsS 3alPOIIOHOBAHOTO METONy IUIaHY-
BaHHS IHTEPBAIBLHUX HOBTOPEHB JaJI0 3MOTY aBTOMAaTHY-
HO OIITHMI3yBaTH IHTEPBAIH MDK TTOBTOPCHHSMH IS
KO)KHOTO HAaBYAIBHOTO €JIEMEHTY, 3a0e3medyroun edek-
THBHHUI1 IIpoLlec HaBYaHHs Ta 3allaM’sITOBYBaHHS, 110 JIO-
IoMarae INBHALIC ITONOBHIOBATH CIIOBHUKOBHH 3amac
KOpHCTYBa4a Ta JJ03BOJIE HOMy 3araM’sITOBYBaTu Oijb-
1IIe HOBUX CJIiB aHTJIIHCHKOi MOBH.
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Development and software implementation of an intelligent web service
for learning foreign language by the spaced repetition method

V. Ladonya, Ye. Meleshko, M. Yakymenko

Abstract. The subject of the article is the methods of constructing an online system for learning a foreign language using
spaced repetition methodology. The article presents the results of developing a web service for studying the English language.
Spaced repetition is an effective technique for learning and memorizing information. This methodology is based on the principles
of cognitive psychology and involves systematic repetition of material at certain intervals of time between repetitions. The main
idea of spaced repetition is that information is better retained in memory if the user reviews it at precisely defined moments when
memory begins to weaken but knowledge is not yet completely forgotten. For the development of the system, the Kotlin pro-
gramming language and IntelliJ IDEA development environment were used, as well as the Spring Boot framework for creating
the core of the system, Vaadin framework for creating the user web interface, H2 database for storing all entered information,
Hibernate framework as the database interaction interface, and Gradle build tool for system compilation, assembly, and manage-
ment of all versions of connected libraries. The developed system has a client-server architecture. The client-side creates a web
interface for the user and generates requests to the server-side when the user interacts with the web interface. The server-side
contains web controllers and web services that handle HTTP requests and interact with the database. The developed system pro-
vides the following functionality for implementing spaced repetition: adding flashcards, editing flashcards, studying flashcards,
training statistics, settings, choice of repetition algorithm, and managing user profiles. The developed web service can be used as
an additional resource in the English language education in schools and universities, facilitating the process of learning foreign
words or as a tool for continuous practice and vocabulary expansion for individuals studying English independently.

Keywords: distance learning, spaced repetition, flash cards, foreign language learning, web service, web programming,
intelligent system, scripted language programming, algorithms, cyberpsychology.
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THE METHOD OF OBSERVING MOVING OBJECTS

Abstract._The article analyzes known algorithms for tracking moving objects. Based on an analysis of known algorithms
for tracking moving objects, it was concluded that the best tracking quality in problems with a large number of observed
objects is achieved by solutions built on the basis of probabilistic and hierarchical methods. Each of them has complementary
advantages, which creates prospects for creating new algorithmic solutions built on the synergy of these approaches. The
main task of promising tracking methods is that they should provide ease of scaling with an increase in the number of moving
objects that need to be monitored, localize objects in three-dimensional space, and also be able to work with heterogeneous
sensors. This approach has both purely technical advantages and those related to the availability of microelectronics

components in modern geopolitical realities.

Keywords: tracking, moving objects, pattern recognition, computing system, logical blocks.

Introduction

The rapid development of artificial intelligence
technologies in recent years has significantly improved
the quality of automatic image recognition, making it
possible to segment complex scenes and highlight objects
of interest both in the video stream and in data from other
sensors, for example, scanning laser rangefinders [1-4].

This, among other things, made it possible to create
local navigation systems capable of operating without the
use of satellite systems, ensure identification of personnel
using facial recognition, develop systems for
automatically detecting emergency situations at
production facilities, etc.

At the same time, in many practical tasks it is
required not only to recognize the presence of this or that
object, but to track and analyze the trajectory of its
movement in the long term.

If an object is actively moving to cover all parts of
its trajectory, it may be necessary to integrate information
from several sensors [5-7]. The task becomes even more
complicated when the required number of simultaneously
tracked objects increases to tens and hundreds.

Main part

Promising tracking methods should provide ease of
scaling with an increase in the number of moving objects
that need to be tracked, localize objects in three-
dimensional space, and also be able to work with
heterogeneous sensors. From the point of view of
tracking quality, the greatest interest is in works devoted
to algorithms based on probabilistic and hierarchical
methods.

Most of the studies reviewed in the literature review
that had the best quality indicators were assessed using
the MOTA (multiple object tracking accuracy) metric
using the open APIDIS dataset.

In this regard, this metric and test data set are
proposed to be used for this work.

In Table 1 presents the results of a comparison of
the tracking quality of well-known algorithms that have
the best tracking quality according to the multiple object
tracking accuracy metric when verified on the APIDIS
data set.

Table 1 — Comparison of the quality of tracking
of known algorithms when they are
verified on the APIDIS data set

Tracking algorithm MOTA
Online Multiple Athlete Tracking with Pose- 752 0%
Based Long-Term Temporal Dependencies '
Variational inference for 3-D localization and
tracking of multiple targets using multiple 79.6 %
cameras
Multi-camera multi-player tracking with deep
e ) 81.1%
player identification in sports video
Robust, real-time 3d tracking of multiple
. o 85.5 %
objects with similar appearances
Developed algorithmic solutions 85.8 %
Estimating target localization accuracy

requirements based on existing work is more challenging.
The fact is that in most works, in contrast to tracking
quality metrics, such data are provided. And in those
works where localization accuracy is measured, it is, as a
rule, assessed exclusively in the coordinate system and
units of measurement of individual sensors. The latter is
due to the fact that in order to assess accuracy during field
experiments, it is necessary to know the exact position of
all observed objects at each moment in time, which is
much more difficult to ensure in practice, compared, for
example, with marking data sets necessary for calculating
multiple object tracking accuracy or similar metrics.

Methods for solving problems of tracking moving
objects in real time.

The ability of a particular algorithm to operate in real
time is determined, on the one hand, by its computational
complexity, and on the other, by the performance of the
computing devices on which it runs.

As practice shows, in order to achieve high
performance in solving problems of tracking a large
number of objects, it is necessary to use specialized
hardware accelerators along with general-purpose
processors.

Such accelerators, as a rule, are graphics processing
units (GPUs) [8] or reconfigurable programmable logic
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integrated circuits [9, 10]. In addition, there are also
processors equipped with specialized units to speed up and
parallelize calculations.

However, from an applied point of view, such
accelerators are not much different from GPUs, so in this
work they will be considered together as a single group of
task-oriented ultra-large-scale integrated circuits.

Fig. 1 shows a generalized block diagram of a GPU-
based computing system.

GPU \

- ol ()
ALU ALU ALU ALU ALU
NC NC N\

ALU ALU ALU ALU ALU

NN N\

ALU ALU ALU ALU

Fig. 1 Generalized block diagram
of a GPU-based computing system

As you can see, the GPU includes a large number of
independent arithmetic-logical units (ALUs), combined
into groups that have a common control unit and cache.
This structure allows you to perform a large number of
calculations in parallel, significantly speeding up matrix

transformations, Fourier analysis, color filtering and many
others. To operate, GPU kernels require a general-purpose
processor, which is typically coupled to the GPU through
shared Random-access memory (RAM).

It is worth noting that this memory is one of the
biggest bottlenecks when solving problems of hardware
acceleration of calculations using GPUs. The fact is that,
with rare exceptions, this memory is separate from the
main RAM, used by a general-purpose processor to
execute programs running on it. Accordingly, data loaded
during the operation of these programs requires additional
copying to memory associated with the GPU. As a result,
if operations performed on the GPU and on a general-
purpose processor are performed alternately, the time
required to copy data between different blocks of memory
may outweigh any benefits obtained through hardware
acceleration.

Unlike a GPU, a programmable logic integrated
circuit is not a complete solution, but a platform for
creating specialized computing devices. It is a
reconfigurable matrix of standard logical blocks that can
be connected by a programmable interconnect both to each
other and to the inputs/outputs of the microcircuit (Fig. 2).

A typical logic block includes truth tables and flip-
flops, allowing, using their combination, to create the
required hardware architecture of an implementable digital
data processing unit.

Also, modern programmable logic integrated circuits
can contain specialized memory units and hardware
acceleration of calculations (for example, hardware
multipliers or multiply-accumulate  units), which
significantly speed up calculations compared to their
execution solely using standard logic blocks [11, 12].

10 Blocks E I :I [ I :I
CLB s CLB CLB
——
=
PIP Block < as as s s
= H
Programmable cL8 N s as CLs
Interconnects E
CL8 CLB CLB CLB

Fig. 2. Generalized block diagram of a programmable logic integrated circuit

One of the main disadvantages of a programmable
logic integrated circuit compared to a GPU is the operating
frequency.

Thus, many modern GPUs operate at frequencies
above 1.5 GHz, providing performance of tens of TFLOPS
[13]. At the same time, the clock frequencies of digital

signal  processing cores implemented on non-
programmable logic integrated circuits rarely exceed
200 MHz, and in many cases their frequency is less than
100 MHz.

At the same time, the scientific literature has
repeatedly described cases when, when solving applied
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problems, a programmable logic integrated circuit was
superior in performance to the GPU [1? 154].

This is achieved due to the fact that on a
programmable logic integrated circuit, computing cores
can be deeply optimized for a specific digital data
processing algorithm, while GPU ALUs were created to
solve a wide range of tasks, primarily characteristic of 3D
graphics visualization. As in the case of GPUs, when
creating hardware computing accelerators, it is necessary
to minimize data exchange with a general-purpose
processor in order to avoid the influence of transport
delays of the communication interface with a
programmable logic integrated circuit on computing
performance. At the same time, when implementing
algorithms for tracking moving objects based on a

programmable logic integrated circuit, it is also possible to
implement the general-purpose processor itself on the
same programmable logic integrated circuit as specialized
computing cores [16].

This approach makes it possible to optimize data
exchange between all components of a computer system,
however, it is not without its drawbacks, the main one of
which is the reduction in the clock frequency of a general-
purpose processor to a level of 50-200 MHz, typical for
solutions based on a programmable logic integrated
circuit.

Table 2 shows the results of a comparison of the
advantages and disadvantages of hardware acceleration of
calculations based on the GPU and a programmable logic
integrated circuit, obtained as a result of the analysis [17].

Table 2 — Comparison of advantages and disadvantages of hardware acceleration of calculations

GPU

Programmable logic integrated circuit

Advantages

Higher performance in high-dimensional problems.

The ability to flexibly optimize solutions for a specific
calculation algorithm

Developed design tools that allow you to quickly implement
the necessary data processing algorithms

High performance/energy consumption ratio

Ability to operate at higher frequencies

The ability to create integrated solutions that do not require
an additional microprocessor in the form of a separate chip

Lower cost with the same level of integration

Easily transfer solutions between chips from different
manufacturers

Disadvantages

Limited choice of chips, making transferring projects between
them difficult

Overall complexity of the programmable logic integrated
circuit hardware and software development process

Limited power optimization options

Inability to operate at high frequencies using microcircuits,
with the exception of ultra-expensive solutions

As can be seen from Table 2, the main advantages
of GPUs are high performance in large-scale problems
and developed tools for creating the necessary software.
The advantages of a programmable logic integrated
circuit are: the ability to more flexibly optimize hardware
solutions for the required calculation algorithm,
including minimizing power consumption, the ability to
create an integrated solution that does not require a
separate microprocessor, and the ease of transferring
created solutions between microcircuits from different
manufacturers.

The latter advantage becomes especially relevant in
the context of ever-increasing geopolitical sanctions,
when the range of available microcircuits is not only
constantly decreasing, but changing in composition over
time [18, 19].

Thus, from the point of view of ensuring
technological sovereignty, the use of a programmable
logic integrated circuit is more promising compared to
the use of GPUs. From the perspective of the general
architecture of computing organization, tracking systems
for moving objects can be divided into three classes:
integrated, centralized and distributed.

Integrated solutions involve placing a computing
device directly in the body of a particular sensor. An
example of such devices are modules on the ELISE
platform (Fig. 3), as well as processing units for
integrated cameras based on a programmable logic
integrated circuit.

Atipaefiy F

® N

Fig. 3. Computing module on the ELISE platform

124



ISSN 2073-7394

CucreMu ynpaBiIiHHs, HaBirarii Ta 3B's3ky. 2024. Ne 2

The main advantage of integrated sensors is
virtually unlimited access to all data combined with
minimal transport delays between the measuring units
and the computing device.

You can also note the ease of deployment of such
systems due to the minimum number of required
additional components. The main disadvantage of
integrated sensors is their extremely limited scaling
capabilities.

Thus, vertical scaling, as a rule, is limited by the
size of the sensor, the energy resources of its power
source and heat dissipation capabilities.

In addition, using integrated computing systems
makes it difficult to integrate various sensory data, since
in this case a fairly compact computing device must not
only process large volumes of primary data, but also have
the necessary volume of high-speed interfaces to receive
them.

In the case of horizontal scaling, such systems move
into the class of distributed computing systems [5], which
will be discussed below.

Centralized systems involve processing data and
implementing algorithms for tracking moving objects on
a separate computing device.

Today, this is one of the most common options for
systems with a large number of sensors [9].

It allows you to use the most productive
multiprocessor systems by placing them in separate
server racks and providing them with forced cooling.
Such systems can be equipped with a large number of
high-performance interfaces, including Gigabit Ethernet
standards, which allows them to process and integrate a
virtually unlimited number of sensors.

The main method of scaling such systems is vertical
scaling, but individual components (for example,
network interfaces or memory units) may allow
horizontal scaling.

This explains the key disadvantage of centralized
systems: they usually require decommissioning to scale
up.

This requirement itself may not be acceptable for
applications in the field of public safety, as well as special
and military equipment.

In addition, the need to decommission systems
makes it difficult to change the fluctuations in computing
load over time, which is typical, for example, for traffic
analysis systems [17]. The solution to this problem is the
transition from centralized to distributed computing
systems [7].

In distributed systems, algorithms are executed
simultaneously on multiple computing devices, creating
the possibility of both vertical and horizontal scaling.

Moreover, in the most advanced of them, it is
possible to change the composition of computing devices
“on the fly,” providing both compensation for load surges
over time and a high degree of equipment availability,
including during repairs and routine maintenance.

A generalized block diagram of a distributed
computing system for tracking moving objects is shown
in Fig. 4.

Distributed systems can be built both on the basis of
individual computing devices, which, among other

things, process primary sensor data, and on the basis of
sensors with an integrated computer [19].

Integrated sensors
transmitting
metadata

Fig. 4. Generalized block diagram of a distributed computing
system for tracking moving objects

In the latter case, it seems promising to use the
sensor’s on-board computer for primary processing
of its information, performing segmentation and
pattern recognition procedures, the output of which
will generate metadata about each of the selected
objects.

Next, this metadata will be transmitted via
communication channels to distributed computing nodes,
which, based on it, will provide a comparison of objects
isolated from the data of various sensors with each other
and predict their trajectory.

This approach has successfully proven itself in
robotics.

It allows you to significantly reduce the throughput
of communication channels and at the same time ensure
overall high reliability of the end system.

Moreover, by reducing traffic from the sensors used
to simplify implementation, it can have a central node
that will distribute the most resource-intensive
calculations and manage data flows in the system.

Conclusions

Based on an analysis of known algorithms for
tracking moving objects, it was concluded that the best
tracking quality in problems with a large number of
observed objects is achieved by solutions built on the
basis of probabilistic and hierarchical methods. Each of
them has complementary advantages, which creates
prospects for creating new algorithmic solutions built on
the synergy of these approaches. An analysis of known
methods for ensuring the operation of real-time tracking
systems has shown that the most promising way to
achieve the goal of this work is the creation of algorithms
that can be executed in the architecture of a distributed
computing system based on hardware accelerators
implemented using a programmable logic integrated
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circuit. This approach has both purely technical microelectronics components in modern geopolitical
advantages and those related to the availability of realities.
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MeTton cnocTepeKeHHs 32 pyXOMUMH 00'€KTaMu
. O. Mesin, H. I'. Kyuyk, A. O. JIsmosa, C. O. [Taptuxka, . O. Jlucuus

AHoTanisi. Y cTaTTi MpOBEJEHO aHATI3 BiIOMHUX AITOPHTMIB CTEKEHHS pyXoMHX 00'ekTiB. Ha ocHOBI aHaii3y Bigomux
AITOPHUTMIB BiJICTE)KEHHSI PYXOMHX 00’€KTIB 3pOOJIEHO BHCHOBOK, III0 HaWKpama sSKIiCTh BIICTEXKEHHS B 3aJadax i3 BEIHKOIO
KIJIBKICTIO CIIOCTEPEKYBAHUX 00 €KTIB JOCATAETHCS PillICHHSIMH, T00Y/10BAHUMH Ha OCHOBI IMOBIPHICHHX Ta i€papXiqHUX METO/IIB.
KoxeH 3 HUX Mae B3a€MOJOIOBHIOIYI MEPEBar, 10 CTBOPIOE MEPCIEKTHBU AJS CTBOPEHHS HOBUX AITOPHUTMIUHMX PIllICHB,
o0y J0BaHMX Ha CHHEPTii [IUX MiAX0/iB. [ 0I0BHE 3aBJaHHs IEPCIIEKTUBHUX METO/IIB CTE)KCHHS MOJIATAE B TOMY, 1[0 BOHH TOBHUHHI
3abe3nedyBaTé IPOCTOTY MacuiTaOyBaHHS 3i 30UNBIICHHSIM KIJIBKOCTI PyXOMHX OO'€KTiB, 3a SKHMH HEOOXIJHO CTEXKHUTH,
3MIIHCHIOBATH X JIOKANi3alilo 00'€KTIB y TPUBUMIPHOMY IPOCTOPI, 8 TAKOK MATH MOXKIIHBICTh POOOTH 3 Pi3HOPITHUMH CEHCOPAMHU.
Taxnit migxix Mae K CyTO TEXHIYHI IepeBary, Tak i MOB’s3aHi 3 JOCTYNHICTIO KOMIOHEHTIB MIKPOEIEKTPOHIKH B Cy4acHHX
TEONOITHIHHX Peaisx.

KawuoBi caoBa: crexxenus, pyxomi 00'ekTH, po3mi3HaBaHHs 00pa3iB, 00UHCIIOBaIbHA CUCTEMA, JIOTIUHI OJIOKH.
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AOCIIUKEHHA E@FEKTUBHOCTI METOAIB TEHEPAIIII TECTOBHUX JAHUX
B PEJIAAHIMHUX BA3AX JTAHUX

AHoTanisi. Y craTTi MpoBeAEHO NMOPIBHUIBHUH aHAIIi3 TPHOX OCHOBHHX METO/IIB TeHepallil TECTOBHX JaHHUX IS PeyIsIii-
HUX 0a3 TaHUX: MUKIIYHOTO0, Ha ocHOBI Common Table Expressions (CTE) Ta 3 BUKOpHCTaHHAM TUMYaCOBHX TaOHIb. Exc-
TIeprMeHTaIbHEe TeCTYBaHHS 3AiHicHeHo B cepenoBumi MS SQL Server Ha mpuxiani Tabiauip 0asu JaHUX TOPTOBENBHOT
kxommadii. [IpoBeneHo MOPiBHAHHA 32 KIOYOBHMHU METpUKAaMH €(EeKTUBHOCTI TeHepalii - yacy reHeparii, BUKOPHCTaHHS
CHCTEMHHX PeCypciB Ta MacIITaboOBaHICTIO 00’ €MiB TabIUIL TECTOBOT 0a3u AaHUX. Pe3ynbTraTu mociimxeHHs o0rpyHTyBanu
edexruBHicTh MeToay pekypcuBHUX CTE mist pisHEX 00csriB i cTpykTyp nanux. Ilogano pekoMeHanii moao Bubopy me-
TOJIB TeHepalii TeCTOBUX Ha0OPIB BiAMOBIAHO 10 BUMOT IpoekTiB B/l, 30kpeMa npu BUKOpHCTaHHI cepBiciB poOOTH 3 pems-

nitinumu BJ] Ha XMapHUX mIathopmax.

Kawuosi ciosa: 0asa manux, Microsoft SQL Server, TecryBanusi, reHeparis nanux, T-SQL, onrumisariis, peKypcuBHi

3aMUTH, TAMYACOBI TaONHUIIi, TEHEPAIIis 3 IUKJIAMH.

Beryn

I'eHepaniss TecTOBMX NaHWX, 30KPEMa, BEIIUKHX
00’eMiB, € BOXKIIMBUM Ta aKTyaJIbHUM 3aBJIaHHSM Y CY-
YaCHOMY TMPOCKTYBaHHI Ta po3poOseHHI 6a3 maHux. 3i
3pOCTaHHAM MOTYXKHOCTI OOYMCIIOBAJIbHUX CHUCTEM Ta
00CsIriB 1aHuX, 3 SKUMHU BOHU MPALIOIOTh, TIOTpeda B pe-
MPe3eHTaTMBHUX TECTOBUX HabOpax CTPIMKO 3pOCTAE.

I'eHepyBaHHSI BEIMKHX MAacHBIB TECTOBHX JaHHX
JI03BOJISIE BCEOIYHO MEPEBIPUTH MPOTYKTHBHICTH Ta Mac-
MTa0OBaHICTh CHCTEMH 0a31 JaHHX, OLIHUTH 11 CTIHKICTh
JI0 BUCOKHX HaBaHTAXXEHb, & TAKOXK MOPIBHATH €(EKTHB-
HICTh PI3HUX METOJiB 00poOieHHs Ta 30epiranus [1].
Be3 HassBHOCTI penpe3eHTaTUBHIX TECTOBUX HAOOPIB, SKi
MOXYTb OyTH OTpHMaHi OIEepaTHBHUM IIUISXOM Ta 3a ic-
Hyrouumu mozeasimu B/, ckimamHo 3abe3meuntd cTadi-
JbHY Ta Oe3nepediliHy poOoTy CHCTEMH B pealIbHUX YMO-
Bax eKclulyaramnii BeJIMKHX 00csriB gaHux. OnHiero 3
KJIFOYOBUX TPOOJIEM NPH I[bOMY € BHOIp ONTHUMAaIbHOT
cTparerii (MeTO/iB) reHepyBaHHsS HEOOXIJHUX O00CATIB
TECTOBHX JJaHUX, SKa 3a0e3nedyBana O IPUHHATHY [IBH-
IKICTh (9ac) Ta pecypcoeeKTUBHICTh 3aliTHUX pecyp-
ciB. Harenep icHye nekiibka METO/IB aBTOMaTH30BaHOT
reHepaii TeCTOBHX JaHMX Ul 0a3 JaHWX i3 BUKOPHC-
taHHsIM MoBH T-SQL, 30kpema - Ile METOM Ha OCHOBI
PEKypPCHBHHX 3aIUTiB, THUMYACOBHX TaOJIHIb, IPOIETYP
ta inmn. [2]. [IpoTe KOMIUIEKCHHUH MOPIBHSUTBHU aHAai3
iX e(heKTUBHOCTI Ta ONTUMAIBLHOCTI 3aCTOCYBaHHS B Pi3-
HUX CIIEHApisX HA ChOTOJIHI € HEIOCTATHIM.

Mertoro 1aHOi poOOTH € TOCTiIKEHHS Ta MOPiBHS-
JILHUH aHaJi3 TPhOX OCHOBHUX METO/IiB TeHepallii TecTo-
BUX JaHuX. Ha ocHOBI 1wkiiB, Common Table
Expressions (CTE) Ta TuMyacoBuX TaOIHLb B CEPElo-
Bumti CYBJ] MS SQL Server. EkcriepuMeHTanbHe TECTY-
BaHHS JJO3BOJIUTH KUTbKICHO OIIHUTH X €(PEKTHBHICTH 32
KIIFOYOBUMH METPUKaMH MTPOTyKTUBHOCTI Ta PECYPCOEM-
HOCTI JIJIs pi3HUX CIICHAPIiB Ta 00CSTiB 033 qaHHX.

Ha ocHOBi oTprMaHuX pe3yibTartiB Oyae 3po0sieHO
OOTpYHTOBaHI BHUCHOBKH IOAO €()EKTHBHOCTI 3acCTOCY-
BaHHS KOJKHOTO 3 METO/IiB TeHepallii TECTOBUX JAHUX AT
KOHKPETHHX 33124 TECTyBaHHS Ta HABaHTa)KEHHs 0a3 /1a-
HUX. ByayTe chopmynboBaHi MpakTUYHI PEeKOMEHIAIT

mo/10 €()EeKTUBHOIO BUKOPHCTAHHS TMPOAHATI30BaHUX
METOIiB Ha mpuKJanax Tadmums b/l 3 pisanMu 00’ eMamMu
AHUX.

Amnauni3z npo0JieMu revepauii 1aHux
Ta iCHYIOUHMX MeTOoAiB

I'eHepariss TeCTOBUX HaHWUX BENUKHAX OOCSTIB IS
0a3 JaHWX € CKJIaTHUM 3aBIAaHHIM, [0 BU3HAYAETHCS Ha-
CTYITHHM.

1. BaxxinBo 3a0e3Me4YuTH penpe3eHTaTHBHICTh Ta
pisHoMaHiTHICTS fanux [2]. TecroBi maHi MarOTh OyTH
MaKCHUMaJIbHO HAOJMKEHI 10 pealibHUX, 1100 aJeKBaTHO
imiTyBati poGoui HaBanTaxenus [3]. [lpu oMy Bax-
JIMBO YHUKATH MAOJIOHHOCTI, OCKIJIBKH 11€ MOX€E 3HU3UTH
00’ €KTUBHICTH Pe3yJIbTATIB TCCTyBAHHSI.

2. BaxmBo 3a0€3MEUNTH YHIKATBHICTD KOXHOTO
3aMucy Ta 3HaYeHb KIFOYOBHX MOdiB. [yOmoBaHHS na-
HUX MOX€ TPU3BECTH J0 MIOMIJIOK Ta HeaIeKBaTHOTO Te-
CTYBaHHS CHCTEMU.

3. BaxnuBUM acrieKTOM € IMIBUIKICTH (Yac) Ta Mac-
mrtaboBaHicTh reHepatii. [Tpouec Mae OyTu eheKTHBHIM
HABITh TS Ty)KE BEJIUKUX OOCSATIB JaHUX.

IcHye nexinpka METOiB BUKOPHUCTAHHS TOTOBHX Te-
Hepartopis, reHeparis yepe3 API 6iGmioTek, ekcriopT Ta
MonudiKkaris pealbHUX JaHUX, BAKOPHCTAHHS CKPHUIITIB
CVYB[ [3]. Ocranniit miaxix 3 BAKOPUCTAHHSIM CKPHIITIB
CVYB/] € HaiiOinpIn THYYKHM Ta €()EKTHBHUM ISl TeHe-
parii BelMKAX OOCSTIB TECTOBUX NaHUX. Y HaHId CTaTTi
PO3MIISAAIOTECS TP OCHOBHI METOJM: T'eHepalis HUK-
aamu [4], renepauis 3a gonomororo CTE [5] Ta renepa-
Lisl THMYacOBUMH TabmuusMu [5]. BoHH 103BOJISIOTH
THYYKO HaJIAIITOBYBATH JIOTIKY, MAlOTh MPOCTY peaiza-
1if0 Ta 100pe MacmTadyrThCs.

OTxKe, came MO€JAHAHHS MPOCTOTH, THYYKOCTI Ta
MacitaboBaHocTi BusHaumiio nukin, CTE ta TumyacoBi
TaOJIMII ONTUMAILHUM BHOOPOM METOJIB IS JIOCIIi-
JUKEHHS 3aBIaHHS T€HEepallii TeCTOBUX AAHUX Y AAHOMY
JOCHIJKCHHI. Pe3ynbTaT MOPIBHSUIBHOIO aHANi3y J0-
3BOJISITH BHSIBUTH IIEpEBard Ta HEJONIKM KOXKHOTO ITiJi-
X0y JUIsl pi3HMX CLeHapiiB X BUKopuctaHHs. Lle no3Bo-
JHUTH 00paTu ONTUMAaIBHUHA METOA TeHepallii JaHuX I
KOHKPETHUX YMOB BUKOPUCTaHHS 0a3u IaHHX.
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IMpoexTyBaHHs 6a3u JaHUX

[IpoextyBanHs onTuManbHOi cxemu bJl — Baxiu-
B eTar po3poOKku At 3a0e3neueHHs e(heKTHBHOTO 30e-
piraHHS Ta MIBHIKOTO TOCTYITy I0 maHuX. s dhopmy-
BaHHS TECTOBUX 3aBIaHb Oyia oOpana monens B/l sixa
HaBesieHa y po6oTi [6]. basa manux mae 3abe3nedyBaru
30epiranHs iH(popMalii npo NpoxyKTH, Kareropii, Ope-
H/IY, KJIIEHTIB, 3aMOBJICHHS Ta MPaLiBHHUKIB JUIs aBTOMa-
TH3alii onepaniitHoi AisIBHOCTI Ta YIPaBJIiHHS TOProBe-
JILHOO KoMIaHieto. [l peanizawii X BUMOT CyTHOCTI
Ta 3B’SI3KM MK HUIMHU OyIyTh HEPETBOPEHI y CTPYKTYPY
pensiuiiiHOT 06a3u naHux. 30Kpema, KOXKHa Oi3Hec-CyT-
HICTh TPEACTABISIETECS Y OKPeMYy TaOJHI0 3 yHiKallb-
HUM [EpBHHHHM KIIOYeM. ATpUOYTH IIMX CYTHOCTEH
CTalOTh KOJIOHKAaMHU B TaOJHIAX. 3B'SI3KM MiX CyTHOC-
TSAMU pealtizyIoThCs 32 JOMOMOTO0 30BHIMIHIX KITFOYiB.

Buxonsauu 3 aHamizy npeametHoi o0nacTi, Oyio BU-
JIEHO TaKi KIIFOYOBi CYTHOCTI IS MOJACTIOBAHHS CTPY-
ktypu 0asu manux: Products (Ilpomyxtu); Categories
(Kareropii); Brands (bpenamn); Customers (Kiienrn);
Orders (3amosnennst); OrderDetails ([lerami 3amoB-
nenns); Employees (IlpauiBaukn).

LIi cyTHOCTI HaiOUIBII MOBHO ONMCYIOTH OCHOBHI
00'€eKTH Ta TPOIIECH, 3aisHI Y AiSTTPHOCTI TOPTiBEIBHOL
koMnaHii. Byno cTBopeHO Taki 3B’ I3KH MK CyTHOCTSAMH:

— Ipomyxtm — Kareropii (6arato-mo-omHOro):
MIPOAYKTH KIACH]IKYIOTHCS 32 KATETOPIsIMI;

— Iponyxtu — bperau (6araTo-mo-ogHOTO): Ope-
HJIY BUITYCKAIOTh IPOIYKTH;

— 3amornenns — Kiientu (0arato-mo-01HOro):
KJIIEHTH POOJIATH 3aMOBJICHHS;

— 3amonnenHs — [lpauiBHuku (6araro-no-oa-
HOTO0): TPAI[iBHUKH 00POOJISIOTH 3aMOBJICHHS;

— 3amornenns — Jlerani 3aMoBiieHb (OHH-10-0a-
raTbOX): 3aMOBIICHHS CKJIAJalOThCs 3 JeTaleil 3aMOB-
JICHb;

— [eraii 3amoBieHb — [IpoyKTH: IPOIYKTH BXO-
I4Th B eTaii 3amoBieHs. (barato-no-omHoro).

Ha ocHOBI BI3HaYeHHX CyTHOCTEH Ta 3B’SI3KiB TO-
OynoBaHa (i3WYHAa MOJIETh NAaHWX. 3aBIIKH (i3myHOI
Mozen Moxna peanizyBatu BJ] B konkpetHiit CYB]]
Microsoft SQL Server. Tlepeipka mpare3aaTHOCTI Bia-
OyBaTUMEThCS WIISIXOM TEHEPYBaHHS Ta 3allOBHEHHS
TA0IUIE TECTOBUMHU AaHNMH. Pi3znyHa Moaens 0a3u na-
HUX IpeAcTaBjieHa Ha puc. 1.

Products ‘
Categories PK | Product_ID ifi
PK Category ID uniqueidentifier Product_Name nvarchar(80)
Category_Name |nvarchar(60) | Product Description |nvarchar(300)
Product Price money
‘Erands ‘ FK Category 1D unigueidentifier

PK Brand ID uniqueidentifier FK Brand_ID

Brand Name |nvarchar(80)

uniueidentifier

OrdersDetails
PK|Order ID
PK |Product_ID

[Employees Orders

PK Employee ID |uniqueidentifier PK |Order ID
First_Name | nvarchar(100) Total_Price  money uniqueidentifier
Last_Name  |nvarchar(100) Order_Date  |datetime Quantity int
Job_Title nvarchar(100) Order Status |nvarchar(20) Price money

FK | Branch_ID uniqueidentifier Filfilled_Date |datetime

) FK |Employee_ID |uniqueidentifier

FK |customer D |uniqueidentifier

uniqueidentifier unigueidentifier

[ Customers

PK| Customer_ID  |unigueidentifier
nvarchar(100)
nvarchar(100)
Phone varchar(13)
Email varchar(s0)
City nvarchar(50)
Adress nvarchar(100)

First_Name
Last Name

Puc. 1. ®iznuna Mozens 0a3u JaHUX

Orxe, Takuii miaxia 1o npoextyBanss b/l 3a6e3me-
YUTh CTBOPEHHS THYYKOi Ta ONTHMI30BaHOI CTPYKTYpH
0a3u 1aHMX, 1110 33A0BOJILHUTH BUMOTH JI0 LIBUAKO/IT Ta
MacImTaboBaHOCTI CUCTEMH.

s Monenp BUKOpUCTaHa /IS TPOBEACHHS JIOCIi-
IDKSHHS IOAO0 reHeparii JaHuX.

ITinroroBKa HaHuX

J1st 00'€eKTUBHOTO TTOPIBHSIILHOT'O aHaIli3y METO/IIB
reHepallii TeCTOBHUX MaHUX 0yJi0 COPMOBAHO penpe3eH-
TaTUBHY BHOIpKY TaOmuup 3 0a3M JaHUX TOPTiBEIbHOL
kommanii. OOpani Tabmumi Products, Orders Ta
OrderDetails stk kiF040Bi TS BimoOpaskeHHst Gi3HeC-Tpo-
[IeCiB KOMITaHil 3 CKIAAHOIO CTPYKTyporo 0a3 JaHWX Ta
PI3HUMH THITAMH 3B'S3KiB.

BusnaueHno nmiama3zoH oOCSTiB TeHEPOBAHUX NaHUX
Bix 1 mo 10 murH psakiB ams koxHOI Tabmwmi. Chopmo-
BaHO BHOIpKH 3 noBiaKoBUX Tabnuik (Categories, Brands
TOWIO) AJIs 3a0€3MeUeHHs] pealicTUYHOCTI TECTOBUX JIa-
Hux. [lepeBipeHo mpare3natHicTh cxemu b/l muisixom
nonepeaHpol reHepaii Ta 3aloBHEHHS 11 TaOJIUIIb.

OCHOBHUMH KpUTEPIsIMU BiIOOpPY TabNUIb € TaKi:

— KIIOYOBa pojb y Oi3HEC-Mpolecax KOMIaHii
(othopmiteHHS 3aMOBIIEHB, OOJIIK TOBapiB);

— CKJIaJHA CTPYKTypa JaHHX 3 OaraTbMa aTpHOY-
TaMH Ta 3B'sI3KaMH JUTS OLiHIOBaHHS e()eKTHBHOCTI MeTO-
IIiB TeHeparlii y pealicTHYHIX CLIEeHapisX;

— HasABHICTH Pi3HUX THUIMIB 3B'A3KIB (OIUH-I0-0a-
raThox, 0arato-10-oJHOr0, 6araTo-J0-0araThox).

Komb6imamiss Ttabmunes Orders, OrderDetails i
Products HaiirnoBHilIe pernpe3eHTye KII040Bi CyTHOCTI Ta
0i3HEeC-TPOIIECH KOMIIaHii.

TecTyBaHHs LMX TaONUIb J03BOJHUTH IMOPIBHATH
e(eKTUBHICTh METOJIIB reHepallil BeJMKUX 00CATiB pea-
JICTHYHHUX JIaHHX.

AHaJi3 MeToAiIB reHepauii 1TaHUX

VY wiii poboTi MpoaHaIi30BaHO HACTYIHI TPH Me-
TOJIM TeHepallii JaHUX: TeHepallisl IMKJIaMH, TeHepallis 3a
noromoroio CTE (common table expressions) Ta renepa-
1isl THAMYaCOBUMH TaOJHUISIMU.

Mertoto aHaji3y € BU3HAYECHHS 0COOIMBOCTEH KOXK-
HOT'O METOJy, a TAKOXK HOTO CHIIBHUX 1 CTA0KHUX CTODIH.
Le no3BonuTh OOIPYyHTYBATH, 3a SKUX YMOB TOH 4H iH-
i MeTo Oye HailOLIbII epeKTUBHUM.

MeTtonu reHepamii JTaHUX MOPIBHIOBAIKCS 33 Ta-
KHMU KPHUTEPISIMHU:

— IIBHIKICTh FeHepallii;

—  CIOXKHBAHHS pecypciB (mam'siri);

— 3IaTHICTP MacmTa0yBaTHCS NpH 30iIbIIEHHI
00’eMiB JaHUX.

JLis mopiBHSAHHS METO/IiB TeHepalii JTaHuX oOpaHo
TaKi METPHKH:

— MIBHJIKICTB T€Heparlii: 9ac, HeoOXimHuil 11 re-
Heparii psIKiB TaOIUIs 0a3u naHuX. Baxkiuea ams ori-
HKH €()EeKTHBHOCTI METOAY JIJIs BEUKUX 0a3 JaHWX;

— BHUKOPUCTaHHS pecypciB: 00’eM mam'srti, 110
3aiiMae TeHepalis AaHuX. BaxiuBa Ui aHami3y npojy-
KTUBHOCTI Ta €()eKTHBHOCTI BUKOPUCTAHHS PECYPCIB;

— MaciuTabOBaHICTh: 3JaTHICTh METOMY MpaIlto-
BaTU 31 3pOCTAHHSAM OOCSTIB NaHWUX, BUMIPIOETHCS Kijlh-
KICTIO 3T€HEepPOBAHMX 3aluCiB. MeToau 3 XOpOIIOKo
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MaciTaboBaHICTIO €(DEKTUBHO OOPOOIISIOTH 3011bIIEHHS
naHux 0e3 3HAYHOIO 3HIDKEHHS IIBUAKOCTI abo 301/1b-
LIIEHHSI BUKOPUCTAHHS PECYPCIB.

BaxknuBo 3a3HaunTH, 1110 BUOIp ONTUMAIBLHOTO Me-
TOJy MOXE 3aJIe)KaTH BiJi KOHKPETHUX BUMOT JI0 JaHUX,
a TaKOXK BiJ OOMEKEHb OOUHCIIIOBAIILEHOT CUCTEMHU.

Ha npomy eramu po3riisimaroThes TPH OCHOBHI Me-
TOJU TeHeparlii TeCTOBUX JaHUX:

— TEHepalis 3a TOTIOMOT OO IUKIIiB;

— reHepauis 3a gonomoroto CTE;

— TeHepamis 3a IOIMOMOTOI THMYacOBHX Tal-
JTUIIB.

I'enepauis 3a nonomMoror0 NUKJIiB. € oHUM 3 Oa-
30BHX MIJXOIB JO CTBOPEHHS TECTOBUX JAaHHX 32 JOIIO-
mororo SQL. CyTb IbOTO METOAY MOJIATAE Y BUKOPUC-
TaHHI cTaHAapTHUX 3aco0iB T-SQL mis opranizamii mu-
KJIIYHOT 00poOKHM Ta MOCTyNoBoi reHepauii JaHuX 3 HOo-
JATTBIIIOIO TX BCTABKOIO B IUTHOBY TaONUIIO 0a3u TaHUX.

OcHOBOIO pearmizamii € BHKOPUCTAHHS MHAKITY
WHILE, skwuii no3Boise 0araTopa3oBO HOBTOPIOBATH
TpyILy OIEepaTopiB, IIOKH 3aaHA YMOBA 3AJIUIIAETHCS iC-
TUHHOIO. Ha KOoXHIl iTeparil UKy GopMyroThCs 3Ha-
YeHHsI A aTpuOYTIB 4eproBoro 3ammcy (psiaka Tao-
nui), miciast 4oro BUKoHyeTbesi oneparop INSERT nns
JI0JIaBaHHs 3aMyCy B TaOJIHIIIO.

[epeBaroro 1pOro MifIXoay € MPOCTOTAa Ta THYY-
KiCTh peaji3auii JOoTiky reHepaii JaHuX 3a JOIIOMOTO0
CTaHAapTHUX KOHCTPYKLid MoBu T-SQL. Po3poOHuK
MOJKE JETANbHO HAJAIITYBAaTH alTOPUTM (OPMYBaHHI
3HAa4YCHb aTpPHOYTIB, BUKOPHCTAaHHS JIOBIJHUKOBHUX Ja-
HUX, JIOTIKY BCTaBKH 3aIIHCIB TOIIIO.

OpHak TeHeparlis [UKJIaMHA Ma€ i TIeBHI HEJONIKH.
3o0kpema, yepe3 HeoOXiqHICTh TTOCTIHHOTO 3BePHEHHS 10
B/I 11t BcTaBKM 9eproBOi MOPIIiT JAHUX e METOT MOXKE
JIEMOHCTPYBATH Tiplly IPOAYKTHBHICTh B IOPIBHSAHHI 3
iHmuMu Merogamu. Kpim Toro, icHye pu3uK nepeBaHTa-
JKCHHsT TpaH3akiiiiHoi cuctemu B/ mpu pobori 3 Benu-
KUMH 00CsSITaMu TaHUX.

Janst ontumizanii MeToay reHepanii HMKIaMH Cuij
3aCTOCOBYBaTH IaKETHI BCTaBKH JaHUX, KOJH 3allHCH
aKyMYJIOIOTHCS B OKPEMil CTPYKTYpi, a TIOTIM BCTaBIIs-
IOTBCS TPYTION0 y Tabmwmito. [le 3MeHIye KiTbKiCTh OKpe-
MUX TpaH3akmid. Takok BaXKJIMBO BHKOPHCTOBYBATH
e(peKTHBHI CITIOCOOM T'eHepalii BUIIAJAKOBAX 3HAYCHb Ta
IOCWJIaHb Ha JIOBIAHUKOBI JIaHi.

OTxe, TeHepallis 3a TOMOMOTOI0 ITUKIIB € yHIBEp-
CaNIbHUM TIIXO0H0M, SIKUH O3BOJISIE pealizyBaTH OyIb-
AKy JoriKy 00po0ku nanux Ha T-SQL. IIpote meit meTon
MOJKE BHUMaraTé ONTUMi3auii AJsi JOCSTHEHHS OCTAaT-
HBOI MPOIYKTUBHOCTI NPH CTBOPEHHI BEIMKHX OOCSTIB
TECTOBHX JaHUX. AJITOPUTM METOAY peai3oBaHO 3a
TAKHMH KPOKAMMU:

— CTBOPIOIOTHCS JONOMDXKHI 00'ekTH UIs1 30epi-
TaHHS JIOBIIKOBHX JAHWUX, TAKUX SK CIIHCKA MOXIIUBUX
KaTteropii, 6pennis romo. Ile MoxyTs OyTH THMYacoBi
TabauI, Ta0IMYHI 3MiHHI a00 3BMYalHI 3MiHHI,

— iHiiamizamis HUKITy. BCTaHOBIIOETBCS JIIYUITB-
HHK 3aIACIB Ta 3a0acThCS MaKCHMalIbHa KIJIbKICT 3aITi-
CiB JUIsl TeHEpYBaHHS,

— Ha KOXHIH iTeparlii reHepyIoThCS BHIAJIKOBI
3HaUeHHS JIs1 aTpuOyTiB 3amucy (IiHa, OIMHUC TOIIO).
OOuparoThcs BUMAAKOBI MOCHIAHHS HAa JOBIAKOBI JMaHi

(xareropisi, OpeHn) 3 MiAroTOBIEHUX TadMULIb. Dopmy-
erbesi INSERT-3anuT 11 BCTaBKM 3aluCy y IUILOBY
TalnuIo;

— BHJaJICHHA TUM4YacoBHX 00'ektiB. [licns 3aBep-
[ICHHS LUKy BHIAIAIOTHCS JOMOMDKHI TaONUIl Ta
3MiHHI.

I'enepaunis 3a nonomorow CTE. € edexruBHIM
MiXOIOM J0 TeHepallil TeCTOBUX JaHUX, SKUU JO3BOJISIE
ICTOTHO IPUCKOPUTH IeH TIpoIiec y MOPiBHAHHI 3 TpaIu-
niftarmu uktaMu. CyTe METOIy MOJISTae y BU3HAUYCHHI
CTE — creriasibHOTO 00'€KTy, SIKUH KOHCTPYIOE THMYa-
coBUii Hallp pe3ynbTaTiB I MOJAIBIIOIO BHKOPHUC-
taHHs B 3amuTi [7]. Ha BiaMminy Bin ¢i3uyHux Tabnuis,
CTE icHye TiNBKH MiJ] Yac BUKOHAHHSA 3aIIUTY 1 He 30epi-
raethes noctiiHo B 0asi qanux. CTE no3Boiise peanisy-
BaTHU CKJIAJHY JIOTIKY FeHepallii JaHUX B paMKax €JMHOTO
3anuty. Hanmpukinan, 3a qonomororo pexypcuHux CTE
MOXKHa €(peKTHBHO MOJEIIOBATH i€epapxivHi HaHi. [Hmma
mepeBara — MIBUIKICTh, OCKUTBKH JJaHi TeHePYIOThCS "Ha
apoty" [8] 6e3 3Beprenp no BJI. Ilicns reneparii qai 3
CTE opniero omepanieto INSERT BcTaBnsoThes y Imi-
pOBY Ta0mmIo. e 3HaYHO eQeKTHBHIMIE TpaTUuIiTHIX
MIiAXOIIB, Ie KOXKCH HOBHI PSIIOK BUMarae OKpemoi Tpa-
u3akiii. OqHak CTE mae nesiki 0OMeKeHHS: HAIIPUKIIA/,
CKJIAJHICTh peai3allii JOriKH, HEMOXIIUBICTh MOBTOP-
Horo BukopucranHsi CTE, BifcyTHICTh MiATPUMKH Jie-
SKUX ONTHMI3alii TOILO.

3aranom, rerepauis 3a gonomoroto CTE e incTpy-
MEHTOM, IO J03BOJISIE ICTOTHO MPHUCKOPUTH CTBOPEHHS
TECTOBUX JTAaHUX Pi3HOI CTPYKTypH Ta oOcsris. [IpoTe BiH
BHMArae peTejbHOTO IMiIX0y, 3 BpaXyBaHHIM HOTO CIie-
mudiku Ta ocodmuBoctert koukpeTHoi CYB/I.

Aaroputm metoxy CTE peasizoBano 3a Takumn
KPOKAMHU:

— crBoproetbest CTE, sika Oyje MiCTUTH T€HEpO-
BaHi JaHi Juist Tabuuii. BoHa oroJomnyerbes Ha MOYaTKy
3aIMTy 3a JOMOMOTOI0 KimoyoBoro ciosa WITH [8];

— BcepenuHi CTE cTBOproeThCcsl peKypCHBHUI
MiJ3aNMT, KUK iTepaTHBHO reHepye aaHi. Ha koxHii
iTepauii BiOyBaeThCsl reHepallisi BUMAJKOBUX 3HAYECHb
JUTSL OCHOBHHX aTPHUOYTIB TaOMIHII;

— JUIA TeHeparii 3HaueHb 30BHIMIHIX KIFOYiB, sKi
MOCUJIAIOTECS HA 1HON TaONWI[, BUKOPHCTOBYIOTHCS
BKJIQJICHI mig3anmuTd. BoHN BHOMPAIOTH BUIIAIKOBI iCHY-
104l 3HAYEHHS 3 BiANIOBIIHUX TaOJIMIb,

— TeHepallis JaHuX BiJJOYBa€eThCsI B OOMEKEHIHN Ki-
JBKOCTI iTepaliiid, HeoOXiMHIN I OTpUMaHHS Oa)kaHOi
KUIBKOCTI PSIZIKIB,;

— micnd 3aBepuieHHs rerepanii, 1aHi 3 CTE edex-
THUBHO BCTaBJISIOTHCS B MUTLOBY Tabiwio Products 3a mo-
nomororo ofHiel onepaii INSERT.

I'enepauisi 32 10NOMOI00 TUMYACOBUX Ta0IULb.
et migxin 6a3yeThcs HA BUKOPUCTaHHI TAMYACOBHX Ta0-
v B SQL 171t mpoMibKHOTO 30epiraHHs JaHUX ITiJ] 9ac
reHepaiii. Ha BigMiHy Bij 3BHYaiiHHX TaOIUIb, THMYa-
COBI iICHYIOTh TUTBKH MPOTSITOM IIOTOYHOTO CEaHCY 1 aBTO-
MAaTHYHO BUIAJISIOTHCS MiCIs 3aBepiiueHHs poboTu [9].

JlaHuii miaxin J03BOJISIE ONITHMI3yBaTH MPOIIEC Te-
Heparlii 32 paxyHOK MiJATOTOBKH Ta 30epiraHHs MpoMiX-
HUX AaHux. OJHAK BiH TaKO)XK BUMAarae JOAAaTKOBUX pe-
CYpCiB 1T THMYAaCOBHX TaONHUIb Ta yBaru 10 iX BHIa-
neHHs. J{nsg #ioro eQeKTUBHOTO 3aCTOCYBaHHS CIiJ
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BUKOPHCTOBYBATH ONTUMAJIBHUI PO3MIp MaKeTiB JaHUX,
IHCKCAIli 0 TAMYACOBUX TaOJIHIIb, 30epiraHHs JIHIIC He-
00XxigHuX cToBOLIB. lle M03BONUTH OTpUMATH TEBHUM
OaaHC IPOAYKTHBHOCTI Ta EKOHOMII pecypciB Ipu reHe-
patiii TECTOBHX JaHUX.

Otxe, BUKOPUCTAaHHS THMYAaCOBUX TaOIHIb — Me-
TOJ, SIKMH J1ae 3MOTY ONTHUMI3yBaTH IPOLEC CTBOPESHHS
BEJIMKNX Ha0OpiB TecToBMX maHMX B SQL 3a paxyHOK
e(pEKTHBHOTO BHKOPHCTAHHS MPOMIKHHX pPE3yIIbTATiB.
AJITOPUTM MeTOy peasi3oBaHo 32 TAKMMHM KPOKAMU:

— CTBOPIOIOTHCSI TUMYACOBI TaOMHIII JIsI BUOIPOK
KaTeropii i OpeH/IiB;

— TCHEPYETHCS IIIC OJTHA TUMYACOBA TAOJHIIS 3 BU-
MAJKOBAMH TAHUMHU JIJISl IPOJYKTIB;

— 3a gonomororo INSERT BinOyBaeThbcst BcTaBKa
JAHWUX Y MiJIbOBY TAOJHIIO HA OCHOBI THMYaCOBHX;

—  MICIIA 3aBepUICHHS BUAAISIOTHECS YCI THMYAcOBi
TaOJIHII.

[IpoananizoBani MeTOAM TeHepallil JaHUX HaBeICHI
B Tabum. 1.

Tabnuya 1 — OcHOBHI METOAH NMEPEPO3MOIIY MepeKHUX pecypciB

Metoau Oco0/uBocTi IepeBaru Hepnouixu
BukopucroBytotsest ki T-SQL IMpocToTa peanizaii;
. . . Benyke HaBaHTa)KEHHS Ha TPaH3aK-
T'enepartist 3a no- (WHILE) [10]; MO>KIJIMBICTb JI€TAJIb- i
MTOMOTOO ITHKJIIIB noetanHa rereparis Ta INSERT na- HOT'O HaJlallTyBaHHs TV
. TIOBUTBHIIINI 32 iHINI METOAN.
HUX B I[IJIbOBY TaOJIHIIIO. [10].
BuxopucTtoByeThCs KOHCTPYKIIS Bucoka mBuakicts 00- | CxmamHimmi miaxis;
Teneparnist 32 no- | Common Table Expression [11]; poOKH; OOMesKeHI MOKITMBOCTI HAJALITY-
nomoroto CTE reaepyBanHs Ta INSERT nanux Bin- MiHiMyM HaKJIAJTHUX BanHs [11].
OYBA€ETHCS B OJTHOMY 3aIIUTI. BUTpAT.
eHepaLis 3 BIKO CnovaTky GopMyrOThCS THMYACOBI Bucoka mBHIKiCTh 06- | Binmbir ckianHa peanizamis [12];
pan tabmuwi [12]; pobKu; notpeda B OYHIICHHI THMYAaCOBHX
PMCTaHHSAM THM- . L
4ACOBHX TAGIHIL notiM BUKOHY€eThCs INSERT nanux B | rHydke HagamTyBaHHS TabMIE; 0OMEKeHa KUIbKICTh TeHe-
LJIbOBY TAOJIHITIO. JIOTIKH. pariii BUMaJKOBHUX JaHUX.

Ha HacTymHUX eTamax JIOCIiIpKEeHHs IPOBENCHO eKC-
HepUMEHTAJIbHE TECTYBAHHS IPOaHATI30BaHUX METO/IIB Te-
Hepaii JaHuX Ha OCHOBI 0OpaHMX MeTpuK. Lle m03BOIHTH
3poOUTH OOTPYHTOBaHI BHCHOBKH OO ONTHMAJBHOCTI
KO>KHOTO METOJIY JUTS Pi3HUX CIICHApIiB Ta 0OCSTIB JaHUX.

Kpurepii oninioBanus epeKTUBHOCTI
MeTO/iB reHepauii JaHux

Jli1s npoBeAeHHS IOCTiPKEHHS OyI10 BUSHAYEHO KITIO-
YOBI METPHKH JUTS OI[IHKU Pi3HIX METO/IIB TeHEPYBaHHS Te-
CTOBHX JIAHUX — IIBUJIKICTb (Yac) reHepallii, BAKOPUCTaHHS
CHCTEMHHX PECYPCIB Ta MaciITaOOBaHICTh 3aIKCIB B KOXK-
Hiit Tabmuui BJI. {ns cucremHoro ananizy edexTuBHOCTI
METO/IiB TCHEPYBAHHS TECTOBUX JAHUX PO3TJISIAIIHCS TaKi
KpuTepii: yac renepailii, 00Csr 3reHepOBaHKX JaHUX Ta Ma-
citaboBaHicTh. Yac reHeparlil € KIFOYOBHM MOKA3HUKOM
MPOYKTHBHOCTI METOJY, OCKUIBKH BiH BifioOpakae 31aT-
HICTB OnepaTUBHO (pOpMyBaTH BeJMKI 00CATH JAHHX, 10 €
HEOOXIJHUM I TecTyBaHHA MeToxiB. OOcsr 3reHepoBa-
HHX JIaHWX BKa3y€ Ha BUKOPHCTAHHS JJUCKOBOTO IIPOCTOPY
6a3u nanux. OnTIMaTbHEe BUKOPHCTAHHS AUCKOBOT'O TIPOC-
TOPY € KPUTUYHUM JUIA BEJMKHX OOCSTIB JaHUX 1 TECTy-
BaHHsI HaBaHTakeHHsI. L[eil moka3HUK JoromMarae BUSIBUTH
mpoGJieMHi TOUKH (BY3bKi MICII) B METOJaX TCHEPYBaHHS
JMaHnX. MacmTaboBaHICTh BiJoOpakae 3MaTHICTh METOJIIB
MATPIMYBaTH TPUHAHATHY NPOAYKTUBHICTH TPH 301Ib-
mieHHi 00csTiB JaHuX. [le € BakKJIMBUM acrieKTOM HaaiiHOL
PpOoOOTH METOIB, IO TEHEPYIOTh BENMKI HAOOPH JIaHHX.

Ormxe, #eTalbHUN aHaji3 4acy BHKOHAHHS, 00CsTy
3reHepOBaHNX JAHUX Ta MaclITabOBAaHOCTI PI3HUX METO/IB
€ CKJIaJIOBUMH BCEOIYHOT OLIHKY 1X eekTuBHOCTI. [Toen-
HaHHS [IMX KPUTEPIiB i3 paHile BUSHAYEHUMH METPHKaMHU
JI03BOJISIE KOMIDIEKCHO OLIIHUTH TIepeBary, HeJJ0JIKH Ta 00-
MEXEHHSI KOJKHOTO METOly TeHEepallii TECTOBUX JAaHUX UL
KOHKPETHHX CIICHApiiB BUKOPUCTAHHS peJLIiiANX 0a3 1a-
HUX.

ExcnepumeHTaIBHI 0CTiAKEHHS
MeTO/iB reHepaiii JTaHuX

ExcriepuMeHTabHE TECTYBaHHS €  BaKJIMBUM
€TanoM JOCHiJUKEHHS, OCKIJILKH caMe Ha HOro OCHOBI
MOJKHA 00'€KTHBHO NOPIBHATH €(PEKTHBHICTh PI3HUX Me-
TOJIiB TeHEPAIlil TECTOBHUX JAHUX Ta BU3HAYUTH ONTHMA-
JBHI MAXOIU UTSI KOHKPETHUX CIICHApPIiB.

MeToro IIBOTO eTamy € eMITipUIHa IepeBipka eex-
TUBHOCTI TPHbOX MPOAHANI30BaHIX PaHiIlle METOIIB I'eHe-
pYBaHHSI JIaHMX Ha OCHOBI BM3HAa4YeHUX MeTpuk. Jlist
BOT0 0YyJI0 PO3pOOIEHO eKCTIEpUMEHTAIbHY METOIUKY,
110 BKJIIOYAE:

— TeHepalilo HaOOPIB JaHUX Pi3HOTO 00CATY (Bif
1 1o 10 mMutH psIIKiB, OKPIM METO1a TUMYACOBHX TaOJIHIIb,
TaK SIK B [[bOMY METO/Ii BHKOPUCTOBYETHCS] OOMeXKeHa CH-
creMHa 3MiHHa sys.all objects mis renepanii Bumaako-
BUX 3aIHKCIB, 1 [[eil METOJ] OOMEXYEThCS 5 MITH PSIIKIB)
11t 3aganux Tadnunb Products, Orders, OrderDetails;

— BHUKOPHUCTaHHS KOKHOTO 3 TPHOX METOJIiB T'eHe-
pariii oKkpeMo JUIs KOKHOTO HabOopy NaHWX TaOIUIb;

— BHUMIPIOBaHHs 4acy BUKOHaHHsS Ta oOcsry 3a-
iimaHoro micis B B/1;

— TOpPiBHSHHSI OTPHIMAHMX Pe3yJIbTATIB Ta iX aHAI3.

Bubip Ttprox Tabmumps  (Products, Orders,
OrderDetails) ans TecTyBaHHS 00yYMOBICHHH iX KIFOUO-
BOIO pOJLTIO y Gi3Hec-Tporiecax KOMIaHii, a TaKOXK CKJIa-
JTHOIO CTPYKTYPOIO Ta 3B’3KaMH, 110 JI03BOJISIE OLIHUTH
METO/U B peallicTHYHUX ymMoBax. OOpaHuii giana3oH 00-
csriB manux Big 1 10 10 MyTH psAKiB 1a€ 3MOTY TOCTITUTH
MOBEAIHKY aJITOPHUTMIB SIK Ha HEBEJIMKHX, TaK 1 Ha 3Ha4-
HHUX MacuBax JaHUX. Pe3ynbTaTu €KCIepUMEHTIB pa3oM
3 TEOPETUYHHUM OTJISIIOM Ta aHaJi30M JI03BOJISITH KOM-
IJICKCHO OINIHUTH 1X €(PEeKTHUBHICTH Ta CHOPMYIIIOBATH
KOHKPETHI pPeKOMEHIAITi1 II0JI0 1X IMOaIbIIIOT0 BUKOPH-
CTaHHSI.
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Amnamiz pesynbTaTiB  JuId  KIIOYOBOi  TabiMii
Products, sixa mictuth iH(OpMaLito Mpo Bci TOBapH KOM-
nadii, rpadik yacy reHepauii IpeACTaBICHO Ha pHC. 2.
Amnani3yroun yac reHepauii JaHuX, MOKHa 3poOUTH BHU-
CHOBOK, 1[0 METO/ 3 BUKOpHCTaHHIM pekypcuBHUX CTE
Mae IIeBHY IepeBary.

Hanpuxnan, aist reHepanii 5 MitH paakiB HoMy 3Ha-
nobunocs 31 cek., a g renepanii 10 muH — 1 xB. 58 cek.
e moxHa mosicHuTH TUM, o pexypcuBHi CTE no3so-
JISIFOTH 3HAYHO ONTUMI3yBaTH Hpolec 0OpoOKH JaHuX,
YHUKaIOU1 HEeTOTPiIOHMX omepariil untanus/3anucy B b/]
Ha KOXHIH iTepartii.

20:10
v =0,0002x? - 0,002x2 + 0,0059x - 0,0035
17:17 R2=10,9841
=@ TrIMUaCOBI

14:24 Tabmmmi
ﬁ 1131 —.—zf;\gpcm;ﬁi
é 08:38 TMerscrom

05:46 TlomiHOMIATE-

Ha (ITHKTIH)
02:53
1000000 2000000 3000000 4000000 5000000 10000000
KinTBKicTE 3amiciB

Puc. 2. I'padik 3anekHOCTI yacy reHeparrii Bii KibKoCTi 3anmcis it tabmuii Products

HartomicTts MeTOZ 3 IUKJIaMHU BUMAarac MoCTiHOTO
3BepHeHHs 10 BJ] st 3anucy mopiii JaHuX, 1110 iCTOTHO
yIoBuUIbHIOE Tmpoliec. Came TOMY Ha T€Hepalilo TOro X
00csary nanux Oysio ButrpayeHo 17 xB. 46 cek.

MeToa TUMUYACOBUX TAOJIUIb 3HAYHO NOBUILHIIINHN,
a Tako)K OOMeXeHHH y 4aci reHepaiii HiX PeKypCHBHI
CTE. Lle ToMy, 10 THMYAcOBi TaOJHII TaKOX BHMara-
I0Th JOJATKOBUX omepaniii unraHus 3 BJl mis 36epe-
YKCHHS TIPOMDKHHX aHHUX. 32 00CATOM 3aiiMaHOTO MiCIIs

repeBara y MeToii TAMYacoBHX Tabmuis — 673 MB micis
renepartii 5 muH psaakis (puc. 3). lle HOACHIOETHCS THM,
110 BOHU 30€piratoTh Jiniie HeoOXiJHi [UIs reHeparlii cTo-
BIII[I HA BIZIMiHY BiJl TOBHOIIHHUX TaOJIHIb.

Haromicts Meroau 3 CTE ta umknamu GopMyoTh
MOBHI TaOJINYHI AaHi, 10 H MPU3BOIUTH 10 OLIIBIIOr0 00-
cary it 5 mirH 3amuciB — 975 MB, a mig 10 Mie — 10
1991 Mb y metoni CTE Ta 2000 Mb y metoni Bukopuc-
TaHHS [UKJIIB.

2000

1000000 2000000 3000000

Il II ‘
o mHll ll I I

4000000
KiIBKiCTB 3aIIHCIB

B Tuvaacosi Tabmmmi
B Pexypcneri CTE

ITmEom

5000000 10 000 000

Puc. 3. I'padix 3anexxHOCTI 00'eMy 3reHepOBaHUX JaHUX BiJ] KIIBKOCTI 3amuciB y Tabmmmi Products

Orxe, ipu TeHeparlii nanux y Tabauii Products pe-
kypcuBHi CTE neMOHCTpPYIOTh HalKpamly MOIBHAKOMIIO
3aBIAKN e(eKTUBHIN 00poOIii JaHux Oe3 3alBHX omepa-
uitd 3 BJ1, a mo 10 o0caTy MaHuX, TAMYAcOBi TaOIUII Ma-
I0Th HEBENHUKY IrepeBary. Jlaxi HaBeaeHO aHami3 TeHepa-
il mauux s a6 Orders. Pesynbraty uacy reHepa-
i 71 TaOJUI IPECTaBICHO Ha puc. 4.

Tpeba 3BepHyTH yBary Ha Te, IO s Tabnmui
Orders crniocTepiraerbes moiOHa TSHICHIIIS OO0 IIIBHU-
JKOCTi reHeparii maHux, mo i Juis tabmuii Products.

3okpema, pexkypcuBHi CTE moka3yroTs HaliKpamnry ImBHU-
JIKOAiIF0 — 32 cek. st 5 MITH psiakiB Ta 1 xB. 59 cek. —
Jutst 10 mTH.

Jltsa tabmumi Orders pisanis mixx CTE Ta TiMuaco-
BHMH TaOJUIIMH Bipi3HAETHCS MpakTHIHO Ha 150%.

o crocyeTscst 0OCATY 3TEHEPOBAHHX IaHHUX
(puc. 5), THMYACOBi TaOJIHULI TOKA3YIOTh OUIBITY €KOHO-
Mil0 MicIs: pi3HHL Y mopiBHsHHI 3 MeTogoM CTE ckima-
nae maibke 230 MB Ha KOpUCTH THMYAacOBHX TaOIUIb
it 5 wmiH 3amuciB. OTke, Xoya 3a IIBUAKICTIO
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pexypcuBHi CTE maroTh mepeBary, CyTTeBa eKOHOMIS Mi-  Ha yBary, ajic )k METOJl 3 TAMYaCOBUMH TaOIIUISIMU Ma€e
CIIsl IPY BUKOPUCTAHHI THMYACOBHX Ta0JIUIh 3aCITyTOBYE  TMCBHI 0OMEKEHHS 1010 00’ €MiB FCHEPOBAHMX JTaHUX.

23:02 @ T1IMIACOBI1
20:10 v =0,0004x? - 0,003x2 + 0,0084x - 0,0044 Ta0 I
' R2 = 0,9889
17:17 === PeKypCHEHI
CTE

14:24

g 11:31 —@— Ikt

& 08:38 B
05:46 - e Jliniitza .

ST Gt SR y =0,0002x - 0,0003 (Pexypcuem1

02:53 CTE)

00:00 M """"" TlomiHoMiaTs-

‘Ha (IIFIKIII)
1000000 2000000 3000000 4000000 5000000 10000 000 |
KUIBKICTB 3aIHCiB

Puc. 4. I'padik 3anexxHOCTI Yacy reHeparii Bix KinbKocTi 3anuciB 11 tabmuni Orders
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1200 ® TimuacoBi Tabmmm
Eﬂ 1000
L_E 300 B Pexypcusri CTE
o

[=T =]

600

0 B T Taxcmmn
2" il |

, =im 1

1000000 2000000 3000000 4000000 5000000 10000000
KinpKicTE 3ammcis

Puc. 5. I'padik 3anexHocTi 06'eMy 3reHepOBaHHX JaHHUX Bij KiIbKOCTI 3amuciB ai1s Tabmuii Orders

Taomuust OrdersDetails. Pesynbraru ii redepaiiii  BifMiHy BiJ momepenHix TabiuIp, s epeBara € OibI
— gacy TeHepalil JaHuX JUIA i€l TaONuIi — MpeAcTaB-  3HAYHOIO — UL TeHepalii 5 MUTEHOHIB PAAKIB peKypCH-
JIEHO Ha pHC. 6. BHi CTE Butpatunu 16 cex., mo y 5 pasiB mBuaIIe, HiX

Pe3ynpraT IEeMOHCTPYIOTh BUCOKY HIBHAKICTh T'€-  METO] THMYAaCOBUX TaOJHIb, Tay 16 pa3iB mBuamre, HiX
Hepauii maHux 3a jgonomororo pekypcuBHux CTE. Ha  merox mukiis.

36:00 v =0,0005x> - 0,0039x2 +0,0112x - 0,0063 .
R2=0,995 == T}IM'{aCIOBl
Tabmimi
28:48
. === PeKypCHBHI
z CTE
o 21:36
&
= e [ Turm
14:24
‘‘‘‘‘‘‘‘‘ TomiHoMIATE-
07:12 Ha (ITHKII)

00-00 P ——— B

1000000 2000000 3000000 4000000 5000000 10 000 000

KinpkicTh 3ammicis

Puc. 6. I'padik 3anexHocTi yacy reneparii Bix kinbkocti 3anucis st tabmuii OrdersDetails
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Taki pe3ysbTaTH HOSCHIOIOTHCS OCOOJIMBOCTIMH
onrtuMizanii 3amutiB B pekypcuBHux CTE.

Bonu 103B0sIsII0TE €pEKTHBHO T'eHepyBaTH CKJIa(Hi
iepapxiyHi JiaHi, 0 W € aKTyaJbHUM JJIsl TAOJIHLb THITY
OrdersDetails.

HaromicTe METOIM THMYACOBUX TAOJINL Ta IIAKIIIB
moTpeOyroTh  OinmbIme dWacy depe3  HEOOXimHICTH

CTBOPEHHS Ta 00OPOOKH NMPOMIKHMX pe3yJsbTatiB. Lle mo-
MITHO IJIsl METO/Ly LIMKJIIB, SIKWI BUTpaTuB Maiibke 17 XB.
Ha Toi1 camuii o6csir nanux. [l oo obcsry 3reHepoBaHuX
nanux (puc. 7), To pexkypcuni CTE Ta TumMuacosi Ta0-
JIMLI TPOJIEMOHCTPYBAJIM CXOXKI PE3YJbTAaTH Ul 5 MITH
3ammciB. [Ipy BHKOpHCTaHHI METOXy LWKIIB 3HAm00U-
JI0CH O1JTBIIIE MICIIS Uepe3 TeHepYyBaHHS IOBHUX TaOJIHIIb.
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Puc. 7. I'padix 3aexHoCTi 00'€eMy 3reHEpOBaHUX JAHUX BiJ KUIBKOCTI 3amuciB it tabmuii OrdersDetails

Orxe, nist Tabnuui OrdersDetails Haii6inbm edex-
TUBHMM € MeTo/ 3 pekypcuBHuMu CTE. Bin nepeBepuiye
IHIIII METO/H SIK 32 YaCOM T'eHepallii, TaK i 32 EKOHOMIEI0
micig B BJ1. Lle miaTBeprkye BUCOKY e(eKTHBHICTE Me-
tony CTE nns cknafHuX CTPYKTYp JaHUX.

Otrxe, pe3yabTaTH EKCHEPHMEHTAIBHOTO TECTY-
BaHHSA TPHOX METOJIB TeHepamii JaHWUX Ui TECTOBHX
Tabimie Products, Orders ta OrderDetails Bu3Haunin Ha
OCHOBI METPHK €()EeKTHBHOCTI X BUKOPHCTAaHHS HACTY-
IHe.

1. HIBuakicTh (4ac) reHepauii:

— pekypcuBai CTE BusiBwincs HaiieheKkTUBHI-
LM METOJIOM T'eHeparlii JaHuX JUIS BCiX TPhOX Ta0JHIb,

— THUMYacoOBi TaONMI TaKOX JE€MOHCTPYBAJH
MPUHHATHY IBUAKICTD, alle B MOPIBHAHHI i3 peKypCHB-
uuMu CTE Oynu MeHII IPOAYKTHBHUMH, a TaKOX € 00-
MEXEHUMH I[0JI0 OOCSTIB reHeparii J1aHux;

— IMKIIYHUA METOJI BUSBUBCS 3HAYHO MeEHII ede-
KTUBHUM JUISl BEJIHUKUX OOCSIiB JaHUX, OCOOJUBO IS
tabmump Orders Ta OrdersDetails.

2. BuxopucTaHHs pecypcis:

— pekypcusHi CTE exoHOMIISTE pecypcu Ta Mpu-
CKOPIOIOTH T€HEpallilo, OCKIJIbKH YHUKAIOTh 3aiBUX OTle-
pamiif untansst/3anucy B b/ Ha KoxHil iTeparmii;

— THUMYacoBi Tabnumi moTpeOyroTh JOJAaTKOBUX
orepamnii YuTaHH/3anuCcy A1 30epeXeHHS TPOMIKHUX
JIAHUX, 110 TPU3BOAMTH A0 3MEHIICHHS e()eKTUBHOCTI B
nopiBHsAHHI 3 pekypcuBHUMHU CTE;

— [MKIIYHUHA METOJI BUMarae IOCTIHHOTO 3Bep-
tauHs 1o BJI nns 3anucy nopuii aHUX, 00 TPU3BOAUTH
JI0 ICTOTHOTO 3HW)KEHHS IIPOAYKTHBHOCTI.

3. MacmragoBaHicTh:

— pekypcuBHi CTE BusBmWIM BHCOKY MacmTabo-
BaHICTh, 30epiraroun eheKTHBHICTH TpHU poOOTI 3 pi3-
HUMH 00CsATaMH JaHUX;

— THMYacoBi TaOJHII TaKoX 3a0e3NeuyloTh MpHU-
HWHIATHY MacIITabOBaHICTh, aJie )X MEHILY B MOPIBHSHHI 3
pexypcuBaumu CTE;

— UUKITYHUA METOJ 3MEHIIYe e(heKTUBHICTD MPU
poOOTi 3 BETMKUMHU 00CATaMU TaHUX.

4. OOcsr 3aiimanoro micust B B/I;

— THUMYacoBi Ta0NHUIll €PEKTUBHO SKOHOMJISTH Mi-
cue B b/l, 30epiratoun nuire HeoOXimHI A reHepauii
CTOBIIII;

— pekypcuBHi CTE Ta mMeron mukiiB GopMyrOTh
MTOBHI TaOJWYHI [aHi, MO MPU3BOIUTH A0 301TBIICHHS
o0csry B B/I;

—  PpI3HHUUA 00 00’ €My mam’siTi MXK PEKypCHB-
aumu CTE Ta MUKITIYHUM METOIOM HE € KPUTHYHOIO, ajie
JIOBEJICHA S(PEKTHBHICTh METOMY THMYACOBHX TaOIHIlb
010 30€peKEeHHST TAHUX.

3aranom, pe3yJbTaTi eKCIepPUMEHTaIbHOTO JIOCITi-
JUKSHHSI JIO3BOJISIIOTH 3pOOUTH BHCHOBOK, 110 HAWO1IbII
VHIBepCaIbHIM Ta ¢(pEKTHBHUM MiIX0JOM [0 TeHeparlii
TECTOBUX JIaHMX JUIA 3aJlaHuX TAOJIHIb € BUKOPUCTAHHS
pexypcuaux CTE. Llei meTon npogeMOHCTpyBaB ONTH-
MaJibHe TMO€IHAHHS MBUIKOII1 (4acy reHepariiii), eKoHO-
Mii pecypciB, MaciuTaboBaHocTi Ta HapiitHocTi. [lepe-
Baru pexypcuBanx CTE monsraroTs B €heKTHBHIN ONTH-
Mi3arlii 3anuTiB, YHUKHEHHI 3aiiBuX onepaiiii 3 b/] ta Bu-
COKIiH THYYKOCTi 0 CTPYKTypH i oOcsry manux. Lle po-
OuTh iX HAMOLIBII TPUAATHIM {HCTPYMEHTOM ISl T€He-
pamii sIK IPOCTHX, TaK 1 CKIaJHHUX I€PApXiYHUX JaHUX B
IIMPOKOMY Jiara3oHi X MacImraboBaHOCTI.

Hukniunuit MeTOx BUSIBUBCS. HAMMEHII TPOYKTHB-
HUM Ta pecypcoeMHIM. OTxke, HOro MOXHa PEKOMEHTY-
BaTH JIMIIIE 17151 HeBEeJUKHX 00CSTIB IPOCTHX JaHUX Ye-
pe3 HU3bKY MacIITa0OBaHICTb.

Takum 4rHOM, MOXHA 3pOOMTH BUCHOBOK, IIIO pe-
kypcuBHi CTE € onrtumaibHUM — yHIBEpCaJIbHUM
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IHCTPYMEHTOM I'e€Hepallil TECTOBUX JaHMX JUIsl 3371a4 Te-
CTYBaHHS Ta HaBaHTa)KEHHs pessiniiaux B/

BucHoBxku

VY nasiif poOOTi JOCTIHKEHO aKTyalbHy Ipo0ieMy
TeHepallii TECTOBUX JIaHUX BEIMKUX 0OCATIB IJIs 3aBIAHD
TECTYBaHHS Ta ONTHMIi3amii poboTn pensiitanx 6a3 aa-
HUX.

3a pesysibTaTaMH €KCIEpUMEHTaJIbHOTO MOPIBHS-
JILHOTO TECTYBaHHS METO/IB Ha OCHOBI KJIIOUOBHX MET-
puK eheKTUBHOCTI (4acy reHepallii, BUTpAT pecypcis,
MacIiTaboBaHOCTI) OOIPYHTOBAHO, 10 HAHOIMbII edek-
TUBHUM € MeToA pexypcuBHUX CTE.

el meroa mpoAEMOHCTPYBaB ONTHUMAbHE MOEM-
HaHHS MIBUIKO/Ii, EKOHOMIi pecypciB Ta HaIifHOCTI I
IIMPOKOTO Jiarma3oHy 00CSTIB 1 CTPYKTYp AaHuX. BogHo-
Yac, 3a IEBHUX yMOB, JIOLUIBHO MOEIHYBaTH MEPEBArH

PI3HUX METOJIB: 30KpeMa, TUMYacOBi TaOJHII MOXYTb
3aCTOCOBYBATHUCS JUIsl CKOHOMIT MiCIIsl TIPU CEPeHiX 00-
csrax JIaHWX, a HMKIIYHAN METOJl € OOMEXEHO MpUAaT-
HUM, 30KpeMa JUIsl HEBEJIMKUX IPOCTUX HAOOPIB JaHUX.

TakuMm uYnMHOM, NpOBeNEHE MOCITIIPKCHHS HANaE
KOMIUIEKCHE YSIBJICHHS IIPO MOXKIMBOCTI Ta OOMEKEHHS
PI3HUX METOMIB TeHepalil JaHUX Y peabHUX YMOBax ix
3aCTOCYBaHHS.

PesynpraTH 1aHOTO NOCIHIIDKEHHS HAagalOTh PEKO-
MeH/aIll mox0 X BUKOPUCTAHHS IS TeHepaii TecTo-
BUX JaHHMX Ha XMapHUX IUIaThopMax — HAIPHKIAM, I
TectyBaHHs cepriciB Azure SQL Database ta Azure
WebApp + SQL Database xmapuoi miatdopmu Azure
JUISL TIPUHAHSTTI pillieHb 1010 BUOOPY ONTHUMAIBHOTO pi-
BHs1 Mozienedt DTU Ta vCore npu MozieroBaHHI MPOLECiB
reHepaii JaHUX Ta CTBOPEHHI 3aIUTiB Pi3HOI CKIIaJHO-
cti y pemsitinux BJ1 [13].
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to research the effectiveness of test data generation methods
in relational databases

S. Minukhin, M. Bashkirov

Abstract. The article analyzes three main methods of generating test data for relational databases: cyclic, based on Com-
mon Table Expressions (CTE) and using temporary tables. Experimental testing was carried out in the MS SQL Server environment
on the example of database tables of a trading company. A comparison was made by key metrics of generation efficiency - gener-
ation time, system resource utilization, and scalability of the test database tables. The results of the study substantiated the effec-
tiveness of the recursive CTE method for different volumes and data structures. Recommendations for choosing test suite genera-
tion methods in accordance with the requirements of database projects, in particular when using services for working with relational
databases on cloud platforms, are given.

Keywords: Database, Microsoft SQL Server, Testing, Database generation, T-SQL, Optimization, Recursive queries,
Temporary Tables, Generation with Loops.
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XapKiBChKHIA HAITIOHATHPHUN YHIBEPCUTET PaIioeNeKTPOHIKH, XapKiB, YKpaiHa

MOJAEJIb OBPOBKH CIIEKTPAJIBHUX JAHUX ACTPOHOMIYHUX OB’EKTIB

AHoTanisi. AktyaabHicTs. Ha nannii gac icHye HanpsiM, sKuii TOB’S3aHO 3 ONTHMI3aLiel0 0OpPOOKH JaHUX aCTPOHOMIY-
HHUX 00’€KTiB, 30KpeMa CIIEKTPaIbHUX JaHUX, IO OTPHMYIOTHCS 3a JONOMOTOI0 pajgioreneckomniB. O6’eM JaHWX, KOTpHI
HeoOXiZTHO 00poOHTH, IIpeCcTaBIIsiE COOO0 OJJHOPIMHMI TOTIK iH(OpMaIIii, SKUi MOXXHA 0OPOOIATH 3a JOTOMOTOI0 PO3IO-
JIUICHUX OOYUCIICHb, TAKMM YHHOM 30UTBIIMBIIN MIBHIKICTE 0OPOOKU Ha JIOBOJII 3HAYHY BeIHYHHY. MeTow AaHoi po6oTn
€ 1o0yzoBa MozieTi 0OpOOKM CHEKTPATIbHUX JAaHUX aCTPOHOMIYHHUX 00’€KTiB 3 BUKOPHCTAHHAM PO3MNOIIICHUX OOYUCIICHb.
O0’ekTOM AOCTiIKEeHHS € Tpolec OOpOOKH CIIEKTPAIbHUX AaHHX, SIKi OyJ0 OTpUMAaHO BiJ aCTPOHOMIYHUX OO’€KTIB.
IIpeameTrom focaiaKeHHs € iICHYIOUM Ha JaHUH 4ac MoJeNi Ta MeToIu oOpoOKu creKTpadbHUX AaHuX. PesyabraTn. 3a-
MPOIIOHOBaHA MOJIENb OOPOOKH CHEKTPAIbHUX JaHUX aCTPOHOMIYHUX 00’€KTIB, IKa PEKOMEH/y€ BUKOPHCTOBYBATH PO3IIO-
JieHi anroputMHu oOpoOKM Ta cremiaii3oBaHe HporpamHe 3a0esmedeHHs, a came cepenosume CUDA Ta Gibmioreky
OpenCV mis 3MeHIIeHHS 4acy 0OpoOKH BEJMKHX MAcHBIB JaHHX Ta OIIBII PalliOHAIFHOTO BUKOPHCTAHHS IOTY>KHOCTEH
00YHCITIOBAIBHAX pecypciB. BUCHOBOK. BukopucTaHHs 3aporoHOBaHOTO IHCTPYMEHTApPII0 Y MOJEN T03BOJISIE OKPAIIHU-
TH Ta NPUIIBHILIMTH 0OPOOKY CIEKTPAIbHUX JaHUX aCTPOHOMIYHMX 00’€KTIB 3a JOMOMOTOIO PO3MOIUICHUX aJrOPUTMIB.

Kaw4voBi ciaoBa: crekTpanbHUI aHA3, TapajeibHi Ta PO3MOIiNICHI 00UMCIICHHS, 00pOOKa BEIUKHIX JAHHX, IIBUIKO/IIS.

Beryn

JIrocTBO 3aBXKIM MParHyJio JOCHIAUTH Ta MpoaHa-
Ji3yBaT# HeOO, BUSIBUTH 3aKOHOMIPHOCTI, siBUIlla Hebec-
HUX 00’€KTIB, MOCTITUTH caMi 00’€KTH. 3 IUTMHOM dacy
TIPOCTi JOCTIKEHHS Heba CTaly MOBHOI[IHHOK HAYKOIO
— aCTPOHOMI€I0. ACTPOHOMIS BKE JaBHO IepecTana OyTu
BUKJIIOYHO HAYKOI ONTHYHHX CIIOCTEPE)KCHb. MUHYyIE
CTOJITTS OO BENUKUH TOIITOBX PO3BHUTKY BCIX HAyKO-
BUX c(ep, sIKi BUKOPHCTOBYIOTHCSA B HAIIl Yac SIK iHCTPY-
MEHTapiil I JOCiipkeHb Heba Ta Horo siBuul: (i3uKa,
XiMist, reorpadist, KOMIT FOTEPHI TEXHOJIOTi.

CrBopeHHs panioreneckony B cepeauHi 20-ro
CTOJITTS JaJI0 BEJIMKUHA MOLITOBX PO3BUTKY aCTPOHOMIT,
TaK sIK Telep HayKOBI[l MalOTh 3MOTYy OayMTH BUIPOMi-
HIOBaHHS 00’€KTIB HE TUIBKHU B ONITUYHOMY Jiara3oHi, a
it B inmmx. [IpoTe, HAYKOBIII CTHKAOTHCS 3 1HIIOKO TIPO-
61emMor0: 00poOKOI0 TaHUX, sKi Oyno oTpumano. OnHU-
MU 3 THIIB JaHUX, SIKi OTPUMYIOTBCS 3 PaJ[i0TEIECKOITIB
€ CIeKTpasbHI AaHi. Y 3B’S3Ky 3 IIUM, Cy4acHa acTpo-
HOMisS BCe OUTbIIE CIUPAEThCI HAa TIEPEIOBI KOM-
II’FOTEpHI TEXHOJIOTIT Ta IHHOBALilHI METOJ1 O0OpOOKH
nanux [1, 2]. BukopucrtanHs rpadidHHX Mpouecopis
(GPU) crano peBoJIOLIIHHUM KPOKOM Y LIbOMY HAIpsM-
Ky. GPU 103BOJNSAIOTH NPOBOJUTH OOYHCICHHS 3 BHCO-
KOIO CTYIEHEM Mapaneii3my, 0 KapAWHAIBHO 3MiHIOE
MiIXOAM 10 OOpOOKH BENUKHX OOCATIB JaHUX, OTpUMAa-
HUX Bif HeOecHUX crocTepeskeHb. Ha manumidi yac juis
onTuMizalii mpouecy OOpOOKHM CHEKTpalbHHX JaHWUX
BHUKOPUCTOBYIOTBCSI KOMIT FOTepHi TexHoJjoril [3]: Hay-
KOBIII JJOCIHIKYIOTh iICHYIOYi MOJIEN, MporpaMu Ta aj-
TOPUTMH OOpPOOKH, HaMaralo4uch CTBOPHUTH HOBHI,
O1IBIIT ONITUMI30BaHUH MAXIM 10 IX aHATI3Yy.

Merto10 po6oTH € moOym0Ba MOJIEN OOPOOKH Crie-
KTpPaJIbHUX JTAaHUX aCTPOHOMIYHUX 00 €KTIB 3a JOIIOMO-
TOI0 PO3MOIIIEHUX O0UNCIICHb.

Pe3yabTaTtu gociaixkeHn

AKkTyanbHi 3aco0u o0pooku. Ha nanuii yac Haii-
TIOTMYJISIPHIIIIAM CEPEIOBUILEM IS aHAi3y Ta 00poOKH
CIIEKTPAIBHAX JaHUX aCTPOHOMIYHHX 00’ €KTIB € cepe-
nosuie Image Reduction and Analysis Facility (IRAF)

[4], sixe Gymo cTBOpeHO y 80-X pokax Ui HIBHAKOI Ta
ONTUMAJILHOI OOpPOOKM JaHWX, OTPUMAaHHX Bill acTpo-
HOMIYHHMX 00’€KTiB. MOBOIO MpPOrpaMyBaHHS CepeIo-
Buma IRAF e Python, a mis MareMaTHYHHX OOYHCIICHD
BUKOPHUCTOBYEThCs Gibmioreka Astropy [5]. Cepemou-
1ie SABjsie COO0K0 TOTYKHUN MPOTPAMHHMIA TTAKET, PO3PO-
OJNeHUiT U1 BUKOPUCTAHHS B aCTPOHOMII Ta acTpodi3u-
11i, TPU3HAYCHUH [UIS TIOJIETIIEHHS pOOOTH 3 TaHUMH, Ta
HaJa€ 3pydHi IHCTPYMEHTH IJIsi BUKOHAHHS IIHPOKOTO
CHEKTPY 3amad: Bifl 0a30BHX OOYHMCICHb Ta OOPOOKH
300pakeHb J0 OUTBII CKIAJHUX OIEpalii, TaKUX 5K
YTIPaBIiHHSA aCTPOHOMIYHUMH KOOpAWHATAMH, 9aCOM Ta
MO/ICITIOBaHHSIM.

bibmioTeka Astropy Hajae PO3IMIMPEHI MOKIUBOCTI
JUIsL aHaJli3y CHEKTPAIbHUX JaHUX, IO € HEeBiJ'€MHOI0
YaCTHHOIO CYy4aCHHX aCTPOHOMIUHMX J0CIIiKeHb. BoHa
JI03BOJISIE BYCHUM JIETKO OOpOOISITH, aHali3yBaTH Ta
IHTepIIpeTyBaTH CIEKTpalibHy iH(opMmamito, sika Oyia
OTpUMaHa B HACJIJIOK aCTPOHOMIUHHX CIOCTEPEIKEHb.

Baxmmeum  akropom Bukopuctanas IRAF Ta
Astropy € MOXJIHBICTD 3UUTYBaTH Ta 00poOsiTH hopmar
Flexible Image Transport System (FITS), sikuii € Haii-
OUThII TOMYJSIPHUM JUISL 30epekeHHS XapaKTePHCTHK
CUTHAJILy 3 PajiOTEeNIECKOIIB s IMOAAIBIIOrO ONpaIio-
BaHHs. FITS siBisie co0or0 BIiAKpUTHH CTaHIAPT, KU
BHU3HaYa€e MUPpoBUi HopMaT Qaiiny KOpuCHHMA i 30e-
piranHs, nepenadi Ta 00poOku maHuX: y popmari 6arato-
BUMIpHUX MacwBiB (Hampukian, 2D-300paxkeHHs) abo
tabmuix. Cmig 3a3HaunTy, 110 FITS € HaiOuIbII HOMIN-
peHnM GdopmaToM (aiiiiB, SKMH BHKOPHCTOBYETHCS B
acTpoHOMI{ 1 MICTUTB Taki JaHi: onuc GOTOMETPUYHOI Ta
MIPOCTOPOBOI KaniOopyBaibHOI iH(popMarii pasom 3 opuri-
HaJIbHUMHU METaIaHUMH 300paKeHHSI.

®opmar IRAF ninTpuMyeThes 10 cux Iip, nporte
BiH BUKOPHCTOBYE IOCITIJIOBHI QJITOPUTMHU OOpOOKH Ha
mponecopi. Takuil MiAXix HaKJIagae 3HAYHI OOMEKCHHS
Ha MIBUAKOJI0 00pOOKH JTaHWX, OCOOIMBO B KOHTEKCTI
“mobuTenscKoi” acTpoHoMii. Berxnka moTyXHiCTH TOT-
peOyeETHCS BiJi KOMIT FOTEPHOI CHCTEMHU, 11100 00poOIsATH
TaKWii BEJIMKWH TOTIK TaHUX B peasibHOMY daci. O0po0-
ka omHoro aitmy FITS ma pmoBom mocepemHix
KOMIT'IOTE€pax MOXKE 3aiHSATH OiibllIe KUIBKOX XBHIIMH,
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L0 € JOBOJI JIOBI'MM IPOLIECOM, BPAaXxOBYIOUH T€, ILO
OJMH Takui (ailm MiCTUTH AaHi Mpo 00’€KT B KOHKPET-
HUH MOMEHT uacy. [0JOBHOIO 3amadero Mojeni, IO
MIPOTIOHY€EThCS, € MPUCKOPEHHS LIBHIKOCTI OOpOOKH
nanux y ¢opmati FITS 3a paxyHOK MakCHMaJIbHO IIBH-
JIKOTO TIPOXOKEHHS TI0 MacuBY CHEKTPATbHUX JAHUX 3
3aCTOCYBaHHSAM JO KOXXHOTO EJIEMEHTY MaTeMaTH4Hi
¢yukmii (aHamorigHo 6i0mioTeni Astropy) 3 BHKOpHC-
TaHHAM PO3IOAITICHUX O0UYHCIICHb.

Texnosoriuna 06a3a. CkiuagHIiCTE OOYHCIIOBAaHB
BUMarae pi3koro 30iTBHOICHHS PECypCiB Ta IIBUIKOIIT
koMm'orepiB. HaiOinbIl MepCrieKTUBHUM  HAIIPSIMKOM
30UIBLIEHHS] IIBUAKOCTI PO3B'SI3aHHS € IIMPOKE BIIPOBA-
JDKCHHSI i7iedl mapaiienisMy y poOoTy 00YMCIIIOBaNIBHHX
cucteM. ChOTO/HI CIIPOEKTOBAHO Ta BUIPOOYBAaHO COTHI
PI3HUX KOMIT'IOTEPIB, 110 BUKOPUCTOBYIOTH y CBOIH apXi-
TEKTYypl TOW UM IHIIMHA B MapaliebHOI 00pOOKHU JIaHUX.
OcHOBHA CKJIQIHICTh TIPU IPOSKTYBaHHI MapalelbHHUX
mporpaM — 3a0e3MeUeHHs] TMPAaBWIBHOI ITOCTIIOBHOCTI
B3a€EMO/IH MK PI3HUMH OOYHCITIOBATEHAMH IIPOIIECAMH,
a TaKo)X KOOPJAWHAILIS PECYPCiB, MO POIUIIIOTECA MiX
HUMH. {751 IPUCKOpPEHHST 0OpPOOKM MachBY CIICKTPAilb-
HUX JaHUX OyJ0o oOpaHO HAMIOMyJSPHINLY MPOTrpaMHY
apxirektypy Bix Nvidia CUDA [6]. CUDA — 1e miporpa-
MHO-alapaTHa apxiTeKTypa MNapajebHUX OOYHCIICHB,
sIKa JTO3BOJISIE 1CTOTHO 30UTBIIUTH OOYHCIIIOBAJIBHY IPO-
JNYKTHBHICTh 3aBISKH BHKOPUCTAHHIO IpadiuyHHUX MpoIie-
copiB NVIDIA. Ilpu BUKOpHCTaHHI i€l TEXHOJIOTII CIIif
OpIEHTYBATHCS HAa TaKy TEPMiHOJIOTIIO:

- mpucTpiit (device) — cama BimeokapTa, rpadigHuiA
nporecop (GPU), sikuif BHKOHY€E KOMaHIU IICHTPAIHHO-
TO MPOIIecopa;

- xoct (host) — menTpamsHUil mporecop (CPU),
SIKMH 3aIyCKae pIi3HOMAaHITHI 3aBIaHHA Ha IIPUCTPOI,
BUILISIE TTaM'SITh,

- sipo (kernel) — 3aBaanHs, 110 Oy/e BUKOHYBaTH-
cs Ha GPU.

CUDA no3Bosisie mporpamicraM peaizoByBaTH Ha
creliaibHOMY CHPOLICHOMY JiaJIeKTI MOBU Nporpamy-
BaHHs C aJroputMmu, 10 BUKOHYIOTHCS Ha TpadidHHX
mporecopax Nvidia, i BKIFOYaTH crielianbHi (QYyHKIIi B
tekcet nporpamu Ha C. Apxitektypa CUDA mae po3po-
OHMKY MOXIHUBICTHP Ha CBill pO3CyJ OpraHi3oByBaTH
JocTym 1o Habopy iHcTpykuiit GPU i ympasmsatu #oro
mam'saTTio. JlaHa TEXHOJOTiS MATPUMYE ACKiTbKa MOB
nporpamyBanHs. Cepen HuxX € Java, Python, C/C++.

Jlis 3ammycKy pO3MOAITICHOTO aJITOPUTMY OOpPOOKH
CHEKTPaJbHUX JaHUX CJIiJl BUKOPHCTOBYBATH HACTYIIHI
IHCTpYMEHTH:

- 6i6miotexy OpenCV BinkpuToro Komy, sika mpu3-
HaveHa Uil HaJaHHs CIUIBLHOI iHQpacTpyKTypy Ui 3a-
CTOCYHKIB KOMI'IOTEPHOTO 30py Ta HPHCKOPEHHS BHKO-
PHCTaHHS MEPIETIii MAIIMH Y KOMEPLIHHUX MPOIYKTaX;

- cepenosunie Microsoft Visual Studio;

- MOBY IporpamyBaHHs C++.

bibmiorexka OpenCV MicTuTh B CO01 aJITOPUTMHU
00poOKM 1aHMX, SKi OPIEHTOBAHO HA PO3MOALICHI 004H-
CJIEHHS 3 MOJAJBIINM BUKOPUCTAHHSIM iX y CepeIOBHIIE
CUDA. Takox ciij 3a3Ha4uTH, 110 0i0Ji0TEKa MICTUTE
MaTeMaTH4YHI yTHIIITH, aHAJIOTi9Hi AStropy.

Mogenb 00po0ku cnekTpaabHUX JaHux. Ha na-
HUHW Yac iCHye MOJeNb OOpOOKH CIIEKTpaIbHHUX JTaHUX,

sika MOKe OyTH OIcaHa 3a 10moMororw koprexy (1), ne
D — nmaracer cnekTpajbHUX AaHUX, S — IpOrpaMmHe 3a-
Oe3reueHHs, sIKe NpUMae y4acTb B 00poOLi Jaracery
JMaHuX, SA — MOCIIIOBHUIA alrOPUTM 00pPOOKH JaTacery.
Hagenena MoJienib Ma€e HU3KY HEJOJIKIB i TOJIOBHUMH 13
HHUX — L€ BUKOPUCTaHHS 3aCTapiioro MporpamMHOro 3a-
Oe3medeHHs Ta 0i0Ii0oTeK KOTpi HE MICTATH B c00i 3MOTy
00pobIATH HaHI PO3MOIIICHO.

MPsp = {D, S [IRAF, Astropy], SA} 1)

100 yHUKHYTH 3a3HaueHHX HEIOJIKiB, 3aIpoIIo-
HYy€EMO HOBY MoJeNb (2), fika peKOMEHAYE BUKOPHCTO-
ByBaTH po3mojiIeH] anropurmu 06podku (DA) Tta cre-
Iiaji3oBaHe IporpaMHe 3a0e3Ie4eHHs, a caMe cepelio-
Buie CUDA Ta 6i6mioreky OpenCV, sKi 103BOJISIOTH
3HAYHO MOKPAIIUTH 00pOOKY CIIEKTpaIbHHUX JAaHHUX acT-
POHOMIYHUX OO'€KTIB 32 PaxyHOK BHKOPHCTaHHS PO3-
HOAIJICHUX 00YHCIICHB.

MPso = {D, S [CUDA, OpenCV], DA}  (2)

Y mopiBHSAHHI 3 MOCTIIOBHIM aJITOPUTMOM, € JIa-
Hi 00pOOJIAIOTECS MOCTIIOBHO OIWH 32 OIHHM, PO3IO-
IUIEHUH JO3BOJIIE peallizyBaTH OIHOYACHY OOpOOKy,
3HIDKYIOUH 3aralbHUN dac OOYHCICHb Ta IIiIBHUIYIOYN
NPOAYKTHBHICTh. TaKUM YHHOM, HOBa MOJEIb 3a0e3re-
yye OUIbIN ¢)eKTUBHE BUKOPUCTAHHS OOYMCIIOBAIBHUX
peCypciB, BIAKpUBAIOYM NUIAX M0 OUIBII TIMOOKOI Ta
HIBUIKOT 0OpOOKH aCTPOHOMIYHHUX JIAHHX.

ANTOpUTM OOpOOKM JlaTaceTy CIEKTPaIbHUX Ja-
HHUX CKJIAJIA€ThCS 3 TAKUX KPOKiB (puc. 1):

1) B mpoekT peaii- - —
sarl H)eo 6XIi)/:[H0 JII(; AT [TigxmrouenHs 6i0moTekn

. OpenCV

OpenCV 6i6mioTexy; 7

2) Momens OTpH-

OTpuMaHHS faHUX y GopmaTi

Mye€ IaHi 1 00poOKwy; FITS

3) BHUKOPHCTOBYIO- 1
4M IapaiesibHi Ta pos- TTpOX 0K EHHS [0 JATACETY 3
nofineHi 00uMCIIeHHs BHUKOPHCTAHHSM NapalelIbHUX
3IACHIOETHCST  00pOOKa Ta PO3MOJIIEHNX 0OUMCIIEHD
CHEKTPAIIbHUX  JaHHUX v
00’exTa (6ibmiorexa BuBeseHHs pe3ybTatiB

OpenCV MIiCTHTh METO-
o st pobotu 3 Qop-
martoMm FITS);

4) yactuHy pe-
3yJNBTATIB IOUIJIBHO Ha-
BOJIUTH Yy BHIJISAL Tpa-
¢ikiB (wactoTHHI

OOYKCIICHHS

v

30epexeHHs pe3yNIbTaTiB

Puc. 1. Anroputm po6otu
MOJIeN, SKa Opi€HTOBaHA
Ha pO3IOIUIeHI 00UYHCICHHS

CHEKTp) IHIIy CIiA TO-
JaTH Yy TeKCTOBOMY (popMaTi (XapaKTepUCTHKA XBHJIb);

5) samuc gaHux y Oyab-SKHil TEKCTOBHIA TOKYMEHT
YH CTBOPEHHS BJIAcHOTO (opmary 30epexeHHs IS BiJ-
TBOPEHHS y MIPOTpami.

AJTOopuUT™M pOOOTH MOZETI, sIKa OpieHTOBaHA Ha
pO3MOJIiNIeHI 00YMCIIEHHS, BUKOPHCTOBY€E TaKi METOIHU
6i0siorexn OpenCV:

- metoau nieperBopeHns @yp'e (FFT): no3BossioTh
aHaI3yBaTH CIEKTPaIbHI KOMIIOHEHTH JIaHUX. Bukopu-
cranug FFT B CUDA Mmoxe 3Ha4YHO NPUCKOPUTH 004H-
CJICHHS 33 PaXyHOK MapaielbHoi 00poOKH JaHUX;

- ¢inprpanis ['ayca (Gaussian Blurring): Bukopuc-
TOBY€TbCA JUIA 3IJIaJPKyBaHHA 300paKEHHS IUIIXOM
3actocyBaHHs ['aycoBoro simpa. Lleit meron mMoxHa 3a-
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CTOCYBaTH JUIsl IONEPEAHBOI OOpPOOKM CHEKTpaIbHUX
JAHWX, 1100 3MEHIIXATH IIyM Ta MiATOTYBATH JaHi JJIs
MoJaJbIIOro aHamizy (peanizauist ['aycoBoro 3riamxy-
BaHHid B CUDA Moxe 3HauyHO IOKpAIUUTH IIBUIKICTH
006poOKH BETUKUX HAGOPIB TaHHUX);

- kpaeBe BusBieHHs (Edge Detection): meromu,
TaKi sk oreparop Cobemnst, MOXKYyTh BUKOPUCTOBYBATHCS
JUTS BUSIBJICHHS KpaiB aCTPOHOMIYHHX 00’ €KTIiB B CIICKT-
panpHUX MaHuWX (TapaiienbHa 0OpoOKa HaHWX 3a JOMO-
mororo CUDA moke 3a0€e3leYnTH IIBHUAKE BUSIBICHHS
KpaiB B BEJIMKUX HA0Opax JaHUX);

- MopoJIoriyHi omeparlii: BKIOYAOTh IMIATALIIO
Ta epo3ito, sIKi MOXXYyTh BUKOPHCTOBYBATHUCS ISl KOPEK-
uii GopMH acTpOHOMIYHHMX OO’€KTIB Yy CIEKTpaJbHUX
JaHuX (LI METOAM MOXKYThb JIOIIOMOI'TH TOKPAIIUTH BU-
JUIEHHS Ta aHalli3 CTPYKTYp, poOiisiuun ix OuiblI BHpas-
HUMHU JJIsI TIOJAITBIIIOTO TOCTIKSHHS);

- HOpMali3allisi: BOHa JOIOMAarae 3rpynyBaTH HaHi
3 MOAIOHUM Jiama30HOM 3HA4YCHb, IO € KPUTHIHO BaXK-
JMBUM JUIsl TOPIiBHSUIBHOTO aHAII3y PI3HUX CIICKTPab-
HUX 300paKeHb);

- mapayenpHa 00poOKa MaHWX: po3OUTTS TaHUX Ha
MEHIII OJIOKH JIJIsl TTapasielibHOoi 00pOOKH J103BOJISIE MaK-
CUMaJIbHO BUKOPUCTOBYBaTH OOYMCIIOBaJbHI pecypcH
GPU. BaxiuBo po3pOOUTH aNrOpUTM TaKUM YHHOM,
00 BiH MIT e()eKTHBHO MACHITA0yBATHCS 3aJICXKHO Bij
KUTBKOCTI JOCTYITHHUX TTOTOKIB.

[Tix yac peanizauii anropuTMiB 0OpOOKH JaHUX Ha
CUDA BaxuBO e()eKTHBHO BHKOPHCTOBYBATH MaM'sTh
GPU, mo6 MiHIMI3yBaTH 3aTPUMKH TOCTYITy IO JaHUX.
BuxopucTaHHs pi3HUX PIiBHIB KELIyBaHHSA Ta PO3yMHE
VIPaBIiHHA NaM'ATTI0O MOXE 3HAYHO MiJBHIIMTU MPO-
IYKTUBHICTD.

[MpumycTrMo, 1o MaeMo JBi MOJENi, OfHA 3 SKHUX
pOOUTH MOCIMOBHY OOpOOKY, iHIIA — PO3MOMIJICHY Ta
Mmae 10 simep, noctynHux aist o6pooku. Toxi, sIKIO Ha

00poOKy onHOrO (haillly yXOAWTh OAHA XBWIIMHA, TO
MOCTIIOBHA MOJENbh Oyae oOpoOisatu omuH ¢aitn 3a
XBHJIMHY, KOJIU TapaienbHa — 10 ¢aiiniB 3a XBUIHHY.

BucHoBku

B pesympTaTi mpoBeneHHWX aBTOpaMH JOCTIHKEHBb
OyJI0 PO3IVISIHYTO aKTyalbHI METOJH Ta IHCTPYMEHTH JJIst
aHaJi3y CHCKTPabHUX JaHUX ACTPOHOMIUHHUX 00’ €KTIB,
NIPUIJICHO yBary BUKopucTaHHIO cepenosuiua IRAF Tta
6i0mioTexn Astropy, sIKi 3aMINAIOTHCS Ba)KIUBUMH iH-
CTpyMEHTaMH B JUIsl e(eKTUBHOTO aHaJIi3y JAaHuX. TaKox
OyJI0O HaroJOmIeHO TPO AKTyaIbHICTh MapajelbHHX Ta
posmozinennx obumcinens Ha mwiardgopmi CUDA, mo
BiZIrpafoTh KPUTHYHY POJIb B ONTHMI3aIlii oOpoOKu Be-
JIMKHAX OOCSITIB JAHNX, OTPHIMAHUX 3 PaIiOTEICCKOIIIB.

Ha ocHoOBi aHami3y iCHyrOYHX MiIXOMIB Ta iHCTPY-
MeHTIB 0yJ10 0OTPYHTOBaHO HEOOXiTHICT BUKOPHCTAHHS
IHCTPYMEHTIB, SIKi pealli3yt0Th MOXKJIMBOCTI MapajeilbHUX
o0uKCIeHb. 3anporoHOBaHa MOJEIb O0pOOKU crieKTpa-
JBHUX JAaHHUX BIIKPUBAE HOBI TOPH3OHTH JUIS ITiJABUILCH-
H e(EKTHBHOCTI OOpOOKM CIEKTPAIbHHUX TaHUX, SKi
OTPUMAHO 3 PaaiOTeJeCKONiB Ta 30epexeHo y ¢opmari
FITS. BukopucranHs napajieibHHX OOYHCIICHb JI03BOJISIE
3HAYHO 3MCHIINTH Yac, HeOOXiTHUH Il 0OpOOKH BeH-
KUX JaHHX, 10 € KIIOYOBUM UL IPHCKOPSHHS HAYKOBHX
JOCIiKeHb. PeKOMeHI0BaHa MOJEINb, IO IPYHTYETHCS
Ha MapayieIbHUX OOYHCICHHAX, NMPONOHYE e(EeKTHBHHUIA
croci0 BupirIeHHS IMi€l 3amadi. BoHa He TiNbKH cripuse
TTiIBUIIICHHIO MIBUAKOCTI OOPOOKH JaHUX, alie i BiIKpH-
Ba€ HOBI MOXKJIMBOCTI IS TIIMOIIOrO PO3YMIHHS CTPYK-
Typu BeecBiTy Ta AMHaMIKK HEOECHHUX SIBHILL.

MaiiOyTHi JOCHI/DKEHHS B i Traimy3i MOXYTh
BKJIOYATH TOJAJIbIIE BJOCKOHAICHHS aJrOPUTMIB Tapa-
nenpHOT 00pOOKH, PO3HIUPEeHHs (DYHKIIOHATY IHCTpyMe-
HTIB, 1[I0 BUKOPHCTOBYIOTECS, a TAKOXK aJlalTalliio Moeni
IUISL HOBUX O0JIaCTeH 3aCTOCYBaHHS B ACTPOHOMIl.
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MODEL FOR PROCESSING SPECTRAL DATA OF ASTRONOMICAL OBJECTS
Dmytro Nikolaienko, Tetiana Filimonchuk, Halyna Maistrenko

Abstract. Topicality. Currently, there is a direction that is related to the optimization of data processing of astronom-
ical objects, in particular, spectral data obtained with the help of radio telescopes. The amount of data that needs to be pro-
cessed is a homogeneous flow of information that can be processed using distributed computing, thus increasing the speed of
processing by a fairly significant amount. The purpose of this work is to build a model for processing spectral data of astro-
nomical objects using distributed computing. The object of research is the process of processing spectral data obtained from
astronomical objects. The subject of the study is currently existing models and methods of spectral data processing. Results.
A model for processing spectral data of astronomical objects is proposed, which recommends the use of distributed processing
algorithms and specialized software, namely the CUDA environment and the OpenCV library to reduce the processing time of
large data sets and more rational use of computing resources. Conclusion. The use of the proposed tool in the model allows to
improve and speed up the processing of spectral data of astronomical objects using distributed algorithms.

Keywords: spectral analysis, parallel and distributed computing, big data processing, high-speed code.
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BITPOBA/KEHHSA IITYYHOI'O IHTEJIEKTY B TESTHUB

Anoranis. Crarts aHanmizye IHHOBAaLIHHHUN MigXid 10 OHJIAHH TECTYBaHHS Yepe3 iHTErpamilo MTYYHOTO IHTENEKTy B
TestHUB, mnatdopmy, sika aBTOMaTH3y€e CTBOPEHHS TECTIB. 3aB/SIKHM IIPOBEJCHOMY EKCIIEPUMEHTY IOBEIEHO, 110, BUKJIA-
Jadi Terep MOXXYTh IMIBUAKO FeHEpyBaTH MUTAHHS, IO BIANOBINAIOTH IIEBHIM HAaBYAJIBHUM KPUTEPIsIM, TUM CaMHUM IIif-
BUIYIOYH e(eKTUBHICTh HaBUAIBLHOTO Ipouecy. CepBic T03BOJIUTH aJaNTyBaTH TECTH IO IHIUBIAyaIbHUX MOTPEO CTY-
JICHTIB, CIIPOIIY€E MiArOTOBKY Ta PO3IIUPIOE MOXIMBOCTI Il KPEATUBHOTO MiAX0Ay A0 HaBuaHHS. CTaTTs OETaabHO PO3-
rsanae ckinanosi cucremu TestHUB, 11 Momyiti Ta anropuT™MH, a TaKOK MPEACTABIISIE Pe3yIbTaTH TECTYBaHHS (QyHKLIOHA-
nbpHOCTI TuaTdopmu. ITizkpecaeHo BaIHBICTh iHTErpamii MTYYHOTO iHTENEKTy B OCBITHiil Mmpollec, HaroJOUIyYHd Ha
MOJINIIEHH] SKOCTi HABYaHHS Ta 3MEHIIEHHI HABaHTAXXEHHS Ha BUKJIAJauiB.

Kaw4oBi cinoBa: oHNaiiH TeCTyBaHHS, IITyYHHH 1HTENEKT, OL[IHIOBAaHHS 3HaHb, OCBITHI TEXHOJOTIi, IEPCOHATI30BaH1
tectu, anroputmu LI, Mmomyni cuctemu, aHami3 GyHKIIOHATBHOCTI.

Beryn

CyuacHa OCBiTa NOCTIHHO IIyKae e(peKTUBHI Me-
TOJM OLIHKH CTYJEHTCHKHX JOCSTHEHb, Cepell IKUX BHU-
PI3HSIOTHCS YCHUM, MMChbMOBHH, TECTOBUH T4 CAMOKOHT-
poib. OcoOMBY yBary MpHUIUISETHCS TECTYBAaHHIO, IO
JI03BOJISIE 00'€KTUBHO OIIIHUTH PiBEHB 3aCBOEHHS MaTepi-
aJry 3aBJISIKH HOTO epEeKTUBHOCTI, IBUAKOCTI OTPHUMAHHS
pe3yNmbTaTiB Ta MOXJIMBOCTI 3a0€3IEYUTH OJHAKOBI
YMOBH JJIS BCiX YYaCHUKIB.

TecTyBaHHSA Mae CBOI HENOJIKH, ajie € BU3HAHUM
METO/IOM KOHTPOJIIO 3HaHb, 1[0 CTIPHSIE PO3BUTKY KPUTH-
YHOT'O MUCJICHHS Ta MiATOTOBIII CTYACHTIB 10 PEaIbHOTO
xutrs [1-6].

[Tnardopma TestHUB BinkprBae HOBi TOPH30HTH B
OHJIAHH TECTYBaHHI, IIPOIOHYIOUU PEBOJIOIIMHINA ITij-
XiJl 1O CTBOpEHHS TeCTiB. BUKOpUCTaHHS IITYyYHOTO iH-
TEJIEKTY JJIsl TeHepalil MUTaHb IePEeTBOPIOE el mpolec
3 TPYIOMICTKOi poOOTH B e()eKTUBHY Ta TBOPUY HisUThb-
HicTh. Bunreni, siki paHime BUTpadasu TOAUHU Ha (op-
MYJIOBaHHS TECTiB, TENep MOXXYTh IIOKJIaJATHCS Ha
TestHUB, 100 cTBOproBaTH sIKiCHI TECTH IIBHIKO Ta 0€3
3aliBUX 3yCHUJIb.

Mtyynnit intenekr TestHUB 3maten anamizyBaTh
HaBYAJILHUN MaTepiall Ta reHepyBaTH 3aluTaHHs, SKi Bi-
JIOBIAIOTh 3a3HAYCHUM KPUTEPIsSAM, BPAXOBYIOUH pi3-
HOMaHITHI aclieKTH BUBYEHHs MaTepiany. BiH Moxe aB-
TOMAaTHYHO CTBOPIOBATH Pi3HI THUIH TECTiB, MTOYMHAIOYN
BiJl MHO)KMHHOTO BHOOPY 10 CKITaTHHUX aHATITHYHHX 3a-
BJIaHb, AJIANITYIOUH iX IO IHAMBITyalbHUAX MOTPEO KOXK-
HOT'O CTY/ICHTA.

Taka mepcoHamizamist € KIo4eM 10 €EeKTUBHOTO
HaBYaHHS, OCKUIBKHA BOHA J03BOJISIE CTYAEHTaM PO3BH-
BaTH CBOI 3HAHHS Ta HABHYKH B ONITHMAJILHOMY TEMIIi.

IHomiuynuk Ha 0a3i WITYYHOTO iHTeNEKTY
Ta ioro posib y BUpilIeHHi MpodJieM

3aBAsIKM BUKOPUCTAHHIO JITOPUTMIB MAalTUHHOTO
HaBuaHHs, [1II Moxe aHami3yBaTH HaBYAIBHUA KOHTEHT
Ta BUPOOJISATH MUTAHHS, SIKi HAMOIIBIII TOYHO BimoOpaxka-
I0Th BU3HAUYCHI BUUTETIEM KPHUTEPii.

Ie#i migxin He TUTbKY 3a0e31edye pi3HOMaHITHICTh
TECTIB, aJie i TapaHTye€, 0 MUTaHHS OYAyTh BiAOBIiTATH
KOHKPETHUM OCBITHIM LIJISIM 1 PIBHIO CTY/ICHTIB.

Bunrteni MaroTh MOXKIIUBICTh KEPYBATH CKIATHICTIO
TECTiB, TEMaMHU Ta HABITh CTHJICM 3allUTaHb, 10 POOUTH
TECTYBaHHS MaKCHMAJIbHO a/IallTOBAHMM JI0 OCOOJIMBOC-
Tel KOKHOTO Kiacy abo kypcey [7-9].

Taka TeXHOJIOTISl 3HAYHO 3HW)KYE HaBaHTAKCHHS
Ha BYMTEINIB, OCKUILKY 3MEHIIYE Yac, HEOOXiTHUN JUIs
MiZTOTOBKH TECTIB, 1 JO3BOJIAE iM 30CEPEIUTHCS Ha
OUTBII TBOPYMX Ta BAXKJIMBUX ACHEKTaX HAaBYAIBHOTO
npouecy.

BoHa Takox cnpusie OUIbIIii cripaBeaIMBOCTI Tec-
TYBaHHS, OCKIJIbKH KOXKEH CTYAEHT OTPHMY€ TECT, SIKHH
BiZIMOBia€ HOT0 HABYAIBHOMY PIBHIO Ta IOTpeOaMm.

Kpim Toro, mrryunuii intenext B TestHUB BHOCHTB
3HAYHHUU BKJIAJ Y ITEPCOHANTI3AIlI0 HaBUaHHs. BiH Moxe
BpaxOBYBaTH iHIUBIAyalbHI 0COOIMBOCTI KOXKHOTO CTY-
JICHTA, 1X MOTepeIH] Pe3ysIbTaTH Ta MPOrpec, oo 3ampo-
NOHYBATH TECT, SIKMUH HaliKpalle MiX0I1Th JJIsl HepeBi-
PKH Ta PO3BUTKY 1X 3HaHb Ta HABHYOK.

Lle cnpuse rauOHIOMY 3aCBOEHHIO Marepialy Ta
MOTHBAIIIl CTY/JICHTIB, OCKIJIbKH TECTYBaHHS CTA€ OUIBIII
pENIeBaHTHUM Ta LIKaBUM JJIsl HUX.

CrpykTypa B3aeMofii MK pIi3HAMH KOpPHUCTYBa-
yamu 1atdopmu, 6a3oro manux ta APl TestHUB omm-
caHa Jaii.

Tpu OCHOBHI THUIH KOPHCTYBadiB IUIATPOPMH —
BHKJIAJIai, CTYICHTH Ta aJIMIHICTPATOPH — MAIOTh Pi3Hi
PiBHI TOCTYITy Ta MOXIIMBOCTI Ha TUIATHOPMI.

Buxanadi MaroTh HaHOUTBITNEI CIIEKTP MOYKIINBOC-
Tell, BKIIIOYAIOUH TEePerIsif, eperisi CBOiX TeCTiB, re-
HepaIio TecTiB, CTBOPEHHS KypCiB, MyOJIiKaIlil0 TECTiB
Ta aBTOPHU3AIIIf0.

BoHHM TakoX MOXYTb NMPHUB'SI3yBaTH TECTH A0 Kyp-
CiB 1 IepeIaBaTH BCi TECTH, 1110 BiJHOCATHCS J0 MEBHOTO
KypCy.

CTyIeHTH MaloTh MOJMJIMBICTH TPOXOJAWTH TECTH,
BCTYHIATH HA KypCH Ta MEperJisAaTH BCl JTIOCTYIHI TECTH.
Bonn Takox MOXyTh peecTpyBaTHCs Ha ruatdopmi Ta
3MiICHIOBATH 3alUTH Ha TECTYBaHHA. AIMIHICTPAaTOpH
3aliMalOThCs TEXHIYHUM KEPYBaHHSIM TECTaMH, BKIHOUa-
10UH iX peecTpamito Ta 3abe3nedeHHs TecTiB. BoHu Mma-
FOTh JOCTYII 10 Oi7bII TEXHIYHHUX acIleKTiB mIaTtdopmu,
TakuXx K 6a3a qaaux ta API TestHUB.

[leHTpaIbHIM €JIEMEHTOM CXeMH € 0a3a JaHuX, A0
SIKO1 BC1 KOPHCTYBadi BiIPABIISIOTH JIaHi yepe3 CBOI il
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Ha miardopmi. basza nanux B3aemogie 3 TestHUB API,
SIKMH, MOYIIBO, 3a0e3Meuye IHTEerpamito 3 30BHIIIHIMU
pecypcamu abo cepBicamy.

KoskHa n1ist Ha cxeMi npecTaBieHa JIHi€lo, Mo 3'e/1-
HY€ KOPHCTYyBaua 3 KOHKPETHUM (yHKIIOHAIOM abo pe-
CypcoM IIaTGOpMH.

AaropurmiuyHa ckiaanosa TestHUB

OnuH 3 KITIOYOBHX alITOPUTMIB IIaTdopMu — 11e 1H-
TEJICKTYJIbHUH aJITOPUTM BUOOPY 3allMTaHb, SIKUH B aB-
TOMaTHYHOMY PEXHMMi aHaJli3ye BBEJECHI KOPHCTyBaueM
rapameTpy Ta BiOMpae HaWOUIbII peJeBaHTHI MUTAHHS
3 BEJIMKOi 0a3u JJaHuX.

AJNTOPUTM OIIiHIOE KO’KHE NHUTaHHS Ha BiINOBif-
HICTh 33laHMM KPHTEPisM, BKIIOYAIOYH THI NUTAHHS,
TEr”, CKJIAJHICTh Ta iHIII XapakTepucTHKH. Ha ocHOBIi
KOMIUIEKCHOTO 0ally MUTaHHsS BHOPSIKOBYIOTHCS 32 pe-
JICBaHTHICTIO, (POPMYIOYH ONTHUMI30BAHUH CIIHCOK IS
KOHKPETHOT'O TECTY.

Jpyruii 3HauyIIMii anroput™M — reHepartiis Ta map-
CHHT MHUTaHb 33 JOIOMOTOI0 IITYYHOTO iHTeNeKTy. Llei
ITOPUTM 3a0e3lieuye reHepyBaHHsS HOBUX NMUTaHb, 3a-
CHOBaHMX Ha IHCTPYKLISX Ta JaHUX, HAAHUX KOPHUCTY-
BaueM.

3acToCyBaHHS INTYYHOI'O IHTEJIEKTY JO3BOJISE
CTBOPIOBATH YHIKalbHI Ta SKiCHI MUTaHHS, IKi MOXYTbH
MICTHTH pi3HOMaHITHI (hopMaTH Ta KOHTEKCTH, 3a0e3Ire-
qylo4n 0araTorpaHHiCTh Ta ITUOMHY TECTOBHX 3aBIAHb.

OKpeMOI0 yBaroro 3acIyroBy€ 3alHT 0 IITyYHOTO
inTenekty y TestHUB, skuit akTuBye mporiec reHepartii
T TAHb.

3anur (HOPMYIIIOETBCS 3 YpaxyBaHHSAM BCiX HeoO-
XIJIHUX TIapaMeTpiB, BIAMOBITHO 10 SKUX IITYYHOTO IH-
TEJIEKTY CTBOPIOE 3aNUTaHHs. Pe3yapTaToM € CTpYKTYpo-
BaHa BiAMOBiAb y Gopmati JSON, 1o BiamoBimae BCiMm
BHMOI'aM KOPHCTYyBaya.

OmnucaHi aITOPUTMHU CTAHOBIIATH OCHOBY JJISI 1HTY-
ituBHOTO iHTepdeiicy TestHUB, skuit no3Bosse BuKIa-
JlayaM 3 JIETKICTIO CTBOPIOBATH, PElaryBaTH Ta KepyBaTH
TectamH. Lle He TINBKU CTIpHs€e 3pyYHOCTI Ta OIBUAKOCTI
CTBOPCHHS TECTiB, aji¢ W MiJBHUIIYE SKICTh OCBITHHOTO
KOHTEHTY 3aBJASKH TOYHOMY Ta II€PCOHAI30BaHOMY ITiJ-
X0my.

ABTOMAaTH3allisl CTBOPEHHSI MUTAHbL Ha 0a3i Bia-
noBigell WTYy4YHOro iHTejgekTy. OTpUMABIIN MO3UTH-
BHY BiATOBiAb Bix mTy4HOTO iHTENeKTYy API, HacTYmTHIM
€TaIoM € APCHHT CTPYKTYPOBaHO{ BiANOBIAl y opmari
json.

Le#t nporec Bimirpae KIOYOBY poJib Y BUTSATHEHHI
BiZIOMOCTEH, HEOOXiTHHUX JUI CTBOPEHHS ITUTAHHS, a Ta-
KO’ HOr0 BiJAIOBIIEMH.

IT icnst mapcunry indopmarii 3 oTpEMaHoOro json,
BiZI0yBaeThCs cTBOpeHHS 3anucy [TuranHs pasoM i3 Bi-
MOBIJISIMH, SIKi CTOCYIOTBCS LIbOT'O KOHKPETHOTO MMUTAHHSL.
s mist BKITIOUaE B cebe 30epeskeHHs TaHuX B 0a3y JaHuX
IHCTpYMEHTY.

Jluaamiuae BigoOpaXeHHS HOBOCTBOPEHOTO IH-
TaHHS Ha CTOPIHIII CTBOPEHHS TECTIB peasli3oBaHO y
omomi "ITutannas".

Ile Hamae xopUCTyBaueBi MOXKJIMBICTH OAYUTH, K
caMme BUIJIAATHME MUTAHHS Y KOHTEKCTI TECTY, J103BO-
JSIFOYM  Bifipasy OIL[HIOBATH HOTO aJEKBaTHICTH JI0

BUXIJIHUX IIapaMeTpiB Ta (OPMHU NUTAHB, SIKY BiH MaB OH
TIPEACTaBISTH.

Takuif WiAXix T03BOJISAE 3a0€3MECYUTH KOPHUCTY-
Bady MIBHIKWIA Ta 3pYYHUH MEPErisii MUTaHb, IIOKpPa-
yl04d e(EeKTUBHICTh IMPOLECY CTBOPEHHS TECTIB Y
TestHUB.

Cucrtema TestHUB npencrasisie co60r0 KOMILUTEKC-
HUl Habip MOAYIIB, KOKEH 3 SKUX BHKOHYE CIICIU(pIIHy
POJB y MpoIieci opraHi3amii TecTyBaHHS Ta OIiHFOBaHHS
3HaHb CTyneHTiB. Lli Momymi B3aeMOIifOTh MiX c000F0
JUIL CTBOPEHHS 3JIarOKEHOI CHCTEMH, sKa 3abesmedye
e()eKTUBHICTb, 'HYYKICTh Ta TOYHICTH Y TpOIECi HaB-
YaHHS.

Moayab nmindopy muTaHb NPONOHY€E aBTOMATH30-
BaHE PILIEHHs Uil BUOOPY NMUTaHb HA OCHOBI BH3Haue-
HUX IapaMeTpiB, 3a0e3Meuyour THM CaMHM CTBOPEHHS
IH/IMBITyaTi30BaHUX TECTIB, IO BiOBIIAI0Th OCBITHIM
motrpebam i piBHSIM CKJIaTHOCTI.

Mopayab 30epe:keHHsI Ppe3yJabTATiB TecTy-
BaHHS BiqNOBiNae 3a HaxiifHe 30epiraHas JaHUX TIPO
pe3yNbTaTH TECTIB CTYJACHTIB, HAJAI0UH BUKIJIaTadaM
JOCTYT A0 BaXAUIHBOT iHPOpMaIii IJIs aHami3y Ta OIli-
HIOBaHHSI.

Monyab agminicTpyBaHHs 3a0e3neuye inTepdeiic
JUTSL YIPABJIiHHSA 11aT(HOPMOI0, BKITIOYAKOUX MOKIIHBOCTI
HaJIallITyBaHHsI IPaB IOCTYITY, CTBOPEHHSI KOPUCTYBaYiB,
MOHITOPUHTY Ta KOHTPOJIIO HaJl CUCTEMHUMH IapaMeT-
pamu.

MopayJasp iHTerpauii 3i CTOPOHHIMH CHCTEeMaMHU
BiIKpPHBA€ MIMPOKI MOXKIIMBOCTI JJ1s1 OOMiHY JaHUMH 3 iH-
[IAMH TIaTGOpMaMu, PO3MIHPIOIOYH TAKIM YHHOM (YH-
kmioHan TestHUB i1 mominmryrouu B3aeMoIit0 BcepeTuHi
OCBITHBOTO CEpEIOBUIIA.

Mopayab redepaunii NMTaHb BiJ IITYYHOrO iHTe-
JIEKTY BUKOPHCTOBYE IIEpEIOBI TEXHOJIOTIl AJIsl CTBO-
PEHHSI HOBUX TECTOBHX IIMTaHb, [0 POOUTH MPOIEC HaB-
YyaHHs OLIbII JUHAMIYHUAM 1 3MiCTOBHUM.

MonayJsib peecTpanii KOpUCTYBaudiB CHpoUIye
NpoIEeC BXOJYy HOBUX KOPHUCTYBAUiB y CHCTEMY, HaJa-
104Yd iM MOXJIMBICTB AOCTYIY IO OCBITHIX pecypciB Ta
TECTIB.

Monyap aBTOpH3amii KOpHCTyBa4iB 3a0e3medye
Oe3meky Ta KOH(INEHIIHHICTh TaHUX, KOHTPOIIOIOYH
IpoIiec BXOAY Ha IUIaThOopMy.

Monyab CTBOpEHHS, MePErJisiAy Ta peJaryBaHHsA
TecTiB HaJla€ BUKJIa[adaM iHCTPYMEHTH IS €(heKTHBHOT
MiTOTOBKU Ta aJamnTallii TeCTiB, BiMOBIIHO J0 3MiH Y
HaBYAJBHMUX IporpaMax abo 3 ypaxyBaHHSIM iHAMBigya-
JBHUX MOTPeO CTYAEHTIB.

MoayJib aHaJi3y pe3yJbTaTiB TeCTYBaHHsI BiJir-
pae KpUTHYHY POJIb y 3a0e3MedeHHi 00'€KTUBHOTO OIli-
HIOBaHHS, aHANI3YIOYH 1 TPEICTABIAIOYN PE3yIIbTATH B
3py4Hid (OpMi IS MOJANIBIIOrO aHai3y Ta peduekcii
BHKJIA/Ia4EM.

Le#t MomyIib MOXE TOTIOMOTI'TH B ineHTH(DIKALIT Te-
HICHIII!, BU3HAYCHHI CIJIPHHX Ta CITA0KUX CTOPIH yYHIB-
CHKOTO HABYaHHS Ta PO3poOIi cTparerii ais mojaib-
LIOT0 MEeJarorivyHoro PoO3BUTKY.

KoskeH 3 1IMX MOJYJIB € BaXIIMBOIO CKJIAJJOBOIO Y
CTBOpEHHI €MHO1 cucTemH, mo a03Boisie TestHUB ¢y-
HKITIOHYBaTH SIK TIOBHOIIHHWHA iHCTpyMeHT. Bmpo-
Ba/KeHHs MoayJbHOT cuctemu TestHUB Moxe cyTTeBO
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MOJINIIUTH SKICTh OCBITH, 3a0€3MEUYOUM BHKIIAJa4aM
CydYacHi IHCTpyYMEHTH /s ¢(DEKTUBHOTO HABYAHHS Ta
OLIIHIOBAHHS.

TecTyBaHHSI NOMIYHUKA
Ha 0a3i IITYYHOTrOo IHTEJIEeKTY

TestHUB Bigirpae xito4oBy posnb y Tpanchopmarii
CyYacCHOTO OCBITHBOTO MPOIIECY, IPOIOHYIOYH iHHOBA-
LifHI pilleHHs I aBTOMATH3allii CTBOPEHHS TECTIB i
aJIMIHICTPYBaHHS 3 BUKOPHUCTAHHSAM INTYYHOTO iHTEJe-
kty (LII).

Po3pobxka Ta BpoBamkeHHS Takoi m1aThopMu Bu-
Marae rIIMO0KOTo PO3yMiHHS MOTped OCBITHROI chepr Ta
BUKJIMKIB, 3 SIKHMH CTHKAIOThCS BUKJIaJadl Ta CTYICHTH
B TIpolLieCi HABYAHHS Ta OLIIHIOBaHHSI.

KnrouoBum enementom TestHUB € momiunuk Ha
0a3i ITyYHOTO IHTENIEKTY, 31aTHUI TeHEePyBaTH TECTOBI
3aBJIaHHsl, aIalTyBaTH X IiJ] Pi3HI IUCHUIUIIHM Ta PiBHI
CKJIQTHOCTI.

EdextuBHicT, TIOMiYHHKa Oyila JOBeIeHa depes
KOMIUIEKCHE TECTyBaHHSI, IK€ BKIIFOUAJIO aHAJI3 TOYHOCTI
BiNIOBiJeH, OLIHKY IIBIIKOCTI 0OPOOKH 3aIUTIB Ta 3/1a-
THICTB aJIEKBaTHO pearyBaTH Ha HemepeadadyBaHi CUTY-
amii.

Pesysnpraty TecTyBaHHS MOKa3ajiH, IO MOMIYHHK
Ha 0a3ilUTy4HOrO IHTENEKTY AEMOHCTPYE BHCOKHUH pi-
BEHb TOYHOCTI Ta e)EKTUBHOCTI, BKa3yl04u Ha HOTO 3Ha-
YHUI MOTEHILIaN y MOKPAILIeHH] MPOIeCy TEeCTyBaHHS B
OCBiTi. BripoBa/I)KeHHsI aCHHXPOHHUX 3aIHTIB J0 MITYY-
HOT'O IHTEJIEKTY JI03BOJIMIIO MiABUILUTH NPOAYKTHBHICTD
mwratdopmu, 3abe3rneuyoun ii cTadlIbHy poOOTy HaBITH
IIPY BUCOKOMY HaBaHTa)KeHHI.

TecTyBaHHS HaBaHTa)KEHHS BHSABUIIO, IO IIAT(O-
pMa CIpOMOXKHA €(PEKTHBHO OOPOOISTH BEIHKY Killb-
KiCTh OJHOYACHHX 3allUTiB, IO pOOUTH 11 HaXiHHUM

IHCTPYMEHTOM JJIsl MaCOBOTO BUKOPHCTAHHS B OCBITHIX
3aKJazax.

OfHUM 3 TOJIOBHUX IPIOPUTETIB  PO3POOKH
TestHUB Oyisio cTBOpeHHs iHTYITUBHO 3p0O3yMiJIOTo Ta
3pY4HOTO iHTepQeCy, IKuil O1 BiANOBiIaB OTpedaM sK
BHKJIA/IaviB, TAK i CTYJeHTiB. Binryku kopucryBadis i pe-
3yJIbTaTH TECTYBAaHHS BHKOPHCTOBYBAJIHCS IUIS MOCTil-
HOTO YJOCKOHAJICHHS IIaT()OopMH, aganTamii ii GpyHKio-
Hay Ta iHTepdericy 10 3MiHHIX BUMOT OCBITHBOTO IIPO-
ecy.

Po3pobka ta BupoBamkenas TestHUB migkpeciroe
MOTEHIiaJl IITYYHOTO iHTEJEKTYy B OCBITHBOMY CEKTOPI,
JIEMOHCTPYIOUH, SIK TEXHOJIOTii MOXYTh CHPHSTH ITOKpa-
LIEHHIO SIKOCTI HABUYAHHS Ta OLlIHFOBAHHSL.

BuKOpHUCTaHHS MITy4YHOTO IHTENEKTYy SIK IOMidY-
HUKa JUIsl aBTOMATH3allii CTBOPEHHs TeCTiB 3a0e3neuye
e¢(heKTUBHICTh, TOYHICTh Ta IHAWUBIAyasi3allil0 HaBYa-
JBHOTO MpOIIeCy, BiIIOBIJaI0YH HA BUKJIUKH Cy4acHOT
OCBITH.

IepcnextuBu po3Butky TestHUB oOnamiiimmsi,
OCKINTBKU IUIaT()opMa BiJKPUBA€E HOBI MOMIIMBOCTI IS
IHHOBAIi}l y HABYaHHI Ta OILiHIOBaHHI

BucHoBku

ABTOMaru3allis CTBOPEHHSI TECTIB 3 BUKOPHCTaH-
HSIM IITYYHOTO iHTEJIEKTY CIIpUsi€ ePEKTUBHOCTI, TOUHO-
CTi Ta mepcoHali3amii HaB4aHHs, BIAMIOBITalOYN HA CY-
YacHI OCBiTHI BUKJIAKH.

Oco06mmBa yBara MPUAIIAETECS IHTYITHBHO 3pO3Y-
MiJoMy iHTepdeiicy, po3podiaeHOMY 3 ypaxXyBaHHSIM II0-
Tpe® KOPHUCTYBauiB, IO CIPHSIE MOKPANIEHHIO IKOCTI Ha-
BYAHHS.

IepcnextuBu po3BuTKy TestHUB BBakaroThes 00-
HaJ(IJIMBUMH 3aBJISIKM HOBUM MOXITMBOCTSIM JUIsl 1HHO-
Balliil y HABYaHHI Ta OIIHIOBAHHI.
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Promotion of AI in TestHUB
B. Popovich, G. Zavolodko

Abstract. The article analyzes an innovative approach to online testing through the integration of piece intelligence
into TestHUB, a platform that automates the creation of tests. As a result of the experiment, it was concluded that storage cells
can now quickly generate food that meets the previous initial criteria, thereby increasing the effectiveness of the initial process.
The service allows you to adapt tests to the individual needs of students, simplifies preparation and expands the possibilities for
a creative approach before starting. This examines in detail TestHUB's warehouse systems, modules and algorithms, and also
presents the results of testing the functionality of the platform. The importance of the integration of society into the lighting
process is reinforced, echoing the increased focus on the beginning and changing emphasis on storage.

Keywords: online testing, piece intelligence, knowledge assessment, modern technologies, personalized tests, HI al-
gorithms, system modules, functionality analysis.
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FORMATION OF CLUSTERS ON SINGLE-BOARD COMPUTERS IN IOT NETWORKS

Abstract._The article looks at the problem of using single -board computers for Internet technology . An analysis of current
single-board computers in various countries was carried out. Single-board computers and clusters of single-board computers
have found their place in the concept of edge computing, allowing optimization of hard computing by placing computing
resources closer to the core. The idea of a “virtual cluster” lies in the unification and organization of disparate heterogeneous
devices for the development of various complex computing tasks from the available resources of the existing infrastructure
of edge computing, what is known in the area. First of all, we have secured the resources of single-board computers. Such a
cluster will also allow the use of resources from the existing infrastructure in a more efficient way, for example, by activating

additional services from processing and saving data.

Keywords: single-board computer, cluster, Internet of Things, edge computing.

Introduction

Currently, all over the world, Internet of Things
technologies ( 10T , Internet of Things ) are increasingly
becoming an integral part of our daily life, for example:
smart home, smart city, agriculture, medicine, logistics,
etc. The huge amount of data generated by Internet of
Things devices requires further post-processing and
analysis, including the use of machine learning. To
process incoming information, “clouds” are used, where
data center facilities directly analyze them and make
decisions based on the results obtained. However, the
number of devices connected to the Internet is constantly
increasing, which leads to difficulties in processing data
in the “clouds” due to an increase in incoming data,
increased load on the network, increased delays in data
transfer between nodes, etc.

One solution to this issue is the development of
edge computing technologies, which allow us to take on
part of the load and reduce the response time to an event.
To organize edge computing, single-board computers are
used, which have compact sizes and high energy
efficiency, but low performance, which does not allow
solving computationally complex problems using the
resources of a single device. One solution to this problem
is to create a local cluster consisting of computers with
limited computing resources.

Analysis of current single board computers
in various fields

Single board computer is a self-contained computer
assembled on a single printed circuit board on which all
the necessary components are installed to ensure its
functioning: processor, RAM, input-output systems, etc.

The first truly single-board computer appeared back
in 1976 and was called “MMD-1" (Mini-Micro Designer
1), but at the same time this format of computer execution
became truly widespread and accessible only in 2012
with the advent of Raspberry Pi [ 1 ]. This computer is
primarily aimed at the educational sphere and training in
computer use, programming, etc. With a low price and
sufficient performance to run a full-fledged Linux- based
operating system, it has gained popularity among many
enthusiasts and researchers from various fields. Thanks
to the success of Raspberry Pi and other manufacturers
began to offer their models of single-board computers
and currently there are more than 200 models of single-
board computers in the world. The most popular are
various Raspberry models Pi 3 and 3b+, RP Zero W and
2020 model Raspberry Pi 4, which has several variants
with 2 GB, 4 GB and 8 GB of RAM. Among other
manufacturers, it is worth noting Banana Pi M5,
RockPro64, Odroid N2. Comparative characteristics of
single-board computers are presented in Table 1.

Table 1 — Comparison of characteristics of single-board computers

RAM (GB) SoC GPU Ethernet Storage
Raspberry Pi 3b+ |1 LPDDR2 |ARM Cortex A53 VideoCore | 330 Mbit Ethernet, 2.4GHz and microSD
v 5GHz IEEE 802.11.b/g/n/ac cards
wireless LAN, Bluetooth 4.2, BLE
Raspberry Pi 4 2,4,8 4 x Cortex-A72 VideoCore |1000 Mbit/s Ethernet microSD
LPDDR4 VI 802.11b/g/b/ac WiFi 5 and cards
Bluetooth 5.0
RP Zero W 0.5 1 x ARM1176JZFS VideoCore |802.11 b/g/n wireless LAN, BLE | microSD
v 4.1 cards
RockPro64 4 LPDDR 4 |4 x ARM CortexA53 2x | MaliT860- |1000 Mbit/s Ethernet slot for
ARM Cortex A72 MP4 eMMC
module
Banana Pi M5 4GB Quad-Core Cortex-A55 | Mali-G31 1000 Mbit/s Ethernet microSD —
LPDDR4 GPU card + eMMC
Odroid N2 2,4 Quad-core Cortex-A 73 | Mali-G52 | 1000 Mbit/s Ethernet Optional microSD —
Dual -core Cortex-A53 | GPU WiFi USB adapters card +eMMC
© Radchenko 1., Shekhovtsov O., Kovalenko A., Sytnyk O., 2024 141
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Many manufacturers of single-board computers
have taken the path of producing modular boards in the
SO-DIMM connection format; an example is the
Raspberry Pi3+ computing module, the distinctive
feature of which is data storage in the form of an eMMc
drive with 32GB of permanent memory, in contrast to the
younger model with a micro -SD card . This solution is
primarily designed for the industrial sector.

At the end of 2022 and the beginning of 2023,
boards in a new form factor of a modular solution began
to appear; an example of such a board is the Raspberry
single-board computer Pi Compute Module 4, like the
previous model, this module has only a connection
module to the main board, which was replaced from the
SO-DIMM version in favor of 100-pin Hirose DF40C-
100DS-0.4V mezzanine connectors, which made it
possible to increase the data exchange speed between the
boards and reduce the size the board itself.

Boards of this format are primarily intended for
developers and the industrial sector; they have found
their application in the field of the Internet of Things in
the field of edge computing, and the board is also suitable
for creating loT projects of varying complexity.

Existing solutions for cluster formation

Single-board computers are classified as devices
with  limited computing resources, since their
performance and physical resources of the device do not
allow solving computationally complex problems and to
solve this problem they are combined into clusters. Until

recently, cluster computing was too expensive and
complex for ordinary users, but the popularity of single-
board computers has led to the emergence of low-cost
clusters based on these devices.

Also, single-board computers and clusters of single-
board computers have found their application in the
concept of edge computing, allowing for the optimization
of cloud computing by placing computing resources as
close as possible to the source (network boundary), which
also increases the efficiency of processing information
from end devices [3]. The next step in the development of
this concept is considered to be the implementation of “
ultra-boundary computing” (Extreme edge), an example
would be ““ smart” technology dust " (“smart dust”) built
on the use of wireless self-organizing devices for the
purpose of processing and transmitting data in the system.

It is worth noting that since 2016, research has been
underway to develop various methods and tools for
organizing calculations and distributed data storage on
single-board computers in edge computing, but at the
moment there are no ready-made solutions in this area.
But attempts to organize distributed computing on
“available” computing systems have been made before.

Since 2012, single-board computers began to be
widely used in research activities, as well as in
developing their own projects and conducting
experiments. As noted earlier, since 2016, special
attention has been paid to research into the use of single-
board computers in edge computing. Let's look at some
cluster projects and their application in various fields.

Table 2 - Overview of the application area of single board computers

Application area Devices used

Performed tasks

For educational purposes | Raspberry Pi

1) performing computational tasks;
2) testing system performance in various frameworks,
including Hadoop

Raspberry PiB b .

Cluster Computing Training

Raspberry Pi

testing system performance in various tasks

Raspberry Pi

Evaluation of the use of single board computers for cyber
operations

Raspberry Pi 2

1) performing computational tasks.
2) about learning cluster computing

Raspberry Pi( link is external) 2
Model B

Performing Computational Tasks
Modeling and Forecasting

Raspberry Pi 3 b+ (1060 devices )

performing computational tasks;
demonstration of capabilities;
about learning cluster computing

Raspberry Pi 3 b+

Working with big data
Performance Analysis of a Hadoop Distributed System

Edge computing Raspberry Pi Cloud computing in the concept of edge computing
computing ) Raspberry Pi Using a cluster as a compute node for edge computing
Benchmarking Container Services Performance
Pi Stack Managing remote Beowulf- based single board computers
Raspberry Pi Odroid XU4 Distributed Stream Data Processing End Device
Lattepand 4G Management
Raspberry Pi Research on Cloud Computing on Single Board Computers
Stream processing
RockPro64 distributed deep neural network on a cluster of single-board
computers
Raspberry Pi Avrchitecture for clustered container applications

edge computing

The works presented in Table 2 show only some of
the developments being carried out in the direction of

research and application of single-board computers; their
importance in the future can hardly be overestimated.
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Despite their modest performance, single-board computers
have already found their way into many areas of industry,
with particular response in the area of the Internet of
Things and edge computing. However, all developments
and attempts to implement high-performance computing
on such a cluster are experimental in nature and there is no
ready-made solution at the moment.

Application of clusters on single-board
computers in Internet of Things networks

Clusters of single-board computers have proven their
effectiveness not only in the field of education and training
in working with cluster systems, but also their high
efficiency of use in industry for controlling various systems,
they have also found their application in robotics, in “smart
systems”, for example: parking lots, smart houses, street
lighting. Cluster systems based on single-board computers
are used to support web services and various servers, since
such a system is able to effectively scale and connect
additional nodes as the load on the system grows, thus
ensuring energy efficiency of the complex as a whole.
Moreover, if one of the nodes fails, the fault tolerance of the
system is guaranteed, and the low cost of a single-board
computer compared to a conventional system reduces
maintenance costs. The number of single-board computers
involved is constantly growing and in the future this growth
will only increase, while the available resources of single-
board computers or classic cluster systems are not always
fully used or are completely idle.

The idea of a “virtual cluster” is to combine and
organize disparate heterogeneous devices to solve
various complex computing problems using free
(available) resources of the existing infrastructure located
in the field of edge computing. First of all, designed to
use the resources of single-board computers. Such a
cluster will also make it possible to use the resources of
the existing infrastructure more efficiently, for example,
by deploying additional services for data processing and
storage.

Conclusions

1. The article discussed single-board computers and
their application in the field of the Internet of Things. A
review of current single-board computers and their use in
the development of clusters involved in the educational
sector, as well as in edge computing, was carried out,
including a possible approach to creating compact cluster
modular systems on a single backplane.

2. In this work, single-board computers refer to
computers with limited computing resources due to
hardware limitations imposed on them by the
manufacturer, the lack of ability to expand quality
characteristics (RAM, central processor, etc.), including
the overall computing performance is not allowing you
to solve computationally complex problems on par with
standard computers. However, when several devices are
combined into a cluster, it becomes possible to use their
resources to solve distributed tasks.

REFERENCES

1. Zuev, A., Karaman, D., Olshevskiy, A. (2023). Wireless sensor synchronization method for monitoring short-term events.
Advanced Information Systems, 7(4), 33-40. doi: https://doi.org/10.20998/2522-9052.2023.4.04

2. Fatlawi, A., Al Dujaili, M.J. (2023), Integrating the Internet of Things (IoT) and Cloud Computing Challenges and Solutions:
A Review. AIP Conference Proceedings, 2977(1), 020067. doi: http://dx.doi.org/10.1063/5.0181842

3. Qayyum, T., Trabelsi, Z., Wagar Malik, A., Hayawi, K. (2022). Mobility-aware hierarchical fog computing framework for
Industrial Internet of Things. Journal of Cloud Computing, 11(1), 72. doi: https://doi.org/10.1186/513677-022-00345-y

4. Petrovska, ., Kuchuk, H. (2023). Adaptive resource allocation method for data processing and security in cloud environment.
Advanced Information Systems, 7(3), 67—73. doi: https://doi.org/10.20998/2522-9052.2023.3.10

5. Li, G, Liu, Y., Wu, J., Lin, D., Zhao, Sh. (2019). Methods of Resource Scheduling Based on Optimized Fuzzy Clustering in
Fog Computing. Sensors, MDPI, 19(9). doi: https://doi.org/10.3390/s19092122

6. Kuchuk, N., Mozhaiev, O., Semenov, S., Haichenko, A., Kuchuk, H., Tiulieniev, S., Mozhaiev, M., Davydov, V., Brusakova,
0., Gnusov, Y. (2023). Devising a method for balancing the load on a territorially distributed foggy environment. Eastern-
European Journal of Enterprise Technologies, 1(4 (121), 48-55. doi: https://doi.org/10.15587/1729-4061.2023.274177

7. Kuchuk, N., Kovalenko, A., Ruban, I., Shyshatskyi, A., Zakovorotnyi, O., Sheviakov, I. (2023). Traffic Modeling for the
Industrial Internet of NanoThings. 2023 IEEE 4th KhPl Week on Advanced Technology, KhPl Week 2023 - Conference
Proceedings, 2023, doi: 194480. http://dx.doi.org/10.1109/KhPIWeek61412.2023.10312856

8. Sharma, Sh. Saini H. (2019). A novel four-tier architecture for delay aware scheduling and load balancing in fog environment.
Sustainable Computing: Informatics and Systems, 24. doi: https://doi.org/10.1016/j.suscom.2019.100355

Received (Hapniiinuia) 27.02.2024
Accepted for publication (ITpuiiasrta 1o npyky) 10.04.2024

@opmyBaHHS KJIacTepiB HA OTHONJIATHHX KOMI'I0Tepax y mepexkax loT
1. B. Paguenko, O. B. lllexoBios, A. A. KoBanenko, O. B. Cutauk

AHoTanisi. Y cTarTi po3risiHyTO MPOoOIeMy BUKOPHCTAHHS OJHOIUIATHUX KOMITTOTEPIB [UIsl TeXHOJIOTiT [HTepHeTy peueid.
ITpoBeeHo aHai3 Cy4acCHUX OJHOIUIATHUX KOMIT'IOTEPIB Y Pi3HHUX raiy3sx. OHOIIIaTHI KOMIT'IOTEPH Ta KJIAaCTEPH 3 OJIHOIUIATHUX
KOMIT'FOTEPIB 3HANIIUIM CBOE 3aCTOCYBaHH B KOHIIEIIIT IPAHMYHUX 00YHCIICHB, T03BOJISIOUN Peasli3yBaTH ONTUMI3AIli0 XMapHUX
O0YKCIICHb IUIIXOM PO3MIIIEHHS OGUHCIIOBAIIBHIX PECYpCiB sKOMOra ONK4e 110 JpKepena. [hest «BIpTyalbHOTO KiacTepay
MmoJIsira€ B 00'e/IHAHHI Ta OpraHi3allii po3pi3HEHNX TeTePOreHHUX MPUCTPOIB AJIs BUPIMICHHS PI3HUX CKIATHUX OOYMCIIOBATBHUX
3aBJaHb 3 BHKOPUCTAaHHSM BITBHHX (JHOCTYITHHUX) PECypCiB BXKeE ICHYIOYOI IH(QPACTPYKTYypH TPAaHUYHHUX OOYHCIICHb, IO
3HAXOJAThCS B MeXax JOCSHKHOCTI Hacamiiepen po3paxoBaHoi obmacti 3HaxomkeHHs natuukiB |0T. Takuii kimactep Takox
JI03BOJIUTH BUKOPUCTOBYBATH PECYPCH iCHY1040i iHppacTpyKTypH parjioHabHillIe, HAPUKIIa, PO3rOPHYBILH J10AATKOBI cepBicH
3 00po0OKH Ta 30epiraHHs JaHUX y MIapi PAaHUYHHUX BY3IIB.

KawuoBi caoBa: ogHommaTHui koMI'otep, knacrep, [HTepHeT pedeil, rpaHIYHI 004YHCIICHHS.
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COMPARATIVE ANALYSIS OF THE APPLICATION OF HEURISTIC
ALGORITHMS FOR SOLVING THE TSP PROBLEM

Abstract. The need to solve the traveling salesman problem (TSP) often arises when solving practically significant
optimization problems, such as problems in the field of economics, logistics in the widest range of applications, in chains
of technical programs. Quite often, the specifics of these problems require obtaining a solution that is as close to the exact
value as possible. But the TSP problem is NP-complex, that is, its exact solution can be obtained only in exponential time.
Therefore, it is not efficient to solve the TSP problem by the full search algorithm in the presence of a large number of
vertices of the graph. However, there are various heuristic algorithms that allow finding a rational solution to this problem
with a large number of vertices in a time acceptable for the relevant subject area. In this work, the problem of the traveling
salesman is defined as a mathematical programming task of finding the shortest path for the movement of a traveling
salesman (traveling salesman), the goal of which is to visit all the objects involved in the task in the shortest time and with
minimal costs. Appropriate adaptations of the heuristic algorithms, namely the genetic algorithm and the ant colony
algorithm, were developed in the MATLAB environment. A computational experiment was performed on the same input
sample, a comparative analysis of the performance of two heuristic algorithms, and the effectiveness of the use of heuristic
algorithms for solving NP-complex problems was proven.

Keywords: genetic algorithms, NP-complex problem, TSP-problem, ant colony algorithm, MATLAB.

Introduction

At the current stage, many effective algorithms
have been developed for solving the traveling salesman
problem (TSP). However, the problem remains NP-
complete, which means that its solution in the general
case takes time, which grows exponentially with the
number of cities. Therefore, genetic algorithms are
usually used to solve the problem for large data sets.

The importance of the decision of the Central
Committee can be highlighted in the following areas:

» Transport: TSP is widely used in transport
logistics to optimize freight transport routes. This allows
you to reduce transportation costs, increase the
efficiency of the use of vehicles and reduce the negative
impact on the environment.

» Sales: TSP is used to optimize product distribution
routes. This allows companies to reduce shipping costs,
improve customer service and increase sales.

 Production: TSP is used to optimize routes for
the delivery of raw materials and finished products at
enterprises. This allows companies to reduce production
costs, improve resource efficiency and reduce
production waste.

In addition, TSP is used in other areas, such as:

» Information technologies: TSP is used to
optimize data delivery routes in computer networks.

» Service: TSP is used to optimize customer
service routes.

« Entertainment: TSP is used in some games such
as chess and go.

» Computer science: TSP is used for testing
optimization algorithms. It is a good example of a
complex problem for which there are many effective
algorithms.

» Other spheres of activity: TSP is also widely
used in other spheres of activity. For example, it can be
used to optimize customer service routes, travel routes,
flight schedules, etc.

The development of technologies and the
globalization of the economy make the solution of TSP
even more urgent. For example, the growth of trade
volumes between countries requires the search for the
most efficient routes for the delivery of goods. And the
development of unmanned aerial vehicles opens up new
opportunities for the application of TSP in logistics. The
solution to this problem is of particular importance in
the current state of the country. Because calculations of
optimal flight routes of military UAVs are of decisive
importance.

The solution of TSP is a complex mathematical
problem. However, thanks to the development of
computer technologies, effective algorithms have been
developed that allow finding practically optimal
solutions for problems with a large number of cities.

1. Analysis of recent research and
publications

The traveling salesman problem is defined as a
mathematical programming task of finding the shortest
path for a traveling salesman (traveling salesman), the
goal of which is to visit all the objects involved in the
problem in the shortest time and with minimal costs. In
graph theory, it is finding a route that connects two or
more nodes, using the appropriate criterion of
optimality. The task of the wandering merchant is to
find the most optimal path that passes through the
marked cities at least once. In the conditions of the
problem, the indicator of the profitability of the route
(the cheapest, the shortest, the least time-consuming,
etc.) and the corresponding matrices of costs, distances,
etc. are indicated. As a rule, it is indicated that the path
should include each city of the route only once, under
this condition the choice is made between the so-called
Hamiltonian cycles. The traveling salesman problem
(TSP) is an NP-complex discrete optimization problem.
There are no fast polynomial algorithms for its solution.
In terms of graph theory, this problem is defined as
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follows: the shortest path should be found that passes
through the defined nodes of the graph at least once
with a subsequent return to the node at the beginning of
the route [1].

The Traveling Salesman Problem (TSP) is a
combinatorial optimization problem that consists in
finding the shortest route that passes through all cities at
least once. Formally, the task of a traveling salesman
can be formulated as follows:

Given:
set of cities V={1,2,...,n};
distances between cities dij, where i,jeV.
Find:
a route R passing through all cities V and having a
minimum length of:
i=1yn-1di,i+1+dn,1=ReRmin(i,j)ERY dij
where R is the set of all routes passing through all
cities of V.

For the first time, the TSP problem was formulated
in 1930 and today it is one of the most studied
optimization ~ problems in information  and
communication technologies [2-8]. Despite the fact that
the problem is computationally complex (belongs to the
class of NP-complex), many heuristic and exact
algorithms are known, which were used to solve
practical problems.

Research on solving the traveling salesman
problem can be conditionally divided into two
directions [2-8].

1. Development of accurate algorithms that work
fast enough only for small-sized problems;

2. Development of "non-optimal™ or heuristic
algorithms that provide approximate solutions in
reasonable time.

One can also highlight the search for special cases
of the TSP problem ("sub-problems") for which either
better or exact heuristics are possible.

It is also important to distinguish between
symmetric and asymmetric TSP tasks. For the
symmetric case (usually called simply TSP), for all
distances in D the equality dij = dji holds, that is, it does
not matter whether we move from i to j or vice versa,
the distance is the same. In the asymmetric case (called
ATSP), the distances are not equal for all pairs of cities.
Problems of this kind arise when we are not dealing
with spatial distances between cities, but, for example,
with the cost or time required to travel between places,
where the price of a plane ticket between two cities may
be different. In this case, we will consider a symmetric
version of the TSP problem.

It is quite obvious that the task can be solved by
going through all the travel options of the traveling
salesman and choosing the optimal one. The thing is
that the number of possible routes N grows very quickly
with the number of cities to visit n N=n!.

For example, for n = 100, the number of options
will be represented by a 158-digit number. A modern
computer capable of processing a million operations per
second will struggle with the task for about 144 years.

It is considered proven that there is no exact TSP
solution algorithm that has polynomial complexity (that
is, has an asymptotic estimate of the algorithm
execution time T(n) = O(na) ) of the complexity of

execution. Therefore, the TSP problem for any large n
becomes almost unsolvable for exact algorithms.

TSP is a problem that is hard for NP and is so
easy to describe and so hard to solve. In this case, you
should give up trying to find an exact solution to the
traveling salesman's problem and focus on finding an
approximation - even if not optimal, but at least close to
it. Due to the great practical importance of the task,
approximate solutions will also be useful [2-8].

The Evolutionary Algorithm (EA) is an algorithm
first proposed by Charles Darwin in 1859. It provides
solutions for various optimization problems. It copies
the process of evolution that occurs in nature, i.e.
mutation, recombination and natural selection. GA
(Genetic Algorithm) is a type of evolutionary algorithm.
GA provides a solution to a problem in the form of
strings of numbers and applies operators such as
mutation and recombination. It starts from the seed and
finds the most appropriate generation of the population
using these operators.

The ACO (Ant Colony Optimization) algorithm is
also a heuristic algorithm first discovered by Marco
Dorigo that provides an optimal solution by simulating
the way ants find food. ACO is a type of Al (swarm
intelligence) technique.

The PSO (Particle Swarm) algorithm, first
discovered by Kennedy and Eberhart, also provides an
optimal solution to the problem and is inspired by flocks
of birds, fish, and herds of animals. This mimics how
they find their food environment and follows an
information sharing approach.

In addition to presenting TSP as a combinatorial
optimization problem, TSP can also be formulated as a
theoretical problem of graph theory.

Let us present TSP in the formulation of the graph
theory problem. Graph theory defines the problem as
finding the Hamiltonian cycle with the least weight for a
given complete weighted graph. This kind of problem
formulation is widespread in engineering applications
and some industrial problems such as machine planning,
cellular manufacturing and frequency assignment
problems can be formulated as TSP.

Let a weighted graph G = (V, E) be given, in
which cities correspond to the set of vertices V = {1, 2,.
.., n} and each edge ei € E has a corresponding weight
wi representing the distance between the cities it
connects. If the graph is not complete, missing edges
can be replaced by edges with very long distances.

The goal of solving the TSP problem is to find a
Hamiltonian cycle, that is, a cycle that visits each node
on the graph exactly once, with the smallest possible
weight for the given graph. This formulation naturally
leads to procedures involving the search for minimal
tree frames for a given graph.

TSPs can also be represented as integer and linear
programming programs. The formulation of integer
programming (IP) is based on the assignment problem
with the additional constraint of no subtours [9].

The branch-and-bound method is a discrete
optimization algorithm used to find the optimal solution
to a problem in which only discrete variable values are
possible. The method works by building a decision tree,
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in which each node represents a possible solution to the
problem. The branch-and-bound method starts with the
root node of the tree, which represents the initial
solution to the problem. Then, the algorithm uses a cut-
off criterion to discard nodes that cannot contain an
optimal solution. The cutoff criterion is a function that
estimates the probability that a node contains an optimal
solution [10].

If the node is not discarded, then the algorithm
branches it into two new nodes, which represent two
possible options for continuing the solution of the
problem. Then, the algorithm repeats this process for
each of the new nodes.

The branching process continues until an optimal
solution to the problem is found or until the entire
decision tree is explored.

The branch-and-bound method is an effective
algorithm for solving many discrete optimization
problems. However, it may not be effective for
problems with very large decision trees [10]. Here is an
example of how the branch-and-bound method can be
used to solve the traveling salesman problem. The task
of the traveling salesman is to find the shortest route
that passes through all the cities visited by the traveling
salesman.

To solve this problem, we can build a decision tree
in which each node represents a possible route of the
traveling salesman. Then, we can use a cut-off criterion
to discard nodes that cannot contain an optimal route.

One of the cutoff criteria that can be used for the
traveling salesman problem is the following. If the
length of the route from a node to its parent node is
greater than or equal to the length of the shortest known
route, then the node can be discarded.

This cutoff criterion works because if the length of
the route from a node to its parent node is greater than
or equal to the length of the shortest known route, then
that node cannot be a continuation of the shortest known
route. By using this cutoff criterion, we can limit the
size of the decision tree to be examined. This can
significantly improve the efficiency of the algorithm.

The branch-and-bound method is used to solve
many discrete optimization problems, including:

= Task of a traveling salesman;

= Maximum flow problem;

= Placement problem;

= Timetable problem;

= Backpack problem;

= Assignment task.

The branch-and-bound method is a powerful tool
for solving discrete optimization problems. It can be
used to solve a wide range of problems, including
problems with very complex constraints [10]. Dijkstra's
algorithm is a widely used algorithm for finding the
shortest path in a weighted graph from one vertex to all
others. It was developed by Edsger Dijkstra in 1959 and
is characterized by its simplicity and efficiency.

Working principle:

1. Input data:

A weighted graph G = (V, E), where V is the set of
vertices and E is the set of edges, each edge is assigned
a weight (price).

The initial vertex s from which to find the shortest
paths.

2. Initialization:

For each vertex v in G, we store two values:

dist[v]: Estimated distance from initial vertex s to
v (initially infinite except dist[s] = 0).

prev[v]: predecessor of v on the shortest path
(None initially).

3. The main cycle:

e We select an unvisited vertex v with the
minimum dist[v] score.

e Mark v as visited.

e For each unvisited neighbor w of vertices v:

o new_dist = dist[v] + weight(v, w): we calculate
the estimated distance to w through v.

e If new_dist < distfw]: update the estimated
distance dist[w] and the predecessor prev[w] to v.

4.0utput:

dist[v] contains the distance from the starting
vertex s to each vertex v.

prev[v] allows you to recover the shortest path
from s to v, moving along the predecessors.

Advantages:

= Ease of implementation.

= Guaranteed to find the shortest path.

= Effective for graphs with non-negative weights.

= Disadvantages:

= Inefficient for graphs with large negative
weights.

= Cannot find all shortest paths if the graph has
cycles with negative weights.

= Algorithms of combinatorial optimization are
classified by such an indicator as the accuracy of
obtaining a solution.

2. Statement of the research problem

Genetic algorithms are a family of computational
models inspired by evolution. These algorithms work on
the principle of encoding a potential solution to a
specific problem based on a simple chromosomal data
structure, by recombining these structures while
preserving critical information. Genetic algorithms are
often considered as an optimizer of functions, although
the range of problems of their application is much
wider. The implementation of the genetic algorithm
begins with the formation of a population of (usually
random) chromosomes. Then these structures are
evaluated and their reproductive capabilities are
identified, that is, those chromosomes that are the best
solution to the target problem. Thus, from generation to
generation, useful traits spread throughout the
population, and bad ones gradually disappear. Thanks to
the crossing of the most adapted individuals, more
promising areas of the search space are inherited.
Eventually, the population will converge to the optimal
solution to the problem. GA finds approximate optimal
solutions in a fairly short time, which is an obvious
advantage of this method. Thus, the genetic algorithm is
a heuristic search algorithm that is used to solve
optimization and modeling problems by randomly
selecting, combining, and varying the parameters sought
using mechanisms that resemble biological evolution.
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"Genetic" algorithms began to be called later, until in
1975 Holland called them reproductive plans and
considered them primarily as adaptation algorithms. But
the shift in emphasis in the interpretation of the concept
of "adaptation”, which the author talks about in the
preface of 1992, very accurately conveys the state of
ambiguity, trying, on the one hand, to give a fairly
general and uncontroversial concept of adaptation, and
on the other hand, to distinguish between the concepts
of adaptation and optimization, adaptation and
evolution, adaptation and learning.

Genetic algorithms are search algorithms that are
based on the concepts of natural selection. In nature,
individuals with better survival traits exist for a longer
period of time, as they have a better chance of
producing offspring with similar genetic material. Over
time, the entire population will consist of a large
number of genes from superior individuals and a smaller
number from weaker ones. The mistake of older
theorists, such as Jean-Baptiste Lamarck, was that the
environment influenced the individual personality. That
is, the environment will force the individual to adapt to
it. The molecular explanation of evolution proves that
this is biologically impossible. The species does not
adapt to the environment, rather, only the strongest
survive. This is how natural selection works in genetic
algorithms. The genetic algorithm differs from other
search methods in that it searches among a set of points
and works with a set of parameters, rather than the
parameter values themselves. It also uses objective
function information without any gradient information.
Whereas traditional methods use gradient information.
Because of these features of the algorithm, they are
applied to various optimization functions, parameter
estimation, and machine learning programs [11].

At this stage of development, there is no specific
strategy for building a solution, there is a huge number
of individual implemented algorithms that are not very
similar to each other. However, the operation of all
these algorithms can be presented in the form of a
traditional scheme of operation of these algorithms (Fig.
1). There can be several criteria for stopping the search
for a solution: time frames, the number of created
populations, and a decrease in the improvement of the
fitness function compared to previous iterations.

The potential of genetic algorithms is difficult to
overestimate. When it is almost impossible to find a
solution by conventional methods, they are the obvious
way out of the situation. In various forms, genetic
algorithms are applied to scientific and technical
problems. They can be used in building computational
frameworks such as state machines and sorting networks.
They are often used in the design of neural networks and
robot management, in modeling the development of
processes in various subject areas, in game strategies,
scheduling, logistics, cutting tasks, in the development of
artificial life, and in many other areas [12]. However, the
most popular application of genetic algorithms is the
optimization of multiparameter functions.

So, for example, experiments are being conducted
to create robots working in a team for the purpose of
demining the territory. It is based on a multilayer neural

network, which is directly responsible for controlling
the robots and, in addition, transmits and receives
signals to other team members. In other words, in

addition to parametric optimization, the hybrid
neuromodel performs an implicit creation of a
communication  language between robots. All

parameters of the neural network are optimized using
genetic algorithms. The results of such hybridization of
various methods and algorithms of artificial intelligence
show a clear advantage of a team of sapper robots that
exchange information with each other over robots that
operate without any communication. As a result, this
technology can save many human lives in the long run,
and hopefully the sapper's profession will not be so
relevant.

In recent years, the scientific direction of
Natural Computing has been intensively developed,
which combines mathematical methods that incorporate
the principles of natural decision-making mechanisms.
These mechanisms ensure the efficient adaptation of
flora and fauna to the environment for millions of years.

One of these methods is ant algorithms, which
are based on the principles of self-organization of an ant
colony. Despite the disjointed behavior of each of its
representatives, it forms a highly organized system
consisting of a large number of "agents" - ants, and
thanks to this, it is able to solve complex tasks that
exceed the capabilities of each individual element.

Studying the behavior of an ant colony is
interesting for computer science because it provides
insight into the disjoint organization, which is very
useful for solving complex optimization problems.

The idea behind the ant algorithm is to model
the behavior of ants related to their ability to find the
shortest path from the anthill to the food source and
adapt to changing conditions by finding a new shortest
path. When moving, an ant marks its path with a
pheromone, and this information is used by other ants.
This is the basic rule of conduct for each representative
of the colony in case the old route becomes unavailable.
If an ant encounters an obstacle while moving, it will go
around it to the left or right with equal probability. The
same will happen on the way back. However, those ants
that choose the shortest path will go through it faster
and in a few moves it will be stronger. If we model the
process of such behavior on a graph, the edges of which
are all kinds of movement paths, then for some time the
path most enriched with pheromone will be the shortest,
which will solve the problem [13].

3. Basic material and results

The first version of the ant algorithm was proposed
by Marco Dorigo in 1992. This scientist, in fact,
proposed a mathematical model of the behavior of ants
looking for paths from a colony to a food source and is
metaheuristic optimization.

An ant colony is considered as a multi-agent
system in which each agent (ant) functions
autonomously according to very simple rules. In
contrast to the almost primitive behavior of agents, the
behavior of the entire system turns out to be surprisingly
reasonable [14].
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The basis of the "social” behavior of ants is self-
organization - a set of dynamic mechanisms that ensure
the achievement of a global goal by the system as a
result of low-level interaction of its elements. A
fundamental feature of such interaction is the use of
only local information by system elements. Self-
organization is the result of the interaction of the
following five components:

a. randomness;

b. multiplicity;

c. positive feedback;

d. negative feedback;

e. objective function.

These components are the key properties of the ant
algorithm. Let us consider them in more detail using the
example of the movement of ants for food from an
anthill (Fig. 1) [14].

—
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Fig. 1. Movement of ants for food

When an ant moves from an anthill (point F) to
food (point N), pheromone is deposited throughout the
entire path (obviously, the shortest path is marked by
the green arrow — (a)). At the same time, the greater the
density of the pheromone, the shorter the path,
accordingly, the ant will leave less pheromone on a long
section of the path. The longer the path, the faster the
pheromone evaporates. Over time (if an approximately
equal number of ants move along all sections), the ants
will leave the most pheromone on the shortest section of
the path. Thus, most ants will choose the shortest path -
that is, they will leave even more pheromone on it,
which will reduce the probability of moving along other
routes (although this probability will remain, as you can
see, one ant still moves along a different part of the
path).

Accident. From the above example, it is possible
to reveal the random nature of the movement of ants.
Indeed, at the first stage, ants focus on all kinds of
options for constructing their path. Even when the
density of the pheromone helps to choose the optimal
(shortest) route, there remain "distrustful individuals"
who do not stop trying to find more optimal routes.

Multiple use. Of course, with one ant or even
dozens of individuals, it is unlikely to be able to choose
the optimal path. It takes many, many attempts to find
the shortest path or at least warn others not to go in that
direction. A pheromone and positive feedback serve as

such a warning [14].

Positive feedback. Zoologists call it stigmergy.
Stigmerges are a time-dispersed type of interaction,
when one subject of interaction changes some part of
the environment, and others use information about its
state later, when they are in its vicinity. Thus, positive
feedback is a kind of "collective memory" based on
pheromone. Using this "memory" (based on trial and
error) you can find the right solution.

Negative feedback. Eventually, the pheromone
evaporates, which allows the ants to adapt their
behavior to changes in the external environment. The
distribution of pheromone in the space of movement of
ants is a kind of dynamic variable of the global memory
of the anthill. Any ant at a fixed moment in time can
perceive and change only one local cell of this global
memory [15].

Objective function. The most important element of
the algorithm is the objective or fitness function to be
optimized (for an ant, this is the shortest route). But you
can successfully solve other similar tasks. Do not forget
that the ultimate goal of the algorithm is optimization
(in the language of mathematics, it means finding a
global or acceptable maximum or minimum). The
algorithm is heuristic, that is, it does not guarantee an
exact solution, but only an approximate or acceptable
one.

Condition of the problem. It is necessary to find
the shortest route that starts in the starting city and ends
in it. The route must pass through all cities only once.

The ant algorithm will be implemented to find the
shortest route around all regional centers of Ukraine, i.e.
25 cities, the beginning of the route is in the city of
Vinnytsia.

The developed algorithm will work with city
coordinates and calculate results in degrees. The ant
algorithm was programmed in the MATLAB system
[16]. For the task with 25 regional centers of Ukraine,
the algorithm without elite ants after 300 iterations
found the optimal route with a length of 5216.18
kilometers in 14.16 seconds only in one case out of five.
The solution can be improved by simply increasing the
number of iterations to 1-2 thousand. The graph of the
optimization of the objective function for each iteration
is shown in Fig. 2.

The conducted experiments show that the
population of solutions never degenerates to one
common route for all ants. On the contrary, the
algorithm continues to synthesize new, possibly better
solutions. So, in any city for an ant there are several

promising alternatives for continuing the route.
information with the results is given in Table 1.
Table 1 — Performance results of the ant algorithm
with different iterations
. Path in Distance Algorithm
Iterations , Lo
degrees in km operation time

100 50.85 5660.68 6.36 s.

200 4951 5511.37 9.18s.

300 46.86 5216.18 14.16 s.
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Fig. 2. Optimal current solutions of the ant algorithm

The condition of the problem for the operation of
the genetic algorithm remains exactly the same as for
the ant colony algorithm. It is necessary to find the
shortest route that starts in the starting city and ends in
it. The route must pass through all cities only once. It is
necessary to go around 25 regional centers of Ukraine.

The selection process is carried out by creating
chromosomes that have a low target function, a high
probability of being selected, or a high probability
value. The selection process used in this algorithm is
roulette wheel selection.

After the selection process, the next process is the
crossover process. The chromosomes used as parents
are chosen randomly, and the number of chromosomes
that undergo crossover is affected by the crossover rate
parameter.

The mutation process used in this algorithm is
reverse mutation. This mutation process is carried out
by breaking the chromosomes at two points of
intersection, and the subchromosomes recombine in the
reverse order.

The number of chromosomes that undergo
mutations in the population is determined by the
mutation rate parameter.

The structure of chromosomes. Genes are part of a
chromosome, where one chromosome consists of
several interconnected genes. Chromosomes represent
individuals, in other words, chromosomes are the same
as individuals.

In the traveling salesman problem, the
chromosomes formed contain genes that represent the
serial numbers of all existing cities. The number of
genes in each chromosome is equal to the number of
cities. Each city serial number can appear in a
chromosome only once.

The initial initialization of the population is
carried out to obtain the initial solution of the genetic
algorithm problem. This initialization is performed
randomly for as many chromosomes/populations as
desired. For example: each of the 25 cities has its own

coordinates, you need to make a path from them, each
city can be used once. So, the initial population with 3
chromosomes and 25 genes can look like this:

Chromosome[1]=[1234567891011 1213
141516 17 18 19 20 21 22 23 24 25];
Chromosome[2]=[238 1120142212197 124
1021891746213525151316];
Chromosome[3]=[21 8 2512 106 20 17 24 9
192311514322271618134115].

So, the above chromosomes represent several
possible ways of traveling through cities by a traveling
salesman. This path is the structure of chromosomes.

The implemented genetic algorithm for the task
with 25 regional centers of Ukraine after 300 iterations
found the optimal route with a length of 5146.57
kilometers in 2.44 seconds only in one case out of five.
In this case, the solution did not improve after 300
iterations, so there is no point in putting more. The
graph of the optimization of the objective function for
each iteration is shown in Fig. 3. The conducted
experiments show that the solution is at most 300
iterations away and usually it is the same. The algorithm
does not continue to synthesize new, possibly better
solutions, provided that they exist at all. Full
information with results is given in Table 2.

Table 2 — Genetic algorithm results with different iterations

. Path in Distance in Algorithm
Iterations . .
degrees km operation time
100 46.9 5220.35 1.7 c.
200 46.24 5146.57 2.14 c.
300 46.24 5146.57 2.44 c.

Fig. 4 shows the path found in 300 iterations,
although the path found in 200 iterations is also a quasi-
optimal solution. So, according to the route of the best
results, we have the following sequence (chromosome)
of visits to distribution sites (Table 3).
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Table 3 — The best of the traveling salesman’s routes found
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Fig. 4. The optimal path according to the genetic algorithm

In order to draw a conclusion about the

x| F hich citv to depart | Which citv o g0 & effectiveness of the ant colony algorithm and the genetic

: rO'TnVY ich city to depar ich ity togoto algorithm, it was decided to compare their work with
1 Vinnitsa Odesa each other to solve the same task of a traveling salesman
2 Odesa__ Mykolaiv to visit all regional centers of Ukraine.
3 Mykolaiv Kherson A comparison of the number of iterations, the
4 Kherson Simferopol length of the best route, and the running time of the
5 Simferopol Zaporizhzhia algorithm is shown in Table 4.
6 Zaporizhzhia Dnipro
7 Dnipro Donetsk Table 4 — Comparison of the work of genetic
8 Donetsk Luhansk and ant algorithms
9 Luhansk Kharkiv
10 Kharkiv Sumy Number Ant algorithm Genetic algorithm
11 Sumy Poltava of Best ) Best _
12 Poltava Kropyvnytskyi iterat- route | Algorithm |~ | Algorithm

- : operation operation

13 Kropyvnytskyi Cherkasy ions length time length time
14 Cherkasy Chernihiv (km) (km)
15 Chernihiv Kyiv 100 5660.68 | 636c. | 522035 | 1.7c.
16 Kyiv Zhytomyr
17 Zhytomyr Rivne 200 5511.37 | 9.18c. | 514657 | 2.l4c.
18 Rivne Lutsk 300 5216.18 | 14.16c. | 514657 | 2.44c.
19 Lutsk Lviv
20 Lviv Uzhhorod Conclusions
21 Uzhhorod Ivano-Frankivsk
22 Ivano-Frankivsk Ternopil The results of the algorithms show that the ant
23 Ternopil Chernivtsi algorithm takes more time to solve the problem. The ant
24 Chernivtsi Khmelnytskyi algorithm can find solutions for 25 cities in 300
25 Khmelnytskyi Vinnitsa iterations.
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This is due to the fact that the results of the ant
colony algorithm converge longer to a certain value
(minimum solution) compared to the genetic algorithm.

In this study, the genetic algorithm can provide a
better solution because the genetic algorithm in each run
presents a better average optimal solution. If the
population is large, this will require many iterations. On
average, each run of the genetic algorithm
implementation process presents a better solution than
the ant one, where in each run the solution graph of the

genetic algorithm salesman problem is relatively stable
with low solution fluctuations compared to the ant
colony algorithm.

Both algorithms can be classified as good and able
to present an optimal solution to the traveling salesman
problem, which is sufficient for most practical
problems.

The simulation results for a 25-city path show the
optimal travel route by choosing the best path without
intersecting routes.
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IopiBHsILHMIA aHAJTI3 32CTOCYBAHHS €BPUCTUYHHX AJTOPUTMIB
A5 po3B’sizanus 3axa4i TSP

0. B. Ckakanina, A. M. Kanuron

AHoTanisi. HeoOxigHicTe BupimeHHs 3ana4i koMiBospkepa (TSP) yacTo BUHHMKAE MMPU BUPIMICHH] MPAKTHYHO 3HAYYIIMX
ONTHMI3alifHUX 3a[a4, TaKUX 5K 33/1a4i B 00J1aCTi €KOHOMIKH, JIOTICTHKH B HaHIIHPIIOMY [iara3oHi 3aCTOCYBaHb, B JIAHIFOTaX
TexHIYHUX TporpaMm. Jlocute yacto crnenudika IUX 33hady BUMara€ OTPHMAHHS DILlIEHHs, MaKCUMAalbHO HaOJIMIKEHOTO 0
TouyHOTO 3HaYeHHs. Ane 3anada TSP e NP-ckianHoro, ToOTO ii TOUHMI pO3B’sI30K MOKHA OTPUMATH JIMIIIE 32 €KCIIOHEHILIJIbHUIT
gac. Tomy po3B’s3yBaté 3amady TSP 3a aaropuTMoM IOBHOTO IONIYKYy 3a HasBHOCTI BENMKOI KiJBKOCTI BepHmIMH rpada
Hee(exTuBHO. OIHAK iICHYIOTH Pi3HOMAaHITHI €BPUCTHYHI aITOPUTMH, SIKi TO3BOJIIOTH 3HANTH pallioHAIbHE PIiIIeHHS i€l 3a1adi
3 BEJTUKOIO KUTBKICTIO BEPIIUH 32 9ac, NPUIHATHUN [T BiJIIOBIIHOI IpeqMeTHOI o0xacTi. Y maHiidi poOoTi 3amada KOMiBOsDKEpa
BU3HAYAETHCA K 3a]ada MaTEeMAaTHIHOTO IPOTPaMyBaHHs 3HAXOKEHHS HAHKOPOTIIOTO IIIAXY PyXy KOMiBOSDKEpa, METOIO SIKOT
€ BiJIBiyBaHHs BCiX 00’€KTiB, 3aJisTHUX y 3a/1adi B HAHKOPOTIIWI TepMiH i 3 MiHIMaJIbHUMHU BUTpaTaMu. Biamosinxi aganramii
EBPUCTHYHMX AITOPUTMIB, a CaMe I'CHETHYHOTO ajJrOpUTMY Ta alrOPUTMYy MYPAIIMHOI KOJIOHIi, po3poOJieHi B cepelOBHII
MATLAB. IlpoBeneHo o6unCIOBaNnbHUI €KCIEPUMEHT Ha BXiHIH BHOIPII, MPOBE/ICHO MOPIBHIBHHUI aHaIi3 IPOAYKTHBHOCTI
JIBOX EBPHCTHYHHX AITOPUTMIB i JIOBEACHO €(EeKTUBHICTh BUKOPHCTAHHS EBPHUCTHYHUX aJTOPUTMIB Ui po3B’s3yBaHHs NP-
KOMIUTEKCHHX 3a7ad.

KawuoBi caoma: redermyni anroputmu, NP-komruiekcHa 3amada, TSP-zamaua, aaropuT™ MypamivHOi KOJIOHII,
MATLAB.
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FUZZY INTERACTIVE CLUSTERING METHOD

Abstract._The article examines an example of a system in which a large number of short texts are generated. In it,
participants create strategic planning documents, within which key performance indicators are determined. The formulations of
key performance indicators form a data set consisting of short texts. Within the framework of this system, there is an urgent task
of forming and updating a classifier based on this set. A solution to this problem is presented using the fuzzy interactive clustering
method. This method allows expert to perform clustering sets of short texts, issuing reverse communication based on the results of
each step interactive clustering. Collection procedure reverse does not imply any connection availability of an expert special knowledge
about work neural network and is assembled in human-readable form matrices reverse communications. Such an approach has
advantages over clustering methods requiring adjustments metaparameters algorithm not related directly with the clustering results.
Also important advantage the proposed method is opportunity realize clustering sets data related to various language domains that do
not match the domain on which was produced education language models, due to proposed extension method dictionary language
models This property allows use the proposed algorithm in a narrow way specialized domains, as well as in domains that do not allow

you to obtain a full-fledged corpus of texts for yourself training language models.
Keywords: clustering, data, decision making, efficiency, neural net.

Introduction

Cluster analysis is one of the most important
sections of system data analysis and is used in various
problem areas - technical, natural science, social.

Clustering is an example of an unsupervised
learning problem and comes down to dividing the
original set of objects into subsets of classes in such a
way that elements of one class are as similar as possible
to each other, and elements of different classes are
different.

Traditional cluster analysis methods work with
objects specified as vectors signs [1-4]. When working
with texts, the first step of the algorithm is clustering is
definition space signs and construction in it vectors
available texts [5, 6]. Typically received vectors have big
dimensions and when working with them traditional
cluster analysis methods do not provide sufficient
efficiency[7-10].

When working with short texts dimension vectors
does not decrease, but only is added property sparsity to
feature vectors that creates additional difficulties with
them processing by cluster analysis methods [11, 12].
Below the short texts in this research implied texts
consisting from one or several sentences with a total
number of words ranging from 5 to 100.

In addition, additional complicating factors solution
tasks clustering for short texts are: synonymy,
homonymy, more frequent, compared to ordinary texts,
use abbreviations, slang expressions and neologisms and
most the main thing is partial or complete absence
context for short texts.

Swift height arrays information consisting from
short text sets fragments, contributes intensification
research in the field development methods processing
texts using machine learning.

Problem annually dedicated to a significant number
of studies. Big Part carried out research refers to texts in
English language.

In the article an example of a system is considered
in which is happening generation big number of short

texts. In it the participants form documentation strategic
planning, within the framework of which are determined
key indicators efficiency.

Formulations key indicators efficiency form a data
set consisting from short texts.

Within these systems acute the task is to form and
update classifier based on this set.

This task can be solved with clustering.

Main Part

Modern methods clustering using neural networks
are usually used neural network for preparation vectors
signs and then used analytical method (based on formulas
with hyperparameters) for clustering these signs.

As a result, the result of clustering due to quality
received vectors signs, i.e. quality training neural
network.

At the same time, in the last time appear methods
allowing solve the clustering problem directly using
neural network that allows combine process receiving
vectors signs and actually clustering.

Sticking to ideas for the researcher most simple and
accurate reverse communication there will be criticism
received results clustering, in this work supposed reverse
connection two types:

1 — “element X; must belong to the cluster C;”;

2 — “element X; should not be in cluster C;”.

Simultaneously may be received arbitrarily the
number of such restrictions, in particular, is easily
specified restriction “change” elements Xi and X; in
places" combination two restrictions first kind. In Table 1
shows an example of a formalized reverse connections
from an expert in the form of a matrix reverse
communications.

At the intersection of the line corresponding
element (object) from the data set and cluster to which
the an object was ranked with the highest degree
confidence neural network (maximum value in the
corresponding output component vector) is placed
reverse connection two the above types in the form
“Include” or “Exclude” respectively. in Table 1.
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Table 1 — Example of a matrix reverse connections
from an expert

Cluster 1 | Cluster 2 Cluster K
Element 1 + + turn on
Element 2 + turn on +
Element N + exclude +

From generalized scheme methods clustering it is
clear that treatment reverse communications at the level
single target functions (functions loss, penalty
functions, loss function) will allow simultaneously
build performance objects in accordance with intention
researcher influencing weights neural network and
adjust errors clustering influencing the outcome of the
next iterations clustering (for example, shifting
clusters).

For the presented clustering method it is not
difficult to notice that target function is aimed at q;; was
more pjj.

If look at private derivatives for updating scales
neural network and vectors centre’s clusters

2 -1
%zzi (“"Zi_“j") oo
(P a2 -wg)

-1
a_L:_zzll (H”Zi_“juzj X 5 )

M = X(pij—Qij)'(Zi—uj)

then it can be understood that in the case negative the
difference (pij - gij) will be the element is “pushed out”
from the cluster, despite the absence fine with sides target
functions.

In this research for accounting reverse
communications user when adjusting scales neural
network by inverse method distribution errors offered use
following formulas for calculation gradients target
Features:

L=KL(P[IQ)=
:Zitij.pij.mgi; 3)
i1 j-1 Yij
J 2\
%:ZZ 1+||Zi_“j|| ) % (4)
b (o o)t (z-wj)
2 -1
[l ]

Y i1

(Pij —Qij)'tij '(Zi —uj)

where T = (tij) is the matrix of feedback multipliers, in

which the elements satisfy the conditions:

tij>0, if elementiisincluded in the cluster j;
t;; <0, if element i isexcluded from the cluster j;

t;;=0, if elementiisremainsin the cluster j.

The matrix T is obtained trivially from matrices
reverse communication from the expert presented in
Table 1.

In the Table 2 shows an example with the result of
the transformation matrices reverse connections from an
expert to the matrix multipliers for target functions neural
network.

Table 2 — Feedback multiplier matrix
for the objective function

Cluster 1 | Cluster 2 Cluster K
Element 1 0 0 100
Element 2 0 100 0
Element N 0 —-1000 0

Absolute meaning t; defines the speed at which
cluster elements and centers will be strive for each other or
push away from each other.

Also, on this speed influences exposed level learning
rate) for a neural network. In this work in experiments used
value 100 to enable element to the cluster and - 1000 to
exclude element from the cluster.

These values were determined empirically, because
experiments have shown that for the case pushing out
element from the cluster has meaning use big absolute
magnitudes than with attraction.

Described higher an approach allows enough
effectively solve the clustering problem, and in the case of
such multidimensional objects as text, to user necessary
have opportunity render influence on the course process
clustering for the purpose identifying hidden or explicit
intentions.

One of main advantages proposed clustering method
is that added restrictions are not rigid, do not lead to the
need decide systems equations that can potentially turn out
to be incompatible.

Any restrictions user, regardless of their internal
there will be contradictions taken into account in fines
sides target functions

Conclusions

In the article a method of interactive reverse
clustering communications at the base modern methods
clustering.

Used generalized construction scheme algorithm
clustering and proposed architecture neural network allow
combine advantages modern language models with high
indicators accuracy and perplexity and most currently
effective universal algorithms clustering.
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Language blocks model and clustering in the
proposed architecture artificial neural network with time
can be easily replaced with blocks of more modern and
efficient language models and methods clustering without
the need changes proposed algorithm.

This method allows expert to perform clustering sets
of short texts, issuing reverse communication based on the
results of each step interactive clustering. Collection
procedure reverse does not imply any connection
availability of an expert special knowledge about work
neural network and is assembled in human-readable form
matrices reverse communications. Such an approach has
advantages over clustering methods requiring adjustments

metaparameters algorithm not related directly with the
clustering results. Expert in such methods interacts with
the algorithm as a “black box” model, which reduces
efficiency man-machine interactions.

Also important advantage the proposed method is
opportunity realize clustering sets data related to various
language domains that do not match the domain on which
was produced education language models, due to proposed
extension method dictionary language models This
property allows use the proposed algorithm in a narrow
way specialized domains, as well as in domains that do not
allow you to obtain a full-fledged corpus of texts for
yourself training language models.
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MeToa HediTKOI iHTEpAaKTHBHOI KJacTepu3anii
b. O. Crebnsnko, O. B. Hi, I'. A. Kyuyk, [I. M. Bonx

AHoTaunis. Y CTaTTi MOCHIKY€EThCS PUKIIAT CUCTEMH, JI€ BiTOYBA€ThCS TeHEepaIlis BEIMKOI KUTBKOCTI KOPOTKUX TEKCTIB.
VY Hilf ygyacHUKH (HOPMYIOTH JOKyMEHTH CTPATETridHOTO IUIAHYBAHHS, Y SKUX BH3HAYAIOTHCS KIFOUOBI MOKA3HUKU €(heKTHBHOCTI.
DopMymoBaHHS KIIOYOBHX MOKA3HHUKIB €()eKTHBHOCTI YTBOPIOIOTH BiMMOBiMHMI HaOip maHWX. Y paMKax Ifi€i CHCTEMH TOCTPO
CTOITB 3aBAaHHs (OPMyBaHHs Ta aKTyaui3auii kiacudikaTopa, 3aCHOBaHOTO Ha JaHOMY Habopi naHux. HaBeneHo po3s'si3anHs wiel
3aj1adi 3a JJOIIOMOT'OI0 METOY HEHiTKOI iHTepaKTHBHOI Kiactepu3arii. Jlanuii MeTo1 103BOIIsIE eKCIePTY MPOBOIUTH KIIACTEPU3ALIIIO
HaOOPiB KOPOTKUX TEKCTiB, HAJJAI0UX 3BOPOTHUI 3B'I30K 32 pe3yJibTaTaMU KOXKHOTO eTally iHTepakTHUBHOI kiactepu3auii. [Tporenypa
3BOPOTHOTO 3B'3Ky He Ilepei0ayae HassBHOCTI y eKCIiepTa CIeliabHIX 3HAaHb PO PoOOTY HEHPOHHOI Mepexi Ta 30UpaeThCs y BUIIISII
MaTpHIli 3BOPOTHOTO 3B'I3Ky, SIKy MOXKE IIPOYUTATH JIFOAUHA. Takuif Mmiaxix Mae IepeBary B OPIBHAHHI 3 METOIaMH KJIacTepH3arii,
0 BIMAraloTh KOPHI'YBAaHHS MeTallapaMeTpiB alrOpUTMY, He TOB'I3aHUX Oe3MOoCepeiHBO 3 pesyiIbTaTaMy KiacTepu3arii. Takox
BaKJIMBOIO MEPEBATOI0 3aIPOIIOHOBAHOTO METOMY € MOXKIIMBICTH 3iHCHIOBAaTH KJIacTePHU3allil0 HabOpIiB TaHUX, IO BITHOCATHCS IO
PI3HMX MOBHHX JOMEHIB, IO He 30iraloThCs 3 JIOMEHOM, Ha SIKOMY IIPOBOJWJIOCS HAaBYAaHHS MOBHOI MOZEN, 3a PaxyHOK
3alPONIOHOBAHOTO METOJy PO3IIMPEHHs CIOBHMKA MOBHOI Mozeri. Ll BIacTHBICTh JO3BOJISIE BUKOPUCTOBYBATH 3alPOIIOHOBAHHUI
METOJI y BY3bKO CHEL[ialli30BaHUX JTOMEHaX, a TAKOX y JIOMEHaX, IO He JO3BOJIIFOTh OTPUMATH MOBHOLIIHHUI KOPTEX TEKCTIB IS
HABYaHHS MOBHOI MOJZIEII.

KawuoBi caoBa: kiracrepusanisi, JaHi, IPUHHATTS PillleHb, epEeKTHBHICTh, HEHPOHHA Mepexa.
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XapKiBChKHIA HAIllOHATBHUN TEXHIYHUN YHIBEPCUTET PalioeNeKTPOHIKH, XapKiB, YKpaiHa

MOJIEJIb JEHEHTPAJI3OBAHOI CACTEMU OEMIHY EJIEKTPUUHUMUA
MEJUYHAMHU KAPTKAMHA HA OCHOBI TEXHOJIOI'TI BJIOKYEHH

AHoTauisi. AKTyaJbHicTh. Y cy4acHy IU(POBY enoxy Oe3leka JaHUX CTa€ MEPIIOPSAHOI0 TYpOOTOIO B Pi3HUX CEK-
TOpax, 0COOIUBO B OXOPOHi 310poB'st. KpuTuyHmii XapakTep JaHHX Mali€HTiB BUMAarae HaJifHUX MEXaHi3MiB 3aXHCTY BiJ
HECAHKI[IOHOBAHOT'O JOCTYIy Ta MOTEHIII{HOTO 3JI0BMHUCHOTO BHKOPHCTAaHHS. Y Il CTaTTi pO3MNIAJAETbCS MIiHJIUBUI
nanamadt 6e3MeKku JaHUX B CEKTOPi OXOPOHH 3/I0POB's, IiIKPECIIOIOTHCS YPa3IuBOCTI, MOB'SI3aHI 3 TPAAULIHHUMH CHC-
TeMaMu 30epiraHHas JaHUX. B po0OTi IpomoHyeThCS MOJIENb CHCTEMH IS 300py, 30epiranHs Ta OOMIiHYy €JIeKTPOHHUMUI
menununnmu kaptkamu (Electronic Health Records — EHR). B po6oTi 10ciiikeHO TeXHOIOT110 OJI0KYCHH SK PEBOITIOLIH-
HUH MiOXiJg 10 BHPINICHHS MpoOiieM Oe3neknd 0OMiHy KOH(IICHIITHIMH MeIHYHIMH TaHUMHA. MeTo10 1aHoi podoTH €
MiBUIICHHS KOH(IACHIIHHOCTI MEIMIHHUX JaHUX, 1X MIUTICHOCTI Ta TOCTYITHOCTI, a TAaK0OX 3a0e3MeYCHHS HaIiITHOTO 00-
MiHy MMM JaHHMH MK MEIMYHUMHU 3aKJIaaMH Ta IHIIMMH y4aCHHKAMHU 33 PaXyHOK IPOEKTYBaHHs Ta PO3POOKH Hpo-
rPaMHUX KOMIIOHEHTIB JUII CTBOPEHHS 3aXHUIIEHUX CHCTEM Iepenadi MeAndHoi iHhopMaliii Ha OCHOBI TEXHOJIOTIi OJI0K-
yeitH. O0’€KT Aoc/IiAKeHHS BKIIOYaE B cebe cucTeMu nepeaadi MequaHoi iHpopmaiii, siki 3a0e3neuyoTs 00MiH JaHUMH
MK MEIWYHUMH 3aKIaJaMHy, CHEIialiCTaMH Ta Mali€eHTaMH, 3a0e3medyoud KOH(QIAeHIIHHICT, HUTICHICTh Ta AOCTYI-
HICTh IuX JaHuX. [IpeamMeToM qocaizkeHHSI € METOIM Ta 3aCOOH MPOSKTYBAHHS Ta PO3POOKH IPOrpaMHUX KOMIIOHEHTIB,
HEOOXI1JIHI A1 CTBOPEHHS 1 MIATPUMKH 3aXHUIIEHUX CHCTEM Mepenavi MeandHoi inpopmarrii. L{i KOMIIOHEHTH BKIIIOYAIOTh
B ceOe mporpaMHe 3a0e3MeUYeHHs s MU(pyBaHHs, ayTeHTH(DiKallii, aBTOpH3aIlii, a TAKOK MEXaHi3MHU JJIsl 3a0e3MeYCHHS
BiJ]MOBOCTIIKOCTI Ta BiJHOBJICHHS AaHUX. Pe3yasTaTu. Y naniit po6oTi 3anporoHOBaHO MOJIEIb JEIEHTPai30BaHOI CH-
cTeMu i 300py, 30epiranus Ta oOMiny EHR. BucHoBok. Pe3ynbTaTi 11b0T0 TOCITIKEHHS MiAKPECTIOTh TpaHCHOp-
MalifHUI TOTEHIIial TEXHONIOTIi OJOKYEHH y IepEeOCMUCICHH] MapaaIurM O0e3MeKH JaHUuX Y CEKTOPi OXOPOHHU 3A0pPOB'S.
CrBoproroun 0e3meyHy, Ipo3opy Ta epeKTHUBHY IutatdopMmy s ynpaBminHI EHR, 3anpomonoBana Moaens HE TiINBKH
MiABUINY€E KOH(DIICHIIHHICTS Ta HUTICHICTS MEANYHUX NaHUX, ajieé i pOOUTH 3HAYHMI BHECOK Yy IMOKPAIICHHS SIKOCTI Ha-
JaHHS MEIMYHOI OTIOMOTH Ta pe3yJIbTaTiB JIiIKyBaHHS MaLli€HTIB. Y Mipy MpOCyBaHHS BIIEpe] BIPOBAKCHHS JEICHTPA-
JI30BaHUX CHUCTEM, 3aCHOBAHUX Ha TEXHOJIOTi1 OJIOKYCITH, B OXOPOHI 3JI0POB'S SBIIsE COO0I0 0AraTOOOIIMIOYHIA IISX IS
BHPIIICHHS CKJIAIHUX MPOOJIEM, MOB'I3aHUX 3 OE3MEKOI0 1 KOH(DIICHINHHICTIO TaHUX, THM CaMHM MPOKJIaAl0vH IIISX 10
GBI CTIHKOT 1 OPIEHTOBAHOI HA MAI[i€HTa EKOCHCTEMI OXOPOHHU 37I0POB'S.

Kaw4doBi cioBa: OnokueiiH, eleKTpOHHI MEINYHI KapTKH, CMapT-KOHTpakTH, Ethereum, MetaMask, apxiTekTypHa MO-

JECJb.

Beryn

JliarHOCTHYHI TaHi MAIiEHTIB 301IbITYIOTHCS, Kilb-
KicTh MeauuHEX iHGopMamiinux cuctem (MIC) 3pocrae.
Sk pe3ynbTaT, KUbKICTh iH(OpMaLii npo naiieHTa 30e-
pexenol Ha IUPOBUX HOCiIX — 30ibInyeThes [1, 2]. TTo-
Tpeba y (DYHKIIIOHATBLHOMY 3MICTI ITUX CHCTEM TaKOXK
3pOCTaE.

HesBaxarouu Ha Te, mo cuctemu MIC 3apa3 mm-
POKO 3aCTOCOBYIOThCSI B YKpaiHi, iX oOyacTh 3acTocy-
BaHHS Hapa3i BKJIIOYAE JIMIIE IEPBUHHY MEIULINHY. 3Ha-
YHAa YaCTHWHA JIKapiB J10Ci BHKOPHCTOBYIOTH MAlepoOBi
HOCIi1y cBOi# poOOTi.

B Vkpaini Oyie BipoBa)KeHa eIeKTPOHHA CHCTEMAa
oxoponu 310poB’st eHealth, sixa rapanTtye mpasa namieH-
TiB IIOJI0 SIKOCTI MEAWMYHUX IMOCIYT Ta ONTHMI3y€E B3ae-
MOJIif0 M)XK MAIiEHTOM Ta JIIKapeM IUITXOM aBTOMAaTH3a-
11ii, METUYIHOTO OOJIIKY Ta €IEeKTPOHHOTO YIPaBIIiHHS Me-
JUYHOIO iH(GOpMAITIETO.

EHealth cknanaerses 3 neHTpanbHOT 6a3u Ta BEH-
koro po3mairts MIC. LlentpansHa 6a3za nanux Ykpaini
3abe3nedye Mpo30picTh BUTPAT OXOPOHM 3JIOPOB’S Ta
MOXIJIMBICTh PyXy iH(popMmalii 6e3 mamnepiB 3 HOCTYIIO-
BUM IIEPEXO0JIOM JIO EJIEKTPOHHOTO OOJIIKY, BKIIOYAIOUH
€JIEKTPOHHI PELENTH, eIEKTPOHHI KapTKH Ta €JIEKTPOHHI
JIOBI/IKM, CTBOPIOBATH HOBi €JIEKTPOHHI TOCIYTH, CTBO-
PEHHSI JIOBOTO CEPEeOBUINA, CTBOPSHHS 1HHOBAIIHHUX
MPOXYKTIB y MEIUINHI Ta IPOCYBAHHA MEIUYHOTO pPH-
HKky IT 3aramgom.

3aBAsSKH MIBHIKOMY JOCTYITY JO BCi€i iH(popmamii
PO TAaIli€HTa, JIKap OTPUMY€E IIUTICHE YSABICHHS IIPO
BaIIle 37I0POB'sl, 2 [IOBHUI aHAMHE3 B SIIEKTPOHHIH popmi
JoriomMarae TOCTaBUTH NMPAaBWIBHUN iarHo3. burbmicTs
MEIMYHUX TOCITYyT MOXKHa OTPUMATH, HE BUXOISIUH 3
nomy. Mogens (iHaHCYBaHHS MEJUYHUX 3aKJIaJiB 3 J0-
nomororo cuctemu eHealth kapaunaneHo 3minmIacs. [ie
NPUHLMIIT — «Tpolli WayTh 3a namienTom». Cucrema J10-
3BOJISIE KOHTPOJIIOBATH €()EeKTHBHICTD, 3 KOO BHUTpaua-
10ThCs1 iepkaHi kowru. [lepiu 3a Bee, eHealth oxomuts
OCHOBHY JIOIIOMOTY: JIiKapi 3arajibHO{ IPaKTHUKH, Tepare-
BTHU Ta meniaTpu. [lamieHTH miAMUCYIOTh 3asBH Bil BHO-
paHuX JiiKapiB, a Jlikapi peecTpyIoTh ix y cuctemi. Lle no-
TIOMOJKE JIep KaBi OIIATUTH POOOTY JIiKaps 3 KOXKHUM I1a-
LIEHTOM.

3axucT NpaB MalieHTiB Ha KOH)IJEHLIIHICTh Me-
IWYHMX JaHUX CTa€ Jeaalll CKIaIHIIINM 13 ITOSBOKO eJie-
kTpoHHNX MennuHux 3amuciB (EHR), sxumm oOwmimto-
IOTBCSL Ha PI3HHUX DIBHAX CHCTEMH OXOPOHH 3I0POB'S.
Taka po3mmpeHa MOXKIUBICTh MiIKIIOYEHHS PI3HUX KO-
pHUCTYBa4YiB MEIMYHUX MaHWX 30UIBIIyE PH3UK MOPY-
LIIeHb, CTBOPIOIOYHM 3HAUYHY 3arpo3y [Uisl 3aKiajiB 0XO-
poHHM 310poB's. BpaxoByroun snenikaTHUH XapakTep Me-
JUYHMX 3aIMCiB, Oy Ib-SKe MOPYIICHHS KOH(1AeHIiHHO-
CTi MO’KE€ NPU3BECTH J0 CEPHO3HUX HACHIJKIB, BKIIOYA-
10YM HaKJIeIl, AUCKPUMIHALIIO Ta HEBUIIPAaBJIaHUH CTpec
SIK JIJIS TIALIE€HTIB, TAK 1 JUTS OMIKYHIB. 3a0¢3MeUeHHS KOH-
(biICHIIHHOCTI Ta HITICHOCTI MEJIMYHKX 3aMTUCIB BUMArae
cyBoporo KoHTposto goctynmy g0 EHR, a rtakox

© IMImatko O. B., Cansnikos C. C., 2024
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30epexeHHs IX IUTICHOCTI [T 3amo0iraHHs HEeCaHKIiO-
HOBaHUM 3MiHaM a6o0 3HuILIeHHO [3].

B po6ori [4] onucyeTbest cTpyKTypa Oe3nexH, po3-
pobJieHa JuIsi CTBOPEHHS 3aXHILEHOT, aJanTOBaHOI Ta Ha-
niitroi cucremu EHR, 110 3a70BoNbHSIE HarambHy MOT-
pedy B mepenoBuX 3axo/1ax OC3MEKH y CBITJII BPa3IHBOC-
Tel, BIACTUBUX iICHYIOUMM CHCTEMaM. ABTOPH y3arajib-
HIOIOTH icHYI0Ui mociimkeHnas Oesnexu EHR, mo Bucsi-
TIFOIOTH Pi3HI CTpaTterii 6e3meKH, Mo BKIIOYAIOTh aIMi-
HiCTpaTHBHI, (i3UYHI Ta TEXHIYHI 3a11001KHI 3aX01H, He-
00XimHI AN 3aXUCTy CKJIAAHOI €KOCHUCTEMH OXOPOHH
310poB'st. He3Bakaroun Ha Il JOCATHEHHS, ICHY€E YiTKa
norpeda B Kpalux pillleHHsIX Oe3NeKH sl KOHKPETHUX
YCTaHOB, sIKi BIJTIOBIIaI0Th MiHJIMBHM BHMOTaM ManOy-
THIX OpraHi3aIliii OXOPOHH 3JOPOB'S.

Kinbka gocmimkens [5-8] cipusioTh bOMy JTHUCKY-
PCy, NPEACTABIAIOYH PAaMKH Ta MOJIENI, sIKi BUPILIYIOTb
OararorpasHi mpooiemu Oe3rekd B iHPpOpMaIiitHuX CH-
cTeMax OXOpOHH 370poB's. Hanpukias, KoHIeNTyanbHa
OCHOBa, 3alpOTIOHOBaHa B po0OoTi [9] miakpecitoe Bif-
MIHHOCTI B MeTO/IaX O€3MeKH B Pi3HUX JIKAPHSIX 1 BUCTY-
IIa€ 3a €TUYHE YIPaBIiHHS EJICKTPOHHUMH MEAWYHUMH
3amcaMM B yChOMY CIIEKTPi OXOPOHH 3/10poB's. TuM ua-
coM y gocmimkenni [10] migkpecmoeThes, MO I0TPHU-
MmanHs npaBuil HIPAA e HapikHuUM KameHeM 3a0esrie-
YeHHs Oe3meku MeAWdHOol iHdopMarlii, mo nependayae
BceOIUHE TOTPUMAHHS IIMX PEKOMEH/AIH K CTaHAapTy
JUTSL OpTaHi3alliii 0OXOpOHH 3/J0POB'S.

Irmri marepianu [11-13], npornoHyoTh KIiEHT-cep-
BEpHIi MOJIeTi Ta iX JOCTIKeHHS B CHICTeMaX O0MiHy Me-
JUYHUMHA TaHUMU. ABTOpH poOOTH [ 13] DaroTh ysBICHHS
PO HOM'SIKIIIEHHS BHYTPIIIHIX 3arpo3 B MEANYHUX yCTa-
HOBaX, BUKOPUCTOBYIOUH IHCTPYMEHTH JIepeBa aTak JUIs
JIETAJIHOTO aHaJIi3y MOTEHIIHHHUX MOPYIIEHb OE3MeKH.

IHHOBAIIIiHI PIlICHHS, TaKi K MOJCIb KOHTPOJIIO
noctymy [14] Ha OCHOBI CMapT-KOHTPAKTIB MPOIOHYIOThH
CTPYKTYpY (GpeiiMBOPKY LISl 3HW)KEHHSI PU3UKIB XaKepCh-
KuX aTak. He MeHI 3aciyroByloTh Ha yBary 3arporioHO-
BaHa apXiTeKTypa XMapHHUX CXOBHII JaHUX| 15], sika Moke
3a0e31e4NTH MiJIBUILICHUH CTYIHb O€3IeKH JUIs nepeadi
iH(opMaIlii Ha ayTCOPCHHT B CEPETOBHII XMapHUX 009H-
CJICHB 13 3aJIy4E€HHSAM UYHCICHHUX HE3aJISKHUX XMapHHX
npoBaiinepis. PpeliMBopk BKIIOYaE B cebe METOIHU TO-
JBiifHOTO IM(pyBaHH i (hparMeHTaIlil TaHuX, sKi 3a0e3-
MeYyroTh Oe3leyHe MoImMpeHHs iHdopMarii B MyJIbTHX-
MapHOMY cepenoBuiii. B po6oti [16] 3anponoHoBaHo Ti-
OpHIHY apXiTEeKTypy U JOCTYILy IO 3alHCiB MAMi€HTIB i3
30epekeHHAM KOH(IICHIIIHOCTI B XMapHIH CHCTEMI.
[IpororoBaHu#l (hpeHMBOPK TO3BOJISIE MALIEHTAM Kepy-
BaTU JIOCTYIIOM JIO CBOiX MEAMYHHX 3aIUCiB, HOJIETIIY-
04U O€3MepenkoHIH 00MiH JaHUMHU MiXK HUMH METUIHI
yCTaHOBH, 3a0€31eUyI0UH ITPHU [[bOMY HasIBHICTh IPOTOKO-
JIB €KCTPEHOTO AocTymy. ABTOpH podotH [17] posrisna-
I0Th TeXHOJIOTi0 po3noaiienoro peectpy (DLT), Bizomy
sk IOTA. IOTA Bupinrye npo6iemu HoB's3aHi 3 MacIITa-
GOBaHICTIO Ta NMPOJYKTHBHICTIO OJIOKYEIHHY, BUKOPHCTO-
BYIOUH CTPYKTYpPY CIIPSIMOBAHOTO AIMKIIYHOTO Tpadika
(DAG), mo nonermrye mapajeibHe JA0JaBaHHS TpaH3aK-
nidd. Ile HOBOBBeIEHHS 3HAYHO CKOPOYYE 4Yac MiATBEp-
JOKEHHST TpaH3aKIlii 1 T03BOJIsIE 0OPOOIATH HEOOMEKEHY
KUTBKICTh TpaH3akiid ogHodacHo. [IpoTokon oOMiHy 1mo-
BIIOMJICHHSAMH 3 3aMacKOBaHOIO ayTeHTH(]ikari€eto

(MAM) B IOTA 3a0e3neuye Oe3neyny nepenady 3ammdg-
POBaHUX MOTOKIB JaHUX Y BUTIISII TPAH3AKIIH.

AHali3 OCTaHHIX JOCIHIDKEHb MiJKPECIIOE He00-
X1JTHICTB 3aCTOCYBaHHS NIEPEIOBUX, CIIENiaIbHO PO3pO0-
JICHUX 3aXO0JiB OC3MECKH IJIsl 3MII[HEHHS I[IICHOCTI Ta
koH}imeHniitHOCTI cuctem EHR, oM cammm 3axuima-
FOYM TIPUBATHE XXHUTTS MAI€HTIB 1 MiABHITYIOYH CTiH-
KicTh iH(OpMAIIHAX CHCTEM OXOPOHH 30pPOB'S 10 BHU-
HHUKAIOYHX 3arpo3.

Buxonsauu 3 aHaTi3y OCTaHHIX JOCIiIKEHb 1 My OITi-
Kamiif MOXHA 3pOOHUTH BICHOBOK, IIIO MMUTAHHS MIPOEKTY-
BaHHS Ta po3poOKH iH(POPMAIIIHUX cucTeM mis 300py,
30epiraHHs Ta 00pPOOKH €NEKTPOHHUX MEANYHUX KapTOK
Ha OCHOBI TEXHOJIOT1] OJIOKYEHH € aKTyaJIbHUM.

MeToro wi€i po6oTH € miBUIICHH KOH(IACHIIIN-
HOCTI METUYHUX JAHUX, iX MITICHOCTI Ta TOCTYIHOCTI, a
TaKOXk 3a0e3Me4eHHs HaJiHHOTO OOMiHY MMM JaHUMH
MK MEANYHUMU 3aKJIaJaMHU Ta IHIIUMH YYaCHUKAMU 32
pPaxyHOK MPOEKTYBAHHS Ta PO3POOKU MPOTPAMHUX KOM-
MOHEHTIB JJIsl CTBOPCHHSI 3aXUIEHUX CHUCTEM Mepeaadi
Mean4YHO1 iHpOpMaIlil Ha OCHOBI TEXHOJOTI1 OJOKYCHH.

OcHOBHA YaCcTHHA

TpamuuiitHuii MAXig 10 BHUKOPHUCTaHHS TEXHOJIOTIT
30epiraHHs Ta OOpPOOKM MEIMYHHMX JaHHWX IMependadae
LeHTpati3alifo 30epiraHHs JaHUX B XMapi, 0 BUKIKAE
Cepiio3Hi mpoOsieMu 3 OE3MEKOI0 TOCTYITY 10 TAHUX 1 KOHT-
poito 3a HUMH. Y chepi OXOPOHH 3T0POB'sL, JIe JaHi marlie-
HTiB € OIHOYACHO KPUTHYHUMH Ta KOH(IICHIIIHHIMY, 3a-
Oe3neyeHHs HANIHHNX 3aXOHiB Oe3rexw i iHdopMarii,
10 30epiraeThCs B XMapi, Ma€e mepriopsrHe 3HadeHH [ 18].
[NatieHTH TOBUHHI MaTH MPABO AUKTYBATH JI03BOJIM Ha JIO-
CTYI IO CBOiX JIaHHX, 1110 BUMara€ CTBOPEHHs1 OE3MIEYHOTO
Ta KOHTPOJILOBAHOTO CEPeIOBHIIA TS 30epiraHHs JaHUX Y
xmapi. [1{o6 BupiuTy 1i npobiiemu Ge3neku, aBTOpU po-
0O0TH 3BEpHYJIICS 10 IEPEBIPEHNX MOKINBOCTEH TEXHOJIO-
rii OmoxueriH. Cepen Oe3mivi  ONOKYEHH-TIATHOPM
Ethereum BuminsteTbCs CBOIME UymOBUMH (QYHKITISIME 0€3-
TIeKH, 110 POOUTH HOTO HAIIMM BHOOPOM IS IILOTO J0/1a-
TKa. [Ipranan Bubopy Ethereum BrITFOUaroTh Taki:

Hanaromxena mepexa Ethereum: 3aBisiku cBoemy
BEJIMKOMY IOCITY>KHOMY cITMcKy Mepexa Ethereum € on-
HOYACHO BEJIMKOIO 1 IEPEBIPEHOIO YacoM, 3a0€3MeUy0UH
Ha/JliiiHy 1 O€31eYHy OCHOBY JUISI IOJIATKIB.

@OyHKIIOHANBHICT 1 CMapT-KOHTPAKTH: OaraTuii
Habip ¢ynkuiit Ethereum, 30kpema miaTpuMKa cmapT-
KOHTpPAaKTIB, 3a0e3nedye Oe3meuHe i JeneHTpalli3oBaHe
30epiraHHs JaHuX, 10 POOUTH HOTO i1eaTbHIM BUOOPOM
JUISL HAILIOT CHCTEMH.

AXTHBHA MiaTpUMKa crigbHOTH: Ethereum otpu-
MYy€ BUT'OJTy Bijl HalifHOT T2 aKTUBHOI CITUILHOTH, SIKa T10-
CTIHO AOCIIIKY€ IHHOBAIIiHI CITOCOOU BIIOCKOHAIICHHS
TEXHOJIOTII.

BukopucTOBYy[OUH 1Ii TIepeBar, aBTopaMm po3poo-
JIEHO CMapT-KOHTPakT Ha 0a3i Ethereum, mpu3HaueHuit
JUTS TIOJIETIIEHHS CIIJIKYBAaHHS MK Halli€HTAMH Ta JIiKa-
psamu. Llel cMapT-KOHTPaAKT CIPOIILy€ MPOLIEC CrIocTepe-
JKEHHS JIiKapiB 3a CBOIMM TAIliEHTaMH, ITiJBUIIYIOUN
e(eKTHBHICTH 1 Oe3MeKy B3aeMO/Iii MaIlieHTa 1 JIiKapsi.

KonuenryanbHa apXiTeKTypa 3allpOIIOHOBAHOI CHC-
TEMH IHTETPYy€ TEXHOJIOTII0 OJIOKYEHH B CHCTEMY OOMiHY
MEIMYHUMU JTAaHUMH, SIK IT0OKa3aHo Ha puc. 1.
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Puc. 1. KoHuenTyansHa apXiTeKTypa CHCTEMH, [0 HPOTOHYETHCS ( IPKEPENO: BlIacHa po3po0Ka)

B 3anpomoHoBaHill Mofierni 1aHi MmarieHTa HaJiHHO
mmdpyroThcs Ta 30epiraroThCs B XMapi, TapaHTYIOUH,
o0 KoH(QiAeHMitHa iHpOpMAIlis 3aTHIIAETHECS 3aXUIIle-
HOIO IIPOTSITOM YChOTO Tpoliecy ii 30epiranHi Ta 0OMiHy.
Ha puc. 2 noka3zana cxema poOOTH CHCTEMH BCSKHUI pas,
KOJIM TallieHT BUOWpAE Meperisi] MeJANYHUX 3aluciB 3a
noromororo MetaMask abo jaeneHTpali3oBaHOTO BeO-
caiity cuctemu odbminy EHR. Otpumyroun mocryn nmo
NpUBaTHOrO Kitoya 3 ramanus Ethereum, kopucryBau
ABTOMATHYHO BXOIWTH B CHCTEMY.
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Puc. 2. Cxema npoTokoiy cuctemu oominy EHR

Ethereum wallet - e ramanens i xosogHoro 30e-
piranHsi. B pe3ynbTaTi, IOPIBHSIHHS 3 IHIIUMH TapsTIuMH
raMaHIsIMK, HeOe3neKa KOMIIPOMeTallii JOCUTh HU3bKa.
Kpim Toro, SIKIO rajpkeT BTpadeHo, MalieHTaM MOKHA
MPOCTO BUIATH HOBWH, HE MiIgalduch ImTpady 3a
BTpaTy CBOIX MEIMYHHUX 3aMuciB. 'amaHeIh MOXXHA BU-
KOPHUCTOBYBATH JUIS HMiAMUCY OYy/Ib-SIKMX JOKYMEHTIB a00
JUIsL IHIIMX 1TOTpeO mpu nepeBipii ocobucrocri. Lleit ra-
MaHeIb TaKOX MOKHAa BHUKOPHCTOBYBaTH ISl IIPOBE-
JIeHHsI 0araTocTOpoHHBOI Bepudikauii mamienTta. Bin
Moe OyTH BUKOPHCTAHUH JJIsl CTBOPEHHS CUCTEMH KOH-
TPOJIFO JIOCTYITy JO 3aIllUCiB Ha OCHOBI POJICH, & TaKOXK
CHCTEMH PO3IOJIICHOI ileHTrdiKamii BIacHOCTI HA OC-
HOBI O1oKUeliHa. Y BUMAAKY HEBIKIAIHOT MEAMIHOT J0-
IIOMOTH MOJKe OyTH peai3oBaHWHA aHAJIOTIYHHAN OaraTo-
CTOPOHHIM MeXaHi3M OTpHMaHHS JO03BOJIIB JJIS OTpH-
MaHHS JOCTYITy JI0 3aIlUCiB MAIliEHTIB.

Ha puc. 3 nokazana ctpykrypHa cxema. JlnzaiiH,
SIKUH MU HPOIIOHY€EMO, CKJIQJAETHCS 3 YOTUPHOX OCHOB-
HUX KOMIIOHEHTiB: KopucTyBau m01aTOK, IMPOTOKOI

pyKOCTHCKaHHS ONOKYeiHa, XMapa i 3arajlbHOOCTYIIHA
OmoxueitH-Mepexa. Cructema sBIsiE COOOI0 BipTyalbHE
MIPEACTaBHUITBO, SKE CIYXHUTh ABOM HisAM. I[lo-mepe,
BiH HaJ[a€ KOPUCTyBauaM JIOCTYII J0 iHTepdeiiciB momaT-
kiB. Jlikapi Ta CHCTEMHI aJMIiHICTPATOPH - II¢ [BA THUIIH
KOPHUCTYBAaYiB y HalIii CHCTEMI.

Y KOXKHOTO KOpHCTyBaua € cBos pyHKis. B pesyinb-
TaTi KOPHUCTYBAJBHHUIBKUM JONATOK Hajae pi3Hi iHTEp-
(elicn KopHCTyBada 3ale)KHO BiJ poii KopuctyBay. [lo-
JpyTe, Ha OCHOBI BBEZICHNX KOPUCTYBAYEM JAHUX KOPHCTY-
BaJIbHHUIBKAH JOJATOK CTBOPIOE TIOYATKOBY TPAH3AKILIO. 3
METOO TiATBEPIKCHHS TPAH3AKIILS BiIPABIIETHCS B IIPO-
TOKOJI PyKOCTHCKaHHsI OJokuelina. HaperTi, kopucTyBab-
HULBKUHA iHTep(deiic BCTAHOBITIOE 3B'SI30K MK KOPHCTYBa-
YaMH 1 TPOTOKOJIOM PYKOCTHUCKAHH OJTOKJeiiHa.

dyHaMeHTaTbHUM KOMIIOHEHTOM 3alpOIIOHOBAHOT
apxitektypHu € npotokon blockchain handshake (BH). Leit
KOMITOHEHT 3'€JJHY€ cepBep 0a3u TaHHX, OJOKYEHH-MEPEKY
1 XMapHy CUCTEMY MEJIMYHUX 3aIIMCIB, sIKa JI€ SIK 000JIOHKA.
151 3anporioHOBaHa ApXiTeKTypa BUKOPHCTOBYE OJIOKUEHH-
Mepexy Ethereum. Posnoninena 6yxranrepcbka KHUTa, IO
3'emHy€e OJOKYCHH-BY3JH, BiZloMa SIK ITyOJiYHA OJIOKYEHH-
Meperka. brokueiH-By31H - 11e MaifHepH, SKi BiATIOBIIAIOTH
3a OHOBJICHHS OJIOKYeliHa Ha OCHOBI METOJIY TIPHIHATTS Pi-
IIeHHs. B sKoCTi anpTepHaTHBH OJIOKYCHH-BY3IH TIpHiAMa-
I0Th TPaH3aKIii i BAKOPUCTOBYIOTh CMapT-KOHTPAKTH Me-
pexi s ix ayTeHTHdIKalil. Y 3amporoHOBAaHOMY MPOEKTI
XMapa HaJa€e JBi MOCIYTH, sIKi aHAJIOTTYHI THM, SIKI Haja-
I0ThCS ICHYFOUMMH XMapHUMH CEpBiCaMH.

Cucremu aaminictpyBands EHR. Cucrema aaminict-
pyBannst EHR po3miliiyeTbest B IKOCTI TOUATKOBOT CITyKOH.
30epiraHHs JaHUX-IIe HACTyIHA Hocyra. Bei meanani 3a-
IMICH MOXKYTh OyTH 30epexeHi B 0a3i nanux. Crucrema aj-
MinictpyBansas EHR npuiimae Tpan3akiii 3 npotokoiy py-
KOCTHCKaHH OJIOKYeliHa, BHKOHYE BCi 000B'SI3KH, ITOB's13aH1
3 HUMH, 1, HapewTi, 30epirae ix B XMapHii 0a3i qaHuX. Y
BI/INIOBI/Ib Ha 3aIIMTH KOPUCTYBAdiB IPO JOCTYII XMapa Ha-
nae HeoOXimHi fmaHi. Ha puc. 3 mokasaHa cTpyKTypHa
cXeMma B3a€MOJIii KOMITIOHEHTIB cucTeMu. Jlu3aiH, skuit
MIPONOHYETHCS B POOOTI, CKIAAETHCSA 3 YOTHPHOX OCHO-
BHHUX KOMIIOHEHTIB:

JonaTok KOpuCTyBada, MPOTOKOJ PYKOCTHCKAaHHS
0JIoOKYeitHa, XMapHe CXOBHIIE 1 3araJIbHOIOCTYITHA 0J10-
K4elH-Mepexka. Cucrema sBisge co0OI0 BipTyaslbHE
MIPEACTaBHUITBO, SIKE CIIYXKHUTh ABOM LitsM. [lo-nepre,
BOHO HA/Ia€ KOPUCTyBa4yaM JIOCTYH 0 iHTepdeiiciB no-
natkiB. Jlikapi Ta mamie€HTH - e 1Ba THITA KOPUCTYBAYiB
y Halii cucTeMi.
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VY KOXXHOrO KOpUCTyBada € CBOS
¢yHkuis. B pe3ynbpTarti KOpUCTyBaJIbHU-
LBKUIA JOATOK HaJae pi3Hi iHTepdeiich
KOpHUCTyBaya 3aJI€XKHO BiJl POJIi KOpHC-
TyBad. [lo-apyre, Ha OCHOBI BBEIEHHX
KOPHCTYBa4eM [aHWX KOPHUCTYBaJIbHHU-
IBKUA JOAATOK CTBOPIOE MOYATKOBY
TPAH3aKIN0. 3 METOI MiATBEPHKEHHSI
TPAH3AKIIiSI BiIIPABIIETHCS B TIPOTOKOI
pyKocTHCKaHHS Onokueitna. Hapemrri,
KOPHUCTYBaJIBHUIIBKUH iHTep(eiic BcTa-
HOBJIIOE 3B'SI30K MK KOPHUCTYyBauaMH 1
MIPOTOKOJIOM ~ PYKOCTHCKaHHs  OJIOK-
yeliHa. DyHIaMEHTaJIbHUM KOMIIOHEH-
TOM 3alpoIOHOBAHOI apXITEKTypH €
MIPOTOKOJI PYKOCTHCKaHHA OJOKYEeHH
(blockchain handshake - BH). Lleit koMmnoHeHT 3'€Hy€
cepBep 0a3m JaHWX, OJMOKYCHH-MEpexy 1 XMapHy CHC-
TeMy MEIUYHUX 3aIHCIB, SKa JIi€ K 000J0HKA. 3arporo-
HOBaHA apXiTeKTypHa MOJCIh BUKOPHCTOBYE OJOKYCHH-
Mepexy Ethereum. Posmoginennii peectp, mo 3'eqHye
ONMOKUYCHH-BY3/IH, BifloMa sK IyOmigyHa OJOKYCiH-Me-
pexa. briokueiH-By3/H - 11e MaiiHEepH, SIKi BIIMOBIIAIOTh
3a OHOBJICHHS OJIOKYEHHA Ha OCHOBI METOJY NPUIHATTA
pileHHS.

B sixoCTi anbTepHATUBU OJOKYCHH-BY3IIM MpHiiMa-
I0Th TPaH3aKWUil 1 BUKOPUCTOBYIOTH CMapT-KOHTPaKTH
Mepexi Ui X ayTeHTH(iKarii.

VY 3anmpomnoHOBaHOMY MPOEKTI XMapa HaJae IBi mMo-
CIIyTH, SKi aHAJOTiYHI THM, SKi HaAIOThCS iICHYIOUUMH
XMapHUMH CEpBiCaMH.

Cucremu aaMinicTpyBanHs EHR. Cucrema anmini-
crpyBanHs EHR posmimyerscss B SIKOCTI 1OYaTKOBOI
ciryx0un. 30epiraHHsi JaHUX-1I€ HAcTyITHA rociyra. Bcei
MEJIMYHI 3aliCH MOXYTh OyTH 30epexeHi B 0a3i TaHHX.
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Puc. 3. CtpykTypHa cxema B3aeMO/Iil KOMIIOHEHTIB CHCTEMH

Cucrema anminictpyanust EHR npuiimae Tpanzakuii 3
MPOTOKOJIy PYKOCTHCKAaHHS OJOKYeiiHa, BUKOHYE BCi
000B'sI3KH, TOB'sI3aHI 3 HUMH, i, HapemITi, 30epirae ix B
XMapHii 6a3i qaHuX. Y BIANOBIIb Ha 3aITUTH KOPUCTYBA-
4iB PO AOCTYN XMapa HaJae HeoOXiTHi JaHi.

PosrnsiHeMo nporiec OTpUMaHHS TOCTYIY 10 AaHHX
B po3pobuieHiit cucremi. L1 cuctema nodyaoBaHa 3 Bu-
kopuctannsaM Truffle i Ganache, JBOX MPOCTUX y BHKO-
pHCTaHHI IHCTPYMEHTIB JUIsl CTBOPEHHS JIOKaIBHOTO 0JI0-
kueiiHa Ethereum. CepBep i BHyTpIlIHS 4YacTHHA CHC-
TeMH po3poOJieHO 3 BHKOpUcTaHHsAM MoBu Solidity i
Node.js. Jlns cTBopenHs GiokueiiHa i JOCTYIy 10 CHC-
TEMH BHKOPHUCTOBYIOTBCA BipTyalbHUI iHTep(eiic
Ethereum, MetaMask (B sixkocti ramantis), Truffle (B sixo-
cti IDE), BuKkopucroBytoThest Yarn (iHTepdeiic komana-
Horo psizka), Ganache (cTBOpeHHs 00JIIKOBOTO 3aITicy)
ta Local Web3 (BeG-iHTEpdEiic).

Honasanns nikaps. Ha puc. 4 mokazanuil mporuec
JIOJTAaBaHHS JTiKapsi.

Doctor Details

B MetaMask Notfication

Petro Petrenko
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petrenko@gmail.com
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Puc. 4. JlonaBaHHs JaHUX PO JKapst
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Ha puc. 4, a mokazanuii MOy peecTparii Jiikapsi,
Jie OTPiOHO 3aMOBHUTH JaHI JIiKaps, Taki sK iM's; nata
HapOJDKEHHS; ieHTH(]IKATOp eNeKTPOHHOI TOIITH; HO-
Mep MOOUTBHOTO TenedoHy; ineHTH]IKaTOp JIiKaps, IKUH
€ agpecoro obikoBoro 3amucy B Ganache Ethereum; Mi-
cro; lepxasa; i cremianpHicTs. Ha puc. 4, 6 mokazaHo
MTOB1TOMJICHHS TIPO MiATBepIKeHH Big MetaMask, sikwid
BHKOPHUCTOBYETHCS B SIKOCTI CMapT-KOHTPAKTY. 3a JIOTO-
Mororo MetaMask Oyne 30epesxena Bes iHpopMaltis mpo
JiKaps, i cHCTeMa OTpPHMae MOBIJOMIJICHHS 3 IITBEp-
JDKEHHSIM ayTeHTh(iKarii. Aye, Ko KOPHCTyBayd BUKO-
pHCTOBY€ HEBipHY iHpopMaliro adbo aapecy 00JIiKOBOTO
3aImcy, 10 BXE ICHY€E, CUCTEMa BUIACTh IOBIIOMIICHHS
npo BiZMOBY B Aoctymi. Hapemrri, el cMapT-KOHTpaKT
3abe3nedye Oe3neKy JaHuX JiKapsl.

Honasanns namienta. Ha puc. 5 onucanuii meron
nojaBaHHs manieHT. Ha puc. 5, a moka3anuii MoayJib pe-
€CTparlii MaIieHTiB, 0 BUMarae BBEICHHs iH(popMaii
PO TAIi€HTIB, HANPUKJIAI iIMEHA, aApPECH EICKTPOHHOL
IOMITH, HOMepH TeledoHiB Ta  iIeHTU(IKATOPH

MAIlEHTIB, SAKi € aapecoro oOiikoBoro 3amucy Ganache
Ethereum.

[Ticns 3an0BHEHHS 3aTIOBHUBIIIH BC1 IPOTAIMHU HE-
obxinHoto iHdopmaniero, KopuctyBay norpibHo HaTuc-
HyTU KHOMNKY "[lomatu maiienTa", mob 30epertu naHi, a
MOTIM TIEPEXOIUTH A0 HACTYyIHOTO mporecy. [linTep-
JDKyIode mmoBinomieHHs Bin MetaMask, sike BUKopucTo-
BYETbCS B SIKOCTI CMapT-KOHTPAKTy, [OKa3aHO Ha
puc. 5, 6. Besa indopmanis nmpo mamienra Oyze 30epe-
JKeHa 3a gonoMororo MetaMask, i cuctema otpumMae mo-
BITOMJICHHS 3 MiATBepIKeHHsIM ayTeHTHdikarmii. 11{o6
30epertu Bci JaHi, moBimomiieHHs MetaMask BimoOpa-
)Kae Ha eKpaHi JeTaibHui Kypc BamoTn Ethereum. Bin
30epirae Bci gaHi B popmari Bamotu Ethereum. Cucrema
BiZIOOpa3HuTh IMOBIIOMJIEHHS INPO 3a00pOHY JOCTYIY,
SIKIIIO KOPHCTYBa4 BBEJC HEBIpHY iHOpMAIito abo Ta x
azpeca obiikoBoro 3amucy. Haperri, Oe3nexka caMmoro
JIaHi MaIi€HTa 3aXUIISH] MM CMapT-KOHTPAKTOM.

Puc. 6 imoctpye mepcoHanbHHN ~OIOKUYCHH
Ethereum, npescrasienuit Ganache.

&+ Add a Patient

Petro Petrenko

Grant Acess to a Patient

Sergey

Zorja

OxAF52188¢2/B9ba0d28T44f01dCcaFECA2685942¢

Zorja_sergey@gmail.com +380987757577

MetaMask Notification

¢0

DETAILS
| locathost 1455 0,004488 ETH
suggested gos fee
Mex 1
|
| Total

4455 0.004485 ETH

Max omount

MNEMOMIC

AGIRESS

0x4f178359b444123374524F5e91d6EFef694dd2Al

ADRESS

@x36Db332D653aea5040e238D593b9F1103220e67b

ADDRESS

BxAF52f8Bc2fBIbald28744T01dCC4FRCA2685942e

ADORESS

0x49586b9079100FCC518Bbe94eFTBF12d3dC6A291

99.92 ETH e
100.00 ETH o 1 &
:1‘5;.[38 ETH Il-‘ o ."“M @f
EALANCE [\: COUNT : Ex Qf

1e0.80 ETH

Puc. 6. [lepconansunii 6mokueitn Ganache
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Bin OyB BHKOpHCTaHMI JUIs TECTYBaHHS 1 PO3rop-
TaHHA cucTeMH. [ TecTyBaHHs Ta JIOKaJIbHOI pO3pOOKH
Ganache nponoHye Kijibka BIpTyaJlbHUX OOJNIKOBHX 3a-
muciB 31 100 ETH. Bin 3a0e3neuye MOKJIMBOCTI, MOPiB-
HsHHI 3 Ganache, py po3ropTaHHi B OCHOBHINH Mepexi
Ethereum. [lesxi 3 migpoOJeHMX TpaH3aKIiii BUKOHY-
IOTHCS BIPTyaJIbHUMH OOJIIKOBUMH 3aIIFICAaMH B JTOJIATKY
pa3oM 3 Xemam# TPaH3aKLil 1 aIpecoro KOHTPAKTy, Ha
SIKH BOHH OyIJI PO3TOPHYTi. 3HAYCHHS BAITIOTH KOXKHOT
TPaH3aKIIii TaKOXK BiZOOpaKaeThCs y CTOBIIII.

[NepumiM KpoKOM Ha CepBEpHiil YaCTHHI € 3aBaHTa-
xeHHs 1 yctanoBka Ganache 3 Habopy Truffle Suite.

[MigkmroueHHs 10 cepBepa 3a jgornoMororw Cmapr-
KOHTpakTy. Ha puc. 7 1mokazaHo MiAKIIOUEHHSI CUCTEMH
3a JIONIOMOT'00 CMapT-KOHTPAKTIB.

s MetaMask Notification - O X

lof2

Connect With MetaMask

0 Account 1{...b71a)

Puc. 7. ITinkmouenns 1o ramanig MetaMask

MetaMask BUKOpPHCTOBY€ETBCS B SIKOCTI CMapT-KOH-
TPaKTy AUl MIAKIIOYEHHS 10 cucTeMH. CTBOPIOIOTHCS
KOHTPAaKTH, SIKi HaJal0Th METa/aHi 10 Ha3Bax 3alluCiB,
JOCTYTI Ta HUTICHOCTI AaHuX. JlogatoTecs Kpuntorpadi-
YHO MiAMUCaHI IHCTPYKIIi I yIpaBIiHHS IIMMH XapaK-
TEPUCTUKAMH y OJOKYCHH-TPAaH3aKIiAX I[i€] CHCTEMH.
BuxopucTOBYIOTECS JUIIIE OMeparlii, mo 3a0e3neuyoTh
3MiHy HaHUX (QYHKI[IOHAJTbHUMH MOJIMBOCTSAMH Iepe-
XOJ/ly CTaHy KOHTPaKTy JJIsi BUKOHAHHS HOMITHK. Jlo THX
Tip, HOKK MEeMYHA KapTa MOXKe 30epiraTucs B eNeKTpoH-
HOMY BHIJISIAI, 1li KOHTPAKTH MOXKYTh OYTH CTBOPEHI JUIs
3abe3nedeH s JOTPUMaHHs Oy 1b-sIKOT0 HabOpy NpaBHI,
1[0 KOHTPOJIIOKOTS 1i.

Ie#t cMapT-KOHTPAKT, 3aCHOBAHUI HA TEXHOJOTIl
67oK4eitH, MOXe OyTH PO3pOOIICHIH TAKUM YHHOM, 100
BKITIOYAaTH B cebe BCi yMOBH, Taki sIK 0OpoOKa pi3HUX

JI03BOJIIB Ta JIOCTYII 110 JaHUX. MOXHA MOMITHTH, L0 B
il cxemi 3aIisTHUN Psif] 3alliKaBICHUX CTOPIH, KOXKEH 3
HUX BUKOHY€E pi3Hi 3aBnaHHs. lle momermmrh criiky-
BaHHS JIKapiB 1 nanieHTiB. CMapT-KOHTPAKTH BKIIIOYa-
10Th B ce0e npaBuiia aBTopu3aii Janux. Lle Takox Mosxke
JIOTIOMOTTH Y BiICTE)XEHHI BCIX [IiH, MOB'sI3aHUX 3 YHiKa-
JBHUM 1ZeHTH(IKaTOPOM, Bil TOUKH ITOXOHKEHHS JI0 TO-
YKH BiAmpaBKu. by ctBopeHi yci GyHKIII i mporexypw,
SKi BKIIOYEHI B CMapT-KOHTpPAakTH. g mimBUIIEHHS
e(eKTHBHOCTI BCi TaHI MEIUIHOI KapTH 30epiraroTbecs B
JIOKaJIBHIM 0a3l JaHuX.

CtBOpeHHs OOJIIKOBOTO 3alucy 3a JO0IOMOTO0
CmapTt-koHTpakTy. Ha puc. 8 mokaszaHo MOKpOKOBHM
MPOIIEC CTBOPCHHS 00JIIKOBOTO 3aITUCY .

ACCOUNT INFORMATION

ACCOUNT ADDRESS
0x4f178359b444123374524F5e91d6EFef694dd2A1

PRIVATE KEY
16fdfdf3ddb8382b53c6ea21b110134ef0f5291a49525fcb2b28e3b27chd41eb

Do not use this private key on a mhlic blockchain; use it for development purposes only
DONE
‘a

on @

Account 2 .

Private Key v

99.9174ETH

A

Paste your private key string here:

Contract Interaction -0ETH

a 0

Puc. 8. a— Ganache Ethereum (agpeca o6ikoBoro 3armucy),
0 — JI0/IaBaHHs PHBATHOTO KIIKOYa,
C— CTBOPEHHSI 00JTIKOBOTO 3aIUCY

Ha puc. 8, a moka3zana iHdopMaris mpo oOIiKOBUIA
3anric Ganache Ethereum, sikuii 103BoJIsiE KOpHUCTYBayam
BHUKOPHCTOBYBATH Opay3ep AJIst JOCTYITy 10 JIeIleHTpalIi-
30BaHOi CHCTeMHM 0Oe3 HAsBHOCTI MOBHOLIHHOTO BY3Ja
6nokueiina. Ha pucynky 8.b moxazano immopT mpuBat-
HUX KIIOuiB 4yepe3 MetaMask, sikuii rapaHTye MOIIH-
BiCTh peami3amii KOHTpakTiB. 3axXWIICHHUH MapojeM
Ethereum wallet - e wactuna mporpamHoro 3abesre-
YEHHsI, SIKe MOXE BHUKOPHUCTOBYBATUCS JUisi 30epiraHHs
CEKPETHHX KIIFOUIB 1 TSI MANNCY, aBTOPHU3AIIii Ta yIpas-
JIHHS TPAH3aKLisSIMH 3 BAKOPUCTAHHSM eJIEKTPOHHHX Me-
JnaHUX KapT. CeKpeTHi KiIrodi JIikaps i manieHTa OyayTh
30epiraTucsi B MeTaMacK-raMaHIli, SKiii Moxe OyTH BH-
KOPUCTaHMH CKpi3b, /1€ MOTPiOEH J03BiJ Ha BUKOPHC-
TaHHS 3aKpUTOro Kiroya. Ha prucynky 8.c mokasaHo ize-
HTH(DiKaTOp 06JiKOBOrO 3anucy i3 Ganache Ha ramanenp
Ethereum, ne ramanens MetaMask moTiM i gKIIOUATECS
IO cucteMu 1 Oynae (YHKIIOHYBAaTH BiIIMOBITHO [0
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ehr_project. B 3anpomnoHoBaHiil cHCTeMi BUKOPHCTOBY-
€ThCs OJIOKYEHH 3apaau Oe3leKu JaHuX 1 Mpo30picTh. Y
il apXiTeKTypi Oyab-sKi CIPOOU HE3aKOHHOT'O BUKOPH-
cTaHHs 3a00poHeHi. TakiMM YHHOM, CHCTEMa BBa)KAETHCS
OJIHI€IO 3 Hal0e3nevyHIimuMX m1aThopM MOPIBHSIHO 3 iH-
IIMMH TIATPOPMaMHU eIIEKTPOHHOI OXOPOHHU 3I0POB'S.

BuxoHaeMo TOpIBHSHHS apXiTEeKTyHW HAIIOi CHC-
TEMH 3 apPXITEKTYPOIO iCHYIOUHX CHCTEM OXOPOHH 37I0PO-
B's. [TopiBHSHHS 0a3y€eThCS Ha KITFOUOBHX XapaKTePUCTHU-
Kax pi3HUX CHCTEM OXOpOHH 370poB's. [lopiBHSIHHS TO-
KazaHo B Ta0x. 1.

Koskna tpan3akuis B Mepexi Ethereum Bumarae Bu-
TpaT Ha ra3. [HImMu croBamH, ras - 11e CBoro pojy rorti-
BKOBI TpoOIli, $KIi MOXYTh OYyTH BHMKOpDHCTaHi s

MpoBeJeHHs Oynb-siko1 Tpan3akuii. OCKUIbKY IiaTa 3a
ra3 B mepexi Ethereum HacTinbku BUCOKa, NPONOHY-
€ThCs 30epiraeMo TaM He BCl THUIH JaHUX MAIIEHTIB.

B pe3ynbTati 0yiio NpUiHATO pillicHHS 30€perTH B
Ethereum TiTbKu OKpeMi XMapHi aJpecH, IO TATHE 3a CO-
0010 HEBETIMKY IUIATY 3a Ta3.

3 immoro 00Ky, Hama cucreMa € OiTbII eeKTHB-
HOIO, HiX Oynp-ska iHma cuctema. ['padik 3anexHocTi
IUTATH 32 Ta3 BiJ pO3Mipy BXiTHHAX JaHUX y OaliTax moka-
3aHO Ha puc. 9.

Ha npomy rpadixy Mo>kHa HA0UHO OAYHUTH, IO TIPU
30UIBIICHHI PO3MIPY NAHHWX IUIaTa 3a Ta3 aBTOMATUYHO
30uIbIIy€eThes. TakuM 4nHOM, po3Mip JaHMX, 110 30epi-
raloThCs B OJIOKYEHH, IIOBUHEH OyTH SIKOMOTa MEHIIIE.

Tabruysa 1 — IlopiBHAJIbHA TA0IMUSA MiXK 3aIPONOHOBAHUM METO0M Ta iCHYIOUMMH

Hapamerpu Smart glucose monitor- Secure her: Healthcare provisioning | 3anpomnono-
p P ing system [19] healthblock [20] ecosystem [21] BaHa cucTemMa
WCTaHIIHE CIIOCTEPEe)KECHHsS 3a . .
A Tai p Hi Hi Tak Tak
MaLi€HTOM
I[I/ICTaHI.Il'I/IHe BHUSIBIICHHSI 3aXBOPIO- Hi Hi Hi Hi
BaHb TAIi€HTA
BukopucTaHHs 1aTYNKIB Tax Hi Tax Tax
Pexomenpanii moao aBTeHTH(DIKA- .
Alatill mox ¢ Hi Hi Hi Tak
1i1 KopycTyBaya
30epiraHHs AaHUX B OJIOKYCHH Taxk Tak Tak Tak
Bukopucranns kpunrorpagiyHux .
p.u P pag Hi Tak Hi Taxk
byHKIII
¥
59140
59120
55100
59080
59060
55040
59020
59000
58980
58560
58540
1 2 3 4 5 & 7 8 3 10
B Gas Fee (in byte)

Puc. 9. I'a3, sikuif BUKOPUCTOBYETHCS i gac Tpax3aknii B Ethereum

BucHoBku

VY cekTopi OXOpPOHU 37I0POB's Oe3MeKa JaHUX ChOTO-
nHI HaOyBae Bce Outpmoro Bu3HaHHsA. OTOX, 00 00~
JIATH L0 MPO0JieMy, B pOOOTI 3alIPOIIOHOBAHO BHKOPHC-
TaHHS TEXHOJIOTiT 0JI0KYEITH 3 METOX0 3a0e3IeYeHHSI KOH-
¢ineHniiHOCTI. 3amponoOHOBaHA MOJEb apXITEKTYpH
CHUCTeMH OOMiIHY MEIUYHUMH JaHUMH B IEPIIY Yepry
NpU3HAYeHa JUIsl BIIJaJICHOTO JOTIISAY 33 NalllEHTaMu, a

TaKOX JUISl TPIOPUTETHOTO 3aXKCTy KOH(DieHIIITHNX Me-
JUYHHX 3aUCiB MamieHTiB. [ 3a0e3neueHHs Oe3neku
JAHUX B POOOTI 3ampOIOHOBAaHO OJOKYEHH Ha OCHOBI
Ethereum, sikuii BBaKAa€ThCS OTHMM 3 HAHO1IbII e(hEeKTH-
BHUX METO/[IB, BUKOPUCTOBYBaHMX ISl 3a0e3MeqeHHs
Oe3nekd JaHuX. TakoX MHPOIMOHYETHCS BHUKOPUCTAHHS
acHUMeTpUYHOT KpunTorpadii Juist XeluyBaHHs JaHHX, IO
poOuTH TpaH3akKIii OiTbIT OE3MEYHUMH, HiX Y 1HIINX CH-
cTeMax.
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Model of decentralized electric medical card exchange system based on blockchain technology
0. Shmatko, S. Salnikov

Abstract. Topicality.. In today's digital age, data security is becoming a primary concern in various sectors, especially in
healthcare.the critical nature of patient data requires robust protection mechanisms against unauthorized access and potential ma-
licious use. This article examines the changing data security landscape in the healthcare sector and highlights vulnerabilities asso-
ciated with traditional data storage systems. The paper proposes a model of a system for collecting, storing and exchanging elec-
tronic health records (EHR). The paper examines blockchain technology as a revolutionary approach to solving security problems
for the exchange of confidential medical data. The goal of this work is to increase the confidentiality of medical data, its integrity
and availability, as well as to ensure reliable exchange of this data between medical institutions and other participants by designing
and developing software components for creating secure systems for transmitting medical information based on blockchain tech-
nology.. The object of research includes systems for the transmission of medical information, which ensure the exchange of data
between medical institutions, specialists and specialists, ensuring the confidentiality, integrity and availability of this data.. The
subject of research is methods and tools for designing and developing software components necessary for creating and maintaining
secure medical information transmission systems. These components include software for encryption, authentication, authorization,
and mechanisms for fault tolerance and data recovery. Results. In this paper, we propose a model of a decentralized system for
collecting, storing, and exchanging EHR. Conclusions. The results of this study highlight the transformative potential of blockchain
technology in rethinking data security paradigms in the healthcare sector. by creating a secure, transparent and efficient platform
for managing EHR, the proposed model not only increases the confidentiality and integrity of medical data, but also makes a
significant contribution to improving the quality of care and patient outcomes. As we move forward, the introduction of decentral-
ized systems based on blockchain technology in healthcare represents a promising path to address complex challenges related to
data security and Privacy, thereby paving the way for a more sustainable and patient-centered healthcare ecosystem.

Keywords: blockchain, electronic medical cards, smart contracts, Ethereum, MetaMask, architectural technology.
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Harionansamii aepokocmiunmii yHiBepcureT iM. M. €. XXykoBcbkoro «XAl», Xapkis, Ykpaina

METO/IY IMTPOTHUJIIi ABTOMATHU30BAHOMY 350PY IH®OPMAIIIL 3 BEGCTOPIHOK

AHoTauis. PoboTa npucesueHa aHaisy METOAIB MPOTHUIIl aBTOMAaTH30BaHOMY CKaHyBaHHIO BeO-By3JiB. MeToio poboTu
€ aHaJIi3 aITOPUTMIB Ta 0COOIMBOCTEl POOOTH MAPCHHIOBUX CHUCTEM Ta, HA OCHOBI OTPHMAaHMX JAaHHUX, HOOYI0Ba CUCTEMH
3aco0y, KUl Oy/e creniani3yBaTHUCs caMe Ha BUSBIEHHI Ta MPOTHAIL aTak 3 BUKOPUCTaHHAM IIapCUHTOBUX CHCTEM. MeTo-
JIOM JIOCTIiKEHHSI BUCTYIIA€ aHAIIi3 METO/IB MPOTHUIii TAPCUHTOBUM CHCTeMaM. Y poOOTi OyiI0 pO3TIITHYTO iCTOPil0 BUHUK-
HCHHSI aBTOMATH30BaHUX CUCTEM, iX KIacH]iKalito, 0COOIMBOCTI poOOTH Ta METOIU MPOTH/II1. 3alIPOIOHOBAaHI METOJTH CIIe-
MIATI3YIOTHCS Ha 3aXUCTI BiJl MAPCHHIOBUX CHCTEM, Ta CTBOPIOE MiHIMAJIbHE JIOJJATKOBE HaBAaHTa)XCHHS HA CEPBEPHE 00Mal-
HaHHS, 1[0 He 3aBaXkae poOOoTi 3BHYaHUM KopHcTyBadaM. [laHi MeTou OyayTh KOPUCHIMH BIIACHHKAM BEIIMKHX PECypCiB,

HAa SIKHX TOJIOBHHM € came iHpopMarris.

Knwuogi ciaoBa: IMapCUHIOBE NMPOTpaMHE 3a6e3He‘IeHH5{, METO U HpOTI/II[ﬁ 60TaM, rapcepu, crawler.

Beryn

Po3BuTOK iH(pOpMAIIIHHIX TEXHOJOTIH CTABUTH BCE
OUTBIN CKIIAJIHI 3aBJaHHS CTOCOBHO 00poOku iH(opMa-
1ii, ii 30epiranHs, nepeaBaHHs Ta 3a0€3MCUYCHHS 3aXH-
cty [1]. OnHOYacHO 3 IIMMHU 3aBJaHHAMHU BUHHKIJIA MOX-
JIMBICTh MEPEKJIaCTH YaCTUHY PyTUHHUX 3aBIaHb Ha 00-
YHUCIIOBAIBHY TEXHIKy. 3 IUIMHOM 4acy IIOTY>KHOCTI
KOMIT FOTEPiB 3pOCTaJH 1 pO3POOHUKH BCE YACTIIIEe CTBO-
pIOBaNM MIPOTPaMH ISl BUPILIEHHS MIPOCTHUX, TPHUBiaJIb-
HUX 3aBJaHb. [li3HiIIe Taki MporpaMu OTPUMalH BIACHY
Ha3By — 0oTu. Ha chorogHimHi#i 1eHB, 3 PO3BUTKOM KO-
cTi TI00ankHOI Mepexi [HTepHeT KibKICTh TAKUX PyTHH-
HUX 3aBHaHb Jume 30inpmyerhcs. Hapasi Oynme sxa
cdepa Tak UM iHaKIIEe B3aEMOJIIE 3 KOMIT FOTEPHHMH CHC-
Temamu. Hanpukian Ha Oynb-sIKOMY CKJaji BCTAHOB-
JieHa cucTeMa OO0iKy 00’ekTiB. Y Mara3uHax BCTaHOB-
JIeHI TepMiHaJIM OIUIaTH, sIKi 1OB’s13aHi 3 023010 TOBaIB.
Ha Benukux miAnpueMcTBax 3a3BHYail Mpalloe IOIITO-
BUii cepBep [Uist eeKTUBHOTO 00MiHY iHpOpMAIi€r Mixk
CIIBPOOITHUKAMHU Ta KEPiBHUIITBOM.

Jns Ginpll IIBUIKOTO BHKOHAHHS ILMX 3aBAaHb
CTBOPIOIOTH Pi3HUX OOTIB-TIOMIYHUKIB. TakuM YHHOM 3a-
JUISL TIPUCKOPEHHS JI0JIaBaHHSI HOBOTO TOBapy Ha CKIIaj
OyJa CTBOpEHA CHCTeMa IITPUX-KOIIB, SIKi CKAHYIOTHC 1
ABTOMATHYHO JOJAIOTHCS IO MOTPiOHOT KaTeTopii.

Hapasi ingycTpist 00TiB aKTHBHO PO3BHBAETHCS. 3a
OCTaHHI POKH 3aI[iKaBJICHICTh 0 TEMH aBTOMaTH30BaHUX
MIOMIYHHKIB JIUIIIE 3pocTae. 3a maHuMH kKommadii IBM,
cra"oM Ha ymucronan 2023 poky, 1,4 MiTbsIpIH KOPUCTY-
BaYiB BHKOPHCTOBYIOTH OOTiB. Y CBOIO 4epry KOMMaHii
MOYaji BUKOPUCTOBYBATH aBTOMATH30BaH1 CUCTEMH IS
oprasisaiii TeXHiYHOi miaTpuMku. biuseko 85% nuranbp
BiJl KJIIEHTIB Hapa3i BUPILIyIOTh 4aT-00TH [2].

IcHye Benmka KiNBKICTBH OOTIB, SIK JJISI KOMEpITiii-
HOTO BUKOPHCTaHH!, TakK 1 KopucTyBapki. Ha choromHi-
mHid nenb, ChatGPT, romoBHa po3poOka KomraHii
OpenAl KOpHCTYETHCSI HOMYJISPHICTIO Cepel MPOCTUX
KopucTyBauiB. Lle 3ymoBneHo ii 3gaTHICTIO BUpIIIyBaTH
pizHOMaHITHI 3aBmaHHs. Bix momyky i dinpTparii iHdo-
pmamii 10 reHeparii HOBOTO KOHTEHTY (TEKCTH, Bipmii
a00 HaBiTh KOJU Mporpam). AJle Haxkallb aBTOMATH30BaHi
CHCTEMH IIPUHOCSTH HE JIUIIEC KOPHUCTb, a i JOAAIOTH HOBI
npoOJiemMHu JIIOACTBY. 3TifHO 3BiTY KommaHii Imperva 3a
2023 pik, noast O60TiB y riobanbHIH Mepexi CKianae

47,5% [3]. Y cBolo uepry Oinbliie TTOJOBUHH TAKUX CUC-
TeM € mKiuBUMH. Lle mpu3BoauTH 1O TeHepamnii Benu-
KOT KUTBKOCTI TOJATKOBOTO TpadiKy, I MapIIPy TH3AMil
SIKOTO HEOOXiHI JOAaTKOBI MOTYXHOCTI. OKpiM IHOTO,
Bce OlbIe 3°SBISETHCS CYZOBHX HO3UBIB MO0 aBTOP-
CHKHX TIpaB Ha KOHTEHT, 3T€HEPOBaHMUII 3a IOIIOMOTOI0
mrryqroro inTenexty (ILI). Hanpukman po3pobHuku co-
niajgpHOT Meperxu Instagram 3000B’s13JIMCh T0ATH CIIO-
BIillIEHHSI KOPUCTYBa4yaM IpO Te, 0 MOTOYHUNA KOHTEHT
3T€HEPOBAaHUN 3a JIOTIOMOTOI0 HEMpPOHHHUX Mepex [4].
Oxpim npobieM, 3 IKUMH JIIOJICTBO BXKE 3iLITOBXHYJIOCH
ICHYIOTB 1 Ti, SIKI 18y Th PO ceOe 3HATH Y MaiiOy THhOMY .

Hanpukan 3amiza npaiiiBHUKIB AesKkuX chep Hell-
POHHOIO MEpPEXEI0 B MOJAIbIIOMY MOXKE TPHU3BECTH /0
TI0SIBU HECTAHAAPTHHX MPOOJIeM, sIKi cucTeMa He 3/1aTHa
BHpimyBatu. Ha ChOTOIHINTHINA JI€Hb, CTYACHTH Ta Ipa-
uiBHUKH I T chepu aktuBHO KOpHCTyIOTECsA ChatGPT mis
BUpINIEHHS poOOYMX 3aB/laHb. B mojansmomMy 1e Moxe
HPU3BECTH 0 BUSBIICHHS aJITOPUTMIYHUX 3aKJIA/IOK, TIPO
ki HiXTO He 3Hae [5]. OkpiM HBOTO CTapi MPOEKTH Tepe-
CTaHyTh IIATPUMYBATHUCS, OCKUJIbKH HE 3aJIMIINTHCS CIIe-
IaJTICTIB, SIK1 MOYHUHAIH CTBOPIOBATH JaHUN MPOEKT.

OpHieo 3 HallBOXIJIMBIIINX NpoOJIeM € BHUKOpHC-
TaHHs OOTIB MiJl Yac aTtak Ha BeO-pecypcH. AKTHBHHIA po-
3BUTOK aBTOMATH30BaHNX CHCTEM JIMIIE JOAAE CKIIATHO-
CTEH, OCKIJILKM 00TH Bece OrK4ye HaOJIMKAIOThCS 10 BU-
pimenHs Tecty T ropHHra, o MpU3BOIUTH 0 YCKIall-
HeHb iX BUSBJICHHA. BracHukH iHpOpMamiiHUX BeO-pe-
CypciB JII3HAIOTBCS TIPO aTakH, siKi Oy 371HCHEHI 3a J10-
nomoroto nmapcunrosuii cucrem (I1C), mume micins Toro,
SK TIOMI4al0Th HasSBHICTH IX KOPIIOPAaTHUBHOI iH(popMamii
Ha CTOPOHHIX pecypcax y mapkueTi [6].

Buxonsuu 3 1poro, MeTOI0 JaHoi poOOTH €: aHami3
anroputMiB Ta ocobmmBocTei podotu I1C Ta, Ha OCHOBI
OTpUMaHUX JaHUX, MOOYJOBa CHUCTEMH 3aco0y, SIKUit
Oyze crenianizyBaTHCS caMe Ha BUSBJICHHI Ta MPOTHUIIT
aTak 3 Bukopuctanaam I1C.

Tepminu Ta BU3HAYeHHS

Yar-60TH — 1€ KOMIT FOT€pHI IpOrpaMH, SKi iMiTy-
JOTh JIIOJICBKY MOBY (YCHY Y IIHCBMOBY) Ta JI03BOJISIOTh
CIIJIKYBaTHCS 3 IU(PPOBUMHU IPUCTPOSIMHU TaK, SIKOW BOHH
OynH >KUBUMH JTIOIbMH. YaT-00TH MOXYTh OyTH IykKe
MIPOCTHMH, SIK €JIEMEHTapHi Iporpamu, 110 BiIIOBIIAI0TH
Ha TPOCTUH 3alUT OAHOPSAKOBOIO BiANOBiII0, abo
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CKJIAJIHAMH, SK NU(PPOBI NOMIYHHKH, SIKI HABYAFOTHCS Ta
PO3BHUBAIOTECS B Mipy 300py Ta 06poOKH iHhopMarii, THM
CaMUM [T IBUILYOYH CBiif piBeHb mepcoHaizariii [ 7].

[Mapcepu — e KOMIT’ FOTEpHI IpPOTpaMH JUIsl aBTOMa-
THU30BaHOTO 300py Ta cUcTeMaTH3allii iHpopmarlii, po3-
MIIIeHO] Ha Pi3HUX caiiTax.

IHnexcaTop — e poOoT, KU 3a3BMYail BHKOPUCTO-
BY€EThCS MOIIYKOBOIO CHCTEMOIO ATl BUSBICHHS HOBHX
CTOpPIiHOK B iHTepHETi. [IprHINT pOoOOTH TaKMX OOTIB I1O-
JTaE 'y TOCTIHHOMY CKaHyBaHHI CTOPIHOK Ta BHSB-
JICHHIO Ha HHUX MOCWJIAHb 3 MTOJAJBIINM MEPEXOOM IO
Hux. Bero 3i0pany iHpopMmanito poboT 3aHOCUTH 0 cIie-
niajgpHOi 0a3u JaHUX, sKa Ha3HUBAE€ThCs iHAEKCOM. [laHi
PO HOBI CTOPIHKH B iHTEPHETI MONIYKOBa MalnHa 6epe
came 3 Takoro inaekcy [8].

I'eneparopu KOHTEHTY — Iie aBTOMaTHU30BaHi CHC-
TEMH, sSIKi MalOTh Ha METi CTBOPEHHs HOBOI iH(popMarlii
TPYHTYIOUHCE, 3a3BHUYall, Ha TEKCTOBOMY 3amuTi. Haitua-
crime Taki 00TH y CBOIif OCHOBI MalOTh HEHPOMEPEKY,
10 O3HAYae, IO MPU KOXKHIH BiIpaBIli OZHOTO i TOTO X
€aMoro 3anuTy OyZe MOBEpTaTHCS BiINOBIIh, sIKa BiApi-
3HSETHCS BiJ| mornepeanboi. [9].

[TomrykoBi — 11e aBTOMATHU30BaHI CUCTEMH, SIKi CTBO-
PEeHi 3 METOI0 JOIOMOI'TH KOPHCTYBavaM IIIyKaTH HeoO-
XimHul ¢pparmeHT iH(opMmanii y Benukiil KiIbKOCTI Ja-
HUX. 3a3BU4Yail Taki OOTH MPAIIOIOTH Pa3oM 3 Kpaylie-
pamu, 110 J03BOJISIE OTPUMYBATH aKTyallbHI JaHi 1010
HE0OXiAHOTO 3anmuTy KoprucTyBadya. [10].

AHaJji3 aTak, cHpUYNHEHUX DoTaMu

Ha croronninmHiii g1eHb, OCHOBHIM ITIOKa3HHKOM PO-
3BUTKY KOMII'IOTEPHHUX CHCTEM € PICT iX MPOILYKTHBHOCTI.
Haxxasp, oTpuMaHi HOTY>KHOCTI HE 3aBXK 11 BUKOPUCTOBY-
I0TbCSl 3 10OpUMH HamipaMu. 3JIOBMHCHHUKH OTPHMAIIH
MOTYXKHUHN IHCTPYMEHT IS IIBUIKOT peatizallil eKCIuIon-
TiB (metasploit) Ta HOBTOprOBaHHs omepailii (craM-po3cu-
nku). Y 2004 pori OyB CTBOpeHHI KOMIT FOTEPHUH XpoOak
Bagle, siknit po3moBCIOKYBABCSI 3a JOTIOMOTOI0 EJIEKT-
poHHOI momTor0. BriameHHs y mumceMi Oyno (aitmom
.EXE 3 ixonkoro nporpamu Windows Calculator. [Tpu 3a-
BaHTa)XCHHI BKJIAJCHHS HAa MPUCTPid Xpobak BigKpHBaB
IporpamMy KaJbKyJITOpa, a TAKOXK IOTak BiJ] KOpHUCTyBaya
KOIIitoBaB cebe y AMPEeKTOpiro Mmij Ha3Bowo «bbeagle.exe»
i cTBOprOBaB neBHi Kiroui peectpy [11]. ITicist 1iporo xpo-
0ak 3aBaHTa)XyBaB OEKIOp, SIKMI 3a0e3revyBaB Bijizase-
HUH TOCTYH A0 3apa)XeHOT0 KOMIT F0Tepa 3a mopToM 6777.
ITotiM Xpo0Oak IIykaB eNeKTPOHHI aapecH y (dainax aape-
cHOi KHUTH Windows i TpOJOBXKYBaB IOIIMPIOBATUCS
€JIEKTPOHHOIO MOIITOI0. BaxkmBo 3a3HaumTH, 110 irHOPY-
BAJIHCSl EJIEKTPOHHI ajpecy, sIKi MICTWIIM Y Ha3Bl PsIOK
«rl», «@windows», «@avp», «@hotmail.com» abo
«@msn.comy» [12]. CTBopeHa OOTHET Mepeka BUKOPHC-
TOBYBaJIacsl 3JI0BMHUCHUKAMH JUIl PO3CHIIKH CTIaM TOB1JIO-
MJIeHb Ta BukoHaHHS DDoS arak.

YV 2008 pori 18-piunmii crynent Oyer Yokep CTBO-
puB Akbot — BipycC, TOJIOBHOIO METOIO SIKOTO OYyJIO CTBO-
perns 6otHeT Mepexi. [1ix gac 3apakeHHs, IPHUCTPiit 10-
naBaBcs 10 cepeepiB IRC Ta oduikyBaB BKa3iBOK. 3a 4ac
CBOTO iCHyBaHHS Mepexa ckiafganacs 3 1,3 MilbHOHIB
NPUCTPOIB Ta BUKOPUCTOBYBaacs il peanizauii DDoS
arak [13]. Ha nouatky 2012 poky ¢axisui ESET BusiBnitu
O0THET Mepexy, ska oTpumana Ha3By Win32/Georbot. 3a

nmannmu komnanii ESET, komanau, 1o ynpaeisitoTh, BU-
x0Tk 3 odimiiiHoro caiity ypsiny ['pysii. Meroro ctBo-
PeHHs JaHOTO OOTHETa € BUKPaAEHHS JIOKyMEHTIB Ta IH-
¢poBux ceprudikaris i3 3apakeHux kKomm'rorepis. e
OJJHAa OCOOJIMBICTB €] IIKIAJIMBOI MPOrpaMy TIOJSrae y
TOMY, III0 BOHA IITYKAa€ Ha iH(pikoBaHOMY IPHUCTpO] (aiimu
koH(pirypamii RDP (Remote Desktop Connection) 3 me-
TOIO MOAAIBIIOTO PO3KPAIAHHA Ta OTPUMAHHS HECAHKIII-
OHOBAHOTO JOCTYIy 10 HuX [ 14]. Kpim Toro, 00T 3maTHmMit
CTBOPIOBATH ay[i0- Ta BiZe0-3amicH Ta 30upaTu iHpopma-
LI TIPO JIOKAIBbHY MEPEKY.

VY 2012 poryi micTh BEIMKUX aMEPHUKaHCHKUX OaHKIB
—Bank of America, JPMorgan Chase, US Bank, Citigroup,
Wells Fargo ta PNC Bank — cramu xeprBamu DDoS-
aTakw, sKa TPUBaJa KUTbKa THXKHIB 1 3aBakajla HOPMallb-
HOMY (DYHKIIIOHYBaHHIO IXHIX CAWTIB Ta OHJIAWH-CEPBICIB
[15]. Artaky opraHizyBaiu Xakepchka rpyria, ska Ha3HBa€e
cebe Izz ad-Din al-Qassam Cyber Fighters, sika 3asiBuna,
mo il MOTHBOM OyB MPOTECT MPOTH aHTHMYCYJIbMaHCh-
koro ¢izeMy «HeBuHHICTh MycCyIbMaH». ATaka gocsirana
motyxHocTi 10 60 ['6it/c. ¥ 2016 pori 6otHeT Mirai, sikuit
CKJIa[]aBCs 3 MUIBHOHIB 3apa)kK€HNX MIPUCTPOIB IHTEPHETY
pedel, TakuX sSIK KaMepy Ta MapLIPyTU3aTOpH, MPOBIB Ki-
nbka macintabuux DDoS-arak Ha pisHi 1ini [16]. Cepen
HUX Oynu caiiT ¢axisip 3 Kibepoesneku bpaitana Kpeoca,
DNS-npogaiinep Dyn, sikuii 06cityroByBaB 0arato moiry-
JSIpHEX canTiB, Takux sk GitHub, HBO, Twitter, Reddit,
PayPal, Netflix Ta Airbnb, a Takox ¢paHIy3bKHiA XO-
cruar-ipoaiinep OVH. IotyxkHicTh aTak mocsrana Bif
623 I'6it/c mo 1.1 T6it/c. YV 2017 pomi Google 3a3Hanma
HairotyxHimoi DDoS-ataku B icTopii, sika mocsirina 2.54
TOiT/c. ATaka Oyna 4aCTWHOIO MiBPiYHOI KaMMaHil, SKY
BEJM YPAIOBI KUTACHKI XaKepH MPOTH iHPPacTpyKTypu
Google [17]. Onnak Google 3moriia BiOUTH aTaky Ta 3a-
0e3neYnTH HOpMaIbHY pOOOTY CBOIX CEpBICiB Ta Oe3MeKy
naHux kopuctyBadiB. ¥ 2018 poui crenianmict 3 Check
Point BUKpHIM LIKIJUTMBE MpOrpamMHe 3a0e3MeueHHs], sKe
nommpooBanock cepen Android mpuctpoiB Ta 00’€mHy-
BaJIO iX y 60THET Mepexy. CrieniaicTi 3a3Ha4nIIH, 110 Ha
yac 3HalICHHs, BXKe 0YJI0 3apa)keHO OJIN3BKO 5 MUTBHOHIB
npuctpois [18]. YV 2020 poi y 'oHkoHry OyJia 3adikcoBana
aTaka Ha CHCTEMH BiJIEOCIIOCTEPEKCHHS MicTa 3 BUKOpPHC-
TaHHSM MAaIIMHHOTO 30py. TakuM YMHOM 3JIOBMHCHHKH
CITIIKYBAITK 32 TIEPEMIIICHHSIM TTOJIIEHCHKIX TaTPYIIiB Ta
iHpopMyBaTH TPOTECTYBATBHUKIB TPO iX HAOMIDKCHHS
[19]. ¥V 2020 pori, 3rizHO maHMx Kommadii Positive
Technologies, OyJ10 BUSBIIEHO II00ATEHY KaMIIaHIFO, B SIKii
3JI0BMHUCHUKH BHKOPHCTOBYBAJIM BeO-Kpaynepu it 300py
JTAHUX TIPO MUTBHOHH KOPHCTYBAYiB COIIAIEHUX MEPEXK, Ta-
kux sk Facebook, Instagram, Twitter i YouTube. LIi mani
Oymi BUKOpHWCTaHI U (IIIMHTOBMX aTak, MaHIMyJIAIii
IPOMAJICHKOIO IYMKOIO, miaHTaxy Tomo [20]. V 2021 pori,
3rigHo nanux kommadii Positive Technologies, Oy:a 3adik-
COBaHa IJ100aJIbHA aTaKa Ha BeO-CalTH Iep)KaBHUX yCTAaHOB
pi3HUX KpaiH, y Tomy uncii CIIA, Himeuunnn, @panii Ta
iH. BIIPOBAKYBAJH IIKIUTMBHIA KOJ Ha IIi caiiTh. MeToro
araky OyIo 3apakeHHsI BiJ[BiTyBadiB CalTiB Ta OTpUMaHHS
JIOCTYTIy 110 X mprcTpois [21].

Kommanis StormWall 4 cepnast 2021 moigommuia
npo BusiBNieHHs: DDoS-aTak, opraHi3oBaHUX, 3a CJIOBaMH
11 (baxiBIIiB, 32 JOTIOMOTOI0 «HANTIOTYKHIIIIOTO OOTHETY
3a BeCh 4Yac iCHYBaHHS IHTEpHETY». TakuMm YHHOM,
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MaKCHUMallbHa MOTY)KHICTh ataku csramna 2 TOit/c, 1o
CTaHOM Ha 4 cepIitHs 0yJI0 aOCOTIOTHAM PEKOPIOM Cepel
ycix aTak 3a ywacTio OoTHeTiB. Bimbmicte DDoS-arak
OyJu cripsIMOBaHI Ha irpoBy iHIycTpito. BoTHeT ckiana-
Bcs 3 49 THCAY TPHUCTPOIB, cepel SKUX 3HAXOAATHCS
JIUIIE CepBepH, 3BUUANHI KOMIT' FOTepH 1 MOOLIBHI TIpH-
cTpoi BinCyTHI. ATaku, sIKi 3IiHCHIOBAIHCS TaHUM OOT-
HETOM, OyiH CTaHHapTHi, OyII0 3aIyIIeHi aTaku IpOTo-
komamu UDP, TCP i HTTP 3 emysiiero 6paysepa [22].

Y 2022 pomi, 3rimHO maHWX Kommadii Positive
Technologies, Oymo BusABIEHO TI00aNbHy aTaky Ha BeO-
calTi OJOKYEHH-TIPOEKTIiB, TAKUX SK KPUNTOBAIIOTHI Oi-
pki, ramaHui, miardopmu i 1.4 [23]. 310BMUCHUKN BUKO-
pHCTOBYBaJM BeO-Kpaysiepu ais 30o0py iHdopmarii mpo
KOPHCTYBAa4iB, TAKUX K a/IpECH eJICKTPOHHOT MOLITH, Ta-
pouti, HomepH TenedoHiB Tomo. [IoTiM BOHH BUKOPUCTO-
BYBJIM L0 iHQOpPMALIIO ISl aTaK I10 JIAHIIOXKKY, TOOTO
JUTS 3IOMY 1HIIIMX aKayHTIB 1 CEpBICIB, OB’ sI3aHUX 3 TIep-
BHHHHUMH XepTBaMH. MeToro aTaky OyJ10 KpaziKKa KpHIl-
TOBAJIOT T IHITNX MUPPOBUX aKTHBIB.

YV 2022 pomi mochigauku Fortinet FortiGuard Labs
BUSIBIUIM IIKIUIMBY aKTHUBHICTh, ska Oyia IpHU3BelcHA
O6otHeToM Ha ocHOBiI Golang, skuil 37mamyBaB caiiTu
WordPress, 11106 3aX0MUTH KOHTPOJIb HAJ iITEOBUMH CH-
cremamu [24]. Tlepma Bepcis OyJia 37aTHA JIMIIE aTaKy-
Batu SSH moptu notenniiiHoro Linux cepsepy. OHOB-
JICHa BepCis Majia I0AaTKOBHI (QYHKIIOHAT 111 OpyTdho-
pcy 3a momomoroto telnet Ta yepe3 MPOTOKOJI TYHEIIO-
Bauus Generic Routing Encapsulation [25].

VY xBitHi 2022 poky ¢axiui Ib-kommanii Fortinet
BHSIBIUIH OOTHET Ha 0a3i Mo4aTKoOBOTO Koxy Mirai, sKuid
oTtpumaB Ha3By Enemybot. EnemyBot — 1ie HeOe3neunuit
OOTHET, SIKMI KiOep3IIOYMHIII BUKOPUCTOBYIOTh y MIEPITY
yepry s 3amycky DDoS-arak [26]. Jlanuit 6otHeT OyB
HAI[JICHUIA Ha IIUPOKHIA CIEKTP MapUIPyTH3aTOPIiB Ta
npuctpois IarepreTy peueil (IoT), sxi BUKOPHCTOBYBaIH
3acrapije mporpaMmHe 3abe3rneueHHs abo NPUMITHBHI 00-
JIIKOBI JIaHi [T BXOMY.

SIK BUJIHO 3 HaBEJCHUX NPHKIIA/IIB, BUKOPHCTAHHS
00TiB epeKTUBHO ISl opraHi3auii arak, sKi BIUIUBAIOTh
HAa TOJIOBHI CKJIaJIOBi iH(OpMAIliitHOT Oe3MeKn — JOCTYII-
HICTh, KOH(1ICHITIHHICTH 1 MITICHICTb.

Knacudikauisi arak, cnpuunHeHux 60TaMu

Ha cpboroHiniHii 1eHb, iCHY€ BellMKa KiIBbKICTh BY-
3bKOCHEMIai30BaHNX MIAXPAaHChKUX OOTIB, CTBOPEHHX
JUIsl KOHKPETHUX 3aBJaHb. Lle IpU3BOAMTH JI0 CKIIaHO-
IIiB MiJ 9ac CTBOPEHHS KOHKPETHOI Kiacu@ikaiii mux
cucteM. Y TpeJcTaBieHIH poOOTi Oyzae po3rsTHyTO Ha-
CTYIHY KJacu]ikamilo aTak 3 BAKOPUCTaHHSIM OOTiB!

—  HIMpOKOMacuITalOHi;

—  BY3BKO CIIPSIMOBaHi;

—  ribpuaHi;

— 3 BUKOPHUCTaHHSIM MalIHMHHOTO 30pY;
— 3 BUKOPHUCTaHHSIM OOTHET MEpexK.

[MupoxomacmTabHI aTaku — TOJIOBHOKO METOIO Jia-
HOTO BHJIy aTaK € 3apaXeHHS SKOMOTa 011101 KITLKOCTI
MIPUCTPOIB. 3a3BUYAIA 17151 BUKOHAHHS 11i€1 aTaKH BUKOPH-
CTOBYIOTBhCSI HaWmpocTinn 00TH, ab0 HaBiTh HEBEHKi
ckpunty. [IpukiiazoM mupokoMaciTabHoOI aTaky € criam
poscmika. Ilig yac po3cuiku cnamy, roJOBHA 3ajada
3JI0BMHCHHKA BiJIIIPAaBUTH 3apKEHUN JTUCT HAHOLIBLIIH

KIJIBKOCTI KOpPHUCTyBayaM. 3aBISIKM LIbOMY 3JIOBMHUCHHUK
30UIBIIy€ IMIAHCH 3yCTPITH HEOCBIYEHOTO KOPHCTyBaua,
SIKMH BIIKpHE BipyCHE TOCHIaHHs abo aiin.

By3bKo crnpsiMoBaHi aTaku — METOIO JIaHOT aTaku €
ABTOMAaTHYHA TIepeBipKa MOXIIMBOCTI BUKOPUCTAHHS Te-
BHOI BpaznMBOCTi. TaKuM YHWHOM, TaKi aBTOMAaTH30BaHi
CHCTEMH JIOIIOMAararoTh aBTOMAaTHU3yBaTH IiITOTOBKY 110
rio0anbHOi aTaku abo0 MPOTECTyBaTH BUKOHAHHS 3apa-
KEHOTO CKPHITY, CTBOPEHOTO 3I0BMHCHUKOM Ha TIOTEH-
niffHo 3apakeHoMy mpuctpoi. [Ipukiamom Takoro BHIY
aTaK € eKCIUTyaTallis Bpa3IMBOCTEeH B OHJIAMH irpax, 3 Me-
TOIO0 OTPHMAaHHS BIpTyalbHOI BaJIIOTH Ta/a0o0 I[IHHUX Bi-
PTYaJIbHHUX NPEIMETIB.

ATaku 3 BUKOpUCTaHHSM OOTHET MEpeX — aTaku Jia-
HOro TUIly 0a3yloThCs Ha BHMKOHAHHI OJIHAKOBOIO 3a-
BJIaHHS Ha BEJIMKIH KiJIbKOCTI IpUCTPOiB. boTHeT — 11e Me-
pexa KOMIT'I0TepiB, 3apakeHa IIKIUIMBUM MPOrPaMHAM
3a0e3medeHHM [27]. 3a3BUUail OOTHET Meperka OpraHi3o-
BYETHCS 3a JIOMIOMOTOI0 MOIIMPEHHS Y MEPEXi BipyCHOTO
nporpaMHoro 3abe3neueHHs. Taka Mepexa MoXe CKiaza-
THCA 3 PI3HOMAHITHHX TIPHCTPOiB (KOMIT'IOTEPH, TeJe-
(oHu, moOyTOBI pHITaay, Too). Haituacrime O0oTHET BU-
KOPHCTOBY€EThCS JUIsl peainizauii ataku tuiy DDoS mist
K01 HEOOXiTHO OMHOYACHO BIiNPABISITH BEIUKY Killb-
KICTb 3aIIMTIB Ha OlMH cepBep [28]. 3 mommpeHHsIM KpHII-
TOBAJIIOT OOTHET MEPEkKi TAKOXK TOYaI BUKOPHUCTOBYBA-
THCS 3I0BMUCHUKAaMU ISl MAHHIHTY.

ATaky 3a JOTIOMOTOI0 MAIIMHHOTO 30py — METOI0
JAHOTO BUAY aTaK € iMiTaris poOOTH peabHOTO KOpPHC-
TyBaya. 3a3BU4ail 1le BUKOPHCTOBY€EThCS ISl 300py iH-
¢dopmarii 3 BeO-pecypcy abo mpu HEOOXiTHOCTI MOHO-
JaTH CUCTEMH 3axXUCTy, sKi 0a3yroThcs Ha TecTi T ropu-
Hry. Ha choroHINIHIi AeHB, AesKi «Kammdi» MOXXHA BHPI-
Tty 3a pormomororo 1. Takum gurOM OYB po3po0ire-
Huii ipoekT DeepCaptcha, sikuii BUpilye He JuIe npo-
CTi Kamui, Jie He0OXi/JTHO TPOYNTATH TEKCT, a it rpadivHi,
sIKi TOTPeOYIOTh BKa3aTH MOTPiOHI 300pakeHHS.

IOpuaHi aTaky — TaHUI BU aTaKK KOMOIHY€E po3-
[JISTHYTI BUILIE MIAXOAW JUIs YCHILIIHOTO TPOBEACHHS
aTaky 3JTOBMHUCHUKOM. TakuM 4yMHOM OJHI 60TH OyIyTh
30upaty iHopMaIlito mpo KEepPTBY, iHII TECTYBaTH 3110~
BMHCHI CKPHIITH, a TPETI aBTOMaTH30BAHO PO3TOPTATH
eKCIIJIONTH Ha TIPUCTPOT )KEPTBH.

Po3rnsgHyBIIM aTaky cipuauHEHi 60TaMu OYIIO BU-
SIBJIEHO, 1110 Ha CHOTOIHIIIHIN JeHb HalJacTIIIE 3JI0BMHU-
CHUKH CTBOPIOIOTH BIIACHI OOTHET MEpeKi 3a JOTIOMOTOIO0
BipycHOTO mporpaMHOro 3abesnedeHHs. llicms otpu-
MaHHS JJOCTaTHBOI KiJIbKOCTI 3apa)KEHUX MPUCTPOIB, MO-
JIajbIn il 3ajekaTh Bij IiJICH 3JIOBMUCHUKA, aji¢ Haii-
yacTille BUKOHYIOTCS came aTaka Tumy DDoS.

Y CBOIO "epry TEXHOJIOT1l MapCHHTY MOCTIHHO yI0-
CKOHAJTIOIOTHCSl. TakuM YMHOM CydYacHi mapcepu Oinm
«HaBUYCHI» BUAABaTH cebe 3a peaJbHOr0 KOpHUCTyBaya,
1110 3HaYHO YCKJIAJHIOE METO/N 3aXHCTY BiJl HUX.

Metoau 3axucrty Big 00TiB

Mertomu 3aXucTy Oy/Tb-KO1 CHCTEMU TPYHTYIOTBCS Ha
MIPUAHSTIHA TIOMTUKU Oe3rierli, ska 3a0e3mnedye HeoOXiaHi
BJacTHBOCTI cuctemu 3axucty [29]. OcobnmBocTi 60TIB 110-
JATAIOTh Y TOMY, 110 BOHH MOXYTb OyTH JI03BOJIEHHM 200
LWIKUIMBUMH. SIK TIPHKIIa] JO3BOJICHOTO ab0 KOPHCHOTO
O6ora mokHa HaBectH Googlebot, skuii aBTOMaTHYHO
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BUSIBIISIE Ta CKAHY€ CAMTH, IEPEXO0/IT4H 32 OCUIIAHHSIMH BiJ
cropinku 1o cropinku [30]. OnHak npu HENpaBUIEHOMY
HaJIaIITyBaHHI ILOTO 00Ta MOYKE CIIOBUILHIOBATHCS pOOOTa
cepBepa, 110 BUKJIMKAE NEBHUI AUCKOMQOPT /ISl KOPHUCTY-
Baya. Ha choroHilIHiIi EHP € JIMIIe OAUH METO]] 3aXHCTY
BiJIl KOPUCHHUX OOTiB — BUKOPUCTAHHSI 3araJbHONPHUIHATOTO
cepen po3poOHUKIB cTaHAapTy [31] BUKITFOYEHB U1 OOTIB.
Janwmii cTaHmapT peanizoByeThCs depe3 JomaBaHHs (ailmy
robots.txt mo xopeneBoro karasory Beb-pecypey [32]. To-
JIOBHOIO MPOOJIEMOIO IBOTO CTAHIAPTY € Te, M0 HOro J0-
TPUMaHHA 3aJIe)KUTh JIUIIE B po3poOHuKa Oota. e mpms-
BOAUTH JI0 TOTO, IO JIMIIIC HEBEJMKA KUIbKICTh KOPUCHHUX
0OTIB IOTPUMYIOTBCS] BAMOT' CTaHIAPTY.

1o crocyeThbes 3aXUCTy BeO-pecypceiB BiJ| IIKi LN~
BuX OOTIB, 3a3BHYaii BUKOPUCTOBYIOTHCSI YOPHI CIHMCKH,
curHatypse O1okyBaHHs, WAF Ta Texnomnorist Captcha.

Yopuuii crincok — e cnucok [P-aapec ta nomeHis,
siKi Oynr 3a0JIOKOBaHI Yepes migo3py B PO3CHIIII CIIaMy.
Cmam — e HeOakaHi IOBIMOMJICHHS Y Oyab-sKii (opmi,
SIKI Ha[ICHJIAIOTBCS Y BEJIHKIA KUTBKOCTI 3 BUKOPUCTaH-
HsM crienianbHuX 00TiB [33]. Halfgacrinre ciam Bimmpa-
BIIETBCS Y (OPMiI KOMEPILIHHUX €JICKTPOHHUX JIHCTIB,
HaJlICIaHUX Ha BEJIMKY KUIBKICTH aapec. Mera 4OpHHX
CHHCKIB — 3HM3MTH BIJICOTOK HaJCHJIaHHS HeOa)KaHWX
po3cuiok kopuctyBadam [34]. BUaiistoTh ABa TUIH YO-
PHHX CIIMCKiB: Ha OCHOBI JJOMEHHOT'O iMEHI BiAIIPaBHUKA
Ta Ha ocHOBI IP-asipecu BignpaBHUKa.

Slkmo momen abo IP-aapeca 3HAXOAWUTHCS B HOP-
HOMY CIIMCKY, PO3CHJIKM HEe OyIyTh JOCTaBIICHI B3arani
abo TmpoiayTh Yepe3 MONaTKoBi crmaM-QimeTpu. YopHi
CITICKHM BUKOPUCTOBYIOTH Pi3HI aJITOPUTMH iICHTU(IKA-
uii cnamy. Ha chorofHInIHINA IeHb ICHY€E JeKiJIbKa BiJK-
PHUTHX YOPHUX CITUCKIB, a came [35-37]:

- BRBL - 6e3komrToBHUIT wopHMii cricok [P-an-
pec, SKuil CTBOPIOETHCSI HA OCHOBI 3asIBOK BiJI KOPUCTY-
BaviB;

— DNSBL - croucok IP-ampec Ta 10oMeHIB, SKHAX
BUKPWJIX B PO3CHIILI CHIaMYy;

— multiRBL — Ge3KOIITOBHHI YOPHHUN CIHCOK
DNS, sikuii nocusaeTbest Ha iHII 4OpHi cnucku [PV4,
IPV6 abo momeny;

— spamcop — cmucok [P-agpec, siki Oynm Big3Ha-
YeHi KOPHUCTyBayaMH sIK BiIIPaBHUKH CIIaMy;

— spamhaus — criucoK, SIKHil CKJIaTaeThesl 3 JIeKi-
JBKOX YOpHUX cruckiB DNS, y 38’3111 3 IKUMU BiH BiJl-
CTEeXKYE Ta BUSIBIISIE JDKepesia HebakaHUX PO3CHIIOK, 3a-
Oe3medye 3aXHCT BiJ] CIaMy;

— SURBL - croucku caiitiB, Ha sSKi BENIHM ITOCH-
JIAHHS B HEOAKaHUX JINCTaX.

CuraatypHe BHSBICHHS IIKi[UIMBUX POOOTIB — IIe
croci® BUSBJICHHS 1 OJOKyBaHHS poOOTiB, SIKUK 0a3y-
€THCS Ha aHaMI31 X XapaKTEepHUX O3HAK, TaKHMX SK 11a0-
noun HTTP-3anwmris, [P-agpecu, 3aroioBku, BiZOUTKU
npuctpoiB [36]. CurHarypa 60Ta — ne #oro ineHTH(ika-
TOp, SIKMH J03BOJISIE BIPI3HUTH HOTO BiJ JIETITUMHOTO
Tpadiky. CurHatypHe BUSIBICHHS IIKIJAJIMBHX OOTIB
MOKe OYTH e(peKTHBHHAM CITIOCOOOM 3aXHUCTY BiJl BiJOMHUX
1 momupeHux 0O0TiB, alie Ma€ CBOT HEJIOJIIKH.

Hanpuknan, curHatypHe BHSBICHHS IIKIJIUBHX
0OTiB HECIPOMO’KHA BIIOPATHCS 3 HOBUMH YH HEBIiJIO-
MHUMHU OOTaMH, SIKi MOXKYTh 3MIiHIOBATH CBOI CUTHATypH
YU iMITyBaTH MOBEIiHKA pEATbHUX KOPHUCTyBadiB. Takox

CUT'HATYPHE BUSIBIICHHS LIKITTMBUX POOOTIB MOXeE IPH3-
BOJUTHU JI0 ITOMWJIKOBHX CIIPAallbOBYBaHb, SIKIIO CHUTHa-
TypH po0OOTiB 30iraloThesl 3 CHTHATYPaMH JIETITHMHHUX Bi-
nBigyBadiB. ToMy Takuii criociO BHSBICHHS IIKiTMBUX
00TiB PEKOMEHIy€ThCSl BAKOPUCTOBYBATH Y IOEIHAHHI 3
iHmuMu Metonamu. [IpukimagoM curHatypu 00Ta MOXKe
O0yTu ocobmmsi monst y HTTP 3akomnoBky abo BigkpuTHii
TEKCT, SIKHA CKJIaHa€ThCsl 3 OCHOBHUX IapaMeTpiB CHC-
TeMHu (pO3pOOHWK, MaTa CTBOPEHHS, JaTa OCTaHHBOTO
OHOBJICHHSI, TOIIO) 200 XeMI CyMOIO INX JTaHHX.

WAF (Web Application Firewall) — e mepeskeBmui
expaH s dinbrpauii Tpadiky, SKuil Mpaioe Ha IPHK-
JaJHOMY piBHI Ta 3axuiae BeO-10JaTKU METO/IOM aHa-
nizy tpadixy HTTP/HTTPS Tta cemantiukun XML/SOAP
[39]. WAF moske BcTaHOBIIOBaTHCS Ha (Di3nuHMi a0 Bi-
PTyalbHHUI cepBep Ta BUSIBISE HAWPI3SHOMAHITHIII BHIH
arak. 3a npuHIMIOM pobotn, WAF mpartoe sik mpoxci-
cepBep. WAF Moske mpaIroBaTH 3 KIIaCTEpPHU3aLi€lo Ta aK-
cenepaiero mporpam [40]. WAF Mosxe BOyJOBYBaTHCS B
Mepexy K cucTeMa MOHITopuHry abo mutro3y. [Iparoe
WAF 3a HactymHuMu Moensimu Oe3nexu|39]:

— 3abopowsiounii pexnM. CrcTema mparioe 3a 3a-
JJAHUM CITUCKOM, SIKMH 3a00pOHSE MPUHOM KOHKPETHOI
iHopmaii, mponucaHoi B HaNAIITYBaHHAX. 3axHIae
Be0-3aCTOCYHKHM Ha NPUKIaAHOMY piBHi (ananor IPS) ta
BMI€ OIIHIOBATH TOTCHIIIAHI 3arpo3u JCTaNbHIIIIE 1 Yac-
TillIe 3aCTOCOBYETHCS Ui 3a0C3MCUCHHS 3aXUCTy Bij
«TOMYJSIPHUX» 1 CHEeUU(IYHUX THIIB arak. AHali3ye
Bpa3IMBiCTh KOHKPETHHUX BE0-3aCTOCYHKIB,;

— no3BinbHUH pexxuM. [IpoTunexHiCTh 3a00pOHS-
090MY PEXHMY, TOOTO JI03BOJISIE IPUHMATH KOHKPETHY
iHpopMarito, sika OyIa 3a37aJlerip BKa3aHa B HAIAIITY-
BaHHAX. J[03BOJIE OTPHMATH MaKCUMAJIbHY 3aXHCT.

CAPTCHA —11e peanizanist recty T topuHra, sika Mae
Ha MeTi BU3HAUCHHS, KUM € KOPUCTYyBau CUCTEMH: JIFO]H-
HOIO ur KoMmIT totepom. [lepiia Bepeis peatizariii Oysia pos-
pobnena Ha noyatky XXI cTomniTTs iHXeHepamu 3 YHiBep-
curery Kapneri Memona, CIIA. Komansa mi KepiBHHII-
tBoM Jlyica o Ana (Luis von Ahn) nrykana croci6 ¢isb-
Tpallii peecTpailiii Ha caiiTax, sika BUKOHYFOThCSI aBTOMATH-
YHUMU Mporpamamu Ta criam-6oramu [41]. Komanmaa pos-
pobuia cuctemy, sika IoKasye KOPHCTyBaueBi CHIIBHO CIIO-
TBOPEHHH TEKCT, SIKMH HEMOXJIMBO PO3Mi3HATH MPOTpaM-
HUMH anroputMami. PoboTy 3 pecypcom MoxkHa OyI1o rpo-
JIOBXKYBaTH TUTBKH ITICISA TOTO, SIK CJIOBO, SIKE BimoOparka-
€Thes1, OyJI0 KOPEKTHO BBE/ICHO B T10JIE TEKCTY.

PinenHst BUMIIIIO HACTIIBKY BIAJIMM, IIIO CTAJIO aK-
THUBHO 3aCTOCOBYBATHCA y BCbOMY CBiTi. OfHaK Iie IIBHU-
JIKO TIPU3BENIO JI0 TIOSIBM HOBOTO BHIY 3apO0iTKY B iHTe-
pHeTi - BupimenHs 3a1a14 CAPTCHA. Cnamepu nodan
TJIATHTH JIFOJISIM 32 BBEACHHS «KOHTPOJBHOI pasu». Ta-
KM JJOXi]] CTaB MOIYJISIPHUM y OiJHNX KpaiHax, e MOX-
JMBICTh OTPUMATH MiHIMaJbHI IPOLIi 32 THUCSYI pillleHb
CAPTCHA € nocuts npuBabnusoro [42].

Merton npoTuaii podoTti mapcepis

Buxomsau 3 aHami3y ictopii mapcepiB Ta iCHyIOUHX
METO/IiB 3aXHUCTy OYyJI0 BUSBJICHO, IO HA JaHU MOMEHT
HEe iCHy€ CIEliai30BaHOT0 METOAY 3aXHCTy BeO-m1oia-
TKY BiJ JaHOTO BHIY IIKiAIMBHUX OOTiB. 3 ILOTO BUXO-
T, IO € HEOOXIiJAHICTh PO3POOKH BIIACHOTO 3ac00y
nporuaii 6oram maHoro Buay. Jns mporo HeoOXimHO
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[IpOaHaJi3yBaTH 0COOIUBOCTI pOOOTH ITAPCUHIOBUX CHC-
teM. [licnst boro po3poduTH anropuT™ poOOTH CUCTEMH
3aXHCTY Ta pO3pOOHTH 3acib, siKuii Oyse BOyIOByBaTHCS
B icHyr0ui BeO-pecypcu. ['0J0BHOIO YacTHHOW Oy[b-
SIKMX MTAPCHHTOBHX CUCTEM € Hadip MpaBMII, 3TiTHO SKUX
cucreMa 30mpae naHi. Y Iux MpaBuiIax 3a3BUYail BKa3aHe
MTOCWJIAHHS Ha CTOPIHKY, 3 K01 HeOOXiTHO OTpUMATH iH-
¢dopmariro Ta «auxmy» 1o enementiB HTML cropiakw,
y AKuX 30epiraeTbes HeoOXinHa iH(OpMaIlis (TEeKCT, o-
cuITaHHS 200 300pakeHHS).

Ha croronminmHii JeHp iCHYIOTH Pi3HI IPOTOKOIN
3aIMCy «IUIIXIB» 10 €JIEMEHTIB, Cepe/l HUX BUAISIOTH!
XQuerry, CSSPath, RegEx Ta Xpath [43]. Cepexn npen-
CTaBJIEHUX METOJIB, IKIJIMBI Mapcepy HalyacTilie BU-
KOpHUCTOBYIOTh cucTeMy 3amucy Xpath. XPath — moBa
3amuTIB J0 eJIeMeHTiB JokymMenTa XML. 11 moBa po3po-
OyieHa JUIsl OpraHi3alfii JOCTYIy 10 YacTHH TOKYMEHTa
XML y c¢aiimax tpanchopmarii XSLT Ta € cranmapromMm
koHcopuiymy W3C. XPath nokukanuii peanizyBaTu Ha-
Biramiro mo DOM y XML. V XPath BUKOPHCTOBY€EThCA
KOMIIAKTHHI CHHTAaKCHC, BinMinau# Big XML [44].

Koxna BeO-cTOpiHKa 00O0B’SI3KOBO CKIAHAETHCS 3
cTpyktypu y Burisiai HTML nokymenTy ta Habopy cTu-
niB, HanrcaHux Ha MoBi CSS. B mporieci excrutyarartii ta
TEXHIYHOI MiATPUMKH PO3POOHHKH 3a3BHYAl HE 3MiHIO-
10Th Ha3BH KitaciB CSS Ta iHIIi aTpuOyTH CTOPIHKH 3 Me-
TOIO cTabimbHOCTI poboTH moxartky. Llum i xopucty-
I0ThCS 3JIOBMHUCHHKH, SIKI BUKOPUCTOBYIOTh ITAPCHUHIOBI
CHCTeMH IJIsl aBTOMAaTH30BaHOTO 30MpaHHA JaHuX. Tak
sk atpuOytt HTML moxyMeHTIB cTaTH4Hi, TO 1 mpaBmia
Xpath He MOTPeOyIOTH OHOBIIEHHS KOYKHOTO JHS.

Buxonsun 3 11poro HeOoOXiZHO CTBOPUTH YMOBH,
KOJIM CTBOPEHHS NpaBWJI He Oyze MaTH ceHcy. Y AaHii
po0oTi mpezcTaBieHa cUcTeMa MPOTHUILT, sIKa aBTOMaTH-
YHO T'eHEpy€ BUIAJKOBI iMeHa aTpuOyTiB CTOPIHKH i
4ac KOXKHOTO 3aruty. Lle npu3BoAuTh 10 TOTO, 10 Oy/ib-
SIKI CTaTH4YHI CHUCTEMH IAapCHUHTY MEpPEeCTaHyTh Ipallko-
BaTH, TaK SIK ITiCIIsl Iepe3aBaHTaXXEHHsI CTOPIHKH 1CHYIOY1
IIpaBUiIa BXXe HEe OyIyTh IPAIlOBaTH. AITOPUTM POOOTH
3aco0y mpezacraBieHuit Ha puc. 1. 3rigHO HBOMY, NpH
otpumanHi 3armuty GET Big xopucTyBada, cepBep 3airy-
CKa€ cTBOpeHHs cTopiHkd. Ilin 9ac mporo mporecy cuc-
TeMa TeHepye BumaakoBi Ha3Bu ansi HTML-atpuOyTis.
[Ticnst yoro cTopiHKa BiIIPaBIISETHCS KOPUCTYBATY.

BucHoBku

[lig gac aHamizy arak Ha KOMII'IOTEPHI CHCTEMH,
JUTS TIPOBEJICHHS SIKUX BUKOPUCTOBYBAJIFICA aBTOMATH30-
BaHi CHCTeMH OYyII0 BUSBJICHO, IO y OLTBIIOCTI BUTIA IKIB
00TiB BUKOPHUCTOBYIOTh JUIS TPOBEACHHS aTakd THILY
DDoS. [l 1poro BUKOPUCTOBYIOTBCSI OOTHET MEpEexi.
Jnst epeKTUBHOTO CTBOPEHHSI TAaKoi Mepexi, 3JI0BMHC-
HHUKH CTBOPIOIOTH NPOTpaMHE 3a0e3NeueHHs, sIKe 3apa-
JKae He JIMIIe JoMarIHi npuctpoi, a if enementn loT. Lle
3YMOBIICHO THM, IO BHPOOHHWKH TaKUX IPHUCTPOIB HO-
BOJII PIOKO CTBOPIOIOTH OHOBJEHHS CHCTEMH, IO

MIPU3BOJUTS JI0 MOSIBU BEIHKOT KUTBKOCTI BPa3JIMBOCTEH.
Takox Oys10 BUSIBJICHO, 1110 aTaky 3a JONOMOTOIO Kpay-
JepiB Maii>ke HEMOXKJIMBO BHUSBUTH, OCKUIBKH 1X BayKKO
BIJIPI3HUTH BiJ| CIIPaBKHIX KopuctyBadiB. ToMy BCi BU-
TaJIKK aTaK 3a JIOTIOMOTOI0 TAKMX CHCTEM CTaBaJIH BioMi
TIMIIE 3aBJSKH MOsIBI BKpaneHoi iHdopmariii Ha crieriati-
30BaHMX pecypcax Ui MPoaaxy BKpaIeHoi iHpopmarii.

MouaTtok

!

OTpumaHHA cepsepom 3anuty HTTP GET

v

[eHepauis BUNagKoBUX Ha3B aTpubyTiB Ta
reHepauia HTML Koay

v

BignpaBKa 3reHepoBaHOI CTOPIHKKU
KOpUCTYBauvy

!

KiHeub

Puc. 1. Anroput™m po6oTH 3aco0y poTH il mapcepam

[Tix yac aHanizy METOMIB 3aXHUCTY BiJl aBTOMAaTH30-
BaHUX CHCTEM OYJIO BHSBICHO, IO Ha CHOTOHIIIHIH
JICHb, OCHOBHOIO TIPOOJIEMOIO ITi/1 4ac pO3pOOKH METO/IIB
3aXHUCTY € PO3MEXYBaHHS PEATbHUX KOPUCTYBAYiB Bij
00TiB. B 3a1exHOCTI BiJl CKIIaJHOCTI aNTOpUTMY POOOTH
00Ta, JesKi CHCTEMH 3aXUCTy MOXKYTh OyTH a00 Heedek-
THUBHHUMH, 200 HaBITh 3aBaXKaTH CIPaBKHIM KOPHCTYBa-
yaM OTpuUMyBaTH iH(popMaliro Ha pecypci. Y CBOIO
4yepry, Ha ChOTO/IHIIIHIN JAeHb BIICYTHI 3aC00H, SKI cie-
LIaJIi3YI0ThCSI CAMe Ha 3aXKCTY Bifl TAPCUHIOBUX CHCTEM.

3arpornoHoBaHi METOM CIIeLiai3yIOThCs Ha 3aXH-
CTi BiJ] MAPCHHTOBUX CHCTEM, Ta CTBOPIOE MiHIMaIbHE
JIOZIATKOBE HAaBAHTA)KEHHS Ha CEpBEpHE 00JIaIHAHHS, 1110
He 3aBakae poOOTi 3BMYAHUM KopucTyBauam. [laHuii
MeTox Oyzie KOPUCHUM BJIACHUKAM BEIIMKHX PECypciB, Ha
SIKMX TOJIOBHUM € caMe iHpopMarlis.

Takumu pecypcamu MOXKyTb OyTH caiiTH HOBHH, iH-
TepHET Mara3uHy a00 HaBiTh CAWTH COLIAIBHUX MEPEXK.
Le 3ymMoBNIEHO THM, 1110 33 CTATUCTUKOIO J]aHi CaliTH Hald-
yacTile MiABEep>KeHi aTakaM 31 CTOPOHM TapcepiB, a
TOMY HPEJCTABICHHH METOJ| 3MOXKEe He JHIIe eeKTHB-
Hillle BHKOPHUCTOBYBATH OOYHCIIOBAJIBHY IOTYKHICTh
cepBepiB, a i BUPIMINTH MPOOIEMH aBTOPCHKUX IIPaB,
KOJIM OIMH pecypc 3apobirsie Ha iHpopmarii, po3ranioBa-
Hil Ha THIIOMY.
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Methods of preventing automated collection of information from web pages
O. Yudin, M. Shypunov

Abstract. The work is devoted to the analysis of methods of counteracting the automated scanning of web sites. The
purpose of the work is to analyze the algorithms and features of parsing systems and, based on the data obtained, to build a tool
system that will specialize in detecting and countering attacks using parsing systems. The research method is the analysis of meth-
ods of countering parsing systems. The paper considered the history of the emergence of automated systems, their classification,
features of work and methods of countermeasures. The proposed methods specialize in protection against parsing systems, and
create a minimal additional load on server equipment, which does not interfere with the work of ordinary users. These methods
will be useful to the owners of large resources, on which information is the main thing.
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OCHOBH OXOPOHH ITPALII HA MOPCBKOMY TPAHCIIOPTI

AnoTtanis. lkignusi BupoOHNYI (pakTOPU 3HAYHO BIUIMBAIOTH Ha MPOIYKTHBHICTH Mpalli Ta MOXYTh MPU3BECTH JI0 HEIIO-
MIPAaBHUX HACJHAKIB. B cTaTTi po3KpHTO 0COGIMBOCTI OXOPOHU IIpalli Ha MOPCHKOMY TPAHCIIOPTI, @ TAKOXK BU3HAYEHO JOLi-
JIBHICTB X 3aCTOCYBaHHS B ClieNU(IYHNX yMOBaX. BxazaHo Ha poib Ta MicIle HalliOHAJILHOTO 3aKOHOJABCTBA IIO/I0 PETYJIIo-
BaHHs OXOPOHU Tpalli Ha MOPCEKOMY TpaHcHopTi. JlociipkeHo 0co0IMBOCTI MIXKHAPOJHUX HOPM ILOJO0 3aCTOCOBYIOTHCS B
MpOIIeCi PETYIIIOBaHHS OXOPOHH Mpalli Ha cyiHax. JloBeneHO HeoOXiHICTh HAsBHOCTI HA CYJHI KalliTaHa i3 BiAMOBITHUMH
KBaTiQikanifHIMU HABHKaMH, HOTO pOJb 1 MiCIle B CHCTEMi OXOPOHH Ipalli, 3a0e3rnedeHHs Oe3NeKn mepcoHany Ta 30epe-
JKCHHS MaliHa, a TAKOXK BUKOHAHHS {HIINX, BU3HAYEHOTO 3aKOHOAABCTBOM Ta MPABUJIAMH BHYTPIIIHBOTO TPYLOBOTO PO3MO-
PAIKY IISUTBHOCTI. Y3araJbHEHO OTpUMaHi pe3yJIbTaTH CTOCOBHO Crienn(iKy opraHizarii oxopoHu npaui Ta ii ocooImBocTeH,
110 3aJIeXKAaTh BiJ] BHYTPILIHBO OpraHi3aliifHuX, 30BHINIHIX (AaKTOPIB Ta IPHPOAHO-KIIMATHYHNX yMOB. OOIpyHTOBaHO He-
0OXiTHICTH BJOCKOHAJIICHHS [IPABOBOTO PEryJIFOBAaHHS OXOPOHH IIpalli Ha MOPCEKOMY TPAHCIIOPTI 3 METOIO MiABUILCHHS TPY-

JIOBOI 3/IaTHOCTI Ta 3aXKCTy MPaB i 3aKOHHUX 1HTEPECIB MPaIliBHHUKIB.

KnaouoBi c1oBa: oxopoHa npari, HEITACHUI BUITaJ0K, MOPCHKE PaBo, BOAHUI TPAHCIIOPT, €KilaX CyAHa.

Beryn

IMocranoBka mpodiaemn. Pobora Ha MoOpcbkoMy
TPAHCIIOPTi € JIOCUThH crenu@piuHuM BHIOM npami. Bu-
KIIUKH, TI0B’s3aHi i3 I[UM BHIOM [isSJIBHOCTI MalOTh HE
JIMLIe BUPOOHUYHHI XapaKkTep, ajle i BU3HAYaloThCs MPHU-
POJHO-KIIMAaTHYHUMH YMOBaMH, 30BHIIIHIMH 3arp03aMu
Ta pmukamu. lleil crmenudivanil BUA TiSUTBHOCTI HE
MoXe OyTH OOMEKeHWil JIMIle NPaBOBHMH HOPMAaTH-
BaMH, SIK IIe BiIOYBa€ThCA B paMKax CHEH(iKu TisTHHO-
CTi Ha BITYM3HSHUX MIATIPHEMCTBAX Ta B OpTaHi3aIlisax pi-
3HAX PopM BiracHOCTI. Crierirdika OXOpOHH Tparli Ha Cy-
JHaX Ma€ TEBHI OCOONMBOCTI 1 MOTpedye IeTarbHOTO
OTIPALIIOBAHHSI.

[MpoGnemaruka JOCHIIKEHHS OXOpPOHHM Mpalli Ha
MOPCBKOMY TPaHCIIOPTI BU3HAUYAETHCSI B MEPILY Yepry
CKJIaJIHICTIO HOPMAaTHUBHO-TIPABOBOi 0a3H, siKa PEryJroe
Lei BUJ JisUTbHOCTI, XapaKTepoM Ipalli, yMOBaMH pPO-
00THu Ha BOJIi, OE3MEKOI0 CYIHOILIABCTBA Ta CHEHU(IKO0
caMUX BOJHHX 3ac00iB. 3araJoM mpaBOBi HOPMH, SIKi pe-
TYJIOIOTh OCOOJIMBOCTI OXOPOHHM Ipali XapakTepHusy-
I0ThCS CYKYTIHICTIO IPABOBHUX, COIialbHO-€KOHOMIUHHUX,
opraHizaniifHO-TeXHIYHHUX, CAHITAPHO-TITI€HIYHUX, JIKY-
BaJIHO-TIPO(QUIAKTHYHHX 3aC00iB Ta 3aX0[iB, IO CIpPs-
MOBYIOTECSI Ha 30€peXEeHHS JKUTTS, 3I0POB’s Ta Iparle-
3IaTHOCTI JIFOAWHH B MIPOIIECi TPYAOBOI AiSTIBHOCTI.

3Ba)kalouu Ha Te, [0 MPAIIBHUK BOIHOTO TPAHCIIOPTY
B TIpOIIECi 3MIIICHEHHSI CBOET TPYJOBOi MisSUTHOCTI 3HAXO-
JUTHCST Oe3MOCepeTHhO TIiJ] BILTMBOM TPHUPOJHUX, BUPOO-
HUYUX Ta COIialbHO-TICHXOJOTIYHIX yYMOB, ITUTKOM BaXK-
JIMBO CTBOPUTH U1 HBOTO OE3MEYHE 1 3[I0pOBE Cepeio-
BHIIIE, 3 MiHIMIi3aIli€f0 HETATHBHOTO BILIMBY BHUPOOHHIITBA
Ha HOT0 >KHUTTS Ta 3JI0pOB’s1, 320€3MeUHBIIN IPH LILOMY HO-
pMastbHe (PYHKI[IOHYBaHHSI BUPOOHHYOTO TIPOIIECY.

AHani3 ocTaHHIX JocaigKkens i myOaixanii. JJoc-
JDKSHHSIM O0COOJIMBOCTEH OXOPOHH TIpalli Ha MOPCh-
KOMY TPaHCIIOPTi 3aiiMaiacsi HU3Ka BITUM3HIHUX HAYKO-
BuiB. CrpenpuoBa €. JI. [11] BusHauae ocoGIuBOCTI

pETyJIIOBaHHS TPYJIOBHX BITHOCHH Y TOPIiBEIEHOMY MO-
pemnaBcTBi. JlocmiqHATA aHAJi3ye POk Ta MicIe TPYIo-
BHX BIIHOCHH B CHCTEMi OXOPOHH TIpalli B TOPTIBEILHOMY
moperuiaBeTi. KiBanos C. B. [3] BusHauae HouiibHICTH
partudikamii TOTOBHOTO MiKHAPOJHOTO IOKYMEHTY —
Kousentiii 2006 [6], il posb Ta Miciie B MiXKHAPOJIHOMY CY-
JHOTUIABCTRBI. JIOCTITHUK pOOUTH aHAI3 MO0 MOIIBEHO-
CTi BIPOBAPKEHHS BKa3aHOTO MIDKHApOJHOTO HOPMATH-
BHO-TIPABOBOT'O aKTy y BITYM3HSIHE 3aKOHOJABCTBO. IBa-
HoBa A. B. [1] Ha OCHOBI BlacHHX JOCTIIKEHb BH3HAYAE
0COOJIMBOCTI MPaBOBOTO aHai3y KoHBeHIIIT mpo mpaiito y
MOPCHKOMY CYAHOILIABCTBI.

Ha ocHOBi HaBeIeHUX apryMEHTIB aBTOp pOOHUTH BH-
CHOBOK CTOCOBHO ITOJIAJTBILIOTO PO3BUTKY MOPEIUIABCTBA B
VYkpaiHi Ta B CBiTi.

OxpiM Tpars HAYKOBIIIB Y JTOCIIKEHHI 3p00JICHO
OTJISII BITYM3HSHOIO 3aKOHOJABCTBA, HABEJCHO IOLIIIb-
HICTh 3aCTOCYBaHHS HOPMaTHBHO-TIPABOBHMX aKTiB, SIKi
PEryJIIoITh 0COOIMBOCTI OXOPOHHM mpalli. B Tomy uuci
il 0XOpOHY Tpalli Ha MOPCHKOMY TPaHCIOPTI.

Meta craTTi moisirac y po3KpHUTI OCOOJIMBOCTI
OXOpOHH TIpaIrli Ha MOPCHKOMY TPAHCIOPTI Ta MIIAXiB
HMOro yIOCKOHAJIEHHS.

BuKJ1a]] 0CHOBHOTO MaTepiary

Koucrurymist Yxpainu [2] BusHauae 0CHOBH COIlia-
JBHUX Ta TPYAOBHX IIPaB rPOMAJIsSH, 3a0€3Meuyouu M
MpaBo Ha Oe3MeYHy Mpaiio, BiATIOYMHOK, MaTepiajbHe
3a0e3nedeH s y BUIIaKy BTPATH Ipale3aTHOCTi, a Ta-
KO MPaBO Ha OXOPOHY 3[J0POB'sl, MEAUYHY JOIIOMOTY Ta
Me/IMYHE CTpaxyBaHHs. 3aKOHOJABCTBO, BIINOBIHO /10
Koncrurynii Ykpainu, 3000B's13y€ KOKHOTO Trpomajsi-
HUHA CYMJIIHHO MPAIFOBATH Ta IOTPUMYBATHUCS TPYIOBOi
JIHACIUILIIHH.

LIi npyHIMIM 1 CTaHAAPTH CTOCYIOTHCS TAKOXK MOPSI-
KiB, 5Kl TIPALIIOIOTh HA MOPCEKOMY TpaHcmopTi. JlepkaBa
3000B's13aHa OPraHi3yBaTH Ta PETYJIOBATH TPYIOBI BiHO-
CHHH Ha MOPCBKOMY TPAaHCIIOPTI MUISIXOM HPHHHSTTS
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HOPMaTUBHO-TIPABOBUX aKTIiB Ta 3a0e3NeyeHHs €IUHOT
JIepKaBHOI MOJIITHKU B rajly3i OXOpPOHH Npalli NpauiBHH-
KiB, SIKi MOB’s13aHi TPYJAOBHUMH BiTHOCHHAMH Y cdepi Mo-
peruiaBctBa. [lepikaBa Hece BiANOBIIANBHICTD IEpesl MO-
psikamu 3a 3a0e31eueHHs iXHiX IpaB i 30epekeHHs Oe3ne-
YHHAX YMOB TIpalli Ha MOPCHKOMY TPaHCIIOPTI.

B VYkpaini mpaBoBe peryioBaHHS OXOPOHH IIpari
3MIHCHIOETRCS BiAmoBimHO 1Mo 3akoHy Ykpainm «IIpo
oxopony nparti» [10]. Biamosiaso 1o ct. 1 3akoHy — 0X0-
POHa TIpalli BU3HAYAETHCS K CHCTEMa IPaBOBUX, COIlia-
JTFHO-CKOHOMIYHHX, OpTaHi3alliifHO-TeXHIYHIX, CaHiTa-
PHO-TITiEHIYHUX Ta JIIKyBaJbHO-IIPO(IIAKTUIHUX 3aCO-
0iB Ta 3aX0[iB, 110 CIPSIMOBAHI Ha 30€peXEHHS XKUTT,
3JI0pPOB’S Ta MIATPUMKY TIpane3aaTHOCTI JIIOJUHH B IIPO-
ueci Tpy1oBoi aisutbHOCTI. OCKIIBKM OXOpOHa Mparli BU-
HUKa€ B TMpPOIECI TPYAOBOi MIiSUTBHOCTI, TOJIOBHHUMH
cy0’€eKTaMU IIMX BIIHOCHH € poOOTOJaBelb Ta MparliB-
HuK. YactuHa 2 3aKkoHY BKa3ye, 1110 HOr0 HOPMU IOILIU-
PIOIOTBCS Ha BCIX IOPUAWYHHX Ta (i3UIHUX 0Ci0, AKi BH-
KOPHCTOBYIOTh HalfMaHy Hpafo.

3akoH Ykpaiau «[Ipo oxopoHy mparii» € 3arabHIM
3aKOHOJIaBUMM aKTOM, KU BCTAHOBIIIOE 3arajbHi IPHH-
LIMIK Ta BUMOTH 111010 3a0e31eYeHHs Oe3MeKH Ta 310po-
B'sl IPALIiBHUKIB y BCIX TaIy3sX €KOHOMIKH, BKIIOYAI0YH
Mmopcekuit Tparcopt [10]. IpuHimoM Ta HOPMH, BCTa-
HOBJICHI LUM 3aKOHOM, € OOOB'S3KOBHMH ISl JOTPH-
MaHHS BCiMa Cy0'€KTaMHu TOCIIOJapIoBaHHsi, IO 3aiiMa-
I0ThCSI MOPCHKUMH TNiepeBe3eHHs M. OXOpoHa mpalli Ha
MOPCBKOMY TPAHCIIOPTi BKITIOYa€ B cebe crenn(idai BU-
MOTH Ta THOJIOKCHHS, AKi BPaXOBYIOTh 0COOIMBOCTI po-
004nX yMOB Ta IpodeciiHOi AisTbHOCTI MOpsKiB. i BU-
MOTH MOXYTb BCTaHOBIIIOBATUCS OKPEMHMH HOpMAaTH-
BHO-TIPABOBUMH AaKTaMH, SKi PETYIIOIOTH IisUTBHICTH
MOPCBHKHX KOMTaHii, TOPTOBUX yCTAHOB Ta IHIIUX Cy0'-
€KTIB MOPCBHKOT'O TPAHCIIOPTY.

IIpaBoBi BiIHOCHHU HA MOPCHKOMY TPAHCIIOPTI HO-
CATh TPYAOBHI XapaKkTep, OCKIJIbKH B [IbOTO BUIAJIKY BH-
KOPHUCTOBYETBCS Mpallsl HaliMaHHUX TpaliBHUKIB. 3BaXka-
FOYH Ha IIe, BiAMOBIIHO 10 3aKOHOAaBCTBA Y KpaiHu, TPY-
JIOBI YMOBH HE MOXYTh MICTHTH TUCKPUMIHAIIHHUX
HOPM Ta TI0JIOXKEHb, SIKi CynepedaTs 3aKOHaM Ta IHIIUM
HOPMAaTHBHO-TIPaBOBUM aKTaM y c(epi OXOpOHH Mparli.
(ct. 5 3akowny) [10].

[pams Ha MOpi 3HAYHO BiJPi3HIETHCS BiJl MIOBCSK-
JICHHOI TIparli Ha MiJIpUEMCTBI Yu B opraHizamii. Bogna
CTHXiS IIe He mepeadadyBaHe i MPUXOBaHE PKEPEo He-
6e3meky, a OTKe 1 3aXKCT MPaLiBHUKIB y Hil chepi Mae
OyTu 3abe3medeHnit Ha HaiiBUIoMy piBHi. [lepm Hixk 10-
CITIKyBaTH OCOOJIMBOCTI OXOPOHHM Tpalli BapTO MpoaHa-
J3yBaTH PHU3UKH, SKi MOXYTh BHHHMKATH Ha CyJHax.
OxopoHa mpalli Ha CyJIHI Tependadae CTBOPEHHS TaKUX
YMOB, Ki 0 yHUKaJIM BIUIMBY IIKIUIMBHX (PaKTOpiB Ha
MPALiBHUKIB i 9ac iX poO0Y0ro yacy Ha Cy[Hi, B TOMY
YHCIIi B IIEPi0JI BAXTH Ta BiIMOYHHKY. [0 mIKiuBHX (a-
KTOpPiB BapTO BIJHECTH Ti NPOLECH, SIKI HETATUBHO I103-
HavyaroThCs Ha 37J0pOB’T MPaI[iBHUKIB, 1 MOXYTh NpPU3BeE-
CTH JI0 3aXBOPIOBAHHS YU TPaBMaTU3MY.

VY BITYM3HAHOMY 3aKOHOJABCTBI NPHUIHATO IIIe
OJIMH HOPMATHBHO-TIPABOBHUI aKT, SIKHM PETYJIIOIOTHCS
BiIHOCHWHH, TTOB’ 13aHi 3 TOPTiBEITLHUM MOPEIIIIABCTBOM —
Konexc ToproensHOTro MoperuiaBcTBa Ykpainu. Bkaza-
HUW HOPMATHBHO-TIPABOBHH aKT PETYJIO€ BiTHOCHHU

TOB’s13aHi 13 peasizali€elo Jep>kaBHOI nporpamu y cdepi
MOPCBKOT'O Ta BHYTPILLIHBOT'O BOJHOT'O TPAHCIIOPTY, a Ta-
KOXX 1HIIHMX BXKJIMBUX IHTaHb.

Sk cnymHo 3ayBaxye €. JI. Ctpenbuos, TypooTy
po Oe3rneKy MOPSKIB 3aKpIIUIEHO W Y HU3LI MDKHapO.I-
HUX «MOPCBKHX» JOKYMEHTIB 3arajbHOTO XapakTepy,
rojoBHUM cepen skux € Konsernis OOH npo mopchke
npaBo 1982 poky [7], KoHBeHIIis Tpo 0XOpOHY JFOICH-
KOTO KUTTS Ha Mopi 1974 p. [8]; Kousenmis mpo MixHa-
POIHI TIpaBHMIIA MTOTIEPEHKEHHS 3ITKHEHHS CYIeH Y MOpi
1972 p. [9]; MixkHapoaHa KOHBEHIIiS PO MiATOTOBKY i
JMIUIOMYBaHHS MOPSIKiB Ta HeceHHs BaxTu 1978 p. [5] ta
iH. Bapro HaronocutH Ha TOMy, IO IpaBa MOPSKIB, 1X
3aXHCT Ta Oe3IeKa € HeBiJl' €eMHOIO YaCTHHOIO iX JisUIbHO-
CTi, 1110 3HAYHOIO MipOIO 3aJIeKHUTh HE JIUIIE BiJ] 0COOMC-
TUX SKOCTE# 0coOu, ane ¥ BiJ 30BHINIHIX 3arpo3 Ta BU-
K1KKiB. @akropaMu (i3UUHOTO, COLIaJbHOTO Ta MCHUXO-
JOTIYHOTO OJIArONoIyqdsl MEepPCOHANy, SIKE IPALOE Ha
MOPCBHKOMY TPAHCIOPTI € HaJIe)KHE 3a0€31eUCHHS TPYHO-
Bux ymoB [11, c. 355].

Heo6xinHO Big3HAYHMTH, IO Ba)KJIMBICTH OOrOBO-
PEeHHS YMOB TIpaili MOpsKiB HaOyBae HeaOMSIKOTO 3Ha-
YEeHHsI uepe3 Tak 3BaHUH «IIOJChKUN (haKTOpP» - acIeKT,
NOB'SI3aHUH 3 BUHHKHEHHIO JIFOJICBKHX IOMUJIOK 200 He-
n0aoCTi, SIKi 4aCTO CTAlOTh TOJOBHOIO IPUYMHOIO Pi3-
HHX aBapiil Ta IHUJCHTIB Ha MODI.

Sk 1 Oymp-ska IHIIA JiSUTBHICTB, iSUTBHICTH
MOB’s3aHa 13 BUKOHAHHSIM Ipaili Ha MOPCHKOMY TpPaHC-
MIOPTi Ma€ PETYIIOBATHCS BiIMOBIIHO 0 BUMOT, BCTAHO-
BJICHUX BITYM3HAHUM Ta MDKHapOIHHM 3aKOHOJABCT-
BoM. [IpariBHUKY, 3a1isHI O BUKOHAHHS TPYIOBOI [Iisi-
JHHOCTI HA MOPCBKOMY TPAHCIIOPTI MMOBHHHI OYTH 3aXU-
[ICHI HE JIMIIC B OPUANIHOMY, a TAKOXK 1y pismaHOMY
CeHCi. Y CBIIOMIIIOIOUH PHU3HKH, SIKi BHHUKAIOTh Ha CY/[I-
Hax, MDKHapoJHE MOpPCHKE CITIBTOBAPUCTBO OCOOJIMBO
pETeNbHO CTEXHTh 332 THM, UM HE 3a3Ha€ IMOPYIICHb
npails MOPSIKiB B Ipolieci epeGyBaHHs i1 HA MOPCBKOMY
TPaHCIIOPTI 1 371HCHEeHHs Oe3nocepeIHbOT TPYA0BOT Jisi-
JIBHOCTI. 3BaXKaKOYH Ha I1e, TIOCTIHHO BiZ0yBa€eThHCS mepe-
TJISLL NFOUMX MDDKHAPOTHUX KOHBEHIIIM Ta TPYAOBHX CTa-
HOAPTIB, MPUAHATTS HOBHX BIAIMOBIIHUX JOKYMEHTIB,
peKOMEeHAaMill CTOCOBHO iXHBOI IMIUIEMEHTaIlii, KOHT-
pomo Ta noTpuMaHHA. lle € Haj3BHYANHO BaKIMBUM
MIPOIIECOM, OCKUIBKM BIUIMBA€E HAa XapakTep Ta 3MicT
mpaii, eeKTHBHOCTI BUKOHAHHS POOOTH HA MOPCHKOMY
TPAaHCHOPTI, 3aXUCT XKHUTTS Ta 370POB’ s MPAIiBHUKIB, 3a-
WHATHUX HA MOPI.

Jocmimkyodan muTaHes crenudiku 0XOpOHH Iparii
Ha MOPCBKOMY TPAHCIOPTi, BapTo 3ragatu KoHBeHIi0
PO TIPAII0 B MOPCHKOMY CyTHOIIIABCTBI Big 2006 poky,
mo Berymuia B Aito 2013 poxy. OcHOBHa MeTa HpHid-
ua1Ts Konsenuii 2006 cipsiMmoBaHa Ha 3aXHCT TPYIOBHX
IIpaB MOpsIKiB. BkazaHuii HOpMaTHBHUM aKT 3MIr cHcTe-
MaTH3yBaTH HOPMATHBHO-TIPABOBI aKTH, sIKi ICHYBaJIH /10
npuiinsaTTs Koneenuii - 2006. Cranom Ha 2024 pik 10
KoonBennii mnpuenHanocst monax 80 mepkaB-wieHIB
MOII [6].

Kongsennis 2006 poky MiCTHTH HOJ0KEHHS PO OC-
HOBHI TIPUHITATIN Ta 3000B’sI3aHHS JIep)KaB y4acCHHIIb, a
TaKOX MPaBUJIa, SKUMH BU3HAYEHI TIpaBa it 000B’ I3KH pi-
3HHUX CTOPiH Y TPYJOBUX Ta IMOB’sI3aHUX i3 HUMH BiJHO-
CHH, 30KpeMa MpaBJI, CTAaHIAPTIB, KEPIBHUX MPHUHIIAIIIB
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CTOCOBHO MiHIMaJIbHUX BUMOT Yy DPi3HUX cdepax, Takux
SIK TIpaLst MOPSKiB, YMOBH 3aHHATOCTI, BIATIOYMHKY, Xap-
YyBaHHS, OXOPOHH 3JI0POB’sl, MEIUYHOTO OOCIyroBy-
BaHHs, COLIAJIbHO-II00YTOBOI'0 0OCIIyTrOBYBaHHS Ta COL-
AIBHOTO 320€3MeUeHHSI.

SAx coymuo 3a3Hagae C. B. KiBamos, Konserii-
2006 € 00OB’S3KOBUM MiKHAPOJHO-TIPABOBUM aKTOM
JuIs 6araTboX AeprkaB CBITY, 3aKPiMMBIIN BHPOOIIeHi Oa-
TaTOPIYHAMH TpOIecaMH TpaBWIA PETYIIOBAHHA IIPaIli
MOPSIKiB 32 KOPJIOHOM B YMOBAaX BUIBHOTO TJIOOATEHOTO
pusKy. Lle BasknmmuBHI KPOK, IO cpusie 00’ eTHAHHIO Pi-
3HUX HOPMaTUBHO-IIPAaBOBHX AKTIB, IKUMH PETYJIOETHCS
oprasizauisi mpami MOpPSKIB B OJHOMY HOPMaTHBHOMY
akri [3, c. 9-10]. C. 9-10

Sk 3a3nHauae A. B. IBanOB, parndikauis Konsenmis
— 2006 Bizkpue nepen YKpaiHOIO HUISX 10 PO3BHUTKY
MDKHApPOJHHUX BigHOCHH y cdepi mopermiaBctBa. Oi-
JTHAK, paTU(IKyBaBIIN [l 3HAYHOI Baru JOKYMEHT II0-
TATHEH 3a CO00I0 pO3pOOKY BCHOTO KOMIUIEKCY IPaBO-
BHX, OpraHi3amiiHUX, €KOHOMIYHUX Ta IHCIEKIiHHNX
MEXaHI3MiB, sIKi 3a0e3rmevars JOTPUMaHHS BHUKIIAJICHUX
Bumor [1, ¢. 27]. C

Ponb kamiTana cynmHa y cdepi 3a0e3medeHHsT 0X0-
poHM TIpani Haa3BH4aitHO Benuka. ['naBa 2 Konekcy Top-
TOBEJIbHOIO MOPEIUIABCTBA YKpaiHM BH3HAYaE, IO Karli-
TaH CyJHA BU3HAETHCS MPEACTABHUKOM CYAHOBJIACHHUKA 1
BaHTaKOBJIACHUKA.

Lle o3Havae, o KariTaH CyaHa HaiJIeHHH TOBHOBA-
KCHHSAMH TIPOBOIWTH IHCTPYKTaXi, HamaBaTH pO3’sc-
HEHHS, B)KMBATH BCIX HEOOXITHMX 3aXO/IB II0J0 3a1o0i-
raHHs OyIb-SKO1 IIIKOJIH, B TOMY YHCII 1 JIFOJISM, sKi 3Ha-
XOIATHCS Ha CYJHI.

VY BUMAAKy 3aBAaHHS IIKOOH IIEPCOHAIY, KaIliTaH
MOBMHEH BXWUTH BCIX HEOOXIMHMX 3aXOLIB JUIA MHUCHMO-
BOro oOpMIIEHHS IIUX BHIAJKIB y HOPAAKY, epeadaye-
HOMY 3aKOHO/IABCTBOM YKpaiHH 1 HU3KOK MIKHAPOIHHX
JIOTOBOPIB T4 YTOI.

BignosigHo 10 cT. 62 Kogekcy TopriBeibHOTo MO-
peIUIaBCTBa, Y BUNAAKY BOEHHOI HEOE3MEKH, MipaTChKUX
Jiil KamiTaH CyaHa 3000B’sI3aHUI BXKHTU BCiX HEOOXi[-
HUX 3aXO[iB MIOAO PATYBAaHHS JIONEH, Ki IepeOyBaroTh
Ha CYJTHi, 3 METOIO HeIOMYIICHH 3aXOIUICHHS CY/IHA, J10-
KYMEHTIB, BAHTa)XY Ta 1HIIOTO MaifHa, K¢ 3HAXOIUThCS
Ha cyHi [4].

OxpiM BHUIIE3a3HAYCHOTO, A0 00OB’SI3KIB KalliTaHa
BXOJIUTH 3a0e3MeUeHHs MOPSIKY Ha CyJHI, BUAa4a po3-
MOPSIDKEHb, 3aCTOCYBaHHS 320X04€Hb, HAKIIAICHHS JIHC-
IUTUTIHAPHUX CTATHEHB Ta HU3KY 1HITUX HEOOXiTHUX JTiH.
3aranoM, 3aKOHOJABCTBO YKpaiHW HaIiJs€ KaliTaHa
000B’s13kaMH POOOTOAABIIS, MTOKIAIAI0YH HA HBOTO BiJl-
MTOBITATBHICTB 32 MIATPUMKY IPAaBOBOTO MOPSIKY Ha Cy-
JIHI, B TOMY YHCII ¥ 010 3a0e3MeUeHHsI OXOPOHU TIparli
TIepCcoHaly.

3abe3nedyeHHsT OXOpOHHM Ipalli Ha MOPCHKOMY TpaH-
CHOPTi 3AIHCHIOEThCS HA OCHOBI HOPMATHBHOI JIOKyMEH-
Tauii 3 OXOPOHH Ipalli, 0 K01 BiJHOCATB: ep>KaBHI HOP-
MaTHUBHI aKTH PO OXOPOHY Ipalli — MDKray3eBi Ta ra-
JTy3eBi, cHCTeMa CTaHAapTiB Oe3mneku nparti — JlepxcraH-
naptu Yxpaiau (ACTVY), MmixnepxaBHi ctangaptu 6e3-
nieky nipatti (JICT CCBIT) i MixkaepskaBHi MiKraimy3eBi Ta
rajry3eBi HOpMaTHBHI akTH. HOpMaTHBHO-TEXHIYHA TOKY-
MEHTAIlis MICTHTh HOPMH 3 OXOPOHH TIpalli, IHCTPYKITii Ta

CTaH/APTH, PO3POOIICHI BIIOBIIHO 10 crierudiky X misi-
apHOCTI. OKpeMO BapTO HAroJIOCHTH IPO MDKrairy3eBi
HOPMH, SIKi PEryJIloloTh Crelu(piuHUN BUI IiSIIBHOCTI.
Tak, Ha MOPCHKOMY TPaHCIIOPTi rajy3eBUMH (CIIeIiiaib-
HUMH) PaBUIIAMH € 3aTBepkeHi MiHicTepcTBOM TpaHc-
MOPTy 1 MPOQCIIIIKOI0 MOPSIKIB TpaBHUiIa 3 TEXHIKH 0e3-
MIEKH Ha Cy/HaX MOpchKoro ¢uoty. Ha ocHOBI ramy3eBux
TIPaBIJI Ta HOPM PO3POOIIFOTECS 1HCTPYKIIi 3 BUSHAYCH-
HSIM KOHKPETHHX 3aXO0[IiB O€3IEeKH 1010 TIPOBEICHHS PO-
0iT Ta BCTAaHOBJEHHS IMPaBWII TOXKEKHOTO 3axXUCTy. Taki
MpaBWJIa Ta iHCTPYKIIii IIOBHHHI MEPETJIsIIaTHCS 3 METOIO
YJIOCKOHAJICHHS Ta iX €()eKTHBHOIO 3aCTOCYBaHHSI.

HaiimommpeHiluumMy npaBuiiaMM Ha MOPCHKOMY
TpaHcmopTi € [IpaBuiia BHYTPILIHBOTO TPYAOBOTO PO3MO-
PAZKY, KOHTPOJIb 32 JTOTPUMAHHSM SKHX IOKJIAIA€ThCS
Ha KarlTaHa.

TpynoBuii po3nopsiok Ha MOPCHKOMY TPAaHCIIOPTI
BHU3HAYA€THCA BIJIOBIIHO 10 TpaBWI BHYTPIIIHHOTO
TPYZIOBOTO PO3IOPAAKY, a Ha MOpcbkoMy ¢utoTi Crary-
ToM ciayx0n Ha cymHax i CTaTyToM INpo JUCHHUILTIHY
MpaLiBHUKIB MOpPCBKOTO TpaHcmopty. Lli mpaBuina i 3a-
3HAYeHI CTaTyTH 00OB’SI3KOBHMH ISl BUKOHAHHS BCiMa
HpaliBHUKaMU MOPCHKOTO TPAHCIIOPTY.

B npoueci BUpoOHUYOT IisSUIBHOCTI MOXYTh BUHH-
KaTH KOH(JIIKTH MK PaLliBHUKaMH Ta BUILUM KepiBHH-
ITBOM CTOCOBHO 3aCTOCYBaHHSI 3aKOHOJIaBCTBAa IIPO
Hpalio, B TOMY YUCII MUTaHb, OB’ S3aHHUX 3 MEPEBEICH-
HSM Ha iHIDY po0OOTy, OIUIaTy HMOHAIHOPMOBHUX POOIT,
3BUIBHEHHS TOILO.

TpynoBi cynepedkn Ha MOPCHKHUX IMiATPUEMCTBAX,
30KpeMa Ha CyIHaX, pO3IJISIAI0ThCS CHEeNiaIbHUMHU KO-
MiCisSIMH 3 TPYJOBHX cropiB. Ha MOpchkoMy miAmpreMc-
TBI MOXe OyTH CTBOpeHa KOMiCisi 3 NUTaHb OXOPOHH
mpami 3 METOK 3a0e3MEUCHHS y4YacTi TpAIliBHHUKIB Yy
NPUHHATTI pillleHb 11010 Oe3MeKH, TirieHy mpaii Ta 3a-
XHCTY BUpOOHHMYOTO cepenosuina. Jlo miel xomicii mo-
KYTh BXOJAWTH IPEACTABHUKU pOOOTOAABILI, mpoderi-
JIKH, @ TAKOK YNOBHOBa)KEHHX IPAL[IBHUKIB Ta (axiBiiB
3 Oe3rnekH 1 ririeHu npaii. TUIIOBe ITOJIOKEHHS PO TaKy
KOMICIFO 3aTBEpP/DKYETHCS CIEI[iaIbHO YITOBHOBAKECHUM
LEHTPaIEHIM OPraHOM BHKOHABUOI BJIaJIM 3 HAIIIALY 3
OXOPOHOO TIPAIli.

OpHiero 3 hopM opranizanii OXOpOHH Iparli Ha M-
MIPUEMCTBI € TUTAHYBaHHS, 110 BKIIIOYAE B cebe pO3poOKy
Ta peati3amilo IEepPCIeKTUBHUX i ONEepPAaTHBHUX IUIaHIB
MTOJIIIIEHHST YMOB Tpalli, TEXHIKM Oe3MeKH i caHiTapHO-
037I0pOBUHUX 3aCO0iB.

Bapro Big3HauMTH, 10 MIOPIYHUN HATIAJ 33 0XO-
POHOIO TIpalli Ha Cy/HI 3[IIHCHIOETHCS CIEIiaTbHOI KO-
MICI€I0, B SIKy BXOJATh MPEACTAaBHUKHU CITy>KO OXOpPOHH
mpari, 0e3MeKn MOpPEeIUIaBCTBa, CyIHOBOTO TOCHOJapcC-
TBa Ta IHIIUX BIAJALTIB, 32 YYacTIO NpPEACTaBHUKA KOMi-
TEeTy MPOQCIIKY IJIaBCKIaTy.

PesynbraTn mepeBipkn ¢ikcyroTbcs B KapTi 0e3-
TIeKH Tpari Ha cyHi. Ha ocHOBI 3BiTy Ipo BHSsIBIICHI He-
JIOJIKH TPEJCTaBHUK CIIYKOM OXOPOHH ITpalli BUAAE Po3-
TIOPSIDKEHHS TIPO 1X YCYHEHHSI.

BucHoBku

BcraHoBineHo, 1110 BITYM3HSIHE 3aKOHOAABCTBO Mic-
TUTh HOPMH IIIOJI0 OXOPOHH Ipalli, B TOMY YHCIi ¥ Ha
MOPCBHKOMY TPaHCIIOPTI.
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B ocHOBI peryitoBaHHS HOPM OXOPOHH Hparli Mic-
tutbest Koneruryuis Ykpainn, 3akon VYxpainn «IIpo
0XOpoHy mpaui», Kogekc TopropensHOro MoperuiaBcTa
VYkpaiHu, cTaHgapTH, HOPMH, MPaBUIIa, IKUMH PETyJIro-
I0ThCS MIKTay3eBi HOPMH OXOPOHHM Ipali Ha MOpPCh-
KOMY TPaHCIIOPTI.

OxpeMo BapTO HAroJOCHUTH Ha MIKHapOJHUX HOP-
MaTHBHO-TIPABOBHX AKTaX, SIKUMH PETYIIOEThCS CIEIIHU-
(¢ika mparli Ha MOPCHKOMY TPaHCIIOPTI.

KoncratoBano, mo cranom Ha 2024 pik Ykpaina
TaKk 1 He cpomMoriacs patudixysatu Korsermiro 20006,
SIKOIO 3JIMICHIOEThCS PETYJIIOBaHHS OpraHizaiii mnpari
MOPSIKIB 10 BCbOMY CBITY.

I xoua Ha naHoMy erami B YKpaiHi TpUBa€e MOBHO-
MaciuITabHa BiliHa, @ MOPCBHKI IIOPTH IPALIOIOTh ITij1 HOC-
TIHHUME 0OCTpisIaMH 1 3arpo3aMu 3 MOBITPS, BCE K TaKH
Heperisiy i yA0CKOHaJIeHHs 3aKOHOJaBCTBA L1010 BpeTy-
JIIOBAaHHS JiSUTBHOCTI HA BOIM, MA€ BAXKIIMBE 3HAYCHHS.

VY nockoHaNeHHS HOPM OXOPOHHM Ipalli Ha MOpPCh-
KOMY TPaHCIIOPTi € HEBiI'€MHOI0 YacTHHOIO 3abe3rre-
YeHHsI Oe3MeKH Ta 3/10pOB'st MOPSKIB ITiJ] Yac IXHBOI Ipo-
(eciitHOT TisTBHOCTI.

BpaxoByroun cnenudiky poboTH Ha cyiHax Ta Io-
TeHLIHI PU3MKH, TIOB'SI3aHI 3 MOPCHKHMHU II€pPEBE3CH-
HSIMH, TIOCTiIiHE y/IOCKOHAJICHHS HOPM OXOPOHH ITpari €
Ba)XJIMBUM 3aBIaHHSIM. Bu3HaueHO, 110 HAa MOPCHKHX
MiJPUEMCTBAX, BKIIOYAIOUN CyIHA, 3IIMCHIOETBCS pe-
TYJISPHAN KOHTPOJb 3a JOTPUMAHHSAM HOPM OXOPOHH
TIpai.

e 3abe3meuyeTbess 3a JOMOMOTOI0 CHEHiaTbHHUX
KOMICIiH, 0 CKIaay SIKHX BXOISTH MPEICTaBHUKHU CITYKO
OXOPOHH TIpari, 0e3IeKH MOPEIIABCTBA, a TAKOXK 1HIINX
BIIAIIIB i ciyx0 mignpuemctBa. Kpim Toro, y mpormeci
KOHTPOJIIO Oepe yuacTh IPeJICTABHIK KOMITETY Ipodcrti-
JIKH TUIaBCKIIaLy.

B nonanbiomMy, J0IUIBHICTD YAOCKOHATIEHHSI HOPM
OXOPOHHU ITparli Ha MOPCHKOMY TPAHCIIOPTI ITPOJIOBIKYBa-
TUME (GOpMYBaTHCS 1 YJOCKOHAIIOBATUCS LIISXOM II0T-
nOeHHs 3a0e3neyeH s Oe3MeKy NpaliBHUKIB, Y BiAIO-
BITHOCTI 7O MDKHAPOTHUX CTaHIAPTIB, ITiJBUIICHHI
edexkTHBHOCTI poOOTH. BUKOpUCTaHHS CYy4aCHUX TEXHO-
JIOTiii, BKIIFOYaIOYH IITYYHU iHTENEKT, CIPHATHME MOK-
pAaLICHHIO MPOLECiB OXOPOHH MpALli Ta 3HIKESHHIO PU3H-
KiB [T MOPSIKIB.
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Fundamentals of labor protection in marine transport
Olena Kuzmenko, Valentyn Kuzmenko

Abstract. Harmful production factors significantly affect labor productivity and can lead to irreparable consequences. The
article reveals the peculiarities of labor protection on sea transport, and also determines the expediency of their application in
specific conditions. The role and place of national legislation on the regulation of labor protection in maritime transport is indicated.
Peculiarities of international norms applied in the process of regulating labor protection on ships have been studied. The necessity
of having a captain with relevant qualification skills on the ship, his role and place in the labor protection system, ensuring the
safety of personnel and property preservation, as well as the implementation of other activities determined by legislation and rules
of internal labor regulations, have been proven. The obtained results regarding the specifics of the labor protection organization
and its features, which depend on internal organizational, external factors and natural and climatic conditions, are summarized. The
need to improve the legal regulation of labor protection on sea transport in order to increase work capacity and protect the rights
and legitimate interests of workers is substantiated.

Keywords: labor protection, accident, maritime law, water transport, ship's crew.
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Harmionansanii ropuanaHmii yHiBepcuTeT iMeHi Spociasa Mynporo, XapkiB, YkpaiHa

BITPOBAJ/UKEHHSA E-CUCTEMMU I YAC HATJIAAY 3A JOAEPKAHHAM 3AKO-

HIB ITPH YMOBHO-JOCTPOKOBOMY 3BLIIBHEHHI 3ACYZKEHUX
BII IIOKAPAHHA ABO UOI'O 3AMIHU HA BLJIbII M’SIKE

AHoTanisi. AKTyaJbHICTH JAHOTO JOCIIJDKEHHS 0OYMOBJICHA CKJIQIHICTIO PO3PAXyHKIB CTPOKIB YMOBHO-JOCTPOKOBOTO
3BITBHEHHS BiJl BiTOYBaHHs IIOKapaHHs 1 3aMiHU HEBiOYTOT YaCTHHU IOKapaHHs OLTBII M’ IKAM. 3a3HAUCHO, 10 MOTESHITIHHI
KOPYIIIOreHH] (h)akTopy 00YMOBIIIOIOTH PH3UKH IIOMHIIKOBOTO 200 CBIiZIOMO HENPaBHIIEHOTO PO3PAaXyHKY IpaniBHUKaMH1 BH-
MIPAaBHUX YCTaHOB BIOYTOTO 3aCy/XKEHUM CTPOKY MOKapaHHI, III0 MOKE ITPHU3BECTH JJO HECBOEYACHOTO YMOBHO-OCTPOKO-
BOTO 3BUIbHEHHS Bifl BiIOyBaHHS MMOKAapaHHS 3aCyPKEHOTO ab0 3aMiHM MOKapaHHA OUTbII M SKUM. BkaszaHo, mo cyyacHuit
CTYMiHb PO3BUTKY iH(OpPMAIIIHIX TEXHOJIOTIH Hala€ MOKIIUBICTh aBTOMATH3yBaTH CaMOIIOBTOPIOBaHI MaTeMaTH4Hi Ta JIO-
riuHi omepalii, IO 3aCTOCOBHE, B TOMY YHCIi, 10 HarJsSAy NPOKypopa 3a IoJep KaHHSM 3aKOHIB IIPU BUKOHAHHI CYIZOBUX
pilieHb y KpUMiHABHHUX clpaBax. HaromomryeTbes, 0 CTBOPEHHS CIeNiali30BaHUX aBTOMATH30BAHUX CIICKTPOHHUX ajro-
pUTMIB Ha OCHOBI HOpM 3akoHy Ykpainu “IIpo mpokypatypy” Ta 3 ypaxyBaHHSIM NPaKTUYHHUX HAIPaIOBaHb HaJla€ OpraHam
NIPOKypaTypH eeKTHBHHI Ta HeylepeKEHNI iIHCTpyMEeHT mpaBo3acTtocyBaHHs. OnncaHo (QyHKIIOHAN Ta NPUHLIUIN PoO-
060TH pO3pOOIICHOT aBTOpaMU KOMIT IOTEPHOT POrpaMu « ABTOMaTHYHE OOYUCICHHS CTPOKY BiIOYTOTO 3aCyIKEHHM IOKa-
panHs» (CBiIOLTBO PO PEECTPALLiF0 aBTOPCHKOro mpasa Ha TBip Bif 12.05.2021 Ne 104528), mio 3abe3neuye aBToMaTHYHE
00YHNCIIEHHS CTPOKY 3aCTOCYBaHHS 10 3acymxkeHuX cT.cT. 81, 82, 107 KK Ykpainu. 3po6iieHO BHCHOBOK, 110 B yMOBaX TPH-
BaIOYHX IMpoIieciB NudpoBizalii KpUMiHAIBHOI FOCTHLII Ta 3 ypaXyBaHHIM HEOOXiZHOCTI ONTHMAIIFHOTO BUKOPHUCTAHHS Op-
TaHaMH MPOKYPATYPH JIIOJCHKUX Ta YACOBHUX PECYPCiB, AOIIJIbHE CHCTEMHE BITPOBAHKEHHS pO3POOICHOT KOMIT I0TEPHOT IIPO-
rpaMu SIK €(peKTHBHOTO Ta HEYNEPEeIKEHOTO IHCTPYMEHTY NPaBO3aCTOCYBAHHS I10JJ0 aBTOMAaTHIHOTO OOYHCIICHHS CTPOKY
3aCTOCYBaHHA 10 3acymkeHux cT.cT. 81, 82, 107 KK Ykpainu mig yac npoBeeHHs IPOKypOpaMu BiAMOBITHUX MEPEBIPOK B
NOpsAKY cT. 26 3akony Ykpainu “IIpo npokypatypy”.

Kaw4oBi ciioBa: mpokypop, Harsij, MOKapaHHs, YMOBHO-JOCTPOKOBE 3BUIBHEHHS, 3aMiHa, CTPOK, OOUYHMCIICHHS, aBTO-

MaTH3aIlis.

Beryn

BignosigHo 10 1. 4 4. 1 ct. 2 3akony Ykpainu “TIpo
npokypatypy” Bin 14.10.2014 Ne 1697-VII (mani — 3Y
“IIpo mpokypartypy’’) Ha IpOKypaTypy MokianeHo (yH-
KIII0 HArJIsAYy 3a JOAEPIKaHHSAM 3aKOHIB IIPH BUKOHAHHI
CYJIOBUX pillleHb Y KPUMIHAJIBHHUX CIIPaBax, a TAKOX IPH
3aCTOCYBaHHI IHIIMX 3aXO0JIB MPUMYCOBOIO Xapakrepy,
IIOB’s13aHUX 3 0OMEKEHHSIM OCOOHMCTOi cBOOOAN TpoMa-
nsH [1]. s peamnizanii BkazaHoi GyHKIIT cTaTrTero 26 3Y
“IIpo mpokypaTypy”’ NpOKYpOpY HaJaHO OBHOBAKEHHS
10710 BiJIBIAyBaHHS MiCIlb HECBOOO/IH, OTIUTYBAaHHS 0Ci0,
03HAaHOMIICHHS 3 MaTepiajlaMu, MIPOBEJCHHS NEPEeBipOK,
BXKHTTSI 3aX0/1iB pearyBaHHs TOILO.

Haxasowm ['enepasnbHoro nmpoxypopa Big 29.12.2021
Ne 400 “TIpo opranizaniro AisIBHOCTI IPOKYPOPIB 3 IPO-
TUAI] TOPYIIEHHSIM TIPaB JIIOJMHA y IPAaBOOXOPOHHIHN Ta
neHiteHuiapHii cdepax” (mani — Hakaz Ne 400) nepen-
6aueHo BIMOTH MIOAO 3a0e3MedYeHHs] IPOKYypOpaMH Ha-
ISy 3 JI0JIep KaHHSM:

- IIpaB i CBOOO/ JIFOIUHH, 3aTaJIbHUX IHTEPECIB CyC-
IUIBCTBA 1 A€pKaBM NPY BUKOHAHHI MIOKapaHb Ta 1HIINX
3aX0/iB NPHUMYCOBOTO XapakKTepy, IOB'sI3aHUX 3 oOMe-
’KEHHSIM 0COOMCTOI CBOOOIH, BIAMOBIAHO 10 3aKOHIB YK-
paiHu, MIDKHApOAHUX JOTOBOPIB, 3roja Ha OOOB'SI3KO-
BiCTh SIKMX HaJaHa BepxoBHoio Pamoro Ykpainu;

- 3aKOHOJIABCTBA II[0JI0 3aM00IraHHs KaTyBaHHIO YU
HEITIOJICBKOMY a00 TakoMy, IO MIPUHIKYE TiAHICTH, IO-
BOJDKEHHIO 13 3aTPUMAaHUMH, B3ATHMHU IIiJT BAPTY Ta 3aCy-
JDKEHUMH Y 1X TIOKapaHHIo;

- nependadeHNX 3aKOHOJABCTBOM BHMOT PEKUMY,
MOPSIIKY Ta YMOB TPUMaHHS 3aTPUMaHuX, 0Ci0, 10 IKHUX
3aCTOCOBAHO 3ar001XKHI 3aX0/1 y BUTIISAI TPUMAHHS ITij1

BapTOI0, TIOMIIICHHSI 10 ICUXIATPUYHOTO 3aKIaTy B yMO-
Bax, 1110 BUKJIIOYAIOTh iXHIO HeOe3IeYHy TOBEIIHKY, a Ta-
KOX 0Ci0, 10 SKUX 3aCTOCOBAHO IHIII 3aXOIIU MIPHUMYCO-
BOT'O XapakKTepy;

- BU3HAYEHHUX 3aKOHOJIaBCTBOM BHMOT PEXUMY, HO-
pSAAKY Ta YMOB TPHMAaHHS, a TaKoXX BiOyBaHHS MOKa-
paHb B'S3HSAMH, Y TOMY YHCII 11010 BUKOPUCTaHHS OO-
JUKETHUX KOIITIB, MaifHa Ta IHIIUX PECypCiB JepiKaBH,
CIPSIMOBAHUX Ha I 1[I

- 3aKOHOJIABCTBA I1iJ] YaC BUKOHAHHSI I0KapaHb, HE
MOB'SI3aHUX 3 [M030aBJICHHAM BOJI, Ta MPooaIlii;

- 3aKOHIB TiJI Yac 3/[IHCHEHHsI ONepaTUBHO-PO3LIY-
KOBOI JisITBHOCTI OMEPATHBHUMU MiAPO3AiTaMA OpTaHiB
1 yCTaHOB BHKOHAHHS MOKAapaHb Ta CIIJYUX 130JATOPIB
JepxaBHOT KpUMiHATHFHO-BUKOHABYOI CIIyKOU YKpaiHu;

- 3aKOHO/IaBCTBA MPY 3aCTOCYBAHHI 32 aIMiHICTpa-
THBHI NPABOIOPYIIEHHS 3aXO0JiB IPHMYCOBOTO Xapak-
Tepy, MOB'A3aHUX 3 OOMEXEHHSIM O0COOHMCTOI cBOOOIM
rpomaiss [2].

Ha BuKOHaHHS BKa3aHUX HOPM OpraHaMu MpoKypa-
TYpH TiJ 9ac 3AiHCHEHHS HATJISAY 32 JIOACPKAHHAM 3a-
KOHIB IIpY BUKOHAHHI CYZOBUX PIIIEHb Y KPUMiHATBHAX
CIpaBax, a TAKOXK IIPH 3aCTOCYBaHHI iHIIUX 3aXOiB IPHU-
MYCOBOTO XapakTepy, ITOB’s3aHHX 3 OOMEKEHHSIM OCO-
6ucToi cBOOOIM TPOMaJsH, BXKHUBAIOTHCS 3aXO0/H ILOJIO
BUSIBJICHHSI, yCYHEHHSI IOPYILICHB MIPaB 3aCy/PKEHMX Ta iX
HEJIOMYLIEHHS y M0JaJIbIIOMY.

OxpeMuM MUTaHHIM TIiJ] YaCc BUKOHAHHS IIPOKYpO-
paMu 3aBJIaHb Ha [IbOMY HaIpsiMi € 3a0e31eUeHHS HaTJIsA Iy
3a JOTPUMaHHSIM TIPaB 3aCyHKEHUX JI0 MTO30aBICHHS BOJ
TIPH 3aCTOCYBaHHI YMOBHO-JIOCTPOKOBOTO 3BiJIbHCHHS BiJT
BiIOyBaHH MOKapaHHs i 3aMiHM HEBiIOYTOT YaCTHHH I10-
KapaHHS OUTBIT M’ SIKUM, Tiepeadadennx cT.cT. 81, 82, 107
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Kpuminansaoro kozexcy Ykpainu (nani — KK Ykpainn)
BIITIOBI/THO, 3 METOIO HEJIOMYIIEHHS MOPYLIEHb 3 IIUX MH-
taHb. [Ipu npomy 1. 15.2 Hakazy Ne 400 okpemo mepen-
0adae MPOBE/ICHHS IIPOKYPOPaMH, Y MeKaxX KOMIIETSHIII,
MepeBipOK B KOMICISIX yCTaHOB BUKOHAHHS TIOKapaHb 3 po-
3Ly UTaHb 3aCTOCYBAaHHS 1O 3aCyIKEHHX CT.CT. 81,
82, 84 KK Vkpainu [3].

Bapro 3ayBaxkuTH, 0 YMOBHO-OCTPOKOBE 3BiJb-
HeHHs Bix BimOyBaHHA mokapanHs (ct.cT. 81, 107 KK
VYkpaiHn) Ta 3amMiHa HEBiIOyTOI YACTHHW MOKapaHHA
61 M’ sikuM (cT. 82 KK Vipainn) € KOMIUIEKCHUMH 1H-
CTHTYTaMU KPUMIHIBHOTO Ta KPUMiHaJbHO-BUKOHAB-
YOro npapa, [0 CUCTEMHO BIUIMBAIOTh Ha KPUMIHAIbHY
IOCTHIIIIO.

3okpema, Pexomennanist Rec (2003) 22 Komirery
MiHicTpiB Pagn €Bponu nepkaBam-uieHam “IIpo ymo-
BHO-/IOCTPOKOBE 3BiIJIbHEHHS BHM3HA4a€ YMOBHO-IOCT-
POKOBE 3BIIBHCHHS OJHUM 3 HaHOUIbII SPEKTHBHHUX 1
KOHCTPYKTUBHUX 3aCO0IB 3amoOiraHHs peruauBaM i
CHPUSIHHIO TIEPECEIICHHIO, 3a0e3Meuyroun 3alulaHOBaHy,
MIOJIETIIIEHY 1| KOHTPOJIbOBAHY PEIHTErpamito yB’ I3HEHOTO
B CYCHiJIbCTBO [4].

ColiaJbHUM TPU3HAYCHHSIM 1HCTUTYTY 3BUJIbHEHHS
BiJI IOKapaHHsI € KOpEryBaHHs IHTEHCUBHOCTI KpUMIiHaTi-
3alii KOHKPETHHUX CYCHIJIbHO HeOe3MeuHHX JisiHb, CKO€-
HUX KOHKPETHUMH O0CO0aMH, B 3aJICKHOCTI BiJ[ JOCST-
HCHHS 110 BIJIHOIICHHIO JI0 HUX I[UICH MOKapaHHs — MepII
3a BCE BUIIPABIICHHS 3aCy/KEHHX, CHPHUATH 1HIMBITyai-
3amii Ta audepeHIiamnii KpuMiHaIbHOI BiAMIOBITATBHOCTI,
CIy)HTH TIOCTYIIOBOIO (h)OPMOIO IEPEXOAy BiJl 3aCTOCY-
BaHHS KPUMIHAJIBHUX OKapaHb 10 HOPMAJILHOTO XKUTTA y
cycminbeTBi [5, ¢. 18]. BkazaHe 3acTOCOBHE TaKOX MO0
3aMiHH HEeBiIOYTOi YACTUHY MOKAPAHHS OUTBIT M’ SIKFM.

3 ormsiny Ha BUMOTH 4. 1 ¢T. 2 KpuminansHOTO TIpO-
LIeCyaJIbHOTO KOAEKCY YKpaiHU LI0/I0 3aCTOCYBaHHS 0
KOXKHOT'O yYaCHUKa KPUMiHAJILHOTO IIPOBA/KSHHS HaJle-
*HOT MpaBoBOi pouenyp [6], Bu3Haueny 4. 1 cr. 1 Kpu-
MiHAJIbHO-BUKOHABYOTO KOJEKCY YKpalHH METy IMOKa-
paHHs yepe3 NMpU3My BHUIIPABIEHHS 1 pecorianizamii 3a-
cypKeHuX [7], Harsi mpoKypopa 3a IoAep KaHHIM 3a-
KOHIB IIPH YMOBHO-JOCTPOKOBOMY 3BUIbHEHHI 3aCy Ke-
HUX BiJ IOKapaHHA a0bo Horo 3aMiHd Ha OLTBII M’sTKe Ha-
OyBae 0COOIMBOI aKTYaIBHOCTI.

Oraspn giteparypu

VYkpaiHCBKiI HAayKOBII MPHUCBSATHIN AWCEpPTAIliiiHi
JOCITI/DKSHHSI MUTaHHSM IMPOKYPOPCHKOTO HArJsIy 3a
JO€PKaHHIM 3aKOHIB B YCTaHOBaX BHUKOHAHHS ITOKa-
pansb (JIemak P.B. (2012) [8]), npokypopcbKoro Harisiy
3a JIOAEpKaHHIM IIpaB Ta 3aKOHHUX 1HTEPECIB 3acyipKe-
HUX 110 no30aBnenHs Boii (Kypuiao M.IL. (1998) [9]) Ta
6e3rocepeIHbO NPOKYPOPCHKOMY HarJIsity 3a JI0JeprKaH-
HSIM 3aKOHIB YKpaiHU IPU YMOBHO-IOCTPOKOBOMY 3BiJIb-
HEHHI 3acy/KeHHX BiJ KPHUMIHAJIBFHOTO MOKApaHHI
(Ckpuronrox M.I. (1999) [10]. IlutanHss oGUUCIEHHS
CTPOKIB IIPH 3aCTOCYBaHHI JI0 3aCyKEHUX YMOBHO-J0C-
TPOKOBOTO 3BUTbHEHHS Bij BiOyBaHHS MOKapaHHS BHU-
CBITNIIOBAaB y HaykoBii myOmikamnii Hactacax O. (2016)
[11]. BomHouac, nuTaHHSA aBTOMATH3aLii HPOKYPOPOM
OKpEMHX IIPOLEAYP 3 HarJIsAy 33 AO/AEPKAHHIM 3aKOHIB
IIPY BUKOHAHHI Cy/IOBHX PillIeHb Y KPUMiHaJIbHUX CIpa-
BaX IOJI0O 3aCTOCYBaHHS  yMOBHO-JOCTPOKOBOTO

3BUILHCHHS BiJ| BiOYBaHHS MOKApPaHHS 1 3aMiHU HEBiJI-
OyTOl 4acTWHM MOKapaHHsS OiJbLI M’SKUM BYECHHMHU He
JIOCITIIKYBAJIOCH a, 3 OTJIAy Ha NOTEHI[ia] Cy4acHHX iH-
(opMariifHuX y HaBEJEHOMY HalpsiMi, € aKTyaJIbHUM Ta
MoTpedye TOCIIHKEHHS.

MeTto10 1aHOI po60OTH € OOTPYHTYBAaHHS IMEPCICK-
THBU BIOCKOHAJICHHS NPOLEYp HAITSAY 3a DOJCpiKaH-
HSM 3aKOHIB IIPH BHKOHAHHI CyJOBHX pillleHb y KpUMi-
HaJBHUX CIIpaBax LUIIXOM 3aCTOCYBaHHS IPOKYPOPOM
aBTOMATH30BAHUX SJICKTPOHHUX aJTOPUTMIB IIPH 00UHC-
JICHHI CTPOKIB 3aCTOCYBaHHS YMOBHO-IOCTPOKOBOTO 3Bi-
JBHEHHS BiJl BiIOyBaHHS MMOKapaHHs 1 3aMiHU HEB1I0YTOT
YaCTHHU TIOKapaHHsS OuIbIl M’SKHMM, mnepeadaueHnx
cr.ct. 81, 82, 107 KK Ykpainu.

Pe3ynbraTn Ta 00rOoBOpeHHs!

YMOBHO-IOCTPOKOBE 3BIIBHEHHS BiJl BiIOYBaHHS
mokapaHHs (cT.cT. 81, 107 KK Ykpainn) ta 3amiHa He-
BiZI0YyTOT YacTHHU MokapaHHs Otk M’ saxkuM (cT. 82 KK
YkpaiHu) MoyisAraroTh y JOCTPOKOBOMY 3BUIBHEHHI Bif
BiZIOYBaHHs IIOKapaHHs abo Horo 3amiHi Ha OUIbII M’ SIKe
3aCy/DKEHOMY, SIKUH BiIOYB MEBHY YaCTHHY CTPOKY HO-
KapaHHs, NPU3HAYCHOTO BUPOKOM CYJYy, Ta JIOBIB CBOE
BUIIPABJICHHS 200 CTaB Ha IIUISIX BUIPABJICHHS, 32 YMOBH
000B’sI3KOBOTO IOTPUMAaHHS HUM Psity 000B’sI3KiB, Iepe-
JTIYEHNX y 3aKOHI Ta BCTAHOBIICHUX CYIOM.

3acrocyBanHs cT.cT. 81, 82, 107 KK Ykpainu mox-
JIFBE JIMIIIE 33 HASBHOCTI MaTepialbHOI micTaBU Ta (op-
MaJIbHOI IIepelyMoBU. MaTepiaJIbHOO MiICTaBOO IS 3a-
crocyBanHs cT.cT. 81, 107 KK Ykpainu € noBeneHicTs 3a-
CY/I’KEHHM CBOT'O BHUITPABIICHHSI CYMJIIHHOIO IOBEJIHKOIO 1
CTaBJICHHSIM 10 Ipalli (Ta HaBYaHHSI — JUII HEMIOBHOJIT-
HiX), Juis 3actocyBanHs cT. 82 KK VYkpainu — craHOB-
JIeHHsI Ha IUISIX BUIpaBJieHHs. PopMabHOIO meperyMo-
BOIO 3aCTOCYBAHHS BKa3aHHX HOPM € (pakTHYHE BIIOYTTS
3acy/XKEHHM YaCTHHU CTPOKY ITOKapaHHs, BU3HAYEHO] y 4.
3cr. 81,u.4 ct. 82 Tau. 3 ct. 107 KK Ykpainu.

KonkpeTHi cTpokH, 1m0 MoTpedyroTh pO3paxyHKy
JUTSL MOKITMBOTO 3acTocyBaHHs cT.cT. 81, 82, 107 KK Vk-
paiHu, BU3HAUCHO 3aJIEKHO BiJ BHJY Ta CTYIEHS TSKKO-
CT1 KpEMIHAJIEHOTO TIPABOMIOPYIIICHHS i 0COOH 3aCTYIKe-
HOT0, a caMe JJIsl 3aCTOCYBaHHSI:

— cr. 81 KK Ykpainu — 3aCcypKeHHid TOBUHEH Bij-
OyTH He MeHIIe MOJOBUHU (KPHUMiHATBHHUH MPOCTYITOK
a00 HEeTSHKKHMH 3JI0YMH, KPIM KOPYNIIHHUX KpUMiHAJIb-
HUX IPaBOIOPYIIEHB, & TAKOXK 32 HEOOCPEIKHUH THKKHUHA
37I0YHH), TBOX TPETHH (KOPYIIIiHHAH HETSHKKHH 3TOUYHH,
YMHCHHH TSDKKHMH 3JI0YMH YU HEOOEpexHHH 0co0JIMBO
TSDKKUH 3JI09MH, a TAKOXK Y pasi, K110 ocoba paHilie Bi-
n0yBaa rokapaHHs y BUJI 11030aBJICHHS BOJIi 32 YMHCHE
KpUMiHaJIbHE TPaBONOPYIIEHHS 1 10 morameHHs abo
3HATTSA CyAMMOCTI 3HOBY BUMHMJIA YMUCHE KpUMiHAJIbHE
[IPaBOIIOPYIIEHHS, 32 sIKe BOHA OyJia 3acy pKeHa 10 1103-
GaBJieHHSI BOJII) Ta TPHOX uBepTell (YMHCHHI 0COOIMBO
TSODKKUN 3JI0YHH, a TAKOK TIOKapaHHs, TpU3Ha4YeHEe 0C001,
SKa paHilIe 3BUThHSIIACS YMOBHO-JOCTPOKOBO 1 BUMHMIIA
HOBE YMHUCHE KPUMIHAJIbHE [TPABONOPYIICHHS MPOTATOM
HEBiZ0YTOT YaCTHHHU MOKApPaHHs) CTPOKY TMPHU3HAYEHOTO
CYZIOM ITOKapaHHS;

— cT. 82 KK Vkpainu — He MeHIlle TPEeTHHH, MOJI0-
BUHHM Ta JIBOX TPETHH NPHU3HAYEHOT'O CYJOM ITOKapaHHs
BiIIOBIIHO;
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—c1. 107 KK Ykpainu — He MeHILIe TpeTHHH (HeTs-
KKHIT 37I04YKH 1 32 HEOOCPEIKHHUHN TSHKKHI 3JI0YHH), TIOJIO-
BUHH (YMHCHHUI TSXKKHH 37I0YUH Yi HEOOEPEKHHIA 0c006-
JIUBO TSDKKUH 3JI0YMH, a TAKOXK, SKIIO 0c00a paHilie BiJ-
OyBaJia MoKapaHHs Y BHJII 030aBJICHHS BOJIi 32 YMHUCHE
KpUMiHaJbHE MPaBOTOPYIICHHS 1 10 moramieHHS abo
3HATTS CYIUMOCTiI 3HOBY BUMHMJIA Y Bili IO BiciMHa[-
IATH POKiB HOBE YMHCHE KpHMiHAJIbHE MPaBOIIOpY-
TIICHHS, 3a SIKe BOHA 3aCy/KEHa 10 T030aBIICHHS BOJIi) Ta
IIBOX TpeTHH (YMHUCHHU 0COOIMBO TSHKKUH 370YHH, a Ta-
KOX, SIKIIO ocoba paHimre BigOyBajia MOKapaHHA y BUI
1o30aBJieHHs BOJI 1 OyJ1a yMOBHO-IOCTPOKOBO 3BiJIbHEHA
BiJl B1IOYBaHHS MMOKapaHHs, aJiec 10 3aKiHIYCHHS HeB1I0Y-
TO{ YaCTWHM TIOKapaHHs Ta 10 JOCSTHEHHS BiCIMHAILS-
TUPIYHOTO BiKy 3HOBY BUMHHWIA YMHCHE KpHUMiHaJIbHE
MIPaBOIIOPYIICHHS, 32 K€ BOHA 3acyDKeHa JIo 1030aB-
JICHHS BOJIi) MPU3HAYECHOTO CYIOM MOKapaHHs y BUJI MO~
30aBienns Boii [12].

CKJIagHiCTh TaKUX PO3paxyHKIB Ta MOTEHIIIHI KO-
pyIIioreHHi (pakTopy 00YMOBIIOIOTH PU3UKH MOMUJIKO-
BOr0 200 CBiZIOMO HEeMPaBWJILHOTO PO3PAXYHKY IIparli-
BHHKaMH BHIIPaBHUX YCTAHOB BiI0YTOro 3acyIiKeHHM
CTPOKY MOKapaHHsI, 110 MOXKE NIPU3BECTH JI0 HECBOEYAC-

g il CRRacy MY OaDy sl £T, 1, 00 02 DT KO Fipupiesd

HOT'O YMOBHO-/IOCTPOKOBOTO 3BUILHCHHS BiJl BiIOyBaHHS
MOKApaHHs 3aCyKCHOro ab0 3aMiHU MOKapaHHs OiIbII
M’SIKUM Ta, SIK HAaCJIJJOK, MOPYLIEHHS IPaB 3acyIKeHOTO.

3 METOI0 HeJIOYIEHHS 3a3HaY€HHUX TOPYIIEHb, ITi]]
yac 37iMCHEHHs IepeBipok, Bu3HadeHnX Hakazom Ne
400, mpokypopamMH BHUBYAIOTHECS Marepialii 0COOOBUX
CTpaB 3acyUKEHHX, JUI MIATBEPIKCHHS MPaBIIBHOCTI
pO3paxyHKy (aKTHYHO BiZOYTOTO CTPOKY MOKapaHHS,
MIPU3HAYCHOTO CYIOM, L0 MOTPeOye 3amyIeHHS 3HAYHUX
JFOJICBKHX Ta YaCOBHX PECYPCIB.

BpaxoByroun 3a3HaueHe, 3 METOIO SIKICHOTO IIPOBE-
JICHHSI TIPOKypOpaMu NepeBipoK, BU3HaueHHX Hakazom
Ne 400, onTMaJIbHOrO BUKOPHCTaHHS pOOOYOro yacy Ta
npodeciiiHnX  pecypciB  aBTOpaMH  pO3pOOJICHO
KOMIT'FOTEpHY Hporpamy «ABTOMAaTH4HE OOYHCIICHHS
CTPOKY BiIOYTOr0 3acy/PKeHUM nokapaHus» (CBigourBo
PO PEECTpAIlil0 aBTOPCHKOrO IMpaBa Ha TBip BiA
12.05.2021 Ne 104528).

Komm’torepHa mporpama «ABTOMaTHIHE OOdmHC-
JICHHS CTPOKY BiZIOYTOT0 3aCy/KEHUM MOKapaHHsD» (Iai
— Ilporpama) 3abesmedye aBTOMATHYHE OOYHCICHHS
CTPOKY 3aCTOCYBaHHS 110 3aCy/UKEHUX CT.cT. 81, 82, 107
KK Vkpaiunu (puc. 1).
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Puc. 1. Iutepdeiic nporpamu: nons Ha Giomy GoHi, MO3HAYEH] 3HAKOM « », — 000B’SI3KOBI JUIS 3aTI0BHEHHS;
y NOJIsIX Ha cipomy (OHI JaHi BiJoOPaxaroThCsl aBTOMATHIHO
(y TOMy 4YHCIIi CTYMiHb TSHKKOCTI KPUMIHAJIBHOTO MTPAaBOMOPYIICHHS)

BHeceHHS TpOKypopoM (SIK KOPHCTyBa4deM) Bimo-
MocTeit 10 [Iporpamu 3MiHCHIOETHCS HA TIICTaBi JaHUX
0Cc0o00BOi CrIpaBH 3aCyPKEHOTO, HUIAXOM iX dikcarii y
BIJITOBIIHUX MHOJISX.

Jnst mepeBipKy MPaBUIIBHOCTI PO3PaxyHKY CTPOKY
MOKJIMBOTO 3acTocyBaHHs cT.cT. 81, 82, 107 KK Ykpa-
ium y Ilporpami miysiraroTb 3alOBHEHHIO JIMIIE JEKi-
JbKa NONIB 3 JIOTPUMAHHSAM Takol IOCIiJOBHOCTI:
mpi3BUIIe, iM’s, MO OAaThKOBI 3acyKEHOI 0co0wu;

MTOYATOK 1 CTPOK MIPHU3HAYECHOTO MOKapaHHS, KBaJidika-
i KPUMIHAIBHOTO TPABOMOPYIICHHS (32 HAUTSHKUOIO
crarrero KK Ykpainm).

[Ipu 3apaxyBaHHi 10 CTPOKY IIOKapaHHS CTPOKY I10-
MIEPEIHBOTO VB’ sI3HEHHS 3rinHOo 3 4. 5 ¢T. 72 KK Ykpainu
(y penaxuii 3akoHy Ykpainu Big 26.11.2015 Ne 838-VIII),
mo xaista 1o 20.06.2017, kopucTyBady HEOOXITHO TaKOXK
3anoBHUTH 010K «CTpPOK MONEpeHbOro YB’ I3HEHHS 3Ti-
aHo 3 4. 5 cr. 72 KK Ykpainu (y penaxuii 3akony Ykpainu
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Bix 26.11.2015 Ne 838-XIII), mio aisuta mo 20.06.2017.

B oxpemux Bumankax HeoOXiHA aKTHUBAIis TOAT-
koBuX (inbTpiB [Iporpamu, mo nepeabdavae BHECEHHS Bi-
JITTOBITHUX JAHUX:

— sIKIIo0 ocoba paHile BigOyBaa oKapaHHs y BUJII
mo30aBJICHHS BOJI 32 YMHCHE KpUMiHAJbHE IPaBOIIO-
PYILICHHS 1 0 TIOTameHHs abo 3HATTA CYAUMOCTI 3HOBY
BUYMHHIIA YMUCHE KPUMiHAIbHE IPAaBOIOPYIICHHS, 3a SIKE
BOHA 3aCyKeHa 10 TT030aBIICHHS BOJI — J0OAaTH TO3HA-
4Ky y moJi «Panime cyaumuiim;

— AKImo ocoba, SKy paHille YyMOBHO-IOCTPOKOBO
3BITLHCHO BiJl BiJOYBaHHS MMOKapaHHsS, 3HOBY BUMHHJIA
YMHCHE KpUMIHaJIbHE IPaBOMOPYLIEHHS MPOTATOM
CTPOKY HEBiJOYTOT YaCTHHHM ITOKapaHHs — J0JIaTH IT03HA-
4Ky y noii «ct. 71 KK Ykpainuy;

— AKII0 0co0a 3acyHKeHa 0 MOKapaHHs Y BHII 110-
30aBJICHHS BOJIi 32 3J104MH, BUNHEHUH Y Bili 10 18 pokiB
— monaTy mo3Hauky y moii «ct. 107 KK Ykpaiamy.

Ha ocHoBi BHecennx panux [Iporpama mBumako, To-
YHO Ta aBTOMATHYIHO 3JiCHIOE PO3PaxyHOK CTPOKY, BiJ-
TaK yCyBa€ «JIFOJCHKHH (DAaKTOp» Ta MOTEHUINHHI PU3UKH
37I0BXKMBaHb Ta 3al00irae MOMMIKOBOMY, CBIIOMO He-
MPaBUJIBHOMY a00 HECBOEYACHOMY OOpaxyHKy BimOy-
TOTO 3aCyPKCHUM CTPOKY ToKapaHHs. Ilicist BHECeHHs
BCiX (KOPEKTHHX) IaHUX IPHU HaTHCKaHHI KHOTKH «IIpo-

BECTU po3paxyHOk» IIporpama aBTOMaTH4YHO PO3paxo-
ByE€ (puc. 2):

— CTPOK IOKapaHHA 3 ypaxyBaHHsM 4. 5 cT. 72 KK
Vkpainu (y penakuii 3akoHy Bixg 26.11.2015 Ne 838-
XIII), mo nisna o 20.06.2017;

— BimOyTHil CTPOK;

— 3QJIUIIOK;

— 3aKiHYEHHS CTPOKY IMOKapaHHS;

— 3aKiHYCHHS CTPOKY 3 ypaxyBaHHAM 4. 5 cT. 72 KK
Vkpainu (y penmakmii 3akony Bim 26.11.2015 Ne 838-
XIIT), mo mistma go 20.06.2017;

—cr. 81 KK VYkpainu;

—ct. 82 KK VYkpainu;

— CTYIIIHb TSDKKOCTI;

— YaCTUHY CTPOKY IOKapaHHS JJIsl 3aCTOCYBaHHS
MIBIY;

— JaTy HACTaHHsI MiJIbIH;

— CTPOK IOTIePETHBOTO YB’ I3HEHHS 3T1THO 3 4. 5 CT.
72 KK Vxkpainu (y penmakmii 3akoHy Bix 26.11.2015 Ne
838-XIII), mo mistma mo 20.06.2017, BKIFOYHO HA ATy 3a
pilieHHSIM cyay (TIpy 3aIIOBHEHHI BiIITOBIIHOTO TOJIA);

— YaCTHHY CTPOKY TOKapaHHS JJIs 3aCTOCYBaHHS
miibry 3 ypaxyeanssam 4. 5 ¢r. 72 KK Ykpaiuu (y pena-
kuii 3akony Bix 26.11.2015 Ne 838-XIII), mo misia 1o
20.06.2017 (mpu 3amoBHEHHI BiAMOBIIHOTO MOJIS).

Cluncnarra cTpory sacrocysanea cr. cr. 81, 82 KK Yipaimm

NP REMUCHONN KHODRY (30

Mpizamie A no baTsncai I Inance Bacinu SacunLocks

CTPOK NOKDPRH-A 3 PR Mic, K. pospaxyHows Npoepava
> B v YPEXySaHnm <. 5 I —_— S S

Aara peapaxyrsy 15.01.2021 ZB 72 KK YipaHn [ 5 ) [ 13 JaKHuUeHES CTPOKY I 14.04.2022 aOmMaMamuUUIQ FOIpaNDaYS
nnxnpm—pu HOUmpIMInonan:

MICMATOR CTDONY % CITPUN 3 YPOXYEOHNRY

1410 BigdyTo

naEERRNE L 14.10.2016 ay 4 3 1 W 5 cm. 72 KK Yxpainu;

< K M. e JariHueHrs CIpoRy 36 Z

MIps@k2 2HNE OYa0M I— - - [—[—— ! e - GidBymo;

CTPOK NoKapals; 5 o SRMLON 1 z ‘ 12 Hﬂuhpﬂl-uﬂ ? I 27(3'20‘2 JGnUwon;
ypaxysarom UL 5 -

Z T, 72 KX Y‘mﬂl“v = STUNMYEHMA CTTIDOKRY
Cratra &K Yipasn l 121 Macr.*t [ 2 NOKOPAHHA;

TOPAIKOBKA HOMEP 32rmCy
f Gast nporpamk

T

)’-VU’.‘U NOPENMNOND oeseror
dorux) =fpoeecmu

mponacTe e

I™ posiwe cppmnis 1T o7, 71 XK Ypalkm ™ e, 107 KK Ypaa

fara wecranns
AnaTH

Crymre o Hecrima crpory Mosapannn

ANR 3DCTOCYSAHHS TINaTH

i,

1. 81 KK Yogainn [ 14.00.2020

<1, 82 KK Yapainn

CTPOK RONANAAKEATD YA'AZHANNS AFKE 3 4. 5
<1, 72 KK Ygsainn (y pea. g0 20.06.2017)

[ oxmodno I ":‘[ 01.11.2016

m | T

3 [14.10.2018

[T o s ‘

|

Ipozpava aamoxamuuno poipaxosnc
MACTNAS COPORY G QG HOCIRARMA Siliod

ATRMNOHAR CIPOKY 3
yROXyeansamy, 5 am. 72 KK
4 A¥rpou (y ped, 8o 20.06,2017);
- em. 81 KK Yvpawu;
- €M, 82 KK Yxpawu;

Cmyniie MANNOCMY
- WOLITHIMO CDORY IONUDOHRA
(AAA 3GCMOCYSONHA MiNbal,

|
{
| pospagHok

Qara necrannn
AsTH

Hactume CTPOKY NOKSpaNEN L
EDCTOCYBARHA Pl 2
yPaxyuarrom 4. 3 cr. f2 KK Yeparm

Fix Mic. a4,
—— e ———— 50.'0: HOCMOKHSE Miahau,;
3 I 7 13 YOCTIUMNO CTIDONY IONTPOHEN
P— I-“—‘ "'l"‘ 08 20CMOCYSOMMHA NiAbeU 3
2 B = YOOXYRAHNAMY. 5 em, 72 KR
Vipawio Vipov (v ped. fo
20.06.2017);
. .

- W, 5em, 72 RN Yxpaiwi
EXNROUHD RO dOMY 30 PRUEHHA
cydy (npu aonaexeslnoned)

- Vipowio (y ped. do 20.06.2017)

Sl nepiod mpicvaxys piod
IO (50 HaReHOC )

Cmpox norepedusoca
JeRswen

Jazamswd empax
| RONEPEONSEC0 Va RINENNA
v dnax

Puc. 2. IIporpama y it

Takum umHOM, [Iporpama BH3HAYa€E MaTy MOMKIIU-
BOT'0 3aCTOCYBaHHS 0 3acymxkeHoro cr.ct. 81, 82, 107
KK Ykpainu.

3a pe3yabpTaTaMy NPOBEACHUX PO3PaXyHKIB QYyHK-
mioHau [Iporpamu Haiae MOXKIIMBICTb 30€pEKEHHS KOPH-
CTyBaueM OTPUMAHOI0 pe3yJbTary Ta JAPYKYy HOro BU-
ATy (pHcC. 3), a TAKOK BEICHHS e-KypHaiy (puc. 4).

Bkazana cTaTTsl pO3IIIAAAETHCS B ACMEKTI HArsIy
MIPOKYpOpa, pa3oM 3 TUM 3a3HaYNMO, 1110 3AIPOBAPKEHHS
JIaHOT IIPOTpaMHM B yCTaHOBaX BUKOHAHHS IIOKapaHb Y Kpa-
{HM HaJIacTh MOMJIMBICTH, TO-TIEpIIE, MEPEHTH 1O Be-
JCHHS e-)KypHaIy, Mo-ApyTe, 3MiCHIOBATA MaHIIMyJIAIIIT 3
PO3paxyHKy CTPOKiB B aBTOMAaTHYHOMY DPEXHMi, y TOMY
YHCII 3 BUKOPHCTAHHSM BKIIAJIKH «HAralyBaHHsD.
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O{4ucIcHAA CTPOKY 3aC¢TOCYBaHHEA CT.CT. 81, 82, 107 KK Ykpainn
Ipizenme, im’s no HarLKogi Iganos Bacnar Bacninnosny
Crpok iokapaHHs 5: Pt 6 mic. JIH.
TToyarok cTpoOKY MOKapaHHA 14.10.2016
Jarta po3paxyHKy 15.01.2021
CTpoK BLAOYTOTO MOKapaHHs 4 p. 3 wmic. 1 au.
3aKiHYICHHS CTPOKY HMOKapaHHs 14.04.2022
CTpoK MoKapaHua 3 YpaxyBaHIAM 4. 5 ¢T. 72 - : :
PR TORApS YPaRTD: 5 p. 5 Mic. 13
KK Vipainu
3aKiHYCHHA CTPOKY MOKAPAHHA 3 YPaxXyBaHHAM :
R IR RS 27.03.2022
u. 5 e 72 KK Yepainn
Crarm KK Vipaizn cT. 12142
CTyTIiHE TAXKKOCTI T
Yactuna crpoxy noxkapauus 1o ct. 81 (et 107 . :
cofe ) ey ST ( ) 23 3 p. & Mic. 0
KK Ykpainu
Jara nacrang nijisry 14.06.2020
Yacruna crpoky nokapanss jo cr. 81 (e 107 : .
SHCTIE CTpOKY IR EE N ASE I N 23 3 p. 7 Mic. 13 am.
KK ¥kpuinn 35 ypaxysanasm 4. 5 ¢r. 72 KK Yipainn
ATA NACTANNA THALTH 3 VPAXYBRANIAM . 5 c1. 72
Hara i ypaxy 27.05.2020
KK Vkpainn
YacTuua CTPOKY IMOKAPaHHA J0 CT. 82 ; -
£ 172 2 p. 9 mic. 0 :
KK Vkpainu P o
JaTa HacTaHHA NLIETH 14.07.2019
Hacruna crpoky nokapanus j1o cr. 82
KK Vkpainn 3 ypaxypanmam 4, 5 ¢t 72 12 2 p. 8 mic, 12 am.
KK Vkpainu
aTa HACTAHHA MLUTETH 3 YPaXVBaHHAM 4. § ¢T. 72 o
flatesier Ypaxy 26.06.2019
KK ¥kpuinn
CIPOK HONCPCAHBOLO YB WSHCHH 3114H0 3 4. S ¢1. 72 :
Lol i ' 3 14102016 w0 01.11.2016
KK Vkpainu
CTpoK NONepeIHLOro YB' A3HeHHA IriIHO 3 4. 5 ¢T. 72 3 .
KK Ykpainu (iHumii nepiog) '
3arabHHIL CTPOK MOTEPEHBOIO VB A3HCHHA i
Puc. 3. Butsar 3 I[Iporpamu
A 8 [ ¢ D £ £ G H 1 J k[ L[m N o[rfalRr s T % W S
Hoswii pospaxyHok Nepernag sanucis
1
wn 00uCTeHET —|cymoami | 71 107 _ ) CIpOKY 81 ) : ) ) TIECH (33TK)
3 TOKapaHHT Cr. | Yact | Crymise Pix |Mic|da. Pix (Mic| Ju TWH | Pik A =|
4 1||Izanos Bacis Bacimsosid 14.10.2016] 15.01.2021) 121 2 T 5 6 14.04.2022] 23] 3| 8 0] 14.06.2020) 3 13|  27.05.2020
5
]
7 -
3
9
10
1
12
13
14
15
16 =
W 4 » ¥ | List Spisok ~ HcTpykuin Blank %3 mﬂ M LA
roreso | 3 | ‘[@@E 85% (=) [ (¥)

Puc. 4. «E-xypnam»
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BucHoBKH

CydacHHH CTYTIiHB PO3BHUTKY iHPOPMAmiHHUX TeX-
HOJIOTi Halae MOXIUBICTh aBTOMATH3yBaTH CaMOIIOB-
TOpIOBaHI MaTeMAaTHYHIi Ta JIOTiYHI omeparii, o 3acTo-
COBHE, B TOMY YHCJIi, IO HarJsLy MPOKypopa 3a Donep-
YKaHHSM 3aKOHIB IIPH BUKOHAHHI CYZOBUX PIIIeHb Y KPHU-
MiHQJIFHUX CIIpaBax.

CTBOpEHHs CHeLiali30BaHUX aBTOMATH30BaHUX
SJICSKTPOHHHUX AJITOPUTMIB Ha OCHOBI HOPM 3aKkoHy Ta 3
ypaxyBaHHAM NpPaKTHYHHUX HalpalloBaHb HajJae opra-
HaM MpPOKYypaTypH e(pEeKTUBHHUN Ta HeylepeKeHHH 1H-
CTPYMEHT IIPaBO3acTOCYBaHHSI.

Pexomengamii

B ymoBax TpuBaro4mx mporeciB mudposizarii kpu-
MiHaJIBHOT FOCTHIII Ta 3 ypaxyBaHHAM HEOOX1THOCTI ONITH-
MaJIbHOTO BUKOPHCTAHHS OpTaHaMHM IIPOKYPaTypH JTIOJCh-
KHX Ta 9aCOBHX PECYpCiB, IOIJIFHE CHCTEMHE BIIPOBa-
JUKEHHS pO3pOOJICHOT aBTOPaMU KOMIT FOTEPHOI IPOTPaMu
«ABTOMaTHYHE OOYHCIICHHS CTPOKY BilOyTOTO 3acymKe-
HUM mokapaHHs» (CBIIONTBO MPO PEECTPALI0 aBTOP-
cbKkoro mpasa Ha TBip Bix 12.05.2021 Ne 104528) six ede-
KTHBHOTO Ta HEYIIEPEPKEHOT0 IHCTPYMEHTY IpaB03acTo-
CYBaHHsSI IIOZ0 aBTOMAaTUYHOTO OOYMCIICHHSI CTPOKY 3a-
CTOCYBaHHS 70 3acymxeHux ct.cT. 81, 82, 107 KK Vkpa-

{HM i 9ac TPOBEACHHS MPOKYPOpaMH BiAMOBITHUX Ie-
peBipok B mopsaky cT. 26 3Y “IIpo mpoxypatypy”.
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Implementation of the e-system during the monitoring of observance
of the laws in the conditional and early release of convicts
from the punishment or its substitution to a lesser one

A. Stolitnii

Abstract. The relevance of this study is due to the complexity of calculating the terms of early release from serving a
sentence and commutation of the unspent part of a sentence to a milder one. It is noted that potential corruption factors cause the
risks of erroneous or deliberately incorrect calculation of the sentence served by a convicted person by correctional officers, which
may lead to untimely early release of a convicted person from serving his/her sentence or commutation of the sentence. The author
points out that the current level of development of information technology makes it possible to automate self-repetitive mathemat-
ical and logical operations, which is applicable, inter alia, to the prosecutor's supervision over the observance of laws in the execu-
tion of court decisions in criminal cases. The author emphasises that the creation of specialised automated electronic algorithms
based on the provisions of the Law of Ukraine "On Public Prosecution™ and taking into account practical developments provides
the prosecution authorities with an effective and impartial law enforcement tool. The author describes the functionality and princi-
ples of operation of the computer program "Automatic calculation of the term of sentence served by a convict" (Certificate of
copyright registration for a work dated 12.05.2021 No. 104528) developed by the authors, which ensures automatic calculation of
the term of application of Articles 81, 82, 107 of the Criminal Code of Ukraine to convicts. It is concluded that in the context of
the ongoing digitalisation of criminal justice and given the need for optimal use of human and time resources by prosecutors, it is
advisable to systematically implement the developed computer program as an effective and impartial law enforcement tool for
automatic calculation of the term of application of Articles 81, 82, 107 of the Criminal Code of Ukraine to convicts when prosecu-
tors conduct relevant inspections in accordance with Article 26 of the Law of Ukraine "On Prosecution™.

Keywords: prosecutor, supervision, punishment, parole, replacement, term, calculation, automation.
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KOMITO3UIIMHI BE3CBUHIIEBI MATEPIAJIA
JJIA 3BAXUCTY BIA IOHI3YIOUUX TA HEIOHI3YIOUYNX
EJIEKTPOMATI'HITHHUX ITOJIIB TA BUITPOMIHIOBAHb

AHoTanisi. Po3pobieHo # mociimpKeHo 3aXUCHI BIACTHBOCTI MaTepialliB /I eKpaHyBaHHs HEIOHI3YIOUHX Ta 10HI3YIOUHX
€JIEKTPOMATHITHUX TIOJIB 1 BUIIPOMIHIOBaHb, IPUTAMaHHUX MeIMYHOMY oOyaqHanHIo. [TokasaHo, 0 cTanioHapHi MarHiTHI
TIOJIS TOUUTEHO €KpaHyBaTh aMOp(GHIMH KOOAIbTOBUMH Ta KPUCTATIYHUMH 3aJ1i30-HIKEJIEBUMH CIITIABAMH Mol TOBIIUHY.
Ix koMGiHanis 103BONIsE yHUKATH 3a/eKHOCTI KoedillieHTa expaHyBaHHs BiJl HATIPYKEHOCTi MarHiTHOTO noJs. Po3po6ieHo
1 TOCHIKEHO 3aXHMCHI BIACTUBOCTI KOMITO3HLIH Ha OCHOBI JIATEKCY Ta Cynb(aTy 0apito [uisi eKpaHyBaHHS PEHTI€HIBCHKOTO
BUIIPOMIiHIOBaHHs. BcTaHOBIEHO, 1110 32 TOBLIMHH MaTepialy 5 MM MOXIIHBO OTpUMaTH KoedilienTn ekpanyBanus 1,4 — 5,8
y 3aJISKHOCTI BiJf BMiCTY HamoBHIOBa4a. Po3po06ieHo i JOCTiIKEHO 3aXHCHI BIACTUBOCTI KOMIIO3UIIIH Ha OCHOBI JIATEKCY i
OKCHJY BOJb(paMy UIsl eKpaHyBaHH: raMa-BUIIPOMiHIOBaHb. BU3HAUEHO, 1110 3a TOBIIMHH MaTepialy 5 MM MOXKIUBO OTpH-
MaTH KoedimieHTHn ekpaHyBaHHs 1,1 — 3,8 y 3ayie)XHOCTI Bil BMIiCTy ekpaHyrouoi cyOcTaHiii. BMmicT cynmbdary Gapito Ta
oxcuy Bosbdpamy y 30 % 3a Macoro He BIUIMBA€E Ha OJJHOPIAHICTh MaTepialiB Micis BUCHXaHHs. Po3TpickyBaHHS OBEPXOHb
He BusiBIIeHO. [lepeBaroro oTpUMaHMX KOMIIO3HUIIN € MOXKJIMBICTh X HAHECEHHS Y piIKoMy cTaHi. BunpoOyBaHHs aare3us-
HUX BJIACTHBOCTEH CyMillledl IpM HaHeCeHHI Ha OETOH Ta TIlCOKapTOH CBigYaTh NPO IX BIAIOBIJHICTH BHMOTaM
JCTY ISO 2409:2019. Lle no3BoIsie HAHOCUTH CyMIIlli Ha HOBEPXHi Oy 1b-9K01 (JOPMH y KiJIbKa IIAPiB, 110 A€ 3MOTY Pery-
JIOBAaTH KOe(ilieHTH eKpaHyBaHH y 3aJIKHOCTI Bil paialiifHOT Ta eIeKTpOMarHiTHOI 00CTaHOBKH.

KnaouoBi croBa: xommno3uniitHuii Marepiai, ioHi3yroue, HeIOHI3yl04e BUIIPOMIHIOBaHHS, KOS]ILliEHT eKpaHyBaHHSI.

Beryn

VY cy4acHMX yMOBaxX 0arato yBaru MpUIiIAETHCS
PO3pOOICHHIO i JOCIIIKEHHIO €(pEeKTUBHOCTI 3aXUCTY
BiJl BIUTMBY 1OHI3yIOUHX Ta HEIOHI3YIOUHX EJIEKTPOMAarHi-
THHX I10JIiB Ta BUNIPOMIHIOBaHb KOMITO3UIIIITHUMH Mate-
piasamu. Ile NOsSICHIOETBCS, y TIEPILY Yepry THUM, IO JIKe-
pelia TakMX BUIPOMIHIOBAHb ITUPOKO 3aCTOCOBYIOTHCS Y
JIarHOCTUYHOMY Ta JiKyBaJbHOMY OOJIaJHAHHI 3aKIIa/IiB
OXOpOHH 370poB's. [Ipy bOMY CHEKTp TAKHX IOJNIB Ta
BHITPOMIHIOBAaHb TYXKE ITUPOKUHA — BiJ] MATHITHHUX TIOJiB
HYJBOBOI YacTOTH (MarHiTHO-PE30HAHCHI ToMmorpadu)
JI0 9acTOT raMMa-TIpOMEHiB (TpoMeHeBa Tepartist). [Ipu
bOMY Y 0araTboX MEIMYHHX MPUCTPOSIX BHKOPHCTOBY-
€THCS OJIHOYACHO KIJIbKA JDKEPEIT eJIEKTPOMarHiTHUX I10-
JIiB Ta BUMPOMiHIOBaHb. OCOOIHBICTIO OY/1h-SIKOT'O MEIH-
YHOTO 00JIaJHaHHSI € Te, LII0 YaCTHHA BUIIPOMIHIOBAHHSI
€ TMapa3uTHUM, TOOTO TaKKUM, IO MOLIKPIOIOTHCS Y cepe-
JOBUII 1032 (QyHKIIOHAIBHOIO 30HOK. bararo jikyBa-
JIbHUX Ta JIarHOCTMYHUX YCTaHOB PO3TAIIOBAHI y YKHT-
noBUX OyIUHKax, /1€ 3aCTOCYBaHHS MarepialliB i3 BMic-
TOM CBHHITIO 3a00poHeHO. KpiM TOT0, 3aXUCHI CBHHIICBI
KOHCTPYKIIi MaloTh BEJIMKI MacorabapuTHI mapaMmeTpH,
IO YCKJIQJHIOE TEXHOJIOTII X MOHTaxy. BpaxoByroum
BHCOKY TOKCHYHICTh CBHHIIIO, iCHY€ TEHJEHIsI po3po0-
JICHHSI 3aXMCHUX MaTepiaiis Oe3 ioro Bmicty. HaBenene
3YMOBJIIOE aKTYaIbHICTh TEMHU JOCITiIKEHHS.

CyuacHuii cTaH MUTAHHSA

VY sKoCTI MaTepiaiiB I BUTOTOBJICHHS 3aXHCHUX
€KpaHiB BiJl I0HI3yI0UOT0 Ta HEIOHI3yI0UOT0 BUIIPOMIHIO-
BaHHS Jejaii Oijbllle HayKOBII 3BEPTAIOTH yBary Ha
KOMIIO3HUIIIIHI MaTepiaid, sSKi CKIaJaloThCs 3 MATPHIL i
HATIOBHIOBaYa, IO BHU3HAYa€ €(EeKTUBHICTH EKpaHy-
BaHHJ, Ta € 0OCTATHHO e()EKTUBHUMH IIPH HOMIPHHUX Ma-
TepiabHUX 3aTpaTtax. JlogaBaHHs 10 TOJIMEPHOI MaT-
PUIIi cTIemiailbHUX HAIlOBHIOBAUiB, TakuX sik BaBisO [1],

Bi»03 [2], BaTiO3 ta CaWOy [3], PbCl; [4], CdTe [5],
WC [6], WOz [7], Gd2(504)3 [8], BaSO4, BizOs Ta W03
[9] moxkpariye 3aXMCHI BIACTUBOCTI KOMITO3HUIIIHHUX Ma-
TepiajiB A eKpPaHyBaHHSA 10HI3yIOUOTO BHIIPOMIHIO-
BaHHA. AJle OUIBIIICTD 3 TaKMX KOMIO3UTIB MAalOTh BH-
COKY cO0iBapTiCTh, MOACKYAH MAIOTh HU3bKY MEXaHITHY
MIIHICTh Ta e()EKTUBHI JIUIIIE IJIsI 3aXUCTY BiJl raMMa-BH-
NPOMIHIOBaHHS HU3bKUX CHEPTiH.

[lono ekpaHyBaHHS €JIEKTPOMArHITHUX BUIPOMIHIO-
BaHb HEIOHI3YIOUMX €HEepriil, 0co0JIiBa yBara HayKOBISIMH
NPUIUIETHCS KOMITO3UIIIHIM MatepiajiaM Ha OCHOBI T10-
JIMEPHUX MaTpHIb HAIIOBHEHHX AWCIEPCHUMH ByTJIele-
BAMH HaHOCTPYKTypamu [10], 30kpemMa TakKuMH SK OIYHTIT
Ta TeXHIYHUH Byriens [11], npiGHoaMCTIEpCcHIM TpaditoM
i rpaditrzoBaHoOIO caxero [ 12], rpadiTOBUMH IIACTIBISIMU
[13]. EdexTuBHICTh TAKHX 3aXMCHUX KOMIIO3UIIHHUX Ma-
TepiaiiB BBAXKAETHCS IIUTKOM MPUHHITHOO JJISI 3aXHCTY BiJl
HEIOHI3yI04Or0 BUITPOMIHIOBAHHSI, OJJHAK 31 3MEHILICHHSIM
TOBILMHH 3aXHCHOTO MOKPUTTSI, 3aXHCHI BIACTUBOCTI TAKUX
KOMITO3UTIB 3MEHIIYIOThCS. Tako 3a3HadeHi MaTepiay €
Hee()eKTUBHUMH JUIsl TIOTJIMHAHHSI EJIeKTPOMArHiTHUX BH-
MIPOMIHIOBaHb 10HI3YIOUHX SHEPTiil.

3Ba)kalo4M Ha Te, IO €JIEKTPOMArHITHI BHIIPOMI-
HIOBaHHS HEIOHI3YIOUMX Ta 10HI3YIOUHMX EHEprii Jacto
CHHXPOHHO CYNpPOBOJJKYIOTH HAac y pi3HHX cdepax
KHTTS, 30KpeMa y MeJIMUHIN Tary3i, JOIIbHAM CTa€ 3a-
BJJaHHS BUTOTOBJICHHSI €KPAHYIOUMX MaTepiaiiB Juls 3a-
XHUCTY OJHOYACHO BiJI HEIOHI3yIOYOro Ta iOHI3yIOYOTro
€JICKTPOMArHiTHOIO BUIIPOMiHIOBaHHS. JocsrHeHHs 3a-
3HaYeHOI METH 3alpOIIOHOBAHO Y AOCIHiIKeHHAX [l4,
15], me y SIKOCTi 3aXHCHOTO MaTepialy 3aCTOCOBYBAINCH
moJtiedipHi KOMITO3UTH, apMOBaHi (pepoxpomMomM Ta Hio-
6ieM. [Ina mpuckopeHHs peakuii moxiMepu3amii y BHXi-
ITHI KOMIIOHEHTH HEOOX1IHO BBOANTH JOJATKOBI XIMIUHI
CHONyKH (IPUCKOPIOBAdi, iHIMIaTOPH, MOMAHTH), IO
YCKJIaTHIOE€ TE€XHOJIOTII0 BUTOTOBJICHHS T € JOCHTH JO-
pOTrOBapTICHHUM.

© Tuxenko O. M., 3o3yms JI. A., 3o3yns C. B., 2024
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Meta podoTu — po3poOIICHHS i AOCIIKEHHS 3a-
XHMCHHMX BJIACTUBOCTEH KOMITO3MLIIHMX MaTepiajiB JUIs
eKpaHyBaHHS HEIOHI3YIOUNX Ta 10HI3YIOUHMX eJIEKTpOMa-
THITHHX TOJIB Ta BUIPOMIHIOBaHb.

Bukaan ocHoBHOro MaTtepiaay

JlocmimkeH s 3aXUCHUX BIIACTHBOCTEH MaTepiaiiB
BUKOHYBAJIOCS 32 JIONOMOT'010 IIOBIpEHOT BUMIPIOBaIBHOT
arnaparypH.

BumiproBaHHsl CTalliOHApPHUX MAarHiTHUX IOJIB
sniiicHioBanocss mpwiagom MTM-01. BumiproBaHus
LIIJIBHOCTI TIOTOKY €HEPTii eIEKTPOMAarHiTHUX MOJIB yITb-
TPABUCOKUX YaCTOT 3[iHCHIOBAJIOCS BUMIipIOBadeM Ha-
MIPY’KEHOCTI eNeKTPUIHNX Ta MarHiTHUX momiB [13-31.
BuMiproBaHHA iHTEHCHBHOCTI PEHTTCHIBCHKOTO Ta Ta-
MMa-BHIIPOMIHIOBaHHA  3IIMCHIOBAJOCS  IPHIIAIOM
CPII-88.

JlkepenaMu PEHTTCHIBCHKOTO BHIPOMiHIOBaHHS
OyJlM CTaHAapTHI PEHTTeHIBChKI TPYOKH MEAUYHOTO
MpHU3HAYCHHS 3 Hampyramu Ha Tpy6ii 60—150 kB (50—
150 xeB). xxepenamu rama-BUIIPOMiHIOBaHHS OyIH Jia-
OoparopHa ycraHoska 3 mxepenoMm °Co (2,82 MeB) Ta
npoMucioBuil  nedekrockon «l'amapin» 3 JKepenom
192]r (0,38 MeB). JIepenoM cTal[ioHapHOrO MarHiTHOrO
noJst Oyna JOCHiTHHIBKA YCTAHOBKA 3 MaKCHMAIILHOKO
iggykmiero MaraitHoro nong 0,98 Ti. Metonuku BuMi-
PprOBaHb BUKITIOYAIH TPOHUKHEHHS TTOJIIB Ta BUIIPOMiHIO-
BaHb 11032 3aXHCHAM eKpaHOM. Jl0CIIiDKeHHS BUKOHYBa-
JIMCSL TTOCITIZIOBHO VISl CTAIIOHAPHOTO MarHiTHOTO MO,
3MIHHUX €JICKTPOMAaTHITHUX IIOJIiB Ta iOHI3YIOUHX BH-
npoMiHioBaHb. KoedilieHTaMu ekpaHyBaHHS BBRKAJIUCS
BiJTHOIICHHS 3HAYCHHS MOJIsI a00 BUIIPOMIHIOBAHHSI JKE-
pelia 10 MOKa3HKUKA y 3aXHIICHIN 30HI. 3 METOIUYHOT TO-
YKU 30pYy HAHOLIBII CKJIAAHOIO 3aJa4Cl0 € 3aXHCT Bij

Ke

BIUIMBY CTalliOHAPHOT'O MarHiTHOro noJis. Taxi moss re-
HepYIOThCS 00J1aJHAHHSIM MEINYHOTO NPU3HAYCHHS (Ma-
THITOpEe30HaHCHUI ToMorpad Ta iH.) i MiCbKHM €JIeKTpH-
YHUM TPAHCIOPTOM. MarHiTOCTaTHYHHUI 3aXUCT MOJISIrae
y UIyHTYBaHHI MarHiTHOTO NOJst ()epOMarHiTHUM Marte-
piasmoM. BoHo nosrae y 3aMiKaHHI CHIIOBUX JIiHIN ¥ Ma-
Tepiaii 3 HU3PKAM OIIOPOM MAarHiTHOMY ITOTOKY. ToOTo
e(eKTHBHICTh €KpaHyBaHHS MPSMO IIPONOPIiHA MarHi-
THI IPOHUKHOCTI Martepiajia eKpaHa Ta 3BOPOTHBO IIPO-
MOpIIiifHa IO ITOTIepeYHOro mepepisy. 3a ¢pikcoBaHol
IUIOII eKpaHa KPUTHYHOIO € HOTO TOBIINHA.

VY 3arajbHOMY BHIIQJIKy €KpaH NOBHHEH OyTH reo-
METPUYHO 3aMKHEeHUM. Lle x cTocyeThes KBasicTanioHa-
PHHX IOJIIB TPOMHUCIIOBOT YaCTOTH. AJie 3HAYHE eKpaHy-
BaHHS JOCATaeTbcs M Oe3 BUKOHAHHS L€l yMOBH, IO
00yMOBJIEHE BUHUKHEHHS TPAJIEHTY MarHiTHOI IPOHMK-
HOCTI MO TOBIUMHI Marepially y 30BHIIIHBOMY MarHit-
HOMY TIOJIi.

['07I0BHOIO YMOBOIO €()EKTUBHOCTI 3aXHCTY € Be-
TIMKi 3HAYEeHHS BUXiTHOI MarHiTHOI mpoHUKHOCTI. Taxiit
YMOBI BiATIOBiIalOTH IepMaioi Ta aMmopdHi (hepomarHi-
THI CIIaBH.

Henosikom nepmaoiB € KpUTHYHA 3aJIeKHICTh Ma-
THITHOT IPOHUKHOCTI Bia aedopmarii. AMopdHi criaBu
11030aBJIeH] IIbOT0 HefoiKa. Y 0araTbox BUIAJKaX Mar-
HITHA IPOHUKHICTh KPUTHYHO 3aJICKUTh BiJl HAMPY KEHO-
CTi 30BHIIIHBOTO MarHiTHOro moisi. ToMmy ajst ekcriepu-
MEHTIB Oysi0 00paHo aMOp(HUIi CIUIaB Ha OCHOBI K0oOa-
16Ty (BMicT KobaieTy — 1o 80 %, TOB «Menray, Ykpa-
iHa) Ta crutaB Hikemro 1 3amiza (80 % Tta 20 % Bimmo-
BiJIHO).

Bysno BU3HAYCHO 3aXMCHI BJIACTUBOCTI HAaBEICHUX
CIUIABIB y 3aJIGHOCTI BiJ HANPYXEHOCTI 30BHIIIHHOTO
MarHitHoro mous (puc. 1).
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Puc. 1. 3anexHicTs KoedimieHTa eKkpaHyBaHHS aMOP(HOT0 KOOAIBTOBOTO Ta 3aJ1i30-HIKEIEBOTO CILIABY
BiJI HAIPY>KEHOCTI CTAI[lOHAPHOTO MarHiTHOro noss. ToBmuHa expaHiB 200-250 MxkM

HageneHi Ha puc. 1 3axXUCHI 3ale)KHOCTI 00yMOB-
JIeH1 3aJIeKHICTIO MarHiTHUX MPOHUKHOCTEH Bix HAmpy-
KEHOCTi EKPaHOBAHOTO TIOJIS.

BuxinHi Mar"iTHi IPOHUKHOCTI KOOANBTOBHX CIUIA-
BiB ckiagaroTh 9000-10000, 3ai1i30-HIKEIEBOIO CILIABY —
800-900. Tomy 3acTOCYBaHHS METAJIOMOJIIMEPHAX KOM-
TTO3UTIB JUI €KpaHyBaHHS CTAIllOHAPHUX MarHiTHHUX IO-
7B pobiemMaTnyHe.

BpaxoByroun, M0 Mar"iTHa MPOHUKHICTE KOMIIO-
3WTY Ha OCHOBI Maruetuty (BMmict 60 % 3a Macoro y mo-
niMepHill MaTpuili) He nepesunrye 3,0-3,2, g expaHy-
BaHHS TaKHAX II0JIIB TOBIIWHA 3aXUCTy IMMOBHHHA 6yTI/I HE
MeHIoxo 3a 1,5- 2,0 cMm.

3axuCHI BIACTUBOCTI KOMITO3WTY Ha OCHOBI MarHe-
TUTY Ta TOJIIMEPY Yy 00JIacTi HAHNU3bKUX Ta YIBTPAaBUCO-
KHX YacTOT JIOCTATHI JUTs CKPaHYBaHHS CICKTPOMArHITHUX
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TIOJIIB, 3aPEECTPOBAHUX HA POOOYMX MICLSX MEPCOHAIY 3
0o0CIIyroByBaHHs MeAWMYHOrO oONagHaHHs. BumpoOy-
BaHHS MaTepialliB HA OCHOBI MarHETUTY TOBIIMHAMHU 5 Ta
10 MM 3 BMicToM MarHeTuty 60 % y moniMepHii MaTpuii
HaBezieHo y Tabu. 1.

Tabauys 1 —3anexHicTb KoeilieHTIB eKpaHYBaHHS
MATHITHOI'0 M0JI IPOMUC/I0BOI YaCTOTH
i €JIeKTPOMATHITHOIO M0JIs YJIbTPABUCOKOI
YaCTOTH Bi/i TOBIIMHHU METAJIONO0JIMEPHOIo
MmaTepiany (BMicT Marneruty 60% (mac.)

ToBmmuHa, Koedinient ekpanyBanus, B.0J.
MM
50 I'g 2,6 I'Ty
5 14-16 22-24
10 28-30 24 - 26

Sk BumHO 3 Tabm. 1, KoedilieHTH eKpaHyBaHHS J0-
CTaTHBO BHCOKI, aJic He3HAYHA 3AJICKHICTh CPEKTHBHOCTI
eKpaHYBaHHS EJICKTPOMATHITHOTO IOJIS YJIbTPaBHCOKOT
YaCTOTH BiJ] TOBLLIMHH €KpaHa CBiJUUTH PO MEePEBaXKHUI
BHECOK Yy 3aX¥CHI BIACTHBOCTI BiJOUTTS €IEKTPOMATHIT-
HUX XBWIb. He3Baxkarouu Ha Mally eJICKTPOIPOBIIHICT
MarHeTuTy, KoeilieHT BiJOUTTS BUCOKHH 4epe3 Bellu-
KW BMICT METaJICBOi CyOCTaHIII1.

Jliist po3po0IieHHST MaTepialiB, 10 EKPaHyIOTh PCH-
TreHIBChbKE BUIIPOMIHIOBaHHS MaJIMX 1HTCHCHBHOCTEH Y
SAKOCTI HalOBHIOBaya BHKOPHCTOBYBaBCS Cyibdar 0Oa-
pito, a MaTPUII — PIAKHIA JTaTeKC.

[lepeBaramu 1uIX MaTepiaiiB € iXHS €KOJOTIYHICTb,
TOOTO BiICYTHSI HEOOXiTHICTh BU3HAUCHHS MOXKIHBOCTI
iX 3aCTOCYBaHHS y JXKUTJIOBHUX OY[IIBIAX IS BHYTpIII-
HbBOT'O OOJIMILIOBaHHS OKPEMHX MPUMILICHb, 2 TAKOXK Y
3aKJajax OXOPOHHU 370pOB's. Byso BUroTOBIEHO 3pa3ku
3aBTOBIIKH 5 MM 13 MacOBUM BMICTOM CyJib(haTy 0apiro
10, 20, 30 % 3a macoto. Pe3ynbraTt BUNpoOyBaHb HaBe-
JIeHi y Tao. 2.

Tabnuys 2 — 3anexHicTs KoedinicHTa eKpaHyBaHHS
PeHTreHiBCLKOro BUNPOMiHIOBAHHS
Bil BMicTy cyabsdarty 6apito
y moJiiMepHiii MaTpuui

BmicT HanoBHIOBa4a, % | KoedinieHT ekpaHyBaHHs,
(mac.) B.OJI.
10 1,4-1,6
20 2,8-3,0
30 56-5,8

Jnist 3aXKCTy B raMa-BUIPOMiHIOBaHb OyJI0 BUTO-
TOBJICHO KOMIIO3WIIITHNI MaTepiaja Ha OCHOBI PiAKOTO
JIaTeKCy Ta TEXHIYHOTO OKHCY BoNb(hpamy. OKUC BOIb(-
pamy JofaBaBcs y piakuii narekc y kiapkocti 10 , 20, 30
% 3a macoro. [licisg mporo cymim BucymryBanacs. Tos-
IIMHA 3pa3KiB CKIIagaia 5 MM.

PesynbraT BUNpoOyBaHb 3aXMCHHUX BJIACTUBOCTEH
HaBeJIeHO y Tabm. 3.

BpaxoByroun Manuit 06'eMHHIT BMiCT HaIlOBHIOBayYa
y MaTpHlli, OTPMMaHi 3aXHCHI BJIACTHBOCTI MOKHA BBa-
KaTH NPUHHATHUMH.

Tabnuya 3 — 3anexkHicTs KoedinicHTa eKpaHyBaHHS
ramMa-BUNpPOMiHIOBAHHS BiJl BMicTy
oKHcy Bobdpamy

Bwmict HanoBHIOBa4a, % | KoedinieHT ekpanyBaHHs,
(mac.) B.O/I.
10 11-1.2
20 24-25
30 37-38

3a Takoro 00'eMHOTO BMICTY y TIPOIIECi BUCHXaHHS
HE TMOPYIIYETHCS OTHOPIMHICTH Marepialy ¥ BigCcyTHIi
O3HAaKH PO3TpickyBaHHA. TOOTO € MOMIHBICTH 301Tb-
[IATH MAacOBHUI BMiCT OKCHAY BONb(paMy y MaTpHIIi, IO
ABTOMATHYHO TIPU3BOIUTH /O MiABUIICHHS KoedimieHTa
eKpaHyBaHHSI.

BpaxoByloun 3a70BiIbHI OJHOPITHOCTI CyMilIei
JaTeKcy 1 MarHeTuTy, cyibdaTy 0apito Ta OKCHIY BOJIb-
(dbpamy, BIIKpUBAIOTHCS MOKIUBOCTI OTPUMAHHS MaTepi-
aJliB JUIS OJIHOYACHOTO 3aXMCTY Bifl 10HI3yHOUUX Ta HEio-
HI3YIOUHX BUIIPOMIHIOBaHb Ta IOJIB.

[Iponopuii BMiCTy KOMITIOHEHTIB y TOJIiMepi BU3HA-
YaroThCs (PAaKTUIHUMU PiBHSAMH ITOJIIB 1 BUIIPOMiHIOBaHb,
SIKi IOTPEOYIOTh eKpaHyBaHHS.

Byno nocmimkeHo 34YeTICHHS PiIKAX METaJIoMoJIi-
MEpHUX CyMilled 3 OETOHHHMH Ta TillCOMOIIMEPHUMH
MOKpUTTAMH. BumpoOysanus 3srigro JCTY ISO
2409:2019 Bka3y1oTh, 10 MOKPHUTTS BIAMOBIIAIOTH KIaCy
1. Ile cBimuUMTH MPO MOCTATHI aAre3UBHI BIACTHUBOCTI
KOMITO3HITI .

Takum 4nHOM, pO3pOOJICHI KOMITO3HUIIIT MOKHA Ha-
HOCHTH Ha MOBEPXHi y BUIIISAI JIMCTOBUX MaTepiajiB Ta
y pinkomy crasi. Lle 3Ha4HO cHpoIIy€ BIPOBaKSHHS 3a-
XOJIB pajiamiiHOl Ta eleKTpoMariTHOi Oesmeku. Taki
CYMIIII MOXXHA HAHOCUTH Ha ITOBEPXHi Oy Ib-SIKUX KOH}i-
rypamiil y KibKa Iapis, 0 JO3BOJISIE 3a0€3MEUUTH T10-
TpiOHI KOEQIIiEHTH eKpaHyBaHHSA EICKTPOMAarHITHUX
TTOJIiB HE10HI3YIOUNX Ta 10HI3YFOUYUX BUIIPOMIiHIOBAHb.

BucnoBku

1. 3axucr BijJ BIUIMBY CTalliOHAPHUX MAarHITHHUX
MOJIB JIOIIJIBHO 3[ifiCHIOBaTH aMOp(QHUME KOOaIbTO-
BUMHU CIUIABAMH Ta 3ajli30-HiKeNEeBUMHU CILTaBaMH. IX
KOMOIHAIlIST JO3BOJISIE YHUKHYTH 3HIDKEHHS KoeimieH-
TIiB €KpaHyBaHHs BHACJIJIOK aMIUITYIHOI 3aJIe)KHOCTI
MAarHiTHUX NPOHUKHOCTEH 000X Marepiais.

2. Po3pobinenuit marepiai Jyist eKpaHyBaHHS PEHT-
TeHIBCHKOTO BUTIPOMIHIOBAHHS HA OCHOBI JIATEKCY Ta Cy-
nedary 6apito Mae HOCTaTHI KOSQIIiEHTH eKpaHyBaHHS
MpUHANMHI U1l eKpaHyBaHHS Mapa3sUTapHUX BHIIPOMi-
HioBaHb (1,4 — 5,8 y 3ajeXHOCTI Bi BMICTY HallOBHIO-
Baya).

3. Po3pobnenuii marepial /it eKpaHyBaHHS raMa-
BUIIPOMIHIOBaHb HAa OCHOBI JIATEKCY Ta OKHCY BOJIb(-
paMy Mae J1ocTaTHI KoeilieHTH eKpaHyBaHHS, [TpUHaN-
MHI JUIsl BUIIPOMiHIOBaHb, IPUTAMaHHUX JIIKyBaJIbHIN Ta
nedexrockormiuni anapatypi (1,1 — 3,8 y 3anexxHoCTI Bix
BMICTy OKHCY BOJIb(pamy).

4. OtpuMaHi pe3yJbTaTH CBig4aTh, MO PO3POO-
JIEHI KOMITO3UIIii MOJJIMBO 3aCTOCOBYBATH y PiIKOMY
CTaHi, 10 T03BOJISIE BKPUBATH TIOBEPXHI CKIATHUX (PopM
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y Kijbka mapis. e 3a0e3nedye MOKIMBICT OTPUMaHHS —~ KOHKPETHOI paziawiiiHoi abo enekTpomarHiTHOi obcTa-
MOTPiIOHNX KOE(Ili€HTIB eKpaHYBaHHS Y 3aJISKHOCTI Bl ~ HOBKH.
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Composite lead-free materials
for protection against ionizing and non-ionizing electromagnetic fields and radiation

O. Tykhenko, L. Zozulia, S. Zozulia

Abstract. The protective properties of materials for shielding non-ionizing and ionizing electromagnetic fields and radia-
tions inherent in medical equipment have been developed and studied. It has been shown that it is advisable to shield stationary
magnetic fields with amorphous cobalt and crystalline iron-nickel alloys of small thickness. Their combination avoids the depend-
ence of the shielding coefficient on the magnetic field strength. The protective properties of compositions based on latex and barium
sulfate for shielding X-rays have been developed and studied. It was found that at a material thickness of 5 mm, shielding coeffi-
cients of 1.4-5.8 can be obtained, depending on the filler content. The protective properties of compositions based on latex and
tungsten oxide for shielding gamma radiation have been developed and studied. It was determined that with a material thickness
of 5 mm, it is possible to obtain shielding coefficients of 1.1-3.8, depending on the content of the shielding substance. The content
of barium sulfate and tungsten oxide at 30 % by weight does not affect the homogeneity of the materials after drying. No surface
cracking was detected. The advantage of the obtained compositions is the possibility of their application in a liquid state. Tests of
the adhesive properties of the mixtures when applied to concrete and drywall show that they meet the requirements of State Standard
1SO 2409:2019. This makes it possible to apply the mixtures to surfaces of any shape in several layers, which makes it possible to
adjust the shielding coefficients depending on the radiation and electromagnetic environment.

Keywords: composite material, ionizing, non-ionizing radiation, shielding factor.
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Kpemenuypkuit HanioHATFHUH yHiBepcuTeT iMeHi Muxaitna Octporpancekoro, Kpemenuyk, Ykpaina

MATEMATHUYHE MOIEJIIOBAHHS ITPOLECIB OCA/IKEHHA ITNJ1Y
KAPBOHOBHUX KOMITIO3UTIB ITPU IITYYHIN IOHI3ALII
MOBITPA POGOY0i 30HU

AHoTanisi. Mera. MaremMaTHIHEe MOZETIOBAaHHS B3a€EMOIi aepOiOHIB 3 Pi3HOPPAKIifHUMH MMIIOBUMH YaCTHHKaMH BOJIO-
KHUCTHX KapOOHOBHX KOMIIO3UTIB HEBH3HAUCHOI F€OMETPHIHOI, SIKi MAlOTh y CKJIQJI SIK €IeMEHTH MaTpHIli, TaK 1 3JaMH
KapOOHOBHX BOJIOKOH. MeToanka. Mo/ieroBaHHS 341HCHIOBAJIOCS IJISIXOM BHBEICHHS HOBHX ITPOTHO30BaHUX 3AJIEKHOCTEH
B3a€MO/IIT aepOIOHIB 3 €JIeMEHTaMH MLy, sKi IPYHTY€ThCSl Ha 3aCTOCYBAaHHI PIBHSHb aepOAMHAMIKH, €IeKTPOCTATHKU Ta
MAacOIEepeHoCy 3 ypaxyBaHH;IM 0COOIMBOCTEH MHIOBOTO Ta (pakiiiHOTo CKIaay MOBITPSIHOTO MPOCTOPY poOOUOro cepeno-
BHUINA, & TAKOX EMIIPUYHOTO METOY Mi/l 4ac HATYPHOTO €KCIEPHUMEHTY Ta aHATITUYHOIO aHAi3y OTPUMAHUX PE3yJIbTATiB.
PesyabTaTu. OTprMani pe3yabTaTH JO3BOJIAIOTH 31HCHIOBATH OLIIHKY a€pOiOHHOTO CKJIaly MOBITPS Ta BIUIUB HAa KOHIICHT-
paliro NIy Mpu BUKOPHUCTAHHI IITYy4YHOI 10Hi3awLii moBiTps podouoi 3oHu. HaykoBa HoBu3HA. Po3pobieHa MaTeMaTHYHa
MOJIeJIb TIOTOYHOI KOHIIEHTpaNii aepoioHiB IpH IITYYHII i0HI3alii MOBITPS B poOOYiil 30HI M yac MeXaHIYHOT 0OpOOKH
KapOOHBMICHMX BOJIOKHHCTHX KOMITO3HTIB, sIKa BPAaXOBY€ OCOOJIMBOCTI yTBOPEHHS KapOOHOBOT'O HHITY, @ CaMe reOMETPUIHY
(opMy NHIOBHX YaCTHHOK Ta B3a€MOJIIO SJIEMEHTIB MATPHIIi 1 BOJIOKHA KOMITO3HIIIHHOTO Matepiaiy 3 aepoioHamu. IIpak-
THYHA OiHHicTh. Bukopucranns mry4noi ioHi3anii moBiTpst po604u0i 30HHU J03BOJISIE MPUCKOPUTH MPOLIECH OCAPKEHHS BU-
POOHHYOTO MUITY, SKHI YTBOPIOETHCS BHACIIIOK MEXaHIUHOT 0OPOOKH BOJOKHHCTHX KOMIIO3UIIIITHUX MaTepialiB, 0 J03B0-
JIsi€ 3MEHIIUTH HETaTUBHUHN BILIMB KapOOHOBOTO MIITY Ha 30POB’SI MPAL[iBHUKIB.

KnaouoBi c1oBa: aepoioHH, I ByIJIeeBUX KOMIIO3HUTIB, MOHOAePO30JIb, OCAJDKEHH, peclipaTopHa (ppaKis.

Beryn

YucneHHi IOCIIDKEHHS BCTAHOBWIN 3B 30K MDK
3a0pyIHEHHAMH TIOBITPS POOOYNX 30H BUPOOHWYHM IIH-
JIOM, BKIIFOUAIOYH aepo30ii, 0ioaepo3omi Ta aepoaiep-
T'€HH, Ta IIKIJIMBUM BIUIMBOM Ha 3710pOB’s1. binbwiicTs pe-
CHipaTOPHUX MPOOJIEM TiCHO MOB’s13aHi 3 ApiOHUMHU (pak-
LISIMU PO3MIpPY YaCTHHOK, SIKi BXKKO MiJAIOTHCS BHUIA-
JICHHIO acTipallifHUMK CUCTEMaMH Ta 3aC00aMH 1HIHBI-
JIyaJIbHOTO 3aXUCTy. BpaxoByroun 3HaAYHHI PIBEHb K-
JIMBOCTI BOJIOKHHUCTOT'O KApOOHOBOTO MIJTY, NOLIIBHUM €
BUKOPUCTaHHS e()eKTUBHUX METO/IiB OUHMIIEHHS MOBITPS B
MIPUMIIIEHHI Bi APiOHMX 1 HAAIPIOHNX aepO30JIbHIUX JYac-
THHOK. He3Bakaroun Ha Te, IO acHipalliiiHi CHCTEMH Ta
HOBI MoJH(iKaIIil pecmipaTopiB Ha JOCTAaTHROMY PiBHI 3a-
0e3nevyroTh 3aXHCT MpaliBHUKA BiJl IMMJIOBOIO HaBaHTA-
XKEHHs poOOYOro MpOCTOpY, Y SKOCTI aJbTePHATHBHOTO
METO/ly BUHHKAE HEOOXIIHICTh OI[IHUTH 3[aTHICTh 10/aT-
KOBOI IITY4HOI 10Hi3allii po60oYoro MpUMIIIeHHs, sKi 3a-
PAIDKAIOTH APIOHOMCHIEPCHI MUJIOBI YaCTUHKH, 3MEHIITY-
BaTH KOHIICHTPAIIIF0 KapOOHOBOTO MUY Ta MIKPOOPIaHi3-
MiB y pob0odOMy cepemoBHIIi mparfiBHuKa [1].

AmHani3 mireparypuux mkepen. bBynosa kapOoHo-
BOT'O BOJIOKHHCTOTO KOMIIO3UTY Ma€ IapyBaTy CTPYKTYpY,
apMOBaHy IIIJIbHO YKJIAJICHUMH IyYKaMH BYTJIELIEBUX BO-
JIOKOH Ta TPOCOYEHY MaTpHIero (puc. 1), B SKOCTI SKOi
MO)KE BHCTYTIATH SIK MOJIIMEp (BYIJIELb-TIOJIMEPHUH KOM-
TO3MLIIHHMIT MaTepia), Tak i BlIacHe MipByTiens (ByTJelpb-
ByTJICLIeBHH KOMIO3MLIHHMIA Matepian). [Ipn mexaHiuHii
00po011i TAKOTO THITY MaTepialiB Y HOBITPSHHIA IPOCTIp BH-
JUITUTHCS] 3HAYHA KUTBKICTh MUITY, SIKHHA XapaKTePH3y€EThCS
HAsIBHICTIO €JIEMEHTIB SIK BOJIOKHA, TaK 1 MaTPHIIi, IKi B Xa-
PaKTEePHU3YETHCS PI3HOI0 MEXAHIKOK YTBOPEHHS MUJIOBHX
qacTUHOK. [Ipu pyliHyBaHHI BOHH BiIpi3HSIOTHCS TEOMET-
PHYHOFO (POPMOTO, 110 HEOOXITHO BPAXOBYBATH IIPH PO3PO-
Owi acmiparifHuX cructeM, 3aco0iB 1HIMBIyaIbHOTO 3aXH-
CTy Ta aepoiOHi3aliifHOMy BHIaJICHHI YaCTOYOK pECHipaTo-
pHOI (hpaxuii 3 MOBITPSHOTO NPOCTOPY POOITHHKA.

a 0

Puc. 1. 3aranbHa CTpyKTypa BYIJIEIb-BYTJICLIEBOTO
KOMITO3UIIIHHOTO MaTepiaty, apMOBaHOTO MyYKaMU
BYTJICIIEBUX BOJIOKOH: a — 3araJlbHUH BUTJISI MaTepiaiy,
0 — MikpodoTorpadis CTpyKTyp KOMITO3HTY

Byno npoBeneHo KijbKa AOCITIIKEHb HOBITPSHOTO
MPOCTOPY Ta KaMEpPHHUX EKCIIEPUMEHTIB, MO0 TepeBi-
PHUTH TOLIIBHICTh 3MEHIICHHS YaCTHHOK 32 JJOIMTOMOTOI0
10HI3aTOpIB MOBITPs. EKCIIEpUMEHTANbHI JOCIIIHKEHHS
MOKAa3aJiy, 10 KOHIICHTPAIlii TOXIJHAX PEYOBUH PAIOHY
B 3aKPUTOMY CEPEIOBHII 3HMKYIOTHCS MICJIsA 3aCTOCY-
BaHHsI ioHi3aTopa moBitps [1, 2]. B [3] aBTOop HaBOAMTH
eKCIePUMEHT i3 BUIAJICHHS KPEHIIHOTO MIITy 10HI3aTO-
pOM, KM TEMOHCTPYE 3HaYHE 3MCHIICHHS KOHIICHTpPa-
il KpeHasHoro ity 3 4acoM. B iHmomy mociiJukeHHI
[2], aBTOpH BHKOPHCTOBYBAJId T'€HEPATOpP HETATUBHHX
10HIB, 11100 IEPEBIPUTH HOTO EPEKTUBHICTh Y 3MEHIIICHHI
KOHIICHTpAIlil CUTapeTHOTO TUMY B Kamepi po3MipaMu
0,5 M3 Ta IOCATIIM MIECTHKPATHOTO 3HIKEHHS HOTO KOH-
nentparii. Jlocmimkenus [4] mo3Boisie, BHAKOPHUCTOBY-
JOYM TEXHIKY i0HHOTO IyIIy, 3acTOCYBaHHS SKOTO JO-
3BOJISIE 3HAYHO 3HU3UTH KOHIICHTPAIlIl YACTUHOK IHIY Y
TOBITPi B TUMIOBOMY O(DiCHOMY cepeloBuIIi. Yci 1 Jaoc-
JIJHPKEHHS 9iTKO J€MOHCTPYIOTh HEOOXiTHICTh 3aCTOCY-
BaHHS 10HI3aTOPIB I OYHUIIEHHS MOBITPst. OTHAK TAKOXK
Oyno BiI3HA4YEeHO JBa OOMexeHHs ioHizaTopiB. [lepmie
CTOCY€ThCSI YTBOPEHHS O30HY, a JPYIHHA CTOCYETHCS
CTBOPCHHSI CYOMIKPDOHHUX YACTHHOK BHACIHIJOK CKJIaJ-
HUX Tra30(a3HUX pEeaklid CIiJOBUX KOMIIOHCHTIB,
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MIPUCYTHIX TOOIM3Y KOPOHHOTO po3psiay. OUeBUIHO, 1110
3apsiPKaHHSL YaCTHHOK 1 €JIEKTPOMIrpais € OCHOBHUMH
MeXaHi3MaMH, BiANOBITaJbHUMH 32 BUJQJICHHS YacTH-
HOK MWy, BOHU NOBUHHI OyTH IOB’513aHi 3 KOHIIEHTpA-
LiI0 aepoiHiB i FEOMETPUYHIMHU ITapaMeTpamMu KapOoHo-
BOTO NIy Ta MO€IHAHI 3 YK€ iICHYIOUMMH (HOpMAllb-
HHUMH) NIPOLIECaMH BHIAJICHHS.

Pe3yabTaTu AocaigxeHHs

Cepen HalOLTBIN EPCIICKTUBHUX 3aCO0IB JI0IATKO-
BOI 10HI3aIlil TOBITPSI € BUKOPUCTAHHS YIILTPA3BYKOBOTO
rigpoaepoioHizaTopa, NPUHIKI POOOTH SKOI0 3aCHOBAHO
Ha 0aJyoeneKTpHYHOMY eeKTi Ta MoApiOHEeHHI BOJM YIlb-
TPa3ByKOM, SIKAH 3JaTHUA HOpPMAaJi3yBaTH aepOiOHHHN
CKJIaJ] TIOBITPS Ta TOKA3HUKH BOJIOTOCTI poO0YIOro mpoc-
TOpy 00poOKM KapOOHY Ta YHHKHYTH yYTBOPCHHS O30HY
[5]. Ha ocHOBI BimoMuX JOCIHiIKEHb, OyII0 3p00JICHO BH-
CHOBOK, 1110 IIMJIOBI YaCTHHKH, 3apsIXKEH] YHITIOIAPHO BH-
MIPOMIHIOBaHI 10HH, BiJIITOBXYIOTHCS Ta MIIPYIOTH JIO
BHYTPILIHIX TOBEPXOHb, L0 MTPU3BOAUTH JIO iX IIBHIKOTO
OCiIaHHS Ha IMX MOBEPXHsAX. TakuM 4MHOM, nependada-
€THCS IOLITIBHICTh BUKOPUCTAHHS HANPABJICHOT 1Tl TiApo-
acpoioHI3aTOpa caMe B 30HY OCEPEIIKY MU0y TBOPCHHS.

PexomOiHOBaHI BHACHIZIOK IITY4YHOT iOHI3aLil aepoi-
OHH MITPYIOTh Yy TOBITPSIHOMY NPOCTOPI Ta MPHKPIILIIO-
IOTBCS JI0 MMWJIOBHX YaCTHHOK KapOOHOBOTO KOMITIO3HTY,
SIKi 301TBITYFOTH IIBUIKICTE IpeH(y IO CTIHOK Uepes elie-
KTPHYHI TI0JIS, CTBOPEHI MPOCTOPOBHM 3apsioM. Ha Bin-
MiHY BiJ] CHCTEM IPUHLMI POOOTH SKUX 3aCHOBAHHH Ha
¢utpTpamii abo eneKTpocTaTHYHNX (iTBTpiB, ¢ BUAA-
JICHHS YaCTHHOK BiIOYBA€THCS JIOKAIBHO BCEPEMHI NPH-
Najly, y BUNAJKY 3aCTOCYBaHHS YJIbTPa3BYKOBOTO 10Hi3a-
TOpa TMOBITPS 3MEHIIEHHS KOHLEHTpalii KapOOHOBOTO
MUY 3IACHIOIOTHCS Y 3arajbHOMY 00’ €Mi poO0YOro mpoc-
Topy. Jlyst KinbKiCHOT OLIIHKY epeKTUBHOCTI BUJAJICHHS Ya-
CTHUHOK TUJTy BHKJIIOYHO 32 PaxyHOK eMicii aepoioHiB OyB
BU3HAYCHHH Koe]imieHT ounmeHHs moBiTpst (Korm). s xo-
’KHOTO PO3MIpPY YaCTHHOK KapOOHOBOTO BOJIOKHHUCTOTO
mTY 00pOOJICHOT0 KOMIIO3UTY 3 aCPOIMHAMIYHIM JiaMeT-
pom da pecriipaTopHOi (pakxiiii, sSIKuil BU3HAYAETHCS SIK Bijl-
HOIIeHHS KoHIeHTpanil ity C,;, BAMIPSHOI B IEBHHUI MO-
MEHT Yacy IiJ] Yac MPUPOIHOTO PO3May, 10 KOHLIEHTpALi,
BUMIPSTHOT B TOW CaMHii MOMEHT 4acy, KOJIH 3aCTOCOBYBa-
JIach IITYYHA 10HI3AIsI MOBITPst po06ouoi 30HU Cyyit

 Gild, D)

on —m 1)

Ko ipencTaBieHo Sk QyHKITIO aepoANHAMITHOTO PO3MIpy
YaCTWHOK 1 TPHBAJIOCTI reHepanii aepoioniB. KoHmenTparrii
Ty KOMIT03UTY Ci TAKOXK TMOPIBHIOBAINCS 3 TOYATKOBUM
sHayeHHsM C,,;, i0Hi3aTOp (d,, 1=0), a po3nan xapakrepu-
3yBaBcs 6e3p03MipHIM Koe(hillieHTOM KOHIICHTpALLi:

B Cui(d, 1)
© T Chui(dyt=0)"

nwti

@

Po3mnopin 3apsay 4acTHHOK aepoioHIB MOKHA OITi-
HHTH 32 JOTIOMOTO10 Mozeni nudysiiiHoro 3apsny [4]:
7tKednC,-e2 N;t

d"kT2 In|1+ , 3)
2Kee 2kT

n(t) =

ae N(t) — e KiJbKiCTh eJIeMEHTapHUX 3apsi/IiB, AKHX HaOy-
Ba€ YaCTHHKA 3a 4ac t 32 paxyHOK Audy3iliHOI 3apsaKy;
d, — mpuBeneHuit Bi3HUHMIT AiaMETp YACTHHKH, SIKHIl BPaxo-
Bye€ 0cOOIHMBOCTI reoMeTpuaHoi opmur; K= 1,380 649 - 1072
Jx/K— crana boneimana; 7 — temneparypa nositps (K);
K. = 9,0-10° H m?Ki? EJIEKTPOCTATHYHA CTaJa;
e =1,6-10"° Kn — enemeHTapHuii 3apsy; ci— cepeaus Ten-
JIOBa MIBUIKICTH 10HIB; Nj — KUTBKICTh 10HIB Yy TTOBITpi.

YV po3paxyHKax BpaXOBYETHCS OCOOIMBOCTI T€OMET-
pugHOi (OPMHU TITIOBOI YACTHHKHA KapOOHOBOTO KOMIIO-
3uty (d,). Ockinbku GOPME YaCTHHOK MHITy KapOGOHOBOTO
BOJIOKHHCTOTO KOMIIO3UTY MICTSITh 3IaMH BOJIOKHA i Mat-
putii [6, 7], puc. 2, B, BBaKaeMO iX ONU3BKUMH 10 IPOJIO-
BryBaTHX a00 THX, II0 MICTSTh pi3HY GopMy. Buxomsuu 3
TOTO, 110 IMHAMIYHHUH KoedilieHT (OpMH B IbOMY BHIA-

IKy cTaHoBHUTBb ¥=2,9..3,T0 d, = 3 d3/2,9 [8, 9].

Puc. 2. MikpodoTorpadist ereMeHTIB 0caKEHOTO HHITY
B — IIpU 00pOOIIl BOJOKHHCTOIO KAPOOHOBOT'O KOMIIO3UTY
(a— emeMeHTH BOJIOKOH; 6 — ()parMEeHTH MATPHILi);

I' — Ha €TAJIOHHMI 3pa30K uepe3 5 XBUJIMH
ITiCJIS 3aBEPILEHHS CBEPATYBaHHS

Ilepenoc aepoioHiB B poOOUiit 30HI 00yMOBICHUI
BIUIUBOM 0aratbhox (akropis. [Jisi BU3HAYEHHS TOTOYHOT
KOHIICHTpAI[il aepoiOHIB y MNPUMILICHHIX 3aCTOCOBY-
I0ThCsI HACTYHI piBHsHEs [10]:

+
OI%:qn ()—aN*N~—B,N*A+
+(NT NG (1) -MNT
iN- (4)
%zqn(t)—aN+N‘—BeN‘A+

+(NT=Ng (1) - 1N

xe Gy, dp — IIBUIKICTh TeHEpAaIlil HEraTUBHUX 1 MO3H-

THBHUX 1OHIB BiAMOBiHO y po6ouiii 30Hi; No, N*o — mo-
YaTKOBA KOHIICHTPAIlisS HETaTUBHUX 1 IIO3UTHBHUX 10HIB
y po604OMy MPOCTOPi; 0L — MIBUAKICTH peKOMOiHAIIIT ae-
POIOHIB 3 aepoiOHaAMH MPOTHJICKHOI MOJSIPHOCTI; B, —

eKBiBaJICHTHA MIBUKICTh KOMOiHaMii aepoioHIB 3 YacTH-

HKaMH KapOOHOBOTO Muity; A — ITOTOYHA KOHIEHTpallis
MHJIY; Aj — EeKTPOCTATHYHE OCAXKEHHS aepOioHiB; t —

yac, N, N* — moTouHi KOHIIEHTpallii HEraTUBHUX, TO3H-
THBHHX a€pOIOHIB BIIIOBIIHO.

VY knacn4HOMY BapiaHTi JOCIIDKEHHS IIPOIIECiB B3a-
€MO/JIi YaCTUHOK ITHJIy 1 aepOiOHIB NPUHHITO BUKOPUCTO-
BYBaTH IOHATTS MOHOAepO30Jb, TOOTO BBAXKAETHCH, 110
BUPOOHWYHH TTHJT € OHOPIAHAM 1 BC1 YACTOYKHU OTHAKOBO
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LIBUJIKO B3a€MOJIIOTH 3 aepOiOHaMH, OJHAK y BHIAJKY
KOMIO3ULIHHNX MaTepialliB Lie MPUITYLIEHHS € HEBIPHHM.

Jns oTpumaHHs OUNBIN aJCKBAaTHOTO OIMHUCY B3aEMOIIT
OyJ0 BBEJICHO MOHATTA [3, — €KBiBaJEHTHA LIBUJKICTH

KOMOiHalii aepoiOHIB 3 YaCTHHKaMU KapOOHOBOTO ITHITY
SIKHI MICTUTB 371aMaHi KapOOHOBI BOJIOKHA Ta €JIEMEHTH
MaTpHIli. 3anponoOHOBaHKH KOe(II[IEHT BPaxOBYe€ BiJICOT-
KOBE CIIiBBIJIHOIIEHHS IMMJIOBHX YaCTOYOK apMyBaJIbHOTO
BOJIOKHA Ta MaTputi (puc. 1), i € cepeTHpOaAPHPMETHIHIM
3HAYCHHSIM IIBUIKOCTEH B3a€MOAil KOXKHOTO OKPEMOro
eJIEMEHTY Matepiaiy 3 aepoioHaMH. Y BHIIAJIKy BYTJICIIb-
BYTJICIICBOTO KOMITO3HUTY TaKe CITiBBiIHOIICHHS BCTaHO-
BWIM IIUIIXOM MIKPOCKOIIIYHOTO aHANi3y OCaKEHOTO
ATy TTiCTIst MeXaHIgYHOT 00poOKu:

0,4B, +0,6B,,
b=

ae B, i B, — mBHAKICTH KoMOiHAMLIT aepOiOHIB 3 YaCTH-

HKaMH KapOOHOBOTO BOJIOKHA i MATPHIIi BiAMOBIIHO)
J11st onrcy MaconepeHocy Muity BAKOPUCTOBYEThCS
piBusuHs Buay [10]:

‘jj—f=qA(t)+(A—Ao(t))—pr, (5)

Ie (p — MBHAKICTH TeHepaLil MAIOBUX YaCTHHOK Y Po-
06090My IPOCTOPI, KA 3AJICKHUTH Bl pesKUMIB 00pOOKH
KapOOHOBOI'O KOMIIO3HTY; Ay — I0YaTKOBA KOHIICHTpA-
Uil YaCTUHOK 3BMYAHHOrO BHPOOHMYOro muiy; A, —
eNEKTPOCTATHYHE 0CAJDKEHHS KapOOHOBOTO THITY.

Hagenemo psn popmyon, ki HeOOXiTHI po3paxyHKy
napamerpiB Mozelni. [lapameTp po3paxoByeThes Biamo-
BiHO 110 3anexHocTi [11]:

b
Ai =—(0e +0ceA), (6)
€0
ne b — pyxmuBicTh aepoioHIB; €) — €JIEKTpUYHA CTala;
(e — LIUIBHICTH IPOCTOPOBOTO 3apsmy, SKa Moxe OyTH
BUpaXKeHa SIK:

g =eN~ —eN™, )

Je € — eNIeMCHTapHUH 3apsi.
EHeKTpOCTaTI/I‘IHe OCAIKCHHSA 4YaCTHUHOK MOXHa
BU3HAYHUTH 33 (OPMYJIOI0, HaBeIeHOow y pobori [10]:

hp =—0chi, ®)

ne Dy i Dj xoediuientn andysii wactunok kap6oHO-

BOTO MWTy T4 a€pOiOHIB BIAMOBIAHO; (. — XapaKTepHc-

THYHE YMCIIO 3apsIIiB.
XapakTepuCTUIHE YHCIO 3apsIiB BU3HAYAETHCS
BHPA30M:

Qe = (4neod, kT /e?)x

d ncnezt ©)

2
N d,cpe“t ,
480kT

480kT

x| In|1 —In| 1+

ne k — crana Bonpumana; 7 — aGcosI0THA TeMIIepaTypa;
¢ — TEIUIOBa MBHAKICTh aepoioHiB; 0, — IpUBeICHHH Ai-
aMeTp MWIOBMX 4acToK; t — gac.

BinzHaunMo, 110 B OTPUMAHUX PIBHSHHSX, HA BiJI-
MiHy Bix kmacuanoi momeni Mayya Y. [10] (4, 5) 3ampo-
MTOHOBAaHi KOeQiIlieHTH, IKi BpaXOBYIOTh €MICif0 HeraTu-
BHUX, TIO3UTUBHHX a€POiOHIB Ta MY B pOoOOYOMY IIpO-
CTOpI BiJ yacy Ta BiJ QppakmiifHOTO CKJIaIy MITy BOJIOK-
HHUCTOTO KapOOHOBOTO KOMIIO3HMTY. TakuM YMHOM MU
BpPaxOBYEMO T'€OMETpHYHY (OpMy Ta IIBHAKICTH B3ae-
MO/l OKpEMUX YaCTHHOK IHIIY, SIKi MICTSTh €JIEMEHTH
BOJIOKHA i MaTpHIIi, 110 32 CBOEIO IPUPOAOIO BiAPI3HSTH-
MYThCS y Takiil B3aemoii. Cucrema HaBeJCHUX PiBHSIHb
3aMHUKA€THCS 3aBJAHHSAM [T0YaTKOBHX YMOB!

Ay = A (10)
N™ =NTp, 11
L, =N (11)
Nt =N*,. 12
L =N (12)

Jlani yMOBU BH3HAuarOTh IOYaTKOBI 3HAYCHHS Be-
JMYUH KOHIIEHTPAIIil MITy, HETATUBHUX Ta IMO3UTHBHUX
aepOoiOHIB BIAMOBIIHO Nepe/I IIOYaTKOM 10HI3aIli] HOBITPS
y IIpUMIIIeHHI. AJle, TaHa MOJeNTb MaTUME IIEBHY BiIIIO-
BIHICTD HIMCHOCTI, SKIIO MPHITYCTUTH, IO BCEPEIHHI
pobodoro mpocTopy BigOyBa€ETHCS TOCTATHIN PyX MOBIT-
PpSAHHUX Mac.

AHaii3 OTpUMaHMX JAaHMX Ta NPOBEACHHUX IOCIIi-
JDKEHb TIPU3BOJUTH JI0 TOTO (DaKTy, IO MOMITHHUH BILJIMB
ioHi3alii MPOSIBISIETHCS HABKOJIO JDKEpena ioHizaii, jie
KOHIICHTpAI[isl 10HIB Buime. I[liBUINECHHS MHUIOYTBO-
PeHHS IpH  OJJHOYACHOI T'iIpoaepoioHi3alii reHepyTh
BaXKKI 10HH, SIKI YTBOPIOIOThCS IIPH B3a€MOIT JIETKHX 10-
HIiB i3 KapOOHOBHMM MMJIOM. Baxki ioHM mBHIIIE OCina-
FOTh TiJl BETUKOI0 Barolo, IO NPU3BOAUTH 1O 30iNb-
[ICHHS YaCTUHOK MY Ha IOBEPXHIX 00pOOIIIOBaIBHOTO
obOmagHanHsA. Ha KoHIEHTpaliro kapOOHOBOTO MTHITY Ta-
KOX BILTHBAE BOJIOTICTh pOOOYOi 30HH, HAa MEHIIIIH BiJiC-
TaHi BiJl JpKepena ioHi3auii npu miJBHUIIEHi BOJIOTOCTi
KOHIEHTPALIisl TMJIOBUX YaCTUHOK KOMITO3UTY O4YiKyBaHO
OyJie BUILOIO.

3 MeTOI0 BU3HAYEHHS €(DEeKTHBHOCTI 3aCTOCYBaHHS
npoliecy ioHi3alii MOBITPSHOTO MIPOCTOPY POOOUYOro Mi-
cus OyJI0 BUKOHAHO MOPIBHSUIbHE JOCIIKEHHS KiNbKO-
CTi 0CaJPKEHOTO MHJTY 3a JI0IIOMOTO0 PACTPOBOTO MiKpO-
ckorry PEM-106-U (puc. 2, r) Ta aHANITHYHHX Baris
RADWAG AS 60/220, a Tako KOHIIEHTPAI[T THIOBHX
YACTHHOK Y TOBITPi MPH SKOMY TOPiBHIOBANACS IIBH/I-
KICTh OCa/KCHHS IMIJIOBHX YaCTHHOK ITpH 00poO1Ii cBep-
JUTyBaHHSM KapOOH-KapOOHOBOTO KOMIIO3UTY Y 3BHYaii-
HUX YMOBax Ta NPH BUKOPHCTAHHI INTY4YHOI iOHi3amii
MIPY 1ICHTUYHHUX PeKUMaX 1 mapameTpax CBepJIyBaHHS.

EdextuBHICTh OIiHIOBANIACS MUITXOM MiKPOCKOITi-
YHOTO TIOPIBHSHHS 1 3Ba)KYBaHHS Ha aHATITUYHUX Barax
eTAJIOHHUX 3Pa3KiB IUIONI OCAKCHHS Yepe3 MPOMIKKH
qacy, sSKi CTAHOBWIIM 5 XB., 10 XB. Ta 30 XBWINH, a TAKOX
BH3HAYCHHS KOHICHTpAIIil Ty y poOOYiil 30HI CBEp-
TyBanbHHMKa 3a gomomoror SDSO11 cencopiB mwry
PM2.5 ra PM10.

Pe3ynbraTi 103BONISIOTE KOHCTATYBATH, 110 BUKOPH-
CTAaHHSl  TiIpoaepoioHi3alii poOOYOro  MOBITPSHOIO
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MPOCTOPY MPUMIMICHHS JO3BOJISIE TMPHCKOPUTH OCa-
JOKCHHSI KapOOHOBOTO MWy B cepeanboMy Ha 19 % ta
3MEHIINTH HOTo KOHLEHTpalilo y noBiTpi Ha 14 % uepes
10 XBHJIMH MICIIS 3aBEPILCHHS MPOIIECIB CBEP LTy BaHHSL.

BucHoBku

3acTrocyBaHHS HITYYHOI TiIpoaepoioHi3allii moBiT-
PSHOTO POOOYOTO MIPOCTOPY MPUMIIIEHHS JO3BOJISIE TIPH-
LIBHUIIMTH MPOLIECH OCaHPKEHHS MMIOBUX YaCTHHOK, SIKi
YTBOPIOIOTECS MPH MEXaHi4Hil 00poO1i KapOOHBMICHHX
BOJIOKHUCTUX KOMIIO3HTIB, IO JI03BOJISIE 3MEHILIUTH He-
TaTUBHUH BIIMB KapOOHOBOTO MMy Ha 3/10pOB’s Iparli-
BHUKIB.

[Tt BOMOKHMCTHX KapOOHOBHUX KOMIIO3UTIB IPH Me-
XaHIgHI 00poOmi HEe MOKHA TPEACTABUTH Y BUIIIAIL

MOHOa€pO30JII0, OCKIJIbKY BiH MICTUTh €JIEMEHTH K Mart-
pHL, TaK i apMyBaJIbHUX BOJIOKOH y CKJIAJI, SIKi BiJpi3Hs-
I0THCS 32 CBOIMHU TTapaMeTpaMH Ta CTpyKTypoto. Po3po0-
JeHa MaTeMaTH4Ha MOJENb YpaxyBaHHS aepOiOHHOTO
CKJIa Ty MOBITPsI Ta HOTO B3a€EMOIIT 103BOJIsIE BPaXOBYBaTH
OCOOJIMBOCTI yTBOPEHHS MWy, Horo (¢pakuiiiHOro
CKJIaay, Pi3HOKOMIIOHEHTHICTh, TEOMETPUYHY (opMmy, a
TaKOX MOYAaTKOBY KOHIIEHTPALIIO ATy poO0U0i 30HN.

[IpoBeneHi HaTypHI eKCIIEpUMEHTH BU3HAYCHHS
e(peKTHBHOCTI 3aCTOCYBaHHS IITYYHOI TifpoaepoioHi3a-
mii 3 METOI0 OCaKEHHS BUPOOHHYOTO MILUTy poOOUOTro
MIPOCTOPY MiATBEPIWIN HOTO IOIUIbHICTH TA JOBEIH
3MEHILIEHHS! KOHLEHTpalii MWwly y MOBITpi poOOYOro
npocTopy Ha 14 % uepe3 10 XBUIUH Micisl TPUTHHCHHS
CBEp/UTyBaHHS.
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Mathematical simulation of dust settlement processes of carbon composites
during artificial ionization of the air in the working area

Olga Chencheva

Abstract. Purpose. Mathematical modeling of the interaction of aeroions with multi-fraction dust particles of fibrous
carbon composites of undefined geometry, which include both matrix elements and carbon fiber fractures. Method. The modeling
was carried out by deriving new predicted dependencies of the interaction of aeroions with dust elements, which is based on the
application of aerodynamics, electrostatics and mass transfer equations, taking into account the peculiarities of the dust and frac-
tional composition of the air space of the working environment, as well as the empirical method during the field experiment and
analytical analysis of the obtained results. Results. The obtained results make it possible to evaluate the aeroionic composition of
the air and the effect on the dust concentration of the artificial ionization of the air in the working area. Scientific novelty. The
mathematical model took into account the peculiarities of dust formation during the processing of fibrous carbon composites, the
geometric shape of the formed dust particles and the speed of interaction of individual dust components containing elements of the
matrix and fibers of the composite material with aeroions of the air during artificial ionization of the working space. Practical
value. The use of artificial ionization of the air in the working area allows you to accelerate the deposition of industrial dust, which
is formed as a result of the mechanical processing of fibrous composite materials, which allows you to reduce the negative impact
of carbon dust on the health of workers.

Keywords: aeroions, dust of carbon composites, monoaerosol, deposition, respiratory fraction.

186


https://doi.org/10.4209/aaqr.2011.11.0214
https://doi.org/10.1016/S0304-3886(01)00058-4
https://doi.org/10.31474/1999-981x-2020-2-168-175
https://doi.org/10.15587/1729-4061.2020.203279
https://doi.org/10.32347/2411-4049.2023.2.100-108
https://doi.org/10.32347/2411-4049.2023.2.100-108
https://doi.org/10.1016/j.jaerosci.2004.03.00

3B'A30K, TeJyIeKOMYHiKauil Ta pagioTexHika

VK 621.396.67 doi: 10.26906/SUNZ.2024.2.187
B. M. ITouepnsiet, M. C. Maromenosa?, H. M. Cuskosa®

! Hanjonanena akanemis Coryx6u Gesnekn Ykpainu, Kuis, Ykpaina
2 KuiBchkuii haxoBuii kojeqk 38’ s13Ky, Kuis, Ykpaina

INIOCKA ®A30BAHA AHTEHHA PEHIITKA VIS MOBLJIBHUX TU®POBUX
CTAHLIM 3B'SA3KY «TOUYKA-BAT'ATOTOYKA» HBY JIAITAZOHY

AHoTanisi. B poboti po3risHyTO IITOCKY (ha3oBaHy aHTEHHY PENIiTKy Ul MOOUTPHMX HU(POBHUX CTAaHIIN 3B'SI3KY «TOY-
ka-Oararorouxa» HBY miamazony. B poOoTi oTpuMaHO aHANITHIHUH BHpa3 IS 3aJIeKXHOCTI KoedilieHTa CIpsIMOBaHOI il
TuIocKkoi (ha3oBaHOT aHTEHHOI PEIIITKH Bif KyTiB ckaHyBaHHs. HaBeneHi rpadiku 3MiHH JiarpaMy CIpsIMOBAHOCTI B 3aJI€K-
HOCTI BiJ auckpety ¢a3u. Hagani Tabmumi no 3MiHy piBHS FOJOBHOTO memocKy. Lli 3MiHM BimoOpaxkeHi Mo3HauYKaMH «+» Ta
«-» B JaHUX TaOMUILIX. 3 pe3yJbTaTiB YUCENbHUX PO3PaxyHKIB 3pOOJICHO BHCHOBOK, IO MPAKTHYHO Y BCHOMY JAiama3oHi
3MIiHH BEJIUYMHHU SinByCcos@, MOXINBO KOPUCTYBATUCS NMPUOIN3HOIO (HOPMYIIOH0, 10 OTprMana B pobori. HaBeneHo rpa-
(ik YMCENBPHUX PO3PAXYHKIB B 3aJISKHOCTI BEIMYHHHU TUCKPETHOI 3MiHM (a3u Bix kKoedilieHTa CIpsMOBAaHOI Jii aHTCHU.
Tabmuii MoKa3yroTh, IO 3 JOCTaTHHOI IPAKTUKH TOYHICTIO MOJIIMBO KOPHCTYyBaTHCS (opMyioro it 3HadeHb 0 <
sinBycos@y < 1 Ta auckperHOi 3MiHU (azu A = /2. Takok BU3HAUCHO TOJIOBHHUII MENIOCTOK JiarpaMu CIIPSIMOBAaHOCTI
IpY CKaHyBaHHI 3 ypaxyBaHHSAM HABEACHUX MApa3UTHUX MEIFOCTOK.

KnaouoBi cioBa: mobineHa nndposa cranmis 38's13ky, HBU mianasoH, miocka ¢a3oBaHa aHTEHHA pelliTkKa, Aiarpama
CHPSAMOBAHOCTI, KOE(DIIliEHT CIIPIMOBAHOT Mii.

Beryn EB |EB | EB | EB EB |EB | EB | EB
. . . A . + + | * + +
MoOineHI TUQPOBI CTaHIIi 3BSIBKYy «TOYKa- n‘P r;P n@ P o e | ¢ | @

: : pa pa pM | IIpm Tipa |Opa | Tpsm | Mpsm
6ararotoukay HBY giamazony, Hanpnyna):[, MOO1IbHA I B |T+B | Bir T B |T4B BE—I“
BY3J10Ba nudpoBa TpomochepHa CTaHLis [1] y cBoemy £6 |£8 | £8 | £s| = [£5 (28 | 8| op
ckiIaal MaroTh (aszoBaHy aHTeHHY pernitky (PAP). s +o o+ + | + + |+ P
MOOLTbHUX IH(poBHX cTaHiil 38’ 13Ky HBY miama3on ® e ¢ | @ K g P | @

p y' " y HOpwm (TOpm | Mpa| Ipa Hpm |Tpm | Tipa| Hpx
MOXYTb 3aCTOCOBYBATHCSI XBHJIEBOAHI miocki DAP. I'+B |B+T| I | B T+B [B+T'| T | B
[Tpu yomy, B SIKOCTi XBHJIEBOJIB, MOXYTh BUKOPHCTO-
BYBATHCSI YaCTKOBO 3aIOBHEHI JICNIEKTPUKOM XBHIJICBO- EB |EB | EB | EB EB | EB | EB | EB
. . + + T + + + + +
. Sk mpaBmino, @AP BriovaroTh (azoodepTadi, sKi @ | @ ¢ | @ o | @ ¢ | @
Tipa |pa | Opm | Ipm Ipa |Opa | pm | pm
JIMCKPETHO MepeMHKaThes (puc. 1). . il P E B | T8 | por
Ha puc. 1 noznayeno: EB — enemMeHT BUNIPOMiHIO- e
. EB EB EB EB EB EB EB EB
BaHHs; @ — (azoobepray; [Ipn I, [Ipa B — nepenaua 3 + | o+ + | o+ + |+ + | o+
PN @ @ @ | @ ¢ | @ @ | e
TOPU30HTAIBHOIO 200 BEPTHKAILHO0 TOJAPH3ALIEID; TIpw | mp | 1ipa| Tipa Tips | Tipse | 11pa | TIpa
IIpm I'+B, IIpm B+I" - npuiioM 0gHOYACHO 3 TOPU30H- I+B |B+T| T B I'+B |B+T'| T B
TaJbHOIO TA BEPTUKAIBHOIO MOJISPU3AIIIMH.
ToMy BakJIMBO 3HATH, SIK 3MIHIOETHCS OJIUH 3 Haii- Puc. 1. ®azoBana aHTeHHA pelIiTKa MOOUTEHOT (G POBOT
BaXIMBIIIMX napamerpie ®AP — koedimienT crpsamo- cTaHIii 32 513Ky «Touka—Oaratotouka» HBY niamasony

Banoi 1ii (KCJ1) y niama3oHi KyTiB CKaHyBaHHS.
AHaui3 giteparypHux mkepen. MoGinbni mud- — (Pasodactoraumii mpuctpiit [9], mepemukau-ginstp [10],

poBi cranuii 3B’s3ky HBY niamazony 3 mpocTtopoBo- obmexysay moryxnocti HBY [11].

PO3HECEHOI0 nepeayuero curnaiis [2, 3] Ta 3 mpoctopo- Mera po6oru. OTprmaTi aHaIITHIHUI BUPA3 [T

PO3SHECEHHM TIPHIAOMOM [4] BHKOPHCTOBYIOTH IUIOCKI 3anexxHocti KCJI miockoi ®AP Bijx KyTiB CKaHyBaHHSI.

®AP. Teopernuni ocHoBu miockux ®AP, sxi BUKopuc-

S OcCHOBHA YaCTHHA
TOByIOTI) YaCTKO 3aIIOBHCHI1 L[leJ'IGKTpI/IKOM XBHJIEBOAN

BH3HaueHi B poborax [5—7]. B mnockux ®AP Bukopuc- 3anmiemo Bupas miarpamu cnpsmosanocti (JC)
TOBYIOTBCS IPUCTPOI HA YaCTKOBO 3aTIOBHEHUX JieJIeK- wiockoi AP 3 IUCKPETHOIO 3MiHOI (asyBaHHS y
TPHUKOM XBHJIEBOJAX: KOMyTalliliHui (azoobepray [8], BUTJIAJI:
a
, 1v v ‘ ] ] ] 2mm\  ni
F(sinfBcosp) = ] 2 2 Cm f exp []kx [sm@ —sin 6, (1 - T) - 7]] dx, (D)
n=—00 m=—0o _%

ne d — nepion ®AP; a = Nd, N — kinbkicth BunpominioBauiB DAP; k = 2w /A, k— xBuiboBe uncino, A — TOBXHHA
XBHI; 6 — HampsM BUIPOMIHIOBaHHS, nepneHauKysipuuii ®AP; A — BenmuuHa JUCKpeTHOI nepedynoBu ¢asy;

Cm = (—1)msin§/(§ — mm).
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BaxnuBo 3HAaTH pIBEHb T'OJIOBHOIO MAaKCUMyMy  KalO4W HECKIHYEHHI MEXI MiJICYMOBYBAHHS i IPOBOASYN
JC npu ckaHyBaHHI 3 ypaxyBaHHSM HakJaJaHHsS [apa-  IHTErpyBaHHs, oTpuMyeMo 3HaueHHs JIC no rosioBHOMY
3UTHHUX METIOCTOK. BBaxkaroun (1) sinf = sinf,, omyc-  MakCUMyMYy:

F(sinfycospy) = (N + 1)* x

ka 2mmsinf,cos ka /2mmsin@,cos
ZZ G [sin = R i ga| gy [ (e ] @)
2 A A
Posrisaemo OKpeMuit BMITAJIOK, KOJIU Skmo y (2) migcraButH  sinfycos@, = iq, Tom

A=m/2,A/d =2. Tonim = n/2sinb,cosg,, i, oTxKe

5inBycospy = n/2m. m=qn i ¢popmymna (2) HabyBae TAKOTO BUTIIALY:

42

sin= A 2q
Cy + p <ctg———> , AKIO g — TapHe;

F(sinfycospy) = (N + 1)*{ " - " 3)

, SIKIIO q — HeNapHe;

dopmyia 3) CIIpaBeINBa s Ap, 00yMOBJICHOrO HaKIaJeHHSM Ha HBOTO Mapa3HTHHX
sinfycosp, =p/q, ne p < q. 3a IHIIMX 3HAUEHHSAX  IIEIIOCTOK 3aJIeKHO BiJ| BEIUYUMHHM /2 TIOKa3aHO B
sinf,cos¢Q, OCHOBHUH BHECOK BHOCUThCS WICHOM 3  Tabn. 1. 3HakaMu «+» Ta «-» MO3HA4YeHi BiOXMICHHS
innexkcoM m = n = 0. [Ipu upoMy oTpuMyeMo BioMuii  rojoBHoro mMakcumymy JIC. 3MiHIOIOUM BEIHYHMHY ¢ 1
pe3yibTaT Teopii CKAaHyIOUMX AHTEHHMX CHCTEM  BapiloIOYd YICHOM P, MOXKHA 3HAWTH PiBEHb TOJOBHOTO
[12]: F(sinBycos@,) = (N + 1)*CE. MaKCHMyMY JacC pu BCiX 3HaYEHHAX
3MiHH piBHS TOJOBHOTO MakCHMyMy 1o ammnityni 0 < sinfycos@, < 1.

Tabnuya 1 —3MiHu piBHS FOJOBHOT0 MAKCHMYMY II0 aMILTITYAi A

g atn - 5 d-n - X
1 2 3 4 5 ]

|
(=]

q/2

(Ao — Co)/Co

3 YnCceNnpHUX PO3paxyHKIB MOXHA 3pOOUTH BICHO-  IPOMEHIO Bill HOpMalli B IDIOCKIH TOCTPOHAIPABICHIH
BOK, L0 SKIIO HEe MOTPiOHA BHCOKAa TOYHICTh, TO mpak- DAP, mo peanisyeTbcsi Ha NPaKTHLI, HE HEPEBHIIYE
THYHO B  yCbOMY [Jiama3oHi 3MiHa  BedmuuH  +60°. CkaHyBaHHS y TAKOMY CEKTOPi CYIPOBOJIKYETHCS
sinf,cos @, MOXHa CKOpHUCTaTHUCA pesyapTarom  3HawHOIO 3MiHOO KCJI. Buznawatu KCJI miockoi ®AP
F(sinBycos@,) = (N + 1)*C2. MOXHa 3a MeTonukoro [13]. JoTpumyrounch momepen-

OnuunMm i3 HaliBaxueimmux mapamerpis ®AP € ce-  HiX napamerpis A = m/2,4/d = 2 3anumemo ¢opmyiy
KTOop orisiay npoctopy. Makcumanbie Bimxwienas 1 KCJI mockoi @AP 3 nuckperHoro 3miHOIO hasn:

d2
D(sinBycos@y) = <?>x (4n(N+1)2)/(ZZFnFm) . 4)
n m
Bupas nna F, takuii:
_[1+|q>|] Lo, [ ket [ [kall -
ol 2vz (e 2 2 ’

C(Jkal®|/2), S(Jka|®|/2) — niiicha Ta ysBHa wac-  KH 1l 3MIHIOEThCS Ha M. Y Tabi1.2 TOKa3aHO 3MiHY piB}.ISI
Tunn  interpama ®penens (F(x) = C(x) + jS(x)), TOTOBHOrO MakCHMyMy MO aMIUTTY/i A; 3ale€kKHO BiX

N .
|B] = 1 — (sinBycospy (1 _ ZnTn) +ni/d). BEIMYMHU (/2 , A€ 3HAKaMHU «+» 1 «-» IO3HA4YEH] BiJ

} ) XWICHHS TOJIOBHOTO MaKCUMyMy y OUTbIIy 1 MEHIIy
Bupas qns E,, Takuit camuid, sk i (5) misa F,, Tinb- CTOPOHY.
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Tabruys 2 — 3miHa piBHA r0JIOBHOI0 MaKCUMYMY 10 aMILTTYAi A4

JIma setm - %1 a-m -
1 2 3 4 3 6 7 i
q/2
(4 -GG
-10 ™ @
_20 w o o
230 w w o o
-40 * » i
-50 *
-60

3 Tabn. 2 MOXHa AIHTH BHUCHOBKY, IO 3 JOCTAT-
HBOI MPAaKTHUI[l TOYHOCTI MOYKHAa KOpPUCTyBaTHcs (Gop-
MyIor0 (4) ms 3Hauens 0 < sinfycos@, < 1 i quckpe-
THOIO nepedy 0800 dazu A = /2.

Po3paxyHok 3a Qopmynoro (4) TakoX CBIIYUTH
Hactynse. [Ipu A/d = 2 npu Oynas-sxomy sinf,cos,
B 00JIaCTi BUAMMUX KYyTiB MPUCYTHI Mapa3uTHI METIOCT-
ku, Tomy KCJI aHTeHHOT pelIiTKH 31 CKaHyBaHHSAM 3aB-
KM HUOKYC B HAMPSIMKY TOJIOBHOTO MaKCHMYMIB, HIXK y
3BUYAHUX aHTCHHUX pemrTok. Ha puc. 2 mokasaHo
sanexuicte KCJI Bin Benuuunau sinf,cos@,. IIposamu
JAC mpubnuzno B [1 + 2,/ a//l] BIIXWISIFOTh PEabHY
KpuBY Bin imeanizoBanoi. [Ipu 1/2 < d/A <1 cnocre-
piraeTbcs cHIBHINIMKA edekT 3pi3aHoi KpHBOi, HDK Y
Bunaaky d = A/2(A/d = 2) (puc.3). Lsa 3pizaHicTh
00yMOBJICHA MEPIOIMYHICTIO AHTCHHOT PEIIITKH.

D

1.4 L

HANENEVN
s -\

0.6 \ NN

024 V \/ N

0,2 \

~— h/d &2

sinf, cosg,

0.2 0.4 0.6 0.8

Puc. 2. 3anexnicrs KCJ|
BiJI BEIMYUHU Sinfycosp, pu A/d = 2

3.2
2.8

v LA
\

\ | N
1,2 | PIAR
08 e N
-~
0 A 3

sinB,cos@,

0.2 0.4 0.6 0.8

Puc. 3. Banexnicrs KCJ|
Bil Benmu4uHU Sinfgcos@ynpu 1/2 <d/A <1

B rteopii AP BakIMBUM NHUTaHHSIM € BIUIMB Be-
JMYUHKA TUCKpETHOI mepedymosu ¢a3u va KCJI anteH-
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ka3aHo Ha puc. 4: mis A =m/8 Ha puc. 4, a; mis
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BucHoBkH

Ha 3akiHdeHHs Big3HaumMmo, MmO Tpadiku Ha
puc. 2, 3 HaBeneHo g Bunaaky N=64 3 ypaxyBaHHSIM
BIUIMBY IMapa3UTHUX NEJIOCTOK MEPUIMX JIBOX IOPSAKIB.
[TynkTupHoto minHiero mo3HayeHuit rpadix mis KCJI
®AP 3 ineansuum azysanusM. 3nauenus KCJI y mpo-

BaJax 3HIDKYETbCI MPUOIU3HO B [1 + 2\/a_/A] pas.
YucenpHi ~ pe3ynbTaTd  [OKa3ylOTh, W0  MOPH
d/A=0,375, N=64 i mnpm Kyrax CKaHyBaHHA
10°... 30°KCJI nmnockoi ®AP 6yne HaiGinpmMm
npu A = /4. lpu kyrax ckanysanus 30° ... 45 KHJI
mwiockoi @AP Gyne Haitbinpmum pu A = /6.
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Flat phased antenna array for mobile digital point-
to-multipoint HF communication stations

V. Pochernyaev, M. Mahomedova, N. Syvkova
Abstract. The article considers a flat phased antenna array for mobile digital «point-to-multipointy communication sta-

tions in the microwave range. In the article, an analytical expression for the dependence of the directional action coefficient of a
flat phased antenna array on the scanning angles are obtained. Graphs of changes in the directional pattern depending on the
discrete phase are given. Tables for changing the level of the main beam are given. These changes are reflected by «+» and «-»
signs in these tables. From the results of numerical calculations, it was concluded that it is possible to use the approximate formu-
la obtained in the article in almost the entire range of changes in the value of sinfycos@,. A graph of numerical calculations is
given depending on the magnitude of the discrete phase change on the coefficient of directional action of the antenna. The tables
show that with sufficient practice, it is possible to use the formula with accuracy for the values 0 < sinf,cos@, < 1 and the
discrete phase change A = /2. The main beam of the directional pattern during scanning is also determined, taking into account
the listed parasitic beams.

Keywords: mobile digital communication station, microwave range, flat phased antenna array, directional pattern, coef-

ficient of directional action.
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